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Introduction

This tutorial respects some writing conventions:

menus, buttonstc. are written inbold
(eg. Algorithm / New Algorithm Window , OK, De nition list );

command lines, SynDEXx les, exampletc. are written inComputer Modern
(eg.-libs libs , examples/tutorial ! ointo );

To create an application workspace, run the SynDEx exelsytimigated at the root of your installation folder,
with option-libs libs . See theSynDEXx v7 User Manualfor more information.

The examples presented in this tutorial are located in thefalderexamplesitutorial . Each example is lo-
cated in its sub-folder. The example 7 is located irettaeples/tutorial/example? , examples/tutorial/example7_mono
andexamples/tutorial/example7_bi folders.

Example 1

Algorithm, architecture, and adequation:

we create a sensor de nition, an actuator de nition, andrction de nition. Then, we create an algorithm
and de ne it as main. Finally, we create in the main algorittwo references to the sensor de nition,
three references to the actuator de nition, and one refegdn the function de nition, and we create data
dependences between these references by connectingdhisir p

we create four different architectures:

an architecture with one operator,

an architecture with two operators and a SAM point-to-podrhmunication medium,

an architecture with three operators and a SAM multipoimigwnication medium,

an architecture with three operators and a RAM communinatiedium;

we create constraints on the third architecture;
we perform the adequation of the main algorithm onto thedthichitecture de ned as main, without con-
straint and then with constraints.

Example 2

Hierarchy in algorithm:

we create a function de nition and a constant. Inside thecfiom we create a reference to another function;
in that way this de nition is de ned by hierarchy. Then, weeate a third function that references both
previous ones. Finally, we create an algorithm that refegsrthe third function and de ne it as main. In
that way, the main algorithm references a hierarchical ion¢

we create parameters names for an operation, and assiggs\valthese parameters.



Example 3
Delay in algorithm:
we create a delay de nition;

we create a main algorithm by referencing a delay, a sens@ctuator, and a function and by connecting
them.

Example 4
Repetition and library in algorithm:
we create a multiplication function of a vector by a scalardyyeating a multiplication function on scalars:

— rstly without any library,
— secondly with a library;

we create a multiplication function of a matrix by a vectorrbpeating a multiplication function on vectors.

Example 5

Condition and nested condition in algorithm:

we create an algorithm conditioned by a data dependenceathe of which indicates the operation to be
executed,;

we create an algorithm conditioned by a data dependencegmeration of which is in turn conditioned
(nested condition) by the same data dependence.

Example 6

Algorithm, architecture, adequation, and code generation

we create a main algorithm by referencing a sensor, two smsighree functions, and a constant and by
connecting them;

we create an architecture with two operators of ty@end a communication medium of typ&CP;
we perform the adequation;

we perform the code generation, then we create manualgxéneles.max le (for operations not de ned
in libraries);

we create manualy thexample6.m4m le (to de ne the hostname) and theotm4x le (for the main oper-
ator);

we create manualy theNUmakefile , then we execute the executives created after compilation.

Example 7
De nition of the source code into the code editor window:
we add parameters to thenv function of Example 6,

we modify the code associated with this function rst in cadea generic processor then in case of an
architecture with heterogenous processors;

we create manualy thexample7.m4m le (to de ne the hostname) and theot.mdx le (for the main oper-
ator);

we create manualy th&NUmakefile ;



we perform the adequation, then we perform compilation]lynare compile the executives and launch the
executables.

De nition of the source code in separateles:

we de ne the code of a new function ina le,

we de ne the code of a new function in@a le and we use ah le.

Example 8

A complete realistic application from adequation to exaxut
we build the model of a complete application for two cars;
we perform the adequation;
we generate the code for each processor;

we compile and execute the code associated with each poocess

Example 9

A multiperiodic application:
we build a basic multi-periodic application
we realize a mono-phase schedule

we realize a multi-phase schedule



Chapter 1

Example 1: algorithm, architecture, and
adequation

1.1 The main algorithm

File Options Algorithm | Architecture Constraints Adequation Code Help
New Algorithm Window  CtH-N

Define Operation Group

Figure 1.1:Algorithm / New Algorithm Window

From the main window, choose tltéle / Save asoption and save your rst application under a new folder
(eg.my_tutorial ) with the nameexamplel .

ChooseAlgorithm / New Algorithm Window (cf. gure 1.1). It opens the edition window for algorithm
de nitions.

1.1.1 De nition of a sensor

To create ainput sensor de nition:

from the algorithm window, click on the green button. It opens a dialog window, ch&#nsor(cf. gure
1.2). Type the sensor name and optionally a list of pararaéterthe sensor. For example tyjpput , then



Define Sensor

-~ Function - Delay

ok |

ayhitax helo

% Sensor ., Actuator - Constant

Cancel |

Figure 1.2:De ne Sensor

Define Sensor

|input

~ Function - Delay

o

syntax help

% Sensor . Actuator .. Constant

Cancel |

Figure 1.3: Name of the new sensor

|[sensor] input

Definition list:
Double-click to open
Drag and drop to reference

poput__________|BN

Up In Main | Main | History

[ol[e]

Hame
Description
Parameters

Definition Properties:
input

A

Y=l

|

Figure 1.4: Sensor de nition window




|[Bensor] input

Definition list:
Double-click to open

Drag and drop to reference

foput________| K

Up In Main | Main | Histo

ry

EE

Hame input

Definition Properties:

&Y

Undo "Add definitions" Cir-2
Redo Cirl-Shift-2
Copy CtH-C
Cut Ctr-X
Paste Cir-v
Delete Delete

Extract as superblock

Activate Info Bubbles
Postscript

Create Condition
Delete Condition

Add dependence
Add port

Add reference

Set As Main Definition

Forts Order

Description

Description

Parameters

Durations
Edit code phases
Edition of the associated source code

|l ||

=~

Figure 1.5: Contextual meru Add port

Create Port:

Jlint o

ok |

ayhitax help

Cancel |

Figure 1.6:Create Port
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[Sensor] input Up In Main Main | History

Definition list:
Double-click to open -]
Drag and drop to reference

Definition Properties:
Hame input
Description
Parameters

Figure 1.7: Sensor de nition window after output port cret

click OK (cf. gure 1.3). It creates the de nition of thaput sensor. To open itin de nition mode, double
click oninput in theDe nition list (cf. gure 1.4);

in input de nition mode, right click on the background and seléctd port (cf. gure 1.5). It opens a

dialog window for the port's direction, type, name and op#dy its size. For example type int o , then

click OK (cf. gure 1.6). It creates the integer output porfcf. gure 1.7) in the sensor de nition window.
1.1.2 De nition of an actuator

To create anutput actuator de nition:

from the algorithm window, click on the green buttort  dialog window: checlctuator then typeoutput
and clickOK;

double click onoutput in the De nition list . Then right click on its background and seldatd port !

dialog window:? int i . Click OK. It creates the integer input parin the sensor de nition window.

1.1.3 De nition of a function

To create aomputation  function de nition:

from the algorithm window, click on the green buttont dialog window: check~unction then type
computation and clickOK;

double click oncomputation  in the De nition list . Thenright click on its background and seléaid port
I dialog window:? inta? intb! into . Click OK. It creates the integer porés b, ando in the
function de nition window.

1.1.4 De nition of the main algorithm

To create amlgorithmMain ~ function de nition:

11



[IFunction] Algorithrihdain

Up In Main | Main | History

Definition list: [A]
Double-click to open @@ Undo "Add definitions" Ctr-Z
Drag and drop to reference - LIS
edo -Shift-
| ‘Algorithim Main S
fcomputat co cti-c
fAnput Cury Ctr-X
foutput :
Paste Ctr-v
Delete Delete
Extract as superblock
Activate Info Bubbles
Postscript
Create Condition
Delete Condition
Add dependence
Add port
- Audd reference
/
- Set As Main Definition
Definition Properties: -
Name Algarithmbda (RIS COiE vi
Description — DT
Durations
Parameters
Edit code phases
Edition of the associated source code
/

Figure 1.8: Contextual meru Set As Main De nition

|Function] Algorithmbain
Definition list:

Double-click to open @
Drag and drop to reference

Up In Main | Main | History

(o]

ImlgurithmMain

I input

foutput

A

4

Definition Properties:
Hame Algarithmhda
Description

A

Y=l

Parameters
Values

=~

Figure 1.9: Drag and droipput de nition
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| Create Reference to input at [Function] AlgorithmMain
lin inz

ayhitax help

[ | | e |

Figure 1.10Create References tdanput

Figure 1.11: Main algorithm after references to sensorterta

R H =
=
=

Figure 1.12: Main algorithm of thExample 1
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from the algorithm window, click on the green buttont dialog window: check~unction then type
AlgorithmMain ~ and clickOK;

double click onalgorithmMain  in the De nition list . Thenright click on its background and sel&gt As
Main De nition (cf. gure 1.8);

in its de nition mode,

— to create references to the sensput , drag and drop the sensor de nition from tBe nition list
to theAlgorithmMain  de nition window (cf. gure 1.9)! dialog window:inl in2 (cf. gure 1.10).
The main algorithm looks like the gure 1.11,

— to create references to the actuatatput , drag and drop the actuator de nition from tie nition
list to theAlgorithmMain  de nition window ! dialog window:outl out2 out3

— to create a reference to the functi@mputation , drag and drop its de nitioh dialog window:calc ,

— from theAlgorithmMain  de nition window, to create a data dependence betwieerandcalc , point
the cursor on the output parbf theinl operation, middle click, and drag to the input podf thecalc
operation. It draws an arrow between these target portgr Afeating the other data dependences, the
main algorithm looks like the gure 1.12.

1.2 An architecture with one operator

1.2.1 De nition of an operator

Modify gates | Modify durations | Modify code generation phases

Figure 1.13: Operator de nition window

To create ainout operator de nition:

from the main window, choos#&rchitecture / De ne Operator . It opens a dialog window, typginout and
click OK. It opens the operator de nition windovef, gure 1.13);

from theUinout de nition window:

— to add a gate: clicModify gates! dialog window:gate_type 1 x

— to set the operator execution durations: clMidify durations ! dialog window:

computation = 2
input = 1
output = 3

14



File Options Algorithm Architecture | Constraints Adequation Code Help

Define Operator
Edit Operator Definition
Delete Operator -

Define Medium
Edit Medium Definition
Delete Medium -

Define Architecture

Edit Architecture Definition

Edit Main Architecture Ctrl-Shift-A
Delete Architecture -

=~

Figure 1.14:Architecture / De ne Architecture

| Window ﬂl |

Copy cii-c
Cut CtH-X
Paste cii-v
Delete Delete
Postscript File

Jpeq File

Options -

Reference Operator

I ]— Reference Medium

Find Operator Reference
Find Medium Reference

3et As Main Architecture CtH-M

Figure 1.15:Edit / Reference Operator

ul (Uinout) {mairn)

Figure 1.16: Architecture with one operator
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1.2.2 De nition of the main architecture

To create arrchiOneOperator  architecture de nition:

from the main window:Architecture / De ne Architecture (cf. gure 1.14)! dialog window: type
ArchiOneOperator  then clickOK ! de nition window;

from theArchiOneOperator ~ de nition window, to de ne it as mainEdit / Set As Main Architecture;

from theArchiOneOperator  de nition window:

— to create a reference to the operatiout , Edit / Reference Operator(cf. gure 1.15)! dialog
window: click user, double clickUinout ! dialog window:u1,

— to de ne the operator as main, right click on its referencd aelectSet As Main Operator.

The architecture looks like the gure 1.16.

1.3 An architecture with a SAM point-to-point comunication medium

1.3.1 De nition of operators

To createUin andUout de nitions:

from the main window:Architecture / De ne Operator ! dialog window:Uin, click OK ! de nition
window;

from theUin de nition window:

— click Modify gates! dialog window:

MediumSamPointToPoint x
MediumSamMultiPoint 'y
MediumRam z

— click Modify durations ! dialog window:

computation = 2
input = 2
output = 5

from the main windowArchitecture / De ne Operator ! dialog window:Uout, click OK ! de nition
window;

from theUout de nition window:

— click Modify gates! dialog window:

MediumSamPointToPoint x
MediumSamMultiPoint y
MediumRam z

— click Modify durations ! dialog window:

16



computation = 2
input = 5
output = 3

1.3.2 De nition of a medium

Bus Type
4 SAM Point to Point
3AM MultiFoint
RAM

0K Cancel

Figure 1.17: Type of a communication medium

To create aediumSamPointToPoint medium de nition:

from the main windowArchitecture / De ne Medium ! dialog window:MediumSamPointToPoint , click
OK ! de nition window;

from theMediumSamPointToPoint ~ de nition window:

— click Modify type ! dialog window:SAM Point to Point (cf. gure 1.17),
— click Modify durations ! dialog window:

float = 2
int = 2
uchar = 1
ushort = 1

1.3.3 De nition of the main architecture

To create arirchiSamPointToPoint architecture de nition:

from the main windowArchitecture / De ne Architecture (cf. gure 1.14)! dialog window
ArchiSamPointToPoint I de nition window;

de ne it as main;

from the ArchiSamPointToPoint de nition window, create referencad andu2 to the operatorgin and
Uout ;

from the ArchiSamPointToPoint  de nition window: Edit / Reference Medium! dialog window: click
user, selectMediumSamPointToPoint! dialog window: typenedium_sampp;

de ne the operatonl as main.

1.3.4 Connections between the operators and the medium

In the main architecture window, to create a connection betwtheul operator and thenedium_sampp medium,
point the cursor on the poxtof the operator, middle click, and drag it to the communmatnedium. It draws
an edge between the operator and the communication medidter ¢eating the other connection, the main
architecture looks like the gure 1.18.
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|med\um_sampp (MediumSamF’DintTDPmnt)|

ul (Uin

(main) uZ {Uouty
3

¥
z

[

Figure 1.18: Architecture with two operators and a SAM pdo¥point communication medium

1.4 An architecture with a SAM multipoint medium
To create arrchiSamMultiPoint architecture de nition:

from the main windowArchitecture / De ne Architecture (cf. gure 1.14)! dialog window:ArchiSamMultiPoint
I ArchiSamMultiPoint de nition window;

de ne it as main;

create referenced andu2 to the operatoutin and a references to the operatotout , like in the previous
example;

create a medium de nitiomediumSamMultiPoint  of type SAM MultiPoint with durations:

float=2
int=2
uchar=1
ushort=1

create a referengeedium_sammpto this medium in the main architecture winddw dialog window: check
No Broadcast

de ne the operatonl as main;

connect the operators postg¢o the medium.

The architecture looks like the gure 1.19

[medium_sammp (MediumSamultiPoing]

U1 (Uin) (main)
- / u3 {outy
y w2 (Uin) *

x z
Y
z

Figure 1.19: Architecture with three operators and a SAMtipaint communication medium

1.5 An architecture with a RAM medium

To create thérchiRam architecture de nition:

18



from the main window:Architecture / De ne Architecture (cf. gure 1.14)! dialog windowArchiRam
I ArchiRam de nition window;

de ne it as main;
create a referenad to the operatotin and reference® andu3 to the operatotout ;

create a medium de nitiomediumRamof typeRAM with durations

float=2
int=2
uchar=1
ushort=1

and create a refereneedium_ram in the main architecture;
de ne the operatonl as main;

connect the operators portgo the medium.

medium_ram (MediumRam)|

uid (Uout)
3
Y

{main) Z

uzZ (Uout)
E3

¥
z

ul (Uin

R

Figure 1.20: Architecture with three operators and a RAM oaiovation medium

The architecture looks like the gure 1.20.

1.6 The adequation

1.6.1 W.ithout constraint

De ne the architecture with three operators and a mediunyjeé SAM MultiPoint (cf. 1.4) as main architecture
(Edit / Set As Main Architecture).

From the main window, choogedequation / Launch Adequation, then choos@dequation / Display sched-
ule.

It opens the schedule windowef( gure 1.21) in which you can see the schedule of the algoritmthe
architecture and the schedule of the different inter-ofpei@@mmunications on the medium.

1.6.2 W.ith constraints

To contraint the\rchiSamMultiPoint architecture:
from the main window, to create the constraints:

— Algorithm / De ne Operation Group (cf. gure 1.22)! dialog window:ogl o0g2 og3 ,

— Constraints / Absolute Constraints! dialog window: selecArchiSamMultiPoint It opens a dialog
window in which you can create constraints on the differgrgrators of the architecture selected:

19



rst click on ogl, thenul, and theCreate button, to constrain the operation groagl on the
operatoni,

constrain the operation growp2 on the operatou?,
constrain the operation growp3 on the operatous3,
click onOK button ¢f. gure 1.23),

in the main modeMain button):

select the operatioinl , click on theGroup button of itsReference Propertieghen selecbgl (cf.
gure 1.24),

attach the operatioin2 to the operation groupy?2,

attach the operationutl to the operation grougy?,

attach the operatiosut2 to the operation groug?,

attach the operationut3 to the operation groumys3,

attach the operatioealc to the operation groums3;

The algorithm with constraints looks like the gure 1.25.

from the main window, to perform the adequation with coriatea Adequation / Launch Adequation,
thenAdequation / Display Scheduld schedule window. The schedule looks like the gure 1.26.

From the main window, choodéle / Close In the dialog window, click on th&avebutton.

20



| Window Edit

‘ medium_sammp || U3 || uz || ul 3 -S
0 1}
inz ind
Z é
Z Z Z
Send_uz_ud(inz.o)
4 ‘Wait
4 4 out2
Send_uz_ul{inZ.o)
B outd ]
7 7@
calc
]
i
outl
1 -
1 /]
~ =

Figure 1.21: Schedule

File Options Algorithm | Architecture Constraints Adequation Code Help

Hew Algorithm Window  Cid-N

Define Operation Group
Delete Operation Group

=~

=~

Figure 1.22:De ne Operation Group

Absolute Constraints

ogl 1 ul 0g3 u3
g2 juz 0g2 uz
093 ogl ul
it} L u3 L
Create

Remove |

OK | . Cancel |
Figure 1.23: Constrain operation groups on operators oétbkitecture selected
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|Algarithmbdain (main)
Definition list:

Double-click to open @@

Drag and drop to reference

| 'Algorithmkain j

finput
foutput

Up In Main | Main | History

E > - &

Reference Properties:

A

Hame in

Parameters
Repeat 1
Period 0

Group Hone

~

Hone

ogl
og2
0g3

Figure 1.24: Attach a reference to an operation group

Figure 1.25: Algorithm with constraints
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| Window Edit

‘ medium_sammp || U3 || uz || ul E E

Figure 1.26: Schedule with constraints
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Chapter 2

Example 2: hierarchy in algorithm

From the main window, choogéle / Save asand save your second application under your tutorial fold#r the
nameexample? .

2.1 De nition of the function a

To create theé function de nition:
from the algorithm window:

— click on the+ green buttont  dialog window: checlunction then typeA and clickOK,

— click on the+ green buttont  dialog window: checlConstantthen typeconstante<x> and clickOK.
Create an integer output parinside;

in the A de nition window:

— create a referenast<T> to the de nitionconstante
— create an integer input paaf an integer output pott (Contextual mendi  Add port cf. 1.1.3);

from the algorithm window,
create a function de nitiomalcull , with two integer input porta andb and an integer output post

in the A de nition window:

— create a referenarlicl to the de nitioncalcull
— add a parameter namef( gure 2.1): Field Parameters! T.

The functionA looks like the gure 2.2.

2.2 De nition of the function s

To create the function de nition:
from the algorithm window: green buttonl  dialog window:B<X;Y>;
in theB de nition window:

— create references andA2 to the de nitionA (AL<X> A2<Y>),

— create two integer input porésandb, one integer output post and the functiomalcl of the de nition
calcull ,

— add the parameters nameandy ( eld Parameters.

The functionB looks like the gure 2.3.
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Figure 2.1:Parameters

Figure 2.2: Functiom
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Figure 2.3: FunctioB

2.3 De nition of the algorithm with hierarchy
To create thé/ain algorithm:

from the algorithm window: green buttot  dialog window:Main ;
from the de nition window, de ne it as main;
create a sensdmput with an integer output pott and an actuatamntput with an integer input porit;

in theMain algorithm window, create a referengel;2> to the de nitionB, areferencé i2 to the de nition
input , and a referenceaut to the de nitionoutput ;

create dependences between the references.

The algorithm looks like the gure 2.4.

- -
R L

Figure 2.4: Algorithm of the&example 2

From the main window, choodéle / Close In the dialog window, click on th&avebutton.
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Chapter 3

Example 3: delay in algorithm

From the main window, choodgle / Save asand save your third application under your tutorial foldéthwthe
nameexample3 .

3.1 De nition of the operations input , output , aNd caic

Create a sensamput , an actuatooutput , and the functiortalc , like in the Examples 1and2. (cf. 1.1.3 and
calcull in2.1)

3.2 De nition of the delay
To create thealcPrec  delay:

from the main windowAlgorithm / New Local De nition/Delay ! dialog window:calcPrec<init;size>
I de nition window. The parametenit will be use to specify the initial value, anite the number of
delays to repeat;

in the de nition window, create one input port and one outpatt. Enter:? int x ! int x . Notice that
input and output names are the same.

3.3 De nition of the algorithm with delay

Create an algorithmlgorithmMain . Create a referendel to the de nitioninput , a referencealc to the de -
nition calc , a referenceutl to the de nitionoutput , and a referencealcPrec<0;1> to the de nitioncalcPrec .
Create dependences between the references.

The algorithm looks like the gure 3.1.

From the main window, choodéle / Close In the dialog window, click on th&avebutton.
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Figure 3.1: Algorithm of the&example 3
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Chapter 4

Example 4: repetition and library in
algorithm

From the main window, choogéle / Save asand save your fourth application under your tutorial foldth the
nameexample4 .

4.1 An algorithm with repetition without any library

In this section, we create a multiplication function oNaelements vector by a scalar by repeatddimes a
multiplication function on scalars.

4.1.1 De nition of the scalarins and the function mul on scalars

In a new algorithm window:

create a new sensor de nition namiasl with an integer output port;

create a new function de nition named! with two integer input porta andb and an integer ouput pasj.

4.1.2 De nition of the vectorsinv and outv

To create the vectors:
to create the de nitiorinv :

— from the algorithm window, create a new sensor de nition regiinv ,

— from theinv de nition window, typeN in the Parameterstext eld of its De nition Properties (it has
N elements),

— create its integer output port namedvith lengthN: ! intN] o ;
to create the de nitioroutv :

— from the algorithm window, create a new actuator de nitimuy ,

— inoutv de nition window, typeN in the Parameterstext eld of its De nition Properties (it hasN
elements),

— create its integer input port namedvith lengthN: 2 int[N] i
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4.1.3 De nition of the algorithm AlgorithmMain1

To create thelgorithmMainl  algorithm:

from the algorithm window, create a new function de nitioamedAlgorithmMainl  and from its de nition
window, de ne it as main;

in the AlgorithmMainl ~ de nition mode:

— create a referenceinput  to the scalains
— create a referenceinput<N> to the vectoinv ,

— create areferengaul to the functiormul and typeNin theRepeattext eld of its Reference Properties
(it is repeatedN times),

— create a referenceoutput<N> to the vectooutv ;

create dependences between the references, in order to titgamain algorithmdf. gure 4.2);

typeN in the Parameterstext eld of the De nition Properties of the main algorithm and in the Values
text eld (cf. gure 4.1). Notice that this value is keeped as long as theritlyn remains the main one.

Definition Properties:
Hame Algorithmbda
Description |First algorithi
Parameters M

Values 3

Figure 4.1:Parameters Values

The repetition consists in multiplying each of tBelements of the_input vector with thes_input  scalar and
placing the result in th8 elements_output  vector.
The parametelis here the repetition factor of theul function.

5_input

[o

v_nput/
[o

b

mul(*3)
al ‘0 =

Figure 4.2:AlgorithmMainl  of the Example 4

4.2 An algorithm with repetition with the int library

In this section, we create a multiplication function of ateedy a scalar by using thet library.
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4.2.1 Inclusion of the library int

From the main window, chooséle / Included Libraries / int (cf. gure 4.3).

File | Options Algorithm Architecture Constrainis Adequation Code Help

Open Cir-0
Save CtH-5
Save as

Close

Included Libraries bool

Specify Library Directories c40
Quit cna | e
float
N int
transtech

Figure 4.3:File / Included Libraries / int

4.2.2 De nition of the algorithm AlgorithmMain2

Notice that this library containisput , mul, andoutput de nitions parameterized witkength .
We will need to set it td for the scalar and the multiplication function, and\tfor the vectors:

from the algorithm window, create the function de nitidiyorithmMain2 ~ and de ne it as main;

in AlgorithmMain2  de nition mode:

— drag and drop the sensor de nitiont/input from theDe nition list to theAlgorithmMain2 ~ window
I dialog window:s_input<1> (cf. gure 4.4) (it is a scalar),

Create Reference to input at [Function] AlgorithmMain2
3_inputel=

ayhitax help

[ | | e |

Figure 4.4:Create Reference tant/input

— drag and drop the sensor de nitiont/input ! dialog window:v_input<N> (it hasN elements),

— drag and drop the function de nitiomt/Arit_mul ! dialog window: mul1> then typeN in the
Repeattext eld of its Reference Properties(it is a multiplication on scalars, repeatsdimes),

— drag and drop the actuator de nitiont/output ! dialog window:v_output<N> (it hasN elements);

create dependences between the references in order ta teanain algorithmdf. gure 4.5);
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typeNin the Parameterstext eld of the De nition Properties , and3 in the Valuestext eld.

Notice the difference of thewl reference when it is seen from thgorithmMain2 ~ de nition mode or from
the main modeNlain button).

5_input

[o

v_\nput/ 1]
[o

Figure 4.5:AlgorithmMain2  of the Example 4

4.3 An algorithm with repetition with the foat library

In this section, we create a multiplication function di& matrix by aM elements vector by repeatiigtimes
a multiplication function on vectors.

4.3.1 Inclusion of the library float

Include the libraryloat  (File / Included Libraries / Float).

4.3.2 De nition of the function dpacc
This function is a multiplication function on scalars with accumulator:
create a new function de nition nameidacc ;
create a referencaeul<1> to the functionoat/Arit_mul (the reference works on scalars);
create a referenceld<1> to the functionoat/Arit_add (the reference works on scalars);
add it three input ports and one output part:float s1 ? float s2 ? float acc ! float acc ;

then create dependences to obtain an algoritfmgure 4.6).

Notice thatacc is an input port and an output port of the function. It will bged as an accumulator to store
the partial sum.

4.3.3 De nition of the function dp

This function is a multiplication function on vectors with accumulator:

create a new function de nition name;

add it a parameteipacen ;
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acc

Figure 4.6: Algorithm of the functiodpacc

create a referencero<{0}> to the constanbat/cst (itis the{0} scalar);

create a referencdpacc to the functiondpacc then typedpaccn in the Repeattext eld of its Reference
Properties (it is repeatedipaccn times);

add it two input ports? float[dpaccn] v1 ? float[dpaccn] v2 and one output port: float dp  (vec-
tors havelpacecn elements);

create dependences to obtain an algoritbfn gure 4.7). To build the dependence between the output port
acc of dpacc and its input portcc, choosdterate on the dialog window (it is the connection between two
successive calls of the function).

dpacc{dp..)

212 "aEc_, I—ﬁ__\_‘___ﬂ

fatc

Figure 4.7: Algorithm of the functiodp

The repetition consists in multiplying twadpaccnelements vectors by callingpaccntimes thedpacc multi-
plication function on scalars with accumulator. The initialue of its accumulator is given by thero constant
and the following are given by the accumulator itself.

4.3.4 De nition of the function prodmatvec

This function is a multiplication function of a matrix by aater:
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create a new function de nition namecbdmatvec ;
typeab in theParameterstext eld of its De nition Properties ;

create a referenadtprod<b> to the functiondp (input vectors have elements) and type in the Repeat
text eld of its Reference Propertieqit is repeated times);

add it two input ports? float[fa*b] inm ? float[b] inv and one output port: float[a] outv ;

then create dependences to obtain an algoritfmgure 4.8).

dotprod(*a)
vl |dp 4)-
Ve

Figure 4.8: Algorithm of the functioprodmatvec

The repetition consists in multiplyingatb matrix by ab elements vector by calling times thedp multipli-
cation function on vectors.
4.3.5 De nition of the algorithm AlgorithmMain3

To create thalgorithmMain3  algorithm:

create the de nition of the sensibm, with two parameters nama&sndwm and with an output port: float
IN*M] o ;

create a new function de nition namedhorithmMain3  and de ne it as main;
add it two parametens;M with values3;4 ;

create a referenael<N;:M>to the matrixinm;

create a referendev<N> to the vectoroat/input ;

create a referenaeatprodvec<N;M> to the functiornprodmatvec;

create a referenatv<M> to the vectoroat/output ;

then create dependences to obtain an algoritfmgure 4.9).

From the main window, choodéle / Close In the dialog window, click on th&avebutton.
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Figure 4.9:AlgorithmMain3  of the Example 4
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Chapter 5

Example 5: condition and nested
condition in algorithm

From the main window, choodgle / Save asand save your fth application under your tutorial folderttvithe
nameexample5 .

5.1 An algorithm with condition

5.1.1 Sensors andi, actuator o

To create the sensors and the actuator:
from the algorithm window# green buttonl dialog window:Sensorx;
from the algorithm window# green buttol  dialog window:Sensori ;

from the algorithm window: green buttod  dialog window:Actuator o.

5.1.2 Functionswitch1

To create thawitchl function:

from the algorithm window# green buttonl dialog window:switchl ;

in theswitchl de nition window:

— contextual menti  Add port ! dialog window:? int x ? inti! int o ,
— contextual menti Create Condition! dialog window:x=1 x=2 x=3 x=4 (cf. gure 5.1):

click on the conditionx=1 (cf. gure 5.2) and create a referenai1<l> to the de nition
int/Arit_div ,

click on the conditionx=2 (cf. gure 5.3) and create a referena2<1> to the de nition
int/Arit_div ,

click on the conditiorx=3 (cf. gure 5.4) and connect the paitto the porto,

click on the conditionx=4 (cf. gure 5.5) and create a referencauld<l> to the de nition
int/Arit_mul ;

— create dependences between the references.

5.1.3 Algorithm AlgorithmMain1

The algorithm looks like the gure 5.6.
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Undo "Add ports" Ctn-Z2

Activate Info Bubbles
Postscript
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Edit code phases
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Figure 5.1:Create Condition
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Figure 5.2: Condition x=1
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Figure 5.5: Condition x=4
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Figure 5.6: AlgorithmMain1 of th&xample 5
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5.2 An algorithm with nested condition

5.2.1 Sensors andi, actuator o

Use previous de nitionsdf. 5.1.1).

5.2.2 Functionswitch2
To create thawitch2 function:
from the algorithm window# green button dialog window:switch? ;

in its de nition window:

— contextual menti  Add port ! dialog window:? int x ? inty! into ,
— contextual menti Create Condition! dialog window:y=1 y=2,

— click on the conditiory=1 (cf. gure 5.7) and create the functiomll of the de nition Arit_mul from
int library,

Figure 5.7: Condition y=1
— click on the conditiory=2 (cf. gure 5.8) and create a refereneeitchl to the de nitionswitchl;

create dependences between the references.

5.2.3 Algorithm AlgorithmMain2

The algorithm looks like the gure 5.9.
From the main window, chooséle / Close In the dialog window, click on th&avebutton.
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Figure 5.9: AlgorithmMain2 of th&xample 5
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Chapter 6

Example 6: algorithm, architecture,
adequation, and code generation

From the main window, choodgle / Save asand save your sixth application under a new folder of youoriat
folder (eg.my_example6 ) with the namesxample6 .

6.1 The main algorithm

Create the main algorithmigo (cf. gure 6.1) using the libraryint for the operationg<1> (input), cste2<{2}>
(csf), add<1> (Arit_add), mul<1> (Arit_mul), visuadd<l> , andvisumul<1> (output). For the operatioronv,
create a function de nitiorconv and create a reference to this de nition. Create the deperetebetween the
references. Set it as main.

Figure 6.1: Main algorithm of thExample 6

6.2 The main architecture
To de ne and constraint thmain arhcitecure

open the architectutgProc from the libraryu;

de ne it as main;
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create the operation groupgl andog? then create the absolute constraints on the operatgron root
0g2 onP1. Attach references to operation groups; add, andvisumul ! ogl, mul, andvisuadd ! og2.

6.3 The adequation and the code generation
To perform the adequation and to generate the code:

before performing the code generation, you have to perférenatdequation. Set the eventually missing
durations, then from the main windovkdequation / Launch Adequation;

from the main window:Code / Generate Executive(s)It generates for each operator of the main archi-
tecture the code in a le (lesootm4 andP1l.m4) and an architecture description ( Example6.m4 ). These
les are generated in the same folder as the application. TEsegenerated for each processor may be
viewed: Code / Display Executive(s)

the macros corresponding to the operations, included itiltheries of SynDEX, are already de ned under
the foldermacros (les intmax , U.m4x, andTCP.m4x);

in the same folder as the SynDEXx application of Exemple 6, create a new lesxample6.m4x in which
you de ne the macro corresponding to the operatiav which is the only one not de ned in the library,
and the number of iterations. The le looks like:

dnl (c)INRIA 2001-2009
dnl SynDEx v7 executive macros specific to application tuto rial/example6/example6
divert(-1)

defineNOTRACEDEF)
define('NBITERATIONS',3)
define('BINPWD', “pwd’)
define("RSHELL', “ssh)

define("conv',ifelse(

MGC, INIT', dnl',

MGC, LOOP',’$2[0] = $1[0] + 1},
MGC, END', "dnl’))

divert

divert(-1)
divert'dnl--------------- end of file ----ee-mmeeem-

create a new lesxample6.m4m , in which you set for each operator, except the main operétemame of a
workstation corresponding to this operator. The le lookel

dnl (c)INRIA 2001-2009
define("P1_hostname_', HOSTNAME)dnl

whereHOSTNAMES substituted with the name of your remote station, as atdit in theReadme le under
syndex-6.8.5/examples/tutorial/example6 ;

create a new leoot.mdx for the main operator including the lexample6.m4m :
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dnl (c)INRIA 2001-2009
include(example6.m4m)

create a new leGNUmakefile which allows the compilation and the substitution of the madrom the code
generation by the executable code. The le looks like:

# (c)INRIA 2001-2009
A = example6

M4 = gm4

export Algo_Macros_Path = ../././macros/algo_librari es

export Archi_Macros_Path = ..[.././macros/archi_libra ries
export M4PATH = $(Algo_Macros_Path):$(Archi_Macros_Pat h)

CFLAGS = -DDEBUG
VPATH = $(M4PATH)

.PHONY: all clean
all : $(A).mk $(A).run
clean :

$(RM) $(A).mk

$(A).mk : $(A).m4 syndex.mdm U.mdm $(A).m4m
$(M4) $< >$@

root.libs =
Pllibs =

include $(A).mk

The folder of theExample 6 must contain the following les:

example6.m4

example6.m4m

example6.m4x

example6.sdc

example6.sdx

GNUmakefile

pcl.m4

root.m4

root.m4x

To launch the execution, type the commandke in the folder of theExample 6 To delete the le created
during the compilation, type the commagrabke clean .
From the main window, choodéle / Close In the dialog window, click on th&avebutton.
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Chapter 7

Example 7: source code associated with an
operation

7.1 De nition of the source code into the code editor window

In the previougExample 6, we have learnt that m4 le, called with the name of the application plus th&ix
extension, must be manually written. It contains all thersewcode associated with all operations present in a
SynDEXx application. For example, in teeample6 application, theonv function increments of one the value of
the input and stores the result in the output. Teaspleé.m4x le contains:

define("conv',ifelse(

MGC, INIT', dnl',

MGC,’ LOOP',’$2[0] = $1[0] + 1;,
MGC, END', "dnl’))

where$l and$2 correspond respectively to the input port nameahd the output port namedf theconv function.
You may read the comments written in th@mple6.m4x .
Handwriting this kind of code is not very easy, for severalsens:

the port number may change by inserting or removing a porasameter, following the SynDEX's rule of
port numeration. For example, after inserting a parameiarthe functionconv, $1 will not refer to the
input porti but it will refer to the new added parameterAll numbers are now brought, thus we must
modify the code and replace the argumentby $2 ands$2 by $3;

this task is quite repetitive when an application contaiagynoperations;

it is easy to make a mistake in th#t syntax. Great knowledges m4 syntax (two different kind of quotes,
ifelse  ...) and SynDExM4 macros {IG§ are required.

It should be more convenient to wri@0OUT(0)[0] = @IN()[0] + @PARAM(P)  and let SynDEX interpret it and
generate the associatetx le than to write the speci cation with then4 syntax. SynDEXx (version 7.0.0)
is able to do that thanks tteode editorwhich is a tool integrated in the graphical user interfac®&(GIn the
following example, we will show how to use this tool.

7.1.1 To add parameters to an already de ned operation
In this example, we show how to modify some functions by adgiarameters in order to expand parameters into
m4 arguments.
Open theexample6.sdx  application:
from the main window; choodggile / Open! Open thesxample6.sdx le;

save it agxample7.sdx under a new folder of your tutorial foldeeg. my_example7 ).
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Add parameters to theconv function:

from the algorithm window on the main algorithm: right cliok theconv blue box! Popup menuModify
I Write conv_ref <2;3> instead otonv | OK. 1;

add paramete&T to theconv de nition.

Verify that the parameters have been stored in the function

We have three solutions:

from the algorithm window on the main algorithm: put the mews theconv_ref box! In the SynDEXx
main window: read the printed informations;

or, from the algorithm window on the main algorithm: doubdstIclick on theconv_ref blue box!
Algorithm Function conv: Edit / Ports Order;

or from the algorithm window on the main algorithr&dit / Options / Show Info Bubbles! point the
mouse cursor on thenv_ref  operation box.

7.1.2 To edit the code associated with an operation
In the case of a generic processor

Open the code editor

We need to launch the code editor of the selected operatiat.us consider the case of thenv_ref
function. We have to do the following operations:

— in the main algorithm: double left click on tleenv_ref blue box. It opens theonv de nition window.
In its contextual menu, selekdition of the associated source coddt opens the code editor. It looks
like a window with three push-buttons and an editable teshaEach push-button corresponds to one
speci ¢ phase of thrediit, loop, andend phases). When one of the three buttons is pressed, the text
area shows the associated source code;

— in theconv de nition window, right click on the background and seldgdit code phased Select
init andend! OK;

— in the code editor windowinit phase ! write in the text area (which is empty) the followirg
language code. This code is understood as a generic code:

printf("Init phase of function $0 for default processor.\n ";
— do the same thing for tHeop phase?:
@OUT(0)[0]=@IN()[0]*@PARAM(T)+@PARAM(P);

printf("Loop phase of function $0 for default processor = %i An", @OUT(0)[0]);

— and for theend phase

printf("End phase of function $0 for default processor.\n" );

— inthe code editor windowEdit / Apply changes to all phaseslt saves all buffers of all edited phases;

INotice that you will have only to ignore the error messagésted from the main window if you have inverted this step viith following.
2Macros of the code editor as @IN, @OUT, @PARAM, are explained in the User Manual.
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— in the code editor windowOK (it also saves all buffers).
Notice the following points:

— you can not launch the code editor from a main algorithm olaa+enly operation (de nition coming
from libraries);

— you can write a code associated with a super-operation nmagntwvill not be present in thepplicationName_sdc.m4x
le (the background color of the text area of the code editogiiey);

— it is important to recall that the code is common to all thesrefices of the same operator. Only the
values of parameters are speci c of each instance.

Verify that code is common to all references
We create a new reference to ttvav function:

— in the main algorithm: create a refererwev_ref_bis<8;9> to the de nitionconv ;

— in the main algorithm: rst remove the link between th@w_ref andmul boxes. Second, link the
conv_ref output to theconv_ref bis  input. Third, link theconv_ref bis  output to themul b input;

— in the main algorithm:Window ! Auto position ! Space between vertices/indow: in the two
entry texts, write 120 OK;

— open the code editor of this new box: the code is the same. dw #hat values of parameters are
speci ¢ to the reference (and not to the de nition), we musnhgrate then4 code like shown in the
previous example (MenAdequation / Launch Adequation thenCode / Generate Executive(3)
and look inpc1.m4 (MenuCode / Display Executive(s). The le contains

conv(2,3,_algo_cste2_P1 o, algo_conv_ref o)
conv(8,9,_algo_conv_ref _o,_algo_conv_ref_bis_o)

In the case of an architecture with heterogeneous processor

Sometimes it is interesting for an operation to have difiesource codes depending on the type of processor.
For example, a given processor typenay only offer assembly language as a programming interfatsuch
case, we must be able to provide (for examglepde for processors that support it, and assembly language f
the X processor type. To support heterogeneous architectigesdtie editor associates code to a triplet (phase,
processor, operation). A special processor tiedault is provided for processors that have not been associated
with dedicated code. Its use allows to share a code betwéenadit processor types.

Include a new processor type
From the main window, choogéle / Included Libraries ! Selectc40

De ne an new architecture:

— from the main window, choosarchitecture / De ne Architecture (cf. gure 1.14)! In the entry
text, writearchi2 .! OK;

— inthearchi2 window: create a referencent to the operato€40 and de ne it as the main operator.
Replace theonv_ref bis  box by a reference toar_ref

— create a new function de nition namedr with one input port callech and one output port called
out ;

— from the main window, choosglgorithm / Edit Main De nition : select all the references using the
mouse and copy it (MenHdit ! Copy);

— create a new main algorithm namaigb? ;
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— pastedlgo inalgo2 de nition window;

— inthealgo2 de nitionwindow: rstdelete theconv_ref bis  reference, then create a referehaeref
box to the de nitionbar , nally create the missing dependences. The main algorghould look like
the gure 7.1.

algod (main) Up In Main | Main | History

Definition list:
Double-click to open -]
Drag and drop to reference
fadd1
falgo
falgoz

far n addia
fconv. onRoot
int/Arit_add [To in_Jout =30 i

a
int/Arit_div 1]
int/Arit_minus
int/Arit_mod
int/Arit_mul

int/Arit_sub mul

int/Bit_and [eativ_rer cony_ref_hi \ . 5
int/Bit_lsh / Eﬂ

int/Bit_not Lo »1i [o > [o F—

int/Bit_or

int/Bit_rsh

int/Bit_xzor

intfl oy and

¥

Reference Properties:

Hame addla
Parameters

Repeat 1
Period 1]
Group onRoot

Figure 7.1: Main algorithm after adding 'bar_ref"

Insert code forc40 processor type to thigar function:

in thealgo2 de nition window: double left click on thewar_ref  blue box. It opens thbar de nition
window. In its contextual menu, seleEtition of the associated source codelt opens the code
editor;

in thebar de nition window, right click on the background and sel&alit code phased Selectinit
andend! OK;

in the code editor windowType of Processor SelectC40;
in the code editor window: click on thait phase button and write in the text area the following code:

/¥ Hi, 1 am $0 function, in init phase for C40 processor */

in the code editor window: click on thieop phasebutton and write in the text area the following
code:

@OUT(out)[0] = @IN(in)[0];
[* Hi, I am $0 function, in loop phase for C40 processor */

— inthe code editor window: click on thend phasebutton and write in the text area the following code:
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* Bye, | am $0 function, in end phase for C40 processor */

Insert code fot processor type to ther function:

in the code editor windowType of Processor SelectU;

in the code editor window: click on thait phase button and write in the text area the following code:

/* Hi, 1 am $0 function, in init phase for U processor */

in the code editor window: click on thieop phasebutton and write in the text area the following
code:

@OUT(out)[0] = @IN(in)[0] * 42;
[* Hi, I am $0 function, in loop phase for U processor */

in the code editor window: click on thend phasebutton and write in the text area the following code:

* Bye, | am $0 function, in end phase for U processor */

Modify the durations

Add c40/C40 = 1 at the end of th®urations text area for each de nition referencedalyo2

Learn the macros of the code editor

The code editor comes with a set of prede ned macros thatiatie the user from knowing the black magicroét
processing.

The more useful ones are names translation macros. Thesesnemslate port and parameter names to their
internal representation ams4 parameters. We have already encountered such macros inwghzdve just done:
@IN @OUBNd@INOUTare port name translation macros, gHARAM the parameter name translation macro. As
a rule of thumb, you should ug@PARAM(x)when you want to refer to a parameteand@IN(i) (resp.@OUT(0)

/ @INOUT(io) ) when you refer to an input poirt(resp.output porto / input-output porio ).

The code editor recognizes three more mac@8AMEQQUOTEND @TEXT These advanced macros are not

used in this tutorial and the reader is refered to SynDEXx oserual to learn more about it.

7.1.3 To generate m4x les

Before performing the code generation we have to perfornatiegjuation:

from the main window, choos&dequation / Launch Adequation;
from the main window, choosgode SelectGenerate m4x Files
from the main window, choosgode / Generate Executive(s)

from the main window, choosgode / Display Executive(s)

Two cases are possible:
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the check boxGenerate m4x Files has not been checked. For each operator of the main araliteat
processor_name4 le containingm4 macro-code is produced. As previously explained an archite
description le (namedxample7.m4 ) is also produced;

the check boxsenerate m4x Files has been checked. Then, two new lesample7.m4x andexample7_sdc.m4x )
are generated in the same folder as the application.

These two les constitute thApplicative kernel

theMyApplication_sdc.m4x le contains allm4 macro code associated with operations used in the SynDEX
application. Each time code generation is triggered, théds overwritten;

theMyApplication.m4x le is an user editable le whose goal is to allow the user torquete the applicative
kernel if needed. At code generation time, if this le doed pamist then SynDEX creates a generic le
(including theMyApplication_sdc.m4x le plus some other features), otherwise the existing lekept.

Theexample7_sdc.mdx  le contains the following code:

divert(-1)
# (c)INRIA 2001-2009
divert(0)

define(‘example7_bar', bar’)
define("bar', ifelse(
processorType_, C40', ifelse(

MGC, INIT', “/* Hi, | am $0 function, in init phase for C40 pr ocessor */",

MGC, LOOP',"$2[0] = $1[0]; /* Hi, | am $0 function, in loop p hase for C40 processor */",
MGC,’END', “/* Bye, | am $0 function, in end phase for C40 pro cessor *")'))
processorType_, U', ifelse(

MGC,'INIT',"/* Hi, 1 am $0 function, in init phase for U proc essor */",

MGC, LOOP',"$2[0] = $1[0] * 42; /* Hi, | am $0 function, in lo op phase for U processor */",
MGC,END', “'/* Bye, | am $0 function, in end phase for U proce ssor */"),

define("example7_conv',"conv')
define(‘conv', ifelse(
processorType_,processorType_, ifelse(

MGC, INIT', printf("Init phase of function $0 for defaul t processor.\n");",
MGC, LOOP', "$5[0]=$3[0]*$2+$1;

printf("Loop phase of function $0 for default processor =%i An", $4[0]);",

MGC, END', printf("End phase of function $0 for default p rocessor.\n");")"))

If the example7.m4x  le did not exist at code generation time then it will contdire following code:

divert(-1)
# (c)INRIA 2001-2009
divert(0)

define("dnldnl',”// ")
define(NOTRACEDEF)
define(NBITERATIONS',”"5")

include("example7_sdc.m4x’)
divert
#include <stdio.h> /* for printf */

divert(-1)
divert™dnl
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Deeper insights about the4 macro language can be found in SynDEx user manual and GNU Mdiaha
See the difference between executable codes:

— create thexample7.m4m le ( cf. 6.3);
— create theootmdx le (cf. 6.3);
— create thesNUmakefile (cf. 6.3), containing:

$(A).mk : $(A).m4 syndex.mdm U.mdm C40.m4m $(A).m4m
$(M4) $< >3@

— de nealgo2 as main algorithm;

— de nearchi as main architecture, perform the adequation, generattlie, and run theNUmakefile
compilation You obtain @&ot.c  le containing U code only (naC40 code);

— de ne archi2 as main architecture, perform the adequation, generatedtie, and compile again.
This time, onlyC40 code is presentin theotc le.

Notice that:

adequation modi es original legxample7.sdx andexample7.sdc ;

code generation produces these lesample7.m4 ,rootm4 ,pcl.m4 (if archi is de ned as main)example7_sdc.m4x
(if Generate m4x lesis set) andxample7.m4x (if Generate m4x lesis set and the le did not exist be-
fore);

compilation produces these lesxample7.mk , root , root.c , androotrooto , and (ifarchi is de ned as
main)pcl, pcl.c , andpcl.pcl.o

From the main window, chooséle / Close In the dialog window, click on th&avebutton.
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Chapter 8

Example 8: a complete realistic
application from adequation to execution

From the main window, chooggle / Save asand save your eighth application under a new folder of yotatrial
folder (eg. my_example8 ) with the namexample8 .

8.1 The aim of the example

In the seven previous examples we have learnt how to use SyslDRJI to create architectures, algorithms,
launch adequation, obtain executive les... Now, we haviecent knowledge to perform a simple automatic
control application that will be executed on a multiproeesschitecture.

First the application is described and the system is de mefidicos (the block diagram editor of the Scilab
softwaré). Second the corresponding SynDEx application is creatsihg theExample 1to 3 of the tutorial).
This needs the generation of soimeode following the method discussedBixample 7. Finally, we compile
the application to obtain executable for several procesasiit has been shown Examples 6and7. SynDEx
generates the code necessary to the communication bethepnocessors.

8.2 The model

We consider a system of two cars. The secondgdollows the carG trying to maintain the distandewhile the
acceleration and the deceleration@f We call: x;(t) the position of the rst carxy(t) the position of the second
car plusl; x1(t) andxy(t) the speeds of two cars. We den&ieandk; the inverse of the car masses. We cét)
the reference speed chosen by the rst driver. We supposevhare able to observe the speed of the rst car and
the distance between the cars.

We have the following fourth order (four degrees of libegystem:

X1 = kug

Xo = kou

2 = Koz (8.1)
y1=X1

Y2= X1 X2

We will decompose the system into mono-input mono-outpsitesyS; (u1;y1) and S(u2;y2). Denoting by
uppercase letter the Laplace transform of the variablesiaveY; = kiU;=sandY, = (kiU;  koU,)=s?> whereU;
is seen as a perturbation that we want reject in the secomeinsys

A rst proportional feedbackl; = r 1(R Y1) willinsure the rst car to follow the reference speed. Thesed
controller will be proportional derivativl, = r 2Y> + 1 35Y; (in fact we will suppose in the following diagram that
the derivative ofy, is also observed). The coef cient is obtained by placing the pole of the rst loop:

Yi=r 1|(1R:(S+ r lkl)Z

L http://www.scilab.org
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The coef cientr ; andr 3 are obtained by placing the pole of the transfer fidpto Y, in the closed loop system
which is given by:
Y = U1|(1=(52+ kor 35+ kor 2)2

8.3 The controllers

The purpose of the controller of t& car is to follow the reference in speed given the rst driiéstabilizes the
G speed around its reference speed by using pole placemerex&mple, gains are respectivel§; -5, 0, 0,
-5) . The controller of second car stabilizes the distance betve two cars. It stabilizes around 0 by pole
placement. For example, gains are respectiv@ly4,-4,-4)

The controler ofG; knows these informations and sends them electronical@; toThis remark is available

for G.

8.3.1 Block diagrams of controllers
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Figure 8.1: Scicos controller of the rst car
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Figure 8.2: SynDEXx controller of the rst car

Our controllers are simple. They are represented in gurdsahd 8.3 in Scicos and gures 8.2 and 8.4 in
SynDEXx:

53



x1

1

vl
D e\

X2 \ IE >4>E>
(3 - 4 '

2 —2)
Da
1

Figure 8.3: Scicos controller of the second car
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Figure 8.4: SynDEXx controller of the second car
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create ajain_def function with one input porih_1 and one output porut 1 . Notice that all ports will be
of typefloat ;

then createsommateur2_def , sommateur4_def , andsommateur5_def functions, respectively with two input
ports {n_1 andin_2 ), four input ports (fromin_1 toin_4 ), and ve input ports (fromin_1 toin_5 ). Each
of these three functions is created with only one output port ;

nally create both algorithmsontroleurl_sup ~ andcontroleur2_sup ~ (cf. gures 8.2 and 8.4), setting their
gain parameters respectively®o-5, 0, 0, 5 and4, 4 -4 , -4
8.3.2 Source code associated with the functions
We associat€ source code to each function de nition: gain and nary-sufitee code is inserted for the default
processor.
Gain

A gain is a function that multiplies its input by a coef ciegiven as a parameter, nameaiN. After adding this
parameter, open the code editor of the gain de nition andenthie following code in the loop phase of the default
processor:

@OUT(out_1)[0] = @IN(in_1)[0] * @PARAM(GAIN);

Sum
We have three different forms of sum depending of its ariyo,tfour or ve input ports:

open the code editor of the sum function with two input ponis arite the following code in the loop phase
of the default processor:

@OUT(out_1)[0] = @IN(n_1)[0] + @IN(in_2)[];

open the code editor of the sum function with the four inputpand write the following code in the loop
phase of the default processor:

@OUT(out_1)[0] = @IN(in_1)[0] + @IN(in_2)[0] +
@IN(in_3)[0] + @IN(in_4)[0];

open the code editor of the sum function with the ve inputisand write the following code in the loop
phase of the default processor:

@OUT(out_1)[0] = @IN(in_1)[0] + @IN(in_2)[0] +
@IN(in_3)[0] + @IN(in_4)[0] + @IN(in_5)[0];

8.4 The complete model

In a real application, our job stops with the SynDEx's adeiqureof the two controllers on their associated archi-
tectures. Nevertheless, for pedagogic reasons, we willlsita the whole system (with the dynamics of the cars)
in the aim to verify that our application does the same jol Swacos.
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8.4.1 The car dynamics

SynDEX is only used in discrete time model (not continuomee)i and is not able to manage implicit algebraic
loop. That is, in SynDEX, any loop contains at least a detay Therefore, our application which is a continuous
time dynamic system described in Scicos, must be discretizéme to be used in SynDEX.

The differential equatior = uis discretized using the simplest way: the Euler schemeuselenote by the
step of the discretization ang an arbitrary initial value, the discretized system can bigter as:

Xn+1 Xn= uh (8.2)

Finally, the system is given in Scicos in the gure 8.5 and B.8iven in SynDEX in the gure 8.6. Notice
that the variablédn is stored in the Scicos context, and used in the input of tle giad the clock de nition. In
SynDEXx;h is de ned as parameter in the de nition of a gain and the cldeknition is directly used in the source
code associated with operations.

Horloge

Pasdedisaetisaton i =E>

UW—’;:EF_X» 1/ge s

Figure 8.5: An integral discretized in Scicos

pas sommateur

in_1 [out_1

L

in_1 out_1
in_g¢

(RER

Figure 8.6: An integral discretized in SynDEXx

Create theintegrale_discrete_sup algorithm €f. gure 8.6). Notice thatpas is of typegain_def with
parameteiGAIN equal t00.001 , sommateur is of typesommateur2_def , andretard is of type float/delay with
parameters equal fo} andl.

The car dynamics are given with Scicos block diagrams in there 8.7 and with SynDEXx operations in the
gure 8.8, where the input (ref ) is the acceleration of the car. The rst integral gives tpeed of the car and
the second its position.

Create thenecanique_sup algorithm €f. gure 8.8). Notice thatpuissancemoteur  is of typegain_def with
parameteGAIN equal tol whereasdntegralel — andintegrale2  are of typentegrale_discrete_sup
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Figure 8.7: Car dynamics with Scicos block diagrams (cantgtime)

Figure 8.8: Car dynamics with SynDEXx operations

8.4.2 The cars and their controllers

In the following diagrams (from 8.9 to 8.12), the blocks (ogi@®ns) denoted byeca are the car dynamics. Let
us get the controllers of the two cars.

Create theoiturel_sup  andvoiture2_sup  algorithms €f. gures 8.10 and 8.12). Notice thakcal andmeca2
are references toecanique_sup whereaseontroll ~ (resp. control2 ) is a refrence taontroleurl_sup (resp.
controleur2_sup ).

8.4.3 The main algorithm

Create thesenseur_def sensor, theitesse_def — actuator andcope_def actuator (this one with two input ports
in_1 andin_2 . Then createlgomain . After inserting the reference speed vit  (of type senseur_def , with
POSI_ARRAYparameter equal t0) and two kinds of outputvitesse (X1, of typevitesse_def ~ with POSI_ARRAY
parameter equal tb) anddistance between the two cars (of typeope_def with POSI_ARRAYparameter equal to
2), the applications looks like the gure 8.13 in SynDEX.

8.4.4 Source code associated with the sensor and the actuato

We associat€ source code to each function de nition: input and two kindswotput.

Input

In our Scicos application an input is a square wave generasoa rule, we will simulate a square wave generator
by reading values in a text le (nameadf_vitesse.txt ). We will use thefopen , thefclose and thefscanf
functions étdio.h  library). We will also use assertionssgert.h library) to ensure that the opening of a le has
been successful.
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Figure 8.10: SynDEX; car dynamics and its controller
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Figure 8.12: SynDEX; car dynamics and its controller

Figure 8.13: SynDEXx's main algorithm
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For the moment, let suppose that it exists an arrafi@&f (the structure returned by theen function) called
fd_array and a variable calletiner to simulate a pseudo-timer. Our sensor has a parameted €8l ARRAYto
remember the position of tHeLE* structure in the array.

Now, open the code editor of theenseur_def sensor and write the following code in the init phase of the
default processor:

timer = 0;
fd_array[@PARAM(POSI_ARRAY)] = fopen("ref_vitesse.txt ")
assert(fd_array[@PARAM(POSI_ARRAY)] != NULL);

In the Scicos application, we have de ned the clock periothefsquare wave generator to the value 5 and the
step of discretizatioh to the value @01. Thus we need, in the SynDEXx application, to send 500&xtitne same
value. To count, we use the varialiteer . All the 5000-th times, we read a new value in the le.

Write the following code in the loop phase of the default gresor:

timer = (timer + 1) % 5000;

if (timer == 1)
fscanf(fd_array[@PARAM(POSI_ARRAY)], "%f\n", &data);
@OUT(out_1)[0] = data;

We need to free memory by closing the le. Write the followiogde in the end phase of the default processor:

fclose(fd_array[@PARAM(POSI_ARRAY)]);

Speed output

An output saves in a le the values of the system states. Taomgutput has a parameter calleiSI_ARRAYt0o
remember the position of the array where the stream has laen s Open the code editor of thiesse_def
actuator and write the following code in the init phase ofdleéault processor:

fd_array[@PARAM(POSI_ARRAY)] = fopen("actuator @TEXT( @PARAM(POSI_ARRAY))", "w");
assert(fd_array[@PARAM(POSI_ARRAY)] != NULL);

The loop phase, allows to save the values:

fprintf(fd_array{@PARAM(POSI_ARRAY)], "%E\n", @IN(in_ [0]):

We need to free the memory by closing the le. Write the follogycode in the end phase:

fclose(fd_array[@PARAM(POSI_ARRAY)));

Distance output

Contrary to the rsttype of output, this output has two inatrts but thenit andend source codes are identical.
The loop phase differs. Open the code editor ofdfvpe_def actuator and write the following code in the init
phase of the default processor:

fprintf(fd_array{@PARAM(POSI_ARRAY)], "%E\n", (@IN(in _1)[0] - @INGin_2)[0]);
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8.4.5 Theexample8_sdc.m4ax
SynDEX's code generation will create tlample8_sdc.mdx le (as explained inExample 7):
define("example8_algomain’,"algomain’)

define("algomain’;ifelse(
processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,"END',"™)?))

define("example8_controleurl_sup',"controleurl_sup' )
define("controleurl_sup', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,"END',"™)?))

define("example8_controleur2_sup',"controleur2_sup' )
define("controleur2_sup', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT,™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,’END',"™)?))

define("example8_gain_def', gain_def"

define("gain_def', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT,™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,"END',"™)?))

define("example8_integrale_discrete_sup', integrale _discrete_sup’)
define(‘integrale_discrete_sup', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,"END',"™)?))

define("example8_scope_def','scope_def)

define(scope_def', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,’END',"™)?))

define("example8_senseur_def','senseur_def')

define("senseur_def', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,"END',"™)?))

define("example8_sommateur2_def','sommateur2_def"
define('sommateur2_def', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,’END',"™)?))
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define(‘'example8_sommateur4_def','sommateur4_def"
define('sommateur4_def', ifelse(
processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,"END',"™)?))

define("example8_sommateur5_def',"sommateur5_def")
define('sommateur5_def', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,’END',"™)?))

define("example8_vitesse_def', vitesse_def")

define("vitesse_def', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,"END',"™)?))

define("example8_voiturel_sup', voiturel_sup’)

define("voiturel_sup', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT',™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,’END',"™)?))

define("example8_voiture2_sup', voiture2_sup")

define("voiture2_sup', ifelse(

processorType_,processorType_, ifelse(

MGC, INIT,™,

MGC, LOOP',"WARNING: empty code for macro $0 in loop phase
MGC,’END',"™)?))

8.4.6 To handwrite theexample8.max le

You will not can use directly the SynDEX's generatzanple8.m4x generic le because both the creation of local
variable and the call of libraries is missing. After the cagmeration, you will must handwrite it to obtain the
following code:

define(dnldnl,™// ")
define( NOTRACEDEF)
define( NBITERATIONS', “20000")

define('BINPWD', “pwd’)
define(RSHELL', “ssh)

define("proc_init_',’
FILE *fd_array[10];
float data;

int timer;")

include("example8_sdc.m4x’)
divert

divert(-1)
divert™dnl
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Where the macreproc_init_  allows the local variable declaration to be declared besd#lsserts its source

de ned generically with a loop oRBITERATIONS whereNBITERATIONS is initialized with the size of the input le
(ref_vitesse.txt ). Finally, the call of libraries is inserted after the indkiof theexample8_sdc.max le.

8.5 Scicos simulation

Scicos software allows to simulate models in a windafv (gure 8.14), where the values of three states are
plotted (ordinate axle) according to the time (abscissa)aX\fe have:

the square wave generator drawn at the bottom (red);
the speed of the rst car at the top (black);

the distance between the two cars seen in the middle of thee ggreen).

Thanks the diagram, the system is stable (plots do not grpwrentially) and so it works. We do not continue
to ameliorate the controllers job.

Figure 8.14: Scope window obtained with the values 0; -5;;050or gains of theG controller and 4; 4; -4; -4
for the G controller.

8.6 SynDEXx simulation

8.6.1 Inthe case of a mono-processor architecture
The architecture
In this subsection, we suppose that the architecture igtitotesl of an only operator nameabt :

create theJ operator:

— set the durations with

float/delay = 1
gain_def = 1
scope_def = 1
senseur_def = 2
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sommateur2_def = 2
sommateur4_def = 1
sommateur5_def = 2

vitesse_def = 1

— choosdnit as code generation phase in which to generate code;
create thenono architecture:

— add oneJ operator namedbot and de ne it as main operator,
— de ne themono architecture as main.

The adequation and the code generation

First, launch the adequation. It modi @gsample8.sdc andexample8.sdx les.

Then, generate the executive and applicative les (seffinde / Generate m4x Filek It creategxample8.m4 |
example8.m4x , example8_sdc.m4x , androotm4 les.

Finally, handwrite thexample8.m4x le as explained in 8.4.6.
The compilation

First, generate manually@Umakefile containing:

A = example8

M4 = gm4
export ArchiMacros_Path = ../../../macros/archi_librar ies
export AlgoMacros_Path = ../.././macros/algo_librarie s

export MAPATH = $(ArchiMacros_Path):$(AlgoMacros_Path)

CFLAGS = -DDEBUG
VPATH = $(M4PATH)

.PHONY: all clean

all : $(A).mk $(A).run

clean ::

$(RM) $(A).mk *~ *0 *.a *.c actuator_*

$(A).mk : $(A).m4 syndex.md4m U.m4m
$(M4) $< >$@

root.libs =
Pl.libs =

include $(A).mk

Where:

Ais set with the name of your application (hexamples );

the path about the generic *.m4? macro- les are stored inetkorted shell variableschiMacros_Path
andAlgoMacros_Path  then grouped into a new exported shell variable namATH The separatar means
that am4 macro- le will be search rst inArchiMacros_Path  and then imigoMacros_Path  if is not found;

a mix of this make le and the informations stored in le namedmple8.m4m will create another make le
calledexample8.mk during the compilation.
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Then, copy-paste thef_vitesse.txt le from the Example 8folder to yours.
Then, type the commanyhake in a shell commands interpreter. It creadegator 1, actuator 2, example8.mk ,
root , root.c , androot.root.o les:

theactuator 1  le contains the speed of the rst car;

theactuator 2 le contains the distance between the cars.

8.6.2 Inthe case of a bi-processor architecture
The architecture

In this subsection, we suppose that the architecture istitates! of two operators nameabt andpcl, of typeu
and linked with a mediunepl of typeTCP.

create thdCPmedium:

— set the type witt5AM MultiPoint ,
— set the durations witfoat = 1 ;

modify theU operator: set the gates witliP xandTCP v;,

create theviProc architecture:

add oney operator namedbot and de ne it as main operator,

add oneJ operator namegk?,

add onerCP medium namedtpl |,

links the medium to the gates of the operators,
— de ne thebiProc  architecture as main.

The adequation and the code generation

First, launch the adequation. It modi egsample8.sdc andexample8.sdx les.

Then, generate the executive and applicative les (seffinde / Generate m4x Filek It creategxample8.m4 |
example8.m4x , example8_sdc.m4x , root.m4 , andpcl.m4 les.

Finally, handwrite thexample8.m4x le as explained in 8.4.6.

The compilation

First, generate manually th@NUmakefile , theexample8.mam , and theootmdx les:

theGNUmakefile has to be created as explained in 8.6.1. Upgrade it so théihthe

$(A).mk : $(A).m4 syndex.md4m U.mim

is changed by:

$(A).mk : $(A).m4 syndex.mdm U.mdm $(A).m4m

create theexample8.m4m le with this line: define('pcl_hostname_', HOSTNAME)dnl where HOSTNAMES
substituted with the name of your remote station;
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create theootm4x le with this line: include(example8.m4m)

Then, copy-paste thef_vitesse.txt le from the Example 8folder to yours.
Then, type the commanyhake in a shell commands interpreter. It creadetsator 1 , actuator 2, example8.mk ,

root , root.c

, root.root.o  ,pcl, pclc , andpcl.pclo les:

theactuator 1  le contains the speed of the rst car;

theactuator 2 le contains the distance between the cars.

8.6.3 In the case of a multi-processor architecture

The architecture

Figure 8.15: L'architecture avec cing opérateurs.

In this subsection, we suppose that the architecture istitates! of ve operators nameabot ,contl , cont2 ,
dynal, anddyna2 , of typeU and linked with a mediuraus of typeTCP.

create thenuli architecture¢f. gure 8.15):

add oneJ operator namedbot and de ne it as main operator,
add oneJ operator namecbntl ,
add oneJ operator namecbnt2 ,
add oneu operator namedynal ,
add oneu operator namedyna2 ,
add onerCP medium namedus,

links the medium to the gates of the operators, except for the one, linked with itsy gate to the
medium,

de ne themulti architecture as main;

create operation groups:

create theg_root operation group, attadhf vit |, vitesse , anddistance to it,

create thexg_dynal operation group, from the main mode, in tticulel reference attacimecal to
it,

create theg_contl operation group, from the main mode, in thiculel reference attactontroll
to it,

create theeg_dyna2 operation group, from the main mode in thebicule2 reference attachmeca2 to
it,

create theg_cont2 operation group, from the main mode, in thegicule2  reference attactontrol2
to it;

create absolute constraints:
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constrainog_root onroot ,

constrairog_contl oncontl

constrairnog_cont2 oncont2 ,

constrairog_dynal ondynal,

constrairog_dyna2 ondyna2 .

The adequation and the code generation

First, launch the adequation. It modi egsample8.sdc andexample8.sdx les.

Then, generate the executive and applicative les (seffinde / Generate m4x Filek It creategxample8.m4 |
example8.m4x , example8_sdc.m4x , root.m4 , contl.m4 , cont2.m4 , dynal.m4 , anddyna2.m4 les.

Finally, handwrite thexample8.m4x le as explained in 8.4.6.

The compilation

First, generate manually théakefile.ocaml , theexample8.m4m , theroot.mdx , thecontl.mdx , thecont2.m4x , the
dynal.m4x , and thedyna2.m4x les:

copy-paste thelakefile.ocaml  from theExample 8folder to yours;

create thexample8.m4m le with these lines:

define
define
define
define

“contl_hostname_', HOSTNAME)dnl
“cont2_hostname_', HOSTNAME)dnl
“dynal_hostname_', HOSTNAME)dnl
“dyna2_hostname_', HOSTNAME)dnl

o~

whereHOSTNAMES substituted with the name of your remote station;

create theoot.m4x , contl.m4x ,cont2.m4x ,dynal.m4x , anddyna2.m4x les with this line: include(example8.m4m)
Then, copy-paste some les from tliexample 8folder to yours:

copy-paste thexample8.ml le.

copy-paste thea_example8.ml le.

copy-paste theot.sh , contl.sh , cont2.sh |, dynalsh , anddyna2.sh les;

copy-paste theef_vitesse.txt le.
You will probably need to install camlp5 (see bitp://pauillac.inria.fr/~ddr/camlp5/ ).
Then, type the commanuhke -f Makefile.ocaml in a shell commands interpreter. It createample8.cmi

example8.o , pa_example8.cmi , and<processor>.cmi , <processor>.cmx , <processor>.0 , <processor>.opt  foreach
processor.

Finally, launch separatly the ve script les. At the end dfeir execution, thectuator 1  andactuator_2
les are created:

theactuator 1  le contains the speed of the rst car;

theactuator 2 le contains the distance between the cars.

From the main window, choodéle / Close In the dialog window, click on th&avebutton.
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Chapter 9

Example 9: a multiperiodic application

From the main window, chooggle / Save asand save your ninth application under a new folder of youdriat
folder (eg. my_example9 ) with the namesxample9 .

9.1 The main algorithm

Figure 9.1: Main algorithm of thExample 9

Create the main algorithimsicAlgorithm  (cf. gure 9.1) using the libraryint for the operationsput<1>
(int/input ) andoutput<1> (intloutput ). For the operatiorompute , create a function de nitiortompute and
create a reference to this de nition. Create the dependeinetveen the references. Set the periods to édar ,
8 for compute , and 8 foroutput .

9.2 The main architecture

Open the architectumaonoProc from the libraryu. De ne it as main. The durations for theoperator are by
default:

intfinput = 3
Implode_int = 1
compute = 1
int/output = 3
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In this case, the system is not schedulable.

9.3 A mono-phase schedule

9.3.1 Durations

Modify the durations for th& operator:

int/input = 1
Implode_int = 1
compute = 1

int/output = 1

9.3.2 Adequation

Figure 9.2: A mono-phase schedule

Launch the adequatio®@lequation / Launch Adequation). Display the scheduleAdequation / Display
Schedul§ (cf. gure 9.2).

Wait operation

Notice the new operation added by SynDEif ) to respect the period of theput operations.

Multiple occurrences

Notice that because of the periods, during a cycle ipat operations are executethp{it#l andinput#2 )
whereas only oneompute and oneoutput operations are executed.

Implode operation

Notice the new operation added by SynDHmplode_compute ) to provide the data from thieput operations to
thecompute one.
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9.4 A multi-phase schedule

9.4.1 Durations
Modify the durations for th& operator:

int/input = 1
Implode_int = 1
compute = 2

int/output = 1

9.4.2 Adequation

Figure 9.3: A multi-phase schedule

Launch the adequatio®flequation / Launch Adequation). Display the scheduleAdequation / Display
Schedulg. The computed schedule has two phases: a transitory ptebeafd a permanent phase (greaf) (
gure 9.3).

Transitory phase

The transitory phase is executed only once. It contains teeoccurrence of theput#tl operation, the rst
occurrence of thaput#2 operation, the rst occurrence of theplode_compute operation, and the st occurrence
of thecompute operation. Theompute operation provide data consumed by thgut operation schedule at time
9 in the permanent phase.

Permanent phase

The permanent phase is the one that is executed in nitelycolttains the second occurrence of thyit#1
operation (and its following occurrences). It contains teeoccurrence of theutput operation (and its following
occurrences).
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