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� #F�1
Æhgo�i�p�o�Úª��f�Á�f�p�o��Os�Ô�f�p{r4��q�o�Ô�p�Á�f)��rg�×����i�o!��h�qo�r4iÇf�iªq�n�f¼hgÂ4f�iUqp � #Ø� 
2� 
�rg��p
qn�rg���4f�n�f	� Ô�hØÁ�f�p���n�o�qs�o�r4i Á�f�p9s�n�o�i���o�s�f�p{Â4Ó�i�Ó�n�hg�M: Á�f)��f�q�qf�o��×s�Ô�Ó��Of�iUqÍhÏqo�rgi;Á�h�i�p
Ô�fx�Íl�hgs�o�qn�f � hgo�i�p�o�Úª��fFÔ�f���r�Á�fØf�qmÔ hvÁ�rM�����Of�iUqÍh�q�o�r4i ��h´��hÇp���n`Ô�fx��Á�j*n�r4� hgp�p�rH��o�Ó
�i��f��×Ó��×r4o�n�f��

��r4��nO��i�o�n���i�r4��p�Ó�q��Á�o�f�n�r4i�p ��i	�´hgp���r4i���n�f�q Á�Õ o�i�Â4Ó�i�o�f�n�o�fFÔ�r4Â4o!��o�f�Ô�Ô�f r4n�o�f�iªq�Ó�fÐj
hgÂ4f�iUq��)f�i Ù>r4��n�i�o�p�ph�iªq2��i f;:�f��Os�Ô�f�Á�fvÁ�Ó��4f�Ô�r4s�s)f��Of�iUqFÁ�Õ���i s�n�rgÂ4nhg�O�Of ����Ô�q�o�j
hgÂ4f�iUq �Ds�hgn$qo�nmÁ�f�Ö�f�p�r4o�i�p�Ù>r4i���q�o�r4i�i�f�Ô�p¥Á�hgi�p¼Ô h�Úª��hÏqn�o=��Of s�hgn$qo�f��

¾ hgo�p h»��hgiUq�qr4��q�f/�Íl�rgp�fd��o�Ôªf�p$q9o��Os)r4n�qhgiUq�Á�fmÁ�Ó;��i�o�n�Ô�f�p ��rgi���f�s�qp{o��×s)r4n$qÍhgiUqp
Á�f�p¼hgÂ4f�iUqp f�q Á�f�p p��'p�q���Of�p¼����Ô�q�o�j�hgÂ4f�iUq��M��fvÚª��f q�f�iUqf�nh Á�f Ù hgo�n�fFÔ�f �Íl�hgs�o�q�n�f � �
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9Õ r4Ö ��f���qo�Ù�s�n�f��Oo�f�n¥Á�f�p�p��'p�q���Of�p ����Ô�qo�j�hgÂ4f�iªq�pmf�p�q Á�Õ r4Ö�q�f�i�o�n¥Â4n�����f hg�H:Np��'p,j

q���Of�pOÁ�o�p$qn�o�Ö���Ó�p×��i ��r4�Os)r4n�q�f��Of�iUq$��r4l�Ó�n�f�iªq��¥hgÁ�hgs�qÍhÏqo�Ù2f�q×n�rgÖ���p�q�f �ds�hgn�q�o�n
Á�fOÔ@Õ�o�iUqf�n�hd��q�o�r4i¿Á�Õ���iXÂ4n�hgi�Á\i�rg��Ö�n�fDÁ�f ��r4�Os�r4p�hgiUqp o�i�Ù>r4n��×h�q�o�Úª��f�p���Ó��4f�iUq���f�Ô¸j
Ô�f��Of�iUq l�Ó�qÓ�n�r4Â �i�f�p¼f�q¼i�r4i'j ��hgÖ�Ô�f�p�o�i�Á�o���o�Á���f�Ô�Ô�f��×f�iUq � � � �

 h<��r4i���f�s�q�o�r4i]f�qmÔ@Õ�Ó��4r4Ô���qo�r4iOÁ�f�p`p��'p�q���Of�p¥Á�o�p�q�n�o�Ö���Ó�p¯p�r4iUqmÁ���f�p`s�n�o�i���o�s�hgÔ�f�j

�Of�iUq ��Á�f��M:×n�hgo�p�r4i�p��ªÁ�Õ ��i�f¼s�hgn�q�� �vÔ�h s�Ô���p�Â4n�hgi�Á�f2hd����f�p�p�o�Ö�o�Ô�o�qÓmÁ�f�p`n�f�p�p�r4��n���f�p
o�i�Ù>r4n��Zh�q�o�Úª��f�pvÂgn��d��f � Ô@Õ &�iUqf�n�i�f�q���f�q�Á�Õ hg��qn�fZs�hgn�q�� h��M:Xn�Ó�p�f´hg�H:ÉÁ�r4iUqÇÔ!Õ Ó��4rgÔ���j
q�o�r4i q�f��Íl�i�rgÔ�r4Â4o�Úª��f h;h��×Ó�Ô�o�rgn�Ód�ÏÁ�f �×hgi�o!�n�f�i�rgi×i�Ó�Â4Ô�o�Â4f´h�Ö�Ô�f��gÔ hN��r4�O����i�o=�´h�q�o�r4i
h�o�i�p�omÚª��fNÔ!Õ Ó��Íl�hgi�Â4fNÁ�fNÁ�r4i�i�Ó�f�p��1�2Ó�p�rgn��×hgo�p�� Ô�f�p p��'p�q���Of�pDÁ�o�p�qn�o�Ö���Ó�p�Á�rgo��4f�iUq
Ù h�o�n�fvs�n�f����gf Á�Õ���i�f�s�Ô���pØÂ4n�hgi�Á�f�-�f;:�o�Ö�o�Ô�o�qÓ��,�gÕ f�p�q �ZÁ�o�n�f.��qn�f<�´hgs�hgÖ�Ô�f;Á�Õ Ó��4rgÔ���f�n
Á�hgi�p¼��i f�iU��o�n�r4i�i�f��Of�iUq��Íl�hgi�Â4f�hgiUqØf�qØÁ�f�Ù h���o�Ô�o�q�f�n¥Ô@Õ�o�iªq�n�r'Á�����qo�rgiNÁ�f�i�r4���gf´hg�M:
��r4�Os�r4p�hgiUqp f�q Á�fvi�r4���4f�Ô�Ô�f�p o�iUqf�n���r4i�i�f���qo�r4i�p��
a�r4��q�f�Ù>r4o�p��6Ô!Õ o�Á�Ó�f s�n�f��Oo!�n�f Úª��o2��r4i�p�o�p$qÍhgo�q � ��r4iUqn��4Ô�f�n�p�o��Os�Ô�f��Of�iUq Á�f�pv�Or�j

Á���Ô�f�p¼o�i�Ù>r4n��Zh�q�o�Úª��f�p � Ó�qÓ�o�i -���f�i���Ó�f;s�h�n�Ô h�ql�Ó�r4n�o�f Á�f�p r4n�ÂUhgi�o�ph�q�o�r4i�p��P��hgn Á�Ó�j
p�r4n��×hgo�p�Ô�f`Ö���q{f�p$q9Á�f¯Ù>r4��n�i�o�n�hg�M:ÇhgÂ4f�iªq�p{Ô�f�p �Ory�4f�i�p{Á�fmp�Õ�rgn�ÂUhgi�o�p�f�n��duFiÇ��h2Á�r4iP�
s�hgn�Ô�f�n Á�f p��'p$q���Of�pO����Ô�qo¸j,hgÂ4f�iUqp�Á�h�i�pDÔ�f�p�Úª��f�Ô�pOÔ�f�pOhgÂ4f�iUqpDÁ�f��'n�r4iUq×o�iUqf�n�hgÂ4o�n��
��r�rgs�Ó�n�f�n%4G��r4iUqn��4Ô�f�7;�0��r4Ô�Ô hgÖ)r4n�f�nx4@h�Ô�Ô�rH�´hÏqo�rgi�Á�f2q��d�Íl�f�p'7;�'i�Ó�Â4rM��o�f�nN4>n�Ó�p�r4Ô���qo�rgiOÁ�f
��r4i -�o�qp�7mf�q¼p�f]��r'r4n�Á�r4i�i�f�n]4 p��'i��Íl�n�r4i�o�ph�q�o�r4i,7;�
&�Ô{f�p�qvÁ�o ����o�Ô�fÇÁ�fDÁ�Ó�qf�n��×o�i�f�nØÔ�f�n��4Ô�f�Úª��f ��r4��f�iUq�f�qvÚª��f s)r4��n�n�r4iUq ��r4��f�n Ô�f�p

p��'p�q���×f�p�����Ô�q�o�j�hgÂ4f�iUq�p2Á�h�i�p ��idh´�4f�i�o�n s�n�rM�Íl�f��Z�Fhgi�p ��f�q�qf r4s�qo�Úª��f���o�Ô f�p$q�i�Ó�j
��f�p�phgo�n�fÆÁ�f Á�Ó���i�o�n×Ô�f�pDÁ�o U�Ó�n�f�iUq�f�pZi�rgqo�r4i�pDf�qOÙ>n�r4iUq�o!�n�f�pOÁ�f*��fÆÁ�r4�×hgo�i�fNs)r4��n
s)r4���gr4o�n¯�Oo�f��H:i��f�n�i�f�nmÔ�f¼n �gÔ�f Úª��fØÔ@Õ�r4i×f�p�ph��4fFÁ�fØÔ���o�Ù hgo�n�f ��rg��f�n¯Á�hgi�p`Ô hj��r4iP��f�s'j
q�o�r4iNÁ�f;p���p$q���×f�o�i�Ù>r4n��×h�qo�Úª��fd� � q�nh´�4f�n�p¼p�f�p2�OÓ�q�l�r�Á�r4Ô�r4Âgo�f�p`f�q¼p�f�p r4��qo�Ô�p��

� �



� � ������� ��� ������� �������	� ��� ��� ���!� ��������
 � � � � � �� �+�����

kmf2s�n�f��×o�f�n1�Íl�hgs�o�qn�f¼h;s)r4��n�r4Ö ��f���qo�Ù6Á�f Ù hg�Oo�Ô�o�hgn�o�p�f�n Ô�f Ô�f���q�f���n`h´�4f��ØÔ�f�p Û ��p,j
q���Of�p×¾ ��Ô�qo¸jc#2Â4f�iUqp*4 Û ¾Q#N7 f�qOÔ�f�pDÁ�o U�Ó�n�f�iªq�f�pOi�rgq�o�r4i�p f�q$��r4i���f�s�q�p×Úª��o Ô�f���n�p
p�r4iUq�Ô�o�Ó�p��"
 h¿s�n�f��×o=�n�fZs�hgn$qo�f×Á�Ó���n�o�nhÆÔ�f���r4iUqft:'qf]l�o�p�q�r4n�o�Ú'��fZÚª��o`hK��r4i�Á���o�q �
Ô!Õ Ó��Of�n�Âgf�i���f¼Á�f�p Û ¾Q#.�0�Øhgi�p¯��iZÁ�f��M:�o!��×f�qf��×s�p��Ui�r4��p`Á�Ó;��i�o�n�r4i�p�Ô�f�p1��r4iP��f�s�qp
Á�Õ h�Â4f�iUqvf�q�Á�f Û ¾*# h�o�i�p�o{Úª��f×Ô�f���n�p �´hgn�hd��q�Ó�n�o�p�q�o�Úª��f�pvn�f�p�s�f���qo��4f�p�� Û ��n�Ö�hgp�fDÁ�f
��f�p i�r�qo�rgi�p���i�r4��p s�rg��n�n�r4i�p o�Á�f�iUqo=��f�n¥Ô�f�p Á�oVU�Ó�n�f�iUqf�p���r4i�Á�o�qo�r4i�p¥Á�Õ hgs�s�Ô�o=�´h�q�o�r4i�p
Á�f ��f�q�q�f^ql�Ó�r4n�o�fd��v�iM��iX�Fi�rg��pcs�n�Ó�p�f�iUqf�n�r4i�p Ô�f�pcÁ�r4�×hgo�i�f�pÆÁ�Õ�hgs�s�Ô�o!�´hÏqo�rgi�p f�q
Ú'��f�Ô�Úª��f�p2ft:�f��Os�Ô�f�p¼n�Ó�f�Ô�p Ö�hgp�Ó�p p���n���f�px��r4i���f�s�q�p��

� ��� � � � W�����W���� ���ZW��jY����$���
#2�×Á�Ó�s�hgn$q��ªÔ h ��r4�×�Ç��i�hg��q�Ó o�i�Ù>r4n��ZhÏqo�Úª��fL��r4i�p�o�Á�Ó�nh�o�q¯Ô�f�p¯p��'p�q���×f�pmÔ�r4Â4o!��o�f�Ô�p

��r4�O�×f Á�f�p�f�iUqo�qÓ�p�n�f���f���hgiUq�f�ivf�iUqn�Ó�f¯Á�f�p�Á�r4i�i�Ó�f�p�� Ú'��Õ�f�Ô�Ô�f�p�qn�hgi�p�Ù>rgn��×hgo�f�iªq6h���i
Á�fFÙ>r4��n�i�o�n¥f�i p�r4n�q�o�f Á�f�p n�Ó�p���Ô�qh�qp���kmf�q�qf�o�Á�Ó�fFÙ>��q � Ô h�Ö�hgp�f�Á��ÆÁ�Ó��gf�Ô�r4s�s)f��Of�iUq
Á�f�p p��'p$q���Of�px��f�iUqnh�Ô�o�p�Ó�p f�q¼p�Ó�Úª��f�iUq�o�f�Ô�p��

¾ hgo�p���ÁP�p�Úª��f×Ô h	��r4�Os�Ô�ft:�o�qÓOÁ�f�pÇs�n�r4Ö�Ô!��×f�p � qn�hgo�q�f�nvÁ�f��'o�iUqÇs�Ô���pvo��Os)r4n$j
qÍhgiUqf���o�Ô9f�p$q�Á�f��4f�iª�Éi�Ó���f�p�ph�o�n�fZÁ�fZÁ�Ó���r4�Os)r4p�f�n;Ô�f�pÇp��'p�q���×f�p�Ô�rgÂ4o!��o�f�Ô�pFf�iQs�Ô���j
p�o�f���n�pÇp�r4��p,j�p���p$q���×f�pO�Or4o�i�p.��r4�×s�Ô�f;:�f�p��9
6f���n�p ��hgs�hd��o�qÓ�p �cn�Ó�p�r4��Á�n�fNÁ�f�p s�n�rÏj
Ö�Ô!��×f�p{Ô�rH�´hgÔ�o�p�Ó�p�f�q �Fo�iªq�f�n�hgÂ4o�n�f�iUq�n�f f��M:5�4s)f�n��×o�n�f�iªq Á�f�n�Ó�p�r4��Á�n�f�Á�f�p9s�n�rgÖ�Ô!��×f�p
Â4Ô�r4Ö�hg�M: Á�Õ ��i�f s�Ô���pFÂ4n�hgi�Á�f ��r4�×s�Ô�f;:�o�qÓd�5�Øf ��f�q�q�fDhgs�s�n�rM�Íl�f Á�Ó���f�iUqn�hgÔ�o�p�Ó�f ��qo�j
Ô�o�p�Ó�f Á�h�i�p�Ô�fDÁ�r4�×hgo�i�f�Á�fDÔ!Õ &�iUqf�Ô�Ô�o�Â4f�i���f #Øn$qo=����o�f�Ô�Ô�f 4G&c#N7Ff�p�q;i�Ó�fOÔ@Õ &�iUq�f�Ô�Ô�o�Â4f�i���f
#Øn�q�o=�,��o�f�Ô�Ô�fL�Øo�p�qn�o�Ö���Ó�f]4G&c#%� 7;� v�iDÚª��f�Ô�Úª��f�p¯�Orgqp��gÔ!Õ &c#N� s)r4p$q��Ô�f�Ú'��f�Ô hN��rgi���f�s�j
qo�rgiLÁ�f�p p��'p$q���Of�p o�iªq�f�Ô�Ô�o�Âgf�iUqp×s�f���qÆp�fcÙ hgo�n�fcÂ4n �d��f �É��iHf�i�p�f���Ö�Ô�f Á�Õ f�iUq�o�qÓ�p
4 p�rg��p$j*p��'p�q���Of�p'7�s�Ô���p s�n�o��×o�qo��gf�p`Ú'��o�p�r4iUqx�´hgs�h�Ö�Ô�f�p�Á�Õ�o�iUqf�n�hgÂ4o�n¥f�iUqn�f;f�Ô�Ô�f�p��

6f�p¯p��'p�q���×f�p`�Ç��Ô�q�o�j,h�Â4f�iUqp�p�r4iUq¯Á�r4iP��o�p�p���p�Á��OÁ�r4�×hgo�i�fmÁ�f�Ô!Õ &c#N�LÚª��o,��rgi�p�o¸j

Á�Ó�n�hcÔ!Õ o�iUqf�nhd��qo�rgiQÁ�f�pDhgÂ4f�iUq�p ��r4�O�×f×Ô hK��Ô�Ó]Á�fZ�4r���qf Á�f�p p��'p�q���×f�p �´hgs�hgÖ�Ô�f�p
Á�fZ�Of�i�f�n �¿Ö�o�f�iQÁ�f�pÇq��d�Íl�f�pe��r4�Os�Ô�f;:�f�p�� 
9Õ &c#N� �Or4iUqnhÆÚª��Õ�o�Ô`f�p�q s)r4p�p�o�Ö�Ô�fOÁ�f
Â4Ó�i�Ó�n�f�n;Á�f�pÇp�r4Ô���q�o�r4i�p �Æs�hgn$qo�n Á�fZs)r4o�iUqp�Á�fD�'��fZ�Ç��Ô�q�o�s�Ô�f�p f�q;s�hgn$Ù>r4o�pj��r4iUqnh j
Á�o!��qr4o�n�f�p��2
6f�pOhd��qo��'o�qÓ�p Á�Õ���i p��'p$q���OfÆp�r4iUqOÁ�r4i��	��r4i�p�o�Á�Ó�n�Ó�f�p���r4�×�OfNÔ�f]Ù>n���o�q
Á�f�p×o�iUqf�nhd��qo�rgi�pDf�iUqn�f¿Á�o��4f�n�p]hgÂgf�iUqp���r4i�����n�n�f�iUqpZf�qNh���qr4i�r4�×f�p��¯kmf�pNhgÂ4f�iªq�p
qnh´��hgo�Ô�Ô�f�iUq�hg�Æp�f�o�iÆÁ�f<��r4�O����i�hg��qÓ�p p�f�Ô�rgi Á�f�p2�OÓ���hgi�o�p��Of�p�s�hgn$Ù>r4o�p)��r4�Os�Ô�ft:�f�p
Á�f%��r�r4s)Ó�n�h�qo�r4iX�ªÁ�fN��r4i�����n�n�f�i���f f�q¥Á�fFÂ4f�p$qo�r4i]Á�f���r4i -�o�qp`Úª��o�Ù>r4iUqmÓ��Of�n�Âgf�n¥Á�f�p
��r4�Os�rgn�qf��×f�iUqp�Â4Ô�r4Ö�hg�M:]Á�hgi�p Ô�f Ö���q¼Á�Õ�hd����r4�×s�Ô�o�n`Ô�f�p¥q �d�Íl�f�p2Á�� p���p$q���×f � ��� � �

9Õ &c#N� i�Õ�f�p�q�s)r4��n$qÍhgiUqvs�hgp;Ô hNp�f���Ô�f×Á�o�p���o�s�Ô�o�i�f��ÆÔ�hÆÖ�hgp�f×Á�f�p Û ¾Q#<� 
 hÆ�'o�f

hgn�q�o=�,��o�f�Ô�Ô�f�hx��r4iUqn�o�Ö���Ó¥hg���$���Of�qo�q�n�f¯Úª��fmÔ@Õ &c#%���ØÔ!Õ Ó��Of�n�Â4f�iP��f¯Á�f�p Û ¾Q#.�4kmf�q�q�f
��r4��Ö�o�i�hgo�p�r4ivh¼s�f�n��Oo�p�Á�Õ h�s�s�rgn�qf�n���i�fmÁ�o��×f�i�p�o�r4i �2Ô h�Ù>r4o�p"��r4Â4i�o�qo��4f�f�q n�Ó´h���qo��4f��
v�iÆf U�f�q���Ô!Õ &c#N� f�p�qØh�q�qÍhd�Íl�Ó�fvhg�Q��r4i���f�s�qØÁ�Õ�o�iUqf�Ô�Ô�o�Â4f�i���fFf�i qÍh�iªq2Úª��fv�Zhgi�o�s���Ô�hÏj
qo�rgi Á�fvp��'��Ö)r4Ô�f�p���qhgi�Á�o�p2Úª��fvÔ h �'o�f;hgn�q�o=�,��o�f�Ô�Ô�f hÏq�qÍh��Íl�f;��i�fÇo��×s)r4n�qhgi���fFqr4��q�f
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s�hgn�q�o!����Ô�o!�n�f h��M:	��rgi���f�s�qp¼Á�Õ�hg��qrgi�r4�Oo�fd��Á�fj��r4�Os)r4n�q�f��Of�iUq f�q Á�f��'o hgÖ�o�Ô�o�qÓ��
�Fh�i�p Ô�f�p`Ù hgo�q�p���rgiÆs)f���q�qn�rg���4f�n�Ô!Õ r4n�o�Â4o�i�f¼Á�f Ô�h;qf��Íl�i�r4Ô�r4Â4o�fØÁ�f�p Û ¾Q#<��s�n�o�i�j

��o�s�h�Ô�f��Of�iUq�Á�hgi�p�qn�r4o�p�Á�rg�Zhgo�i�f�p��
a�r4��q;Á�Õ�hgÖ�rgn�ÁX��hg�Xi�o��gf´hg�XÁ�f ���  #&� �
� � 
	��
# ����� ���! ���
��
� ���;�6Ô h Á�o	�$����Ô�qÓDÚª��Õ o�Ô9�

h �dq�nhgÁ���o�n�fÆ��iJf�i�p�f���Ö�Ô�f¿Á�Õ f;:�s)f�n$qo�p�f�p]p�r4��p×��i�f Ù>rgn��OfÆ��i�o=��Ó�fchXhg�×f�i�ÓÆÔ�f�p
�Íl�f�n��Íl�f���n�p �;Á�Ó��gf�Ô�rgs�s�f�n¥Á�f�p¥p��'p�q���Of�p�����Ô�qo�f;:�s)f�n�q�p��0�gÕ f�p$q�j �Ïj�Á�o�n�f2Á�f�p¥p��'p�q���×f�p
�Of�q�qÍhgiUq f�i ��f�� s�Ô���p�o�f���n�p�Ö�hgp�f�p¼Á�fj��r4i�i�hgo�p�phgi���f�p¼s�Ô���p¼rg�Æ�Or4o�i�pO��r'r4n�Á�r4i�i�Ó�f�p��
�Fh�i�p�Ô�f�Á�r4�×hgo�i�f¥Á�f�p � �
��
# ��������� ���� ��;�4o�Ô�h Ó�qÓ Á�Ó��×rgiªq�n�Ó Úª��Õ ��i�f¼hgs�s�n�rM�Íl�f

Á�f�p Ó���r4p��'p$q���Of�p�l�h�Ö�o�q�Ó�p��)Á�hgi�pFÔ hgÚª��f�Ô�Ô�f;Ô�f�pFo�i�Á�o��'o�Á���pØp�r4iUq Á�o�n�f���qf��×f�iªqFn�f�s�n�Ó�j
p�f�iUqÓ�p p�r4��p]Ù>r4n��×f¿Á�Õ�f�iUqo�q�Ó�p o�i�Ù>r4n��×h�qo�Úª��f�p��`s)f�n��×f�qNÁ�Õ r4Ö�qf�i�o�nN��i�f\�×f�o�Ô�Ô�f���n�f
n�f�s�n�Ó�p�f�iUqÍh�q�o�r4iÆf�q¼��iÆ�Of�o�Ô�Ô�f���nmp���o��'o6Á�f�Ô�f���n�Ó��gr4Ô���qo�rgiX�
v9iP��iR��hg�Lp�f�o�iHÁ�fcÔ�h �,"��
"����� 	&�;�mÔ�fcÁ�Ó��4f�Ô�r4s�s)f��Of�iUq Á�fcÔ�hQ�Oo�i�o�h�q��n�o�p�h�qo�r4i

f�i¿Ó�Ô�f���qn�r4i�o�Úª��f�s)f�n��×f�q2Á�f]��r4i���f��4rgo�n¼Á�f�p¼n�r4Ö)rgq�p¼Úª��o Á�o�p�s)r4p�f�iUqØÁ�Õ ��i�f]��f�n�qhgo�i�f
h���qr4i�r4�×o�f Úª��h�iªq �QÔ hdÂ4f�p$qo�rgiRÁ�fcÔ�f���n×Ó�i�f�n�Â4o�f¿f�qNÚª��hgiUq �QÔ�f���n$�´hgs�hd��o�qÓ¿Á�f
Á�Ó���o�p�o�r4iX�nuFiDh s��DhgÔ�r4n�p �×r4iUq�n�f�n Ú'��Õ���iDf�i�p�f���Ö�Ô�f�Á�f�s�f�qo�q�p{n�rgÖ�rgq�p{i�f�Á�o�p�s)r4ph�iªq
Úª��f2Á�fx�´hgs�h���o�q�Ó�p¯Ó�Ô�Ó��Of�iUqÍhgo�n�f�p¯Á�fØÁ�Ó���o�p�o�r4iOf�q`Á�Õ o�iUqf�Ô�Ô�o�Â4f�i���f�s)r4����hgo�q9Ù hd��o�Ô�f��Of�iUq
n�o���hgÔ�o�p�f�nØh´�gf�� Ô�f�pFs)f�n�Ù>rgn��×hgi���f�pFÁ�Õ ��i\p�f���Ô{n�r4Ö�r�q ��o�iªq�f�Ô�Ô�o�Âgf�iUq����i�Ó���f�p�ph�o�n�f��×f�iUq
s�Ô���p�Ô�r4��n�Á f�q2s�Ô���p�Á�o �$��o�Ô�f �DÂ4Ó�n�f�n��

����� � � � \���� W"��������� [<� � ��� �ZW���� ��� � ���;W����,[! � � W"�
G#" F$" G - , =%(@2-=?,�A)$ *&%6.�0 ,/2 $
% F(' �P�`A��w??�rq Q � � ���Sl'�zA

��r4��n%gXr�rgÔ�Á�n�o�Á�Â4f�� ����i hgÂ4f�iUqFf�p$q���i\p��'p$q���Of�o�i�Ù>r4n��×h�q�o�Úª��f]�´hgs�h�Ö�Ô�f;Á�Õ h�Â4o�n
Á�fv�×hgi�o=�n�f hg��q�r4i�r4�Of f�q -�ft:�o�Ö�Ô�f Á�hgi�p ��iÆf�iU�'o�n�rgi�i�f��Of�iUqx�Íl�hgi�Â4f´hgiUq � � � Ü � �

��r4��n1gQf�o�p�p�������i]h�Â4f�iUq`f�p�q`��i�f ��f�iªq�o�q�Óx��r4�Os���qÍhÏqo�rgi�i�f�Ô�Ô�f ���d��r4�×�Of ��iOs�n�r�j
Âgnhg�O�×f�o�i�Ù>r4n��Zh�q�o�Úª��f�r4�O��i×n�r4Ö)rgq��UÚª��o)s)f�n���r4o�q¯f�q¥hgÂgo�q�Á�f Ù hg��rgiZhg��qr4i�rg�×f p���n
p�r4iZf�iU��o�n�r4i�i�f��Of�iUq� � � Y � � �2iZhgÂ4f�iªq`f�p$q¥h���qr4i�r4�×f Á�h�i�p`Ô�f p�f�i�pmr*)Op�r4i���r4�Os)r4n$j
q�f��Of�iUq�f�p�q Á�hgi�pÇ��i�f ��f�n�qhgo�i�fZ�Of�p���n�fZÁ�o�n�o�Â4ÓDs�hgn;ph¿s�n�r4s�n�fZf;:�s)Ó�n�o�f�iP��fd�{kmf�Ô�h
o��×s�Ô�o�Úª��f;Úª��Õ���i^hgÂ4f�iUq;s)f���q;s)f�n���f��4r4o�nvp�r4idf�iU�'o�n�rgi�i�f��Of�iUq;f�q;hgÂ4o�nFÁ�fD�×hgi�o!�n�f
h���qr4i�r4�×f p���n���f�Ô���o¸jc��o6�
�¼i¿hgÂgf�iUq¼f�p�q¼Á�rgi��D�
� ��i�f�f�iUqo�qÓvhg��q�r4i�r4�OfFs)r4����hgiUq¼rXU�n�o�nmÁ�f�p¼p�f�n��'o!��f�p��
� ��i�fNf�iUq�o�qÓZÁ�r4iUq Ô�f���r4�Os)r4n�q�f��Of�iUq f�p$q Ô hQ��r4i�p�Ó�Úª��f�i���fÆÁ�f]p�f�pDr4Ö ��f���qo�Ù>p��
Á�f ph s�f�n���f�s�qo�r4iX��Á�f p�f�pÆn�f�s�n�Ó�p�f�iUqÍhÏqo�rgi�p�� Á�fdp�f�pQ��r4�×s)Ó�q�f�i���f�pÆf�qÆÁ�f�p
��r4�O����i�o=�´h�q�o�r4i�pmÚª��Õ f�Ô�Ô�f s�f���q2h´�4r4o�n h»�gf��vÔ�f�p2h���qn�f�p¼hgÂ4f�iªq�p��



��W ������� ��� ������� �������	� ��� ��� ���!� ��������
 � � � � � �� �+�����

� ��i�fÆf�iUqo�qÓÆÚª��o2s)r4��n�p���o�qO��iRr4Ö ��f���q�o�Ù o�i�Á�o���o�Á���f�Ô � �gr4o�n�f ��i�fÆÙ>r4iP��qo�r4i Á�f
ph�q�o�p$Ù hd��q�o�r4iNÚª��Õ f�Ô�Ô�f �Íl�f�n��Íl�f �Drgs�qo��×o�p�f�n �

� ��i�f�f�iUq�o�qÓ Úª��o s)r4p�p��Á�fvÁ�f�p¼n�f�p�p�r4��n���f�pØf�q¼Á�f�p���r4�Os�Ó�qf�i���f�p2s�n�r4s�n�f�p��
� ��i�fFf�iUqo�q�ÓFÚª��o�f�p�q h�s�qf �ÇhgÂ4o�n¯p���n¥Ô!Õ f�iU�'o�n�r4i�i�f��×f�iªq¥Á��Np��'p�q���Of�hg��Úª��f�Ô�o�Ô
hgs�s�h�n�qo�f�iUq���f�q��Ïr4� �Oo�iªq�f�n�hgÂ4o�nmh´�4f��vÔ�f�p¼hg��qn�f�p¼hgÂ4f�iUqp��

� ��i�f�f�iUq�o�qÓ Úª��o s)f���qx��r4�×�Ç��i�o�Úª��f�n�h´�4f��;Ô�f�p¼hg��q�n�f�p¼hgÂgf�iUqp��
� ��i�f�f�iUq�o�qÓ Úª��o f�p�qx�´hgs�hgÖ�Ô�f Á�fvp�f�n�f�s�n�r'Á���o�n�fd�

 h������	��
�������������������������<��r4�Os�n�f�i�ÁÆqc�'s�o�Úª��f��Of�iUqv�

Connaissances
Buts
Actions
Variables d'état interne

Interface
d’entrée

Interface
de sortie

�`wyx�� � � � � Û q�n�����q��n�f;Á�Õ ��i hgÂ4f�iªq

�¼i�f¼o�iUqf�n�Ù hd��f¼Á�Õ�f�iªq�n�Ó�fØf�q`��i�f¼o�iUq�f�n�Ù h���f¼Á�f p�r4n$qo�f p�r4iUqmi�Ó���f�p�ph�o�n�f�pms)r4��n¯Úª��f
Ô!Õ�hgÂ4f�iUqvs���o�p�p�f ��rg�×����i�o�Úª��f�n;h´�gf��Zp�r4iQf�iU��o�n�r4i�i�f��Of�iUq�� �2iQhgÂ4f�iªq;f�p$q�Á�r�qÓOÁ�f
��r4i�i�hgo�p�phgi���f�p]4w��r4i�iª��f�p�o�i�o�qo�hgÔ�f��×f�iªq�rg� hd��Úª��o�p�f�pms�hgn¥Ô@Õ hgÂgf�iUqt7t��Á�fØÖ���qp���Á�f2�gh j
n�o h�Ö�Ô�f�p¥Á�Õ Ó�qÍhÏq2o�iUqf�n�i�f�f�q Á�Õ�hd��qo�rgi�p<4 p���n¼Ô@Õ�f�iU��o�n�r4i�i�f��Of�iUq r4�Æp���n Ô���o�j*�����×f�7;�

6f�p �"!�
�����#$�%�"���&�'�(���%��#)�	�*�"�����+�,�-����.�/�����;p�f�Á�o���o�p�f�iªq¼f�iX�

� Á�f�p �×Ó��´hgi�o�p��Of�p{Á�f¥nhgo�p�r4i�i�f��Of�iUq9Úª��oM��r4i�p$qn���o�p�f�iUq�Ô�f�p{Á�oVU�Ó�n�f�iUqf�p�hd��q�o�r4i�p
s�rgp�p�o�Ö�Ô�f�p�f�i Ù>r4i���qo�rgiNÁ�f�p¼Ö���q�p¼f�q¼Á�f�px��r4i�i�hgo�p�phgiP��f�p Á�f�Ô@Õ hgÂgf�iUq��

� Á�f�p9�OÓ���hgi�o�p��Of�p9Á�f�Á�Ó���o�p�o�rgi Ú'��o �gf�iOÙ>rgi���q�o�r4i�Á�f�p�Ö���q�p9f�q�Á�f�p¯ln�'s)rgql��p�f�p��
�Íl�r4o�p�o�p�p�f�iªq¼Ô�h�r4� Ô�f�p hd��qo�r4i�p�Ô�f�p s�Ô���p h�s�s�n�rgs�n�o�Ó�f�p��


6f�p9Á�o��gf�n�p��10'23���4���+�%��#5�	6��������"�*���7�,�-��8��������� p�f¥n�hg�$�i�f�iªq �FÁ�f�p2��r4�Dj
s�r4n$qf��×f�iªq�p�Ù>r4i�Á�hg�Of�iUqhg�M:]q�f�Ô�p¼Úª��fD�

� Ô h�s�n�o�p�f Á�f�Á�Ó���o�p�o�r4iX�
� Ô h�n�Ó��'o�p�o�r4i Á�f�px��n�ry�Uh�i���f�p��
� Ô he��hgs�hd��o�qÓ � Ó��×f�q�qn�f�Á�f�p¼ln��s)rgq�l��p�f�p��
kmfOqc�'s�f×Á�Õ h�Â4f�iUq�f�p�q.�´hgs�h�Ö�Ô�fOÁ�Õ�h»�gr4o�n;��i ��r4�Os�r4n$qf��×f�iªq � Ô�h Ù>rgo�p.-�f;:�o�Ö�Ô�fd�

��r'r4s�Ó�nh�q�o�Ù�f�q n�h�qo�r4i�i�f�Ô��×hgÔ�Â4n�ÓF��iÆf�iU�'o�n�r4i�i�f��×f�iªqx�Íl�h�i�Â4f´h�iªq2f�q o��×s�n�Ó��'o�p�o�Ö�Ô�fd�



� ��� � ����� � � ��� ��� �����$�����1������� ��� ��� � � ������
)� � � �&� � � Y

D ��p � �dA�FHp �GB�A�������lMB q@Q �P� ���Sl��5A
kmfDp�rgiªqj��f�pj�´h�nhd��qÓ�n�o�p$qo�Úª��f�p s�hgn$qo!����Ô�o=�n�f�pØÚª��o Á�oVU�Ó�n�f�i���o�f�iUq�Ô�f�p�hgÂ4f�iUqp Á�f�p

h���qn�f�pO��r4i���f�s�qp�o�i�Ù>r4n��Zh�q�o�Úª��f�p¯Úª��o�p�Õ f�iNn�hgs�s�n�rM�Íl�f�iUq���q�f�Ô�p`Úª��fFÔ�f�p ��rgÖ ��f�q�p ����Ô�f�p
��hd��q�f���n�p ����Ô�f�p����Or�Á���Ô�f�pmÔ�r4Â4o=��o�f�Ô�p �¼r4�ÆÖ�o�f�i Ô�f�p ��s�n�rH��f�p�p���p2s�hgnhgÔ�Ô!�Ô�f�p ���

��r4��njgQr'r4Ô�Á�n�o�Á�Â4fd�)��iXhgÂ4f�iUqvÁ�r4o�qj��q�n�fDÁ�rgq�ÓOÁ�fOÚª��hÏqn�fi��hgnhd��qÓ�n�o�p$qo�Ú'��f�pvf�p$j
p�f�iUqo�f�Ô�Ô�f�p`��Ô@Õ h���qr4i�r4�×o�fd�»Ô�h2n�Ó�hd��q�o��'o�q�Ód�ÏÔ h¼s�n�r�j�hd��q�o��'o�q�Ó`f�q{Ô�h��´h�s�hd��o�qÓ`p�rH��o h�Ô�f � � Ý�� �

��� �'�%6/��6/� #5�d�"uFiXf�iªq�f�i�ÁXs�hgnvhg��q�r4i�r4�Oo�fÇÔ�f�Ù hgo�q Úª��Õ���i^hgÂ4f�iUq��6p�fDqn�r4��j
�gh�iªq Á�hgi�p���iÇÓ�qÍh�q Á�r4i�i�Ó �2��i�o�i�p$qÍhgiUq�Á�r4i�i�Ód�gp�r4o�q"��hgs�hgÖ�Ô�f`Á�fms�n�f�i�Á�n�f¥Á�f�p
Á�Ó���o�p�o�r4i�p�ph�i�p;Ô@Õ�o�iUqf�n$�4f�iªq�o�r4idÁ�fOÔ!Õ l�r4�O�×fÇr4�XÁ�Õ hg��qn�f�pÇh�Â4f�iUqp���kmf�Ô h o�� j
s�Ô�o�Ú'��fmÁ�r4iP��Ú'��Õ�o�Ô�i�Õ f�p$q�s�hgp9Á�o�n�o�ÂgÓ`s�h�n{Á�f�p1��r4�×�×hgi�Á�f�p o�iUqn�r'Á���o�qf�p s�hgn9��i
��qo�Ô�o�p�h�qf���n��R
9Õ hg��qr4i�rg�×o�f�Á�fDÔ!Õ�hgÂ4f�iªq�4 hg��q�r4i�r4�Ofd��p�f��Oo�j�hg��qrgi�r4�OfÇr4�dÁ�Ó�j
s�f�i�Á�hgiUqt7 f�p�q�Á�Ó�qf�n��Oo�i�Ó�f¥s�hgn{p�f�p1�´h�s�hd��o�qÓ�p{Á�f�-�ft:�o�Ö�o�Ô�o�q�Ó`f�q�Á�Õ h�Á�hgs�qh�qo�r4iX�

��� !*��
���#��'#)�	!X� �2iQhgÂ4f�iªqvÁ�rgo�q]��q�n�f$�´hgs�h�Ö�Ô�fDÁ�fOs�f�n���f��4rgo�nvp�r4iXf�iU�'o�n�rgi�i�f�j
�×f�iªq f�q9Á�f¥�Zh�o�iUqf�i�o�n���i Ô�o�f�i<��r4i�p$qÍhgiUq�h´�gf��)��f�Ô���o¸jc��o�h���i�Á�f¥n�Ó�s)r4i�Á�n�f�hg�M:
�Íl�hgi�Â4f��×f�iUqp9Úª��oP�;p���n$�'o�f�i�i�f�iUq����2i×hgÂ4f�iUq�s�f���q���f�ii��r4i�p�Ó�Úª��f�i���f��'hgÂ4o�n�p���n
p�r4iÆf�iU�'o�n�r4i�i�f��×f�iªq��

��� ��6
	1��
���#��'#)�%!Æ� �¼iÆhgÂ4f�iUq�i�f Á�r4o�q¥s�hgp�p�f���Ô�f��×f�iUq���qn�fFÁ�o�n�o�ÂgÓØs�hgn�Ô�f�p¥Ó��4ÓÐji�f��Of�iUqp×Â4Ó�i�Ó�n�Ó�pZs�h�nOp�r4i f�iª�'o�n�r4i�i�f��Of�iUq���o�Ô�Á�r4o�qOs)r4���4rgo�nDs�n�f�i�Á�n�f¿Á�f�p
o�i�o�qo hÏqo��gf�p�� o�Ô�Á�r4o�qDÙ hgo�n�f s�n�f����4f Á�Õ ��i ��rg�×s)r4n�q�f��Of�iUqOÓ�qhgÖ�Ô�o�p���o���hgiUq×p�f�p
s�n�r4s�n�f�p r4Ö ��f���q�o�Ù>p��

��� ��2 ��
 #)�%!&�	6 
�#$��5�;�d
9Õ�hgÂ4f�iUq�Á�r4o�q ��qn�f¯�'�e��r4�O�Of¯��ie��q�n�fmp�rM��o hgÔ6�y
9Õ h�Â4f�iUq��f�i qÍhgiUqvÚª��Õ�f�iUqo�q�Ó×o�i�Á�o���o�Á���f�Ô�Ô�f���f�p�q;o�iUqÓ�Â4n�Ó�� ��ib��r4Ô�Ô�f���qo�Ù �	�N��iXp��'p�q���Of
Á�hgi�pNÔ�f�Úª��f�Ô Ô�hQÁ�o�p�qn�o�Ö���qo�rgi Á�f�p	��r4�×s)Ó�q�f�i���f�p���Á�f�p]q��d�Íl�f�pÆf�q Á�f�pNn �gÔ�f�p
i�Ó���f�p�p�o�q�f�iUqmÁ�f�p�s�n�rH��f�p�p���p`Á�f)��r'r4n�Á�o�i�h�q�o�r4iX�ÏÁ�f���rg�×����i�o!��h�qo�r4iX�ÏÁ�Õ�rgn�ÂUhgi�o�j
ph�q�o�r4icf�qFÁ�f.��r'r4s�Ó�nh�q�o�r4iR�5
6f�p o�iUqf�nhd��qo�rgi�pØf�qFÔ�f�pFÓ��Íl�hgi�Â4f�p Á�f��Of�p�p�hgÂ4f�p
r4�¿Á�fvn�f�p�p�r4��n���f�p f�iªq�n�f;Ô�f�p2hgÂ4f�iUqp¼p�r4iUq h�Ô�r4n�p¼o��×s)Ó�n�h�qo�Ù>p�����r4��n¼��i\hgÂgf�iUq��
o�iUqf�nhgÂ4o�nOh»�gf��\��i hg��qn�fK��r4i�p�q�o�q���f �QÔ�h Ù>rgo�pZÔ�hdp�r4��n���fcÁ�f¿phQs���o�p�p�hgi���f
f�qFÔ@Õ�rgn�o�Âgo�i�f�Á�f;p�f�pØs�n�r4Ö�Ô!��Of�p���kØÕ f�p$q f�i\f U�f�qFs�h�n���fÇÚ'��Õ�o�Ô�px��r'r4s5�n�f�iªqFÚ'��f
Á�f�p h�Â4f�iUqp;s�f����4f�iUqOhd����r4�×s�Ô�o�n�s�Ô���pÇÚª��fZÔ h p�r4�O�×fOÁ�f]Ô�f���n�p�hd��qo�r4i�pvo�i�j
Á�o��'o�Á���f�Ô�Ô�f�p��{�×hgo�pi�gÕ f�p$qNhg��p�p�o � �´hg��p�f¿Á�fÆÔ�f���nO����Ô�q�o�q���Á�fNÚª��Õ o�Ô�pDÁ�rgo��4f�iUq
��r'r4n�Á�rgi�i�f�n�Ô�f���n�p¼hd��q�o�r4i�p�f�q¼n�Ó�p�r4��Á�n�f�Á�f�px��r4i+-�o�q�p��

v9i r4��q�n�f���r4i�h�q�q�n�o�Ö���fms�h�n�Ù>r4o�p hg�H: hgÂgf�iUqp�Á�f�p2��hgnhd��qÓ�n�o�p$qo�Ú'��f�p s�hgn�q�o!����Ô�o!�n�f�p��
i�rgqÍhg�O�Of�iUqmÁ�f�p/��hgnh���qÓ�n�o�p�qo�Úª��f�p`p�f��ÇÖ�Ô hgÖ�Ô�f�p �<��f�Ô�Ô�f�p¯Á�f�pml'���Zhgo�i�p��'h���i]Á�fØ�Or�j
Á�Ó�Ô�o�p�f�n¥hg�]�Oo�f��M:OÔ�f���r4�Os)r4n�q�f��Of�iUqmÁ�f�p hgÂ4f�iUqp��P�Øf�p/�´hgn�hd��q�Ó�n�o�p�q�o�Úª��f�p/��r4�O�×f¼Ô h
��r4i�i�h�o�p�p�hgi���fd� Ô�f�p]��n�ry�Uh�i���f�p�� Ô@Õ�o�iUqf�iUq�o�r4i\f�qÇÔ@Õ�r4Ö�Ô�o�Â4h�qo�r4i¿p�r4iUqÇÁ�f�p;ft:�f��Os�Ô�f�pvÁ�f



ÜgÝ ������� ��� ������� �������	� ��� ��� ���!� ��������
 � � � � � �� �+�����

i�rgqo�r4i�p��Of�iUqÍh�Ô�f�p�i�r4n��×hgÔ�f��×f�iUq)��r4i�p�qÍhÏqÓ�f�p��Íl�f	�vÔ!Õ l�r4�O�×fFÚª��o6p�r4iUq¼Ó��4f�iUq��f�Ô�Ô�fÐj
�×f�iªq ��qo�Ô�o�p�Ó�f�p�Á�hgi�p Ô he��r4i���f�s�qo�r4iÆÁ�Õ h�Â4f�iUqp � � � �6�

� m/N2?zEG?K� �GlQq�lMB �8�Sl��5A�B
&�Ô9�chNÁ�f��M:dÂgnhgi�Á�f�p�Ó���r4Ô�f�p Á�fDs�f�i�p�Ó�f×Á�h�i�p�Ô hf��rg�×����i�hg��q�Ó�����Ô�qo�j�hgÂ4f�iªq�p��

�Íl�hd����i�f���r4i���f���hgiUq¥Ô�f�p¯hgÂ4f�iªq�p`Á�f¼�×hgi�o=�n�f�p�Á�oVU�Ó�n�f�iUqf�p��H
 hvs�n�f��Oo!�n�f��UÔ!Õ Ó���rgÔ�f)��rÏj
Â4i�o�q�o��gfd�n��rgi���r4o�q¯Ô�f�p¯hgÂgf�iUqp ��r4�O�Of¼Á�f�pmf�iUqo�q�Ó�p¯Á�Ó � � ��o�iªq�f�Ô�Ô�o�Âgf�iUqf�p ��� ��Õ�f�p�q$j �Ïj*Á�o�n�f
�´hgs�h�Ö�Ô�f�p�Á�f n�Ó�p�r4��Á�n�fj��f�n�qÍh�o�i�p�s�n�r4Ö�Ô=��Of�p¥s�h�n�f��M:ªj��$���Of�p��,
 h Á�f��M:�o=��Of Ó���rgÔ�fd�
Ô h]n�Ó�hd��q�o��gfd�X��r4i���rgo�q�Ô�f�p�hgÂ4f�iªq�p ��r4�O�Of�Á�f�p�f�iªq�o�q�Ó�p qn��p�p�o��×s�Ô�f�pFn�Ó´hgÂgo�p�p�hgiUq�Á�o�j
n�f���qf��×f�iªq2hg�H: �×r'Á�o��,�´h�q�o�r4i�pmÁ�f�Ô!Õ f�iU�'o�n�r4i�i�f��×f�iUq � � Ý� �

6f�p&�.�/�������(
 6��/�# ��#�� �Dr4�XhgÂ4f�iªq�p;o�iUqf�Ô�Ô�o�Â4f�iUqp���f�iXnhgo�p�r4i Á�fOÔ�f���n�p�r4s�l�o�p$qo�j

�´h�q�o�r4idf�qÇÁ�fZÔ�f���n]�´hgs�hd��o�qÓOÁ�fZn�hgo�p�r4i�i�f��×f�iªq�� s�f����4f�iªq q�nh´��hgo�Ô�Ô�f�nFn�f�Ô h�q�o��4f��×f�iUq
o�i�Á�Ó�s�f�i�Á�hg�O�Of�iUq{p���n2��f�n�qÍh�o�i�f�p{q �d�Íl�f�p��ª��r4��n9hgn�n�o��4f�n �FÔ�f���n{r4Ö ��f���qo�Ù �go�Ô�p Á�r4o��gf�iUq
�ØÔ h Ù>r4o�p"��r'r4n�Á�r4i�i�f�n Ô�f���n�p hd��q�o��'o�q�Ó�p�f�q{ÂgÓ�n�f�n ��f�n�qhgo�i�f�p{i�Ó�Â4rH��o hÏqo�rgi�p�h���i Á�f`s�r4�'j
�4r4o�n;p�h�qo�p�Ù hgo�n�fOhg�Q�Oo�f��M:dÔ�f���ny4>p'7 r4Ö ��f���qo�Ù�4 p�7;� kmf�q�q�f ��hgs�hd��o�qÓOrXU�n�fO��i�f×Â4nhgi�Á�f
p�r4��s�Ô�f�p�p�f]Á�hgi�p�Ô@Õ�ft:�s�n�f�p�p�o�r4i^Á�� ��r4�×s)r4n$qf��Of�iUq;Á�f�pDh�Â4f�iUqp�� s�h�n.��rgiªq�n�f×p�f�p Ô�o�j
�×o�qf�p`p�r4iUq��Oo�p�f�p¥f�iNÓ��'o�Á�f�i���fvs�hgn¥Ô hvÁ�o	�$����Ô�q�ÓFÁ�fFn�Ó�p�rg��Á�n�f Ô�f�pO��r4i -�o�qp¥Ô�o�Ó�p¥hg�M:
o�i���r4�×s�h�qo�Ö�o�Ô�o�qÓ�p�Á�f�pmÖ���qp`Á�f�pmhgÂ4f�iUq�p`Á��Zp��'p�q���Ofd��kmf�q�q�f2�'o�p�o�r4iOÁ�f�pmhgÂgf�iUqpL��r4n,j
n�f�p�s�rgi�Á^Ó��'o�Á�f��Of�iUqDhg�H: ��r4i���f�s�q�p�o�iUqn�r�Á���o�q�p;s�h�n;Ô@Õ &c#%� hg�^i�o��4f�hg�^Á�f�p Û ¾Q#<�

 f�pÇh�Â4f�iUqp<��r4Âgi�o�q�o�Ù>p p�rgiªq<�´h�nhd��qÓ�n�o�p�Ó�pvs�hgnvÔ�f Ù hgo�q�Úª��Õ o�Ô�p�r4iUqÇ��i�fZ�OÓ��Or4o�n�f�Á��
s�hgp�p�Ód�¯Úª��Õ�o�Ô�pOp�r4iUq �´hgs�h�Ö�Ô�f�p×Á�f s�Ô h�i�o=�,��h�qo�r4iX��Á�Õ�f�i�ÂUhgÂgf��Of�iUq]f�qZÚª��Õ o�Ô�p×r4iUq×��i
�×r'Á�fFÁ�Õ r4n�ÂUhgi�o�ph�q�o�r4iNp�rM��o hgÔ�fd�

6f�p �.���*���%� ��!*��
���#�� � �z��rgiªq�nhgo�n�f��×f�iªqvh��M: ��r4Â4i�o�qo�Ù>p���i�Õ�r4iUq�s�h�pv��i�f o�iUqf�Ô�Ô�o�j

Â4f�i���fZo�i�Á�o��'o�Á���f�Ô�Ô�f �6o�Ô�p�p�rgiªq.�´hgÔ�Úª��Ó�p�p���nÇÔ�f�p;�×r'Á��Ô�f�p�Á�f]Ô�h �'o�f]hgn$qo=����o�f�Ô�Ô�fd�X&�Ô�p
i�Õ�rgiªq¯s�h�p¯Á�f¼�OÓ��Or4o�n�f¥Á��Os�hgp�p�Ó f�q¯p���o��gf�iUqm��i×�Or�Á�f�Á�Õ�rgn�ÂUhgi�o�phÏqo�rgi Ö�o�r4Ô�r4Â4o�Ú'��fd�
kØÕ�f�p�qvs�rg��n�Úª��r4o o�Ô�pØs�r4p�p��Á�f�iUq;Á�f p�o��×s�Ô�f�pF�OÓ���hgi�o�p��Of�p Á�f n�Ó´hd��qo�rgiXh��M:\Ó��4Ó�i�f�j
�×f�iªq�p�f�qÇi�Õ�hgÂ4o�p�p�f�iªq�Ú'��Õ �¿q�nh´�4f�n�p Ô�f�pÇp$qo��Ç��Ô�o{Ù>r4��n�i�o�pÇs�hgn;Ô!Õ f�iU�'o�n�r4i�i�f��×f�iªq�r4�
��n�Ó�Ó�p �;s�hgn$qo�n9Á�Õ h���qn�f�p¥h�Â4f�iUqp���kmf2i�Õ f�p�qms�hgp¯Ô!Õ�hgÂ4f�iªq¯f�i]Ô���o¸j��$���Of¥Úª��o)f�p�qL��rgi�p�o¸j
Á�Ó�n�Ó���r4�×�Of o�iUq�f�Ô�Ô�o�Â4f�iUq����×hgo�p �gÕ f�p�q;Ô�fDp���p$q���×fOÚª��o�f�p�q<�´h�s�hgÖ�Ô�fd�6Â4Ô�r4Ö�hgÔ�f��Of�iUq��
Á�Õ h´�gr4o�n���i*��rg�×s)r4n�q�f��Of�iUq o�iUq�f�Ô�Ô�o�Â4f�iUq��

��r4��n2o�Ô�Ô���p�q�n�f�nx��fe��rgi���f�s�q���r4i¿s)f���qN��r4�Os�hgn�f�nx��f;qc�'s)f�Á�Õ r4n�Â4hgi�o�p�h�qo�r4i�����fÐj
Ô���o Á�Õ ��i�fe��r4Ô�rgi�o�f�Á�fÇÙ>rg��n��Oo�p��Sv�i\f U�f�q���qr4��qf�pØÔ�f�p2hd��qo�rgi�pØÁ�f�pF�Of���Ö�n�f�p2Á�Õ���i�f
��r4Ô�r4i�o�fOp�rgiªq�n�Ó�Âgo�f�p;s�hgn���iÉr4Ö ��f���qo�Ù���r4�O����i^Úª��o`f�p$q Ô h¿p���n��'o�f]Á�f]Ô�hQ��rgÔ�r4i�o�fd�

�Õ f�i�p�f��ÇÖ�Ô�fFÁ�f�pmÙ>r4��n��Oo�p¯f�p�qO�´hgs�h�Ö�Ô�f2Á�fØn�Ó´hgÂ4o�n`Á�fF�Zh�i�o!�n�f¼f �$�´hd��f s�hgn`nhgs�s)r4n$q
�cÁ�f�pDs�n�r4Ö�Ô!��×f�pe��rgi�p�Ó�Ú'��f�iUqp���r4�O�×fZÔ h¿n�f��Íl�f�n��Íl�f Á�fNi�r4��n�n�o�q��n�fd� Ô�hcÂ4f�p$qo�r4i
Á�f�p Ô h�n��4f�p f�q¼Á�f�p r'f���Ù>p���Ô he��r4i�p�q�n�����qo�r4i�p Á�f�p i�o�Á�p��Z�����,
 hOp�r4�×�OfFÁ�f�p �×f���Ö�n�f�p
Á�f Ô hs��rgÔ�r4i�o�f]f�p$q ��hgs�hgÖ�Ô�fNÁ�Õ�hd��q�o�r4i�pOÓ��4r4Ô���Ó�f�p����×hgo�pe�Íl�hgÚª��f o�i�Á�o���o�Á��És�n�o�p p�ÓÐj
s�hgn�Ó��×f�iUqZs)r4p�p��Á�f¿��i�f¿n�f�s�n�Ó�p�f�iUqÍh�q�o�r4iJÙ hgo�Ö�Ô�f Á�f¿Ô@Õ�f�iª�'o�n�r4i�i�f��Of�iUqZf�q]i�Õ�hXs�hgp



� ��� � ����� � � ��� ��� �����$�����1������� ��� ��� � � ������
)� � � �&� � Ü �

Á�f;Ö���qp¼Â4Ô�r4Ö�hg�M:5�S
6f�p2hd��q�o��'o�q�Ó�p)��rg�×s�Ô�f;:�f�p¼Á�Ó�qf�n��×o�i�Ó�f�p2s�hgn ��i¿Ö���q2p�r4iUq���Á�hgi�p
��f�q�qfFh�n��Íl�o�qf���q��n�f2Á�Õ hgÂgf�iUqp�����i�fØs�n�r4s�n�o�Ó�q�Ó¼Ó��×f�n�Â4f�iUqfØÁ�f�pmo�iUqf�n�hd��q�o�r4i�p¯p�rM��o hgÔ�f�p
f�iUqn�fvÔ�f�p hgÂ4f�iªq�p���r4i�p$qo�q��hgiUq¼Ô�f Âgn�r4��s)fd�

 hZÁ�o�p�q�o�i���qo�rgi f�iªq�n�fe��r4Â4i�o�qo�Ù{f�qØn�Ó�hd��q�o�Ù9i�Õ f�p$q s)r4��n�qhgiUqFs�h�p2qrg����r4��n�pØs)f�n�q�o�j

i�f�iUqfNf�q���r4�QÓ��'o�Á�f�iUqfd�9v�iÉf U�f�q��{o�Ô�f;:�o�p$qfNÁ�Õ�hg��q�n�f�p;qc��s)f�p Á�Õ hgÂgf�iUqpÇq�f�Ô`Ú'��fNÔ�f�p
h�Â4f�iUqp`o�iUqf�iUqo�rgi�i�f�Ô�p�Ú'��o�p�r4iUq¥Á�r4��Ó�pmÁ�Õ���i�fØo�iUq�f�Ô�Ô�o�Â4f�i���f�o�i�Á�o���o�Á���f�Ô�Ô�fmf�q`Ú'��o�s)r4p$j
p��Á�f�iUqFf;:�s�Ô�o!��o�qf��×f�iUq2Á�f�pØÖ���qp¼�×r�qo���hgiUq Ô�f���n�pØhd��qo�r4i�p��,&�Ô�p2p�r4iUqFh�Ô�r4n�px��hgs�hgÖ�Ô�f�p
Á�f ��rgi���f��4r4o�nÇÁ�f�pÇs�Ô�hgi�pvf�q�Á�fZs�n�Ó��4rgo�nvÁ�f�p�n�Ó´hd��qo�r4i�pvs�r4p�p�o�Ö�Ô�f�p �ÆÔ�f���n�p;hd��q�o�r4i�p
f�i×�'��f2Á�Õ h�����rg�×s�Ô�o�n2��f�pmÖ���qp���kmf�q�qf��´hgs�hd��o�qÓ¼Á�Õ h�iªq�o!��o�s�h�q�o�r4iDf�qmÁ�f¼s�Ô�hgi�o=���´h�q�o�r4i
s)f�n��×f�q � ��f¿qc�'s�f¿Á�Õ h�Â4f�iUqNÁ�Õ r4s�q�o��Oo�p�f�nDp�r4iJ��r4�Os�r4n$qf��×f�iªq×f�q]Á�f¿i�Õ f U�f���q��f�n
h�o�i�p�o�Úª��f;Ô�f�p hd��qo�r4i�p¥�4Ó�n�o�qÍhgÖ�Ô�f��Of�iUq i�Ó���f�p�phgo�n�f�p��

~�f�n�Ö�f�n � ��� ��Á�o�p�q�o�i�Â4��f¥s�n�o�i���o�s�hgÔ�f��Of�iUq Úª��hÏqn�f¥qc�'s)f�p�Á�Õ�hgÂ4f�iªq�p�p���o��gh�iªq{Ô�fmqc�'s)f
Á�fZn�f�Ô h�q�o�r4i�p$4G��rgÂ4i�o�q�o�Ù`r4�Qn�Ó´hd��qo�Ù'7FÚª��Õ o�Ô�p�r4iUqÇh´�4f��ZÔ�f���nvf�iU��o�n�r4i�i�f��Of�iUq�f�qÇÔ�f���n
��r4�Os�r4n$qf��×f�iªq o�i�Á�o���o�Á���f�Ô �
� ��&�iªq�f�iUqo�r4i�hgÔZ#2Â4f�iUq�pv�
�2i\hgÂgf�iUqØo�iUqf�iUq�o�r4i�i�f�Ô�f�p�qØ��i\hgÂgf�iUqFÁ�fvqc�'s�f<��r4Â4i�o�qo�Ù Á�r4iUqFÔ�f]��rg�×s)r4n�q�f�j
�×f�iªq;f�p$q�n�Ó�Â4o¯s�hgnvÁ�f�pÇr4Ö ��f���qo�Ù>p;ft:�s�Ô�o!��o�q�f�p�� �¼iÉhgÂ4f�iªq;o�iUq�f�iUqo�r4i�i�f�Ô`s)f���q
qr4��q � Ù hgo�q�n�Ó´hgÂ4o�n �ÆÁ�f�pÇp$qo��Ç��Ô�o{Á�f×p�r4iQf�iª�'o�n�r4i�i�f��Of�iUqÇq�r4��qvf�i ��r4i�p�f�n,j
�gh�iªq]��i�f\l�hg��qfcn�f�s�n�Ó�p�f�iUqÍh�q�o�r4iHÁ�fs��f�Ô���o�j ��o¼f�qNf�i h�Â4o�p�phgiUq]f�iLÙ>r4i���q�o�r4i
Á�fcp�f�p]o�iUq�f�iUqo�r4i�p��L#Ø� p�f�o�iLÁ�fcÔ!Õ�hgn��Íl�o�q�f���q���n�f Á�f�p]hgÂ4f�iUq�p]o�iUqf�iUqo�rgi�i�f�Ô�p��
r4i¿p�Ó�s�hgn�f;Ô�f�p2hgÂ4f�iªq�p2Á�r4iUqØÔ@Õ�o�iªq�f�iUqo�r4i�i�h�Ô�o�q�ÓFf�p$qØo��×�OÓ�Á�o h�q�fFÁ�f]��f��H:cÁ�rgiªq
Ô!Õ o�iUqf�iªq�o�r4i�i�hgÔ�o�qÓvf�p$q;Á�o�n�o�Â4Ó�fv�4f�n�pvÔ�f�Ù>��q���n��Z�Øhgi�p�Ô�f�s�n�f��Oo�f�nN�´h�p��6Ô!Õ o�iUq�f�i�j
qo�rgi�i�hgÔ�o�qÓ×n�f�s�n�Ó�p�f�iUq�fc��i �×Ó��´hgi�o�p��Of Á�Õ�ft:�Ó�����qo�rgiRÁ�f�pZhd��qf�p×Á�f Ô@Õ hgÂgf�iUq��
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Ô!Õ�hgs�s�Ô�o!�´hÏqo�rgi×Á�f%��f�p �OÓ�q�l�r�Á�f�p��M#Ø�	��rgiªq�nhgo�n�fFÔ�f�p�h�Â4f�iUqp�p�r4iUq��´hgs�hgÖ�Ô�f�p¥Á�f Á�Ó���o¸j
Á�f�n�p�o�o�Ô�p9h�s�s�Ô�o�Úª��f�iUq��gr4�Di�r4iX�UÔ�f�p9n�f�Úª����q�f�pmÚª��o�Ô�f���n9p�r4iUq¯Á�f��×hgi�Á�Ó�f�p��'o�Ô�p{Á�r4o��gf�iUq
nhgo�p�r4i�i�f�nOs�r4��n]h�q�qf�o�i�Á�n�f¿Á�f�p]Ö���q�pZÁ�Ó�qf�n��×o�i�Ó�p��/
6f�pNhgÂ4f�iªq�p]i�Õ o�iU�4r'Úª��f�iUqNs�hgp
Á�f;�OÓ�q�l�r'Á�f�p¼f�iUqn�f;f��M: �Zh�o�p�p�Õ f�iU�gr4o�f�iªqØs�Ô���q �gq¼Á�f�pØn�f�Úª����q�f�pØÁ�Õ�ft:�Ó�����q�o�r4i�p�� �2i
r4Ö ��f�qDf�p�qDÁ�Ó;��i�o�s�h�n ��i ��f�n$qÍhgo�iÉi�r4��Ö�n�fNÁ�fNp�f�n��'o=��f�pK4 p�f�p �OÓ�q�l�r�Á�f�p'7ÇÚª��Õ o�Ômi�f
s�f���q�n�f�Ù>��p�f�n�Á�Õ f;:�Ó�����qf�n¼p�o���i hg��qn�fØr4Ö ��f�q Ô�fØÔ���o�Á�f��Zh�i�Á�fFf�q�Ô�f�p¥�×f�p�p�hgÂ4f�p�p�r4iUq
Á�r4i��2i�Ó���f�p�p�hgo�n�f��Of�iUq Á�f�p¥o�iU�4rH�´hÏqo�rgi�pmÁ�fØ�×Ó�ql�r'Á�f�p��P
6fFÁ�Ó��4f�Ô�r4s�s�f���n¥Á�Õ ��iNÔ�rgÂ4o�j
��o�f�Ô ��r4Ö ��f�q� Á�r4o�q�Á�r4i�� �gÓ�n�o���f�n�Úª��fDqr4��pvÔ�f�p�r4Ö ��f�qp�n�f���f���n�r4iUq�Ö�o�f�i Á�f�p;r4n�Á�n�f�p
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�Zh�q�o�r4i�p¥p���n Ô�f���n�p)�´hgs�h���o�q�Ó�p���f�q����
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Á�f�pFn��Â4Ô�f�p¼Á�fe��r4�×s)r4n$qf��Of�iUq2Úª��o Ô���o s�f�n��Of�q�q�f�iUqFÁ�Õ�Ó�qÍhgÖ�Ô�o�n f�qFÁ�f.�Íl�rgo�p�o�n2Úª��f�Ô�Ô�f
n�Ó´h���qo�r4iQf�p�qÇÔ h s�Ô���p;hgÁ�Ó�Ú'��h�qf]s)r4��nv��i�f×p�o�q��h�q�o�r4idÁ�r4i�i�Ó�f��9
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 f�p
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 h\Á�f�n�i�o!�n�f]Á�oVU�Ó�n�f�i���f �Or4iUqn�f]Úª��fNÔ�f�pDhgÂ4f�iUq�p p�r4iUqi�´h�s�hgÖ�Ô�f�p Á�fNp�f]qn�rg�Dj
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p�f�iUqf�n9p�r4��p Ù>r4n��Of¯Á�Õ h�Ô�Â4r4n�o�q�l��×f�p�o�i�Ù>r4n��Zh�q�o�Úª��f�p�Ô�f/��r4�×s)r4n$qf��Of�iUq Á�f�p{o�i�Á�o���o�Á���p
Á�Õ���i¿p��'p�q���Ofd�6kml�hgÚª��f�o�i�Á�o��'o�Á�� f�p�qN��r4i����s��r4�O�Of;��iQ��r4�Os)r4phgiUqØÔ�r4Â4o=��o�f�Ô�Á�o�p$j
s)r4p�hgiUq2Á�fvp�hOs�n�r4s�n�f�hg��q�r4i�r4�Oo�f��

~�f�n�Ö�f�n � �y� ��Á�Ó���i�o�q2Á�fÇ�×hgi�o=�n�f;s�Ô���p2Ù>rgn��Of�Ô�Ô�f ��i Û ¾*# ��r4�O�Ofv��i\p��'p�q���Of
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� �2iQv�iU�'o�n�r4i�i�f��×f�iUq%v)�
� �2iÆf�i�p�f���Ö�Ô�f�Á�Õ uFÖ ��f�qp�ue�,��f�p2r4Ö ��f�qp Ó�qÍhgiUq¼p�o�q��Ó�p¼Á�hgi�pxv)�
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��n�Ó�Ód��Á�Ó�qn���o�q���s�f�n����Æs�hgn�Ô�f�p¼hgÂ4f�iUqp Á��Æp��'p�q���Ofd�
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�
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� �Øf�pDr4s)Ó�n�h�qf���n�p�Úª��omn�f�s�n�Ó�p�f�iUqf�iUqZÔ�f�pDhgs�s�Ô�o!��h�qo�r4i�pvÁ�f ��f�p r4s)Ó�nhÏqo�rgi�p�f�qÔ�f���n�p�o��Os�hd��qp�p���n Ô!Õ f�iU�'o�n�rgi�i�f��Of�iUq��
�Fh�i�p{Ô h)��Â4��n�f � �<ÜM� ��i;f;:�f��Os�Ô�fmÂ4Ó�i�Ó�n�hgÔ�Á�Õ���i Û ¾Q#Rf�p�q s�n�Ó�p�f�iUq�Ó �gÔ@Õ hd����f�iªq f�p$q

f�p�p�f�iUqo�f�Ô�Ô�f��Of�iUq¼�×o�p¥p���n¼Ô�fFÙ hgo�q¥Ú'��f<�Íl�h�Ú'��fÇhgÂgf�iUq2hD��i�f�n�f�s�n�Ó�p�f�iUqÍhÏqo�rgi¿s�n�r4s�n�f
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Á�Õ���iQp�rg��p$j*f�i�p�f���Ö�Ô�fZÁ�fOÔ!Õ f�iU�'o�n�r4i�i�f��×f�iUqÇf�qÇÚª��Õ o�Ô�s)r4p�p��Á�f]Ô�h �´hgs�h���o�q�Ó×Á�Õ�o�iªq�f�n,j
hgÂ4o�n���Á�fj��r4�×�Ç��i�o�Úª��f�n h´�4f��]��f�Ô���o¸jc��o �'Á�hgi�p Ô�f Ö���q¼Á�f�ph�q�o�p�Ù h�o�n�fØp�r4iÆr4Ö ��f���qo�Ù �

Agent1 AgentN

Ensemble des Objets (O \ A) appartenant à
l’environnement (E)

Actions

Perceptions

Actions

Perceptions

Communications

Ressources Ressources

Un sous-ensemble de l’environnement
qui comprend :
1) Agent1
2) Les Agents avec qui il peut
    communiquer
3) Les Objets avec lesquels il interagit

Un sous-ensemble de l’environnement
qui comprend :
1) AgentN
2) Les Agents avec qui il peut
    communiquer
3) Les Objets avec qui il interagit

representation de representation de

ENVIRONNEMENT

But: B1 But : BN

�`wyx�� � �<Ü � Û �Íl�Ó��ZhDÁ�Õ ��i Û ¾Q#



� ��� � ����� � � ��� ��� �����$�����1������� ��� ��� � � ������
)� � � �&� � Ü �

D ��p � �dA�FHp �GB�A�������lMB
�9n�f��×o=�n�f��Of�iUq�����i Û ¾Q#Li�Õ f�p$q�s�hgp{Á�Ó�Á�o�Ó �FÔ h¼n�Ó�p�r4Ô���qo�rgi�Á�Õ ��iDs�n�r4Ö�Ô!��Of¯s�hgn$j

q�o!����Ô�o�f�n�� �¼i]f�i�p�f��ÇÖ�Ô�f2Á�Õ h�Â4f�iUqp¥hg��qrgi�r4�Of�p¯s�hgn�qhgÂ4f�iªqmÁ�f�p/��r4i�i�hgo�p�phgi���f�p¥f�q���rg�
Á�f�p{qf��Íl�i�o�Ú'��f�p��Zh�o�p�i�Õ�rgiªq�s�hgp{Á�Õ r4n�Â4hgi�o�p�h�qo�r4iÇs�n�Ó´h�Ô hgÖ�Ô�fd�3
6f�p�hgÂgf�iUqp9n�hgo�p�r4i�i�f�iªq
p���n Ô�f���n�r4n�Â4hgi�o�p�h�qo�r4i]f�iÆÙ>r4iP��qo�r4i Á��Ær4� Á�f�p¼s�n�rgÖ�Ô!��×f�p�� q�nhgo�qf�n��
�Øf��M:�o!��×f��×f�iªq�� Ô�f�pvhgÂgf�iUqpvÚª��o{Ù>r4iUqvs�hgn�q�o�f Á�Õ ��i Û ¾Q# i�fOÁ�r4o��gf�iUqvs�hgpvi�Ó�j

��f�p�phgo�n�f��Of�iUqL��r4i�i�h�À�q�n�f�Ô�f�Ö���q`Â4Ô�r4Ö�hgÔ�s)r4��n¯hgÂ4o�n���o�Ô�p9p�r4iUq`hg��qrgi�r4�Of�p�f�q¯s)f����gf�iUq
n�Ó´hgÂgo�n¥p�f���Ô�p¼s�hgn nhgs�s)r4n$q¼hg�	��r4iUqft:'qfd�
a�n�r4o�p�o=��Of��Of�iUq��UÔ�f�pmÁ�r4i�i�Ó�f�p�hg�×p�f�o�iZÁ�Õ���i Û ¾Q# p�r4iUq¥Á�Ó���f�iªq�nhgÔ�o�p�Ó�f�p/�gÕ f�p�q$j �Ïj

Á�o�n�f n�Ó�s�h�n�qo�f�p f�iUq�n�f�Ô�f�p¼Á�oVU�Ó�n�f�iUqp¼hgÂ4f�iªq�p��
� ��h�q�n�o=��Of��Of�iUq��Ï��i Û ¾Q#Lf�p�q2��hgnh���qÓ�n�o�p�Ó¥s�h�n{Ô h%��r�rgn�Á�o�i�h�qo�r4iX�»Ô�h%��r4�O����i�o�j

��h�qo�r4i f�q�Ô�f�p9n�f�Ô hÏqo�rgi�p Úª��o�ft:�o�p�q�f�iUq¯f�iUqn�f¼p�f�p�Á�o U�Ó�n�f�iUq�p`h�Â4f�iUqp��0
 hN��r'r4n�Á�o�i�h�q�o�r4i
s)f���q;p�Õ�rgs�Ó�n�f�n�p�r4o�qj��r4�×�Of���i�f$��r�rgs�Ó�nh�q�o�r4i\s)r4��n�hgÖ)r4��q�o�n �N��idÖ���qj��r4�O����iX�
p�r4o�q���r4�O�×f9��i�f¯i�Ó�Â4rH��o�h�qo�r4i s�rg��n6ph�q�o�p$Ù hgo�n�f9Á�f��Zhgi�o!�n�f{r4s�q�o��×hgÔ�f Ô�f�p6o�iUqÓ�n���q�p�Á�f
�Íl�hgÚª��f¼hgÂ4f�iUq��0
 f�p2��r4i+-�o�q�p9Á�Õ�o�iUqÓ�n���q�p9s�f����4f�iªq`�Of�i�f�n �FÁ�f�p�Á�f�hgÁ�Ô�rH�ÍÄªp�Ú'��Õ�o�Ô�Ù hg��q
s)r4���gr4o�n;Â4Ó�n�f�nÇ�'o�h¿Á�f�pÇ�×Ó��´hgi�o�p��Of�pÇhgs�s�n�r4s�n�o�Ó�p��9
 hK��rg�×����i�o!��h�qo�r4iXp�Õ�f U�f���q���f
h��^�×ry�gf�iÉÁ�f]Á�oVU�Ó�n�f�iUqp�s�n�rgqrH��rgÔ�f�p 46+ � ¾K
2�{~ &,�z#.� �=��� 7vÁ�Ó���i�o�p�p�hgiUq Á�o U�Ó�n�f�iUq�p
qc�'s)f�p¼Á�f��×f�p�p�hgÂ4f�p f�q2Á�fvp��'iªqh3:�f�p��

Û f�Ô�r4iX~�f�n�Ö�f�nO� � 
6f�pvp��'p$q���Of�pv����Ô�qo¸j,hgÂ4f�iUqp hgs�s�r4n$qf�iªq;Ö�o�f�i s�Ô���pvÚª��fOÁ�f�p
Á�Ó���rg��s�hgÂ4f�p�Á�fN��r4i�i�hgo�p�p�hgi���f�p ��o�Ô�p¯n�f�i�r4���4f�Ô�Ô�f�iUq�i�rgq�n�fØÙ h���r4iNÁ�Õ�hgÖ)r4n�Á�f�nm��iNs�n�r�j
Ö�Ô!��Of�f�q¯Á�fx��rgi���f��4r4o�n ��f2Úª��Õ f�p$qmÔ�f�nhgo�p�r4i�i�f��Of�iUq¯f�q¯Ô!Õ o�iUq�f�Ô�Ô�o�Â4f�i���f�� 
6f s�n�rgÖ�Ô!��×f
i�f�p�f�n�Ó�p�r4��q9s�Ô���p{f�iDs�hgn$qÍhgiUq9Á�Õ���iDÓ�qÍh�q9o�i�o�q�o hgÔUs)r4��n{hgn�n�o��4f�n �Ø��iDÓ�qÍh�q9��i�hgÔ �Ï�×hgo�p
f�i ��r4i�p�q�n���o�phgiUq`hg�OÙ>��n�f�q �v�Of�p���n�f¼Á�f�p`p�r4Ô���q�o�r4i�p9s�hgn�q�o�f�Ô�Ô�f�p9Úª��o�p�f qn�rg���4f�iªq`p���n
Ô�f)�Íl�f��Oo�iR�n�Íl�hgÚª��f2hgÂ4f�iUq �Íl�f�n��Íl�hgiUq �vh�s�s�rgn�qf�n9Á�f�p¯Ó�Ô�Ó��Of�iUqp�Á�f p�r4Ô���q�o�r4iDh��OÙ>��n
f�q �D�Of�p���n�f�Á�f�Ô@Õ�ft:�s�Ô�r4n�h�qo�r4i � � � Ü � �
v9iNr4��q�n�f���Á�fØs�hgnmÔ�f���n¯i�h�q���n�fØn�Ó�s�hgn�q�o�f¼Ô�f�p Û ¾Q# r U�n�f�iUq¥Á�f�p¥s�n�r4s�n�o�Ó�q�Ó�p¥o�iªq�Ó�j

n�f�p�phgiUqf�p;Ô�o�Ó�f�p �NÔ�f���nFÁ�Ó���f�iUqnh�Ô�o�p�h�qo�r4iX�z��r4�O�OfÇÔ h -�f;:�o�Ö�o�Ô�o�qÓd��Ô�hZn�r4Ö���p�q�f�p�p�fd� Ô h
p ��n�f�qÓ��)Ô�h�n�Ó���qo�Ô�o�p�hgÖ�o�Ô�o�q�Ód�UÔ@Õ hgÁ�hgs�qÍh�Ö�o�Ô�o�qÓ¼f�q¼Ô@Õ�f
����hd��o�qÓ��
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9Õ ��qo�Ô�o�ph�q�o�r4i�Á�f�p Û ¾Q# i�Õ f�p$qmi�o)Ô�hvp�r4Ô���qo�rgiO�Oo�n�hd��Ô�fd�4i�o)Ô�h p�r4Ô���qo�r4iZh�Á�Ó�Úª��h�q�f
� q�r4��q�f�p�Ô�f�p9p�o�q���h�q�o�r4i�p��Ukmf�q�qf¼�OÓ�ql�r�Á�f�Á�f¼Á�Ó��4f�Ô�r4s�s�f��×f�iªq¯f�p�q¯s�f�n�q�o�i�f�iªq�fd�UÁ�h�i�p
Ô h��×h ��r4n�o�qÓFÁ�f�p��´hgp���Ô�r4n�p�Úª��f �

� r4i n�f�i���r4iUq�n�fÆÁ�f�pDs�n�r4Ö�Ô!��×f�p Á�f i�h�q���n�f	��rg�×s�Ô�f;:�fNÚª��o Á�r4o��4f�iUq$��q�n�f Á�ÓÐj
��r4�Os)r4p�Ó�p��

� r4iLhQÖ)f�p�r4o�iLÁ�fcn�Ó�p�r4��Á�n�fcÔ�f¿s�n�r4Ö�Ô!��×f��`f�qNÁ�r4iP�cÔ�f�p]p�r4��p$j�s�n�r4Ö�Ô=��Of�p×f�i
Á�Ó���r4��Ô�hgiUq���Á�f��×hgi�o=�n�f ��r4i�����n�n�f�iUqfvf�q ��r4� p�o�����Ô�qhgi�Ó�f �

� r4iÆh Ö�f�p�r4o�i Á�f�s)r4���gr4o�n¥p�Õ h�Á�hgs�q�f�n �D��i �
#   �,"�#&# �	� �
#&� ��
 � # 	���� #&� �
� r4iXh Ö)f�p�rgo�idÁ�f×s)r4���gr4o�n�Â4Ó�n�f�nvÙ hd��o�Ô�f��Of�iUq�Ô!Õ�h ��r4��qvr4�XÔ hN�Or�Á�o��,�´hÏqo�rgi\Á�f
��r4�Os)r4phgiUq�p��

� Á�oVU�Ó�n�f�iUqp Á�rg�Zhgo�i�f�pmÁ�fj��r4i�i�hgo�p�phgi���f�p¼f;:�o�p$qf�iªq��
� r4i �×r'Á�Ó�Ô�o�p�fFÁ�f�p¼p��'p�q���×f�pØp�rM��o hg�M:]r4� i�h�q���n�f�Ô�p��
� r4i Á�o�p$qn�o�Ö���f Á�f�p Á�r4i�i�Ó�f�p���Á��*��r4iUqn��4Ô�f���Á�f�p n�f�p�p�r4��n���f�p��
uFi s)f���qDp�r4��Ô�o�Â4i�f�nÇÓ�Â4hgÔ�f��×f�iªq�Ú'��fÆÔ@Õ���qo�Ô�o�p�h�qo�r4iXÁ�f�p Û ¾Q# f�iªq�nh�À�i�fd� Á�Õ���i�f

s�hgn�q��gÔ@Õ hgÖ�p�f�iP��f�Á�Õ ��i�f¥�'o�p�o�r4i ÂgÓ�i�Ó�nhgÔ�f¥f�q��gÁ�Õ�hg��q�n�f�s�hgn$q���Ô hØÁ�o �$����Ô�qÓ¥Á�f)��r4iUqn��4Ô�f�n
Á�f��Zhgi�o!�n�fFÂ4Ô�r4Ö�hgÔ�fFÔ�f p���p$q���×f��

� �� � � ��� � � ��� ��� [!� � ����\/[jW���� � � �fW�� � ����[ � W ��[ W���\ � �
� � � �  � � ��������� T


6f�p2ql�Ó�r4n�o�f�p¼Ô�o�Ó�f�p2h��M: p��'p�q���Of�pF����Ô�qo¸j,hgÂgf�iUqp�p�Õ hgs�s�Ô�o�Ú'��f�iUqØs�n�o�iP��o�s�hgÔ�f��×f�iªq
hg�M:;qÓ�Ô�Ó���r4�×�Ç��i�o!��h�qo�r4i�p�� �ØÔ!Õ &�iUqf�n�i�f�q��4hg�.��r4�O�×f�n���f¥Ó�Ô�f���q�n�r4i�o�Úª��fd� �ØÁ�f�p�hgÂ4f�iªq�p
s�ln��p�o�Úª��f�p2qf�Ô�p¼Úª��f;Ô�f�p n�rgÖ�rgq�p�� �DÔ!Õ r4s�qo��×o�ph�q�o�r4i×Á�f�p¼p��'p$q���Of�pØÁ�fvq�nhgi�p�s)r4n�q�p¼f�q
�DÔ�h�Â4f�p$qo�r4i Á�f ��Ô�o=�n�f�p��

 h p�o�����Ô hÏqo�rgiFÁ�f�p�rH��o�Ó�qÓ�r4�vÁ�Õ r4n�Â4hgi�o�p�h�qo�r4i f�p$q���i�f¯Á�f�p�hgs�s�Ô�o!��h�qo�r4i�p�Ô�f�p s�Ô���p

s�f�n�qo�i�f�iUq�f�p�� v9i f U�f�q���r4i^s)f���q p�o�����Ô�f�n;Ô h*��n�Ó�h�qo�r4i^f�q Ô�fOÙ>r4i���q�o�r4i�i�f��Of�iUq Á�f�p
p�qn�����q���n�f�pe��rgÔ�Ô�f���q�o��4f�p �Æs�hgn$qo�n�Á�Õ�hgÂ4f�iUqpÇÚª��o`Ó��Íl�h�i�Â4f�iUq Á�f�pÇo�i�Ù>r4n��Zh�q�o�r4i�p���Á�f�p
p�f�n$�'o!��f�p r4� Á�f�p Ö�o�f�i�p�f�q Ú'��o�Ó�Ô�hgÖ�rgn�f�iUq Á�f�p���r4iUqn�h�qp��SuFi s�f���q Á�r4i���p�o�����Ô�f�n`Á�f
�Zhgi�o!�n�fFÖ)f´hg����r4��sÆs�Ô���p hgÁ�Ó�Úª��hÏqfvÔ h�p�rH��o�Ó�q�Ó Ó��4rgÔ���hgiUq¼Á�hgi�p¼��i f�iª�'o�n�r4i�i�f��Of�iUq
ÁP�'i�hg�Oo�Úª��f¥o�i -���f�i���Ó�s�h�n{Ô�f�p9hd��q�o�r4i�p{f�q�Ô�f�p{o�iªq�f�n�hd��q�o�r4i�p f�iUqn�f�Á�oVU�Ó�n�f�iUqp�hgÂgf�iUqp��

��r4��n f�iRh´�4rgo�n���i �Of�o�Ô�Ô�f���nÇh�s�f�n���� f�qD�×r4iUq�n�f�n Ô�hcÁ�o��gf�n�p�o�q�ÓNÁ�f�pDÁ�rg�Zhgo�i�f�p
Á�Õ h�s�s�Ô�o=�´h�q�o�r4i�p��ª�4r4o=��o6Úª��f�Ô�Úª��f�p¼f;:�f��Os�Ô�f�p Á�f�p��'p�q���Of�p¼Ö�hgp�Ó�p¼p���n Ô�f�p Û ¾Q#.�
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� � Û �'p�q���×f Û &$¾ �Lu � 4G-m��nh 7 �

 f;�×r'Á��Ô�fvÁ�Ó��gf�Ô�rgs�s�Ó Á�hgi�pFÔ�f<��hgÁ�n�fÇÁ�fe��fÇs�n�r���f�q�� Û &$¾¿� u �h��f�p�q Ô�f;Ù>n���o�q
Á�Õ���i�f	��r4Ô�Ô hgÖ)r4nhÏqo�rgiQÓ�q�n�r4o�qfNf�iªq�n�fÆp�s)Ó���o hgÔ�o�p�q�f�p�Á�f�pOp��'p�q���Of�pO��n�Ö�h�o�i�pDf�q
p�s)Ó���o�hgÔ�o�p�q�f�p{Á�f Ô@Õ�o�iªq�f�Ô�Ô�o�Âgf�i���fmhgn$qo��,��o�f�Ô�Ô�f`Á�o�p�q�n�o�Ö���Ó�f�f�q�Á�f�p�p���p$q���×f�p`����Ô�qo¸j
hgÂ4f�iUq�p��H
9Õ�r4Ö ��f���q�o�Ù�Á��Z�Or�ÁP�Ô�f�f�p�q`Á�f¼p�o��Ç��Ô�f�n9Ô�f s�hgp�phgÂ4f¼Á�Õ ��iZs)f���s�Ô�f��×f�iªq
f�i ��o�Ô�Ô�hgÂ4f�p � ��i p��'p�q���×f�Á�f �'o�Ô�Ô�f�p¥l�o�Ó�nhgn��Íl�o�p�Ó �gÕ f�p$q�j � j�Á�o�n�f Á�f n�f�s�n�r�Á���o�n�f
Ô!Õ Ó��Of�n�Âgf�i���f f�qZÔ@Õ�Ó��4r4Ô���qo�r4i Á�Õ���i p��'p�q���Of¿Á�fÆ�'o�Ô�Ô�f�p p���nZ��i�f¿Ô�rgi�Â4��f Á���j
n�Ó�f 4!ÜgÝ4ÝgÝ^hgi�p�7;�)
6f�pNp��'p�q���×f�pN����Ô�qo�j�hgÂ4f�iªq�p×r U�n�f�iUq Á�f�pNs)r4p�p�o�Ö�o�Ô�o�qÓ�pOÁ�f
��r4i���f�s�q�o�r4iZo�iUqÓ�n�f�p�phgiUq�f�p s�rg��nmÔ�h;�Or�Á�Ó�Ô�o�ph�q�o�r4iDÁP�'i�hg�Oo�Úª��fØÁ�f�p¥p��'p�q���×f�p
Á�f��'o�Ô�Ô�f�p��)s)f�n��×f�q�qhgiUq Á�f p�o�����Ô�f�nØÁ�f�p �Íl�hgi�Â4f��Of�iUqp Úª��h�Ô�o�qh�qo�Ù>p2Á�f p�qn�����j
q��n�f hgo�i�p�o�Úª��f Á�f s�n�f�i�Á�n�f�f�i$��r4�Os�q�f¥Ô!Õ f�p�s�hd��f Á�f¥Ù h���r4iDf;:�s�Ô�o!��o�qf��4kml�hgÚª��f
f�iUqo�qÓZp�s�h�q�o hgÔ�fOf�p�qÇn�f�s�n�Ó�p�f�iUqÓ�f s�hgnv��iÉhgÂ4f�iUq�o�i�Ù>r4n��×h�qo�Úª��fDÚ'��o`Â �n�f]��i
f�i�p�f���Ö�Ô�f2Á�fØn��Â4Ô�f�p`Á�f���n�r4o�p�ph�i���f2o�iUqÓ�Â4nhgiUq¯qr4��q �vÔ h Ù>r4o�p�Á�f�pmÁ�o��×f�i�p�o�r4i�p
l�o�Ó�nhgn��Íl�o�Úª��f�f�q p�s�h�q�o hgÔ�fd�
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ÜM� ; r4Ö)rH����s ; f�p�����fO�
�Fhgi�p¯Ô�f Á�r4�×hgo�i�f�Á�f¼Ô h p�o�����Ô hÏqo�rgi ����Ô�q�o�j�hgÂ4f�iUq�p��gÔ�h ; r4Ö)rM����s ; f�p�����f2qo�n�f
p�r4iNr4n�o�Â4o�i�f Á�fFÔ@Õ�o�i�f �$�´h���o�q�ÓØÁ�f�p¥p�f���r4��n�p hd��q��f�Ô�p¥f�if�´hgpmÁ�fFÁ�Ó�phgp$qn�f i�h�q��j
n�f�Ô�o��Os�rgn�qÍh�iªq��n��r4�O�Of%��f�Ô h;h�Ó�qÓØo�Ô�Ô���p�q�n�Ó Ô�rgn�pmÁ�fFÔ h]�´h�qhgp�q�n�r4s�l�fFÁ�f +¼r4Ö�Ó
hg� e4hgs)r4i 4>r*)N��i]qn�f���Ö�Ô�f��Of�iUq`Á�fØq�f�n�n�f �.��hg��p�Ó Ô�h;�Or4n�qmÁ�fFs�Ô���pmÁ�f � Ý4Ý4Ý
s�f�n�p�rgi�i�f�p�7;�0
6f�Ö���q¯Á�f)��f)��r4iP��r4��n�p�f�p�q �Øq�f�n��Of�Á�f�s)r4���gr4o�n�hg�OÓ�Ô�o�r4n�f�n�Ô!Õ f�Ù j
�,�´hd��o�q�ÓØÁ�f�p¥p�f���r4��n�p�Ô�r4n�p`Á�Õ���i�fN�´h�qhgp�q�n�r4s�l�fN��o��'o�Ô�f �×h ��f���n�fd�M
6f�p¥p��'p�q���×f�p
����Ô�q�o�j�hgÂ4f�iUq�pFp�f���Ö�Ô�f�iUq<��qn�f×Ô�h]�×f�o�Ô�Ô�f���n�f�Á�f�p;p�r4Ô���q�o�r4i�p s�r4��nvs)r4���gr4o�n p�o�j
����Ô�f�n2Ô�h×Â4f�p�q�o�r4icÁ�Õ���i¿Â4nhgi�Áci�r4��Ö�n�fÇÁ�Õ hgÂgf�iUqpFl�Ó�qÓ�n�r4Âd�i�f�p Á�hgi�p2��i\f�i�j
��o�n�r4i�i�f��Of�iUq¯l�r4p$qo�Ô�fd�ªkmf�q�q�f2p�o�����Ô�h�qo�r4i s)f�n��Of�q��Uf�iUqn�fØh���qn�fd�UÁ�fx��n�Ó�f�n¯Á�f�p
r4��qo�Ô�p`Á�Õ h�o�Á�f�hg�H:NÁ�Ó���o�p�o�r4i�p�Á�Õ���n�Â4f�i���f���Á�f s�n�Ó�Á�o!��qo�r4iNf�q Á�f s�Ô hgi�o��,�´hÏqo�rgiX�
kmf�q�q�f]p�o�����Ô�h�qo�r4iX��Ö�h�p�Ó�f×p���nÇÁ�f�p;s�l�rgq�r4p�hgÓ�n�o�f�i�i�f�p��h��r4i�p�o�p$qf � Â4Ó�n�f�nÇ��i
f�i�p�f���Ö�Ô�fml�Ó�qÓ�n�r4Â �i�f¥Á�Õ�hgÂ4f�iUqp o�iUqf�Ô�Ô�o�Â4f�iUqp���r4�×�Of�Ô�f ��r4�O�×hgi�Á�f��×f�iªq�� Ô�f�p
s�r4�Os�o�f�n�p���Ô�f�pv��o=��q�o��Of�p���Ô�f�pÇs)r4Ô�o=��o�f�n�p�� f�q����9kml�h�����i Á�ff��f�pDhgÂgf�iUqp h��4hgiUq
Á�f�px�´hgs�hd��o�qÓ�p¼s�n�r4s�n�f�p���r4�O�×f Ô�hOn�f��Íl�f�n��Íl�f;Á�fv�'o=��qo��×f�p���Ô�fvp�hg���gf�qÍh�Â4f;Á�f
��o=��q�o��Of�p���Ô�fFÁ�Ó�Ö�Ô�hgo�f��×f�iªqmÁ�f�p��gr4o�f�p�Á�Õ h������p f�q Á�f�p�Ö���o�Ô�Á�o�i�Â4p��'Ô!Õ f;:'qo�i���q�o�r4i
Á�f�p o�iP��f�i�Á�o�f�p���f�q��d�
#Ø�Æp�f�o�i¿Á�f�pØ~�hd����Ô�q�Ó�p �2i�o��4f�n�p�o�qÍh�o�n�f�p�82rgq�n�f<�Fhg�Of�Á�f�Ô hD� hgo :ÆÁ�f]8Øhg�Ç��n��
��f¯s�n�r���f�q{h Ó�q�Ó`Ó�q��Á�o�Ó¯Á�f`�×hgi�o=�n�f9Ö�f�hg����rg��s�s�Ô���p�hgs�s�n�rgÙ>r4i�Á�o�f�s�hgn"v9�×�Of�j
Ô�o�i�f<
6f���r4iUqf�� �¼��Â4��f�p 
¯hgi¿��f�q�f�Â4l�f�� f�q%v��O�×hgiª��f�Ô"+2rH�ÍlcÁ�h�i�pØÔ�f]��hgÁ�n�f
Á�f�Ô�f���n��×Ó��×r4o�n�f��
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�Õ Ó��gr4Ô���qo�rgiÉÁ�f Ô!Õ &�iªq�f�n�i�f�qDf�qDÔ!Õ�hgs�s�hgn�o�q�o�r4iXÁ�f�pDf�iUq�n�f�s �gq�p×Á�fNÁ�r4i�i�Ó�f�p
��r4��s�Ô�Ó�f�p �]Ô hZi�hÏq��n�f�ÁP�'i�hg�Oo�Úª��f�f�q�l�Ó�q�Ó�n�r4Â �i�f Á�f Ô!Õ o�i�Ù>rgn��×h�qo�r4iNÙ>r4iUq
f�iNp�r4n$qf Úª��Õ o�Ô)f�p$q Á�fFs�Ô���p¥f�iNs�Ô���p¥Á�o	�$��o�Ô�f¼Á�fØqn�r4���gf�n�Ô!Õ o�i�Ù>r4n��×h�qo�r4iDn�ÓÐj
��f�iUqfDn�f��Íl�f�n��Íl�Ó�f×�×hgÔ�Âgn�Óvp�r4idhgÖ)r4i�Á�h�i���f�� �2i�fDh�s�s�n�rH�Íl�f s�n�r4�Of�q�q�f���p�f
�OÔ h n�Ó�p�r4Ô���qo�r4iÆÁ�f<��f;s�n�r4Ö�Ô=��Ofj��r4i�p�o�p$qf �×��q�o�Ô�o�p�f�n¥Á�f�pØhgÂ4f�iªq�pØÔ�r4Â4o!��o�f�Ô�p
Úª��o ��r'r4s5�n�f�iªq�s)r4��n2qn�rg���4f�nvÔ�hZn�Ó�s�rgi�p�f��]��i�f n�f�Úª����qfDÁ�Õ o�i�Ù>rgn��×h�qo�r4iX�

6f�s�n�r���f�q]82f�q Û #V4G82f�qc^`r4n�Ägf�Á Û rgÙyqc^mhgn�f.#ØÂ4f�iªq�p'7Ff�p$q ��i�fDh�n��Íl�o�qf���q��n�f
Á�f�p��'p�q���Of�p ����Ô�qo¸j,hgÂgf�iUqp¼s�rg��nØÔ�hZn�f��Íl�f�n��Íl�fDÁ�Õ�o�i�Ù>r4n��Zh�q�o�r4i�p¼Á�hgi�pFÁ�f�p
p�r4��n���f�p¼l�Ó�qÓ�n�r4Â �i�f�p¼f�q¼Á�o�p�qn�o�Ö���Ó�f�p�� �
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6f���r4�O�×f�n���f×Ó�Ô�f���qn�r4i�o�Úª��fOÁ�f���o�f�iUq�Á�fZs�Ô���p;f�i^s�Ô���pÇo��×s)r4n�qhgiUqj�´hgnvo�Ô
s)f�n��×f�q�Ô!Õ�hg��q�r4�ZhÏqo�p�h�qo�r4i¿Á�f�p�qnh�i�phd��qo�r4i�p ��fDÚª��o�Á�o��×o�i'��fe��r4i�p�o�Á�Ó�nh j
Ö�Ô�f��Of�iUq Ô�f�p���r���qp��S
6f�s�n�r���f�qx#Ø�P��qo�r4i 46v9i��Íl��n�f�pØ����Ô�qo¸j�r4Ö ��f�qp¥s)r4��n Ô�h
i�Ó�Â4rH��o�h�qo�r4iDhg��q�r4�ZhÏqo�Úª��fmf�q�Ô�f)��r4�O�×f�n���f�Ó�Ô�f���qn�r4i�o�Ú'��fy7{s�rg��n�p���o�q1��f�q�q�f
q�f�i�Á�hgi���f f�i qf�p$qÍhgiUq×f�qD��hgÔ�o�Á�hgiUqDÁ�f�p×s�n�rgqrH��rgÔ�f�pDf�q]hg��qn�f�p×p$qn�h�qÓ�Â4o�f�p
Á�Õ�f�i��Íl��n�f�p2Á�Ó���i�o�f�p¼Á�hgi�p¼Ô�f ��r4iUq�f;:'qfvÁ�f�p p���p$q���×f�pØ����Ô�qo¸j,hgÂ4f�iUqp��
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� ~�n�Ó�ÂUh�q�fvk¥hgi�hgÁ�o�f�i�i�f�46-mn�hgl�o�� kml�hgo�Ö�j�Á�n�h4h�f�q Û Ó�Ö�hgp$qo�f�i¿��hgÚª��f�q'7
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 f×Ö���q Á�ff��f]s�n�r���f�qÇ�'o�p�f �¿Ó�q���Á�o�f�nÇÔ�f�p;p��'p�q���Of�p ����Ô�qo¸j,hgÂ4f�iUqpvs�r4��n
Ô@Õ�o��×s�Ô�Ó��Of�iUqh�qo�r4i¿Á�Õ ��idp��'p�q���Of×Á�Õ hgo�Á�f �NÔ hNÁ�Ó���o�p�o�r4idh U�f���qÓ �ÆÔ�h]Â4f�p,j
q�o�r4iQÁ�f�p n�f�p�p�r4��n���f�p �cÖ)r4n�ÁÉÁ�Õ ��i�f]Ù>n�Ó�ÂUhÏqff��hgi�hgÁ�o�f�i�i�f]Á�f ��Ô�hgp�p�f ��# j

Z&,~H#��e�"
9Õ Ó�q��Á�fZÁ�f���f�p;Ù>n�Ó�ÂUh�q�f�p;h Ó�q�Ó×o�i�o�q�o�Ó�fDhg�Xq�nh´�4f�n�p�Á�Õ ��iXs�n�r���f�q
Ù h�o�q]f�i ��r4Ô�Ô hgÖ)r4nhÏqo�rgiRh´�4f��XÔ�h ��rg�×s�h�Â4i�o�fK
6rM�ÍÄªl�f�f�Á ¾ hgn�q�o�iHk¥hgi�hgÁ�h
4G
�¾ck)7 f�q¿Ô�fdkmf�iUqn�fQÁ�f ; f��Íl�f�n��Íl�f�pcs�rg��n Ô h �ØÓ�Ù>f�i�p�fQÁ�f 
¯hgÔ!��hgn�q�o�f�n
4@k ; � 
 7;�Ov9i Á�Õ hg��qn�f�pZ�Orgqp���Ô�fÆÖ���q]Á��Rp��'p$q���Ofcf�p�q]s�n�o�iP��o�s�hgÔ�f��×f�iªq
Á�fØÂ4Ó�n�f�n¯qr4��qf�p`Ô�f�p`n�f�p�p�r4��n���f�p]4 hgn��Of�p��ªnhgÁ�h�n�p��'p��'p$q���Of�pmÓ�Ô�f���q�n�r4i�o�Úª��f�p��
f�q���� 79Á�o�p�s�rgi�o�Ö�Ô�f�p9p���n`��iZi�h´�'o�n�f2Á�f¼Â4��f�n�n�fd�ªÁ�f qc��s)f Ù>n�Ó�Â4h�qf��'Á�f2�×hgi�o=�n�f
�\h���Â4�Of�iUqf�n p�f�pi�Íl�h�i���f�pOÁ�fNp���n$��o�fNÔ�r4n�p�Á�Õ�h�q�qhgÚª��f�p s�hgn Á�f�p �Oo�p�p�o�Ô�f�p
h�Ó�n�o�f�i�p�� �
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 fØp��'p�q���Ofj( �x# ; �%&c#N8 hÇs�rg��nmÖ���q�Á�fFÂ4Ó�n�f�nmÔ�f�p¥p�rgo�i�p`s�r4p$q�j*r4s�Ó�nh�q�r4o�n�f�p
Á�f�p�s�hÏqo�f�iUqp¥Á�Õ ��i�fØ��i�o�q�ÓN�Íl�o�n���n�Â4o!��hgÔ�f¼Á�fFp�r4o�i�pmo�iUqf�i�p�o�Ù>p���v9iNf U�f�q���Ô�fØp��'p,j
q���OfZÁ�fZÙ>r4i���qo�rgi�i�f��Of�iUqÇÁ�Õ���i�f]��i�o�qÓf�Íl�o�n���n�Â4o=�´hgÔ�fDq�r4��n�i�fNhg��q�r4��n;Á�f]Ô h
Ö�r4i�i�fe��r'r4s)Ó�n�h�qo�r4icf�iUq�n�f Á�o U�Ó�n�f�iUq�pF�×Ó�Á�f���o�i�p p�s�Ó���o�hgÔ�o�p�qf�pØf�q o�iP��n��Oo!�n�f�p
qnh´��hgo�Ô�Ô h�iªq×Á�hgi�pNÁ�f�pNÁ�rg�Zhgo�i�f�pZÁ�o�p$qo�iP��qp��)
6f\s�hgn$qÍhgÂ4f¿Á�f\Ô!Õ o�i�Ù>rgn��×h�qo�r4i
f�iUqn�f%��f�p¥hgÂgf�iUqp`f�p�qmÁ�r4i����´hgs�o�qÍh�Ô�s�r4��nmhgp�p���n�f�n`��i×q�nhgo�qf��Of�iUq¯f �$��hd��f h��
s�h�qo�f�iUq��gkml�hgÚª��f�n��4Ô�f`o��Os�rgn�qÍh�iªq�r4� Á�Ó�s�hgn$qf��×f�iªq{f�p�q{Á�r4i��¥n�f�s�n�Ó�p�f�iUqÓ s�hgn
��iÉhgÂ4f�iUq �¿s�h�n�q�f�iUqo!�n�f×Ú'��omÁ�r4o�q�Ù hgo�n�f×s�n�f����gfNÁ�f ��r�rgs�Ó�nh�q�o�r4iXÔ�r4n�p�Úª��Õ o�Ô
�4f���qØ��q�o�Ô�o�p�f�nmÔ�f�p p�f�n��'o!��f�p¼Á�Õ h���qn�f�p¼hgÂ4f�iªq�p¼hg� p�f�o�iÆÁ�fvÔ@Õ�f�iUqn�f�s�n�o�p�f��
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� � Û �'p�q���×fj#%�Nv��1a 46u�Õ - ; & v18 f�q2egf�i�i�o�i�Âgp'7
#N�Nv��2a r4� #�Á���hgi���f�Á �Øf���o�p�o�rgi v9iU�'o�n�r4i��Of�iUq Ù>r4nd��n�rM��f�p�p a�hgp�Äªpdf�p$q
��i s�n�r���f�qZÁ�r4iUq]Ô@Õ�r4Ö ��f���q�o�Ù f�p�qZÁ�f¿Á�Ó��4f�Ô�r4s�s)f�nZ��i p��'p$q���Ofco�i�Ù>r4n��×h�q�o�Úª��f
h���i Á�Õ hgp�p�o�p�qf�n¿Ô�f�p f�iUqn�f�s�n�o�p�f�pcÁ�h�i�p Ô�f���nÆs�n�rM��f�p�p���pcÁ�Õ�h U�hgo�n�f�p��¼kmfQp��'p,j
q���Of¼s�n�f�i�Áf��rg�×�Of s�n�o�i���o�s�f Úª��fØÔ�f s�n�rH��f�p�p���p¥Á�Õ�h U�h�o�n�f�p�f�p�qm��iZf�i�p�f���Ö�Ô�f
Á�Õ h�Â4f�iUqp Úª��o6i�Ó�Â4rH��o�f�iUq f�q¼Úª��o6rXU�n�f�iUq Á�f�p2p�f�n$��o=��f�p��S#Ø� ��i�h�Ô ��Ô�f�p�Â4f�p�qo�r4i�j
i�hgo�n�f�pOÁ�fcÔ@Õ�f�iªq�n�f�s�n�o�p�f¿Á�f��'nhgo�f�iUqNh´�gr4o�nO��i�fc�Of�o�Ô�Ô�f���n�f ��r4i�i�hgo�p�phgi���fcÁ�f�p
o�i�Ù>r4n��ZhÏqo�rgi�p�s�n�r»�4f�i�hgiUq¼Á�fFÔ�f���n�p¥Á�Ó�s�hgn�q�f��Of�iUqp�f�q���Á�rgi��d���×o�f��M:]hgÁ�hgs�qf�n
Ô�f���n�p�s�n�o�p�f�p Á�f�Á�Ó���o�p�o�r4i f�i Ù>r4i���qo�rgiÆÁ�fvÔ�f���n�p p�qn�h�qÓ�Â4o�f�p��
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 Classe Prédicat Fonction 

Envelope 
Time gen-time {static} 
Time-list toas 
Time-list e-toas 
Time-list l-toas 
Integer segment 
Waypoint next 
Boolean deviated = false 

on-time(Locn,Time){eval} 
Time eta(Waypoint){eval} 

Flight Plan 

envelope 
{inverse = flightplan} 

gen-time(Envelope,Time) 
toas(Envelope,Time-list) 
e-toas(Envelope,Time-list) 
l-toas(Envelope,Time-list) 
segment(Envelope,Integer) 
next(Envelope,Waypoint) 
deviated(Envelope) 
 
on-time(Envelope ,Locn,Time) 

envelope(Flightplan,Envelope) 
flightplan(Envelope,Flightplan) 

Time gen-time(Envelope) 
Time-list toas(Envelope) 
Time-list e-toas(Envelope) 
Time-list l-toas(Envelope) 
Integer segment(Envelope) 
Waypoint next(Envelope) 
Boolean deviated(Envelope) 
 
 
Time eta(Envelope,Waypoint) 

Envelope envelope(Flightplan) 
Flightplan flightplan(Envelope) 

Name flight {static} 
Name profile-name {static} 
Boolean verified 
Integer priority = 2 
Altitude cruise-alt 
Locn origin 
Waypoint-list path 
Time lta {optional} 
 
on-path(Locn) {eval} 

Flight(Flightplan,Name) 
profile-name(Flightplan,Name) 
verified(Flightplan) 
priority (Flightplan,Integer) 
cruise-alt(Flightplan,Altitude) 
origin(Flightplan,Locn) 
path(Flightplan,Waypoint-list) 
lta(Flightplan,Time) 
 
on-path(Flightplan,Lovn) 

Name flight(Flightplan) 
Name profile-name(Flightplan) 
Boolean verified(Flightplan) 
Integer priority(Flightplan) 
Altitude cruise-alt(Flightplan) 
Locn origin(Flightplan) 
Waypoint-list path(Flightplan) 
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f�Ô�Ô�f�p p�rgiªq�Á�Ó;��i�o�f�p s�h�n�Á�f�p ft:�s�n�f�p�p�o�r4i�p�n�Ó�Âg��Ô�o=�n�f�p�� hg��Â4�×f�iUqÓ�f�p Á�f¯Ô!Õ r4s)Ó�n�h�qf���n Á�f
n�Ó�s)Ó�q�o�q�o�r4i�o�iP��i�o�f 4��J7;� 
6f�p ��r4�Os�r4p�hgiUqp9hÏqr4�Oo�Úª��f�p{Á�f)��f�p�f;:�s�n�f�p�p�o�r4i�p�p�r4iUq�p�r4o�q
Á�f�pØhd��q�o��'o�q�Ó�p��)p�rgo�q2Á�f�p2s�n�rgq�rM��r4Ô�f�p��z
6f�pFrgs�Ó�nh�q�f���n�pØ��q�o�Ô�o�p�Ó�p¼s�hgn%��f�pFft:�s�n�f�p�p�o�r4i�p
n�Ó�Âg��Ô�o=�n�f�p�p�r4iUq¼Á�Ó;��i�o�p Á�h�i�p Ô h.��Â4��n�f;ÜM� � �

 Opérateur 
 
x , y 
x | y 
x* 
x+ 
x∞ 
[x] 
x || y 

Interprétation 
 
x suivi de y 
x ou y surviennent 
x survient 0 ou plusieurs fois 
x survient 1 ou plusieurs fois 
x survient une infinité de fois 
x est optionnel 
x et y simultanément 

�`wyx���ÜM� � � uFs�Ó�nh�q�f���n�p Á�f�p¼f;:�s�n�f�p�p�o�r4i�p2Á�f �'o���hd��o�q�Ód�
; f�s�n�f�i�r4i�p Ô!Õ f;:�f��×s�Ô�f�Á�� � "�� �����  � ���
�t� Û h � �," � �� 
�� ���&  ����
 �  ��r4i�p�o�p�q�f��

n�f��Os�Ô�o�n9Ô hv�Zh��Íl�o�i�f �<��h�Ù>Ód� �;f�iNo�i�Ù>r4n��×f�n¯Ô�f�p¯qnh´��hgo�Ô�Ô�f���n�p�� �v�gÓ�n�o���f�nmÔ�f¼p�qrH�ÍÄOÁ�f
�´h�Ù>Ó f�q]��i�hgÔ�f��×f�iUq�Á�Õ hÏq�qf�i�Á�n�fOÚª��fDÔ�h]�Zhd�Íl�o�i�f�� �´hÏÙ>ÓOp�r4o�q � i�r4���4f�hg�X�'o�Á�fd��f�q
qr4��q���f���o�Á�hgi�p ��i�f�Ö)r4����Ô�f o�iP��i�o�f���kmf���o�f�p�q¼f;:�s�n�o��OÓ Á�f�Ô h��×hgi�o=�n�f p���o���hgiUq�fO�

kmr U�f�f´~ o�Ô�Ô�f�n�� 4 ~ o�Ô�Ô � &�i�Ù>r4n��%gQrgn�Ägf�n�p�� kml�f��ÍÄ Û q�rM�ÍÄ"� #9^¥hgo�q'v9�Os�qc�P7��
8¼rgqrgi�p Úª��f Ô�f�pDh���qo��'o�qÓ�p p�r4iUqOÁ�o�p�qo�i�Â4��Ó�f�p Á�f�pDs�n�rgq�rM��r4Ô�f�p�f�i Ó�qhgiUqDp�r4��Ô�o�j

Â4i�Ó�f�p��

6f�p � �," � �
 
�  ��� � ��
	��
 �  p�r4iUq�Ô�f�pmo�iª��hgn�o hgiUq�p`Úª��f Á�rgo�q`n�f�p�s�f���q�f�n���iNn��4Ô�f��'f�q

p�r4iUq¼n�f�s�n�Ó�p�f�iUq�Ó�f�p2s�hgn ��i�f�Ô�o�p�q�fFÁ�f�s�n�Ó�Á�o=�´h�q�p���Úª��o6p�rgiªq¼Â4Ó�i�Ó�n�hgÔ�f��×f�iUq f;:�s�n�o��×Ó�p
p���n�Ô�f�pF��hgn�o�hgÖ�Ô�f�p Á�Ó���i�o�f�pvÁ�hgi�p�Ô�f�pvs)f�n��×o�p�p�o�r4i�p��X�Fh�i�p;i�rgqn�fOft:�f��Os�Ô�f Á�� � "�� �
� �����  � ���
�t��o�Ô¯Ù h���q�Úª��Õ��¿qr4��q��Or4�×f�iUqÇÚª��fNÔ�f×p$qrH�ÍÄQÁ�ff��h�Ù>Ó]p�r4o�q;s�rgp�o�q�o�Ù ����fZÚ'��o
f;:�s�n�o��×Ó ��r4�O�×fFp���o�qv�
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8¼r4��pÇs)r4���gr4i�pvÁ�r4i��×�Zh�o�iUqf�i�hgiUqvÁ�Ó���i�o�nj��f×Ú'��Õ�f�p�q�Ô�f � " � � ��� ��� � 	������;� �¼i
�Or'Á��Ô�f×Á�f×n �4Ô�f�p;f�p�qe��r4�Os�rgp�ÓZÁ�Õ���iQf�i�p�f���Ö�Ô�f]Á�f×p��Íl�Ó��ZhgpÇÁ�f]n �gÔ�f�p�� 
 h	��Â4��n�f
ÜH� � n�f�s�n�Ó�p�f�iUqf ��icp��Íl�Ó��Zh]Á�fÇn �gÔ�fvÂ4Ó�i�Ó�n�o�Ú'��fd�5
�hi��Â4��n�f ÜM� � Úª��hgiUq �Zf�Ô�Ô�f�f�p$qFÔ�f
p��Íl�Ó��×hDÁ�f�n �4Ô�f Á�f�Ô!Õ f;:�f��Os�Ô�f Á�� � "�� �����  � ���
�t�

Schéma de rôle :   Nom du rôle 

Description   description informelle du rôle 
Protocoles et Activités Protocoles et activités dans lesquels le rôle intervient 
Permissions   Droits associés au rôle 
Responsabilités 
 Liveness  Liveness properties du rôle 
 Safety   Safety properties du rôle 

�`wyx���ÜH� � � Û �Íl�Ó��×hDÁ�f�n �4Ô�fFÂ4Ó�i�Ó�n�o�Úª��fd�

 Schéma de rôle :  COFFEEFILLER 

Description :    
Ce rôle consiste à assurer qu’un récipient est toujours rempli de café, et 
à informer les travailleurs quand du café frais a été fait 

 
Protocoles et Activités : 
 Fill, InformWorkers, CheckStock, AwaitEmpty 
 
Permissions : 
 reads    supplied coffeeMaker  // nom de la machine à café 
      coffeeStatus             // plein ou vide 
     changes  coffeeStock              // niveau de stock de café 
 
Responsabilités 
Liveness :  
 COFFEEFILLER = (Fill.InformWorkers.CheckStock.AwaitEmpty)∞ 

  
Safety  : 
 coffeeStock > 0 

�`wyx���ÜM� � � Û �Íl�Ó��×hOÁ�f�n��4Ô�f Á�f;kmrXU�f�f�~ o�Ô�Ô�f�n��



� W ��� � � ��� ����� � � ��� � � 	 � � � � ���� ����� � ��������$	�� � � � �


 l � ?Zq HEwlKq@Q �M�zAyl0p4�+�dA��G? �"B

6f �Or�ÁP�Ô�f;Á�Õ o�iUqf�nhd��qo�rgi�p Á�Ó���i�o�q Ô@Õ�f�i�p�f���Ö�Ô�f�Á�f�p � �,"�� " ��"������DÔ�o�hgiUqFÔ�f�p Á�oVU�Ó�j

n�f�iUq�p�n �4Ô�f�p¥Á�� p���p$q���×f��,��f�p��$���Of�p�s�n�rgq�rM��r4Ô�f�pmÚª��o�p�r4iUq2��qo�Ô�o�p�Ó�pms)r4��nmÔ hÇÁ�Ó;��i�o¸j
qo�rgiNÁ�f�p.�,��� �&"�# � �(�  �  ����FÁ�f�p n��4Ô�f�p�Á�hgi�p Ô�f � " � � ��� ���.�
	������;�,
6f Ö���q � ��f i�o��4f�hg�
��o�i�Õ f�p�q;s�hgpvÁ�fOÁ�Ó���i�o�n�Ô!Õ f�i�p�f��ÇÖ�Ô�fOÁ�f�pv�Of�p�p�hgÂ4f�p;Ó��Íl�hgi�Â4Ó�pÇf�iªq�n�f×n �4Ô�f�p�Á�fO�ZhÏj
i�o!�n�fFft:�l�hg��p�q�o��gfd�,�´h�n¥i�r4��p�i�Õ�f�iÆp�r4�O�×f�pmqr4� ��r4��n�p�Úª��Õ�� Ô hÇs�l�hgp�f Á�Õ hgi�hgÔ=�'p�f��,
 h
Á�Ó���i�o�qo�r4iNÁ�Õ ��iÆs�n�rgq�rM��r4Ô�f ��r4i�p�o�p�q�f�Á�r4i�� � Á�Ó���i�o�n���iÆf�i�p�f��ÇÖ�Ô�f�Á�Õ�h�q�q�n�o�Ö���qp �

� Ô�f � 	+�G��Úª��o9��r4i�p�o�p�q�f �]Á�Ó���n�o�n�f Á�f��×hgi�o=�n�f;qft:'q��f�Ô�Ô�fÇÔ hZi�hÏq��n�f�Á�f Ô!Õ o�iUq�f�n$j
hd��q�o�r4i

� Ô!Õ� #& ��!� � �
	��;�ªÚª��o)f�p$q¥Ô�f 4 p�7¯n �gÔ�fn4>p'79n�f�p�s)r4i�ph�Ö�Ô�f 4 p'7�Á��]Á�Ó��Zh�n�nh�Â4f2Á�fØÔ!Õ o�iUq�f�n$j
hd��q�o�r4i

� Ô�f)�
 �&"�# ���
	��;��Úª��o f�p�q¼Ô�fn4 p�7mn �4Ô�fn4>p'7¥h´�4f��;Úª��o6Ô 4 f�p�7¥o�i�o�qo hÏqf���ny4 p�7¯o�iªq�f�n�hgÂ4o�q
� Ô�f�p �
#&�!�
����;��Ú'��o2p�r4iUqZÔ�f�pOo�i�Ù>r4n��ZhÏqo�rgi�p���q�o�Ô�o�p�Ó�f�pDs�hgnOÔ!Õ o�i�o�qo�h�qf���nÇf�iR�'��f
Á�Õ Ó�qÍh�Ö�Ô�o�n¥Ô!Õ o�iUqf�nhd��qo�r4i

� Ô�f�p � "���������;�¯Úª��oØp�r4iUq Ô�f�pZo�i�Ù>r4n��×h�qo�r4i�p Ù>r4��n�i�o�f�pZs�h�nZÔ�f n�Ó�s�r4i�Á�f���nZr4� �
��f�Ô���o¸jc��o

� Ô�f�p�� �," �������
 # 	��;��Úª��o/��r4i�p�o�p$qf�iUq �cÁ�Ó;��i�o�n�Ô�f�p�Á�oVU�Ó�n�f�iUqf�p s�n�rH��Ó�Á���n�f�pDÚª��f
Ô!Õ o�i�o�qo�h�qf���n`f U�f���q���f;s)f�i�Á�hgiUq¼Ô!Õ o�iUqf�nhd��qo�rgi

#2o�i�p�o �ªÁ�hgi�pmÔ�f��´hgp`Á�fØÔ@Õ�ft:�f��Os�Ô�f¼Á�� � "�� �����  � ���
�t�UÔ�fØs�n�rgqrH��r4Ô�f¼~ o�Ô�Ô�f�p�q¥Á�Ó���i�o
Á�f�Ô h��×hgi�o!�n�f p���o���hgiUqf �

Fill 

CoffeeFiller CoffeeMachine supplied coffeeMaker 

Fill Coffeemachine 

___ coffeeStock 

�¯wyx���ÜM� W � �9n�rgqrH��r4Ô�f�~ o�Ô�Ô �
kmf���o�Á�Ó���i�o�q2Úª��fÇÔ�f;s�n�rgqrH��rgÔ�fv~ o�Ô�Ô�f�p$qFo�i�o�q�o�Ó s�hgn¼Ô�f�n��4Ô�f � "�� �����  � ���
��f�qFo��Dj

s�Ô�o�Ú'��f]Ô�fNn��4Ô�f � "�� ����� ����
� # �;�9�2��nhgiUqi��f�q�q�f o�iUqf�n�hd��q�o�r4iR� Ô�fZn �4Ô�f � "�� �����  � ���
�
f�p�qØhg�Of�i�Ó �Dn�f��Os�Ô�o�n�Ô hD�×hd�Íl�o�i�f �$�´h�Ù>Ó 4 �  � � ��"�� ��� � ����
� # ��7t�S
 fvn �gÔ�f � "�� �����
�%����
� # ��f�p�q¼o�i�Ù>r4n��OÓFÚª��hgiUq �OÔ���o�p���n Ô hÇ��hgÔ�f���n�Á�f ��"�� ����(*� " ��'3�
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s)r4���gr4i�p¼f;:�hg�Oo�i�f�nO��rg�×�Of�iUq Ó�Ô�hgÖ)r4n�f�n)��f�p¼�Or�Á��Ô�f�p��

� " � "�� - , A-58(+=?,/.'. �-. *�%).@2�.@: �+.�,
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�Íl�hd����i¿Á�fj��f�p n �4Ô�f�p

� ��r4��n.�Íl�hd����i Á�f�p n �gÔ�f�p�� o�Á�f�iUqo���f�n;Ô�f�p�� �,"�� " ��"������Nhgp�p�rM��o�Ó�p��{hgo�i�p�o`Úª��fNp�f�p
hd��q�o��'o�q�Ó�p��P# ��f�p�qÍh�Á�f�j ��o ��r4i Á�o�p�s�r4p�f�Á�Õ���i � " � � ��� � �  #&� �
� ���
���"�# �

� # s�hgn�q�o�nFÁ�� � " � � ��� � �  #&� �
� ���
�!�"�# �;��Ó�qhgÖ�Ô�o�nØÔ�f � " � � ��� ���)� 	������$��r4�Os�Ô�f�q��
h»�gf��vs�rg��n)�Íl�hd����i¿Á�f�p n �4Ô�f�p p�f�p¼s)f�n��×o�p�p�o�r4i�p�f�q¼p�f�p n�f�p�s)r4i�p�hgÖ�o�Ô�o�q�Ó�p

¾¿h�o�iUqf�i�hgiUqNÚª��fcÔ�f�pZ�Or'Á��Ô�f�pOÁ�fcÔ!Õ Ó�qhgs)f Á�Õ�hgi�h�Ô=�'p�fcp�r4iUqf��r4i�p�q�o�q���Ó�p��mi�r4��p
s)r4���gr4i�p¼Ó�q���Á�o�f�n�Ô�f�p��×r'Á��Ô�f�p�Á�f�Á�f�p�o�Â4iX�
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6fDÖ���qvÁ��d�×r'Á��Ô�f�Á�Õ�hgÂ4f�iUqp�f�p$qÇÁ�fDÁ�Ó;��i�o�n Ô�f�p)� � �&��� � � � 	��
#&� �OÁ�� p���p$q���×f��

h�o�i�p�o)Úª��f2Ô�f�p  # �
��� # ����� � � � 	��
#&� �ØÚ'��o�p�f�n�rgiªqms�n�Ó�p�f�iªq�f�p��vÔ!Õ f;:�Ó�����qo�r4iX�H
6fØ�Or�Á��Ô�f
Á�Õ hgÂgf�iUq ��rgi�p�o�p�qfZÁ�r4i��]f�iÉ��i hgn�Ö�n�f]Á�fZqc�'s�f�p�Á�Õ�hgÂ4f�iUq�p���kml�h�Ú'��f]qc��s)f]Á�Õ�hgÂ4f�iUq
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6f�p¼n�f�Ô�h�qo�r4i�p
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q�f�Ô�pvÚª��fOÁ�Ó;��i�o�p�Á�h�i�p�Ô�f � " � � ��� ��� �
	������;�Z
6f�pvi�r'f���Á�p<��r4i�p�o�p�q�f�iUqvf�iQÁ�f�p � � �&���
� � � 	��
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6f�p  # �
��� # �����
� � � 	��
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� � �&��� � � � 	��
#&� � s�hgnN��i�f �´hgn�Á�o�i�h�Ô�o�q�Ód�¯o�i�Á�o�Úª��hgiUq hgo�i�p�o2Ô�fci�r4��Ö�n�f\Á�Õ h�Â4f�iUqpNÁ�f
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abstract 
observables 

solution 
abstractions 

observables solutions 

 

 

 

heuristic 
 match 

abstract refine 

Tâche : diagnosis 
But :  trouver les causes qui expliquent 

le symptôme 
Entrées :  observables : ensemble de 

symptômes observés 
Sorties :  solutions : ensemble de causes 

identifiées 
 
Corps de la tâche :  
 Contrôle : abstract()  
   match() 
   refine() 
  Couche de la tâche 

Couche d’inférence 

Données patient 

temp : REAL 

Maladies 
Infectieuses  

indique 

Couche du domaine 
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Traveller System 

Request_Flight(dd,ad,destination) 

Answer(num_flight) 

Sorry(cause) 

alt 

msc TRAVELLER-REQUEST 
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Crée, Modifie les goals

  Basic Actions (statiques)

PR-rules(statiques)

Beliefs(dynamiques)

Goals(dynamiques)

             Ajoute, Supprime les beliefs
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PR1 : non p <- c       | p
PR2 : p        <- non c| non p
PR3 : p        <- c       | action1 ; p
PR4 : non p <- non c| action2 ; non p

BA1: {c}        action1       {non c}
BA2: {non c} action2       {c}

G= non p

B= c

INTERPRETEUR

�����
	Jdyr ^ � ��xy#�5W. !$#{*,+c#NxyM=<�')(C/$FA��* #]!e+c/$�P(>#=3C. 39M=(>#=' 3 ^7^6f4g
� �t(>�7.J#z` \ HI#=!$/1# �oH"�7�9#�� <]#=( �{FP�7!$H"�7�9#���� FA��.
� �t(>�7.J#W|�\v^:. . !$/102' # ���#I%��� HI#=!$/$# �oH"�7�9#���<]#=(��{FP�7!VHI�7�C#���.
� �t(>�7.J# �X\)^:. . !$/102' # ��������� HI#�!1/$# �oHI�7�C#���<�#N( �{FP�7!VHI�7�C#����7<N(>/1FA�,|8tK.
� �t(>�7.J#B^ \v^:. . !$/102' # � �FI%��� HI#�!1/$# �oH"�7�C#���� FA��<]#=( �{FP�7!VHI�7�C#���.
� �t(>�7.J#{b \)^6.). !$/10K')#�����]���� HI#=!$/$# �oH"�7�9#����)FA� <{#=( �{FP�7!$H"�7�C#����)FA��.
� �t(>�7.J#4d]\S^:. . !1/$02' #	�����F�	� HI#=!$/1# �oH"�7�9#�� � F7�B<Y#N( �]FP��!VH"�7�9#����7<N(>/1FA���Rt

�'()�D�
� �t(>�7.J#B� \v^:. . !$/102' # � ��]���� HI#�!1/$# �oH"�7�C#���<]#=(��]FA�7!VH"���C#���� FA��.
� �t(>�7.J#U� \ �{F7(>F��Q(>�7.[#�|
�&FA' �{3C#=5X��3C02' FA� �60K')#�<�#=(]#mxy#�5W. !$#O%JFA' <=!$#�R;<�#U0K')/Q#��~(]' � #O* #=�{<S�73C�7<=(CM�39/$�~_

(C/$02' #=��!$#���.)!$' �O/15�.JFA3~(E�7�P(>#�*,+c' ��!$�7� GP��GA#X* # .)3CFAGA3C�75W5X��(C/$FA��<�F75�. !1#=(�r `��7/1��R
.JFA' 3��7393C/1?7#�3��U<�#:02',+w')� . 3CF7GA3>�75W5W#&�9#:(C#�3C5W/$�)#:/1! �o�7')(��C/$5W. !1#�5W#��P(4')(>/1!$/$�9#�3Y* #=�
f"b"_a39' !$#=�Z* #{(>#�395�/1�v�7/1�CFA�,Ry<7+c#��~(���* /13C#{02' /�� #].JFA�C�98�* #=�2(6.v�7�Z* #]%JFy* #Ar



|}`�� �������������
	���� � 	 � ��������
	���	����������
��������������! "��� �

&ZY�� - 0 2�� 0	� � 0<��� 3�� \ �<0�� 240�2�3 5�798:-

H���S�O���Q���@2J6J
	6Q�H�Q����������� � G ������	�Q�H��� G �
������ ���6��Q G � ��� � ������ ������ G �
O�S�Q����Q G � ����� O�S�Q���� G �
���� �6��Q G � ����� ���� ���� G �

	6Q�H��� G ��@2J6J
	6Q�H��� G �����

	6Q�H��� G ���8@ J6J�	�Q�H�Q�����������
� ���
L 	�Q6H��� G �!� ������	�Q�H�Q�������)����� ���

	6Q�H�Q�����������+@ J�J H�����	�S�"�#������%S�"8��Q�	����%S�"DH S G ��	�S�"�#�������S�"
L 	�Q�H�Q�����������

H�����	�S�"�#������%S�"�@ J6J ��C�� ;������� G � ��E��

H S G ��	�S�"�#�������S�"�@ J6J ��C�� Q�#�#'J�#��� �6���'J��� G � ��E��

Q�#�#'J$#��� �6���'J��� G �A@2J6JKQ�#�#'J$#��� �6���'J��������
L Q�#�#'J�#��� �6���'J��� G � �����
Q�#�#'J�#��� �6���'J��������

Q�#�#'J$#��� �6���'J��������:@2J6JKQ6��S%�
L&"�S��8Q���S%�

��Q�	����%S�"9@2J6J���Q�	�"6Q���� ��= � H�Q ���� G ��� F �

������ ������ G �+@ J�J ������ ������ G ���'�

������ ������ G ���9@2J6J)Q���S(� � ���
L ������ ������ G �!�PQ���S%� � ���

O�S�Q���� G ��@ J6J,O�S�Q� � ���
L O�S�Q���� G ��O�S�Q� � ���

���� ���� G ��@ J6J ���� ���� G ���'�

���� ���� G ���8@ J6J ���� � � � �
L ���� ���� G ��� ���� � � � �



� ����� � � �
����� �����1�
	 � � � �� ������	  ��� � ��� )

���� ��@ J6J�����Q�#9Q ����S%;�O%��Q ��# �2L � ��S�#��
L Q�����S%;�O%��Q ��# �$L � � S(#��
L�����Q�#8Q ����S%;�O%� Q ��# �2L �

����Q�#�@ J6J�����Q�# G ��"�O���
L�����Q�# ��	��	����Q�# G ��"�O� �
L�����Q�# �$L6L �
����Q�# G ��"�O� �
L�����Q�# ��� �	����Q�# G ��"�O� �

����Q�# G ��"�O� �+@2J6J/O�S�Q� G ��"�O� �
�Q ��"6Q�� �

O%��Q ��#�@ J�J ;����

��S(#���@ J6J,O�S�Q�

O�S�Q�9@ J6J,O�S�Q� G ��"�O���
L O�S�Q� ��	�� O�S�Q� G ��"�O� �
L O�S�Q� �2L6L � O�S�Q� G ��"�O���
L O�S�Q� ��� � O�S�Q� G ��"�O� �

O�S�Q� G ��"�O� �+@2J6J G � ��H� ��O�S�Q�
L G�� ��H
L ����;����D������"8O�S�Q� G ��"�O���
L ����;����D������"8O�S�Q� G ��"�O��� �� G �9O�S�Q� G ��"�O���
LN;�������D;���� # S�O�S�Q� G ��"�O� �
L ����O ��"��PO�S�Q� ��"�#

G � ��H����O�S�Q��@2J6J H�����#�"6Q���� ��=�� H�Q ���� G � � F �
L ��Q�	����%S�"
LN;���� � ���

;������� G ��@ J6J ;����
LN;������� G � ����� ;����

;����9@ J6J/Q���S%�
L ��� � ;���� �����
LN;����DQ�"�#�;����
LN;����8S ��;����
L&"�S���;����



� ��� �������������
	���� � 	 � ��������
	���	����������
��������������! "��� �

Q6��S%��@ J6JKH�����#�"�Q���� ��=�� H�Q ���� G � � F �
L H�Q���� ��� � H�Q �
L H�Q���� � @�� H�Q �
L H�Q���� � B�� H�Q �

H�Q ���� G ��@2J6J H�Q ���� G �����

H�Q ���� G ���8@ J6JKH�Q �
L H�Q����� G �!� ����� H�Q �

H�Q �9@2J6J H�Q ���
L H�Q � � J � H�Q �
L H�Q � ��� � H�Q �
L H�Q � � � � H�Q �
L H�Q � � ��� H�Q �
L&�(��"�	����%S�"�"�Q���� ��= � H�Q ���� G ��� F �

H�Q ���P@ J6J
"(���
L 	�S�" G ��"6Q����
L��Q���"6Q����
L ��= � H�Q�� � F �

H�����#�"6Q�����@ J6J
�S%;������$#���"��

����"�	�����S�"�"6Q�� �+@ J6J
�S%;������$#���"��

	�S�" G ��"�Q�����@ J6J
�S%;������$#���"6�

�Q ��"6Q�� ��@2J6J ��H6H�������#���"��

��Q�	�"6Q�� ��@2J6J ��H6H�������#���"��

��H6H�������#���"��+@ J�J � Q'J���� � �I# J��6Q$J���� J�	�� �2�

�S%;�������#���"��+@ J�J �?#2J���� �?#2J��6Q$J��
� J�	�� �$�



� ��������	���	 � � � 	/��	����������
����� 	  "��� � � � �

& Y���� � � 3 � �-��3 � 3 � � �42 � 0	� � 3 5�768:-

'
	�����
�������������������	���������! ��"����	�#��%$������ ^'&)(
*,+.-/��0���1�2$��435�%��6����7&8� ���/�
� ��9 �:+.��-�;0	���6'$��<�1��������	�=���>/�"�� ��?�0��A@��/��A@��B���! ��? �-������2$'#��C ��?=D	��!=D��;1�2$��4���
$'#����<�FEG� �<H ;��1 �-�����$��I$'�J�K 2$���;8���L��	��� ��1�	���;0�%�M�%��-1 ��1����	���;N� #5�D��;) �� �O-����/�<�%;K ��
�/	����/;QPR ��/; �/	����/;S�	��J�����2$'�J�T���/;U=O	��4=O�/;.VJ���W�YXZ$�#��/�<�T �	����U���/�0�%���,�/�4;0-����������-�+F ��/;
�/	����/;4�	��J�����2$'�J�1 ��/;4���������0��;[�����G��$���A@���;�;�$�=����/;\�2$��[�YXZ$�#����<��+]�/�1 ���; ��	�����;4����=��0��;
'XZ�/;0�_^a`b^c ����0�d���\�	��<�%�/�2$��<�8���]�����/���0�d���]=O	��!=O�'e

*]�[����	�#��%$����"�K����-/;����<��-4��f^g ��/;�;0	���;����[�	���/���0���1VJ�hXi���j$�#����<�8$�#���;�;�$��<�8;0�����
 �$���;d;�	��k���<65����	������������<��+h�?$'��;K/�/�\�����/�"�����!�D	����0�%$��M��E��%���l-��%�/�� ��m`n������;����/����;
$'#����<�%;IEo� � +Z� � +Me�eMe�+i��� H VJ���5;�����$����/�<�pI$'�2$�=�����;S ��q�	��"�!������VJ���/�.�/�<�%���q�����Oe�rq��;,$���%�/;
 ��"/	��"�4�������$'�%��	��k�D	���6'$��<� E��%�0�";0���������/�"�/�J�\ �-<;2����;[65��$s ���;!$'/�%��	���;\ ���=2$�;0�
	��t ���;NI$��2$'�����-�;/e

(T$��C�������������B���u$�#����<��$ #<$��<�� �-�/	���6����0�"�����s=D	��!=D�s`k�YXi�������v$�/�������<�! ��
/	�	��� �	�����-���Ew�O+ # H ���\�YXZ$"#�$��<�d �-/���v$�/-��!�/�xE � + �<H �D	����0�%$��M�)�/�J6�	"#����\���y����;0;%$�#��!`
��	���;����/;N$�#����<��;8����;�������;N����	5A@���;8 ��\�����]�D	��������/;N$R6����_�%����VJ���[�YXi�������v$'��������<�z ��
/	�	��� �	�����-��/;REw�O+ # H �/;0�8;�{����/�NVJ�hXi���h���[ �	����z �	���\������;
E��%�0�\65��;�����-�e

|N�?$�#����<�
���/��/6'$��<�W�����"�/;�;�$�#��z�D	�������$ _0��#����, ��z�v$)�D���0�������/����� ��z/�/�0�%����	���^
6��������d�����G	����"$'�%��	��n���� ��\�v$l�	�� ;}$���/�1VJ�hXi���h�D�����K$'��	��� ��/�8`l�:XZ�����D-� ����%�/����eDrq�������
��	���6��/�����"�����G	����"$'����	��k�D	����0�%$j$'��	��0;�E��%�0�n$ _0	����%-��"	��~��	��~ 2$'��;4;�$j����	�������=2$�;0�
 ���;N���	"#�$�����/;�e

	�Q�H�Q����������� � G �

C. (
&$(
� =I ���L��� ��F � �6� = ���a�:J���F � "�S��A�)�2()� � =I ��� ��� �'F"E
; ���)� = F

C "�S��P (
&$(
� =I ���a��� ��F �  ()&$(%� =I ���k�+J�� � �'F�E��

C. (
&$(
� =I ���L��� ��F � �6� = ���a���D��F � "�S��+�)�$()� �>=I ��� ��� ��F,E
��#��)� = F

C "�S��P (
&$(
� =I ���a��� ��F �  ()&$(%� =I ���k� ��� � �'F,E��

C. (
&$(
� =I ���L��� ��F � �6� = ��� � J���F � "�S��A�)�2()� � =I ���k��� � F,E
" (%���< = F

C "�S��P (
&$(
� =I ���a��� ��F �  ()&$(%� =I ���k��� �AJ���F,E��

C. (
&$(
� =I ���L��� ��F � �6� = ��� � �D��F � "�S��+�)�$()� �>=I ���L��� �2F,E
G ()����< = F

C "�S��P (
&$(
� =I ���a��� ��F �  ()&$(%� =I ���k��� ���O��F,E��



� � � �������������
	���� � 	 � ��������
	���	����������
��������������! "��� �

C,&$(�	�& =I ���k��� �'F �  ()&$(%� =I ���k��� �'F�E
H���*����6� = F

C9*�#�6'�%���)�2()	�& =I �2F � "�S���&$()	�& =I � �j��� �'F,E��

C9*�#�6'�%���)�2()	�& =I �2F �  (
&$(
� =I ���L��� ��F,E
#� ()� = F

C "�S��A*�#�6'�%���)�2()	�& =I �2F � &$()	�& =I � �j��� �'F,E��

������ ���6��Q G � �

2()&$(
� =� ��������� F��

O�S�Q����Q G � �

*6���6#%�6�����2(�	�&�� = F��

���� �6��Q G � �

���
����!���2#�������"�0�1 �����P������! #%�������9�6()���D���'�����6��56���,�$(
��D�5�!'������
���������"1 (�#����,-��8����#�1��%��� ��� #%��-A�������)�D&$�6( ���25"�2#�.��� �,� �%��6����

G ()����< = F 	 4$�U��-�&'(�	�& =I ��� �� ;�F
@ JK2()&$(
� =� ���L��� �'FKQ�"�#A�6� = ��� � ����FKQ�"�#+�
�2()� �>=� ���L��� � F L
��� � "�S��+�
�2()� �>=� ���L�+J�� � �'F �PQ�"�# �c�8B � �D������"

����O ��"
;2���)� = F 	
G ()����< = F 	
4'�U��-�&$()	�& =I � � �� ;�F

��"�#
�� G � G�� ��H��

� #��)� = F 	 4'�U��-�&$()	�& =I � � �� ;�F"@ J/ ()&$(
� =I ���k��� �'F/Q�"�#:��� = ���_� ����F
Q�"�#A�)�2()� � =I ��� ��� �'F L

��� � "�S��+�
�2()� �>=� ���L��� �AJ���F �PQ�"�# � �9B � �D������"
����O ��"

G ()����< = F 	
� #��)� = F 	
4'�U��-�&$()	�& =I � � �� ;�F

��"�#
�� G � G�� ��H��



� ��������	���	 � � � 	/��	����������
����� 	  "��� � � � ^

" (%���< = F 	 4$�U��-�&$(�	�& =� ��� �� ;�F
@ J/ ()&$(
� =I ���k��� �'F/Q�"�#:��� = ��� �:J���F/Q�"�#A�)�2()� � =I ���k��� � F L
��� � "�S��A�)�2()� � =I ���k� ��� � �'F � ������"

����O ��"
��#��)� = F 	
" (%���< = F 	
4$�U��-�&'(�	�& =I ��� �� ;�F

��"�#
�� G � G�� ��H �

; ���)� = F 	 4$�U��-�&'(�	�& =I ��� �� ;�F.@ JK ()&$(%� =I ���k��� �'FKQ�"�#:��� = � �a�:J���F
Q�"�#A�)�2()�2�>=I ��� � � �'F L

��� � "�S��A�)�2()� � =I ���k��� � ����F �D������"
����O ��"

" (%���< = F 	
; ���)� = F 	
4$�U��-�&'(�	�& =I ��� �� ;�F

��"�#
�� G � G�� ��H �

�6������/-��%� �P�0�1 ��� �P�)����!�#%�������8��()���P������������5����/�$()��P�5�!'�6����
�6�D�����/12(�#����,-��9����#�1������:���.��#,&$()	�& � ���
� ���9*�<2��2*�< #2����#.-$�6��� #���2���

4$�U��-�&'(�	�& =I ���k��� �'F.@ J � "�S��P&$()	�& =I � �j��� �'F �PQ�"�#D� �6#�����)�6�2()	�& =I � ����� �F L
4$�U��-�&'(�	�& =I ��� ��� 'F��

&$(�	�& =� ���L��� �'F���@ J � "�S��D&$(�	�& =� ���L��� �'F �PQ�"�#��2�6#�����
�6�2(�	�& =I ��� � � 'F L
4$�U��-�&'(�	�& =I ��� ��� 'F��

12(
�2( =_��� ��F,@ JK ()&$(%� =I ���k� ��� � � F L
��� �P� � �.Q�"�# �8� � �"������" G�� ��H
�� G �

����O ��"
��� �8@ � �"������".;2���)� = F
�� G � ��� � �D@ ��������" ��#��)� = F
�� G � ��� �9@ � �"������" " (%���< = F
�� G � ��� � �D@ �D������" G ()����< = F 	
1 (
�2( =0��� �'F

��"�#��



� ��� �������������
	���� � 	 � ��������
	���	����������
��������������! "��� �

4'�U��-�&$()	�& =I � �k��� ��F,@ JK ()&$(%� =I ���k� ��� � � FKQ�"�#�&'(�	�& =I ���L��� �'F L
��� �P� � �.Q�"�# �8� � �.������" G�� ��H
�� G �

����O ��"
��� �8@ � �"������"D; � �)� = F
�� G � ��� � �D@ ��������" � #��)� = F
�� G � ��� �9@ � �"������" "2(%���< = F
�� G � ��� � �D@ �D������" G ()����< = F 	
4'�U��-�&$()	�& =I � �k��� ��F

��"�#��

*6���6#%�6�����2(�	�&�� = FD@ J � �6#�����)�6�2()	�& =I � �y��� �'F L
4'�U��-�&$()	�& =I � �k��� ��F 	
&'(�	�& =I ���L��� ��F���	
H���*����6� = F 	
12(
�2( = � � �2F 	
#� ()� = F 	
*6���6#%�6�����2(�	�&�� = F��

�,�n������;W ��K/�)���0	�#��%$'�"��� ^�&)(
*k���}�/;0� ��-���/;�;�$����0�) hXi���%������;0���
���"����	�#��%$����"�
����	���	�#j�D	����4 �-<;2�����4��$j��>/#����"���I$'����;_���q	��!=UEo� � +Z|1+ ' H VJ���q �-/�%�/���������?�YXi�������v$�/��^
�"�/�J�jEo|1+ ' H  ��t�v$L=D	��!=D�t��$k������;C���0	�A@��  �� ��	�=O	��C� � e��,�u��� ���I+,���z�/;0�����$����
V5���?�v$s=2$�;0�? ��/;4/��	"#<$������;4���?�D�����1�2$�;1�	��<���������1��� �o$����\ �-��%�/�������2$��<�1VJ�hXZ�/�����
��;0� �v$1=D	��!=D�K���K������; ���0	�A@��) hXi���B��	�=D	��q������;0VJ���)��/�����f^g/�O;0�) �-����v$�/�)���B�D���0�?$b^
������/��e��,�B=��0� �a+5���8����-/ ����$'� ���0	���	�#4����$����/;0���Q	��!=B��;_�z�	���;0�����%��-) ��) ��/���?��>�#�����; t
� ��U � N8VJ���2�G	����0�����W ��/��������;0����;W�	��<�%�/�2$��<�Q����;0�O�//����6��/�"�/�<�z���/;W�D	�;0���%��	���;�$ �/���
 ���;�=D	��!=D��;��/�%U
	��	 U��pU R���U � VJ���] �	������1/	����"�)�0-�;0�����%$'�N�v$!=D	��!=D�dV5���.;0�
�%��	���6��[`l�v$l������;z�O���%�M�%�d ���;0�A$'����\ hXi���t��	�=D	��Ie

� #%&$��� � J
� �6#�����)�6�$(�	�&$����� 	 � 	 ���6��	��2()	�&$�����
�U	2#��6���� ����� &$(�	�&�������� &$()	�&$��� �
 ()&'(
�2��� � �
�2()� �������

� J -6R��2#
	 ��*9�)�$()� �����
� � JK-6R�� #
	 ��*/&$()	�&$�����

�2�6#�����
�6�2(�	�& = ���y��� �'F � J
&$(�	�&'� = ����O� � ��2F � 2()&$(
� = ��� �� ; F �
	 �U� � 	���	��$(�	�& =� � � �� �	�� ;
�j��� ��F��



� ��������	���	 � � � 	/��	����������
����� 	  "��� � � � 9

&$(�	�&'� = ��� O� � �� F � J
4'�U��-�#���� =_��� &$()	�& = ���_��� � F �  ��F �
4'�U��-�#���� = ��� &$()	�& = ��� ��� �'F � �� F��

	 �U��� 	���	��2(�	�& = � � ����� � �!� ��� ��� ���L��� ��F � Jx�P� � � � �8� �����

	 �U��� 	���	��2(�	�& = � � � L O� ��� � ��� L �� ��� �� ;
�j��� ��F � J
	 �U��� 	���	��2(�	�& =�O� � ����
�� ;�� H���� F �
= �U	2#������� =�
� ;
� H
�����	� � �
��� FPJ%B =_�P� � � � �8� ��� F 	�=0�P�.H�� �9���2F6F��

#%&'� =_���a�$F � J �$(
� =_��@ � F��
#%&'� =_��� �'F � Ju�8@ ��� �A���8JF�
�

�U	2#��6���� =��� ;�� ��� ���
� � �
��� F � J
H �.�6� =_�+J �F � #%&'� =?Hh� � H�#}��F �
H����6� = �AJ ; F � #%&'� =?H!��� H�#��2F �
�}�.�6� =��h�.J 'F � #%&'� =��D� ���6#}��F �
�����6� =��!��J ;�F � #%&'� =��������6#��2F �
=��6#}������#�� F"@ =?H #}� �.H�#�� F��



� � � �������������
	���� � 	 � ��������
	���	����������
��������������! "��� �

&ZY/�1� � � �>� � � 3 ����0�������� � \ ��0<� 2 0�243 5�768:-

��6�"�"��� " ���:9�8:2 4���4�3=5 2���
 ����5���8 4
&8����>/;p�v$N����=������$'�%��	��1 ��q�v$��%@�>/;��  �� �8	5�����N���� ���� �J;/+b���l#���	����O�Q ��q�0��A@��/��A@��

;�Xi��;0�>�G	�����-q`N�YXi�����M6����0;��M�%-q X |��%���/A@<�,�O	���� �G	����������.����� ��������-������<�%���%��	��[ �� ^�&K(W*
���1r	�
�leI*
Xi-/�%$��D�Q$'/�%���������p ��,/�W����	+_0���U��;0�. ��,�0-I$�����;0���h�����W���"�����������<�%$'�%��	��8 ��W/�
�v$���#�$�#��4;0	���;\�v$ �G	������! hXi��� ��$� �b$�#�� &�&('S& ����������;%$��<�K��� ��	���������$d3 �W^c����	���	�#�e
�)$���;!���nI$' ����n ��n��	������n;_�A$�#��B��	���;l$I6�	���;l���<�%-/#���-?��/�0�%�B-/V5�����D�n ��n�0��A@��/��A@��
�	����O	�;�-��K ��)����;�;0���/����; `t��@� ����)$�;0�%$����h����` �/���� ��/�0� �d�0	��/;��d$�����;��DVJ���d ��s(,��	b^
�G��;�;0������}��$�� �B �� �q	5����eO*,XZ	�=-_0����%� �pV5���T��	���;d$"-��%-4$�;�;0��#���-1�	���;���;_�A$��M�8`?��-�$�����;����
�YXi��������-/�"�/�J�%$'�%��	��\ ��z�v$)=�$�;��z ��/;,��0	 #�$���/��;W�/�
 ��/;W���<�%����$�/����	���;S���������?$�����;.���<�%�0�
$�#����<��;�eh|N���! �	5����"�/�J�%$'�%��	��L/	��"����>/���4�/� _�$R6'$� �	�1��	���;d-��A$��M�)$���;�;��S ����"$��� �-/�
$ ;2��V5���8��	'�%����/	� ���;0	���� �o$�/�����������<�
��-/���%������;�$�=�����e'*U��/	� ��N�/�W��$ _�$I6'$� �	5�$�;0;�	5���-/;
`N/�/�����q���"����-������<�A$b�%��	��);��
�%�0	���6��/�<�p;����T���W/ �^g�0	�� ���4$����������q ��W��Q�"-/�"	������'eI*]�
����	�#���>�;Q�?$'_0�����W�2$��W�%$����O	��_� `[�v$\6����0;���	��n���0-��-/ ����<���d��;0�q����-8$'� �o$��M�QVJ���KA@2$�VJ���
$�#����<���D	�;�;0>� ��\ �-/;�	��0�?$'��;q;�$l����	������d=2$�;0�\ ���;z/��	"#<$������;N���� �-��D���� �$��<�%��e �d�s	��5^
=������[ �	���[����U���1/	�����/���) ��1�A$'=�����$��j��	�����	��j ��4=2$�;0�4 ��/;K/��	"#<$������;K����<���%$�����;�-/�
�O	����1�%	���;!���/;l$�#��/�<�%;�e �T	����%� �G	���;4/�B����	 _0�/�l�hXi��� -��A$��M�!VJ�hXZ`L;��/;l �-�=����%;�e,&8����;0�Y+
$R6'$��<�[ ����O	���6�	����\��-��/�����������<�[���<�%�0���[ 2$���;[������%����@2$';��? XZ���"����-������<�A$b�%��	��h+O���
$
�o$������ �0-;:2-/A@����4`j�����B$'��A@��M�%����%���0�n#�-/��-���$����"�O	����4�YXi��������-������<�A$'����	��k ��?�YXZ$�#��/�<�
^�&)(
*,e

��6�"�"�
.  ��!���3
4�8:!<4'
�� 8�� �:2 ��� � �=8
rq	��"���p��	���;]�YXZ$R6�	���;] ��M�]���0-��-/ ����������<�I+R�:XZ���"����-������<�A$b�%��	��N ��[��$���#<$'#�� ^�&K(W*

��� &�&�'T& �	���;0��;_�%��`B���-/���[���y�2$� �b$�#�� �G	���������;�;%$'�J�[ ��/;\��v$';�;��/;1�D���0�"�����%$��<�\ ��
����	�#��%$����"�/�1 ���;�$�#��/�J��;�e,*,Xi�� �-/�n���0����/���2$����? ��B/�B�2$� �b$�#��B�/;0�C �� �o$'������������1$��
�?$b�����!��� ��$m65���t �� ���0	�#��%$'�"�������C�/� ���j�:X $'���%	��0��;�$��<�?`~$��/-� ��/�nVJ�hX $'� ;��/���
�	���;_�%�0��/�������t ��m�v$ ���$�;�;0��� I������oe8*,Xi���<�%-/�,E�� �/;0�  ��m�O�/�����/�������m` �YXi���%������;%$'�������
 hXZ���"����-������<�����) ��/;[$�#����<��;[�/�~$ #�$��<�!`B;������0-�	5�����O�/��+]VJ�2$�;0�W������VJ���/�"�/�J��+]VJ���
 ��L�v$m;��D-�/� ;2�$'�%��	���^�&K(
*  ��j;���;n$�#����<��;�e �,� ��� ���I+q���j/	���;0��������%�/���B ��L/�/�����
��v$';�;��B�������� /	����"�n��$��%$���>/�����/;!���7��	�� ;�	���; �G	��0�"�" ��s;0��������#kV5��� �� ��/�<�%� ;��
�YXZ$�#����<��+D���j���/#���;_�%�0�1VJ���.�	���;0�%�M�%���1���LVJ���/��VJ���1;�	��_�%�4���L$����J�2$'�����\�%-/��-/��@�	�����VJ���
V5���?���/;[$�#����<��;4�	���;����M�%�/�J�1�D	����[�O	���6�	����[/	����!������V5�����\���<�%�0�?�/��� �/�1��� ;2� +T��$
=O�/����� ��� $�;0��+2�v$l#�	�$�� � $';���+2��$��0����� � $�;0�1���K����;NI$��2$'=��������%����;  ��1�:X $�#����<�I+};�	���; �G	������
 ���;2A@����/��;/e

*U$����$�;�;0��� I������]-/������ 1�v$z���$�;�;0����������� A�+��O�/�����/���%$��<�T$�����;0�<�YXi����-�/���%��	��[;����4���M^
�A$���-/���/�Q�	���/�����0���<�%�8 ��N������;0���/����;W$�#��/�<�%;�e5*,Xi���<�%�/�����0-/�%�/��� ^�&)(
*j ���65�%$4E��%�0�8���C^
����-/�"�/�J��-z`d�YXi���<�%-/���������T ��z�v$K��-/��@�	5 ����! "�$#&%b+'����-�/���%-/�K$��C��$�����/�"�/�<�, ��l�%@��0�I$� e



� �����X��� � � � � � 	������������ � � � �� ������	  	��� � � �	


�,�[���%$'����VJ���'+����\���0	�#��%$'�"�������D6�	����v$��<�U��������-������<�%�/� ������;��������0;]$�#��/�J��;U���-/����$
�����K/�v$�;0;���&�$I6'$1 �	��J� �v$\�"-��%@�	5 ��F0 ��� �$#&%K �-/��v$'���K����;q$�#����<��;q ��8�v$1�"$�����>��0�8;0���M^
6'$��<����P

�6�6&$���6*P�
��#��'��*,!2(��)-"	$# �U� = F�C

Q61��%����#}� �"�2��PQ�1��%��� = "�#
	2��(�46Q61��%����QO� � 4$�����6S�4�����������42�
QO� �
4$�����6S�4�O�(�#����
QO� � 4'�����6S�46H�����$�����
QO� � 4$�����6S�4�	�#%� #�&����������%���
QO� � ����1$���)���R$F

Q61��%����#����"�2��PQ�1��%��� = "�#
	2��(�46Q61��%����Q���� 4$�����6S�4�����������42�
Q�� �
4$�����6S�4�O�(�#����
Q���� 4'�����6S�46H�����$�����
Q���� 4$�����6S�4�	�#%� #�&����������%���
Q�� � ����1$���)���R$F

����� E

�.	������ �G	���;�+z�v$�/�v$�;0;���� I������?�hXZ�/;0� �2$�;s�v$ ;0�������m/�v$�;0;��y �� �2$� �b$�#�� ^�&K(W*,e
�1X $����%���/;s��v$';�;��/;�+ ����������;nVJ��������B�� � 7�� ��� ��+���� �CB�� ��� ��+��  >B ��� ��� ��+8eMeMez;�	��<�s���������f^
;0-��/;8�2$'�N��$l��v$';�;�� � I������z�?$'��; �:XZ����������;%$b�%�����q�hXi��� $���$�;��	�����$���;0;%$���/��eD*U$�;2#����0�
95e � ��������;_�%���?�YXZ$���A@��M�%�//�%�����s#�-���-��%$'���s �� �2$� �b$�#�� ^�&)(
*,e
*]� ����	5A@2$������t;0����%��	��
;/XZ���<�%-��0��;0;�����$t������;d;0�O-/�� ;�V5���������<�[`B�v$?/�v$�;0;�������B�� � 7�� ��� ��+DVJ���l��	���;\$R6�	���;\���l^
����-������<��-��\ �����$��<�8��	��%�0�d;0�A$'#��[`��:X |N����6�����;0����-) hXZ|N�%�0��A@<�Ie



� � � ������� � ��������������� �
	�� ������������������ ����� ��������	�� �����

  Public Class Agent extends Thread    
{ 
 
  private BeliefBaseXSB bBase  ; 
  private RuleBase rBase  ; 
  private BactionBase baBase  ; 
  private GoalBase gBase   ; 
 
  Public Agent{File beliefBaseXSB,  
                     File ruleBase,  
             File goalBase,  
                          File baBase}  
 
protected Void tell (Belief  b)  
 
protected QueryResult ask (Query q)  
 
Void run()  
 
} 

Public Class BeliefBaseXSB{  
 
  protected BeliefBaseXSB 
(String file)  
 
} 

Public Class GoalBase{  
 
  protected GoalBase (String 
file) 
 
} 

Public Class RuleBase{  
 
   protected RuleBase (String 
file) 
 
} 

Public Class BactionBase{  
 
  protected BactionBase (String 
file) 
 
} 

Utilise 
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BeliefBaseXSB  
 
BeliefBaseXSB(String initFile)  
 
QueryResult query(Query q)  
Void addBelief(Belief b)  
Void removeBelief(Belief b)  
 

PrologCo nnection  
 
PrologConnection(String launchFile,    
                              int port)  
 
String send(String s)  
Void shutDown()  
 

VerifBelief  
 
Verifbelief()  
 
 
int getArity(String p)  
Boolean verifQuery(String q)  
Void removeBelief(Belief b)  
Void addBelief(String b)  
 

Belief  
 
Belief(String b)  
 
String toString()  

Query  
 
Query(String b)  
 
String toString()  
Vector getVarList()  
 

QueryResult  
 
QueryResult()  
 
boolean yesOrNo()  
String next()  
void add(String s)  
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  BeliefBaseXSB  

PrologConnection   XSB -prolog process  
Process creating  

java à  prolog comm.  

prolog à  java comm.  
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&�'d��72,gOS<N=m72,/,/'S:;'S,0<fOA(+*-a9a8=+�tR/'�3��\R/,�*-.-'A,0<f>K.-'A,0<CBu5	'�*1F¾Gv&JIÁa9'�3/LS6972Rg(+'�'S,�a9'A5u<LM<�*-5	'Aa�Z �1^HWf&ª*��/.2R/69'�a8R/=m�1*-,0<N'?5g69LAa8'A,0<N'(+'Sa��DR/*1<N68'�5g69'A:~=+�S69'Sa�LS<�*15E'Sa~�tR/=�7-,t<5	72R/6Ã6-,2(m'�3/'T:~'S<8<N68'�¿ .872R/6;(|�\'A,/a8'A:xc/(m'T3/'Sa?=+,0<N'S,t<9=+72,ga 3/'T(H��*-.-'A,0<�Wd&ª'Sa <N6872=+a3g'A69,g=+�A68'Aa~LS<N*-5E'Sa;3gLAOA68=m�-'A,0< (H��'C�gLSOARg<9=+72,»3/'Sa;=m,t<9'A,0<N=m72,/a�5U*-6~(|��*-.2'S,0<�Wf&ª*��U.2R/68'68'A5/68LAa8'A,0<�*-,0<Ã(|��*-69O��/=o<N'SOS<NRg69'�3��\R/,"*-.-'A,0<~>K.2'S,t<�Bu5	'�*-FEGH&JI�5/69LSa9'S,t<9'�3/'�:;*-,/=+�S69'.-(+72cU*1(+'�(m'Aa�5/68=+,/OS=+5	'Aa��tR/'4,/72R/a@*-(m(+72,/ak3/LS�-'A(m725/5	'A6Y3U*-,/a�(�*xa8R/=m<9'-W
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p(2)

(*),+.-��gW Å�/��U72,/OS<9=+72,g,/'A:~'A,0<�3��\R/,*-.2'A,0<�>@.2'A,0<CBD5E'A*-FEGH&JI
y2W@Bu=K(H��'S,/a9'S:xc/(m'T3/'Aa?LM�2LS,/'A:~'A,0<Na�,��\'Aab<�5U*-a �D=+3/'T*-(+7268a 72, a8LA(+'SOS<9=+72,/,g'TR/,'S�-'A,0<�G�'zICW
ÅuW � ,�O��g72=+a8=m<�3U*1,/a4(|�\'A,/a8'A:xc/(m'x3/'Sa�5g(�*-,/a~G�5/(�*1,�(+=+cg6N*-6bh�72RVcU*1a9'�3/'Aa45/(+*-,/aNI(+'Sa;5/(+*-,/a�Gv5ªG±y{IM�j5ªGHÅ2IM�j5ªGv�0I9I��tR/=YOA726869'Aa85E7-,/3/'A,0<�¿�(|�\LS�-LA,/'S:;'S,t< 'S<;3/72,0<(|�\LS�-LA,/'S:;'S,t<43gLAOA(m'A,/O��/*-,0<P'Sa8<�a9*1<N=ma8�v*-=o<�W � ,T<N697-Rg�2'�OS'S<9<9'�OA726869'Sa95	72,/3U*-,gOA'.26��1OA'�¿P(|�\R/,/=m�/O�*1<9=+72,~3/'�(H��LM�2LA,g'A:~'A,0<Y*��2'AOK(+'Aad5/(�*-,gad3/'@(�*Pc/*-a9'�3/'Sa�5/(+*-,/aAW
1@72Rga�*��272,ga�,/72:~:;LSakOS'Aa�5/(+*-,/a�Gv5ªG±y{IM�D5ªG|Å-IM�D5ªGH�0I8IM�D(+'Sad5/(+*-,/ad=m,0<NLA68'Aa8aN*-,0<NaSW

�gW � ,�5/69'S,/3P3/*-,/a�(|�\'A,ga9'A:)c/(+'À3g'Aaª5/(�*1,/ajGv5�Gby{IC��5ªG|Å-IM��5ªGv�0I9I	(+'Aa�5g(�*-,/afGv5ªGHÅ2IM�\5ªGH�2I9I3/72,0<�(m'KOS72,0<N'M�D<9'ÃG�a9R/=o<N'@3/'�OA687zh0*-,/OS'Aa��tR/=¾a872,0<�,/LSOA'Aa8aN*-=m69'Sa@¿P(|��*-.2'A,0<d5E72Rg65E7-Rg�272=m6;'C�uLAOARu<N'A6?OS'T5/(+*-,wI�'Aa8< aN*1<9=+a8�v*1=m<��jO1��'Sa8<8ns¿_ns3g=+69'R/,/=o�w*-c/(m'�*��2'SO�(+'SaOA687{h2*-,/OS'AaAW!1@72Rgax*��272,gax,/72:~:;LSa4OA'Aa)5/(�*-,ga G�5ªG|Å2IC��5�GH�0I8IM�ª(+'SaP5/(+*-,/aP*-5/5/(m=on
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[/W � ,»O��/72=ma9=o<�3U*-,/a~OA'SaÃ5/(+*-,/aGv5ªGHÅ2IM�\5ªGv�0I9I)R/, 5/(�*1, G�5ªG|Å-I9Ix�tR/'(H��7-,»�1*V6N*_n
.872Rg<N'S6�¿�(H��'S,/a9'S:xc/(m'�3/'Aa�=+,0<N'S,0<N=+7-,/aAWJ}d'�5/(+*-,V'Aa8<P*-(m7269a�3g=m<45U*-6b<N=m'A(+(m'A:~'A,0<=+,/ab<�*-,/OS=+L1�1OS'��tR/=ga8=+.2,/=o�U'`�DRg'�OA'A6b<�*-=m,/'AaÁ3/'da8'AaÀ�1*-69=+*-c/(m'AaJ72,0<f5/Rx�M<N69'd(+=+LS'AaÁ¿3/'Aa�<9'A69:~'AaSW/lK'SRu�?OA*-a�a872,0<�5E7-a9a9=mc/(+'SaA�ua972=o<�OA'K5/(�*-,Ãa9'A69*�OA72,/a8=+3/LS69L�OS72:~:;'R/,/'?,/72Ru�2'A(m(+'?=m,t<9'A,0<N=m72,qOA*-6�=+(d*TLS<NL?'S,/.2'S,/3/69L�5U*16�R/, � u���y0tdwntdy,znt � 	
zOt��My0tw�ta972=o<kOS'@5g(�*-,;a9'A69*POS72,/a9=m3/LA68LKOS72:;:~'��v*-=maN*-,0<k5U*-68<9=+'�3��\R/,/'@=+,0<N'S,t<9=+72,3/L .9¿�'M�u=+ab<�*-,0<N'@O�*-6k=+(w*�LS<NL@'A,/.-'A,/3/68LK5U*16dR/, � u���y0tdwntdy,z r�y{zOt���ystx5g697z�2'Cn,U*-,0<�3��\R/,?c/Ru<�3/'�OS'S<8<N'K=m,0<N'A,0<9=+72,�Wu¼@,g'K=+,0<9'A,0<N=m72, 'Aab<�3/7-,/O�OA(+*-a9a8=+�tR/'S:;'S,t<69'A5g69LAa8'A,0<NLS')5U*16�R/,/'�5/=+(m'�3/'45/(�*1,/aAW

�uW � ,�a8LA(m'AOS<9=+72,g,/'d3U*1,/af(|�\'A,/a8'A:xcg(+'d3g'Aaf=+,0<9'A,0<N=m72,/aÁRg,/'�=+,0<N'S,0<N=+7-,x'S<f7-,�OA72,/a8=on3/�A68'kR/,g'k5U*16JRg,/'kO��/*-�tR/'k5/*-68<9=+'j3/R�OA72685/aÂ3g'ka872,P<9725P5g(�*-,�WzBu=t72,P68'A,/OS72,0<N68'R/,/' ��oz r�~,y *1(+7268aK72,T(+*Ã6N*1,/.2'x3U*1,/a�R/,T<�*1:;5	72,T5	72R/6@R/,/'�'M�uLSOARg<9=+72,T��Run<NR/68'-WgBu=E7-,Ã69'S,/OA7-,t<969'�Rg,���o�q r�tvu{t��R~R���ª*-(m7269aj72,?*).872Rg<N'@¿)(H��'S,/a9'S:xc/(+'Y3/'SaLS�2LS,/'A:~'A,0<9a�R/,T,/72Ru�2'A(ÂLS�-LA,/'S:;'S,t<43g=m<@=+,0<N'S69,/'POA726869'Aa85E7-,/3U*-,0<�'M<�72,a9R/a±n5E'S,/3?(|�\=+,0<N'S,0<N=+7-, .8R/a8�tR���¿xOS'�(+'Yc/Rg<�a972=o<da9*1<N=ma8�v*-=o<d5U*16kR/,�*1Rg<N68'K5/(+*-,�WgBu=E7-,69'A,gOA72,0<N68'xR/,��
	st�����R~R���j*-(+7268aA�Ua8=ÂOS'xc/Rg<@'Aab<�R/,/=o�w*-c/(m'P*��-'AOx(H��'S,/a9'S:xc/(+'3/'Aa;OA697zh2*-,/OA'SaA�ka972, R/,/=m�/O�*1<9'AR/6~(+'�5/(+Rga;.2LS,/LA69*-(PGv:~.2RwIx'Aab<?*-5g5/(+=m�DRgL*1R69'Aab<N'43/R�5/(�*1,�W
�gW@Bu=w(+'�<N7-5Ã5/(+*-,�3/'@OS'S<8<N'K=m,0<N'A,0<9=+72,�'Aab<k<9'A68:;=m,/LY*-(+7268af72,ÃOS72,/a8=+3/�S69'Ya972,;5/(�*-,a9R/=o�-*1,t<AW
ÆuW@Bu=g=m(g,��\'M�u=+ab<N'�5/(mR/aÀ3/'�5g(�*-,xa8R/=m�1*-,0<`*-(m7269aÂ(|�\=+,0<N'S,0<N=+7-,�*�LS<9L�aN*1<9=+ab�v*-=m<9'd'S<j3g72=m<�S<N68'4a9R/5/5g69=+:~LA'�3g'�(H��'S,/a9'S:xc/(m'�3g'Aa�=+,0<N'S,0<N=+7-,/aAW

�; �� � « � £�¨��Á¨4¦���«P¬ �4´�� ¹ ³�©µ´ ²�³�¬�©f¢~£�³�¨4·¯¸0¹ º
ef69'S:;=m�A68'A:~'A,0<���68'A:;*-69�tR/7-,/a��tR/'fOA'SaJ3g'ARu�4(+*-,/.0*1.2'Aa��1>�ej&;'M<ª>K.2'S,t<�Bu5	'�*-FEGH&JIa872,0<�cU*-a8LAa�,g7-<�*-:~:~'A,0<Ka8R/6�(+*�<9'AO��/,/7-(+72.2=m'x��l@��:Ã*-=maK*1R/a9a8=Áa9Rg6�R/,Tabhuab<N�S:;'x3g'68�A.2(m'AaVZry �1^HW�>KR ,/=o�2'�*1R½3/'��->Kej&j��OS'Aa�69�S.2(+'Sa�a972,0<�3/LS�/,/=+'Sa�5/*-6?(+'Sa?5/6N*-OM<N=mO�*-(68'�*-a872,/=m,/.?69R/(m'Aa��tR/=f5	'A68:;'M<9<N'S,0<�¿�(+*;��72=ma�3��\LS<�*1c/(+=m6�3/'Aa45/(+*-,/a�'M<43/'�69LM�u=ma9'S6�(+'AacgRg<Na�3/'4(|��*-.2'S,0<�W/>@R,/=o�2'A*-R3¾��>@.2'A,0<CBD5E'A*-FEGH&JIM�w(+'Sa�5/(�*1,/a�3/LS<9'A68:;=m,/'A,0<Y(+'�a9*z�-72=+6�v*1=+69')3/'�(|��*-.2'A,0<4'M<P7-,t<45	72R/6���72,gOS<N=m72,�R/,/=m�tR/'�(�* 5/(+*-,/=m�/O�*1<9=+72,�W¾}d'Aa�5/(+*-,/a�5	'A6bn:~'S<8<N'S,t<�3g72,/O�¿�(|��*-.2'A,0<�3g'�O��g72=+a8=+6xR/,»5/(+*-, e a85ELSOA=m�/�DRg'-�j(+7268a9�tR/'?(H��'S,/a9'S:xc/(+'3g'Aa)OS697zh0*1,/OA'Sa�3/';(H��*1.2'A,0<Pa9'Ã(m=+:~=m<9'�¿���'S<x�tR��\=+(j3/7-=m<P*1<9<9'A=m,/3/69'~(+'~c/Rg<���WÂ&�'Sa5g(�*-,/a43���>@.2'A,0<�Bu5E'A*-FEGH&JI�a872,0<)3g72,/O�:;7-=+,/a�'C�g5g69'Aa8a9=o��a)�tR/'~(+'Aa45/69*-OS<9=+OA*-(f69'A*-a971n,g=+,/.?68R/(+'Sa�3/'~�->�ej& OA*-6�=+(ma�a9'S68�-'A,0<)Rg,/=+�tR/'S:;'S,t<P¿?(|�\LS<N*-c/(m=+a9a8'A:~'A,0<�3/'�5g(�*-,V'S<,g72, 5U*-a�¿(�*�68LS�D=+a8=+72,q3g'Aaxc/Ru<NaAWÀlK' 5/(mR/aA�Â(+'AaP5/6N*1OS<N=mO�*-(`69'A*-a97-,/=+,/.�69R/(m'Aaxa8'A(+7-,(m'AR/6f<shD5	'K5	'ARg�-'A,0<�,/72,;a9'SR/(+'S:;'S,t<k�S<969'YRg<N=m(+=ma9LA'Saj5E72Rg6k(m'Aaj5/(�*1,/ak:;*-=maj*-R/a9a8=E5	72R/6
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*-:;LS(+=m7269'S6Á(�*�68L�*-OM<N=o�u=o<NL�3/'�(H��*-.-'A,0<f�v*-OA'�¿4OA'S68<N*-=+,/'Safa9=o<NRU*1<9=+72,gaA�2(H��725u<N=+:~=+a9*1<N=m72,�3/'(|�\'M�uLAOSRg<N=m72,�3/'4(|��*-.2'A,0<�'M<@(+*x.2'Aab<N=m72,�3/'AaY'A6869'ARg69aAWl@'ARu�u=+�S:;'S:;'S,0<��J(+'Aa4c/Ru<Nax�1>�ej&"72,0<)Rg,/'Ãab<N69RgOS<NRg69'Ã5g(+R/a�OA72:~5/(m'M�u';�tR/';(+'Sac/Rg<Na@3��\>K.2'S,t<�Bu5	'�*-FEGH&JICW �f,T'�i¾'M<��w(+'Sa@c/Ru<NaK3g')OA'P3/'A68,/=+'S6@(+*-,/.0*1.2'4a972,0<@a972=o<K3/'Sa*-O��/=+'M�2'S:;'S,t<x.270*-(ma�a872=m<P3/'Sa)<N'Sa8<�.272*-(+aSW�>KR ,/=o�2'�*1Rq3/' �1>�ej&f�Âa872,0<xOA7-,/a9=m3/LA68LAaOA72:~:;'@c/Rg<9a�,/72,?a9'SR/(+'S:;'S,0<�(+'Aa�*-O��/=+'M�2'S:;'S,t<�.-70*-(+ak'S<�(m'Aad<9'Aa8<�.-70*-(+ak:Ã*1=+a�*1R/a9a8=(+'Aa@*-OM<N=+7-,/aK3/'PcU*-a8'x'S<@<N72Rg<9'Aa@(+'Aa@OA72:)c/=+,U*1=+a97-,/a�3/'xa9'SaK<N6872=+a�<shD5E'Sa�3/'Pc/Rg<NaK�DRg=aA�\725E�S69'S,t<~.26 �-OA'�*1Ru� 725	LA69*1<N'SR/69a�3/'?a8LA�tR/'S,/OA'qGdk IC�À3/'�O��/72=r� ,/7-,uns3/LM<N'S69:~=+,/=ma8<N'G 44I~'M< 3/'T5/*-6N*-(m(+LS(+=+a8:;'2G<DjD ICW��0;<�I�<���5�<;+<,��� ��� �h��� ;����^����� ;�� ��� �������5;�� ;���� �!������� �
�v������1'�;������ <�; �
	8%���*�<�;�f!�;���� �����5�K�O;'7���� ;��5;�7E�fn�<���5�<;+<,� ��; egf����������Z��-�_^HWXY'S:Ã*-68�tR/72,/a4=+OS=|���tR/'~(+'SaP,g7-<N=m72,/a�3���*-O��/=m'S�2'S:;'S,0<x.270*1(+aA�¾3/'~<9'Aab<).272*-(+a�'M<)3���*-OCn<N=+7-,/a4a972,0<x�tRU*1a9=`=+3/'S,t<9=+�tR/'Sa)5	72R/6�(+'Aa�3/'SRu�q(+*-,/.0*1.2'Aa4:~�A:~'~a8=k(+*�,g7-<�*1<9=+72,�'Aab<3/=�iELA68'A,0<N'1Wl@Â7-Rg<N'M��72=+aS�¾OA'S68<N*-=+,/'Sa�3/=ji¾LS69'A,gOA'Aa4'C�g=ma8<9'A,0<4OA72:~:~')5	72R/6�(+* a95	LAOA=o�UO�*{n<N=+7-,�3/'Aa�*-OM<N=+7-,/alk�O�*164*-RV,/=m�-'�*-R�3/'~�->�ej&f��(m'Aa4=+:~5U*-OM<Na��tR/=À�-72,0<P�M<N68'~'C�u'A69OSLAaa9R/6@(|�\LS<�*_<K:~'A,0<�*1(J3g')(|��*-.2'S,0<Ka8'A697-,t<�3/LS�U,g=+a�*1R�5/68L�*-(+*-c/(+'4'M<�3/72,gO)=+3g'A,0<N=o�w*-c/(m'AaA�<�*-,/3g=+aY�DRg'x3U*-,/a@(+'SaKa95	LAOS=m�UOA*1<N=m72,/aY3/'Aa�*-OS<9=+72,/aY3��\>K.2'S,0<CBu5	'�*-FEGv&ÂIC�¾OS'S<9<9'xO�*16N*-OCn<NLA68=+ab<N=+�tR/'�'Sa8<@*-c/a8'A,0<N'1W

@J697-=+a9=m�A:~'A:~'A,0<��U'S,�5/69*1<N=m�tR/'P(H��'C�uLAOARu<N=+7-,3/'SaKc/Ru<NaK3¾��>@.2'A,0<CBD5E'A*-FEGH&JIYa8')3/LCn6972R/(m'd'S,~3g'ARu�xLS<�*15E'Saf3/=+ab<N=+,gOS<N'Sa��25/687uOS'Aa8a9=+,g.�'S�2'S,0<Na`'S<f'C�g'SOARg<9=+,/.4=m,t<9'A,0<N=m72,/aSW2&ª*5/69'S:;=m�A69'KLS<�*15E'~Gvej687uOS'Aa8a9=+,g.;'M�2'A,0<9a�I�OA72,/a8=+ab<N'�¿xa9LS(+'AOM<N=m72,/,/'S6�(+'Aa�5g(�*-,/a��tR/=��-72,0<�S<N68'�3/LAOS(+'S,/O��/LAa45U*16�(+'Sa�LS�2LS,/'A:~'A,0<9a�'M<43/'�(+'Sa�*/.872Ru<N'A64¿ (H��'S,/a9'S:xc/(m'x3/'Aa�=m,0<N'A,Dn<N=+7-,/aAW{&ª*@3g'ARu�u=+�S:;'`LS<N*-5	'�G �À�u'SOARg<9=+,/.�=m,0<N'A,0<9=+72,/aNI�OA72,/a8=+ab<N'�¿�'M�uLSOARg<9'A6ÀOS'AaÁ=m,0<N'A,Dn<N=+7-,/a@'M<�3/7-,/O)(m'AaK5g(�*-,/aYOA7-6969'Sa95	72,/3U*1,t<AW�}d'Sa�5/(�*1,/a@3gLAOA(m'A,/O��/*-,0<4¿Ã(+'SR/6�<N72R/6@(+'Sa*-OS<9=+72,/aS�0<N'Aab<�.270*1(+a`72R?*-O��/=m'S�-'A:~'A,0<�.270*1(+a`69'A5g69=+ak3U*-,/ak(+'SR/6dOS72695/aSWg>@R OA72,0<96N*-=m69'-�3U*-,/ad�->�ej&f�t(+'Aa`69�S.2(+'Sad¿P*-5/5/(m=+�tR/'S6ka872,0<�O��/72=ma9=m'Aa`3/R/6N*1,t<d(|�\'M�uLAOSRg<N=m72,�Wt�s(	,���'C�u=+a8<9'3/72,/Ox5/*-a�3��\LS<�*15E'x5g69LA(m=+:~=+,U*1=+69'�5	72R/6KO��/72=+a8=+6@(+'AaK:;'S=+(+(m'AR/68'AaY69�S.2(+'Sa�*��-*1,t<�3/'�(+'Sa'M�uLAOSRg<N'S6AW�&f��*-5/5/(m=+OA*1<N=m72, 3/'Aa?ejX�ns68R/(+'Sa;OS72,/a9=ma8<9'�5/68=+,/OS=+5U*-(m'A:~'A,0<~a972=o< ¿�'M�uLAOSRun<N'A6P3/'Aa�cgRg<NaS�Áa97-=m<�¿69'A:~5/(+*-OA'S6)R/,q5g(�*-,q5/*-6)R/, *1Rg<N68'-Wf}d'SaxOA7-,/a9=m3/LA69*1<N=m72,/a)'M<(�*ÃOS(�*-a8a9=m�/O�*1<9=+72,3/'Aa�5/69*-OS<9=+OA*-(Á68'�*-a872,/=+,g. 69R/(m'Aa�5	'A68:;'M<9<N'S,0<4¿?�->�ej& 3/'x��72R/68,/=+6R/,/'�3/'Sa9OS69=+5u<N=+7-,Ã5/(mR/ad68=+O��/'�3gR OA72:~5	7268<9'A:~'A,0<d3g'�(|��*-.2'S,t<d:;�S:;'Ya9=EOA72:~:~'@,/7-R/a(|��*z�-72,/a�3gL .9¿P�DR?OA'M<9<9'�OA(+*-a9a8=m�UOA*1<N=m72,Ã5	72R/686N*-=o<d�M<N69'�*-:;LS(+=m7269LS'Y'S,?(�*�69'A,g3U*-,0<�5/(+Rga3ghD,U*-:~=+�tR/'-W
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/�(������Q����1���)H/$#�+.�Q* )��"���R��)>�HVd/�+.��1?)���+.q���� �7I@JOLH4 <5;=<@? 9V/&9V^_4Z2*+C/ ? +.-0/0AKF*F �

�t)>�-)��$�L!f#��R��� �Uq$#$�-�L/$(��J%>�>(��L+.*�+�1r� ����� ���-��)>���s/��`/�( ¢K�$+��s�.���U*���) ��%>��*�� �g#��.��(@V
��+�� #���� �"� �f��:@`c�"�	ap�@�U�.���������������X���Q����)�#HF>%,�f�e� �f�����t��� �c1K%>��� �J�-S�� �����U/�� I@JOLH4 <5;K<@? F
��)��J�g/�� �L*���) ��%>��* ���g/��N�P57%>�����J� � *�)>�"���N�$)�#��L�j5k%;F�)>���s/�(@¢K��+r/K%>���L�.�N*TS�%>1�+.������b��@:

cI%,+��J�-� �K%>�J�^!f#�����)�#��=% F>)����^/�( �J%>��(��.���=/$+dar(���� �J�-�Z�*)>�����b� �^������F�+.*���� O���)�#$�
1?)�#$F>)����b(��&%,qr)��������.���l�")�/�� �����l��3H����������� O�*>5m���Y��Vd� Vd/�+.���^����e_fOgKh	ikjlgm npoKj	q.rts"� �u���
e_fOgKh	ikjugm vtq.r!j	w#nKx	rEv8f:qys@:

z�{E|�{#} ~��������!�����R���=�V�y�����
�������V��K�Q�����,�H�C�=�>�&�
`��T%,�f�Q/$)�����(l!f#������`�")�/����.�R/657%>��� �f�Q� ���t%>�����M�u��+���1����,OH�$)�#��Q%>�.��)����U��1?(�* +.¢K� �

�.��e_fOgKh	ikj�gKj_x	i�n:sTspjTs�gm npoKj	q.rt� �R����e_fOgKh	ikj gm vtqys	rZn3qRxTjTs�gm npoKj	q.rN/�%>�������\�"a �"�
��*TS�(��"%$:>_`�g1���#$����)�#$��AB����)����c/�(US��`��(@AB(���� ��*��Q%,#H3=��)�/����.����/$�L*���) ��%>��* ����OJ/$�Lq�#$���
� )�#i��)J%>�.�T�s�@�Q/��b1$�&%>���g/$( ¢K��+.�Q1���#��g�.)�+��p:



$&%�� � � ��� �O��� ����� �������.���
	�� ��� � ���P��� ����&�������
�U� ��� �*�

ACHETEUR 
M. croyances   mcA 
M. goals mgA 
M. plans mpA 
 
E. croyances ecA 
E. goals egA 
 
E. croyances initial : 
nomProduit(p1,X) 
prixMax(p1,100) 
nomProduit(p2,Y) 
prixMax(p2,50) 
E. goals initial : 
Achieve(possede(p1)) 
Achieve(possede(p2)) 

VENDEUR 
M. croyances   mcV 
M. goals mgV 
M. plans mpV 
 
E. croyances ecV 
E. goals egV 
 
E. croyances initial : 
nomProduit(p1,X) 
prixMin(p1,90) 
nomProduit(p2,Y) 
prixMax(p2,60) 
E. goals initial : 
Achieve(vendu(p1)) 
Achieve(vendu(p2)) 

BOB ALICE 

���������$:�$ � c')�/�� ����/657%>��� �f����:

����� ����K�Q�������7�>�p���:���3���E�>��
� )>�"���'�$)�#��o�j5k%;F>)����o1$��(�* +���(I/K%>�$�o���h*TSK%>1$+.�-����bHOX��%0��( �-S$)H/�)>��)���+.��M`M �!�

���ZAB)�#����$+.�l1K%>�l/�����)����"�Z��#��u���Z��)H/�� ���Z/65m+��J�����-%,* �-+.)���� :��N)�#$�\%;F�)>���b*TS$)�+���+c/��
�")�/�(��.+������X��� �L+��J�-� �-%>*@�-+.)����e���#">* ����c%$ � �@��&�c'$ � O$�-� ���U!�#p57+.���s��)��J�g#$��+���+.��( �U1K%,�
�&%=��( �-S$)H/�)>��)���+.� c'M($fV � )>�"��)��*)�MR_($r:

MN+�����+PO���)�#$�Z%;F�)����Z#$�2/�+&%,���-%>������/$( ¢K��+U���#",*����%&�c%$ � � ¢���#����+�$: b>�@O	!�#$+
��1?(�*�+9¢K�=�.�=/�(���)�#��.�������J��/�#�1���)>�-)�*�)>���>:r_R%>�$��*�����/$+&%>����%>���"� �N��)��J����(@AB(���� ��*�( ���
/����Q+��J�����-%,* �-+.)����g��+���1���� �L/�( ¢���+�� �N���!">*��l�lc%$ � � ¢K�>#���� � �H:-,^� �.�$:0/f��:
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 msc Negociation 

Prop_achat 

Non_dispo 

A_Proposé 

Accept_vente Der_prix_vente Prop_vente 

V_Proposée 

Accept_achat Reject_achat 
V_Proposée 

Accept_achat Der_prix_achat Negociation 

A_Proposé 

Accept_vente Reject_vente 

Accepté NonDispo 

Accepté Rejeté 

Accepté Rejeté 

Accepté 

������� �$: b � _`+&%>�>�-%>���"� &�c%$ � �N� ��)H* +&%,��+�)��p:
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	�� ��� � ���P��� ����&�������
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 msc Prop_achat 

Acheteur Vendeur 

proposition_achat(prod,prix) 

msc Accept_achat 

Acheteur Vendeur 

accept_achat(prod,prix) 

msc Reject_achat 

Acheteur Vendeur 

reject_achat(prod,prix) 

msc Der_prix_achat 

Acheteur Vendeur 

Dernier_prix_achat(prod,prix) 

���������H:-, � c'�����-%>��� �NMg*TS$� �-� #��tV����X� ��/���#$�t� � c'$ � :
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����	����������������������������� ���!�"�����#� $��y$

 

msc Non_dispo 

Acheteur Vendeur 

Non_dispo(prod) 

msc Der_prix_vente 

Acheteur Vendeur 

Dernier_prix_vente(prod,prix) 

msc Accept_vente 

Acheteur Vendeur 

accept_vente(prod,prix) 

msc Reject_vente 

Acheteur Vendeur 

reject_vente(prod,prix) 

msc Prop_vente 

Acheteur Vendeur 

proposition_vente(prod,prix) 

� ����� �$:0/ � ch������%>��� � �X���$/���#��LV���Mg*TS��@�-��#$�`����c%$ � :
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zP{E|�{�� ~���� ���!����� ���y�V�y�����
� �V��K�Q�=� � ����� �&�

���l��)H/�� ���R/$�uq$#$�t/��l�P57%>*TS�� ����#�� � ���
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���l��)H/�� ���R/$�uq$#$�t/�#hF>����/$��#�� � ���38�9t� ���t������#�+.F,%>�J�u�
������������� �"�-5*��#1�:��!"�-��#/��$
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� � �U/$��#H3"��)H/�� ��� �c��1?(�*�+9¢K���J�U/�)���*Q�.���X/�+dar(������J�-�X�d��1r� �U/$�Nq�#H�-�e!�#$�N1?��#$F>���J�
%>/�)�1$�����U������1r� * ��+.F�� �"� �J�g�P57%>*TS��@�-��#$�L� �s���NF>����/$��#�� :K�N)�#$�L���`��1r( *�+9¢K����)����L1K%,�L��� �
( �T% �-�s/$�`q�#$����OH*���#�3�VW*�+r���R��� 1���( ��� �f�����J�Q!f#��R�.���sq$#$�-�L+.��+.��+&%>#�3Z1?)�����+�q��.���s1?)�#��U��� �
%>�����J���t!f#�+�+.�����-%>��* +����J�t���N�d�H1?�u/65k%,�����J�N�l���<�K�����	�E� �Q�=���<�<�?�	��:

� �V��K�Q�=� � ��>��E�.��
���2��)�/����.�]/��81���%>���[/$�2�&%G* �&%>�����8/657%>��� �J�E�l���<�K�����<� � �?>�	i�i1r)>����� /��

!�#�%,�-���b1���%>��� O?#$�I1?)�#��Q*TSK%>!f#��\�d��1?�\/��uq�#$���`�"%>*�* )���1���+.��: � � �`1���%>���Q��)��J�`1���(�V
�����J��(��e%>#H3\¢K��#������ �$: %HO �$: �R� � �H: 'H:>�N)>��)����c!f#��Q��� ����������%>��� �c���JF�) ��( �L%>#ZF>����/�� #��
� �Q���A@�#��t/��l*�� ��#�+4Vd* +6��)��J�t���h+.�-%>��+.!f#��>:

Achieve(possede(Produit)) 

[ prixMax(Produit,Max) ] 

Achieve(PrixNegocie(Produit, Max * 2/3) 

������� �$: % �CB ��%>�i/�#i�d�H1?�u/65k%,�����J�N�l���<�K�����	�c:
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Achieve(PrixNegocie(Produit, Prix)) 

[ prixMax(Produit,Max) ] 

Si (Prix < Max) 
Alors  proposition_achat(Produit, Prix) 
Sinon  dernier_prix_achat(Produit, Prix) /* Prix=Max 

accept_vente(Produit,Prix) 

proposition_vente(Produit,Prix2) 

Si (Prix2 <= Max) 
Alors  accept_achat(Produit, Prix2) 
Sinon  achieve(PrixNegocie(Produit,Prix+1)) 
 

dernier_prix_vente(Produit,Prix2) 

Si (Prix2 <= Max) 
Alors  accept_achat(Produit, Prix2) 
Sinon  reject_achat(Produit,Prix2) ; 
 Achieve(tropCher(Produit)) 
 

non_dispo(Produit) 

Achieve(nonDispo(Produit)) 

reject_vente(Produit,Prix) 

Achieve(tropCher(Produit)) 

[ tropCher(Produit) ] [ nonDispo(Produit) ] 

������� �$: � � B �&%,�h/$#i�d��1?�b/p5k%>�>���J�N�l���<�K�����<��:

Achieve(nonDispo(Produit)) Achieve(tropCher(Produit)) 

���������$: ' �CB �&%,���Q/�#h�d��1?�l/65k%,�����J�N�l���<�K�����	�c:

�����h1���%>����1���(���� �J�-(��I�8�&%]¢K��#$��� �$: '8�p57)��J�h1?)�#���q�#$�h!f#��E/��C��� ��/����C#��$�
* ��) �J%,��*��uFH��%>+�� � ���'�P5m)H* *�#�������* �>O 6!-3/T+�� L < - ?�� -0/0A��C476#F )�# 9R/:9R^_4U2*+C/ ?�� -0/0A��C476#F �@:
MN+�����+PO?���=����#���Av%,+.�R!f#��Z�.�=1���%>�[��( #�����+������^��� ��/C���=1���(�/�+.*;%,�����P5m+��J�-( ��+�� #��`/$����1K% V
�����J�-S$����� �`/�� I@JML.4 <5;K<@? F F��-%>+j:



$���/ � � ��� �O��� � � � �������.���
	�� ��� � ���P��� ����&�������
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���=��)�/����.�b/��\1��&%>�$�`/��=��%"* �&%>�����=/657%>��� �J���Z���	�����<� � �?>78[�g1r)������ /��Z(��J% V
���������J�s!�#�%,�-����1��&%>�$��:y\	��)>+��L/65m���J�����@VW��#H3������YF�� �f�`�Z%>* *�)���1���+.�U�����L����)�+.�U�d��1r� �Q/��
q�#$�-� Or�@�R�.�b/�� ����+.���t���Y��#��[1���%>��� ��(�%>* ��+.A��,O�!f#�+	+���/�+.!f#��\���P57%>*TS��@�-��#$�R!f#657#$�[1���) V
/�#�+.�N�65m���Y�R1K%>�N/�+���1r)>��+�q��.�>: � � �R1��&%,���`��)��J�R1���(���� �J�-(��l%,#H3h¢K��#������ �$: �$O��$: �$O��$:�$��
� �.�$:�$($�:

Achieve(Vendu(Produit))  [ PrixMin(Produit, Min) ] 

Proposition_achat(Produit, Prix) 

Si (Prix ≤ Min) 
Alors accept_vente(Produit,Prix) 
Sinon achieve(PrixNegocie(Produit, Min * 4/3) 

���������$: � �CB �&%,�h/$#h�d��1?�u/p5k%>�>���J�t�Z���<�<���<��:
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Achieve(PrixNegocie(Produit, Prix)) 

[ prixMin(Produit,Min) ] 

Si (Prix > Min) 
Alors  proposition_vente(Produit, Prix) 
Sinon  dernier_prix_vente(Produit, Prix)  /* Prix=Min 

accept_achat(Produit,Prix) 

proposition_achat(Produit,Prix2) 

Si (Prix2 ≥ Min) 
Alors  accept_vente(Produit, Prix2) 
Sinon  achieve(PrixNegocie(Produit,Prix-1)) 
 

dernier_prix_achat(Produit,Prix2) 

Si (Prix2 ≥ Min) 
Alors  accept_vente(Produit, Prix2) 
Sinon  reject_vente(Produit,Prix2) ; 
 Achieve(nonVendable(Produit)) 
 

reject_achat(Produit,Prix) 

Achieve(nonVendable(Produit)) 

[ nonVendable(Produit) ] 

���������$: � �CB �&%>�i/�#i�d��1r�u/657%>��� �f�t�=�?�	�����	��:

Achieve(nonVendable(Produit)) 

������� �H:d$�� � B �&%>�i/�#��d��1?�b/657%>��� �J�N�=���<�<�?�	��:

proposition_achat(Produit,Prix)  [ ¬ nomProduit(Produit,Nom) ] 

Non_dispo(Produit) 

������� �H:d$($ � B �&%>�i/�#��d��1?�b/657%>��� �J�N�=���<�<�?�	��:
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� �V��K�Q�=� � � � �&���>�.� �(�K�
��� �Z�")�/����.���b/���*���) �J%>��* ���^1?��#$F>���J��a �-����/�(���+.F>(��Z/�� �Z�")�/����.���b/�����)J%,���\�@�

/��C1��&%>�$��/�( ¢K�$+���1���(�*�( /����������J�;:QM`+.����+jOs��%2*��&%,�����C/��C* ��) �J%>�$*����g������� �&� /��
�P57%>�����J�l�l���	�K�����<�8%>#���%�*�)������Z%,������+.q�#$�R�.�=q?)H)��.(�� � +C/32&2 < A <Z*;%>�R+.��%��.�=��)J%>�
IKJMLH4 <5;K<@? +./32&2 < A <@? +.-0/0A��C476#F#FI� 1r)�#$���-%>1$1r� �PO IKJMLH4 <5;K<@?�� F ��+.����+.¢��[!f#��[�P57%>��� �J�i%
1r)�#$�`q�#$�`/��=������/������ F��-%,+ �@O?� �R�����.�\%,#��-%o( �J%>�.�������J�`�j5k% ���-��+�q�#H� +.-:47D�	 I]D Op!�#$+
�����t��( *�� ���-%,+����b%>#i/�( ��)�#��.�������J�t/��l��� �t1$�&%>��� :

������)H/$�����N/���*���) �J%>��* �l/��l�P57%>*TS�� ����#�� � � �,	i�e���R�-��)�#$F��u�=��%b¢K��#���� �$:�$&bHO$�@�
���`��)�/����.�N/��`*���) ��%>��*�� �Q/�#�F�� ��/���#$� � � ��8[�c���R�-��)�#$F��R�=�&%u¢���#����(�$:d$ ,$:$�t)>�-)>���
!�#$�I��)�#$�����I/$(���+9F�� ��)����o!�#$�[��� �"1���(�/�+.*;%,���o/�� ��*���%>��������/$�I*���) �J%>��* ��� OL*;%>�"��� �
AB)���* ��+�)��$��/65k%,*�*�� �b�$)�#��l��)��J�u+��f#$��+��.����:6�N)�#��l�657%>�.��)����`(��J%>�.�������J�l1K%>�l/�(@¢K��+.��+�*�+
�����`( �T% �-�R/��Z* ��) �J%,��*�� �u/$�Z�P57%>*TS�� ����#����@��/�#�F�� ��/�� #�� � ���,	�� � ����8[�@O?*;%>�R+.���N���
����1$��(������J�-� �J�R��� #���� �"� �J�N!f#��l�.��#����t(@�T%,���Q/��l*���) ��%>��*�� �`+.��+.��+&%>#H3"1?)�����+�q��.��� :

PRODUIT 

Name  nomProduit 
Boolean  possede 
Integer prixMax 
Integer prixNegocie {opt} 
Boolean  tropCher 
Boolean nonDispo 

nomProduit(Produit,Name) 
possede(Produit) 
prixMax(Produit,Integer) 
prixNegocie(Produit,Integer) 
tropCher(Produit) 
nonDispo(Produit) 

���������$:�$&b � ch)H/�� ����/��l* ��) �J%>�$*����N/��l�P57%>*TS��@�-��#$��:

 PRODUIT 

Name  nomProduit 
Boolean  vendu 
Integer prixMin 
Integer prixNegocie {opt} 
Boolean  nonVendable 

nomProduit(Produit,Name) 
vendu (Produit) 
prixMin(Produit,Integer) 
prixNegocie(Produit,Integer) 
nonVendable(Produit) 

� �������$:�$ , � c')H/$������/$�u* ��) �J%,��*�� �`/�#�F�� ��/�� #���:
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