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+LH�Q�QD���FDÛF�PDÛ��OD�P�ODÑQK��DQJ�
FRÛ� D�QK� K�Ö�QJ� VD�X� UR�QJ� �H�Q� FXR�F�
VR�QJ�FX�D� FRQ�QJ�Ö�L��9��YD���� W�P�UD�
FDÛF�ORDÑL�PDÛ��ODÑQK�WLH�Q�WLH�Q�WLH�W�NLH�P�
QD�QJ�O�ÖÑQJ��NKR�QJ�JD���R��QKLH�P�YD��
JLDÛ�WKD�QK�UH��OD��PR�L�TXDQ�WD�P�FX�D�UD�W�
QKLHÂX� QKD�� NKRD� KRÑF� WUH�Q� NKD�S� WKH��
JLÖÛL�� 0DÛ�� OD�P� ODÑQK� ED�QJ� W��� WU�Ö�QJ�
K�ÛD�KHÑQ�FRÛ�WKH���DÛS��ÛQJ���ÖÑF�QK��QJ�
WLH�X�FK��FX�D�PR�W�PDÛ��ODÑQK�WLH�Q�WLH�Q��
/D�P� ODÑQK� ED�QJ� W��� WU�Ö�QJ� OD�� FR�QJ�
QJKH��OD�P�ODÑQK�G�ÑD�WUH�Q�KLH�X��ÛQJ�W���
QKLH�W�FX�D�YD�W�OLH�X��%D�Q�FKD�W�FX�D�KLH�X�
�ÛQJ�QD���OD��V�Ñ�FKX�H�Q�KRÛD�JL��D�QD�QJ�
O�ÖÑQJ�W�����QKLH�W�NKL�YD�W�OLH�X�FKÔX�WDÛF�
�R�QJ�FX�D�W���WU�Ö�QJ�QJRD�L��+LH�X��ÛQJ�
[XD�W� KLH�Q� YÖÛL� F�Ö�QJ� �R�� NKDÛF� QKDX�
Ö�� PRÑL� YD�W� OLH�X� YD�� ��ÖÑF� �DÛQK� JLDÛ�
WKR�QJ� TXD� JLDÛ� WUÔ� ELH�Q� WKLH�Q� QKLH�W�
�R���RDÑQ�QKLH�W�YD��ELH�Q�WKLH�Q�HQWURS��
W��� NKL� W��� WU�Ö�QJ� ELH�Q� �R�L��'�ÑD� YD�R�
FKLHÂX�K�ÖÛQJ�WKD���R�L�QKLH�W��R���KRD�F�
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SURGXFHG�E��XVLQJ�PHOW�VSLQQLQJ�DQG�VXEVHTXHQW�DQQHDOLQJ��
7KH� ;�UD��GLIIUDFWLRQ� GDWD� VKR�� WKDW� WKH� VDPSOHV��LWK� [� �
��Ù��� DUH� PDLQO�� VWUXFWXUHG� �LWK� 1L
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0Q6E� VLQJOH� SKDVH��

7KH� VKDSH� RI� WKHUPRPDJQHWL]DWLRQ� FXUYH� FRQVLGHUDEO��
GHSHQGV� RQ� WKH� 6E� FRQFHQWUDWLRQ� DQG� DQQHDOLQJ� SURFHVV��
7KH� DQWLIHUURPDJQHWLF�IHUURPDJQHWLF� WUDQVLWLRQ� LV� FOHDUO��
REVHUYHG�RQ�WKH�VDPSOHV��LWK�[� ���Ù����8QGHU�WKH�PDJQHWLF�
ILHOG� FKDQJH� RI� ��� N2H�� WKH� PD[LPXP� PDJQHWLF� HQWURS��
FKDQJH� �∆6
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� RI� WKH� ULEERQV� LV� DERXW� �� -�NJ���.���� %DVHG�

RQ� WKH� /DQGDXtV� SKDVH� WUDQVLWLRQ� WKHRU�� DQG� DQDO�VHV� RI�
WKH�PDJQHWLF�GDWD��WKH�FULWLFDO�SDUDPHWHUV�RI�WKH�DOOR�V�KDYH�
EHHQ�GHWHUPLQHG�

.H��R UG�� � FUL�LF DO� SDUDP H�H U�� �HX� OHU� DOO R��� PD�Q H�LF �
UHIU L�HUD�L RQ� �HF KQROR ��� PD� QH�L F� S KD�H� �U DQ�L �LR Q��
PD �QH �RFD ORUL F�HI IHF� �

�OD�� LIL FD�L RQ�QX PEHU ����

7�QK�FKD�W�W����KLH�X��ÛQJ�W���QKLH�W�YD��FDÛF�WKDP�VR��WÖÛL�KDÑQ�
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QKDQK��6DX��RÛ��PR�W�SKD�Q�ED�QJ��D����ÖÑF�X��QKLH�W�Ö��FDÛF�FKH���R��NKDÛF�QKDX��.H�W�TXD��SKD�Q�W�FK�JLD�Q��R��
QKLH�X�[DÑ�WLD�;�FKR�WKD���FDÛF�PD�X�YÖÛL�[� ��������YD�����FRÛ�FD�X�WUXÛF��ÖQ�SKD�1L
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0Q6E���DÛQJ��LH�X�FX�D�FDÛF�

��Ö�QJ�W���QKLH�W�SKXÑ�WKXR�F�PDÑQK�YD�R�QR�QJ��R��6E�YD��FKH���R��X����KX�H�Q�SKD�SKD�Q�VD�W�W�����VD�W�W���UR��QHÛW�
Ö��FDÛF�PD�X�YÖÛL�[� ���Ù����7URQJ�ELH�Q�WKLH�Q�W���WU�Ö�QJ�OD�����N2H��JLDÛ�WUÔ�ELH�Q�WKLH�Q�HQWURS��W���F�ÑF��DÑL�
FX�D�PD�X�FRÛ�[� �����DÑW������-�NJ���.�����DÛF�WKDP�VR��WÖÛL�KDÑQ�FX�D�PD�X���ÖÑF�[DÛF��ÔQK�G�ÑD�WUH�Q�SK�ÖQJ�
SKDÛS��UURWW�1RDNHV��

7���NKRÑ D��FKX �H�Q�SKD ��� ���FR� Q��Q�KH� �O D�P �OD �QK�ED� Q����� ��U ��� Q���KLH� X��ÑQ� �� ���QKLH� �� �K�� S�NLP ��H X�OHU ���KDP �
�R�� ��Ñ L�KD� Q�

�K�� �R�� SKD� Q�OR D�L� ���

1�X�H�Q��K���DL���1�X�H�Q��D�L��H�Q���3KDÑP��K���KDQK��

�LQK��K���LQK����X���DÑQK�4XDQ���������K���LP��QK���1�X�H�Q��X���D�Q�
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HQWURS��W����PD��KLH�X��ÛQJ�W���QKLH�W���ÖÑF�FKLD�WKD�QK�KDL�
ORDÑL�D�P�YD��G�ÖQJ��

&DÛF�KÖÑS�NLP�+HXVOHU�FRÛ�PR�W�VR���X��LH�P��H���ÛQJ�
GXÑQJ�WURQJ�FR�QJ�QJKH��OD�P�ODÑQK�ED�QJ�W���WU�Ö�QJ�QK���
FKR�FD��KLH�X��ÛQJ�W���QKLH�W�D�P�YD��G�ÖQJ��O�ÑF�NKDÛQJ�W���
WKD�S���H��GH�� W���KRÛD��YD���LH�Q� WUÖ��VXD�W�FDR���H��JLD�P�
KDR�SK��GR�GR�QJ�)XFR���>������7X��QKLH�Q��ORDÑL�YD�W�OLH�X�
QD���FX�QJ� FR�Q�PR�W� VR��QK�ÖÑF� �LH�P�FDÂQ���ÖÑF� NKD�F�
SKXÑF� QK�� NKRÛ� WDÑR� SKD� FD�X� WUXÛF� QK��PRQJ�PXR�Q��
YX�QJ�QKLH�W��R��OD�P�YLH�F�FX�D�YD�W�OLH�X�FR�Q�QD�P�QJRD�L�
YX�QJ�QKLH�W��R��SKR�QJ���LHÂX�QD����R�L�KR�L� FDÂQ� W�P� UD�
KÖÑS�SKDÂQ�YD��FR�QJ�QJKH��FKH��WDÑR�WK�FK�KÖÑS��H�� WKD��
�R�L� FD�X� WUXÛF� YD�� W�QK� FKD�W� FX�D� YD�W� OLH�X� QK�� PRQJ�
PXR�Q��7URQJ�ED�L�EDÛR�QD����FKXÛQJ�WR�L�WU�QK�ED���QK��QJ�
NH�W�TXD��QJKLH�Q�F�ÛX�YHÂ�V�Ñ�D�QK�K�Ö�QJ�FX�D�KÖÑS�SKDÂQ�
YD��TXDÛ�WU�QK�[���O�Û�QKLH�W�OH�Q�W�QK�FKD�W�W����KLH�X��ÛQJ�W���
QKLH�W�YD��FDÛF�WKDP�VR��WÖÛL�KDÑQ�FX�D�KÖÑS�NLP�+HXVOHU�
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����GDÑQJ�NKR�L���ÖÑF�WDÑR�WKD�QK�W���YLH�F�QD�X�QRÛQJ�FKD���
FDÛF� NLP� ORDÑL� 1L�� 0Q� YD�� 6E� FRÛ� �R�� VDÑFK� FDR� ED�QJ�
OR��KRÂ�TXDQJ�WURQJ�NK���U��+ÖÑS�NLP�VDX�NKL�QD�X�VH��
��ÖÑF�WDÑR�WKD�QK�GDÑQJ�ED�QJ�ED�QJ�SK�ÖQJ�SKDÛS�QJXR�L�
QKDQK�YÖÛL�WR�F��R��TXD��FX�D�WUR�QJ�OD�����P�V��6DX��RÛ��
PR�W�SKDÂQ�ED�QJ�VH����ÖÑF�X��QKLH�W�Ö��QKLH�W��R�����R&�YÖÛL�
WKÖ�L�JLDQ�����K����K����K�YD����K�WURQJ�PR�L�WU�Ö�QJ�NK��
�U���H��WUDÛQK�YLH�F�WDÑR�SKD�WUXQJ�JLDQ�WURQJ�TXDÛ�WU�QK�
X���PD�X���ÖÑF���D�YD�R�X��NKL�QKLH�W��R��OR���D��R�Q��ÔQK�
Ö�����R&�YD��QJD��NKL�KH�W�WKÖ�L�JLDQ�X���PD�X���ÖÑF�OD�P�
QJXR�L� QKDQK� WURQJ� Q�ÖÛF�� &D�X� WUXÛF� FX�D�PD�X� ��ÖÑF�
NKD�R� VDÛW� ED�QJ�SK�ÖQJ�SKDÛS� QKLH�X� [DÑ� WLD�;�� 7�QK�
FKD�W�W���YD��KLH�X��ÛQJ�W���QKLH�W�FX�D�PD�X���ÖÑF�NKD�R�VDÛW�
TXD�FDÛF�SKHÛS��R�W����R��WUH�Q�KH��W���NH��PD�X�UXQJ��
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QKLH�W��7D� WKD���FD�X� WUXÛF�FX�D�PD�X�SKXÑ� WKXR�F�PDÑQK�
YD�R�QRÂQJ��R��6E�YD��SKD�+HXVOHU��DÂ���X��1L
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SKD�FKX���H�X�FRÛ�PD�W�Ö��KDÂX�KH�W�FDÛF�PD�X��&XÑ�WKH���YÖÛL�
QK��QJ�PD�X�FRÛ�QRÂQJ��R��6E�WKD�S�QK��[� ����YD�����WK��
WURQJ�FD�X�WUXÛF�FRÛ�SKD�1L
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6E�WD�QJ�OH�Q�WK��SKD�1L
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0Q6E�[XD�W�KLH�Q�YD��WKD��WKH��

KRD�Q�WRD�Q�FDÛF�SKD�NKDÛF��&DÛF�PD�X�YÖÛL�[� ���Ù���FRÛ�
FD�X�WUXÛF��ÖQ�SKD�1L
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[DÑ�FX�D�SKD�QD���WD�QJ�OH�Q�NKL�QRÂQJ��R��6E�WD�QJ��&K�QK�
QK��QJ�WKD���R�L�YHÂ�FD�X�WUXÛF�WKHR�QRÂQJ��R��6E�QK��YD���
�D��NHÛR�WKHR�V�Ñ�WKD���R�L�YHÂ�FDÛF�W�QK�FKD�W�W���YD��KLH�X�
�ÛQJ�W���QKLH�W�FX�D�KÖÑS�NLP�

6�Ñ� FKX�H�Q� SKD� W��� FX�D� KÖÑS� NLP���ÖÑF� NKD�R� VDÛW�
WKR�QJ�TXD�FDÛF���Ö�QJ�W����R��SKXÑ�WKXR�F�YD�R�QKLH�W��R��
�R� WURQJ� W��� WU�Ö�QJ� ��� N2H�FX�D�PD�X� FK�D� X�� QKLH�W�
�K�QK��D��YD�� FX�D�PD�X�YÖÛL�[� �����D��X��QKLH�W� �K�QK�
�E���7D�WKD����GDÛQJ��LH�X�FDÛF���Ö�QJ�W���QKLH�W�WKD���R�L�
UR��UD�QJ�WKHR�QRÂQJ��R��6E�YD��FKH���R��X��QKLH�W��&XÑ�WKH���
K�QK��D�FKR�WKD���PD�X�FRÛ�[� ���Ù���[XD�W�KLH�Q�FKX�H�Q�
SKD�SKD�Q�VD�W�W�����VD�W�W�����)0�)0��WDÑL�YX�QJ�QKLH�W��R��
NKRD�QJ����Ù����.��1KLH�W��R��FKX�H�Q�SKD�QD���JLD�P�
�L�WKHR�FKLHÂX�WD�QJ�FX�D�QRÂQJ��R��6E��.KL�QRÂQJ��R��6E�
FDR��[� �����KRD�F�WKD�S��[� �����WK��FKX�H�Q�SKD��)0�
)0�NKR�QJ�[XD�W�KLH�Q�

%H�Q� FDÑQK� �RÛ�� FKXÛQJ� WR�L� FX�QJ��D�� X��PD�X� Ö�� FDÛF�
FKH���R��NKDÛF�QKDX��H��PRQJ�WDÑR���ÖÑF�W�QK�FKD�W�W���WR�W��
.H�W�TXD��WKX���ÖÑF�OD��W�QK�FKD�W�W���FX�D�PD�X�ED�QJ�YÖÛL�
[� ����WKD���R�L�UR��WKHR�QK��QJ�FKH���R��X��NKDÛF�QKDX��
9��YD����PD�X�QD���VDX�NKL�X��QKLH�W��D����ÖÑF�FKRÑQ��H��
NKD�R�VDÛW�W�QK�FKD�W�W����+�QK��E�OD��FDÛF���Ö�QJ�W���QKLH�W�
�R�WURQJ�W���WU�Ö�QJ����N2H�FX�D�PD�X�ED�QJ�YÖÛL�[� ����
VDX�X��QKLH�W��6DX�NKL�X��WURQJ�WKÖ�L�JLDQ���K����K�YD����K��
FKX�H�Q�SKD��)0�)0�WUÖ��QH�Q�UR��QHÛW�KÖQ�WU�ÖÛF�NKL�X���
1KLH�W��R��&XULH�FX�D�PD�X�WU�ÖÛF�YD��VDX�NKL�X��JDÂQ�QK��
NKR�QJ�WKD���R�L�

+LH�X��ÛQJ�W���QKLH�W�FX�D�PD�X���ÖÑF��DÛQK�JLDÛ�TXD�JLDÛ�
WUÔ�ELH�Q�WKLH�Q�HQWURS��W����∆6
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&DÛF���Ö�QJ�0�+����ÖÑF�UXÛW�UD�ED�QJ�FDÛFK�ELH�Q��R�L�
W���FDÛF���Ö�QJ��R�WK�ÑF�QJKLH�P�0�7��FX�D�PD�X�Ö��FDÛF�
W���WU�Ö�QJ�NKDÛF�QKDX��K�QK����WUH�Q�KH��W���NH��PD�X�UXQJ��
+�QK��E�ELH�X�GLH�Q�JLDÛ�WUÔ�ELH�Q�WKLH�Q�HQWURS��W���∆6
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FX�D�PD�X�YÖÛL�[� ����NKL�FK�D�X��QKLH�W�WURQJ�ELH�Q�WKLH�Q�
W���WU�Ö�QJ�∆+� ����N2H��*LDÛ�WUÔ�ELH�Q�WKLH�Q�HQWURS��W���
F�ÑF��DÑL��DÑW�_∆6
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&KX�H�Q�SKD�W���YD�� WUD�W�W�Ñ� W���WURQJ�KÖÑS�NLP���ÖÑF�
W�P�KLH�X�UR��KÖQ�WKR�QJ�TXD�FDÛF���Ö�QJ��UURWW��0��+�0�
�K�QK��D���7���FDÛF���Ö�QJ�QD���WD�W�P�UD���ÖÑF�FDÛF��DÑL�
O�ÖÑQJ�TXDQ�WURÑQJ�QK��W����R��ED�R�KR�D�0
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WÖÛL�KDÑQ�β��γ�YD��δ�OLH�Q�KH��YÖÛL�KDL��DÑL�O�ÖÑQJ�WUH�Q�WKHR�
FDÛF�FR�QJ�WK�ÛF��UURWW�1RDNHV�QK��VDX�>���������
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�YD��'�OD��FDÛF�ELH�Q��R��WÖÛL�KDÑQ�

+�QK��D�OD��FDÛF���Ö�QJ�0��+�0�FX�D�PD�X�YÖÛL�[� ����
NKL�FK�D�X��QKLH�W��7D�QKD�Q�WKD�����Ö�QJ�W�ÖQJ��ÛQJ�YÖÛL�
QKLH�W��R������.��JDÂQ�7

&
��FRÛ�GDÑQJ�JDÂQ�QK��WX�H�Q�W�QK��

&DÛF���Ö�QJ�NKDÛF�FRÛ�GDÑQJ�SKL�WX�H�Q�Ö��YX�QJ�W���WU�Ö�QJ�
WKD�S�YD��GDÑQJ�WX�H�Q�W�QK�Ö��YX�QJ�W���WU�Ö�QJ�FDR��+�QK�
GDÑQJ�SKDÂQ���Ö�QJ�FRQJ�FX�D�QK��QJ���Ö�QJ�FRÛ�QKLH�W�
�R��WUH�Q�YD��G�ÖÛL�7
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�FRÛ�K�ÖÛQJ�QJ�ÖÑF�QKDX��.KL�QJRDÑL�

VX��WX�H�Q�W�QK���Ö�QJ��UURWW�WDÑL�YX�QJ�W���WU�Ö�QJ�FDR�WD�
WKX���ÖÑF�FDÛF���Ö�QJ�0
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�DÑL� O�ÖÑQJ�QK��7
&
��β� YD�� γ� W�P���ÖÑF�ED�QJ�FDÛFK� OD�P�

NKÖÛS� VR�� OLH�X� FX�D�KDL���Ö�QJ�QD���YÖÛL� O�Û� WKX�H�W� G�ÑD�
WKHR�FR�QJ�WK�ÛF�����YD�������δ�W�QK���ÖÑF�QKÖ��FR�QJ�WK�ÛF�
����>�������.H�W�TXD��WKX���ÖÑF�OD��7
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“��������γ� �������“�������YD��δ� �������7D�WKD���JLDÛ�WUÔ�
β�QD�P�JL��D�PR��K�QK�WU�Ö�QJ�WUXQJ�E�QK��0HDQ�ILHOG��
YD���'�+HLVHQEHUJ�� WURQJ�NKL�γ� FRÛ�JLDÛ� WUÔ�JDÂQ��XÛQJ�
YÖÛL�PR��K�QK�WU�Ö�QJ�WUXQJ�E�QK��ED�QJ����

�.H�W�TXD��WUH�Q�FRÛ�WKH����ÖÑF�JLD�L�WK�FK�OD��GR�NKL�PD�X�
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