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WN]_\N]�]JXS^JS\N]�JMJZ^ĶN]�WJS]�WYSX]�LYX^\JSQXJX^N]˰�

?Y_\�VN]�Z\YON]]SYXXNV]�M_�]NL^N_\�M_�]ZNL^JLVN�`S`JX^�Z\S`Ķ˳�
V̄_\QNXLN�N]^�Ě�VJ�WS]N�NX�ZVJLN�M̄_X�Z\Y^YLYVN�]JXS^JS\N�
JMJZ^Ķ�J_�]NL^N_\˳ �J`NL�VN]�J_^Y\S^Ķ]�Z_KVS[_N]˰�DX�LJM\N�
[_S�]N�MYS^�MN�QJ\JX^S\�VJ�[_JVS^Ķ�MN�V̄NbZĶ\SNXLN�MN]�

]ZNL^J^N_\]˳�N^�VJ�ZĶ\NXXS^Ķ�MN�V̄JL^S`S^Ķ�MN]�NX^\NZ\NXN_\]�
MN�]ZNL^JLVN]˳�[_S�\NXMNX^�ZY]]SKVN�VJ�\NXLYX^\N�MN]�

J\^S]^N]�J`NL�VN�Z_KVSL˰

́
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�	˛
MN]�5\JXįJS]�ZJ\^SLSZJX^�J_b�

JL^S`S^Ķ]�MN�]ZNL^JLVN]�\N]]NX^NX^�

_X�WJX[_N�`S]̐Ě̐`S]�MN�LN^^N�

Z\J^S[_N

<0=@D4

���˛
NbZ\SWNX^�V̄NX`SN�MN�ZY_`YS\�MN�]N�

\NXM\N�Ě�XY_`NJ_�Ě�MN]�]ZNL^JLVN]�

Ě�ZV_]�Y_�WYSX]�VYXQ�^N\WN

8=C4=C8>=

��˛
ZJ\^SLSZN\YX^�Ě�XY_`NJ_�MJX]�_X�

MĶVJS�MN�[_NV[_N]�]NWJSXN]�JZ\Ļ]�

VN_\�Y_`N\^_\N�VĶQJVN

A4C>DA

̓�;N]�LRSň\N]�LVĶ]�MN]�]ZNL^JLVN]�ZY]^̐LYXŊXNWNX^˰�

 ���Z^ γ�
�Z^]

̀?V_]�MN���5\JXįJS]�]_\����\N]]NX^NX^�_X�WJX[_N�`S]̐Ě̐`S]�MN]�]ZNL^JLVN]˰�<JS]�]N_VNWNX^���˛�M˿NX^\N�N_b�Z\Ķ`YSNX^�_X�
\N^Y_\�\JZSMN˰́

γ�
�Z^]



��/,*ŀ1/"��#,-�V�)"0�	/�+Ķ�&0�h�)OŁ3Ł+"*"+1&")�I���$2"�:�a�
2&))"1�:8:8

��]ZNL^J^N_\�]_\���XN�LYWZ^N�

ZJ]�\N`NXS\�^JX^�[_N�VN]�WN]_\N]�

\N]^\SL^S`N]�XN�]N\YX^�ZJ]�VN`ĶN]

I�9>

̓�;N]�J^^NX^N]�M_�Z_KVSL�]N�\NXMJX^�J_b�]ZNL^JLVN]˰

̖

A4C>DA

��]ZNL^J^N_\�]_\�	�N]^SWN�

SXT_]^SŊĶN�VJ�MSňĶ\NXLN�MN�

LYXMS^SYX]�MN�\NZ\S]N�NX^\N�VN]�

^\JX]ZY\^]�N^�VN�]ZNL^JLVN�`S`JX^

̖

A4?A8B4

?\Ļ]�MN���]ZNL^J^N_\�]_\�	�ZVJLN�

VN]�WN]_\N]�]JXS^JS\N]�MJX]�VN]�

L\S^Ļ\N]�VN]�ZV_]�SXLS^J^SO]

?A>C>2>;4

δ���Z^]

̀;J�WYS^SĶ�M˿NX^\N�N_b�ZVJLNX^�VN]�WN]_\N]�]JXS^JS\N]�ZJ\WS�VN]�L\S^Ļ\N]�VN]�ZV_]�SXLS^J^SO]�WJS]�VJ�WYS^SĶ�T_QNX^�ĶQJVNWNX^�
SXT_]^SŊĶN�VJ�MSňĶ\NXLN�MN�LYXMS^SYX]�MN�\NZ\S]N�NX^\N�VN�]ZNL^JLVN�`S`JX^˳�N^�M˿J_^\N]�]NL^N_\]˳�LYWWN�VN]�^\JX]ZY\^]˰�;N]�
Z\YON]]SYXXNV]�YX^�Z\YZY]Ķ�_X�Z\Y^YLYVN�]JXS^JS\N�ZN\WN^^JX^�MN�QJ\JX^S\�VJ�]ĶL_\S^Ķ�M˿JLL_NSV�M_�Z_KVSL�N^�VJ�ZĶ\NXXS^Ķ�MN�
VN_\]�JL^S`S^Ķ]˰�8V]�J^^NXMNX^�VJ�\ĶZYX]N�MN]�ZY_`YS\]�Z_KVSL]˰́�
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IYYW
5N]^S`JV]

I�9?

̀
;J�5\JXLN�N]^�\SLRN�MN�]N]�ON]^S`JV]�˲�Z\Ķ]NX^]�ZJ\^Y_^�MJX]�

V̄RNbJQYXN˳�MN�VJ�WĶ^\YZYVN�Ě�VJ�ZN^S^N�LYWW_XN˳�VN]�
ON]^S`JV]�5\JXįJS]�\J]]NWKVNX^�VN]�MS`N\]S^Ķ]�

QĶXĶ\J^SYXXNVVN]˳�]YLSJVN]˳�L_V^_\NVVN]�N^�J\^S]^S[_N]˰�6\JXM]�
JK]NX^]�MN�V̄Ķ^Ķ�	�	��ZY_\�VN]�5\JXįJS]˳�LN�]YX^�J_]]S�ZY_\�
VN]�^N\\S^YS\N]�_XN�ZN\^N�MN�McXJWS]WN�ĶLYXYWS[_N�NX�

^N\WN]�M̄NWZVYS]˳�MN�^Y_\S]WN˳�N^�MN�\N^YWKĶN]�
ĶLYXYWS[_N]˳�0`NL����˛�MN]�]ZNL^J^N_\]�NbZ\SWJX^�VN_\�
WJX[_N�MN�ON]^S`JV]˳�V̄NX`SN�N]^�ZV_]�[_N�TJWJS]�Z\Ķ]NX^N�
ZY_\�_X�\N^Y_\�Ě�VJ�XY\WJVN�N^�Ě�V̄J\^�MN�`S`\N�L_V^_\NV�NX�

5\JXLN˰�

́
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��˛
MN]�ON]^S`JVSN\]�\N]]NX^NX^�_X�

WJX[_N�[_JX^�Ě�VN_\�

ZJ\^SLSZJ^SYX�Ě�_X�ON]^S`JV�

<0=@D4

�
˛
MN]�ON]^S`JVSN\]�MN����Ě�	��JX]�

�\N]]NX^NX^�_X�WJX[_N�`S]̐Ě̐`S]�

MN�VN_\�ZJ\^SLSZJ^SYX�Ě�_X�ON]^S`JV�

<0=@D4�274I�;4B�ͅ�94D=4B

��˛
MN]�ON]^S`JVSN\]�MN�ZV_]�MN

����JX]�MĶLVJ\NX^�\N]]NX^S\�_X��

WJX[_N�`S]̐Ě̐`S]�MN]�ON]^S`JV]

<0=@D4�274I�;4B�ͅ��6�B

̓�;N]�LRSň\N]�LVĶ]�MN]�ON]^S`JV]�ZY]^̐LYXŊXNWNX^˰�
̀;N]�5\JXįJS]�YX^�`ĶL_�_X�Z\SX^NWZ]�N^�_X�Ķ^Ķ�]JX]�ON]^S`JV]�N^�SV]�VN_\�WJX[_NX^˰�ANōN^�MN�VJ�MS`N\]S^Ķ�MN]�ON]^S`JV]�N^�MN�
VN_\�JXL\JQN�]YLSJV˳�LN�WJX[_N�N]^�\N]]NX^S�ZV_]�OY\^NWNX^�ZJ\�VN]�TN_XN]�N^�MNWN_\N�SWZY\^JX^�ZY_\�VN]�ZV_]�ĘQĶ]˰�CY_]�
]Y_RJS^NX^�\N`S`\N�LN^^N�NbZĶ\SNXLN˰́�

 ���Z^δ���Z^]γ���Z^]

�;�V��,2/� %� 2+"�!"0�� 1&3&1Ł0�!"�!&3"/1&00"*"+1�02&3�+1"0U�&+!&.2"7�)"�+&3"�2�!"�*�+.2"�.2"�3,20�/"00"+1"7�!"-2&0�)"�!Ł�21�!2� ,+Ɇ+"*"+1�V� "�16-"�!O� 1&3&1Ł�*"�*�+.2"�Ł+,/*Ł*"+1U��"�2 ,2-U�2+�-"2�,2�+"�*"�*�+.2"�
-�0T��Ł02)1�1�#"01&3�)�F��0"�:?9�-"/0,++"0��6�+1�-�/1& &-Ł�Ğ�2+�#"01&3�)��2� ,2/0�!"0�;�!"/+&ŀ/"0��++Ł"0�!,+1�=<�-"/0T�"+1/"�9@a:<��+0U�"1�??�-"/0T�!"�Ȋ�!"�=8��+0GT�
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��ON]^S`JVSN\�]_\�
�LRNd�VN]���̐	��

JX]�LYWZ^N�J_QWNX^N\�]YX�

K_MQN^�]YS^�	b�ZV_]�[_N�

V̄NX]NWKVN�MN�VJ�ZYZ_VJ^SYX

I�9A

̓�;N�\N^Y_\�MN]�ON]^S`JVSN\]˰

̖

1D364C�0D6<4=C�

�
˛�MN]�ON]^S`JVSN\]�XN�

]Y_RJS^NX^�ZJ]�\ĶM_S\N�VN_\�

K_MQN^�JVVY_Ķ�J_b�JL^S`S^Ķ]

̖

1D364C�0;;>D�

���˛�MN]�ON]^S`JVSN\]�YX^�

V̄SX^NX^SYX�MN�ZJ\^SLSZN\�Ě�

XY_`NJ_�Ě�_XN�JL^S`S^Ķ�Ě�ZV_]�Y_�

WYSX]�VYXQ�^N\WN˰

8=C4=C8>=

̀3JX]�LN]�^NWZ]�MSŎLSVN]˳��
˛�M̄NX^\N�N_b�Z\Ķ`YSNX^�_X�WJSX^SNX�Y_�_XN�J_QWNX^J^SYX�MN�VN_\�K_MQN^˰�4^�LN�]YX^�VN]�ZV_]�
TN_XN]�[_S�Z\Ķ`YSNX^�V̄J_QWNX^J^SYX�VJ�ZV_]�SWZY\^JX^N˰�?Y_\�ZN\WN^^\N�LN�\N^Y_\˳ �VN]�Z\YON]]SYXXNV]�J^^NXMNX^�MN]�ZY_`YS\]�
Z_KVSL]�[_̄SV]�WN^^NX^�NX�ZVJLN�VN]�LYXMS^SYX]�ZN\WN^^JX^�VJ�^NX_N�MN]�ON]^S`JV]�MJX]�MN]�LYXMS^SYX]�ĶLYXYWS[_NWNX^�
`SJKVN]�MĻ]�V̄J_^YWXN�N^�[_̄SV]�]Y_^SNXXNX^�VN]�NX^\NZ\S]N]�M_\NWNX^�JňNL^ĶN]�ZJ\�VN]�JXX_VJ^SYX]�ZY_\�[_N�	�	��`SK\N�Ě�
XY_`NJ_�J_�]YX�MN]�ON]^S`JV]˰́�

 ���Z^
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IYYW�BZY\^�
?\J^S[_JX^�˖�BZNL^JLVN

I�:8

̀
@_̄SV�]YS^�Z\J^S[_Ķ�Y_�\NQJ\MĶ˳�VN�]ZY\^�J�MĶWYX^\Ķ�

^Y_^N�]YX�SWZY\^JXLN�J_Z\Ļ]�MN]�5\JXįJS]�
ZNXMJX^�VJ�ZĶ\SYMN�MN�LYXŊXNWNX^˰�<JVQ\Ķ�_XN�
^SWSMN�\NZ\S]N�MN�VJ�Z\J^S[_N�N^�MN]�Ķ`ĶXNWNX^]�
]ZY\^SO]�Q\JXM]�Z_KVSL]˳�VN�WJX[_N�N]^�^Y_TY_\]�
Z\Ķ]NX^�˟\N]]NX^S�ZJ\��
˛�MN]�Z\J^S[_JX^]�N^��
˛�
MN]�]ZNL^J^N_\]ˠ�N^�V̄SX[_SĶ^_MN�VSĶN�J_b�LYXMS^SYX]�
]JXS^JS\N]�LYX^SX_N�MN�MSWSX_N\�˟
˛�MN]�Z\J^S[_JX^]�
N^��
˛�MN]�]ZNL^J^N_\]�]N�MS]NX^�^\Ļ]�SX[_SN^]ˠ˳�

Z\N_`N�[_̄SV�N]^�XĶLN]]JS\N�MN�WN^^\N�NX�ZVJLN�MN]�
\ĶQVNWNX^J^SYX]�]JXS^JS\N]�LVJS\N]�ZY_\�LYX^SX_N\�

Ě�Z\YZY]N\�LN]�Ķ`ĶXNWNX^]�J_b�5\JXįJS]˰

́
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�
˛
MN]�]ZY\^SO]�JWJ^N_\]�\N]]NX^NX^�_X�

WJX[_N�`S]̐Ě̐`S]�MN�VJ�Z\J^S[_N�MN�

LN^^N�JL^S`S^Ķ

<0=@D4


˛
]N_VNWNX^�]N�MĶLVJ\NX^�^\Ļ]�SX[_SN^]�Ě�

V̄SMĶN�MN�\NZ\NXM\N�_XN�JL^S`S^Ķ�MN�

]ZY\^�JWJ^N_\�˖�VYS]S\�

8=@D8�CD34

��˛
Z\J^S[_N\YX^�Ě�XY_`NJ_�_XN�JL^S`S^Ķ�

MJX]�_X�MĶVJS�MN�[_NV[_N]�]NWJSXN]�

JZ\Ļ]�V̄Y_`N\^_\N�VĶQJVN

A4C>DA

̓�;N]�LRSň\N]�LVĶ]�M_�]ZY\^�Z\J^S[_JX^�ZY]^̐LYXŊXNWNX^˰�

γ����Z^ γ���Z^]

̀;N�]ZY\^�J�Ķ^Ķ�_X�MN]�\J\N]�WY^SO]�MN�]Y\^SN�J_^Y\S]Ķ�ZNXMJX^�VN�LYXŊXNWNX^�N^�MN�XYWK\N_b�5\JXįJS]�YX^�JSX]S�Z_�]̄SXS^SN\�Ě�
_XN�JL^S`S^Ķ�ZRc]S[_N�N^�]ZY\^S`N�˟�	˛�YX^�N_�\NLY_\]�Ě�_X�]N\`SLN�X_WĶ\S[_Nˠ˰��
�˛�]N�MĶLVJ\NX^�^Y_TY_\]�̀NX�WJX[_Ń�N^�
]N_VNWNX^� 
˛� ]YX^� ^\Ļ]� SX[_SN^]� Ě� V̄SMĶN� MN� \NZ\NXM\N� _XN� JL^S`S^Ķ� ]ZY\^S`N˰� 8V� c� J� VĚ� _X� MY_KVN� NXTN_� Ě� VJ� \NZ\S]N� ˲�
ĶLYXYWS[_N�WJS]�J_]]S�MN�]JX^Ķ�Z_KVS[_N˰�4X�NňN^˳�VJ�Z\J^S[_N�]ZY\^S`N�LYX^\SK_N�VJ\QNWNX^�Ě�_X�WNSVVN_\�Ķ^J^�MN�]JX^Ķ�MN�
XY]�LYXLS^YcNX]�N^�VN]�\NXM�JSX]S�WSN_b�J\WĶ]�OJLN�J_b�JVĶJ]�]JXS^JS\N]˰�;N]�5\JXįJS]�]YX^�Z\ĸ^]�ZY_\�_X�\N^Y_\�\JZSMN�Ě�VJ�
Z\J^S[_N�]ZY\^S`N�NXLJM\ĶN˰́

γ���Z^]
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��˛�MN]�]ZY\^SO]�JWJ^N_\]�

LYX]SMĻ\N�[_̄_X�ZN\]YXXNV�

Ķ[_SZĶ�MN�WJ^Ķ\SNV�]JXS^JS\N�N^�

OY\WĶ�J_b�XY^SYX]�M̄RcQSĻXN�

SXLS^N�Ě�VJ�\NZ\S]N�MN�V̄JL^S`S^Ķ�

��˛�MN]�]ZY\^SO]�JWJ^N_\]�

T_QNX^�VJ�MS]^JXLSJ^SYX�ZRc]S[_N�

LYWWN�_XN�WN]_\N�SXLS^J^S`N

̓�;N]�JL^SYX]�SXLS^J^S`N]�Ě�Z\S`SVĶQSN\�ZY_\�VN�]ZY\^�Z\J^S[_JX^˰

˫@��˲�2VJ]]Nd�ZJ\�Y\M\N�M̄SWZY\^JXLN�VN]�L\S^Ļ\N]�[_S�`Y_]�]NWKVN\JSNX^�SWZY\^JX^]�Ě�Z\NXM\N�NX�LYWZ^N�J`JX^�MN�Z\J^S[_N\�Y_�MN�`Y_]�\NXM\N�Ě�_XN�JL^S`S^Ķ�MN�MS`N\^S]]NWNX^˳�NX�VN]�XY^JX^�MN���Ě���˲���LY\\N]ZYXMJX^�J_�L\S^Ļ\N�[_N�`Y_]�T_QNd�
VN�ZV_]�SWZY\^JX^˳���J_�L\S^Ļ\N�[_N�`Y_]�T_QNd�VN�WYSX]�SWZY\^JX^˰

˫˫@��˲�BS�VJ�L\S]N�]JXS^JS\N�ZN\]S]^N�N^�[_N�V˿Y\QJXS]J^N_\�LYWW_XS[_N�]_\�VN]�WN]_\N]�]_S`JX^N]�J`JX^�V˿Ķ`ĻXNWNX^˳�[_NV�]N\JS^�V˿SWZJL^�MN�LRJL_XN�M˿NVVN]�]_\�`Y^\N�SXLS^J^SYX�Ě�c�ZJ\^SLSZN\�˺�
1J]N�˲�YX^�Z\J^S[_Ķ�V̄JL^S`S^Ķ�MJX]�VN]�
�MN\XSĻ\N]�JXXĶN]˰

BC055�7H68¤=4 38BC0=280C8>=


�˛�MN]�]ZY\^SO]�JWJ^N_\]�

N]^SWNX^�[_N�VJ�Z\Ķ]NXLN�MN�QNV�

RcM\Y̐JVLYYVS[_N�NX�[_JX^S^Ķ�N]^�

_XN�WN]_\N�SXLS^J^S`N

64;�7H3A>̐0;2>>;8@D4
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�
˛
]N_VNWNX^�MN]�]ZNL^J^N_\]�M̄

Ķ`ĶXNWNX^]�]ZY\^SO]�]N�MS]NX^�

^\Ļ]�SX[_SN^]�Ě�V̄SMĶN�M̄c�

ZJ\^SLSZN\�Ě�XY_`NJ_

8=@D8�CD34

��˛
MN]�]ZNL^J^N_\]�M̄Ķ`ĶXNWNX^]�

]ZY\^SO]�]Y_RJS^NX^�WJSX^NXS\�Y_�

J_QWNX^N\�VN_\�K_MQN^�JVVY_Ķ�

J_�MS`N\^S]]NWNX^

1D364C

��˛
MN]�]ZNL^J^N_\]�N]^SWNX^�[_N�

VN]�]ZYX]Y\]�MYS`NX^�ZY_\]_S`\N�

VN_\�]Y_^SNX�J_�WĸWN�XS`NJ_�Y_�

MN�WJXSĻ\N�ZV_]�SWZY\^JX^N

B?>=B>A8=6

̓�;N]�LRSň\N]�LVĶ]�M_�]ZY\^�]ZNL^JLVN�ZY]^̐LYXŊXNWNX^˰�

γ�	�Z^]

̀<ĸWN�]S�LN\^JSXN]�LYWZĶ^S^SYX]�]ZY\^S`N]�YLL_ZNX^�MN�XY_`NJ_� VN�ZJc]JQN�WĶMSJ^S[_N�N^�ZN_`NX^�NX�ZJ\^SN�]J^S]OJS\N�
V̄J^^NX^N�MN�LN\^JSX]�OJX]˳�ZV_]�MN�Υ�MN]�5\JXįJS]�NbZ\SWNX^�^Y_TY_\]�_X�\ĶNV�WJX[_N˰�;̄ SX[_SĶ^_MN�Ě�]N�\NXM\N�]_\�VN]�VSN_b�
MN]�Ķ`ĶXNWNX^]�N]^�NX�KJS]]N˳�N^�]N_VNWNX^��
˛�NX�]YX^�^\Ļ]�SX[_SN^]˰�8V�N]^�J_TY_\M̄R_S�N]]NX^SNV�MN�OJ`Y\S]N\�VJ�\NZ\S]N�M̄
Ķ`ĶXNWNX^]�]ZY\^SO]�J`NL�_X�MY_KVN�NXTN_�˲�ĶLYXYWS[_N�WJS]�J_]]S�]YLSJV�ZY_\�VN�VSNX˳�VN]�ĶWY^SYX]�N^�ZJ]]SYX]�ZJ\^JQĶN]�
[_N� Z\YL_\N� VN� ]ZNL^JLVN� ]ZY\^SO˰ � ;N]� 5\JXįJS]� YX^� ZJ\� JSVVN_\]� KSNX� LYWZ\S]� [_N� VN� WJSX^SNX� MN]� SX`N]^S]]NWNX^]� MN]�
ZJ\^NXJS\N]�Z\S`Ķ]�N]^�N]]NX^SNV�J_�]Y_^SNX�MN�LN�]NL^N_\˰ ́

δ���Z^] ̖

�
˛
MN]�]ZNL^J^N_\]�M̄Ķ`ĶXNWNX^]�

]ZY\^SO]�\N]]NX^NX^�_X�WJX[_N�

`S]̐Ě̐`S]�MN�LN^^N�JL^S`S^Ķ

<0=@D4

δ���Z^]
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��˛�MN]�]ZNL^J^N_\]�M̄

Ķ`ĶXNWNX^]�]ZY\^SO]�LYX]SMĻ\NX^�

VJ�MS]^JXLSJ^SYX�ZRc]S[_N�LYWWN�

_XN�WN]_\N�SXLS^J^S`N


�˛�MN]�]ZNL^J^N_\]�M̄

Ķ`ĶXNWNX^]�]ZY\^SO]�LYX]SMĻ\NX^�

VN�ZY\^�M_�WJ][_N�YKVSQJ^YS\N�

ZY_\�VN�Z_KVSL�LYWWN�_XN�

WN]_\N�SXLS^J^S`N

̓�;N]�JL^SYX]�SXLS^J^S`N]�Ě�Z\S`SVĶQSN\�ZY_\�VN�]ZY\^�]ZNL^JLVN˰

˫@��˲�2VJ]]Nd�ZJ\�Y\M\N�M̄SWZY\^JXLN�VN]�L\S^Ļ\N]�[_S�`Y_]�]NWKVN\JSNX^�SWZY\^JX^]�Ě�Z\NXM\N�NX�LYWZ^N�J`JX^�MN�Z\J^S[_N\�Y_�MN�`Y_]�\NXM\N�Ě�_XN�JL^S`S^Ķ�MN�MS`N\^S]]NWNX^˳�NX�VN]�XY^JX^�MN���Ě���˲���LY\\N]ZYXMJX^�J_�L\S^Ļ\N�[_N�`Y_]�T_QNd�
VN�ZV_]�SWZY\^JX^˳���J_�L\S^Ļ\N�[_N�`Y_]�T_QNd�VN�WYSX]�SWZY\^JX^˰

˫˫@��˲�BS�VJ�L\S]N�]JXS^JS\N�ZN\]S]^N�N^�[_N�V˿Y\QJXS]J^N_\�LYWW_XS[_N�]_\�VN]�WN]_\N]�]_S`JX^N]�J`JX^�V˿Ķ`ĻXNWNX^˳�[_NV�]N\JS^�V˿SWZJL^�MN�LRJL_XN�M˿NVVN]�]_\�`Y^\N�SXLS^J^SYX�Ě�c�ZJ\^SLSZN\�˺�
1J]N�˲�YX^�Z\J^S[_Ķ�V̄JL^S`S^Ķ�MJX]�VN]�
�MN\XSĻ\N]�JXXĶN]˰

?>AC�3D�<0B@D4 64BC8>=�58;4�3̄0CC4=C4

��˛�MN]�]ZNL^J^N_\]�

LYX]SMĻ\NX^�VJ�QN]^SYX�JWĶVSY\ĶN�

MN]�ŊVN]�M̄J^^NX^N]�LYWWN�_XN�

WN]_\N�SXLS^J^S`N

38BC0=280C8>=
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IYYW��`ĶXNWNX^SNV
BJVYX�˖�2YXOĶ\NXLN]

6\JXM�Z_KVSL

I�:=

̀
;N]�Q\JXMN]�\NXLYX^\N]�[_N�]YX^�VN]�
OYS\N]˳�]JVYX]�N^�LYXOĶ\NXLN]�Q\JXM�
Z_KVSL��OYX^�ZJ\^SN�SX^ĶQ\JX^N�MN�VJ�

`SN�MN]�5\JXįJS]˰�
?\Ļ]�MN���˛�M̄NX^\N�N_b�YX^�

JŎ\WĶ�\N]]NX^S\�_X�WJX[_N�`S]�Ě�
`S]�MN�LN]�Ķ`ĶXNWNX^]�VY\]�MN�VJ�

L\S]N�]JXS^JS\N˰

́
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̂˟��˛
MN]�5\JXįJS]�YX^�ZJ\^SLSZĶ�Ě�_XN�

OYS\N�Y_�]JVYX�Q\JXM�Z_KVSL˳�Ě�^S^\N�

XYX�Z\YON]]SYXXNV˳�J_�WYSX]�_XN�

OYS]�J_�LY_\]�MN]�
�MN\XSĻ\N]�

JXXĶN]

?A0C8@D4


�˛
�MN]�ZJ\^SLSZJX^]�Ě�_XN�OYS\N�Y_�

]JVYX�Q\JXM�Z_KVSL�\N]]NX^NX^�_X�

WJX[_N�`S]�Ě�`S]�MN�VJ�Z\J^S[_N�MN�

LN^^N�JL^S`S^Ķ

<0=@D4

�
˛
�MN]�ZJ\^SLSZJX^]�Ě�_XN�OYS\N�Y_�

]JVYX�Q\JXM�Z_KSL�]Y_RJS^NX^�

WJSX^NXS\�Y_�J_QWNX^N\�VN_\�

K_MQN^�JVVY_Ķ�J_�MS`N\^S]]NWNX^

1D364C

̓�;N]�LRSň\N]�LVĶ]�MN]�]JVYX]�N^�OYS\N]�Q\JXM�Z_KVSL�ZY]^̐LYXŊXNWNX^˰�

̖

̀3NZ_S]�ZV_]SN_\]�WYS]˳�VN]�]JVYX]�N^�VN]�OYS\N]�]_KS]]NX^�MN�ZVNSX�OY_N^�V̄SWZJL^�MN�VJ�L\S]N�]JXS^JS\N˰�4X^\N�VJ�ZJ]]SYX�M_�
]ZY\^�N^�VJ�LYX`S`SJVS^Ķ�M̄_X�ON]^S`JV˳�V̄NXTN_�N]^�MN�^JSVVN�ZY_\�VN]�]JVYX]�N^�OYS\N]�Q\JXM�Z_KVSL˰�;̄Ķ^_MN�XY_]�WYX^\N˳�NX^\N�
J_^\N]˳� V̄SWZY\^JXLN�ZY_\� VN]�]JVYX]�N^� OYS\N]�MN�L\ĶN\�MN]�LYWW_XJ_^Ķ]�JL^S`N]�MN�ZJ\^SLSZJX^]�N^�MN� VN_\� OJS\N�`S`\N�
_XN�NbZĶ\SNXLN�_XS[_N�N^�NXQJQNJX^N˰́

 ���Z^ δ�
�Z^
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�	˛�MN]�ZJ\^SLSZJX^]�Ě�MN]�

]JVYX]�N^�OYS\N]�Q\JXM�Z_KVSL�

LYX]SMĻ\NX^�VN�\N]ZNL^�MN�VJ�

MS]^JXLSJ^SYX�ZRc]S[_N�LYWWN�

_XN�WN]_\N�SXLS^J^S`N

�	˛�MN]�ZJ\^SLSZJX^]�Ě�MN]�

]JVYX]�N^�OYS\N]�Q\JXM�Z_KVSL�

N]^SWNX^�[_N�VJ�\ĶM_L^SYX�MN]�

ŊVN]�M̄J^^NX^N�N]^�_XN�WN]_\N�

SXLS^J^S`N

̓�;N]�JL^SYX]�SXLS^J^S`N]�Ě�Z\S`SVĶQSN\�ZY_\�VN]�]JVYX]�N^�OYS\N]�Q\JXM�
Z_KVSL˰

˫˫@��˲�BS�VJ�L\S]N�]JXS^JS\N�ZN\]S]^N�N^�[_N�V˿Y\QJXS]J^N_\�LYWW_XS[_N�]_\�VN]�WN]_\N]�]_S`JX^N]�J`JX^�V˿Ķ`ĻXNWNX^˳�[_NV�]N\JS^�V˿SWZJL^�MN�LRJL_XN�M˿NVVN]�]_\�`Y^\N�SXLS^J^SYX�Ě�c�ZJ\^SLSZN\�˺�
1J]N�˲�YX^�Z\J^S[_Ķ�V̄JL^S`S^Ķ�MJX]�VN]�
�MN\XSĻ\N]�JXXĶN]˰

38BC0=280C8>= 64BC8>=�58;4�3̄0CC4=C4 ?>AC�3D�<0B@D4

��˛�MN]�ZJ\^SLSZJX^]�Ě�MN]�

]JVYX]�N^�OYS\N]�Q\JXM�Z_KVSL�XN�

LYX]SMĻ\NX^�ZJ]�VN�ZY\^�M_�

WJ][_N�LYWWN�_XN�WN]_\N�

MS]]_J]S`N
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��˛
MN]�ZJ\^SLSZJX^]�Ě�MN]�LYXOĶ\NXLN]�

N^�J^NVSN\]�Q\JXM�Z_KVSL�\N]]NX^NX^�

_X�WJX[_N�`S]̐Ě̐`S]�MN�VJ�Z\J^S[_N�

MN�LN]�JL^S`S^Ķ]

<0=@D4

��˛
ZJ\^SLSZN\YX^�Ě�_XN�LYXOĶ\NXLN�Y_�

_X�J^NVSN\�Q\JXM�Z_KVSL�MJX]�VN]�

Z\NWSĻ\N]�]NWJSXN]�JZ\Ļ]�

V̄Y_`N\^_\N�VĶQJVN

A4C>DA



˛
MN]�ZJ\^SLSZJX^]�Ě�MN]�LYXOĶ\NXLN]�

N^�J^NVSN\]�Q\JXM�Z_KVSL�]YX^�Z\ĸ^]�Ě�

ZJcN\�ZY_\�_XN�`N\]SYX�MSQS^JVN�MN�

V̄JL^S`S^Ķ

3868C0;

̓�;N]�LRSň\N]�LVĶ]�MN]�LYXOĶ\NXLN]�N^�J^NVSN\]�Q\JXM�Z_KVSL�
ZY]^̐LYXŊXNWNX^˰�

γ����Z^] γ�
�Z^]

̀;J�L\S]N�]JXS^JS\N�[_S�J�^Y_LRĶ�VJ�5\JXLN�J�JLLĶVĶ\Ķ�VJ�^NXMJXLN�M_�MSQS^JV�[_S�]̄N]^�VJ\QNWNX^�MĶWYL\J^S]ĶN�J_�]NSX�MN]�
LYXOĶ\NXLN]˳�OY\_W]˳�J^NVSN\]�Y_�aY\U]RYZ]˰�BS�_X�^SN\]�MN]�ZJ\^SLSZJX^]�N]^�Z\ĸ^�Ě�ZJcN\�ZY_\�_XN�`N\]SYX�MSQS^JVN˳�VJ�
\NXLYX^\N�\N]^N�N]]NX^SNVVN�Z_S][_N���˛�\N]]NX^NX^�_X�WJX[_N�`S]̐Ě̐`S]�MN�VJ�Z\J^S[_N�MN�LN^^N�JL^S`S^Ķ˰�>X�ZN_^�NX�^Y_^�
LJ]�SWJQSXN\�[_N�MN]�W_^J^SYX]�]YX^�NX�LY_\]�ZY_\�L\ĶN\�V̄Ķ`ĶXNWNX^�MN�MNWJSX˰́

γ���Z^]
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��˛�MN]�ZJ\^SLSZJX^]�Ě�MN]�

LYXOĶ\NXLN]�N^�J^NVSN\]�Q\JXM�

Z_KVSL�N]^SWNX^�[_N�ZY\^N\�_X�

WJ][_N�X̄N]^�ZJ]�MS]]_J]SO


�˛�MN]�ZJ\^SLSZJX^]�Ě�MN]�

LYXOĶ\NXLN]�N^�J^NVSN\]�Q\JXM�

Z_KVSL�LYX]SMĻ\NX^�VJ�

MS]^JXLSJ^SYX�ZRc]S[_N�LYWWN�

_XN�WN]_\N�SXLS^J^S`N

̓�;N]�JL^SYX]�SXLS^J^S`N]�Ě�Z\S`SVĶQSN\�ZY_\�VN]�LYXOĶ\NXLN]�N^�J^NVSN\]�
Q\JXM�Z_KVSL˰

˫˫@��˲�BS�VJ�L\S]N�]JXS^JS\N�ZN\]S]^N�N^�[_N�V˿Y\QJXS]J^N_\�LYWW_XS[_N�]_\�VN]�WN]_\N]�]_S`JX^N]�J`JX^�V˿Ķ`ĻXNWNX^˳�[_NV�]N\JS^�V˿SWZJL^�MN�LRJL_XN�M˿NVVN]�]_\�`Y^\N�SXLS^J^SYX�Ě�c�ZJ\^SLSZN\�˺�
1J]N�˲�YX^�Z\J^S[_Ķ�V̄JL^S`S^Ķ�MJX]�VN]�
�MN\XSĻ\N]�JXXĶN]˰

38BC0=280C8>= A�3D2C8>=�34�;0�90D64


	˛�LYX]SMĻ\NX^�LYWWN�SXLS^J^SO�

VJ�\ĶM_L^SYX�M_�XYWK\N�MN�

ZN\]YXXN]�J]]S]^JX^�Ě�_XN�

LYXOĶ\NXLN�Y_�J^NVSN\�Q\JXM�

Z_KVSL

?>AC�3D�<0B@D4
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<Ķ^RYMYVYQSN

I�;8
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A�0;8B�4�3D�	��0D�	
�9D8=�	�	�
0Z\Ļ]�VJ�\ĶY_`N\^_\N�MN]�LSXĶWJ]˳�]JVVN]�MN�]ZNL^JLVN]�N^�V̄J_^Y\S]J^SYX�

MN�Z\J^S[_N\�_X�]ZY\^�LYVVNL^SO˰ �0`JX^�VJ�\ĶY_`N\^_\N�MN]�]^JMN]�N^�

RSZZYM\YWN]�MJX]�VJ�VSWS^N�MN������ZN\]YXXN]˰

������8=38E83DB�A4?A�B4=C0C85B�?0A�@D>C0B
Ɣ 6NX\N�˲�5̾7

Ɣ 0QN�˲����JX]�N^�ͅ

̓�<Ķ^RYMYVYQSN�˖�LYX^Nb^N�M̄Ķ^_MN˰

4=@D¡C4�BDA����@D4BC8>=B
4^_MN�[_JX^S^J^S`N�YXVSXN�\ĶJVS]ĶN�`SJ�V̄YWXSK_]�85>?

BYVVSLS^J^SYX�M_�ZJXNV�1SVNXMS˳�ZJ\^NXJS\N�MN�V̄85>?

<4=�4�?0A�;̄ 85>?
Ɣ 8]JKNVVN�CA4E8;;H�̐�3S\NL^\SLN�M_�?ŶVN�<ĶMSJ�˖�3SQS^JV

Ɣ ?SN\\N�B0;0<0�̐�2RJ\QĶ�M̄Ķ^_MN]˳�?ŶVN�<ĶMSJ�˖�3SQS^JV

:AH8:H:8:8
8X^N\MSL^SYX�Ķ`ĶXNWNX^]

͋������ZN\]YXXN]�
NX�WSVSN_�LYXŊXĶ

8@H8;H:8:8
8X^N\MSL^SYX�Ķ`ĶXNWNX^]

͋������ZN\]YXXN]�
NX�WSVSN_�LYXŊXĶ

9?H8;H:8:8
3ĶK_^�M_�LYXŊXNWNX^

8:H8>H:8:8
?RJ]N�	�M_�MĶLYXŊXNWNX^
AĶY_`N\^_\N�KJ\]
˖�\N]^J_\JX^]

9<H8;H:8:8
8X^N\MSL^SYX�Ķ`ĶXNWNX^]
͋�����ZN\]YXXN]�
NX�WSVSN_�LYXŊXĶ

9@H8=H:8:8��2�:8H8=H:8:8
4X[_ĸ^N�̐��MS^SYX���1J\YWĻ^\N
]_\������SXMS`SM_]�\NZ\Ķ]NX^J^SO]

99H8;H:8:8
2Y`SM̐���MĶLVJ\Ķ�ZJXMĶWSN�
WYXMSJVN�ZJ\�V̄><B

99H8=H:8:8
?RJ]N���M_�MĶLYXŊXNWNX^

::H8>H:8:8
AĶY_`N\^_\N�LSXĶWJ]˳�]JVVN]�MN�
]ZNL^JLVN]�N^�]ZY\^]�LYVVNL^SO]

;9H8@H:8:8
ANZ\S]N�RcZY^RĶ^S[_N

Ķ`ĶXNWNX^]�͋������ZN\]YXXN]�
]NVYX�LYXMS^SYX]�]JXS^JS\N]

Ɣ 2B?�˲�ͅ�̾�̐

Ɣ IYXN�˲�\ĶQSYX�˖�LJ^ĶQY\SN�M̄JQQVYWĶ\J^SYX

99H8?H:8:8
AĶY_`N\^_\N�MN]�]^JMN]�N^�
RSZZYM\YWN]�
͊������ZN\]YXXN]

:<H8>H:8:8��2�:>H8>H:8:8
4X[_ĸ^N�̐��MS^SYX�	�1J\YWĻ^\N
]_\������SXMS`SM_]�\NZ\Ķ]NX^J^SO]
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̓���Z\YZY]�MN]�ZJ\^NXJS\N]�Ě�V̄SXS^SJ^S`N�MN�LN^^N�Ķ^_MN˰

2YX^JL^�˲�8]JKNVVN�6NX^SVRYWWN�̓�SQNX^SVRYWWN˚^RNJ^\NZ\S`N˰LYW�
;N� BcXMSLJ^� =J^SYXJV� M_� CRĶĘ^\N� ?\S`Ķ� \NQ\Y_ZN� _XN� LNX^JSXN� MN�
^RĶĘ^\N]̐Z\YM_L^N_\]˳�MN�Z\YM_L^N_\]̐^Y_\XN_\]�N^�MN�]JVVN]�MN�]ZNL^JLVN�^JX^�
Ě� ?J\S]� [_̄NX� \ĶQSYX]˰� BN]� JMRĶ\NX^]� Z\Ķ]NX^NX^� ZV_]� MN� 
��� ]ZNL^JLVN]� N^�
JLL_NSVVNX^�ZV_]�MN���WSVVSYX]�MN�]ZNL^J^N_\]�ZJ\�JX˰�7S]^Y\S[_NWNX^˳�VN�B=3C?�
J� Ķ^Ķ� V̄_XN� MN]� Z\NWSĻ\N]� Y\QJXS]J^SYX]� ZJ^\YXJVN]� Ě� ]̄SX`N]^S\� MJX]� VJ�
XĶQYLSJ^SYX�M̄JLLY\M]�LYVVNL^SO]�N^�LYX^SX_N�MNZ_S]�Ě�TY_N\�_X�\ŶVN�WJTN_\�MJX]�
VN]� SX]^JXLN]� ZJ\S^JS\N]� M_� ]ZNL^JLVN� ˟Q\Y_ZN� MN� Z\Y^NL^SYX� ]YLSJVN� 0_MSNX]˳�
>ZLY�0OMJ]˱ˠ˰

2YX^JL^� WĶMSJ� � ˲� 0VSXN� ANXN^� ̓� J˰\NXN^˚Z\YMS]]˰Y\Q� ̓� �
� 

� 

� 
�� ��
3NZ_S]�����˳�VN�?A>38BB˳�]cXMSLJ^�XJ^SYXJV�M_�]ZNL^JLVN�W_]SLJV�N^�MN�`J\SĶ^Ķ�
N]^�VJ��Ļ\N�Y\QJXS]J^SYX�ZJ^\YXJVN�\NZ\Ķ]NX^J^S`N�MN]�Z\SXLSZJVN]�NX^\NZ\S]N]�M_�
]ZNL^JLVN� `S`JX^� Z\S`Ķ˰� ;N]� ���� NX^\NZ\NXN_\]� MN� ]ZNL^JLVN]� M_� ?A>38BB�
˟Z\YM_L^N_\]˳�MSň_]N_\]˳�]JVVN]�N^�ON]^S`JV]ˠ�LYWZY]NX^�V̄NX]NWKVN�MN�VJ�LRJSXN�
MN�L\ĶJ^SYX�N^�MN�MSň_]SYX�M˿_X�]ZNL^JLVN˳�N^����˛�M_�20�M_�]ZNL^JLVN�W_]SLJV�
N^�MN�`J\SĶ^Ķ�NX�5\JXLN˰

2YX^JL^�˲�<YRJWNM�1JRXJ]��̓�LYX^JL^˚MNLYXLN\^˰Y\Q�̓��
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