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ÝUklq�ÜµAC/�9VAEI82EAC>?/�AC2'741�Ò���Ò � kÝUklq � h[�;vi�f�Uqs�;k�rChU�{r2klyiu ÝUqs� i=k�qsjl�2�s�Ut.klr2r2qs� �[qsk h�r��Xh[��� ÝUklq.¨�2'F�-JI82EAC>]/4AC2'7�1�Ô�Ò��×| }'klq L rC�ft.r2�2klr¯hU��r2klyiu
jlklqsvfr�D�7�9Sk0ÝUklq�i=k�qsjl�2klr¯hU��r2klyiu�jlklqsvfrKT]2'1�ACFB9;j qsÝUq�t'�fu[ÝUq�t�q�u L klr¯hU�{r2klyiu0| � jljlq ÝUk�qs�;q L �Ô�
��yfjlq��ò�h[�2�2q�u
�2kl�s��hUuXr2q�t.�2�s�[qsklÝUq�u0|.iôh���q��{���Xr2q�u�kl�2rBk[Ý^��h
�Uqsk0ÝUq�u � t2��qsklr2q�uP�ï÷��U���Xù]k[�_	«nXo��)ÝUk�q'�UqsklÝUq�u p�qsv[t.kJ�=q
x1j��fu[�;���Ut.klr2r�hUu[Ý � h[�;vi�f�Uqs�;k�rChU�{r2klyiuÄqsk�u[qs��x1j��fu[�2�s�Ut.klr2r2qs��y�z¬r'�2�Uu[yiuX�Ô�¿Ùfq�t�� q�u[ÝUqsr���q�t.ÝUq�u0|òé'qVc
�
qsk�uXr>kl�2r��
klr�$ k�u�ÝUq�t L klr¯hU�{r2klyiu � vfkljlr � $�k���yi�Uqsk � qsk�uÄx1j��fu[�2�s�Ut.klr2r
kl�2rBk)k�uÄ�{jljlq�uÄ����{jlj�q�u�$ k�u�ÝUq�t� h[�2vi�f��qs�2klr¯hU�{r2klyiu�Ùfyiu � vfkljlr � $Ó|×}'klqs�2q L �Ut.qs�s����qskl�2q`��k�t.Ý��fh[�s���[klq�t��Uqsk��Uq��U��j�r;q�u0|�}>�{Ý^hUt.�s�
kl�2r�qs��fh[�s�ò� �yXvfjlk��s�)k)�fh[�2vXq��[q�u[ÝñÙXyiu"ÝUq�t`�'t.Ý^u[hUu[v"ÝUq�t L ���Ut.klr2r;q>qsk�u[qs�íxðj��Xu[qs�Bk^qsk�u[q��'t�Ý^uihUu[vò�fhXz�ÝUq�u
Ùfyiu�k��Uu[q�u q�t.�sq�h[vfr2q�u L klr¯hU��r2klyiu[q�u ��h ÝUqCø:u[klq�t.q�u0w�� q�uUu �  �8)  ,hUu[Ý �/&Õ� vfkljlrBk[vfkljlr«�fh[�s��Ö &¤× k��yi�Uqsk-Ö"vfjlqskl��� � k�Ò��£W � X�y[ÝUq�t � �¹� W � X�kUhUu[Ý × vfjlqskl��� � khÒ��£W � XNyiÝUq�t � �¹� W � X��2qsk�u ���fuUu0|

� Ö)ý�+ zÖ%û)à | â^à\ØJÒÔÏÓÕi� L qsk8�@qsk�u�ÙXyfjlj��;r���fu[ÝUklvfq�t
x1j��fuÄhUu[ÝÚÙnÛÜ�ÄÝUklq vits�y]h�r2q
vi�fu[�sq�i)�f�[jCk0z¯�hUt'ÝUklq
i)h[�2r ��fu[ÝUq/© ú  © ý  �E�U�  ©UÝ'q � kl�2r2klq�t.q�u)kJ�2y�Ý^��h�z �hUt'm'Û¤Ò�Û¤Ù z\yfjlvfq�u[ÝUq � klvfq�u[�2�s�U� z¬r;q�u vfqsjlr2q�u0w
mf|b©�ÞJß ú q�t`z¯�h[jljlr'�{jlj�q§1yit;�UqsÝUk�u[vihUu[vfq�u Ùfyiu � ÞòW¬Ý)|ï�0| � ��kl�2r`�N�X�Ut�k�u¼©�ÞJß ú z¯�hUt6j qsÝUqs� � ) ��� �?W � ÞCX�Xs|
ÚU|b©�Þ%k��;r«ÝUq�t`i)h[�2r¯�Xu[ÝmkUÝUq�t�Ý^hUt���� ÝUk�q � h[�.z¯�hU�Ut2hUu[v"Ùfyiu L �s�Ut.klr2r � Þ1k�� iôh[�2r¯�fu[Ý�©®ÞKß ú q�ufr2�;r2q��fr�kÝ)|ï�0|
© Þ � W�© ÞJß ú�à Ô Þ X�á � Þ k?��yi�Uqsk � Þ ÝUklq'~ñq�u[vXq �{jljlq�t�é�t2hUu[Ý^�{r2yi��q � �4kl�2rBk � ) ��� ��� W � Þ X�kÔhUu[ÝÔEÞ%ÝUklq>~�q�u[vfq>�{jljlq�t'u[qsvfklq�t.r2q�u é>t2hUu[Ý^��r2yi�
q � �
kl�2rBk � ) ��� ��� W � ÞÊXs|

}>�fuUu�vfkljlr�z¯�hUtAm/Û¤Ò#Û�Ù0w � Þ%kl�2r�k�� � k�u[vi�X�Uqs��h[�2r¯�Xu[Ý�©�ÞJß ú /�>�IE5m�>�T]9��Û/�9��
klr�ÝUq�� � h[�2vi�f��qs��h[�2r¯�fu[Ý
©�Þ.|1��q�uUu¼Ù � ��kl�2rBkUÝ^�XuUu"kl�2r��9�fh[��z¯�hU�Ut2�U�Xt�hUu[ÝòjlklqCz¬q�t�r'ÝUq�u�i0klqsj���h[�;r¯�fu[Ý�© � |

â â0û)àfû0ÒUÏ�Õ�ÏæÐ�ÒÔÏæÐ0ÒÔà�Ù)Ï�Õ{Ö0âUÕ�ÏÓç)Ð#� �Ä�{��kl�2r'uihUuP¢£/�T?9�hUu[Ýá���{�65�/�-JI8@�T�k�u qsk�u[q�t L klr¯hU�{r;k�y[u"qsk�u[qs�
Ùfyfjljl�2r���Xu[ÝUk�vXq�uòx1j��fu[�:ã
L qsk-� qsk�u�ÙXyfjlj��;r���fu[ÝUklvfq�t'x1j��fu�hUu[Ý � qsk�u�é>t2hUu[ÝUjlklr2q�t2�{j\|�}>�fuUu"kl�2r � ¢£/�T]9�k�u�Ò���Ò � k
��q�uUu � �N�X�Utkl�2rAk�� L r¯�ft�r2��h[�2r¯�fu[Ý Ùfyiu��wk^hUu[Ý ¢£/�T]9
k�u.ÔoÒ��6k���q�uUu � �N�X�Ut�kl�2r«k��Ái0klqsjl��h[�2r¯�Xu[ÝñÙXyiu�� |���q�uUu
� Þ qsk�u �fh[�.z �hU�Ut2�U�ft.q�t L ���Ut�k�r;r«Ùfy[u��9kl�2rBkUÝ^�XuUu"kl�2r � ¢£/�T]9�k�u¼Ò��£W � Þ X�W¬yiÝUq�t � �3� W � Þ X�X�k���q�uUu � �N�X�Utkl�2r�k�� � k�u[vi�f��qs��h[�2r¯�fu[Ý Ùfyiu � Þ�Wæ�[���>|1k�� � h[�2vi�f��qs��h[�2r¯�fu[Ý
Xs|
� k�u�é�t2hUu[ÝUjlk�r;q�t2�{j � kl�2r_5�/�-JI8@�T�k�uÄqsk�u[q�t L klr¯hU�{r2klyiu(© vfq�uU�XhÄÝ^�fuUu)k£��q�uUu � u[k��s�XrU���f�Ut'kl�2r�k�u(©W\�`u ÝUq�t«�Xj��{�2�2kl�2�s�[q�uòì0yXvfk�� k��;r�ÝUklqs�«vfjlqskl�s�i��qsÝUq�h[r2q�u[Ý �
klr�w#ä4� q�uUu�â � �N�X�Ut�kl�2r�ä]Xs|1÷��U�X�U���fu �¯�{vXrÝ^�fuUu)k � ��k�t�Ý k�u(©¦>?1�3a�>]-0AC2J3�3]F���/4@�T]A\|"� q�uUu���u[kl���Xr��fh[�.z¯�hU�Ut2�U�ft'kl�2r�k×Ý^�XuUu�kl�2r � ��qsÝUq�t;�N�X�Utu[y[����z��{jl�2�s�"k�u"ÝUq�tHi=k�qsjl�2klr¯hU��r2klyiu Ùfyiu���|
� h[��ÝUq��@vXq�uU�fuUufr;q�u q�t.vfk��[r«�;k��s� z\yfjlvfq�u[ÝUq�}'qCø:u[k�r;k�y[u0w

ù çJÕ"§
ÒJÐ=á%ÏÓØ^ÒæåCä zç^Ø0Ñ§ÏE&Xû:Òhç â â0û=àXû0ÒÔÏÓÕ�Ú � ��vfklj�r�1
7�AC¢£F�1
Q�2J3]F�9S¢£F�2�I�F W�� �7�3]-02'@�T]FB9V¢£FB2¤I�FSX � vfq�uU�fhÝ^�fuUu)k���q�uUu � k�u¦/�-E-0FB1 W�FB2E1
2J3]F�1]X 1q�t.Ùfyfjljl�2r���fu[ÝUklvihUu[vXq�uòqsk�u[qs�>xðj��Xu[qs�����f�Utökl�2r�|
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÷��U�f�U���fu�ÝUqCø:u[klq�t.r�Üµ2EAC>?/�AC2'741
FB1P�{jl��~�q�u[vfq�uÄÙfy[u ì0klr2q�t;�{jlq�u0|���q�uUu � qsk�u,ì0klr2q�t2��j«hUu[Ý � qsk�u[qL klr¯hU�{r2klyiu�kl�2rBkXÝ^�fuUu
�¯�{vXr�÷��U�f�U���fu0w � k��;r<���f�Ut�k4� q�uUu�qs� �
klr�qsk�u[q���ì0klr2q�t2��j^k�u � �hU��q�t.qsk�u[�2r2k�����rBN
� kl�2r�z��{jl�2�s�)k���q�uUu"qs�«��k�r�ÝUq�t�	�qsvi�{r2klyiu qsk�u[qs�'ì0klr2q�t2�{jl�'k�u � �hU�Uq�t.qsk�u[�2r;k����>r |L qsk�u[q
}'qCø:u[k�r;k�y[u[q�uòÙXyiu L klr¯hU��r2klyiu[q�u z¯�hU�Ut.q�u ��h�z¬yXj�vXq�u[ÝUq�uñxöt.yi�[jlq��
q�u0w
mf|Ap�q�t�qsk�r;�'k�ug���'ó�n����<�«hUt�ÝUq>vfqs�sqsklvfrBk0Ý^�4h qsk�u�xðj��Xu�u[kl���Xr'Ùfyfjljl�2r���fu[ÝUklv"kl�2rBk)��q�uUu �2qsk�u[q L klr¯hU��c
r2klyiu[q�u"u[kl���Xr���yi�[jlÝUqCø:u[klq�t.r'�2k�u[Ý)|

a b
+p, -q -p,+q

b a
-p, +q +p,-q

a +p, -q

b -p,+q

� �U�[k�jlÝ^hUu[vòÚU|Ómfw£i0klqsj��;k�rChU�{r2klyiu��f�U� ��fu[vfklv ÙfyiuK1q�t.Ùfyfjljl�2r ��Xu[ÝUk�v[hUu[v^|

ê ÒUÏ¢ý�ü%Ï�ÒUÑÊÚ ��u � �U�[kljlÝ^hUu[v�ÚU|Óm�kl�2r jlk�uU�f� qsk�u�xðj��fu(� ��qs�2r2q��[q�u[ÝK�fh[� ��� qskAhUu[vfqsyit.Ý^u[qsr2q�u
L ���Ut.klr2r;q�u��òhUu[Ý�ëUW\�
����2r2�s�[q�u�X�Ý^�ft�vfqs�2r2qsjljlr�| � hUu[Ý�ì
�;k�u[Ý�xöts��{ÝUk����{r;qf| � �«vXk�jlr�wb� �2kl���[q�t�r ���hñhUu[Ý����{�s�Xr~ì"hUu[v0�h[jlr2klv
k1hUu[Ýæë��2kl�s�[q�t.rqì���h�hUu[Ý ���{���Xr � hUu[v0�h[jlr2klv^|�}>�fuUu�vfkljlr>k�u�ÝUq�ti0klqsj��;k�rChU�{r2klyiu"ÙXyiu��Fq�uXrØ��qsÝUq�t � yiÝUq�tXì]kU�f�U�0��Xu[vfklvíÙXyiu�ÝUq�tNvfq��>��f�[jlr2q�uK1q�t.Ùfyfjljl�2r���Xu[ÝUk�v[hUu[v^|

ÚU|���q�uUu
qsk�u[q L klr¯hU��r2klyiu�qsk�u ì0klr2q�t2�{jJq�ufrC�0��{jlrBkfÝ^�{��u[yi�s�§��ft�k��X�[j�q�u"��qsk�uU�U�{jlr2qsr�W¢Ý)|ï�0|fÝ^����ì0klr2q�t2�{j
k��;r«�{qsk�uòé�t2hUu[ÝUjlk�r;q�t2�{j�X�kJÝ^�fuUu kl�2r«ÝUklq
p�qsÝUq�h[rChUu[v�ÝUklqs�2qs�>ì0klr2q�t;�{jl� �Ut.y[�[j�q����{r2kl�2�s�0|

ê ÒUÏ¢ý�ü%Ï�ÒUÑÊÚ }'klq L rC�ft.r2�2klr¯hU��r2klyiu"qsk�u[qs�íxðj��fu[�>q�uXr¯�U�{jlr2q
Ý^�{�'ì0klr2q�t2�{j � W�Ö
XVk)��yi�Uqsk#Ö�qsk�u[qU���ct.k��f�[jlq'k��;r�|1}'klq pöqsÝUq�h[r¯hUu[v ���fuUu"u[kl�s�fr�å3Ö w � W�Ö�X1�2qsk�u)kUÝ^�
ó�� � � �î�¯�0��{r2q�t��"�yXvfjlk��s�[q�t���qskl�2qqsk�u[q�u�÷�y[u[�2r¯t2�{k�uXr�Ö ���× qsk�uXz¯�hU�Ut.r�z¯�hUt�qsk�u[q��Ay[u[�2r¯�fuXr2q'y[ÝUq�t�qsk�u[q§��ft.k��f�[jlq × | � u[ÝUq�t.q�t��2qsklr2����fuUu ÝUk�q�pöqsÝUq�h[r¯hUu[v»�Xh[���Hu[k��s�XrUäoÖ w � W�Ö�X>j��fh[r;q�u)k�Ý^��qsÙfq�uXr¯h[qsjljAqsk�uH÷�yiu[�2rCt2�{k�ufr�Ö �í×q�t.�sq�h[vfr<��k�t�Ý)| � jl�2y
kl�2r � W�Ö�X%z¯�hUtök�t�vfq�u[ÝUqsk�u�Ö�vfq��
qsk�ufr�kiÝ^���NóN� � � �îk�t.vfq�u[Ý����fuUuK�>��f�Ut.q�u[ÝÝUqs�íx1j��fu[hUu[vf�¯�Ut�yf�sqs�2�2qs��z\qs�2r2jlqsvfr�| }>�ft2�Xh[�'z\yfjlvfr�w>ó�� � � ��ÙXq�t ��fu[ÝUq�t.r�ÝUk�qòpöqsÝUq�h[r¯hUu[v�ÝUqs�
L r¯�ft.r2��h[�;r¯�fu[ÝUqs�a�>��f�Ut.q�u[Ý ÝUqs�«x1j��fu[q�u[��k
��q�uUu k�� L rC�ft.r2��h[�2rC�fu[Ý���ft.k��f�[jlq�u"ÙXyit2�{yi���
q�u0|

� h[�1ÝUk�qs�;q�u���qsk�ÝUq�u é>t �hUu[ÝUq�u
Ùfq�t���q�u[ÝUq�u��'�f�
�U�U�f���U�{r2kUhUu[Ý�	«�Xh L ó�����x L c �ft.r2klvfq�iôh[�2r���fu[ÝUq«hUu[Ý
ÝUqCø:u[klq�t.q�uÄÝ^�ft2�Xh[�Az¬yfjlvfq�u[Ý L klr¯hU�{r2klyiu[q�uÄ�fh[�§i)h[�2r ��fu[ÝUq�u0| �\�2r�qsk�u xðj��Xu�uU�{�s��k��Ut.q��Á1q�t.�;r ��fu[Ý^u[kl�
Ùfyfjljl�2r���Xu[ÝUk�v hUu[Ýò���fuUu q�t��
k�u[ÝUqs�2r2q�u[�A�[k�����hUt L klr¯hU��r2klyiu�©
�fh[�2vfqCz¯�hU�Ut.ra��q�t.ÝUq�u)k[�2y��{yit2t.qs�C�Uyiu[ÝUklq�t.r
©>��k�röqsk�u[q�t L klr¯hU�{r2klyiu � kXÝUklq��>��X�Ut.q�u[Ý�ÝUq�t�xðj��fuU�fh[�.z¯�hU�Ut2hUu[v
q�ufr;�2r2q��Xr�|×ÜAu[Ý��{jlj^Ý^���Bk����{�1k�u�©;�N�X�Ut�[���>|ðzæ��j��;��� k��;rBkUkl�2r`�N�X�Ut��[���>|ðzæ�{jl�2�s�"k�u � |¦î � u[�2yiu[�2r2q�u kl�2r§1
2E@�T?AEI����f�Ut�y[ÝUq�tözæ��j��;��� k�u.©�k�� q�uUuqs�«�fh[�s�ò��qs�2r2k�����r2q � h[�2�¯�{vXq�u vfk��[rBkUÝUklq��UqsÝUk�u[vfr`�N�X�Ut�y[ÝUq�tNzæ�{jl�2�s� �2k�u[ÝYW¢Ù[vfj\|Á�'�X�[k�r;qsj×õ]Xc|
ïTðo5�2�goG6M=Y6^[M�4b2AB�CfWU5�Lfñ¡M�GUL�G65�2AC�B�R�5�L�C-5�2�465�L�ÅDV6B�B�M:9"5�ò'5�L�B�C�WEM=4E4b2�4~5�2�4\5�L#:2ACJV6M:CJ2A<=4qÏ*WU5�aE4E2A5�L�CTQiR�5�4E4*ò'<�WU5�L

ó ò�^82AC#2�L�9:5�46WE5�2�4\5�LbÅfV\B�B�M"9:5�2�4�Ï�ZVUOP5�L�5�2�46B�CJ2A^[^8CTc/°#M"^8G\M"^8Y6M:CJ2�VE4\Wq±-M=Vq_
Z<=4E4\5�4/Ç�5µWU5�L�@µ5�2AC8M�4\9"5�Oi5�4
Q�<�O'ò¡2�45�2�465�L*:2ACJV6M:CJ2A<=4qÏ�9 ZVE?ACJ2A9[2AB�CTQi<�WU5�Lf4E2AFHGECTc
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}>�{�>u[kl�s�fr2jlk�u[q��ft.qòxðj��fuihUu[vX�2�2�[�2r2q���ó�� � � ���«hUt�ÝUq�Ùfyiu }>� ÙiklÝ ÷��U�f�U���fu�q�uXr���kl����qsj�r�k×hU��ÝUq�u
z\yit2���{jlkl�2klq�t.r2q�uPxðj��XuihUu[vf�C�fu[�¯�{r2� ��hHk����[j�q���q�ufr2klq�t.q�u)k4ÝUq�u�q�t k�u��ï÷��U���fù��«ÙXyit.�2r2qsjljlròhUu[Ý,ÝUq�t k��
z\yfjlvfq�u[ÝUq�u�q�t.j\��fh[r2q�t�r���q�t.ÝUq�u �2yfjljCk)Ý^� q�t�ÝUq�t � h[�2vi�fu[vf�C�UhUuU�frAz¯�hUtA�¯�0��{r2q�t�qí�'�f�[klr2qsj1kl�2r�|�é>t2hUu[ÝUjlqVc
vfq�u[ÝUqs� � jlq��
q�uXr1k��;r ÷��U�f�U���fu[�H�§7BQ�/�-0F�I¸ù�/¥T]9�T?FB2EAEIS��9S2EACFB9V2'>?�ÁW¢~�yiÝ^�{jUó%t2h[r¯�
÷�t.klr2q�t.klyiu�X�k���qsjl���[qs�
z\qs�2r2�2r2qsjljlrBkUy[� qsk�u[q � h[�2�¯�{vXq'k�u qsk�u[q�t«��qs�2r2k�����r2q�u L klr¯hU��r2klyiuòu[yfr���q�u[ÝUklvfq�t���qskl�2q_���f�Ut�kl�2r�|
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pöqsr¯t2�{�s�Xr2q�u`��k�t×u[y[�s�'qsk�uU���{j[Ý^�{�×�f� � u[ÝUq�ÙXyiu � �[�;���Uu[klr2r�ÚU|ÛÚ �XhXz L qsk�r;q.��vfq�uU�XuUufr2q��'t.klr2q�t.k�hU� z¯�hUtÝUklq«pöqs�2r2k����
hUu[v'ÝUq�t�u[yXrØ��q�u[ÝUklvfq�u
�[���>|f�"�yXvfjlk��s�[q�u
� �X�Ut2�[qsklr�qsk�u[q�t � h[�2�¯�{vXq�z¯�hUt%qsk�u[q�u���qs�2r2k�����c
r2q�u"xðj��Xu���k[�2y���qs�sk�q��XrA�2kl��� Ý^�{��ÝUyit.r;k�vXq>�'t.klr2q�t.k�hU�@k�u ÝUk�t�q��fr2q�t � u[jlq��Uu[hUu[vò�fu ÝUklq>}'qCø:u[klr2klyiu[q�u
�fh[�AÝUq�t�~�y[Ý^�{jljlyfvfk��ò�fhXz�qsk�u[klvfq
y[ÝUq�t«�{jljlqU1q�t.ÙXyfjlj��;r���fu[ÝUklvihUu[vfq�u ÝUqs�>x1j��fu[��k^ÝUklq��
y[Ý^�{jlj�yXvfkl�2��� q�t©c
t.qskl�s�i�U�ft�q>��qsjlr2q�u ÝUqs�'x1j��fu[�A�2k�u[Ý)|��«�hUt�qsk�u��{jlvfy[t.klr¯�U�
kl�2�s�[qs� � �U�Ut��hXz\q�uòÝUqs�'�'t.klr2q�t.k�hU�
�'kl�2rAÝUklqs�2q
}'qCø:u[klr2klyiu;j qsÝUy[��� � qsvXq�u>ÝUq�te	�yXrØ��q�u[ÝUklvi�{qsklrBkXqsk�u[k�vXq«y[ÝUq�t��{jljlq`1q�t.Ùfyfjljl�2r ��fu[ÝUklvihUu[vXq�u�qsk�u[qs��x1j��fu[qs�
��hò��q�t.qs�s�Uu[q�u)k:hUu[vfqsqsklviu[qsr |
}>� ÙiklÝÊ÷��U�f�U���fu[�,ì0qskl�2rChUu[v ���ft qs�Bk ÝUq�u@�
y[Ý^�{jlq�u@�Ä�f�Ut2�[qsklr2�2vfq��U��j�rHqsk�u[q�t � h[�2�¯��vfq � z¯�hUt
qsk�u[q�u xðj��fu�� k�uKqsk�u[q�t"� qsk��;q �f�U�Ut �hXz��U�ft"��hî���{�s�[q�u)k«ÝUklq �XhXzíÝUklq»pöq�t.qs�s�Uu[hUu[v,�2yfjl�s�[q�t�1q�t©c
Ùfyfjljl�2r���Xu[ÝUk�v[hUu[vfq�u�Ùfq�t��sk��s�Xr2q�u � �fuUu0|�}'klqs�2q"�Jyit2� ÝUqs���
y[Ý^�{jlq�uÄ� �f�Ut2�[qsklr2�¯�[t.klr2q�t.k�hU�
��k��;r�hUuXr2q�t
ÝUq��ÿ	A�f�
q�u�Oá7BQ4/�-<R)9V>]AETP:<9V2'ACF�9S2E7�1(úCO Ra:�û>�Uq�� �fuUufr | � ��ÝUqCø:u[klq�t.rBk0�U�{�2klq�t.q�u[Ýñ�XhXzÁqsk�u[q���x1j��fu
��k{qsk�u �'t.klr2q�t.k�hU� Ý^� z �hUt�k����fuUu�qsk�u[q � h[�2�¯��vfq � u[yfr���q�u[ÝUklvfq�t���qskl�2q �[����|f� �yfvfjlkl���[q�t�� qskl�2q`���f�Ut1kl�2r |
}'klq pöqsÝUq�h[r¯hUu[vÄqsk�u[qs��x1j��fu[qs�
kl�2rU����f�Ut.q�u[ÝÄÝUqs��x1j��fu[hUu[vf�2Ùfy[t.vi�fu[vf�
hUu[�2kl���[q�tc|�}'k�qs��k��;r���qsÝUk�u[vfr
Ý^hUt.�s��ÝUqs�2�2q�u Ü«uXÙfyfjljl�2r���fu[ÝUklvi��qsk�r�k1ÝUqs�2�2q�u��U�Xt.r2klqsjlj�q��'t.Ý^u[hUu[v^|��`u�ÝUq�t��Aj\�yfr2�s�s�[q�u���qsjlrí� �fuUu ���fu
�2kl�s�'ÝUklqs�%z¬yXj�vXq�u[ÝUq�t2����h{q�u4Ùfyit.�;r2qsjlj�q�u0wô��q�uUu/Ö�qsk�u[qa��ft.k��f�[jlq�kl�2rBk{���fuUu����fu>uU�����4ÝUq�tmi)h[�2kl�s�[q�t2hUu[v
ü �£W�ë�ý �\þ Ù  Ö
X�u[kl�s�fr'�C�{vfq�u)kJyi� ü � WHë�ý �6þ Ù :þ X£���f�Ut�y[ÝUq�t�z��{jl�2��� kl�2rBkJ�2yfj��fu[vfq�Ö�u[kl���Xr u[yXrØ��q�u[ÝUklvfq�t©c��qskl�2qí�
klr�qsk�u[q�tA�Uqs�2r;k����>r;q�uò�Ayiu[�2rC�fufr;q�u��hU�Uq�t.qsk�u[�2r2k�����rBk�Öò��j��;y�vfq��UhUu[ÝUq�u kl�2r�|

ù çJÕ"§
ÒJÐ=á%ÏÓØ^Ò â â0û)àXû:ÒUÏÓÕ«Ï\ÐñÙ=ÏÓÕ{Ö:âUÕ�ÏÓç)Ð0ÒJÐ�� ��)q�u[�2kl���Xr2jlkl����k��;r×qsk�u[q � h[�;�¯�{vfq�u[yfr�� q�u[ÝUklvfq�t�� qskl�2q
���f�Ut�k�u"qsk�u[q�t L klr¯hU�{r;k�y[u)k
��q�uUu"�;k�q
k�u"k��UtA��h[vfqs�;k��s�[q�t.r`�«hUt.ÝUqf| L yi�U��j�Ý qsk�u[q � h[�2�¯��vfq>��h[vfqs�;k��s�[q�t.r
�«hUt.ÝUq�kJ�[j�qsk��[r'�2klq��2yfj��fu[vfq_���f�Ut�kU�[kl�A�2klq>Ý^hUt.�s�"qsk�u[q�u L �s�Ut.klr2r'hUu[v:�h[jlr2klv�vXq����{�s�fra��k�t.Ý)|1}'q���uU�{���
kl�2r�qsk�u[q � h[�2�C�{vfq � u[yfr���q�u[ÝUklvfq�t���qskl�2q����f�Utðk�u qsk�u[q�t L klr¯hU�{r;k�y[u)k���q�uUu � k�u qsk�u[q�t�ÙXyit2�[q�t.vfq��[q�u[ÝUq�uL klr¯hU�{r2klyiu
u[yfr���q�u[ÝUklvfq�t���qskl�2q<���f�Ut=k��;r�hUu[Ý>qs�1�{qsk�u[q�u L ���Ut�k�r;r×vfk��[rBk{ÝUq�t � hUu[v:�h[jlr2klv>���{�s�[q�u>�J�yiuUufr;qf|}'q�uUu)k?��q�uUu qsk�u�iÓ��kl�2���[q�u[�;���Ut.klr2r�q � kl�2r2klq�t.rBkUÝUq�t � hUu[v0�h[jlr2klv��������[q�u"�J�yiuUuXr2q W¬�f|ïpA|fk�u[ÝUq���q�töqsk�u�ì
hUu[v0�h[jlr2klvò���{�s�XrBkUÝ^�{�>�
klr2r;qsj��Avfqsqsklviu[qsr2q�t'÷Nyiu[�2r¯t2��k�uXr2�«��k�r � �hU�Uq�t�qsk�u[�;r2k�����rSX�k0Ý^�fuUu vfk��[r'qs�«qsk�u[q

�



1q�t.ÙfyXj�jl�2r ��fu[ÝUklvihUu[v
k�k�u�ÝUq�t�ÝUq�tUi)��kl�2�s�[q�u[�2�s�Ut.klr2r r¯�{r2��������[jlkl���ÄÝ^������kl�2���[q�uHjlklqsvfr�hUu[Ý � hUu[v:�h[jlr2klv���{�s�Xr�|
� u[ÝUq�t.q�t.�2qsklr2�
�sqsklvfr � �U�[kljlÝ^hUu[v»ëU|Óm
qsk�u[q�u�hUuXÙfyfjljl�2r���Xu[ÝUk�vXq�u xðj��Xu)kÁ��qs�2r2q��[q�u[Ý,�fh[��Ý^t.qsk L �s�Ut.klr2r2q�u
W\�
��{�;r2���[q�u�X%hUu[Ý�ÝUq�u
x�tc��{ÝUk����{r2q�u � hUu[Ý�ì[|)}'klq«xÁz¬qskljlq�vfq���q�u>ÝUklq��sqsklr2jlkl�s�[qö�'t.Ý^u[hUu[v_��klqsÝUq�t�kXk�u�ÝUq�t

p
1

¬q
2

q
3

� �U�[klj�Ý^hUu[v�ëU|�mfw � k�u hUufÙXyfjlj��;r���fu[ÝUklvfq�tAx1j��fu0|
ÝUklq L ���Ut.klr2r;q>�2r2q��[q�u0|Ax1j��fu[�2�s�Ut.klr2r
m'�2kl�s�[q�t.r � ��h)k0x1j��fu[�2�s�Ut.klr2r>Ú
�2kl�s�[q�t.r�â#ì
��h hUu[Ýå���{���Xr��2y[�
klrìòhUu[v0�h[j�r;k�v�k�x1j��fu[�2�s�Ut.klr2r�ë��2kl�s�[q�t.r�ìò��h0| }'q�t
x1j��fu����XuUu�uihUu��fhXz'����qsk � t.r;q�u�Ùfq�t�Ùfyfjljl�2r���fu[ÝUklvfr
��q�t.ÝUq�u0w�iôhU� qsk�u[q�u)kök�u[ÝUq�� � hUu[Ý¤ì"r¯�{r;����{�s�[j�kl�s�K�hU��q�t.qsk�u[�2r2k����
q�u)k��;yñÝ^�4h � Ý^hUt.�s� L ���Ut.klr2r ë��h[vfqs�2kl�s�[q�t.r<��k�t�Ýmk{��hU�F�fu[ÝUq�t.q�u)kfk�u[ÝUq�� � hUu[Ý¸ìAu[kl���Xr'�hU�Uq�t�qsk�u[�;r2k����
q�u)kU�2yAÝ^��h � Ý^hUt.�s� L ���Ut�k�r;r�m��h[vfqs�2kl�s�[q�t.r�hUu[Ý�u[kl���Xr��
q��Ut�hUu[v0�h[j�r;k�v
vfq����{���Xr£��k�t.Ý)|��`u��UqsklÝUq�u ����{jljlq�u kl�2r � k�u
ÝUq�tai0klqsj��;k�rChU�{r2klyiu���f�Ut�k{yi�4��yi�[j^�{qsk�u L ���Ut.klr2r � u[yfr�� q�u[ÝUklvfq�t�� qskl�2qA��h[�2kl�s�[q�t.r�hUu[Ý �{qsk�u L �s�Ut.klr2r�Ý^�{����kl�2�s�[q�u[jlklqsvfrBkUÝUq�t
� hUu[v �h[jlr2klv"���{�s�[q�uò� �yiuUuXr2qf|��k�q�t
u[hUu�Ý^���íÙXyfjlj��;r���fu[ÝUklvfqò�'t.klr2q�t.k�hU��kðÝ^�{���fh[��� ÝUq�u j�qsr;�sr2vfq�uU�fuUuXr2q�u �:�{jlj��Uq�t �h[�s�X�2kl���Xr2klvfr�|����
é'qsvXq�u[�¯�{r2����hUtð}'qCø:u[klr2klyiu"�fh[� � �[�2�s�Uu[klr2r�ÚU|ïÚ�k{ÝUklq'��hUt�xöt��hXz�hUu[v>ÝUq�t�u[yfr���q�u[ÝUk�vXq�u�� �X�Ut2�[qsklr�qsk�u[q�t
� h[�2�¯�{vfq�ÝUklq«pöq�t.qs�s�UuihUu[v
�{jljlq�t£1q�t.ÙfyXj�jl�2r ��fu[ÝUklvihUu[vfq�u Ùfq�t.j��fu[vXrBk{vfk��[r�÷��U�f�U���Xuí�[klq�töp�qsÝUk�u[vihUu[vXq�u
�fu)kUÝUklq�ÝUq�uòóôqs�2r«�fuU�U�fu[Ý"qsk�u[qs�'qsk�u[�sklvfq�u�x1j��fu[qs�Aq�t.j��fhU�Uq�u0|
þÿç)á)â^Ñ�ã àXÖ0Õ{û,úíà{ÏÓÕsÒÔà{ÏÓç)Ð#� é'qsvfq���q�u,�;qsk�u qsk�uPxðj��Xu¤� � WJ  +  �.Xc| � k�u[q � h[�2�¯�{vXq � k��;r"k�uÝUq�t � h[�2v[�f�Uqs�2klr¯hU��r2klyiu�qsk�u[qs� L �s�Ut.klr2r2qs� ��)  îvfq�uU�fh Ý^�fuUug1
7�AC¢£F�1
Q�2J3]F�9S¢£F�2�I�FU¢£/�T?9Sk�� q�uUuz¬yfjlvfq�u[ÝUq
pöqsÝUk�u[v[hUu[vfq�u q�t`z¯�h[jljlrA�2k�u[Ý)w

mf| � ��q � kl�2r2klq�t.rAqsk�u L ���Ut�k�r;r ��)  `kUÝUq�t�q�ufr���qsÝUq�t�vfjlqskl��� � k��;r«y[ÝUq�t��[�svfj\|JÝUq�t��'t.Ý^u[hUu[v¼+Ùfyit � jlklqsvfr'hUu[Ý � ��h[�2kl�s�[q�t.r�|ÚU|��«�hUtej qsÝUq�u L �s�Ut.klr2r'ÿ )  �kôÝUq�t'�[�svfj\|#+@Ùfyit � j�klqsvfr�hUu[Ý ��j�jlq � h[�2�¯��vfq�u�ì?k0ÝUklq �
klr ��hU�Uq�t.qsk�u[�2r2k�����q�u��^�yiuUu[q�uÄhUu[ÝÄÝUk�q�ÿ�hUu[v0�h[jlr2klv �������XrBk)q � kl�2r2klq�t.r
qsk�u L �s�Ut.klr2r�� )  ����kl�2���[q�u!ÿ hUu[Ý � Wæ�[�svfj\|f+�X�kUÝUq�t�qsk�u[q � h[�2�¯�{vXq � ��h[�2kl���[q�t�rBk:��k�r�ÝUq�t � k�vXq�u[�2���U� z¬r�w �hUu[Ý�ì
�2r2k����
q�u k�����q�t�Ý^�fuUuÄ�hU��q�t.qsk�u)k)��q�uUu � hUu[Ý�ì �hU�Uq�t�qsk�u[�;r2k����
q�u0|
}>�{�'�'t.klr2q�t.k�hU���;yfjlj�uihUu��XuU�U�fu[Ý�Ùfyiu � �U�[kljlÝ^hUu[v�ëU|ïÚ u0��f�[q�t'q�t�j¬��Xh[r2q�t.r_��q�t.ÝUq�u0|'}>hUt.�s��u[yit2����j�q

t s

C W

p

¬q r

� �U�[kljlÝ^hUu[vñë�|ïÚUw%}>�{��~�ó�÷Hz¯�hUt�u[yfr���q�u[ÝUk�vXq'� �f�Ut2�[qsklr
ì0k�u[klq�uÄÙfq�t2�UhUu[ÝUq�u[q L �s�Ut.klr2r2q��;r2q��[q�u�k�uÄu[yfr���q�u[ÝUk�vXq�t'�sqsklr2jlkl���[q�tU�'t�Ý^uihUu[v���h[qsk�uU�fu[ÝUq�ts|"}'klq"�UqskJc
ÝUq�u"Ý^hUt���� qsk�u[q
vfqs�;r¯t.kl���[qsjlr2q
ì0k�u[klqíÙXq�t2�UhUu[ÝUq�u[q�u L �s�Ut.klr2r2q'�2r2q��[q�u k�uòqsk�u[q��E� �yfvfjlkl�s�[q�uò�sqsklr2jlkl�s�[q�u



i)h[�¯�X���
q�uU�U�fu[v^|Ä}>�{���
��{�;r2���[q�u���k�r�vfqs�2r¯t.kl�s�[qsjlr2q�t�ÜA��t2�fu[Ý^hUu[v�WÌÿ�X��sqsklvfr�qsk�u[q�uHhUu[q�t.j��fhU�[r2q�u
L �s�Ut.klr2r�|1}>�{��vfq��UhUuU�Xr2qsr2q>�
����2r2�s�[q�u¦W��¿XN�2r2qsjljlr�qsk�u[q�u L �s�Ut.klr2r«Ý^�Xt�k[ÝUq�t�ÝUq�u vfqs�2r¯t�k��s�[qsjlr2q�u L �s�Ut.klr2r
��h"qsk�u[q�� q�t.j��fhU�[r2q�u ���{�s�[q�uw� �hUt.ÝUqf|
÷��U�f�U���fu�u[q�uUufr�qsk�u[q�u L �s�Ut.klr2r � kôÝUq�t>�[�svfj\|-+@Ùfyit � j�klqsvfr
hUu[Ý � ��h[�;k��s�[q�t.rBk�Ñ<I�AC/
��-02¤IST?FB9[W¢qsr����Uw� t��sq�h[vfq�t�Xs| � k�u L �s�Ut.klr2r�ÿ�ka��klq yi�Uq�u ÝUqCø:u[k�q�t�rBk«�[qsk�h{rg:<-07
�E�ÛFB9�F�9fW¢qsr����Uw[i0q�t.�;r��yit.q�t�X�k�hUu[Ý,qsk�uL �s�Ut.klr2r�� k{ÝUq�tôÝUk�q � h[����k�t2�[hUu[vfq�u�Ùfyiu L ���Ut.klr2r;q�uí÷ Ùfq�t2�[k�u[ÝUq�t.r�k{ÝUk�q��fu[�;yiu[�2r2q�u�÷�jlyi�U�Uq�t.q�t6��q�t.ÝUq�u
�
�hUt.ÝUq�u)kJu[q�uUufrAq�t�ùwT]2EACF§ó�1
2J3�T?AöWE��qsk�h{q�t��Nk�r;r2q�t�Xs|
�\�;r>qsk�u L �s�Ut.klr2r/ÿ@ÙXyit � �Xu[vfqsyit.Ý^u[qsrBkôÝ^�fuUu�� �fuUu.ÿ�u[k��s�Xr>��hU� i=q�t.�2r��yit�q�t�z¯�hUt � �[�svfj\| � ��q�t.ÝUq�u0|��uå�2yfjl���åqsk�u[q��¿�0�{jlj�kl�2r'ÝUq�t L �s�Ut.klr2r � �2qsj��[�2r�ÝUq�t'�K�[klr2q��'u[klvi�Xr�|�}'q�t�ó)qskljöÝUqs�>~�ó�÷_kJÝUq�t'Ùfy[��K�[klr2q>�'u[klvi�fr��U�fu[ÝUqsjlrBkJkl�2r�u[kl���Xr«hUuU�
klr2r2qsj��U�ftNqsk�u[�;k��s�Xr2klv
k
��k�t�Ý �f��q�t��Uq�u0�yXr2klvfrBk?��klq'ÝUq�t�x1j��fu �fh[�
� �U�[k�jlÝ^hUu[vòëU|Óm'�sqsklvfr2qf|

è�~�� ? #=�AM1/���$'#)�� 2/��J3�&:/ð#=8�#)/1&0��&:-;�'3 �
/�����!ÿ*��
!	� 
ÄO��
��� u[k��s�Xr2jlk�u[q��Xt.q�u,xðj��XuihUu[vf�;�2�i�;r2q��êó�� � � � Ùfq�t���q�u[ÝUqsr2q"÷��U�f�U���fuÄÝ^���í~�ó�÷ ��hUt�xðj��fuihUu[vJ| ú
ó�� � � ��kl�2r"qsk�uP�;yfvfq�uU�fuUuXr2q�t ÷�yiu[�2r¯t;�{k�ufr�c �Ut�yi�U�{vfklq�t.q�u[ÝUq�t x1j��fu[q�ts| ÷�yiu[�2r¯t;�{k�ufr�c xöt.yi�U�{vXk�q�t;hUu[v
�[qsk�h{rBk0qs����k�t.Ý�qsk�u x1j��fu�q�t.�sq�h[vXrBk0k�u[ÝUq���Ý^�{� L �[�2r2q���uU�{�s��hUu[Ý�uU�{��� �U�ft.r2klqsjljlq�pöqs�2���Ut�qsk��UhUu[vXq�u
W\÷�y[u[�2r¯t2�{k�uXr2�Bk qsk�u[�2���Utc��fuU�{q�u[ÝUq«pöqsÝUk�u[vihUu[vfq�u�Xö�¯��qs�skïø^�sklq�t.r�kiÝUklq�ÝUq�t1xðj��fu�q�t`z¯�h[jljlq�u �íh�h�|)~��fu
���fuUu
ÝUklq>÷�yiu[�2rCt2�{k�ufr�c x�t.yi�U��vfklq�t2hUu[v��fh[��� �{jl� L h[�s�[�2r¯t2��r2qsvfklq �Xh4�ô���2�2q�u0| L r �h[�s��z �hUt L r �h[���K��q�t.ÝUq�u�Ý^�f�Uqsk
óôqsk�jlq
ÝUqs� L h[�s�Ut2�fhU�
�AÝ^hUt.�s�"pöqsr¯t2�{�s�frChUu[v�Ùfyiu"÷�y[u[�2r¯t2�{k�uXr2��q�ufr�z¬q�t2uXr�|
}'q�t�1yit.r;qsk�jHÝUqs� ÷�y[u[�2r¯t2�{k�uXr�c �Ut.yi�U��vfklq�t.q�u[ÝUq�u � u[�¯�{r;�sqs�9jlklqsvfr9k�u ÝUq�t9ó%�{r2�¯�{�s�[q�kHÝ^��h�q�t.�;r
Ý^�fuUu � klvfq�u[�2�s�U� z\r2q�u qsk�u[qs��vXqs�¯h[���Xr2q�u��'�?j.q��fr;qs��z\qs�2r2vfqsjlqsvfrg��q�t.ÝUq�u9� �h[�2�2q�u)kw��q�uUuFqsk�u[q �UqVc
vit �hUu[ÝUqsr;q � uXr2�2�s�[qsklÝ^hUu[v�vfqCz2��{jlj�rw��q�t.ÝUq�u,� �fuUu0|M��z\r���k�t.ÝHÝ^hUt.�s��ÝUklqs�2q���qsÝ^h[�sklq�t2hUu[v,��hXz2��{jljlklvfq�t� �f�[j��"�yXvfjlk��s�U�{qsklr2q�u ÝUklq�����fhXø^vi�{qsklrAÙfyiu"p��{�s�frCt2�{�s�fk�u[v
Ùfq�t2�
k�u[ÝUq�t.r |
ó�� � � ���U�{r���h�j.qsÝUq��Åi0qsklr¯�UhUuU�Xr qsk�u[q�uPhUuXÙfyfjljl�2r ��fu[ÝUklvfq�uHx1j��fu)k�qsk�u[qñ�U�Xt.r2klqsjlj�q�pöqs�2�s�Ut.qsk��UhUu[v
qsk�u[qs� xðj��fu[qs�BkJÝUq�t«�"�yXvfjlk��s�[q�t���qskl�2q>ÝUklq
vfqs�2r;qsj�jlr2q � hXz\vi�f��q'j\�yf�2r�|ö}'q�t�hUuXÙfyfjljl�2r���fu[ÝUklvfq
x1j��fu"q�uXr¯�0��{jlr
�U�ft.r;k�qsjljlqs���Pkl�2�2q�u ÝUqs��Ùfyfjljl�2r���Xu[ÝUk�vXq�u"x1j��fu[�Bk[ÝUq�tö�2�s�[j�klqBh{jlkl�s�ñ�Xh[�2vfq��>��f�[jlre��k�t.Ý)|1}'q�t�x1j��fu[hUu[vf�2Ùfy[t©c
vi�fu[v�k��;r×�f�[vfqs�2�s�[jlyf�2�2q�u)k���q�uUu'�{jljlqa1q�t.Ùfyfjljl�2r ��Xu[ÝUk�v[hUu[vfq�u�ÝUqs�ÁhUuXÙfyfjljl�2r ��fu[ÝUklvfq�u�x1j��fu[�%Ý^�{�)vfqsvXq��Uq�u[q
x�t�yi�[jlq���j\�yf�2q�u0|
}>�{��~�ó�÷ kl�2r"�fh[�s�,�Ut.yf�sqsÝ^hUt;�{j�k�ufr;q�t2�Ut.qsr2klq�t2�U�ftc|�÷��U�X�U���fu[�gGH7B/�- ��õ`@�T]2'F�DBF���F�1
AJ�©,.9�7\��FSQ�>?9'k�u4c
r2q�t2�Ut�qsr2klq�t.r�Ý^����� �X�Ut2�[qsklr2�¯�[t.klr2q�t.k�hU�B�{jl� u[kl�s�fr�c�ÝUqsr2q�t2�
k�u[kl�2r2kl�2�s�[q�u � jlvfyit.klr¯�U�
h[�Bka��k�q�k�u � �U�[kljJc
Ý^hUu[v�ëU|Ûë>Ý^�Xt.vfqs�2r2qsjljlr�|1}'klq � jlj÷cØ×'hU�Xufr2kÛø^�sklq�t2hUu�v �hU�Uq�t�qsk�u[q>~�q�u[vfq_��k�t�Ý"Ý^�f�Uqsk)��hUt��\r2q�t2��r2klyiu��hU�Uq�t
ÝUq�t.q�u � jlq��
q�uXr2qf|K}'q�t �1� kl�2r2q�u[�VcØ×'hU�fuXr2yitK��k�t.ÝK�{jl� u[kl�s�fr�c�ÝUqsr2q�t2�
k�u[kl�2r2kl�2�s�[q � h[�����f�[j«k�uXr2q�t2�Ut.qVcr2klq�t.r�| � ��q�uXzæ�{jljl�òu[kl���Xr�c�ÝUqsr2q�t;�
k�u[k��;r2kl�2���Hkl�2r�ÝUklq"}'kl�Cj2hUuU�fr;k�y[u���hÄÙfq�t.�;r2q��[q�u)k<����f�Ut.q�u[Ý,�Ayiu�j2hUuU��cr2klyiu[q�u ÝUklq � h[�.z¯�hU�Ut2hUu[v ��j�jlq�t�xÁzæ��ÝUq�Ùfq�t.j��fu[vfr | � k�u[q"q � kl�2r2q�uXr2klqsjlj Ö hU�Xufr2kÛø^�sklq�t.r2q L klr¯hU��r2klyiu����fuUuu[kl���Xr�c�ÝUqsr2q�t;�
k�u[k��;r2kl�2��� q�t`z¯�h[jljlrH��q�t.ÝUq�u)k[k�u[ÝUq�� q�ufr���qsÝUq�töqsk�u"��q�t.qsklr2�«��qs�2r2q��[q�u[ÝUq�t L ���Ut.klr2r�Ùfq�t�� q�u4c
ÝUqsráW L k����[jlq � �2r¯�X�[j�kl�¯�U��q�ufrSX�yiÝUq�t
qsk�uHu[q�h[q�t L ���Ut�k�r;r���hU�êx1j��fuH�[k�u[��h[vfqCz¯�h[vXráW L r2q�� � ÝUÝUklr2klyiu�X
��k�t.Ý)|A}'q�tAu[q�h��[k�u[��h[vfqCz �h[vXr2q L ���Ut.klr2r>�
h�h�qsk�u[q � �Xr2klyiu �2qsk�u)k0ÝUklq�k�u ÝUq�tAvfq���ä���qsk�h{q�uò�Nk�r;r2q�t2�f�[jJc
r2q�u }'yi�"��Xu[qí�fh[�.z¯�hU�Ut2�U�ftA�;qsk�u �íh�h�|«}'klq��Ä�f�[jÁ��qs�2r2q��Xr>�fh[�'ÝUq�u L �s�Ut.klr2r2q�u)k0ÝUklq�k�u�ÝUq�tA}'yi� ��fu[q
q�t.j��fhU�[rA�2k�u[ÝñhUu[Ý Ý^�{��vfq��
�hUu[�;���Xr2q�i0klqsj×�"�yXvfjlk��s�[q�t���qskl�2q
��h[�2kl���[q�t;u0|
}'q�t � j�vXyit.klr¯�U�
h[�öz �h[vfr�÷Nyiu[�2r¯t2��k�uXr2�1k�u�ÝUq�u�x1j��fu�qsk�u)kÔhU������qsk � h[�2�C�{vfq�u
��h
y[t.Ý^u[q�uáWæx�t.yi��yfr2klyiu�X
y[ÝUq�t'�hU��q�t.qsk�u[�2r2k����
q�u ��h j��{�2�2q�uPW L q��U�ft2��r2klyiu��[����|i�K�[klr2q'�'u[klvi�fr�}'qs�sjlyi�U��q�t.k�u[v]Xs|ö�«�hUt�ÝUklq>�Ayiu4c
�2kl�2r2q�u[��ÝUq�t%÷�yiu[�2rCt2�{k�ufr;�)kl�2r1qsk�uí÷Nyiu[�2r¯t2��k�uXr�cÊ1q�t����{jlr¯hUu[vX�¯�
y[Ý^h[ji��h[�2r ��fu[ÝUklv
k{Ý^�{�%vfv{z2|�p��{���Xr¯t2�����Xk�u[v
�fu[�2r �y]h{r�|
0 132�4658M�?A9:<=L�2ACJG6^82AB�F�G\5�S�5�L�BJ2A<=4'2AB�C�@:c ð-c�2�4�Á °����� ÄiaE4\WE5�4
c



ÿ

Establishment

Declobbering

Simple Establishment

Step Addition

Promotion Separation

White Knight

∃new t:

∃old t: t <= s

u: p = u ∃

∀ C:

s < C

∀q:

not(p = q) ∃new W:

∃old W:

C < W

W < S

∃ r: p = q => p = r

� �U�[kljlÝ^hUu[vñë�|ïëUw%}'klq>u[k��s�Xr2ÝUqsr2q�t2�
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fininit

A B C

pre: Clear(A), Clear(B), On(A,Table)

post: On(A,B), Clear(A), ¬Clear(B), ¬On(A,Table)

pre: Clear(B), Clear(C), On(B,Table)

post: On(B,C), Clear(B), ¬Clear(C), ¬On(B,Table)

step a1:
move-from-table(A,B)

step a2:
move-from-table(B,C)
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fininit

A B

pre: Clear(A), Clear(B), On(A,Table)

post: On(A,B), Clear(A), ¬Clear(B), ¬On(A,Table)

pre: Clear(A), On(A,B)

post: On(A,Table), Clear(B), ¬On(A,B)

step a1:
move-from-table(A,B)

step a2:
move-to-table(A,B)
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