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e;mwi y gh`|v�pTrdvwpx «m�¤\kx�o`,�o`!jhglkxª^ghjqgqm�z�_�p y `!jhjqghr^�bª�`!�Tktrd�T�6zT`|kt�ov*kx�Tp�-Z-p y kEzt¬n_�pT�w`¡mw[�kxr��x�£v�mop;}�[�ktv{mwgl}
_�p y `|jhvb[�kE�T`¢ª�`!`|r¸s��wpTs�p�v{` y  �pt�bmo[^`�v{pt «m�¤¡kt�w`� ©kxghjqi��w`�kxr y¸y `|ª^i^�T�tghr^� s��wpu}�`�vwv|¢Z\[�`|vw`d_�p y `|jhv
kt�w`¢ª�ktvw` y ptr¸_dpT�w`¢pt�£jq`�vwvbvwpts^[�ghv{mwgl}!kxmw` y ktvov{i�_ds^mwghptr�v|¬®kxr y mw[^`|gq�b�tp�kxj*ghv§mop `�v�mogq_�knmo`�s^�w`�v{`|r�m
ktr y  �iumwi��w`6vwpx «m�¤\kx�o`\�w`|jqglkxª�gqjhg²m�zT¬tª�kTv{` y ptr�mw[�`�ptª�vw`!�o�nknmogqpTr¢pt Ws�ktv{mY ©kxghjqi^�o`|v,kxr y }!pt�o�w`�}?mwghptr�v!*�^pt�
�o`|}!`!r�m��w`|�;gq`|¤�v!¬uvw`!` � z;i%$'&�(*)-ktr y �,[�kx_+$ �T��)D, �T`!r^`|�oktj\ ��okt_�`!¤¡pt�o¥¼ �pt��v{mwpu}�[�kTv�mogh}·vwpx «m�¤\kx�o`$�w`|jqglkxª^ghjhg²m�z _dp y `|jhv�ghv�mw[�kxm�px &vw`!jq  ¯ `!~u}!g²mogqr��
��kxr y pt_.s�ptghr�m6s^�opu}�`|vovw`|v|¬us^�wpTs�p�v{` y ghr�-bkxi y ptghr%$ (*)�kxr y µ¨[^`|r ¯ e;gqr��ts^i^�o¤\kxjhjhk.$ �*)D � `!m0/�1�2436587t¬
ª�`½mo[^`\v{i�}|}�`�vwvwgq�T`,vwpx «m�¤\kx�o`� ©kxghjqi^�o`½mogq_�`�v!¬xv{mokt�{mogqr^�� ��wpT_9/;:=<?>^ ,  «mw`|�-`�kt}�[� ©ktgqjhi^�o`t¬�mw[�`¡vwpx «m�¤\kx�o`
glv,}!pt�o�w`�}?mo` y pt�½r�pxm|¬;kxr y �w`�v�m�kx�wmw` y -´ m,glv½i�v{i�ktj^mop�}�pTr�v{g y `|�Ymw[�kxm y `|ª^i^�T�tghr^�bmwgh_�`|v,kt�w`6r^`!�Tjqgh�tghª^jh`
pT�\r^pxm\mokt¥t`|r ghr�mwp�kt}|}�pti�rTm�YZ\[^`!r¶¬�jq`!mA@ 1 <B/ 1;C / 1ED�F 2�3G5H7t¬uª�`bmw[^`&vwi�}!}!`|vov{gh�t`§mwgh_�`|v\ª�`�m�¤¡`!`|r
 ©ktgqjhi^�o`|v¢kxr yJILK ª�` mw[^` r�i�_�ª�`!��pt � ©kxghjqi��w`�v&pu}!}!i^�w�o` y ª�`�m�¤¡`!`|r¹�Nktr y%M ¸Z\[^`� ©kxghjqi��w`¿s��wpu}�`�vwv
glv§`���i^gh�Ektjq`|r�mwjhz·ptr^`¢px ½mo[^`¢��kxr y pt_ s^�opu}�`|vovw`|vON�/ 1QP�1ER�F ¬SNT@ 1QP*1�RUF pT�LN IVK P K RW: b´ m�ghv£}�pT_ds�jq`!mw`!jhz
y `���r^` y ª�z¿mw[^`b ©ktgqjhi^�o`£ghr�mw`|r�v{gqm�z;X

YZK <\[']_^` KEa : 7b�MSced IVK�f ` K C ILK <87hg i K�j k &�l
¤�[�`!�o`�i K <Bm d N Ion P :
p n p K j glv¡mw[^`�ghr�mw`|�wr�ktj ��jqmw��knmwghptr$px -mw[^`b ©ktgqjhi^�o`�s^�op;}!`|vov!e;pt «m�¤¡kt�w`6�w`|jqglkxª^ghjhg²m�z�knm¨mwgh_d` M `�~us^�o`|vov{`�v�mw[�`6s^�optª�ktª^ghjqgqm�z�mo[�knm¡r^p¢vwpx «m�¤\kx�o`\ ©kxghjhi^�w`§¤�gqjhj�p;}|}�i^�
y i^�wghr^��k¢mwgh_�`�px Ykxr;z�jq`|r^�xmo[rq$kx «mw`!� M ¬^}�ptr y g²mogqpTr�kxjhjhz�mwpdmw[�`�s�ktv{m�px -mw[^`b ©ktgqjhi^�o`£s��wpu}�`�vwvTX

s K d q j < ctd I K�fUu C I K <v>Wg i K j < ctd /;wyx f F C MAz q g i K j <v{}|�~�� C�� K�fUu
K YWn�bh�T��� k ��l

¦·p�v�m�vwpx «m�¤\kx�o`$�w`|jqglkxª^ghjhg²m�z¹_�p y `|jhv�kTvwvwi^_�`$mw[�kxm�N I K P K R�:�ghv�k»r^ptr [^pt_�pT�t`!r�`!pti�v¢��pTghvov{pTr
s��wpu}�`�vwv kE��� �½��l�¬� �pt��¤�[�gh}�[¼ ©ktgqjhi^�o`¿ghrTmo`!r�vwgqm�z¸glv¢k y `�mo`!�o_dghr^glv�mogh} kxr y }!ptr�mwghr;i^pti�v� �i^r�}�mwghptr¹pt 
mogq_�`�X Y K < Y d M4j  , _�ptr���mw[^`|_$¬^mw[^`�_�pTv{m�i�vwi�kxj¶kt�w`�X� Z\[^`V�§i�kxr^`�_�p y `|j®pt����pn¤¨`|� ¯ � kE¤È�,�wpu}�`�vwv�$ �*) k � � �6l�X Y d M4j <v��� M�� DUF ¬������ f 2����r� f 

� Z\[^`L-£p;`!j ¯�� ¥;i^_�ptmwpd_dp y `|j�$_&���) k - � l�X Y d M4j < Y�� D�� K ¬ Y �r� f 2����r�¡
� Z\[^`�e ¯ v{[�kxs�` y _dp y `|j�$ß�t��) k eZl�X Y d M4j <v���   M�� D � K ¬������ f 24�%��� f 
Z\[^` _�kxghr¹�w`�ktvwptr  �pt�¢mw[�`�¤�g y `�i�vw`�pt  ��� �½�
ghr vwpx «m�¤\kx�o`��w`|jqglkxª�gqjhg²m�z glv&mo[^` vwgq_�s^jhgl}�gqm�z pt 

mo[^`!gh�£i�v{`T�³¨i^m6mw[�`¢_�kxghr y �okE¤�ª�kT}�¥�pt Ymw[^`�v{`d_�p y `!jlv6glv§mw[^`dktvov{i^_�sumogqpTr·mw[�knm£ ©kxghjqi^�o`�ghr�mw`|r�v{gqm�z
glv�k�}�pTrTmogqr;i^pTi�v§ �i^r�}�mwghptr»px ¨mwgh_d`�X�g²m&glvb_�pt�o`¢�o`|ktjqglv{mwgl}�mop·}�ptr�v{g y `!�£mo[�knm y `|ª^i^�T�tghr^� ghr y i�}�`|v�k
y ghvo}�pTrTmogqr;i^gqm�z¿ghr� ©ktgqjhi^�o`�gqr�mo`!r�vwg²m�zT
¦·pT�w`|pn�t`|�|¬*kxr¼gh_ds�pt�wmoktr�m� �`|kxmwi^�o`¿pt �vwpx «m�¤\kx�o`t¬�kxr y k·_�kn��pT� y g 1�`|�w`|r�}�` ¤�g²mo[¹[�kx� y ¤\kx�o`t¬-ghv

mo[�knm£v{pt «m�¤¡kt�w` y p�r^ptm6¤¡`|kx� ¯ ptium�XYg² ½k�s^gh`|}!`�px ½vwpx «m�¤\kx�o`£glv�r�pxm�_�p y g3��` y ¬�g²m�v6ktª^gqjhgqm�z¿mwp¿ ©kxghj y p;`|v
r�pxm }�[�ktr^�t`T¬¡vwp»mw[�`· ©kxghjqi��w`Gghr�mw`|r�v{gqm�zÇª�`�m�¤¡`!`|r m�¤¨p y `!ª^i^�T�tghr^�Tv�vw[^pTi^j y ª�`N}!ptr�v{moktrTm� Z\[�`!r¶¬
ktr^pxmo[^`!�¨}�jlktvovYpx ¶_�p y `!jlv½glvYmo[^pTvw`� �pT�,¤�[^gl}�[�mw[^`�mwgh_d`�v,ª�`�m�¤¡`!`|r� ©kxghjqi��w`�v�@¡1Skt�w`�ghr y `|s�`|r y `!r�m\kx�o`
`!~us�pTr^`!r�mwglkxjhjhz y glv�mo�wghª^iumo` y  � `!�o`t¬;mw[�`b ©kxghjqi^�o`bgqr�mo`!r�vwg²m�z ghv�k�v{mw`|s  �i�r�}?mogqpTr¶

×-×�Û£¢ �
¤ �
¤



a ��� '.��! ����� ��� ��� ) !
¦·pT�w` v{pTs^[^glv�mogh}|knmo` y _�p y `!jlv kt�w`Nª^i^ghj²m$ �ptjhjqpn¤�ghr^� � g²mwmwjh`!¤¡p;p y�� v $'&n�T)�v�m�knmw`|_�`!r�m|¬£kt}!}!pt� y ghr^�

mop»¤�[^pt_�m�¤¡p¼v{pTi^��}�`|vdpt £i^r�}�`!�wmoktgqr�m�z¼`!~;glv{m�ghr mw[^`� ©ktgqjhi^�o`�ª�`|[�kE�;gqpT�dpt bvwpx «m�¤\kx�o`�i�r y `!�o�tpTgqr��
y `!ª^i^�T�tghr^��)Z\[^` ����v{m v{pTi^��}�`·px �i^r�}�`!�wmoktgqr�m�z¹glv¿ghr mw[�`Nghr^s^ium�v
X»v{pt «m�¤¡kt�w`�ghr^s^ium�v�kt�w`G}�[^p�v{`|r
��kxr y pt_�jhz¼gqr mw[�`Ggqr�s^ium�vws�kt}!`�kT}!}!pt� y gqr��Nmop»mw[^`·pTs�`|�okxmwghptr�ktj¡s��wp9��jq`T Z\[^`·v{`�}�pTr y v{pTi^�o}!` pt 
i�r�}�`|�{m�kxghrTm�z ghv�mw[^`�`�1W`|}?m£px  y `|ª^i^�t�Tgqr��� � pxmo`&mo[�knm�mo[^`!�o`&glv6k�v{mw�optr^��jhghr^¥�ª�`!m�¤¨`|`!r·ghr^s^ium�v6kxr y
 ©ktgqjhi^�o`|vTX½mo[^`!�o`&glv6kd ©kxghjhi^�w`�g² �¬� �pt�£k��tgh�t`!r�ghr^s^ium�¬�mw[^`�vwpx «m�¤\kx�o`bptiumos^ium£ghv6r^pxm�mo[�knm§s^�wpn�;g y ` y ª;z
mo[^`&vws�`�}�g ��}!kxmwghptr�v|
Z\[^`|r¶¬Wmw[�`�}!ptr�}!`!sum£px ½mopxm�kxj* ©kxi^jqm�[�ktv§ª�`!`!r y `���r^` y gqr $ (£)�X6mw[^`dmwptmoktjS ©kti^j²m&kxm§mogq_�` M ¬	� w x�¬

glv§mw[^`�vw`�mbpx ¨ktjqj�ghr^s^ium�vb¤�[^gl}�[ }|kxrGs^�opn�tpT¥t`�k� ©kxghjhi^�w`�knm£mwgh_�` M �Z\[^`�`�1W`|}�m£pt  y `|ª^i^�t�Tgqr���glv£k
mo�oktr�v{ �pt�o_�kxmwghptr·pt 
��wyx�ghr�mwp���wyx f Fnb´ mbghv£jhpt�tgl}!ktjSmop kTvwvwi^_�`&mo[�knmbmw[�` y `|ª^i^�T�tghr^��pt ,k¿ ©kti^j²m�knm
k��Tgq�T`!r�mogq_�` y `|s�`|r y v§ptr^jhz�pt Ymw[^`¢v�m�knmw`�px �mw[^glv� ©kti^jqm£knm6mw[^glv�mogq_�`t¬Wkxr y r^pxm6pt Yg²m�v6s�kTv�m6v{mokxmw`�v!
eup�mw[^`� ©kti^jqm�s^�op;}!`|vov N��yw�x P K R�:¿}|kxr¼ª�`¿ktvov{i�_d` y ¦Gkx�o¥tpn�;glkxr¶�´ m�glv�s^�opn�t` y ghrB$ (£)½mo[�knm�¬*gq \mw[^`
ghr^s^i^mov¡pu}!}�i��¡ghr¿mogq_�`�kt}|}�pT� y ghr^��mopdk¢[^pT_dpT�t`|r^`!pTi�v½��ptglvov{pTr¿s^�op;}!`|vov,¤�gqmw[$s�kt�okt_d`!mw`|�
Y¬;gq Smw[�`!z
kt�w`\ghr y `|s�`|r y `!r�m�¬Tghr y `|s�`|r y `!r�m,pt ®gqr^s�ium½mwgh_�`|v|¬Tktr y [�kE�t`¡mw[�`6vwkt_�` y ghv{mw�oghª^iumwghptr��Lptrdmo[^`�ghr^s^ium
vws�kT}�`t¬;mo[^`!r$mo[^`b ©kxghjqi��w`bghrTmo`!r�vwgqm�z¿ghvTX Y K <��� d �ywyx j�� k ��l
Z\[^`di^r�}!`!�wmoktgqr�m�z�ptr¸gqr^s�iumov£glv§`!~us^�w`�vwvw` y ª;z�Çktr y ��¬¶ktr y mo[^`�i^r�}�`|�{m�kxghr�m�z pTr y `|ª^i^�t�Tgqr��

ª;z�mo[^`b ©kxi�j²m�s^�opu}�`�vwv=N��ywyx P K RW:x
´  �¤¡`\v{`!m��61�<��� d ��1ED�F j ¬t¤¨`¨ptªum�kxghr¶¬xktv*v�m�knmo` y zT`�m�ª�z&e;pTjq`|��$ß�na )D¬Emo[�knm*mw[^`|�w`¡`�~uglv�m�v-k§¦Gkx�o¥tpn�s��wpu}�`�vwv�� < N��61 P 1�RUF�vwi�}�[¸mw[�kxm|¬S}!ptr y g²mogqpTr�kxjhjqzGmwp�N��616< Y 1 P 1ER�FE¬Smw[^`dmogq_�`|v&ª�`!m�¤¨`|`!r¸ ©kxghjqi^�o`|v@¡1§kx�o`¿gqr y `!s�`!r y `!r�m�ktr y `!~;s�ptr�`!r�mwglkxjhjqz y glv{mw�ogqª^i^mw` y ¤�g²mo[Ç�o`|vws�`�}?mwgh�t`�s�kx��kx_�`�mo`!��v Y 1{���1§}!ktr

ª�`�i�r y `!��v{mwp;p y ktv6mw[^`dv{pt «m�¤¡kt�w`& ©kxghjqi^�o`���knmo`�kn «mo`!� d 3 C 7 j ÏQÙ y `|ª^i^�t�Tgqr��� , v{pt «m�¤¡kt�w`��w`|jqglkxª^ghjhg²m�z
_�p y `|j®gqr$mw[�ghv\ ���kx_�`|¤¨pT�w¥�glv\�tgh�t`|r ª;z�kd_�p y `!j® �pT��s^�op;}!`|vov=N�� 1QP�1ER�F 
e;`|�t`|�oktjWvwpx «m�¤\kx�o`£�w`|jqglkxª^ghjhg²m�z¿_�p y `|jhv\ª�`!jhptr^��mopdmw[^glv�}�jlktvovTX
��� [^`!r mw[�`�� 1 kt�w` y `�mo`!�o_�gqr^glv{mwgl}x¬Ymo[^`�mogq_�`�v¢ª�`�m�¤¡`!`|r¼ ©kxghjhi^�w`�v @ 1 kx�o`�ghr y `|s�`|r y `|rTm�kxr y
`�~us�ptr^`|rTmoghktjqjhz y glv{mw�ogqª^i^mw` y ½Z\[^`�_�pTv{m¡ ©kt_�pti�v\pt -mo[^`|vw`b_dp y `|jhv6kx�o`�X
� Z\[�`��t`|jqghr�vw¥�g ¯ ¦·pt��kxr y k&_�p y `!j $_&|�*) k ��¦�l�X��61 <H� d I C 3 �B7 j ¬������ f 2 I ��!¡
� Z\[�`&¦·pt��kxr y k��T`!pt_�`!mw�ogh}§_�p y `!j�$ß�x�*) k ¦�-Ol�X"��1 < Y$# 1�DUF ¬ Y ��� f 2 # � d >Z2T7&% � Z\[^` � gqm{mojq`|¤¨p;p y;¯(' `!�o�oktj¨_�p y `!jO$_&*)£) k+�+' l�}!ktrÇª�`�i^r y `|�ov{mwp;p y kTv�kN_�p y `!j�pt 6mo[^ghv�}!jhkTvwv

 �pt�¢¤�[^gh}�[¹mw[^`���1§kx�o`�gqr y `!s�`!r y `|r�m�ktr y [�kE�t`¿mw[^` �Tkx_�_�k y glv�mo�wghª^iumogqpTr¹¤�gqmw[¹�o`|vws�`�}?mogq�T`
s�kx��kx_�`!mw`!��v d ��24��F,��3��   j ¬ d ��24�;F 24�   j ��� f.- � ´¾r�$_&|�*) ¬h-bkti y pTgqr¶¬ � kE�T`!�o�tr^`�kxr y e;ptjh`!� y `���r^` y k�}�jlktvov½pt ®_dp y `|jhv|¬;}!kxjhjh` y mw[^`§s^�opts�pt�wmwghptr�ktj
_�p y `!jlv!¬�kTvwvwi^_�ghr^��mo[�knm�X

/ 3�5?7�2,� 1 f F <0� 1 � D"1	2 2�¤�[^`|�w`3� 1 kxr y�4 1 kx�o`bgqr y `!s�`!r y `!r�m| k a�l
Z\[^` 4 1Y�o`!s��w`�v{`|rTm\mo[^`�vwi�}!}!`|vov{gh�t` y `|ª^i^�t�Tgqr���`�1W`|}?m�v
X 4 1�<9>o<	56��1 f F=<7��1Y_�`�kxr�v\mo[�knm
y `!ª�i^�t�Tgqr^�¸[�ktv�r^pN`,1�`�}?m�¬ 4 1 z >�<	58��1 f F:9��61�_�`|ktr�v&mo[�knmdmw[�` }�pT�w�o`|}�mwghptr¼�o` y i�}�`|v
v{pt «m�¤¡kt�w`  ©kxghjhi^�w`���knmo`t¬¨vwp y `!ª^i��t�tghr^� ghv¿px §�Tp;p y ��i�kxjhg²m�zT¬¨ktr y�4 1;9 > <	5<�61 f F z ��1
_�`|kxr�v¡mw[�kxm y `!ª^i��t�tghr^��glv\px �ª�k y ��i�kxjhg²m�zT
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� Z\[^`�gh_ds�`!�w �`|}�m y `!ª�i^�t�Tgqr^��_�p y `!j®s��wpTs�p�v{` y ª;z�-bkti y ptghr�$'&�&�)-ktvovwi^_�`|v¡mw[�knmTX
/ 3�5?7�2 � 1 < d 7 C � 1�C � 1 j � 1�DUF � �� 1 k ��l

¤�[^`!�o`bmw[�`V��1½kt�w`b�Tp�p y$y `!ª�i^�t�Tgqr^����knmo`|v�kxr y mo[^`O��1,kx�o`£ª�k y�y `!ª�i^�t�Tgqr^����knmo`|v| , v{gh_�s^jq`
_�p y `!j¶glv\ptªum�kxghr^` y ª;z¿jh`�mwmwghr^��� 1 <B�¹ktr y � 1 <v�¸ �pT��kxjhj�3�

Z\[^`�s�kx��kx_�`�mo`!��v§pt ¡ktjqj�mo[^`|vw`�_�p y `!jlv�}!kxr»ª�`�`|v{mwgh_�knmw` y ª;zG_�kx~;gh_�i�_ jhgq¥T`!jhgq[^p;p y pt��pxmo[^`!�
mo`|}�[^r�g ��i^`�v!»Z\[^`!rS¬½g²mdghvds�pTvov{ghª^jh`¿mopN`|v{mwgh_�knmo`�s^�o`|vw`!r�mdktr y  �iumoi^�o` �o`!jhghktª^ghjqgqm�zt»Z\[^`|vw`�_�p y `|jhv
[�kE�t`£ª�`|`!r�_�pt�o`£pT��jq`�vwv�vwi�}|}�`|vov{ �i^jqjhz¿i�vw` y ptr$�o`|kxj¶vwpx «m�¤\kx�o`§ ©kxghjqi^�o` y knm�k^� pn¤¨`|�t`!��¬tktjqj�mw[^`�v{`�_�p y `|jhv¨ktvov{i^_�`\mo[�knm½mo[^`!�o`�glv,k&}!pt�o�w`�}?mogqpTr� �pT�,`|kT}�[d ©kxghjqi^�o`t¬�kxr y mo[�knm¨mw[^`
y `!ª^i^�T�tghr^�d` � }�gh`!r�}!z¿glv\[^pt_�pt�T`!r^`|pti�v¨ghr�mogq_�`tY´¾r�s^��kt}�mwgl}�`T¬;kx «mw`|��v{pt «m�¤¡kt�w`6 ©kxghjqi^�o`|v|¬^}�pT_�s^iumw`|�ov
kt�w`�pt «mw`|r¹�w`|ª�p;ptmw` y ¤�gqmw[^pTium y ptghr^�Nkxr;z }�pt�o�o`|}?mogqpTr¶��6`|ª^i^�T�tghr^�·[�kxs�s�`|r�v�¤�[�`!r¹kGvwi � }�gh`!r�mwjhz
jlkx�o�t`&kt_�pti^r�m6pt * ©ktgqjhi^�o`|v6[�ktv6p;}|}�i^�o�o` y  � [^`|rNk¿vwpx «m�¤\kx�o`£glv�ghrGgqmov§pts�`!��knmogqpTr�kxj¶jhgq �`t¬�mw[^`|�w`&glv6k
�T`!��v{ghptr¢i^s y knmo`�pt�YghrTmo�wp y i�}?mwghptrdpx ®k£r^`!¤ �o`!jh`|ktvw`t¬nghr�v{mw`�k y px  y `!ª^i��t�tghr^��¬xª^ium½ª�pxmo[�}!ptr�}!`!sum�vY}!ktr
ª�`�[�ktr y jh` y ghr�mw[^`6vokx_�`�¤\kEzt ° �t`|r�g² Sk�}!pt�o�w`�}?mwghptrdglv y ptr�`6kn «mo`!�½`�kt}�[d ©kxghjqi��w`T¬t_�pTv{m½px Wmw[�`!_ kx�o`
_�ghr^pt��ktr y mo[^`!�o`�kx�o`§vwpt_�`�mogq_�`|v¡_�kn��pT��}�pt�o�o`|}?mogqpTr�v|¬T¤�[^gl}�[ }|kxr ª�`�}�pTr�vwg y `|�w` y kTv¨` ��i^gq�nktjq`|rTm¡mwp
�T`!��v{ghptr i^s y knmo`|v|
e;pt «m�¤¡kt�w`��o`!jhghktª^ghjqgqm�z y kxmok\�T`!r^`|�oktjqjhz6}�pTr�vwghv{m¶gqr�k\jhghv{mSpt ;vwi�}!}!`|vov{gh�t`*mogq_�`|vSª�`!m�¤¨`|`!r£ ©kxghjhi^�w`�v!¬Ekxr y

mo[^`�ghru �pt�o_�knmwghptr ptr$¤�[^`�mo[^`!��k�}!pt�o�w`�}?mwghptr [�ktv\ª�`!`|r�s�`|�{ �pT�w_�` y pt��r^ptm|¬upT��¤�[^`�mo[^`!��}!pt�o�w`�}?mwghptr�v
kt�w`Y_�ghr^pt�-pt�¶_�kx��pt��¬|glv¶r^ptm*kE�nkxghjlkxª^jh`t¶Z\[^`|r¶¬Eg²m*¤¨pTi^j y ª�`¨gqr�mw`|�w`�v�mogqr��\mwp�ª^i�gqj y vwpx «m�¤\kx�o`Y�w`|jqglkxª^ghjhg²m�z
_�p y `|jhv¨¤�[^gl}�[�}�pTi^j y m�kx¥T`�mw[�ghv, ©kt}�m¨ghrTmop¢kT}!}�pTi^r�m|�Z\[^glv,glv½mo[^`b}!ktvw`�pt ®mw[^`§[^g y�y `!r$¦Gkx�o¥tpn��}�[�kxghrk � ¦¸µAl¡_�p y `|jqjhgqr���
e;`�}?mogqpTrL�¼s^�o`|vw`!r�m�v�mw[�`N_�p y `!jhjqghr^� px �mw[�` vwpx «m�¤\kx�o`� ©kxghjqi��w` kxr y y `!ª^i^�T�tghr^�¹s^�opu}�`�vwv�¤�gqmw[

[�g y^y `!r ¦Nkx�o¥tpn�»}�[�kxghr�v|¸´¾r v{`�}?mwghptr �^¬Y_�p y `!j\s�kt�okt_�`�mw`|�ov¢kx�o`�`�v�mogq_�knmo` y i�v{ghr^�¸mw[^`  �pt�o¤¡kt� yu¯
ª�kt}�¥;¤¡kt� y§° ¦.ktjq�Tpt�og²mo[^_�-e;`�}?mwghptr�a y `|ktjhv®¤�gqmw[&mw[^`¨[^g y�y `!r&v{mokxmw`|v � �o`|v{mwpT�okxmwghptr£i�vwgqr^��mw[^` ' gqmw`!�oª^g
ktjq�Tpt�og²mo[^_�)eu`|}?mogqpTr �»s^�o`|vw`!r�mov�mo[^`N}�[^pTgh}!`·px bmw[�`Nr;i^_�ª�`!��px �[^g y^y `!r v{mokxmw`�v�kxr y mw��kxr�vwg²mogqpTr
s��wpTª�kxª^ghjhg²m�z»_�knmo�wgq~Ç¤�gqmw[ mw[^`·³¡´wµ }!�wgqmw`|�wghptr¶Ç´¾r vw`|}�mwghptr ��¬½mo[^`�_dp y `|j�s^�o` y gl}?mogq�T` �nkxjhg y g²m�zÇghv
v{mwi y gq` y ¤�gqmw[ mw[^`�� ¯ s^jhpxm�_�`�mw[�p y Ç�*gqr�ktjqjhzt¬½mw[^` � ¦¸µ.kxs^s��wp�kt}�[¼glvdkts^s^jhgq` y mop¸�o`|ktj¡vwpx «m�¤\kx�o`
 ©ktgqjhi^�o` y kxmokdkxr y }�pt_�s�kt�w` y ¤�gqmw[$i�v{i�kxjWv{pt «m�¤¡kt�w`��o`!jhglkxª^ghjqgqm�z��t�opn¤\mw[¿_�p y `|jhv|¬� ��wpT_ mw[^`£s�pTgqr�m�v¨pt 
�;gh`!¤Lpx �¥�r�pn¤�jq` y �t`£px -mw[^` y `|ª^i^�T�tghr^��s^�wpu}!`|vov¡ktr y �w`|jqglkxª�gqjhg²m�z�s��w` y gh}�mwghptr¶

� ����� ��!����"$# �-/  �-�&�����
	&�*±�n	&�������� � ����+¡
� � �.���*/3/$��� �$�"
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´¾rÈpT� y `!��mwpÇi�v{`Gmw[^`· ���kx_�`|¤¨pT�w¥¹pt £[�g y^y `!r ¦Gkt�w¥Tpn�¹}�[�kxghr�v|¬\g²m�glv¿r�`|}�`�vwvokx�oz¼mopÇktvov{i�_d`�mo[�knm
mo[^`  ©kxghjqi^�o`���knmo`�s^�opu}�`�vwv � <+N � 1�P�1ER�F mokt¥t`|v��nkxjhi^`|vdghrÇk ��r^g²mo`$vw`�m� � `�m�� ª�`�mo[^`�}!kx� y ghr�kxj
r;i^_¢ª�`|�½px Wmo[^ghv¨v{`!m,kxr y N Y
	 F�� 2 �
�
� 2 Y
	� � P ª�`�mw[^`6vw`�m½pt ®s�p�vwvwgqª�jq`��nkxjhi^`�vY �pt�½mw[^` � 1 YZ\[^`|r¶¬+��ghv½k
y ghvo}��o`�mo` ¯ �Ektjqi�` y ¦Nkx�o¥tpn��}�[�kxghr¶½Z\[^`�ktvovwi^_�sumwghptr�v¡pTr�� <9N�@ 1�P�1ER�F kxr y � vwi^_.i^s·ktv¨ �pTjqjhpn¤�v
X

&t � ghv�k y ghvo}��o`�mo` ¯ �Ektjqi�` y ¦Nkx�o¥tpn��}�[�kxghr��
�u�}�pTr y gqmwghptr�ktjqjhz�mwp.N � 1 < Y 14P�1ER�F ¬umw[�`bmwgh_d`�v�ª�`�m�¤¡`!`!r  ©kxghjhi^�w`�v�NT@ 1QP*1�RUF kx�o`§ghr y `|s�`|r y `|rTm��
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� ��� '.��! ����� ��� ��� ) !
�^�}�pTr y gqmwghptr�ktjqjhz�mwp.N ��1 < Y
	�� � P ¬Z@¡1�[�kTv�kxr$`�~us�ptr^`|rTmoghktj y glv�mo�wghª^iumogqpTr ¤�gqmw[·s�kt�okt_�`�mw`|� Y
	�� � , r�z�s^�wpu}!`|vov-voknmoghv{ �z;gqr^�6mw[^`¡mo[^�w`|`¡kTvwvwi^_�sumogqpTr�v-ktª�pn�T`,glv�k6[^g y^y `|rd¦Nkx�o¥tpn�b}�[�kxghr¶-Z\[�ghv*r�kt_d`

glv y i^`bmopdmw[^`�i^r�¥�r�pn¤�r �nkxjhi^`�v�N�� 1�P�1ER�F ¤�[�gh}�[·kx�o`£r^pxm y gh�o`|}?mojqz�ptª�vw`!�o�nkxª^jh`t¬;[^`|r�}�`o� ) ��� -,!�
° kT}�[�mo�okx��`|}�mwpt�oz£px �s��wpu}�`�vwv � }|kxr¢ª�`�vws^jqgqmYgqr�mop§[^pT_�pt�t`|r^`!pTi�v¶º|ptr^`�v!¬n`�kt}�[¢º!ptr�`¡}!pt�o�w`�v{s�ptr yu¯

ghr^�$mwp·pTr^`��nkxjhi^` Y
	�� � pt ,mo[^`� ©kxghjqi��w`���knmw`�s^�opu}�`�vwv|�´¾r»k$�Tgq�T`!r º!ptr�`t¬¶mo[^`� ©kxghjhi^�w`���knmo`d�o`!_�ktgqr�v
}!ptr�v{moktr�m|J�§ghvo}��o`�mo`���i^_�s�v�kts^s�`|kx��ghr¹mo[^`$ ©kxghjqi^�o`$s^�wpu}!`|vov�¤�[^`|r¹mo[^`!�o`�ghv�kNmw��kxr�vwg²mogqpTr¹px §mw[^`
 ©ktgqjhi^�o`b�okxmw`bs^�op;}!`|vov\knm03 ÏQÙ  ©ktgqjhi^�o`t¬; ��opt_��61 < Y
	�� � mop �61 f F0< Y 	�� � 
´¾r$mw[�`bvwpx «m�¤\kx�o`§mw`|v{m�s�`!�ogqp y ¬;mo[^`�[^pt_�pT�t`!r�`!pti�v,º|ptr^`�v�}!kxr ª�`�ghr�mw`|�ws^�o`�mo` y ktv\s�`!�ogqp y v\¤�[�`!�o`

r�p¿}�pt�o�o`|}?mogqpTr�v¡[�kE�t`bpu}!}!i^�o�w` y kx «mw`!�� ©kxghjqi^�o`|v|¬^pT��¤�[^`!�o`bmw[^`&}!pt�o�w`�}?mogqpTr�v¡gqr�mw�op y i�}!` y ¤¨`|�w`�_�ghr^pt�
ktr y y g y r^ptm¿gq_�s^�opn�t`�vwgq�Tr^g3��}!kxr�mojqz»mo[^`� ©kxghjqi��w`·��knmo`tÈZ\[^`d��i^_�s�v�}!pt�o�w`�v{s�ptr y mwp¼}!pt�o�w`�}?mwghptr�v
ghr¸mw[^` ����v�m&}|ktvw`dktr y _�kn��pT��}�pt�o�o`|}?mogqpTr�v§gqr¸mw[^`�vw`|}!ptr y ¢´¾rNmo[^`�v{pt «m�¤¡kt�w`¢pts�`!��knmogqpTr�kxj*jqgq �`t¬Smw[^`
mo�oktr�vwg²mogqpTr�vdª�`!m�¤¨`|`!r º!pTr^`|v�}!ktr ª�`·ghrTmo`!�os^�o`�mw` y kTv�gqr�mo�wp y i�}�mwghptr�v�pt §�T`!��v{ghptr i^s y knmw`�v�pt��r^`|¤
�o`!jh`|kTv{`�v!
Z\[^`�k y �Ektr�mokx�T`�px �mo[^` � ¦¸µ _�p y `!j\¤�gqmw[¹�o`!��kx� y mwp ��� �,� _�p y `!jlv¢ghv�mw[�kxmdgqmdmokx¥T`|v�gqr�mwp

kT}!}!pti^r�mYmw[�` y glvw}!ptr�mwghr;i^gqmwgh`|v¨gqr� ©ktgqjhi^�o`6ghrTmo`!r�vwgqm�zd}|kxi�vw` y ª;z¢mw[^` y `!ª^i��t�tghr^��ktr y mw[�`6r^p¢¤¨`�kx� ¯ pTium
s��wpTs�`|�{m�zdpx -vwpx «m�¤\kx�o`t*Z\[^`bk y �nkxr�m�kx�t`6¤�g²mo[��o`!�Tkt� y mop&mo[^`£}!jhkTvwv¨px ¶_�p y `|jhv¡s^�o`|vw`!r�mw` y ghr�v{`�}?mogqpTr&£glv,mo[�knm\mo[^`!�o`§glv\r^ptm¡r^`�}�`�vwvokx�ogqjhz�k¢}!pt�o�w`�}?mogqpTr�kn «mo`!�\`|kT}�[� ©kxghjqi��w`T¬u¤�[^gh}�[ jq`�k y v¨mop�mo[^`b`�~ughv{mw`|r�}�`
pt -[^pT_�pt�t`|r^`!pTi�v¡s�`|�wghp y v|

, [^g y^y `|r·¦Gkx�o¥tpn�¿}�[�ktgqr$glv y `���r�` y ª;z�mw[^`b �pTjqjhpn¤�ghr^��s�kx��kx_�`�mo`!��v
X
&t�Z\[^` y glv�mo�wghª^iumogqpTr�px Smo[^`�ghr^g²moghktjSv{moknmo`3�AFn¬^�tgh�t`|r�ª;z�� � < c¡d � F < Y 	�� � j ¬U7��
	�� �Ç

�u�Z\[^`�mo�oktr�v{gqmwghptr s^�optª�ktª^ghjqgqmwgh`|v c¡d ��1 f F¡< Y 	�� � g �610< Y 	�� � j <� 	 1����� ¬ 3V5 7�2T7��	�� ��2
7��
� � �ÇY´¾r ¤�[�kxm¨ �pTjqjhpn¤�v|¬�¤¡`�ktvov{i�_d`§mw[�knm\mw[^`�¦Gkt�w¥Tpn��}�[�kxghr � glv¨[�pt_�pt�T`!r^`|pti�v|¬ )�� -��,mw[^`
mw��kxr�vwgqmwghptr¿s^�optª�kxª^ghjqgqmwgh`|v y p�r�pxm y `!s�`!r y ptr�3�YZ\[;i�v½mo[^`�mo�oktr�vwg²mogqpTr¿s�kx��kx_�`!mw`!��v½}!ptr ��r�`�mwp
mw[^`�_�kxmw�og²~ c y `,��r^` y ª;z�mo[^`�� ��� 

�^�Z\[^`��nkxjhi^`|v d Y
	 F�� 2 �
�T� 2 Y 	  � j px -mw[^`b ©ktgqjhi^�o`b�okxmw`|v|
� `�m���ª�`£mo[^`£vw`�m\px *kxjhj�s�kx��kx_�`�mo`!��v½px �k � ¦¸µ _�p y `!jD�´¾r$vw`|}�mwghptr�v¡�dkxr y a¢ktv¡¤¡`!jhj®ktv¨gqr mw[^`

}!i^�o�w`|rTm�vw`|}?mogqpTr¶¬umo[^`�r;i^_�ª�`!� �2px *s�p�vwvwghª^jq`b ©ktgqjhi^�o`b�okxmw`|v¡glv�}�pTr�vwg y `|�w` y kTv\¥�r�pn¤�r¶, }�ptr�v{` �Ti�`!r�}!`&px �mw[�`¢}�pTr y gqmwghptr�ktjSghr y `|s�`|r y `!r�}�`�[;z;s�pxmw[�`|vwghv§kxr y mo[^` ��r^g²mo`��nkxjhi^`�v�px  �.ghv
mo[�knm�mo[^`�_�kx�o�tghr�kxj y glv{mw�ogqª^i^mwghptr$px S@ 1 glv�k6��r^gqmw`&_�gq~;mwi^�o`t¬^vwgqr�}�`bg²m�v y `|r�v{gqm�z�����2¨glv\�tgh�t`!r$ª;z

��� 2 d�� j <��
� c¡d � 1 < Y 	�� � j �� �! "$# d�� j k ��l

¤�[�`!�o`%�  �! "$# d�� j*y `!r^ptmw`�vSmo[^` y `!r�vwgqm�z�px umw[�`¡`!~us�pTr^`!r�mwglkxj y glv�mo�wghª^iumogqpTr�¤�gqmw[¢s�kx��kx_�`�mo`!� Y
	�� � ¬n¤�[^gl}�[glv�mo[^` y ghv{mw�ogqª�iumwghptrGpt  @ 1¡}�pTr y gqmwghptr�ktjqjhz¿mop�N ��1 < Y 	�� � P  � `!r�}�`&mo[^` � ¦¸µL_�p y `!j-ghv£k�_�g²~;moi^�w`
_�p y `|j½¤�[^`!�o`¿kG¦Gkt�w¥Tpn�;ghktr y `!s�`!r y `!r�}!`�ktvovwi^_�sumwghptr¼vwi^ª�v{mwgqmwiumo`|v� �pT��mw[�`¿i�vwi�kxj½ghr y `|s�`|r y `|r�}�`
kTvwvwi^_�sumogqpTr�px Wmw[^`LNT@¡1 P 1�RUFEYZ\[^pTi^�t[¶¬Tmw[�` � s^�op;}!`|vov½glv½r^ptm¡k&¦Nkx�o¥tpn��}�[�ktgqr�gqmovw`!jq ��´¾r¿_�g²~;moi^�w`
_�p y `|jhv|¬�ktrbi^r^¥;r^pn¤�r y glvw}!�w`!mw`Y�nkx�oglkxª^jh`'& 1uglvSkTvwvwpu}�glknmw` y mop�`|kT}�[bptª�vw`!�o�t` y �nkx�oglkxª^jh`S@ 1w � ª�v{`|�w�T` y
�nkt�wglkxª^jh`|v§[�kE�;ghr^��mo[^`�vwkt_�`d�nktjqi^`dpx (& 1 }|kxrNª�`��t�opti^s�` y gqr¼k$vwkt_�`d}!jqi�v{mw`|�|¬S¤�[^gh}�[ _�kx¥T`|v§mw[^`
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_�gq~;mwi^�o`\_dp y `|jhv�¤�g y `|jqz�i�vw` y ghr�}!jqi�v�mo`!�ogqr^��S´¾r¢mw[^`�vokx_�`\¤¡kEzT¬Emw[^` � ¦¸µ»_�p y `!jlv*mokt¥t`�k y �Ektr�mokx�T`
pt -mo[^`&i^r�¥�r�pn¤�r y glvo}��o`�mw`��nkt�wglkxª^jh`|v�N ��1 P 1ER�Fn¬�kxjlvwp�}|kxjhjq` y%k [^g y^y `|r�l�v{moknmo`|v|¬u �pt��mw[^`&}!jhkTvwvwg3��}!knmogqpTr
pt Ymw[^` y kxmok�N�@¡1 P 1ER�Fx¬W¤�[^`!�o`&ghr¸k y�y g²mogqpTr¶¬�mw[^` y `|s�`|r y `!r�}�gh`|v§ª�`!m�¤¨`|`!rG�nkx�oglkxª^jh`|v§kx�o`&mokt¥t`|r·gqr�mwp
kT}!}!pti^r�m k  �pT��gqr�v{moktr�}�` � )+�dmw[�`¿¦Gkx�o¥tpn�GkTvwvwi^_�sumwghptrWl?¿Z\[^`�pTªumoktgqr^` y }!jqi�v�mo`!��v£ �pt�o_$¬-gqr mo[^` �
s��wpu}�`�vwv|¬�mw[^`�[�pt_�pt�T`!r^`|pti�v¡º!pTr^`|v\_�`|rTmogqpTr^` y kxª�pn�t`T
´ m½}!ktr¢ª�`\r^pxmogh}!` y mw[�kxm��bgq_¢i^�ok§kxr y�� kx_�k y kL$_&T�£)^i�v{` y zT`�m*mw[^` � ¦¸µ  ���kx_�`|¤¨pT�w¥bghrdvwpx «m�¤\kx�o`

�o`!jhglkxª^ghjqgqm�zt¬uª�ium�¤�g²mo[·kd}!pt_�s^jh`�mo`!jhz y g 1�`|�w`|rTm�s�ptghr�m�px *��gh`!¤�

� ' 	���	L" ¡�-\� 
�¶�-�
" 	b�*���&"

��pt��ktr;z vw`���i^`|r�}�`�N�� 1�P�1ER�F kxr y ktr�z»}�pTi^s^jh`¿px �ghr�mw`!�T`!��v d 3 2 	 j v{i�}�[»mo[�knm 3 9 	�¬Yjq`!m�� � 1 y `!r�pxmw`d � 1 2 �T�
� 2	� � j  � `¢i�v{`�mw[^`d�t`|r^`!��kxj-r^pxm�knmogqpTr c¡d j mwp y `!r^ptmw`¢`!gqmw[^`|�£k�s^�wpTª�kxª�gqjhg²m�z$_�ktvov� �i^r�}?mwghptrpT��k�s^�optª�ktª^ghjqgqm�z y `|r�vwg²m�z¸ �i^r�}�mwghptr¶¬*mw[�`�mw�oi^`¿r�kxmwi^�o`¿pt  c¡d j ª�`!ghr^�Gptª;�;ghpti�v£ ��opt_ mw[^` }�ptr�mo`�~;m|Z\[�ghv�}!ptr;�t`|rTmogqpTr�_�kx¥T`|v¡mo[^`�r^pxm�knmogqpTr$vwgq_�s^jh`!��¬u¤�[^`|r y `|kxjhghr^��¤�g²mo[$_�gq~u` y$y ghv{mw�oghª^iumwghptr�v!
� `�ktvov{i^_�`§mw[�kxm\mw[^`�
 ���ov{m¡ghr�mw`|�{ ©ktgqjhi^�o`6mogq_�`|v��� F px *kdvwpx «m�¤\kx�o`§kx�o`6pTª�vw`!�o�t` y  � `b¤¡ktrTm¡mwp

i�v{`§mw[^` � ¦¸µ _�p y `!jWghr pT� y `!�¨mwp�ktvov{`�vwv,s^�o`|vw`!r�m\ktr y  �iumwi^�o`£�w`|jqglkxª^ghjhg²m�z¿kxm¨mo[^`bjhkTv�m¡ ©kxghjqi��w`§mwgh_�`t
Z\[�` ���ov{m6v�mo`!s$ghv�mw[^`�`�v�mogq_�knmogqpTr pt -mo[^` � ¦ µ s�kt�okt_d`!mw`|�ov|
Z\[^` � ¦¸µ._dp y `|j�ghv�k m�z;s^gl}!ktj�}!ktvw`�¤�[^`!�o`$mw[^`G}!pt_�s^jh`�mo` y knmok���� F }|kxr ª�`Gvws^jhg²m�ghrTmop»mw[^`

pTª�vw`!�o�t` y�y knmok���� F ktr y mo[^`§_�glvwvwghr^� y knmok�� � F ¤�gqmw[���� F < d ��� F 2	� � F j ½Z\[^`£s^�w`�v{`|r�}�`§px Sghr�}!pt_�s^jh`�mw`
y knmok6px «mo`!r¢}!pt_�s^jhgh}|knmo`|vSmw[^`¡`|v{mwgh_�knmwghptr�px ^mo[^`¨s�kx��kx_�`�mo`!��v ��ª;zbjqgh¥t`|jqgh[^p;p y _�kn~ugq_�ghº|kxmwghptr¶*Z\[�i�v!¬
¤¡`b�w`�v{pT�{m\mop�mw[^` ° ¦�ktjq�Tpt�og²mo[^_ $ a ) ¬ y ` y gh}|knmw` y mwp�mw[�`�jqgh¥t`|jqgh[^p;p y _�kx~;gh_�gqº�knmogqpTr ghr$mw[^`&}!ptr�mw`!~�m
pt �_�glvwvwghr^���nkxjhi^`|v|*Z\[�ghvYgqmw`|�okxmwgh�t`�ktjq�Tpt�og²mo[^_
v{mokx�wmov* ��opt_ kxr�ghr^g²moghktj��nkxjhi^`�� 	 : � px �mw[^`�s�kx��kx_�`�mo`!��v
ktr y }!�w`�knmo`|v¡k¢vw`���i^`|r�}�`oN � 	�� � P � RW: ¤�[^p�v{`£jhgq¥T`!jhgq[^p;p y �T�wpn¤�v| , m�`�kt}�[�gqmw`|�okxmwghptr�� ¬ugqm\s��wpu}�`|` y v
kTv¡ �ptjhjqpn¤�vTX

����� � -"!," ��" ) � !$# ��%'& " - � ¯,y `!mw`!�o_�gqr�knmwghptr$px *mw[�` �  �i^r�}?mwghptr y `,��r^` y ª;z
� d �;2 � 	(� � j <*),+ !.- #0/ [(132 c + d � � F 2 � � F <4� � F j g � � F <4� � F %65 k � l

� � � � )876)�9 ��" ) � !�#�� %'& " - � ¯ _�kn~ugq_�ghº|kxmwghptr$px  � d �;2�� 	�� � j ¤�gqmw[��w`�v{s�`|}�m�mwp �W½Z\[^`!r
� 	�� f F � <4:<;	2 ^=:£|+ � d �;2 � 	(� � j}� k )�l

Z\[^` ° ¦ ktjq�Tpt�og²mo[^_ [�kTv£mw[^`� �pTjqjhpn¤�gqr�� s^�opts�`!�wmwgh`|vTX£mw[^`¿vw`���i^`|r�}�`.N�� 	(� � P � RW:�}�ptr;�T`!�o�t`|v6mwpmo[^` }!ptr�vwglv�mo`!r�m¢vwptjhiumwghptr¼pt ¡mo[^`�jhgh¥t`!jhgh[^p;p y ` ��i�knmogqpTr�v&¤�[^`|r�� 	 : � glvd}�jhpTvw`�mwpGmo[^`�pTsumwgh_�kxj¡v{pTjqi ¯
mogqpTr¶ � pn¤¡`!�t`|�|¬*¤�[^`|r¼mw[^`$_�g²~;moi^�w`$}�pT_ds�ptr�`!r�mov�N Y 	 F � 2 �
�T� 2 Y 	  � P kt�w`�s�p;pt�ojhz»vw`!s�kx��knmw` y ¬*mw[^`
`�v�mogq_�kxmwpt��v�pTªumoktgqr^` y v�mo�wpTr^�tjhz y `!s�`!r y pTr�mw[^`¢gqr^gqmwglkxj*�nkxjhi^` � 	 : � kxr y mo[^`¢}!ptr;�t`|�w�T`!r�}!`£��knmo`&}!ktr
ª�`6}!�wghs^s^jhgqr����ZSp�}!pts�`�¤�g²mo[�mw[^`6 �pt�o_�`!� y ��kE¤�ª�kt}�¥W¬x¤¡`�v{mokx�wm½ ��opt_ v{`|�t`!��kxjughr^gqmwglkxj��Ektjqi�`|v½ktr y �wi�r
k� �`!¤Lg²mo`!��knmogqpTr�v!¬�mo[^`���r�kxjW�nkxjhi^`£_�kn~ugq_�ghº!ghr^�¢mw[^`bjhgq¥T`!jhgq[^p;p y ª�`!ghr^��¥t`|sum�ktv\k¢v{mokt�{mogqr��¢�nkxjhi^`§ �pt�
pTr^`£ �i^�wmw[^`|� ° ¦2�wi�r¶,¦·pT�w`£s^�o`|}�glvw`!jhzt¬u¤¡`&}�ptr�v{g y `!�\mo[^�o`!`bgqr�g²moghktj¶�nkxjhi^`|v y `!mw`|�w_�ghr^` y knm���kxr y pt_
ktr y ¤¡`¡�wi^r��x�6g²mo`!��knmogqpTr�v- �pt��`|kT}�[��nkxjhi^`t�Z\[;i�v*¤¨`¡ptª^mokxghr&mo[^�o`!`\`|v{mwgh_�knmwpT�ov|SZ\[^`\pTr^`¨¤�[�gh}�[d[�ktv
_�kx~;gh_�kxjujhgq¥T`!jhgq[�p�p y ghv�i�v{` y kTvYv�m�kx�wmwghr^�bs�p�v{gqmwghptr¢ �pt��mo[^` ° ¦ kxjh�tpt�ogqmw[^_� � `�v{mwpts¢mw[�`�kxjh�tpt�ogqmw[^_
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¤�[�`!rJ&��t�t�¿g²mo`!��knmwghptr�v6[�kE�T`&ª�`!`!r y ptr�`t¬Wpt�£¤�[^`!rGmw[^`d�w`|jhkxmwgh�t`¢gqr�}!�w`�ktvw`&px Ymo[^`djqpT� ¯ jqgh¥t`|jqgh[^p;p y ghv
ª�`!jhpn¤Lk¢mo[^�w`�v{[�ptj y�� ¬u �pT��gqr�v{moktr�}�` � <87T> D�� � ���wpT_ ³\kxi^_ -,"
�£	 ��$ �*)D¬umo[^` � & " - � ghv\�Tgq�T`!r$ª;z�mw[^`b �pTjqjhpn¤�ghr^���w`|`|v{mwgh_�kxmwghptr� �pt�o_�i^jlkx`�X�� � < � F d 	 j k (�l

�� ��� < � 1	� 1 d 	�2 � j� 1 � 1 d 	 j k &|��l
�Y 	�� � < 
� � 1 �h1 d 	 j � 1� 1 ��1 d 	 j�� DUF k &�&�l

¤�[�`!�o` �h1 d 	 j < ) + ! - # /�� ����� 2��  ! " #�� g � � F < � � F %;< c + !.- # d �61 < Y 	�� � g � � F < � � F j k &���l� 1 d 	�2 � j < ) + ! - # /�� ����� 2��  �!���#�� � 2���� �  !�" # � g � � F < � � F %< c + !.- # d �61 < Y 	�� � 2 ��1ED�F < Y 	�� � g � � F <4� � F j�� k &|��l
Z\[^`�v{`�}!ptr y gqmwghptr�kxj y glv�mo�wghª^iumogqpTr�v\}!kxr ª�`&}!pt_�s^iumo` y ª�z�gqr y i�}?mogq�T`bktjq�Tpt�og²mo[^_�v,�oi^r^r�gqr^��kxjhptr��

mo[^`�}�[�kxghr¶¬ ���ov{mb ��wpT_ mw[^`�pT�wgh�tghrGmogq_�`� �pT�w¤\kx� y mwp�mo[^`d �iumwi��w`¿ktr y vw`|}!ptr y  ��opt_ mo[^` ��r�kxj�mogq_�`
ª�kt}�¥;¤¡kt� y mwp�mw[^`¢s�ktv{m|§Z\[^ghv£}!kti�vw` y mw[�` ° ¦ ktjq�Tpt�og²mo[^_  �pt��mo[^`�[�g y^y `!rN¦Gkt�w¥Tpn� }�[�ktgqr·_�p y `|jQ¬
y i^`bmwp�³\kxi^_�-�"
�£	 ��$ß��)D¬^mwp�ª�`&}|kxjhjq` y mw[^` �}� '�� ��' � $4� � !�� � ��' � � 	 � � '() "�� 7d
´¾r»¤�[�kxm� �ptjhjqpn¤�v|¬¶mo[^`�s�kx��kx_�`!mw`!��v � 	�� � kt�w` �^~u` y ktr y ¤¨` y `|r^pxmo` c < c + ! - #§mwp�_�kx¥T`�mw[^`r�pxmokxmwghptr�v{gh_�s^jh`!���Z\[�`b �pt�o¤¡kt� y �w`�}�i^��v{ghptr ghv\ª�ktvw` y ptr mw[^`&vwp ¯ }!ktjqjh` y  �pt�o¤¡kt� y �Ti�kxr�mwgqmwgh`|v

� 1 d 	 j < c¡d � 1 F <4� 1 F 2 � 1 < Y 	�� � j 2
ghr^gqmwglkxjhgqº|` y knm 3 <87bª;z�� F d 	 j < � � �  !�" # d�� F j kxr y }�pT_�s^iumw` y gqr y i�}?mogq�T`!jhz¿ª;z��1 f F d ��j < �

�
� ��� �y1 d 	 j �  �!!��# d�� 1 f F j}� k &!a�l

, v�k�ª;z�s��wp y i�}�m�px Smo[^glv��w`�}�i^��vwgqpTr¶¬�mw[^`�jhgq¥T`!jhgq[�p�p y ghv��tgh�t`!r ª;z�� + d ��� F j < �
�
� � d 	 j 

Z\[^`�ª�kt}�¥;¤¡kt� y �w`�}�i^��v{ghptr ghv�ª�ktvw` y ptr mw[^`�ª�kt}�¥;¤¡kt� y �Ti�kxr�mwgqmwgh`|v
� 1 d 	 j < c¡d � �1 f F <4� �1 f F g � 1 < Y 	�� � j 2

ghr^gqmwglkxjhgqº|` y knm 3 < 
 C 7bª;z�� � D�F d 	 j < �
�
� ��� �  !!��# d�� � j kxr y }!pt_�s^iumo` y gqr y i�}?mogq�T`!jhz�ª;z

��1 d 	 j < �
�
� ��� �W1 f F d ��j �  �!���# d�� 1 f F j�� k &���l
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�*ghr�kxjhjqzT¬umw[�`&}�ptr y g²mogqpTr�kxj®s��wpTª�kxª^ghjhg²mogq`�v¨�o`���i^gh�o` y ª�z¿mw[^` ° ¦±ktjq�Tpt�og²mo[^_ kx�o`£�tgh�t`!r$ª;z�h1 d 	 j < ��1 d 	 j �W1 d 	 j�

�
� � d � j k &T��l

� 1 d 	�2 � j < ��1 f F d � j � ��� �  !���# d�� 1 f F j �y1 d 	 j�
��� � � d 	�� j � k &E� l

´ m,glvY¤¡`!jhj ¯ ¥;r^pn¤�r¢mw[�kxm½mw[^` �}� '�� ��' � $4� �3! �£� ��' � �£	 � � '() "� 7 ktª�pn�T`¡glv,vwi^ªu��`�}?mYmop�i^r y `|����pn¤ ¤�[^`|r

Lghv¿_dp y `|�okxmw`|jqz¹jlkx�o�t`TÈZ\[^ghv¿ghv�¤�[;z¹¤¡`�i�vw`�mw[^`Gvwp ¯ }!ktjqjh` y �}� '�� ��' � $4� �3! �£� ��' � �£	 � � '() "�� 7 �}� '
� � & " -�'() � ' � ' � � ���,)	 ) "%)+- & px L�§`!�;g ���t`!� $ �£)D¬6¤�[^gh}�[ ª�ktvwgh}|kxjhjqz }�pT_�s^iumw`�v c¡d ��1.< Y 	�� � g � 1 F < � 1 F j
ghr�v{mw`�k y px  c¡d � 1 F <4� 1 F 2 �61 < Y
	�� � j kxr y ghv�mw[;i�v\gh_d_¢i^r^`bmop�i^r y `|����pn¤�
Z\[^` ° ¦%kxjh�tpT�wgqmw[^_ [�ktvbmo[^`� �ptjhjhpn¤�gqr^�·ghr�mw`|�ws^�o`�m�knmogqpTr¶¬¶ghr»mw[^`¿s��w`�v{`|rTm&}!ptr�mw`!~�m� �*gh�ov{m|¬-mw[^`

_�kx~;gh_�i�_ jqgh¥t`|jqgh[^p;p y `�v�mogq_�kxmw`|v&gqr¸mw[^`¿}|ktvw`�px �}�pt_�s^jh`�mo` y knm�k^¬SpTªumoktgqr�` y ª�zN_�kx~ugq_�ghº|knmogqpTr¸pt 
mo[^`&}�pT_�s^jq`!mw` y jhgq¥T`!jhgq[�p�p y c + d � � F <4� � F 2 � � F <*��� F j ¬�kx�o`bktv¡ �ptjhjhpn¤�v
X�� � < � � � � � �  �! "$# � k &*)�l

�� ��� < � 1 � � ��� 2 �  �!���#�� � 2���� �  !�" # �� 1 � � � � 2���� �  !�" # � k &T(�l
�Y 	�� � < � � 1 � � ��� 2��  !�" # � � 1� 1 � � � � 2 �  �! " # �	� D�F � k �x��l

Z\[^`¡`|v{mwgh_�knmo`|v-px ^mo[^`,mo�oktr�vwg²mogqpTr&s^�optª�ktª^gqjhgqmwgh`|v*}!kxr�ª�`\ghrTmo`!�os^�o`�mw` y ktv*}�pTi^r�mov-px ^mo[^`¨mw��kxr�vwg²mogqpTr
r;i^_¢ª�`|�ov|�Z\[^`d`|v{mwgh_�kxmw`�v6pt  Y
	�� � kx�o`&mo[^`�}�jlktvov{gl}!ktjS`|v{mwgh_�knmo`|v§ �pt�bkxr¸`�~us�pTr^`!r�moghktj y glv{mw�ogqª^i^mwghptr¶¬
¤�[�`!�o`&mw[�`¢_�`|ktrGglv£}!pt_�s^iumo` y ptr^jhz�ptr·mo[^`¢�nkt�wglkxª^jh`|v=@ 1 ¤�gqmw[ � 1 < Y 	�� � ¬�)�� -���mo[^` y knmok�gqr 	 ÏQÙ
v{mokxmw`T � pn¤�¬�¤¡`�}|kxrGvw`!`�mo[�knm6ghr·mo[^`��o`!`�v�mogq_�knmogqpTr$ �pt�o_�i^jlkx` k (�l\mop k &�&�l\pt �mw[^` ° ¦ kxjh�tpT�wgqmw[�_$¬
mo[^`�i�r^¥;r^pn¤�r¼�oktr y pT_ ��i�kxr�mog²mogq`�v�ghr;�tptjh�t` y mw[^�opti^�T[»mw[^`�gqr y gh}|knmwpT�& �i^r�}?mwghptr�v¢kt�w`¿�o`!s�jhkT}�` y ª;z
mo[^`!gh��`�~us�`|}�moknmogqpTr�v|¬^}�ptr y g²mogqpTr�kxjWmoprN � � F < ��� F P ¬u¤�g²mo[$�o`|vws�`|}?m�mopdmw[^` y glv{mw�ogqª^i^mwghptr c + !.- # ´¾r  ©kT}?m|¬�¤¡`N}!ptr�vwg y `!�¿k¹vwjqgh�t[�mojqz v{gh_�s^jqg ��` y _dp y `|jQ � r mo[^`Gptr�`·[�kxr y ¬�g²m }|kxrÈª�`Nvw[^pn¤�r
mo[�knm�mw[^`¸_�kx~ugq_¢i^_ jhgh¥t`!jhgh[^p;p y `�v�mogq_�knmo`Gpx  �)glv�kJ�§gh�okT} y glv�mo�wghª^iumogqpTr � ���  �  �!���# � ¤�[^`|rÈptr^jhz
pTr^`�v{` ��i^`!r�}!`�ghvbi�vw` y mop$`�v�mogq_�kxmw`�mw[�`�s�kx��kx_�`�mo`!��v!¬®¤�[�gh}�[ ghv�mw[^`¿}|ktvw`¢ghr mw[^glv�s�kts�`|�| � r mw[^`
ptmw[^`|�6[�ktr y ¬�mw[^` y glv�mo�wghª^iumogqpTr c + �o`!_�ktgqr�v�gqr;�nkx�oghktr�m�ª�z·ktr�z s�`|�w_¢iumokxmwghptrGpt �mw[^`¢s�kx��kx_�`�mo`!��v��¯ }�pT�w�o`|vws�ptr y ghr^��mop¸kG�o`!jlkxª�`!jhjhgqr^�¸px �mo[^` [�g y^y `!r v{mokxmw`�v ¯ ktv¢i�v{i�kxj¡gqr _dgq~;mwi^�o`�_�p y `|jhv| , v¢k
}!ptr�vw`���i^`|r�}�`T¬�¤¨`$}!kxrÇ_�kt¥t`�mo[^`�ktvov{i^_�sumogqpTr¼mw[�knm � � < � � �  �  ! � # � d Y 	�� � j  ´ md_�`|kxr�v&mo[�knmdmw[^` ©ktgqjhi^�o`��okxmw`Gknm¡3�<\7·glv��AF < Y
	 F�� ¤�gqmw[Èk»s^�optª�ktª^gqjhgqm�z¹ptr^`TÈ´¾r s^�okT}?mogh}!`t¬¡¤¨`·`�v�mogq_�knmo`�mw[^`
s�kx��kx_�`�mo`!��v,¤�gqmw[^pTium�mokt¥;gqr^�¢mw[�ghv�}!ptr�v{mw��kxghr�m¡ghr�mwp�}�pTr�v{g y `|�okxmwghptr¶�Z\[^`!r$¤¡`£�o`!jlkxª�`!jWmo[^`�v�m�knmo`|v\ghr
vwi�}�[�kd¤¡kEz�mo[�knm(� � < � � �  �  �! � # � d Y 	�� � j 
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´ m\[�kTv,ª�`!`|r�`!_�s^[�ktvwgqº|` y ghr vw`|}�mwghptr �&mw[�kxm¡pTr^`6_�ktgqr�}!ptr�mw�oghª^iumwghptr�px ¶mo[^`§[�g y^y `!r ¦Nkx�o¥tpn�¢}�[�kxghr
_�p y `|jqjhgqr��£ghr�v{pt «m�¤¡kt�w`¡�o`!jhghktª^gqjhgqm�z&jqgh`|v�ghrdmw[^`�s�pTvovwgqª^ghjhg²m�z�mop�gqr�mo`!�os^�w`!m�mw[^`�vw`���i^`|r�}�`�v�px �vwi�}|}�`|vovwgq�T`
` ��i�kxj¶v{mokxmw`|v�kTv\[^pt_�pT�t`!r�`!pti�v¨º|ptr^`�v¡gqr$mw[�`b ©kxghjqi^�o`bs^�op;}!`|vov!

� `\`�~us^jlkxghr�ghr&mw[�ghvYvw`|}�mwghptr�[�pn¤»mw[^`\i^r^¥;r^pn¤�r� ©kxghjqi��w`¨�okxmw`|v�}|kxr�ª�`¡�w`�v�mopt�o` y ghr�mo[^`\}�ptr�mo`�~;m*pt 
[�g y^y `!r¢¦Nkx�o¥tpn�§}�[�kxghr&_�p y `!jlv! � r^`,¤\kxr�m�v¶mop§i�vw`¨k6_�p y `!juv{s�`|}!g3��` y ª;zbs�kt�okt_d`!mw`|� �W¬x}�pTr�vwg y `|�w` y
kTv¡¥�r�pn¤�r k  �pT�\`�~^kx_�s^jh`§`�v�mogq_�kxmw` y ª;z�_�kn~ugq_¢i^_ jhgq¥T`!jhgq[^p;p y kTv y `|vo}��ogqª�` y ghr$vw`|}�mwghptr ��l?¬�mwp��Tgq�T`
k¢�nkxjhi^`§mwpdmw[^`bi^r�¥�r�pn¤�r v{moknmo`£vw`���i^`|r�}�` � � F  , r�kxmwi^��kxjW¤\kEz¢mop¢�o`|v{mwpT�w`6mw[^`b[^g y^y `|r$v{mokxmw`�v\ghv¨mwp
}!pt_�s^iumo`�mw[^`|gq�-_�pTv{m¶jqgh¥t`|jqz§�Ektjqi�`t¬E}�ptr y g²mogqpTr�kxjhjhz�mwp � � F SZ\[^`½�o`|vwi^jqmwghr^��kxjh�tpT�wgqmw[^_ ghv-}!kxjhjh` y k�¦ , �
ktjq�Tpt�og²mo[^_ k _�kx~ugq_¢i^_Lk\s�pTv{mw`|�wghpt�og l�¶´ m-}!ptr�vwghv{movWghr&}�pT_�s^iumwghr^�,:3; 2�^=: |

���2 c + d � � F < � � F g � � F <4��� F j ¬
pT��`���i^gh�nkxjh`!r�mwjhz :3; 2 ^=: |

��� � c + d � � F < � � F 2 � � F < ��� F j ¡Z\[^glv6}|kxr�ª�` y pTr^`�ª;z¿mw[�`�v{p ¯ }|kxjhjq` y�' gqmw`!�oª^g
ktjq�Tpt�og²mo[^_ $Ò��) ¬�ª�ktvw` y pTr y z;r�kx_�gl}�s^�opt�T�okt_d_�ghr^��_�`�mo[^p y v!YZ\[^` ' gqmw`!�oª^gWkxjh�tpT�wgqmw[^_ glv,vwgq_�ghjhkt�½mwp
mo[^`¡ �pt�o¤¡kt� y �w`�}�i^��v{ghptr�px �vw`|}�mwghptr¢�£ª^i^m*mo[^`�v{i�_d_�ghr^�£s^�wpu}!` y i^�o`¡ghv*�o`!s^jlkt}!` y ª;z&k£_�kn~ugh_dghº|kxmwghptr¶
Z\[�ghv¡�o`|}�i��ovwgqpTr�ghv¡ª�kTv{` y ptr�mw[^` ��i�kxr�mog²mogq`�v��T1 d 	 j <B^=:£|

�
2 ���� c + d � 1ED�FF < � 1ED�FF 2 �61�< Y 	�� � 2 � 1 F <*� 1 F j ¬

ghr^gqmwglkxjhgqº|` y knm 3 <87bª;z���F d 	 j < � � �  ! "$# d�� F j ktr y }�pT_ds�iumw` y ghr y i�}?mwgh�t`|jqz�ª�z
� 1 f F d � j <B^': |� � ��� � 1 d 	 j �  !!��# d�� 1 f F j}� k ��&�l

Z\[�`�_�kx~ugq_�kxj��Ektjqi�`�px Wmw[^`�}!pt_�s^jh`�mo` y jhgq¥T`!jhgq[^p;p y ghv½�tgh�t`!r�knm�3y< 
$ª;z c	� <v^=:£|� � � d 	 j ¬�ktr y mw[^`
�o`|v{mwpT�w` y ��r�kxjSv{mokxmw`bghv Y

�� <4:<;	2�^=:£|� � � d 	 j ¡ZSp��o`�mo�wgh`!�T`§mo[^`�pts^mwgh_�ktj¶v{` ��i^`!r�}!`�px - ©kxghjqi^�o`���knmw`�v!¬
gqm½glv�r^`|}!`|vovwkt�wz£mwp�v{mwpT�w`¡ �pt��`�kt}�[¢mwgh_d` 3-kxr y `|kT}�[¢v{moknmo` 	bmw[�`¡pTsumwgh_�kxju ©ktgqjhi^�o`¨��knmo`�}�pt�o�o`|vws�pTr y ghr^�
mopbmw[^`�gh_�_�` y glknmo`�s�ktv{m 3 C 7t-Z\[�ghvYª�kt}�¥�mw��kt}�¥;ghr^�6s^�opu}�` y i^�o`\}!ptr�vwglv�m�vYgqrdmo�okT}�ghr^�bª�kt}�¥;¤\kx� y kxjhptr��
mo[^glv�s�pTgqr�mo`!��v, ��opt_ mw[^`�pTsumwgh_�kxj ��r�kxj¶v{moknmo`bmwpdmw[�`�gqr^gqmwglkxj-v�m�knmw`T, r^pxmo[^`!�6v{mw��knmo`!�Tz� �pt�\mw[�`�[^g y�y `!r·v{moknmo`|v � �w`�v�mopt��knmogqpTr }�pTr�vwghv{mov¡ghr�}!pt_�s^iumogqr��


Y 1y< :<;	2�^=:£|� c¡d �61�< Y 	�� � g � � F <*� � F j}� k �t��l
´ m£jq`�k y v�mwp¿mo[^`�_�kx~;gh_�gqº�knmogqpTr$pt Ymw[^`�`�~us�`�}?mo` y r;i^_¢ª�`|�6px ,}!pt�o�w`�}?m� ©ktgqjhi^�o`&�okxmw`�v!�Z\[^pTi^�t[¶¬�mw[�ghv
jhpu}!ktj�_�`!mw[^p ydy p;`|v*r^pxm�m�kx¥t`¡ghrTmop£kT}!}!pti^r�m*mw[^`\¤�[^pTjq`\v{` ��i^`!r�}!`¨pt � ©ktgqjhi^�o`¨��knmo`|v| � `¡¤�ghjhj^}�ptr�v{g y `!�
ghr�vw`|}�mwghptr���vwpt_�`�_�p y `!jlv¨¤�g²mo[� �pt�oª^g y^y `!r�mo�oktr�vwg²mogqpTr�v k )�� - �¨v{pT_�`�mw��kxr�vwgqmwghptr�s^�optª�ktª^ghjqgqmwgh`|vY` ��i�kxj
mop�>�l� , _�kn��pt� y �okE¤�ª�kT}�¥·px \�w`�v�mopt�ogqr���mo[^`� ©kxghjhi^�w`���knmo`¿v{` �Ti�`!r�}!`d¤�gqmw[�ptium�i�v{ghr^�$mw[^` ' gqmw`!�oª^g
ktjq�Tpt�og²mo[^_ kxs^s�`|kt�ov�¤�[^`!rL¤¨`¸ptªum�kxghrLk¼ �pT�wª�g y^y `!r vw`���i^`|r�}�` ktv$k¹�o`|vwi^j²m� �^i^�wmw[^`|�w_�pT�w`T¬�mw[^`
pTiumws�iumovYpt �ª�pxmo[�kxjh�tpt�ogqmw[^_�v y p�r^ptm��T`!r^`|�oktjqjhz�}!ptghr�}�g y `t -£`!r�`!��kxjhjqzT¬ni�v{ghr^�bmo[^` ' gqmw`|�wª^g�kxjh�tpt�ogqmw[^_
mo`!r y vdmwp �tgh�t`$jqpTr^�t`|�¢[^pT_�pt�t`|r^`!pTi�v¢º!ptr�`|v|¬Ymw[;i�vd ©kE�Tpti^�ogqr��·mw[^`�ghr�mw`!�os^�o`�m�knmwghptr px �mo[^`�[^g y^y `!r
v{mokxmw`�v!
Z\[^`�}!pt_�s�kx�oglv{pTrGª�`!m�¤¨`|`!r pt�ogq�Tgqr�kxj y knm�k ktr y �o`|v{mwpT�w` y [^g y^y `|r v{mokxmw`|v£glvb`|kTv{zGvwgqr�}�`¢mw[^`�`�~ ¯

s�`|}�mw` y ghr�mw`|�{ ©ktgqjhi^�o`§mogq_�`�¤�[^`|r�� 1 < Y
	�� � glvO7�� Y
	�� � 
�*gh�ti^�o`r&|k�l£vw[^pn¤�v£mw[�`�mwgh_d`�v�ª�`�m�¤¡`!`!r¸ ©kxghjhi^�w`�v£ �pt�&k��o`|ktj�vwpx «m�¤\kx�o`¢ ©kxghjqi^�o` y knm�k·v{`!m k µ¡��ghr$ (*)�l�vwi^s�`|�wgh_�s�p�v{` y pTr$mw[^`&pTsumwgh_�kxj¶v{mokxmw`&vw`���i^`!r�}�`��o`|v{mwpt�o` y ª;z¿mw[�` ' gqmw`!�oª^g*kxjh�tpt�ogqmw[^_�¬ui�vwgqr���k
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�*gh�ti^�o`�&�X§µ¨pt_�s�kx�oglv{pTr·px Ym�¤¡p¿_�`�mw[�p y v6 �pT��mo[^`¢[�g y^y `!r¸v{mokxmw`�v � �w`�v�mopt��knmwghptr X¨mo[^` ' g²mo`!�oª^gYkxjh�tp ¯
�ogqmw[^_  ©kE�tpti��ov¨[^pt_�pT�t`!r�`!pti�v¨º|ptr^`�v!

mo[^�o`!` ¯ v{moknmo`�_�p y `!j�¤�gqmw[¸s�kx��kx_�`�mo`!��v ��·`�v�mogq_�knmo` y ª�z�_�kn~ugh_�i^_ jhgh¥t`!jhgh[^p;p y b�*gh�ti^�o`�&|ª�l§v{[^pn¤�v
mo[^`bvwkt_d`6�w`�kxj y knm�k�vw`�m¡vwi^s�`!�ogq_�s�pTvw` y ptr�mo[^`§pTsumwgh_�kxjWv�m�knmo`§vw`���i^`!r�}�`6�o`|v{mwpT�w` y i�vwgqr^��mw[^`£s^�optª ¯
ktª^ghjqgqmwgh`|v c¡d ��1S< Y
	�� � g � � F < ��� F j ktr y mw[^`¢vwkt_d`bs�kt�okt_�`�mw`|�ov ��W¡´¾r�mw[^glv�}|ktvw`t¬^¤�[^`|r�mw[^` ' gqmw`!�oª^g
ktjq�Tpt�og²mo[^_ glv�i�vw` y ¬Smw[^`��o`|vwi^jqmwghr^�·v{` �Ti�`!r�}!`�[�ktvbjhptr^�T`!�bs^jlknmo`|kxi^~Nmw[�kxr mw[�kxm&ptªum�kxghr^` y ª;zNjhpu}!kxj
v{mokxmw`b�o`|v{mwpt��knmogqpTr¶¬uv{ghr�}!`§mo[^` y `|s�`|r y `!r�}�gh`|v�ª�`�m�¤¡`!`|r�mo[^`&v�m�knmo`|v�kx�o`£ �i^jhjqz�mokx¥T`!r$gqr�mop�kT}!}!pti^r�m|
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�*gh�ti^�o`¢�ZX§µ¨pt_�s�kx�oglv{pTr·px Ym�¤¡p¿_�`�mw[�p y v6 �pT��mo[^`¢[�g y^y `!r¸v{mokxmw`�v � �w`�v�mopt��knmwghptr X¨mo[^` ' g²mo`!�oª^gYkxjh�tp ¯
�ogqmw[^_ �w`�v{s�`|}�mov¡mw[�`&}�ptr�v�mo�oktgqr�mov¡ghr y i�}!` y ª;z�mw[�`bmw��kxr�vwg²mogqpTr s��wpTª�kxª^ghjhg²m�z�_�knmo�wgq~

�*gh�ti^�o`£�tk�l½vw[^pn¤�v½mw[^`6mwgh_d`�v¡ª�`!m�¤¨`|`!r� ©ktgqjhi^�o`|v, �pt�¨ktr^pxmo[^`!�¡�o`|kxj y knm�k�vw`�m k ¦�&§gqr $ �Z&�)l¨vwi^s�`|� ¯
gh_�s�p�v{` y pTr�mo[^`\ptsumogq_�kxj^v{mokxmw`\v{` ��i^`!r�}!`¨�o`|v{mwpT�w` y ª;z�mw[�` ' g²mo`!�oª^g^kxjh�tpT�wgqmw[�_$¬ni�v{ghr^�bk§vw`!�T`!r ¯ v�m�knmo`
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&E� ��� '.��! ����� ��� ��� ) !
_�p y `|j�[�kE�;ghr^��k£mw�og y glkx�Tptr�ktj;mw��kxr�vwgqmwghptr�_�knmw�ogq~¢¤�gqmw[�s�kt�okt_d`!mw`|�ov�`�v�mogq_�knmo` y ª;z�_�kx~;gh_�i�_ jhgq¥T`!jhg ¯
[�p�p y Y�*gh�ti^�o`b�xª�l¨v{[^pn¤�v,mw[�`bvokx_�`£�w`�kxj y knm�k¢vw`�m�vwi^s�`|�wgh_�s�p�v{` y pTr�mo[^`§pTsumwgh_�kxj®v{moknmo`�v{` �Ti�`!r�}!`
�o`|v{mwpT�w` y i�vwgqr^�6mw[^`¡s^�optª�ktª^ghjqgqmwgh`|v c¡d �61�< Y 	�� � g � � F <*� � F j kxr y mw[^`\vokx_�`,s�kt�okt_�`�mw`|�ov|SZ\[^`¡_�p y `!j
kTvwvwi^_�`|v½mw[�kxm¡ktr�z¢mw��kxr�v{gqmwghptr� ��opt_ v{moknmo`£� k }�[�kt�okT}?mw`|�wghº!` y ª�z�k� ©ktgqjhi^�o`6��knmo`�px  Y 	�� � ����� > D�F l�mwp
v{mokxmw`&� k }�[�kx��kt}�mw`|�wghº!` y ª�z¿k� ©kxghjhi^�w`£��knmw`§px  Y 	�� � �	��
 > DUF l¨ghv¨ �pt�oª^g y^y `|r¶½e;`!`bv{`�}?mogqpTr$�& �pt�\_�pt�o`
y `�moktgqjlvYkxª�pti^mYkTvwvwi^_�sumogqpTr�v�ptr¢ �pt�oª^g y^y `!r¢mw��kxr�v{gqmwghptr�v| � `�}!ktrdvw`!`\pTr ���Ti^�o`��6mo[�knm½¤�[^`|�w`�ktv-mw[�ghv
}!ptr�v{mw��kxghr�m�ghv§vwkxmwglv ��` y ª;z¿mw[�`��tjhptª�kxj®�o`|v{mwpt��knmogqpTr k pt� ' g²mo`!�oª^gl�kxjh�tpT�wgqmw[�_$¬�g²m6glv�r�pxm§voknmoghv&��` y ª;z
mo[^`bjqpu}|kxj��w`�v�mopt��knmwghptr kxjh�tpt�ogqmw[^_ ¤�[^gl}�[ ktjqjhpn¤�v¨k�mw��kxr�v{gqmwghptr� ��wpT_.v�m�knmw`��&mwp�v�m�knmw`&�;¬^kxm63 <87�> 
 
Z\[;i�v|¬^¤¡`b}�[�p�p�v{`§mw[�` ' gqmw`!�oª^gSktjq�Tpt�og²mo[^_  �pt�\mo[^`��o`|v{mwpt��knmogqpTr�pt Smw[�`�[^g y�y `!r·v{moknmo`|v|

� 7
/ ����+¨
�&���-/$�/$��� �$�" �®�*	b�-
��6" �."±� \�È	&" � �S��	&"��S���*���&" " 	��
�S�����

´¾r¿mw[^`bv{`�}?mogqpTr�v,ktª�pn�T`t¬Tmw[^`§r�i�_�ª�`!�¡px Ss�pTvov{ghª^jh`� ©ktgqjhi^�o`��okxmw`�v � [�ktv¨ª�`|`!r }!ptr�vwg y `!�o` y kTv,¥;r^pn¤�r¶
µ¨jh`|kt�wjhzt¬ � glv¨r^pxm¡¥�r�pn¤�r¿gqr s^��kt}?mogh}!`6kxr y [�kTvYmwpdª�`§`�v�mogq_�knmo` y YZ\[^glv �Ti�kxr�mwgqm�z�s^jhkEzuv¨k&s�`|}�i�jqglkx�
�optjh`�ghr�mw[^`§_�p y `!jD¬;vwghr�}�`�mo[^` y gq_�`!r�v{ghptr�pt ¶s�kx��kx_�`�mo`!� � y `|s�`|r y v¨ptr �Ç � gqmw[ `|kt}�[��nkxjhi^`§px  �¹¬
¤¡`¢}|kxrNkTvwvwpu}�glknmo`�mw[^`�vw`�mbpx ½[^g y^y `|r ¦Gkt�w¥Tpn� }�[�ktgqr�v6[�kE�;ghr^� � [^g y�y `!r v�m�knmw`�v!�Z\[^`�v{`dv{`!mov£}!ktr
ª�`�}!kxjhjh` y mo[^`d}!pt_�s�`�mwghr^�$[^g y^y `!r ¦Gkx�o¥tpn��}�[�ktgqrG_�p y `|jhv|V-£`!r^`|�oktjqjhzt¬�mw[�`¢s^�optª�jq`|_�pt ,}�[^p;pTvwgqr��
mo[^`6r;i^_¢ª�`|�¨pt S[^g y^y `|r�v�m�knmo`|v¨�w` �Ti�gq�o`|v½mw[�kxm¡pTr^`6}!ktr¿`�~us^�o`|vov k _�pt�o`6pt�¡jh`|vovY �pt�o_�kxjhjqzZl½¤�[^gh}�[�i�v{`
pt -mo[^`�_�p y `!j¶glv�s^jlkxr�r^` y ½��pt��`!~ukt_�s^jq`T¬^ptr�`£_�kEz ¤¡ktrTm\mop�}�[�p�p�v{`�k�_�p y `!jS[�kE�;gqr^��k�_�p y `!��knmo`
}!pt_�s^jh`�~ugqm�z�¤�[^gl}�[��w`�ktvwptr�ktª^jqz5�^mov�mw[^` y knmok� � `&¤�ghjqjS �p;}!i�v�pTr�mw[^glv�pTªu��`|}�mwgh�t`�ghr$¤�[�knm� �pTjqjhpn¤�v!
Z\[�`!r¶¬Smw[^` y `,��r^gqmwghptr»px �k�}��og²mo`!�ogqpTrNmopGktvov{`�vwv§mo[^`��w`|jq`|�nkxr�}!`dpt \k$�Tgq�T`!r _dp y `|jQ¬-�w`|�Tkt� y ghr^�$pti^�
ktgq_�¬^}|kxr$ª�`�`|r��;glvwkt�t` y 

� `Gi�vw`Gk¼}��og²mo`!�ogqpTr ª�ktvw` y ptrÈk»s�`|r�kxjhghº|knmogqpTr px £mw[^`Gjhpt� ¯ jhgh¥t`!jhgh[^p;p y ¬¨}!ktjqjh` y mo[^`G³\kEzt`|vwglkxr
´¾r^ �pt�o_�kxmwghptr µ¨�ogqmw`!�oghptr k ³¡´wµAl�$_&!a£) ¬¨ktjhvwpN¥;r^pn¤�r ktv¢mw[�` � !���� ��' 9 !�'() " -�'() � !� Z\[^ghv�}!�wgqmw`|�wghptrÇghv
y `���r^` y ª�z

����� d � j <B[(132 dEc��+�� d � � F j4j C�� � [�1 2 d 
 j k �x��l
¤�[�`!�o`�[(132 dEc��+�� d � � F j4j ghv¢mo[^` _�kx~;gh_�i�_�jqpT� ¯ jqgh¥t`|jqgh[^p;p y  �pt�¢mw[^`�[^g y^y `|r ¦Gkt�w¥Tpn� }�[�kxghrÇ¤�gqmw[ �
[�g y^y `!r�v{mokxmw`|v¡kxr y ¤�[^`!�o` �  glv½mo[^`6r;i^_¢ª�`|�¨pt ¶gqr y `!s�`!r y `!r�m¡s�kx��kx_�`�mo`!��vYgqr��   � `£�w`�}!kxjhj^mo[�knm
Èglv�mw[^`$jq`|r^�xmo[¹px �mo[^`$ptª�vw`!�o�t` y vw`���i^`|r�}�`T¬�mw[�kxm¢glv&mo[^`$r�i�_�ª�`!�dpx � ©kxghjhi^�w`�v! Z\[^`�r;i^_¢ª�`|�¢pt 
ghr y `|s�`|r y `|rTm�s�kx��kx_�`�mo`!��v¨glv¡mw[�`&v{i^_ px �X

� mw[^`�r;i^_¢ª�`|� �2px *s�kx��kx_�`�mo`!��v Y
	�� �  �pT�\mw[^`�`!~;s�ptr�`!r�mwglkxj¶}!ptr y gqmwghptr�kxj y glv�mo�wghª^iumogqpTr�v �
� mw[^` r;i^_�ª�`!� � d � C 7 j pt �mw��kxr�vwg²mogqpTr s^�optª�ktª^ghjqgqmwgh`|v|¬�v{ghr�}!`N`|kT}�[È�wpn¤�px �mo[^`¸mw��kxr�vwg²mogqpTr
s^�optª�ktª^gqjhgqm�z¿_�knmw�ogq~ v{i�_�v¡mop�ptr^`T

Z\[^`�³¡´wµ }!�wgqmw`|�wghptrN[�ktvbgqmovbpT�wgh�tghr�v§gqr»k ³\kEzT`|vwghktrNkxs^s��wp�kt}�[¶¬W¤�[^`|�w`¢mw[^`�s^�optª�kxª^ghjqgqm�z·px ¨mw[^`
vw`���i^`|r�}�`���� F }!ptr y gqmwghptr�kxjhjqz$mwp�k _dp y `|jYghvbkTvwvw`|vov{` y ª;z·gqr�mo`!�t��knmogqr���pn�t`|��mo[^`�s�kx��kx_�`�mo`!��v!�Z\[^`
ghr�mw`|�t��kxj¡ghv�kxs�s^�wpE~ugh_�knmw` y i�vwgqr^�»k � kxs�jhkT}�`�`!~us�kxr�vwghptr¶¬Y�nkxjhg y ¤�[^`|r¹mo[^` _�kx~;gh_�i�_�jqgh¥t`|jqgh[^p;p y
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		 ) !���� ) "���� ) ��� -�!�� ��'�� � ��� � ��) ! &��
`�v�mogq_�kxmwpt�¢ghv¢ktvwz;_ds^mwpxmogh}|kxjhjqz r^pT�w_�kxjhjhz y glv{mw�ogqª^i^mw` y ¬Y¤�[^gh}�[¼glv¢r^pxm�kxjh¤¡kEzuvbmo[^` }|ktvw`¿[^`!�o`¿gq �¤¨`
kTvwvwi^_�`£mw[�kxm�mw[�`!�o`�`�~ughv{mov6kdmw�oi^`��nkxjhi^` �¡: ¯ mo[^`�ktvwz;_�sumwptmwgl}br^pt�o_�kxjhg²m�z¿r�pxm�ª�`!ghr^��voknmwglv&��` y  �pt�
� z �¡:t*´¾r�kxr;z¢}|ktvw`t¬nmo[^`�³¡´wµ¹}!�wgqmw`|�wghptrdglv½}�pT_ds�pTvw` y pt Wk£mo`!�o_
_�`|kTv{i^�oghr^�6mo[^`
�^m¨ª�`!m�¤¨`|`!rdmw[^`
y knmok$kxr y mo[^`�_dp y `|j k r�kx_�`!jhzt¬ mw[^`�jhpt� ¯ jhgq¥T`!jhgq[�p�p y l6kxr y px \k mw`!�o_ s�`!r�ktjqghº!ghr^�·}�pT_�s^jq`!~G_�p y `!jlv!
Z\[;i�v|¬¶_�kn~ugh_�gqº|gqr^� mw[�ghv�}!�wgqmw`|�wghptr¸[^pts�`� �i^jhjhzNjh`|k y v6mop·v{`|jq`�}?mwghr^��_�p y `!jlvbp�1W`!�ogqr��$k$}�pT_ds��wpT_dglvw`
ª�`�m�¤¡`!`|r �^m�kxr y }�pt_�s^jh`�~ugqm�ztb�^i^�wmw[�`!�o_dpT�w`T¬� ��wpT_ -bkTvwvwglknmL$ )£) ¬®}��og²mo`!�oghk�ª�ktvw` y pTrGmw[�`�_�kx�o�tghr�kxj
jhpt� ¯ jhgh¥t`!jhgh[^p;p y ¤�g²mo[$mw[^`&vokx_�`bs�`|r�kxjhghº|knmogqpTr$kTv¡mw[�kxm�px Y³¨´wµ kx�o`bs^�wpn�T` y mwp�ª�`&}!ptr�vwglv�mo`!r�m|
´¾r¿s��okT}?mwgl}�`T¬T¤¡`6vw`�m¨k�_�kn~ugq_�ktj��nkxjhi^` � �����  �pt� �Ç¬�kTv½¤¡`!jhj�kTv,k�_�ghr^gq_�ktj��nkxjhi^` � � 1 � YZ\[^`|r¤¡`�`|v{mwgh_�knmo`bmw[^`&s�kx��kx_�`�mo`!��v\ª�z�mw[^` ° ¦ kxjh�tpT�wgqmw[^_ k vw`!`&vw`|}?mogqpTr·��l¨ �pt�6`|kt}�[��nkxjhi^` �±ª�`�m�¤¡`!`|r

� � 1 � kxr y � ����� kxr y ¤¡`£¥T`!`|s�mo[^`�_�p y `!j¶_�kn~ugh_�gqº|gqr^� � ��� d � j Z\[^` v{`�}�ptr y glvov{i^`�ptr»_�p y `!j¨vw`!jh`|}�mwghptr¼}�pTr�}�`|�wr�vbmw[^`¿mw��kxr�vo}��ogqs^mwghptr px �ktvov{i�_ds^mwghptr�v�pTr»mw[^`
y `!ª^i^�T�tghr^�»s^�op;}!`|vovdgqr�mwp»mo[^`�mw��kxr�v{gqmwghptr s^�optª�ktª^gqjhgqm�z¹_�knmw�ogq~ c  , v¿vw[^pn¤�r gqrÈvw`|}�mwghptr �u¬¨mw[^`
[�g y^y `!r�v{mokxmw`|v¡}!ktr¿ª�`§ghr�mw`!�os^�o`�mo` y ktv¡v{mw`!s�v,ghr�mw[�`£vwpx «m�¤\kx�o` y `!ª�i^�t�Tgqr^��s^�wpu}!`|vov!¬;v{ghr�}!`�mw[�`§v{moknmo`|v
}!pt�o�w`�v{s�ptr y mop y glvo}��o`�mw`6�Ektjqi�`|v¨px Wmw[^`§ ©kxghjhi^�w`6�okxmw`t ��r�mogqjWr^pn¤�¬Tmw[^`£ktvov{i�_ds^mwghptr�mw[�knm�kxjhj�¥;gqr y v,pt 
vwpx «m�¤\kx�o`\}�pt�o�o`|}?mogqpTr�vY}!ktr�p;}|}�i^�Y[�ktvYª�`!`|r�_�k y `�gh_ds�jqgl}�gqmwjhztYZ\[^glvYglvYmw[�`�}!ktvw`�¤�[^`|rdr�p�s�kx�wmwgl}�i^jlkx�
kTvwvwi^_�sumogqpTr�ghv-_�k y `¨ptrbmw[�`,mo�oktr�v{gqmwghptr�s��wpTª�kxª^ghjhg²m�z£_�knmw�ogq~W¬E¤�[^gl}�[�_�`|ktr�v¶mo[�knm�kxr;z£gq_�s^�opn�t`|_d`|r�m
pT� y `�mo`!�ogqpT�okxmwghptr�pt -mo[^`&vwpx «m�¤\kx�o`6 ©ktgqjhi^�o`£��knmo`bghv\s�pTvov{ghª^jh`t
´ m�}!kxrÇª�` `!r;�;ghvokx�T` y mwp }�ptr�v{g y `!�dk y `|ª^i^�t�Tgqr��Gs^�op;}!`|vov&¤�[^`|�w`�`|kt}�[¼[�pt_�pt�T`!r^`|pti�v�º|ptr^`�ghv

�;glv{gqmw` y ptr^jhz�pTr�}�`T,Z\[^glv�glv\mw[^`&}|ktvw`�px �s^i^�o`��w`|jqglkxª�gqjhg²m�z��t�opn¤\mw[$_dp y `|jhv|¬�¤�[�`!�o`�`|kt}�[ y `|ª^i^�t�Tgqr��
�o` y i�}�`�v\mw[^`dv{pt «m�¤¡kt�w`£ ©ktgqjhi^�o`&�okxmw`T\Z\[�`!r¶¬Wkxr;z¿mo�oktr�vwg²mogqpTr� ��wpT_�k�[�g y^y `!rGv{moknmo`�mwp k�s^�o`!�;gqpTi�vwjqz
�;glv{gqmw` y [^g y�y `!r&v{mokxmw`½_¢i�v�m¶ª�`Y �pT�wª^g y^y `|r¶-Z\[�ghv¶kTvwvwi^_�sumogqpTr£gh_�s^jhgq`�vSkxrbi^s�s�`|� y glkx�Tptr�ktjEmw��kxr�vwg²mogqpTr
s��wpTª�kxª^ghjhg²m�z�_�knmo�wgq~®¬upx *mw[^`b �pTjqjhpn¤�ghr^�� �pT�w_ k i^s�mop�kd�o`!jlkxª�`!jhjqghr^��px -mw[^`&v{mokxmw`�v�l}X
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k �na�l

´¾r$mw[�ghv6_�kxmw�og²~®¬u`�kt}�[$jqghr^`&vwi^_�v\mwp�&T¬�v{p / � 9 ��2�� � � � f F < 7 C � � � �  ��r y `!��mo[^glv�ktvov{i�_ds^mwghptr¶¬mo[^`� ©kt}�mbmw[�kxm � F < Y 	 F�� ¤�gqmw[»s^�optª�ktª^gqjhgqm�z·ptr^`��tgh�t`�vbr^p·}�[^ptgl}�`d �pT�bmw[^`�_�`|ktr^gqr��$pt ¨mo[^`�pxmo[^`!�Y 	�� � ¬�vwgqr�}!` Y 	   � ¤�ghjhjSr^`�}�`|vovokx�ogqjhz }!pt�o�w`�v{s�ptr y mwp¿mw[^`dv{`�}�ptr y �;glv{gqmw` y v{moknmo`&kxr y vwp¿pTr¶�Z\[�i�v!¬�mw[^`
 ©ktgqjhi^�o`¿��knmw`�v&kx�o`�pt� y `|�w` y ghr¹kt}|}�pT� y ktr�}�`dmop·mw[^`�mw��kxr�vwgqmwghptr»s^�optª�ktª^gqjhgqm�zN_�knmo�wgq~®$´ m�v{[�pti^j y ª�`
r�pxmw` y mo[�knm\¤�[^`!r�mw[^`bv{moknmo`|v¡_�i�v�m\ª�`£�o`!jlkxª�`!jhjq` y mwp¢`!r�vwi^�o`6mo[^`b}�ptr y g²mogqpTr�� � < � ���  �  ! � #�� d Y
	�� � j ¬mo[^`�mo�oktr�v{gqmwghptrds^�optª�ktª^ghjqgqm�z&_�knmo�wgq~¢glv½�T`!r^`|�oktjqjhz�r^p&_�pt�o`\i^s^s�`!� y ghkt�tpTr�kxjDSZ\[^glv½glvYr^ptm¨kbs^�optª^jh`!_
vwghr�}�`�mo[^`Gi^r^¥;r^pn¤�r  ©ktgqjhi^�o`·�okxmw`|v¿�w`|_�ktgqr pT� y `|�w` y ghr mw[^`¸v{`|r�v{`Gktª�pn�T`t Z\[^ghv�ktvov{i^_�sumogqpTr ghv
voknmoghv&��` y g² �vwpt_�`Ns�`!�o_�i^moknmogqpTrÈpx �mo[^`N�opn¤�v¿kxr y mw[^` }�pTjqi^_�r�v�px �mo[^`Gmo�oktr�v{gqmwghptrÈs��wpTª�kxª^ghjhg²m�z
_�kxmw�og²~��o`|vwi^jqmov\ghr·kxr$i^s^s�`!� y glkx�Tptr�ktjW_�kxmw�og²~®
´¾r¸s^�okT}?mogh}!`t¬�g²m£ghv§gq_�s�pt�wmoktrTm§mwp�mokx¥T`&ghrTmop kT}!}�pTi^r�m�mw[�`¢s�pTvov{ghª^ghjqgqm�z$px ½gh_ds�`!�w �`|}�m y `!ª^i^�T�tghr^��

´ m§_d`�kxr�v�mw[�kxm�mw[�`��o`�mwi��wr$mwp k�s^�o`!�;gqpTi�vwjqz¿�;glv{gqmw` y v{moknmo`�_�i�v{m§ª�`�ktjqjhpn¤¨` y \Z\[^`&`|kTv{gh`|v{m�¤\kEz¿mwp
y p¢vwp�glv½mopdktjqjhpn¤ m�¤¨p�mw��kxr�vwg²mogqpTr�v, �pt�¡`|kt}�[ v�m�knmw` k `!~u}!`!sum¡mw[�`§ghr^gqmwglkxj®kxr y ��r�kxj�ptr�`|v l�X�ptr^`6mwp¢mw[^`
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&|a ��� '.��! ����� ��� ��� ) !
jlktv{m,s^�o`!�;ghpti�vwjhz��;ghvwgqmw` y v�m�knmw`T¬�ktr y pTr^`�mwp&mw[^`§r^`�~;m¨r�`!¤È�;ghvwgqmw` y v{mokxmw`T�Z\[�ghv¡ktvov{i�_ds^mwghptr�gh_ds�jqgh`|v
k¢mo�wg y glkx�tpTr�kxj�mo�oktr�v{gqmwghptr$s^�optª�ktª^ghjqgqm�z�_�knmw�ogq~�px *mw[^`b �pTjqjhpn¤�ghr^�� �pT�w_ k i^s$mwp¿kds�`!�o_�ium�knmogqpTr�l�X
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´¾r·mo[^glv6_�knmo�wgq~®¬� �pT�6`�kt}�[ � vwi�}�[�mo[�knm 7 9 � 9 ��2�� � D�F � � � � � � � � � � � � f F�< 7T¬ ��F � F
� ��F �   < 7
ktr y �  �  DUF,� �  �  < 7t , v� �pT��i^s^s�`!� y ghkt�tptr�kxjWmw��kxr�v{gqmwghptr�s^�optª�ktª^ghjqgqm�z¿_�knmo�wgl}�`�v!¬umo�wg y glkx�Tptr�ktj
mo�oktr�vwg²mogqpTr _�knmo�wgl}�`�v¡gqr y i�}�`&ktr pT� y `|��ptr mw[^`b ©ktgqjhi^�o`b�okxmw`|v|

�*gh�ti^�o`6�&ghjhjqi�v{mw��knmo`|v�mo[^`6`,1�`�}?m\px  y g 1�`|�w`|r�m,m�z;s�`�v½pt ®mw��kxr�vwg²mogqpTr�s^�optª�ktª^gqjhgqm�z�_�knmo�wgq~dpTr¿_�p y `!j
ghr�mw`|�ws^�o`�m�knmogqpTr¶¹Z\[^`|vw`$`|vov{`|rTmoghktjqjhz»jq`�k y mwp y g31W`!�o`!r�m�_�p y `!jlv!ÇZ\[�` y g31W`!�o`!r�}!`|v�kxs�s�`�kx�dgqr mw[^`
s�kx��kx_�`�mo`!��v,kxª�pn�t`£kxjhjQ¬;ª^i^m¨mo[^`!z�ktjhvwp&mo�oktr�vwjhkxmw`6ghr�mwp�mw[^`b�o`|v{mwpt��knmogqpTr�px ¶mo[^`£[^g y�y `!r�v{` ��i^`!r�}!`6ª;z
mo[^` ' g²mo`!�oª^g�kxjh�tpt�ogqmw[^_�§�*gh�ti^�o`��Tk�l�vw[^pn¤�v�mo[^`¢mwgh_d`�v6ª�`�m�¤¡`!`|r· ©kxghjhi^�w`�v� �pT�£k��o`|ktj y knmok�v{`!m k µ=&
ghr�$ (*)�l¡v{i^s�`!�ogh_ds�pTvw` y ptr¿mo[^`£ptsumogq_�kxj®v{mokxmw`bv{` �Ti�`!r�}!`6�o`|v{mwpt�o` y ª;z�mo[^` ' g²mo`!�oª^g®kxjh�tpT�wgqmw[^_�¬�i�vwgqr^�
k¢mo[^�w`|` ¯ v�m�knmo`£_�p y `|j¶¤�g²mo[·kxr$i^r�}�pTr�v{mw��kxghr^` y mw��kxr�vwgqmwghptr$_�kxmw�og²~ ¤�g²mo[·s�kx��kx_�`�mo`!��v¡`|v{mwgh_�kxmw` y ª;z
_�kx~;gh_�i�_ jhgh¥t`!jhgh[^p;p y  � r$�*gq�Ti^�w`£�xª�l�¬uk�_�p y `!jW¤�gqmw[$kxr�i�s^s�`|� y ghkt�tpTr�kxj�mw��kxr�vwg²mogqpTr¿_�knmo�wgq~¿[�ktv
ª�`!`|rNi�vw` y ¬Wmw[;i�v£jq`�k y ghr^� mwp r^`!¤�`�v�mogq_�kxmw`|v§ �pT�§mo[^`ds�kx��kx_�`�mo`!��v k v�mogqjhjYª;z·_�kx~ugq_¢i^_ jqgh¥t`|jqgh[^p;p y
_�`!mw[^p y l�kxr y kÇr^`!¤ �o`|v{mwpT�w` y v{` �Ti�`!r�}!`Npx � ©ktgqjhi^�o`G��knmw`�v! � r �*gq�Ti^�w`¸�t}Tl�¬6k¹_�p y `|j§¤�gqmw[ k
mo�wg y glkx�Tptr�ktjxmw��kxr�v{gqmwghptr¢_�kxmw�og²~�[�kTv*ª�`|`!rdi�v{` y -�*gh�ti^�o`\�xª�lSgqjhjhi�v�mo�okxmw`�vSmo[^`¨ ©kt}?m�mo[�knmYk6_�p y `|j�¤�gqmw[
ktr¸i�s^s�`|� y glkx�tpTr�kxj*mo�oktr�v{gqmwghptr s^�optª�ktª^ghjqgqm�z·_�knmw�ogq~G �pt�oª^g y vbkxr;zG�o`�mwi��wr¸mwp·k$s^�o`!�;gqpTi�vwjqz·�;glv{gqmw` y
v{mokxmw`T*Z\[^glv½_�kt¥t`|v*mo[^`�_�p y `!j�gqr�mo`!�os^�w`!mokxmwghptrd`|ktvwgh`!��¬tktv� ©kt�,ktvYmw[^`��o`|vw`|kt�o}�[¢px Wmw[�`�[^pt_�pT�t`!r�`!pti�v
s�`!�oghp y v-glvY}�pTr�}�`|�wr�` y ¬xvwgqr�}�`¨mw��kxr�vwg²mogqpTr�v*ª�`!m�¤¨`|`!r� ©kxghjqi^�o`\�okxmw`�v*kt�w`¡kt}|}�`!s^mw` y jh`|vov-`�ktvwgqjhz&kxr y ghrdktr
gh�o�w`|�t`!��vwgqª^jh`£¤¡kEzT,´ m§}|kxrGkxjlvwpdª�`¢vw`!`|r$ ��wpT_����Ti^�w`�v��tk�l\kxr y }�l¡mw[�knm§k y^y ghr^��_�gqj y `!�§}�ptr�v�mo�oktgqr�mov
mo[�kxrÈktrÈi^s^s�`!� y glkx�Tptr�ktj�mw��kxr�v{gqmwghptr s^�optª�ktª^gqjhgqm�zÇ_�knmo�wgq~ �o`|vwi^jqmov�ghr mw[^`¸v{i^s�s^�w`�vwvwghptr px &v{pT_�`
vws^i^�oghpti�v¨mw��kxr�v{gqmwghptr�v|� ���wpT_ kxr `|v{mwgh_�kxmwghptr¸s�pTgqr�m�px ¡��gh`!¤�¬-k }�[�ktr^�t`dghrNmo[^`dm�z�s�`�px ¨mw��kxr�vwg²mogqpTrN_�knmo�wgq~Gglv§jhgh¥t`!jhz
mop¸k�1�`�}?mdmw[^`$`|v{mwgh_�knmw`�v�pt 6`!�T`!�oz¸s�kx��kx_�`�mo`!��ghr�}!jqi y ` y ghr �� ¯ `!�T`!r¼mo[^`  ©kxghjqi^�o`���knmo`|v �Y
	�� � »´¾r
 ©kT}?m�¬^¤¨` y pdr�pxm�¥;r^pn¤ px Ykxr;z y gh�w`�}?m�_�`�mo[^p y mwp y ` y i�}�`bmo[^`&`�v�mogq_�knmo`|v\pt -mo[^`&s�kt�okt_d`!mw`|�ov¨ �pt��k
s�kx�wmwgl}�i^jlkx�§_dp y `|j* ��wpT_ mo[^`d`|v{mwgh_�kxmw`�v6 �pT�6mo[^`d_dp�v�m£�t`|r^`!��kxj-_dp y `|jQ&Z\[;i�v|¬�mw[^` ° ¦ kxjh�tpt�ogqmw[^_
[�ktv�mopNª�` �oi^r» �pT�¢`|�t`!�oz _dp y `|j¡vw`!s�kx��knmw`|jqzT � `�}!ktr¹v{`|`¿ ��opt_2mw[�`��o`!`|v{mwgh_�knmogqpTr» �pt�o_�i^jlkx`¿pt 
mo[^` ° ¦ kxjh�tpt�ogqmw[^_ k vw`!`�vw`|}�mwghptr¼��l£mo[�knm¢g²  � ��� ghv�`���i�kxj½mwpGº|`!�op·gqr»mo[^`�ghr^gqmwglkxj,s�kx��kx_�`�mo`!� � 	 : �mo[^`!r¿kxm,`|kT}�[ ° ¦ gqmw`!��knmogqpTr¶¬xmo[^`6`�v�mogq_�kxmw` �� ��� �w`|_�ktgqr�vY`���i�ktj^mwp�º!`!�op&kxr y mw[^`6}!ptr�v{mw��kxghr�movYpTr�mw[^`mo�oktr�vwg²mogqpTr s^�optª�kxª^ghjqgqm�z�_�knmo�wgq~ kx�o`�kxiumopt_�knmogh}|kxjhjqz¿voknmoghv&��` y 
´¾r¹}!ptr�}!jqi�vwghptr¶¬¶¤¡`¿kx�o`�r^pn¤� ©kT}�ghr^�Gk�r^`|¤ _�p y `!j¨v{`|jq`�}?mwghptr»s^�optª�jq`|_ ¤�[^`!�o`�mw[�`¿}�pt_�s�`�mogqr^�

_�p y `|jhv y g31W`!�6 ��wpT_.mw[�`!gh��m�z;s�`&pt -mo�oktr�vwg²mogqpTr$s��wpTª�kxª^ghjhg²m�z¿_�kxmw�og²~® � r�}�`&kx��kxghr ¤¡`&}!ktr��w`�v{pT�{m\mwp
mo[^`�³¡´wµ }��og²mo`!�ogqpTr�mwp�vw`!jh`|}�m\k¢_�p y `!jD¬u¤�[^`!r mw[^` y g 1W`!�o`!r�}!`§pt -}�pT_ds�jq`!~;gqm�z�glv¡mokx¥T`!r gqr�mwp�kt}|}�pTi^r�m
 �pT�¢`�kt}�[¹}|kxr y g y kxmw`�_�p y `|jQ ´ mdglv¢¤¨pT�{mo[¼r^pxmogqr^�Nmw[�kxmdghr¼mo[^`$}!ptr�mw`!~;m¢px 6k �^~u` y �nktjqi^`  �pt� �¹¬
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�*gh�ti^�o`��ZX¨µ¨pt_�s�kt�wglvwptr�pt Smo[^`bmw[^�o`!`£m�z;s�`|v�pt -mo�oktr�v{gqmwghptr s^�optª�ktª^gqjhgqm�z¿_�knmw�ogq~W
kTvwvwi^_�` y gqru �`|�wghpt�6mwp$k�}�pTr�}�`|sumwi�kxj-mw�oi^`¢�nktjqi^` �¡:t¬�mo[^`¢_�kx~;gh_�i�_�jhgh¥t`!jhgh[^p;p y `|v{mwgh_�kxmwpT�6[�kTv§ktr
kTv{z;_�sumopxmwgl}!ktjqjhz�r^pt�o_�kxj y glv�mo�wghª^iumogqpTr¶¬u¤�[^gl}�[�_�kx¥T`|v¨mw[�`§i�vw`bpx -³¡´wµÈ_dpT�w`¨��i�v{mwg ��` y mw[�kxr  �pt�¡mw[^`
}�[�ptgl}�`£px  �¹�´¾r·kxr;z�}!kTv{`£mo[^pti^�T[¶¬ �2�w`|_�kxghr�v¡mwp�ª�`&}�[^pTvw`!r¶
´¾r¿s��okT}?mwgl}�`T¬xmo[^`�r;i^_�ª�`!� �  px ®gqr y `!s�`!r y `!r�m¨s�kt�okt_�`�mw`|�ov*mop�}�pTr�vwg y `|�Y �pt�,_dp y `|j�vw`!jh`|}�mwghptr�glv
X� gqr�kxª�v{`|r�}�`¡px �ktr;z&ktvov{i^_�sumogqpTr�pTr&mw[�`¨mo�oktr�vwg²mogqpTr�s^�optª�ktª^ghjqgqm�z�_�knmw�ogq~ c ¬ �  < ����� d � C7 j < ��  �
�  �pt��ktr$i�s^s�`|� y glkx�tpTr�kxj�mo�oktr�v{gqmwghptr$s^�optª�ktª^ghjqgqm�z¿_�knmo�wgq~®¬ �  < ��� d � C 7 j < � � C 7��
�  �pt��kdmo�wg y glkx�tpTr�kxj�mw��kxr�v{gqmwghptr$s^�optª�ktª^gqjhgqm�z¿_�knmw�ogq~W¬ �  < ��� d � � C � j <�� � C � 
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Z\[�`���i�kxjhgqm�z pt 6�o`!jhghktª^gqjhgqm�z¸s^�o` y gh}�mwghptr�v¢s^�opn��g y ` y ª�z»mo[^`�[�g y^y `!r ¦Nkx�o¥tpn�»}�[�kxghr¹_�p y `!j¡[�ktv�mwp
ª�`&ktvovw`|vov{` y ktr y }!pt_�s�kt�w` y ¤�gqmw[�mo[^pTvw`b�tgh�t`!r$ª;z¿mo[^`�i�vwi�kxjSvwpx «m�¤\kx�o`£�w`|jqglkxª^ghjhg²m�z¿�T�wpn¤\mo[ _�p y `|jhv
s��w`�v{`|rTmo` y gqr»v{`�}?mogqpTr &t¢Z\[^`�i�v{i�kxj�_�`�mw[�p y  �pt��}!pt_�s�kx�oghr^� vwpx «m�¤\kx�o`��o`!jhghktª^ghjqgqm�z·s^�o` y gl}?mogqpTr�v£ghv
mo[^`&vwp ¯ }!kxjhjh` y�� $ � 	 � "®_�`�mw[�p y $_&��u¬�&}) 
��pt�\kxr;z�_dp y `|jW¤�g²mo[ s�kt�okt_�`�mw`|���^¬;jh`�m c �� 2 d @¡1 � � g � 1ED�FF <4� 1�DUFF j ª�`§mw[�`§s^�o` y gh}�mw` y µ6�§�»pt 

mo[^`6r�`�~;m½mwgh_�`6mop� ©kxghjhi^�w`�@ 1 �tgh�t`|r�mw[^`4���ov{mG3 C 7�ghrTmo`!�w ©kxghjqi��w`�mogq_�`�v!¬�¤�[^`!�o` �� 1 ghv¨kxr�`|v{mwgh_�knmopt�,pt 
�bª�kTv{` y ptr=� 1�DUFF �Z\[^`�g y `|k£pt �mo[^`�_�`�mo[^p y glv�mop&}�pt_�s^i^mw`\mw[�`�� 1 < c �� 2 d @ 1 � � 1 g � 1�DUFF < � 1ED�FF j 
´  6mw[^`$_�p y `!j\ghv�kts^s^�opts^�oghkxmw`�ktr y mo[^` `�v�mogq_�kxmwghptrÇglv¢px 6�Tp�p y ��i�ktjqgqm�zt¬½mw[^`|r¹mw[�`�� 1 vw[^pTi^j y ª�`
}!jqp�v{`�mwp¢k�vwkt_ds�jq`§px Wmw[^`£i^r^gq �pt�o_ y ghv{mw�oghª^iumwghptr�pn�t`!� / >�2
7&% �Z\[^ghv¡}�jhpTvw`!r�`|vov½pt�¨s^�o` y gl}?mogq�T`��nkxjhg y gqm�z
glv&_�`�ktvwi^�w` y ª;zNmo[^` �§ptjh_�pt�tpT�wpn� ¯ e;_�gq�or^pn� y glv�m�kxr�}!` �
	 ª�`�m�¤¡`!`|r»mw[^` `!_�s^gh�wgl}!ktj\µ6�£�Lpt �mw[^`
�;1�kxr y mw[^`�mo�wi^`�i^r^gq �pt�o_±µ6�£�¨¬-¤�[^gl}�[ glv � d�� j < � ptr / >Z2
7 %D$Z\[^` � $ � 	 � "¨ghv�mw[^`¿s�jqptm&px \mw[^`
`|_�s^gq�ogl}!kxj½µ6�£�Èpx Ymo[^`��W1{�´  ¨v{`|�t`|�oktjS_�p y `!jlvbkx�o`¢}�pT_�s�`!mwghr^��¬Wmo[^`�{ª�`|v{m£_�p y `!j��¢glv§mw[^`dptr^`� �pt�
¤�[�gh}�[��
	Çghv�mw[^`�vw_�ktjqjh`|v{m|
��pt�\mw[�`�[^g y�y `!r·¦Gkt�w¥Tpn�¿}�[�kxghr _�p y `|jQ¬ugqm�ghv�`|ktvwz�mwp�s��wpn�T`6mo[�knm�X

c¡d @ 1 � � g � 1ED�FF <*� 1�DUFF j < � � �  !!��# d�� j ��� �y1�DUF d�� j � � �c �+ 2 d � 1�DUFF j k � ��l
¤�[�`!�o`��  !���# y `|r^pxmo`|v\mo[^`¢µ6�§�Çpx -mw[^`�`!~;s�ptr�`!r�mwglkxj y glv{mw�ogqª^i^mwghptr�¤�g²mo[�s�kx��kx_�`�mo`!� Y 	�� � 
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�*gh�ti^�o`ba�X � ¯ s^jhpxm� �pt�\mo[^` � ¦ µÈ_�p y `!j
�*gh�ti^�o`�a�vw[^pn¤�vYmo[^` � ¯ s�jqptm½ �pt� y knm�k&v{`!m¡¦·a���ghr�$ �Z&�) ¬Ti�vwghr^��kbmo[^�w`|` ¯ v�m�knmo`�_�p y `!j�¤�g²mo[¿i^s^s�`!�

y ghkt�tptr�kxj�mw��kxr�vwgqmwghptr$s^�wpTª�kxª�gqjhg²m�z�_�kxmw�og²~® � r$mw[^glv�`�~^kt_ds�jq`T¬ �
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Z\[�`&[^g y^y `!r¸¦Gkx�o¥tpn�¿}�[�ktgqr·_�p y `|jS[�kTv�ª�`!`!r·i�v{` y ptr�m�¤¡p¿�t�opti^s�v\px Y�w`�kxjSvwpx «m�¤\kx�o`b ©kxghjhi^�w` y knmok
vw`�m�v!�Z\[^`
���ov{m,�t�opti�s�kt�w`\mogq_�`�v½ª�`�m�¤¡`!`!r� ©ktgqjhi^�o`|vYpt ®r^gqr�` , _�`|�wgl}!ktr�}!ptr�mw�optj ¯ }�pt_�_�kxr y vwpx «m�¤\kx�o`kQy `!r�pxmw` y ¦�&t¬�¦N�u¬�¦G�^¬�¦·a�¬�¦��^¬�¦�&!auµ§¬�¦�&n�;¬�¦N���dkxr y ¦GaT��l¡ghr�mw[�`&mw`�v�m§s�`|�wghp y kxr y pts�`!��k ¯
mogqpTr�kxj�jqgq �`O$ �Z&�) �Z\[�`�v{`�}�ptr y �T�wpTi^sdkt�w`\mogq_�`�vYª�`!m�¤¨`|`!rd ©kxghjhi^�w`�v�px W �pti��½}�pt_�s^jh`�~��^�o`!r�}�[�vwpx «m�¤\kx�o`kQy `!r�pxmw` y µ=&T¬*µ\�u¬-µ¡��¬*µ¨a�l§ghrNmo[^`dmw`�v�m&s�`!�ogqp y $ (£)D�Z\gq_�`�i^r�g²m�glvb�wi^r�r^gqr���}!jqpu}�¥�mogq_�`�gqr»ª�pxmo[
}|ktvw`|v|
�*gh�ov{m£pt ¨kxjhjD¬®¤¨`¢s^�w`�v{`|r�m£k$}�pt_�s^jh`�mo`�mo�w`�knmo_d`|r�m§px ¨ptr^`dpx ½mo[^`|vw` y knm�k�vw`�mov|¬¶¦·a��^¬� �pt�£¤�[^gl}�[


�<87�>Z7TSZ\[^`����ov{m*v{mw`|s&ghvSmw[�`¡}�[^pTgh}!`½px umo[^`,r;i^_¢ª�`|�-pt ^[^g y^y `!r¢v�m�knmw`�v-ktr y mo�oktr�v{gqmwghptr�s��wpTª�kxª^ghjhg²m�z
_�kxmw�og²~¿m�z;s�`t½Z\[^`b_�ghr^gq_�ktjSkxr y _�kn~ugh_�kxj®�nkxjhi^`|v\pt  �±kx�o`�v{`!m\mwp � � 1 � < 7�kxr y � ����� < �u
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BIC values for data set M40
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full transition matrix
upper diagonal transition matrix
tridiagonal transition matrix

�-gh�ti��w`���X½¦·p y `|j¶v{`|jq`�}?mogqpTr$¤�gqmw[·³¡´wµ  �pT��¦·aT�
�*gh�ti^�o`b�dvw[^pn¤�v,mw[�kxm¡mo[^`�³¡´wµ }��og²mo`!�ogqpTr�glv¡_�kx~ugq_¢i^_  �pt��k¢_�p y `!j®¤�gqmw[ mw[^�o`!`£[^g y^y `!r�v{moknmo`|v

ktr y ktr�i^s^s�`!� y ghkt�tpTr�kxj�mw��kxr�vwg²mogqpTr�s^�optª�ktª^gqjhgqm�z¢_�knmo�wgq~®*��pt�¨mw[^glv¨_dp y `|jQ¬�mo[^`6s�kt�okt_�`�mw`|�,`�v�mogq_�k ¯
mopt��v\kx�o`�X

� �Y 	 F�� �Y 	   � �Y 	 - ��� < 7�> D���� � > � � > � � > � > � > 
 > � >Z7 � � � k �T� l
�c < 
� > � � 
 > � > � >�7 � 7 >> > � ��� > � > � > ��� 
> > 7 � >�>�>�> �� k � )�l

Z\[^`|r¶¬Wg²mbglv�`|kTv{z mwp �w`�v�mopt�o`�mw[�`�[^g y^y `|r¸v{moknmo`|v|¬�kTv6vw[^pn¤�r·ghr ���ti��w` �^6Z\[^�o`!`¢[^pt_�pT�t`!r�`!pti�v
s�`!�oghp y v�}�jh`|kx�ojhz¿kxs^s�`|kt��gqr$mw[�ghv2���ti^�o`t
�*ghr�kxjhjqzT¬Smo[^` � ¦¸µ
_dp y `|j,glv�}!pt_�s�kx�o` y ¤�gqmw[¹vwpt_�`�px ¡mw[^`�_dp�v�m¢i�v{i�kxj,vwpx «m�¤\kx�o`��w`|jqglkxª^ghjhg²m�z

_�p y `|jhv|¬�i�vwghr^��mw[^`�� ¯ s^jqptm�_�`�mw[�p y \Z*kxª�jq`¡&��Tgq�T`|v¡mw[�` �
	 y glv�m�kxr�}!`|v�ghr�mw[�` � ¯ s^jhpxmov�px ½v{`|�t`|�oktj
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6 data set M40, 3−state model with upper diagonal transition matrix
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times between failures
restored hidden states

�*gh�ti^�o`O�ZXY��`�v�mopt��knmwghptr px *mw[^`�[�g y^y `!r·v�m�knmo`|v¡ �pt��¦GaT�^
_�p y `|jhv|¢Z\[^`�¦�-._�p y `!j�[�ktv§mo[^`�ª�`�v�m&s^�o` y gh}�mwgh�t`d�Ektjqg y gqm�zt¬W �pTjqjhpn¤¨` y ª;z·� � �)ktr y mo[^`�[^g y^y `!r
¦Nkx�o¥tpn��}�[�kxghr$_dp y `|jQ½Z\[�` � ¦¸µ _�p y `!j®s�`!�w �pt�o_�v\_¢i�}�[$ª�`!m{mw`|��mw[�kxr�- � ¬�e$kxr y ��¦ _�p y `!jlv|

Z*kxª^jh` &�XY¦·p y `|jS}�pT_ds�kx�oghvwptr� �pt��¦·a�� ¯ � 	 y ghv{moktr�}�`�v\gqr�� ¯ s^jhpxmov
� ¦¸µ � � � - � e ��¦ ¦ -&t ���t� &t �Z&�� �^ a�&E� �� �ta�� a�Ò��)T� &tß�t�x�

, vwgq_�ghjhkt��v{mwi y z¹[�kTv¢ª�`!`|r y ptr^`$ptr mw[^`$mo[^gq�wmw`|`!r y knm�k¸vw`�m�v! Z-ktª^jh`��N�tgh�t`�v!¬Y �pT��kxjhj y knmok
vw`�m�v!¬,mw[^`$m�z;s�`$pt 6mo�oktr�v{gqmwghptr s^�optª�ktª^gqjhgqm�z¼_�kxmw�og²~ k��   �  �pt�d �i^jhjQ¬ � i �  �pt��i^s�s�`|� y ghkt�tpTr�kxjD¬ � m �  �pt�
mo�wg y glkx�Tptr�ktj l£kxr y r;i^_¢ª�`|�&px �[^g y^y `|r¹v�m�knmo`|v �%vw`!jh`|}�mw` y ª;zGmo[^`�³¡´wµ
}��og²mo`!�ogqpTr¶¬-ktr y mw[^`¿��kxr�¥;v
pt S�d_�p y `!jlv�kT}!}�pT� y gqr^�¢mwp�mo[^` � ¯ s^jhpxm�_�`�mo[^p y�k ��kxr^¥�&�ghv\ �pT�\mw[^`�_�p y `|j¶¤�g²mo[�mw[^`&vw_�kxjhjq`�v�m � 	
y ghv{moktr�}�`*l?YZ\[^`�m�kxª^jh`bkxjlv{p&�Tgq�T`|v½mw[^`£_�`|kxr��oktr^¥¢pt S`|kT}�[�_�p y `!j� �pt�\kxjhj y knmok¢v{`!mov|YZ\[^`§}!pt_�s^jh`�mw`
m�kxª^jh`£px  � 	 y glv�m�kxr�}!`|v¡ghv¡�Tgq�T`!r¿ghr$kts^s�`!r y gq~ , ½Z\[�`§�o`|v{mwpT�okxmwghptr�px Smw[^`b[^g y^y `|r v{moknmo`|v¡ghr � ¦¸µ
_�p y `|jhv¡ �pT��kxjhj y knm�k�v{`!mov\glv\�tgh�t`!r$ghr�kts^s�`!r y gq~$³£
Z\[^`�_�ktgqr$�w`�v{i�j²m�v\px *mw[^glv�v{mwi y z$kx�o`6mo[^`b �ptjhjhpn¤�gqr^�dptr�`|v|

�
�^pT�¡ktjqj y knm�k�vw`�m�v!¬�mw[�`£vw`!jh`|}�mw` y r�i�_�ª�`!�\px ¶[^g y^y `|r v{mokxmw`|v¨glv¨�T`!�ozdvw_�kxjhjQ¬� ��opt_ &�mop�a��Z\[�ghv
�w`�v{i�j²m6¤\ktv6i^r^`!~;s�`|}�mw` y ª�`�}!kti�v{`�¤¨`�mo[^pti��t[�m6¤¡`&¤¨pTi^j y ��r y _�pt�o`&[^pT_�pt�t`|r^`!pTi�v\s�`!�ogqp y v
gqr y knmok�½¦GkEz;ª�`£mo[^`�³¡´wµÈ}!�wgqmw`|�wghptr  ©kE�tpTi^�ov¨mop�p¿vw_�kxjhj®�nkxjhi^`|v�pt  �Ç � pn¤¡`!�T`!��¬�gq  �2ghv�vw`�m
mwp�k&��knmo[^`!�¡jhkt�w�T`�r;i^_�ª�`!�\vwi�}�[�ktv\�u¬;gqm¡[�kxs^s�`!r�v,mw[�knm�k&jhpxm\px ¶ ©ktgqjhi^�o`6��knmw`�v,kt�w`§`|v{mwgh_�kxmw` y
ª;z&�t`|�wz�}�jhpTvw`¡�Ektjqi�`|v�kxr y v{s�i^�wghpti�v¶mo�oktr�v{gqmwghptr�v*kts^s�`|kx��¬xvwp£k§_�p y `!j;¤�g²mo[¢jh`|vov*[^g y^y `!r�v{moknmo`|v
ghv6s^�o`� �`!��kxª�jq`T,Z\[^glv�_�`|ktr�v\mw[�knm� �pT�\mw[^`�v{`�vwpx «m�¤\kx�o`t¬u�T`!�oz� �`!¤)_�kn��pT��}�pT�w�o`|}�mwghptr�v�vw`!`|_.mwp
[�kE�t`bpu}!}!i^�o�w` y�y i^�oghr^�dmw[^` y `|ª^i^�T�tghr^��s^�wpu}!`|vov!
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Z*kxª^jh`���X½e;i^_�_�kx�oz¿pt *_�p y `!j¶kts^s^jhgh}|knmogqpTr pTr$ktjqj y knmok�vw`�m�v

�£knmok ¦�& ¦N� ¦G� ¦·a ¦���¦J&!a�¦�&E� ¦N��� ¦·aT� µ=& µ\��µ¡� µ¨a
v{`!m
_�kxmw�og²~ i   i i     i i i   m   i ¦·`|ktr
� � � � � � � � � � � � & a ��kxr^¥� ¦ µ a a a � & & � � � & � � � �u )T�
� � � � � � & � � � a � a & a � �uÒ�t�- � � � � a a � � � a � a & � �^ � )
e � � � � � � � � � � � � a �u �t�
��¦ � � � � � � & � � � � � � a� (T�
¦�- & & & � � a a & & � � � & �u_&��
�
Z\[^`�}�[^pTgh}!`�px �gqr�g²moghktjS�nkxjhi^`|v� �pt��mo[^` ° ¦�ktjq�Tpt�og²mo[^_.[�kTv�k�v{jhgh�t[�m�`�1W`|}�m6ptr$mw[�`&_�kn~ugq_¢i^_
³¡´wµ��nktjqi^`T�´¾r¼vwpt_�`¿v{gqmwi�knmwghptr�v!¬-g²m¢}|kxr»jh`|k y mopNk�}�[�kxr^�T`�px ¡mw[^` v{`|jq`�}?mw` y _dp y `|j,ª^i^m�g²m
y p;`|v�r�pxm�k�1W`|}�m6v{gh�tr^g ��}|kxr�mwjhz�r^`!gqmw[�`!��mo[^` �&e y ghv{moktr�}�`�r^pT�¡mw[^`��o`|v{mwpT�okxmwghptr�pt Smo[^`�[^g y^y `!r
v�m�knmo`|v|

�
�^�opt_ mo[^`�³¨´wµ)s�pTgqr�m�px ,�;gh`!¤�¬®mo[^`!�o`�kx�o`¢vwpt_�`dvwgh�tr^g ��}!ktr�m y g 1W`!�o`!r�}!`|v£ª�`!m�¤¨`|`!r kxjhj*¥;ghr y v
px &mo�oktr�vwg²mogqpTr s^�optª�ktª^ghjqgqm�z _�kxmw�ogh}!`|v| � pt�Tgh}|kxjhjqzT¬�mw[�` i�s^s�`|� y ghkt�tpTr�kxj§_�kxmw�og²~ �Tgq�T`|v�mw[^`
ª�`�v�m¢�w`�v{i^jqmb �pt� y knmok�vw`�m�v�`�~u[^ghª^gqmwghr^�Gkxjh_�pTv{mbs�i^�w`��o`!jhglkxª^ghjqgqm�zG�T�wpn¤\mo[¶��^pt� y knmok·vw`�m�v£ �pt�
¤�[^gl}�[G�w`|jqglkxª�gqjhg²m�z$glv§vwpt_�`�mogq_�`�v y `�}��o`|ktvwghr^� k s^�optª�kxª^jhz y i^`&mop�gh_ds�`!�w �`|}�m y `!ª^i^�T�tghr^��l�¬^ �i^jhj
pt�6mw�og y glkx�Tptr�ktj®_�knmw�ogl}�`|v6kx�o`&ª�`!m{mo`!� k ¦N�u¬W¦���¬�¦�&|a�¬Wµ=&T¬Wµ\��l?�Z\[^glv� ©kT}?m§glv6}!ptr ���w_�` y pTr
v{gh_�i�jhkxmw` y y kxmok�v{`!movTXb¤�[^`!r y knm�k�kx�o`dvwgq_¢i^jlknmw` y kT}!}!pt� y gqr��¿mwp·k$s^i^�o`��w`|jqglkxª�gqjhg²m�z·�T�wpn¤\mo[
_�p y `!jD¬umw[^`�i�s^s�`|� y glkx�Tptr�ktj�_�kxmw�og²~�glv�kxjh¤\kEz;v\}�[^p�v{`|r�ª;z¿mo[^`&³¡´wµÈ}!�wgqmw`|�wghptr¶

�
Z\[^` � ¦ µÈ_�p y `!j®[�ktv¡mw[�`�ª�`�v�m�s^�o` y gh}�mwgh�t`b�nkxjhg y gqm�z� �pT��� y knmok�vw`�m�v�kx_�ptr^�r&�� k ¦��^¬�¦J&!a�¬
µ=&�l�G�^pt��mw[^`�&|��pxmo[^`!��v|¬-mo[^` � ¦¸µ s�`|�{ �pT�w_�v�¤¡`!jhj,ghrÇkE�T`!��kx�t`�X�g²mdghv�px «mo`!r¹}�jhpTvw`�mwpNmw[^`
ª�`�v�m\_�p y `!jD¬ukxr y gqr _dp�v�m\}!kTv{`�v½jlkx�o�t`!jhzdª�`!m{mw`|�¡mw[�ktr¿mw[�`§¤¡pt��v{`6px ¶mo[^`!_�YZ\[^`£_d`�kxr¿��kxr�¥;v
gqr�m�kxª^jh`&�dgqr y gh}|knmo`bmw[�kxm�_dp y `|jS¦�- }�jh`|kt�wjhz¿s^�opn�;g y `�v¨mw[^`&ª�`|v{m��o`!jhghktª^gqjhgqm�z¿s^�o` y gl}?mogqpTr�v¡ �pt�
mw[^`�v{` y knmok�vw`�m�v!�� � �*¬ � ¦¸µ
kxr y - � [�kE�t`�k�v{gh_�gqjlkx��s�`!�w �pt�o_�kxr�}!`t;��¦ ktr y e¸[�kE�T`dk
s�p;pT�£s��w` y gh}�mwgh�t`d�nkxjhg y gqm�zt¬®`!~^}�`!s^m§ �pT�bk� �`!¤ r;i^_�ª�`!�bpx  y knm�k vw`�m�v!&´¾r¸ ©kt}�m|¬®i�vwi�ktj*_�p y `|jhv
s�`|�{ �pT�w_ ª�`!m{mw`|�\mw[�ktr � ¦¸µÈ¤�[^`!r mw[^`|�w`bglv�kd�w`|�ti^jlkx�¡�w`|jqglkxª�gqjhg²m�z��T�wpn¤\mo[¶¬ukxr y.� ¦ µÈglv¡mw[^`
ª�`�v�m�¤�[�`!r$mw[^`|�w`�kt�w`�vwpt_�`�v{gh�tr^g ��}|kxr�m�gq_�s�`!�w �`|}?m y `!ª^i^�T�tghr^�Tv|

�
� pTr^��[^pT_�pt�t`|r^`!pTi�vYs�`!�ogqp y v¡kx�o` y `!mw`�}?mw` y ª;zdmw[^`£�o`|v{mwpt��knmogqpTr�px ¶[^g y^y `|r v{moknmo`|v, �pt�\kxjh_�pTv{m
kxjhj y knmok�v{`!mov|¬�jh`|k y gqr^�¿mwp k�}�jh`|kx�6gqr�mw`|�ws��w`!moknmogqpTr·gqrGmw`!�o_�v�pt �g y `|rTmog3��}!knmogqpTrGpx Y_�kn��pT�6}�pT� ¯
�w`�}?mogqpTr�v!G��pt�dv{pT_d` y knm�kGv{`!mov k ¦���¬�¦J&!a�¬,µ¡��l?¬Yv{i�}�[¼s�`|�wghp y v�kt�w`¿r�pxm y `!mw`�}?mw` y ¬½vwp·mw[^`
}�pTr�}�jhi�vwgqpTr·ghv6mw[�kxm§r^p$v{gh�tr�g3��}|kxr�m§}!pt�o�w`�}?mwghptr�v�[�kE�t`�p;}|}�i^�o�o` y �´¾r¸}!ktvw`&pt ½�w`!mwi^�or�v�mop�s^�o` ¯
�;gqpTi�v�v{mokxmw`|v y i^`¿mopGgh_ds�`!�w �`|}�m y `|ª^i^�T�tghr^� k µ\��lbpt�&`!~ughv{mw`|r�}�`¿pt �jqpTr^�Gkxr y �T`!�oz y glv{mwghr�}?m
[^pt_�pT�t`!r�`!pti�v6s�`!�ogqp y v k µ¨a�l?¬¶mw[^` � ¦¸µ _�p y `!jYglv§_�pT�w`�kxs^s��wpTs^�wglknmo`�mw[�kxr i�v{i�kxj�_�p y `!jlv!
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� pn¤¡`!�T`!��¬|mo[^`¡s^�w` y gl}?mwgh�t`¡�nkxjhg y g²m�z�pt  � ¦¸µ¼gqr�mw[^`�v{`\}!kTv{`�v-}|kxr¢ª�`\�t`|�wz£s�p�pT�|�Z\[^glv*ghv y i^`¨mwp
mw[^`§ ©kt}�m¨mo[�knm�¬;gqr�mw[^` � ¯ s^jhpxm\_d`!mw[^p y ¬�mo[^`§`�v�mogq_�kxmw`|v¡kx�o`§}!pt_�s^iumo` y v{` �Ti�`!r�mwglkxjhjqzT , m\`|kT}�[
v�mo`!s¶¬�mo[^`¢r�knmwi��w`¢px Ymw[�`¢[^g y^y `|r¸v{mokxmw`|v£}�[�ktr^�t`�v!¬�¤�[^gh}�[N_�kt¥t`�v6s^�o` y gh}�mwghptrGpt Y �iumwi^�o`&mogq_�`
mwp� ©ktgqjhi^�o`�_�i�}�[�_�pt�o` y g � }!i^jqm6mw[�kxr�g²m£v{`|`!_�v!¡Z\[^`!rS¬^mw[�`&�tp;p y r^`�vwv ¯ pt  ¯ ��m\ktr y s^�o` y gl}?mogq�T`
�nkxjhg y gqm�z kt�w`£r^ptm�r^`|}!`|vovwkt�wghjqz¿}!pt�o�w`|jhkxmw` y  �pt�\mo[^` � ¦ µ _�p y `!jD

�*ghr�kxjhjqzT¬*mw[^` [^g y�y `!r¹¦Gkt�w¥Tpn�N}�[�ktgqr¹kts^s^�opTkt}�[ s^�opn�;g y `�v&k�r^`|¤ ¤¡kEz¸px �_�p y `!jhjqghr^�Nvwpx «m�¤\kx�o`
�o`!jhglkxª^ghjqgqm�zÇ¤�[�gh}�[ }|kxr mokt¥t`Gghr�mwp¹kt}|}�pTi^r�m�v{pT_d`G �`|knmoi^�o`|v�mo[�knm kt�w`·gh�tr�pt�o` y ª;zÇi�vwi�kxj§_�p y `!jlv!¬
vwi�}�[¼ktv�mw[^`¿`!~ughv{mw`|r�}�`�pt \[�pt_�pt�T`!r^`|pti�vbs�`!�ogqp y v�kxr y mo[^`¿s�pTvov{ghª^ghjqgqm�zNpt \gh_�s�`|�{ �`�}?m y `!ª^i^�T�tghr^��� pxm�vwi^�os^�wglvwgqr^�TjqzT¬,mo[^` � ¦ µ._�p y `|j�s�`|�{ �pT�w_�v�ª�`|v{m� �pt� y knm�k»`�~u[^ghª^g²mogqr��»mw[^`�v{`� �`�knmwi��w`�v! �^pt�
ptmw[^`|��¥;gqr y v�px  y kxmok^¬�i�v{i�kxj¶_�p y `!jlv�}|kxr�ª�`�_dpT�w`�kts^s^�opts^�oghkxmw`T ° �t`|r� �pt��mo[^`|vw` y knm�k^¬umo[^` � ¦¸µ
kts^s^�opTkT}�[dglv¡v�mogqjhjWgqr�mw`|�w`�v�mogqr���v{ghr�}!`6gqm\}!jq`�kx�ojqzdg y `!r�mwg ��`|v,mw[�`6jhp;}|knmogqpTr¿px ¶_�kn��pT�¨}!pt�o�w`�}?mwghptr�vYgqr�mw[^`
y `!ª^i^�T�tghr^�ds^�wpu}!`|vov!, s�p�vwvwghª^jq`�`�~;mw`|r�v{ghptrNpx Ymw[�ghv£kxs^s��wp�kt}�[·glv�mop�}�pTr�v{g y `|��mw[�knm|¬Wghr�vwg y `¢mw[�`�[^pT_dpT�t`|r^`!pTi�v�s�`!�og ¯
p y v|¬�mw[^`¢mwgh_�`|v£ª�`�m�¤¡`!`!rN ©kxghjqi��w`�v y p$r^pxmbr^`�}�`|vovokx�ogqjhz�[�kE�T`¢k }�ptr�v�m�kxr�m6 ©ktgqjhi^�o`���knmw`T¬Wª^ium�}!kxr¸ª�`
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6 data set M14C, 2−state model with full transition matrix
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4 data set M17, 2−state model with upper diagonal transition matrix
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5 data set M27, 2−state model with upper diagonal transition matrix
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6 data set M40, 3−state model with upper diagonal transition matrix
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data set C2, 3−state model with tridiagonal transition matrix
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