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\Æ[|hj�1f z ?kikfk�3[ x }@[|\_X�pqfPgb[|\ ��[���f��ëik[|gjfZgjl`i:X�^`\°g z � � [|h z [|gRi
ÿ�i�h x p%^D\]\ z �;l`i x:� p�Y�[%�`^`\Æ[|hj�bf z ?ki z f�Yml`pqfRi x p%�`g z X�[%\]\_� �Öp%h
�ëp|gRlÙn 7@l z \_i#fRp%X�i6g z X�ikf7gjl`i#} z�C i�hji x Y�i z]x �ëi�hR�Öp%hjXZ[ x Y�i z f
x p%g { hRi�[£g��qp x [ � i�hm[ { i/[qY6hjpqfjf�}D[£gj[�fRi6gjfk�¸gRlDi<X�^`\]g z_x p%X z [|\
�`hjp �¸z }�i�f�[ �k
�� hjik}�^DY6g z p x�z]x i�hjhRpqh�p � i�h�gRl`i3X�^`\°g z � � [|h z [|gRi
ÿ�i�h x p%^D\]\ z n
� BDý��#L	��tRNPt�
%ü`tRI
�/B`LOS CoE ý
B��-ý�� s�LOt��dC��÷L��dC�

!3l z f fRikY6g z p x �`hjikfRi x gjf:gRl`i { i x i�hm[£g z_� i X�p�}�ik\)�Öp%hM�«p%gRl
Y�[qfPi�fbp%�)gRlDi x [ z_� i÷ÿ�[��qikf Y6\Æ[%fjf z � i�h�n � z hmfPg ��iMi�%��`\_[ z]x
gRlDi�X�ikYml«[ x`z fPXZfdgRl`ik�ZlD[ � i z]x Y6pqX�X�p x �ygRl`i x �M�;l`i�hji/gjl`i
i � i x gÙX�p�}�i�\ÆfÙ} z]� i�h { i%��gRl`i�[%fjfP^DX��`g z p x fo[ x }<�Öp%hjX�^D\_[|g z p x f
p|�=ik[qYml [%hRi��`hjikfRi x gRi�}Fn
��p x f z }`i�h�gRl`i�gm[%f w p|��gRi�%yg#Y�\_[qfRf z � Y�[|g z p xbz_x [�ÿ�[��qikf z [ x

\_ik[|h x`z_x`{ �Öhm[|X�i���pqh w n/!3l z f�[|�D�`hRpy[%Ymló[qfRfR^`X�ikf�gRlD[|g�gjl`i
gRi�%¸gb}`[£gm[ �3[%f { i x i�hm[£gjik} �y�1[M�«[|hm[|X�i6gjh z YbX�p�}�ik\¼�3[ x }
^DfRikf
gRhm[ z_x`z]xD{ }`[£gm[�gRp�Y�[%\_Y�^`\_[|gRi#ÿ3[��qikfJ�öpq��g z XZ[|\�ikfPg z XZ[£gjikf
p|�;gjl`i�X�p�}�ik\3�D[|hm[|X�i6gji�hmf�n/!3l`i x �di�Ey^ z �`�«i�}r� z gRl gRl`i�fPi
ikfPg z XZ[£gjikfk� z g�Y�\_[qfRf z � ikf x i��úgjikfPg3}`p¸Y�^`X�i x gjf�^Df z]xD{ ÿ3[��%i�f�(
hj^`\]i�gRp�gR^Dh x gRl`i { i x i�hm[£g z]� i/X�p¸}`i�\F[|hjp%^ x } [ x } Y�[%\_Y�^`\_[|gRi
gRlDi/�«pyfegji�h z pqh
�`hjp%�D[%� z \ z ge�)gjlD[£g3[�Y6\Æ[%fjf=��pq^`\Æ}�lD[ � i { i x ikhJ�
[£gjik}�gjl`i�gRikfPg;}�p�Y6^`X�i x g z]x Eq^DikfPg z p x nd��\Æ[%fjf z � Y�[|g z p x gjl`i x
�ëikY6pqX�ikf
[�f z X��`\_i;XZ[£gRgRi�hdp|�FfPik\]i�Y*g z_x`{ gjl`i/X�pqfPg
�`hjp%�D[%�`\]i
Y6\Æ[%fjfkn
ÿ�p%gRl	fRY�i x [%h z pqf3[qfRfR^`X�i<gRlD[|g;gRi&%¸g#}�p�Y�^`X�i x gjf/[%hRi { i x �

i�hm[£gjik} �y�ó[ X z %ygj^`hji X�p�}�i�\;�«[|hm[|X�i6gji�h z ?kik}ó�¸���`nn!3l`i
X z %¸gj^`hRi÷X�p�}�i�\)Y�p x f z fegmf	p|��X z %¸gR^`hji Y6p%X��ëp x i x gjf������ "!$# �&%('&)*)+)+'��-, ./,10qn32�[%Yml	Y6pqX��ëp x i x g z f;�D[|hm[|X�i�gRi�h z ?�ik} �¸�
[ } z fÀcep z_x g<fP^`�«fPi�g#p|�4�`ns!3l¸^Df�[Z}�p�Y6^`X�i x g��6587P� z f�Y6hjik[|gRik}
�¸� � �� fPik\]i�Y*g z]x`{ [:Y6pqX��ëp x i x g�[qY�Y6pqhj} z]x`{ gjp:gjl`ib�`h z p%hmf��
� �9���8: �  �¸gjl`i x � �� lD[ �¸z_x`{ gjl`i<X z %¸gR^`hji�Y6p%X��ëp x i x g { i x ikhJ�
[£gji�[ }`p¸Y�^`X�i x g<[qY�Y�p%hm} z]xD{ gRp z gjf�p$� x �D[%hj[%X�i�gRikhjfk��� z gRl
} z fegjh z �`^�g z p x � �95;7<: � � � �  n/7 i	Y�[ x YmlD[|hm[%Y6gRi�h z ?�i�gRlDib\ z]w i&�
\ z l`p¸p�} p%�;[M}�p�Y6^`X�i x g�� z gjl1[:fR^`X p|�3gRp%gj[%\��`hjp%�«[|� z \ z ge�
p � ikh;[|\_\FX z %¸gR^`hji)Y6pqX��«p x i x gjf&=

� �>587�: �  !
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?
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2d[%Yml1}�p�Y6^`X�i x gZlD[qf�[ Y6\Æ[%fjf�\_[%�«ik\¼n*7Mi![%fjfR^`X�i gRl«[£g
gRlDi�hji z f [1p x i&�ögRp��¾p x i Y6pqhRhjikfR�«p x }�i x Y6i:�ëi6g#��i�i x Y�\_[qfRfRikf

[ x } X z %¸gR^DhRi�X�p�}�i�\�Y6p%X��ëp x i x gjfk�D[ x } gjly^«f;^DfRiA�<�<gjp z]x �
} z Yk[£gji �ëp|gRl�gRl`iCB%gRl X z %¸gR^`hjiMY�p%X��«p x i x g	[ x }úgjl`iCB|gjl
Y6\Æ[%fjf�n %ED x gRl z f	fRi6gPg z]xD{ � �¼fP^`�ëi�h �¸z fRik}�\]i�[|h x`z]xD{ �ÖhRpqX \_[��
�«ik\]i�}�gRhm[ z_x`z_x`{ i�%`[|X��`\_ikf  ��gRl`i�ge�¸� z Y�[|\_\_� 4Rl z }`}�i x 6 z_x } z Y�[��
gRp%h � [|h z [%�`\_ikfd�Öp%h;[�X z %¸gR^`hji�X�p�}�ik\²[%hRi��`hjp �yz }�i�} [%f�gRlDikfRi
Y6\Æ[%fjf�\Æ[|�ëi�\Æfkn
FHGJI9K;L>MON�PRQ8LSP�K;TVU�TWQYX3Z�GJISI[L\FHZ4]JT6I
D x gRl`i/X�^`\]g z � � [|h z [£gRi/ÿ�ikh x pq^`\_\ z i � i x g
X�p�}�ik\¼�¸[)}�p�Y6^DX�i x g
z f÷[�� z]x [%hR� � ikY6gRp%h p � ikh:gjl`iífR�D[qY6iíp|�F��p%hm}`fkn � z_� i x
[ � p�Yk[|�`^`\Æ[|hj�_^Z�#i�[%Yml } z X�i x f z p x p|�)gjl`i fR�D[qY6i"`*�a`b�# � '&)c)&)d'e: ^f:g0q�«Y�p%hjhRi�fP�ëp x }`f3gRpF��pqhj}ihkj3�ÖhRpqX gjl`i � p¸Yk[|�`^_�
\_[%hR�qn > z X�i x f z p x `Op%�²gRl`i � ikY6gRpqh
�Öp%h�}�p�Y6^`X�i x gk5;7 z fL�;h z g��
gRi xml 7 j*�7[ x } z f�i z gjl`i�hon pqh � � z_x } z Y�[|g z_x`{ �;l`i6gjl`i�h���p%hm}
hJj�p¸YkY6^`hmf�[£g�\]i�[%fPgZp x Y�i z_x gjl`i!}�p�Y6^`X�i x g�n*7 z gRlúfR^DYml
[ }�p�Y6^DX�i x g�hji��DhRi�fPi x gm[£g z p x �K��i�XZ[ w ibgRl`i x [ z]� i ÿ3[��%i�f
[%fjfP^`X���g z p x =�gRlD[|g�gRlDi �`hjp%�«[|� z \ z ge� p|�;ik[qYml���pqhj}÷p�Y�Y�^`h��
h z_x`{�z]x [�}�p�Y6^`X�i x g z f z]x }�i��ëi x }`i x g/p|��gRl`i�p�Y�Y�^`hRhji x Y6i<p|�
p|gRlDi�h]��p%hm}`f z]x [Z}`p¸Y�^`X�i x gknH!3l`i x ��gRl`i��`hRpq�D[|� z \ z ge�bp|�O[
}�p�Y6^`X�i x g {%z_� i xbz gjf3Y6\Æ[%fjf��ÖhRpqXp2 Ey^D[£g z p x � z f3f z X��`\_�ZgRlDi
�`hRp�}�^«Y*g�p|�
gjl`i��DhRpq�D[|� z \ z ge�	p|�dgRl`iZ[£gRgRh z �D^�gRi � [|\_^`ikf<p � ikh
[|\_\���pqhj} [£gPgjh z �`^�gjikf&=
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� �xw l 7 j  � �xw÷� �>h j : � � � �  J � )
!3l¸^Dfk� {%z_� i x [ { i x ikhj[|g z_x`{ Y6pqX��«p x i x gk�|[�}�p�Y6^`X�i x gOY�[ x

�«idfRi�i x [%f�[;Y6p%\_\_ikY*g z p x p|��X�^D\°g z �`\_i z_x }�ik�«i x }�i x g=ÿ�i�h x p%^`\_\ z
i&%��«ikh z X�i x gjfk�yp x i��Öp%h�ik[qYml ��pqhj} z]x gRl`i � p�Y�[%�`^`\Æ[|hj�%�k� z gjl
gRl`i��`hjp%�D[%� z \ z g z ikf��Öp%h�ik[qYml p%�dgRlDikfRi���p%hm}:i � i x gmf<}`i � x i�}
�y�Mik[qYml Y�p%X��«p x i x g�� � �thkjc: �<� � �  n !3l z f z f)i�Eq^ z]� [|\_i x g�gjp
�yz i�� z_x`{ gRl`i!} z fegjh z �`^�g z p x p � i�h�}`p¸Y�^`X�i x gjfZ[qf��ëi z_x`{ }�i&�
fRY�h z �«i�} �¸�ó[Mÿ3[��qikf z [ x x i6g#��p%h w �=�;l`i�hji gjl`i![|�DfRi x Y�ibpqh
�`hRi�fPi x Y6i#p|�Ùi�[%Yml ��p%hm} z f�}�ik�«i x }�i x g;p x \]��p x gRl`i�Y6\Æ[%fjf�p|�
gRl`i�}�p�Y6^DX�i x gkn� z_� i x [ fRi6g p|�	\Æ[|�ëi�\_ik} gRhm[ z_x`z_x`{ }�p�Y6^`X�i x gmf��zy !
# 5 % 'c)&)c)c'�5W, {x,10q�«\]i�[|h x`z]xD{ gRl`i��D[|hm[|X�i6gji�hmf;p|�
[��`hjp%�«[|� z \ z fJ�
g z Y�Y6\Æ[%fjf z � Yk[£g z p x X�p�}�ik\7Y�p%hjhRi�fP�ëp x }Df3gRp i�feg z XZ[|g z_x`{ i�[%Yml
p|�3gRl`i�fPi�Y6\Æ[%fjf#�WY6p x } z g z p x [%\q��p%hm}M�DhRpq�D[|� z \ z g z i�f�n !3lDib�D[��
hj[%X�i�gRikhjf#p|��[ X z %¸gR^DhRi�Y6pqX��ëp x i x g<[%hRi��;h z gPgji x �(|6}~, �S� !
� �th j : � � � �  ���;lDi�hji�n�����|W}�, �S��� � n 7MiíY�[ x Y�[|\ÆY6^_�
\_[|gRi�ÿ3[��qikfJ�öpq��g z XZ[|\oi�feg z XZ[£gjikf#�Öp%h�gRl`i�fPi��`hjp%�D[%� z \ z g z ikf/�¸�
fegjhj[ z]{ lqgR�Öp%hO��[%hj} Y6p%^ x g z]xD{ p|��i � i x gjfk�)fP^`�D�`\]ikX�i x gRi�}��¸�
[ �`h z pqh � þ [%� x`z_w ��
��y�� n 7 i ^DfRi!gjl`i � [|�`\Æ[%Y�ik[ x �`h z p%h��
�`h z X z]xD{ ik[%Yml"��p%hm}�( fO[|�DfRi x Y6i#[ x }��`hjikfRi x Y�i/Y6p%^ x gL� z gjl [
Y6p%^ x g�p|�dp x i)gjp [ � p z }��`hjp%�«[|� z \ z g z ikf�p|�q?ki�hjp p%h<p x i%n > i&�� x i � �>���8: 5 7  � # n�' � 0�[%f {%z_� i x �¸�	gjl`i�}�p�Y�^`X�i x g�( f�Y6\Æ[%fjf
\_[%�«ik\¼n !3lDi x � ��i�i�feg z XZ[£gji�gRl`i��DhRpq�D[|� z \ z ge� p|�K��pqhj}�h j z_x
Y6\Æ[%fjfJ�<� � z gRlR=

���|6}~, �S� ! � �thkjc: �<� � �  ! �3u��
, {x,7 @�% l 7 j � �>���8: 5 7  
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!3l`i�Y6\Æ[%fjf3�`h z p%h3�D[%hj[%X�i6gRikhjfk�8� �S� �`[%hRi�fRi6g;�¸�ZgRlDi<XZ[�% z �
X�^DX \ z]w i�\ z l`p¸p�} ikfPg z X�[|gRi;=

�� �S� ! � �>���8: ��  ! � , {x,7 @�% � �>� � : 5;7  
: yi: ) � �k 

I/p|gji;gRl«[£g
gjl z f�X�p�}�i�\ë}�p¸ikf x p|g�Yk[|��gj^`hRi3gjl`i x ^`X��«ikhdp%�
g z X�ikf�ik[qYmlD��pqhj}	p�Y�Y�^`hmf��ë[ x }	gjlD[£g z g<i&%��`\ z Y z gj\]� z_x Y6\_^D}�i�f
gRlDi x p x �¾p�Y�Y6^DhRhji x Y�id�`hjp%�«[|� z \ z ge��p|�h��pqhj}DfÙgjlD[£g
}�p x p%gO[%�M�
�ëik[|h z_x gRl`i)}`p¸Y�^`X�i x gkn
F G3I9K;L[X3Z � LSPvIaFHZ4]JT6I
D x Y6p x gjhj[qfeg3gjp�gRl`i)X�^`\]g z � � [|h z [£gRi�ÿ�i�h x pq^`\]\ z i � i x g;X�p�}�i�\ö�
gRlDi�X�^`\]g z_x p%X z [|\=X�p¸}`i�\
Y�[%��gR^DhRi�f0��p%hm}	�Öhji�Ey^`i x Y6� z_x �Öp%h��
XZ[£g z p x z]x }`p¸Y�^`X�i x gjfknM��p x f z }�i�h��7�Öp%h)i�%`[|X��`\_i%�7gRl`i p�Ye�
Y6^DhRhji x Y�i�p|� x ^`X��ëi�hmf z_x gRl`ib�/i�^�gji�hmf x i��/f�� z hRiZ[|hRg z Y6\_ikf �
p%^DhZgRp w i xDz ?�[£g z p x XZ[|�«f [|\_\�fPgRh z]xD{ fZp%��} z_{%z gjf gRp [ Y�p%X'�
X�p x gRp w i x nO� z]x Y�i�i � i�hj� x i��/f;[%hPg z Y�\]i z f;}`[£gjik}F�`[ x } gRl¸^Df
lD[qf�[ x ^`X��ëi�h��=gRl`i x ^`X��ëi�h�gjp w i xóz_x gRlDi X�^`\°g z � � [|h z [|gRi
ÿ�i�h x p%^D\]\ z i � i x g
X�p�}�i�\ z fd^ x`z_x �Öp%hjXZ[£g z_� iqn � p$��i � ikhk� x i��/f
[|hRg z Y6\_ikf�[|�ëp%^�g�i�[|h x`z_x`{ f�gji x } gjp:lD[ � i [	\]p%g�p|� x ^`X��ëi�hmf
Y6pqX��D[|hjik})gRp { i x i�hm[|\ x i��/f
[|hRg z Y6\_ikfkn !3l¸^Dfk�%Yk[|��gj^`h z_x`{ �Öhji&�
Ey^`i x Y6� z_x �Öp%hjXZ[£g z p x p|�«gRl z f7gRp w i x Yk[ x l`i�\_��Y�\_[qfRf z � Y�[|g z p x nD x gjl`i�X�^D\°g z]x pqX z [%\oX�p¸}`i�\ö�D[�}�p�Y6^`X�i x g z f;[ x p%hm}�ikhRi�}
fRi�Ey^`i x Y6i�p|� ��p%hm}:i � i x gmf��o}�hm[<� x �Öhjp%X�gjl`iZfR[%X�i � p�Yk[|�M�
^`\Æ[|hj� ^ n 7 i [qfRfR^`X�i!gjlD[£g gRl`i \]i x`{ gjlDf p|��}�p�Y6^DX�i x gjf
[|hji z_x }�ik�«i x }�i x g	p|��Y�\_[qfRfkn � 7 i÷[ { [ z]x XZ[ w i [óf z X z \Æ[|h
x [ z]� ibÿ3[��%ikf�[%fjfP^DX��`g z p x =�gjlD[£g�gRl`i��`hjp%�D[%� z \ z ge�Mp%�/ik[%Yml
��p%hm}Zi � i x g z_x [�}�p�Y�^`X�i x g z f z_x }�i��ëi x }�i x g;p|�ogjl`i ��pqhj}[( f
Y6p x gRi&%¸g3[ x }Z�ëpqf z g z p xbz_x gjl`i<}`p¸Y�^`X�i x gknq!3l¸^Dfk�yik[%Yml }�p�Ye�
^`X�i x go587 z f)}�hm[<� x �ÖhRpqX [	X�^`\]g z_x p%X z [|\�} z fPgRh z �D^�g z p x p%�
��p%hm}`f'� z gjlú[qf�XZ[ x � z]x }�i��ëi x }`i x gZgRh z [%\_fZ[qf�gRl`i	\_i x`{ gRl
p|�A5 7 nn!3l z f�� z i�\Æ}`f�gRlDi �À[%X z \ z [%h�4P�D[ { p%�0��p%hm}`fO6:hji��`hji&�
fRi x gj[|g z p x �ÖpqhZ}�p�Y6^`X�i x gmf�n > i � x i�� 7 j gjpM�ëi	gRlDi	Y�p%^ x g
p|�Fgjl`i x ^DX��ëi�h3p|�Fg z X�ikfH��p%hm} hkjOp¸YkY6^`hmf z]x }�p�Y6^`X�i x gx5 7 n
!3l`i x ��gRl`i��`hjp%�D[%� z \ z ge��p|�D[#}`p¸Y�^`X�i x g {%z_� i x�z gmf�Y�\_[qfRfÙ�ÖhRpqX
2 Ey^D[|g z p x � z f;f z X��`\_� gjl`i�X�^D\°g z]x pqX z [%\o} z fPgRh z �`^�g z p x =
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!3l`i �D[|hm[|X�i6gji�hmf p%� gjl`i { i x i�hm[£g z_� iuY6pqX��ëp x i x gú�Öp%h
ik[qYml Y6\Æ[%fjf![|hji÷gRl`i �`hjp%�«[|� z \ z g z ikf!�Öp%h:i�[%Yml ��pqhj}o���;h z gJ�
gRi x ��| } , � � ! � �thkjO: ��� � �  � �;l`i�hji n�� ��| } , � � � � [ x }
� j ��|6}~, �S� ! � n� { [ z]x � ��i�Y�[ x Y�[%\_Y�^`\_[|gRi�ÿ3[��qikfJ�öpq��g z XZ[|\oi�feg z XZ[£gjikf/�Öp%h
gRlDikfRi��«[|hm[|X�i6gji�hmf)�Öhjp%XJ[÷fRi6g�p|��\Æ[|�ëi�\_ik} gRhm[ z_x`z_x`{ }`[£gm[`n
� ikhRiq�£gRlDi;ikfPg z X�[|gRi;p%�DgRlDi;�`hRpq�D[|� z \ z ge��p|� ��p%hm} hkj z]x Y�\_[qfRf
��� �Ö^Df z_x`{ � [|�D\_[qY6ik[ x �`h z p%hmf  z fc=
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¶¸§m´�©e¯Ã¬�¨�¬�¨y³·Ü£× � ¨�Á%­P´k§j©e¯Ã§m¦/»%¬£§mºyÄ�¦m¨£©7³°¦j¨yìk©e¹�Ä)´mÜ)Â�¦3§m³°´kµWµd»q¦R¿
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[ x }�fRi�\_ikY*g z]xD{ gjl`i#Y�\_[qfRfK� z gRl�gjl`i;l z_{ l`i�feg
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!3l`i#h z_{ lyg
lD[ x }Zf z }�i/XZ[����«i/i�%��D[ x }`ik}��¸� � hjfPgdfP^D�Dfeg z �
gR^�g z]x`{ ^Df z_x`{ 2 Ey^D[£g z p x f � [ x } � n"!3l`i x gRl`iZi�%��D[ x f z p x
p|� z]x } z]�¸z }�^D[%\Ùgji�hjX�f/�Öp%h#gRl z f#i�Ey^D[£g z p x [|hji�}�i��ëi x }�i x g�p x
gRl`iZi � i x g�X�p�}�i�\
^«fPi�}Fn � fRi 2 Ey^D[|g z p x f � [ x } � �Öpqh�gRlDi
X�^`\]g z � � [%h z [£gji�ÿ�ikh x pq^`\_\ z i � i x g)X�p�}�i�\ön � fPif2LEy^D[£g z p x f �
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7@l`i x hjik}�^«Y z_x`{ gRlDi � p�Y�[%�`^`\Æ[|hj� f z ?ki%�3�Öik[|gR^`hji fRi�\_ikY6g z p x
z f }`p x i!�¸�1fRi�\_ikY6g z_x`{ ��p%hm}`f�gRl«[£g lD[ � i!l z]{ l`ikfPgb[ � ikhj[ { i
X�^�gj^D[|\ z]x �ÖpqhRXZ[|g z p x � z gjl!gRlDi�Y6\Æ[%fjf � [|h z [|�`\_iF�ö��p � i�h/[ x }
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�
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g#��iki x gRlDi � �< Y6\Æ[%fjf/p%�
[ }�p�Y6^`X�i x g�[ x }�� �� gRl`i�[|�DfRi x Y�i
p%hZ�`hjikfRi x Y�i	p|��[/��p%hm} z]x gjl`i:}�p�Y6^`X�i x g�� +T�-��� ^Df z_x`{ [
}�p�Y6^`X�i x gOi � i x gOX�p¸}`i�\ö�£gRl`i;X�^`\]g z � � [|h z [£gRi3ÿ�i�h x p%^D\]\ z n 7 i
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p|�]��pqhj}mh j z_x [:}`p¸Y�^`X�i x gk�=�;lDi�hji � j gj[ w ikf�p x � [|\_^`ikf� j�� # n�' � 0q��[ x } � j ! n z_x } z Y�[|gRikfZgRl`i [%�DfRi x Y�i!p|�AhJj*�
[ x } � j ! � z]x } z Yk[£gRi�f<gRl`i��`hjikfRi x Y�i�p%�rhkj*n � � i�hm[ { i)X�^M�
gR^D[%\ z]x �ÖpqhRXZ[|g z p x z f<gRlDi�} z9C i�hji x Y�i��«i�g#��iki x gRl`i�i x gjhRpq�y�
p|�Dgjl`i/Y6\Æ[%fjf � [|h z [%�`\_i%���r���  �y[ x }�gRlDi;i x gRhjp%�¸��p|�ëgRlDi/Y6\Æ[%fjf
� [%h z [|�D\]i�Y�p x } z g z p x ik}!p x gRlDi�[|�«fPi x Y6i�p%h#�DhRi�fPi x Y6i�p|�OgRlDi
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�
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�;l`ikhRi � �9�  � � � � j  [ x } � �9��' � j  [%hRi�Y�[%\_Y�^`\_[|gRi�} �¸�MfR^`XZf
p � ikh7[%\]\`}`p¸Y�^`X�i x gjf � gRlD[|g z f � �>�  z f7gRl`i x ^`X��«ikhOp|�ë}`p¸Y�^M�
X�i x gjfL� z gRl Y�\_[qfRf�\Æ[|�ëi�\ �#} z_�¸z }�i�}Z�¸��gRl`i#gRp%gj[|\ x ^`X��ëi�h3p%�
}�p�Y6^DX�i x gjf �`� � � j  z f�gRlDi x ^DX��ëi�h;p|�=}�p�Y6^`X�i x gmf/Y6p x gj[ z_x �
z_x`{ p x i�pqh;X�pqhRi�p�Y�Y�^`hjhRi x Y6i�f�p%� ��p%hm} hkj3} z_�yz }�i�} �¸�Zgjl`i
gRp%gj[%\ x ^DX��ëi�h/p%�7}�p�Y6^DX�i x gjf � [ x } � �9��' � j  z f3gRlDi x ^DX��ëi�h
p|�
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h j �`} z_�yz }�i�} �¸�bgRl`i�gjp|gj[%\ x ^`X��ëi�h;p%�=}�p�Y�^`X�i x gjfkn
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i � i x g#X�p�}�i�\�gRl«[£g<Y�p%hjhRi�fP�ëp x }`f3gRp gRl`i�X�^`\]g z_x p%X z [|\S=;Y�[|\��
Y6^D\_[|g z_x`{ gRlDidX�^`gR^D[%\ z_x �Öp%hjXZ[£g z p x �ëi6g#��i�i x � �< gRlDidY6\Æ[%fjfop%�
gRlDi�}�p�Y6^`X�i x g#�ÖhRpqX �;l z Yml!["��p%hm}bp�Y�Y�^`hjhRi x Y6i z f#}�hm[<� x �
[ x } � �� [ hj[ x }�pqX � [%h z [|�`\_ibp � i�h�[|\_\L��p%hm} p�Y�Y�^`hjhRi x Y6i�f�n
� ikhRi3gjl`i]��p%hm}�p�Y�Y�^`hjhRi x Y6i�fO[|hji�gjl`i;i � i x gjfknK!3l z f
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hji x Y�ikfo[%�`�«i�[|h z]xD{�z_x }�p�Y6^DX�i x gjf�� z gRl)Y�\_[qfRf²\Æ[|�ëi�\8�7} z]�¸z }�ik}
�¸�!gRlDi�gjp|gm[|\ x ^`X��ëi�h�p%�L��p%hm}:p�Y�Y�^`hjhRi x Y6i�f �o� � � j  z f<gjl`i
x ^`X��ëi�h#p|�=p¸YkY6^`hjhji x Y�ikf3p|�K��p%hm}fhkj;} z_�yz }�i�} �¸�bgRl`i�gjp|gm[|\
x ^`X��ëi�hOp%�h��p%hm}�p¸YkY6^`hjhji x Y�ikf � [ x } � �9��' � j  z f=gRlDi x ^DX��ëi�h
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^`X�i x gmf]� z gjl:Y6\Æ[%fjf3\_[%�«ik\v�£�D} z]�¸z }�ik}��¸� gjl`i�gRp%gj[|\ x ^DX��ëi�h
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!3l z f=fPi�Y*g z p x �`hjp �yz }�i�fÙikX�� z h z Yk[|\¸i �¸z }�i x Y6i�gRlD[|g7gjl`i�X�^`\]g z �
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[|X��`\_i%� � � i)p%�OgRl`ikX [|hji?>A@�BDCFEHG�} z fjY6^Dfjf z p x!{ hRpq^`�Dfk�«[ x }
gRl`hji�i	p|��gRl`ikX } z fjY6^DfjfZhji�\ z]{qz p x n*7@lDi x gRp w i xDz ? z]x`{ gjl z f
}`[£gm[`� ��i f wyz �÷gRlDi � fRi�I#i6g�l`i�[%}�ikhjf"�ÖgRl`ikhRik�¸�M} z fRYk[|hm} z_x`{
gRl`i/fR^`��cei�Y*g
\ z]x i  e� gRp w i x f
[|hji��Öp%hjX�i�})�Öhjp%X�Y6p x g z]{ ^`p%^«fO[|\��
�`lD[|�ëi6g z YbYmlD[|hm[%Y6gRi�hmf � z gRl x pMfegji�X�X z]x`{ nD!3l`ibhjikfR^`\]g z_x`{
� p�Y�[%�`^`\Æ[|hj�%��[£�Ôgji�h/hji�X�p �¸z]xD{ ��p%hm}`f�gjlD[£g/p�Y�Y�^`h/p x \]� p x Y�i
p%h3p x [�fegjp%�`\ z feg���lD[%f �y�%�%��� ��p%hm}`fkn
!3l`iJI �LKNMPO }`[£gm[!fPi�gF�ö��hm[ � i xn��� ����� ��
�
��k Y�p x gj[ z]x f

��ik� �D[ { ikf { [|gRl`ikhRi�}÷�Öhjp%X(^ x`z_� ikhjf z ge�÷Y�p%X��`^�gji�hZfjY z i x Y�i
}�i��D[%hPgjX�i x gjfkn*!3l`i��D[ { ikf�[%hRi	} z_�yz }�i�} z_x gRp fPi � i x Y�[|gRi��
{ p%h z ikf&= �/)*� ' � % ) �RQ5S .L��T )U+ � �/) S(V=� .��D�W

�X� � �A

�ZYU� .Z) ��' �L� S 

)*[\� % )
[ x } �L)*]��L
 n D x gRl z fO�«[|�ëi�h�����i;^«fPi�gRlDi3�Öp%^`hOX�pqfPgO�«pq�`^`\_p%^Df
i x g z ge�k�öhji��`hjikfRi x g z]x`{ Y�[|gRi { p%h z i�fc= �	)*� ' � % ) �PQ5S .L��T )U+ � .��D�W

�X�
[ x } �A

�ZYU� .Z) ��[%\]\<gRp { i�gRl`ikh�Y�p x gj[ z]x`z_x`{ �D��
�
 �D[ { i�f�n 7 i
} z } x p%g�^«fPiZfPgRi�X�X z_x`{ p%h)[�fegjp%�`\ z fPg � ��i��Öpq^ x } gRlD[|g�^Df#�
z]x`{ [ fegjp%�`\ z fPg�[qY*gj^D[|\_\]�1l¸^`hPg �«ikhP�ÖpqhRXZ[ x Y6i:�ëikYk[|^DfRi%�3�Öpqh
i&%`[|X��`\_i%�"4RX��M6 z f gjl`i �Öpq^`hRgRlM�¾hj[ x`w i�}j��pqhj}ú�¸�úX�^�gj^D[|\
z]x �ÖpqhRXZ[|g z p x �F[ x } z f<[ x i&%`Y�i�\_\]i x g z_x } z Y�[£gjp%h<p|��[�fPgR^D}�i x g
l`p%X�i��«[ { iqn !3lDi�hRi�fP^`\]g z_x`{�� p�Yk[|�`^`\Æ[|hj��lD[%f �|���q� n ��pqhj}`fkn
!3l`i^" �:p¸} � ��gji�(ëgRhm[ z_x8_ gjikfPg<fR�`\ z g<p|�
gjl`i�` �A� )/�A

� �`���k
��> z fegjh z �`^�g z p x � n n }`[£gm[ fRi6g1Y�p x f z fPgjf p|� ����
 n � �;ik^�gRikhjf

x i��/f�� z hji![|hRg z Y6\_ikf z_x �k�y� p � i�hj\_[%�`� z_x`{ gRp%� z Y!Yk[£gRi { pqh z ikfkn
�`p%\_\_p$� z]x`{ fRi � ikhj[%\�p%gRl`ikh fegj^D} z ikfD� � py[%Yml z XZf ��
�
;�_�=� z i�hji
[ x } !�[q}�i��D[%\]\ z ��
�
k
� ��i��`^ z \Æ}b� z_x [%hR�ZY6\Æ[%fjf z � ikhjfd�Öp%h3i�[%Yml
p|��gRl`i � n	X�pqfPg��«pq�`^`\_p%^Df�Y6\Æ[%fjfPi�f�n 7Mi z]{qx p%hji^��pqhj}`f�p x
[Zfegjp%�`\ z fPgk�D�`^�g<}`p x p|g/^DfRi�fPgRikX�X z_x`{ nm!3l`i�hjikfR^`\]g z_x`{Z� p��
Y�[|�D^`\_[%hR�Zl«[%f ��
q�k
�� ��p%hm}`f�n
�Dp%h�[|\_\=}D[£gj[�fRi6gjf<i�%�Y�i���g?` �L�()/�L
a� � x [ z]� i�ÿ3[��qikf z f<�«ikhJ�

�Öp%hjX�i�}@� z gRlúhm[ x }`p%X�\]�ófRi�\_ikY6gRi�} gjhj[ z]x �¼gjikfPgZfR�`\ z gmf�n !3lDi
#b%R' ���/)*

+c,-� .Z)/�-
 [ x } �d�����X�D
a�D�W�(� }`[£gm[ fRi6gjf�^DfRi � � ibgRh z �
[|\Æf�� z gRl � n � p|��gRl`i:}D[£gj[Ml`ik\_}íp%^`g��Öpqh�gRikfPg z_x`{ �Fe S ]��-�
^DfPi�f � � i)gjh z [|\Æff� z gRl [ � n � gRikfPg�}`[£gm[`�²[ x }fI �LKNMPO ^DfRikf
gRi x gjh z [|\Æf�� z gRl [ � n � gRi�feg�}`[£gm[`n!�;ikfR^`\]gjf�[|hjiZhRik�«pqhPgjik}
[%f�[ � i�hm[ { i Y6\Æ[%fjf z � Yk[£g z p x [%Y�Y�^`hm[%Y6�÷[%Y�hRpyfRf)gRh z [%\_fkn D x [%\]\
i&%��«ikh z X�i x gjfs� z gjl!X�^`\]g z �`\_i�gRh z [%\_f { hm[|�`lDf#fPl`p$� fRX�[%\]\Ùi�h��
hRpqh
�D[|hmfOg#� z Y6i#gRl`i�� z }¸gRl p%�ogRlDi�fPgj[ x }`[|hm}�i�hjhRpqh � l`p$��i � ikh
gRl`ik�)[|hji
p|�Ôgji x lD[|hm}�gRp�fRi�i�f z_x Y6i�gRl`ik�)[|hjidp%�ÔgRi x Ey^ z gji x [|h��
hRp$��n �Dp%h�` �A� )/�A

� �DhjikfR^`\°gmf;p x gjl`i��!p�}�� � ��gji�gRi�feg<fPi�g�[|hji
fPl`p$� x [qf#�DhRi�Y z f z p x �¾hjikY�[%\]\Ù�`hRi�[ w i � i x �«p z]x gjfk�F[bfPgj[ x }`[|hm}
z]x �ÖpqhRXZ[|g z p x hji6gjh z i � [|\=X�ik[qfP^DhRi��Öp%h�� z_x [|hj�!Y6\Æ[%fjf z � Yk[£g z p x n
�;ikYk[|\_\o[ x } � hjikY z f z p x [%hRi�}�i � x ik}	[qfc=

�;ikYk[|\_\ !hg p|�=Y6p%hjhjikY*g3�ëpqf z g z]� i<�DhRi�} z Y6g z p x f
g p%���ëpqf z g z]� i<i�%`[|X��`\_ikf

� 
k 

� hRi�Y z f z p x ! g p|�=Y6p%hjhjikY*g3�ëpqf z g z]� i<�DhRi�} z Y6g z p x f
g p%�7�ëpqf z g z_� i��`hjik} z Y*g z p x f

� � n  

!3l`ib�`hRi�Y z f z p x �öhjikYk[|\_\O�`hRi�[ w i � i x �ëp z_x g z f�gRlDi � [|\_^`ib[|g
�;l z Yml��`hjikY z f z p x [ x } hRi�Y�[|\_\o[|hji<i�Ey^D[|\q� � py[%Yml z XZf ��
�
��� n
i T 
�GJI>K 

� z_{ ^DhRi � fRl`p$�/f�hjikfR^`\°gmf�p x gRl`i e S ](�-� }`[£gm[1fRi6g�n !3lDi
X�^`\]g z_x p%X z [|\3i � i x gZX�p¸}`i�\;hjik[%YmlDikf�[MXZ[�% z X�^DXJp|� �£�Y�
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� z]{ ^`hji � = � Y�p%X��D[%h z fPp x p|�#i � i x g�X�p¸}`i�\Æf��Öpqh�} z9C i�hji x g
� p�Yk[|�`^`\Æ[|hj� f z ?�ikf#p x gjl`i e S ](�-� }`[£gm[ fPi�gknfI#p|gji)gRl«[£g#gjl`i
X�^D\°g z � � [|h z [|gRi�ÿ�ikh x pq^`\_\ z �«ikhP�ÖpqhRXZf<�ëikfPg�� z gRl÷[bfRXZ[|\_\ � p��
Y�[%�`^`\Æ[|hj� [ x }	gRl«[£g#gjl`i�X�^`\]g z_x p%X z [|\Ù�ëi�hR�Öp%hjXZf/�ëikfPg0� z gRl
[!\Æ[|h { ikh � p�Y�[%�`^`\Æ[|hj�%n !3lDi X�^`\]g z_x pqX z [|\�[%Yml z i � ikf�l z_{ lDi�h
[%YkY6^`hm[%Y��Zp � ikhj[%\]\ön
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Multinomial
Multi-variate Bernoulli

� z]{ ^`hji � = � Y�p%X��D[%h z fPp x p|�#i � i x g�X�p¸}`i�\Æf��Öpqh�} z9C i�hji x g
� p�Yk[|�`^`\Æ[|hj�	f z ?�i�f�p x gjl`if#b%R' ���/)*

+ ,-�(.*)/�-
 }`[£gm[ fRi6g�n�I/p%gRi
gRlDi)fR[%X�i<gjhRi x }`f;[%f;fRi�i x	z]x gRlDi<�DhRi �yz p%^«f � { ^`hji%n

[%YkY6^`hm[%Y��<[|g=[ � p�Y�[%�`^`\Æ[|hj�<f z ?�idp%� � n;n�nm��p%hm}`fkn !3l`i�X�^`\]g z �
� [|h z [|gRi!ÿ�i�h x p%^D\]\ z i � i x g X�p�}�i�\�hRi�[%Yml`i�f�[÷XZ[�% z X�^DX p%�
�D��� [qY�Y6^Dhj[qY6�s� z gRl)p x \_� � n;nm��pqhj}Df�n[I#p|gRi
gRlD[|gogRl`idX�^`\]g z �
� [|h z [|gRi�ÿ�i�h x p%^`\_\ z fRl`p$�/f z gmf��«i�feg;hjikfR^`\°gmf3[£g;[�fRXZ[|\_\]ikh � p��
Y�[%�`^`\Æ[|hj�	gRlD[ x gjl`iZX�^D\°g z]x pqX z [%\¼�Ù[ x }MgRlD[|g�gRl`iZX�^`\°g z]x p��
X z [%\�l«[%f/�ëikfPg��ëi�hR�Öp%hjXZ[ x Y�i�[£g�[Z\Æ[|h { i�h � p�Y�[%�`^`\Æ[|hj� f z ?ki%n
!3l`i;fj[|X�i��«[£gPgji�h x�z fOfRi�i x�z]x gRlDi #b%R' ���/)*

+ ,-�(.*)/�-
 }`[£gm[�fPi�gk�
} z fP�D\_[��qik} z]x � z_{ ^`hji � n � i�hji%�`X�^`\]g z_x p%X z [|\olD[qf�gRl`i�l z]{ lM�
ikfPg�[qY�Y6^Dhj[qY6�bp%� 
��Y� [£g � n�n;n�n'��p%hm}`f��«[ x }	X�^`\°g z � � [|h z [|gRi
ÿ�i�h x p%^D\]\ zFz f3�ëikfPgs� z gRl �q�Y� [%YkY6^`hm[%Y�� [£g � n;n�n ��pqhj}`fkn �
� z_{ ^DhRi � fRl`p$�/f�hjikfR^`\°gmf��Öp%h�gjl`i ���Z� �	��

������� }`[£gm[!fPi�gkn

� ikhRiq�F�«p%gRl i � i x g�X�p�}�ik\_f�}�p	�ëikfPg)[£g<gRl`i�XZ[$% z X�^`X � p��
Y�[%�`^`\Æ[|hj�)f z ?�i�f�n=�!^`\]g z_x pqX z [|\«[%Yml z i � ikf �q�8� [%YkY6^`hm[%Y��)[ x }

��� §m§mº%­P´k§m¯Ã¦mµO´6­e¦�¹q¯Ãì�¹y¦R­O¹y¦j­e¦
©e¹¸´�¨�­e¦mÁ�¬k­W©e¦m»)¯Ã¨ ÞÀð�§6â=´�³°³ÃºqÄ
ÌRÓ�Ée�°ß�ã*äkäe��é�Â�¦m§*´�ºyµW¦<¹q¦j­e¦#Ä�¬k­e¦/©W­P´k¯Ã¨y¯Ã¨yì�»y´6©P´�ªO´kµ�Áq­e¬6Ú|¯]»%¦*»
©e¬�©e¹q¯°µ�§j³]´�µWµW¯·¶¸¦j­�Þt����ù ¬�Å3©e¹y¦�»y´�©P´ ºyµW¦*»MÅ_¬k­)©W­P´k¯Ã¨q¯°¨qì	¹y¦R­e¦�Ç
Ú�¦j­eµWºqµO¬�¨q³ÃÜ�����ùu¯Ã¨�©e¹y¦3¬�©e¹y¦j­
ª7¬k­e®qéR×
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Multi-variate Bernoulli

� z_{ ^DhRi � = � Y�p%X��D[%h z fPp x p|�`i � i x gÙX�p�}�ik\_fÙ�Öp%h=} z�C ikhRi x g � p��
Y�[|�D^`\_[%hR��f z ?�i�f/p x gRl`i �d�����X�D
a�D�W�(� }`[|gj[ fRi6g�n � ikhRiq�«�ëp|gjl
}`[£gm[#fRi6gjf7�ëi�hR�Öp%hjX �«i�feg
[£g7gRlDid�Ö^`\_\ � p�Yk[|�`^`\Æ[|hj�%���`^�gOX�^`\°g z �
x p%X z [|\o[%Yml z i � ikf�l z_{ lDi�h/[%YkY6^`hm[%Y��%n
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Multinomial
Multi-variate Bernoulli

� z_{ ^DhRi � = � Y6pqX��«[|h z fRp x p%�#i � i x g�X�p�}�ik\_f��Öp%h�} z�C ikhRi x g
� p�Y�[%�`^`\Æ[|hj��f z ?�ikf3p x gjl`i I �AK-M�O }`[|gj[�fRi6gkn � i�hji<gRl`i�g#��p
i � i x g#X�p¸}`i�\Æf�[qYml z i � i x i�[|hj\]��i�Ey^ z_� [|\_i x g<[qY�Y�^`hj[qY z ikfk�`�`^�g
gRl`i<X�^`\]g z � � [%h z [£gji<ÿ�ikh x pq^`\_\ z [%Yml z i � ikf
gRl z fm� z gRl	[�fRXZ[|\_\]ikh
� p�Y�[%�`^`\Æ[|hj�%n

X�^`\]g z � � [%h z [£gji ÿ�ikh x p%^`\_\ z [%Yml z i � ikf 
��/� [qY�Y6^Dhj[qY6�%n � hji �¸z �
p%^Df�hjikfR^`\]gjf z_x gjl z f)}�p%XZ[ z]x [|hji�Y�p x f z fegji x gk� z]x gRl«[£g)�ëikfPg
hRi�fP^`\]gjf ��ikhRi"� z gRlógRl`i �Ö^`\_\ � p¸Yk[|�`^D\_[%hR�@� � py[%Yml z XZf ��
�
k
M�
I z_{ [|X ��� ����� ��
�
��k n �Dp%h7gRl`i�I �AK-M�O }`[|gj[`�qfPl`p$� x�z]x � z]{ �
^`hRi � �|gRlDi;X�^`\]g z � � [%h z [£gji3ÿ�ikh x pq^`\_\ z l«[%f=XZ[|h {%z_x [|\_\_�)l z_{ l`ikh
[%Y�Y�^`hm[%Y6� gjlD[ x gRlDi�X�^`\]g z_x p%X z [|\ö� ��
�� [qY�Y6^Dhj[qY6� [£g � n;n
��pqhj}`f � i�hmfR^Df �q�8� [%Y�Y�^`hm[%Y6��[£g � n�n;n"��p%hm}`f�n D x p x`{ p z_x`{
��pqh w ��i:[|hji	i&%��`\_p%h z]x`{ gRlDi:hRi�[%fRp x f�gjlD[£gZgjl z f }`[£gm[÷fPi�g
fPl`p$�/f�hjikfR^`\]gjf;} z�C ikhRi x g;�ÖhRpqX5gRl`i�p%gRl`ikhjfkn
� z_{ ^`hjikf � [ x } � fRl`p$���DhRi�[ w i � i x �«p z]x g;hjikfR^`\°gmf��Öp%h3gRlDi

gRi x ` �A� )/�A

� Y�[|gRi { p%h z i�f�n � { [ z]x �=gRl`i gRhji x }Df�[%hRib} z fPg z_x Ye�
g z_� i%n !3l`i÷X�^D\°g z � � [|h z [|gRi ÿ�i�h x p%^`\_\ z [qYml z i � i�f	[ífR\ z]{ lqgj\]�
l z]{ l`i�hM�`hjik[ w i � i x �«p z]x g z]x p x i1Yk[%fRi%���`^�gMp x [ � ikhj[ { i
[%Y6hjpqfjf�Y�[|gRi { p%h z ikfk� z gjf��«i�feg��ëi�hR�Öp%hjX�[ x Y6i z f � n � �ëi�hmY6i x g��
[ { i��ëp z_x gmfO\_ikfjf7gRlD[ x gjl`i;X�^`\]g z_x pqX z [|\önK!3l`i;X�^`\]g z � � [%h z [£gji
ÿ�ikh x p%^`\_\ z lD[qfZ[ hm[|� z }í}�ikY�hRi�[%fRi z_x �«ikhP�ÖpqhRXZ[ x Y6i	[%f�gRlDi
� p�Y�[%�`^`\Æ[|hj� f z ?ki { hjp$�/f��=�;l`ikhRi gRlDi�X�^`\]g z_x p%X z [|\;�ëi�hR�Öp%h��
X�[ x Y6i z f;X�p%hji�i � i x [%Y�hRpyfRf � p¸Yk[|�`^D\_[%hR�bf z ?�i%n��;ikfR^`\]gjf;�¸�
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Multinomial
Multi-variate Bernoulli

� z]{ ^`hji � =]!m��pbp%�OgRl`i�Y6\Æ[%fjf z � Yk[£g z p x gm[%f w f;�Öhjp%X ` �L�()/�L
a� n
�!^`\]g z_x pqX z [|\«i � i x g
X�p¸}`i�\Æfd}�p)[ x [ � i�hm[ { i�p%� � n �Y� �ëp z_x gjf
�ëi6gPgji�h�n !3l z f7}�p%XZ[ z]x gji x }Dfogjp#hji�Ey^ z hRidfRXZ[|\_\]ikh � p�Y�[|�D^`\_[%hJ�
z ikf��Öp%h7�«i�fegO�ëi�hR�Öp%hjXZ[ x Y�i%n��¸iki]� z_{ ^DhRi � �ÖpqhÙgjl`i3hRikX�[ z]xDz]x`{
` �L�()/�L
a� hRi�fP^`\]gjfkn

� pq[%Yml z XZff� ��
�
��� �Öp%^ x }b�«ikhP�ÖpqhRXZ[ x Y6is�3[%fdl z_{ l`i�feg z]x gRl z f
}�pqX�[ z]x � z gRl�gRl`i��Ö^D\]\ � p�Y�[|�D^`\_[%hR�D� x p��Öik[|gR^`hji�fPik\]i�Y*g z p x  n
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