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RTS�UWVYX+Z\[�]:XOVC^_SQ`a]:b>cOb/U\dT`a]:^eX�cOf>cOgih�]eUW^_S�UkjTcOl?UmUonpUKZ\^e]*XOVC^eU\q!b/X0drcOd_h

s X0t�]u[�]_`ifQlW^_S�U:v2w2w2wWcOf�x�v2w2w2v*jTcKy?UK]zXOV�^_S�U:{|[Qd_y?U\h$XOV�}8^rcOgi`~cOf��kX0[�]eU\S�X0gaxQ]M�
}8f�ZKX0q�U$cOf�x���UMcOgi^_S��;{+�k}8���o�
�z��bQgaX0`i^_`ifQl�^_S�Um]_S�X0d_^:gaX0fQl2`i^_[�x�`if>cOgux�`iq�U\f�]_`aX0f�XOVC^_S�Um]_[Qd_y?U\h�cOf�xG^rcO�|�

`ifQl�`if|^eX�c0ZKZKX0[Qf|^�XOV�`if�x�`iy+`ax�[>cOg���cOf�x s X0t��8]_b/UKZ\`��>Z�[Qf�X0t�]eU\d_y2cOtQgaU�ZKX0q��
b/X0f�U\f|^e]�deUK]_[Qgi^�`if&cOf�UK]_^_`iqGcO^eUKx�jTcOl?U�b/U\f>cOgi^8h�VYX0d!^eU\q!b/X0drcOd_h"j:X0d_�?U\de]
cOdeX0[Qf�x��MvM���M�?�����Q[Qd_^_S�U\d_q�X0deU2��^_S�U\deU�`a]�U\y+`axQU\f�ZKU�XOV�SQ`il2S�U\d�jTcOl?U�deUo�
^_[Qd_f�]�^eX ]eU\fQ`aX0d_`i^8h�VYX0d�^eU\q!b/X0drcOd_h�j:X0d_�?U\de]M�?l?U\f�U\drcO^_`ifQl�cmdeUKx�[�Z\^_`aX0f�`if�^_S�U
jTcOl?U�l|cOb�t|h�cOt/X0[Q^kv�� ��b/U\deZKU\f|^rcOl?U�b/X0`if|^e]kc¡V¢^eU\d�X0f�U h?UMcOdWXOVz^eU\f|[QdeU2�

£�¤?¥p¦�§ LO¨IH2© RCU\q!b/X0drcOd_h�U\q!bQgaXMh+q�U\f|^M�u�Q�QUKx+�;^eU\d_qªZKX0f|^_drc0Z\^e]M�pjTcOl?U!x�`�V«�
VYU\deU\f|^_`~cOga]M��deU\^_[Qd_f�]�^eX!]eU\fQ`aX0d_`i^8h?��`if�x�`iy+`ax�[>cOgCUonpUKZ\^e]M����d_q¬UonpUKZ\^e]M�
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RCU\q!b/X0drcOd_h�U\q!bQgaXMh+q�U\f|^W`if��×[QdeX0b/U S>c0]Tt/UKU\f�Uo��^eU\f�]_`iy?U\gih�xQU\t>cO^eUKx�t/X0^_S
t|h�deUK]eUMcOdeZeS�U\de]$cOf�x�b/X0gi`aZ\h�qGcO�?U\de]M�$RCU\q!b/X0drcOd_h ZKX0f|^_drc0Z\^e]$cOdeU!XOV¢^eU\f�`if��
^_deX+x�[�ZKUKx t|h�b/X0gi`aZ\hGqGcO�?U\de]Wc0]*cOf�`if�]_^_d_[Qq�U\f|^WXOVIg~cOt/X0[QdTqGcOd_�?U\^��>Uo��`itQ`ig��
`i^8h cOf�x ^eX�deUMc0Z\^$^eX�^_S�UGSQ`il2S gaU\y?U\gTXOV��×[QdeX0b/UMcOf�[Qf�U\q!bQgaXMh+q�U\f|^M���k]�c
qGcO^_^eU\dkXOVIV;c0Z\^M�Q`if�deUKZKU\f|^Wh?UMcOde]�^_S�U�]_S>cOdeU�XOV×U\q!bQgaXMh?UKUK]Wj*`i^_S�^eU\q!b/X0drcOd_h
ZKX0f|^_drc0Z\^e]�S>c0]md_`a]eU\f `if�cOgiq�X2]_^$cOgig��×[QdeX0b/UMcOf ZKX0[Qf|^_d_`aUK]M�u`if�b>cOd_^_`aZ\[Qg~cOd�`if
^_S�X2]eU�]_S�XMj*`ifQl�deU\g~cO^_`iy?U\gih�SQ`il2S�gaU\y?U\ga]WXOV×U\q!bQgaXMh+q�U\f|^kbQdeX0^eUKZ\^_`aX0fu�
Rudrc0x�`i^_`aX0f>cOgigih?�|^_S�U*}8^rcOgi`~cOf�]_^rcOf�x�cOdex�j:X0d_�!cOd_drcOfQl?U\q�U\f|^ÍS>c0]×t/UKU\f�V¢[Qgig��

^_`iq�U2��xQU\b/U\f�xQU\f|^M��b/U\d_qGcOf�U\f|^M��cOf�x�ZeS>cOdrc0Z\^eU\d_`��MUKx�t|h�SQ`il2S�xQU\l2deUKU�XOV×U\q��
bQgaXMh+q�U\f|^�bQdeX0^eUKZ\^_`aX0fu�Tq�X2]_^_gih�cOl|cO`if�]_^Gx�`a]_q!`a]e]rcOga]M� }8f�^_S�U�g~c0]_^GxQUKZMc0xQU2�
bQ[Qde]_[Q`ifQl�SQ`il2S�U\d�gaU\y?U\gmXOV��>Uo��`itQ`igi`i^8h?�WcO^8h+bQ`aZMcOg U\q!bQgaXMh+q�U\f|^�VYX0d_q�]GS>cKy?U
t/UKU\f�l2deXMj*`ifQl�`ifG`iq!b/X0d_^rcOf�ZKU2�×RTS�U�qGc s X0dÍ]_^eU\b�S>c0]�t/UKU\fG^_S�U	�¾RudeU\[Gb>c0Ze�|�
cOl?U����«g~cKj��kXQ���! #"%$+�! # %&2�o�zj*SQ`aZeS `if|^_deX+x�[�ZKUKx"cOf�x�deU\l2[Qg~cO^eUKx f�U\j(]eX0d_^e]
XOV ZKX0f|^_drc0Z\^e]��«qGcO`ifQgih"^eU\q!b/X0drcOd_h"j:X0d_��cOl?U\f�Z\h�U\q!bQgaXMh+q�U\f|^o�o�:VYX0gigaXMj:UKx
t|h('uU\l2`a]_g~cO^_`iy?U*)mUKZ\deUKU*�kXQ�×�#"#+%$0v2w2w��kj*SQ`aZeS S>c0]:`iq!bQgaU\q�U\f|^eUKx ^_S�Uk�×[QdeXO�
b/UMcOf ¶ X0[Qf�Z\`ig	)k`ideUKZ\^_`iy?U,�kXQ���! # # %$#&0w%$O� ¶ XOV*·2[Qf�U��! # # �X0f �Q�QUKx+�;^eU\d_q
U\q!bQgaXMh+q�U\f|^M�

�Wgi^_S�X0[Ql2S"^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^e]!qGcKh bQdeXMy+`axQU�cOf"`if�]_^_d_[Qq�U\f|^!^eX�`if��
Z\deUMc0]eUWg~cOt/X0[Qd:qGcOd_�?U\^	�>Uo��`itQ`igi`i^8h cOf�x c*�¾]_^eU\bQbQ`ifQl0�8]_^eX0f�U��W`if|^eX�gaX0fQl?U\d*U\q��
bQgaXMh+q�U\f|^�deU\g~cO^_`aX0f�]_SQ`ib�]��.-TX+X0^_S0/21(35476a�kv2w2w2v2c?�o�k^_S�U\h�XOV¢^eU\f�`iq!bQgih&`iq��
b/X0d_^rcOf|^$cOf�x�ZKX0q$tQ`if�UKx�x�`a]rc0x�y2cOf|^rcOl?UK]M�$�I`ide]_^_gih?�/^eU\q!b/X0drcOd_h�j:X0d_�?U\de]$cOdeU
deU\g~cO^eUKx�^eXWSQ`il2S�U\dI^_[Qd_f�XMy?U\d�cOf�x$bQdeX0t>cOtQ`igi`i^8h�XOV�[Qf�U\q!bQgaXMh+q�U\f|^W�.)mX0g~c0xQX,/21
35476��Yv2w2w2v?�o�p�>cOd_t/U\d!�À�! # # ?�_�W]_`if�ZKU��Q�QUKx+�;^eU\d_q�ZKX0f|^_drc0Z\^e] Uo��bQ`ideU�cO[Q^eX0qGcO^À�
`aZMcOgigih�cO^�^_S�U$U\f�x�XOV×^_S�U�cOl2deUKUKx�b/U\d_`aX+xp��{+UKZKX0f�x�gih?�>^_S�U\h�]eUKU\q ^eX!deUKZKU\`iy?U
gaXMj:U\d!jTcOl?UK]�^_S>cOf�b/U\d_qGcOf�U\f|^�U\q!bQgaXMh?UKUK]�j*`i^_S�^_S�U�]rcOq�U�8|[>cOgi`��>ZMcO^_`aX0f�]
cOf�x s X0t�]M�:9WUKZKU\f|^ deUK]eUMcOdeZeS�V¢deX0q;-:d_`i^rcO`ifu�u�QdrcOf�ZKU2�I{|b>cO`if cOf�x=<mU\d_qGcOf|h
�.-:g~cOf�ZeS>cOdex�cOf�x>'CcOf�x�`aU\d��Yv2w2w��¡�o�?-TX+X0^_S
/21@35476��Yv2w2w2v2c?�o�Q·2`iq�U\f�X�cOf�x�RCXO�
S>cOd_`~c��À�! # 2�?�o�CcOf�x �mcOl?U\f �Yv2w2w2v?�_�kS>c0] Uo��cOq!`if�UKx jTcOl?UK]$cOf�x ZKX0f�x�`i^_`aX0f�]
cO^_^rc0ZeS�UKx�^eX$�Q�QUKx+�;^eU\d_q U\q!bQgaXMh+q�U\f|^M�Í}8f�l?U\f�U\drcOg;��`i^*S>c0]Tt/UKU\f VYX0[Qf�x�X0[Q^
^_S>cO^�^eU\q!b/X0drcOd_h�j:X0d_�?U\de]!UMcOd_f�]_`il2fQ`��>ZMcOf|^_gih gaUK]e]�^_S>cOf"ZKX0q!b>cOdrcOtQgaU b/U\dÀ�
qGcOf�U\f|^kU\q!bQgaXMh?UKUK]M�
RTS�U�bQ[Qd_b/X2]eU�XOV ^_SQ`a]Gb>cOb/U\d�`a]�^_S�U�cOf>cOgih�]_`a]GXOV�^_S�U�jTcOl?U�UonpUKZ\^e]�XOV

^eU\q!b/X0drcOd_h s X0t�]W`if�}8^rcOgih [�]_`ifQl�^_S�U�v2w2w2w�cOf�x�v2w2w2v�jTcKy?UK] XOV�^_S�U!{|[Qd_y?U\h
XOVk}8^rcOgi`~cOf"�kX0[�]eU\S�X0gaxQ]M�z}8f�ZKX0q�U cOf�x���UMcOgi^_S��;{+�k}8���o�zc�deU\bQdeUK]eU\f|^rcO^_`iy?U
]_[Qd_y?U\h ZKX0f�x�[�Z\^eUKx t|h�^_S�U�-*cOfQ��XOVW}8^rcOgih�U\y?U\d_h v�h?UMcOde]M��}8f b>cOd_^_`aZ\[Qg~cOdM�
j:Ukj:X0[Qgax�[Qf�xQU\de]_^rcOf�x�j*S�U\^_S�U\dT^_S�UkUonpUKZ\^e]:XOVC^eU\q!b/X0drcOd_h s X0t�]TcOdeUWSQ`il2S�U\d
X0d!gaXMj:U\dGjTcOl?UK]GcOf�x"j*S�U\^_S�U\d�^eU\q!b/X0drcOd_h"j:X0d_�?U\de]�deUKZKU\`iy?U SQ`il2S�U\d�jTcOl?U
deU\^_[Qd_f�]�^eX�]eU\fQ`aX0d_`i^8h ^_S>cOf�ZKX0q!b>cOdrcOtQgaU�b/U\d_qGcOf�U\f|^Wj:X0d_�?U\de]M��X0f�UK]M�
RTS�U\deUoVYX0deU2�0j:UTUK]_^_`iqGcO^eU*c�jTcOl?UTUA8|[>cO^_`aX0f�^_S>cO^I`a]z]_^rcOf�x�cOdex�`if�q�X2]_^IdeUo�

]_b/UKZ\^e]M�MtQ[Q^zcO[Ql2q�U\f|^eUKx�t|h�c*x�[Qq!q$h y2cOd_`~cOtQgaUzVYX0du^_S�U�ZKX0f|^_drc0Z\^I^8h+b/U��«^eU\q��
b/X0drcOd_h�X0dzb/U\d_qGcOf�U\f|^o�×cOf�x�`i^e]z`if|^eU\drc0Z\^_`aX0f�]�j*`i^_S�]eU\fQ`aX0d_`i^8h!cOf�xB8|[>c0x�drcO^_`aZ
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]eU\fQ`aX0d_`i^8h?��RTS�U�]_^rcOd_^_`ifQl b/X0`if|^m`a]k^_S�U�UK]_^_`iqGcO^_`aX0f�XOVÍ^_S�U$jTcOl?U�q�X+xQU\gIy+`~c
b/X+X0gaUKx�X0dex�`if>cOd_h gaUMc0]_^W] 8|[>cOdeUK]������ 'I{Q��cOf�x�drcOf�xQX0q�UonpUKZ\^e]��.9W�:�m�¢U\y?U\f
^_S�X0[Ql2S ^_S�U!c0]e]_[Qq!bQ^_`aX0f�]kVYX0dm^_S�U�ZKX0f�]_`a]_^eU\f�Z\h�XOVÍ^_S�U���� 'I{�cOf�x 9W��UK]À�
^_`iqGcO^eX0de]�cOdeU�`if�xQUoVYU\f�]_`itQgaU¡�o� RTS�U���� 'I{ cOf�x
9W��UK]_^_`iqGcO^eUK]$deU\y?UMcOgÍ^_S>cO^
^eU\q!b/X0drcOd_h s X0t�]ml?U\f�U\drcO^eU!f�U\l|cO^_`iy?U�UonpUKZ\^e] X0f jTcOl?UK]��kj:X0d_�?U\de]�S>cKy+`ifQl�c
^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^!UMcOd_f�]_`il2fQ`��>ZMcOf|^_gih gaUK]e]�^_S>cOf ^_S�U�b/U\d_qGcOf�U\f|^�ZKX0[Qf��
^eU\d_b>cOd_^M�k�Q[Qd_^_S�U\d_q�X0deU2�/^_S�U\deU$`a]Wf�X�U\y+`axQU\f�ZKU�XOV�b>cOd_^_`aZ\[Qg~cOdmjTcOl?U�deU\^_[Qd_f�]
^eX�]eU\fQ`aX0d_`i^8h�VYX0d*^eU\q!b/X0drcOd_h j:X0d_�?U\de]M�
{|`if�ZKUT`i^z`a]zbQg~cO[�]_`itQgaUT^_S>cO^×[Qf�X0t�]eU\d_y2cOtQgaUK]×`if ��[�U\f�ZKUTt/X0^_S�]eU\fQ`aX0d_`i^8h!cOf�x

^_S�U ]eU\gaUKZ\^_`aX0f�`if|^eX"^_S�U�ZKX0f|^_drc0Z\^�^8h+b/U2�Wj:U UK]_^_`iqGcO^eUKx�^_S�U�`iq!b>c0Z\^�XOV!c
^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^GX0f�^_S�U�jTcOl?U�t|h �Q�QUKx�UonpUKZ\^e]��¢�z�:�o���Wga]eX�^_S�U��z�
UK]_^_`iqGcO^eUK]IdeU\y?UMcOg�c�jTcOl?UÍb/U\f>cOgi^8h�VYX0dC^eU\q!b/X0drcOd_h$j:X0d_�?U\de]×cOf�x$f�XkU\y+`axQU\f�ZKU
XOVuSQ`il2S�U\dTX0dÍgaXMj:U\dTjTcOl?UWbQdeU\q!`i[Qq�]:^eX$]eU\fQ`aX0d_`i^8h!VYX0dÍ^_SQ`a]Í�+`if�xGXOVuj:X0d_�?U\de]M�
{+UKZKX0f�x�gih?�Qj:U�cOgigaXMj�VYX0d*ZKX0d_deU\g~cO^_`aX0f�j*`i^_S�^_`iq�Uo�;`if|y2cOd_`~cOf|^���d_q��8]_b/UKZ\`��>Z

ZKX0q!b/X0f�U\f|^e]Tt|h�b/U\dÀVYX0d_q!`ifQl�^_S�Uk�z��UK]_^_`iqGcO^eX0d*X0fG^_S�Uk]rcOq!bQgaUkXOVuj:X0d_�?U\de]
j*S�X xQXGf�X0^ ZeS>cOfQl?U s X0t�]kt/U\^8j:UKU\f ^_S�U$^8j:X�X0t�]eU\d_y2cO^_`aX0f�q�X0q�U\f|^e]��Yv2w2w2w
cOf�x v2w2w2v?�o� �I`if>cOgigih?��j:U$VYX0gigaXMj c�]_[Ql2l?UK]_^_`aX0f�XOV	�Wt/XMj�x /21 35476��À�! # # ?��^eX
`if�Z\deUMc0]eUk^_S�UWbQdeUKZ\`a]_`aX0f�XOVu^_SQ`a]TUK]_^_`iqGcO^eX0dTt|h�c$ZKX0f|^_deX0g/V¢[Qf�Z\^_`aX0f�cObQbQdeX?c0ZeS
X0f�^_S�U ZKX0q!bQgaU\^eU$]rcOq!bQgaU2�
RTS�U*UK]_^_`iqGcO^_`aX0f�deUK]_[Qgi^e]×ZKX0f���d_q(ckjTcOl?UTb/U\f>cOgi^8h�VYX0dz^eU\q!b/X0drcOd_h�j:X0d_�|�

U\de]:cOdeX0[Qf�x��Mv?���?g~cOd_l?U\dÍ`if�q�X+x�[Qgi[�]�^_S>cOf�^_S�U�X0f�UWX0tQ^rcO`if�UKx�[�]_`ifQl	��� 'I{��
9W���2cOf�x��z��UK]_^_`iqGcO^eX0de]M�z¸�X0deUKXMy?U\dM�|c¡V¢^eU\d×ZKX0f|^_deX0gigi`ifQl VYX0dI`if�x�`iy+`ax�[>cOg��IcOf�x
��d_q��8]_b/UKZ\`��>Z UonpUKZ\^e]M�×c�SQ`il2S�U\d�jTcOl?U�deU\^_[Qd_f�^eX�]eU\fQ`aX0d_`i^8h VYX0d�^eU\q!b/X0drcOd_h
j:X0d_�?U\de]�^_S>cOf�^_S�U!b/U\d_qGcOf�U\f|^$ZKX0[Qf|^eU\d_b>cOd_^M� ]�X0f�U!`a]�xQU\^eUKZ\^eUKx
� ^_S|[�]M�u^_S�U
jTcOl?U�l|cOb�`a]WdeUKx�[�ZKUKx�t|h�cOt/X0[Q^ v�� �!b/U\deZKU\f|^rcOl?U�b/X0`if|^e] c¡V¢^eU\dkX0f�U$h?UMcOd XOV
]eU\fQ`aX0d_`i^8h?�
{+UKZ\^_`aX0f�v bQdeUK]eU\f|^e]G^_S�U�`if�]_^_`i^_[Q^_`aX0f>cOgkg~cOt/X0[Qd�qGcOd_�?U\^ ]eU\^_^_`ifQl"cOt/X0[Q^

^eU\q!b/X0drcOd_h s X0t�]M�mx�`a]_bQg~cKh+`ifQl ^_S�U�deUKZKU\f|^�ZeS>cOfQl?UK]�cOf�x�`if|^_deX+x�[�Z\`ifQl ^_S�U
qGcO`if�ZeS>cOdrc0Z\^eU\d_`a]_^_`aZK]�XOV$^eU\q!b/X0drcOd_h&ZKX0f|^_drc0Z\^e] deU\l2[Qg~cO^_`aX0f�]M� }8f�]eUKZ\^_`aX0f
��j:U j*`igigC]eUKUmj*S>cO^�^_S�U ^_S�UKX0d_h�^eU\giga]�[�]WcOt/X0[Q^*jTcOl?U$x�`�npU\deU\f|^_`~cOgut/U\^8j:UKU\f
^eU\q!b/X0drcOd_h�cOf�x�b/U\d_qGcOf�U\f|^ j:X0d_�?U\de]M� }8f�]eUKZ\^_`aX0f���j:U�x�`a]eZ\[�]e]k^_S�U�]_b/UKZo�
`��>ZMcO^_`aX0f�XOVT^_S�U!jTcOl?UGUA8|[>cO^_`aX0f�cOf�x�Z\g~cOd_`�V¢h X0[Qd$UK]_^_`iqGcO^_`aX0f�bQdeX+ZKUKx�[QdeUK]M�
{+UKZ\^_`aX0f�¹ xQUK]eZ\d_`it/UK]�^_S�U�x�cO^rc cOf�x�deU\b/X0d_^e]�t>c0]_`aZ�xQUK]eZ\d_`ibQ^_`iy?U�]_^rcO^_`a]_^_`aZK]
cOt/X0[Q^:^_S�Uk]eU\gaUKZ\^_`aX0f `if|^eX�^eU\q!b/X0drcOd_hGZKX0f|^_drc0Z\^e]�cOf�xG^_S�UkjTcOl?Ukx�`�npU\deU\f|^_`~cOg
t/U\^8j:UKU\f&^eU\q!b/X0drcOd_h cOf�x�b/U\d_qGcOf�U\f|^�j:X0d_�?U\de]M��{+UKZ\^_`aX0f " x�`a]_bQg~cKh�]�^_S�U
UK]_^_`iqGcO^_`aX0f�deUK]_[Qgi^e]mcOf�x�ZKX0f|^rcO`if�]�c�x�`a]eZ\[�]e]_`aX0f cOt/X0[Q^W^_S�U$qGcO`if���f�x�`ifQl?]M�
�I`if>cOgigih?��]eUKZ\^_`aX0f &�deU\b/X0d_^e]�ZKX0f�Z\gi[�x�`ifQlGdeU\qGcOd_��]M�
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Rudrc0x�`i^_`aX0f>cOgigih?��^_S�U�}8^rcOgi`~cOf&]_^rcOf�x�cOdex�j:X0d_� cOd_drcOfQl?U\q�U\f|^ S>c0]�t/UKU\f�V¢[Qgig��
^_`iq�U2��xQU\b/U\f�xQU\f|^M��b/U\d_qGcOf�U\f|^M��cOf�x�ZeS>cOdrc0Z\^eU\d_`��MUKx�t|h�SQ`il2S�xQU\l2deUKU�XOV×U\q��
bQgaXMh+q�U\f|^ bQdeX0^eUKZ\^_`aX0fu��q�X2]_^_gih�cOl|cO`if�]_^mx�`a]_q!`a]e]rcOga]M��RTS�U�]_^_d_`aZ\^kdeU\l2[Qg~cO^_`aX0f

�



^_S>cO^IS>c0x$ZeS>cOdrc0Z\^eU\d_`��MUKx�^_S�UÍ}8^rcOgi`~cOf$g~cOt/X0[QdCqGcOd_�?U\^IS>c0]Ct/UKU\f$deU\g~c¡�QUKx$]_`if�ZKU
^_S�UWq!`axGfQ`if�U\^_`aUK]M�×}8f�xQUKUKxp�+`ifGdeUKZKU\f|^Th?UMcOde]M�|bQ[Qde]_[Q`ifQl�SQ`il2S�U\d:gaU\y?U\g/XOV �>Uo�+�
`itQ`igi`i^8h?�IcO^8h+bQ`aZMcOgÍU\q!bQgaXMh+q�U\f|^�VYX0d_q�]mS>cKy?U!t/UKU\f l2deXMj*`ifQl�`if `iq!b/X0d_^rcOf�ZKU2�
RTS�U�qGc s X0d�]_^eU\b�S>c0]�t/UKU\f�^_S�U>�¾RudeU\[&b>c0Ze�2cOl?U����.'CcKj �kXQ�5�! #"%$+�! # %&2�o�
j*SQ`aZeS�`if|^_deX+x�[�ZKUKx�cOf�x�deU\l2[Qg~cO^eUKxGf�U\j&]eX0d_^e]:XOVuZKX0f|^_drc0Z\^e]M�+qGcO`ifQgih�^eU\q!b/XO�
drcOd_hGj:X0d_��cOl?U\f�Z\h U\q!bQgaXMh+q�U\f|^M�QVYX0gigaXMj:UKx�t|hG^_S�U�'uU\l2`a]_g~cO^_`iy?U�)mUKZ\deUKU��kXQ�
�#"#+%$0v2w2w��mj*SQ`aZeS S>c0]:`iq!bQgaU\q�U\f|^eUKx�^_S�Uk�×[QdeX0b/UMcOf ¶ X0[Qf�Z\`ig )k`ideUKZ\^_`iy?U*�kXQ�
�! # # %$#&0w%$O� ¶ XOV×·2[Qf�U��! # # !X0f �Q�QUKx+�;^eU\d_q�U\q!bQgaXMh+q�U\f|^M� �
¸�X0deU�`if�xQU\^rcO`iga]M��'CcKj �kXQ���! #"%$+�! # %& S>c0]!gaU\l|cOgigih"gaU\l2`i^_`iq!`��MUKx ^eU\q��

b/X0drcOd_h&j:X0d_��cOl?U\f�Z\`aUK]M�mbQdeX0SQ`itQ`i^eUKx�t/UoVYX0deU2� cOf�x�S>c0]�l2`iy?U\f�d_`a]eU�^eX"^_S�U
Uo��b>cOf�]_`aX0f XOVuf�U\j ^eU\q!b/X0drcOd_hGZKX0f|^_drc0Z\^:VYX0d_q�]M�|`if�Z\gi[�x�`ifQl�]eUMc0]eX0f>cOg;�|h?X0[Q^_S
j:X0d_�|�;^_drcO`ifQ`ifQl��/cOf�x�cObQbQdeU\f|^_`aZKUK]_SQ`ib�ZKX0f|^_drc0Z\^e]M�

'uU\l2`a]_g~cO^_`iy?U>)mUKZ\deUKU��kXQ���#"#+%$0v2w2w�� ZMcOf�ZKU\gigaUKx 'CcKj �kXQ��v2�2w%$��! #"2v�� �
j*SQ`aZeS jTc0]!bQdeU\y+`aX0[�]_gih"^_S�U qGcO`if x�`a]eZ\`ibQgi`if�U�deU\l2[Qg~cO^_`ifQl��Q�QUKx+�;^eU\d_q ZKX0f��
^_drc0Z\^e]M�|cOf�x�S>c0]zdeU\g~c¡�QUKx�^_S�U*Z\`ideZ\[Qq�]_^rcOf�ZKUK]�bQdeX0SQ`itQ`i^_`ifQl�^_S�U\q��2�Q�QUKx+�;^eU\d_q
U\q!bQgaXMh+q�U\f|^$S>c0] ^_S|[�] t/UKU\f�Uo��^eU\f�xQUKx�cOf�x l?U\f�U\drcOgi`��MUKxp�!}8f�xQUKUKxp�pt/UoVYX0deU
^_S�Umv2w2w��WdeUoVYX0d_q �Q�QUKx+�;^eU\d_q ZKX0f|^_drc0Z\^e]:j:U\deU cOgigaXMj:UKx X0fQgih!`if�j:U\gig��8xQUo��f�UKx
]_`i^_[>cO^_`aX0f�]k]_[�ZeS�c0]*VYX0dW]eUMc0]eX0f>cOg s X0t�]M�QdeU\bQg~c0Z\`ifQlG^eU\q!b/X0drcOd_`igih�cOt�]eU\f|^kU\q��
bQgaXMh?UKUK]M� cOf�x�bQdeUKxQU\^eU\d_q!`if�UKxp� X+ZKZMc0]_`aX0f>cOg;�mcOf�x�Uo��^_drc0X0dex�`if>cOd_h�]eU\d_y+`aZKUK]M�
RTS|[�]M�?c s X0t�deU\g~cO^_`aX0f�]_SQ`ib!xQUMc0x�gi`if�UÍj:U\deUÍ[QfQ`78|[�U\gih y2cOgi`ax VYX0dCdeUMc0]eX0f�]I]_b/UKZ\`�V«�
`aZMcOgigih�`if�x�`aZMcO^eUKx�U\`i^_S�U\dmt|h�g~cKj X0dkt|h�ZKX0gigaUKZ\^_`iy?U�cOl2deUKU\q�U\f|^e]M� ��V¢^eU\d 'uU\l0�
`a]_g~cO^_`iy?U,)mUKZ\deUKU,�kXQ�!�#"#+%$0v2w2w��2�p�Q�QUKx+�;^eU\d_q ZKX0f|^_drc0Z\^e]$ZMcOf t/U!]_^_`ibQ[Qg~cO^eUKx
j*S�U\f�U\y?U\d ^_S�U\deU!cOdeU$^eUKZeSQfQ`aZMcOg;�pbQdeX+x�[�Z\^_`iy?U2�pX0d_l|cOfQ`��¡cO^_`aX0f>cOg;�uX0d ]_[Qt�]_^_`i^_[��
^_`aX0fGdeUMc0]eX0f�]M� ��RTS�U\deUoVYX0deU2�+^_S�U�xQU\l2deUKUK]:XOV�V¢deUKUKxQX0q(XOVp^_S�U�U\q!bQgaXMh?U\de]:S>cKy?U
`if�Z\deUMc0]eUKx&cOf�x�^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^e] ZMcOf�t/U�]_^_`ibQ[Qg~cO^eUKx�`if q$[�ZeS&q�X0deU
�>Uo��`itQgaU�Z\`ideZ\[Qq�]_^rcOf�ZKUK]M�5RTSQ`a]�`a]G^_S�U�qGcO`if&q�X+x�`��>ZMcO^_`aX0f�XOV �Q�QUKx+�;^eU\d_q
ZKX0f|^_drc0Z\^e]�deU\l2[Qg~cO^_`aX0fu�Ij*SQ`igaU�x�[QdrcO^_`aX0fu�IjTcOl?UGZKX0f�x�`i^_`aX0f�]M�×cOf�x X0^_S�U\d VYX0dÀ�
qGcOgudeUA8|[Q`ideU\q�U\f|^e]WS>cKy?U f�X0^�t/UKU\f�^eX0[�ZeS�UKxp�
}8f�xQUKUKxp�/^_S�U�gaU\l2`a]_g~cO^_`aX0f `a] ]_^_`igigzl?U\f�U\d_`aZ�cOt/X0[Q^m^_S�U�x�[QdrcO^_`aX0f�XOVÍ�Q�QUKx+�

^eU\d_q ZKX0f|^_drc0Z\^e]�j*SQ`aZeS5cOdeU�f�X0^�t/X0[Qf�x�t|h�c qGc¡��`iq$[Qq x�[QdrcO^_`aX0fu� �k]
deU\l|cOdex�deU\f�U\jTcOga]M�z�Q�QUKx+�;^eU\d_q ZKX0f|^_drc0Z\^e]!ZMcOf�t/UGdeU\f�U\j:UKx"X0fQgih X0f�ZKU cOf�x
X0fQgih�`�V�^_S�U�^eX0^rcOg:qGc¡��`iq$[Qq x�[QdrcO^_`aX0f"`a]�]_S�X0d_^eU\d�^_S>cOf���h?UMcOde]M��-:[Q^M�z`�V
^_S�U\deUm`a]*c$l|cOb�XOVzcO^TgaUMc0]_^ �Mw$^eU\f�x�cKh�]��Yv2w�x�cKh�]:VYX0d:�Q�QUKx+�;^eU\d_q¬ZKX0f|^_drc0Z\^e]
gaX0fQl?U\d�^_S>cOf "�q�X0f|^_S�]o�o�Í^_S�U�]rcOq�U�U\q!bQgaXMh?UKU�ZMcOf�t/U SQ`ideUKx�cOl|cO`if�j*`i^_S
c �Q�QUKx+�;^eU\d_q ZKX0f|^_drc0Z\^�t|h�^_S�UG]rcOq�UGU\q!bQgaXMh?U\dM� �*ZKZKX0dex�`ifQl�^eX�cOd_^M��"�XOV
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'uU\l2`a]_g~cO^_`iy?U�)mUKZ\deUKU��kXQ���#"#+%$0v2w2w����Q�QUKx+�;^eU\d_q j:X0d_�?U\de]�cOdeU�U\f|^_`i^_gaUKx ^eX
^_S�U�]rcOq�U*gaU\l|cOg�cOf�x�deU\q$[Qf�U\drcO^_`iy?UkZKX0f�x�`i^_`aX0f�]Tc0]×^_S�U�ZKX0q!b>cOdrcOtQgaU�j:X0d_�?U\de]
deUKZ\d_[Q`i^eUKx�VYX0dmcOf�`if�xQUo��fQ`i^eU�x�[QdrcO^_`aX0fu�WRTSQ`a]WbQd_`if�Z\`ibQgaU$`a]Wl?U\f�U\d_`aZ�cOf�xp��VYX0d
`if�]_^rcOf�ZKU2�+b/U\d_qGcOf�U\f|^Tj:X0d_�?U\de]TZKX0[QgaxGdeUKZKU\`iy?UWSQ`il2S�U\d:jTcOl?UK]TZKX0q!b/U\f�]rcO^_`ifQl
^_S�U\`id*V¢[Qgigpb>cOd_^_`aZ\`ib>cO^_`aX0f�^eX�^_S�Um��d_q�� ]kc0Z\^_`iy+`i^8h��¢¸�X0f|^rcOf>cOd_`T�Yv2w2w2�?�_�o�
{|[Qq!qGcOd_`��K`ifQl��z^_S�U�gaU\l|cOg:ZeS>cOfQl?UK]�]_`if�ZKU�^_S�U�q!`ax�fQ`if�U\^_`aUK]�cOf�x�[Qb ^eX

v2w2w2vGS>cKy?U�l?U\f�U\drcO^eUKx�^_S�U�VYX0gigaXMj*`ifQl�`if�]_^_`i^_[Q^_`aX0f>cOg×]eU\^_^_`ifQl�VYX0dk^eU\q!b/X0drcOd_h
U\q!bQgaXMh+q�U\f|^��

•
RCU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^e]*ZMcOf�t/Uk]_^_`ibQ[Qg~cO^eUKxGVYX0d:^eUKZeSQfQ`aZMcOg;��bQdeX+x�[�Z\^_`iy?U2�
X0d_l|cOfQ`��¡cO^_`aX0f>cOg;��X0d�]_[Qt�]_^_`i^_[Q^_`aX0f�deUMc0]eX0f�]M�

•
}8f�bQd_`if�Z\`ibQgaU2��^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^e]mcOdeUmf�X0^WZKX0f�]_^_drcO`if�UKx�t|h�c�qGc¡�+�
`iq$[Qq x�[QdrcO^_`aX0f �z^_S�U\h�ZMcOf t/U�deU\f�U\j:UKx X0fQgih X0f�ZKU�cOf�x�X0fQgih�`�VT^_S�U
^eX0^rcOguqGc¡��`iq$[Qq�x�[QdrcO^_`aX0f�`a]�]_S�X0d_^eU\d�^_S>cOf�^_SQdeUKU h?UMcOde]M�

•
RCU\q!b/X0drcOd_h�j:X0d_�?U\de]�cOdeU!U\f|^_`i^_gaUKx�^eX�^_S�U�]rcOq�U�gaU\l|cOgÍZKX0f�x�`i^_`aX0f�]�c0]
^_S�X2]eUWdeUKZ\d_[Q`i^eUKxGVYX0dTcOf�`if�xQUo��fQ`i^eUmx�[QdrcO^_`aX0fu��RTS�U\h�qGcKh�cOga]eX$deUKZKU\`iy?U
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^_`iy?U\gih��o�?X+ZKZ\[Qb>cO^_`aX0f��Yvmx�[Qq!q!`aUK]o�o�2b>cOd_^À�;^_`iq�U2�|b/X0^eU\f|^_`~cOgQj:X0d_��Uo��b/U\d_`aU\f�ZKU2�
cOf�x�`i^e]�8|[>c0x�drcO^_`aZ�^eU\d_q���RTS�U!U\d_deX0d ^eU\d_q `if�UA8|[>cO^_`aX0f �À�¡��S>c0]mt/UKU\f�xQUo�
ZKX0q!b/X2]eUKx&`if|^eX�c ^_`iq�Uo�;`if|y2cOd_`~cOf|^�`if�x�`iy+`ax�[>cOg��8]_b/UKZ\`��>Z ZKX0q!b/X0f�U\f|^M�

ci

�Wc
^_`iq�Uo�;`if|y2cOd_`~cOf|^$qGcO^eZeS��8]_b/UKZ\`��>Z�ZKX0q!b/X0f�U\f|^M�

φj(i)
� �!cOf�x�cOf�`ax�`aX2]_h+f�Z\drcO^_`aZ

U\d_deX0d�^eU\d_q��
uit

�

�	��
 ��
������������������������ �!�!�#"%$'&��)(+*-,/.�$'$!(��)&103254
&������62�,879�)�!
��;:'<-=��62>�)
?�!��&A@#�!��&�$B� �DCE�)FG��

�kXMj�j:U*`if|^_deX+x�[�ZKU*^_S�U�c0]e]_[Qq!bQ^_`aX0f�]�[Qf�xQU\d�j*SQ`aZeS�^_S�U ��� 'I{�cOf�x�^_S�U 9W�
UK]_^_`iqGcO^eX0de]�ZMcOf t/Uk[�]eUKx�^eX�ZKX0f�]_`a]_^eU\f|^_gih�UK]_^_`iqGcO^eUm^_S�Ukb>cOdrcOq�U\^eU\d�y?UKZ\^eX0de]
`if�q�X+xQU\gÍ�À�¡�o��9WU\j*d_`i^eU ^_S�U q�X+xQU\gCc0]

lnwit = z′itβ + x′
itδ + vit,

�Yv?�
H Ð�Ê î2»oØ0Ô«Á¾»r½¾Î éIÅ¡½¾í¡»r½ÀË�ç~Ð/áÍÑzèk¼M½¾»¡ñu¿¡»rÈ?»r½À¼MÄ Ä Ò�Ë8Ì+»o¼Mí0Ê È?¿|ñC¼GÌ|¼M½8Á¾Ê�ÉeÃ?Ä�¼M½kÁ;Ò0Ì+»�ÅMÂÍÁ¾»rÎmÌ+Å¡½À¼M½¾Ò

éIÅ¡½¾í¡»r½ÀËrà � ÅKéI»rì¡»r½oñ�Á¾Æ?» Á¾»r½¾Î Ë*Ç?î2»oØ0Ô«Á¾»r½¾Î(ÉeÅ¡ÈOÁ¾½À¼¡É_ÁÀË�¼MÈ|Ø�Á¾»rÎmÌ+Å¡½À¼M½¾ÒGÉeÅ¡ÈOÁ¾½À¼¡É_ÁÀË�¼M½¾» Ã|Ë8»oØ�¼¡Ë
Ë8Ò0È?Å¡È0Ò0ÎmÅ¡Ã|Ë�Ê È*Á¾Æ?Ê�Ë>Ì|¼MÌ+»r½oà�ázÆ?»IØ2Ã?ÎmÎWÒTìK¼M½¾Ê�¼Mã?Ä » FTCit

Ê�Ë>»oåOÃ|¼MÄMÁ¾ÅWøCé×Æ?»rÈ*Á¾Æ?»C»rÎmÌ?Ä ÅKÒ¡»r»uÊ�Ë�¼
Á¾»rÎmÌ+Å¡½À¼M½¾ÒkéIÅ¡½¾í¡»r½oà/æ0»r»:¼MÌ?Ì+»rÈ|Ø2Ê î�Ö×Ô;ß:ÂaÅ¡½zØ2»eÁÀ¼MÊ Ä�ËC¼Mã+Å¡Ã2ÁCÁ¾Æ?»TØ2»eÇ|È?Ê Á¾Ê Å¡È$¼MÈ|ØmÁ¾Æ?»:ÉeÅ¡È|Ë;Á¾½¾Ã|É_Á¾Ê Å¡È
ÅMÂ/ìK¼M½¾Ê�¼Mã?Ä »oËIÃ|Ë8»oØ�Ê È$Á¾Æ?»*»oÉeÅ¡È?Å¡Îm»eÁ¾½¾Ê�ÉT¼MÈ|¼MÄ Ò2Ë8Ê�ËràI ázÆ?»!Ë8Ã?ã|Ë¾Ée½¾Ê Ì2Á j(i) ½¾»eÂa»r½ÀËWÁ¾Å�Á¾Æ?»!Ë8Ì+»oÉeÊ Ç+ÉWâ;Å¡ã�Î ¼KÁÀÉÀÆ�ã+»eÁ;éI»r»rÈ�Á¾Æ?»�ìK¼¡Ér¼MÈ|ÉeÒ j ¼MÈ|Ø�Á¾Æ?»Ê È|Ø2Ê ì0Ê�Ø2Ã|¼MÄ i àzæ0Ê È|Ée»�éI»�¼¡Ë¾Ë8Ã?Îm»TÁ¾Æ|¼KÁÍÊ Á�Ê�Ë×Á¾Ê Îm»eÔ¢Ê È0ìK¼M½¾Ê�¼MÈOÁ×Ê Â/Á¾Æ?»�éIÅ¡½¾í¡»r½×Ø2Å0»oË×È?ÅMÁ:ÉÀÆ|¼MÈ?¿¡»Iâ;Å¡ã�ñÁ¾Æ?»TÁ¾»rÎmÌ+Å¡½À¼MÄ�Ë8Ã?ã|Ë¾Ée½¾Ê Ì2Á�Æ|¼¡Ëzã+»r»rÈ�Å¡ÎmÊ Á8Á¾»oØQà

J



j*S�U\deU
vit ≡ ci + φj(i) + uit

`a]�^_S�U�ZKX0q!b/X2]_`i^eU�deUK]_`ax�[>cOg;�Tl2`iy?U\f�t|h�^_S�U
]_[Qq XOVÍ^_S�U$`if�x�`iy+`ax�[>cOg��8]_b/UKZ\`��>Z!UonpUKZ\^e]M��^_S�U���d_q��8]_b/UKZ\`��>Z�UonpUKZ\^e] cOf�x�^_S�U
`ax�`aX2]_h+f�Z\drcO^_`aZ$U\d_deX0dM�
}8^u`a]pj:U\gig|�+f�XMj*f�^_S>cO^IcTf�UKZKUK]e]rcOd_h�ZKX0f�x�`i^_`aX0f�VYX0du^_S�UÍZKX0f�]_`a]_^eU\f�Z\h XOVQ^_S�U

��� 'I{$cOf�x:9W��UK]_^_`iqGcO^eX0de]I`a] �MU\deXWZKX0d_deU\g~cO^_`aX0f�t/U\^8j:UKU\f�^_S�U�deU\l2deUK]e]eX0de]zcOf�x
^_S�U:ZKX0q!b/X2]_`i^eU:U\d_deX0dI^eU\d_q��

vit

�IRTS�U\deUoVYX0deU2�0^_S�U�VYX0gigaXMj*`ifQl�c0]e]_[Qq!bQ^_`aX0f�]×cOdeU
f�UKZKUK]e]rcOd_h��YcOf�x�]_[ �GZ\`aU\f|^IVYX0dI^_S�U ��� 'I{$UK]_^_`iqGcO^eX0do�pVYX0dzUMc0ZeS

i = 1, . . . , NcOf�x
t = 1, . . . , T

�

E(z′itci) = 0 E(x′
itci) = 0

�Y�?�
E(z′itφj(i)) = 0 E(x′

itφj(i)) = 0
� �+�

E(z′ituit) = 0 E(x′
ituit) = 0.

�Y¹?�
};V/j:U*S>cKy?U�ZKX0d_deUKZ\^_gih�q�X+xQU\gigaUKx

E(ln wit|zit,xit, ci, φj(i))
�+c0]e]_[Qq!bQ^_`aX0f��Y¹?�

S�X0gaxQ]M�zRTS�U:bQdeX0tQgaU\qGcO^_`aZ�c0]e]_[Qq!bQ^_`aX0f�]�cOdeUTc0]e]_[Qq!bQ^_`aX0f�]��Y�?�IcOf�x�� �+�o�2]_^rcO^À�
`ifQl�^_S>cO^$^_S�U\deUG]_S�X0[Qgax�f�X0^�t/UGcOf|h�ZKX0d_deU\g~cO^_`aX0f�t/U\^8j:UKU\f�`if�x�`iy+`ax�[>cOg*cOf�x
��d_q [Qf�X0t�]eU\d_y2cOtQgaUK]�cOf�x `if�x�`iy+`ax�[>cOg cOf�x���d_q ZeS>cOdrc0Z\^eU\d_`a]_^_`aZK]�ZKX0gigaUKZ\^eUKx
`if|^eX

zit

cOf�x
xit

�"RTS�UK]eU�c0]e]_[Qq!bQ^_`aX0f�]GcOdeU�Z\gaUMcOd_gih�gi`i�?U\gih�^eX�V;cO`ig*`if�X0[Qd
V¢drcOq�U\j:X0d_��cOf�x ��� 'I{�cOf�x 9W��UK]_^_`iqGcO^eX0de]kcOdeU `if�xQUoVYU\f�]_`itQgaU2�

�	��� � � �������'4�� ��&����'��&�=��!( ��
�������������$!� $�� ������� �!�!�
"%$'&��)(
�k]e]_[Qq�U$f�XMj5^_S>cO^k^_S�U\deU�`a]Wf�X�ZKX0d_deU\g~cO^_`aX0f�t/U\^8j:UKU\f ^_S�U���d_q��8]_b/UKZ\`��>Z�UoV«�
VYUKZ\^e]M�

φj(i)
��cOf�xG^_S�UWUo��bQg~cOf>cO^eX0d_h�y2cOd_`~cOtQgaUK]M�

[z′it,x
′
it]

′ �zRTS�U\fu�+^_S�U�l?U\f�U\drcOg]_b/UKZ\`��>ZMcO^_`aX0f�XOVz^_S�UmjTcOl?U$UA8|[>cO^_`aX0f��À�¡�:ZMcOf�t/UmdeU\j*d_`i^_^eU\f�c0]
lnwit = z′itβ + x′

itδ + ci + ηit,
� "?�

j*S�U\deU
ηit ≡ φj(i) + uit

�WcOf�x&`i^�`a]�]_^_drcO`il2S|^ÀVYX0d_jTcOdex�^eX�]_S�XMj ^_S�U�ZKX0f��
]_`a]_^eU\f�Z\h�XOVW^_S�U�j*`i^_SQ`if��;`if�x�`iy+`ax�[>cOg��¢�z�:�$UK]_^_`iqGcO^eX0dM� }8f�xQUKUKxp�×`�VW^_S�U\deU `a]
f�X�ZKX0d_deU\g~cO^_`aX0f�t/U\^8j:UKU\f�^_S�U���d_q��8]_b/UKZ\`��>Z�UonpUKZ\^e]!cOf�x�^_S�UGjTcOl?U deU\l2deUK]À�
]eX0de]M�p^_S�U�ZKX0q!b/X2]_`i^eU�U\d_deX0d�^eU\d_q

ηit

`a] [Qf�ZKX0d_deU\g~cO^eUKx�^eX�^_S�U!Uo��bQg~cOf>cO^eX0d_h
y2cOd_`~cOtQgaUK]GZKX0f�x�`i^_`aX0f>cOgkX0f�^_S�U�`if�x�`iy+`ax�[>cOg��8]_b/UKZ\`��>Z�UonpUKZ\^M�

ci

�*^_S�U\fu�ÍgaUMc0]_^
] 8|[>cOdeUK]�UK]_^_`iqGcO^_`aX0f�XOVzq�X+xQU\gÍ� "?�:l?U\f�U\drcO^eUK]�[Qf|tQ`~c0]eUKx�deUK]_[Qgi^e]M�
RTS�U\deUoVYX0deU2��^_S�U��z�&UK]_^_`iqGcO^eX0d�cOgigaXMj�]k[�]W^eXGUK]_^_`iqGcO^eU�^_S�U�jTcOl?U�UA8|[>c¡�

^_`aX0f�^rcO�+`ifQl�`if|^eX!c0ZKZKX0[Qf|^*XOVu^_S�UWb/X2]e]_`itQgaUWZKX0d_deU\g~cO^_`aX0f t/U\^8j:UKU\f `if�x�`iy+`ax�[>cOg
S�U\^eU\deX0l?U\f�U\`i^8h�cOf�x ^_S�U�Uo��bQg~cOf>cO^eX0d_h y2cOd_`~cOtQgaUK]M���kU\y?U\d_^_S�U\gaUK]e]M�2c:f|[Qq$t/U\dzXOV
jTcOl?U*deU\l2deUK]e]eX0de]I�$`if�Z\gi[�x�`ifQl�ZKX0f|^_drc0Z\^Í^8h+b/U�cOf�x s X0t!^eU\f|[QdeU:��cOdeU*gi`i�?U\gih�^eX
t/UÍZKX0d_deU\g~cO^eUKx$j*`i^_S$[Qf�X0t�]eU\d_y2cOtQgaU���d_q��8]_b/UKZ\`��>Z:ZeS>cOdrc0Z\^eU\d_`a]_^_`aZK]M�×RTS|[�]M�O^_S�U
c0]e]_[Qq!bQ^_`aX0f�XOV��MU\deX�ZKX0d_deU\g~cO^_`aX0f�t/U\^8j:UKU\f�deU\l2deUK]e]eX0de]*cOf�xG��d_q��8]_b/UKZ\`��>ZmUoV«�
VYUKZ\^e]M�2j*SQ`aZeSG`a]×f�UKZKUK]e]rcOd_h�VYX0d×^_S�U�ZKX0f�]_`a]_^eU\f�Z\h!XOV/^_S�U��z� UK]_^_`iqGcO^eX0dM�|ZKX0[Qgax
V;cO`ig cOf�x&^_S�U�UK]_^_`iqGcO^_`aX0f�deUK]_[Qgi^e]GV¢deX0q ^_S�U�j*`i^_SQ`if��;`if�x�`iy+`ax�[>cOg$cObQbQdeX?c0ZeS
gaX+X2]eUm`if�Z\deUKx�`itQ`igi`i^8h?� �
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}8f�^_SQ`a]z]_[Qt�]eUKZ\^_`aX0f!j:U:deU\g~c¡�!c0]e]_[Qq!bQ^_`aX0f�]��Y�?�IcOf�x�� �+�o�2]eXk^_S>cO^z`if�x�`iy+`ax�[>cOg��
cOf�x���d_q��8]_b/UKZ\`��>Z�UonpUKZ\^e]$cOdeU�cOgigaXMj:UKx�^eX t/U�cOd_tQ`i^_drcOd_h ZKX0d_deU\g~cO^eUKx�^eX ^_S�U
jTcOl?U!deU\l2deUK]e]eX0de]M�CcOf�x�j:U!]_S�XMj S�XMj ^eX�X0tQ^rcO`if ZKX0f�]_`a]_^eU\f|^�UK]_^_`iqGcO^eX0de]$XOV
^_S�UWb>cOdrcOq�U\^eU\d:y?UKZ\^eX0d

[β′, δ′]′
�zRTS�UWq�U\^_S�X+xQX0gaX0l2h�j:UWbQdeX0b/X2]eU�`if�]_[Qt�]eUKZo�

^_`aX0f�] ��� ���i�TcOf�x	��� ��� vkcOdeU�`if�]_bQ`ideUKx$t|h:�Wt/XMj�x�/21 35476*�À�! # # ?�o�z}8f�]_[Qt�]eUKZ\^_`aX0f
��� ��� ��j:U `if|^_deX+x�[�ZKU$]eX0q�U�]_b/UKZ\`��>ZMcO^_`aX0f�^eUK]_^e]M�

��������� ���������� �!#"$ �%���&���%�'�(*)+!-,.�0/2143657����1�(����089 �8;:<����=>��(@?;=
A 8B%�=C)

�k]�j:U�j*`igigÍ]eUKU�q�X0deU!`if�xQU\^rcO`iga]$`if ]eUKZ\^_`aX0f"¹��C^_S�U�UKZKX0f�X0q�U\^_d_`aZ cOf>cOgih�]_`a]
`a]�ZMcOd_d_`aUKx�X0[Q^�[�]_`ifQl&c"]_qGcOgig b>cOf�U\g$x�cO^rc�]eU\^�j*`i^_S�X0fQgih�v�^_`iq�U b/U\d_`��
X+xQ]M�×RTS�U\deUoVYX0deU2�Qj:U ZMcOf�x�`a]_^_`ifQl2[Q`a]_S�^8j:X!^8h+b/UK]*XOVIj:X0d_�?U\de]��×j:X0d_�?U\de]�j*S�X
ZeS>cOfQl?UKx���d_q t/U\^8j:UKU\f�v2w2w2wGcOf�x�v2w2w2v��«^_S�U*�8q�XMy?U\de] �À��cOf�x�j:X0d_�?U\de]Wj*S�X
x�`ax�f�X0^GZeS>cOfQl?U���d_q �«^_S�U��¾]_^rcKh?U\de] �À�o� RTS|[�]M�:`�Vmj:U�deUK]_^_d_`aZ\^GX0[Qd�cOf>cOgih|�
]_`a] X0f ^_S�U!]_^rcKh?U\de]$cOf�x�j:U�cObQbQgih�^_S�U�[�]_[>cOg��z��^_drcOf�]ÀVYX0d_qGcO^_`aX0fED�^eX ^_S�U
X0d_`il2`if>cOg/jTcOl?UmUA8|[>cO^_`aX0f��À�¡�o�+j:UmcOdeUmcOtQgaUk^eX$deU\q�XMy?Ukt/X0^_S�^_S�UW`if�x�`iy+`ax�[>cOg��
]_b/UKZ\`��>Z�ZKX0q!b/X0f�U\f|^M�

ci

�|cOf�x!^_S�UT��d_q��8]_b/UKZ\`��>Z�ZKX0q!b/X0f�U\f|^M�
φj(i)
�IRTS�U��z�

^_drcOf�]ÀVYX0d_q�UKx�q�X+xQU\gu`a]
¨lnwit = z̈′itβ + ẍ′

itδ + üit,
� &2�

j*S�U\deU�^_S�U*^8j:X�xQX0^e]ÍxQU\f�X0^eU�^_S>cO^�^_S�U�j*`i^_SQ`if��;`if�x�`iy+`ax�[>cOg�^_`iq�U�q�UMcOf�]�S>cKy?U
t/UKU\f ]_[QtQ^_drc0Z\^eUKx"V¢deX0q ^_S�U�X0d_`il2`if>cOgWdeUMcOgi`��¡cO^_`aX0f�]�cO^Gx�cO^eU

t
VYX0d!`if�x�`iy+`ax+�

[>cOg
i
� �Wdex�`if>cOd_h�gaUMc0]_^�] 8|[>cOdeUK]�cObQbQgi`aUKx�^eX�^_S�U�^_`iq�U�xQU\q�UMcOf�UKx q�X+xQU\g

l?U\f�U\drcO^eU$[Qf|tQ`~c0]eUKx�deUK]_[Qgi^e]M�*RTSQ`a]WbQdeX+ZKUKx�[QdeU�cOgigaXMj�]mcOf|h�cOd_tQ`i^_drcOd_h�ZKX0d_deUo�
g~cO^_`aX0f"t/U\^8j:UKU\f�^_S�UG`if�x�`iy+`ax�[>cOg��$cOf�x���d_q��8]_b/UKZ\`��>Z ZKX0q!b/X0f�U\f|^e]M�×tQ[Q^�j:U
S>cKy?U*^eX�c0]e]_[Qq�UT^_S�U�Uo�QX0l?U\f�U\`i^8h!XOV�q�X0tQ`igi`i^8h �|^_SQ`a]×q�UMcOf�]×^_S>cO^�^_S�UTdeUMc0]eX0f�]
VYX0d�j*SQ`aZeSG^_S�U�j:X0d_�?U\d:ZeS>cOfQl?UK] s X0t�cOdeU*drcOf�xQX0q(X0f�ZKU�j:U�ZKX0f�x�`i^_`aX0f X0f�^_S�U
jTcOl?U�deU\l2deUK]e]eX0de]IcOf�x ^_S�Uz�Q�QUKx�ZKX0q!b/X0f�U\f|^e]M�C��U×f�UKUKxp�2c0]p[�]_[>cOg;�¡^_S�U�]_^_d_`aZ\^
Uo�QX0l?U\f�U\`i^8h�XOV×X0[Qd�Uo��bQg~cOf>cO^eX0d_h y2cOd_`~cOtQgaUK]WZKX0f�x�`i^_`aX0f>cOgCX0f�^_S�Um`if�x�`iy+`ax�[>cOg��
cOf�x ��d_q��8]_b/UKZ\`��>Z UonpUKZ\^e]��

E(uit|Zi,Xi, ci, φj(i)) = 0
VYX0d

t = 1, . . . , T
�

j*S�U\deU
Zi

cOf�x
Xi

cOdeU2�?deUK]_b/UKZ\^_`iy?U\gih?�
T ×5

cOf�x
T ×K

qGcO^_d_`aZKUK]:ZKX0gigaUKZ\^_`ifQl
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cObQbQgih+`ifQl�^_S�Um��de]_^�x�`�npU\deU\f�Z\`ifQlG^_drcOf�]ÀVYX0d_qGcO^_`aX0f�^eX!UA8|[>cO^_`aX0f��À�¡�:h+`aU\gaxQ]

∆lnwit = ∆z′itβ + ∆x′
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¸�X0deU�`if�xQU\^rcO`iga]M��]_[QbQb/X2]eU$^_S>cO^�VYX0dmUMc0ZeS
t
^_S�U�]eU\gaUKZ\^_`aX0f�UA8|[>cO^_`aX0f�VYX0d

`if�x�`iy+`ax�[>cOg
i
� ]*g~cOt/X0[Qd�qGcOd_�?U\^�b>cOd_^_`aZ\`ib>cO^_`aX0f�`a]

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

j*S�U\deU
Fi

`a]kcG]eU\^kXOVÍUo�QX0l?U\f�X0[�]ky2cOd_`~cOtQgaUK] cOf�x
1[·]
`a]mcOf�`if�x�`aZMcO^eX0dkV¢[Qf�Zo�

^_`aX0f�j*SQ`aZeS�`a]�[QfQ`i^8h�`�Vk`i^e]�cOd_l2[Qq�U\f|^�`a]�^_d_[�U�cOf�x �MU\deX X0^_S�U\d_j*`a]eU2��RTS�U
Uo�QX0l?U\f�X0[�]ÍdeU\l2deUK]e]eX0de]�bQdeUKx�`aZ\^_`ifQl�^_S�U*b>cOd_^_`aZ\`ib>cO^_`aX0f�`if�^_S�U�g~cOt/X0[Qd�qGcOd_�?U\^
cOdeU �ml?U\f�xQU\dM�ul?UKX0l2drcObQSQ`aZMcOgTcOdeUMc � ��x�[Qq!q!`aUK]o�o�CUKx�[�ZMcO^_`aX0f&� ��x�[Qq!q!`aUK]o�o�
qGcOd_`i^rcOgz]_^rcO^_[�]M�/cOl?U2��`i^e]k] 8|[>cOdeU2��c�x�[Qq!q$h�VYX0dWS|[�]_t>cOf�x�j:X0d_�+`ifQl ]_^rcO^_[�]M�
f|[Qq$t/U\d XOV ZeSQ`igax�deU\f&`if&��cOl?U�l2deX0[Qb�]��YwM��¹�� "M��� ����cOf�x��M¹M���!+?�o��c�^_`iq�U
x�[Qq!q$h?��cOf�xG^_S�UW`if|^eU\drc0Z\^_`aX0f�]*t/U\^8j:UKU\f l?U\f�xQU\d�cOf�x�UKx�[�ZMcO^_`aX0f�x�[Qq!q!`aUK]M�
RTS�U�deU\l2deUK]e]eX0de]W`if�cOgigC^_`iq�U�b/U\d_`aX+xQ]WU\f|^eU\dk`if|^eXG^_S�U�]eU\gaUKZ\^_`aX0f�UA8|[>cO^_`aX0f�cO^
^_`iq�U

t
^eX cOgigaXMj VYX0d�]eU\gaUKZ\^_`aX0f�q�X+xQU\ga]!j*`i^_S�[Qf�X0t�]eU\d_y?UKx�UonpUKZ\^e]M� �k]_`ifQl

cG¸�[Qf�x�g~cO���À�! %&5+?�kcObQbQdeX?c0ZeSu�pj:U�ZMcOf�deU\bQg~c0ZKU
Fi

j*`i^_S
(fit, f̄i)

��j*S�U\deU
f̄ixQU\f�X0^eUK]k^_S�U$`if�x�`iy+`ax�[>cOgIq�UMcOf�]M�/cOf�xp�/c0]e]_[Qq!`ifQl�^_S>cO^k^_S�U$ZKX+U��GZ\`aU\f|^e]�cOdeU

^_`iq�Uo�8ZKX0f�]_^rcOf|^M�>j:U ZMcOf�UK]_^_`iqGcO^eU ^_S�U\q t|h�b/X+X0gaUKx bQdeX0tQ`i^M� �Wf�ZKUmj:U S>cKy?U
ZKX0q!bQ[Q^eUKx�^_S�U�`if|y?U\de]eU�¸�`igiga]kdrcO^_`aX2]M�/j:U�`if|^_deX+x�[�ZKU�^_S�U\q `if|^eX ^_S�U�ZKX0f�x�`��
^_`aX0f>cOgz�z� q�X+xQU\g �:^_S�U$]rcOq!bQgaU$]eU\gaUKZ\^_`aX0f�^eUK]_^W`a]�l2`iy?U\f�t|h�^_S�U

t
]_^rcO^_`a]_^_`aZK]

�«[�]_`ifQl�deX0tQ[�]_^W]_^rcOf�x�cOdex�U\d_deX0de]o�TX0f�^_S�U `if|y?U\de]eU�¸�`igiga]*drcO^_`aX2]M�
�k]CdeU\l|cOdex!cO^_^_d_`i^_`aX0fu�2`if!v2w2w2wWj:UÍS>cKy?UT]eX0q�UTU\q!bQgaXMh?UKUK]z^_S>cO^×x�`a]rcObQb/UMcOd

`if�v2w2w2v!t/UKZMcO[�]eU ^_S�U\h�t/UKZKX0q�U�U\`i^_S�U\dWf�X0^À�8U\q!bQgaXMh?UKx�X0dW]eU\g�V«�8U\q!bQgaXMh?UKx�X0d
^_S�U\h�x�deX0bGX0[Q^Í^_S�U�]_[Qd_y?U\h?�×RTS�U�deUMc0]eX0f�]×VYX0d�j*SQ`aZeSG^_S�U\h!gaUMcKy?U�^_S�UW]rcOq!bQgaU
ZKX0[Qgax f�X0^�t/U�drcOf�xQX0q��uVYX0d�`if�]_^rcOf�ZKU!^_S�U\h�ZKX0[Qgax xQU\b/U\f�x�X0f S>cKy+`ifQl�S>c0x
c�^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^ `if�v2w2w2w��m�I`ide]_^M�>j:U$deU\j*d_`i^eU�X0[Qd cO[Ql2q�U\f|^eUKx�jTcOl?U
UA8|[>cO^_`aX0f�`if���de]_^�x�`�npU\deU\f�ZKUK]M�Qh+`aU\gax�`ifQl

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

�À�Mv?�
¶ X0f�]_`axQU\d_`ifQl ^_S>cO^W`if�X0[QdWb>cOf�U\g

T = 2
cOf�x�ZKX0f�x�`i^_`aX0f>cOg×XOV�t/U\`ifQl cOf�U\q��

bQgaXMh?UKU$`if�v2w2w2w��>j:U�ZMcOf�j*d_`i^eU�^_S�U$]eU\gaUKZ\^_`aX0f�UA8|[>cO^_`aX0f�`if|^eX�^_S�U�v2w2w2vGU\q��
bQgaXMh?UKUK]M�>]rcOq!bQgaU$c0]TVYX0gigaXMj�]��

ai2 = 1[gi2ζ2+εi2 > 0], εi2|{gi2,∆xi2,∆zi2,∆si2, ai1 = 1} ∼ N(0, 1),�À�M�?�
j*S�U\deU

gi2
ZKX0f|^rcO`if�]�X0[Qd�jTcOl?UGdeU\l2deUK]e]eX0de]�`if�v2w2w2w�gaU\y?U\ga]��«j*SQ`aZeS"cOdeUGX0t��

]eU\d_y?UKx�t/X0^_SGVYX0d:^_S�UmU\q!bQgaXMh?UKUK]T`if X0[QdTb>cOf�U\gucOf�x�VYX0d:^_S�UmU\q!bQgaXMh?UKUK]*^_S>cO^
x�deX0b�X0[Q^WXOVz^_S�U�]rcOq!bQgaUm`if�v2w2w2v?�o�
RTS�U\fu�Q`i^*`a]*b/X2]e]_`itQgaUm^eX�]_S�XMj�^_S>cO^

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

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

�À� �+�
j*S�U\deU

λ(gi2ζ2)
`a]!^_S�U�`if|y?U\de]eU�¸�`igiga]!drcO^_`aXQ�:`�V X0[Qd�jTcOl?U�deU\l2deUK]e]eX0de]�cOdeU

]_^_d_`aZ\^_gih�Uo�QX0l?U\f�X0[�]M�u]eU\gaUKZ\^_`aX0f�xQX+UK]mf�X0^�xQU\b/U\f�x X0f ^_S�U\`idm��de]_^ x�`�npU\deU\f�ZKU

ý%C



X0f�ZKU�j:U�S>cKy?U�ZKX0f|^_deX0gigaUKx�VYX0d�^_S�U\`id v2w2w2w gaU\y?U\ga]M�*cOf�x
∆ηi2

cOf�x
εi2
cOdeU

s X0`if|^_gih�f�X0d_qGcOg;� � ��RTS|[�]M��c�^eUK]_^�VYX0d�cO^_^_d_`i^_`aX0f�ZMcOf t/UGZKX0q!bQ[Q^eUKx�`if�^8j:X
]_^eU\b�]��
`«����]_^_`iqGcO^eUkUA8|[>cO^_`aX0f �À�M�?�×[�]_`ifQl!c�Z\deX2]e]:]eUKZ\^_`aX0f�bQdeX0tQ`i^*cOf�x�ZKX0q!bQ[Q^eU
^_S�U�UK]_^_`iqGcO^eUKx�`if|y?U\de]eU�¸�`igiga]*drcO^_`aX2]

λ̂(gi2ζ̂2)
�

`i`«���W[Ql2q�U\f|^*UA8|[>cO^_`aX0f��À�Mv?��t|h
λ̂i2
�+UK]_^_`iqGcO^eUk[�]_`ifQl�� 'I{��QcOf�x�^eUK]_^:^_S�U

f|[QgiguS|h+b/X0^_S�UK]_`a]
H0
�
ρ2 = 0

�

� � �B� � �(�

 � ��� ��� �

RTS�U�U\q!bQ`id_`aZMcOg*cOf>cOgih�]_`a]$S>c0]$t/UKU\f�ZKX0f�x�[�Z\^eUKx [�]_`ifQl�^_S�U v2w2w2w�cOf�x"v2w2w2v
jTcKy?UK]IXOV�^_S�UÍ{|[Qd_y?U\h XOVQ}8^rcOgi`~cOf$�kX0[�]eU\S�X0gaxQ]M�M}8f�ZKX0q�U�cOf�x ��UMcOgi^_S��;{+�k}8���o� � �
RTS�U*{+�k}8� `a]Ic*f>cO^_`aX0f>cOgigih�deU\bQdeUK]eU\f|^rcO^_`iy?UT]_[Qd_y?U\h�ZKX0f�x�[�Z\^eUKx$t|h ^_S�U@-*cOfQ�
XOVp}8^rcOgih�U\y?U\d_h�^8j:X h?UMcOde]�]_`if�ZKUm�! #+# ����k]z^_S�U 8|[�UK]_^_`aX0f�cOt/X0[Q^×^_S�U*ZKX0f|^_drc0Z\^
^8h+b/UmjTc0]*`if|^_deX+x�[�ZKUKx�`if�v2w2w2w�� � 
 j:U ZMcOfQf�X0^�[�]eUWVYX0d�X0[Qd*deUK]eUMcOdeZeS�bQdeX s UKZ\^
bQdeU\y+`aX0[�]�]_[Qd_y?U\h�]M��RTS�U v2w2w2v�jTcKy?U�ZKXMy?U\de],+�� w��2�GS�X0[�]eU\S�X0gaxQ]�ZKX0q!b/X2]eUKx
XOVzv2v��i� � +�`if�x�`iy+`ax�[>cOga]�cOf�x��M��� ¹2�#"$`if�ZKX0q�Uo�8UMcOd_f�U\de]M�ÍRTS�UkS�X0[�]eU\S�X0gaxQ]T^_S>cO^
j:U\deU�cOga]eX `if|^eU\d_y+`aU\j:UKx `if�v2w2w2w�cOdeU���� "2w2¹��$RTS�U�v2w2w2w�jTcKy?U!ZKXMy?U\de]:+�� w2w��
S�X0[�]eU\S�X0gaxQ]M�>v2v�� v#"#+!`if�x�`iy+`ax�[>cOga]M�>cOf�x��M��� +�� ��`if�ZKX0q�U�UMcOd_f�U\de]M�
{|`if�ZKU�]eU\g�V«�8U\q!bQgaXMh?UKxGj:X0d_�?U\de]TcOdeU�xQUKU\q�UKx�^eX t/U*]_^_d_[�Z\^_[QdrcOgigih�x�`�npU\deU\f|^

V¢deX0q ]rcOg~cOd_`aUKx j:X0d_�?U\de]M��^_S�U\h�cOdeUkdeU\q�XMy?UKx V¢deX0q@^_S�Um]rcOq!bQgaU2�×��UkgaUoV¢^*X0[Q^
`if�x�`iy+`ax�[>cOga]$X0[Q^�XOVT^_S�U�drcOfQl?U��M¹M� "2¹ h?UMcOde]�XOV*cOl?U2�uj:U!deU\q�XMy?UKx `if�x�`iy+`ax+�
[>cOga]kj*S�XGj:U\deU$f�X0^m]rcOg~cOd_`aUKx�j:X0d_�?U\de]m`if v2w2w2wGX0dmv2w2w2v��pcOf�x�j:U�Uo�QZ\gi[�xQUKx
X0t�]eU\d_y2cO^_`aX0f�]�gih+`ifQl�`if ^_S�U���de]_^$cOf�x `if ^_S�U�g~c0]_^ b/U\deZKU\f|^_`igaUK]$XOVT^_S�U�jTcOl?U
cOf�x�j:UKU\�+gih�j:X0d_�+`ifQl�S�X0[Qde]�x�`a]_^_d_`itQ[Q^_`aX0f�]M�udeUK]_b/UKZ\^_`iy?U\gih?���I`if>cOgigih?�pj:U!Uo�+�
Z\gi[�xQUKx X0t�]eU\d_y2cO^_`aX0f�]Tj*`i^_S�q!`a]e]_`ifQl�y2cOgi[�UK]ÍVYX0dT]eX0q�UkXOVu^_S�Uky2cOd_`~cOtQgaUK]:[�]eUKx
`if�^_S�U�]_b/UKZ\`��>ZMcO^_`aX0f XOVm^_S�U jTcOl?U�q�X+xQU\g;�:U\f�x�`ifQl�[Qb�j*`i^_S&c�]rcOq!bQgaU�XOV
��� �%&0w�X0t�]eU\d_y2cO^_`aX0f�]M�>ZKX0d_deUK]_b/X0f�x�`ifQl�^eXGv��i�!+2¹�U\q!bQgaXMh?UKUK] c0Z\deX2]e]�^8j:XG^_`iq�U
b/U\d_`aX+xQ]M�

�k]:j:UkS>cKy?U ]eUKU\f `if�]_[Qt�]eUKZ\^_`aX0f ��� ���i�2��j*S�U\f�j:Uk^_d_hG^eX$V;c0ZKU cOf�x ]eX0giy?U
^_S�U�U\f�xQX0l?U\f�U\`i^8h�l?U\f�U\drcO^eUKx�t|h ^_S�U�ZKX0d_deU\g~cO^_`aX0f�t/U\^8j:UKU\f�[Qf�X0t�]eU\d_y2cOtQgaU
��d_q��8]_b/UKZ\`��>Z�ZKX0q!b/X0f�U\f|^e]�cOf�x `if�x�`iy+`ax�[>cOgkZeS>cOdrc0Z\^eU\d_`a]_^_`aZK] j:U�j*`igigk]_bQgi`i^
^_S�U�]rcOq!bQgaU�`if|^eX�^_S�U�q�XMy?U\de]M�Í]_[Qt�]rcOq!bQgaU�cOf�x�^_S�U�]_^rcKh?U\de]M��]_[Qt�]rcOq!bQgaU2�
RTS�U�g~cO^_^eU\dG`a]!qGc0xQU�[Qb XOV����  2v2v X0t�]eU\d_y2cO^_`aX0f�]�ZKX0d_deUK]_b/X0f�x�`ifQl ^eX��2�  #"��
U\q!bQgaXMh?UKUK]M�/j*SQ`igaU$^_S�U$q�XMy?U\de]M��]_[Qt�]rcOq!bQgaU$`a]kZKX0q!b/X2]eUKx�t|h � � +GX0t�]eU\d_y2c¡�
^_`aX0f�]*VYX0dWv2v �GU\q!bQgaXMh?UKUK]M�
}8f�]_[Qt�]eUKZ\^_`aX0f ��� ��� ��j:U S>cKy?U `if|^_deX+x�[�ZKUKx�^eUK]_^e]*^eX�ZeS�UKZe��^_S�UmbQdeUK]eU\f�ZKU

XOVÍ]rcOq!bQgaU$]eU\gaUKZ\^_`aX0f cOf�x�cO^_^_d_`i^_`aX0f�tQ`~c0]eUK]M�*RTS�U\h�cOdeU�b/U\dÀVYX0d_q�UKx�^_SQdeX0[Ql2S
� 
 æ0»r»T»¡à ¿|àpº�Å0Å¡Ä�Ø2½¾Ê�Ø2¿¡»mç«ßMÛ¡ÛOß¡è_ñ2Ì?Ì�à �MÞ ��� �MÞ¡ó?ñMÂaÅ¡½zÂaÃ?½8Á¾Æ?»r½ÍØ2»eÁÀ¼MÊ Ä�Ërà
� � ázÆ?» æ0Ã?½¾ì¡»rÒ!¼MÈ|Ø!ÂaÃ?½8Á¾Æ?»r½*Ø2»eÁÀ¼MÊ Ä�ËT¼M½¾»k¼\ìK¼MÊ Ä�¼Mã?Ä »WÅ¡È�Á¾Æ?»mº�»rã2ÔYË8»r½¾ì¡»r½ÍÅMÂuÁ¾Æ?» Ïz¼MÈ?í�ÅMÂI÷¢ÁÀ¼MÄ Ò
çaÆOÁ8Á¾Ì�ú Ý¡Ý\é×é×é*à ã|¼MÈ|Ér¼¡Ø2Ê ÁÀ¼MÄ Ê�¼?à Ê ÁeÝKË;ÁÀ¼KÁ¾Ê�Ë;Á¾Ê�ÉÀÆ?»KÝKÉeÅ¡È|Ë8Ã?Ä ÁÀ¼MürÊ Å¡È?»\è_à
� � Ö�È?È?»eî�Ï:ø¡ñ?åOÃ?»oË;Á¾Ê Å¡È�øTÅMÂ>Á¾Æ?»Wæ � ÷Yº åOÃ?»oË;Á¾Ê Å¡È?È|¼MÊ ½¾»¡à

ý �



bQdeX0tQ`i^�UK]_^_`iqGcO^_`aX0f�]�XOV�]eU\gaUKZ\^_`aX0f�UA8|[>cO^_`aX0f�]M�(RTS�U�bQdeX0tQ`i^�b>cOd_^_`aZ\`ib>cO^_`aX0f
UA8|[>cO^_`aX0f!`a]zUK]_^_`iqGcO^eUKx�[�]_`ifQl!�Mw�� �# � X0t�]eU\d_y2cO^_`aX0f�]�ZKX0d_deUK]_b/X0f�x�`ifQl ^eXm¹��i�! %&
`if�x�`iy+`ax�[>cOga]M� �k]�deU\l|cOdex�^_S�U�cO^_^_d_`i^_`aX0f�tQ`~c0]�^eUK]_^M��^_S�U$Z\deX2]e]W]eUKZ\^_`aX0f�bQdeX0tQ`i^
]eU\gaUKZ\^_`aX0f�UA8|[>cO^_`aX0f `a] UK]_^_`iqGcO^eUKx�[�]_`ifQl�v�� &0w#"�`if�x�`iy+`ax�[>cOga]�ZKX0d_deUK]_b/X0f�x�`ifQl
^eXGv��i�!+2¹!U\q!bQgaXMh?UKUK]M� +#"!]eU\g�V«�8U\q!bQgaXMh?UKxp�/v#"#"�f�X0^À�8U\q!bQgaXMh?UKx cOf�x��!"# �`if�x�`��
y+`ax�[>cOga]�j*S�X!x�deX0b�X0[Q^�^_S�U�]_[Qd_y?U\h�`if�v2w2w2v��
RTS�U y2cOd_`~cOtQgaUK]�XOVzbQd_`iqGcOd_h `if|^eU\deUK]_^mcOdeU �
•
¶ X0f|^_drc0Z\^G^8h+b/U2�

FTCit

��}8^�`a]Gc�x�[Qq!q$h"y2cOd_`~cOtQgaU�j*SQ`aZeS�`a]�UA8|[>cOg
^eX�w�`�Vm^_S�U `if�x�`iy+`ax�[>cOg*`a]Gc�b/U\d_qGcOf�U\f|^Gj:X0d_�?U\d�cOf�x�UA8|[>cOg*^eX�� `�V
^_S�U�`if�x�`iy+`ax�[>cOg>`a]:ck�Q�QUKx+�;^eU\d_q(j:X0d_�?U\d:X0dTcmj:X0d_�?U\dÍVYX0d:c ^eU\q!b/X0drcOd_h
j:X0d_��cOl?U\f�Z\h?�

•
{+U\fQ`aX0d_`i^8h?�|`if�x�`aZMcO^_`ifQl�^_S�U s X0t�Uo��b/U\d_`aU\f�ZKU*`if�h?UMcOde]×V¢deX0q ^_S�UWc0Z\^_`iy+`i^8h
^_S�U�U\q!bQgaXMh?UKU�jTc0]�b/U\dÀVYX0d_q!`ifQl�cO^*^_S�U `if|^eU\d_y+`aU\j�^_`iq�U2�
RTS�U x�cO^rc�cOgigaXMj�]*[�]*^eX!x�`a]_^_`ifQl2[Q`a]_S�t/U\^8j:UKU\f�^8j:X!^8h+b/UK]�XOVz^eU\q!b/X0drcOd_h
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tQgaU$U\f�xQX0l?U\f�U\`i^8h�XOV�X0[QdWjTcOl?U$deU\l2deUK]e]eX0de]kc¡V¢^eU\dkZKX0f|^_deX0gigi`ifQl�VYX0d�`if�x�`iy+`ax�[>cOg
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��d_q��8]_b/UKZ\`��>ZTZKX0q!b/X0f�U\f|^e]zt/UKZMcO[�]eUÍ^_S�U���de]_^zX0f�UÍ`a]I^_`iq�Uo�;`if|y2cOd_`~cOf|^�t|h$xQUo�Q�
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11.927 = [exp (−0.127)− 1] · 100 à
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11.847 = [exp (−0.126)− 1] · 100 à
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ZKX0f|^_drc0Z\^e]M��`i^WxQX+UK]�f�X0^k]eUKU\q ^eX!t/U deUMcOgi`a]_^_`aZ �«`if < cOl2gi`~cOdex�[�ZKZ\`*�Yv2w2w2¹?�*^_S�U
}8^rcOgi`~cOf�q�UKx�`~cOf�gaU\fQl2^_S�XOVz^eU\q!b/X0drcOd_h s X0t�]T`a]WcOdeX0[Qf�x�v2w�q�X0f|^_S�]o�o�
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RTS|[�]M�>^_S�U$U\q!bQ`id_`aZMcOg×U\y+`axQU\f�ZKU$xQX+UK]Wf�X0^k]_[QbQb/X0d_^W^_S�U$^_S�UKX0d_h�XOVÍZKX0q��
b/U\f�]rcO^_`ifQl�x�`�npU\deU\f|^_`~cOga]M�$�Q[Qd_^_S�U\d_q�X0deU2�u^_S�U\deU�`a] c�]_gi`il2S|^�U\y+`axQU\f�ZKU�XOVTxQUo�
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Z\deUMc0]_`ifQl�jTcOl?UWb/U\f>cOgi^_`aUK]:j*`i^_SQ`if ^_S�Uk]rcOq�U*��d_q��+b>cOd_^_`~cOgigih�]_[QbQb/X0d_^_`ifQl�^_S�U
'uX0Su� ]W�À�! # �+�I`if|^eU\d_bQdeU\^rcO^_`aX0f XOV�^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^e]:c0]Íck]eX0d_^_`ifQl�q�UKZeS>c¡�
fQ`a]_q��z�I`id_q�]�b/X2]_^×y2c0ZMcOf�Z\`aUK]ÍZeS>cOdrc0Z\^eU\d_`��MUKx�t|h�ckbQdeX0t>cO^_`aX0f>cOd_hG]_^rcOl?U$�«^_S�U
^eU\q!b/X0drcOd_h&ZKX0f|^_drc0Z\^o�Gj*`i^_S&gaXMj:U\d�jTcOl?UK]M��tQ[Q^�bQdeX0q!`a]_`ifQl"SQ`il2S�U\d jTcOl?UK]
c¡V¢^eU\d_jTcOdexQ]M��`if�X0dexQU\d�^eX l?U\f�U\drcO^eU c ]eU\g�V«�8]eU\gaUKZ\^_`aX0f�XOV�^_S�U�q�X2]_^ ]_�+`igig�V¢[Qg
ZMcOf�x�`ax�cO^eUK]M�×RTSQ`a]I��f�x�`ifQl�X0fQgih�b>cOd_^_`~cOgigih�]_[QbQb/X0d_^e]z^_SQ`a]z`if|^eU\d_bQdeU\^rcO^_`aX0f�t/Uo�
ZMcO[�]eUmj:Um]_S�X0[Qgax�X0t�]eU\d_y?U�c�]_^eUKU\b/U\dTjTcOl?Umb>cO^_S�j*`i^_SQ`if�^_S�Um]rcOq�Uk��d_q(VYX0d
b/U\d_qGcOf�U\f|^$j:X0d_�?U\de]�j*S�X�S>cKy?U!bQdeU\y+`aX0[�]_gih�]_`il2f�UKx ^eU\q!b/X0drcOd_h ZKX0f|^_drc0Z\^e]M�
]eX0q�U\^_SQ`ifQl�^_S>cO^Wj:U�cOdeU�f�X0^mcOgigaXMj:UKx�^eX�`if|y?UK]_^_`il|cO^eU�[�]_`ifQlG^_S�U$]_qGcOgigCgaX0f��
l2`i^_[�x�`if>cOgIx�`iq�U\f�]_`aX0f�XOV×X0[QdWx�cO^rc!]eU\^M�
¸�X0deUKXMy?U\dM�*^_S�U�SQ`il2S�U\d�deU\^_[Qd_f�]G^eX�]eU\fQ`aX0d_`i^8h�VYX0d�^eU\q!b/X0drcOd_h�j:X0d_�?U\de]

ZKX0f ��`aZ\^e]�j*`i^_S&^_S�U�]_b/UKZ\`��>Z�S|[QqGcOf�ZMcObQ`i^rcOgk^_S�UKX0d_h?� �*ZKZKX0dex�`ifQl"^eX�^_SQ`a]
^_S�UKX0d_h?�*f�U\l|cO^_`iy?U�jTcOl?U�x�`�npU\deU\f|^_`~cOga]GVYX0dG^eU\q!b/X0drcOd_h�j:X0d_�?U\de]�qGcKh cOd_`a]eU
t/UKZMcO[�]eU2�p]_`if�ZKU�^_S�U s X0t�qGcO^eZeS�ZKX0[Qgax Uo��bQ`ideU�`if�cG]_S�X0d_^mb/U\d_`aX+xp�/^_S�U$��d_q
cOf�x j:X0d_�?U\de]M�:`if�ZKU\f|^_`iy?UK] ^eX�`if|y?UK]_^ `if���d_q��8]_b/UKZ\`��>Z�S|[QqGcOf�ZMcObQ`i^rcOg�cOdeU
gaXMj:U\dM��-:[Q^M�|`�Vp^_SQ`a]Í^_S�UWZMc0]eU2�|j:UW]_S�X0[Qgax�cOga]eX$X0t�]eU\d_y?U�deU\^_[Qd_f�]Í^eX$]eU\fQ`aX0d_`i^8h
VYX0dÍ^eU\q!b/X0drcOd_h�j:X0d_�?U\de]:gaXMj:U\dT^_S>cOf��¢X0d*cO^ÍgaUMc0]_^:UA8|[>cOg�^eX|�z^_S�UWb/U\d_qGcOf�U\f|^
j:X0d_�?U\de]M�>X0f�UK]M�

� ��� :��E�)F ��
+F ������$!� � ���)F��'

RTS�U UK]_^_`iqGcO^_`aX0f�deUK]_[Qgi^e]�ZKX0q!q�U\f|^eUKx�`if�]_[Qt�]eUKZ\^_`aX0f "�� v!cOf�x�X0tQ^rcO`if�UKx�VYX0g��
gaXMj*`ifQl�^_S�U bQdeX+ZKUKx�[QdeU�bQdeX0b/X2]eUKx�t|h��Wt/XMj�x /21�35476 �À�! # # ?��cOdeU�Z\deUKx�`itQgaU$`�V
j:U$t/U\gi`aU\y?U$^_S>cO^W^_S�UB&0w!`if|^eU\drc0Z\^_`aX0f�]mt/U\^8j:UKU\f�`if�x�`iy+`ax�[>cOg×cOf�x���d_q ZeS>cOdÀ�
c0Z\^eU\d_`a]_^_`aZK]�cOdeU�cOtQgaU ^eX"bQdeXK��h VYX0d�^_S�U�ZKX0d_deU\g~cO^_`aX0f�t/U\^8j:UKU\f�`if�x�`iy+`ax�[>cOg
ZeS>cOdrc0Z\^eU\d_`a]_^_`aZK]�cOf�x�^_S�U ��d_q��8]_b/UKZ\`��>Z�ZKX0q!b/X0f�U\f|^e]M�W};V�^_S�U$X0d_^_S�X0l?X0f>cOgi`i^8h
ZKX0f�x�`i^_`aX0f�t/U\^8j:UKU\f�`if�x�`iy+`ax�[>cOg�ZeS>cOdrc0Z\^eU\d_`a]_^_`aZK]�cOf�x ��d_q [Qf�X0t�]eU\d_y2cOtQgaUK]
ZKX0f�x�`i^_`aX0f>cOg:X0f ^_S�U�`if|^eU\drc0Z\^_`aX0f qGcO^_d_`��

S
S�X0gaxQ]M�uj:U!]_S�X0[Qgax�l?U\^$UK]_^_`iqGc¡�

^_`aX0f�deUK]_[Qgi^e]�^_S>cO^�cOdeU�f�X0^ V;cOd�cKjTcKh�^_S�U X0f�UK]�j:U�l?X0^�b/U\dÀVYX0d_q!`ifQl�^_S�U
�z� UK]_^_`iqGcO^_`aX0f�[�]_`ifQl ^_S�U ]_[Qt�]rcOq!bQgaU�XOVm]_^rcKh?U\de]M��RTS|[�]M��j:U ^eUK]_^eUKx"^_S�U
f|[Qgig:S|h+b/X0^_S�UK]_`a]�XOV�ZKX0f�x�`i^_`aX0f>cOg*X0d_^_S�X0l?X0f>cOgi`i^8h�[�]_`ifQl�c�deU\l2deUK]e]_`aX0f��;t>c0]eUKx
�mcO[�]_qGcOf �À�! #+%&2�:^eUK]_^*deX0tQ[�]_^*^eX�cOf|hGVYX0d_q¬XOVz]eU\d_`~cOguZKX0d_deU\g~cO^_`aX0f�cOf�x�S�U\^À�
U\deX2]_�?UKx�c0]_^_`aZ\`i^8h?� � ��RTS�U��mcO[�]_qGcOf�]_^rcO^_`a]_^_`aZmS>c0]*t/UKU\f�ZKX0q!bQ[Q^eUKx�ZKX0q!b>cOdÀ�
`ifQl ^_S�UTUK]_^_`iqGcO^eUKx!ZKX+U��GZ\`aU\f|^e]ÍXOV>^_S�UTjTcOl?UTdeU\l2deUK]e]eX0de]zj*SQ`aZeS�cOdeUTZKX0q!q�X0f
t/X0^_S�^eX�^_S�UWX0d_`il2`if>cOg/jTcOl?UkUA8|[>cO^_`aX0f�cOf�xG^eX�^_S�UmcO[Ql2q�U\f|^eUKx X0f�U��¢Uo�QZ\gi[�x+�
`ifQl�^eU\f|[QdeU2�Tj*SQ`aZeS&`a]!f�X0^�`axQU\f|^_`��>UKx b/U\dÀVYX0d_q!`ifQl ^_S�U��z� bQdeX+ZKUKx�[QdeU�X0f
]_^rcKh?U\de]M��cOf�x�^_S�UG^_`iq�UGx�[Qq!q$h��o��RTS�U��mcO[�]_qGcOf�]_^rcO^_`a]_^_`aZGS>c0]$t/UKU\f deUo�
b/X0d_^eUKx cO^ ^_S�U�t/X0^_^eX0q XOV*RIcOtQgaU���cOf�x�j:U!f�X0^eU!^_S>cO^ j:U�ZMcOf f�X0^�deU s UKZ\^
^_S�U�f|[Qgig×S|h+b/X0^_S�UK]_`a] XOVTZKX0f�x�`i^_`aX0f>cOg�X0d_^_S�X0l?X0f>cOgi`i^8h�j*S�U\f j:U�deUK]_^_d_`aZ\^�X0[Qd
cO^_^eU\f|^_`aX0f�X0f�^_S�U�y2cOd_`~cOtQgaUK]:XOVpbQd_`iqGcOd_h!`if|^eU\deUK]_^ �+`if�xQUKUKxp�|j:U�l?U\^Tc

p
�;y2cOgi[�U
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UA8|[>cOgI^eX w�� " � ��V¢deX0q ^_S�U��mcO[�]_qGcOf�^eUK]_^kZKX0q!b>cOd_`ifQl�^_S�U�UK]_^_`iqGcO^eUKx�ZKX+UoV«�
�>Z\`aU\f|^e]kc0]e]eX+Z\`~cO^eUKx�^eX

zit

��^_S�UkdeU\l2deUK]e]eX0d*y?UKZ\^eX0d�ZKX0gigaUKZ\^_`ifQlGZKX0f|^_drc0Z\^�^8h+b/U2�
s X0t�]eU\fQ`aX0d_`i^8h?��^_S�U\`id�`if|^eU\drc0Z\^_`aX0fu�/cOf�x�^_S�UmdeUK]_b/UKZ\^_`iy?U 8|[>c0x�drcO^_`aZ ^eU\d_q�]M�
�Q[Qd_^_S�U\d_q�X0deU2��[Qf�xQU\d�^_S�U ZKX0f�x�`i^_`aX0f>cOg*X0d_^_S�X0l?X0f>cOgi`i^8h�c0]e]_[Qq!bQ^_`aX0f�j:U

cOdeU�]_[�ZKZKUK]e]ÀV¢[QgigihGq�X+xQU\gigi`ifQl
E(lnwit| zit,xit, sit, ci, φj(i))

��cOf�x�^_S�U ]_^_d_`aZ\^
Uo�QX0l?U\f�U\`i^8h�c0]e]_[Qq!bQ^_`aX0f

E(uit| Zi,Xi,Si, ci, φj(i)) = 0
]_S�X0[Qgax�S�X0gaxp�×��U

^eUK]_^eUKx!^_S�U�]_^_d_`aZ\^�Uo�QX0l?U\f�U\`i^8hGc0]e]_[Qq!bQ^_`aX0f�[�]_`ifQl�^_S�U*deU\l2deUK]e]_`aX0f��;t>c0]eUKx!^eUK]_^
c0]�xQUK]eZ\d_`it/UKx!`if�]_[Qt�]eUKZ\^_`aX0f���� ��� ���zRTS�U*^eUK]_^�]_^rcO^_`a]_^_`aZT`a]

F (25, 2064) = 1.3j*`i^_S�c
p
�;y2cOgi[�UGUA8|[>cOgT^eX�w��i� � "���RTSQ`a]�q�UMcOf�]�^_S>cO^�^_S�UGjTcOl?U�deU\l2deUK]e]eX0de]

`if�v2w2w2v�gaU\y?U\ga]�cOdeU�f�X0^�]_`il2fQ`��>ZMcOf|^Gc0]!c0xQx�`i^_`aX0f>cOg�Uo��bQg~cOf>cO^eX0d_h y2cOd_`~cOtQgaUK]
`if�^_S�U ��de]_^À�8x�`�npU\deU\f�ZKUKx�UA8|[>cO^_`aX0f �T^_S�U\deU$`a]�f�X�U\y+`axQU\f�ZKU�XOVzV;cO`igi[QdeU�XOV�^_S�U
]_^_d_`aZ\^WUo�QX0l?U\f�U\`i^8h�c0]e]_[Qq!bQ^_`aX0fu� ��D
};VIj:U ZKX0q!bQ[Q^eU�^_S�U ]rcOq�Um^eUK]_^�]_^rcO^_`a]_^_`aZmj*`i^_S�X0[Q^�`if|^_deX+x�[�Z\`ifQlG`if|^eX!^_S�U

jTcOl?UWUA8|[>cO^_`aX0fG^_S�U*bQdeXK��h�`if|^eU\drc0Z\^_`aX0f�]M�+j:U*l?U\^
F (25, 2134) = 1.53

cOf�xGc
p
�;y2cOgi[�UmUA8|[>cOg/^eX!w�� w �|¹���RTS�Um]_^_d_`aZ\^*Uo�QX0l?U\f�U\`i^8h�c0]e]_[Qq!bQ^_`aX0f�V;cO`iga]�cOf�x�^_S�U
deUK]_[Qgi^e]:bQdeUK]eU\f|^eUKx `if�^_S�UWg~c0]_^:^_SQdeUKUkZKX0gi[Qq!f�]*XOVIRIcOtQgaU ��cOdeUWtQ`~c0]eUKxp�+q�X2]_^
gi`i�?U\gih t/UKZMcO[�]eU XOVz^_S�U�X0q!`a]e]_`aX0f�XOVI��d_q¬[Qf�X0t�]eU\d_y2cOtQgaUK]M��RTSQ`a]*`a]Wc�V¢[Qd_^_S�U\d
X0[Q^eZKX0q�U$]_[QbQb/X0d_^_`ifQlG^_S�U$c0]e]_[Qq!bQ^_`aX0f�^_S>cO^W^_S�U `if|^eU\drc0Z\^_`aX0f�]Wt/U\^8j:UKU\f�`if��
x�`iy+`ax�[>cOgkcOf�x���d_q ZeS>cOdrc0Z\^eU\d_`a]_^_`aZK] cOdeU�cOtQgaU�^eX ZMcObQ^_[QdeU�^_S�U�ZKX0d_deU\g~cO^_`aX0f
t/U\^8j:UKU\f�`if�x�`iy+`ax�[>cOgIZeS>cOdrc0Z\^eU\d_`a]_^_`aZK]mcOf�x�^_S�Uk��d_q��8]_b/UKZ\`��>Z$ZKX0q!b/X0f�U\f|^M�
{|`if�ZKU�j:U�cOdeU�b>cOd_^_`aZ\[Qg~cOd_gih�`if|^eU\deUK]_^eUKx `if ^_S�U�UK]_^_`iqGcO^eUKx&ZKX+U��GZ\`aU\f|^e]

c0]e]eX+Z\`~cO^eUKx�^eX!^_S�U ^8h+b/U�XOV�ZKX0f|^_drc0Z\^M�>`i^e]*`if|^eU\drc0Z\^_`aX0f�j*`i^_S�^eU\f|[QdeU2��cOf�x�`i^e]
8|[>c0x�drcO^_`aZ*^eU\d_q��2j:U*b/U\dÀVYX0d_q�UKx!]_b/UKZ\`��>ZMcO^_`aX0f�ZeS�UKZe��]�[�]_`ifQlm^_SQdeUKUo�8xQU\l2deUKUK]À�
XOV«�YV¢deUKUKxQX0q ^eUK]_^e]�cOf�x ^_S�U\`id!X0[Q^eZKX0q�U�`a]�x�`a]_bQg~cKh?UKx�`if"RIcOtQgaU�¹�����U�ZMcOf

��������� �!	 � �����9�0�)���9�
���9�����A��$(�2$J���9����� � �! "�9)�����)
�~'	���
�������x'	�9+

XUR6u��2^ # T��gV ��OkuvZAP=P�O0^ RAV$# ZAT���O0V
	�OvO0T�P�O��AP�O0�v�=ZAP=�"RAT0! # T0!)# ] # !At(RA^���O0VaO0P�Z
�6O0TUO # Vz[��
5G-JHAB�-JI�I�m ?A1 c pW/2I�-J7.I�5�B�m j=5!- ��?AHA-J1(-Jm 5aD�5�-JI�5�I0w F ( 3, 2156) � � 8 D � p c <A/2C @(- � � 8 � 
 �>;/2@(I�fF/21F5�-JI�5�I �" #<�I&,� kw

F ( 3, 2184) � � 8 � � p c <A/2C @(- � � 8 � ��D
XUR6u��2^ # T��gV ��OkuvZAP=P�O0^ RAV$# ZAT���O0V
	�OvO0T�P�O��AP�O0�v�=ZAP=�"RAT0!��~P=Q��a�zY�Ovu # ��uguvZAQ;Y�ZATUO0TWV��
5G-JHAB�-JI�I�m ?A1 c pW/2I�-J7.I�5�B�m j=5!- ��?AHA-J1(-Jm 5aD�5�-JI�5�I0w F ( 3, 2086) � � 8 
 � p c <A/2C @(- � � 8 � 
 �>;/2@(I�fF/21F5�-JI�5�I�,� #ZAT s VaRA[6O0P=�;<�I �~ZAT0!)# V$# ZATURA^�,� kw

F ( 3, 2184) � � 8 � � p c <A/2C @(- � � 8 � � �>;/2@(I�fF/21F5�-JI�5 �~ZAT0!)# V$# ZATURA^�,� #<�I �~ZAT0!)# V$# ZATURA^ �" kw
F ( 3, 2184) � � 8 � � p c <A/2C @(- � � 8 � � Ds ZAt�P�uvOxw�3�>!yz_ c
{ /21(|F?2}~yz5v/2C D r � � � � /21(7 � � � � 8

f�X0^eU*^_S>cO^�U\y?U\f�`�V/j:U*xQX f�X0^�ZKX0f|^_deX0g�VYX0d×^_S�UTb/X2]e]_`itQgaU*ZKX0d_deU\g~cO^_`aX0f�t/U\^8j:UKU\f

 F ÷¢ÂCéI»WÌ+»r½8ÂaÅ¡½¾Î ¼$Ë;Á¾½¾Ê�É_ÁT»eî2Å¡¿¡»rÈ?»rÊ Á;Ò$Á¾»oË;ÁTé×Ê Á¾Æ Ë8Î ¼MÄ Ä »r½ÍÈ0Ã?ÎWã+»r½TÅMÂIØ2»r¿¡½¾»r»oË�ÅMÂuÂa½¾»r»oØ2Å¡Î�ñ�Ê È
Å¡½ÀØ2»r½�Á¾Å�Á¾»oË;ÁkÊ Â×Á¾Æ?»$½¾»r¿¡½¾»oË¾Ë8Å¡½ÀËTÅMÂ�Ì?½¾Ê Î ¼M½¾ÒGÊ ÈOÁ¾»r½¾»oË;Ám¼M½¾»�»eî2Å¡¿¡»rÈ?Å¡Ã|Ë�ç~ÉeÅ¡ÈOÁ¾½À¼¡É_Á�Á;Ò0Ì+»¡ñ/Á¾»rÈ0Ã?½¾»¡ñ
Á¾Æ?»rÊ ½mÊ ÈOÁ¾»r½À¼¡É_Á¾Ê Å¡È�ñC¼MÈ|Ø�Á¾Æ?»�½¾»oË8Ì+»oÉ_Á¾Ê ì¡»�åOÃ|¼¡Ø2½À¼KÁ¾Ê�É Á¾»r½¾Î ËÀè_ñuéI»�¿¡»eÁ F (5, 2084) = 1.73 ¼MÈ|Ø�¼
p Ô¢ìK¼MÄ Ã?»T»oåOÃ|¼MÄ+Á¾Å Û?à ø\ßKù|à�ázÆ0Ã|Ërñ?ÉeÅ¡È|Ø2Ê Á¾Ê Å¡È|¼MÄ�Å¡È$Á¾Æ?»TÊ ÈOÁ¾»r½À¼¡É_Á¾Ê Å¡È|Ë S ñ zi02

¼M½¾»:È?ÅMÁ�Ë8Ê ¿¡È?Ê Ç+Ér¼MÈOÁ×¼¡Ë
¼¡Ø?Ø2Ê Á¾Ê Å¡È|¼MÄQ»eî2Ì?Ä�¼MÈ|¼KÁ¾Å¡½¾Ò ìK¼M½¾Ê�¼Mã?Ä »oËIÊ È�Á¾Æ?»TÇ|½ÀË;Á8ÔYØ2Ê ��»r½¾»rÈ|Ée»oØ$»oåOÃ|¼KÁ¾Ê Å¡È�à

C �



`if�x�`iy+`ax�[>cOg�ZeS>cOdrc0Z\^eU\d_`a]_^_`aZK]TcOf�x���d_q�[Qf�X0t�]eU\d_y2cOtQgaUK]M�?j:U�ZMcOfQf�X0^ÍdeU s UKZ\^�^_S�U
f|[Qgig�S|h+b/X0^_S�UK]_`a]IXOV>]_^_d_`aZ\^zUo�QX0l?U\f�U\`i^8h VYX0dIZKX0f|^_drc0Z\^×^8h+b/U:cOf�x$`i^e]C`if|^eU\drc0Z\^_`aX0f
j*`i^_S�^eU\f|[QdeU2��ZKX0f�x�`i^_`aX0f>cOg*X0f�^_S�U!V¢[QgigT]eU\^�XOVWUo��bQg~cOf>cO^eX0d_h�y2cOd_`~cOtQgaUK]!cOf�x
X0f�^_S�U�`if�x�`iy+`ax�[>cOg��8]_b/UKZ\`��>Z�ZKX0q!b/X0f�U\f|^M�

ci

��RTS|[�]M�:j:U�ZMcOf�gaX+X0��cO^�^_S�U
deU\l2deUK]e]_`aX0f��;t>c0]eUKx��mcO[�]_qGcOf�^eUK]_^:j*SQ`aZeS�^eU\giga]:[�]:^_S>cO^T^_S�Um�z��cOf�x�^_S�U 9W�
bQdeX+ZKUKx�[QdeUK]ÍdeUK]_[Qgi^Í`ifGUK]_^_`iqGcO^eUKx�ZKX+U��GZ\`aU\f|^e]Í^_S>cO^TcOdeUWZ\gaX2]eU*^eX$UMc0ZeS�X0^_S�U\dM�
q�UMcOfQ`ifQlm^_S>cO^I^_S�UÍ^_SQdeUKUÍy2cOd_`~cOtQgaUK]×cOdeUÍf�X0^zU\f�xQX0l?U\f�X0[�]z`if$^_S�UÍjTcOl?U:q�X+xQU\g
`�V×j:U$xQX�f�X0^WZKX0f|^_deX0gCVYX0d�`if�x�`iy+`ax�[>cOg���cOf�x���d_q��8]_b/UKZ\`��>Z$ZKX0q!b/X0f�U\f|^e]M�T��U
U\f�x�[Qb�j*`i^_S�c�]_`iq!`ig~cOd�ZKX0f�Z\gi[�]_`aX0f"j*S�U\f"j:U ZKX0q!b>cOdeU�^_S�U �z� cOf�x 9W�
UK]_^_`iqGcO^_`aX0f�deUK]_[Qgi^e]mXOVÍ^_S�U!cO[Ql2q�U\f|^eUKx�jTcOl?U�UA8|[>cO^_`aX0fu�mRTS|[�]M�/j:U�]_S�X0[Qgax
ZKX0f�Z\gi[�xQU�^_S>cO^×^_S�U 9W� c0]e]_[Qq!bQ^_`aX0f�]�S�X0gax�t/UKZMcO[�]eUT^_S�U��mcO[�]_qGcOf�]_^rcO^_`a]_^_`aZ
V;cO`iga]�^eX�deU s UKZ\^ �mj:U�]_S�X0[Qgax�VYX+Z\[�]�X0f&^_S�U�9W�@UK]_^_`iqGcO^eUK]M��]_`if�ZKU�^_S�U�9W�
UK]_^_`iqGcO^eX0dG`a]�^_S�U -�' �k��UK]_^_`iqGcO^eX0dGj*S�U\f�^_S�U�]_b/UKZ\`��>Z�ZKX0q!b/X0f�U\f|^e] cOdeU
drcOf�xQX0q�� -:[Q^k`i^k`a] cOga]eXG^_d_[�U�^_S>cO^M�uc0]m]eX+X0f�c0]kj:U�b/U\dÀVYX0d_q���y?Uo�8xQU\l2deUKUK]À�
XOV«�YV¢deUKUKxQX0q ]_b/UKZ\`��>ZMcO^_`aX0f�ZeS�UKZe��]�`if�Z\gi[�x�`ifQl�cOga]eX�^eU\f|[QdeU�cOf�x�`i^e]!] 8|[>cOdeU2�
^_S�U�ZKX0f�Z\gi[�]_`aX0f�]�ZeS>cOfQl?U �Yc0]$h?X0[�ZMcOf�]eUKU!V¢deX0q RIcOtQgaUK]!��cOf�x �+�o��{|`if�ZKU
^_S�U��z��X0f�^_S�U�]_^rcKh?U\de]M�/]_[Qt�]rcOq!bQgaU�cOf�x�^_S�U�ZKX0f�x�`i^_`aX0f>cOg×�z�&bQdeX+ZKUKx�[QdeUK]
cOdeU�q�X0deU�deX0tQ[�]_^m^_S>cOf c(9W��cObQbQdeX?c0ZeS�cOf�x�`if X0dexQU\dm^eX�cKy?X0`ax cG^8h+b/U�}e}
U\d_deX0d��~V;cO`igi`ifQl�^eX�deU s UKZ\^$^_S�U�9W��c0]e]_[Qq!bQ^_`aX0f�]$j*S�U\f�^_S�U\h cOdeU�V;cOga]eU¡�o�Cj:U
x�drcKj5X0[Qd�ZKX0f�Z\gi[�]_`aX0f�]�V¢deX0q ^_S�U�ZKX0f�x�`i^_`aX0f>cOgI�z��UK]_^_`iqGcO^eUK]M�
�I`if>cOgigih?��j:U�^eUK]_^eUKx�VYX0d�^_S�U�bQdeUK]eU\f�ZKU�XOV$]rcOq!bQgaU�]eU\gaUKZ\^_`aX0f�tQ`~c0]�cOf�x

cO^_^_d_`i^_`aX0f!tQ`~c0]I`if�^_S�U:ZKX0f�x�`i^_`aX0f>cOg��z��q�X+xQU\g;�IRTS�U\deU:`a]zU\y+`axQU\f�ZKU:f�U\`i^_S�U\d×XOV
cO^_^_d_`i^_`aX0f��«^_S�U

t
]_^rcO^_`a]_^_`aZ:XOVQ^_S�UÍ`if|y?U\de]eU:¸�`igiga]CdrcO^_`aXW`a]p�¾w�� &5"��

p
�;y2cOgi[�U��mw�� �|¹?�

f�X0dWXOV×]rcOq!bQgaU�]eU\gaUKZ\^_`aX0f�tQ`~c0]$�«^_S�U
t
]_^rcO^_`a]_^_`aZ `a]Ww�� v2¹��

p
�;y2cOgi[�U��mw�� +2w �+�o� � �

� � � :'�)��
 � �����'� � ,��;���!( ,'
 �)

��� ����� � 89 9� /�89)�)��� �?
: 8;/ ��=E= 
B)�� ��8;/�
B�� �?�� 89'�/25

9WUKZMcOgigTf�XMj ^_S�U�q�X2]_^�l?U\f�U\drcOg*]_b/UKZ\`��>ZMcO^_`aX0f�XOVkX0[Qd�jTcOl?U�UA8|[>cO^_`aX0f cOf�x
deU\j*d_`i^eU�`i^�]_bQgi`i^_^_`ifQl�^_S�U

K
�;y?UKZ\^eX0dWXOV×ZKX0f|^_deX0gCy2cOd_`~cOtQgaUK]Wc0]TVYX0gigaXMj�]��

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

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

�À�M¹?�
RTS�Um¹¡�8x�`iq�U\f�]_`aX0f>cOg/y?UKZ\^eX0d

zit

ZKX0gigaUKZ\^e]:X0[Qd:y2cOd_`~cOtQgaUK]:XOVubQd_`iqGcOd_h�`if|^eU\deUK]_^M�
j*SQ`igaUk^_S�U

K
�;y?UKZ\^eX0d

xit

`if�Z\gi[�xQUK]*c$]eU\^:XOVCZKX0f|^_deX0g/y2cOd_`~cOtQgaUK]*cOq�X0fQl�j*SQ`aZeS
ptit
�/c!x�[Qq!q$h�y2cOd_`~cOtQgaU$j*SQ`aZeS�`a]WUA8|[>cOgC^eX���`�V×^_S�U�j:X0d_�?U\d

i
S>c0]mc�b>cOd_^À�

^_`iq�U s X0t�cO^�^_`iq�U
t
�


 � ázÆ?»WÌ?½¾Å¡ã?Ê Á*Ë8»rÄ »oÉ_Á¾Ê Å¡È�»oåOÃ|¼KÁ¾Ê Å¡È�»oË;Á¾Ê Î ¼KÁ¾»oËrñ+Á¾Æ?½¾Å¡Ã?¿¡Æ�é×Æ?Ê�ÉÀÆ!Á¾Æ?»kÊ È0ì¡»r½ÀË8»Wê!Ê Ä Ä�Ë:½À¼KÁ¾Ê ÅOËÍÆ|¼\ì¡»
ã+»r»rÈ�»oË;Á¾Ê Î ¼KÁ¾»oØQñ+¼M½¾»*½¾»rÌ+Å¡½8Á¾»oØ�Ê È�Ö�Ì?Ì+»rÈ|Ø2Ê î�Ö×Ô;ß2ñ+á�¼Mã?Ä »�Ö×Ô8ô0àzÐ?Å¡½:Ë¾¼Mí¡»TÅMÂpã?½¾»rì0Ê Á;Ò$éI»WØ2Å È?ÅMÁ
½¾»rÌ+Å¡½8ÁÍÁ¾Æ?»m»oË;Á¾Ê Î ¼KÁ¾Ê Å¡È�½¾»oË8Ã?Ä ÁÀË:ÅMÂpÁ¾Æ?» ¼MÃ2î2Ê Ä Ê�¼M½¾Ò�éz¼M¿¡»W½¾»r¿¡½¾»oË¾Ë8Ê Å¡È|Ë�¼MÃ?¿¡Îm»rÈOÁ¾»oØ!ã0Ò�Á¾Æ?»kÊ È0ì¡»r½ÀË8»
ê!Ê Ä Ä�Ë×½À¼KÁ¾Ê ÅOË��OÁ¾Æ?»oË8»*½¾»oË8Ã?Ä ÁÀË×¼M½¾»T¼\ìK¼MÊ Ä�¼Mã?Ä »TÃ?Ì+Å¡È�½¾»oåOÃ?»oË;ÁIÂa½¾Å¡Î�Á¾Æ?»�¼MÃ2Á¾Æ?Å¡½oà

C �



��U�`if|^_deX+x�[�ZKUKx&^_S�U�b>cOd_^À�;^_`iq�U�ZKX0f|^_deX0gmy2cOd_`~cOtQgaU�t/UKZMcO[�]eU2��]_`if�ZKU�^_S�U
V¢drc0Z\^_`aX0f�XOVub>cOd_^À�;^_`iq�Ukj:X0d_�?U\d*`a]Íq$[�ZeS SQ`il2S�U\d�cOq�X0fQl�^eU\q!b/X0drcOd_h�j:X0d_�?U\de]
�Yc0]Íh?X0[�ZMcOf�]eUKU*`if�RIcOtQgaU "��+x�`a]_bQg~cKh+`ifQl�xQUK]eZ\d_`ibQ^_`iy?Uk]_^rcO^_`a]_^_`aZK]�VYX0d�j:X0d_�+`ifQl
S�X0[Qde]�t|h�ZKX0f|^_drc0Z\^ ^8h+b/U¡�o��X0q!`i^_^_`ifQl�c ZKX0f|^_deX0gkVYX0dGj:X0d_�+`ifQl�S�X0[Qde]�qGcKh
deUK]_[Qgi^$`if�[Qf�xQU\deUK]_^_`iqGcO^_`ifQl�^_S�U�jTcOl?UGb/U\f>cOgi^8h�VYX0d$^eU\q!b/X0drcOd_h�j:X0d_�?U\de]�`�V
^_S�U\deU `a]Wc�b/X2]_`i^_`iy?U ZKX0d_deU\g~cO^_`aX0f�t/U\^8j:UKU\f�j:X0d_�+`ifQlGS�X0[Qde]WcOf�x�jTcOl?UK]M�

��������� �;	 � ����)9���� ;'	���
� �G'W�~'	���x'	��)�� $J�
� � �
���"����� ���
����� ��� %��
��'(�(��)*'����! "��+
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 D � 8 � � � � 8 � � � 8 � �,9t�^ ^ �aV$# QSO � � 8 �
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 � 8 � �8 p(I�-JBh<A/q5�m ?A1(I � � � 
(r ��� � 
(r � � �s ZAt�P�uvOxw�3�>!yz_ c
{ /21(|�?2} yz5v/2C D r � � � � /21(7 � � � � 8

RTS|[�]M��cOf�`iq!bQgi`aZ\`i^Wc0]e]_[Qq!bQ^_`aX0f�VYX0dT^_S�UmZKX0f�]_`a]_^eU\f�Z\hGXOVzX0[Qd*UK]_^_`iqGcO^eX0de]
`a]�^_S>cO^

ptit
`a] f�X0^�ZKX0d_deU\g~cO^eUKx�^eX"^_S�U U\d_deX0d�^eU\d_q�� ZKX0f�x�`i^_`aX0f>cOg$X0f�^_S�U

X0^_S�U\dGUo��bQg~cOf>cO^eX0d_h"y2cOd_`~cOtQgaUK]�cOf�x�X0f�^_S�U�`if�x�`iy+`ax�[>cOg���cOf�x"��d_q��8]_b/UKZ\`��>Z
ZKX0q!b/X0f�U\f|^e]M�ÍRTS�U\deUoVYX0deU2�>]_[ �GZ\`aU\f|^kc0]e]_[Qq!bQ^_`aX0f�]*VYX0d�ZKX0f�]_`a]_^eU\f�Z\h�cOdeU �

• E(vit| PTi,Zi,Wi) = 0
VYX0d*^_S�U ��� 'I{�cOf�x 9W��UK]_^_`iqGcO^eX0de] �

• E(ηit| PTi,Zi,Wi, ci) = 0
VYX0d*^_S�U��z� UK]_^_`iqGcO^eX0d �

• E(uit| PTi,Zi,Wi, ci, φj(i)) = 0
VYX0dp^_S�U��z��X0f$]_^rcKh?U\de]M�¡]_[Qt�]rcOq!bQgaU

cOf�x�ZKX0f�x�`i^_`aX0f>cOgI�z��UK]_^_`iqGcO^eX0de]M� � �
};V*^_S�U�cO`iq XOV�`if�]eU\d_^_`ifQl�`if ^_S�U�jTcOl?U UA8|[>cO^_`aX0f

ptit
`a]�^eX�ZKX0f|^_deX0gÍVYX0d

j:X0d_�+`ifQl S�X0[Qde]M�0qGcKh+t/UÍj:U*ZMcOf�xQXk`i^It/U\^_^eU\dz`�V>j:U:deU\bQg~c0ZKU
ptit
j*`i^_S�cWq�X0deU

bQdeUKZ\`a]eU�q�UMc0]_[QdeU�XOVWj:X0d_�+`ifQl�S�X0[Qde]M��RTS|[�]M�×j:U�cOdeUGl?X0`ifQl�^eX�]_[Qt�]_^_`i^_[Q^eU
j:UKU\�+gih j:X0d_�+`ifQlGS�X0[Qde]M�

whit

� �
�*VYX0d*b>cOd_^À�;^_`iq�U2�
ptit
�

RTS�U\deUoVYX0deU2�Q^_S�U f�U\j�jTcOl?U�UA8|[>cO^_`aX0f�`a]

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

�À�!"?�
-:[Q^M�×]_`if�ZKU�^_S�UGj:UKU\�+gih�j:X0d_�+`ifQl�S�X0[Qde]�S>cKy?UGt/UKU\f�U\q!bQgaXMh?UKx"^eX�l?U\^�^_S�U
xQU\b/U\f�xQU\f|^my2cOd_`~cOtQgaU �«^_S�U�cKy?U\drcOl?U�S�X0[Qd_gih�jTcOl?U¡�o�

whit

`a]kU\f�xQX0l?U\f�X0[�]mt|h
ZKX0f�]_^_d_[�Z\^_`aX0fu��RTS�Ukb>cOd_^À�;^_`iq�U x�[Qq!q$hGy2cOd_`~cOtQgaUk`a]Ígi`i�?U\gihG^eX$t/UWf�U\l|cO^_`iy?U\gih
ZKX0d_deU\g~cO^eUKx"j*`i^_S�j:UKU\�+gih j:X0d_�+`ifQl�S�X0[Qde] ��q�X0deUKXMy?U\dM��[Qf�xQU\d�^_S�U c0]e]_[Qq!b��
^_`aX0f�]$VYX0d$^_S�U�ZKX0f�]_`a]_^eU\f�Z\h�XOV�^_S�U�UK]_^_`iqGcO^eX0de]�j:UGS>cKy?U ]eX�V;cOd�U\q!bQgaXMh?UKxp�

��� Ö×É_Á¾Ã|¼MÄ Ä Ò¡ñ?ÂaÅ¡½×Á¾Æ?»WÉeÅ¡È|Ë8Ê�Ë;Á¾»rÈ|ÉeÒ$ÅMÂ�Á¾Æ?»kÐ�ð »oË;Á¾Ê Î ¼KÁ¾Å¡½�Å¡È!Ë;ÁÀ¼\Ò¡»r½ÀËrÓ?Ë8Ã?ã|Ë¾¼MÎmÌ?Ä »*éI»�È?»r»oØ�¼MÄ�Ë8Å
Á¾Æ?»*»eî2Å¡¿¡»rÈ?»rÊ Á;Ò ÅMÂ/ÎmÅ¡ã?Ê Ä Ê Á;Ò¡à
� � æ0»r»*¼MÌ?Ì+»rÈ|Ø2Ê î�Ö×Ô;ß�ÂaÅ¡½�Ø2»eÁÀ¼MÊ Ä�Ë×¼Mã+Å¡Ã2Á×Á¾Æ?»*éI»r»rí0Ä Ò�éIÅ¡½¾í0Ê È?¿WÆ?Å¡Ã?½ÀËzìK¼M½¾Ê�¼Mã?Ä »¡à

C �



^_S�U!b>cOd_^À�;^_`iq�UGx�[Qq!q$h `a] [Qf�ZKX0d_deU\g~cO^eUKx�^eX�^_S�U�U\d_deX0d�^eU\d_q���RTSQ`a]�q�UMcOf�]
^_S>cO^M�?j*`i^_S�X0[Q^Í`if|^_deX+x�[�Z\`ifQl�V¢[Qd_^_S�U\dÍc0]e]_[Qq!bQ^_`aX0f�]M�?j:U�ZMcOf�[�]eU
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��U�j:X0[Qgax�S>cKy?U$gi`i�?UKx�^eX�`if|^_deX+x�[�ZKU�`if�^_S�U$UKZKX0f�X0q�U\^_d_`aZ�]_b/UKZ\`��>ZMcO^_`aX0f

XOV X0[Qd�jTcOl?U�UA8|[>cO^_`aX0f ]eX0q�U deU\l2deUK]e]eX0de]GZKX0f|^_deX0gigi`ifQl VYX0d!^_S�U�U\q!bQgaXMh?UKUK]M�
deUKZKU\f|^kSQ`a]_^eX0d_`aUK]M�>tQ[Q^W^_S�U!{+�k}8� bQdeXMy+`axQUK]Wy?U\d_h�gi`i^_^_gaU$`if�VYX0d_qGcO^_`aX0f cOt/X0[Q^
^_S�U\q���RTS�U\deUoVYX0deU2��j:UmS>cKy?U�`if�Z\gi[�xQUKx�`if�jTcOl?U�UA8|[>cO^_`aX0f��  ?�:^_SQdeUKUmV¢[Qd_^_S�U\d
deU\l2deUK]e]eX0de]��T�«`«�Ickx�[Qq!q$h�UA8|[>cOg�^eXmX0f�UT`�V�^_S�UTU\q!bQgaXMh?UKU*S>c0]zdeUKZKU\`iy?UKx!]eX0q�U
[Qf�U\q!bQgaXMh+q�U\f|^�t/U\f�Uo��^e]�`if ^_S�U�`if|^eU\d_y+`aU\j�h?UMcOdM��c0]�c bQdeXK��h�VYX0dGdeUKZKU\f|^
[Qf�U\q!bQgaXMh+q�U\f|^$]_b/U\giga] �×�«`i`«�WcGx�[Qq!q$h�UA8|[>cOgI^eX�X0f�U$`�VÍ^_S�U�U\q!bQgaXMh?UKU�S>c0x
t/UKU\f�c�]eU\g�VzU\q!bQgaXMh?UKx �I�«`i`i`«�:c�x�[Qq!q$h UA8|[>cOgp^eX�X0f�Um`�VI^_S�U U\q!bQgaXMh?UKU `a]�cO^
^_S�Um��de]_^ s X0t�c0Z\^_`iy+`i^8h?�
RTS�UK]eU ^_SQdeUKU�x�[Qq!q$h�y2cOd_`~cOtQgaUK]mcOdeU s X0`if|^_gih f�X0^W]_`il2fQ`��>ZMcOf|^M� ��D$tQ[Q^WxQXO�

[QtQ^e] cOt/X0[Q^k^_S�U\`id ZMcOb>cOtQ`igi`i^8h�^eX�ZKX0f|^_deX0gIVYX0dk`if�x�`iy+`ax�[>cOga]M��deUKZKU\f|^mSQ`a]_^eX0d_`aUK]
cOd_`a]eU2��'p`iq!`i^eUKx�t|h�^_S�U�]_[Qd_y?U\h?�Qj:U�ZMcOfQf�X0^�l?X�xQUKU\bQgih�`if|^eX�^_SQ`a]*`a]e]_[�U2�

� � ���
� � �

 � ��� 
 � � �B��� �

RTSQ`a]×b>cOb/U\d×S>c0]z`if|y?UK]_^_`il|cO^eUKx!j*S�U\^_S�U\d�^_S�U*UonpUKZ\^e]×XOV/^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^e]
cOdeU�SQ`il2S�U\d�X0d�gaXMj:U\d�jTcOl?UK]�cOf�x�j*S�U\^_S�U\d!^eU\q!b/X0drcOd_h j:X0d_�?U\de]GcOdeU ZKX0q��
b/U\f�]rcO^eUKx�t|h�b>cOd_^_`aZ\[Qg~cOd�deU\^_[Qd_f�]$^eX�]eU\fQ`aX0d_`i^8h?�>�*ZKZKX0dex�`ifQl�^eX�^_S�U�^_S�UKX0d_h
XOV$ZKX0q!b/U\f�]rcO^_`ifQl�x�`�npU\deU\f|^_`~cOga]�j:U�j:X0[Qgax�Uo��b/UKZ\^G^eX xQU\^eUKZ\^�c d_`a]_��bQdeUo�
q!`i[Qq VYX0dk^eU\q!b/X0drcOd_h�j:X0d_�?U\de] `if�^eU\d_q�] XOVÍSQ`il2S�U\d jTcOl?UK]M�:�kU\y?U\d_^_S�U\gaUK]e]M�
j:U�S>cKy?U!]eUKU\f�^_S>cO^ ^_S�U\deU!cOdeU�X0^_S�U\d ^_S�UKX0deU\^_`aZMcOg�Uo��bQg~cOf>cO^_`aX0f�] gaUMc0x�`ifQl�^eX
jTcOl?U�b/U\f>cOgi^_`aUK]TVYX0d�^eU\q!b/X0drcOd_h U\q!bQgaXMh?UKUK]M�

�k]:c qGcO^_^eU\dTXOVpV;c0Z\^M�|^_S�U�qGcO`ifG��f�x�`ifQl�`a]�^_S>cO^M�Qc¡V¢^eU\d:ZKX0f|^_deX0gigi`ifQl�t/X0^_S
VYX0d!`if�x�`iy+`ax�[>cOg��8]_b/UKZ\`��>Z�ZKX0q!b/X0f�U\f|^e]�cOf�x"[Qf�X0t�]eU\d_y2cOtQgaU ��d_q��8]_b/UKZ\`��>Z�UoV«�
VYUKZ\^e]M�pc�]_`il2fQ`��>ZMcOf|^ jTcOl?U�b/U\f>cOgi^8h�VYX0dW^eU\q!b/X0drcOd_h�j:X0d_�?U\de] XOV:cOt/X0[Q^!�Mv?�
`a]$xQU\^eUKZ\^eUKxp��RTSQ`a]�jTcOl?U�b/U\f>cOgi^8h t/UKZKX0q�UK]�SQ`il2SQgih ]_`il2fQ`��>ZMcOf|^!cOf�x�UA8|[>cOg
^eX��M��� ¹?�@j*S�U\f�j:U$ZKX0f|^_deX0gzcOga]eX!VYX0d�j:UKU\�+gih�j:X0d_�+`ifQlGS�X0[Qde]M� �Wf�ZKU�q�X0deU2�
^_S�UGU\q!bQ`id_`aZMcOgTU\y+`axQU\f�ZKU�xQX+UK]�f�X0^�]_[QbQb/X0d_^$^_S�U�^_S�UKX0d_h�XOV�ZKX0q!b/U\f�]rcO^_`ifQl
x�`�npU\deU\f|^_`~cOga]M�

<k`iy?U\f�^_S>cO^z^_S�U\deU*cOdeUÍjTcOl?U:b/U\f>cOgi^_`aUK]IVYX0dI^eU\q!b/X0drcOd_h�j:X0d_�?U\de]M�|cOf�X0^_S�U\d
��f�x�`ifQlm`a]I^_S>cO^z^eU\q!b/X0drcOd_h�U\q!bQgaXMh?UKUK]×]eUKU\q�^eXWt/U:ZKX0q!b/U\f�]rcO^eUKx�t|h�SQ`il2S�U\d
deU\^_[Qd_f�]u^eX�]eU\fQ`aX0d_`i^8h?�IRTS�U�UK]_^_`iqGcO^eUKx$ZKX+U��GZ\`aU\f|^zc0]e]eX+Z\`~cO^eUKxm^eX*^_S�U×`if|^eU\drc0Zo�
^_`aX0f�^eU\d_q t/U\^8j:UKU\f�ZKX0f|^_drc0Z\^Í^8h+b/UWcOf�x�]eU\fQ`aX0d_`i^8h�`a]Íw�� w2v2�mtQ[Q^Í]_^rcO^_`a]_^_`aZMcOgigih
x�`�npU\deU\f|^�V¢deX0q �MU\deX�X0fQgih"cO^!c��Mw?� ]_`il2fQ`��>ZMcOf�ZKU gaU\y?U\g��

p
�;y2cOgi[�U��mw�� w2¹2¹?�o�

È?ÅMÁ¾»oØ�ã0Ò�ÖÍË8Æ?»rÈ2Âa»rÄ Á¾»r½Wç;ø
�0ôKÞOè_ñ2é×Æ?Ê Ä »WË8»r»¡ñ2»¡à ¿|à ñ � »oÉÀí0Î ¼MÈ ��� ��� �:ç;ø
� �0ôMèuÂaÅ¡½zÁ¾Æ?»�Ê ÎmÌ+Å¡½8ÁÀ¼MÈ|Ée»TÅMÂ
Á¾Æ?»*Ã?È?»rÎmÌ?Ä ÅKÒ0Îm»rÈOÁÍØ2Ò0È|¼MÎmÊ�ÉrËrà
� F ázÆ?» p Ô¢ìK¼MÄ Ã?»oËzÅMÂ/Á¾Æ?» F Ô«Á¾»oË;ÁÀË�¼M½¾»*Û?à Þ¡Þ¡Þm¼MÈ|Ø�Û?à �0ô �$çaé×Æ?»rÈ!éI»�ÉeÅ¡ÈOÁ¾½¾Å¡Ä�ÂaÅ¡½�éI»r»rí0Ä Ò�éIÅ¡½¾í0Ê È?¿Æ?Å¡Ã?½ÀËÀè_à

��ý



RTSQ`a]:]_gi`il2S|^TU\y+`axQU\f�ZKUkXOVCxQUKZ\deUMc0]_`ifQl�jTcOl?UWb/U\f>cOgi^_`aUK]:j*`i^_SQ`if�^_S�UW]rcOq�U���d_q
t/UKZKX0q�UK]kS�UMcKy+`aU\dmj*S�U\f�j:U�ZKX0f|^_deX0gIVYX0dkj:UKU\�+gih�j:X0d_�+`ifQl S�X0[Qde]��*^_S�U�UK]_^_`��
qGcO^eUKx�ZKX+U��GZ\`aU\f|^TXOVp^_S�U�`if|^eU\drc0Z\^_`aX0f `a]:]_^_`igig�cOdeX0[Qf�x w�� w2v2� tQ[Q^T]_`il2fQ`��>ZMcOf|^
cO^Í^_S�UW¹?��gaU\y?U\g;�zRTSQ`a]���f�x�`ifQl$b>cOd_^_`~cOgigih�]_[QbQb/X0d_^e]�^_S�U 'uX0Su� ]m�À�! # �+�z`if|^eU\dÀ�
bQdeU\^rcO^_`aX0f XOV:^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^e]�c0]�c�]eX0d_^_`ifQl�q�UKZeS>cOfQ`a]_q �k��d_q�] b/X2]_^
y2c0ZMcOf�Z\`aUK]�ZeS>cOdrc0Z\^eU\d_`��MUKx t|h�c�bQdeX0t>cO^_`aX0f>cOd_h ]_^rcOl?U��«^_S�U�^eU\q!b/X0drcOd_h ZKX0f��
^_drc0Z\^o�!j*`i^_S gaXMj:U\d�jTcOl?UK]M�TtQ[Q^GbQdeX0q!`a]_`ifQl�SQ`il2S�U\dGjTcOl?UK] c¡V¢^eU\d_jTcOdexQ]M�*`if
X0dexQU\dm^eXGl?U\f�U\drcO^eU!cG]eU\g�V«�8]eU\gaUKZ\^_`aX0f�XOVÍ^_S�U$q�X2]_^m]_�+`igig�V¢[QgIZMcOf�x�`ax�cO^eUK]M�	�W[Qd
deUK]_[Qgi^e]�X0fQgih�b>cOd_^_`~cOgigih ]_[QbQb/X0d_^e]$^_SQ`a]$`if|^eU\d_bQdeU\^rcO^_`aX0f�t/UKZMcO[�]eU�j:U�]_S�X0[Qgax
X0t�]eU\d_y?UWcm]_^eUKU\b/U\d�jTcOl?U*b>cO^_S�j*`i^_SQ`if�^_S�U*]rcOq�UT��d_q VYX0d×b/U\d_qGcOf�U\f|^�j:X0d_�|�
U\de]�j*S�X�S>cKy?U�bQdeU\y+`aX0[�]_gih ]_`il2f�UKx ^eU\q!b/X0drcOd_h�ZKX0f|^_drc0Z\^e]M�z]eX0q�U\^_SQ`ifQl�^_S>cO^
j:U�cOdeU$f�X0^ cOgigaXMj:UKx�^eX�`if|y?UK]_^_`il|cO^eU�[�]_`ifQlG^_S�U�]_qGcOgigIgaX0fQl2`i^_[�x�`if>cOg×x�`iq�U\f��
]_`aX0f�XOV×X0[Qd�x�cO^rc!]eU\^M�
¸�X0deUKXMy?U\dM�*^_S�U�SQ`il2S�U\d�deU\^_[Qd_f�]G^eX�]eU\fQ`aX0d_`i^8h�VYX0d�^eU\q!b/X0drcOd_h�j:X0d_�?U\de]

ZKX0f ��`aZ\^e]�j*`i^_S&^_S�U�]_b/UKZ\`��>Z�S|[QqGcOf�ZMcObQ`i^rcOgk^_S�UKX0d_h?� �*ZKZKX0dex�`ifQl"^eX�^_SQ`a]
^_S�UKX0d_h?�*f�U\l|cO^_`iy?U�jTcOl?U�x�`�npU\deU\f|^_`~cOga]GVYX0dG^eU\q!b/X0drcOd_h�j:X0d_�?U\de]�qGcKh cOd_`a]eU
t/UKZMcO[�]eU2�p]_`if�ZKU�^_S�U s X0t�qGcO^eZeS�ZKX0[Qgax Uo��bQ`ideU�`if�cG]_S�X0d_^mb/U\d_`aX+xp�/^_S�U$��d_q
cOf�x j:X0d_�?U\de]M�:`if�ZKU\f|^_`iy?UK] ^eX�`if|y?UK]_^ `if���d_q��8]_b/UKZ\`��>Z�S|[QqGcOf�ZMcObQ`i^rcOg�cOdeU
gaXMj:U\dM��-:[Q^M�|`�Vp^_SQ`a]Í^_S�UWZMc0]eU2�|j:UW]_S�X0[Qgax�cOga]eX$X0t�]eU\d_y?U�deU\^_[Qd_f�]Í^eX$]eU\fQ`aX0d_`i^8h
VYX0dÍ^eU\q!b/X0drcOd_h�j:X0d_�?U\de]:gaXMj:U\dT^_S>cOf��¢X0d*cO^ÍgaUMc0]_^:UA8|[>cOg�^eX|�z^_S�UWb/U\d_qGcOf�U\f|^
j:X0d_�?U\de]M�>X0f�UK]M�
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ïÍ»eÇ|È?» H ≡ [Z
ààà X] Á¾Æ?» NT × D Î ¼KÁ¾½¾Ê î ÉeÅ¡Ä Ä »oÉ_Á¾Ê È?¿�Å¡Ã?½$Å¡ã|Ë8»r½¾ìK¼Mã?Ä »!éz¼M¿¡»½¾»r¿¡½¾»oË¾Ë8Å¡½ÀËrñ?é×Æ?»r½¾» D = 5 + K ¼MÈ|Ø T = 2 à:ïÍ»rÈ?ÅMÁ¾» Y Á¾Æ?» NT Ô¢ì¡»oÉ_Á¾Å¡½zÂaÅ¡½:Å¡Ã?½Ø2»rÌ+»rÈ|Ø2»rÈOÁTìK¼M½¾Ê�¼Mã?Ä »¡à H ¼MÈ|Ø Y Ér¼MÈ!ã+»kÌ|¼M½8Á¾Ê Á¾Ê Å¡È?»oØ!¼¡ÉrÉeÅ¡½ÀØ2Ê È?¿mÁ¾Å�â;Å¡ã�ÎmÅ¡ã?Ê Ä Ê Á;Ò

¼¡Ë�ÂaÅ¡Ä Ä ÅKé�Ërú H = [H′
s

ààà H′
m]′ ¼MÈ|Ø Y = [Y′

s

ààà Y′
m]′ ñ�é×Æ?»r½¾» Hs

Ê�Ë�Á¾Æ?» TS × D½¾»r¿¡½¾»oË¾Ë8Å¡½ÀË+Î ¼KÁ¾½¾Ê î:ÂaÅ¡½�Ë;ÁÀ¼\Ò¡»r½ÀËrñ Hm
Ê�ËQÁ¾Æ?» TM×D ½¾»r¿¡½¾»oË¾Ë8Å¡½ÀË+Î ¼KÁ¾½¾Ê î:ÂaÅ¡½>ÎmÅKì¡»r½ÀËrñ¼MÈ|Ø Ys

¼MÈ|Ø Ym
¼M½¾»:Á¾Æ?» TS Ôu¼MÈ|Ø TM Ô¢ì¡»oÉ_Á¾Å¡½ÀËCÅMÂ�Á¾Æ?»�Ø2»rÌ+»rÈ|Ø2»rÈOÁÍìK¼M½¾Ê�¼Mã?Ä »:ÂaÅ¡½Ë;ÁÀ¼\Ò¡»r½ÀË�¼MÈ|Ø�ÂaÅ¡½/ÎmÅKì¡»r½ÀËrñ\½¾»oË8Ì+»oÉ_Á¾Ê ì¡»rÄ Ò �MÊ ÈWÁ¾Æ?Ê�Ëp»rÎmÌ?Ê ½¾Ê�Ér¼MÄ2¼MÈ|¼MÄ Ò2Ë8Ê�Ë S = 1, 961 ¼MÈ|Ø

M = 224 àTÐ�Ê È|¼MÄ Ä Ò¡ñ Q Ê�ËÍÁ¾Æ?» T × T Ë8Ò0ÎmÎm»eÁ¾½¾Ê�ÉMñQÊ�Ø2»rÎmÌ+ÅMÁ¾»rÈOÁ:Á¾Ê Îm»eÔYØ2»rÎm»o¼MÈ?Ê È?¿Î ¼KÁ¾½¾Ê î$é×Ê Á¾Æ�½À¼MÈ?í T − 1 àázÆ?»*Ð�ð »oË;Á¾Ê Î ¼KÁ¾Å¡½zÅ¡È�Á¾Æ?»�Ë;ÁÀ¼\Ò¡»r½ÀËrÓ0Ë8Ã?ã|Ë¾¼MÎmÌ?Ä »TÊ�Ë

β̂FEs =
( S∑

i=1

H′
isQHis

)−1( S∑

i=1

H′
isQYis

)

=
( S∑

i=1

Ḧ′
isHis

)−1( S∑

i=1

Ḧ′
isYis

)
. ç~Ö×ÔÀø\è

�?C



ðCåOÃ|¼KÁ¾Ê Å¡È�Ö×ÔÀø�Ë8Æ?ÅKé�Ë:Á¾Æ|¼KÁ�Á¾Æ?»$Ð�ð�»oË;Á¾Ê Î ¼KÁ¾Å¡½�Ér¼MÈ�ñ�Ê È�¿¡»rÈ?»r½À¼MÄ«ñ>ã+»�Ê ÈOÁ¾»r½¾Ì?½¾»eÁ¾»oØ
¼¡Ë�¼MÈ�Ê È|Ë;Á¾½¾Ã?Îm»rÈOÁÀ¼MÄuìK¼M½¾Ê�¼Mã?Ä »oË ça÷��TèT»oË;Á¾Ê Î ¼KÁ¾Å¡½*é×Æ?»r½¾»mÁ¾Æ?» Ê È|Ë;Á¾½¾Ã?Îm»rÈOÁÀË�¼M½¾»kÁ¾Æ?»
Ø2»rì0Ê�¼KÁ¾Ê Å¡È|ËIÂa½¾Å¡Î�Á¾Æ?»*Ê È|Ø2Ê ì0Ê�Ø2Ã|¼MÄ�Îm»o¼MÈ|Ërà
ázÆ?»Té×Ê Á¾Æ?Ê È2Ô¢Ê È|Ø2Ê ì0Ê�Ø2Ã|¼MÄaÝ\é×Ê Á¾Æ?Ê È2Ô â;Å¡ã�ç~Ð�ðuº�ò0èz»oË;Á¾Ê Î ¼KÁ¾Å¡½×Ér¼MÈ�ã+»*é×½¾Ê Á8Á¾»rÈ�¼¡Ë

β̂FEWJ =
( S∑

i=1

H̃′
isHis +

M∑

j=1

H̃′
jmHjm

)−1( S∑

i=1

H̃′
isYis +

M∑

j=1

H̃′
jmYjm

)
,

ç~Ö×Ô;ß¡è
é×Æ?»r½¾» H̃is

Ê�Ë/Á¾Æ?» ST ×D ½¾»r¿¡½¾»oË¾Ë8Å¡½ÀË>Î ¼KÁ¾½¾Ê îmÉeÅ¡ÈOÁÀ¼MÊ È?Ê È?¿TÁ¾Æ?»ÍË;ÁÀ¼\Ò¡»r½ÀËrÓKØ2»rì0Ê�¼KÁ¾Ê Å¡È|ËÂa½¾Å¡Î�Á¾Æ?»Té×Ê Á¾Æ?Ê È2Ô â;Å¡ã�Îm»o¼MÈ|Ërñ?¼MÈ|Ø H̃im
Ê�ËIÁ¾Æ?» MT ×D Î ¼KÁ¾½¾Ê î�ÉeÅ¡Ã?ÈOÁ¾»r½¾Ì|¼M½8ÁCÂaÅ¡½Á¾Æ?»$ÎmÅKì¡»r½ÀËrà�ázÆ?»�Ø2»rì0Ê�¼KÁ¾Ê Å¡È|ËTÂa½¾Å¡Î�Á¾Æ?»$é×Ê Á¾Æ?Ê È2Ô â;Å¡ã�Îm»o¼MÈ|ËTÂaÅ¡½�Á¾Æ?»�Ë;ÁÀ¼\Ò¡»r½ i ¼KÁÁ¾Ê Îm» t ¼M½¾» h̃its = hits −

∑T

t=1
hits
ñ+»eî?¼¡É_Á¾Ä Ò$»oåOÃ|¼MÄQÁ¾Å Á¾Æ?»WØ2»rì0Ê�¼KÁ¾Ê Å¡È|ËzÂa½¾Å¡Î�Á¾Æ?»

Ê È|Ø2Ê ì0Ê�Ø2Ã|¼MÄ|Îm»o¼MÈ|Ërà/ázÆ?»ÍØ2»rì0Ê�¼KÁ¾Ê Å¡È|Ë/Âa½¾Å¡Î�Á¾Æ?»Íé×Ê Á¾Æ?Ê È2Ô â;Å¡ã Îm»o¼MÈ|Ë/ÂaÅ¡½pÁ¾Æ?»�ÎmÅKì¡»r½ j¼KÁ:Ø?¼KÁ¾» t ¼M½¾»¡ñ?Ê È|Ë;Á¾»o¼¡ØQñ|Ë8Ê ÎmÌ?Ä Ò�»oåOÃ|¼MÄQÁ¾Å ür»r½¾Å|àIázÆ0Ã|Ërñ H̃is = Ḧis
¼MÈ|Ø H̃im = 0ÂaÅ¡½ i = 1, 2, . . . , S ¼MÈ|Ø j = 1, 2, . . . , M à�æ0Ã?ã|Ë;Á¾Ê Á¾Ã2Á¾Ê È?¿�Ê ÈOÁ¾Å »oåOÃ|¼KÁ¾Ê Å¡È�ç~Ö×Ô;ß¡èÒ0Ê »rÄ�Ø?Ë

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
ç~Ö×ÔYÜOè

ázÆ?»r½¾»eÂaÅ¡½¾»¡ñMÇ?î2»oØ »���»oÉ_ÁÀËI»oË;Á¾Ê Î ¼KÁ¾Ê Å¡È Å¡È Á¾Æ?»TË;ÁÀ¼\Ò¡»r½ÀËrÓ¡Ë8Ã?ã|Ë¾¼MÎmÌ?Ä »Í¼MÈ|Ø é×Ê Á¾Æ?Ê È2Ô
Ê È|Ø2Ê ì0Ê�Ø2Ã|¼MÄaÝ\é×Ê Á¾Æ?Ê È2Ô â;Å¡ã�Ì?½¾Å2Ée»oØ2Ã?½¾»�Å¡È�Á¾Æ?»�ÂaÃ?Ä ÄÍË¾¼MÎmÌ?Ä »�Ì?½¾Å2Ø2Ã|Ée»�Ê�Ø2»rÈOÁ¾Ê�Ér¼MÄ×»oË;Á¾Ê Ô
Î ¼KÁ¾»oËp¼MÈ|Ø�Ê È2Âa»r½¾»rÈ|Ée»zÊ ÈkÅ¡Ã?½�Âa½À¼MÎm»réIÅ¡½¾í�à�÷YÈ|Ø2»r»oØQñKÁ¾Æ?»zé×Ê Á¾Æ?Ê È2Ô¢Ê È|Ø2Ê ì0Ê�Ø2Ã|¼MÄaÝ\é×Ê Á¾Æ?Ê È2Ô
â;Å¡ãkÁ¾»oÉÀÆ?È?Ê�åOÃ?»�Ér¼MÈkã+»×Ê ÈOÁ¾»r½¾Ì?½¾»eÁ¾»oØm¼¡Ëp¼MÈk÷�� Ì?½¾Å2Ée»oØ2Ã?½¾»¡ú>Å¡Ã?½péz¼M¿¡»I½¾»r¿¡½¾»oË¾Ë8Å¡½ÀË>¼M½¾»
»rÈ|Ø2Å¡¿¡»rÈ?Å¡Ã|Ëzã+»oÉr¼MÃ|Ë8»:Á¾Æ?»rÒ�¼M½¾»TÄ Ê í¡»rÄ Ò�Á¾Å ã+»�ÉeÅ¡½¾½¾»rÄ�¼KÁ¾»oØ�é×Ê Á¾Æ!Ì+»r½ÀË8Å¡È|¼MÄ Ôu¼MÈ|ØWâ;Å¡ã2Ô
Ë8Ì+»oÉeÊ Ç+ÉkÉÀÆ|¼M½À¼¡É_Á¾»r½¾Ê�Ë;Á¾Ê�ÉrË��+Á¾Æ?»oË8»k»rÈ|Ø2Å¡¿¡»rÈ?Å¡Ã|Ë�½¾»r¿¡½¾»oË¾Ë8Å¡½ÀË�¼M½¾»WÊ È|Ë;Á¾½¾Ã?Îm»rÈOÁ¾»oØ�Ã|Ë8Ê È?¿
Á¾Æ?»�Ø2»rì0Ê�¼KÁ¾Ê Å¡È|ËmÂa½¾Å¡Î¬Á¾Æ?»�é×Ê Á¾Æ?Ê È2Ô â;Å¡ã�Îm»o¼MÈ|Ë��:Ë8Ê È|Ée»¡ñIÁ¾Æ?»GØ2»rì0Ê�¼KÁ¾Ê Å¡È|Ë Âa½¾Å¡Î¬Á¾Æ?»
é×Ê Á¾Æ?Ê È2Ô â;Å¡ã Îm»o¼MÈ|Ë�¼M½¾»m»oåOÃ|¼MÄ/Á¾Å!ür»r½¾Å�ÂaÅ¡½*ÎmÅKì¡»r½ÀËT¼MÈ|Ø�»oåOÃ|¼MÄ/Á¾Å�Á¾Æ?»�Ø2»rì0Ê�¼KÁ¾Ê Å¡È|Ë
Âa½¾Å¡Î�Á¾Æ?»WÊ È|Ø2Ê ì0Ê�Ø2Ã|¼MÄ>Îm»o¼MÈ|Ë×ÂaÅ¡½:Ë;ÁÀ¼\Ò¡»r½ÀËrñ?Å¡Ã?½�÷�� »oË;Á¾Ê Î ¼KÁ¾Å¡½�¿¡Ê ì¡»oË�¼ ür»r½¾Å éI»rÊ ¿¡ÆOÁ
Á¾ÅkÎmÅKì¡»r½ÀËu¼MÈ|Ø�éI»Í¿¡»eÁIÁ¾Æ?»:Ã|Ë8Ã|¼MÄ�Ð�ð�»oË;Á¾Ê Î ¼KÁ¾Å¡½IÌ?½¾»eÂaÅ¡½¾Îm»oØ Å¡È Á¾Æ?»TË;ÁÀ¼\Ò¡»r½ÀËrÓOË8Ã?ã2Ô
Ë¾¼MÎmÌ?Ä »¡à
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º�»×Æ|¼\ì¡»×Ë8»r»rÈWÁ¾Æ|¼KÁpÁ¾Æ?»�Ð�ðuº�ò*»oË;Á¾Ê Î ¼KÁ¾Å¡½u¼MÈ|Ø�Á¾Æ?»�Ð�ð�»oË;Á¾Ê Î ¼KÁ¾Å¡½/Å¡ÈWÁ¾Æ?»�Ë;ÁÀ¼\Ò¡»r½ÀËrÓ
Ë8Ã?ã|Ë¾¼MÎmÌ?Ä »�Ì?½¾Å2Ø2Ã|Ée» Á¾Æ?»$Ë¾¼MÎm»�½¾»oË8Ã?Ä ÁÀËrà!Ö�È?ÅMÁ¾Æ?»r½W»oåOÃ?Ê ìK¼MÄ »rÈ|Ée»mÁ¾Æ|¼KÁkéI»�»eî2Ì?Ä Å¡Ê Á
Á¾Å�ÉeÅ¡ÎmÌ?Ã2Á¾»�¼�½¾»r¿¡½¾»oË¾Ë8Ê Å¡È2Ô¢ã|¼¡Ë8»oØ � ¼MÃ|Ë8Î ¼MÈ Á¾»oË;Á�¼MÈ|Ø�ÉeÅ¡ÎmÌ|¼M½¾»�Á¾Æ?»G»oË;Á¾Ê Î ¼KÁ¾»oØ
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ÉeÅ0» � ÉeÊ »rÈOÁÀËzÅMÂ�Á¾Æ?»*ìK¼M½¾Ê�¼Mã?Ä »oËIÅMÂ/Ì?½¾Ê Î ¼M½¾Ò Ê ÈOÁ¾»r½¾»oË;Á×Ê�ËIÁ¾Æ?»TÂaÅ¡Ä Ä ÅKé×Ê È?¿|ú

β̂FEWJ =
( S∑

i=1

Ḧ′
isHis

)−1( S∑

i=1

Ḧ′
isYis

)

=
( N∑

i=1

H̃′
iḦi

)−1( N∑

i=1

H̃′
iŸi

)
. ç~Ö×Ô¢ù0è

÷YÈ|Ø2»r»oØQñ|Ë8Ê È|Ée» H̃is = Ḧis
¼MÈ|Ø H̃im = 0 ñ2éI»T¿¡»eÁ

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

)
. ç~Ö×Ô �¡è

ázÆ?» Ð�ð5»oË;Á¾Ê Î ¼KÁ¾Å¡½ β̂FE = (
∑N

i=1
Ḧ′

iḦi)
−1(

∑N

i=1
Ḧ′

iŸi)
Ê�Ë$Á¾Æ?» Ïzõ>ë�ð

»oË;Á¾Ê Î ¼KÁ¾Å¡½�Ã?È|Ø2»r½WÆ?Å¡ÎmÅOË8í¡»oØ?¼KÁ¾Ê�ÉeÊ Á;ÒG¼MÈ|Ø�Á¾Æ?»�Ì?½¾»oË8»rÈ|Ée» ÅMÂ×Ê È|Ø2Ê ì0Ê�Ø2Ã|¼MÄuÇ?î2»oØ�ÉeÅ¡È2Ô
Ë;ÁÀ¼MÈOÁÀËrñ ci

�:Á¾Æ?»�Ð�ð�»oË;Á¾Ê Î ¼KÁ¾Å¡½$Ê�Ë�Ë8Ê ÎmÌ?Ä Ò�Á¾Æ?»�Ä »o¼¡Ë;Á�Ë¾åOÃ|¼M½¾»oË�»oË;Á¾Ê Î ¼KÁ¾Å¡½$ÅMÂ*Á¾Æ?»
Á¾Ê Îm»eÔYØ2»rÎm»o¼MÈ?»oØ�Ø?¼KÁÀ¼¡Ë8»eÁoà ÷YÈ Á¾Æ?Ê�Ë�ÉeÅ¡ÈOÁ¾»eî0Á$Á¾Æ?»�Ð�ðuº�ò�»oË;Á¾Ê Î ¼KÁ¾Å¡½ β̂FEWJ =

(
∑N

i=1
H̃′

iḦi)
−1 (

∑N

i=1
H̃′

iŸi)
Ér¼MÈkã+»�Ê ÈOÁ¾»r½¾Ì?½¾»eÁ¾»oØk¼¡Ëu¼MÈk÷�� »oË;Á¾Ê Î ¼KÁ¾Å¡½p»rÎmÌ?Ä ÅKÒOÔ

Ê È?¿ Á¾Æ?»!é×Ê Á¾Æ?Ê È2Ô â;Å¡ã�Îm»o¼MÈ|Ë ¼¡ËmÊ È|Ë;Á¾½¾Ã?Îm»rÈOÁÀËmÂaÅ¡½mÁ¾Æ?»!é×Ê Á¾Æ?Ê È2Ô¢Ê È|Ø2Ê ì0Ê�Ø2Ã|¼MÄ�Îm»o¼MÈ|Ërà
ë�È|Ø2»r½WÆ?Å¡ÎmÅOË8í¡»oØ?¼¡Ë;Á¾Ê�ÉeÊ Á;Ò�¼MÈ|ØGÁ¾Æ?»�Ì?½¾»oË8»rÈ|Ée»mÅMÂzÊ È|Ø2Ê ì0Ê�Ø2Ã|¼MÄuÇ?î2»oØ ÉeÅ¡È|Ë;ÁÀ¼MÈOÁÀËrñ ci

ñ
Á¾Æ?Ê�Ë�÷�� »oË;Á¾Ê Î ¼KÁ¾Å¡½ Ê�Ë�ÉeÅ¡È|Ë8Ê�Ë;Á¾»rÈOÁ ã?Ã2Á$Ä »oË¾Ë » � ÉeÊ »rÈOÁoà ázÆ0Ã|ËrñzéI»!ÉeÅ¡Ã?Ä�Ø�Ã|Ë8»�Á¾Æ?»
Ã|Ë8Ã|¼MÄ � ¼MÃ|Ë8Î ¼MÈGÁ¾»oË;Á*Á¾Å!ÉeÅ¡ÎmÌ|¼M½¾»WÁ¾Æ?»�Ð�ð�¼MÈ|Ø�Á¾Æ?»�Ð�ðuº�ò!»oË;Á¾Ê Î ¼KÁ¾Ê Å¡È�½¾»oË8Ã?Ä ÁÀËrà
ÏIÃ2ÁWÆ?»eÁ¾»r½¾ÅOË8í¡»oØ?¼¡Ë;Á¾Ê�ÉeÊ Á;Ò!Æ|¼¡Ë*ã+»r»rÈ�Ø2»eÁ¾»oÉ_Á¾»oØ�¼MÈ|ØGÁ¾Æ?»�Ã|Ë8Ã|¼MÄ � ¼MÃ|Ë8Î ¼MÈ�Á¾»oË;Á*ÂaÅ¡½8Ô
ÎWÃ?Ä�¼mÉr¼MÈ?È?ÅMÁzã+»*¼MÌ?Ì?Ä Ê »oØ$ã+»oÉr¼MÃ|Ë8»ÍÁ¾Æ?»*¼¡Ë8Ò0ÎmÌ2Á¾ÅMÁ¾Ê�ÉÍìK¼M½¾Ê�¼MÈ|Ée»:ÅMÂ>Á¾Æ?»*Ø2Ê ��»r½¾»rÈ|Ée»:ÅMÂ
Á¾Æ?»*»oË;Á¾Ê Î ¼KÁ¾Å¡½ÀË×Ø2Ê ì¡»r½¾¿¡»oËuÂa½¾Å¡Î�Á¾Æ?»�Ø2Ê ��»r½¾»rÈ|Ée»TÊ È�Á¾Æ?»�¼¡Ë8Ò0ÎmÌ2Á¾ÅMÁ¾Ê�É:ìK¼M½¾Ê�¼MÈ|Ée»oËrà
ÖÍË�Ì+Å¡Ê ÈOÁ¾»oØ�Å¡Ã2ÁÍã0Ò � ¼MÃ|Ë8Î ¼MÈ�ç;ø
�0ôKÞOè_ñ?éI»�Ér¼MÈ!ÉeÅ¡ÎmÌ?Ã2Á¾»W¼ ½¾»r¿¡½¾»oË¾Ë8Ê Å¡È2Ô¢ã|¼¡Ë8»oØ

ÂaÅ¡½¾Î�ÅMÂ|Á¾Æ?»IÁ¾»oË;Á/Á¾Æ|¼KÁ/Á¾Ã?½¾È|Ë/Å¡Ã2Á/Á¾Å:ã+»�¼¡Ë8Ò0ÎmÌ2Á¾ÅMÁ¾Ê�Ér¼MÄ Ä ÒT»oåOÃ?Ê ìK¼MÄ »rÈOÁ/Á¾Å:Á¾Æ?»zÅ¡½¾Ê ¿¡Ê È|¼MÄ
ÂaÅ¡½¾Î�ÅMÂ�Á¾Æ?» � ¼MÃ|Ë8Î ¼MÈ�Á¾»oË;ÁoàCïÍ»eÇ|È?» Ĥ ≡ H̃(H̃′H̃)H̃′Ḧ Á¾Æ?»�Ä Ê È?»r½�Ì?½¾ÅMâ;»oÉ_Á¾Ê Å¡È$ÅMÂ
Ḧ Å¡È H̃ àpðCË;Á¾Ê Î ¼KÁ¾Ê È?¿kÁ¾Æ?»*ÎmÅ2Ø2»rÄ

Ÿ = Ḧβ + Ĥλ+ error ç~Ö×ÔYóOè
¼MÈ|Ø�Ø2Å¡Ê È?¿G¼�Ë;ÁÀ¼MÈ|Ø?¼M½ÀØ F Á¾»oË;ÁkÅMÂ H0

ú λ = 0 Ã?È|Ø2»r½kÆ?Å¡ÎmÅOË8í¡»oØ?¼¡Ë;Á¾Ê�ÉeÊ Á;ÒG½¾»oË8Ã?Ä ÁÊ È�Á¾Æ?»�Ã|Ë8Ã|¼MÄ � ¼MÃ|Ë8Î ¼MÈ!Ë;ÁÀ¼KÁ¾Ê�Ë;Á¾Ê�ÉMà � � ázÆ?»rÈ�ñ|éI»�ÉeÅ¡ÎmÌ?Ã2Á¾»oØ�Á¾Æ?»�½¾Å¡ã?Ã|Ë;Á×ì¡»r½ÀË8Ê Å¡È�ÅMÂ
� � º�»�Ér¼MÈ�¿¡»eÁzÁ¾Æ?»�Ë¾¼MÎm»*Ë;ÁÀ¼KÁ¾Ê�Ë;Á¾Ê�É:Á¾Æ?½¾Å¡Ã?¿¡Æ�Á;éIÅm»oåOÃ?Ê ìK¼MÄ »rÈOÁ�¼MÈ|Ø�Ë8Ê ÎmÊ Ä�¼M½×Ì?½¾Å2Ée»oØ2Ã?½¾»oËrú
• Ù×»rÌ?Ä�¼¡ÉeÊ È?¿ H̃ é×Ê Á¾Æ v̂ Ê È�ÎmÅ2Ø2»rÄ�ç~Ö×ÔYóOè_ñKé×Æ?»r½¾» v̂ Ê�Ë�Á¾Æ?»IÉeÅ¡È2ÂaÅ¡½¾Î ¼Mã?Ä »pÄ »o¼¡Ë;Á/Ë¾åOÃ|¼M½¾»oËQ½¾»oË8Ê�Ø2Ã|¼MÄÎ ¼KÁ¾½¾Ê î$ÅMÂ>Á¾Æ?»*½¾»oØ2Ã|Ée»oØ$ÂaÅ¡½¾Î�ÎmÅ2Ø2»rÄ Ḧ = H̃Π + v à
• æ0Ã?ã|Ë;Á¾Ê Á¾Ã2Á¾Ê È?¿ H̃ ÂaÅ¡½ Ĥ Ê È�ÎmÅ2Ø2»rÄCç~Ö×ÔYóOè �2Ê È|Ø2»r»oØ Ĥ = H̃ ã+»oÉr¼MÃ|Ë8» H̃′Ḧ = H̃′H̃ à
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Ê È�Á¾Æ?»k»oÉeÅ¡È?Å¡Îm»eÁ¾½¾Ê�ÉW¼MÈ|¼MÄ Ò2Ë8Ê�ËÍ¼MÈ|Ø�½¾»rÌ+Å¡½8ÁÀËÍ»oË;Á¾Ê Î ¼KÁ¾Ê Å¡È�½¾»oË8Ã?Ä ÁÀËÍÈ?ÅMÁTÌ?½¾»oË8»rÈOÁ¾»oØ!Ê È
Á¾Æ?»TÁ¾»eî0Áoà
á�¼Mã?Ä »zÖ×ÔÀøzØ2Ê�Ë8Ì?Ä�¼\Ò2Ë>Îm»o¼MÈ|Ë/¼MÈ|ØWË;ÁÀ¼MÈ|Ø?¼M½ÀØ�Ø2»rì0Ê�¼KÁ¾Ê Å¡È|Ë�ÅMÂ?Á¾Æ?»zéz¼M¿¡»C½¾»r¿¡½¾»oË¾Ë8Å¡½ÀË��

á�¼Mã?Ä »IÖ×Ô¢ù:Ë8Æ?Å¡Ã?Ä�Ø*ã+»zÉeÅ¡È|Ë8Ê�Ø2»r½¾»oØTÊ ÁÀË�Ë8Ã?Ì?Ì?Ä »rÎm»rÈOÁ/ã+»oÉr¼MÃ|Ë8»CÊ ÁpÉeÅ¡ÈOÁÀ¼MÊ È|Ë�Îm»o¼MÈ|Ë�¼MÈ|Ø
Ë;ÁÀ¼MÈ|Ø?¼M½ÀØ�Ø2»rì0Ê�¼KÁ¾Ê Å¡È|Ë×ÅMÂ/Á¾Æ?»WÊ ÈOÁ¾»r½À¼¡É_Á¾Ê Å¡È|Ë×ã+»eÁ;éI»r»rÈ!Ê È|Ø2Ê ì0Ê�Ø2Ã|¼MÄ�¼MÈ|Ø�Ç|½¾Î�ÉÀÆ|¼M½À¼¡É_Ô
Á¾»r½¾Ê�Ë;Á¾Ê�ÉrË×Ã|Ë8»oØ�Á¾Å�¼MÃ?¿¡Îm»rÈOÁzÁ¾Æ?»*éz¼M¿¡»T»oåOÃ|¼KÁ¾Ê Å¡È�¼MÈ|Ø�Á¾Å Ì+»r½8ÂaÅ¡½¾Î�Á¾Æ?»�ÉeÅ¡È|Ø2Ê Á¾Ê Å¡È|¼MÄ
Ð�ð Ì?½¾Å2Ée»oØ2Ã?½¾»¡àCá�¼Mã?Ä »�Ö×Ô;ßW½¾»rÌ+Å¡½8ÁÀËIÁ¾Æ?»*Âa½À¼¡É_Á¾Ê Å¡È�ÅMÂ/Á¾»rÎmÌ+Å¡½À¼M½¾Ò éIÅ¡½¾í¡»r½ÀËIã0Ò$Ì+»r½8Ô
Ë8Å¡È|¼MÄz¼MÈ|Ø Ç|½¾Î¬ÉÀÆ|¼M½À¼¡É_Á¾»r½¾Ê�Ë;Á¾Ê�ÉrË*Ê È�ßMÛ¡Û¡Û�¼MÈ|Ø�ßMÛ¡ÛOß2ñ/é×Æ?Ê Ä »�á�¼Mã?Ä »�Ö×ÔYÜ�Ì?½¾»oË8»rÈOÁÀË
Á¾Æ?»�Ø2Ê�Ë;Á¾½¾Ê ã?Ã2Á¾Ê Å¡È�ÅMÂ�»rÎmÌ?Ä ÅKÒ¡»r»oËzã0Ò�ÎmÅ¡ã?Ê Ä Ê Á;Ò$¼MÈ|Ø�ÉeÅ¡ÈOÁ¾½À¼¡É_ÁIÁ;Ò0Ì+»¡àuá�¼Mã?Ä »�Ö×Ô �k¼MÈ|Ø
á�¼Mã?Ä » Ö×ÔYó�¼M½¾»WÊ ÈOÁ¾»r¿¡½À¼MÄ/Ì|¼M½8ÁÀË:ÅMÂIá�¼Mã?Ä »mù�¼MÈ|ØGá�¼Mã?Ä » Þ?ñQ½¾»oË8Ì+»oÉ_Á¾Ê ì¡»rÄ Ò¡ñQã?Ã2ÁTÁ¾Æ?»rÒ
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»oË;Á¾Ê Î ¼KÁ¾Ê Å¡È ½¾»oË8Ã?Ä ÁÀËuÅMÂQÁ¾Æ?»ÍË8»rÄ »oÉ_Á¾Ê Å¡È ½¾Ã?Ä »oËu½¾»rÄ�¼KÁ¾»oØkÁ¾ÅW¼KÁ8Á¾½¾Ê Á¾Ê Å¡È�¼MÈ|ØmÌ|¼M½8Á¾Ê�ÉeÊ Ì|¼KÁ¾Ê Å¡È
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ÎmÅ¡ÈOÁ¾Æ?Ä Ò!Ë¾¼MÄ�¼M½¾Ò�ç �eøoÜKÁ¾Æ�ÎmÅ¡ÈOÁ¾Æ �WË¾¼MÄ�¼M½¾Ò¡ñ �eørùMÁ¾Æ�ÎmÅ¡ÈOÁ¾Æ �WË¾¼MÄ�¼M½¾Ò¡ñ|»eÁÀÉMàràràÀè_ñ�ã+Å¡È0Ã|Ë8»oË
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½¾»rÌ+Å¡½8Á¾»oØkÊ È$åOÃ?»oË;Á¾Ê Å¡È$ô:Ê�ËuÈ?»eÁCÅMÂ�ÁÀ¼Kî2»oËu¼MÈ|Ø Ë8Å2ÉeÊ�¼MÄ|Ë8»oÉeÃ?½¾Ê Á;ÒkÉeÅ¡ÈOÁ¾½¾Ê ã?Ã2Á¾Ê Å¡È|Ërà�º Ê Á¾Æ
Á¾Æ?Ê�Ë>Ê È2ÂaÅ¡½¾Î ¼KÁ¾Ê Å¡È*éI»CÉeÅ¡ÎmÌ?Ã2Á¾»oØ:Á¾Æ?»CÈ|¼KÁ¾Ã?½À¼MÄ¡Ä Å¡¿O¼M½¾Ê Á¾Æ?Î ÅMÂ0Á¾Æ?»I¼\ì¡»r½À¼M¿¡»�È?»eÁ�Æ?Å¡Ã?½¾Ä Ò
éz¼M¿¡»T¼MÌ?Ì?Ä Ò0Ê È?¿kÁ¾Æ?»TÂaÅ¡Ä Ä ÅKé×Ê È?¿kÂaÅ¡½¾ÎWÃ?Ä�¼?ú

ln wit = ln
( total earned income

# of months · average weekly hours · 4

)
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º�» ¼MÌ?Ì?Ä Ê »oØ�Á¾Æ?Ê�ËÍÂaÅ¡½¾ÎWÃ?Ä�¼$ã+ÅMÁ¾Æ�Ê È ßMÛ¡Û¡Û$¼MÈ|Ø�Ê È�ßMÛ¡ÛOß2ñQ¼MÈ|Ø!Á¾Æ?»rÈ�éI»mÉr¼MÄ�ÉeÃ?Ä�¼KÁ¾»oØ
Á¾Æ?»TÑCäu÷¢ÔYØ2»��+¼KÁ¾»oØkéz¼M¿¡»¡ñ¡Ë8Å:Á¾Æ|¼KÁCÅ¡Ã?½uØ2»rÌ+»rÈ|Ø2»rÈOÁCìK¼M½¾Ê�¼Mã?Ä »zÊ�Ë/Á¾Æ?»Í¼\ì¡»r½À¼M¿¡»CÈ?»eÁu½¾»o¼MÄ
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¼¡É_Á¾Ê ì0Ê Á;ÒWÁ¾Æ?»�éIÅ¡½¾í¡»r½/Ê�ËuÌ+»r½8ÂaÅ¡½¾ÎmÊ È?¿�¼KÁuÁ¾Æ?»�Ê ÈOÁ¾»r½¾ì0Ê »ré�Á¾Ê Îm»¡àpázÆ?Ê�ËuÎm»o¼MÈ|Ë/Á¾Æ|¼KÁCÅ¡Ã?½
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