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

*,+-��./
0�1�� 2�

3�465�467�8�5�9;:<4 =?>;:A@<46BC>ED(46BF9HG�9
I GJ5�9;:<4LKNMOGQPRM6ST@/PR4QU1@ V�4&BF9HG�9AKWMQGQPXM6S�@YPX4QU1@
5�4&B[Z]\_^�`LaHb2adcHe;fhgi`Ladj 5�46B[Z2\_^�`LaHb2adcHe;f[eH^HcH^

k�4 I >;7l5lSm46:A5"9;npoq9;S I @�5�467r81M&sF46:<MQ4
oq>;7l:<4Qt;sF4-=?46BuBF9;:mv�:�suV�467�GJsu5[w
3psu5l5�GJx�@�7�t;y/z{3}| `L~Hai`Qj;f[jHeH��`

n�>;��Z2\_^�`LaHb�adcHe;fh~H~Hgdc
| I 7lsuB/j�zY`Q�H�A~

���d���[�[�&���
�2�Y���������l�F�Y�u�����l���l�h�����h�l�[�	�h�� ����F�_�u���[�¡�l ����������[¢�£��u ��l�2�1 ��F¤]���X�h���� ����&¥Y¦L §���u�[¨

�©¤��/�¡�l�_���¡�ª�����X�h���� ����q���&�(�����[¢�£��u ��l�2�C §«¬��¢_�h�]­&�Y�F�[��£&¢��[�Q¥¬®l�[¢��l�&�Q¨Q ����¯�l�F«����u ��l�
�¯�F�l«°�F¤��±�_���J §�©�l��«��_����¢_�h��­Q�{ ��&¢��l�F�Q�l���h�©�[�Y ����F�Y�F¤��±���X�h�����_�[²³��´����h�1���[���l�±�h�H�F¤��
�A�l�u�X�Q¥����������©�_�&�2�F¤���µ�¶&·¹¸OºX»L¼-���X�h�����_�Y�F��¤&���&�J�§�������[¢�£��u ��l�W�J�{���F�l«����F�[�"­�½
�©¤��±£&�u�_�<�h�&�¬�F�Y ��&¢��l�F�Q�l���h�F�1 ����¯�l�F«��h�C §�J���F¤&�h�1�F�[�u£������A�¯�F�l«°�F¤� X�������[¢�£��C §�J�¾¥1®l£&¢�¤
 ����¯�l�F«����u ��l��¢_�h���� ��F¤��_���h�u X�u�<�h£��©�l«��h�u X¢_�¡�ª��½��l�1¢_�h��­Q�1 �����£���­�½Y�F¤���£&�u�_�[¥A¦L §�&�¿�À��½�¨
�A�±­��u ���Á&½(�J X�F¢�£&�F���	��½��	�F�Y¤����§�'�F¤��±£&�u�_�<���_�©�_�F«Y ����±�Q�l�F�_���u X�¡�ª�§½�£&�C���Â£��¾�l�����_�[���[�
�6�h ������A�¯�l�1�����[¢�£��C §�J�q��£��u ��������Ã������ §���6¥

ÄpÅ�ÆLÇ�ÈO�hÉ;�lÊ Ë;�X�h���� ����-�h�&�Ì�F�[�l�u�J�� §�����l���l¢��u ��l�����&�-¢©¤&�h���l�l¨�Ë;�X�h���� ������h�&�
�����[¢�£��u ��l�¾¨6ÍÎ���F�_���l¢��C §�J��Ë;�X�h���� ����&¥

Ï



� �������	��

�����������

��������������� �"!#�$!&% '&�(���������)�+*-,.�0/1�2%3,��4��5�6)�+6+%7*8%3!-�:9;%=<.���+�)*->?�@��6+A�<$�B��%3�2���.���C���D�C�4%=,��2�=�0���
E !&�3�B�GFIHJ�.�C%=�0�&�GK�%3,��(*L�3�@9;�(6)/����"!&>?�@6+�M�@�D�NA$�=!&5$�+�(>O�"�@�39;�=6)A�%=6)!&�D�QPR�=!&>S��,"<�>����L<D�T�(�
�@�D�8�3�(%=<$�=�U�V�C�0WX<����D9;�Q!@PY�&9;%36+!:�D��%3!#5D�4�(Z"�09;<�%=�0�GF�HT�"�@�@�+�)*&K�A��������$�(���[,D�(/&�4�(��!&<$'&,�%36+>-�
�@�D�-6+�"PR!:�=>?�@%=6)!&�V%=!\�=�0�&9�,?�\9;!&>]A��+�(%3� �C!:�+<�%36+!&�?5^�;PR!&�3�Q�(Z_�@9;<�%36+!&�V>`<.�C%[5G��'&6+�aF�bc! E ��/&�(��K
%3,�6B�[6B�	�$!&%Q%3,��49(�&�T�`6+�d�(6+%3,��(�[%36+>-�(e79;�36+%=6)9(�@�D!&� 6+�D9;!:>-A��)�(%=�(�)*"e7�"�;f.���@�V�C6+%3<D��%36+!:�D�;Fcg �d%=,��
!:���V,D���D�^Kh%=,$�#<D�T�(�2>?�;*ji�k1l_m�%=!�5D�(':6+�
�(Z_�@9;<�%36+!&� E ,$6+�+�\%3,��VA��B�@�����(�26B�2�T%=6+�)��A���������6)��'
%3!#6)>-A��3!(/&�4%=,��49;!:>\5�6+���0��A$�B���$��6+��']���.���(Z"�09;<�%=6)!&�-%36+>-�nF	gc�d%=,��4!&%3,��(� ,D���D�^Ko%3,��`<D�T�(�
>��;*
lop�p3qQ%=!]�C%r���=%[��Z"�@9s<�%=6)!&�?%=!\'n��%=,$�(�c6)�"PR!&�3>?��%36+!:�-���@9;�0�=�=�@�=*-%3!-9s!&�_%=6+�1<$�tA$�B���$��6+��'$F

Hu%V6B�V� E �(�+�)ev�3�@9;!&':��6+w��@�M9;!&>-A$�+�(Z
A��=!:5��+��>x%=!M�_�@9;6B�_� E ,$�(�y�@�D�z,�! E %=!I6+�1%=���=�+�0�;/&�
��Z"�@9s<�%=6)!&�\�@�D�`A���������6)��'V{}|&K�| Ï K"|:|(~uF�Hu�4%=,�6��h6+��6)%=6���� E !:�=�4%=! E �@�������&�$�"�=�@�3�C6)��'Q%=,$6B�h':�(���(�r���
6��=�T<��1K E ���&�3�C<�>-� %=,.��%	%3,��QA��������$�(�Y�"!"�0���$!&%[�@<�%=!:��!&>]!&<D�T�+*]�"�(%=���=>-6)��� E ,����-%=!2�(Z_�@9;<�%3�
�\A������d�C%3�(A���%=,$�`<D�T�(� �"�@9;6��"�@�sFh�
�tA$�=�@�T�(�"% �\A���������6)��'V���.�8�(Z_�@9;<�%36+!:�?���)'&!&�36+%3,�> E ,�6B9=,
E �c6)>-A��)�(>#���(%=�@�V�&�Y���-��Z"%3�(�D�C6)!&�\%3!`%=,$�Q9;<$�=�=���1%	�D�^�����R����A���������6)��'\�@�+':!&�=6)%=,�>�{���~7F��	,��
�@�+':!&�=6)%=,�>O���)�+! E �`%=,$�-<D�C���\%=!���Z"�@9s<�%=�VA��B�@����6)��'
�C%3�(AD�`�(6)%=,��(�QPR!:�\�;�?9s6+�(�D9s*��=�0�&�C!:�D�\!&�
PR!:�\6+�"PR!:�=>?�@%=6)!&�L'n��%=,$�(�=6)��'UA�<��3AG!1�T�@�;FM�	,$�-A��B�@�����(�\6��`�(Z_%=�(�D�_�@��%=!
�:9(9;!:>->-!:����%3�?%=,��
<.�C�(�3eu�T�(�+�@9s%=�@�L�(Z_�@9;<�%36+!:�N6)�M%=,��3�(� E �(*��sF��h6+�r�C%(K�6+%V6B�\A��3�(AD���3�@�L%=!L�3�@9;!:>->-�s�D�L�&9s%=6+!:�D�
PR!:�`�(Z_�@9;<$%=6+!:�L�_<��=6)��'�%3,��-A���������6)��'�A$�=!$9;�@�=�sF��n�@9;!&�.�GKh6)%`�&���(AD�t%3���:9��U!@P E ,�6B9�,M�&9s%=6+!:�D�
,.�0/:�?5o���(�L�(Z_�@9;<�%3�@�M�u�&�`6)�D�"6�9(��%3�@��5_*
%=,��-<.�C�(�s��K��C!U%3,D��%\6)%49(���MA��3!��"<.9;�?��f.�D���[A������
�:9(9;!:���"6)��'&�)*&F[�	,$6+���^K�6+% 6B�[��5$�+�`%3!#6)�D9;!:�=AD!&�r��%=�4��� E 6)�"PR!&�3>?��%36+!:��PR�3!&>���Z"�@9s<�%=6)!&�?6+�1%3!#6)%��
A$�B���$��6+��'dA��=!$9;�@�3�;F]�	,�6B�QfD�D���Y�(Z_%=�(�D�T6+!:�L�@�B�C!����)�+! E �2<D�t%3!�6+�.9;!&�3Ao!:���@%=�?9�,D���$'&�@�26+�
%=,��
A$�B���$��6+��'V�T%��@%=�\�_<��2%=!V�(Z"%3���@���(!&<.�	�(/&�(�_%��sF

�1��/&�(�r��� �=�@�T�@���r9�,������\,D�(/&�U6+�1/:�@�C%36+'n��%=�0�z%=,��dA��=!:5��+�(> !@P26+�_%=�(�3�+�@�s/"6)��'�A$�B���$��6+��'I���.�
��Z"�@9s<�%=6)!&��{��"K���K���K	|��&~uFL�	,$�8>���6+�
PR!_9;<D�\!�P�%=,�6��`�=�@�T�@���r9=, E �&�\!&�M%=,$���_�;fD��6)%=6+!:�M���.�
6)�1/1�@�C%36+'n��%=6)!&�M!�P# rp3k1¡smu¢B£�pV¤D¥}k1l�l$¢Bl&¦&K ���D�M!&�j6B�=�T<��@�`!@P2�;��9;6+�(�:%d =pu¤D¥}k1l�l�¢Bl:¦&Fy�y,��(�y�_�(e
�)6+5D�(�r��%=6)/@�#A��������$6+��' E �&�Q<D�T�@��%3!?'&�(��������%3�\A��B�@�D�;K�>-!n�C% !�P§%=,��V9;!:>\5�6+�$�@��A��B�@����6)��'?���.�
��Z"�@9s<�%=6)!&�U�@A�A��3!1�&9s,��@�Q�:�=�C<$>-�@��%=,.��%Q�(Z_�@9;<$%=6+!:� E !&<�����5D�V�"�(���;*1�@�U�:�¨�)!&��'��&�QAG!n�=�C6)5��+�nF
© <��=6)��'`�(Z_�@9;<$%=6+!:��K1�(�B�@5D!&���@%=�Q>]�(%=,�!_�$��PR!&�Y�=�(A$�B���$��6+��'ª���3�2�"�(/:�(�+!:Ao�0�-���D�-6)�1/&!&�1�0� E ,��(�
��Z"�@9s<�%=6)!&�M�@�+%=�����\%=,��?A���������6)��'I�C%��@%=�?6+�j�@�z<���A$�=�@�"6�9;%��@5��+� E �0*:Fj«�!&�=�d�=�@9s�(�&%3�+*1K�!&%3,��(�
�3�@�C�0����9=,$�(���QPR!_9;<D�C�0��!:�LA��=!$�"<D9s6+��'I¡�¬1l"m7¢Bl&¦"psl$¡(­�¤D¥®k1lX¯2%=,D�@%`%3�=*U%=!d�(�1<�>-������%3�V�"6±°^�(�3�(�1%
AD!n�=�C6)5��+�[!:<�%�9s!&>-�@�G!@Pa�&9;%36+!&�.����%��(Z_�@9;<�%36+!&�4%=6)>-�1F�Hu�\�:���"6)%=6+!:��K1�TAo�09;6±f^9�6)�"PR!&�3>?��%36+!&�4'1�@%=,�e
���=6+�$'8!:AG�(�r��%3!&���4���3�?�&���_�@��6+�1%3!�%3,��-�_�(�+6)5o������%36+/@�-A��������$6+��'?A��3!�9;�0�=�t%3!��(Z_�@9;<$%=�V�&9s%=6+!:�D�
%3,D��%�A��=!:5G�	%3,��[�(�1/_6+�3!&��>-���&%�PR!&��A��������$6+��'Q6)�"PR!&�3>?��%36+!:�?{³²_K"|��"K�|�²�~7F�Hu�`!:<�� E !:�=�^K E �Y�+�@�@�=�
PR�3!&>´���D�\5�<�6)�B�t<$AG!&�\%3,��@�T� �"6±°^�(�3�(�1%��&�TAG�@9s%��h!@PGA$�=�(/_6+!:<D� E !:�=�^F��	,��[>���6+�ª9;!&�_%=�36+5�<$%=6+!:�D�
!@PY!&<�� E !:�=����%Q%3,�6B�Q�T%��@'&�V!�P§�"�(/:�(�+!:A�>-�(�:%(K��:�¨A$�=�@�T�(�1%=�@��6)��%3,�6B�cA.��AG���(K��@�=�V�&�cPR!:�+�+! E �;F
��6+���T%(K E �`�=�09;!&':��6+w(�2%3,��2AG!1�3�C6)5��+�45o�����;fD%r��!@P��@���3�+*-��Z"�@9s<�%=6)!&��FYµ	�(6+�$'-� E �@�=�2!�PY%3,��4�"6±�]e
9s<��+%u*\!@P��"�@9;6��"6+�$'`9s!&�=�3�@9;%3�+*\�@�D�-'&�(�$�(���@�+�+* E ,��(�-%3!\�T%����3%	�(Z_�@9;<$%=6+!:��K E � 6+�D9s�+<D�"� %=,$�c<D�T�(�
6)�U%=,��4A��B�@����6)��'?�+!1!&AaK����)�+! E 6+��']%=,��\<D�T�(�Q%3!?�"�@9;6��"� E ,$�(�U�(Z_�@9;<�%36+!&���C,�!:<��B�U%��@�&�\A����&9;�nF
�n�@9;!&�.�GK E � �(Z"%3�(�D�`%3,��Q�D�D�����R�h�UA���������6)��'4���)'&!&�36+%3,�>¶%=!2,D�@�D�"�+� <D�T�(�=eR'&<�6��"�@�#��Z"�@9s<�%=6)!&��K

|



�T<�'&':�@�C%36+��'\A^!1�3�C6+5$�+�Q5��3�@���VAG!:6+�1%r��PR!&�[%=,$�Q<D�C���	%=!\�3�@W1<��@�C%Y�(Z_�@9;<�%36+!&�aF��	,�6)���GK E �QA��3!@/"6��"�
�Q>-�09C,D�@��6B�T> 5_* E ,�6�9�,\�(Z_�@9;<$%=6+!:�V9(���V5D�[<D�C�0� %3!t<$A����@%=� %=,��[A��������$6+��'2�_��! E �+�@�"':�[5D�&�T�1F

� ��� ���@�@���\�����-�	� ��

�����`�Q��������� �@� �����#�
���@���

����������6)��'�K16)�D�"�(AD�(�D�_�(�1%=�)*`!�P E ,�6B9=,\A$�B���$��6+��'4�@�+'&!:�=6)%=,�>¶6��h<D�C�0�GK1A��=!_9;���@���h6)�D9;�=��>-�(�@%��@�+�+*:F
� � E A������U�T%=�(A.�c�@�=�`6)�1%=�3!��"<.9;�@�86)�1%=!V%=,��4A��B�@�U!&���ª��%��#%=6)>-�2�@�D��9=,�!:6B9;�0�c�@�D�U9;!&>]>-6+%3e
>]�(�&%r�t�@�=�V>?�&�_�V�&�t%3! E ,�6�9=,L�T%=�(A.�¨%3!U�T�(�+�@9s%2���)!&��'?%=,$� E �0*nF-HvP§�8A���������6)��'d���)'&!&�36+%3,�>
6�� %3!L5D�U9;!:>-A��)�(%=�1K�%3,��(� ���+� %=,$��9�,�!:6B9;�@�\>`<.�C%V,D��/:�U�
9�,D�@�D9;�d%=!
5G��/_6B�T6+%3�@�GFybc���D9;�1K
�$!-9;!:>->-6)%=>V�(�(% >?�&�"�4�"<$�=6+�$'#%3,��`A��������$6+��'VA��=!$9;�@�3�c�T,�!&<$�B�8���+6+>]6+�D�@%=��� A^!&�=%36+!:��!�P�%=,��
�T�@���r9�,]�CA.�&9;�Q%3,D��%§9;!&<$�B�\AG!1�3�C6)5��+*\*_6+�(���\�`�T!&�+<$%=6+!:�����(/:�(�=*V�T6+'&�$6±f^9(�@�"%Y9�,�!&6�9;� 6B���=�(/:�(���T6+5��)�
%3,��=!:<�'&,U5.�&9=�_%=���:9��_6+�$'�F[�1%=�(A.��>?�s*-5D�`�=��!&���_�(�=�@� E ,�����%=,$�=�@�@%�� ���=�QPR!:<��D�GK^�"6±°^�(�3�(�_%[!&A�e
������%3!&�r�t>?��*U5D�-�T�(�+�@9s%=�@��%3!��:9�,$6+�(/:�V�8AD�@�=%=6�9;<������Q':!1���7K��@�D�L�"6}°G���=�(�1%2A������
�=�;fD�$�(>-�(�:%��
>��;*-5D�2�(Z"A$�+!&�3�@�GF

�[�@��� �(Z_�@9;<�%36+!:�L!�Pª��� �&9;%36+!:�y�"<��36+��'
%=,$��A���������6)��'
A��=!$9;�@�3� �3�(>-!s/1�@�\�C!:>-�d9;!&�_%=�3!&�
PR�3!&> %3,��#A$�B���$��6+��'d�@�+'&!:�=6)%=,�>U�26+%¨9(���L�$!8�)!&��':�(�`5.�&9=�_%=���:9��U!@/:�(�4���+��!@P[6+%r�2�"�(�+6)5��(�r��%=6)/&�
9s!&>->-6)%=>\�(�@%r�;F�Hu��%=,�6��?�C�(�D�T�1Kc��Z"�@9s<�%=6)!&��9;!:�D�C6��C%��?!�Pª�=�@�@�+e E !&�3�B��9;!&>]>-6+%3>\�(�@%(F����0���
��Z"�@9s<�%=6)!&�M9(�@�y�@�B�C!
A��3!�/_6B�_���:���"6)%=6+!:�D���[�_��! E �+�0�"'&�-PR!&�V%=,$�8A$�B���$��6+��'
A��3!_9;�@�=�sFzHu�M%=,$6B�
�T�(�D�T�1K��(Z_�@9;<�%36+!&��9;!&�D�T6B�T%��	!�P��=�@�@�+e E !&�3�B�?�C���D�C6)��'�F

Hu�z':�(���(�r���7K��3�@��� �(Z_�@9;<�%36+!&�M!@P2A��B�@�y�T%=�(AD� E ,�6)�+�?A��B�@����6)��'�K	67F³�1F)K�5G�;PR!:�=�?A���������6)��'
6B�
9s!&>-A��)�(%=�0�GK",D�:�Q>`<��)%=6+A$�+�26+>-A$�+6B9���%=6)!&�D�sF[Hu��%3,�6B�cA.��AG���(K E �tPR!$9;<D� A��=6)>?���36+�+*V!&�U% E !-AD�@�=e
%36B9;<$�B���Y6B�3�C<��@�s��%=,���6+>-AD�:9;%�6+�-%3�(�=>���!@P�!&/:�(���@�+�G�3<�����6)��'`%36+>-�����.�8W1<D�@�+6+%7*#!@P��T!&�+<$%=6+!:�D�	!�P
%3,��29;!:>\5�6+�$�@�#A���������6)��'\�@�D�8��Z"�@9s<�%=6)!&�VA��=!$9;�@�3�����@�D�-%=,���6+�"PR!:�=>?�@%=6+!:�-'1�@%=,����=6+�$'V�&�CA^�@9;%�K
5_* E ,�6�9=,?�(Z"�09;<�%=6)!&�-A$�=!@/"6��"�@�[�:���"6+%36+!:�D����6)�"PR!&�3>?��%36+!&�?%3!\5G�2<D�C�0��5_*-%3,��2A��B�@�����(��F

��� � !#"%$'&)(+*-,�.0/�12&3$04%56$04879*:();=<>.0/?12&3$04@<BA8<DCD"�*:(3.�4
E ��>]�(�&%36+!&�$�@�\��5^!�/1�nK&!&�����&�TAG�@9s%�!@P��(Z_�@9;<$%=6+!:�\6B�h�3�@���)e E !&�3�B�V9;!&>->]6+%=>V�s��%Y�:��!:A�AG!n�C�@�V%=!
%3,��2�(Z_A��+!:����%36+!:�-!�P����)%=�(�3�D��%36+/&�0�[��%[A���������6)��'\%=6)>-�1F���!&�[�(Z$��>]A��+�1Kn9;!&�D�T6B�"���[%=,��cPR!:�+�)! E 6)��'
��Z��@>-A��+�2!@P	A$�B���$��6+��' E 6+%=,d�+6)>-6+%3�@�#�=�0�C!&<$��9;�@�sF`�1<�A�AD!n�C�]�-�"�=6)/&�(� ���(�0���c%=!]A��B�@�
�#�=!:<�%=�
PR�3!&>�!&���\�)!�9(�@%=6)!&�U%=!�����!:%=,��(��K�AG�(�3,D��AD� 6+�D9;�)<D�"6)��'-�T!&>-�\�$�@9;�@�3�=���3*?6+�_%=�(�3>-�@�"6���%=�¨�C%=!:AD�;F
�n<�A�AG!n�C�QPR<��3%=,��(�[%3,D��% 6+%[6��	�B�@%=�4��%[��6)'&,_%(KD�T!#%3,D��% '1�:�c�T%���%36+!:�D�c�@�=�2��!:%c!:AG�(��F��y,$�(�?%=,��
/:�(,�6�9;�+� >-!s/1�@�;K_6+%��hPR<����G'&��%��	�TAG�(�1%�K��@�D�#PR<��(�D6+�-%3,�6B�Y�C6)%=<D�@%=6+!:�-6B�Y�t�)6+>-6)%=�@�2�=�@�T!&<��r9;�1F��	,��
6)�1%=�(�)�+6)'&�(�:%?��':�(�"%]�C%r���3%��#A��������$6+��'�PR!:�#A.���=%36B9;<$�B���V�=!:<�%=�0�-���D�y�_�@�C%36+�D�@%=6+!:�D�\%=,D�@% E !:<��B�
5D�d�=�@�:9=,��@�GFM�	,����=�d���3�U�C��/&�(�r��� ���)%=�(�3�D��%36+/:�@�;Fy�1<�A�AD!n�C��%3,D��%V%=,$�86)�1%=�(�)�+6)'&�(�1%V�@'&�(�_%(K�6+�
6)%��Q�_�(�+6)5��(���@%=6)/&�`>]!_�"�1KD�(Z"A$�+!&�3�@�[%=,��V�@�+%=���=�D�@%=6+/:�`!@P	>]!(/"6)��'?�@�+!&�$'-AD��%3, E FGHu%�9;!&�_%=6)�1<��@�
A$�B���$��6+��'
�@�D�L�B�@%=�(�4!&��K�5"*I���.���+*_w(6)��'�PR<��=%3,��(�4�"��! E �)�@�"'&�nK�6+%\9s!&>-�@�Q%3!U%=,��?9s!&�D9;�)<D�C6)!&�
%3,D��%YAD��%3, E �+�@�:����%3!\�`�_�@�&�\�(�D�GF��	,$6B���)�@�&�$��%3,��QA��������$�(��%=!\�QP7��6)�+<��3�1K&5�<�%Y%=,���A��B�@�����(��K
6)�`6)%����"���+6+5$�(���@%=6+/:�	�3�@�&�T!&��6)��'�K_�C6)>-A��)*Q5D�&9��_%=���:9=�������D�`A������D��%=!2�T�(�D�`%=,$�	/1�(,�6�9;�+�0�G%=,��3!&<�':,
�V�"6}°G���=�(�1%[AD�@%=,�µQF

�



�1<$A�AG!n�C�	�$! E %=,D�@%�A��B�@����6)��'c6��G6+�_%=�(�3�+�@�s/&�@� E 6+%=,2�(Z_�@9;<$%=6+!:��� E ,����`AD�@%=, E 6B��A��=!:AG!n�C�@�
�:�����\!&A$%=6+!:��K1%=,�� �_�=6+/:�(��':!"�@����,��@�:�#�@�D�\!&���_�(���h%3,��[/1�(,�6�9;�+�0�G%=!4�C%r���=%�>-!s/_6+��'2�@�+!:��'2AD��%3,
E F(�y,��(�\AD�@%=, E 6��aPR!:<��D�`%3!Q�+�@�:�t%3!2�Q�"�@�:�t�(�.�GK&%=,$�	A�������������9(�@����!:%�9;!&�_%=�3!&�_%=,D�@%�9�,�!&6�9;�
�@�"*U�)!&��':�(�\�:�t%3,��-�T%=�(A
6B�2�@�+�=�0�&�"*U<��.�"�(�`��Z"�@9s<�%=6)!&��FV�	,��V/1�(,�6�9;�+�4>?�;*U��!:%`5D�?��5$�+�V%=!
�3�(%=<$�=�\5D�:9��2PR�=!&>¶A.��%=, E �&��6)%���PR<�����>?�;*4��!&%�5G�[����!&<�':, PR!:��%=,��[�3�(%=<��3�\AD��%3,�F��	,�� �@��':�(�
��Z"�@9s<�%=6)!&�-�)�@�&���	%3!-�\�=�0���oP7�@6+�)<��=�1F

�	,����=�V6B�Q%=,����=�;PR!:�=�V�?9;�+�0���Q%3���&�_�(!�°j5G��% E �(���U%=,��]�C6)>`<�����%=6)!&�
!�P �(Z_�@9;<$%=6+!:�U�@%\�"�(�)6+5�e
������%36+!:�L%=6)>-�1K E ,�6B9�,M�@�+�+! E �`%3,��-A������������`%=!U5.�&9��"%3���&9=�
<�A^!&�M6+%r�`9=,�!:6B9;�@�sK����D�L%3,��-�=�0���
��Z"�@9s<�%=6)!&�\!�P��T%=�(A.� E ,$6B9=,-%3�=6+':'&�(�r��%=,�� ���(�@�`PR!&�Y�=�(A$�B���$��6+��'26)�D�C%3�@�&�\!�P��T6+>-A��)�	5D�:9��_%=�r�&9=�_e
6)��'�F���6+'&<$�=�V|Q6+�)�+<D�T%=���@%=�@�	%3,�6B�	A.���=%36B9;<$�B���[%3���:�"�(eR!�°
6+�d�`':�(���(�r����A���������6)��'V�=9s�(�D���36+!V<D�C6)��'

G
b

I GI S1b

a
GI S1b

G
b

a

I b GaI

G
b

I S1 GI b S1
a

GI b

S1
ab’

GI b S2
b

GI b ab’

GI b ab’ b

Operator b is executed; b’ reverses its effects; Suboptimal solution results.(b)

(a) The planner can simulate execution. Operator b is applied to the state I and
a new internal state, S1, is achieved. Planning fails as plan step a cannot 
be executed in state S1. The planner simply backtracks and succeeds.
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(b) 6 steps executed; Total time = 9.

(d) 8 steps executed; Total time = 14.

(a) 6 steps executed; Total time = 12.

(c) 8 steps executed; Total time = 11.

Time
Planning

Execution
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Abstraction level

0S

1. Refine 1st 

Gather information from execution

0S 1S

2. Execute  the refined plan.

and compute a new planning state.

abstract plan step
3. Continue planning:
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