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1 = Introduction

Before starting this tutorial, it is important to understand the basic concepts used in Real
Time Developer Studio.These concepts derive from the two languages supported by
RTDS, 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:
» 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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« Communication
Agents exchange messages through channels. Messages going through chan-
nels are listed to define the interface between the agents. When it comes to final

Real Time Developer Studio V4.5 Page 3



Tutorial

% PRAGMADEV

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
2
% Input j Take semaphore [
N
. R
: Output J Give semaphore é
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, RTDS also integrates the Message Sequence Chart
dynamic view. On such a diagram, time flows from top to bottom. Lifelines 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/
« For SDL-RT, the reference manual is available in RTDS via the Help / SDL-RT ref-
erence menu. This manual is also available on the SDL-RT web-site:
http://www.sdl-rt.org
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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 6
« The part using SDL-RT starts page 59

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".
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3 - SDL Tutorial

3.1 - Organization

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

@rr Real Time Developer Studio
File Edit View Element Generate Tools CVS Windows Help

‘B ® R ECREO BaR

===

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 SDL project button:

2

Page 6
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The Project manager displays an empty project:
@ RTDS - Project "<unnameds" =0 ER 55

File Edit View Element Generate Teols CVS Windows Help
SR T = = T R S
MName

°'Tm

An empty new project

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

@’ RTDS - Project "phone.rdp” = TR 5

File Edit View Element Generate Teols CVS Windows Help
SR T = = T R S

MName

=] ﬁ phone.rdp

Phone empty project

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:

‘& RTDS - Project "phone.rdp” |G

File Edit View Element Generate Tools CVS Windows Help

ST = = = v R - 2

Marne

O W- -
TFI Add component...

Rename...

Copy
Cut
Paste
Delete

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

Diff...

Add components to the project

Real Time Developer Studio V4.5 Page 7



fevelop

ment

7% PRAGMADEV

Tutorial

Select Add component and the following window will appear:

'?;'r Add component [=1]
Mode type: E
MNode name:
Mode file: New...
Auto-sert: [

[ 0K ] ’ Cancel ]

=]

Open...

The add component window

Select MSC as a node type 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 fol-

lowing window:

@r Add component E@
Mode type: | MSC E

Mode name: |normal

Mode file: uments/50L-RT-tutorial/normal.rdd | Mew... |[ Open... l

(]

Auto-sort:

[ ok || cancel |

Completed Add component window

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

"

@ RTDS - Project "phone.rdp” (modified)
File Edit View Element Generate Teols CVS Windows Help

‘R R ECREO BRF

MNarme

- 7 [
LOE:I narmal

"normal"” MSC in "phone" project

= e
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Double click on the MSC name or icon to open it. The MSC editor opens:

@ RTDS - MSC diagrams =3 [oR|55
Diagram Edit Search View Export Lifeline Windows Help

B SR PERX B wx LUK EEB M
JEB normal |
6 |

»

m

4 LI 2

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

‘@ RTDS - MSC diagrams =N =R
Diagram Edit Search View Export Lifeline Windows Help
B = = || . B F
cvr B eE e BEBXE L wr P BN
nermal
5] RTDS_Env plLocal pCentral plocal
.
] -
N
2] |:|
s RTDS_Env | plentral | ‘ pLocal ‘
Al L
—
St <= sReady
=
L
Disconnected
i
— sCalli2) —m
i sGetId(2) —
|:‘>| MEe——s1d(. . ) —
_____ ————=sCnxReq————
[ =
Q e—————=CnxConf — 1
e——=Callconf
]
)
— Connected
El sHanglp ——m
P ——————  =hisRegq——————————
. fe——————eDisConf ———
: [#€— sHangUpCon
Disconnected
- 4 1 - r

The "normal" MSC

You will have to use the tool bar on the left; You may also use the contextual menu (right

mouse button) to make the condition symbols span the four lifelines. If you have any
problem refer to the user’s manual.

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

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 the project and
add a System component:

‘@ RTDS - Project "phone.rdp” (modified) [ ][ =] =]
File Edit View Element Generate Teools CVS Windows Help

‘R®BWEE@ BLR
Marne

VTE phone.rdp
OE:I narmal

-HEH
OD Phaone

"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:

‘% RTDS - Diagrams =0 ER 55
Diagram Edit Search View Export Windows Help

B SEPPBRBXE L = LR PN
Jﬁ Phone |
ﬁ Part.|

- 1-Part. 8 =«

»

m

4 LI 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.
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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.

RTDS has created the first partition for us, so let’s use it to declare the types and mes-
sages we'll need:

& RTDS - Diagrams ===
Diagrarmn  Edit  Search  View Export Windows Help
of = = || o of Ed
T EoE R BXEL, v PIHAEEDN
Phone
_8 | -
il
.
afel el [N
Y /* 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 ;
----- /* Type for the array of pLocal pids */
() NEWTYPE pLocalArray
ARRAY (PhoneNumberType, PID)
o ENDNEWTYPE ;
SIGNAL sCall(PhoneNumberType), sHangUp:
SIGNAL sReady, sCallConf, sHangUpConf, sBusy;
SIGNAL sCnxReq, sCnxConf, sDisReq, sDisConf;
SIGNAL sGetId(PhoneNumberType), sId(PID)}, sError;
- ] 1 r

Declarations in the "Phone" system
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The top declaration text box declares the data and types we need:

« 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.

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:

R

| Mew partition after cument C}I‘IE|

]

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 RTDS allows it, so let’s keep things simple.
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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.

@rr RTDS - Diagrams EI@
Diagram  Edit  Search  View Export Windows Help
B = = || o B F
@ e B 2 pBX @B L e LPLIKIH B DM
Phone
ﬁ o Part.
- 1 - Declarations »
2 - Architecture
LY
Ch
1
- ———=—cEnvCentral Central
— || [(sReady] 0 g
""" [sGetId]
D
O
,L cInternal
[sError,
sId]
———-——cEnvLocal pLocal(@, NUM_PHONE) Self
[sBusy. [sCall, [sBusy,
sCallConf, sHangUp] sCnxConf,
sHangUpCont] 1 sCnxReq,
sD1sConf,
sDisReq]
- 4 m P 1 k

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.
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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-
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:

cInternal

[sErrar,
sIdl]
u

u _
————=——cEnvLocal pLocal(@, NUM_PHONE) Self
[=Busy, [sCall, - [sBusy,
sCallConf, sHangUp] sCnxConf,
||

sHangUpConf] Open definition... *Req,

Show usage... 2;:3;'

Properties...
Adapt size to text

Copy
Cut

Paste
Delete
Select to end

Create RTDS_Env from *
Set as text segment

Contextual menu

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 Save and you end up in a
new tab in the diagram editor window showing the process definition: The default layout

Page 16 Rea Time Developer Studio V4.5
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presents the first partition with only a single page. We may use either several partitions
to describe our process or add extra pages via the Diagram/ Partition page setup menu.

% RTDS - Diagrams F=8|ECB (X3
Diagram  Edit  Search  View Export Windows Help

B SEPPBRBXE L e PIKIEEB PN
|i:i Phone |i:i pLocal |
& | * | Trans. |Part.|

e,

Fs

Ox0DO060:~:

REARA

-
——

leo>oOUOOODOYU

4 m | F 1

The process behavior description in SDL editor
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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:

-,

ldle

That transition means that once the process is started it will go to state Id1e. Note you

can use automatic insertion in the editor: place a start symbol |, keep it selected and

double-click on the state symbol in the tool bar (| . The state symbol is automatically

inserted and connected after the start symbol. You can also place the symbols manually
and connect them one by one.

An internal data dictionary is updated on the fly to ease the writing of the process behav-
ior. First create the Id1e state definition: click on the State icon and put it in your dia-
gram:

The state name is in edit mode so you can directly type Id1le in it; but you may also use
context help by pressing F8 or go to the Edit / List available choices menu to list the avail-
able choices for the state symbol.

@ Choices for symbol @

Please choose a value:

we

[ ok || cancel |

There is only one entry because the Id1e state is the only one that has been defined so
far.

Once the state has been defined, double click on the input symbol [<| in the tool bar
and the input message symbol will be automatically inserted below the state symbol:
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A template of the expected syntax is written by default. Press F8 or go to the Edit / List
available choices menu. A window will list all the SDL messages that have been defined at
system level:

@rr Choices for symbaol @
Please choose a value:

sBusy
sCall(PhoneMumberType]
sCnxConf

sCnxReq

sDisConf

sDisReq

sError

sHanglp

sId(PID)

OFK Cancel

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

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 Id1le state can
therefore receive two types of messages described below:

I |
sCall{calledNumber) sCnxAeqg

remotePld .= SENDER

sGetld(calledNumber) sCnxConf TO remotePld

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
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have used TO pCentral to specify it, or even TO PARENT since pLocal was created by
pCentral. The process then goes to Get t 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 Connect ing. 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:

sld({remotePld) sError

sCnxReq TO remotePld sBusy VIA cEnvlccal

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:

sl |
cEnvLocal pLocal{d, NUM_FHOME)
[sBusy,  A~AAans [5Gl [=
sCallcant, sHangllp] =18
sHangUpCani] ﬂ* =14
sl

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 pL.ocal 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

sCnxCenf sE'.usy%

sCallConf sBusy VIA cEnvlccal

Connected

il

If
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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

sCnxReq sDisReq { sHangUp

sBusy TO SENDER sDisConf TO SENDER sDisReq TO remotePld

sDisConf

sHangUp Conf

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.

| | Trans. -

(start) -
Connected
sCnxReq
sD1sReq
sHangUp
Connecting
sBusy
sCnxConf
Disconnecting
sDisConf
GettingId
sError
sId
Idle
sCall
sCnxReq

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
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by alist of couples <variable name> <variable types>,with an optional default
value:

calledMumber INTEGER;

DCL
remotePld PID = NULL,

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 yesand a pre-filled save window
with the process name appears. Click Save and the process definition window appears.
Let’s first write the needed declarations and the initial transition:

DCL
index INTEGER =1,
plocals plocalArmay;

index <= NUM_PHON

trues

plocal

plLocls{index) = OFFSPRING,
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.

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 pLocals array,
using the phone number as index.
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After the pLocal processes creation, the sReady signal is sent to the environment to
indicate initialization is finished and the process goes to state I1dle.

Note we have voluntarily introduced an error by typing pLocls instead of pLocals in
the lowest block of code to later show how to analyze the errors.

sGetld(index)

(<:’"‘Index ==1AND
.ndw::]wr\]E

trues

false

sld{plLocals(index)) TO SENDER sEror 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
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 RTDS’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
RTDS. The simulation conforms to the SDL semantics: all transitions are consid-
ered 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 Generate /
Options... menu. By default a valid simulation profile is listed as well as an empty code
generation profile:

@rr Generation options EI@

Profiles: Main opticns

LinuxCodeGen e ¥| Manage all types in a single system-wide scope
SAIMUIaTIon options

SolarisCodeGen .
WindowsCodeGen Treat internal messages before external ones

Defer byte-code loading at execution time

Activate code coverage analysis

Use XML-RPC for operators

+ - Rename...

[ oK ” Cancel | | Impaort... || Export... |

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

3.4.2 Byte-code generation

Select the Phone system in the project manager and click on the Debug quick button in
the tool bar: :_ZL

A log window opens and displays the actions performed by the byte-code generator.
Before actually generating anything, RTDS performs a global syntax and semantics check
on the written code. So any basic error such as typing mistakes or misspelling 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 Generation/build for Phone with Simulation options

— Start transition

Error: Call to unknown operator "pLocls’

Error!: Invalid l-value for assignment: ‘pLocls ( index )
— Transition Idle - sGetld

1 Code generation failed!:

Could not generate byte-code for diagram pCentral!

| Close | |Re-compile |

=== Generating byte-code for diagram Phone (Z\ProjectiWORKSPACE\ntds_rellexamples\SDL\Tutorial\Phone.rdd)...
=== Generating byte-code for diagram pCentral (Z\ProjectWORKSPACE\Rds_relexamples\SDL\Tutorial\pCentral.rdd)...

EX3)

»

m

The byte-code generation started at system level, then went down in pCentral. During
the generation for pCentral’s start transition, the wrong name pLocls was encoun-
tered. Since no variable with this name is known, RTDS looked for an operator named
pLocls (the operator would have been called with the same syntax), but didn’t find any.
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:

m

@’ RTDS - Diagrams EI@
Diagram  Edit  Search  View Export Windows Help
BB e BX EEL we PIKIEHEBDPD
pCentral
5]
i,
h )
[h
D =7 index == NUM_PHONE
O false
true
= A
T pLocal sReady
: L
J pLocls{index) := OFFSPRING, Idle
index := index + 1
<
(€
7
{0
- ] 1 P

Real Time Developer Studio V4.5
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Once the error have been corrected the log window should look like this:

@ Generation/build for Phone with Simulation options =23

=== (Generating byte-code for diagram Phone (Z\ProjectWORKSPACE\itds_rellexamples\SDL\Tutorial\Phone rdd). . *
=== (3enerating byte-code for diagram pCentral (Z\ProjectWORKSPACE\rtds_rel\examples\SDL\Tutorial\pCentral rdd)..
— Start transition

— Transition Idle - sGetld

=== (3enerating byte-code for diagram pLocal (Z\ProjecttWORKSPACE\ntds_rellexamples\SDL\Tutorial\pLocal rdd)...

— Start transition

— Transition Connecting - sCnxCaonf

— Transition Connecting - sBusy

— Transition Idle - sCall

— Transition Idle - sCnxReq

— Transition Connected - sHangUp

— Transition Connected - sCnxReq

— Transition Connected - sDisReq

— Transition Gettingld - sError

— Transition Gettingld - sld

— Transition Disconnecting - sDisCaonf

Close ] ’ Re-compile
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3.4.3 The SDL simulator

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

'@SDLsimulator =)=
Debugger Options  Windows Help
g [ e - F— = 5 v
CEHED? IXIN mF 0 0HDS R o P E <
MName |Pid |Sig |SDLstate Timer info
C | 1 1 RTDS_S 1l System time: 0 W Watch variabl Val 0
t tart i atch vanables alues
pl-entra | | | ->ta Owner MName |Time|ef't
SDL system queue
Pid |Recei Signal -
: | Seever | e ¥ V Local variables Values
1 | pCentral | RTDS_startMessage

Beal Time Developer Studic shell

>Internal communication socket opened on port 49156
>Free run off.

>Timers should be fired manually.

>Unexpected messages will be ignored.

>

4 [}

|Debugger state: STOPPED |Active 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.

Let’s first run a MSC trace so that we can see graphically what is happening in the system.

Click on the Sart MSC trace quick button: T A MSC Tracer window appears.
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Now let’s actually start the system by clicking on the Run quick button: :__ZL

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

@,r MSC Tracer [E=2(EcE(Ex=]

Trace View Windows Help
BEP LD

pCentral plocal plocal plocal plocal plocal RTDS_Env
System ti
yeemame o) @) 3 “) ) ) 1

pCentral RTDS_Env
(1) (-1)

________________________________ | PLocal
0 (6)

|

Tracing L] W 5

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

zone looking like this: ):

Execution buttons =]
o S I R e

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
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
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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: {"l]

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:

@ SDL simulator =)=
Debugger Options  Windows Help
B?TIIT w2 eSO BEODER <
MName |Pid |Sig |SDLstate Timer info
. System time: 0 -
pCentral ! 0 ldie Owner MName |Time|ef't Tw
plocal 2 0 Idle - -
plocal 3 0 Idle i
plocal 4 0 Idle
plocal 5 0 Idle
plocal 6 0 Idle

SDL system queue

Pid |Receiver Signal -

FLOOR pUarLOL|J) PLLIU.U  LLTELTU LY PLTULLEL{L) QL. U LLLED -
>Task plocal (4) pric:0 created by pCentral(l) at: 0 ticks
>Task plocal (5) pric:0 created by pCentral(l) at: 0 ticks
>Task plocal (8) pric:0 created by pCentral(l) at: 0 ticks

>Signal: sBReady sent by: pCentral(l) at: 0 ticks
>5ignal: sReady received by: RIDS Env(-1) at: 0 ticks
>Task pCentral(l) 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

a

a

m

>Task plocal (5) has changed to state Idle at: ticks

>Task plocal (§) has changed to state Idle at: ticks

>3top

4 2
|Debugger state: STOPPED |Active thread: 6->pLocal

SDL simulator window

Now let’s put a breakpoint in process pCentral:
« Open pCentral from the project manager.
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» Go to the transition for signal sGetId in state Idle using the state / message

browser:
= | Trans, Part.

(start) -

Idle
sGetld

or the View menu:

" RTDS - Diagrams (=lE ]
Diagrarmn  Edit  Search Export Windows Debug Help
o = Show/hide transition/partition browser  |,.o. & ||
o e, J’k] <] [> I>|
o L o | N BB
&3 pCentral 7 ) -
oom in !
r -
8 | Zoom out | e M| sGetld |
- Zoom to 4
LY DL Show grid
P index | v Snap to grid
Yy pLocal Align selection to grid
D
o
=

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.

+ Click on the signal output symbol just after the decision’s t rue branch:

sGetId(index)

index == 1 AND
= index <= UM PHONE

false
true |
i

|
sId{pLocalsi{index)] TO SEMDER > sError TO SEMDER
n
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« Click on quick-button or go to Debug / Set breakpoint menu in the SDL edi-
tor. A breakpoint symbol is displayed on the side of the selected symbol:

5GetId(index)

index == 1 AND

= inwm =

false
true |
i

L]
-] sId(plocals{index)) TO SEMDER :} sError TO SENDER
L]

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

» The Send an SDL message window shows up:

@ Send an 5DL message to system =)=
Select the receiving process: Available messages: Message parameters:

Mame pid Mame |-‘"‘ |T)fpe Parameter Type |Va|ue

pCentral 1 1 sCall 0 |NORMAL_SIGNAL 1l v

plocal 3 sHangUp 0 |NORMAL_SIGNAL

plocal 2

plocal 5

plocal 4

plocal 6
Consider receiver state - -
I Send ‘ ISend &close‘ I Close ‘ Save to file ‘ IImpor‘tfrom 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 system, and on the right the value of
the parameters associated with the selected message. Clicking on either the mes-
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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:

@ Send an 5DL message to system =)=
Select the receiving process: Available messages: Message parameters:
Mame |pid Mame |-‘"‘ |T)fpe Parameter Type |Va|ue
plocal 2 1 0 MNORMAL_SIGNAL 1l v )
plocal 3 sHangUp 0 |NORMAL_SIGNAL o paraml integer 1
plocal 6
plocal 5
plocal 4
Consider receiver state - -
’ Send ] ’Send & close] ’ Close ] ’ Save to file ] ’Impor‘tfrom file]

Since process pCentral cannot receive signal sCall, it disappears from the list
of available receivers.

« Now let’s select the signal receiver and input the called phone number, which
should be passed as a parameter to the sCall signal:

@ Send an 5DL message to system

(= EEs
Select the receiving process: Available messages: Message parameters:
Mame |pid Mame |-‘"‘ |T)fpe Parameter |T)rpe |Va|ue
s 0 MNORMAL_SIGNAL 1l vy )
plocal 3 sHangUp 0 |NORMAL_SIGNAL L E
plocal 6
plocal 5
plocal 4

Consider receiver state

[ send |[send&close|[ Close |

’ Save to file ] ’Impor‘tfrom file]

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 RTOE_Emw
1 @ & &) &) 1
i

) @
sCallfparam1=35
sGetId({param1$ngld >
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« When the breakpoint is hit: the SDL editor then pops up and displays the symbol
where the execution has stopped:

true
L

u
-] sldipLocals{index)) TO SENDER >
u

I
 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
arrays can be expanded to show their contents. Here are the local variables with
the pLocals array expanded:

* V Local variables Values
—Cindex 3
—CSENDER 2
—CPARENT 0
—OSELF 1
—C &tstate Idle
—¥plLocals

—oplocals(l) 2
— plocals(2) 3
—o plocals(3) 4
o plocals4) 5
— plocals(3) 6
—o OFFSPRING 6

You can see the value for index is 3, so the value sent with the sTd 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: {1+

I
frue
|

-] sldiplLocalsiindex)) TO SEMDER

(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
4]

sldfparam1=4%
[ =

+ Let’s now finish the system execution by pressing the Run button once more.
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¢ When the signal scallconf has been received by RTDS Env in the MSC trace,

stop system execution with button =J|T="I]

The SDL states for all running processes are updated in the simulator window:

Marne |Pid |Sig |SDL state

pCentral 1 0 Idle N
plocal 3 0 Idle

plocal 2 0 Connected

plocal 5 0 Idle

plocal 4 0 Connected

plocal 6 0 Idle

« The SDL state of a process can be dynamically changed using the contextual

menu in the process list:

plocal Idle

Connected
Connecting
Discennecting
Gettingld

syl

Narne |F'i|:| |Sig |SDL5tate Timer ir

C | Idl A System
t

pCentra e Overrer

plocal Idle

plocal Connected

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 once more:

@ Send an 5DL message to system

Select the receiving process: Available messages:

MName MName Parameter

|pid

|-.\'1‘ |T)rpe

sCall vV

MNORMAL_SIGNAL

0 MNORMAL_SIGNAL

plocal

sHangUp

plocal
plocal

= oo W

plocal

Consider receiver state

’ Send ] ’Send & close] ’ Close

Message parameters:

(= EEs

Type |‘u‘a|ue

Save to file ] ’Impor‘t from file
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This will send a sHangUp signal to the first pL.ocal (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;:

 Step at SDL event level with button E}l

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 é
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/ Make diff on diagram... menu to get the MSC Diff configuration
window and set it up as described below:

:_ZL a last time. Then go to

First Msc :

Second Msc:

Messages:

Timers:

States:

Comments:

tr

normal

/| Filter activated

General name areas:

Tirme constraints:

@’ RTDS - Project "Phone.rdp” (modified)

Select MSC diagrams to compare :

Show
& diff

Semaphores and Action symbuols:

[ ok

]| Cancel |

EX3

E Browse ...
|z| Browse ...

Show Hide

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
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detailed we will only show and compare messages without considering their
parameters.
Click OK; the following window appears:

‘@ RTDS - MSC diagrams ===
Diagram Edit Search View Export Lifeline Windows Help
£ = = || =, £ £
T RSE PR BXE L e PLKIEER
MscDiff1
] pCeantral RTDS_Env plocsl plocsl plocal plocal plocal
-
»
gm T ymbols are spe ific to T The blue symbols are specific to T
Y 1; n normal diagram
+LL
—
JSJ ] ‘ There are 18 differences between the two diagrams. j
L]
| plentral | | RTDS_Env | | plocal | | plocal |
o]
- -t ——— =
c [ R
T plocal
Ch
————t —— — — — — —
< U I
plocal
o
- T e e plocal
e sReady —
' =Call
seetld——— |
(I e
_———————srd_______)
= nﬁeq___h)
le—* naConf ~ |
le— sCallConf ~ |
[~ =Hanglp —a
[~ sisfeq —a
le— sDisConf ~ |
e sHanglipConf ]
- ] I b

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.

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 RTDS distribution or by designing your own system.
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3.5 - Prototyping GUI

RTDS 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 capabilities.

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

@ RTDS - Project "phone.rdp” (modified) =l =S

File Edit View Element Generate Tools CVS Windows Help
‘e w REE@ @ MBHR
Mame

VTFI phone.rdp
OI:'I normal
OI:'I busy
3 |:| FPhone

—
= cutrau

Done. &
Please wait, MSC diff is being processed...
Done.

Opening project...

Done.

m
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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:

‘@~ RTDS - Prototyping GUI "GULrdu" =)=
File Edit Windows Help

‘B H® P

L ER sbe. O
o GULrdu “ = o GULrdu it

m

Page 38 Rea Time Developer Studio V4.5



)

PRAGMADEV

TutOI‘ial real time development tools
Let’s add 2 buttons and one LED:
& RTDS - Prototyping GUI "GULrdu” (modified) [E=H EoB(E=D|
File Edit Windows Help
: LR P
o GULrdu N wGULrdu N
N ON/A
ON/A
ON/A
Call John
Hang up =
- 4 L 3 } -
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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:

- RTDS - Prototyping GUI "GULrdu" (modified) =)=
File Edit Windows Help

‘BE P P

*GULrdu it
N < CallJohn
> HangUp

o GULrdu it

Call John

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:

w GUILrdu T

oH Add sBusy cutput action

ol Add sCnxConf output action
Add sHangUpCenf output action
Add sDisReq ocutput action
Add sld output action
Add sCallConf output action
Add sGetld output action
Add sReady output action
Add sCnxReq output action
Add sError cutput action
Add sDisConf output action
Add sHangUp 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:

w GUILrdu 0
w(Calllohn
wsCall
L

& param1|=FhoneMNumberType
< HangUp
oLED

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

w GULrdu T
—wCallJohn
wsCall
Cparami|=2
i HanoUp |
wsHangU
I—o aup

—0CLED

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 sBusy trigger
Add sCnxConf trigger
Add sHangUpConf trigger
Add sDisReq trigger
Add sCall trigger
Add sld trigger

Add sGetld trigger
Add sReady trigger
Add sCnxReq trigger
Add sError trigger
Add sDisConf trigger
Add sHangUp trigger

Add generic trigger

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

w GUILrdu 0

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 GUILrdu 0
wsCallConf
s [\ew case |
Add filter
Delete case ‘
na
- MN/A
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:

& RTDS - Prototyping GUI "GULrdu" =] =] ]
File Edit Windows Help
LE R
rEE? ®
g ae. Q)
*GULrdu “ = *GULrdu it
wsCallConf " w(CallJohn
w[Mew case wsCall
w| ED Cparam|=2
0CHANGE_COLOR
T green wsHangUp
wsHangUpConf le]
w[Mew case LED
| ED
o CHANGE_COLOR —
Call John
Hang up
- 4 I 3 -

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 [E=R(ECR(EX2)

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 =3 [oR|55

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

RTDS supports TTCN-3 standard testing language for edition and simulation. 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):

@rr RTDS - Project "phone.rdp” = =]

File Edit View Element Generate Tools CVS Windows Help
‘e w REE@ @ MBHR

MName

N e '
OI:'I normal
OI:'I busy
[ |:| Phone
o [&8@| culrdu
o TestPhone ticn3

Please wait, MSC diff is being processed... <
Done.

Opening project...

Done.

Starting background simalating environment

m
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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:

/& RTDS - Source files =)
File Edit 5Search Preferences Windows Help

E 8 SHEH2 2 BXIE

Jﬁ TestPhonettcn3 |
medule TestPhone { -

// Data types
type integer PhoneNumberType (1..5)

// The messages

type record sCall {
PhoneNumberType paraml
¥

type enumerated sHamgUp { e_sHangUp }
type enumerated sBusy { e_sBusy I

type enumerated sCallConf { e_sCallConf
type enumerated sHamgUpConf { e_sHangUpConf }
type enumerated sReady { e_sReady }

[’/ The ports
type port cEnviocal_type message {
out sCall:
out sHamgUp:
in  sBusy:
in sCallConf;
in sHamgUpConf
¥

type port cEnvCentral_type message {
in sReady

f{ The SUT - System Under Test

type component Phone {
port cEnviocal_type cEnvlocal;
port cEnvCentral_type cEnvCentral:

B

m

/{ Templates definitions
template sReady SystemIsReady
template sCallConf CallConf
template sBusy Busy

template sCall John

7
7;
7
{ paraml := 2 };

/¢ the test cases
testcase tc_calllehn() runs on Phone

cEnvCentral.receive(SystemIsReady):
cEnvLocal.send({John) ;
alt
1
[1cEnvLocal.receive(CallConf)
1
setverdict(pass);
[1cEnvLocal.receive(Busy)

setverdict({fail);

h
b

/{ The control part
control{
var verdicttype verdictl;
verdictl := execute(tc_calllohn()):

h

4 3

Z:\Project\WORKSPACE\rtds_rel\examples\SDL\Tutorial\Test | line 16 | col 2 | 1305 bytes

.,
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To see a MSC representation of the TTCN-3 tescase behaviour, click on the View

graphical representation button:

@' MSC Diagrams ===

Diagram Edit Search View Export Windows Help

c“HSeLAERPEBY BIFF
tc_calllohn

B8 l.@

-

* tc_calllohn [ cEnviocal | [cEnvCentral

— wa
B K

- (//w/

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)
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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:
// 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 Poris

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;

}i
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 1= ?;
template sCallConf CallCont = ?;
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template sBusy Busy 1= ?;
template sCall John { param1l := 2 };

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 (E=n| o
Trace View Windows Help
‘R E PR InD
pCentral pLocal pLocal pLocal pLocal pLocal TestPhone

System time ) @ (4) (5) (8) @) 1

0 |

l.
| —sCall{{param1=2})—|
I

0 e |

0

0 sGetld({{param1=2}):ettingld >

0

0

0| aes siagparami=)

0

0

0 < Connecting »sCnxReq()

0

0

0 sCnxConf()< Connected >

0 =

0 — |

0 < Connected > [~ scaliconi)____|

0 —

0 tc_calldohn:pass

0 i
Tracing (] il 3

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.

Real Time Developer Studio V4.5

Page 49



> development tools

% PRAGMADEV

Tutorial

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 Generate / Options...

L

@r Generation options

Profiles:

Custom i Code gen. |Build | Debug/trace

=0 EoH x5

Simulation options
General options

Destination directory: | ccg
Code ternplates dir.:

First signal num.: 1

SDL-RT/SDL specific optiens

Language: C |z|

Gen. code coverage info.: =l

Case-sensitive: [
Declaration header file prefix

Generated constants prefix

Prefix enum value names w. type name: [

Generated operater functions prefic

Generate environment process: |

Communicate with env. via macros:

[] Partial code generation:

+ - Rename...

Browse...
Browse...

m

0K ] ’ Cancel

Browse
Browse
TTCN specific options
Generate: TTCM + TSI SDL systemn E
Generate main function: :
4 C
Import... l [ Export...
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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:

ﬁr'r Generation options wizard
Select your platform: | Windows

Select your RTOS: Windows

xaeajea] |

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

(7) Append to existing ones

[ ok || Cancel

[

'?;'r Generation options

Profiles:

i Code gen. Bu”dlDebug{trace

=0 ER 55

Simulation options )
SolarisCodeGen General options

Code templates dir: | S${RTDS_HOME}/share/ccg/posix

First signal num.: 1

SDL-RT/5DL specific options

Language: C E

Gen. code coverage info.: =

Case-sensitive: |
Declaration header file prefix

Generated constants prefix

Prefix enum value names w. type name: [

Generated operator functions prefic

Generate environment process:

Communicate with env. via macros: |

[ Partial code generation:

+ - Rename...

WindowsCodeGen Destination directory: | C:\Users\Administrateur\Documents\SDL-tuterial\ccg

Browse...

Browse...

m

[ ok || cancel

Browse
Browse
TTCM specific options
Generate: TTCMN + TSISDL systern |z|
Generate main function: n
‘| b
Import... l [ Export...
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Make sure the "Generate environment process" box is checked.

- Generation op :
ot
it |Codegen| Build |Debugp'hace|
Sirnulation options o
SolarisCodeGen Generate makefile =
WindowsCodeGen Command : e

Preprocessor: || | =
,
Compiler: |gcc | p
,
Linker: | | -lpthread -
,
Additional files to link: =
| “ Browse... ] ’ ] ’ Remove ]
Include external makefile | | ’ Browse... ]
Do build
Before build command : | |
Exe/options: Target: Add'l args:
Build command : |make || || “ Options... ]
i After build command : | | =
+ - Rename... < m |+
[ ok || concel | Impert.. || Export.. |
Page 52 Real Time Developer Studio V4.5



e development tools

% PRAGMADEV

[E=5|ECE >3

»

m

1
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'?;'r Generation options
Profiles:
. -
Code gen. | Build| Debug/trace
Simulation options -
SolarisCodeGen Debug
WindowsCodeGen % Mone
~) MSC Tracer
@ RTDS debugger:
Debug envirenment: |GNU
Debugger command : | gdb
Startup commands :
4
Socket connection to target
Available:
HostIP address: | This host
Socket port num. :
[7] Back trace support
16
™ 32
+ - Rename... )
[ 0K ” Cancel ]

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:

Since several execution profiles are defined, a window pops up asking for the profile you

want to work with:

@ Code generation fo... @

Cheoose profile to use:

LinuxCodeGen -
Simulation options
SolarisCodeGen
WindowsCodeGen

[ Set as default options
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Select C code generation and click Ok. The code will be generated, compiled, and the
debugger will be started automatically :

@ Generation/build for Phone with WindowsCodeGen @

-DRTDS_SOCKET_PORT=49250 -c-o "rids_encdecmsgdata.o” "clusers\administrateuridocuments\sdl-tutorialiccgintds_encdecmsgdata.c” -

mingw32-gce -DRTDS_FORMAT_TRACE -I"." -I"z\projectworkspaceirtds_rel\share\ccgwindows™ -I"Z:/ProjectWORKSPACE/ds_rel\share\ccgitrace\formattrace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\sdi-tutorialiceg™ -DRTDS_SOCKET_IP_ADDRESS=10.211.555
-DRTDS_SOCKET_PORT=49250 -c-o "rtds_start.o” "cl\users\administrateuriddocuments\sdl-tutorialiccgitds_start.c”

mingw32-gce -DRTDS_FORMAT_TRACE -I"." -I"z\projectworkspaceirtds_rel\share\ccgwindows™ -I"Z:/ProjectWORKSPACE/ds_rel\share\ccgitrace\formattrace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\sdi-tutorialiceg™ -DRTDS_SOCKET_IP_ADDRESS=10.211.555
-DRTDS_SOCKET_PORT=49250 -c-0 "RTDS_String.0” "c\wsers\administrateundocuments\sdl-tutorialiccgintds _string.c”

mingw32-gce -DRTDS_FORMAT_TRACE -I"." -I"z\projectworkspaceirtds_rel\share\ccgwindows™ -I"Z:/ProjectWORKSPACE/ds_rel\share\ccgitrace\formattrace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\sdi-tutorialiceg™ -DRTDS_SOCKET_IP_ADDRESS=10.211.555
-DRTDS_SOCKET_PORT=49250 -c-0 "RTDS_Seto” "clusersiadministrateunidocumentsisdi-utorialicegitds_set.c”

mingw32-gce -DRTDS_FORMAT_TRACE -I"." -I"z\projectworkspaceirtds_rel\share\ccgwindows™ -I"Z:/ProjectWORKSPACE/ds_rel\share\ccgitrace\formattrace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\sdi-tutorialiceg™ -DRTDS_SOCKET_IP_ADDRESS=10.211.555
-DRTDS_SOCKET_PORT=49250 -c-o "rtds_os.0" "Z\projectworkspaceirtds_relishare\ccgwindows\tds_os.c”

mingw32-gce -DRTDS_FORMAT_TRACE -I"." -I"z\projectworkspaceirtds_rel\share\ccgwindows™ -I"Z:/ProjectWORKSPACE/ds_rel\share\ccgitrace\formattrace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\sdi-tutorialiceg™ -DRTDS_SOCKET_IP_ADDRESS=10.211.555
-DRTDS_SOCKET_PORT=49250 -c-o "rids_tcp_client.o” "z\projectworkspace\nds_rel\share\ccgwindows\rtds_tep_client.c”

mingw32-gce -DRTDS_FORMAT_TRACE -I"." -I"z\projectworkspaceirtds_rel\share\ccgwindows™ -I"Z:/ProjectWORKSPACE/ds_rel\share\ccgitrace\formattrace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\sdi-tutorialiceg™ -DRTDS_SOCKET_IP_ADDRESS=10.211.555
-DRTDS_SOCKET_PORT=49250 -c-o "rtds_cmdinterpreter.o” "Z:/ProjectWORKSPACE/Mds_rel\share\ccg\trace\commandinterpreteritds_cmdinterpreter.c”

mingw32-gce -DRTDS_FORMAT_TRACE -I"." -I"z\projectworkspaceirtds_rel\share\ccgwindows™ -I"Z:/ProjectWORKSPACE/ds_rel\share\ccgitrace\formattrace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\sdi-tutorialiceg™ -DRTDS_SOCKET_IP_ADDRESS=10.211.555
-DRTDS_SOCKET_PORT=49250 -c-o "rids_formattrace.o” "Z:/Project/ WORKSPACE/fds_rel\share\ccgitrace\formattraceirtds_formattrace.c”

mingw32-gce -0 "Phone.exe” pcentral.o tds_env.o plocal.o fds_encdecmsgdata.o nds_start.o RTDS_String.o RTDS_Set.o fds_os.o ntds_tcp_client.o tds_cmdinterpreter.o
rtds_formattrace.o C:icygwinflibiw32apillibws2_32.a

#Ht Done.

m

Close ] ’ Re-compile
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The debugger interface looks pretty much like the simulator one :
@ SDL-RT debugger [E=H EoB(E=D|
Debugger Options  Windows Help
CTEFI?2TIXIN RO e DE WO E O R <
MName |Prio |SDLid |RTOSid |Msg |SDL-RTstate |System state
I I I I I I “ ¥ W Watch variables Values 1
Tirmer info
System time: 0 - . -
- Vr Semaphores Semld ¥ V Local variables Values
Owner MName Tirne left

Beal Time Developer Studic shell
>Internal communication socket opened on port 49156
>Free run off.

4 b

|Debugger state: STOPPED |Active thread:

Click on the Sart MSC trace quick button: T

An MSC Tracer window appears. Let’s start the system; click on 'run’ quick button:
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The MSC Trace will look like the one below :

Tracing

@ MSC Tracer
Trace View Windows Help

‘BEPPInD

Systemn time

453

500

500

oo |

<

pCeantral RTDS_Env plocsl plocsl plocsl plocsl plocsl
(D2B1908) (Dx2B1388) (D2B1h58) (D2B3738) (0x251730) (Dx2818a8) (0x2632cD)
pCeantral
(D2B1908)
I S R plocsl
(D2B3738)
I e A S A plocsl
(Dx2618a8)

sReady

I

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.

@~ SDL-RT debugger ===
Debugger Options  Windows Help

CEEPI?PTIX IR 0 H D E RO <
MName |Pri0 |SDLid |RTOSid |Msg |SDL-RTstate |S)rstem state

RTDS_Env 0 02100 Oxdlc 0 RTDS Idle N/A ‘v w b
pCentral 0 (x21ach Oxdéc 0 Idle N/A

plocal 0 021798 (0xd28 0 Idle N/A

plocal 0 0x21868 Oxel0 0 Idle N/A

plocal 0 0x21938 0250 0 Idle N/A

plocal 0 (0x23488 (0xb34 0 Idle N/A

plocal 0 0x237d0 0xd30 0 Idle N/A

Timer info
Systemn time: 78 A A
- Vr Semaphores Semld v

Owner MName Time left

FLlOOR PLULOL (UASLUUL) RPLIU.U  LLTOELTU LY RLTULLOL (UA£LGLUJ] GlL. %U  LLLED -

>Task plocal (0x21938) pric:0 created by pCentral (0x2lac8) at: 46 ticks

>Task plocal (0x237d0) pric:0 created by pCentral (0x2lac8) at: 46 ticks

>Message: sReady unigueId: 1 sent by: pCentral (0x2lac8) at: 46 ticks

>Task pCentral (0x2lac8) has changed to state Idle at: 46 ticks

>Task RID5 Env(0x21c00) has changed to state RID5S_Idle at: &2 ticks

>Message: sReady uniqueld: 1 received by: RIDS_Env(0x21c00) at: &2 ticks

>Task plocal (0x23488) has changed to state Idle at: 62 ticks

>Task plocal (0x21798) has changed to state Idle at: 62 ticks

>Task plocal (0x21868) has changed to state Idle at: 62 ticks =
>Task plocal (0x21938) has changed to state Idle at: 78 ticks

>Task plocal (0x237d0) has changed to state Idle at: 78 ticks

>3top

4 2
|Debugger state: STOPPED |ctive thread: Dxcd0->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 - SDL-RT Tutorial

4.1 - Organization

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

@rr Real Time Developer Studio El@
File Edit View Element Generate Tools CVS Windows Help

‘B ® R ECREO BaR

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 SDL-RT project button:

4
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The Project manager displays an empty project:

@ RTDS - Project "<unnamed="

MName

o'Tm

An empty new project

File Edit View Element Generate Tools CWVS Windows

‘R R ECREO BRF

Help

= e

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

@rr RTDS - Project "phone.rdp”

MName

=] ﬁ phone.rdp

phone empty project

4.2 - Requirements

File Edit View Element Generate Tools CV5 Windows

‘RwRECEEE Ee?

Help

(=lE ]

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:

ﬁr'r RTDS - Project "phone.rdp”

Marme

- o T
Add component...

Rename...

Copy
Cut
Paste
Delete

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

Diff...

File Edit View Element Generate Tools CWS Windows

‘W RECEE EeF

Help

Add components to the project

=l e
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Select Add component and the following window will ap

pear:

'?;'r Add component
Mode type:

[=]

Mode name:
Mode file:
[l

Auto-sort:

|| cancel |

[

0K

I.

= e

lew... Open...

The add component window

Select MSC as a node type 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 fol-

lowing window:

@r Add component E@
Mode type: | MSC E

Mode name: |normal

Mode file: uments/50L-RT-tutorial/normal.rdd | Mew... |[ Open... l

(]

Auto-sort:

|| cancel |

[

oK

Completed Add component window

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

@rr RTDS - Project "phonerdp” (modified)

‘R RBECEO @e
MName

i o o
LOE narmal

"normal" MSC in "phone’

File Edit View Element Generate Tools CVS Windows Help

(=lE ]

i—g

' project
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Double click on the MSC name or icon to open it. The MSC editor opens:

@;.'r RTDS - MSC diagrams EE
Diagram  Edit  Search  View Export Lifeline Windows Help

B EE PR BXEL we PUKdEEBDYN

Jm normal |_
5]

»

m

a4 L [

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

& RTDS - MSC diagrams [F=H N =)
Diagram  Edit  Search  View Export Lifeline Windows Help
af = = || =, of Ed
B SH PPBXEB|L v Pkl BN
normal
_ & | RTDS_Env pLocal pCentral pLocal
aalle
w
EEm
a1 RTDS_Env ‘ pLocal ‘ ‘ pCentral ‘ pLocal
read
= < "
i disconnected
L]
——call{Dxp2) —m
o
________ F——getId(9x02) —m
e——1dMs
'S 9
[ conReq > )
< e conConf
- le——callConf
£
connected
= hangUp ——»
= disReq o
- e disConf
- i
——hangUpConf ——
disconnected
- « 11 r

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.
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This MSC basically says the following:

pCentral indicates the system has been initialized and is ready

The initial global state is disconnected

The user represented as the environment (RTDS_Env) makes a request on the
first phone pLocal to call the phone with the number oxo2

The first pLocal asks the central the queue id of the phone with number 0x02
The first pLocal uses the id to send a connect request (conReq) to the second
pLocal

The second pLocal being disconnected, it confirms the connection (conConf)
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 (disReq) to the second pLocal
The second pLocal confirms disconnection (disConf) back to the first pLocal
The first pLocal tells the environment the disconnection is confirmed

The overall final state is 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 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:

‘@ RTDS - Project "phone.rdp” (modified) [ ][ =] =]
File Edit View Element Generate Teools CVS Windows Help

‘R R ECREO BRF
MName

Vﬁ phone.rdp
OEinmmm
OE busy
:

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

@ RTDS - Project "phone.rdp” (modified) [ ][ =] =]
File Edit View Element Generate Teols CVS Windows Help

‘R R ECREO BRF
MName

Vﬁ phone.rdp
OE narmal
OE busy

=] commaon.h

-

"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:

% RTDS - Diagrams [F=5|ECR( =53

Diagram  Edit  Search  View Export Windows Help

B SHEH e PBRBXBIL s PEKIE BN
sPhone

ﬁ * | Part.

- 1 - Part. =

m

4 i P 1 |l ¥

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.

&~ RTDS - Diagrams [E=R(ESR(Fx=

Diagrarmn  Edit  Search  View Export Windows Help

rE ol PP BXEEL s PLKiw BN
sPhaone

_8 | “ | Part.

- 1 - Part. =

AT g

MESSAGE callishort), hanglp;
MESSAGE ready, callConf, hangUpConf, busy; |
MESSAGE conReg, conConf, disReq, disConf;

| MESSAGE getIdishort), idMsg(RTDS_PID), errorMsg; |

#include "common.h® N

(::) TFE;E;T—cEnvCentral i plentral

L [getId]

q[:ﬁ cInternal

m

[1dM=g,
= errorMsg]

plLocal

(8, NUM_PHONE)

cEnvlocal

[callCenf, [call,
hangUpConf, hangUpl
busy]

cSelf
[busy,
conReq,
conCanf,
disReq,
disConf]

B Lt B e S S e S

Thiz example 1z the one described in the tutorizl.

It is a wery basic phone system where the pCentral process creates
5 instances of plLocal representing phones. Whenever = user wants to
make a call (send a call message with the number to call as a
parameter) the phone asks the central the gueues id of the phone to
call. Once the gueue id is known both phones talk to each other
directly without going through the central.

It illustrates how sewveral instances of the same process can talk

to each other.
M NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN N NN J'Clln'

- I m F 4 |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.
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Messages to be exchanged between the processes are defined in the additional heading
symbol 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
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, get Id and idMsg 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:

cInternal

[1dMsg,
.errorﬂsg]

plLocal

[———%——cEnvlLocal
[callCenf,

hangUpCont,
busy]

(8, NUM_PHONE
hanglp]
| |

[busy,
conReq,
conConf,
dizReqg,
disConf]

F R N 0

This example is the one described in th
It 1z = very basic phone system where 1
5 instances of plocal representing phor
mzke = call (send = call mess=ge with 1
parameter] the phone asks the central +
call. Once the queue 1d is known both [
directly without going through the central

Show usage...
Properties...

Adapt size to text

Copy
Cut

Paste
Delete

Select to end

Create RTDS_Env from * I’
Set as text segrnent |

Contextual menu

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 Save and you end up in a

Page 68

Rea Time Developer Studio V4.5



Tutorial

7% PRAGMADEV

real time development tools

new tab of the diagram editor showing the process definition. The default layout presents
a single page but extra pages can be added from the Diagram/ Partition page setup menu.

‘@ RTDS - Diagrams

Diagram  Edit  Search  View Export Windows Help

(=lE ]

o B S

B2 2 B X @

(P w PR B M

J 3 plocal

| £4 sPhone

Trans. | Part. |

6 |
it

NMOO000Z0N0x0008~:

00

oo o0

m

4

LI

b 4 »

s

The process behavior description in SDL-RT editor
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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;:

)

idle

That transition means that once the process is started it will go to state id1e. Note you

can use automatic insertion in the editor: place a start symbol |, keep it selected and

double-click on the state symbol in the tool bar (| . The state symbol is automatically

inserted and connected after the start symbol. You can also place the symbols manually
and connect them one by one.

An internal data dictionary is updated on the fly to ease the writing of the process behav-
ior. First create the id1e state definition: click on the State icon and put it at the top of
your page:

u u

The state name is in edit mode so you can directly type idle in it and return or press F8
or go to the Edit / List available choicesmenu to list the available choices for the state sym-
bol.

@ Choices for symbol @

Please choose a value:

idle

0K Cancel

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, double click on the input symbol [<| in the tool bar
and the input message symbol will be automatically inserted below the state symbol:

1 idle ?

-message=(<params. . .=} <
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A template of the expected syntax is written by default. Press F8 key or go to the Edit / List
available choicesmenu. A window will list all the SDL-RT messages that have been
defined as message at the upper level:

@rr Choices for symbaol @

Please choose a value:

busy

call{short)

conConf

conReq

disConf

disReq

errorilsg

hangUp
idMsg(RTDS_Queueld)

OFK Cancel

Double click on 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.

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:

idle

conReq calliphoneNumber)

HE

remoteld = SEMNDER;

l

conConf TO_ID SENDER getld(phoneNumber) TO_NAME pCentral

connected gettingld

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.

I

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 1d 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
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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:

gettingld

idMsg( remoteId)

errorMsg

l

l

conReq TO_ID remoteld

busy TO_ENV

connecting

I}

The remote process is either available and replies conConf, or not available and replies

busy:

connecting

conConf

it

callConf TO_ENV

connected

b

busy TO_ENV

Depending on the answer the resulting state is different.
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Now that you have understood the basics of the finite state machine you can complete the
process behavior:

connected

conReq disReqg hanglp

il
H

busy TO_ID SENDER disConf TO_ID SEMNDER disReq TO_ID remoteld

|

( disconnecting )
( disconnecting )

disConf

connected

b
._

ﬁ

hangUpCont TO_ENV

idle

0;

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.

| * | Trans.

(start) -
connected
conReq
disReq
hangUp
connecting
busy
conConf
disconnecting
disConf
gettingId
errorMsg
idMsg
idle
call
conReq

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:

RTD5_PID remoteld = O;
short phoneNumber:
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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 i quick button and let’s create a class diagram named
telephoneLibrary in the project:

‘& RTDS - Project "phone.rdp" (modified) = TR 5

File Edit View Element Generate Tools CVS Windows Help
‘e w REeE @ Mk F

MName

VTE phone.rdp

—OE:I narmal

—OE:I busy

e commaon.h

—VD sPhone
OO pLocal
OO pCentral

—0 E 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:

@rr RTDS - Diagrams E@

Diagram  Edit  Search  View Export Windows Help

B SHE PPBRXE L P HIREB DN

plocal telephonelibrary

ﬁ “ | Part.
- 1 - Part.
LY

JJJJJJJ. ‘ \

pCentral

= -

==

= 1|phoneld

M PhoneNumberFactory E

— -numPhone : short

- -phonelList : RTDS_PID *

+=<create==(1in maxPhone : short)

beed +append({in pid : RTDS_PID} : short

) +getPid{in phoneNum : short) : RTDS PID

&

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. When creating this symbol, you may use again the contextual help by
pressing F8; a dialog will open showing all available process names in the current sys-
tem. 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;
+ 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 only in 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-
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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 yesand a pre-filled save window
with the process name appears. Click Save and the process definition window appears.
First, its initial transition:

int index = 0;
short phoneNumber;

RTDS_PID pId;

index=0;

]

phoneld : PhoneNumberFactory (NUM_PHONE)

index < NUM PHONE
false

true

pLocal ready TO_ENV

l

phoneld-=append( OFFSPRING) ;
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,
phoneId isimplicitly declared in pCentral SDL behavior diagram.

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.
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Note we have intentionally introduced a C syntax error by typing phonId instead of
phoneId in the lowest block of code to later show how to analyze the compiler errors.

getId({phoneNumber)

phoneNumber < NUM PHONE

true

false

pld = phoneld-=getPid{phoneNumber) ;

l

idMsg(pId) TO_ID SENDER errorMsg 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 RTDS can help. So go back to the project manager, select the phone sys-
tem, and select Generate classes code... in the Generate menu. A log window will then list
the operations made during the code generation, which should run without errors.

@rr Classes code generation output @

### Generating classes code.. -
— Checking syntax/semantics for class diagram “telephonelLibrary™
— Generating header file for class "PhoneMumberFactory™

— Generating source file for class "PhoneMumberFactory™

#H# Done.

m

Close
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Now let’s close the log window and go back to the project manager:

@rr RTDS - Project "phone.rdp” (modified)

MName

VTE phone.rdp

—OE:I normal

—OE:I busy

< commaon.h

—» |:| sPhone

—OE telephoneLibrary
—p RTDS class sources

(=lE ]

File Edit View Element Generate Tools CV5 Windows

‘R RBECEO @e

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

generated from the classes defined in the project.
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RTDS class sources should contain the .h and . cpp files for the class PhoneNum-

berFactory. Open PhoneNumberFactory.h:

‘@ RTDS - Source files

File Edit 5Search Preferences Windows Help

2 @B el e B X E
PhoneMumberFactory.h

fifndef PHONENUMBERFACTORY H_

#define _PHONENUMBERFACTORY_H_

// Forward declaration (the following includes may use the class)
class PhoneNumberFactory;

/4 Standard and common includes
#include
#include

/4 Includes for related classes

#include

/¢ CLASS PhoneNumberFactory:
i

class PhoneNumberFactory

f¢ ATTRIBUTES:
fommmmmmee -
private:
short
RTDS_PID *

numPhone;
phonelList;

// OPERATIONS:
'

public:
PhoneNumberFactory(short maxPhone) ;
virtual shert append (RTDS_PID pid):
virtual RTDS_PID getPid(short phoneMum);

#endif

4

===

[

| Z\Project\WORKSPACE\rtds_relexamples\SDL-RT\tuterialcpp\PhoneNumberFactory.h | line

1 |col D |617 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.his a generated file containing declarations specific to the system. The
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.
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Now open PhoneNumberFactory.cpp:

‘& RTDS - Source files
File Edit Search Preferences Windows Help

E

CESHE ® P B X (@

E)

PhoneNumberfactory.cpp

#include

JE
* ATTRIBUTES FOR CLASS:

*

[From PhoneNumberFactory]
- short numPhone ;

- RTDS_PID * phonelist;
/

w* o

S/ PUBLIC OPERATIONS:
// ==================

S/ Operation PhoneNumberFactory:

S s

PhoneNumberFactory: :PhoneNumberFactory(short maxPhone)
b

// Operation append:
S s

short PhoneNumberFactory::append (RTDS_PID pid)
{
h

// Operation getPid:
S

RTDS_PID PhoneNumberFactory::getPid(short phoneNum)
{

by

b

-~

E=3(fow x5

PhoneNumberFactory -
PhoneNumberFactory(
append(RTDS_PID)
getPid(short)

< | 1 F

| Z:\Project\WORKSPACE\rtds_rel\examples\SDL-RT\tutorial\cpp\PhoneNumberFactory.cpp | line 37 | col 0 | 688 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:

'?;'r RTDS - Source files
File Edit Search Preferences Windows Help

E

CESH ? P BRXIE

E)

PhoneMumberFactory.cpp

#include

JE
* ATTRIBUTES FOR CLASS:

*

[From PhoneNumberFactory]
- short numPhone ;

- RTDS_PID * phonelist;
/

w* o

S/ PUBLIC OPERATIONS:
// ==================

S/ Operation PhoneNumberFactory:
S s

PhoneNumberFactory: :PhoneNumberFactory(short maxPhone)

numPhone = 9;

b
// Operation append:
AR R R R R R
short PhoneNumberFactory::append (RTDS_PID pid)
{
phoneList [numPhone] = pid;
numPhone++;

return (numPhone-1);

// Operation getPid:

AR R R R R R

RTDS_PID PhoneNumberFactory::getPid(short phoneMum)
{

return phonelList[phoneNum] ;

by

phoneList = (RTDS_PID *)RTDS_MALLOC (maxPhone #* sizeof(RTDS_PID));

b

E=3(fow x5

+ PhoneNumberFactory -

m

1

PhoneNumberFactory(
append(RTDS_PID)
getPid(short)

€| il | 3

| Z:\Project\WORKSPACE\rtds_rel\examples\SDL-RT\tutorial\cpp\PhoneNumberFactory.cpp | line 9 | col 16 | 688 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
« Win32 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,

o OSE Delta,

« OSE Epsilon

o ThreadX,

« ulITRON 3,

« 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.

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.
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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:

@r.'r Generation options wizard

Select your platform: | Windows
Select your RTOS: Windows

Select your debugger: | MinGW

xaenjea] {

For new preprocessor/compiler/linker options:
() Append to existing ones

@ Replace existing ones

| oK |[ Cancel l

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:
-T..
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Code gen. BuildlDehug/tlace

General options 1l
Destination directory: |C:\Users\Administrateur\Documents\SDL-RT-tu‘torial\ccg H Browse... ]
Code templates dir.: |ﬂRTDS_HOME}\share\ccg\windows | ’ Browse... ]
First signal num.:
SDL-RT/SDL specific options
Language c [5]
Gen. code coverage info.:
Generate environment process:
Communicate with env. via macros

+ - Rename... - .

[ ok J[ canca [ import.. |[ Export. |

ot
0 |code9en_| Build |De|,u9/t,ace|
Generate makefile 1
Command : Options:

Preprocessor: =
)
Compiler: mingw32-g++ -I.. =
)
Linker: =
)

Additional files to link :
S{RTDS_HOME} share/3rdparty/MinGW/lib/libws2_32.a -
Include external makefile | | ’ Browse... ]

Do build
Before build command : | |
Exe/options: Target: Add'l args:
Build command : |mingw32-make || || H Options... ]
w After build cormmand : | |
+ - Rename... - . z
[ ok J[ canca Import... || Export.. |
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@ Generation options =)=
I m Debug/trace
Debug I
% None
“) MSC Tracer
@ RTDS debugger:
Debug environment: | MinGW IZ|
Debugger command : |gdb -nw
Startup commands: |set new-console no -
4 2
Socket connection to target
Ayvailable :
Host IP address: | This host IZ|
Socket port num. :
[T] Back trace support
16
_ 32
+ - Rename... - - =
oK ] ’ Cancel ] ’ 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:

%

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

Cheoose profile to use:

Gru_Linux
Gnu_Solaris
Gnu_Windows

@ Code generation fo... @

[ Set as default options
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RTDS 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 following win-
dow will pop up to confirm the code should be generated again or not.

@;.'r Regenerate code? (5]

% Generated code does not seem to be up to date with the generation
¥ 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.

t‘?r RTDS - Project "phone.rdp” (modified) El@

File Edit View Element Generate Tools CVS Windows Help
‘e w REE@ @ MBHR
Mame

VTFI phone.rdp
—OI:'I normal
—OI:'I busy
2 common.h
- OE

OD plLocal

OD pCentral
—OE telephonelLibrary
— RTDS class sources
— [=F RTDS generated code
—o Bl Makefile
—o [El RTDS_Startc
—C B RTDS_encdecMsgData.c
—o RTDS_gen.h
—C RTDS_messages.h
o B pCentral.c
o pCentralh
o B plLocal.c
o pLocalh
— sPhone.h
—p RTDS RTOS adaptation

Executing command: set new-console no -
Setting breakpoints...

Running executable...

Starting SDL-RT debugger

Socket connexion to target established

m
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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:

@ Generation/build for sPhone with Custom @

— Running "mingw32-make " g
mingw32-g++ -DRTDS_FORMAT_TRACE -I"" -I"z\projectworks paceiids_rel\share\ccgwindows™ -I"Z/ProjectWORKSPACE/Mds_rel\share\ccgitrace\formatirace™
-I"Z:/Project\WWORKSPACE/ds_rel\share\ccg\common™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\s di-ri-tutorial™
-DRTDS_SOCKET_IP_ADDRESS=10.211.555 -DRTDS_SOCKET_PORT=49250 -1.. -c -0 "plocal.o” "clusers\administrateur\documents\s di-i-tutorial\ccg\plocal.c”
mingw32-g++ -DRTDS_FORMAT_TRACE -I"" -I"z\projectworks paceiids_rel\share\ccgwindows™ -I"Z/ProjectWORKSPACE/Mds_rel\share\ccgitrace\formatirace™
-I"Z:/Project\WWORKSPACE/ds_rel\share\ccg\common™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\s di-ri-tutorial™
-DRTDS_SOCKET_IP_ADDRESS=10.211.55.5 -DRTDS_SOCKET_PORT=49250 -I.. -c -0 "rtds_start.0”
"clusersiadministrateuridocumentsi\sdl-i-tutorialiccgintds_start.c”

mingw32-g++ -DRTDS_FORMAT_TRACE -I"" -I"z\projectworks paceiids_rel\share\ccgwindows™ -I"Z/ProjectWORKSPACE/Mds_rel\share\ccgitrace\formatirace™
-I"Z:/Project\WWORKSPACE/ds_rel\share\ccg\common™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\s di-ri-tutorial™
-DRTDS_SOCKET_IP_ADDRESS=10.211.55.5 -DRTDS_SOCKET_PORT=49250 -I.. -c -0 "rtds_encdecmsgdata.o”
"clusersiadministrateuridocumentsisdl-ri-tutorialiccgintds _encdecmsgdata.c”

mingw32-g++ -DRTDS_FORMAT_TRACE -I"" -I"z\projectworks paceiids_rel\share\ccgwindows™ -I"Z/ProjectWORKSPACE/Mds_rel\share\ccgitrace\formatirace™
-I"Z:/Project\WWORKSPACE/ds_rel\share\ccg\common™ -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\s di-ri-tutorial™
-DRTDS_SOCKET_IP_ADDRESS=10.211.55.5 -DRTDS_SOCKET_PORT=49250 -I.. -c -0 "pcentral.o”
"clusersiadministrateuridocumentsi\sdl-ri-tutorialiccg\peentral.c®

clusersiadministrateundocuments\sdl-r-tutorial\ceg\peentral.c: In function “void pCentral{RTDS_GlobalProcessinfo*):
clusersiadministrateundocuments\sdl-i-tutorial\ccg\peentral.c:83: error: “phonld was not declared in this scope

mingw32-make: *** [pcentral.o] Error 1

Il Compilation failed (error code 512)!

#Ht Done.

m

Close ] ’ Re-compile

Real Time Developer Studio V4.5 Page 87



rea elopment ftools Tutorial

%) PRAGMADE

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 gec based compilers):

& RTDS - Diagrams [E=R(ECR(EX2)

Diagram  Edit  Search  View Export Windows Help

B SHE PPBRXE L P HIREB DN

pCentral
_8 | 1 -
::;; phoneId : PhoneNumberFactory(NUM PHONE) ig{ir:} 1
» getId

Faruras l

< index < NUM_PHONE

true

A

pLocal ready TO_ENV

1

phonId-=append(OFFSPRING) ;
ndex++;

m

UZ0N0X000

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

@ Generation/build for sPhone with Custom @

mingw32-g++ -DRTDS_FORMAT_TRACE -I"." -I"z\projectworks paceirids_rel\ishare\ccgwindows™ -I"Z/ProjectWORKSPACE/Mds_rel\share\ccgitracelformattrace™ -
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\s di-ri-tutorial™
-DRTDS_SOCKET_IP_ADDRESS=10.211.55.5 -DRTDS_SOCKET_PORT=49250 .. -¢ -0 "phonenumberfactory.o”
"clusersiadministrateur\documentsi\sdi-i-tutorial\phonenumberfactory.cpp™

mingw32-g++ -DRTDS_FORMAT_TRACE -I"" -I"z\projectworks paceiids_rel\share\ccgwindows™ -I"Z/ProjectWORKSPACE/Mds_rel\share\ccgitrace\formatirace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\s di-ri-tutorial™
-DRTDS_SOCKET_IP_ADDRESS=10.211.555-DRTDS_SOCKET_PORT=49250 -1.. -c -0 "rtds_os.0" "z\projectworkspace\nds_rel\share\ccgwindows\tds_os.c”

mingw32-g++ -DRTDS_FORMAT_TRACE -I"" -I"z\projectworks paceiids_rel\share\ccgwindows™ -I"Z/ProjectWORKSPACE/Mds_rel\share\ccgitrace\formatirace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\s di-ri-tutorial™
-DRTDS_SOCKET_IP_ADDRESS=10.211.55.5 -DRTDS_SOCKET_PORT=49250 -.. -¢ -0 "rtds_tcp_client.o”
“Z\projectworkspaceintds_rel\share\ccgwindows\itds_tcp_client.c”

mingw32-g++ -DRTDS_FORMAT_TRACE -I"" -I"z\projectworks paceiids_rel\share\ccgwindows™ -I"Z/ProjectWORKSPACE/Mds_rel\share\ccgitrace\formatirace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\s di-ri-tutorial™
-DRTDS_SOCKET_IP_ADDRESS=10.211.55.5 -DRTDS_SOCKET_PORT=49250 -I.. -c -0 "rtds_cmdinterpreter.o”
"ZIProjectfWORKSPACE/MMds_rel\share\ccgitrace\commandinterpreteritds_cmdinterpreter.c”

mingw32-g++ -DRTDS_FORMAT_TRACE -I"" -I"z\projectworks paceiids_rel\share\ccgwindows™ -I"Z/ProjectWORKSPACE/Mds_rel\share\ccgitrace\formatirace™
-"Z:/ProjectWORKSPACE/fds_relshare\ccglcommon” -g -DRTDS_SIMULATOR -DRTDS_CMD_INTERPRETER
-I"Z:IProjectWORKSPACE/ds_rel\share\ccg\trace\commandinterpreter” -I"cusers\administrateundocuments\s di-ri-tutorial™
-DRTDS_SOCKET_IP_ADDRESS=10.211.55.5 -DRTDS_SOCKET_PORT=49250 -I.. -¢ -0 "rtds_formattrace.o”
"Z/ProjectWORKSPACEMds_rel\share\ccgitrace\formattrace\rtds_formattrace.c”

mingw32-g++ -0 "sPhone.exe” nds_env.o plocal.o tds_start.o fds_encdecmsgdata.o peentral.o phonenumberfactory.o nds_os.o fds_tcp_cliento
rtds_cmdinterpreter.o ds_formattrace.o Cilcygwinf/libiw32apillibws2_32.a

#Ht Done.

m

Close ] ’ Re-compile
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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:

‘@~ SDL-RT debugger ===
Debugger Options  Windows Help
CTEFI?2TIXIN RO e DE WO E O R <
MName |Pri0 |SDL id |RTOS id |Msg |SDL-RT state |S)rstem state

I I I I I I ¥ W Watch variables Values

Timer info

System time: 0 P X

- Vr Semaphores Semld ¥ V Local variables Values

Owner MName Time left

Beal Time Developer Studic shell
>Internal communication socket opened on port 49156
>Free run off.

|Debugger state: STOPPED |Active 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 Sart MSC
trace quick button: h T

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: :ZL
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Let the system run until all pLocal processes are created by pCentral and their start
transition executed:

@ MSC Tracer [E=R(ESR(E=<T

Trace View Windows Help
BEER AP InD

B pCeantral RTDS_Env plocsl plocsl plocsl plocsl plocsl
System time (0x3313d8) (0x231a38) {Dx331588) (Dx333758) (0x3317e8) (0x331838) (0x234180)

pCeantral
(Dx331348)

plocsl
(Dx333758)

plocsl
(Dx331728)

Tracing 4 m 3

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 S A ™

The environment is represented by RTDS Env process. It is automatically generated by
RTDS 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 id1e state.
On the left is the value of the system time.

Page 90 Rea Time Developer Studio V4.5



me development tools

% PRAGMADEV

Tutorial

Click on the Stop button to break execution:

Y

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.

@~ SDL-RT debugger ===
Debugger Options  Windows Help

CTEFI?2TIXIN RO e DE WO E O R 8
MName |Pri0 |SDLid |RTOSid |Msg |SDL-RTstate |S)rstem state

RTDS_Env 0 0x2b1c00 Oxfdc 0 RTDS Idle N/A ‘v w 0
pCentral 0 (x2blacd (Oxfel 0 idle N/A

plocal 0 (x2b34e0 (0x560 0 idle N/A

plocal 0 0x2b35b0 (Oxebd 0 idle N/A

plocal 0 (0x2b3680 0xe70 0 idle N/A

plocal 0 0x2b3750 (Oxb48 0 idle N/A

plocal 0 0x2b3820 (0x558 0 idle N/A

Timer info
Systemn time: 63 P P
- Vr Semaphores Semld v

Owner MName Time left

FLOOR PLULOL (UASLOULY ) PLIU.U  LLTOLTU LY PUTHLLGL |UALLLIGLU) GlL. %! LLLED -
>Task plocal (0x2b3750) pric:0 created by pCentral (0x2blac8) at: 47 ticks

>Task plocal (0x2b3820) pric:0 created by pCentral (0x2blac8) at: 47 ticks

>Message: ready unigueId: 1 sent by: pCentral (0x2blac8) at: 47 ticks

>Task pCentral (0x2blac8) has changed to state idle at: 47 ticks

>Task RIDS Env(0x2blc00) has changed to state RIDS Idle at: &3 ticks

>Task plocal (0x2b3750) has changed to state idle at: 63 ticks

>Task plocal (0x2b3680) has changed to state idle at: 63 ticks

>Task plocal (0x2b35bk0) has changed to state idle at: 63 ticks

>Task plocal (0x2b34e0) has changed to state idle at: 63 ticks =
>Task plocal (0x2b3820) has changed to state idle at: 63 ticks

>Message: ready uniqueld: 1 received by: RIDS Env(0x2blcO0) at: &3 ticks

>3top

4 2
|Debugger state: STOPPED |ctive thread: 0:494->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.
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Let’s put a breakpoint in pCentral process. To do so:
« open pCentral process from the Project manager,
» Go to transition getld in state idle using the transition browser window on the
right:

| | Trans. Part.

(start) -
idle
- getId

or the view menu:

-~ RTDS - Diagrams

Diagram  Edit  Search Export Windows Debug Help

- =] Show/hide transition/partition browser |0, =l

o g, - |<] <]
v @ s oy |2 N 1 B

Central

Eg plen ra Zoom in |.
— Zoom out

- Zoom to L4

LY Show grid

o v Snap to grid

Y Align selection to grid

D

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:

getld phonetumber)

A

< phoneMumber =
LR _PHOME

true

J- falze

pld = phoneld-=getPidiphonekumber);

idhsgpld) TO_ID SENDER: errorhizg TO_ID SEMDER:
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 clickon or go to Debug / Set breakpoint menu in the SDL-RT editor. A break-

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

true

|

-] pled = phoneld-=getPidiphonetumber’;

'

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

» The Send an SDL message window shows up:

@ Send an 5DL message to system El@
Select the receiving process: Available messages: Message parameters:
Mame pid Mame |-."“ |T)rpe Parameter Type |Va|ue
pCentral 0x3319d8 1l busy 2 |NORMAL_SIGNAL i vV q
RTDS_Env 0x3312a8 call 13 |NORMAL_SIGMNAL
plLocal 0:331b38 callConf 5 |NORMAL_SIGMNAL
plocal 0x333758 conConf g MNORMAL_SIGMNAL
plLocal 0x3317e8 conReq 7 |NORMAL_SIGMNAL
plLocal 0x3318a8 disConf 1 |NORMAL_SIGMNAL =
plocal 0334160 disReq 10 |NORMAL_SIGNAL
errorisg 4 |NORMAL_SIGNAL
getld & |NORMAL_SIGMNAL
hangUp 11 |NORMAL_SIGMNAL
- hangUpConf 3 |NORMAL_SIGMNAL
Consider receiver state idMsqg [ NORMAL SIGMAL i »
I Send ‘ ISend & close‘ I Close ‘ I Save to file ‘ IImpor‘tfrom 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 El@
Select the receiving process: Available messages: Message parameters:
Mame |pid Mame |-‘"‘ |T)fpe Parameter |T)rpe |Va|ue
pCentral 0x3319d8  ° busy 2 |NORMAL_SIGNAL T q
RTDS._Env 0233138 3 NORMAL SIGNAL L E
plocal 0x 8 callConf 5 |MNORMAL_SIGNAL
plocal 0x333758 conConf g MNORMAL_SIGMNAL
plLocal 0:33178 conReq 7 |NORMAL_SIGNAL
plLocal 0x3318a8 disConf 1 |NORMAL_SIGNAL =
plocal 0334160 disReq 10 |NORMAL_SIGNAL
errorisg 4 |NORMAL_SIGNAL
getld & | NORMAL_SIGNAL
hangUp 11 | NORMAL_SIGNAL
- hangUpConf 3 |NORMAL_SIGNAL
Consider receiver state idMsqg 6 MNORMAL SIGMAL i -
’ Send ] ’Send & close] ’ Close ] ’ Save to file ] ’Impor‘tfrom file]

The message to be sent is call, with the parameter value 2. We will choose the
first listed instance of pL.ocal 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 Runin the SDL-RT debugger window,

« The following trace appears in the MSC:

RTDS_Env pCentral pLocal
{Ox700) (K750 (OxBED)

I 1=2
cali{param })__________}

getld({param’l:%}langm

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

|
true

L

@8 pld = phoneld-=getPid (phoneumbery;

!
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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:

* WV Local variables “alues
— b phioneld [PhoneMumberFactary *1 Ox3d2110
— Crindex 5
— < phoneMumber 2
— bk pld

Local variables values

« Click on Auto step until next graphical symbol button:

Hi

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

o

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

!

u
{ idMsgipId) TO_ID SEHDEF{>-
|

o

« Click on Sep 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.

&~ RTDS - Source files =)=

File Edit Search Preferences Windows Debug Help

R osH PPRBXE®B~F T H G
pCentral.c

1608 RTDS_senderId = RTDS_currentContext-=currentMessage-=sender; » RTDS_TASK_ENTRY_POINT! .

161 RTDS_sdlStatePrev = RTDS_currentContext-=sdlState:

162 /* $(RTDS_HOME) /share/ccag/windows /bricks/RTDS_Proc_middle.c ends #*/

163 /¥ *

164

165 /* Double switch state / signal #*/

166 RTDS_transitionExecuted = 1:

167 switch(RTDS_currentContext-=sdlState)

168 {

169 /* Transitions for state idle */

170 case RTDS_state_idle:

171 switch(RTDS_currentContext-=currentMessage-=messageNumber)

172

173 /% Transition for state idle - message getId #*/

174 case RTDS_message_getId:

175 RTDS_MSG_RECEIVE_getId( phoneNumber) ;

176 if ( !({phoneNumber < NUM_PHONE) )

177 {

178 RTDS_MSG_QUEUE_SEND_TO_ID(RTDS_message_errorMsg, @, NULL, SENDER):

179 RTDS_SDL_STATE_SET(RTDS_state_idle):

180 break:

181 ¥

182 else if ( phoneNumber < NUM_PHONE )

183 {

154 pId = phoneld-=getPid(phoneNumber);

185 RTDS_MSG_SEND_idMsg_TO_ID(SENDER, pId):

186@ | RTDS_SDL_STATE_SET(RTDS_state_idle):

187 break:

188 ¥

189 default:

190 RTDS_transitionExecuted = @;

191 break:

192 T /* End of switch on message */

193 break:

194 default:

195 RTDS_transitionExecuted = @; —

196 break:

197 T /% End of switch(RTDS_currentContext-=sdlstate) */

198 /¥ *f

199 /* $(RTDS_HOME) /share/ccg/windows/bricks/RTDS_Proc_end.c begins */

200 /% PragmaDev RTDS win32 integration */

201 RTDS_TransitionCleanUp( RTDS_currentContext, RTDS_sdlStatePrev ): =

202 ¥ /% End of if ( RTDS_currentContext-=currentMessage != NULL )} to execute transition */

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

204

205 /* $(RTDS_HOME) /share/cca/windows /bricks/RTDS_Proc_end.c ends */

206 /¥ *f

287 ¥ |5

208 - i

4 1 | + < 1 | »

| Ch\Users\Administrateur\Documents\SDL-RT-tuterial\ccg\pCentral.c |Iine 186 ’mhﬂ& 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:

Marme |Pri0 |SDLid |RTOSid |Msg |SDL—RT state |S}r5tem state |

pCentral 0 0:3219d8 Oxbdc 0 idle N/A b
RTDS_Env 0 0x321a3a8 Ox2cd 0 RTD5 Idle MN/A

plocal 0 0:321b38 Oxbel 0 connected N/A

plocal 0 0x323758 Oxfed 0 idle MN/A

plocal 0 0:3217e8 Oxc58 0 connected N/A

plocal 0 0:3218a8 OxcT8 0 idle MN/A

plocal 0 0x324160 Oxd4 0 idle MN/A

Two instances of the pL.ocal process are connected.

« 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 pL.ocal to gettingId for example:

Narme |F'ri|:| |SDL id |RTOS id |Msg |SDL-RT state |S}f5tem state |
pCentral 0 0x3219d3 Oxbdc 0 idle N/A
RTDS_Env 0 (h321aaB (x2cd 0 RTDS Idle N/A
plocal 0 0:321b33 Oxbel 0 connected N/A
plocal 0 (h323758 (Oxfel 0 idle N/A
plocal 0 032178 Oxc58 0 connected N/A
plocal 0 321828 0xcT8 0 idle MN/A
plocal 0:324160 0xd64
RTDS_Start
idle -
Tirmer info CDHECtEd |
System time: 163968 . - r Semd &
Owner  [MName IT|me left disconnecting
i RTDS Idle
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The state is changed on the target and the process list will refresh:

MName |F'ri|:| |SDLid |RTOSid |Msg |SDL—RT state |S}r5tem state |

pCentral 0 :3219d8 Oxbdc 0 idle MN/A i
RTDS_Env 0 x321aa8 Ox2cd 0 RTDS Idle NSA

plocal 0 :321b&8 (Oxbed 0 connected MN/A

plocal 0 0323758 Oxfel 0 idle NSA

plocal 0 32178 (0xc58 0 connected MN/A

plocal 0 0321828 0xc78 0 idle N/A

plocal 0 (324160 Oxdod 0 gettingld MN/A

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

@ Send an SDL message to system =)=
Select the receiving process: Available messages: Message parameters:
Mame pid Mame |-‘"‘ |T)fpe Parameter Type |Va|ue
pCentral 0:32194d3 i busy 2 |NORMAL_SIGNAL vy
RTDS_Env 0x321aa8 call 13 | NORMAL_SIGNAL
plocal 0:321b88 callConf 5 |MNORMAL_SIGNAL
plocal 0:323758 conConf g MNORMAL_SIGMNAL
plLocal 0:32178 conReq 7 |NORMAL_SIGNAL
plLocal 0:x3218a8 disConf 1 |NORMAL_SIGNAL =
plocal 0:324160 disReq 10 |NORMAL_SIGNAL
errorisg 4 |NORMAL_SIGNAL
getld & | NORMAL_SIGNAL
hangUp NORMAL_SIGNAL
- hangUpConf 3 |NORMAL_SIGNAL
Consider receiver state idMsqg [ NORMAL SIGMAL i »
| Send | |Send & close| | Close | | Save to file | |Impor‘tfrom 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: E}l

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/ Make diff on diagram... menu to get the MSC Diff configuration
window and set it up as described below:

@ RTDS - Project "phone.rdp” (modified)
Select MSC diagrams to compare :

First Msc : Trace E
Second Msc: normal |z|

Filter activated

Show

& diff Show Hide

Messages:

[ Consider data
Tirmers:
States:
Semaphores and Action symbuols:
Comments:

General name areas:

CRCRCRCNCORC

Tirme constraints:

oK |’ Cancel ]

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
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thoroughly detailed we will only show and compare messages without

considering their parameters. Click Ok and you should get the following result:

‘@ RTDS - MSC diagrams ===
Diagram Edit Search View Export Lifeline Windows Help
£ = = || =, £ £
rTRESHEH PP RBXE L o PLKIEHBN
MscDiff1
] pCeantral RTDS_Env plocsl plocsl plocal plocal plocal
-
»
gm The The blue symbols are specific to T
Y Tra normal diagram
+LL
—
= | There are 18 differences between the two diagrams.
=
=
| plentral | | RTDS_Env | | plocal | | plocal |
L]
o] ——— — 4 — — — ¥ 3
I e N Y
c
- e N At
D plocal
<
(] T e plocal
7 N
[l
petld——— |
L. I idwsg______)
,____ confleq —
’_" conConf
- | calicent =
[~ hanglp —
[ disReq —
I
le— disConf
le— hangUpConf |
- < [ I b

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

RTDS 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 capabilities.

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

t‘?r RTDS - Project "phone.rdp” (modified) El@

File Edit View Element Generate Tools CVS Windows Help
‘e w REE@ @ MBHR

MName

Mg vrone s '
—OI:'I normal

—OI:'I busy

2 common.h

—*l:l sPhone

OD plLocal

OD pCentral

—OE telephonelLibrary

— RTDS class sources
— RTDS generated code
— RTDS RTOS adaptation
—OI:'I Trace

o [E&8| mycuLrau

Running executable... -
Starting SDL-RT debugger

Socket connexion to target established
Please wait, MSC diff is being processed...
Done.

m
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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:

‘@ RTDS - Prototyping GUI "MyGULrdu" =)=
File Edit Windows Help
: ==
< MyGULrdu -~ < MyGULrdu
- 4 L 3 -
b
Let’s add 2 buttons and one LED:
@~ RTDS - Prototyping GUI "MyGULrdu" (modified) =)=
File Edit Windows Help
: ==
< MyGULrdu = wMyGULrdu
i S NIA
S NIA
S NIA
Mew text
Mew text
- 4 L 3 -
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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:

@ RTDS - Prototyping GUI "MyGULrdu” (modified) [E=R(ESR(E=<T
File Edit Windows Help
- =l y ::
;1 2 2 @
S MyGULrdu it *MyGULrdu it
N < CallJohn
oHangup

Call John

I

m

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:

< Han
aLED

* MyGULrdu

Add disConf cutput action
Add busy cutput acticn
Add hangUpConf output action
Add errerMsg output action
Add callConf output action
Add idMsg output action
Add conCenf output action
Add getld cutput action
Add hangUp output action
Add conReq output action
Add ready output action
Add disReq cutput acticn

Add output acticn
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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 b
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 b
—wCalllohn
wcall
Cparam1|=2
B Hangup|
whanglp
s}
—CLED

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 tngger
Add conConf trigger
Add getld trigger
Add hangUp 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 0
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:

* MyGULrdu b
|—vcaIIConf

Add filter |

Delete case

Add GUI action * Calllohn
Hangup

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:

@ RTDS - Prototyping GUI "MyGULrdu" (modified) =)=
File Edit Windows Help

‘B H® P

= ae. O
~MyGUIrdu | ~lyGUIrdu a
wcallConf " w(CallJohn
w[Mew case wcall
w| ED Cparam|=2
S CHANGE_COLOR
O green ThangUp
whangUpConf le]
l—VNeW case LED
w|ED
©CHANGE_COLOR Call Jobm
—
Hangup

4.5.2 Simulation

Let’s start the Debugger again and click on the Start prototyping GUI quick button: |5z
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The GUI will start and connect automatically to the system:

@ MyGULrdu =5 EoH 55

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 cal1lConf should be received by
the GUI, and the LED should be set to green.

& MyGULrdy (==

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:
 SDL-RT,
» Project manager,
« SDL-RT editor,
« MSC editor,
« Code generation,
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« SDL-RT debug including the three stepping modes:
« SDL-RT key event,
« SDL-RT graphical,
e textual,

« Conformance checking,

+ Prototyping GUL

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. RTDS has an automatic documen-
tation 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 generate the documentation
for a word processor or a browser.
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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:

“&- RTDS - Diagrams

=llE]=d

LI

Diagrarmn  Edit  Search  View Export Windows Help
of = = || =, of Ed
TR ESEH PRBX B e PIKIEEBY
JGB Phone |
_ 8 | - pa,t,|
- 1 - Declarations -
2 - Architecture
»
LS
L]
()| |b——s—cEnvCentral Central
— || [TsReady] 0 P
----- [sGetId]
D
o
- cInternal
[sError.
sId]
———-<——cEnvlLocal pLocal(@, NUM_PHONE) Self
[sBusy, [sCall, - [sBusy,
sCallConf, sHangUp] sCnxConf,
sHangUpConf] 0 sCnxReq,
sDisConf,
sDisReq]
- <

Real Time Developer Studio V4.5

Page 109



% PRAGMADEV

time development tools

Tutorial

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...

‘- RTDS - Diagrams
Diagram  Edit  Search  View | Export | Windows Help

B S El?

Export/publish transition...

Export/publish selected symbols...

Manage publications...

JGB Phone Export/publish state...
& Export/publish partition...
- Export/publish diagram...

The Export/publish window opens:

@r Export/publish

Publications: Exports: [Whole partition

TS -

Publication name:
Type for imagel(s):

PNG [

Wrap images in HTML file:  [C]

Split images into pages: =l

Export to file:
Store relative file name: [
Scale factor: 100 |z|

Remember as publication

2] Comess )

Texts ===

i 0K Apply ’ Close ]

’ Show ]’ Export ] Delete

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

box. That set the Texts button active:

r

'?;'r Export/publish (=3
Publications: Exports: [Whole partition |
i Publication name: ToplLevelArchitecture

Type for image(s): Doc |z|

Wrap images in HTML file:

Split images into pages: =

Export to file: Browse...

Store relative file name:

Scale factor: 100 E

{Remember as publication;

Texts o>
i [ oK ] ’ Apply ] ’ Close ] ’ Show Export Delete
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Click on Texts 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:

Store relative file name:
Scale factor:

100 ||

Remember as publication

Text before:

9:  listparal

5] 5]

%~ Export/publish (==
Publications: Exports: [Whole partition |
* Publication name: TopLevelArchitecture

Type for imagel(s): Doc E

Wrap images in HTML file:

Split images into pages: =l

Export to file: Browse

=]

The system is made out of 2 parts:
- The central part:

- The local part:
It describes the standalone phone behavior.

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

Text after:

9: body

=] 5:]

=]

The maximum number of phones is set to N‘I:IH_PHGNEI

- |

0K Close |

| [ aey | |

l

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:
@ RTDS - Diagrams ===
Diagram Edit Search View Export Windows Help
£ = = || =, £ £
T EesEH PRPBXEIL W PIKIEE>I
|9 Phone |B plLocal |
& | Trans. ,m
- (start) -
» Connected
L | sCnxReq
] sDisReq
() sHangUp
Connected Connecting
U Disconnecting sBusy
sCnxConf
Disconnecting
© sDisConf
= GettingId
sCnxReq sDisReq sHangUp sDisConf = sError
- sId
Idle
sCall
X . . sCnxReq
- sBusy TO SENDER sDisConf TO SENDER sDisReq TO remotePId sHangUpConf
= d
<
J 1
$
[
2
- < I k £l '
Go to the Export menu and select Export/publish state...:
@ RTDS - Diagrams [E=R(ESR(E=<T
Diagram Edit Search View IE)(porl Windows Help
i = = || Export/publish selected symbols... i
- 5 % 2K 4 bM
E @ g Export/publish transition... ’o E @ @
|9 Phone Export/publish state... |B plLocal |
& Export/publish partition... = [Trans. ,m
- Export/publish diagram... (start) »
JJ:’J Manage publications... t-Zonnected
L | sCnxReq
] sDisReq
() sHangUp
Connected Connecting
U Disconnecting sBusy
sCnxConf
Disconnecting
© sDisConf
= GettingId
sCnxReq sDisReq sHangUp sDisConf = sError
- sId
Idle
P sCall
sCnxReq
- sBusy TO SENDER sDisConf TO SENDER sDisReq TO remotePId sHangUpConf
B
<
J 1
$
[
2
- < I k £l '
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This will export the state with all the connected inputs as a publication. Let’s document

the state:

@r Export/publish @
Publications: Exports: Whole state |
“ Publication name: ConnectedState

Type for imagel(s): Doc E

Wrap images in HTML file:

Split images into pages:

Export to file: Browse...

Store relative file name:
Scale factor:

Remember as publication

Text before:
9: body

100 ||

BEE

-]

The sDisReq message comes from the remote phone and the sHangUp message from the user who =
hanged up. In the latter case, a disconnection request is sent to the remote phone.

Text after:

1: | body |z| f:i-

All other messapes are discarded.
Lok [ ey |

Cloze ]

l

Show ]

Export 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:
@rr RTDS - Project "phonerdp” (modified) E@
File Edit View Element Generate Tools CVS Windows Help
e w R EEeR @ MBF
MName
Vﬁ phone.rdp [
—OE narmal
—OE busy
—VD Phone
i:OO pCentral
OD pLocal
—o [&8 cuirdu
— TestPhone.ttcn3
L
Let’s open the Document Design:
@r RTDS - Document "Design” El@
Document  Edit  Section Windows Help
: P » B X @B
Design

Section title:

Section header:

o o . N
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Select MyDocumentation and right-click to add a sub-section:

‘@ RTDS - Document "Design” =2 |E=E| T
Document Edit Section Windows Help
BB e B X @
= “ Section title:
Delete Section header
4 3
. = A N 4

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:

“@- RTDS - Document "Design” (madified) =n =R =
Document  Edit  Section Windows Help

‘BHEH ? P BXIME

|E Design “ Section title: |Architecture
Section header

_ qp == ol S .
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The following window will pop up:

MNew 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 itern position
) First in list
Before selected item
After selected item
@ Lastin list

'ﬁr'r RTDS - Project "phone.rdp” (modified)

Diagram publication reference

FOWS X

[ ok

|| cancel |

columns

Browse...

Browse...

The Syled 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
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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:

'ﬁr.'r RTDS - Project "phone.rdp” (modified) (=3

Mew header item type

) Styled text

@ % Diagram publication reference
Publication diagram: Phone.rdd E
Publication name: ToplLevelArchitecture |z|

() Table
Inital table size: FOWS X columns

7 External PNG image
Image file: Browse...
Store relative path:

() External text file reference

Referenced file: Browse...

Paragraph style for lines:

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

[ ok || cancel |

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:

@’ RTDS - Document "Design” (modified) E@

Document  Edit  Section Windows Help

‘BH ? P B XIE

a

= Design Section title: |Behavior

Architecture Section header:
Ch\Users\Administrateur\Docurnents\SDL-tutonial\plocal.rdd
ConnectedState

Lk = Y Y .
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5.3 - Automatic generation
Go to Document / Export as/ Open Document Format:
@ RTDS - Document "Design” [ ][ =] =]
Edit Section Windows Help
Save Ctrl+5
Revert...
Auto-generate from project... ion title: | Behavior
RTF i
Close Ctrl+W g [ Documents\SDL-tutorishpLocal.rid
L Microsoft OpenXML
SGML (advanced)
4 I
RS S A A VW

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.

In order to generate the full OpenDocument zip file, RTDS requires a template file. We
suggest you use the one that is provided in the AccessControl example directory:

@r RTDS - Project "phone.rdp” (modified)

Destination file:

ok || Cancel |

ments/SDL-tutorial/doc/Design.odt
OpenDocument template file: | L/AccessControl/doc/template.odt

=S
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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 :

Eile Edit View Inset Format Table Iools Window Help x
‘E‘EI'EEII&IQIQQBI‘:F!INE'G’I@'@"\@'#Iﬂ@i@ ﬂQIQﬂE% ‘i‘j |
[ @ |Default [=] [TimesNewRoman [ 12 [£] 7 U_\EE == iz :zéﬁ\‘,vﬂ’#'g-i

R EEES RS SRR EURT- RENY RERE. PRSI BTSN 1 TS RS P XS E RISt SRS L RS o =

HMEIp) ¢

0 —
Pagel/1 | Defautt French (France) |INSRT [sTD | | | |BEEM @ —+—e—— @ |100%
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Create a new Master document with File/ New / Master document menu:

? Untitled 1 - OpenOffice.org Writer
Edit Wiew Insert Format Table Tools Window Help
= Text Document Ctrl+MN o @
2 Open. Ctrl+0 @ Spreadsheet EI
Recent Documents »| Fs| Presentation
_ . I
Wizards +| 2] Drawing L
2| Databa
IIE Qlose - = -
= Ssave Ctrl+5 | T HTML Document
B savefs. Ctl+Shift=5 | T=| XML Form Document
Saye All
= Reload @ Farmula
Versions... ﬂ Lahels
[& Export. ﬂ Business Cards
Export as PDF...
St ﬂ Templates and Docurnents
Send 3
Fl Properties..
Digital Signatures...
Templates ,
Preview in Web Browser
[ Page Preview
&} Print.. Ctrl+P
@ Printer Settings...
2] Exit Ctrl+Q

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

dow:
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Mavigator E
Index
= |
MNew Document
Insert Index/Table =
Index/Table |Entli5 |Sl}r|5 |Columns|Backgmund
Type and title
Title ||Tab|e of Contents |
Table of Contents
E"d‘“gﬁ'.' 1 ! Type |Table of Contents |Z||
w';;.@H : Protected against manual changes
Heading 1 Create index/table
Thin & the comtent from the first chaprer. This i 2 mer diraciory saary. for |Entire document |Z|| Evaluate up to level 10 E
Heading 1.1 Create from
Tia & o comtent from chizpter 11 This & fhe sxtry for the tabie of coments. Outline

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

[] Additional Styles | |

[¥] Index marks

[ ok [ cancel ||

Help | [ Reset ]Efe‘-’iew

In the same Navigator window, insert the OpenDocument we have just generated:

m
B Pkt Bl =

MNew Document

it
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And insert an index:
Insert Index/Table
Index/Table |Entri?5 |Sty|?5 |Co|umns|Background
Type and title
Title Index
Index
o ' Type | Alphabetical Index ]
3,::,,,_., ‘ - . Protected against manual changes
Create index/table
Heading 1 for |Entire document |Z||
‘T & the comteet from the first chapter. Thia & 2 mer divactory soiry.
Options

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.

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

Case sensitive

&} AutoCapitalize entries
[T] Keys as separate entries
[7] Concordance file

| File |~
| Sort
Language  [English (USA) 5] Keytype ——r
[ OK H Cancel ” Help ” Reset ]Ereview

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

Mavigatar

E Pk % R

<«

a=

%= Table of Contents

Design.odt
Index

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:

-

@r Add component E@
Mode type: | External file |z|
Mode name: |DesignDoc.odm
Mode file: =/SDL-tutorial/doc/DesignDoc.odm [ MNew... l| Open...
Auto-sert: [

[ 0K ” Cancel ]

@r RTDS - Project "phone.rdp” (modified)

Mame

- T [
—OE narmal
—OE busy

—F |:| Phone

— |g88| GULrdu

—— TestPhone ttcn3
—— Design

— D DesignDoc.odm

File Edit View Element Generate Tools CVS Windows Help

EERECREE BeH

When you further document your system, to update the generated documentation: open
your RTDS 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:

[ ok || concel |

‘& Add component [E=3 EoR| 555
Mode type: | Document E

MNode name: |AutoGenerated

Mode file: nts/SDL-tutorial/AutoGenerated.rdo | Mew... |[ Open... l
Auto-sert: [
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Open it and go to the Document / Auto-generate from project... menu:

‘@ RTDS - Document "AutoGenerated” E=H|EOR|ExE

IDocun'rent Edit Section Windows Help

Save Ctrl+S g
Revert...

Section title:

Auto-generate from project...

Export as b Section header:

Close Ctrl+W

qp = ol N 4

Select the level for each publication:

% RTDS - Project "pheone.rdp” (modified)

Create publications in behavior diagrams: |for each transition El

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

lﬁ'rr RTDS - Document "AutoGenerated” (modified)
Document  Edit  Section Windows Help

a

‘BEH P BRXIE

= AutoGenerated
MS5C normal
MSC busy
=l Systermn Phone

Process pCentral

Process plocal

Fl
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