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Reactive System

- » Safety-critical systems
nvironment

e oupus v e State based reactions
* Concurrency

Reactive System

Compljte
Reaction

Read Input

j> = Synchronous
Language

| An Instant / Tick (zero duration) |

SCCharts = SyncCharts Syntax + Sequential Constructive Semantics
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Recall SCCharts

Interfac
declaration input bool b

input output int x
output float y = 0.0

Region I extern float f(int)
D\FrCore—SCCharts

SCCharts_Overview

——

transition

Transitio
prlorlty [-] Extended-SCCharts

_______
- -~

Suspensio

\ ’ suspend y > 10

Con neCtOF\ /’ weak suspend y > 0
. 1:y>-10 -

History
transition
Conditional
termination
Complex final
state

s ¢ Core-SCCharts
W2 Small set of simple
~ features ease
down stream
compilation

Root state

/ local = local | true

Local
declaration

T Superstate

Anonymous
simple state

\Termination
Named

simple state

Final state

/Sig nal
N2
signal s Initialization

bool local = false
entry / b = false

immediate during /b =true EntFY/During

duringx<0/s

L

/Exit actions
Deferred transition

trong abort

re operator

\P
Weak abort

Extended-
SCCharts

Rich set of advanced
features ease
modeling
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“Look, it's tlying!”
“Yes, | did it with a magic spell.”




SCCharts
ALDO Example
Usage & Tests

Applications
"B sCCharts Modeling - Models/ALDO.sct - KIELER -0 x|
- File Edit Mavigate Search Project Run  Window Help
=| ALDO.sct E@] = O ||o KIELER Model View [ALDO.sct] &3 = O
scchart ALDO "ALDO" {] | I = =a ] ~;3'J’E g i -

input bool Aj
bool L = false;

output signal D; ALDO
output bool O = false;

input bool A

region Threadl: bool L :_false
output signal D

initial state Waitd output bool O = false

--» Doned with A / L = true; .
[-] Thread1 [] Thread2

final state Doned;
region Thread2:

initial state WaitL {
during / D

}

o-» Donel immediate with L / O = true;

state Donel;

sl _|‘I
Writable | Insert | 1:22
* Interface * Concurrency
* Local Variables * |nstantaneous Communication

 Signals * Preemption
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Modeling ALDO

Applications
"B scCharts Modeling - Models/ALDO.sct - KIELER =10 x|
- File Edit Mavigate Search Project Run Window Help
=| ALDO.sct S@l = O ||=} KIELER Model View [ALDO.sct] 22 = 0
scchart ALDO "ALDD" {| =] a @O e F 4 -
input bool A; = = IE
bool L = false; ?
output signal D; ALDO
output bool 0 = false; input bool A
bool L = false

region Threadl:

initial state WaitA
--» DoneA with A / L = true;

output signal D
output bool O = false

[-] Thread1 [] Thread2
final state Doned; i i
WaitA WaitL
region Thread2: during /D
initial state WaitL { A/L = true ]
during / D :L /O = true
h \ 1
o-» Donel immediate with L / 0 = true; Y
DoneA
state Donel; Donel
} .
k| b
| Writable | Insert | 1:22

Textual View Graphical
and Editing SCChart View
[VL/HCC'13]

?

Transition <

o

State

Abstract Model

Christian Motika, Steven Smyth SYNCHRON '15




SCCharts

s oyt Modeling ALDO

Applications

- — Demo

SCCharts

2 1= PEf
E - 1: h.:—.m
e S
— @*‘%’ !
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Applications

- * Reliable Compiler + Reliable Models + Praticability
[SYNCHRON’14]

e Single-Pass Language-Driven Incremental Compilation
(SLIC) [ISOLA 14]

* Interactive Model-Transformation-Based Compiler
* Intemediate Results: White-Box Compiler

Modeled
Diagram

Textual » (Intermediate)
Modeling ‘ “ " " ‘ Transformed

Diagram /
[ Select ]» Code
Transformation
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KIELER Compiler

Modeled (Intermediate)

: Transformed
Diagram Diagram / Code

Textual

Modeling

Compiler

Select
Transformation

/

Single-Pass Language-Driven Incremental Compilation (SLIC)

Ripipip’

Original Intermediate  Fully trans-
Model Model Formed Model
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LIC Order

.
not \‘\

handled by ! N

Weak Suspend

Deferred

History

Static

Valued Signal

Pure Signal

Suspend

Pre

Count Delay

During

Abort

Const

Exit

Initialization

Entry

Connector

Weak Suspend

|9 Complex Final

Deferred

yars

> [Ls

History

Static

yars

alued Signal

Lib| LI

Pure Signal

Suspend

Pre

> | Ls

Count Delay

During

INBRN

Complex Final

Abort

SRS

Const

> [Ls

Exat

Initialization

Entry

Connector
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SLIC Order

71 weak o Detemea™
2 Deferred
\ Suspend // ~ T R
- vy TN T e
~__ 4 Statlc /" 13.Initia- _ /" 14.Entry
'* HISIOW " R \ _'"'-\ lization ™\ Action A
- ~ i /iu._______.a" —
./ 10. Dunng \ o e .
o Action ) - < RS
I./ 5. Valued ™ //6 Pure \ ';? - 'V 11 Complex ‘-\_1, 12 Abort f\\ L /1Actl|zc};:t\
N Shgnal ,/" Slgnal / _ ___";\_ Final State /-H\ 'I[':eorl;;?lllj:;?c?li /,r NS
T 9 pre I _
o \______/
} /SCount
?Susend | R
(\ U p B \ Delay /-
. e
Extended SCCharts
[
Statecharts
SyncCharts 5
[
Pre @ Suspend Count Delay

Complex Final State

SCADE / QUARTZ/ Esterel v7 Exit Action

[*]

e
16 Connector

Connector

.
A
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SCCharts Compilation

High-Leve

| Synthesis

[_
tExtended

SCChart )

y

( cores

3

(1) Expand

CChart )

(2) Normalize

(Normalize

~
d SCChartj

(3) Map

Y

SC Graph (SCG)

Circuit-Based Low-Level Synthesis
SCG

Add Guards
Y

(Sequentialized SCG)

2: Split Wires/

SSA 1: Serialize

(C | Java | Arduino | N J

' 3
Priority-Based Low-Level Synthesis

~

AO
input bool A
output bool O = false

[

Al0Q = true

AQ
input bool A
output beol O

H
_Depth
P

g2 = pre(g1)

AO
input bool A
output bool O

[

I
110 = false
v
WaitA
Al O = true

DoneA
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el  Compiling ALDO (1)

Applications
ALDO
A
L = false
[ D
O = false
< WaitA ’ ( VaitL I
/D
0
A/ L = true |
1Y @ = true

Y 1
v
DoneA
DonelL
cxtended SCCharts

Statecharts
SyncCharts

Pre Suspend Count Delay

Complex Final State

SCADE / QUARTZ / Esterel v7 Exit Action

Signal During Abort  Initalization Entry  Connector

einpipinpipipgipipg

Extended Core Normalized SCG
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Compiling ALDO (2)

ALDO
input bool A
bool L = false
output signal D
output bool O = false

[-] Thread1 [-] Thread2
‘ WaitA > WaitL

during /D

A/L = true :
1L/0O =true

"'
DoneA Donel

=

expand
signal

input bool A

bool L = false

output bool D

output bool O = false
immediate during / D = false

[-] Thread1

[-] Thread2

WaitL
during /D =D || true

iL/0O = true

1
\ J

DonelL
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Compllmg ALDO (3)

input bool A

bool L = false

output bool D

output bool O = false
immediate during / D = false

[-] Thread1

[-] Thread2

WaitL
during /D =D || true

iL/0O = true

1
\ J

DonelL

=

expand
during action

ALDO

input bool A

bool L = false

output bool D
output bool O = false

-] _During [-] Thread1

'ID false )

[-] Thread2

A/ L = true

WaitL

[_
@::D/D=D||true

‘ 7
L/ O =true

1
|

DonelL
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Compiling ALDO (4)

ALDO
input bool A
bool L = false
output bool D
output bool O = false

-] _During [-] Thread1
'I D = false ) A/L = true
[-] Thread2
WaitL
[_
@’;D/ D =D || true
‘ 3
L/ O =true
v
DonelL

expand
abort

input bool A

bool L = false

output bool D
output bool O = false

-] _During [-] Thread1
'I D = false )
[-] Thread2
[ WaitL
[-]
@::Dz:m:D || true
|
11:L
1
N
Y
110 =true
v

DonelL
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el Compiling ALDO (5)

Applications
input bool A input bool A
[ ] bool L = false bool L
output bool D output bool D
output bool O = false output bool O
entry /L = false
-] _During [-] Thread1 entry / O = false
_During [-] Thread1
'I D = false
’I D = false
[-] Thread2
[ ) ) [-] Thread?2
WaitL ,
T WaitL
@::D 2:/D =D || true expand [
initialization 2:/D=D||true
I
1 1
1:L
| L
1
. v
! Y
i/ O = true |/ O = true
: I
v v

DonelL DonelL
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input bool A
bool L

output bool D
output bool O
entry /L = false
entry / O = false

[-] _During [-] Thread1
’l
’
4
11D = false
\
\\‘
S

[-] Thread2

7~

WaitL

1:L

[
@::DZ:ID= D || true

Y

|/ O =true

1
v

DonelL

Compiling ALDO (6)

expand
entry

ALDO
input bool A
bool L
output bool D
output bool O

[] _Entry
1
|/ L = false
v
[
1
]
110 = false
v
Main
[-] _During [-] Thread1
/”
/
{/D = false A/L = true
\\\
£
) o)
[-] Thread2
( Waitl )
[
@::)2:/0= D || true
|
I H S
1
Y
110 =true
v
DonelL
Y
]
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Compiling ALDO (7

ALDO
input bool A
bool L
output bool D
output bool O

[-] _Entry
1
|/ L = false
v
*
1
1
110 = false
v
_Main
[-] _During [-] Thread1
( WaitA ’
/”
7
/D = false A/L= true
\\\
kS
S { DoneA )
[-] Thread2
[ WaitL ] expand

. connector
@:Dz:.'n=n||true

110 =true
v
DoneL

ALDO
input bool A
bool L
output bool D
output bool O

[-] _Entry

1
I/ L= false

o <

/ O = false

SR |

_Main
[-] _During [-] Thread1
WaitA

.
d

o/
/D = false A/L =true
N

\\‘
S ( DoneA

[-] Thread2

WaitL

H
(DDZ:!MD”true

]
1L
1

Y
1/ O = true
v

DoneL
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geed Compiling ALDO (8)

ALDO input bool A
input bool A bool L
bool L output bool D
output bool D
output bool O
[] _Entry

output bool O

-] _Entry

1
I/ L= false

o <

i/ O = false
v
_Main

[-] _During [-] Thread1

(waita)
’l’

/
{ID = false
N

A/L = true
. HVHHN.\ 12 .
“a Waitl
_S ( DoneA )
[ Thread2 normalization AN
Waitl Y
g
@2:!D=D”true 1/D=D || true
| :
11:L 5
U . :
N
_s3
/0 = true
Y
1
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ALDO
input bool A
bool L

output bool D
output bool O

1
VL =false

Iﬂ <

T
1
110 = false
v

Thread2}- Delayed

Thread1]- Delayed

Con

surface O = true

/D =D || true

» surface

rads

X
.
L J S Ly

DonelL SCG
. transformation
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- — Demo

SCCharts
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expands
IIIIIIIIIIIIII

Feature

e Transformation

registers v consists of
registers

Kieler Compiler (KiCo) 2.0 e IE Processor
registers

L y uses
KiCo
by
calling
EObJeCt EObJeCt EOb]eCt EObject KiCo. comp:l.le (EObject ’ ID1 ’ ID2)
. Auto Selection Feature Select All / Auto Selection Different Compile
KiCo.UI

Visual Feedback Selection Expand All On/Off Views Chains l
%IC[E.ERCumuIEr Selection E2 \ R — *b o T CE = NadlstComplIE (]

[edist Cor fion

Pricrity Based Comp\lauon
Demo Compilation

All Transformations
ARDOING

Extended SCCharts

Statecharts

SyncCharts
Expansion 5

Core S5CCharts
:

SCADE / QUARTZ [ Esterelv7 Gingaction
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ez ot Usage (2)

Applications

expands
IIIIIIIIIIIIII

Feature

t'r;’: Transformation

/X

registers v consists of
registers

Kieler Compiler (KiCo) 2.0 @t IE Processor
registers

‘ . ‘ 1 uses
) KiCo

by
calling
EObject KiCo.compile (EObject, ID1, ID2)
EObject EObject EObject . 1. Read request
KICO . Server 2. Parse Model
HTTP 3. Call KiCo.compile ()
4. Serialize result

Protocol 5. Send back result

Av HTTP request / Av
respond

r
External W

S =il

o oven e s

= =) = | <=1 )
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File Edit Vew History Bookmarks Tools Help

- / KIELER SCCharts Compiler - Sequentially Con | +

- 2 & B B = 3 ©

Back Reload Home  Zoom Out  Zoom In Print  Downloads

| »f sccharts,com . | - Google

Sequentially Constructive Charts — SCCharts L
ONLINE COMPILER

It after a whils ther= is =till e compilation result, pleas= s=lect ancther s=rver or local host below.

EEVIayouc -
1.Textual | ,o 0 ammo
SCChart (SCT) | irive moes a;

(see here)

de.cau_cs_kicler.kico.HiclerCompilerException: Feature with -
" SOMENCREXISTING' cannot be found.
at

de._cau.cs.kieler_ kico.EielerCompilerContext.validatedelection(KielerCo ¥
ilerContext.java:126}

input bool B;
input beol R;
cutput bool © = false;

region Main:

initial state ABO {

2. Comnila

[ console2

File Edit View Help

8 _tecmRagiont | g = mes

[19x87

/
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Usage Demo

— R

SCCharts

2t 1: I5/%
~D 540
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e Regression Tests

Applications

L )

(. . N a .
KiEM JUnit Test Runner KiEM Execution

A_ initialize KIEM ﬁ 0 ||‘||t & cornplle | :
v compile
2. execute tick

é 1. load inputs
ESO Model
I\ 3. load outputs @—

B. load pair of
model and ESO file

C. run all ticks with KiEM

. compare outputs = =

D. possibly abort on failure . possibly raise failure

) . . , ] = 5 ]
Ju it 33 validation input a® &1 G [ B-0 =
de. cau. cs. kieler.sccharts. sim. ¢, test, SCChartsSimCAutomated JMitTest - jtest-sccharts-c/100ocal-signal-trap-immediate-dependency.eso gt Reareasion fest 1 Init Blug-in Testl € ram Files\Javaljdk1.8.0_45bin\javaw.exe (Jul 22, 2015, 10:59:46 AM)
| GECETApgTE Sk ettt iFpmtaT=

o

G CONS0E LY

-

Runs: | 10/58 B Errors: 0 B Failures: 0 | The SC6 is ASC-schedulable

| | — MODEL eCLASS: SCGraph
=] de.cau.cs kieler.sccharts, ‘ | Fhiar Junit 4] | = Failure Trace dead guards: 7
[#-gE] [test-sccharts-c/AO.H —_— g Preparation for sequentialization: caches finished (time elapsed: @.@s).
[#-EL] ftest-sccharts-c/00-si f— i Preparation for sequentialization finished (time elapsed: @.8s).
B-fiE] ftest-sccharts-c/o1-hi L Sequentialization finished (overall time elapsed: @.881s).
F-fi] ftest-sccharts-c/o2-hierar omm 15 RIEM MODEL eCLASS: SCGraph ) . )
. I Preparation for S transformation finished (time used: 8.8s).

gkl fhesticdﬂaris-cjﬂ}gondmde.eso 3.9885) fi -ati S transformation finished (time used overall: 8.827s)
[#-Fjt] ftest-sccharts-c/04-simpl ggﬁl-inputoumﬁg‘:@-h-{&pn iguration MODEL eCLASS: Program o ’
-] [test-sccharts-c/06-simpletransition-inputoutput-immediate. eso (5,436 5) C code generation finished (time used: 8.817s).
[-EjE] ftest-sccharts—c/07-abo.eso (3.978 5) KIELER Compiler compiled in @.215 seconds.
[#-Ft] [test-sccharts-c/10-simple-normaltermination.eso (3,153 =) M2M 17 benchmak: gce C:\Users\delphino\AppData\local\Temp\3yac9ac5zbra2rvfiscchart.c
=] jtest-sccharts-c/100-ocal-signal-trap-immediate-dependency.esa M2M 18

L JE] jtest-sccharts-c/100-ocal-signal-trap-mmediate-dependency. eso gee C:\Usershdelphino\AppData‘\Local\Temp\3yac9ac5zbra2rvfisimulation.c -I C:\DATA\ki
[H-EE] ftest-sccharts-c/105-weakabort-hierarchy-dependency.eso =
[#-EE] ftest-sccharts-c/106-weakabort-hierarchy-dependency2.eso ﬂ 4 I I »
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SCCharts

Applications

Applications

input bool A,B,R
1: 1S/ output bool O

[-] Main

ABthenO
entry / O = false

" .
WaitAandB
[-] HandleA | | [] HandleB

e —

ABROINO: ABRO SCChart running on Arduino, Dec 2014

Christian Motika, Steven Smyth SYNCHRON '15




SCCharts

== More Applications...

Applications

.C|A|U

N\ ,,,,Jair,'_@-com_ o -
M, /SCCharts.com A&
e -SCCharts.com AT SIS

,,//\

1S/S

1:

Some more
student projects... ©

2:

Acronarne ( e >
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SCCharts

Proxy States

Applications

Application models often contained proxy states that
* accumulate equations
* and were left immediately

Dep_IC_ST Proxy state
entry debug && depTrack == 1 { println{"[trainfum][IC-IC] Leaving IC_ST 1") within the
entry debug && depTrack == 2 [ printIn{"[trainMum][IC-IC] Leaving IC_ST_2"} ; ]
entry debug && depTrack == 3 / printin("[trainMum][IC-IC] Leaving IC_ST_3") Railway project
entry [ railPoint(29 STRAIGHT)
entry depTrack == 1 / railPoint(24 STRAIGHT)
entry depTrack = 1 / railPoint(24 BRANCH)
entry depTrack == 2 / railPoint(23 BRANCH)
| entry depTrack == 3 / railPoint(23 STRAIGHT)
entry depTrack == 1/ railSignal(IC_ST_1, FWD, GREEN)
entry depTrack == 2 / railSignal(IC_ST_2, FWD, GREEN)
entry depTrack == 3 / railSignal(IC_ST_3, FWD, GREEN)
entry depTrack == 1/ railTrack(IC_ST_1.FWD trainMum MORMAL)
entry deplrack == 2 / railTrack(IC_ST_2 FWD trainMum MORMAL)
entry depTrack == 3 / railTrack(IC_ST_3 .FWD trainMum MORMAL)
entry /railSignal{IC_LN_0, FWD, RED)
entry /railTrack{IC_LM_0 FWD trainMum, NORMAL)
entry /railTrack{IC_ST_4 FWD trainMum, NORMAL)

calculateNewThickness Proxy state within
entry / barThickness = barTickCounter .
entry / barTolerance = barThickness * TOLERANCE BARS PERCENTAGE / 100 the Mindstorms
entry [ barThicknessMax = barThickness + barTolerance project

entry [/ reader.out(THICKMESS: |, barThickness)
. entry / reader out{THICKMESS: | barThicknessMax)
entry [ reader.beep()
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Proxy States

Application models often contained proxy states that
* accumulate equations

* and were left immediately

Would be really cool if we could express this in a
dataflow way.

However, we don’t want to change the semantics of
Core SCCharts!

— Add a new Extended SCCharts feature!

calculateMewThickness

o Proxy state within
entry / barThickness = barTickCounter .

entry / barTolerance = barThickness * TOLERANCE BARS PERCENTAGE / 100 the Mindstorms
entry [ barThicknessMax = barThickness + barTolerance project

entry [/ reader.out(THICKMESS: |, barThickness)

. entry / reader out{THICKMESS: | barThicknessMax)

entry [ reader.beep()
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Recall SCCharts

Interfac
declaration input bool b

input output int x
output float y = 0.0

Region I extern float f(int)
D\FrCore—SCCharts

SCCharts_Overview

——

transition

Transitio
prlorlty [-] Extended-SCCharts

_______
- -~

Suspensio

\ ’ suspend y > 10

Con neCtOF\ /’ weak suspend y > 0
. 1:y>-10 -

History
transition
Conditional
termination
Complex final
state

s ¢ Core-SCCharts
W2 Small set of simple
~ features ease
down stream
compilation

Root state

/ local = local | true

Local
declaration

T Superstate

Anonymous
simple state

\Termination
Named

simple state

Final state

/Sig nal
N2
signal s Initialization

bool local = false
entry / b = false

immediate during /b =true EntFY/During

duringx<0/s

L

/Exit actions
Deferred transition

trong abort

re operator

\P
Weak abort

Extended-
SCCharts

Rich set of advanced
features ease
modeling



SCCharts

e Dataflow Regions

Applications

Add dataflow regions as Extended SCCharts feature

dataflow:
input bool in;
output bool out;

N out

out = in;

Simple input/output example

dataflow:
input int in, in2;
output int out;

out = (in + in2) * In2;

Simple equation example

dataflow:
input int inl, in2;
output int out;

node add(int a, b)
returns (int sum) {
sum=a + b;

} in2
call = add(inl, in2); inl
out = call .sum;

Node example
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Dataflow Regions

Dataflow regions and control-flow regions co-exist

dataflow:
input bool in;

Defining new node
output bool out;

Containing an

control-flow region
node control(bool a) returns (bool 0) {

initial state sl
—> s2 with a / 0 = true;
final state s2;
}
call = control(in);
out = call.o;

Expanded control shows

trol

in ] iy o) out embedded sub-chart
( ) a/o = true

dataflow:
input bool inl, in2;

Or simply reference
output bool out;

another SCChart

call = ref flipflop(inl, in2);
out = call.O;




SCCharts

e Dataflow Regions

Applications . | .
Dataflow regions and control-flow regions co-exist
Hierarchy

input bool in

output bool out

[-] outerDataflow

[[-]1 defineNode
: ) R
insideDef2
[-] nestedRegion
[-] nestedDataflow
o
~ b,

[-] outerRegion

[-] innerDataflow

out

[-] innerRegion

D) —{

Hybrid SCCharts example

@
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Dataflow Transformation

Several approaches a possible to transform the extended feature

Minimal
inputintab
output int x,y

[-] test

[ b >

+
2 >

Minimal example

scchart Minimal {
input int a, b;
output int x, y;

dataflow test:
X =a+ b;
y =a % b;

s |}

Transform single pass evaluation

with initial and final state

Minimal
input intab
output int x,y

[-] testO

— - = *

Transform frequent evaluation

Minimal
inputintab
output int x,y

[] test0

————— > test0_end

= FEPa——
(testo_start Je---LX=Z2thiyzalh

Transform single pass evaluation

with concurrent regions

Minimal
input int a,b
output int x,y

F ..
_Minimal

Transform frequent evaluation

Minimal
input int a,b
output int x,y

~

_Minimal

[-] _mult

__fy_=_a*_9_

D

Initialize-Update-Read protocol
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Number of Model Elements

Aplications

T © [ . ‘
& &S & &
& | o | S
= = = = &=
B & &
= & | T
\ O\ N - e — S 5 —
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SCCharts Model Railway Controller Project 2014
210.000 B Transitions / Control Flow
180.000 B States / Nodes STATES
150.000 Regions / Threads ° 1’628 modeled
M Variables
120.000 e 135,000 expanded
90.000
60.000
30.000
O -
Source Abort Trigger/Eff. Sequ. SCG
Reference Const Surface/Depth
Complex Final State Entry SCG
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SCCharts Quadrocopter Project 2015
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SCCharts Lego Mindstorms® Project 2014

Christian Motika, Steven Smyth SYNCHRON '15




SCCharts

KIELER Compiler
Usage & Tests
Applications

al)

=m

=m

=m

=m

To Go Further

CHARLES ANDRE. GERARD BERRY.
Semantics of SyncCharts, 2003. M| The Esterel v5 Language Primer, 2000.

MOTIKA, C., SMYTH, S., AND VON HANXLEDEN, R.

Compiling SCCharts — A Case-Study on Interactive Model-Based Compilation.

6th International Symposium On Leveraging Applications of Formal Methods, Verification
(ISoLA’14), Corfu, Oct 2014.

SCHNEIDER, C., SPONEMANN, M., AND VON HANXLEDEN, R.

Just model! — Putting automatic synthesis of node-link-diagrams into practice.
In Proceedings of the IEEE Symposium on Visual Languages and Human-
Centric Computing (VL/HCC’13) (San Jose, CA, USA, 15-19 Sept. 2013).

UNI KIEL, REAL-TIME AND EMBEDDED SYSTEMS GROUP.
KIELER & SCCharts webpage.
http://www.informatik.uni-kiel.de/en/rtsys/kieler/. & http://www.sccharts.com.

VON HANXLEDEN, R., LEE, E. A., MOTIKA, C., AND FUHRMANN, H.

Multi-view modeling and pragmatics in 2020 — position paper on designing complex
cyber-physical systems.

In Proceedings of the 17th International Monterey Workshop on Development, Operation
and Management of Large-Scale Complex IT Systems, LNCS (Oxford, UK, Dec. 2012), vol. 7539.

VON HANXLEDEN, R., DUDERSTADT, B., MOTIKA, C., SMYTH, S., MENDLER, M., AGUADO, J.,
MERCER, S., AND O’BRIEN, O.

Sequentially Constructive Concurrency—A conservative extension of the synchronous model of
computation.

Proc. ACM SIGPLAN conference on Programming Language Design and Implementation
(PLDI’14), Edinburgh, Jun 2014.

Christian Motika, Steven Smyth SYNCHRON '15



[ That'’s all Folks - Thank You!

Usage & Tests
Applications

. I=TES)
ALDO ————— .
- ool B BB e s =
input bool A p Fa e =
- Sequentially Constructive Charts — SCCharts ‘
- bool L = false __ ONLINE COMPILER
output signal D n
output bool O = false ]
[-] Thread1 [-] Thread2
< WaitA > WaitL
during /D
A/L = true | i
1L/ 0 =true ]
U - H ER ] z £ g &
A Mg s |2 B Slele)els].|% £
DoneA § EHIBAHANBHAHBREHBE
no 6 ER-I g £ S
DonelL handled by H B c g £ ©
= z Weak Suspend A A EYE) EYE)
Deferred A )
History A A2
Static A
Valued Signal B )
Pure Signal )
Suspend 4 )
Pre < | < A A
Count Delay P i
During A )
Complex Final A )
Abort < < P/ S IO S O
Const, A
Exit <
Initialization )
Entry < )

== £y

e 0 ven b

_ e Kiel charts. test. JUnitTest - [test-scchartsc/

5 &@®|DHD0 !
Rons: 10/587° B Emors: O B Fsires: 0 -

=Pl de.cau.cs.kieler.sccharts. sim. . test. SCChartsSimCAutomated JUnitTest [Run

il Jtestesccharts-c/a0.e50 (10.5425)

it Jtest-sccharts-</00-simpletransiton-signal.<so
Hit] Jtest-sccharts-c/0 1-hierar chycommunication. eso (4.

Hitl test-sccharts-o/02 hierar chyimmediate communication 0 (4 125 5)

i Jtest-sccharts-</03-goodcyde.eso (3,933 5)

- Hi1] test-sccharts ¢/04-smpletransition-nputoutput. eso (4. 445

HEl rest-sccharts-c/o6-simpletransiton-nputoutput-mmediate, eso

Hit] Jtest-sccharts-c/07-abo.es0 (-

il Jtestesccharts-c/10-smple-normaltemination s (3. 153 5)

Bl ftest-secharts-c/1004ocal-signal-irap-mmediate-dependency.es0
“-pE] ftest-sccharts-c/1004ocal-signal-trap-immediate-dependency .eso

[ Jtest-sccharts-c/105-weakabort-hierarchy-dependency.eso
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[ ] Traditional Interactive SLIC

+

Understand language tfeature -
Understand language -
Compare language features -
Compare compilation options -
Fine tuning -
Choose best suited features -
Choose best suited transtormations -
Study static feature semantics -
Study dynamic feature semantics -
Understanding the models -
Maintainability -
Selective validation -
[solated error fixes -
Extending the language/compiler -
Performance +

+ + + + + 4+ ++ + + + + +

+
o
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SCCharts Modeling User Story

1. Edit SCT code3. Inspect original + transformed SCChart

"B Resource - SCCharts/# 3R0.sct - KIELER

4. Adjust layout

=1alx|
File Edit Mavigate Seardl Project Window Help

T || [ Resource @ Kkall.ER Modeling

scchart ABRO {
input bool A, B, R;
output bool 0;
region Main:

initial state wB

--» dB with B;

final state dB;
¥

>-» done with / 0 = true;

final state done;

¥
o-» ABO with R;

b
Textual Entry

il

ABRO.sct 82 * = O || o KIELER ModelView [ABRO. sct] SGW

S EHEYE L4 0O

[

Visual Browsing

Layout Algorithm:
initial state ABO “ABthenO" { This option type is not supported
entry / 0 = false; Direction:
initial state WaithAandB { © Down
d1 O Left

region HandleA: i

initial state wA © Right

--> dA with A; Oup

final state dA;

Spadng: 20.0
region HandleB:

Layout Options

i

Layout
Control

% KIELER Compiler Selection E2

& & [+ @EINEHlstCnmpl\zj = 0O

Control

syneCnarts
Expansion

SCADE! QUARTZ | Estarsi v7

Interactive Compilation

Extsndsd SCCharts

statachark

Aporturo
DunngActon compiex Final stats

@
A

Intanzation

Connsctor
Exit ction

Cors SCCharks

Entry sction

KIELER Compiler HTT...erver (5555) [l =

2. Select transformations
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Region Superstate Trigger Action

State
(Thread) (Parallel) (Conditional)

(Assignment) (Delay)

-1t

Normalized 12 ya—_ 1
SCCharts ' 4. ¢ V2 |

1:1:11 \' Iha=e l
O = v X v

~suriace
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l depth
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/Kieler Compiler (KiCo) 2.0 - Advanced Transformation Selection

fs

Ol

f2 O f3

=
v
H

<> @

T1 Ts
I
|
|
|
T r Ty
Ta
user L -) expanded by . Feature contained
selected in model
é produces
auto Feature not
selected — -> not handled by O contained in model

auto selected but
not processed
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Test File Creation (ESO)
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== inspect model L: load model
Model
from model interface:
Iq r .-"'\-.,-"“% generate random inputs
2" p—
ESO . *u\.‘ % —
Generator % —
\. y ESO
manually Reference hl
write reasonable 1 stimulate running
ESO file traces load & compile Compl ler Q model with
model P generated
\ / random inputs
+ update ESO
with expected
outputs
ESO ESO
manually created automatically
ESO file synthesized
ESO file
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SCCharts Meta Model

valuedObject

valuedObject

H Emission 1

(from kexpressions)

H valuedobject E| 4

]

0..1| newVvalue

H Expression[#| 1
(from lexpressions )

H Action
H Efect o delay : EInt
g+ | = trigger: Expression
Ja effects
incomingTransitions targetState
H Transition 0.* 1 H State
o priority © EInt T type : StateType
T type : TransitionType
0.* 1 [ J—
outgoingTransitions sourceState %ﬁlfntbtate
states
0..*
regions
parentRegion 1 0..*
H Scope
H Assignment B TextEffect H Region o id : EString
—> 4
o label : EString
]
p

<-<enumeration>>
£ StateType

= MORMAL
= REFERENCE
= TEXTUAL

expression

= TransitionType

<<enumeration=>

- WEAKABORT
= STRONGABORT
= TERMINATION
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<<datatype>>
® Parsable

<javaclass>> java.lang.String
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parentScope 1

renamings 0..*

H substitution

T formal @ EString
T actual : EString




