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k
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t�}rv t�xyz�«`ª®uN}1z{�`�`«�x�t9z�p~x¬uNw@n·nrv@t�]�zNn'£�x�}rb9«¬bsnrn^e,jm|·Â1¢m£�]`b�}~b�p~]`x¬}��>�@z{}qp�ldpruN� uN«¬uN�{l4x¬w`ª®u{}~a0z�prx�u{w¯a>z¸l
b�Ão� b9}rx�b�w@t�b�z�}~�`x¶p~}~z{}rl>�ob9«�z¸lN³
Ä§Å6ÆYÇ~È*É ��Ê��{� f=u{�`x�«¬b�w`b�p�£1u{}~Ëon�¢�t�u{w`w@b9t©p~b9�­�`u{a0x¬w z�prx�w`�Snqb�p9¢�adv`«¶p~x¬�Iu{x�w6p�}~b�«yz¸lon�¢�nqp~z{�`x�«¬x¬p�l{¢
t�u{«�«¬xynrx¬uNw@n
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�,��	9nrx��{w@z�prx�u{w0�ob^¦{u{xynrx¬w@n�p~b�«yn��6v`b^«¬bsn�}rb9«�z{x�n�adv`«¶p~x¬�Iu{x�w6p~n
°Bf§|·�¤²'��	9t�}rx¬p~n'�@z�w@n^»Ñ�o¢{��¼ nquNw6p'b�w0��	9w�	�}�z�«m�`x�b�w>�`«�v@nQ}~u{�@v@n�p~b9n��6v`b^«�b9nºc1±,j0z�vop~u�´µn�	9«¬bst©p~x¬uNw`w@z�w6ps¢
p~b�«yn��Nv@b���}rv`«�b

k
���`z{w@n4»¬�©¼U³4cºbst�x�b9nqpg�@z{}qp~x�t�v`«�x¬_9}rb9a4b9w6p,t�}rv@t�x�z{«��`z{w@ng�ob9n,z��@�`«¬xyt�z�prx�u{w@n¤prb9«�n��6v`b

e,jo|·Â�a0u{�`x�«�b�u��F«�b9n4x�woª®u{}~a>z�p~x¬uNw@n0�ob�pru{�Iu{«�u{�Nx¬bsn4b�wS�`}ru�¦Nb�w@z{w@t�b��ob�prx�b�}�n4� b9vop¯�`}~b�w@�o}~b �ob9n
��	�«yz�xyn�z�}~�`x¶p~}~z{x¬}~b9n9³
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f=u{�`x�«¬b^z{�*]`uot1w`b�p�£1u{}~Ëon }~b�«�l�u{wd}~zN�ox¬u pr}�z�w nqa0xynrnrx¬uNw@n�p~]@z�pQ�Nb�w`b9}~z{«¬«�lgª®b9z�p~v`}~b1adv@t�]*«�b9n~n�t�z{�@z{t�x¶p�l
p~]@z�w¥£�x¬}~b9�¥a4bs�oxyz`³*e w§pr]@bdu{pr]`b9}gnrx��`bdt�uNw@nqp~z�w6pga4uN�`x�«¬x¬p�l§}rb �6v`x¬}~b9n z¯¦Nb�}~l�ª®}~b��6v`b9w6p v`�Y�`z�p~bdu{ª
p~u{�Iu{«�u{�Nl,z{w@�d}ruNvoprx�w`�gx¬woª®uN}ra>z�prx�u{wK³�Â`u{}'t�u{a0�@z{}rxynquNwK¢¸£�x¬}~b9�0e,jm|·Â¥}rb �Nv@x¬}~b9n�z�w4v`�Y�`z�p~b1b9¦{b9}rl*�{�
a0x�wmvoprbsnº£�]@x¬«�b x¬p~n1£�x�}rb9«¬bsnrn1t�uNv`w6prb9}r�@z{}qpº£ºuNv`«��¯w`b�bs��z�w�v`�Y�`z�p~b b9¦{b�}~l4prb9w�nrb9t�uNw@�`n9¢Nx¬ª w`u{p1b9¦{b9}rl
nrb9t�u{w@�K³�\�u{�Iu{«�u{�Nl¯t�uNwNp~}ruN«Ipr]`b9}rb�ª®u{}~bg�@v`}~�`b�w@n1p~]`b�w`b�p�£1u{}~ËY¢oz�w@��£�x¶p~]`u{v`p��`}ruN� b9}�nquN«¬v`prx�u{w@n9¢mpr]`b
w@b�p�£1u{}~Ë*a>z¸l4t�u{«�«�z{�@nrb�z{nQp~]`b pr}�z�(¯t��{b9w`b�}�z�p~b9�4x�w¯u{}��ob�}'pru*a>z{w@z��Nb^pr]`b }ruNvoprx�w`��ª®v`w t©prx�u{w�u{w¯x¬p~n
u�£�w�xyn^u�¦{b�}~«�uNz{�`x¬w`� ³

) w*x�a4�Iu{}rp~z{w6p�t�uNa4�Iu{w@b�w6p�u{ª@z¤nru{«�voprx�u{w,p~u�pr]@x�n��`}~u{�`«�b�aÁxyn�z{w�u{�op~x¬a0x+*9z�prx�u{w�u�ªop~]`b1�`}ru6z{�`t9z{nqp
u�¦Nb�}~]`b9zN��³�\�u0pr]@x�n^b9w@��¢op~]`b,p~zNnqË¯u{ª�}~b�«yz¸lmx¬w`�0z4�`}~uNz{�@t�z{nqp^�@z{t�ËNb�p�x�n^�Nx¬¦Nb�w�pru>z0nqv@�@nqb�p�u�ª�w`uo�ob9n
x�wFpr]`b�w`b�p�£1u{}~ËY³ \^]`b§nqa>z{«¬«�b9nqpdp~]`b }rb9«�z¸l nrb�p0x�n9¢'p~]`b «¬bsnrn0t�uNnqpr«�l £�x¬«�«1pr]`b �`}~uNzN�`t�zNn�p4� bN¢ºz�w �
a0uN}rbd�@z�w@�`£�x��mp~]�xyn,z¸¦�z�x�«�z{�`«¬b�ª®u{},v@nrb�},�`z�p�z�t�u{a0a*v`w@x�t9z�prx�u{w n�³���u�£1b�¦Nb�}s¢Iz��`}~uNzN�`t�zNn�p z{x¬a>n,z�p
z{«¬«�w@um�`b9n1x¬w�p~]`b,w`b�p�£1u{}~Ë>}rbst�b9x¬¦mx�w`�*p~]`b,�`}~uNz{�@t�z{nqp1�@z�p~z@³'\^]`b�}~b�ª®uN}rb u{w`b�nr]`u{v@«���w`u�p�}~b9�ov t�bgpr]`b
}~b�«yz¸l nqb�p*prumu�a*v@t�]-,>x�wÀu{pr]`b9}d£1u{}��`n9¢�pr]`b�}rb9«�z¸l nqb�p4adv@nqp*ª®u{}~a z¥t�u{w`w`bst©p~b9� �ouNa0x¬w@z�prx�w`��nrb�p
°Uc1±gj@²©³

Â�x�w@�ox�w`� pr]`b¯nra>z�«�«¬bsn�p�}~b�«yz¸l§nqb�p�x�n�z{w/.¤|Q´;] z�}��¥�`}~u{�@«¬b9a�³�e w�pr]`b>u{pr]`b9}�]@z�w ��¢ z�}rb9«�z¸l=nrb�p
p~]@z�p0xyn�p~u6u nra0z{«¬«1a>z¸l w`u�p0� b�}~u{�`v@nqpdb9w`u{v@�{] x�w ª¹zNt�b�u{ª¤«�uNnqp*pr}�z�w nqa0xynrnrx¬uNw@n9³   wÀpr]`b�ª®u{«�«¬u�£^´
x�w`� ¢@£1b�z�w@z{«¬lonrb,pr]`b��Ib�}rª®u{}~a>z�w@t�b�z0ª®b�£ ]`b9v`}~x�nqprxyt�n�z{w@��pr]@b�x�}¤}~b9nrx¬«�x¬b9w@t�b,p~u¯b�}~}~u{}�n�z�w@��w`b�p�£ºuN}rË
v@w@n�p�z��`«�x¬prx�b9n9³

\^]`b9}rb1z�}~b'p�£1u¤Ëmx�w@�`n�u�ª@]@b�v`}~x�nqprxyt�n9¢�z�x�a0x¬w`�¤pru ª®u{}~a�t�u{w@w`b9t�prb9�d�ou{a0x�w@z�p~x¬w@� nrb�p~n0, nrb�«¬ª¾´Unrb�«�b9t�prbs�
�`u{a0x¬w z�prx�w`�>nrb�p~n^uNw�uNw`b�]@z{w@��z{w@��w`b�x��{]m�Iu{}r´U�obsnqx��{w z�prbs���ouNa0x¬w@z�prx�w`�>nqb�p~n^uNw�p~]`b�u�p~]`b�}�]@z{w@��³

  w0nqb9«¶ªInqb9«¬bst©prbs�*�ouNa0x¬w@z�prx�w`� nrb�p�n�¢�pr]`b1}rb9«�z¸l,w`uo�obsn �1��23�	��
4
657���8����2:9;�1� z{n��@z{}qp�u�ª@pr]`b^t�uNw`w`b9t�prbs�
�`u{a0x¬w z�prx�w`��nrb�ps³=<^z{nrb9�gu{w,w`b9x¬�N]m� uN}r]`umuo�gx¬w`ª®u{}~a0z�prx�u{w>°®uNw`b�´U]`uN�K¢�p�£1u�´U]`uN�K¢�uN}Ka0u{}~bs² pr]@b�l,�ob9t�x��ob
p~]@z�p·pr]`b9ld�Ib�«�u{w`�,p~u�pr]@b�}rb9«�z¸l4nqb�p9³'cº«�zNnrnrxyt�z�«@b�Ã`z�a0�`«�b9nQu{ªKnqv@t�]>z{w¯z��`�`}~uNzNt�]dz{}rb^p~]`b¤z�«��{uN}rx¬pr]@a0n
u{ª=> v@?Kx'»���¼U³

e w�pr]`b>u{pr]`b9}�]@z�w ��¢ x�w�w@b�x��{]m� uN}q´µ�obsnqx��{w@z�prbs�¥�ouNa4x�w@z�prx�w`�§nqb�p9¢ nru{a0b0w`uo�ob9n �������1��23�	��
��	
 z{n
a0b9a*�Ib�}�n>u�ª�p~]`b¥t�uNw`w`bst©prbs�½�ou{a0x�w@z�p~x¬w@� nqb�p��ml p~]`b�x�}�w`b9x¬�N]m� uN}~n9³�\^]`b¥t�«yz{n~nrx�t9z�«�b�Ã`z{a4�@«¬b=u{ª
nrv@t�]¿z�w½z��@�`}ru6z{t�] xyn0p~]`b=f§v`«¬prx�|�u{x�wNp���b�«yz¸l6x�w`� » �¸¼ v@nqbs�Sx¬w¡e �op~a4x+*�bs�A?Kx�w`ËFj6p�z�prb=��u{vop~x¬w`�
°UeB?�jo� ²�» C�¼;³,e w pru{�§u{ªQpr]`xyn¤nrb�«�b9t�prx�u{wK¢Yz¯nrb�«¬ª¾´;�@}rv`w@x¬w`��n�p~}~z�prb��Nl�xyn�v@nrb9� �ml b9zNt�] w`uo�ob*x�w§u{}��ob�}
p~u>�ob�p~b�}~a4x�w`b�£1b�p~]`b�}�x¬p�a*v@nqp�}rb9«�z¸l�zd}~b9t�b�x�¦{bs�¯�`}~uNzN�`t�zNn�p^�@z{t�ËNb�ps¢ou{}^w`u�ps³

\�£ºugp�lm�Ib9nQu{ªInrb�«¬ª¾´;�`}~v`w`x�w`��nqpr}�z�prb9�{x�b9nQt9z�w4� b�v@nrb9�-,º°®x¾²Qz{wdu{¨ ´U«¬x�w`b�nqpr}�z�prb9�{lN¢{�ob�p~b�}~a0x¬w`bs�*uNw@t�b
z{w@��ª®u{}¤z{«¬«�z�p�p~]`b�prx�a0b�u�ª'f§|º��nqb9«¬bst©prx�u{w ¢@u{}�°¹x¬x¾²�z{w u{wo´U«¬x�w`b�nqpr}�z�p~b��{lN¢@�ob�prb�}~a0x¬w@b9� �ov`}~x¬w@�>pr]`b
�@}ru6z{�`t9z{nqp9¢oz{n��ouNw`b,x¬w§f§|º�ED u6uo�ox�w`� » ��¼U³

F G ����	���������&º�

  w0�Iu�p~]4]@b�v`}~x�nqprxyt�n9¢�x¬p'x�nQzNnrnrv`a0b9�*pr] z�p'b�¦Nb�}~l�w`uo�ob�Ëmw`u�£�n�x¶p�nQw`b9x¬�N]6�Iu{}�w`uo�obsn�¢N¦mx�zg�Ib�}~x¬uo�oxyt1]`b�«�«¬u
b�Ã`t�]@z�w`�Nb{³   p¤xyn¤z�«ynru¯z{n~nqv`a0bs��p~]@z�p w`uo�ob9n¤� b9}rx�uo�ox�t9z�«�«¬l�z{�o¦Nb�}rprx+*�b,p~]`b�x�}¤w`b9x¬�N]m� uN}�«¬xynqp9¢Ib�x¬pr]`b9}¤x�w
]@b�«�«¬u6n�u{}dx¬w �1?�j ) ´U«¬x�Ë{b �4�@z{t�ËNb�p~n9¢�z{n�x�wSe,jm|ºÂº³�\^]`b9}rb�ª®u{}~b>pr]`b�w`uo�ob9ndz�}~b�z�«ynru¥z¸£1z{}rb0u{ª�pr]`b9x¬}
p�£1u�´U]`uN�>w`b�x��{]m�Iu{}~]`umum�§°¹�`vop^pr]@x�n1x�woª®u{}~a>z�prx�u{w�a0z¸l>t�u{a0b¤£�x¬pr]�nquNa4bg�ob�«yz¸l`²©³QÂ`uN}1z*w`uo�ob

A
¢m£ºb

t9z�«�«
N (A)

x¬p~n�uNw`b�´U]`u{� w`b9x¬�N]m� uN}r]`umuo��z�w@�
N2(A)

x¬p~n�p�£ºu{´;]`uN��w@b�x��{]m� uN}r]@u6uo��³H<ºu{pr] ]`b9v`}rxynqprxyt�n

I=I ×�J�K$L$M$N
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] z¸¦{b��Ib�b9w¥�`}~u�¦{b9w§pru��`}ru�¦mxy�obdz{w=b�¨Yb9t�prx�¦{b0�ou{a0x�w@z�p~x¬w@��nrb�p>°¹z�«�«�pr]`b4w`uo�obsn z{}rb4t�u�¦{b9}rbs�@²©¢I£�]`b9w
w@b�x��{]m� uN}r]@u6uo��x¬woª®uN}ra>z�prx�u{w�x�n^b�ÃozNt©ps¢`z�w@��pr}�z�w nqa0xynrnrx¬uNw@n^z�}~b b9}r}~u{}r´;ª®}rb9b��¯£�x¶p~]`u{v`p¤t�u{«�«�x�nrx¬uNw@n9³

����� ������������������� �!��"$#&%('*)�+-,.�/)�+10*���2�
  w�pr]`xyn1�@z��Ib�}s¢6pr]`b,]`b9v`}~x�nqprxyt¤£1bg£�x¬«�«�t�u{w nqxy�ob�}ºª®u{}�nrb�«¬ª�nrb�«�b9t©p~x¬uNw¯xyn·p~]`bgp�lm�`x�t9z�«Y}~v`«¬b

k
u�ª=>�v z�w@�

? xB³d\^]`x�n,]@b�v`}~x�nqprxytda0z{Ë{bsn z�w`uo�ob
A

nqb9«¬bst©p,x¶p�nqb9«¶ª^z{ng�@z�}rp,u�ª'p~]`b0}rb9«�z¸l§nrb�p��ml=�ob�p~b9t©p~x¬w@� z{«¬«�x¬p~n
w@b�x��{]m� uN}ºw@um�`b9nºpr]@z�p1] z¸¦{b z{w   ³ ±*³o£�]@x�t�]�x�n1�{}~b9z�prb9}·p~]@z�w�w`uo�ob

A 3 n   ³ ±*³ > b�t�z{«¬«Ipr]@x�n^nrb�p
S(A)

³
\^]@bgw@um�`b

A
nqb9«¬bst©p~n^x¬p~nrb�«¬ªQz{n^�@z{}qp�u�ª�pr]@b�}rb9«�z¸l¯nrb�p�x¬ª�p~]`b,ª®u{«�«¬u�£�x�w`�>t�uNw@�ox¬prx�u{w�x�n1ª®v@«54@«�«�b9� ,

6 pr]`b�nrb�p
S(A)

xyn�w`u{p�z0�ouNa0x¬w@z�prx�w`�>nqb�p�u�ª�pr]`b�w`b9x¬�N]m� uN}r]`umuo��u�ª
A
³

\^]`b0nrb�«¬ª¾´Unrb�«�b9t�prx�u{w§xyn¤�Ib�}rª®u{}~a0b9�§b9¦{b�}~l6prx�a0b�pr]`b9}rbdx�ngz¯w@u�prx74 t9z�prx�u{w¥u�ª·t�]@z{w`�{b�x�w=p~]`b4w`b�x��{]o´
�Iu{}~]`umuo�0u{}ºx¬w>p~]`b�p�£1u�´U]`uN�>w`b�x��{]m�Iu{}~]`umum�K³4> b w`u{prb��ml4pr]@b¤£^z¸l{¢�p~]@z�p^z�w`uo�ob

A
�oumbsn'w`u{pº]@z¸¦Nb

p~u>nqx��{w@z{«�x¶p�n�nrb�«¬ª�nrb�«�b9t©p~x¬uNw�p~u>x¶p�n�w`b9x¬�N]6�Iu{}�n9³

���8� 9:��)�0(;�<=%?>@�A#B��C@)�0(+-,.�!��"$#&%D'E)�+1,F�/)�+-0*���2�/C
  wFpr]@x�n>� z��Ib�}s¢'pr]@b§]`b�v`}~xyn�p~x�t�£1b�£�x�«�«¤t�uNw@nqxy�ob9}dª®uN}>w`b�x��{]m�Iu{}>nrb�«�b9t©p~x¬uNwFxyn0p~]`b§f§|·� nqb9«¬bst©p~x¬uNw
zNn��ou{w@b>x¬wFeB?�jo� » C�¼U³ >½x¬pr] p~]`xyn�]`b9v`}rxynqprxyt>z w`uo�ob

A
t�}~b9z�prbsn�z�w f§|·��nrb�pG��z nrv`�@nrb�p*u{ª1x¬p~n

w@b�x��{]m� uN}r]@u6uo�H��pr]@z�p�a*v@nqpg�Ib0z��ouNa0x¬w@z�prx�w`� nqb�pgu{ª'pr]`bdp�£1u�´U]`u{�=w@b�x��{]m� uN}r]@u6uo�§u{ª
A
³�?Kb�p,v@n

�`b�w`u{prbºf=|·�
(A)

p~]`b^f§|·�Ànrb�p�u�ª`w@um�`b
A
³�f§|·�Fnqb9«¬bst©p~x¬uNw�x�n�p~]`b�w��Ib�}rª®u{}~a0b9��£�x¬pr]*pr]`bºª®u{«�«�u�£�x¬w`�

z{«¬�Nu{}~x¶p~]`a ,

�{³ >�b�nqp~z{}qp�£�x¬pr]§f§|·�
(A) = ∅

�o³ >�b0z{�@� pru f§|·�
(A)

z�«�« p~]`b4w`b�x��{]m�Iu{}¤w@um�`b9n¤pr]@z�p,z{}rb�p~]`b4v`w`x �Nv@b4t�u{w`w`bst©p~u{}�ª®}~u{a
A
pru

z�w`u{pr]`b9}�w`uo�ob,x¬w
N2(A)

³
�`³�I�w6prx�«Kz�«�«Iw`uo�ob9n1x�w

N2(A)
z{}rbgt�u�¦Nb�}~b9�0�ml¯f§|·�

(A)
¢@£ºbgz{�`�¯pru0f§|·�

(A)
pr]`bgw`b�x��{]m�Iu{}1u�ª

A
pr]@z�p¤t�u�¦Nb�}�n'p~]`b�a0uNnqp�l{b�pr´;v@w@t�u�¦Nb�}~b9�>w`uo�obsn^x¬w

N2(A)
³

\^]`xyn1f§|·�­nrb�«�b9t�prx�u{w¯z�«��{uN}rx¬pr]@a%]@zNn'�`}~u�¦{b9wdp~u��Ib¤¦{b9}rl4b1(¯t�x¬b9wNp1z�w@�0xynºzNt©p~v@z�«�«¬ldpr]@b�ª®u{v`w �`z�´
p~x¬uNw§u�ª�pr]@b4eB?�jo� �@}ru{pruot�uN«S» C�¼U³ .�u{prxyt�b�p~]@z�p¤£�x¬pr]=pr]`xyn¤z{�`�`}~uNz{t�] ¢`z>w`uo�ob�]@zNn^pru�nqx��{w@z{« f§|·�
nrb�«�b9t�prx�u{w�pru�x¶p�n�w`b9x¬�N]m� uN}�w`uo�ob9n9³�\^]`xyn t9z�w � b4�ou{w@b�¦mx�z>z{w=z{�`�ox¬prx�u{w z�«J4 b�«y� x¬w=]@b�«�«¬u¯a0bsnrn~z��Nb9n9¢
ª®uN}�b�Ã`z�a0�`«�b{³ ) w`uo�ob

A
£�]`xyt�] ]@z{n¤nqb9«¬bst©prbs�

B
zNn�f§|·� w@um�`b�x�n^p~]`b�w§t9z�«�«¬bs��z{w§f§|·��nrb�«�b9t©p~u{}

u{ª�w`uo�ob
B
³

KJL�KJLNM O Å �NP Ç
Q � �FRFSNRFT O �����o� Å TUS Å �
\^]@b�}~b�z�}~b>p�£1u¥t�z�prb��Nu{}~x¬bsn,u�ª¤nrb�«¬ª¾´;�@}rv`w@x¬w`��n�p~}~z�prb��Nx¬bsn�,4u{w uNw`b�] z�w@� z{w u{wo´U«�x¬w`b�n�p~}~z�prb��Nl¥p~]@z�p
z{�`�`«�x¬bsn¤z�p�pr]`b�prx�a4bdu�ª�pr]@b*�`}~uNzN�`t�zNn�p�u{�Ib�}�z�p~x¬uNw@n9¢ z�w � u{w pr]@b�u�p~]`b�} ]@z�w@�§z{w§u�¨I´;«�x�w`b*nqpr}�z�prb9�{l
p~]@z�p¤z{�`�`«�x¬bsn^� b�ª®u{}~b�]@z{w@��³

\^]`b�uNwo´U«¬x�w`b�f§|·� nrb�«¬ª¾´;�`}~v`w`x�w`�>nqpr}�z�prb9�{l>xyn^pr]@b,ª®u{«�«¬u�£�x�w`�@¢oz{w@��£1zNn(4 }~nqp¤�ob9n~t�}~x�� bs��x�w » C�¼�,
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6 ) w`uo�ob�ª®u{}~£1z{}~�@n�z§�`}~uNzN�`t�zNn�p��@zNt�Ë{b�p*x¶ª¤z{w@� uNw`«¬l x¬ª�x¶p4}rbst�b�x�¦{bsn�x¬p~n 4@}�n�pdt�u{�ml�ª®}ruNa
z{w
f§|·��nrb�«�b9t�pru{}s³

\^]`b¤u�¨I´;«�x¬w@b�nqb9«¶ª¾´U�`}~v`w`x�w`��n�p~}~z�prb��Nl�xyn�pr]`b�ª®u{«�«¬u�£�x�w`��z�w@�4xyn'�obsnrt�}rx�� bs�4x¬w¯�ob�p~z{x¬«`x�w » ��¼;³ ) w`uo�ob
A
�Ib�«�u{w@�Nn1pru4p~]`b�}rb9«�z¸l¯nrb�p�x¬ª�u{w`b,u�ª�pr]`b,ª®uN«¬«�u�£�x�w`�>t�u{w �ox¶p~x¬uNw�xyn^ª®v`«74@«�«¬bs� ,
6 .�uo�ob

A 3 n   ³ ±d³`x�n�nra>z�«�«¬b9}^pr]@z{w§z�«�«�u�ª p~]`b   ³ ±*³ u�ª�x¬p~n�w`b�x��{]m�Iu{}^w`uo�ob9n �
6 .�uo�ob

A
x�nQnrb�«�b9t�prbs�*z{n�f§|º�F�ml,p~]`b^w`uo�ob^£�]`x�t�]4]@zNn p~]`b�nqa>z{«¬«�b9nqp   ³ ±d³{z�a0u{w@�¤x¬p~n�w`b9x¬�N]6�Iu{}

w`uo�ob9n9³
.¤u�prb �ml*p~]`b¤£^z¸l*p~]@z�pºpr]`b u{wo´U«�x¬w`b nqb9«¶ª¾´U�`}~v`w`x�w`��xyn'b��6v`x�¦�z�«�b�w6p·p~u�pr]@b¤u�¨I´U«¬x�w`b nqpr}�z�p~b��Nl{¢{£�]@b�}~b

p~]`b   ³ ±d³Qx�ndp~]`b�nrb��6v`b9w@t�b�u{}��ob�}4u�ª¤pr]`b�}rb�pr}�z�w@nra0x�n~nrx¬uNw@n�u{ª�pr]`b �`}~uNzN�`t�zNn�ps³ \^]@b 4@}�nqp4b9a4x¬pqp~b�}
£1u{v@«�� ]@z¸¦Nb   ³ ±d³��@¢ p~]`b�nrb9t�u{w@� b�a0x¬pqp~b�}�°Bf§|·��u{ª^pr]`b 4@}~nqp�b�a0x¬pqp~b�}©²�£1u{v`«y� ]@z¸¦{b   ³ ±*³1�{¢�b�p�t�³
.¤u�p~x�t�b�pr] z�pgpr]`b9}rbd£�x¬«�«��Ib4u{w`«�l u{w`bdw`uo�ob�°¹w`uo�ob4�6²^p~]@z�p,x�ngz¯«�uot�z{«�a0x�w`x¬adv`a ¢Ypr]@z�p a>z�ËNb9n¤pr]`b
uNwo´U«¬x�w`b�nqb9«¶ª¾´U�`}~v`w`x�w`�0a0u{}~b b�(>t�x¬b9w6p�pr]@z{w�p~]`b�u�¨I´U«¬x�w`b�n�p~}~z�prb9�{l=°®«�b9n~n�}~b�«yz¸l>w`uo�ob9n�²©³

  w,p~]`b'«�x¶prprb�}�z�p~v`}~b�pr]`b'uNwo´U«¬x�w`bQ�`}~v`w`x�w`��f§|·� D@umum�`x¬w`��xyn nrx�a4�@«¬l Ë6w@u�£�w,zNnYpr]@b·f§|·�^´�D@umuo�ox�w`�@¢
z{w@��pr]`b�u{¨ ´U«¬x�w`b,�`}~v`w`x�w`�>xyn�z�«ynqu0Ëmw`u�£�w�zNn1pr]`b�f=|·�^´qc1±gj D@umuo�ox�w`�@³

����� � >/���1)�%��-C
	&+-,����1C�)�C
\^]@b>x��obsz u�ª^x¬a0�`}~u�¦mx¬w@��p~]`b¯}~b�«�x�z{�`x¬«�x¬p�l=u�ª^u�¦{b9}r]`bsz{�m´Uu{�`prx�a4x+*�bs� D@umuo�ox�w`�§x¬w ª¹zNt�b>u�ª^a0u{�`x�«�x¶p�l�x�n
w@u�p·w`b9£�³Q± z{xIz{w@� >�v�]@z¸¦{b�x�wm¦{b9nqprx��Nz�prbs�4z{w¯z�«��{uN}rx¬pr]`a t�z{«¬«�b9� �9j < ) �ºp~]@z�pºpr]`b9l0nqprv �ox¬bs�4ª¹z{t�x¬w`�
a0uN�`x¬«�x¬p�l{¢�z�«�u{w@�¤£�x¬pr]¯c1±gj �$> vo´ ?Kx ��¢�z�w �4c1±,j���± z{x¶´�>�vd}rv@«¬b

k
��»Ñ�¸¼U³�\^]@b�x�}�nqprv �ol�t�uNw!4@}~a0n�p~]@z�p

z{«¬�Nu{}~x¶p~]`a>n·� z{nrb9�¯uNw��`l6w z�a0x�tgnrb�«¬ª¾´;�`}~v`w`x�w`� °®«�x¬ËNb�f§|·�ED@umum�`x¬w`�m²©¢`z{}rbgw@z�p~v`}�z�«�«¬l>a0u{}~bg}rb9«¬xyz��`«�b{³
\�u*�Ib t�u{a0�`«�b�pr«�ldª¹z�x�}·£�x¬pr]�f§|º� D@umuo�ox�w`�@¢ >�v�z�«ynqu�t�u{w@nrx��`b�}~b9�>z ��}ruN�`v@nqp �1¦{b9}~nrx�u{w0u�ªKf§|·�

D u6uo�ox�w`� ¢·�@zNnqbs�ÀuNwÀp~]`b§x��`b9z �ob�¦Nb�«�u{�Ib9�Fx¬w½j < ) » 
�¼U¢1£�]`x�t�]Sxyn0}ruNv`�{]`«�l pr]@b=nrz{a4b§zNn>f§|·�^´
c�e�� �º� )�� ���,��x¬wÀeB?�jo� » C�¼U¢ b�Ãot�b��op�p~]@z�p�p~]`b¯nrb9t�uNw@� t�u�¦{b9}~z{�{b*pr}�z�w@nra0x¶p�n,u{w`«�l¥x¬ªºp~]`b 4@}�n�p
t�u�¦{b9}rb9}~z{�{b�ª¹z{x¬«yn1pru0p~}~z{w@nqa0x¬p9³

> vFz{w@�À±gz�x^z�«ynqu�n�p~v@�ox�b9� p~]`b�x�n~nqv@b�u�ª u{�@nru{«�b�p~b¯w`b�x��{]m�Iu{}4x¬w`ª®u{}~a0z�prx�u{w x�wFz{w`u�p~]`b�}d�@z��Ib�}
»��9��¼;¢1z�w@�Àx¬w6pr}~uo�ov@t�b9�Snqb9¦{b�}�z�«ºx¬w6p~b�}~b9nqprx�w`�¥p~]`b�uN}rx�b9n9³ÀÂ@u{}0b�Ã`z�a0�`«�b{¢·p�£ºu nrb�p~n4u{ª w`b9x¬�N]6�Iu{}�n4z�}~b
x�w6pr}~uo�ov@t�bs��°¹xy²�t�«�uNnrb uNw`b9n9¢@z�w ��°¹x¬x¾²^w`u{pq´µnqu{´Ut�«¬u6nqb u{w`bsn�³Q± u{a0x¬w z�prx�w`�¯nrb�p�n�z�}~b p~]`b�w§t�}rbsz�prbs��¢@4@}�n�p
v nqx�w`� ��t�«�uNnrb¤w`uo�obsn ��¢N£�]@x�t�]�z�}~b�«¬bsnrn1«�x¬ËNb�«�l4pru*a0u�¦Nb z¸£^z¸l*ª¹zNn�ps¢mz{w@�>£�]`xyt�]¯ª®uN}ra�zda0u{}~b¤}~u{�`v@nqp9¢
z{w@�=�ob9w@nrb�},�ou{a0x�w@z�p~x¬w`��nqb�p9³�\^]`b9wK¢ �©w`u{pgnru�t�«¬u6nqb�w@um�`b9n ��z�}~b*v nqbs� pru t�uNa4�@«¬b�prbdt�u{w`w@b9t©p~x¬¦mx¬p�l{³
\^]@b�u{}~b�p~x�t9z�«�«¬lN¢mpr]`xyn�Ëmx�w@� u�ª·c1±gj nr]`uNv`«����Ib�«�b9n~n��ob�w@nrb�p~]@z�w�pr]@b��`}~b�¦mx¬uNv@nr«¬l>a0b�w6p~x¬uNw`w`b9� ��± z{x¶´
> v¯}~v`«�b

k
�gc1±gjY¢6�`vop^a>z¸lm� b a4uN}rb¤}ruN�`v@nqp9³ ) w`u{pr]`b9}ºxy�ob9z*x�n·prudb�Ão�`«�x�t�x¶p~«¬l>t�uNw@nrx��ob9}·�@z{}~z{a0b�prb9}~n

nrv@t�] z{n1p~]`b��ob�«yz¸lon1x¬w�pruN� uN«¬uN�{l¯zNt �6v`xynqx¬prx�u{wK¢`�`v`b,pru4pr]@b�]`b�«�«¬u>a0bst�]@z�w`xynra�ª®u{}�x�w@nqp~z�w t�b{³
  w » ��¼�pr]`b¥z{vopr]@u{}�n4z{w@z�«�l#*�b§z�w �Ft�u{a0�@z�}~b�pr]`b§�Ib�}rª®u{}~a>z�w@t�b�u{ª,f=|·� D@umum�`x¬w`� z{w@�Snqb9«¶ª¾´

nrb�«�b9t�prbs� c1±,j�x¬w�pr]@b�t�z{nrb,u�ª�f ) . �·\ z�w@�§eB?�jo� » C{¼;³
  w§p~]`xyn�}~b��Iu{}rp9¢@£1b�x�wm¦{b9nqprx��Nz�prb,p~]`b�}~b9nrx¬«�x¬b9w@t�b*u�ªQb9zNt�]�Ëmx�w@�§u{ªQz{«¬�Nu{}~x¶p~]`a ¢ ��� nqb9«¶ª¾´µnqb9«¬bst©p~b9� u{}

w@b�x��{]m� uNv`}r´U�obsnqx��{w z�prbs��³Q\^]`b�nrx¬adv`«�z�prx�u{w nrt�b�w@z{}rx�x�v@nrb,¦¸z{}rx�u{v n^� b9}qp~v`}r� z�prx�u{w n�¢`nrv@t�]§z{n1p~}~z{w@nqa0xyn�´
nrx�u{w�«�uNn~nºu{}^x¬w`ª®u{}~a0z�prx�u{w¯uN�@nru{«�b9n~t�b�w t�b �`v`b¤p~uda0uN�`x¬«�x¬p�l{³ > bg£�x�«�«U4 }~nqp1x�wm¦{bsn�p~x¬�6z�prb¤pr]`b,}~b9nrx¬«�x�b�w@t�b
u{ª·p~]`b9nrb>z�«��{u{}~x¬pr]`a>ngx¬w�ª¹z{t�b0u�ª1pr}�z�w@nra0x�n~nqx�u{w¥b�}~}ruN}~ngz�w@��«�uNn~n�¢Kx�w jmb9t�prx�u{w C@³0\^]`b�w ¢ x�w jmbst©p~x¬uNw
�`¢m£ºb £�x¬«�«�x¬wm¦Nb9nqprx��Nz�p~b�pr]@b b�¨Ibst©p~n^u{ª a0u{�`x�«�x¶p�l>z�w �¯u{� nquN«¬b�prb�p~u{�Iu{«�u{�Nl4x�woª®uN}ra>z�p~x¬uNwK³ ) w@� 4@w@z{«¬«�l{¢
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£1b�£�x�«¬«��{b9w`b�}�z�«�x3*9b,pr]`b*�`}ruN�`«�b�a u�ªQu{�@nru{«�b�p~b�x�woª®u{}~a>z�prx�u{w x�w�jmbst©prx�u{w=�¯�6l nqprv@�olmx�w`�¯¦Nb�}�nqx�u{w@n^u{ª
nrb�«¬ª¾´µnqb9«¬bst©prbs��z{w@��w`b�x��{]m�Iu{}r´U�obsnqx��{w z�prbs��z{«¬�Nu{}~x¶p~]`a>n·p~]@z�p�uN� b9}~z�prbgu{w z0�`v`}~b�«�l¯}�z�w@�ouNa��@z{nrxyn�³

� � ��� .>��) �����,��������� �>�����

? b�p�v n0p~z{Ë{b=z v`w@x¶p��`x�nrËF�N}~z{�`]Sa4uo�ob9«¤uNw¿z
L × H

}rbst©p�z�w`�N«¬b °
L

z�w@�
H

z�}~b§b�Ão�`}~b9n~nrb9�¿z{n
adv`«¬prx��`«¬bsn�u{ª,pr]`b }~zN�ox�u }~z{w`�{b§v`w@x¶p©²©¢¤£�x¬pr]

N
w`uo�ob9n�}~z{w@�ouNa4«�l¿�ox�nr�@z�p~t�]`bs��³ > b�nrx¬adv`«�z�prb¥z

nrx�a4�@«¬x74@b9� a0bs�ox¬v@a zNt�t�bsnrn�t�u{w6pr}~u{«Kn~t�]`b9a4b ,'£�]`b9w z0�@}ru6z{�`t9z{nqp^uot9t�v`}�n�¢ z�p¤z�wml�prx�a4b�pr]`b9}rb�xyn�z�p
a0u6n�p�u{w@b�b�a0x¶prprb9}�x¬w�p~]`b�w`b�p�£ºuN}rËY¢m}~z{w@�ouNa4«�l�t�]`u6nqb9w�z{a0u{w`�4pr]@b�w`uo�ob9n�£^z�x¬prx�w`�4pru>}~b�p~}~z{w@nra4x¬p9³
Â�x��{v`}~b���nq]@u�£�n·p~]`b,}rb9«�z¸l¯nrb�p�nrx3*9bgª®u{}��ox¬¨Ib9}rb9wNp�w@b�p�£1u{}~Ë0nrx+*�b,x¬w z

2× 2
n��6v@z{}rb a0z{�K³'Â�x¬�Nv`}~b,�

nr]`u�£�n pr]@b4}�z�p~x¬u�u�ª1pr]@b4}~b�«yz¸l=nrb�p�u�¦{b9}¤p~]`b>w`b�p�£1u{}~Ë=nrx3*9bdª®uN}��ox¶¨Yb�}~b�w6p�w`b�p�£ºuN}rË=nrx3*9b0x¬w z
4 × 4n��6v@z�}~b{³ .¤u�t�u{«�«¬xynqx�u{w n�¢�z�w �=w`u�pr}�z�w@nra0x�n~nrx¬uNw=b�}~}ruN}~n¤z�}~b4t�u{w@nrx��`b�}~b9��³�\^]`b0�ox¬¨Ib9}rb9wNp�z�«��{uN}rx¬pr]@a0n

nr]`u�£¡nrx�a4x�«yz�}^� b9}qª®uN}ra>z{w@t�bN³ ) n^b�Ão� bst©p~b9��¢ouNwo´;«�x�w`b,�`}rv@w`x¬w@�4f§|º�$�Ib�}rª®u{}~a>n1� b�pqprb9}^pr]@z{w�u{¨ ´U«�x¬w`b
�@}rv`w@x¬w`� ¢Kz�w@��nqb9«¶ª¾´µnrb�«�b9t©p~b9� c1±gj�n�p�z�w@�@n x�w¥�Ib�p�£1b�b9wK³*Â�x��{v`}~b4���oxynq�@«�z¸lon¤pr]`b>n~z�a0bd� z�}�z�a0b�p~b�}�n
�@vop�u{w z

6 × 6
n��Nv z�}~b{³
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xÂ�x��{v`}~b¤� , ��b9«�z¸l�nrb�pQnqx+*�b·ª®u{}Qnqb9«¶ª¾´µnrb�«�b9t©p~b9�dc1±,j¯°¹a0x��`�`«¬bN¢��{}~b�b9w ²©¢�uNwo´;«�x�w`b·�`}~v`w`x�w`�,f§|·�$°®�Iu�pqp~u{a ¢
}~b9� ²·uNw

2× 2
n��6v@z{}rbN¢m¦{b�}�nrv@nºpr]`b�w`b�p�£ºuN}rË¯nrx+*�b
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Â�x��{v`}~b4�7,�ª®}�z{t©p~x¬uNw¥u{ª'pr]`b4w`b�p�£ºuN}rË �Ib�«�u{w`�Nx¬w`��pru�pr]`b4}~b�«yz¸l nrb�pgª®u{},nrb�«¬ª¾´Unrb�«�b9t�prb9� c1±gjÀ°®a0xy�`�o«�b{¢
�N}rb9b�w ²�¢�uNwo´U«¬x�w`b>�`}~v`w`x�w`�=f§|·� °®�Iu�pqp~u{a ¢�}rbs�@²©¢�u�¨I´U«¬x�w`b¯�`}~v`w`x�w`�=f§|º�i°¾p~u{�K¢�l{b9«¬«�u�£¤² u{w

4 × 4n��6v@z�}~b{¢m¦Nb�}�nqv@nºp~]`b�w`b�p�£1u{}~Ë¯nrx3*9b

� � ��������������&1�
��� � 	��*����)+��� ������� �^	�	���	��

  w�pr]@b4�@}rb9¦6x�u{v ngnrx�a*v`«yz�p~x¬uNw@n�¢�£1b0z{n~nqv`a0bs�=�Ib�}rª®b9t©p�p~}~z{w@nra4xyn~nqx�u{wK¢Y£�x¬pr]`uNvop�z�wml§b�}~}~u{}�n�³   w }~b9z�«
t9z{nrb9n9¢�t�u{«�«�x�nrx¬uNw@n¯z{w@�¿b�}~}ruN}~n0uot9t�v`}��ov`b=p~u �`v`}�nqp�l pr}�z�(¯t{¢^ª¹z{�ox�w`�@¢�a0uN�`x¬«�x¬p�lFuN}�nrx¬adv`«¶p�z�w`b9u{v@n
p~}~z{w@nra4xyn~nqx�u{w@n9³A>�b§£�x�«�« nr]`u�£�p~]@z�p>p~]`b§w`b�x��{]m�Iu{}r´U�`b9nrx¬�Nw@z�p~b9�Àf=|·� z�}~b�a0uN}rb§}~b9nrx¬«�x�b�w6p0pr]@z{w
nrb�«¬ª¾´µnqb9«¬bst©prbs�­c1±gj¿x�w¿ª¹z{t�b=u�ª,p~]`b9nrb§b�}~}ruN}~n9³$\^]@b=}rbsz{nru{wFª®u{}�pr]`xyn�nrb�b9a0n¯pru �Ib=p�£1u�´;ª®u{«y� ,À°¹xy²
b�Ão�`«¬xyt�x¬p�nrb�«�b9t©p~x¬uNw¿x¬w¿p~]`b§w`b�x��{]m�Iu{}~]`umuo�Àx�a0�`«¬x�b9n¯pr]@z�p�z�wml w@b�x��{]m� uN}>]@z{n�z }rb9«�z¸l w@um�`b§x¬w½x¬p~n
w@b�x��{]m� uN}r]@u6uo��¢ z�w@� °¹x¬x¾²�w@b�x��{]m� uN}¤�obsnqx��{w@z�prx�u{w £�x¬pr]=uNwo´;«�x�w`b*nrb�«¬ª¾´;�`}~v`w`x�w`�>ª®bsz�p~v`}rbsn¤z¯nrx��{w`x74 t�z{w6p
}~b9nrb�}~¦{b u�ª�� u{prb9wNp~x�z{«�}rb9«�z¸lon(�¯x¶ªQnru{a0bgª¹z�x�«Ku�p~]`b�}�n�z�}~bgz{vopruNa>z�prxyt�z{«¬«�l�zNt©prx�¦�z�p~b9��pru 4@«�«Ypr]`b��6z��K³
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Â�x��{v`}~bd��,�ª®}�z{t©p~x¬uNw¥u{ª'pr]`b4w`b�p�£ºuN}rË �Ib�«�u{w`�Nx¬w`��pru�pr]`b4}~b�«yz¸l nrb�pgª®u{},nrb�«¬ª¾´Unrb�«�b9t�prb9� c1±gjÀ°®a0xy�`�o«�b{¢
lNb�«�«¬u�£¤²�¢ uNwo´;«�x�w`b¯�`}~v`w`x�w`�=f§|·� °®�Iu�pqp~u{a ¢�}rbs�@²©¢�u�¨I´U«¬x�w`b¯�`}~v`w`x�w`�=f§|º�i°¾p~u{�K¢��{}~b�b9w ²gu{w

6 × 6n��6v@z�}~b{¢m¦Nb�}�nqv@nºp~]`b�w`b�p�£1u{}~Ë¯nrx3*9b

�-��� � )�����"�� > ,�+ C@'E)�C@C�)�%(+��H> >/%?>	� ,F�!�
> b>]@z¸¦Nb4nrx¬adv`«yz�prbs� �`}ru6z{�`t9z{nqp D u6uo�ox�w`� £�x¬pr] pr]`b>x�w6pr}~uo�ov@t�x�w`� u�ª�z�w z{�@�ox¶p~x¬uNw@z�«Q� z�}�z�a0b�p~b�}

p
³


 v z�w6prx¬p�l
p
xyndpr]`b }~b9t�b��op~x¬uNwÀ�`}~u{�@z{�`x�«¬x¬p�l{¢ �����
� pr]@b��@}ruN�@z��`x�«�x¶p�l pr] z�p¯z¥�Nx¬¦Nb�wÀpr}�z�w@nra0x�n~nqx�u{wÀx�n

t�u{}~}rbst©p~«¬l�}rbst�b9x¬¦Nb9� �ml§z¯�{x�¦{b9w=w`b9x¬�N]6�Iu{} w`uo�ob{³B>½]`b9w
p = 1

£ºbd]@z¸¦{bdb�}~}ruN}�ª®}rb9b�p~}~z{w@nqa0xynrnrx�u{wK³
>½]@b�w

p = 0
w`u�pr}�z�w nqa0xynrnrx¬uNw�t9z�w � b>}~b9t�b�x�¦{b9�¥�ml¥z�wml§w`uo�obN³ > b¯z{n~nrv`a0bdp~]@z�p,p~]`b>w`b�x��{]m�Iu{}

x�woª®uN}ra>z�p~x¬uNw�b�Ã`t�]@z�w`�Nb xyn^w`u{p¤nqv`�`��b9t©p^p~u>b�}~}ruN}g°B�ov`b,pru>}~b9�`v`w@�`z{wNp�]`b9«¬«�uNn9¢ob�p�t9²�³
Â�x��{v`}~b C��ox�nr�`«yz¸lon�pr]`b^ª®}�z{t�prx�u{w4u�ªIpr]`b�w`b�p�£ºuN}rË�}~b9t�b�x�¦mx¬w`�gp~]`b��`}~uNz{�@t�z{nqp�¦{b�}�nrv@n�pr]`b�}~b9t�b��op~x¬uNw

�@}ruN�@z��`x�«�x¶p�l
p
x¬w z�w@b�p�£1u{}~Ë�£�x¬pr]F�9�N�¯w`uo�obsn uNw�z

4 × 4
n��6v@z{}rbN¢ ª®uN}gpr]`b>�ox¬¨Ib9}rb9w6p�c1±,j§p�lm�Ib9n9³

.¤u�p~x�t�b�pr] z�p�z�«¬pr]`uNv`�{]=nrb�«¬ª¾´Unrb�«�b9t�prbs��c1±gj=x¬wm¦Nu{«�¦{b�a0u{}~b*}~b�«yz¸l�w@um�`b9n¤pr]@z{w=w`b�x��{]m�Iu{}r´U�`b9nrx¬�Nw@z�p~b9�
f=|·��°¹nrb�bG4@�Nv`}~b��N²©¢`x¬p~n�ª®}~zNt©p~x¬uNw�u{ª�t�u{}~}rbst©p�}rbst�b9�oprx�u{w§�o}~u{�@n^adv@t�]�ª¹z{nqprb9}^pr]@z{w§£�x¶p~]�w@b�x��{]m� uN}q´
�`b9nrx¬�Nw@z�p~b9��f§|·��³¸\�u¤�Ib1a4uN}rb·�`}rbst�xynqbN¢¸£�]`b�w

p
xyn�t�«¬u6nqbQp~ud� °®£�]`xyt�]dnr]`u{v@«����Ibºpr]`b1t�z{nrb'ª®uN}�nqp~z{�`«¬b

w@b�p�£1u{}~Ëmn�²'pr]`b*nrx�a*v`«yz�p~x¬uNw@n�nqv@�{�{bsn�p1pr] z�p�p~]`b��o}~u{��x�n�x�w
O(1 − p)

ª®uN}�nqb9«¶ª¾´µnqb9«¬bst©p~b9�§c1±gj z{w@��x¬w
O((1 − p)2)

ª®uN} w@b�x��{]m� uN}q´µ�obsnqx��{w@z�prbs��f=|·��³�\^]`xyn t�u{w!4@}~a>n�p~]`bdzNnrnrv`a0�op~x¬uNw§pr]@z�p,nrb�«¬ª¾´U�`}rv@w`x¬w@�
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zN�¸��v@nqp~ngx¬p~nrb�«¬ªº£�]`b9w nru{a0b*}~b�«yz¸l w`uo�ob9ngª¹zN�ob{³0e¤¨ ´U«¬x�w`b0nqb9«¶ª¾´U�`}~v`w`x�w`� f§|·� � b9]@z¸¦{bsngnrx�a4x�«yz�}~«¬l�pru
� z{nrx�t,f§|·� D@umuo�ox�w`�@¢o£�x¬pr]§nru{a0b�z{�o¦�z{wNp�z��Nb �`}~u{� z��`«�l��ov`bgp~u¯zd«yz�}~�{b9}^}rb9«�z¸l¯nrb�ps³

10,80,60,40,20

y
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0

xÂ�x��{v`}~bBC�,�ª®}~zNt©prx�u{w�u�ª�pr]`bgw`b�p�£1u{}~Ë0}rbst�b9x¬¦mx�w`�*p~]`bg�`}ru6z{�`t9z{nqpº¦Nb�}�nqv@n·pr]@bg}~b9t�b�x�¦{b �`}ruN�@z��@x¬«�x¶p�l
p
x�w

z�w`b�p�£1u{}~Ëd£�x¬pr]¥�9�{��w`uo�ob9n·u{w�z
4× 4

n��Nv z�}~b{¢�ª®uN}1nrb�«¬ª¾´µnqb9«¬bst©prbs��c1±gj¥°®�Iu�prpru{a¯²�¢6uNwo´U«¬x�w`b��`}~v`w`x�w`�
f=|·� °®a0x��@�o«¬b¸²©¢ u�¨I´;«�x¬w@bg�@}rv`w@x¬w`�>f§|º��°¾pruN� ²

.¤u�prxyt�b^p~]@z�p·pr]`b�ª®}�z{t�prx�u{w4u�ª�t�uN}r}~b9t�p�}~b9t�b��op~x¬uNw0x�nQw@u�p'b�Ã`zNt©pr«�l *9b�}~ug£�]@b�w
p = 0

¢�pr]@x�n·x�n'�`v`b^pru
z{w�z{}qp~x¶ª¹zNt©p�u{ª pr]@b*nqx�a*v@«�z�prx�u{w�pr]@z�p¤z�«�£1z¸lon1x¬w t�«�v@�ob,pr]@b�x¬w`x¬prxyz�« b�a0x¶prprb9}�x¬w�p~]`b�t�uN}r}~b9t�p^}~b9t�b��op~x¬uNw
nrb�ps³

�-�8� � %(����)�C@)�%(+ >/,F�@�
) «¶p~]`u{v@�{]dpr]`b�nrx¬adv`«�z�prx�u{w4a0um�`b�«`�oumb9n�w`u{pQx¬w@t�«¬v �ob�t�uN«¬«�x�nrx�u{w@n9¢�£ºb1]@z¸¦Nbºb9a*v`«yz�p~b9�*pr]`bsnqb^b�¦Nb�w6p~n��ml
x�w6pr}~uo�ov@t�x�w`�>z�w b9}r}~u{}�}�z�p~b p~]@z�pg�ob��Ib�w@�@n�u{w�pr]@b�wmv`a*�Ib�}�u{ª�t�u{w6prb9w@�ox�w`�>w`uo�obsn�x¬w p~]`b�D@umuo�ox�w`�@³
) �@zNt�Ë{b�pdx�n4}~b9t�b9x¬¦Nb9� t�u{}~}rbst©p~«¬l £�x¶p~]À�`}~u{� z��`x�«¬x¬p�l

p = exp(−λk)
¢'£�]`b9}rb

k
xyn*p~]`b�w6v@a*�Ib�}4u�ª

b9a0x¶prprb�}�n1£1z{x¶p~x¬w@�*p~u*p~}~z{w@nqa0x¬p9¢`z{w@�
λ ≥ 0

xyn^z*� z�}�z�a0b�p~b�}ºpr]@z�p�t�] z�}�z{t©p~b�}~x3*9b9n'pr]`b,�`}~u{�Ib�w@nrx�u{w¯u{ª
z w`uo�obºpru�t�uN«¬«�xy�obº£�x¬pr]4z�w`u{pr]`b9}�w`uo�ob{³�|Qz�}�z�a0b�p~b�}

λ
t�u{w6p�z�x�w@n�z{«¶p~u{�Nb�pr]@b�}�pr]`b^u�¦{b9}r«yz����@}ruN�@z��`x�«�x¶p�l

u{ª�pr]`b,}~b9t�b��op~x¬uNw�z�}~b9zNn�¢Nx¬w�nq�@zNt�bgz�w@�¯prx�a4bN³ >�b,z{n~nqv@a4b¤pr]@z�pºp~]`b,�@z{t�ËNb�p�n·z�}~b�p~}~z{w@nra4x¬pqp~b9�>£�x¬pr]
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z{w�b�Ão� uNw`b�w6prxyz�«`��x¶prprb�}s³�>½]`b9w�pr]`b^��x¬pqp~b�}¤x�w@t�}rbsz{nrb9n9¢ �6v@z{w6prx¬p�l
λ
nr]`u{v@«����ob9t�}rbsz{nrb{¢`zNnrnrv`a0x¬w@�dp~]@z�p

�@z�p~z=pr}�z�(¯t¯z{w@� u{pr]`b9} D@umuo�ox�w`�=p~}~z{w@nqa0xynrnrx�u{w@nd�ou{w 3 p0u�¦{b�}~«yz��K³   wFt�z{nrb�u{ª�u�¦{b9}r«yz�� £�x¬pr]À�@z�p~z
p~}~z�(¯t £1b�nq]@u{v`«y��] z¸¦{b

p = p0 exp(−λk)
³

Â�x��{v`}~b � z�w � � nr]`u�£ pr]`b�}rbst�b9�oprx�u{w¿}�z�prb ª®uN}��ox¬¨Yb�}~b�w6p�w`b�p�£ºuN}rËSnrt�b�w@z{}rx�xB³   w 4@�Nv`}rb=�
£1b ]@z¸¦{b�x¬w@t�«¬v �ob9�­pr]`b �Ib�}rª®u{}~a0z{w@t�b�u�ª�p~]`b t�«yz{n~nqxyt�z{«¤ª®v@«¬«�D@umuo�ox�w`�@¢ £�x¶p~]$£�]@x�t�]$b�¦{b9}rl¿w`uo�ob
}~b�p~}~z{w@nra4x¬p~n,uN}�x¬w6p~b�w@�`n�pru§}~b�p~}~z{w@nqa0x¬p�pr]`b>�@}ru6z{�`t9z{nqp,� z{t�Ë{b�p9³ .¤u�p~x�t�b>pr]@z�p�pr]`b�u�¦{b�}~£�]`b9«¬a0x�w`�
a>zNnrngu�ªº}rb�pr}�z�w@nra0x¶prprb�}�ngx�n,t�u{v`w6prb9}r� z�«yz�w@t�b9�§�ml§p~]`b0]6v@�{b0t�u{«�«�x�nrx¬uNw¥}�z�p~b4z{w@�§p~]`b0x¬a0�`}~u�¦{b9a4b9w6p
x�w§�Ib�}rª®u{}~a0z{w@t�b�xyn�w@u�p¤¦Nb�}~l�x�a4�Iu{}rp~z{w6p9³   w=Â�x¬�Nv`}rbd�0£ºb*nr]`u�£$pr]@z�p z{t�prv@z{«¬«�l¯p~]`b*]mv`�Nb�wmv`a*�Ib�}
u{ª�t�u{«�«¬xynqx�u{w 4@w@z{«¬«�l¯}~b�w@�`b�}�n1ª®v`«¬«-D@umum�`x¬w`�0x�woª®b�}~x�u{}^pru>f§|º� D@umum�`x¬w`� ³

10,80,60,40,20

y
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xÂ�x��{v`}~b��7,dª®}�z{t�prx�u{w u{ª�pr]`b�w`b�p�£1u{}~Ë¥}~b9t�b�x�¦6x�w`�§p~]`b��@}ru6z{�`t9z{nqp�¦{b�}�nrv@n�p~]`b�t�u{«�«¬xynqx�u{w }�z�p~b
λ
x¬wÀz

w@b�p�£1u{}~Ë=£�x¶p~]­�9�N��w`uo�ob9n*u{w z
4 × 4

n��6v@z�}~b{¢ ª®u{}*nrb�«¬ª¾´Unrb�«�b9t�prbs� c1±,j½°¹�{}~b�b�wI²©¢�u{wo´U«¬x�w`b>�`}~v`w`x�w`�
f=|·� °®}~b9�@²�¢`u�¨I´;«�x�w`b,�`}rv@w`x¬w@�0f=|·��°®lNb�«�«¬u�£¤²�³

\^]`b�t�u{«�«¬xynqx�u{w�}�z�prbsn1a0z¸l>w@u�p�� b�w@b��{«�x��{x��`«¬bN³   w 4@�Nv`}~b 
4£1b,nr]`u�£¡z4}~b9z{«Iw@b�p�£1u{}~Ë¯nqx�a*v`«yz�p~x¬uNw
£�]@x�t�]�b9¦¸z{«¬v z�prbsnYpr]@b·�@zNt�Ë{b�p �`b�«�x¬¦Nb�}~l¤}�z�prx�u�¦Nb�}�nqv@nIp~]`b·wmv`ad� b9} u{ªm�@}ru6z{�`t9z{nqp �`z�p�z D@u�£�n�³�\^]`b'w`b�pq´
£1u{}~Ë�xynQ�@zNnqbs�duNw   � � � 
N�N�`³¬�N�1z{w@�4x�n'nrx�a*v`«yz�p~b9�0x�w4w n�´��o¢N£�x¶p~]§�9�{�gw`uo�obsnQu{w¯z0�0CN�N��Ã���C6�{�{n��6}ra ¢
z p�lm�`xyt�z{«6}�z{�`x¬ug}~z{w`�{b1u�ª��N�{��a ¢Nz{w@�d}~z{w@�ou{a�£^z¸lm� uNx¬w6p�a0u{�`x�«¬x¬p�l�,·��´µ��a���n�¢�}~b9nqpq´;prx�a0b¤�s´��s��n9³ \^]`b
t�u{«�«¬xynrx¬uNwd}�z�p~b�x�nQ]@b�}~b1}~b��@«�zNt�b9�4�ml�p~]`b�wmv`a*�Ib�}·u�ª�nqx�a*v`«¬p~z{w`b�uNv@nQ�`}~uNzN�`t�zNn�p D@u�£�n�x�w0pr]`b�w@b�p�£1u{}~ËI³
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Â�x��{v`}~b���,dª®}�z{t�prx�u{w u{ª�pr]`b�w`b�p�£1u{}~Ë¥}~b9t�b�x�¦6x�w`�§p~]`b��@}ru6z{�`t9z{nqp�¦{b�}�nrv@n�p~]`b�t�u{«�«¬xynqx�u{w }�z�p~b
λ
x¬wÀz

w@b�p�£1u{}~Ë=£�x¶p~]F���N��w`uo�ob9n*u{w z
6 × 6

n��6v@z�}~b{¢ ª®u{}*nrb�«¬ª¾´Unrb�«�b9t�prbs� c1±,j½°¹�{}~b�b�wI²©¢�u{wo´U«¬x�w`b>�`}~v`w`x�w`�
f=|·� °®}~b9�@²�¢`u�¨I´;«�x�w`b,�`}rv@w`x¬w@�0f=|·��°®lNb�«�«¬u�£¤²�¢mª®v`«¬«-D@umum�`x¬w`�§°¹�`«¬v@bs²©³

� � ��
������������ ���������*&º� ��" � ��
 �������I�

  wFpr]@x�n¯nrb9t�prx�u{wS£ºb�x�w6¦Nb9nqprx��Nz�prb�pr]`b§�Ib�]@z¸¦mx�u{}0u�ª�c1±gjSnrb�«�b9t�prx�u{w¿z�«��{u{}~x¬pr]`a>nd£�]`b�wSpr]@b§w`b�x��{]o´
�Iu{}~]`umuo� x¬w`ª®u{}~a0z�prx�u{w xyndu{vop��`z�p~b9� �ov@b¯pru�pr]@b�w`uo�obsn 3 a0u{�`x�«¬x¬p�l{³/>½x¬pr] p~]`xyn*}~b9nr� bst©ps¢�p�£ºu{´;]`uN�
w@b�x��{]m� uN}r]@u6uo��x�woª®u{}~a>z�prx�u{w§xyn�a0uN}rb�ª®}�z��Nx¬«�b,pr] z�w=uNw`b�´U]`u{� w`b9x¬�N]m� uN}¤x�woª®u{}~a>z�prx�u{w=nrx�w@t�b�p~]`b�ª®uN}q´
a0b9}ºxyn·}~b�«yz¸l{bs�4�6l ?�j ) � z{t�Ë{b�p~n'pr]@z�p1z�}~b�«�b9n~n'ª®}~b��6v`b9w6p·pr] z�w�]@b�«�«¬u�� z{t�Ë{b�p~n9¢NuN}·�ml>nq�Ib9t�x54It¤]`b9«¬«�uNn
p~]@z�p^t�uNwNp�z�x�w>pr]@b «�x�nqp~nºu�ª�p~]`b9nrbgw`b�x��{]m�Iu{}�n�³�f§x�n~nrx¬w`�4nquNa0b¤]`b9«¬«�uNn·a0z¸l>t9z�v@nrb�p~]`b¤«�uNn~n·u{ª�pr]`bg«�x¬w`ËY¢
�@vop¤a0x�n~nrx¬w`�0�@zNt�Ë{b�p~n1pr] z�p t�u{w6p~z{x¬w@n1p~]`b,p�£1u�´U]`u{��x¬w`ª®u{}~a0z�prx�u{w a>z¸l¯u{v`p~�`z�prb,pr]@b�p�£ºu{´;]@u{��x¬woª®uN}q´
a>z�prx�u{w>£�x¬pr]`uNvop^t9z�v@nrx�w`��pr]@b¤«�uNn~n'u�ª�p~]`bgu{w`b�]@u{�¯x�woª®u{}~a>z�p~x¬uNwK³�\^]@b�}~b�ª®u{}~b�p�£1u�´U]`u{�>x�woª®uN}ra>z�p~x¬uNw
xyn^a0u{}~bgª®}~z{�{x�«¬bgpr] z�w�u{w`b�´;]`uN��x�woª®uN}ra>z�p~x¬uNwK³

  wFpr]`b�ª®uN«¬«�u�£�x¬w@��£1b�zN�`�o}~b9n~n�p~]`b§t�zNnqb�£�]`b�}~b�p�£ºu{´;]`uN� x�woª®u{}~a>z�prx�u{wFx�n4�@z{}qp~x�z{«¬«�l u{� nquN«¬b�prb{³
  wFpr]@x�n¯t9z{nrb�pr]`b¥c1±,jFz{«¬�Nu{}~x¶p~]`a>n4a0z¸lÀw`u�p�t�u{wm¦{b9}r�Nb��`}~u{�Ib�}~«¬lN³¿job�«¬ª¾´Unrb�«�b9t�prb9�½c1±,jFz{w@�Fpr]`b
w@b�x��{]m� uN}q´µ�obsnqx��{w@z�prbs�0c1±,j>�Ib�]@z¸¦Nb��ox¬¨Ib9}rb9wNp~«¬l0x�w>pr]@x�nº}rbsnq�Ib9t�p9³Q\^]`b9x¬}º� b9]@z¸¦mx¬uN}~n'z{«�nru*�ox¬¨Yb�}·£�x¬pr]
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Â�x��{v`}~b�� ,dª®}�z{t�prx�u{w u{ª�pr]`b�w`b�p�£1u{}~Ë¥}~b9t�b�x�¦6x�w`�§p~]`b��@}ru6z{�`t9z{nqp�¦{b�}�nrv@n�p~]`b�t�u{«�«¬xynqx�u{w }�z�p~b
λ
x¬wÀz

w@b�p�£1u{}~Ë=£�x¶p~] CN�N��w`uo�ob9n*u{w z
8 × 8

n��6v@z�}~b{¢ ª®u{}*nrb�«¬ª¾´Unrb�«�b9t�prbs� c1±,j½°¹�{}~b�b�wI²©¢�u{wo´U«¬x�w`b>�`}~v`w`x�w`�
f=|·� °®}~b9�@²�¢`u�¨I´;«�x�w`b,�`}rv@w`x¬w@�0f=|·��°®lNb�«�«¬u�£¤²�¢mª®v`«¬«-D@umum�`x¬w`�§°¹�`«¬v@bs²©³

¦�z{}rx�u{v@n'x¬woª®uN}ra>z�prx�u{w>u{� nquN«¬bsnrt�b�w@t�b�nrt�b�w@z{}rx�xB³=>�b £�x¬«�«Yt�u{w nqxy�ob�}·p�£ºu*u{�@nru{«�b9n~t�b9w@t�b�n~t�b�w z�}~x¬x;¢N£�]@b�}~b
p�£1u�´U]`uN��x�woª®u{}~a>z�prx�u{w z�p^p~x¬a0b

t
t�u{a0bsn1ª®}ruNa ,

� � �sÊ��`� Å Ê � È*É`Ç���É���Ç R Å S8T � � É � ��ÉKÉ Êº� z{�`¦{b�}rprx+*�bs�*w@b�x��{]m� uN}r]@u6uo�`nQz�pQprx�a0b
t
z{}rb^a>z{�`b�u�ªYpr]`b

w@um�`b9n^£�]`xyt�] ]@z¸¦{bg� b9b�w w`b9x¬�N]6�Iu{}�n^�ov`}~x¬w@�dp~]`b,prx�a0b�x¬w6p~b�}~¦¸z{«
(t − T, t)

³

�FRFSNP É � � � Æ Ê Å �¹� Æ Å Ê � È*É`Ç���É�� R Å SNT � � É � ��ÉKÉ Ê·� z{�o¦Nb�}rprx+*�bs�Fw@b�x��{]m� uN}r]@u6uo�¿z�p�prx�a4b
t
z�}~b

b�Ã`z{t©p~«¬l�a0zN�ob,u�ª�w`uo�ob9n^£�]@x�t�]�£ºb9}rb,w`b9x¬�N]m� uN}1w@um�`b9n�z�p1p~x¬a0b
t − T �  w>p~]`b�ª®uN«¬«�u�£�x�w`��£ºb z{n~nqv`a0b�p~]@z�p1w`uo�ob9nºz�}~b�a0u{�`x�«�b{¢mz�w@�4p~]@z�p1b�¦{b9}rldw`uo�ob�ª®uN«¬«�u�£�n·z�}�z�w �ou{a

£^z�«�ËY³�\^]`b z¸¦{b�}�z��Nb1nr�Ib�b9�4xyn'u{ªIuNw`b�v`w`x¬p·u�ªK�oxynqp~z�w t�b��Ib�}Qp~x¬a0b{¢Npr]@b�}~b�ª®u{}~b��ob 4@w`x�w`�,pr]`b�prx�a4b¤v`w`x¬p9³
e¤ª t�u{v`}�nrb{¢6w`uo�ob9n^�ouNw 3 p1pr}�z¸¦{b9«`p~]@z�p��oxyn�p�z�w@t�b¤x�w�u{w@b¤p~x¬a0bgv`w`x¬p9¢m� bst�z{v@nqb pr]@b�l¯z�}~b�x�w��Ib�}~a>z�w`b9wNp
*9x¬�{´�*sz�� ³

VXW IJVZY

in
ria

-0
00

70
39

8,
 v

er
si

on
 1

 - 
19

 M
ay

 2
00

6



���������	��
��	
�������������
�����������
������! �"#�$
%���$�	� �s�

 0

 10

 20

 30

 40

 50

 0  20  40  60  80  100

D
el

iv
er

y 
R

at
e 

(%
)

Number of CBR streams

Reliability with varying number of streams

CF
MPRF

MPR-CDS

Â�x��{v`}~b�
7,�ª®}�z{t©p~x¬uNw0u�ªYpr]`b¤w`b�p�£1u{}~Ë�}~b9t�b9x¬¦mx�w`�,pr]@b��`}~uNz{�@t�z{nqp'¦{b9}~nrv@n�p~]`b�wmv`a*�Ib�}ºu�ªKnrx¬adv`«¶p�z�w`b9u{v@n
�@}ru6z{�`t9z{nqp D@u�£�ngx�w z�w@b�p�£1u{}~Ë§£�x¶p~]S�s�{��w`uo�obsn,u{w z

4 × 4
n��Nv z�}~b{¢�ª®uN}�u{wo´U«¬x�w`b0�`}~v`w`x�w`�§f§|·�

°Bf§|·��ÂQ²�¢@u�¨I´U«¬x�w`b,�`}~v`w`x�w`�>f§|·��°¹f=|·�^´qc1±gj`²�¢`ª®v`«�« D@umuo�ox�w`�§°;c1ÂQ²©³

����� � �1�!"-,F�@�." ���	%���� %��	��+1�
%?> 'E,F�/)�%(+
\^]@b nrx�a*v`«yz�p~x¬uNw@n0u�ªgu{vop��`z�p~b9�Àp�£ºu{´;]`uN�Àx�woª®u{}~a>z�p~x¬uNwFnr]`u�£ z{wFx�a0� uN}qp�z�w6p¯�ob��N}~zN�`z�p~x¬uNw u�ªgpr]`b
ª®}�z{t�prx�u{w�u�ª�pr]`b�w@um�`b9n1pr] z�p�b�Ão�Ib�}~x¬b9w@t�b�z0t�u{}~}rbst©p^}rbst�b��`prx�u{w £�]`b�w�pr]@b4c1±gj�xyn�nrb�«¬ª¾´Unrb�«�b9t�prb9� °¹nrb�b
4 �{v`}~b*�N²�³ >½]`b9w=p~]`b*uNvop~�`z�prx�w`���`b�«yz¸l�x�w@t�}~b9zNnqbsn^pr]@bd}~b9t�b��op~x¬uNw§}~z�prx�u>prb9w@�`n¤pru���°¹nrb�b 4@�{v`}~b¯�s�
ª®uN}

T
v@��p~u§�9�N²�³

\^]`b1}~b�«yz¸l nrx3*9bºnr]`u�£�n z �ox¶¨Yb�}~b�w t�b·]@b�}~b!,�p~]`bºnrb�«¬ª¾´Unrb�«�b9t�prbs�dc1±gj�}rb9«�z¸l,nrb�p�}~b9�`v@t�bsnKx�wdnrx3*9b·£�]`x�«¬b
p~]`b¤w@b�x��{]m� uN}q´µ�obsnqx��{w@z�prbs�*}~b�«yz¸ldnrb�p·}~b�a>z{x¬w@n·n�p�z��`«�bd°Bnqb9b�4@�{v@}rb��N�s²©³·e w`b¤� u6nrnrx¬�@«¬b�b�Ão�`«�z{w@z�p~x¬uNw0x�n
p~]@z�p1pr]@b bsn�p~x¬a>z�p~b9��w`b�x��{]m�Iu{}~]`umum�0u{ª w`uo�obsnºz{}rb «�z{}r�Nb�}·£�x¬pr]�£�x¬w �ou�£­�ob�«yz¸l{bs�>x�woª®u{}~a>z�prx�u{w¯pr]@z{w
£�x¬pr]�b�Ã`z{t�pºw`b9x¬�N]6�Iu{}~]`umuo��³'cºu{w@nrb��6v`b9wNp~«¬ldpr]@bgnrb�«¬ª¾´Unrb�«�b9t�prbs��c1±gj>£�x¬«�«Y� bgnqa>z�«�«�b�}ºpr]@z{w>pr]`b�c1±gj
£�x¬pr]¥b�Ã`z{t�p�p�£ºu{´;]@u{� x¬w`ª®u{}~a0z�prx�u{wK³�\^]@b�b�Ão�`«�x�t�x¶p~«¬l§nrb�«�b9t�prb9�¥f§|·� z{}rb�z{�`�@z�}~b�w6p~«¬l�«¬bsnrn nqb9w@nrx¶p~x¬¦Nb
p~u4pr]`xyn^ª¹z{t�p¤z�w@��pr]@b�x�}�}rb9«�z¸l¯nrb�p�}~b�a>z�x�w@n^}~b�«yz�p~x¬¦Nb�«�l¯n�p�z��`«�b{³

���8� 
 +-)��
%?>U'E��� #&����,��(��"���� % ���:%�� 9 ��)�0(;�<=%?> ;-%�%�"
\^]@b�nqx�a*v`«yz�p~x¬uNw@n�nr]`u�£¡«�x¬pqpr«�bd�`b��{}�z{�@z�prx�u{w�u�ª�pr]@b�ª®}~zNt©p~x¬uNw�u{ªQt�u{}~}rbst©p�}~b9t�b9�oprx�u{w x�w pr]`b�w@b�p�£1u{}~ËI¢
£�x¬pr]Fnqb9«¶ª¾´µnqb9«¬bst©p~b9�Àc1±,jY¢�£�]@b�w pr]@b¯p�£1u�´U]`u{� w`b9x¬�N]6�Iu{}dx¬w`ª®u{}~a0z�prx�u{w xyn*v`w@x¶ª®uN}ra0«�l �ob9«�z¸lNb9�¿°¹nrb�b
4 �{v`}~b0�s�{²�³ >½]`b�w§nrv@t�]�z0�ob9«�z¸l�x¬w@t�}rbsz{nrb9nºpr]@b�}rbst�b��`prx�u{w�}~z�prx�u*p~b�w@�`n�pru>�Ib��@z{t�Ë0p~u§�{³

  w¡ª¹z{t©ps¢�pr]@b��Ib�}rª®u{}~a>z�w@t�b¥nqx��{w@x54 t9z�w6pr«�l¿�ox¶¨Yb�}�n�]`b�}~b=x¬ª*£ºb�«¬umuNËSz�p�pr]@b nrx3*9b¥u{ª�pr]`b�}rb9«�z¸l
nrb�p�n�³¯\^]@b>x¬w@t�u{w@nrxyn�p~b�w@t�x¬bsn,u�ª1pr]`b0p�£1u�´U]`u{� x�woª®u{}~a>z�prx�u{w a>z�ËNbdp~]`b¯nrb�«¬ª¾´Unrb�«�b9t�prb9� c1±,j�}rbsz{t©p��ml
x�w@t�}rbsz{nrx¬w`�4x¬p~n�nrx3*9b,£�]`x¬«�b,pr]@bgw@b�x��{]m� uN}q´µ�obsnqx��{w@z�prbs��f§|·�Á}~b�a>z�x�w@n^a0u{}~b,n�p�z��`«�b¯°¹nrb�b 4@�Nv`}rb0�s�N²©³
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Â�x��{v`}~b¯�7,¯e vop��`z�p~b9� �ob9«�z¸lNb9� x�woª®u{}~a>z�prx�u{w4,�ª®}�z{t©p~x¬uNw u�ª^pr]@b�w`b�p�£ºuN}rË�}rbst�b�x�¦mx¬w@� pr]`b��`}ru6z{�`t9z{nqp
¦Nb�}�nqv nKp~]`b^u{vop��`z�p~b9��£�x�w@�ou�£

T
x�w4z w`b�p�£1u{}~Ë,£�x¶p~]��s�{� w`uo�ob9n�uNwdz

4×4
n��Nv z�}~b{¢sª®u{}Qnrb�«¬ª¾´Unrb�«�b9t�prb9�

c1±,j °®�Iu�prpru{a¯²�¢`u{wo´U«�x¬w`b,�`}~v`w`x�w`�¯f§|º� °®pruN�K¢`�`«yz{t�Ë`²©¢ou{¨ ´U«�x¬w`b,�`}~v`w`x�w`�>f§|·��°®pruN�K¢`�{}~b�l`²

> b¯z�«ynqu }�z�wK¢ u{vop�u{ª^t�v`}rx�uNnrx¬p�l{¢�p~]`b¯nqx�a*v@«�z�prx�u{w v`� pru
T = 100

¢K£�]@b�w pr]`b0p�£1u�´U]`uN��x�w@t�uNwo´
nrxyn�p~b�w@t�l �o}�z�a>z�prxyt�z�«�«�l¥x�w@t�}~b9zNnqbsn�³   w p~]`xyndt9z{nrb¯b�¦Nb�}~l�w`uo�ob�nqb9«¬bst©p~ndx¬p~nrb�«¬ª�x¬w p~]`b�}~b�«yz¸l�nrb�p4x¶ª¤z
p~]`b�nqb9«¶ª¾´µnrb�«�b9t©p~b9��n�p~}~z�prb��Nl0x�n^v@nrb9�K¢o£�]`x¬«�bg£�x¶p~]�w@b�x��{]m� uN}q´µ�obsnqx��{w@z�prx�u{w0p~]`b,}rb9«�z¸l>nrb�p^Ë{b�b9�@n^nqx��{w@x¶ª¾´
xyt�z{w6pr«�l��Ib�«�u�£¡p~]@z�p nrx+*�b{³^��u�£1b�¦Nb�}s¢ox¬w§bsz{t�] t�zNnqbsn�¢op~]`b*t�u{}~}rbst©p�}rbst�b9�oprx�u{w }�z�prx�u¯nqp~z¸lon^¦{b9}rl�t�«�uNnrb
p~u �0°Bnqb9bG4@�{v@}rb0�s�N²©³

� � �*�����*) # ( ./���������������d)+���*�������­�^	�"���	�)+����&1�

\^]@b*a>z�x�w¥t�uNw@t�«�v@nrx¬uNw pr]@z�p £1bdt9z�w=�ob9}rx�¦{b�ª®}~u{a p~]`b*�`}~b�¦mx�u{v@n nqx�a*v@«�z�prx�u{w@n¤x�n¤pr]@z�pgnrb�«¬ª¾´Unrb�«�b9t�prbs�
c1±,jdz�}~b·a*v t�]*«�b9n~n�nqp~z{�`«¬bºpr] z�w4w`b�x��{]m�Iu{}r´U�obsnqx��{w z�prbs�*c1±gj�³ �·x¶p~]`b�}�p~]`b�nqb9«¶ª¾´µnqb9«¬bst©p~b9��}~b�«yz¸l�nqb�p^°¹xy²
nr]`}~x¬w@Ëmnºp~u6u4a*v t�]�z�w ���oumb9n^w@u�p��ob�«�x¬¦Nb�}1pr]@bg�@}ru6z{�`t9z{nqpº�`}~u{�Ib�}~«¬lN¢mu{},°®x�xy²1b�Ãm� z�w@�`n1nrudadv@t�]�p~]@z�p
p~]`b�D@umuo�ox�w`�0u�ª�z0nrx¬w@�{«�bg�@}ru6z{�`t9z{nqp1£�x�«¬« x¬wm¦{uN«¬¦Nb adv@t�]�a4uN}rb,�@z{w@�o£�xy�mpr]�p~]@z�w�£�x¶p~]§zdw@b�x��{]m� uN}q´
�`b9nrx¬�Nw@z�p~b9�§c1±gjY³

  w ª¹zNt©p z0a0u{}~b�}~b9z�«�xyn�p~x�tg}�z{�ox�u4pr}�z�w@nra0x�n~nqx�u{w a0uo�ob�« £�x¬«�« «�x¬ËNb�«�l�b�Ãm]@x¬�`x¬p t�u{«�«¬xynqx�u{w§nqpruN}ra>n�z�w �
z�adv@t�]�}~b9�`v@t�bs��t�u{}~}rbst©p,}rbst�b��`prx�u{w }~z�prx�u@³ ) w@� b�¦Nb�w £�]`b�w p~]`b0}rb9«�z¸l=nrb�p�n�z�}~b4nrx�a4x�«yz�}�x�w nrx3*9b{¢
p~]`b��Ib�}rª®u{}~a0z{w@t�bga>z¸l��ox¬¨Ib9}¤nrx¬�Nw`x54It�z�w6p~«¬lN³

  w0p~]`x�n·nqbst©prx�u{w0£1b��{x�¦{b�z�t�«�uNnrb�}Q«�umu{Ë*z�pQpr]`b¤x¬w`]@b�}~b�w6p'a0b9t�]@z{w`x�nra>n�v@nrb9�4�ml�pr]@b¤nqb9«¶ª¾´µnrb�«�b9t©p~x¬uNw
z{w@��pr]`b�w`b9x¬�N]m� uN}q´µ�ob9nrx��{w@z�prx�u{wK³ >�b�x�wm¦{bsn�p~x¬�6z�prb pr]@b�x�}�x¬a0�@zNt©p�u{w��Ib�}rª®u{}~a0z{w@t�bN³Q\ u0p~]`x�n^b9w@��£ºb
£�x�«�« z{n~nqv@a4b pr] z�p¤nrb�«¬ª¾´Unrb�«�b9t�prb9�§c1±,j�uN� b9}~z�prb�z{n1ª®uN«¬«�u�£�n0,
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Â�x��{v`}~b,�9��,�e vop��`z�p~b9�4x¬w`ª®u{}~a0z�prx�u{w-, ª®}~zNt©p~x¬uNwdu{ª p~]`b�w`b�p�£ºuN}rË�}~b9t�b�x�¦6x�w`�gpr]@b��`}~uNz{�@t�z{nqp�¦{b�}�nrv@n�pr]`b
uNvop~�@z�prbs�¥£�x�w@�ou�£

T
x�w z�w`b�p�£ºuN}rË§£�x¬pr]¿�s�{��w`uo�ob9n,uNw z

4 × 4
n��6v@z�}~b{¢Yª®uN}�nqb9«¶ª¾´µnrb�«�b9t©p~b9� c1±gj

°¹� u{pqp~u{a ¢`}~b9�@²�¢ou{wo´U«¬x�w`b,�`}~v`w`x�w`�¯f§|·� °®pru{� ¢`�{}~b�b9w ²©³
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Â�x��{v`}~b,�{� ,�e vop��`z�p~b9�4x¬w`ª®u{}~a0z�prx�u{w-,���b�«yz¸ldnrb�p·nrx3*9b^¦{b�}�nrv@n�pr]`b�uNvop~�@z�prbs�4£�x¬w@�`u�£
T
x¬w>zgw`b�p�£ºuN}rË

£�x¬pr]$�9�N�§w`uo�ob9ndu{wFz
4 × 4

n��Nv z�}~b{¢�ª®u{}0nqb9«¶ª¾´µnrb�«�b9t©p~b9�Fc1±,j­°¹� u{pqp~u{a¯²©¢'uNwo´U«¬x�w`b��@}rv`w@x¬w`� f§|·�
°¹a0x��`�`«¬b¸²©¢`u{¨ ´U«¬x�w`b��`}~v`w`x�w`�>f§|·� °®pru{�I²

6 �·z{t�] w`uo�ob�nrb�«�b9t�p~n^x¬p~nrb�«¬ª�£�x¬pr]§�`}~u{� z��`x�«¬x¬p�l
ν

M

£�]`b9}rb
M

x�ngp~]`b>z¸¦{b�}�z��Nb�w`b9x¬�N]6�Iu{}~]`umuo�¥nrx3*9b0u�ª·p~]`b0w`uo�ob9n,x�w�pr]`b>w`b�p�£ºuN}rËY³4\^]`b�}~b�ª®uN}rbdpr]`b
�`b�w@nrx¶p�l>u{ª }~b�«yz¸ld�Ib�}�v`w@x¶p��oxynqË>xyn

ν
³'\^]`b,t�u{v@wNp~b�}1�@z�}rp1ª®u{}^w`b�x��{]m�Iu{}r´U�`b9nrx¬�Nw@z�p~b9�>f§|·�$nqb9«¬bst©p~x¬uNw

xyn1pr]@b,ª®u{«�«¬u�£�x�w`��,

6 �·z{t�] w`uo�ob,}�z�w@�`a4uNa0«¬l�nrb�«�b9t�p~n
ν
w`b9x¬�N]6�Iu{}^w`uo�obsn�z{n^x¬p~n�f=|·�

>½x¬pr]4u{wo´U«�x¬w`b^nrb�«¬ª¾´;�`}~v`w`x�w`�,f§|·�Snqb9«¬bst©p~x¬uNwK¢¸pr]`b�z¸¦Nb�}�z��{bQwmv`ad� b9}�u�ª@}~b�«yz¸l,w`uo�ob9n��Ib�}�v`w`x¬p'�ox�nrË
xyn

ν
¢N£�]`x�«�b�ª®u{}Qp~]`b�u{¨ ´U«¬x�w`b¤nrb�«¬ª¾´U�`}rv@w`x¬w@��x¶p1x�n

ν +1
³�Â�x¬�Nv`}rbsn��9��z{w@� �¸�gnr]`u�£Fpr]`b¤� b9}qª®uN}ra>z�w t�b�u�ª

p~]`b9nrb,}~z{w@�ouNa c1±gj�¦Nb�}�nqv@nºp~]`b�}rb9«�z¸l¯nrb�p��ob9w@nrx¶p�lN³   p¤t�«�b9z�}~«�l¯nq]`u�£�nºp~]@z�p�ª®uN}^pr]`b�n~z�a0b,}rb9«�z¸l¯nrb�p
nrx+*�b{¢`pr]`b*f=|·�%c1±gj�uNvopr�Ib�}rª®u{}~a>n1pr]`bdnqb9«¶ª¾´µnqb9«¬bst©p~b9�=c1±gj�³@Â`v`}rpr]@b�}~a4uN}rbN¢opr]@b*nqb9«¶ª¾´µnrb�«�b9t©p~b9�§c1±gj
�Ib�}rª®u{}~a>z�w@t�b xyn�adv@t�]�«�b9n~n�nqp~z��@«¬bgpr] z�w�pr]`u6nqb,u{ª�nrb�«¬ª¾´;�@}rv`w@x¬w`�>f§|º��³

e¤ª�t�u{v`}�nrb{¢{}�z�w �ou{a�c1±gj�z�}~b�w`u{pº}~b9z�«�xyn�p~x�t{¢6z{w@�>a>z¸l0� bgt�u{w nqxy�ob�}~b9�>zNn·b�Ãmpr}~b�a0b¤t�zNnqbsn·£�]@b�}~b
p~]`b�w`b9x¬�N]6�Iu{}Qx�woª®uN}ra>z�p~x¬uNwdxyn't�u{a0�`«�b�prb9«¬ld}~z{w@�ouNa�³���u�£1b�¦Nb�}�pr]`xyn'�Nx¬¦Nb9nQzg�Ib�pqp~b�}ºx¬w@nrx��{]6p9¢{t�u{v`�@«¬bs�
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Â�x��{v`}~b¯�¸� ,DI¤w`x¬ª®u{}~a4«�l§�ob�«yz¸l{bs��x¬woª®uN}ra>z�prx�u{w-,ºª®}~zNt©p~x¬uNw§u�ªQpr]@b�w`b�p�£1u{}~Ë�}rbst�b�x�¦mx¬w@�0pr]`bd�`}ru6z{�`t9z{nqp
¦Nb�}�nqv nQpr]@bguNvop~�@z�prbs�¯�ob9«�z¸l

T
x�w�z*w`b�p�£1u{}~Ë0£�x¶p~]¥�s�{��w`uo�obsn1u{w�z

4× 4
n��6v@z�}~b{¢Nª®u{}^nrb�«¶ª¾´µnrb�«�b9t©p~b9�

c1±,j °®�Iu�prpru{a ¢`�N}rb9b�w ²�¢ou{wo´U«�x¬w`b,�`}~v`w`x�w`�>f§|·��°®pruN�K¢o}rbs�@²©¢@u�¨I´;«�x¬w@bg�@}rv`w@x¬w`�>f§|º��°¾pruN�K¢`lNb�«�«¬u�£¤²

£�x¬pr] p~]`b>�`}~b�¦mx¬uNv@n,�Ib�}rª®u{}~a0z{w@t�b>nrx¬adv`«yz�prx�u{w }~b9nrv`«¶p�n,x¬w z§t�u{w6prb�Ã6p�u{ª1a0u{�@x¬«�x¶p�l¥u{},pr}�z�w nqa0xynrnrx¬uNw
b9}r}~u{}�n9³

� � ������������- ��� .4���,���������

\^]@b�ª¹zNt©p4pr]@z�pdp~]`b�}~u{v`prx�w`�¥xyn4}rb�pr}�z�w@nra0x¶prprb9�À�ml z�«�x¬a0x¬prb9�Fnqv@�@nqb�p4u{ª�pr]@b�w@um�`b9nda0z¸l «�b9zN� pru
v@woª¹z�x�}rw@b9n~n�¢`x¬ª�pr]`bdnqv`� nqb�p �oumb9n�w@u�p¤¦�z�}~l¯ª®}~b��6v`b9w6pr«�l�b�w@u{v`�N]�£�x¬pr] p~x¬a0b4z�w@� nru{v`}�t�bsn�³1Â�x��{v@}rb>� 

�`x�nr�`«yz¸lmn*pr]@b§�@z{t�ËNb�p4�`b�«�x¬¦Nb�}~l }~z�prb�£�]`b�wA?�j ) �@zNt�Ë{b�p~n0z�}~b�D@umuo�obs�À£�x¬pr]¿z�wSu�¨I´;«�x�w`b��@}rv`w@x¬w`�
f=|·� D u6uo�ox�w`�4u{}1£�x¶p~]�z{w�uNwo´;«�x�w`b �@}rv`w@x¬w`�0f§|·�Áz�«��{uN}rx¬pr]@a�³'e wo´U«¬x�w`bg�`}~v`w`x�w`�dz{«¬�Nu{}~x¶p~]`a�«¬bsz{�`n
p~udz*� b9}ra>z�w@b�w6p1�ox�¦{b9}~nrx¬p�ldx�w¯p~]`bgnrv`�@nrb�p1u�ªK}~b�«yz¸ldw@um�`b9n0,�p~]`bg}rb9«�z¸l4nqb�p1¦�z�}~x�b9n'£�x¬pr]�pr]`b,nru{v`}�t�b�u{ª
p~]`b��`}~uNzN�`t�zNn�p�nru{v`}�t�bN³   ª�pr]@b�a0b9�ox�v`a z{t�t�b9n~n�t�uNw6pr}~u{«�x�wNp~}ruo�ov t�b9n¤z>t�b�}rp~z{x¬w }�z�w@�`u{a0w`b9n~n�x�w pr]`b
uN}~�`b�},u�ª^}rb�pr}�z�w@nra0x�n~nrx¬uNw@n�¢Yp~]`b�w p~]`b¯}~b�«yz¸l§w`uo�ob¯nqv@�@nqb�p*z�«ynqu�¦�z�}~x¬bsn,£�x¶p~] prx�a0b{¢ b9¦{b9w £�]@b�w pr]`b
w@b�p�£1u{}~Ë4xyn�nqp~z�p~x�t{³ºcºu{w@nrb��6v`b9w6pr«�l0pr]`b��`v@}~�ob9w�u{ª ª®uN}r£^z�}��ox�w`�*xyn^a0u{}~b¤ª¹z{x¬}~«¬l�nq]@z{}rbs�¯£�x¬pr]�u{wo´U«�x¬w`b
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Â�x��{v`}~b>�9��,DI¤w`x¶ª®uN}ra0«�l��`b�«yz¸l{b9��x�woª®u{}~a>z�p~x¬uNw-,º��b9«�z¸l�nqb�p nrx3*9b�¦{b9}~nrv@n1pr]@b*u{v`p~�`z�prb9�§�`b�«yz¸l
T
x¬w=z

w@b�p�£1u{}~Ë�£�x¶p~]§�9�{�gw`uo�obsnQu{w>z
4×4

n��6v@z{}rbN¢�ª®u{}ºnqb9«¶ª¾´µnqb9«¬bst©p~b9�>c1±gj °®pru{� ¢{�{}~b�b9w ²©¢Nu{wo´U«�x¬w`b^�`}~v`w`x�w`�
f=|·� °®�Iu�pqp~u{a ¢`}~b9�@²�¢`u�¨I´U«¬x�w`b,�`}~v`w`x�w`�>f§|·��°®a0xy�`�o«�b{¢`lNb�«�«¬u�£¤²

f=|·��³�e w=p~]`b>t�uNwNp~}~z{}rlN¢Yu�¨I´;«�x¬w@bd�`}~v`w`x�w`� z�«��{uN}rx¬pr]`a>ngz�w@� nrb�«¬ªºnqb9«¬bst©p~b9� c1±gj��ou{w 3 p,¦�z�}~l pr]`b9x¬}
}~b�«yz¸l*nrb�p�nQ£�x¶p~]>�ox¶¨Yb�}~b�w6p·�@}ru6z{�`t9z{nqp�nru{v`}�t�bsn�¢Nz�w@�0t�uNw@nrb��6v`b�w6p~«¬l�p~]`b��`v@}~�ob9w0u�ªYª®u{}~£1z{}~�`x¬w`�gxynQw`u�p
b �6v@z�«�«¬l�nq] z�}~b9��� b�p�£ºb9b�w=z�«�«�p~]`b*w`uo�obsn�x�w pr]`b�w@b�p�£1u{}~ËI³   w§�@z�}rprxyt�v@«�z{}^pr]`xyn�a>z¸l�«�b9zN��pru¯�@zNt�Ë{b�p
«�uNn~n1� bst�z{v@nqb,p~]`b �6v`b�v@b9n^x�w�}~b�«yz¸l>w`uo�ob�z�}~b,a0u{}~b ª®}~b��6v`b9w6pr«�l�t�uNw`�{bsn�p~b9��³

Â�x��{v`}~b¯� 
�nq]`u�£�n�pr]`bdx¬w@�`x¬}~b9t�p «�uNn~n�}~z�prb�° ����� � p~]`b�«�uNn~n�}�z�p~b*�ov`b*pru¯}~u{vop~b�ª¹z�x�«�v`}rb*� bst�z�v nqb�u{ª
a0xynrnrb9� ?�j ) ²©³   w�ª¹z{t©p^p~]`b ?�j ) �ob�«�x�¦{b�}~l0}~z�prb,nq]@u{v`«y�¯�Ib,a*v@t�]�«¬u�£1b�}s³�\^]@b �@zNt�Ë{b�p1�ob9«¬x�¦{b9}rl>}�z�p~b
¦�z{}rx�b9n�£�x¬pr]§a0uN�`x¬«�x¬p�l{¢Yz{n�a0u{�@x¬«�x¶p�l�«�b9z{�@n^pru>ª®}~b��6v`b9w6p�pruN� uN«¬uN�{l�t�] z�w`�Nb9n�z�w ��pr}~x¬�N�{b�}�n^wmv`a0b�}~u{v@n
b�Ãmpr}�z�?�j ) pr}�z�w@nra0x�n~nrx¬uNw@n�¢mx�w@t�}~b9zNnqx�w`� �6v`b�v`b�t�u{w`�Nb9nqprx�u{w@n9³

� #%����&º����� �����

cºuNw`w`bst©prbs�­�ouNa4x�w@z�prx�w`�Ànrb�p~n�z�}~b¥z t�}rx¬prxyt�z{«�ª®bsz�prv@}rb¥ª®u{}�a0uN�`x¬«�b¥£�x�}~b�«�b9n~n¯w`b�p�£ºuN}rËmx�w`�@³   ª�p~u6u
a>z{w6l¿w`uo�obsn�}rb�pr}�z�w@nra0x¶p�pru{�Iu{«�u{�Nl¿v`�I�@z�prb x�woª®u{}~a>z�p~x¬uNwK¢�pr]@b w@b�p�£1u{}~ËSa>z¸l½nrx¬a0�`«�l­t�uN«¬«yz��@nrb{¢
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T
x¬w=z

w@b�p�£1u{}~Ë�£�x¶p~]§�9�{�gw`uo�obsnQu{w>z
4×4

n��6v@z{}rbN¢�ª®u{}ºnqb9«¶ª¾´µnqb9«¬bst©p~b9�>c1±gj °®pru{� ¢{�{}~b�b9w ²©¢Nu{wo´U«�x¬w`b^�`}~v`w`x�w`�
f=|·� °®�Iu�pqp~u{a ¢`}~b9�@²�¢`u�¨I´U«¬x�w`b,�`}~v`w`x�w`�>f§|·��°®a0xy�`�o«�b{¢`lNb�«�«¬u�£¤²

u�¦Nb�}~«¬u6z{�obs�=£�x¬pr]Àt�u{w6pr}~u{«�p~}~z�(¯t>u{w x¬p~n�u�£�w ³ \^]@b�}~b�ª®u{}~b>z§a0b9t�]@z{w`xynqa x�n*w`b�bs�ob9� p~u=«¬x�a0x¶pdpr]`b
nrb�p0u�ª �`}ru6z{�`t9z{nqp*ª®uN}r£^z�}��ob�}�n�x�wÀp~]`b w`b�p�£1u{}~ËY³ I¤nrx¬w`� z t�u{w@w`b9t�prb9�F�ou{a0x�w@z�p~x¬w@� nrb�p0x�n0nrv@t�]Fz
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