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FHG�I�J�KMLONQP6P�GSR3TVU�JWG�XZY�[]\^TVI�G�P�JWG`_�GWa6GWbcG�Xed TVf@G�I�XcgihjU6I�KkP6K�a6GmlonphZq%TVKkIcrshjKkXt\sn u�TVP6P�G�U6Iea6G
I�hjv6v@TVI�X�G�I b�U6IwJWGcX�I�hWq�hjKk\sx

y�nphjKBG�UH\zhSJ�u{hjP�JWG-a6G|J�I�TVK^b�G�IQ\zhmI�TVU6X�G-a6GcJ�u{hVJ�U6P}a!n~G�P�X�I�G-G�U���G�X a!nphjv6v6I��WJ�K^G�I�\zh���U{hj\kKkX��|a6G
\^G�U6IQG���G�lSv6\^G�x

FHG�I�J�K�L`N P6P�G�x!��n~GWb�X3G�P�X�G�I�I�GSh(r�I�K^JZhjKkP�Gm��U�GeP�TVU�b�P�TVU�b�b�TVlSl�GWb3I�G�P�JWTVP�X�I��WGWbt\zh�v6I�G�lSK^��I�G
r�TVK^bZY6G�X
��G3��hjI�a6GcX�TVUV��TVU6I�b�\zhml���l�G|hVa�lSKkI�hjX�K^TVP�a6G�qVhjP�Xw\zhmI�Kk��U�G�U6I G�X \zhSa6TVU�JWG�U6I ��U6K!X�I�hjP�b�v{h(�
I�hjK^b�b�G�P�XQLmJ�u{hVJ�U6P�G|a6Gcb�GWb�KkP�X�G�I�q%G�P�X�K^TVP�b�x

FHG�I�J�KwL�[]\^TVI�G�P�JWG0v'TVU6ISb�GWbmJWTVP�b�G�Kk\^b���U�a�K^J�K^G�U��@Y]v@TVU6ISb�hH��I�hjP�a6G`b�hj��hVJ�KkX��OG�Xmb�TVP�G�P�X�I�hjKkP
l���I�K^a�K^TVP{hj\sx

FHG�I�J�K$Lcd TVf@G�I�X�v'TVU6IMb�TVP�hjU6I�htG�X<\zhtJWTVP��$hjP�JWGQ��U�n Kk\'h3f6K^G�P�q%TVU6\kU�l�G�r�hjKkI�Gwa�hjP�bM\snphWq%G�P�X�U6I�G
a�UH�tR�d�_�Kk��l�h�x

FHG�I�J�K<LO�3G�P�G�q�K^��q%G-y�TVlSK^G�IcG�XtL`FHK^J�u�G�\�_�J�u6P�G�K^a6G�I|a6G-l�G|rshjKkI�G-\^G-v6\zhjK^b�KkIta6Gev{hjI�X�K^J�Kkv@G�I|L
JWGM��U6I��%x�y{nphjK$\sn KklSv6I�GWb�b�K^TVP�Y�L|J�u{hV��U�GQr�TVK^b���U�GM��nphjK'v6U�v{hjI�X�hj�%G�I hZq%GWJ�q%TVU�bZY�a!nphWq%TVKkI�v6I�TV��I�GWb�b��3G�P
X�TVU6X�G|b���I���P6KkX���x

� PSl�G�I�J�K$X�TVU6XMb�v@�WJ�Kzhj\$L|��\zhjU�a6G ��TV��b�G�P�f{hjU6l�G�XM��X�K^G�P6P�GQ �K^J�u{hjXZx�y%G�P�G�v@G�U���TVU6f6\kK^G�IMX�TVU6X
JWGt��U�G���G�q%TVU�b a6TVK^bwG�X JWTVlef6K^G�P��WnphjKihjv6v6I��WJ�K^�|a!nphZq%TVKkIwX�I�hWq�hjKk\k\^�eL-q%T�bwJW¡VX��Wb�x

FHG�I�J�KML0F}hjI�KzhjP6P�G�xB��n~GWb�XtX�I�TVv¢v@G�U}v'TVU6ItX�I�hVa�U6KkI�G�\^GWbt\kK^G�P�btX�K^b�b��WbchjU£\^TVP6�Ha6GWb|hjP6P��WGWbcG�X
hjUOf@TVI�aoa6GWbwJ�\zhZq�K^G�I�b�x

FHG�I�J�K$LcX�TVU�bMJWG�U���hWq%GWJ���U6K���nphjK{v6U��WJ�u{hjP6�%G�IZY�v{hjI�X�hj�%G�I�\^GWbMu�G�U6I�GWb�a6GwI���¤{G���K^TVP`TVU�\^GWb<f6I�G�r�b
KkP�b�X�hjP�X�b a6Gta6��X�G�P�X�G�¥

��u6I�K^b�X�TVv6u�G�Y{y�hVJW��U�GWbZY6y%T�¦�\sY�FHK^J�u�G�\sY$d TV\zhjP�a!Y�§MTV\zhjP�a6Gc\^GtJ�\kU6fHa6GWbe¨mTVf���G�X�bQ©�Y
N P6P�G�Y$��u6I�K^b�X�TVv6u�G�Y�y%GZhjP��
 
hjU6\sY$g���P{h�Y'_�G�I��%G�Y'_���\kq�K^G3\^GtJ�\kU6fª¨mX�G�lSv�b��
GWb�v{hVJWGe©�Y
N P�a�I���Y�y�GZhjP�����u6I�K^b�X�TVv6u�G�Y$FHK^J�u�G�\sY{« K^JWTV\zhVbZY6 <K^G�I�I�Gc\^GtJ�\kU6fª¨-l���X�hVa6TVP6P��WGWb�©�x
y%GmP�GSv@G�U���TVU6f6\kK^G�IcX�TVU�bt\^GWbcu{hjf6KkX�hjP�X�b-a6GWbtu{hj\k\^bca�U¢g�¬�d F�F­Y!hZq%GWJSf6K^G�P®b�¯6ItU6P�Gmv@G�P�b��WG

v{hjI�X�K^J�U6\kK^��I�G�v'TVU6I�X�TVU�b�JWG�U��°¥<N P6P{hjf@G�\k\^G�Y�����I�Kk\sY<±�G�I�q%��Y�\^GWb�gihjU6I�G�P�XZYMg!U�J�Y�²Q\kKkq�K^G�IZYMd TVf6KkP�Y
_�hjP�a�I�h�Y'_�X���v6u{hjP�G|��U6K�TVP�Xwf6K^G�Poq%TVU6\kU�l�G�¨-b�U6f6KkI�©`b�hjP�bwX�I�TVvoI�GWJ�u6Kk��P�G�IZx

��Xmv6U6K^bZY$��G`P�G`v'G�U��®��P6KkI�b�hjP�bma�KkI�G0U6Pª��I�hjP�aªl�G�I�J�K L�¬�b�hjf'G�\k\^G�Y]y%T�¦�\sY� ]hVb�JZhj\�v'TVU6Im\^G�U6I
b�TVU6X�K^G�P�b�hjP�b�rshjKk\k\^G�x

FHG�I�J�K�LoX�TVU�be\^GWb|l�G�lef6I�GWbma�U³��«�NQF´gihjP6��U�GWa6T�J0d TVU�b�b�Kk\k\^TVP­G�X-hjU��­hVa�lSKkP6K^b�X�I�hjX�Kµr�bma�U
gi¬¶dQFHF·��U6K�TVP�XwrshVJ�Kk\kKkX��3\zhmq�K^GtJWTVlSv6\^G��6Gca!n U6P�J�u�G�I�J�u�G�U6I3a�hjP�b�\^Gca6�Wa�hj\^Gc��U�TVX�K^a�K^G�P�x

FHG�I�J�K�hjU�b�b�K�L-X�TVU�b�\^GWb�g�¬�d F�FHK^G�P�b�v'TVU6I�\zh-J�u{hj\^G�U6I a!n U6Pob�TVU6I�KkI�GtTVUO\zh|\^���%��I�G�X��ta!n U6POf@TVP
l�TVXQ�WJ�u{hjP6�%��x

FHG�I�J�KiG�P���P�LSl�her�hjlSKk\k\^GtX�TVUV��TVU6I�bQhjU�b�b�K!v6I�T�J�u�GcG�XQhjKkl�hjP�X�G�x
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��G�I�hjv6v@TVI�X-hOv@TVU6IeTVf���GWJ�X�Kµrwa6G�I�G�¤{��X�G�I-\^G�v6\kU�bc�{a6��\^G�l�G�P�Xmv'T�b�b�Kkf6\^G�l�TVP�hVJ�X�Kkq�KkX���a6G�I�G��
J�u�G�I�J�u�Goa6G 7ZÀ�À�¸ L ¸�Á�Á�7 xM��G�X�X�GohVJ�X�Kkq�KkX��ObZn~GWb�XSa6��I�TVU6\^�WG�hjUÂgihjf@TVI�hjX�TVKkI�Goa!n~¬¶P�r�TVI�l�hjX�K^��U�G�Y�a6G
dQTVf'TVX�K^��U�G�G�Xma6G�FHK^J�I�T���\^GWJ�X�I�TVP6K^��U�G£Ã�g�¬�d F�F}Ä�xBg�G�v'TVKkP�X-a!n~G�P�X�I��WG`a6G�\zhOI�GWJ�u�G�I�J�u�GOb�G�b�KkX�U�G
a�hjP�bm\zhHv6I�TVf6\^��l�hjX�K^��U�GO�%��P���I�hj\^GOa6GWbSb���b�X���l�GWbma!n KkP�r�TVI�l�hjX�K^TVPÅG�X-v6\kU�bmv6I��WJ�K^b���l�G�P�X�a6GWbSb���b��
X���l�GWbcL0TVf���G�X�b3v@G�I�b�K^b�X�hjP�X�bcI�G�\^G�qVhjP�Xca6GWbcb�J�K^G�P�JWGWbta�UÅ¨�JWTVlSv6\^G���G`©­ÃÆKkP�r�TVI�l�hjX�K^TVP¢f6K^TV\^TV��K^��U�G
G�XQKkP�r�TVI�l�hjX�K^TVPH�%�WTV��I�hjv6u6K^��U�G�Ä�x@gih�I��Wa�hVJ�X�K^TVP�a6GeJWGcI�hjv6v@TVI�XQa6TVKkX���X�I�Gcv@G�I�Ç�U�GcP�TVPHJWTVlSl�GeU6P
��X�hjXmG���u{hjU�b�X�KµrQa6GWbeX�I�hWq�hjU��ªG�È!GWJ�X�U��Wbel�hjK^bev6\kU6X�¡VXSJWTVlSl�G`\zh�a6�WJ�\kKkP{hjK^b�TVP³a6G�a�Kkq%G�I�b�GWbmb�TVI�X�GWb
a6Gev6I�TVf6\^��l�GWbtb�TVU�bM��hVJWG�P�X�btL�\zh�v6I�TVf6\^��l�hjX�K^��U�Gm�%��P���I�hj\^GmG�X3��U6K
JWTVP�b�X�KkX�U�G�P�X�\^G-JWG�P�X�I�Gma6GeP�T�b
v6I��WT�JWJ�U6v{hjX�K^TVP�b-¥

É «Q�WJWGWb�b�KkX��Qa6G�v6I�T�a�U6KkI�G3a6GWb�l�T�a6��\^GWb�a6G3a6TVP6P��WGWb�G�X�a6GQX�I�hjKkX�G�l�G�P�X�b�\^GWb�v6\kU�b�G���v6I�GWb�b�Kµr�b�G�XG���X�G�P�b�Kkf6\^GWbwv@T�b�b�Kkf6\^GWbZY
É «Q�WJWGWb�b�KkX��|a6G|v6I�G�P�a�I�GeG�P�JWTVlSv6X�G|\sn~��q%TV\kU6X�K^TVP£JWTVlSl�GeU6P�Gtr�TVP�J�X�K^TVP6P{hj\kKkX��mL�v{hjI�X�G�P�X�K^��I�Ga�U�b���b�X���l�Gta!n KkP�r�TVI�l�hjX�K^TVP�Y
É ��P���P�Y{hjUoa6G�\zLSa6G3\zh-v@��I�G�P6P6K^b�hjX�K^TVP�a�Uob���b�X���l�G�Y�P��WJWGWb�b�KkX��ta6Gta�KµÈ'U�b�G�IZY6a6G3l�G�X�X�I�G|Lma�K^b��v'T�b�KkX�K^TVP®Ã�J�n~GWb�X��¶L(�
a�KkI�Gca6G�v{hjI�X�hj�%G�Iw\sn KkP�r�TVI�l�hjX�K^TVP�a6G3X�G�\^b�b���X���l�GWb�Ä�Y6G�P0U6POl�TVX�P��WJWGWb�b�KkX��
a6G�¨-b�G�I�q�KkIQ©�\sn KkP�r�TVI�l�hjX�K^TVPHv'G�I�X�KkP�G�P�X�GehjU��OU�b�hj�%G�I�bZx

y%GMq%TVU�a�I�hjK^b
b�TVU6\kKk��P�G�I
\^GMv6\zhjK^b�KkI]��U�Gi��nphjK�G�UmLwI��Zhj\kK^b�G�IZY�\zh v6\kU�b]��I�hjP�a6GMv{hjI�X�K^G�a6G�l�GWbBX�I�hZqVhjU��
G�P`JWT�TVv@��I�hjX�K^TVP�Y�hWq%GWJ a!nphjU6X�I�GWb�J�u�G�I�J�u�G�U6I�b���U�G���G�X�K^G�P�b�LcI�G�l�G�I�J�K^G�I�a6G \zhtI�K^J�u�GWb�b�G�G�XM\zhtq�hjI�K^��X��
a6G3\^G�U6I�b�hjv6v'TVI�X�b�x

_�K!\^Gca6TVl�hjKkP�Gca6GtI���¤{G���K^TVPHhjf@TVI�a6�cGWb�X�\zhjI��%G�Y6\^GWb�X�I�hZqVhjU��ob�Gtb�TVP�X G�È!GWJ�X�U��Wb|¥
É N UÊb�G�KkPÊa�UÊ\zhjf'TVI�hjX�TVKkI�G£hWq%GWJ�\^GWb`l�G�l|f6I�GWb�a6GWb`�W��U6Kkv@GWb`TVf���G�X0G�X�I�G�v6I��Wb�G�P�X�hjX�K^TVPËv{hjITVf���G�X�b G�Xwv6\kU�b�v{hjI�X�K^J�U6\kK^��I�G�l�G�P�XchZq%GWJcF�hjI�KzhjP6P�G|± U�J�u{hjI�a!Y
É Niq%GWJ�a6GWb�J�u�G�I�J�u�G�U6I�bwl�G�l|f6I�GWb�a!nphjU6X�I�GWb�\zhjf'TVI�hjX�TVKkI�GWbcÃs���MFHN �3dQ�<[�Y���¬�d N�RmY���²t�3¬�ÌtY¬��t±eY6¬�[
dQÍ�Î�Y�¬¶«�d N-Y��QF�dË�<b�v{hVJWG�Ä�K^b�b�U�b�a6GWb a6TVl�hjKkP�GWb a!nphjv6v6\kK^JZhjX�K^TVP}a6G3v6I��Wa�Kk\^GWJ�X�K^TVP�Y
P�TVX�hjlSl�G�P�X|y�GZhjP} 
hjU6\���u�G���\zhjP�Y'y�GZhjP¢��u6I�K^b�X�TVv6u�GSR�GWb�JWTVP6P�G�X�bZY�_���\kq�K^GegBhjI�a6TVP�Y! �K^G�I�I�G
F�hjU6I�G�\sY'_�G�I��%GcFHTVX�G�XZY{¬¶b�hjf@G�\k\^GtF�TVU6�%G�P�TVXZY�F�K^J�u�G�\i 
hVb�b�TVU{hjP�XZY'NQP6P�GtdwU{hVbZx

É ��P���P�Y{hZq%GWJcX�TVU�b�\^GWbwa6T�J�X�TVI�hjP�X�b�hWq%GWJc��U6K6�WnphjK�G�UO\zhmJ�u{hjP�JWGea6G3v{hjI�X�hj�%G�IQa6TVU6X�GWbZY6KkP���U6K^���X�U�a6GWb G�XwG�P�X�u�TVU�b�KzhVb�l�G�x

Ï
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g�GWbwv6I�G�lSK^G�I�b v{hVbwa�hjP�bw\zhmI�GWJ�u�G�I�J�u�G-TVP�X ��X��tr�hjKkX�bwa�U6I�hjP�X l�TVP�b�X�hj�%Gca6GtR3�<N�G�P 7ZÀ�Ó�Ó hjU
��G�P�X�I�G|a6GtdQGWJ�u�G�I�J�u�Ge¬
P�r�TVI�l�hjX�K^��U�Gca6GcF�TVP�X�v@G�\k\kK^G�IZY�b�TVU�b�\zhSa�KkI�GWJ�X�K^TVPHa!n~��X�K^G�P6P�G| �K^J�u{hjXZx

g�GmJ�u{hj\k\^G�P6�%GS��X�hjKkXta6����L�v6I��Wb�G�P�XZY'JZhjI3Kk\
bZnphj��K^b�b�hjKkXta6G|r�hjKkI�G-JWT�G���K^b�X�G�I3U6P�l�T�a6��\^Gma6GeI�G�v6I����
b�G�P�X�hjX�K^TVP�v{hjIQTVf���G�X�b-ÃÔ§MNQ[B²t²�g]Ä�G�XwU6P�b���b�X���l�G|a6Gt�%GWb�X�K^TVP�a6Gtf{hVb�GWb a6Gca6TVP6P��WGWbQI�G�\zhjX�K^TVP6P�G�\
Ã�R3� ¸ ÄQh(��P�a6Gef'��P����{J�K^G�Ita6Ge\sn~G���v6I�GWb�b�Kkq�KkX��-a�U�v6I�G�lSK^G�I�G�X3a6G|\zh�I�TVf6U�b�X�GWb�b�Gea�U}b�GWJWTVP�a!x'g<nphjv��
v6I�T�J�u�Gwv{hjI�TVf���G�X�b<��U�G���nphjK�a6TVP�Jm¨Q�%TV¯6X���©SL3JWG�X�X�GQT�JWJZhVb�K^TVP�lonphtb��Wa�U6KkX�GwG�X�hVJWJWTVlSv{hj��P��WGQX�TVU6X
hjUm\^TVP6�ca6G�l�GWb
I�GWJ�u�G�I�J�u�GWbZx�FHGWb<hVJ�X�Kkq�KkX��Wb�a!n~G�P�b�G�Kk��P�G�l�G�P�X�TVP�XMhjU�b�b�K���X���r�TVI�X�G�l�G�P�XMKkP�¤�U�G�P�JW�WGWb
v{hjIwJWGcv{hjI�hVa�Kk��l�G�x

N v6I��WbQl�TVPHR3�<N-Y��WnphjKBJWTVP�X�KkP�U��mb�TVU�bw\zh�u�TVU6\^G�X�X�Gea6Gm��\zhjU�a6Ge��TV��b�G�P�f{hjU6lox'gih�v6I�TVf6\^��l�h(�
X�K^��U�G0�%��P���I�hj\^GOa6G0\zh}JWTVP�JWG�v6X�K^TVPÕa6GOb���b�X���l�GWb-¤{G���Kkf6\^GWb�G�XSI�TVf6U�b�X�GWbSJWTVP�b�X�KkX�U�Go\sn~T�b�b�hjX�U6I�GOa6G
f{hVb�Gta6GWb�X�I�hWq�hjU��`l�G�P��Wb�x�y�nphjKib�TVU6X�G�P�Uol�h-X�u��Wb�G�YB¨-¬¶P�X�I�T�a�U�J�X�K^TVP�a6G3I�G�\zhjX�K^TVP�b v'TVU6IwG���v6I�Kkl�G�I
\sn~��q%TV\kU6X�Kkq�KkX��|a�hjP�bwU6P�b���b�X���l�Gta!n~TVf���G�X�b�©�Y6\^G ¸�¸ l�hjK 7ZÀ�À�¸ L-\sn~� P6Kkq%G�I�b�KkX��cFHTVP�X�v'G�\k\kK^G�I�¬�¬�x

g�GWbiI�GWJ�u�G�I�J�u�GWb�hjU6X�TVU6I
a6GWbib���b�X���l�GWb�v@G�I�b�K^b�X�hjP�X�b]L TVf���G�X�biqVhjI�Kzhjf6\^GWb]G�XB��q%TV\kU6X�Kµr�b]b�TVP�XBI�GWb�X��WGWb
hjU�JWG�P�X�I�Gwa6G�P�T�b<v6I��WT�JWJ�U6v{hjX�K^TVP�bZx�gihtJWTV\k\zhjf@TVI�hjX�K^TVP�b�hjP�b<JWGWb�b�GwhVJWJ�I�U�G�Y�hZq%GWJ a6GWb<J�u�G�I�J�u�G�U6I�b�a6G
a6TVl�hjKkP�GWb]X�G�\^b]��U�G<\zhwf6K^TV\^TV��K^G�G�Xi\sn KkP�r�TVI�l�hjX�K^TVPe�%�WTV��I�hjv6u6K^��U�GtÃ�y%GZhjPm ]hjU6\���u�G���\zhjP�Yjy%GZhjP���u6I�K^b��
X�TVv6u�GtR3GWb�JWTVP6P�G�X�b�Y{_���\kq�K^G3gihjI�a6TVP�Y6F�hjI�K^G��
 
hjU6\^G|giG�rÆI�hjP�J�Y6 �K^G�I�I�GtF}hjU6I�G�\sY6¬�b�hjf'G�\k\^G3F�TVU6�%G�P�TVXZY
FHK^J�u�G�\] ]hVb�b�TVU{hjP�X�Ä�P�TVU�bQh�hjv6v@TVI�X��tU6P�X�G�I�I�hjKkPHa!n~��X�U�a6Gtr��WJWTVP�a!x{«�TVU�b hWq%TVP�bQv6UHhjf@TVU6X�KkIQLSa�Kµ�
q%G�I�b�GWb�v6I�TVv'T�b�KkX�K^TVP�bQa6G3l�T�a6��\^GWb G�X hjUOv6I�TVX�TVX
��v'Gca�Uob���b�X���l�Gc_�hjl�T�qVhjIeÃÆI��Zhj\kK^b��tv{hjIQ_�X���v6u{hjP�G
��TVU6\^TVP�a�I�G�Ä�x

gihSv6I�TZ��KklSKkX��-P{hjX�U6I�G�\k\^G-a6GWbQ�W��U6Kkv'GWbQTVf���G�X�G�XQI�G�v6I��Wb�G�P�X�hjX�K^TVP}v{hjIQTVf���G�X�bQa�UH\zhjf'TVI�hjX�TVKkI�Gmh
v@G�I�lSK^bev{hjI�hj\k\^��\^G�l�G�P�XSa6G�l�G�P�G�I-U6P�G�I���¤{G���K^TVP�b�U6I|\zh�JWTVP�b�X�I�U�J�X�K^TVPªTVUªI�GWJWTVP�b�X�I�U�J�X�K^TVP³hjU6X�Tj�
l�hjX�K^b��WG|a6Gcl�T�a6��\^GWb�JWTVP�JWG�v6X�U�G�\^bZx@_�J�u���l�hVb3TVU�u6K^��I�hjI�J�u6K^GWbta6GeJ�\zhVb�b�GWbQTVf���G�X�b�TVP�X3hjP{hj\k��b��Wb�a�U
v@TVKkP�X�a6Gtq�U�Gca6Gc\^G�U6I-¨S��U{hj\kKkX��m©`q�K^b�Lmq�K^b a�Uov{hjI�hVa�Kk��l�G-TVf���G�XQG�XQa!n U6Pª¨SK^a6�Zhj\]©0I�G�v6I��Wb�G�P�X��
v{hjI]\zh�b�X�I�U�J�X�U6I�G�l�hjX�u���l�hjX�K^��U�G�a�KkX�G�b�TVU�b��su6K^��I�hjI�J�u6K^G�a6G��chj\^TVK^b�Ãs_�±t�cÄ�xVg�GWb
a6G�U��|v6I�Tj��G�X�b
NQRc�
G�X�FHN ��N ²ËG�XM\zh|JWTV\k\zhjf'TVI�hjX�K^TVPohWq%GWJ�«3hjX�u{hj\kK^G3��u�G�q�hj\kK^G�IZY�FHK^J�u�G�\@RthVT6Y���u6I�K^b�X�TVv6u�G�R3TVP��%Y�d Tj�
\zhjP�a�RQU�JWTVU6I�P{hjU`G�XMb�U6I�X�TVU6XMF}hjI�KzhjP6P�G ±QU�J�u{hjI�a�TVP�X<v@G�I�lSK^bMa6G�rÆI�U�J�X�U�G�U�b�GWb�G�X<KkP6KkP�X�G�I�I�TVlSv6U�GWb
a�K^b�J�U�b�b�K^TVP�b�hjU6X�TVU6I�a�Uªr�TVI�l�hj\kK^b�l�GO�QF�g°G�XSa6G`b�TVP�G���v6I�GWb�b�Kkq�KkX���Y
a6G0\zh�r�hVJ�X�TVI�K^b�hjX�K^TVP³l�h(��Kµ�
l�hj\^G�Y{a6GWbwb�X�I�U�J�X�U6I�GWb G�X�hj\k�%TVI�KkX�u6l�GWb v@G�I�X�KkP�G�P�X�b v'TVU6IwX�G�P�a�I�G`¨eq%G�I�bwU6P�GtP�TVI�l�hj\kK^b�hjX�K^TVP£©`a6GWb
u6K^��I�hjI�J�u6K^GWbQa6GtJ�\zhVb�b�GWbZx

��P���Po\sn~��X�U�a6G�Y�X�I��WbQb�v@�WJ�Kµ�{��U�G�Y6a�Uov6I�TVf6\^��l�Gea6Gt\zh-\kKkq�I�hjK^b�TVP�a6GWb�lSK^b�GWb�LQ��TVU6IQa�UoJZhVa�hVb�X�I�G
KkP�r�TVI�l�hjX�K^b��-l�G�P��WG�hWq%GWJmgihjU6I�G�P�X-_�v@��I��%Y'y�GZhjP} 
hjU6\���u�G���\zhjP}G�X|��u6I�K^b�X�TVv6u�G���\zhjI�hjleU6P�X�Ã���U6K
JWTVP�b�X�KkX�U{hjKkXZY�hjUÊa6��v{hjI�XOG�X0L®P�T�b`�%G�U��@Y�U6PÊv6I�TVf6\^��l�G}a!n~��q%TV\kU6X�K^TVPÖhjv6v{hjI�G�lSl�G�P�XoJ�\zhVb�b�K^��U�G�Ä
b�n~GWb�X�I���q%��\^�WGca!n U6P�GcI�K^J�u�GWb�b�GtX�G�\k\^G|��U�n~G�\k\^G|h-v@G�I�lSK^b a!n U6P�Gcv{hjI�X a6Gta6�WJWTVU6q�I�KkIZY���P{hj\^G�l�G�P�XthVb�b�G�×
v6I���l�TVP6KkX�TVKkI�G�l�G�P�XZY�\^G J�u{hjlSv`a6GWb�l���X�hVa6TVP6P��WGWb�G�X�a6Gw\^G�U6I�U�b�hj�%G�G�X�a!nphjU6X�I�Gwv{hjI�X�a6GwP�TVU�G�I�a6GWb
I�G�\zhjX�K^TVP�b�a6GcX�I�hZqVhjKk\�hWq%GWJ-a6GWbwl�G�lef6I�GWb3a�U�\zhjf@TVI�hjX�TVKkI�Gm��TV��KkX3a6Gt\sn~¬��3«ØÃ�N P6P�G-dwU{hVbQG�X�_�G�I��%G
F�TVX�G�X�Ä�x

g<n KkX�KkP���I�hjKkI�G|a6GtX�TVU6X�GWbQJWGWb�I�GWJ�u�G�I�J�u�GWbth-v'G�I�lSK^bQa6Gtl|¯6I�KkIw\^GWbQa6G�I�P6K^��I�GWbwv6I�TVv@T�b�KkX�K^TVP�b G�È!GWJ��
X�U��WGWbQhjU6X�TVU6IQa6GWb�KkP�r�I�hVb�X�I�U�J�X�U6I�GWb a6Gcl��Wa�KzhjX�K^TVPoq�KzhS\^GWb�l���X�hVa6TVP6P��WGWbZx
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ê ëWì'íZîjï!ð]ñBò�í�óÆï$ì ô
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¸ x 7  �I��Zhjlef6U6\^GHxtxcx|xtxcxtxcxtxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx 7ZÁ
¸ x ¸ NQU6X�TVU6I a�Uol�T�a6��\^GcTVf���G�Xåxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx 7ZÁ
¸ x Ï ��TVP�X�I�Kkf6U6X�K^TVP�b°x|xtxcxtxcxtxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx 7�7

¸ x Ï x 7 F�T�a6��\kK^b�hjX�K^TVPoa!n~G�P�X�KkX��Wb f6K^TV\^TV��K^��U�GWbcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx 7�7
¸ x Ï x ¸ F�T�a6��\kK^b�hjX�K^TVPoa!n~G�P�X�KkX��WbQb�v{hjX�K^Tj�sX�G�lSv'TVI�G�\k\^GWbexcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx 7 Í

ü ýQþ$ï'ø�ñ�í�óÆï$ì õ$õ
Ï x 7  �I��Zhjlef6U6\^GHxtxcx|xtxcxtxcxtxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx ¸�¸
Ï x ¸ ��TVP�X�G���X�GSxcxtxcx|xtxcxtxcxtxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx ¸�¸
Ï x Ï ��TVP�X�I�Kkf6U6X�K^TVP�b xtxcxtxcxtxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx ¸�Ï

Ï x Ï x 7 ��q%TV\kU6X�K^TVP�a6Gtb�J�u���l�hVb x|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx ¸�Ï
Ï x Ï x ¸ ��q%TV\kU6X�K^TVP�a6GWbwTVf���G�X�bØxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx·Ù ¸

ÿ ëWì��
îjú6ùWíZîVñiò�í�ñBî���ù �{û
Ù�x 7  �I��Zhjlef6U6\^GHxtxcx|xtxcxtxcxtxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx Í Á
Ù�x ¸ ��TVP�X�G���X�GSxcxtxcx|xtxcxtxcxtxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx Í Á
Ù�x Ï ��X�hjX a6Gc\snphjI�X-xcx|xtxcxtxcxtxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx Í 7
Ù�x Ù ��TVP�X�I�Kkf6U6X�K^TVP�b°x|xtxcxtxcxtxcxcxtx|xtxcxtxcxcxtxcxtx|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx Í Ï

Ù�x Ù�x 7 g�G3l�T�a6��\^Gtv6I�TVv@T�b��tv@TVU6I�\^GWb��%�WT�b�J�K^G�P�JWGWb x|xcxtxcxtxcxtxcx|xtxcxtxcxtxcxcx Í�Í
Ù�x Ù�x ¸ � G�I�b�U6P�Gca6TVU6f6\^G|b�X�I�hjX�Kµ�{JZhjX�K^TVPHa6GWb�l���X�hVa6TVP6P��WGWb xcxtxcx|xtxcxtxcxtxcxcx Í��

� �|ï'ìiò�øÆñBù�óÆï$ì �
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#09�?B¾ C D'9%$�D'9
g�GWb b���b�X���l�GWbwa!n KkP�r�TVI�l�hjX�K^TVP�I�G�\^G�qVhjP�XQa6G|a6TVl�hjKkP�GWb�a!nphjv6v6\kK^JZhjX�K^TVP}a�KkX�b JWTVlSv6\^G��6GWb b�TVP�X�hjU

J'&3U6IQa6G3I�GWJ�u�G�I�J�u�GWbQI�G�\zhjX�Kkq%GWbwX�hjP�XQL-\^G�U6IQhjP{hj\k��b�G)(jJWTVP�JWG�v6X�K^TVPH��U�npL-\^G�U6IwlSK^b�GtG�P*&3U6q�I�G�x�R3G�I��
I�K^��I�G�\^G�X�G�I�l�G�b���b�X���l�GWb�a!n KkP�r�TVI�l�hjX�K^TVP�a�USJWTVlSv6\^G���G�Y���U6K6a6��I�Kkq%Gwa6G�l|U6\kX�Kkv6\^GWb�hVJWJWG�v6X�K^TVP�bZYVP�TVU�b
I�G���I�TVU6v@TVP�b3\^GWb3b���b�X���l�GWb3a!n KkP�r�TVI�l�hjX�K^TVP�b3I�G�\zhjX�Kµr�bchjU��Ha6TVl�hjKkP�GWbta6GWb3b�J�K^G�P�JWGWbta6Ge\sn~G�P�q�KkI�TVP6P�G��
l�G�P�XwhjU`b�G�P�b�\zhjI��%GSÃ�a6GWb�b�J�K^G�P�JWGWb�a6G \zh|X�G�I�I�G�Y�a6G \zh|f6K^TV\^TV��K^GthjU���b�J�K^G�P�JWGWb��%�WTV��I�hjv6u6K^��U�GWb�Ä�x�NQU
P6Kkq%GZhjUOa6G�\^G�U6I�I��Zhj\kK^b�hjX�K^TVPoG�X�a6GQ\^G�U6I�lSK^b�G3G�P�&3U6q�I�GQJWGWb�b���b�X���l�GWb�bZnphjv6v6U6K^G�P�X�\^GQv6\kU�b�b�TVU6q%G�P�X
b�U6I�a6GWb�b���b�X���l�GWb�a6G��%GWb�X�K^TVPÅa6G�a6TVP6P��WGWb�v@G�I�b�K^b�X�hjP�X�GWb�Ãs_���b�X���l�GWb�a6G��3GWb�X�K^TVPÅa6G���hVb�GWb�a6G
a6TVP6P��WGWbm_6�3��RØTVUª_���b�X���l�GWbca!n~¬¶P�r�TVI�l�hjX�K^TVP³�3�WTV��I�hjv6u6K^��U�GWbS_�¬��Q�
TVU6X�Kk\,+-Ä�x!gihOa�Kkl�G�P�b�K^TVPÊ¨
I��Wb�GZhjUS©|P�G�v'G�U6X
��X�I�G�v{hVb�b��WG�b�TVU�b
b�Kk\^G�P�JWG�Y(��X�hjP�X<a6TVP6P��WG�\sn~��l�G�I��%G�P�JWG�v6I��Wa6TVlSKkP{hjP�X�Gwa�U-l�TVP�a6G
KkP�X�G�I�P�G�XZx!g�GmJWTVP�X�G���X�GSb�G-X�I�TVU6q%Gma6TVP�JS��\zhjI���KsY'a!n U6P�Gmv{hjI�XcL�\zh�P�TVX�K^TVP¢a6G-b���b�X���l�Gel|U6\kX�Kkf{hVb�GWb
G�X hjU��Ov6I�TVf6\^��l�hjX�K^��U�GWb a6Gt\sn KkP�X�����I�hjX�K^TVP�a6G3f{hVb�GWb�u���X���I�TV�%��P�GWbQG�X I���v{hjI�X�K^GWb G�POX�G�I�l�Gca6Gt\^T�JZh(�
\kK^b�hjX�K^TVP�Y�G�X�a!nphjU6X�I�GWb�v{hjI�XwL|\zhcr�TVI�X�G3a6G�l�hjP�a6G3a6G�JWTVU6v6\zhj�%Gta6G3JWGWb�f{hVb�GWb�hWq%GWJta6GWb�b���b�X���l�GWb�a6G
b�Kkl|U6\zhjX�K^TVPHTVUoa!nphjK^a6GeLm\zhma6�WJ�K^b�K^TVP�x

#09�E.-`9�E{¾wA�C-E
RQUÂJW¡VX��Oa6G0\zh£l�T�a6��\kK^b�hjX�K^TVP�Y�hjv6I��WbS\zh}b�U6v6I���l�hjX�K^Goa6GWb�hjv6v6I�T�J�u�GWb�JZhjI�X��Wb�K^G�P6P�GWb0/~F}hjI Ó Î�Y

 ]x Ó�À Y�N � À�Á�1 v6U6K^b|b���b�X���lSK^��U�GWb2/~Ì�dw� Ó Í 1 G�Xea�U®l�T�a6��\^GSI�G�\zhjX�K^TVP6P�G�\3/ ��T�a
� Á YB��T�a
� À�1 G�P¢X�hjP�X
��U�G�l�T�a6��\^GtJWTVP�JWG�v6X�U�G�\Ba6GWb _6�3��R:b�TVU�b��k��hVJWG�P�X�bZY6a!nphjU6X�I�GWbwJZhjP�a�K^a�hjX�b�K^b�b�U�b�\^G�v6\kU�bwb�TVU6q%G�P�Xwa6G
\zheI�G�v6I��Wb�G�P�X�hjX�K^TVP�a6GWb�JWTVP6P{hjK^b�b�hjP�JWGWb4/65QU6KzÎ Ó Y�FHKkP7�VÍ�h 1 TVUOa�U0�%��P6K^G3\^TV��K^J�K^G�\8/ _�F Ó�Ó Y�F�«3�:9 Ó�À Y
_�P�� À�7 YM��T�T À Ù�Y�d ��� 9 À Í6Y�F�U6\ À �Vh 1 b�GOv6I��Wb�G�P�X�hjK^G�P�XZx�g<nphjv6v6I�T�J�u�G}TVf���G�XZY���U6K�h¢I�G�X�G�P�U P�TVX�I�G
hjX�X�G�P�X�K^TVP�Y{bZnphjv6v6U6K^G|GWb�b�G�P�X�K^G�\k\^G�l�G�P�X�b�U6I�\zhmP�TVX�K^TVP�a6G�¨mJ�\zhVb�b�Kµ�{JZhjX�K^TVP�©�x

��TVP�JWG�q%TVKkI�\^G-b�J�u���l�h�a!n U6P£b���b�X���l�Gea!n KkP�r�TVI�l�hjX�K^TVP¢JWTVP�b�K^b�X�G-L�b�X�I�U�J�X�U6I�G�I3\zh�JWTVP6P{hjK^b�b�hjP�JWG
a6GWb�G���v@G�I�X�b�a�U0a6TVl�hjKkP�G|b�TVU�b��k��hVJWG�P�X h(��Poa6G�I�G�¤{��X�G�Iw\^G�v6\kU�b��{a6��\^G�l�G�P�XQv'T�b�b�Kkf6\^GQ\^G�U6I�v@G�I�JWG�v��
X�K^TVPohjUOP6Kkq%GZhjUoa�Uob�J�u���l�h�x6 BTVU6IQJWG�\zh�Y�Kk\^b�a�K^b�v'T�b�G�P�X hjU0P6Kkq%GZhjU�a�U`r�TVI�l�hj\kK^b�l�Gta!nphjf�b�X�I�hVJ�X�K^TVP�b
v@G�I�l�G�X�X�hjP�X�a6GwX�I�hVa�U6KkI�G�JWTVP�JWG�v6X�b�G�XMI�G�\zhjX�K^TVP�b�v'G�I�X�KkP�G�P�X�GWb�G�X�JWGWJ�K'b�G�\^TVP�a�Kkq%G�I�b�hjP6��\^GWb�a6Gwq�U�Gc¥
r�TVP�J�X�K^TVP6P�G�\sY�b�X�hjX�K^��U�GcTVU�a���P{hjlSK^��U�G�x

RQU�JW¡VX��|a6G|\zhSlSK^b�GeG�P;&3U6q�I�G�Y{JWG�I�X�GWb�\^GWbQhjX�G�\kK^G�I�b3a6Gc�%��P6K^G|\^TV��K^J�K^G�\
hVJ�X�U�G�\^bQv6I�TVv@T�b�G�P�X3a6GWb
b�TV\kU6X�K^TVP�b�KkP�X���I�GWb�b�hjP�X�GWb<v@TVU6I<a6����P6KkI�\^GWb<a�Kkq%G�I�b�l�T�a6��\^GWbwÃÔr�TVP�J�X�K^TVP6P�G�\sY�b�X�hjX�K^��U�G�G�X<a���P{hjlSK^��U�G�Ä�Y
q%��I�Kµ�{G�IM\zh3JWTVu���I�G�P�JWG�KkP�X�G�IMG�X�KkP�X�I�h(�sl�T�a6��\^GWb�Y%I�G�P�a�I�G�\zh�v6I�Tj��GWJ�X�K^TVP�q%G�I�b�\^GWb
\zhjP6��hj�%GWb�J�Kkf6\^GWb�v6\kU�b
hjK^b��WG�G�X�v'G�I�l�G�X�X�I�G�\^G�v{hjI�X�hj�%G�Y�\zh�I���U6X�Kk\kK^b�hjX�K^TVP�x���G�v@G�P�a�hjP�X<\^GWb<b�v'�WJ�Kµ��X��Wb<a6G�JWG�I�X�hjKkP�bMa6TVl�hjKkP�GWb
<>=@?:AB?DCBE,?,F)GIHJ?LKIANM�O�AB?PCBE,?QARCBSLK8M)ABT6UVTVKRW,EYXZTVKNX\[]?L^,_)?LKNXZ^L^P?L`aABTVbcOaKN_aTV[]?PCBKR?LKLd@O�bZM�K8UVM�Te`aCBWDfgWPCBbZO�KQ_abcOa^:UV?AB?PCBE,?8F)GIH�hibcMaABTVU�UVbZCBKBj'M@k TVU�KLk XmlcTnA"_)?"`oXpCBUV?PC�_a?qUVbclZT6^PT6?PU6KLr
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I�GWb�X�G�P�X0G�P�JWTVI�G�X�I�TVv b�TVU6q%G�P�XOb�TVKkX`JZhjP�X�TVP6P��WGWbOhjU b�G�KkPÅa!nphjX�G�\kK^G�I�b0b�v@�WJ�Kµ�{��U�GWbZY�b�TVKkX`hjU b�X�hVa6G
G�lef6I��%TVP6P{hjKkI�G�x

s -4t�9�?iD$Apu
g�G-v6I��Wb�G�P�Xtl���l�TVKkI�G�b�U6Kkq�I�h�\^GWbt��X�hjv'GWbta6G-\zh�I�GWJ�u�G�I�J�u�G�Yib�J�u���l�hjX�K^b��WGWbca�hjP�b3\zh�����U6I�G 7 x 7 Y

G�X�a6TVP�X�\^G���\
¨(I�TVU6�%G�©�I�GWb�X�G l�T�a6��\kK^b�hjX�K^TVP`G�XMlSK^b�GQG�Pv&3U6q�I�G a6GQb���b�X���l�GWb�LtTVf���G�X�bMv@G�I�b�K^b�X�hjP�X�bZY
��q%TV\kU6X�Kµr�b�G�XMI�G�\^G�q�hjP�X�a6G a6TVl�hjKkP�G�JWTVlSv6\^G���G�x�«QTVU�b�b�TVU6u{hjKkX�TVP�b�a6�WJ�I�KkI�GQb���P�X�u���X�K^��U�G�l�G�P�XtÃÆv@TVU6I
��U�G�\^��U�GWbef6I�K^��U�GWbmGWb�b�G�P�X�K^G�\k\^GWbSa�UªX�I�hZqVhjKk\�G�È!GWJ�X�U���Ä|\sn~TVI�Kk��KkP�GOa�U­v6I�TVf6\^��l�G�Y�JWTVlSl�G�P�XSKk\�h�v6U
��X�I�Gcr�TVI�l�hj\kK^b���Y$��U�G�\k\^GWb v6I�TVv@T�b�KkX�K^TVP�b3TVP�X�v6UH��X�I�GmhWq�hjP�JW�WGWbZY'JWTVlSl�G�P�XtG�\k\^GWb�b�G|b�KkX�U�G�P�X�a�hjP�bQ\^G
a6TVl�hjKkP�G�Y�G�X<\^GWb�v@G�I�b�v'GWJ�X�Kkq%GWbMa6G�X�I�hWq�hjKk\{��U6K�bZn~TjÈ'I�G�P�X�hVJ�X�U�G�\k\^G�l�G�P�XZx�¬¶\�bZnphj��KkX<a6TVP�Jwa6G�v6I��Wb�G�P�X�G�I
v6\kU�b�U6P�G�a6��l�hjI�J�u�G��%��P���I�hj\^GQ��U�G a6GWb�a6��X�hjKk\^b�X�GWJ�u6P6K^��U�GWb���U6K$I�GWb�X�G�P�X�hVJWJWGWb�b�Kkf6\^GWb�a�hjP�b�a�Kkq%G�I�b�GWb
v6U6f6\kK^JZhjX�K^TVP�b�x

��P�JWGt��U6K!I�G�\^��q%G|a6G3\zhml�T�a6��\kK^b�hjX�K^TVP�Y6\^GWb�v6I�TVv@T�b�KkX�K^TVP�bwr�hjKkX�GWbwTVP�XwP��WJWGWb�b�KkX��c\zhmJWTVlSv6I���u�G�P��
b�K^TVP�G�X3\zh�v6I�K^b�GmG�P�JWTVlSv6X�GSa6G-a�Kkq%G�I�bchVb�v@GWJ�X�bQv6I�hjX�K^��U�GWbta6GWb�\zhjP6��hj�%GWbta6G-l�T�a6��\kK^b�hjX�K^TVP£G�Xta6G
v6I�TV��I�hjlSl�hjX�K^TVP�v{hjIwTVf���G�X�bwX�TVU6X G�P�hZ��hjP�XQG�P�l���l�TVKkI�Gc\zhma�Kkl�G�P�b�K^TVP�a6G�¨(v'G�I�b�K^b�X�hjP�JWG�©0TVU�a6G
v@G�I�G�P6P6KkX���x

R�GQP�TVl|f6I�G�U�b�GWbw��U�GWb�X�K^TVP�bZY�hjU6X�TVU6I�a6G�\zh|l�T�a6��\kK^b�hjX�K^TVP�Y�v@G�U6q%G�P�XwG�P�JWTVI�G3��X�I�G�v'T�b��WGWb�G�X�v{hjI
b�U6KkX�Gta6GtP�TVU6q%G�\k\^GWbwK^a6�WGWb v'G�U6q%G�P�X ��X�I�GtlSK^b�GWbwG�P�hZqVhjP�Xe¥

É g�G<l�T�a6��\^G�TVf���G�X]G�Xi\^G<v6I�KkP�J�Kkv@G�a6G<l�TVP�TVKkP�b�X�hjP�J�KzhjX�K^TVP�YVJ�u�G�I�hjU|l�T�a6��\^G�LwJ�\zhVb�b�GWb�YWI�Kk��K^a�Kµ�{G\^G3v6I�KkP�J�Kkv'Gea!n~��q%TV\kU6X�K^TVPHa6GWbwTVf���G�X�bZY�P�G3rshjU6X��sKk\!v{hVbQhj\k\^G�I q%G�I�b�U6POl�T�a6��\^Gcv6\kU�b�¤{G���Kkf6\^Gxw
É gih�q�hjI�K^��X��<a6GWb�v@TVKkP�X�bBa6G�q�U�G<G���v6I�Kkl�hjf6\^GWb]L�v{hjI�X�KkIia6G�\sn~TVf�b�G�I�qVhjX�K^TVP-a!n U6P|TVf���G�XBa�Ucl�TVP�a6GI��WG�\�GWb�X]GWb�b�G�P�X�K^G�\k\^G�xV��TVlSl�G�P�X]v@G�I�l�G�X�X�I�G�hjK^b���l�G�P�X]\^G�U6I]a6����P6KkX�K^TVP�Y(\^G�U6IiU6X�Kk\kK^b�hjX�K^TVP�Yj��U�G�\^b
KklSv{hVJ�X�b JWG�\zhmv@G�U6X hWq%TVKkI�b�U6I�\zh-I�GWb�X�KkX�U6X�K^TVP�a6GWbwTVf���G�X�bQhjU�b�G�KkPoa�U�b���b�X���l�Gxw

É g�G�I�¡V\^Gwa�USX�G�lSv�b�a�hjP�b�\^G�l�T�a6��\^Gxww\zh�\kKk��P�G a6G�q�K^G�a6G�X�TVU6X�G G�P�X�KkX��wv@G�U6X<G�\k\^Gw��X�I�G�X�I�hVJW�WGxw��U�Gta�KkI�G|a6GWb�I�G�v6I��Wb�G�P�X�hjX�K^TVP�b3a!n~�WJ�u�G�\k\^GWbwX�G�lSv@TVI�G�\k\^GWb7w
É gihmI���¤{G���Kkq�KkX��|a�UOl�T�a6��\^GcGWb�X��
G�\k\^Gca�K^b�v@TVP6Kkf6\^Gxw|G�X�J�x

�



��PªJWG���U6K�JWTVP�JWG�I�P�G`\^G�U6IelSK^b�G�G�PJ&3U6q�I�G�YB\zhOq�hjI�K^��X���a6GWb-b���b�X���l�GWbeG���K^b�X�hjP�X�beG�X-\snphjI�I�Kkq%�WG
a�U�l�TVP�a6GcKkP�X�G�I�P�G�X3hjl���P�G�P�X3a6GWbwI���¤{G���K^TVP�b ��U{hjP�X3L-\zhmlSK^b�G|LSa�K^b�v'T�b�KkX�K^TVPHG�XQLm\zhmv@G�I�X�KkP�G�P�JWG
a6GWb0KkP�r�TVI�l�hjX�K^TVP�bZxwgBhªlSK^b�G}G�P°v6\zhVJWG£a!n KkP�rÆI�hVb�X�I�U�J�X�U6I�GWbHJWTVP�b�X�KkX�U�G£a6TVP�J}v@TVU6IO\^GWbOa6TVl�hjKkP�GWb
hjv6v6\kK^JZhjX�Kµr�b0J�u�TVK^b�K^b�U6PÊG�PV��G�UÅKkP�JWTVU6I�X�TVU6I�P{hjf6\^G�x�¬¶J�K3hjU�b�b�KQa6G�P�TVl|f6I�G�U�b�GWbO��U�GWb�X�K^TVP�b�v'G�U6q%G�P�X
��X�I�G|b�TVU6\^G�q%�WGWbc¥

É [{hjU6X��sKk\BJWTVP�JWG�q%TVKkIQa6GWb b���X���l�GWb Lmb�X�I�U�J�X�U6I�Gtu6K^��I�hjI�J�u6K^��U�G|v'TVU6I�hjK^a6G�IQL-\zhmI�GWJ�u�G�I�J�u�Gxw
É [{hjU6X��sKk\|a�K^b�v@T�b�G�IOa!n U6P�G£JWTVP6P{hjK^b�b�hjP�JWG¢KkP�X�I�KkP�b��W��U�G£a6GWboa6TVl�hjKkP�GWbOu�TVI�boa6GWbOb���b�X���l�GWbyw��TVlSl�G�P�XQv'G�I�l�G�X�X�I�GchjK^b���l�G�P�X \zh-a6����P6KkX�K^TVPHa6GtJWG�X�X�GtJWTVP6P{hjK^b�b�hjP�JWG�Y���U�G�\^b�KklSv{hVJ�X�b JWG�\zh
v'G�U6X hZq%TVKkIQb�U6I�\zhSI�GWJ�u�G�I�J�u�Gea!n KkP�r�TVI�l�hjX�K^TVP}hjU�b�G�KkPoa�U�b���b�X���l�Gxw

z|{B}�~��N�����
���x�B���
g�G�J�u{hjv6KkX�I�G ¸ v6I��Wb�G�P�X�G�\^G�JWTVP�X�G���X�G�a6GWb�b���b�X���l�GWb
a!n KkP�r�TVI�l�hjX�K^TVP�a�USJWTVlSv6\^G���G�YVG�X
\^GWb<hjX�TVU6X�b

v6I��Wb�G�P�X��Wb�v{hjI�\zh�l�T�a6��\kK^b�hjX�K^TVP�TVf���G�XMhWq�hjP�X<a6G�v6I��WJ�K^b�G�IM\^GWb
v6I�TVf6\^��l�GWb<I�G�P�JWTVP�X�I��Wb�a�hjP�b�\^G�JZhVa�I�G
hjv6v6\kK^JZhjX�KµrmG�X0\^GWb0v6I�TVv'T�b�KkX�K^TVP�bOG�È!GWJ�X�U��WGWbZx�g�G}J�u{hjv6KkX�I�G Ï a6�WJ�I�KkXO\zh®v6I�TVf6\^��l�hjX�K^��U�G£�%��P���I�hj\^G
a6G0\sn~��q%TV\kU6X�K^TVPÕv6U6K^b�a6�WJ�\kKkP�GohjU³X�I�hWq%G�I�b�a!n~G���G�lSv6\^GWb�b�Kk��P6Kµ�{JZhjX�Kµr�bS\snphjv6v6I�T�J�u�G���U�G0P�TVU�b�hZq%TVP�b
hVa6TVv6X��WG�x!giGSJ�u{hjv6KkX�I�GmÙ�Y!��U{hjP�XcL�\kU6KsY@KkP�X�I�T�a�U6KkXt\zh`P�TVX�K^TVP¢a6Gel���X�hVa6TVP6P��WGWb�Y!G�X|hjU�X�I�hZq%G�I�bca6G
JWG�\k\^G��
J�KsYMv6I��WJ�K^b�Go\^GoI�¡V\^Go��U�G�JWG�\k\^GWb��
J�K v@G�U6q%G�P�X|��TVU�G�I`a�hjP�b�\sn~�Wa�Kµ�{JZhjX�K^TVPÊa!n KkP�rÆI�hVb�X�I�U�J�X�U6I�GWb`a6G
l��Wa�KzhjX�K^TVP�x

��P���P�Y]P�TVU�bSJWTVP�J�\kU�TVP�bSJWG�l�hjP�U�b�J�I�KkXSG�P�v6I��WJ�K^b�hjP�X���U�G�\^��U�GWb-v@G�I�b�v@GWJ�X�Kkq%GWb-��U6K�b�G�l|f6\^G�P�XZY
a!n~TVI�GWb G�X a6����Lmb�G3v6I��Wb�G�P�X�G�I3L-P�TVU�bZY{hjUoJ�u{hjv6KkX�I�GmÍ�x
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Thèse

Isabelle

Mougenot

Thèse

Stéphane

Coulondre

Thèse

Laurent

Spery

Thèse
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Boffet

Thèse

Cyril

Roume

Thèse

Hervé
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Thèse

André

Miralles

Thèse

Nils

Gesbert

1988

1989

1990

1991

1992

1993

1994

1995

1996
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1999

2000

2001
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Hiérarchies

Composants
Meta−données

Infrastructures

T
  H

  E
  S

  E

Evolution

pour 
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Thèse

D
  E

  Aet SGBD relationnel

Couplage modèle objet 

J. Barde 
R. Passama

Thèses
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FE�IHJ�I�W��-�0C��-8�*�E4����	3;�*bf48�I�����s�(�,�U3D��0�$^�U���*�j���I3[�nm"-C�*��KQtNusKhvsKw���+�����gihtl�T�a6��\kK^b�hjX�K^TVP�TVf���G�X�hcv'TVU6I<r�TVP�a6G�l�G�P�X�\^Gwr�hjKkXMa6G v6I�TVv'T�b�G�I�hjU�JWTVP�JWG�v6X�G�U6I�a6Ge¨tI���Kµ�{G�I�©
\^GWb�G�P�X�KkX��Wbw��U�n Kk\'v@G�I�ÇWTVKkXwa�hjP�b�b�TVPOJWTVP�X�G���X�Gta6G3X�I�hWq�hjKk\sx6R3G�v6\kU�bZY�Kk\�GWb�X�X�I�hVa�KkX�K^TVP6P�G�\sY�a!nph
x�I�l�G�I
��U�G�\zh�X�I�hjP�b�J�I�Kkv6X�K^TVP0a6GWbMG�P�X�KkX��WbMa�U�l�TVP�a6G I��WG�\$G�P�I�G�v6I��Wb�G�P�X�hjX�K^TVP`KkP�r�TVI�l�hjX�K^��U�G GWb�X�v6\kU�b�hjK^b��WG
a�hjP�bw\^GcJZhVa�I�Gca�UOv{hjI�hVa�Kk��l�G|TVf���G�XZx

R�G�U��ª�WJWTV\^GWbmI�G�\^G�qVhjP�X�a6G�\snphjv6v6I�T�J�u�GOTVf���G�X�/~FH«t� 9 Ó�À Y]R3F�� 1 T�JWJ�U6v'G�P�Xm\^G�X�G�I�I�hjKkP³a6G`\zh
I�GWJ�u�G�I�J�u�G£Ã�hjv6v6I�T�J�u�GOLOf{hVb�G�a6G�J�\zhVb�b�GWbZYBhjv6v6I�T�J�u�G0LOf{hVb�G�a6G�v6I�TVX�TVX¶��v@GWb�Ä�YBl�hjK^b|\^GWb-JWTVP�JWG�v��
X�G�U6I�b�a6G3f{hVb�GWb�a6G�a6TVP6P��WGWbQhW��hjP�X�a6����LmhVa6TVv6X��3\snphjI�J�u6KkX�GWJ�X�U6I�G|N�«3_�¬\(�_� $N�dw� /~NQ«t_À� Óa1 J�n~GWb�X�\zh
v6I�G�lSK^��I�G|��U6KiGWb�X�\zhjI��%G�l�G�P�X I���v{hjP�a�U�GeG�X�v'TVU6I \zhV��U�G�\k\^GtP�TVU�bQhWq%TVP�b TVv6X���x
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v6I�TVv@T�b��WGWbB��U6K�JWTVP�b�K^b�X�G�P�X�L�I�G���I�TVU6v@G�IBG�X
hjf�b�X�I�hjKkI�G�a!n U6P�G�v{hjI�X
ÃÆv@TVU6Iea6����P6KkImJWTVP�JWG�v6X�bmTVU­J�\zhVb�b�GWb�Ä�YBL�b�v'�WJ�Kzhj\kK^b�G�IZ((�%��P���I�hj\kK^b�G�ISa!nphjU6X�I�G�v{hjI�X0ÃÆv'TVU6ImTVI�a6TVP6P�G�I�Ä
b�TVP�XQL-\zher�TVK^b�P{hjX�U6I�G�\k\^GWb�G�Xw��\^����hjP�X�GWbZx
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gih�a6��l�hjI�J�u�G�KkX���I�hjX�Kkq%GMJWTVP�b�K^b�X�hjP�X
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x�P�G�Iiv6I�TV��I�GWb�b�Kkq%G�l�G�P�XB\^GWbil�T�a6��\^GWbiTVf6X�G�P�U�b]G�P���TVU{hjP�X
b�U6I�\^GWb�l��WJZhjP6K^b�l�GWbwb�U�b��
J�KkX��Wb�GWb�XwhjU�b�b�K'X�I��Wb�b�TVU6v6\^GtG�X�\^GWb�KkP�X�G�I�hVJ�X�K^TVP�bQG�P�X�I�G3v{hjI�X�G�P{hjKkI�GWb a6G�\zh
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b�TVK^G�P�X TVI���hjP6K^b��WGWb
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v6I���q�hjU6XZY
v@G�I�l�G�X�X�G�P�X�a6G a6����P6KkI�a6GWbt¨3l�TVX�Kµr�b�©�a6G b�X�I�U�J�X�U6I�hjX�K^TVP0G�X�a6GQJWTVlSv'TVI�X�G�l�G�P�XtÃÆ\^GWbt¨�v{hjX�I�TVP�b�©6Ä
JWTVI�I�GWb�v'TVP�a�hjP�X�b�Lma6GWbwb�KkX�U{hjX�K^TVP�b a6G3l�T�a6��\kK^b�hjX�K^TVP�I��WJ�U6I�I�G�P�X�GWb´/~dw� À�À Y$���t±Qd Á�7 Y'��[]± 9 Á�¸a1 x
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b�GeI�hj\k\kK^G
L0JWG�X�X�G`hjv6v6I�T�J�u�G�Y�v6I�T�a�U6KkXcI�hjv6K^a6G�l�G�P�X-U6P¢l�hjP6Kµr�GWb�X�G�a6����P6K^b�b�hjP�X|\^GWb|J�I�KkX���I�GWbtr�TVP�a�hjl�G�P�X�hjU��
/~N���R3R Ó�Àa1 ��U�Gca6TVKkq%G�P�XQb�hjX�K^b�rshjKkI�G3\^GWbQ_���b�X���l�GWbwa6Ge�tGWb�X�K^TVP�a6Gt��hVb�GWbwa6GcR3TVP6P��WGWbZY{a6�Wb�TVI�l�hjK^b
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a�KkI�G0v6I��Wb�G�P�X�G�IS\^GWbma�KµÈ!��I�G�P�X�b�hVb�v@GWJ�X�bO¥Bv'G�I�b�K^b�X�hjP�JWG`a6GWbmTVf���G�X�bZY
�%GWb�X�K^TVPÂa�U³b�X�T�J���hj�%GOG�Pªl���l�TVKkI�G�b�GWJWTVP�a�hjKkI�G�Y�JWTVP�J�U6I�I�G�P�JWGoG�XSI��Wb�K^b�X�hjP�JWGOhjU���v{hjP6P�GWbZY
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v@T�b�b�Kkf6\^G�Y
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a�KkI�GMv'G�I�l�G�X�X�I�G�U6P�G<l�T�a6��\kK^b�hjX�K^TVP-L�f{hVb�GWb�a!n~TVf���G�X�bZYZa6G�J�\zhVb�b�GWb�Ya6Gcb�v@�WJ�Kzhj\kK^b�hjX�K^TVP7((�%��P���I�hj\kK^b�hjX�K^TVP�\kK^�WGcLmU6POl��WJZhjP6K^b�l�Gea6G3I��Wb�TV\kU6X�K^TVP�X�hjI�a�Kkq%G�x
R3G P�TVl|f6I�G�U��`b���b�X���l�GWb�G�XMl�T�a6��\^GWb�¤{G�U6I�K^b�b�G�P�X�hj\^TVI�bZY�a6TVP�X�P�TVU�b�v'TVU6q%TVP�b�J�KkX�G�I�\^GWbMv6I�KkP�J�Kkv{hjU��
¤{G�U6I�TVP�boÃ�a�U³l�TVKkP�b�LHP�T�b-�%G�U��{Ä`¥B��P�JWTVI�G�/l~'a6T Ó Î 1 Y<�Q�
��hVb�G���q%TV\kU{hjP�X�G�P³F�hjX�K^b�b�GÖ/~� � ~�� Àa1 Y
�tG�l�b�X�TVP�G4/~F}²�  Ó Î6Yj\Ô� Ó�Ó�1 Y�²QI�K^TVP*/~������� Ó � 1 Y�²QP�X�T�bY/~N�± Ó � 1 Y�² ¸ /~�����,9 Ó�Ó Y�² ¸SÀ�Ï�1 YV BT�b�X���I�GWb
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��u{hVJ�U6P³v6I�TVv@T�b�G�U6Pªl�T�a6��\^G0a�KkX-a6G0a6TVP6P��WGWbZY
b�U6I-\^GW��U�G�\�\^G`JWTVP�JWG�v6X�G�U6I�bZnphjv6v6U6K^G�Y�L
v{hjI�X�KkI�a!n U6P�GthjP{hj\k��b�G3G���v@G�I�X�G3a!n U6P0a6TVl�hjKkP�GtJ�Kkf6\^G�Y�v@TVU6I�v6I�T�a�U6KkI�G�\^G3b�J�u���l�h-JWTVP�JWG�v6X�U�G�\�a6G�\zh
f{hVb�G�/��3Kkl À�Á Y�� �tÀ�Á Y���R À�Ï Y��w� �tÀ Ù�Y��tF À Ù�Y6��hjX À � 1 x�g�GWb�a6TVP6P��WGWbtÃ�TVU`KkP�b�X�hjP�JWGWb�ÄMb�TVP�X�J�I��W�WGWb
G�P�b�U6KkX�G�Y�G�P�I�GWb�v'GWJ�X�hjP�X�\^Gwv6I�KkP�J�Kkv@G�a6G l�TVP�Tj�sKkP�b�X�hjP�J�KzhjX�K^TVP®ÃÆU6P�GQKkP�b�X�hjP�JWG P�nphe��U�n U6P�GQJ�\zhVb�b�G a6G
I�hjX�X�hVJ�u�G�l�G�P�X�ÄeG�XeG�P®I�GWb�v'GWJ�X�hjP�XZY]hjU®P6Kkq%GZhjU­a6G�\^G�U6I-b�X�I�U�J�X�U6I�G�G�Xea6G�\^G�U6I|JWTVlSv@TVI�X�G�l�G�P�XZY]\^G
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a6G�\zL®a6GWb�J�I�KkX���I�GWb�r�TVP�a�hjl�G�P�X�hjU��@Y���U{hVb�K TVf6\kKk��hjX�TVKkI�GWbZY���U�G�\^GWb�hjU6X�G�U6I�b`a�UÕl�hjP6Kµr�GWb�X�G
a6�Wb�Kk��P{hjK^G�P�XoJWTVlSl�G}\^GWb®¨®I�����\^GWbOa!n~TVI�©Âv@TVU6I0\^GWb�_6�3��Rc²t²-Y�U6P°JWG�I�X�hjKkP°P�TVlef6I�G£a!nphjU6X�I�GWb
JZhjI�hVJ�X���I�K^b�X�K^��U�GWbm��X�hjK^G�P�XmJ�KkX��WGWb-JWTVlSl�G�TVv6X�K^TVP6P�G�\k\^GWbOÃ 32?V�`>a���J���n��� ÄeG�X-JWTVI�I�GWb�v'TVP�a�hjK^G�P�X�LOa6GWbv6I�TVf6\^��l�GWbQTVU6q%G�I�X�bZx6¬¶\�bZnphj��K^b�b�hjKkX�P�TVX�hjlSl�G�P�XQa6G3I�����\^G�I a6GWb���U�GWb�X�K^TVP�b�\kK^�WGWb L-\sn~G���v6I�GWb�b�Kkq�KkX��ta�U
l�T�a6��\^G�ÃÆu���I�KkX�hj�%GcleU6\kX�Kkv6\^G�Y6X
��v@G3q�b�J�\zhVb�b�G�Y6G�X�J�x Ä�Y{hjU��`X�I�hjKkX�G�l�G�P�X�bQa6G3\sn~��q%TV\kU6X�K^TVPªÃÆ�%GWb�X�K^TVP�a�U
X�G�lSv�b�Y�a6G�q%G�I�b�K^TVP�bZY�G�X�J�x Ä]G�X<a6G�\zh�a�K^b�X�I�Kkf6U6X�K^TVP�hjU�b�G�KkP�a6GWb�b���b�X���l�GWb�x�«QTVX�I�G�JWTVP�X�I�Kkf6U6X�K^TVP�Y�X�TVU6X
G�POI�GWb�X�hjP�X l�T�a6GWb�X�G�Y6bZn~GWb�Xwa6��\kKkf'��I�G�l�G�P�X�b�KkX�U��WGta�hjP�b \^GtJZhVa�I�Gca6GcJWGWb�v@G�I�b�v@GWJ�X�Kkq%GWbZx
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É \^GWb�I�GWJ�u�G�I�J�u�GWb�a6GWbMJ�u�G�I�J�u�G�U6I�b�G�P�f6K^TV\^TV��K^G|Ã���\zhjf@TVI�hjX�K^TVP�a6G�P�TVU6q%G�\k\^GWbMu���v'TVX�u��Wb�GWbZY�a6�WJWTVU��q%G�I�X�GWbia6G�P�TVU6q%GZhjU��cl�T�a6��\^GWb�f6K^TV\^TV��K^��U�GWbZY(G�X�J�x Ä@v{hVb�b�hjK^G�P�Xiv{hjI�U6P�GM��X�hjv'GMKkP�JWTVU6I�X�TVU6I�P{hjf6\^G
a!nphjP{hj\k��b�GQG�X�a6G�JWTVlSv{hjI�hjK^b�TVP�Y�P�TVP0b�G�U6\^G�l�G�P�X�a6G \^G�U6I�b�v6I�TVv6I�GWb�a6TVP6P��WGWbZY�l�hjK^b�hjU�b�b�K'a6GWb
a6TVP6P��WGWb a6GtX�TVU6X�Gc\zhmJWTVlSl|U6P{hjU6X���x

É v'TVU6I�JWG�\zh�Y�Kk\^b�a�K^b�v@T�b�hjK^G�P�XwG�X�v{hjI�b�U6KkX�G�KkP�X�G�I�I�TV�%GZhjK^G�P�X�a6GWb�f{hjP���U�GWb�G�XZ(jTVUOf{hVb�GWb�a6G3a6TVP��P��WGWbilSK^b�GWb]Lw\^G�U6I]a�K^b�v@T�b�KkX�K^TVP-v{hjIBa6GWb]TVI���hjP6K^b�l�GWb]X�G�\^bi\sn~�M��¬r� ��-C�*6@�8���.{e�n��$Q��>�_5L*�@��3[�[3[�V3;�*�v'TVU6I]�<F���gâ/~d [
± 9 À�Ïa1 YZ\^GM«t����¬�Yc� �I3[�n������$��p���	3;��-,FE��-T{e�[�a3;�C4�?����I$Q�8>I_dL*��FE��-*���I3[�n��� v@TVU6I�3G�P���hjP6�'Y$\^G-«Q¬���� �I3[�n������$�L*�@��3[�[3[�V3;�*���AFqzf���,�"3[�n4�� v@TVU6I�R3R3��y�Y'«Q��d [8(jF�¬¶ �_À(jy%¬¶ M¬¶Rv'TVU6I� <¬�d°TVUOG�P�JWTVI�G3\sn~� P6Kkq%G�I�b�KkX��ta6Gt�tG�P���q%GQv@TVU6I _�� ¬�_6_��
 <dw²�Ì /~��� À�Ï�1 x�ÌiTVU�b�JWGWb�TVI��
��hjP6K^b�l�GWb3hVa6TVv6X�hjK^G�P�XtU6P�Gcv@TV\kKkX�K^��U�GeJWTVlSleU6P�G`¥{\zh�a�KµÈ@U�b�K^TVPHa6Ge\sn KkP�r�TVI�l�hjX�K^TVP�b�TVU�bQU6P�G
r�TVI�l�GmX�I��Wbtb�KklSv6\^G�Y'J�n~GWb�X��¶L(�
a�KkI�G�a6GWb��{J�u6K^G�I�b�¨`L`v6\zhjX|©�Y!JWTVlSv@TVI�X�hjP�X|U6P�GSb�X�I�U�J�X�U6I�hjX�K^TVP
KklSv6\kK^J�KkX�Gm\^G-v6\kU�btb�TVU6q%G�P�Xta6�WJ�I�KkX�GSa�hjP�b3\^GmJWTVP�X�G�P�U¢X�G���X�U�G�\�a6GWbQ�{J�u6K^G�I�b�x! BTVU6IcG��6G�lSv6\^G�Y
\sn~G���X�I�hjKkXca!n U6P��{J�u6K^G�Icv6I�TZq%G�P{hjP�X|a6G-\zh`f{hjP���U�Gma6Gma6TVP6P��WGWbc�<F���gËÃ�gihjf'TVI�hjX�TVKkI�G���U6I�Tj�
v'�WG�POa6Gt��K^TV\^TV��K^GtF�TV\^�WJ�U6\zhjKkI�G�Ä�GWb�X�v6I��Wb�G�P�X��tJ�Kµ�
a6GWb�b�TVU�b|Ã�J�r�x�[]Kk��U6I�G ¸ x 7 Ä�x{��G�v'G�P�a�hjP�XZY�G�P
KkP�X�G�I�P�G�Y$\^GWb hVa�lSKkP6K^b�X�I�hjX�G�U6I�b3a6Gca6TVP6P��WGWb�a6GcJ�u{hV��U�G|TVI���hjP6K^b�l�Gc�%��I�hjK^G�P�XZY{\sn~G�P�b�G�l|f6\^G-a6G
\^G�U6I�b�a6TVP6P��WGWbZY���I��VJWG3Lca6GWb�b���b�X���l�GWb�a6Gw�%GWb�X�K^TVP0a6G f{hVb�GWb�a6GQa6TVP6P��WGWb3Ãs_6�t��RcÄ<I�G�\zhjX�K^TVP��
P�G�\^bwJWTVlSl�G�I�J�KzhjU��oX�G�\^b ��U�G|²QI�hVJ�\^GcTVU�_���f{hVb�G�x
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£§¤¢¥:¦ ¸ x 7Ý¨ � PoG��6G�lSv6\^Gca6G3�{J�u6K^G�I �<F���gMx

É \sn KkP�r�TVI�l�hjX�K^TVP a�K^b�v@TVP6Kkf6\^G0I�GWb�X�hjKkXHÃ�G�XSI�GWb�X�GOG�P�JWTVI�G�ÄmJWG�v@G�P�a�hjP�X`b�TVU6I�JWGOa6GOa�Kkq%G�I�b�GWb�a�KµrÆ��{J�U6\kX��Wb`\kK^�WGWb0L­b�h¢P{hjX�U6I�G�l���l�G³ÃÆI�GWa6TVP�a�hjP�JWG�Y�KkP�JWG�I�X�KkX�U�a6G�Y�JWTVlSv6\^G���KkX���Y���q%TV\kU6X�Kkq�KkX���Ä�x
��G�I�X�hjKkP�b�a6TVl�hjKkP�GWb�b�v'�WJ�Kµ�{��U�GWbSf6K^TV\^TV��K^��U�GWbHÃ�JWTVlSl�GHJWG�\kU6K a6G0\sn KklSl|U6P�TV�%��P���X�K^��U�GH��U6K
��X�hjKkXt\^Gmb�UV��G�Xta!n~��X�U�a6GSa6GmF}hjI�K^GS ]hjU6\^GSg�G�r�I�hjP�J�Ä3hVJWJWG�P�X�U�G�P�XeG�P�JWTVI�Gm\^GWbta�KQx�J�U6\kX��Wb|hZq%GWJ
a6GWb|l��WJZhjP6K^b�l�GWbm�%��P���X�K^��U�GWbmJWTVlSv6\^G��6GWbZxBgiGWbel�T��%G�P�bma!nphVJWJW�WbmL�\sn KkP�r�TVI�l�hjX�K^TVPªv@G�I�l�G�X��
X�hjK^G�P�Xca!n~TVf6X�G�P6KkIZY!JWG�I�X�GWb3\zh�X�TVX�hj\kKkX��Sa6GWb3a6TVP6P��WGWbZY@l�hjK^b�P�GeI�G�P�a�hjK^G�P�Xtv{hVb3v'T�b�b�Kkf6\^G|v@TVU6I
hjU6X�hjP�XQ\zh-I�GWJ�u�G�I�J�u�G-a!n KkP�r�TVI�l�hjX�K^TVP�b v@G�I�X�KkP�G�P�X�GWbZx

g�GcJ'&3U6I a�Uov6I�TVf6\^��l�GcI��Wb�K^a�hjKkX a�hjP�bw\zh-v@G�I�X�KkP�G�P�JWG|a6Gc\zh-l�T�a6��\kK^b�hjX�K^TVP�a6GWbwTVf���G�X�bwJWTVP�JWG�I��
P��Wb�x$R3G-v{hjIQ\^G�U6I3P{hjX�U6I�Gm\^GWb3b��W��U�G�P�JWGWb��%��P���X�K^��U�GWbtb�TVP�Xt��q%TV\kU6X�Kkq%GWbZY!G�\k\^GWb�q%TVP�X3X�I�hjP�b�KkX�G�Ica!n U6P
��X�hjXQKklSl�hjX�U6I�G-L�U6PH��X�hjXQl�hjX�U6I�G�x$RthjP�bQ\^G|JZhVb a6GWb�b��W��U�G�P�JWGWb a6GWbQI��WJWG�v6X�G�U6I�b3a!nphjP�X�Kk�%��P�GWb�\^GWb
X�I�hjP�b�KkX�K^TVP�btb�TVP�XtG�P�JWTVI�G-v6\kU�b3P�TVl|f6I�G�U�b�GWbcv6U6K^b���U�Ge\sn~TVP}v{hVb�b�G-a!n U6P¢��X�hjX3KklSl�hjX�U6I�GmL�U6P£��X�hjX
I��ZhjI�I�hjP6�%�-hWq�hjP�X a!nphjX�X�G�KkP�a�I�G|\sn~��X�hjXwl�hjX�U6I�G�x{giGWb�v6I�KkP�J�Kkv{hj\^GWbQa�KQx�J�U6\kX��Wb I��Wb�K^a�hjK^G�P�X-¥

y a�hjP�b�\zh®l|U6\kX�Kkv6\kK^J�KkX��}a6GWb�v'TVKkP�X�b�a6GHq�U�G�b�U6I�\^G�b�J�u���l�hÅÃÆ\^GWb�f6K^TV\^TV��K^b�X�GWb0a6TVP6P{hjP�X0U6P�Gb���l�hjP�X�K^��U�G|a�KµÈ!��I�G�P�X�GehjU��OTVf���G�X�bwb�G�\^TVPO\^G�U6IQb�v'�WJ�Kzhj\kKkX���Ä�Y
y a�hjP�b�\zhmI�G�v6I��Wb�G�P�X�hjX�K^TVP�a6G3\zhSu{hjU6X�GtqVhjI�Kzhjf6Kk\kKkX��|a6GcJWGWbwTVf���G�X�b|Ã�J�r�x6[]Kk��U6I�G ¸ x ¸ Ä�x
g�GWbOX�I�hjKkX�G�l�G�P�X�b���U�GH\^GWbof6K^TV\^TV��K^b�X�GWbHhjv6v6\kK^��U�G�P�XHL�JWGWb�TVf���G�X�boTVP�Xo��X��®hjU�b�b�K3\zhjI��%G�l�G�P�X

a6�WJ�I�KkX�be¥
y hj\k�%TVI�KkX�u6l�GWbQa6GtJWTVlSv{hjI�hjK^b�TVPHa6Gcb��W��U�G�P�JWGWbwa6G�U��oLSa6G�U��!Y
y hj\k�%TVI�KkX�u6l�GWbQa!nphj\kKk��P�G�l�G�P�X�b leU6\kX�Kkv6\^GWb-Ã�b�U6I�P�b��W��U�G�P�JWGWb�Ä�Y
y hjP6P�TVX�hjX�K^TVP�bS��U6K�JWTVP�b�K^b�X�G�P�XSb�TVKkXmL�v6I��Wa�KkI�G0G�Xe\^T�JZhj\kK^b�G�Im\^GWb-b��W��U�G�P�JWGWbmJWT�a�hjP�X�GWbZY
b�TVKkXSLa6��X�G�I�lSKkP�G�IQa6GWbwb�X�I�U�J�X�U6I�GWbZY�a6GWb�r�TVP�J�X�K^TVP�bZY�a6GWb I�G�\zhjX�K^TVP�b G�X�J�x
� PÂb�J�u���l�h£TVf���G�X�Ã�hjU�r�TVI�l�hj\kK^b�l�Gov6I�TVv'T�b��0v{hjI;/~N � À�Ï�1 Ämh}��X��0I��Zhj\kK^b��oG�XSq�hj\kK^a6�0v{hjIS\^GWb

f6K^TV\^TV��K^b�X�GWbeÃ�J�r�x6[BKk��U6I�G ¸ x Ï Ä�x
g<nphjv6v6I�T�J�u�G�TVf���G�XZYjv@G�I�l�G�X�Ã�JWG�\zh rshjKkXBv{hjI�X�K^G�a6G�b�GWb
hjv6v'TVI�X�b�Ä�\zhQa6����P6KkX�K^TVP�a6G�J�\zhVb�b�GWb
a6GMX¶��v@G

I��WJ�U6I�b�Kµr�YVG�X]\sn KkP�X�����I�hjX�K^TVP�hjUmP6Kkq%GZhjUSJWTVlSv'TVI�X�G�l�G�P�X�hj\{a6G�P�TVl|f6I�G�U���hj\k�%TVI�KkX�u6l�GWb<a!nphj\kKk��P�G�l�G�P�X�b
G�Xea!nphjP6P�TVX�hjX�K^TVP�bZxBgiG�v6I�KkP�J�Kkv{hj\�hjv6v@TVI�Xea�U®l�T�a6��\^G�v6I�TVv'T�b���Yiv{hjIcI�hjv6v@TVI�X-hjU��£l�T�a6��\^GWbeI�G�\zh(�
X�K^TVP6P�G�\^b���U�b���U�Gt\zL�G���K^b�X�hjP�X�b�Y{I��Wb�K^a6Gea�hjP�b \^G|rshjKkXQ��U�Gc\^GWbS¨m×ZTVP�GWbQqVhjI�Kzhjf6\^GWbt©®ÃDõ�ö�÷	ø(ù�ú@ûIü	ý�ö�þ<ÿ
� û����@ö�����ÄMb�TVP�X�X�I�hVa�U6KkX�GWb�G�P0X¶��v@G�I��WJ�U6I�b�KµrN+�l�hjK^b�TVP�Xw��X���Y�a6G�v6\kU�bZY�JWTVP6P�GWJ�X��WGWbwa�U`r�hjKkX�a6G�\^G�U6I
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{} x {}

{1} x {B}

{3} x {D}

{2} x {C}{} x {A}

{} x {}

{} x {}

{4} x {E}

{} x {A} {2} x {C}

{1} x {B}

{3} x {D} {4} x {E}
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Propriétés

C
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A B C D E

x x

x

x x x

x xx
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Treillis de Galois d’héritage

Relation binaire << Classe a pour Propriétés>>  Treillis de Galois

Sous−Hiérarchie de Galois (SHG)

{1234} x {}

{134} x {A}

{34} x {AC}{1} x {AB}

{3} x {ACD} {4} x {ACE}

{234} x {C}

{} x {ABCDE}
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{} x {A} {2} x {C}

{1} x {B}

{3} x {D} {4} x {E}

Sous−hiérarchie de Galois

A

B

ED

C
2

Nouvelle

1
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Hiérarchie de classes 
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Class

­5®°¯5±=²�³ ï�´ ¬7µ�¶N·?¸�¹º¶0»�¼Y½�¾�¶?¸�¿c½�À�»ÂÁ�ÃÅÄ�Çe�TÆ

Ç�ÇSÄHÀkÈ-Á�ÀkÈ�Ã£ÄZ�¾Ä#¬9Ä�Å¶Ä3È�Ã£¯�ÉSÊ
ËlÄ�ÌÍÀ�½dÎ�ÀÏËlÄÏÐ5»S¸�ÇSËYÌÍÄ&ÌÍÀ�Ç�¶lÄ3µ�¶lÄÏÐÑ»VÒ ¼ÂÇÓÄ�ÇSËlÄ�½�ÔÂÃÅÄ&»ÂÄT·l¾3ÕÖ¾�·lÄ�Ç�¶lË�Ð
× ¼Â¹~ÎØÄ�¼.Ö�Ä�Çx¶&Í�¶N·lÄÙÀ�·l»ÂÀ�ÇÂÇS¾ÍË0Î=¸�·0ËNÎØ¾ÍÌ�¹Q¸�Ãº¹ÅË?¸�¶N¹ÅÀ�Çw³²¸K¸�ÇSË�ÃÅÄÙÌ�¸�Ëe»ÂÄ�ÃQ¸dÎÂ·lÀ�ÎÂ·N¹Å¾�¶l¾ÙÚ�¾�ÇS¾�·N¹ × ¼SÄ$èk]�`'Y%_3Ð
À�Çb¸q½QÍ�½�Ä�¸�±NÀ�¼Â¶l¾Û¼ÂÇT·l¾3Õ]¾�·lÄ�Çx¶8Ü ]^X ¯ Þ�]B`�Y%_EÝxÞ × ¼Â¹ßÌÍÀ�·N·lÄÍËlÎ�À�ÇS»bàqÃQ¸qÕ]À�·N½�ÄÛ¸�ÔSËl¶N·?¸�¹º¶lÄd»ÂÄWèk]�`'Y%_3³
â,ÄÍÌ�¹ßÎØÄ�¼Â¶fÎÂ·lÀ�Ö�Ä�ÇÂ¹º·�¾�Úx¸�ÃÅÄ�½�Ä�Ç�¶�»VÒ ¼ÂÇSÄÙáSÄ�¼Â·N¹ÅËN¶N¹ × ¼SÄAÖÏ¸�ÃQ¸�ÔÂÃÅÄÛ»ÂÄÙ½8¸�ÇÂ¹ÅÁ�·lÄÛÚ�¾�ÇS¾�·?¸�ÃÅÄÛÎ�À�¼Â·fÃÅÄÍËf½�¾3¿
¶NáSÀ�»ÂÄÍË$×ÏÃÅÀ�·lË × ¼SÄÑÃÅÄÍË¥·l¾3ÕÖ¾�·lÄ�Ç�¶lËâ¹Å»ÂÄ�Ç�¶N¹äã=¾ÍËâÎØÀ�¼Â·¥¼ÂÇSÄÑ½�¾�¶NáSÀ�»ÂÄ�ÌÍÀ�·N·lÄÍËNÎØÀ�ÇS»ÂÄ�Çx¶,¶lÀ�¼SË1àf»ÂÄÍËÎÖ�Ä�·lËN¹ÅÀ�ÇSË
ÌÍÀ�ÇSÌ�·lÁ�¶lÄÍËaÐx¹ºÃ=ÄÍËl¶â¹ºÇx¶l¾�·lÄÍË?Ë?¸�Çx¶5»VÒå¸�±�À�¼Â¶lÄ�·,¼ÂÇ8·l¾3Õ]¾�·lÄ�Çx¶5ÌÍÀ�·N·lÄÍËNÎØÀ�ÇS»S¸�Çx¶�àf¼ÂÇSÄ�ÕÖÀ�·N½�Ä0¸�ÔSËN¶N·?¸�¹º¶lÄ�ÎØÀ�¼Â·
Ú�¾�ÇS¾�·?¸�Ãº¹ÅË?Ä�·�³

â,Ä�¶N¶lÄ�½�À�»Â¾�Ãº¹ÅË?¸�¶N¹ÅÀ�ÇW�f»Â¾�¶?¸�Ì?áSÄ/��¸�¹ºÇSËN¹SÃÅÄÍË¥·l¾3Õ]¾�·lÄ�Çx¶lË,Ä�¶¥ÃÅÄÍË¥ÕÖÀ�·N½�ÄÍË1Ë-Ï�Ç�¶?¸�µ�¹ × ¼SÄÍË�³�ÆâÒ ¹ºÇx¶N·lÀ�»�¼SÌ3¿
¶N¹ÅÀ�ÇT»ÂÄÍË�ÇSÀ�¶N¹ÅÀ�ÇSËf»ÂÄ�·l¾3ÕÖ¾�·lÄ�Ç�¶lË0Ä�¶0ÌÍÀ�¿c·l¾3ÕÖ¾�·lÄ�Ç�¶lË0Î�Ä�·N½�Ä�¶�Ð�ÌÍÀ�½d½�Ä�»S¸�ÇSËeÃcÒ�Ä3µÂÄ�½dÎÂÃÅÄÏÐk»ÂÄ�ÌÍÀ�ÇSËN¹Å»Â¾�·lÄ�·
ÌÍÀ�½d½�Ä1ÌÍÀ�¿c·l¾3ÕÖ¾�·lÄ�Ç�¶lËß»VÒ ¼ÂÇ�½QÍ�½�Äâ·l¾3ÕÖ¾�·lÄ�Ç�¶J»ÂÄÍËJ¾�ÃÅ¾�½�Ä�Çx¶lË × ¼Â¹xËlÀ�Çx¶J»Â¾ÍÌ�·N¹º¶lËß»ÂÄ¥½8¸�ÇÂ¹ÅÁ�·lÄÍËJ»�¹±ÔØ¾�·lÄ�Ç�¶lÄÍË
Ü]¸�Ö�ÄÍÌq»ÂÄÍË�ÇSÀ�½�Ë�»�¹±ÔV¾�·lÄ�Çx¶lËaÐwÎØÄ�¼Â¶�¿¾Í�¶N·lÄq»ÂÄÍË�ËN¹ºÚÏÇ=¸�¶N¼Â·lÄÍËÛ»�¹±ÔØ¾�·lÄ�Ç�¶lÄÍË�»S¸�ÇSË�ÃÅÄ8Ì�¸�Ë�»ÂÄÍË�À�ÎØ¾�·?¸�¶N¹ÅÀ�ÇSË
À�¼Y»ÂÄÍË,½�¾�¶NáSÀ�»ÂÄÍË�Þ3³ Ë ¹ºÇSËN¹cÐ�À�Ç!Î�Ä�¼Â¶,Õc¸�¹º·lÄ0ÃcÒ á9Ï�Î�À�¶NáSÁÍËlÄ × ¼SÄ0ÃÅÄ�ÇSÀ�½d½8¸�Ú�ÄKÄ�¶5ÃQ¸Ù»ÂÄÍËlÌ�·N¹ºÎÂ¶N¹ÅÀ�ÇY»VÒ ¼ÂÇSÄ
½QÍ�½�Äø�*ÌláSÀÏËlÄ/�
Î�Ä�¼.Ö�Ä�Ç�¶dÎÂ·lÄ�ÇS»�·lÄ�»ÂÄÍËÙÕ]À�·N½�ÄÍËdË-Ï�Ç�¶?¸�µ�¹ × ¼SÄÍËd»�¹±ÔV¾�·lÄ�Çx¶lÄÍË�»S¸�ÇSËd¼ÂÇSÄ!áÂ¹Å¾�·?¸�·lÌ?áÂ¹ÅÄ
ÜÖÌÍÄ × ¼Â¹JÄÍËN¶eÎ=¸�·N¶N¹ÅÌ�¼ÂÃº¹ÅÁ�·lÄ�½�Ä�Çx¶*ÃÅÄÙÌ�¸�ËfÄ�Ç(ÎÂá=¸�Ë?Ä�»VÒå¸�Ç=¸�Ã�Ï�ËlÄaÞ3³�â0Ò�ÄÍËN¶0¶lÀ�¼Â¶lÄ�ÃQ¸q»�¹±ð8Ì�¼ÂÃº¶l¾d»ÂÄ�ÃcÒ�¾�¶?¸�ÎØÄ
¸�½�À�Ç�¶0»ÂÄ�ÃQ¸�ÌÍÀ�ÇSËN¶N·N¼SÌ�¶N¹ÅÀ�Çb¸�¼Â¶lÀ�½8¸�¶N¹ × ¼SÄ × ¼SÄ�»ÂÄ�»Â¾�¶lÄ�·N½d¹ºÇSÄ�·eÃÅÄÍËe·l¾3Õ]¾�·lÄ�Çx¶lËK¸�Ö�ÄÍÌ�ÃÅÄÍË × ¼SÄ�ÃÅË�À�Ç3Ö�¸
¶N·?¸�Ö�¸�¹ºÃºÃÅÄ�·�³

¸0ÄÍËÙ·l¾3Õ]¾�·lÄ�Çx¶lË�Ðß»ÂÄÍËÙÎÂ·lÀ�ÎÂ·N¹Å¾�¶l¾ÍËÛÚ�¾�ÇS¾�·N¹ × ¼SÄÍËÙÄ�¶d»ÂÄqÃÅÄ�¼Â·dÀ�·l»�·lÄq»ÂÄiËNÎØ¾ÍÌ�¹Q¸�Ãº¹ÅË?¸�¶N¹ÅÀ�ÇæÜ × ¼Â¹Ñ¸�ÎÂÎ=¸�¿
·?¸�¹ÅË?ËlÄ�Çx¶fãSÚÏ¼Â·lÄ8²�³qº�Ä�Ç&Î=¸�·N¶N¹ÅÄ�»�·lÀ�¹º¶lÄaÞ3ÐwÀ�Ç&ÎØÄ�¼Â¶*»Â¾Í»�¼Â¹º·lÄ�»ÂÄ�»�¹±ÔV¾�·lÄ�Çx¶lÄÍË*½8¸�ÇÂ¹ÅÁ�·lÄÍË�¼ÂÇSÄÛ·lÄ�ÃQ¸�¶N¹ÅÀ�Ç
ÔÂ¹ºÇ=¸�¹º·lÄ�¸�ËlËlÀ�Ì�¹Q¸�Çx¶�ÃÅÄÍË�Ì�ÃQ¸�Ë?ËlÄÍË�Ä�¶ÑÃÅÄÍËÑ·l¾3Õ]¾�·lÄ�Çx¶lË0»ÂÀ�Çx¶�Ä�ÃºÃÅÄÍË�»�¹ÅËNÎ�ÀÏË?Ä�Çx¶�ÜÖÌ3ÕN³�ãSÚÏ¼Â·lÄ�²�³ ? Ã�Þ3³

Ç�ÇSÄÑÎÂ·lÄ�½d¹ÅÁ�·lÄ�½8¸�ÇÂ¹ÅÁ�·lÄ�»ÂÄ5Õc¸�¹º·lÄÏÐ × ¼Â¹SËlÄ�Ì�¸�Ã × ¼SÄ�ËN¼Â·¥ÃcÒ áS¾�·N¹º¶?¸�Ú�ÄÏÐ�ÌÍÀ�ÇSËN¹ÅËN¶lÄ�à*»�¹º·lÄ × ¼wÒ ¼ÂÇSÄ�Ì�ÃQ¸�ËlËlÄ
»�¹ÅËlÎ�ÀÏËlÄK»VÒ ¼ÂÇ9·l¾3ÕÖ¾�·lÄ�Ç�¶}]dËN¹VÃcÒ ¼ÂÇSÄ*»ÂÄÍË�»ÂÄ�¼�µYÌÍÀ�ÇS»�¹º¶N¹ÅÀ�ÇSËeÌ�¹ä¿ç»ÂÄÍË?ËlÀ�¼SË�ÄÍËN¶Ñ·lÄ�½dÎÂÃº¹ÅÄG×

´ Ä�ÃºÃÅÄK»Â¾ÍÌ�ÃQ¸�·lÄ�À�¼YáS¾�·N¹º¶lÄK¼ÂÇ(ÌÍÀ�¿c·l¾3ÕÖ¾�·lÄ�Ç�¶e»ÂÄ*ÌÍÄf·l¾3Õ]¾�·lÄ�Çx¶}]ÂÐ
´ Ä�ÃºÃÅÄ�»Â¾ÍÌ�ÃQ¸�·lÄ�À�¼�áS¾�·N¹º¶lÄ�¼ÂÇ8ÌÍÀ�¿c·l¾3Õ]¾�·lÄ�Çx¶1»VÒ ¼ÂÇ8·l¾3ÕÖ¾�·lÄ�Ç�¶�]B°°Ð�ÎÂÃº¼SË¥ËNÎØ¾ÍÌ�¹Q¸�Ãº¹ÅËl¾ × ¼SÄ²]f»S¸�ÇSËâÃcÒ�À�·l»�·lÄ
»ÂÄfÃQ¸ÛÎÂ·lÀ�ÎÂ·N¹Å¾�¶l¾KÚ�¾�ÇS¾�·N¹ × ¼SÄÏ³

Ç�Çè»ÂÄ�¼�µ�¹ÅÁ�½�ÄYÎÂ·lÀ�ÌÍ¾Í»Â¾ÏÐßÔ=¸�Ël¾�ËN¼Â·ÛÃcÒ áS¾�·N¹º¶?¸�Ú�Ä�½�À�»Â¾�·l¾iÎ=¸�·�ÃcÒ�À�·l»�·lÄY¹ºÇS»�¼Â¹º¶8Î=¸�·dÃÅÄÍËdÎÂ·lÀ�ÎÂ·N¹Å¾3¿
¶l¾ÍËÙÚ�¾�ÇS¾�·N¹ × ¼SÄÍË�ÐßÌÍÀ�ÇSËN¹ÅËN¶lÄiàT»�¹º·lÄ × ¼wÒ ¼ÂÇSÄiÌ�ÃQ¸�ËlËlÄ2ãé»�¹ÅËNÎ�ÀÏË?Ä8»VÒ ¼ÂÇê·l¾3ÕÖ¾�·lÄ�Ç�¶�]9ËN¹,ÃcÒ ¼ÂÇSÄi»ÂÄÍËÙ»ÂÄ�¼�µ
ÌÍÀ�ÇS»�¹º¶N¹ÅÀ�ÇSËeÌ�¹ä¿ç»ÂÄÍËlËlÀ�¼SËeÄÍËN¶Ñ·lÄ�½dÎÂÃº¹ÅÄQ×

´ Ä�ÃºÃÅÄK»Â¾ÍÌ�ÃQ¸�·lÄ*¼ÂÇ�ÌÍÀ�¿c·l¾3Õ]¾�·lÄ�Çx¶0»ÂÄ�],ë
´ Ä�ÃºÃÅÄfáS¾�·N¹º¶lÄK¼ÂÇ�ÌÍÀ�¿c·l¾3Õ]¾�·lÄ�Çx¶e»ÂÄ/]ÛÇSÀ�ÇY½8¸�Ë × ¼S¾ÏÐSÌÏÒ�ÄÍËN¶�¿¡à�¿ç»�¹º·lÄ × ¼SÄKÌÍÄKÌÍÀ�¿c·l¾3Õ]¾�·lÄ�Çx¶0ÄÍËN¶�»Â¾ÍÌ�ÃQ¸�·l¾
»S¸�ÇSË,¼ÂÇSÄeËN¼ÂÎØÄ�·�¿çÌ�ÃQ¸�ËlËlÄ&ã/°S»ÂÄ�ã�ÐxÄ�¶Ñ¸�¼SÌ�¼ÂÇSÄ0Ë?À�¼SË�¿çÌ�ÃQ¸�ËlËlÄ0»ÂÄ4ã�° × ¼Â¹kËlÀ�¹º¶5¾�Úx¸�ÃÅÄ�½�Ä�Çx¶�ËN¼ÂÎØÄ�·�¿
Ì�ÃQ¸�ËlËlÄÙÜ]¸�¼qËlÄ�ÇSË1ÃQ¸�·NÚ�ÄaÞ¥»ÂÄ4ãìÇSÄ�»Â¾ÍÌ�ÃQ¸�·lÄ0»ÂÄeÌÍÀ�¿c·l¾3Õ]¾�·lÄ�Çx¶Ñ»ÂÄ�ÃQ¸*½QÍ�½�Ä�ÎÂ·lÀ�ÎÂ·N¹Å¾�¶l¾0Ú�¾�ÇS¾�·N¹ × ¼SÄ7ë

´ ]�Ú�¾�ÇS¾�·?¸�Ãº¹ÅË?Ä*¼ÂÇ�ÌÍÀ�¿c·l¾3Õ]¾�·lÄ�Çx¶ × ¼SÄ�ãí»Â¾ÍÌ�ÃQ¸�·lÄ�À�¼�áS¾�·N¹º¶lÄ*Ë?¸�ÇSË × ¼wÒ ¹ºÃwËlÀ�¹º¶�½8¸�Ë × ¼S¾Ï³
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UML

nom:String

C3

C6

C5

nom : String

print(){code1}

C2

C1

name : String

nom : String="inconnu" 

C4

print(){super.print(); code2}

print(){code3}

a1

a2

a3

a4

p1

p2

p3

p4

features Regroupement "sémantique"

p1

p3

p4

objets imprimables

refAtt1

refAtt2

a1

a3

a4

refPrint1
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ÆwÄÍËq¸�ËlË?À�Ì�¹Q¸�¶N¹ÅÀ�ÇSËqËlÀ�Çx¶!Ä�Ç�Ä�ÃºÃÅÄÍË�¿c½QÍ�½�ÄÍË!»ÂÄÍË8ÌÍÀ�ÇSÌÍÄ�ÎÂ¶lËi¸�ËlËlÄ�û�ÌÍÀ�½dÎÂÃÅÄ3µÂÄÍË�Ð¥¹ºÃe¸�ÎÂÎ=¸�·?¸�ìÅ¶!¼Â¶N¹ºÃÅÄ
»ÂÄÛÃÅÄÍËKÌÍÀ�ÇSËl¹Å»Â¾�·lÄ�·�Ä�Ç�¶?¸�Çx¶ × ¼SÄÙ¶lÄ�ÃºÃÅÄÍË8ÜÖÄ�¶KÇSÀ�Çb»ÂÄÛÃÅÄÍËf·lÄ�ÃÅ¾�ÚÏ¼SÄ�·�à'Í�¶N·lÄAÖ�¼SÄÍËKÌÍÀ�½d½�Äd»ÂÄdËN¹º½dÎÂÃÅÄÍË
ÎÂ·lÀ�ÎÂ·N¹Å¾�¶l¾ÍËe»ÂÀ�Çx¶0»�¹ÅËNÎ�ÀÏË?Ä�Çx¶ÑÃÅÄÍË�Ì�ÃQ¸�ËlË?ÄÍË�Þ3³

¸0Ä8ÌÍÄÛÕ]¸�¹º¶�Ðw¹ºÃ7Õ]¸�ÃºÃQ¸�¹º¶�»Â¾3ãSÇÂ¹º·Ù¸�¼SËlËN¹¥ÌÍÄ × ¼SÄdÃcÒ�À�Ç
Ä�Çx¶lÄ�ÇS»S¸�¹º¶ÛÌÍÀ�½d½�Ä8ÌÍÀ�¿c·l¾3Õ]¾�·lÄ�Çx¶�Ä�¶�·l¾3ÕÖ¾�·lÄ�Ç�¶lË
ÎØÀ�¼Â·ÑÃÅÄÍË�¸�ËlË?À�Ì�¹Q¸�¶N¹ÅÀ�ÇSË�³

ÆwÄÍË1¸�¶N¶N·N¹ºÔÂ¼Â¶lË,Ä�¶7ÃÅÄÍË¥Ãº¹ÅÄ�ÇSË1»ÂÄÍËâÄ3µ�¶N·l¾�½d¹º¶l¾ÍËâ»VÒå¸�ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇwÐ�¸�¹ºÇSËl¹ × ¼SÄÑÃÅÄÍË,¸�¶N¶N·N¹ºÔÂ¼Â¶lËâ»ÂÄÑÃQ¸*Ì�ÃQ¸�ËlËlÄ
»VÒå¸�Ë?ËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇqË�Ò ¹ºÃ=Ä�Ç8Ä3µ�¹ÅËN¶lÄÑ¼ÂÇSÄÏÐ9Ö�À�Çx¶1Ë?Ä�·-Ö�¹º·1àKÃQ¸K»Â¾�¶lÄ�·N½d¹ºÇ=¸�¶N¹ÅÀ�Ç!»ÂÄÍË1ÌÍÀ�¿c·l¾3ÕÖ¾�·lÄ�Ç�¶lË0Ü÷ãSÚÏ¼Â·lÄ0²�³ ? ²�Þ3³

ÆwÄÍË�¸�ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSË�ÎØÄ�¼.Ö�Ä�Çx¶0¸�¹ºÇSËN¹�Í�¶N·lÄK»Â¾ÍÌ�·N¹º¶lÄÍË�Î=¸�·�ÃÅÄÍËÑ·l¾3ÕÖ¾�·lÄ�Ç�¶lË�ËN¼Â¹�ÖÏ¸�Çx¶lË�×
´ ¶¾Ï�Î�ÄK»VÒ�À�·N¹ºÚÏ¹ºÇSÄ0_EøÛÄ�¶Ñ¶ÑÏ�ÎØÄ*»ÂÄK»ÂÄÍËN¶N¹ºÇ=¸�¶N¹ÅÀ�Ç _.[kÐ
´ ÇSÀ�½ü»ÂÄK·lù�ÃÅÄ*À�·N¹ºÚÏ¹ºÇSÄ�Y%]ÏøÙÄ�¶�»ÂÄÍËN¶N¹ºÇ=¸�¶N¹ÅÀ�ÇnY%]«[kÐ
´ Ì�ÃQ¸�ËlËlÄK»VÒå¸�ËlË?À�Ì�¹Q¸�¶N¹ÅÀ�Ç(¸�¶N¶?¸�Ì?áS¾ÍÄ ¶ Ø�ÐÂÀ�¼(¸�¶N¶N·N¹ºÔÂ¼Â¶lË�»ÂÄ*ÌÍÄ�¶N¶lÄ�Ì�ÃQ¸�ËlËlÄÏÐ

²Ïý



GeneralizableElement

Classifier

Class

Association

Attribute

AssociationClass

1 *
2..*{ordered} 1

qualifier*

0..1

type

isNavigable
isOrdered
agregation
multiplicity
changeable

AssociationEnd

visibility

­5®÷¯5±�²�³ ? î�´qþ ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSË�Ä�Ç�ÿ0�(Æ�ÜÖÄ3µ�¶N·?¸�¹º¶�»�¼�½�¾�¶?¸�¿c½�À�»ÂÁ�ÃÅÄaÞ

´ ½�¼ÂÃº¶N¹ºÎÂÃº¹ÅÌ�¹º¶l¾�»VÒ�À�·N¹ºÚÏ¹ºÇSÄ���øÛÄ�¶�»ÂÄ*»ÂÄÍËN¶N¹ºÇ=¸�¶N¹ÅÀ�Ç��n[=Ð
´ Ç=¸���¹ºÚx¸�ÔÂ¹ºÃº¹º¶lÄ�»ÂÄfÃcÒ�À�·N¹ºÚÏ¹ºÇSÄ���Ä�·lËÑÃQ¸d»ÂÄÍËN¶N¹ºÇ=¸�¶N¹ÅÀ�ÇnY��	��
��(ÐÂÄ�¶�¹ºÇ
��Ä�·lËlÄ�½�Ä�Ç�¶hY��	�	��
dÐ
´ ÎÂ·lÀ�¶lÄÍÌ�¶N¹ÅÀ�Ç9ËN¼Â·�ÃcÒ�À�·N¹ºÚÏ¹ºÇSÄ0èkøÛÄ�¶�ËN¼Â·ÑÃQ¸Û»ÂÄÍËN¶N¹ºÇ=¸�¶N¹ÅÀ�Ç�èk[=Ð
´ ÌÍÀ�Çx¶N·?¸�¹ºÇ�¶lÄÍËeËN¼Â·ÑÃÅÄÍË�Ä3µ�¶N·l¾�½d¹º¶l¾ÍËeÀ�·N¹ºÚÏ¹ºÇSÄ ¶ _EøÛÄ�¶�»ÂÄÍËl¶N¹ºÇ=¸�¶N¹ÅÀ�Ç ¶ _.[�Ü°¶lÄ�ÃºÃÅÄÍË × ¼SÄ���È��xÊ3ÈlÊ��SÞ3³
�J¸�·e¸�Ç=¸�ÃÅÀ�ÚÏ¹ÅÄ�¸���ÄÍÌKÃÅÄÍËÑ·l¾3Õ]¾�·lÄ�Çx¶lËe»ÂÄKÌ�ÃQ¸�ËlËlÄÍË�Ð�ÃÅÄÍË5·l¾3Õ]¾�·lÄ�Çx¶lËe»ÂÄÍË�¸�ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSË�ËlÀ�Ç�¶�·?¸�ËlËlÄ�½�ÔÂÃÅ¾ÍË

Ä�¼�µ�¸�¼SËlËN¹wÄ�Ç9ÎÂ·lÀ�ÎÂ·N¹Å¾�¶l¾ÍË�Ú�¾�ÇS¾�·N¹ × ¼SÄÍË�Ð × ¼Â¹wËlÀ�Çx¶�½�¼ÂÇÂ¹ÅÄÍË�»VÒ�À�·l»�·lÄÍËe»ÂÄ*ËNÎØ¾ÍÌ�¹Q¸�Ãº¹ÅË?¸�¶N¹ÅÀ�Çw³
Æ~¸�½�¾�áSÀ�»ÂÄ�»ÂÄY·lÄ�ÜÖÌÍÀ�ÇSËN¶N·N¼SÌ�¶N¹ÅÀ�ÇkÞ × ¼Â¹ÑÎØÄ�¼Â¶8Ä�Ç{Õc¸�¹º¶���¶N·lÄY½8¸�¹ºÇx¶lÄ�Ç=¸�Ç�¶!»Â¾3ãSÇÂ¹ÅÄ9ÌÍÀ�½d½�Ä�¼ÂÇSÄ

½�¾�¶NáSÀ�»ÂÄ8»VÒå¸�ÔSËl¶N·?¸�Ì�¶N¹ÅÀ�ÇêÀ�¼
Ú�¾�ÇS¾�·?¸�Ãº¹ÅË?¸�¶N¹ÅÀ�ÇrÎ=¸�·*Õc¸�Ì�¶lÀ�·N¹ÅË?¸�¶N¹ÅÀ�ÇwÐ�ÌÍÀ�ÇSËl¹ÅËN¶lÄqà�¹º¶l¾�·lÄ�·�¼ÂÇ
ÌÍÀ�¼ÂÎÂÃÅÄ!»ÂÄ
¶N·?¸�¹º¶lÄ�½�Ä�Ç�¶lË8»ÂÄYÚ�¾�ÇS¾�·?¸�Ãº¹ÅË�¸�¶N¹ÅÀ�ÇwÐ7ÃcÒ ¼ÂÇ����
� × ¼Â¹�Ì�¸�ÃÅÌ�¼ÂÃÅÄ�ÃQ¸�ËlÀ�¼SË�¿cáÂ¹Å¾�·?¸�·lÌláÂ¹ÅÄ9»ÂÄ¤éK¸�ÃÅÀ�¹ÅË8¸�ËlË?À�Ì�¹Å¾ÍÄ
à(¼ÂÇSÄi·lÄ�ÃQ¸�¶N¹ÅÀ�Ç{ÔÂ¹ºÇ=¸�¹º·lÄ��¨y � »Â¾ÍÌ�·N¹��Ï¸�Çx¶dÃÅÄÍËdÌ�ÃQ¸�ËlËlÄÍËaÐ�¶?¸�ÇS»�¹ÅË × ¼SÄ!ÃcÒå¸�¼Â¶N·lÄ���� �nÌ�¸�ÃÅÌ�¼ÂÃÅÄiÃQ¸�ËlÀ�¼SË�¿
áÂ¹Å¾�·?¸�·lÌ?áÂ¹ÅÄ*»ÂÄ�éK¸�ÃÅÀ�¹ÅË�¸�ËlËlÀ�Ì�¹Å¾ÍÄfà�¼ÂÇSÄ0·lÄ�ÃQ¸�¶N¹ÅÀ�ÇYÔÂ¹ºÇ=¸�¹º·lÄ!�
z � »Â¾ÍÌ�·N¹��Ï¸�Çx¶ÑÃÅÄÍË�¸�Ë?ËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSËa³.â1á=¸ × ¼SÄ
¾�¶?¸�ÎØÄÑÄ�ÇÂ·N¹ÅÌláÂ¹º¶âÃQ¸0·lÄ�ÃQ¸�¶N¹ÅÀ�Ç�ÔÂ¹ºÇ=¸�¹º·lÄÑ»ÂÄ5ÃcÒ�¾�¶?¸�Î�ÄÑËl¼Â¹���¸�Ç�¶lÄÑÎ=¸�·¥»ÂÄ5ÇSÀ�¼"��Ä�ÃºÃÅÄÍË¥ÌÍÀ�ÇÂÇ=¸�¹ÅËlË?¸�ÇSÌÍÄÍËaÐH±E¼SË × ¼wÒåà
ÌÍÄ × ¼SÄ¥ÎÂÃº¼SË7¸�¼SÌ�¼ÂÇÛÇSÀ�¼"��Ä�¸�¼ÛÌÍÀ�ÇSÌÍÄ�ÎÂ¶ßÇwÒå¸�ÎÂÎ=¸�·?¸�¹ÅËlË?ÄâÃÅÀ�·lËß»VÒ ¼ÂÇÛ»ÂÄÍË�¶N·?¸�¹º¶lÄ�½�Ä�Ç�¶lË7»ÂÄâÚ�¾�ÇS¾�·?¸�Ãº¹ÅË�¸�¶N¹ÅÀ�Çw³

U Ç�ÎØÄ�¼Â¶~À�Î�¾�·lÄ�·J»ÂÄ¥»ÂÄ�¼�µK½8¸�ÇÂ¹ÅÁ�·lÄÍËJÎ�ÀÏËlËl¹ºÔÂÃÅÄÍË�ÐÍËlÀ�¹º¶�Ä�Ç�ÌÍÀ�½d½�Ä�Ç$#�¸�Çx¶ßÎ=¸�·wÃÅÄÍËJÌ�ÃQ¸�ËlËlÄÍËâÜ°½�¾�¶NáSÀ�»ÂÄ
%  % ã�&=Ð�Î�À�¼Â·$éf¾�ÇS¾�·?¸�Ãº¹ÅË?¸�¶N¹ÅÀ�Ç�»VÒ þ ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSË�Ð.éf¾�ÇS¾�·?¸�Ãº¹ÅË?¸�¶N¹ÅÀ�ÇY»ÂÄ&â1ÃQ¸�ËlËlÄÍË�Ð('ç¶l¾�·?¸�¶N¹ÅÀ�ÇkÞ3Ð�ËlÀ�¹º¶5Ä�Ç
ÌÍÀ�½d½�Ä�Ç$#�¸�Ç�¶eÎ=¸�·ÑÃÅÄÍËe¸�ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSË�Ü°½�¾�¶NáSÀ�»ÂÄ % ã %  )&�Þ3ÐÂÃÅÄf·l¾ÍËN¼ÂÃº¶?¸�¶ÑãSÇ=¸�Ãw·lÄÍËl¶lÄKÃÅÄf½���½�ÄÏ³

ÆwÄÍË�»Â¾�¶?¸�¹ºÃÅËÑÕ]À�·N½�Ä�ÃÅË�»ÂÄKÌÍÄ�¶N¶lÄ*½�¾�¶NáSÀ�»ÂÄ*Ë?À�Çx¶�»ÂÀ�ÇÂÇS¾ÍËe»S¸�ÇSË�*,+!-eÆ � Ã ?/. ³
��À�¼Â·â»ÂÀ�ÇÂÇSÄ�·7¼ÂÇSÄ5¹Å»Â¾ÍÄÑ»ÂÄÑÌÍÄ × ¼SÄ,ÃQ¸0·lÄÍÌÍÀ�ÇSËN¶N·N¼SÌ�¶N¹ÅÀ�Ç�ÎØÄ�¼Â¶¥»ÂÀ�ÇÂÇSÄ�·�Ð�ÇSÀ�¼SË¥»Â¾ÍÌ�·N¹���À�ÇSË7ÃcÒ�Ä3µÂÄ�½dÎÂÃÅÄ

»Â¾/��Ä�ÃÅÀ�ÎÂÎØ¾f»S¸�ÇSË0*,+!-eÆ � Ã ?/. ³�ÆwÄ0Î�À�¹ºÇ�¶�»ÂÄ0»Â¾�Î=¸�·N¶ÑÄÍËN¶5ÃÅÄfËlÌ?áS¾�½8¸�ÿ0�TÆ&»Â¾ÍÌ�·N¹º¶,Î=¸�·5ÃQ¸�ãSÚÏ¼Â·lÄ*²�³ ? ®
U Ç8ÄÍËN¶â»S¸�ÇSËâ¼ÂÇ8ÌÍÀ�Çx¶lÄ3µ�¶lÄ�¹º½d½�À�ÔÂ¹ºÃº¹ÅÄ�·!1ÏÃÅÄÍË7ÃÅÀ�Ì�¸�¶?¸�¹º·lÄÍËâÃÅÀ�¼SÄ�Ç�¶1»ÂÄÍËâ½8¸�¹ÅËlÀ�ÇSË�ÐÏÃÅÄÍËâÎÂ·lÀ�ÎÂ·N¹Å¾�¶?¸�¹º·lÄÍË

ÃÅÄÍËK¸�Ì?áSÁ�¶lÄ�Çx¶�ÐØÃÅÄÍËfË�2�ÇS»�¹ÅÌÍËeÃÅÄÍËfÄ�Ç�¶N·lÄ�¶N¹ÅÄ�ÇÂÇSÄ�Çx¶�Ä�¶0ÃÅÄÍËK¸�Ú�Ä�ÇSÌÍÄÍËfÃÅÄÍËeÚ�Á�·lÄ�Ç�¶�³ØÆ~¸!Ì�ÃQ¸�ËlËlÄ�·lÄ�ÎÂ·l¾ÍËlÄ�Çx¶?¸�Ç�¶
ÃÅÄÍË�Ä�Ç�Õ]¸�Ç�¶lË�ÄÍËN¶ÑÃQàÙÎØÀ�¼Â·�½�À�Çx¶N·lÄ�· × ¼SÄfÃÅÄÍËÑÕ]¸�Ì�¶lÀ�·N¹ÅË?¸�¶N¹ÅÀ�ÇSËeÄ43ØÄÍÌ�¶N¼S¾ÍÄÍËeËlÀ�Çx¶eÌÍÀ�·N·lÄÍÌ�¶lÄÍË�³

â,Äâ»�¹Q¸�ÚÏ·?¸�½d½�Ä5»ÂÄâÌ�ÃQ¸�ËlË?ÄÍËw¹ºÇS»�¼Â¹º¶ß»ÂÄ�¼�µ*½8¸�¶N·N¹ÅÌÍÄÍË�ÐaÃcÒ ¼ÂÇSÄ,»ÂÄÍËlÌ�·N¹ºÎÂ¶N¹���Ä,»ÂÄÍË�Ì�ÃQ¸�Ë?ËlÄÍË1Ü÷ãSÚÏ¼Â·lÄ5²�³ ? ý�Þ3Ð
ÃcÒå¸�¼Â¶N·lÄ0»ÂÄÍËlÌ�·N¹ºÎÂ¶N¹���Äf»ÂÄÍË5¸�ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSË0Ü÷ãSÚÏ¼Â·lÄf²�³ ?65 Þ87Ï³	+K¸�ÇSËâÃQ¸�½8¸�¶N·N¹ÅÌÍÄe»ÂÄÍË,Ì�ÃQ¸�ËlËlÄÍËaÐ�ÃÅÄÍË,ÌÍÀ�ÃÅÀ�ÇÂÇSÄÍË
ÌÍÀ�·N·lÄÍËlÎ�À�ÇS»ÂÄ�Ç�¶Û¸�¼�µb·l¾3Õ]¾�·lÄ�Çx¶lËÙ»Â¾Í»�¼Â¹º¶lË�»ÂÄÍËÙÌÍÀ�¿c·l¾3Õ]¾�·lÄ�Çx¶lË�³JÆwÄÍËÙ»ÂÄ�¼�µ�·l¾3Õ]¾�·lÄ�Çx¶lËÛÌÍÀ�·N·lÄÍËNÎØÀ�ÇS»S¸�Çx¶dà
9 ÈNÊt�4:;��Ê4<��8Ä�¶=� :°ÈlÊNñZ�çÊ3É�ÈrË?À�Çx¶iÚ�¾�ÇS¾�·?¸�Ãº¹ÅËl¾ÍËiÎ=¸�·TÈNÊt� 9 � <#�Íòx���ÅÊ�³ þ ÌÍÄTËN¶?¸�»ÂÄÏÐ5À�Ç ÇSÄ(Ë?¸�¹º¶i·N¹ÅÄ�ÇnËN¼Â·
ÃÅÄÍË!¸�ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSË�Ð¥»ÂÀ�ÇSÌ9ÃÅÄÍË�·l¾3Õ]¾�·lÄ�Çx¶lË��ÏÈ>:�� D Ê�? ;�; ; Ä�¶��xÊt�H� D Ê6? ; ; ; ÇSÄ�Î�Ä�¼"��Ä�Ç�¶qÎ=¸�ËqÄ�ÇSÌÍÀ�·lÄ@��¶N·lÄ
À�·l»ÂÀ�ÇÂÇS¾ÍË�Î=¸�·�ËNÎØ¾ÍÌ�¹Q¸�Ãº¹ÅË?¸�¶N¹ÅÀ�Çw³

ACB �����\¢��)�����) c�}¾}���¡�����)�)�CD�¢>�.�����M¾x�%�¡�t�<�%���)�� ���������£��/�c�r¤H�t¤t���.�6�c�r¢À�e��¢>�t�)�t¥
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C
ai

C
ai

airole

ai role

aimult

ai mult

ai

ai

Co−référents Référents que possède ai

td=C

to=C

nro=role

nrd=role

mo=mult

md=mult

Co−référents Référents que possède ai

ai

ai

navOD=vrai

navDO=vrai

p

p

po=p

pd=p

ai

x
C

ca=C

x

soit

soit

­,®°¯5±=²�³ ? ² ´ â,À�·l¾3ÕÖ¾�·lÄ�Ç�¶lËeÄ�¶Ñ·l¾3Õ]¾�·lÄ�Çx¶lËeÎ�À�¼Â·ÑÃÅÄÍËe¸�ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSË

U Ç�ÌÍÀ�ÇSËl¶N·N¼Â¹º¶�NO� %�� V� ��c�3ÐØÃQ¸iËlÀ�¼SËN¿cáÂ¹Å¾�·?¸�·lÌláÂ¹ÅÄ�»ÂÄQéK¸�ÃÅÀ�¹ÅË*¸�ËlË?À�Ì�¹Å¾ÍÄÛà
V� ��ÏÐVÌÍÄ × ¼Â¹JÎØÄ�·N½�Ä�¶
»ÂÄK»Â¾ÍÌÍÀ�¼"��·N¹º·e»ÂÄ�¼�µiÇSÀ�¼"��Ä�ÃºÃÅÄÍËe¸�Ë?ËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇSË�1

´ ��ä�Ð × ¼Â¹f·lÄ�ÎÂ·l¾ÍËlÄ�Ç�¶lÄ�¶lÀ�¼Â¶lÄÍËiÃÅÄÍË!·lÄ�ÃQ¸�¶N¹ÅÀ�ÇSË�Ð × ¼Â¹KÀ�Çx¶i¶lÀ�¼Â¶lÄÍËbÜ°Î=¸�·�Õ]À�¹ÅË!Î=¸�·!Ú�¾�ÇS¾�·?¸�Ãº¹ÅË�¸�¶N¹ÅÀ�ÇkÞ
��ø�E �B~ ~GFxÐ"�n[HEIF�Ä�¶�ÎØÀ�¼Â·�»ÂÄÍËN¶N¹ºÇ=¸�¶N¹ÅÀ�ÇmºI�7`.baø�Y¥Ð

´ �Kæ�Ð × ¼Â¹SÚ�¾�ÇS¾�·?¸�Ãº¹ÅËlÄeúÖø�³µX�Ä�¶wXZY%_.]«X<_�`.XZY%_JÎ=¸�·N¶?¸�Ú�Ä�¸�Çx¶,¼ÂÇSÄ�½�¼ÂÃº¶N¹ºÎÂÃº¹ÅÌ�¹º¶l¾0»VÒ�À�·N¹ºÚÏ¹ºÇSÄ�¾�Úx¸�ÃÅÄ0à ? ³º³KJ
NO� %�� V� ��c�ÛÄÍËl¶ÙÎÂ·l¾ÍË?Ä�Çx¶l¾ÍÄiãSÚÏ¼Â·lÄ�²�³ ? =êÜÖÄ�Ç{á=¸�¼Â¶�Þ3Ðß¶?¸�ÇS»�¹ÅË × ¼SÄ!ÃÅÄÍËÛÎÂ·lÀ�ÎÂ·N¹Å¾�¶l¾ÍË�Ú�¾�ÇS¾�·N¹ × ¼SÄÍË

× ¼wÒ�Ä�ÃºÃÅÄK¹ºÇS»�¼Â¹º¶e¸�ÎÂÎ=¸�·?¸�¹ÅË?ËlÄ�Çx¶0Ä�ÇYÔ=¸�Ë�»ÂÄKÃQ¸�ãSÚÏ¼Â·lÄÏ³
ÆwÄÍË�ÎÂ·lÀ�ÎÂ·N¹Å¾�¶l¾ÍË!Ú�¾�ÇS¾�·N¹ × ¼SÄÍËq¸�¹ºÇSËN¹0ÌÍÀ�ÇSËN¶N¹º¶N¼S¾ÍÄÍË���À�Ç�¶qËlÄ�·���¹º·qà&ÌÍÀ�½dÎÂÃÅ¾�¶lÄ�·!ÃQ¸�·lÄ�ÃQ¸�¶N¹ÅÀ�Ç�V�ãd�Ï³

Æ�¸iãSÚÏ¼Â·lÄq²�³ ? ï ½�À�Çx¶N·lÄqÃQ¸i½8¸�¶N·N¹ÅÌÍÄ
V�ã*��¸�¹ºÇSËl¹1À�ÔÂ¶lÄ�Çx¼SÄÏÐ7¸�¹ºÇSËN¹ × ¼SÄ8ÃQ¸�ËlÀ�¼SË�¿cáÂ¹Å¾�·?¸�·lÌ?áÂ¹ÅÄq»ÂÄ'éK¸�¿
ÃÅÀ�¹ÅËd¸�ËlË?À�Ì�¹Å¾ÍÄÏ³�Æ~¸TÌ�ÃQ¸�ËlËlÄ8À�·N¹ºÚÏ¹ºÇSÄi»VÒ ¼ÂÇSÄY¸�ËlËlÀ�Ì�¹Q¸�¶N¹ÅÀ�ÇL�bÄÍËN¶ÙÃQ¸9Ì�ÃQ¸�ËlË?Ä × ¼Â¹,»Â¾ÍÌ�ÃQ¸�·lÄiø�]B`NM	�¨X@EO��³
U Ç ÎØÄ�¼Â¶!»�¹ÅËlÌ�¼Â¶lÄ�·Y»ÂÄ(ÃcÒå¸�ÔSËlÄ�ÇSÌÍÄ�»ÂÄ9Ú�¾�ÇS¾�·?¸�Ãº¹ÅË�¸�¶N¹ÅÀ�ÇSË�»ÂÄÍËiÌÍÀ�¼ÂÎÂÃÅÄÍË � úÖø�³�X^�P� ¶�Q XZ_RX��i»VÒ ¼ÂÇSÄTÎ=¸�·N¶�Ð
Ä�¶ � X<Y%_�]^X<_�`�X<Y%_t�CM5XZ]^X��Û»VÒå¸�¼Â¶N·lÄ�Î=¸�·N¶�Ð × ¼Â¹�Ë?Ä�½�ÔÂÃÅÄ�·?¸�¹ÅÄ�Çx¶qÎ�À�¼Â·N¶?¸�Ç�¶�¹ºÇx¶l¾�·lÄÍË?Ë?¸�Çx¶lÄÍËR1ßÃcÒ ¼ÂÇSÄi·lÄ�ÎÂ·l¾3¿
Ë?Ä�Çx¶lÄ�·?¸�¹º¶ÙÃÅÄÍË�¶N·?¸�ÇSË?¸�Ì�¶N¹ÅÀ�ÇSËÙ¹º½d½�À�ÔÂ¹ºÃº¹ÅÁ�·lÄÍËÛ»VÒ ¼ÂÇSÄqÎ�Ä�·lËlÀ�ÇÂÇSÄ���Ä�·lË�¼ÂÇ
ÔÂ¹ÅÄ�ÇwÐ�Ä�¶�ÃcÒå¸�¼Â¶N·lÄ8ÃQ¸�Ú�ÄÍËN¶N¹ÅÀ�Ç
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U ÇTÎØÄ�¼Â¶fÃÅÄÍËfÀ�ÔÂ¶lÄ�ÇÂ¹º·*Ä�ÇT¹º¶l¾�·?¸�Ç�¶K¼ÂÇSÄ�ÕÖÀ�¹ÅËf»ÂÄÙÎÂÃº¼SËfÃÅÄ�ÎÂ·lÀ�ÌÍ¾Í»Â¾d»ÂÄÛÌÍÀ�ÇSËN¶N·N¼SÌ�¶N¹ÅÀ�ÇwÐØ½8¸�¹ÅËKÌÍÄ�¶N¶lÄ
Õ]À�¹ÅË�Ð¥ÌÏÒ�ÄÍËl¶�ÃQ¸bÌÍÀ�ÇÂÇ=¸�¹ÅËlË�¸�ÇSÌÍÄ9ËN¼Â·qÃÅÄÍË8Ì�ÃQ¸�ËlËlÄÍËqÌÍÀ�Çx¶lÄ�Ç�¼SÄÍË!»S¸�ÇSË
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X^E ~ ~ ~¥Ä�¶�[�Xcbc__�¨X^E ~ ~ ~FÞ3³¥ÿeÇêÇSÀ�¼"��Ä�¸�¼�ÌÍÀ�ÇSÌÍÄ�ÎÂ¶
¸�ÎÂÎ=¸�·?¸�ìÅ¶�Ð`VYã�a�Ð × ¼Â¹5Õc¸�Ì�¶lÀ�·N¹ÅËlÄ�ø�]B`NM	�¨X=Eb����Ð7¶?¸�ÇS»�¹ÅË × ¼SÄiÃÅÄ9ÌÍÀ�ÇSÌÍÄ�ÎÂ¶�VYã���ÄÍËN¶�·lÄÍÌ�·l¾Í¾YÎØÀ�¼Â·
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ÄÍËlÎ�¾�·lÀ�ÇSË!¸���À�¹º·8½�À�Ç�¶N·l¾�ÃcÒ ¹ºÇ�¶l¾�·P��¶!»ÂÄYÃQ¸&½�¾�¶NáSÀ�»ÂÄ × ¼Â¹�ÎØÄ�¼Â¶�Ð¥Ä�Ç�Õ]¸�¹ÅË?¸�Ç�¶8¾�½�Ä�·NÚ�Ä�·q»ÂÄÍË8Ú�¾�ÇS¾�·?¸�¿
Ãº¹ÅË�¸�¶N¹ÅÀ�ÇSË�Ð~¸�¹Å»ÂÄ�·�Ë?¸�ÇSË�Çx¼ÂÃâ»ÂÀ�¼Â¶lÄ8ÃÅÄ�ÌÍÀ�ÇSÌÍÄ�ÎÂ¶lÄ�¼Â·�³JÆ¥Ò�¾�¶N¼S»ÂÄq¸�ÃºÚ�À�·N¹º¶NáÂ½d¹ × ¼SÄdÕ]À�·N½�Ä�ÃºÃÅÄq¸�ÎÂÎÂ·lÀ�Õ]À�ÇS»�¹ÅÄ
ÄÍËl¶Ñ·l¾�¸�Ãº¹ÅËl¾ÍÄ*Î=¸�·���¸�·N¹Q¸�ÇÂÇSÄ�-e¼SÌlá=¸�·l»V³¶â,Ä�¶N¶lÄK½�¾�¶NáSÀ�»ÂÄ*ÚÏÃÅÀ�Ô=¸�ÃÅÄ�»ÂÄ*·lÄÍÌÍÀ�ÇSËN¶N·N¼SÌ�¶N¹ÅÀ�ÇwÐ=ÄÍËN¶eÄ�Ç9ÌÍÀ�¼Â·lË
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Physique Chimique

Physique Chimique

Physique Chimique

Solide Liquide Gaz

Végétal

Physique Chimique

Animal

Est−une−extension

Est−un

Rôle hérité

Rôle défini / redéfini

Rôle

Nom de classeClasse

Commun

Inerte

Biologique

Prédateur

ChimiquePhysique

Humain

Retraité Médical

Citoyen

Commun

Commun

Commun

Employé−Etudiant

Biologique

Prédateur Proie

Végétatif

EtudiantEmployéPrey

Commun

Entité

Rôle
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ChimiquePhysique

diplôme : DEUG
Matricule : 9028composition : 70%eau

radioactivité : 0

Est−une−extension

Est−instance−de

Prédateur

ChimiquePhysique

Humain

Proie Médical

CitoyenBiologique

Commun

Commun

EtudiantEmployé

Employé−Etudiant

Retraité

Jacques (oid 1)

Etudiant

masse : 60
couleur : multiple

prénom : Jacques
nom : Durand

Citoyen

identité : humain#34
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ChimiquePhysique

Commun

Citoyen

Est−une−extension

Valeurs associées aux roles

diplôme : DEUG
Matricule : 9028composition : 70%eau

radioactivité : 0

Jacques (oid 1)

Etudiant

masse : 60
couleur : multiple

prénom : Jacques
nom : Durand

identité : humain#34

Physique

Commun

Citoyen

Vue_sur_Jacques 
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