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B C�DFE(GIHKJMLONQP�DFRTS>UVLON
W.X GYS[Z]\^U^L_Na`�UON^b"GIbdcfeVL_Jag J�N�h
i�CjJM`lk

m�LVD n_bfCpo�D qAh5J^r�s�LdqAt�bfCuk
vwbfg NMDx`yR

z|{~}^������}V��{2�

G�efb�g UOo�q#q�eVC�b�b�h�bOU_Cpo1t�b�efUdn_b[o�q�`_�>D bd��o3efUVg�g JOt�kfU_Cpo�D�LON
q�UOo�E�o"UVklk^g�D bd��q�J�B LONMgxD o�e�� X2� �lb�q�b�c�q�D JMLy�wcfeV`lLlE_D�LON&UVLf�
cfg UV`Oo�b1D �Vb�Ldq�D �acdUdq�D JaL^���

X UlR)b��)bfLOq�D qAh�Cpb�c�J�NMLVD q�D JaL)efUOo.Cpb�cdbfD nfb���U)g J�q�J^rMUdquq�bfLdq�D JML
t)e_bfL�UlkVkVgxD b���q�J�B�L_Nag�D o�e[�V`dq�g b3o�o�r�JVC�Jfq�e_bfC�g UVL_Na`�UdNVb3od�

X UlR)b���bfLdq�D qAh�Cpbdc3J�NMLVD q�D JaL�D o�U�Cpbfg Udq�D n_bfg h�JMk^bfL7q�UOo�E
t)eVD cfe[R"D NMedq�Cpb� >`VD�Cpb"U�g J�q@J^r¡b�¢�UlR#kVg b�o��

G�efb W J X \a\_Zu£^¤�¤^£¥o�e�U_C�b��¥q�Udo�E�c3JaL_o�D o�q�o¦J^rQg UVLONM`fUONVb�Z
D�L_�Vb^k�bfLf�VbfLOq]L�UlR)b��
bfLOq�D q�h�Cpb�c�J�NMLVD q�D JaLa�
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G�efb
o3efUfCpbd��q�UOo3E�D�Ldn_Jag n_b3oÄ�IL_�MD�LON&L�UlR)b3o(D�L1q�b�¢_q3�YG�efbfCpb
UfCpb&rpJM`VC�cdUdq�b3N^JlC�D b3o�Å¦k^bfCjo�JaL_o��YJVCpNVUVLlD ÆdUdq�D JaL_o��]g JacdUdq�D JMLOo
UVL_�QR"D o�c�b�gxg UVL_b3JM`Oo�L�UlR)b3od�2BV¢^UVR1k^g b^Å

Ç ÈyÉaÊ#Ë Jag Ì1Í �_UVeOJlC�U)k^bfC�D Ja�MD o�q�U@bfL Ç Î�ÏwÐ s�CpN^b�Ldq�D�LfUdÍ
�3H�`ON�ÑJ5c3JML Ç ÈaÉaÊ¦Ò bfg>v�J�o� M`fbÄÍ�bfL�g J^o�Ñ`Vg q�DFR]J�o�UyÓLOJ^o
�Vb5g J�o)Ô�¤�bfL1b�g Ç Ï�ÊMÕ×Ö bdUVg�Ø�UO�>C�D ��ÍY�

Ò Udq�UÙt�UOoÚUdnfUVD�g Ul�Vg bÛr�JVC9qAt.J Ë b3o�q�bfC�L B�`lCjJ>k�bdUVL
g U^L_Na`�UON^b3odÅ.S�k_UVLlD o3e5UVL_� Ò `dq�cfea�

� UfC�q�D cfDFk_Udq�D�LONÜo�h_o�q�b�R]o�t.b�Cpb�b�¢yk^b�c�q�b��Ýq�J9c3JMLdq�UVD�L�U
R�U_cfelDxLfb1g bdUfC�LlDxL_N
c3JMR1kfJML_bfLOq3�

m�o�D�LON�UO�l�MD q�D JaL�U^g[Cpb3o�Ja`lCpc�b�o��Qb3o3k^b�cfD UVgxg h�L_JaL�U^LlLOJ�q�Udq�b��
q�b�¢_q3�at�UOoÄbfLfc3Ja`lC�UONVb����
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ß×à JVCÄbdU_cfe¦g UVLONM`fUONVb
q�e_bfC�b�UfCpb�q�eVC�b�b[�lUdq�U;� g b3od��á�L_b
q�C�UVD�LVD�LONT�Ig b^��JML_bâr�JVC;q�b3o�q�D�LON|o�h_o�q�b�R]oã�M`lC�D�LON�q�efb
�Vb�nfbfg JMklR)bfLdq@o�q�UON^b#UVL_�
JaLfb(� g b(r�JlC�� LfUVgVq�b3o�q�od�

ß Ò Udq�U]� g b3o�c3JaL_o�D o�q�b��"J�r�qAt.J#c3Jag�`lR#LOo��KS�k_UVLVD o�eaÅwt.JlCp�^o
UVL_��LfUlR)b��äbfLdq�D qAh+q�UON�o��5JVC)q�eVC�b�b&c3JMg�`lR"L_o;� Ò `dq�cfeyÅ
t.JVC��^od��b3o�q�DFR�Udq�b���kfUfC�quZ�J^rpZ�o�k�b�b�c�e�q�UON^oåUVLf��LfUlR)b��
bfLdq�D qAh1q�UON�o����

ß G�e_b;SIkfUVLVD o�eQ�lUdq�U;tYUdo[R�U_�lb�UdnfUVD�g Ul�^g b���h&q�e_b�B à B
X b�t@o�s.N^b�L_c�hæ�uSIkfU^D�L���UVL_�æUVLVL_Jfq�U�q�b��Ý��hçk^b3JMkVg b
ruCjJ>RTq�efb5GIbdcfeVLlD cdUVgwm�LVD n_bfCpo�D qAh
J^r W Udq�UVg JaLlD U�UVL_�[q�efb
m�LVD n_bfCpo�D qAh1J^r2v�UfCpc�bfg JMLfUy�

ß G�e_b Ò `dq�c�e5�lUdq�U#tYUdoÄo�`ykVkVgxD b��Q��h1q�efb�L_b�t@o�k_Ulk�bfC Ò b
Ø#JlCjNVbfLè��vwb�g NMDx`yR(��UVL_�èUVLVL_Jfq�Udq�bd�é��h�k�b3J>k^g b�rKCpJMR
q�e_b�m�LVD n_bfCpo�D qAh1J^r�s�LdqAt�bfCukl�
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Ë Jag Ì vIZ � B Ö
� á

U^e_JVC<U á
k^bfC�D Jy�>D o�q�U á

bfL á
s�CjNVbfLdq�DxL�U vIZ�\Vá W

� á
H�`ON�ÑJ á
c3JML á
Ò bfg vIZ � B Ö

v�J^o� >`_b î Z � B Ö
bfL á
b�g á
Ö bdUVg vIZ�á Ö i
Ø�U_�MC�D � î Z�á Ö i

� á
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Ë b�Cpb3NMD o�q�b�C¡q�e_b�Ll`lR#�^bfC~J�rYc�JMR#kVg b3q�bfg h
c3JlC�Cpbdc�q"kVeVC�UOo�b3o
UVL_��c3J>R#k^`Oq�b�kfCpb�cfD o3D JMLy�ICpb�cdUVg�gyUVL_� àVòVó�ô C�Udq�b3odÅ

� CpbdcfD o3D JaLaÅäLl`lR#�^bfC�J�r#c3JVCKCpb�c3q&k^elC�UOo�b�o��>D nlD �lb��é��h�q�efb
LV`yR#��b�C�J�r@kVeVC�UOo�b3o�r�Ja`lL_�Q��h#q�efb"UVg N�JlC�D q�elR5�

Ö b�cdUVgxg´ÅõLV`yR#��b�C�J�r�c3JlC�Cpbdc�q¥kVeVC�UOo�b3o×�MD nVD �Vb��Ü��hTq�efb
LV`yR#��b�C�J�r@kVeVC�UOo�b3o(DxL#q�efb
c3JlCKkV`Ood�

àVò�ö �<÷¡ø3ù1ú_��ûVkfCpb�c�D o3D JML^ûVCpbdcdUVgxgaü1÷�ø�ûlk_C�b�cfD o�D JaL^ù#C�b�cdUVgxg
Ë b5`_o�b(÷ ö ú^�

v�UOo�b�gxD�L_b�k�bfCpr�JVCuR�UVL_c�b3o�efUdn_bT��b�bfL¥J>��q�UVD�L_b��Tt)D q�e�UVL
UVg N^JlC�D q�elRýt)eVD cfe[JMLVg h�o�bfg bdc�q�o"c�JMR#kVg b3q�b�L�UVR�b���bfLOq�D q�D b3o
t)eVD cfe�UVklk�bdUfC.D�L"q�e_b�q�C�UVDxLlDxL_N
�yU�q�Ul�
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G~t�bfg n_bQNMCjJM`lkOoQefUdnfbåk_UfC�q�D cfDFk_Udq�bd�×D�L+q�efb W J X \a\_Zu£^¤�¤^£
o3efUfCpb���q�UOo3E^�¦GÄe_b�h�efUdnfb�`_o�b��è�fJyJ�o�q�b��+q�Cpb�b3od�.�VbdcfD o3D JaL
q�C�b�b3od���YD �V�Vb�L�Ø�UfCKE�J�nõØ1Jy�lbfg o�� R(U3¢yD�R#`lR b�Ldq�CpJMk�h
R]Ja�Vbfg od�lR�b�R]JlC�hdZ �_UOo�bd�1R)b3q�eOJa�^od�_o�q�Udq�D o�q�D cOU^g�q�bdcfeVLlD  >`_b3od�
o3`lkVk�JVCjq�nfb�c�q�JlC�R�U_cfeVD�L_b�o�UVL_�6q�C<U^L_o�r�JlCKR�Udq�D JMLdZ��fUdo�b��
R)b�q�eOJa�^od�

ß Ø1c X UlR)b�b
UVL_�+Ø�U�h_�abfg �
ß v¡g U_c�E
UVLf���.UOo3Dxg UlE�J>kfJM`Vg J�o
ß G.o3`lE�UlR]J�q�J���Ø
D q�o3`VD o�elDaUVL_�[S>Udo�o U^L_J
ß�� UVL_o�cfefb
ß Ø5UVg Ja`_r
ß � Udq�C�D c�E�� Ë elD q�b�g U�téUVLf��Ø�`VLlCjJ
ß GIHKJaL_N&P�DFRTS>UVLON
ß v¡`VCpN^bfC����¡b�L_�Vb�Cjo�JaL5UVL_�+Ø1JVCpNVUVL
ß W `_c�b�CjÆdUVL1UVL_����U_CpJdt@o�E�h
ß Ë `y� X NlUVDF� W UfCKkV`fUdq3��\^UfCjo�bfL�U^Lf����UVLON
ß×à g JlC�D UVL
ß W UfC�Cpb�C�UOo���Ø
	UVC� M`_b�oÄUVL_� � UO�>COÑJ
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s.rpq�bfC7q�e_b6� L�UVgån_bfCpo�D JaL J�rTq�e_b�k_Ulk�b�CjoÜe�U_�%�^b�bfL
o3`l�VR#D quq�b����[o3D NMLVD �acdUVLfc�b×nfUVgx`fb3oâefUdn_bT�^b�bfL c3J>R#k^`Oq�b��
r�JVC¡UVgxgyo�h_o�q�b�R�C�b3o�`lg q�o��

G�efb3o�b5nfUVgx`fb3o5efUdn_b��^b�bfL�b3o�q�DFR�Udq�b��¦��hQ`_o�D�LON¦�fJyJfq�o�q�C<Ulk
Cpb�o�UlR#kVgxD�LON�� X JlCpbdbfLy��������������� �"!$#&%'���(%�)&*,+-�/.0�(�213�54�)76"���
8 � ) �$*9%3:�;�<(���-�21�� )=� )���ú5>@?->V���

à JVC
bOUOc�e+JM`dq3k^`dq
� g b^�
úO¤�¤^¤�o UlR#k^g b3o
J^r#UlkVkfCjJd¢lDFR�Udq�bfg h
q�efb)o�UlR)b)o�D Æ�b"e�U�nfb1��b�b�L
cfC�bdUdq�b��[��h�C<UVL_�^J>R"g h
o�bfg bdc�q�D�LON
o�bfLdq�b�L_c�b3o2t]D q�e�Cpb�kVg U_c�b^R)bfLdq��

Ö b3o�`lg q�o�t)D q�e à òVó�ô C�Udq�b3o
Ja`Oq�o�D �Vb�J�rYq�e_b�c�b�Ldq�bfCA>^¤CBÝJ�r
q�efb
o UlR#k^g b�NaCpJa`yk+efUdn_b��^b�bfL+C�b3NlU_C��Vb��¦UOo#o�D NMLVD �acdUVLdq�g h
�MD ÌIbfC�bfLdq2rKCpJMR q�e_b
Ja`Oq�k^`Oq�Cpb3o3`Vg q�od�
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S�k_UVLVD o�e"q�b3o�q kfCpb�c�D o3D JML C�b�cdUVgxg à ò^ó¡ô
W UfC�C�bfC�UOo�b�qÄUVgF� ?yúV�HG-?CB ?yúV� IV¤CB ?aú^�HG@> J5ú^� K
à g JlC�D UVL Ô-?M�xÔ�¤CB Ô->M� IV¤CB Ô@>a�x¤-K J5ú^� I
W `_cdbfCjÆdUVL#b3qÄU^g´� Ô-?M�¬ú5>CB Ô-LM�¬ú"IMB Ô^Ôa�¬ú5K J5ú^� I
Ë `1b3q�UVgF� Ô�K>�H?�KNB Ô�ÔM�HG-?CB Ô@La�HLaú J5ú^� I
v¡`VCpN^b�C�b�q�UVg´� ÔOI��¬ú5>CB Ô�ÔM� I-IMB Ô-KM�xÔ@? J5ú^� I
GIHKJaL_NQP�D�R|SMUVLON Ô-LM�x¤�¤CB Ô�K>� K-KNB Ô-KM�xÔ@? J5ú^� K
� Udq�C�D c�E
b�q3�xUVgF� ÔOI��HG�£CB Ô-GM� K^£CB Ô@Ga�H>^£ J5ú^� K
� U^L_o�c�e_b ÔOI��x¤-GCB Ô-GM�xÔ-LCB Ô@Ga�H?@> J5ú^� K
Ø�U^g JM`Or Ô-GM�H>-GCB Ô-GM�HG->CB Ô@Ga�HL@L J5ú^�HL
G.o3`lE�UVR)Jfq�J L->M�x¤OIMB ÔOI��¬úd£CB Ôaú^� IN> J5ú^� I
v¡g UOc^E(b�qÄUVgF�Fû L�¤M� K@GCB L�ÔM�x£->CB L@Ga�xÔ@G J5ú^�H?
Ø5c X UlR)b�b(b3q�UVgF� K@LM�x£-?CB L-LM� KaúOB L^¤a�H>^Ô J5ú^�xÔ
�_UOo�bfg�DxLfb £-LM�x£�ÔCB K@LM� IC?CB G-KM�H?@L J5ú^�HG

û�Cpb3o3`Vg q�o��MD ÌIbfCaruCjJ>Råq�eOJ^o�b)R)bfLdq�D JML_b��#D�L2q�e_b]k_CpJycdb�b��MD�LON^o
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Ò `Oq�cfe#q�b3o�q kfCpb�c�D o3D JML C�b�cdUVgxg à ò^ó¡ô
W UfC�C�bfC�UOo�b�qÄUVgF� Ô�ÔM�H?-GCB Ô-LM�x£->CB Ô^Ôa�x¤-K J5ú^� K
Ë `1b3q�UVgF� Ô-LM�H>�KNB Ô-GM�H?-GCB Ô-KM�HG@L J5ú^�HL
à g JlC�D UVL Ô�K>�¬úd¤CB ÔOI��H?->CB Ô�I>�H>@> J5ú^� K
v¡`VCpN^b�C�b�q�UVg´� Ô�£M�HL->CB Ô�£M� I@KNB Ô^£a� KVÔ J5ú^� I
W `_cdbfCjÆdUVL#b3qÄU^g´� Ô-GM�x¤-GCB ÔyúV�HL�£CB Ô^£a�HGaú J5ú^�HL
� Udq�C�D c�E
b�q�UVg´� ÔOI��x¤yúOB L-?M�H>�¤CB Ôaú^�HG@L J5ú^�HL
GIHKJaL_NQP�D�R|SMUVLON Ô�£M� K@LCB L-?M�H?-?CB Ô^¤a�HL^Ô J5ú^�HL
� U^L_o�c�e_b Ô�¤M�¬ú�úOB L->M�x£-LCB L@>a�HL@? J5ú^�xÔ
Ø�U^g JM`Or Ô�¤M�H?-?CB L�K>� K^¤CB L@?a�x¤@? J5ú^�H>
G.o3`lE�UVR)Jfq�J K^ÔM�HG-GCB L�K>�x¤�£CB L^¤a�H>@G J5ú^�xÔ
Ø5c X UlR)b�b(b3q�UVgF� K@LM�x£�£CB L-GM�x£OIMB KC>a� KV£ J
£a�x¤
v¡g UOc^E(b�qÄUVgF�Fû KaúV�H?->CB IVÔM�xÔ-?CB IN>a�xÔ-K J
£a�x£
�_UOo�bfg�DxLfb LOI��HG-?CB I@K>�¬ú5>CB KCGa�¬úO¤ J5ú^� I

û�Cpb3o3`Vg q�o��MD ÌIbfCaruCjJ>Råq�eOJ^o�b)R)bfLdq�D JML_b��#D�L2q�e_b]k_CpJycdb�b��MD�LON^o
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G�efb+Ja`Oq�k^`Oq�J^r
q�e_b�qAt�bfg n_b�o�h_o�q�b�R]o�tYUOo�c�JMR#�VDxLfb��¥��h
`Oo3D�LON&R(U�HKJlC�D qAh"n_Jfq�DxL_N>�

B Ldq�D q�D b3o2t�bfCpb
o3kVgxD q)D�L1o�q�UfC�q�o]UVL_��bfL_�Vo��

á�Llg h�bfLdq�D qAhè��JVC��VbfCpoQk_Cpbd�MD c�q�b��×��h�q�e_båR�U�HKJVCKD qAh¦J^r�q�efb
o�hOo�q�b�R]o2t�bfCpb"U_c�c�b^k�q�b�� �

á�Llg h5c�JaL_o�D o�q�bfLdq2o�q�UfCjq�UVL_��bfL_�Qk_UVD�Cjo2t�bfCpb�E�b�k�q3Å

q�elD odÅ Ç Z�\Vá W Ç Z � B Ö Í�Z�á Ö i Ç Z�Ø�îxS W Í�Z�Ø�îxS W Í¬Z � B Ö

t.Ja`lg �Q��b"c3JMLdn_b�C�q�b���q�J�Å Ç Z�Ø�îxS W Í�Z�Ø�îxS W
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R {2ìTS~�<�¡�A��
�½@U�½�}�À~ìè½'V�Â�Àw½añ�íF}�½

s�g�gyc3J>R#�^D�LfUdq�D JMLOo�J�r�q�efb�qAt�bfg n_b
o�hOo�q�b�R]o2t�bfC�b�q�b3o�q�b��
JML
q�efb"�Vb�nfbfg J>kVR�bfLdq2�lUdq�U�UVL_��q�e_b��^b3o�qYtYUOo]UlkVkVgxD b���q�J�q�efb
q�b3o�q2�yUdq�Uy�

S�k_UVLVD o�e
�lb�n_bfg J>kVR)bfLOq q�b3o�q o�h_o�q�b�R]o
?^£a� Il¤ Z�úW?CB ?@GM� ¤aú Z�>CB ú^�x£M�HGa� I�� ÔM�¬úd£
?aú^� K@K Z�ú=IMB ?aúV� £-K ¤CB ú�Z úd£;�KUVgxg �
Ô@?a� IlÔ ?aúV� G@> ú�����b3o�q��

Ò `Oq�cfe
�lb�n_bfg J>kVR)bfLOq q�b3o�q o�h_o�q�b�R]o
Ô@>a�HG@> Z�ú5KNB ?^¤M� £-K Z�ú"IMB ú^�HGM� I>� K>� ?
Ô@La�HG@G Z�GCB Ô@>M� ¤@G Z�>CB ú�Z úd£;�KUVgxg �
Ô-KM�HL@L Ô^ÔM� ¤-K ú�����b3o�q��

SyhOo�q�b�R Ll`lR#�^bfCjo�Cpb3r<bfC�q�Jäq�efbfD�C�k�J�o3D q�D JMLãD�L¦q�e_bäCpb3o3`Vg q
q�Ul�^g b3od�

§K¨A©�ª�ª¬« ­j®j®j­ ¯j¯



X
½^À�Ydñ.í2}�À�Á�F.�~�[Z2ñ�À�½

\ ] ^ _ ` a b c d \fe \ \ \f]
gihOj k k k k k k k k k k k k
l gQg k k k k k k k m m k k m
n j�o k k k m m k k k m m k k
pMq'r k m m k s m m m s m m k
t gQu k m k k m m m m m m m m
vwn q m m m m k m m m m m m m

á à B�ÅaJVCjq�eOJ^NMC�Ulk^elD c
r�bOU�q�`VCpb�o
v�á]á
Å���JlJ^o�q�DxL_N
X B W Åao�b�k_UfC�Udq�b
bfLOq�D qAh[�fJlCp�lbfC<üfcfg UOo�o�D �Vb�Ldq�D �acdUdq�D JaL
i�sAx¡ÅMb�¢_q�C�U1b�¢_q�bfCKLfUVg�gxD o�q�o�J^r¡bfLdq�D q�D b3o
� áÄSwÅ�k_UfC�q�Z�J�rpZ�o�k�bdb�cfe"q�UON^o
m X s]ÅI`VL�UVLVLOJ�q�Udq�b����lUdq�U

ù5Å2`Oo�b��'yNzIÅ~�>D �QLOJ�q�`Oo�b@y�ûyÅ2`Oo�b���t]D q�e_Ja`Oq2b3ÌIb�c3q

X `yR#��bfCpo)C�b3r<bfC�q�J;k�J�o3D q�D JMLOo(DxL#q�e_b"S�k_UVLVD o3e
Cpb3o3`Vg qYq�Ul�^g b^�

§K¨A©�ª�ª¬« ­j®j®j­ ¯¬­

{��Aípí)ì�{~Â�À7¿.��}f��F�À~ípÃ�|

20

30

40

50

60

70

80

90

100 1000 10000 100000 1e+06 1e+07

F}

training data size (words)

G�efb�g bOU_CKLVD�LONäcf`lC�nfb&r�JlC)q�efb Ò `dq�cfe��lUdq�U�r�JVC(JaLfb X B Ö
o�hOo�q�b�R ��G�H�JMLON�P�DFR S>UVLONy� UlkVk^g�D b��6q�J q�e_b Ò `dq�c�e
�Vb3n_bfg JMklR)bfLOq&�yU�q�U o�b�b�R)o&q�J�D�L_cfC�bdUOo�bäU_c�c3JlCp�>DxL_N�q�JéU
o�q�C�UVD NaeOq�gxD�L_b^�

î q�o�`_N�NVb3o�q�o�q�efUdq�U@q�eVD�Cp�(J�rMq�e_b@bfC�CpJVCpo�J�rMq�e_bYo�hOo�q�b�Rèc3JM`Vg �
��b(Cpb�R)Jfnfb���D r�t�b(efU_��úO¤5R"D�gxg�D JML]t.JlCp�^o~J^r�q�C�UVD�LVD�LON#�lUdq�Uy�
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ÿ1Â {AS�í´À~ìè��}V�jÁâ½^À~��}fÀ~�¡Á�À�½

SaJMR)bét.JVC��^oée�U�nfb ��bdbfL�cfg UOo�o3D �Mb��çDxLfc3JVCKCpb�c3q�g hý��h|UVgxg
o�hOo�q�b�R]o(�K¤M� ÔCB�J^r�q�e_b)t.JVC��^o�D�L
q�e_b Ò `dq�cfe1�Vb�nfbfg JMklR)bfLdq
�lUdq�U���Å

ß `VLyE_LOJOt)L"t.JlCp�Vo(�~#�)&�&�i��"� �

ß �fJyJME�q�D q�g b�o(�C�'��)"��<��"�w��*���:N�d�

ß UlR#�^D Na`_Ja`_oÄbfLdq�D q�D b3o
�5�����������O+W*�4d�

ß L_bfD NMel�fJlC�D�LON
bfLOq�D q�D b�o(�~����%�4N� %�����*9)&)"��*,� �

ß c3JML�H�`VL_c3q�D JMLOo
����.��T���(� :�*������6�����*2�2)=�(�"����%�4O�

ß t.JVC��^o.t)D q�eOJM`dqÄDxLlD q�D UVg^cdUlk^D q�UVg�cfefUfC<UOc3q�bfC��f)=�26"����4�*,)"�(1����

ß g JMLON(b�Ldq�D q�D b3o@�5��� %'�$� �3��+-�5�����A%�4N� �&�5�W�( �*,%¡4N�¢��*��(�(!
:N�(%��&� )& W�M%�4N��� %04N����:��&�5�"13�(��*�� �
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£¤S.{2ñ�}�}MF�À¥S���½^À¡íj�<��À Â À�½añ�íF}�½

G�efb×�fUOo�bfg�D�L_bäo�h_o�q�b�R efUOo ��b�bfLèo�b�g b�c3q�b��×t)D q�eâUéeVD NMe
k_C�b�cfD o�D JML5UOo�N�JlUVgF�

��b�q3���_UOo�bfgxD�L_b&k_C�b�cfD o�D JaL+D o�g JOt�bfC�q�e�U^L[q�e�Udq�R]J�o�q(J^rYq�efb
o�hOo�q�b�R]od�

G�efb×k_CpJM�Vg b�R D oQq�e�U�q&q�e_b �lUdq�Uèc3JMLdq�U^D�L_bd�¥UVLVL_Jfq�Udq�D JML
bfCKCjJlCjo2q�efUdq�cdUV`Oo�b��&k_CpJM�Vg b�R)o2r�JlCwq�e_b��fUOo�bfg�D�L_b(o�hOo�q�b�R5Å

S�k_UVLVD o3e Ò `Oq�cfe
b3o�k_UyÓLOJMg UOo á nfUVL_�yUfUdN s��^n á
� vIZ�\Vá W R)b�q � C�b�k vIZ � B Ö

à C�UVLOo X vIZ�Ø�îxS W
S>UVL î Z \^á W î b�n_bfL X vIZ � B Ö
SMb��_UOo�q�DKÑU^L î Z \^á W b�bfL s�Cjq á
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G�efb q�eVC�b�b Ò `dq�cfe�� g b3o efUdn_b ��b�bfLõcfefb�c�E�b����æUVLf�
D�L_c3JMLOo3D o�q�bfLfcfD b3o5UVL_�¦bfC�CpJVCpo#q�efUdq
t�bfC�b�rpJM`VLf�äe�Udn_b��^b�bfL
Cpb^R]Jfnfb����

sÄ�fJM`dq¦G�¤^¤ t.JVC��^oâ�K¤M�¬úWB���efUdn_bTCpb�c�b�D nfb�� U �MD ÌIbfCpbfLOq
bfLOq�D q�h#q�UON>�

Ò `Oq�cfe#q�b3o�q kfCpb�c�D o3D JML C�b�cdUVgxg àVò^ó¡ô
GIHKJaL_NQP�D�R|SMUVLON Ô�£M� K@LCB L-?M�H?-?CB Ô^¤a�HL^Ô J5ú^�HL
�_UOo�bfg�DxLfb LOI��HG-?CB I@K>�¬ú5>CB KCGa�¬úO¤ J5ú^� I

s.rpq�bfC�c3JlC�C�b�c�q�D JML kfCpb�c�D o3D JML C�b�cdUVgxg àVò^ó¡ô
GIHKJaL_NQP�D�R|SMUVLON Ô�£M�xÔOIMB L->M� K-KNB Ôaú^�¬ú^ú J5ú^�HL
�_UOo�bfg�DxLfb ?yúV�x£->CB I@K>� IV£CB KC?a�x£@? J5ú^� I

G�efb Ò `dq�cfe��lUdq�U�U�q]q�efb1o�e�U_C�b��[q�UOo�E#t.b^��o�D q�b[efUOo1�^b�bfL
Cpb^k^g UOcdb���t)D q�e#q�efb�q�efb
c3JlC�C�b�c�q�b��
�yUdq�Uy�
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ß G�e_b W JaLy\a\OZ�£�¤^¤�£To�e�UfCpb��|q�UOo3E�D�LdnOJMg n_b��æg UVLONM`fUONVb�Z
DxLf�Vb�k^bfL_�lbfLdq×LfUlR)b���bfLOq�D qAh�Cpb�c3J^NMLVD q�D JML�`Oo3DxL_N|q�t~J
Ë b3o�q�bfC�L[B `VCpJMk^bdUVL
g UVL_Na`�UdNVb3od�

ß×à JVC(�fJ�q�e&S�k_UVLVD o3e&UVL_� Ò `Oq�cfe�q�e_bQ�^b3o�q�Cpb3o3`Vg q�o�e�U�nfb
��b�b�L JM�dq�UVDxLfb��Üt)D q�e�q�e_b9�fJyJ�o�q�b��6�lb�cfD o�D JaL q�C�b�b3o
R)b�q�e_Jy�æ`Oo�b��ç��h¨§@UdnVD bfC W UfC�C�bfC�UOod�+\yg�`VÑ© o7Øª	UVCp M`fb3o
UVL_�7\ygx`VÑ © o � U_�MCOÑJãJ^r#q�e_bãm�LVD n_bfCpo�D q�Udq � JMgxD qVÑb�c�LVD cdUå�Vb
W Udq�UVgx`lLdhdU��uSIkfU^D�L��3�
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