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L)W)UZw]Y<K:UZGJW)U7q�P�GJICK[� �J\]Y�c-Xtu«WM\]\Á�^WMc-X<�#TSY�Y<N
~JW)UZGJu
ekNvY } j UZY,o¤q�u_ICUvUZw]KJ�
ikjôóÙÒbl Y<N�cCY<KJTJw�UZw]Y<KJw{KS�EY<KQjõó¥Ò:G^W)u�U_GJI«uZW } I
ICabIOcdU�Y<Kno��5¦�GJw{u�cOWMK
��IOuvU���I¤uvIOIOKmekN_Y } UZGJI¤WMRJ� } IOK�U_IOT¡TSw�WM�<N_W } î7º YMe�¿�w]�<RJNvI ( � & qÃU_YnP�GSw{c-G
UZGSI�w{K�UZICNvLMIOK�UZw]Y<K,WMN_cCuW»�¼�½ j PzION_I«W)TJTJIOT���ÐÜe�WM\]\��^WMc-X<�#TJY�Y<N ~JW)UZGJuzekN_Y }
jõUZYyo�W)N_I
�J\]Y�c-X)IOT�qSU_GJIOKnWM\]\�~^W�UZGJu ekNvY } »�¼ËUZYyo } RJuvU��MYEUZGJNvY<RJ�<GQUZGSI
c-GJw]\{TJNvIOKgY)eÁj[qbWMKJTgU_GJY<u_IfP!YMRJ\{T:��I��S\{Y�c-XMIOTgw]e�PzIEcCY<KJTJw�UZw{YMK`Y<K`j[��¦�GJI
w } ~J\]w{c7W�UZw{YMK¤w]u�U_G^W)U�o�w{u�w]KJTJIC~bICKJTJIOK�U�YMe�»�¼H�<w�L<IOKQj[q

÷¤ihøÃù Ò�:F»�¼xóèñtò�ikÒbl_lÓóÙ÷�ikø�ù Ò�:F»�¼xóHw{TJ\]I7lÓóÙ÷�ikø�ù Òbl': i ( � &<& l
P�GJw]c-G } IOWMKJu�UZG^W)UzUZGJI�Y<�JuvIONvL)W)U_w{Y<K�jõó¥Ò,c7WMKSKJYMU ��I�TSw{uvU_w{KJ�MRJw{uvGJIOT�ekN_Y }
UZGSIfw]K�UZIONVL<ICKtU_w{Y<KG»�¼§óèñ�ò�ikÒblr�
¿^Y<N } WM\{\�©<q�PzI
c7WMK,~JNvY'LMI�UZGJw]u Y<�JuvIONVLMW�UZw{YMKQ�t©¤P�N_w�UZw{KS�
÷�ikø�ùpúÒ�lzw]K3UZICN } u

YMe�UZGSI�WMRJ� } IOK�UZICTy~JN_Y<�JWM�Jw{\]w]U#©
ekRJKScCUZw]Y<Ky÷ º w{KyWMcCcOY<NvT^WMKJcCI P�w]U_Gni ( � %<% l�W)KJT
cOYMKJTJw]U_w{Y<KSw{KJ�EYMK:� UZYyY<��U-WMw]K�¾

÷�ikø�ùpúÒ�lÓóè÷ º ikø�ù »�¾�l ó ± ³ ÷ º ikø�ù ´¿:F»�¾'lv÷ º i�´bùÀ»�¾�l
ó ± ³[÷ º ikø�ù ´¿:_Ò�:F»�¾'lV÷ º iC´bù »�¾�lIµ i ( � &M( l

¦�GJI
W)TJTJw]U_w{Y<K`YMeÁÒ�UZY¤UZGJI�\�WMuVU�Id��~JNvIOuvu_w{YMK>w{u�\]w{cCIOKJuvIOT:��©nUZGJIEw } ~S\{w{cOW)UZw]Y<K»�¾9Á j óïÒÃ��¦�YnIC\{w } w]K^W)UZIM»�¾yekNvY } U_GJIEU#P!Y,UZICN } u
Y<K>UZGJI
Nvw{�<G�UV�#G^WMKST
u_w]TJI
YMe�i ( � &M( lrq�P!Iyw]KtLMY<XMIyUZGSIyU#PzYncOY<KJTSw]UZw]Y<KJu�Y)e Â�IdÀ^KJw]U_w{Y<K ( � ( � % �y¼�w{KJcCI»�¾mcCY<KJu_w]uvU_uQYMefN_Y�YMUQKJY�TJIOu3P�w�UZGHc-GJw]\{TJNvIOK¥N_ICuvU_N_w{cdUZICTHU_Y£j[q�w]U } RSuvU,��I
w{KSTJIO~�IOKJTSIOK�U�Y)e5WM\]\�KJY<KJTSIOu_cCIOKJTJWMK�UZu�YMe�j[q^w{KScO\{RSTJw{KJ���f�z¦�GtRJuCqbcCY<KJTJw�UZw{YMK
ihw�l�©�w{IC\{TJu

÷ º iC´�ùÀ»�¾'l�óÙ÷ º iC´�lÓó ÷¤iC´<l
Ð#K�L<Y<Xtw]KJ��KJY�P£U_GJI��^WMc-X<�#TJY�Y<NÃcOYMKJTJw]U_w{Y<K¤ikw{w±lrq�UZY<�<IdUZGJICN�P�w]UZG�i ( � &<& ldq�~bICN } w]UZu
RJu�UZYyIC\{w } w{KJW)UZI^»�¾fekN_Y } i ( � &M( lrqSUZGtRJu�~JN_Y�L�w{KS�gi ( � &�% ld� Â
Ú�ÛÜÚ�Û4Ã Þ£ß�àÅÄré^ç!í!ìtå�Æ
ç�çzéHã�é�ëÜìJàÃé�ë�ç!í
�!Y<KJTSw]UZw]Y<K�ihw�l�YMeSÂ�ICÀ^KJw�UZw]Y<K ( � ( � % NvIAÇ^ICcCUZuÃUZGSI�~SN_ICL)WMw]\{w]KJ��~JNZW)cCUZw]cOIÁU_G^W)U��VUZGSI
cOYMKJcOY } w]UZWMK�U5Y<�JuvIONVLMW�UZw{YMKJuÓu_GJY<RS\{Ty�bI�stRJw�UZI�RJK^W�a�ICcCUZICT¤��©EU_GJI�UZNvI7W)U } ICKtU_�
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i��!Y7� %7���M� q�~��O� � ld�Ã¦�GJw]u�u_ICcCUZw]Y<K«TJI } Y<KJuVUZN_W)UZICu�GSY'P�cOYMKJcOY } w]UZWMK�UZu�U_G^W)U�¸M¹ %
W)abIOcdUZIOT��t©fUZGSIzUZNvI7W)U } ICK�UÁc7W)KE�bI�RJuvIOTEUZY�ehWMcOw]\{w�U-W)U_I5c7WMRJu_WM\Sw]KSekIONvIOKJcCIM��¦�GJI
I } IONv�<w{KS��cCN_w]U_IONvw{Y<K�q�K^W } IOT�UZGJI�ekN_Y<K�Uv�ÜTJY�Y<NÃcON_w�UZICN_w{YMK�w]KE¬�IOWMN_\�i %7�<��� W�lrq�P�w]\{\
cOYMKJuvU_w]UZR�UZI�U_GJIfu_IOcCY<KJT>�JRSw{\{TSw{KJ�y�J\]Y�c-XQYMe�UZGJI��<IOKJICNZWM\ÃUZICuvU�ekY<N�w{TJICKtU_w]e±©�w{KS�
c7W)RJuZWM\�Ida�ICcCU_uEip¼�IOcdUZw{YMK ( �Å�tlr�
�!Y<KJuvw{TJICN3UZGJI>TJw{WM�<N_W } w]KH¿�w{�MRJN_I ( � � q�P�GJw]c-GHN_IO~SN_IOuvIOK�UZunUZGJI } Y�TJIO\

YMe£¿�w{�<RSN_I ( ���0P�GSIOK U_GJI LMW)N_w�W)�J\{ICuËjÈ_F:cµcµcµA:_j þ WMNvI RJKJY<�JuvIONVL<IOT W)KJT`�j98;:_j\Éc:vj=<ce:WMN_IQNvIO\�W)�bIC\{IOTÊ`�j¶:r��:-oËetqzNvIOuv~bICcCUZw�L<IC\]©<�x��\�UZGJYMRJ�<G§� TJY�ICu
KJYMU¤uZW�UZw{uVe±©xWMK�©�YMe�U_GJI`�JWMc-X<�#TJY�Y<N�cOY<KJTSw]UZw]Y<KJuCq } I7WMuvRJN_I } ICKtU_u¤Y)ef�¢cOWMK
KJIdL<IONVUZGJIC\{ICu_u�IOK^WM�S\{I�cOYMKJu_w]uvUZICK�UzICuvU_w } W)UZw]Y<K�YMeb÷¤ihøÃù�úÒ�lr��¦�GJw]uÁP�w{\]\S��I�u_GJY�P�K
��©3NvIOTJRJcCw{KJ��UZGJI�Ir��~JN_ICu_u_w]Y<KQekY<N ÷¤ihøÃù�úÒ�lÓUZYEekYMN } RJ\{WMuÓUZG^W)U WMN_I�cOY } ~JRSUZWM�J\{I
ekN_Y } UZGSIfYM�Ju_ICNvL<ICT:TJw]uvUZNvw{�JR�UZw{YMK3ekRJKJcCU_w{Y<Kn÷¤ikÒ�:Zø
:F´�lr�

X Z Y

U (Unobserved)

¿�w]�<RJN_I ( � � ¾Ã� TJw{WM�<N_W } N_IC~JN_ICu_ICKtU_w{KJ��U_GJIzekNvY<K�Uv�ÜTJY�YMN�cCN_w�UZIONvw{Y<K����xU#P!Y)�ÜuvU_IO~
WMT�|vRSuvU } IOK�U�ekY<N�� ©�w{IC\{TJu�W
cOY<KSu_w{uVUZICKtU�IOuVUZw } W)U_I�YMe�÷�ikø�ùpúÒ�ld�
¦�GJIÃ|vYMw{K�UÃTJw{uVUZNvw{�JRSU_w{Y<KfWMuvu_Y�cOw{W)UZICTfP�w�UZG�¿�w{�<RSN_I ( � � cOWMK���IÓTJIOcCY } ~�Y<uvIOT

ihICstR^W)UZw]Y<K�i ( �Å½�lvl!w{K�UZY
÷�i±Ò�:Zø
:F´¿:|ÌblÁó ÷¤i�ÌblV÷�i±Ò5ù Ìblv÷¤iC´bù Òblv÷¤ihøÃùÀ´¿:�Ì�lIµ i ( � & �tl

¿^N_Y } i ( � %'& ldq^U_GJI�w]KtU_IONVL<IOK�U_w{Y<Kgñ�ò�ikÒbl�N_I } Y�LMIOu�U_GJI�ehWMcdUZY<N�÷¤ikÒ5ù Ìbl�WMKJT`w{K��
TJRJcCIOu�UZGJI«~�Y<uvU_w{K�UZICNvLMIOK�UZw]Y<K`TSw{uvU_N_w]�JRSUZw]Y<K

÷¤ihø
:F´¿:|Ì5ù�úÒ^lÓóè÷¤ihøÃùÀ´¿:|ÌblV÷�i�´bù ÒblV÷�i	Ì�lIµ i ( � &<� l
¼�R }�} w{KJ�
Y�L<ICNÍ´¤WMKSTGÌnUZGJICK`�<w�L<ICu

÷�ikø�ùpúÒ�l5ó²± ³ ÷¤iC´bù Òbl�±kÎË÷¤ihøÃùÀ´¿:�Ì�lV÷�i	Ìbl'µ i ( � & ½�l
Ð#KnY<N_TJICN�UZY�IO\{w } w]K^W)U_I^ÌgekNvY } U_GJI�NC�ÅG��ÅuC��Y)e�i ( � & ½�ldqJPzI�RSu_I«UZGJI
U#PzY�cOYMKJTJw��
UZw]Y<K^WM\bw{KJTSIO~�IOKJTJICKJcOI�WMu_uvR } ~SUZw]Y<KJu�IOKScOY�TJIOT`w{KQUZGJI«�<N_WM~JG,YMe�¿�w{�MRJN_I ( � � ¾

÷�i	Ì5ùÀ´¿:_Òblõó ÷�i	ÌÓù Òbl': i ( � &<È l
÷�ikø�ù Ò�:F´¿:|Ìbl ó ÷�ikø�ù ´¿:|Ìbl'µ i ( � &M� l
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¦�GJw]u�©�w]IO\{TSu UZGJI«IOstR^W)\{w]U_w{ICu

± Î ÷�ikø�ù ´¿:|Ìblv÷¤i�Ìbl ó ± ¾ ± Î ÷¤ihøÃùÀ´¿:�Ì�lV÷�i	Ì5ù Òblv÷¤ikÒbl
ó ± ¾ ± Î ÷¤ihøÃù Ò�:F´�:|Ìblv÷¤i�Ì5ù Ò�:F´<lv÷¤ikÒbl
ó ± ¾ ÷¤ihøÃù Ò�:|´�lv÷¤ikÒbl i ( � &M� l

WMKJT�W)\{\{Y�P�ufUZGJIQNvIOTJRJcdUZw]Y<K[YMe�i ( � & ½�l
UZY�WgekY<N } w{K�L<Y<\�L�w{KJ�:YMKJ\]©�Y<�JuvIONvLMIOT
stR^WMK�UZw�UZw]IOuO¾

÷¤ihøÃù�úÒ�l5ó ± ³£÷�i�´bù Òbl ± ¾FÏ ÷�ikø�ù Ò º :F´�lv÷¤ikÒ º l'µ i ( � (#Ð l
��\]\ ehWMcCU_Y<N_uyY<KxUZGJInNO��G���uO�ÓYMeyi ( � (#Ð l
WMN_I,cCY<KJu_w]uvU_IOK�UZ\�©�IOuvU_w } WM�J\]I3ekN_Y }

KJY<KSId��~bICN_w } ICKtUZWM\ T^W�U-WSq�u_Y�w]U�ekY<\{\]Y'P�u�UZG^W)U�÷¤ihøÃù�úÒ�l�w{u
IOuVUZw } WM�S\{I3W)uyPzIO\]\��
¦�GtRJuOq�P!I�WMN_Iyw{Km~�Y<u_uvIOu_uvw{Y<K¡YMe�WMK�w{TJICK�UZw]À^WM�J\{I
KSY<KJ~^WMN_W } ICUZNvw{cyIOuVUZw } WMKST
ekY<NQUZGSImcOWMRJu_WM\«ICabIOcCU`YMe�j Y<Kèo P�GJIOKJIdL<ICNgP!Imc7W)KèÀ^KJTèW } ICTJw�W)U_w{KJ�
L)WMN_w{WM�J\]I«� UZG^W)U } IOIdUZu�UZGJI«cCY<KJTJw�UZw{YMKJu YMe i ( � &<È l W)KJT£i ( � &M� ld�
Ì5s�RJW)UZw]Y<K�i ( � (#Ð l!cOWMK,�bI
w]KtU_IONv~JN_IdUZIOT`WMu�WEU#PzY)�#uVUZIO~`WM~J~S\{w{cOW)UZw]Y<K3YMe�UZGSI

�^WMc-X<�ÜTJY�YMN�ekY<N } RJ\�W���Ð#KgUZGJI�À^N_uVU�uvU_IO~�q�P!I�À^KJT:UZGSI�c7W)RJuZWM\�ICabIOcdU
YMeÁj Y<K
� Î uvw{KJcCI«U_GJIONvI«w{u�KJYy�^WMc-X<�ÜTJY�YMN�~JW)UZG,ekN_Y } j UZY¤��qJPzI�uvw } ~J\]©¤G^W7L<I

÷�i�´bù�úÒblÓóÙ÷�i�´bù ÒblIµ
Ñ�Ir��U7qJPzIfcCY } ~JRSUZI�UZGJI«c7W)RJuZWM\�ICabIOcCU�Y)e5� Y<Kno�qSP�GJw{c-GQPzI«c7WMK,KJYy\{YMKJ�<ION
IOstR^W�UZI�P�w�UZG�UZGJI�cOY<KSTJw]U_w{Y<K^W)\^~JN_Y<�JWM�Jw{\]w]U#©E÷�ikø�ù ´�lÁ�bICc7WMRJuvI�U_GJIONvI�w{uzW«�^WMc-X<�
TJY�Y<N�~^W�UZGm�ÓÒ jÔÒ ÕÖ½ oAekN_Y } � UZY,o��Y×�Y'PzICLMIONCq�uvw{KJcCIEj �J\{Y�c-Xtu
ipñM�Üu_IO~JWMNZW)U_IOuZl�UZGJw]u�~^W)U_G�q5j c7WMK[~S\�W7©�U_GJIQN_YM\{I�Y)e�W:cCY<KJcCY } w�U-WMK�U�w{K£UZGSI
�^WMc-X<�ÜTJY�YMN�cCN_w]U_IONvw{Y<K�qJP�GSw{c-G>WM\]\{Y�P�u�RJu�UZY�cCY } ~JRSUZI«UZGSI�c7W)RJuZWM\�ICabIOcdU�Y)e��
Y<K[o¢w{K¡WMcOcCY<N_T^W)KJcOI�P�w]UZG¥i ( � &�% lrq��<w�L�w]KJ�`÷�ikø�ù�ú´<lfóÙØ ¾FÏ ÷¤ihøÃù Ò º :F´�lV÷�i±Ò º ld�
¿�w]K^WM\{\�©<qtP!IfcOY } �Jw{KSI�UZGJI
U#PzY¤cOWMRJuZW)\�ICabIOcCU_u�L�w{W

÷�ikø�ùpúÒ�lÓó ± ³�÷�ikø�ùpú´<lV÷�i�´bù�úÒblI:
P�GJw]c-G`NvIOTJRJcCIOu�UZYgi ( � (#Ð lr�
F¡I�u_R }�} WMN_w]¨OI«UZGJw]u�NvIOu_RS\]U��t©gW�U_GJIOYMN_I } W)e±U_ION�ekY<N } WM\{\�©3TJIdÀ^KJw]KJ��UZGSI

WMuvu_R } ~SUZw]Y<KJuC�
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%'&�µ)(�* ¸M¹r¯h¸�,.- %-´ � ¯ ´�´ ¸M¯hº &�µ3´ ¸ & ¯ ´	( H &J1�% ekN_Y<K�UV�#TJY�Y<NÛ2d¹r¯ &)% ¹r¯ µ�¶ ¹ % -�¸ & ¯ *5%&#µ ¸ ¶¡µ ¹_º % ¹ % º«²S¸M¯±¹ µ)(�* ¸M¹r¯h¸�,.- %-´ i±jX:-o�lf¯ (A@
ikw±l,� ¯ ¶�&4% ¹|2 % ² &k´ ¸5-J-ÃºM¯±¹ % 2 &4% ºf²S¸ &	1�´�( ¹ µ ° j &�µ oËB
ikw{w�l &	1�% ¹ % ¯ ´f¶�µ ,-¸U2FE�³Vº µ�µ ¹!²S¸ &J1�( ¹ µ °ïj &#µ ��Bz¸ ¶ º
ikw{w]w±l:¸5-J-�,-¸U2FE�³Vº µ�µ ¹!²S¸ &J1�´g( ¹ µ ° � &#µ o ¸M¹ % ,.- µ 2FE % º¦,.H«jÜO
�=� ���! N�U  �����¡��ÝÞ��Ú¡ ��
���.�Zÿ����! ¦¥�§U¨c©ßª'�� «�U���5"¬ ( � ´ ¸ & ¯ ´	/0%-´W&J1�%¡( ¹ µ�¶�& ³Vº µ�µ ¹^2d¹r¯ &4% ¹r¯ µ�¶ ¹ % -�¸ & ¯ *5%W&�µ i±jX:-o�l�¸ ¶ ºf¯ ( ÷¤ikÒ�:F´�l0àÐ Q &J1�%d¶á&J1�% 2_¸ Tt´ ¸5- %	¯R% 2 &
µ)( j µ�¶ o ¯ ´ ¯hº %d¶�& ¯ / ¸�,.- % ¸ ¶ º`¯ ´M° ¯ *5%d¶ ,.H &J1�%(7µ ¹r° T -�¸

÷¤ihøÃù�úÒ�l5ó²±I³£÷�i�´bù Òbl�± ¾ Ï ÷�ikø�ù Ò º :F´�lv÷¤ikÒ º l'µ i ( � (S% l

¦�GJI
cCY<KJTJw�UZw{YMKJu!uVU-W)U_IOTQw{K3Â�ICÀ^KJw�UZw]Y<K ( � ( � ( WMN_I�Y'LMIONv\]©¤N_IOuVUZNvw{cCU_w]LMI Î uvY } I�YMe
UZGSI!�^WMc-X<�ÜTJY�YMN�~^W)U_GJuÁIr�ScC\{RJTSIOT
��©fcOY<KJTSw]UZw]Y<KJu!ihw]w±l�WMKJT,ikw{w]w±l�c7W)K
WMcCU_R^WM\]\]©«��I
WM\]\{Y�P!ICT
~JN_Y�L�w{TSIOTyUZGJId©yWMN_I��S\{Y�c-XMIOT���©
u_Y } I�cCY<KJcOY } w�U-WMK�UZuC�Á¿^Y<NÁIr�SW } ~S\{IMq
UZGSI�L)WMNvw�WM�J\]I��âfzw{K¤¿�w{�MRJN_I ( � % u_W)UZw]uvÀ^ICu!W«ekN_Y<K�UV�#TJY�Y<NV�Ü\{w]XMI cCN_w]U_IONvw{Y<K�N_IC\�W)U_w]L<I
UZYmi±jX:r�gbrl���©gL�w]NvUZRSIEYMe!�0_��J\]Y�c-Xtw]KJ�QWM\]\��^WMc-X<�ÜTJY�YMN�~^W)U_GJu�ekN_Y } j UZYn�gf
WMu�P!IC\{\�WMu�UZGJY<uvI�ekNvY } �âf�UZY3�âb7��¦�Y3WM\]\{Y�P U_GJI�WMK^WM\�©�uvw{u�YMeÁuvRJc-G>w{K�U_N_w{cOW)UZI
uvU_N_RJcdUZRJNvIOuCq�w{KScO\{RSTJw{KJ��KJICuvUZICT:cOY } �Jw{KJW)UZw]Y<KJu�YMe5�^W)c-X��ÜTJY�Y<N�W)KJT`ekNvY<K�Uv�#TSY�Y<N
cOYMKJTJw]U_w{Y<KSuOqbW } YMN_If~bY�PzIONvekRS\�uv© } ��Y<\]w{c } WMc-GSw{KJICNv©,P�w{\]\���I�w]K�UZN_Y�TJRJcCIOT>w]K
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