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1 = Introduction

Before starting this tutorial, it is important to understand the basic concepts used in
PragmaDev Studio.These concepts derive from the two languages supported by Prag-
maDev Studio, SDL and SDL-RT:

SDL stands for Specification and Description Language. SDL is a graphi-
cal, object-oriented, formal language defined by the International Telecommuni-
cation Union - Telecommunication Standardization Sector (ITU-T) as
recommendation Z100. The language is intended for the specification of com-
plex, event-driven, real-time and interactive applications involving many con-
current activities that communicate using discrete signals.

SDL-RT stands for Specification and Description Language - Real Time.
It is a mix of SDL with another graphical language, UML, and of a textual lan-
guage, C. It retains the graphical abstraction brought by SDL while keeping the
precision of traditional techniques in real-time and embedded software develop-
ment and making simpler the re-use of legacy code by using natively the C lan-
guage. The object-orientation is also pushed a step further by using the UML
diagrams.

The underlying concepts of both languages are the same: the overall application to
develop is called the system. Anything that is outside the system is called the environ-
ment. The system itself is described via four complementary and consistent views:

o Architecture

A system can be decomposed in functional blocks. A block can be further
decomposed in sub-blocks and so on until the functionality of the final blocks are
simple enough. A block then fulfils its functionality with one or more proc-
esses, communicating with each other via messages (also called signals). A
process is basically a task and has an implicit message queue to receive messages
from other tasks. There is no need to define it. A block has no direct implementa-
tion in the final application; it is a matter of organizing and structuring the appli-
cation. Blocks and process are called agents.
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Agents exchange messages through channels. Messages going through chan-
nels are listed to define the interface between the agents. When it comes to final
code on the target, channels have no direct implementation; they are only used
for structuring the software and defining the interfaces.

» Behavior
A process behavior is described graphically as a finite state machine. Internal
process states, events (messages), decisions, timer manipulations, semaphore
manipulations have specific symbols briefly summarized below necessary to
understand the following tutorial:

@ Start }% Start timer
<:> State Stop timer
=
% Input j Take semaphore g
N
&
Give semaphore .
> Output J v P 5‘
7))
Plain C code Create task
< > Decision Declarations

SDL or SDL-RT procedures can be called within the process behavior descrip-
tion. In SDL-RT, C functions can be called as well; SDL also allows the call of C
function via external operators.

« Data and syntax

This is where SDL and SDL-RT differ the most:

« In SDL, data is defined via ADT (Abstract Data Types), using specific con-
cepts and notations. The data manipulation has also a specific syntax, derived
from languages such as Pascal.

« In SDL-RT, the C language is used to define and manipulate data, making
things more familiar to developers...

Another SDL-RT specificity is the integration of UML use case and class diagrams for
less time-critical parts of the system. Objects can be associated to processes or blocks and
used in the behavioral parts of the processes.

In both SDL and SDL-RT projects, PragmaDev Studio also integrates the Message
Sequence Chart dynamic view. On such a diagram, time flows from top to bottom. Life-
lines represent agents, semaphores or objects and key SDL-RT events are represented.
The diagram emphasizes the sequence in which the events occur.

Would you need any extra information on the diagrams and their meaning, the following
references may be used:

« For SDL, the SDL Forum web-site has many tutorials and presentations:
http://www.sdl-forum.org/
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« For SDL-RT, the reference manual is available in PragmaDev Studio via the Help
/ SDL-RT reference menu. This manual is also available on the SDL-RT web-site:
http://www.sdl-rt.org

PragmaDev Studio V5.0 Page 5
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2 - A simple system

The system we have chosen is simple enough to be written from scratch but rich enough
to pinpoint the basics of SDL-RT and SDL. It is a very basic phone system composed of a
central and of several phones. When the phones are created, the central gives them an
automatically computed phone number. When a user takes a phone to call another one,
the phone asks the central the id of the phone to be called identified by its phone number.
The caller sends directly a call request to the distant phone. For simplicity sake the dis-
tant phone automatically answers.

This tutorial is divided into two parts, depending on the language:
« The part using SDL starts page 7
« The part using SDL-RT starts page 61

And one part for the automatic documentation generation that is based on the SDL sys-
tem but that can be applied to the SDL-RT example.

If you do not want to design the example, you can find a complete project of this system
in the examples under "SDL/tutorial" and "SDL-RT/tutorial".

Page 6 PragmaDev Studio V5.0



PRAGMADEV

TUiorial modeling and testing tools

3 - PragmaDev Specifier Tutorial

3.1 - Organization
Let’s get our hands on the tool ! Start PragmaDev Studio. The window that appears is
called the Project manager:

- PragmaDev Studio [0 | (S
Studio  Project Edit VYiew Element Generation Validation Windows Help

AL ITEY:

The Project manager window

The project manager gathers all the files needed in the project. First let’s create a new
project with the New project button:

=

f=
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The following window will appear:

“%- Language for new project

SDL Z100 project ]

l
[ SDL-RT project ]
l

Cancel ]

Click on SDL Z100 Project to open a new SDL project.

The Project manager displays an empty project:

%~ PragmaDev Studio - Project "<unnamed=" = e =T
Studio  Project Edit View Element Generation Validation Windows Help

AN RS

An empty new project

Let’s save it straight away as "phone" and put it in a dedicated directory:

‘- PragmaDev Studio - Project "phone.rdp”
Studio  Project Edit View Element Generation Validation Windows Help

T -y

phone.rdp

Phone empty project
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3.2 - Requirements

Let us express the requirements of our system with a Message Sequence Chart (MSC). To
add an MSC, select the project, and click on the right mouse button. A contextual menu

will appear:

‘%~ PragmaDev Studio - Project "phone.rdp”
Studio  Project Edit View Element Generation Validation Windows Help

TN

Add child element...
Add files...

Rename...

Copy
Cut
Paste
Delete

Set default for build
Build...
Debug...

Diff...

Add components to the project

Select Add child element and the following window will appear:

Containers -
Requirements

Declarations

Active architecture

Behavior 7]
Passive architecture

&~ Add child element E

Hardware architecture MName: |

Testing/Validation

Documentation File: | | | New

MAdvanced behavior
External files -

[] Create legacy diagram

Auto-sort

[ ok ][ cancel |

The add component window

PragmaDev Studio V5.0
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In Requirements, select MSC element and click on the New button. Go to the directory
where your project is and type in "normal” with no extension. Click on save and you will
get the following window:

&~ Add child element E

Containers -

Declarations

Active architecture

Behavior 7] b
Passive architecture

Hardware architecture Mame: |norma| |
Testing/Validation
Documentation File: |nts.."SDL-tutoriaIfnormaI.rdd | ’ Mew ] ’ Open ]
MAdvanced behavior

External files A Create legacy diagram

Requirements table  Use cases HMSC  MSC

Auto-sort

[ ok ][ cancel |

Completed Add component window

Click Ok and the "normal" MSC appears in the "phone" project:

- PragmaDev Studio - Project "phone.rdp” (modified)
Studio  Project Edit View Element Generation Validation Windows Help

AR AR E

phone.rdp
normal

"normal" MSC in "phone" project
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Double click on the MSC name or icon to open it. The MSC editor opens:

Diagram Edit Search View Exrl Windows Help
i EEAR @I BXELA, S i
JB normal |_
to &=

o A

3 . || A T EE

The MSC editor
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Draw the following to express the requirements of our phone system:

ey Studio - MSC Diaarams

Diagram Edit Search View Export Windows Help
D

5 e DS b = g |
v B eaB@iPrBXEIL L ki
JB normal |_
o | @
e
> 5
.......l
= RTDS_Env pLocal pCentral pLocal
- Ik sRegdy
o
-
N
pomee]
sCall(2)
sGetId(2)
ety sId(...)
¥ sCn¥Req
sCnxfConf
s
REERN sCallConf
= I S——
-
5
i
: sHangUp
B
& sDigReq
i sDisfLont
=
: < sHangUpConf
F
- -

M | »

The "normal" MSC

You will have to use the tool bar on the left. If you have any problem refer to the user’s

manual.

This MSC basically says the following:

e pCentral indicates the system has been initialized and is ready

 The initial global state is Disconnected

Page 12

PragmaDev Studio V5.0



PRAGMADEV

TUioriCII modeling and testing tools

+ The user represented as the environment (RTDS Env) makes a request on the
first phone pLocal to call the phone with the number 2

» The first pLocal asks the central the queue id of the phone with number 2

« The first pLocal uses the id to send a connect request (sCnxReq) to the second
pLocal

« The second pLocal being disconnected, it confirms the connection (sCnxConf)
« The first pLocal tells the environment the call has succeeded

« The global system state is then considered Connected

« The user hangs up

« The first pLocal sends a disconnection request (sDisReq) to the second pLo-
cal

« The second pLocal confirms disconnection (sDisConf) back to the first pLo-
cal

+ The first pLocal tells the environment the disconnection is confirmed
« The overall final state is back to Disconnected

You can write some other MSCs to get clearer ideas on what you want to do. Note the
instances represented on the MSC can be any type of agent. Somehow you are roughly
defining the first architectural elements. You can copy from the SDL/Tutorial example
the "normal" and "busy" MSCs in the project to complete the description.

3.3 - Design

Let us now specify and design the system. As for creating an MSC, select add child element
on the project, in Active architecture, select System component:

@r PragmaDev Studio - Project "phone.rdp” (modified) =N EoR| ==
Studio Project Edit View Element Generation Validation Windows Help

E & & @ d kg

= " phonerdp

normal

busy
|5l Phone

"Phone" SDL system in the "Phone" project
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Double click on the system name or icon to open the system diagram in the SDL editor:

"%~ PragmaDev Studio - Diagrams ==
Diagram Edit Search View Export Windows Help

tHER @ PPRXB PAGHLEODEE K
JB Phone |

“ | Part. |Sealch|
1- Part. 8 =«

T T I

-
L
m

T

< 1 | r 4 i

The SDL editor

The system will be divided into two main parts:

+ The definition of the data types and messages we will use.
 The architecture in terms of processes.

To avoid mixing things, we will use partitions in the diagram. A partition is just a means
to separate different kind of contents within a diagram; it is just a group of pages that can
contain any symbol allowed in the diagram.
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PragmaDev Studio has created the first partition for us, so let’s use it to declare the types

and messages we’ll need:

@r PragmaDev Studio - Diagrams EI
Diagram Edit Search View Export Windows Help
= N & 5

tTtH=Bdeo»aE A B ~:0h 405D K
J Phone |
o = Paft-|Search|
- 1- Part. 0 -

»

[

|

/* Maximum number of pLocal processes */
- SYNONYM NUM_PHONE INTEGER = 5;
- /* Type for a phone number */
SYNTYPE PhoneNumberType = INTEGER
- DEFAULT 1;
CONSTANTS 1. .NUM_PHONE

- ENDSYNTYPE; 3

- /* Type for the array of pLocal pids */
e NEWTYPE pLocalArray

Lt ARRAY (PhoneNumberType, PID)

= ENDNEWTYPE ;

SIGNAL sCall{PhoneNumberType), sHangUp:

SIGNAL sReady, sCallConf, sHangUpConf, sBusy;
SIGNAL sCnxReq, sCnxConf, sDisReq, sDisConf;
SIGNAL sGetId(PhoneNumberType), sId(PID), sError;

4

L}

Declarations in the "Phone" system

The top declaration text box declares the data and types we need:

o The SYNONYM declaration declares a constant for the maximum number of

phones;

« The SYNTYPE declaration declares a special type for the phone. This is basically
an integer restricted to be between 1 and the maximum number of phones;

« The NEWTYPE declaration actually declares the type for the array of phone pro-
cesses; the index is a phone number, and the value is a PID, which is a basic type
in SDL, just as INTEGER.

The second declaration text box declares the signals that will be used in the system. They
are mainly the ones we used in the MSC we created earlier, plus a few ones for error con-
ditions. Three of the signals we declare have parameters: sCall, sGetId and sId. Note
the sCall and sGetId signals use the PhoneNumberType type we've declared above.

PragmaDev Studio V5.0
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Now let’s design the architecture of the system. As we said, we’ll use another partition, so
let’s create it first, using the new partition button in the partition tool-bar:

i 8 G4 & 6 Li

|New partition after current one

A new empty partition appears. What you've already done is of course not lost: you can
go back to it using the other buttons in the partition tool-bar.

The system being very simple it will not require any block decomposition. The central
will be a process as well as the phones. All the phones have the same behavior so they will
be several instances of the same process. The phone system is therefore made of two pro-
cesses. For better legibility their name will be prefixed by a "p" because they are pro-
cesses.

Please note this architecture is not strictly correct in regular SDL, since processes should

not appear directly at system level. But PragmaDev Studio allows it, so let’s keep things
simple.

Page 16 PragmaDev Studio V5.0



PRAGMADEV

TUioriCII modeling and testing tools

Note: To draw the cSelf channel keep the shift key down and click where the channel
should break. To change the position of the channel name, select a new segment, right-
click on it and select Set as text segment.

@r PragmaDev Studio - Diagrams =n|Eow ="
Diagram Edit Search View Export Windows Help

TEH = "Q@:9» B EB:»~:0U00uidia 4 K

J Phone |_

. -
e

»

[

||

]

[ ———<—— cEnvCentral pCentral

[sReady] [1

- [sGetId]

-

- [

cInternal

[sError,
sId]

———<— cEnvLocal pLocal{®, NUM_PHONE)
[sBusy, [scall, [sBusy.
sCallConf, sHangUp] sCnxConf,

sHangUpConf] [ sCnxReq,
sDisConf,

sDisReq]

cSelf

4 I 2

phone system view

Since pCentral is making the link between the pLocal processes and considering the
number of phones can be modified, pCentral will create all instances of pL.ocal. To
represent that, the name pLocal is followed by the initial number of instances and the
maximum number of instances we defined in the SYNONYM in the other partition.

Messages to be exchanged between the processes are listed in the channels = .To
specify the incoming and outgoing messages in the diagram double click on the " []" and
type in between the square brackets. The channel going to the outer frame is implicitly
connected to the environment. In the above example the channel cEnvLocal connects
pLocal to the environment and defines sCall and sHangUp as incoming messages and
sCallConf, sBusy and sHangUpConf as outgoing messages. The channel cEnvCen-
tral connects pCentral to the environment and defines sReady as an outgoing mes-
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sage. The cSelf channel has been created to represent messages exchanged between the
different instances of pLocal.

Select pLocal and click on the right mouse button to open the process definition:

———=<— cEnvLocal
[sBusy,
sCallConf,
sHangUpConf]

[scall,
sHangUpl ®

cInternal

[sError,
sId]

pLocal(@, NUM_PHONE)

Show usage...
Properties...
Adapt size to text

[sBusy,
CnxConf,

Open definition...

Cepy
Cut

Paste
Delete
Select to end

CnxReq,

DisConf,

DisReq]

Copy traceability info.
Cover requirement(s)...

Set as text segment

Contextual menu

Since the process is not in the project, it will be asked what type of element must be
added. Keep the pre-selected options, process element in Behavior and click OK. You end

Page 18
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up in a new window showing the process definition: The default layout presents the first
partition with only a single page.

b

4

"%~ PragmaDev Studio - Behavioral Diagrams ===
Diagram Edit Search View Export Windows Help
‘e 8 & BEMEC » s X BEL P K
| plocal [
- * | Transitions |Search |

7
4
[
(-
-
[
@
]
-

The process behavior description in SDL editor

The first thing to design is the start transition. It is what the process will do as soon as it

is created. In the case of pLocal process, we do nothing:

That transition means that once the process is started it will go to state Idle. Place a

start symbol @ , keep it selected and click on the state symbol in the tool bar @ .The
state symbol is automatically inserted and connected after the start symbol. An internal

PragmaDev Studio V5.0
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data dictionary is updated on the fly to ease the writing of the process behavior. First cre-
ate the Id1le state definition: click on the State icon and put it in your diagram:

The state name is in edit mode so you can directly type Id1le in it; but you may also use
context help to list the available choices for the state symbol.

There is only one entry because the Id1e state is the only one that has been defined so
far (* means every states).

Once the state has been defined, click on the input symbol ™ in the tool bar and the

input message symbol will be automatically inserted below the state symbol. A contex-
tual menu list all available messages:

|
|:;Busy
sCall

»

sCallConf
sCnxConf
sCnxReq
sDisConf
sDisReq
sError m

m

Select the sCall message and complete it with the correct parameter. This facility is
context sensitive and works for messages, states and timers. You can now finish the state
description by yourself as explained below.

Page 20 PragmaDev Studio V5.0



TUi‘OI‘idI modeling and testing tools

Considering the requirements described earlier, the pLocal process can either be asked
to make a call by the operator or receive a call from another phone. The Idle state can
therefore receive two types of messages described below:

sCall(calledNumber) < sCnxReq <

sGetId{calledNumber) > remotePId := SENDER

(Ge‘ttingld ) sCnxConf TO remotePId >

When receiving sCnxReq message, it will reply sCnxConf to the sCnxReq sender. TO
and SENDER are SDL keywords in the output symbol. The SENDER id is stored in
remotePid variable. The process then goes to Connected state.

If asked to make a call, the phone number to call needs to be retrieved. To do so, a vari-
able of the correct type is given as parameter of the receiving message. It will be assigned
when this message is received. Since pLocal has no idea how to address a phone num-
ber it asks the central process the process id of the called pLocal with the sGet Id mes-
sage. The calledNumber variable is re-used as is. No receiver is specified since the
receiver process is completely determined by the system architecture. We may however
have used TO pCentral to specify it, or even TO PARENT since pLocal was created by
pCentral. The process then goes to Gett ingId state, waiting for the central to answer.

Once the pid of the remote phone is received from the central, it is stored in a local vari-
able and the connection request message sCnxReq is sent. The process then goes into
state Connecting. If the pid of the receiver was not found, the sError signal is
received. A sBusy message is sent back to inform the user and the process goes back into
state Idle:

GettingId

sId{remotePId) sError

i
]

sCnxReq TO remotePId> sBusy VIA cEnvLoca'L)

Connecting Idle

Note the receiver for the sBusy message is specified by using VIA cEnvLocal. It means
that the signal will be sent to the process at the other end of the channel cEnvLocal, con-
nected to the process pLocal in the system diagram:

cEnvLocal pLocal{@, NUM_PHONE)
[sBusy, [sCall,

sCallConf, sHangUp] 0
sHangUpConf] ‘
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Since this channel is connected to the system’s external frame, the signal will go to the
environment. Please note specifying a receiver for sBusy is necessary here, since this
signal may be sent not only to the environment, but also to the other pLocal processes
in the system. If a receiver is not specified, the SDL semantics is to choose randomly a
receiver among the available ones, so the signal may have been received by the wrong
process.

Once the connection request has been sent, the remote process is either available and
replies sCnxConf, or not available and replies sBusy:

Connecting

sCnxConf sBusy 1

sBusy VIA cEnvLoca'L)

1!

sCallConf

Depending on the answer the resulting state is different.

——

Now that you have understood the basics of the finite state machine you can complete the

process behavior:
sCnxReq |: sDisReq sHangUp 1

sBusy TO SENDER> sDisConf TO SENDER> sDisReq To remotePId)

Disconnecting

i

sDisConf

sHangUpConf

Idle

el ¢
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As the description is done, the browsing window on the right side is updated allowing to
quickly jump to a transition: just click on the transition. This is especially useful when
the system gets big.

»

* | Transitions |Search

(start) -
Connected
sCnxReq

sD1isReq
sHangUp
Connecting
sBusy
sCnxConf
Disconnecting
sDisConf
GettingId
sError
sId
Idle
sCall
sCnxReq

m

It is now time to declare variables in our process. To do so, the text symbol in the process
behavior diagram is used. The declarations are introduced via the keyword DCL, followed
by alist of couples <variable name> <variable types>,with an optional default
value:

DCL
remotePId PID := NULL,
calledMumber INTEGER

Note the type of the variable used in the input and output symbols for sCall and

sGet Id are not strictly the ones appearing in the definition: the signal declares a Pho-
neNumberType, but we use a regular INTEGER. This is no problem as long as the INTE-
GER satisfies the conditions set on the PhoneNumberType type.

Let’s have a look at process pCentral now. It must do the following things:

« At startup, it creates all instances of pL.ocal and gives them a new phone num-
ber.

« When asked for a phone number, it sends back the pid for the corresponding
process.

Go to the system diagram Phone, and double click on pCentral. Since the process is
not in the project it will ask if it should be added. Answer yes and a pre-filled add child ele-
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ment window with the process name appears. Click OK and the process definition window
appears. Let’s first write the needed declarations and the initial transition:

pLocals pLocalArray:

DCL
index INTEGER := 1,

pLocals(index) := OFFSPRING: Idle
index := index + 1

The variables include an index which will be used as the phone number for created pLo-
cal’s, and an array of process ids mapping the phone number to the pid.

pLocal sReady )

The initial transition creates all instances of pL.ocal within a loop testing index <=
NUM_PHONE. Each time the loop is executed the pLocal process is created and its pro-
cess id (OFFSPRING keyword for the parent process) is stored in the pL.ocals array,
using the phone number as index.

After the pLocal processes creation, the sReady signal is sent to the environment to
indicate initialization is finished and the process goes to state Idle.

Note we have voluntarily introduced an error by typing "; " instead of ", " at the end of
the first line in the lowest block of code to later show how to analyze the errors.

=)
sGetId(1index) |:
( true ) ( fa'l.se)

sId(pLocals(index)) TO SENDER) sError TO SENDER>

- @

The only request that can be received by pCentral process is sGet Id. The phone
number to reach is the parameter passed to the signal, which we will receive in the
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index variable. The process id of the phone is extracted from the array and sent back
directly to the sender of the sGet Id message (SDL keyword SENDER). If the phone
number is out of range, an error message is sent back to the sender.
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3.4 - Simulating the system

Now that the system has been designed, we’ll debug it using PragmaDev Studio’s SDL
simulator. The simulation process is divided into two main phases:

« First, the code for all transitions in all system’s processes is transformed into a
language called SDL byte-code. This language is easy to generate from the pro-
cess description but far easier to interpret than plain SDL instructions. This lan-
guage is used only internally and has no direct external representation.

+ The generated byte-code is then executed based on a scheduling managed by
PragmaDev Studio. The simulation conforms to the SDL semantics: all transi-
tions are considered to be executed in no time and cannot be interrupted.

3.4.1 Simulation options

The Simulation options and the code generation options are edited via the Generation /
Options... menu. By default a valid simulation profile is listed as well as an empty code
generation profile:

@r’r Generation options =3 foR|E%S
Profiles: Main cptions
- Manage all types in a single system-wide scope

Force default values for all types

Defer byte-code loading at execution time

Activate code coverage analysis

]

[

[ Treat internal messages before external ones

]

Add suffix to external procedure names (uncheck to handle via TTCN getcall/reply)
(]

Use XML-RPC for operators

+ - Rename...

| ok || conce | | Import.. || Export. |

As the simulation profile is the only valid debug profile, it will be used by PragmaDev
Studio by default.

3.4.2 Byte-code generation

Select the Phone system in the project manager and click on the Execute quick button in

the tool bar: 7

A log window opens and displays the actions performed by the byte-code generator.
Before actually generating anything, PragmaDev Studio performs a global syntax and
semantics check on the written code. So any basic error such as typing mistakes or mis-
spelling in variable names will be reported during this phase.
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Since we introduced an error in process pCentral, this is what appears in the byte-code

generator log window:

@r’r Generation/build for Phone with Simulation options

=== (Generating byte-code for diagram Phone (C\ProjectSDLtutomy_Documents\SDL-tutorial\Phone.rdd)...
=== (3enerating byte-code for diagram pCentral {(C\ProjectiSDL%uto\pCentral.rdd)...

— Start transition

Errort: Symbol SYM7, 026 Expected keyword "COMMENT but found char®;

N Code generation failed!:

sdiTask@SYM7=u'pLocls(index) := OFFSPRING;\nindex = index + 1= Syntax check returned errors!

’ Close l ’Re-compillel [Sa'l.re dialog text as]

F3

The byte-code generation started at system level, then went down in pCentral. During
the generation for pCentral’s start transition, the inversion between ";" and "," was

encountered. So the generation stopped and this error message was displayed.

Double clicking on the error automatically opens the SDL editor and selects the symbol

where the error occurred:

&~ PragmaDev Studio - Behavioral Diagrams =N =R ==
Diagram Edit Search View Export Windows Help

b = by o ay [

‘tE&B@ie s o BEie R F
J &4 pCentral |_
. * | Transitions |Search|

xRy (start) -

5 Idle

— — | sGetId

[

] =

L

1
- ( false ) L4
@
pLocal sReady
- i
] pLocals(index) := OFFSPRING: Idle
index := index + 1
I i | b 4 b
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Once the error have been corrected the log window should look like this:

¥

"%~ Generation/build for Phone with Simulation options ==

=== (3enerating byte-code for diagram Phone (C\ProjectSDLutovmy_Documents\SDL-tutorial\Phone.rdd)... -
=== (3enerating byte-code for diagram pCenfral (C\ProjectiSDL%uto\pCentral.rdd)...
— Start transition

— Transition Idle - sGetld

=== Generating byte-code for diagram pLocal (C\ProjecthSDLMuto\pLocal.rdd)...

— Start transition

— Transition Connected - sHangUp

— Transition Connected - sCnxReq

— Transition Connected - sDisReq

m

— Transition Idle - sCall

— Transition Idle - sCnxReq

— Transition Connecting - sCnxConf
— Transition Connecting - sBusy

— Transition Gettingld - sError

— Transition Gettingld - s1d

— Transition Disconnecting - sDisConf
I

Close l [ Re-compile ] [Save dialog text as...
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3.4.3 The SDL simulator

Once the byte-code generation is over, the SDL simulator window opens automatically:

& PragmaDev Simulator [F=5 o8 =<3
Debugger Options Windows Help =

B TLIIIDE S P H 0wz CCZEHe PR <

Name |Pid |Sig |SDL state Time: 0
pCentral ‘1 |1 ‘F{TDS_Sta 1 Timer info * W Watch variables Values 1
Owner Narne Tirne left
SDL system queue
Pid |Recei Signal N
I | Seeer | e * V Local variables Values
1 |pCer|tra| ‘RTDS_startMessage 1

PragmaDev Studioc shell

>Internal communication socket opened on port 49162
>Free run off.

»Timers should be fired manually.

>Unexpected messages will be ignored.

>

4 2

Debugger state: STOPPED IActi\.re thread:

The SDL simulator window

The simulator window shows a global state of the running system in terms of:
« Running processes
¢ Sent messages
« Started timers
+ Local variables when in the context of a running process
« Watched variables, allowing to see the value of any variable at any time

The lower part of the window is a shell where actions taking place in the system will be
reported.
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Let’s first run a MSC trace so that we can see graphically what is happening in the system.

Click on the Start MSC trace quick button: 7I A MSC Tracer window appears.

Now let’s actually start the system by clicking on the Run the system quick button: ::zt

Let the system run until all pL.ocal processes are created by pCentral and their start
transition executed:

‘& MSC Tracer [= ===

Trace View Windows Help

=l - PXa e

pCentral pLocal pLocal pLocal pLocal pLocal RTDS_Env
ST 3%} 2) (3) (4 (s) (6) D

pCentral RTDS_Env =
(1)

(-1)
p— pLocal
S ’{ @) I
3)
____________________________ pLocal
e % (4)
__________________________________________________ pLocal
2 g (6) I

e v |

] .

Tracing

Note you can detach the execution buttons bar by dragging it away from its header (the

zone looking like this: [ ):

Execution buttons

D% O HE e e x4

Detached execution buttons toolbar

The environment is represented by the pseudo-process RTDS Env. This is not really a
process as it does not appear in the list of running processes in the simulator window and
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has no code associated. It is only used to trace messages sent from and received by the
environment.

Process pCentral dynamically creates 5 instances of pLocal, sends the sReady mes-
sage to the environment and goes to state Idle. Each pLocal instance then go to state
Idle. On the left is the value of the system time. According to SDL semantics, all start
transitions executed in no time, so the system time is still 0 after all processes have
started.

Click on the Stop button to break execution: |

The SDL simulator window shows the list of all running processes, displaying for each
one its name, process id, number of messages in its message queue and SDL state:

%~ PragmaDev Simulator [F=HEoR FX=
Debugger Optiens Windows Help =

LA 1lTED ZF 4 0 e x "= @ P 3 \&
Name |Pid |Sig |SDL§tate Time: 0

Tirmer inf . A
pCentral 1 0 Idle 1 |mer|no. * W Watch variables Values
Owner Name Time left

plocal 2 0 Idle - -

plocal 3 0 Idle

plocal 4 0 Idle

plocal 5 0 Idle

plocal 6 0 Idle

SDL system queue

Pid |Receiver Signal

»Task pLocal(5) prio:0 created by pCentral(l) at: 0 ticks
»Task pLocal(6) prio:0 created by pCentral(l) at: 0 ticks
>5ignal: sReady sent by: pCentral(l) at: 0 ticks

>5ignal: sReady received by: RTIDS Env(-1)} at: 0 ticks
>Task pCentral (1) has changed to state Idle at: 0 ticks

>Task pLocal(2) has changed to state Idle at: 0 ticks
>Task pLocal(3) has changed to state Idle at: 0 ticks
>Task pLocal(4) has changed to state Idle at: 0 ticks L
>Task pLocal(5) has changed to state Idle at: 0 ticks 3
>Task pLocal (&) has changed to state Idle at: 0 ticks
Fstop
>
4 3
Debugger state: STOPPED I.Active thread: 6->plLocal

SDL simulator window

Now let’s put a breakpoint in process pCentral:
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« Open pCentral from the project manager.

+ Go to the transition for signal sGet Id in state Id1e using the state / message

browser:

= | Transitions |Sea|ch |

(start)
Idle
sGetld

or the View menu:

- PragmaDev Studio - Behavioral Diagrams

Diagram Edit Search I\"’m Export Windows Help =
:: = Refresh E R s ]
;:f B = Clesn up ::ﬁ ~ =
JB pCentral Editicn mode |_
i Mavigation mode * | Transitions |Sealch|
% Show/hide side panel {start) I
Show/hide notifications sGetId
........ DCL - - -
i Show/hide printed page boundaries
D pU Show symbel documentation hints
1 (start) |
sietld
» S— | e »[ sGems |
Zoom out
- foom to
@ Header symbeols alignment L
(o1}

The state / message browser and the View / Go to menu allow to quickly navi-
gate among the transitions defined in the process. Selecting the transition will
automatically open the partition where the transition is and scroll to the corre-
sponding signal input symbol.
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+ Click on the signal output symbol just after the decision’s t rue branch:

sId{pLocals{index}} TO SENDER) sError TO SENDER

= (i)

» Click on quick-button ggi or go to Debug / Set breakpoint menu in the SDL edi-

tor. A breakpoint symbol is displayed on the side of the selected symbol:

@ | sIdipLocals{index}} TO SENDER) sError TO SENDER

= C)

We will now simulate an incoming message from a user:

» Go to the SDL Simulator and click on "Send an SDL message to the running sys-

tem" quick-button g

PragmaDev Studio V5.0 Page 33



PRAGMADEV

modeling and testing tools Tutoriul
« The Send an SDL message window shows up:
3-"} Send an 5DL message to system =] | S
Select the receiving process: Available messages: Message parameters:
Name pid Name [ |Type Parameter Type | Value
pCentral 1 1 sCall 0 |NORMAL_SIGMAL * b 0
plocal 2 sHangUp |0 |NORMAL_SIGMAL
plocal 3
plocal 4
plocal 5
plocal 7]
Consider receiver state - -
l Send ] ’Send & close] ’ Close l ’ Save to file l [Impor‘t from filel

Send an SDL message window

On the left are listed all possible receiving processes, in the middle all possible
messages, i.e. all messages used in the SDL system, and on the right the value of
the parameters associated with the selected message. Clicking on either the mes-
sage or the receiver will restrict the other list to show only the consistent choices.
Here, we want to send a sCal1l signal, so let’s select this signal in the list:

@r'r Send an SDL message to system = |G ]
Select the receiving process: Available messages: Message parameters:
Marme pid MName |# |Type Parameter Type |‘u’a|ue
plocal 2 1 Y 1 v i
plocal 3 sHangUp |0 |NORMAL_SIGMAL Lo pararml integer 1
plocal 5]
plocal 5
plocal 4
Consider receiver state i —
l Send ] [Send & close] ’ Close ] [ Save to file ] ’Import from ﬁle]

Since process pCentral cannot receive signal sCall, it disappears from the list
of available receivers.
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« Now let’s select the signal receiver and input the called phone number, which
should be passed as a parameter to the sCal1l signal:

‘&~ Send an SDL message to system El@
Select the receiving process: Available messages: Message parameters:
MName pid MName |# |Type Parameter |Type |‘u’a|ue

0  NORMAL SIGNAL i

v v
sHangUp [0 |NORMAL_SIGMAL L E

plocal

pLocal
plocal

Eo NNV B < I VN |

plocal

Consider receiver state - -

[ Send ] [Send & close] ’ Close ] [ Save to file ] ’Importfrom ﬁlel

The signal parameters are described in the right part of the signal send window.
Double click on the parameter to edit its value and hit <Enter>.

 Click the Send & close button.
« Resume system execution by clicking the Run button in SDL simulator window.

« The following actions appear in the MSC trace:

pCentral pLocal pLocal pLocal pLocal pLocal RTDS_Env
(1 (2) (3) (4) (5) (6) (-1)
[ ——
sCall({paraml= .
|
|

sGetId({p Ml:(ij’(;l]tingld

« When the breakpoint is hit: the SDL editor then pops up and displays the symbol
where the execution has stopped:

= i3 | sId(pLocals{index}} TO SENDER>

« Since we are in the context of a running process, local variables are automatically
displayed in the SDL simulator window. All complex variables such as structs or
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arrays can be expanded to show their contents. Here are the local variables with
the pLocals array expanded:

* V Local variables Walues
—=index (integer) 3
—C SENDER (pid) 2
2 PARENT (pid) 0
—o &linit_state Idle
—2 SELF (pid) 1
—< Bistate Idle

—"plocals (pLocalArray)

—Cplocalsl) (pid) 2
—<plocals(2) (pid) 3
—Oplocals(3) (pid) 4
—Cplocalsid) (pid) 5

—Cplocals(s) (pid) 6

—O OFFSPRING (pid) 6

You can see the value for index is 3, so the value sent with the s1d message will
be the pid stored at index 3 in pLocals,i.e. 4.

« You can also execute instructions line by line in the symbols by using the Flat

step quick-button: {3+

& | sId(pLocals{index)} TO SENDER)

- ()
(NB: you may have to click on the button twice to go to the next state)
The signal send has been done, as shown in the MSC trace:

pCentral
(1)

v

sIf{{paramiz

+ Let’s now finish the system execution by pressing the Run button once more.

e When the signal sCallcConf has been received by RTDS Env in the MSC trace,

stop system execution with button =J|T="|]
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The SDL states for all running processes are updated in the simulator window:

Mame

pCentral

plocal
plocal
plocal
plLocal
plLocal

| Pid | Sig | SDL state

hobn B b ko

o O o o O O

Idle
Connected
Idle
Connected
Idle
Idle

» The SDL state of a process can be dynamically changed using the contextual
menu in the process list:

pCentral

plocal

plocal

plocal

plocal

1 0 Idle

3 0 Idle

5 0 Idle
6 0 Idle

2 0 Connected

Connected
Connecting
Disconnecting
Gettingld

Some caution is required with this feature, since it may have unexpected results
on the system behavior...

« We will now disconnect the two connected pLocal processes by sending another

signal. So press ggp once more:

lgrr Send an 5DL message to system

Select the receiving process:

Available messages:

MName |pid

plocal
plocal
plocal

d= o W

plocal

Consider receiver state

MName

sCall

sHangUp

l

Send l ’Send & close] ’ Close ]

|# |Type

0 |NORMAL_SIGMNAL

Parameter

Message parameters:

Type

[ =S

|‘u’a|ue

b

’ Save to file ] lImportfrom file]

This will send a sHangUp signal to the first pLocal (the receiver for our sCall
message) with no parameters.

+ Send the message with the Send & close button.

« We saw that stepping could be done at code line level. There are other step levels

including;:
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 Step at SDL event level with button

»'

This button will step one SDL event at a time. Click on it while looking at the
MSC trace; you'll see that each time a SDL event happens (signal send, signal
receive, process creation, timer start, and so on...), the system execution stops

just after the event.

Step at transition level with button i

This button will execute a whole transition and stop just after its end (usually
the next state symbol). Click on it while looking at the MSC trace; you’'ll see
the active process execute all actions in current transition up to the state
change, and the system execution stops.

3.4.4 Verifying the behavior

We will now check if the behavior is the one we expected in the first place. To do so we

will use

the MSC diff feature.

Make sure the execution is over by clicking button
the MSC trace window, save the trace and close it.

Close the simulator window.

In the project manager, open the trace diagram.

Go to the Diagram / Compare diagrams...

- alast time. Then go to

menu to get the MSC Diff configuration
window and set it up as described below:

@r PragmaDev Studic

Diff type: Basic M5C diff

First MSC: trardd
Second MSC: | normal.rdd

Filter activated
Messages:
Timers:

States:

Time constraints:

Display full results

Consider data:

B
2] Comee)
] Coomee..]

iff

=

BAEEEELS

| ok

||

Cancel l

55

)

The first MSC is the trace and the second is the normal scenario we described in
the first place. Since the normal MSC was not supposed to be thoroughly
detailed we will only show and compare messages without considering their

parameters.
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Click OK; the following window appears:

- PragmaDev Studio - MSC Diagrams (===
Diagram Edit Search View Export Windows Help
v H=AR@IC c BXBEL A K
e [
B
-
Y
RTDS Env

- (1 |

A pLocal
o 2)

- pLocal

”””””””” "{ ) T

Loca
A plocal
”””””””””””””””””” - *'{ 5) 1

le | |lo |o |o |o |o |o |

The only differences between the MSCs are the dynamic task creation of the
pLocal instances. After that the exchange of messages are the same between the

dynamic trace and the specification. The SDL system therefore conforms to the
normal MSC specification.

Mo HRTE

This is the end of this very simple SDL simulation session. There are many areas that
have not been covered, such as timers, procedures, external operators, system queue
manipulations, watched variables, and so on... You may discover all these features your-
self using the examples delivered in PragmaDev Studio distribution or by designing your
own system.
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3.5 - Prototyping GUI

PragmaDev Studio has a built in support to design simple prototyping interface to ease
testing. We will build a very simple one for our phone system to demonstrate its capabil-
ities.

3.5.1 GUI editor

Add a Prototyping GUI node in the project and open it:

‘% PragmaDev Studio - Project "phone.rdp” (modified) i i E

Studic  Project Edit View Element Generation Walidation Windows Help

B =8 e e

= |4 phonerdp

normal

busy
|si Phone

4 k

COpening project...
Done.
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The left panel contains the incoming triggers for the GUI, the central panel the GUI itself,

and the right panel the outgoing message from the GUI:

& PragmaDev Studio - Prototyping GUI "GULrdu” F=H|ER|55) |
File Edit Windows Help
=
Triggers Widget output actions
@GULdu Al @GULdu i
- 1" 13 5 -
’
Let’s add 2 buttons and one LED:
“&- PragmaDev Studio - Protatyping GUI "GULrdu" (modified) === .
File Edit Windows Help
BB P
Triggers Widget output actions
©GULIdu -k ~GULrdu -
R aNiA
L ONiA
ONiA
Call John
Hang Up
- n r 5 -
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Change their display value in the central panel and their widget name in the right panel

in order to recognize them:

e Studic - P

ing GUI "GULrdu"

File Edit Windows Help

(=lEEs

Triggers

oGULrdu

Widget output actions

*GULrdu il

1

Call John

A »HangUp

@CallJohn

m

[

] » -

Let’s say that when the user clicks on the "Call John" button, the GUI sends an sCall
message with parameter set to "2". Select the CallJohn widget on the right panel and

right click:

* GULrdu
>HangUp
oLED

Add sBusy cutput action

Add sCall cutput action

Add sCallConf output action
Add sCnxConf output action
Add sCnxReq cutput action
Add sDisConf output action
Add sDisReq output action
Add sError cutput action
Add sGetld output action
Add sHangUp cutput action
Add sHangUpCenf output action
Add sld output action

Add sReady cutput action

Add output action
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All the available messages in the system are then listed. Select sCall and expand the
created sub-tree. The parameters are listed with their corresponding type:

Widget output actions

wGLULrdu
w(CallJohn
wzCall

L

& narami|=PhoneNumberType
oHangUp
oLED

Let’s say the parameter value is 2’ and let’s send sHangUp without any parameter when
clicking on Hangup:

Widget cutput actions

» GULrdu
—CallJohn
vz Call
o parami|=2
m HanaUp|
+sHangUp
o]
—oLED

On the left panel we will consider a new trigger, select the top of the tree and right click to
get a list of all the possible triggers:

Triggers

E CULa

Add sBusy trigger
Add sCall trigger
Add sCnxConf trigger
Add sCnxReq trigger
Add sDisConf trigger
Add sDisReq trigger
Add sError trigger
Add sGetld trigger
Add sHangUp trigger
Add sHangUpConf trigger
Add sld trigger

Add sReady trigger

Add generic trigger

Let’s add the sCallcConf trigger. When a trigger is received by the GUI, a case with a set
of filters is verified. Let’s add a new case:

Triggers
wGULrdu
(.
Delete trigger
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In our case we won'’t put any filter, we will just change the color of the LED:

Triggers

» GULrdu
wsCallConf
L

Add filter

Delete case
HangUp
LED

Change the action to change the color. It is possible to directly name the basic colors, oth-
erwise the RGB hexa code can be used. Let’s put the LED back to red when we receive a
HangUp confirmation and we’re done:

%~ PragmaDev Studic - Prototyping GUI "GULrdu’ (modified) (= B
File Edit Windows Help

‘HEip »

Triggers

Es G e @ Widget output actions
wGULrdu | L vGULrdu g
wsCallConf - wCallJohn
wMew case - wsCall
wED oparam1|=2
o CHANGE_COLOR
Qgreen wsHangUp
-wsHangUpConf I—O
I—VNew case -SLED
I—‘LED
':o CHANGE_COLOR
Call John
@

m

3.5.2 Simulation

Let’s start the Simulator again and click on the Start prototyping GUI quick button: |
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The GUI will start and connect automatically to the system:

@ GULrdu =1 Eol | ==

Gaion

Start an MSC trace and run the system. Click on the "Call John" button, that should send
the sCall message with parameter value set to 2, the sCallcConf should be received by
the GUI, and the LED should be set to green.

@ GULrdu [E=1 [ Ho | ==

faion

In practice, this is not a good example because there are a lot of different pLocal pro-
cesses that could receive the messages sent by the GUI so the receiver is randomly
selected.

For a more advanced GUI, please have a look at the AccessControl system in the SDL
example directory.
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3.6 - Testing

PragmaDev Studio supports TTCN-3 standard testing language for edition and simula-
tion. We will build up a small test case and run it on the phone system we have just

designed. Let’s add a TTCN-3 compoment to the project and name it TestPhone (make
sure the module name in the file is the same as the file name):

Studio  Project Edit View Element Generation Validation Windows Help

T LLITEY:

i
= "~ phonerdp

normal

busy
|5l Phone
H;HGUI.rdu

i TestPhonetten3

4

Cpening project...
Done.

e
& PragmaDev Studio - Project "phone.rdp” ===
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3.6.1 Test case

The text editor recognizes the TTCN-3 syntax so all the keyword will be highlighted. Here
is the test suite we will explain in the following paragraphs:

&~ PragmaDev Studio - Text files
File Edit Search Preferences Windows Help =

sE2BioPEBX R

=N B E53

J 3 TestPhonettcn3

1 module TestPhone { -
2

3 // Data types

4 type integer PhoneNumberType (1..5)

5

] // The messages

7 type record sCall {

8 PhoneNumberType paraml

9 ¥

18 type enumerated sHangUp i e_sHanglp ¥
11 type enumerated sBusy i e_sBusy T
12 type enumerated sCallConf { e_sCallConf }
13 type enumerated sHamgUpConf { e_sHangUpConf }
14 type enumerated sReady { e_sReady
15

16 /{ The ports

17 type port cEnvliocal_type message {

18 out sCall:

19 out sHanglp:

20 in sBusy;

21 in sCallconf;

22 in sHangUpConf

23 ¥

24

25 type port cEnvCentral_type message {

26 in  sReady

27 ¥

28

29 /f The SUT - System Under Test

38 type component Phone {

31 port cEnvilocal_type cEnviocal:

32 port cEnvCentral_type cEnvCentral;

33 T

34

35 f{ Templates definitions

36 template sReady SystemIsReady

37 template sCallConf CallConf

38 template sBusy Busy

39 template sCall John =2k
40

41 // the test cases

42 testcase tc_calllohn() runs on Phone

43

44 cEnvCentral.receive (SystemIsReady)

45 cEnvLocal.send(John);

46 alt

47 i

43 [1cEnvLocal.receive(CallConf)

49 {

50 setverdict(pass):

51

52 [1cEnviocal.receive (Busy)

53

54 setverdict(fail):

55 ¥

56 T

57 ¥

58

59 /{ The control part

60 control{

61 var verdicttype verdictl:

62 verdictl := execute(tc_callJohn()):

B3 ¥

64 H

65

4 b
CA\Project\SDL\tuto\T line 21 col 18 1305 bytes
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To see a MSC representation of the TTCN-3 tescase behaviour, click on the View

graphical representation button: LUH

@,—r PragmaDev Studio - MSC Diagrams EI@
Diagram Edit Search View Expert Windows Help
i = n a,
v B = A BEQ e o B BEFMF [
tc_calllohn
B @
-
3
= tc_calllohn ‘ cEnvLocal ‘ cEnvCentral ‘
» System M

ohn

i

[

¥ é{;EE@M//,
S5

|
=
L4
*

-

This MSC representation is not editable.

Since TTCN aims at testing complex systems, it is strongly structured. We first need to
define the data types we will be using in our test case, define the interfaces with the sys-
tem, and the value templates that will be exchanged.

3.6.1.1 Declarations

The messages exchanged between the system and the environment are the ones listed in
the channels connect to the frame of the system. Most of the message exchanged with the
system have no parameters except sCall. sCall takes an integer sub-type as a parameter
we will re-define here:

// Data types

type integer PhoneNumberType (1..5)

There is no message or signal specific type in TTCN, if the message has parameters it is
defined as a record, if it has no parameters, it is defined as an enumerated with a single
possible value:
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// The messages
type record sCall ({
PhoneNumberType paraml

}

type enumerated sHangUp { e sHangUp }
type enumerated sBusy { e sBusy }

type enumerated sCallConf { e scallconf }
type enumerated sHangUpConf { e sHangUpConf }
type enumerated sReady { e sReady }

3.6.1.2 Ports

TTCN-3 can test asynchronous systems, synchronous systems, or a combination of both.
In our tutorial example only asynchronous messages are exchanged with the system. We
will define a port for each channel in the system representing the 2 interfaces:
// The ports
type port cEnvLocal type message {
out sCall;
out sHangUp;
in sBusy;
in sCallConf;
in sHangUpConf

}

type port cEnvCentral type message {
in sReady

}

We will now define the component we will be testing, that is the system itself. The name
of the component must be the name of the SDL system.
// The SUT - System Under Test
type component Phone {
port cEnvLocal type cEnvLocal;
port cEnvCentral type cEnvCentral;

Vi
3.6.1.3 Templates

When exchanging messages with the system, the values of the parameters of the mes-

sages must be pre-defined. These values are called templates. Templates are used to
both:

« define the values of the outgoing messages parameters,
« to verify the values of the received messages parameters are correct.

In our phone example, the messages coming from the system do not have any parameter,
only the sCall message has one parameter. Still we need to define templates for all the
message we will exchange with the system.

// Templates definitions

template sReady SystemIsReady ?
template sCallConf CallCont 1= ?
template sBusy Busy 1= ?;
template sCall John {
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The John template will set the parameter of sCall to ’2’.

3.6.1.4 Core test case

The core test case is the execution part, the scenario itself. To make it simple, we will first
wait until the system sends the ready message on the cEnvCentral port, then we will call
John and wait for the answer. An alternative is created: the call is confirmed and we will
consider the test pass, or John is busy and we will consider the test fail:

// the test cases
testcase tc _calldohn() runs on Phone

{

cEnvCentral.receive (SystemIsReady) ;
cEnvLocal.send (John) ;
alt

{

[1cEnvLocal .receive (CallConf)

{

setverdict (pass) ;

}

[]cEnvLocal.receive (Busy)

{

setverdict (fail) ;

}
}
}

3.6.1.5 Control part

The control part is what will be executed, this is where you combine which test case you
would like to run on the system. Please note there might be a different verdict for each
test case. This won’t stop the execution of the control part. In our tiny example we will
just run the unique control part we wrote:

// The control part

control{
var verdicttype verdictl;
verdictl := execute(tc_callJdohn());

}

We’re done with our test case, let’s now run the test on the system and see what it does.

3.6.2 Simulation against the SDL system
Select the test suite in the project manager and click on the Debug button.

Please note it is possible to set breakpoints in the test case as well as in the SDL system.
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Start an MSC trace and run the System. The scenario will execute by itself and the verdict
is displayed in the shell and in the MSC trace:

% MSC Tracer
Trace View Windows Help

-

[=rEr s

pCentral pLocal
System time 2) (3)

pLocal pLocal
4) (5)

pLocal pLocal
7

(6)

TestPhone
(1)

Tracing

sCnxk

g

\swnm
M \

onf()

setverdict(pa »

m

Because there are several instances of pLocal it might happen that the test case calls
itself. In that case, run the scenario again for the test to pass.
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3.7 - Code generation

3.7.1 Code generation options

It is also possible to generate C code out of the SDL system in order to implement it on a
real target. For this chapter, it is necessary to have a supported debugger installed such

as gdb or MinGW.

The generation profiles are listed in Generation / Options...

@ Generation options

Profiles:

I Code gen. |Build | Debug/trace

[E=8[ESR(E=T
e

Simulation options
General options

Destination directory: | C\Project\SDL\tuto\ccg
Code templates dir.:

First signal num.: 1

SDL-RT/SDL specific options

Language: C IZ|

Gen. code coverage info.: =

-

Browse...
Browse...

Case-zensitive: &}
Declaration header file prefix:

Generated constants prefic

Prefix enum value names w. type name: [

Generated operator functions prefic

Generate environment process: =

Communicate with env. via macros

[T] Partial code generation:

TTCN specific options
Generate: TTCN + SDL/SDL-R[ < |

= Generate main function:

+ - Rename... —

Browse

Browse

N

g ) 2por.

The directory where the C files will be generated is automatically set to the ccg subdirec-
tory under the project directory. Now we’ll use the Option wizard... to quickly create a

valid profile such as described below:

lﬁr.'r Generation options wizard
Select your platform: | Windows

Select your RTOS: Windows

=== E

Select your debugger: | MinGW
For new preprocesser/compiler/linker options:

() Append to existing ones
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Profiles:

’m “ [ code gen. [Build | Debugstrace
Simulation options

General options

Destination directory: | CA\Project\SDL\tuto\ccg

Code templates dir.: | ${RTDS_HOME\share\ccg\windows

First signal num.: EI

SDL-RT/SDL specific options

Language:
Gen. code coverage info.:

Operators implemented in C:
Case-sensitive:

Declaration header file prefix:
Generated constants prefix

Prefix enum value names w. type name:
Generated operator functions prefix I:I

Generate environment process: %

Communicate with env. via macros:

Partial code generation:

Copy RTOS adaptation files to gen. dir: []

TTCN specific options

Generate: TTCN + SDL/SDLR | = |

Generate main function:
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Make sure the "Generate environment process" box is checked.

Profiles:
Custom =
Simulation options

WindowsCodeGen

+ - Rename...

|Codegen.| Build |Dehugftlace|

Generate makefile

Command :

Options :

-

Preprocessor:

Compiler:

mingw32-gcc

Linker:

Additional files to link:

L ]

S{RTD5_HOMEY share/3rdparty/MinGW/lib/libws2_32.a

|| Browse..

|

pas ] [_Remne ]

Include external makefile |

|[Browse.. |

Do build

Before build command : |

Exe/options:

Target:

Add'l args:

Build command :

|mingw32—make

| options... |

After build command : |

4

] l Cancel

| Import.. || Export.. |
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@r'r Generation options == ==

Sirmulation options
NindowsCodeGen Debug

(@] ; Mone

) MSC Tracer
@ Debugger:

Debug environment : =

Debugger command : |gdb -nw

Startup commands:  |zet new-console no h

4 L

) Deployment simulator :

Socket connection to target

Available :
Host IP address : |This host IZH

Socket port num. : |:|

Back trace support

= |

! % |

+ - Rename... T ;

I oK ” Cancel l Import... ” Export... ]

3.7.2 Graphical debugging
Once the SDL debug profile is properly defined select the SDL system in the Project

manager and click on the Debug quick button in the tool bar: ;z;f.

Since several execution profiles are defined, a window pops up asking for the profile you
want to work with:

@r'r Code generation fo...

Choose profile to use:

Custom -
Sirmulation options
WindowsCodeGen

Set as default options

- ok || Cancel
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Select C code generation and click Ok. The code will be generated, compiled, and the
debugger will be started automatically :

@r Generation/build for Phone with WindowsCodeGen

WS ETGLG ST T DO ST TG T O RS e S SO 1G0T TSIl SIS AU WS 1 | RN AL GraS UG TGS ST I 6 U W S0 TSI S5
-I"H:MWORKSPACES/deltour/ids_rel\share\ccg\common™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -I"'H:/MWORKSPACES/deltouritds_relishare\ccolrace\commandinterpreter”
-I"c\projectisdituto\ccg™ -DRTDS_SOCKET_IP_ADDRESS=192 168.2 104 -DRTDS_SOCKET_PORT=49250 -c-o "pLocal 0" "c\projectisdituto\ccg\plocal £

mingw32-gce -DRTDS_FORMAT_TRACE -I" " -I"h:Wworkspacesideltourinds _rel\share\ccgiwindows™ -I"H-AWORKSPACES/deltouriitds_relshare\ccgitrace'formattrace™
-I"HWORKSPACES/deltouriids _rel\share\ccgicommon™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -I"'H./MWORKSPACESIdeltourirtids_relishare\ccgliracel\commandinterpreter”

mingw32-gec -DRTDS_FORMAT_TRACE -I"." -I"h\workspaces\deltourinids_rel\share\ccawindows” -I"H/WORKSPACES/deltouriitds_rel\share\ccg\tracetformatirace™
-"HANORKSPACESIdeltouritds _rel\share\ccg\common™-g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -I"H:WORKSPACES/deltourirtds_rel\share\ccarace\commandinterpreter”
-"cprojectisdiMuto\ccg” -DRTDS_SOCKET_IP_ADDRESS=192.166.2.104 -DRTDS_SOCKET_PORT=49250 -c-0 "RTDS_comp_functions.o” "c\projectisdituto\ccg\RTDS_comp_functions.c™

mingw32-gce -DRTDS_FORMAT_TRACE -I" " -I"h:Wworkspaces\deltourinds _rel\share\ccgiwindows™ -I"H:AWWORKSPACES/deltouriitds_relshare\ccg\trace'formattrace™
-I"H:WORKSPACES/deltour/ids_rel\share\ccgicommon™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -I"H:/MWORKSPACES/deltouritds_relishare\ccgliracel\commandinterpreter”
-I"c\projectisdiuto\ccg™ -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104 -DRTDS_SOCKET_PORT=49250 -c-o "pCenfral.o” "c)\projectisdlituto\ccg\pCentral.c™

mingw32-gcc -DRTDS_FORMAT_TRACE -I"." -I"h!workspaces\deltourinids _rel\share\ccgiwindows™ -I"H.AWORKSPACES/deltour/iids_rel\share\ccglirace'formatirace™
-I'H:AWORKSPACES/deltourinds_rel\sharelccg\commaon™-g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -"'H:AWORKSPACES/deltour/nds_rel\share\ccg\irace\commandinterpreter”
-"cprojectisdiMuto\cco™ -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104 -DRTDS_SOCKET_PORT=49250 -c-0 "RTDS_String.o” "c\projectisditutolccg\RTDS_String.c™

mingw32-gce -DRTDS_FORMAT_TRACE -I"." -I"h:Wworkspaces\deltourirtds_refishare\ccgwindows” -I"H:AWORKSPACES/deltour/nds_relshare\ccg\traceformatirace™
-I"H:MWORKSPACES/deltour/ids_rel\share\ccg\common™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -I"'H:/MWORKSPACES/deltouritds_relishare\ccolrace\commandinterpreter”
-I"c\projectisditutolccg™ -DRTDS_SOCKET_IP_ADDRESS=192 168 2 104 -DRTDS_SOCKET_PORT=49250 -c-0 "RTDS_05.0" "h'workspacesideltouritds_relshare\ccgwindows\RTDS_0S.c”

mingw32-gcc -DRTDS_FORMAT_TRACE -I"." -I"h!wiorkspaces\deltouriiids _rel\share\ccgiwindows™ -I"H.AWORKSPACES/deltour/iids_relishare\ccglirace'formatirace™
-I"HWORKSPACES/deltouriids _rel\share\ccgicommon™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -I"'H./MWORKSPACESIdeltourirtids_relishare\ccgliracel\commandinterpreter”
-I"c\projectisdiMuto\ccg”™ -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104 -DRTDS_SOCKET_PORT=49250 -c-0 "RTDS_TCP_Client.o”
“hiworkspacesideltourirtids_rel\share\ccgwindows\RTDS_TCP_Client.c”

mingw32-gcc -DRTDS_FORMAT_TRACE -I".” -I'h:‘workspacesideltourirtds_refishare\ccogwindows” -I"H:AWORKSPACES/deltour/nds_rel\sharelccgitraceformatirace™
-I"H:MWORKSPACES/deltour/ids_rel\share\ccg\common™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -I"'H:/MWORKSPACES/deltouritds_relishare\ccolrace\commandinterpreter”
-I"c\projectisdiMuto\ccg” -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104 -DRTDS_SOCKET_PORT=49250 -c-o "RTDS_Cmdinterpreter.o”
"H:MWORKSPACESIdeltouritds_relishare\ccglitracel\commandinterpreterRTDS_Cmdinterpreter c®

mingw32-gcc -DRTDS_FORMAT_TRACE -I"." -I"h!wiorkspaces\deltouriiids _rel\share\ccgiwindows™ -I"H.AWORKSPACES/deltour/iids_relishare\ccglirace'formatirace™
-I'H:AWORKSPACES/deltourinds_rel\sharelccg\commaon™-g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -"'H:AWORKSPACES/deltour/nds_rel\share\ccg\irace\commandinterpreter”
-I"'c\projectisdiMuto\ccg”™ -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104 -DRTDS_SOCKET_PORT=49250 -c-0 "RTDS_FormatTrace.o™
"H:MWORKSPACES/deltouriitds_rel\share\ccgitrace\formattrace\RTDS_FormatTrace.c™

mingw32-gce -0 "Phone.exe” RTDS_encdecMsgData.o RTDS_Start.o pLocal.o RTDS_Env.o RTDS_comp_functions.o pCentral.o RTDS_String.o RTDS_0S.0 RTDS_TCP_Client.o
RTDS_Cmdinterpreter.o RTDS_FormaiTrace o H/WORKSPACES/deltour/itds_rellshare/3rdpartyMinGWiliblibws2_32 a

##H# Done

Close ] l Re-compile ] [Sava dialog text as...

-I"c\projectisdiuto\ccg™ -DRTDS_SOCKET_IP_ADDRESS5=192.168.2.104 -DRTDS_SOCKET_PORT=49250 -c-0 "RTDS_Env.0" "hiworks paces\deltounitds_rel\share\ccgiwindows\RTDS_Env.c”

m

Page 56 PragmaDev Studio V5.0




Tutorial

PRAGMADEV

modeling and testing tools

The debugger interface looks pretty much like the simulator one :

‘&~ PragmaDev Debugger

=T |5

Debugger Options Windows Help =
S =R GO N B - S~ S U TG IR VA i == e | Rich— A o= I I i
MName |Prio |5DLid |RTD‘Sid |Msg |SDL-RTstate |
I I I I I * W Watch variables Values
Time: 0
Timer info Vr Semaphores Sernld * V¥ Local variables Values
Owner MName Time left
o
PragmaDev Studioc shell
>Internal communication socket opened on port 49162
>Free run off.
>
4
|Debugger state: STOPPED |Active thread:

Click on the Start MSC trace quick button:

Tl

An MSC Tracer window appears. Let’s start the system; click on 'run’ quick button:

PragmaDev Studio V5.0
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The MSC Trace will look like the one below :

Trace View Windows Help

‘H@ PR

pCentral RTDS_Env plocal pLocal pLocal pLocal pLocal
System time (©xa93050) (©xa92898) (©xa92990) (©xa93528) (Bxa92e28) (Bxag2cfo) (Bxa93fen)

pLocal
(0xa93528)

es0|

718
__________________________________ e pLocal

718 (Bxad2e28)

796

213 T T T [

858

» pLocal |
Y i | R e | SR (bxad3feo)

sHeady

m

968

Tracing < n ] »

“ ‘

Click on the Stop button to break execution:

Y
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The SDL debugger window shows the list of processes with their names, priority, process
id, queue id, number of messages in their respective message queues, SDL internal state
as we defined in the diagrams, and the RTOS internal system state if available.

@r'r PragmaDev Debugger = [EE )
Debugger Options Windows Help =

2Lkl z 8 ¢ 60wy widi=H®® » R
Name |Prio |SDLid |RTOSid |Msg |SDL-RTstate |
RTDS_Env [i] 0122898 01108 [i] RTDS Idle *  w W Watch variables Values i
pCentral 0 0x%a93050 Dxd2c 0 Idle
plocal 0 (0%xaB2990 0:100c 0 Idle
plocal 0 0xa92cf0 Ot dd 0 Idle
plocal 0 (xaf2e28 Oxddc 0 Idle
plocal 0 0xa93528 01228 0 Idle
plocal 0 (0xa03f00 [ 0 Idle

Time: 968

Timer info Vr Semaphores Semld “ = v Local variables Values it
Owner Name Time left

' ' s

FldSKE pLUucdl \UXaZsLeL0) praiogowy CcreadLsu Dy pretnerdl (uxaioauoaw) dbo 110 LLIUCKEDS &

»>Task pLocal (0xa%2e28) has changed to state Idle at: 796 ticks

>Task pLocal (0xa%92cf0) prioc:0 created by pCentral (0xa%93050) at: 796 ticks

»>Task pLocal (0xa%92cf0) has changed to state Idle at: 858 ticks

>Task pLocal (0xa93f00) prioc:0 created by pCentral (0xa%93050) at: 858 ticks

>Meszsage: sReady unigqueld: 1 sent by: pCentral (0xa%3050) at: 905 <ticks A
>»Task pLocal (0xa93f00) has changed to state Idle at: 905 ticks

>Task pCentral (0xa93050) has changed to state Idle at: 968 ticks

>Message: sReady uniqueld: 1 received by: RTDS Env (0xaB82898) at: 968 ticks
r3top

>

m

a4 2

|Debugger state: STOPPED |Active thread: Oxda8- > Unknown

As with the SDL Simulator, it is possible to set breakpoints, view the value of variables,
send messages... Would you like to know more about graphical debugging of C code, we
strongly suggest to go through the SDL-RT tutorial as the debugging features are the
same.
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3.8 - Conclusion
During this tutorial we have been through the basics of the following:
« SDL,
« Project manager,
« SDL editor,
« MSC editor,

« SDL simulation including three stepping modes:
« SDL code line,
« SDL event,
 transition,

« Conformance checking,
« Prototyping GUI,

e Test,

« Ccode generation.

As a result, you saw that SDL is perfectly suited to describe high-level specifications for
real time projects. Its complete description of architecture and behavior, including the
code itself with the Abstract data types, allows you to fully describe your system indepen-
dently from any technical requirement such as the type of target, the RTOS or even the
implementation language you’ll use.

These advantages may however become drawbacks when it comes to actually design how
the system will actually be implemented on a given target, since additional requirements
will have to be taken into account:

» Use of legacy code and/or external libraries, usually written in C with no way to
manipulate SDL’s high-level abstract data types;

« Support for additional concepts, such as semaphores or pointers, unneeded in an
SDL description, but usually required in real-time systems.

This is the aim of the SDL-RT language, which keeps the graphical description used in
SDL but introduces all missing concepts required for system low-level design.

So let’s move on to the SDL-RT tutorial!
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4 - PragmaDev Developer Tutorial

4.1 - Organization

Let’s get our hands on the tool ! Start PragmaDev Studio. The window that appears is
called the Project manager:

@ PragmaDe Studio [E=H E=H )

Studio  Project Edit View Element G ati Validati Wind, Help

AL AN RS

Opening project... -
Done.

The Project manager window

The project manager gathers all the files needed in the project. First let’s create a new
project with the New project button:

-l

=

And click on SDL-RT Project in the new window.
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The Project manager displays an empty project:

& PragmaDev Studio - Preject "<unnamed=" . . .L.

Studio  Project Edit View Element Generation Validation Windows Help

S R

An empty new project

Let’s save it straight away as "phone" and put it in a dedicated directory:

@~ PragmaDev Studio - Project "phone.rdp”
Studic  Project Edit View Element Generation Validation Windows Help

AN AR E

phone.rdp

phone empty project

4.2 - Requirements

Let us express the requirements of our system as MSC. To add an MSC, select the project,
and click on the right mouse button. A contextual menu will appear:

-%- PragmaDev Studio - Project "phone.rdp”
Studic  Project Edit View Element Generation Validation Windows Help

AN ES

-
Add child element...

Add files...

Rename...

Copy
Cut
Paste
Delete

Set default for build
Build...
Debug...

Diff...

Add components to the project
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Select Add child element and the following window will appear:

‘- Add child element (===

Containers -
Requirements
Declarations

Active architecture
Behavior ) :
Passive architecture
Hardware architecture Marme: | |
Testing/Validation
Docurnentation File: | | | New | | Open |
Advanced behavior
External files -

Create legacy diagram

Auto-sort

[ ok || cance |

The add component window

In Requirements category, select MSC component and click on the New button. Go to the
directory where your project is and type in "normal" with no extension. Click on save and
you will get the following window:

‘@ Add child element [

Containers -

Declarations
Active architecture
Behavior r .
Passive architecture
Hardware architecture Mame: |norma|| |
Testing/Validation
Documentation File:

MAdvanced behavior )
External files A Create legacy diagram

Requirements table  Use cases HMSC  MSC

|flu‘loriali'SDl_-RTfn0lmal.rdd| ’ Mew ] ’ Open ]

Auto-sort

[ ok ][ cancel |

Completed Add component window

Click Ok and the "normal" MSC appears in the "phone" project:

“%- PragmaDev Studio - Project "phone.rdp” (modified) =nEeR| XD
Studio  Project Edit View Element Generation Validation Windows Help

AN

normal

"normal" MSC in "phone" project
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Double click on the MSC name or icon to open it. The MSC editor opens:

DraSearch v Exrl Windows Help
B esAB@Ec > mX BEA A ki
| normal |
b s

LR

=L R A

The MSC editor
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Draw the following to express the requirements of our phone system:

&~ PragmaDev Studio - MSC Diag

Diagram Edit 5earch View Export Windows Help

i HeARB@ P BXEP A .
JB normal |_
=R

°.°:. ‘
- AR pLocal pCentral plocal

_ d

® lk regdy

|

call({exe)

getId(exB2)

1dMsg
confeq
conlonf
ek - callConf
X
i
i
: hangUp
i
. disReq
l disflonf
=
) < hangUpCanf
a
®

The "normal" MSC

You will have to use the tool bar on the left and the right mouse button on the lifelines to
get them "survive". If you have any problem refer to the user’s manual.

This MSC basically says the following:
e pCentral indicates the system has been initialized and is ready
 The initial global state is disconnected

« The user represented as the environment (
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« _Env) makes a request on the first phone pLocal to call the phone with the

number 0x02

pLocal

The first pLocal tells the environment the

The user hangs up

The first pLocal tells the environment the
The overall final state is disconnected

You can write some other MSCs to get clearer ideas

The first pLocal asks the central the queue id of the phone with number ox02

The first pLocal uses the id to send a connect request (conReq) to the second

The second pLocal being disconnected, it confirms the connection (conConf)

call has succeeded

The global system state is then considered connected

The first pLocal sends a disconnection request (disReq) to the second pLocal

The second pLocal confirms disconnection (disConf) back to the first pLocal

disconnection is confirmed

on what you want to do. Note the

instances represented on the MSC can be any type of agent or semaphore. Somehow you
are roughly defining the first architectural elements. You can copy from the phone exam-
ple "normal" and "busy" MSCs in the project to complete the description.

4.3 - Design

Let us now specify and design the system. As for creating an MSC, select the project and

add a C header file component:

Advanced behavior

External files Create legacy diagram

[ Auto-sort

‘@ Add child element ==
Containers =

Requireents JFst] 75 | Jror] | ]
ASN.1file SDLPRdecl.file SDL-RT decl.file |Cheaderfile
Active architecture

Behavior a | " b
Passive architecture

Hardware architecture Mame: |common.h

Testing/Walidation

Documentation File: ftutorial/SDL-RT/common.h MNew ] [ Open

QK ] ’ Cancel
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Project will be like:

‘%~ PragmaDev Studio - Project "phone.rdp”
Studio  Project Edit View Element Generation Validation Windows Help

TN 11X

= d
normal

busy

n common.h

This header file will contain all type and macro definitions to use in the whole system.
What we need is the number of phones that will be created and a type for the phone
number. So open common.h type its contents:

/* Number of phones to create */
#define NUM_PHONE 5

Now, let us actually design the system itself. Select the project and add a System compo-

nent:

"% Add child element

Containers -

Requirements | 5YS] | ] 1]

Declarations System| Block Block class

(Active architecture

Behavior r .
Passive architecture
Hardware architecture Mame: |5Ph0I'1E| |

Testing/Validation

Documentation File /tutorial/SDL-RT/sPhonerdd| [ New | [ Open |
Advanced behavior
External files A [] Create legacy diagram
Au‘to—sor‘t
l OK I ’ Cancel

‘%~ PragmaDev Studio - Project "phonerdp”
Studio  Project Edit View Element Generation Validation Windows Help

AN RS

= d
normal
busy

n commen.h

|c sPhone

"phone" SDL-RT system in the "phone" project
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Double click on the system name or icon to open the system diagram in the SDL-RT edi-
tor:

“&- PragmaDev Studio - Diagrams ===
Diagram Edit Search View Export Windows Help

tEHeR @ PP XES A LLOHEGO K
JB sPhone |_
= “ | Part. |Sealch|

- 1-Part. 8 =
N

m

- [ 1 | b 4 r

The SDL-RT editor

The system being very simple it will not require any block decomposition. The central

will be a process as well as the phones. All the phones have the same behavior so they will
be several instance of the same process. The phone system is therefore made of two pro-
cesses. For better legibility their name will be prefixed by a ’p’ because they are processes.
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Note: to draw the cSelf channel keep the shift key down and click where the channel
should break.

@r PragmaDev Studio - Diagrams EI
Diagram Edit Search View Export Windows Help

TEH=E:W @M E B/~ UG irisd [ -
J sPhone |_

»

Part. |Search|
1- Part. 8 =

|
: MESSAGE call(short), hangUp; |
| MESSAGE ready, callConf, hangUpConf, busy: !
| MESSAGE conReg, conConf, disReg, disConf: 1
: MESSAGE getId(short), idMsg(RTDS PID). errorMsg: :

|

#include “"common.h” T

-
- ——e——— cEnvCentral @
T ] [ready] [1

— [getId]

m

cInternal

[idMsg,
errorMsgl
———<—— cEnvLocal pLocal(®, NUM_PHONE }
[callConf, [call, [1
hangUpConf, hangup] &
busy] [busy,
conReq,
conConf,
disReq, cSelf

disConf]

[ n | » 1 l;

phone system view

Since pCentral is making the link between the pLocal processes and considering the
number of phones can be modified, pCentral will create all instances of pL.ocal. To
represent that, the name pLocal is followed by the initial number of instances and the
maximum number of instances. Since the maximum number of instances is defined in
common . h, we include it in a text box.

Messages to be exchanged between the processes are defined in the additional heading
symbol i and listed in the channels =< . To specify the incoming and outgoing mes-
sages in the diagram double click on the " [1" and type in between the square brackets.
The channel going to the outer frame is implicitly connected to the environment. In the
above example the channel cEnvLocal connects pLocal to the environment and
defines call and hangUp as incoming messages and callConf, busy and hangUp-
Conf as outgoing messages. The channel cEnvCentral connects pCentral to the
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environment and defines ready as an outgoing message. The cSelf channel has been
created to represent messages exchanged between the different instances of pLocal.

In the message definitions, only the messages call, getId and i dMsg have parameters.
In our example process ids will be stored, so in order to design an RTOS independent
model the RTDS _P1ID type will be used. During code generation this type will be mapped
to the real RTOS data type.

Messages can handle several parameters and it is important to understand what happens
depending if the parameter is a reference or a value:

 If the parameter type is a reference (a pointer)
Only the pointer is copied but the length does not need to be specified: it will be
computed using a sizeof (.. .) of the type. That also means the pointed buffer
must be allocated before sending the message and freed when received.

 If the parameter type is a value
The value is simply copied when sent.

Select pLocal and click on the right mouse button to open the process definition:

[1dMsg,
errorMsgl

L]
pLocal (@, NUM_PHONE ) }—<—‘
[call, [1

nangUp1 =

conReq, Show usage...
conConf,
disReq, )
disConfl Adapt size to text

Properties...

Copy

Cut

Paste

Delete
Select to end

Copy traceability info.

Cover requirement(s)...

Set as text segment

Contextual menu
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Since the process is not in the project it will ask if it should be added. Answer yes and a
save window pre-filled with the process name appears. Click OK and you end up in a new
windows showing the process definition.

@r'r PragmaDev Studio - Behavioral Diagrams =x Hom==|
Diagram Edit 5earch View Export Windows Help

+ 8 =RBd:e o X ke R [
[

J plocal

- “ | Transitions |Search|

-

The process behavior description in SDL-RT editor

The first thing to design is the start transition. It is what the process will do as soon as it
is created. In the case of pLocal process we do nothing;:

That transition means that once the process is started it will go to state 1id1e. Note you
can use automatic insertion in the editor: place a start symbol gg , keep it selected and

click on the state symbol in the tool bar g . The state symbol is automatically inserted
and connected after the start symbol.
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An internal data dictionary is updated on the fly to ease the writing of the process behav-
ior. First create the 1d1e state definition: click on the State icon and put it at the top of

your page:
|
:idle -

The state name is in edit mode so you can directly type idle in it, but you may also use
context help to list the available choices for the state symbol.

There is only one entry because the id1le state is the only one that has been defined so
far.

Once the state has been defined, click on the input symbol & in the tool bar and the

input message symbol will be automatically inserted below the state symbol. A contex-
tual menu list all available messages:

busy -
call(short)

conConf

conReq

disConf

disReq

errorhlsg

hangUp
idMsg(RTDS_PID)

Select the call message and complete it with the parameter as described below. This
facility is context sensitive and works for messages, states, semaphores, and timers. You
can now finish the state description by yourself as explained below.
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Considering the requirements described earlier the pLocal process can either be asked to
make a call by the operator or receive a call from another phone. The idle state can there-
fore receive two types of messages described below:

conReq% call{phoneNumber) |:
remoteld = SENDER; getId(phoneNumber) TO_MAME pCentra'l>
conConf TO_ID SENDER>

When receiving conReq message, it will reply conConf to the conReq sender. TO ID
and SENDER are SDL-RT keywords in the output symbol. The SENDER id is stored in
remoteId variable. The process then goes to connected state.

If asked to make a call, the phone number to call needs to be retrieved. To do so, a vari-
able of the correct type is given as parameter of the receiving message. It will be assigned
when this message is received. Since pLocal has no idea how to address a phone number
it asks the central process the receiver queue id with the get I1d message. The phone -
Number variable is re-used as is and the TO NAME SDL-RT keyword is used to specify the
receiver. Note TO ID PARENT could have been used since central process is the current
process parent. The process then goes to gettingId state waiting for the central to
answer. Note also that the memory allocated for phoneNumber memory will be freed by
the receiver of the get Id message.

Once the queue id of the remote phone is received from central, it is first stored in a local
variable and the connection request message conReq is sent. The process then goes to
connecting state. If the pid of the receiver was not found, the errorMsg message is
received. The process tells the user (environment: TO_ENV) and goes back to idle

state:

1dMsg(remoteld) < errorMsg<

conReq TO_ID remoteId> busy TD_EN'\.'>
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The remote process is either available and replies conConf, or not available and replies

busy:
conCanf( busy (

I I
callConf TD_ENU) busy TD_ENU)

(cmwwt) (0

Depending on the answer the resulting state is different.

Now that you have understood the basics of the finite state machine you can complete the
process behavior:

connected

conReq disReq% hangUp%

busy TO_ID SENDER) disConf TO_ID SENDER) disReq TO_ID remoteld)

L1}

connected

hangUpConf TO_ENV

As the description is done, the browsing window on the right side is updated allowing to
quickly jump to a transition: just click on the transition. This is especially useful when
the system gets big.

Transitions | Search |

(start)
connected
conReq
disReq
hangUp
connecting
busy
conConf
disconnecting
disConf
gettingIld
errorMsg
1sMsg
idle
call
conReq
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It is now time to declare variables in our process. To do so the text symbol in the process
behavior diagram is used with standard C declarations in it:

RTDS_PID remoteld = O;
short phoneNumber;

Note the types of the variables used in the input and output symbols: short for call
and getIdand RTDS PID for idMsg. RTDS PID is the type for a process identifier; It is
mapped to the corresponding RTOS-dependent data type.

Let’s have a look at process pCentral now. It must do the following things:
- at startup, it creates all instances of pLocal and gives them a new phone number;

« when asked for a phone number, it sends back the queue id for the correspond-
ing process.

To avoid mixing the code managing the phone numbers with the code managing the pro-
cesses, let’s decide we’ll use a class associated to pCentral that will take care of the
phone numbers.

The first thing to do is to tell pCentral that it should use a class. So, let’s go back to the

project manager with the quick button and let’s create a class diagram named
telephoneLibrary in the project:

“@ Add child element (=]

Containers -
Requirements =
Declarations
Active architecture
Behavior 7] =

Passive architecture

Hardware architecture Mame: |telephonelibrary
Testing/Validation ]
Documentation File:

MAdvanced behavior _
External files & Create legacy diagram

Classes

C:/Project/tutorial/5DL-RT/t | MNew | ’ Open

[ Auto-sort

[ ok || cancel

@' PragmaDev Studio - Project "phone.rdp” ===

Studio  Project Edit View Element Generation Validation Windows Help

BB @iEee R

= " phonerdp

normal

busy
| 4] common.h

E [ sPhone

L plocal
] telephonelibrary
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Double-click on the class diagram’s name to open it and let’s define a class associated to

pCentral:
@r PragmaDev Studio - Diagrams EI
Diagram Edit Search View Export Windows Help
TEH=RB L oPEXBE~ 0040 L K
J telephonelibrary |_
o = Paft-|Search|
- 1- Part. 0 -
»
=
=
= N
- pCentral
= _
-
1 | phoneId
PhoneNumberFactory
-numPhone : short
-phonelist : RTDS_PID *

+z<create=={1n maxPhone : short)

+append(in pid : RTDS _PID) : short

+getPid(in phoneMum : short) : RTDS_PID

4

L}

| » i

In a class diagram, the process pCentral is represented as an active class with a "graph-
ical stereotype": the class symbol has bold borders and looks like a process symbol in a
block diagram. Note the symbol used is a process symbol, not a process class symbol.
That means the symbol is a direct reference to the process declared in the SDL system.

The class PhoneNumberFactory is the class we will use to manage the phone numbers.
Its interface is quite simple:

« its constructor (named <<create>> in the symbol) will just initialize all internal
data, it takes the maximum number of phones to manage;

+ append method will add a new phone to be managed.

+ getPid method will return the process id for a given phone number.

The class PhoneNumberFactory will also have 2 private attributes:

« numPhone is the next available phone number;
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+ phoneList is a pointer on a process id. The process ids will actually be stored in
an array.

Since there will only be one instance of PhoneNumberFactory used onlyin pCentral,
we can make the instance a part of the process via a composition with a cardinality set to
1. The role name phoneId will identify the instance of PhoneNumberFactory in pCen-
tral. That means phoneId does not need to be declared in the SDL diagram:; it is
implicitly declared.

To fill in the attributes and operations, select the class, click on the right mouse button
and open Properties..

Now we have our class to manage the phone numbers. Of course, it isn’t complete yet,
since we didn’t write any actual code for the methods. But its interface is fully defined, so
we can go back to our pCentral process.

Go to the system diagram phone, and double click on pCentral. Since the process is
not in the project it will ask if it should be added. Answer yes and a pre-filled save window
with the process name appears. Click OK and the process definition window appears.
First, its initial transition:

int index = @;
short phoneNumber;
RTDS_PID pId:

@

index = 0;

phoneld : PhoneNumberFactory{NUM_PHONE)

( true ) ( false)
pLocal ready TO_ENV )

phoneld-=append{OFFSPRING) idle
index++;

The first thing to do is to create the instance of PhoneNumberFactory we will use. This
is done via an object initialization symbol, where the instance phoneId (the name we set
in the role in the class diagram) is created as an instance of PhoneNumberFactory. The
class constructor takes the maximum number of phones to handle as a parameter. Again,
because of the association between PhoneNumberFactory and pCentral classes,
phoneIdisimplicitly declared in pCentral SDL behavior diagram.
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Then, all instances of pLocal are created in a loop testing index < NUM PHONE. Each
time the loop is executed the pLocal process is created and its process id (OFFSPRING
keyword for the parent process) is stored in phoneId object via the append method.

After the pLocal processes creation, the ready message is sent to the environment to
indicate initialization is finished and the process goes to state idle.

non

Note we have intentionally introduced a C syntax error by forgetting ";" in the lowest
block of code to later show how to analyze the compiler errors.

getId(phoneNumber) <

( true ) ( false-)

pId = phoneld-=getPid{phoneNumber); errorMsg TO_ID SENDER)

idMsg{pId) TO_ID SENDER>

The only request that can be received by pCentral process is get I1d. The phone
number to reach is the Get Id parameter (phoneNumber). The process id of the phone is
extracted with the get Pid method. When received, the index corresponding to the
received phone number is searched via the get Pid method on the
PhoneNumberFactory instance. The answer is sent to SENDER (SDL-RT keyword in
output). If the phone number is out of range, an error message is sent back to the sender.

Now, let’s go back to our class PhoneNumberFactory: we could write the .h and .cpp
files directly, but PragmaDev Studio can help. So go back to the project manager, select
the phone system, and select Generate classes code... in the Generation menu. A log win-
dow will then list the operations made during the code generation, which should run
without errors.

@r Classes code generation output @

##H# Generating classes code... |«
— Checking syntax/s emantics for class diagram "telephonelibrary™

— Generating header file for class "PhoneMumberFactory™ ‘”‘
— Generating source file for class "PhoneMumberFactory” 4
#H# Done. -

Close ] ’Save dialog text as...
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Now let’s close the log window and go back to the project manager:

@r PragmaDev Studio - Project "phone.rdp” (modified)
Studio  Project Edit View Element Generation Validation Windows Help

E & HEHH M8 Z

(===

= phenerdp
normal
busy
| ] commaon.h
|5 sPhone

[—]telephoneLibrary
& RTDS class sources

RTDS class sources package has been automatically created and contains C++ code

generated from the classes defined in the project.

RTDS class sources should contain the .h and . cpp files for the class PhoneNum-

berFactory. Open PhoneNumberFactory.h:

@~ PragmaDev Studio - Text files ==
File Edit Search Preferences Windows Help =»
=] s =
‘e 8 a R P EXEH us
J PhoneNumberFactory.h |
1 fifndef PHONENUMBERFACTORY H_ P
2 #define _PHONENUMBERFACTORY H_
%
4 // Forward declaration (the following includes may use the class)
5 class PhoneNumberFactory:
6
ri
8 // Standard and commonm includes
9 #include “common.h
10 #include "RTDS_gen.h
11
12 /f Includes for related classes
13
14 #include “"RTDS_messages.h
15
16
17
158
19 // CLASS PhoneNumberFactory:
20 i
21
22 class PhomeNumberFactory
23
24
25 S/ ATTRIBUTES:
26 R
27
28 private:
29 short numP hone ;
30 RTDS_PID * phonelist:
31
32 // OPERATIONS:
33 £ mmmmmees
34
35 public:
36 PhoneNumberFactory(short maxPhone);
37 virtual short append (RTDS_PID pid):
38 virtual RTDS_PID getPid(short phoneNum):
S5
40 b
41
42
43 #endif
44
4 »
C:\Project\tutorialSDL-RT\PhoneMumberFactory.h line 1 col 0 614 bytes

Since the file common . h has been defined at the project level, it is supposed to be needed
everywhere in the project. So it has been automatically included in the generated header
file. RTDS gen.h is a generated file containing declarations specific to the system. The
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class definition then contains all attributes and operations we entered in the class dia-
gram.

Please note this header file must not be modified manually: it will be re-generated each
time a code generation is made.

Now open PhoneNumberFactory . cpp:

‘& PragmaDev Studio - Text files ===
File Edit Search Preferences Windows Help =»
= . A
‘e 8 a R P EXEH us
J PhoneNumberFactory.cpp |
% finclude "PhoneNumberFactory.h + | Functions [Search
3 PhoneNumberFactory =
4 J# PhoneNumberFactor
5 * ATTRIBUTES FOR CLASS: append (RTDS_PID)
5 S getPid(short)
7 *
8 * [From PhoneNumberFactoryl
=] * - short numPhone;
10 # - RTDS_PID * phonelList:
11 *f
12
13
14 // PUBLIC OPERATIONS:
15 [ —
16
17
18 // Operation PhoneNumberFactory:
19 JI e
20
21 PhoneNumberFactory : :PhoneNumberFactory(short maxPhone)
22
23 T
24
25 // Operation append:
PR
27
28 short PhoneNumberFactory: :append (RTDS_PID pid)
29 {
30 ¥
31
32 // Operation getPid:
33 [ -
34
35 RTDS_PID PhoneNumberFactory::getPid(short phoneNum)
36 i
5 T
38
S5
) = < m 3
CA\Project\tutorialSDL-RT\PhoneMumberFactory.cpp line 1 col 0 514 bytes

Skeletons for the constructor and the two methods defined for PhoneNumberFactory
have been generated. Note the C++ code browsing window on the right to quickly access
operation definitions. The generated code also includes as a comment the attributes defi-
nitions.
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Now you can enter the code for the methods:

‘& PragmaDev Studio - Text files [= =]
File Edit Search Preferences Windows Help »
s s s
= . &
=8 a@ PR Ed
J £ PhoneMumberFactory.cpp
; #include "PhoneNumberFactory.h + | Functions |Search
3 PhoneNumberFactor
4 Vs PhoneNumbe rFact:
5 * ATTRIBUTES FOR CLASS: append (RTDS_PID
5 R getPid(short)
7 *
] * [From PhoneNumberFactory]
] * - short numPhone ;
10 * - RTDS_PID * phonelist:
1l *f
12
1k
14 S/ PUBELIC OPERATIONS:
15 Ji =====mm—memmeeee
16
17
18 /{ Operation PhoneNumberFactory:
19 SI e
28
21 PhoneNumberFactory: :PhoneNumberFactory (short maxPhone)
22
23 numPhone = 8;
24 phoneList = (RTDS_PID *)RTDS_MALLOC (maxPhone * sizeof(RTDS_PID)):
25 H
26
27 // Operation append:
b1 S ) S
29
30 short PhoneNumberFactory::append(RTDS_PID pid)
31 i
32 phoneList[numPhone] = pid:
33 numPhone++;
34 return (numPhene-1});
35
36
37 // Operation getPid:
1= S A
39
49 RTD5_PID PhoneNumberFactory::getPid(short phoneNum)
41 {
42 return phoneList[phoneNum] ]|
43 ¥
a4
a5 i
7 = 1] 1
C\Project\tuteriah\SDL-RT\PheneMumberFactory.cpp line 42 col 28 682 bytes

numPhone represents the next available phone number. The append method stores the
process id in the phoneList array with index numPhone.

Please note that once the . cpp file exists, it will not be overwritten by the next code gen-
eration. So the code you've written will be kept as long as you don’t manually erase the
file.
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4.4 -

Running the system

In the current release, execution and debug of the system can be done using:

Wind River Tornado environment on Windows or Solaris, or
Posix and gdb integration on Linux or Solaris, or

Wing2 and gdb or MinGW integration on Windows, or

CMX RTX and Tasking Cross View Pro debugger on Windows, or
OSE and gdb debugger on Windows, or

Nucleus and gdb debugger on Windows.

It is important to understand integration is done at two different levels:

RTOS integration

The generated code is based on C macros that are defined in the "Code template
directory" to call the corresponding RTOS system primitives. Currently there is a
directory for:

« VxWorks,

« Win3s2,

« Posix,

« CMXRTX,

» OSE Delta,

« OSE Epsilon

e ThreadX,

. uITRON 3,

e ulTRON 4,

« Nucleus.

Debugger integration
To be able to trace execution, set breakpoints, and view variables Real Time
Developer Studio SDL-RT debugger is interfaced with a C debugging environ-
ment. Depending on the C debugger functionalities there might be differences in
the SDL-RT debugger. The available C debugger interfaces are:
« Tornado
« gdb (Gnu debugger)
o MinGW (Minimalist GNU for Windows)
« Tasking Cross View Pro
Tasking integration has one major restriction: it is not possible to send an
SDL-RT message to the running system from the debugger.
« XRAY
As with Tasking integration: it is not possible to send an SDL-RT message to
the running system from the debugger.
e Multi 2000
As with Tasking and XRAY integrations, it is not possible to send an SDL-RT
message to the running system from the debugger.

The rest of the tutorial will use your host environment as a target (windows or posix inte-
gration) and gdb as a debugger.
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Please note win32 and posix integrations use a socket to communicate with the host. The
default port set to 49250 but it can be modified in the Socket port num field of the corre-
sponding generation profile.

4.4.1 Generation profile

Now that the system is designed, let’s debug it with the SDL-RT debugger. To do so we
will need to generate code from the SDL-RT system. Create a directory called ’ccg’ where
the SDL-RT source files are and open the Generate / options menu:

@ Generation options =)=
i [Cponwaurs]

I Code gen. |Build | Debugy/trace

General options

Destination directory: | C\Users\Administrateur\Documents\SDL-RT-tutorial\ccg
Code templates dir: | ${RTDS_HOME}share\ccg\wviworks

First signal num.: 1

i

SDL-RT/SDL specific options

Language: C IZ|
Gen. code coverage info.: =
Generate environment process: =
Communicate with env. via macros
+ - Rename... - - =
[ oK ” Cancel ] ’ Import... ” Export... ]

Rename the default empty profile and use the Options wizard to quickly set up a working
profile:

@ Generation options wizard
Select your platform: | Windows

Select your RTOS: Windows

EaenjEa] !

Select your debugger: | MinGW
For new preprocessor/compiler/linker options:
) Append to existing ones

@ Replace existing ones

oK |’ Cancel ]

In the profile be sure to fill in the following information:
+ the code is generated in ccg
» the C++ compiler is used instead of the default C one:
mingw32-g++

 the C++ include path option includes the upper directory because the common.h
file is in the project directory and the generated C files are in ccg:
-TI..
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Code gen. |Build | Debug/trace

General options

Destination directory:

Code templates dir.: |5{RTD’S_HOME}\share\ccg\windows

First signal num.:

SDL-RT/SDL specific options
Language:

Gen. code coverage info.:

Generate environment process:

Communicate with env. via macros:

TTCHN specific options
Generate: TTCN + SDL/SDL-R | |
- Generate main function:

Profiles:

LinuxGeneration ~ *

Code gen.| Build | Debugytrace

Generate makefile

Command :

Options :

Preprocessor:

Compiler: mingw32-g++

Linker:

Additional files to link :

S{RTDS_HOME}Y share/3rdparty/MinGW/liby/libws2_32.a

Include external makefile ‘

Do build

Before build command : |

Exe/options: Target:

Add'l args:

Build command : |mmgw32-make ||

After build command : |
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Profiles:

4

@r Generation options

[WindowsGeneratifl

Rename...

Code gen.| Build| Debug/trace

(===

Debug

® % MNone

| MSC Tracer
) Debugger:

® 3

MinGW

Debug environment :

Debugger command : |gdb -nw

[=]

4

() Deployment simulator:

Socket connection to target
Available :
Host IP address :

Socket port num, :

[7] Back trace support
16

32

4

Startup commands: |set new-console no

This host [<]

F

[

QK

) o]

[ Import.. ” Export..

Gnu example on Windows platform

4.4.2 Compilation errors
Once the SDL-RT debug profile is properly defined select the phone system in the Project

manager and click on the Debug quick button in the tool bar: g;r.

If several execution profiles are defined, as in the examples, a window pops up asking for
the profile you want to work with:

@r Code generation fo...

Choose profile to use:

LinuxGeneration -
WindowsGeneration

[] Set as default options
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PragmaDev Studio will compare the dates of the generated C/C++ files with the dates of
the project, the diagram, the preferences. If the generated C file are not up to date the fol-
lowing window will pop up to confirm the code should be generated again or not.

'?;'r Regenerate code?

4C% Generated code does not seem to be up to date with the generation
W' options. Regenerate the whole code?

MNon | Annuler

This is very useful with large projects to avoid long compilations.

The package RTDS generated code is automatically created in the Project manager
window that will contain all the generated C files.

@,.'r PragmaDev Studio - Project "phonerdp” (modified) EI
Studic  Project Edit View Element Generation Walidation Windows Help

E & & 8| [ Bz

=l phone.rdp
normal
busy
[ 1] comman.h
= g sPhone
 plocal
| pCentral

E—Jtelephonelibrary
= E RTDS class sources

[ < | PhoneMumberFactory.cpp

E PhoneMumberFactory.h
= g RTDS generated code

|| Makefile

[ < | RTDS_ Start.c

|| RTDS_encdecMsgData.c

| RTDS_genh

K RTDS messages.h

[ < | pCentral.c

K pCentral.h

[ < | plocal.c

K plocal.h
E cPhone.h

& RTDS RTOS adaptation

4 k

Opening project... =
Done.
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The package RTDS RTOS adaptation is automatically created in the Project manager
window that will contain all the C files needed to adapt to the selected RTOS. These files
are actually in the code templates directory defined in the generation profile. These files
are normally not needed but since they are part of the build process they must be visible.

The package RTDS class sources is also re-generated, but all the existing . cpp files
are left as is.

Syntaxic verification, semantic verification, code generation, and compilation starts:
Let’s consider an error occurred while designing pCentral process. The compiler will
complain in the Generation / compilation output window:

@r Generation/build for sPhone with WindowsGeneration @

mingw32-make RTDS_STRUCT_MSG

mingw32-g++ -E -DRTDS_FORMAT_TRACE -I".” -I"h:works paces\deltouritds _rel\share\ccgwindows™

-"HAWORKSPACES/deltouriitds _rel\share\ccgitrace\formattrace” -I"HAMWORKSPACES /deltouritds _rel\share\ccglicommon™ -g
-DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER -I'H/WORKSPACES/deltouriids _rel\sharelccgitrace\commandinterpreter”
-"ci\projecttutoriahsdl-t” -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104 -DRTDS_SOCKET_PORT=49250 -0 "RTDS_includes4StructMsg.i”
RTDS_includes45tructMsg.c

##H# Generating makefile...

### Updating packages for generated files. .

##Ht Compiling...

— Changing directory to C\Projectitutoriah3DL-RTccg

— Running "mingw32-make "

mingw32-g++ -DRTDS_FORMAT_TRACE -I"." -I"h:\Wworks paces\deltouritds_rel\share\ccgwindows”
-"HAWORKSPACES/deltouriitds_rel\share\cegitrace\formattrace” -I"H/MWORKSPACES/deltourtds _rel\share\ccglcommon™ -g
-DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER "H:/WORKSPACES/deltouritds _rel\share\ccgtrace\commandinterpreter”

-I"c\projectitutoriahzdl-it” -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104 -DRTDS_SOCKET_PORT=49250 -c-0 "PhoneMumberFactory.o”
“chprojectitutorialisdl-t\PhoneMumberFactory.cpp”

mingw32-g++ -DRTDS_FORMAT_TRACE -I"." -I"h:workspaces\deltouriitds_rel\share\ccgwindows™
-"HAWORKSPACES/deltouriitds_rel\share\cegitrace\formattrace” -I"H/MWORKSPACES/deltourtds _rel\share\ccglcommon™ -g
-DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER "H:/WORKSPACES/deltouritds _rel\share\ccgtrace\commandinterpreter”
-"c\projecttutoriahsdl-rt” -DRTDS_SOCKET_IP_ADDRESS=192.168.2 104 -DRTDS_SOCKET_PORT=49250 -c-o "pCentral.o”
“chprojectitutorialsdl-rticcg\pCentral.c”

c\projecttutorialsdl-ticeg\pCentral.c: In function woid pCentral(RTDS_GlobalProcessinfo*):
clprojectitutoriahsdli-\iccg\pCentral.c.86:7: error: expected °; before ‘index’

index++;

A

FS

m

Makefile:43: recipe for target ‘pCentral.o’ failed
mingw32-make: *** [pCentral.a] Error 1

M Compilation failed (error code 512)!

#iH# Done.

1

Close ] [ Re-compile ] lSave dialog text as...
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Double click on the desired warning or error to automatically open the SDL-RT editor on
the error (please note this is only available with gcc based compilers):

@r PragmaDev Studio - Behavioral Diagrams El
Diagram Edit Search View Export Windows Help
=
+EEBEEES & K B, P K
J pCentral |
a— ' * | Transitions |5.;-j;ch|
phoneId : PhoneNumberFactory(NUM_PHONE ) (start) i
i idle
getId
5
-’ 5
~Jhdex <= NUM_PHORE= b
L
I 1
true false
- | 3
pLocal ready TO_ENV
[
phoneld-=append {OFFSPRING) idle —
= | 1ndex++:
™ e 1 | P 1 b

Once the error have been corrected the Generation / compilation output window should
look like this:

& Generation/build for sPhone with WindowsGeneration

S VTS T S E OB UL 05 _ ENS 1Al SILLg Lo 0T —0 L T oS LAT O DT DML | ERFRE T BN
-I"H:MWORKSPACES/detour/rids_relishare\ccoitrace\commandinterpreter” -"c\projectitutorial\s dl-rt” -DRTDS_SOCKET_IP_ADDRESS=192.168.2. 104
-DRTDS_SOCKET_PORT=49250 -w - -0 "pLocal.o” "c\projecttutorias d-iccg\pLocal.c

mingw32-g++ -DRTDS_FORMAT_TRACE -I"." -I"h‘workspaces\deltouritds_rel\share\ccgiwindows” -I"H/AWORKSPACES/deltour/itds _rel\share\ccgitrace\formattrace™
-I"H:/WORKSPACES/deltour/itds_rel\share\ccgicommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"H:MWORKSPACES/deltour/itds_rel\sharel\ccgitrace\commandinterpreter” -I"c\projectitutorial\sdl-it” -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104
-DRTDS_SOCKET_PORT=49250 -w -c-0 "RTDS_0S.0" "h:workspaces\deltouritds_rel\share\ccgwindows\RTDS_03.c”

mingw32-g++ -DRTDS_FORMAT_TRACE -I".” -I'h‘workspaces\deltouritds_rel\share\ccgwindows” -I"HAVORKSPACES/deltouriitds_rel\share\ccgitrace\formattrace™
-"H:MWORKSPACES/deltour/rtds_refishare\ccgicommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"H:MWORKSPACESIdeltour/rids_relishare\ccgitracel\commandinterpreter” -I"c\projectitutorial\sdl-i” -DRTDS_SOCKET_IP_ADDRESS=192 168.2 104
-DRTDS_SOCKET_PORT=49250 -w -c-0 "RTDS_TCP_Client.o” "h:workspaces\deltourintds _rel\share\ccgwindows\RTDS_TCP_Client.c”

mingw32-g++ -DRTDS_FORMAT_TRACE -I"." -I"h:\workspaces\deltourirtds_rel\share\ccgwindows” -I"H:AWORKSPACES/deltour/ids _rel\share\ccgitrace\formattrace”
-I"'H:/MWORKSPACES/deltour/tds_rel\share\ccg\commeon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"H:MWORKSPACES/deltour/rids_relishare\ccgitrace\commandinterpreter” -"c\projectitutorial\sdl-r” -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104

-DRTDS_SOCKET_PORT=49250 -w -c-0 "RTDS_Cmdinterpreter. o™ "H:AWORKSPACES/deltouriids_relisharelccgiracel\commandinterpreteriRTDS_Cmdinterpreter.c” —
mingw32-g++ -DRTDS_FORMAT_TRACE -I".” -I'h‘workspaces\deltouritds_rel\share\ccgwindows” -I"H/AVORKSPACES/deltour/itds_rel\share\ccgitracel\formattrace”™
-"H:MWORKSPACES/deltour/rtds_refishare\ccgicommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER.
-I"'H:MWORKSPACES/deltour/tds_rel\share\ccotracelcommandinterpreter” -I"ci\projectitutorialisdl-it” -DRTDS_SOCKET_IP_ADDRESS=192.168.2.104
-DRTDS_SOCKET_PORT=49250 -w -c-0 "RTDS_FormatTrace.o” "H/WORKSPACES/deltour/itds_rel\share\cca\trace\formattrace\RTDS_FormatTrace.c”
mingw32-g++ -0 "sPhone.exe” PhoneMumberFactory.o pCentral.o RTDS_Env.o RTDS_Start.o RTDS_encdecMsgData.o pLocal.o RTDS_0S.0 RTDS_TCP_Client.o
RTDS_Cmdinterpreter.o RTDS_FormatTrace.o H/AWORKSPACES/deltour/itds_rel/share/3rdparty/MinGWilibfliows2_32.a

#i## Done

1

Close ] [ Re-compile ] ISave dialog text as...
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4.4.3 The SDL-RT debugger

When launched, the SDL-RT debugger will automatically start and initialize the underly-
ing gdb environment.The SDL-RT debugger window is started automatically:

@ PragmaDev Debugger [E=R(ESR|E=T
Debugger Options Windows Help =

17 1Tk 1T % 4 g8 & 08w & Yu e GEE.PEV‘ \&
Name [Pric |sDLid [RTOS id [Msg |SDL-RT state | System state |
* = W Watchvariables Values 0
Time: 0
— Ti’"e””fT‘i’melEﬂ ~P Semaphores Semld “ v Vv Localvariables Values i
-

PragmaDev S5tudioc shell

>Internal communication socket opened on port 49163
>Free run off.

>

4 3

Debugger state: STOPPED |Acti\.re thread:

The SDL-RT debugger window

The SDL-RT debugger is basically a debugger with graphical integration. This window
provides snapshots of the overall system.

First we want an MSC trace to see what is happening in the system. Click on the Start MSC

trace quick button: a 7I

An MSC Tracer window appears. Note it is not an MSC editor window; the MSC Tracer
has been optimized for performance and the displayed trace can not be edited.

Let’s start the system; click on 'run’ quick button: :—_gt
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Let the system run until all pLocal processes are created by pCentral and their start
transition executed:

G- MSC Tracer
Trace View Windows Help

CE e R In D

[E= Eol 55

System time

pCentral
(Bx372290)

RTDS_Env
(Bx372faB)

pLoc
(0x373070)

al

pLocal
(0x373620)

pLocal
(0x373178)

pLocal
(9x373238)

pLocal
(0x373e30)

189

156

156

283

203

249

249

281

281

312

312

Illiiiiiillllll

(8x373620)

o pLocal
(0x373178)
idle >

pLocal
(Bx373238)

pLocal
(8x373e30)
idle >

Tracing

MSC trace
Note you can detach the execution button bar by dragging it away from the debugger

window by its header (the zone looking like this: | ).

Execution buttons

o 7 U T A VAR <SR A

The environment is represented by RTDS Env process. It is automatically generated by
PragmaDev Studio when debugging to represent all external modules. When generating
target code it will of course disappear.

Process pCentral dynamically creates 5 instances of pLocal, sends ready message to
the environment and goes to id1le state. Each pLocal instance then go to idle state.
On the left is the value of the system time.

Click on the Stop button to break execution:

Y
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The SDL-RT debugger window shows the list of processes with their names (all the same
in our case), priority, process id, queue id, number of messages in their respective mes-
sage queues, SDL-RT internal state as we defined in the diagrams, and the RTOS internal
system state if available.

% PragmaDev Debugger = EEs]
Debugger Options Windows Help =
7 Lk T ZF 4 00 0wl widc=H @ P = <
Name | Prio | SDLid | RTOS id | Msg | SDL-RT state | Systemn state |
RTDS_Env 1] 0:372fa8 0x1220 1] RTDS Idle M/A *  w W Watch variables Values 1
pCentral 0 0x372e90 0:d1lc 0 idle MN/A
plocal 0 0x373070 Oxeld 0 idle N/A
plocal 0 0x373178 0:1334 0 idle N/A
plocal 0 02373238 01110 0 idle N/A
plocal 0 02373620 0:1278 0 idle N/A
plocal 0 0x373e30 Oxdd4 0 idle N/A
Time: 312
jametinto VP Semaphores Semld * =+ V Localvariables Values b
Owner MName Time left

»>Task pLocal (0x373620) has changed to state idle at: 156 ticks

»>Task pLocal (0x373178) prio:0 created by pCentral (0x372e90) at: 156 ticks
»>Task pLocal (0x373178) has changed to state idle at: 203 ticks

»>Task pLocal (0x373238) prio:0 created by pCentral (0x372e90) at: 203 ticks
>Task pLocal (0X373238) has changed To state idle at: 249 ticks

»>Task pLocal (0x373e30) prio:0 created by pCentral (0x372e90) at: 249 ticks
»Message: readyv unigqueld: 1 sent by: pCentral (0x372e9%0) at: 281 ticks
»>Task pLocal (0x373e30) has changed to state idle at: 281 ticks

»>Task pCentral (0x372e90) has changed to state idle at: 312 ticks

>Message: ready uniguelId: 1 received by: RIDS_Env(0x372fa8) at: 312 ticks
>stop

>

m

4 3

|Debugger state: STOPPED |Acti\.re thread: Oxd0-=Unknown
SDL-RT debugger window

It can also display information regarding semaphores and timers, local variables and
watch variables. The SDL-RT debugger shell gives a textual trace of the events displayed
in the MSC.

We are now going to set a breakpoint, simulate a user using one phone to call another
one and step in process pCentral.

Let’s put a breakpoint in pCentral process. To do so:

« open pCentral process from the Project manager,
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» Go to transition getld in state idle using the transition browser window on the
right:
| Transitions |Search
(start) -
1dle
getId

or the view menu:

‘% PragmaDev Studio - Behavioral Diagrams
Diagram Edit Search I‘.ﬁew Export Windows Help =

:: = Refresh : :: :: i
::f & = Clean up g::ﬁ al ::%@
JB pCentral v Editicn mode

- Mavigation mode

%

D Show symbeol decumentation hints
™ [ Gto

& Zoom in L S '

Show/hide side panel
Show/hide notifications
Show/hide printed page boundaries

Zoom out
Zoom to L4
- Header symbols alignment L4

The transition browser of the View/Go to menu will list all SDL-RT states and all
transitions in each state to quickly navigate through the system. In our case there
is only one state and one transition.

« click on the symbol just after the decision:

)

getId{phoneNumber) (

I
( true ) ( false)

{ I
pId = phoneld-=getPid{phoneNumber); errorMsg TO_ID SEMJER>

=il

idMsg(pId) TO_ID SEI'DER>
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 clickon g or goto Debug/Setbreakpoint menu in the SDL-RT editor. A break-

point symbol will be displayed on the side of the selected symbol:

.

@ | pId = phoneld->getPid(phoneNumber)

We will now simulate an incoming message from a user. Please note this feature is not
available in the Tasking integration nor in the XRAY integration because these C debug-
gers can neither execute function calls on target nor simulate interrupts.

» Go to the SDL-RT debugger and click on "Send an SDL message to the running

system" quick-button L

« The Send an SDL message window shows up:

@ Send an 5DL message to system E @
Select the receiving process: Available messages: Message parameters:
MName |pid Name |# |Type Parameter Type |‘u’a|ue
RTDS_Env 0:372fa8 7 busy 2 |NORMAL_SIGMAL = | w w it
pCentral 037290 call 14 |NORMAL_SIGNAL
plocal 0373070 callConf 7] MNORMAL_SIGMAL
pLocal 0x373178 conConf 10 |NORMAL_SIGMNAL
pLocal 0x373238 conReq 8 |NORMAL_SIGMAL
plocal 0373620 disConf 1 MNORMAL_SIGMAL 3
plocal 0x373e30 disReq 11 |NORMAL_SIGMAL
errorisg 5 MNORMAL_SIGMAL
getld 9 |NORMAL_SIGMAL
hangUp 12 |NORMAL_SIGMNAL  —
= hangUpConf 4 |NORMAL_SIGMAL
Consider receiver state idMsqg 7 NORMAL SIGMAL v i
’ Send ] ’Send &close] ’ Close ] [ Save to file ] [Importfrom file]

Send an SDL message window

On the left are listed all possible receiving processes, in the middle all possible
messages, i.e. all messages used in the SDL-RT system, and on the right the value
of the parameters associated with the selected message.
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« Prepare the message to be sent:

@ Send an 5DL message to system E IEI
Select the receiving process: Available messages: Message parameters:
MName |pid Parameter |Type |‘u’a|ue
RTDS_Env 0:a72fa8  ° il I Y |
pCentral 037280 L E
pLocal callConf 6 |NORMAL_SIGMNAL
pLocal 0x373178 conConf 10 |NORMAL_SIGMNAL
plocal 0373238 conReq ] MNORMAL_SIGMAL
pLocal 0x373620 disConf 1 |NORMAL_SIGMAL 3
plocal 0x373e30 disReq 11 |NORMAL_SIGMAL
errorisg 5 MNORMAL_SIGMAL
getld 9 |NORMAL_SIGMAL
hangUp 12 |NORMAL_SIGMNAL  —
= hangUpConf 4 |NORMAL_SIGMAL
Consider receiver state idMsqg 7 NORMAL SIGMAL v i
’ Send ] ’Send &close] ’ Close ] [ Save to file ] [Importfrom file]

The message to be sent is call, with the parameter value 2. We will choose the
first listed instance of pLocal as the receiver. You might want to write down it’s
PID, since we will send it another message later.

NB: it may happen that the first listed instance of pLocal has been assigned the
phone number 2, in which case the following will not work, as the phone will try
to call itself. If this happens, just send again a new call message to another
pLocal instance.

« Click on Send & close button.
 Click on Run in the SDL-RT debugger window,
« The following trace appears in the MSC:

pCentral RTDS Enwv pLocal
{Bx372250) (Bx372faB) (Bx373070)
ca araml=2})

getId({{ps

« The SDL-RT editor pops up where the breakpoint was set with the break line in
yellow:

= & | pId = phoneld-=getPid(phoneNumber});
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The values of the process local variables are automatically displayed in the SDL-
RT debugger. For example the phoneNumber variable value is 2:

* V Local variables Values
b phoneld (Unknown) (PhoneMumberFactory *) (6373308
O phoneMumber (Unknown) 2
¥ pld (Unknown)

Cindex (Unknown) 5

Local variables values

 Click on Auto step until next graphical symbol button:

i

That quick button will actually step in the C code until the line in the C file is gen-
erated from a graphical symbol. In our case it will only step once.
« The SDL-RT has moved to the next symbol:

|
@ | pId = phoneld-=getPid(phoneNumber) ;

[
= | idMsq(pId) TO_ID SEI'DER)

{r

+ Click on Step over button:
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« This will step in the C code as any normal C debugger. The text editor opens and
displays the next line to execute in the generated C file. Have a look at the gener-
ated code to see how legible it is.

‘& PragmaDev Studic - Text files == 3]
File Edit Search Preferences Windows Help =

o Iy : ay |l o =t ;

e =9 PEXEH®D G ¥
JB pCentral.c |
102 it b b St b S . n
166 “ | Functions |Search

167 /* Double switch state / signal */ RTDS TASK ENTRY POI .
168 RTDS_transitionExecuted = 1: - - -

169 switch(RTDS_currentContext-=sdlState)

170 1

171 /* Transitions for state idle #*/

172 case RTDS_state_idle:

173 switch(RTDS_currentContext-=currentMessage->messageNumber)

174 i

175 /* Transition for state idle - message getId */

176 case RTDS_message_getId:

177 RTDS_MSG_RECEIVE_getId( phoneNumber) ;

178 if { t{phoneNumber < NUM_PHONE) )

179

180 RTDS_MSG_QUEUE_SEND_TO_ID(RTDS message_errorMsg, @, NULL, SENDER);

181 RTDS_SDL_STATE_SET(RTDS_state_idle):

182 break:

183 T

184 else if ( phoneNumber < NUM_PHONE )

185 {

186@ pId = phoneld-=getPid({phoneNumber):

187 RTDS_MSG_SEND_idMsg_TO_ID(SENDER, pTd);

1880 | RTDS_SDL_STATE_SET(RTDS_ state_idle);

189 break:

158 T

191 default:

192 RTDS_transitionExecuted = 8;

193 break:

194 ¥ /* End of switch on message */

195 break:

196 default:

197 RTDS_transitionExecuted = 9;

198 break:

199 ¥ /* End of switch{RTDS_currentContext-=sdlState] */ N

200 F RO R R R KRR RO R

201 /* ${RTDS_HOME) /share/ccg/windows /bricks/RTDS_Proc_end.c begins */

202 /* PragmaDev RTDS win32 integration */

203 RTDS_TransitionCleanUp( RTDS_currentContext, RTDS_sdlStatePrev )

204 ¥ /% End of if { RTDS_currentContext-=currentMessage != NULL )} to execute triZ=

205 T /* End of for ( ; ; ) */

206

207 /* ${RTDS_HOME) fshare/ccg/windows/bricks /RTDS_Proc_end.c ends */

208 FEE R L L e T R R e L e T

209 T L5

210 hi i
< 1 | r J il i

| Ci\Project\tutorial\SDL-RT\ccg\pCentral.c line 188 (ol 0 7009 bytes |

Note it is possible to switch from the SDL source to the generated C source back
and forth with the Search / Go to SDL symbol and Search / Go to generated source
menus.

 Let the system finish its job: click on Run button.
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+ Stop the system once it has finished execution: ‘uﬂl . The process list is

updated with their new states:

Mame |Prio |5DLid |RTOSid |Msg |SDL-RT state
RTDS_Env 0 Oh3f2fal 0820 0 RTDS Idle
pCentral 0 (h3f280 0844 0 idle

plocal 0 (33070 Oxadd 0 connected
plocal 0 (h3f3178 (1334 0 connected
plocal 0 0x3f3238 0:10b0 0 idle

plocal 0 0x3f3620 01094 0 idle

plocal 0 0x3f3e30 0=d0 0 idle

Two instances of the pL.ocal process are connected.

| Systemn state

MN/A
MN/A
M/A
MN/A
MN/A
M/A
M/A

« Itisalso possible to change the state of a process. To do so right click on the state
you want to change and a drop down menu will list all possible states. Let’s
change the state of the last instance of pLocal to gettingId for example:

RTDS_Env 0 Oa3f2fald 0x020 0 RTDS Idle
pCentral 0 0:3f2e90 OxB44 0 idle
plLocal 0 0:3f3070 Oxadd 0 connected
plLocal 0 0:3f3178 0:1334 0 connected
plocal 0 033238 ] 0 idle
plocal 0 0313620 01094 0 idle

plocal

RTDS Start
idle
connecting
Time: 8782
Timer info - r Sert connected
Owner Marmne Time left

RTDS Idle

disconnecting

MfA
MfA
M/A
M/A
M/A
M/A

The state is changed on the target and the process list will refresh:

Mame |P‘rio |SDLid |RTOSid |Msg |SDL-RT state
RTDS Env 0 Dx3f2fall 0920 0 RTDS Idle
pCentral 0 0x3f2e90 0x844 i idle

plocal 0 022070 Oxadd 0 connected
plLocal 0 0:3f3178 01334 0 connected
plocal 0 0:3f3238 0:10b0 0 idle

plocal 0 0:3f3620 01094 0 idle

plocal 0 0:3f3e30 0D 0 gettingld

| System state

M/A
MfA
M/A
MN/A
MN/A
M/A
M/

It is recommended to be cautious when changing a task state that way...
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« We will now disconnect the 2 instances of pL.ocal. Click on the Send button

(T0

Select the receiving process:

%~ Send an SDL message to system

Available messages:

Mame

RTDS_Env
pCentral

plocal

plocal
plocal
plocal
plocal

| pid
0:3f2fa8
0:3f2e90

0:3f3178
0:3f3238
0:3f3620
0:3f3e30

Consider receiver state

=

Mame

busy

call
callConf
conConf
conReq
disConf
disReq

errorMsg

getld

hangUpConf
idMsq

[ Send

] ’Send & close] ’

Close ]

[* T

2
12

NORMAL_SIGNAL
NORMAL_SIGNAL
NORMAL_SIGNAL
NORMAL_SIGNAL
NORMAL_SIGNAL
NORMAL_SIGNAL
NORMAL_SIGNAL
NORMAL_SIGNAL
NORMAL_SIGNAL

NORMAL_SIGNAL
NORMAL SIGNAL

»

m

Parameter

Message parameters:

Type

|‘u"a|ue

[F={Hom ()

b

’ Save to file ] ’Importfrom file]

Select the hangUp message with the receiver set to the same pLocal instance as
you selected as the receiver of the call message earlier (check with its PID).
Then click on Send & close.

We will now use the key SDL-RT event stepping button: '-‘]'

This feature runs the system until the next SDL-RT event such as sending or
receiving a message, changing SDL-RT state, starting or cancelling a timer...
Click on the button and you will see the system executing until the next SDL-RT
event and then stop. This is a very nice feature when debugging for the first time.

4.4.4 Verifying the behavior

We will now check if the behavior is the one we expected in the first place. To do so we

will use the MSC diff feature.

» Once the execution is finished, close the MSC Tracer and save the trace.

» Go to the Project manager and open the trace.
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» Go to the Diagram / Compare diagrams... menu to get the MSC Diff configuration
window and set it up as described below:

@r’r PragmaDev Studio
Difftype: | Basic MSC diff [+]

First MSC: | Tracerdd ||
Second MSC: | normal.rdd EI

Filter activated

Diff
Messages:
Consider data: =
Timers: [
States: |
Time constraints: |:|§

Display full results

| ok || conce |

The first MSC is the execution trace and the second MSC is the normal MSC we
have written in the first place. Since normal MSC was not supposed to be thor-
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oughly detailed we will only show and compare messages without considering
their parameters. Click Ok and you should get the following result:

& P Dev Studio - MSC Di =& ==
Diagram Edit Search View Export Windows Help
Ioe Ioe Ioe b Ioe
fr a2 AR oKX RER £ K
JBTra:a |_
oINPT
-
* o
o pCentral RTDS_Env

N (ex3f2e90) (ex3f2fas)

62
. B

52 S R pLocal 3
[ - (ex3f3070)
Eos Local L4
T SRS SRS
; |
== 1
-
Pl J—
*o%ete", O |  NSR S | p Loc. a-l
x m ﬁ (Bx3f3178)
= 218
% idle X
- v
i .
- 218 = e |
8
4 265
I
o _
AL pLocal
jof IO R ION USRS e |
L |

o 312

312

— réady 8

- ] | mn ] G

The differences between the MSCs are the dynamic task creation of the pLocal
instances. After that the exchange of messages are the same between the
dynamic trace and the specification. The SDL-RT system is therefore conform to
the normal MSC specification.

You are done with a very simple SDL-RT debugging session. If you want more, do your
own system or run the examples delivered in the distribution to see how to manipulate:

« timers,
« semaphores,
« external C header files,

« global variables.
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4.5 - Prototyping GUI

PragmaDev Studio has a built in support to design simple prototyping interface to ease
testing. We will build a very simple one for our phone system to demonstrate its capabil-
ities.
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4.5.1 GUI editor
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Add a Prototyping GUI node in the project and open it:

Containers -~
Requirements

Declarations

Active architecture

Behavior ‘
Passive architecture
Hardware architecture
Documentation
WAdwvanced behavior
External files -

MName:

File:

(& addchilddemens ==

Prototyping GUI

L 4

IF observer

E TTH

TTCM3 file

3

|myGUI.rdu |

|C:fProjecb‘tutorialfSDL—RTf | | Mew | ’ Open l

[] Create legacy diagram

Auto-sort

Studic  Project Edit View Element

NN

| normal
| busy
n comman.h
= i sPhone
L plocal
L pCentral

E—Jtelephonelibrary
E RTDS class sources

& RTDS generated code
& FTDS RTOS adaptation

Trace
—-—

E myGULrdu

4

Cpening project...
Done.
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The left panel contains the incoming triggers for the GUI, the central panel the GUI itself,
and the right panel the outgoing message from the GUI:

& PragmaDev Studio - Prototyping GUI "myGULrdu"
File

Edit Windows Help

Triggers

omyGULrdu

Widget output actions

omyGULrdu

m

- ¢

Let’s add 2 buttons and one LED:

Dev Studio -

Edit Windows Help

Triggers r Widget output actions
omyGULIdu a| b2 *myGULrdu i
A O NIA
-0 NIA
O NIA
New text
New text
Sl a m v e
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Change their display value in the central panel and their widget name in the right panel

in order to recognize them:

ﬁ'} PragmaDev Studic - Prototyping GUI "myGULrdu” {modified)
File Edit Windows Help

[E=8 [EcB|F>)

Triggers

omyGULIdu -k

Widget output actions

Call John

-

i

r

>

m

wmyGULrdu
@CallJohn
>Hangup

Let’s say that when the user clicks on the "Call John" button, the GUI sends a call mes-
sage with parameter set to "2". Select the CallJohn widget on the right panel and right

click:

Widget output actions

*myGULrdu

aHg
oLE

Add busy cutput action
Add callConf output action
Add conConf output action
Add conReq cutput action
Add disConf output action
Add disReq cutput action
Add errorMsg output action
Add getld output action
Add hangUp cutput action
Add hangUpConf output action
Add idMsg output action
Add isMsg output action
Add ready cutput action

Add output action
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All the available messages in the system are then listed. Select call and expand the cre-
ated sub-tree. The parameters are listed with their corresponding type:

* MyGUI.rdu R

CallJohn
wcall
Cparami1|=short
O Hangup
CLED

Let’s say the parameter value is 2’ and let’s send sHangUp without any parameter when
clicking on Hangup:

* MyGUI.rdu R
—wCalllohn
wcall
Cparam1|=2
B Hangup|
whanglp
s}

—oLED

On the left panel we will consider a new trigger, select the top of the tree and right click to
get a list of all the possible triggers:

Add disConf trigger
Add busy trigger
Add hangUpConf trigger
Add errorMsg trigger
Add idMsg trigger
Add conConf trigger
Add getld trigger
Add hanglUp trigger
Add conReq trigger
Add call trigger

Add ready trigger
Add disReq trigger

Add generic trigger

Let’s add the callconf trigger. When a trigger is received by the GUI, a case with a set
of filters is verified. Let’s add a new case:

* MyGUI.rdu i
L
Delete trigger
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In our case we won'’t put any filter, we will just change the color of the LED:

w MyGUILrdu
w callConf
L

Add GUI action *

Add filter
Delete case

Calllehn
Hangup
LED

s

Change the action to change the color. It is possible to directly name the basic colors, oth-

erwise the RGB hexa code can be used. Let’s put the LED back to red when we receive a
HangUp confirmation and we'’re done:

File Edit Windows Help

& PragmaDev Studio - Prototyping GUI "myGULrdu"

[=lfE]Es]

Triggers

*myGUIrdu
callConf
wNew case
| ED
':o CHANGE_CO!
Cgreen
whangUpConf
l—VN ew case
I*'LED
O CHANGE_CO!

Widget output actions

Call John

m

n

*myGUIrdu L
~rCalllohn
wcall
-G param1|=2
» hangUp
OLED

4.5.2 Simulation

Let’s start the Debugger again and click on the Start prototyping GUI quick button: E
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The GUI will start and connect automatically to the system:

& myGULrdu [E=R[EcR ("=

faion

angupg

Start an MSC trace and run the system. Click on the "Call John" button, that should send
the call message with parameter value set to 2, the callConf should be received by
the GUI, and the LED should be set to green.

@,.'r myGULrdu =E s

faion

For a more advanced GUI, please have a look at the AccessControl system in the SDL-RT
example directory.

4.6 - Conclusion

During this tutorial we have been through the basics of the following:
e SDL-RT,
« Project manager,
« SDL-RT editor,
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« MSC editor,
« Code generation,

« SDL-RT debug including the three stepping modes:
« SDL-RT key event,
« SDL-RT graphical,
e textual,

« Conformance checking,
 Prototyping GUI.

As a result you saw SDL-RT has the preciseness of C language with the graphical abstrac-
tion of SDL. and UML perfectly suited to real time systems showing key concepts such as
tasks, semaphores, timers, messages in a single consistent development environment.

Now it is time for you to work on a real real time system!
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5 - Automatic documentation generation

Let’s now have a look at how to document our system. PragmaDev Studio has an auto-
matic documentation generator that generates OpenDocument (OpenOffice), RTF
(Microsoft Word), HTML, and SGML documents. In this tutorial we will generate an
OpenDocument as it is very similar to generating an RTF document.The basic idea is to
document while you are modeling your system in SDL, and when you are done just gen-
erate the documentation for a word processor or a browser.

5.1 - Publications

Let’s first define what is important to document in our system and put it in a publication.
For example let’s consider the architecture of the system should be further documented:

“&- PragmaDev Studio - Diagrams ===
Diagram Edit Search View Export Windows Help

K K K 5 ay [+ K .

tEHER O PR XBAPALMLUDEN i
JB Phone |_
to | Part. |Sealch|

- 1 - Declarations -
P 2 - Architecture

L

...O...l

[

||

-

———<—— cEnvCentral pCentral

| e

- [sGetId]

L E

L

o cInternal

ey

[sError,
sId]

——=— cEnvLocal pLocal(®, NUM_PHONE)
[sBusy, [scall, [sBusy.

sCallConf, sHangUp] sCnxConf,

sHangUpCont] [ sCnxReq,
sDisConf,

sDisReq]

cSelf

[ I 3 1 l;
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Get to the corresponding diagram and go to the Export menu. In that we will export the
whole partition, to do so select Export/publish partition...

%~ PragmaDev Studio - Diagrams
Diagram Edit Search

View IEl(porl Windows Help

‘tH &R

JB Phone

—

.

Export/publish selected symbols...

PP

Export/publish transition...
Export/publish state...

Export/publish partition...

Export/publish diagram...

Manage publications...

The Export/publish window opens:

Publications:

Options |Exports | Texts

"% Export/publish

Type for image(s):
Scale factor:
Export to file:

Store relative file name:

Save as publication:

PNG Wrap images in HTML file:
n Split images into pages:

| =] [ rowse.. |

Let’s give our publication a name, the doc type, and check the Remember as publication

box. That set the Texts button active:

Publications:

Options Exports | Texts

W

< <Mews> >

Type for image(s):
Scale factor:
Export to file:

Store relative file name:

Do |E4 Wrap images in HTML file [ |
100 H Split images into pages:

| IZ” Browse... |

O

Sawve as publication: |TopLeveIArchitecture |

Close ] ’ Show ]| Export || Delete
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Select Texts Tab allows you to type the text that will be generated before and after the dia-
gram when generating the documentation. Let’s type a few words to document the dia-
gram with the pre-defined paragraph and character styles:

& Export/publish

Publications: Options | Exports| Texts
a

Text before:

9: | listheadl [=] f:|- [~]
The system is made out of 2 parts: N
- The central part:

It is basically the database that stores the PID of the different phones in the
system.

- The local part:
It describes the standalone phone behavior

Text after:

9: | body E f:|- E

The maxinmm mmmber of phones is set to NUH_PHONEl 1
[ OK ] ’ Apply ] ’ Close ] ’ Show ] Export Delete

Make sure to use the code-index-entry character style on top of NUM__PHONE so that it
appears as code and that is listed in the index.

When done click OK.
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Let’s now document a transition. Open the pLocal process and go to the Connected

state:

L

Diagram Edit Search View Export Windows Help

8 e B

e o BB X L

J 3 plocal

i

i

sBusy TO SEI'I)ER> sDisConf TO SEI'I)ER>

sDisReq To remotePId >

sHangUpCanf

Transitions |Saalch |

(start)

Connected
sCnxReq
sDisReq
sHangUp

Connecting
sBusy
sCnxConf

Disconnecting
sDisConf

GettingId
sError
sId

Idle
sCall
sCnxReq
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Go to the Export menu and select Export/publish selected state or transition...:

Diagram  Edit Search  View [Erpnrt Windows Help
:: = = :: Export/publish selected symbol...
]
:: f H — - /publish selected state or transition... ﬁ
J 4 plocal Export/publish diagram... |
== Manage publications... “ | Transitions |Sna|ch|
QXX (start) -
Connected
sCnxReq
sDisReq
sHangUp
Connecting
sBusy
sHangUp | sCnxConf
Disconnecting
sDisConf
GettingId
sBusy TO SEI'DER sDisConf TO SEM)ER sDisReq To rematePId sErrar
S sId
Idle
L sCall
sCnxReq
4
X
{7
sHangUpConf
i -
Rl ] i 3 1 3
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This will export the state with all the connected inputs as a publication. Let’s document
the state:

"% Export/publish

Publications: Options |Exports| Texts

< <Mew>> -
Type for image(s): Wrap images in HTML file: ||
Scale factor: Split images into pages: il

[
=
=

Export to file:

IZH Browse... |

Store relative file name: ||

Sawve as publication: |Cor1r‘|ected5tate |

[ ok ][ apely |[ cClose | [ show || Epot || Delete |

"% Export/publish
Publications: Options | Exports| Texts

<<MNew>>

Text before:
1 £l B
The sDisReq message comes from the remote phone and the sHangUp g

message from the user who habged up. In the latter case, a disconnection
request is sent to the remote phone.

Text after:

1: | body IZ| f| IZ|

All other messages are discarded. N
[ ok ][ apely |[ cClose | [ show || Epot || Delete |

Please note the publications are saved within the diagram so it is important to also save
the diagrams.
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5.2 - Documentation

Let’s now go back the Project manager and create a new item of type Document:

o e — |

[containes =
Requirements
Dec_larat' ons Document
Active architecture
Behavior r 5
Passive architecture .
Hardware architecture Mame: | Design |
Testing/Validation - g
File: |Pr0Jecb"SDL,"tu‘tofDe5|gn.rdo | [ MNew ] [ Open ]

dvanced behavior
External files 1 [[] Create legacy diagram
Auto-sort

[ ok || canca

Generation Validation Windows

Help
B s e

|| normal
|| busy
B [ Phone
[ plocal
[ pCentral
|5 GULrdu

7T

= phone.rdp

i TestPhonetten3
L

£ Design

Let’s open the Document Design:

studio - Lo 1E

Document

Edit Section Windows Help

S e

Design

: P P EXE

-

Section title: |

Section header:

G 0ee
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Select MyDocumentation and right-click to add a sub-section:

%~ PragmaDev Studio - Document "Design”
Document Edit Section Windows Help

E=5|FoR(Ex3

Section title: |

Section header:

b

oo aa

This sub-section will actually be the first chapter of the generated documentation. Add-
ing other sub-sections at the same will generate other chapters. Adding sub-sections to
this section will generate sub-chapters. Let’s type the section title and add some contents

to the section with the + button:

-%- PragmaDev Studio - Document "Design” (medified)
Document Edit  Section Windows Help

LRI Y

Section title: | Architecturd

|E| Design g™

Section header:

LYY
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The following window will pop up:

‘- PragmaDev Studio

MNew header item type
@ Styled text

Publication diagram:
Publication name:
) Table
Inital table size:
) External PNG image
Image file:

Store relative path:

Referenced file:

Mew header item position
(™) First in list
Before selected item
After selected item
@ Lastin list

Diagram publication reference

() External text file reference

Paragraph style for lines: | body

rows X columns

Browse...

Browse...

[

ok [ cancel |

The Styled text allows to insert plain text in the documentation. In order to have the Dia-
gram publication reference available, some diagrams containing publications must be

opened. So the top level architecture diagram and the pLocal process should be open in
order to move on. The window should then look like this:

@r PragmaDev Studio

Mew header item type

() Styled text
Publication diagram:
Publication name:

() Table
Inital table size:

) External PNG image
Image file:
Store relative path:

(") External text file reference

Referenced file:

Paragraph style for lines:

Mew header item position
() Firstin list
Before selected item
After selected item
@ Lastin list

Diagram publication reference

my_Documents/5DL-tutorial/Phone.rdd |E|

ToplevelArchitecture
columns

rows x

Browse...

Browse...

body

ok || Ccancel
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Select the right Publication diagram and Publication name to insert in the Document. Then
create another sub-section in the Document with the other publication:

@r PragmaDev Studio - Document "Design” EI@
Document  Edit  Section Windows Help
o =3 Iy o -
R Ea
= Design * Section title: |Behavior
Architecture Section header:
A
===| CM\Project\SDL\tuto\plLocal.rdd
ConnectedState
4 k
" G0 aa
° °
5.3 - Automatic generation
Go to Document / Export as / Open Document Format:
@r PragmaDev Studio - Document "Design” EI e
I Document | Edit Section Windows Help
Save Ctrl-5 r e
Revert... P .-!
Auto-generate from project... tion title: |
. tion header:
HTML 0
Close Ctrl-W R
Microsoft OpenXML
SGML (advanced)
] b
" o e

An OpenDocument is actually a zip file that contains several files among which:

« one is the document itself as an XML file,

« one describes the styles used in the document also as an XML file.
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In order to generate the full OpenDocument zip file, PragmaDev Studio requires a tem-

plate file. We suggest you use the one that is provided in the AccessControl example
directory:

Destination file: | C:/Project/SDL/tuto/Design.odt

OpenDocument template file: |HMORKSP.ACESfdeIlouu’rtds_leli'e| ’ Browse... ]

Use as default export: | No IZ|

[ ok || cance |

Now we will create an OpenDocument container for our generated document in which

we can set a title, introduce a table of contents, and an index. To do so, let’s start OpenOf-
fice :

File Edit VWiew Insert Format Table Tools Window Help

it BEe v BEAR VE L B Y- @E-v NOEETQ 0O, i[w  []¢E,

@ |Default [=] |TimesNewRoman [ 12 [£] BIu\E;;;uz::egxav#-g-i
] EEREETECERS CRRTRERE REEY RERY PR SIS T I I (TS & RIS XIS E ISP PSR o i

=
®

(T

Pagel/1 | Defautt French (France) |insRT |sTD | | |

3
|BEEM @ —+—e—— @ |100%
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Create a new Master document with File / New / Master document menu:

Edit View Insert Format Table Tools Window Help
Text Document Ctrl+M

[3 Open... Ctrl+0

Recent Documents

L3

Wizards

L3

Close

Save Ctrl+5

m

Save Az..  Chrl+5hift+5
Sawe All

Spreadsheet
Presentation
Drawing

Datapase

== Reload

Versions...

HTML Document

XML Form Document

@ Export...
Export as PDF...
Send

Formula
Labels
Business Cards

o | eb ol e (EEh D b el Gkl

Templates and Documents

=

Properties...
Digital Signatures...
Templates

Preview in Web Browser

R Page Preview

&, Print... Ctrl+P
@ Printer Settings...

= Exit Ctrl+Q

-

Type the title, insert a page break, and insert a table of content with the Navigaror win-

dow:
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H
B ekt k= -

Index

= | ™

New Document

(setndewtabe T =

Index/Table |Entries [Styles [Columns [Background |
Type and title
Title ||Tab|e of Contents |
Table of Contents
mﬁ'.' 1 ! Type |TableofContents |Z||
w';;.atqv : Protected against manual changes
Heading 1 Create index/table
‘T i the comtent from the first chaprer. This & 2 mer direciory eotry. for |Entiredocument |Z|| Evaluate up to level 10 E
Heading 1.1 Create from
e L TR Sy et @] Outline
Heading 1.2 —
— o 12 To eyt 7] Additional Styles
[¥] Index marks
I I I I I |
I I I I I |
Table I: Thix i sable 1
[ ok ][ Concel |[ Help ][ Reset |[VIPreview

In the same Navigator window, insert the OpenDocument we have just generated:
H
PRt B S

New Document

i
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And insert an index:

=

Heading 1.1
‘Thes is the comtent from chapter 1.1. This & the entry for the tabls of contents.

Heading 1.2
T i fhe comtent fromm chagter |1 This baymvoed & 2 main setry.

Insert Index/Table
Index/Table |Entli5 |St}ri5 |Coiumns|Backgmund
Type and title
Title [Index |
Index
;;:7« ! Type |Alphabetical Index |Z||
sy Protected against manual changes
i 1
Create index/table
tieading 1 for |Entire document |Z||
Tia & o comtent from the frst chizpter. Thia s 2 mer diraciory eoiy.
Options

Combine identical entries
Combine identical entries with p or pp
[[] Combine with -

AutoCapitalize entries
Keys as separate entries
Concordance file

Case sensitive | File |v |
I Sort
Language |Eng|ish (USA) |Z|| Key type
[ ok ][ Concel |[ Help ][ Reset |[VIPreview

It is possible to drag and drop sections in the Navigator window to get the right order:

MNavigatar
E Pk k-

£

?E, Table of Contents

% Index

Design.odt

It is possible to add other sections or other external documents in the master document.
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Save the document and insert it in the Project manager: Select the Phone . rdp system,
right click and Add component. Select External file, Open..., and select the . odm file:

‘- Add child element

Containers =
Requirements
Declarations

Active architecture
Behavior

Passive architecture
Hardware architecture
Testing/Walidation
Documentation
Advanced behavior

External files -

Textfiles

log files

pdffiles

python files

" =

text  word doc

4 T

|

Mame: |DesignDoc.odm

File: C:/Project/SDL/tuto/Design

MNew

| Co

Create legacy diagram

[ Auto-sort

Help

ﬁr'r PragmaDev Studio - Project "phone.rdp”
Studio  Project Edit View Element G

tion  Validati

[=fE ==

i o

normal

busy
= |k Phone

H;HGUI.rdu

B Design

ANV

= "~ phonerdp

L JpLocal
[ JpCentral

::f

TestPhonettcn3

|| DesignDoc.odm

When you further document your system, to update the generated documentation: open
your Pragamdev Studio document, export it as an OpenDocument, replacing the existing
one, and that’s it! The OpenOffice master document will be updated by itself as well as its
table of contents and index and ready to be printed.

Please note it is also possible to automatically generate all publications and a document
based on the project architecture. To do so, create a new document:

‘@ Add child element

Requirements
Declarations

Active architecture
Behavior

Passive architecture
Hardware architecture
Testing/Validation
Documentation
Advanced behavior

Containers -

External files -

g

Document
4

Mame: |AutoGenerated

File: C:/Project/SDL/tuto/AutoGe

| ’ Open

Create legacy diagram

[ Auto-sort

[ ok || cancel
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Open it and go to the Document / Auto-generate from project... menu:

Document | Edit Section Windows Help

Save Ctrl-5 s

Revert... P .E!

Auto-generate from project... l:ion title: |

Export options... I

Export as L4 il
Close Ctrl-W

Select the level for each publication:

Create publications in behavior diagrams: |for each transition IZ|

Paragraph style for files: None (don't import fil n

[ ok [ canca |
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And a full document is generated:

-%- PragmaDev Studio - Document "AutoGenerated” [0 | (S

Document Edit  Section Windows Help

. =N :: . &

cEHEEEe P B X B

= AutoGenerated Section title: |Process plocal

MSC normal Section header:
MSC busy
&l System Phone =——| C:\Project\SDL\tuto\pLocal.rdd B
Process plocal start auto
Process pCentral =
=—| CA\Project\SDL\tuto\plocal.rdd
—! transition_Idle_sCall_auto
==| CM\Project\SDL\tuto\plLocal.rdd
—! transition_ldle_sCrxReq_auto
=—| CA\Project\SDL\tuto\plocal.rdd
—! transition_Gettingld_sld_auto
=——| C:\Project\SDL\tuto\pLocal.rdd i
—! transition_Gettingld_sError_auto
=—| CA\Project\SDL\tuto\plocal.rdd
—! transition_Connecting_sCnxConf_auto
==| CM\Project\SDL\tuto\plLocal.rdd
- P
= transition_Connecting_sBusy_auto
=—| CA\Project\SDL\tuto\plocal.rdd
—! transition_Connected_sCnxReq_auto
==| CM\Project\SDL\tuto\plLocal.rdd
—! transition_Connected_sDisReq_auto
== CM\Project\5DL\tuto\plLocal.rdd
Bag| &\ProiectSPtntolplocelrd -
] »
Page 126 PragmaDev Studio V5.0



	1 - Introduction
	2 - A simple system
	3 - PragmaDev Specifier Tutorial
	3.1 - Organization
	3.2 - Requirements
	3.3 - Design
	3.4 - Simulating the system
	3.4.1 Simulation options
	3.4.2 Byte-code generation
	3.4.3 The SDL simulator
	3.4.4 Verifying the behavior

	3.5 - Prototyping GUI
	3.5.1 GUI editor
	3.5.2 Simulation

	3.6 - Testing
	3.6.1 Test case
	3.6.1.1 Declarations
	3.6.1.2 Ports
	3.6.1.3 Templates
	3.6.1.4 Core test case
	3.6.1.5 Control part

	3.6.2 Simulation against the SDL system

	3.7 - Code generation
	3.7.1 Code generation options
	3.7.2 Graphical debugging

	3.8 - Conclusion

	4 - PragmaDev Developer Tutorial
	4.1 - Organization
	4.2 - Requirements
	4.3 - Design
	4.4 - Running the system
	4.4.1 Generation profile
	4.4.2 Compilation errors
	4.4.3 The SDL-RT debugger
	4.4.4 Verifying the behavior

	4.5 - Prototyping GUI
	4.5.1 GUI editor
	4.5.2 Simulation

	4.6 - Conclusion

	5 - Automatic documentation generation
	5.1 - Publications
	5.2 - Documentation
	5.3 - Automatic generation



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


