
Département des Sciences Économiques
de l'Université catholique de Louvain

Wage Differentials and Temporary Jobs
in Italy

M. Picchio

Discussion Paper   2006-33



� �������	��
���
�������������������� ����� � ��
!�"
$# %&��'(�
��� )*�����+# ∗

,�-/.0.21�354!687�7+9:6;3 †
<>= .?9�@BA:CED(F =B=BG

HJILKNMPORQTS2M
UWV�XZYE[+\^]�_:[RYB`aVTbc_:d>eRd/X^fWbc_:`g[�eRh>eRikj�_gXZ`aV�XmlWeRn?XoXqprXN\^`g_*[RYB`gX^s!d/[0fteRfaj

u [0v�_�]�_abkhTn�`aV�Xxw2y2y2y�eRh�z�w2y2y2w�lWeN{?XN_|[RYZ`aV�X~}�]Tfa{?X^j�[RYm�8`teRikb�eRh��m[0]�_gXq�
V�[0iczT_P���8h�\N[0s|X�eRh�z���XPeRik`aV��;}+�m�8���q�>����dTic[0bk`abkhTnx`aV�X�_aV�[0fa`mic[0hTn2bk`a]�z�bkh>eRi
z�bks|X^h�_abc[0h![RY>`aV�XW_a]Tfa{?X^j�eRh�z�`teR�+bkhTnmbkh�`g[�e0\N\N[0]Th�`�[RY>bkh�z�bk{+bcz�]>eRi��LeRh�z u [0v��
_ad/XN\^b��>\m]Th�[0v�_gX^fa{2eRvTicXo\N[0s!d/[0h�X^h�`g_*fgXN_a]Tik`Wbkh~eRhxXN_a`abksJeR`gXNzxlWeRn?Xod/X^h>eRik`8j
YE[0f�`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_$[RY�eRfg[0]Th�z��PwP���P�?���!�T]Tfa`aV�X^fas|[0fgX2�B`aV�X^fgX!bc_�X^{+b��
zTX^h�\NX$[RY�VTbkn2V�X^f�lWeRn?X$fgX^`a]Tfah�_�`g[|_gX^hTbc[0fabk`8jxYE[0f�`gX^s!d/[0fteRfajxl:[0fa�?X^fg_P�>n?X^h��
X^fteR`abkhTn�e~fgXNz�]�\^`abc[0h�bkh�`aV�X�lWeRn?X�n�eRd"v�j"eRv/[0]T`!w�� ��d/X^fg\NX^h�`teRn?Xxd/[0bkh�`g_
e Y¡`gX^fZ[0h�Xoj?XPeRfZ[RY�`gX^h�]TfgX2�

¢¤£?¥r¦�§ OR¨LK2© UBX^s!d/[0fteRfaj�X^s!dTic[Pj+s|X^h�`P�ª�T�TXNz+�;`gX^fas«\N[0h�`afte0\^`g_P�rlWeRn?X!z�b�Y¬�
YEX^fgX^h�`ab�eRic_P��fgX^`a]Tfah�_�`g[!_gX^hTbc[0fabk`8j?��bkh�z�bk{+bcz�]>eRiBXqprXN\^`g_P����fas­XqprXN\^`g_P�

®r¯o° S�±¬QTKPK ²�³�S?Q�M ² §�´&´rµL¶ I £ ORK2©�· w2����¸����2��¹�º��2�
∗ »�¼Z½P¾¿¼*À ¾Á½NÂ¿¼gÃcÄ?ÅTÃcÆ ¾�Â¿Ç?¼�È�É�½PÉ�ÊgË�½PÅ>Ì8Ä?Í?Í+Æ ¾8Â�Ãc¾¿Æ Î�Â¿Ç?¼mÏL¼tÅ À Ë�½PÉ�Ð?¼qÑ2¼t¾Á½PÅ/Ò:ÆNÓ ¼t¾¿É?Îo¼tÉRÂ�ÔcÕTÖ�×

À ¾Á½PÉRÂ�ÕLØRÙPÚ2Û ÜNÝ;ÞBßRÄ?Ë Å Ë à?¾¿Ë Ä?ÎáÂ¿Ç?¼tÆ ¾¿âã½PÉ�ÑãÆ Í2Â¿Ë ÎoË äq½NÂ¿Ë Æ É$ÃcÆ ¾�Í?Ä?à?Å Ë�Ê:Í+Æ Å Ë�Êgâã½PÉ�Ñ$Ë É�Ñ2Ä�Ì;Â¿¾¿â�¾¿¼tÀ Ä?Å�½Nå
Â¿Ë Æ É0æ8çaèLé�Ç?Ë�Ì�Í?¾¿ÆPê;¼qÊaÂ�Ç�½ Ì�à+¼t¼tÉ|½PÅ�Ì8ÆmÈ�É�½PÉ�Êg¼qÑ�à0âãÂ¿Ç?¼oë Õ/Æ Å Ë Â¿Ë�ßRÄ?¼Zì2ÊgË ¼tÉRÂ¿Ë È+ßRÄ?¼ZÐ�íqÑ2ít¾Á½PÅ ¼ î�Ô¬ì0ÕBÐrç
Ãc¼tÅ Å ÆNï�Ì8Ç?Ë Í�½PÉ�ÑxÂ¿Ç?¼�ð|½P¾ÁÊÁÇ?¼$Õ/Æ Å âRÂ¿¼qÊÁÇ?É?Ë�Ê$ñ�É?Ë Ó ¼t¾ÁÌ8Ë Â;â�Ãc¼tÅ Å ÆNï�Ì8Ç?Ë Í�è¤é�Ç?¼$¾¿¼qÌ8¼q½P¾ÁÊÁÇ¤Í?¾¿ÆPê;¼qÊaÂmÇ�½ Ì
¼qÌ8Í+¼qÊgË�½PÅ Å â|à+¼tÉ?¼gÈ?Â¿¼qÑJÃc¾¿Æ ÎòÂ¿Ç?¼ãÌ8Ä?Í?Í+Æ ¾8Â*ÆPÃ�½PÉ�Ñ!Â¿Ç?¼ãÑ2Ë�Ì¿ÊgÄ�Ì¿Ì8Ë Æ É�Ì:ï�Ë Â¿ÇxÏ�½P¾8ÂmóBÆ2ÊÁôRõTèZ»�¼oï�Ë�Ì8Ç
Â¿ÆoÂ¿Ç�½PÉ?ô�ð!Ä?¾¿Ë ¼tÅ>ö÷¼;ê;¼tÎo¼tÍ?Í+¼ Ü+ø�Ë�ÊtÊt½P¾ÁÑ2Æ�ù�Ä�ÊtÊÁÇ?¼gÂ8Â¿Ë¬Ü+ì0ítà�½ Ì;Â¿Ë ¼tÉ!ø�Æ Ä2õTÜ+ìRÂ¿¼gÃ�½PÉ?Æ$ìRÂÁ½Nú�Æ Å�½PÉ?Ë¬Ü+½PÉ�Ñ
Â¿Ç?¼mÍ�½P¾8Â¿Ë�ÊgË Í�½PÉRÂÁÌ�Â¿ÆãÂ¿Ç?¼mö÷Æ2ÊaÂ¿Æ ¾Á½PÅ>»�Æ ¾¿ô2Ì8Ç?Æ Í!Ë É|ÞBÊgÆ É?Æ ÎoË�ÊtÌtÜ�ûR½PÉ0Ä�½P¾¿â�ÚPüNå;ÚRý0Ü+ÚPþ þ ü?Ü+ù�Æ Ä?ÓN½PË É2å
ù>½NåEÿ�¼tÄ?Ó ¼�Ô�ÏL¼tÅ À Ë Ä?ÎãçaÜ+Â¿ÆãÂ¿Ç?¼ãóBÆRÌ;Â�óBÆ É2Ãc¼t¾¿¼tÉ�Êg¼mÖ:Ú��?Ü�ð|½^â|Ú Ø^å;ÚPü?Ü�ÚPþ þ ü?Ü+ù�Æ É�Ñ2Æ É�Ü�½PÉ�Ñ!Â¿ÆãÂ¿Ç?¼
ö:½^âãÃcÆ ¾÷ÏL¼tÅ À Ë�½PÉ�ù>½Pà+Æ Ä?¾�ÞBÊgÆ É?Æ ÎoË�Ì;ÂÁÌtÜ�û Ä?É?¼�Ûqü?Ü+ÚPþ þ ü?Ü2ð!Æ É�Ì�Ô�ÏL¼tÅ À Ë Ä?ÎãçLÃcÆ ¾�Â¿Ç?¼tË ¾:ÊgÆ ÎoÎo¼tÉRÂÁÌtè
Ö�Å Å�¾¿¼tÎ�½PË É?Ë É?Ào¼t¾¿¾¿Æ ¾ÁÌL½P¾¿¼WÎoË É?¼ è

† ×;ø�ÞLì�½PÉ�Ñxö÷¼tÍ�½P¾8Â¿Îo¼tÉRÂ�ÆPÃ�ÞBÊgÆ É?Æ ÎoË�ÊtÌtÜ>ñ�É?Ë Ó ¼t¾ÁÌ8Ë Â¿í�Êt½NÂ¿Ç?Æ Å Ë�ßRÄ?¼ãÑ2¼�ù�Æ Ä?ÓN½PË É�Ü>ÕªÅ�½ Êg¼ãð!Æ É2å
Â¿¼qÌ¿ßRÄ?Ë ¼tÄ�Ü��?Ü�ÏBåÁÛ������où�Æ Ä?ÓN½PË É2åEù>½NåEÿ�¼tÄ?Ó ¼ Ü�ÏL¼tÅ À Ë Ä?Î�è�Þrå¡Î�½PË Å���Í?Ë�ÊtÊÁÇ?Ë Æ
	÷Ë ¾¿¼qÌtè Ä�ÊgÅ¬è ½ ÊPè à+¼ è�ö÷¼tÍ�½P¾8Â8å
Îo¼tÉRÂWÆPÃBÞBÊgÆ É?Æ ÎoË�ÊtÌtÜTñ�É?Ë Ó ¼t¾ÁÌ8Ë Â��ãÕ/Æ Å Ë Â¿¼qÊgÉ?Ë�Êt½$Ñ2¼tÅ Å ¼mð|½P¾ÁÊÁÇ?¼ Ü�ÕªË�½Pätäq½PÅ ¼mð|½P¾8Â¿¼tÅ Å Ë¬Ü
�?ÜTü þ?Û^Ú2Û�Ö�É2å
ÊgÆ É�½?Ü2×¡ÂÁ½PÅ â è
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UBX^s!d/[0fteRfaj¤X^s!dTic[Pj+s|X^h�`Zbkh¤��]Tfg[0d/X�V>e0_Wv/XNX^h~Xq��`gX^h�_abk{?X^ikj�zTX^v>eR`gXNz¤v/[0`aV
v�j�fgXN_gXPeRfg\gV�X^fg_$eRh�z�d/[0ikbc\^j�sJeR�?X^fg_P�$UBX^s!d/[0fteRfaj \N[0h�`afte0\^`g_$eRfgX![RY¡`gX^h�bkh��
`afg[+z�]�\NXNzxv�j�d/[0ikbc\^jJsJeR�?X^fg_Ze0_*eRh¤bkh�_a`afa]Ts|X^h�`Z[RYLi�eRv/[0]TfWsJeRfa�?X^`��>Xq��bkvTbki��
bk`8j�eRh�z�`g[~fgXPe0\^`$`g[~`aV�XJVTbkn2V�icX^{?X^iW[RY���]Tfg[0d/XPeRh�]Th�X^s!dTic[Pj+s|X^h�`P���m_�e
sJeR`a`gX^fm[RYLY;e0\^`P�Tbkh~fgXN\NX^h�`Zj?XPeRfg_�`aV�Xã_aV>eRfgXã[RY�X^s!dTic[Pj?XNXN_Zl*bk`aV�`gX^s!d/[0fteRfaj
\N[0h�`afte0\^`g_ãV>e0_ofabc_gX^h bkh�eRiks|[2_a`$eRiki���]Tfg[0d/XPeRh�\N[0]Th�`afabcXN_P�ªbkh�d>eRfa`abc\^]Ti�eRfãbkh
`aV�[2_gXã_aV�[Pl*bkhTn|fgX^i�eR`abk{?X^ikj¤VTbkn2V¤icX^{?X^ic_Z[RY�X^s!dTic[Pj+s|X^h�`mdTfg[0`gXN\^`abc[0hª�
Uªfte0z�bk`abc[0h>eRikikj?��`aV�X*�8`teRikb�eRh|_a`teRh�z�eRfgz�l:[0fa�!eRfafteRhTn?X^s|X^h�`÷V>e0_�v/XNX^h�Y¡]Tiki��

`abks|X2�W_teRi�eRfabcXNzr�Wd/X^fasJeRh�X^h�`P��eRh�z�\gV>eRfte0\^`gX^fab��PXNz&v�j"VTbkn2V zTX^n2fgXNX�[RYãX^s��
dTic[Pj+s|X^h�`�dTfg[0`gXN\^`abc[0hª�Ws|[2_a`aikj�eRn�eRbkh�_a`Jz�bc_as!bc_g_teRic_P� �8h�`aV�X¤i�e0_a`JzTXN\Pe0zTX2�
dT]Tfg_a]TbkhTn�VTbkn2V�X^f�icX^{?X^io[RY��>Xq��bkvTbkikbk`8j?�ZeR`8j+dTbc\PeRi�X^s!dTic[Pj+s|X^h�`�YE[0fas|_JV>eN{?X
v/XNX^h n2fg[Pl*bkhTn�bkh bks!d/[0fa`teRh�\NX�`aV>eRhT��_J`g[�_g[0s|X~i�eRv/[0]TfJsJeRfa�?X^`�fgXqYE[0fas|_
`aV>eR`P�Tbkh¤d>eRfa`abc\^]Ti�eRfP��V>eN{?XãXq��`gX^h�zTXNz�eRh�zxn?X^h�X^fteRikb��PXNz~`aV�X�sJeRbkh~z�bc_g\^bkdTikbkh�X
[RY�`gX^s!d/[0fteRfaj u [0v�_P�

�Zik`aV�[0]Tn2V"`gX^s!d/[0fteRfaj�\N[0h�`afte0\^`g_!sJeNj�dTfg[P{+bczTX¤eRh"bkh�_a`afa]Ts|X^h�`!`g[�bkh��
\^fgXPe0_gXZi�eRv/[0]Tf:sJeRfa�?X^`	�>Xq��bkvTbkikbk`8jxeRh�zxe��¿_a`gX^dTdTbkhTn0�8_a`g[0h�X��Zbkh�`g[�ic[0hTn?X^f*X^s��
dTic[Pj+s|X^h�`~fgX^i�eR`abc[0h�_aVTbkd�_�� �W[+[0`aV"!$#&%('*)c�mw2y2y2w2e?�q�m`aV�X^j�[RY¡`gX^h�bks!dTikj&bks��
d/[0fa`teRh�`$eRh�z�\N[0s$vTbkh�XNz�z�bc_te0z�{2eRh�`teRn?XN_P�$�Lbkfg_a`aikj?�/`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_$eRfgX
_a]Tv u XN\^`m`g[JVTbkn2V�X^fm`a]Tfah�[P{?X^f$eRh�z�dTfg[0v>eRvTbkikbk`8j�[RY÷]Th�X^s!dTic[Pj+s|X^h�`J� +o[0i�e0zT[
!$#�%('*)��Ew2y2y2w?�q���>eRfav/X^f¤�Á�-,.,.,?�a�ã_abkh�\NX!�T�TXNz+�;`gX^fas \N[0h�`afte0\^`g_!Xq��dTbkfgX�eR]T`g[R�
sJeR`abc\PeRikikj&eR`J`aV�X�X^h�z [RYã`aV�X�eRn2fgXNXNz d/X^fabc[+zr� }+XN\N[0h�z�ikj?��`aV�X^j�_gXNX^s `g[
fgXN\NX^bk{?XJic[Pl:X^f�lWeRn?XN_�`aV>eRh�d/X^fasJeRh�X^h�`!X^s!dTic[Pj?XNXN_�l*bk`aV�`aV�XJ_teRs|X&/�]>eRikb��
�>\PeR`abc[0h�_!eRh�z u [0v�_P�10ZXN\NX^h�`�fgXN_gXPeRfg\gV�Y¡fg[0s2�:fabk`teRbkhª���TfteRh�\NX2�:}�d>eRbkh�eRh�z
3 X^fasJeRh�j~� �:i�eRh�\gV>eRfgzJeRh�z54BeRh�z�bcX^fm�Ew2y2y�� �q�6�W[+[0`aV�!$#7%('*)*�Ew2y2y2w2e?�q�6�:fg[Pl*h
eRh�z�}+XN_g_abc[0h�_��Ew2y2y2�?�q�L¸2bks|X^h�[�eRh�z�UB[0V>eRfab�e��Á�-,.,2�?�q��eRh�z��oeRn?X^h&�Ew2y2y2w?�a�
V>e0_�Xq��eRs!bkh�XNz lWeRn?XN_xeRh�z&\N[0h�z�bk`abc[0h�_xeR`a`te0\gV�XNz&`g[ �T�TXNz+�;`gX^fas X^s!dTic[Pj��
s|X^h�`P���8h�n?X^h�X^fteRi;�>bk`ZV>e0_Zv/XNX^h~YE[0]Th�z�[0]T`Z`aV>eR`Z`gX^s!d/[0fteRfaj~l:[0fa�?X^fg_oXPeRfah
_abkn2hTb��>\PeRh�`aikj¤icXN_g_*`aV>eRh�\N[0s!d>eRfteRvTicXãd/X^fasJeRh�X^h�`mX^s!dTic[Pj?XNXN_P�
UWV�X~dT]Tfad/[2_gX�[RY�`aVTbc_Jd>eRd/X^f�bc_|`aV�X�eRh>eRikj�_abc_J[RYã`aV�X~lWeRn?X�XqprXN\^`g_�[RY

`gX^s!d/[0fteRfaj u [0v�_Zbkh��8`teRikjx]�_abkhTn�`aV�X�w2y2y2y�eRh�z�w2y2y2w|lWeN{?XN_�[RY�`aV�X!}�]Tfa{?X^j
[RYm�8`teRikb�eRh"�m[0]�_gX^V�[0iczT_P���8h�\N[0s|XxeRh�z���XPeRik`aV��;}+�m�8���q��e~fgX^dTfgXN_gX^h�`teR`abk{?X
_a]Tfa{?X^j|\N[0h�z�]�\^`gXNzJv�j!`aV�X��*eRhT�![RYª�8`teRikj!X^{?X^fajJw�j?XPeRfg_P���8h|d>eRfa`abc\^]Ti�eRfP�+l:X
l*bc_aV�`g[¤]Th�zTX^fg_a`teRh�z�l*V�X^`aV�X^f$`aV�X|XqprXN\^`g_ã[RY*`gX^s!d/[0fteRfaj u [0v�_$eRfgX!VTbkn2V�X^f
[0f!ic[Pl:X^fJlWeRn?XN_JeRh�z"l*V�X^`aV�X^f|`gX^s!d/[0fteRfaj"l:[0fa�?X^fg_|fgXN\NX^bk{?XxVTbkn2V�X^f|lWeRn?X
fgX^`a]Tfah�_�`g[|_gX^hTbc[0fabk`8jx`aV>eRh�\N[0s!d>eRfteRvTicXãd/X^fasJeRh�X^h�`Zl:[0fa�?X^fg_P��[0h�XN_P�
��XJ`aV�X^fgXqYE[0fgXJ`afaj�`g[~dTfg[P{+bczTXx_g[0s|X�X^s!dTbkfabc\PeRi*X^{+bczTX^h�\NXxeRv/[0]T`�lWeRn?X

z�b�prX^fgX^h�`ab�eRic_÷v/X^`8l:XNX^hJ`gX^s!d/[0fteRfajJeRh�z!d/X^fasJeRh�X^h�`÷l:[0fa�?X^fg_�YE[0f�`aV�X��8`teRikb�eRh
\Pe0_gX2��_abkh�\NX�_g[mY;eRf�`aVTbc_�_a]Tv u XN\^`�V>e0_�h�[0`�v/XNX^h|bkh�{?XN_a`abkn�eR`gXNzr��¹�[0fgXN[P{?X^fP��`aV�X
_gXN\N[0h�z�\N[0h�`afabkvT]T`abc[0h¤`g[$`aVTbc_:ikbkh�Xm[RYªfgXN_gXPeRfg\gVxbc_:`g[$X^{2eRik]>eR`gXm`aV�XZd/[0`gX^h�`ab�eRi
bks!d/[0fa`teRh�\NXã[RY u [0v¤_gX^hTbc[0fabk`8j�bkh~zTX^`gX^fas!bkhTbkhTn|`aV�XmsJeRn2hTbk`a]�zTXã[RYL`aV�XolWeRn?X
n�eRd98�bk`$\N[0]Ticz v/X�V�X^`gX^fg[0n?X^h�XN[0]�_�eRh�z zTX^d/X^h�zTX^h�`�[0h u [0v�_gX^hTbc[0fabk`8j?�JUWV�X

:



bczTXPeãbc_÷`aV>eR`:lWeRn?Xmd/X^h>eRik`abcXN_�YE[0f:`gX^s!d/[0fteRfaj|l:[0fa�?X^fg_:s!bkn2V�`Wv/XZzTXN\^fgXPe0_abkhTn
bkh u [0v�_gX^hTbc[0fabk`8j?��v/[0`aV�v/XN\PeR]�_gX$`gX^s!d/[0fteRfaj~l:[0fa�?X^fg_md>eRfa`abc\^bkd>eR`gX�bkh e�Y¡]Tiki
lWeNj|`g[ã`aV�X*��fas(ikb�YEX*l*V�X^h u [0v�_gX^hTbc[0fabk`8j!bc_÷VTbkn2VxeRh�z|v/XN\PeR]�_gXme0_aj+s!s|X^`afab��
\PeRiTbkh�YE[0fasJeR`abc[0hJ`gX^h�zT_�`g[�z�bc_teRdTd/XPeRf�l*bk`aV u [0v|_gX^hTbc[0fabk`8j|eRh�z�`aV�X*X^s!dTic[Pj?X^f
bc_ZeRvTicX�`g[!fgX^s$]Th�X^fteR`gXã`aV�X�`afa]�X�l:[0fa�?X^fg_P�TdTfg[+z�]�\^`abk{+bk`8j?�
�mX^h�\NX2�ªl:XJXN_a`abksJeR`gXJexlWeRn?XJX /�]>eR`abc[0h�`aV>eR`ãbc_ã_a`teRh�z�eRfgz�bkh�s|[2_a`ãfgXq�

_ad/XN\^`g_P�PvT]T`�eR]Tn2s|X^h�`gXNzãv�jãe*z�]Ts!s$j�{2eRfab�eRvTicX�YE[0fª`aV�X�\N[0h�`afte0\^`L`8j+d/X��¬`gX^s��
d/[0fteRfaj�[0f�d/X^fasJeRh�X^h�`q��eRh�z�bk`g_�bkh�`gX^fte0\^`abc[0h�_�l*bk`aV|_gX^hTbc[0fabk`8j!eRh�z /�]>e0z�fteR`abc\
_gX^hTbc[0fabk`8j?�
UWV�Xã_a`teRfa`abkhTnJd/[0bkh�`�bc_�`aV�XãXN_a`abksJeR`abc[0h�[RY�`aV�X�lWeRn?Xãs|[+zTX^iª{+b�e�d/[+[0icXNz

[0fgz�bkh>eRfaj�icXPe0_a`$_ /�]>eRfgXN_x����� 4L}T�$eRh�z�fteRh�zT[0s XqprXN\^`g_x� 0Z�:�q�BUWV�X���� 4L}
eRh�z&0Z��XN_a`abksJeR`gXN_÷fgX^{?XPeRi�`aV>eR`÷`gX^s!d/[0fteRfaj u [0v�_�n?X^h�X^fteR`gXZh�X^n�eR`abk{?XmXqprXN\^`g_
[0h~lWeRn?XN_-8�l:[0fa�?X^fg_�V>eN{+bkhTn�e�`gX^s!d/[0fteRfaj¤\N[0h�`afte0\^`mXPeRfah~_abkn2hTb��>\PeRh�`aikj¤icXN_g_
`aV>eRh�`aV�X�d/X^fasJeRh�X^h�`*\N[0]Th�`gX^fad>eRfa`P�÷�T]Tfa`aV�X^fas|[0fgX2��`aV�X^fgXZbc_�h�[�X^{+bczTX^h�\NXm[RY
d>eRfa`abc\^]Ti�eRfZlWeRn?XãfgX^`a]Tfah�_*`g[|_gX^hTbc[0fabk`8j�YE[0f*`gX^s!d/[0fteRfajxl:[0fa�?X^fg_P�
}�bkh�\NXxbk`�bc_�dTi�eR]�_abkvTicXx`aV>eR`!]Th�[0v�_gX^fa{2eRvTicXN_|e prXN\^`!v/[0`aV�_gX^hTbc[0fabk`8j�eRh�z

`aV�X _gX^icXN\^`abc[0hábkh�`g["`aV�X�\N[0h�`afte0\^`~`8j+d/X2�Zl:X XN_a`abksJeR`gXNz�`aV�X�bks!d>e0\^`~[RY!e
`gX^s!d/[0fteRfaj�\N[0h�`afte0\^`J[0h�`aV�X¤lWeRn?X¤v�j��T�TXNz�XqprXN\^`g_��¡���:�q���Zic_g[�`aV�X¤���
XN_a`abksJeR`gXN_LfgX^{?XPeRi�e�lWeRn?X÷d/X^h>eRik`8jãYE[0fB`gX^s!d/[0fteRfaj$l:[0fa�?X^fg_�eRh�z$h�[mX^{+bczTX^h�\NX
[RYªVTbkn2V�X^fW[0f÷ic[Pl:X^fWlWeRn?XZdTfgX^s!bk]Ts|_:`g[$_gX^hTbc[0fabk`8j!YE[0f÷`aVTbc_÷�+bkh�zJ[RYªl:[0fa�?X^fg_P�
�Lbkh>eRikikj?��l:X¤eRikic[Pl YE[0f�\N[0fafgX^i�eR`abc[0h�l*bk`aV u [0v��8_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`g_!v�j

d/X^fÁYE[0fas!bkhTn�`aV�X~���(XN_a`abksJeR`g[0fJ[0h `aV�X~_teRs!dTicX~[RY�l:[0fa�?X^fg_Jl*V�[�zT[ h�[0`
\gV>eRhTn?X u [0v�_ãv/X^`8l:XNX^h"`aV�X|`8l:[�[0v�_gX^fa{2eR`abc[0h�s|[0s|X^h�`g_¤�Ew2y2y2y�eRh�z�w2y2y2w?�q�
�Lbkh>eRikikj?��l:X~YE[0ikic[Pl�e�_a]Tn2n?XN_a`abc[0h�[RY �Zv/[Pl�z !$#5%('*) �Á�-,.,.,?�|`g[�bkh�\^fgXPe0_gX
`aV�X�dTfgXN\^bc_abc[0h�[RY÷`aVTbc_�XN_a`abksJeR`g[0fov�j�e�\N[0h�`afg[0i�Y¡]Th�\^`abc[0h�eRdTdTfg[?e0\gV�[0h�`aV�X
\N[0s!dTicX^`gX$_teRs!dTicX2�
UWV�X*XN_a`abksJeR`abc[0h|fgXN_a]Tik`g_�\N[0h���fas(emlWeRn?XWd/X^h>eRik`8j�YE[0f�`gX^s!d/[0fteRfaj�l:[0fa���

X^fg_x[RY�eRfg[0]Th�zò�Pw?���*i�eRfan?X^fxbkh&s|[+z�]Tik]�_�`aV>eRh�`aV�X�[0h�X�[0vT`teRbkh�XNz&]�_abkhTn
��� 4L}��70Z���LeRh�z���� XN_a`abksJeR`g[0fg_P�¤¹�[0fgXN[P{?X^fP��e Y¡`gX^f$\N[0h�`afg[0ikikbkhTn�YE[0f$bkh�z�b��
{+bcz�]>eRi��ãeRh�z u [0v��8_ad/XN\^b��>\JXqprXN\^`g_P��e¤VTbkn2V�X^f�lWeRn?XJfgX^`a]Tfah�`g[�_gX^hTbc[0fabk`8j�YE[0f
`gX^s!d/[0fteRfajxl:[0fa�?X^fg_�`aV>eRh¤`aV�Xod/X^fasJeRh�X^h�`m\N[0]Th�`gX^fad>eRfa`P� _m[0h�Xobc_�zTX^`gXN\^`gXNz 8
`aV�]�_P��`aV�X*lWeRn?X�n�eRd|bc_�fgXNz�]�\NXNz|v�j|eRv/[0]T`:w�� �od/X^fg\NX^h�`teRn?XZd/[0bkh�`g_:e Y¡`gX^f÷[0h�X
j?XPeRfZ[RY�_gX^hTbc[0fabk`8j?�
UWV�XWd>eRd/X^f�bc_�[0fan�eRhTb��PXNzJe0_LYE[0ikic[Pl�_P��}+XN\^`abc[0h�wmdTfgXN_gX^h�`g_�`aV�X*�8`teRikb�eRh!bkh��

_a`abk`a]T`abc[0h>eRi�i�eRv/[0]Tf�sJeRfa�?X^`÷_gX^`a`abkhTn$eRv/[0]T`�`gX^s!d/[0fteRfaj u [0v�_P�?z�bc_adTi�eNj+bkhTnã`aV�X
fgXN\NX^h�`m\gV>eRhTn?XN_oeRh�z¤bkh�`afg[+z�]�\^bkhTnJ`aV�X�sJeRbkh�\gV>eRfte0\^`gX^fabc_a`abc\N_m[RY�`gX^s!d/[0fteRfaj
\N[0h�`afte0\^`g_:fgX^n2]Ti�eR`abc[0h�_P���8hJ_gXN\^`abc[0h��ol:XZ_a]Ts!sJeRfab��PX�l*V>eR`÷`aV�X�`aV�XN[0faj�`gX^ikic_
]�_!eRv/[0]T`�lWeRn?Xxz�b�prX^fgX^h�`ab�eRi*v/X^`8l:XNX^h"`gX^s!d/[0fteRfaj"eRh�z�d/X^fasJeRh�X^h�`�l:[0fa���
X^fg_P���8hx_gXN\^`abc[0h���l:Xoz�bc_g\^]�_g_:`aV�Xo_ad/XN\^b��>\PeR`abc[0h~[RYB`aV�XmlWeRn?XoX /�]>eR`abc[0h�eRh�z
\^i�eRfab�Y¡j�[0]Tf|XN_a`abksJeR`abc[0h�dTfg[+\NXNz�]TfgXN_P�"}+XN\^`abc[0h&º�zTXN_g\^fabkv/XN_�`aV�Xxz�eR`te eRh�z
fgX^d/[0fa`g_�v>e0_abc\$zTXN_g\^fabkdT`abk{?X$_a`teR`abc_a`abc\N_meRv/[0]T`Z`aV�Xã_gX^icXN\^`abc[0h�bkh�`g[J`gX^s!d/[0fteRfaj
\N[0h�`afte0\^`g_*eRh�z!`aV�X*lWeRn?XZz�b�prX^fgX^h�`ab�eRi�v/X^`8l:XNX^h�`gX^s!d/[0fteRfaj|eRh�z|d/X^fasJeRh�X^h�`
l:[0fa�?X^fg_P�o}+XN\^`abc[0h	�!z�bc_adTi�eNj�_m`aV�X$XN_a`abksJeR`abc[0h�fgXN_a]Tik`g_oeRh�z�\N[0h�`teRbkh�_�e|z�bc_Á�
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Uªfte0z�bk`abc[0h>eRikikj?��`aV�X~�8`teRikb�eRh&_a`teRh�z�eRfgz�l:[0fa� eRfafteRhTn?X^s|X^h�`xV>e0_|v/XNX^h�Y¡]Tiki��
`abks|X2��zTX^d/X^h�zTX^h�`P��d/X^fasJeRh�X^h�`P��eRh�z¤\gV>eRfte0\^`gX^fab��PXNz�v�j�VTbkn2V�zTX^n2fgXNXã[RY�X^s��
dTic[Pj+s|X^h�`�dTfg[0`gXN\^`abc[0hª��s|[2_a`aikj�eRn�eRbkh�_a`oz�bc_as!bc_g_teRic_P��UWV�X�_a`afabc\^`mfgX^n2]Ti�eR`abc[0h
`aV>eR`~V>e0z�\gV>eRfte0\^`gX^fab��PXNz `aV�X��8`teRikb�eRh�i�eRv/[0]Tf¤sJeRfa�?X^`�V>e0_¤v/XNX^h�fgX^i�e �TXNz
_abkh�\NX�`aV�X�s!bcz�hTbkh�X^`abcXN_P���8h�zTXNXNzr�rbkh�fgXN\NX^h�`ãj?XPeRfg_P�rdT]Tfg_a]TbkhTn¤VTbkn2V�X^fãicX^{?X^i
[RY �>Xq��bkvTbkikbk`8j?��eR`8j+dTbc\PeRi$X^s!dTic[Pj+s|X^h�`~YE[0fas|_¤V>eN{?X v/XNX^hán2fg[Pl*bkhTn�bkhábks��
d/[0fa`teRh�\NX2��UWV�X sJe u [0f�_a`gX^dáV>e0_~v/XNX^h�`aV�X��¿UªfgX^] d>e0\g�2eRn?X�� � 4BeNl��m[T�
�-, ���+�-,.,��2�q��l*VTbc\gV bkh�`afg[+z�]�\NXNz5eRh�záfgX^n2]Ti�eR`gXNz�h�X^l _g[0fa`g_~[RY!\N[0h�`afte0\^`g_P�
sJeRbkhTikj�`gX^s!d/[0fteRfaj�l:[0fa�"eRn?X^h�\^j"X^s!dTic[Pj+s|X^h�`P��YE[0ikic[Pl:XNz�v�j 4ªX^n2bc_ai�eR`abk{?X
+oXN\^fgXNX��m[T�¤� �����0w2y2y��Jl*VTbc\gV�V>e0_$bks!dTicX^s|X^h�`gXNz"��]Tfg[0d/XPeRh · [0]Th�\^bki�+mb��
fgXN\^`abk{?X��m[T�*�-,.,.,����0y��R� · [RY�¸2]Th�X|�-,.,.,![0h¤�T�TXNz+�;`gX^fas X^s!dTic[Pj+s|X^h�`P� �
¹�[0fgX¤bkh�zTX^`teRbkic_P��4BeNl��m[T���-, ���+�-,.,�� V>e0_!icX^n�eRikikj"icX^n2bk`abks!b��PXNz `gX^s��

d/[0fteRfaj&l:[0fa�áeRn?X^h�\^bcXN_P�odTfg[0VTbkvTbk`gXNzáv/XqYE[0fgX2��eRh�z�V>e0_¤n2bk{?X^háfabc_gX�`g["`aV�X
Xq��d>eRh�_abc[0hx[RYªh�X^l `gX^s!d/[0fteRfajJ\N[0h�`afte0\^`:YE[0fas|_P��bkh�\^ik]�z�bkhTn�_gXPe0_g[0h>eRi;��j?[0]T`aV
l:[0fa���;`afteRbkhTbkhTn��/eRh�z�eRdTdTfgX^h�`abc\NXN_aVTbkd�\N[0h�`afte0\^`g_P�

4ªX^n2bc_ai�eR`abk{?X +oXN\^fgXNX��m[T��� �����0w2y2y��x\PeRh�\NX^ikicXNz 4BeNl��m[T��w2�2y����-, �2w�� �
l*VTbc\gV lWe0_!dTfgX^{+bc[0]�_aikj"`aV�XxsJeRbkh z�bc_g\^bkdTikbkh�X¤fgX^n2]Ti�eR`abkhTn��T�TXNz+�;`gX^fas \N[0h��
`afte0\^`g_P��eRh�z�V>e0_�fgX^i�e �TXNz�`aV�X*\^bkfg\^]Ts|_a`teRh�\NXN_�dTfg[0VTbkvTbk`abkhTnã`aV�X^s��2�T�TXNz+�;`gX^fas
X^s!dTic[Pj+s|X^h�`$V>e0_�`aV�]�_�v/XNX^h�Xq��`gX^h�zTXNz�eRh�z n?X^h�X^fteRikb��PXNzr�!�8h�zTXNXNzr�rv/XqYE[0fgX
`aV�Xow2y2y��ZfgXqYE[0fas �T�TXNz+�;`gX^fas \N[0h�`afte0\^`g_:l:X^fgX�eRikic[Pl:XNzx[0hTikj!bkh�l:X^iki��8zTXq��h�XNz
_abk`a]>eR`abc[0h�_m_a]�\gV�e0_*YE[0fZ_gXPe0_g[0h>eRi u [0v�_P�TfgX^dTi�e0\^bkhTnJ`gX^s!d/[0fteRfabkikj�eRv�_gX^h�`mX^s��
dTic[Pj?XNXN_P��eRh�z�dTfgXNzTX^`gX^fas!bkh�XNzr��[+\N\Pe0_abc[0h>eRi;�oeRh�záXq��`afte0[0fgz�bkh>eRfaj�_gX^fa{+bc\NXN_P�
UWV�]�_P� u [0v|fgX^i�eR`abc[0h�_aVTbkd�zTXPe0z�ikbkh�XN_�l:X^fgX�]ThTb*/�]�X^ikj�{2eRikbcz�YE[0f�fgXPe0_g[0h�_÷_ad/XN\^b�Y¬�
bc\PeRikikj�bkh�z�bc\PeR`gXNz�X^bk`aV�X^fov�j�i�eNl [0fmv�j�\N[0ikicXN\^`abk{?X|eRn2fgXNX^s|X^h�`g_P� ��Y¡`gX^f 4ªX^n0�
bc_ai�eR`abk{?X +oXN\^fgXNX��m[T�!� �����0w2y2y��2�r�T�TXNz+�;`gX^fas \N[0h�`afte0\^`g_$\PeRh v/X!_a`abkdT]Ti�eR`gXNz
l*V�X^h�X^{?X^f�`aV�X^fgX!eRfgX$`gXN\gVThTbc\PeRi;�rdTfg[+z�]�\^`abk{?X2�r[0fan�eRhTb�� eR`abc[0h>eRi;�ª[0f�_a]Tv�_a`abk`a]��
`abc[0hJfgXPe0_g[0h�_P� ��UWV�X^fgXqYE[0fgX2�+`aV�X�zTX^n2fgXNXN_:[RY�Y¡fgXNXNzT[0s([RYr`aV�X�X^s!dTic[Pj?X^fg_:V>eN{?X
bkh�\^fgXPe0_gXNz&eRh�z�`gX^s!d/[0fteRfaj�\N[0h�`afte0\^`g_x\PeRh�v/X~_a`abkdT]Ti�eR`gXNz�bkh s$]�\gV&s|[0fgX
�>Xq��bkvTicX�\^bkfg\^]Ts|_a`teRh�\NXN_P�5UWVTbc_�bc_J`aV�X�sJeRbkh&s|[+z�b��>\PeR`abc[0há[RY��T�TXNz+�;`gX^fas
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\N[0h�`afte0\^`g_�fgX^n2]Ti�eR`abc[0hª�Ll*VTbkicX|z�]TfteR`abc[0hª�LlWeRn?XJ\N[0h�z�bk`abc[0h�_P��eRh�z�[0`aV�X^f�YE[0fÁ�
sJeRiªfgX /�]TbkfgX^s|X^h�`g_ZV>eN{?X�h�[0`�v/XNX^h¤`g[0]�\gV�XNzr�

�m_LeWsJeR`a`gX^fL[RYTY;e0\^`P� `aV�X�icX^n2bc_ai�eR`abc[0h$bc_B_a`abkiki�n?X^h�X^fabc\:eRv/[0]T`B`aV�X÷z�]TfteR`abc[0h
[RYB�T�TXNz+�;`gX^fas \N[0h�`afte0\^`g_*l*VTbc\gV�eRfgXoh�[0`Wv/[0]Th�zxv�j¤e$sJe ��bks$]Ts z�]TfteR`abc[0hª�
�m_LfgX^n�eRfgz�fgX^h�X^lWeRic_P�0�T�TXNz+�;`gX^fas \N[0h�`afte0\^`g_�\PeRh�v/X:fgX^h�X^l:XNz![0hTikj�[0h�\NX*eRh�z
[0hTikj�b�YL`aV�Xo`g[0`teRirsJe ��bks$]Ts z�]TfteR`abc[0h�[RYL`aV�Xo`gX^s!d/[0fteRfaj u [0v¤fgX^i�eR`abc[0h�_aVTbkd
bc_�_aV�[0fa`gX^f�`aV>eRh���j?XPeRfg_P���:]T`P�Tb�Y�`aV�X^fgX�bc_Ze�l*VTbkicXã[RY�eR`*icXPe0_a`$�Py�`gX^h�z�eNj�_
�Ew2yxz�eNj�_mYE[0fm�T�TXNz+�;`gX^fas \N[0h�`afte0\^`g_�ic[0hTn?X^f�`aV>eRh �Js|[0h�`aV�_q�mv/X^`8l:XNX^h�`aV�X
`8l:[J`gX^s!d/[0fteRfaj�\N[0h�`afte0\^`g_P�>`aV�X�_teRs|XãX^s!dTic[Pj?XNX�\PeRh�v/XãVTbkfgXNz�eRn�eRbkh�l*bk`aV
ex�T�TXNz+�;`gX^fas \N[0h�`afte0\^`�v�j�`aV�XJ_teRs|XJX^s!dTic[Pj?X^fP�1�*\N\N[0fgz�bkhTn�`g[�eRfa`P� �~[RY
4ªX^n2bc_ai�eR`abk{?X�+oXN\^fgXNX��m[T�á� �����0w2y2y��¤�T�TXNz+�;`gX^fas l:[0fa�?X^fg_¤eRfgX�X^h�`abk`aicXNz `g[
`aV�X�_teRs|X*icX^n�eRi�eRh�z�fgX^s$]Th�X^fteR`abk{?Xm\N[0h�z�bk`abc[0h�_We0_�`aV�X�\N[0s!d>eRfteRvTicX�l:[0fa�?X^fg_
fgXN\^fa]Tbk`gXNz�YE[0foeRh�bkh�zTXq��hTbk`gX�z�]TfteR`abc[0hª�ZUWVTbc_ZdTfabkh�\^bkdTicX$bc_Zn?X^h�X^fabc\�eRh�zr��YE[0f
bkh�_a`teRh�\NX2�+d/X^fasJeRh�X^h�`Wl:[0fa�?X^fg_W\N[0]TiczJfgXN\NX^bk{?XZVTbkn2V�X^f:lWeRn?XN_W\N[0s!d/X^h�_teR`abkhTn
`aV�X^bkf*Y¡]Tikird>eRfa`abc\^bkd>eR`abc[0h�`g[�`aV�Xo��fas~� _me0\^`abk{+bk`8j��¡¹�[0h�`teRh>eRfabW�Ew2y2y2�?�a�q�
}�]Ts!sJeRfab��NbkhTn���`aV�X|icX^n�eRi:\gV>eRhTn?XN_�_abkh�\NX|`aV�X|s!bcz�hTbkh�X^`abcXN_�eRh�z�]Td�`g[

w2y2y2wJV>eN{?X�n?X^h�X^fteR`gXNz�`aV�XãYE[0ikic[Pl*bkhTn¤bkh�_a`abk`a]T`abc[0h>eRi�_gX^`a`abkhTn�YE[0fm`gX^s!d/[0fteRfaj
X^s!dTic[Pj+s|X^h�`-8

•
UBX^s!d/[0fteRfaj�\N[0h�`afte0\^`g_*\PeRh�v/Xm_a`abkdT]Ti�eR`gXNzJYE[0f:`gXN\gVThTbc\PeRi;��dTfg[+z�]�\^`abk{?X2�
[0fan�eRhTb�� eR`abc[0h>eRi;��[0f�_a]Tv�_a`abk`a]T`abc[0h~fgXPe0_g[0h�_P�

•
�8h¤dTfabkh�\^bkdTicX2��`gX^s!d/[0fteRfaj¤\N[0h�`afte0\^`g_oeRfgXoh�[0`Z\N[0h�_a`afteRbkh�XNz~v�j~e�sJe �+�
bks$]Ts z�]TfteR`abc[0h ��`aV�X^j�\PeRh�v/X�fgX^h�X^l:XNz�[0hTikj [0h�\NX�eRh�z�[0hTikj�b�YW`aV�X
`g[0`teRiªsJe ��bks$]Ts�z�]TfteR`abc[0h~bc_�_aV�[0fa`gX^f�`aV>eRh~`aVTfgXNX�j?XPeRfg_P�

•
UBX^s!d/[0fteRfaj�l:[0fa�?X^fg_�eRfgX!X^h�`abk`aicXNz�`g[¤`aV�X|_teRs|X�icX^n�eRi÷\N[0h�z�bk`abc[0h�_�e0_
`aV�[2_gXZfgXN\^fa]Tbk`gXNzJYE[0fWeRh�bkh�zTXq��hTbk`gXoz�]TfteR`abc[0hª��UWV�X^j|sJeNj�eRic_g[$fgXN\NX^bk{?X
`afteRbkhTbkhTn|`aV>eR`�bc_Ze0zTX /�]>eR`gXoYE[0f�`aV�Xo`te0_a��_*`g[�v/Xo]Th�zTX^fa`teR�?X^hª�
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UWV�X^fgXZeRfgX*_g[0s|XW`aV�XN[0fgX^`abc\PeRi>fgXPe0_g[0h�_�YE[0f�l*VTbc\gVJl:X*_aV�[0]Ticz|[0v�_gX^fa{?X�emlWeRn?X
z�b�prX^fgX^h�`ab�eRiLv/X^`8l:XNX^h�`gX^s!d/[0fteRfaj�eRh�z¤d/X^fasJeRh�X^h�`ml:[0fa�?X^fg_P���*\N\N[0fgz�bkhTn�`g[
`aV�X$`aV�XN[0faj~[RY÷\N[0s!d/X^h�_teR`abkhTn¤z�b�prX^fgX^h�`ab�eRic_P�>YE[0fasJeRikb��PXNz�v�j10Z[2_gX^h"�Á�-,�� �+�q�
l:[0fa�?X^fg_~l*bk`aV�`aV�X _teRs|X�icX^{?X^iã[RY�\N[0s!d/X^`gX^h�\NX _aV�[0]Ticz�fgXN\NX^bk{?X z�b�prX^fgX^h�`
lWeRn?XN_ob�Y÷`aV�X^bkfol:[0fa�+bkhTn¤\N[0h�z�bk`abc[0h�_$eRfgX�z�b�prX^fgX^h�`P��}�bkh�\NX�`gX^s!d/[0fteRfaj�\N[0h��
`afte0\^`g_W[RY¡`gX^hJbks!dTikj|bks!d/[0fa`teRh�`�eRh�z�\N[0s$vTbkh�XNzxz�bc_te0z�{2eRh�`teRn?XN_P� 
ol:Xm_aV�[0]Ticz
zTX^`gXN\^`ãe|lWeRn?X$dTfgX^s!bk]Ts YE[0fZ`gX^s!d/[0fteRfaj~l:[0fa�?X^fg_o`g[�[Rpr_gX^`oz�b�prX^fgX^h�\NXN_mbkh
`aV�X�{2eRik]�X�[RY�l:[0fa�+bkhTn�\N[0h�z�bk`abc[0h�_P�
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�m[Pl:X^{?X^fP��`aV�X$`aV�XN[0faj~[RY÷\N[0s!d/X^h�_teR`abkhTnxz�b�prX^fgX^h�`ab�eRic_oV>e0_Zh�[0`Zv/XNX^h�[RY
n2fgXPeR`�{2eRik]�X~bkh�Xq��dTi�eRbkhTbkhTn�lWeRn?X�{2eRfab�eR`abc[0háeRh�zr�*]Th�`abkimh�[Plã��[0hTikj�lWeRn?X
d/X^h>eRik`abcXN_WV>eN{?Xov/XNX^h�YE[0]Th�zJYE[0fW`gX^s!d/[0fteRfaj u [0v�_P���8h�fgXN\NX^h�`*j?XPeRfg_P�T_gX^{?X^fteRi
X^s!dTbkfabc\PeRi�_a`a]�z�bcXN_BYE[0f�z�b�prX^fgX^h�`���]Tfg[0d/XPeRh|\N[0]Th�`afabcXN_�V>eN{?X:v/XNX^h!\N[0h�z�]�\^`gXNz
[0h�`aVTbc_!`g[0dTbc\2� �:]T`J_g[�Y;eRfP��`aV�X^fgX~zT[+XN_!h�[0`JXq��bc_a`JeRh�j�X^s!dTbkfabc\PeRiZ_a`a]�z�j
bkh�{?XN_a`abkn�eR`abkhTn�lWeRn?X~XqprXN\^`g_|[RYm`gX^s!d/[0fteRfaj�\N[0h�`afte0\^`g_|bkh��8`teRikj?�"�8h }�d>eRbkh
h�X^n�eR`abk{?X�XPeRfahTbkhTn?_~z�b�prX^fgX^h�`ab�eRic_¤YE[0f¤`gX^s!d/[0fteRfaj&l:[0fa�?X^fg_¤v/X^`8l:XNX^h ��� º?�
eRh�z��Py�� �?� eRfgXZzTX^`gXN\^`gXNzJv�j|¸2bks|X^h�[�eRh�z|UB[0V>eRfab�ex�Á�-,.,2�?�$� �:i�eRh�\gV>eRfgz¤eRh�z
4BeRh�z�bcX^f��Ew2y2y�� �$��h�z�e�lWeRn?X¤d/X^h>eRik`8j�YE[0f�`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_J[RY�eRv/[0]T`
w2y?�òYE[0f:�TfteRh�\NX�� �W[+[0`aV
!$#�%('*)��Ew2y2y2w2e?��XN_a`abksJeR`gXoe �:fabk`abc_aVJh�X^n�eR`abk{?XmlWeRn?X
n�eRd�v/X^`8l:XNX^h �?�«eRh�z��Py?���Bl*VTbkicX&�:fg[Pl*h"eRh�z�}+XN_g_abc[0hª� _��Ew2y2y2�?�m��h�z�bkhTn
bc_oeRfg[0]Th�z��Pw?���>��h>eRikikj?�/�oeRn?X^h"�Ew2y2y2w?��zTX^`gXN\^`g_�e!i�eRfan?X$lWeRn?X�d/X^h>eRik`8jxYE[0f
3 X^fasJeRhJ`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_÷[RYªeRv/[0]T`:w2��� �+�5d/X^fÁYE[0fas!bkhTn$`aV�X��mXN\g�+sJeRhª� _
�Á�-,�� �?�ãz�]Ts!s$j�X^h�zT[0n?X^h�[0]�_�{2eRfab�eRvTicXJs|[+zTX^i:XN_a`abksJeR`abc[0h�eRh�z�ic[Pl:X^f|eRh�z
_a`teR`abc_a`abc\PeRikikj�h�[0`L_abkn2hTb��>\PeRh�`�lWeRn?X÷d/X^h>eRik`abcXN_W�¬v/X^`8l:XNX^h!º?��eRh�z��Py?�!�/]�_abkhTn
_gX^{?X^fteRi*sJeR`g\gVTbkhTn�XN_a`abksJeR`g[0fg_P��ULeRvTicX��x\N[0ikicXN\^`g_!`aV�X¤XN_a`abksJeR`abc[0h�fgXN_a]Tik`g_
�EeRh�z�`aV�X¤\N[0fafgXN_ad/[0h�z�bkhTn�XN_a`abksJeR`g[0fg_q��[RYm`aV�X¤lWeRn?X~z�b�prX^fgX^h�`ab�eRi�v/X^`8l:XNX^h
`gX^s!d/[0fteRfaj�eRh�z"d/X^fasJeRh�X^h�`Jl:[0fa�?X^fg_|bkh _g[0s|X¤��]Tfg[0d/XPeRh \N[0]Th�`afabcXN_xeRh�z
�ZhTbk`gXNz�}�`teR`gXN_P�
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>@?�A	B�C#D E�C#?�FGA	DIH JLK�A	M NPOQA	C#D R$OTS#UWV�M X!UYD�UYFGA	M OTZL[
\ CTA�OTZ^]6OTZ U`_aUYNPOTZ U

b M NcUYF�C:d \ C#BaOTD�M O�egf �Gh i,j OTM F k@l i m fGn m � �
i UYSGOTZod i ?�Z Z M p#OTFqegf#r h s�i > _LJ m �ut n m �#vw Z OTF�x�BaOTD�V6dyloOTF�V�M UYDWe v$�Qh _aD	OTF�xYU z�k@l i m �#v�{ vw D�Cu|}F~d i UYK	K	M C#Fqe v �Gh w D�M A�OTM F ��J���]�nQ�g� m � ��{ vw C,CTA	B$�u���#� �}e v � O h w D�M A�OTM F z�k@l i m �ut�{ � m � ��{ 
w C,CTA	B$�u���#� �}e v � O h w D�M A�OTM F _LJ mI��{ � m �uv�{ �� OTS#UYFqe v �Gh R {�� UYD�NPOTFGH���J���] m � ��{ 
� OTS#UYFqe v �Gh R {�� UYD�NPOTFGH�]6OQA	x�B�M F�S mIt n m �uv †��� ���u�Y� † i A�OQA	M K�A	M xuOTZ Z H�F�C#F�K	M S#F�M �axuOTFGA@OQA�A	B�U �uv [�Z U�pGUYZ {k@l i�� k@D�V�M FaOTDIH�l8UuOTK�A i,� ?aOTD�UYKu�!z�k@l i�� zoC,C#Z UYV6k@D�V�M FaOTDIH i,� ?aOTD�UYKu�a_LJ � _�M ��UYV~J�X!UYx�A	Ku��g� � ��F�K�A	D�?�NcUYFGA�OTZ8��OTD�M OT��Z UYKu�a��J���] � � UYx��,NPOTF�� K�e � f � r h �@?�NcN HcJLF�V�C#S#UYF�C#?�K@��OTD�M OT��Z U]~C,V�UYZ {

�m_Je�sJeR`a`gX^f�[RYoY;e0\^`P�:`aV�X^fgX�eRfgX�e�h�]Ts$v/X^fx[RY�fgXPe0_g[0h�_!YE[0f|h�X^n�eR`abk{?X
XqprXN\^`g_*[0h�`gX^s!d/[0fteRfajJl:[0fa�?X^fg_P��lWeRn?X2���8h�`aV�Xoz�]>eRi/i�eRv/[0]Tf:sJeRfa�?X^`WY¡fteRs|Xq�
l:[0fa�ã\gV>eRfte0\^`gX^fab��PXNz$v�jod/X^fÁYEXN\^`B_a]Tv�_a`abk`a]T`abc[0h$v/X^`8l:XNX^h$`gX^s!d/[0fteRfaj$eRh�z�d/X^fÁ�
sJeRh�X^h�`�l:[0fa�?X^fg_P�2z�bg�J\^]Tik`abcXN_Lbkh$s|[0hTbk`g[0fabkhTnm`aV�X÷l:[0fa�?X^fg_P�?eRh�zã]Th�\NX^fa`teRbkh�`8j
eRv/[0]T`WdTfg[+z�]�\^`*zTX^sJeRh�zr� 0ZX^vTbk` �PX^f�eRh�zxULeNj+ic[0f$�Á�-,.,�� �÷_aV�[Pl�`aV>eR`W`aV�Xo[0d��
`abksJeRiL_a`afteR`gX^n2j�YE[0f�`aV�X���fas sJeNj¤\N[0h�_abc_a`�bkh�VTbkfabkhTnJv/[0`aV~d/X^fasJeRh�X^h�`�eRh�z
`gX^s!d/[0fteRfaj�X^s!dTic[Pj?XNXN_P��l*bk`aV"exic[Pl:X^f�lWeRn?X!YE[0f��T�TXNz+�;`gX^fas l:[0fa�?X^fg_P�x�8h��
zTXNXNzr��`gX^s!d/[0fteRfaj!l:[0fa�?X^fg_*eRfgX�]�_gXNz!v�j|X^s!dTic[Pj?X^fg_:`g[�fgX^n2]Ti�eR`gXm_aV�[0fa`Á�;`gX^fas

 



��]�\^`a]>eR`abc[0h�_�bkh�dTfg[+z�]�\^`�zTX^sJeRh�z"eRh�z�`aV�XJX /�]TbkikbkvTfabk]Ts bc_�\gV>eRfte0\^`gX^fab��PXNz
v�j eRh�Xq�T\NXN_g_�_a]TdTdTikj�[RY:l:[0fa�?X^fg_ã`g[xd/X^fasJeRh�X^h�` u [0v�_ãeRh�z�v�j e�h�X^n�eR`abk{?X
lWeRn?X$z�b�prX^fgX^h�`ab�eRiªYE[0f*`gX^s!d/[0fteRfajxl:[0fa�?X^fg_P�
�8h `aV�X!bkh�_abczTX^fÁ�8[0]T`g_abczTX^f$lWeRn?X|v>eRfan�eRbkhTbkhTn~Y¡fteRs|X^l:[0fa�/�7�WX^h�`g[0ikbki�e�eRh�z

+o[0i�e0zT[ �Á�-,., �+�x_a]Tn2n?XN_a`¤`aV>eR`¤b�Y�]ThTbc[0h�_�eRfgX zT[0s!bkh>eR`gXNzáv�j�d/X^fasJeRh�X^h�`
l:[0fa�?X^fg_��¬`aV�X�bkh�_abczTX^fg_q�|`aV�X^h�`aV�X�dTfgXN_gX^h�\NX�[RYã�T�TXNz+�;`gX^fas l:[0fa�?X^fg_��¬`aV�X
[0]T`g_abczTX^fg_q��bkh�\^fgXPe0_gXN_:`aV�Xmd/X^fasJeRh�X^h�`Wl:[0fa�?X^fg_P�+v>eRfan�eRbkhTbkhTn!d/[Pl:X^fP��UWV�X^fgXq�
YE[0fgX2�R`aV�X÷]ThTbc[0h�_�\PeRh!e0_a�oYE[0fLVTbkn2V�X^fLlWeRn?XN_P�0l*bk`aV�[0]T`�e prXN\^`abkhTno`aV�X÷_a]Tfa{+bk{2eRi
dTfg[0v>eRvTbkikbk`8j�[RY÷d/X^fasJeRh�X^h�`ol:[0fa�?X^fg_ov/XN\PeR]�_gX�`gX^s!d/[0fteRfaj~l:[0fa�?X^fg_ãeRfgX�`aV�X
��fg_a`Z[0h�XN_*`g[!v/Xoi�eRbcz¤[Rp��
UWV�X÷_ad/XN\^b��>\�V�]TsJeRh�\PeRdTbk`teRi�`aV�XN[0fajosJeNj�dTfg[P{+bczTX:eRh�[0`aV�X^f�Xq��dTi�eRh>eR`abc[0h

YE[0f÷lWeRn?X�n�eRd�_÷`aV>eR`:zT[+XN_�h�[0`÷fgX��>XN\^`:\N[0s!d/X^h�_teR`abkhTn�z�b�prX^fgX^h�`ab�eRic_P���8h�zTXNXNzr�
v/[0`aV!`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_WeRh�z�`aV�X^bkf���fas|_�V>eN{?X*ic[Pl:X^f÷bkh�\NX^h�`abk{?XN_÷`g[obkh�{?XN_a`
bkh���fas��8_ad/XN\^b��>\�V�]TsJeRh�\PeRdTbk`teRiW_abkh�\NXJ`aV�X u [0v�sJeR`g\gV�\N[0]Ticz�Xq��dTbkfgXJbkh�e
_aV�[0fa`xd/X^fabc[+zr� UWV�]�_P�Z`aV�X�]Th�zTX^fabkh�{?XN_a`as|X^h�`�bkhá_ad/XN\^b��>\q�;V�]TsJeRh�\PeRdTbk`teRi
\N[0]Ticz�n2bk{?X:fabc_gX:`g[Zic[Pl:X^f�lWeRn?XN_LYE[0f�`gX^s!d/[0fteRfaj$l:[0fa�?X^fg_�eRh�z�\N[0]Ticz�z�eRsJeRn?X
`aV�X^bkf�lWeRn?XãdTfg[R��icXN_P�
UBX^s!d/[0fteRfaj u [0v�_!\PeRh�eRic_g[�v/XJbkh�`gX^fadTfgX^`gXNz&e0_|e�_g\^fgXNX^hTbkhTn `g[+[0iW]�_gXNz

v�j|��fas `g[�Xq��`gX^h�z�`aV�XmicX^n�eRikikjJikbks!bk`gXNzxdTfg[0v>eR`abc[0h>eRfaj�d/X^fabc[+zr���;Y�e$`gX^s!d/[R�
fteRfaj�l:[0fa�?X^f*d/X^fÁYE[0fas|_Wl:X^iki;�T`aV�Xo\N[0h�`afte0\^`�bc_WfgX^h�X^l:XNz�eRh�z¤\N[0h�{?X^fa`gXNz¤bkh�`g[
d/X^fasJeRh�X^h�`�z�]TfteR`abc[0hª���8h~`aV�X$_aVTbkfa�+bkhTnJlWeRn?X�X��J\^bcX^h�\^j¤Y¡fteRs|X^l:[0fa� 3�� X^iki
�Ew2y2y2y?�ozTX^fabk{?XN_$e�lWeRn?X!d/X^h>eRik`8j�YE[0f�`gX^s!d/[0fteRfaj�l:[0fa�?X^fãv/XN\PeR]�_gX�`aV�X^fgX!bc_
h�[ h�XNXNz�`g[ ]�_gX¤`gX^s!d/[0fteRfaj"l:[0fa�?X^fg_P��lWeRn?XN_xe0_|bkh�\NX^h�`abk{?X�zTX^{+bc\NX¤bkh�fgXq�
z�]�\^bkhTn¤_aVTbkfa�+bkhTn��o�8h�zTXNXNzr�>��fas|_�eRfgX�eRvTicX$`g[�fgXNz�]�\NX$`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_P�
_aVTbkfa�+bkhTn$v�j�fgX^i�eR`abkhTn�`aV�X�fgX^h�X^lWeRi/[RYr`aV�X�\N[0h�`afte0\^`*eRh�z|bk`g_÷\N[0h�{?X^fg_abc[0h�bkh�`g[
d/X^fasJeRh�X^h�`mz�]TfteR`abc[0h�`g[�`aV�X�l:[0fa�?X^fP� _Zd/X^fÁYE[0fasJeRh�\NX2�
�T]Tfa`aV�X^fas|[0fgX2�TdTfg[0v>eR`abc[0h>eRfajxd/X^fabc[+zT_WsJeNjJn2bk{?Xofabc_gXZ`g[|e�_gX^i�Y¬�8_gX^icXN\^`abk{?X

dTfg[+\NXN_g_P���8h�zTXNXNzr�*e0_!d/[0bkh�`gXNz�[0]T`|v�j 4ª[0V5�Á�-,., �+�q�:`aV�X~X^s!dTic[Pj?X^fJd/[2_a`g_
_g[0s|X�`gX^s!d/[0fteRfaj�{2e0\PeRh�\^bcXN_�l*bk`aV�ic[Pl:X^fãlWeRn?XN_P�BdTfg[0s!bc_abkhTn~VTbkn2V�X^f�lWeRn?XN_
e Y¡`gX^falWeRfgzT_ob�Y�`aV�X$l:[0fa�?X^fon?X^`g_Z`aV�XãfgX^h�X^lWeRi�[RY�`aV�X�\N[0h�`afte0\^`P�mUWV�XãVTbkn2V�X^f
`aV�X÷l:[0fa�?X^fP� _�eRvTbkikbk`8j?�2`aV�X÷VTbkn2V�X^fL`aV�X:\gV>eRh�\NXN_�[RYTY¡]Ti���ikikbkhTnm`aV�X÷dTfg[+z�]�\^`abk{+bk`8j
fgX /�]TbkfgX^s|X^h�`g_~n?X^`a`abkhTn�`aV�X�fgX^h�X^lWeRi$[RY�`aV�X�\N[0h�`afte0\^`P� UWV�]�_P��e0\N\N[0fgz�bkhTn
`g[�`aV�X 4ª[0Vª� _��Á�-,., �+��s|[+zTX^i;��l:X¤_aV�[0]Ticz�[0v�_gX^fa{?X~e�d/[2_abk`abk{?Xx\N[0fafgX^i�eR`abc[0h
v/X^`8l:XNX^h¤`aV�Xm\gV�[0bc\NXo[RYLeã`gX^s!d/[0fteRfajJ\N[0h�`afte0\^`ZeRh�zJ`aV�XZl:[0fa�?X^fP� _�eRvTbkikbk`8j?��e
_a`gXNX^d/X^fBlWeRn?X÷d>eR`aV$l*bk`aVTbkh�`aV�X÷_teRs|X���fas YE[0fªl:[0fa�?X^fg_Ll*V�[�V>e0z$`gX^s!d/[0fteRfaj
\N[0h�`afte0\^`g_P��eRh�z¤lWeRn?X�d/X^h>eRik`abcXN_Zz�]TfabkhTn|`aV�X�dTfg[0v>eR`abc[0h>eRfaj~_a`teRn?X2�
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�8hã`aVTbc_ª_gXN\^`abc[0hãl:X�bkh�`afg[+z�]�\NX�`aV�X�lWeRn?X�X /�]>eR`abc[0h$l:X÷eRfgX�n?[0bkhTn�`g[�XN_a`abksJeR`gX2�
UWV�X�s|[2_a`�n?X^h�X^fteRi�_ad/XN\^b��>\PeR`abc[0h�[RYr`aV�X�lWeRn?XZX /�]>eR`abc[0h�\PeRh|v/X*l*fabk`a`gX^hxe0_-8

lnwit = z′itβ + x′
itδ + ci + φj(i) + uit,

�Á� �
l*V�X^fgX

lnwit

bc_Z`aV�X$fgXPeRi��Ew2y2y2wJdTfabc\NXN_q�*h�X^`oV�[0]Tfaikj~lWeRn?X$YE[0fmbkh�z�bk{+bcz�]>eRi
ieR`o`abks|X

t
eRh�z

zit

bc_ãexº �8z�bks|X^h�_abc[0h>eRi�{?XN\^`g[0fã\N[0ikicXN\^`abkhTn�[0]Tfo{2eRfab�eRvTicXN_ã[RY
dTfabksJeRfaj�bkh�`gX^fgXN_a`P���8`�\N[0h�`teRbkh�_�`aV�X�z�]Ts!s$j�{2eRfab�eRvTicXJYE[0f�\N[0h�`afte0\^`!`8j+d/X2�
TCit

� t u [0v��8_gX^hTbc[0fabk`8j��¡\N[0s!dT]T`gXNz�e0_meRn?Xãs!bkh�]�_�eRn?X�eR`Zl*VTbc\gV�`aV�Xãl:[0fa�?X^f
V>e0_ªv/X^n2]Th�`aV�X�\^]TfafgX^h�` u [0v��q� bk`g_ª_ /�]>eRfgX2� `aV�X�bkh�`gX^fte0\^`abc[0h�v/X^`8l:XNX^h�_gX^hTbc[0fabk`8j
eRh�z�\N[0h�`afte0\^`Z`8j+d/X2��eRh�z¤bk`g_�/�]>e0z�fteR`abc\ã`gX^fas~�:UWV�X

K
�;{?XN\^`g[0f

xit

bkh�\^ik]�zTXN_
e!_gX^`Z[RY�Y¡]Tfa`aV�X^fZXq��dTi�eRh>eR`g[0faj¤{2eRfab�eRvTicXN_��¬bkh�\^ik]�z�bkhTn�`aV�Xã\N[0h�_a`teRh�`oeRh�z~`aV�X
`abks|XZz�]Ts!s$j���bkh�z�bc\PeR`abkhTn�`aV�X*l:[0fa�?X^fg_P��n?XN[0n2fteRdTVTbc\PeRireRfgXPe�[RYrfgXN_abczTX^h�\NX�� �
z�]Ts!s!bcXN_q�q�0n?X^h�zTX^fP�2XNz�]�\PeR`abc[0h¤� �mz�]Ts!s!bcXN_q�q�0V�[0]�_gX^V�[0icz$d/[2_abk`abc[0hª�RsJeRfabk`teRi
_a`teR`a]�_P� `aV�X�_gXN\^`g[0f�eRh�zã_ab��PX�[RYT`aV�X^bkfª��fas(� ��eRh�z �*z�]Ts!s!bcXN_P�RfgXN_ad/XN\^`abk{?X^ikj��q�
wZ[+\N\^]Td>eR`abc[0h>eRi�z�]Ts!s!bcXN_��¬l*VTbk`gXW\N[0iki�eRf�eRh�z$sJeRh>eRn?X^fP�2l*VTbkicX:vTik]�XW\N[0iki�eRf�bc_
`aV�XofgXqYEX^fgX^h�\NX �q��d>eRfa`Á�;`abks|X2�Td/[0`gX^h�`ab�eRirl:[0fa�xXq��d/X^fabcX^h�\NX!�¡\N[0s!dT]T`gXNz�e0_�eRn?X
s!bkh�]�_�eRn?XJeR`$`aV�X!v/X^n2bkhThTbkhTn�[RYW`aV�X!��fg_a` u [0v��q�LeRh�z�bk`g_ /�]>e0z�fteR`abc\|`gX^fas~�
UWV�X�X^fafg[0f~`gX^fas bkh X /�]>eR`abc[0h(�Á� �JV>e0_¤v/XNX^h�zTXN\N[0s!d/[2_gXNzábkh�`g[ e�`abks|Xq�
bkh�{2eRfab�eRh�`ãbkh�z�bk{+bcz�]>eRi��8_ad/XN\^b��>\!\N[0s!d/[0h�X^h�`P�

ci

�ªe u [0v��8_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`P�
φj(i)
� l*VTbc\gV�bc_B`abks|Xq�;bkh�{2eRfab�eRh�`LYE[0fL_a`teNj?X^fg_W�¡X^s!dTic[Pj?XNXN_�l*V�[Zz�bczãh�[0`�\gV>eRhTn?X

u [0váv/X^`8l:XNX^hòw2y2y2y�eRh�z�w2y2y2w?�¤eRh�z�`abks|Xq�;{2eRfab�eRh�`~YE[0f¤s|[P{?X^fg_P� ��eRh�z�eRh
bcz�bc[2_aj+h�\^fteR`abc\$X^fafg[0f�`gX^fas~�

uit
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BAC�'DE
��
�m[Pl�l:X*bkh�`afg[+z�]�\NX*`aV�X�e0_g_a]Ts!dT`abc[0h�_�]Th�zTX^f�l*VTbc\gV|`aV�X ��� 4L}|eRh�z�`aV�X 0Z�
XN_a`abksJeR`g[0fg_�\PeRhxv/Xm]�_gXNz�`g[�\N[0h�_abc_a`gX^h�`aikj�XN_a`abksJeR`gXo`aV�Xmd>eRfteRs|X^`gX^f�{?XN\^`g[0fg_
bkh~s|[+zTX^i÷�Á� �q��0ZX^l*fabk`gX�`aV�X�s|[+zTX^iBe0_

lnwit = z′itβ + x′
itδ + vit,

�Ew?�
l*V�X^fgX

vit ≡ ci + φj(i) + uit

bc_|`aV�X~\N[0s!d/[2_abk`gX~fgXN_abcz�]>eRi;�Wn2bk{?X^h�v�j�`aV�X
_a]Ts«[RY:`aV�X�bkh�z�bk{+bcz�]>eRi��8_ad/XN\^b��>\|XqprXN\^`g_P�/`aV�X u [0v��8_ad/XN\^b��>\!XqprXN\^`g_P�ªeRh�z�`aV�X
bcz�bc[2_aj+h�\^fteR`abc\$X^fafg[0fP�

F é�Ç?¼$Ñ2Ä?ÎoÎZâ�ÓN½P¾¿Ë�½Pà?Å ¼ TCit
Ë�Ì�¼qßRÄ�½PÅrÂ¿Æ~Ûãï�Ç?¼tÉxÂ¿Ç?¼$¼tÎoÍ?Å ÆNâ ¼t¼�Ë�ÌZ½�Â¿¼tÎoÍ+Æ ¾Á½P¾¿âJïLÆ ¾¿ô ¼t¾qè

ì0¼t¼�½PÍ?Í+¼tÉ�Ñ2Ë õJÖ�å;ÚãÃcÆ ¾*Ñ2¼gÂÁ½PË Å�ÌW½Pà+Æ Ä2Â:Â¿Ç?¼�Ñ2¼gÈ�É?Ë Â¿Ë Æ Éx½PÉ�Ñ!Â¿Ç?¼�ÊgÆ É�Ì;Â¿¾¿Ä�ÊaÂ¿Ë Æ ÉJÆPÃBÓN½P¾¿Ë�½Pà?Å ¼qÌ÷Ä�Ì8¼qÑ
Ë É�Â¿Ç?¼*¼qÊgÆ É?Æ Îo¼gÂ¿¾¿Ë�ÊW½PÉ�½PÅ â2Ì8Ë�ÌtèG é�Ç?¼!Ì8Ä?à�Ì¿Êg¾¿Ë Í2Â j(i) ¾¿¼gÃc¼t¾ÁÌZÂ¿Æ�Â¿Ç?¼!Ì8Í+¼qÊgË È+ÊZê;Æ à�Î�½NÂÁÊÁÇ�à+¼gÂ;ïL¼t¼tÉ�Â¿Ç?¼�ÓN½ Êt½PÉ�Êgâ j ½PÉ�Ñ~Â¿Ç?¼Ë É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅ i èrì0Ë É�Êg¼LÂ¿Ç?¼LÂ¿Ë Îo¼�ÓN½P¾¿Ë�½NÂ¿Ë Æ ÉZÆPÃ�Â¿Ç?¼�ê;Æ àmÎ�½NÂÁÊÁÇZË�Ì/À Ë Ó ¼tÉZà0â�½WÊÁÇ�½PÉ?À ¼BË ÉZÂ¿Ç?¼�Ì8Ä?à�Ì¿Êg¾¿Ë Í2Â
j ÔkÃcÆ ¾�Ë É�Ì;ÂÁ½PÉ�Êg¼WÃc¾¿Æ Î j(i) Â¿Æ h(i) çaÜ2Â¿Ç?¼WÂ¿¼tÎoÍ+Æ ¾Á½PÅ�Ì8Ä?à�Ì¿Êg¾¿Ë Í2Â t Ç�½ Ì�à+¼t¼tÉ�Æ ÎoË Â8Â¿¼qÑTè
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�8`ªbc_rl:X^iki��+h�[Pl*h�`aV>eR`LeWh�XN\NXN_g_teRfajã\N[0h�z�bk`abc[0hãYE[0fª`aV�X÷\N[0h�_abc_a`gX^h�\^j�[RYT`aV�X
��� 4L}$eRh�z 0Z��XN_a`abksJeR`g[0fg_Lbc_9�PX^fg[Z\N[0fafgX^i�eR`abc[0h�v/X^`8l:XNX^h�`aV�X�fgX^n2fgXN_g_g[0fg_�eRh�z
`aV�X:\N[0s!d/[2_abk`gX:X^fafg[0fL`gX^fas~�

vit

�LUWV�X^fgXqYE[0fgX2�0`aV�X�YE[0ikic[Pl*bkhTnãe0_g_a]Ts!dT`abc[0h�_�eRfgX
h�XN\NXN_g_teRfaj��EeRh�z�_a]��J\^bcX^h�`LYE[0fL`aV�X ��� 4L}$XN_a`abksJeR`g[0fq�rYE[0f�XPe0\gV

i = 1, . . . , NeRh�z
t = 1, . . . , T

8

E(z′itci) = 0 E(x′
itci) = 0

�E�?�
E(z′itφj(i)) = 0 E(x′

itφj(i)) = 0
� �+�

E(z′ituit) = 0 E(x′
ituit) = 0.

�Eº?�
�;Y/l:X*V>eN{?X�\N[0fafgXN\^`aikj�s|[+zTX^ikicXNz

E(ln wit|zit,xit, ci, φj(i))
�+e0_g_a]Ts!dT`abc[0h��Eº?�

V�[0iczT_P��UWV�X:dTfg[0vTicX^sJeR`abc\�e0_g_a]Ts!dT`abc[0h�_�eRfgXWe0_g_a]Ts!dT`abc[0h�_��E�?�LeRh�z¤� �+�q�2_a`teR`Á�
bkhTnZ`aV>eR`L`aV�X^fgX÷_aV�[0]Ticz$h�[0`Bv/X:eRh�jã\N[0fafgX^i�eR`abc[0h�v/X^`8l:XNX^h�bkh�z�bk{+bcz�]>eRiTeRh�z u [0v
]Th�[0v�_gX^fa{2eRvTicXN_meRh�z¤bkh�z�bk{+bcz�]>eRiLeRh�z u [0v~\gV>eRfte0\^`gX^fabc_a`abc\N_m\N[0ikicXN\^`gXNz¤bkh�`g[

ziteRh�z
xit

��UWV�XN_gX$e0_g_a]Ts!dT`abc[0h�_meRfgXã\^icXPeRfaikjxikbk�?X^ikj�`g[�Y;eRbkirbkh�[0]Tf*Y¡fteRs|X^l:[0fa�
eRh�z ��� 4L}~eRh�z�0Z� XN_a`abksJeR`g[0fg_ZeRfgX�bkh�zTXqYEX^h�_abkvTicX2�

����� � � 
������%2�� ��$����%��$�;���& 
���
��	����
���"�� "�� 
������������
 #"%$��'&
�m_g_a]Ts|X!h�[Pl(`aV>eR`$`aV�X^fgX|bc_ãh�[�\N[0fafgX^i�eR`abc[0h�v/X^`8l:XNX^h�`aV�X u [0v��8_ad/XN\^b��>\|XqY¬�
YEXN\^`g_P�

φj(i)
��eRh�zJ`aV�XZXq��dTi�eRh>eR`g[0faj|{2eRfab�eRvTicXN_P�

[z′it,x
′
it]

′ ��UWV�X^hª�+`aV�X�n?X^h�X^fteRi_ad/XN\^b��>\PeR`abc[0h�[RY�`aV�XolWeRn?X$X /�]>eR`abc[0h��Á� �:\PeRh~v/XofgX^l*fabk`a`gX^h�e0_

lnwit = z′itβ + x′
itδ + ci + ηit,

� �?�
l*V�X^fgX

ηit ≡ φj(i) + uit

��eRh�z�bk`ãbc_$_a`afteRbkn2V�`ÁYE[0falWeRfgz�`g[�_aV�[Pl�`aV�X|\N[0h�_abc_Á�
`gX^h�\^j [RYW`aV�X!l*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRi��¡���:�oXN_a`abksJeR`g[0fP���8h�zTXNXNzr�ªb�YW`aV�X^fgX|bc_�h�[
\N[0fafgX^i�eR`abc[0h!v/X^`8l:XNX^h�`aV�X u [0v��8_ad/XN\^b��>\:XqprXN\^`g_�eRh�z$`aV�X÷lWeRn?X÷fgX^n2fgXN_g_g[0fg_P�0`aV�X
\N[0s!d/[2_abk`gX!X^fafg[0fã`gX^fas

ηit

bc_o]Th�\N[0fafgX^i�eR`gXNz�`g[�`aV�X!Xq��dTi�eRh>eR`g[0faj�{2eRfab�eRvTicXN_
\N[0h�z�bk`abc[0h>eRi�[0h~`aV�Xãbkh�z�bk{+bcz�]>eRi��8_ad/XN\^b��>\�XqprXN\^`P�

ci

�T`aV�X^hª��icXPe0_a`m_ /�]>eRfgXN_�XN_Á�
`abksJeR`abc[0h�[RY�s|[+zTX^i:� �?�÷n?X^h�X^fteR`gXN_�]Th�vTb�e0_gXNz~fgXN_a]Tik`g_P�
UWV�X^fgXqYE[0fgX2��`aV�X����&XN_a`abksJeR`g[0fãeRikic[Pl�_m]�_Z`g[JXN_a`abksJeR`gX�`aV�XãlWeRn?X�X /�]>e �

`abc[0h�`teR�+bkhTn�bkh�`g[!e0\N\N[0]Th�`*[RYª`aV�XZd/[2_g_abkvTicXZ\N[0fafgX^i�eR`abc[0hxv/X^`8l:XNX^hxbkh�z�bk{+bcz�]>eRi
V�X^`gX^fg[0n?X^h�X^bk`8j�eRh�z�`aV�X�Xq��dTi�eRh>eR`g[0faj�{2eRfab�eRvTicXN_P���mX^{?X^fa`aV�X^icXN_g_P�BeJh�]Ts$v/X^f
[RYrlWeRn?X*fgX^n2fgXN_g_g[0fg_���bkh�\^ik]�z�bkhTn�\N[0h�`afte0\^`÷`8j+d/XZeRh�z u [0v!`gX^h�]TfgXW�!eRfgX*ikbk�?X^ikj
`g[�v/X�\N[0fafgX^i�eR`gXNz�l*bk`aV�]Th�[0v�_gX^fa{2eRvTicX u [0v��8_ad/XN\^b��>\�\gV>eRfte0\^`gX^fabc_a`abc\N_P�$UWV�]�_P�
`aV�Xãe0_g_a]Ts!dT`abc[0h�[RY7�PX^fg[!\N[0fafgX^i�eR`abc[0h�v/X^`8l:XNX^h~fgX^n2fgXN_g_g[0fg_ZeRh�z u [0v��8_ad/XN\^b��>\
XqprXN\^`g_P�*l*VTbc\gV�bc_Jh�XN\NXN_g_teRfaj"YE[0f�`aV�X�\N[0h�_abc_a`gX^h�\^j [RYã`aV�X���� XN_a`abksJeR`g[0fP�
\N[0]Ticz�Y;eRbkiZeRh�z�`aV�X~XN_a`abksJeR`abc[0h fgXN_a]Tik`g_!Y¡fg[0s `aV�X¤l*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRi�eRd��
dTfg[?e0\gV�ic[+[2_gXobkh�\^fgXNz�bkvTbkikbk`8j?� �

� ×¡Ã�ïL¼ãË ÉRÂ¿¼t¾¿Í?¾¿¼gÂ*Â¿Ç?¼�ê;Æ à2åEÌ8Í+¼qÊgË È+Êo¼gú�¼qÊaÂÁÌtÜ�ÃcÆ ¾ZË É�Ì;ÂÁ½PÉ�Êg¼ Ü/½ ÌWÂ¿Ç?¼�ßRÄ�½PÅ Ë Â;âJÆPÃ�Â¿Ç?¼�ê;Æ à¤Î�½NÂÁÊÁÇ
à+¼gÂ;ïL¼t¼tÉ!È�¾¿Îò½PÉ�Ñ�¼tÎoÍ?Å ÆNâ ¼t¼WÂ¿Ç?¼tÉ�Ü+Â¿Ç?¼�Ç?Ë À Ç?¼t¾�Â¿Ç?¼mßRÄ�½PÅ Ë Â;â$ÆPÃrÂ¿Ç?¼�ê;Æ à!Î�½NÂÁÊÁÇ�Ü�Â¿Ç?¼�Ç?Ë À Ç?¼t¾�Â¿Ç?¼
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�8h�`aVTbc_�_a]Tv�_gXN\^`abc[0h!l:X:fgX^i�e �!e0_g_a]Ts!dT`abc[0h�_��E�?�LeRh�z~� �+�q�2_g[m`aV>eR`�bkh�z�bk{+bcz�]>eRi��
eRh�z u [0v��8_ad/XN\^b��>\¤XqprXN\^`g_!eRfgX¤eRikic[Pl:XNz�`g[�v/X¤eRfavTbk`afteRfaj�\N[0fafgX^i�eR`gXNz�`g[�`aV�X
lWeRn?X!fgX^n2fgXN_g_g[0fg_P�BeRh�z�l:X!_aV�[Pl V�[Pl `g[¤[0vT`teRbkh�\N[0h�_abc_a`gX^h�`ãXN_a`abksJeR`g[0fg_$[RY
`aV�XZd>eRfteRs|X^`gX^f:{?XN\^`g[0f

[β′, δ′]′
��UWV�XZs|X^`aV�[+zT[0ic[0n2j|l:XZdTfg[0d/[2_gX�bkh�_a]Tv�_gXN\q�

`abc[0h�_ ��� ���k�xeRh�z ��� ��� w�eRfgX|bkh�_adTbkfgXNz�v�j
4rbkn2V�`|eRh�z�¹�\ 3 eRfafaj �Á�-,.,��?�$eRh�z
�Zv/[Pl�z !$#	%('*)Z�Á�-,.,.,?�q���8h~_a]Tv�_gXN\^`abc[0h ��� ��� ��l:Xobkh�`afg[+z�]�\NX$_g[0s|X�_ad/XN\^b��>\Pe �
`abc[0h~`gXN_a`g_P�
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�m_ãl:X|l*bkiki÷_gXNX|s|[0fgX!bkh�zTX^`teRbkic_$bkh�_gXN\^`abc[0h"º��B`aV�X|XN\N[0h�[0s|X^`afabc\xeRh>eRikj�_abc_
bc_~\PeRfafabcXNz�[0]T`¤]�_abkhTn&e"_asJeRiki�d>eRh�X^i$z�eR`te�_gX^`¤l*bk`aV�[0hTikjáw�`abks|X d/X^fab��
[+zT_P��UWV�X^fgXqYE[0fgX2�Tl:X�\PeRh~z�bc_a`abkhTn2]Tbc_aV¤`8l:[!`8j+d/XN_*[RYLl:[0fa�?X^fg_-8�l:[0fa�?X^fg_�l*V�[
\gV>eRhTn?XNz~��fas v/X^`8l:XNX^h�w2y2y2yJeRh�z�w2y2y2w��¬`aV�X��8s|[P{?X^fg_ �Á��eRh�z~l:[0fa�?X^fg_Zl*V�[
z�bcz�h�[0`J\gV>eRhTn?X¤��fas �¬`aV�X��¿_a`teNj?X^fg_ �Á�q� UWV�]�_P�:b�Yol:X~fgXN_a`afabc\^`J[0]Tf�eRh>eRikj��
_abc_�[0h `aV�X!_a`teNj?X^fg_$eRh�z�l:X|eRdTdTikj�`aV�X�]�_a]>eRi����á`afteRh�_ÁYE[0fasJeR`abc[0h r `g[x`aV�X
[0fabkn2bkh>eRi/lWeRn?XoX /�]>eR`abc[0h��Á� �q�+l:XoeRfgXoeRvTicXm`g[$fgX^s|[P{?Xmv/[0`aV�`aV�XZbkh�z�bk{+bcz�]>eRi��
_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`P�

ci

��eRh�z¤`aV�X u [0v��8_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`P�
φj(i)
��UWV�Xã���

`afteRh�_ÁYE[0fas|XNz¤s|[+zTX^iªbc_

¨lnwit = z̈′itβ + ẍ′
itδ + üit,

� �2�
l*V�X^fgX�`aV�X*`8l:[�zT[0`g_÷zTX^h�[0`gX�`aV>eR`�`aV�X�l*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRi�`abks|X�s|XPeRh�_�V>eN{?X
v/XNX^h _a]TvT`afte0\^`gXNz"Y¡fg[0s `aV�X~[0fabkn2bkh>eRiZfgXPeRikb�� eR`abc[0h�_�eR`Jz�eR`gX

t
YE[0f!bkh�z�bk{+bcz+�

]>eRi
i
� �Zfgz�bkh>eRfaj�icXPe0_a`�_ /�]>eRfgXN_�eRdTdTikbcXNz�`g[�`aV�X~`abks|X�zTX^s|XPeRh�XNz s|[+zTX^i

n?X^h�X^fteR`gX¤]Th�vTb�e0_gXNz�fgXN_a]Tik`g_P��UWVTbc_!dTfg[+\NXNz�]TfgX~eRikic[Pl�_�eRh�j"eRfavTbk`afteRfaj�\N[0fÁ�
fgX^i�eR`abc[0h v/X^`8l:XNX^h `aV�X$bkh�z�bk{+bcz�]>eRi��meRh�z u [0v��8_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`g_P�rvT]T`ml:X
V>eN{?X*`g[ãe0_g_a]Ts|XW`aV�X�Xq�T[0n?X^h�X^bk`8j![RY�s|[0vTbkikbk`8j ��`aVTbc_�s|XPeRh�_�`aV>eR`�`aV�XWfgXPe0_g[0h�_
YE[0f�l*VTbc\gVJ`aV�X�l:[0fa�?X^f:\gV>eRhTn?XN_ u [0v�eRfgX*fteRh�zT[0s([0h�\NX�l:X�\N[0h�z�bk`abc[0hx[0h|`aV�X
lWeRn?X�fgX^n2fgXN_g_g[0fg_LeRh�z�`aV�X��T�TXNzã\N[0s!d/[0h�X^h�`g_P�B��X�h�XNXNzr�2e0_r]�_a]>eRi;� `aV�X�_a`afabc\^`
Xq�T[0n?X^h�X^bk`8j¤[RY�[0]Tf�Xq��dTi�eRh>eR`g[0fajx{2eRfab�eRvTicXN_Z\N[0h�z�bk`abc[0h>eRiB[0h~`aV�Xobkh�z�bk{+bcz�]>eRi��
eRh�z u [0v��8_ad/XN\^b��>\~XqprXN\^`g_-8

E(uit|Zi,Xi, ci, φj(i)) = 0
YE[0f

t = 1, . . . , T
�

l*V�X^fgX
Zi

eRh�z
Xi

eRfgX2�?fgXN_ad/XN\^`abk{?X^ikj?�
T ×5

eRh�z
T ×K

sJeR`afabc\NXN_:\N[0ikicXN\^`abkhTn
bkh�z�bk{+bcz�]>eRi

i
� _�[0v�_gX^fa{2eR`abc[0h�_P�

¹�[0fgXN[P{?X^fP�>l:X$l:[0]Ticz�[0vT`teRbkh�bczTX^h�`abc\PeRi�XN_a`abksJeR`gXN_oeRh�z~bkh�YEX^fgX^h�\NXãb�Y�l:X
eRdTdTikbcXNzr�mbkh�_a`gXPe0zá[RY$`aV�X�l*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRi$XN_a`abksJeR`abc[0h [0h�`aV�X _a`teNj?X^fg_P�
_a]Tv�_teRs!dTicX2��`aV�X$l*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRi � l*bk`aVTbkh�� u [0v�XN_a`abksJeR`abc[0h�]�_abkhTnJ`aV�XãY¡]Tiki
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_teRs!dTicX2� f �:jol*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRi � l*bk`aVTbkh�� u [0v�dTfg[+\NXNz�]TfgX�l:X�fgXqYEX^fª`g[*`aV�X����
XN_a`abksJeR`g[0fã`aV>eR`$Xq��dTic[0bk`g_P�rbkh�_a`gXPe0z�[RYWzTX^{+b�eR`abc[0h�_�Y¡fg[0s�bkh�z�bk{+bcz�]>eRi�s|XPeRh�_P�
zTX^{+b�eR`abc[0h�_*Y¡fg[0s­l*bk`aVTbkh�� u [0v~s|XPeRh�_P�:}�bkh�\NX�`aV�XN_gXãzTX^{+b�eR`abc[0h�_Z_a]Ts `g[ �PX^fg[
l*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRic_P�*`aV�X^j�eRfgX¤]Th�\N[0fafgX^i�eR`gXNz v�j�\N[0h�_a`afa]�\^`abc[0h l*bk`aV�v/[0`aV
`aV�X�d/X^fg_g[0h��8_ad/XN\^b��>\ã\N[0s!d/[0h�X^h�`P�

ci

�>eRh�zx`aV�X u [0v��8_ad/XN\^b��>\ãXqprXN\^`g_P�
φj(i)
�
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UWV�X~XN_a`abksJeR`g[0f!l:X¤V>eN{?X~_gXNX^h�bkh�`aV�XxdTfgX^{+bc[0]�_|_a]Tv�_gXN\^`abc[0h�bc_�bkh�X��J\^bcX^h�`
�¡[0hTikj|_a`teNj?X^fg_P�?bkh�YE[0fasJeR`abc[0h�bc_÷Xq��dTic[0bk`gXNz|bkhJ`aV�XZXN_a`abksJeR`abc[0h���bkh�XN_a`abksJeR`abkhTn
`aV�XZn?X^h�X^fteRir_ad/XN\^b��>\PeR`abc[0h¤[RYªlWeRn?XoX /�]>eR`abc[0h��Á� �q����[0ikic[Pl*bkhTn �Zv/[Pl�z !$# %('*)
�Á�-,.,.,?�q��l:X�`afaj�`g[�bks!dTfg[P{?Xm[0h|`aV�X*dTfgXN\^bc_abc[0h�[RYr[0]Tf÷XN_a`abksJeR`gXN_�fgX^bkh�`afg[+z�]�\q�
bkhTnJbkh�[0]Tfm_teRs!dTicXã`aV�Xãs|[P{?X^fg_�eRh�z�_g[0ik{+bkhTn|`aV�XãdTfg[0vTicX^s [RY�X^h�zT[0n?X^h�X^bk`8j
v�j~e0zT[0dT`abkhTn�eRh�[0`aV�X^fm_a`afteR`gX^n2j?�

+oX^s|XPeRhTbkhTnm[0f/��fg_a`ªz�b�prX^fgX^h�\^bkhTnZ`aV�X�z�eR`teWl*V�X^hãl:X�]�_gX�`aV�XLY¡]Tiki�_teRs!dTicX
zT[�h�[0`�fgX^s|[P{?XZ\N[0s!dTicX^`gX^ikj�`aV�X u [0v��8_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`P��¹�[0fgX*bkhJzTX^`teRbkic_P�
eRdTdTikj+bkhTn|`aV�Xo��fg_a`�z�b�prX^fgX^h�\^bkhTnJ`afteRh�_ÁYE[0fasJeR`abc[0h�`g[!X /�]>eR`abc[0h��Á� �:j+bcX^iczT_

∆lnwit = ∆z′itβ + ∆x′
itδ + ∆φjh(i) + ∆uit,

� �?�
l*V�X^fgX

∆φjh(i) = φj(i) − φh(i)eRh�zá`aV�X�_a]Tv�_g\^fabkdT`g_
j
eRh�z

h
bkh�z�bc\PeR`gX�`aV�X���fas|_¤l*V�X^fgX l:[0fa�?X^f

i
lWe0_

l:[0fa�+bkhTn|z�]TfabkhTn|w2y2y2w�eRh�z¤w2y2y2y��+fgXN_ad/XN\^`abk{?X^ikj?���;Yªbkh�z�bk{+bcz�]>eRi
i
bc_*e$_a`teNj?X^fP�

j = h
eRh�z

∆φjh(i) = 0
���;Yªbkh�z�bk{+bcz�]>eRi

i
bc_We�s|[P{?X^fP�

j 6= h
eRh�z

∆φjh(i) 6=
0
�÷}�bkh�\NX�l:XmeRfgXZeRikic[Pl*bkhTn�[0]Tf÷lWeRn?XZfgX^n2fgXN_g_g[0fg_�`g[�v/XZeRfavTbk`afteRfajJ\N[0fafgX^i�eR`gXNz
`g[!`aV�X u [0v��8_ad/XN\^b��>\ã\N[0s!d/[0h�X^h�`P�>`aV�X^h~`aV�X^fgXãbc_Ze�dTfg[0vTicX^s�[RY�X^h�zT[0n?X^h�X^bk`8j
z�]�XJ`g[�`aV�XJdTfgXN_gX^h�\NX�[RYZl:[0fa�?X^fg_�l*V�[�\gV>eRhTn?XNz"`aV�X^bkf u [0v�v/X^`8l:XNX^h w2y2y2y
eRh�z�w2y2y2w�� �uv
�8h"[0fgzTX^f�`g[�`teR�?X�bkh�`g[ e0\N\N[0]Th�`![RYZ`aV�Xx\N[0fafgX^i�eR`abc[0h�v/X^`8l:XNX^h"bkh�z�bk{+bcz+�

]>eRiª\gV>eRfte0\^`gX^fabc_a`abc\N_meRh�zx`aV�X u [0v��8_ad/XN\^b��>\o\N[0s!d/[0h�X^h�`P��l:XãeRdTdTikjxe�\N[0h�`afg[0i
Y¡]Th�\^`abc[0h�XN_a`abksJeR`g[0f�eRh�z�eR]Tn2s|X^h�`�`aV�X�n?X^h�X^fteRi÷lWeRn?X!s|[+zTX^i�bkh�X /�]>eR`abc[0h
�Á� �ªv�j�em_gX^`�[RY>bkh�`gX^fte0\^`abc[0h�_�v/X^`8l:XNX^hJ[0v�_gX^fa{2eRvTicX:bkh�z�bk{+bcz�]>eRi>eRh�z u [0v!\gV>eRfÁ�
e0\^`gX^fabc_a`abc\N_P�

+oX^h�[0`gX
S
`aV�X

NT × P
sJeR`afab���[RY

P
bkh�`gX^fte0\^`abc[0h�_�v/X^`8l:XNX^h�bkh�z�bk{+bcz+�

]>eRi�eRh�z u [0v�\gV>eRfte0\^`gX^fabc_a`abc\N_�eRh�z�e0_g_a]Ts|X�`aV>eR`Z\N[0h�z�bk`abc[0h>eRi�[0h
S
bkh�z�bk{+bcz+�

]>eRi�\gV>eRfte0\^`gX^fabc_a`abc\N_�eRh�z���fas�]Th�[0v�_gX^fa{2eRvTicXN_$eRfgX�[0fa`aV�[0n?[0h>eRi;�!UWV�X^hª�r`aV�X
l*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRi�XN_a`abksJeR`g[0fZ[0h~`aV�XãeR]Tn2s|X^h�`gXNz�lWeRn?XãX /�]>eR`abc[0h

lnwit = z′itβ + x′
itδ + s′itα+ ci + φj(i) + uit,

� ,?�
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bc_�\N[0h�_abc_a`gX^h�`oeRh�z~eRikic[Pl�_Z]�_*`g[�bks!dTfg[P{?X$[0h�X��J\^bcX^h�\^j?� � �
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UWV�Xxbkh�`gX^fgXN_a`abkhTn�d/XN\^]Tikb�eRfabk`8j�[RYm`aV�XxdTfg[+\NXNz�]TfgX¤dTfgXN_gX^h�`gXNz�bkh�_a]Tv�_gXN\^`abc[0h
��� ��� wJbc_m`aV>eR`�_g[0s|X�_ad/XN\^b��>\PeR`abc[0h \gV�XN\g��_ãeRfgX!eRdTdTikbc\PeRvTicX2�;�Zh�zTX^fm`aV�X�h�]Tiki
V�j+d/[0`aV�XN_abc_m[RY÷\N[0h�z�bk`abc[0h>eRi�[0fa`aV�[0n?[0h>eRikbk`8j�v/X^`8l:XNX^h�bkh�z�bk{+bcz�]>eRi�\gV>eRfte0\^`gX^fÁ�
bc_a`abc\N_ZeRh�zx`aV�X u [0v��8_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`P��v/[0`aV¤`aV�Xol*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRiLXN_a`ab��
sJeR`g[0f:[0h|`aV�XZ_a`teNj?X^fg_P��_a]Tv�_teRs!dTicXZeRh�z|`aV�X�\N[0h�z�bk`abc[0h>eRi�l*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRi
XN_a`abksJeR`g[0f|eRfgXJ\N[0h�_abc_a`gX^h�`P��l*bk`aV�e~n�eRbkh�bkh�X��J\^bcX^h�\^j Y¡fg[0s `aV�X|i�e0_a`�[0h�X2�
�Zh�zTX^fB`aV�X:eRik`gX^fah>eR`abk{?X:[0hTikj�`aV�X�l*bk`aVTbkh��;bkh�z�bk{+bcz�]>eRi�XN_a`abksJeR`g[0f�[0h�_a`teNj?X^fg_Bbc_
\N[0h�_abc_a`gX^h�`P��UWV�]�_P��l:Xm\PeRh|]�_gX�`aV�XZ�oeR]�_asJeRh��Á�-,�� �?��_a`teR`abc_a`abc\*`g[$\N[0s!d>eRfgX
`aV�XãXN_a`abksJeR`abc[0h~fgXN_a]Tik`g_*Y¡fg[0s `aV�X�`8l:[Jz�b�prX^fgX^h�`ZXN_a`abksJeR`g[0fg_Z[RY

[β′, δ′]′
�

�Zh�[0`aV�X^f�d/[2_g_abkvTicX�_ad/XN\^b��>\PeR`abc[0h�\gV�XN\g�"\N[0h�_abc_a`g_�bkh�`gXN_a`abkhTn�`aV�Xx_a`afabc\^`
Xq�T[0n?X^h�X^bk`8jJ[RYB[0]Tf÷lWeRn?XZfgX^n2fgXN_g_g[0fg_P� �m_�dTfg[0d/[2_gXNz|v�j!��[+[0icz�fabcz�n?X��Ew2y2y2w?�q�
b�Y

T = 2
l:XJ\PeRh�zT[¤bk`$d/X^fÁYE[0fas!bkhTn�e���fg_a`$z�b�prX^fgX^h�\NX�XN_a`abksJeR`abc[0h�[RY*`aV�X

[0fabkn2bkh>eRiLX /�]>eR`abc[0h�eR]Tn2s|X^h�`gXNz~v�jx`aV�X�lWeRn?XãfgX^n2fgXN_g_g[0fg_�bkh~icX^{?X^ic_��Ew2y2y2w![0f
w2y2y2ymicX^{?X^ic_q�q�+eRh�z�`aV�X^h|\N[0s!dT]T`abkhTn�eRh

F
�;`gXN_a`�YE[0f�_abkn2hTb��>\PeRh�\NX�[RY�`aV�XWlWeRn?X

fgX^n2fgXN_g_g[0fg_÷bkhJicX^{?X^ic_P��UWV�X�bkh�`a]Tbk`abc[0hxv/X^VTbkh�z|`aVTbc_÷fgX^n2fgXN_g_abc[0h��;v>e0_gXNzJ`gXN_a`�YE[0f
X^h�zT[0n?X^h�X^bk`8j�bc_�`aV>eR`�`aV�X�fgX^n2fgXN_g_g[0fg_�bkh"icX^{?X^ic_�_aV�[0]Ticz�h�[0`�v/X�_abkn2hTb��>\PeRh�`
e0_¤e0zTz�bk`abc[0h>eRi�Xq��dTi�eRh>eR`g[0faj {2eRfab�eRvTicXN_�bkh&`aV�X~��fg_a`�z�b�prX^fgX^h�\NXNz�X /�]>eR`abc[0h
]Th�zTX^f�`aV�X~h�]Tikio[RYã_a`afabc\^`�Xq�T[0n?X^h�X^bk`8j?��UWV�]�_P�Wl:X�XN_a`abksJeR`gX~v�j�[0fgz�bkh>eRfaj
icXPe0_a`Z_ /�]>eRfgXN_*`aV�X�X /�]>eR`abc[0h

∆lnwi2 = ∆z′i2β + ∆x′
i2δ + ∆s′i2α+ z′i2γ + x′

i2λ+ errorit,
�Á�Py?�

eRh�z�l:X|`gXN_a`$`aV�XJh�]Tiki:V�j+d/[0`aV�XN_abc_
�
0
8

[γ ′,λ′]′ = 0
d/X^fÁYE[0fas!bkhTn�`aV�X

F
�

`gXN_a`oYE[0fã_abkn2hTb��>\PeRh�\NX|[RY
[z′i2,x

′
i2]

′ ���;Y:`aV�X�bkh�`gX^fte0\^`abc[0h�`gX^fas|_ sit

eRfgXJeRvTicX
`g[~\PeRdT`a]TfgX!`aV�X|\N[0fafgX^i�eR`abc[0h�v/X^`8l:XNX^h�bkh�z�bk{+bcz�]>eRi÷\gV>eRfte0\^`gX^fabc_a`abc\N_�eRh�z `aV�X
]Th�[0v�_gX^fa{2eRvTicX u [0v��8_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`P�ol:X�_aV�[0]Ticzáh�[0`¤fgX u XN\^`~`aV�X�h�]Tiki
V�j+d/[0`aV�XN_abc_��

0
�

�Lbkh>eRikikj?��l:XJl*bkiki:`gXN_a`$YE[0f�_teRs!dTicX�_gX^icXN\^`abc[0h�vTb�e0_!eRh�z�eR`a`afabk`abc[0hª��UWV�X
_teRs!dTicX~_gX^icXN\^`abc[0h�vTb�e0_!sJeNj�eRfabc_gXxv/XN\PeR]�_gXx`aV�X¤zTX^d/X^h�zTX^h�`|{2eRfab�eRvTicX~\PeRh
[0hTikjãv/X:[0v�_gX^fa{?XNz�l*V�X^h�`aV�X:bkh�z�bk{+bcz�]>eRi�d>eRfa`abc\^bkd>eR`gXN_�bkh�`aV�X:i�eRv/[0]TfLsJeRfa�?X^`
e0_xX^s!dTic[Pj?XNX2� �W`a`afabk`abc[0h�sJeNj [+\N\^]Tf�v/XN\PeR]�_gX�_g[0s|X�[0v�_gX^fa{2eR`abc[0h�_�icXPeN{?X
`aV�X�_teRs!dTicX$YE[0fofgXPe0_g[0h�_m`aV>eR`osJeNj�h�[0`ov/X�X^h�`abkfgX^ikj�fteRh�zT[0s~� �W[0`aV�`aV�XN_gX
`gXN_a`g_xeRfgX~d/X^fÁYE[0fas|XNz&[0h `aV�X�lWeRn?X�X /�]>eR`abc[0háeR]Tn2s|X^h�`gXNz&v�j�`aV�X�dTfg[N��j
bkh�`gX^fte0\^`abc[0h�_�eRh�z�YE[0ikic[Pl*bkhTnJ��[+[0icz�fabcz�n?X��Á�-,.,2º|eRh�z�w2y2y2w?�q�÷�T]Tfa`aV�X^fas|[0fgX2�
bkh�`aV�XN_gX|`gXN_a`g_$`aV�X|]Th�[0v�_gX^fa{?XNz�bkh�z�bk{+bcz�]>eRi*eRh�z���fas XqprXN\^`g_�eRfgX�eRikic[Pl:XNz
`g[|v/X$\N[0fafgX^i�eR`gXNz�l*bk`aV�`aV�XãlWeRn?X$fgX^n2fgXN_g_g[0fg_oeRh�z~`aV�X$_gX^icXN\^`abc[0h�fa]TicXN_ZsJeNj
zTX^d/X^h�z~[0h~`aV�Xo]Th�[0v�_gX^fa{?XNz�XqprXN\^`g_P�
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� :



¹�[0fgXãbkh�zTX^`teRbkic_P��_a]TdTd/[2_gX$`aV>eR`�YE[0foXPe0\gV
t
`aV�X�_gX^icXN\^`abc[0h�X /�]>eR`abc[0h�YE[0f

bkh�z�bk{+bcz�]>eRi
i
� _*i�eRv/[0]Tf�sJeRfa�?X^`�d>eRfa`abc\^bkd>eR`abc[0h�bc_

dit = 1[Fiψt + εit > 0], εit|Fi ∼ N(0, 1),
�Á�2� �

l*V�X^fgX
Fi

bc_meJ_gX^`m[RY÷Xq�T[0n?X^h�[0]�_m{2eRfab�eRvTicXN_�eRh�z
1[·]
bc_oeRh�bkh�z�bc\PeR`g[0fmY¡]Th�\q�

`abc[0h�l*VTbc\gV�bc_�]ThTbk`8j�b�Ymbk`g_|eRfan2]Ts|X^h�`|bc_�`afa]�X¤eRh�z �PX^fg[ [0`aV�X^fal*bc_gX2��UWV�X
Xq�T[0n?X^h�[0]�_÷fgX^n2fgXN_g_g[0fg_�dTfgXNz�bc\^`abkhTn�`aV�X*d>eRfa`abc\^bkd>eR`abc[0h�bkh|`aV�X�i�eRv/[0]Tf�sJeRfa�?X^`
eRfgX.8on?X^h�zTX^fP�ªn?XN[0n2fteRdTVTbc\PeRiWeRfgXPe � �~z�]Ts!s!bcXN_q�q�BXNz�]�\PeR`abc[0h&� �~z�]Ts!s!bcXN_q�q�
sJeRfabk`teRi�_a`teR`a]�_P�/eRn?X2��bk`g_m_ /�]>eRfgX2��e|z�]Ts!s$j¤YE[0fZV�]�_av>eRh�z�l:[0fa�+bkhTnx_a`teR`a]�_P�
h�]Ts$v/X^fx[RY�\gVTbkicz�fgX^h&bkh&��eRn?X¤n2fg[0]Td�_��EyP��º�� �P��� ����eRh�z��PºP��� �?�q��e�`abks|X
z�]Ts!s$j?��eRh�zJ`aV�XZbkh�`gX^fte0\^`abc[0h�_*v/X^`8l:XNX^hxn?X^h�zTX^f�eRh�z�XNz�]�\PeR`abc[0h¤z�]Ts!s!bcXN_P�
UWV�XãfgX^n2fgXN_g_g[0fg_Zbkh�eRikiB`abks|Xãd/X^fabc[+zT_ZX^h�`gX^fmbkh�`g[J`aV�Xã_gX^icXN\^`abc[0h�X /�]>eR`abc[0h�eR`
`abks|X

t
`g[�eRikic[Pl YE[0f|_gX^icXN\^`abc[0h�s|[+zTX^ic_!l*bk`aV�]Th�[0v�_gX^fa{?XNz�XqprXN\^`g_P� �m_abkhTn

eJ¹�]Th�z�i�eR���Á�-,�� �?�meRdTdTfg[?e0\gVª�rl:X�\PeRh�fgX^dTi�e0\NX
Fi

l*bk`aV
(fit, f̄i)

��l*V�X^fgX
f̄izTX^h�[0`gXN_m`aV�X$bkh�z�bk{+bcz�]>eRiLs|XPeRh�_P�/eRh�zr�/e0_g_a]Ts!bkhTn�`aV>eR`m`aV�X$\N[+X��J\^bcX^h�`g_ãeRfgX

`abks|Xq�8\N[0h�_a`teRh�`P�>l:X�\PeRh�XN_a`abksJeR`gX�`aV�X^s v�j�d/[+[0icXNzxdTfg[0vTbk`P� �Zh�\NXol:X�V>eN{?X
\N[0s!dT]T`gXNz�`aV�X�bkh�{?X^fg_gX�¹�bkikic_mfteR`abc[2_P�/l:X�bkh�`afg[+z�]�\NX�`aV�X^s bkh�`g[x`aV�X�\N[0h�z�b��
`abc[0h>eRi���� s|[+zTX^i 8:`aV�X$_teRs!dTicX$_gX^icXN\^`abc[0h�`gXN_a`Zbc_�n2bk{?X^h�v�j¤`aV�X

t
_a`teR`abc_a`abc\N_

�¬]�_abkhTn|fg[0vT]�_a`Z_a`teRh�z�eRfgz~X^fafg[0fg_q�W[0h¤`aV�X�bkh�{?X^fg_gXã¹�bkikic_*fteR`abc[2_P�
�m_BfgX^n�eRfgz!eR`a`afabk`abc[0hª�2bkh!w2y2y2yZl:X÷V>eN{?XW_g[0s|XWX^s!dTic[Pj?XNXN_�`aV>eR`�z�bc_teRdTd/XPeRf

bkh�w2y2y2w!v/XN\PeR]�_gX�`aV�X^j¤v/XN\N[0s|XãX^bk`aV�X^fZh�[0`Á�8X^s!dTic[Pj?XNz�[0fZ_gX^i�Y¬�8X^s!dTic[Pj?XNz�[0f
`aV�X^j|z�fg[0dJ[0]T`÷`aV�X�_a]Tfa{?X^j?��UWV�X�fgXPe0_g[0h�_�YE[0f�l*VTbc\gVJ`aV�X^j!icXPeN{?X�`aV�XZ_teRs!dTicX
\N[0]Ticz h�[0`ãv/X�fteRh�zT[0s~�ªYE[0fãbkh�_a`teRh�\NX!`aV�X^j�\N[0]Ticz�zTX^d/X^h�z�[0h V>eN{+bkhTn�V>e0z
e|`gX^s!d/[0fteRfaj�\N[0h�`afte0\^`�bkh�w2y2y2y��o�Lbkfg_a`P�>l:X$fgX^l*fabk`gX�[0]Tf�eR]Tn2s|X^h�`gXNz�lWeRn?X
X /�]>eR`abc[0h~bkh¤��fg_a`�z�b�prX^fgX^h�\NXN_P�Tj+bcX^icz�bkhTn

∆lnwi2 = ∆z′i2β + ∆x′
i2δ + ∆s′i2α+ ∆ηi2.

�Á�Pw?�
· [0h�_abczTX^fabkhTn�`aV>eR`¤bkhá[0]Tfxd>eRh�X^i

T = 2
eRh�z�\N[0h�z�bk`abc[0h>eRi$[0h�v/X^bkhTn�eRh

X^s!dTic[Pj?XNX�bkh�w2y2y2y��Ll:X�\PeRh�l*fabk`gXJ`aV�X�_gX^icXN\^`abc[0h"X /�]>eR`abc[0h�bkh�`g[�`aV�Xxw2y2y2w
X^s!dTic[Pj?XNXN_P�>_teRs!dTicX$e0_WYE[0ikic[Pl�_-8

ai2 = 1[gi2ζ2+εi2 > 0], εi2|{gi2,∆xi2,∆zi2,∆si2, ai1 = 1} ∼ N(0, 1),�Á�P�?�
l*V�X^fgX

gi2
\N[0h�`teRbkh�_�[0]TfãlWeRn?XJfgX^n2fgXN_g_g[0fg_ãbkh�w2y2y2y¤icX^{?X^ic_��¬l*VTbc\gV"eRfgXJ[0v��

_gX^fa{?XNz�v/[0`aVJYE[0f:`aV�XoX^s!dTic[Pj?XNXN_Wbkhx[0]TfWd>eRh�X^iªeRh�z|YE[0f:`aV�XoX^s!dTic[Pj?XNXN_*`aV>eR`
z�fg[0d�[0]T`Z[RY�`aV�Xã_teRs!dTicXobkh�w2y2y2w?�q�
UWV�X^hª�Tbk`*bc_*d/[2_g_abkvTicXo`g[|_aV�[Pl�`aV>eR`

E (∆ lnwi2|∆zi2,∆xi2,∆si2,gi2, ai2 = 1) =

= ∆z′i2β + ∆x′
i2δ + ∆s′i2α+ ρ2λ(gi2ζ2),

�Á� �+�
l*V�X^fgX

λ(gi2ζ2)
bc_!`aV�X¤bkh�{?X^fg_gX�¹�bkikic_!fteR`abc[T�:b�Y�[0]Tf|lWeRn?X~fgX^n2fgXN_g_g[0fg_�eRfgX

_a`afabc\^`aikj¤Xq�T[0n?X^h�[0]�_P��_gX^icXN\^`abc[0h�zT[+XN_*h�[0`ZzTX^d/X^h�z~[0h~`aV�X^bkf*��fg_a`Á�8z�b�prX^fgX^h�\NXN_

� 




[0h�\NX~l:X~V>eN{?X�\N[0h�`afg[0ikicXNz�YE[0f|`aV�X^bkfxw2y2y2y icX^{?X^ic_P�*eRh�z
∆ηi2

eRh�z
εi2
eRfgX

u [0bkh�`aikj�h�[0fasJeRi;� � ��UWV�]�_P��e~`gXN_a`ãYE[0f�eR`a`afabk`abc[0h�\PeRh�v/XJ\N[0s!dT]T`gXNz�bkh�`8l:[
_a`gX^d�_-8
b¬����_a`abksJeR`gXmX /�]>eR`abc[0h �Á�P�?��]�_abkhTn!eã\^fg[2_g_:_gXN\^`abc[0h�dTfg[0vTbk`*eRh�z�\N[0s!dT]T`gX
`aV�XãXN_a`abksJeR`gXNz¤bkh�{?X^fg_gXã¹�bkikic_*fteR`abc[2_

λ̂(gi2ζ̂2)
�

bkb¬���Z]Tn2s|X^h�`*X /�]>eR`abc[0h��Á�Pw?��v�j
λ̂i2
�+XN_a`abksJeR`gXm]�_abkhTn � 4L}��TeRh�z�`gXN_a`:`aV�X

h�]TikiªV�j+d/[0`aV�XN_abc_
H0

8
ρ2 = 0

�

� � 
 � 
 
&�

 
�
�� �	� �

UWV�X�X^s!dTbkfabc\PeRi*eRh>eRikj�_abc_$V>e0_$v/XNX^h�\N[0h�z�]�\^`gXNz�]�_abkhTn�`aV�Xxw2y2y2y�eRh�z"w2y2y2w
lWeN{?XN_L[RY�`aV�X÷}�]Tfa{?X^j�[RYT�8`teRikb�eRh$�m[0]�_gX^V�[0iczT_P�P�8h�\N[0s|X�eRh�z���XPeRik`aV��;}+�m�8���q� � �
UWV�X*}+�m�8� bc_Le*h>eR`abc[0h>eRikikjãfgX^dTfgXN_gX^h�`teR`abk{?XW_a]Tfa{?X^jã\N[0h�z�]�\^`gXNz$v�j�`aV�X �*eRhT�
[RYr�8`teRikj�X^{?X^faj�`8l:[�j?XPeRfg_�_abkh�\NXo�-,��.,����m_�`aV�X /�]�XN_a`abc[0h|eRv/[0]T`�`aV�X*\N[0h�`afte0\^`
`8j+d/XolWe0_*bkh�`afg[+z�]�\NXNz¤bkh�w2y2y2y�� � 
 l:X�\PeRhTh�[0`�]�_gXZYE[0f�[0]Tf*fgXN_gXPeRfg\gV~dTfg[ u XN\^`
dTfgX^{+bc[0]�_�_a]Tfa{?X^j�_P�~UWV�Xxw2y2y2w~lWeN{?X�\N[P{?X^fg_���� y��2�JV�[0]�_gX^V�[0iczT_�\N[0s!d/[2_gXNz
[RY�w2w��k� � ��bkh�z�bk{+bcz�]>eRic_�eRh�z��P��� º2� �$bkh�\N[0s|Xq�8XPeRfah�X^fg_P�÷UWV�XmV�[0]�_gX^V�[0iczT_W`aV>eR`
l:X^fgX�bkh�`gX^fa{+bcX^l:XNz�eRic_g[�bkh�w2y2y2y¤eRfgX|��� �2y2º��$UWV�X|w2y2y2y�lWeN{?X!\N[P{?X^fg_���� y2y��
V�[0]�_gX^V�[0iczT_P�>w2w�� w ���!bkh�z�bk{+bcz�]>eRic_P�>eRh�z��P��� ��� �|bkh�\N[0s|XãXPeRfah�X^fg_P�
}�bkh�\NX�_gX^i�Y¬�8X^s!dTic[Pj?XNzJl:[0fa�?X^fg_WeRfgX�zTXNX^s|XNz|`g[�v/X*_a`afa]�\^`a]TfteRikikj|z�b�prX^fgX^h�`

Y¡fg[0s _teRi�eRfabcXNzxl:[0fa�?X^fg_P��`aV�X^j¤eRfgXmfgX^s|[P{?XNzxY¡fg[0s `aV�Xo_teRs!dTicX2����XmicXqY¡`*[0]T`
bkh�z�bk{+bcz�]>eRic_$[0]T`ã[RYW`aV�X�fteRhTn?X~�PºP� �2ºxj?XPeRfg_ã[RY*eRn?X2�ªl:X!fgX^s|[P{?XNz bkh�z�bk{+bcz+�
]>eRic_ml*V�[Jl:X^fgX$h�[0`o_teRi�eRfabcXNz�l:[0fa�?X^fg_obkh w2y2y2yJ[0fow2y2y2w��reRh�z�l:X�Xq�T\^ik]�zTXNz
[0v�_gX^fa{2eR`abc[0h�_ãikj+bkhTn¤bkh `aV�X���fg_a`$eRh�z bkh `aV�X�i�e0_a`�d/X^fg\NX^h�`abkicXN_$[RYW`aV�X�lWeRn?X
eRh�z�l:XNX^�+ikj�l:[0fa�+bkhTn¤V�[0]Tfg_ãz�bc_a`afabkvT]T`abc[0h�_P�ªfgXN_ad/XN\^`abk{?X^ikj?���Lbkh>eRikikj?�rl:X!Xq�+�
\^ik]�zTXNzx[0v�_gX^fa{2eR`abc[0h�_Wl*bk`aV�s!bc_g_abkhTn�{2eRik]�XN_÷YE[0fW_g[0s|Xm[RYª`aV�Xm{2eRfab�eRvTicXN_:]�_gXNz
bkh�`aV�X¤_ad/XN\^b��>\PeR`abc[0h [RYo`aV�XxlWeRn?X~s|[+zTX^i;�:X^h�z�bkhTn�]Td�l*bk`aV&e�_teRs!dTicX~[RY
��� ���0y|[0v�_gX^fa{2eR`abc[0h�_P�>\N[0fafgXN_ad/[0h�z�bkhTn�`g[Jw��k� �2º|X^s!dTic[Pj?XNXN_�e0\^fg[2_g_�`8l:[J`abks|X
d/X^fabc[+zT_P�

�m_:l:XmV>eN{?X�_gXNX^hxbkh¤_a]Tv�_gXN\^`abc[0h���� ���k�2��l*V�X^h¤l:Xm`afajJ`g[$Y;e0\NX�eRh�zx_g[0ik{?X
`aV�X�X^h�zT[0n?X^h�X^bk`8j�n?X^h�X^fteR`gXNz�v�j `aV�X�\N[0fafgX^i�eR`abc[0háv/X^`8l:XNX^há]Th�[0v�_gX^fa{2eRvTicX
u [0v��8_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`g_WeRh�z!bkh�z�bk{+bcz�]>eRi�\gV>eRfte0\^`gX^fabc_a`abc\N_:l:X*l*bkiki>_adTikbk`�`aV�X
_teRs!dTicX!bkh�`g[~`aV�X!s|[P{?X^fg_P�ª_a]Tv�_teRs!dTicXJeRh�z `aV�X|_a`teNj?X^fg_P�ª_a]Tv�_teRs!dTicX2�JUWV�X
i�eR`a`gX^f�bc_�sJe0zTX*]Td|[RYª��� ,2w2w�[0v�_gX^fa{2eR`abc[0h�_�\N[0fafgXN_ad/[0h�z�bkhTn$`g[!�2� , ����X^s!dTic[Pj��
XNXN_P��l*VTbkicX�`aV�X�s|[P{?X^fg_P��_a]Tv�_teRs!dTicX�bc_�\N[0s!d/[2_gXNz¤v�j � � �![0v�_gX^fa{2eR`abc[0h�_WYE[0f
w2w �JX^s!dTic[Pj?XNXN_P�
�8h~_a]Tv�_gXN\^`abc[0h ��� ��� ��l:X�V>eN{?X�bkh�`afg[+z�]�\NXNz~`gXN_a`g_*`g[|\gV�XN\g�¤`aV�XodTfgXN_gX^h�\NX

[RY÷_teRs!dTicX$_gX^icXN\^`abc[0h eRh�z�eR`a`afabk`abc[0h�vTb�e0_gXN_P�*UWV�X^j�eRfgXãd/X^fÁYE[0fas|XNz~`aVTfg[0]Tn2V
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dTfg[0vTbk`~XN_a`abksJeR`abc[0h�_�[RY�_gX^icXN\^`abc[0h�X /�]>eR`abc[0h�_P�(UWV�X�dTfg[0vTbk`¤d>eRfa`abc\^bkd>eR`abc[0h
X /�]>eR`abc[0h!bc_�XN_a`abksJeR`gXNz�]�_abkhTn!�Py�� �., ��[0v�_gX^fa{2eR`abc[0h�_�\N[0fafgXN_ad/[0h�z�bkhTn�`g[oº��k�-,��
bkh�z�bk{+bcz�]>eRic_ �¬bkh�z�bk{+bcz�]>eRic_Jbkh�`gX^fa{+bcX^l:XNz&v/[0`aV bkh�w2y2y2y�eRh�z&w2y2y2w�vT]T`Jh�[0`
_teRi�eRfabcXNz"l:[0fa�?X^fg_�bkh�[0h�Xx[RYm`aV�XN_gXJ`8l:[�j?XPeRfg_q�q�
�m_�fgX^n�eRfgz"`aV�X¤eR`a`afabk`abc[0h
vTb�e0_÷`gXN_a`P��`aV�XZ\^fg[2_g_÷_gXN\^`abc[0h�dTfg[0vTbk`:_gX^icXN\^`abc[0hxX /�]>eR`abc[0h�bc_÷XN_a`abksJeR`gXNzJ]�_abkhTn
w�� �0y �!bkh�z�bk{+bcz�]>eRic_Z\N[0fafgXN_ad/[0h�z�bkhTnJ`g[Jw��k� �2º|X^s!dTic[Pj?XNXN_P� � �!_gX^i�Y¬�8X^s!dTic[Pj?XNzr�
w � ��h�[0`Á�8X^s!dTic[Pj?XNz!eRh�z�� �.,*bkh�z�bk{+bcz�]>eRic_Ll*V�[mz�fg[0d�[0]T`L`aV�X÷_a]Tfa{?X^j�bkh�w2y2y2w��
UWV�X�{2eRfab�eRvTicXN_�[RY�dTfabksJeRfajxbkh�`gX^fgXN_a`oeRfgX.8

•
· [0h�`afte0\^`�`8j+d/X2�

TCit

���8`ãbc_�e¤z�]Ts!s$j�{2eRfab�eRvTicX|l*VTbc\gV�bc_$X /�]>eRi÷`g[
yxb�Y*`aV�X!bkh�z�bk{+bcz�]>eRi:bc_�exd/X^fasJeRh�X^h�`�l:[0fa�?X^f�eRh�z�X /�]>eRi�`g[��!b�Y*`aV�X
bkh�z�bk{+bcz�]>eRiZbc_xe��T�TXNz+�;`gX^fas l:[0fa�?X^fx[0f�e l:[0fa�?X^fJYE[0f�e `gX^s!d/[0fteRfaj
l:[0fa�~eRn?X^h�\^j?�

•
}+X^hTbc[0fabk`8j?��bkh�z�bc\PeR`abkhTn!`aV�Xmh�]Ts$v/X^f�[RYªj?XPeRfg_*\N[0s!bkhTn�Y¡fg[0s(`aV�Xoz�b�prX^fÁ�
X^h�\NXZv/X^`8l:XNX^h¤eRn?XoeRh�z�eRn?XoeR`÷l*VTbc\gV�`aV�XZl:[0fa�?X^f:V>e0_÷v/X^n2]Th�`aV�X u [0v
d/X^fÁYE[0fas|XNz�eR`*`aV�X�bkh�`gX^fa{+bcX^l j?XPeRfP�
UWV�X�z�eR`te|eRikic[Pl�_*]�_*`g[!z�bc_a`abkhTn2]Tbc_aV~v/X^`8l:XNX^h~`8l:[!`8j+d/XN_�[RY�`gX^s!d/[0fteRfaj

l:[0fa�?X^fg_-8��T�TXNz+�;`gX^fas \N[0h�`afte0\^`g_�eRh�z�l:[0fa�?X^fg_ãYE[0f�`gX^s!d/[0fteRfaj�l:[0fa� eRn?X^h��
\^bcXN_P��UWV�X�_asJeRiki*_teRs!dTicX�_ab��PX�[RYZl:[0fa�?X^fg_�YE[0f�`gX^s!d/[0fteRfaj�l:[0fa��eRn?X^h�\^bcXN_
YE[0fg\NXN_*]�_W`g[|eRn2n2fgX^n�eR`gX�`gX^s!d/[0fteRfajxl:[0fa�?X^fg_�bkh~e�]ThTb*/�]�X�\PeR`gX^n?[0faj?� �ut�UWV�X
d/X^fg\NX^h�`teRn?XW[RYT`gX^s!d/[0fteRfajã\N[0h�`afte0\^`g_Lbc_ªn2bk{?X^h�bkh�ULeRvTicXWw�� �Z{?X^f�w2y2y2yP��w2y2y2w��
`aV�X$eN{?X^fteRn?Xãd/X^fg\NX^h�`teRn?X$[RY�l:[0fa�?X^fg_�l*bk`aV�e�`gX^s!d/[0fteRfaj u [0v~bc_ ���k�2� ��� �u�
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UWV�XmzTX^d/X^h�zTX^h�`W{2eRfab�eRvTicXZbc_�`aV�XZh>eR`a]TfteRi�ic[0n�eRfabk`aVTs [RYª`aV�XoeN{?X^fteRn?Xmh�X^`
V�[0]Tfaikj�lWeRn?X¤�¬bkh X^]Tfg[2_�eRh�z�bkh w2y2y2wJdTfabc\NXN_q�q�

lnwit

�/\N[0s!dT]T`gXNz�]�_abkhTnxbkh��
YE[0fasJeR`abc[0h!dTfg[P{+bczTXNz�v�j$`aV�X*}+�m�8� [0h�`aV�X*eN{?X^fteRn?XWh�X^`�s|[0h�`aVTikj$lWeRn?X�eRh�z
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`aV�XZeN{?X^fteRn?X�l:XNX^�+ikj�l:[0fa�+bkhTnãV�[0]Tfg_P��ULeRvTicXmwoz�bc_adTi�eNj�_�`aV�XZeN{?X^fteRn?X�V�[0]Tfaikj
lWeRn?X�z�bc_teRn2n2fgX^n�eR`gXNz�v�j~\N[0h�`afte0\^`o`8j+d/X2�>`aV�XãlWeRn?X$d/X^h>eRik`8j?��`aV�XãlWeRn?X�z�b�Y¬�
YEX^fgX^h�\NX2�ªeRh�z�bk`g_o_abkn2hTb��>\PeRh�\NX2� �Z{?X^fãw2y2y2yP��w2y2y2w��/`aV�X!eN{?X^fteRn?X�V�[0]Tfaikj�h�X^`
lWeRn?X"�¬bkh&w2y2y2w dTfabc\NXN_q��bc_JX /�]>eRiZ`g[ ,�� y��

e
YE[0f|d/X^fasJeRh�X^h�`�l:[0fa�?X^fg_¤eRh�z

�+� ,2w
e
YE[0f:`gX^s!d/[0fteRfaj�X^s!dTic[Pj?XNXN_P��UWV�XmlWeRn?Xoz�b�prX^fgX^h�\NX!�Á�2� y.,

e
��bc_W_abkn2hTb�Y¬�

bc\PeRh�`oeRh�z¤`aV�XolWeRn?Xãd/X^h>eRik`8j�Y¡fg[0s `aV�XN_gX�fteNl z�eR`te�bc_ZeRv/[0]T`ã�Pw?���
UWV�X l:[0fa�áXq��d/X^fabcX^h�\NX bc_�e0\^`a]>eRikikj�e�d/[0`gX^h�`ab�eRi$l:[0fa�áXq��d/X^fabcX^h�\NX bkh

j?XPeRfg_P��}�bkh�\NX�h�[�bkh�YE[0fasJeR`abc[0h eRv/[0]T`�d>e0_a`�X^s!dTic[Pj+s|X^h�`�eRh�z�]Th�X^s!dTic[Pj��
s|X^h�`�_ad/X^ikic_xbc_�eN{2eRbki�eRvTicX2�ol:X�\PeRh�[0hTikj�eRdTdTfg[N��bksJeR`gX�l:[0fa�áXq��d/X^fabcX^h�\NX
]�_abkhTn `aV�XxdTfg[P{+bczTXNz�bkh�YE[0fasJeR`abc[0h&eRv/[0]T`!`aV�X~eRn?X¤eR`!l*VTbc\gV [0]Tf!l:[0fa�?X^fg_
v/X^n�eRh~`aV�X^bkf*��fg_a` u [0v�e0\^`abk{+bk`8j?�
�8h�`aV�X�lWeRn?X�X /�]>eR`abc[0h�_ad/XN\^b��>\PeR`abc[0h&l:X�\N[0h�`afg[0imYE[0fJl:[0fa�+bkhTn�V�[0]Tfg_

bkh�\^ik]�z�bkhTn�e�z�]Ts!s$j�{2eRfab�eRvTicX�l*VTbc\gV�bc_�X /�]>eRi:`g["�Jb�YZ`aV�X�l:[0fa�?X^f!V>e0_!e
d>eRfa`Á�;`abks|X�\N[0h�`afte0\^`P����XozT[$h�[0`�eRdTdTikjxeRh�j|d>eRfa`abc\^]Ti�eRf�zTXq��hTbk`abc[0h~[RYªd>eRfa`Á�
`abks|X~v>e0_gXNz [0h�`aV�X~h�]Ts$v/X^fx[RY�l:[0fa�+bkhTn�V�[0]Tfg_-8�X^s!dTic[Pj?XNXN_xeRfgX�_abks!dTikj
fgX /�]TbkfgXNz¤`g[�_gX^i�Y¬�8zTXq��h�Xo`aV�X^bkfZ\N[0h�`afte0\^`g_Z\gV�[+[2_abkhTn!v/X^`8l:XNX^h �8d>eRfa`Á�;`abks|X��ã[0f
�;Y¡]Tiki��;`abks|X��t��¹�[0fgX�zTX^`teRbkic_�eRv/[0]T`x`aV�X�zTXq��hTbk`abc[0h eRh�z�`aV�X�\N[0h�_a`afa]�\^`abc[0h
[RY�`aV�X�{2eRfab�eRvTicXN_¤]�_gXNz&bkhá[0]Tf¤lWeRn?X�s|[+zTX^ic_~eRfgX�fgX^d/[0fa`gXNz�bkh�`aV�X z�eR`te
eRdTd/X^h�z�b��1���¿w��
ULeRvTicXo��fgX^d/[0fa`g_÷`aV�X u [0vJ\N[0s!d/[2_abk`abc[0h�v�j|bkh�z�bk{+bcz�]>eRireRh�z!��fas \gV>eRfte0\q�

`gX^fabc_a`abc\N_�[RY�`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_P�/d/X^fasJeRh�X^h�`�l:[0fa�?X^fg_P�ªeRh�z�`aV�X�\N[0s!dTicX^`gX
_teRs!dTicX2����Xã\PeRh�_gXNX�`aV>eR`�`gX^s!d/[0fteRfajxl:[0fa�?X^fg_oeRfgX�j?[0]ThTn?X^fP��`aV�X^j�V>eN{?X�e
_asJeRikicX^f u [0v�_gX^hTbc[0fabk`8j�eRh�z�eJ_aV�[0fa`gX^f u [0v�Xq��d/X^fabcX^h�\NX2�Z�8`Zbc_mXPe0_abcX^fZ`g[|��h�z
ic[Pl XNz�]�\PeR`gXNz~X^s!dTic[Pj?XNXN_meRs|[0hTn!`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_P���&VTbkicXãeRv/[0]T`Zw��?�
[RY�`aV�XãX^s!dTic[Pj?XNXN_Zikbk{?XN_*bkh~`aV�X�}+[0]T`aV�[RY��8`teRikj �;}+[0]T`aV�eRh�z~�¿_ai�eRh�zT_q�q��b�Y�l:X
fgXN_a`afabc\^`$[0]TfoYE[+\^]�_ã[0h `gX^s!d/[0fteRfaj�l:[0fa�?X^fg_P�ª`aV�X^h�l:X!h�[0`gX�`aV>eR`ã`aVTbc_�d/X^fÁ�
\NX^h�`teRn?X�bkh�\^fgXPe0_gXN_Z]Td�`g[�º2�?���>s|XPeRhTbkhTn�`aV>eR`ms|[0fgXã`aV>eRh�[0h�XãV>eRi�Y÷[RY�`aV�X
�8`teRikb�eRh�`gX^s!d/[0fteRfaj|l:[0fa�?X^fg_:ikbk{?XN_:bkhJ`aV�X�}+[0]T`aVx[RYB�8`teRikj?����Xm\PeRhxeRic_g[ã��h�z
emi�eRfan?XWdTfgXN_gX^h�\NX*[RY�`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_:eRs|[0hTn�ic[Pl�_a�+bkiki u [0v�_-8ª`aV�XWl:X^bkn2V�`
[RY�eRn2fabc\^]Tik`a]TfgX2��vT]Tbkicz�bkhTn!eRh�zx\N[0h�_a`afa]�\^`abc[0hª��zT[0s|XN_a`abc\o_gX^fa{+bc\NXN_P��eRh�z�_asJeRiki
_ab��PXZ��fas|_ã�¬]Tdx`g[x�-,�X^s!dTic[Pj?XNXN_q�:bc_:d>eRfa`abc\^]Ti�eRfaikj�VTbkn2Vª���Lbkh>eRikikj?��l:Xmh�[0`abc\NX
`aV>eR`obk`mbc_Zs$]�\gV�XPe0_abcX^fm`g[�[0v�_gX^fa{?X!e|vTik]�X�\N[0iki�eRfãeRs|[0hTnx`gX^s!d/[0fteRfaj�\N[0h��
`afte0\^`g_�� �2w�� w?� [RYª`gX^s!d/[0fteRfaj|l:[0fa�?X^fg_*eRfgXZvTik]�XZ\N[0iki�eRfg_q��`aV>eRh�`g[$[0v�_gX^fa{?Xoe
vTik]�Xo\N[0iki�eRf�eRs|[0hTn!d/X^fasJeRh�X^h�`�X^s!dTic[Pj?XNXN_$� ��y�� �?��[RYBd/X^fasJeRh�X^h�`*l:[0fa�?X^fg_
eRfgX�vTik]�Xã\N[0iki�eRfg_q�q� �Q�
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: :



`aV�X�_teRs|X!��fas~��_abkh�\NX|`aV�XJ`gX^s!d/[0fteRfaj l:[0fa�?X^fP� _�fgX^`a]Tfah�_�`g[�_gX^hTbc[0fabk`8j�eRfgX
VTbkn2V�X^fm`aV>eRh�`aV�X$\N[0s!d>eRfteRvTicX$d/X^fasJeRh�X^h�`ol:[0fa�?X^fP� _o[0h�XN_P����Y¡`gX^fm[0h�Xãj?XPeRf
[RY�_gX^hTbc[0fabk`8j?��`aV�XmlWeRn?Xon�eRd�YE[0f�e$`gX^s!d/[0fteRfajJl:[0fa�?X^f�bc_:fgXNz�]�\NXNzxv�jxeRv/[0]T`
w�� ��d/X^fg\NX^h�`teRn?Xãd/[0bkh�`g_P�
�Lbkn2]TfgX��Jz�bc_adTi�eNj�_$`aV�XJXN_a`abksJeR`gXNz�lWeRn?XJd/X^h>eRik`abcXN_�[P{?X^f u [0v�_gX^hTbc[0fabk`8j

YE[0fW`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_P� �#�¤��X�\PeRh¤h�[0`gXo`aV>eR`*`aV�XolWeRn?Xod/X^h>eRik`8jJYE[0f*`gX^s��
d/[0fteRfaj�l:[0fa�?X^fg_�bc_�zTXN\^fgXPe0_abkhTn$bkhJ_gX^hTbc[0fabk`8j?��bkh�zTX^d/X^h�zTX^h�`aikj|[0h|`aV�X�XN_a`abksJe �
`abc[0h�`gXN\gVThTb*/�]�X2��X^{?X^h�b�Y*`aV�X!]ThTb*/�]�X�eRh�z�_aikbkn2V�`�X^{+bczTX^h�\NXJ[RY�_abkn2hTb��>\PeRh�\NX
YE[0f*`aVTbc_�d>eRfa`abc\^]Ti�eRfZd>eR`aV�\N[0s|XN_*Y¡fg[0s `aV�Xã\N[0h�z�bk`abc[0h>eRiL��� XN_a`abksJeR`gX2�÷UWV�X
\N[0h�z�bk`abc[0h>eRi���� XN_a`abksJeR`g[0f�eRic_g[mdTfg[P{+bczTXN_�`aV�XW_a`gXNX^d/XN_a`LlWeRn?X:d/X^h>eRik`8j$d>eR`aV98
`aV�X�lWeRn?X!z�b�prX^fgX^h�`ab�eRi�v/X^`8l:XNX^h `gX^s!d/[0fteRfaj eRh�z�d/X^fasJeRh�X^h�`ãl:[0fa�?X^fg_ãz�bc_Á�
eRdTd/XPeRfg_Ze Y¡`gX^f�s|[0fgXo`aV>eRh�º�j?XPeRfg_�[RY�`gX^s!d/[0fteRfajxX^s!dTic[Pj+s|X^h�`ml*bk`aVTbkh~`aV�X
_teRs|XZ��fas~����{?X^hxb�YB`aVTbc_:��h�z�bkhTn!bc_W\N[0h�_abc_a`gX^h�`*l*bk`aVx`aV�Xmbkh�_a`abk`a]T`abc[0h>eRiª_gX^`Á�
`abkhTn��2e0\N\N[0fgz�bkhTnm`g[*l*VTbc\gV�`aV�X^fgX�bc_rh�[meWsJe ��bks$]Tsòz�]TfteR`abc[0h$YE[0fª`gX^s!d/[0fteRfaj
\N[0h�`afte0\^`g_P��bk`ZzT[+XN_�h�[0`m_gXNX^s `g[!v/X�fgXPeRikbc_a`abc\x�¬bkh 3 eRn2ikb�eRfgz�]�\N\^b*�Ew2y2y2º?�*`aV�X
�8`teRikb�eRh�s|XNz�b�eRh"icX^hTn2`aV�[RYm`gX^s!d/[0fteRfaj u [0v�_�bc_|eRfg[0]Th�z�w2y�s|[0h�`aV�_q�q����X
\PeRh�eRic_g[�h�[0`gX�Y¡fg[0s���n2]TfgX¤��`aV>eR`P�Be0_�_g[+[0h e0_ol:X!\N[0h�`afg[0i�YE[0fo]Th�[0v�_gX^fa{��
eRvTicX�\N[0s!d/[0h�X^h�`g_P��`aV�XmlWeRn?X�n�eRd~\^]Tfa{?X�dTbk{?[0`g_ZeRh�zxl:XoV>eN{?X�VTbkn2V�X^f*lWeRn?X
d/X^h>eRik`abcXN_�YE[0f÷`gX^s!d/[0fteRfaj!l:[0fa�?X^fg_*eRh�z!Y;e0_a`gX^f÷\PeR`g\gVTbkhTn�]TdJfteR`gXN_�l*V�X^h�`aV�X
zTX^n2fgXNXã[RY�d>eRfa`abc\^bkd>eR`abc[0h�`g[�`aV�Xo��fas­ikb�YEXobkh�\^fgXPe0_gXN_P�
UWV�]�_P�>`aV�X$X^s!dTbkfabc\PeRi�X^{+bczTX^h�\NX$zT[+XN_Zh�[0`m_a]TdTd/[0fa`Z`aV�X$`aV�XN[0faj~[RY÷\N[0s��

d/X^h�_teR`abkhTn~z�b�prX^fgX^h�`ab�eRic_P�$�T]Tfa`aV�X^fas|[0fgX2�ª`aV�X^fgX�bc_�e�_aikbkn2V�`ãX^{+bczTX^h�\NX�[RYWzTXq�
\^fgXPe0_abkhTn�lWeRn?X~d/X^h>eRik`abcXN_|l*bk`aVTbkh `aV�X~_teRs|Xx��fas~�W_a]TdTd/[0fa`abkhTn�`aV�X�4ª[0Vª� _
�Á�-,., �+�*bkh�`gX^fadTfgX^`teR`abc[0h [RY�`gX^s!d/[0fteRfaj~\N[0h�`afte0\^`g_�e0_me|_g[0fa`abkhTnJs|XN\gV>eRhTbc_as~�
�Lbkfas|_�d/[2_a`*{2e0\PeRh�\^bcXN_Z\gV>eRfte0\^`gX^fab��PXNz�v�j~e�dTfg[0v>eR`abc[0h>eRfaj~_a`teRn?X|�¬`aV�Xã`gX^s��
d/[0fteRfaj~\N[0h�`afte0\^`q�*l*bk`aV�ic[Pl:X^folWeRn?XN_P��vT]T`ZdTfg[0s!bc_abkhTn�VTbkn2V�X^fmlWeRn?XN_oe Y¡`gX^fÁ�
lWeRfgzT_P�rbkh [0fgzTX^fo`g[�n?X^h�X^fteR`gX|e�_gX^i�Y¬�8_gX^icXN\^`abc[0h [RY÷`aV�X�s|[2_a`�_a�+bkiki�Y¡]Ti�\PeRh�z�b��
z�eR`gXN_P� �Z]Tf$fgXN_a]Tik`g_�eRh�z�XN_ad/XN\^b�eRikikj `aV�XJ_a`gXNX^d/X^f$lWeRn?Xq�;`gX^h�]TfgXxdTfg[R��icX!YE[0f
`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_:eRfgX*\N[0h�_abc_a`gX^h�`�l*bk`aV!`aV�XWbkh�`gX^fadTfgX^`teR`abc[0hx[RY/`gX^s!d/[0fteRfaj
u [0v�_*e0_÷dTfg[0v>eR`abc[0h>eRfaj�d/X^fabc[+zT_WeRh�z�l*V�X^h�`aV�XmicX^hTn2`aV¤[RYª`aV�XZdTfg[0v>eR`abc[0h¤bkh��
\^fgXPe0_gXN_P�0l:X*[0v�_gX^fa{?X*eRh�bkh�\^fgXPe0_gX*[RY>`aV�X:lWeRn?X*[RY>`aV�XW_a]�\N\NXN_g_ÁY¡]TiTX^s!dTic[Pj?XNXN_P�
n?X^h�X^fteR`abkhTn�e|fgXNz�]�\^`abc[0h�[RY�`aV�X�lWeRn?X�n�eRdª���T]Tfa`aV�X^fas|[0fgX2�rb�Y�l:X�bkh�`gX^fadTfgX^`
`gX^s!d/[0fteRfaj u [0v�_me0_oeRh�[0h��;`aV�Xq� u [0v�`afteRbkhTbkhTn�d/X^fabc[+z¤YE[0fZh�X^l l:[0fa�?X^fg_P�/[0]Tf
��h�z�bkhTn?_�eRfgXxbkh�ikbkh�Xx`aV�X¤[0h�XN_!v�j �*eRfafg[0h !$# %('*)�l*V�[���h�z"`aV>eR`Je"�Py?�
bkh�\^fgXPe0_gXZbkh�`aV�XZl:[0fa�?X^fP� _*[0h��;`aV�Xq� u [0v�`afteRbkhTbkhTn~�¬s|XPe0_a]TfgXNz�bkhJV�[0]Tfg_q��fteRbc_gXN_
lWeRn?Xãn2fg[Pl*`aV�v�j��2� º?���

�Z]Tf�fgXN_a]Tik`g_*sJeNj~eRic_g[�v/X�Xq��dTi�eRbkh�XNz~ic[+[0�+bkhTnJeR`�`aV�Xobkh�_a`abk`a]T`abc[0h>eRiL_gX^`Á�
`abkhTn��7�*\N\N[0fgz�bkhTnZ`g[W`aV�X�h�[0h��8z�bc_g\^fabks!bkh>eR`abc[0h�dTfabkh�\^bkdTicX2� �G��`gX^s!d/[0fteRfajol:[0fa���
X^fg_�_aV�[0]Ticz�fgXN\NX^bk{?XJ`aV�XJ_teRs|XJfgX^s$]Th�X^fteR`abc[0h�e0_$`aV�X�\N[0s!d>eRfteRvTicX�d/X^fasJe �

! G Ð�Ë À Ä?¾¿¼ãÛZË�Ì÷à�½ Ì8¼qÑ�Æ É!Â¿Ç?¼�Â¿Ç?¼m¼qÌ;Â¿Ë Î�½NÂ¿Ë Æ É!¾¿¼qÌ8Ä?Å ÂÁÌ÷Í?¾¿¼qÌ8¼tÉRÂ¿¼qÑ�Ë ÉJé�½Pà?Å ¼qÌ ��½PÉ�Ñ|Ø2è÷×¡ÂWÍ?Å ÆPÂÁÌ
Â¿Ç?¼÷ï�½PÀ ¼�ÀR½PÍ!ÔcË ÉãÍ+¼t¾ÁÊg¼tÉRÂÁ½PÀ ¼^ç>à+¼gÂ;ïL¼t¼tÉã½WÂ¿¼tÎoÍ+Æ ¾Á½P¾¿â�ïLÆ ¾¿ô ¼t¾ª½PÉ�ÑZÂ¿Ç?¼÷ÊgÆ ÎoÍ�½P¾Á½Pà?Å ¼�Í+¼t¾¿Î�½PÉ?¼tÉRÂ
Æ É?¼ è! � ì0¼t¼*½P¾8Âqè �oÆPÃ/ù>½^ï Û$" ü0Ù0Û$" "0ýW½PÉ�Ñ�½P¾8ÂqèrümÆPÃrù�¼tÀ Ë�Ì8Å�½NÂ¿Ë Ó ¼Wö÷¼qÊg¾¿¼t¼ � ü �0ÙPÚPþ þ?Û è

: 
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h�X^h�`Zl:[0fa�?X^fg_ �>`aV�]�_P��l:X$_aV�[0]Ticz~h�[0`Z[0v�_gX^fa{?X�e�lWeRn?X$n�eRdª�	�:]T`�`aV�Xãbkh�`gX^fÁ�
dTfgX^`teR`abc[0h [RY �¿\N[0s!d>eRfteRvTbkikbk`8j6��V>e0_Zv/XNX^h�bkh�z�bc\PeR`gXNz�v�j · [0]Tfa`o[RY 0meN{?X^hTh>e
�Ew2y2y2w?�q� � r _a`teR`abkhTn�`aV>eR`$bk`$bc_$h�[0`$d/[2_g_abkvTicX|`g[¤��h�z�eRh"eRv�_g[0ik]T`gXJdTfabkh�\^bkdTicX
[RY÷X /�]Tbk`8j~`afgXPeR`as|X^h�`ov/X^`8l:XNX^h�`gX^s!d/[0fteRfaj�eRh�z�d/X^fasJeRh�X^h�`ol:[0fa�?X^fg_o_abkh�\NX
`aV�X^j�eRfgX�\gV>eRfte0\^`gX^fab��PXNz�v�j&e�z�b�prX^fgX^h�`¤zTX^n2fgXNX [RY$d>eRfa`abc\^bkd>eR`abc[0há`g[�`aV�X
��fas ikb�YEX2��UWV�]�_P�*e0\N\N[0fgz�bkhTn�`g[ `aV�Xxbkh�_a`abk`a]T`abc[0h>eRim_gX^`a`abkhTn�e0_|zTXq��h�XNz�v�j
`aV�X�i�eRv/[0]Tf�sJeRfa�?X^`�fgXqYE[0fas|_!eRh�z�v�j�`aV�X¤w2y2y2w u ]�z�n2s|X^h�`P��l:Xx\N[0]Ticz"[0v��
_gX^fa{?X|lWeRn?XJz�bc_g\^fabks!bkh>eR`abc[0h�b�Y*d/X^fasJeRh�X^h�`�eRh�z�`gX^s!d/[0fteRfaj l:[0fa�?X^fg_$V>eN{?X
z�b�prX^fgX^h�`�zTX^n2fgXNXN_$[RYWd>eRfa`abc\^bkd>eR`abc[0h�`g[x`aV�X���fas«ikb�YEX2� �m_g_a]Ts!bkhTn¤`aV>eR` u [0v
_gX^hTbc[0fabk`8jJbc_WeRvTicXm`g[�\PeRdT`a]TfgXZ`aVTbc_WzTX^n2fgXNXo[RYªd>eRfa`abc\^bkd>eR`abc[0hª��[0]Tf:fgXN_a]Tik`g_*eRfgX
bkh�ikbkh�X$l*bk`aV�`aV�X$bkh�_a`abk`a]T`abc[0h>eRi�_gX^`a`abkhTn~eRh�z�l*V�X^h u [0v�_gX^hTbc[0fabk`8j�bkh�\^fgXPe0_gXN_
��VTbkn2V�X^f!zTX^n2fgXNX¤[RYZd>eRfa`abc\^bkd>eR`abc[0h�`g[�`aV�XJ��fas ikb�YEX!��`aV�X^fgX�bc_�h�[�ic[0hTn?X^f
e|icX^n�eRiLfgXPe0_g[0h�YE[0fZ`aV�Xã��fas `g[�z�bc_g\^fabks!bkh>eR`gX!eRh�z�`aV�X$lWeRn?X�n�eRd�v/X^`8l:XNX^h
d/X^fasJeRh�X^h�`oeRh�z¤`gX^s!d/[0fteRfajxl:[0fa�?X^fg_Zz�bc_teRdTd/XPeRfg_P�

� ��� 8 �C�'D ��
)D ��
���"�� � ���'D��%�
UWV�X�XN_a`abksJeR`abc[0h¤fgXN_a]Tik`g_�\N[0s!s|X^h�`gXNz¤bkh~_a]Tv�_gXN\^`abc[0h ��� w!eRh�z¤[0vT`teRbkh�XNz�YE[0i��
ic[Pl*bkhTn�`aV�X�dTfg[+\NXNz�]TfgXãdTfg[0d/[2_gXNz~v�j��Zv/[Pl�z !$#�%('*)��Á�-,.,.,?��eRfgXã\^fgXNz�bkvTicX$b�Y
l:X|v/X^ikbcX^{?X!`aV>eR`$`aV�X��0yxbkh�`gX^fte0\^`abc[0h�_�v/X^`8l:XNX^h�bkh�z�bk{+bcz�]>eRiWeRh�z u [0v�\gV>eRfÁ�

! D ì0¼t¼*ð!Æ ÉRÂÁ½PÉ�½P¾¿ËrÔ¬ÚPþ þ �RçªÃcÆ ¾�½oÊgÆ ÎoÎo¼tÉRÂ�½Pà+Æ Ä2Â�Â¿Ç?¼*ÎoÆPÂ¿Ë ÓN½NÂ¿Ë Æ É�ÆPÃ>Â¿Ç?¼�ê;Ä�Ñ2À Îo¼tÉRÂqè

: (



e0\^`gX^fabc_a`abc\N_�eRfgX�eRvTicX `g["dTfg[N��j YE[0f¤`aV�X�\N[0fafgX^i�eR`abc[0h�v/X^`8l:XNX^h bkh�z�bk{+bcz�]>eRi
\gV>eRfte0\^`gX^fabc_a`abc\N_!eRh�z�`aV�X u [0v��8_ad/XN\^b��>\|\N[0s!d/[0h�X^h�`g_P�¤�;YW`aV�XJ[0fa`aV�[0n?[0h>eRikbk`8j
\N[0h�z�bk`abc[0háv/X^`8l:XNX^h�bkh�z�bk{+bcz�]>eRiã\gV>eRfte0\^`gX^fabc_a`abc\N_~eRh�z ��fas ]Th�[0v�_gX^fa{2eRvTicXN_
\N[0h�z�bk`abc[0h>eRi:[0h `aV�X�bkh�`gX^fte0\^`abc[0h�sJeR`afab��

S
V�[0iczT_P�ªl:X!_aV�[0]Ticz�n?X^`$XN_a`abksJe �

`abc[0háfgXN_a]Tik`g_¤`aV>eR`�eRfgX�h�[0`xY;eRf�eNlWeNj�`aV�X [0h�XN_¤l:X�n?[0`¤d/X^fÁYE[0fas!bkhTn�`aV�X
��� XN_a`abksJeR`abc[0h�]�_abkhTn `aV�Xx_a]Tv�_teRs!dTicX¤[RYo_a`teNj?X^fg_P��UWV�]�_P��l:Xx`gXN_a`gXNz"`aV�X
h�]Tiki:V�j+d/[0`aV�XN_abc_�[RY�\N[0h�z�bk`abc[0h>eRi*[0fa`aV�[0n?[0h>eRikbk`8j�]�_abkhTn�e¤fgX^n2fgXN_g_abc[0h��;v>e0_gXNz
�oeR]�_asJeRh��Á�-,����2�:`gXN_a`*fg[0vT]�_a`*`g[|eRh�jJYE[0fas­[RY�_gX^fab�eRiª\N[0fafgX^i�eR`abc[0h�eRh�z¤V�X^`Á�
X^fg[2_a�?XNz�e0_a`abc\^bk`8j?� � f UWV�Xã�oeR]�_asJeRh~_a`teR`abc_a`abc\oV>e0_*v/XNX^h~\N[0s!dT]T`gXNz�\N[0s!d>eRfÁ�
bkhTn�`aV�XWXN_a`abksJeR`gXNz!\N[+X��J\^bcX^h�`g_÷[RY>`aV�XWlWeRn?XWfgX^n2fgXN_g_g[0fg_�l*VTbc\gV�eRfgXW\N[0s!s|[0h
v/[0`aV�`g[ã`aV�XZ[0fabkn2bkh>eRi/lWeRn?XmX /�]>eR`abc[0h¤eRh�zJ`g[ã`aV�XoeR]Tn2s|X^h�`gXNzx[0h�X��¡Xq�T\^ik]�z+�
bkhTn�`gX^h�]TfgX2�Wl*VTbc\gV&bc_!h�[0`|bczTX^h�`ab��>XNz d/X^fÁYE[0fas!bkhTn�`aV�X~��� dTfg[+\NXNz�]TfgX�[0h
_a`teNj?X^fg_P��eRh�z�`aV�XJ`abks|XJz�]Ts!s$j��q��UWV�X��oeR]�_asJeRh�_a`teR`abc_a`abc\JV>e0_$v/XNX^h�fgXq�
d/[0fa`gXNz�eR`�`aV�X�v/[0`a`g[0s [RY*ULeRvTicXJº¤eRh�z�l:X!h�[0`gX!`aV>eR`�l:X|\PeRh h�[0`ãfgX u XN\^`
`aV�X�h�]Tiki�V�j+d/[0`aV�XN_abc_�[RYW\N[0h�z�bk`abc[0h>eRi�[0fa`aV�[0n?[0h>eRikbk`8j�l*V�X^h l:X�fgXN_a`afabc\^`ã[0]Tf
eR`a`gX^h�`abc[0h¤[0h|`aV�X�{2eRfab�eRvTicXN_:[RYrdTfabksJeRfaj!bkh�`gX^fgXN_a` �+bkh�zTXNXNzr��l:X�n?X^`We

p
�;{2eRik]�X

X /�]>eRiL`g[xy�� � � ��Y¡fg[0s `aV�X��oeR]�_asJeRh�`gXN_a`m\N[0s!d>eRfabkhTn¤`aV�X�XN_a`abksJeR`gXNz�\N[+XqY¬�
�>\^bcX^h�`g_me0_g_g[+\^b�eR`gXNz�`g[

zit

��`aV�XmfgX^n2fgXN_g_g[0f*{?XN\^`g[0f�\N[0ikicXN\^`abkhTnJ\N[0h�`afte0\^`�`8j+d/X2�
u [0v~_gX^hTbc[0fabk`8j?��`aV�X^bkf�bkh�`gX^fte0\^`abc[0hª�/eRh�z¤`aV�XofgXN_ad/XN\^`abk{?X /�]>e0z�fteR`abc\�`gX^fas|_P�
�T]Tfa`aV�X^fas|[0fgX2��]Th�zTX^f�`aV�Xx\N[0h�z�bk`abc[0h>eRi*[0fa`aV�[0n?[0h>eRikbk`8j�e0_g_a]Ts!dT`abc[0h�l:X

eRfgXã_a]�\N\NXN_g_ÁY¡]TikikjJs|[+zTX^ikikbkhTn
E(lnwit| zit,xit, sit, ci, φj(i))

��eRh�z¤`aV�X�_a`afabc\^`
Xq�T[0n?X^h�X^bk`8j~e0_g_a]Ts!dT`abc[0h

E(uit| Zi,Xi,Si, ci, φj(i)) = 0
_aV�[0]Ticz�V�[0iczr����X

`gXN_a`gXNz!`aV�X�_a`afabc\^`�Xq�T[0n?X^h�X^bk`8jJe0_g_a]Ts!dT`abc[0h|]�_abkhTnã`aV�X*fgX^n2fgXN_g_abc[0h��;v>e0_gXNz!`gXN_a`
e0_�zTXN_g\^fabkv/XNz!bkh|_a]Tv�_gXN\^`abc[0h ��� ��� ����UWV�X*`gXN_a`�_a`teR`abc_a`abc\Wbc_

F (25, 2064) = 1.3l*bk`aV�e
p
�;{2eRik]�XJX /�]>eRiW`g[�y��k� � ����UWVTbc_�s|XPeRh�_�`aV>eR`�`aV�XJlWeRn?X�fgX^n2fgXN_g_g[0fg_

bkh�w2y2y2w~icX^{?X^ic_|eRfgX�h�[0`�_abkn2hTb��>\PeRh�`Je0_!e0zTz�bk`abc[0h>eRi�Xq��dTi�eRh>eR`g[0faj�{2eRfab�eRvTicXN_
bkh�`aV�X���fg_a`Á�8z�b�prX^fgX^h�\NXNz�X /�]>eR`abc[0h98W`aV�X^fgX$bc_�h�[�X^{+bczTX^h�\NX�[RY�Y;eRbkik]TfgX�[RY�`aV�X
_a`afabc\^`ZXq�T[0n?X^h�X^bk`8j~e0_g_a]Ts!dT`abc[0hª� �#v
�;YLl:X�\N[0s!dT]T`gXã`aV�X�_teRs|Xo`gXN_a`�_a`teR`abc_a`abc\ol*bk`aV�[0]T`�bkh�`afg[+z�]�\^bkhTnJbkh�`g[!`aV�X

lWeRn?X!X /�]>eR`abc[0h�`aV�X�dTfg[N��j~bkh�`gX^fte0\^`abc[0h�_P�ªl:X�n?X^`
F (25, 2134) = 1.53

eRh�z
e

p
�;{2eRik]�X|X /�]>eRi�`g[�y�� y ��º���UWV�X|_a`afabc\^`$Xq�T[0n?X^h�X^bk`8j�e0_g_a]Ts!dT`abc[0h Y;eRbkic_�eRh�z

`aV�X�fgXN_a]Tik`g_mdTfgXN_gX^h�`gXNz�bkh�`aV�X�i�e0_a`m`aVTfgXNX�\N[0ik]Ts!h�_ã[RY:ULeRvTicX �~eRfgX�vTb�e0_gXNzr�
s|[2_a`Likbk�?X^ikj�v/XN\PeR]�_gX:[RYT`aV�X:[0s!bc_g_abc[0h�[RY���fas5]Th�[0v�_gX^fa{2eRvTicXN_P��UWVTbc_Bbc_�eWY¡]TfÁ�
`aV�X^f�[0]T`g\N[0s|X*_a]TdTd/[0fa`abkhTno`aV�X*e0_g_a]Ts!dT`abc[0h!`aV>eR`�`aV�X:bkh�`gX^fte0\^`abc[0h�_�v/X^`8l:XNX^h
bkh�z�bk{+bcz�]>eRiWeRh�z u [0v�\gV>eRfte0\^`gX^fabc_a`abc\N_!eRfgXJeRvTicX!`g[~\PeRdT`a]TfgX|`aV�X|\N[0fafgX^i�eR`abc[0h
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Æ ¾ÁÑ2¼t¾�Â¿Æ|Â¿¼qÌ;ÂmË Ã�Â¿Ç?¼$¾¿¼tÀ ¾¿¼qÌ¿Ì8Æ ¾ÁÌWÆPÃ�Í?¾¿Ë Î�½P¾¿âJË ÉRÂ¿¼t¾¿¼qÌ;Âo½P¾¿¼ã¼gõ2Æ À ¼tÉ?Æ Ä�ÌãÔ�ÊgÆ ÉRÂ¿¾Á½ ÊaÂ�Â;â0Í+¼ Ü/Â¿¼tÉ0Ä?¾¿¼ Ü
Â¿Ç?¼tË ¾oË ÉRÂ¿¼t¾Á½ ÊaÂ¿Ë Æ É�ÜB½PÉ�Ñ¤Â¿Ç?¼�¾¿¼qÌ8Í+¼qÊaÂ¿Ë Ó ¼�ßRÄ�½ Ñ2¾Á½NÂ¿Ë�Ê�Â¿¼t¾¿Î�ÌÁçaÜªïL¼�À ¼gÂ F (5, 2084) = 1.73 ½PÉ�Ñ�½
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v/X^`8l:XNX^h�bkh�z�bk{+bcz�]>eRiL\gV>eRfte0\^`gX^fabc_a`abc\N_oeRh�z¤`aV�X u [0v��8_ad/XN\^b��>\ã\N[0s!d/[0h�X^h�`P�
}�bkh�\NX~l:X�eRfgX~d>eRfa`abc\^]Ti�eRfaikj�bkh�`gX^fgXN_a`gXNz bkh `aV�X~XN_a`abksJeR`gXNz&\N[+X��J\^bcX^h�`g_

e0_g_g[+\^b�eR`gXNz¤`g[!`aV�X�`8j+d/Xã[RY�\N[0h�`afte0\^`P�>bk`g_*bkh�`gX^fte0\^`abc[0h�l*bk`aV�`gX^h�]TfgX2��eRh�z¤bk`g_
/�]>e0z�fteR`abc\*`gX^fas~�2l:X*d/X^fÁYE[0fas|XNz!_ad/XN\^b��>\PeR`abc[0h|\gV�XN\g��_�]�_abkhTno`aVTfgXNXq�8zTX^n2fgXNXN_Á�
[RY¬�EY¡fgXNXNzT[0s `gXN_a`g_�eRh�z�`aV�X^bkf![0]T`g\N[0s|X�bc_�z�bc_adTi�eNj?XNz�bkh"ULeRvTicX ������X�\PeRh
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Gv� OT?�K	NPOTFPA	UYK�A	K � � p�K � � �
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��UYS#D�UYK	K	M C#F m �aOTK	UYV~K�A	D�M x�A}U���C#S#UYF�UYM A�H�A	UYK�A	K
� F ( 3, 2086) � �#{ 
Gv p m p#OTZ ?�U ��v�{ � 
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F ( 3, 2184) ��v�{ �Tv p m p#OTZ ?�U ��v�{ t#t#v� OT?�K	NPOTFPA	UYK�A � � 
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F ( 3, 2184) � �#{ v � p m p#OTZ ?�U ��v�{ �G� r� ��� 	������ i � �gR m w OTF��PC��L�gA�OTZ H � �#v#v#v OTF�V �#v#v ��{

h�[0`gX*`aV>eR`�X^{?X^h|b�Y/l:X*zT[�h�[0`�\N[0h�`afg[0i�YE[0f�`aV�XWd/[2_g_abkvTicX*\N[0fafgX^i�eR`abc[0h|v/X^`8l:XNX^h
bkh�z�bk{+bcz�]>eRi�\gV>eRfte0\^`gX^fabc_a`abc\N_WeRh�z���fas�]Th�[0v�_gX^fa{2eRvTicXN_P�?l:X�\PeRhTh�[0`÷fgX u XN\^`�`aV�X
h�]Tiki�V�j+d/[0`aV�XN_abc_L[RY>_a`afabc\^`�Xq�T[0n?X^h�X^bk`8j�YE[0fL\N[0h�`afte0\^`�`8j+d/X:eRh�z$bk`g_Bbkh�`gX^fte0\^`abc[0h
l*bk`aV�`gX^h�]TfgX2��\N[0h�z�bk`abc[0h>eRi*[0h�`aV�X!Y¡]TikiW_gX^`�[RYZXq��dTi�eRh>eR`g[0faj�{2eRfab�eRvTicXN_!eRh�z
[0h�`aV�X¤bkh�z�bk{+bcz�]>eRi��8_ad/XN\^b��>\~\N[0s!d/[0h�X^h�`P�

ci

��UWV�]�_P�:l:X~\PeRh�ic[+[0��eR`|`aV�X
fgX^n2fgXN_g_abc[0h��;v>e0_gXNz¤�oeR]�_asJeRh�`gXN_a`:l*VTbc\gV¤`gX^ikic_:]�_:`aV>eR`W`aV�Xo����eRh�z�`aV�X 0Z�
dTfg[+\NXNz�]TfgXN_÷fgXN_a]Tik`÷bkhJXN_a`abksJeR`gXNz�\N[+X��J\^bcX^h�`g_÷`aV>eR`WeRfgXZ\^ic[2_gX*`g[$XPe0\gV�[0`aV�X^fP�
s|XPeRhTbkhTno`aV>eR`L`aV�X÷`aVTfgXNX÷{2eRfab�eRvTicXN_�eRfgX÷h�[0`�X^h�zT[0n?X^h�[0]�_�bkh$`aV�X÷lWeRn?X:s|[+zTX^i
b�Y:l:X!zT[xh�[0`ã\N[0h�`afg[0i�YE[0fobkh�z�bk{+bcz�]>eRi��oeRh�z u [0v��8_ad/XN\^b��>\!\N[0s!d/[0h�X^h�`g_P����X
X^h�z�]Td�l*bk`aV�e�_abks!bki�eRf�\N[0h�\^ik]�_abc[0h"l*V�X^h"l:Xx\N[0s!d>eRfgX�`aV�Xx��� eRh�z 0Z�
XN_a`abksJeR`abc[0h�fgXN_a]Tik`g_o[RY÷`aV�X!eR]Tn2s|X^h�`gXNz�lWeRn?X�X /�]>eR`abc[0hª�oUWV�]�_P�/l:X�_aV�[0]Ticz
\N[0h�\^ik]�zTX�`aV>eR`�`aV�X 0Z��e0_g_a]Ts!dT`abc[0h�_�V�[0icz�v/XN\PeR]�_gXW`aV�X��oeR]�_asJeRh|_a`teR`abc_a`abc\
Y;eRbkic_�`g[�fgX u XN\^` �ol:X�_aV�[0]Ticz�YE[+\^]�_�[0h&`aV�X�0Z� XN_a`abksJeR`gXN_P��_abkh�\NX�`aV�X�0Z�
XN_a`abksJeR`g[0fJbc_|`aV�X1��4W�m��XN_a`abksJeR`g[0fJl*V�X^h�`aV�X�_ad/XN\^b��>\~\N[0s!d/[0h�X^h�`g_xeRfgX
fteRh�zT[0s~� �:]T`mbk`mbc_�eRic_g[J`afa]�X�`aV>eR`P�ªe0_o_g[+[0h�e0_ml:X�d/X^fÁYE[0fas���{?Xq�8zTX^n2fgXNXN_Á�
[RY¬�EY¡fgXNXNzT[0s _ad/XN\^b��>\PeR`abc[0h�\gV�XN\g��_|bkh�\^ik]�z�bkhTn�eRic_g[�`gX^h�]TfgX�eRh�z�bk`g_!_ /�]>eRfgX2�
`aV�X�\N[0h�\^ik]�_abc[0h�_�\gV>eRhTn?X �Ee0_$j?[0]�\PeRh�_gXNX!Y¡fg[0s ULeRvTicXN_ ��eRh�z"º?�q��}�bkh�\NX
`aV�X�����[0h�`aV�X�_a`teNj?X^fg_P�/_a]Tv�_teRs!dTicX�eRh�z�`aV�X�\N[0h�z�bk`abc[0h>eRi����&dTfg[+\NXNz�]TfgXN_
eRfgX�s|[0fgX�fg[0vT]�_a`o`aV>eRh�e&0Z�áeRdTdTfg[?e0\gV�eRh�z�bkh [0fgzTX^fo`g[¤eN{?[0bcz eJ`8j+d/X��g�
X^fafg[0f¤��Y;eRbkikbkhTn�`g[~fgX u XN\^`$`aV�X�0Z�òe0_g_a]Ts!dT`abc[0h�_$l*V�X^h�`aV�X^j�eRfgX|Y;eRic_gX �q�Bl:X
z�fteNl5[0]Tf�\N[0h�\^ik]�_abc[0h�_�Y¡fg[0s `aV�Xã\N[0h�z�bk`abc[0h>eRiL����XN_a`abksJeR`gXN_P�
�Lbkh>eRikikj?��l:X�`gXN_a`gXNz�YE[0f�`aV�X�dTfgXN_gX^h�\NX�[RY$_teRs!dTicX�_gX^icXN\^`abc[0h�vTb�e0_¤eRh�z

eR`a`afabk`abc[0h!vTb�e0_Lbkh�`aV�X:\N[0h�z�bk`abc[0h>eRi�����s|[+zTX^i;�LUWV�X^fgX:bc_�X^{+bczTX^h�\NX:h�X^bk`aV�X^f�[RY
eR`a`afabk`abc[0h~�¬`aV�X

t
_a`teR`abc_a`abc\:[RYT`aV�X÷bkh�{?X^fg_gX:¹�bkikic_BfteR`abc[Zbc_r�¿y�� � ���

p
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h�[0fZ[RY�_teRs!dTicXã_gX^icXN\^`abc[0h~vTb�e0_$�¬`aV�X
t
_a`teR`abc_a`abc\�bc_Zy�� w2º��

p
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0ZXN\PeRikiWh�[Pl `aV�X�s|[2_a`�n?X^h�X^fteRi*_ad/XN\^b��>\PeR`abc[0h�[RYm[0]Tf�lWeRn?X¤X /�]>eR`abc[0h eRh�z
fgX^l*fabk`gXãbk`�_adTikbk`a`abkhTn|`aV�X

K
�;{?XN\^`g[0fZ[RY�\N[0h�`afg[0iB{2eRfab�eRvTicXN_Ze0_WYE[0ikic[Pl�_-8

lnwit = z′itβ + x′
itδ + ci + φj(i) + uit

= z′itβ + w′
itθ + ptitτ + ci + φj(i) + uit.

�Á�Pº?�
UWV�Xoº �8z�bks|X^h�_abc[0h>eRi/{?XN\^`g[0f

zit

\N[0ikicXN\^`g_:[0]Tf:{2eRfab�eRvTicXN_:[RYªdTfabksJeRfaj|bkh�`gX^fgXN_a`P�
l*VTbkicXm`aV�X

K
�;{?XN\^`g[0f

xit

bkh�\^ik]�zTXN_*e$_gX^`:[RYB\N[0h�`afg[0i/{2eRfab�eRvTicXN_*eRs|[0hTn�l*VTbc\gV
ptit
�/e!z�]Ts!s$j~{2eRfab�eRvTicX$l*VTbc\gV�bc_ZX /�]>eRiB`g[��ãb�Y�`aV�Xãl:[0fa�?X^f

i
V>e0_oe�d>eRfa`Á�

`abks|X u [0v�eR`�`abks|X
t
�

��X�bkh�`afg[+z�]�\NXNz&`aV�X~d>eRfa`Á�;`abks|X�\N[0h�`afg[0io{2eRfab�eRvTicX�v/XN\PeR]�_gX2��_abkh�\NX�`aV�X
Y¡fte0\^`abc[0h¤[RYªd>eRfa`Á�;`abks|Xml:[0fa�?X^f*bc_÷s$]�\gVxVTbkn2V�X^f�eRs|[0hTn�`gX^s!d/[0fteRfaj|l:[0fa�?X^fg_
�Ee0_÷j?[0]�\PeRh�_gXNX*bkh�ULeRvTicX �+�+z�bc_adTi�eNj+bkhTn�zTXN_g\^fabkdT`abk{?Xm_a`teR`abc_a`abc\N_�YE[0f�l:[0fa�+bkhTn
V�[0]Tfg_�v�j�\N[0h�`afte0\^`x`8j+d/X �q��[0s!bk`a`abkhTn�e�\N[0h�`afg[0imYE[0fJl:[0fa�+bkhTn�V�[0]Tfg_�sJeNj
fgXN_a]Tik`$bkh�]Th�zTX^fgXN_a`abksJeR`abkhTn�`aV�X|lWeRn?XJd/X^h>eRik`8j�YE[0f$`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_�b�Y
`aV�X^fgX�bc_Ze�d/[2_abk`abk{?X�\N[0fafgX^i�eR`abc[0h�v/X^`8l:XNX^h�l:[0fa�+bkhTnJV�[0]Tfg_ZeRh�z¤lWeRn?XN_P�
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����� �:� � 
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 � �#{ � r � ��{ 
 r ��{ �Tt � ��{ �#� �,{ f �� � � � ����� �:� �G�,{ �$� r { � r � r { � f ��{ f � � r { � 
 �,{ v#vk@��K	UYDIp#OQA	M C#F�K �#�G� 
�� �uv � 
�� �G�Tv

� ��� 	������ i � �gR m w OTF��&C����gA�OTZ H � �#v#v#v OTF�V �#v#v ��{

UWV�]�_P��eRh�bks!dTikbc\^bk`Ze0_g_a]Ts!dT`abc[0h�YE[0fW`aV�Xo\N[0h�_abc_a`gX^h�\^jJ[RY�[0]Tf*XN_a`abksJeR`g[0fg_
bc_¤`aV>eR`

ptit
bc_xh�[0`�\N[0fafgX^i�eR`gXNz�`g["`aV�X X^fafg[0f~`gX^fas~��\N[0h�z�bk`abc[0h>eRi$[0h�`aV�X

[0`aV�X^f�Xq��dTi�eRh>eR`g[0faj�{2eRfab�eRvTicXN_�eRh�z�[0há`aV�X�bkh�z�bk{+bcz�]>eRi��xeRh�z u [0v��8_ad/XN\^b��>\
\N[0s!d/[0h�X^h�`g_P�÷UWV�X^fgXqYE[0fgX2�>_a]��J\^bcX^h�`me0_g_a]Ts!dT`abc[0h�_*YE[0f�\N[0h�_abc_a`gX^h�\^j~eRfgX.8

• E(vit| PTi,Zi,Wi) = 0
YE[0f*`aV�X ��� 4L}~eRh�z10Z��XN_a`abksJeR`g[0fg_ �

%  é�Ç?¼ZÍ?¾¿Æ à?Ë Â*Ì8¼tÅ ¼qÊaÂ¿Ë Æ É|¼qßRÄ�½NÂ¿Ë Æ É|¼qÌ;Â¿Ë Î�½NÂ¿¼qÌtÜ+Â¿Ç?¾¿Æ Ä?À Ç|ï�Ç?Ë�ÊÁÇ!Â¿Ç?¼mË É0Ó ¼t¾ÁÌ8¼Zð!Ë Å Å�Ì:¾Á½NÂ¿Ë ÆRÌ÷Ç�½^Ó ¼
à+¼t¼tÉ|¼qÌ;Â¿Ë Î�½NÂ¿¼qÑTÜ+½P¾¿¼*¾¿¼tÍ+Æ ¾8Â¿¼qÑ�Ë É|Ö�Í?Í+¼tÉ�Ñ2Ë õ|Ö�å;Ú2Ü+é�½Pà?Å ¼�Ö�å8ý0è�Ð?Æ ¾:Ì¿½Pô ¼WÆPÃrà?¾¿¼tÓ0Ë Â;â$ïL¼ZÑ2Æ�É?ÆPÂ
¾¿¼tÍ+Æ ¾8Â÷Â¿Ç?¼o¼qÌ;Â¿Ë Î�½NÂ¿Ë Æ É|¾¿¼qÌ8Ä?Å ÂÁÌ:ÆPÃrÂ¿Ç?¼�½PÄ2õ2Ë Å Ë�½P¾¿â�ï�½PÀ ¼Z¾¿¼tÀ ¾¿¼qÌ¿Ì8Ë Æ É�Ì�½PÄ?À Îo¼tÉRÂ¿¼qÑ!à0â�Â¿Ç?¼mË É0Ó ¼t¾ÁÌ8¼
ð!Ë Å Å�Ì�¾Á½NÂ¿Ë ÆRÌ
	RÂ¿Ç?¼qÌ8¼*¾¿¼qÌ8Ä?Å ÂÁÌ�½P¾¿¼W½^ÓN½PË Å�½Pà?Å ¼WÄ?Í+Æ É�¾¿¼qßRÄ?¼qÌ;ÂLÃc¾¿Æ Î�Â¿Ç?¼�½PÄ2Â¿Ç?Æ ¾qè

: �



• E(ηit| PTi,Zi,Wi, ci) = 0
YE[0f*`aV�Xã��� XN_a`abksJeR`g[0f �

• E(uit| PTi,Zi,Wi, ci, φj(i)) = 0
YE[0fr`aV�X�����[0h$_a`teNj?X^fg_P� _a]Tv�_teRs!dTicX

eRh�z~\N[0h�z�bk`abc[0h>eRiL����XN_a`abksJeR`g[0fg_P� � �
�;Y*`aV�X�eRbks [RY�bkh�_gX^fa`abkhTn�bkh�`aV�X|lWeRn?XxX /�]>eR`abc[0h

ptit
bc_ã`g[�\N[0h�`afg[0i÷YE[0f

l:[0fa�+bkhTn�V�[0]Tfg_P�0sJeNj+v/X÷l:X*\PeRh�zT[mbk`Lv/X^`a`gX^f�b�Y>l:X:fgX^dTi�e0\NX
ptit
l*bk`aV|eZs|[0fgX

dTfgXN\^bc_gX�s|XPe0_a]TfgX�[RYZl:[0fa�+bkhTn�V�[0]Tfg_P��UWV�]�_P��l:X¤eRfgXJn?[0bkhTn�`g[�_a]Tv�_a`abk`a]T`gX
l:XNX^�+ikjxl:[0fa�+bkhTnJV�[0]Tfg_P�

whit

� � �mYE[0f*d>eRfa`Á�;`abks|X2�
ptit
�

UWV�X^fgXqYE[0fgX2�T`aV�X�h�X^l�lWeRn?XãX /�]>eR`abc[0h~bc_

lnwit = z′itβ + w′
itθ + whitπ + ci + φj(i) + uit.

�Á� �?�
}�bkh�\NX~`aV�X¤l:XNX^�+ikj�l:[0fa�+bkhTn�V�[0]Tfg_|V>eN{?X�v/XNX^h X^s!dTic[Pj?XNz `g[ n?X^`|`aV�X�zTXq�
d/X^h�zTX^h�`x{2eRfab�eRvTicX��¬`aV�X�eN{?X^fteRn?X�V�[0]Tfaikj�lWeRn?X �q�

whit

bc_JX^h�zT[0n?X^h�[0]�_xv�j
\N[0h�_a`afa]�\^`abc[0hª��UWV�Xmd>eRfa`Á�;`abks|X�z�]Ts!s$jJ{2eRfab�eRvTicXmbc_÷ikbk�?X^ikjJ`g[$v/XZh�X^n�eR`abk{?X^ikj
\N[0fafgX^i�eR`gXNz"l*bk`aV�l:XNX^�+ikj�l:[0fa�+bkhTn�V�[0]Tfg_ ��s|[0fgXN[P{?X^fP��]Th�zTX^f�`aV�Xxe0_g_a]Ts!d��
`abc[0h�_$YE[0f$`aV�X�\N[0h�_abc_a`gX^h�\^j�[RY�`aV�X�XN_a`abksJeR`g[0fg_�l:XJV>eN{?Xx_g[¤Y;eRf�X^s!dTic[Pj?XNzr�
`aV�X!d>eRfa`Á�;`abks|XJz�]Ts!s$j bc_�]Th�\N[0fafgX^i�eR`gXNz�`g[¤`aV�X|X^fafg[0fã`gX^fas~�|UWVTbc_ãs|XPeRh�_
`aV>eR`P�?l*bk`aV�[0]T`÷bkh�`afg[+z�]�\^bkhTnãY¡]Tfa`aV�X^f÷e0_g_a]Ts!dT`abc[0h�_P�?l:X�\PeRh|]�_gX

ptit
e0_�{2eRikbcz

Xq�T\^ik]�zTXNz�bkh�_a`afa]Ts|X^h�`mYE[0fm`aV�X�X^h�zT[0n?X^h�[0]�_o{2eRfab�eRvTicX
whit

����X�_aV�[0]Ticz�v/X
eRvTicX�`g[�bks!dTfg[P{?X�`aV�X�dTfgXN\^bc_abc[0h [RY÷`aV�X�XN_a`abksJeR`gXN_odTfgXN_gX^h�`gXNz�v/XqYE[0fgX2�o�T]TfÁ�
`aV�X^fas|[0fgX2�Tl:Xo\N[0h�`afg[0i/YE[0f:l:XNX^�+ikjJl:[0fa�+bkhTn!V�[0]Tfg_*_g[0ik{+bkhTn�bk`g_WX^h�zT[0n?X^h�X^bk`8j
l*bk`aV�[0]T`meRh�j¤[0`aV�X^f�fgX /�]TbkfgX^s|X^h�`�`aV>eRh~`aV�X�[0h�XN_*l:X�V>eN{?Xã_g[�Y;eRf*bks!d/[2_gXNzr�
��X¤eRfgX�n?[0bkhTn `g[�fgX^dTikbc\PeR`gXxl*V>eR`!l:X�dTfgXN_gX^h�`gXNz"bkh�_a]Tv�_gXN\^`abc[0h�_ ���k�¤eRh�z
��� wJ]�_abkhTn~eRh�bkh�_a`afa]Ts|X^h�`teRi�{2eRfab�eRvTicX|eRdTdTfg[?e0\gV `g[x_g[0ik{?X$`aV�X�X^h�zT[0n?X^h�X^bk`8j
[RY

whit

��UWV�]�_P�TULeRvTicX �$bc_W`aV�Xo��� \N[0]Th�`gX^fad>eRfa`Z[RY�ULeRvTicX ���+l*VTbkicX�ULeRvTicX ,
bc_*`aV�Xã���5\N[0]Th�`gX^fad>eRfa`o[RY�ULeRvTicX�º��
��X�\PeRh�[0v�_gX^fa{?X$`aV>eR`o\N[0h�`afg[0ikikbkhTnxYE[0fZl:XNX^�+ikj~l:[0fa�+bkhTn�V�[0]Tfg_P��bkh�_a`afa]��

s|X^h�`gXNz�v�j�`aV�Xxd>eRfa`Á�;`abks|X~z�]Ts!s$j?�WeRiklWeNj�_!fgXN_a]Tik`g_!bkh"s|[0fgXxdTfgXN\^bc_gX¤XN_Á�
`abksJeR`gXN_P�xUWV�X|_ad/XN\^b��>\PeR`abc[0h�\gV�XN\g��_�eRh�z�`aV�X|�oeR]�_asJeRh�`gXN_a`g_$\N[0s!d>eRfabkhTn
0Z� eRh�z����òXN_a`abksJeR`g[0fg_�icXPe0z�`g[�`aV�X�_teRs|X�\N[0h�\^ik]�_abc[0h�e0_�bkh"_a]Tv�_gXN\^`abc[0h
��� � � 
�eRh�zr��s|[0fgXN[P{?X^fP�T\gV�XN\g�+bkhTn�YE[0f:_teRs!dTicXm_gX^icXN\^`abc[0h¤eRh�zxeR`a`afabk`abc[0h�vTb�e0_gXN_
zT[+XN_�h�[0`�fgXN_a]Tik`�bkh"`aV�XJfgX u XN\^`abc[0h�[RY�`aV�X�h�]TikiWV�j+d/[0`aV�XN_gXN_P� �#t(�;Y�l:X�ic[+[0�

% ! Ö�ÊaÂ¿Ä�½PÅ Å â Ü?ÃcÆ ¾�Â¿Ç?¼ZÊgÆ É�Ì8Ë�Ì;Â¿¼tÉ�Êgâ$ÆPÃ�Â¿Ç?¼mÐ�Þ ¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾�Æ É!Ì;ÂÁ½^â ¼t¾ÁÌtî?Ì8Ä?à�Ì¿½PÎoÍ?Å ¼*ïL¼�É?¼t¼qÑ�½PÅ�Ì8Æ
Â¿Ç?¼*¼gõ2Æ À ¼tÉ?¼tË Â;â�ÆPÃ/ÎoÆ à?Ë Å Ë Â;â è% % ì0¼t¼*½PÍ?Í+¼tÉ�Ñ2Ë õ�Ö�å;Ú�ÃcÆ ¾�Ñ2¼gÂÁ½PË Å�Ì�½Pà+Æ Ä2Â�Â¿Ç?¼*ïL¼t¼tô0Å âãïLÆ ¾¿ô0Ë É?ÀZÇ?Æ Ä?¾ÁÌ�ÓN½P¾¿Ë�½Pà?Å ¼ è% � ÿ�ÆPÂ¿¼�Â¿Ç�½NÂB½PÅ Å0Â¿Ç?¼�¾¿¼qÌ8Ä?Å ÂÁÌ/ÆPÃ+Â¿Ç?¼qÌ8¼�¾¿¼tÀ ¾¿¼qÌ¿Ì8Ë Æ É2å¡à�½ Ì8¼qÑ:Â¿¼qÌ;ÂÁÌª½P¾¿¼�ÊgÆ ÎoÍ?Ä2ÂÁ½NÂ¿Ë Æ É�½PÅ Å â�¼qßRÄ?Ë ÓN½PÅ ¼tÉRÂ
Â¿Æ�Â¿Ç?¼�Æ É?¼qÌ*ïL¼oÀ ÆPÂ*à+¼gÃcÆ ¾¿¼|Ô�Ì8¼t¼ãé�½Pà?Å ¼qÌ �!½PÉ�Ñ¤Ø çaèã×EÉ�Ñ2¼t¼qÑTÜ>ïL¼oÇ�½^Ó ¼oÍ+¼t¾8ÃcÆ ¾¿Îo¼qÑ|Â¿Ç?¼qÌ8¼oÂ¿¼qÌ;ÂÁÌtÜ
È�¾ÁÌ;Â¿Å â Ü2Í?¾¿¼tÎZÄ?Å Â¿Ë Í?Å â0Ë É?Ào¼q½ ÊÁÇ$ÓN½P¾¿Ë�½Pà?Å ¼÷ÃcÆ ¾�Â¿Ç?¼*ÊgÆ ¾¿¾¿¼qÌ8Í+Æ É�Ñ2¼tÉRÂ�Í?¾¿ÆPê;¼qÊaÂ¿Ë Æ É$Î�½NÂ¿¾¿Ë õãÆPÃ�¼gõ2Æ À ¼tÉ?Æ Ä�Ì
Ë É�Ì;Â¿¾¿Ä?Îo¼tÉRÂÁÌ*ÔkÂ¿ÆmÂÁ½Pô ¼:Ë ÉRÂ¿Æo½ ÊtÊgÆ Ä?ÉRÂLÂ¿Ç?¼W¼tÉ�Ñ2Æ À ¼tÉ?¼tË Â;âoÆPÃ�ïL¼t¼tô0Å â�ïLÆ ¾¿ô0Ë É?ÀZÇ?Æ Ä?¾ÁÌÁçB½PÉ�Ñ$Ì8¼qÊgÆ É�Ñ2Å â
¾¿¼tÍ?Å Ë�Êt½NÂ¿Ë É?ÀmÂ¿Ç?¼*¾¿¼tÀ ¾¿¼qÌ¿Ì8Ë Æ É2å¡à�½ Ì8¼qÑoÍ?¾¿Æ2Êg¼qÑ2Ä?¾¿¼qÌ�Ñ2¼qÌ¿Êg¾¿Ë à+¼qÑ�Ë É�Ì8Ä?à�Ì8¼qÊaÂ¿Ë Æ É ��è �?è �?è% F é�Ç?¼ t Ì;ÂÁ½NÂ¿Ë�Ì;Â¿Ë�Ê�ÆPÃ�Â¿Ç?¼WË É0Ó ¼t¾ÁÌ8¼÷ð!Ë Å Å�ÌL¾Á½NÂ¿Ë ÆZË�ÌL¼qßRÄ�½PÅ�Â¿Æoþ?è þ "ãÔ p å¡ÓN½PÅ Ä?¼,E:þ?è "RÚRýPç�ï�Ç?¼tÉ�ïL¼�Â¿¼qÌ;ÂÂ¿Ç?¼:Í?¾¿¼qÌ8¼tÉ�Êg¼÷ÆPÃ>Ì¿½PÎoÍ?Å ¼:Ì8¼tÅ ¼qÊaÂ¿Ë Æ Éãà?Ë�½ ÌtÜRË Â�Ë�ÌB¼qßRÄ�½PÅ�Â¿Æ�åEþ?è ü0ýoÔ p å¡ÓN½PÅ Ä?¼,E:þ?è ØPþRÚ ç�ï�Ç?¼tÉãïL¼�Â¿¼qÌ;ÂLÃcÆ ¾½NÂ8Â¿¾¿Ë Â¿Ë Æ É¤à?Ë�½ Ìtè�é�Ç?¼qÌ8¼�Â¿¼qÌ;ÂÁÌ�Ç�½^Ó ¼oà+¼t¼tÉ¤Í+¼t¾8ÃcÆ ¾¿Îo¼qÑJÂÁ½Pô0Ë É?À!Ë ÉRÂ¿ÆJ½ ÊtÊgÆ Ä?ÉRÂ*Â¿Ç?¼ã¼tÉ�Ñ2Æ À ¼tÉ?¼tË Â;â|ÆPÃ
ïL¼t¼tô0Å â�ïLÆ ¾¿ô0Ë É?ÀãÇ?Æ Ä?¾ÁÌ÷Ë ÉRÂ¿¾¿Æ2Ñ2Ä�ÊgË É?ÀãÂ¿Ç?¼mË É0Ó ¼t¾ÁÌ8¼Zð!Ë Å Å�Ì:¾Á½NÂ¿Ë ÆRÌ÷½ Ì�ÃcÄ?¾8Â¿Ç?¼t¾W¼gõ2Æ À ¼tÉ?Æ Ä�Ì�¾¿¼tÀ ¾¿¼qÌ¿Ì8Æ ¾
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�g� �g�Wn �}J �g�WnQ_LJ
E�C,U�X i�{ J { † p m p#OTZ ?�U E�C,U�X i�{ J { † p m p#OTZ ?�U E�C,U�X i�{ J { † p m p#OTZ ?�U\ E mIv�{ �uv#� v�{ v � f v�{ v#vG� mIv�{ �uvG� v�{ v 
Gv v�{ v#vG� mIv�{ � �#t v�{ v#t$� v�{ v$�ut\ E

×
\ UYF,?�D�U v�{ v#v f v�{ v#vG� v�{ �Q�'� v�{ v$� � v�{ v#vG� v�{ � 
 r v�{ v$�Q� v�{ v$�uv v�{ v f �\ E

×
\ UYF,?�D�U

2
n �uv#v mIv�{ v#v#v v�{ v#v#v v�{ � 
 
 mIv�{ v#v#v v�{ v#v#v v�{ 
 
Gv mIv�{ v#v#v v�{ v#v#v v�{ � r �\ UYF,?�D�U v�{ v#v#t v�{ v#v � v�{ v$�uv v�{ v#v 
 v�{ v#v � v�{ v � f mIv�{ v#v#t v�{ v#v#t v�{ �#t �\ UYF,?�D�U

2
n �uv#v mIv�{ v#v#v v�{ v#v#v v�{ 
GtG� mIv�{ v#v#v v�{ v#v#v v�{ � f#r v�{ v#v#v v�{ v#v#v v�{ tG� fJ�� j UYD�M UYF�xYU v�{ v$�ut v�{ v#v � v�{ v#v#v v�{ v$�Q� v�{ v#v � v�{ v#v#vJ�� j UYD�M UYF�xYU 2 n �uv#v mIv�{ v �#t v�{ v#v#t v�{ v#v#v mIv�{ v � r v�{ v#v#t v�{ v#v#v mIv�{ v 
G� v�{ v �$� v�{ v �#���	���� m ��U�� UYD�UYF�xYU�� � C#DIA	B m J�OTK�A� C#DIA	B m RqUYK�A v�{ v � f v�{ v$� 
 v�{ v � � v�{ v �G� v�{ v$� 
 v�{ v 
,�E�UYFGA	D�U mIv�{ v �$� v�{ v$� 
 v�{ v �#� mIv�{ v �#t v�{ v$� 
 v�{ v$� �

i C#?�A	B mIv�{ v#t � v�{ v$� r v�{ v#v 
 mIv�{ v#t#� v�{ v$� r v�{ v#v ���K	Z OTF�V�K mIv�{ v$�uv v�{ v �$� v�{ �$� � mIv�{ v$� r v�{ v �$� v�{ � r 
����� ���#��� � 
 m ��U�� UYD�UYF�xYU�� � C#F�U�C#D}JLZ UYNcUYFGA�OTDIH]~M V�V�Z U�K	x�B�C,C#Z v�{ v#�#t v�{ v � � v�{ v#v 
 v�{ v#�#� v�{ v � � v�{ v#v �zLD�C�� UYK	K	M C#FaOTZ8K	x�B�C,C#Z v�{ v f � v�{ v �G� v�{ v#v$� v�{ v f#f v�{ v �G� v�{ v#v#v� M S#B�K	x�B�C,C#Z v�{ � 
G� v�{ v �#� v�{ v#v#v v�{ �ut#t v�{ v �#� v�{ v#v#v
s F�M pGUYD�K	M A�H�V�UYS#D�UYUWC#D + v�{ �#� f v�{ v � � v�{ v#v#v v�{ � r 
 v�{ v � � v�{ v#v#v� � 	�� ��� �u� m ��U�� UYD�UYF�xYU�� s}j A	C 
_aD�C#N t A	C � f v�{ v 
G� v�{ v �#t v�{ v#�$� v�{ v �#t v�{ v �#� v�{ �Q� � mIv�{ v � � v�{ v � f v�{ 
 �uv_aD�C#N �#v A	C 
 f v�{ v f � v�{ v �#� v�{ v#v#v v�{ v#�#t v�{ v �G� v�{ v$�Q� mIv�{ v#� � v�{ v 
 
 v�{ �ut r_aD�C#N t#v A	CPf#f v�{ � �#� v�{ v � r v�{ v#v#v v�{ v f#r v�{ v � r v�{ v#v#v mIv�{ v 
 � v�{ v 
Gt v�{ � 
Gv_aD�C#N �uv#v A	C 
 f#f v�{ �ut � v�{ v �G� v�{ v#v#v v�{ � �G� v�{ v �G� v�{ v#v#v mIv�{ v#v#t v�{ v 
 
 v�{ f v#v
t#v#v C#D�NcC#D�U v�{ � f#r v�{ v �G� v�{ v#v#v v�{ �Q�Tv v�{ v � r v�{ v#v#v v�{ v$� r v�{ v 
G� v�{ � f �zL?���Z M x i UYx�A	C#D v�{ � r#r v�{ v � f v�{ v#v#v v�{ �ut#� v�{ v � f v�{ v#v#v v�{ v#v f v�{ v 
G� v�{ r �#�
� � � � ���#��� � 
 m ��U�� UYD�UYF�xYU�� w Z ?�U�xYC#Z Z OTDR�B�M A	UWxYC#Z Z OTD v�{ � � r v�{ v$� 
 v�{ v#v#v v�{ � � r v�{ v$�ut v�{ v#v#v v�{ v#�#v v�{ v � r v�{ v � f]6OTFaOTS#UYD v�{ � � � v�{ v � r v�{ v#v#v v�{ � f#r v�{ v �#� v�{ v#v#v v�{ � � � v�{ v � r v�{ v#v$�� 
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 v�{ v f � v�{ v � f v�{ v$� � v�{ v �#� v�{ v#t#� v�{ � 
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 v�{ v 
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G� v�{ v#v#v v�{ �#v#v v�{ v 
G� v�{ v#v#v mIv�{ v#t 
 v�{ v#� r v�{ 
 �$�w ?�K	M F�UYK	K�K	UYDIp�M xYUYK v�{ v f � v�{ v 
,� v�{ v � r v�{ vG�#� v�{ v 
 r v�{ � � � v�{ v#v#� v�{ v#� r v�{ f � f�@C#NcUYK�A	M x�K	UYDIp�M xYUYK v�{ v 
 � v�{ v 
 f v�{ 
Gv � v�{ v 
Gt v�{ v#t#v v�{ �#�#v v�{ v �#t v�{ v#� f v�{ �'� �zL?���Z M xWOTV�NcM F�M K�A	D	OQA	M C#F v�{ v f � v�{ v 
 � v�{ v �G� v�{ vG�T� v�{ v 
 � v�{ v#� � v�{ v#v � v�{ v#t f v�{ f �#�_aUYNPOTZ U mIv�{ v r � v�{ v$� 
 v�{ v#v#v mIv�{ v f#r v�{ v$�ut v�{ v#v#v� UuOTV�C�� � C#?�K	UYB�C#Z V v�{ v �#t v�{ v$� � v�{ v �$� v�{ v$� f v�{ v$� � v�{ v f v mIv�{ v � � v�{ v � 
 v�{ � 
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Gv v�{ �#�#vRqUYUY�,Z H&|�C#D��,M F�ScB�C#?�D�K mIv�{ v#v#t v�{ v#v � v�{ v#v � mIv�{ v#v#� v�{ v#v � v�{ v#v � mIv�{ v$�u� v�{ v#v#t v�{ v#v$�
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F (25, 2184) � 
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F ( 5, 2184) � ��{ v$� p m p#OTZ ?�U ��v�{ vG� 
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Gt#� v�{ �#vG� 
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 � v�{ v#v#t$� v�{ v#v#t
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 v�{ v � �$� v�{ v#v �E�C#F�K�A�OTFGA ��{ r#f 
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F (25, 2184) � ��{ � f p m p#OTZ ?�U ��v�{ v#v#v
F ( 5, 2184) � �#{ r#f p m p#OTZ ?�U ��v�{ v f �� ��� 	������ i � �gR m w OTF��PC����gA�OTZ H � �#v#v#v OTF�V �#v#v ��{��� ���u��� †
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½PÄ2Â¿Ç?Æ ¾qè% G

13.584 = [exp (−0.146)− 1] · 100 è% � Ð�Ë À Ä?¾¿¼mÚ�Ë�Ì÷à�½ Ì8¼qÑ�Æ É!Â¿Ç?¼�Â¿Ç?¼m¼qÌ;Â¿Ë Î�½NÂ¿Ë Æ É!¾¿¼qÌ8Ä?Å ÂÁÌ÷Í?¾¿¼qÌ8¼tÉRÂ¿¼qÑ�Ë ÉJé�½Pà?Å ¼qÌ �$½PÉ�Ñ "?è÷×¡ÂWÍ?Å ÆPÂÁÌ
Â¿Ç?¼÷ï�½PÀ ¼�ÀR½PÍ!ÔcË ÉãÍ+¼t¾ÁÊg¼tÉRÂÁ½PÀ ¼^ç>à+¼gÂ;ïL¼t¼tÉã½WÂ¿¼tÎoÍ+Æ ¾Á½P¾¿â�ïLÆ ¾¿ô ¼t¾ª½PÉ�ÑZÂ¿Ç?¼÷ÊgÆ ÎoÍ�½P¾Á½Pà?Å ¼�Í+¼t¾¿Î�½PÉ?¼tÉRÂ
Æ É?¼ è
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�m_�_gX^h�_abk`abk{+bk`8j�eRh>eRikj�_abc_P�Ll:XJV>eN{?X¤eR]Tn2s|X^h�`gXNz�`aV�XJlWeRn?XxX /�]>eR`abc[0h�]�_abkhTn
e _gX^`�[RY|bkh�`gX^fte0\^`abc[0h�_�v/X^`8l:XNX^hò`aV�X�\N[0h�`afte0\^`�`8j+d/X�z�]Ts!s$jòeRh�z�`abks|Xq�
bkh�{2eRfab�eRh�`�eRh�z$`abks|Xq�;{2eRfab�eRh�`�lWeRn?X÷fgX^n2fgXN_g_g[0fg_P� � r UWV�XWeRbks bc_B`g[�]Th�zTX^fg_a`teRh�z
l*V�X^`aV�X^f�`aV�X^fgX|bc_�eRh�j�[0`aV�X^f$V�X^`gX^fg[0n?X^h�X^bk`8j�z�]�X|`g[�_g[0s|X!`abks|Xq�;bkh�{2eRfab�eRh�`
eRh�z �R[0f:`abks|Xq�;{2eRfab�eRh�`*Xq��dTi�eRh>eR`g[0faj|{2eRfab�eRvTicXN_*eRh�z|l*V�X^`aV�X^fW[0]Tf:fgXN_a]Tik`g_WeRfgX
fg[0vT]�_a`�`g[�V�X^`gX^fg[0n?X^h�XN[0]�_mfgXN_ad/[0h�_gXN_P�
��XoV>eN{?XmYE[0]Th�z¤[0]T`*`aV>eR`*`aV�XN_gXobkh�`gX^fte0\^`abc[0h�_meRfgX u [0bkh�`aikj�h�[0`�zTX^`gX^fas!b��

h>eRh�`*eRh�z!`aV�XZXN_a`abksJeR`abc[0hJfgXN_a]Tik`g_÷[RYr`aV�X�{2eRfab�eRvTicXN_:[RY/dTfabksJeRfaj!bkh�`gX^fgXN_a`*eRfgX
h�[0`me prXN\^`gXNzr�
�Lbkh>eRikikj?�Bl:X!V>eN{?X|`afabcXNz `g[¤\N[0h�`afg[0i÷YE[0f�fgXN\NX^h�`�X^s!dTic[Pj+s|X^h�`�VTbc_a`g[0fabcXN_P�

�ò`gX^s!d/[0fteRfaj u [0v�sJeNj¤v/Xãbkh�`gX^fadTfgX^`gXNz e0_oe!dTfg[0n2fteRs�d>eRfa`abc\^bkd>eR`abc[0h�eRh�zr�
bkh `aVTbc_oY¡fteRs|X^l:[0fa�/�ªl:X|\N[0]Ticz�e0_a��l*V�X^`aV�X^f$[0]Tf�fgXN_a]Tik`g_�l:X^fgX|_gX^h�_abkvTicX�`g[
`aV�XJ]Th�X^s!dTic[Pj+s|X^h�`JeRh�z�XPeRfahTbkhTn�z�j+h>eRs!bc\N_ � f v/XqYE[0fgX|`aV�Xxe0\N\NX^dT`teRh�\NXx[RY
`aV�Xo`gX^s!d/[0fteRfaj u [0vª���8h�zTXNXNzr��bk`Wbc_WdTi�eR]�_abkvTicXm`g[!_a]TdTd/[2_gXm_g[0s|Xo\N[0fafgX^i�eR`abc[0h
v/X^`8l:XNX^h�`aV�X!bkh�z�bk{+bcz�]>eRi;� _$X^s!dTic[Pj+s|X^h�`�_a`teR`a]�_$eRh�z �R[0fãVTbc_J�¬V�X^fq�mbkh�\N[0s|X
icX^{?X^i/v/XqYE[0fgXZ`aV�XZ`gX^s!d/[0fteRfaj u [0v¤eRh�zJ`aV�XmdTfg[0v>eRvTbkikbk`8jx[RYBX^h�z�bkhTn�bkh¤e$`gX^s��
d/[0fteRfaj¤\N[0h�`afte0\^`P�
��X$l:[0]Ticz�V>eN{?X�bkh�`afg[+z�]�\NXNz�bkh�`aV�X�XN\N[0h�[0s|X^`afabc\�_ad/XN\^b��>\PeR`abc[0h [RY:[0]Tf

lWeRn?X�X /�]>eR`abc[0h&_g[0s|X¤fgX^n2fgXN_g_g[0fg_�\N[0h�`afg[0ikikbkhTn�YE[0f|`aV�X~X^s!dTic[Pj?XNXN_P�÷fgXN\NX^h�`
VTbc_a`g[0fabcXN_P�/vT]T`m`aV�X|}+�m�8� dTfg[P{+bczTXN_o{?X^faj~ikbk`a`aicX�bkh�YE[0fasJeR`abc[0h�eRv/[0]T`m`aV�X^s~�
UWV�X^fgXqYE[0fgX2�+l:XmV>eN{?XZbkh�\^ik]�zTXNz�bkh�lWeRn?XmX /�]>eR`abc[0h�� ,?��`aVTfgXNXZY¡]Tfa`aV�X^f:fgX^n2fgXN_Á�
_g[0fg_-8��¬b¬�Je�z�]Ts!s$j&X /�]>eRim`g[�[0h�X�b�Yã`aV�X�X^s!dTic[Pj?XNX�V>e0_JfgXN\NX^bk{?XNz�_g[0s|X
]Th�X^s!dTic[Pj+s|X^h�`¤v/X^h�Xq��`g_|bkh `aV�X~bkh�`gX^fa{+bcX^l�j?XPeRfP��e0_�e dTfg[N��j�YE[0fJfgXN\NX^h�`
]Th�X^s!dTic[Pj+s|X^h�`$_ad/X^ikic_ ���¬bkb¬�ZeJz�]Ts!s$j�X /�]>eRiL`g[�[0h�X$b�Y÷`aV�X�X^s!dTic[Pj?XNX�V>e0z
v/XNX^h�e�_gX^i�Y�X^s!dTic[Pj?XNz �L�¬bkbkb¬�:e�z�]Ts!s$jxX /�]>eRir`g[�[0h�Xob�YL`aV�X�X^s!dTic[Pj?XNX�bc_�eR`
`aV�Xo��fg_a` u [0v�e0\^`abk{+bk`8j?�
UWV�XN_gX�`aVTfgXNXãz�]Ts!s$j¤{2eRfab�eRvTicXN_oeRfgX u [0bkh�`aikjxh�[0`Z_abkn2hTb��>\PeRh�`P� 
Gv$vT]T`ZzT[R�

]TvT`g_�eRv/[0]T`m`aV�X^bkf�\PeRd>eRvTbkikbk`8j�`g[�\N[0h�`afg[0iLYE[0fmbkh�z�bk{+bcz�]>eRic_P��fgXN\NX^h�`oVTbc_a`g[0fabcXN_
eRfabc_gX2��4rbks!bk`gXNz~v�j�`aV�Xã_a]Tfa{?X^j?�Tl:Xã\PeRhTh�[0`�n?[|zTXNX^dTikj�bkh�`g[|`aVTbc_*bc_g_a]�X2�

��� ����� + 2 2546����07'����/89� 89� � �G' �9=�.14	�
� =C46������? ����= 2��B8;?;=C��=C��� �
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�8hx_a]Tv�_gXN\^`abc[0h ��� ���k�Zl:XmV>eN{?XoeRfan2]�XNz�`aV>eR`:`aV�Xm���"XN_a`abksJeR`g[0f*[0h�`aV�Xm_a`teNj��
X^fg_P�2_a]Tv�_teRs!dTicX�eRikic[Pl�_�]�_�`g[�\N[0h�_abc_a`gX^h�`aikj�XN_a`abksJeR`gX*[0]Tf�lWeRn?X�X /�]>eR`abc[0hJeRi��

% D »�¼BÇ�½^Ó ¼BË ÉRÂ¿¼t¾Á½ ÊaÂ¿¼qÑ TCit
ï�Ë Â¿ÇZÀ ¼tÉ�Ñ2¼t¾qÜq¼qÑ2Ä�Êt½NÂ¿Ë Æ É�ÜNÀ ¼tÆ À ¾Á½PÍ?Ç?Ë�Êt½PÅP½P¾¿¼q½?Ü^Ë É�Ñ2Ä�Ì;Â¿¾¿â ÜqÈ�¾¿Î�Ì8Ë ät¼ Ü
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ic[Pl*bkhTn�YE[0f*eRh�jJ�+bkh�z�[RYL\N[0fafgX^i�eR`abc[0h¤v/X^`8l:XNX^h~bkh�z�bk{+bcz�]>eRi��÷eRh�z u [0v��8_ad/XN\^b��>\
\N[0s!d/[0h�X^h�`g_P�$��X�V>eN{?X|eRic_g[�bkh�`afg[+z�]�\NXNz�e|Y¡]Tfa`aV�X^fofgX /�]TbkfgX^s|X^h�`P�ª`aV�X�Xq�+�
[0n?X^h�X^bk`8j�[RY�s|[0vTbkikbk`8j?���8h�zTXNXNzr��bkh�[0fgzTX^f�`g[�d/X^fÁYE[0fas `aVTbc_�XN_a`abksJeR`g[0fP��l:X
V>eN{?X�bks!d/[2_gXNz�e|_gX^icXN\^`abc[0h�fa]TicX�[0h�`aV�X�X^s!dTic[Pj?XNXN_P�>Y¡]Tiki�_teRs!dTicX.8Wl:X$V>eN{?X
z�fg[0dTd/XNz�X^s!dTic[Pj?XNXN_ãl*V�[x\gV>eRhTn?XNz u [0v�v/X^`8l:XNX^h�w2y2y2yxeRh�z w2y2y2w�� �:]T`P�/b�Y
`aVTbc_!_gX^icXN\^`abc[0h�fa]TicX�bc_�h�[0`!X^h�`abkfgX^ikj�fteRh�zT[0s eRh�z�bk`�bc_!\N[0fafgX^i�eR`gXNz"`g[�`aV�X
X^fafg[0f�`gX^fas X^{?X^h"b�YZl:Xx\N[0h�z�bk`abc[0h�[0h"bkh�z�bk{+bcz�]>eRi�eRh�z���fas �T�TXNz"XqprXN\^`g_P�
[0]TfZXN_a`abksJeR`abc[0h~fgXN_a]Tik`g_Z\N[0]Ticz¤v/XovTb�e0_gXNzr�
UWV�Xã_a`teNj?X^fg_P����fg_a`�z�b�prX^fgX^h�\NXNz~lWeRn?XãX /�]>eR`abc[0h~bc_

∆yi2 = ∆h′
i2β + ∆ui2, i = 1, . . . , S,

�Á� �2�
l*V�X^fgX

∆yi2
�

yi2 − yi0
�
∆ui2

�
ui2 − ui0

�
∆hi2

�
hi2 − hi0

�
hit

�
[z′it,x

′
it]

′ �eRh�z
t = 0

eRh�z
t = 2

\N[0fafgXN_ad/[0h�z�`g[~w2y2y2yxeRh�z�w2y2y2w��/fgXN_ad/XN\^`abk{?X^ikj?��UWV�X
_gX^icXN\^`abc[0h�X /�]>eR`abc[0h�bc_

mi2 = 1[d′
i2θ2 + ξi2 > 0], i = 1, . . . , N,

�Á� �?�
l*V�X^fgX

di2
\N[0h�`teRbkh�_:`aV�X*{2eRfab�eRvTicXN_÷bkh

hi0
� �m_g_a]Ts|X*`aV>eR`-8*�¬b¬�

hit

bc_÷_a`afabc\^`aikj
Xq�T[0n?X^h�[0]�_ ���¬bkb¬�Z_gX^icXN\^`abc[0h zT[+XN_mh�[0`ozTX^d/X^h�z�[0h

∆hi2
[0h�\NX

di2
V>e0_mv/XNX^h

\N[0h�`afg[0ikicXNzáYE[0f ��eRh�z��¬bkbkb¬�
∆ui2

eRh�z
ξi2
eRfgX�vTbk{2eRfab�eR`gX h�[0fasJeRiãfteRh�zT[0s

{2eRfab�eRvTicXN_P�T`aV>eR`�bc_
(

∆ui2

ξi2

)
∼ N

[
0,

(
σ2

u ρσu

ρσu 1

) ]
,

�Á�-,?�

l*V�X^fgX
ρ
bc_!`aV�X¤\N[0fafgX^i�eR`abc[0h�v/X^`8l:XNX^h `aV�X¤z�bc_a`a]Tfav>eRh�\NXN_P�"UWV�X^hª�÷`aV�X¤Xq�+�

d/XN\^`gXNz¤V�[0]TfaikjxlWeRn?Xã[RY�X^s!dTic[Pj?XNX
i
\PeRh~v/Xol*fabk`a`gX^h�e0_

E(∆yi2| ∆hi2,di2,mi2 = 1)=E(∆h′
i2β + ∆ui2|hi2,di2,mi2 = 1)

=∆h′
i2β + E(∆ui2|hi2,di2,mi2 = 1)

=∆h′
i2β + E(∆ui2|mi2 =1)

_abkh�\NX
uit⊥hit

=∆h′
i2β + E(∆ui2|ξi2 > −d′

i2θ2).
�Ew2y?�

�:jJe0_g_a]Ts!dT`abc[0h��¬bkbkb¬�q�
E(∆ui2) = E(∆ui2)+ ρσu[ξi2 −E(ξi2)]

��`aV�X^fgXqYE[0fgX
Xq��dTic[0bk`abkhTn�`aV�XWi�eNl�[RY�bk`gX^fteR`gXNz!Xq��d/XN\^`teR`abc[0h�_�l:XW\PeRh!fgX^l*fabk`gXW`aV�X:i�e0_a`�`gX^fas
[RY�X /�]>eR`abc[0h��Ew2y?�*e0_WYE[0ikic[Pl�_-8

E(∆ui2|ξi2 > −d′
i2θ2)=E

[
E(∆ui2|ξi2)

∣∣ ξi2 > −d′
i2θ2

]

=E
{
E(∆ui2) + ρσu

[
ξi2 − E(ξi2)

]∣∣ξi2 >−d′
i2θ2

}

=ρσuE(ξi2| ξi2 > −d′
i2θ2)

=ρσu

φ(d′
i2θ2)

Φ(d′
i2θ2)

=ρσuλ(d′
i2θ2),

�Ew�� �


 




l*V�X^fgX
λ(·)
bc_�`aV�X�bkh�{?X^fg_gXZ¹�bkikic_�fteR`abc[�eRh�z

φ(·)
eRh�z

Φ(·)
eRfgX�`aV�X�_a`teRh�z�eRfgz

h�[0fasJeRi�zTX^h�_abk`8j�Y¡]Th�\^`abc[0hxeRh�z!`aV�XZ_a`teRh�z�eRfgz|h�[0fasJeRi�\^]Ts$]Ti�eR`abk{?Xmz�bc_a`afabkvT]��
`abc[0h~Y¡]Th�\^`abc[0hª�>fgXN_ad/XN\^`abk{?X^ikj?� ��ik]Tn2n2bkhTnxX /�]>eR`abc[0h"�Ew�� �*bkh�`g[JX /�]>eR`abc[0h��Ew2y?�
j+bcX^iczT_

E(∆yi2| ∆hi2,di2,mi2 = 1) = ∆h′
i2β + ρσuλ(d′

i2θ2).
�Ew2w?�

��/�]>eR`abc[0h��Ew2w?�*sJeR�?XN_m\^icXPeRfm`aV>eR`mb�Y�s|[0vTbkikbk`8j�bc_mXq�T[0n?X^h�[0]�_ml:X$V>eN{?X �PX^fg[
\N[0fafgX^i�eR`abc[0h!v/X^`8l:XNX^h!`aV�X:z�bc_a`a]Tfav>eRh�\NXN_�[RY�`aV�X÷��fg_a`�z�b�prX^fgX^h�\NXNz�lWeRn?XWX /�]>e �
`abc[0h��Á� �2�ZeRh�z�`aV�X�z�bc_a`a]Tfav>eRh�\NXN_�[RY�`aV�X�_gX^icXN\^`abc[0h X /�]>eR`abc[0h��Á� �?�q�reRh�z�l:X
\PeRh�\N[0h�_abc_a`gX^h�`aikj�XN_a`abksJeR`gX

β
]�_abkhTnZ`aV�X:_gX^icXN\^`gXNz�_teRs!dTicXo�¬`aV�X:_a`teNj?X^fg_P�R_a]Tv��

_teRs!dTicX �q���:]T`P�?b�Y
ρ
bc_�z�b�prX^fgX^h�`�Y¡fg[0s �PX^fg[T�?`aV�X � 4L}�fgX^n2fgXN_g_abc[0h�[RY

∆yi2
[0h

∆hi2
]�_abkhTn!`aV�Xã_a`teNj?X^fg_P��_a]Tv�_teRs!dTicX�[0s!bk`g_�`aV�Xobkh�{?X^fg_gX$¹�bkikic_*fteR`abc[T��icXPe0z+�

bkhTn$`g[�bkh�\N[0h�_abc_a`gX^h�`:XN_a`abksJeR`abc[0h�[RY
β
b�Y/`aV�X^fgX�bc_÷_g[0s|X�\N[0fafgX^i�eR`abc[0hJv/X^`8l:XNX^h

[0]Tf�lWeRn?X�fgX^n2fgXN_g_g[0fg_$eRh�z�s|[0vTbkikbk`8j [0h�\NX�l:X!\N[0h�`afg[0i�YE[0fobkh�z�bk{+bcz�]>eRi��oeRh�z
u [0v��8_ad/XN\^b��>\ã\N[0s!d/[0h�X^h�`g_P�
�8h�[0fgzTX^f�`g[!`gXN_a`�`aV�XãdTfgXN_gX^h�\NX$[RY�_gX^icXN\^`abc[0h�vTb�e0_P�Tl:Xãd/X^fÁYE[0fas­`aV�Xã`8l:[

_a`gX^d�dTfg[+\NXNz�]TfgX|dTfg[0d/[2_gXNz�v�j �mXN\g�+sJeRh��Á�-,�� �?��8��¬b¬�ol:X|[0vT`teRbkh�`aV�X|dTfg[R�
vTbk`�XN_a`abksJeR`gX

θ̂2
]�_abkhTn~eRiki

N
[0v�_gX^fa{2eR`abc[0h�_ãeRh�z�l:X�\N[0s!dT]T`gX�`aV�X$bkh�{?X^fg_gX

¹�bkikic_�fteR`abc[2_
λ̂i = λ(d′

i2θ̂2) = φ(d′
i2θ̂2)/Φ(d′

i2θ̂2)
�*�¬bkb¬�ml:X!d/X^fÁYE[0fas«`aV�X

� 4L}~fgX^n2fgXN_g_abc[0h [RY
∆yi2

[0h
∆hi2

eRh�z
λ̂i

]�_abkhTn�`aV�X�_a`teNj?X^fg_P�/_a]Tv�_teRs!dTicX
eRh�z�l:X$`gXN_a`Z`aV�X$_abkn2hTb��>\PeRh�\NX�[RY�`aV�X�XN_a`abksJeR`gXNz�d>eRfteRs|X^`gX^fãe0_g_g[+\^b�eR`gXNz~`g[
λ̂i

���8h�zTXNXNzr��]Th�zTX^f!`aV�Xxh�]Tiki*V�j+d/[0`aV�XN_abc_|[RYZh�[ _gX^icXN\^`abc[0h�vTb�e0_P��`aV�XxXN_a`ab��
sJeR`gXNz�bkh�{?X^fg_gX|¹�bkikic_�fteR`abc[2_$_aV�[0]Ticz h�[0`ãV>eN{?X|Xq��dTi�eRh>eR`g[0faj�d/[Pl:X^f$bkh�`aV�X
eR]Tn2s|X^h�`gXNz�lWeRn?X�fgX^n2fgXN_g_abc[0hª�
ULeRvTicX��Py$z�bc_adTi�eNj�_÷`aV�X�dTfg[0vTbk`WXN_a`abksJeR`abc[0hxfgXN_a]Tik`g_:[RYr`aV�XZ`8l:[�_a`gX^d�dTfg[R�

\NXNz�]TfgX�YE[0f¤`aV�X�_gX^icXN\^`abc[0hávTb�e0_x`gXN_a`P����X�bkh�\^ik]�zTX�e0_¤\N[P{2eRfab�eR`gXN_~[RY�`aV�X
_gX^icXN\^`abc[0h�bkh�z�bc\PeR`g[0fP�

mi2
�>eRikiª`aV�X�lWeRn?XãfgX^n2fgXN_g_g[0fg_�bkh�w2y2y2y�icX^{?X^ic_P�÷UWV�X^fgXq�

YE[0fgX2�R`aV�X÷bczTX^h�`ab��>\PeR`abc[0hJ[RY�`aVTbc_BdTfg[+\NXNz�]TfgX:VTbkhTn?XN_�[0h�`aV�X�bkh�\^ik]�_abc[0h![RY�lWeRn?X
fgX^n2fgXN_g_g[0fg_Wbkh~w2y2y2y$icX^{?X^ic_Wbkh�`g[�`aV�Xo_gX^icXN\^`abc[0h~X /�]>eR`abc[0hª��l*VTbkicXm`aV�X^jxeRfgXmbkh��
\^ik]�zTXNz bkh���fg_a`Á�8z�b�prX^fgX^h�\NXN_Jbkh�`g[�`aV�X�[0]T`g\N[0s|X�X /�]>eR`abc[0hª����X¤��h�z `aV>eR`
`aV�X¤\N[+X��J\^bcX^h�`�[RYm`aV�Xxbkh�{?X^fg_gX~¹�bkikic_�fteR`abc[�bc_!h�[0`|_abkn2hTb��>\PeRh�`aikj�z�b�prX^fgX^h�`
Y¡fg[0s �PX^fg[��

t
�8_a`teR` �oy�� �2y��

p
�;{2eRik]�X��oy�� ��w2�?��eRh�z¤l:Xã\PeRh~h�[0`�fgX u XN\^`*`aV�X�h�]Tiki

V�j+d/[0`aV�XN_abc_�[RY�h�[x_gX^icXN\^`abc[0h�vTb�e0_ml*V�X^h�l:X�]�_gX$`aV�X�_a]Tv�_teRs!dTicX�[RY:_a`teNj?X^fg_
bkh�_a`gXPe0z�[RYm`aV�X¤X^s!dTic[Pj?XNX2� _|Y¡]Tiki�_teRs!dTicX2� 
 �­UWV�X¤_gX^icXN\^`abc[0h�fa]TicXxl:X¤V>eN{?X
bks!d/[2_gXNz|bkh�[0fgzTX^f:`g[ã`te0\g�+icXZ`aV�XZ\N[0fafgX^i�eR`abc[0hxv/X^`8l:XNX^h u [0v��8_ad/XN\^b��>\m\N[0s!d/[R�
h�X^h�`g_$eRh�z�bkh�z�bk{+bcz�]>eRi÷\gV>eRfte0\^`gX^fabc_a`abc\N_$_gXNX^s|_oh�[0`�`g[xvTb�e0_o`aV�X!XN_a`abksJeR`abc[0h
fgXN_a]Tik`g_J[0vT`teRbkh�XNz {+b�e ���(eRh�z z�bc_adTi�eNj?XNz�bkh�`aV�X¤��fg_a`|`aVTfgXNX�\N[0ik]Ts!h�_�[RY
ULeRvTicXN_oº!eRh�z�,��

�  »�¼�Ç�½^Ó ¼ã¾¿¼tÍ+¼q½NÂ¿¼qÑxÂ¿Ç?Ë�ÌZÂ¿¼qÌ;Â�ÊgÆ ÉRÂ¿¾¿Æ Å Å Ë É?À!ÃcÆ ¾mïL¼t¼tô0Å âxïLÆ ¾¿ô0Ë É?À|Ç?Æ Ä?¾ÁÌm½PÉ�Ñ¤Ë ÎoÍ?Å ¼tÎo¼tÉRÂ¿Ë É?À
½PÉ�× � Í?¾¿Æ2Êg¼qÑ2Ä?¾¿¼|Ä�Ì8Ë É?À~Â¿Ç?¼JË É0Ó ¼t¾ÁÌ8¼Jð!Ë Å Å�Ì$¾Á½NÂ¿Ë Æ�½ ÌãË É�ÊgÅ Ä�Ñ2¼qÑ�Ë É�Ì;Â¿¾¿Ä?Îo¼tÉRÂqè&é�Ç?¼ t åEÌ;ÂÁ½NÂ¿Ë�Ì;Â¿Ë�Ê½ Ì¿Ì8Æ2ÊgË�½NÂ¿¼qÑ�Â¿Æ$Â¿Ç?¼�ÊgÆ0¼ � ÊgË ¼tÉRÂWÆPÃªÂ¿Ç?¼oË É0Ó ¼t¾ÁÌ8¼Zð!Ë Å Å�ÌW¾Á½NÂ¿Ë Æ$Ë�ÌWþ?è � �?ÜTÊgÆ ¾¿¾¿¼qÌ8Í+Æ É�Ñ2Ë É?À�Â¿Æ�½ p å¡ÓN½PÅ Ä?¼¼qßRÄ�½PÅ�Â¿Æãþ?è �0ý#"?è
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��OTD�M OT��Z U�M F �#v#v#v Z U�pGUYZ K E�C,U�X i�{ J { p m p#OTZ ?�U_ \ E m �#{ � �G� v�{ � r t v�{ v#v#v_ \ E
×
\ UYF,?�D�U v�{ � r v v�{ v � f v�{ v#v#v_ \ E

×
\ UYF,?�D�U

2
n �uv#v mIv�{ v#v#t v�{ v#v$� v�{ v#v#v\ UYF,?�D�U

2
n �uv#v v�{ v#v � v�{ v#v#v v�{ v#v#vJ�� j UYD�M UYF�xYU 2 n �uv#v v�{ v$� � v�{ v$�ut v�{ �G�Tt� � 	�� ��� �u� m ��U�� UYD�UYF�xYU�� s}j A	C 
_aD�C#N t A	C � f v�{ v$� � v�{ �u�#v v�{ f 
G�_aD�C#N �#v A	C 
 f v�{ �$�uv v�{ � r � v�{ � 
Gt_aD�C#N t#v A	Ccf#f mIv�{ v$� r v�{ � f � v�{ f �#t_aD�C#N �uv#v A	C 
 f#f v�{ v � f v�{ � r � v�{ r � 


t#v#v C#D�NcC#D�U v�{ �uv#� v�{ � r#f v�{ tG�T�zL?���Z M x i UYx�A	C#D v�{ � r v v�{ �$� f v�{ v r �
� � � � ���#��� � 
 m ��U�� UYD�UYF�xYU�� w Z ?�U�xYC#Z Z OTDR�B�M A	U�xYC#Z Z OTD mIv�{ v 
 
 v�{ �uv � v�{ �#� f]6OTFaOTS#UYD v�{ v#�#� v�{ �Q� f v�{ �'� 
� 
 ��� ��� 	�� m ��U�� UYD�UYF�xYU���>@S#D�M xY?�Z A	?�D�U��F�V�?�K�A	DIH~d ]~M F�M F�S mIv�{ � r �`v�{ �G� r v�{ �Q�'�w ?�M Z V�M F�S:d E�C#F�K�A	D�?�x�A	M C#F mIv�{ �#t 
 v�{ � �#t v�{ �G�T�R�B�C#Z UYK�OTZ UWd���U�A�OTM Z \ D	OTV�U mIv�{ �G�'�`v�{ � f � v�{ �#t 
\ D	OTF�K j C#DIA�d E�C#NcN�?�F�M xuOQA	M C#F mIv�{ 
Gt f v�{ � �#t v�{ �Q�TvE�D�UYV�M A@dy��F�K	?�D	OTF�xYU mIv�{ v f v v�{ �#t$� v�{ � f �w ?�K	M F�UYK	K�K	UYDIp�M xYUYK mIv�{ v �G� v�{ � 
G� v�{ f �G��@C#NcUYK�A	M x�K	UYDIp�M xYUYK v�{ v#v � v�{ � 
 � v�{ f#f �zL?���Z M x�OTV�NcM F�M K�A	D	OQA	M C#F mIv�{ �Q�'�`v�{ �#v r v�{ tG� r� UuOTV�C�� � C#?�K	UYB�C#Z V v�{ � �ut v�{ v f#f v�{ � 
 f]6OTD�D�M UYV mIv�{ � f � v�{ v f#f v�{ v#t �z�OTDIA m A	M NcU v�{ v#v f v�{ � 
 � v�{ f t#vE�C#F�K�A�OTFGA �#{ vG�Tv v�{ � 
 f v�{ v#v �k@��K	UYDIp#OQA	M C#F�K � � � r tE�UYF�K	C#D�UYV � � 
zLK	UY?�V�C

R2 v�{ �$� fl8C#S m Z M �#UYZ M B�C,C,V mIt#� 
�{ � 
\ UYK�A}C�����C#M FGA}K	M S#F�M �axuOTF�xYU
χ2
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UWVTbc_�d>eRd/X^f�V>e0_�bkh�{?XN_a`abkn�eR`gXNz!l*V�X^`aV�X^f�`aV�X*XqprXN\^`g_�[RY/`gX^s!d/[0fteRfaj�\N[0h�`afte0\^`g_
eRfgX�VTbkn2V�X^f|[0f�ic[Pl:X^f|lWeRn?XN_|eRh�z�l*V�X^`aV�X^f!`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_JeRfgXx\N[0s��
d/X^h�_teR`gXNz�v�j�d>eRfa`abc\^]Ti�eRf�fgX^`a]Tfah�_$`g[~_gX^hTbc[0fabk`8j?� �*\N\N[0fgz�bkhTn�`g[¤`aV�X|`aV�XN[0faj
[RY$\N[0s!d/X^h�_teR`abkhTn�z�b�prX^fgX^h�`ab�eRic_�l:X�l:[0]Ticz�Xq��d/XN\^`J`g[�zTX^`gXN\^`~e fabc_a��dTfgXq�
s!bk]Ts YE[0fm`gX^s!d/[0fteRfaj�l:[0fa�?X^fg_�bkh�`gX^fas|_�[RY÷VTbkn2V�X^f�lWeRn?XN_P���mX^{?X^fa`aV�X^icXN_g_P�
l:X�V>eN{?X!_gXNX^h�`aV>eR`�`aV�X^fgX!eRfgX�[0`aV�X^f�`aV�XN[0fgX^`abc\PeRi�Xq��dTi�eRh>eR`abc[0h�_�icXPe0z�bkhTn¤`g[
lWeRn?Xãd/X^h>eRik`abcXN_WYE[0f�`gX^s!d/[0fteRfajxX^s!dTic[Pj?XNXN_P�

�m_�e�sJeR`a`gX^f�[RY�Y;e0\^`P�m`aV�X sJeRbkh���h�z�bkhTn�bc_¤`aV>eR`P�ãe Y¡`gX^f�\N[0h�`afg[0ikikbkhTn
v/[0`aV~YE[0fZbkh�z�bk{+bcz�]>eRi��8_ad/XN\^b��>\�\N[0s!d/[0h�X^h�`g_�eRh�z~]Th�[0v�_gX^fa{2eRvTicX u [0v��8_ad/XN\^b��>\
XqprXN\^`g_P�+eã_abkn2hTb��>\PeRh�`:lWeRn?X�d/X^h>eRik`8j�YE[0f�`gX^s!d/[0fteRfaj!l:[0fa�?X^fg_W[RYBeRv/[0]T`m�Pw?�
bc_$zTX^`gXN\^`gXNzr��UWVTbc_ãlWeRn?X|d/X^h>eRik`8j v/XN\N[0s|XN_ãVTbkn2VTikj _abkn2hTb��>\PeRh�`!eRh�z�X /�]>eRi
`g[��P��� º?�­l*V�X^h�l:X�\N[0h�`afg[0i�YE[0fml:XNX^�+ikj�l:[0fa�+bkhTnxV�[0]Tfg_P� �Zh�\NX�s|[0fgX2�/`aV�X
X^s!dTbkfabc\PeRi:X^{+bczTX^h�\NXJzT[+XN_�h�[0`�_a]TdTd/[0fa`�`aV�X|`aV�XN[0faj [RY*\N[0s!d/X^h�_teR`abkhTn�z�b�Y¬�
YEX^fgX^h�`ab�eRic_P�

3 bk{?X^h�`aV>eR`�`aV�X^fgX*eRfgX÷lWeRn?X:d/X^h>eRik`abcXN_LYE[0fL`gX^s!d/[0fteRfajãl:[0fa�?X^fg_P��eRh�[0`aV�X^f
��h�z�bkhTnobc_L`aV>eR`�`gX^s!d/[0fteRfaj�X^s!dTic[Pj?XNXN_�_gXNX^sò`g[Zv/X:\N[0s!d/X^h�_teR`gXNz�v�jãVTbkn2V�X^f
fgX^`a]Tfah�_Z`g[J_gX^hTbc[0fabk`8j?��UWV�X$XN_a`abksJeR`gXNz�\N[+X��J\^bcX^h�`�[RY�`aV�Xãbkh�`gX^fte0\^`abc[0h�`gX^fas
v/X^`8l:XNX^h�\N[0h�`afte0\^`�`8j+d/XãeRh�z~_gX^hTbc[0fabk`8j�bc_Zy�� y2w2��vT]T`Z_a`teR`abc_a`abc\PeRikikjxz�b�prX^fgX^h�`
Y¡fg[0s �PX^fg[$[0hTikjJeR`*e|�Py?� _abkn2hTb��>\PeRh�\NXZicX^{?X^i��

p
�;{2eRik]�X��oy�� y2º2º?�q��UWVTbc_:_aikbkn2V�`

X^{+bczTX^h�\NX�[RY�zTXN\^fgXPe0_abkhTn�lWeRn?XJd/X^h>eRik`abcXN_�l*bk`aVTbkh�`aV�X�_teRs|X!��fas v/XN\N[0s|XN_
V�XPeN{+bcX^fol*V�X^h�l:X�\N[0h�`afg[0iLYE[0fml:XNX^�+ikj~l:[0fa�+bkhTnxV�[0]Tfg_-8*`aV�X�XN_a`abksJeR`gXNz�\N[R�
X��J\^bcX^h�`�[RYW`aV�X|bkh�`gX^fte0\^`abc[0h�bc_ã_a`abkiki:eRfg[0]Th�z�y�� y2w2�¤vT]T`$_abkn2hTb��>\PeRh�`!eR`ã`aV�X
º?�(icX^{?X^i;�
UWV�XoX^s!dTbkfabc\PeRirX^{+bczTX^h�\NXozT[+XN_:h�[0`*_a]TdTd/[0fa`:`aV�Xm`aV�XN[0fajJ[RYL\N[0s!d/X^h�_teR`Á�

bkhTn�z�b�prX^fgX^h�`ab�eRic_P�*�T]Tfa`aV�X^fas|[0fgX2��`aV�X^fgXãbc_me|_aikbkn2V�`mX^{+bczTX^h�\NX$[RY�zTXN\^fgXPe0_abkhTn
lWeRn?X�d/X^h>eRik`abcXN_ol*bk`aVTbkh�`aV�X�_teRs|Xã��fas~�/_a]TdTd/[0fa`abkhTnx`aV�X 4ª[0Vª� _|�Á�-,., �+��bkh��
`gX^fadTfgX^`teR`abc[0h&[RYm`gX^s!d/[0fteRfaj�\N[0h�`afte0\^`g_�e0_|e�_g[0fa`abkhTn�s|XN\gV>eRhTbc_as~���Lbkfas|_
d/[2_a`o{2e0\PeRh�\^bcXN_ã\gV>eRfte0\^`gX^fab��PXNz�v�j�eJdTfg[0v>eR`abc[0h>eRfaj _a`teRn?X~�¬`aV�X�`gX^s!d/[0fteRfaj
\N[0h�`afte0\^`q��l*bk`aV�ic[Pl:X^fJlWeRn?XN_P�÷vT]T`|dTfg[0s!bc_abkhTn VTbkn2V�X^f|lWeRn?XN_�e Y¡`gX^falWeRfgzT_P�
bkh�[0fgzTX^f�`g[�n?X^h�X^fteR`gX�e�_gX^i�Y¬�8_gX^icXN\^`abc[0h�[RYã`aV�X~s|[2_a`x_a�+bkiki�Y¡]Tim\PeRh�z�bcz�eR`gXN_P�
�T]Tfa`aV�X^fas|[0fgX2�>b�YLl:X�bkh�`gX^fadTfgX^`Z`gX^s!d/[0fteRfaj u [0v�_Ze0_�eRh�[0h��;`aV�Xq� u [0v~`afteRbkhTbkhTn
d/X^fabc[+zxYE[0f�h�X^l�l:[0fa�?X^fg_P�>[0]Tf*��h�z�bkhTn?_oeRfgX�bkh~ikbkh�X�`aV�Xã[0h�XN_�v�j��*eRfafg[0h !$#
%('*)Jl*V�[x��h�z `aV>eR`�e �Py?� bkh�\^fgXPe0_gX!bkh�`aV�X!l:[0fa�?X^fP� _�[0h��;`aV�Xq� u [0v�`afteRbkhTbkhTn
�¬s|XPe0_a]TfgXNz~bkh¤V�[0]Tfg_q�:fteRbc_gXN_*lWeRn?X�n2fg[Pl*`aV�v�j �2� º?���

�m_g_a]Ts!bkhTn�`aV>eR` u [0v|_gX^hTbc[0fabk`8j�bc_÷eRvTicX*`g[�\PeRdT`a]TfgX*`aVTbc_�zTX^n2fgXNX�[RY/d>eRfa`abc\q�
bkd>eR`abc[0hª��[0]TfZfgXN_a]Tik`g_�sJeNj¤v/XãXq��dTi�eRbkh�XNz�v�jx`aV�Xãbkh�_a`abk`a]T`abc[0h>eRi�_gX^`a`abkhTnxeRh�z
l*V�X^h u [0v�_gX^hTbc[0fabk`8j$bkh�\^fgXPe0_gXN_ª�oVTbkn2V�X^f�zTX^n2fgXNXW[RY�d>eRfa`abc\^bkd>eR`abc[0h!`g[Z`aV�X���fas
ikb�YEX��J`aV�X^fgXobc_Wh�[�ic[0hTn?X^fme$icX^n�eRirfgXPe0_g[0hxYE[0fW`aV�Xm��fas `g[!z�bc_g\^fabks!bkh>eR`gX$eRh�z
`aV�X�lWeRn?X�n�eRd~v/X^`8l:XNX^h�d/X^fasJeRh�X^h�`oeRh�z¤`gX^s!d/[0fteRfajxl:[0fa�?X^fg_Zz�bc_teRdTd/XPeRfg_P�
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ö÷¼gÈ�É?¼ H ≡ [Z
èèè X] Â¿Ç?¼ NT × D Î�½NÂ¿¾¿Ë õ ÊgÆ Å Å ¼qÊaÂ¿Ë É?À~Æ Ä?¾$Æ à�Ì8¼t¾¿ÓN½Pà?Å ¼!ï�½PÀ ¼¾¿¼tÀ ¾¿¼qÌ¿Ì8Æ ¾ÁÌtÜ?ï�Ç?¼t¾¿¼ D = 5 + K ½PÉ�Ñ T = 2 è:ö÷¼tÉ?ÆPÂ¿¼ Y Â¿Ç?¼ NT å¡Ó ¼qÊaÂ¿Æ ¾�ÃcÆ ¾:Æ Ä?¾Ñ2¼tÍ+¼tÉ�Ñ2¼tÉRÂWÓN½P¾¿Ë�½Pà?Å ¼ è H ½PÉ�Ñ Y Êt½PÉ!à+¼mÍ�½P¾8Â¿Ë Â¿Ë Æ É?¼qÑ!½ ÊtÊgÆ ¾ÁÑ2Ë É?ÀoÂ¿Æ�ê;Æ à|ÎoÆ à?Ë Å Ë Â;â

½ Ì�ÃcÆ Å Å ÆNï�Ì � H = [H′
s

èèè H′
m]′ ½PÉ�Ñ Y = [Y′

s

èèè Y′
m]′ Ü�ï�Ç?¼t¾¿¼ Hs

Ë�Ì�Â¿Ç?¼ TS × D¾¿¼tÀ ¾¿¼qÌ¿Ì8Æ ¾ÁÌ+Î�½NÂ¿¾¿Ë õ:ÃcÆ ¾�Ì;ÂÁ½^â ¼t¾ÁÌtÜ Hm
Ë�ÌTÂ¿Ç?¼ TM×D ¾¿¼tÀ ¾¿¼qÌ¿Ì8Æ ¾ÁÌ+Î�½NÂ¿¾¿Ë õ:ÃcÆ ¾>ÎoÆNÓ ¼t¾ÁÌtÜ½PÉ�Ñ Ys

½PÉ�Ñ Ym
½P¾¿¼:Â¿Ç?¼ TS åª½PÉ�Ñ TM å¡Ó ¼qÊaÂ¿Æ ¾ÁÌBÆPÃ�Â¿Ç?¼�Ñ2¼tÍ+¼tÉ�Ñ2¼tÉRÂ÷ÓN½P¾¿Ë�½Pà?Å ¼:ÃcÆ ¾Ì;ÂÁ½^â ¼t¾ÁÌ�½PÉ�Ñ�ÃcÆ ¾/ÎoÆNÓ ¼t¾ÁÌtÜ^¾¿¼qÌ8Í+¼qÊaÂ¿Ë Ó ¼tÅ â 	PË ÉZÂ¿Ç?Ë�Ìr¼tÎoÍ?Ë ¾¿Ë�Êt½PÅ2½PÉ�½PÅ â2Ì8Ë�Ì S = 1, 961 ½PÉ�Ñ

M = 224 èWÐ�Ë É�½PÅ Å â Ü Q Ë�Ì÷Â¿Ç?¼ T × T Ì8â0ÎoÎo¼gÂ¿¾¿Ë�ÊPÜTË�Ñ2¼tÎoÍ+ÆPÂ¿¼tÉRÂ:Â¿Ë Îo¼gåEÑ2¼tÎo¼q½PÉ?Ë É?ÀÎ�½NÂ¿¾¿Ë õ$ï�Ë Â¿Ç�¾Á½PÉ?ô T − 1 èé�Ç?¼*Ð�Þ ¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾�Æ É�Â¿Ç?¼�Ì;ÂÁ½^â ¼t¾ÁÌtî0Ì8Ä?à�Ì¿½PÎoÍ?Å ¼WË�Ì

β̂FEs =
( S∑

i=1

H′
isQHis

)−1( S∑

i=1

H′
isQYis

)

=
( S∑

i=1

Ḧ′
isHis

)−1( S∑

i=1

Ḧ′
isYis

)
. Ô�Ö�åÁÛ^ç

ÞBßRÄ�½NÂ¿Ë Æ É~Ö�åÁÛãÌ8Ç?ÆNï�Ì:Â¿Ç�½NÂ�Â¿Ç?¼$Ð�Þ�¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾�Êt½PÉ�Ü�Ë É¤À ¼tÉ?¼t¾Á½PÅ¬Ü>à+¼ãË ÉRÂ¿¼t¾¿Í?¾¿¼gÂ¿¼qÑ
½ Ì�½PÉ�Ë É�Ì;Â¿¾¿Ä?Îo¼tÉRÂÁ½PÅªÓN½P¾¿Ë�½Pà?Å ¼qÌ�Ôc× � çW¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾*ï�Ç?¼t¾¿¼oÂ¿Ç?¼�Ë É�Ì;Â¿¾¿Ä?Îo¼tÉRÂÁÌ�½P¾¿¼mÂ¿Ç?¼
Ñ2¼tÓ0Ë�½NÂ¿Ë Æ É�ÌLÃc¾¿Æ ÎáÂ¿Ç?¼*Ë É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅ�Îo¼q½PÉ�Ìtè
é�Ç?¼Wï�Ë Â¿Ç?Ë É2å¡Ë É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅcÙ^ï�Ë Â¿Ç?Ë É2å ê;Æ à¤Ô�Ð�Þª»�û0ç�¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾�Êt½PÉ�à+¼*ï�¾¿Ë Â8Â¿¼tÉ�½ Ì

β̂FEWJ =
( S∑

i=1

H̃′
isHis +

M∑

j=1

H̃′
jmHjm

)−1( S∑

i=1

H̃′
isYis +

M∑

j=1

H̃′
jmYjm

)
,

Ô�Ö�å;Ú ç
ï�Ç?¼t¾¿¼ H̃is

Ë�Ì/Â¿Ç?¼ ST ×D ¾¿¼tÀ ¾¿¼qÌ¿Ì8Æ ¾ÁÌ>Î�½NÂ¿¾¿Ë õoÊgÆ ÉRÂÁ½PË É?Ë É?ÀWÂ¿Ç?¼÷Ì;ÂÁ½^â ¼t¾ÁÌtîNÑ2¼tÓ0Ë�½NÂ¿Ë Æ É�ÌÃc¾¿Æ ÎáÂ¿Ç?¼Wï�Ë Â¿Ç?Ë É2å ê;Æ à�Îo¼q½PÉ�ÌtÜ?½PÉ�Ñ H̃im
Ë�ÌLÂ¿Ç?¼ MT ×D Î�½NÂ¿¾¿Ë õ�ÊgÆ Ä?ÉRÂ¿¼t¾¿Í�½P¾8ÂBÃcÆ ¾Â¿Ç?¼$ÎoÆNÓ ¼t¾ÁÌtè�é�Ç?¼�Ñ2¼tÓ0Ë�½NÂ¿Ë Æ É�ÌWÃc¾¿Æ Î�Â¿Ç?¼$ï�Ë Â¿Ç?Ë É2å ê;Æ à~Îo¼q½PÉ�ÌWÃcÆ ¾�Â¿Ç?¼�Ì;ÂÁ½^â ¼t¾ i ½NÂÂ¿Ë Îo¼ t ½P¾¿¼ h̃its = hits −

∑T

t=1
hits
Ü+¼gõ?½ ÊaÂ¿Å â$¼qßRÄ�½PÅTÂ¿Æ�Â¿Ç?¼ZÑ2¼tÓ0Ë�½NÂ¿Ë Æ É�Ì�Ãc¾¿Æ Î Â¿Ç?¼

Ë É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅ�Îo¼q½PÉ�Ìtè/é�Ç?¼÷Ñ2¼tÓ0Ë�½NÂ¿Ë Æ É�Ì/Ãc¾¿Æ Î�Â¿Ç?¼÷ï�Ë Â¿Ç?Ë É2å ê;Æ à�Îo¼q½PÉ�Ì/ÃcÆ ¾rÂ¿Ç?¼�ÎoÆNÓ ¼t¾ j½NÂ:Ñ?½NÂ¿¼ t ½P¾¿¼ Ü?Ë É�Ì;Â¿¼q½ ÑTÜ�Ì8Ë ÎoÍ?Å â�¼qßRÄ�½PÅTÂ¿Æ�ät¼t¾¿Æ�èLé�Ç0Ä�ÌtÜ H̃is = Ḧis
½PÉ�Ñ H̃im = 0ÃcÆ ¾ i = 1, 2, . . . , S ½PÉ�Ñ j = 1, 2, . . . , M è�ì0Ä?à�Ì;Â¿Ë Â¿Ä2Â¿Ë É?À¤Ë ÉRÂ¿Æx¼qßRÄ�½NÂ¿Ë Æ É�Ô�Ö�å;Ú çâ0Ë ¼tÅ�Ñ?Ì

β̂FEWJ =
( S∑

i=1

Ḧ′
isHis + 0

)−1( S∑

i=1

Ḧ′
isYis + 0

)

=
( S∑

i=1

Ḧ′
isHis

)−1( S∑

i=1

Ḧ′
isYis

)

= β̂FEs
Ô�Ö�å �Rç


 �



é�Ç?¼t¾¿¼gÃcÆ ¾¿¼ ÜPÈ?õ2¼qÑ�¼gú�¼qÊaÂÁÌL¼qÌ;Â¿Ë Î�½NÂ¿Ë Æ É�Æ É�Â¿Ç?¼WÌ;ÂÁ½^â ¼t¾ÁÌtî Ì8Ä?à�Ì¿½PÎoÍ?Å ¼÷½PÉ�Ñ�ï�Ë Â¿Ç?Ë É2å
Ë É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅcÙ^ï�Ë Â¿Ç?Ë É2å ê;Æ à�Í?¾¿Æ2Êg¼qÑ2Ä?¾¿¼�Æ É�Â¿Ç?¼�ÃcÄ?Å Å÷Ì¿½PÎoÍ?Å ¼�Í?¾¿Æ2Ñ2Ä�Êg¼�Ë�Ñ2¼tÉRÂ¿Ë�Êt½PÅ�¼qÌ;Â¿Ë å
Î�½NÂ¿¼qÌr½PÉ�Ñ�Ë É2Ãc¼t¾¿¼tÉ�Êg¼�Ë ÉmÆ Ä?¾�Ãc¾Á½PÎo¼tïLÆ ¾¿ô�è�×EÉ�Ñ2¼t¼qÑTÜNÂ¿Ç?¼�ï�Ë Â¿Ç?Ë É2å¡Ë É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅcÙ^ï�Ë Â¿Ç?Ë É2å
ê;Æ àmÂ¿¼qÊÁÇ?É?Ë�ßRÄ?¼�Êt½PÉmà+¼�Ë ÉRÂ¿¼t¾¿Í?¾¿¼gÂ¿¼qÑo½ Ìr½PÉm× � Í?¾¿Æ2Êg¼qÑ2Ä?¾¿¼ �>Æ Ä?¾rï�½PÀ ¼L¾¿¼tÀ ¾¿¼qÌ¿Ì8Æ ¾ÁÌ>½P¾¿¼
¼tÉ�Ñ2Æ À ¼tÉ?Æ Ä�Ì�à+¼qÊt½PÄ�Ì8¼:Â¿Ç?¼tâ�½P¾¿¼WÅ Ë ô ¼tÅ âãÂ¿Æ�à+¼�ÊgÆ ¾¿¾¿¼tÅ�½NÂ¿¼qÑãï�Ë Â¿Ç!Í+¼t¾ÁÌ8Æ É�½PÅ åª½PÉ�ÑZê;Æ à2å
Ì8Í+¼qÊgË È+ÊmÊÁÇ�½P¾Á½ ÊaÂ¿¼t¾¿Ë�Ì;Â¿Ë�ÊtÌ
	+Â¿Ç?¼qÌ8¼m¼tÉ�Ñ2Æ À ¼tÉ?Æ Ä�Ì�¾¿¼tÀ ¾¿¼qÌ¿Ì8Æ ¾ÁÌ�½P¾¿¼ZË É�Ì;Â¿¾¿Ä?Îo¼tÉRÂ¿¼qÑ|Ä�Ì8Ë É?À
Â¿Ç?¼�Ñ2¼tÓ0Ë�½NÂ¿Ë Æ É�ÌoÃc¾¿Æ Î­Â¿Ç?¼|ï�Ë Â¿Ç?Ë É2å ê;Æ à�Îo¼q½PÉ�Ì
	:Ì8Ë É�Êg¼ ÜLÂ¿Ç?¼JÑ2¼tÓ0Ë�½NÂ¿Ë Æ É�Ì�Ãc¾¿Æ Î­Â¿Ç?¼
ï�Ë Â¿Ç?Ë É2å ê;Æ àxÎo¼q½PÉ�Ì�½P¾¿¼o¼qßRÄ�½PÅ/Â¿Æ!ät¼t¾¿Æ�ÃcÆ ¾*ÎoÆNÓ ¼t¾ÁÌW½PÉ�Ñ�¼qßRÄ�½PÅ/Â¿Æ�Â¿Ç?¼ãÑ2¼tÓ0Ë�½NÂ¿Ë Æ É�Ì
Ãc¾¿Æ Î Â¿Ç?¼ZË É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅ>Îo¼q½PÉ�Ì�ÃcÆ ¾:Ì;ÂÁ½^â ¼t¾ÁÌtÜ?Æ Ä?¾�× � ¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾�À Ë Ó ¼qÌ�½�ät¼t¾¿Æ�ïL¼tË À ÇRÂ
Â¿ÆmÎoÆNÓ ¼t¾ÁÌª½PÉ�ÑãïL¼÷À ¼gÂLÂ¿Ç?¼:Ä�Ì8Ä�½PÅ�Ð�Þ�¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾LÍ?¾¿¼gÃcÆ ¾¿Îo¼qÑ�Æ É�Â¿Ç?¼WÌ;ÂÁ½^â ¼t¾ÁÌtîRÌ8Ä?à2å
Ì¿½PÎoÍ?Å ¼ è
� ()� �7����(	���)89���45���
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»�¼�Ç�½^Ó ¼�Ì8¼t¼tÉZÂ¿Ç�½NÂrÂ¿Ç?¼�Ð�Þª»�û*¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾ª½PÉ�Ñ�Â¿Ç?¼�Ð�Þ¤¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾/Æ ÉZÂ¿Ç?¼�Ì;ÂÁ½^â ¼t¾ÁÌtî
Ì8Ä?à�Ì¿½PÎoÍ?Å ¼ãÍ?¾¿Æ2Ñ2Ä�Êg¼�Â¿Ç?¼$Ì¿½PÎo¼ã¾¿¼qÌ8Ä?Å ÂÁÌtè!Ö�É?ÆPÂ¿Ç?¼t¾Z¼qßRÄ?Ë ÓN½PÅ ¼tÉ�Êg¼oÂ¿Ç�½NÂmïL¼ã¼gõ2Í?Å Æ Ë Â
Â¿Æ�ÊgÆ ÎoÍ?Ä2Â¿¼�½~¾¿¼tÀ ¾¿¼qÌ¿Ì8Ë Æ É2å¡à�½ Ì8¼qÑ & ½PÄ�Ì8Î�½PÉ Â¿¼qÌ;Â�½PÉ�Ñ�ÊgÆ ÎoÍ�½P¾¿¼�Â¿Ç?¼J¼qÌ;Â¿Ë Î�½NÂ¿¼qÑ
ÊgÆ0¼ � ÊgË ¼tÉRÂÁÌ�ÆPÃ�Â¿Ç?¼*ÓN½P¾¿Ë�½Pà?Å ¼qÌLÆPÃ/Í?¾¿Ë Î�½P¾¿â�Ë ÉRÂ¿¼t¾¿¼qÌ;Â�Ë�ÌLÂ¿Ç?¼WÃcÆ Å Å ÆNï�Ë É?À �

β̂FEWJ =
( S∑

i=1

Ḧ′
isHis

)−1( S∑

i=1

Ḧ′
isYis

)

=
( N∑

i=1

H̃′
iḦi

)−1( N∑

i=1

H̃′
iŸi

)
. Ô�Ö�å �0ç

×EÉ�Ñ2¼t¼qÑTÜ�Ì8Ë É�Êg¼ H̃is = Ḧis
½PÉ�Ñ H̃im = 0 Ü2ïL¼WÀ ¼gÂ

β̂FEWJ =
( N∑

i=1

H̃′
iḦi

)−1( N∑

i=1

H̃′
iŸi

)

=
( S∑

i=1

H̃′
isḦis +

M∑

j=1

H̃′
jmḦjm

)−1( S∑

i=1

H̃′
isŸis +

M∑

j=1

H̃′
jmŸjm

)

=
( S∑

i=1

Ḧ′
isḦis

)−1( S∑

i=1

Ḧ′
isŸis

)

=
( S∑

i=1

Ḧ′
isHis

)−1( S∑

i=1

Ḧ′
isYis

)
. Ô�Ö�å;Ø ç

é�Ç?¼xÐ�Þ5¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾ β̂FE = (
∑N

i=1
Ḧ′

iḦi)
−1(

∑N

i=1
Ḧ′

iŸi)
Ë�Ì$Â¿Ç?¼xÏ�ù>ñ�Þ

¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾�Ä?É�Ñ2¼t¾ZÇ?Æ ÎoÆRÌ8ô ¼qÑ?½NÂ¿Ë�ÊgË Â;âJ½PÉ�Ñ�Â¿Ç?¼ãÍ?¾¿¼qÌ8¼tÉ�Êg¼�ÆPÃ�Ë É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅªÈ?õ2¼qÑ¤ÊgÆ É2å
Ì;ÂÁ½PÉRÂÁÌtÜ ci

	:Â¿Ç?¼�Ð�Þ ¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾$Ë�Ì�Ì8Ë ÎoÍ?Å â�Â¿Ç?¼�Å ¼q½ Ì;Â�Ì¿ßRÄ�½P¾¿¼qÌã¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾$ÆPÃ*Â¿Ç?¼
Â¿Ë Îo¼gåEÑ2¼tÎo¼q½PÉ?¼qÑ�Ñ?½NÂÁ½ Ì8¼gÂqè ×EÉ Â¿Ç?Ë�Ì�ÊgÆ ÉRÂ¿¼gõ0Â$Â¿Ç?¼�Ð�Þª»�û�¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾ β̂FEWJ =

(
∑N

i=1
H̃′

iḦi)
−1 (

∑N

i=1
H̃′

iŸi)
Êt½PÉmà+¼�Ë ÉRÂ¿¼t¾¿Í?¾¿¼gÂ¿¼qÑm½ Ìª½PÉm× � ¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾r¼tÎoÍ?Å ÆNâRå

Ë É?ÀxÂ¿Ç?¼!ï�Ë Â¿Ç?Ë É2å ê;Æ à�Îo¼q½PÉ�Ì�½ ÌoË É�Ì;Â¿¾¿Ä?Îo¼tÉRÂÁÌoÃcÆ ¾oÂ¿Ç?¼!ï�Ë Â¿Ç?Ë É2å¡Ë É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅ�Îo¼q½PÉ�Ìtè
ñ�É�Ñ2¼t¾ZÇ?Æ ÎoÆRÌ8ô ¼qÑ?½ Ì;Â¿Ë�ÊgË Â;â|½PÉ�ÑJÂ¿Ç?¼ãÍ?¾¿¼qÌ8¼tÉ�Êg¼oÆPÃ�Ë É�Ñ2Ë Ó0Ë�Ñ2Ä�½PÅªÈ?õ2¼qÑxÊgÆ É�Ì;ÂÁ½PÉRÂÁÌtÜ ci
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 H



Â¿Ç?Ë�Ìã× � ¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾�Ë�ÌãÊgÆ É�Ì8Ë�Ì;Â¿¼tÉRÂ�à?Ä2Â$Å ¼qÌ¿Ì�¼ � ÊgË ¼tÉRÂqè�é�Ç0Ä�ÌtÜ�ïL¼!ÊgÆ Ä?Å�Ñ�Ä�Ì8¼�Â¿Ç?¼
Ä�Ì8Ä�½PÅ & ½PÄ�Ì8Î�½PÉJÂ¿¼qÌ;Â*Â¿Æ!ÊgÆ ÎoÍ�½P¾¿¼ZÂ¿Ç?¼ãÐ�Þ�½PÉ�Ñ|Â¿Ç?¼ãÐ�Þª»�û!¼qÌ;Â¿Ë Î�½NÂ¿Ë Æ É�¾¿¼qÌ8Ä?Å ÂÁÌtè
ÏLÄ2ÂZÇ?¼gÂ¿¼t¾¿ÆRÌ8ô ¼qÑ?½ Ì;Â¿Ë�ÊgË Â;â!Ç�½ Ì*à+¼t¼tÉ¤Ñ2¼gÂ¿¼qÊaÂ¿¼qÑ¤½PÉ�ÑJÂ¿Ç?¼ãÄ�Ì8Ä�½PÅ & ½PÄ�Ì8Î�½PÉ�Â¿¼qÌ;Â*ÃcÆ ¾8å
ÎZÄ?Å�½oÊt½PÉ?É?ÆPÂ�à+¼*½PÍ?Í?Å Ë ¼qÑ$à+¼qÊt½PÄ�Ì8¼÷Â¿Ç?¼*½ Ì8â0ÎoÍ2Â¿ÆPÂ¿Ë�Ê÷ÓN½P¾¿Ë�½PÉ�Êg¼:ÆPÃ>Â¿Ç?¼*Ñ2Ë ú�¼t¾¿¼tÉ�Êg¼:ÆPÃ
Â¿Ç?¼*¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾ÁÌ�Ñ2Ë Ó ¼t¾¿À ¼qÌªÃc¾¿Æ Î�Â¿Ç?¼�Ñ2Ë ú�¼t¾¿¼tÉ�Êg¼WË É�Â¿Ç?¼�½ Ì8â0ÎoÍ2Â¿ÆPÂ¿Ë�Ê:ÓN½P¾¿Ë�½PÉ�Êg¼qÌtè
Ö÷Ì�Í+Æ Ë ÉRÂ¿¼qÑ�Æ Ä2Â÷à0â & ½PÄ�Ì8Î�½PÉ~Ô;Û$"0ý �RçaÜ?ïL¼�Êt½PÉ!ÊgÆ ÎoÍ?Ä2Â¿¼Z½�¾¿¼tÀ ¾¿¼qÌ¿Ì8Ë Æ É2å¡à�½ Ì8¼qÑ

ÃcÆ ¾¿Î�ÆPÃ�Â¿Ç?¼LÂ¿¼qÌ;Â/Â¿Ç�½NÂ/Â¿Ä?¾¿É�Ì/Æ Ä2Â/Â¿Æ:à+¼�½ Ì8â0ÎoÍ2Â¿ÆPÂ¿Ë�Êt½PÅ Å âW¼qßRÄ?Ë ÓN½PÅ ¼tÉRÂ/Â¿Æ:Â¿Ç?¼�Æ ¾¿Ë À Ë É�½PÅ
ÃcÆ ¾¿Î ÆPÃ�Â¿Ç?¼ & ½PÄ�Ì8Î�½PÉ�Â¿¼qÌ;ÂqèBö÷¼gÈ�É?¼ Ĥ ≡ H̃(H̃′H̃)H̃′Ḧ Â¿Ç?¼�Å Ë É?¼t¾�Í?¾¿ÆPê;¼qÊaÂ¿Ë Æ É$ÆPÃ
Ḧ Æ É H̃ èrÞBÌ;Â¿Ë Î�½NÂ¿Ë É?ÀmÂ¿Ç?¼*ÎoÆ2Ñ2¼tÅ

Ÿ = Ḧβ + Ĥλ+ error Ô�Ö�åEüRç
½PÉ�Ñ~Ñ2Æ Ë É?ÀJ½|Ì;ÂÁ½PÉ�Ñ?½P¾ÁÑ F Â¿¼qÌ;ÂmÆPÃ H0

� λ = 0 Ä?É�Ñ2¼t¾mÇ?Æ ÎoÆRÌ8ô ¼qÑ?½ Ì;Â¿Ë�ÊgË Â;âJ¾¿¼qÌ8Ä?Å ÂË É�Â¿Ç?¼�Ä�Ì8Ä�½PÅ & ½PÄ�Ì8Î�½PÉ!Ì;ÂÁ½NÂ¿Ë�Ì;Â¿Ë�ÊPè � ! é�Ç?¼tÉ�Ü�ïL¼�ÊgÆ ÎoÍ?Ä2Â¿¼qÑ�Â¿Ç?¼�¾¿Æ à?Ä�Ì;Â�Ó ¼t¾ÁÌ8Ë Æ É�ÆPÃ
Â¿Ç?¼ F Â¿¼qÌ;Â�Â¿ÆZÂÁ½Pô ¼:Ë ÉRÂ¿Æo½ ÊtÊgÆ Ä?ÉRÂ�Ì8¼t¾¿Ë�½PÅ�ÊgÆ ¾¿¾¿¼tÅ�½NÂ¿Ë Æ É$½PÉ�ÑãÇ?¼gÂ¿¼t¾¿ÆRÌ8ô ¼qÑ?½ Ì;Â¿Ë�ÊgË Â;â è>»�¼Ä�Ì8¼qÑ�Â¿Ç?Ë�ÌL¾¿¼tÀ ¾¿¼qÌ¿Ì8Ë Æ É2å¡à�½ Ì8¼qÑZÍ?¾¿Æ2Êg¼qÑ2Ä?¾¿¼�Â¿ÆmÊgÆ ÎoÍ�½P¾¿¼�Â¿Ç?¼:¼qÌ;Â¿Ë Î�½NÂ¿Ë Æ É$¾¿¼qÌ8Ä?Å ÂÁÌªÃc¾¿Æ Î
Â¿Ç?¼ZÐ�Þª»�ûJÔcÆ ¾�Ð�Þ Æ É!Ì;ÂÁ½^â ¼t¾ÁÌtî2Ì8Ä?à�Ì¿½PÎoÍ?Å ¼^çL¼qÌ;Â¿Ë Î�½NÂ¿Æ ¾÷½PÉ�Ñ$Â¿Ç?¼�ÊgÆ É�Ñ2Ë Â¿Ë Æ É�½PÅ>Ð�Þ
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Gt ��F�V�?�K�A	DIH~r

×
A	UYF,?�D�U v�{ 
 �#� ��{ v 
 ���F�V�?�K�A	DIH � × OTS#U × A	UYF,?�D�U �G�,{ � � � �#v#��{ �G�T� ��F�V�?�K�A	DIH~f

×
A	UYF,?�D�U ��{ r#r � �uv�{ �#�Tt

� ��� 	������ i � �gR m w OTF��PC����gA�OTZ H � �#v#v#v OTF�V �#v#v ��{

( 
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��OTD�M OT��Z U�V�U��aF�M A	M C#F E�C,U�X i�{ J { † ��OTD�M OT��Z UWV�U��aF�M A	M C#F E�C,U�X i�{ J { †_�M D�N)K	M �YU � × OTS#U v�{ v#v#tG� v�{ v$� 
Gv ��F�V�?�K�A	DIH � × OTS#U × A	UYF,?�D�U v�{ v#v#v#v v�{ v#v$� �_�M D�N)K	M �YU � × OTS#U v�{ v$� f#f v�{ v$� 
G� ��F�V�?�K�A	DIH 
 × OTS#U × A	UYF,?�D�U mIv�{ v#v$�ut v�{ v#v$� �_�M D�N)K	M �YU 
 × OTS#U v�{ v � � r v�{ v$� 
Gt ��F�V�?�K�A	DIH t × OTS#U × A	UYF,?�D�U v�{ v#v#v � v�{ v#v$� �_�M D�N)K	M �YU t × OTS#U v�{ v$�Q�'� v�{ v$� 
 f ��F�V�?�K�A	DIH � × OTS#U × A	UYF,?�D�U v�{ v#v#v � v�{ v#v$�Q�_�M D�N)K	M �YU � × OTS#U v�{ v$� r � v�{ v$�ut r ��F�V�?�K�A	DIH � × OTS#U × A	UYF,?�D�U v�{ v#v#v$� v�{ v#v$�ut_�M D�N)K	M �YU � × OTS#U v�{ v �G� r v�{ v$� �G� ��F�V�?�K�A	DIH6r
×
OTS#U

×
A	UYF,?�D�U mIv�{ v#v$� � v�{ v#v$�Q���F�V�?�K�A	DIH � × OTS#U v�{ v#t#v � v�{ v � 
Gv ��F�V�?�K�A	DIH6f

×
OTS#U

×
A	UYF,?�D�U v�{ v#v#v 
 v�{ v#v$� ���F�V�?�K�A	DIH � × OTS#U v�{ v � 
Gt v�{ v � �$� _�M D�N1K	M �YU � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v#v � v�{ v#v#v f��F�V�?�K�A	DIH 
 × OTS#U v�{ v#� 
 
 v�{ v � � f _�M D�N1K	M �YU � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#vG� v�{ v#v$�uv��F�V�?�K�A	DIH t × OTS#U v�{ v �$� r v�{ v �#t r _�M D�N1K	M �YU 
 × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v#� v�{ v#v#v f��F�V�?�K�A	DIH � × OTS#U v�{ v#v$�u� v�{ v �#v#� _�M D�N1K	M �YU t × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v 
 v�{ v#v#v f��F�V�?�K�A	DIH � × OTS#U v�{ v#v �G� v�{ v � � � _�M D�N1K	M �YU � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v 
 v�{ v#v$�uv��F�V�?�K�A	DIH~r

×
OTS#U v�{ v � � r v�{ v �#v � _�M D�N1K	M �YU � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v#� v�{ v#v#v f��F�V�?�K�A	DIH~f

×
OTS#U v�{ v$� � � v�{ v �#t$� ��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v f v�{ v#v#v f_�M D�N)K	M �YU � × U�� j UYD�M UYF�xYU mIv�{ v$� �#t v�{ v$� � r ��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v#v � v�{ v#v$� �_�M D�N)K	M �YU � × U�� j UYD�M UYF�xYU mIv�{ v �#t#v v�{ v$� �G� ��F�V�?�K�A	DIH 
 × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v$� 
 v�{ v#v$� �_�M D�N)K	M �YU 
 × U�� j UYD�M UYF�xYU mIv�{ v �#t r v�{ v$� � f ��F�V�?�K�A	DIH t × U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v#v � v�{ v#v$� �_�M D�N)K	M �YU t × U�� j UYD�M UYF�xYU mIv�{ v � r t v�{ v$� 
,� ��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v$�u� v�{ v#v$�u�_�M D�N)K	M �YU � × U�� j UYD�M UYF�xYU mIv�{ v �#t$� v�{ v$�ut#t ��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v#v#t v�{ v#v$�u�_�M D�N)K	M �YU � × U�� j UYD�M UYF�xYU mIv�{ v � r t v�{ v$� 
 � ��F�V�?�K�A	DIH6r

×
U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v � v�{ v#v$�u���F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU mIv�{ v �#t 
 v�{ v$� f � ��F�V�?�K�A	DIH6f

×
U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v#v � v�{ v#v$�uv��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU mIv�{ v#v#� f v�{ v � r � _�M D�N1K	M �YU � × A	UYF,?�D�U v�{ v$� f#r v�{ v �#�#t��F�V�?�K�A	DIH 
 × U�� j UYD�M UYF�xYU mIv�{ v � �$� v�{ v$� f � _�M D�N1K	M �YU � × A	UYF,?�D�U mIv�{ v#vG�'� v�{ v � r ���F�V�?�K�A	DIH t × U�� j UYD�M UYF�xYU mIv�{ v#v f 
 v�{ v � �#v _�M D�N1K	M �YU 
 × A	UYF,?�D�U v�{ v$� �ut v�{ v � � ���F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU v�{ v �G� f v�{ v �G� r _�M D�N1K	M �YU t × A	UYF,?�D�U mIv�{ v � � f v�{ v 
 
 ���F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU v�{ v � 
 � v�{ v �G�T� _�M D�N1K	M �YU � × A	UYF,?�D�U v�{ v$� r � v�{ v 
 � r��F�V�?�K�A	DIH~r

×
U�� j UYD�M UYF�xYU mIv�{ v#v#t#� v�{ v � � f _�M D�N1K	M �YU � × A	UYF,?�D�U mIv�{ v#v#tG� v�{ v � f ���F�V�?�K�A	DIH~f

×
U�� j UYD�M UYF�xYU v�{ v#v#v#t v�{ v �#v#� ��F�V�?�K�A	DIH � × A	UYF,?�D�U v�{ v �$�Q� v�{ v 
Gt#t_�M D�N)K	M �YU � × OTS#U × A	UYF,?�D�U v�{ v#v#v f v�{ v#v$�uv ��F�V�?�K�A	DIH � × A	UYF,?�D�U mIv�{ v �$� r v�{ v � � �_�M D�N)K	M �YU � × OTS#U × A	UYF,?�D�U mIv�{ v#v#v � v�{ v#v$� � ��F�V�?�K�A	DIH 
 × A	UYF,?�D�U mIv�{ v �#� 
 v�{ v �#�#v_�M D�N)K	M �YU 
 × OTS#U × A	UYF,?�D�U v�{ v#v#v � v�{ v#v$� � ��F�V�?�K�A	DIH t × A	UYF,?�D�U mIv�{ v#v#t f v�{ v �#v 
_�M D�N)K	M �YU t × OTS#U × A	UYF,?�D�U v�{ v#v#v � v�{ v#v$� � ��F�V�?�K�A	DIH � × A	UYF,?�D�U mIv�{ v � �#� v�{ v � r t_�M D�N)K	M �YU � × OTS#U × A	UYF,?�D�U mIv�{ v#v#v#v v�{ v#v$� � ��F�V�?�K�A	DIH � × A	UYF,?�D�U mIv�{ v �#v r v�{ v � f �_�M D�N)K	M �YU � × OTS#U × A	UYF,?�D�U v�{ v#v#v$� v�{ v#v$�uv ��F�V�?�K�A	DIH6r

×
A	UYF,?�D�U mIv�{ v#v f � v�{ v �G�'���F�V�?�K�A	DIH � × OTS#U × A	UYF,?�D�U mIv�{ v#v$� � v�{ v#v$�uv ��F�V�?�K�A	DIH6f

×
A	UYF,?�D�U mIv�{ v �$�ut v�{ v �G�Tt

F m A	UYK�A�C�� ��C#M FGA�K	M S#F�M �axuOTF�xYUWC���M FGA	UYD	OTx�A	M C#F�K
� F (70, 2184) � 1.46 p m p#OTZ ?�U ��v�{ v#v r �� ��� 	������ i � �gR m w OTF��&C����gA�OTZ H � �#v#v#v OTF�V �#v#v ��{��� ���u��� †
>@D�UYZ Z OTF�C�e � f#r �#h D�C#��?�K�A@K�A�OTF�VaOTD�V6UYD�D�C#D�K@BaOYpGUW��UYUYF~xYC#N j ?�A	UYV {

( (
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��OTD�M OT��Z U�V�U��aF�M A	M C#F E�C,U�X i�{ J { † ��OTD�M OT��Z UWV�U��aF�M A	M C#F E�C,U�X i�{ J { †_�M D�N)K	M �YU � × OTS#U v�{ v#v 
 � v�{ v$� � � ��F�V�?�K�A	DIH � × OTS#U × A	UYF,?�D�U mIv�{ v#v#v#t v�{ v#v$� �_�M D�N)K	M �YU � × OTS#U v�{ v$� 
 r v�{ v$� � � ��F�V�?�K�A	DIH 
 × OTS#U × A	UYF,?�D�U mIv�{ v#v$�Q� v�{ v#v$� �_�M D�N)K	M �YU 
 × OTS#U v�{ v$�u� � v�{ v$� �#v ��F�V�?�K�A	DIH t × OTS#U × A	UYF,?�D�U v�{ v#v#v$� v�{ v#v$� �_�M D�N)K	M �YU t × OTS#U v�{ v$� �#� v�{ v$� �$� ��F�V�?�K�A	DIH � × OTS#U × A	UYF,?�D�U mIv�{ v#v#v$� v�{ v#v$� 
_�M D�N)K	M �YU � × OTS#U v�{ v$� �#v v�{ v$� � r ��F�V�?�K�A	DIH � × OTS#U × A	UYF,?�D�U mIv�{ v#v#v#t v�{ v#v$� 
_�M D�N)K	M �YU � × OTS#U v�{ v � � r v�{ v$� � f ��F�V�?�K�A	DIH6r
×
OTS#U

×
A	UYF,?�D�U mIv�{ v#v$� � v�{ v#v$� 
��F�V�?�K�A	DIH � × OTS#U v�{ v#t$�uv v�{ v �#v#v ��F�V�?�K�A	DIH6f

×
OTS#U

×
A	UYF,?�D�U v�{ v#v#v � v�{ v#v$�uv��F�V�?�K�A	DIH � × OTS#U v�{ v �#v r v�{ v � f � _�M D�N1K	M �YU � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v#v � v�{ v#v#v r��F�V�?�K�A	DIH 
 × OTS#U v�{ v#tG�T� v�{ v �#v$� _�M D�N1K	M �YU � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v#� v�{ v#v#v r��F�V�?�K�A	DIH t × OTS#U v�{ v � f v v�{ v �$�u� _�M D�N1K	M �YU 
 × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v 
 v�{ v#v#v r��F�V�?�K�A	DIH � × OTS#U v�{ v#v#t$� v�{ v �#tG� _�M D�N1K	M �YU t × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v � v�{ v#v#v r��F�V�?�K�A	DIH � × OTS#U v�{ v$�uv r v�{ v � r � _�M D�N1K	M �YU � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v � v�{ v#v#v r��F�V�?�K�A	DIH~r

×
OTS#U v�{ v � �$� v�{ v � 
 
 _�M D�N1K	M �YU � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v#t v�{ v#v#v r��F�V�?�K�A	DIH~f

×
OTS#U v�{ v#v f 
 v�{ v �#v r ��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v f v�{ v#v#v r_�M D�N)K	M �YU � × U�� j UYD�M UYF�xYU mIv�{ v$� � r v�{ v$� �$� ��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v � v�{ v#v$� �_�M D�N)K	M �YU � × U�� j UYD�M UYF�xYU mIv�{ v �$� r v�{ v$� �#� ��F�V�?�K�A	DIH 
 × U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v$� � v�{ v#v$�uv_�M D�N)K	M �YU 
 × U�� j UYD�M UYF�xYU mIv�{ v �$�u� v�{ v$� �G� ��F�V�?�K�A	DIH t × U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v#v � v�{ v#v$�uv_�M D�N)K	M �YU t × U�� j UYD�M UYF�xYU mIv�{ v � �#� v�{ v$� � � ��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v$� 
 v�{ v#v$� �_�M D�N)K	M �YU � × U�� j UYD�M UYF�xYU mIv�{ v$� f � v�{ v$� � f ��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v#v$� v�{ v#v$� 
_�M D�N)K	M �YU � × U�� j UYD�M UYF�xYU mIv�{ v � � � v�{ v$� �G� ��F�V�?�K�A	DIH6r

×
U�� j UYD�M UYF�xYU × A	UYF,?�D�U v�{ v#v#v$� v�{ v#v$� ���F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU mIv�{ v � r � v�{ v$�u� � ��F�V�?�K�A	DIH6f

×
U�� j UYD�M UYF�xYU × A	UYF,?�D�U mIv�{ v#v#v � v�{ v#v#v f��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU mIv�{ v$� � � v�{ v �#t#t _�M D�N1K	M �YU � × A	UYF,?�D�U v�{ v � r t v�{ v � � 
��F�V�?�K�A	DIH 
 × U�� j UYD�M UYF�xYU mIv�{ v � � � v�{ v$�u� � _�M D�N1K	M �YU � × A	UYF,?�D�U v�{ v#v 
,� v�{ v �#� 
��F�V�?�K�A	DIH t × U�� j UYD�M UYF�xYU mIv�{ v$�uv � v�{ v$� r t _�M D�N1K	M �YU 
 × A	UYF,?�D�U v�{ v �G� � v�{ v � r ���F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU v�{ v �$�ut v�{ v � 
Gt _�M D�N1K	M �YU t × A	UYF,?�D�U mIv�{ v$� � 
 v�{ v � f v��F�V�?�K�A	DIH � × U�� j UYD�M UYF�xYU v�{ v$�uv$� v�{ v � � � _�M D�N1K	M �YU � × A	UYF,?�D�U v�{ v �#�G� v�{ v �#� 
��F�V�?�K�A	DIH~r

×
U�� j UYD�M UYF�xYU mIv�{ v$�uv#t v�{ v$� f 
 _�M D�N1K	M �YU � × A	UYF,?�D�U v�{ v �#v 
 v�{ v � 
 
��F�V�?�K�A	DIH~f

×
U�� j UYD�M UYF�xYU v�{ v#v$� 
 v�{ v$�Q�Tt ��F�V�?�K�A	DIH � × A	UYF,?�D�U v�{ v �#t#t v�{ v � r 
_�M D�N)K	M �YU � × OTS#U × A	UYF,?�D�U v�{ v#v#vG� v�{ v#v#v f ��F�V�?�K�A	DIH � × A	UYF,?�D�U mIv�{ v$� �#t v�{ v �G�Tt_�M D�N)K	M �YU � × OTS#U × A	UYF,?�D�U mIv�{ v#v#v#v v�{ v#v$�uv ��F�V�?�K�A	DIH 
 × A	UYF,?�D�U mIv�{ v �#t � v�{ v � �#t_�M D�N)K	M �YU 
 × OTS#U × A	UYF,?�D�U v�{ v#v#v � v�{ v#v#v f ��F�V�?�K�A	DIH t × A	UYF,?�D�U mIv�{ v$� � � v�{ v �#�#�_�M D�N)K	M �YU t × OTS#U × A	UYF,?�D�U v�{ v#v#v 
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