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〈P, t1 . . . tn〉
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vgpY��vgpQqgpYt9rgpQu�smq

λx. att(x, P, t1 . . . tn)
� X

n�o�p0���mvgp0qgr/sDt�u�sDv/u�vgpY��vgpQqgpYt9r/sDrg�|�mt
att(x, φ)
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〈x〉

Ü;ñ�%
φ = 〈P, t1 . . . tn〉
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W�pYr

h̄
�$pÃrgo�p¢sD��qgrgv/sm�Frg�|�mt��b��t��Frg�|�mt�Á9rgo�pYt

sDt¨sDrgr/�|rg��uJ�|t�sD�¯�m����pQ�Fr
h̄(att, φ, x)

pF�J��qgr/q
���
att(〈x〉 · φ)

�
% rgrg�|rg��uJ�|t�sD���m����pQ�Fr/q7�b�mvg� rgo�p�uJ�m�¡sD�|t��D� /©��sDtJ�
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®
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x
&
att
ºY�mü�yF}>¶9~>�©À¢�F�mvgvgpQqg�$�mt$u�q�rg�

∃y, φ(y = h̄(att, φ, x)  att(〈x〉 · φ))
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∃y(y=h̄(believe,φ, I ßCòAñ ) & y=h̄(hope,φ, � Ü/àeÝ ) & ...)
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ú�sDvg�4Ám�|t�smu�uJ�|rg�|�mt,rg��rgo��4qgp���o���uJp 2�t�p�rgo�p�vgpY�J�
vgpQqgpYt9r/sDrg�|�mt%�D��ú�sDvg�4�
	�
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u�sDv/u�vgpY��sDrg�|�mt�sD���9�|pY�Â��q¯�esD���|r�����pQ�YsD��qgp��|r��$�4qg�|r/q
sD��qgrgv/sm�Fr pYt©rg�|rg�|pQq ��o��4qgp qgr/sDrg��q ��qÏ�m��q/�F��vgpm�
n�o�pY�|vSuJ��qg���|q/q/sD���D��sD��qgrgv/sm�FrS�m����pQ�Fr/qSsmq�2�v/qgr
�F��smq/q��F�|rg�<�YpYt�q¢�D��rgo�p�qgpY�¡sDt©rg���,�mt9rg�m�|�m m�j��q�sD�J�
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��sQ�4�"Ö¦�^�7pY�mpYv�rgo�pY�ªsD��qg��vg��t%�|t9rg����vg�m���|pY�¡qY�
Î¯�|v/qgrYÁû�F�mt�qg��uJpYv ®.-F��½;� % t�sDrg��v/sD� ��sDv/sA�

��o�v/smqgp ��q µ9�A¶9� ·/yCz¸~eyF¹Ay/Ò �¯¶J{m} »j{mwC¼
ºY{m~bÒ YO¬Fz�{m~>ü�ygÒ YO{Aº;ºQyFwC}�y/ÒDÁ�pYr/�D�Ã¥�txrgo�p��|��rgpYv/sDrg��vgp

�mt �F�mt�qgrgvg���Frg�|�mt�sD�Å���m�|�JqgpY��� sDt�u  mpFt�pFv;sDrg�|�mp
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���A�Jqg¤9� -��	���4½;Á%�|r��>q�D�brgpYtùsmq/qg����pQu rgo�sDrYÁ%�|t
qg�m��p �YsmqgpQqYÁ§qgpY�¡sDt9rg��� �|t9rgpYvg��vgpYr/sDrg�|�mt ��qgpQq
�|tJ�b�mvg�¡sDrg�|�mt�{Aº;ºY�Q¬Y~b{m}�y/Ò����|rgo�s ),+'Á4v/sDrgo�pYv"rgo$sDt
��o�sDr���qYÁ0Ñ�wC~>ü�{¡öF{4¬Y~eyCÁ�rgo�p(),+ ��sDvgpjqgpY�¡sDt©rg���
�F�mt9rgpYt©rY�0¥¿�¯��o�sDr�ú�sDvg��q/sD��u¡��q�smq/qg�J�F��sDrgpQu¡���|rgo
»j{mwC¼AÁ��7p��YsDt�vgpY��vgpQqgpYt©r,®.-F��½�smq�®��4½;�
®��4½

∃x, φ(x = h̄(believe, φ,
ÔD�mo�t

) =
h̄(say, φ,

ú�sDvg�
)  believe(〈

ÔD�mo�t
〉 · φ)

 say(〈
ú�sDvg�

〉 · φ)

n�o�p¦��vg�m���|pY� ��q�rgo�sDr0rgo���q�vgpY��vgpQqgpYt©r/sDrg�|�mt�qg�m��pF�
o��A� �$pY 4qSrgo�p /©��pQqgrg�|�mt��

say
��qSsDt sDrgrg�|rg��uJp

��o����;o �0p smq/qg����pùrg�Ä��p �F�m����sDrg�����|p ���|rgo
believe

�|t ®��4½;� � ��rxrgo�pYvgpùsDvgp �mrgo�pYv sDr��
rg�|rg��uJpQq ���|rgo rgo�p q/sD��p ��vg�m��pYvgr��4Áxqg���/o smq
think

�mv
believe

�|r/qgpY����� Ö¦�A�0pY�4pYvYÁ ®.-F��½
�¡s^� t��mr���pQsDt 3 ¥��$pY�|�|pY�4pQu ��o�sDr�ÔA�mo�t ��pF�
�|�|pY�4pQu��^rgo��m�� mo©r��Asmq/qg����pQu�0�Á§pYr/�D� n
� ��vgpY�mpYt9r
qg���;o���t9�7sDt9rgpQu,�|t©rgpYvg��vgpYr/sDrg�|�mt�qYÁm�7p7�7�m����u�o�s^�mp
rg�¡smu�u%rgo�p��|������sD��qg������p¢smq/qg������rg�|�mtªrgo�sDr���o$sDr
��pY�m���|p¨q/s^�Ó��q 3 ���mvgp50�rg�| mo9rg�|�Ósmq/qg�9�F��sDrgpQu����|rgo
rgo�pY�§rgo�sDt¨��o�sDrÃr/o�pY�Å�$pY�|�|pY�4pmÁ�rgo���t�¤�Á�smq/qg����pmÁ
pYr/�D� % qg�|�����|sDv���vg�m���|pY� sDvg��qgpQq����|rgox¬Yw�{m~>�$Òmw/y
®43 rg���bpQsDv�0�Á 3 rg�ª��p�sA�bv/sD��u�0 ½;� ���|rgojs ' Ð y�Æ©�F��sD��qgpmÁ
¬Ywg{m~>�$ÒmwgyÅ�YsDtx�$pQsDv��mtx����sD��qg�|���|p��smqgrÅpY�4pYt©r/qYÁ
smq��|tÕµJy%¬Ywg{D~>�Jº ' Ð y%µJyg{m�Ó��9 {m~>} =/¬C¶J� Ð =%®43 ¥�sD�
sA�bv/sD��u�ÔD�mo�t��esD�|�|pQu�0 ½;�!���|rgo�s ),+Ó�F�m�����|pY��pFt9rYÁ
¬Ywg{m~>�$Òmwgy£��pQsDv/q¢�mt¨���4q/qg�|���|p��b��rg��vgp�pY�4pYt©r/qY��ø©��Á
µJyª¬Yw�{m~>�Jº�z 9 =g¬C¶�y/¬�Ò©y¡µJyg{m��®43 ¥£�>pQsDv,ÔD�mo�t 0 q��esD�|���
��vgp50 ½%�YsDt��mt��|����pQsDt�rgo�sDrÅrgo�p�qg��pQsD¤mpYv%�bpQsDv/q
rgo�sDr�ÔD�mo�t����| mo©r��esD�|�¿Á£t��mr�rgo�sDr�o�p¨��vg�m��sD���|�
�esD�|�|pQuO�¨¥�r���q�o�sDv/uSrg�¨qgpYp�o��A�ùsDt�pF�J����sDt�sDrg�|�mt
�|t�rgpYvg�¡q��D�¯smq/qg�J�F��sDrg�|�mt�qgrgvgpYt� mrgo��F�m����u�o�pY�|����q
rg�¡qgpY��sDv/sDrgp�rgo�p¢r��0�¡�YsmqgpQqY�
W�pYr���q�t��A���F�mt�qg��uJpYv�®�"DsJÁ ��½;�

®�"4½ sJ� ÔDp�qg�m��rg�|pYt�q£�10 ��u$#Yp /©��p,�10 ��t��|�mpYv/q¦pQqgr
pYt�pF�J��sDt�qg�|�mt�®43 ¥��F��sD�|� rgo�p���uJpQs�®�%
¥��F�mt9rgpYt�u$½�rgo�sDr£rgo�p���t��|�4pYv/qgp���q�pF�9�
��sDt�uJ�|t� :0 ½

��� Ô70 sD�¢sQ�DsDt��&#j��srgo�'Qqgp(/©��p��10 ��t��|�4pYv/q
#Yr/sD�|rÃpYtjpF�J��sDt�qg�|�mtÂ®43 ¥�����r£�b�mvg�7sDv;u
rgo�pj�9��pF� rgo�sDrªrgo�p¨��t��|�mpYv/qgpj��q¡pF�9�
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( 9 ~bÒ�=;y ' Ð y φ sDt�uSz�{%}>¶�);ºQy ' Ð y φ �7�m����uÅ�$p�sDr��rg�|rg��uJ�|t�sD���m����pQ�Fr/q��|tÓúÅ�m�|rg�¡sDt�t 0 q�qgpYt�qgpm� Q"pYrYÁ



rgo�pYvgp���q�t��¨�m����pQ�Frg�|�9�<�QsDrg�|�mt�pN�OpQ�FrYÁ���t��|pQq/q��mt�p
qgo����br/q¨rgo�p�qgpYt�qgp��D�%rgo�pÓ�4pYvg� sDt�u �|t9rgpYvg��vgpYr/q
ºY� Ð }�yF��~>w�®43 rg�j�F�mt©rgpYt�u�0 ½�smq 3 rg�jqg�����$�mvgr�0���n�o���q
��sDv/sD�|�|pY��q�rgo�pj�esm�FrYÁ£��pYt9rg�|�mt�pQu��©�ÕúÅ�m�|rg�¡sDt�t�Á
rgo�sDrÕqg�m��p��4pYvg��q�sD�|�|�A� �b�mvÕsD��qgrgv/sm�FrÕ�m����pQ�Fr
�F�m�����|pY��pYt©r/q¢®�}¿�ª·/yCz¸~eyF¹Ay�}>¶�y�Ñ�wg�CÑJ�AºF~>}e~b�m�Å}>¶J{m}�½;�
ø©���;oÕu�sDr/sSqg�� m mpQqgr�rgo�sDrªqg�m��p�sDrgrg�|rg��uJp��mpYvg��q
qgpY�|pQ�Fr�sDr/rg�|rg��uJ�|t�sD�"�m����pQ�Fr/q��D���FpYvgr/sD�|t�qgpY�¡sDt©rg���
r��9�$pQqYÁ
��o����/o¨sD mv/pFpQq¢���|rgojvgpQ�FpYt©r�qgpY�¡sDt©rg���,uJpF�
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�¡sDt9rg�����b�mvg�Ä�F�mvgvgpQqg���mt�uJ�|t� %rg�Åqg���/o�YsmqgpQqC÷Õ¥�r
qgpYpY�¡q�rgo�sDr��7pª�YsDt�qg�|�������jvgpY��qgp�rgo�pªsDt�sD�|�Jqg��q
�D��qg��pQ�F��sD� /©��sDt9rg� 2�pYv/q���vg�m�$�4qgpQu��9�¨úÅ�m�|rg�¡sDt�t
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entertain
½�sDvgp��F�m���

��sDrg�|���|pm�
®��m½

∃x, φ(x = h̄(entertain, φ,
qg��pQsD¤mpYv

) 
contend(〈

qg�$pQsD¤4pYv
〉 · φ))

¥�tª�9�|vgrg��pÃ�D�'rgo�pÃpF�J��qgrgpYt��Fp¢�F�mt�uJ�|rg�|�mt��mt�sDrgrg�|rg�J�
uJ�|t�sD�
�m����pQ�Fr,®eþ4½;Á$�7p�o�s^�mp�s�qg�|�����|sDv��b�mvg� �b�mv¦s
qgpYt9rgpYt��Fp��|�|¤mp(�Yy�¬Yw��m~|º�' Ð y φ Á�t�sD��pY�|�.�
∃x,φ(x=h(believe,φ,

ð ï ÙgÜ��FÙ�à
) & believe(〈

ð ï ÙgÜ��FÙ�à
〉·φ))

�
Q0pYrYÁ�s qgpYt©rgpYt��Fp��|�|¤4p µJy�¬Ywg�m~|º ∗ z�{ ¬Ywg�m¼m{m�$¬;y
' Ð y φ

®43 ¥Å��pY�|�|pY�mpÂrgo�p��$pY�|�|pF�ªrgo�sDr
φ
0 ½���q¨rg�D�

r/sD�|�|���|���$�4q/qg�|����p¨�|t�Î�vgpYt��/o�Á�pY�mpYt��|t�s�vgpY m��q��
rgpYv��D�����©pYrg���,pY����o�smqg��qY��¥�t¨rgo�p¡q/sD��p��mpY�|t�Á0µJy
Ñ�yF�JºQy¢z�{ ∗ ¬Ywg�D¼4{D�$¬Cy&Y ∗ z 9 ~>Ò�=;y ' Ð y������FÁ	�Ã}>¶9~>��
,}>¶�y
∗ ~bÒ©y/{ Y ∗ ·/yCz¸~eybö�}>¶J{m}�����YÁ¡µ�9 y;º�Ñ )Fwgy ∗ z 9 y;º�ÑJ�m~>w ' Ð y
�����FÁ	��¶J�CÑ�y ∗ }>¶�y£¶J�CÑ�y¢}>¶J{m}�����YÁ9pYr/�D�"sDvgp¢qg�|�������
t��mr£Î�vgpYt��/o��mv���t� m�|��qgoÅqgpYt©rgpYt��FpQqY�¦¥¿��Á��|tS®�"DsJÁ ��½
rgo�p ),+Â�F�m�����|pY��pYt9r0��smq�qg�|�������,rgo�pÃv/p U$pY�Frg���mt
�D�¢rgo�pÅsDrgrg�|rg��uJpÅ�|t�sDrgrg�|rg��uJ�|t�sD���m����pQ�FrYÁ��9��rgo�p
q/sD��p¡vgpY��vgpQqgpYt9r/sDrg�|�mt�Á��7p��0�m����u���vgpQuJ���Fr�rgo��4qgp
�7pY�|v/u�qgpYt9rgpYt��FpQq"rg����p¦sm�Y�FpY��r/sD���|pm�7ø©��Á©�|r"qgpYpY�¡q
rgo�sDr�s�rgvgpQsDrg��pYt©r���smqgpQu��mt%sDrgrg�|rg��uJ�|t�sD�O�m����pQ�Fr/q
uJ�©pQq�t��mr�qgo�pQuª�����;oª�|�| mo©r7�mtªrgo�p�qgr/sDrg��q��D� ),+
�F�m�����|pY��pYt©r/q
Î��mvg�$pQq�0 q sDt�sD�|�Jqg��qxqg�*�OpYv/qÏ�bvg�m� s§qg�|���|�|sDv

��vg�m���|pY���¢ø©�������4qgp�rgo�sDrÃ¥�sD� vgpQsmuJ�|t� �rgo�p,uJ��q��
rg��vg���|t� ¢�����|�|pYrg�|t��D�Oqg�m��p��9�|�m�|pYt9r�qgpQ�FrY��¥�r��0�m����u
�$p,���mvgp�t�sDrg��v/sD��rg�%q/s^�}>¶9~|º,}�yg«m}
öCwC~¸ÀA¶9}�yF�Jº,ü�y
rgo�sDt�� ?? öYyg{mw�}>¶9~|º�}�yg«m}b� Q"pYrYÁ"rgo���q�rgpF�Jr��bvg�| mo9r��
pYt�q¢��p,�|t¨�9�|vgrg��p,�D���$pY�|t� %rgo�p�rgpF�Jr¢�|rÃ��qY�,n�o�p
��vg�m���|pY� ��q�rgo�sDr¦rgpF�Jr/q¦uJ��t����F�mt©rgvg�|����r/p�rg�¡rgo�p
�F�mt�qgrgvg���Frg�|�mtÕ�D��sD����vg�m��vg��sDrgp¨sD��qgrgv/sm�Frª�m����pQ�Fr/q
�b�mv�öYyg{mw"rgo�p£��sQ�¡�$pYv/qg�mt�q�uJ��� � �¡sDt�u���sDvg mpmÁ9�7p

�bpQsDv�pY�mpYt9r/q��mv���pYv/qg�mt�q�smq���pY�|t� �ÁJr/o�vg�m�� mo%rgo�pY�|v
�F�m��v/qgp��mv¡sm�Frg�|�mt�Á7rgo�pS®>�|t�uJ�|vgpQ�FrC½��YsD��qgp��D�¢��tJ�
uJpQqg�|v/sD���|p�qgr/sDrgpQq��D�"s���sD�|v/qY��Î��mv¦�|t�qgr/sDt��FpmÁ�¥��YsDt
�bpQsDv�ÔD�mo�t%�$pQ�YsD��qgp¢o�pÃ�¡sD¤mpQq7���|��t�uJpYv/qYÁJrgo�sDr���qYÁ
��pQ�YsD��qgp%o�p%�$pYo�s^�mpQqÅ®bsm�Frg�|�mt�½��|tÂs���sQ�S��o����/o
�YsDtÓ�|pQsmuÂrg�SuJ��q/smqgrgvg�m��q�vgpQqg���|r/qY� % t�sD�|�m m�m��qg�|�4Á
¥��bpQsDv¡s¨rgv/sQ�4pY����pQ�YsD��qgpmÁ��|tÂ�|r/q��F�m��v/qgpmÁ��|r��YsDt
o�s^�mp%qg�m��pªt�pY 4sDrg�|�mp%�F�mt�qgp�/©��pYt��FpQqY� % rgpF�Jr,��q
t�pY�|rgo�pYv�sDt¡pY�4pYt©r7t��mv7rgo�pÃsD mpYt9r7�D�'qg�m��p¦�$�mrgpYtJ�
rg��sD�|�|����vg�m���|pY�¡sDrg���Ãqgr/sDrgp¢�D��s���sD�|v/qY�
n�o�p���pYt9rg�|�mt�pQuÅ��vg�m���|pY�¡q£qgrgpY� �bvg�m� sª�F�mtJ�

�b��qg�|�mt �$pYr��0pYpYt r��0��Æ4pF�JrgpYvgt�sD�|�|�Ïqg�|���|�|sDv¨����r
sm�Frg��sD�|�|��uJ���OpYvgpYt©r�ÆÕ���m�|t©r/qÅ�D�¡�9�|pY�¢� 6 tÏ�mt�p
qg��uJpmÁ©rgo�pYvgp¦��q"rgo�p¦��uJpQs�rgo�sDr7sDrgrg�|rg��uJp¦��vgpQuJ���YsDrgpQq
uJ�ªt��mrÃt�pQ�FpQq/q/sDvg�|�|��qgpY�|pQ�Fr£rgo�p�sD�$qgrgv/sm�FrÃ�m����pQ�Fr/q
uJpYt��mrgpQu �©� sD��qgrgv/sm�Fr��F��smq/qg� 2�pYv/q�®�Ñ�w��CÑ��AºF~>}e~>�m��Á
pYr/�D� ½;� 6 tSrgo�p��mrgo�pYv�qg��uJpmÁ�rgo�pYvgp���q�rgo�p¨®>�,���/o
qgrgvg�mt� mpYvC½j�F��sD�|� r/o�sDrsDrgrg�|rg��uJpÂ��vgpQuJ���YsDrgpQquJ�
t��mr��|t©�4�m�|�mp¢sD��qgrgv/sm�Fr��m����pQ�Fr/qY�
¥�t���pYr��0pYpYt�ÁOrgo�pYvgp���q�rgo�p��$�4q/qg�|���|����r���rgo�sDr�®>�b½

sDrgrg�|rg��uJpª��vgpQuJ���YsDrgpQq,�|t9�4�m�|�mp�uJ���OpYvgpYt9r,sD��qgrgv/sm�Fr
�m����pQ�Fr/q¦�|tÅuJ���OpYvgpYt9r¦�F�mt�qgrgvg���Frg�|�mt�q,®>pm�  �� ),+Ó�Jq
�F��sD��q/sD�7�C�m������pF��pYt9r/qC½ÃsDt�urgo�sDrª®>�|�b½£rgo�pQqgp¡�m�J�
��pQ�Fr/q�pY�|��uJpÃrgv/smuJ�|rg�|�mt�sD�Or/sA�J�mt��m���|pQq7�|tªrgpYvg�¡q7�D�
��vg�m���4qg�|rg�|�mt�Á��esm�CrQÁ
pYr/�D�¡n�o�p���vgpY�9�|�m��q¢�m��qgpYvg�DsA�
rg�|�mt�q��|pQsmu,�mt�p�rg��pYt�uJ�mv/qgp�rgo���q��9�|pY�¢��¥'��vg�m�$�4qgpmÁ
�|t¨�|�|t�p,���|rgo�®"�£�9u�sDv/u  Ôms^�mp���-��	�mþ9Á�Ôms^�mp�� �£�Ju�sDv/u -��	���4½0rg��uJ��qgrg�|t� m����qgo¡��pYr��7pYpYt%r��0��uJ���>�
�bpYvgpYt9r�uJ�|��pYt�qg�|�mt�q7�D��qgpY�¡sDt9rg���£�|t©r/pFv/��vgpYr/sDrg�|�mt��
-D��n�o�p�r��9��p��D�7pYt9rg�|rg�|pQq£rgo�sDr���vgpQuJ���YsDrgpQq,ºYyFz|yg¬Y}
�|tS�DsDvg�|�m��q,�F�mt�qgrgvg���Frg�|�mt�qY� ���  ���ÁÃ¬Yw��m~>w/y%qgpY�|pQ�Fr/q
rgo�p,r��9��p�°�±¯²�³�´��|tÅ�|r/q,),+Õ�F�mt�qgrgvg���Frg�|�mt�� �¨p
���|�|���YsD�|��rgo��4qgp¢r��9�$pQq�rgo�p�ºQyCz|yg¬Q}�ygÒ%r��9�$pQq�®bqY� rY� ½;�
ý9��n�o�p���sQ���|t,��o����/o�sDt�pYt©rg�|r����D�Os£ m�|�4pYt,qY� rY�D��q
�|t9�m�m�|�4pQuÃ�|t�sDt��|t9rgpYvg��vgpYr/sDrg�|�mt��F�mt�qgrgvg���FrgpQu��bvg�m�
rgo�pj��vgpQuJ���YsDrgpjsDt�u�rgo�pjqY� rY��n�o���q����9uJp��D���|tJ�
�4�m�|�mpY��pYt9r£�F�mvgvgpQqg���mt�u�q¢�|�©�4qgpY�|�%rg�%rgo�p�qg�9t��YsDr��
pY m�mvgpY�¡sDrg����sD����vg�4sm�;o�D��úÅ�m�|rg�¡sDt�t�Á
rgo�p��¡sD�|t
uJ���OpYvgpYt��Fp���pY�|t� �rgo�sDr0�|r"uJ�9pQq"t��mr0��vgpY�4pYt©r7qg�m��p
sD��qgrgv/sm�Fr¡�m����pQ�Fr¡rg�SsD����pQsDv�qg�m��pY��o�pYvgpÅ�|t�rgo�p
�|t9rgpYvg��vgpYr/sDrg�|�mt���Î��mv¢�|t�qgr/sDt��FpmÁ �|t¨qgpQ�Frg�|�mtþ9� ý9Á'�|r
��q'qgo��^��t�rgo�sDr¯�|t�rgo�p�),+j�F�m�����|pY��pYt©r'�F�mt�qgrgvg���C�
rg�|�mt�Ámrgo�p�qY� rY�4°�±¯²�³�´ªrgvg�| m mpYv/q�rgo�p��F�mt�qgrgvg���Frg�|�mt
�D��s��F�m�����|pF�Õqgrgvg���Frg��vgpm�����m�� mo��|�Õqg��pQsD¤9�|t� �Á
®.-F��½���q,�|t9rgpYvg��vgpYrgpQu�smq 3 ÔD�mo�t���pY�|�|pY�mpQq,rgo�pÅuJpF�
q/�Fvg�|��rg�|�mtª�D���FpYvgr/sD�|t�pY�mpYt9r/q����OpYvgpQu%�©�ªú�sDvg�����
�0�mt�qg��uJpYv,¬Ywg{m~>�$Òmwgy,sDt�uªöYyg{mw;�¢n�o�pY�ÅqgpY�|pQ�Fr¦�|t

��sDvgrg���F����sDv�sDt��|�¡sDrgp ),+ 0 qY�ùÖ¦�A�0pY�4pYvYÁÃrgo�pqY� rY�
uJ�9pQqÅt��mrÅ��vg�JuJ���FpSrgo�p��|t9rgpYvg��vgpYr/sDrg�|�mt��D��öYyg{mw



uJpQq/�Fvg�|��pYu�sD���A�mpm� ��o�pYt�rgo�pSuJ��qgrg�|t��Frg�|�mtÕ��pF�
r��0pYpYtÂqgpY�|pQ�Frg�|�mtSsDt�uS�|t9rgpYvg��vgpYr/sDrg�|�mtS��q�sD�����|�|pQu
rg��Î��mv/�$pQq�0 q£sDt�sD�|�Jqg��qYÁ��0p�qgpYp�rgo�sDr,®>�b½�Î��mvg�$pQq¦��q
vg�| mo9r¢��o�pYt�o�p�q/sQ�Jq¢rgo�sDrYÁ��|�|rgpYv/sD�|���mÁ0µ9�A¶9�ªöYyg{mw/º
»j{mwC¼Â��pQsDt�qªrgo�sDr�ÔD�mo�tÕ�bpQsDv/q%rgo�p¨pYt©rg�|r���uJpF�
t��mrgpQu%�9��rgo�p<),+Õ»j{mwC¼AÁ��$pQ�YsD��qgp�rgo���q ),+Â��q��D�
�mt�p��D��rgo�p�qY� rY�$�D�
öYy/{mw%®>t�sD��pY�|��³�´ � ²�³ � �J½�����r
rgo�sDr�®>�|�b½�o�p¢��q0t��mr�qg�,vg�| mo©r�sD���m��r�rgo�pÃ�|t9rgpYvg��vgpF�
r/sDrg�|�mt��D�0rgo�p,qgpYt9rgpYt��Fpm��ÔD�mo�t¨uJ�©pQq£t��mr¢qg�|�������
�bpQsDv�ú�sDvg��rgo�vg�m�� moÅqg�m��p¢��t�uJpYrgpYvg���|t�pQuªvgpY��vgpF�
qgpYt9r/sDrg�|�mt��D��o�pYvY��Ö¦p��bpQsDv/q¯ú�sDvg�¢smq'rgo�p0���4q/qg�|���|p
�YsD��qgpÃ�D�'qg�m��p¦�b��rg��vgpÃ��t����|pQsmq/sDt©r�pY�mpYt9rY�!��o��|�|p
rgo�pYvgp%��q,qgrg�|�|�7sÅ�esD�|v,sD���m��t9r,�D�£�|t�uJpYrgpYvg���|t�sm�F�
smq,rg�j��o�sDr�ú�sDvg�����| mo9r,�YsD��qgpmÁ"rgo�p%vgpY��vgpQqgpYtJ�
r/sDrg�|�mtÂ��o�pYvgpÅqgo�pª����s^�Jq�sjvg�m�|pª��q�t��mr�pYt©rg�|vgpY�|�
��t�qg��pQ�C� 2�pQuO� % �Frg��sD�|�|�mÁO��o�sDr�ÔD�mo�tj�bpQsDv/qÃ��q£rgo�p
��t�uJpQqg�|v/sD���|p¦pY�4pYt©r^®bqC½�rgo�sDr�ú�sDvg�����| mo©r0rgvg�| m mpYvY�
6 t�p��¡sQ�ÅvgpYr/sD�|tjrgo�p, m��qgr£�D��Î��mvg�$pQq�0 q¢��vg�m�$�4q/sD�
®>rg���bpQsDv

x
��q�rg���bpQsDv

x
' Ð { φ(x)

½�sDt�u�s^�m�m��u
�|r/qª��vg�m���|pY�¡qª�©�Õsmq/qg�����|t� Srgo�sDrYÁÃ��o�pYt��|r%qgpF�
�|pQ�Fr/q�sDt�³�´ � ²�³ � ��Á'}¿��öYy/{mw�o�smq�rgo�p¢��vgpQuJ���YsDrg�|�4p
qgrgvg���Frg��vgp��F�mvgvgpQqg�$�mt�uJ�|t� �rg��®��4½;�0¥�tªrgo���q�uJp 2�t����
rg�|�mt�Á$�7p�uJ��qgr/�|t� m���|qgo%r/o�p��4pYvg�S}¿�ÃöYy/{mw,��o����/oÅ��q
�;o�sDv/sm�FrgpYvg�<�YpQu%�9���|r/q�qY� rY�$sDt�u%�|r/q��|t9rgpYvg��vgpYr/sDrg�|�mp
�F�mt�qgrgv/sD�|t9r/q��bvg�m�¾rgo�p�sDrgrg�|rg��uJpÅ�|r/qgpY����Á7rgo�sDr¡�7p
t��mrgp

FEAR
�

®��4½
x
öYyg{mw/º

y
���
x
�$pY�|�|pY�4pQq"rgo�sDr

y
�YsDt%�YsD��qgp

qg�m��pÃ�b��rg��vgp¢pY�4pYt©r
z
��o����;o

x FEAR
�

)¦�mrgp�rgo�sDrYÁ©���
y
�>q�sDt�pF�4pYt9r"sDt�u,�7p�smq/qg����p�rgo�sDr

rgo�p��YsD��q/sDr/�|�mt¨vgpY��sDrg�|�mtj��qÃvgpNU�pF�J�|�mpmÁ
x
�YsDt�öYy/{mw

y
sDt�u

FEAR y
��¥�r���q��FpYvgr/sD�|t��|�¨qgpY�¡sDt9rg���YsD�|���

�|t�t��J�FpFt9r¦rg��q/sQ�ªrgo�sDr
x
�|�|rgpYv/sD�|�����bpQsDv/q

y
��Ö¦�A���

pY�mpYvYÁ��|r0��q�qgpY�¡sDt©rg���YsD�|�|�,t�sD�|�mp£rg�,�$pY�|�|pY�4p¦rgo�sDr
y�YsDtj�$pÃ����qgrÃsDt9�9rgo��|t� ���o����;oj�YsDtj��p,�F�mt��FpY�|�4pQu

smq,�bvg�| mo©rgpYt���t� �� ���|rgo�¬Ywg�m~>wgyCÁ�rgo�p�qg�|rg��sDrg�|�mt���q
qg�|�����|sDvY�¯¥�r'��q¯qgpY�¡sDt©rg���YsD�|�|�£�|t�t��J�FpYt©r¯rg�¢q/sQ�¢rgo�sDr
ÔD�mo�t�|�|rgpYv/sD�|���Å�$pY�|�|pY�4pQqÃú�sDvg���|tÓ®.-F��½£����r��|rÃ��q
qgpY�¡sDt©r/���YsD�|����t�sD�|�4p�rg��rgo�pYvgpY�9�¢uJ��qg���|q/q�r/o�p"�|t©rg�J�
�|rg�|�mt�rgo�sDr¯rg�£�$pY�|�|pY�4p"��q
rg�¦rgo��|t�¤¢rgo�sDr�qg�m��pYrgo��|t� 
��q�rgvg��pm����w��m~>w/y�uJ�©pQq¦t��mr£qgpY�|pQ�Fr�qg�|�����|�¡�m����pQ�Fr/q
��o����;o��YsDt,�$p7rgvg��p��mv'�esD��qgpmÁDqg�|t��Fp7ú�sDvg�4ÁD�|tª®.-F��½;Á
�YsDt�t��mr��$pÅrgvg��pÅ�mv��esD��qgpm�ÕÖ¦�A�7pF�4pYvYÁ�qg�m��pÅsDr��
rg�|rg��uJp��4pYvg��q%®>�|t��F�|��uJ�|t� �¬Yw��m~>wgyA½�qgpY�|pQ�Fr��m����pQ�Fr/q
�D��r��9��p

σ
®>rgo�p¡qY� rY� ½���o����/o�sDvgp¡vgpY��sDrgpQu¨rg�Å�m�J�

��pQ�Fr/q,��o����/oÂ�YsDt���pªrgvg��pª�mv��esD��qgp��|t�sj�FpYvgr/sD�|t
��sQ�4Á"uJpYrgpYvg���|t�pQu��©�rgo�pª�mpYvg�ÂsDt�u

σ
�¥�tS�FpYv��

r/sD�|tª�YsmqgpQqYÁ9rgo���q7vgpY��sDrg�|�mt¡���| mo9r0�$pÃrgo�pÃ��uJpYt©rg�|r��m�
Î��mvÃpF��sD�����|pmÁ0®�"Ds©½£�0�m����uj�$p����4q/qg�|���|p��$pQ�YsD��qgp

rgo�p��|pF�J���YsD�
r��9��p��D�¦~bÒ�=;y���q���uJpYt©rg���YsD�'rg�¡�mvÃqg���J�
qg����pQu��9��®bsDr7�|pQsmqgrC½¯�mt�p¦�D��rgo�pÃqY� rY�4�D��ºY� Ð }�yF��~>w;�
¥�t��mrgo�pYv"�YsmqgpQqYÁDrgo�p�vgpY��sDrg�|�mt���q'���mvgp7�|t�uJ�|vgpQ�FrYÁmsmq
uJpY���mt�qgrgv/sDrgpQu��|t�qgpQ�Frg�|�mt�þ9Á�����r¦rgo�pYvgp���q�qgrg�|�|��s
uJ�|vgpQ�Fr�vgpY��sDrg�|�mtª�$pYr��0pYpYt%rgo�p¢pF�J�$pYvg�|pYt��FpYv��D�¯rgo�p
sDrgrg�|rg��uJp£sDt�u�r/o�p¦sD��qgrgv/sm�Fr0�m����pQ�Fr0��o����;o���q"�F�mtJ�
t�pQ�FrgpQuªrg��rgo�p ),+Â�F�m�����|pY��pYt9r7�©�¡rgo�p¢�|t�uJ�|vgpQ�Fr
vgpY��sDrg�|�mt�� )¦�mrg�|t� 

R
rgo���q¦vgpY��sDrg�|�mt�ÁO�0p��YsDt¨�F�mtJ�

qgrgvg���Fr��b�mv�¬Ywg�m~>wgy�s��F�mt�uJ�|rg�|�mt��F�mvgvgpQqg�$�mt�uJ�|t� �rg�
®��4½
®2�4½

x
¬Yw��m~>}

y
����ÁJ�b�mv�qg�m��p

z
Á
z
��q��F�mt�t�pQ�FrgpQu

rg�
y
�9��rgo�pÂvgpY��sDrg�|�mt

R
®>���4q/qg�|���|��rgo�p

��uJpYt9rg�|r���½ªsDt�u
x CROIT z

®�% rgo��|t�¤Jq
rgo�sDr

z
��q7rgvg��p^½C�

6 t�p ���| mo©r�sDvg m��p rgo�sDr ®2�4½Õ�YsDt�t��mr��$p sD�J�
���|�|pQuÄ�|tûqg�m��p �YsmqgpQqY� Î��mvx�|t�qgr/sDt��FpmÁ��F�mtJ�
qg��uJpYv%®.-F��½;� % q,t��mrgpQu�sD���^�4pmÁ0s�t�sDrg��v/sD����sDv/sA�
��o�v/smqgp�rgo�pFv/pF�D�¨��qÕµ9�A¶9� ·;yCz¸~eyF¹Ay;º �¯¶J{m}Å»j{mwC¼
ºY{m~bÒ YO¬Fz�{m~>ü�ygÒ YO{Aº;ºQyFwC}�y/ÒDÁ�pYr/�D� Q"pYrYÁ����¢ÔD�mo�tÓ��pF�
�|�|pY�4pQq£��o�sDr�ú�sDvg�¨smq/qgpYvgrgpQusDt�u¨������o�sDr�ú�sDvg�
smq/qgpYvgrgpQu���q's£�FpYvgr/sD�|t���vg�m�$�4qg�|rg�|�mt�ÁDo��^�S�>q
�|r'rgo�sDr
qg����qgrg�|rg��rg�|�9�|r����esD�|��q7�|t�®.-��©½g÷
®.-��©½ % Æ%ÔDpQsDt¨�Fvg�m�|r£�Fp /©��p,ú�sDvg�|p�s�smq/qgpYvgr #

®43 ÔD�mo�tÅ�$pY�|�|pY�4pQq7��o�sDr¦ú�sDvg�ªsmq/qgpYvgrgpQu�0 ½
� Æ¡ú�sDvg�ªs�smq/qgpYvgr #¢��s���vg�m���4qg�|rg�|�mt /©��p�10 ��t��|�mpYv/q�pQqgr 2�t���®43 ú�sDvg�Ósmq/qgpYvgrgpQuÓrgo�p
��v/�m�$�4qg�|rg�|�mt�rgo�sDr�rgo�p���t��|�mpYv/qgp0��q#2�t��|rgp50 ½
�ÄÆxÔDpQsDt �Fvg�m�|r ?? ��s���vg�m�$�4qg�|rg�|�mt /©��p
�10 ��t��|�mpYv/q�pQqgr 2�t��

n'�jsm�Y�F�m��t9r��b�mv,qg���/o�qg����qgrg�|rg��rg�|�9�|r��j��vg�m���|pY�¡qYÁ
�7pjo�sQ�4p�rg��¤4pYpY��qgpY��sDv/sDrgpjrgo�p¨qY� rY� 0 q%sDt�u�rgo�p
r��9�$pQq£�D�7sD��qgrgv/sm�Fr¢�m����pQ�Fr/q£�9�Y�F��vgv/�|t� ��|t�rgo�p,�|tJ�
rgpYvg��vgpYr/sDrg�|�mt��ÂÔmsQ�4p��%sDt�u �£�9u�sDv/u�®.-��	���4½�qg�� D�
 mpQqgr�rgo�sDrYÁ��|t� mpYt�pYv/sD�¿Á�3  mpYt�pYv/sDrg�|�4p50¯�|t©rgpYvg��vgpYr/sA�
rg�|�mt�®��0�m�$pQqgr/sD¤4p  � vg��q/�F�9pm� -��	���9Á�+���qgrgpg���A�Jqg¤9�-��	���4½�����qgr"��p£qgpYt�qg�|rg�|�mp�rg��rgo�pÃ�F�mt�qgrgvg���Frg�|�mt¡�|t
��o����;oÅ�|r��J�Y�F��v/qÃsDt�uÅrg�¡rgo�p,qY� rY� 0 q¦�D�"rgo�p���vgpQuJ���
�YsDrgp��mv¢���9uJ� 2�pYvY��®.-5-^½¦��qÃ�|t©rgpYt�uJpQu¨rg���YsD��rg��vgp
rgo���q�qgpYt�qg�|r/�|�©��r��m�
®.-5-^½ � 
 �5
��  �³�´�� � ´ � ��������� � ³ ����� ´

Î��mv£sDt©�ª��vgpQuJ���YsDrgp
P
sDt�uÅ�F�mt�qgrgvg���Frg�|�mt

C
Á
���

P
qgpY�|pQ�Fr/q

σ1 . . . σn
�|t

C
Á
rgo�p�uJpF�

q/�Fvg�|��rg�|�mt���o����;o�pF�J��vgpQq/qgpQq�rgo�p��|t9rgpYvg��vgpF�
r/sDr/�|�mt,vgpY��sDrg�|�4p7rg��s¢qY� rY�

σi
��q�s¦�b��t��Frg�|�mt

�D��rgo�p7qY� rY��sDt�u��D��rgo�p7�F�mt�qgrgvg���Frg�|�mtª®>�¿� pm��Á
�|r�o�smq%s� mpYt�pYv/sD�Ã�b�mvg�

I(P, σi, C)
� ¥¿�



τ 6∈ {σ1 . . . σn}
Á�rgo�pYt

I(P, τ, C)
��q¦��tJ�

uJp 2�t�pQuO�
n�o�p��F�mt�qgrgv/sD�|t©r�®.-5-^½0r/sD¤4pQq��YsDvgp��D��®.-��©½;�0¥�t%rgo�p
),+ �F�m�����|pY��pYt9rÅ�F�mt�qgrgvg���Frg�|�mt�Á�¬Qw��m~>wgyÅqg�|�������
uJ�©pQq¯t��mr¯qgpY�|pQ�Fr'sDt9�¢r��9��p7qg����qg�����|t� �rgo�sDr¯�D��rgo�p
t��m��tÑ�wg�CÑJ�AºF~>}e~b�m���%n�o�p��esD�|�|��vgp��D�¦qg����qgrg�|rg��rg�|�©�
�|r��¢��q¯t��mr�rgo�p�pN�OpQ�Fr��D��qg�m��p����JqgrgpYvg�|�m��q¯qgpY�¡sDtJ�
rg���Ã����qg��sDr/�;o�� �ªn�o�p

CROIRE
sDrgrg�|rg��uJp���pQsDv/q

�mt���vg�m�$�4qg�|rg�|�mt�q�����r�rgo�p¡�4pYvg��¬Ywg�m~>wgy�uJ�9pQq�t��mr
uJpYt��mrgp�rgo���q¢sDrgrg�|rg��uJpm� % q/qg�����|t� ªsDr�rgo���q¢qgr/sD mp
rgo�sDr7®.-F��½O��pQsDt�q�rgo�sDr¯ÔD�mo�t��$pY�|�|pY�4pQqO��o�sDr'ú�sDvg�
q/s^�Jq"�mv7q/sD��u�®>�0p£���|�|��qgpYp£�$pY�|�A�Órgo�sDr0rgo�pÃqgr/sDrg��q
�D��¬Yw��m~>wgy,��q,���mvgp%�F�m�����|pF�$½;Á0rgo�p�sD��qgrgv/sm�Fr��m�J�
��pQ�Fr7�mtª��o����/o�rgo�p¢sDrgrg�|rg��uJp£��pQsDv/q7��q0��o�sDr�ÔD�mo�t
CROIT

Á4t�sD��pY�|��rgo�sDr���o�sDr0ú�sDvg�,q/sQ�Jq���q�rgvg��pm�
µJyg{m��¬Ywg�m~>}¢»j{mwC~ey % ���

z
��q���o�sDr�ú�sDvg�Âq/sD��uOÁ

ÔD�mo�t
CROIT

rgo�p���vg�m�$�4qg�|rg�|�mt%rgo�sDr
z
��q�rgvg��pm�

ø©��ÁOrgo�p,sD��qgrgv/sm�FrÃ�m����pQ�Fr£�|t9�4�m�|�mpQu%��q£s¡��vg�m�$�4qg���
rg�|�mt�Á�t�sD��pY�|�¡rgo�p���vg�m�$�4qg�|rg�|�mt%rgo�sDr

z
��q�rgvg��pm�

n�o���q¦uJ��q/�F��q/qg���mt�qg�� m mpQqgr/q�rgo�sDr£sDrgrg�|rg��uJpQq¦�YsDt
�F�mt��FpYvgt�sD��qgrgv/sm�Fr'�m����pQ�Fr/qYÁA��o����;o�sDvgp"t��mr¯sDrgrg�|rg�J�
uJ�|t�sD�m�m����pQ�Fr/qYÁArgo�sDr
��qYÁ^��o����/o�sDvgp"t��mr'sD��qgrgv/sm�FrgpQu
�bvg�m� rgo�p�sDrgrg�|rg��uJp�sDt�u�rgo�p¢�F�mt9rgpYt©rYÁ$sDt�uª��o����/o
¥7�YsD�|���m����pQ�Cr;q��D��sDrgrg�|rg��uJpQq�®>��� sJ� ½;�
®.-Qý4½ � ��� ��$ �  ��� ³ ����� � ±����� 

W�pYr��
att
�$p�sDtÅsDrgrg�|rg��uJp��4pYvg��Á�),+��

att� +x��q�sD����vg�m��vg��sDrgp����Ârgo�p¡�|pF�J���YsD�"r��9��p
�D��� +���q¢��uJpYt9rg���YsD��rg�Å�mv�qg����qg����pQu¨�©�
qg�m��pSqY� rY�£�D���

att
sDt�u�rgo�pYvgp�pF�J��qgr/qÅs

z
qg���;o�rgo�sDr�®>�b½

z
��q��F�mt�t�pQ�FrgpQuÂrg�jrgo�p

qgpY�¡sDt9rg���Å�F�mt9rgpYt©r%�D��� + �9�Óqg�m��p�vgpF�
��sDrg�|�mt uJp 2�t�pQuù�9� rgo�p��|t9rgpYvg��vgpYr/sDrg�|�mt
�F�mt�qgrgv/sD�|t9r/q��D�	�

att
sDt�u ®>�|�b½

att(x, z)
Á

��o�pYvgp
x
��q¯rgo�p�qgpY�¡sDt©rg�����C�mt9rgpYt9r��D��),+¯�

z
��q��YsD�|�|pQujrgo�pj�©·��Yyg¬Y}¢�gö¡{m}e}e~>} Ð Ò©y����|rgo

vgpQqg��pQ�Fr�rg�
�
att
�

ø©�����¡sDvg�<�Y�|t� �Á�rgo�p�sDt�sD�|�Jqg��q£¥���vg�m���4qgp�o�smqÃr��7�
�¡sD�|tû�bpQsDrg��vgpQqY� 6 t �mt�p o�sDt�uOÁ��|rÏ��qÏpF�9�
rgvgpY��pY�|�Å�F�mt�qgpYvg�DsDrg�|�4pmÁ
qg�|t��Fp,��� sJ�
sDvgp�rgo��4qgp�pYtJ�
rg�|rg�|pQq���o����;o sDvgpÕvgpY��sDrgpQu rg�Ïrgo�pÕpF�J��pYvg�|pYt��FpYv
rgo�vg�m�� mo�rgo�p�sDrgrg�|rg��uJpmÁ¯pF��sm�Frg�|�jsmq��|t¨rgo�p�qgr/sDtJ�
u�sDv/u�vgpY��sDrg�|�mt�sD�©sDt�sD�|�Jqg��qY� 6 t�rgo�p7�mrgo�pYv'o�sDt�uOÁm�|r
�$�4qg��r/q�s�uJ��qgrg�|t��Frg�|�mt�$pYr��0pYpYtÂqgpY�|pQ�Frg�|�mt�Á���o����/o
uJ�©pQq�t��mr�vgp�/©���|vgp¡rgo�sDr�rgo�pªqY� rY�¯�$p�rgo�p�r��9��p¡�D�
rgo�p0��� sJ��ÁmsDt�u��|t©rgpYvg��vgpYr/sDrg�|�mt���o�pYvgp0��� sJ�AsDv/p0�F�mtJ�
�>' ðeë K�ë Þ Ü/à ï ßCë ñYí�ë ð_K�Ü %^Ù�êYÝ��Ù�óQÞ ë ñÓÚbágâCâQáCä á/âQá;èÜ;êmßCì^í'ðeÙ�Ù�ë ñ�#^õ

t�pQ�FrgpQu,rg�Ãrgo�p�qgpY�|pQ�FrgpQu��m����pQ�Fr�rgo�vg�m�� mo�qg�m��p7�|tJ�
�b�mvg�¡sDrg�|�mt�sD��vgpY��sDrg�|�mt���¥�r���q�sDr"rgo�p��|pY�4pY�J�D�O�|t©rgpYv��
��vgpYr/sDrg�|�mt�rgo�sDr���� sJ�¯sDvgp¡vgpY��sDrgpQu¨rg�Årgo�p¡pF�J��pYvg���
pYt��FpYvY��¥�t��^��rg��vgt�rg�¦rgo�p0�F�mt�qgrgv/sD�|t9r/q���o����;o�vgpY D�
����sDrgp��|t9rgpYvg��vgpYr/sDrg�|�mt�Á
�|t¨��sDvgrg���F����sDv¢rg�%rgo�p�vg�m�|p
�D���|pF�J���YsD�Or��9���|t� ��

� � !��"Ì��J� � kQ& � !$#%� É Ë Ì É km!�l � l4!�km��k4ÌeÊ É
% �|pF�J���YsD�4r��9�$p7��q¯s£qgpYr¯�mv¯o��|pYv/sDv/�/o9���D�$�F�mt�qgrgvg���C�
rg�|�mt�qY��Î��mv0�|t�qgr/sDt��FpmÁ©�|r���q���qg��sD�|�|�,smq/qg����pQu�rgo�sDr
rgo�p�r��9�$p ��� � � �  �����H� ´S�b�mv ��t� m�|��qgo�t��m��t�qÃ�F�mv��
vgpQqg���mt�u�q�rg�¢rgo�p��b�m�|�|�^���|t� Ã�F�m�,���|t�sDrg�mvg��sD�J�$�4q/qg���
���|�|�|rg��pQq�� ��� � � �  �����H� ´Ót��m��t�q��YsDt��p����JuJ� 2�pQu
�9�ªsmuD��pQ�Frg�|�mpQq�qg���/oÅsmq�}ew Ð yCÁ©öF{Dz ºQyCÁ¯Ò Ð ·F~b� Ð ºCÁ$pYr/�D�
n�o�pY�Ó�YsDt��$p�rgo�pj�F�m�����|pY��pYt©r¡�D��Ò©yböYyF�$ÒDÁ�{m} �}¿{4¬ 
^Á�pYr/�D��n�o�pY���YsDtÓ�$pÅvgpF�bpYvgvgpQu�rg���©� ),+ 0 q
�|�|¤mp�}>¶9~|º%Ñ�wg�CÑJ�AºF~>}e~b�m��� W��|����r/��t� ��m��v/qgpY�|�4pQqÅrg�
rgo���q�qg�|��������q�rg�|��q/sD�����|pmÁ¯�0p�qgpYp¡rgo�sDr%®bsDr��|pQsmqgrC½
rgo�vgpYp�r��9��pQq��D����vg�m��pYvgr��,�¡sQ����p�vgpY�|pY�DsDt9r¯�b�mv"sDt
�|rgpY����Á�t�sD��pY�|�¡��o����;o%���JuJ� 2�pYv/q�sDvgp��F�m����sDrg���
���|p����|rgo��,ÁD��o����/o��|rgpY�¡q����YsDt���p��F�m�����|pY��pYt©r
�D�7sDt�uÅ��o����;o��|pF�J���YsD�
��sDv/sD��o�v/smqgpQq¢sDvgp����4q/qg�|���|p
�b�mv�����¥�t����4qgr¡vgpQ�FpYt9r%qg�9t9r/sm�Frg����sDt�uÕqgpY��sDt��
rg�����b�mvg�¡sD�|��q��¡qFÁ4rgo�p¦�|�9�YsD���|tJ�b�mvg�¡sDrg�|�mt�sDrgr/sm�;o�pQu
rg�Â�|pF�J���YsD�Ã�|rgpY�¡q��mv���o�v/smqgpQq%��q%qgrgvg���Frg��vgpQu��©�
sDrgrgvg�|����rgpFÆ4�DsD�|��p�����t�uJ�|pQqYÁ¦sDt�u�rgo���q¡��q�rgo�p¨sD�J�
��vg�4sm�;o��7p7���|�|�m�b�m�|�|�^�o�pYvgpmÁm��qg�|t� ¦r��9��pQu��bpYsDr/��vgp
qgrgvg���Frg��vgpQqª®��7sDvg�$pYt9rgpYv -��	�mý9Á �����;o©rgpYv�ý��	�	�©½Ã�|t
rgo�pÖ,+7ø��Ä�bv/sD��pY�7�mvg¤x®+¯�m�|��sDv/u  ø9sD  -��	� 	�Á
ø9sD   �smqg�A� -��	�	�9Ác�£�|t��Y����vg   ø9sD �ý��	�	�©½;�
W�pF�J���YsD�,�b��t��Frg�|�mt�qYÁ��|tÏrgo�p�qgpYt�qgpÂ�D�®búÅpY�10���F��¤
-��	��"4½;Á0sDvgp��|t9rgvg�JuJ���FpQu�rg�j�F�mt�t�pQ�Fr��|�9�YsD�7�|tJ�b�mv��
�¡sDrg�|�mt�q�sDt�uªuJp 2�t�p¢uJ��qgrgvg�|����rg�|�mt�sD�O�F�mt�qgrgv/sD�|t©r/qY�
� 
� � � � � $4³�� $ � ´� � �A³ � ´ �  
Ö¦�A� uJ� �0pxpF�J��vgpQq/qÓrgo�pÏuJ���OpYvgpYt9rÏ®>�|t�½��F�m���
��sDrg�|���|�|��rg�|pQqÃ��o����;o�¡sD¤mp�����rgo�p¡�|pF�J���YsD����vg� 2��|p
�D��s¢r��9��pA÷ªÎ¯�|v/qgrYÁ4vgpY��pY����pYv�rgo�sDrYÁ©�|t,r��9�$pQu,�bpQsA�
rg��vgp,qgrgvg���Frg��vgpQq£rgo�pYvgp,��q¦s�uJ��qgrg�|t��Frg���mt���pYr��7pYpYt
�F�mt�qgrgv/sD�|t9rjqgpYr/qÂ®b�YsD�|�|pQu Ò©y;ºY¬YwC~ Ñ�}e~b�m�Jº��©� ��sDv��
��pYt©rgpYv¦®.-��	�mý4½g½'sDt�u,sm�Frg��sD��qgrgvg���Frg��vgpQq���o����/o,�|tJ�
qgr/sDt9rg��sDrgp¢rgo�p�uJpQq/�Fvg�|��rg�|�mt�qY�
®.-Qþ4½ � �  �$�� � � ���H� ´� W�pYr

A
sÕqgpYr��D�ªsDr��

rgv/�|����rgpQq�sDt�u
Σ
s�qgpYr��D��r��9�$pQqY�(+�sDrgo�q

π
Á
π′
Á¯pYr/�D��sDvgp 2�t��|rgp�qgp�/©��pYt��FpQq��D�¦sDr��

rgv/�|����rgpQqY� � pQq/�Fvg�|��rg�|�mt�q�sDvgp�uJp 2�t�pQu�vgpF�
�F��v/qg���mpY�|���9�.�
-D�Sn�o�pªpY����r���uJpQq/�Fvg�|��rg�|�mt

Λ
��q�s¨uJpF�



q/�Fvg�|��rg�|�mt�� �
ý9� % t©�

σ ∈ Σ
��q�s�uJpQq/�Fvg�|��rg�|�mt��

þ9� % t©�jp�/©��sDrg�|�mt
π = π′

��q¢s�uJpQq/�Fvg�|�J�
rg�|�mt��
	��¢¥¿�

∆
��q£s�uJpQq/�Fvg�|��rg�|�mt��mvÃs 2�t��|rgp,qgpYr

�D��uJpQq/�Fvg�|��rg�|�mt�qYÁOsDt9��pF�J��vgpQq/qg�|�mt
π : ∆��q�s�uJpQq/�Fvg�|��rg�|�mt��

�9��¥¿�
〈D1, . . . , Dn〉

��q 2�t��|rgp¡�|��q�r¢�D�¦uJpF�
q/�Fvg�|��rg�|�mt�qYÁ

π : 〈D1, . . . , Dn〉
��q�sÂuJpF�

q/�Fvg�|��rg�|�mt��
"9� n�o�pÏt�pY 4sDrg�|�mt �D�Ss uJpQq/�Fvg�|��rg�|�mt�Á
t��mrgpQu

¬D
Á���q�s�uJpQq/�Fvg�|��rg�|�mt�sDt�u�sDt9�

���©�m�|pQsDt¡�F�m�,���|t�sDrg�|�mt,�D�
uJpQq/�Fvg�|��rg�|�mt�q���q
s�uJpQq/�Fvg�|��rg�|�mt��
�pªt��mrgp

D′ ¹ D
rgo�pª�esm�Fr�rgo�sDr

D =
D′ �mv�rgo�sDrYÁ0�b�mv�qg�m��p%uJpQq/�Fvg�|��rg�|�mt D′′ Á
D = D′KD′′ Á���o�pYvgp K ��q�s��$�9�m�|pQsDt
�F�mt�t�pQ�Frg�|�4pm�

)¦�mrgp�r/o�sDr¢rgo�p��|t9rg���|rg�|�mp���pQsDt��|t� %�D�
σ ¹ D

��q
rgo�sDr

D
��q��D��r��9�$p

σ.
�p�smq/qg����pÅrgo�sDr�r��9�$pQq

�9�Y�F��vgvg��t� ��|t�uJpQq/�Fvg�|��rg�|�mt�sDvgp���sDvgrg��sD�|�|�ª�mv/uJpYvgpQu
�9��s�qg����qg�m����rg�|�mt�vgpY��sDrg�|�mt

v
�
σ v τ

��pQsDt�q
rgo�sDr

σ
�F�mt9r/sD�|t�qÃsDrÃ�|pQsmqgr£smq£�,���/oj�|tJ�b�mvg�¡sDrg�|�mt

smq
τ
�7Î��mv¦sDt�pY�|pY��pYt©r/sDvg�ª�|�|����qgrgv/sDrg�|�mt�Á��F�mt�qg��uJpYv

sDt�smuD��pQ�Frg�|�4pª�|�|¤4pj}ew Ð yC��¥�t�qg�|������p��4pYv/qg�|�mt�q��D�
Ö,+7ø��¾®¿ø9sD   �smqg�A� -��	�	�4½;Á��|r� mpYr/q�s��sDrgo
������� �
	����� ���� �mvYÁ��

|
���� �b�mv�qgo��mvgrQÁ���o����/o

 m�|�4pQq¡sm�Y�FpQq/qgpQq¡rg�Srgo�p�r��9�$p��D��rgo�p��|pF�J���YsD�¦pYtJ�
rg�|rg�|pQq7�|r��YsDt����9uJ���b�4�"ø©��Á
}ew Ð y�®b�F�mt�qg��uJpYvgpQu%smq�s
�bpQsDrg��vgp�qgr/vg���Frg��vgpA½�qgo��m����uq/sDrg��q��b��rgo�p�uJpQq/�Fvg�|�J�
rg�|�mt

D
%���Æ�� ���� � ��� � � �  �����H� ´��¢��ø©�|t��Fp£�7p

��sDt©r7rg�,uJp 2�t�pÃrgo�p£r��9�$p ��� � � �  �����H� ´¨rgo�vg�m�� mo
�|r/q,uJ��qgrgvg�|����rg�|�mt�sD�0��vg�m�$pYvgrg�|pQqYÁ"�7pªt�pYpQu��|t��esm�Fr
rg�� m���bvg�m�ùt��m��t�q���o����;o% mpYr�rgo���q�r��9��p¢rg��rgo�pY�|v
�$�4q/qg�����|p����JuJ� 2�pYv/qY�¢n�o���q¦��q£��o�sDrÃ�|pF�J���YsD�
�b��t��C�
rg�|�mt�q¦sD�|�|�^���mt�p�rg��uJ����¥�t�rgo���q�pF��sD�����|pmÁ$s��|pF�9�
���YsD�¯�b��t��Frg�|�mt

modADJ � of �0�m����ujvgpYrg��vgt�Á
�b�mvpQsm�/o,t��m��t�Á4rgo�p�smuD��pQ�Frg�|�mpQq'��o����/o,�YsDt,���9uJ���b�¢�|rY�
Î��mv�t��m��t�qYÁ��7p��YsDt�uJp 2�t�p�s��F�mt�qgrgv/sD�|t9r�q/�/o�pY�¡s
�F�mt�t�pQ�Frg�|t� juJpQq/�Fvg�|��rg�|�mt�q�sDt�u�|pF�J���YsD���>��t��Frg�|�mt�q
smq��b�m�|�|�A��qY�
®.-&	9½ Î��mv7sDt9��t��m��t

n
uJpQq/�Fvg�|��pQu��9�

Dn
Á
X ∈

modADJ � of(Dn)
����rgo�pYvgpªpF�J��qgr�r��7�

r��9�$pQq
σ
sDt�u

u
qg���;o rgo$sDr

σ ¹ Dn
Á

®�Æ�� ���� �
u
½
¹ DX

sDt�u
σ ∈ u

�mv
σ v u

�

�L]$Ý,%^Ù��DñAë í¿ë ßCñ a;í¿òAÙ�ÙLK ï í�Ý %^Ù�ðeî�à¿ë ï í¿ë ßCñ7ë ðJð¿Ü/í¿ë ð��DÙM%0êYÝÜ;ñYÝ�é¸ÙgÜ/í¿ì^à¿Ù�ðbíeà¿ìAî�í¿ì^à¿ÙCõ

®.-&	9½�q/s^�Jq�rgo�sDr¦s�t��m��t��D��r��9�$p
σ
�FsDt���p����9uJ���

2�pQuj�©��sDt¨smuD��pQ�Frg�|�mp
X
���0sDt�u��mt��|�����0rgo���qÃsmu9�

��pQ�Frg�|�4pÃ���JuJ� 2�pQq�t��m��t�q��D��s�qgpYr��D��r��9��pQq���o����/o
�|t��F�|��uJpQq

σ
�mv��D��sÂr��9�$p��o����/o�qg����qg����pQq

σ
�

n�o�p,�F�©pF�J��qgrgpYt��Fp��D�0qgr/sDt�u�sDv/u�uJpQq/�Fvg�|��rg�|�mt�q¦sDt�u
�D�'�|pF�J���YsD���b��t��Frg���mt�q0�¡sD¤mpQq0�|r�uJ���¡�F���|r0rg�,uJp 2�t�p
�|pF�J���YsD�©r��9�$pQq��|t,s£ mpYt�pYv/sD���7s^�m���¨p��YsDt��F�|v/�F�����
�4pYt©r�rgo���q��9��smq/qg�����|t� ¨rgo�sDr��|pF�J���YsD���b��t��Frg�|�mt�q
sDvgp¢sDrgrgvg�|����rgpQqY�"¥�t¨®.-&	9½;ÁJ�b�mv7�|t�qgr/sDt��FpmÁJrgo�p£�b��t��C�
rg�|�mt

modADJ � of ���| mo©r0�$p£rgv/sDt�qg��sDrgpQu�smq0rgo�po�pQsmu¢�bpQsDrg��vgp ���
���� "!#��$ sDt�u¢�|t��F�mvg���mv/sDrgpQu�uJ���
vgpQ�Frg�|�%��t©rg�¡r/o�p�t��m��t¨uJpQq/�Fvg�|��rg�|�mt��£¥�smq/qg����p��|t
smu�uJ�|rg�|�mtSrgo�sDr,rgo�pYvgpª��q�sjqg�$pQ�F��sD�7o�pQsmuS�bpYsDr/��vgp
�%&�(' ��o����;o��F�mt©r/sD�|t�q�rgo�p��|pF�J���YsD��r��9���|t� ��|tJ�b�mv��
�¡sDrg�|�mt�� 6 t�p¡�YsDt�rgo�pYt��vg�m���4qgp�rgo�p��b�m�|�|�^���|t� 
uJpQq/�Fvg�|��rg�|�mtª�b�mvYÁ�q/sQ�4Á�rgo�p¢t��m��tS{4¬;¬/� Ð ��} �
)�*&+-,-././0 1#2�3�4"5�5&6�7#8�9;:*=<�1?> @#,�ACB?> B#0 *EDGF HJICB-ACB"KMLEICN�O�)�*&+-,-././0 1#2POQ9 R�7?ST:U*=<�1?> @#,�ACB?>B#0 *EDGF HJICB�OWV X(Y�ZGX�:\[G]/YC[JYC^/_ `/_ Y�XGab:dc c cfe�:gc c cfe
)¦�mrgp�rgo�sDrYÁ�qg�|t��Fp�sDt�pF�J��vgpQq/qg�|�mt

π : {D1...Dn}�F�m��t9r/q�smq�s,uJpQq/�Fvg�|��rg�|�mt�ÁJ�7p¢�YsDt�uJpQ�F��sDvgp¢smq�rgo�p
�DsD�|��pª�D��Æ�� �������� "!#��$ sDt©��qgpYr,�D�£smuD��pQ�Frg�|�4pQqY�
n�o��|t� 4q�sDvgp�t��mr�sD�|��sQ�Jqqg��qg�|������pmÁ�o��^�7pY�mpYvY�
�0�mt�qg��uJpYv"rgo�p��b�m�|�|�A����t� Ã�4pYv/qg�|�mt��D��h����|t�p50 q"qg���J�
rg�|rg��rg�|�9�|r��rgpQqgr�smq���qgpQu��9� �£�|t��Y����vg sDt�u�ø9sD 
®eý��	�	�©½;� i
®.- �4½ �
±��� ����� ± ��� � � �#j W�pYr¦ø���p¢s�rgvg��p¢qgpYtJ�

rgpYt��Fp0�|t¢��o����;o�s�t��m���|t�sD�4sD��qgrgv/sm�Fr¯�F��smq��
qg� 2$pFv )x®bqg���/o�smq¯Ñ�w��CÑ��AºF~>}e~b�m��ÁQöF{4¬Y}bÁmpYr/�D� ½
�J�Y�F��v/q�smq¢rgo�p��F�m�����|pY��pYt9rÃo�pQsmu¨�D��sDt
sDrgr/�|rg��uJp��mpYvg� & sDt�u ø�0�sDtÏp�/©��sDrg�|�4p
rgv/��p�qgpYt9rgpYt��Fp��D���b�mvg�û}>¶�y<) ~|º � +Ó�|tJ�
uJ�>�FsDr/�|t� �r/o�pÃ�F�mt©rgpYt9r��D�
rgo�p£t��m��t�ÁJr/o�pYt
�|r���q¦sD��qg��rgvg��p�rgo�sDr�ølk/Á$��o�pYvgp�ølk¢��q�rgo�p
vgpQqg����r7�D��qg����qgrg�|rg��rg�|t�  � +S�b�mv�rgo�p¢�F�m���
����pF��pYt9r��D��rgo�p�sDrgrg�|rg��uJp��mpYvg���|tÅø$�

Î��mv��|t�qgr/sDt��FpmÁÃ�bvg�m� µ9�A¶9�xwgyF¹Ay/{Dz|ygÒ�{¨Ñ�yFw¿Ñ$z|yg« �~>�©ÀªöF{4¬Y}¡sDt�uÏ}>¶�y,öF{4¬Y},~|º�}>¶J{m}Qm7ºY¬;{mw �"{Aº��$�m}
{m}7¶J�mü�y��m�on Ð y;ºYÒ4{m¼AÁ��|r��b�m�|�|�A��q¦rgo�sDr�µ9�A¶9�w/y �¹Ay/{Dz|ygÒ}>¶J{m}pm7ºY¬;{mw �"{Aº��$�m}¢{m}£¶J�mü�yª�m�qn Ð y;º �Ò4{m¼A� % �|rgo��m�� mo,qg���;o�rgpQqgr/q¯�|t9�4�m�|�mp"rgo�p�qg�9t9r/sm�Frg���
qgrgvg���Frg��vgp0�D�$qgpYt©rgpYt��FpQqYÁDrgo�pY�¢sDvgp0��smqg���YsD�|�|�¦�|tJ�bpYv��
pYt9rg��sD�7sDt�u��¡sQ�¨t��mr��$pªuJpQq/�Fvg�|��pQu�|t�rgpYvg�¡q��D�
����vgpY�|���|pF�J���YsD� �^��o�v/smq/sD���F�mt�qgrgv/sD�|t©r/qY����t�vg���/o��|t� 
rgo�p�vgpY��vgpQqgpYt9r/sDrg�|�mtS��sDt� m��sD mp�rg��pF�J��vgpQq/q��Fvg�|rgpF�
vg��s��D�'r/o���q0¤9�|t�u¡��qYÁ9���
�$�4q/qg�|���|p£sDr�sD�|�¿Á9pF�JrgvgpY��pY�|�
�F�m�����|pF�O��¥����|�|��smq/qg����pªo�pYvgp�rgo�sDr�rgo�pÅqgpYt�qg���
rg�|�9�|r���rg��qg���;oÅrgpQqgr/q¦��q¦�F�9uJpQuÅ�9��sDrg�m�����¢r��9�$pQqY�
r ÛOòAÙ¢í¿Ù�ðbíM+ ð¦é¸ß;à"K7ìAÞ Ü/í¿ë ßCñ%ë ð�à¿Ù�Þ Ü/í¿ë óQë s�ÙM%ªí¿ß�Ü;íeí¿ë í¿ì�%^ÙóFÙ�à¿êAð



�p£sDvgpÃt��^�ÕvgpQsmuJ��rg��uJp 2�t�pÃ�|pF�J���YsD��r��9�$pQqY� � pF�
q/�Fvg�|��rg�|�mt�q%�YsDt��$pr��9��pQuÕpF��sm�Frg�|���|�|¤mpÅ�bpQsDrg��vgp
qgrgvg���Frg��vgpQqY�"n�o�pYvgpÃsDvgp£qgpY�4pYv/sD��uJ���OpYvgpYt9r"vgpQsmqg�mtJ�
sD���|p7��sQ�Jq¯�D�OuJp 2�t��|t� £r��9�$pQq¯�b�mv�sDrgrgvg�|����rgpFÆ4�DsD�|��p
����t�uJ�|pQqY�Å¥Ã���|�|�0qg�|�����|�jsmq/qg����p�rgo�sDr�rgo�p�r��9��p
�D�"rgo�p,uJpQq/�Fvg�|��rg�|�mt

D
��q�rgo�p��|pQsmqgr¦ mpYt�pYv/sD��r��9��p

σ
qg���/o�rgo�sDrYÁO���

T
��q¦s¡r��9��pQu��bpQsDrg��vgp,qgrgvg���Frg��vgp

q/sDrg��q��b�9��t� 
D
Á
T
��q��D�Ãr��9�$p

σ
�|tÂrgo�pÅqgpYt�qgp��D�

�7sDvg��pYt©rgpYvY�7n'�0��r��9�$pQq�sDvgp��|t��F�m����sDrg�|���|p£��o�pYt
rgo�pY�ÅsDvgp,�|t��F�m����sDv/sD���|pmÁ�r/o�sDr£��qYÁ�t��mt�p,�D�0rgo�pY�
qg����qg����pQq�rgo�p��mrgo�pYvY�
®.- "4½ W�pYr

D
�$p�rgo�p�uJpQq/�Fvg�|��rg�|�mt�smq/qg�9�F��sDrgpQu

���|rgo¨s%�FpYvgr/sD�|tj�|pF�J���YsD�¯�mv¢��o�v/smq/sD�"qg�| mt�Á
�7pÓq/sQ�xrgo�sDr�|r¨��qj�D�¨z|yg«m~b¬/{Dzªr��9�$p

σ
Á

��o����;o��7p���vg�|rgp
D :lex σ

����® ����� � �
	���
� �%&�(' �

D′ ½ ¹ D
sDt�u

D′ ��q��D��r��9��p σ �
¥�t¡uJp 2�t��|rg�|�mt�®.- "4½;Á �%&�(' ��q"s�o�pQsmu��bpQsDrg��vgpm��n�o�p
��yg{4Ò��'y/{m} Ð wgy���wC~>�$¬Y~ Ñ$z|y¡®bÖ£Î +7½7�D��Ö,+7ø�� qgrg�|�J�
����sDrgpQq,rgo�sDrYÁ7�|t�sDt©�So�pQsmuJpQuÂ��o�v/smqgpmÁ7rgo�p%o�pQsmu
�DsD�|��p��D��rgo�p�o�pQsmu�u�sD�� mo©rgpYv0sDt�u,rgo�p�o�pQsmu,�DsD�|��p
�D�"rgo�p����mrgo�pYv¦�,��qgr���p���uJpYt9rg� 2�pQuO�Ãø©�¡rgo�p��|pF�9�
���YsD��r��9��p,�D��s�o�pQsmu¨sDt�uj�D�7�|r/q£��vg�m��pQ�Frg�|�mt�q�sDvgp
rgo�p7q/sD��pm� �¡Ö¦�^�7pY�mpYvYÁDt��mrgo��|t� £��vgpY�mpYt9r/q'�|t���vg�|tJ�
�F�|���|p����9uJ� 2$pFv;q¦sDt�u�qg�$pQ�F� 2�pYv/q¦rg��sm�Fr£�����mt�rgo�p
�DsD�|��p¢�D� �%&�(' �

� 
�	 � � � ��$ ����� ´Õ³�´�� � ´ � ��������� � ³ ����� ´
�0�mt�qg��uJpYvÃrgo�p�Î�vgpYt��/o�mpYvg�Ó¬Yw��m~>w/y�sDt�ujrgo�p�r��7�
�F�mt�qgrgvg���Frg�|�mt�qÃ�|�|�|��qgrgv/sDrgpQuÅ�|tÂ®.-^½;� �Ón�o�p��F��sD��q/sD�
�F�m�����|pY��pYt©r��F�mt�qgrgvg���Frg�|�mtxqgpYpY�¡q�rg���$�m�|t9rÅrg�
s vgpY��sDrg�|�mt �$pYr��0pYpYtÄÔD�mo�t sDt�u rgo�px��vg�m�$�4qg���
rg�|�mt�rgo�sDr�rgo�p���t��|�4pYv/qgp��q�pF�J��sDt�uJ�|t� �� Ö¦�A���
pY�mpYvYÁ
�|tjÎ�vgpYt��/o�Á
rgo�pYvgp���qÃsªqgo�sDvg��F�mt©rgv/smqgr¢��pF�
r��0pYpYt���vg�mt��m���|t�sD��sDt�sD��o��mv/s�sDt�u ),+ o�pQsmuJpQu
�9�¡Ñ�w��CÑJ�AºF~>}e~b�m�Å�|tªrgo�p��Ysmqgp¢�D��¬Ywg�m~>wgyC�
®.-��m½ sJ� 6 t qg�����$�4qgp  �#Yt�#Yv/sD�|pY��pYt9r /©��p

�10 ��t��|�4pYv/qOpQqgr'pYt�pC�J�$sDt�qg�|�mt�Á^pYr�ÔDpQsDt
�|p��Fvg�m�|r%®43 ¥�r���q��F��vgvgpYt9rg�|��smq/qg����pQu
rgo�sDr�rgo�pÏ��t��|�4pYv/qgpx��q�pF�J��sDt�uJ�|t� 
sDt�uÅÔD�mo�t���pY�|�|pY�mpQq��|r�0 ½

��� 6 t qg�����$�4qgp  �#Yt�#Yv/sD�|pY��pYt9r /©��p
�10 ��t��|�4pYv/qOpQqgr'pYt�pC�J�$sDt�qg�|�mt�Á^pYr�ÔDpQsDt
�Fvg�m�|rÃ�FpYrgrgp ?? ��vg�m���4qg�|rg�|�mtÂ®43|�Y�Y�/sDt�uÔD�mo�t���pY�|�|pY�mpQq�rgo���q���vg�m���4qg�|rg�|�mt 0 ½

�L'�Þ Ù�ðeðOà¿ë ð �YÝ ï à¿ß ï ßCð¿Ü;Þ©ë ðOí¿òDÜ/íOí¿òAÙ	��
 ��¦ë ñ^é¸ß;à"K�Ü/í¿ë ßCñêmÙ ï ì^í�ë ñ¡í¿òAÙ£ñAßCñ�K�ßCñAß;í¿ßCñAë î ï Ü/àeí�ß;é¯í¿òAÙ %^Ù�ðeî�à¿ë ï í¿ë ßCñÚ�ðeÙ�Ù�êmÙ�Þ ßgô�è¿õ [�ô
ë Þ Þ9ë #CñAß;à¿Ù�ë í
é¸ß;à'ðeë K ï Þ ë î�ë í>ÝYõ�&!,Ù�ë #CñAß;à¿Ù�í¿òAÙc^ ^jî�ßCñAðbíeà¿ìAî�í¿ë ßCñ��>E2D 5 E"/���ÚHG í¿ß�êmÙ��Þ ë Ù�óFÙ�ë ñ + èOÜ;ñ�%�í¿òAÙ�ðeìAê��>Ù�î�í'î�ßCñYíeà¿ßCÞ9î�ßFñ^ðbíeà¿ìAî�í¿ë ßCñ©õ

n�o�p��m��qgpYvg�DsDrg�|�mt� mpYt�pYv/sD�|�<�YpQq�rg���mrgo�pFv£sD��qgrgv/sm�Fr
�F��smq/qg� 2�pYv/q���¬Ywg�m~>wgy ?? ¬;yY}e}�y¡~bÒ�=/yCÁ ?? ¬;yF}e}�y�}>¶:=g�mwC~eyCÁ
?? ¬;yF}e}�y£¬/�m�$¬Cy�Ñ�}e~b�m��ÁmpYr/�D��n�o���q'�>q¯sD�|�©rgo�p�qgrgv/sDt� mpYv��pQ�YsD��qgpÂqg���;oÏt��m��t�q¨�YsDt �$pÂ��qgpQux�|tÏsD�����4q��
�|rg�|�4p�qgrgvg���Frg��vgpQq�qg���;o�smq¨z�{�Ñ�w��CÑ��AºF~>}e~b�m��Y$z 9 ~bÒ�=/y
' Ð y�z 9 Ð ��~>¹AyFw/º%y;ºF}�yF�Óyg«CÑ�{m�JºF~b�m��®43 rgo�p���vg�m�$�4qg���
rg�|�mt �^��uJpQsªrgo�sDr��Y�Y��0 ½;Á¯��o����;o¨�¡sQ��t��mr���p��F�m���
���|pY��pYt9r/qO�D�
¬Ywg�m~>wgyC��n�o���q
qg�� m mpQqgr/q�rgo�sDr
t��m���|t�sD�
�F�m�����|pY��pYt9r0�F�mt�qgrgvg���Frg�|�mt�q7�D�7¬Ywg�m~>wgyÃsDvgp£pQq/qgpYtJ�
rg��sD�|�|��uJ���OpYvgpYt©r£�bvg�m�Ä�F��sD��q/sD���F�m�����|pY��pYt©r¢�F�mtJ�
qgrgvg���Frg�|�mt�qYÁAs��esm�Fr
��o����/o�pQ�/o��9pQq
rgo�p"�0pY�|��Æ4¤9t��A��t
�m��qgpYvg�DsDrg�|�mt��D� � sDvg����qgpªsDt�u +¯pYvgvg��®.-�� �mþ4½��b�mv
��pYv/�FpY��rg�|�mt�qÅ�mpYvg��qÅ�|�|¤mp�ºQy;yC�Ä¥�t��mrgo�pYv�rgpYvg�¡qYÁ
�mt�p�uJ�©pQq�t��mr���pY�|�|pY�mp�®>pF��sm�Frg�|��½�rgo�p�q/sD��p£rgo��|t� 
��o�pYt%�mt�p�¬Ywg�m~>} ' Ð y�ø¡sDt�u���o�pYt%�mt�p�¬Ywg�m~>} ),+¯�
¥�t��esm�FrYÁ�qg�|t��Fp�rgo�p�sDrgrg�|rg��uJp��4pYvg�Å�¡sQ�%�$p�qgpYt�qg���
rg�|�4p�rg��rgo�p¡r��9�$p��|r�qgpY�|pQ�Fr/qYÁ'�0p¡����qgr��F�mt��F�|��uJp
rgo�sDr,rgo�pªt��m��tSÑ�w��CÑJ�AºF~>}e~b�m�Âo�smq,sÅ�|pF�J���YsD�0r��9�$p
��o����;oÅ��q�t��mr£vgpQ�F�m mt��<�YpQuÅ�©��rgo�p��|t9rgpYvg��vgpYr/sDrg�|�mt
�b��t��Frg�|�mt�smq7s��|pY m�|rg�|��sDrgp¦qgr/sDvgrg�|t� ��$�m�|t9r0rg�,�F�mtJ�
qgrgvg���Fr%sDtÕ�|t©rgpYvg��vgpYr/sDr/�|�mt�Á�yF¹AyF��~ öÕrgo���q��0�m����u
�¡sD¤4p�qgpYt�qgp��|t�sDt��mt©rg�m�|�m m�,�D��sD��qgrgv/sm�Fr"�m����pQ�Fr/qY�
W�pYr0��q7qgpYp�o��A�Ó�mt9rg�m�|�m m��sDt�u��|pF�J���YsD��r��9���|t� �uJ���
�4pYvg mp¢�|t%rgo�p��Ysmqgp��|t¬Ywg�m~>wgyC�

��w��m~>wgy�sm�Y�FpY��r/q"),+ �F�m�����|pY��pYt9r/qÂo�pQsmuJpQuOÁ
�b�mvû�|t�qgr/sDt��FpmÁ �9� ¶©~|ºF}¿�m~>w/yCÁ w =g¬Y~>}§®43 qgrg�mvg��0 ½;Á
Òm~>w/y;º�®43 q/s^�9�|t� 4q�0 ½£�mvª{Dz>z =eÀ4{m}e~b�m�Jº¡®43 sD�|�|pY 4sDrg�|�mt�q�0 ½;�
n�o��4qgpªt��m��t�q�uJpYt��mrgp�qgpYr/q��D�£smq/qgpYvgrg�|�mt�q���o����/o
uJpQq/�Fvg�|��p�qgp�/©��pYt��FpQq��D�ÃpY����qg�JuJ����pY�4pYt©r/qY�Ón�o�pY�
�¡s^� t��mr�uJpYt��mrgp smq/qgpYvgrg�|�mt�q���o����/o uJpQq/�Fvg�|�$p
 mpYt�pYvg���¢�mv�sDt�sD�|�9rg���YsD�Orgvg��rgo�qY�
®.- �4½ ÔDpQsDt ��v #YrgpYt�u /©��p rg�m��q �|pQq �;o�sDr/q

qg�mt9r t�#Y�9vg�m��sDrgo�pQqYÁ �¡sD��q qg�mt
?? o���qgrg�m�|vgp � ?? v #Q�F�|rxt 0 pQqgrx��smqx�9v/sD��qgpY���
���>sD���|p ®43 ÔD�mo�t �F��sD�|�¡q rgo�sDrùsD�|�Õ�YsDr/q
sDvgpùt�pY��vg�mrg���DÁÓ����rÏo���qxqgr/�mvg�Ä��qxt��mr
���>sD��qg�|����p50 ½

W�pYr���qÅ��sD��pY�������9´ �  ����� �$Õrgo�p�r��9�$p�smq/qg�| mt�pQu
rg�Ârgo��4qgpj�7�mv/u�qY��¥�t��F�mt©rgv/smqgrYÁÃt��m��t�q%�|�|¤mp�Òm~|º �¬;� Ð w/º��mvù{Dz>z��Q¬ Ð }e~>�m� ®43 qg�$pYpQ�;o 0j�|t rgo�p qgpYt�qgp
�D���������|���ÕuJpQ�F��sDv/sDrg�|�mt�½�sDvgp��,���/o �|pQq/qSt�sDrg�J�
v/sD�����|rgo§¬Yw��m~>w/yC� Í�� n�o���q���q���vgpQqg���¡sD���|�Ï��pF�
�YsD��qgpmÁ�sD�|rgo��m�� mo�qg��pYpQ�/o�pQqÅ�YsDt��F�mt9r/sD�|t�smq/qgpYv��
rg�|�mt�qYÁ�rgo��4qgp smq/qgpYvgrg�|�mt�q�sDv/p t��mr�t�pQ�FpQq/q/sDvg�|�|�
sD���m��r7vgpQsD�OpF�4pYt9r/qY��n�o�sDr�pY�mpYt9r�uJpQq/�Fvg�|��rg�|�mt¡��q0s
×��>!%òAÙ�ñ�� 5�� �"D = E � ë ð¯ë ñ�í¿òAÙ ï Þ ì^à�Ü;Þ�a©ë í�îgÜ;ñ�ðeß K�Ù�í¿ë K�Ù�ðêmÙ�î�ßNK ï Þ Ù>K�Ù�ñYí�ß;é��>E2D 5 E&/�êmÙ�îgÜ;ìAðeÙ7ë í¿ð K�ÙgÜ;ñAë ñ�#¦ë ð"Ü��Që ñí¿ß,í¿òDÜ/í£ß;é(G ðbí¿ß;àeÝ + a�Ü;ð¦ë ñ -! 1 5 �>E ="� / �$# /21 =&% � 5�� �"D = E �Ú�Þ ë ígõ�G [¯êmÙ�Þ ë Ù�óFÙM%�òAë ð�ê4ÙgÜ;ì^í¿ë é¸ìAÞ %^Ù�î�Þ Ü/à�Ü/í¿ë ßCñAðL+ è¿õ�ÛOòAë ð�ìAðeÙß;é'� 5�� �"D = E � K�ë #CòYí�êmÙ�é�Ü %^ë ñ�#�ßCì^íMaAòAßgôOÙ�óFÙ�àgõ



�Fvg���F��sD�©uJ�|��pYt�qg�|�mtÃ�D�:),+Å�F�m�����|pY��pYt9r/qO�D�
¬Qw��m~>wgy
��q�pY�9��uJpYt��FpQuª�9��rgo�p¢�>�m���|�^���|t� ,�F�mt9rgv/smqgrY�
®.-��4½ sJ� ÔDpQsDt � 0 s pF�J���|��/©��# �F�m����pYt9r��|�

s^�DsD�|rvgpQuJvgpQq/q #���s�������rgpmÁ��¡sD��q%��p
t 0 sD����smq��Fvg�Ïqg�mtxo���qgrg�m�|vgp�®43 ÔD�mo�t
rg�m��u���p�o��A� o�pªo�smuSvgpQq/�F��pQu�rgo�p
�F�m����sDt9�mÁ�����r£¥�uJ��uJt 0 r¦��pY�|�|pY�mp�o���q
qgrg�mvg��0 ½

��� ÔDpQsDt�� 0 s£pF�J���|��/©��#��F�m����pYt©r��|�9�esD���
��sD�|r¯vgpQuJvgpQq/qgpYv���s£�$����rgpmÁ4�¡sD��q$��p�t#0 sD�
��smq��Fvg� ?? q/s,���m�|�|rg� /©��p�®43 ÔD�mo�t�rg�m��u��pjo��A�§rg�ÂvgpQq/�F��prgo�p�F�m����sDt9�mÁ
����r¦¥7uJ��uJt 0 r��$pY�|�|pY�4pÃo���q��$�m�|���F��0 ½

¥�t -��DsJÁ�ÔD�mo�txuJpQq/�Fvg�|�$pQq%��o�sDr�o�sD���$pYt�pQuO� ¥�t
-��A��Á�o�p��|t�uJ���YsDrgpQq�s¨�7s^�S�D��uJ�m�|t� ¨rgo��|t� 4qYÁ7vgpF�
�bpYvgvgpQu�rg��9��ºY{%Ñ��Dz¸~>}e~' Ð yCÁ���o����/oÓ�¡sQ�St��mr¡��p
rgo�pj�F�m�����|pY��pYt9r¡�D�ª¬Yw��m~>wgyCÁ¦pY�4pYt���o�pYt�Á£smq��|t
rgo���q¦�YsmqgpmÁ$�|r¦�YsDt�uJpYt��mrgp�s¡qgpYr��D�0smq/qgpYvgrg�|�mt�qY��¥�r
��q��D�brgpYt�smq/qg����pQu�®bqgpYp��b�mv¡�|t�qgr/sDt��Fp �£�|t��Y����vg 
 ø9sD Õý��	�	�©½;Á�rgo�sDrÅt��m��t�qÅ�D��r��9��p ��� � � �  ���
���H� ´Ä�YsDt �F�m�,���|t�pÓ���|rgo ��vgpQuJ���YsDrgpQqSpF�J��vgpQq/q��
�|t� ¨rgvg��rgoÓ�mv��bsD�>qg��r��m� )¦�m��t�q��D�¢r��9��p �����9´ �  �
���� �$��YsDt���p����9uJ� 2�pQu��9��¹Qwg{m~�®43 rgvg��p50 ½�sDt�u¢öF{ Ð «
®43 �esD��qgp50 ½;�¯n�o�pY��sDvgp�sD��qg�Ã�F�m����sDrg�|���|p0���|rgo�smuD��pQ�C�
rg�|�4pQq��|�|¤mp�¹�=FwC~bÒm~' Ð y%®43 �4pYvg��uJ���YsD�10 ½;Á��0Ò )Cz|yª®43 rgvg��p50
�|t�rgo�pqgpYt�qgp¨�D�%}ew Ð y}¿��öF{4¬Y}>º/½��mvü�yY�JºF�m�©À©yYw
®43 ��t9rgvg��p50 ½;�¢Ö¦�A�7pY�mpYvYÁ�qg�m��p��4pYvg��q¦��o����;ojqgpY�|pQ�Fr
rgo�p¢r��9��pÃ�D�'Ñ�w��CÑ��AºF~>}e~b�m�,uJ��t��mr�sm�Y�FpF��r��F�m�����|pF�
��pYt©r;qÃ�D�7r��9�$p �����9´ �  ����� �$���Î��mv¢�|t�qgr/sDt��FpmÁ
�7p
o�s^�mp�ºY� Ð }�yF��~>w Ð �j~bÒ�=/y�����r¢ºY� Ð }�yF��~>w Ð � ?? w =g¬Q~�}b�n�o���q¦�|t�uJ���YsDrgpQq¦rgo�sDr¦Ñ�wg�CÑJ�AºF~>}e~b�m��sDt$uÅ�|r/q¦�¡sDrgpQq
®�~bÒ�=/yCÁ,¬/�m�$¬Cy�Ñ�}e~b�m��Á��CÑ�~>��~b�m��Á¢}>¶:=/�mwC~eyCÁ�pYr/�D� ½ÄuJ�
t��mr�����qgr��;o�sDv/sm�FrgpYvg�<�Yp�rgvg��rgoJÆ4��pQsDvgpYv/q�����r�rgvg��rgoJÆ
�$pQsDvgpYv/q��D��s�qg��pQ�F����sDrg�|�mp�t�sDrg��vgpm� % ��vg�m�$�4qg���
rg�|�mt%�mv¦sDt���uJpQs�sDvgp�t��mr£sD�$�m��r¦��o�sDr�o�sD����pYt�pQu
����r,v/sDrgo�pYv�sD���m��r,��o�sDr�o��m��u�q��|t�qg�m��pªsm�Frg��sD�
�mv���uJpQsD�Oqg�|rg��sDrg���mt�Á©��o�pYt��FpÃrgo�pÃ�|t$�C�m����sDr/�|���|����r��
�D�"vgpY��sDrgpQuÅ�7�mv/u�q£���|rgo�smuD��pQ�Frg�|�4pQq¦��o����/o�pY�DsD�|�J�
sDrgp%rgo�p /©��sD�|�|r���D�ÃsDtÂpY�mpYt9r�uJpQq/�Fvg�|��rg�|�mt � Ð ��y
~bÒ�=/y ?? �0Ò )Cz|y�� ?? ¹�=FwC~bÒm~' Ð y�� ?? ü�yF�JºY�m�©À )Fw/yC� ¥�t
�esm�FrYÁ¯rgo�p¡r��9��p¡smq/qg�| mt�pQujrg��Ñ�w��CÑ��AºF~�}e~b�m�SpYt©r;sD�|��q
¬
�����9´ �  ����� �$�� W�pYrª�$qªsmq/qg����p�r/o�sDr%uJpQq/�Fvg�|�J�
rg�|�mt�qYÁÃ�|�|¤4pjr��9��pQuÕ�bpQsDrg��vgpSqgrgvg���Frg��vgpQqYÁ��YsDt��|tJ�
�F�|��uJpÂt��mt����mt��mrg�mt����Â�|tJ�b�mvg�¡sDrg�|�mt�Á�sD�|�mt� �rgo�p
�|�|t�pQqª�D�Å®�W
smq/�YsDvg��uJpQq�pYrÅsD�¿� -��	��"4½%sDt�u ®2W
smq��
�YsDvg��uJpQq  �0�m��pQqgr/sD¤mp -��	�	�4½C� �0�mt��FvgpYrgpY�|�4Á�s
uJpQq/�Fvg�|��rg�|�mtÓo�smq�so�pQsmuÓ��o����;o��F�mt©r/sD�|t�q¡t��mtJÆ
uJpF�bpQsmqg�|���|p¨�|tJ�b�mvg�¡sDrg�|�mt�sDt�u�s�r/sD�|����o�pYvgp�uJpF�
�bpQsmqg�|���|p��|tJ�b�mvg�¡sDrg�|�mt��q�qgrg�mvgpQuO�Ån�o�p¡�b�m�|�|�^���|t� 
��vg�|t��F�|���|p¢�7sDvgv/sDt9r/q¦rgo�sDr£uJpQq/�Cv/�|��rg�|�mt�sDvgp�uJpF�bpQsA�

qg�|���|�¡�F�m�����|pYrgpm�
®eý��©½ � � �  ����
	 � � � � �  � ^±¯² � ���H� ´ �&� �,��� �

 �$�� � � ���H� ´� 
W�pYr

D/D′ ��p£s�t��mt����mt��mrg�mt����¦uJpQq/�Fvg�|�J�rg���mt�Á$��o�pYvgp
D
��q¦rgo�p�o�pQsmu�sDt�u

D′ rgo�pr/sD���¿��¥¿�
(π : D1) ¹ D

rgo�pYt�Á��b�mv�pY�©�
pYvg�

D2
qg���/oÂrgo�sDr

(π : D2) 6¹ D
sDt$u

D1 6v D2
Á
¬(π : D2) ¹ D′ �

Î��mv��|t�qgr/sDt��FpmÁ
~bÒ�=;y¢ mpYr/q¦s�uJpQq/�Fvg�|��rg�|�mt%�|�|¤mp�®
α
½

Ú
α
è�� ��������&
 ����ä 5 ��C"/�� ������� ������� � ��
 � �� !#" �����%$'&

"�(£ä�� ��������&
 ����ä#)ME21 5 �Sõ�õ�õ�*+�Sõ�õ�õ�* J
D′

¥¿�0�7p�smq/qg����p�rgo�sDr � ��, 	 -%-f%E�/. �,¹Qw�{m~  �Y�Q�?�
6v

� ��, 	 -%-f%E�/. �0�0Ò )Cz|y  �Y�Y�?�¢Á��0pÅ�F�mt��F�|��uJp
�bvg�m�û®eý��©½0rgo�sDr

D′ o�smq�rgo�pÃ�b�mvg�û®
β
½

Ú
β
è �

¬
������� ������� � ��
 � �� !#" �����%$'&1"�(�ä2� ��������&
 ���¡ä

3 ��F : /2�Sõ�õ�õ4*5�Sõ�õ�õ4*
¥�t��9�|vgrg��p7�D��®.- "4½;Á4���'~bÒ�=/y��YsDt�t��mr���p����9uJ� 2�pQu��©�
�0Ò )Cz|yCÁO�|r��¡s^�ªt��mr£�$p��D�0s�r��9�$p,�F�m����sDv/sD���|p�rg�
rgo�sDr��D��Á�q/s^�mÁ�w =/¬Y~>}bÁ�qg�|t��Fp�rgo�p�r��7��uJpQq/�Fvg�|��rg�|�mt�q
�F�mt9r/sD�|t�r��7�¨�F�mt9rgv/smuJ���Frg�mvg�Sqg���OuJpQq/�Fvg�|��rg�|�mt�q��D�
�b�mvg�

π : D
sDt�u

¬π : D
� ÍgÍ ø©��Á7���,¬Ywg�m~>wgy�qgpF�

�|pQ�Fr/q,�����9´ � ���� �$�ÁO�|r¦�¡s^�ªt��mrÃsm�Y�FpY��r ),+��F�m���
���|pY��pYt9r/q��|�|¤mp�~bÒ�=;yCÁ0��o��4qgpªr��9�$p%��q��|t��F�m����sDrg���
���|p����|rgo������9´ � ���� �$���¥¿� ),+0ý���q¦o�pQsmuJpQu��©�ÅsDt
�����9´ � ���� �$�t��m��t�Á�),+ -�¬Yw��m~>} ),+0ý���pQsDt�q�rgo�sDr
),+ -

CROIT
rgo�sDr ),+0ý���q£rgvg��pm� % �¡�F�|�mt�smuJ�4q

�D�7rgo�p�rgo�pY�mvg���D��qg�DÆ©�YsD�|�|pQu
6 Ð ºF}e~>��~b{m�¨��vg�m�$�4qg���
rg�|�mt�qCÍ>
�uJpY�mpY�|�m��pQu,�|t�qg�|rg��sDrg�|�mt�qgpY�¡sDt©rg���Yq�® � sDv������qgp  ��r/�/o�pY��pYt�uJ� -�� � �m½,���|�|��vg�| mo©rg�|�����m�|t©r
�m��r¢rgo�sDrYÁ'��t�uJpYv¢rgo���q¢�;o�sDv/sm�FrgpYvg�<�QsDrg�|�mt�Á
��� sJ�,�D�
CROIT

sDvgp % ��qgrg�|t���sDtS��vg�m���4qg�|rg�|�mt�qYÁ"r/o�sDr���qYÁ
rgo�pY���|t©�4�m�|�mp%s¨uJpQq/�Fvg�|��rg�|�mt�{m�$ÒSrgo�pÅqg�|rg��sDrg�|�mt
���|rgoÓvgpQqg��pQ�Fr���o����;oÓrgo�pjuJpQq/�Fvg�|��rg���mt���q¡pY�DsD�|�J�
sDrgpQuO� Î��m�|�|�^���|t� �rgo���q%��pYsmu���vg�A�9��uJpQq���q����|rgo
s��F�mt9�mpYt��|pYt9r,uJp 2�t��|rg�|�mt�®bqgpYpV�£�|t��Y����vg   ø9sD 
ý��	�	�JÁ��b�mv�s����mvgp¢ mpYt�pYv/sD�'uJ��q/�F��q/qg�|�mt�½;�
®eý7-^½ n�o�p��|t9rgpYvg��vgpYr/sDrg�|�mtÅ�D� ),+ -�¬Ywg�m~>} ),+0ý9Á

��o�pFv/p ),+0ý��q¡�D��r��9�$p �����9´ � ���� �$�Á¦��q
×e×�ÛOòAÙÃé¸ß;à"K�Ü;Þ'ðeë í¿ìDÜ/í¿ë ßCñªë ðcK�ß;à¿ÙÃî�ß K ï Þ Ù>\¡ðeë ñAî�ÙÃí¿òAÙíeà¿ÙgÜ/í"K�Ù�ñYí�ß;éOñAÙL#FÜ/í¿ë ßCñ,ë ñ�é¸ÙgÜ/í¿ì^à¿Ù�ðbíeà¿ìAî�í¿ì^à¿Ù�ð�ë ð"ñ^ßCí�Ù�Þ �ÙLK�Ù�ñYí�Ü/àeÝYõ ''ñYÝQô�Ü�Ý�a^Ù�óFÙ�àeÝ�à¿ÙgÜ;ðeßCñDÜ;êAÞ Ù0ðeÙLK�Ü;ñYí¿ë î�ð
ß;é %^Ù��ðeî�à¿ë ï í¿ë ßCñAð ï à¿ÙM%^ë î�í¿ð�Ú|Ü/í�Þ ÙgÜ;ðbí�è
í¿òDÜ/í�ñAß�í>ôOß : D��"1 :7: 7 �"D43�8@7E21&� 5 �L@<D4E 7 %^Ù�ðeî�à¿ë ï í¿ë ßCñAðLaYî�ßCñYí�Ü;ë ñAë ñ�# π : D

Ü;ñ�%
¬(π : D)à¿Ù�ð ï Ù�î�í¿ë óFÙ�Þ Ý�a/îgÜ;ñ�ê4Ù�ð¿Ü/í¿ë ð��DÙM%�êFÝ¯í¿òAÙ�ð¿Ü4K�Ù�é¸ÙgÜ/í¿ì^à¿Ù$ðbíeà¿ìAî��í¿ì^à¿ÙCõ

×H �ÛOòAÙÃÜ % �>Ù�î�í¿ë óFÙ£ë ð�Ü;ðeðeì�K�ÙM%,í¿ß�êmÙ£ÜÃíeà¿ë êAì^í¿Ù�í¿ß�í¿òAÙ
%^Ù�ðeî�à¿ë ï í¿ë óFÙ J4%^ÙLK�ßCñAðbíeà�Ü/í¿ë óFÙ %^ë ðbí¿ë ñAî�í¿ë ßCñ�ë ñYíeà¿ß�%^ìAî�ÙM%�ë ñÚ<''ìAðbí¿ë ñ�ágâ�9;çYè¿õ



rgo�sDr,),+0ý
CROIT

rgo�p���vg�m���4qg�|rg�|�mt%�|tJ�
�4�m�|�9�|t� ,),+0ý,® ' Ð {�uJpQq/�Fvg�|��rg�|�mt�½
sDt�u,rgo�p
qg�|rg��sDrg�|�mtªr/����o����;o ),+0ý�vgpF�bpYv/qY�

W�pYr¡��p%pY����o�smqg�<�Yp%rgo�sDr�rgo�pÅ�|t©rgpYvg��vgpYr/sDrg�|�mt���q
qgpYt�qg�|rg�|�mp¨rg�Órgo�pÕ}e¼;Ñ�y��D� ),+0ý9� % ���mvgp�vg�| D�
�mvg�m��q��b�mvg������sDrg�|�mt��D�¡®eý7-^½���q�®eýmý4½;��n�o�p�r��9��p
$�� ��� ���%�F�mvgvgpQqg�$�mt�u�q£rg��rgo�p��mpYvg�Â¬Yw��m~>w/yC�Ã¥�r¦o�smq
r��0��sD����vg�m��vg��sDrgp�sDrgrgvg�|����rgpQqYÁ�� 	 -f%E	���	�� ÁO��o��4qgp
�DsD�|��pQq'�,��qgr¯�$p�qg����qg����pQu��©��°�±¯²�³�´"ÁDsDt�u�� 	W!
-f%E	���	  ÁÃ��o��4qgp¨�DsD�|��pQq%sDvgpqg����qg����pQu��©��rgo�p
�|pQsmqgrÂ mpYt�pYv/sD��r��9�$p���o����;o qg����qg����pQq�sD�|�%rgo�p
�|pF�J���YsD�7r��9�$pQq��D�Ã�$�4q/qg�|���|p ),+ �F�m�����|pY��pYt9r/q��D�
¬Yw��m~>w/yC� n�o�pÕr��9��p

CROIRE
o�smqSr��7�Ï�F�mv��

vgpQqg�$�mt$uJ�|t� ÂsDrgrgvg�|����rgpQq��
BELIEVER

®>��o����;o
o�sD����pYt�qÃrg�%qgo�sDvgp,�|r/q£�DsD�|��p����|rgo�� 	 -f%E	���	�� �|t
®eýmý4½g½;Á�sDt�u

BELIEVED
��o��4qgp¡�DsD�|��pQq�sDvgp¡�D�

r��9�$p ��� � �0�7n�o�p��mt9rg�m�|�m m���YsD�
r��9��p ��� � ����q�t��mr
rg����pª�F�mtJ�b��qgpQuS���|rgo�sÅ�|pF�J���YsD�0r��9��p ��� � � �  ���
���H� ´�®>����sDt©��½	� ��� � �ªo�smq�rgo�vgpYp�sDrgrgvg�|����rgpQq���o����/o
�$�m��t©r�rg�¢rgo�p�vgpF�bpYvgpYt��Fp¦qg�|rg��sDrg�|�mt�Ámrg�¢��r/q�uJpQq/�Fvg�|�J�
rg�|�mtù®),+0ý4½�sDt�uxrg�Õrgo�p�q/sDrg��q��esm�Frg�|�mt�vgpY��sDrg�|�mt
®>rgo�pÅqg�|rg��sDrg�|�mt�qg�������mvgr/q�rgo�pÅuJpQq/�Fvg�|��rg�|�mt�½�®bqgpYp
�£�|t��Y����vg   ø9sD �Á�ý��	�	�¨�b�mv�s¨�����;oÂ���mvgpÅuJpF�
r/sD�|�|pQu�rgvgpQsDrg��pYt9r��D����v/�m�$�4qg�|rg�|�mt�qC½
®eýmý4½ Î��mv�sDt9�ªuJpQq/�Fvg�|��rg�|�mt

D
Á����

����! �
π
ä�
����� ���	a

����! �
π
� �����&
 ��������ä

D1

a
����! �

π
� �����&
 ��������ä

D2

Ü;ñ�%
D2

ä������������ ��!�

¹ D

a
rgo�pYt
����! �

π
ä
CROIRE

a
����! �

π
�
BELIEVER "

����! �
π
� �����&
 ������� a

����! �
π
�
BELIEVED

ä�# ����#
����! �

π
�
BELIEVED

� ��
 �ä$!�� � a
����! �

π
�
BELIEVED

� �%����%
"
����! �

π
� �����&
 ����&

����Ü;ñ�%
����! �

π
�
BELIEVED

� � ������ä�!�& #�#������
¹ D

õ
n�o�pÏ�F�mt�qgrgv/sD�|t©r ®eýmý4½Â�F�mt�t�pQ�Fr/q�r/o�p���vgpQqgpYt��Fp
�D��s �FpYvgr/sD�|t �|pF�J���YsD�¨r��9��p ®�����9´ � ���� $©½Õ�b�mv
rgo�p ),+ �F�m�����|pY��pYt9rÓsDt�u rgo�px��� sJ���D��r��9��p
��� � �0� )¦�mrgp¨rgo$sDr�rgo�p�qg�$pQ�F��sD� /©��sDt9rg� 2�pYv%��pF�
o�s^�9�|�mvÃ�m��qgpYvg�4pQu¨�©�júÅ�m�|rg�¡sDt�tÓ®�µ9�A¶9�Â·;yCz¸~eyF¹AygÒ
�¯¶J{m}Ã»j{mwC¼ ?? ¶J�CÑ�ygÒ^½�vgpQ�FpY�|�4pQq�sjqg�|�����|p�pF�J����sA�
t�sDrg�|�mt �£rgo�p,�m����pQ�Fr�®

6=
��� sJ� ½¨�F�mvgvgpQqg�$�mt�uJ�|t� %rg�

�¯¶J{m}�»j{mwC¼ª¶J�CÑ�ygÒ���q£t��mr¢�D��r��9��p �����9´ �  ����� �$�Á

�|t��F�mt©rgv/smqgr�rg� �¯¶J{m}�»j{mwC¼,ºY{m~bÒD�
n�o��|t� 4q£ mpYr�s��|�|rgrg��p����mvgp,�F�m�����|���YsDrgpQuÅ��o�pYt

�mt�pÅ�F�mt�qg��uJpYv/q�®.-F��½;��Î¯�|v/qgrYÁ0rgo�pYvgp���q,sj�b��vgrgo�pYv
�|pY�4pY���D���|t�uJ�|vgpQ�Frg�|�mt��§n'�Ó�$pY�|�|pY�4pújsDvg�Õ��q�rg�
��pY�|�|pY�mp�qg�m��pYrgo��|t� Srgo�sDr%ú�sDvg�Óq/sD��uOÁ¦smq/qgpYvgrgpQuOÁ
�F��sD�|��pQuOÁ��|tS�mrgo�pYv,�7�mv/u�qYÁ0qg�m��pYrgo��|t� �rgo�sDr�qgo�p
�F�m���,��t����YsDrgpQuO� Í>T % q�sD�|vgpQsmuJ�St��mrgpQuOÁ�¬Yw��m~>wgy���q
t��mr¡sD����vg�m��vg�>sDrgp����Ãú�sDvg�Âqg�|���������|�¡sD m�|t�pQuS�mv
�F�mt�qg��uJpYvgpQuÅqg�m��pYrgo��|t� �� 6 t�p��YsDt�t��mr,¬Ywg�m~�w/y�rgo�p
��vg�|�DsDrgpÅ��pYt9r/sD�Ãqgr/sDrgpQq¡�D��ú�sDvg�m� ø©pQ�F�mt�uOÁ¦rgo�p
�esm�FrÅrgo�sDr�ú�sDvg���F�m������t����YsDrgpQu�qg�m��pYrgo��|t� Â��q
��vgpQqg�������4qgpQuO� Î��mv��|t�qgr/sDt��FpmÁÃrgo�p��vgpQqg�����$�4qg���
rg�|�mt ��q¨��vgpQqgpYvg�4pQu ��t�uJpYv�t�pY 4sDrg�|�mt ®�µJy/{m� ��9 {
Ñ�{Aº¬Yw Ð »j{mwC~eypYt9r/sD�|��qªrgo�sDr�ú�sDvg���F�m���,��t����
�YsDrgpQu�qg�m��pYrgo��|t� 9½;Á¢~ ö�Æ©�F��sD��qgpQq�®&��~¢µJy/{m��{�¬Yw Ð
»j{mwC~eyCÁ¨ø pYt©r/sD�|��q�rgo�sDr�újsDvg� �F�m���,��t����YsDrgpQu
qg�m��pYrgo��|t� 9½;� ¥�r���qªsD��qg��qg��qg��pYt�uJpQuÕ�|t�r��9�����YsD�
qg��qg��pYt�qg�|�mt �A�YsDt��FpY�|��sDrg�|�mt�pYt9�9�|vg�mt���pYt©r/q'�b�mv¯��vgpF�
qg�������4qg�|rg�|�mt�q�®&��~¢»j{mwC~eyÅz 9 {ÂÒm~>} ;�µJyg{m� ��~�z�z 9 {
¬Yw Ð yCÁ<3 ¥¿��ú�sDvg��rg�m��uÕÔD�mo�t�Á¦o�p���pY�|�|pY�mpQu�o�pYv�0 ½;�
n�o��|v/uOÁÅ��o�sDr�ÔD�mo�t

CROIT
�|tÄ®.-F��½S��qÂt��mr

t�pQ�FpQq/q/sDvg�|�|�%rgo�sDrÃ��o�sDr�ú�sDvg�Å�F�m������t����YsDrgpQu���q
rgvg��pmÁ$smq�pY�9��uJpYt��FpQuª�9�¨®eýmþ4½;�
®eýmþ4½ ÔDpQsDt��Fvg�m�|r�ú�sDvg�|pmÁJ�¡sD��q0�|�O�$pYt�qgp /©� 0 pY�|�|p

qgp�rgvg�m���$pÂ®43 ÔD�mo�t���pY�|�|pY�mpQq¡ú�sDvg�mÁ�����r
o�p�rgo��|t�¤Jq�qgo�p¢��q���vg�mt� :0 ½

®eýmþ4½�o�smq¯sDt��|t9rgpYvg��vgpYr/sDrg�|�mt��|t���o����;o�ú�sDvg�¢�F�m���
�,��t����YsDrgpQu�qg�m��pYrgo��|t� ¦��o����/o,ÔD�mo�t,uJ�©pQq¯t��mr'��pF�
�|�|pY�4p�rg���$pÂrgvg��pmÁ�sD�|rgo��m�� moÏo�pÂ�$pY�|��pF�4pQq�rgo�sDr
ú�sDvg����qºF~>�$¬;yFwgyC� n�o���q�uJ��qgrg�|t��Frg�|�mt���qÅ��sDvgrg�|�
sDt�sD�|�m m�m��q"rg��rgo�sDr0sD�|�|��uJpQu,rg��sD�$�A�mp¦sD���m��r"��pYv��
�FpY��rg�|�mt�vgpY���mvgr/q��|t�qg�|rg��sDrg�|�mt�qgpY�¡sDt©rg���Yqj® � sDv������qgp  +¯pYvgvg� -�� �mþ4½;��¥¿�OÔD�mo�t�qgpYpQq�ú�sDvg��vg��t�Á4o�p
qgpYpQq�qg�m��pYrgo���t� �r/o�sDr��mt�p��YsDtÅuJpQq/�Fvg�|�$p�smq�ÔD�mo�t
vg��t�t��|t� �� Ö¦�A�0pY�4pYvYÁ¢ÔD�mo�t����| mo©r���pj��t�sQ��sDvgp
rgo�sDr��|r¢��q¢ú�sDvg�j��o���vg��t�q�sDt�u¨��pY�|�|pY�mp�rgo�sDr��|r
��q�qg�m��pY���9uJ�%pY��qgpmÁ��b�mv��|t�qgr/sDt��Fpm��¥�tÅ�F�mt9rgv/smqgrYÁ$�|�
ÔD�mo�t¡q/s^�Ârgo�sDr"ú�sDvg��v/sDt�ÁJÔD�mo�t��$pY�|�|pY�4pQq¯rgo�sDr"�|r
��smq'ú�sDvg�¢��o��¦v/sDt���¥�t�®eýmþ4½;Á4ÔD�mo�t��$pY�|�|pY�4pQq�rgo�sDr
ú�sDvg��F�mvgvgpQ�Frg�|�¨u�pYq/�Fvg���$pQu��o�sDr�qgo�p¡rgo��|t�¤Jq�rg�
��pÃrgvg��pmÁ�t��mr�t�pQ�FpQq/q/sDvg�|�|��rgo�sDr�qgo�p¢�F�mvgvgpQ�Frg�|�ªuJpF�
q/�Fvg�|��pQuª��o�sDr���q�rgvg��pm�0n�o���q��F�mvgvgpQqg���mt�u�q�rg��rgo�p
�b�m�|�|�A����t� ��F�mt�qgrgv;sD�|t©rYÁ���o�pYvgp��7p�smuJ�m��rÃs�r��9��pQu
�bpQsDrg��vgp¡qgrgvg���Frg��vgp¡��vgpQqgpYt©r/sDr/�|�mtrg�%¤4pYpY�rgo��|t� 4q
vgpQsmu�sD���|pm�£®eý 	9½0q/s^�Jq7rgo�sDr�rgo�p¢�$pY�|�|pY�4pYv¢®eÔD�mo�t%�|t
×SZM'R%�%^ë í¿ë ßCñDÜ;ÞÃÙ�óQë %^Ù�ñAî�Ù�ë ñAî�Þ ì�%^Ù�ð¡í¿òAÙ ï ßCðeðeë êAë Þ ë í>ÝÂß;éE =�6 / = E�ÚHG à¿ì�K�ß;àM+ è0ß;à E21&�"D43�@<14E � ÚHG #CßCðeðeë ï + è�Ü;ð�î�ß K ï Þ Ù��K�Ù�ñYí¿ð�ß;é �>E2D 5 E"/�õ



rgo�p%pF��sD�����|pA½�¬Yw��m~>}�qg�m��pª��pYv/qg�mt�®bú�sDvg��½�sDt$u
CROIT

rgo�pª��vg�m���4qg�|rg�|�mtSrgo�sDr�ú�sDvg�
CROITrgo�sDr¦rgo�p���vg�m���4qg�|rg�|�mt���o��4qgp��F�m������t����YsDrg�|�mt%��q

��vgpQqg�������4qgpQu�® Z ½0��q�rgvg��pm�
®eý 	9½ ���

D
�F�mt9r/sD�|t�q�rgo�p¢�|tJ�b�mvg�¡sDrg�|�mt











�(	 � �
π











$�� ��� ���
� 	 -f%E	���	��

1
®eÔD�mo�t�½

� 	 -f%E	���	 
2

[ � ���� � ´ ]®bú�sDvg��½





















rgo�pYt �|r�sD��qg���F�mt©r/sD�|t$q�rgo�p¢�|tJ�b�mvg�¡sDrg�|�mt
































�������
π

































���	����
��
[ �	���������� �	�����
�	������
���� �	 "!����

2

�	������
���� �	 "!���# 3

[ $�%  $ ]

]

CROIRE

BELIEV ER 1

BELIEV ED













$�%  $
�	��&'�)( � $�$  % �
��� ! [ ( � � ]

#������
[

CROIRE

BELIEV ER 1

BELIEV ED 2

]













































































n�o�p��|�����mvgr/sDt��FpS�D�ª�F�mt�qgrgvg���Frg�|�mt�q��>q�uJpY���mtJ�
qgrgv/sDrgpQuS�©�rgo�p%uJ���OpYvgpYt��FpQq���pYr��7pYpYt�rgo�p%qgpY�|pQ�C�
rg�|�mt���vg�m��pYvgrg�|pQq��D��¬Ywg�m~>wgy��|tSs 2�t��|rgp��F��sD��qgp¡�mv
sDt%�|t72�t��|rg�|�DsD��sDt�uª�|r/q7��vg�m��pYvgrg�|pQq��|tªrgo�p¢pF�J��vgpQq��
qg�|�mt�;%yF�j¬Ywg�m~>wgy<),+�®43 ���¯�mt�p���pF���|pY�mpQq�0:),+7½;�
®eý��4½ sJ� % pYt �Fvg�m�|vgp ú�sDvg�|p �^�|p v #Q�F�|r

uJpÄú�sDvg�|pmÁ ø ®43 ¥¿�x�mt�pÄ�$pY�|�|pY�4pQq
ú�sDvg� �Aú�sDvg��0 q�qgrg�mvg�mÁ 0Oø�½

��� % pYt��Fvg�m��vgp��|p��4�9�YsD������sD�|vgp�pYt��q��
sD mpª���F�¿Á¯�|��q�#Yr/sD�|pYt9r��|pQq��¡s ��rgvgpQq�uJp
��s�rgv/smuJ��rg�|�mt 2� m��v/sDrg�|�4pAÍ&X4®>�|�|rY� 3 ¥¿���mt�p
��pY�|�|pY�mpQq�rgo�p��|�9�YsD�¦��sDvg��sDt��FpmÁ�rgo�pY�
�7pYvgpjrgo�p¨�¡smqgrgpYv/q��D��rgo�p¨Î¯�| m��v/sA�
rg�|�4p % vgr�rgv/smuJ�|rg�|�mt 0 ½

�D� ÔDpQsDt �Fvg�m�|r ?? �|p �4�9�YsD������sD��vgp uJp
ú�sDvg�|p�®>�|�|rY� 3 ÔD�mo�t���pY�|�|pY�mpQq�újsDvg��0 q
��sDvg��sDt��Fp50 ½

®eý��A��Á �^½OpF�JpY�����|� 2�pQq�rgo�p7uJ�|�mpYvg mpYt��Fp"��pYr��7pYpYt�rgo�p
r��0�¢��pYt©rg�|�mt�pQu��F�mt�qgrgvg���Frg�|�mt�qY��®eý��D�^½¯��q¯�9u�u,��pF�
�YsD��qgp�sÂ��sDvg��sDt��Fp�uJ�©pQq�t��mr�pYt©rgpYvgr/sD�|t���pY�|�|pF�eqY�
¥¡���|�|�Ã�F�mt�qg��uJpYv*;�yF�x¬Yw��m~>w/ysmq�s���vgpY���4qg�|rg�|�mt
��o����;o�sm�Y�FpY��r/q ),+��F�m�����|pY��pYt©r/qY��¥�r"qgpY�|pQ�Fr/q�rgo�p
r��9�$p�°�±¯²�³�´"Á��|tÅ��o����;oj�Ysmqgp��0p,�m��r/sD�|tjsDtj�|tJ�
rgpYvg��vgpYr/sDrg�|�mtÓqg�|�����|sDv�rg��®eý 	9½;Á7����r�sD��qg�¨sjr��9��p
¥����|�|�£uJ��� � � � ²�³�´ �
� Á��b�mv 3 pF�JrgpYvgt�sD�¢�¡sDt����bpQq��
r/sDrg�|�mt 0 �,� � � ²�³�´ �
� sD�����|�|pQq�rg��t��m��t�q¡�|�|¤mp�{CÑ �
× d�* /,+�D43 ��/&a4å4$NJYá/å J;âCã0a ï õDå�-Qõ

Ñ�{mwgyF�$¬;yCÁO{Dz>z Ð wgyCÁ�{Aº�Ñ�yg¬Y}�®43 sD���$pQsDv/sDt��Fp�0:3 smqg�$pQ�Fr�0 ½;Á
¶J{©·F~�z>z|yFü�yF��}Å®43 �F�|�mrgo��|t� :0 ½;Á�¬/�mü¦ÑJ�mwC}�yFü�yF��}�®43 �$pF�
o�s^�9�|�m��v�0 ½;Á£ü�{D��~�)Fw/y;ºS®43 �¡sDt�t�pYv/q�0 ½;Á7����r¡sD��qg�jrg�
��o9�Jqg���YsD�O��vg�m��pYvgrg�|pQq��|�|¤4p�·Cz��m�$Ò©y Ð w�®>�|�|rY��3 ���|�mt�u9Æ
t�pQq/q�0 ½gÍ �7�mv�pY���mrg�|�mt�sD� �^��qg�J�/o��m�|�m m���YsD�9t��m��t�q��|�|¤mp
ü =/¬C¶J{m�$¬;yF}4=¨®43 �����;¤mpQuJt�pQq/q�0 ½Ã�mv�{QÀ4{4¬CyFü�yF��}�®43 �|v��
vg�|r/sDrg�|�mt 0 ½;� Í��ùn�o�pª��t��|r���D�¦rgo�p%r��9��pªuJ�9pQq,t��mr
�F�m��p��bvg�m�¾rgo�pÅt��m��t�q¡rgo�pY�¡qgpY�|�4pQqYÁ7��o����/o�sDvgp
/©���|rgp�uJ�|�4pYv/qgpmÁ�����r¨�bvg�m� rgo�pÂ�b�m�|�|�A����t� ��F�m���
���mtÅ��vg�m��pYvgr��.�£sD�|�'rgo�pQqgp�t��m��t�qÃ�YsDt�o�pQsmu�qg���J�
��pQ�Fr�),+ 0 q0�D�
�4pYvg��q0�|�|¤mp�ü�{m��~ öYy;ºF}�yFw;ÁO}ew�{A¶9~>w�®43 �$pF�
rgv/s^��0 ½;Á�Ò�=F�$�m}�yFw;Á�~>�$Òm~' Ð yFw;Á 8 }ewgyÏz|yxºF~¸Àm��y Ò©y
®43 rg�ª�|t�uJ���YsDrgp50 ½;��¥�tjsmu�uJ�|rg�|�mt�rgo�p,�¡sDt����bpQqgr/sDrg�|�mt
�,��qgr¢��p¡s���vg�m�$pYvgr��¨�D��s%�|�|�9��t� %�$pY�|t� �� ��o�pYt
�7pÅo�s^�mpjs��o9�Jqg���YsD���m����pYrYÁ¦sDt��mrgo�pYv%sDrgrg�|rg��uJpFÆ
��smqgpQu ��vgpY�$�4qg�|r/�|�mt�Á ;xyF� � Ð À©yFw�Ñ�{mw"),+ ®>�|�|rY�
3 �����mt�p�����uJ mpQq��bvg�m� 0,),+7½%��q����mvgp�sD����vg�m��vg���
sDrgpm�Âø©��Á7sD�|rgo��m�� mo��7pªo�s^�mp �"y%}�yFü¦Ñ$z|y%ü�{m��~ �öYy;ºF}�y¡z|y�ºY{m¹^�m~>w�./öF{m~>wgyªÒ©y;º�w��mü�{m~>�Jº�®43 n�o���q�rgpY���
���|p7�|t�uJ���YsDrgpQq¯rgo�p��F�m����pYrgpYt��Fp��D��rgo�p����m�¡sDt�q�0 ½;Á
�7p¢o�sQ�4p¢s��F�mt©r/v/smqgr�6 yY� ?? ¬Ywg�m~>wgy&Y�� Ð À©yFw�ÑJ{mw�¬;y
}�yFü¦Ñ$z|y���z|y;º,wg�mü�{m~��Jº,{m¹^{m~eyF��} Ð ��Àmwg{m�$Ò�ºY{m¹^�m~>w�.
öF{m~>w/y�®43 ¥�t��9�|pY�Ä�D��rgo���q�rgpY�����|pmÁ�rgo�p ���m�¡sDt�q
�7pYvgpj�4pYvg�Ó�F�m����pYrgpYt©r�0 ½;� 6 yF��¬Ywg�m~>wgy¨~|ºj{Dz ºY�
Ñ��Aº/ºF~e·Cz|yÕ���|rgo t��m��t�q�uJpYt��mrg�|t� x�|tJ�b�mvg�¡sDrg�|�mt$sD�
�m����pQ�Fr/q�®�}>¶:=g�mwC~eyCÁ 3 rgo�pY�mvg��0�Á
z¸~>¹Qw/yCÁ 3 �$�9�m¤�0�Á�pYr/�D� ½;�
úÅ�|t©��rgpSuJ��qgrg�|t��Frg�|�mt�q%�D��rgo���q�¤9�|t�u�sDvgp�sDt©�©�

rgo��|t� �����r7pF���FpY��rg�|�mt�sD�¿� Í-i �0�mt�qg��uJpYv7rgo�pÃ�F��smq/q"�D�
%�& 0 q¯��o����/o,pF�J��vgpQq/q�s£vgp�/©��pQqgr��mv�s£vgp�/©���|vgpY��pYt9r
®gÒ©yFü�{m�$Ò©yFw¡®43 smqg¤�®��b�mvC½ 0 ½;Á
yg«m~¸À©yFw�®43 vgp�/©���|vgp50�Á�3 uJpF�
�¡sDt�u�0 ½7Á�w/y ' Ð =FwC~>w¡®43 vgp�/©���|vgp50 ½;Á�y;º�Ñ =FwgyFw�®43 o��m��p50 ½;Á
ºY� Ð ¶J{m~>}�yFwÕ®43 ����qgo 0 ½;Á�Ò�=;ºF~>w/yFwÕ®43 �7sDt9r�0�Á�3 uJpQqg�|vgp50 ½;�
�p¢o�sQ�4p¢rgo�p¢�b�m�|�|�^���|t� ��F�mt©rgv/smqgrY�

®eý�"4½ sJ� � sDt�q¦�FpYrgrgp�s���sD�|vgpmÁ4� 0 pQqg��'Yvgp �;��p�uJpF�
�¡sDt�uJp �;��p ?? qg�m��o�sD�|rgp �;��p vgp�/©���|pYv/q
�;� 0 pF�J�| mp¢�10 �|t�uJ���| mpYt��Fp¢uJ��rgvg�|����t�sD�

��� � sDt�q��FpYrgrgp�s���sD�|v/pDÁ¡� 0 pQqg��'Yvgp �^pYr/�D�
?? ��s�q #F� #Yvg�|r #¢uJ��rgvg�|����t�sD�
®>�|�|rY��3 ¥�tªrgo���q��YsmqgpmÁ�¥7smqg¤��b�mv�rgo�p¢�|pF�
t��|pYt��F� �Aqgrgvg���Frgt�pQq/q��D��rgo�p��F�m��vgr�0 ½

× �0/ /&3 �>E2D 5 E"/ � 1 #M: D43 ��/ = E�1 / :7: / �ND 5 @�2>@7E&/A1 :7: / 6 143 ��/&aG ]�Þ ßCñ�%^Ù0Ü;ð
ðeòAÙ�ë ðLaAðeòAÙ K7ìAðbí�êmÙ¯é¸à¿ß K43¯Ù�à"K�Ü;ñYÝ +
×E�M''ð"é�Ü/à�Ü;ðA[�îgÜ;ñ�ðeÙ�Ù a�í¿òAÙ�à¿Ù�ë ð7ñAß¢î�Þ ÙgÜ/à�î�ß;àeà¿Ù�Þ Ü/í¿ë ßCñêmÙ�í>ôOÙ�Ù�ñ�êmÙ�ë ñ�#0Ü ï ßCðeðeë êAÞ Ù¯ñAß K�ë ñDÜ;ÞDî�ß K ï Þ ÙLK�Ù�ñYí$ß;é � /&3�>E2D 5 E"/�é¸ß;à�ÙLK�ß;í¿ë ßCñDÜ;Þ J ï ðbÝ^î�òAßCÞ ß #Cë îgÜ;Þ
ñAßCìAñAð7Ü;ñ�%�Ü;ñYÝ,ß;éí¿òAÙ�îgÜ/í¿ÙL#Cß;à¿ë Ù�ð %^ë ðbí¿ë ñ�#CìAë ðeòAÙM%£ë ñ�Ú<''ñAðeî�ß K7ê^à¿Ù7ágâCâ�9Fè¿õ
× r ÛOòDÜ;ñ �Qð'Ü/à¿Ù,%^ìAÙ¯í¿ß ��Ü;ñAë 5�Þ Ù63¯ß�%AÜ/à&%¦é�ß;à9%^ë ðeî�ìAðeðeë ñ�#í¿òAÙ�ðeÙ %AÜ/í�Ü0ô
ë í¿ò K�ÙCõ



� =F¹�=FwC~>}4=Â��qÅ�$�4q/qg�|���|p����|rgoÏ�FpYvgr/sD�|t /©��sDt©rg� 2�pYv/q
®>pm�  �� Ð � Ñ�y Ð Ò©yùº�=F¹�=FwC~>}4=CÁ 3 sû�|�|rgrg�|p qgrgvg���Fr��
t�pQq/q�0 ½;� n�o�p �F�mt9rgv/smqgrx�|t ®eý�"4½Õ��q�t��mr���qg�D�
��sDrgpQuÓqg�|t��Fp%��sD��v/q��|�|¤4pS·F~eyF��¹AyF~�z�z�{m�$¬CyÂ®43 ��pFt�pF�4�D�
�|pYt��Fp50 ½7�JqÃ¶ Ð ü�{m��~>}4=¡®43 o9���¡sDt��|r���0 ½0�mv�{m}e}�yF��}e~b�m�
�Jq�¬;�m�$¬;yF��}ewg{D}e~b�m����sDrgrgpYvgt����|rgo�~>�$Ò Ð z À©yF�$¬Cy��Jq
º�=F¹�=FwC~>}4=C��¥��C�mt4��pQ�Frg��v/p�r/o�sDr�rgo���q�uJ���OpYvgpYt��Fp�vgpF�
U�pQ�Fr/q%rgo�p¨�esm�Fr%rgo�sDrYÁ¢�|t�Î�vgpYt��/o�Á¢rgo�p��t���vg�m�J�
�|pY�¡sDrg����t��m��t�q�uJpYt��mrgp%��vg�|�¡sDvg�|���j��pYo�s^�9�|�mv/q��mv
sDrgrg�|rg��uJpQq��D�¢sm�Frg�mv/q�v/sDrgo�pYv�rgo�sDt���vg�m�$pYvgrg�|pQq��D�
sm�Frg�|�mt�qYÁ�sm�Frg�mv/qYÁ,pYr/�D��Á,smqjqgo��A��tx�9��rgo�p��F�mtJ�
rgv/smqgr/q ?? z 9 ~>�$Ò Ð z À©yF�$¬;y&Y$z�{Ïº�=F¹�=FwC~>}4=�Ò©yÓºY{ Ò�=g¬Y~ �ºF~b�m� ®43 rgo�pÏ�|pYt��|pYt��FpY� �Aqgrgvg���Frgt�pQq/q��D��o���qÓvgpQsm�C�
rg�|�mt 0 ½;Á ?? z�{Ó·F~eyF��¹AyF~�z>z�{m�$¬;y&Y$z 9 ¶ Ð ü�{m��~�}4=�Ò©y¬CyF}e}�y
Ò�=g¬Y~|ºF~b�m� ®43 rgo�p¨�$pYt�pY�4�m�|pYt��Fp �^o©���¡sDt��|r��Ó�D��rgo���q
uJpQ�F��qg�|�mt 0 ½;Á ?? z 9 {m}e}�yF��}e~b�m��Y$z�{ ¬;�m�$¬;yF��}ewg{m}e~b�D� Ò©y
ºY�m�§y;º�Ñ�wC~>}x®43 rgo�pÏsDrgrgpYt9rg�|�mt �A�F�mt��FpYt9rgv/sDrg�|�mt �D�
o���q7���|t�u�0 ½;Á Ð ��{4¬Y}�y�Ò#9 ~>�$Ò Ð z À©yF�$¬Cy&Y ?? Ò©yÃº�=F¹�=FwC~>}4=
®43 sDt�sm�Fr��D���|pYt��|pYt��F� �Aqgrgvg���Ft�pQq/q�0 ½;Á Ð ��yj{m}e}e~>} Ð Ò©y
Ò©y£·F~eyF��¹AyF~�z>z�{m�$¬;y&Y ?? Ò#9 ¶ Ð ü�{m��~>}4=�®43 sDt�sDrgrg�|rg��uJp��D�
�$pYt�pY�4�m�|pYt��Fp �^o9���¡sDt��|r���0 ½;Á�z 9 {m}e}�yF��}e~b�m��Y ?? z�{�¬;�m� �¬;yF��}ewg{m}e~b�m� y;ºF} Ð � ¬;�mü¦ÑJ�mwC}�yFü�yF��}¨~>��}4=Fwgy;º;ºY{m��}
®43 sDrgrgpYt9rg�|�mt �A�F�mt��FpYt©rgv;sDrg�|�mt���q�sDt��|t©rgpYvgpQqgrg�|t� Ã��pF�
o�s^�9�|�mv�0 ½;�¯Î��mv¯qg�m��p"vgpQsmqg�mt�ÁD�|t��FpYvgr/sD�|t��F�mt�qgrgvg���C�
rg�|�mt�qYÁ
�4pYvg��q¢�|�|¤mp�Ò©yFü�{m�$Ò©yFw�vgp�/©���|vgp�rgo�sDr�rgo�pY�|v
),+Ï�F�m�����|pY��pYt9r/q���p�o�pQsmuJpQuS�9�¨t��m��t�q,��o����/o
uJpYt��mrgp���vg�|�¡sDvg�|���ªsm�Frg�|�mt�qY�¦¥�r¦��q�uJ���¡�F���|r¦rg��qgpYp
o��A� sDt�pF�J����sDt�sDrg�|�mt��D�¦rgo���q��esm�FrYÁ���o�sDrgpY�4pYv,�|r
��qYÁ����| mo©r���p���smqgpQuS�mtSrgo�pª��vg�4smuS�mt©rg�m�|�m m��D�
��vg�m���4qg�|rg�|�mt�qYÁ9�esm�Fr/qYÁ�pY�mpYt9r/q�sDt�u%rgo�p��|�|¤mpm�
� � Ê É � �  0#DÌ¿Ê É
¥�t�rgo���q¦��sD�$pYv¢¥�o�sQ�4p,qg�� m mpQqgrgpQuÅrgo�sDrÃrgo�p��¡sD�|t
�7pQsD¤9t�pQq/q0�D�
rgo�p£vgpY��sDrg�|�mt�sD��sDt�sD�|�Jqg��q"�D�'sDrgrg�|rg��uJp
�4pFv/��q
��q�t��mr'rgo�sDr'�|r
��q�vgpY��sDrg�|�mt�sD�4����r'v/sDrgo�pYv'rgo�sDr
�|r¯��q'��smqgpQu,�mt�s£qg���������|qgrg�|�"�9�|pY�S�D�$��� sJ�4smq�uJ�|vgpQ�Fr
qgpY�¡sDt©r/����sDvg m����pYt©r/q�D�ªrgo�pÂ��vgpQuJ���YsDrgpÓ�F�mvgvgpF�
qg�$�mt$uJ�|t� Ãrg��rgo�p��4pYvg����¥'o�sQ�4p���vg�m�$�4qgpQu��|t�qgrgpQsmu
rgo�sDr���� sJ�"sDvgp%��sDvgr/q��D�Ã�F�m�����|pF���|tJ�b�mvg�¡sDrg�|�mt�sD�
qgrgvg���Frg��vgpQqYÁ
��o��4qgp��F�mt�qgrgvg���Frg�|�mt¨��q¦�|t���sDvgr¢�|pF�9�
���YsD�|�|��F�mt9rgvg�m�|�|pQuO��Î���vgrgo�pYv��0�mvg¤S��q,t�pYpQuJpQuÂrg�
uJpYrgpYvg���|t�pªrgo�pªvgpY��sDrg�|�mtS�D�£rgo���q��A�mpYvgrg�|���|pF�J���YsD�
sD����vg�4sm�;o�rg�¨vgpQ�FpYt©r�pY��sD���mv/sDrg�|�mt�q,�D�£r/o�p�qgr/sDtJ�
u�sDv/u��mt9rg�m�|�m m���YsD���YsDrgpY m�mvg�|pQqYÁ7qg���;oÂsmq���vg�m�$�4qg���
rg�|�mt�Á¯�esm�Fr��mv�pY�4pYt9rª® % qgo�pYv -��	�mþ9ÁA�£�|t��Y����vg  ø9sD �ý��	�	�JÁ�ÔmsQ�4p��  �£�Ju�sDv/u�-��	�	�4½;�
� ��� ������� 
��!
''ñAðeî�ß K7ê^à¿Ù a I ÙgÜ;ñ^æ���Þ Ü;ì�%^Ù�ÚbágâCâ�9Fè¿õ � ß;à ï òAßCÞ ß #Cë Ù¨Ù�íà¿Ù ï à���ðeÙ�ñYí�Ü/í¿ë ßCñ���ó	��ñAÙLK�Ù�ñYí¿ë Ù�Þ Þ ÙCä$Þ Ù�îgÜ;ð9%^Ù�ð
ñAß K�ð

%^Ù�ðeÙ�ñYí¿ë K�Ù�ñYí0Ù�í(% + Ü/íeí¿ë í¿ì�%^ÙCõ * 143�
 = /��	E2143�M1 5�� /ágç 9�a��Fç/æ�9��^õ
''ðeòAÙ�àMa e ë î�òAßCÞ Ü;ð�ÚbágâCâ $Yè¿õ��R/��L/&E"/&3 �&/ @<D / #�� @7E21&�L@�� #�� / �L@ �

5 3�� 5�� �"D = E � /�õ ��ß;à&%Qà¿Ù�î�òYígä���Þ ìYôOÙ�à '�îgÜ %^ÙLK�ë î^�ìAêAÞ ë ðeòAÙ�à¿ð�õ
''ìAðbí¿ë ñ a I ßCòAñ���õ�Úbágâ�9;çYè¿õ¨Û©à¿ì^í¿ò©õ �.E2D��&/"/ � 5 3!
 � D"� @ B�// E 5�� @�D @S/ : 5 143$#	D�� 5 />@ 7 ðeì ï õAóFßCÞ�õmå��0a9áCáCá�æAá/å;ãQõ]OÜ/àeô
ë ðeÙ a I ßCñ �&%�í¿î�òAÙLK�Ù�ñ�%QÝNa I ßCòAñ�ÚbágâCã('Fè¿õ*) B�/ * 5 14E,+/ 3.- � � 1 7 D43 )0E = @ B 143 � ? 5 E � =0: 14E 5 @ 7 õ�/ \Qé¸ß;à&%4ä/ \Qé�ß;à&%100õ ^9õ
]OÜ/àeô
ë ðeÙ a I ßCñ a � ^JÙ�àeàeÝNa I ßCòAñ%ÚbágâCã $Yè¿õ2# 5 @ = 1 @ 5 D43 � 143 �/ @7@ 5 @ = ��/ � õ3�OÜ4K7ê^à¿ë %0#CÙCä � [bÛV^�à¿Ù�ðeð�õ
�OÜ/à ï Ù�ñYí¿Ù�àMac]�ßCêÓÚbágâCâFåFè¿õ4) 7&8 / ����/"1 @ = E"/5#�@7E = �L@ = E"/ � õ�OÜ4K7ê^à¿ë %0#CÙCä6�OÜ4K7ê^à¿ë %0#CÙ70¯ñAë óFÙ�à¿ðeë í>Ý�^�à¿Ù�ðeð�õ
��ß ï Ù�ðbí�Ü��FÙ a ''ñAñ � ]$à¿ë ðeî�ßYÙ a8% %Qô�Ü/à&% I õ�ÚbágâCâ�9Fè¿õØQÙLK�ë æ ï à¿ß0%^ìAî�í¿ë óFÙ ï ßCÞ Ý^ðeÙLK0Ý�Ü;ñ�%�ðeÙ�ñAðeÙÅÙ>\Qí¿Ù�ñ��ðeë ßCñ©õ9-�D = E&3	1 : D"�9# / 6 143�@ 5 � � á/å�a©á 9gæ -!'Yõ
��Ù�óQÞ ë ñ a:��Ù�ë í¿òªÚbágâCâQá;è¿õ * D�
 5 ��143 �*;"3��>D4E 6 1 @ 5 D43Aõ��OÜ4K �ê^à¿ë %0#CÙCä6�OÜ4K7ê^à¿ë %0#CÙ<00õ ^9õ
`Aß;à¿êmÙ�ðLa 3'à�Ü;ÙLK�Ù�Ú�å;çCçCçYè¿õ6/¯ê��>Ù�î�í¿ìDÜ;ÞAÜ/íeí¿ë í¿ì�%^Ù�ð�õ * 5 3�
 =�5�� 8@ 5 � � 143 �=� B 5�: D � D 8 B 7 å4$�a©á>�Aá�æAágã $Qõ3¯ë ñ s�êAì^à"#0a I ßCñDÜ/í¿òDÜ;ñ ��Ø^Ü4#0a�[>óCÜ;ñ�Ú�å;çCçCçYè¿õ�-.3�
 : 5�� B?;"3�8@S/&E&E>E2D�
N1 @ 5 ) /A? D43 � @7E = �L@ 5 D43 � õ � ð$í¿ß�êmÙ ï ìAêAÞ ë ðeòAÙM%êYÝ?��Ø@� [ ^�ìAêAÞ ë îgÜ/í¿ë ßCñAðLaA��Ø@� [�ØYí�Ü;ñ^é¸ß;à&%4õ
3¯ß�%AÜ/à&% a ��Ü;ñAë 5�Þ Ù2� I Ü�ÝYÙ-s a I Ü;î,BYìAÙ�ð"ÚbágâCâ $Yè¿õOÛ9ßgô�Ü/à&%^ð¯Üï à¿ß ï Ù�à$íeà¿ÙgÜ/í"K�Ù�ñYí�ß;é9î�ßYÙ�à¿î�ë ßCñ ï òAÙ�ñAß K�Ù�ñDÜQõC�.E2D 8�>/"/ � 5 3�
 � D"�9- / ? *.D	E a©á -Cã/æAá�'('Yõ
I Ü�ÝYÙ-s a I Ü;î,BYìAÙ�ð�Ü;ñ�% 3¯ß0%AÜ/à&% a ��Ü;ñAë 5�Þ Ù�ÚbágâCâ�9Fè¿õ ^�à¿ë ñAî�ë �

ï Þ Ù�ð�Ü;ð9Þ Ù>\^ë îgÜ;Þ�K�Ù�í¿òAß�%^ð�õF�.E2D��&/"/ � 5 3�
 � D"� @ B�/3G D(D(H# 8 E 5 3�
 /�/�/ ;9# 74698 D �"57=�6 a�9	'gæ -FåYõ
I Ü�ÝYÙ-s a I Ü;î,BYìAÙ�ð�Ü;ñ�% 3¯ß�%AÜ/à&% a ��Ü;ñAë 5�Þ ÙÃÚbágâCâCâYè¿õ7Û©à¿ìAÙ0í¿ß

é�ÜCî�í/Ú�ð�è¿õ([>ñ���Ù ��FÙ�àMa ^Jõ$Ú�ÙM%mè"aI�.E2D��&/"/ � 5 3�
 � D"�,@ B�/G�J�@ B / 6 � @S/&E �N1 6 ? D :7: D ;>=�57=�6 a4á 9Yá�æAá 9�-^õ�9Ü;ðeîgÜ/à¿ë %^Ù�ðLa ''Þ Ù>\ a ]$à¿ë ðeî�ßYÙK% %Qô�Ü/à&% I õ a ''ðeòAÙ�àMa e ë î�òAßCÞ Ü;ð�L��ß ï Ù�ðbí�Ü��FÙ a ''ñAñ�ÚbágâCâ�-Yè¿õM/'à&%^Ù�à�ë ñ�%^Ù ï Ù�ñ�%^Ù�ñFíÜ;ñ�% ï Ù�à¿ðeë ðbí¿Ù�ñYí"í>Ý ï ÙM%�%^Ù�é�Ü;ìAÞ í0ìAñAë �DîgÜ/í¿ë ßCñ©õ * 5 3�8
 =05�� @ 5 � � 143 �=� B 5�: D � D 8 B 7 á -�aN�N$('gæ(�Yâ $Qõ�9Ü;ðeîgÜ/à¿ë %^Ù�ðLa ''Þ Ù>\ �O��ß ï Ù�ðbí�Ü��FÙ a�''ñAñ�ÚbágâCâCâYè¿õ ��Ù��é�ÜCì^Þ í,à¿Ù ï à¿Ù�ðeÙ�ñYí�Ü/í¿ë ßCñë ñ¨î�ßCñAðbíeà�Ü;ë ñYíeæFêDÜ;ðeÙM%ñAÙ�í �ôOß;à��mõ ? D 698�= @<1 @ 5 D43	1 : * 5 3�
 =05�� @ 5 � � å 9�a�9 9gæAágç�9Yõ
� Ü/í¿òAë Ù�ì aNP�óFÙ�íeí¿Ù7P�Ü;ñAñAë î ��Ú�å;çCçCçYè¿õ * / � ) /&E # / � ��/ � /&3�@ 5 86 /&3�@ � õ ^�Ü/à¿ë ð�äRQ %^ë í¿ë ßCñAð9%^ì�� e9S Ømõ
� Ù�Þ�+ Tî�ì �	a [H#Cß;à�ÚbágâCâ�-Yè¿õ��©Ù&\Aë î�ÜCÞ�é¸ìAñAî�í¿ë ßCñAð�ä�'Âí¿ßYßCÞ
é¸ß;àí¿òAÙ %^Ù�ðeî�à¿ë ï í¿ë ßCñ£ß;é�Þ Ù>\^ë îgÜ;Þmà¿Ù�Þ Ü/í¿ë ßCñAð
ë ñÃÜ"Þ Ù>\^ë î�ßCñ©õ[>ñ !�Ü;ñAñAÙ�àMa���õ�Ú�ÙM%4õ è"a * / %45 �"1 : � = 3 �L@ 5 D43 � 5 3 * / % 8

5 �&D�
4E21 8 B 7 143 ��U 1 @ = E21 : * 143�
 = 1,
�/&a ' K�ðbí¿Ù�à&%AÜ4KÃä]�Ù�ñ �bÜ4K�ë ñAðLa	$('gæAágçFåYõ
� ßCÞ í"K�Ü;ñAñ a�`Qà¿ë ÙM%^Ù�à¿ë �FÙ�ÚbágâCâCâYè¿õ ^�à¿ß ï ßCðeë í¿ë ßCñDÜ;Þ�Ü/íeí¿ë í¿ì�%^Ù�ðô
ë í¿òAßCì^í ï à¿ß ï ßCðeë í¿ë ßCñAð�õR0¯ñ ï ìAêAÞ ë ðeòAÙM%cK�ð�õ^JßCÞ Þ Ü/à&% a5�OÜ/à¿Þ �§Ø^Ü4#0a [>óCÜ;ñ�ÚbágâCâV�Qè¿õXW /21&�	YV� E 5 ) /&3� B�E"1 � /2#�@7E = �L@ = E"/[Z E21 6A6 14E�õ Ø^Ü;ñ^é¸ß;à&%4ä\�OØ@� [Ü;ñ�%���òAë îgÜ4#Cß^ä���òAë îgÜ4#Cß]00õ ^Jõ
^�ìAðbí¿Ù �>ß/óQð �YÝ�a I Ü4K�Ù�ð�ÚbágâCâ�9Fè¿õ5) B�/?Z /&3 /&E21 @ 5 ) / * / %45 �"D43Aõ�OÜ4K7ê^à¿ë %0#CÙCä � [bÛV^�à¿Ù�ðeð�õ
S ë î�òYí¿Ù�àMa `^à�Ü;ñ �jÚ�å;çCçCçYè¿õ / +�1 @ B�/ 6 1 @ 5 �"1 : ��D4E 6 1 : 5��"6�>D4E * 5 3�
 =05�� @ 5 �^) B�/2D4E 5 / �]_ 5 @ B_143 1 8N8	: 5 �"1 @ 5 D43 5 3W��R#`ZOõ ��ë ðeðeÙ�àeí�Ü/í¿ë ßCñ�ß;éAí¿òAÙ60¯ñAë óFÙ�à¿ðeë í�Ý"ß;é4Û6aAêAë ñ��

#CÙ�ñ,Ú�å;ãNJ;çV��J;çFç�óFÙ�à¿ðeë ßCñ4è¿õØ^Ü4#0a�[>óCÜ;ñ � !�Ü;ðeßgô aJÛOòAß K�Ü;ð�ÚbágâCâCâYè¿õ1# 7 3�@<1&�L@ 5 �b) B�/�8D4E 7 + / ��D4E 6 1 : ;"3�@7E2D�� = �L@ 5 D43Aõ�ØYí�Ü;ñ^é¸ß;à&%4ä1�OØ@� [^�ìAêAÞ ë îgÜ/í¿ë ßCñAð�õÛJÜ�Ý^Þ ß;àMac��Ù�ñAñAÙ�í¿ò,ÚbágâCâCãQè¿õ*)0E = @ B�143 � + /2143 5 3�
!+ / 3$;"3�8@7E"D�� = �L@ 5 D43_@<D @ B�/d� B 5�: D � D 8 B 7 D"� * 143�
 = 1,
�/&a:/ \ �é¸ßCà&%mä.]�Þ Ü;î �YôOÙ�Þ Þ�^�ìAêAÞ ë ðeòAÙ�à¿ð�õ


