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WSS Agenda “EsrERE”.

SCADE vs. Simulink

From Simulink to SCADE
From Stateflow to SCADE
From SCADE to Simulink
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SCADE VS. SIMULINK
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SCADE vs. Simulink: SCADE R

~ Safety critical software design

Software simulation &
verification

Automatic embeddable code
generation
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SCADE vs. Simulink: Matlab/Simulink

Physical & regulation laws
description (hydraulic, mechanic,

M ATL AB :Iectric.;) |
SIMULINK -5 omems

Simulation at physical system
level

The Simulink Gateway supports models built from
Simulink/Stateflow 7.0 to 8.1 (Matlab R2007b to R2013a) file

formats on input
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SCADE vs. Simulink:
Different Tools For Different Purposes

Simulink: Simulation environment

* Prototyping. Excellent at quickly representing graphically numerical
equations/control laws, and simulating them

* Extremely flexible requiring no programming constraint
* But not designed by construction to generate safety critical code

SCADE: SW Design environment for critical control systems

* The SCADE methodology, technology and tools are designed to meet
the strictest embedded software requirements (safety critical
systems in avionics and automotive industry)

* SCADE offers a fully integrated and seamless design environment
from specification to safe embedded production code qualifiable to
strict industry standards
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Components Of The Gateway

Simulink Translator

* Translates discrete controllers specified in Simulink models into
SCADE

Stateflow Importer

* Graphically and syntactically translates Stateflow diagrams into
SCADE State Machines

Simulink Wrapper

* Allows simulation of SCADE models by Simulink in:
— black box (SCADE generated code running in a S-Function)
— white box (co-simulation: SCADE as a slave simulator)
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ANSYS - ESTERELJ)

FROM SIMULINK TO SCADE

Principles

Translate a Project

Updating the Translation

Translated Blocks/Supported Blocks
Simulink Model Prerequisites

Type Inference

Note: Modular translation, customization using UCF files and exercises are
addressed in the corresponding advanced training course
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AWSSH Principles

Structure preserved: same hierarchy

Graphical look kept: element position and size
Interface and names kept (size, variables, operators, ...)

Matlab language eligible subset is translated

Outt
n ! I : 0l Int _':=—-EEI K ezl
In1 e |._.:}_,_.
Cutz " Subsvstam boal
.,, iz . ezl
" :uz.;»@ |‘>— 12zl : .
Subsptem Boto "2 ot » EE = | ST e~ ubsysten | =
Saturation
Gain
H L.
D » } =) n3 }_.EEI I real
In3
D s ¥, = el P .
In4 - Subsystem2 Subzystems
Switch -
B -
From Subsystemi SRR
Simulink SCADE
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NWSCSHE Translate a

Simulink Model

Create a new project in SCADE Suite

File -> Import -> Simulink Model

File Edit View Operator Insert Layout Project Tools Navigate W

[ New... Ctrl+N ? N2 @
& Open... Ctrl+0
v|@ & [kcgeo
Open Workspace... =l x|
Save Workspace -
Close Workspace ‘

Re-Import 4 —
Simulink Model...

Matlab Variables...

Stateflow Charts...
i Save All Ctrl+L
Report...
Print Setup... erifier
Recent Files [
t scade.etp
Recent Workspaces »
Exit
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)

Impaort Simulink Model into SCADE Suite

Inputmodel  SmikModelmdl 4

+ 14 klibrary directories:

The Simulink
model file
(MDL or SLX
files)

Include path for
Simulink libraries

[JInclude all sub-directories

< Back ’ Ner\ ] ’ Finish l ’ Cancel l ’

Help

Click Next ]
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The Simulink Model Properties < ESIEBEL

Specify the M-files that
contain Matlab variables to

i / translate into SCADE
Matlab Vanables s
constants
M-Files to SCADE Suite constants: i G S
/ . .
: Specify the M-files that
_ . _ contain Matlab variables to
M-Files to SCADE Suite sensors: S G S =
e translate into SCADE
sensors
M-Files to gnumerated types: i O S 2
\ Specify the M-files that
B 1. contain Matlab variables to
e M\{ — ool ] [t ] translate into SCADE
_ enumerated types
Click Next }
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The Controller Properties (1/2) EIRE”.

All fields are optional

All fields can be set in the UCF (for experts)

[ contguration =) | Path identifying the subsystem
Contolr — that is to be translated. If this
Peninmoset i & field is empty the whole

Clock:

Simulink model is translated

Interface
[ | setinputtypes

Check outputtypes

Sets the clock (sample time

value) of the Controller
\ inputs

<Back |  Nexts | Finish | | Cancel | [ ‘THelp |
= UCFE files: to customize

[élick Next ] the translation in the
advanced mode

User Configuration Files:
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WSS The Controller Properties (2/2) ~EslERE

13

x|
M I M arme | Tupe | SCADE Type I Source I

Y sensor lauto  [real [ Default Default Type

2 peed auta real Default m

3 alt auto real Default

4 tetall auto eal Default

5] tets10 auto eal Drefault

E throttle m. auto real Default

7 eng_on auto real D efault

=] ticks auto real Default

3 thrat man auta real Default

10 tick, auto real Default

11 tate alt auto real Default
Set SCADE Type &4
Ireal - I

ok | = |

3 eng_un

Set SCADE Type

© 2014 ANSYS, Inc.

November 17, 2014

e Set the inputs types:
1. Select the inputs to modify

2. Chose a basic type in “set
SCADE Type”

3. Forarray, in the “set SCADE
Type” field, write int"3

« Check the outputs types:

1. Select the outputs to modify
2. Chose a basic type in “Set SCADE
Type”

3.  Forarray, in the “Set SCADE Type”
field, write int"3

Use th nxn

datons ;fro r:yr}r:bol .as SCADE type for outputs to prevent the
C e.c.kmg. the type of one or Several outputs
specified in the output ports list
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Translation Options (1/2) ol

[ SCADE Suite Model -
Package name: SMLK_3%(Confroller) \
. | Name of the package
Import Dependencies: N O I 4 .
that will be created

Specify the list of

|| packages previously
translated (see modular
translation in next part)

<Back || New> | | Finsh | | cancel | [ Help

Elick Next }
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Translation Options (2/2) ~Earere”

Type inference customization:
Disable type inference : use

* Integers inferred as real
types inferred by Simulink

e 0/1 literals inferred as bool

| Advanced @fgy

Type Inference
Gettypes from Simulink

INo itegerinference Additional options (expert use)

"0","1": Boolean

* -C<FileName>: replaces default
o main configuration file by the
0 nardcoded operator reuse

Generate annotated model SpECIerd f||e

Enable SCADE/Simulink traceability Separator: |;

Advanced Options

e -g<FileName>: overrides the
default Annotation Configuration
files.

Warning level: |3 —

Additional options:

* -n<integer>: sets the maximum
asBackul|  Next> Finish | [ Cancel | [ Help valid name length in a range from 5

to 255 (Default = 25).
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Translation Results

* Possibly error and warning messages:

O
o
o

Fatal

fror 2613
al “hor 2616

Problem type ID and link to details
Shortcut to Simulink or Stateflow model

Path to the Simulink block or model source of the
problem

Nature of the problem

Simulink™! Gateway Translator

Simulink™! Import of s_initialize2 failed

sgation AL
s imitialize2/S initialize BTOLEQ 002 first partDenmx ] arity (1) is less than mumber of outputs (3)
1

erence failed

2621 E] s_initialize 2 Reshape: Unresohved arity equation for block

2621 s _initialize 2 Reshapel: Unresobved arity equation for block

2621 s _inifialize 2 Reshape?: Unresolved arity equation for block

2621 E] s initialize2/'S initialize B701/ Demux: Unresohed arity equation for block
2621 s initialize2/S initalize B701 Demux: Unresolved arity equation for block
2621 | [l s initialize2/S initialize B701/Demux2: Unresolved arity equation for block

 If no errors or warnings

0)
0)

Imported model
Success message
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WSS Translation updates

oy e o o 2ot ¥ Re-lmport: The same Simulink (or
R jmmcx e Stateflow or Matlab variables) model
|. v & KCG 6.0 e o e
oentonpoce- | =l can be re-translated after the initial
Sl translation.
Import b e =
®* SCADE generated package is overwritten by
the new translation
R T | e * All previously generated files are discarded
Report. * Files added by the user are kept
- “1 |l ® If update translation fails, the previous
Print Setup... e . . .
Recemﬂzs generated package is kept. The import wizard
oo | remembers the last entered options.

Exit
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Translated Blocks/Supported Blocks

Supported Simulink blocks are translated using:

: Main Configuration File (MCF) defines the
mapping of Simulink blocks to SCADE operators.

(complex blocks): the mapping is "hardcoded" in the
Translator when MCF cannot define the mapping.

: User Configuration File (UCF) can be passed
to the translator to support additional blocks

Supported blocks and built-in rules are given in the
guidelines

Most of the discrete blocks are supported

Typical unsupported blocks are blocks incompatible with
design of safety critical embedded system (Ex: State Space
block, etc.)

18 © 2014 ANSYS, Inc. November 17, 2014 ANSYS Confidential



WSS Simulink Model Prerequisites

Simulink model must be

The import starts from a single hierarchical root (called
hereafter Controller)

Algebraic loops are prohibited (introduce ambiguity and/or
unbounded execution time)

The model must only use supported Simulink blocks
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ANSYS TALG Inference

20

In SCADE, everything must be typed; in Simulink the typing is not
mandatory. The type of all Simulink variables is inferred:

Automatically:

* Types
Simulink SCADE
boolean bool
uint8, Int8, uintl6, Intl6, uint32, Int32 int
float,double real

®* Constants

Simulink SCADE

2.0 real

2 int (or real on option)

1 int (or bool or real on option)
True/False bool

Manually by the user:
* UCF file: The user specifies the type inference of the block

* |Input ports: The user specifies the type inference in the interface of the

model
© 2014 ANSYS, Inc. November 17, 2014 ANSYS Confidential
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Data Structure Inference (1/2)

21

Block
Identification

4

DSI

!

[

DTI

Type Inference

@\

Clock
Inference

!

Translation

Output type
checking

Block identification: identifies Simulink
blocks to determine the configuration to
apply: Configured block, Hardcoded block,
Unknown block

Type Inference: computes the structure
(scalar, array, ...) and types (bool, real, int)
by analyzing the signal values and the
translation rules (MCF / UCF files and
hardcoded rules)

Clock inference: infers the clock of all
signals

Translation: Identified Simulink blocks are
translated into SCADE operators according
to the rules

© 2014 ANSYS, Inc. November 17, 2014 ANSYS Confidential



Data Structure Inference (2/2)

The Simulink gateway creates:
* Type variables: for each output of each block
* Type equations: between the inputs and outputs of the blocks

Type equations system is then solved:
* To find the value of each variable
®* To determine the Data Structure of each signal

The structure can be:
®* A scalar
* An array of known dimensions and sizes

* A bus whose field names are known and whose field types are scalar,
array or bus.
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Matlab Variables

Variable in Matlab = constant or sensor in SCADE

.m files are evaluated:

.m file SCADE
A=2_.5 real A=2_.5
B=1+A real B=3.5

vV=[2,A] Vector_2r
v={2.0,2.5}

Expression with Matlab variables =» SCADE expression
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Sample Time vs SCADE Clock (1/3)

Simulink time SCADE time
« Each Simulink block has a sample time |+ SCADE root node is periodically called
(in physical units) (basic clock)
* For discrete blocks, sample time is a  Using “activate” higher order operators,
period and an offset sub-nodes can be run at multiples of
basic clock

Clock inference produces "logical" period and offsets (multiples of the
basic clock), based on:

® Sample time of Simulink blocks

® Clock value from the wizard, giving the Sample Time of
controller's inputs

24 © 2014 ANSYS, Inc. November 17, 2014 ANSYS Confidential



Sample Time vs SCADE Clock (2/3) «

-

» General clock or sample time is set to 0.01

. . i . e 0.04
e In Simulink: two different sample times: . 0.07
| ll double C:
Unit D=lay1 e ‘
C: -:-:,:E_.r ‘1 double
In1 Ot
Discrete Filter : |
) i double ) [:j _@
I:I} Unit Delay1 ot outt

double 1+z7 double — —
el y) 12
1 Out2 Outz
Discrete Filter
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Sample Time vs SCADE Clock (3/3)

e After translation:

s ESTEREL

Subsystems or blocks whose clock is different from their parent subsystem

are activated through an “activate”

)

/-’

26

IClock 4 = =mllk: ClockGeni(d, 0):
IClock_2 = smll: ClockGen(?, 07;
_Lo=10.0
_I1 =10.0;
Dutputl Cutput? = {activatel:lnckTest!Everg:r IClock_2 initial default (L0, _Ll)){Inputl., IClock_43;
1 a = FBY L2:real
—| D[ e N
z Out [ L S0 Tut!
doubile 14+z-1 doubie _ | Lirgal I _Ltirzal .,
i s 1 = ! [1.0. [1.0, ICloc - I"f
In1 z -
Cisocrete Filter
_Lo = 0.0;
Cutputl = {activate [filters: Filterlll every IClock_4 initial default (_L03){Inputl, Input?, Inputl);

Translation in a textual ”activate” operator

© 2014 ANSYS,

Inc.

November 17, 2014
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ANSYS - ESTERELJ)

FROM STATEFLOW TO SCADE

State Machines

Translate a State Machines Project
Translation of Graphical Constructs
Translation of Transitions
Translation of Connective Junctions
Translation of Transition Actions
Translation Limitations

Note: exercises are addressed in the corresponding training course
27 © 2014 ANSYS, Inc. November 17, 2014 ANSYS Confidential



ANSEE State Machines (ERLEEE

All identified Stateflow elements are translated into SCADE control flow
objects with respect to the definitions

Same graphical construction

e e 2 SM_Charts --.,

A data =
/data=1.5 ) - e /%2
C it "Eventd if
i e /M c
/Event1 i
B ? Out! = last"Out1 + 2.0,
/Out1=0ut1+2.0; o wou
Out2=data; i
data=Out2;
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d

Translate a State Machines Project (1/2) &2

File Edit View Operator Insert Layout Project Tools Navigate W

29

0 New... Ctrl+N I | TN ‘ Standard
- F l
= Open.. Ctrl+0 | | Import Stateflow Charts into SCADE Suite u
— v ‘ #[Kca 60
Open Workspace.. B Inputmodel:  teway\Prerequisites\Exerciseb\stateMachines mdl E
Save Workspace il
Close Workspace ‘ ‘ Charts: i
Re-Import 4 N
Simulink Model...
M save Ctrl+S Matlab Variables...
Save As.. Stateflow Charts...
il Save All Ctrl+L - -
Constant Value...
Save As Template...
Report...
&5 Print... Ctrl+P
[& Print Preyiew _ - Package name:  SF_${Char)
Print Setup... erifier
Recent Files L B ’
t scade.etp
Recent Workspaces N < Back MNext = Finish [ Cancel ] I Help
Exit

w N

4. C

© 2014 ANSYS, Inc.

hoose your chart

November 17, 2014

Create a new project or open an existing project
File -> Import -> Stateflow Charts
Set your Stateflow input model (MDL or SLX file)
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Translate a State Machines Project (2/2) &2

Controller Path ﬁ

« Specify the list of Stateflow 5 goeecine o
Cha rtS to be imported for ..l ForbiddenTransitions l
translation. |

« To completely translate a
Simulink model containing
State Machines, it is necessary
to use the modular translation.

Configuration ﬁ
Import Dependencies U B
User Configuration Files X

« Import Dependencies: specify the list
_ of packages previously translated

Advanced Options

Maximum number of visible hierarchy levels: 3
Warning level:
MNext = [ Finish l I Cancel ‘ ’ Help ]
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!

WSS Translation of Graphical Constructs Ezese

ﬁmﬁ_ EEEEEE

\ __________ . = '

« Hierarchy

« Parallelism

« Subcharted
Parallel States

) e

——
“B0

-------
------------------------------

= [ SF_SubChanedStates

3 i ' E =3 Operators
Al HE BO H B1 .

®
P : true S
: 5 1+ SubChartedStates
E . : : : . 2 Interface
: . ] : . =@ A i
................ COLTTLITEER : . = O Al :
: - w0 a2 :
............... : : S nfigh” : e s
: 1 : : co - ;
i ' : : :
: 3 \. M " ~— ;
: 3 \ : ~— B2
\\ L]
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Translation of Transitions (1/2)

In Stateflow transition priorities depend on the:
* Definition on the transition

or
* Definition of transition labels
® Graphical position

In SCADE transition priorities are explicitly defined
® On each transition
* Do not depend on their graphical position

Specific transition constructs in Stateflow need an attention in translated
models
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WSS Translation of Transitions (2/2) ~ESIEREL

33

Stateflow

SCADE

Transition

Strong transition

Default transition

Initial state with strong outgoing
transition

Priorities according to:

e explicit definition on each transition
or

e content of transition labels

e graphical position of transitions

Priorities are explicitly defined
on each transition

© 2014 ANSYS, Inc. November 17, 2014
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WIS Translation of Connective Junctions  ezmse’

Stateflow connective junction... ...in SCADE is:
Single incoming transition Translated in SCADE fork
Several incoming transitions Not translated into SCADE

avmsmEEEEEEEEEEEEE., S R R i ] gpheehii il it sl
ilE 1 e e R T T T B PR T T T e P e TR e P e e PP E LR R
- (ﬂ) ! ( ) ;
H 1 true  f :
e + true  / ; ! + :
: Ba ‘ ‘ ca ‘
E K T Lr e 2 E E i
E E i 'even‘Hi xS i !
-" -. | i : I
-------------------- ' er?‘t? F E E E

: ‘ BE cB i
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WSS Translation of Transition Actions (BkEBEL

Syntax of transition actions in SCADE :

<event trigger> { <condition> } / <transition_action>

A data =
/data=1.5 ) - t/ e
C it 'E t1 if
i true/em tr::l i .
/Event1 i
B # Outl = last"Outl + 2.0,
/Out1 =Out1 +20’ E data = Qut2; ;
Out2=data; i
data=Out2;
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WSS Translation Limitations

What is not translated:

Inner transitions
Crossing transition links
History junctions

Truth table functions

Embedded MATLAB functions
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FROM SCADE TO SIMULINK

SCADE in Simulink

S-Function Generation for black-box simulation

Black Box Simulation

SCADE / Simulink Co-simulation

37 © 2014 ANSYS, Inc. November 17, 2014 ANSYS Confidential



SCADE in Simulink

SCADE generated code is integrated into Simulink as a
“S-Function”

The SCADE model can be a model translated from Simulink
or made by hand

Simulation under Simulink:
* The SCADE operator can be a black box

* The SCADE operator can be a white box
=> co-simulation using the SCADE simulator within Simulink
simulation

* The generated code interacts with Simulink environment

38 © 2014 ANSYS, Inc. November 17, 2014 ANSYS Confidential



Simulink Wrapper (1/2)

39

The S-Function is generated by code generation with

“Simulink” Target box selected in the General tab of the
project settings

Sample time: period (in Simulink units) of the S-Function
block (set in the Simulink tab of the project settings)

Settings | & i&I
1% Code Generator KCG - |
Configuration Debug Compiler Build Simulink
General Optimizations Expansion Code Integration

Naone
@ Target Simulink -
Adaptor INTEGHITY-178B -

Other extensions:
O asap2
] MTC Instrumenter Wrapper

Periodicity
Period: n/a
|From root node v Offset: n/a | ‘
Unit n/a e
[ QK ] | Cancel | | Help

© 2014 ANSYS, Inc. Noverﬁber 17, 2014 ANSYS Confidential




Simulink Wrapper (2/2)

® User-provided sensor declaration: prevent
adding the sensors as inputs of the S-function
block when the C definition of sensors is provided
in an user C source file. When enabling this
option, the wrapper discards the generation of
the corresponding blocks in the S-Function
wrapper

® Record scenario: enable the generated code
of the S-function to produce a SCADE Suite
scenario (.in format) at each simulation session
running from Simulink environment

® Connect probes to: connect all SCADE probes

through the S-Function. Probes can be connected
to Display, Scope or Terminator block

® Generation name: Specify the S-Function
file name and function name

40 © 2014 ANSYS, Inc. November 17, 2014

|_ 2 [ |

Settings

{# Code Generator KCG v|

Code Integration
Simulink

General QOptimizations Expansion

Configuration Debug Compiler Build

Enable white box User-provided sensor declaration

Record scenario

Scenario pathname: |S['Ci-:-nﬂ-;Lll'ati-:-nj:'_s-:ena|'i-:--S[DATE}-SujTI['-.lEj:.in

Generation name: |$(NodeName]

______

Co-simulation host: | 2700

Automatic mapping

Connect probes to: |NONE v|

[ QK ] | Cancel | | Help |

e Co-simulation host (white box

only): Specify the IP address of the
host where you want to execute
SCADE. You must create the M-file,
the S-Function dynamic library, and
the simulation executable on this
same host

ANSYS Confidential



ESTEREL ",

S-Function Dynamic Library and Hybrid zszz:
Model

SCADE Suite generates the C code and a M-file that facilitates the
creation of the S-Function dynamic library (used by Simulink for co-
simulation with SCADE Suite)

Click to generate all necessary code

A Matlab script file is generated with the code:
NodeName SFCT mk.m

41 © 2014 ANSYS, Inc. November 17, 2014 ANSYS Confidential



S-Function Dynamic Library and Hybrid  gzesz’

42

Model

Execute the M-file to generate the hybrid model and create

the S-Function dynamic library:

® Open the File View, right-click the folder you want and select Insert
Files, browse in the code generation folder of the project, right-click
the <ControllerName>_Sfct.m file and select Execute Matlab M-File to

start S-Function dynamic library and hybrid model creation with
MATLAB

Or

* double-click on the corresponding line in the “Build” tab of the SCADE
Output window, then click when asked about M-file execution

#Generated files written to "d:~toto~Cruise Control CwStandard". ;I
—IC:::m.mand completed.
SCADE (TM) Simulink (THM) Gateway Wrapper Version 5.0 (huild 127)
Comeriaht (O Feterel Techrnologies S8 SN0X-2005, A1 rights reseried.
|||M File 'd:“toto“Cruise Control_C“Ztandard-Cruise Control Sfot.m' generated.
-
1 [4]»[w]en UM]}\Simulink (Thd) Translatnthump ;\DeepScree(}l\ Build |4 | »
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Black Box Simulation

In Simulink, click the simulation button

Execute simulation operations using Simulink commands
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White Box Simulation

In Simulink, click the simulation button

Execute simulation operations using SCADE Suite or
Simulink commands

44 © 2014 ANSYS, Inc. November 17, 2014 ANSYS Confidential



WSS White Box Simulation ESIEREL

The use of the full SCADE Simulator within Simulink enables high-
quality verification activities of the software transformations with
respect to the system requirements

® SCADE graphical simulation of the design, generic or implementation, in the
Simulink environment

All the following SCADE Simulator features are supported: value
display, hierarchical navigation, breakpoints, wave forms.

. 0o -
&-./_L =~
Cratacy Pactals Pra) ]
T 5 0N
e R L] >
Ragpd_OF
s y
h@l ) h ‘ pe
L oo
Spead
L Speed CarOutputs
On T e
-
aff w0t throttle cmd =
P
Resume | Fesume Frequl_ON e
get | St N ELR T BN | | I B .
Quick Aecel ] Qusizhe Azl Regul_OFF :
Quick Deceal ] Quick Decel Gear c
- Regul_STOBY
el : EreC] ruizeState CruiseSpeed P T T
se Control application
Brake | brakie Cruise_speed 2
| speed —| I:I
| t=
ey Cruise Control ’—’
]
| |
| |
| |
| |
| |
| |
1
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