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Figure 4: MSC to C Installer
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5.1.1 Supported Constru
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The start symbol is a triangle. The start symbol marks
the start state that is entered without further specified
actions, e.g. by starting the software, or connecting the
ECU to power. There may be only one start symbol per
HMSC.

A condition is depicted with a hexagon. Conditions
describe the states of a system. The states are
connected using references to MSCs that represent the
transitions in the system. Outgoing references are
beyond the state, incoming references above the state.
Conditions can be setting conditions (with “when”) or
checking conditions like “when finished”. In the later
case the conditions have to be set somewhere in the
MSCs / HMSCs.

Testivariables '"CHM" intg")

A parameter of a HMSC is declared after the name of




the HMSC with the keyword ‘variables’. Parameter
declarations consist of the name and the type of the
parameter.

TC_Init
(variahles NUMBER_OF_ECLI'=
‘0107

An MSC reference is depicted as an oval box with the
name of the referenced MSC and the instantiations of
all parameters of the MSC. A reference in an HMSC
must connect two conditions / states. If a reference has
several successor states, they must be “when states” or
“otherwise”.

Table 1: Supported Constructs in HMSC

Stub

Uppnear

An axis in the MSC is depicted a vertical line under a
box. The name of the axis is written in the box, the kind
of the axis can be written above the box. Axes are used
to describe the components in a system.

| Chik OuT_ModeChange ‘
B fnumber="57 |

A message is depicted as an arrow. Messages can be
between axes or connect one axis with the
environment. The direction of the message (incoming or
outgoing from the SuT) depends on the axis, which
corresponds to the SuT. Message parameters are
appended in brackets.

OuT_Inif __|

A gate is an interface of MSCs. Incoming and outgoing

GATE  (FCU=0x0) | | messages can use gates.
| An action is depicted as a square box. The action that
PtrCheckMode= is executed is written in the box. The action shall be
&checkMode executable and might refer to (defined) variables and

help functions.

checkMode==
ECU_MODE

A condition is depicted as a hexagon. The condition
that has to be fulfilled is written in the box. The condition
shall be executable and evaluate to true or false. It
might use (defined) variables and help functions.

| Req:OuT123,IOuT124 %

A text element is depicted in a box with a folded corner.
Text elements are used as comments in MSCs.

— — —{comment

A comment annotation can be added to many elements
in MSCs.

An option is a box, marked with “opt”. The elements
inside the box are optional.

An alternative is a box, marked with “alt”. Dashed lines
separate the elements inside the box.

A loop is a box, marked with “loop”. The elements
inside the box are repeated. Loops can have a start
value and an end value to indicate the number of
repetitions. Loops starting with a condition (“while-
loops”) are repeated as long as the condition holds.




seq ‘

L Reset )

[ Check‘Reset J
I

A sequence is a box marked with “seq”. All elements
inside the box are executed as one sequence. This
allows to combine several sequences and to build
modular models. The checks (for absence of other
messages) at the end of MSCs are suppressed in all
sequences within the sequence box and executed at
the end of the sequence box.

A A

.

A coregion is a region of an axis, marked with a
dashed line. Elements within coregions are executed
concurrently, i.e. the order between the elements is not
relevant.

Testivariables 'CTHM" intd%)

A parameter of an MSC is declared after the name of
the MSC with the keyword ‘variables’. Parameter
declarations consist of the name and the type of the
parameter.

1
TC_Init

(variables MUMBER_OF_ECLI'=
‘Tt 0%

An MSC reference is depicted as an oval box with the
name of the referenced MSC and the instantiations of
all parameters of the MSC.

OUT_TIMER A start time action starts a timer. The name of the timer
FAN [100] is above the line, the time beyond.
CuT_TIMER A timeout condition denotes the timeout of a timer. The
name of the timer is above the line.
QOuT_TIMER A stop time action stops a running timer. The name of
the timer is above the line.
e A time annotation denotes the time interval between
the two annotated elements The second element has
[10,50] | A . . X
after the minimal time and before the maximal time
V. bound has reached.

Table 2: Supported Constructs in MSCs
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5.2.1 HMSC
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5.2.2 MSC
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Figure 6: SUT Axis in MSC
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5.2.3 Timing
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/* help variable for getTimer */
static TIME_TYPE ttTime = 0;

/** this method returns the current time as set fro
TIME_TYPE getTime() {
return ttTime;

/** this method must be used to set the time */
void setTime(TIME_TYPE tNew) {

ttTime=tNew;
}
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5.2.4 Errors
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NoTimeoutOfTimer,
WrongMSC2CConfiguration
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Figure 8: Architecture of the Generated Code
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% 0 )L
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SH # S# "# TEST stubs '# " I"1$ " 3%
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$ #define (" ! ) L $ #%



msc2c_types.h 5# "# " TEST TEST stubs !'$
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# ) -% #
" # -% " # 1
7.1 MiniTimer
# -% MiniTimer ). % - % 5 #
% + # $"
& $" " ! . %
MiniTimerMPR "% "% " " | $
$ #" L

md c:\tmp\ccode
cd c:\tmp\ccode
I

msc2c c:\Programme\MSC2C\Examples\MiniTimer.MPR c:\
7 "% # "L

gcc *.c
8 -" # oL

a —gen=proto.xml

# " I
xml2msc c:\Programme\MSC2C\Examples\MiniTimer.MPR p

# # 1 % #

" Examples.

%

9 %

tmp\ccode

roto.xml



Figure 9: Example Generation of Test Code

# # "

Figure 10: Generation Result of the Example

# $ #

proto.xml.mpr

-% %" !

7.2 FM99
# -% FM99 $ 9H
# | # & % #5)
'S #% # " 1. %
) ! # & " # %

# ) # $ %
% ( $ # " #
mainc $ 9 #% "% -

c:\tmp\ccode

$ %oH#"H""

9

%



?>G R3> # % uint8 ! charx # $ # ! "

msc2c_types.h ( %

# " 5 )5 # $ #$
$# % # —nocpmain
—nocpmsc2ctypes
# >-% L% # ! #

51 $ 5' 9 (
cd c:/Programme/MSC2C/Examples/FM99/AFCCode
"% . $ L cp ../AdoptedCCode/m*
7 ! S # msc2c —nhocpmain —nocpmsc2ctypes

—module=MSCTEST ../FM99.MPR # M%» J >

& " #H % " > $
$- $9

8 "% #" ' # # e " (5 #
gcc —I=. —I=data *.c data/*.c

Figure 11: FM99 Example Generation

7.3 SeqTest

# -% SeqTest #5 # % " $# & "

% # o# # % start()  S#"#" # I
A(), B(), C( D) # % # ) # D ?

$ $# "% ' 9 (



# %

Figure 12: Declaration of a Start Method in the SuT
# 9 7

Figure 13: Seq Example: Main Test
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Figure 14: Seq Example: Checking Stubs

7.4 CoregionTest

# -% CoregionTest.MPR H -% L. $ #
I -% # #5 # $%
5# #1 $#
t$#1 $# % "% " # %
) . ! ' Permute PermuteMany ( + #
#" $ -% # M2 M12 # $# %
"#"1
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7.5 OptMsg
# -%

OptMsg.MPR "' # -% LS # !

-% # #5 # % " $

% % $
#$ %
! 9

# $ #

dolt " doltFinished $
5 ! !

Figure 15: Example Optional Message
- $ # #5
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Figure 16: Result of Optional Message Test
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5# 4 9-. $"
7o "% " "# $# %
" on P
8.1 Formatter
# " $ % $ L - "
' # "$ [t (
8
# $% " ! 5" 3$% # -noformat $
msc2c.bat.
# $ % # $ " 1'$ # $ %
<your_install_path> \Generator\Formatter
#$ % "ol L "# conventions.cfg #
$ % "L # S # " %% 6 $
$ ) ! R B - GC.exe —-help
$ % " #$ %
8.2 Types and Return Values
#) . # $"H# S " (5H#
"l L H % S #H $" #
LYy % %! ( & #
$ "H " $ -% %
) ! # 1 # $ % %
$-1 . "M% >) . % <p># # <p> Type
# "1 3 # $" I.  #define p_Type



uint8  + H % % & : $
"op  # " $ ) $ # . ' #
$ TEST typesh (+ #!) -% # !

#ifndef p_Type

#define p_Type DEFAULT_PARAM_TYPE

#endif
# $ DEFAULT_PARAM_TYPE I $ # 3"

# % " # $ # . 88" #
% $# . $ % <msg> <msg>_Return_Type
# ) $ !s" '$ ( % # 1
2> >GHS " $$ ) %
# "% # '# $ # # # 1$"
$ # "% % #) " H#

#) $ % ot "# #. " #"1 SH"#

) #. # #  (# $

$ ) $ "#$ " S5#"# $ # "
) DEFAULT_RETURN_VALUE# $ msc2c_types.h +$
#) $% ) 8 |5 # # 'S -0
"%  "#"16 % " # ) $#
$" # I $ ) ! # $ o I

#define msg_Return_Type int32

#define msg_Default_Return_Value my_msg_ReturnValue

#) ! my_msg_ReturnValue # ! " 5 # #

) 1S # D % # "
S## & @ # ) $% # |
"1 9
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Figure 17: Changing Return Values of Stubs
n % _ n $ | # 5 ) '
& #) $# : $%5.

printf(*value of p = %d\n”,p);

printf(*value of p = %s\n”,p);

# ") S5# # ") %" TOVAL p() "# # #
)  $ p .
printf(“value of p = %d\n”", TOVAL_p(p));
?1 8% p_Type $ % % $ # TOVAL
%"  5#"# " L #

# " S## “%d” “%s” # | $

% I'$ # " # S “%d’ @. $

#define VALUE_TYPE char* $ VALUE_TYPE_DECIMAL #

$ msc2c_types.h
9 "% % $# . # >T?G. $ "
# % 5.

8.3 Specification Independent Code
# 0" ) # $ # r s D
'l # "



8.3.1 main

# $ main.c " # % $ #

- " L # " LY $ % #
$ %51

8.3.2 msc2c_types

# % msc2c_types.h " rr. 3 # 0"

"# $ -% # . DEFAUT_PARAM_TYPE $

$ # % D$ . $ " $ "$"
$ TEST types.h (

8.3.3 msc2c_time

# $ msc2c_time.c msc2c_time.c " # & $"
$ # % # $ % % - " !
# % "" " * L #

[* type for getTime */
#define TIME_TYPE int

[** *this action is executed in every step
* (before the test is executed)
*/

void time_entry_action();

[** this action is executed in every step
* (after the test is executed)
*/

void time_exit_action();

/**
* this method returns the current time
* (uint as used in the specification)
*/

TIME_TYPE getTime();

/**

* this method actualizes the current time (if nec essary)
*/
void RUN_TIMERS();

8.3.4 msc2c_debug

# % msc2c_debug.c msc2c_debug.c " # $%

5# "# ) $ ! D! $$ 15 $
$! 8"



"o ow
") % (
I $ $ %
") 8
$% ™
$% $ #
. $1 $% " %
# >) "
9H#H% $ ).
- % #1 3%
$ " % ! $%" #
% $! $% # !5
!
4 5 1 $" ) |

[** this action is executed in every step (before t
void debug_entry_action();

/** this action is executed in every step (after th
void debug_exit_action();

/* type of detectable errors */
typedef enum {
OverallTestTimeout,
ConditionViolated,
UnexpectedMessage,
MessageMissing,
WrongMessageSequenceEarly,
WrongMessageSequencelate,
WrongMessageParameterValue,
WrongReturnParameterValue,
WrongLoopRepetitionNumber,
TimeAnnotationViolated,
NoTimeoutOfTimer,
WrongMSC2CConfiguration
} ErrorType;

#define StepType uint16
#define AktionType uint8

[* the error counter (is incremented by each error
intiErrs;

/* limits the maximal test
/* limits the maximal num

[* the step counter (has to be incremented from the

StepType stCurStep;

/* general macros that are used from the generation

FILE* fGen; /* has to be initialized before using
fGen=fopen("file","w"); */

#define FG (fGen?fGen:stdout)

#define GEN_O(text) fprintf(FG,text);

#define GEN_1(text,a) fprintf(FG,text,a);

#define GEN_2(text,a,b) fprintf(FG,text,a,b);
#define GEN_3(text,a,b,c) fprintf(FG,text,a,b,c);
#define GEN_4(text,a,b,c,d) fprintf(FG,text,a,b,c,d
#define GEN_5(text,a,b,c,d,e) fprintf(FG,text,a,b,c
#define GEN_6(text,a,b,c,d,e,f) fprintf(FG,text,a,b
#define GEN_7(text,a,b,c,d,e,f,g) fprintf(FG,text,a
#define GEN_8(text,a,b,c,d,e,f,g,h) fprintf(FG,text
#define GEN_9(text,a,b,c,d,e,f,g,h,i) fprintf(FG,te
#define GEN_10(text,a,b,c,d,e,f,g,h,i,j) fprintf(FG

he test is executed) */

e test is executed) */

length to 65535 steps */

$

ber elements in one MSC to 256 */

function)*/

test-caller)*/

functions */

the generation, e.g. with an

)
,d.e);

,c,d,ef);

,b,c,d,e,f,q9);
,a,b,c,d,ef,g,h);
xt,a,b,c,d,e,f,g,h,i);
text,a,b,c,d,e f,g,h,i,j);

%



/*

* the following functions and variables can be use
* control the AMOUNT of debugging information
* they may be called from the main routine
*/

/* starts ALL at step s */

void msc2c_set_ALL_start(StepType s);
/* stops ALL at step s */

void msc2c_set_ALL_end(StepType s);

[* starts debuging at step s */

void msc2c_set_debug_start(StepType s);
[* stops debuging at step s */

void msc2c_set_debug_end(StepType s);
[* starts tracing at step s */

void msc2c_set_trace_start(StepType s);
[* stops tracing at step s */

void msc2c_set_trace_end(StepType s);
[* starts generation at step s */

void msc2c_set_gen_start(StepType s);

[* stops generation at step s */

void msc2c_set_gen_end(StepType s);

[* starts error at step s */

void msc2c_set_error_start(StepType s);
[* stops error at step s */

void msc2c_set_error_end(StepType s);

/* functions for controling features */
/

!

/* control ALL debugging info */
void msc2c_set_ ALL(BOOL b);
void msc2c_set_debug(BOOL b);
void msc2c_set_trace(BOOL b);
void msc2c_set_gen(BOOL b);
void msc2c_set_error(BOOL b);

/* GENERIC */
void msc2c_set TTT_FFF(BOOL b);

/* debug: selected stubs */

void msc2c_set_debug_stub_all(BOOL b);

/* debug: all called stubs */

void msc2c_set_debug_stub_selected(BOOL b);
/* debug: starting of timer */

void msc2c_set_debug_timer_starting(BOOL b);
/* debug: reset of timer */

void msc2c_set_debug_timer_reset(BOOL b);
/* debug: timeout timer */

void msc2c_set_debug_timer_timeout(BOOL b);
/* debug: coverage */

void msc2c_set_debug_coverage(BOOL b);
BOOL msc2c_get_debug_coverage();

/* debug: prio of MSC */

void msc2c_set_debug_prio(BOOL b);

/* debug: priority of best MSC */

void msc2c_set_debug_prio_best(BOOL b);

/* debug: idle message in HMSC-State */

void msc2c_set_debug_idle_state(BOOL b);

/* debug: guards */

void msc2c_set_debug_guards(BOOL b);

/* debug: guards with number */

void msc2c_set_debug_guards_int(BOOL b);

/* debug: waiting */

void msc2c_set_debug_waiting(BOOL b);

/* debug: calls */

void msc2c_set_debug_calls(BOOL b);

/* debug: received calls from SuT (Stubs) */

void msc2c_set_debug_received_calls(BOOL b);
/* debug: gates */

void msc2c_set_debug_gates(BOOL b);

[* trace: hmsc */

void msc2c_set_trace_hmsc(BOOL b);

[* trace: hmsc state */

void msc2c_set_trace_hmsc_state(BOOL b);
[* prints trace: next hmsc-state */

dto



void msc2c_set_trace_hmsc_state_changed(BOOL b);
[* trace: msc */

void msc2c_set_trace_msc(BOOL b);

[* trace: msc state */

void msc2c_set_trace_msc_state(BOOL b);

[* trace: msc calls */

void msc2c_set_trace_msc_call(BOOL b);

[* trace: msc finished */

void msc2c_set_trace_msc_finished(BOOL b);

[* trace: msc with alternatives finished */

void msc2c_set_trace_msc_alts_finished(BOOL b);

[* trace: msc calls in HMSC */

void msc2c_set_trace_msc_call_hmsc(BOOL b);

/* trace: msc executed MSC in HMSC with coverage */
void msc2c_set_trace_msc_called_hmsc_cover(BOOL b)
/* trace: selected msc calls in HMSC */

void msc2c_set_trace_msc_call_hmsc_selected(BOOL b
[* trace: msc pending (incomplete MSCs) */

void msc2c_set_trace_msc_pending(BOOL b);

[* control genartion */

void msc2c_set_gen(BOOL b);

/* gen: hmsc (complete HMSCs) */

void msc2c_set_gen_hmsc(BOOL b);

/* gen: hmsc states */

void msc2c_set_gen_hmsc_state(BOOL b);

/* gen: hmsc states */

void msc2c_set_gen_hmsc_refs(BOOL b);

/* gen: msc (complete HMSCs) */

void msc2c_set_gen_msc(BOOL b);

/* gen: msc calls */

void msc2c_set_gen_msc_call(BOOL b);

/* gen: msc messages */

void msc2c_set_gen_msc_message(BOOL b);

/* gen: msc actions */

void msc2c_set_gen_msc_action(BOOL b);

/* gen: msc conditions */

void msc2c_set_gen_msc_condition(BOOL b);

/* gen: msc timer */

void msc2c_set_gen_msc_timer(BOOL b);

/* gen: msc time annotations */

void msc2c_set_gen_msc_timeann(BOOL b);

/* gen: msc hierarchic elements */

void msc2c_set_gen_msc_hierarchic(BOOL b);

/* gen: msc hierarchic alternatives */

void msc2c_set_gen_msc_hierarchic_alternative(BOOL
/* gen: msc hierarchic pars */

void msc2c_set_gen_msc_hierarchic_par(BOOL b);
/* gen: msc hierarchic options */

void msc2c_set_gen_msc_hierarchic_option(BOOL b);
/* gen: msc hierarchic loops */

void msc2c_set_gen_msc_hierarchic_loop(BOOL b);

/* function that can be used in the code */
/

/
/* GENERIC */
void msc2c_TTT_FFF();

[* debug: stub all */

void msc2c_TTT_stub_all(const char*);

/* debugging of calls of stubs */

void msc2c_debug_stub_all(const char* sStub);

/* debug: stub selected */

void msc2c_debug_stub_selected(const char*);

/* debug: starting of timer */

void msc2c_debug_timer_starting(char*, TIME_TYPE);
/* debug: reset of timer */

void msc2c_debug_timer_reset(char*);

/* debug: timeout timer */

void msc2c_debug_msc_timer_timeout(const char* sSMS
/* debug: priorities of MSCs */

void msc2c_debug_prio(const char*,const char*,cons
/* debug: priority of best MSC */

void msc2c_debug_prio_best(int);

/* debug: idle message in HMSC-State */

void msc2c_debug_idle_state(const char*,const char
/* debug: guards */

b);

C,const char* sTimer);

t char*,int);

*);

87



void msc2c_debug_guards(const char*,const char*);
/* debug: guards with int value */

void msc2c_debug_guards_int(const char*,const char
/* debug: waiting */

void msc2c_debug_waiting(const char*,const char*,i
/* debug: calls */

void msc2c_debug_calls(const char*,const char*);

/* debug: received calls from SuT (Stubs) */

void msc2c_debug_received_calls(MSC_Type, MSG_TYPE
/* debug: gates */

void msc2c_debug_gates(const char*,const char*);

[* prints trace: hmsc-state */

void msc2c_trace_hmsc_state(const char* sHMSC,cons
[* prints trace: next hmsc-state */

void msc2c_trace_hmsc_state_changed(const char* sH
[* prints trace: msc-state */

void msc2c_trace_msc_state(const char* sMSC,int iM
[* prints tracing: msc calls */

void msc2c_trace_msc_call(const char* sSMSC);

[* prints tracing: msc finished */

void msc2c_trace_msc_finished(MSC_Type iMSC,int iE
[* prints tracing: msc with alternatives finished *

void msc2c_trace_msc_alts_finished(const char* sSMS
[* prints tracing: msc calls in HMSC */

void msc2c_trace_msc_call_hmsc(const char* sHMSC,c
[* prints tracing: executed msc in HMSC (with cover

void msc2c_trace_msc_called_hmsc_cover(const char*
SMSC,int iCover);

[* prints tracing: selected msc calls in HMSC */

void msc2c_trace_msc_call_hmsc_selected(const char
sMSC);

/* prints tracing: msc pending (incomplete MSCs) */

void msc2c_trace_msc_pending(const char* sSMSC,int

/* starts generation of an HMSC */

void msc2c_gen_hmsc_start(int iIHMSC);

/* ends generation of an HMSC */

void msc2c_gen_hmsc_end(HMSC_Type iHMSC,int iError

/* inserts an HMSCState */

void msc2c_gen_hmsc_state(int iHMSC,int iState);

/* inserts a start of an MSC (MSC-Reference) */

void msc2c_gen_hmsc_mscref(int iIHMSC,int iIMSC);

/* inserts a start of an MSC (MSC-Reference) with a

void msc2c_gen_hmsc_mscref_alt(int iHMSC,int iMSC,

/* inserts an MSC Reference call (before the call)

void msc2c_gen_msc_call(int iMSCCalling,int iNode,

/* inserts an MSC Reference call (after the call re

void msc2c_gen_msc_called(int iIMSCCalling,int iNod

/* inserts an MSC Reference call (before the call)

void msc2c_gen_msc_alt_call(int iIMSCCalling,int iN

/* inserts an MSC Reference call (after the call re

void msc2c_gen_msc_alt_called(int iMSCCalling,int

iErrors);

/* inserts an action into the MSC */

void msc2c_gen_msc_action(MSC_Type iMSC,int iActio

/* inserts a condition into the MSC */

void msc2c_gen_msc_condition(MSC_Type iMSC,int iNo

/* inserts a message with O parameters into the MSC

void msc2c_gen_msc_message0(MSG_TYPE iMSG,BOOL bDi
/* inserts a message with 1 parameters into the MSC

void msc2c_gen_msc_messagel(MSG_TYPE iMSG,BOOL bDi
iParl);

/* inserts a message with 2 parameters into the MSC

void msc2c_gen_msc_message2(MSG_TYPE iMSG,BOOL bDi
iParl,VALUE_TYPE iPar2);

/* inserts a message with 3 parameters into the MSC

void msc2c_gen_msc_message3(MSG_TYPE iMSG,BOOL bDi
iParl,VALUE_TYPE iPar2, VALUE_TYPE iPar3);

/* inserts a message with 4 parameters into the MSC

void msc2c_gen_msc_message4(MSG_TYPE iMSG,BOOL bDi
iParl,VALUE_TYPE iPar2, VALUE_TYPE iPar3,VALUE_TYPE
/* inserts a message with 5 parameters into the MSC

void msc2c_gen_msc_message5(MSG_TYPE iMSG,BOOL bDi
iParl,VALUE_TYPE iPar2,VALUE_TYPE iPar3,VALUE_TYPE
/* inserts a timer start into the MSC */

void msc2c_gen_msc_timer_start(MSC_Type iMSC,int i

/* inserts a timer timeout into the MSC */

*.int);

nt);

t char* sState,int iLevel);
MSC,const char* sNewState);

SCState);

Irs);
/
C,int iAlts,int iErrs);

onst char* sState,const char* sSMSC);
age) */

sHMSC,const char* sState,const char*

* sHMSC,const char* sState,const char*

iIMSCState);

s);

n alternative counter */

int iAlts);

*/

int IMSCCalled);

turned) */

e,int IMSCCalled,int iErrors);

with an alternative counter */

ode,int IMSCCalled,int iAlts);
turned) with an alternative counter */
iNode,int IMSCCalled,int iAlts,int

n);

de,VALUE_TYPE vCond);

*/

r,MSC_Type iMSC,int iNode);
*/

r,MSC_Type iMSC,int iNode,VALUE_TYPE

*

r,MSC_Type iMSC,int iNode,VALUE_TYPE

*

r,MSC_Type iMSC,int iNode,VALUE_TYPE

*

r,MSC_Type iMSC,int iNode,VALUE_TYPE

iPar4);
*/

r,MSC_Type iMSC,int iNode,VALUE_TYPE

iPar4,VALUE_TYPE iPar5);

Node,int iTimer,int iValue);
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void msc2c_gen_msc_timer_timeout(MSC_Type iMSC,int
/* inserts a timer reset into the MSC */

void msc2c_gen_msc_timer_reset(MSC_Type iMSC,int i
/* inserts an exact time annotation (like [10]) bet

void msc2c_gen_msc_timeann_start_exact(MSC_Type iM
iValue);

/* inserts an interval time annotation (like [10,10

void msc2c_gen_msc_timeann_start_inter(MSC_Type iM
iValueMin,int iValueMax);

/* inserts an regular interval time annotation end

void msc2c_gen_msc_timeann_OK(MSC_Type iMSC,int iT
/* inserts an option begin into the MSC */

void msc2c_gen_opt_begin(MSC_Type iMSC,int iNode);
/* inserts an option end into the MSC */

void msc2c_gen_opt_end(MSC_Type iMSC,int iNode);

/* inserts an alternative begin into the MSC */

void msc2c_gen_alt_begin(MSC_Type iMSC,int iNode);
/* inserts an alternative end into the MSC */

void msc2c_gen_alt_end(MSC_Type iMSC,int iNode);

[* inserts an par begin into the MSC */

void msc2c_gen_seq_begin(MSC_Type iMSC,int iNode);
[* inserts an par end into the MSC */

void msc2c_gen_seq_end(MSC_Type iMSC,int iNode);

/* inserts and end of an MSC with the number of err

void msc2c_gen_msc_finished(MSC_Type iMSC,int iErr

/* inserts a error into the MSC */
void msc2c_gen_error_text(ErrorType error,int iErr
soll, VALUE_TYPE ist, const char* text);

void dbg_error_text(ErrorType error,StepType step,
soll, VALUE_TYPE ist, const char* text);

iNode,int iTimer);

Node,int iTimer);

ween two nodes */

SC,int iNodeFrom,int iNodeTo,int iTimer,int

0]) between two nodes */
SC,int iNodeFrom,int iNodeTo,int iTimer,int

*/
imer,int iValue);

ors */
s);

orNumber,MSC_Type iMSC,int iNode,VALUE_TYPE

MSC_Type msc,AktionType aktion, VALUE_TYPE



9 Extensions
# # ")y - $ #
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9.2 Matlab Catalogue Generator

% # $" $ %

" $% 2@ % 1%
# " " " $
LML # #) st (9
- #% 5 %

GK+ "L 5#
GK3 L 5# %

S #
#II
YO#
$
!
#
% I
#
4
"% $
!
. % %"
"O#

%



GK3 L S #

%
# GK3 L GK3 L% #

# % # " % $ "
I"1- 5# . # % $"
M$ % ) ! o# # "$ L #

cataloggen N6$ % O NModel.mdl]*
# $
% %
9.3 Matlab Integration
# " $ % "ol 5 #
# % + # @ "1
# % " (
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Figure 19: Properteis of the MSC Driver
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9.4 MSC Transformations

$ % $ % L
g "o +
$" -2 6L # 1 "
% # #
" $ % %
"% S #HH# $ +$ #
# $ L # $ %
%
# % % $ % $
# $ % $ %
$ % #$% # #$ %
! $ % % "# # $ %
# % # # % % "# $
( $ # # % %
$ 5 ! "H#"1 #
%
o %
o "
o " " -
o] % )
o - #" o#

%
$ %
% n



#
#

%
%

Figure 20: Transformation Rule
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Figure 22: Transformed MSC
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main ::= starcomment* mpr_file.
mpr_file ::= textual_msc_document message_sequence_
string ::= character_string

| name

| number.
index ::= name

| number.
end ::= comment? ;'
comment ::= 'comment' character_string starcomment*
text_definition ::= 'text' character_string starcom
textual_msc_document ::= document_head textual_defi
textual_utility _part.
document_head ::= 'mscdocument’ instance_kind end u
textual_defining_part ::= defining_language? defini
defining_msc_reference*.
textual_utility_part ::="utilities' defining_msc_r
defining_language ::='language' data_language_name
defining_data ::= 'data’ character_string end.
defining_msc_reference ::= 'reference’ msc_name.
using_clause ::='using' instance_kind end.
identifier ::= name.

message_sequence_chart ::='msc' msc_head msc_or_hm

msc_or_hmsc ::= msc
| hmsc.
msc ::= msc_body.

msc_head ::= msc_name msc_parameter_decl? end msc_g

msc_parameter_decl ::="'(' msc_parm_decl_list")".
instance_parameter_decl ::="inst' instance_parm_de
instance_parm_decl_list ::= instance_parameter_name
co_instance_parm_decl_list?.
co_instance_parm_decl_list ::="," instance_parm_de
instance_parameter_name ::= instance_name.

message_parameter_decl ::= 'msg' message_parm_decl_

message_parm_decl_list ::= message_decl_list.

msc_parm_decl_list ::= msc_parm_decl_block end_msc_

end_msc_parm_decl_list ::= end msc_parm_decl_list.
msc_parm_decl_block ::= data_parameter_decl

| instance_parameter_decl

| message_parameter_decl

| timer_parameter_decl.
timer_parameter_decl ::= 'timer' timer_parm_decl_li
timer_parm_decl_list ::= timer_decl_list.
instance_kind ::= identifier.
msc_gate_interface ::= msc_gate_def*.
msc_gate def ::= 'gate' msg_gate end.
msg_gate ::= def_in_gate

chart*.

ment starcomment* end.
ning_part

sing_clause*.
ng_data?

eference*.
end.

sc 'endmsc' end.
ate_interface.
cl_list end.

cl_list.
list.

parm_decl_list?.

st.



| def out gate.
msc_body ::= msc_statement*.
msc_statement ::= text_definition
| event_definition.
event_definition ::= instance_name_list ;' event.
event ::= instance_event
| multi_instance_event_list.
instance_event_list ::= instance_event+.
instance_event ::= orderable_event
| non_orderable_event.
orderable_event ::= help0? helpl starcomment? end h
help0 ::='label' event_name end.
helpl ::= message_event
| incomplete_message_event
| timer_statement
| action.
help2 ::='time' time_dest_list end.
time_dest _list ::= time_dest? time_interval co_time
co_time_dest list ::="," time_dest_list.
time_dest ::= event_name
| top_or_bottom reference_identificatio
reference_identification_or_label_name ::= referenc
| label_na
top_or_bottom ::='top’
| 'bottom'.
non_orderable_event ::= start_coregion
| end_coregion
| instance_head_statement
| instance_end_statement.
instance_name_list ::= instance_name comma_instance
| ‘all'.
comma_instance_name ::=',' instance_name.
multi_instance_event_list ::= multi_instance_event+
multi_instance_event ::= condition
| msc_reference
| inline_expr.
instance_head_statement ::= 'instance' instance_kin
instance_end_statement ::= 'endinstance' end.
message_event ::= message_output
| message_input.
message_output ::= 'out' msg_identification 'to" in
message_input ::='in' msg_identification ‘from' ou

incomplete_message_event ::= incomplete_message_out

| incomplete_message_inp

incomplete_message_output ::= 'out’ msg_identificat
incomplete_message_input ::='in' msg_identificatio
msg_identification ::= message_name co_message_inst
parameter_helper?.
CO_message_instance_name ::=',' message_instance_n
parameter_helper ::='( named_parameter_list')".
output_address ::= instance_name

| env_ref via_gate?.
env_ref ::="'env'

| reference_identification.

via_gate ::= 'via' gate_name.
reference_identification ::= 'reference' msc_refere
input_address ::= instance_name

| env_ref via_gate?.

named_parameter_list ::= named_parameter_assignment

co_named_parameter_list?.

co_named_parameter_list ::="',' named_parameter_lis
named_parameter_assignment ::= parameter_identifica
parameter_value_binding?.

elp2?.

_dest_list?.

n_or_label_name.
e_identification
me.

_nhame*

d? starcomment? end.

put_address.
tput_address.
put

ut.

ion 'to" 'lost'.

n ‘from' ‘found'.
ance_name?

ame.

nce_identification.

t.
tion '=' parameter_value



parameter_identification ::= parameter_name paramet
parameter_indices ::= [ index_name co_index_name?

co_index_name ::='," index_name.
parameter_value ::= string
| wildcard

| structured_parameter_value.
structured_parameter_value ::='{' named_parameter_
parameter_value_binding ::= right_bind_symbol patte
actual_out_gate ::= gate_name? 'out’ msg_identifica
actual_in_gate ::= gate_name? 'in' msg_identificati
input_dest ::="lost'
| input_address.
output_dest ::= ‘found'
| output_address.
def _in_gate ::= gate_name? 'out' msg_identification
def out_gate ::= gate_name? 'in' msg_identification
gate_identification ::= gate_name.
condition_identification ::= 'condition' condition__
condition_text ::= string
| ‘'when' cond_expr
| 'otherwise'.
cond_expr ::= condition_name_list
| '(" expression ‘).
condition_name_list ::= condition_name co_condition
co_condition_name ::=",' condition_name.
condition ::= condition_identification end.
timer_statement ::= starttimer
| stoptimer
| timeout.
starttimer ::= kw_starttimer timer_name bounded_tim
duration ::='[' min_durationlimit? co_max_duration
co_max_durationlimit ::="," max_durationlimit.
durationlimit ::= expression_string
| 'inf'.
stoptimer ::= kw_stoptimer timer_name co_timer_inst
co_timer_instance_name ::=',' timer_instance_name.
timeout ::= 'timeout' timer_name co_timer_instance_
action ::= 'action' action_statement.
action_statement ::= informal_action.
informal_action ::= character_string.

message_decl _list ::= message_decl end message_decl

message_decl ::= message_name_list.
message_name_list ::= message_nhame.
timer_decl_list ::= timer_decl end timer_decl_list?
timer_decl ::= timer_name_list.
timer_name_list ::= timer_name.
variable_decl_list ::= variable_decl_item end varia
variable_decl_item ::= variable_list "' type_ref s
variable_list ::= variable_string.
data_parameter_decl ::= 'variables'? variable_decl_
actual_data_parameters ::= 'variables'? actual_data
actual_data_parameter_list ::= parameter_name '=' e
co_actual_data_parameter_list?.
co_actual_data_parameter_list ;:= "', actual_data_p
right_bind_symbol ::="'=:".
expression ::= expression_string.
pattern ::= variable_string

| wildcard.
wildcard ::="_".
time_point ;:='@'? time_expression.
measurement ::= rel_measurement

| abs_measurement.

rel_measurement ::='&' time_pattern.

er_indices?.

T

list '}
rn.
tion 'to' input_dest.

on 'from'’ output_dest.

'to’ input_address.
'from' input_dest.

text.

_hame*.

e? measurement?.
limit? "'
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name?.

_list?.

ble_decl_list?.
tring.

list.
__parameter _list.
xpression_string

arameter_list.



abs_measurement :;='@' time_pattern.

time_interval ::= interval_label? bounded_time meas
interval_label ::="int_boundary' interval_name.
singular_time ::='[' time_point "'

| measurement.

bounded_time ::='@'? left_open_or_left square_brac

comma_time_point? right_open_or_right_square_bracke

left_open_or_left _square_bracket ::="'('
| T
right_open_or_right_square_bracket ::=")'
| T

comma_time_point ::="," time_point.
start_coregion ::= ‘concurrent' end.
end_coregion ::= 'endconcurrent’ end.
inline_expr ::= loop_expr

| opt_expr

| alt_expr

| seq_expr

| par_expr

| exc_expr.
loop_expr ::="loop' loop_boundary? 'begin' end msc
opt_expr ::='opt_begin' end msc_body 'opt' 'end' e
exc_expr ::='exc_begin' end msc_body 'exc' ‘'end' e
alt_expr ::="alt_begin' end msc_body alts* 'alt' '
alts ::= 'alt' end msc_body.
par_expr ::='par_begin' end msc_body pars* 'par'"
pars ::='par' end msc_body.
seq_expr ::='seq_begin' end msc_body seqs* 'seq"’
seqs ::='seq' end msc_body.
loop_boundary ::='<"inf_natural co_inf_natural?'
co_inf_natural :;="," inf_natural.
inf_natural ::= 'inf'

| expression.
msc_reference ::= 'reference' msc_reference_identif

msc_ref_expr end kw_time_time_interval_end? kw_top_

kw_bottom_time_dest_list_end? reference_gate_interf
msc_reference_identification_colon ::= msc_referenc
kw_time_time_interval_end ::='time' time_interval
kw_top_time_dest_list_end ::="top' time_dest_list
kw_bottom_time_dest_list_end ::= 'bottom' time_dest
msc_reference_identification ::= msc_reference_name
msc_ref_expr ::= msc_name actual_parameters?.
actual_parameters ::='(" actual_parameters_list ")
actual_parameters_list ::= actual_parameters_block
end_actual_parameters_list?.
end_actual_parameters_list ::= end actual_parameter
actual_parameters_block ::= actual_data_parameters

| actual_instance_paramet

| actual_message_paramete

| actual_timer_parameters
actual_instance_parameters ::= 'inst' actual_instan
actual_instance_parm_list ::= actual_instance_param
co_actual_instance_parm_list?.
co_actual_instance_parm_list ::="," actual_instanc
actual_instance_parameter ::= parameter_name '='in

actual_message_parameters ::= 'msg' actual_message_

actual_message_list ::= parameter_name '=' message_
co_actual_message_list?.

co_actual_message_list :;:="'," actual_message_list.
actual_timer_parameters ::= 'timer' actual_timer_li
actual_timer_list ::= parameter_name '=' timer_name
co_actual_timer_list ::="," actual_timer_list.
reference_gate_interface ::= end_gate_ref gate*.
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end_gate_ref gate ::='gate' ref_gate end.
ref_gate ::= actual_out_gate
| actual_in_gate.
hmsc ::='expr' msc_expression.
msc_expression ::= start node_expression*.
start ::= label_name_list? end.
node_expression ::= label_name "' node_helper end.

node_helper ::= node_helper2 'seq' ‘(' label_name_| ist? ")’
| 'end'.

node_helper2 ::= timable_node
| node.

label_name_list ::= label _name alt_label name*.
alt_label _name ::="alt' label_name.
node ::= condition_identification

| 'connect'.
par_expression :;= 'expr' msc_expression '‘endexpr’ par_helper*.
par_helper ::='par' 'expr' msc_expression ‘endexpr '
timable_node ::="'(' msc_ref_expr ')’ time_helper?

| par_expression time_helper?.

time_helper ::= 'time' time_interval end.
msc_name ::= string.
instance_name ::= string.
event_name ::= name.
message_name ::= string.
message_instance_name ::= string.
gate_name ::= name.
timer_name ::= name.
timer_instance_name ::= name.
interval_name ::= name.
inline_expr_name ::= name.
condition_name ::= string.
label_name ::= name.
message_sequence_chart_name ::= string.
msc_reference_name ::= string.
data_language_name ::= name.
parameter_name ::= string.
par_name ::= name.
index_name ::= index.
sdl_document_identifier ::= identifier.
variable_identifier ::= identifier.
expression_string ::= string.
type_ref _string ::= string.
variable_string ::= string.
wildcard_string ::= string.
data_definition_string ::= string.
max_durationlimit :;= durationlimit.
min_durationlimit ::= durationlimit.
time_expression ::= expression.
time_pattern ::= pattern.
open_par ::= character_string.
close_par ::= character_string.

/I important lexical helpers:
M

name ::= ( letter | underline ) name_element*.

kw_stoptimer ::= 'stoptimer' | 'reset'.

starcomment ::= ('//' not_eol* eol ) | ('/*' not_ star* "'+ (
not_star_slash not_star* *'+ )*'/").

number ::= decimal_digit+.

kw_starttimer ::= 'starttimer' | 'set'.

character_string ::= "™ (‘all_but_quote | quote qu ote )+ ™.



