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Abstract

A fault analysis process is discussed in this paper. Fault analysis is an activity to detect the
fault that caused a failure, which has occurred during software testing. The objective of this work
is to provide an effective fault analysis method especially for the “hard-to-reproduced” failure. In
order to achieve this objective, a failure reproduction method using model extraction and model
checking techniques is proposed in this paper. Moreover, a fault analysis process including the
failure reproduction is also proposed. Assumed target of this work is so-called embedded software,
which is embedded in the devices that control physical, electrical or electronic world outside the
devices.

In late years, the purpose of embedded software is to add value of the products by using
software, which realizes intellectual control depending on the situation, cooperation action of
the plural devices or cooperation with the information service. Therefore, concurrency of the
systems and complexity of embedded software in such systems increase rapidly. In addition, the
behavior of world outside the systems, which embedded software controls through devices, is
nondeterministic, and it is difficult to assume whole behavior of the systems beforehand.

One of the issues of such embedded software development is fault analysis. To detect the
fault according to an observed failure, the developer generally tries to reproduce the failure by
executing the system again under the same condition as that in the case of failure. However,
the failure reproduction is sometimes quite difficult, since behavior of the target system is not
constant because of above-mentioned concurrency and nondeterminism. This paper proposes an
effective method of fault analysis for such a hard-to-reproduced failure.

Primarily, model checking technique is proposed to be applied to failure reproduction. Model
checking is a powerful technique to decide whether the behavior model of the system models
the predefined property, which is conventionally used during software development to find the
unknown and unexpected behavior of the target system. One of the characteristics of this work
is to use model checking technique for detecting behavior that reaches the observed failure that
has occurred during testing.

Then, a model extraction method from source code is proposed for model checking against
source code. One of the problems in practical use of model checking is a huge cost for constructing
the behavior model of the target system. POM (Program-Oriented Modeling) framework that
extracts a model from source code is proposed to solve this problem. The POM/MC tool that
is a tool performing model extraction and model checking using the POM framework is also
proposed. POM/MC enable its user to explicitly appoint the method for model extracting. This
feature supports the failure reproduction in trial-and-error-manner experiments both to keep
information necessary for fault analysis and to avoid state explosion in model checking.

Moreover, the fault analysis process is defined in formal manner. The fault analysis model
that formalizes concepts of failure, fault and fault analysis is proposed. Then fault analysis is
constructed from view of the hypothetico-deductive method, and an experimental fault analysis
process based on hypothesis and predictions is formalized. This process is implemented by using
POM/MC. Finally, feasibility of effective fault analysis by using the proposed method is shown
through some case studies.
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O 2.1: Model-Driven Architecture
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0 2.3: QVTOOO [21]
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Operation - Module < Modulelmport
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02300QVTOO00O0000O0OCored RelationsOOOOOOO0OOOODOO
O0Core00O00O0ODOOOOODEMOFO OCLOOUODODOODOODODODOOO
000000000000 DO000000DO00O0000DOO000DORelationsd OO
o000 ooooobbb bbb boogooobbon
OO0O00Cored RelationsOODOOOODOODOODOOOOOQDOORelations O Core O
0000000000O0BlackboxOOOOODOOOOOO0ODOODOOODOODOOODODO
Operational Mappings 00000000000 OOCLO0OOOOOOODOOOOOO
O0000000000 Cored Operations 000000 0OOOOOOOOOOODO

024000[21]000QVT Operations0 00000000000 OOOOOOOOOO
0000000000000 000000000000000D0O00QVT/OperationalMapping
UO0O0D0O000 QVIOperationalPackage UL U UUUODUOUOOODODOUOOODDOON
UO0000 OperationalTransformation U0 U OO U 0OperationalTransformation
O00QVT/Relation 000000000 00O0O RelationalTransformation 0000
O000000000000QVT/OperationalMapping 00 OQVT/Relation 000000
0000000QVT/OperationalMapping 0 OEMOF 0O O Class O Packagel Element [
00000000000000000O0QVT/OperationalMapping 0 0 O QVT/Relation
gooCLOdbDOobOoooboooCcLOobuoooobobooobDOoooDooooboon
00O ForExp(For Expression) 0 0000000 SwithExp(Switch Expression)d 00O
000000 BreakExp(Break Expression)d 0 0 0O O O ReturnExp(Return Expression)
000 000QVT/OperationalMapping 1 0 00000 00000000000000
ugdobbbdooooobobtoooooobobbuooooobbbooooobbboooa
ooooooo

O00000ooDOoOOo0oOoobobOOOEddipse0000O0DOOOOMOFOODOOOOO
000000000000 EMF(Eclipse Modeling Framework) O 0 0 0 O EMT (Eclipse
Modeling Tool) 0 OQVT /operationalMapping 0 0 0 00 OO0 0O QVTo (Operationl QVT)
oooooboboooooooxXxMiIoDoobobobooooboooooboboooo
O00000000O0MOF M2T[24)0 00000 AcceleoO0 OO OO

23 0O0O0Oon

gboboodbobooboboobobobooboobobuoob pobboobobo
gbobgoooooobo MMOODODOODOOMDO pOO0DODODOOOOODOODO
O00000OMEOOODOODOOOODOOOODOOODO

2.3.1 SPIN

0000000000000 SPIN(Simple Promela INterpreter) 0, w D0 0000
(BuchiDOOOOODO)0OOOOOOOOO [29)0SPINO,0000O0O0OOOOOO
Promela(00)0 0000000000000 O0 POOOOOO (Linear Temporal Logic;
LTL)O0 fO0O000OO0DOOO0OO,PO BuchiDOOOOO S(P)ODODOOOOOOOP
000 fO00000O0O0DO0O0COOO0ODOOOOO0O0OS(P)0w-rune 0000 fOO
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active proctype counter()

{
do

count ++

count - -
;. (count == 0) ->break

od

}

0 2.5: Promela 00 000 (do)[30]

00000000000 ¢ fO0O00OSPINO PO fO0000O BachiDoOOOOOO
O00000000000000O0SPINODOS(PUDOOO0OU0 wrun00O0O0DO00OOO
oooooooooooooobobooooD pfOOOOO0 POOOD fOOODOOODO
goog

OO0OSPINODDO LTLOOOOOOOO (liveness) O Promela 00000000000
goboobooboooooooboooooooooobDoboboobboOobDb LTLO
ogbobooboooobon

2.3.2 Promela

Promela(Process/Protocol meta laguage) 0 OSPINO OO OO0OO0OO0OOOOOOOO
ugdobbtbooooboobuoooobobboooubbboooobobooboboboooo
coooooooooooOoooooooooooooooooooooooooooon
O00000000Spin Home page 00000000 PromelaD00O0OOO0O0O [30]00
ggoon

O 2.500Promela0 000000 0O0OOODODODODO PromelaDOOOODO OO Oproctype
U000 bddUlcounter 000000 OO0OO0O0O0ODO0O0Oactive OO
udbbooobooubtbooobbuooobtboobtbdcogobbbooobogyg -
gooobobbobooboboooobobooboooooboboooobooon
uboobooboobuooboodbuoonbobbobbobobddlcount == o0
bbb bbooobbo0bbo0bob0oduibUdcount ==
gboooooooogsboooooooooooboobobobobobobooooon
ugbooooooob 2bbddobodobooooboboooobooobbooobboon
U0ob0odb countd 000000000 boooboobboobonbooog
gbobooooboobooooboboooobobooooboboooboboobooD
ugobobboogouooooooooboboooobobbooooooboooboobobooaa
ggoooobbbobbbbodoooooooobooboboooogd

0260000000000000000004init 0000000000000 init
000000000 run0000000000D0 ADDODOOODOOO

O00000oooooboooobooooobooooD 2.700000chan 00O
byteUDODOODOOO0OOD0OSUOLOOOO setOO0OOOOOONOMMgooogoOge
Uerdoooogtongobdgobboooubboodbd»d»?dbbog
00000000000 Db0000UDDset?x0 000000 set00ggonooog
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proctype A(byte state; short set)

{
(state == 1) -> state = set
}
init {
run A(1l, 3)
}

0 2.6: Promela0 0000 (000000)[30]

chan set = [8] ot { byte };
byte x;

set!!13; set!!5; set!!2;/* sorted send operations */

set ?X; /[* get first el ement * [
i f
set? [* copy first el enment */
set ??5 /[* is there a 5in the set? */
enpt y(set)
fi
active proctype counter()
{
do
;1 count ++
count - -
;. (count == 0) ->break
od
}

0 2.7: Promela0 0000 (00000 00)[30]
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2.3.3 Linear Temporal Logic
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3.2 U0OOO0OOOOO0OO0OODODOOO
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void *t1(void *arg)
{
intvalu e, i;

pthread_mutex_lock(&m);

value = nondet_int();

if (enqueue(&queue,value)) {
goto ERROR;

stored_elements[0]=value;
if (empty(&queue)) {
goto ERROR,;

pthread_mutex_unlock(&m);
for(i=0; i<(SIZE  -1); i++)
{

pthread_mutex_lock(&m);

if (enqueue_flag)
value = nondet_int();
enqueue(&queue,value);
stored_elements[i+1]=value;
enqueue_flag=FALSE;
dequeue_flag=TRUE;

pthread_mutex_unlock(&m);

return NULL;
ERROR:

void *t2(void *arg)
inti;
for(i=0; i<SIZE; i++)
pthread_mutex_lock(&m);

if (dequeue_flag)

if
(/dequeue(&queue)==stored_elementsi]) {
goto ERROR,;
ERROR:

}
dequeue_flag=FALSE;
enqueue_flag=TRUE;

}
pthread_mutex_unlock(&m);

return NULL;
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mapping Reference: :convertToPthreadFunctionReference(function: FunctionCall):
init {

Reference {

switch {
case (function.getName() = 'pthread_mutex_lock') {
}
case (function.getName() = 'pthread_create') {
result := object ProcessRunningFunctionReference {
declaration := self.oclAsType(FunctionReference).declaration;
}
}
case (function.getName() = 'pthread_join') {
}
else {
result := self;
}
}
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[template expressionToString(exp: Expression)]

[if (exp.oclIsUndefined()) ] >>>Undefined Expression<<<

[elseif (exp = null) ] >>>Null Expression<<<

[elseif (exp.oclIsInvalid()) ] >>>Invalid Expression<<<

[elseif (exp.oclIsKindOf(RunExpression))]run [exp.oclAsType(RunExpression).process.name /]
([expressionsToString(exp.oclAsType(RunExpression).arguments) /])

[elseif (exp.oclIsKindOf(Identifier))]

[if (exp.oclAsType(Identifier).declaration<>null and not exp.oclAsType(Identifier).
declaration.oclIsInvalid() )][exp.oclAsType(Identifier).declaration.name /]
[else]>>>Missing declaration(Identifier)<<<[/if]

[elseif (exp.oclIskindOf(FieldAccess))] ..(&H&)..

[elseif (exp.oclIsKindOf(Constant))] ..(&BK)..

[elseif (exp.oclIsKindOf(ReservedvVariable))] ..(&EK)..

[elseif (exp.oclIsKindOf(ArrayAccess))] ..(EH&)..

().

[/if]

[/template]
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C source code Abstract program model Promela model code

:FunctionDecl
name=terminal_thread

v proctype terminal_thread
:IterationStmt (int id) {

:ReferenceTypeSpec

:FunctionRef

:ProcessRunning -
FunctionRef

*id){
}
i < MAX_TERMINALS; i++) { T e T " do
— :CompoundStmt| |:AssignmentExp] |:BinaryOp| |:IncrementExp .
pthread_create( ::(1 < MAX_TERMINALS)->
: : : run terminal_thread(i);
NULL, :ExpStmt : ExpStmt e TR
terminal_thread, iielse->
:AddressReference :FunctionDecl od
name=pthread_create
:Identifier T
:Ar‘r‘ayAccessI
:ProcessFunctionDecl
= :ReferenceTypeSpec
name=terminal_thread
’ :CompoundStmt | |:AssignmentExp| |:BinaryOp| |:IncrementExp
[:xpstne] xSty
:AddressReference
:Identifier

void* terminal_thread(int
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for (i = 0; I_l_l I_|_| i=oe;
&terminals[i],
i+4;
: " e thread t
(void *)i); :AssgnmentExgl :FunctionCall pthread create break
Name=terminal_thread H
v
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main [ t1 ] [_enqueue_flag | [ queue | [ dequeue_flag__| [r2 stored_elements
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set (FALSE)

create()

create()

—Check(TRUE) | i=0
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e JODOOOERRORODDOODOCOUOODD exitODOODODOOODOO

#include <pthread.h>
#include <stdio.h>

#include <assert.h>
#include <stdlib.h>

#define SIZE (20)
#define EMPTY (-1)
#define FULL (-2)
#define FALSE 0)
#define TRUE 1

typedef struct {
int element[SIZE];
int head;
int tail;
int amount;
} QType;

pthread_mutex_t m;
int nondet_int()
int r;

r=rand();
return r ;

}

int stored_elements[SIZE];
_Bool enqueue_flag, dequeue_flag;
QType queue;

int init(QType *q)
{
q->head=0;
gq->tail=0
g->amount=0;

}
int empty(QType * q)
{

97

if (gq->head == g->tail)
{

printf ("queue is empty\n");
return EMPTY;

else
return O;
int full(QType * q)
{
if (g->amount == SIZE)
{

printf("queue is full\n");
return FULL;

else
return O;
}
int enqueue(QType *q, int x)
{
g->element [q->tail] = x;
q->amount++;
if (g->tail == SIZE)
{
gq->tail = 1;
else

{

q—>tail++;
return 0;
}
int dequeue(QType *q)
{
int x;

x = g->element[q->head];



g->amount--; for(i=0; i<SIZE; i++)
if (gq->head == SIZE) {
{ pthread_mutex_lock(&m) ;
g->head = 1; printf("t2 ");

if (dequeue_flag)

{

else
g—->head++; if (!dequeue(&queue)==stored_elements[i]) {
printf("t2_1 %4 %d\n",i,stored_elements[i]);
return Xx; goto ERROR;
}
ERROR:
void *tl1(void *arg) exit(1);
{ }
int value, i; dequeue_flag=FALSE;
enqueue_flag=TRUE;
pthread_mutex_lock(&m) ; printf("%d %d\n",i, stored_elements[i]);
value = nondet_int(); ¥
if (enqueue(&queue,value)) { pthread_mutex_unlock(&m) ;
printf("t1_1\n");
goto ERROR;

return NULL;

stored_elements[0]=value;

if (empty(&queue)) { int main(void)
printf("t1_2\n"); {
goto ERROR; pthread_t idl, id2;
}
while (TRUE){
pthread_mutex_unlock (&m) ; enqueue_flag=TRUE;
dequeue_flag=FALSE;
for(i=0; i<(SIZE-1); i++) srand ((unsigned) time (NULL) ) ;
{

pthread_mutex_lock(&m) ; init (&queue) ;

printf("t1 ");

if (enqueue_flag) printf ("start\n");

{ if (!empty(&queue)==EMPTY) {
value = nondet_int(); printf ("main\n");
enqueue (&queue,value) ;
stored_elements[i+1]=value; goto ERROR;
enqueue_flag=FALSE; ERROR:
dequeue_flag=TRUE; exit(1);
printf ("%d\n",value); }

}

pthread_mutex_unlock(&m) ;

T pthread_mutex_init (&m, 0);
return NULL; pthread_create(&idl, NULL, t1, &queue);
pthread_create(&id2, NULL, t2, &queue);
ERROR:
exit(1); pthread_join(idl, NULL);
} pthread_join(id2, NULL);
+
void *t2(void *arg) return 0;
{ }
int i;

A2 O0O00O Promela OO

/* queue_BUG */
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chan active_pid_queue_ = [6] of {pid};
inline mutex_lock_ ( mutex_ ) {

if

:: atomic {
(mutex_==false)->
mutex_ = true

fi

}

inline mutex_unlock_ ( mutex_ ) {
mutex_ = false

inline proc_join_ ( proc_id_ ) {
! (active_pid_queue_77[proc_id_])

inline rand_ ( max_, rand_val_ ) {
atomic {
rand_val_ = O;
do
::(rand_val_<(max_-1))->
if
citrue->
rand_val_++;
citrue—>
break

fi;
::else->
break

od
}

chan proc_index_queue_ = [6] of {byte};
inline assign_proc_index_ ( index_ ) {
proc_index_queue_7index_

inline release_proc_index_ ( index_ ) {
proc_index_queue_!!index_

/* @trace:file://queue_BUG.c- at line 12 */
typedef unnamed_stuct_t_0 {

int element_[20];

int head_;

int tail_;

int amount_

};

/* Qtrace:file://queue_BUG.c- at line 19 */
bool m_;

/* Qtrace:file://queue_BUG.c- at line 20 */
inline nondet_int_ ( ret__ ) {
rand_(10,ret__)
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/* Qtrace:file://queue_BUG.c- at line 21 */
int stored_elements_[20];

/* Qtrace:file://queue_BUG.c- at line 22 */
bit enqueue_flag_;

/* Qtrace:file://queue_BUG.c- at line 22 */
bit dequeue_flag_;

/* Qtrace:file://queue_BUG.c- at line 23 */
unnamed_stuct_t_0 queue_;

/* Qtrace:file://queue_BUG.c- at line 25 */
inline init_ ( q_, ret__ ) {
int init_proc_index_;

/* Qtrace:file://queue_BUG.c- at line 27 */
q_.head_ = 0;

/* Qtrace:file://queue_BUG.c- at line 28 */
q_.tail_ = 0;

/* @trace:file://queue_BUG.c- at line 29 */
q_.amount_ = 0

/* @trace:file://queue_BUG.c- at line 32 */
inline empty_ ( q_, ret__
int empty_proc_index_;

/* Qtrace:file://queue_BUG.c- at line 34 */
if
::(q_.head_==q_.tail_)->

/* @trace:file://queue_BUG.c- at line 36 */
skip;
ret__ = -1;
goto End_of_empty;
::else—>
ret__ = 0;
goto End_of_empty

fi;
End_of_empty: skip

/* @trace:file://queue_BUG.c- at line 54 */
inline enqueue_ ( q_, x__, ret__ ) {
int enqueue_proc_index_;

/* Qtrace:file://queue_BUG.c- at line 54 */
int x__5b4;
x__54 = x__;

/* Qtrace:file://queue_BUG.c- at line 56 */
g_.element_[q_.tail_ ] = x__b4;

/* Qtrace:file://queue_BUG.c- at line 57 */
q_.amount_++;

/* @trace:file://queue_BUG.c- at line 58 */
if
::(q_.tail_==20)->
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/* Qtrace:file://queue_BUG.c- at line 60 */
q_.tail_ = 1;
::else—>

/* Qtrace:file://queue_BUG.c- at line 64 */
q_.tail_++

fi;
ret__ =0

/* Qtrace:file://queue_BUG.c- at line 70 */
inline dequeue_ ( q_, ret__ ) {
int dequeue_proc_index_;

/* Qtrace:file://queue_BUG.c- at line 72 */
int x__72;

/* Qtrace:file://queue_BUG.c- at line 74 */
72 = g_.element_[q_.head_];

/* @trace:file://queue_BUG.c- at line 75 */
q_.amount_++;

/* Qtrace:file://queue_BUG.c- at line 76 */
if
::(q_.head_==20)->

/* Qtrace:file://queue_BUG.c- at line 78 */

q_.head_ = 1;
::else->
q_.head_++
fi;
ret__ = x__72

}

proctype t1_() {
active_pid_queue_!_pid;

/* @trace:file://queue_BUG.c- at line 88 */
int value_;

/* Qtrace:file://queue_BUG.c- at line 88 */
int i_;
/* Qtrace:file://queue_BUG.c- at line 90 */

mutex_lock_(m_);

/* Qtrace:file://queue_BUG.c- at line 91 */
nondet_int_(value_);

/* Qtrace:file://queue_BUG.c- at line 92 */
bit ret_enqueue_6_;

/* Qtrace:file://queue_BUG.c- at line 92 */
enqueue_(queue_,value_,ret_enqueue_6_);

/* Qtrace:file://queue_BUG.c- at line 92 */
if
:: (ret_enqueue_6_!=0)->
/* Qtrace:file://queue_BUG.c- at line 93 */

assert(false);
::else—>
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skip

fi;

/* Qtrace:file://queue_BUG.c-
stored_elements_[0] = value_;

/* @trace:file://queue_BUG.c-

int ret_empty_2_;

/* Qtrace:file://queue_BUG.c-
empty_(queue_,ret_empty_2_);

/* Qtrace:file://queue_BUG.c-

if
:: (ret_empty_2_'=0)->

/* Q@trace:file://queue_BUG.c- at line

assert(false);
::else—>
skip

fi;

/* Qtrace:file://queue_BUG.c- at line 101

mutex_unlock_(m_);

/* @trace:file://queue_BUG.c- at line 103

i_ = 0;

do
i (i_<(20-1))—>

/* Qtrace:file://queue_BUG.c- at line

mutex_lock_(m_);

/* @trace:file://queue_BUG.c- at line

if
::enqueue_flag_->

at line

at line

at line

at line

96

97

97

97

/* Q@trace:file://queue_BUG.c- at line

nondet_int_(value_);

/* @trace:file://queue_BUG.

enqueue_(queue_,value_,_);

/* @trace:file://queue_BUG.

c—- at line

c- at line

stored_elements_[(i_+1)] = value_;

/* @trace:file://queue_BUG.

enqueue_flag_ = 0;

/* @trace:file://queue_BUG.

dequeue_flag_ = 1;
i:else—>
skip

fi;

c—- at line

c- at line

*/
*/
*/
*/
98 *x/
x/
*/
105 */
106 */
108
109
110
111
112
*/

/* Q@trace:file://queue_BUG.c- at line 114

mutex_unlock_(m_);
i_++;

::else—>
break

od;
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/* Qtrace:file://queue_BUG.c- at line 117 x/
goto End_of_t1;

/* Qtrace:file://queue_BUG.c- at line 120 */

skip;
active_pid_queue_77<_pid>;
End_of _t1: skip

s
proctype t2_0) {
active_pid_queue_!_pid;

/* Qtrace:file://queue_BUG.c- at line 125 x/
int i_;

/* @trace:file://queue_BUG.c- at line 127 */
i_ = 0;

do
11 (1_<20) >

/* Qtrace:file://queue_BUG.c- at line 129 */
mutex_lock_(m_);

/* @trace:file://queue_BUG.c- at line 130 */
if
: :dequeue_flag_->

/* Q@trace:file://queue_BUG.c- at line 132 */
int ret_dequeue_5_;

/* Qtrace:file://queue_BUG.c- at line 132 %/
dequeue_(queue_,ret_dequeue_5_);

/* @trace:file://queue_BUG.c- at line 132 */
if
:: (lret_dequeue_5_==stored_elements_[i_])->

/* Qtrace:file://queue_BUG.c- at line 133 %/
assert(false);

/* Qtrace:file://queue_BUG.c- at line 135 */
skip;

::else—>
skip

fi;
/* Q@trace:file://queue_BUG.c- at line 137 */
dequeue_flag_ = 0;

/* Qtrace:file://queue_BUG.c- at line 138 %/
enqueue_flag_ = 1;
::else—>
skip
fi;
/* @trace:file://queue_BUG.c- at line 140 */
mutex_unlock_(m_);
i_++;
::else—>
break
od;

/* Qtrace:file://queue_BUG.c- at line 143 x/
goto End_of_t2;
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};

active_pid_queue_77<_pid>;
End_of_t2: skip

/* Qtrace:file://queue_BUG.c- at line 146
init {

/* @trace:file://queue_BUG.c-
pid idi_;

/* Qtrace:file://queue_BUG.c-
pid id2_;
/* Qtrace:file://queue_BUG.c-

enqueue_flag_ = 1;

/* Qtrace:file://queue_BUG.c-
dequeue_flag_ = 0;

/* Qtrace:file://queue_BUG.c-
init_(queue_,_);

/* @trace:file://queue_BUG.c-
int ret_empty_1_;

/* Qtrace:file://queue_BUG.c-
empty_(queue_,ret_empty_1_);

/* @trace:file://queue_BUG.c-
if
::(lret_empty_1_==-1)->

at line

at line

at line

at line

at line

at line

at line

at line

*/

148

148

150

151

1563

155

1565

155

/* Qtrace:file://queue_BUG.c- at line

assert(false);
::else->
skip

fi;

/* Qtrace:file://queue_BUG.c-
skip;

/* @trace:file://queue_BUG.c-
idl_ = run t1_Q0;

/* Qtrace:file://queue_BUG.c-
id2_ = run t2_Q0);

/* @trace:file://queue_BUG.c-
proc_join_(idl_);

/* Qtrace:file://queue_BUG.c-
proc_join_(id2_);

bit ret_main_;

ret_main_ = O;

goto End_of_main;
End_of_main: skip

at line

at line

at line

at line

at line
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164

165

167

168

*/

*/

*/

*/

*/

*/

*/

*/

156 */

*/

*/

*/

*/
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B.1 000000oOoOooooooboboon

goopbocobobo forO00O0OO0O0ODOODOOOODOODOOOODOODOOO
gooo

mapping CLanguage: :ForStatement: :tolterationStatement() : AbstractProgram::CompoundStatement
inherits CLanguage: :CodeElement: :toCodeElement
{
items := Sequence{
self.initializeExpression.map toExpressionStatement(),
object AbstractProgram::IterationStatement {
body := object AbstractProgram: :CompoundStatement {
items := self.body.map toStatement ()
condition := self.condition.map toExpression();
continueExpression := self.postIterationExpression.map toExpression()

}
}->collect(ili.oclAsType(AbstractProgram: :BlockItem)) ;

B.2 0J00000ooOoooOoooboboOn

OOoDO00OOoO0o0O0DO0b00000DO PromelaDO00OO0OO0OO0ODOOOOOO
oboobooboboooouoooooooob0 doobobobobobobDoDO

mapping AbstractProgram::Statement::toStatement() : Promela::Statement {
init {
if (self.isEmpty()) then {
result := object SkipStatement{};
} else switch {

case (self.oclIsKindOf (AbstractProgram::IterationStatement)) {
if (self.hasContinueStatement() and self.oclAsType
(AbstractProgram: : IterationStatement) . continueExpression->isEmpty())
then {
result := object Promela::CompoundStatement {
steps := object Promela::LabeledStatement {
name := ’Jump_of_loop_’ + self.fromLine.toString();
statement := object Promela::SkipStatement {};
}.0clAsType(Promela: : Statement)->asOrderedSet ()
->append (self.oclAsType (AbstractProgram: : IterationStatement) .map
toDoStatement()) ;

X
} else {
result := self.oclAsType(AbstractProgram::IterationStatement) .map
toDoStatement () ;
} endif;
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}
-- IterationStatement 0000000000 OOOOOOO

3

mapping AbstractProgram::IterationStatement::toDoStatement() : Promela::DoStatement {
var hasContinue:Boolean = self.hasContinueStatement();
var labelStatement:Promela::LabeledStatement;
if (hasContinue) then {
labelStatement := object Promela::LabeledStatement {

name := ’Jump_of_loop_’ + self.fromLine.toString();
statement := object Promela::SkipStatement {I};
I
} endif;
options += object Promela::Option {
if (self.continueExpression != null) then {
if (hasContinue) then {
steps := self.condition.map toStatement()->asOrderedSet ()

—->append (self .body.map toStatement ())->append(labelStatement)
->append (self.continueExpression.map toStatement())
} else {
steps := self.condition.map toStatement()->asOrderedSet()
->append (self.body.map toStatement())
->append (self.continueExpression.map toStatement())
} endif;
} else {
steps := self.condition.map toStatement()->asOrderedSet()
—->append (self .body.map toStatement())
} endif;
}->as0OrderedSet ()
->append (object Promela: :0Option{
steps := object Promela::ElseStatement{}->o0clAsType(Promela: :Statement)
->asOrderedSet () ->append(object Promela::BreakStatement{});
1
if (hasContinue) then {
result.assignGotoDestination(labelStatement);
} endif;

B3 00000000o0ooOoOooon

OO0OD0OpthreedD000O00D0OO0OOOCOO0ODOOOOCOODOOOO

transformation Pthread(inout apg: AbstractProgram);

main() {

enableTracelLog:=true;
builtinFunctionMap.subAttributes +=

object SimpleAttribute{name:=’pthread_mutex_lock’; value=’’};
builtinFunctionMap.subAttributes +=

object SimpleAttribute{name:=’pthread_mutex_unlock’; value:=’’};
builtinFunctionMap.subAttributes +=

object SimpleAttribute{name:=’pthread_create’; value:=’’};
builtinFunctionMap.subAttributes +=

object SimpleAttribute{name:=’pthread_join’; value:=’’};
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assert (builtinFunctionMap.subAttributes->size()=4);

assert (builtinFunctionMap.subAttributes->first().name = ’pthread_mutex_lock’);
emptyStubFunctions += ’pthread_init’;

emptyStubFunctions += ’pthread_mutex_init’;

apg.objects0fType (Module)-> map detectStub();
apg.objects0fType (FunctionReference)->map resolveDeclaration();

apg.objects0fType(VariableDeclaration)->map detectPthreadTypeSpecifier();
apg.objects0fType (CompositeTypeSpecifier)->map detectPthreadTypeSpecifier();
apg.objects0fType (FunctionDeclaration)->map detectPthreadTypeSpecifier();
apg.objects0fType (CastExpression)->map detectPthreadTypeSpecifier();
apg.objects0fType (FieldAccess)->map detectPthreadTypeSpecifier();

apg.objects0fType (FunctionCall)->map detectPthreadFunctionReference();
apg.objects0fType (FunctionCall)->map removeStatelessStubFunctionCallArguments() ;

apg.objects0fType (TypeDefTypeSpecifier)->select(s|s.declaration.name=
’pthread_mutex_t’ or s.declaration.name=’pthread_t’)->forEach(t) {
trace("XXX:" , t.container().oclAsType(CodeElement));

3

mapping inout FunctionCall::detectPthreadFunctionReference() {
population {
self.getIdentifier() .reference := self.getReference() .map
convertToPthreadFunctionReference(self) ;

}
end {
if (self.getReference().oclIsKindOf (ProcessRunningFunctionReference)) then {
var oldTarget: FunctionDeclaration :=

self.arguments->

O at(3).getCastedExpression().oclAsType(Identifier).reference.

0 oclAsType(FunctionReference) .declaration.oclAsType (FunctionDeclaration);
apg.objects0fType (Module)->map detectProcessFunction(oldTarget);
self.getReference() .oclAsType(ProcessRunningFunctionReference) .target

:= oldTarget.resolveone(ProcessFunctionDefinition);
apg.objects0fType (FunctionReference)->map reassignDeclaration(oldTarget);
if (self.arguments->at(1).getCastedExpression().oclIsKindOf (AddressReference))
then {
self.getReference() .oclAsType (ProcessRunningFunctionReference) .processHandler
:= self.arguments->0
O at(1) .getCastedExpression() .oclAsType (AddressReference) .expression
O .getCastedExpression() ;
} else {
self.getReference() .oclAsType (ProcessRunningFunctionReference) .processHandler
:= self.arguments->at (1) .getCastedExpression();
} endif;
if (self.arguments->at(4).getCastedExpression().oclIsKindOf (AddressReference))
then {
self.getReference() .oclAsType (ProcessRunningFunctionReference) .arguments
:= Sequence{self.arguments->
O at(4) .getCastedExpression() .oclAsType (AddressReference) .expression
0 .getCastedExpression()};
} else {
self.getReference() .oclAsType (ProcessRunningFunctionReference) .arguments
:= Sequence{self.arguments->at (4) .getCastedExpression()};
} endif;
} endif;
}
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