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» Specification and Description Language, ITU-T standard intended to write

the detailed specifications of the protocols in order to make sure they will
interoperate.

* Major updater every 4 years since 1976.
* Major releases:

« SDL 1988: First mature version

« SDL 1992: Object orientation

« SDL 2000: UML alignment

« SDL 2010: C types support in Z.104
« Anual conference

« SDL Forum (http://www.sdI-forum.org/)

« SAM workshop (satellite event of Models)
* 11 commercial tools, 10 public domain tools.
* Integrated technology in TASTE ESA framework.
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SDL: features

« SDL graphical abstraction (architecture, communication, behavior,
services) fits the needs.

« SDL being formal, it is possible to simulate the model.
« SDL being formal, partial or full code generation is possible.
« SDL being object oriented, software components are reusable.

« System are globally asynchronous (GALS) so SDL can be used at
system level.

« SDL has the characteristics to describe a good PIM.

« SDL is recognized by certification authorities (European Aviation
Safety Agency Certification Memorandum, ETSI, ESA)
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SDL: the figures

Years of experience allows to quantify gains of SDL usage.

 (C code: 35 to 50 mistakes per 1000 lines
 SDL code: 8 mistakes per 1000 lines

« Development time is globally reduced by 35%
« Reduced up to 50% in the left branch of the V cycle

« Less gain on the right side of the V because of the gap
with technical reality

real time developer studio
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Target segment

« Decomposed in tasks running

Event driven systems concurrently

Embedded & Real time « Communicating via messages
(sporadic or cycling in TASTE)

Application

Module 1 Module 2 Module 3 é
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SDL FSM Editor

rCy.

« ASN.1 or SDL abstract data
types.

«  Syntax highlighting
« Code completion (limited)

 Context-sensitive action
availability

« Logical-unit based editing

*  Operation preview

SDL FSM Editor

SDL FSM Editor Diagram Edit Search View Windows Help
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SDL concepts in processes (1)

Q?{ Instance start] Eé[ State ]
% Next state ] < B <</ m3 /<C°"d>
X

Priority input

Message input

Guarded
transition
(continuous
signal)

[ Instance stop (kill) Message save

=)
Message Default for not
handled for all m ( . < explicitly handled
states message
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SDL concepts in processes (2)

ml %

:> 4 Message output]
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s ><[ Priority output }

Statel

Timer time-out 1\ ——— i
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p
Timer start F%sgmow + 42, my_ timer)
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.
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SDL concepts in processes (3)

i Label F

m < . Decision F
%[ Task block N
action - (

. . condl cond2 else

~ Decision branches ( ) ( ) ( )
Dynamic process (answers)

my _process | Soo Soo cor

instance creation
J

d ) Statel
e — <’L Procedure call
J
() o —®

More “standard” control flow statements available in
task blocks (for, break / continue, if, ...).
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RTDS: supported languages

Informal Fully formal Semi formal Testing
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RTDS: supported languages

Informal modelli i :
n ing for requirements: UML - o
« [Edition MODELING L

« C++ stubs generation LANGUAGE
Semi-formal modelling for design: SDL-RT
- Edition

« Syntaxic et semantics checking
« Code generation SDL
« Graphical debugging
Fully formal modelling for specification: SDL Z.100
- Edition
« Syntaxic et semantics checking

* Simulation
» \erification

-
« Code generation ﬂ

« Graphical debugging
« Test

real time developer studio



,[;

& PRAGMADEV

Architecture and communication

@- RTDS - Diagrams

Diagram Edit Search View Export Windows Help
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[Signal3] [Signals] — -
th View: Export Windows Help
H 2op@BX@E ° v plu
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’ ’EB mySystem
[Signall,
Signalz] [Signald] [Signalé]
| P P |
rocess_A i acﬁi“}es}isgna = rocess_B
channel3
............................. —
....................... [Signal7]
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Block_B
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-SDL simulator

Debugger Options Windows

PRAGMADEV

=lolx]|

Help

IIT?

= &) wmu Slici#i=]l e >IJ

Process information Timer info ‘Watch window
Name Pid |Sig |SDL state System time: 0 W Names Values =
Layer3 ] 1 |sending 2Nl Pid  [Name Time left
Layer3 6 0 |disconnected 5 thck 10 -
Layer3 7 0 |connected a thck 24
L3Dispatcher 4 o |ide 1 | iDisplay 250 ';I
Layer2 5 1 connected 4 > -
RTDS_Env 2 2 |done Local variables
[E 3 |0 |ide —j_ [-SELF 6 =
Application 1 1 Displaying & RTDS - Diagram *CoDec” (modfied) =lolx| 0
Disgranme Edtin Rechercher Afichoge Exporter Fenéires Déboguer A 7
Pid |Receiver
HUJJJJH /> /ex(@lLlLW =l e
5 Layer2
A Layer3 i;““t:ﬁ Selectacl
ayer. -
Ver = e 3141502
1 Applicatic % prvosd 2
= X
File Edit Search Preferences Windows Help g :gxﬂmj s, pod]
r = - mySuStructsubFeh = 3141562653598794,
e g E | aX@ O e e, »
. [} stringTable(4)="16', | S ——i
cEnv_type message { = stringTable(5)="36" _]
>S?g‘nal: Con} di 'Lamﬁ:sa\\ =l :2®sg2‘>
>Signal: Conl (| :A"’w
>Task Layer3| ; QM EII e folee
>3ignal: send . onent secesscontrol © < weAL
>5ignal: Inf )_mt cEnv_type cEnv =
>3ignal: Inf o
>Tiner: tack f});‘::zi ol
>Breakpoint ¥ }'}‘::ﬁj”:} i ([
>step {paranl
>Breakpoint o @ MSC Tracer
>refresh tenplate card { paranl i= Trecs R VoA R Whiote R
enpl aranl o= =
>8Eep :—'n'}\ ate card U ! :Ja:«ﬁ = ” BELLInI
>Task Layer3 [ central local te_registerUser
>Signal: Conj : ] srem e @ @ [0}
>Breakpoint Y teplate k < s
template key
»refresh 1:‘}\11— ¥ 5 f—iMessage
5
1| 9| ||\ 2 WiFirdp \ 2 CoDec ASDL simutator, 5
= close((parami=)
Debugger state: STO I 5 lae>
I dishlayttessage((paramt=Enter care)
- riy V‘Hu n Ac 5
5
‘ ﬂ
Twostar) - Tracing ¢ | I
Ef
adimredszel Test. cons|1ine L|col 0[zse1 byces
‘D ||>n‘§ ] AcoessCortrolrap )\ Accsss ControiTesttonz /

Model
simulator

A graphical debugger
for fully formal models
and TTCN-3 test

cases

» Set breakpoints and step
in the model,

« Dynamic traces.
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Code generation

oo « C++ skeleton for static classes
iz | (Ceemm b s « C or C++ for dynamic classes
Comman d Options :

o
°
[ ]

Generated code is legible
complrs et ooy 1 orcaperewsic Generation profile wizard

-MingW" -DRTDS_FREERTOS_WINDOWS_ SIMULATOR

,_
=
3
I
H
S
@
e
[ ]

The code is:

: * Integrated with: FreeRTOS,
VxWorks, OSE, OSE Epsilon,

[@] Include external makefile | S(RTDS_ HOME}\share\ccg\freertos\make\FreeRtosMake.inc CMX RTX, NU CI eUS, U|TRON,

et o Posix, ThreadX, and Win32,

Exe/options: Target: Add'l args:

.. Snies * Provided with an scheduler,

After build command :

fe b | 4 * Royalty free,

X  Documented for customization.

real time developer studio



7 PRAGMADEV

Debugging architecture

The Model debugger relies on a traditional C debugger or cross debugger to
provide graphical debugging.

-

) C code | | Generated I | _
Model 4’[ generator C code compiler l
External T
C/C++
J
o >| Binary
— : socket
Model I RTOS
editor * target
— Model |, ( |
Mse debugger f C debugger
socket / COM / pipe
* MinGW
e-gei’:gr  Tornado
* Taskin
=== Real Time Developer Studio tools « gdb ?
mmm=  Third party tools * XRAY
:. Source code « Multi

Binary code
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Model debugger

Relies on the target
semantic: processor
and RTOS.

Debug in the model:

» Breakpoints, stepping,
in the SDL/RT
diagrams or in the
generated C files,

* Dynamic MSC traces,

« Connecting an
external tool is
possible through a
socket.

&-SDL-RT debugger =10 x|
Simulator  Options  Windows Help
2T 2= & 60/ oe]cH| 8]k e >
Process information I_j ‘Watch window
Name Prio | Pid Qid Msg [SDL-RT state | System state é]_ Globalariable (tSharedData *) Dx4b2cc88 ;j
RTDS_Env 150 | Ox4b3e7b0 0x4b3eb18 0 |RTDS_ldle pend = ->id 2
pCentral 150 |0x4b25898 0x4b3b120 0 |waiting pend >hame 0x495cd68 "supervisor"
pSupervisor 200 | 0x4b22268 0x4b3ad58 0 [RTDS_Start ready Slevel 4
pLocal 175 |Oudblec3®  [044b3a398 |0 |checking pend Snext (struct tSharedData *) 0x0 =
pRemote 150 |0Ox4b1bB08 0x4b3a5d8 0 connecting pend </ | ﬂ:
= Local variables
— T Bk v a
Timer info O] P Semaphores Semld = Names Values —
System time : 0x1396 gr mySemaphore Oxdb3ef08 State
Pid Name Time left @ empty binary - PRID state 0
0x4b25838 [ myTimer 179 = @ 0x4b1b608 pRemote (prio:15 -stateName Dxd35cdSe “maintenance
0422268 |myTimer | 199 @ Oxdblecds pLocal (prio:175) -queueld 78354184
Ox4blec38 |tChecking |[197
0x4b1bE08 | tConnecting | 288
| | =l
~l«l | DKl |p|:_
A

>Task plocal (0x4dblec38) has changed to state checking at: 0x138e ticks

>Message: Yo uniqueld: 1 received by: pLocal(Ox4blec38) at: Ox138f ticks

>Message: Yo unigqueld: 2 received by: pLocal(Ox4blec38) at: 0x1391 ticks

>Timer: tChecking unicqueId: tChecking received by: pLocal{0x4blec38) at: 0x1392 ticks
>Timer: tChecking unicqueId: tChecking started by: pLocal (Ox4blec38) at: 0x1393 ticks
>3emaphore: mySemaphore (Ox4b3ef08) take attempt by: pLocal at: 0x1394 ticks

>Timer: myTimer unicueld: myTimer started by: pSupervisor(0x4b22268) at: 0x1395 ticks

>step
>step
>step

>myGlobalVariable watch added.

<

>Break at line: 45, in file: H:\WORKSPACES\manu\rtds_dev\Test\ccg\5DL\Best0f\CCG_50\pSupervisor.c, at address: 0x495cel?,
>Break at line: 46, in file: H:\WORKSPACES\manu\rtds_dev\Test\ccg\SDL\Best0f\CCG_50\pSupervisor.c, at address: 0x495ce22
>Break at line: 47, in file: H:\WORKSPACES\manu\rtds_dev\Test\ccg\SDL\Best0f\CCG_S0\pSupervisor.c, at address: Ox495ceZe

>Break at line: 48, in file: H:\WORKSPACES\manu\rtds_dev\Test\ccg)\5DL\Best0£\CCG_S0\pSupervisor.c, at address: 0x495ce3a

v

| |

|Debugger state: STOPPED IAclive thread: 0x4b22268-> pSupervisor
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Debug features

«  Switch between
*  Model
« Generated C/C++ code [=crasE|=» x@jos=

N
RTDS_MessageHeader *RTDS_readSaveQueue = NULL, *RTDS_writeSaveQueue = NULL: ;_'J pCentral I
28 RTDS_TimerState  *RTDS_timer, *RTDS_prevwTimer:
29 RTD5_Queueld RTDS_senderQueueld = NULL:
30
31 /% To synchronize processes at startup time */
32 RTDS_START_SYNCHRO_VAIT:
33
34 /% § (RTDS_HOME) /share/ccy/vxworks/bricks/RTDS_Proc_begin.c ends */
________________ 35 I *
. 36
Find { replace... Ctrl+F K || ) : ): “| @ w 6" 37
——  Find again F3 38 /* Initial transition */
- Find previous Shift+F3 k!
LY 40 _labell:
p— Go ko generated source — if (¢ ( index < NUN _PHONE ) )
f— 4z { by
') 43 RTDS_SDL_STATE_SET(idle) ;
44 } /% End of if ( ! { index < NUM_PHONE ) ) */
D 45 else if ( index < NUM_PHONE )
index < — {
=< <= UM PHON 4700 RTDS_PROCESS_CREATE ("pLocal”, pLocal, RTDS_DEFAULT PROCESS_PRIORITY) ;
- 48 phonelist[index]= (int) OFFSPRING;
D 49 index++;
fal 50 goto _labell;
D‘ true b 51 } /% End of else if | index < NUM_PHONE ) */
< ) l 52 /* Event loop */
/ 53 for { ; ;)
(] % /
O 56 /% §(RTDS_HOME) /share/ccy/vxworks/bricks/RTDS_Proc_middle.c begins */
57 /% Copyright (C) 2002 PragmaDev */
A 58
59 /% Check saved messages */
™ 60 if { RTDS_readSaveQueue '= NULL )
61 {
phoneList[index]: 62 RTDS_currentContext->currentMessage = RTDS_readSaveQueue;
:‘ {int) OFFSPRING: 63 RTDS_readSaveQueue = RTDS_readSaveQueue->next;
; . ' 64 }
O index++, 65 /* If no saved messages left, get message from process's message queue */
66 else
O 67 =
; o,
= < < >
I~ Reuse | H: \WORKSPACES\nanu\rtds_dev\Test)ccg\SDL\tutorial\CCG\pCentral.c[line 47|col 0[5972 bytes
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Graphical traces

Execution traces:

o States,

* Events,

« Semaphores,

* Timers.

Trace level configuration
Display of system time

MSC Diff allows to check:
« Conformity,
* Non-regression.

=
@- MSC Tracer = | B S,
Trace View Windows Help
c & PR InDr
System i pCentral RTDS_Env pLocal pLocal
ystem time (0x343920) (0x3439a8) (0x343008) (0x343dd8)

3073

sCall({param1=2})

3073

3089 /

3120 sGetld({param1=2}) < Gettingld

3120

3151

sld({param1=0x343DD8})

3167

3182 \

3198 < Connecting > sCnxReq

3198 \

3213 /

3229 sCnxConf { Connected >

3229 /

3245 /

3260 sCallConf  Connected

3260 / I3
Tracin g
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Model coverage

Graphical model coverage
analysis

Merge feature

-
@- RTDS - Code coverage results "CodeCoveragel” (... E@lg

File Edit Windows Help
E S i
Agent/symbol Hits Sl
= [ Phone 0-6
(@ rCentral 0-6
= (@ pLocal 0-5
EREDE 5
(il 5 .
= [_)Connected 0-2
= [ sCnxReq 0
- 0 )
= [ < sDisReq 2
DsDisConf TO SEND 2
[ )idle 2
= [ sHangUp 2
[>sDisReq TO remot. 2
() Disconnecting 2
= [__)Connecting 0-2
= [ sBusy 0
[>sBusy VIA cEnvLo.. 0
[ )idle 0 o
< 1 »
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SDL Platform

Simulator

— T

‘B 13

i

£
HET

Simulation trace Env.

v B B ®» » ax

:
;1

[-—)

¥ Saarwirdrosd
. Trm

((newsr )

‘0x0000D |~k

SDL model tracking Simulator GUI

Prototyping interface

» Knows
about the
model inputs
and outputs.

» Connects
automatically
to the
simulator or
the debugger.
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Documentation generation

A\

Logical publications (state, transition, partition, diagram)
Comments preceeding or following the publication

» Styles for paragraphs

» Styles for characters

Y

» Export format
» RTF
» OpenDocument
» HTML
» SGML
» Exported elements
» Texts with publications
» Index entries
» Table of contents entries

real time developer studio



@ PRAGMADEV

Documentation generation

© RTDS - Document “Design™
Document Edt Section Windows Mebp

B2 ax@

vDesign |11 Saction tie: [Coriral process

A document

wRaquirements Section heade
9 User
o CarcAn3CodeOt
|_ocargortoexs CARTOS Vexarmpies\SDLVAcoRssConbopCariral rdd
—ODeleteUser StatTraration

“wArchiecture
CARTOS \esample\SOL\AccessControl\pCentral 1dd

Local proNS

2. Architecture
The wyvtom i playwcally coparsted in twe partc
A port that s nert be e dose

heyped

o

aiow bok]

That part con be duplicated on seversd doses in the bubdinng w0 that Ghe v caed nad
wirecuted code gt scress bo ol the doors

A port thet i 1 8 seever reom
The s b st wsmniry sk ae & Bird ek el s backiod v

o cwns L atrt Aver et o8

The generated documentation

deletel ser

—
pheck Cadndlod

L]

- Expots

(o] s o)

T While iarndion
|
‘ Publication rame [StstTransinen
! Type for mage(s) Do |$
| r
[ r
o v |
-
Scale factor fio v
=3
<< Teots
Teot befoee:
| % wosn |3 f: ] 13
[The sysiem @ physically separated @ two pasts =)
A part that s next 10 the door:
Reypad
o
electne Jock
mwmbednphmdunmnldoodmhbuﬁunlhﬂ
the same card and associsted code grants access 10 all the doors.
A part that s in & secure rocos
e o =
Tt abbec
s by 2] £ . L]
The userNwabes varishle is the cursent wumber of registered wess =

Show | | Delete

A publication
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Standard testing language

* Relies on basic services rrn" 3
-
« Messages

 Procedures Testing & Test Control Notation

 Timers
* Parallel execution

 Based on TTCN-3 international standard:

« Data types definitions or ASN.1,

Templates definitions,

Test cases,
Verdict,

Execution control.

| International
Telecommunication
Union

real time developer studio
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TTCN-3 support

Textual language

Simulator with Test manager
C++ code generator

TTCN-3 to MSC generation
MSC to TTCN-3 generation
TTCN-3 generation from a
property on the model (Verimag)
TTCN-3 generation based on

model coverage (to come)

@- RTDS - Source files

File Edit Search View Preferences Windows Help
e oSH ° P BXKEB &

€3 TTCNModule.ttcn3

17

18 // Ports declaration

19 type port port_cEnvl message {

20 out sIn;

21 out sReq; r o)
22 in sOut? REMSCDingraens =
23 } in sAns; | Diagram Edit Search View Export Windows Help

24 2 . [
25 rEéAEDTIRY B PP L8
26 o o

27 type component sSystem { ‘ ;10 2Ic

28 port port_cEnvl cEnvl; &

29 e T2 <Envl

30 ’

31 testcase TC1() runs on sSystem{ b

32 sIn_©0

33 cEnvl.send(sIn_0) \

34 alt {

35 [x>3]cEnvl.receive(sOut_0) {

36 cEnvl.send(sReq_6)

37 setverdict(pass); at

38 ) t

39 [j==2]cEnvl.receive { b2

40 setverdict(fail);

41 stop:

42 1

43 [else] {cEnvl.send(sIn_0)} SReq_0

44 }

45

46

47 testcase TC2() runs on sSystem{

49 cEnvl.send(sIn_0)

50 alt {

51 [lcEnvl.receive(sout ®) ¢ || | o __ _ |\ @
52 cEnvl.send(sReq_6)

53 setverdict(pass);

54 }

55 [IcEnvl.receive { /

56 setverdict(fail);

57 repeat;

58 P

59 [else] {return} fail >

60 }

61 }

R?

| || | | S | |
H:\WORKSPACES\gaudin\rtds_d ittests\rtd: \
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-

P

Continuous integration

Validation
Specification ’ testing

: Simulation Integration

\/ Implementation ‘»« Unit testing ‘

real time developer studio
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Model checking

 Partnership with specialized

labs: \
« Exhaustive simulation, iy
« Symbolic resolution. %ﬂl Q
* Properties: J
* Model coverage,
 Static or dynamic property: @ ﬂ
» Property verification,
« Test objectives. PRAGMALlist A
« RTDS feature: Elist
* Export, _
« Execute a script, LAAS %mae
* Get the results back. \_ )

real time developer studio
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Implementation

4 \

translate to file ' \
Model y ( Pivot language

executes

Resolution
Exploration
Test case TTCN “
socket Resulting
Analysis < scenarios )

RTDS Specialized tool
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Model

Reference testing

==

Requirements

Simulation
— Execution d =1 Traces |I;:>

Test \
: > ijectives : >

' i =

Tests
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Property Sequence Chart

Parallel operator

Component Uhwanted message
instance ’::sfs":;: par Strict const raint
a:a em || operator :
_— b={Ci.Mj.Ck, ..., Ci'.Mi*.Ck'}
Alternative operator Uhwanted chain
Required
rim J A <
— | [ ! g=(Ci.Mj.Ck,...,Ci".Mj".Ck')
<onstr it Relative
P R E STO H t e O B e e tine constraint
european project: ‘ e v
V..
Fail const raint
] fim 9
* Functional property N S
verification. — T —
Diagram  Edit Search View Export Windows Help. Disgram  Edit  Search View Export Windows Help
. rBSAHYYBY BRAR B BDSAE»»E8¥ BLFL
* Non functional propert Fm— [
property o= =
Verlflcatlon N [t ] [ N [t ] [me] [me] [ ]
- 2 : connect 2 connect
= e: request = congect
@ <
Free tool: rag aDev Tracer ° -
P m [ -
et [~ s -
777777777777777 answer_ok
~ < request
% ES
g ¢ answer_undefined
1 i answer_ko
[] 0
. N kil
i & Diogram difference: =)
- Highlight: [Current] Al Vielated property™
LJ =
= -
1/3
2
=
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Conclusion / Future

» SDL FSM Editor:
» Editor only.
» More user-friendly then RTDS, but limited.
» Evolutions planned, but will remain limited.

» RTDS:
» Much more features: debug, documentation,
test, validation, ...

» V5 will integrate the SDL FSM Editor, and open
the same diagrams.
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