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

&('*) + ,�-/.10324.524687:9<;>=@?BA�CBDEA�=@?GFH7I=

J�KMLON�NQP1R!STLOUWV4P1N*SYX%ZM[OL\N]KMP1N^X@N]PHS_U%`�L\Va`bPHcQPHVMR1P�c]dM[\PHNeZgfih�KML\RYKkjMc]UWZlX%ZaL\[\LON]SQL\R
NQPHVgSTP1VaR1P1N�L\VgmWUW[nm�L\VMo:L\VgSQP1c]m%P1VgSTLOUWVMN3X%VMpqUWZMNQPHc]mrXrSQL\UWVMN�R1X%VsZtP�STcTXrVMN]`bUWc]uIPHp
L\VgSQUvU%SQKMP1c�NQdMRYK4N]P1VgSTPHVMR1PHN1wxSQK�daNejMcQU$m�L\paL\VMoIXIN*fyVgSTX%RHSQL\R/uEPHSQKMUypzU%`GpaP1cQLnmg{
L\Vao}|~UWc�m%P1c]LO`�f�L\VMog�3R1[\X%L\uENeX%ZtUWdaS^LOVgSTP1c*mWPHV�SQL\UWVaN1����X%RYKkL\Vy`bP1cQPHVMR1P:c]dM[\P�h�LO[\[
cQPHNQjtP1R!S�SQKMP^L\VgSTPHcQjMc]PHSTXrSTLOUWV�U%` STKMP^���y|*����U%j�PHcTXrSQUWc�X%N�X%V(L\VgSQP1c]m%P1VgSTLOUWV�STKlX�S
uEUypMLn�lP1NvX�NQPH[\PHRHS�N]PHS(U%`�`bdMVaRHSTLOUWVMN@LOV�STKaPidMVMpMPHcQ[nfyLOVMo�uEUypaP1[��<J�KMPiNQP!S
U%`3L\Va`bPHcQPHVMR1PzcQdM[OP1N�STKMXrS:P1uEP1c]oWP�`bcQUWu�STKMLONELOVgSTP1c]jMcQP!SYXrSQL\UWV�h�LO[\[�ZtP(R5X%[O[\PHp
�����Q�Q�%�\�!�����g�!�

��Pqh�L\[\[3X%N]NQdMuEPsSTKMXrS@h�P4X%cQPsoWLOm%P1V�STKaPiN]SQcQdMR!STdMc]P4U%`�X�R5X%daNTX%[3pML�X�{
oWcQX%u�� LOVvh�KML\RYK�N]UWuEP�U%`¡SQKMP�VMU�pMPHN�X%cQP�UWZMNQPHc]mrX%ZM[OP3h�KMLO[\P�U%STKaP1cQN�cQP1uIX%LOV
dMVMU%ZMNQPHc]mWPHpx�<¢�dacIUWZ�£]P1RHSQLOm%Psh�L\[O[¤Z�PzSTUk`~X%R1LO[\LnSYXrSQP@STKMPzN]f�VgSYX%R!STLORspMPHcQLOmrX�{
STLOUWV�U%`�R1X%dMNQX%[¤PH¥�P1R!S:P!¦yjMc]P1NQN]L\UWVaNEUr`�STKMPv`bU%cQu¨§v|b© ª�«¬ �!wBh�KMPHcQP@ X%Vap¯®
N]STX%VMps`bU%ceX%VgfzNQdMZaNQPHSQN�U%`�UWZMN]P1c*mWP1p4mrX%c]L�X%ZM[OP1NH�3°�f²±]paP1cQLnmrXrSTLOUWVM³�h�P�uIP1X%V
N]SQP1jgh�L\N]P�c]P1pMdMR!STLOUWVIUr`�SQKMP3P´¦yjMcQPHNQNQLOUWV@§I|~©>ª�«¬ �BSQU�XrVIPHµ�daLOmrX%[\PHVgS�P´¦yjMcQPHNQNQLOUWV
L\Vgm%UW[Om�L\Vao_N*SYX%VaplX%cQpEjMc]UWZlX%ZMLO[\LnSTL\PHN	U%`¶UWZMN]P1c]m%P1pIµ�dMX%VgSTLOSQL\PHN1�	�·KMPHVMPHm%P1c�NQdMRYK
cQPHpMdMR!STL\U%V�L\N�`bP1X%NQLOZM[\Prw�STKaPqR1X%dMNTXr[�P!¥¶PHRHSvU%`� UWV�®¸L\N:LOpMP1VgSTLn�¹X%ZM[OP�|~NQPHP
ºePH�MVMLOSQL\UWV # �¼»y�¾½��!�

¿�À~Á3À]Â Ã�ÄlÅ Æ*Ç]È�Ç*ÉeÊGÄMËÌÉeÍGÎMÊ	ÎMÇ�Í�É
Ï¡PHS^iÐ_®�Ð>X%VMp�ÑÒZ�PEX%c]ZMLOSQcTX%c*fspMLONb£]UWLOVgS^NQPHSQN�Ur`�VMU�pMPHN_LOV}X(R1X%dMNQX%[�º�Ó�Ô
�:�	��P�pMPHVMU%STP3Zgfv� Õ¯STKMP�oWcQX%jMKvU%ZaSYX%LOVMP1pEZgfEpMP1[OPHSTLOVMo�`bcQUWuÖ�×X%[O[lX%c]cQU$h�N
jtUWL\VgSTLOVMoeSTU^VMU�pMPHN�LOV:��BÏ¡L\ØrPHh�L\N]P%w�h�P�pMPHVMU%STP�ZgfE� Õ STKMP�oWcQX%jMK:UWZaSTX%L\VMPHp
Zgf@pMPH[\P!STL\Vao�`bcQUWuÙ� X%[\[�X%cQc]U$h�N�P1uEP1cQo%L\VMo�`bc]UWuÖVMU�pMP1N�LOVv��GJ U�cQP1jacQP1N]P1VgS
STKaPIpMPH[\P!STL\U%V�U%`¤Z�U%SQK�LOVMR1UWuEL\Vao(X%VMp�UWdySToWUWLOVMozX%cQc]U$h�N1w�h�PvdaNQPISQKMPvVaU%SYX�{
STLOUWV�� ÕGÚ |~N]P1P(Û	LOoWdMc]P # �ÝÜq`bUWc�X%V�LO[\[OdMN]SQcTXrSQL\UWV¹�´�(Û	L\VMX%[\[nfWw>STKMP@P´¦yjMcQPHNQNQLOUWV
§I|~©>ª�«¬ ÐYÞW�3ßà §v|b©�ÐTÞ�ª�«¬ �]á%§I|âÞ�ª�«¬ ��N]SYXrVMpMN�`bUWc�SQKMP^jMcQUWZMX%ZML\[OLOSãfEU%`�® à ©vo%LOmWPHV
STKMXrS3äL\N�KMP1[OpsR1U%VMN]STX%VgS^XrS ¬ X%VMpqSQKlXrS�|~dMVMpaP1c3SQKML\N�R1U%VMpMLOSQL\UWVl��Ñ à ÞvLON
UWZMN]P1c*mWP1p¶�

¿�À~Á3Àãå æ�Éeç´Å ÄlÅ Éeè¡Å×é·ê�Æ�Å ë
J�KMP�`bU%[\[\U$h�LOVMo_SQKMP1U%cQP1u�N]STXrSTPHN�STKaP3STKacQP1P�ZlX%NQLOR�LOVa`bP1c]P1VMRHPecQdM[OP1N�U%`¡STKMP�jMcQUr{
jtUWNQPHpqR1X%[\RHdM[\dMNH��ìGcQU�U%`bN�X%cQP�jMc]U$myLOpMP1pzL\Vzì P5X%c][�| "$íWíWî Xg�!�
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§I|~©>ª�«¬ ÐYÞaÐ'ge� à §v|b© ªâ«¬ Ð'ge�h$ F�|~®-iQi�ÑEª iÐLY×�kj lZm | # � #W# �
]����E�[no_4p�����$N/�:%bq/%�!�0��&LW��%��$N/�:r��sy�C�a�%:	,	�(e%f

§I|~©>ª�«¬ Ða«ÞMÐ'g�� à §v|b© ª�«¬ ÐYÞaÐ)g��t$ FÖ|â®-iQi/ÑEª iÐLY×�kj l!u m | # � # ½��

]����E�G>v_4aL:a�0��&���$N/�:%b<"	�!�E����$N/�:c/VF_������$N/�:a�(e%f
§I|~©>ª�«¬ Ðy«ÞyÐ'g�� à §I|~©>ª�«¬ Ð'g��w$ F�|~®Iixi�ÑEª sÐXY×��j lzy u|{~}3� Ð | # � #gî �

1��!��&'�_Ñ�|NY×�P$\�-�4�!���0���X/VF^Ñ��(:</8"	�Y�I� �a�%�3�%&C�I:</����%:¶�C�Y���(/�&T�7/VFE�%:!*YÒ�(:</8"	�[$ :�� Õ ?
��X%RYK:U%`lSTKaP1NQP�LOVa`bP1c]P1VMRHP¤cQda[\P1N `bUW[\[OU$h�N�`bcQU%u×SQKMP¤ZlXrNQL\R�L\VgSTPHcQjMc]PHSYX�STL\U%V�U%`¹STKaP
±]KlX�ST³�«¬ UWjtP1cTX�STUWc�X%N�X@cQPHjM[�XrR1P1uEP1VgS�Ur`�SQKMP/R1X%dMNTXr[BuIPHRYKlX%VMLONQu STKlX�S�R1UWV�{
VMPHRHSTN� STUeLnSTN�jMcQP1X%RHSQL\UWV�jlX%cQPHVgSTNGZgf/X3VMPHh uEP1RYKlX%VaL\NQu  à ¬ L\VgSQcQU�pMdMR1PHp
Zgf:STKMP�L\VgSTPHc]m%P1VMLOVMo�`bUWc]R1P%�	J�KMP�c]P1NQda[OS�L\N�X_N]dMZMuEUypMPH[�RYKMX%cTX%R!STPHcQLE�HP1p@Zgf:STKaP
NQdaZMoWcTXrjMKs� Õ |~VMX%uIPHp�±]uvXrVML\jMda[�XrSQP1p�oWcQX%jMKM³:L\VK�yjaL\c]SQP1N�P!S�Xr[�� "$í%íW# �!���da[\P " cQP1X|�EcQuEN:�W{ NQPHjlX%cTX�STL\U%V�X%NEXim%Xr[\L\p�STP1N*S:`bUWc/R1U%VMpMLOSQL\UWVMX%[�LOVMpMP!{
jtP1VMpMPHVMR1P�LOV�STKaP¤pML\N*STc]L\ZMdaSQL\UWV�cQPHNQdM[nSTL\Vao3`bcQU%u×SQKMP¤LOV�SQP1c*mWP1VgSQL\UWV:���y|b à ¬ �!w
KMPHVMR1P�STKaP�oWcTX%jaK:� Õ3�BJ�KMLONBcQdM[OP�`bUW[O[\U$h�N	`bcQU%u SQKMP¤`~X%RHS	STKlXrSBpMP1[OPHSTLOVMo�P1µ�dlX {
STLOUWVMN�`bc]UWuÖSTKMP�N*fyN*STPHu pMUyPHN�VMU%S�LOVgSTcQU�pMdMRHP^X%Vgf@pMPHj�PHVMpMPHVMR1LOP1N�X%uEUWVMo/STKaP
cQPHuvXrL\VMLOVMo/pMLON]STdacQZlX%VaR1P�STPHcQuEN�|bNQPHP@| # � # �Q�!���da[\P�»:jMc]U$myLOpMP1N�XIRHUWVMpMLnSTL\U%V(`bU%c�X%VqP!¦�STPHcQVlXr[�LOV�SQP1c*mWP1VgSQL\UWVs���y|�Ñ à Þg�
STUzKlX5mWPISTKMPENTX%uEPEPH¥�P1RHS�UWV�® X%N^STKaPIjlXrNQNQLnmWPIUWZMNQPHc]mrXrSQL\UWV�Ñ à Þy��J�KMP
R1U%VMpMLOSQL\UWVIX%uEUWdMVgSTN�STU��$���Y���Za[\U�RYØ�LOVMo/Xr[\[lZlX%RYØW{ pMUyU%c�jlXrSQKMN�`bc]UWu�Ñ·SQU
®8|~LOVq� Õ¤�!wMN]L\VMRHP�� Õ�Ú c]PHSTX%L\VMN�Xr[\[�|~X%VMp(UWVM[nfM��N]dMRYKsjMXrSTKMNH���da[\P # jMcQU$m�L\pMPHN¤R1U%VMpMLOSQL\UWVaN�`bUWc�L\VgSTc]UypadMR1LOVMo�|bUWc�pMPH[\P!STL\Vao���XrV@P!¦�STPHcQVlXr[
L\VgSQP1c]m%P1VgSTLOUWV·���a|âÑ à Þg�:h�LOSTKaUWdaSvXr¥¶PHRHSQL\VMo�SQKMPijMc]UWZlX%ZaL\[\LnSãf�U%`_® à ©��
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J�KMPemrX%[OL\pMLnSãf:U%`¡STKMLON¤cQda[\P�N*STPHuINHwlX%ogX%LOVxw�`bcQUWu�NQLOu/dM[�X�STL\Vao_SQKMP�L\VgSTPHc]m%P1VgSTLOUWV
���a|âÑ à Þg�xZgfeSTKMP�pMPH[\P!STL\U%V�U%`MXr[\[%PHµ�dlXrSTLOUWVMN>R1U%cQcQPHNQjtUWVMpMLOVMo�STU�STKaP�mrX%c]L�X%Za[\P1N
L\V�Ñ8|~KMPHVMR1PESTKMP:oWcQX%jMK�� Õ Ú �´�vJ�KMPIcQP5XrNQUWVk`bUWc^[\LOuILnSTL\VaoISTKaPIpMPH[\P!STL\U%VkSQU
VMUWVMX%VMR1PHN]SQUWcQN/Ur`�Y {ãVMU�pMP1N_L\N_jMc]U m�LOpMP1p}h�LOSTK}STKMPIjMcQU�U%`bN_U%`S��dM[\PHN "L�y# LOV
ì�P1X%cQ[�| "$íWígî Xg�!�

� ø¹ù�øD��� � ù���ûxüþý>üx� p¸�Q�%���1�%���4�J�Y����� à §I|~©@�´ÐHmQmxmnÐT©|��ª�«¬ �´ÐHmQmxmnÐa«¬!� �7$\��$�"	��:!��$��9����1�E��$ : ��57/8"	�!�_�C�a�%&]�����(��&L$Q���)"��8*���,%&]��.!�¯� $ F�� �!��&'����s�$\�������#9;:!$ �(�
�0�)�1�!��:¶�C�=/VF���&Q�%:a�4FH/�&L5E�%��$N/�:a�CBd�Q���C� �C/�:HFH/�&L5I$ :	,��(/c/�:<�K/VF��4�!�7$ :HFH��&'��:¶�C�&´�y�E�Y�G$ :����!�C/�&C��5�>@?¡ D? ^�B;�4�a�%�6&'�)"%�¹�C�Y���K$ :!�(/v�:�����%:D"g�%&)"�|V$�?��8?\¢A�a�%�L£´�¤FL&C�C�Q�.D&'/%�Y���8$��+$ ��*���s¥.D&'�Y�Y��$N/�:2$ :!W%/��+W0$ :	,�/%�!�0��&�W%�)"7�1�M�%:!��$ ��$N�Y�8?
�·KMP!STKMPHcJ��dM[\PHN "���# X%c]P�N]dU�ER1L\PHVgS�`bUWc�pMP1c]LOm�L\VaovX%[O[>L\pMPHV�SQLO�¹XrZM[\P�R1X%dMNTXr[�P!`�{
`bP1R!STNBc]P1uIX%L\VaNBX%V/U%j�PHV�µ�daP1N]SQL\UWV¶�§¦3U$h�PHm%P1c1wgSQKMP�SYXrNQØ_U%`l�lVMpMLOVMo�X�N]P1µ�dMPHVMR1P
U%`MSQcTX%VaN]`bUWc]uvXrSQL\UWVaN�|bLO`aNQdMRYK�P´¦aLON]SQNY�>`bU%c�c]P1pMdMRHL\VMo�X%V�X%c]ZMLOSQcTX%c*f�R5XrdMNTX%[�PH¥�P1R!S
P!¦yjMc]P1N]NQL\U%V²R5X%V²ZtPsN*fyN*STPHuvXrSQLE�HP1p·X%VMp�P!¦yP1RHdaSTPHp Zgf�P¥�ER1LOP1VgS(X%[OoWUWcQLnSTKMuEN
|�Ô^X%[O[\P1NIX%VMp�ì�P5XrcQ[ "5íWígîM¨ ì�P5XrcQ[eXrVMp©��U%ZML\VMN "$íWíWî �!w¤SQU�Z�PspML\N]R1dMN]NQP1p·LOVª KlX%jySTP1c�½M�BÓ3N�h�P�LO[\[OdMN]SQcTXrSQP¤L\V7�yP1R!STLOUWV # �Ý½M� # w�N]f�u/ZtUW[OL\R�pMPHcQLOmrXrSQL\UWVaNGdMNQLOVMo
STKaP�KlXrS3VMU%STXrSTLOUWVqX%cQP_u/dMRYKiuEUWc]P�RHUWVgmWP1VaL\P1VgSeSQKlX%VsX%[\oWPHZMcTXrL\R^pMP1c]LOmrXrSQL\UWVMN
STKMXrS�X%LOu XrSePH[\LOuILOVlXrSTLOVMo�[�X�STP1VgS3m%XrcQL�XrZM[\PHN�`bc]UWu N]SYXrVMplX%c]pijMcQU%ZlX%ZMLO[\LOSãf(P´¦�{
jMc]P1NQN]L\UWVaN/|~X%N�L\VK�yPHRHSTLOUWV # � # ��»�wlP1µ�dlXrSQL\UWV>| # �¼»%Üg�Q�´�
¿�À~Á3À ¿ «�Ê�êeëyÊ�Æ`¬K�Å>è¶ÎMë<® ¯�Ë�È±°�Í�Æ]Ç�è ² Å>Ä¹ÇV³GÊ	ÎMÇ�Í�É Í�ç Ê�É

¬=´3Ê�Ètµ�Æ*Å
��P�h�L\[O[�VMU$h¯pMP1uEUWVMN*STcTX�STP�KaU h���dM[\PHN "L�y# R1X%V�Z�P�dMNQPHp/STU3pMP1c]LOmWP¤X%[\[gR1X%dMNTXr[
PH¥�P1R!S�PHN]SQL\uIX%VMpMN�LOV(SQKMP^N]SQcQdMR!STdMc]P�U%`	Û	L\o%dMcQP # � î ��Û	LOoWdMc]P # �¼Ü:pMLONQjM[\X$f�N�STKaP
NQdaZMoWcTXrjMKMN�STKlXrS�h�LO[\[�Z�P^VMPHP1pMPHpq`bUWc¤SQKMP^pMP1c]LOmrXrSTLOUWVMN¤SQKlXrS�`bUW[O[\U$h^�
õ � �¥¶<ÿ!· � ø�úr¸��q¹$÷ §I|âÞtª�«¬ �
J�KMLON�STX%NQØ�R1X%VsZtP�XrR1R1U%uIjM[OL\N]KMP1pzL\VzUWVMP_N]SQP1jxwtNQLOVMR1P�� NTXrSQL\N]�MP1N�STKMP�X%jMjM[OLn{
R5XrZML\[OLOSãfIR1UWVMpaLOSTLOUWV�`bUWcS��dM[\P�»y��J�KlXrS�LON1wMciQi�Ñ L\Vz� Õ |~ZtP1R5XrdMNQP^STKMP_jlXrSQK
»º ¼�½ ®¾º Ñ L\NeZa[\U�RYØ%P1p4ZgfqSTKMP/RHUWVgmWPHcQoWLOVMo(X%cQc]U$h�N^XrS�®���X%VMpih�P
R5XrVzh�c]LOSTP

§v|~Þ�ª�«¬ � à §v|~Þ�ª ¬ �Lm | # � # Üg�
õ � �¥¶¿��· � ø�úr¸��q¹$÷ §I|~©>ª�«Þ%�¦3PHcQP�h�P�R1X%VMVMUrS�X%jMjM[nfI��dM[\P�»�SQU�P!¦yRYKlX%VMo%Pz«Þ�h�LOSQK:Þ_ZtP1R1X%dMNQP�� Ú R1U%V�STX%L\VaN
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X Z Y X Z YX Z Y

X Z Y

U (Unobserved)

X Z Y

Z X

Z XZXZG G G

G   = GG

Û	L\o%dMcQP # �ÝÜUÀ6�ydaZMoWcTXrjMKMN�U%`	�ÒdMNQPHpqLOV(SQKMP^pMP1c]LOmrXrSQL\UWV�U%`�R5XrdMNTX%[¡P!¥¶PHRHSQN1�

X3ZMX%RYØW{ãpMU�UWc jlXrSTK_`bcQUWu Ñ�STU�®�À�ÑÁºäÂº ¼Á½ ®I��Ã�XrSQdMcTX%[O[Of%w h�P�h�UWdM[Op
[\LOØ%P^STU@Za[\U�RYØ@STKMLON�jlXrSQKiZgfsuEP5XrNQdMc]L\VMo:mrX%cQL\X%ZM[\PHN/|bNQdMRYKkXrN3}��STKlXrS�cQPHNQL\paP
UWVsSQKlXrS�jlXrSTK¶��J�KMLON�L\Vgm%UW[Om%P1NeRHUWVMpMLnSTL\U%VML\VMoIX%VMpsNQdMuEuILOVMovU$m%P1c�X%[O[¡m%Xr[\dMPHN
U%` ÄÀ

§I|~©>ª�«Þr� à`Å�Æ §I|~©>ª ¬ Ð�«ÞW�]§I| ¬ ªâ«Þg��m | # � #�Ç �
��PsVMU$h KMX$m%PiSTU�paP5X%[�h�LOSTK�Sãh�U�SQP1cQuENvLOVgmWUW[nmyLOVMo «ÞaÐ@§v|b© ª ¬ Ðy«Þg�IXrVMp

§I| ¬ ª�«ÞW�!� J�KMP([�XrS]STP1c�R1X%V Z�P(cQP1X%pMLO[Of�RHUWuEjMdaSTPHp�Zgf X%jajM[Of�L\Vaor��dM[OP # `bU%c
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NQLOVMR1P( XrVMp²Ñ8X%cQPq�%{ãNQPHjlX%cQXrSTPHp�L\V�� Ú �×|4ÉãVgSTdMLnSTLOm%P1[nfWw¤uIX%VMLOjMdM[�X�STL\VaokÑ
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| # � #�Ç �¤X%N
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J�KMPe�lc]N]S¤SQP1c]uÙUWV@SQKMPecH�ÝKx�¾N1�aL\N�U%ZaSYX%LOVMP1pvZ�f���da[\P�»v|~[\LOR1PHVMNQPHp�Z�f@� Ú ��XrVMp
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