
IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
48

10
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Exploiting Symmetries to Test Programs

Arnaud Gotlieb

N˚4810

Avril 2003

THÈME 2





���������
	��	�������������������	���� ���!"���#�%$&��'�(�)*���

+-,/.1032�46587:9<;>=@?BA1C

DFEHG/I�J
K'LNMPO/QHRSJ(TVUXWYRVZ[RSJ/T
J[\]Z[^_T`Z�abT#cedfI'g3UXTVR`hYabJ
ikjlU_mnJ[\]o�^_Q:pqJ

rs^_tHt3UXju\]pqJvjlJ/Z�EHJ/jlZ�EHJwQ'x_yBzH{/|}L�~��fjuRVT�K_|Y|X�
L�K_|*tb^XWXJ/c

����/�[���H�X�X��� dfI�I�J�\ujlRVJ/csUX��\uJ/Q8^_tHt3J/^Xj�^XcstHjuUYt:J/je\lRSJ�csUX��I�^XQBd-^_ju\uRS�:Z[^XT�cuJ�\u\uRVQHWYc/�F��Q8ikjlUXWXj�^_I
D�J/ce\uRVQHW:�X\lEHJ[d�Z[^XQ�g:J��fRSJ/��J�p�^XcktbjuUYt:J/je\lRSJ�c1U_�#tHjlUXWYjl^XI�c1^_Qbp�Z/^_Q�g3J]abcuJ/p�\uU'Z�EHJ�Z��'\lEHJ�Z[UXjljuJ�Z�\u�
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	 ���� 	 � o�^�QHU_\lRSUYQ}pqJ�cedfI�I�O�\ljuRVJ�^XtHtb^Xjl^XR\�cuUXab�XJ[QB\�Z[UXI�I�J*abQHJ*tbjuUYtHjuRVO�\lO'pqJ�QHUXI*gHjlJ[aq¢
UYgqmnJ�\�c]^Xje\lR�:Z[RSJ/TVc/��¹P^_Q:c]TVJ*pqUYI�^_RVQHJ'pqa£D�J�cn\vo#UXWYRVZ[RSJ/T@�3Z�J/TSTVJ���Z�Rt:J/aq\��[\ujlJ'�faHJ�Z�UXI�I�J'abQHJ'tHjlU_�
tbjuRVO�\lO�pqJFZ�J/je\�^_RVQbc�tbjuUYWXj�^_I�I�J/c«RVI�t:O/jl^_\uRS�©c�J[\t3J[aH\��[\ujlJ¬aq\lRSTVR`ceO/J�t3UXaHj�Z�UYQB\uj��XTVJ[j�T`^]Z[UXjljuJ�Z�\lRSUYQ
pqJ/c
cuUXju\uRVJ/cFZ/^_T`Z�aHTVO[J�c�t:^_jsZ�J�cFtHjlUXWXj�^_I�I�J/c/��¹P^_Q:csZ�Jvj�^_tHt3UXju\/�fQHUYabc�Z�UYQbceR`pqO/juUYQbcFhYa�� aHQbJvcudfI�I�O[\ujlRSJ
J�cn\�aHQbJ¥juJ/TV^_\uRVUXQ�pqJ�t:J/juI*aq\l^_\uRVUXQ J[QB\ujlJ¥pqJ[aq¢ J�¢qO/Z[aq\uRVUXQ:c�pqa�tHjuUYWXj�^_I�I�J�J[\�QHUXabc�T�� aq\uRVTSR`cuUXQbc
t3UXabj�^_aH\uUXI�^_\uR`ceJ/jsTSJ'tHjuUqZ[J/clceabc]pqJ
\lJ/ce\/�s¸sUYabcsRVQB\ujlUqpqaHR`ceUYQbcsaHQ�tb^_j�^XpqRVWXI�JvQHUYI�I�O�D�J�cn\ � dBI��
I�O[\ujlRVhBaHJ
U��¥aHQHJ*tHjuUqZ[O/pqaHjlJ'pqJ'WXO[QbO[j�^�\uRVUXQ¥^Xaq\uUYI�^_\uR`hBaHJ'pqJ�pqUXQHQbO[J/c�pqJ
\lJ/ce\�J�cn\�Z[UXaHtbTSO/J'^<�XJ�Z
abQ�Z�UYQY\lj��YTSJspHJsTV^*cedfI�I�O�\ljuRVJ]pH^XQbckTVJ]gHaH\�pqJ]pHO�\uJ�Z�\lJ[jFpqJ/ck�©^_aq\lJ/c��(T�� RVQY\lO[jlRSJ/aHj�pHJ/cktbjuUYWXj�^_I�I�J/c/�
�]QHJvI�O�\uEbUfpHJPtbjl^_\uR`hYabJ]t3UXaHjsZ[UXQB\uj��XTVJ[j�hYa�� aHQ-tHjlUXWYjl^XI�I�J]cl^�\lRVce�©^_RS\FaHQHJvjuJ/TV^_\uRVUXQ-pqJPcudfI�I�O[\ujlRSJ
pHUXQHQHO/J(J/ce\]pqO/Z[juRS\uJY�¬o#J(t:^_j�^XpqRVWXI�JP�©^_RS\sabcl^_WXJ(pqJ(jlO/cuaHTS\l^_\lcspqJ(T`^�DFEHO/UXjlRSJ(pqJ�c]MPjuUYaHt3J/c�Z�UYI�I�J
p�� aHQbJ�gb^YceJ]�ªUXjlI�J[TVTSJ�t:UYaHjFI�RVQHRVI�RVcuJ[j�TSJPQHUYI'gHjlJ�p�� J�¢qO�Z�aq\lRSUYQbc¬jlJ/hBaHR`c�tb^_jFZ�J[\e\uJPI�O�\lEHUqpqJX�! �J[\e\uJ
^XtHtHjlUqZ�EHJ�cuJ[I*gHTSJ"�[\ujlJ�p�� aHQ�Z�J/je\�^_RVQ°RVQB\uO[j���\�t3UXaHj�TVJ/c�tHjlUXWYjl^XI�I�J�c*hBaHR�QbJ�pHRVcut:UBceJ/QB\�QHRsp�� aHQ
UYjl^YZ�TVJX�YQHR:p�� aHQHJvcut:O�Z�RS�:Z[^_\uRVUXQ��ªUXjlI�J[TVTSJY�o�J�D�J/ce\ � dfI�I�O�\ujlR`hYabJ�^(O[\uO�pHO[�XJ/TSUYtHt3OsJ�\�J�¢qt:O/juRVI�J[QB\uO
��T�� ^_R`pqJ*p�� aHQ�UXaq\lRST1pqJ'\uJ/ce\�abQHR\�^_RVjuJ*pqJ'tHjlUXWYjl^XI�I�J�cs·B^<�<^b�bQHUYI�I�O�±]²�³<´�µJ�\�I�R`c�^Xa8t3UXRVQY\Ptb^_j
¸'�:¹P^_TVJ[dY�b¹'�3ºsUX»3I�^_Q¥J[\si�� � \ljuUfUYt:J/j/�¬o�J/c�jlO/cuaHTS\l^_\lc�J[¢ft3O[jlRVI�J/QB\l^_aH¢�hBaHJ
QHUYabcs^<�XUYQbc�UXgq\lJ[Qfabc
cuaHjvpqJ/c��XJ/jlcuRVUXQbc]RSQbZ[UXjljuJ�Z�\lJ/c]pHJ*tHjlUXWYjl^XI�I�J�c]Z[TV^YcucuRVhBaHJ�c]pqJ�T`^# �UXI�I*aHQb^_aH\uO*pHa}D�J/ce\vo�UXWXR`Z�RVJ[T
I�UYQY\ljuJ/QB\FT�� J�$�Z[^YZ�RS\uO(pqJ
Z�J[\e\lJ
^_tHtHjlUqZ�EHJX�
%wÂ ��� À �'& 	 � D�J/ce\sTVUXWXR`Z�RVJ[T«^Xaq\uUYI�^_\uR`ceOY� � dfI�I�O[\ujlRSJY�bDFEHO/UXjlRSJvpqJ/c�MPjuUYaHt:J�c[�HD�J/ce\scedfI�I�O�\ljuR`hBaHJ
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D�J/ce\uRVQHW8RVI�t:J/jl^_\uRV�XJ�tHjuUYWXj�^_I�c(^�\*\uEHJ�aHQHRS\�TVJ[�YJ[T�juJ�hYabRSjlJ/c
\uU}cuJ[TVJ/Z�\'\lJ/ce\�pH^_\l^��ªjlUXI \uEbJ�RVQHtHaq\
pHUXI�^_RVQ#��\uU�J[¢qJ/Z�aH\uJ�\lEHJ�tHjlUXWYjl^XI ��RS\uE"\uEbJ�cuJ[TVJ/Z�\lJ/p£\lJ/ce\�pH^_\l^8^XQbp£�bQb^XTSTVd�\lU�Z�EHJ�Z���\lEHJ�Z�UYje�
jlJ/Z�\uQHJ�cuc¬U_� \uEbJ�Z�UYI�tHaq\uJ�p�UXaH\lZ�UYI�J/c/�$#bUXj�^XTSI�UBcn\k\lEHjlJ[J�pHJ/Z[^YpqJ/c/�XtbjuUYt:UBceRS\uRVUXQbc¬Eb^<�XJ�g3J[J/Q�I�^XpqJ
\lU¨^_aq\lUXI�^�\lJ�\uEHR`c�tbjuUqZ�J�cuc/� � \ljua:Z�\uabjl^XT�\uJ�cn\�pb^�\l^"WYJ[QHJ/jl^_\uRVUXQ juJ/TSRVJ/c�UYQ tHjlUXWXj�^_I ^XQb^_TVdqceR`c�\uU
�:Qbp¨^_aH\uUXI�^_\uR`Z[^_TVTVd£^8\uJ/ce\�cuJ�\�\uE:^�\*WYab^_j�^_QB\lJ[J/c(\uEHJ-Z�U��XJ/jl^XWXJ�UX�]ceUYI�J�Z�jlR\lJ[jlRV^¥g:^XcuJ/p UYQ&%bU��
WYjl^XtHEbc�'S{Y�1Kq�k�q��y�(É�)#HaHQbZ�\uRVUXQb^XT�\uJ/ce\uRVQHW£RVc*gb^YceJ�p¨UXQ¨\uEHJ¥cut:J�Z�RS�:Z[^_\uRVUXQbc�^_Qb^XTSdqcuRVc
\uU£WXJ/QHJ[j�^�\lJ
^Xaq\uUYI�^�\uR`Z[^XTSTVd£\uJ�cn\�pH^�\�^*',+q�.-/(É�°DFEHJ�ceJ�\uJ�Z�EHQHR`hBaHJ/c�g3U_\uE jlJ/hBaHRVjuJ-^8�ªUYjuI�^_TFpqJ�cuZ[juRVtq\uRVUXQ¨\uU"g:J
WYRS�YJ[Q�^YcPRSQHtbaq\�¶]\uEHJ�cuUXaHj�Z�J�Z�UqpqJ�U_�¬tbjuUYWXj�^_I�csRVQ8\lEHJ�Z[^XcuJ'UX��ce\ujlabZ�\laHjl^XT�\lJ/ce\uRVQHW10«\uEHJ��ªUYjuI�^_T
cut3J/Z�RS�:Z/^�\uRVUXQ�U_�ktHjlUXWYjl^XI�c]RSQ�\uEHJ�Z[^YceJ'U_�k�ªaHQ:Z�\uRVUXQ:^_T�\uJ/ce\uRVQHW:�vº]U���J/�XJ/js\uEbJ[jlJ*^_jlJ'tbjuUYWXj�^_I�cF\uU
g3J(\lJ/ce\uJ/p¥�ªUXjs��EHR`Z�E¥QHU�UYQHJ(U_��\lEHJ/cuJ(�ªUXjlI�^_TpqJ/clZ�jlRStH\uRVUXQbc�R`c]^<��^XRST`^_gHTVJX�2#HUYjsJ�¢H^XI�tbTSJY�:Z�UYI�I�J/je�
Z[RV^XT�UX»:�>\uEbJ���ceEHJ/T��Z�UXI�t3UXQHJ/QB\lcP^_jlJ'abcuab^_TVTVd�pHJ[TVRS�YJ[jlJ/p8^Yc�3egHT`^XZ��B�>g3U<¢qJ/c54��:R@� JX�vJ[¢fJ�Z�aq\�^_gHTVJ'UYgqmnJ/Z�\lc
��EbUYcuJPTVR`Z�J[Q:ceJ�c��ªUXjlgHRVp�pqJ[�ÉZ[UXI�tHRVTV^_\uRVUXQ�gb^XZ���\lU�\uEHJ
cuUXabjlZ[JvZ[UqpqJ6',7/(>�b^XQbp�RSQq�ªUYjuI�^XT#cet3J/Z[R�:Z/^�\lRSUYQ
R`cabcuJ/p*I�UBcn\�U_�:\uEHJ�\lRSI�J�\uU(pqJ�cuZ[juRVg:J�\uEbJ[RVj1J�¢qt:J�Z�\lJ/p*g:J/Eb^<�fRSUYaHj/����Q'\lEHJ/cuJ�ceRS\uab^_\uRVUXQbc/�<\uJ�Z�EHQHR`hBaHJ/c
cuabZ�E8^Ycsj�^_QbpqUYI%\lJ/ce\uRVQHW8' z�(É�:g3UXabQbpH^_jldB�>��^XTSaHJ
^XQb^_TVdqceR`c9' :�(�UXjsTVUqZ[^XT�J�¢qEb^Xabce\uRV�XJ(\lJ/ce\uRVQHW;'V{/|/(�Z[^XQ
g3J�J[I�tHTVU�dXJ�p«��rs^XQbpqUXI \uJ/ce\uRVQHW8^XRSI�c
^_\'ceJ/TSJ�Z�\uRVQHW�j�^_QbpqUYI�TSd¥\lEHJ���^_TVaHJ/c
RSQbcuR`pqJ�\uEHJ�RVQHtHaH\*pqU_�
I�^XRSQ-gfd�abcuRSQHW�tbcuJ[a:pqU_�Éjl^XQbpqUYI �<^XTSabJ/cFWXJ/QHJ[j�^�\lUXj�c[�B��EHJ/juJ�^Xc�g:UYaHQbpH^XjudB�É��^_TVaHJP^XQb^_TVdqceR`c�juJ/TSRVJ/c�UYQ
cuJ[TVJ/Z�\uRVQHW-\uEHJ�g:UYaHQbpH^XjuRVJ/cvUX��J/^YZ�E"RSQbpHRS�fR`pqab^_T¬UXj
pqJ/t:J/QbpqJ[QB\'pqUYI�^_RVQbc�'V{X{�(¬UX��\lEHJ�RVQHtHaq\*cutb^YZ�JX�
o�UqZ[^_TJ�¢qEb^Xabce\uRV�XJ
\lJ/ce\uRVQHW-juJ�hYabRSjlJ/c]\uU-RVpHJ[QB\uRS�ªd�Z�jlRS\uR`Z[^_Tt3UXRVQY\�cv^_jlUXaHQbp8��EHRVZ�E}RSQbtHaq\(��^_TVaHJ/cP��RVTST
g3J'J[¢qEb^_abce\uRV�XJ/TSd-ceJ/TSJ�Z�\lJ/p«�s~]TST�\uEHJ�ceJ*I�J[\uEHUqpHc]Eb^<�XJ'RSQ8Z[UXI�I�UXQ�\uU��ªUfZ[abcsUYQ�\uEHJ*WXJ/QHJ[j�^�\lRSUYQ-UX�
RVQHtHaH\]��^_TVaHJ/c�^_Qbp�^_jlJ(gb^YceJ�p�UXQ¥^_Q¥aHQ:pqJ[jlTSdfRVQHW�^XclcuaHI�tq\uRVUXQ���EHR`Z�E8Z�UYQbZ�J/juQbc�\lEHJ*^<��^XRST`^_gHRVTVR\nd�UX�
^¥Z[UXjljuJ�Z�\(^_Qbp Z[UXI�tHTVJ�\lJ�UXj�^XZ�TVJX��R@� JX�-^�tHjuUqZ[J/pqaHjlJ�^_gHTVJ�\uU¥tbjuJ�pqRVZ�\(\uEHJ�juRVWXEB\(UXaq\�Z�UYI�J��ªUYj'^_Qfd
RVQHtHaH\(pb^�\l^b� �]Qq�ªUXju\uaHQ:^�\uJ/TSdY�«\uEbJ[jlJ�^XjuJ�ceRS\ua:^�\uRVUXQ:c���EbJ[jlJ'\lEHRVc(^YcucuaHI�tq\lRSUYQ}cuJ[J[I�c�\uU�g3J�aHQHjlJ/^��
cuUXQ:^_gHTVJX��~]c�t:UYRSQB\lJ/p�UYaq\�gfd�¦£J[dfaH�XJ/j<'V{�K=(É�qceUYI�J]tHjlUXWYjl^XI�c¬^_jlJ]Z�UYQbceR`pqJ/juJ�p�\uU'g3JPQHUXQq�>\uJ�cn\�^_gHTVJX�
DFEbJ/cuJ�^XjuJ�tHjlUXWYjl^XI�c
�ªUYj���EHR`Z�E RS\�R`c�\uEHJ/UXjlJ�\uR`Z[^XTSTVd¨t3UYclceRVgHTVJX��gHaq\�tHj�^XZ�\uR`Z[^XTSTVd \uUfU¨pqR $�Z�aHTS\�\uU
pHJ�\uJ/juI�RVQHJs\lEHJvZ�UXjljlJ/Z�\�UXaq\�Z�UXI�JY�  �UYQbceR`pqJ/j�tHjlUXWYjl^XI�c1RSQB\lJ[QB\uJ�p�\uU�Z�UYI�tbaq\uJP^(�ªaHQbZ�\uRVUXQ���EHRVZ�E�RVc
QbU_\�^YZ[Z[aHjl^_\uJ/TSd��fQHU���Q�UXj�tHjlUXWXj�^_I�c��ªUYj¬��EHR`Z�E�Z[UXjljuJ�Z�\�^XQbce��J[j�c¬^XjuJs\uUfU*pqR $�Z�aHTS\�\uU*Z[UXI�tHaq\lJ]gfd
E:^_Qbp«��DFEHRVj�pf�>t:^_ju\nd¥TSRVgHj�^_RVjuRVJ/cv^_Q:p}Z[UXI�I�J[j�Z�R`^_T1Z�UYI�t3UXQbJ[QB\lc��©^_TVTkabcuab^XTSTVd8RVQY\lU-\uEHJ��ªUXjlI�J[j
Z/^XcuJ
'V{/��(>�H��EbJ[jlJ/^XcFZ[UXI�tHTVJ�¢�QfaHI�J[jlR`Z[^_T«tbjuUYWXj�^_I�ck�©^XTST«RVQB\uU�\lEHJ(TV^_\e\lJ[j9'V{[y�(É�
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