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RÉSUMÉ :
Ce rapport decrit un systeme permettant de traduire automatiquement des programmes ecrits en subC, un langage imperatif

simple, en un ensemble d’equations du premier ordre. Cet ensemble d’equations represente un programme subC et a un sens
mathematique precis ; de plus, les techniques standards de mecanisation du raisonnement equationnel peuvent etre utilisees pour
verifier des proprietes des programmes. Une grande partie du systeme est elle-meme formulee de facon abstraite comme un
ensemble de regles de reecriture du premier ordre. Nous avons montre la terminaison et la confluence des regles du systeme de
reecriture. Ceci signifie que notre systeme produit, pour un programme subC donne, un unique ensemble d’equations. Notre
travail montre que les programmes imperatifs simples peuvent etre vus comme des systemes logiques totalement formalises, a
l’interieur desquels il est possible de prouver des theoremes.

MOTS CLÉS :
Transformation de programmes imperatifs, Semantique Operationnelle, Semantique Equationnelle, Reecriture, Systeme de

Reecriture, verification de programmes

ABSTRACT:
This paper describes a system for automatically translating programs written in subC, a simple imperative language, into a

set of first-order equations. This set of equations represents a subC program and has a precise mathematical meaning; moreover,
the standard techniques for mechanizing equational reasoning can be used for verifying properties of programs. Part of the
system itself is formulated abstractly as a set of first-order rewrite rules. Then, the rewrite rules are proven to be terminating
and confluent. This means that our system produces, for a given subC program, a unique set of equations. Our work shows that
simple imperative programs can be seen as fully formalized logical systems, within which theorems can be proved.
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Imperative Program Transformation, Operational Semantics, Equational Semantics, Rewriting, Rewrite System
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program : : = function �
function : : = ( type

�
’ void ’ ) ident

’ ( ’ [ ( ’ void ’
�

parameterlist ) ] ’ ) ’
( ’ ; ’

�
functionbody )

parameterlist : : = parameterdeclaration
( ’ , ’ parameterdeclaration ) �

parameterdeclaration : : = type ident

functionbody : : = ’ � ’ [ var iab ledec lara t i on l i s t ]
[ s tatementl ist ]
[ returnstatement ’ ; ’ ] ’ � ’

var iab ledec lara t i on l i s t : : = var iabledec larat ion �
variabledec larat ion : : = type v a r i a b l e i n i t i a l i s a t i o n

( ’ , ’ v a r i a b l e i n i t i a l i s a t i o n ) � ’ ; ’

v a r i a b l e i n i t i a l i s a t i o n : : = ident [ ’ = ’ exp ]

statementl ist : : = statement �
statement : : = assignstatement ’ ; ’�

whilestatement ’ ; ’�
branchstatement ’ ; ’�
’ � ’ statementl ist ’ � ’�
’ � ’ ’ � ’

assignstatement : : = ident ’ = ’ exp

returnstatement : : = ’ return ’ exp

whilestatement : : = ’ while ’ condit ion statement

branchstatement : : = ’ i f ’ condit ion statement
[ ’ e l s e ’ statement ]

condit ion : : = ’ ( ’ exp ’ ) ’

type : : = ’ in t ’�
’ l i s t ’

exp : : = an expression
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Cons var
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End var
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Cons inst ��19
End inst
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End env
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Assign(x,y)
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int identity (int x)
�

return x;�
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identity
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Return(identity, x)
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Pair(x , EP
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type func name (type � p � , #$#$# , type
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�
stmts
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- Expressions
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- Assignments
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while
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x = y
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Assign(x, y)

if (c) stmts � else stmts �
 "	�

If (c, stmt list � , stmt list � )

while (c) stmts
 "	�

While(loop number, c, stmt list)
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stmts
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stmt list
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- Variable declarations
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type var = val
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Assign(var, val)

int var
 "	�

Assign(var, 0)

list var
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Assign(var, null )
- Return
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return exp
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Pair(func name, exp)
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int alternative ()
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if (cond)
then part

else
else part
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int f ()
�

int x,y,z;

x = 1; y = 2; z = 3;

while (y � 0)
�

x = x + z;
y = y � 1;�
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Pair(y , LOOP
�� (variable current state))
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list ISort (list L)
�

list ret = NULL;
if (L == NULL)
ret = NULL;

else
ret = ins(getHead(L), ISort(getQueue(L)));

return ret;�

list ins (int e, list L)
�

list ret = NULL;
if (L == NULL)
ret = cons(e, NULL);

else if (e � = getHead(L))
ret = cons(e, L);

else
�

ret = ins(e, getQueue(L));
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ret = cons(getHead(L), ret);�

return ret;�
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Choice
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Choice (
[ Branch ( L = NULL ,�

Pai r ( L , L ) 
 Pai r (e , e ) 
 Pai r ( re t , cons (e , NULL ) ) 

Pai r ( i n s (e , L ) , cons (e , NULL ) )

�
) ] ,

[ Choice (
[ Branch ( L �� NULL and e � getHead( L ) ,�

Pai r ( L , L ) 
 Pai r (e , e ) 

Pai r ( re t , cons (e , L ) ) 
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Pai r ( i n s (e , L ) , cons(e , L ) )
�

) ] ,
[ Branch ( L �� NULL and e � getHead( L ) ,�

Pai r ( L , L ) 
 Pai r (e , e ) 

Pai r ( re t , cons (getHead( L ) , i n s (e , getQueue( L ) ) ) ) 

Pai r ( i n s (e , L ) , cons(getHead( L ) , i n s (e ,getQueue ( L ) ) ) )

�

) ] ) ] )

� � � ��� �Ns � 
Ck4lPs7o u<s �HpgmSu<s_u<k#n���u � '$r1n��

 lPs+p

�A���4)1"*"$eWR7 P�4%&���F3�"$�1"�04 8�2%&���J�#�2"$.X@W"��WbS%602���1�F"$�K�2�N 802"*.7 �0#�2"$9FBH��0�u('$r+n���
 lPsFmSu<s_u<k#n��
� lPk4p<ZK[h)1"

ISort
"$�KbS%&02���1��"��K�N%6� �  891"hR1.F��B��2)1"hBH��=&=6��'*%&�13�u('$r+n��

 lPsFmSu<s_u<k2n���lPk4p +

- Branch
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L = NULL
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L �� NULL
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int sum (int n)
�

int ret = 0;

while (n != 0)
�

n = n � 1;
ret = ret + n;�

return ret;�

[h)1%&� .102��3�04 �� �$���1�2%6�#�4� %&�: d�  �%6�
while

=6�a��.F'*)1"$0#"�b8 �02%& �L1=6"
n
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=J ��19�b� 802%  8L1=&"
ret
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n
Z
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GE(
�

Assign ( re t , 0 ) 

While ( 1 , � ���� ,

�
Assign (n , ( n � 1 ) ) 


Assign ( re t , ( re t + n ) )
�

) 

Return (sum(n ) , re t )

�
,�

Pai r (n , EP(n ) )
�

)
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While
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�

LT ( 1 , � ���� ,
�

Pai r (n , ( n � 1)) 
 Pai r ( re t , ( re t +(n � 1)) )
�
,�

n 
 re t
�

) 

Pai r (n , LOOP( 1 , n ,

�
n 
 0

�
) ) 


Pai r ( re t , LOOP( 1 , re t ,
�

n 
 0
�

) ) 

Pai r (sum(n ) , LOOP( 1 , re t ,

�
n 
 0

�
) )

�
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While
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LT
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LT
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BS

02"��2R102�+�
1
%6B\"�=&"$�F"$�K�

e
%6� BH��R1�19]%6�

tree
 8�19

0
�8�4)1"�0#'*%&�#"�Z�� �202"�"d�1�S91"E%&�f �=6%&���*�  �9+"dR1.T��B  8�Y%&�K�2"$3�"�0� ��+9T��'N� ���2)1"$0f�1�S91"$�

BH��0A�4)+"E=6"�BC�f ��+9c0#%&3�)K�*�,)1%6=&910#"$� - 

��u�� �:k4l�l$� , �&u � � ����
	�?t , k&
?m$��� ����
	�?t�� 1<Z

int root (list tree)
�
return getHead(tree);

�

list lc (list tree)
�
return getHead(getQueue(tree));

�

list rc (list tree)
�

return getHead(getQueue(getQueue(tree)));�

int bs (int e, list tree)
�

int ret;
if (tree == NULL)
ret=0;

else if (e == root(tree))
ret = 1;

else if (e � root(tree))
ret = bs(e,lc(tree));

else
ret = bs(e,rc(tree));

return ret;�
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L1�<- � $�� 1�< =
L1�<- � $ � � , � � , k���#�1�<  

��� 9 � L1�>-�� $ ��9 , � � , k���#�1�< L+�<-�� $ � �21
� � 9 � L1�>-�� $ ��9 , � � , k���#�1�< L+�<-�� $Qk��21
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1
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e
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L
 ��19

0
���4)+"$0#'*%6�2"8Z)�7R1�1�<�4%&���

adj
0#"��4R+02�1�z�2)1"
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v
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listadj
Z

int member (int e, list L)
�

int ret;
if (L == NULL)
ret = 0;

else if (e == getHead(L))
ret = 1;

else
ret = member(e, getQueue(L));

return ret;�

list adj (int v, list listadj)
�

list ret;
if (v == 1)
ret = getHead(listadj);

else
ret = adj(v � 1, getQueue(listadj));

return ret;�

int dfs (list vertices, list marked,
list listadj)

�

int ret, v;
if(vertices == NULL)
ret = 1;

else
�

v = getHead(vertices);
ret = depth(vertices, adj(v, listadj),

! �



cons(v, marked), listadj);�

return ret;�

int depth (list vertices, list adjacents, list marked,
list listadj)

�

int ret, v;
if(adjacents == NULL)
ret = dfs(getQueue(vertices), marked, listadj);

else
�

v = getHead(adjacents);
if(member(v, marked) == 1)
ret = depth(vertices, getQueue(adjacents),

marked, listadj);
else
ret = dfs(cons(v, vertices), marked, listadj);�

return ret;�
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��"��GL�"�0>- � $�� 1�< =
�F"$�GL�"$02-�� $ � � , � #�1�<  

� 	< � � �F"$� L�"�02- � $ � � , � #�1�< �F"$� L�"�0>-�� $ �A1

 �96=2-  $ � � � , � #�1�< � �
 89$=2- - �  $ � � � , � � , � #�1�<  89$=2- - $ � � � , � #�1

91"$.a�4) - � � , � ##$ � $�� $�� �:1,< 9aBH�<-�� $�� $�� �:1
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� � � �F�P�C��� � ���<�����

(1) GE(Cons inst(L in, inst), env) ��� Comp(inst, GE(L inst, env))

(2) GE(End inst, env) ��� env

(3) Comp(Assign(var, exp), Empty env) ��� Cons env(Pair(var, exp), Empty env)

(4) Comp(Assign(var, exp), Cons env(pair, env)) ���

Update env(Pair(var, exp), Cons env(pair, env))

(5) Comp(Return(fct, exp), Cons env(pair, env)) ���

Update env(Pair(fct, exp), Cons env(pair, env))

(6) Comp(Return(fct, exp), Empty env) ��� Cons env(Pair(fct, exp), Empty env)

(7) Comp(If(cond, L inst1, L inst2), Cons env(pair, env)) ���

Choice( Branch( Update cond(cond, Cons env(pair, env)),

GE(L inst1, Cons env(pair, env))),

Branch( not(Update cond(cond, Cons env(pair, env))),

GE(L inst2, Cons env(pair, env))))

(8) Comp(While(num, cond, L inst), Cons env(pair, L pair)) ���

Cons env(

LT(num, cond, GE(L inst, GIE(Cons env(pair, L pair))),

GLOV(Cons env(pair, L pair))),

Merge env(GL (num,

GLOMV(GE(L inst, GIE(Cons env(pair, L inst)))),

GLOE(Cons env(pair, L pair))), Cons env( pair, L pair)))

(9) Comp(inst, Choice(exp1, exp2)) ��� Choice(Comp(inst, exp1), Comp(inst, exp2))

(10) Comp(inst, Branch(cond, env)) ��� Branch(cond, Comp(inst, env))

(11) Update cond(cond, Cons env(Pair(var, exp), env)) ���

Update cond(Subst(var, cond, exp), env)

(12) Update cond(cond, Empty env) ��� cond

(13) Update cond(cond, Cons env(LT(...), env)) ��� Update cond(cond, env)

(14) Update env(Pair(x, exp1), Cons env(Pair(x, exp2), env)) ���

Update env(Pair(x, Subst(x, exp1, exp2)), env)

(15) Update env(Pair(x, exp1), Cons env(Pair(y, exp2), env)) ���

Cons env(Pair(y, exp2), Update env(Pair(x, Subst(y, exp1, exp2)), env))

if not equal(x, y)

(16) Update env(Pair(var, exp), Empty env) ��� Cons env(Pair(var, exp), Empty env)

(17) Update env(Pair(var, exp1), Cons env(LT(...), env)) ���
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Cons env(LT(...), Update env(Pair(var, exp1), env))

(18) Branch(cond, Choice(env1, env2)) ���

Choice(Branch(cond, env1), Branch(cond, env2))

(19) Branch(cond1, Branch(cond2, env)) ��� Branch(and(cond1, cond2), env)

(20) GIE(Empty env) ��� Empty env

(21) GIE(Cons env(Pair(var, exp), env)) ��� Cons env(Pair(var, EA(var)), GIE(env))

(22) GIE(Cons env(LT(...), env)) ��� GIE(env)

(23) GLOV(Empty env) ��� End var

(24) GLOV(Cons env(Pair(var, exp), env)) ��� Cons var(var, GLOV(env))

(25) GLOV(Cons env(LT(...), env)) ��� GLOV(env)

(26) GLOMV(Empty env) ��� End var

(27) GLOMV(Cons env(Pair(var, EA(var)), env)) ��� GLOMV(env)

(28) GLOMV(Cons env(Pair(var, exp), env)) ��� Cons var(var, GLOMV(env))

if not equal(EA(var), exp)

(29) GLOMV(Cons env(LT(...), env)) ��� GLOMV(env)

(30) GLOMV(Branch(cond, env)) ��� GLOMV(env)

(31) GLOMV(Choice(env1, env2)) ��� Merge L var(GLOMV(env1), GLOMV(env2))

(32) Merge L var(Cons var(x, L var1), L var2) ���

Insert var(x, Merge L var(L var1, Ł var2))

(33) Merge L var(End var, L var) ��� L var

(34) Insert var(x, Cons var(x, L var)) ��� Cons var(x, L var)

(35) Insert var(x, Cons var(y, L var)) ��� Cons var(y, Insert var(x, L var))

if not equal(x, y)

(36) Insert var(x, End var) ��� Cons var(x, End var)

(37) GLOE(Empty env) ��� End exp

(38) GLOE(Cons env(Pair(var, exp), env)) ��� Cons exp(exp, GLOE(env))

(39) GLOE(Cons env(LT(...), env)) ��� GLOE(env)

(40) GL(num, Cons var(var, L var), Cons exp(exp, L exp)) ���

Cons env( Pair(var, Loop(num, var, Cons exp(exp, L exp))),

GL(num, L var, Cons exp(exp, L exp)))

(41) GL(num, End var, Cons exp(exp, L exp)) ��� Empty env

(42) Merge env(Cons env(pair, L pair), env) ���

Insert pair(pair, Merge env(L pair, env))

(43) Merge env(Empty env, env) ��� env

(44) Insert pair(Pair(x, exp), Cons env(LT(...), env)) ���

Cons env(LT(...), Insert pair(Pair(x, exp), env))

(45) Insert pair(Pair(x, exp1), Cons env(Pair(x, exp2), env)) ���

Cons env(Pair(x, exp1), env)

(46) Insert pair(Pair(x, exp1), Cons env(Pair(y, exp2), env)) ���
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Cons env(Pair(y, exp2), Insert pair(Pair(x, exp1), env))

if not equal(x, y)

(47) Insert pair(Pair(x, exp), Empty env) ��� Cons env(Pair(x, exp), Empty env)
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