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hŶŝǀĞƌƐŝƚĠ��ůĞƌŵŽŶƚ��ƵǀĞƌŐŶĞ
h&Z�ĚĞ�WƐǇĐŚŽůŽŐŝĞ�^ŽĐŝĂůĞ͕�^ĐŝĞŶĐĞƐ�^ŽĐŝĂůĞƐ�Ğƚ�^ĐŝĞŶĐĞƐ�ĚĞ�ů͛�ĚƵĐĂƚŝŽŶ��

>ĂďŽƌĂƚŽŝƌĞ�ĚĞ�WƐǇĐŚŽůŽŐŝĞ�^ŽĐŝĂůĞ�Ğƚ��ŽŐŶŝƚŝǀĞ�Ͳ��EZ^͕�hDZ�ϲϬϮϰ

d,�^��ĞŶ�ǀƵĞ�ĚĞ�ů͛ŽďƚĞŶƚŝŽŶ�ĚƵ�

�K�dKZ�d�ĞŶ�ƉƐǇĐŚŽůŽŐŝĞ�

DĞŵďƌĞƐ�ĚƵ�ũƵƌǇ�͗

^ǇůǀŝĞ��ZK/dͲsK>�d�Ͳ�WƌŽĨĞƐƐĞƵƌĞ�ĚĞƐ�ƵŶŝǀĞƌƐŝƚĠƐ͕�>ĂďŽƌĂƚŽŝƌĞ�ĚĞ�WƐǇĐŚŽůŽŐŝĞ�^ŽĐŝĂůĞ�Ğƚ�
�ŽŐŶŝƚŝǀĞ�Ͳ��EZ^͕�hDZ�ϲϬϮϰ͕�hŶŝǀĞƌƐŝƚĠ��ůĞƌŵŽŶƚͲ�ƵǀĞƌŐŶĞ͘�

^ĂŶĚƌŝŶĞ�'/>�Ͳ�WƌŽĨĞƐƐĞƵƌĞ�ĚĞƐ�ƵŶŝǀĞƌƐŝƚĠƐ͕��ĞŶƚƌĞ�ĚĞ�ZĞĐŚĞƌĐŚĞ�ƐƵƌ�ůĂ��ŽŐŶŝƚŝŽŶ�Ğƚ�
ů͛�ƉƉƌĞŶƚŝƐƐĂŐĞ͕�hDZ�ϳϮϵϱ͕�hŶŝǀĞƌƐŝƚĠ�ĚĞ�WŽŝƚŝĞƌƐ͘�;ZĂƉƉŽƌƚĞƵƌĞͿ͘�

DĂƌƚŝĂů�D�ZD/>>K��Ͳ�WƌŽĨĞƐƐĞƵƌ�ĚĞƐ�ƵŶŝǀĞƌƐŝƚĠƐ͕�>ĂďŽƌĂƚŽŝƌĞ�ĚĞ�WƐǇĐŚŽůŽŐŝĞ�Ğƚ�EĞƵƌŽͲ
ĐŽŐŶŝƚŝŽŶ͕��EZ^͕��hDZ�ϱϭϬϱ͕�hŶŝǀĞƌƐŝƚĠ�'ƌĞŶŽďůĞ��ůƉĞƐ͘�

&ƌĂŶĕŽŝƐ�K^/hZ�<�Ͳ�WƌŽĨĞƐƐĞƵƌ�ĚĞƐ�hŶŝǀĞƌƐŝƚĠƐ͕�>ĂďŽƌĂƚŽŝƌĞ�Ě͛�ƚƵĚĞ�ĚĞƐ�DĠĐĂŶŝƐŵĞƐ�
�ŽŐŶŝƚŝĨƐ�Ͳ���ϯϬϴϮ͕�hŶŝǀĞƌƐŝƚĠ�>ƵŵŝğƌĞ�>ǇŽŶ�Ϯ͘�

�ŶŶĞͲ�ůĂŝƌĞ�Z�dd�d�Ͳ�DĂŠƚƌĞ�ĚĞ�ĐŽŶĨĠƌĞŶĐĞƐ͕�>ĂďŽƌĂƚŽŝƌĞ�^ĐŝĞŶĐĞƐ�ĚĞ�ůĂ��ŽŐŶŝƚŝŽŶ͕�
dĞĐŚŶŽůŽŐŝĞ͕��ƌŐŽŶŽŵŝĞ�Ͳ����ϳϰϮϬ͕�/ŶƐƚŝƚƵƚ�EĂƚŝŽŶĂů�hŶŝǀĞƌƐŝƚĂŝƌĞ��ŚĂŵƉŽůůŝŽŶ͘��

sĂůĠƌŝĞ�d�Zd�^�Ͳ�WƌŽĨĞƐƐĞƵƌĞ�ĚĞƐ�ƵŶŝǀĞƌƐŝƚĠƐ͕�>ĂďŽƌĂƚŽŝƌĞ��ŽŐŶŝƚŝŽŶ͕�>ĂŶŐƵĞƐ͕�>ĂŶŐĂŐĞƐ͕�
�ƌŐŽŶŽŵŝĞ͕�hDZ�ϱϮϲϯ͕�ƵŶŝǀĞƌƐŝƚĠ�ĚĞ�dŽƵůŽƵƐĞ͘�;ZĂƉƉŽƌƚĞƵƌĞͿ͘�

WĂƌ�YƵĞŶƚŝŶ�,�>>����

�ĠǀĞůŽƉƉĞŵĞŶƚ͕�dĞŵƉƐ�Ğƚ��ƚƚĞŶƚŝŽŶ ͗�
�ŽŵƉŽƌƚĞŵĞŶƚ�Ğƚ�DŽĚĠůŝƐĂƚŝŽŶ

^ŽƵƐ�ůĂ�ĚŝƌĞĐƚŝŽŶ�ĚƵ�WƌŽĨĞƐƐĞƵƌĞ��

^ǇůǀŝĞ��ZK/dͲsK>�d

^ŽƵƚĞŶƵĞ�ƉƵďůŝƋƵĞŵĞŶƚ�ůĞ�ϭϴ�:ƵŝůůĞƚ�ϮϬϭϵ









hŶŝǀĞƌƐŝƚĠ��ůĞƌŵŽŶƚ��ƵǀĞƌŐŶĞ
h&Z�ĚĞ�WƐǇĐŚŽůŽŐŝĞ�^ŽĐŝĂůĞ͕�^ĐŝĞŶĐĞƐ�^ŽĐŝĂůĞƐ�Ğƚ�^ĐŝĞŶĐĞƐ�ĚĞ�ů͛�ĚƵĐĂƚŝŽŶ�

>ĂďŽƌĂƚŽŝƌĞ�ĚĞ WƐǇĐŚŽůŽŐŝĞ�^ŽĐŝĂůĞ�Ğƚ��ŽŐŶŝƚŝǀĞ�Ͳ �EZ^͕�hDZ�ϲϬϮϰ

WĂƌ�YƵĞŶƚŝŶ�,�>>��

ZĠĂůŝƐĠĞ ƐŽƵƐ�ůĂ�ĚŝƌĞĐƚŝŽŶ�ĚƵ�WƌŽĨĞƐƐĞƵƌĞ�^ǇůǀŝĞ��ZK/dͲsK>�d

^ŽƵƚĞŶƵĞ�ƉƵďůŝƋƵĞŵĞŶƚ�ůĞ�ϭϴ�:ƵŝůůĞƚ�ϮϬϭϵ
WƌĠƐĞŶƚĠĞ�ĞŶ�ǀƵĞ�ĚĞ�ů͛ŽďƚĞŶƚŝŽŶ�ĚƵ�ŐƌĂĚĞ�ĚĞ��ŽĐƚĞƵƌ�ĞŶ�WƐǇĐŚŽůŽŐŝĞ

DĞŵďƌĞƐ�ĚƵ�ũƵƌǇ�͗

^ǇůǀŝĞ��ZK/dͲsK>�d Ͳ WƌŽĨĞƐƐĞƵƌĞ�ĚĞƐ�ƵŶŝǀĞƌƐŝƚĠƐ͕�>ĂďŽƌĂƚŽŝƌĞ�ĚĞ�WƐǇĐŚŽůŽŐŝĞ�^ŽĐŝĂůĞ�Ğƚ�
�ŽŐŶŝƚŝǀĞ�Ͳ �EZ^͕�hDZ�ϲϬϮϰ͕�hŶŝǀĞƌƐŝƚĠ��ůĞƌŵŽŶƚͲ�ƵǀĞƌŐŶĞ͘
^ĂŶĚƌŝŶĞ�'/> Ͳ WƌŽĨĞƐƐĞƵƌĞ�ĚĞƐ�ƵŶŝǀĞƌƐŝƚĠƐ͕��ĞŶƚƌĞ�ĚĞ�ZĞĐŚĞƌĐŚĞ�ƐƵƌ�ůĂ��ŽŐŶŝƚŝŽŶ�Ğƚ�
ů͛�ƉƉƌĞŶƚŝƐƐĂŐĞ͕�hDZ�ϳϮϵϱ͕�hŶŝǀĞƌƐŝƚĠ�ĚĞ�WŽŝƚŝĞƌƐ͘ ;ZĂƉƉŽƌƚĞƵƌĞͿ͘
DĂƌƚŝĂů�D�ZD/>>K� Ͳ WƌŽĨĞƐƐĞƵƌ�ĚĞƐ�ƵŶŝǀĞƌƐŝƚĠƐ͕�>ĂďŽƌĂƚŽŝƌĞ�ĚĞ�WƐǇĐŚŽůŽŐŝĞ�Ğƚ�EĞƵƌŽͲ
ĐŽŐŶŝƚŝŽŶ͕��EZ^� hDZ�ϱϭϬϱ͕�hŶŝǀĞƌƐŝƚĠ�'ƌĞŶŽďůĞ��ůƉĞƐ͘
&ƌĂŶĕŽŝƐ�K^/hZ�< Ͳ WƌŽĨĞƐƐĞƵƌ�ĚĞƐ�hŶŝǀĞƌƐŝƚĠƐ͕�>ĂďŽƌĂƚŽŝƌĞ�Ě͛�ƚƵĚĞ�ĚĞƐ�DĠĐĂŶŝƐŵĞƐ�
�ŽŐŶŝƚŝĨƐ�Ͳ ��ϯϬϴϮ͕�hŶŝǀĞƌƐŝƚĠ�>ƵŵŝğƌĞ�>ǇŽŶ�Ϯ͘
�ŶŶĞͲ�ůĂŝƌĞ�Z�dd�d Ͳ DĂŠƚƌĞ�ĚĞ�ĐŽŶĨĠƌĞŶĐĞƐ͕�>ĂďŽƌĂƚŽŝƌĞ�^ĐŝĞŶĐĞƐ�ĚĞ�ůĂ��ŽŐŶŝƚŝŽŶ͕�
dĞĐŚŶŽůŽŐŝĞ͕��ƌŐŽŶŽŵŝĞ�Ͳ ���ϳϰϮϬ͕��ĞŶƚƌĞ�hŶŝǀĞƌƐŝƚĠ�ĚĞ�&ŽƌŵĂƚŝŽŶ�Ğƚ�ĚĞ�ZĞĐŚĞƌĐŚĞ�:ĞĂŶͲ
&ƌĂŶĕŽŝƐ��ŚĂŵƉŽůůŝŽŶ͘
sĂůĠƌŝĞ�d�Zd�^ Ͳ WƌŽĨĞƐƐĞƵƌĞ�ĚĞƐ�ƵŶŝǀĞƌƐŝƚĠƐ͕�>ĂďŽƌĂƚŽŝƌĞ��ŽŐŶŝƚŝŽŶ͕�>ĂŶŐƵĞƐ͕�>ĂŶŐĂŐĞƐ͕�
�ƌŐŽŶŽŵŝĞ͕�hDZ�ϱϮϲϯ͕�ƵŶŝǀĞƌƐŝƚĠ�ĚĞ�dŽƵůŽƵƐĞ͘ ;ZĂƉƉŽƌƚĞƵƌĞͿ͘

�ĠǀĞůŽƉƉĞŵĞŶƚ͕�dĞŵƉƐ�Ğƚ��ƚƚĞŶƚŝŽŶ ͗��ŽŵƉŽƌƚĞŵĞŶƚ�Ğƚ�DŽĚĠůŝƐĂƚŝŽŶ

��1��



7RXW�GpPDUUH�G¶XQH�SDJH�EODQFKH«



5HPHUFLHPHQWV

-¶DGUHVVH� PHV� SUHPLHUV� UHPHUFLHPHQWV� j� 6\OYLH� 'URLW�9ROHW�� 6DFKH]� TXH� SDU� YRWUH
VLPSOH�SUpVHQFH�HW�SDU�O¶HQJRXHPHQW�TXH�YRXV�SRUWH] SRXU�OD�UHFKHUFKH��YRXV�PHWWH]�j�PDO�WRXW
PDQTXH�GH�PRWLYDWLRQ�RX�G¶LGpH��$X�FRXUV�GH�FHV���DQQpHV�GH�GRFWRUDW��M¶DL�DSSULV�TXH�YRWUH�
SURIHVVLRQQDOLVPH�Q¶DYDLW�G¶pJDO�TXH�YRWUH�JUDQG�F°XU� 3URIRQGpPHQW�ELHQYHLOODQWH��YRXV DYH]�
WRXMRXUV�VX�rWUH j PRQ�pFRXWH��9RXV�DYH]�pWp�XQH�UpHOOH�VRXUFH�G¶LQVSLUDWLRQ�SRXU�PRL��PHUFL�
SRXU�YRWUH�HQFDGUHPHQW�VDQV�IDLOOH�

-H�UHPHUFLH�pJDOHPHQW�0DUWLDO�0HUPLOORG�SRXU�VD�GLVSRQLELOLWp�WDQW�SRXU�OD�IRUPDWLRQ�
TX¶LO�P¶D�GLVSHQVpH VXU�OD�PRGpOLVDWLRQ�HQ�UpVHDX�GH�QHXURQHV��TXH�SRXU�OH�VXLYL GX�WUDYDLO UHODWLI�
j�FH�VXMHW�

3OXV�JpQpUDOHPHQW��MH�UHPHUFLH WRXV�OHV�UDSSRUWHXUV�HW�OHV�PHPEUHV�GX�MXU\�SRXU�OH�WHPSV�
HW�O¶LQWpUrW�TX¶LOV�RQW�FRQVDFUpV j�pYDOXHU�FH�WUDYDLO�GH�WKqVH��

-H� WLHQV� pJDOHPHQW� j� UHPHUFLHU� WRXV� OHV� HQIDQWV� TXL� VH� VRQW� SRUWpV� YRORQWDLUHV� SRXU�
SDUWLFLSHU j�FHV�H[SpULHQFHV��SDUIRLV� ORQJXHV��DLQVL�TXH� WRXV� OHV�SURIHVVHXUV�HW� OHV�GLUHFWHXUV�
D\DQW�SHUPLV�OHXUV�UpDOLVDWLRQV�

0HV�SURFKDLQV�UHPHUFLHPHQWV�LURQW�j�PD�IDPLOOH��QRWDPPHQW�j�PRQ�SqUH�SRXU�OHTXHO�FHV�
PRWV�H[SULPHQW�LQVXIILVDPPHQW�WRXWH�PD�UHFRQQDLVVDQFH�HQYHUV�VRQ�VRXWLHQ�LQGpIHFWLEOH�
-H� UHPHUFLH� ELHQ� pYLGHPPHQW� DXVVL� PD� PqUH� TXL�� ELHQ� TX¶pORLJQpH� Q¶D� SDV� FHVVp� GH�
P¶HQFRXUDJHU��0HUFL�DXVVL�j�$XUpOLHQ��$XUpOLH�HW�j�PD�V°XU��(QILQ��MH UHPHUFLH $UPDQG��PrPH�
V¶LO�P¶D�SRXVVp�j�WRXW�VDXI�DX�WUDYDLO� 0HUFL�j�YRXV G¶DYRLU�WRXMRXUV�FUX�HQ�PRL�

0HUFL�DXVVL�j 6DQGULQH��$OLFH�HW�$XUpOLH�SRXU�OHXU�DLGH�GDQV�OD�UHOHFWXUH�GH�PD�WKqVH��
6DQGULQH��MH�WH�UHPHUFLH�pJDOHPHQW�SRXU�WRQ�DFFRPSDJQHPHQW�GHSXLV�OD�PDWHUQHOOH�

-H�VRXKDLWH�pJDOHPHQW�UHPHUFLHU�PD�EHOOH�IDPLOOH��0HUFL�j�'HQLV�HW�j�1DWKDOLH�SRXU�YRWUH�
DFFXHLO�GDQV�YRWUH�IDPLOOH��6DFKH]�TXH�MH�VXLV�ILHU�G¶\�rWUH�XQ�PHPEUH�j�SDUW�HQWLqUH��
0HUFL�DXVVL�j�0DULQH�HW�j�&KDUO\��

(QILQ��MH�UHPHUFLH�FHWWH�WKqVH��VDQV�TXL�MH�Q¶DXUDL�MDPDLV�UHQFRQWUp�$OLVpH� 6L�PD�WKqVH�
V¶DUUrWH�DX�WHUPH�GH�FHV���DQQpHV��M¶DL�HQFRUH WRXW�OH�UHVWH�GH�PD�YLH�SRXU�WH�GpFRXYULU��&H�Q¶HVW�
SDV� LFL� OH� OLHX�SRXU�VH� ODLVVHU� V¶HPSRUWHU�GDQV�XQH�HQYROpH� O\ULTXH��QL� OH�PRPHQW�G¶DLOOHXUV��
-¶HVSqUH�WH�IDLUH�VDYRLU�FKDTXH�MRXU�{�FRPELHQ�WX�HV�LPSRUWDQWH�SRXU�PRL�HW�j�TXHO SRLQW�M¶DL�
EHVRLQ�GH�WRL�GDQV�PD�YLH«



7DEOH�GHV�PDWLqUHV

/E&hE�/�h>hD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭ

�,�W/dZ�^�d,�KZ/Yh�^ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰ

�,�W/dZ��/ ͗�>�^��KE�h/d�^��͛�^d/D�d/KE��h�d�DW^��,���>͛,KDD�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱ

/ ʹD�d,K����͛�dh����,���>͛,KDD�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳ
/�ʹ ϭ͘�DĠƚŚŽĚĞƐ�ĚĞ�ĐŽŵƉĂƌĂŝƐŽŶ�;ƚąĐŚĞƐ�ĚĞ�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ͕�ĚĞ�ďŝƐƐĞĐƚŝŽŶ�Ğƚ�ĚĞ�ŐĠŶĠƌĂůŝƐĂƚŝŽŶͿ ͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴ

/�ʹ ϭ͘ϭ͘�WƌĠƐĞŶƚĂƚŝŽŶƐ�ĚĞƐ�ŵĠƚŚŽĚĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴ
/�ʹ ϭ͘Ϯ͘�hƚŝůŝƐĂƚŝŽŶ�ĚĞƐ�ŵĠƚŚŽĚĞƐ�ĚĞ�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ĐŚĞǌ�ůĞ�ũĞƵŶĞ�ĞŶĨĂŶƚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯ

/�ʹ Ϯ͘�dąĐŚĞƐ�ĚĞ�WƌŽĚƵĐƚŝŽŶ�Ğƚ�ZĞƉƌŽĚƵĐƚŝŽŶ�ƚĞŵƉŽƌĞůůĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳ
/�ʹ Ϯ͘ϭ͘�WƌĠƐĞŶƚĂƚŝŽŶ�ĚĞƐ�ĚŝǀĞƌƐĞƐ�ŵĠƚŚŽĚĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳ
/�ʹ Ϯ͘Ϯ͘ hƚŝůŝƐĂƚŝŽŶ�ĚĞƐ�ŵĠƚŚŽĚĞƐ�ĚĞ�ƉƌŽĚƵĐƚŝŽŶ�Ğƚ�ƌĞƉƌŽĚƵĐƚŝŽŶ�ĐŚĞǌ�ůĞ�ũĞƵŶĞ�ĞŶĨĂŶƚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵ

// ʹ >�^�'Z�E��^�WZKWZ/�d�^ �h�:h'�D�Ed��h�d�DW^ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭ
//�ʹ ϭ͘�WƌŽƉƌŝĠƚĠ�ƐĐĂůĂŝƌĞ�ĚƵ�ƚĞŵƉƐ�Ğƚ�ůŽŝ�ĚĞ�tĞďĞƌ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭ
//�ʹ Ϯ͘�>Ă�ǀĂƌŝĂƚŝŽŶ�ĚĞ�ůĂ�ƉĞƌĐĞƉƚŝŽŶ�ĚƵ�ƚĞŵƉƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯ

//�ʹ Ϯ͘ϭ͘�>͛ĞĨĨĞƚ�ĚĞ�ŵŽĚĂůŝƚĠ�ƐĞŶƐŽƌŝĞůůĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯ
//�ʹ Ϯ͘Ϯ͘�>͛ĞƌƌĞƵƌ�Ě͛ŽƌĚƌĞ�ƚĞŵƉŽƌĞů ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϱ
//�ʹ Ϯ͘ϯ͘�>͛ĞĨĨĞƚ�sŝĞƌŽƌĚƚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϱ

�,�W/dZ��// ͗�>�^�DK��>�^����>��W�Z��Wd/KE��h�d�DW^ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴ

/ ʹ >�^�DK��>�^��/d^�ͨ W���D�<�ZͲ���hDh>�dKZ ͩ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴ
/�ʹ ϭ͘�>Ğ�ŵŽĚğůĞ�ĚĞ�dƌĞŝƐŵĂŶ�;ϭϵϲϯͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴ
/�ʹ Ϯ͘�>Ğ�ŵŽĚğůĞ�ĚĞ�ƚƌĂŝƚĞŵĞŶƚ�ĚĞ�ů͛ŝŶĨŽƌŵĂƚŝŽŶ�ƚĞŵƉŽƌĞůůĞ�ĚĞ�'ŝďďŽŶ͕��ŚƵƌĐŚ Ğƚ�DĞĐŬ�;ϭϵϴϰͿ ͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭ

// ʹ >�^�DK��>�^��/d^�ͨ K^�/>>�dKZ^�ͬ �K4E�/��E��Ͳ��d��d/KE ͩ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱ
//�ʹ ϭ͘�>ĞƐ�ŵŽĚğůĞƐ�ĚĞ�ĚĠƚĞĐƚŝŽŶ�ĚĞ�ĐŽŢŶĐŝĚĞŶĐĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϲ

//�ʹ ϭ͘ϭ͘�>Ğ�ŵŽĚğůĞ�ĚĞ�ĨƌĠƋƵĞŶĐĞ�ĚĞ�ďĂƚƚĞŵĞŶƚ�ĚĞ�DŝĂůů�;ϭϵϴϵͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϲ
//�ʹ ϭ͘Ϯ͘�>Ğ�ŵŽĚğůĞ�ĚĞ�ĨƌĠƋƵĞŶĐĞ�ĚĞ�ďĂƚƚĞŵĞŶƚ�ƐƚƌŝĂƚĂů�ĚĞ�DĂƚƚĞů�Ğƚ�DĞĐŬ ;ϮϬϬϬͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϳ
//�ʹ ϭ͘ϯ͘�>Ğ�ŵŽĚğůĞ�ĐŽŶŶĞǆŝŽŶŶŝƐƚĞ�ĚĞ��ŚƵƌĐŚ�Ğƚ��ƌŽĂĚďĞŶƚ͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵ

/// Ͳ ^dZh�dhZ�^��KZd/��>�^ /DW>/Yh��^���E^�>�^ DK��>�^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮ

�,�W/dZ��/// ͗���s�>KWW�D�Ed����>��W�Z��Wd/KE��d����>͛�^d/D�d/KE��h�d�DW^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱ

/ ʹ �͛hE�d�DW^��hdKD�d/Yh� ��hE�d�DW^��KEdZK>�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱ
/�ʹ ϭ͘�>Ğ�ƚƌĂŝƚĞŵĞŶƚ�ƚĞŵƉŽƌĞů�ƉƌŝŵŝƚŝĨ�Ğƚ�ĂƵƚŽŵĂƚŝƋƵĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱ

/�ʹ ϭ͘ϭ͘�ZĠŐƵůĂƚŝŽŶ�ĚĞƐ�ĂĐƚŝǀŝƚĠƐ�ƌǇƚŚŵŝƋƵĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱ
/�ʹ ϭ͘Ϯ͘�WƌŽĐĠĚƵƌĞ�Ě͛ĂƉƉƌĞŶƚŝƐƐĂŐĞ�ĐŽŵƉŽƌƚĞŵĞŶƚĂů�ďĂƐĠ�ƐƵƌ�ůĞ�ĐŽŶĚŝƚŝŽŶŶĞŵĞŶƚ�ƚĞŵƉŽƌĞů ͗�ZĠŐƵůĂƚŝŽŶ�ĚĞƐ�
ĂĐƚŝǀŝƚĠƐ�ŶŽŶͲƌǇƚŚŵŝƋƵĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϳ

/�ʹ Ϯ͘��͛ƵŶ�ũƵŐĞŵĞŶƚ�ŝŵƉůŝĐŝƚĞ�ă�ƵŶ�ũƵŐĞŵĞŶƚ�ĞǆƉůŝĐŝƚĞ�ĚƵ�ƚĞŵƉƐ ͗�ůĞ�ƚĞŵƉƐ�ƌĞƉƌĠƐĞŶƚĠ�Ğƚ�ĐŽŶƚƌƀůĠ͘͘͘͘͘͘͘ ϰϴ
/�ʹ Ϯ͘ϭ͘�hŶ�ƚĞŵƉƐ�ƉƌŽĐĠĚƵƌĂů�ĐŚĞǌ�ůĞ�ũĞƵŶĞ�ĞŶĨĂŶƚ�ĚĞ�ϯ�ĂŶƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϴ
/�ʹ Ϯ͘Ϯ͘��ŽŶĐĞƉƚƵĂůŝƐĂƚŝŽŶ�Ğƚ�ŚŽŵŽŐĠŶĠŝƐĂƚŝŽŶ�ĚƵ�ƚĞŵƉƐ�ĐŚĞǌ�ů͛ĞŶĨĂŶƚ�ĚĞ�ϱ�ă�ϴ�ĂŶƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϭ

// ʹhE�WZK�>�D�������W��/d�^��K'E/d/s�^ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϮ
//�ʹ ϭ͘�>Ă�DĠŵŽŝƌĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϮ
//�ʹ Ϯ͘�>͛�ƚƚĞŶƚŝŽŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϳ

�,�W/dZ��/s ͗��dd�Ed/KE��d���s�>KWW�D�Ed͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϳ

/ ʹ >�^�WZK��^^h^��dd�Ed/KEE�>^ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϳ
/�ʹ ϭ͘�&ŽŶĐƚŝŽŶ�Ě͛ŝŶƚĞŶƐŝƚĠ͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϴ
/�ʹ Ϯ͘�&ŽŶĐƚŝŽŶ�ĚĞ�ƐĠůĞĐƚŝŽŶ�Ğƚ�ŝŵƉĂĐƚ�ĚƵ�ĐŽŶƚĞǆƚĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϭ

/�ʹ Ϯ͘ϭ͘��ĠĨŝŶŝƚŝŽŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϭ
/�ʹ Ϯ͘Ϯ͘�ZĠƉĞƌĐƵƐƐŝŽŶ�ĚĞƐ�ĠŵŽƚŝŽŶƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϯ



/�ʹ ϯ͘�>Ğ�ĐŽŶƚƌƀůĞ�ĂƚƚĞŶƚŝŽŶŶĞů͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϰ
/�ʹ ϯ͘ϭ͘��ĠĨŝŶŝƚŝŽŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϰ
/�ʹ ϯ͘Ϯ͘�>Ğ�ŵŽĚğůĞ�ĚĞ��ĂĚĚĞůĞǇ�Ğƚ�,ŝƚĐŚ�;ϭϵϳϰͿ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϱ

// ʹ W�Z^W��d/s����s�>KWW�D�Ed�>� ��^�WZK��^^h^��dd�Ed/KEE�>^ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϲ
//�ʹ ϭ͘�^ƵďƐƚƌĂƚ�ŶĞƵƌŽůŽŐŝƋƵĞ�ĚĞ�ů͛ĂƚƚĞŶƚŝŽŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϲ
//�ʹ Ϯ͘��ĠǀĞůŽƉƉĞŵĞŶƚ�ĚƵ�ƐƵďƐƚƌĂƚ�ĂƚƚĞŶƚŝŽŶŶĞů ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϮ

�,�W/dZ��s ͗��dh��^��dd�Ed/KE�ʹ d�DW^ ͗��WWZK�,����s�>KWW�D�Ed�>���d�Yh�^d/KE^�WK^��^ ͘͘͘͘͘͘͘͘ ϳϳ

/ ʹ >��W�Z��/'D������Kh�>�Ͳd��,���WW>/Yh���h�d�DW^ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϳ
// ʹ >�^�DK��>�^��dd�Ed/KEE�>^ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϴ

//�ʹ ϭ͘�DŽĚğůĞ�ĚĞ�dŚŽŵĂƐ�Ğƚ�tĞĂǀĞƌ�;ϭϵϳϱͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϴ
//�ʹ Ϯ͘�>Ğ�ŵŽĚğůĞ�ĂƚƚĞŶƚŝŽŶŶĞů�ĚĞ��ĂŬĂǇ�Ğƚ��ůŽĐŬ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϭ

//�ʹ Ϯ͘ϭ͘�WƌĠƐĞŶƚĂƚŝŽŶ�ĚƵ�ŵŽĚğůĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϭ
//�ʹ Ϯ͘Ϯ͘��ŝƐĐƵƐƐŝŽŶ�ĚƵ�ŵŽĚğůĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϮ

/// ʹ �dd�Ed/KE��d��^d/D�d/KE��h�d�DW^��,���>͛�E&�Ed ͗ ^KE��dh����d�>�^�W�Z^W��d/s�^����Z��,�Z�,�^ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϰ

�,�W/dZ�^��yW�Z/D�Ed�hy ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϲ

�y��/ ͗�d�DW^��d�E�hZKW^z�,K>K'/����s�>KWW�D�Ed�>� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϵ

/ ʹ ϭ͘DK��>/^�d/KE��h���s�>KWW�D�Ed���^���W��/d�^�����/^�Z/D/E�d/KE �h�d�DW^��h�^�/E��͛hE��d��,������/^^��d/KE�
d�DWKZ�>>���hWZ�^��͛hE��WKWh>�d/KE��'�����ϯ ��ϭϵ �E^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϵ

/ŶƚƌŽĚƵĐƚŝŽŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϬ
DĞƚŚŽĚ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϭ

3DUWLFLSDQWV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϭ
0DWHULDO�DQG�3URFHGXUH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϮ

ZĞƐƵůƚƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϰ
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/ Ͳ d�DW^��d�E�hZKW^z�,K>K'/����s�>KWW�D�Ed�>� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϱϯ
/�ʹ ϭ͘�>Ğ�ƌƀůĞ�ƉƌĠƉŽŶĚĠƌĂŶƚ�ĚĞ�ů͛ĂƚƚĞŶƚŝŽŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϱϰ
/�ʹ Ϯ͘�>Ğ�ƌƀůĞ�ĚƵ�ƚĞŵƉƐ�ĚĞ�ƌĠĂĐƚŝŽŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϱϵ
/�ʹ ϯ͘�>ŝŵŝƚĂƚŝŽŶƐ�Ğƚ�ĨƵƚƵƌĞƐ�ƌĞĐŚĞƌĐŚĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϮϲϬ

// ʹ d�DW^��d��KEd�yd� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲϭ
//�ʹ ϭ͘��ŽŶƚĞǆƚĞ�Ğƚ�ŵĠŵŽŝƌĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϲϭ
//�ʹ Ϯ͘�>ŝŵŝƚĂƚŝŽŶƐ�Ğƚ�ĨƵƚƵƌĞƐ�ƌĞĐŚĞƌĐŚĞƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϲϰ

/// Ͳ DK��>/^�d/KE����>͛,KZ>K'� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲϱ
///�ʹ ϭ͘�/ŶĨůƵĞŶĐĞƐ�ĚĞ�ůĂ��ŽŐŶŝƚŝǀĞ�WůĂƐƚŝĐ��ůŽĐŬ�ŵŽĚĞů�;�W��ŵŽĚĞůͿ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϲϱ
///�ʹ Ϯ͘�>ŝŵŝƚĂƚŝŽŶƐ�Ğƚ�ĨƵƚƵƌĞƐ�ƌĞĐŚĞƌĐŚĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϲϴ

�KE�>h^/KE�'�E�Z�>�͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲϵ

�/�>/K'Z�W,/� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϳϬ



7DEOH�GHV�LOOXVWUDWLRQV

)LJXUH����5HSUpVHQWDWLRQ�VFKpPDWLTXH�GHV�GLIIpUHQWHV�pFKHOOHV�GH�GXUpHV��VHORQ�%XKXVL�HW�0HFN��������
͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲ
)LJXUH��� &RXUEH�SV\FKRSK\VLTXH�W\SLTXH�REWHQXH�SDU�O¶+RPPH�ORUV�G¶XQH�WkFKH�GH�ELVVHFWLRQ�
WHPSRUHOOH��DYHF�OH�SRLQW�GH�ELVVHFWLRQ��%3��HW�OD�'LIIHUHQFH�/LPHQ��'��PDWpULDOLVpV�SDU�OD�MRQFWLRQ�GHV�
OLJQHV�SRLQWLOOpHV�HQ�QRLU�HW�JULV��UHVSHFWLYHPHQW�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭ
)LJXUH����&RXUEH�SV\FKRSK\VLTXH�W\SLTXH�G¶XQH�WkFKH�GH�JpQpUDOLVDWLRQ�WHPSRUHOOH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯ
)LJXUH����&RXUEHV�GH�%LVVHFWLRQ��$��HW�GH�*pQpUDOLVDWLRQ�7HPSRUHOOH��%��FKH]�GHV�HQIDQWV�kJpV�GH���
DQV��HQ�KDXW�����DQV��DX�FHQWUH��HW���DQV��HQ�EDV���WLUpHV�GH�'URLW�9ROHW�	�:HDUGHQ���������HW�'URLW�
9ROHW��&OpPHQW�	�:HDUGHQ�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲ
)LJXUH����5HSURGXFWLRQ�WHPSRUHOOH�HW�YDULDELOLWp�W\SLTXH�G¶DGXOWHV��DYHF�OD�GXUpH�SK\VLTXH�UHSUpVHQWpH�
HQ�OLJQH�SRLQWLOOpH� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴ
)LJXUH��� 5HSURGXFWLRQ�WHPSRUHOOH�HW�YDULDELOLWp�DVVRFLpHV�DX[�HQIDQWV�GH�����DQV��HQ�URXJH�������DQV�
�HQ�YHUW��HW�����DQV��HQ�EOHX���DYHF�OD�GXUpH�SK\VLTXH�UHSUpVHQWpH�HQ�OLJQH�SRLQWLOOpH� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬ
)LJXUH�����$��$XJPHQWDWLRQ�SURSRUWLRQQHOOH GH�OD�YDULDQFH�DYHF�OD�GXUpH�GX�VWLPXOXV��%��WDX[�GH�
UpSRQVH�PR\HQ�SDU�PLQXWH�HQ�IRQFWLRQ�GH�OD�GXUpH�GX�VLJQDO�SRXU�GHV�DQLPDX[�WHVWpV�DYHF�GHV�GXUpHV�
GH�������HW����V��7LUp�GH 6KL��&KXUFK�	�0HFN������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮ
)LJXUH����,QWHUYDOOHV�PR\HQV�UHSURGXLWV�GDQV�OD�PRGDOLWp�DXGLWLYH��HQ�QRLU��HW�YLVXHOOH��HQ�EODQF���
([WUDLW�GH�:HDUGHQ��7RGG�HW�-RQHV�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰ
)LJXUH����,OOXVWUDWLRQ�GH�O¶HIIHW�9LHURUGW��DYHF�HQ�QRLU�GHV�SURGXFWLRQV�W\SLTXHV�G¶DGXOWHV�HW�HQ�JULV�
XQH�UHSURGXFWLRQ�SDUIDLWH�GH�OD�GXUpH� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲ
)LJXUH�����5HSUpVHQWDWLRQ�GH�OD�© 5HDG\�± 6HW�± *R ª�WDVN� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϳ
)LJXUH�����5HSUpVHQWDWLRQ�VFKpPDWLTXH�GX�PRGqOH�G¶KRUORJH�LQWHUQH�GH�7UHLVPDQ��������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϵ
)LJXUH�����/H�SDFHPDNHU�FDOLEUp�VHORQ�7UHLVPDQ��������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬ
)LJXUH�����0RGqOH�G¶KRUORJH�LQWHUQH�GH�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ�WHPSRUHOOH�GH�*LEERQ��&KXUFK�HW�
0HFN�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭ
)LJXUH�����6\VWqPHV�H[LVWDQWV�SHUPHWWDQW�GH�UHQGUH�FRPSWH�GX�WUDLWHPHQW�GX�WHPSV�GH�SOXVLHXUV�GXUpHV�
HQ�SDUDOOqOH��/H�SDQQHDX��$��GpFULW�XQ�V\VWqPH�j�XQ�VHXO�SDFHPDNHU�HW�XQ�VHXO�DFFXPXODWHXU���/H�
SDQQHDX��%��GpFULW�SOXVLHXUV�DFFXPXODWHXUV�GpSHQGDQWV�G¶XQ�PrPH�SDFHPDNHU��(QILQ��OH�SDQQHDX��&��
HVW�XQ�V\VWqPH�j�SOXVLHXUV�DFFXPXODWHXUV�LQGpSHQGDQWV��0,$���/HV�HQWLWpV�DYHF�OHV�OLJQHV�SRLQWLOOpHV�
GpVLJQHQW�OHV�pOpPHQWV�GX�V\VWqPH�TXL�SHUPHWWHQW�OH�WHPSV�SDUDOOqOH��([WUDLW�GH�YDQ�5LMQ�	�7DDJWHQ��
����� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯ
)LJXUH������5HSUpVHQWDWLRQ�GH�O¶DFWLYLWp�U\WKPLTXH�G¶XQ�JURXSH�GH���RVFLOODWHXUV�j�IUpTXHQFHV�GLYHUVHV��
DYHF�OH�FRGDJH�WHPSRUHO�FRUUHVSRQGDQW�j�OD�GXUpH�W�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϳ
)LJXUH�����0RGqOH�GH�IUpTXHQFH�GH�EDWWHPHQW�VWULDWDO� VHORQ�0DWWHO�HW�0HFN��������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵ
)LJXUH�����0RGqOH�FRQQH[LRQQLVWH�GH�O¶KRUORJH�LQWHUQH�VHORQ�&KXUFK�HW�%URDGEHQW���������9V� �
9HFWHXU�GH�VWRFNDJH ��9U� �9HFWHXU�GH�UpIpUHQFH ��9VW� �9HFWHXU�GH�VWRFNDJH�WUDQVIRUPp� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭ
)LJXUH�����7KpRULH�%D\pVLHQQH�GH�O¶LQIpUHQFH�SHUFHSWXHOOH�GX�WHPSV��HQ�OLHQ�DYHF�XQ�PRGqOH�G¶KRUORJH�
LQWHUQH��([WUDLWH�GH�5KRGHV�������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϯ
)LJXUH�����5HSURGXFWLRQV�GX�WHPSV�GDQV�GLIIpUHQWV�FRQWH[WHV�WHPSRUHOV��OD�FRQGLWLRQ�GH�GLVWULEXWLRQ�
ORQJXH�HQ�URXJH��LQWHUPpGLDLUH�HQ�PDUURQ�HW�FRXUWH�HQ�QRLU��([WUDLW�GH�-D]D\HUL�	�6KDGOHQ�������� ͘͘͘ ϱϱ
)LJXUH�����/HV�FRPSRVDQWHV�GH�O¶DWWHQWLRQ��VHORQ�&RKHQ���������1RUPDQ�	�6KDOOLFH���������3RVQHU�	�
5DIDO���������YDQ�=RPHUHQ�	�%URXZHU������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϴ
)LJXUH�����0RGqOH�GH�PpPRLUH�GH�WUDYDLO��VHORQ�%DGGHOH\�	�+LFK��������%DGGHOH\�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϱ



)LJXUH������$��5HSUpVHQWDWLRQ�VFKpPDWLTXH�GX�PRGqOH�G
DWWHQWLRQ�GX�UpVHDX�GH�QHXURQHV�LQLWLDOHPHQW�
GpFULW�SDU�3RVQHU�HW�VHV�FROODERUDWHXUV��3RVQHU��������3RVQHU�	�5RWKEDUW����������%��5HSUpVHQWDWLRQ�
VFKpPDWLTXH�GHV�UpJLRQV�FRUWLFDOHV�HW�VRXV�FRUWLFDOHV�LPSOLTXpHV�GDQV�O¶DWWHQWLRQ��/H�UpVHDX�DQWpULHXU�
�HQ�EOHX��FRPSUHQG�OH�&RUWH[�3UpIURQWDO��&3)���O¶$LUH�0RWULFH�6XSSOpPHQWDLUH��$06��HW�OH�*\UXV�
&LQJXODLUH�DQWpULHXU��*&$���/H�UpVHDX�SRVWpULHXU��HQ�URXJH��FRPSUHQG�OH�6LOORQ�,QWUDSDULpWDO��6,3���OHV�
FROOLFXOL�VXSHULHXUV��&6���OH�QR\DX�SXOYLQDU��3��HW�OH�FHUYHOHW��(QILQ��OH�UpVHDX�GH�YLJLODQFH��HQ�URXJH��
FRPSUHQG�OD�MRQFWLRQ�WHPSRUR�SDULpWDOH��-73���OH�FRUWH[�SUpIURQWDO�GRUVRODWpUDO��&3)'/��HW�OH�FRUWH[�
IURQWDO�LQVXODLUH�YHQWUDO��&),9�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϴ
)LJXUH�����0pWD�DQDO\VH�GH���pWXGHV�XWLOLVDQW�XQ�SDUDGLJPH�GH 6WURRS�H[SRVDQW�XQH�DFWLYDWLRQ�
FLQJXODLUH�DQWpULHXUH��([WUDLW�GH�3DUDVXUDPDQ�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϬ
)LJXUH�����5HSUpVHQWDWLRQ�GHV�VXEVWUDWV�QHXURQDX[�GH�O
DWWHQWH�WHPSRUHOOH��([WUDLW�GH�&RXOO�������� ͘͘ ϳϮ
)LJXUH�����0DWXUDWLRQ�GH�OD�PDWLqUH�JULVH�DX�FRXUV�GX�GpYHORSSHPHQW��9XH�ODWpUDOH�GURLWH�GX�FHUYHDX�
PRQWUDQW�OD�VpTXHQFH�G\QDPLTXH�GHV�FKDQJHPHQWV�WHPSRUHOV�GX�YROXPH�GH�OD�PDWLqUH�JULVH�VXU�OD�
VXUIDFH�FRUWLFDOH��/HV�LPDJHV�UHSUpVHQWHQW�GHV�GRQQpHV�PRGpOLVpHV�LVVXHV�GH����H[DPHQV�,50�
DQDWRPLTXHV�HIIHFWXpV�FKH]����SHUVRQQHV�kJpHV�GH���j����DQV��FKDFXQH�EDOD\pH�TXDWUH�IRLV�j�LQWHUYDOOHV�
G
HQYLURQ�GHX[�DQV��/
pFKHOOH�GH�FRXOHXU�UHSUpVHQWH�OHV�XQLWpV�GH�YROXPH�GH�PDWLqUH�JULVH���*UDSKLTXH�
H[WUDLW�GH�/HQURRW�	�*LHGG�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϰ
)LJXUH�����0\pOLQLVDWLRQ�GX�FHUYHDX�j�WUDYHUV�OH�GpYHORSSHPHQW��(Q�KDXW��LPDJHV�,50��,PDJH�SDU�
5pVRQQDQFH�0DJQpWLTXH��D[LDOHV�G¶XQ�HQIDQW�FDSWXUpHV�GH�IDoRQ�ORQJLWXGLQDOH��PRQWUDQW�XQH�
DXJPHQWDWLRQ�GH�OD�WDLOOH�GX�FHUYHDX�HW�GH�O
LQWHQVLWp�GH�OD�VXEVWDQFH�EODQFKH�OLpH�j�O
kJH��(Q�EDV��
LPDJHV�'7,��'LIIXVLRQ�WDQVRU�LPDJLQJ��GH�OD�WUDFWRJUDSKLH�GH�OD�VXEVWDQFH�EODQFKH�GDQV�XQH�
FRPSDUDLVRQ�WUDQVYHUVDOH�PRQWUDQW�XQH�DXJPHQWDWLRQ�OLpH�j�O
kJH�GH�O
RUJDQLVDWLRQ�GH�OD�VXEVWDQFH�
EODQFKH�GX�FRUSV�FDOOHX[��&KDTXH�SDQQHDX�UHSUpVHQWH�XQ�VXMHW��/
pFKHOOH�GH�FRXOHXU�UHSUpVHQWH�
O
DQLVRWURSLH�IUDFWLRQQHOOH���GHV�YDOHXUV�SOXV�pOHYpHV�VRQW�HQ�FRUUpODWLRQ�DYHF�XQH�SOXV�JUDQGH�
RUJDQLVDWLRQ�GHV�SLVWHV�GH�ILEUHV��([WUDLWH�GH�7DX�	�3HWHUVRQ�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϱ
)LJXUH�����(TXDWLRQ�IRQFWLRQQHOOH�GX�PRGqOH�GH�7KRPDV�	�:HDYHU�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϵ
)LJXUH�����0RGqOH�GH�SRUWDLO�DWWHQWLRQQHO�VHORQ�=DND\�HW�%ORFN��������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϮ
)LJXUH�����6FKpPD�GHV�GLIIpUHQWV�IRQFWLRQQHPHQWV�GH�O¶LQWHUUXSWHXU�DWWHQWLRQQHO�DX�VHLQ�GH�O¶KRUORJH�
LQWHUQH��;��HW�;��FRUUHVSRQGHQW�j�GHV�GXUpHV�SRXU�OHVTXHOOHV�O¶LQWHUUXSWHXU�HVW�IHUPp��HW�OHV�XQLWpV�
WHPSRUHOOHV�VRQW�DFFXPXOpHV��© < ª�FRUUHVSRQG�j�O¶RXYHUWXUH�GH�O¶LQWHUUXSWHXU��TXDQG�OHV�XQLWpV�
WHPSRUHOOHV�VRQW�SHUGXHV��([WUDLW�GH�/HMHXQH������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϯ
)LJXUH����0HDQ�ELVHFWLRQ�SRLQWV�IRU�HDFK�DJH�\HDU�JRLQJ�IURP���WR����\HDUV��IRU�WKH�VKRUW����������V��
DQG�WKH�ORQJ�������V��GXUDWLRQ�FRQGLWLRQ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϱ
)LJXUH���� (PSLULFDO�GDWD��GRWWHG�OLQHV��DQG�ILWWHG�IXQFWLRQV��FRQWLQXRXV�OLQHV��RI�WKH�ELVHFWLRQ�SRLQWV�
SORWWHG�DJDLQVW�WKH�SDUWLFLSDQWV¶�DJH�LQ�PRQWKV�IRU�WKH�VKRUW����������V��DQG�WKH�ORQJ�������V��GXUDWLRQ�
FRQGLWLRQ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϳ
)LJXUH����0HDQ�:HEHU�5DWLR�IRU�HDFK�DJH�\HDU�JRLQJ�IURP���WR����\HDUV��IRU�WKH�VKRUW����������V��DQG�
WKH�ORQJ�������V��GXUDWLRQ�FRQGLWLRQ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϴ
)LJXUH���� (PSLULFDO�GDWD��GRWWHG�OLQHV��DQG�ILWWHG�IXQFWLRQV��FRQWLQXRXV�OLQHV��RI�WKH�:HEHU�5DWLR�
SORWWHG�DJDLQVW�WKH�SDUWLFLSDQWV¶�DJH�LQ�PRQWKV�IRU�WKH�VKRUW����������V��DQG�WKH�ORQJ�������V��GXUDWLRQ�
FRQGLWLRQ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϬϬ
)LJXUH�����0HDQ�UHSURGXFHG�GXUDWLRQV�LQ�FKLOGUHQ�DJHG�������DQG���\HDUV�IRU�WKH�VLPSOH�WDVN��67��DQG�
WKH�GXDO�WDVN��'7��IRU�WKH���V DQG����V�WDUJHW�GXUDWLRQV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϭ
)LJXUH�����6WDQGDUG�GHYLDWLRQV�RI�UHSURGXFHG�GXUDWLRQV�LQ�FKLOGUHQ�DJHG�������DQG���\HDUV�IRU�WKH�
VLPSOH�WDVN��67��DQG�WKH�GXDO�WDVN �'7��IRU�WKH���V�DQG����V�WDUJHW�GXUDWLRQV�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϯ
)LJXUH�����&RUUHFW�UHVSRQVH�UDWHV�LQ�WKH�QRQ�WHPSRUDO�WDVN�IRU�WKH�VLQJOH�WDVN�DQG�GXDO�WDVN��'7��ZKHQ�
WKH�VWLPXOXV�GXUDWLRQV�ZHUH ��V�DQG����V�LQ�FKLOGUHQ�DJHG�������DQG���\HDUV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϳ



)LJXUH�����([SHULPHQWDO�GHVLJQ�XVHG�LQ�WKH�WZR�H[SHULPHQWDO�FRQGLWLRQV���$��ZLWK�WKH�FRQFXUUHQW�QRQ�
WHPSRUDO�GLVFULPLQDWLRQ�WDVN�XVHG�LQ�WKH�GXDO�WDVN��DQG��%��WKH�FRQFXUUHQW�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�
XVHG�LQ�WKH�GXDO�WDVN� 7KH�SDUWLFLSDQWV�SHUIRUPHG�WZR�VLQJOH�WDVNV��FRXQWHUEDODQFHG�EHWZHHQ�VXEMHFWV��
EHIRUH�WKH�GXDO�WDVN��D�GLVFULPLQDWLRQ�WDVN�DQG�D�WHPSRUDO�UHSURGXFWLRQ�WDVN� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮϵ
)LJXUH�����0HDQ�UHSURGXFHG�GXUDWLRQ�IRU�FKLOGUHQ�DJHG������DQG���\HDUV�DV�ZHOO�DV�DGXOWV�LQ�WKH�VLQJOH�
WDVN�FRQGLWLRQ�DQG�WKH�GXDO�WDVN�FRQGLWLRQ�IRU�WKH���V�DQG����V�ZLWK�WKH�FRQFXUUHQW�QRQ�WHPSRUDO�
GLVFULPLQDWLRQ�WDVN�DQG�WKH�FRQFXUUHQW�WHPSRUDO�GLVFULPLQDWLRQ WDVN� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϭ
)LJXUH�����3URSRUWLRQ RI�FRUUHFW�UHVSRQVHV�IRU�WKH�QRQ�WHPSRUDO�DQG�WKH�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�
LQ�WKH�VLQJOH�WDVN�FRQGLWLRQ�DQG�WKH�GXDO�WDVN�FRQGLWLRQ�ZLWK�WKH�WHPSRUDO�UHSURGXFWLRQ�WDVN�IRU�WKH�
FKLOGUHQ�DJHG���������\HDUV�DQG�DGXOWV�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϲ
)LJXUH�����0HDQ�WHPSRUDO�7LPH�(UURU�SDLUHG�ZLWK�GLIIHUHQW��$��FRQGLWLRQV�RI�WLPLQJ��VROR��GXDO�DQG�
WULSOH�WLPLQJ��DQG��%��GXUDWLRQ�RI�WLPLQJ�������VHFRQGV�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϬ
)LJXUH�����$WWHQWLRQ�VFRUHV�SORWWHG�DJDLQVW�WKH�PHDQ�GLIIHUHQFH�LQ�WHPSRUDO�HUURU�EHWZHHQ�PXOWL� DQG�
VLQJOH�WLPLQJ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϭ
)LJXUH�����,OOXVWDWLRQ�RI�WKH�H[SHULPHQWDO�FRQGLWLRQV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϲ
)LJXUH�����0HDQ�UHSURGXFHG�GXUDWLRQ�IRU�WKH�WZR�FRQGLWLRQV�RI�WLPLQJ��VROR��GXDO��IRU�ERWK�WKH���DQG�
�V�GXUDWLRQ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϳ
)LJXUH�����$WWHQWLRQ�VFRUHV�SORWWHG�DJDLQVW�WKH�PHDQ�GLIIHUHQFH�LQ�WHPSRUDO�HUURU�EHWZHHQ�GXDO� DQG�
VLQJOH�WLPLQJ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϴ
)LJXUH�����6WDQGDUG�GHYLDWLRQ��6'��RI�UHSURGXFHG�GXUDWLRQ�ZLWK�DJH�JURXSV�����������DQG�DGXOWV���IRU�
WKH�FRQGLWLRQV�RI�WLPLQJ��VROR��GXDO��DQG�WDUJHW�GXUDWLRQV�������V��͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϬ
)LJXUH���� 6XPPDUL]LQJ�JUDSKLF�RI�WKH�PHDQ�UHSURGXFHG�7HPSRUDO�(UURU�IRU�HDFK�DJH�JURXS�DFFRUGLQJ�
WR�WKH�HDFK�FRQGLWLRQ�RI�RYHUODS������������DSSHDUDQFH�RI�WKH�WDUJHW�GXUDWLRQ���VW���QG��DQG�DGGLWLRQDO�
GXUDWLRQ��ORQJHU��VKRUWHU��͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϭ
)LJXUH�����,OOXVWUDWLRQ�RI�WKH�LQWHUQDO�FORFNV�DGDSWHG�IURP�YDQ�5LMQ�	�7DDJWHQ�������ZLWK��$��DQ�
LQWHUQDO�FORFN�ZLWK�D�VLQJOH�SDFHPDNHU�DQG�D�VLQJOH�DFFXPXODWRU���%��PXOWLSOH�GHSHQGHQW�DFFXPXODWRUV��
�&��PXOWLSOH�LQGHSHQGHQW�DFFXPXODWRUV�DQG��'��WKH�PRGHO�ZH�SURSRVHG�ZLWK�PXOWLSOH�LQGHSHQGHQW�
DFFXPXODWRUV�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϲ
)LJXUH�����,OOXVWUDWLRQ�RI�WKH�FRPSOH[�FLUFOHV�XVHG�DV�GLVWUDFWRU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϯ
)LJXUH�����3URSRUWLRQ�RI�ORQJ�UHVSRQVHV�� S�ORQJ��� SORWWHG�DJDLQVW�WKH�VWLPXOXV�GXUDWLRQV�IRU�WKH�WULDOV�
ZLWK�DQG�ZLWKRXW�GLVWUDFWRU�LQ�WKH�VKRUW����������PV��DQG�WKH�ORQJ����������PV��GXUDWLRQ�FRQGLWLRQ�
IRU����������� DQG���\HDUV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϲ
)LJXUH�����0HDQ��$��%LVHFWLRQ�SRLQW�DQG��%��:HEHU�5DWLR�IRU�HDFK�DJH����������DQG���\HDUV�ROG��DQG�
FRQGLWLRQ��ZLWK�RU�ZLWKRXW�GLVWUDFWRU��͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϴ
)LJXUH�����3URSRUWLRQ�RI�ORQJ�UHVSRQVHV�SORWWHG�DJDLQVW�FRPSDULVRQ�GXUDWLRQV�IRU�WKH�DXGLWRU\�DQG�WKH�
YLVXDO�VWLPXOL�IRU�WKH�DGXOWV��WKH���\HDU�ROGV�DQG�WKH���\HDU�ROGV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϴ
)LJXUH�����%LVHFWLRQ�SRLQW�IRU�WKH�DXGLWRU\�DQG�WKH YLVXDO�VWLPXOL�IRU�WKH���\HDU�ROGV��WKH���\HDU�ROGV�
DQG�WKH�DGXOWV�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϵ
)LJXUH�����5HDG\�VHW�JR�SURFHGXUH���D��WHPSRUDO�FRQWH[W���E� SURFHGXUH� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϮ
)LJXUH�����$YHUDJH�UHSURGXFWLRQV�RI�WKH�GXUDWLRQV��$��DQG�&9�YDOXH��%��IRU�WKH�GLIIHUHQW DJH�JURXSV��
(UURU�EDUV�UHSUHVHQW�WKH�VWDQGDUG�HUURU�RI�WKH PHDQ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϰ
)LJXUH�����$YHUDJH�GLIIHUHQFH�RI�WKH�����V�UHSURGXFWLRQ�EHWZHHQ�WKH�VKRUW�DQG�WKH�ORQJ FRQWH[W�IRU�WKH�
GLIIHUHQW�DJH�JURXSV��(UURU�EDUV�UHSUHVHQW�WKH�VWDQGDUG HUURU� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϱ
)LJXUH�����7KH�ZHLJKW�RI�SUHYLRXV�GXUDWLRQV�DV�TXDQWLILHG�E\�WKH�EHWD�HVWLPDWHV�RI�RXU OLQHDU�PL[HG�
PRGHOV��)LJXUH�$�VKRZV�WKH�HIIHFW�RI�SUHYLRXV�REMHFWLYH�GXUDWLRQ�RQ�WKH FXUUHQW UHSURGXFWLRQ��ZKHUHDV�
ILJXUH�%�VKRZV�WKH�HIIHFW�RI�SUHYLRXV�VXEMHFWLYH�GXUDWLRQ�RQ�WKH FXUUHQW�UHSURGXFWLRQ��7R�GLVHQWDQJOH�



SHUIRUPDQFH�GULIW�IURP�WKH�HIIHFW�RI�SUHYLRXV VXEMHFWLYH�GXUDWLRQ��)LJXUH�&�DQG�'�VKRZV�WKH�ZHLJKWV�RI�
WKH�SUHYLRXV�UHODWLYH�HUURU�DQG SUHYLRXV�UHSURGXFWLRQ�RQ�WKH�FXUUHQW�UHODWLYH�HUURU��UHVSHFWLYHO\͘͘͘͘͘͘͘ ϮϬϴ
)LJXUH�����,OOXVWUDWLRQ�RI�WKH�WHPSRUDO�UHSURGXFWLRQ�WDVN�XVHG�LQ�WKH�UHIHUHQFH�SKDVH�DQG�RI�WKH�
GLIIHUHQW�VLOKRXHWWHV�XVHG�LQ�WKH�H[SHULPHQW�WHVWLQJ�SKDVH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϴ
)LJXUH�����0HDQ�WHPSRUDO�VWDQGDUG�HUURUV�IRU�FKLOGUHQ�³ZLWK´�RU�³ZLWKRXW´�WKHRU\�RI�PLQG��7R0��LQ�
WKH�FRQWURO�FRQGLWLRQ��D�ZDONLQJ�PDQ��IRU�WKH��ဨV�DQG��ဨV�WDUJHW�GXUDWLRQV͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϵ
)LJXUH���� 0HDQ WHPSRUDO VWDQGDUG HUURUV IRU FKLOGUHQ ³ZLWK´ RU ³ZLWKRXW´ WKHRU\ RI PLQG �7R0� LQ WKH
PRYHPHQW�FRQGLWLRQ��UXQQLQJ��ZDONLQJ��DQG�FUDZOLQJ��IRU�WKH���V�DQG���V�WDUJHW GXUDWLRQV͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϬ
)LJXUH�����0HDQ�WHPSRUDO�VWDQGDUG�HUURUV�IRU�FKLOGUHQ�³ZLWK´�RU�³ZLWKRXW´�WKHRU\�RI�PLQG��7R0��LQ�
WKH�REMHFW�PRYHPHQW�FRQGLWLRQ��F\FOLQJ��ZDONLQJ��DQG�RYHUEXUGHQHG��IRU�WKH��ဨV�DQG���V�WDUJHW�
GXUDWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϭ
)LJXUH�����0HDQ�WHPSRUDO�VWDQGDUG�HUURUV�IRU�FKLOGUHQ�³ZLWK´�RU�³ZLWKRXW´�WKHRU\�RI�PLQG��7R0��LQ�
WKH�DJLQJ�FRQGLWLRQ��ROG�DQG�\RXQJ��IRU�WKH��ဨV�DQG��ဨV�WDUJHW�GXUDWLRQV͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϮ
)LJXUH�����0HDQ�WHPSRUDO�VWDQGDUG�HUURUV�IRU�FKLOGUHQ�ZLWK�RU�ZLWKRXW�WKHRU\�RI�PLQG��7R0��IRU�WKH�
HPRWLRQ�FRQGLWLRQ��MR\�DQG�VDG��IRU�WKH��ဨV�DQG��ဨV�WDUJHW�GXUDWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϯ
)LJXUH���� &RQQHFWLRQLVW�PRGHO�RI�WKH�LQWHUQDO�FORFN��DFFRUGLQJ�WR�&KXUFK�DQG�%URDGEHQW��������9V� �
6WRUDJH�YHFWRU��9U� �UHIHUHQFH�YHFWRU��9VW� �7UDQVIRUPHG�VWRUDJH�YHFWRU�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϵ
)LJXUH����0DWHOO�DQG�0HFN¶V�6WULDWDO�%HDW�)UHTXHQF\�PRGHO��H[WUDFWHG�IURP�0DWWHO�	�0HFN������
͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯϭ
)LJXUH�����6LPSOH�5HFXUUHQW�0RGHO��[W� LQSXW�YHFWRU�DW�WKH�WLPH��W ��KW��KLGGHQ�OD\HU�YHFWRU�DW�WLPH�W ��\W�
RXWSXW�YHFWRU��$��5��8�SDUDPHWHUV�SDLUHG�ZLWK�HDFK�OD\HU�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯϰ
)LJXUH�����5HSUHVHQWDWLRQ�RI��$��RVFLOODWLRQ¶V�YDOXH�IRU�HDFK�RVFLOODWRU��DQG��%��WKHLU�UHODWLYH�VSHFWUXP�
YDOXH�REWDLQHG�E\�)RXULHU�WUDQVIRUPDWLRQ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯϲ
)LJXUH�����,OOXVWUDWLRQ�RI�WKH��$��(XFOLGHDQ�GLVWDQFH�DQG��%��FXPXODWHG�(XFOLGHDQ�GLVWDQFH�IRU�HDFK�
PLOOLVHFRQG¶V�SUHGLFWLRQ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯϳ
)LJXUH�����,OOXVWUDWLRQ�RI�WHPSRUDO�GLVSHUVLRQ�FRHIILFLHQW�GLVSHUVLRQ�PDWFKHG�ZLWK�DOO�WKH�PRGDOLWLHV�RI�
RXU���YDULDEOHV��QHXURQV��HSRFKV��SODVWLFLW\��LQIRUPDWLRQV�ZLWKLQ�GDWDEDVH���7KH�EODFN�GRW�UHSUHVHQWV�
WKH�PDWFKHG�GLVSHUVLRQ�FRHIILFLHQW�RI�WKH�PRGHO�GHVFULEHG�LQ�VHFWLRQ������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϭ
)LJXUH�����,OOXVWUDWLRQ�RI�GDWD�ILW�ZLWK��$��WKH�(XFOLGHDQ�GLVWDQFH�YDOXHV�REVHUYHG�IURP�WKH�651�PRGHO�
LQ�EOXH�DQG�HVWLPDWHG�E\�WKH�0/3�PRGHO�LQ�RUDQJH�ZLWK�WLPH�W DV�ZHOO�DV��%��WKH�SDLUHG�VTXDUH�HUURUV�
͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϯ
)LJXUH�����WHPSRUDO�HVWLPDWLRQ�ELDV�SORWWHG�DJDLQVW�DJH�LQ�PRQWK͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϰ
)LJXUH�����)LQDO�DUFKLWHFWXUH�RI�WKH�LQWHUQDO�FORFN�V\VWHP�QHXUDO�QHWZRUN��7KH�QHXURSV\FKRORJLFDO�
WHVWV�DV�ZHOO�DV�DJH�LQ�PRQWK�VLWXDWHG�DV�LQSXWV�SUHGLFWV��WKURXJK�D�KLGGHQ�OD\HU�WKH�VWDWH�RI�WKH���FULWHUD�
YDULDEOHV�RI�WKH�LQWHUQDO�FORFN��ZKLFK�DOORZV�WR�SUHGLFW�WKH�ILQDO�WHPSRUDO�ELDV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϲ
)LJXUH�����,OOXVWUDWLRQ�RI�WKH�ILWWLQJ�RI�WKH�GDWD�IRU��$��WKH�PRGHO�ZLWK����KLGGHQ�QHXURQV��WKUHH�KLGGHQ�
OD\HUV����± ���± ���DQG��%��WKH�PRGHO�ZLWK����QHXURQV��WZR�KLGGHQ�OD\HUV����± ���͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϴ



7DEOH�GHV�WDEOHDX[

7DEOH����7DEOHDX�G¶XQ�YHFWHXU�GH�VWRFNDJH�UHSUpVHQWDQW�XQH�GXUpH�GH���VHFRQGHV����������������������
����� ���V�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭ
7DEOH����0HDQV��VWDQGDUG�GHYLDWLRQV��DQG�PLQLPXPV�DQG�PD[LPXPV�RI�UDZ�VFRUHV�IRU�GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϯ
7DEOH����&RUUHODWLRQ�PDWUL[�EHWZHHQ�DJH�DQG�WKH�UDZ�VFRUHV�RI�QHXURSV\FKRORJLFDO�WHVW�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϰ
7DEOH����&RUUHODWLRQV�EHWZHHQ�VLPSOH��GXDO�WDVN�GLIIHUHQFHV�LQ�UHSURGXFWLRQ�GXUDWLRQV��DJHV��DQG�
VFRUHV�RQ�QHXURSV\FKRORJLFDO�WHVWV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϰ
7DEOH����0HDQ��6WDQGDUG�'HYLDWLRQ��PLQLPXP�DQG�PD[LPXP�RI�UDZ�VFRUHV�RI�GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϯ
7DEOH����&RUUHODWLRQ�EHWZHHQ�WKH�VLQJOH�GXDO�WDVN�GLIIHUHQFH�LQ�UHSURGXFHG�GXUDWLRQ��WKH�DJH�DQG�WKH�
GLIIHUHQW�QHXURSV\FKRORJLFDO�VFRUHV�ZLWK�WKH�FRQFXUUHQW�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�DQG�WKH�
FRQFXUUHQW�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�XVHG�LQ�WKH�GXDO�WDVN�FRQGLWLRQ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϰ
7DEOH����+LHUDUFKLFDO�UHJUHVVLRQ�DQDO\VLV�RQ�WKH�RYHUDOO�VLQJOH�GXDO�WDVN�GLIIHUHQFH�LQ�UHSURGXFHG�
GXUDWLRQ�IRU�WKH�FRQFXUUHQW�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�XVHG�LQ�WKH�GXDO�WDVN�FRQGLWLRQ�͘͘͘͘͘͘͘͘ ϭϯϰ
7DEOH����&RUUHODWLRQV�EHWZHHQ�VLQJOH�GXDO�WDVN�GLIIHUHQFHV�LQ�WKH�SURSRUWLRQ�RI�FRUUHFW�UHVSRQVHV��WKH�
DJH�DQG�WKH�]�VFRUH�RI�QHXURSV\FKRORJLFDO�WHVWV�IRU�WKH�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�DQG�WKH�
WHPSRUDO�GLVFULPLQDWLRQ�WDVN�LQ�WKH�GXDO�WDVN�FRQGLWLRQ�ZLWK�WKH�VDPH�WHPSRUDO�UHSURGXFWLRQ�WDVN� ͘ ϭϯϳ
7DEOH����0HDQ��6WDQGDUG�'HYLDWLRQ��PLQLPXP�DQG�PD[LPXP�RI�UDZ�VFRUHV�RI�GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV�LQ�WKH�GLIIHUHQW�DJH�JURXSV�IRU�([SHULPHQW���DQG��� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϰϴ
7DEOH�����&RUUHODWLRQV�EHWZHHQ�WKH�DJH��WKH�DWWHQWLRQ�DQG�ZRUNLQJ�PHPRU\�VFRUHV�DQG�WKH�GLIIHUHQFH�
LQ�WLPH�HUURU�EHWZHHQ�GLIIHUHQW�FKDUDFWHULVWLFV�RI�PXOWL�WLPLQJ�LQ�WKH�GXDO�WLPLQJ�FRQGLWLRQ� ͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϯ
7DEOH�����0HDQ��6WDQGDUG�'HYLDWLRQ��PLQLPXP�DQG�PD[LPXP�RI�WKH�UDZ�VFRUHV�RI�GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϵ
7DEOH�����0HDQ��6WDQGDUG�'HYLDWLRQ��PLQLPXP�DQG�PD[LPXP�RI�WKH�UDZ�VFRUHV�RI�GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϵ
7DEOH�����0HDQ�DQG�VWDQGDUG�HUURU�RI�%LVHFWLRQ�3RLQW�DQG�:HEHU�5DWLR�IRU�WKH�DXGLWRU\�DQG�WKH�YLVXDO�
GXUDWLRQ�IRU�WKH���\HDU�ROGV��WKH���\HDUG�ROGV�DQG�WKH�DGXOWV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵϬ
7DEOH�����5DZ�VFRUHV�RQ�QHXURSV\FKRORJLFDO�WHVWV�LQ�FKLOGUHQ�DQG�DGXOWV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵϬ
7DEOH�����&RUUHODWLRQV�EHWZHHQ�WKH�DJH��WKH�]�VFRUHV�RQ�QHXURSV\FKRORJLFDO�VFRUHV��WKH�GLIIHUHQFH�LQ�
WKH�DXGLWRU\�DQG�YLVXDO�%LVHFWLRQ�3RLQW��%3��DQG�WKH�PHDQ�:HEHU�5DWLR��:5�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵϭ
7DEOH�����+LHUDUFKLFDO�UHJUHVVLRQ�DQDO\VLV�RQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DXGLWRU\�DQG�WKH�YLVXDO�
%LVHFWLRQ�3RLQW� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵϮ
7DEOH�����+LHUDUFKLFDO�UHJUHVVLRQ�DQDO\VLV�RQ�WKH�PHDQ�:HEHU�UDWLR�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵϯ
7DEOH�����0HDQ��6WDQGDUG�'HYLDWLRQ��PLQLPXP�DQG�PD[LPXP�RI�UDZ�VFRUHV�RI�GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϱ
7DEOH�����0HDQ�ZHLJKW�RI�RXU�SV\FKRORJLFDO�GLPHQVLRQV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϴ



5pVXPp
/¶REMHFWLI�GH�FHWWH�WKqVH�HVW�G¶pWXGLHU�OH�GpYHORSSHPHQW�GHV�FRQGXLWHV�WHPSRUHOOHV�HW�OHXUV�

FKDQJHPHQWV�HQ�IRQFWLRQ�GHV�FRQWH[WHV�HW�GHV�FDSDFLWpV�FRJQLWLYHV�GHV�HQIDQWV��DILQ�GH�SURSRVHU�
XQ�PRGqOH�GHV�GLVWRUVLRQV�GX�MXJHPHQW�GX�WHPSV��8Q�HQVHPEOH�GH���pWXGHV�H[SpULPHQWDOHV�RQW�
pWp�UpDOLVpHV�GDQV�FHWWH�WKqVH�V¶LQVFULYDQW�GDQV���D[HV�SULQFLSDX[�

$[H���± 7HPSV�HW�QHXURSV\FKRORJLH�GpYHORSSHPHQWDOH� &HW�D[H�D�SRXU�EXW�G¶H[DPLQHU�
OH�U{OH�GHV�FDSDFLWpV�FRJQLWLYHV��DWWHQWLRQ��PpPRLUH� YLWHVVH�GH�WUDLWHPHQW��GDQV�OHV�GLVWRUVLRQV�
GX�MXJHPHQW�GX�WHPSV�FKH]�O¶HQIDQW��3RXU�FHOD��GHV�HQIDQWV�kJpV�GH���j���DQV��DLQVL�TXH�GHV�
DGXOWHV��RQW�pWp�VRXPLV�j�GHV�SDUDGLJPHV�GH�GLVWUDFWHXU�DWWHQWLRQQHO�HW�GH�GRXEOH�WkFKH��DYHF�
GHV�WkFKHV�FRQFXUUHQWHV�GH�QDWXUH�GLIIpUHQWH��VRLW�QRQ�WHPSRUHOOH��GLVFULPLQDWLRQ�GH�FRXOHXUV��
VRLW� WHPSRUHOOH��GLVFULPLQDWLRQ�RX�UHSURGXFWLRQ�GH�GXUpHV���/HV�FDSDFLWpV�GHV�HQIDQWV�pWDLHQW�
pYDOXpHV�DX�PR\HQ�GH�GLIIpUHQWV�WHVWV�QHXURSV\FKRORJLTXHV��

/HV� UpVXOWDWV� PRQWUHQW� TXH� OHV� GLVWRUVLRQV� GX� WHPSV� �VRXV�HVWLPDWLRQ� GX� WHPSV�� FKH]�
O¶HQIDQW� VRQW� OLpHV� j� OHXUV� FDSDFLWpV� DWWHQWLRQQHOOHV� OLPLWpHV�� SOXV� SDUWLFXOLqUHPHQW� j� OHXUV�
FDSDFLWpV�HQ�WHUPHV�G¶DWWHQWLRQ�VpOHFWLYH�GDQV�OH�FDV�GH�OD�GRXEOH�WkFKH�HW�G¶LQKLELWLRQ�GDQV�FHOXL�
GH�OD�GLVWUDFWLRQ�DWWHQWLRQQHOOH��$LQVL��GHX[�PpFDQLVPHV�DWWHQWLRQQHOV�LPSDFWHQW�OH�MXJHPHQW�GX�
WHPSV��O¶XQ�OLp�DX�GpFOHQFKHPHQW�GX�WUDLWHPHQW�GX�WHPSV�©�DWWHQWLRQDO VZLWFK�ª�HW�O¶DXWUH�DX[�
UHVVRXUFHV� DWWHQWLRQQHOOHV� © DWWHQWLRQDO� JDWH ª�� 1pDQPRLQV�� TXDQG� OH� VXMHW� GRLW� WUDLWHU� GHX[�
GXUpHV� HQ� SDUDOOqOH�� RQ� Q¶REVHUYH� SDV� GH� VRXV�HVWLPDWLRQ� WHPSRUHOOH�� YRLUH� DX� FRQWUDLUH� XQH�
VXUHVWLPDWLRQ� GX� WHPSV�� 'H� SOXV�� FHWWH� GLVWRUVLRQ� GX� WHPSV� Q¶HVW� SOXV� OLpH� DX[� FDSDFLWpV�
FRJQLWLYHV�GH�O¶HQIDQW��PrPH�V¶LO�HVW�SOXV�GLIILFLOH�SRXU�O¶HQIDQW�GH�UpDOLVHU�XQH�VHFRQGH�WkFKH�
WHPSRUHOOH� TX¶XQH� VHFRQGH� WkFKH� QRQ�WHPSRUHOOH�� &HOD� VXJJqUH� O¶H[LVWHQFH� G¶XQ� V\VWqPH�
G¶KRUORJH� LQWHUQH� �RX� GH� SOXVLHXUV� KRUORJHV�� FDSDEOH� GH� WUDLWHU� GH� IDoRQ� LQGpSHQGDQWH� GH�
PXOWLSOHV�GXUpHV��&HSHQGDQW�QRV�UpVXOWDWV�PRQWUHQW�TXH�GHV�SURFHVVXV�DWWHQWLRQQHOV�LQWHUIqUHQW�
DYHF�FH�V\VWqPH��FDXVDQW�GqV�ORUV�GHV�GLVWRUVLRQV�WHPSRUHOOHV�

$[H���± 7HPSV�HW�FRQWH[WH� 'DQV�OH�FDGUH�GH�FHW�D[H��RQ�D�pWXGLp�O¶LQIOXHQFH�GX�FRQWH[WH�
WHPSRUHO�VXU�OHV�GLVWRUVLRQV�GX�WHPSV�FKH]�O¶HQIDQW�HW�O¶DGXOWH��VHORQ�O¶RUGUH�GH�SUpVHQWDWLRQ�GHV�
GXUpHV� GDQV� OD� VpDQFH� H[SpULPHQWDOH�� OHXU� PRGDOLWp� VHQVRULHOOH� �YLVXHOOH� RX� DXGLWLYH��� HW� OD�
VLJQLILFDWLRQ�VRFLDOH�GX�VWLPXOXV�j�HVWLPHU��pWDW�GH�O¶DXWUH���

/HV�UpVXOWDWV�PRQWUHQW�OD�IRUWH�LQIOXHQFH�GHV�FRQWH[WHV�VXU�OH�MXJHPHQW�GHV�GXUpHV�FKH]�OH�
MHXQH�HQIDQW��(Q�HIIHW��LOV�IRQW�SUHXYH�GH�SOXV�JUDQGHV�VXUHVWLPDWLRQV�GX�WHPSV�TXDQG�OHV�GXUpHV�
YDULHQW� GH�PRGDOLWp� VHQVRULHOOH� G¶XQ� HVVDL� j� O¶DXWUH�� /HXU� MXJHPHQW� WHPSRUHO� HVW� DXVVL� SOXV�
LQIOXHQFp�SDU�OD�YDOHXU�GHV�GXUpHV�SUpVHQWpHV�DXSDUDYDQW�� ,OV�VRQW�pJDOHPHQW�VXMHWV�j�SOXV�GH�
GLVWRUVLRQV� WHPSRUHOOHV�� LQFRUSRUDQW� GDQV� OHXUV� HVWLPDWLRQV� O¶pWDW� SHUoX� FKH]� O¶DXWUH�
�PRXYHPHQW��pPRWLRQ���ELHQ�TXH�O¶DFTXLVLWLRQ�H[SOLFLWH�GH�OD�WKpRULH�GH�O¶HVSULW�DFFHQWXH�FHV�
GLVWRUVLRQV�� 'H� SOXV�� QRV� UpVXOWDWV� PRQWUHQW� TXH� O¶DPSOLWXGH� GH� FHV� GLVWRUVLRQV� GX� WHPSV�
FRQWH[WXHOOHV� HVW� GLUHFWHPHQW� OLpH� DX[� FDSDFLWpV� FRJQLWLYHV� GH� O¶HQIDQW�� QRWDPPHQW� GH� VHV�
FDSDFLWpV� G¶DWWHQWLRQ� HW� GH� PpPRLUH� GH� WUDYDLO�� &HV� UpVXOWDWV� WpPRLJQHQW� GH� O¶LQIOXHQFH�
GpWHUPLQDQWH�GX�GpYHORSSHPHQW�GHV�IRQFWLRQV�FRJQLWLYHV�VXU�OH�MXJHPHQW�GX�WHPSV�

$[H���± 7HPSV�HW�PRGpOLVDWLRQ� 'DQV�FH��qPH�D[H��RQ�D�HQWUHSULV�XQH�PRGpOLVDWLRQ�HQ�
UpVHDX[� GH� QHXURQHV� �6LPSOH 5HFFXUHQW�1HWZRUN� HW�0XOWL�/D\HU� 3HUFHSWURQ�� SHUPHWWDQW� GH�
SURSRVHU�XQ�QRXYHDX�PRGqOH�GpYHORSSHPHQWDO�GX� MXJHPHQW�GX� WHPSV�� DOOLDQW� GHV�SURFHVVXV�
DXWRPDWLTXHV G¶KRUORJH�LQWHUQH�j�GHV�SURFHVVXV�FRJQLWLIV LQWHUIpUHQWV��1RWUH�PRGqOH�SHUPHW�GH�
SUpGLUH�GH�IDoRQ�VDWLVIDLVDQWH�OHV�GLVWRUVLRQV�GX�WHPSV�FKH]�O¶KRPPH�j�GLIIpUHQWV�kJHV��1RWUH�
PRGqOH� HVW� GRQF� DSWH� j� VLPXOHU� OHV� ELDLV� GH� MXJHPHQW� WHPSRUHO� VXU� OD� EDVH� GHV� GLIIpUHQFHV�
FRJQLWLYHV�LQWHU� HW�LQWUD�LQGLYLGXHOOHV��&H�PRGqOH�RULJLQDO�GHYUDLW�SHUPHWWUH�G¶pWXGLHU�GH�IDoRQ�
V\VWpPDWLTXH� OHV� GLIILFXOWpV� GH� MXJHPHQW� GX� WHPSV GDQV� GLIIpUHQWV� FRQWH[WHV� HW� DXSUqV� GH�
SRSXODWLRQV�YDULpHV�SUpVHQWDQW�RX�QRQ�GHV�WURXEOHV�

0RWV�FOHIV � 'pYHORSSHPHQW��0RGpOLVDWLRQ��7HPSV��&RJQLWLRQ



$EVWUDFW�
7KH�DLP�RI� WKLV� WKHVLV� LV� WR� VWXG\� WKH�GHYHORSPHQW�RI� WHPSRUDO�EHKDYLRUV�DQG� WKHLU�FKDQJHV�

DFFRUGLQJ�WR�FKLOGUHQ
V�FRQWH[WV�DQG�FRJQLWLYH�DELOLWLHV��LQ�RUGHU�WR�SURSRVH�D�PRGHO�RI�WKH�GLVWRUWLRQV�
RI�WLPH�MXGJPHQW��$�VHW�RI���H[SHULPHQWDO�VWXGLHV�ZHUH�FDUULHG�RXW�LQ�WKLV�WKHVLV�EHORQJLQJ�WR���PDLQ�
D[HV��

$[LV���± 'HYHORSPHQW�RI�WLPH�DQG�QHXURSV\FKRORJ\��7KLV�D[LV�DLPV�WR�H[DPLQH�WKH�UROH�RI�
FRJQLWLYH� DELOLWLHV� �DWWHQWLRQ�� PHPRU\�� SURFHVVLQJ� VSHHG�� LQ� WKH� GLVWRUWLRQV� RI� WLPH� MXGJPHQW� LQ�
FKLOGUHQ��)RU�WKLV�UHDVRQ��FKLOGUHQ�DJHG�IURP���WR���\HDUV��DV�ZHOO�DV�DGXOWV��KDYH�EHHQ�VXEMHFWHG�WR�
SDUDGLJPV�RI�DWWHQWLRQ�GLVWUDFWRU�DQG�GRXEOH�WDVN��ZLWK�FRPSHWLQJ�WDVNV�RI�GLIIHUHQW�QDWXUHV��HLWKHU�
QRQ�WHPSRUDO� �FRORU� GLVFULPLQDWLRQ�� RU� WHPSRUDO� �GLVFULPLQDWLRQ� RU� UHSURGXFWLRQ� RI� GXUDWLRQV���
&KLOGUHQ
V�DELOLWLHV�ZHUH�DVVHVVHG�XVLQJ�GLIIHUHQW�QHXURSV\FKRORJLFDO�WHVWV��

7KH�UHVXOWV�VKRZ�WKDW�WLPH�GLVWRUWLRQV��XQGHUHVWLPDWLRQ�RI�WLPH��LQ�FKLOGUHQ�DUH�UHODWHG�WR�WKHLU�
OLPLWHG�DWWHQWLRQDO�DELOLWLHV��SDUWLFXODUO\�WR�WKHLU�DELOLWLHV�LQ�VHOHFWLYH�DWWHQWLRQ�LQ�WKH�FDVH�RI GXDO�WDVNV�
DQG� WR� WKDW� RI� LQKLELWLRQ� LQ� DWWHQWLRQDO� GLVWUDFWLRQ�� 7KXV�� WZR� DWWHQWLRQDO�PHFKDQLVPV� LPSDFW� WKH�
MXGJPHQW�RI� WLPH��RQH� OLQNHG� WR� WKH� WULJJHULQJ�RI� WKH��DWWHQWLRQDO�VZLWFK�� WLPH�SURFHVVLQJ�DQG� WKH�
RWKHU�WR�WKH��DWWHQWLRQDO�JDWH��DWWHQWLRQDO�UHVRXUFHV��1HYHUWKHOHVV��ZKHQ�WKH�VXEMHFW�KDV�WR�WUHDW�WZR�
GXUDWLRQV�LQ�SDUDOOHO��RQH�GRHV�QRW�REVHUYH�WHPSRUDO�XQGHUHVWLPDWLRQ��FRQWUDULO\��DQ�RYHUHVWLPDWLRQ�RI�
WKH�WLPH LV�UHYHDOHG��0RUHRYHU��WKLV�GLVWRUWLRQ�RI�WLPH�LV�QR�ORQJHU�OLQNHG�WR�WKH�FRJQLWLYH�DELOLWLHV�RI�
WKH�FKLOG��DOWKRXJK�LW�LV�PRUH�GLIILFXOW�IRU�WKH�FKLOG�WR�SHUIRUP�D�VHFRQG�WHPSRUDO�WDVN�WKDQ�D�VHFRQG�
QRQ�WHPSRUDO� WDVN�� 7KLV� VXJJHVWV� WKH� H[LVWHQFH� RI� DQ� LQWHUQDO� FORFN� V\VWHP� �RU� PXOWLSOH� FORFNV��
FDSDEOH�RI�LQGHSHQGHQWO\�SURFHVVLQJ�PXOWLSOH�GXUDWLRQV��+RZHYHU��RXU�UHVXOWV�VKRZ�WKDW�DWWHQWLRQDO
SURFHVVHV�LQWHUIHUH�ZLWK�WKLV�V\VWHP��WKXV�FDXVLQJ�WHPSRUDO�GLVWRUWLRQV�

$[LV���� 7LPH�DQG�FRQWH[W�:LWKLQ�WKH�IUDPHZRUN�RI�WKLV�D[LV��ZH�VWXGLHG�WKH�LQIOXHQFH�RI�WKH�
WHPSRUDO� FRQWH[W� RQ� WKH� GLVWRUWLRQV� RI� WLPH� LQ� WKH� FKLOG� DQG� WKH� DGXOW�� DFFRUGLQJ� WR� WKH� RUGHU� RI�
SUHVHQWDWLRQ�RI�WKH�GXUDWLRQV�LQ�WKH�H[SHULPHQWDO�VHVVLRQ��WKHLU�VHQVRU\�PRGDOLW\��YLVXDO�RU�DXGLWRU\���
DQG�WKH�VRFLDO�VLJQLILFDQFH�RI�WKH�VWLPXOXV�WR�EH�HVWLPDWHG��VWDWH�RI�WKH�RWKHU��

7KH�UHVXOWV�VKRZ�WKH�VWURQJ�LQIOXHQFH�RI�WKH�FRQWH[WV�RQ�WKH�GXUDWLRQ¶V�MXGJPHQW�LQ�WKH�\RXQJ�
FKLOG��,Q�IDFW��WKH\�VKRZ�JUHDWHU�WLPH�RYHUHVWLPDWLRQ ZKHQ�WKH�GXUDWLRQV�YDU\�IURP�VHQVRU\�PRGDOLW\�
IURP� RQH� WULDO� WR� DQRWKHU�� 7KHLU� WHPSRUDO� MXGJPHQW� LV� DOVR�PRUH� LQIOXHQFHG� E\� WKH� YDOXH� RI� WKH�
GXUDWLRQV�SUHVHQWHG�SUHYLRXVO\��7KH\�DUH�DOVR�VXEMHFW�WR�PRUH�WHPSRUDO�GLVWRUWLRQV��LQFRUSRUDWLQJ�LQ�
WKHLU� HVWLPDWLRQV WKH� SHUFHLYHG� VWDWH� RI� WKH� RWKHU� �PRYHPHQW�� HPRWLRQ��� DOWKRXJK� WKH� H[SOLFLW�
DFTXLVLWLRQ�RI�WKH�WKHRU\�RI�PLQG�DFFHQWXDWHV�WKHVH�GLVWRUWLRQV��0RUHRYHU��RXU�UHVXOWV�VKRZ�WKDW�WKH�
DPSOLWXGH�RI�WKHVH�FRQWH[WXDO�GLVWRUWLRQV�RI�WLPH�LV�GLUHFWO\�UHODWHG�WR�WKH�FRJQLWLYH�DELOLWLHV�RI�WKH�
FKLOG��QRWDEO\�RI�KLV�DWWHQWLRQ�DQG�ZRUNLQJ�PHPRU\�DELOLWLHV��7KHVH�UHVXOWV�WHVWLI\�WR�WKH�GHWHUPLQLQJ�
LQIOXHQFH�RI�WKH�GHYHORSPHQW�RI�FRJQLWLYH�IXQFWLRQV RQ�WKH�MXGJPHQW�RI�WLPH�

$[LV���� 7LPH�DQG�PRGHOLQJ� ,Q�WKLV�WKLUG�DUHD��D�VHULHV�RI�QHXUDO�QHWZRUNV��6LPSOH 5HFXWUHQW�
1HWZRUN�DQG�0XOWL�/D\HU�3HUFHSWURQ��KDV�EHHQ�XQGHUWDNHQ�WR�SURSRVH�D�QHZ�GHYHORSPHQWDO�PRGHO�
RI�WLPH�MXGJPHQW��FRPELQLQJ�DXWRPDWLF�LQWHUQDO�FORFN�SURFHVVHV�ZLWK�LQWHUIHULQJ�FRJQLWLYH SURFHVVHV��
2XU�PRGHO�DOORZV�XV�WR�SUHGLFW�VLJQLILFDQWO\ WKH�GLVWRUWLRQV�RI�WLPH�LQ�KXPDQV�DW�GLIIHUHQW�DJHV��2XU�
PRGHO� LV� WKHUHIRUH� DEOH� WR� VLPXODWH� WHPSRUDO� MXGJPHQW� ELDV� EDVHG� RQ� LQWHU� DQG LQWUD�LQGLYLGXDO�
FRJQLWLYH� GLIIHUHQFHV�� 7KLV� RULJLQDO� PRGHO� VKRXOG� PDNH� LW� SRVVLEOH� WR� V\VWHPDWLFDOO\� VWXG\� WKH�
GLIILFXOWLHV� RI� WLPH� MXGJPHQW� LQ� GLIIHUHQW� FRQWH[WV� DQG� LQ� YDULRXV� SRSXODWLRQV� ZLWK� RU� ZLWKRXW�
GLVRUGHUV�

.H\ZRUGV� 'HYHORSPHQW��0RGHOLQJ��7LPH��&RJQLWLRQ
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4X¶HVW�FH�TXH� OH� WHPSV "�&¶HVW� OD�SUHPLqUH�TXHVWLRQ�TX¶LO� VHUDLW� OpJLWLPH�GH�VH�SRVHU�

DYDQW� G¶DOOHU� SOXV� HQ� DPRQW� GDQV� FH� WUDYDLO� GH� WKqVH�� &HSHQGDQW�� DX� FRXUV� GH� O¶KLVWRLUH� GH�

O¶KXPDQLWp��QXO�Q¶D�pWp�UpHOOHPHQW�DSWH�j�GpILQLU�FH�TX¶HVW�IRQGDPHQWDOHPHQW�OH�WHPSV��&RPPH�

OH�GLVDLW�GpMj�6DLQW�$XJXVWLQ������������OH�WHPSV�QH�SHXW rWUH�GpFULW�G¶XQH�PDQLqUH�VDWLVIDLVDQWH�

HQ�XVDQW�G¶XQH�VHXOH�H[SOLFDWLRQ�RX�GpILQLWLRQ��7RXWH�WHQWDWLYH�G¶H[SOLTXHU�FH�TX¶HVW�OH�WHPSV�

FRQVWLWXHUDLW�XQH�DFFHQWXDWLRQ�GH�FHUWDLQHV�GLPHQVLRQV�DX�GpWULPHQW�G¶DXWUHV��'H�QRV�MRXUV��OHV�

SK\VLFLHQV�V¶DFFRUGHQW�j�GLUH�TXH� OH� WHPSV�HVW� O¶XQH�GHV�SURSULpWpV�GH�QRWUH�XQLYHUV� OHV�SOXV�

GLIILFLOHV�j�FRPSUHQGUH��.OHLQ������ ��5RYHOOL���������,O�HVW�G¶DLOOHXUV�LPSRVVLEOH�GH�GpFULUH�OH�

WHPSV�VDQV�OH�UDSSRUWHU�j�OXL�PrPH��$LQVL��QRXV�VRPPHV�HQ�GURLW�GH�QRXV�GHPDQGHU�VL�OH�WHPSV�

H[LVWH� YUDLPHQW�� &HWWH� TXHVWLRQ� HVW� G¶DXWDQW� SOXV� SHUWLQHQWH� ORUVTXH� O¶RQ� VDLW� TXH� OHV� ORLV�

PLFURVFRSLTXHV� VRQW� LQYDULDQWHV� SDU� UDSSRUW� DX� UHQYHUVHPHQW� GX� WHPSV� �/HGHUPDQ� 	�+LOO��

�������

&HSHQGDQW��FH�IDLW�SK\VLTXH�HVW�XQ�SDUDGR[H�SRXU�QRWUH�HVSULW��FDU�WRXW�FRPPH�O¶KLVWRLUH�

GH�QRWUH�YLH�� OH�WHPSV�HVW� OLQpDLUH�HW� LUUpYHUVLEOH��3RXU�QRXV��REVHUYDWHXUV�� OH�WHPSV�HVW�FHWWH�

FKRVH�TXL�SHUPHW�DX[�pYpQHPHQWV�G¶rWUH�VpTXHQFpV�GH�IDoRQ�RUGRQQpH�HW�FKURQRORJLTXH��/HV�

FDXVHV�SUpFqGHQW�WRXMRXUV�OHV�HIIHWV��2Q�SDUOH�G¶DLOOHXUV�GH�© IOqFKH�GX�WHPSV ª��(Q�SK\VLTXH��

FHWWH�LGpH�G¶XQ�WHPSV�XQLTXH�HW�OLQpDLUH�D�pWp�LQLWLDOHPHQW�GpFULWH�GDQV�OD�SK\VLTXH�FODVVLTXH�GH�

1HZWRQ���������1pDQPRLQV��HOOH�D�pWp�UHPLVH�HQ�FDXVH�DYHF�OD�WKpRULH�GH�OD�UHODWLYLWp�UHVWUHLQWH�

G¶(LQVWHLQ���������6HORQ�FHWWH�WKpRULH��OH�WHPSV�Q¶HVW�SDV�XQLYHUVHO��PDLV�GpSHQG�GX�UpIpUHQWLHO��

&¶HVW�FH�TX¶RQW�SURXYp�-RVHSK�+DIHOH�HW�5LFKDUG�.HDWLQJ�HQ�������HQ�HPEDUTXDQW�GHX[�KRUORJHV�

DWRPLTXHV�GDQV�GHV�DYLRQV�IDLVDQW�OH�WRXU�GX�PRQGH��O¶XQH�YHUV�O¶2XHVW�HW�O¶DXWUH�YHUV�O¶(VW���(Q�

FRPSDUDQW�FHV�KRUORJHV�j�XQH�KRUORJH�IL[H�GH�UpIpUHQFH��LOV�RQW�DORUV�FRQVWDWp�TXH�O¶KRUORJH�TXL�

D�YR\DJp�j�O¶HQFRQWUH�GX�VHQV�GH�URWDWLRQ�GH�OD�WHUUH�DYDQFH�GH�����QDQRVHFRQGHV�SDU�UDSSRUW�j�

O¶KRUORJH�IL[H��DORUV�TXH�O¶DXWUH�KRUORJH�UHWDUGH�GH����QDQRVHFRQGHV��'H�OD�PrPH�IDoRQ��OH�WHPSV�

GpSHQG�GH� OD�JUDYLWp�H[HUFpH�VXU� O¶REVHUYDWHXU��3OXV� OD�JUDYLWp�HVW� LPSRUWDQWH��SOXV� OH� WHPSV�

V¶DOORQJH��3DU�H[HPSOH��OH�WHPSV�HVW�UDOHQWL�TXDQG�RQ�HVW�DVVLV�VXU�OD�WHUUH�IHUPH�SDU�UDSSRUW�j�

XQ�DXWUH�REVHUYDWHXU�DVVLV�DX���qPH�pWDJH�GH�VRQ�DSSDUWHPHQW��,O�\�D�DORUV�SRWHQWLHOOHPHQW�DXWDQW�

GH�WHPSV�TX¶LO�\�D�G¶REVHUYDWHXUV��$LQVL��VHORQ�FHWWH�WKpRULH��QRXV�YLYRQV�WRXV�GDQV�OH�SDVVp�RX�

GDQV�OH�IXWXU�G¶XQ�DXWUH�REVHUYDWHXU��'HSXLV��OH�FDUDFWqUH�XQLGLUHFWLRQQHO�GX�WHPSV�D�pWp�UHPLV�

j� MRXU� GDQV� OH� VHFRQG� SULQFLSH� GH� OD� WKpRULH� GHV� V\VWqPHV� WKHUPRG\QDPLTXHV�� TXL� pWDEOLW�
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O¶LUUpYHUVLELOLWp�GH�FHUWDLQV�SKpQRPqQHV�SK\VLTXHV��WKpRULH� IRUPDOLVpH�HQ������SDU�&ODXVLXV��

YRLU� DXVVL %RUJKL�� ������ *UHPDXG�� ������� (Q� HIIHW�� DYHF� O¶LQWURGXFWLRQ� GX� SKpQRPqQH�

G¶HQWURSLH��F¶HVW�j�GLUH�GH�OD�WHQGDQFH�GH�O¶XQLYHUV�j�pYROXHU�YHUV�XQ�pWDW�GH�GpVRUGUH�FURLVVDQW��

WRXW�V\VWqPH�Q¶HVW�SDV�UpYHUVLEOH�

/H�WHPSV�WHO�TX¶LO�HVW�GpILQL�SDU�OHV�SK\VLFLHQV�FKDQJH�DX�JUp�GHV�WKpRULHV�HW�GHV�PR\HQV�

VFLHQWLILTXHV��2Q�SHXW�GRQF�VH�GHPDQGHU�VL�OH�WHPSV�SK\VLTXH�Q¶HVW�ILQDOHPHQW�SDV�TXH�OD�VLPSOH�

pPHUJHQFH�GH�QDWXUH�WKHUPRG\QDPLTXH�VWDWLVWLTXH��LQGLVVRFLDEOH�GX�PDQTXH�G¶LQIRUPDWLRQ�GH�

O¶REVHUYDWHXU�PDFURVFRSLTXH�TX¶HVW�O¶KRPPH��&HUWDLQV�SK\VLFLHQV�SHQVHQW�HIIHFWLYHPHQW�TXH�

OH�WHPSV�Q¶HVW�TX¶XQH�LOOXVLRQ�GXH j�QRWUH�FRQQDLVVDQFH�LQFRPSOqWH��5RYHOOL���������6L�OH�WHPSV�

Q¶H[LVWH�SDV��DORUV�FH�Q¶HVW�SDV�OH�WHPSV�TXL�QRXV�IDLW�YLHLOOLU��PDLV�FH�TX¶LO�DGYLHQW�HQ�QRXV�j�

PHVXUH�TX¶LO� SDVVH� �.OHLQ� �������(Q�G¶DXWUHV� WHUPHV�� OH� WHPSV�QH�SDVVH�SDV�� F¶HVW� QRXV�TXL�

SDVVRQV��© /H�WHPSV�V¶HQ�YD��OH�WHPSV�V¶HQ�YD��PDGDPH ��/DV ��/H�WHPSV��QRQ��PDLV�QRXV�QRXV�

HQ�DOORQV�´��5RQVDUG� �����± 6RQQHW�j�0DULH��

$X�GHPHXUDQW«�4X¶LPSRUWH�OD�YpULWDEOH�QDWXUH�GX�WHPSV "�4XHOOH�HVW�O¶LPSRUWDQFH�GH�

VDYRLU� VL� OH� WHPSV� H[LVWH� RX� QRQ "� 6L� QRXV� HQ� IDLVRQV� O¶H[SpULHQFH�� DORUV� OH� WHPSV� H[LVWH�

SV\FKRORJLTXHPHQW�SDUODQW ��&RPPH�OH�GLVDLW�6KDNHVSHDUH��������µ¶'LVFXWHU�SRXUTXRL�OH�MRXU�

HVW�OH�MRXU��OD�QXLW�OD�QXLW�HW�OH�WHPSV�OH�WHPSV��FH�VHUDLW�SHUGUH�OHV�MRXUV��OHV�QXLWV�HW�OH�WHPSV¶¶�

�+DPOHW�$FWH����VFqQH������±�����/D�3V\FKRORJLH�HQ�WDQW�TXH�VFLHQFH�D�GRQF�VXLYL�OH�FRQVHLO�

6KDNHVSHDULHQ� HQ� ODLVVDQW� OHV� JUDQGHV� TXHVWLRQV� GH� OD� UpDOLWp� SK\VLTXH� GX� WHPSV� DX[� DXWUHV�

VFLHQFHV��SRXU�QH�VH�SHQFKHU�TXH�VXU�OH�WHPSV�SV\FKRORJLTXH��F¶HVW�j�GLUH�OH�WHPSV�WHO�TX¶LO�HVW�

SHUoX��WHO�TX¶LO�HVW�YpFX��WHO�TX¶LO�HVW�UHVVHQWL��$ORUV�QH�SHUGRQV�SDV�GDYDQWDJH�GH�WHPSV�SK\VLTXH�

HW�SDUORQV�GX�WHPSV�SV\FKRORJLTXH�

&KDTXH�LQGLYLGX�SHXW�pSURXYHU�XQH�©�VHQVDWLRQ�ª�GH�WHPSV�DORUV�PrPH�TX¶DXFXQ�RUJDQH�

VHQVRULHO�QH�V¶DFWLYH�SRXU�QRXV�SHUPHWWUH�GH�OH�SHUFHYRLU��&HWWH�VHQVDWLRQ�HVW�RPQLSUpVHQWH�GDQV�

QRWUH�YLH�TXRWLGLHQQH��'DQV�OH�FDV�G¶XQ�VLPSOH�WUDMHW�HQ�YRLWXUH��RQ�SHXW�VH�GHPDQGHU�© &RPELHQ�

GH�WHPSV�PH�IDXW�LO�SRXU�DOOHU�j�PRQ�UHQGH]�YRXV " ª�© ,O�HVW��K��LO�YD�SUREDEOHPHQW�\�DYRLU�GHV�

ERXFKRQV��FRPELHQ�GH�WHPSV�PH�IDXW�LO�HQ�SOXV " ª��© $L�MH�OH�WHPSV�GH�VRUWLU�GH�PD�SODFH�GH�

VWDWLRQQHPHQW� DYDQW� O¶DUULYpH� GH� O¶DXWUH� YRLWXUH " ª� © /H� IHX� HVW� RUDQJH�� DL�MH� OH� WHPSV� GH�

IUHLQHU " ª«�&HSHQGDQW��VL� WRXW�OH�PRQGH�SHXW�IDLUH�O¶H[SpULHQFH�GX�WHPSV�HW�HQ�SDUOHU�GH�OD�

PrPH�IDoRQ��FHOOH�FL�HVW�SURSUH�j�FKDFXQ�VHORQ�FH�TXH�O¶RQ�YLW��VHORQ�OHV�FLUFRQVWDQFHV��&RPPH�

OH�GLVDLW�(LQVWHLQ�������� ����� ��© 3ODFH]�YRWUH�PDLQ�VXU�XQ�SRrOH�XQH�PLQXWH�HW�oD�YRXV�VHPEOH�

GXUHU�XQH�KHXUH��$VVH\H]�YRXV�DXSUqV�G¶XQH�MROLH�ILOOH�XQH�KHXUH�HW�oD�YRXV�VHPEOH�GXUHU�XQH�

PLQXWH ª��/HV�FKHUFKHXUV�GDQV� OH�GRPDLQH�GH� OD�SV\FKRORJLH�V¶LQWpUHVVHQW�GRQF�j� OD� UHODWLRQ�
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HQWUH�OH�WHPSV�REMHFWLI�HW�FH�WHPSV�VXEMHFWLI��/H�SUHPLHU�WHPSV��REMHFWLI��HVW�OH�WHPSV�SK\VLTXH�

PHVXUDEOH�SDU�QRWUH�PRQWUH��/H�VHFRQG�WHPSV�SV\FKRORJLTXH�UHQYRLH�j�O¶HVWLPDWLRQ�VXEMHFWLYH�

GX�WHPSV�REMHFWLI�

$�QRV�GpSHQV��OH�WHPSV�VXEMHFWLI�IOXFWXH�VHORQ�OHV�VLWXDWLRQV�GDQV�OHVTXHOOHV�QRXV�QRXV�

WURXYRQV� �%ORFN��+DQFRFN�	�=DND\������ ��%URZQ��&ROOLHU�	�1LJKW�� ������� VHORQ�QRV� pWDWV�

pPRWLRQQHOV� SDU� H[HPSOH� �'URLW�9ROHW�� ���� �� 'URLW�9ROHW�� )D\ROOH� /DPRWWH�	�*LO�� ���� ��

'URLW�9ROHW�	�0HFN������ ��/DNH��/DEDU�	�0HFN�������� RX�PrPH�VHORQ�OH�FDGUH�GDQV�OHTXHO�

QRXV�QRXV� WURXYRQV � FDPSDJQH��YLOOH�RX�EXUHDX��5RVHERRP��)RXQWDV��1LNLIRURX��%KRZPLN��

6KDQDKDQ�	�6HWK�� ������� ,O� H[LVWH� DXVVL� GH� JUDQGHV� GLIIpUHQFHV� LQWHULQGLYLGXHOOHV� ORUV� GH� OD�

PHVXUH� GX� WHPSV� �0XKV�� .DUZRZVNL� 	� .HUQ�� ������� QRWDPPHQW� VHORQ� OHV� kJHV� �&RHOKR��

)HUUHLUD��'LDV��6DPSDLR��0DUWLQV�	�&DVWUR�&DOGDV������ ��'URLW�9ROHW������������ ��'URLW�9ROHW�

	�&RXOO�� ���� �� )HUUHLUD�� 3DLYD�� 3UDQGR��*UDoD�	�.RX\RXPGMLDQ�� ������� 1RXV� VDYRQV� SDU�

H[HPSOH�TXH�O¶HQIDQW�HVW�PRLQV�ERQ�GDQV�VHV�HVWLPDWLRQV�WHPSRUHOOHV�TXH�QH�O¶HVW�O¶DGXOWH��,O�HVW�

DXVVL�SOXV�VXMHW�DX[�LOOXVLRQV�WHPSRUHOOHV��/D�TXHVWLRQ�HVW�GRQF ��SRXUTXRL�OHV�HQIDQWV�VRQW�LOV�

SOXV�VXMHWV�j�FHV�LOOXVLRQV�WHPSRUHOOHV "�&¶HVW�OD�µµJUDQGH¶¶�TXHVWLRQ�j�ODTXHOOH�M¶DL�HVVD\p�GH�

UpSRQGUH�GXUDQW�FHV���DQQpHV�GH�WKqVH��-¶DL�TXDOLILp�FHWWH�TXHVWLRQ�GH�JUDQGH��FDU�HOOH�UpVXOWH�

HOOH�PrPH�GH�PXOWLSOHV�TXHVWLRQQHPHQWV ��([LVWH�W�LO�XQ�VHQV�SULPLWLI�GX�WHPSV��QRQ�VXMHW�DX[�

GLVWRUVLRQV "�4XHO�HVW�DORUV� OH�PpFDQLVPH�QHXURORJLTXH�UHVSRQVDEOH�GH� OD�PHVXUH�SUpFLVH�GX�

WHPSV "�'¶R��SURYLHQQHQW�FHV�LOOXVLRQV�WHPSRUHOOHV�HW�VRXV�TXHOOHV�FRQGLWLRQV�VRQW�HOOHV�OHV�SOXV�

IRUWHV "�6RQW�HOOHV�GXHV�DX�GpYHORSSHPHQW�G¶XQ�PpFDQLVPH�VSpFLILTXH�j�OD�SHUFHSWLRQ�GX�WHPSV�

RX�j XQ�SUREOqPH�SOXV�JpQpUDO�GH�GpYHORSSHPHQW�FRJQLWLI "�(VVD\RQV�j�SUpVHQW�G¶DSSRUWHU�GHV�

UpSRQVHV�j�WRXWHV�FHV�TXHVWLRQV�
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���������� ǣ����������������ǯ�������������������������

�ǯ�����Ǥ

'H OD�PLOOLVHFRQGH�DX[�PXOWLSOHV�DQQpHV�G¶XQH�YLH��LO�H[LVWH�XQ�FRQWLQXXP�GH�WHPSV�

SHUPHWWDQW�GH�JXLGHU�QRV�DFWLRQV�DX�TXRWLGLHQ��%XKXVL�	�0HFN���������)LJXUH�����&RPPH�RQ�

SHXW�OH�YRLU�VXU�OD�)LJXUH����DX�GpEXW�GH�FH�FRQWLQXXP�VH�WURXYH�OD�PLOOLVHFRQGH��QpFHVVDLUH�DX�

FRQWU{OH�GX�PRXYHPHQW��(GZDUGV��$OGHU�	�5RVH��������j�OD�UHFRJQLWLRQ��0DXN�	�%XRQRPDQR��

������RX�HQFRUH�j�OD�SURGXFWLRQ�YHUEDOH��6FKLUPHU���������$�O¶DXWUH�H[WUrPH�VH�WURXYHQW� OHV�

U\WKPHV�FLUFDGLHQV��HQWUDvQpV�SDU�GHV�F\FOHV�WHPSRUHOV�TXL�SHXYHQW V¶pWHQGUH�VXU�SOXVLHXUV�MRXUV�

�&]HLVOHU�HW�DO����������3RXU�FHWWH�WKqVH��MH�PH�VXLV�LQWpUHVVp�DX[�GXUpHV�LQWHUPpGLDLUHV��VLWXpHV�

HQWUH� FHV� GHX[� H[WUrPHV�� DXWUHPHQW� GLW�� DX[� LQWHUYDOOHV� WHPSRUHOV� GH� O¶RUGUH� GH� OD� VHFRQGH��

&HX[�FL�VRQW�LPSOLTXpV�GDQV�OHV�SURFHVVXV�GH�SULVH�GH�GpFLVLRQ��*DOOLVWHO������ ��.DFHOQLN�	�

%UXQQHU������ ��5LFKHOOH�	�/HMHXQH���������RX� OH�VpTXHQoDJH�GDQV� OH� WHPSV�GH�QRV�SURSUHV�

DFWLRQV��%RUWROHWWR��&RRN��	�&XQQLQJWRQ��������

/HV�KDELOHWpV� j� HVWLPHU� OHV�GXUpHV�GDQV� OD� WUDQFKH� WHPSRUHOOH�GHV� VHFRQGHV�RQW�pWp�

PLVHV�HQ�pYLGHQFH�FKH]�GH�QRPEUHXVHV�HVSqFHV�DQLPDOHV��FRPPH�FKH]�OHV�SULPDWHV��*ULERYD��

'RQFKLQ��%HUJPDQ��9DDGLD�	�GH�2OLYHLUD������ ��-DQVVHQ�	�6KDGOHQ������ ��/HRQ�	�6KDGOHQ��

�������OHV�URQJHXUV��%URZQ��+|KQ��)DXUH��9RQ�+|UVWHQ� /H�%ODQF��'HVYLJQHV��(O�0DVVLRXL�	�

'R\qUH������ ��%XKXVL��6DVDNL�	�0HFN������ ��*DOOLVWHO��.LQJ��	�0F'RQDOG���������OHV�RLVHDX[�

�%XKXVL��6DVDNL�	�0HFN������ ��+HQGHUVRQ��+XUO\��%DWHVRQ�	�+HDO\������ ��2K\DPD��*LEERQ��

'HLFK�	�%DOVDP�� ���� �� 3LQKHLUR� GH� &DUYDOKR��0DFKDGR�	� 7RQQHDX�� ������� HW� PrPH� OHV�

SRLVVRQV� �'UHZ�� =XSDQ�� &RRNH�� &RXYLOORQ��	�%DOVDP�� ������� ,O� V¶DJLW� GRQF� G¶XQH� KDELOHWp�

SULPDLUH�FRPPXQH�j�WRXWHV�OHV�HVSqFHV�DQLPDOHV�
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)LJXUH����5HSUpVHQWDWLRQ�VFKpPDWLTXH�GHV GLIIpUHQWHV�pFKHOOHV�GH�GXUpHV��VHORQ�%XKXVL�HW�0HFN�
�������

&HSHQGDQW�� OHV� PpWKRGHV� GH� UHFKHUFKH� HPSOR\pHV� SRXU� PHWWUH� HQ� H[HUJXH� FHV�

DSWLWXGHV�WHPSRUHOOHV�GH�EDVH�VRQW�GLIIpUHQWHV�GH�FHOOHV�HPSOR\pHV�FKH]�O¶KXPDLQ��(Q�HIIHW��FKH]�

O¶DQLPDO� FHV�FDSDFLWpV�RQW�pWp�PLVHV�HQ�pYLGHQFH�DX�PR\HQ�GH�PpWKRGHV�GH�FRQGLWLRQQHPHQW��

2U��LO�HVW�GLIILFLOH�GH�FRQGLWLRQQHU�O¶KRPPH�DX�WHPSV��/D�PpWKRGH�GH�FRQGLWLRQQHPHQW�WHPSRUHO�

j� LQWHUYDOOH� IL[H� �),� D� SDU� H[HPSOH� pWp� XWLOLVpH� FKH]� O¶KRPPH�� PDLV� FHOXL�FL� IRUPXOH�

LPPpGLDWHPHQW�GHV�UqJOHV�YHUEDOHV�GH�IRQFWLRQQHPHQW��© GDQV�FHWWH�VLWXDWLRQ��MH�GRLV�DWWHQGUH ª��

HQWUDYDQW� WRXW� FRQGLWLRQQHPHQW� DXWKHQWLTXH� GH� VHV� FRPSRUWHPHQWV� �/HMHXQH�� 5LFKHOOH� HW�

:HDUGHQ���������'H�SOXV��ORUVTXH�O¶RQ�WUDYDLOOH�HQ�FRQGLWLRQQHPHQW��RQ�WUDYDLOOH�VXU�XQH�UpSRQVH�

DSSULVH��2U��FH�W\SH G¶DSSUHQWLVVDJH�QpFHVVLWH�SOXVLHXUV�VpDQFHV�V¶pWDODQW�VXU�SOXVLHXUV�MRXUV��,O�

SHXW rWUH�DLVp�GH�PDLQWHQLU�XQ�QLYHDX�GH�PRWLYDWLRQ�pOHYp�FKH]�O¶DQLPDO��TXL�HVW�DIIDPp SRXU�FHW�

DSSUHQWLVVDJH��1pDQPRLQV��SRXU�GHV�UDLVRQV�pWKLTXHV�HW�GpRQWRORJLTXHV�pYLGHQWHV�� LO HVW�ELHQ�

�ƵƌĠĞ�ĐŝƌĐĂĚŝĞŶŶĞ
�ŽŵƉŽƌƚĞŵĞŶƚ

Ύ��ƉƉĠƚŝƚ
Ύ��ǇĐůĞ�ǀĞŝůůĞͲƐŽŵŵĞŝů
^ƚƌƵĐƚƵƌĞƐ�ĚƵ�ĐĞƌǀĞĂƵ

Ύ�EŽǇĂƵ�ƐƵƉƌĂĐŚŝĂƐŵĂƚŝƋƵĞƐ
DĠĐĂŶŝƐŵĞ

Ύ dƌĂŶƐĐƌŝƉƚŝŽŶ�ͬ�ƚƌĂĚƵĐƚŝŽŶ�
ďŽƵĐůĞƐ�ƌĠŐůĞŵĞŶƚĂŝƌĞƐ

�ƵƌĠĞ�ŝŶƚĞƌǀĂůůĞ
�ŽŵƉŽƌƚĞŵĞŶƚ

Ύ�ƌĞĐŚĞƌĐŚĞ�ĚĞ�ŶŽƵƌƌŝƚƵƌĞ
Ύ�ƉƌŝƐĞ�ĚĞ�ĚĠĐŝƐŝŽŶ

^ƚƌƵĐƚƵƌĞƐ�ĚƵ�ĐĞƌǀĞĂƵ
Ύ��ŝƌĐƵŝƚƐ�ĐŽƌƚŝĐŽƐƚƌŝĂƚĂƵǆ

Ύ�EĞƵƌŽŶĞƐ�ĚŽƉĂŵŝŶĞƌŐŝƋƵĞƐ
DĠĐĂŶŝƐŵĞ

Ύ��ĠƚĞĐƚŝŽŶ�ĚĞ�ĐŽŢŶĐŝĚĞŶĐĞ
Ύ�>dW�ͬ�>d�

�ƵƌĠĞ�ŵŝůůŝƐĞĐŽŶĚĞ
�ŽŵƉŽƌƚĞŵĞŶƚ

Ύ�ƉƌŽĚƵĐƚŝŽŶ�ǀĞƌďĂůĞ͕�ŵƵƐŝƋƵĞ
Ύ��ŽŶƚƌƀůĞ�ŵŽƚĞƵƌ

^ƚƌƵĐƚƵƌĞƐ�ĚƵ�ĐĞƌǀĞĂƵ
Ύ��ĞƌǀĞůĞƚ ͍
DĠĐĂŶŝƐŵĞ

Ύ�>dW�ͬ�>d��ĐĠƌĠďĞůůĞƵƐĞ ͍
Ύ�WƌŽƉƌŝĠƚĠƐ�ŝŶƚƌŝŶƐğƋƵĞƐ�ĚĞ�ůĂ�

ĨŽŶĐƚŝŽŶ�ŶĞƵƌŽŶĂůĞ ͍

�ƵƌĠĞ�ĐŝƌĐĂĚŝĞŶŶĞ
�ŽŵƉŽƌƚĞŵĞŶƚ

Ύ��ƉƉĠƚŝƚ
Ύ��ǇĐůĞ�ǀĞŝůůĞͲƐŽŵŵĞŝů
^ƚƌƵĐƚƵƌĞƐ�ĚƵ�ĐĞƌǀĞĂƵ

Ύ�EŽǇĂƵ�ƐƵƉƌĂĐŚŝĂƐŵĂƚŝƋƵĞƐ
DĠĐĂŶŝƐŵĞ

Ύ dƌĂŶƐĐƌŝƉƚŝŽŶ�ͬ�ƚƌĂĚƵĐƚŝŽŶ�
ďŽƵĐůĞƐ�ƌĠŐůĞŵĞŶƚĂŝƌĞƐ
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HQWHQGX�LPSRVVLEOH�G¶DIIDPHU�OHV�rWUHV�KXPDLQV��,O�HVW�GRQF�GLIILFLOH�GH�PDLQWHQLU�OHXU QLYHDX�

GH� PRWLYDWLRQ� VXU� SOXVLHXUV� VpDQFHV� G¶DSSUHQWLVVDJH�� 4XRL� TX¶LO� HQ� VRLW�� QRXV� GHYRQV� OHV�

SUHPLHUV� WUDYDX[� GH� FRQGLWLRQQHPHQW� DX� WHPSV� FKH]� O¶DQLPDO� j� 6NLQQHU� ������� SRXU� OH�

FRQGLWLRQQHPHQW�RSpUDQW� HW�j�3DYORY���������������SRXU�OH�FRQGLWLRQQHPHQW�FODVVLTXH��/HMHXQH�

HW�DO����������7RXWHIRLV��MH�QH�P¶DWWDUGHUDL�SDV�VXU�FHV�WUDYDX[�SUpIpUDQW�SUpVHQWHU�OHV�PpWKRGHV�

XWLOLVpHV�SOXV�FRXUDPPHQW�FKH]�O¶KRPPH�HW�O¶HQIDQW�

,�± 0pWKRGH�G¶pWXGH�FKH]�O¶KRPPH

/HV�FKHUFKHXUV�RQW�PLV�DX�SRLQW�GHV�PpWKRGHV�YLVDQW�j�PHVXUHU�IDFLOHPHQW�OD�SHUFHSWLRQ�

GX�WHPSV�DXSUqV�GH�O¶rWUH�KXPDLQ��'DQV�OHV�WUDYDX[�FKH]�O¶+RPPH��LO�HVW�FHSHQGDQW�LPSRUWDQW�

GH�GLVWLQJXHU�GHX[�PpWKRGHV�G¶LQYHVWLJDWLRQ�VHORQ�TXH�OH�WHPSV�HVW�MXJp�GH�IDoRQ�SURVSHFWLYH�

RX�UpWURVSHFWLYH��%ORFN������ ��%ORFN�	�=DND\������ ��%URZQ�	�6WXEEV����������� ��*URQGLQ��

���� ��+LFNV��0LOOHU�	�.LQVERXUQ������ ��7RELQ��%LVVRQ��	�*URQGLQ���������'DQV�XQH�VLWXDWLRQ�

GH� MXJHPHQW� WHPSRUHO� SURVSHFWLI�� DX�PR\HQ� GH� FRQVLJQH�V�� YHUEDOH�V�� HW�RX� pFULWH�V��� LO� HVW�

FODLUHPHQW�H[SOLTXp�DX�VXMHW�TX¶LO�YD�GHYRLU�HVWLPHU�OD�GXUpH��3DU�H[HPSOH��O¶H[SpULPHQWDWHXU�

SHXW�GLUH ��³9RXV�DOOH]�GHYRLU�HVWLPHU�OD�GXUpH�TXL�V¶pFRXOH�HQWUH�OH�GpEXW�HW�OD�ILQ�GH�OHFWXUH�GH�

OD�SURFKDLQH�SDJH´��(Q�UHYDQFKH��GDQV�XQH�VLWXDWLRQ�GH�MXJHPHQW�WHPSRUHO�UpWURVSHFWLI��LO�Q¶\�D�

DXFXQH�FRQVLJQH�WHPSRUHOOH��/H�VXMHW�Q¶HVW�GRQF�SDV�FRQVFLHQW�GX�FDUDFWqUH�WHPSRUHO�GH�OD�WkFKH�

TX¶LO�GRLW�HIIHFWXHU��3DU�H[HPSOH��O¶H[SpULPHQWDWHXU�SHXW�GLUH�j�OD�ILQ�GH�OD�OHFWXUH�G¶XQ FKDSLWUH ��

³&RPELHQ� GH� WHPSV� V¶HVW� pFRXOp� GHSXLV� OH� GpEXW� GH� FH� FKDSLWUH "´�� (WDQW� GRQQp� TXH� QRXV�

HVWLPRQV� UDUHPHQW� OD� GXUpH� GH� FKDTXH� pYpQHPHQW� GH� IDoRQ� FRQVFLHQWH�� FHUWDLQV� FKHUFKHXUV�

FRQVLGqUHQW�TXH�OD�WkFKH�G¶HVWLPDWLRQ�WHPSRUHOOH�UpWURVSHFWLYH�HVW�OD�SOXV�pFRORJLTXH��

&HSHQGDQW��ELHQ�TXH�O¶HVWLPDWLRQ�GX�WHPSV�SURVSHFWLYH�VRLW�PRLQV�UHSUpVHQWDWLYH�GH�QRV�

pYDOXDWLRQV�WHPSRUHOOHV��F¶HVW�OD�PpWKRGH�G¶pWXGH�OD�SOXV�HPSOR\pH�SRXU�DQDO\VHU�O¶HVWLPDWLRQ�

GX�WHPSV�FKH]�O¶+RPPH��(Q�HIIHW��LO�HVW�GLIILFLOH�G¶pWXGLHU�OH�WHPSV�UpWURVSHFWLI��$SUqV�XQ�VHXO�

HVVDL��OH�VXMHW�Q¶HVW�SOXV�HQ�MXJHPHQW�UpWURVSHFWLI�SDUFH�TX¶LO�VDLW�TX¶LO�GRLW�WUDLWHU�OH�WHPSV��'H�

SOXV��OH�WUDLWHPHQW�SURVSHFWLI�GX�WHPSV�IDLW�GDYDQWDJH�DSSHO�j�GHV�SURFHVVXV�GH�SHUFHSWLRQ��HW�

GpSHQG� PRLQV� GHV� SURFHVVXV� FRJQLWLIV� GH� KDXW� QLYHDX�� /H� WUDLWHPHQW� UpWURVSHFWLI� GX� WHPSV�

UHSRVHUDLW HQ�HIIHW�VXU�GHV�SURFHVVXV�GH�UHFKHUFKH�HQ�PpPRLUH��%ORFN�	�=DND\������ ��=DND\�

	�%ORFN���������������6HORQ�OHV�WUDYDX[�GH�%ROW]� FHWWH�HVWLPDWLRQ�VH�EDVH�VXU�OH�WUDLWHPHQW�GH�

O¶LQIRUPDWLRQ�QRQ�WHPSRUHOOH��%ROW]���������������&HUWDLQV�FKHUFKHXUV�RQW�QRWDPPHQW�PRQWUp�



WĂŐĞ�ͮ�ϴ

TXH�OH�WHPSV�MXJp�UpWURVSHFWLYHPHQW�GpSHQG�GLUHFWHPHQW�GX�QRPEUH�G¶pYpQHPHQWV�FRQVWLWXDQW

OD�GXUpH��%ORFN������ ��3R\QWHU���������1pDQPRLQV��OHV�H[SOLFDWLRQV�GLYHUJHQW��&HUWDLQV�SHQVHQW�

TXH�FHW�HIIHW�UpVXOWH�GH�OD�FKDUJH�HQ�PpPRLUH��2UQVWHLQ� �������G¶DXWUHV�SHQVHQW�TX¶LO�UpVXOWH�GX�

QRPEUH�GH�FKDQJHPHQWV�SHUoXV��%ORFN������������ ��%ORFN�	�5HHG������ ��3R\QWHU���������

4XRL�TX¶LO�HQ�VRLW��SOXV�LO�\�D�G¶LQIRUPDWLRQV�QRQ�WHPSRUHOOHV�j�WUDLWHU��HW�SOXV�OD�GXUpH�HVW�MXJpH�

UpWURVSHFWLYHPHQW� ORQJXH�� 3RXU� WRXWHV� FHV� UDLVRQV�� QRXV� DYRQV� GpFLGp� GH� Q¶XWLOLVHU� TXH� OHV�

PpWKRGHV�G¶pWXGH�SURVSHFWLYH�GX�WHPSV�TXL�VH�YHXOHQW�SOXV�µµWLPH�SURFHVV�SXUH¶¶��FRPPH�RQ�OH�

GLUDLW�HQ�$QJODLV��%URZQ�	�6WXEEV������ ��*URQGLQ���������

,� ± ��� 0pWKRGHV� GH� FRPSDUDLVRQ� �WkFKHV� GH� GLVFULPLQDWLRQ�� GH� ELVVHFWLRQ� HW� GH�

JpQpUDOLVDWLRQ�

��Ȃ ͷǤͷǤ���±����������������±������

7kFKH�GH�GLVFULPLQDWLRQ �

/D�PpWKRGH�G¶LQYHVWLJDWLRQ�SURVSHFWLYH�OD�SOXV�VLPSOH�j�FRPSUHQGUH�HVW�VDQV�GRXWH�OD�

PpWKRGH�GH�GLVFULPLQDWLRQ WHPSRUHOOH��'DQV�FHWWH�PpWKRGH��XQ�VWLPXOXV�VWDQGDUG�HW�XQ�VWLPXOXV�

GH�FRPSDUDLVRQ�VRQW�SUpVHQWpV��O¶XQ�j�OD�VXLWH GH�O¶DXWUH��/D�WkFKH�GX�SDUWLFLSDQW�FRQVLVWH�DORUV�

j�FRPSDUHU�FHV�GHX[�VWLPXOL�DILQ�GH�GpWHUPLQHU�OHTXHO�GHV�GHX[�HVW�OH�SOXV�ORQJ��'H�QRPEUHXVHV�

pWXGHV�RQW�XWLOLVp�FHWWH�PpWKRGH�HW�RQW�PRQWUp�OD�VHQVLELOLWp�DX�WHPSV�GH�O¶KRPPH��FH�TXH�FHUWDLQV�

DSSHOOHQW�OHV�LQWHUUHODWLRQV�IRQFWLRQQHOOHV�HQWUH�OH�PRQGH�SK\VLTXH�HW�SKpQRPpQDO��(KUHQVWHLQ�

	� (KUHQVWHLQ�� ���� �� )HFKQHU�� ������� /H� VHXLO� WHPSRUHO� GLIIpUHQWLHO� µµ-1'¶¶�L�H��� µµ-XVW�

1RWLFHDEOH�'LIIHUHQFH¶¶�DXVVL�DSSHOp µµ'LIIHUHQFH�OLPHQ¶¶��D�DLQVL�pWp FDOFXOp��,O�V¶DJLW�GH�OD�SOXV�

SHWLWH�GLIIpUHQFH�GH�GpWHFWLRQ�SRXYDQW�H[LVWHU�HQWUH�GHX[�GXUpHV��3RXU�GpWHUPLQHU�FH�VHXLO��OHV�

VWLPXOL�QH�VRQW�JpQpUDOHPHQW�SDV�SUpVHQWpV�GH�IDoRQ�DOpDWRLUH��PDLV�YLD�XQH�PpWKRGH�DGDSWDWLYH�

HVVDL�SDU�HVVDL��WHO�TXH�OH�FRQWUDVWH�HQWUH�OHV�GHX[�GXUpHV�GpSHQG�GH OD�SUpFLVLRQ�GX�MXJHPHQW�

WHPSRUHO�GX�VXMHW��&HOXL�FL�HVW�GLPLQXp�DX�IXU�HW�j�PHVXUH�GHV�ERQQHV�UpSRQVHV��GLVFULPLQDWLRQ��

HW�DXJPHQWp HQ�FDV�GH�QRQ�GLVFULPLQDWLRQ��5DPPVD\HU�	�%UDQGOHU���������/H�VHXLO�SHUFHSWLI�

HVW� DORUV� pWDEOL� j� XQ WDX[� GH� ���� GH� ERQQHV� UpSRQVHV�� /H� VHXLO� WHPSRUHO� GpSHQG� GHV�

FDUDFWpULVWLTXHV�GX�VWLPXOXV�XWLOLVp� �DXGLWLYH��YLVXHOOH�� LQWHQVLWp��HW�GH� OD�PpWKRGH�HPSOR\pH��

1RXV�HQ�UHSDUOHURQV�SOXV�HQ�GpWDLOV�DSUqV�OD�SUpVHQWDWLRQ�GHV�DXWUHV�PpWKRGHV�D\DQW�pWp�XWLOLVpHV�

SRXU�FDOFXOHU�FH�W\SH�GH�VHXLO�GLIIpUHQWLHO�

/D�PpWKRGH�GH�GLVFULPLQDWLRQ�D�pJDOHPHQW�SHUPLV�GH�PHWWUH�j�MRXU�GHV�SKpQRPqQHV�

UHODWLIV� j� QRWUH� SHUFHSWLRQ� GX� WHPSV�� 3DUPL� OHV� SKpQRPqQHV� pWXGLpV�� RQ� SHXW� G¶RUHV� HW� GpMj�

pYRTXHU� OD� GLIIpUHQFH� HQWUH� OH� WHPSV� SOHLQ� HW� OH� WHPSV� YLGH��'DQV� FH� FDV�� RQ� SUpVHQWH� GHX[�
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LQWHUYDOOHV�GH�PrPH�GXUpH� PDLV�OH�SUHPLHU�LQWHUYDOOH�HVW�FRPSRVp�G¶XQ�VWLPXOXV�FRQWLQX��H�J���

ELS� RX� OXPLqUH� SUpVHQWpV GXUDQW� WRXWH� OD� GXUpH� GH� O¶LQWHUYDOOH�� HW� OH� VHFRQG� G¶XQ� VWLPXOXV�

GLVFRQWLQX��H�J�����ELSV�RX���IODVKV�O¶XQ�DX�GpEXW�HW�O¶DXWUH�j�OD�ILQ�GH�O¶LQWHUYDOOH���/H�WHPSV�HVW�

DORUV�SHUoX�FRPPH�pWDQW�SOXV�ORQJ�SRXU�O¶LQWHUYDOOH�SOHLQ�TXH�SRXU�O¶LQWHUYDOOH�YLGH��&HW�HIIHW�

SRUWDQW OH� QRP� © G¶LOOXVLRQ� G¶LQWHUYDOOH SOHLQ ª� �L�H��� ILOOHG�LQWHUYDO� LOOXVLRQ�� D� pWp� REVHUYp�

LQGpSHQGDPPHQW�GH� OD�PRGDOLWp�GH�SUpVHQWDWLRQ�GX� VWLPXOXV� �$GDPV������ ��%DOG��%HUULHQ��

3ULFH��	�6SUDJXH������ ���%XIIDUGL������ ��'URLW�9ROHW������ ��+RUU�	�'L�/XFD������D ��7KRPDV�

	�%URZQ�� ���� ��:HDUGHQ� HW� DO��� ������ '¶DXWUHV� SKpQRPqQHV� RQW� pWp� pWXGLpV� PDLV� QRWUH�

REMHFWLI�Q¶HVW�SDV�G¶HQ�IDLUH�XQH�OLVWH�H[KDXVWLYH�LFL��1RXV�\�UHYLHQGURQV�SOXV�WDUG�

7kFKH�GH�ELVVHFWLRQ ��

3DUPL� OHV� PpWKRGHV� GH� FRPSDUDLVRQ� XWLOLVpHV�� RQ� WURXYH� pJDOHPHQW� OHV� WkFKHV� GH�

ELVVHFWLRQ�HW�GH�JpQpUDOLVDWLRQ� WHPSRUHOOH��/D� WkFKH�GH�ELVVHFWLRQ� WHPSRUHOOH�D�EHDXFRXS�pWp�

HPSOR\pH�FKH]�O¶DQLPDO�GHSXLV�OHV�WUDYDX[�GH�&KXUFK�HW�'H/XW\���������%LHQ�TXH�OHV�SUHPLqUHV�

pWXGHV�FKH]�O¶KRPPH�DLHQW pWp�DQWpULHXUHV��%RYHW���������OD�PpWKRGH�GH�ELVVHFWLRQ�WHPSRUHOOH�

Q¶D�UpHOOHPHQW�pWp�DGRSWpH�FKH]�O¶KRPPH�TXH�SOXVLHXUV�DQQpHV�DSUqV��GDQV�OHV�DQQpHV�����SDU�

/RUUDLQH�$OODQ�HW�-RKQ�:HDUGHQ��/D�WkFKH�GH�ELVVHFWLRQ�HVW�JpQpUDOHPHQW�FRPSRVpH GH�GHX[�

SKDVHV ��XQH�SKDVH�G¶HQWUDvQHPHQW�HW�XQH�SKDVH�WHVW��'DQV�OD�SKDVH�G¶HQWUDvQHPHQW��GHX[�GXUpHV�

VWDQGDUG��O¶XQH�FRXUWH��H[�����PV��HW�O¶DXWUH�ORQJXH��H[�����PV���VRQW�SUpVHQWpHV�DX�VXMHW�GH�

IDoRQ�DOpDWRLUH��6D�WkFKH�FRQVLVWH�DORUV�j�GLUH�VL�OD�GXUpH�SUpVHQWpH�HVW�OD�GXUpH�© FRXUWH ª�RX�

© ORQJXH ª��3HQGDQW�OD�SKDVH�G¶HQWUDvQHPHQW�FKH]�O¶KRPPH��DXFXQ�IHHGEDFN�Q¶HVW�GRQQp��7URLV�

HVVDLV�VXIILVHQW�SRXU�TXH�O¶LQGLYLGX�SDUYLHQQH�j�GLVFULPLQHU�OHV�GHX[�GXUpHV�VWDQGDUG��(QVXLWH��

GDQV�OD�SKDVH�WHVW��GHV�GXUpHV�VH�WURXYDQW�HQWUH�OD�GXUpH�VWDQGDUG�FRXUWH�HW�OD�GXUpH�VWDQGDUG�

ORQJXH�VRQW�pJDOHPHQW�SUpVHQWpHV��6HORQ�OD�PpWKRGH�HPSOR\pH��OH�VXMHW�SHXW rWUH�PLV�DX�FRXUDQW�

�$OODQ�	�*LEERQ������ ��0HOJLUH��5DJRW��6DPVRQ��3HQQH\��0HFN�	�3RXWKDV������ ��3HQQH\��

*LEERQ�	�0HFN���������RX�QRQ�GH�FH�FKDQJHPHQW��$OODQ������ ��:HDUGHQ�	�)HUUDUD������ ��

:HDUGHQ��7RGG�	 -RQHV���������'DQV�OH�SUHPLHU�FDV��OH�VXMHW�GRLW�GpFLGHU�VL�OD�GXUpH�WHVW�RX�GH�

FRPSDUDLVRQ�VH�UDSSURFKH�OH�SOXV�GH�OD�GXUpH�VWDQGDUG�FRXUWH�RX�GH�OD�GXUpH�VWDQGDUG�ORQJXH��

'DQV�OH�VHFRQG�FDV��LO�GRLW�FRQWLQXHU�j�GLUH�VL�OD�GXUpH�j�ODTXHOOH�LO�D�pWp�FRQIURQWp�HVW OD�GXUpH�

VWDQGDUG�FRXUWH�RX�OD�GXUpH�VWDQGDUG�ORQJXH��'DQV�WRXV�OHV�FDV��LO�V¶DJLW�G¶XQ�FKRL[�IRUFp�TXH�OH�

VXMHW�GRLW�RSpUHU�PrPH�V¶LO�VDLW�SDUIRLV�TXH�OD�GXUpH�GH�FRPSDUDLVRQ Q¶HVW�QL�OD�GXUpH�VWDQGDUG�

FRXUWH��QL� OD�GXUpH�VWDQGDUG� ORQJXH� �'URLW�9ROHW�HW� ,]DXWH� �������'DQV�FHUWDLQHV�pWXGHV��GHV�

UHQIRUFHPHQWV�VRQW�DXVVL�GpOLYUpV�GXUDQW OD�SKDVH�G¶HQWUDvQHPHQW�HW�OD�SKDVH�WHVW��'DQV�FHWWH�
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GHUQLqUH�SKDVH��OHV�IHHGEDFNV�VRQW�GpOLYUpV�XQLTXHPHQW�SRXU�OHV�GXUpHV�VLPLODLUHV�DX[�GXUpHV�

VWDQGDUG FDU�LO�Q¶\ D�SDV�GH�UpSRQVH�FRUUHFWH�SRXU�OHV�GXUpHV�LQWHUPpGLDLUHV��

'HSXLV�O¶DGDSWDWLRQ�GH�OD�WkFKH�GH�ELVVHFWLRQ�WHPSRUHOOH�GH�O¶DQLPDO�j�O¶KRPPH��GHV�

YDULDQWHV�RQW�pWp�XWLOLVpHV��2Q�SHXW�QRWHU�XQH�YDULDQWH�GpQRPPpH�WkFKH�GH�ELVVHFWLRQ�SDUWLWLRQ�

�'URLW�9ROHW��5DWWDW������ ��:HDUGHQ��)HUUHUD���������'DQV�FHWWH�WkFKH��LO�Q¶\�D�DXFXQH�SKDVH�

G¶HQWUDvQHPHQW��/HV�VXMHWV�GRLYHQW�GLUHFWHPHQW�FDWpJRULVHU�OHV�GXUpHV�HQ�GXUpH�© ORQJXH ª�RX�

GXUpH� © FRXUWH ª�� VDQV� UpIpUHQFH� SUpDODEOH�� DXWUHPHQW� GLW� VDQV� UHSUpVHQWDWLRQ� GHV� GXUpHV�

VWDQGDUG��&RQWUDLUHPHQW�j�O¶DQLPDO�TXL�GHPDQGH�SOXVLHXUV�VpDQFHV�SRXU�SDUYHQLU�j�FDWpJRULVHU�

OHV�GXUpHV�HQ�ELVVHFWLRQ��FKH]� O¶KRPPH��RQ�REWLHQW�GDQV� OD� WkFKH�GH�ELVVHFWLRQ�SDUWLWLRQ�XQH

SHUIRUPDQFH� WHPSRUHOOH� SURFKH� GH� FHOOH� REWHQXH� HQ� ELVVHFWLRQ� VDQV HQWUDvQHPHQW� SUpDODEOH�

�$OODQ���������'H�IDoRQ�DVVH]�UHPDUTXDEOH��OH�VXMHW�VH�FRQVWUXLW�GRQF�UDSLGHPHQW��HQ�TXHOTXHV�

HVVDLV� VHXOHPHQW�� GHV� FDWpJRULHV� WHPSRUHOOHV��(Q� DQDO\VDQW� OHV� UpSRQVHV� GHV� VXMHWV� HVVDL� SDU�

HVVDL��'URLW�9ROHW�HW�5DWWDW��������FRQFOXHQW�TXH�VHXOHPHQW���j���HVVDLV�VXIILVHQW�SRXU�SRXYRLU�

REVHUYHU�OD�FRQVWUXFWLRQ�G¶XQH�FDWpJRULH�WHPSRUHOOH��

'DQV�OD�WkFKH�GH�ELVVHFWLRQ��OHV�UpVXOWDWV�VRQW�UHSUpVHQWpV�VRXV�OD�IRUPH�G¶XQH�IRQFWLRQ�

SV\FKRSK\VLTXH�� DSSHOpH� DXVVL� FRXUEH�GH�ELVVHFWLRQ WHPSRUHOOH� &HWWH� IRQFWLRQ� UHSUpVHQWH� OD�

SURSRUWLRQ� GH� UpSRQVHV� © ORQJ ª� HQ� IRQFWLRQ� GH� OD� GXUpH� GX� VWLPXOXV� SUpVHQWp�� /D� FRXUEH�

SUpVHQWpH )LJXUH���UHSUpVHQWH�OD�FRXUEH�GH�ELVVHFWLRQ�W\SLTXH�REWHQXH�FKH]�O¶KRPPH�HQ�WkFKH�

GH�ELVVHFWLRQ WHPSRUHOOH��2Q�SHXW�DORUV� FRQVWDWHU�TXH�SOXV� OD�GXUpH�HVW� ORQJXH��SOXV� OH� VXMHW�

UpSRQG�© ORQJ ª��&HFL�DWWHVWH�GH�OD�ERQQH�GLVFULPLQDWLRQ�WHPSRUHOOH�GHV�VXMHWV��$ SDUWLU�GH�FHWWH�

FRXUEH� VLJPRwGH�� RQ� FDOFXOH� DXVVL� WURLV� LQGLFHV� GH� SHUIRUPDQFH� WHPSRUHOOH �� OH� © %LVHFWLRQ�

3RLQW ª��OD�© 'LIIHUHQFH�/LPHQ ª HW�OH�© :HEHU�5DWLR ª�

� %3� �µELVHFWLRQ� SRLQW¶�� /H� %3 UHSUpVHQWH� OD� GXUpH� VWLPXOXV� �W�� GRQQDQW� OLHX� j� OD�

SURSRUWLRQ�GH�UpSRQVH�ORQJXH��S�ORQJ���pJDOH�j�������$XWUHPHQW�GLW��F¶HVW�OD�GXUpH�GRQQDQW�OLHX�

j�����GH�UpSRQVH�© FRXUW ª�HW�����GH�UpSRQVH�© ORQJ ª��&HUWDLQV�DXWHXUV�WURXYHQW�TXH�OH�3%�HVW�

SURFKH� GH� OD�PR\HQQH� DULWKPpWLTXH� �:HDUGHQ�� ������ DORUV� TXH� G¶DXWUHV� WURXYHQW� TX¶LO� HVW�

SURFKH� GH� OD�PR\HQQH� JpRPpWULTXH� �$OODQ�	�*LEERQ�� �������4XRL� TX¶LO� HQ� VRLW�� OH� 3%� HVW�

WRXMRXUV� DSSDULp� j�GHV�YDOHXUV� FHQWUDOHV� HW� VD�YDOHXU�GpSHQG�GH� O¶pFKHOOH� WHPSRUHOOH�XWLOLVpH�

�:HDUGHQ��������

� '/��µ'LIIHUHQFH�/LPHQ¶�� /D�'/ UHSUpVHQWH�TXDQW�j�HOOH OH�SOXV�SHWLW�FKDQJHPHQW�SHUoX�

GDQV� OHV� GXUpHV� GH� VWLPXOXV�� DXWUHPHQW� GLW�� OH� VHXLO� j� SDUWLU� GXTXHO� XQ� LQGLYLGX� SDUYLHQW� j�

GLVWLQJXHU�GHX[�GXUpHV��,O�HVW�GpWHUPLQp�HQ�FDOFXODQW�OD�GLIIpUHQFH�HQWUH�OD�GXUpH�GH�VWLPXOXV��W��

GRQQDQW� OLHX�j�����GH�UpSRQVH�ORQJXH�HW�FHOOH�GRQQDQW� OLHX�j�����GH�UpSRQVH�FRXUWH� VHORQ�
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O¶pTXDWLRQ�W�S�ORQJ�� �������± W�S�ORQJ�� �����������$LQVL��SOXV�OD '/�HVW�SHWLWH��SOXV�OD�SUpFLVLRQ�

WHPSRUHOOH�HVW�JUDQGH��.LOOHHQ�HW�DO�������� �

� :5� �µ:HEHU� 5DWLR¶�� ,O� V¶DJLW� G¶XQ� FRHIILFLHQW� GH� YDULDWLRQ� SHUPHWWDQW� GH� UHQGUH�

FRPSWH�GH�OD�SHQWH�GH�OD�FRXUEH��8Q�IDLEOH�:5�LQGLTXH�XQH�JUDQGH�VHQVLELOLWp�DX�FKDQJHPHQW�

GH�GXUpH��/D�FRXUEH�GH�ELVVHFWLRQ�HVW�DORUV�REWXVH��,QYHUVHPHQW��SOXV�OH�:5�HVW�LPSRUWDQW��PRLQV�

OD�VHQVLELOLWp�DX�WHPSV�HVW�pOHYpH�HW�SOXV�OD�FRXUEH�HVW�SODWH��,O�V¶DJLW�HQ�IDLW�GH�OD�'/�GLYLVpH�SDU�

OH�%3��/D� ORL� GH�:HEHU� VWLSXOH� TXH� OH� VHXLO� GH� FDWpJRULVDWLRQ� UpSRQG� j� XQH� FRQVWDQWH� VHORQ�

O¶LQWHQVLWp� GX� PLOLHX�� 8Q� HQYLURQQHPHQW� © EUXLWp ª� DXJPHQWH DORUV OH� VHXLO� DXTXHO� OD�

FDWpJRULVDWLRQ� HVW� UpDOLVpH�� 3DU� H[HPSOH�� SRXU� HQWHQGUH� XQ� LQGLYLGX� GDQV� XQ� HQYLURQQHPHQW�

EUX\DQW��FHOXL�FL�GRLW�SDUOHU� WUqV� IRUW��YRLUH�KXUOHU��DORUV�TXH� O¶RQ�SHXW�HQWHQGUH�XQ�PXUPXUH�

SURYHQDQW�GH�FHWWH�PrPH�SHUVRQQH�GDQV�XQH�SLqFH�FDOPH��&H�SKpQRPqQH�V¶DSSOLTXH�GRQF�j�

WRXWHV�OHV�LQWHQVLWpV��PrPH�WHPSRUHOOHV��(Q�RXWUH��DORUV�TXH�OH�'/�FR�YDULH�GH�IDoRQ�OLQpDLUH�

DYHF�OD�GXUpH��OH�:5�UHVWH�TXDQW�j�OXL�FRQVWDQW�FDU�LO�HVW�GLYLVp�SDU�OD�PR\HQQH�GHV�GXUpHV��&HWWH�

FDUDFWpULVWLTXH�GHV�SDUDPqWUHV�GH�VHQVLELOLWp�WHPSRUHOOH�LOOXVWUH�O¶XQH�GHV�SULQFLSDOHV�SURSULpWpV�

GX�WHPSV�TXH�O¶RQ�DSSHOOH�OD�SURSULpWp�GX�WHPSV�VFDODLUH��:HDUGHQ���������&HOOH�FL�VHUD�SOXV�

DPSOHPHQW�GpFULWH�GDQV�OD�VHFRQGH�SDUWLH�GH�FH�FKDSLWUH�

)LJXUH��� &RXUEH�SV\FKRSK\VLTXH�W\SLTXH�REWHQXH�SDU�O¶+RPPH�ORUV�G¶XQH�WkFKH�GH�ELVVHFWLRQ�
WHPSRUHOOH�� DYHF� OH� SRLQW� GH� ELVVHFWLRQ� �%3�� HW� OD�'LIIHUHQFH�/LPHQ� �'��PDWpULDOLVpV� SDU� OD�
MRQFWLRQ�GHV�OLJQHV�SRLQWLOOpHV�HQ�QRLU�HW�JULV��UHVSHFWLYHPHQW�
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7kFKH�GH�*pQpUDOLVDWLRQ �

'DQV�OD�WkFKH�GH�JpQpUDOLVDWLRQ�WHPSRUHOOH��OHV�VXMHWV�DSSUHQQHQW�OD�GXUpH�G¶XQH�VHXOH�

GXUpH�VWDQGDUG��SDU�H[HPSOH����PV��)LJXUH�����8QH�IRLV�FHOOH�FL�PpPRULVpH��SOXVLHXUV�GXUpHV��

VRLW�pJDOHV��VRLW�VXSpULHXUHV��VRLW�LQIpULHXUHV�j�OD�GXUpH�VWDQGDUG� VRQW�SUpVHQWpHV�DX�VXMHW��&HOXL�

FL�GRLW�DORUV�GLUH�VL�FKDTXH�GXUpH�HVW�© RXL ª�RX�© QRQ ª�pJDOH�j�OD�GXUpH�VWDQGDUG��,O�V¶DJLW�GRQF�

G¶XQ�MXJHPHQW�GH�VLPLODULWp�HW�QRQ�GH�FDWpJRULVDWLRQ�FRPPH�HQ�WkFKH�GH�ELVVHFWLRQ�WHPSRUHOOH��

6HORQ�OHV�PpWKRGHV�XWLOLVpHV��XQ�IHHGEDFN�HVW�RX�QRQ�GRQQp�SRXU�FKDTXH�HVVDL�

/HV�UpVXOWDWV�GH�OD�WkFKH�GH�JpQpUDOLVDWLRQ�VRQW�UHSUpVHQWpV�VRXV�OD�IRUPH�G¶XQ�JUDGLHQW�

GH� JpQpUDOLVDWLRQ� WHPSRUHOOH�� TXL� UHOLH� OD� SURSRUWLRQ� GH� UpSRQVHV� © RXL ª� DX[� GXUpHV� GH�

FRPSDUDLVRQ��FRPPH�RQ�SHXW�OH�YRLU�GDQV�OD�)LJXUH����2Q�SHXW�DORUV�FDOFXOHU�OH�SLF�WHPSRUHO�GX�

JUDGLHQW��SHDN�WLPH��HW�VRQ�pWHQGXH��F¶HVW�j�GLUH�VD�ODUJHXU��3RXU�DSSUpFLHU�OD�ODUJHXU�GX�JUDGLHQW�

WHPSRUHO��OHV�FKHUFKHXUV�pYDOXHQW�O¶pWHQGXH�LQWpJUDOH�GH�OD�GLVWULEXWLRQ��ZLGWK���&HSHQGDQW��OD�

SOXSDUW� FDOFXOH� OD�):+0�© )XOO�:LGWK� DW�+DOI�0D[LPXP ª��/H�):+0�HVW� O¶pWHQGXH�GH� OD�

IRQFWLRQ�GRQQpH�SDU�OD�GLIIpUHQFH�HQWUH�OHV�GHX[�YDOHXUV�H[WUrPHV�GH�OD�YDULDEOH�LQGpSHQGDQWH�

SRXU�ODTXHOOH�OD�YDULDEOH�GpSHQGDQWH�HVW�pJDOH�j�OD�PRLWLp�GH�VD�YDOHXU�PD[LPDOH��

6L�QRXV�H[DPLQRQV�OD�)LJXUH���UHSUpVHQWDQW�OHV�GRQQpHV�W\SLTXHPHQW�REWHQXHV�FKH]�

O¶+RPPH��LO�HVW�SRVVLEOH�GH�FRQVWDWHU�TXH�OH�SLF�GHV�UpSRQVHV�© RXL ª�HVW�j�VRQ�SDUR[\VPH�j�OD�

YDOHXU�GH�OD�GXUpH�VWDQGDUG��LFL����PV���WpPRLJQDQW�GH�VHV�ERQQHV�FDSDFLWpV�GH�GLVFULPLQDWLRQ�

WHPSRUHOOH�� /H� VXMHW� UpSRQG� GRQF� SOXV� IUpTXHPPHQW� RXL� SRXU� OD� GXUpH� VLPLODLUH� j� OD� GXUpH�

VWDQGDUG��'H�FH�IDLW��OD�SURSRUWLRQ�GH�UpSRQVHV�© RXL ª�GLPLQXH�DX�IXU�HW�j�PHVXUH�TXH�OD�GXUpH�

GH�FRPSDUDLVRQ�V¶pORLJQH�GH�OD�GXUpH�VWDQGDUG��&HSHQGDQW�FH�SLF�GpSHQG�OXL�DXVVL�GH�OD�YDOHXU�

GX� VWLPXOXV� �W��� (Q� HIIHW�� FHOXL�FL� GHYLHQW� G¶DXWDQW� SOXV� LPSRUWDQW� TXH� OD� GXUpH� VWDQGDUG�

V¶DOORQJH � DX�SOXV�OD�GXUpH�HVW�pOHYpH��DX�SOXV�OH�SLF�GH�UpSRQVHV © RXL ª�HVW�pOHYp�HW�LQYHUVHPHQW��

&HSHQGDQW��FKH]�O¶KRPPH��RQ�REVHUYH�XQH�OpJqUH�DV\PpWULH�GX�JUDGLHQW�YHUV�OD�GURLWH��WHO�TXH�

OH�VXMHW�UpSRQG�GDYDQWDJH�© RXL ª�SRXU�OHV�GXUpHV�SOXV�ORQJXHV�TXH�OD GXUpH�VWDQGDUG�TX¶LO�QH�OH�

IDLW�SRXU�OHV�GXUpHV�SOXV�FRXUWHV�TXH�OD�GXUpH�VWDQGDUG��&HWWH�DV\PpWULH�Q¶HVW�SDV�REVHUYpH�FKH]�

O¶DQLPDO��6RQ�RULJLQH�IDLW�GRQF�O¶REMHW�GH�GLVFXVVLRQV��6HORQ�:HDUGHQ���������FHWWH�DV\PpWULH�

SURYLHQGUDLW�G¶XQ�VHXLO�GH�GpFLVLRQ�PRLQV�FRQVHUYDWHXU�FKH]�O¶KRPPH�FRQGXLVDQW�j�XQH�VRUWH�

GH�IXVLRQ�SOXV�LPSRUWDQWH�HQWUH�OHV�GXUpHV�ORQJXHV��(Q�G¶DXWUHV�WHUPHV��OHV�GXUpHV�SOXV�ORQJXHV�

VRQW� SOXV� GLIILFLOHPHQW� GLIIpUHQFLDEOHV� GH� OD� GXUpH� VWDQGDUG� TXH� QH� OH� VRQW� OHV� GXUpHV� SOXV�

FRXUWHV��&HSHQGDQW��FKH]�O¶KRPPH��FHWWH�DV\PpWULH�GpSHQG�DXVVL�GH�O¶kJH�GHV�VXMHWV��/HV�MHXQHV�

HQIDQWV� WHQGHQW� HQ� HIIHW� j� SURGXLUH� GHV� FRXUEHV� SOXV� V\PpWULTXHV� �'URLW�9ROHW�� &OpPHQW� 	�

:HDUGHQ������ ��0F.RUPDN��%URZQ��0D\ORU�	�*UHHQ���������'URLW�9ROHW�HW�,]DXWH��������RQW�
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PRQWUp� TXH� FHV� FKDQJHPHQWV� DYHF� O¶kJH� GDQV� OD� V\PpWULH� GX� JUDGLHQW� GH� JpQpUDOLVDWLRQ�

GpSHQGHQW�SRXU� O¶HVVHQWLHO�GX FKDQJHPHQW�GHV� UqJOHV�GH�GpFLVLRQ�DYHF� O¶kJH�GH� O¶HQIDQW��(Q�

O¶RFFXUUHQFH��OHV�MHXQHV�HQIDQWV�VHUDLHQW�SOXV�FRQVHUYDWHXUV�GDQV�OHXUV�GpFLVLRQV��FHX[�FL�D\DQW�

PRLQV�FRQILDQFH�HQ�OHXUV�FRQQDLVVDQFHV�TXH�OHV�DGXOWHV�RX�OHV�HQIDQWV�kJpV�GH���DQV���

)LJXUH����&RXUEH�SV\FKRSK\VLTXH�W\SLTXH�G¶XQH�WkFKH�GH�JpQpUDOLVDWLRQ�WHPSRUHOOH

��Ȃ ͷǤǤ������������������±���������������������������������������������

%LVVHFWLRQ�WHPSRUHOOH �

/HV� GLIIpUHQWHV� WkFKHV� GH� GLVFULPLQDWLRQ� GpFULWHV� FL�GHVVXV� RQW� pWp� XWLOLVpHV� FKH]�

O¶HQIDQW��4XHOTXHV� DGDSWDWLRQV� GH� SURFpGXUH� VH� VRQW� TXHOTXHV� IRLV� DYpUpHV� QpFHVVDLUHV�� (Q�

O¶RFFXUUHQFH��GDQV�OD�WkFKH GH�ELVVHFWLRQ�WHPSRUHOOH��OD�SUpVHQWDWLRQ�G¶XQ�QRPEUH�UHVWUHLQW�GH�

GXUpHV� VWDQGDUGV� ��� RX� �� IRLV�� V¶HVW� DYpUpH� VRXYHQW� LQVXIILVDQWH� SRXU� SHUPHWWUH� DX[� MHXQHV�

HQIDQWV�kJpV GH���j�� DQV�GH�GLVFULPLQHU�OD�GXUpH�VWDQGDUG�FRXUWH�GH�OD�GXUpH�VWDQGDUG�ORQJXH��

&KH]�O¶HQIDQW��LO�\�D�XQH�IRUWH�KpWpURJpQpLWp�LQWHULQGLYLGXHOOH�GDQV�OHV�FDSDFLWpV�G¶DSSUHQWLVVDJH�

�7L]DUG�	�+XJKHV���������&HUWDLQV�FKHUFKHXUV�RQW�GRQF�XWLOLVp�GDQV�OHXUV�WkFKHV�GH�ELVVHFWLRQ�

WHPSRUHOOH�XQ�FULWqUH�G¶DSSUHQWLVVDJH�GHV�GXUpHV�VWDQGDUGV��'URLW�9ROHW�	�5DWWDW������ ��'URLW�

9ROHW�	�:HDUGHQ���������/¶HQIDQW�GRLW�SDU�H[HPSOH�REWHQLU�XQ�SRXUFHQWDJH�GH�ERQQHV�UpSRQVHV�

pJDO�RX�VXSpULHXU�j�����DYDQW�G¶rWUH�VRXPLV�j�OD�SKDVH�WHVW��,O�DSSDUDvW�FHSHQGDQW�TXH�OHV�HQIDQWV�

kJpV�GH���DQV�Q¶DLHQW�SDV�EHVRLQ�GH EHDXFRXS�G¶HVVDLV�SRXU�DWWHLQGUH�FH�SRXUFHQWDJH�GH�ERQQHV�



WĂŐĞ�ͮ�ϭϰ

UpSRQVHV��$�O¶kJH�GH�� DQV�� OD�SOXSDUW�G¶HQWUH�HX[ Q¶RQW�EHVRLQ�TXH�G¶XQ�EORF�GH���HVVDLV����

HVVDLV�SRXU�FKDTXH�GXUpH��SRXU�GLIIpUHQFLHU�OHV�GXUpHV�VWDQGDUGV��/H�QRPEUH�GH�EORF�G¶HVVDLV�

UHTXLV�HVW�QpDQPRLQV�SOXV�pOHYp�j�O¶kJH�GH�� DQV��GH�O¶RUGUH�HQ�PR\HQQH�GH���j���EORFV�GH���

HVVDLV��

3OXV�UpFHPPHQW��OD�WkFKH�GH�ELVVHFWLRQ�D�PrPH�pWp�DGDSWpH�j�GHV�QRXUULVVRQV�kJpV�GH�

��PRLV�SDU�3URYDVL��5DWWDW�HW�'URLW�9ROHW� ��������'DQV�FHWWH�pWXGH�RULJLQDOH�� OHV QRXUULVVRQV�

pWDLHQW�HQWUDvQpV�j�UHJDUGHU�G¶XQ�F{Wp�DSUqV�XQ�VRQ�VWDQGDUG�FRXUW�����V��HW�GH�O¶DXWUH�F{Wp�DSUqV�

XQ�VRQ�VWDQGDUG�ORQJ��������&KDTXH�DFWLRQ�GX�UHJDUG�FRUUHFWH pWDLW�VXLYLH�G¶XQ�IHHGEDFN�SRVLWLI��

$LQVL��VXLYDQW�XQH�SURFpGXUH�GH�FRQGLWLRQQHPHQW RSpUDQW��OHV�HQIDQWV�DSSUHQDLHQW�j�UHJDUGHU�j�

JDXFKH�SRXU�OHV�GXUpHV�ORQJXHV�HW�j�GURLWH�SRXU�OHV�GXUpHV�FRXUWHV� HW�YLFH�YHUVD��3XLV��GDQV�OD�

SKDVH�WHVW��GHV�GXUpHV�LQWHUPpGLDLUHV�pWDLHQW�DMRXWpHV�DX[�GXUpHV�VWDQGDUGV�����������������PV���

'DQV�FHWWH�SKDVH��OHV�GXUpHV�VWDQGDUG�© FRXUW ª�HW�© ORQJ ª�pWDLHQW�VXLYLHV�GX�UHQIRUFHPHQW��VRQ�

DSSDULWLRQ� pWDQW GLIIpUpH� GH��� VHFRQGHV��/D� UpSRQVH� HQUHJLVWUpH� pWDLW� GRQF� OD� ORFDOLVDWLRQ�GX�

UHJDUG��j�GURLWH�RX�j�JDXFKH���DLQVL�TXH�OD�GXUpH�GH�OD�IL[DWLRQ�RFXODLUH�SHQGDQW�OD�SpULRGH�GH���

VHFRQGHV�DSUqV�O¶DSSDULWLRQ�GX�UpIpUHQWLHO�WHPSRUHO��/HV�UpVXOWDWV�GH�ELVVHFWLRQ�RQW�DORUV PRQWUp�

TXH� GqV�O¶kJH�GH���PRLV�� OHV�IRQFWLRQV�GH�OD�ELVVHFWLRQ�VRQW�FRKpUHQWHV�DYHF�GHV�S�ORQJ��TXL�

DXJPHQWHQW�DYHF�OD�YDOHXU�GH�OD�GXUpH��W���&HFL�SURXYH�TXH�OHV�QRXUULVVRQV�VRQW�FDSDEOHV�GH�

GLVFULPLQHU� OHV� GXUpHV��&HOD� FRQIRUWH� OHV� UpVXOWDWV� REWHQXV FKH]� OHV� QRXUULVVRQV� HQ� WkFKH� GH�

FRQGLWLRQQHPHQW�WHPSRUHO��QRWDPPHQW�GX�FRQGLWLRQQHPHQW�j�LQWHUYDOOH�IL[H��%HQWDOO��/RZH�	�

%HDVW\� ���� ��%UDFNELOO�	�)LW]JHUDOG������ ��'DUFKHYLOOH��5LYLqUH�	�:HDUGHQ���������SRXU�XQH�

UHYXH YRLU�'URLW�9ROHW��3RXWKDV�	�-DFTXHW��������3RXWKDV��������5LFKHOOH�	�/HMHXQH��������

/HV�UpVXOWDWV�HQ�ELVVHFWLRQ�WHPSRUHOOH�GpPRQWUHQW�TXH�WRXV�OHV�HQIDQWV��TXHOTXH�VRLW�

OHXU� kJH� VRQW� FDSDEOHV� GH�GLVFULPLQHU� OHV�GXUpHV��&HSHQGDQW�� FRPPH�RQ�SHXW� OH�YRLU� VXU� OD�

)LJXUH����OHV�FRXUEHV�GH�ELVVHFWLRQ�VRQW�SOXV�SODWHV�FKH]�OHV MHXQHV HQIDQWV GH�� DQV�TXH�FHX[�GH�

��j��� DQV��'URLW�9ROHW������ ��'URLW�9ROHW�	�:HDUGHQ���������$�FHV�kJHV��!�� DQV���OHV�FRXUEHV�

GH�ELVVHFWLRQ�V¶DSSDUHQWHQW�j�FHOOH�GH�O¶DGXOWH��ELHQ�TXH�GHV�GLIIpUHQFHV�SXLVVHQW�VXEVLVWHU��&HFL�

VH�WUDGXLW�GRQF�SDU�XQ�5DWLR�GH�:HEHU�pOHYp�j�O¶kJH�GH�� DQV�TXL�GLPLQXH�DYHF�OH�GpYHORSSHPHQW��

/D�VHQVLELOLWp�DX�WHPSV�HVW�GRQF�IDLEOH�FKH] OH�MHXQH�HQIDQW��$XWUHPHQW�GLW��OHV�HQIDQWV�VRQW�SOXV�

YDULDEOHV�GDQV�OHXUV�HVWLPDWLRQV�WHPSRUHOOHV��&RPPH�QRXV�OH�YHUURQV��VH�SRVH�DORUV�OD�TXHVWLRQ�

GHV�SURFHVVXV�j�O¶RULJLQH�GH�FHWWH�PRLQV�ERQQH�VHQVLELOLWp�DX�WHPSV�FKH]�OH�MHXQH�HQIDQW��'URLW�

9ROHW���������

3DU�DLOOHXUV��OD�YDOHXU�GX�3%�QH�FKDQJH�SDV�DYHF�O¶kJH��DX�FRXUV�GX�GpYHORSSHPHQW��,O�

\� D� GRQF� SHX� GH� YDULDWLRQ� GpYHORSSHPHQWDOH� TXDQW� j� OD� SUpFLVLRQ� WHPSRUHOOH� �µWHPSRUDO�
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DFXUDF\¶��� 7RXWHIRLV�� TXHOTXHV� pWXGHV� UHSRUWHQW� XQ� GpFDODJH� YHUV� OD� GURLWH� GH� OD� FRXUEH� GH�

ELVVHFWLRQ�SRXU�OHV�HQIDQWV�OHV�SOXV�MHXQHV��$GG\PDQ��5RFKD�	�0DUHVFKDO������ ��'URLW�9ROHW��

�������&H� GpFDODJH� YHUV� OD� GURLWH HVW� JpQpUDOHPHQW� H[SOLTXp� SDU� GHV� SURFHVVXV� GpFLVLRQQHOV�

�$OODQ������ ��:HDUGHQ���������TXH�QRXV�GpILQLURQV�SOXV�DPSOHPHQW�GDQV�QRWUH VHFRQG�FKDSLWUH��

2Q�SHXW�G¶RUHV�HW�GpMj�GLUH�TXH�FH GpFDODJH�YHUV�OD�GURLWH�SRXUUDLW�YHQLU�GX�U\WKPH�GH�O¶KRUORJH�

LQWHUQH� SOXV� UDSLGH� FKH]� OH� MHXQH� HQIDQW� �'URLW�9ROHW�� ������� /HV� UpSRQVHV� DOpDWRLUHV� SOXV�

QRPEUHXVHV�FKH]�OH�MHXQH�HQIDQW�SHXYHQW�DXVVL�FRQWULEXHU�j�FH�GpFDODJH��FRPPH�FKH]�O¶DQLPDO�

�:HDUGHQ�	�/HMHXQH���������4XRL�TX¶LO�HQ�VRLW��j�FH�QLYHDX�GH�OD�GLVFXVVLRQ��RQ�UHWLHQGUD�TX¶LO�

Q¶\�D�SDV�GH�UpVXOWDW�SUREDQW�SRXU�O¶XQH�RX�O¶DXWUH�GH�FHV�K\SRWKqVHV��FKDTXH�IDFWHXU�SRXYDQW�

FRQFRXULU�j�OD�PRLQV�ERQQH�SHUIRUPDQFH�WHPSRUHOOH�GHV�HQIDQWV�HQ�ELVVHFWLRQ�WHPSRUHOOH��'H�

SOXV��OHV�FKDQJHPHQWV�DYHF�O¶kJH�GHV FDSDFLWpV�FRJQLWLYHV�SHXYHQW�FRQFRXULU�DX[�FKDQJHPHQWV�

DYHF O¶kJH�GHV�FRXUEHV�GH�ELVVHFWLRQ�WHPSRUHOOH��1RXV�UHYLHQGURQV�SOXV�WDUG�VXU�FHWWH�TXHVWLRQ

LPSRUWDQWH�

,O�HVW�LPSRUWDQW�GH�SUpFLVHU�TXH�OHV�YDULDWLRQV�GDQV�OHV�SHUIRUPDQFHV�WHPSRUHOOHV�DX�

FRXUV�GX�GpYHORSSHPHQW� QH� VRQW�SDV�GXHV� j� O¶XWLOLVDWLRQ�GH� VWUDWpJLH�GH� FRPSWDJH�GX� WHPSV�

GLIIpUHQWH�VHORQ�OHV�HQIDQWV�G¶kJHV�GLIIpUHQWV� RX�G¶DXWUHV�VWUDWpJLHV�GH�PHVXUH�GX�WHPSV��'¶XQH�

SDUW��LO�HVW�WRXMRXUV�GHPDQGp�DX[�SDUWLFLSDQWV�GH�QH�SDV�FRPSWHU HW�5DWWDW�HW�'URLW�9ROHW��������

RQW�PRQWUp�TXH�FHWWH�VLPSOH�FRQVLJQH�HVW�ILDEOH��TX¶HOOH�OLPLWH�HIIHFWLYHPHQW OHV�VWUDWpJLHV�GH�

FRPSWDJH��&HSHQGDQW��RQ�QH�GRQQH�SDV�GH�FRQVLJQHV�SDUWLFXOLqUHV�DX[�HQIDQWV�OHV�SOXV�MHXQHV��

'¶DXWUH�SDUW��LO�D�pWp�GpPRQWUp�TXH�OHV�HQIDQWV�Q¶XWLOLVHQW�SDV�GH�VWUDWpJLH�GH�FRPSWDJH�GH�OD�

GXUpH�DYDQW�O¶kJH�GH������DQV��/HYLQ�	�:LONHQLQJ������ ��:LONHQLQJ��/HYLQ�	�'UX\DQ���������

4XDQG�ELHQ�PrPH�XQ�MHXQH�HQIDQW�XWLOLVHUDLW�FH�W\SH�GH�VWUDWpJLH��FHFL�VH�YHUUDLW�VXU�VHV�OqYUHV��

(Q�HIIHW��OHV�HQIDQWV�QH�SDUYLHQQHQW�SDV�j�GLVVLPXOHU�O¶XWLOLVDWLRQ�G¶XQH�VWUDWpJLH�GH�FRPSWDJH �

VRQ�XWLOLVDWLRQ�HVW�RXYHUWH�DYDQW�G¶rWUH�LQWHUQH��3DU�DLOOHXUV� LO�D�pWp�PRQWUp�TXH�O¶XWLOLVDWLRQ�GH�

VWUDWpJLH�GH� FRPSWDJH�GX� WHPSV�SURGXLW� XQH�YLRODWLRQ�GH� OD�SURSULpWp�GX� WHPSV� �&OpPHQW�	�

'URLW�9ROHW���������2U��FHWWH�SURSULpWp�HVW�YpULILpH�HQ�ELVVHFWLRQ�FKH]�O¶HQIDQW�HW�FKH]�O¶DGXOWH��

*pQpUDOLVDWLRQ�7HPSRUHOOH �

/HV� UpVXOWDWV� REWHQXV� GDQV� OD� WkFKH� GH� JpQpUDOLVDWLRQ� WHPSRUHOOH� FKH]� O¶HQIDQW�

FRQILUPHQW� OHV� UpVXOWDWV�REWHQXV�FKH]� OH� MHXQH�HQIDQW�GDQV� OD� WkFKH�GH�ELVVHFWLRQ� WHPSRUHOOH��

&RPPH� RQ� SHXW� OH� FRQVWDWHU� )LJXUH� ��� j� WRXV� OHV� kJHV�� OH� SLF� GX� JUDGLHQW� GH JpQpUDOLVDWLRQ�

WHPSRUHOOH� VH� VLWXH� FRPPH�SRXU� O¶DGXOWH� j� OD�YDOHXU�GH� OD�GXUpH� pJDOH� j� OD�GXUpH�VWDQGDUG��

&HSHQGDQW��OHV�JUDGLHQWV�GH�JpQpUDOLVDWLRQ�VRQW�SOXV�ODUJHV�FKH]�OHV�MHXQHV�HQIDQWV��OLpV XQH�IRLV�
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HQFRUH�j�OHXU�PRLQV�ERQQH�VHQVLELOLWp�DX�WHPSV��&RPPH�QRXV�O¶DYRQV�GpMj�GLW��RQ�UHYLHQGUD�VXU�

O¶RULJLQH�GH�FHWWH�PRLQV�ERQQH�VHQVLELOLWp�DX�WHPSV�FKH]�O¶HQIDQW��7RXWHIRLV��RQ�SHXW�QRWHU�TXH�

OHV�SHUIRUPDQFHV�WHPSRUHOOHV�VRQW�PRLQV�ERQQHV�HQ�JpQpUDOLVDWLRQ�WHPSRUHOOH�TX¶HQ�ELVVHFWLRQ�

WHPSRUHOOH��OD�WkFKH�GH�JpQpUDOLVDWLRQ�WHPSRUHOOH�pWDQW�SOXV�GLIILFLOH�j�UpDOLVHU�SRXU�OHV�HQIDQWV�

TXH�OD�WkFKH�GH�ELVVHFWLRQ�WHPSRUHOOH��'URLW��:HDUGHQ 	 =pODQWL���������&¶HVW�GX�UHVWH�SRXU�

FHWWH�UDLVRQ�TXH�MH�Q¶DL SDV�GpFLGp�G¶XWLOLVHU�FHWWH�WkFKH�GDQV�PHV�SURSUHV�WUDYDX[�GH WKqVH��

)LJXUH����&RXUEHV�GH�%LVVHFWLRQ��$��HW�GH�*pQpUDOLVDWLRQ�7HPSRUHOOH��%��FKH]�GHV�HQIDQWV�kJpV�
GH�� DQV��HQ�KDXW�����DQV��DX�FHQWUH��HW���DQV��HQ�EDV���WLUpHV GH�'URLW�9ROHW�	�:HDUGHQ���������
HW�'URLW�9ROHW��&OpPHQW�	�:HDUGHQ��������
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,�± ���7kFKHV�GH�3URGXFWLRQ�HW�5HSURGXFWLRQ�WHPSRUHOOH

��Ȃ ǤͷǤ���±������������������������±������

3DUPL�OHV�SURFpGXUHV�SRXYDQW�rWUH�XWLOLVpHV�FKH]�O¶KRPPH��RQ�UHWURXYH�pJDOHPHQW�OD�

PpWKRGH�GH�SURGXFWLRQ�HW�GH�UHSURGXFWLRQ�WHPSRUHOOH��&HV�PpWKRGHV�VH�GLIIpUHQFLHQW�GHV�DXWUHV�

SDU�OH�IDLW�TXH�OH�VXMHW�LQGLTXH�OD�GXUpH�HQ�DSSX\DQW�VXU�XQ�ERXWRQ�SDU�XQH�DFWLRQ�PRWULFH��

'DQV�OD�SURGXFWLRQ�G¶LQWHUYDOOH��RQ�GRQQH�DX[�SDUWLFLSDQWV�OD�YDOHXU�G¶XQH�GXUpH��H�J���

���PV HW���V���3XLV�LOV�GRLYHQW�SURGXLUH�XQH�UpSRQVH�PRWULFH�GqV�TX¶LOV�SHQVHQW�DYRLU�DWWHLQW�

FHWWH�GXUpH��'DQV�OD�WkFKH GH�SURGXFWLRQ�WHPSRUHOOH��RQ�DSSXLH�XQH IRLV�j�OD�ILQ�GH�OD�GXUpH�RX�

RQ�PDLQWLHQW�VRQ�DSSXL�SHQGDQW�OD�GXUpH�GHPDQGpH��:HDUGHQ��:HDUGHQ�	�5DEELWW�������� RX�

HQFRUH�RQ�DSSXLH�GHX[�IRLV�VXU�OH�ERXWRQ�UpSRQVH��XQH�SUHPLqUH�IRLV�SRXU�ODQFHU�OH�VWLPXOXV�

WHPSRUHO�HW�XQH�VHFRQGH�IRLV�SRXU�O¶DUUrWHU��:HDUGHQ�	�0F6KDQH���������/D�UpSRQVH�PRWULFH�

MRXH� GRQF� XQ� U{OH� SUpGRPLQDQW�� ELHQ� TXH� VRQ� U{OH� VRLW� SOXV� RX� PRLQV� LPSRUWDQW�� VHORQ� OD�

SURFpGXUH� GH� UpSRQVH� FKRLVLH�� 0LRQL� HW� VHV� FROODERUDWHXUV� RQW� QRWDPPHQW� PRQWUp� TXH� OD�

PpWKRGH�XWLOLVpH�SRXU�UHSURGXLUH� OHV�GXUpHV�D�XQH� LQIOXHQFH�VXU� O
H[DFWLWXGH� WHPSRUHOOH�HW� VD�

YDULDELOLWp�WHPSRUHOOH��/D SUpFLVLRQ�WHPSRUHOOH�HVW�QRWDPPHQW�LQIpULHXUH�DYHF XQ�DSSXL�j�OD�ILQ�

GH� OD�GXUpH�TX¶XQ PDLQWLHQ�GH� OD� WRXFKH�HQIRQFpH�SHQGDQW� WRXWH� OD�GXUpH�GH� OD� UHSURGXFWLRQ�

�0LRQL��6WDEOXP��0F&OLQWRFN�	�*URQGLQ���������'H�FH� IDLW�� LO�HVW� LPSRUWDQW�GH�JDUGHU�FHWWH�

FRPSRVDQWH�PRWULFH�HQ�WrWH�FDU�HOOH�SHXW�YHQLU�DOWpUHU�OHV�HVWLPDWLRQV�WHPSRUHOOHV��3DU�H[HPSOH��

j� FDXVH� GH� FHWWH� FRPSRVDQWH� PRWULFH� LO� Q¶HVW� SDV� HQYLVDJHDEOH� G¶XWLOLVHU� OD� PpWKRGH� GH�

SURGXFWLRQ�SRXU�GHV�GXUpHV�WUqV�FRXUWHV��LQIpULHXUHV�j�� VHFRQGH��(Q�HIIHW��OH�WHPSV�GH�UpDFWLRQ�

FDXVHUDLW� XQ� ELDLV� WURS� LPSRUWDQW� GDQV� OD� YDOHXU� GHV� GXUpHV� SURGXLWHV� �'URLW�9ROHW�� �������

&RPPH� QRXV� OH� YHUURQV�� FHFL� SRVH� SUREOqPH� FKH]� OH� MHXQH� HQIDQW� TXL� D� GHV� GLIILFXOWpV�

G¶LQKLELWLRQ�PRWULFH�

'DQV� OD� UHSURGXFWLRQ� WHPSRUHOOH� �%ORFN�� ������� OH� VXMHW� YRLW� XQ� VWLPXOXV� SUpVHQWp�

SHQGDQW� XQH� GXUpH� FLEOH� ��� VHFRQGHV� SDU� H[HPSOH��� ,O� GRLW� DORUV� UHSURGXLUH� OD� GXUpH� GH� FH�

VWLPXOXV�HQ�DSSX\DQW�pJDOHPHQW�VXU�XQ�ERXWRQ�UpSRQVH��&HW�DSSXL�FRQVWLWXH�XQH�DFWLRQ�PRWULFH�

TXL�ERUQH� OD�GXUpH�� WRXW�FRPPH�GDQV� OD� WkFKH�GH�SURGXFWLRQ� WHPSRUHOOH��&HSHQGDQW��RQ�SHXW�

DXVVL� DYRLU�GLIIpUHQWHV�YHUVLRQV�� DYHF�XQ�PDLQWLHQ� FRQWLQX�GH� OD� WRXFKH�GH� UpSRQVH�RX�GHX[�

DSSXLV�SRXU�PDUTXHU�OH�GpEXW�HW�OD�ILQ�GH�O¶LQWHUYDOOH��

&RPPH� GDQV� OHV� WkFKHV� GH� GLVFULPLQDWLRQ�� GDQV� FHV� WkFKHV� GH� SURGXFWLRQ� RQ�

V¶LQWpUHVVH�j�OD�GLIIpUHQFH�HQWUH�OH�WHPSV�REMHFWLI�HW�O¶HVWLPDWLRQ�WHPSRUHOOH��2Q�FDOFXOH�DORUV�OD�

PR\HQQH�GHV�GXUpHV� �SURGXLWHV�RX� UHSURGXLWHV��RX� OD�PR\HQQH�GHV�HUUHXUV� ��WHPSV�HVWLPp�±
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WHPSV�SK\VLTXH����WHPSV�SK\VLTXH���8QH�PR\HQQH�G¶HUUHXU�WHPSRUHOOH�SURFKH�GH�]pUR�LQGLTXH�

XQ�MXJHPHQW�WHPSRUHO�SUpFLV��8QH�PR\HQQH�G¶HUUHXU�WHPSRUHOOH�VXSpULHXUH�j�]pUR�UHSUpVHQWH�

XQH�VXUHVWLPDWLRQ�GX�WHPSV� OHV�SDUWLFLSDQWV�UHSURGXLVDQW�GHV�GXUpHV�SOXV�ORQJXHV�TXH�OD�GXUpH�

FLEOH��(QILQ��XQH�PR\HQQH�G¶HUUHXU�WHPSRUHOOH�LQIpULHXUH�j�]pUR�UHSUpVHQWH�XQH�VRXV�HVWLPDWLRQ�

GX�WHPSV�HW�LQGLTXH�TXH�OHV�GXUpHV�MXJpHV�VRQW�WURS�FRXUWHV��'DQV�FHV�WkFKHV�� OD�YDULDELOLWp�GHV�

GXUpHV�SURGXLWHV�RX� UHSURGXLWHV FRUUHVSRQG�j� O¶pFDUW�W\SH� �ı� GH� O¶HQVHPEOH�GHV�SURGXFWLRQV�

ߪ� ൌ ට
σሺ௫ିఓሻ;


���

/D�)LJXUH���LOOXVWUH�OHV�UpVXOWDWV TXH�O¶RQ REWLHQW�JpQpUDOHPHQW�GDQV�FH�W\SH�GH�WkFKH��

2Q�V¶DSHUoRLW�TXH�OHV�GXUpHV�SURGXLWHV�RX�UHSURGXLWHV�DXJPHQWHQW�DYHF�OD�GXUpH��2Q�UHPDUTXH�

pJDOHPHQW�OD�SURSULpWp�GX�WHPSV�VFDODLUH VHORQ�ODTXHOOH�OD�YDULDQFH�DXJPHQWH�OLQpDLUHPHQW�DYHF�

O¶DXJPHQWDWLRQ�GH�OD�YDOHXU�GH�OD�GXUpH�UHSURGXLWH��2Q�REVHUYH�DXVVL�O¶HIIHW�GH�9LHURUGW�GRQW�

QRXV�SDUOHURQV�XOWpULHXUHPHQW�DYHF�OHV�GXUpHV�FRXUWHV�VXUHVWLPpHV�HW�OHV�GXUpHV�ORQJXHV�VRXV�

HVWLPpHV�

)LJXUH� ��� 5HSURGXFWLRQ� WHPSRUHOOH� HW� YDULDELOLWp� W\SLTXH� G¶DGXOWHV�� DYHF� OD� GXUpH� SK\VLTXH�
UHSUpVHQWpH�HQ�OLJQH�SRLQWLOOpH�
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��Ȃ ǤǤ �����������������±���������������������������������������������������������

,O� HVW�GLIILFLOH��YRLUH� LPSRVVLEOH��GH�UpDOLVHU�GHV�pWXGHV�GH�SURGXFWLRQ�FKH]� O¶HQIDQW�

SRXU�OD�UDLVRQ�pYLGHQWH�TXH�OH�MHXQH�HQIDQW�Q¶D�SDV�GH�UHSUpVHQWDWLRQ�GHV�XQLWpV�FRQYHQWLRQQHOOHV�

GH�PHVXUHV�GX�WHPSV��3DU�H[HPSOH��O¶HQIDQW�GH���� DQV�VDLW�FRPSWHU�MXVTX¶j�GHX[��PDLV�LO�IDXGUD�

XQ�DQ�VXSSOpPHQWDLUH�SRXU�TX¶LO�VH�UHSUpVHQWH�OD�QXPpURVLWp��)D\RO��&DPRV�	�5RXVVHO���������

6HORQ� FHV� DXWHXUV�� OD� GLIILFXOWp� PDMHXUH� GHV� HQIDQWV� UpVLGH� GDQV� O¶DVVRFLDWLRQ� GH� OHXUV�

FRQQDLVVDQFHV�SUpYHUEDOHV�GHV�TXDQWLWpV��GLVFUqWHV�RX�FRQWLQXHV��DYHF�OHV�DFWLYLWpV�GH�FRPSWDJH�

YHUEDO��

/D�WkFKH�GH�UHSURGXFWLRQ�WHPSRUHOOH�HVW�GRQF�SOXV�IDFLOH�j�XWLOLVHU�FKH]�OH�MHXQH�HQIDQW��

3OXVLHXUV�pWXGHV�RQW�DLQVL�pWp�UpDOLVpHV�DYHF OD�WkFKH�GH�UHSURGXFWLRQ�WHPSRUHOOH�HW�RQW�PLV HQ�

pYLGHQFH� OD�SOXSDUW�GHV�PRGLILFDWLRQV�GpYHORSSHPHQWDOHV�GDQV� OHV�SHUIRUPDQFHV WHPSRUHOOHV

GpFULWHV�SUpFpGHPPHQW��&KHORQLV��)ODNH��%DOGZLQ��%ODNH��	�3DXOH������ ��&URZGHU�	�+RKOH��

���� ��'URLW�9ROHW�	�5DWWDW������ ��(VSLQRVD�)HUQDQGH]��GH�OD�7RUUH�9DFDV��GHO�5RVDULR�*DUFLD�

9LHGPD�� *DUFLD�*XWLHUUH]�� 	� 7RUUHV� &ROPHUQHUR ���� � *DXWLHU 	� 'URLW�9ROHW� ���� ��

(VSLQRVD�)HUQDQGH]��0LUy��&DQR��	�%XHOD�&DVDO������ ��0DWVXGD�	�0DWVXGD������ ��5DWWDW��

���� ��5DWWDW�	�'URLW�9ROHW���������2Q�QRWH�QRWDPPHQW�TXH�OD�YDULDELOLWp�GDQV�OHV�UHSURGXFWLRQV�

WHPSRUHOOHV�GLPLQXH�DYHF�O¶DXJPHQWDWLRQ�GH�O¶kJH�GX�VXMHW��WRXW�FRPPH�RQ�O¶REVHUYH�GDQV�OHV�

WkFKHV� GH� GLVFULPLQDWLRQ� WHPSRUHOOH� GpFULWHV� SUpFpGHPPHQW�� &HSHQGDQW�� DX� QLYHDX� GH� OD�

UHSUpVHQWDWLRQ�GX�WHPSV��OHV�MHXQHV�HQIDQWV�WHQGHQW�j�SOXV�VXUHVWLPHU�OHV�GXUpHV�FRXUWHV�HW�j�SOXV�

VRXV�HVWLPHU�OHV�GXUpHV�ORQJXHV�TXH�OHV�DGXOWHV��ELHQ�TXH�OHV�UpVXOWDWV�VRLHQW�DVVH]�LQFRQVLVWDQWV�

G¶XQH�pWXGH�j�O¶DXWUH��)LJXUH�����'URLW�9ROHW������ ��'URLW�9ROHW��:HDUGHQ�	�=pODQWL������ ��

6]HODJ��.RZDOVND��5\PDUF]\N�	 3|SSHO��������

&RPPH� OH� VRXOLJQH� 'URLW�9ROHW� �������� OH� SUREOqPH� GH� OD� UHSURGXFWLRQ� HVW� OD�

FRPSRVDQWH�PRWULFH�GH�OD�UpSRQVH�TXL�YLHQW�ELDLVHU�OHV�UpVXOWDWV�TXDQW�j�OD�SUpFLVLRQ�WHPSRUHOOH�

FKH]�O¶HQIDQW��HW�FHFL��G¶DXWDQW�SOXV�SRXU�OHV�GXUpHV�FRXUWHV��(Q�O¶RFFXUUHQFH��'URLW�9ROHW��������

D�PRQWUp�TXH� OD� UHSURGXFWLRQ�GH�GXUpHV�FRXUWHV� �!����� V��FKH]� OH� MHXQH�HQIDQW�HVW� IRUWHPHQW�

FRUUpOpH�DX�WHPSV�GH�UpDFWLRQ��3DU�H[HPSOH��OHV�HQIDQWV�GH���HW���DQV�VXUHVWLPHQW�GDYDQWDJH�OD�

GXUpH�GH�����VHFRQGHV�TXH�OHV�DGXOWHV��PDLV�OHXU�WHPSV�GH�UpDFWLRQ�HVW�pJDOHPHQW�SOXV�ORQJ��,O�

HVW�GRQF�IRUW�SUREDEOH�TXH�OHV�UHSURGXFWLRQV�GHV�HQIDQWV�VRLHQW�HIIHFWLYHPHQW�DIIHFWpHV�SDU�OHXUV�

WHPSV�GH�UpDFWLRQ�



WĂŐĞ�ͮ�ϮϬ

)LJXUH��� 5HSURGXFWLRQ�WHPSRUHOOH�HW�YDULDELOLWp�DVVRFLpHV DX[�HQIDQWV�GH���� DQV��HQ�URXJH�����
� DQV��HQ�YHUW��HW���� DQV��HQ�EOHX���DYHF�OD�GXUpH�SK\VLTXH�UHSUpVHQWpH�HQ�OLJQH�SRLQWLOOpH�

'H�SOXV�� OHV�FDSDFLWpV�G¶LQKLELWLRQ�PRWULFH��PRLQV�LPSRUWDQWHV�FKH]�O¶HQIDQW��SHXYHQW�

DXVVL� DIIHFWHU� OHV� GXUpHV� SURGXLWHV�� /HV� MHXQHV� HQIDQWV� RQW� HQ� HIIHW� XQH� FDSDFLWp� UpGXLWH� GH�

PDvWULVH�GH�© VRL ª��GH�OHXUV�DFWHV��,O�OHXU�HVW�QRWDPPHQW�GLIILFLOH�G
LQKLEHU�OD�UpSRQVH�LQLWLpH��SDU�

H[HPSOH�� GH� QH� SDV� DSSX\HU� VXU� OH� ERXWRQ� GqV� O¶DSSDULWLRQ� GX� VWLPXOXV� WHPSRUHO� �)R[��

+HQGHUVRQ��0DUVKDOO��1LFKROV�	�*KHUD������ ��.OHQEHUJ��.RUNPDQ��	�/DKWL�1XXWWLOD���������

'¶DXWUHV�DXWHXUV�GpFRQVHLOOHQW�DXVVL�FHWWH�WkFKH�SXLVTX¶HOOH�QpFHVVLWH�HQ�SOXV�GHV�DSWLWXGHV�GH�

FRRUGLQDWLRQ��FRPPH�OD�FRRUGLQDWLRQ�\HX[�� PDLQV��6PLWK�HW�DO���������

(Q�UpVXPp��ELHQ�TXH�OHV�UpVXOWDWV�SXLVVHQW�YDULHU�G¶XQH�pWXGH�j�O¶DXWUH��WRXWHV�OHV�pWXGHV�

VXU�OH�MXJHPHQW�GHV�GXUpHV�FKH]�O¶HQIDQW�PRQWUHQW�TXH�OH�MHXQH�HQIDQW�HVW�SOXV�YDULDEOH�GDQV�VHV�

HVWLPDWLRQV� WHPSRUHOOHV�� &HWWH� YDULDWLRQ� V¶DPRLQGULW� YHUV� OHV� kJHV� GH� ���� DQV� SRXU� VH�

UDSSURFKHU�GH�FHOOH�GHV�DGXOWHV��/D�TXHVWLRQ�TXL�VH�SRVH�PDLQWHQDQW� HW�TXL�VHUD�WUDLWpH�GDQV�OH�

FKDSLWUH��� HVW�OD�UDLVRQ�GH�FHWWH�SOXV�JUDQGH�YDULDELOLWp�GDQV�OHV�HVWLPDWLRQV�WHPSRUHOOHV�FKH]�OH�

MHXQH�HQIDQW��QRQREVWDQW�OH�U{OH�TXL�SHXW�rWUH�LPSXWDEOH�j�OD�SURGXFWLRQ�HW�j�O¶LQKLELWLRQ�PRWULFH���



WĂŐĞ�ͮ�Ϯϭ

,,�± /HV�JUDQGHV�SURSULpWpV�GX�MXJHPHQW�GX�WHPSV

&RPPH� QRXV� O¶DYRQV� HQWUHYX�� OHV� FRQGXLWHV� G¶HVWLPDWLRQ� GX� WHPSV� FKH]� O¶HQIDQW�

SUpVHQWHQW� GHV� FDUDFWpULVWLTXHV� VLPLODLUHV� j� FHOOHV� GH� O¶DGXOWH�� &HOOHV�FL� V¶DYqUHQW� GRQF�

LQKpUHQWHV� j�QRWUH� HVWLPDWLRQ�GX� WHPSV��/H�EXW� GH� FH� FKDSLWUH� HVW� G¶H[SRVHU� UDSLGHPHQW� FHV�

SURSULpWpV�GH�OD�SHUFHSWLRQ�GX�WHPSV�HW�GH�UDSSRUWHU�OHV�pWXGHV�TXL� OHV�RQW�PLVHV�HQ�pYLGHQFH�

FKH]�O¶HQIDQW�

,,�± ���3URSULpWp�VFDODLUH�GX�WHPSV�HW�ORL�GH�:HEHU�

&RPPH� QRXV O¶DYRQV� GpMj� HQWUHYX�� OH� FRPSRUWHPHQW� G¶HVWLPDWLRQ� GX� WHPSV� VH�

FDUDFWpULVH�SDU�GHX[�SURSULpWpV�IRQGDQW� OH�WHPSV�VFDODLUH��/HMHXQH�	�:HDUGHQ������� ���� ��

:HDUGHQ�� ���� ��:HDUGHQ�	� /HMHXQH�� ������� /D� SUHPLqUH� SURSULpWp� FRQFHUQH� OD� SUpFLVLRQ�

WHPSRUHOOH� �© WHPSRUDO� DFFXUDF\ ª��� 6HORQ� FHWWH� SURSULpWp�� OD� PR\HQQH� GHV� HVWLPDWLRQV�

WHPSRUHOOHV� DXJPHQWH� OLQpDLUHPHQW� DYHF� O¶DXJPHQWDWLRQ� GH� OD� GXUpH� GX� VWLPXOXV� �W��� $LQVL��

FRPPH�RQ�SHXW�OH�YRLU�VXU�OD�)LJXUH��D��OD�PR\HQQH�GHV�HVWLPDWLRQV�WHPSRUHOOHV�FRUUHVSRQG�j�

OD�GXUpH�SK\VLTXH�GX�VWLPXOXV��

/D�VHFRQGH�SURSULpWp�FRUUHVSRQG�DX�IDLW�TXH�OD�YDULDQFH��pFDUW�W\SH��GHV�HVWLPDWLRQV�

WHPSRUHOOHV� DXJPHQWH� GH� IDoRQ� OLQpDLUH� DYHF� OD� GXUpH� GX� VWLPXOXV�� /D� ILJXUH� �E� PRQWUH�

HIIHFWLYHPHQW� TXH� OD� ODUJHXU� GH� OD� GLVWULEXWLRQ� GHV� GXUpHV� DXJPHQWH� DX� IXU� HW� j�PHVXUH� GH�

O¶DXJPHQWDWLRQ�OD�ORQJXHXU�GH�OD�GXUpH��$XWUHPHQW�GLW��LO�\�D�SOXV�GH�EUXLW�GDQV�OHV�HVWLPDWLRQV�

GHV�GXUpHV�ORQJXHV��

/D�SURSULpWp�GX�WHPSV�VFDODLUH�UHQG�GRQF�FRPSWH�GH�OD�FRYDULDQFH�HQWUH�OD�GpYLDWLRQ�

VWDQGDUG� GHV� HVWLPDWLRQV� HW� OHXU� PR\HQQH� �L�H��� OHV� FRXUEHV� JDXVVLHQQHV� GHV� SURGXFWLRQV�

V¶DSODWLVVHQW�GH�IDoRQ�FRQVWDQWH�DYHF�O¶DXJPHQWDWLRQ�GHV�SURGXFWLRQV���2U��TXDQG�OD�SURSRUWLRQ�

HQWUH�OD�YDULDELOLWp�HW�OD�PR\HQQH�HVW�FRQVWDQWH��RQ�GLW�TX¶HOOH�HVW�VFDODLUH��&HFL�HVW�FRQIRUPH�j�

XQH�ORL�GH�:HEHU�)HFKQHU���������.LOOHHQ�	�:HLVV���������6HORQ�OD�ORL�:HEHU�)HFKQHU��LO�\�D�

XQH�UHODWLRQ�ORJDULWKPLTXH�HQWUH�OHV�JUDQGHXUV�SK\VLTXHV�HW�OD�UHSUpVHQWDWLRQ�GDQV�OH�V\VWqPH�

SHUFHSWLI��$LQVL��OD�-1'��µµ-XVW�1RWLFHDEOH�'LIIHUHQFH¶¶��HQWUH�GHX[�PDJQLWXGHV�SK\VLTXHV�HVW�

SURSRUWLRQQHOOH�j�OD�PDJQLWXGH�SK\VLTXH�DEVROXH��&H�Q¶HVW�GRQF�SDV�OD�GLIIpUHQFH�DEVROXH�HQWUH�

GHX[�GXUpHV�TXL�LPSRUWH�GDQV�OD�SHUFHSWLRQ�TXH�O¶RQ�VH�IDLW�GX�WHPSV��PDLV�OH�UDWLR�HQWUH�GHX[�

GXUpHV�� 'DQV� OD� WkFKH� GH� ELVVHFWLRQ�� FHFL� VH� WUDGXLW� SDU� XQ� 5DWLR� GH�:HEHU� FRQVWDQW� DYHF�



WĂŐĞ�ͮ�ϮϮ

GLIIpUHQWHV�JDPPHV�GH�GXUpHV�HW�XQH�VXSHUSRVLWLRQ�GHV�FRXUEHV�TXDQG�O¶D[H�GH�;�HVW�UDSSRUWp�j�

XQH�pFKHOOH�UHODWLYH��'XUpH���3%��

)LJXUH�����$��$XJPHQWDWLRQ�SURSRUWLRQQHOOH GH�OD�YDULDQFH�DYHF�OD�GXUpH�GX�VWLPXOXV��%��WDX[�
GH�UpSRQVH�PR\HQ�SDU�PLQXWH�HQ�IRQFWLRQ�GH�OD�GXUpH�GX�VLJQDO�SRXU�GHV�DQLPDX[�WHVWpV�DYHF�
GHV�GXUpHV�GH�������HW����V��7LUp�GH 6KL��&KXUFK�	�0HFN�������



WĂŐĞ�ͮ�Ϯϯ

&HV�SURSULpWpV�GX�WHPSV VFDODLUH�RQW�pWp�REVHUYpHV�GDQV�GH�QRPEUHXVHV�pWXGHV�FKH]�

O¶DQLPDO��PDLV�DXVVL�FKH]�O¶+RPPH��/HMHXQH�	�:HDUGHQ���������,O�V¶DJLW�GRQF�G¶XQH�

FDUDFWpULVWLTXH�IRQGDPHQWDOH�GH�OD�SHUFHSWLRQ�GX�WHPSV��'qV�ORUV�TXH�O¶RQ�QH�UHWURXYH�SDV�

FHWWH�SURSULpWp��LO�\�D�FH�TXH�O¶RQ�DSSHOOH�XQH�YLRODWLRQ�GH�OD�SURSULpWp�GX�WHPSV�VFDODLUH��/HV�

FKHUFKHXUV�V¶LQWHUURJHQW�DORUV�VXU�VRQ�RULJLQH��&¶HVW�QRWDPPHQW�OH�FDV�SRXU�O¶HIIHW�9LHURUGW�

TXH�QRXV�GpFULURQV�DSUqV��$�FH�QLYHDX��QRXV�GLURQV�VLPSOHPHQW�TXH�OD�SURSULpWp�GX�WHPSV�

VFDODLUH�D�pWp�UHWURXYpH�FKH]�OH�MHXQH�HQIDQW� GqV�O¶kJH�GH�� DQV��'URLW�9ROHW�HW�:HDUGHQ�

������ HW�'URLW�9ROHW��&OpPHQW�HW�:HDUGHQ��������VRQW�OHV�SUHPLHUV�j�O¶DYRLU�PLV�HQ�pYLGHQFH�

FKH]�O¶HQIDQW�GDQV�OD�WkFKH�GH�ELVVHFWLRQ�HW�GH�JpQpUDOLVDWLRQ�WHPSRUHOOH��UHVSHFWLYHPHQW��

'HSXLV��FHWWH�SURSULpWp�D�pWp�REVHUYpH�FKH]�GHV�HQIDQWV�HQFRUH�SOXV�MHXQHV��QRWDPPHQW�DXSUqV�

GH�EpEpV�kJpV�VHXOHPHQW�GH���PRLV��9DQ0DUOH�	�:\QQ����� ��%UDQQRQ��6XDQGD�	�/LEHUWXV��

������

,,�± ���/D�YDULDWLRQ�GH�OD�SHUFHSWLRQ�GX�WHPSV

���Ȃ ǤͷǤ��ǯ����������������±������������

3DUPL�OHV�GLVWRUVLRQV�WHPSRUHOOHV��LO�\�D OD�GLIIpUHQFH�HQWUH�OHV�GXUpHV�SOHLQHV�HW�OHV�

GXUpHV� YLGHV TXH� QRXV� DYRQV� GpMj� pYRTXpHV�� PDLV� OHV� SOXV� IUpTXHPPHQW� pWXGLpHV� VRQW�

SUREDEOHPHQW�FHOOHV�GXHV�j�O¶HIIHW�GH�OD�PRGDOLWp VHQVRULHOOH��(Q�O¶RFFXUUHQFH��:HDUGHQ��7RRG�

HW�-RQHV��������VXJJqUHQW TXH�OH�U\WKPH�GH�O¶KRUORJH�LQWHUQH�VHUDLW�SOXV�UDSLGH�GDQV�OD�PRGDOLWp�

DXGLWLYH�TXH�GDQV� OD�PRGDOLWp�YLVXHOOH��(Q�HIIHW�� OHV� VWLPXOL� DXGLWLIV� VRQW� MXJpV� FKH]� O
DGXOWH

FRPPH�GXUDQW�SOXV�ORQJWHPSV�TXH�OHV�VWLPXOL�YLVXHOV� DORUV�TXH�OHXU GXUpH�HVW�LGHQWLTXH��$VDRND�

	�*\RED������ ��&KHQ�	�<HK������ ��*ROGVWRQH�	�*ROGIDUE������D�E ��*ROGVWRQH�	�/KDPRQ��

������ ���� ��*URQGLQ��0HLOOHXU�:HOOV��2XHOOHWWH��	�0DFDU�� ���� �� /XVWLJ�	�0HFN�� ���� ��

2UWHJD��/RSH]�	�&KXUFK������ ��3HQQH\������ ��3HQQH\��*LEERQ��	�0HFN������ ��5DPPVD\HU��

%RUWHU�	�7URFKH������ ��6WDXIIHU��+DOGHPDQQ��7URFKH��	�5DPPVD\HU������ ��:DONHU�	�6FRWW��

���� ��:HDUGHQ�� (GZDUGV�� )DNKUL��	�3HUFLYDO�� ���� ��:HDUGHQ HW� DO��� ������� /D� )LJXUH� ���

H[WUDLWH�GH�:HDUGHQ��7RGG�HW -RQHV��������LOOXVWUH�FHW�HIIHW�FODVVLTXH�



WĂŐĞ�ͮ�Ϯϰ

)LJXUH� ��� ,QWHUYDOOHV�PR\HQV� UHSURGXLWV� GDQV� OD� PRGDOLWp� DXGLWLYH� �HQ� QRLU�� HW� YLVXHOOH� �HQ�
EODQF���([WUDLW�GH�:HDUGHQ��7RGG�HW�-RQHV��������

/HV� FKHUFKHXUV��FRPPH�-RKQ�:HDUGHQ�� H[SOLTXHQW�GRQF FHW�DOORQJHPHQW�GX� WHPSV�

VXEMHFWLI� GDQV� OD� PRGDOLWp� DXGLWLYH� W� SDU� OHV� SURFHVVXV� SK\VLRORJLTXHV� GH� WUDLWHPHQW� GH�

O¶LQIRUPDWLRQ� VHQVRULHOOH��TXL� VRQW� SOXV� UDSLGHV�GDQV� OH� V\VWqPH� DXGLWLI� TXH�GDQV� OH� V\VWqPH�

YLVXHO� /D�UDSLGLWp�SHUPHWWUDLW�GRQF�XQH�PHLOOHXUH�VHQVLELOLWp�DX�WHPSV�SRXU�OHV�VWLPXOL�WHPSRUHOV�

DXGLWLIV��:HDUGHQ�HW�DO������� ��3HQQH\�HW�DO����������0DLV��OHV�pWXGHV�FKH]�O¶HQIDQW�RQW�UHPLV�HQ�

FDXVH�FHWWH� LQWHUSUpWDWLRQ� �5DPVD\HU� %RUWHU�	�7URFKH���������/D�PRGpOLVDWLRQ�GHV�GRQQpHV�

WHPSRUHOOHV�HQ�PRGDOLWp�YLVXHOOH�HW�DXGLWLYH�VXJJqUH�TXH�GHV�SURFHVVXV�DWWHQWLRQQHOV�HQWUHUDLHQW�

SOXW{W�HQ�FDXVH�GDQV�FHV�HIIHWV� WHPSRUHOV�PRGDX[��(Q�O¶RFFXUUHQFH��RQ�DVVLVWHUDLW�j�XQH�SOXV�

JUDQGH YDULDELOLWp�GDQV�OD�ODWHQFH�GX�WUDLWHPHQW�GX�V\VWqPH�YLVXHO��© VZLWFK�FORVXUH ª��TXH�GX�

V\VWqPH�DXGLWLI��HW�j�XQ�WHPSV�GH�ODWHQFH�SOXV�ORQJ�GDQV�OH�SUHPLHU�FDV��'URLW�9ROHW��0HFN�	�

3HQQH\������ ��'URLW�9ROHW��7RXUUHW�	�:HDUGHQ���������'DQV�XQH�GHV� H[SpULHQFHV�GH� FHWWH�

WKqVH��QRXV�DYRQV�WHQWp�GH�YpULILHU�FHWWH�LGpH�UHODWLYH�DX�U{OH�GH�O¶DWWHQWLRQ�GDQV�OHV�GLVWRUVLRQV�

VHQVRULHOOHV�GX�WHPSV��HQ�pYDOXDQW�OHV�FDSDFLWpV�DWWHQWLRQQHOOHV�GHV�HQIDQWV�DYHF�GLIIpUHQWV�WHVWV�

QHXURSV\FKRORJLTXHV�

(Q� VRPPH�� OD� IDoRQ� GRQW� OHV� LQIRUPDWLRQV� VRQW� SUpVHQWpHV HVW� FUXFLDOH� SRXU�

O¶HVWLPDWLRQ�TXH�O¶RQ�VH�IDLW�GX�WHPSV��&RPPH�QRXV�YHQRQV�GH�OH�YRLU��OD�GLPHQVLRQ�SK\VLTXH�

GX�VWLPXOXV��QRWDPPHQW�VD�PRGDOLWp�VHQVRULHOOH� MRXH�XQ�U{OH�LPSRUWDQW��PDLV�O¶HVWLPDWLRQ�GX�

WHPSV�SHXW�DXVVL�rWUH�ELDLVpH�SDU�O¶RUGUH�GH�SUpVHQWDWLRQ�GHV�VWLPXOL�WHPSRUHOV��



WĂŐĞ�ͮ�Ϯϱ

���Ȃ ǤǤ��ǯ��������ǯ��������������

/D� GLVWRUVLRQ� GH� QRV� MXJHPHQWV� WHPSRUHOV� FDXVpH� SDU� O¶RUGUH� GH� SUpVHQWDWLRQ� GHV�

GXUpHV�GLIIpUHQWHV� V¶DSSHOOH� O¶HUUHXU�G¶RUGUH� WHPSRUHO� �72(�SRXU� © 7LPH�2UGHU�(UURU ª���/D�

72(�HVW�XQ�FDV�FODVVLTXH�GH�OD�YLRODWLRQ�GH�OD�SURSULpWp�GX�WHPSV�VFDODLUH��&HWWH�HUUHXU�D�pWp�

REVHUYpH�SRXU�OD�SUHPLqUH�IRLV�SDU�)HFKQHU�HQ������GDQV�OHV�pSUHXYHV�GH�VHXLO�GLIIpUHQWLHO��'DQV�

VHV� pWXGHV�� )HFKQHU� D� UHPDUTXp� TXH� OHV� VXMHWV� SDUYLHQQHQW�PLHX[� j� GLIIpUHQFLHU� GHX[� SRLGV�

ORUVTX¶LOV�VRXV�SqVHQW�OH�SOXV�SHWLW�GHV�GHX[�SRLGV�DYDQW�GH�VRXV�SHVHU�OH�SOXV�JURV��'DQV�OH�FDV�

R�� O¶HVWLPDWLRQ� HVW� IDFLOLWpH� RQ� SDUOH� G¶HUUHXU� GH� GLVFULPLQDWLRQ� SRVLWLYH�� $� O¶LQYHUVH�� V¶LOV�

FRPPHQFHQW�SDU�VRXV�SHVHU�OH�SRLGV�OH�SOXV�ORXUG��OHV�VXMHWV�VRQW�PRLQV�SHUIRUPDQWV�HW�RQ��SDUOH�

G¶HUUHXU� GH� GLVFULPLQDWLRQ� QpJDWLYH�� /HV� PrPHV� HIIHWV� RQW� pWp� PLV� HQ� pYLGHQFH� GDQV� OD�

SHUFHSWLRQ�GX�WHPSV��)UDLVVH������ ��*URQGLQ�	�0F$XOH\������ ��-DPLHVRQ�	�3HWUXVLF������ ��

/DSLG��8OULFK��	�5DPPVD\HU������ � 6WRWW�� ���� ��8OULFK��1LWVFKNH��	�5DPPVD\HU������ ��

9LHURUGW�� ���� �� :RRGURZ�� ������ �SRXU� XQH� UHYXH� GH� OD� OLWWpUDWXUH�� YRLU� (LVOHU�� (LVOHU� 	�

+HOOVWU|P���������/¶HUUHXU�G¶RUGUH�WHPSRUHO�UpYqOH�O¶LQIOXHQFH�GX�FRQWH[WH�GDQV�QRWUH�MXJHPHQW�

GX�WHPSV��/H�MXJHPHQW�GpSHQG�HQ�HIIHW�GX�MXJHPHQW�SUpFpGHQW��FHOXL�TXH�O¶RQ�YLHQW�GH�IDLUH�

���Ȃ ǤǤ��ǯ��������������

/H� MXJHPHQW� WHPSRUHO� FKDQJH� VHORQ� O¶RUGUH� GHV� GXUpHV� SUpVHQWpHV�� PDLV� DXVVL� VHORQ�

O¶HQVHPEOH�GHV�GXUpHV�TXL� VRQW�SUpVHQWpHV�DX�FRXUV�GH� OD� VpDQFH��$XWUHPHQW�GLW�� OH�FRQWH[WH�

WHPSRUHO�JpQpUDO�GDQV�OHTXHO�XQ�VXMHW�VH�WURXYH�j XQ�LPSDFW�VXU�VHV�MXJHPHQWV�WHPSRUHOV�j�XQ�

PRPHQW�W���/¶HIIHW�GX�FRQWH[WH�WHPSRUHO�VXU�OH�MXJHPHQW�GX�WHPSV�D�IDLW�O¶REMHW�GH�QRPEUHXVHV�

pWXGHV�SHQGDQW�FHV�GHX[�GHUQLqUHV�GpFHQQLHV��$GDPV�	�0DPDVVLDQ������ ��%DWWDJOLD��-DFREV��

	�$VOLQ������ ��'DPVPD��YDQ�GHU�0LMQ��	�YDQ�5LMQ������ ��(UQVW�	�%DQNV������ ��-D]D\HUL�	�

6KDGOHQ������ ��.|UGLQJ�HW� DO������� ��0DPDVVLDQ��/DQG\��	�0DORQH\������ ��0F$XOH\�	�

-RQHV�� ���� �� 0F$XOH\�� -RQHV�� +ROXE�� -RKQVWRQ�� 	� 0LOOHU�� ���� �� 0L\D]DNL�� 1R]DNL�� 	�

1DNDMLPD�� ���� �� 3HW]VFKQHU�� 0DLHU�� 	� *ODVDXHU�� ���� �� 6KL� 	� %XUU�� ���� �� 6WRFNHU� 	�

6LPRQFHOOL�� ���� �� 9HUVW\QHQ� 	� 6DEHV�� ���� �� :DOVK�� ������� &HV� pWXGHV� PRQWUHQW� TXH�

O¶HQVHPEOH�GHV�GXUpHV�WHQGHQW�j�rWUH�PR\HQQpHV�HQWUH�HOOHV��2Q�SDUOH�G¶XQ�HIIHW�GH�WHQGDQFH�

FHQWUDOH� �+ROOLQJZRUWK� �������'H� FH� IDLW�� OHV�SHWLWHV�GXUpHV� VRQW� VXUHVWLPpHV� HW� OHV� JUDQGHV�

GXUpHV�VRXV�HVWLPpHV��/D�ILJXUH����UpDOLVpH�j�SDUWLU�GH�GRQQpHV�LQYHQWpHV��LOOXVWUH�FHW�HIIHW�GLW�

O¶HIIHW�9LHURUGW�



WĂŐĞ�ͮ�Ϯϲ

)LJXUH����,OOXVWUDWLRQ�GH�O¶HIIHW�9LHURUGW��DYHF�HQ�QRLU�GHV�SURGXFWLRQV�W\SLTXHV�G¶DGXOWHV HW�HQ�
JULV��XQH�UHSURGXFWLRQ�SDUIDLWH�GH�OD�GXUpH�

&HW�HIIHW�pSRQ\PH�D�DLQVL�pWp�GpFRXYHUW�SDU�9LHURUGW�HQ�������HW�UHPLV DX�JR�W�GX MRXU�

SDU� -D]D\HUL� HW� 6KDGOHQ �������� 5pFHPPHQW�� FHV� DXWHXUV� RQW� PRQWUp� TXH� O¶HIIHW� 9LHURUGW�

DXJPHQWH GH�IDoRQ�FURLVVDQWH�DYHF�O¶DXJPHQWDWLRQ�GHV�YDOHXUV�GH�VWLPXOXV�SUpVHQWpV�DX�VHLQ�GH�

OD� FRQGLWLRQ� WHPSRUHOOH�� 3RXU� UHQGUH� FRPSWH� GH� FHW� HIIHW�� FHV� DXWHXUV RQW�PLV� DX� SRLQW� XQH�

QRXYHOOH� PpWKRGH� G¶pWXGH� DSSHOpH� OD� SURFpGXUH� © 5HDG\�6HW�*R ª� �)LJXUH� ����� 'DQV� FHWWH�

PpWKRGH��RQ�SUpVHQWH�DX�VXMHW�GHX[�URQGV�OXPLQHX[�TXL�DSSDUDLVVHQW�HQ�U\WKPH��/H�VXMHW�GRLW�

DORUV�SRXUVXLYUH�FH�U\WKPH�HQ�DSSX\DQW�VXU�XQ�ERXWRQ�SRXU�SURGXLUH�XQ�WURLVLqPH�IODVK��$LQVL��

OH�WHPSV�HQWUH�OH�SUHPLHU�HW�OH�VHFRQG�IODVK�GRLW�rWUH�pTXLYDOHQW�DX�WHPSV�HQWUH�OH�GHX[LqPH�IODVK�

HW�OD�SURGXFWLRQ�GX�SDUWLFLSDQW���qPH�IODVK���'H�SOXV��XQ�IHHGEDFN HVW GpOLYUp�DX�VXMHW��DYHF�XQH�

IHQrWUH�WHPSRUHOOH�GH�SOXV�HQ�SOXV�pWURLWH�DX�IXU�HW�j�PHVXUH�TXH�FHOXL�FL�SDUYLHQW j�UHSURGXLUH�

OH� U\WKPH��$XMRXUG¶KXL�� OHV�FKHUFKHXUV� VWLSXOHQW�TXH� OHV�KXPDLQV�PRGLILHQW�FRQWLQXHOOHPHQW�

OHXU�V\VWqPH�SHUFHSWLI�HQ�IRQFWLRQ�GHV�FKDQJHPHQWV�RSpUpV�GDQV�O¶HQYLURQQHPHQW�SK\VLTXH��'L�

/XFD�HW�5KRGHV������ ��5KRGHV���������1RXV�UHYLHQGURQV�SOXV�DPSOHPHQW�VXU�FHW�HIIHW�ORUV�GX�

&KDSLWUH�,,,�VXU�OD�SDUWLH�PpPRLUH��FDU�FHW�HIIHW�D�IDLW�O¶REMHW�G¶XQH�pWXGH�H[SpULPHQWDOH�SUpVHQWpH�

GDQV�PD�WKqVH�



WĂŐĞ�ͮ�Ϯϳ

)LJXUH�����5HSUpVHQWDWLRQ�GH�OD�© 5HDG\�± 6HW�± *R ª�WDVN��

4XRL�TX¶LO�HQ�VRLW��FHW�HIIHW�D�pWp�UHWURXYp�FKH]�O¶HQIDQW��.DUDPLQLV�	�DO��������HW�D�

pWp UpSOLTXp�SDU�QRXV�PrPH�FKH]�GHV�HQIDQWV�DXVVL�MHXQHV�TXH�� DQV��/HV�SURSULpWpV�GX�WHPSV�

VFDODLUH�VH� UHWURXYHQW�DXVVL�j� WRXV� OHV�QLYHDX[�GH� O¶pFKHOOH�RQWRJpQpWLTXH�HW�SK\ORJpQpWLTXH��

QRXV�SHUPHWWDQW�G¶DIILUPHU�TXH�OD�SHUFHSWLRQ�GX�WHPSV�UHSRVH�VXU�GHV�PpFDQLVPHV�XQLYHUVHOV�

'DQV� OH� EXW� GH� UHQGUH� FRPSWH� GH� FHV�PpFDQLVPHV�� OHV� FKHUFKHXUV� RQW� SURSRVp� GHV�PRGqOHV�

IRQFWLRQQHOV�GX�WUDLWHPHQW�GX�WHPSV��DSSHOpV�OHV�PRGqOHV�G¶KRUORJH�LQWHUQH��&RPPH�QRXV�DOORQV�

OH�YRLU��LO�H[LVWH�SOXVLHXUV�PRGqOHV�G¶KRUORJH�LQWHUQH��&HV�PRGqOHV�GLIIqUHQW�VHORQ�OD�QDWXUH�GH�

O¶XQLWp�WHPSRUHOOH�SURSRVpH��VHORQ�TXH�FHOOH�FL�VRLW�GLVFUqWH��L�H���OHV�PRGqOHV�GLWV�© SDFHPDNHU�

DFFXPXODWRU ª��� FRQWLQXH� �L�H��� OHV� PRGqOHV� GLWV� © RVFLOODWRU�FRLQFLGHQFH�GHWHFWLRQ�� RX�

LQH[LVWDQWH��OHV�PRGqOHV�GLWV�© SURFHVV�GHFD\ ª���7RXWHIRLV��FHUWDLQV�FKHUFKHXUV�UHMHWWHQW�FH�W\SH�

GH� PRGqOH� HW� pYRTXHQW G¶DXWUHV� SURFHVVXV� EDVpV� VXU� OHV� WUDFHV� HQ� PpPRLUH� RX� OD� TXDQWLWp�

G¶DFWLYLWp��6WDGGRQ�	�+LJD������ ��:DFNHUPDQQ�	�(KP���������4XRL�TX¶LO�HQ�VRLW��PrPH�VL�

O¶RQ�SHXW�GLVFXWHU�GH�O¶H[LVWHQFH�G¶XQH�KRUORJH�LQWHUQH��QRXV�DYRQV�IDLW�OH�FKRL[�GH�EDVHU�QRV�



WĂŐĞ�ͮ�Ϯϴ

FRQFOXVLRQV� VXU� O¶H[LVWHQFH� G¶XQH� WHOOH� EDVH� WHPSRUHOOH�� /¶XWLOLVDWLRQ� G¶XQH� KRUORJH� LQWHUQH�

FRPPH�IRQGHPHQW�G¶XQ PRGqOH�SRXU�pWXGLHU� O¶HVWLPDWLRQ�GX� WHPSV�Q¶HVW�SDV�XQH�ILQ�HQ�VRL��

PDLV�SOXW{W��SRXU�QRXV�XQ�LQVWUXPHQW��XQ�PR\HQ��XQH�pWDSH�GDQV�OD�UHFKHUFKH�VFLHQWLILTXH�QRXV�

SHUPHWWDQW�GH�IRUPXOHU�GHV�K\SRWKqVHV�HW�GH�OHV�WHVWHU��$XVVL��GDQV�OH�SURFKDLQ�FKDSLWUH��QRXV�

QH�GpWDLOOHURQV�TXH�OHV�PRGqOHV�DYHF�SUpVHQFH�G¶XQLWp�WHPSRUHOOH��SRXU�XQH�UHYXH�GHV�GLIIpUHQWV�

PRGqOHV�H[LVWDQWV��YRLU�0HFN�HW�1¶'LD\H���������'DQV�PD�WKqVH��M¶DL�O¶DPELWLRQ�GH�SURSRVHU�XQ�

QRXYHDX� PRGqOH� GpYHORSSHPHQWDO� G¶KRUORJH� LQWHUQH�� -H� UHVWHUDL� GRQF� DWWDFKp� j� FH� W\SH� GH�

PRGqOH�

����������� ǣ��������������������������������������

,�± /HV�PRGqOHV�GLWV�© SDFHPDNHU�DFFXPXODWRU ª

,�± ���/H�PRGqOH�GH�7UHLVPDQ�������

/H�SUHPLHU PRGqOH�GH�SDFHPDNHU�DFFXPXODWHXU�D�pWp�SURSRVp�SDU�0LFKHO�7UHLVPDQ�HQ�

������'DQV� XQ� UpFHQW� DUWLFOH� SXEOLp� HQ� ������7UHLVPDQ� UDFRQWH� VRQ� RULJLQH� HW� VHV�PXOWLSOHV�

GpYHORSSHPHQWV�� &H� PRGqOH�� SUpVHQWp� )LJXUH� ���� HVW� FRPSRVp� G¶XQH� EDVH� GH� WHPSV�� G¶XQ�

FRPSWHXU� G¶XQH�FRPSRVDQWH�GH�VWRFNDJH�HW�G¶XQ�FRPSDUDWHXU� 6HORQ�FH�PRGqOH� OD�EDVH�WHPSV

SURGXLUDLW� XQ� IOX[� FRQWLQX� G¶LPSXOVLRQV� pPLVHV� GH� IDoRQ� UpJXOLqUH�� DXVVL� DSSHOpHV� XQLWpV�

WHPSRUHOOHV��&HOOHV�FL�VHUDLHQW�GLUHFWHPHQW�LQFUpPHQWpHV�GDQV�XQ�FRPSWHXU� (Q�G
DXWUHV�WHUPHV��

F¶HVW�OH�QRPEUH�G
LPSXOVLRQV�VWRFNpHV�GDQV�FH�PpFDQLVPH�GH�VWRFNDJH�TXL�FRQVWLWXH�OD�EDVH�GH�

OD� UHSUpVHQWDWLRQ� GX� WHPSV� �� SOXV� LO� \� D� G¶XQLWpV�� SOXV� OD� PHVXUH� VXEMHFWLYH� GX� WHPSV� HVW�

LPSRUWDQWH��HW�LQYHUVHPHQW��&H�V\VWqPH�GH�VWRFNDJH�VHUDLW�OLp�j XQ�PpFDQLVPH�YHUEDO�VpOHFWLI�

SHUPHWWDQW�DX�VXMHW�G¶DVVRFLHU�XQH�YDOHXU� V\PEROLTXH�j� OD�GXUpH�PHVXUpH� �H[��ò�VHFRQGH����

VHFRQGHV����PLQXWH«���6RQ�U{OH�VHUDLW�QRWDPPHQW�XQH�PHLOOHXU�UpWHQWLRQ�HW�UpFXSpUDWLRQ�GHV�

LQIRUPDWLRQV�HQFRGpHV��/HV�XQLWpV�FRPSWDELOLVpHV�VHUDLHQW�HQVXLWH�WUDQVIpUpHV�j�XQ�FRPSDUDWHXU�

TXL��FRPPH�VRQ�QRP�O¶LQGLTXH��FRPSDUHUDLW� OD�VRPPDWLRQ�G¶LPSXOVLRQV�JpQpUpHV�SHQGDQW� OD�

GXUpH�GX�VWLPXOXV�WHPSRUHO�j�G¶DXWUHV�SUpVHQWHV HQ�PpPRLUH��

,O�UHVWH�GDQV�FH�PRGqOH�XQH�FRPSRVDQWH�G¶HQWUpH�TXH�QRXV Q¶DYRQV�SDV�SUpVHQWpH��FHOOH�

TXH� 7UHLVPDQ� DSSHOOH� OH� © FHQWUH� G¶pYHLO� VSpFLILTXH ª�� &HOOH�FL� PRGLILHUDLW� OD� IUpTXHQFH�

G¶pPLVVLRQ� G¶LPSXOVLRQV� JpQpUpHV�� 8Q� KDXW� QLYHDX� G¶pYHLO� DXJPHQWHUDLW� OD� IUpTXHQFH�

G¶pPLVVLRQ�G¶LPSXOVLRQV�HQ�GLPLQXDQW�O¶HVSDFH�WHPSRUHO HQWUH�FKDTXH�LPSXOVLRQ��DXJPHQWDWLRQ�

GH�OD�IUpTXHQFH�HQ�+HUW]���/H�QRPEUH�G¶XQLWpV�WHPSRUHOOHV�VHUDLW�DORUV�DXJPHQWp�SRXU�XQ�WHPSV�



WĂŐĞ�ͮ�Ϯϵ

GRQQp�HW�OD�GXUpH�MXJpH�SOXV�ORQJXH��$�O¶LQYHUVH��XQ�IDLEOH�QLYHDX�G¶pYHLO�UDOHQWLUDLW�OD�IUpTXHQFH�

G¶pPLVVLRQ� GH� FHV� LPSXOVLRQV�� FH� TXL� UpGXLUDLW� OH� QRPEUH� G¶LPSXOVLRQV� LQFUpPHQWpHV� HW�

SURYRTXHUDLW� XQH� VRXV�HVWLPDWLRQ� GX� WHPSV��&HWWH� FRPSRVDQWH� SHUPHW� G¶H[SOLTXHU� FHUWDLQHV�

GLVWRUVLRQV�WHPSRUHOOHV��,O�UHQG�QRWDPPHQW�FRPSWH�GHV�GLVWRUVLRQV�GX�WHPSV�DYHF�O¶pOpYDWLRQ�GH�

OD�WHPSpUDWXUH�GX�FRUSV��)UDQoRLV� ���� ��+RDJODQG������ ��:HDUGHQ�	�3HQWRQ�9RDN��������

)LJXUH�����5HSUpVHQWDWLRQ�VFKpPDWLTXH�GX�PRGqOH�G¶KRUORJH�LQWHUQH�GH�7UHLVPDQ��������

,O� SHUPHW� DXVVL� G¶H[SOLTXHU� OHV� VXUHVWLPDWLRQV� GX� WHPSV� VRXV� O¶HIIHW� GHV� pPRWLRQV��

QRWDPPHQW�FHOOHV�DVVRFLpHV�j� OD�FROqUH�HW� OD�SHXU�TXL�VRQW� IRUWHPHQW�DFWLYDWULFHV��'¶DLOOHXUV��

SOXVLHXUV�DXWHXUV�FRQVLGqUHQW�TXH�OHV�PRGLILFDWLRQV�GX�QLYHDX�G¶pYHLO��$URXVDO��VRXV�O¶HIIHW�GHV�

pPRWLRQV�FRQVWLWXHQW�OH�IDFWHXU�PDMHXU�GHV�GLVWRUVLRQV�WHPSRUHOOHV��'URLW�9ROHW��)D\ROOH�	�*LO��

���� ��'URLW�9ROHW�	�*LO������ ��'URLW�9ROHW�	�0HFN������ ��1RXOKLDQH��0HOOD��6DPVRQ��5DJRW�

	�3RXWKDV���������

$ILQ�GH�PLHX[�UHQGUH�FRPSWH�GHV�HIIHWV�GX�QLYHDX�G¶pYHLO�VXU�OHV�GXUpHV�VXEMHFWLYHV��

7UHLVPDQ� D� PRGLILp VRQ� PRGqOH� DYHF� VRQ� FROOqJXH� %URJDQ� ������� HQ� DMRXWDQW� XQ� V\VWqPH�

© RVFLOODWHXU�FDOLEUHXU ª��6RQ�U{OH�HVW�G¶DSSRUWHU�XQH�PRGXODWLRQ�DX�QLYHDX�GH�OD�EDVH�WHPSV��,OV�

�ĞŶƚƌĞ�Ě͛ĠǀĞŝů
ƐƉĠĐŝĨŝƋƵĞ

�ĂƐĞ�ĚĞ
ƚĞŵƉƐ

�ŽŵƉƚĞƵƌ

�ŽŵƉĂƌĂƚĞƵƌ

^ƚŽĐŬĂŐĞ

ZĠƉŽŶƐĞ

DĠĐĂŶŝƐŵĞ�ǀĞƌďĂů�ƐĠůĞĐƚŝĨ



WĂŐĞ�ͮ�ϯϬ

RQW� GpFLGp DXVVL� GH� UHPSODFHU� OD� EDVH� WHPSV� SDU� XQ� RVFLOODWHXU� WHPSRUHO� HW� XQH� XQLWp� GH�

FDOLEUDWLRQ� �)LJXUH� ����� /¶RVFLOODWHXU� WHPSRUHO� D� OH�PrPH� U{OH� TXH� OD� EDVH� WHPSV� SURSRVpH

LQLWLDOHPHQW��,O�YD�pPHWWUH�OHV�LPSXOVLRQV�VHORQ�XQH�IUpTXHQFH�VWDEOH��)R���/¶XQLWp�GH�FDOLEUDWLRQ�

YD�PXOWLSOLHU� OD� IUpTXHQFH� UHoXH� �)R�� SDU� XQ� IDFWHXU� GH� FDOLEUDWLRQ� �)F��� WUDQVIRUPDQW� DLQVL�

O¶LQIRUPDWLRQ�HQ�IUpTXHQFH�SURGXLWH��)S� ��)S� �&I�[�)R��&¶HVW�j�SDUWLU�GH�FHWWH�IUpTXHQFH�ILQDOH�

�)S�� SRWHQWLHOOHPHQW�ELDLVpH� TXH�OHV�DXWUHV�FRPSRVDQWHV GX�PRGqOH�YRQW�UpDOLVHU�OH�WUDLWHPHQW�

WHPSRUHO��$LQVL�� GDQV�XQH�FRQGLWLRQ�QHXWUH��&I�§���� FH�TXL� VH� WUDGXLW� SDU� O¶DEVHQFH�G¶HUUHXU�

WHPSRUHOOH� GDQV� OHV� HVWLPDWLRQV�� &HSHQGDQW�� &I� SHXW� V¶DYpUHU� LQIpULHXU� RX� VXSpULHXU� j� ���

GpFpOpUHUDQW�RX�DFFpOpUHUDQW�DLQVL�O¶pPLVVLRQ�G¶LPSXOVLRQV��

)LJXUH�����/H SDFHPDNHU�FDOLEUp VHORQ�7UHLVPDQ��������

%LHQ�TXH�IRQGDPHQWDO�HW�LQWpUHVVDQW��OH�PRGqOH�GH�7UHLVPDQ�HW�VD�YDULDQWH�QH�SURSRVHQW

TX¶XQ�HW� XQ� VHXO�PpFDQLVPH�j� OD�EDVH�GHV�YDULDWLRQV�GH� MXJHPHQW� WHPSRUHO�� ,O� V¶DYqUH�GRQF�

LQVXIILVDQW�SRXU�H[SOLTXHU�OHV�QRPEUHXVHV�FDXVHV�DIIHFWDQW�OH�MXJHPHQW�GX�WHPSV��7UHLVPDQ�HVW�

G¶DLOOHXUV� O¶XQ� GHV� SUHPLHUV� j� SUHQGUH� FRQVFLHQFH� GHV� OLPLWHV� GH� VRQ� PRGqOH� SDFHPDNHU�

DFFXPXODWHXU��5pFHPPHQW��LO�D�UpDOLVp�XQH�UHYXH�GH�VHV�SURSUHV�WUDYDX[�GDQV�XQ�DUWLFOH�SXEOLp�



WĂŐĞ�ͮ�ϯϭ

GDQV�7LPLQJ�DQG�7LPH�SHUFHSWLRQ�HQ�������7UHLVPDQ���������'DQV�FHW�DUWLFOH� LO�pPHW�DORUV�

O¶LGpH�TXH�QRXV�SRXYRQV�rWUH�pTXLSpV�GH�PXOWLSOHV�KRUORJHV�LQWHUQHV�IRQFWLRQQDQW�HQ�SDUDOOqOH�

HW�j�GLIIpUHQWHV� DOOXUHV��&HWWH� LGpH� D� pWp� UHSULVH�GDQV�GHV�PRGqOHV� UpFHQWV�G¶KRUORJH� LQWHUQH��

7RXWHIRLV��DYDQW�GH�SUpVHQWHU�FHV�PRGqOHV��QRXV�DOORQV�SUpVHQWHU� OH�PRGqOH�GH� WUDLWHPHQW�GH�

O¶LQIRUPDWLRQ�WHPSRUHOOH�GH�*LEERQ�HW�VHV�FROODERUDWHXUV��TXL�RQW�DIILQp�OH�PRGqOH�GH�7UHLVPDQ�

HQ�O¶LQWpJUDQW�DX�VHLQ�G¶XQ�V\VWqPH�GH�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ�

,�± ���/H�PRGqOH�GH�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ�WHPSRUHOOH�GH�*LEERQ��&KXUFK�HW

0HFN�������

)LJXUH� ����0RGqOH� G¶KRUORJH� LQWHUQH� GH� WUDLWHPHQW� GH� O¶LQIRUPDWLRQ� WHPSRUHOOH� GH�*LEERQ��
&KXUFK�HW�0HFN��������

6XU� OD� EDVH� GX�PRGqOH� GH� 7UHLVPDQ��*LEERQ�� &KXUFK� HW�0HFN� ������� SURSRVHQW� XQ�

PRGqOH�SHUPHWWDQW�G¶LQWpJUHU�OH�V\VWqPH�G¶KRUORJH�DX�VHLQ�GH�WRXW�XQ�SURFHVVXV�GH�WUDLWHPHQW�

GH�O¶LQIRUPDWLRQ��&HSHQGDQW��OH�PpFDQLVPH�YHUEDO�VpOHFWLI�Q¶D�SDV�pWp�LQFOXV�GDQV�FH�PRGqOH��

&HFL� V¶H[SOLTXH� SDU� OH� IDLW� TXH� OHV� DXWHXUV� pWXGLHQW� O¶HVWLPDWLRQ� GX� WHPSV� FKH]� O¶DQLPDO��

&HSHQGDQW��LOV�GpFODUHQW�TX¶LOV�YHXOHQW�FUpHU�XQ�PRGqOH�JpQpUDO��F¶HVW�j�GLUH�TXL�UHQG�FRPSWH�j�

WĂĐĞŵĂŬĞƌ �ĐĐƵŵƵůĂƚĞƵƌ

DĠŵŽŝƌĞ�ĚĞ
ƚƌĂǀĂŝů

DĠŵŽŝƌĞ�ĚĞ�
ƌĠĨĠƌĞŶĐĞ

�ŽŵƉĂƌĂƚĞƵƌ

ŬΎWƌŽĐĞƐƐƵƐ
DŶĠƐŝƋƵĞƐ

WƌŽĐĞƐƐƵƐ
�ĠĐŝƐŝŽŶŶĞůƐ

,ŽƌůŽŐĞ
/ŶƚĞƌŶĞ
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OD�IRLV�GH�O¶HVWLPDWLRQ�GX�WHPSV�QRQ�VHXOHPHQW�FKH] O¶DQLPDO��PDLV�DXVVL�FKH]�O¶+RPPH��'DQV�

FH� PRGqOH�� OH� MXJHPHQW� WHPSRUHO� UpVXOWH� G¶XQ� WUDLWHPHQW� KLpUDUFKLTXH� GH� O¶LQIRUPDWLRQ�

WHPSRUHOOH�j�WURLV�QLYHDX[��7RXV�FHV�QLYHDX[�VRQW�VXVFHSWLEOHV�GH�JpQpUHU�GH�OD�YDULDQFH�GDQV�

OH�MXJHPHQW�WHPSRUHO���/D�)LJXUH����SUpVHQWH�FH�PRGqOH�

/H�SUHPLHU�QLYHDX�GH�WUDLWHPHQW�FRUUHVSRQG�j�O¶KRUORJH�LQWHUQH��$�FH�SUHPLHU�QLYHDX��

XQ� SDFHPDNHU� HQYRLH� XQ� IOX[� G¶LPSXOVLRQV� j� XQ� DFFXPXODWHXU� SDU� O¶LQWHUPpGLDLUH� G¶XQ�

LQWHUUXSWHXU��&H�V\VWqPH�SHXW�j SULRUL�SDUDvWUH�FRPSDUDEOH�j�FHOXL�SURSRVp�SDU�7UHLVPDQ���������

&HSHQGDQW�LO�H[LVWH�TXHOTXHV�GLIIpUHQFHV��/H�SDFHPDNHU��QRPPp�LQLWLDOHPHQW�EDVH�WHPSV��QH�

JpQqUH�SOXV�OHV�LPSXOVLRQV�WHPSRUHOOHV�GH�IDoRQ�WRWDOHPHQW�UpJXOLqUH��PDLV�FRQIRUPpPHQW�j XQH�

ORL�GH�3RLVVRQ��7RXWHIRLV��VD�IUpTXHQFH�UHVWH�PRGXODEOH��GpSHQGDPPHQW�GH�IDFWHXUV�ELRORJLTXHV�

OLpV� DX� FRQWH[WH� �QLYHDX� G¶pYHLO��� /¶LQWHUUXSWHXU� HVW� TXDQW� j� OXL� XQ� QRXYHDX�PpFDQLVPH�TXH�

*LEERQ�D�DMRXWp��1RXV�UHYLHQGURQV�j�SOXVLHXUV�UHSULVHV�VXU�FH�QRXYHO�pOpPHQW�GDQV�OH�FDGUH�GH�

PHV�WUDYDX[�GH�WKqVH�VXU�OHV�FRQGXLWHV�G¶HVWLPDWLRQ�GX�WHPSV�FKH]�O¶HQIDQW��&HW�LQWHUUXSWHXU�

V¶RXYUH�HW�VH�IHUPH�DX�GpEXW�HW�j�OD�ILQ�GH�OD�GXUpH�j�HVWLPHU��4XDQG�OH�FLUFXLW�HVW�RXYHUW��OHV�

LPSXOVLRQV� QH� SHXYHQW� SDV� WUDQVLWHU� MXVTX¶j� O¶DFFXPXODWHXU�� /HV� XQLWpV� QH� SRXYDQW� SDV�

LQFUpPHQWHU�O¶DFFXPXODWHXU��OHV�XQLWpV�VRQW�SHUGXHV�HW�OH�WHPSV�Q¶HVW�SDV�FRPSWp��$�O¶LQYHUVH��

TXDQG�OH�FLUFXLW�HVW�IHUPp��OHV�XQLWpV�WHPSRUHOOHV�SHXYHQW�DWWHLQGUH�O¶DFFXPXODWHXU��&RPPH�QRXV�

OH�YHUURQV��VHORQ OHV�FRQGLWLRQV�H[SpULPHQWDOHV��OD�IHUPHWXUH�GH�O¶LQWHUUXSWHXU�SHXW�V¶HIIHFWXHU�

GH�IDoRQ�DXWRPDWLTXH��PDLV�DXVVL�GH�IDoRQ�FRQWU{OpH��TXDQG�OH�VXMHW�GpFLGH�GH�IDoRQ�YRORQWDLUH�

GH�SRUWHU�DWWHQWLRQ�DX�WHPSV��6D�ODWHQFH�GH�IHUPHWXUH�HW�G¶RXYHUWXUH�DIIHFWH�QRWDPPHQW�OD�GXUpH�

VHORQ�O¶pTXDWLRQ ��'XUpH�HVWLPpH  �'XUpH�2EMHFWLYH��'��± WHPSV�GH�IHUPHWXUH�GH�O¶LQWHUUXSWHXU

�W)����WHPSV�G¶RXYHUWXUH�GH�O¶LQWHUUXSWHXU �72���2Q�WURXYH�GRQF�XQH�DXWUH�VRXUFH�GH�YDULDQFH�DX�

QLYHDX�GH�OD�IOXFWXDWLRQ�GH�OD�IHUPHWXUH�HW�O¶RXYHUWXUH�GH�O¶LQWHUUXSWHXU�DX�FRXUV�GX�WUDLWHPHQW�

GH� OD�GXUpH� �0HFN������ ��:HDUGHQ��(GZDUGV��)DNKUL�	�3HUFLYDO�� �������3RXU� WHUPLQHU� VXU�

O¶KRUORJH� LQWHUQH�� O¶DFFXPXODWHXU� HQYLVDJp� SDU�*LEERQ� HW� VHV� FROODERUDWHXUV� HVW� VLPLODLUH� DX�

FRPSWHXU� SURSRVp� SDU� 7UHLVPDQ� GDQV� OD� PHVXUH� R�� FHOXL�FL� FRPSWDELOLVH� OHV� LPSXOVLRQV�

SHUPHWWDQW�G¶pYDOXHU�OD�GXUpH��,O�H[LVWH�WRXWHIRLV�XQH�LPSUpFLVLRQ�GDQV�OD�OLWWpUDWXUH�YLV�j�YLV�GH�

OD�QDWXUH�GH�FHWWH�FRPSRVDQWH�GH�VWRFNDJH�SXLVTX¶HOOH�HVW�FRQVLGpUpH�FRPPH�XQH�© PpPRLUH�

VHQVRULHOOH ª��TXL�SUpFqGH�OD�PpPRLUH�GH�WUDYDLO��&KXUFK���������DORUV�TXH�G¶DXWUHV FKHUFKHXUV

O¶HQYLVDJHQW�FRPPH�XQ�PpFDQLVPH�GH�PpPRLUH�GH�WUDYDLO��:LQJ���������

'¶DXWUHV�DXWHXUV�HQFRUH�SHQVHQW�TX¶LO�H[LVWH�SOXVLHXUV�DFFXPXODWHXUV��)LJXUH������&HWWH�

VXSSRVLWLRQ UHSRVH�VXU�GHX[�UpVXOWDWV�SULQFLSDX[��3UHPLqUHPHQW� HW�FRPPH�H[SRVp�ORUV�GX��HU�
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FKDSLWUH��OHV�GXUpHV�HVWLPpHV�FKDQJHQW�VHORQ�OD�PRGDOLWp�VHQVRULHOOH�GX�VWLPXOXV��DXGLWLYH�RX�

YLVXHOOH���2Q�SHXW�GRQF�HQYLVDJHU�GHV�KRUORJHV�SRXU�OHV�GLIIpUHQWHV�PRGDOLWpV�VHQVRULHOOHV��(Q�

HIIHW��FRPPHQW�XQH�VHXOH�EDVH�WHPSV�SRXUUDLW�HOOH�JpQpUHU�GHV�SUpGLFWLRQV�GLIIpUHQWHV�VHORQ�OD�

PRGDOLWp�VHQVRULHOOH�GH�O¶LQIRUPDWLRQ�WHPSRUHOOH "�3HQQH\��������HQYLVDJH DORUV�O¶H[LVWHQFH�GH�

SOXVLHXUV� KRUORJHV� DYHF� XQ� PpODQJH� HQ� PpPRLUH� �PHPRU\� PL[WXUH�� GHV� GLIIpUHQWHV�

UHSUpVHQWDWLRQV�GH�WHPSV��'HX[LqPHPHQW��OHV�LQGLYLGXV�VRQW�FDSDEOHV�GH�WUDLWHU�SOXVLHXUV�GXUpHV�

HQ�VLPXOWDQp��&RPPHQW�XQ� LQGLYLGX�TXL�HVW� VRXPLV�j�GHX[�GXUpHV�SUpVHQWpHV�VLPXOWDQpPHQW�

SHXW�LO�DXVVL�SDUYHQLU�j�HVWLPHU�FHV�GHX[�GXUpHV�VXU�OD�EDVH�G¶XQ�VHXO�V\VWqPH "�%LHQ�TXH�O¶pWXGH�

GX�WUDLWHPHQW�VLPXOWDQp�GHV�GLIIpUHQWHV�GXUpHV�UHVWH�UDUH�HW�VSRUDGLTXH��FHUWDLQHV�UHFKHUFKHV�RQW�

PRQWUp�TXH�OHV�KXPDLQV�VRQW�FDSDEOHV�G¶HVWLPHU�GHV�GXUpHV�GH�YDOHXUV�GLIIpUHQWHV�SUpVHQWpHV�GH�

IDoRQ�VLPXOWDQpH �$\KDQ��5HYLQD��%UXQR�HW�-RKQVWRQ������ ��%URZQ�	�:HVW������ ��%XUU��7R]]L�

HW�0RUURQH������ ��&KHQJ��<DQJ��+DQ��'LQJ�	�)DQ������ ��-RKQVWRQ��$UQROG�	�1LVKLGD����� ��

.ODSSURWK������ ��5RXVVHDX�	�5RXVVHDX������ ��YDQ�5LMQ�	�7DDJWHQ���������&HFL�D�DXVVL�pWp�

PRQWUp OHV�DXWUHV�DQLPDX[��UDWV�RX�SLJHRQV���&KXUFK��*XLOKDUGL��.HHQ��0DFLQQLV�	�.LUNSDWULFN��

���� ��0HFN�HW�&KXUFK������ ��0HFN�HW�:LOOLDPV������ ��5REHUWV������ ��6SHWFK�HW�5XVDN��

�������

)LJXUH�����6\VWqPHV�H[LVWDQWV�SHUPHWWDQW�GH�UHQGUH�FRPSWH�GX�WUDLWHPHQW�GX�WHPSV�GH�SOXVLHXUV�
GXUpHV� HQ� SDUDOOqOH�� /H� SDQQHDX� �$�� GpFULW� XQ� V\VWqPH� j� XQ� VHXO� SDFHPDNHU� HW� XQ VHXO�
DFFXPXODWHXU�� � /H� SDQQHDX �%�� GpFULW� SOXVLHXUV� DFFXPXODWHXUV� GpSHQGDQWV� G¶XQ� PrPH�
SDFHPDNHU�� (QILQ�� OH� SDQQHDX� �&�� HVW� XQ� V\VWqPH� j� SOXVLHXUV� DFFXPXODWHXUV� LQGpSHQGDQWV�



WĂŐĞ�ͮ�ϯϰ

�0,$���/HV�HQWLWpV�DYHF�OHV�OLJQHV�SRLQWLOOpHV�GpVLJQHQW�OHV�pOpPHQWV�GX�V\VWqPH�TXL�SHUPHWWHQW�
OH�WHPSV�SDUDOOqOH��([WUDLW�GH�YDQ�5LMQ�	�7DDJWHQ�������

,O� H[LVWH� GRQF� DXMRXUG¶KXL� XQ� GpEDW� VXU� OD� QDWXUH� GH� FHWWH� KRUORJH� LQWHUQH�� &HUWDLQV�

SURSRVHQW� TXH� QRWUH� FDSDFLWp� j� WUDLWHU� SOXVLHXUV� GXUpHV� j� OD� IRLV� UHSRVH� VXU� O¶XWLOLVDWLRQ� GH�

SOXVLHXUV�KRUORJHV��PDLV�G¶DXWUHV�DIILUPHQW�TX¶XQH�VHXOH�KRUORJH�GpWHQDQW�SOXVLHXUV�FRPSWHXUV�

VXIILW�SRXU�XQ�WHO�WUDLWHPHQW��'DQV�FH�FDV��XQH�VHXOH�HW�PrPH�KRUORJH�PDvWUHVVH �PDVWHU�FORFN���

FRQVWLWXpH�G¶XQ�VHXO�SDFHPDNHU�SRXUUDLW�WUDLWHU�GLIIpUHQWHV�GXUpHV�GH�PDQLqUH�VpTXHQWLHOOH��3OXV�

H[DFWHPHQW��OHV�DXWHXUV�SDUOHQW�GH�FKURQRPpWUDJH�VpTXHQWLHO��%U\FH�	�%UDW]NH������ ��&KXUFK��

���� ��YDQ�5LMQ�HW�7DDJWHQ���������/¶LGpH�GX�FKURQRPpWUDJH�VpTXHQWLHO�HVW�TXH�OH�SDFHPDNHU�YD�

LQFUpPHQWHU�OHV�LPSXOVLRQV�GDQV�XQ�QRXYHDX�FRPSWHXU�j�FKDTXH�IRLV�TX¶LO�\�D�XQ�FKDQJHPHQW�

GDQV�O¶HQYLURQQHPHQW��,O�GHYLHQW�HQVXLWH�SRVVLEOH��VL�O¶RQ�YHXW�UpFXSpUHU�O¶HQVHPEOH�WHPSRUHO�

GH�O¶pYpQHPHQW�RX�MXVWH�GHV�EULEHV�GH�FHOXL�FL� G¶DGGLWLRQQHU�OHV�pOpPHQWV�HQWUH�HX[��&HV�VLPSOHV�

FDOFXOV�PHQWDX[�VHUDLHQW�DXWRPDWLTXHV��&HSHQGDQW��G¶
DXWUHV�FKHUFKHXUV��&KHQJ��<DQJ��'LQJ�HW�

)DQ������ ��-RKQVWRQ��%UXQR�HW�$\KDQ������ ��-RKQVWRQ��$UQROG�HW�1LVKLGD��������VXSSRVHQW�

TXH�OHV�LQGLYLGXV�Q
XWLOLVHQW�SDV�XQH�VHXOH�KRUORJH�LQWHUQH��PDLV�SOXVLHXUV�KRUORJHV��GRQW�XQH�

KRUORJH�SRXU�FKDTXH�VWLPXOXV�HW�TXH�FHV�GLIIpUHQWHV�KRUORJHV�IRQFWLRQQHQW�HQ�SDUDOOqOH��(LVOHU��

������0HFN�HW�&KXUFK��������S�����(Q�G¶DXWUHV�WHUPHV��RQ�SRVVpGHUDLW�GH�PXOWLSOHV�SDFHPDNHUV�

FKDFXQ�pWDQW�FDSDEOH�GH�JpQpUHU�GHV�LPSXOVLRQV�GDQV�XQ�DFFXPXODWHXU�DGDSWp��/D�TXHVWLRQ�G¶XQH�

RX�GH�SOXVLHXUV�KRUORJHV�LQWHUQHV�Q¶HVW�GRQF�DFWXHOOHPHQW�SDV�WUDQFKpH��SDU�PDQTXH�GH�SUHXYHV�

H[SpULPHQWDOHV� ELHQ�TXH�GH�SOXV�HQ�SOXV�GH�FKHUFKHXUV�RSWHQW�WKpRULTXHPHQW�SRXU�O¶H[LVWHQFH�

GH�SOXVLHXUV�KRUORJHV�LQWHUQHV��FRPPH�QRXV�OH�YHUURQV�

'DQV� WRXV� OHV� FDV�� VHORQ� OH�PRGqOH� G¶KRUORJH� LQWHUQH� GH�*LEERQ� HW� VHV� FROOqJXHV�� OH�

WUDLWHPHQW�GHV�LPSXOVLRQV�FRPSWDELOLVpHV�SHXW�VXLYUH�GHX[�YRLHV�QRQ�H[FOXVLYHV��6L�OD�GXUpH�HVW�

FRQVLGpUpH�FRPPH�LPSRUWDQWH�SRXU�GHV�MXJHPHQWV�XOWpULHXUV�FRPPH�OD�GXUpH�VWDQGDUG��DORUV�

HOOH�VHUD�VWRFNpH�HQ�PpPRLUH�j�ORQJ�WHUPH��GLWH PpPRLUH�GH�UpIpUHQFH���6L�HOOH�HVW�FRQVLGpUpH�

SHX�LPSRUWDQWH��DORUV�HOOH�HVW�GLUHFWHPHQW�HQYR\pH�GDQV�XQ�V\VWqPH�GH�PpPRLUH�j�FRXUW�WHUPH�

�GLW�PpPRLUH�GH�WUDYDLO���/RUVTXH�O¶LQIRUPDWLRQ�WHPSRUHOOH�SDVVH�HQ�PpPRLUH�GH�UpIpUHQFH��HOOH�

VXELW�XQH�WUDQVIRUPDWLRQ�SDU�XQH�FRQVWDQWH�N��&HWWH�WUDQVIRUPDWLRQ�D�ORQJWHPSV�pWp�FRQVLGpUpH�

FRPPH� OD�SULQFLSDOH�FDXVH�GH�YDULDQFH�GDQV� OH� MXJHPHQW� WHPSRUHO� �$OODQ�	�*LEERQ������ �

*LEERQ���������(Q�HIIHW��OH�PRGqOH�G¶KRUORJH�LQWHUQH�SURSRVp�SDU�*LEERQ�VXSSRVH�XQ�HQFRGDJH�

© SDUIDLW ª�GH�OD�GXUpH�HQ�PpPRLUH�GH�WUDYDLO��(Q�IDLW��HQ�PpPRLUH�GH�UpIpUHQFH��OHV�VXMHWV�QH�
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VWRFNHQW�SDV�XQH�GXUpH�VWDQGDUG��PDLV�XQH�GLVWULEXWLRQ�GH�GXUpHV�DVVRFLpHV��pFKDQWLOORQV��j�OD�

GXUpH�VWDQGDUG��4XRL�TX¶LO�HQ�VRLW��OHV�FKHUFKHXUV�HQYLVDJHQW�SOXVLHXUV�VRXUFHV�GH�YDULDQFHV�HW�

FHFL� j� WRXV� OHV� QLYHDX[� GX� PRGqOH� �'URLW�9ROHW�� 'HOJDGR� 	� 5DWWDW�� ���� �� 0F&RUPDFN��

:HDUGHQ��6PLWK�	�%URZQ������ ��:HDUGHQ�	�%UD\���������'HOJDGR�HW�'URLW�9ROHW��������RQW�

PrPH� PRQWUp� TXH� OH� EUXLW� HQ� PpPRLUH� GH� UpIpUHQFH� SHXW� UpVXOWHU� GH� GLIILFXOWpV� ORUV� GH�

O¶HQFRGDJH�GH�OD�GXUpH��

(QILQ��DX�GHUQLHU�QLYHDX�GH�WUDLWHPHQW�VH�VLWXHQW�OHV�SURFHVVXV�GpFLVLRQQHOV��$�FH�QLYHDX��

O¶LQGLYLGX� FRPSDUH� OD� GXUpH� HQ�PpPRLUH� GH� WUDYDLO� DYHF� OD� GXUpH� GH� UpIpUHQFH� SUpVHQWH� HQ�

PpPRLUH�j�ORQJ�WHUPH��'DQV�OH�FDV�GH�OD�JpQpUDOLVDWLRQ�WHPSRUHOOH� LO�V¶DJLW�GH�OD�GXUpH�VWDQGDUG��

/H�MXJHPHQW�WHPSRUHO�ILQDO�UpVXOWH�GRQF�GH�OD�FRPSDUDLVRQ�HQWUH�OD�GXUpH�REMHFWLYH�SUpVHQWH�HQ�

PpPRLUH�GH�WUDYDLO�HW�OD�GXUpH�HQ�PpPRLUH�GH�UpIpUHQFH��$�FH�QLYHDX��SRXU�SRXYRLU�SRUWHU�XQ�

MXJHPHQW�WHPSRUHO��FRPPH�SDU�H[HPSOH�GLUH�TXH�OD�GXUpH�SUpVHQWpH�HVW�VLPLODLUH�RX�QRQ�j�OD�

GXUpH�VWDQGDUG��OH�VXMHW�HVW�REOLJp�G¶DGRSWHU�XQH�UqJOH�GH�GpFLVLRQ��&KXUFK��������*LEERQ�	�DO���

�������/D�GpFLVLRQ�UpVXOWH�GH�OD�FRPSDUDLVRQ�HQWUH�OH�FRQWHQX�HQ�PpPRLUH�GH�WUDYDLO��W� DYHF�

FHOXL�GH�OD�PpPRLUH�GH�UpIpUHQFH��7���PDLV�OH�VXMHW�D�XQ�FHUWDLQ�VHXLO�GH��ȕ��GH�WROpUDQFH��&KXUFK��

�������2U�� OHV�VXMHWV�Q¶RQW�SDV�WRXV� OH�PrPH�VHXLO�GH�WROpUDQFH��$OODQ���������6L� OH�VXMHW�HVW�

FRQVHUYDWHXU��OH�VHXLO��ȕ� VHUD�SOXV�SHWLW�TXH�V¶LO�HVW SHX�FRQVHUYDWHXU��DXTXHO�FDV�OH�VHXLO�ȕ�VHUD�

SOXV�JUDQG��1RXV�DYRQV�GRQF�LFL�OD�GHUQLqUH�VRXUFH�GH�YDULDQFH�GH�O¶HVWLPDWLRQ�GX�WHPSV�TXL�

SHXW�V¶DMRXWHU�j�FHOOH�GH�OD�PpPRLUH GH�UpIpUHQFH��7��

,,�± /HV�PRGqOHV�GLWV�© RVFLOODWRUV���FRwQFLGHQFH�GHWHFWLRQ ª

/HV�PRGqOHV�GH�W\SH�SDFHPDNHU�DFFXPXODWHXU�VRQW�DFWXHOOHPHQW�UHPLV�HQ�FDXVH��ELHQ�

TX¶LOV�VRLHQW�WRXMRXUV�XWLOLVpV�JUkFH�j�OHXU�SRXYRLU�SUpGLFWLI�GX�FRPSRUWHPHQW��/H�GHUQLHU�PRGqOH�

GH�FH�W\SH�GDWH�GHV�DQQpHV�����,O�V¶DJLW�GH�OD�WKpRULH�FRPSRUWHPHQWDOH�GX�WHPSV�GH�.LOOHHQ�HW

)HWWHUPDQ���������'DQV�FH�PRGqOH��OD�PHVXUH�GX�WHPSV�GpSHQG�GH�OD�VpTXHQFH�G¶DFWLRQ�RSpUpH�

SHQGDQW�XQ�LQWHUYDOOH�WHPSRUHO�GRQQp��/HV�DFWLRQV�UpDOLVpHV�VRQW�SRXU�OD�SOXV�JUDQGH�PDMRULWp�

VWpUpRW\SpHV��,O�VXIILW�DORUV�GH�VpTXHQFHU�FHV�DFWLRQV�DILQ�GH�SRXYRLU�HVWLPHU�OH�WHPSV��&H�PRGqOH�

HVW�XQ�PRGqOH�GH�W\SH�SDFHPDNHU�FDU�F¶HVW�O¶pPLVVLRQ�G¶LPSXOVLRQV�VHORQ�XQH�ORL�GH�3RLVVRQ�TXL�

SHUPHWWUDLW�OD�WUDQVLWLRQ�G¶XQ�FRPSRUWHPHQW�j�XQ�DXWUH��$LQVL��FKDTXH�DFWLRQ�HVW�WHPSRUHOOHPHQW�

PHVXUpH��/¶pPLVVLRQ�GHV�LPSXOVLRQV�VHUDLW�HQ�UHYDQFKH�LUUpJXOLqUH�FDU�WRWDOHPHQW�GpSHQGDQWH�

GX�UDWLR�GHV�UHQIRUFHPHQWV��.LOOHQ�	�)HWWHUPDQ���������&H�PRGqOH�HVW�SHX�FLWp�HW�EHDXFRXS�
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FULWLTXp�PrPH�VL�O¶LGpH�GH�SRVHU�O¶HVWLPDWLRQ�GX�WHPSV�VXU�O
DFWLRQ�HVW�XQH�LGpH�WUqV�LQWpUHVVDQWH�

�&RXOO�	�'URLW�9ROHW���������'H�SOXV��LO�HVW�GLIILFLOH�GH�IDLUH�OD�SDUW�HQWUH�OHV�FRPSRUWHPHQWV�

VWpUpRW\SpV�HW�FHX[�TXL�QH�OH�VRQW�SDV��/HMHXQH�HW�DO����������

/HV�PRGqOHV�G¶RVFLOODWHXUV�VRQW�DORUV�DSSDUXV�GDQV�OH�EXW�GH�SDOOLHU�DX[�SUREOqPHV GHV�

PRGqOHV�FODVVLTXHV�G¶KRUORJH�LQWHUQH��&HV�PRGqOHV�G¶RVFLOODWHXUV�UHSRVHQW�VXU�O¶LGpH�TXH�O¶RQ�

QH�SHXW�VH�FRQWHQWHU�G¶XQ�V\VWqPH�GH�SDFHPDNHU�SRXU�UHQGUH�FRPSWH�GH�OD�PHVXUH�GX�WHPSV�SDU�

QRWUH� FHUYHDX�� '¶DLOOHXUV�� SOXV� DXFXQ� FKHUFKHXU� QH� GpIHQG� XQ� WHO� V\VWqPH�� ,OV� VRQW� WRXV�

FRQVFLHQWV�GH�VRQ�PDQTXH�GH�SODXVLELOLWp�VXU�OH�SODQ�QHXURORJLTXH��1RXV�VRPPHV�GRQF�HQ�GURLW�

GH�QRXV�GHPDQGHU�SRXUTXRL�OD�FRPPXQDXWp�VFLHQWLILTXH�FRQWLQXH�G¶XWLOLVHU�XQ�PRGqOH�GH�W\SH�

SDFHPDNHU�DFFXPXODWHXU� TXL� OHXU� VHPEOH� SRXUWDQW� REVROqWH�� /D� UpSRQVH� HVW� VLPSOH�� ,O� V¶DJLW�

DYDQW�WRXW�G¶XQH�PpWDSKRUH�WUDGXLVDQW�O¶H[LVWHQFH�G¶XQ�V\VWqPH�GH�WUDLWHPHQW�GX�WHPSV��TXHOOH

TXH�VRLW�OD�FRPSOH[LWp�GH�FH�V\VWqPH��'H�SOXV��FRPPH�QRXV�YHQRQV�GH�OH�GLUH��FH�PRGqOH�SHUPHW�

GH�IDLUH�GHV�SUpGLFWLRQV�VLPSOHV��IDFLOHV�j�YDOLGHU�VXU�OH�SODQ�H[SpULPHQWDO��(Q�VRPPH��ELHQ�TXH�

FH�PRGqOH�QH�VRLW�SDV�YLDEOH�VXU�OH�SODQ�QHXUR�DQDWRPLTXH��FHOXL�FL�SDUYLHQW�j�SUpGLUH��YLD�GHV�

PpFDQLVPHV� VLPSOHV�� OHV� HVWLPDWLRQV� GX� WHPSV� FKH]� O¶KRPPH� HW� O¶DQLPDO�� &HFL� UHSUpVHQWH�

O¶HVVHQFH�PrPH�G¶XQ�PRGqOH«

,,�± ���/HV�PRGqOHV�GH�GpWHFWLRQ�GH�FRwQFLGHQFH

���Ȃ ͷǤͷǤ�������°��������±�����������������������������ȋͷͿ;ͿȌ

(Q�������0LDOO�HVW�O¶XQ�GHV�SUHPLHUV�j�SURSRVHU�XQ�PRGqOH�G¶HQFRGDJH�GH�OD�GXUpH�IRQGp�

VXU�GHV�RVFLOODWLRQV�FRUWLFDOHV��&H�PRGqOH�DIILUPH�TXH�O¶HVWLPDWLRQ�GX�WHPSV�QH�UHSRVH�SDV�VXU�

XQH� VLPSOH� RVFLOODWLRQ�� PDLV� VXU� GH� PXOWLSOHV� RVFLOODWLRQV� FR�RFFXUUHQWHV�� $X� GpEXW� G¶XQ�

LQWHUYDOOH� WHPSRUHO� j� HVWLPHU�� FHV� RVFLOODWHXUV� VRQW� UpLQLWLDOLVpV� HW� FRPPHQFHQW� GH� IDoRQ�

V\QFKURQLVpH� OHXUV� DFWLYLWpV� U\WKPLTXHV�� /HV� IUpTXHQFHV� GHV� RVFLOODWLRQV� VRQW� GLYHUVHV� HW�

SHXYHQW� DOOHU� GH� �� j� ��+]�� /HV� RVFLOODWHXUV� JpQqUHQW� DORUV� GHV� F\FOHV� DOODQW� GH� OD�

GpV\QFKURQLVDWLRQ� j� OD� V\QFKURQLVDWLRQ�� $� OD� ILQ� GH� O¶LQWHUYDOOH� j� HVWLPHU�� O¶HVWLPDWLRQ�

WHPSRUHOOH�YD�UHSRVHU�VXU�OHV�RVFLOODWHXUV�V\QFKURQHV��F¶HVW�j�GLUH�OHV�RVFLOODWHXUV�D\DQW�WHUPLQp�

OHXUV�F\FOHV��)LJXUH�����
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)LJXUH������5HSUpVHQWDWLRQ�GH�O¶DFWLYLWp�U\WKPLTXH�G¶XQ�JURXSH�GH���RVFLOODWHXUV�j�IUpTXHQFHV�
GLYHUVHV��DYHF�OH�FRGDJH�WHPSRUHO�FRUUHVSRQGDQW�j�OD�GXUpH�W��

/¶HQFRGDJH�GH�O¶LQWHUYDOOH�UpVXOWH�GRQF�GH�OD�GpWHFWLRQ�GX�SOXV�SHWLW�PXOWLSOH�FRPPXQ�

GH�OD�SKDVH�GHV�RVFLOODWHXUV�LPSOLTXpV��$LQVL��VL�O¶RQ�GRLW�UHSURGXLUH�XQH�PrPH�GXUpH��DORUV�LO�

VXIILUD� GH� UHWURXYHU� OD� PrPH� V\QFKURQLVDWLRQ� GX� PrPH� JURXSH� G¶RVFLOODWHXUV�� VXU� XQ� RX�

SOXVLHXUV� F\FOHV� SRXU� UHWURXYHU� OH� PrPH� LQWHUYDOOH� G¶RULJLQH�� %LHQ� TXH� QRYDWULFHV�� OHV�

PRGpOLVDWLRQV�UpDOLVpHV�j�SDUWLU�GH�FH�PRGqOH�Q¶RQW�SDV�SHUPLV�GH�UHQGUH�FRPSWH�GHV�SURGXFWLRQV�

KXPDLQHV�RX�DQLPDOHV��(IIHFWLYHPHQW��FH�PRGqOH�QH�JpQqUH�SDV�OD�SURSULpWp�GX�WHPSV�VFDODLUH��

'H�SOXV��LO�Q¶LQWqJUH�SDV�OHV�SRVVLEOHV�PRGXODWLRQV�G¶RVFLOODWLRQV�SURYRTXpHV�SDU�OHV�GLIIpUHQFHV�

GX�QLYHDX�G¶pYHLO��DURXVDO���$XVVL��HQ�������0DWWHO�HW�0HFN�RQW�HVVD\p�G¶DPpOLRUHU�FH�PRGqOH�

���Ȃ ͷǤǤ�������°��������±����������������������������������������� �����ȋͶͶͶȌ

/H� PRGqOH� 6%)� �6WULDWDO� %HDW� )UHTXHQF\�� GH� 0DWWHO� HW� 0HFN� SXEOLp� HQ� �����

GDQV %LR(VVD\V�UHSUHQG�O¶LGpH�GX�V\VWqPH�G¶RVFLOODWHXUV�SOXULDFWLIV SURSRVpH�SDU�0LDOO��������

&HSHQGDQW��OH�V\VWqPH�D�FRQVLGpUDEOHPHQW�pWp�DPpOLRUp�FDU� HQ�SOXV�G¶rWUH�YDOLGH�VXU�OH�

SODQ� QHXUR�DQDWRPLTXH�� XQ� V\VWqPH� GH� PRGXODWLRQ� D� pWp� LPSOpPHQWp�� ,O� V¶DJLW� GRQF� G¶XQ�

V\VWqPH�SOXV� IOH[LEOH��TXL� UHQG�PLHX[�FRPSWH�GHV�GLVWRUVLRQV� WHPSRUHOOHV��6HORQ�FH�PRGqOH��

O¶LQIRUPDWLRQ� WHPSRUHOOH� VXLW� XQH� ERXFOH� FRUWLFR�VWULDWR�WKDODPR�FRUWLFDOH� �)LJXUH� ����� $X�

FRPPHQFHPHQW� G¶XQ� LQWHUYDOOH� WHPSRUHO� j� HVWLPHU�� OHV� QHXURQHV� GX� FRUWH[� GpFKDUJHQW�

VLPXOWDQpPHQW��SHUPHWWDQW�OD�UpLQLWLDOLVDWLRQ�GX�V\VWqPH��8QH�IRLV�V\QFKURQH��OHV�QHXURQHV�GX�

FRUWH[�UHSUHQQHQW� OHXUV�DFWLYLWpV�U\WKPLTXHV��8Q�LQWHUYDOOH� WHPSRUHO�GRQQp�VHUDLW�HQFRGp�SDU�

TXHOTXHV�XQ�GH�FHV�RVFLOODWHXUV�TXL�VH�WURXYHQW�DFWLIV�j�OD�IRLV�DX�GpEXW�HW�j�OD�ILQ�GH�O¶LQWHUYDOOH�

FLEOH�� &H� VRQW� OHV� QHXURQHV� VWULDWDX[�� VLWXpV� GDQV� OH� VWULDWXP� �VWUXFWXUH� VXEFRUWLFDOH�� TXL�

MRXHUDLHQW� OH�U{OH�GH�GpWHFWHXU�GH�FRwQFLGHQFH�HQWUH�O¶pWDW�GHV�GLIIpUHQWV�RVFLOODWHXUV��SXLVTXH�
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FHOXL�FL� UpFHSWLRQQH� O¶LQWpJUDOLWp� GH� O¶LQIOX[� QHUYHX[� JpQpUp� SDU� FHV� GHUQLHUV�� F¶HVW�j�GLUH�

O¶HQVHPEOH� GHV� LQIRUPDWLRQV� GRSDPLQHUJLTXHV� H[FLWDWULFHV�� JpQpUpHV� VLPXOWDQpPHQW� SDU� OH�

FRUWH[� HW� OH� WKDODPXV�� 3OXV� SUpFLVpPHQW�� F¶HVW� O¶D[RQH� FROODWpUDO� GHV� QHXURQHV� pSLQHX[� TXL�

SHUPHW� GH� MRXHU� FH� U{OH� GH� GpWHFWHXU� �H�J��� D[RQH� GH� OD� FHOOXOH� QHXURQDOH� ORFDOLVpH GDQV� OH�

VWULDWXP��� FHOXL�FL� pWDQW� SRXUYX� GH� �� ���� j� �� ���� UpFHSWHXUV� FDSDEOHV� GH� UpFHSWLRQQHU� OHV�

LQIRUPDWLRQV�SURYHQDQW�GHV�DXWUHV�QHXURQHV��/HGLW�QHXURQH�VHUDLW�DLQVL�DSWH�j�GpWHFWHU�O¶HQWUpH�

HQ�SKDVH�G¶XQ�VRXV�JURXSH�GH�QHXURQH��$XWUHPHQW�GLW��OD�GXUpH�VHUDLW�SHUoXH�SDU�PpFDQLVPH�

G¶LQWpJUDWLRQ� QHXURQDOH�� ORUVTXH� OH� QHXURQH� VWULDWDO� pSLQHX[� GpWHFWH� OD� V\QFKURQLFLWpH� G¶XQH�

SURMHFWLRQ�FRUWLFDOH��pPHUJHDQW�j�OD�ILQ�GH�O¶LQWHUYDOOH�WHPSRUHO��&HSHQGDQW��SRXU�TXH�OH�QHXURQH�

VWULDWDO�UHWLHQQH�OH�SDWWHUQ�G¶RVFLOODWLRQV�� LO�GRLW�DX�SUpDODEOH�DYRLU� UHoX�XQ�DIIOX[�VRXGDLQ�GH�

GRSDPLQH��&¶HVW�FH�WUDQVIHUW�GH�GRSDPLQH�TXL�OXL�SHUPHWWUDLW�GH�SDVVHU�G¶XQH�'pSUHVVLRQ�j�/RQJ�

7HUPH��/7'�SRXU © /RQJ�7HUP�'HSUHVVLRQª��RX�OH�QHXURQH�HVW�LQDFWLI��j�OD�3RWHQWLDOLVDWLRQ�j�

/RQJ� WHUPH �/73� SRXU� © /RQJ� 7HUP� 3RWHQWLDWLRQ ª��� R�� FHOXL�FL� SHXW� HQWUHU� HQ� SRWHQWLHO�

G¶DFWLRQ��$XWUHPHQW�GLW��O¶DIIOX[�GH�GRSDPLQH�JpQpUp�SDU�OD�VXEVWDQFH�QRLUH�j�OD�ILQ�G¶XQH�GXUpH�

�W���SHUPHWWUDLW�DX[�QHXURQHV�VWULDWDX[�GH�UHWHQLU�OD�VLJQDWXUH�GX�WHPSV�JUkFH�j�OD�UHFRQQDLVVDQFH�

GX�SDWWHUQ�G¶RVFLOODWLRQV�UHoX�j�O¶LQVWDQW�SUpFLV�GH�W���$LQVL��OHV�FHOOXOHV�QHXUDOHV�GX�VWULDWXP�QH�

SRXUUDLHQW� pPHWWUH�XQ�SRWHQWLHO� G¶DFWLRQ�TXH� VL� OD� FRPELQDLVRQ� FRUWLFDOH� DSSDULpH� D�GpMj� pWp�

UHQIRUFpH� DXSDUDYDQW�� (Q� G¶DXWUHV� WHUPHV�� OD� GRSDPLQH� SHUPHW� O¶LQWpJUDWLRQ� PQpVLTXH�

�0DODSDQL�HW�DO������� � 0HFN�	�%HQVRQ���������4XDQG�XQ�QHXURQH�GX�VWULDWXP�UHFRQQDvW� OD�

VLJQDWXUH�RVFLOODWRLUH�DVVRFLpH�j�OD�GXUpH�G¶XQ�pYpQHPHQW�SDUWLFXOLHU��OD�GpFKDUJH�GH�GRSDPLQH�

DXUD�OLHX�DX�GpEXW�HW�QRQ�SOXV�j�OD�ILQ�GX�SRWHQWLHO�pYRTXp��SHUPHWWDQW�j�FHOXL�FL�GH�UHQWUHU�GDQV�

XQH�SKDVH�/73�HW�LQGLTXDQW�DLQVL�DX[�QHXURQHV�GX�VWULDWXP�GH�FRPPHQFHU�j�DQDO\VHU�OHV�SDWWHUQV�

RVFLOODWRLUHV� TXL� OHXU� SDUYLHQQHQW� MXVTX¶j� FH� TX¶LO� UHFRQQDLVVH� OD� ERQQH� FRPELQDLVRQ��

FRUUHVSRQGDQW�j�OD�ILQ�GH�OD�GXUpH�GH�O¶pYpQHPHQW�

3DU�OD�VXLWH��O¶LQIRUPDWLRQ�GX�QHXURQH�VWULDWDO�pSLQHX[�HVW�LQWpJUpH�SDU�OHV�QR\DX[�GHV�

JDQJOLRQV�GH�OD�EDVH��H�J���JOREXV�SDOOLGXV��QR\DX HQWR�SpGRQFXODLUH�� SXLV� WUDQVIpUpH�YHUV�OH�

WKDODPXV�SRXU�JpQpUHU�O¶H[SUHVVLRQ�FRPSRUWHPHQWDOH��,O�HVW�LPSRUWDQW�GH�VSpFLILHU�TXH�O¶DFWLYLWp�

WKDODPLTXH�SHXW��SDU�XQ�HIIHW�GH�IHHGEDFN��PRGXOHU�O¶DFWLYLWp�FRUWLFDOH�HW�VWULDWDOH�YLD�OH�SDVVDJH�

SDU�OD�YRLH�GLUHFWH�RX�LQGLUHFWH��&HFL�FRQFRXUW�j�DXJPHQWHU�G¶DXWDQW�SOXV�OD�IOH[LELOLWp�GX�PRGqOH��

/H�PRGqOH�GH�0DWHOO�HW�0HFN��������������HVW�DXMRXUG¶KXL�WRXMRXUV�FRQVLGpUp�FRPPH�

OH�PRGqOH� G¶KRUORJH� LQWHUQH� OH� SOXV� DERXWL� HW� SODXVLEOH� VXU� XQ� SODQ�QHXURELRORJLTXH� �&RXOO��

&KHQJ�	�0HFN���������&HSHQGDQW��GDQV�VD�IRUPH�DFWXHOOH��FHOXL�FL�QH�SHUPHW�WRXMRXUV�SDV�XQH�

ERQQH�PRGpOLVDWLRQ�GHV�FRXUEHV�SV\FKRSK\VLTXHV�QRUPDOHPHQW�REWHQXHV FKH]�O¶KRPPH�HW�RX�
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O¶DQLPDO��0DWWHO�	�0HFN���������(Q�HIIHW� FHOXL�FL�QH�IDLW�QRWDPPHQW�SDV�pPHUJHU�OD�SURSULpWp�

GX�WHPSV�VFDODLUH��&HOOH�FL�HVW�LQWpJUpH�GH IDoRQ�DUELWUDLUH�GDQV�OH�V\VWqPH�

)LJXUH�����0RGqOH�GH�IUpTXHQFH�GH�EDWWHPHQW�VWULDWDO��VHORQ�0DWWHO�HW 0HFN �������

���Ȃ ͷǤǤ�������°����������������������������������������Ǥ

(Q�������&KXUFK�HW�%URDGEHQW�SURSRVHQW�XQ�DXWUH�PRGqOH�SHX�FLWp�ELHQ�TX¶LO�VRLW�IRUW�

LQWpUHVVDQW�� 6RQ� LQWpUrW� SULQFLSDO� HVW� TX¶LO� SHUPHW� O¶XQLILFDWLRQ� GHV� PRGqOHV� QHXURORJLTXHV�

�0LDOO��������DYHF�OHV�PRGqOHV�SUpH[LVWDQWV�GH�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ��*LERQ�HW�DO����������

'ůŽďƵƐ�
WĂůůŝĚƵƐ�
;'���Ϳ

EŽǇĂƵ��ŶƚŽͲ
ƉĠĚŽŶĐƵůĂŝƌĞ�

^ƵďƐƚĂŶĐĞ�EŽŝƌĞ�
ZĠƚŝĐƵůĠĞ
;'���Ϳ

EŽǇĂƵǆ�ƐŽƵƐͲ
ƚŚĂůĂŵŝƋƵĞ�
;'ůƵƚĂŵĂƚĞͿ

D^EƐ

;'���Ϳ

^ƵďƐƚĂŶĐĞ�EŽŝƌĞ
WĂƌƐ��ŽŵƉĂĐƚĂ�
;�ŽƉĂŵŝŶĞͿ

dŚĂůĂŵƵƐ�
;'ůƵƚĂŵĂƚĞͿ

�ŽƌƚĞǆ�ʹ ŶĞƵƌŽŶĞƐ�ŽƐĐŝůůĂŶƚ�ă�ĚŝĨĨĠƌĞŶƚĞƐ�ǀŝƚĞƐƐĞƐ
;'ůƵƚĂŵĂƚĞͿ
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2Q�SHXW�GRQF V¶LQWHUURJHU�VXU�OH�IDLW�TXH�FH�PRGqOH�DLW�IDLW�O¶REMHW�GH�SHX�GH�FLWDWLRQV��&HFL�SHXW�

WRXWHIRLV�V¶H[SOLTXHU�SDU�OHV�DXWHXUV�TXL�Q¶RQW�SDV�DVVH]�GpIHQGX�OHXU�PRGqOH�RX�HVVD\p�GH�OH�

UHPHWWUH�j�MRXU�VXLWH�DX[�SUHPLqUHV�FULWLTXHV��/¶RSLQLkWUHWp�HW�OD�YRORQWp GH�GpIHQGUH�VRQ�WUDYDLO�

VRQW�GHV�TXDOLWpV�GH�QRV�MRXUV�HVVHQWLHOOHV�j�O¶DLU�GH�OD�FRPPXQLFDWLRQ�QXPpULTXH�VFLHQWLILTXH��

/D� VFLHQFH�GHYLHQW� DLQVL�XQ�SUREOqPH�GH� FRPPXQLFDWLRQ��$� O¶DUULYpH�GX�PRGqOH�GH�:DUUHQ�

0HFN�HW�VHV�FROODERUDWHXUV��&KXUFK�HW�%URDGEHQW�QH�VRQW�GRQF�SDV�SDUYHQXV�RX�SOXW{W�QH�VH�VRQW�

SDV� EDWWXV� SRXU� GpIHQGUH� OHXU� PRGqOH� FRQQH[LRQQLVWH�� /HV� FKHUFKHXUV� QH� FLWHQW� GRQF� TXH�

UDUHPHQW�FH�PRGqOH�HW�FLWHQW FHOXL�GH�:DUUHQ�0HFN��PrPH�VL�FH�GHUQLHU�QH�IDLW�SDV�QRQ�SOXV�

O¶XQDQLPLWp� �,YU\�	�6FKOHUI���������1pDQPRLQV�� FRPSUHQGUH� OH�PRGqOH�GH� FKDFXQ�GHPDQGH�

G¶rWUH�IRUPp�DX[�PRGqOHV�HW�QpFHVVLWH�GH�IDLUH�O¶HIIRUW�G¶HVVD\HU�GH�FRPSUHQGUH�FH�PRGqOH��YRLUH�

G¶HQ�FRPSUHQGUH�O¶XWLOLWp�SRXU�OHV�DFWLYLWpV�GH�UHFKHUFKH��

8QH� DXWUH� UDLVRQ� GX�PDQTXH� G¶LQWpUrW� GH� FH� PRGqOH� SHXW� GpFRXOHU� GH� O¶DFWLYLWp� GHV�

GLIIpUHQWV� RVFLOODWHXUV� FRQVWLWXDQW� OD� EDVH� WHPSV�� 'DQV� OHXU� PRGqOH�� &KXUFK� HW� %URDGEHQW�

LQWqJUHQW�DUELWUDLUHPHQW����RVFLOODWHXUV�GRQW�OHV�YDOHXUV�U\WKPLTXHV�VRQW�GRXEOpHV O¶XQH�j�O¶DXWUH�

�H�J���������������������������������������������������������HW�������VHFRQGHV���6HORQ�FH�PRGqOH��

O¶HVWLPDWLRQ�GX�WHPSV�QH�UHSRVH�SDV�VXU�XQ�VHXO�WLPHU��PDLV�RQ]H�WLPHUV�GLIIpUHQWV��&HOD�VHPEOH�

VXIILVDQW� SRXU� DQDO\VHU� O¶DSWLWXGH� GHV� LQGLYLGXV� j� HVWLPHU� OHV� GLIIpUHQWV� W\SHV� GH� GXUpHV�� GH�

TXHOTXHV�VHFRQGHV�j�TXHOTXHV�PLQXWHV��2U��OH�SUREOqPH�GH�FH�PRGqOH�UpVLGH�GDQV�OH�IDLW�TXH�OD�

YDULDQFH�HVW�LQMHFWpH�GLUHFWHPHQW�GDQV�FKDFXQH�GHV�HQWUpHV��H�J���RVFLOODWHXU��VHORQ�XQ�FRHIILFLHQW�

GH�YDULDWLRQ�F��'H�FHWWH�PDQLqUH��OH�MXJHPHQW�WHPSRUHO�UpSRQG�QpFHVVDLUHPHQW�j�OD�ORL�GH�:HEHU�

DYHF�XQ�pFDUW�W\SH�TXL�DXJPHQWH�HQ�PrPH�WHPSV�TXH�OD�PR\HQQH��&HWWH�YDULDQFH�Q¶HVW�GRQF�SDV�

XQH�SURSULpWp�pPHUJHQWH�GX�PRGqOH��3XLVTXH�OH�EUXLW�HVW�DUWLILFLHOOHPHQW�JpQpUp�HQ�HQWUpH��GH�

IDoRQ�LQpOXFWDEOH��LO�VH�UHWURXYH�HQ�VRUWLH��2U��OD�SURSULpWp�VFDODLUH�GX�WHPSV�GRLW�SRXYRLU�rWUH�

H[SOLTXpH�PpFDQLTXHPHQW�SDU�OH�PRGqOH�OXL�PrPH��&¶HVW�SRXUTXRL�M¶DL�WHVWp�OD�PLVH�HQ�SODFH�

G¶XQ� QRXYHDX� PRGqOH� FRQQH[LRQQLVWH� SRXU� HVVD\HU� GH� SDOOLHU� j� FH� VHFRQG� SUREOqPH� �YRLU�

&KDSLWUH�9,,,�GH OD�SDUWLH�H[SpULPHQWDOH���%LHQ�HQWHQGX��FH�PRGqOH�LQWpJUHUD�G¶DXWUHV�YDULDEOHV�

DILQ�G¶rWUH�XQ�PRGqOH�DYDQW�WRXW�GpYHORSSHPHQWDO��'DQV�OH�PRGqOH�GH�&KXUFK�HW�%URDGEHQW�OHV�

RVFLOODWHXUV� VRQW� HQVXLWH� GpFRGpV� SDU� XQ� LQGLFDWHXU� GH� VWDWXW� TXL OXL� VHUDLW� DSSDULp�� HW� TXL�

HQUHJLVWUHUDLW�O¶LQIRUPDWLRQ�GH�IDoRQ�ELQDLUH ��DYHF�XQH�YDOHXU�QpJDWLYH�����HW SRVLWLYH����VHORQ�

OD�SKDVH�GH�O¶RVFLOODWHXU��&HV����LQGLFDWHXUV�YRQW�GRQF�FKDFXQ�GRQQHU�XQH�YDOHXU�GLVFUqWH��3ULV�

HQVHPEOH��LOV�FRQVWLWXHQW�DORUV�OH�YHFWHXU�GH�VWRFNDJH��9V��SHUPHWWDQW�G¶LQGLTXHU�XQH�FHUWDLQH�

FRPELQDLVRQ� FRUUHVSRQGDQW� j� XQ� WHPSV� GRQQp �)LJXUH� �����&HV� LQIRUPDWLRQV� VHURQW� HQVXLWH�

pYDOXpHV�SDU�OD�PpPRLUH�GH�WUDYDLO�TXL�DQDO\VH�OHV�IRUFHV�GH�FRQQH[LRQ�HQWUH�OHV�LQGLFDWHXUV�GH�
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VWDWXW�GHX[�j�GHX[��/D�FRQQH[LRQ�V¶DYqUH�rWUH�SRVLWLYH�VL�OHV�VLJQHV�GHV�LQGLFDWHXUV�GH�VWDWXW�VRQW�

LGHQWLTXHV�HW�QpJDWLYH�V¶LOV�GLIIqUHQW��/¶LQGLFDWHXU�GH�VWDWXW�GH�OD�PpPRLUH�GH�WUDYDLO�HVW�UHODWLI j�

O¶LQIRUPDWLRQ�WHPSRUHOOH�HQ�FRXUV��&HSHQGDQW��FRPPH�LOOXVWUp�GDQV�OH�WDEOHDX ���O¶LQGLFDWHXU�GH�

VWDWXW� GH� OD� PpPRLUH� GH� UpIpUHQFH� UpVXOWH� TXDQW� j� OXL� GH� OD� UpFXSpUDWLRQ� GH� O¶LQIRUPDWLRQ�

WHPSRUHOOH�WUDQVIRUPpH�YLD�OH�YHFWHXU�GH�UpIpUHQFH��9U���(QILQ��9U�YD�OXL�PrPH�rWUH�WUDQVIRUPp�

j�WUDYHUV�XQ�YHFWHXU�GH�VRUWLH��9VW���/H�MXJHPHQW�ILQDO�UpVXOWH�DORUV�GH�OD�FRPSDUDLVRQ�VHORQ�XQ�

FULWqUH�GH�GpFLVLRQ�HQWUH�OH�YHFWHXU�GH�UpIpUHQFH�HW�OH�YHFWHXU�GH�VRUWLH�

2VFLOODWHXUV

,QGLFDWHXU

GH�VWDWXW

)LJXUH�����0RGqOH�FRQQH[LRQQLVWH�GH�O¶KRUORJH�LQWHUQH VHORQ�&KXUFK�HW�%URDGEHQW ��������9V�
 �9HFWHXU�GH�VWRFNDJH ��9U� �9HFWHXU�GH�UpIpUHQFH ��9VW� �9HFWHXU�GH�VWRFNDJH�WUDQVIRUPp�

7DEOH����7DEOHDX�G¶XQ�YHFWHXU�GH�VWRFNDJH�UHSUpVHQWDQW�XQH�GXUpH�GH���VHFRQGHV��������������
������������� ���V��

��� ��� ��� ��� ��� ��� ���� ���� ���� ����� �����

� � � � � � � � � � �

8QH�GHUQLqUH�OLPLWH GX�PRGqOH�HVW�TX¶LO�HVW�EDVp�XQLTXHPHQW�VXU�OD�VLPLODULWp�GX�YHFWHXU��

'H�FH�IDLW��OHV�FKHUFKHXUV�RQW�GpFHOp�TXH�ORUVTXH�OH�VHXLO�HVW�EDV�����VHFRQGHV�VRQW�SOXV�DXVVL�

�ŽŵƉĂƌĂƚĞƵƌ

DĂƚƌŝĐĞ�ĚĞ�ůĂ�ŵĠŵŽŝƌĞ�
ĚĞ�ƚƌĂǀĂŝů

DĂƚƌŝĐĞ�ĚĞ�ůĂ�ŵĠŵŽŝƌĞ�
ĚĞ�ƌĠĨĠƌĞŶĐĞ

sƌ

sƐ sƌ

sƐƚ
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VLPLODLUHV j� ��� VHFRQGHV� TX¶j ��� VHFRQGHV� �:HDUGHQ� 	� 'RKHUW\�� ���� �� 'URLW�9ROHW� 	�

:HDUGHQ��������

/HV�PRGqOHV�G¶RVFLOODWLRQV�pYRTXHQW�GLIIpUHQWHV�VWUXFWXUHV�LPSOLTXpHV�GDQV�OH�WUDLWHPHQW�

GX� WHPSV��4XHOOHV� VRQW� H[DFWHPHQW� FHV� VWUXFWXUHV "�1RXV� DOORQV� FRQVDFUHU� XQH� SDUWLH� GH FH�

FKDSLWUH�DX[�UpVXOWDWV�GHV�pWXGHV�VXU�FH�VXMHW�GDQV�OH�GRPDLQH�GHV�QHXURVFLHQFHV�

,,,�� 6WUXFWXUHV�FRUWLFDOHV�LPSOLTXpHV�GDQV�OHV�PRGqOHV

&HV����GHUQLqUHV�DQQpHV�RQW�pWp�IRQGDPHQWDOHV�SRXU�OD�UHFKHUFKH�HQ�QHXURVFLHQFHV�VXU�

OD�SHUFHSWLRQ�GX�WHPSV��/HV�DFWLYDWLRQV�FpUpEUDOHV�GXUDQW�XQH�WkFKH�WHPSRUHOOH�GpSHQGHQW�GX�

W\SH�GH�WkFKH�DLQVL�TXH�GH�VD�FRPSOH[LWp��/LYHVH\��:DOO�	�6PLWK���������&HSHQGDQW��O¶HQVHPEOH�

GHV�UHFKHUFKHV�VHPEOH�SRLQWHU���DLUHV�FRUWLFDOHV�TXL�FRQVWLWXHUDLHQW�OH�VXEVWUDW�QHXURORJLTXH�GH�

QRV� DSWLWXGHV� GH� SHUFHSWLRQ� GX� WHPSV�� /H� WHPSV� SV\FKRORJLTXH� VHUDLW� DLQVL� WULEXWDLUH� GX�

IRQFWLRQQHPHQW�GX�FRUWH[�IURQWDO��GX�FHUYHOHW�HW�GHV�JDQJOLRQV�GH�OD�EDVH��&RXOO��&KHQJ�	�0HFN��

������&RXOO��9LGDO��1D]DULDQ�	�0DFDU������ � SRXU�XQH� UHYXH�GH� OD� OLWWpUDWXUH� VXU� OHV� DLUHV�

LPSOLTXpHV�VHORQ�OD�WkFKH�HW�OD�GXUpH�YRLU�DXVVL�*URQGLQ������ ��0HFN��3HQQH\�	�3RXWKDV���������

/¶DP\JGDOH�YLHQGUDLW�SRWHQWLHOOHPHQW�V¶DMRXWHU�FRPPH�FRPSRVDQWH�FRQQH[H��FHOOH�FL�D\DQW�OD�

FDSDFLWp�GH�UDOHQWLU�RX�G¶DFFpOpUHU�OHV�RVFLOODWLRQV�GDQV�OH�FDV�QRWDPPHQW�GH�OD�SHXU��0HFN�	�

0DF'RQDOG���������&HWWH�FRPSRVDQWH�SHXW�pJDOHPHQW�V¶DYpUHU�LPSRUWDQWH�SRXU�OHV�PRGqOHV�GLWV

© SDFHPDNHU�DFFXPXODWRUV ª��QRWDPPHQW�OH�PRGqOH�GH�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ�WHPSRUHOOH�

GH�*LEERQ�HW� VHV� FROODERUDWHXUV��(Q�HIIHW�� OD� UpSRQVH� DXWRPDWLTXH�GH� O¶DP\JGDOH� IDFH� j�GHV�

VWLPXOL�PHQDoDQWV�HVW�XQ�GHV�SULQFLSDX[�IDFWHXUV�SHUPHWWDQW�GH�PRGXOHU�O¶DWWHQWLRQ�HW�DLQVL�GH�

UpSRQGUH�UDSLGHPHQW�IDFH�j�XQ�GDQJHU�SRWHQWLHO��'DYLV�	�:KDOHQ��������

$X�QLYHDX�GX�FRUWH[�IURQWDO��OHV�DLUHV�PRWULFHV�VXSpULHXUHV��$06��VH�VRQW�PRQWUpHV�

IRQGDPHQWDOHV�GDQV�OH�WUDLWHPHQW�WHPSRUHO��TXH�FHOXL�FL�VRLW�XQ�WUDLWHPHQW�GX�WHPSV�SHUFHSWLI�

�FRPPH�DYHF�OHV�WkFKHV�GH�GLVFULPLQDWLRQ���RX�PRWHXU��SDU�H[HPSOH��XQH�WkFKH�GH�SURGXFWLRQ��

XQH�WkFKH�GH�V\QFKURQLVDWLRQ���+LQWRQ��+DUULQJWRQ��%LQGHU��'XUJHULDQ��	�5DR������ ��0DFDU��

&RXOO�	�9LGDO������ ��0DFDU��/HMHXQH��%RQQHW��)HUUDUD��3RXWKDV��9LGDO�	�0DTXHW���������(OOHV�

RQW� pWp� GpFHOpHV WDQW� GDQV� O¶HVWLPDWLRQ� GH� GXUpHV� EUqYHV� � ��� �V�� �)HUUDQGH]�� +XJXHYLOOH��

/HKHULF\��3ROLQH��0DUVDXOW�	�3RXWKDV������ ��*URQGLQ������ ��7UHJHOODV��'DYDORV�	�5RMDV��

������ TXH� GDQV� FHOOHV� GH� GXUpHV� SOXV� ORQJXHV�� VXSpULHXUHV� j� �� VHFRQGH� �-DKDQVKDKL�� -RQHV��

'LUQEHUJHU��	�)ULWK������ ��3HQQH\�	�9DLWLOLQJDP������ ��5DR��0D\HU��	�+DUULQJWRQ������ ��
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6PLWK��7D\ORU��/LG]ED��	�5XELD���������,O�HVW�PDLQWHQDQW�DGPLV�TXH�OD�60$�IDLW�SDUWLH�GH�OD�

YRLH�VWULDWR�FRUWLFDOH�SURSRVpH�GDQV�OH�PRGqOH�GH�VWULDWDO�EHDW�IUHTXHQF\��0DFDU��$QWRQ��%RQQHW�

	�9LGDO������ ��0DFDU��&RXOO�	�9LGDO���������6RQ�U{OH��ELHQ�TX¶LO�VRLW�HQFRUH�PDO�GpILQL��VHUDLW

OLp�j�GHV�SURFHVVXV�PQpVLTXHV�RX�DWWHQWLRQQHOV��&RXOO���������/¶$06�VH�VLWXH�GDQV�OH�FRUWH[�

SUpIURQWDO��2U��FRPPH�QRXV�OH�YHUURQV�ORUV�GX�FKDSLWUH� OD�PDWXUDWLRQ�GX�FRUWH[�SUpIURQWDO�HVW�

OHQWH�HW�QRQ�WHUPLQpH�FKH]�OH�MHXQH�HQIDQW��&DVH\��7RWWHQKDP��/LVWRQ�	�'XUVWRQ������ ��6RZHOO��

7KRPSVRQ��+ROPHV��%DWWK��-HUQLJDQ�	�7RJD������ ��7VXMLPRWR���������6RQ�PDQTXH�GH�PDWXULWp�

HW�VRQ�LPSDFW�VXU�OHV�FDSDFLWpV�DWWHQWLRQQHOOHV�SHXYHQW�GRQF�rWUH�j�O¶RULJLQH�GHV�PRLQV�ERQQHV

SHUIRUPDQFHV WHPSRUHOOHV�GX�MHXQH�HQIDQW��

/¶$06�GDQV�OH�FRUWH[�SUpIURQWDO�MRXH�GRQF�XQ�U{OH��PDLV�RQ�UHWURXYH�DXVVL�OH�FRUWH[�

SUpIURQWDO�GURLW�PpGLDQ��P3)&�SRXU�© PHGLDO�SUHIURQWDO�FRUWH[ ª���5pFHPPHQW��%XKXVL�HW�VHV�

FROODERUDWHXUV� RQW� PRQWUp� TXH� O¶LQDFWLYDWLRQ� FKH]� OH� UDW� GH� FHWWH� VWUXFWXUH� SURYRTXH� XQH�

DXJPHQWDWLRQ�GH�OD�YDULDELOLWp�WHPSRUHOOH��%XKXVL��5H\HV��*DWKHUV��2SULVDQ�	�%XKXVL��������

&HWWH�VWUXFWXUH�HW�VD�OHQWH�PDWXUDWLRQ�SHXW�GRQF�H[SOLTXHU�OD�SOXV�JUDQGH�YDULDQFH�GHV�MXJHPHQWV�

WHPSRUHOV�FKH]�O¶HQIDQW��7RXWHIRLV��FRPPH�OH�UHFRQQDLVVHQW�OHV�DXWHXUV��RQ�QH�FRQQDvW�SDV�OH�

U{OH� H[DFW� GH� FHWWH� VWUXFWXUH� VXU� OH� MXJHPHQW� GX� WHPSV�� &HWWH� VWUXFWXUH� SRXUUDLW� DLQVL� rWUH�

LPSOLTXpH�GDQV�OHV�IRQFWLRQV�G¶DWWHQWLRQ�TXL�LQGLUHFWHPHQW�LPSDFWHUDLHQW�OH�MXJHPHQW�GX�WHPSV��

QRWDPPHQW�VXU�OH�:5��&HSHQGDQW��SXLVTX¶HOOH�MRXH�VXU�OD�YDULDELOLWp�HW�QRQ�OD�SUpFLVLRQ��HOOH�QH�

VHPEOH� SDV� rWUH� LPSOLTXpH� GDQV� XQH� IRQFWLRQ� SXUHPHQW� WHPSRUHOOH�� VL� WDQW� HVW� TX¶XQH� WHOOH�

IRQFWLRQ�H[LVWH��4XRL�TX¶LO�HQ�VRLW�� LO�HVW SRVVLEOH�GH�FRQFOXUH�TXH�OH�FRUWH[�SUpIURQWDO�HW�VHV�

GLIIpUHQWHV�VWUXFWXUHV�VRQW�LPSOLTXpV�GDQV�OH�MXJHPHQW�GX�WHPSV�

/H�FHUYHOHW�D�pJDOHPHQW�pWp�LGHQWLILp�FRPPH�DVVXUDQW�XQ�U{OH�LPSRUWDQW��'HQQLV�HW�DO���

���� ��,YU\�	�6SHQFHU������ ��-DKDQVKDKL��-RQHV��'LUQEHUJHU�	�)ULWK������ ��SRXU�XQH�UHYXH��

YRLU� ,YU\�� 6SHQFHU�� =HOD]QLN� 	� 'LHGULFKVHQ�� ������� &HSHQGDQW�� OD� TXHVWLRQ� TXL� UHVWH� j�

GpWHUPLQHU�� HW� TXL� IDLW� GpEDW� GDQV� OD� OLWWpUDWXUH�� HVW� GH� VDYRLU� VL� OH� FHUYHOHW� HVW� LPSOLTXp�

XQLTXHPHQW�GDQV�OH�WUDLWHPHQW�GHV�GXUpHV�FRXUWHV�RX�V¶LO�HVW� LPSOLTXp�GDQV�OH�WUDLWHPHQW�GHV�

GXUpHV�FRXUWHV�HW�ORQJXHV��/HV�UpVXOWDWV�QH�VRQW�SDV�WRWDOHPHQW�FODLUV�j�FH�VXMHW��&HUWDLQV�DXWHXUV�

HQUHJLVWUHQW�GHV�DFWLYDWLRQV�GX�FHUYHOHW�SRXU�GHV�WUDLWHPHQWV�GH�GXUpHV�SRXYDQW�DOOHU�MXVTX¶j����

VHFRQGHV� �7UDF\��)DUR��0RKDPHG��3LQVN�	�3LQXV�� �������'¶DXWUHV�PHWWHQW� HQ� pYLGHQFH�XQH�

LQIOXHQFH�GX�FHUYHOHW�GDQV�OH�WUDLWHPHQW�GHV�GXUpHV�FRXUWHV��.RFK�HW�DO������� ��/HZLV�	�0LDOO��

������HW�pYRTXHQW�VRQ�DFWLYDWLRQ�SRXU�OD�UpJXODWLRQ�WHPSRUHOOH�GH�O¶DFWLRQ��(Q�HIIHW��GHV�pWXGHV�

VXU�OHV�OpVLRQV�GX�FHUYHOHW�GpQRWHQW�TXH�OD�FRQWXVLRQ�DIIHFWH�HVVHQWLHOOHPHQW�OH�© WLPLQJ ª�GDQV�

OD�UpJXODWLRQ�GH�O¶DFWLRQ��'URLW�9ROHW��=pODQWL��'HOODWRODV��.LHIIHU��0DVVLRXL��%URZQ��'R\HUH��
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3URYDVL�	�*ULOO�������� 'DQV�XQH�VpULH�G¶pWXGHV��6SHQFHU��=HOD]QLN��'LHGULFKVHQ�HW ,YU\��������

PRQWUHQW TX¶XQH�OpVLRQ�GX�FHUYHOHW�DOWpUH XQLTXHPHQW�OD�SURGXFWLRQ�GH�PRXYHPHQWV�GLVFRQWLQXV�

�GHVVLQ� GH� FHUFOH� LQWHUPLQWWHQW��� DORUV� PrPH� TX¶DXFXQH� LQWHUIpUHQFH� Q¶D OLHX ORUV� G¶XQH�

SURGXFWLRQ� GH� PRXYHPHQWV� U\WKPLTXHV �GHVVLQ� GH� FHUFOH� FRQWLQX�� &HWWH� GLVWLQFWLRQ� D� pWp�

DWWULEXpH�j�O
LQDSWLWXGH�GHV�SDWLHQWV�j�IRUPHU�XQH�UHSUpVHQWDWLRQ�H[SOLFLWH�GX�WHPSV�DEVROX�HQWUH�

pYpQHPHQWV�VXFFHVVLIV� &HSHQGDQW��OHV�pWXGHV�GH�OpVLRQV�VRQW�VRXYHQW�LPSUpYLVLEOHV�TXDQW�j OD�

ORFDOLVDWLRQ�GHV�OpVLRQV�HW�OHXU�DPSOHXU��2U��LO�VHPEOHUDLW�TXH�OH�U{OH�GX�FHUYHOHW�GpSHQGH�GHV�

VRXV�VWUXFWXUHV�LPSOLTXpHV��/D�SDUWLH�FHQWUDOH�GX�FHUYHOHW�LQFOXW OH�YHUPLV��]RQH�LPSOLTXpH�GDQV�

O¶LQLWLDWLRQ�HW�O¶H[pFXWLRQ�GX�PRXYHPHQW��DORUV�TXH�OHV�SDUWLHV�ODWpUDOHV�GX�FHUYHOHW�VHUDLHQW�SOXV�

LPSOLTXpHV� GDQV� OH� WUDLWHPHQW� GHV� GXUpHV� FRXUWHV��'H� SOXV� OH� FHUYHOHW� VHUDLW� DXVVL� OLp� j� GHV�

SURFHVVXV�GpFLVLRQQHOV��*LEERQ��0DODSDQL��'DOH�	�*DOOLVWHO���������OH�FHUYHOHW�pWDQW�XQ�DXWUH�

© SHWLW�FHUYHDX ª�

5pFHPPHQW�� -DQW]HQ� ������� PHW� j� MRXU� O¶DFWLYDWLRQ� G¶XQ� FLUFXLW� IRQFWLRQQHO�

FRPSUHQDQW�OH�WKDODPXV��OH�VWULDWXP��OD�VXEVWDQFH�QRLUH�HW�OH�FRUWH[��-DQW]HQ�HW�DO����������&H�

FLUFXLW� FRUUHVSRQG� j� OD� ERXFOH� FRUWLFR�VWULDWR�WKDODPR�FRUWLFDOH� pYRTXpH SDU�0DWWHO� HW�0HFN�

�������GDQV�OH�VWULDWDO�EHDW�IUHTXHQF\�PRGHO��'¶XQH�SDUW��OH�VWULDWXP�UpFHSWLRQQH�OHV�SURMHFWLRQV�

GX� FRUWH[�� � &RPPH� QRXV� O¶DYRQV� GpMj� YX�� OH� VWULDWXP� SHUPHW� O¶HQFRGDJH� GH� O¶LQIRUPDWLRQ�

WHPSRUHOOH��&KLED��2VKLR�	�,QDVH������ ��0DWHOO��0HFN�	 1LFROHOLV���������'¶DXWUH�SDUW��GHV�

SURMHFWLRQV�VRQW�pPLVHV�GHV�JDQJOLRQV�GH�OD�EDVH�YHUV�OH�WKDODPXV�TXL�OXL�PrPH�SURMHWWH�VXU�OH�

FRUWH[��/HV�JDQJOLRQV�GH� OD�EDVH�RQW�GRQF�pJDOHPHQW�XQ� U{OH� LPSRUWDQW�GDQV� O
HVWLPDWLRQ�GX�

WHPSV�� /HV� UpVXOWDWV� GHV� pWXGHV� FKH]� OHV� SDWLHQWV� 3DUNLQVRQLHQV� SUpVHQWDQW� GHV�

G\VIRQFWLRQQHPHQWV� GX� V\VWqPH� GRSDPLQHUJLTXH� FRQIRUWHQW� FHWWH� LGpH�� (Q� HIIHW�� FHV� VXMHWV�

REWLHQQHQW�VRXYHQW�GH�PDXYDLVHV�SHUIRUPDQFHV�GDQV�OHV�WkFKHV�GH�GLVFULPLQDWLRQ�GH�GXUpHV��'H�

SOXV�� LOV� SHXYHQW� DPpOLRUHU� OHXUV� SHUIRUPDQFHV� WHPSRUHOOHV� DYHF� O¶DGPLQLVWUDWLRQ� G¶XQ�

DQWDJRQLVWH�j� OD�GRSDPLQH�DJLVVDQW�VXU� OH� IRQFWLRQQHPHQW�GHV�JDQJOLRQV�GH� OD�EDVH��&RPPH�

QRXV� O¶DYRQV� GpMj� pYRTXp�� LO� V¶DJLUDLW� GH� OD� VXEVWDQFH� QRLUH� TXL� SHUPHWWUDLW� DX[� QHXURQHV�

VWULDWDOHV� O¶LQWpJUDWLRQ�GH� OD�VLJQDWXUH� WHPSRUHOOH�GHV�SURMHFWLRQV�FRUWLFDOHV� �0DWWHO�	�0HFN��

������

(Q�FRQFOXVLRQ�� OD�FUpDWLRQ�G¶XQ�PRGqOH�G¶KRUORJH� LQWHUQH�DYHF�GHV�RVFLOODWHXUV�TXL�

SHXYHQW�JpQpUHU�OD�SURSULpWp�VFDODLUH�GX�WHPSV�HVW�QpFHVVDLUH��&¶HVW�SRXU�FHOD�TXH�MH�PH�VXLV�

DWWHOp�j�FH�WUDYDLO��2Q�QH�SHXW�SDV�RPHWWUH�O¶H[LVWHQFH�G¶RVFLOODWLRQV�j�OD�EDVH�GH�O¶HVWLPDWLRQ�GX�

WHPSV��&HSHQGDQW�� LO� UHVWH�GHV�TXHVWLRQV�YLV�j�YLV�GX�SRVLWLRQQHPHQW GH� O¶HQUHJLVWUHPHQW�GX�

WHPSV�GDQV� OH�FHUYHDX�HW�GX�QRPEUH�GH�FRPSWHXUV�QpFHVVDLUHV� �XQ�RX�SOXVLHXUV "���(QILQ�� OH�
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PRGqOH�G¶RVFLOODWHXU�GRLW�rWUH�IRQFWLRQQHO�FKH]�O¶DGXOWH��PDLV�DXVVL�FKH]�O¶HQIDQW�TXL��PDOJUp�VHV�

HUUHXUV�GH�MXJHPHQW�WHPSRUHO��SDUYLHQW�j�VH�FRQVWUXLUH�XQH�UHSUpVHQWDWLRQ�GHV�GXUpHV��GDQV�OD�

PHVXUH�R��LO�HQ�IDLW�VXIILVDPPHQW�O¶H[SpULHQFH�

������������ ǣ��������������������������������������

�ǯ�������������������

,�± '¶XQ�WHPSV�DXWRPDWLTXH�j�XQ�WHPSV�FRQWU{Op

6L�OHV�SUHPLqUHV�TXHVWLRQV�TXDQW�DX�GpYHORSSHPHQW�GH�OD�SHUFHSWLRQ�GX�WHPSV�DX�FRXUV�

GH� O¶HQIDQFH�RQW� pWp�SURSRVpHV� LO� \� D�SOXV�G¶XQ� VLqFOH�SDU� OHV� WUDYDX[�GH� -HDQ�0DULH�*X\DX�

�0LFKRQ��3RXWKDV�	� -DFNVRQ�� ������� FH� Q¶HVW� TXH� GHSXLV� FHV� ��� GHUQLqUHV� DQQpHV� TXH� FHWWH�

TXHVWLRQ� D� IDLW� O¶REMHW� G¶pWXGHV� H[SpULPHQWDOHV� V\VWpPDWLTXHV�� ,QIOXHQFpV� SDU� OHV� WUDYDX[�GH�

3LDJHW�� FHUWDLQV� FKHUFKHXUV SHQVDLHQW� TXH� O¶HVWLPDWLRQ� GX� WHPSV� GHPDQGDLW� GHV� FDSDFLWpV�

VRSKLVWLTXpHV� GH� UDLVRQQHPHQW�� &HSHQGDQW�� SOXV� LQIOXHQFpV SDU� OHV� WUDYDX[� FKH]� O¶DQLPDO��

FHUWDLQV�FKHUFKHXUV�VH�VRQW�PLV�j�VXJJpUHU�TXH�QRV�FDSDFLWpV�GH�SHUFHSWLRQ GX�WHPSV GRLYHQW�

rWUH� IRQFWLRQQHOOHV� GqV� OH� SOXV� MHXQH� kJH�� )DOODLW�LO� HQFRUH� OH� GpPRQWUHU�� 3RXU� GHV� UDLVRQV�

PpWKRGRORJLTXHV�pYLGHQWHV��OHV�pWXGHV�G¶HVWLPDWLRQV�FKH]�OH�MHXQH�HQIDQW�UHVWHQW�UDUHV�HW�DVVH]�

VSRUDGLTXHV��'DQV�FH�FKDSLWUH��QRXV�DOORQV�GRQF�GpFULUH�SOXVLHXUV�pWXGHV�VXLYDQW�XQH�ORJLTXH�

GpYHORSSHPHQWDOH��FRPPHQoDQW�SDU�GpFULUH� OHV�DFWLYLWpV�SULPDLUHV�HW�DXWRPDWLTXHV�GX� WHPSV�

FKH]� OH� QRXUULVVRQ�� QRWDPPHQW� YLD� VHV� DFWLYLWpV� U\WKPLTXHV� HW� VHV� FRQGXLWHV� WHPSRUHOOHV�

FRQGLWLRQQpHV��1RXV�DQDO\VHURQV�SDU�OD�VXLWH�FRPPHQW� O¶HQIDQW�SDVVH GH�FH�WHPSV�YpFX�j�XQ�

WHPSV�UHSUpVHQWp��(QILQ��QRXV�DQDO\VHURQV� OH�SRVVLEOH� LPSDFW GH� OD�PDWXUDWLRQ�GHV�FDSDFLWpV�

FRJQLWLYHV�GDQV�FH�GpYHORSSHPHQW�GH�OD�VHQVLELOLWp�DX�WHPSV�

,�± ���/H�WUDLWHPHQW�WHPSRUHO�SULPLWLI�HW�DXWRPDWLTXH

��Ȃ ͷǤͷǤ��±��������������������±������������

$�VD�QDLVVDQFH��OH�EpEp�YLHQW�DX�PRQGH�DYHF�XQH�VpULH�GH�FRPSRUWHPHQWV�U\WKPLTXHV��

/HXU�IUpTXHQFH�HW�OHXU�GLYHUVLWp�VRQW LPSRUWDQWHV��2Q�SHXW�QpDQPRLQV�FLWHU�GHX[�FRPSRUWHPHQWV�

TXL�RQW�IDLW�O¶REMHW�GH�QRPEUHXVHV�pWXGHV ��OH�SpGDODJH�HW OD�VXFFLRQ�QRQ�QXWULWLYH��/H�SpGDODJH��

DXVVL�DSSHOp�PDUFKH�QpRQDWDOH��UpVXOWH�GH�O¶DOWHUQDQFH�GH�OD�IOH[LRQ�HW�GH�O¶H[WHQVLRQ�GHV�MDPEHV�

�7KHOHQ��������7KHOHQ�	�)LVKHU���������/D�VXFFLRQ�QRQ�QXWULWLYH��DXVVL�DSSHOpH VXFFLRQ�GH�KDXWH�
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DPSOLWXGH� HVW�TXDQW�j HOOH�O¶DFWH�GH�VXFFLRQ�TXL�Q¶D�SDV�SRXU�IRQFWLRQ�O¶DEVRUSWLRQ�GH�IOXLGH��

PDLV�TXH�O¶HQIDQW�SURGXLW�ORUVTX¶RQ�OXL�PHW�XQH�WpWLQH GDQV�OD�ERXFKH��&H�FRPSRUWHPHQW�UpVXOWH�

GH� O¶HQFKDvQHPHQW� U\WKPLTXH� GH� UDIDOHV� GH� VXFFLRQV� �VXFFHVVLRQ� GH� SUHVVLRQV� SRVLWLYHV� HW�

QpJDWLYHV�H[HUFpHV�VXU�OD�WpWLQH��HW�GH�SDXVHV��6LTXHODQG�	�'H�/XFLD���������

&HV�GHX[�FRPSRUWHPHQWV�� OH�SpGDODJH�HW� OD�VXFFLRQ�QRQ�QXWULWLYH��VRQW�VWpUpRW\SpV��

F¶HVW�j�GLUH�TX¶LOV�VRQW�WHPSRUHOOHPHQW�FRQVWDQWV��EDVpV�VXU�XQH�KRUORJH�HQGRJqQH��3RXU�FHUWDLQV�

DXWHXUV�� OD� VWDELOLWp� GH� O¶RUJDQLVDWLRQ� WHPSRUHOOH� GHV� DFWLYLWpV� U\WKPLTXHV� FKH]� OH� WUqV� MHXQH�

HQIDQW� IDLW� SUHXYH�GX�FRQWU{OH� HQGRJqQH�SDU�GHV�PLFUR�U\WKPHV�GX� V\VWqPH�QHUYHX[�FHQWUDO�

�&URRN�� ������:ROII�� ������ SRXYDQW� rWUH� GpWHFWpV� GqV� ��� VHPDLQHV� GH� JHVWDWLRQ� JUkFH� DX[

PRXYHPHQWV� GHV� PHPEUHV� LQIpULHXUV� GX� I°WXV� �'H� 9ULHV�� 9LVVHU� 	� 3UHFKWO�� ������� $SUqV�

O¶pSLSKpQRPqQH�TX¶HVW� OD�QDLVVDQFH��GHV�pWXGHV�RQW�PRQWUp�TXH� OH�QRXUULVVRQ�HVW� FDSDEOH�GH�

GpWHFWHU� GHV� YLRODWLRQV� GH� TXHOTXHV� FHQWDLQHV� GH�PLOOLVHFRQGHV� GDQV� OD� VWUXFWXUH� WHPSRUHOOH�

G¶XQH�VpTXHQFH�U\WKPLTXH��'HPDQ\��0FNHQ]LH�	�9XUSLOORW���������3OXV�UpFHPPHQW��GH�+HYLD�

HW�VHV�FROODERUDWHXUV�VRQW�PrPH�SDUYHQXV�j�PRQWUHU�TXH�OH�EpEp�GH�TXHOTXHV�KHXUHV�UpDJLW�j�GHV�

GLIIpUHQFHV�WHPSRUHOOHV�HQWUH�GHX[�VWLPXOL�YLVXHOV������YV��V���GH�+HYLD��,]DUG��&RXEDUW��6SHONH�

	� 6WUHUL�� �������'HV� KRUORJHV� SULPLWLYHV� VHPEOHQW� GRQF� GpMj� IRQFWLRQQHOOHV� j� OD� QDLVVDQFH��

PrPH�VL�FHV�KRUORJHV�SHXYHQW�GLIIpUHU�GHV�KRUORJHV�j�OD�EDVH�GX�MXJHPHQW�GHV�GXUpHV��

&RQFHUQDQW� OHV� DFWLYLWpV� U\WKPLTXHV�� OHV� FKHUFKHXUV� VH� VRQW� HQ� DXWUH� GHPDQGpV� VL�

O¶HQIDQW�HVW�FDSDEOH�GH�V¶DGDSWHU�j�GHV�U\WKPHV�SXUHPHQW�DUELWUDLUHV�DX�SRLQW�GH�URPSUH�DYHF�

VHV�SURSUHV�DFWLYLWpV�LQWHUQHV��'URLW��3URYDVL�	�3RXWKDV������ ��3RXWKDV���������������5RYHH�

&ROOLHU��������D�PRQWUp�TXH�OH�QRXUULVVRQ�HVW�HIIHFWLYHPHQW�FDSDEOH�GH�PRGXOHU�VHV�DFWLYLWpV�

U\WKPLTXHV�DXWRPDWLTXHV�DILQ�GH�SURYRTXHU�XQ�FKDQJHPHQW�GDQV�VRQ�HQYLURQQHPHQW��'DQV�VHV�

H[SpULHQFHV��RQ�YRLW�TXH�OH�QRXYHDX�Qp�kJp�GH�����PRLV�DXJPHQWH�VD�IUpTXHQFH�GH�SpGDODJH�DILQ�

GH�YRLU�ERXJHU�XQ�PRELOH��&HFL�JUkFH�j�XQ�ILO�SUpDODEOHPHQW�pTXLSp�VXU�OH�QRXUULVVRQ��UHOLDQW�

VRQ�SLHG�DX�PRELOH��/H�QRXYHDX�Qp�HVW�pJDOHPHQW�FDSDEOH�GH�PRGXOHU�OD�IUpTXHQFH�GH�OD�VXFFLRQ�

QRQ�QXWULWLYH�GqV�O¶kJH�GH���MRXUV�GDQV�O¶REMHFWLI�G¶HQWHQGUH�OD�YRL[�GH�VD PqUH��'H�&DVSHU�	�

)LIHU��������RX�GDQV�FHOXL�G¶HQWHQGUH�GHV�EDWWHPHQWV�FDUGLDTXHV��'H�&DVSHU�	�6LJDIRRV���������

3URYDVL�� 3RXWKDV� HW� -DFTXHW� ������� RQW� WRXWHIRLV� PRQWUp� OHV� OLPLWHV� GH� FHWWH� PRGXODWLRQ�

WHPSRUHOOH��FDU�VL�OHV�HQIDQWV�GH���MRXUV�HW�FHX[�GH���PRLV�SDUYLHQQHQW�j�UpGXLUH�OD�GXUpH�GH�OHXU�

SDXVH�LQWHU�VXFFLRQ��VHXOV�FHX[�GH���PRLV�SDUYLHQQHQW�pJDOHPHQW�j�UDOORQJHU�OD�GXUpH�GH�OHXU�

SDXVH��&RPPH�OH�VXJJqUH�9LYLDQH�3RXWKDV��O¶DFTXLVLWLRQ�GX�FRQWU{OH�GHV�DFWLYLWpV�U\WKPLTXHV�

FRQVWLWXH OH�WUHPSOLQ�GH�O¶DSSUHQWLVVDJH�GX�FRQWU{OH�PRWHXU��PDLV�DXVVL�GX�WHPSV��3RXWKDV��������

�������(IIHFWLYHPHQW��FHV�DFWLYLWpV�GLVSDUDLVVHQW�SHX�j�SHX�DX�FRXUV�GH�OD�SUHPLqUH�DQQpH�GH�YLH�
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SRXU�ODLVVHU�SODFH�j�GHV�DFWLYLWpV�SOXV�FRQWU{OpHV�SDU�O¶HQIDQW��(Q�HIIHW��F¶HVW�GDQV�OD�UpJXODWLRQ�

GH� O¶DFWLRQ�HW�GH� VRQ�FRQWU{OH�TXH� O¶HQIDQW� IDLW� O¶H[SpULHQFH�GX� WHPSV� �&RXOO�	�'URLW�9ROHW��

������

��Ȃ ͷǤǤ�����±������ǯ��������������������������������±�������������������������������� ǣ�

�±��������������������±�����Ǧ����������

%LHQ�TXH�SHX�HPSOR\pHV�FKH]�O¶+RPPH��OHV�WHFKQLTXHV�GH�FRQGLWLRQQHPHQW�WHPSRUHO�

VH�VRQW�PRQWUpHV�DVVH]�HIILFDFHV SRXU�PHWWUH�HQ�pYLGHQFH�OHV�FDSDFLWpV�G¶DGDSWDWLRQ�WHPSRUHOOH�

GHV�MHXQHV�HQIDQWV��QRWDPPHQW� OHXUV�FDSDFLWpV�j�V¶DGDSWHU�j�GHV�GXUpHV�SXUHPHQW�DUELWUDLUHV��

VDQV�UDSSRUW�DYHF�OHXUV�DFWLYLWpV�U\WKPLTXHV��&HSHQGDQW�LO�Q¶\ D HQFRUH�TXH�WURS�SHX�G¶pWXGHV�

VXU�OH�FRQGLWLRQQHPHQW�DX�WHPSV�FKH]�O¶HQIDQW��2Q�SHXW�FLWHU�FHOOH�GH�%UDFNELOO�HW�)LW]JHUDOG�

��������&HV�DXWHXUV�RQW�FRQGLWLRQQp�GHV�HQIDQWV�kJpV GH���PRLV�j�XQ�FKDQJHPHQW�WRXWHV�OHV����

VHFRQGHV�GH�OXPLQRVLWp��OXPLqUH�pWHLQWH�YV�DOOXPpH��G¶XQH�GXUpH�GH���VHFRQGHV��HQWUDvQDQW�XQ�

UpIOH[H�SXSLOODLUH�GH�FRQVWULFWLRQ��$SUqV�SOXVLHXUV�HVVDLV��XQH�IRLV�TXH�OH�FRQGLWLRQQHPHQW�HVW�

pWDEOL�� OH� UpIOH[H� SXSLOODLUH� DSSDUDLW� DX[� DOHQWRXUV� GH �� VHFRQGHV PrPH� HQ� O¶DEVHQFH� GH�

FKDQJHPHQW�GH�OXPLQRVLWp��&HFL�GpPRQWUH�TXH�OH�QRXUULVVRQ�HVW�FDSDEOH�GH�SUpGLUH�O¶RFFXUUHQFH�

WHPSRUHOOH� G¶XQ� VWLPXOXV� DXWUHPHQW� GLW�� TX¶LO� WUDLWH� OH� WHPSV�� 3OXV� UpFHPPHQW��&RORPER� HW�

5LFKPDQ� ������� RQW� KDELWXp� GHV� QRXUULVVRQV� kJpV� GH� ��PRLV� j� XQ� VWLPXOXV� OXPLQHX[� GH� ��

VHFRQGHV�pPLV�WRXWHV�OHV���RX���VHFRQGHV�WRXW�HQ�HQUHJLVWUDQW�OHXU�IUpTXHQFH�FDUGLDTXH��8QH�IRLV�

KDELWXp�� ORUVTXH� OH� VWLPXOXV� HVW� UHWDUGp� GH� ���PV�� OD� IUpTXHQFH� FDUGLDTXH� GHV� QRXUULVVRQV�

GpFpOqUH�� 3RXU� FHV� DXWHXUV�� FH� UDOHQWLVVHPHQW� FDUGLDTXH� WpPRLJQH� GH� O¶DWWHQWH� WHPSRUHOOH� GH�

O¶HQIDQW�HW� GRQF��GH�OD�SUpFRFLWp�GHV�FRPSRUWHPHQWV�GH�MXJHPHQW�GX�WHPSV�FKH]�OHV�QRXYHDX[�

QpV�

8QH�GHV�WHFKQLTXHV�GH�FRQGLWLRQQHPHQW�HPSOR\pH�SDU�OD�FRPPXQDXWp�VFLHQWLILTXH�HVW�

OH�SURJUDPPH�GH�FRQGLWLRQQHPHQW�j�LQWHUYDOOH�IL[H��),�SRXU�© IL[HG�LQWHUYDO ª���/H�),�D�G¶DERUG�

pWp�XWLOLVp�FKH]�O¶DQLPDO��5LFKHOOH�	�/HMHXQH��������DYDQW�G¶rWUH�UpDOLVp�FKH]�O¶+RPPH��%DURQ��

.DXIPDQ�	�6WDXEHU������ ��:LHQHU��������������HW�SOXV�UpFHPPHQW�FKH]�O¶HQIDQW��%HQWDOO�	�

/RZH������������ ��'DUFKHYLOOH��5LYLqUH�	�:HDUGHQ���������'DQV�FH�SURJUDPPH��OD�UpSRQVH�

GX�SDUWLFLSDQW��O¶DQLPDO�HQ�O¶RFFXUUHQFH��HVW�UHQIRUFpH�ORUVTX¶HOOH�HVW�pPLVH�DSUqV�XQ�LQWHUYDOOH�

WHPSRUHO�IL[p�GHSXLV�VD�UpSRQVH�UHQIRUFpH�SUpFpGHQWH��6L�GHV�UpSRQVHV�VRQW�pPLVHV�DX�FRXUV�GH�

FHW�LQWHUYDOOH�IL[H��HOOHV�Q¶RQW�DXFXQH�FRQVpTXHQFH��HOOHV�QH�VRQW�SDV�UHQIRUFpHV��$SUqV�TXHOTXHV�

VpDQFHV�G¶HQWUDvQHPHQW��O¶DQLPDO�JpQqUH�XQ�FRPSRUWHPHQW�GH�UpSRQVH�W\SLTXH�VXJJpUDQW�TX¶LO�
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HQ� D� FRPSULV� O¶REMHFWLI� WHPSRUHO GH� OD� VLWXDWLRQ�� (Q� HIIHW�� LO� RSqUH� XQH� WUDQVLWLRQ� HQWUH� XQH�

SUHPLqUH�SKDVH ORUV�GH�ODTXHOOH LO�QH�GRQQH�SDV�GH�UpSRQVH��MXVWH�DSUqV�OH�UHQIRUFHPHQW��HW�XQH�

SKDVH�DYHF XQ�WDX[�GH�UpSRQVH�pOHYp��SURFKH�GH�OD�ILQ�GH�O¶LQWHUYDOOH�IL[p���3HQGDQW�FHWWH�SKDVH��

LO DFFpOqUH SURJUHVVLYHPHQW OD�IUpTXHQFH�GH�VHV�UpSRQVHV�GX�GpEXW�j�OD�ILQ�GH�FKDTXH�LQWHUYDOOH��

GHVVLQDQW�XQ�SDWURQ�GH� UpSRQVH� © IHVWRQQp ª� �© VFDOORSHG�SDWWHUQ�RI� UHVSRQVH ª��� ,O� V¶LQVWDOOH

GRQF XQH�UpJXODWLRQ�WHPSRUHOOH�VSRQWDQpH�

&RPPH� VXVPHQWLRQQpH�� FHWWH�PpWKRGH� D� pJDOHPHQW� pWp� HPSOR\pH� FKH]� O¶HQIDQW�� /HV�

DJHQWV�UHQIRUoDWHXUV�VpOHFWLRQQpV�VXU�FH�W\SH�GH�SRSXODWLRQ�VRQW� W\SLTXHPHQW�GHV�FRQILVHULHV�

�:HLVEHUJ�� ���� �� :HLVEHUJ� 	� 7UDJDNLV�� ������� RX� GHV� VpTXHQFHV� GH� GHVVLQV� DQLPpV� ��

GLDSRVLWLYHV� �/RQJ� HW� DO��� ���� �� 3RXWKDV�� ����D �� 3RXWKDV� HW� -DFTXHW�� ������ RX� HQFRUH� GHV�

SHOXFKHV��QRWDPPHQW�GHV�PDULRQQHWWHV�TXL�VRQW�pFODLUpHV�DX�PRPHQW�GH�O¶DFWLRQ�TXH�O¶RQ�YHXW�

UHQIRUFHU��%HQWDOO�	�/RZH���������$YHF�FHWWH�PpWKRGH��'DUFKHYLOOH��5LYLqUH�HW :HDUGHQ��������

RQW�PRQWUp�TXH�OHV�QRXUULVVRQV�VRQW�DSWHV�j�PRGLILHU�OHXUV�DFWLRQV�GDQV�OH�WHPSV��FHV�GHUQLHUV�

Q¶DSSX\DQW�TX¶XQH�RX�GHX[�IRLV�j�OD�ILQ�GH�O¶LQWHUYDOOH��7RXWHIRLV��LO�HVW�LPSRUWDQW�GH�VH�PRQWUHU�

SDUFLPRQLHX[� FDU� FHV� UpVXOWDWV� Q¶RQW� SDV� pWp� UpSOLTXpV� HW� G¶DXWUHV� pWXGHV� PRQWUHQW� TXH� OH�

QRXUULVVRQ� QH� SDUYLHQW� SDV� UpHOOHPHQW� j� LQKLEHU� WHPSRUHOOHPHQW� VHV� UpSRQVHV� SURGXLVDQW� XQ�

FRPSRUWHPHQW�FRPPH�O¶DQLPDO�DYHF�XQH�SDXVH�HW�GH�QRPEUHXVHV�UpSRQVHV�j�O¶DSSURFKH�GH�OD�

ILQ�GH�O¶LQWHUYDOOH��%HQWDOO��/RZH�	�%HDVW\������ ��/RZH��%HDVW\�	�%HQWDOO���������4XHO�TXH�

VRLW� OH� W\SH�GH�SDWURQ�GH� UpSRQVH� pWDEOL�� FHOXL�FL� WpPRLJQH�G¶XQ�DSSUHQWLVVDJH� WHPSRUHO ��/D�

SDXVH�SURGXLWH�SDU�OH�MHXQH�HQIDQW�HVW�IRQFWLRQ�GH�OD�ORQJXHXU�GH�O¶LQWHUYDOOH�GH�),�

/¶HQVHPEOH�GHV�pWXGHV�FKH]�OH�QRXUULVVRQ�PRQWUH�ELHQ�OD�FDSDFLWp�SUpFRFH�GHV�MHXQHV�

HQIDQWV�j�WUDLWHU�GX�WHPSV�TXL�SDVVH� HW�TX¶XQ�V\VWqPH�G¶KRUORJH�LQWHUQH��ELHQ�TXH�EUXLWp� HVW�

IRQFWLRQQHO�GqV�OH�SOXV�MHXQH�kJH��&HSHQGDQW��FHV�pWXGHV�QH�GpWHUPLQHQW�SDV�OD�VSpFLILFLWp�GX�

WUDLWHPHQW�WHPSRUHO�FKH]�OH�MHXQH�HQIDQW�HW�VHV�FKDQJHPHQWV�DYHF�O¶kJH��,OV�QH�SHUPHWWHQW�GRQF�

SDV� G¶HQYLVDJHU� O¶DXJPHQWDWLRQ� GH� OD� VHQVLELOLWp� DX� WHPSV� DX� FRXUV� GX� GpYHORSSHPHQW��

,�± ���'¶XQ�MXJHPHQW�LPSOLFLWH�j�XQ�MXJHPHQW�H[SOLFLWH GX�WHPSV ��OH�WHPSV�UHSUpVHQWp�HW�

FRQWU{Op

��Ȃ ǤͷǤ��������������±������������������������������ ���

'DQV�OHV�pWXGHV�GpYHORSSHPHQWDOHV�TXH�QRXV�YHQRQV�G¶H[SRVHU��O¶HVWLPDWLRQ�GX�WHPSV�

VH�IDLW�GH�IDoRQ�DXWRPDWLTXH��VDQV�FRQVFLHQFH�GX�WHPSV��VDQV�UDLVRQQHPHQW�WHPSRUHO��'qV�OH�

SOXV� MHXQH� kJH�� QRXV� VRPPHV� GRQF� GRWpV� GH�PpFDQLVPHV� QRXV� SHUPHWWDQW� GH� SHUFHYRLU� OHV�
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GXUpHV�� VDQV� SRXU� DXWDQW� rWUH� FDSDEOHV G¶HQ� DYRLU� XQH� UHSUpVHQWDWLRQ� DEVWUDLWH�� &HWWH�

UHSUpVHQWDWLRQ�H[SOLFLWH�GX�WHPSV�GpSHQG�GX GpYHORSSHPHQW�YHUEDO�HW�FRJQLWLI�GH�O¶HQIDQW��IUXLW�

G¶XQ�FRQVWUXLW�TXL�VH�PHW�SURJUHVVLYHPHQW�HQ�SODFH�MXVTX¶j�O¶kJH�G¶HQYLURQ���± ���DQV��'URLW�

9ROHW���������$YDQW� O¶kJH�GH���DQV�� OH� WHPSV�Q¶HVW�SDV� UHSUpVHQWp�� LO� HVW� pSURXYp�HQ�GHGDQV��

UHVVHQWL�GDQV�OD�G\QDPLTXH�GH�OD�SHUFHSWLRQ�HW�GH�O¶DFWLRQ��3RXU�OH�WUqV�MHXQH�HQIDQW��OH�WHPSV�

HVW�GRQF�XQLTXHPHQW�YpFX��(Q�FH�VHQV��OH�WHPSV�HVW�LQGLVVRFLDEOH�GH�VHV�DVSHFWV�SHUFHSWLIV�HW�

VSDWLDX[��'URLW�9ROHW�	�5DWWDW���������&¶HVW�GX�UHVWH�SRXU�FHWWH�UDLVRQ�TXH�OHV�WUqV�MHXQHV�HQIDQWV�

VRQW� SOXV� VXMHWV� DX[� GLVWRUVLRQV� WHPSRUHOOHV�� OHXUV SHUFHSWLRQV WHPSRUHOOHV pWDQW� SRXU� HX[�

WULEXWDLUHV GHV�FDUDFWpULVWLTXHV�GH�O¶DFWLRQ�FRQVWLWXDQW�OD�GXUpH��,OV DSSUHQQHQW GRQF�XQ�WHPSV�

SRXU� FKDTXH� DFWLRQ� GRQW� LOV IRQW O¶H[SpULHQFH�� ,O� H[LVWH� DORUV� DXWDQW� GH� WHPSV� TX¶LO� H[LVWH�

G¶DFWLRQV� RX� G¶pYpQHPHQWV��$� FH� SURSRV�� 6\OYLH�'URLW�9ROHW� SDUOH� GH� WHPSV� KpWpURJqQH�� GH�

WHPSV�PXOWLSOHV��'URLW�9ROHW���������&HOD�VXJJqUH�TXH�OH�PRQGH�SHUoX�SDU�OHV�HQIDQWV�DYDQW���

DQV�Q¶HVW�SDV�UpJLW�SDU�XQH�VHXOH�GLPHQVLRQ�WHPSRUHOOH�V¶pFRXODQW�GH�IDoRQ�XQLIRUPH��XQH�QRWLRQ�

GH�WHPSV�DEVROXH���PDLV�SDU�XQH�SOXUDOLWp�GH�WHPSV�pSDUVHV��&H�WHPSV�pWDQW�pFODWp�HW�UHODWLI�DX�

YpFX��OHV�HQIDQWV�QH�SDUYLHQQHQW�SDV�j�H[WUDLUH�OD�WHPSRUDOLWp�G¶XQ�pYpQHPHQW�HW OD WUDQVSRVHU�j�

XQ�DXWUH�pYpQHPHQW� 3DU�H[HPSOH��OHV�HQIDQWV�Q¶DUULYHQW�SDV�j�DVVRFLHU�OD�GXUpH�G¶XQH�DFWLRQ�j�

XQH�DXWUH�DFWLRQ��/¶pWXGH�UpDOLVpH�SDU�5DWWDW�HW 'URLW�9ROHW��������PRQWUH FODLUHPHQW�FHW�HIIHW��

'DQV�FHWWH�H[SpULHQFH��GHV�HQIDQWV�GH���DQV�HW�� DQV�ò��VRQW�HQWUDvQpV�j�SUHVVHU�XQ EX]]HU�SHQGDQW�

��VHFRQGHV��9LQJW�TXDWUH�KHXUHV�SOXV�WDUG��OD�PRLWLp�GHV�HQIDQWV�UHSUHQQHQW�OD�PrPH�WkFKH��DORUV�

TXH�O¶DXWUH�PRLWLp�GRLW�DSSX\HU�VXU�XQ�ERXWRQ�GH�UpSRQVH�SHQGDQW�OD�PrPH�GXUpH��/HV�UpVXOWDWV�

PRQWUHQW�DORUV�TXH�VL�OHV�HQIDQWV�GH�� DQV�ò�SDUYLHQQHQW�j�UHSURGXLUH�OD�GXUpH�GDQV�OHV�GHX[�

FRQGLWLRQV��OHV�HQIDQWV�GH�� DQV�QH�SDUYLHQQHQW�SDV�V\VWpPDWLTXHPHQW�j�WUDQVIpUHU�OD�GXUpH�G¶XQH�

DFWLRQ�j�XQH�DXWUH��1pDQPRLQV��PrPH�VL�OH�MHXQH�HQIDQW�Q¶HVW�SDV�FDSDEOH�GH�VH�UHSUpVHQWHU�HW�

GH�FRPSUHQGUH�OH�WHPSV��FHOXL�FL�D�GpMj�XQ�FHUWDLQ�© VDYRLU�IDLUH ª�WHPSRUHO��,O�HVW�QRWDPPHQW�

FDSDEOH�G¶RUGRQQHU�GDQV�OH�WHPSV�XQH�VXLWH�G¶pYpQHPHQWV��1HOVRQ���������GH�FRPSDUHU��'URLW�

9ROHW�� ���� �� 'URLW�9ROHW� 	� *DXWLHU�� ���� �� )ULHGPDQ�� ������ HW� GH� FDWpJRULVHU� OD� GXUpH�

G¶pYpQHPHQWV�TXRWLGLHQV �5DWWDW�	�7DUWDV���������5pFHPPHQW��'URLW�9ROHW�HW�&RXOO��������IDLW�

OD�GLVWLQFWLRQ�HQWUH�GHX[�VDYRLUV�WHPSRUHOV FKH]�O¶HQIDQW��/H�SUHPLHU�HVW�XQ�VDYRLU�LPSOLFLWH��QRQ�

FRQVFLHQW� HW� O¶DXWUH� HVW� XQ� VDYRLU� H[SOLFLWH�� FRQVFLHQW�� /HV� DXWHXUHV� RQW� DORUV� FRPSDUp� OHV�

SHUIRUPDQFHV�WHPSRUHOOHV�GHV�MHXQHV�HQIDQWV�HQWUH�XQH�WkFKH�GH�MXJHPHQW�LPSOLFLWH�HW�H[SOLFLWH��

'DQV� OD� WkFKH� GH� MXJHPHQW� LPSOLFLWH�� DXFXQH� UpIpUHQFH� Q¶HVW� IDLWH� DX� WHPSV�� /¶HQIDQW� YRLW�

VLPSOHPHQW�GHX[�VWLPXOL�VpSDUpV�SDU�XQ�LQWHUYDOOH�WHPSRUHO�HW�GRLW�DSSX\HU�OH�SOXV�YLWH�SRVVLEOH�

DSUqV�OH�VHFRQG�VWLPXOXV��'DQV�OH�MXJHPHQW�H[SOLFLWH��OD�WkFKH�HVW�VLPLODLUH��VDXI�TXH�O¶RQ�IDLW�
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UpIpUHQFH�j�O¶LQWHUYDOOH�WHPSRUHO�HQWUH�OHV�GHX[�VWLPXOL��HQ�GRQQDQW�FRPPH�FRQVLJQH�j�O¶HQIDQW�

G¶DSSUHQGUH�OD�GXUpH�GH�FHW�LQWHUYDOOH�WHPSRUHO��,O�DSSDUDvW�DORUV�TX¶LO�Q¶\�D�DXFXQH�GLIIpUHQFH�

GDQV�OD�SHUIRUPDQFH�WHPSRUHOOH�HQ�MXJHPHQW�LPSOLFLWH�VHORQ�O¶kJH�GHV�HQIDQWV��(Q�UHYDQFKH��OHV�

SHUIRUPDQFHV� WHPSRUHOOHV�V¶DPpOLRUHQW�DYHF� O¶kJH�HQ� MXJHPHQW�H[SOLFLWH��$YHF O¶kJH�pPHUJH�

GRQF�XQ�WUDLWHPHQW�H[SOLFLWH��FRQVFLHQW��FRQWU{Op�GX�WHPSV��TXL�GDQV�FHUWDLQHV�VLWXDWLRQV�YLHQW�

SHUWXUEHU�OHV��HU VDYRLU�IDLUH�

'DQV�OH�FDV�GH�OD�VLWXDWLRQ�GH�FRQGLWLRQQHPHQW�j�LQWHUYDOOH�IL[H��RQ�REVHUYH�FODLUHPHQW�

O¶pPHUJHQFH�G¶XQ�MXJHPHQW�H[SOLFLWH��FH�TXL�D�XQ�LPSDFW�VXU�OHV�FRQGLWLRQQHPHQWV�WHPSRUHOV�

SUpFRFHV��$ORUV�TXH�OHV�QRXUULVVRQV�HW�OHV�HQIDQWV�kJpV�GH�SOXV�GH���DQV�SDUYLHQQHQW�j�SURGXLUH�

GHV�FRPSRUWHPHQWV�WHPSRUHOV�HQ�),��XQH�UXSWXUH�GDQV�OHV�FRQGXLWHV�WHPSRUHOOHV�DSSDUDvW FKH]�

OHV�HQIDQWV�kJpV�GH����� j�����DQV� �VHORQ� OHV�pWXGHV�� �%HQWDOO��/RZH�	�%HDVW\������ ��'URLW��

3RXWKDV�	�-DFTXHW������ ��=HLOHU�	�.HOOH\���������(Q�),��OHV�HQIDQWV�GH�SOXV�GH���DQV�PHWWHQW�

HQ�°XYUH�GHX[�W\SHV�GH�FRPSRUWHPHQWV�DGRSWpV�SDU�O¶DGXOWH��VRLW�XQ�GpELW�GH�UpSRQVH�VRXWHQXH�

R��OH�VXMHW�DSSXLH�WRXW�DX�ORQJ�GH�O¶LQWHUYDOOH��VRLW�XQ�GpELW�GH�UpSRQVH�OHQWH DYHF���RX���UpSRQVHV�

j� OD� ILQ� GH� O¶LQWHUYDOOH��&HV� FRPSRUWHPHQWV� VRQW� IRQGpV� HQ� IDLW� VXU� GHV� UqJOHV� YHUEDOHV� GHV�

K\SRWKqVHV�H[SpULPHQWDOHV�IRUPXOpHV�SDU�OH�VXMHW��'URLW��3RXWKDV�	�-DFTXHW���������/H�GpELW�GH�

UpSRQVH� VRXWHQXH� FRUUHVSRQG� j� OD� UqJOH� VHORQ� ODTXHOOH� OH� UHQIRUFHPHQW� HVW� GpOLYUp� DSUqV� XQ�

FHUWDLQ� QRPEUH� GH� UpSRQVHV� HW� OH� GpELW� GH� UpSRQVH� OHQWH� j� OD� UqJOH� VHORQ� ODTXHOOH� O¶DJHQW�

UHQIRUoDWHXU�HVW�GpOLYUp�DSUqV�XQ�FHUWDLQ�WHPSV��2U��j�����DQV��O¶HQIDQW�SURGXLW�XQ�FRPSRUWHPHQW�

LQFRQVLVWDQW�� 2Q� GLW� TX¶LO� D� XQ� SDWWHUQ� GH� UpSRQVH� LQVWDEOH�� SDUFH� TX¶LO IDLW Q¶LPSRUWH� TXRL��

DSSX\DQW� GH� IDoRQ� HUUDWLTXH�� %HQWDOO� HW� VHV� FROODERUDWHXUV� H[SOLTXHQW� FHV� UpVXOWDWV� SDU�

O¶DFTXLVLWLRQ� GX� ODQJDJH� TXL� YLHQGUDLW� DOWpUHU� OHV� SHUIRUPDQFHV� WHPSRUHOOHV� SUpFRFHV�� OHV�

SHUIRUPDQFHV�FRQGLWLRQQpHV�DX� WHPSV��3RXU�UHQGUH�FRPSWH�GH�FHOD�� OHV�DXWHXUV� UpDOLVHQW�XQH�

VHFRQGH�pWXGH��%HQWDOO�	�/RZH��������GDQV�ODTXHOOH�OHV�VXMHWV�UHoRLYHQW�VRLW�XQH�FRQVLJQH�j�

GpELW�GH�UpSRQVH�VRXWHQXH��H�J���DSSX\HU�WRXW�DX�ORQJ�GH�O¶LQWHUYDOOH���VRLW�XQH�FRQVLJQH�j�GpELW�

GH�UpSRQVH�OHQWH��H�J���DWWHQGUH�HW�DSSX\HU���VRLW�OD�FRQVLJQH�GH�VH�GRQQHU�VRL�PrPH�GHV�UqJOHV�

G¶DFWLRQV�HW�GH�OHV�GLUH�j�KDXWH�YRL[��/HV�UpVXOWDWV�PRQWUHQW�TXH�O¶HQIDQW�kJp�GH���j���DQV�QH�

SDUYLHQW�SDV�j�IRUPXOHU�XQH�UqJOH�G¶DFWLRQ�HQ�),��,O QH�SDUYLHQW�TX¶j�DSSOLTXHU�OD�FRQVLJQH�GH�

GpELW�GH�UpSRQVH�pOHYp��&H�VHUDLW�GRQF�OH�GpYHORSSHPHQW�GH�IRQFWLRQV�HW�GH�VWUDWpJLHV�H[SOLFLWHV�

TXL�YLHQW�HQWUDYHU�OHV�SUHPLHUV�FRPSRUWHPHQWV�WHPSRUHOV�SUpFRFHV��&HSHQGDQW��j�O¶kJH�GH�����

DQV��O¶HQIDQW�Q¶D�SDV�HQFRUH�DFTXLV�XQH�UHSUpVHQWDWLRQ�H[SOLFLWH�GX�WHPSV��XQH�QRWLRQ�GX�WHPSV�

OXL�SHUPHWWDQW�GH�VH�IL[HU�GHV�UqJOHV�G¶DWWHQWH��GpEXW�GH�UpSRQVH�OHQWH��FRPPH�OH�IDLW�O¶DGXOWH�RX�
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OHV� HQIDQWV� SOXV� kJpV�� $LQVL�� O¶DFTXLVLWLRQ� G¶XQH� QRWLRQ� GH� WHPSV� FKH]� O¶HQIDQW� LQIOXHQFH�

O¶pYROXWLRQ�GHV�FRQGXLWHV�WHPSRUHOOHV�

��Ȃ ǤǤ���������������������������±�±�����������������������ǯ����������ͻ���; ���

/H� ODQJDJH� SHXW rWUH� XQ� GHV� IDFWHXUV� GpWHUPLQDQW� SRXU� OD� PLVH� HQ� SODFH� G¶XQH�

UHSUpVHQWDWLRQ� WHPSRUHOOH� HW� GX� VpTXHQoDJH� G¶pYqQHPHQWV�� /¶DSSUHQWLVVDJH� GH� PDUTXHV�

WHPSRUHOOHV� YHUEDOHV� HQWUH� �� HW� � DQV� �HQVXLWH�� DYDQW�� DSUqV�� KLHU�� GHPDLQ�� SOXV� WDUG«��

�0RQWDQJHUR�������������� HW�GX�FDOHQGULHU�HQWUH���HW��� DQV �VDLVRQV��PRLV��VHPDLQHV��DLGHQW�

O¶HQIDQW�j�VH�UHSpUHU�GDQV�OH�WHPSV��8QH�UpFHQWH�pWXGH�&DQDGLHQQH�PRQWUH TXH�FHWWH�DFTXLVLWLRQ�

HVW�GH�SOXV�HQ�SOXV�SUpFRFH �DX[�kJHV�GH����� DQV��� OLp� DX� U{OH�pGXFDWLI�GHV�SDUHQWV� �/DEUHOO���

0LNDHORII�� 3HUGU\� 	� 'HOODWRODV�� ������� /¶DFTXLVLWLRQ� GH� FHV� UHSqUHV� WHPSRUHOV SHXYHQW�

HIIHFWLYHPHQW� IDYRULVHU� OD� UHSUpVHQWDWLRQ� DEVWUDLWH� GX� WHPSV�� OH� UHQGDQW� LQGpSHQGDQW� GH�V��

DFWLRQ�V�� �� pYqQHPHQW�V�� TXL� OH� FRPSRVH�QW��� 7RXWHIRLV�� DX� GpEXW� O¶HQIDQW� YD� DSSUHQGUH� OHV�

F\FOHV�WHPSRUHOV�GX�FDOHQGULHU�FRPPH�GHV�OLVWHV�YHUEDOHV��&H�Q¶HVW�TXH�YHUV�O¶kJH�GH�����DQV�

TX¶LO�SRXUUD�O¶XWLOLVHU�DYHF�IOH[LELOLWp��F¶HVW�j�GLUH�j�HQ�H[WUDLUH�OHV�pOpPHQWV�VDQV�DYRLU�UHFRXUV�

j�OD�OLVWH�HQWLqUH� FRPPH�OH�GLW�3X\MDULQHW ��������3DU�DLOOHXUV��/¶HQIDQW�YD�pJDOHPHQW�DFTXpULU�

OHV�WHUPHV�WHPSRUHOV�UHODWLIV�QRWDPPHQW�DX�IXWXU��DSUqV��GHPDLQ��GDQV�ORQJWHPSV«��HW�DX�SDVVp�

�DYDQW��KLHU��LO�\�D�ORQJWHPSV«���&HV�WHUPHV�VRQW�SURJUHVVLYHPHQW�LQWpJUpV�DX�YRFDEXODLUH�GH�

O¶HQIDQW��UHODWLYHPHQW�j�OD�GLVWDQFH�WHPSRUHOOH�TX¶HOOHV�LPSOLTXHQW��OHV�WHUPHV�GH�FRXUWHV�GXUpHV�

pWDQW� DFTXLV� DYDQW� FHX[ GH� SOXV� ORQJXHV� GXUpHV�� FH� TXL� FRUUHVSRQG� DX� GpYHORSSHPHQW� GHV�

FDSDFLWpV�GH�SURMHFWLRQ�GH�O¶HQIDQW����

&RPPH�QRXV�O¶DYRQV�GpMj�pYRTXp��j SDUWLU�GH���DQV�� O¶HQIDQW�YD�pJDOHPHQW�DSSUHQGUH�

XQH� DXWUH� OLVWH� YHUEDOH� LPSRUWDQWH� SRXU� OD� PHVXUH� GX� WHPSV� DSSHOpH� FRPSWLQH� QXPpULTXH��

&HSHQGDQW��XWLOLVHU�OH�QRPEUH�SRXU�PHVXUHU�OH�WHPSV�TXL�SDVVH�HVW�XQH�DSWLWXGH�TXL�QpFHVVLWH�GH�

FRQFHYRLU�OH�WHPSV�FRPPH�XQH GLPHQVLRQ�KRPRJqQH��FRQWLQXH�HW�TXDQWLILDEOH��FH�TXL�Q¶HVW�TXH�

UDUHPHQW�FRQFHYDEOH�DYDQW�O¶kJH�GH���DQV��:LONHQLQJ��/HYLQ�	�'UX\DQ���������(Q�HIIHW��GDQV�

GHV� VLWXDWLRQV� G¶DWWHQWH� RX� G¶HVWLPDWLRQ� WHPSRUHOOH�� OHV� SOXV� MHXQHV� HQIDQWV� XWLOLVHQW� SOXV� GH�

FRPSRUWHPHQWV�PRWHXUV�U\WKPLTXHV�FRPPH�VWUDWpJLH�GH�FRPSWDJH�GX�WHPSV��3RXWKDV��'URLW�

9ROHW�	�-DFTXHW���������&HFL�VRXOLJQH�O¶LPSRUWDQFH�GX�PRXYHPHQW�SRXU�O¶HVWLPDWLRQ�GX�WHPSV�

FKH]� OHV� SOXV� MHXQHV� HQIDQWV� HW� OH� GpYHORSSHPHQW� GHV� FRQGXLWHV� G¶DWWHQWH�� &HSHQGDQW�� FH�

VWUDWDJqPH� LQGLTXH� TX¶LOV� VRQW� HQ� ERQQH� YRLH� SRXU� O¶DSSUHQWLVVDJH� G¶XQH� QRWLRQ� GH� WHPSV�

�3RXWKDV��'URLW�9ROHW�	�-DFTXHW���������

(Q�VRPPH��OH�MXJHPHQW�LPSOLFLWH�GX�WHPSV��OH�WHPSV�SHUoX��HVW�SUpFRFH�HW�UHSRVH�VXU�GHV�
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SURFHVVXV�LQQpV��1pDQPRLQV��RQ�DVVLVWH�DYHF�OH�GpYHORSSHPHQW�j�XQH�DPpOLRUDWLRQ�GHV�FRQGXLWHV�

WHPSRUHOOHV�HW�GH OD�VHQVLELOLWp�WHPSRUHOOH��(Q�HIIHW��FRPPH�QRXV�O¶DYRQV�YX�ORUV�GX�SUHPLHU�

FKDSLWUH� TXHO� TXH� VRLW� OH� W\SH� GH� WkFKH� HPSOR\pH�� OHV� MXJHPHQWV� HW� SURGXFWLRQV� WHPSRUHOV�

V¶DPpOLRUHQW�DYHF�O¶kJH��pWDQW�SOXV�SUpFLV�HW�PRLQV�YDULDEOHV��&HWWH�DPpOLRUDWLRQ�SHXW�SURYHQLU�

GH� O¶DFTXLVLWLRQ� GX� ODQJDJH�� GH� O¶DFTXLVLWLRQ� GH� VWUDWpJLHV� GH� FRPSWDJH� GH� WHPSV�� HW� GH� OD�

FRQFHSWXDOLVDWLRQ�GX�WHPSV��$�FH�QLYHDX HW GH�QRWUH�SRLQW�GH�YXH��LO�HVW�LPSRUWDQW�GH�UpDOLVHU�

XQH� GLVWLQFWLRQ HQWUH� OHV� HIIHWV� VSpFLILTXHV� TXL� SURYLHQQHQW� GX� GpYHORSSHPHQW� GH� FHUWDLQHV�

DSWLWXGHV�SDUWLFXOLqUHV��FRPPH�FHOOHV�TXH�QRXV�YHQRQV�GH�FLWHU��HW�OHV�HIIHWV�TXL�UpVXOWHQW G¶XQ�

DFFURLVVHPHQW�GH�FDSDFLWpV�FRJQLWLYHV�JpQpUDOHV��TXH�FH�VRLW�HQ�WHUPH�TXDQWLWDWLI�RX�TXDOLWDWLI��

/D�YDOLGDWLRQ�GX�U{OH�GHV�IRQFWLRQV�FRJQLWLYHV�JpQpUDOHV�GDQV�OH�GpYHORSSHPHQW�GX�MXJHPHQW�

WHPSRUHO�HVW�LPSRUWDQWH��(Q�HIIHW��GDQV�OH�FDV�R��OD�YDULDELOLWp�GDQV�OH�MXJHPHQW�WHPSRUHO�QH�

VHUDLW SDV�G¶RULJLQH�FRJQLWLYH��DORUV�O¶KRUORJH�LQWHUQH�GX�MHXQH�HQIDQW�VHUDLW�IDLOOLEOH��/¶HQIDQW�

VHUDLW��QRXV�VHULRQV�GRWpV� G¶XQH�KRUORJH�LQWHUQH�GpIHFWXHXVH��QRXV�WURPSDQW�HQ�SHUPDQHQFH�VXU�

OH�FRXUV�GX�WHPSV��0DLV�DORUV��FRPPHQW�H[SOLTXHU�OHV�FRQGXLWHV�SUpFLVHV�G¶HVWLPDWLRQ�GX�WHPSV�

FKH]� OH� EpEp�� FKH]� O¶DQLPDO "� &RPPHQW� SHXW�RQ� YLYUH� GDQV� XQ� HQYLURQQHPHQW� SDU� HVVHQFH�

WHPSRUHO�� VDQV� PpFDQLVPH� QRXV� SHUPHWWDQW� GH� SUpGLUH� GH� IDoRQ� SUpFLVH� OD� YHQXH� GHV�

pYqQHPHQWV "� 'DQV� OH� FDV LQYHUVH�� O¶KRUORJH� LQWHUQH� HVW� XQ� FRQVWUXLW� © LQIDLOOLEOH ª�� HW� OHV�

GLVWRUVLRQV�WHPSRUHOOHV�QH�VHUDLHQW�TXH�OH�IUXLW�GH�QRV�FDSDFLWpV�FRJQLWLYHV��&H�VHUDLW�GRQF�OHV�

FDSDFLWpV�FRJQLWLYHV�SOXV�RX�PRLQV�OLPLWpHV�VHORQ�O¶kJH�HW�RX�OH�FRQWH[WH�TXL�H[SOLTXHUDLHQW�OD�

SOXSDUW�GHV�ELDLV�WHPSRUHOV��3RXU�FH�TXL�QRXV�FRQFHUQH��QRXV�SHQVRQV�TXH�OHV�GHX[�K\SRWKqVHV�

QH�VRQW�SDV�H[FOXVLYHV��OH�EUXLW�GDQV�OH�MXJHPHQW�WHPSRUHO�SRXYDQW�rWUH�JpQpUp�VLPXOWDQpPHQW�

SDU�OH�PpFDQLVPH�G¶KRUORJH�LQWHUQH�HW� OHV�UHVVRXUFHV�FRJQLWLYHV�GLVSRQLEOHV��'DQV�OH�GHUQLHU�

FKDSLWUH�GH�FHWWH�WKqVH��QRXV�WHVWHURQV�XQ�PRGqOH�© UpXQLILFDWHXU ª�EDVp�VXU�O¶H[LVWHQFH�GH�FHV

V\VWqPHV�© IDLOOLEOHV ª��&RPPH�QRXV�DOORQV�OH�YRLU�GDQV�OD�SURFKDLQH�SDUWLH��OHV�FKHUFKHXUV�RQW�

pWXGLp�GHX[�GLPHQVLRQV�FRJQLWLYHV�IRQGDPHQWDOHV�SRXYDQW�DOWpUHU�QRWUH�MXJHPHQW�GX�WHPSV ��OD�

PpPRLUH�HW�O¶DWWHQWLRQ�

,,�± 8Q�SUREOqPH�GH�FDSDFLWpV�FRJQLWLYHV

,,�± ���/D�0pPRLUH

'DQV�GHV�pWXGHV�VXU�OHV�DGXOWHV��LO�HVW�PDLQWHQDQW�ELHQ�GRFXPHQWp�TXH��SDU�O¶HIIHW�GH�

SURFHVVXV�PQpVLTXH��OH�FRQWH[WH�WHPSRUHO�LQIOXH�VXU�O
HVWLPDWLRQ�GX�WHPSV TXH�FH�VRLW�GX�U\WKPH�

RX� GH� OD� GXUpH� �$GDPV�	�0DPDVVLDQ�� ���� �� %DWWDJOLD�� -DFREV�	�$VOLQ�� ���� �� 'DPVPD��
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YDQGHU0LMQ�	�YDQ5LMQ������ ��(UQVW�	 %DQNV������ ��-D]D\HUL�	�6KDGOHQ������ ��.|UGLQJ�HW�

DO������� ��0DPDVVLDQ��/DQG\�	�0DORQH\������ ��0F$XOH\�	�-RQHV������ � 0F$XOH\��-RQHV��

+ROXE��-RKQVWRQ�	�0LOOHU������ ��0L\D]DNL��1R]DNL��	�1DNDMLPD������ � 3HW]VFKQHU��0DLHU�	�

*ODVDXHU������ ��6KL�	 %XUU������ ��6WRFNHU�	�6LPRQFHOOL������ ��9HUVW\QHQ�	�6DEHV������ ��

:DOVK���������&HFL�VH�YRLW�FODLUHPHQW�GDQV�OH�FDV�GH�OD�ORL�GH�9LHURUGW��������DYHF�FHW�HIIHW�

W\SLTXH�GH�WHQGDQFH�FHQWUDOH�R��OHV�GXUpHV�OHV�SOXV�FRXUWHV�VRQW�VXUHVWLPpHV�HW�OHV�GXUpHV�OHV�

SOXV� ORQJXHV� VRXV�HVWLPpHV� �/HMHXQH� 	� :HDUGHQ�� ������� &H� ELDLV� GDQV� OHV� HVWLPDWLRQV�

WHPSRUHOOHV� PRQWUH� HQ� HIIHW� TXH� OH� MXJHPHQW� GHV� GXUpHV� Q
HVW� SDV� DEVROX�� PDLV� UHODWLI� j� OD�

GLVWULEXWLRQ�GHV�GXUpHV�HQUHJLVWUpHV�HQ�PpPRLUH��

6HORQ�OD�WKpRULH�ED\pVLHQQH�GH�O
LQIpUHQFH�SHUFHSWXHOOH�GX�WHPSV�LOOXVWUpH�)LJXUH�����

O
LQWHUYDOOH�DFWXHOOHPHQW�SHUoX��/LNHOLKRRG��HVW�SRQGpUp�SDU�O
H[SpULHQFH�DQWpULHXUH��3ULRU��SRXU�

DUULYHU�j�XQH�HVWLPDWLRQ�VXEMHFWLYH�GH�OD�GXUpH��3RVWHULRU���$LQVL��LO�\�DXUDLW�XQ�©�RQOLQH�SULRU ª��

R��OD�GXUpH�SUpFpGHQWH�VWRFNpH�HQ�PpPRLUH�HVW�PLVH�j�MRXU�HVVDL�SDU�HVVDL��DYHF�XQH�LQIOXHQFH�

SOXV�JUDQGH� VXU� O
HVWLPDWLRQ� DFWXHOOH�GHV� HVVDLV� OHV�SOXV� UpFHQWV� �'L�/XFD�	�5KRGHV�� ���� ��

'\MDV��%DXVHQKDUW��	�8OULFK������ ��/DSLG��8OULFK��	�5DPPVD\HU������ ��7DDWJHQ�	�YDQ�5LMQ��

���� ��YDQ�5LMQ���������

)LJXUH�����7KpRULH�%D\pVLHQQH�GH�O¶LQIpUHQFH�SHUFHSWXHOOH�GX�WHPSV��HQ�OLHQ�DYHF�XQ�PRGqOH�
G¶KRUORJH�LQWHUQH��([WUDLWH�GH�5KRGHV�������
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/D� IRQFWLRQ� GH� O¶LQWHUYDOOH� DFWXHOOHPHQW� SHUoX� HVW� 3OLNHOLKRRG �&� _� '��� R�� & HVW� OD�

SUREDELOLWp�G¶DFTXpULU�OH�QRPEUH�GH�© WLFNV ª�GH�O¶KRUORJH�FRPSWH�WHQX�GH�OD�VWLPXODWLRQ�H[WHUQH�

'��&HSHQGDQW��VHORQ�FH�PrPH�PRGqOH��LO�HVW�GLIILFLOH�GH�VDYRLU�FRPPHQW�OHV�GLVWULEXWLRQV�GH�

SUREDELOLWp� TXL�VRQW�FRQWLQXHV� VRQW�IRUPpHV�j�SDUWLU�GH�PHVXUHV�GLVFUqWHV��QRPEUH�GH�© WLFNV ª��

/H� VWDGH�PQpVLTXH� VHUDLW� TXDQW� j� OXL� UHODWLI� j� OD� GLVWULEXWLRQ� GH� RX� GHV� LQWHUYDOOHV�

SUpFpGHPPHQW�H[SRVpV�3SULRU�'���6D�GLVWULEXWLRQ�VHUDLW� FHQWUpH� VXU� OD�PR\HQQH�REMHFWLYH�GHV�

LQWHUYDOOHV� SUpVHQWpV� DX[� VXMHWV� HW� OD� ODUJHXU� GH� VD� GLVWULEXWLRQ� WRXW� FRPPH� SRXU� 3OLNHOLKRRG�

UpVXOWHUDLW�GH�OD�FHUWLWXGH�GX�VXMHW�TXDQW�j�VD�SHUFHSWLRQ��'HV�LQFHUWLWXGHV�SOXV�SODWHV�UpVXOWHQW�

HQ�GHV�GLVWULEXWLRQV�SOXV�SODWHV��$LQVL��OD�GXUpH�SHUoXH�HW�OD�GXUpH�DQWpULHXUH�VRQW�SRQGpUpHV�SDU�

OHXUV�LQFHUWLWXGHV�UHODWLYHV��&RODV��'LDUG�	�%HVVLqUH������ ��)HUQDQGHV��6WHYHQVRQ��9LODUHV�	

.|UGLQJ������ ��*ULIILWKV�	 7HQHQEDXP������ ��/XFDV 	 *ULIILWKV������ ��9LODUHV�	 .|UGLQJ��

������

(QILQ�HW�FRQMRLQWHPHQW�DX[�ORLV�%D\pVLHQQHV��3OLNHOLKRRG IXVLRQQH�DYHF��3SULRU SRXU�FUpHU�

OD�IRQFWLRQ�DQDORJXH�DX�VWDJH�GpFLVLRQQHO�3SRVWHULRU��2Q�D DORUV�

3SRVWHULRU�'_&�ן� ��3OLNHOLKRRG �&�_�'��ā�3SULRU�'��OLNHOLKRRG��

(Q�VRPPH�� OH�PRGqOH�SUpGLW�TXH� OHV�HVWLPDWLRQV� VHQVRULHOOHV�EUXLWpHV� VRQW�ELDLVpHV�

YHUV� OD� PR\HQQH� GH� OD� GLVWULEXWLRQ� GH� SUREDELOLWp� GHV� HVVDLV� SUpFpGHPPHQW� H[SRVpV�

�3SULRU��$FHUEL�� 9LMD\DNXPDU�� 	�:ROSHUW�� ���� �� $FHUEL�� :ROSHUW�� 	� 9LMD\DNXPDU�� ���� ��

.|UGLQJ�	�:ROSHUW�� ���� ��:ROSHUW�� ������ &H�PRGqOH� SDUYLHQW� pJDOHPHQW� j�PRGpOLVHU� OD�

SURSULpWp�GX�WHPSV�VFDODLUH��6KL�HW�DO�������� pWDQW�GRQQp�TXH�O
pFDUW�W\SH�GX�MXJHPHQW�WHPSRUHO�

DXJPHQWH�DYHF�OD�ORQJXHXU�GHV�GXUpHV�j�HVWLPHU��SRXU�XQH�DQDO\VH��YRLU�:HDUGHQ���������3DU�

FRQVpTXHQW��FRPPH�RQ�SHXW�OH�YRLU�VXU�OD�)LJXUH�����OD�WHQGDQFH�FHQWUDOH�HVW�SOXV�IRUWH�SRXU�GHV�

GXUpHV�GH�VWLPXOXV�SOXV�ORQJXHV��&LFFKLQL��$UULJKL��&HFFKHWWL��*LXVWL�	 %XUU� ���� ��-D]D\HUL�	

6KDGOHQ��������
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)LJXUH� ���� 5HSURGXFWLRQV� GX� WHPSV� GDQV� GLIIpUHQWV� FRQWH[WHV� WHPSRUHOV�� OD� FRQGLWLRQ� GH�
GLVWULEXWLRQ�ORQJXH�HQ�URXJH��LQWHUPpGLDLUH�HQ�PDUURQ�HW�FRXUWH�HQ�QRLU��([WUDLW�GH�-D]D\HUL�	�
6KDGOHQ��������

8QH pWXGH�UpFHQWH�XWLOLVDQW�OD�WkFKH�GH�UHSURGXFWLRQ�WHPSRUHOOH�D�pWp�UpDOLVpH�FKH]�GHV�

HQIDQWV�DXWLVWHV�DLQVL�TXH�GHV�HQIDQWV�© VDLQV ª�kJpV�GH���j����DQV��.DUDPLQLV�HW�DO����������/HV�

UpVXOWDWV�RQW�UHSURGXLW�OD�WHQGDQFH�FHQWUDOH�GDQV�WRXV�OHV�JURXSHV G
kJH��DYHF�XQ�HIIHW�SOXV�IRUW�

FKH]� OHV� SDUWLFLSDQWV� SOXV� MHXQHV��&HFL� VXJJqUH� GRQF� TXH� OHV� HQIDQWV� OHV� SOXV� MHXQHV� RQW� XQ�

V\VWqPH�SOXV�EUXLWp��'H�FH�IDLW��LOV�RQW�XQH�SOXV�JUDQGH�FRQILDQFH�GDQV�OHV�HVVDLV�SUpFpGHPPHQW�

H[SRVpV�� UpVXOWDQW�HQ�GHV�HIIHWV�GH� FHQWUDOLVDWLRQ�SOXV� LPSRUWDQWV��&HW�HIIHW� HVW� WUqV�DGDSWDWLI�

SXLVTX¶LO�SHUPHW�DX[�HQIDQWV�GH�FRPSHQVHU�OHXUV�HUUHXUV�WHPSRUHOOHV��/HV�HQIDQWV�DXWLVWHV�TXDQW�

j� HX[� pWDLHQW�PRLQV� VHQVLEOHV� DX� WHPSV��PDLV� QH� UHSRVDLHQW� SDV� OHXUV� HVWLPDWLRQV� VXU� OHXUV�

FRQQDLVVDQFHV�DQWpULHXUHV��2Q�YRLW�GRQF�TXH�OD�PpPRLUH�GHV�GXUpHV�MRXH�XQ�U{OH�LPSRUWDQW�HQ�
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LQIOXHQoDQW OH� MXJHPHQW� GX� WHPSV��&HFL� H[SOLTXH� SRXUTXRL� FHUWDLQV� DXWHXUV� RQW� FRQVLGpUp� HW�

FRQVLGqUHQW�TXH�OD�PpPRLUH�HVW�XQH�VRXUFH�GH�YDULDQFH LPSRUWDQW�GDQV�OH�MXJHPHQW�GHV�GXUpHV�

&HUWDLQHV� pWXGHV�RQW� SOXV�SDUWLFXOLqUHPHQW�PDQLSXOp� OD�PpPRLUH� j� FRXUW� WHUPH�GHV�

GXUpHV� HW� RQW� PRQWUp� TXH� FHOOHV�FL� LQIOXHQFHQW� HIIHFWLYHPHQW� OH� MXJHPHQW� GX� WHPSV�� 'HV�

FKHUFKHXUV�RQW�QRWDPPHQW� IDLW�YDULHU� O¶LQWHUYDOOH�GH�UpWHQWLRQ�j�FRXUW� WHUPH�G¶XQH�GXUpH��/D�

SOXSDUW�GHV�UHFKHUFKHV�VXU�FH�VXMHW�RQW�pWp�UpDOLVpHV�FKH]�O¶DQLPDO�SDU�6SHWFK�HW�VHV�FROOqJXHV�

�*UDQW�	�6SHWFK������ ��6SHWFK�	�:LONLH���������'DQV�FHV�pWXGHV��OHV�SLJHRQV�DSSUHQQHQW�XQH�

GXUpH�VWDQGDUG�FRXUWH�HW�ORQJXH�GDQV�XQH�WkFKH�GH ELVVHFWLRQ��(QVXLWH��GDQV�XQH�SKDVH�WHVW��XQ�

LQWHUYDOOH�GH�UpWHQWLRQ�GH���j��� VHFRQGHV�HVW�LQWURGXLW�HQWUH�OH�GpEXW�GX�VWLPXOXV�WHPSRUHO�HW�OH�

PRPHQW�GH�UpSRQVH��/H�SLJHRQ�GRLW�GRQF�UHWHQLU�HQ�PpPRLUH�OD�GXUpH�DYDQW�GH�SRXYRLU�IDLUH�VRQ�

MXJHPHQW��/HV�UpVXOWDWV�PRQWUHQW�DORUV�© D�FKRRVH�VKRUW�HIIHFW ª��R��OD�SURSRUWLRQ�GH�UpSRQVH�

© FRXUW ª�DXJPHQWH�DYHF�O¶LQWHUYDOOH�GH�UpWHQWLRQ��/D�GXUpH�HQ�PpPRLUH�j�FRXUW�WHUPH�VHPEOH�

GRQF�VH�UDFFRXUFLU��&H�UDFFRXUFLVVHPHQW�UpYpOHUDLW�XQH�GpJUDGDWLRQ�GH�OD�WUDFH�HQ�PpPRLUH�j�

FRXUW�WHUPH�GH�OD�GXUpH��UpVXOWDQW�HQ�XQH�SHUWH�G¶LPSXOVLRQV�VWRFNpHV�HQ�PpPRLUH� &HFL�FRQILUPH�

TXH� OD� PpPRLUH� FRQVWLWXH� XQH� VRXUFH� GH� YDULDQFH� LPSRUWDQWH� GX� MXJHPHQW� GHV� GXUpHV�

�0F&RUPDFN�HW�DO���������

/D�SUHPLqUH�pWXGH�UpDOLVpH�FKH]�O¶HQIDQW�DYHF�FH�W\SH�GH�SDUDGLJPH�D�pWp�FRQGXLWH�SDU�

'URLW�9ROHW��:HDUGHQ� HW� 'HOJDGR�<RQJHU� �������� 7RXWHIRLV�� GDQV� OHXUV� pWXGHV�� FHV� DXWHXUV�

Q¶RQW�SDV�UHWURXYp�FH�© FKRRVH�VKRUW�HIIHFW ª� PDLV�XQH�YDULDELOLWp�SOXV�LPSRUWDQWH GX�MXJHPHQW�

WHPSRUHO� DYHF� O¶DXJPHQWDWLRQ� GH O¶LQWHUYDOOH� GH� UpWHQWLRQ�� HW� FHWWH� YDULDELOLWp FDXVpH� SDU� OD�

UpWHQWLRQ�GH� OD�GXUpH� HQ�PpPRLUH� j� FRXUW� WHUPH� HVW� SOXV�PDUTXpH�FKH]� OH� MHXQH� HQIDQW��/HV�

FDSDFLWpV�OLPLWpHV�GHV�MHXQHV�HQIDQWV�HQ�PpPRLUH�j�FRXUW�WHUPH�SHXYHQW�GRQF�rWUH�j�O¶RULJLQH�

G¶XQH�SOXV JUDQGH�YDULDWLRQ�GDQV�OH�MXJHPHQW�WHPSRUHO FKH]�O¶HQIDQW �0F&RUPDFN�HW�DO���������

/HV�PRGpOLVDWLRQV�PDWKpPDWLTXHV�GHV�GRQQpHV�GH�ELVVHFWLRQ�HW�GH�JpQpUDOLVDWLRQ� WHPSRUHOOH�

FKH]� O¶HQIDQW� �'URLW�9ROHW 	 :HDUGHQ�� ������ FRQILUPHQW� TXH� OD� PpPRLUH� GH� UpIpUHQFH

WHPSRUHOOH�HVW�HIIHFWLYHPHQW�SOXV�YDULDEOH�FKH]�O¶HQIDQW��

&HSHQGDQW�� 'HOJDGR� HW� 'URLW�9ROHW� RQW� PRQWUp� TXH� FHWWH� YDULDELOLWp� HQ� PpPRLUH�

UpVXOWH� SRXU� O¶HVVHQWLHO� GHV� EUXLWV� DX� QLYHDX� GH� O¶HQFRGDJH� GH� OD� GXUpH� 3OXV� SUpFLVpPHQW��

'HOJDGR� HW� 'URLW�9ROHW� ������� RQW� WHVWp� OD� PpPRLUH� GH� UpIpUHQFH� GHV� GXUpHV� VWDQGDUG� HQ�

ELVVHFWLRQ�HQ�LQWURGXLVDQW�XQH�YDULDQFH�GDQV�OHV�pFKDQWLOORQV�GH�GXUpHV�VWDQGDUG�SUpVHQWpHV�GDQV�

OD�SKDVH�G¶DSSUHQWLVVDJH�GHV�GXUpHV�VWDQGDUG��(OOHV�RQW�DORUV�PRQWUp�TXH�OD�YDOHXU�GX�SDUDPqWUH�

�F�� GH� PpPRLUH�� XWLOLVpH� GDQV� OH� PRGqOH� GH� ELVVHFWLRQ� GpSHQG� GLUHFWHPHQW� GX� EUXLW� LQLWLDO�

LQWURGXLW� ORUV� GH� O¶HQFRGDJH� GHV� pFKDQWLOORQV� WHPSRUHOV�� $XVVL�� ELHQ� TXH� OHV� SUREOqPHV� GH�
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UpWHQWLRQ� GHV� GXUpHV� HQ� PpPRLUH� SXLVVHQW� FRQFRXULU� DX[� GLIIpUHQFHV� HQWUH� OHV� MXJHPHQWV�

WHPSRUHOV� GHV� HQIDQWV� G¶kJHV� GLIIpUHQWV�� OHV� FKHUFKHXUV� pYRTXHQW� GDYDQWDJH� OD� GLIILFXOWp�

TX¶pSURXYHQW�OHV�MHXQHV�HQIDQWV�j�FRQFHQWUHU�OHXU�DWWHQWLRQ�VXU�OH�IOX[�FRQWLQX�GX�WHPSV��/HV�

FDSDFLWpV� G¶DWWHQWLRQ� OLPLWpHV� GHV� HQIDQWV� VHUDLHQW� GRQF� O¶XQH� GHV� SULQFLSDOHV� FDXVHV GH� OD�

YDULDELOLWp�GH�MXJHPHQW�GX�WHPSV�FKH]�OH�MHXQH�HQIDQW��

,,�± ���/¶$WWHQWLRQ

5pFHPPHQW�� =pODQWL� HW� 'URLW�9ROHW� ������� RQW� XWLOLVp� XQH� VpULH� GH� WHVWV�

QHXURSV\FKRORJLTXHV�DILQ�G¶pYDOXHU�OHV�FDSDFLWpV�FRJQLWLYHV�GHV�HQIDQWV�HW�G¶H[DPLQHU OHXU�U{OH�

GDQV� OH GpYHORSSHPHQW� GHV� HVWLPDWLRQV� WHPSRUHOOHV�� ,O� V¶DYqUH� TXH� OD� VHQVLELOLWp� WHPSRUHOOH�

�:5��HQ�WkFKH�GH�ELVVHFWLRQ�FRUUqOH�VLJQLILFDWLYHPHQW�DYHF�O¶LQGH[�G¶DWWHQWLRQ���FRQFHQWUDWLRQ�

GX� &KLOGUHQ¶V� PHPRU\� 6FDOH� �&06�� �&RKHQ�� ������� 3OXV OHV� HQIDQWV� RQW� XQ� LQGLFH� GH�

FRQFHQWUDWLRQ�pOHYp��SOXV� OD� VHQVLELOLWp� WHPSRUHOOH� HVW� pOHYpH��&HFL� H[SOLTXHUDLW� SRXUTXRL� OHV�

HQIDQWV�D\DQW�GHV�WURXEOHV�GX�GpILFLW�GH�O¶DWWHQWLRQ�DYHF�RX�VDQV�K\SHUDFWLYLWp��7'$�± 7'$+��

UpXVVLVVHQW�DXVVL�PDO�GDQV�OHV�WkFKHV�G¶HVWLPDWLRQ�GX�WHPSV��*RRFK��6QRZOLQJ�	�+XOPH������

��0HDX[�	�&KHORQLV������ ��6PLWK��7D\ORU��:DUQHU�5RJHUV��1HZPDQ�	�5XELD� ���� ��7RSODN��

'RFNVWDGHU�	�7DQQRFN���������/HV�PRGqOHV�GH�SHUFHSWLRQ�GX�WHPSV� TXH�QRXV�DYRQV�SUpVHQWpV�

FKDSLWUH�,,,��GHPHXUHQW�WUqV�LPSUpFLV�TXDQW�DX�U{OH�GH�O¶LQWHUIpUHQFH�DWWHQWLRQQHOOH�GDQV�OHXUV�

V\VWqPHV� GH� WUDLWHPHQW� GX� WHPSV�� 'DQV� O¶REMHFWLI� GH� SRXYRLU� PLHX[� GpFULUH� OHV� HIIHWV� GH�

O¶DWWHQWLRQ� VXU� OH� MXJHPHQW�� LO� HVW� DYDQW� WRXW�QpFHVVDLUH�GH�GpILQLU� FH�TXH� UHFRXYUH� OD�QRWLRQ�

G¶DWWHQWLRQ��/HV�GHX[�SURFKDLQV�FKDSLWUHV�YLVHQW�j�GpILQLU�O¶DWWHQWLRQ�HW�H[SRVHU�HQ�TXRL�FHWWH�

GLPHQVLRQ�TXL�YDULH�DYHF�O¶kJH�GH�O¶HQIDQW�HVW�XQH�GLPHQVLRQ�HVVHQWLHOOH�SRXU�O¶HVWLPDWLRQ�TXH�

O¶RQ�VH�IDLW�GX�WHPSV��

����������� ǣ���������������������������

,�± /HV�SURFHVVXV�DWWHQWLRQQHOV

/HV�SURFHVVXV�DWWHQWLRQQHOV�VRQW�j�OD�EDVH�GX�FRQWU{OH�HW�GH�OD�UpJXODWLRQ�GHV�DFWLYLWpV�

UHODWLYHV�j�OD�SHUFHSWLRQ��j�OD�PRWULFLWp�RX�HQFRUH�j�OD�FRQFHSWXDOLVDWLRQ��&DPXV���������&HWWH�

FDSDFLWp�Q¶HVW�WRXWHIRLV�SDV�HQYLVDJpH�FRPPH�O¶DFWLRQ�G¶XQ�VHXO�PpFDQLVPH� PDLV�SOXW{W�FRPPH�

OD�FRDFWLRQ�GH�GLIIpUHQWV�PpFDQLVPHV�GpSHQGDQWV��3RVQHU�	�5DIDO���������$LQVL��OHV�FKHUFKHXUV�
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RQW�SURSRVp�XQ�PRGqOH�j�FRPSRVDQWH�GH�O¶DWWHQWLRQ��IRQGp�VXU�XQ�HQVHPEOH�GH���GLPHQVLRQV ��

XQH� GLPHQVLRQ� G¶LQWHQVLWp�� XQH� GLPHQVLRQ� GH� VpOHFWLYLWp� HW� XQH� GLPHQVLRQ� GH� FRQWU{OH�

DWWHQWLRQQHO��&RKHQ������ ��1RUPDQ�	�6KDOOLFH������ ��3RVQHU�	�5DIDO������ ��YDQ�=RPHUHQ�	

%URXZHU�� �������1RWUH� DSWLWXGH� j� SRUWHU� DWWHQWLRQ� j� GHV� LQIRUPDWLRQV� VHUDLW� DLQVL� OH� IUXLW� GX�

QLYHDX�G¶pYHLO��GH�OD�FDSDFLWp�j�VpOHFWLRQQHU�OHV�LQIRUPDWLRQV�SDUPL�GHV�pOpPHQWV�GX�PLOLHX��HW�

GH� OD�TXDQWLWp�GH� UHVVRXUFHV�PHQWDOHV� DOORXpHV� j� FHV� LQIRUPDWLRQV��/D�)LJXUH���� LOOXVWUH� FHV�

GLIIpUHQWV�PpFDQLVPHV��DLQVL�TXH�OHXUV�OLHQV��

)LJXUH ����/HV�FRPSRVDQWHV�GH� O¶DWWHQWLRQ��VHORQ�&RKHQ������ ��1RUPDQ�	�6KDOOLFH������ ��
3RVQHU�	�5DIDO������ ��YDQ�=RPHUHQ�	�%URXZHU�������

,�± ���)RQFWLRQ�G¶LQWHQVLWp�

��Ȃ ͷǤͷǤ��±��������

/D�GLPHQVLRQ�G¶LQWHQVLWp�GpSHQG�GH�O¶pWDW�G¶DOHUWH�GH�O¶LQGLYLGX��DURXVDO��HW�FRQVWLWXH�

O¶DVSHFW� TXDQWLWDWLI� GH� O¶LQIRUPDWLRQ�� /RUVTX¶XQ� LQGLYLGX� HVW� HQ� pWDW� G¶DOHUWH�� LO� V¶HVW�

SUpDODEOHPHQW� SUpSDUp� FRJQLWLYHPHQW� j� UpDOLVHU� XQH� WkFKH� VSpFLILTXH�� 6RQ� QLYHDX� GH�

FRQFHQWUDWLRQ�VH�YRLW�DLQVL�DFFUX��FH�TXL�IDFLOLWH�O¶HIILFDFLWp�GX�V\VWqPH�HW� GX�PrPH�FRXS��OD�

TXDQWLWp�G¶LQIRUPDWLRQV TXL�SHXW�rWUH�WUDLWpH��&HFL�H[SOLTXH�SRXUTXRL�OD�SUpVHQWDWLRQ�G¶XQ�VLJQDO�

^ǇƐƚğŵĞ�ĂƚƚĞŶƚŝŽŶŶĞů

^ĠůĞĐƚŝǀŝƚĠ/ŶƚĞŶƐŝƚĠ

�ƚƚĞŶƚŝŽŶ
ƐŽƵƚĞŶƵĞ

sŝŐŝůĂŶĐĞ�ůĞƌƚĞ �ƚƚĞŶƚŝŽŶ
ĚŝǀŝƐĠĞ

�ƚƚĞŶƚŝŽŶ
ƐĠůĞĐƚŝǀĞ

^ƵƉĞƌǀŝƐĞƵƌ�ĂƚƚĞŶƚŝŽŶŶĞů

/ŶŚŝďŝƚŝŽŶ
ĂĐƚŝǀĞ

&ůĞǆŝďŝůŝƚĠ
ĐŽŐŶŝƚŝǀĞ
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DYHUWLVVHXU�DYDQW�OD�SUpVHQWDWLRQ�G¶XQ�VWLPXOXV�DXJPHQWH�O¶pWDW�G¶DOHUWH�G¶XQ�LQGLYLGX��DLQVL�TXH�

VRQ�WHPSV�GH�UpDFWLRQ��3RVQHU�	�3HWHUVRQ��������

/D� OLWWpUDWXUH� VXU� O¶DWWHQWLRQ� GLVWLQJXH� �� JUDQGV� QLYHDX[� G¶LQWHQVLWp� FRUUHVSRQGDQW�

FKDFXQ�j�XQ�pWDW�GH�SUpSDUDWLRQ �

�� /¶DOHUWH��TXL�FRUUHVSRQG�j�XQH�SUpSDUDWLRQ�HQ�YXH�G¶XQH�UpDFWLYLWp�DWWHQWLRQQHOOH�VXU�XQ�

ODSV�GH�WHPSV�WUqV�EUHI�

�� /D�YLJLODQFH��TXL�FRUUHVSRQG�j�XQH�SUpSDUDWLRQ�HQ�YXH�GH�OD�GpWHFWLRQ�G¶XQ�pYqQHPHQW�

RFFDVLRQQHO�VXU�XQ�ODSV�GH�WHPSV�ORQJ�

�� /¶DWWHQWLRQ� VRXWHQXH�� TXL� FRUUHVSRQG� j� XQH� SUpSDUDWLRQ� HQ� YXH� G¶XQH� GpWHFWLRQ�

G¶pYqQHPHQWV�PXOWLSOHV�VXU�XQ�ODSV GH�WHPSV�ORQJ�

,�± �����)RQFWLRQ�G¶LQWHQVLWp�HW�MXJHPHQW�GX�WHPSV

/HV�IRQFWLRQV�G¶LQWHQVLWp�RQW�GRQF�GHV�UpSHUFXVVLRQV�HQ�WHUPH�G¶DWWHQWLRQ��FH�TXL�LQIOXH�

QpFHVVDLUHPHQW�VXU�OH�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ�WHPSRUHOOH��(Q�HIIHW��XQ�KDXW�QLYHDX�G¶pYHLO�

SHUPHW�XQ�PHLOOHXU�WUDLWHPHQW�GX�WHPSV��&¶HVW�FH�TX¶RQW�PRQWUp�OHV�FKHUFKHXUV�HQ�DYHUWLVVDQW�

OHV� VXMHWV� GH� O¶DSSDULWLRQ� G¶XQ� VWLPXOXV�� /HV� DYHUWLU� GH� O¶DSSDULWLRQ� GX� VWLPXOXV� DXJPHQWH�

HIIHFWLYHPHQW�OHXUV�SHUIRUPDQFHV�WHPSRUHOOHV��&RXOO�	�1REUH������ ��1REUH���������(WUH�HQ�

FDSDFLWp�GH�SUpGLUH�OHV�pYqQHPHQWV�SHUPHW�HQ�IDLW�GH�PLHX[�VH�SUpSDUHU�j�VRQ�WUDLWHPHQW��&ODUN��

�������&HWWH�SUpSDUDWLRQ�PHQWDOH�D XQ�LQWpUrW�GRXEOH ��SHUPHWWUH�XQH PHLOOHXUH�SHUIRUPDQFH�HW�

SHUPHWWUH� O¶pFRQRPLH�GHV� UHVVRXUFHV��(Q�HIIHW�� DSUqV� O¶DSSUHQWLVVDJH�GH� O¶LQWHUYDOOH� FRQVWDQW�

HQWUH�GHX[�VWLPXOL��LQWHUYDOOH�LQWHU�VWLPXOXV��,6,��O¶LQGLYLGX�GpSORLH VRQ�DWWHQWLRQ j�O¶DSSURFKH�

GH�OD�ILQ�GH�O¶,6,��4XDQG� OH�VXMHW�HVW�KDELWXp�j�YRLU�XQ�VWLPXOXV�DSUqV�XQ�GpODL�IL[H�GH���VHFRQGHV��

LO� VH� SUpSDUH GRQF� FRJQLWLYHPHQW� j� WUDLWHU� FH� VWLPXOXV� DX� ERXW� GH� �� VHFRQGHV��7RXWHIRLV�� FH�

GpSORLHPHQW�DWWHQWLRQQHO�FURLVVDQW�WRXW�DX�ORQJ�GH�O¶DWWHQWH�D�SRXU�LQFRQYpQLHQW�G¶DSSDXYULU OH�

PRQWDQW�G¶DWWHQWLRQ�SRXYDQW�rWUH�GLVSRQLEOH�DYDQW�OD�ILQ�GH�O¶,6,��

&HWWH�SUpSDUDWLRQ�DWWHQWLRQQHOOH��SOXV�FRQQXH�VRXV�OH�QRP�G¶DWWHQWH�RX�G¶DQWLFLSDWLRQ��D�

SOXVLHXUV�HIIHWV VXU�OH�MXJHPHQW� WHPSRUHO��+HQU\�	�+HUUPDQQ������ ��/DNDWRV�HW�DO������� ��

5RKHQNRKO�	�1REUH�������� 1RXV�DYRQV�HQWUHYX�TXH OH�GpSORLHPHQW�GH�O¶DWWHQWLRQ�HVW�IRQFWLRQ�

GH�OD�SUREDELOLWp�G¶DSSDULWLRQ�GX�VWLPXOXV��$XVVL��VL�O¶RQ�SUpVHQWH�XQ�VWLPXOXV�DYDQW�OD�ILQ�GH�

O¶,6,�KDELWXHO��OH�VXMHW�Q¶D�SDV�XQH�TXDQWLWp�G¶DWWHQWLRQ�VXIILVDPPHQW�LPSRUWDQWH�SRXU�IHUPHU�

UDSLGHPHQW�O¶LQWHUUXSWHXU�DWWHQWLRQQHO��&HFL�O¶HPSrFKH�GH�FRGHU�FRUUHFWHPHQW�OD�GXUpH�DX�GpEXW�

GH�OD�SUpVHQWDWLRQ�GX�VWLPXOXV�WHPSRUHO��RX�GX�PRLQV��VRQ�WUDLWHPHQW HVW�GLIIpUp��,O�\�D DORUV�XQH�
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SHUWH� G¶LPSXOVLRQV DX� GpEXW� GH� OD� SUpVHQWDWLRQ� GX� VWLPXOXV� WHPSRUHO� SURYRTXDQW� XQ�

UDFFRXUFLVVHPHQW�GX�WHPSV�SHUoX��$�O¶LQYHUVH��VL OH�VWLPXOXV�WHPSRUHO�DSSDUDvW�DSUqV�OH�GpODL��

FHOXL�FL�HVW�MXJp�SOXV�ORQJ�TX¶LO�QH�O¶HVW�UpHOOHPHQW��FDU�O¶LQWHUUXSWHXU�V¶HVW�IHUPp�SUpFRFHPHQW�

HW��FHFL�DYDQW�PrPH�OH�GpEXW�GH�OD�SUpVHQWDWLRQ�GX�VWLPXOXV��'DQV�FHWWH�SHUVSHFWLYH�WKpRULTXH�

'URLW�9ROHW��������D�WHVWp�FKH]�O¶HQIDQW�O¶HIIHW�G¶XQ�VLJQDO�DYHUWLVVHXU�VXU�OH�MXJHPHQW�GX�WHPSV�

FKH]�GHV�HQIDQWV�kJpV�GH������HW�� DQV�HQ�WkFKH�GH�ELVVHFWLRQ��/HV�UpVXOWDWV�GH�FHWWH�pWXGH�PRQWUHQW�

TX¶XQ�DYHUWLVVHPHQW�SURYRTXH�XQ�DOORQJHPHQW� VXEMHFWLI�GX� WHPSV� OHV� VXMHWV� UpSRQGDQW�SOXV�

VRXYHQW�© ORQJ ª��'H�SOXV��FHW�DOORQJHPHQW�VXEMHFWLI�GX�WHPSV�HVW�VLPLODLUH TXHO�TXH�VRLW�O¶kJH�

GHV� HQIDQWV�� &HSHQGDQW�� OHV� UpVXOWDWV� PRQWUHQW� TXH� OH� VLJQDO DYHUWLVVDQW� GH� O¶DUULYpH� G¶XQ�

VWLPXOXV� WHPSRUHO� j� WUDLWHU� UpGXLW� OD� YDULDELOLWp� GX� MXJHPHQW� WHPSRUHO� �:5��� %LHQ� TXH� OD�

VHQVLELOLWp� DXJPHQWH� DYHF� O¶kJH�� OD� SUpVHQFH� G¶XQ� VLJQDO� DYHUWLVVHXU DPpOLRUH� GDYDQWDJH� OD�

VHQVLELOLWp�GHV�HQIDQWV�OHV�SOXV�MHXQHV��&HFL�UpYqOH�TX¶LO�\�D�XQH�SOXV�JUDQGH�YDULDELOLWp�GDQV�OH�

WHPSV�GH�ODWHQFH�GH IHUPHWXUH�GX�VZLWFK�FKH]�OHV�SOXV�MHXQHV��&HWWH�SOXV�JUDQGH�YDULDWLRQ�GDQV�

OD�ODWHQFH�GH�IHUPHWXUH�GX�VZLWFK�VHUDLW�OLpH�j�GHV�IRQFWLRQV�G¶LQWHQVLWp�OLPLWpH�FKH]�O¶HQIDQW��FH�

TXL�SHXW�GRQF�FRQFRXULU�DX[�PRLQV�ERQQHV�HVWLPDWLRQV�WHPSRUHOOHV�FKH]�OHV�MHXQHV HQIDQWV�

&RQFHUQDQW� OHV� DXWUHV� GLPHQVLRQV� GH� OD� IRQFWLRQ� G¶LQWHQVLWp� �YLJLODQFH�� DWWHQWLRQ�

VRXWHQXH���j�QRWUH�FRQQDLVVDQFH��FHV�GLPHQVLRQV�Q¶RQW�SDV�pWp�pWXGLpHV�FKH]�O¶HQIDQW GDQV�OH�

FDGUH� GX� MXJHPHQW� GHV� GXUpHV�� 2Q� QH� WURXYH� TXH� GHV� pWXGHV� VXU� O¶HVWLPDWLRQ� GH� GXUpHV� GH�

ORQJXHXUV�GLIIpUHQWHV��2U��LO�HVW�PDLQWHQDQW�DGPLV�TXH�OH�WUDLWHPHQW�GH�ORQJXHV�GXUpHV�GHPDQGH�

XQH�DWWHQWLRQ�SOXV� VRXWHQXH�TXH� OH� WUDLWHPHQW�GH�GXUpHV� FRXUWHV��$�FH�SURSRV�� OHV� pWXGHV HQ�

UHSURGXFWLRQ�WHPSRUHOOH�RQW�PRQWUp�TXH�OHV�MHXQHV�HQIDQWV�VRXV�HVWLPHQW�GDYDQWDJH�OHV GXUpHV�

ORQJXHV�TXH�OHV�DGXOWHV��=pODQWL�HW�'URLW�9ROHW��������RQW�DXVVL�WHVWp�OHV�HQIDQWV�kJpV�GH���HW���

DQV�HQ�WkFKH�GH�ELVVHFWLRQ�WHPSRUHOOH�DYHF�GLIIpUHQWHV�JDPPHV�GH�GXUpHV������YV���VHFRQGH ��

�����YV�����VHFRQGHV ��� YV���VHFRQGHV �����YV����VHFRQGHV���,O�DSSDUDvW�TXH�OD�VHQVLELOLWp�DX�

WHPSV� FKH]� OHV� MHXQHV� HQIDQWV� HVW�PHLOOHXUH� DYHF� OHV�GXUpHV� FRXUWHV�TXH� OHV�GXUpHV� ORQJXHV��

/¶DPpOLRUDWLRQ�DYHF�O¶kJH�GH�OD�VHQVLELOLWp�DX�WHPSV�HVW�GRQF�SOXV�UDSLGH�GDQV�OH�FDV�GHV�GXUpHV�

FRXUWHV� TXH� GDQV� FHOXL� GHV� GXUpHV� ORQJXHV�� 'H� SOXV�� O¶DQDO\VH� GHV� FRUUpODWLRQV� HQWUH� OHV�

SHUIRUPDQFHV�WHPSRUHOOHV�HW�OHV�VFRUHV�DX[�WHVWV�QHXURSV\FKRORJLTXHV�UpYqOH�TXH�O¶DPpOLRUDWLRQ�

GHV� SHUIRUPDQFHV� WHPSRUHOOHV� DYHF� O¶kJH� HVW� VLJQLILFDWLYHPHQW� OLpH� DX� GpYHORSSHPHQW� GHV�

FDSDFLWpV� GH� PpPRLUH� GH� WUDYDLO�� GDQV� OH� FDV� GHV� GXUpHV� FRXUWHV�� HW� DX� GpYHORSSHPHQW� GHV�

FDSDFLWpV� DWWHQWLRQQHOOHV� GDQV� OH� FDV� GHV� GXUpHV� ORQJXHV�� /H� GpYHORSSHPHQW� GHV� FDSDFLWpV�

G¶DWWHQWLRQ� VRXWHQXH� DIIHFWH� GRQF� DXVVL� OH� MXJHPHQW� GHV� GXUpHV�� GX�PRLQV� SRXU� GHV� GXUpHV�
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ORQJXHV��VXSpULHXUHV�j�����VHFRQGHV��&¶HVW�G¶DLOOHXUV�SRXU�FHWWH�UDLVRQ�TXH�QRXV�DYRQV�FKRLVL�

G¶D[HU�QRV�WUDYDX[�VXU�GHV�GXUpHV�ORQJXHV��GX�PRLQV�VXSpULHXUHV�j���VHFRQGHV�

,�± ���)RQFWLRQ�GH�VpOHFWLRQ�HW�LPSDFW�GX�FRQWH[WH

� Ȃ ǤͷǤ��±��������

/D�FDSDFLWp�TXH�QRXV�DYRQV�GH�SHUFHYRLU�OHV�FDUDFWpULVWLTXHV�G¶XQH�VLWXDWLRQ�GpSHQG�GH�

SURFHVVXV�GH�VpOHFWLRQ�HW�G¶LQWpJUDWLRQ�GHV�pOpPHQWV�GX�PLOLHX��&HWWH�DSWLWXGH�HVW�H[WUrPHPHQW�

DGDSWDWLYH� SXLVTXH� QRXV� VRPPHV� FRQWLQXHOOHPHQW� ERPEDUGpV� G¶XQH� TXDQWLWp� FRORVVDOH�

G¶LQIRUPDWLRQV��&HWWH�TXDQWLWp�HVW�WURS�LPSRUWDQWH�SRXU�TXH�QRXV�SXLVVLRQV�HQ�WUDLWHU�OD�WRWDOLWp��

&RPPH� QRXV� YHQRQV� GH� OH� YRLU�� QRWUH� pWDW� G¶pYHLO� QRXV� SHUPHW� GH� WUDLWHU� SOXV� RX� PRLQV�

G¶LQIRUPDWLRQV��&HSHQGDQW�� LO� UHVWH� LPSRUWDQW� GH� VpOHFWLRQQHU� O¶LQIRUPDWLRQ�SHUWLQHQWH�SDUPL�

O¶LPPHQVLWp�G¶LQIRUPDWLRQV� LQXWLOHV��7RXWHV� OHV� LQIRUPDWLRQV�DX[TXHOOHV�QRXV�Q¶DOORXRQV�SDV�

G¶DWWHQWLRQ�GHPHXUHQW�GHV�© VXEFHSWLRQV ª��GDQV�OH�VHQV�R��LO�V¶DJLW�G¶LQIRUPDWLRQV�VHQVRULHOOHV�

TXL�QH�IUDQFKLVVHQW�SDV�OH�VHXLO�GH�OD�FRQVFLHQFH��GH�OD�SHUFHSWLRQ��&HSHQGDQW��FHV�VXEFHSWLRQV�

SHXYHQW�j�WRXW�PRPHQW�GHYHQLU�XQH�SHUFHSWLRQ�VL�O¶RQ�SRUWH�QRWUH�DWWHQWLRQ�VXU�FHV�LQIRUPDWLRQV��

3DU�H[HPSOH�� OD� WHPSpUDWXUH�DX�PRPHQW�R��YRXV�OLVH]�FHWWH�SKUDVH�FRQVWLWXH�XQH�VXEFHSWLRQ�

GDQV�OD�PHVXUH�TXH�YRXV�QH�SHUFHYLH]�SDV�FHWWH�LQIRUPDWLRQ�DYDQW�TXH�M¶HQ�SDUOH��0DLV�HOOH�D�pWp�

SRUWpH�j�YRWUH�DWWHQWLRQ�HW�PDLQWHQDQW��YRXV�O¶HVWLPH]��%LHQ�HQWHQGX��FH�TXH�MH�YLHQV�GH�GLUH�YDXW�

VL�OD�WHPSpUDWXUH�Q¶pWDLW�SDV�WURS�pOHYpH�RX�WURS�EDVVH�DX�PRPHQW�R��YRXV�DYH]�OX�FHV�TXHOTXHV�

OLJQHV��'DQV�FH�FDV�SUpFLV��OD�WHPSpUDWXUH�QH�V¶HVW�SDV�LPSRVpH�j�YRWUH�SHUFHSWLRQ��/H�V\VWqPH�

DWWHQWLRQQHO�pWDQW��FRPPH�PHQWLRQQp� DGDSWDWLI��QRWUH�DWWHQWLRQ�HVW�GDYDQWDJH�IRFDOLVpH�VXU�OHV�

LQIRUPDWLRQV�GH�O¶HQYLURQQHPHQW�HVVHQWLHOOHV�j�QRWUH�VXUYLH��3RXU�FHWWH�UDLVRQ� %HUNHOH\�SURSRVH�

HQ������TXH O¶DWWHQWLRQ�HVW�OH�ILOWUH�WUDQVIRUPDQW�OD�VXEFHSWLRQ�HQ�SHUFHSWLRQ��(Q�FH�VHQV��QRXV�

QH� VRPPHV� SDV� GH� VLPSOHV� UpFHSWDFOHV� GH� O¶LQIRUPDWLRQ�� PDLV� QRV� SURSUHV� DFWHXUV� GH OD�

SHUFHSWLRQ�TXH�QRXV�QRXV�IDLVRQV�GX�PRQGH�

&HWWH�IRQFWLRQ�GH�VpOHFWLRQ�IDLW�DSSHO�j�© O¶DWWHQWLRQ�VpOHFWLYH ª��$VVXUpPHQW��O¶DWWHQWLRQ�

VpOHFWLYH�QH�UpVXOWH�SDV�XQLTXHPHQW�HQ�OD�VpOHFWLRQ G¶LQIRUPDWLRQ�V��SHUWLQHQWH�V���&¶HVW�DXVVL�OH�

SRXYRLU� GH� IRFDOLVHU VRQ� DWWHQWLRQ� GDQV� OH� WHPSV� VXU� FH� TXL� QRXV� LPSRUWH� HW� G¶LQKLEHU OHV�

LQIRUPDWLRQV�QRQ�SHUWLQHQWHV��SRXYDQW�SRWHQWLHOOHPHQW�SHUWXUEHU�OD�TXDOLWp�GX�WUDLWHPHQW��1RXV�

YHQRQV�GRQF�GH�VXUOLJQHU�OHV�WURLV�PpFDQLVPHV�FRQVWLWXDQW O¶DWWHQWLRQ�VpOHFWLYH ��OD�VpOHFWLYLWp��

OD� IRFDOLVDWLRQ�HW� O¶LQKLELWLRQ�DFWLYH��/HV�GHX[�GHUQLqUHV�DSWLWXGHV� �IRFDOLVDWLRQ�HW� LQKLELWLRQ��

UpVXOWHQW� pJDOHPHQW� GH� O¶DFWLYLWp� GX� VXSHUYLVHXU� DWWHQWLRQQHO�� +LVWRULTXHPHQW�� O¶DWWHQWLRQ�

VpOHFWLYH� D� HQ� SUHPLHU� OLHX� pWp� pWXGLpH� SDU� &KHUU\� HQ� ����� YLD� O¶HIIHW� GpQRPPp� © FRFNWDLO�
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SDUW\ ª��/¶HIIHW�FRFNWDLO�SDUW\�UpVXOWH�GH�QRWUH�IDFXOWp�j�IRFDOLVHU�QRWUH�DWWHQWLRQ�VXU�FH�TXL�HVW�

GLW�SDU�XQH�VHXOH�SHUVRQQH�DX�VHLQ�G¶XQ�FDSKDUQD�P�SKRQLTXH�GH�PXOWLSOHV�FRQYHUVDWLRQV��'DQV�

FH�FRQWH[WH��QRXV�GHYRQV�GRQF�GLULJHU�QRWUH�DWWHQWLRQ�VXU�FH�TXH�GLW�O¶LQWHUORFXWHXU��VpOHFWLRQ���

SHQGDQW� WRXWH� OD� GXUpH� GH� OD� FRQYHUVLRQ� �IRFDOLVDWLRQ�� WRXW� HQ� LQKLEDQW� OHV� FRQYHUVDWLRQV�

DOHQWRXUV� HW� IRFDOLVDQW� FHWWH� PrPH� DWWHQWLRQ� MXVTX¶j� OD� ILQ� GH� OD� GLVFXVVLRQ� �LQKLELWLRQ��

&HSHQGDQW��LPDJLQH]�PDLQWHQDQW�TXH��GDQV�FHWWH�PrPH�VLWXDWLRQ�GH�© FRFNWDLO�SDUW\ ª��

YRWUH� HQIDQW� DUULYH� HW� YRXV� WLUH� OD�PDQFKH� j� GLYHUVHV� UHSULVHV� HQ� UpSpWDQW� © (FRXWH��(FRXWH��

(FRXWH« ª��7RXWH�YRWUH� DWWHQWLRQ� VHUD� DWWLUpH�SDU� VRQ� FRPSRUWHPHQW��9RXV� VHUH]� DORUV�GDQV�

O¶REOLJDWLRQ��VRLW�GH�OXL�GHPDQGHU�G¶DWWHQGUH��VRLW�GH�VWRSSHU�YRWUH�FRQYHUVDWLRQ� HW�FHOD�FDU�QRXV�

QH�VRPPHV�SDV�GRWpV G¶XQ�V\VWqPH�DWWHQWLRQQHO�QRXV�SHUPHWWDQW�GH�WUDLWHU�VLPXOWDQpPHQW�GH�

PXOWLSOHV� FRQYHUVDWLRQV�� )DFH� j� FHWWH� OLPLWH� GH� OD� VpOHFWLYLWp�� .DKQHPDQ� ������� LQVWDXUH� OD�

QRWLRQ�GH�SDUWDJH�GHV� UHVVRXUFHV�DWWHQWLRQQHOOHV��6HORQ�FHW�DXWHXU��GqV� ORUV�TXH�QRXV�GHYRQV�

DFFRPSOLU�GHX[�RX�SOXVLHXUV� WkFKHV�GH� IDoRQ�VLPXOWDQpH��QRXV�SDUWDJHRQV�QRV� UHVVRXUFHV�GH�

IDoRQ�j�SRXYRLU�HIIHFWXHU�SOXVLHXUV�FKRVHV��FRPPH�j�OD�IRLV�SRXUVXLYUH�OD�GLVFXVVLRQ�HW�WHUPLQHU�

VRQ�YHUUH��&HV�GHX[�WkFKHV�SHXYHQW�rWUH�HIIHFWXpHV�FRUUHFWHPHQW�HQ�SDUDOOqOH��&HSHQGDQW�FHOD�

SHXW�rWUH�RSpUp�VL�OD�VRPPH�G¶DWWHQWLRQ�UHTXLVH�SRXU�OHXUV�UpDOLVDWLRQV�QH�GpSDVVH�SDV�OD�FDSDFLWp�

WRWDOH� GH� UHVVRXUFHV� FRJQLWLYHV� GLVSRQLEOHV��&¶HVW� QRWDPPHQW� OH� FDV� ORUVTXH� O¶XQH� GHV� GHX[�

WkFKHV�� ERLUH� XQ� YHUUH� GDQV� QRWUH� H[HPSOH�� HVW� WUDLWpH DXWRPDWLTXHPHQW� RX� TXH� VD� GHPDQGH�

DWWHQWLRQQHOOH�UHVWH�IDLEOH��6KLIIULQ�	�6FKQHLGHU���������'DQV�OH�FDV�R��OH�PRQWDQW�GH�UHVVRXUFHV�

UHTXLVHV� SRXU� FKDFXQH� GHV� WkFKHV� GpSDVVH� OD� TXDQWLWp� WRWDOH� GH� UHVVRXUFHV� GLVSRQLEOHV�� OD�

SHUIRUPDQFH�YD�GLPLQXHU�VXU�O¶XQH�GHV�GHX[�GHV�WkFKHV��'DQV�OH�FDV�R��OHV�SHUIRUPDQFHV�VRQW�

DOWpUpHV� VXU� OHV� GHX[� WkFKHV�� RQ� SDUOH� G¶LQWHUIpUHQFH� ELGLUHFWLRQQHOOH�� &HWWH� LQWHUIpUHQFH�

ELGLUHFWLRQQHOOH�UpYqOH�TXH�OHV�GHX[�WkFKHV�SXLVHQW�GDQV�OHV�PrPHV�UpVHUYRLUV�GH�UHVVRXUFHV��

6HORQ� OHV� FKHUFKHXUV�� UpDOLVHU� GHX[� WkFKHV� VLPXOWDQpPHQW� SXLVHUDLW� GRQF� GDQV� XQ� PrPH�

UpVHUYRLU��XQ�PrPH�EDVVLQ�GH�UHVVRXUFHV�DWWHQWLRQQHOOHV��DORUV�TXH�OD�TXDQWLWp�\�pWDQW�SUpVHQWH�

HVW�OLPLWpH��.DKQHPDQ���������7RXW�GpSHQG�QpDQPRLQV�GH�OD�QDWXUH�GHV�WkFKHV��(Q�HIIHW��VHORQ�

1DYRQ�HW *RSKHU�������� OHV�WkFKHV�LQWHUIqUHQW�PXWXHOOHPHQW�VL�HW�VHXOHPHQW�VL�HOOHV�UHSRVHQW�

VXU� GHV� FRUUpODWV� QHXURORJLTXHV� FRPPXQV�� OD� FR�DFWLRQ� GH� GHX[� WkFKHV� GH� QDWXUH� GLIIpUHQWH�

Q¶DOWpUDQW�SDV�OHV�SHUIRUPDQFHV��1DYRQ�	�*DSKHU���������/¶DWWHQWLRQ�GLYLVpH�IDLW�DORUV�UpIpUHQFH�

j�OD�IDFXOWp�GH�WUDLWHU�GH�IDoRQ�VLPXOWDQpH�GHX[�RX�SOXVLHXUV�LQIRUPDWLRQV�j�OD�IRLV� DXWUHPHQW�

GLW��j�SDUWDJHU�QRV�UHVVRXUFHV�HQWUH�OH�WUDLWHPHQW�GH�FHV�LQIRUPDWLRQV��
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$ILQ�GH�UHQGUH�FRPSWH�GH�OD�TXDQWLWp�GH�UHVVRXUFHV DGPLQLVWUpHV HW�QpFHVVDLUHV SRXU�OD�

UpDOLVDWLRQ�G¶XQH�WkFKH��OHV�FKHUFKHXUV�RQW�PLV�DX�SRLQW�OH�SDUDGLJPH�GH�GRXEOH�WkFKH��6XLYDQW�

FH�SDUDGLJPH��OH�VXMHW�GRLW�UpDOLVHU�XQH�WkFKH�SULQFLSDOH��HW�UpDOLVHU�HQ�PrPH�WHPSV�XQH�WkFKH�

VHFRQGDLUH��'HSXLV�1DYRQ�HW�*RSKHU� �������� FHWWH�PpWKRGH�HVW� FRXUDPPHQW�HPSOR\pH�SRXU�

pWXGLHU�O¶LPSDFW�GH�OD�OLPLWDWLRQ�GHV�UHVVRXUFHV�VXU�OHV�SHUIRUPDQFHV��/H�UpVXOWDW�W\SLTXH�HVW�XQH�

GpJUDGDWLRQ� GHV� SHUIRUPDQFHV� HQ� GRXEOH� WkFKH� FRPSDUDWLYHPHQW� j� XQH� WkFKH� VLPSOH�� TXL� VH�

WUDGXLW�SDU�XQH�DXJPHQWDWLRQ�GX�WDX[�G¶HUUHXU��XQ�DOORQJHPHQW�GX�WHPSV�GH�UpDFWLRQ�RX�HQFRUH�

XQH�GpJUDGDWLRQ�GH�OD�FDSDFLWp�G¶DFFqV�HQ�PpPRLUH��+D]HOWLQH��7HDJXH�	�,YU\������ ��3DVKOHU��

���� ��-DFRE\��������6FKXPDFKHU�HW�DO��������7RPEX�	�-ROLFRHXU���������(Q�������:LFNHQV�

LQWURGXLW� WRXWHIRLV� O¶LGpH�TX¶LO�SRXUUDLW� \�DYRLU�SOXVLHXUV� UpVHUYRLUV�GH� UHVVRXUFHV�� UHMRLJQDQW�

DLQVL� OH�SRVWXODW�GH�1DYRQ�HW�*DSKHU���������'HX[� WkFKHV�HIIHFWXpHV�HQ�SDUDOOqOH� LQWHUIqUHQW�

GRQF�VL�HW�VHXOHPHQW�VL�HOOHV�XWLOLVHQW�GHV�PpFDQLVPHV�IRQFWLRQQHOV�RX�VWUXFWXUHOV�VLPLODLUHV��

DXWUHPHQW�GLW��VL�HOOHV�SDUWDJHQW�XQ�PrPH�UpVHDX��1DYRQ�	�0LOOHU���������

,FL�HQFRUH SDUWDJHU�O¶DWWHQWLRQ�QpFHVVLWH�O¶DFWLRQ�GX�VXSHUYLVHXU�DWWHQWLRQQHO��SHUPHWWDQW�

GH�UpSRQGUH�j�OD�GHPDQGH�DWWHQWLRQQHOOH�GHV�GHX[�WkFKHV�HW�G¶DJLU�HQ�FRQVpTXHQFH��IRQFWLRQ�GH�

VXUYHLOODQFH���(Q�G¶DXWUHV�WHUPHV��OH�PRQLWRULQJ�HVW�XQH�IRQFWLRQ�G¶DGDSWDWLRQ�HQ FRQWLQX�R��OH�

VXMHW� FKRLVLW� OD� WkFKH� j� WUDLWHU� HQ�SULRULWp� HW� OD�TXDQWLWp�GH� UHVVRXUFHV� j� \� DOORXHU� �3RVQHU�	�

6Q\GHU������ ��6FKLIIULQ�	�6FKQHLGHU���������&RPPH�QRXV�OH�YHUURQV�SOXV�WDUG��FKDSLWUH�9���

GHV�FKHUFKHXUV�WUDYDLOODQW�VXU�OH�WHPSV�RQW�UHSULV�FHV QRWLRQV�G¶DWWHQWLRQ�HW�O¶RQW�LQWpJUpH DX[�

PRGqOHV� G¶KRUORJH� LQWHUQH�� 'H� SOXV�� LOV� RQW� WHVWp� H[SpULPHQWDOHPHQW� OHV� SUpGLFWLRQV� GH� FHV�

QRXYHDX[�PRGqOHV DWWHQWLRQQHOV�GH�WHPSV��0DLV�QRXV�UHYLHQGURQV�HQ�GpWDLOV VXU�FHWWH�TXHVWLRQ��

&HSHQGDQW�� UHJDUGRQV�PDLQWHQDQW�GH� IDoRQ� UDSLGH� OHV� WUDYDX[�VXU� O¶pPRWLRQ�HW� OH� WHPSV��TXL�

PHWWHQW�ELHQ�HQ�pYLGHQFH�O¶LPSDFW�GHV�GLIIpUHQWHV�IRUPHV�G¶DWWHQWLRQ��VD�IRQFWLRQ�G¶LQWHQVLWp�HW�

GH�VpOHFWLRQ�VXU�OH�MXJHPHQW�WHPSRUHO���

��Ȃ ǤǤ��±���������������±�������

,O�HVW�IDFLOH�GH�SHUFHYRLU�OHV�HIIHWV�GH�VpOHFWLYLWp�ORUVTXH�O¶RQ�GHPDQGH�j�GHV�SDUWLFLSDQWV�

G¶HVWLPHU�OH�WHPSV�HQ�SUpVHQFH�G¶H[SUHVVLRQV�IDFLDOHV��'HV�pWXGHV�RQW�PRQWUp�XQ�DOORQJHPHQW�

VXEMHFWLI�GX�WHPSV�ORUVTXH�OHV�SDUWLFLSDQWV�GRLYHQW�MXJHU�GHV GXUpHV�HQ�SUpVHQFH�G¶H[SUHVVLRQV�

IDFLDOHV�GH�FROqUH��'URLW�9ROHW��%UXQRW�	�1LHGHQWKDO������ ��'URLW�9ROHW�	�0HFN������ ��*LO��

1LHGHQWKDO�	�'URLW�9ROHW���������&H�UpVXOWDW�HVW�H[SOLTXp�SDU�GHV�K\SRWKqVHV�DWWHQWLRQQHOOHV��

SDU� OH� QLYHDX� G¶DOHUWH� SK\VLTXH� TXL� DXJPHQWH� VRXV� O¶HIIHW� GH� OD SHXU� HW� SDU� OD� VpOHFWLRQ�

G¶LQIRUPDWLRQ�SDU�OD�SULRULVDWLRQ�GHV�VWLPXOL�DYHUVLIV�HW�PHQDoDQWV��%LVKRS������ ��'URLW�9ROHW��
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)D\ROOH�� /DPRWWH� 	�*LO�� ���� �� 'URLW�9ROHW�	�0HFN�� ������� &HSHQGDQW�� LO� HVW� GLIILFLOH� GH�

GLVVRFLHU�FHV�GHX[�DVSHFWV�GH�O¶pPRWLRQ��'URLW�9ROHW HW�DO������� ��'URLW�9ROHW��LQ�SUHVV���$X�

QLYHDX�GX�MXJHPHQW WHPSRUHO� OHV�HIIHWV�OLpV�j�OD�VpOHFWLYLWp�GH�O¶DWWHQWLRQ�SHXYHQW�rWUH�PDVTXpV�

SDU�FHX[�OLpV�DX�QLYHDX�G¶pYHLO��4XRL�TX¶LO�HQ�VRLW��LO�D�pWp�PRQWUp�TXH�VRXV�O¶HIIHW�G¶pPRWLRQV

IRUWHPHQW�DFWLYDWULFHV�� OH�V\VWqPH�G¶KRUORJH�LQWHUQH�V¶DFFpOqUH�HW�PRGXOH� OH�QRPEUH�G¶XQLWpV�

WHPSRUHOOHV�DVVRFLpHV�j�OD�GXUpH��'DQV�GHV�VLWXDWLRQV�PHQDoDQWHV� )D\ROOH��*LO�HW�'URLW�9ROHW�

�������RQW�REVHUYp�XQ�HIIHW�PXOWLSOLFDWHXU�HQWUH�OD�GXUpH�HW�OHV�pPRWLRQV��TXL�HVW FDUDFWpULVWLTXH�

G¶XQH�DFFpOpUDWLRQ�GH� O¶KRUORJH� LQWHUQH��(Q�HIIHW�� TXDQG� O¶KRUORJH� LQWHUQH� V¶DFFpOqUH� DYHF� OD�

IOXFWXDWLRQ� GH� O¶pYHLO�� SOXV� G¶XQLWpV� VRQW� DFFXPXOpHV� SRXU� GHV� GXUpHV� ORQJXHV� TXH� SRXU� GHV�

GXUpHV�FRXUWHV��(Q�UHYDQFKH��XQ�VLPSOH�HIIHW�G¶LQWHUUXSWHXU� DYHF�IHUPHWXUH�SOXV�UDSLGH�GH�FH�

GHUQLHU��SURGXLW�XQ�HIIHW�DGGLWLI�HW�QRQ�PXOWLSOLFDWLI�HQWUH�OD�GXUpH�HW�OHV�pPRWLRQV��/D�SDUW�G¶XQLWp�

WHPSRUHOOH�DMRXWpH�SDU�OD�IHUPHWXUH�SOXV�UDSLGH�GH�O¶LQWHUUXSWHXU�HVW�HQ�HIIHW�FRQVWDQWH�SRXU�GHV�

YDOHXUV�GH�GXUpHV�GLIIpUHQWHV��2U��)D\ROOH�HW�VHV�FROODERUDWHXUV�QH�UHWURXYHQW�SDV�FHW�HIIHW�DGGLWLI��

&HSHQGDQW��FRPPH�QRXV�O¶DYRQV�GLW��LO�SHXW�rWUH�PDVTXp�SDU�O¶HIIHW�G¶KRUORJH�LQWHUQH��&RPPH�

QRXV�OH�YHUURQV��FHV�GHX[�GLPHQVLRQV�GH�O¶DWWHQWLRQ�SHXYHQW DXVVL�H[SOLTXHU�OHV�FKDQJHPHQWV�

DYHF�O¶kJH�GHV�FDSDFLWpV�GH�MXJHPHQW�WHPSRUHO�

,�± ���/H�FRQWU{OH�DWWHQWLRQQHO

��Ȃ ǤͷǤ��±��������

/HV�GHX[�V\VWqPHV�SUpFpGHPPHQW�H[SRVpV��V\VWqPH�G¶pYHLO��V\VWqPH�GH�VpOHFWLRQ��VRQW�

VRXPLV�DX�FRQWU{OH�H[HUFp�SDU�OH�VXSHUYLVHXU�DWWHQWLRQQHO��FKDUJp�GH�OD�JHVWLRQ�GHV�UHVVRXUFHV�

DWWHQWLRQQHOOHV� �1RUPDQ�	�6KDOOLFH�� �������&H� V\VWqPH� VHUDLW� SDUWLFXOLqUHPHQW� DFWLI� SRXU� OD�

SODQLILFDWLRQ��OD�SULVH�GH�GpFLVLRQ��ORUV�QRWDPPHQW�GH�QRXYHOOHV�DFWLRQV�RX�ORUVTXH�OH�WDX[�GH�

UHVVRXUFHV�QpFHVVDLUHV�GpSDVVH�OHV�FDSDFLWpV�GX�VXMHW��1RUPDQ�	�6KDOOLFH���������&RPPH�GpMj�

pYRTXp�� OH�VXSHUYLVHXU�DWWHQWLRQQHO�SHUPHWWUDLW� O¶LQKLELWLRQ�DFWLYH��F¶HVW�j�GLUH�O¶LQKLELWLRQ�GH�

O¶LQIRUPDWLRQ�GLVWUDFWLYH��DLQVL�TXH� OD�IOH[LELOLWp�FRJQLWLYH��/D�IOH[LELOLWp�FRJQLWLYH�UpVXOWH�GH�

O¶DSWLWXGH� j� FKDQJHU� OD� IRFDOLVDWLRQ� GH� VRQ� DWWHQWLRQ� VXU� O¶XQH� RX� O¶DXWUH� GHV� LQIRUPDWLRQV��

3UHQRQV�OH�VLPSOH�H[HPSOH�R��LO�HVW�GHPDQGp�j�XQ�HQIDQW�GH�FRFKHU�GHV�pWRLOHV�HQ�MDXQH�VXU�XQH�

SUHPLqUH� IHXLOOH�� SXLV� GH� FRFKHU� OHV� FDUUpV� YHUWV� VXU� XQH� VHFRQGH� IHXLOOH�� /HV� HQIDQWV� TXL�

FRQWLQXHURQW�j�FRFKHU�OHV�pWRLOHV��RX�OHV�FDUUpV�MDXQHV�VXU�OD�VHFRQGH�IHXLOOH�QH�IHURQW�SDV�SUHXYH�

GH� ERQQH� FDSDFLWp� GH� IOH[LELOLWp� FRJQLWLYH�� $X� GHPHXUDQW�� OD� IOH[LELOLWp� FRJQLWLYH� SHUPHW�

G¶DVVXUHU�XQH�FHUWDLQH�PDOOpDELOLWp�PHQWDOH�JDUDQWLVVDQW�OD�UpDOLVDWLRQ�HIILFDFH�G¶XQH�WkFKH�DX�

IXU�HW�j�PHVXUH�GHV�FKDQJHPHQWV�G¶REMHFWLIV��
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8QH�IRLV�OH�SODQ�G¶DFWLRQ�ODQFp�SDU�OH�VXSHUYLVHXU�DWWHQWLRQQHO��JUkFH�j�VRQ�VRXV�V\VWqPH�

GH� IOH[LELOLWp�PHQWDOH�� LO� H[LVWH�GHX[�FKHPLQV�GH� FRQWU{OH�SRXU�PHQHU� j� ELHQ�XQH� WkFKH � XQ�

FRQWU{OH�SURDFWLI�HW�UpWURDFWLI��'DQV�OH�FRQWU{OH�SURDFWLI��OH�PRQWDQW�G¶DWWHQWLRQ�QpFHVVDLUH�HVW�

pWDEOL� DX� SUpDODEOH� HW� O¶DFWLRQ� IRQFWLRQQH� HQ� ERXFOH� RXYHUWH�� VDQV� VLJQDO� GH� UHWRXU�� &¶HVW�

QRWDPPHQW� OH� FDV� GDQV� XQH� WkFKH� G¶DWWHQWLRQ� VpOHFWLYH� R�� VHXOHPHQW� XQH� LQIRUPDWLRQ� HVW�

SHUWLQHQWH�� $� O¶LQYHUVH�� GDQV� GHV� VLWXDWLRQV� SOXV� FRPSOH[HV� R�� LO� IDXW� WUDLWHU� SOXVLHXUV�

LQIRUPDWLRQV�VLPXOWDQpPHQW��RQ�DXUD�XQ�PRGH�GH�FRQWU{OH�UpWURDFWLI�HQ�ERXFOH�IHUPpH��'DQV�FH�

FDV�� RQ� SHXW� FRQWLQXHOOHPHQW� DMXVWHU� OH� QLYHDX� G¶DWWHQWLRQ�� 6HORQ� %DGGHOH\� �������� FH�

PpFDQLVPH�GH�VXSHUYLVHXU�DWWHQWLRQQHO� VHPEOH�HQ� OLHQ�pWURLW� DYHF� OD�PpPRLUH�GH� WUDYDLO��(Q�

HIIHW��OD�PpPRLUH�GH�WUDYDLO�FRUUHVSRQG�j�XQ�HVSDFH�GH�WUDYDLO�RSWLRQQHO�TXL�SHUPHWWUDLW�OD�PLVH�

j�MRXU�GH�FH�TXL�UHVWH�j�IDLUH�HQ�IRQFWLRQ�GH�FH�TXL�YLHQW�G¶rWUH�IDLW��0RUULV�	�-RQHV� ������HW�TXL�

SHUPHWWUDLW�DX�V\VWqPH�H[pFXWLI�G¶DSSOLTXHU�XQ�SODQ�G¶DFWLRQ��$XVVL��DILQ�G¶rWUH�H[KDXVWLI��QRXV�

DOORQV�UDSLGHPHQW�SUpVHQWHU�OH�PRGqOH�GH�%DGGHOH\�HW�+LWFK�pYRTXDQW�O¶LPSDFW�GHV�FDSDFLWpV�

DWWHQWLRQQHOOHV�VXU�OH�V\VWqPH�GH�PpPRLUH�GH�WUDYDLO�

��Ȃ ǤǤ�������°����������������� ������ȋͷͿͽͺȌ

%DGGHOH\�HW�+LWFK��������RQW�SURSRVp�XQ�PRGqOH�GH�PpPRLUH�GH� WUDYDLO�FRQVWLWXp�GH�

SOXVLHXUV�FRPSRVDQWHV ��XQ�V\VWqPH�H[pFXWLI�FHQWUDO�HW�GHV�V\VWqPHV�HVFODYHV�DX[LOLDLUHV��)LJXUH�

����

)LJXUH�����0RGqOH�GH�PpPRLUH�GH�WUDYDLO��VHORQ�%DGGHOH\�	�+LFK����� ��%DGGHOH\��������

DĠŵŽŝƌĞ�
dĂŵƉŽŶ�

�ƉŝƐŽĚŝƋƵĞ

�ĚŵŝŶŝƐƚƌĂƚĞƵƌ�
ĐĞŶƚƌĂů

�ŽƵĐůĞ�
ƉŚŽŶŽůŽŐŝƋƵĞ

�ĂůĞƉŝŶ�
sŝƐƵŽͲ^ƉĂƚŝĂůĞ

DĠŵŽŝƌĞ�
ă

>ŽŶŐ�dĞƌŵĞ
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$X�FHQWUH GH�OD�ILJXUH�����RQ�UHWURXYH�OH�V\VWqPH�H[pFXWLI�FHQWUDO��&HOXL�FL�HVW�FKDUJp�GH�

VXSHUYLVHU�HW�GH�FRRUGRQQHU�OHV�VRXV�V\VWqPHV�HVFODYHV�HQ�\�DOORXDQW�O¶DWWHQWLRQ�QpFHVVDLUH��&HOD�

LPSOLTXH� GRQF� GHV� SODQLILFDWLRQV� HW� GHV� VWUDWpJLHV� DWWHQWLRQQHOOHV� GLYHUVHV� VHORQ� OD� WkFKH�

FRJQLWLYH� j� UpDOLVHU� �%DGGHOH\���������&H� VHUDLW� FHWWH� FRPSRVDQWH�TXL�SHUPHWWUDLW� pJDOHPHQW�

O¶LQFUpPHQWDWLRQ� GHV� LQIRUPDWLRQV� HQ� PpPRLUH� j� ORQJ� WHUPH�� &H� V\VWqPH� SRXUUDLW� GRQF�

UHSUHQGUH�OD�PrPH�EDVH�± YRLUH�rWUH�XQH�PrPH�FRPSRVDQWH�± TXH�OH�VXSHUYLVHXU�DWWHQWLRQQHO�

/HV� VRXV�V\VWqPHV�� TXDQW� j� HX[�� DXUDLHQW SRXU� IRQFWLRQ� GH�PDLQWHQLU� HW� GH� UDIUDvFKLU�

O¶LQIRUPDWLRQ�ORUV�GX�WUDLWHPHQW��/D�ERXFOH�SKRQRORJLTXH�SDU�H[HPSOH��DSSHOpH�DXVVL�ERXFOH�

DUWLFXODWRLUH��VHUDLW�UHVSRQVDEOH�GX�PDLQWLHQ�GH�O¶LQIRUPDWLRQ�YHUEDOLVDEOH��(OOH�VHUDLW�FRQVWLWXpH�

G¶XQH�XQLWp�GH� VWRFNDJH� SKRQRORJLTXH�HW� G¶XQ� V\VWqPH�G¶DXWRUpSpWLWLRQ�PHQWDOH��/H� FDOHSLQ�

YLVXR�VSDWLDO�VHUDLW�TXDQW�j�OXL�LPSOLTXp�GDQV�OH�PDLQWLHQ GHV�LQIRUPDWLRQV�YLVXR�VSDWLDOHV�JUkFH�

DXVVL�j�XQ�SURFHVVXV�GH�VWRFNDJH�HW�XQ�SURFHVVXV�GH�UDIUDvFKLVVHPHQW�

,O� IDXW� QpDQPRLQV� QRWHU� TX¶HQ� ������ %DGGHOH\� D� DMRXWp� XQH� FRPSRVDQWH� PpPRLUH�

WDPSRQ�pSLVRGLTXH�© HSLVRGLF�EXIIHU ª��&H�VRXV�V\VWqPH�SRVVqGH�OHV�PrPHV�FRPSpWHQFHV�TXH�

OD�PpPRLUH�GH�WUDYDLO��j�VDYRLU�TX¶LO�SHXW�PDLQWHQLU�O¶LQIRUPDWLRQ��OD�UHFRGHU� YRLUH�OD�FRPELQHU�

j�G¶DXWUHV�LQIRUPDWLRQV��&H�VRXV�V\VWqPH�D�XQH�GXUpH�GH�VWRFNDJH�VXSpULHXUH�j�OD�PpPRLUH�GH�

WUDYDLO�SXLVTXH�O¶LQIRUPDWLRQ�SHXW�\�rWUH�PDLQWHQXH�SHQGDQW�WRXWH�OD�GXUpH�GH�O¶DFWLYLWp�FRJQLWLYH�

DYDQW�G¶\�rWUH�pFUDVpH��&RPPH�QRXV� OH�YHUURQV�� LO�HVW�GLIILFLOH�GH�GLVVRFLHU� OHV�SURFHVVXV�GH�

PpPRLUH�GH�WUDYDLO�GHV�IRQFWLRQV�GH�O¶DWWHQWLRQ��$XVVL��ELHQ�TXH�QRXV�D\RQV�FKRLVL�GH�FHQWUHU�

QRV� UHFKHUFKHV� VXU� OHV� GLIIpUHQWHV� FDSDFLWpV� GH� O¶DWWHQWLRQ�� QRXV� DYRQV� pYDOXp� GH� IDoRQ�

V\VWpPDWLTXH�OHV�FDSDFLWpV�GH�PpPRLUH�j�FRXUW�WHUPH�HW�GH�PpPRLUH�GH�WUDYDLO�FKH]�OHV�HQIDQWV�

DILQ�GH�YRLU�FRPPHQW�HOOHV�FRQWULEXHQW�j�H[SOLTXHU�OHV�GLIIpUHQFHV�LQWHULQGLYLGXHOOHV�GDQV�OHV�

FDSDFLWpV�GH�MXJHPHQW�WHPSRUHO�HQ�FRPSDUDLVRQ�DX[�FDSDFLWpV�DWWHQWLRQQHOOHV��&HSHQGDQW��DYDQW�

GH�SDUOHU�SOXV�HQ�GpWDLOV GH�FHWWH�TXHVWLRQ�DX�FHQWUH�GH�PD�WKqVH��QRXV�DOORQV�UpVXPHU�OHV�WUDYDX[�

HQ�SV\FKRORJLH�FRJQLWLYH�VXU�OH�GpYHORSSHPHQW�GHV�SHUIRUPDQFHV�DWWHQWLRQQHOOHV�

,,�± 3HUVSHFWLYH�GpYHORSSHPHQWDOH�GHV�SURFHVVXV�DWWHQWLRQQHOV

,,�± ���6XEVWUDW�QHXURORJLTXH�GH�O¶DWWHQWLRQ

$YHF�O¶HVVRU�GH�OD�QHXUR�LPDJHULH��OD�VFLHQFH�SDUYLHQW�DXMRXUG¶KXL�j�GpFHOHU�OD�SOXSDUW�

GHV� VXEVWUDWV� HW� FRUUpODWV� QHXURELRORJLTXHV� LPSOLTXpV� GDQV� OHV� SURFHVVXV� PHQWDX[� GH� KDXW�

QLYHDX��WHOV TXH�OD�PpPRLUH��OH�ODQJDJH��RX�GDQV�QRWUH�FDV��O¶DWWHQWLRQ� &¶HVW�QRWDPPHQW�JUkFH�

j�O¶LPDJHULH�SDU�UpVRQDQFH�PDJQpWLTXH�IRQFWLRQQHOOH�FpUpEUDOH��,50I��HW�j�OD�WRPRJUDSKLH�SDU�
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pPLVVLRQV�GH�SRVLWURQV��7(3��TXH�OHV�FKHUFKHXUV�VRQW�SDUYHQXV�j�GpFHOHU���UpVHDX[�TXL�VHUDLHQW�

DFWLIV� TXDQG�XQH� DFWLRQ� QpFHVVLWH� GH� O¶DWWHQWLRQ�� (Q�������3RVQHU� HW�5RWKEDUW� GpFODUDLW� GpMj�

O¶H[LVWHQFH�GH�FHV���UpVHDX[ ��OH�UpVHDX�DQWpULHXU��OH�UpVHDX�SRVWpULHXU�HW�OH�UpVHDX�GH�YLJLODQFH�

�)LJXUH� ����� &HV� UpVHDX[� VHUDLHQW� DQDWRPLTXHPHQW� HW� IRQFWLRQQHOOHPHQW� GLVWLQFWV��PrPH� VL��

FRPPH�QRXV�OH�YHUURQV��FHUWDLQV�pFKDQJHV LQWHU�UpVHDX[�SHXYHQW�DYRLU�OLHX�
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�$�

�%�

)LJXUH� ���� �$�� 5HSUpVHQWDWLRQ� VFKpPDWLTXH� GX� PRGqOH� G
DWWHQWLRQ� GX� UpVHDX� GH� QHXURQHV�
LQLWLDOHPHQW�GpFULW�SDU�3RVQHU�HW�VHV�FROODERUDWHXUV��3RVQHU��������3RVQHU�	�5RWKEDUW���������
�%�� 5HSUpVHQWDWLRQ� VFKpPDWLTXH� GHV� UpJLRQV� FRUWLFDOHV� HW� VRXV�FRUWLFDOHV� LPSOLTXpHV� GDQV�
O¶DWWHQWLRQ��/H�UpVHDX�DQWpULHXU��HQ�EOHX��FRPSUHQG�OH�&RUWH[�3UpIURQWDO��&3)���O¶$LUH�0RWULFH�
6XSSOpPHQWDLUH��$06��HW�OH�*\UXV�&LQJXODLUH�DQWpULHXU��*&$���/H�UpVHDX�SRVWpULHXU��HQ�URXJH��
FRPSUHQG�OH�6LOORQ�,QWUDSDULpWDO��6,3���OHV�FROOLFXOL�VXSHULHXUV��&6���OH�QR\DX�SXOYLQDU��3��HW�OH�
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FHUYHOHW��(QILQ��OH�UpVHDX�GH�YLJLODQFH��HQ�URXJH��FRPSUHQG�OD�MRQFWLRQ WHPSRUR�SDULpWDOH��-73���
OH�FRUWH[�SUpIURQWDO�GRUVRODWpUDO��&3)'/��HW�OH�FRUWH[�IURQWDO�LQVXODLUH�YHQWUDO��&),9�

/¶XQ�GH�FHV�UpVHDX[��OH�UpVHDX�DQWpULHXU��SHUPHWWUDLW�OD�SUpSDUDWLRQ�HW�OH�PDLQWLHQ�GH�

O¶DWWHQWLRQ� �&RXOO� 	� 1REUH�� ������� OD� GpWHFWLRQ� GH� FLEOHV� �&RUEHWWD�� 0LH]LQ�� 6KXOPDQ� 	�

3HWHUVHQ�� ������� OD� UpVROXWLRQ� GH� FRQIOLW� HW� O¶LQKLELWLRQ� ORUV� GH� FRQIOLWV� HQWUH� GHX[� WkFKHV�

�&RUWEHWWD�HW�6KXOPDQ������ ��7]RXULR��(O�0DVVLRXL��&ULYHOOR��-ROLRW��5HQDXOW�	�0D]R\HU���������

&H�UpVHDX�LPSOLTXHUDLW�OHV�UpJLRQV�SUpIURQWDOHV�GH�O¶HQFpSKDOH��3OXVLHXUV�pWXGHV�RQW�G¶DLOOHXUV�

PRQWUp�TXH�OHV�SHUIRUPDQFHV�DX[�WkFKHV�QpFHVVLWDQW�XQ�FRQWU{OH�GH�VXSHUYLVLRQ�VRQW�JUDYHPHQW�

DIIHFWpHV�SDU� OHV� OpVLRQV�GHV� OREHV�SUpIURQWDX[��'XQFDQ��%XUJHVV�	�(PVOLH������ ��6KDOOLFH��

���� �� 6KDOOLFH� 	� %XUJHVV�� ����D�� ����E��� 'H�PrPH�� OHV� HQIDQWV� SUpVHQWDQW� XQ� GpILFLW� GH�

O
DWWHQWLRQ DYHF�RX�VDQV�K\SHUDFWLYLWp��7'$���7'$+��PRQWUHQW�XQH�GLPLQXWLRQ�GX�GpELW�VDQJXLQ�

GDQV�OH�OREH�SUpIURQWDO��/RX�+HQULNVHQ�	�%UXKQ������ ��+DUW� 5DGXD� 0DWDL[�&ROV�	 5XELD�

������� 3OXV� VSpFLILTXHPHQW�� FH� UpVHDX� LPSOLTXHUDLW� OHV� UpJLRQV� SUpIURQWDOHV� FLQJXODLUHV

DQWpULHXUHV��&&$��HW�O¶DLUH�PRWULFH�VXSpULHXUH �$06���/H�FRUWH[�FLQJXODLUH�DQWpULHXU��&&$��HVW�

SDUWLFXOLqUHPHQW�DFWLI�GDQV�OHV�SDUDGLJPHV�G¶LQWHUIpUHQFH��FRPPH�FHOXL�GH�6WURRS�GDQV�OHTXHO�

GHV�VXMHWV�GRLYHQW�QRPPHU� OD�FRXOHXU�GH� O¶HQFUH�G¶XQ�PRW�GpVLJQDQW�HOOH�PrPH�XQH�FRXOHXU�

�0D\HU��:LOFR[��7HVKLED��/LQJ�	�<DQJ������ � 3DUGR��3DUGR��-DQHU�	�5DLFKOH������ ��3RVQHU�

	� 3HWHUVRQ�� ������� 'DQV� FH� SDUDGLJPH�� LO� H[LVWH� GHV VLWXDWLRQV� GLWHV� ©� FRQJUXHQWHV� ª� GDQV�

OHVTXHOOHV�OH�PRW�FRQFRUGH�DYHF�OD�FRXOHXU�GH�O
HQFUH��SDU�H[HPSOH��EOHX���6L�FH�Q¶HVW�SDV�OH�FDV��

F¶HVW�j�GLUH��VL�OH�PRW�Q¶HVW�SOXV�DSSDULp j�OD�ERQQH�FRXOHXU�G¶HQFUH��DORUV�OD�VLWXDWLRQ�HVW�GLWH�©�

LQFRQJUXHQWH� ª� �SDU� H[HPSOH�� EOHX��� /H� UpVXOWDW� W\SLTXH� REWHQX� DYHF� FH� SDUDGLJPH� HVW� XQH�

UpSRQVH�SOXV�pOHYpH�SRXU�OHV�FRQGLWLRQV�© LQFRQJUXHQWHV ª�TXH�FRQJUXHQWHV��&H�ODSV�GH�WHPSV�

VXSSOpPHQWDLUH�HVW�DWWULEXp�j�OD�SUpVHQFH�G¶XQ�FRQIOLW�HQWUH�OD�FRXOHXU�GH�O¶HQFUH�HW�OD�OHFWXUH�

DXWRPDWLTXH� GX� QRP� GH� FRXOHXU� pFULW�� 3DUGR� HW� VHV� FROOqJXHV� ������� RQW� GRQF� PRQWUp� TXH�

O¶DFWLYLWp�GX�&&$�HVW�GDYDQWDJH�LPSOLTXpH�GDQV�OD�VLWXDWLRQ�G¶LQFRQJUXHQFH�TX¶HOOH�QH�O¶HVW�GDQV�

OD�VLWXDWLRQ�GH�FRQJUXHQFH��/HV�PrPHV�HIIHWV�RQW�pWp�REVHUYpV�ORUV�G¶XQH�pWXGH�HQ�7(3�SRUWDQW�

VXU�GHV�VWLPXOL�DXGLWLIV��7]RXULR��0DVVLRXL��&ULYHOOR��-ROLRW��5HQDXOW�	�0D]R\HU�������� 3OXV�

LQWpUHVVDQW�HQFRUH��FRQWUDLUHPHQW�j�3DUGR�HW�DO����������%HQFK�HW�VHV�FROOqJXHV��������RQW�XWLOLVp�

HW�FRPSDUp�WURLV�FRQGLWLRQV��(Q�SUHPLHU�OLHX��OH�VXMHW�GHYDLW�QRPPHU�OD�FRXOHXU�GH�O
HQFUH�GH�

FURL[� FRORUpHV�� (QVXLWH�� LO� GHYDLW� VLPSOHPHQW� QRPPHU� OD� FRXOHXU� G
HQFUH� GH� PRWV� QHXWUHV�

�H[HPSOH ��© IURQW ª��© EDFN ª��© WRS ª��© GRZQ ª���(QILQ��LO�GHYDLW�QRPPHU�OD�FRXOHXU�GH�O
HQFUH�

GHV�QRPV�GH�PRW�GH�FRXOHXU�LQFRQJUXDQWH��H[HPSOH ��© EOHX ª� © URXJH ª��© MDXQH ª��© YHUW ª���
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&RPSDUDWLYHPHQW�j�O¶H[SpULHQFH�GH�3DUGR�HW�VHV�FROODERUDWHXUV��HQ�VLWXDWLRQ�GH�PRWV�QHXWUHV��LO�

Q
\�D�DXFXQH�DFWLYDWLRQ GX�FLQJXODLUH�DQWpULHXU��DORUV�TXH�FHWWH�]RQH�HVW�EHOOH�HW�ELHQ�DFWLYH�HQ�

VLWXDWLRQ� GH� PRW� GH� FRXOHXUV�� 0DLV� DORUV�� GDQV� O¶H[SpULHQFH� GH� 3DUGR� HW� VHV�

FROODERUDWHXUV ��������SRXUTXRL�OH�&&$�VH�PRQWUH�pJDOHPHQW�DFWLI��PrPH�VL�GDQV�XQH�PRLQGUH�

PHVXUH��GDQV�OD�VLWXDWLRQ�FRQJUXHQWH "�/HV�FKHUFKHXUV�H[SOLTXHQW�FHW HIIHW�SDU�OH�IDLW�TXH�OHV�

SDUWLFLSDQWV� QH� VDYHQW� SDV� DX�PRPHQW� GH� O¶DSSDULWLRQ� GX�PRW� V¶LOV� YRQW� rWUH� HQ� VLWXDWLRQ� GH�

FRQJUXHQFH� RX� G¶LQFRQJUXHQFH�� 'H� FH� IDLW�� OH� &$$� HVW� DFWLYp� SXLVTXH� OH� VXMHW� VH� WLHQW�

SRWHQWLHOOHPHQW�SUrW�j�LQKLEHU�VD�UpSRQVH��/HV�DXWHXUV�FRQFOXHQW�DORUV j�O¶LPSOLFDWLRQ�GX�FRUWH[�

FLQJXODLUH�DQWpULHXU�GDQV�OD�VpOHFWLRQ�GH�OD�UpSRQVH��3RVQHU�	�3HWHUVRQ���������/D�ILJXUH����FL�

GHVVRXV� SUpVHQWH� OHV� UpVXOWDWV� GH� OD�PpWD�DQDO\VH� GH� �� pWXGHV� G¶$FFKLQD� ������� SRUWDQW� VXU�

O¶DFWLYDWLRQ�GX�&&$�ORUV�G¶XQ SDUDGLJPH�GH�6WURRS�

)LJXUH�����0pWD�DQDO\VH�GH���pWXGHV�XWLOLVDQW�XQ�SDUDGLJPH�GH�6WURRS�H[SRVDQW�XQH�DFWLYDWLRQ�
FLQJXODLUH�DQWpULHXUH��([WUDLW�GH�3DUDVXUDPDQ���������

/H� &$$� HW� OHV� DLUHV� PRWULFHV� VXSpULHXUHV� �$06�� VHPEOHQW� rWUH� DFWLIV� GH� IDoRQ�

VLPXOWDQpH� VXU� XQH� JUDQGH� YDULpWp� GH� FRQWH[WHV� LPSOLTXDQW� OD� GpWHFWLRQ� G¶pYpQHPHQWV� HW� OD�

SUpSDUDWLRQ�GH�OD�UpSRQVH�DSSDULpH��&RXOO�	�1REUH������ � 9DOOHVL��0F,QWRVK��6KDOOLFH�	�6WXVV��

������ (Q� IDLW� OHV� DLUHV� FLQJXODLUHV� DQWpULHXUHV� UpJXOHUDLHQW� OH� WUDILF� HQWUH� OD� UpJLRQ� IURQWDOH�

ODWpUDOH�HW�OHV�UpJLRQV�YLVXHOOHV�SRVWpULHXUHV��HW�FRQWU{OHUDLHQW�O
DFFqV�GHV�FLEOHV�SHUWLQHQWHV�DX[�

V\VWqPHV�SUp�PRWHXUV��(Q�VRPPH��FH�UpVHDX�VHUDLW�OD�EDVH�GX�FRQWU{OH�H[pFXWLI�HW�GH�O¶DWWHQWLRQ�

VpOHFWLYH��'H�FH�IDLW��F¶HVW�pJDOHPHQW�OD�]RQH�GH�MRQFWLRQ�GHV�LQIRUPDWLRQV�ODLVVDQW�SODFH�DX[�

SRVVLEOHV�LQWHUIpUHQFHV�GH�WUDLWHPHQW�

8Q�DXWUH�UpVHDX�VHUDLW��TXDQW�j�OXL��VLWXp�j�O¶DUULqUH�GH�O¶HQFpSKDOH��G¶R��VRQ�DSSHOODWLRQ�

GH� UpVHDX� SRVWpULHXU�� &H� UpVHDX� VHUDLW� DFWLI� ORUV� GH� SURFHVVXV� G¶RULHQWDWLRQ� GH� O¶DWWHQWLRQ� HW�
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UHSUpVHQWHUDLW� GRQF� OH� U{OH� GH� OD� IOH[LELOLWp� FRJQLWLYH�� &H� UpVHDX� FRPSUHQG� XQ� HQVHPEOH� GH�

VWUXFWXUHV� ELODWpUDOHV� TXL� VRQW� OHV� OREXOHV� SDULpWDX[� SRVWpULHXUV�� OHV� FROOLFXOL� VXSpULHXUV�� OHV�

QR\DX[� SXOYLQDU�� OHV� VLOORQV� LQWUD�SDULpWDX[� HW� FHUWDLQHV� ]RQHV� GX� FHUYHOHW�� 6HORQ� 3RVQHU� HW�

3HWHUVHQ���������OH�FRUWH[�SDULpWDO�SHUPHWWUDLW�OH�GpJDJHPHQW�GH�O¶DWWHQWLRQ�GH�OD�IRFDOLVDWLRQ�

DWWHQWLRQQHOOH� G¶XQH� FLEOH�� OH� FROOLFXOXV� VXSpULHXU� GpSODFHUDLW� O¶DWWHQWLRQ� YHUV� O¶LQIRUPDWLRQ�

SHUWLQHQWH� HW� OH� SXOYLQDU� SDUWLFLSHUDLW� j� OD� IRFDOLVDWLRQ� GH� O¶DWWHQWLRQ� VXU� O¶LQIRUPDWLRQ� MXJpH�

SHUWLQHQWH��3RVQHU�	�3HWHUVHQ��������

(QILQ��OH�GHUQLHU�UpVHDX��© UpVHDX�GH�YLJLODQFH ª�VHUDLW�VSpFLILTXH�DX�PDLQWLHQ�GH�O¶pWDW�

G¶DOHUWH��&H UpVHDX�D�pWp�PLV�j�MRXU�JUkFH�DX[�SURMHFWLRQV�QRUDGUpQHUJLTXHV�JpQpUpHV�SDU�OH�ORFXV�

FRHUXOHXV�HW�O¶DFWLYDWLRQ�GHV�OREHV�WHPSRUDX[�HW�GX�FRUWH[�SUpIURQWDO�GRUVRODWpUDO� ,QLWLDOHPHQW��

FH�UpVHDX�D�pWp�MXJp�FRPPH�LPSOLTXp�GDQV�OHV�WkFKHV�GH�WHPSV�GH�UpDFWLRQ RX�GHV�WkFKHV�GH�

YLJLODQFH��3RVQHU�	�3HWHUVHQ��������� ,O�D�HIIHFWLYHPHQW�pWp�SURXYp�TXH�GHV�VXMHWV�D\DQW�XQH�

OpVLRQ�DX�FRUWH[�SUpIURQWDO�GRUVRODWpUDO�PRQWUHQW�XQ�GpILFLW�GH�OD�FDSDFLWp�j�PDLQWHQLU�XQ�pWDW�

G¶DOHUWH��'H�PrPH��GDQV�XQH�WkFKH�GH�6WURRS��FHWWH DLUH�&3'/�HVW�DFWLYH�SHQGDQW�OD�WRWDOLWp�GH�

OD� UpDOLVDWLRQ� GH� OD� WkFKH�� DWWHVWDQW� GX� U{OH� VSpFLILTXH� GH� FHWWH� DLUH� GDQV� OD� YLJLODQFH�

&RPPH� PHQWLRQQp�� PDOJUp� OHXUV� DFWLRQV� GLVWLQFWHV�� LO� H[LVWH� GHV� UHODWLRQV� HQWUH� FHV�

UpVHDX[�� 6L� 3RVQHU� HW� 5RWKEDUW� ������ GLIIpUHQFLHQW� OHV� IRQFWLRQV� G¶RULHQWDWLRQ� GX� UpVHDX�

SRVWpULHXU� TXL� UHOqYHQW GH� WUDLWHPHQWV� LQFRQVFLHQWV�� GHV� IRQFWLRQV� G¶RULHQWDWLRQ� DVVRFLpHV� DX�

UpVHDX�DQWpULHXU��TXL�HOOHV��IRXUQLVVHQW�OH�FRQWHQX�SHUPHWWDQW�OD�SULVH�GH�FRQVFLHQFH��,OV�VWLSXOHQW�

QpDQPRLQV�TXH�F¶HVW�OH�UpVHDX�GH�YLJLODQFH�TXL�IDYRULVH�O¶XWLOLVDWLRQ�G¶XQ�UpVHDX�HQ�SDUWLFXOLHU��

(Q�O¶RFFXUUHQFH��ORUVTX¶XQH�QRXYHOOH�LQIRUPDWLRQ�HVW�VXU�OH�SRLQW�G¶rWUH�SUpVHQWpH��OH�UpVHDX�GH�

YLJLODQFH� LQIOXHQFHUDLW� OHV� UpVHDX[� SRVWpULHXU� HW� DQWpULHXU� HQ� DXJPHQWDQW� O
HIILFDFLWp� GH�

O
RULHQWDWLRQ� GX� V\VWqPH� SRVWpULHXU�� HW� HQ� VXSSULPDQW� O
DFWLYLWp� HQ� FRXUV� GDQV� OH� V\VWqPH�

DQWpULHXU��&H�SURFpGp�DXUDLW�SRXU�EXW�G¶rWUH�HQ�pWDW�GH�SUpSDUDWLRQ�j�OD�IRLV�DOHUWH�HW�H[HPSW�GH�

FRQWHQX� FRQVFLHQW�� XQ� pWDW� TXH� 3RVQHU� HW� 5RWKEDUW� ������� DSSHOOHQW� OH� ©GpJDJHPHQW� GH�

FRQVFLHQFHª�

3OXV� UpFHPPHQW��-HQQLIHU�&RXOO�GpFqOH� OD�FR�DFWLRQ�GH�FHV���UpVHDX[� ORUV�GH� O¶DWWHQWH�

WHPSRUHOOH� G¶XQ� VWLPXOXV� �SKpQRPqQH� SUpVHQWp� SDJH� ���� HW� GH� O¶DFFURLVVHPHQW� DWWHQWLRQQHO�

DSSDULp� �&RXOO�� ������ �)LJXUH� �����6HORQ� FH�PRGqOH�� OD� SUREDELOLWp� G¶DSSDULWLRQ� GX� VWLPXOXV�

YLVXHO�VHUDLW�LQLWLDOHPHQW�GpWHUPLQp�SDU�O¶DFWLYLWp�GHV�DLUHV�SUp�PRWULFHV�HW�SDULpWLDOHV��&RXOO�	�

1REUH������ ��6DNDL��+LNRVDND��7DNLQR��0L\DXFKL��1LHOVHQ�	�7DPDGD���������1pDQPRLQV� VL�

O¶DWWHQWH�WHPSRUHOOH�HVW�YLROpH��VL�OH�VWLPXOXV�Q¶DSSDUDvW�SDV�DSUqV�OH�GpODL�IL[p�LQLWLDOHPHQW��OH�

FRUWH[�SUpIURQWDO�V¶DFWLYH��SHUPHWWDQW�G¶HVWLPHU�OH�QRXYHDX�WHPSV�G¶DWWHQWH�DYDQW�O¶pPLVVLRQ�GX�
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VWLPXOXV�WHPSRUHO��&RXOO��)ULWK��%�FKHO�	�1REUH������ � 9DOOHVL�HW�DO����������8QH�IRLV�TXH�OH�

VWLPXOXV� HVW� VXUYHQX� GH� IDoRQ� WHPSRUHOOHPHQW� DQRUPDOH�� TX¶LO� HVW� SURGXLW� HW� PHVXUp�� OD�

SUREDELOLWp�TXH�O¶pYqQHPHQW�VH�SURGXLVH�DSUqV�XQ�WHPSV�GRQQp�HVW�UHFDOFXOpH HW�HVW�UHSUpVHQWpH�

SDU� OD� PDJQLWXGH� GH� O
DFWLYLWp� GDQV OH� 60$� HW� OH� 67*� GURLW� �&XL�� 6WHWVRQ�� 0RQWDJXH� 	�

(DJOHPDQ�� ������� (Q� VRPPH�� FH� QRXYHDX� V\VWqPH�� GH� SDU� O¶LPSOLFDWLRQ� GHV� �� UpVHDX[�

DWWHQWLRQQHOV�SHUPHW�QRQ�VHXOHPHQW�G¶DQWLFLSHU�O¶DSSDULWLRQ�GHV�VWLPXOL�WHPSRUHOV��PDLV�DXVVL�

GH�PHWWUH�j�MRXU�OH�V\VWqPH�ORUV�G¶pYqQHPHQWV�LUUpJXOLHUV�

)LJXUH� ���� 5HSUpVHQWDWLRQ� GHV� VXEVWUDWV� QHXURQDX[� GH� O
DWWHQWH� WHPSRUHOOH�� ([WUDLW� GH�&RXOO�

�������

,,�± ���'pYHORSSHPHQW�GX�VXEVWUDW�DWWHQWLRQQHO

-XVTX¶j� PDLQWHQDQW�� QRXV� DYRQV� UpVXPp� OHV� SURFHVVXV� DWWHQWLRQQHOV� � pWXGLpV� FKH]�

O¶DGXOWH��1pDQPRLQV��FHV�DSWLWXGHV�QH�VRQW�SDV�LQQpHV�PDLV�UpVXOWHQW�G¶XQH�ORQJXH�PDWXUDWLRQ��

(Q�HIIHW��OH GpYHORSSHPHQW�RQWRJpQpWLTXH�GX�FHUYHDX�HVW�XQ�SURFHVVXV�WUqV�ORQJ�FKH]�O¶HVSqFH�

KXPDLQH�� &HWWH� ORQJXH� PDWXUDWLRQ� VHUDLW� HQ TXHOTXH� VRUWH� OD� UpFDSLWXODWLRQ� GH� O¶pYROXWLRQ�

SK\ORJpQpWLTXH��OHV�SDUWLHV�GX�FHUYHDX�OHV�SOXV�WDUGLYHV�VXU�OH�SODQ�GH�O¶pYROXWLRQ�VH�GpYHORSSDQW�

HQ�GHUQLHU��$LQVL��OHV�DLUHV�OHV�SOXV�LQWHUQHV��OHV�DLUHV�VRXV�FRUWLFDOHV��GHYLHQQHQW�PDWXUHV�DYDQW�

OHV�DLUHV FRUWLFDOHV��VLWXpHV�YHUV�O¶H[WpULHXU��

%URQVRQ��������D�pWp�OH�SUHPLHU�FKHUFKHXU�j�V¶LQWpUHVVHU�DX�U{OH�GX�GpYHORSSHPHQW�

FRUWLFDO�VXU� O¶DWWHQWLRQ��QRWDPPHQW�VXU�O¶RULHQWDWLRQ�YLVXHOOH�VSDWLDOH��6HORQ�FHW�DXWHXU��DYDQW�

O¶kJH� GH� ���� PRLV� OHV� YRLHV� FRUWLFDOHV� QH� VRQW� SDV� VXIILVDPPHQW� PDWXUHV� SRXU� WUDLWHU�
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O¶LQIRUPDWLRQ� YLVXHOOH�� &HV� LQIRUPDWLRQV� FLUFXOHQW� GRQF� XQLTXHPHQW� GDQV� OD� YRLH�

UpWLQRFROOLFXODLUH�VRXV�FRUWLFDOH��&H�Q¶HVW�TXH�YHUV�O¶kJH�GH�����PRLV�TXH�OHV�YRLHV FRUWLFDOHV�

GHYLHQQHQW�VXIILVDPPHQW�PDWXUHV�SRXU�WUDLWHU�O¶LQIRUPDWLRQ��UHQGDQW�DLQVL�OH�QRXUULVVRQ�DSWH�j�

SRXUVXLYUH� XQH� FLEOH� YLVXHOOHPHQW� �$VOLQ�� ������� YRLUH� PrPH� j� UpDOLVHU� GHV� DQWLFLSDWLRQV�

YLVXHOOHV� �+DLWK�� +D]DQ� 	� *RRGPDQ�� ������� /¶RULHQWDWLRQ� YLVXR�VSDWLDOH� FRQVWLWXH� DLQVL� OD�

SUHPLqUH�DSWLWXGH�DWWHQWLRQQHOOH�© FRQWU{OpH ª GH�O¶HQIDQW��5XII�	�5RWKEDUW���������

$YDQW�O¶kJH�GH���PRLV� OHV�QRXUULVVRQV�RQW�GRQF�EHDXFRXS�GH�GLIILFXOWpV�j�GpJDJHU�OHXU�

UHJDUG�G¶XQ�VWLPXOXV�DILQ�GH� WUDLWHU�XQH�QRXYHOOH� LQIRUPDWLRQ��-RKQVRQ��']LXUDZLHF��(OOLV�	�

0RUWRQ���������/D�FDSDFLWp�G¶LQKLELWLRQ�pPHUJH�HQ�HIIHW�GH�IDoRQ�WUqV�WDUGLYH�FKH]�O¶HQIDQW��/H�

FRUWH[�SUpIURQWDO�HVW�FRQVLGpUp�FRPPH�OH�VLqJH�GH�O¶LQKLELWLRQ�FRJQLWLYH��'HPSVWHU�	�%UDLQHUG��

�������2U�� OH� FRUWH[�SUpIURQWDO� HVW� OD�GHUQLqUH� ]RQH�GX�FHUYHDX�j�PDWXUHU� �'LDPRQG������ ��

)XVWHU���������&HOOH�FL�VXELW�XQH�IRUWH�FURLVVDQFH�GH�OD�QDLVVDQFH�j���DQV��SXLV�GH���j���DQV��SRXU�

QH�FHVVHU�GH�PDWXUHU� MXVTX¶j� O¶kJH�DGXOWH��0rPH�VL� OH�FRUWH[�SUpIURQWDO�Q¶HVW�SDV� WRWDOHPHQW�

PDWXUH��OD�SpULRGH�GH���j���DQV�PDUTXH�XQ�YpULWDEOH�WRXUQDQW�GDQV� OHV�FDSDFLWpV�G¶LQKLELWLRQ��

&¶HVW� FH� TXH� O¶RQ� YRLW� GDQV� OHV� UpVXOWDWV� GHV� HQIDQWV� j� OD� WkFKH� MRXU�QXLW� �0RQWJRPHU\� 	�

.RHOW]RZ�������� 'DQV�FHWWH�WkFKH��O¶HQIDQW�GRLW�LQKLEHU�OD�UpSRQVH�FRUUHVSRQGDQW�j�O¶LPDJH�HW�

GLUH�O¶RSSRVp��,O�GRLW�SDU�H[HPSOH�GLUH�© QXLW ª�ORUVTX¶RQ�OXL�SUpVHQWH�XQH�FDUWH�EODQFKH�DYHF�XQ�

JUDQG� VROHLO� HW� © MRXU ª� ORUVTX¶RQ� OXL�SUpVHQWH� O¶LPDJH�QRLUH� DYHF� OD� OXQH� HW� GHV� pWRLOHV��/HV�

HQIDQWV�GH���j���DQV�WURXYHQW�GRQF�OD�WkFKH�WUqV�FRPSOH[H��PDLV�VD�GLIILFXOWp�GLVSDUDvW�ORUVTXH�

O¶HQIDQW�DWWHLQW�O¶kJH�GH��±� DQV�

3RXU�UpVXPHU��DX�QLYHDX�GX�GpYHORSSHPHQW�GHV�DLUHV�FpUpEUDOHV��OH�FRUWH[�SUpIURQWDO�

VH� GpYHORSSH� OHQWHPHQW� FRPSDUp� DX[� DXWUHV� DLUHV�� &HSHQGDQW�� FH� QH� VRQW� SDV� Oj� OHV� VHXOHV�

PRGLILFDWLRQV�TXL�YRQW�DYRLU�OLHX��2Q�DVVLVWH�j�XQH�PXOWLSOLFDWLRQ�GHV�FRQQH[LRQV�SURYRTXDQW�

XQH�PRGXODWLRQ�GH�OD�VXEVWDQFH�EODQFKH�DX�GpWULPHQW�GH�OD�VXEVWDQFH�JULVH��)LJXUH������
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)LJXUH�����0DWXUDWLRQ�GH�OD�PDWLqUH�JULVH DX�FRXUV�GX�GpYHORSSHPHQW��9XH ODWpUDOH GURLWH�GX�
FHUYHDX�PRQWUDQW�OD�VpTXHQFH�G\QDPLTXH�GHV�FKDQJHPHQWV�WHPSRUHOV�GX�YROXPH�GH�OD�PDWLqUH�
JULVH� VXU� OD� VXUIDFH� FRUWLFDOH��/HV� LPDJHV� UHSUpVHQWHQW�GHV�GRQQpHV�PRGpOLVpHV� LVVXHV�GH����
H[DPHQV�,50�DQDWRPLTXHV�HIIHFWXpV�FKH]����SHUVRQQHV�kJpHV�GH���j ���DQV��FKDFXQH�EDOD\pH�
TXDWUH�IRLV�j�LQWHUYDOOHV�G
HQYLURQ�GHX[�DQV��/
pFKHOOH�GH�FRXOHXU�UHSUpVHQWH�OHV�XQLWpV�GH�YROXPH�
GH�PDWLqUH�JULVH���*UDSKLTXH�H[WUDLW�GH�/HQURRW�	�*LHGG��������

/H�GpYHORSSHPHQW�GHV�V\VWqPHV�FpUpEUDX[�HW�GHV�YRLHV�G¶pFKDQJH�HQWUH�OH�V\VWqPH�

UpWLFXODLUH�PpVHQFpSKDOLTXH��OH�WKDODPXV�HW�OH�FRUWH[�DLQVL�TXH�OH�GpYHORSSHPHQW�GHV�DSWLWXGHV�

G¶LQKLELWLRQ�SHUPHWWUDLW�OD�PDWXUDWLRQ�GHV�FDSDFLWpV�G¶DWWHQWLRQ�VRXWHQXH��'HV�pWXGHV�PRQWUHQW�

TXH�OH�QRXUULVVRQ�GH���PRLV�SRXUUDLW�FRQVDFUHU�GH���j����VHFRQGHV�G¶DWWHQWLRQ�j�XQ�VWLPXOXV��

&HWWH�GXUpH�G¶DWWHQWLRQ�VRXWHQXH�DWWHLQGUDLW MXVTX¶j�SOXVLHXUV�PLQXWHV�DX�FRXUV�GHV�SUHPLqUHV�

DQQpHV�GH�YLH��5XII�	�&DSR]]ROL���������

3K\VLRORJLTXHPHQW��RQ�DVVLVWH�pJDOHPHQW�j� OD�SURGXFWLRQ�GH�JDLQHV�GH�P\pOLQH�TXL�

YRQW�UHFRXYULU�O¶D[RQH�GHV�QHXURQHV�HW�SHUPHWWUH��HQ�SOXV�G¶XQH�SURWHFWLRQ�GHV QHXURQHV��XQH�

WUDQVPLVVLRQ�SOXV�HIILFDFH��SOXV�UDSLGH��GH�O¶LQIOX[�QHUYHX[��/H�SURFHVVXV�GH�P\pOLQLVDWLRQ�HVW�

pJDOHPHQW�OHQW��)LJXUH������,O�V¶HIIHFWXH�GHV�]RQHV�LQWHUQHV�YHUV�OHV�]RQHV�H[WHUQHV�GX�FHUYHDX��

6HORQ�OHV�WUDYDX[�GH�*LHGG���������O¶DXJPHQWDWLRQ�GX�YROXPH�GH�OD�VXEVWDQFH�EODQFKH�FRUWLFDOH�
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VHUDLW�OLQpDLUH�DX�FRXUV�GH�O¶HQIDQFH�HW�GH�O¶DGROHVFHQFH�HW�QRQ�SDV�H[SRQHQWLHOOH��*LHGG�HW�DO���

�������/H�FRUWH[�SUpIURQWDO�WHUPLQHUDLW�DLQVL�VD�P\pOLQLVDWLRQ�j�O¶kJH�DGXOWH��&HWWH�GHVFULSWLRQ�

GX�GpYHORSSHPHQW�FpUpEUDO�HVW�HQ�OLHQ�DYHF�GH�UpFHQWHV�UHYXHV�GH�OD�OLWWpUDWXUH�PRQWUDQW�TXH�OHV�

FRPSRUWHPHQWV�YRORQWDLUHV�HW�PRWLYpV��ELHQ�TX¶pPHUJHDQW�j�O¶kJH�GH��DQ��&RXUDJH��5H\QROGV��

	�5LFKDUGV������ ��5XII�	�6DOWDUHOOL�������� QH�FHVVHQW�GH�VH�GpYHORSSHU�SHQGDQW�O¶HQIDQFH�HW�

O¶DGROHVFHQFH�� 3URJUHVVLYHPHQW�� FHFL� OHXU� SHUPHWWUDLW� HQWUH� DXWUHV G¶pYDOXHU� OHXU� SURSUHV�

FRPSRUWHPHQWV��GH�JpQpUHU�GHV�DFWLRQV�HQ�OLHQ�DYHF�OHXU�PRWLYDWLRQ�HW�OHXUV REMHFWLIV �%HVW�	�

0LOOHU������ ��*DURQ��%U\VRQ�	�6PLWK�������

)LJXUH�����0\pOLQLVDWLRQ�GX�FHUYHDX�j�WUDYHUV�OH�GpYHORSSHPHQW��(Q�KDXW��LPDJHV�,50��,PDJH�
SDU�5pVRQQDQFH�0DJQpWLTXH��D[LDOHV�G¶XQ�HQIDQW�FDSWXUpHV GH�IDoRQ�ORQJLWXGLQDOH��PRQWUDQW�
XQH�DXJPHQWDWLRQ�GH�OD�WDLOOH�GX�FHUYHDX�HW�GH�O
LQWHQVLWp�GH�OD�VXEVWDQFH�EODQFKH�OLpH�j�O
kJH��(Q�
EDV��LPDJHV�'7,��'LIIXVLRQ�WDQVRU�LPDJLQJ��GH�OD�WUDFWRJUDSKLH�GH�OD�VXEVWDQFH�EODQFKH�GDQV�
XQH�FRPSDUDLVRQ� WUDQVYHUVDOH�PRQWUDQW�XQH�DXJPHQWDWLRQ� OLpH�j� O
kJH�GH� O
RUJDQLVDWLRQ�GH� OD�
VXEVWDQFH�EODQFKH�GX�FRUSV�FDOOHX[��&KDTXH�SDQQHDX�UHSUpVHQWH�XQ�VXMHW��/
pFKHOOH�GH�FRXOHXU�
UHSUpVHQWH�O
DQLVRWURSLH�IUDFWLRQQHOOH ��GHV�YDOHXUV�SOXV�pOHYpHV�VRQW�HQ�FRUUpODWLRQ�DYHF�XQH�SOXV�
JUDQGH�RUJDQLVDWLRQ�GHV�SLVWHV�GH�ILEUHV��([WUDLWH�GH�7DX�	�3HWHUVRQ��������
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(Q�VRPPH��OH�FRUWH[�SUpIURQWDO�HW�OHV�UpVHDX[�QHXURQDX[�QH�VRQW�SDV�PDWXUHV�FKH]�OH�

MHXQH�HQIDQW��2U��VD�PDWXUDWLRQ�SHUPHWWUDLW�OH�GpYHORSSHPHQW�GHV�FRPSpWHQFHV�DWWHQWLRQQHOOHV�

QRWDPPHQW�XQH�PHLOOHXUH�DSWLWXGH�GH�IRFDOLVDWLRQ�DWWHQWLRQQHOOH��H�J���(QQV�	�*LUJXV���������

G¶LQKLELWLRQ�HW�GH�IOH[LELOLWp�DWWHQWLRQQHOOH��&DVH������ ��'HPSVWHU�	�%UDLQHUG������ ��(QQV�	�

%URGHXU���������&HFL�H[SOLTXH� OHV�HIIHWV�GHV�PDXYDLVHV�SHUIRUPDQFHV�GDQV�GHV�VLWXDWLRQV�GH�

GRXEOH�WkFKH� �,UZLQ�&KDVH� 	� %XUQV�� ������� &HSHQGDQW�� LO� \� D� HQFRUH� GpEDW� VXU� FH� TXL� VH�

GpYHORSSH� UpHOOHPHQW� GDQV� OHV�PpFDQLVPHV� DWWHQWLRQQHOV�� 3RXU� FHUWDLQV� FKHUFKHXUV�� F¶HVW� OD�

TXDQWLWp�GH�UHVVRXUFHV�GRQW�GLVSRVH�O¶HQIDQW�TXL�FURvW�j�PHVXUH�TXH�O¶HQIDQW�JUDQGLW��3DVFXDO�

/HRQH�	�%DLOODUJHRQ�������� 3RXU�G¶DXWUHV��FH�VRQW�OHV�FDSDFLWpV�GH�FRQWU{OH�TXL�DXJPHQWHQW�

DYHF� O¶kJH� �.DUDWHNLQ�� ������� WHO� TXH� OHV� HQIDQWV� SOXV� kJpV� XWLOLVHQW� SOXV� HIILFDFHPHQW� OHXUV�

UHVVRXUFHV �&DVH������ ��&RZDQ��1XJHQW��(OOLRWW��3RQRPDUHY�	�6DXOWV��������� ,O� HVW� j�QRWHU�

WRXWHIRLV�TXH�FHV�K\SRWKqVHV�QH�VRQW�SDV�H[FOXVLYHV�

3DVFXDO� /HRQH� HW� %DLOODUJHRQ� ������� GpYHORSSHQW� DLQVL� XQ�PRGqOH�PDWKpPDWLTXH� GH�

GpYHORSSHPHQW�GH�O¶DWWHQWLRQ��'DQV�FH�PRGqOH��OD�FDSDFLWp�G¶DWWHQWLRQ�PHQWDOH��0FDSDFLW\��GpSHQG�

VLPXOWDQpPHQW�GHV�YDULDWLRQV�GH�QLYHDX[�GH�FDSDFLWp�G
DWWHQWLRQ�PHQWDOH�GHV�VXMHWV��0SRZHU��HW�

GH�OD�GHPDQGH�PHQWDOH�GHV�WkFKHV��0GHPDQG���0SRZHU HVW�FURLVVDQWH�MXVTX¶j�O¶kJH�G¶HQYLURQ�����

DQV�HW�UHSUpVHQWH�OH�WDX[�GH�UHVVRXUFHV�DWWHQWLRQQHOOHV��0GHPDQG TXDQW�j�OXL�DXJPHQWH�DX�GHOj�GH�

����DQV�JUkFH�j�O¶DXWRPDWLVDWLRQ�GH�VFKqPHV�TXL�GpSHQG�GHV�RSpUDWLRQV�FRJQLWLYHV�LPSOLTXpHV�

GDQV� XQH� WkFKH��$LQVL�� OHV� FDSDFLWpV� GH� UDLVRQQHPHQW� GH� EDVH� HW� OHV� RSpUDWLRQV� GH� FRQWU{OHV�

FRQFRXUHQW�pJDOHPHQW�j�O¶DXJPHQWDWLRQ�GHV�UHVVRXUFHV�DWWHQWLRQQHOOHV�DYHF�O¶kJH�

(Q�RXWUH��XQH�WURLVLqPH�K\SRWKqVH�HVW�TX¶RQ�DVVLVWHUDLW�DYHF�OD�PDWXUDWLRQ�FpUpEUDOH�j�

O¶DXJPHQWDWLRQ�DYHF�O¶kJH�GH�OD�YLWHVVH�GX�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ��&RPPH�QRXV�O¶DYRQV�

YX�� OD�P\pOLQLVDWLRQ�GH� O¶HQFpSKDOH� LPSOLTXpH�GDQV� OD� UDSLGLWp�GH� O¶LQIOX[�QHUYHX[�SURJUHVVH�

MXVTX¶j� O¶kJH� DGXOWH��&HFL� VH� WUDGXLW� DX� QLYHDX� FRPSRUWHPHQWDO� SDU� XQH� DXJPHQWDWLRQ� GH� OD�

YLWHVVH� GH� WUDLWHPHQW� �%DUW]RNLV�� /X�� 7LQJXV��0HQGH]�� 5LFKDUG�� 3HWHUV�� 2OXZDGDUD�� %DUUDOO��

)LQQ��9LOODEODQFD��7KRPSVRQ�	�0LQW]������ ��.DLO�	�)HUUHU���������/¶DFFpOpUDWLRQ�GH�OD�YLWHVVH�

GH�WUDLWHPHQW�D�GH�PXOWLSOHV�UpSHUFXVVLRQV�VXU�OH�WUDLWHPHQW�FRJQLWLI��(Q�WUDLWDQW�SOXV�UDSLGHPHQW�

O¶LQIRUPDWLRQ��OHV�HQIDQWV�VDWXUHQW�PRLQV�UDSLGHPHQW�OHXUV V\VWqPHV�GH�PpPRLUH�GH�WUDYDLO��LOV�

VRQW� FDSDEOHV� GH� SUrWHU� DWWHQWLRQ� j� GDYDQWDJH� GH� VWLPXOL�� LOV� VRQW� DSWHV� j� UpDMXVWHU� SOXV�

UDSLGHPHQW� OH� QLYHDX� G¶DWWHQWLRQ� QpFHVVDLUH� VHORQ� OD� GHPDQGH� GH� OD� WkFKH� HW� HQILQ�� HW� LOV�

FRQVRPPHQW�PRLQV�GH�UHVVRXUFHV�SRXU�UpDOLVHU�OD�WkFKH��&HUWDLQV�FKHUFKHXUV�DIILUPHQW�DORUV�TXH�

OH�IDFWHXU�OH�SOXV�GpWHUPLQDQW�HVW�OD�YLWHVVH�GH�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ��/H�GpYHORSSHPHQW�

GHV� DXWUHV� IRQFWLRQV� FRJQLWLYHV� GpSHQGUDLW� DORUV� GH� FHWWH� IRQFWLRQ� SULPDLUH�� 7RXWHIRLV�� LO� HVW�
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GLIILFLOH�GH�VDYRLU�VL�F¶HVW�OD�YLWHVVH�GH�WUDLWHPHQW�TXL�DPpOLRUH�OHV�FDSDFLWpV�DWWHQWLRQQHOOHV�RX�

VL�FH�VRQW�OHV�FDSDFLWpV�DWWHQWLRQQHOOHV�TXL�DXJPHQWHQW�OD�YLWHVVH�GH�WUDLWHPHQW��'DQV�OHV�PRGqOHV�

G¶KRUORJH�LQWHUQH��LO�HVW�HQ�IDLW�GLIILFLOH GH�VDYRLU�VL�OHV�PRGLILFDWLRQV�DYHF�O¶kJH�GH�OD�YLWHVVH�GH�

WUDLWHPHQW�VH�WUDGXLVHQW�SDU�XQH�DFFpOpUDWLRQ�GH�O¶KRUORJH�LQWHUQH�RX�SDU�XQH�DXJPHQWDWLRQ�GHV�

V\VWqPHV�SURSUHV�j�O¶DWWHQWLRQ�HW�VHV�GLIIpUHQWHV�FRPSRVDQWHV��%LHQ�TXH�O¶RQ�QH�SXLVVH�H[FOXUH�

OHV�GHX[�K\SRWKqVHV��'URLW�9ROHW���������QRXV�DYRQV�SULV�OH�SDUWL�GH�QRXV EDVHU�VXU�OHV�PRGqOHV�

DWWHQWLRQQHOV�G¶HVWLPDWLRQ�GX�WHPSV�TXL�Q¶pYRTXHQW SDV�FHWWH�LQIOXHQFH�GH�YLWHVVH�GH�WUDLWHPHQW�

GX� WHPSV�� 'H� SOXV�� HQ� YRXODQW� WHVWHU� O¶DFFpOpUDWLRQ� GX� V\VWqPH� G¶KRUORJH� LQWHUQH� DYHF� GHV�

VpTXHQFHV�DFFpOpUpHV�GH�FOLFNV� 'URLW�9ROHW��������REVHUYH TXH�FHV�HIIHWV�VXU�OH�MXJHPHQW�GX�

WHPSV�GpSHQGHQW�DXVVL�GHV�FDSDFLWpV�DWWHQWLRQQHOOHV�GH�O¶HQIDQW��

(Q�VRPPH��SRXU�GHV�UDLVRQV�OLpHV�DX�GpYHORSSHPHQW�FpUpEUDO��O¶DWWHQWLRQ�VH�GpYHORSSH�

DX�FRXUV�GH�O¶HQIDQFH��SOXV�SDUWLFXOLqUHPHQW�HQWUH���HW���DQV��SRXU�VH�SURORQJHU�OHQWHPHQW�MXVTX¶j�

O¶kJH�DGXOWH��/H�FKDSLWUH�WKpRULTXH�ILQDO�YLVH�j�DUWLFXOHU�FH�TXH�QRXV�YHQRQV�G¶H[SRVHU�VXU�OH�

GpYHORSSHPHQW�GH�O¶DWWHQWLRQ�DYHF�OH�GpYHORSSHPHQW�GX�MXJHPHQW�GHV�GXUpHV�

���������� ǣ������������������Ȃ ����� ǣ����������

������������������������������������

,�± /H�SDUDGLJPH�GH�GRXEOH�WkFKH�DSSOLTXp�DX�WHPSV

/RUVTXH� O¶REVHUYDWHXU� D� SRXU�XQLTXH� WkFKH�GH� MXJHU�GH� OD�GXUpH�� OH� UDWLR� GH� OD�GXUpH�

HVWLPpH�VXU�OD�GXUpH�UpHOOH�DXJPHQWH�JpQpUDOHPHQW�HQ�IRQFWLRQ�GH�OD�TXDQWLWp�G
LQIRUPDWLRQV�

QRQ�WHPSRUHOOHV�j�WUDLWHU�GDQV�O
LQWHUYDOOH�pYDOXp��)UDLVVH������ ��7KRPDV�	 %URZQ��������RX�

GH�OHXU�FRPSOH[LWp��6FKLIIPDQ�	�%RENR������ ��7KRPDV�	:HDYHU���������$LQVL��O¶HVWLPDWLRQ�

GX�WHPSV�HVW PHLOOHXUH�ORUVTXH�O¶RQ�VLPSOLILH�OH�PLOLHX��HQ�VXSSULPDQW�WRXWHV�OHV�© ILRULWXUHV ª�

FRQWH[WXHOOHV�� (Q� VLWXDWLRQ� GH� GRXEOH�WkFKH�� DYHF� XQH� WkFKH� WHPSRUHOOH� HW� XQH� WkFKH� QRQ�

WHPSRUHOOH��OD�VRXVWUDFWLRQ�GH�OD�GXUpH�HVWLPpH�HQ�VLPSOH�WkFKH�SDU�FHOOH�HQ�GRXEOH�WkFKH�HVW�

WRXMRXUV�LQIpULHXUH�j�]pUR��&H�UpVXOWDW�LQGLTXH�XQH�VRXV�HVWLPDWLRQ�WHPSRUHOOH�HQ�GRXEOH�WkFKH�

FRPSDUDWLYHPHQW� j� OD� VLPSOH�WkFKH�� &HWWH� VRXV�HVWLPDWLRQ� WHPSRUHOOH D� pWp� REVHUYpH

LQGpSHQGDPPHQW�GH�OD�WkFKH�QRQ�WHPSRUHOOH�HPSOR\pH��TXH�FH�VRLW�XQH WkFKH�PQpVLTXH��H�J���

&KDPSDJQH�	�)RUWLQ������ ��)RUWLQ�	�%UHWRQ������ ��)RUWLQ��5RXVVHDX��%RXUTXH��	�.LURXDF��

������� XQH� WkFKH�GH�6WURRS� �%URZQ�	�3HUUHDXOW�� ���� ��=DND\�	�)DOODFK��������RX�HQFRUH�
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G¶DXWUHV�W\SHV�GH�WkFKHV��H�J���&DVLQL�	�0DFDU������������ ��&RXOO������ ��)RUWLQ�	�5RXVVHDX��

���� ��*URQGLQ�	�0DFDU������ ��+LFNV��0LOOHU��	�.LQVERXUQH������ ��.ODGRSRXORV��+HPPHV�

	� %URZQ�� ���� �� 0DFDU�� *URQGLQ�� 	� &DVLQL�� ������� 3RXU� WHQWHU� G
H[SOLTXHU� O
HIIHW� GH�

UDFFRXUFLVVHPHQW� WHPSRUHO� REVHUYp� GDQV� OHV� WkFKHV� GRXEOHV�� 7KRPDV� HW�:HDYHU� ������� RQW�

SURSRVp� XQ�PRGqOH�PDWKpPDWLTXH� TXL�� ELHQ� TXH� SHX� FLWp� HVW� OD� SULQFLSDOH� EDVH� GH� WRXV� OHV�

PRGqOHV�HW�WUDYDX[�VXU�O¶DWWHQWLRQ�HW�OH�WHPSV�

,,�± /HV�PRGqOHV�DWWHQWLRQQHOV

,,�± ���0RGqOH�GH�7KRPDV�HW :HDYHU�������

/H�PRGqOH�DWWHQWLRQQHO�GH�7KRPDV�HW�:HDYHU�UpSRQG�j�OD�VLPSOH�pTXDWLRQ�IRQFWLRQQHOOH�

W�,�� �Į I�W��,�������± Į��J�,���SUpVHQWpH JUDSKLTXHPHQW�)LJXUH�����$LQVL��VHORQ�FH�PRGqOH��OD�

GXUpH� SHUoXH� �W�� G
XQ� LQWHUYDOOH� FRQWHQDQW� FHUWDLQHV� LQIRUPDWLRQV� �,�� HVW� pJDOH� j OD�PR\HQQH�

SRQGpUpH� GH� OD� TXDQWLWp� G
LQIRUPDWLRQV� HQFRGpHV� SDU� XQ� SURFHVVHXU� WHPSRUHO� I�W�� ,�� HW� XQ�

SURFHVVHXU�QRQ�WHPSRUHO�J�,� �7KRPDV�	�:HDYHU������ ��7KRPDV�	�%URZQ���������/H�WHPSV�

HVW�DORUV�FRQoX�FRPPH�pWDQW�XQ�V\VWqPH�JpQpUDO�GH�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ��HW�QRQ�DX�VHLQ�

G¶XQ� V\VWqPH� VSpFLILTXH� DX[� LQIRUPDWLRQV� WHPSRUHOOHV�� /D� GXUpH� SHUoXH� GpSHQG� DORUV� GH� OD�

TXDQWLWp�G
DWWHQWLRQ�DFFRUGpH�DX[�LQIRUPDWLRQV�WHPSRUHOOHV� DX�GpWULPHQW�GH�FHOOHV�DFFRUGpHV�

DX[�LQIRUPDWLRQV�QRQ�WHPSRUHOOHV��3DU�FRQVpTXHQW��HOOH�HVW�GpSHQGDQWH�GHV�UHVVRXUFHV�SXLVpHV�

SDU�OD�WkFKH�QRQ�WHPSRUHOOH ��SOXV�O¶DWWHQWLRQ�HVW�GpWRXUQpH�GX�WHPSV�HW�SOXV�OH�WHPSV�HVW�VRXV�

HVWLPp��'H�FH�IDLW��OH�PRGqOH�LQWqJUH�pJDOHPHQW�OD�QRWLRQ�GH�ILDELOLWp��Į���OD�GXUpH�HVWLPpH��W��

UHSRVDQW� GDYDQWDJH VXU� OH� SURFHVVHXU� WHPSRUHO� RX� QRQ�WHPSRUHO�� HQ� OLHQ� DX[� UHVVRXUFHV�

DWWHQWLRQQHOOHV�DOORXpHV��$LQVL��SOXV�Į�VH�UDSSURFKH�GH����SOXV�OH�VXMHW�HQFRGH�G¶LQIRUPDWLRQV�

WHPSRUHOOHV�HW�SOXV�O¶LQGLFH�GH�ILDELOLWp�Į�VH�UDSSURFKH�GH����SOXV�OH�VXMHW�HQFRGH�G¶LQIRUPDWLRQV�

QRQ�WHPSRUHOOHV��(Q�VRPPH��GDQV�OHV�MXJHPHQWV�UpWURVSHFWLIV��R��WUqV�SHX�G¶DWWHQWLRQ�HVW�DOORXpH�

DX�WHPSV��Į I�W��,��D�WUqV�SHX�GH�SRLGV�GDQV�O¶HVWLPDWLRQ��$�O¶LQYHUVH��GDQV�OH�MXJHPHQW�SURVSHFWLI��

Į I�W��,��HVW�SOXV�ORXUG�DX�GpWULPHQW�GH����± Į��J�,�͘
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)LJXUH�����(TXDWLRQ�IRQFWLRQQHOOH�GX�PRGqOH�GH�7KRPDV�	�:HDYHU��������

(Q�������=DND\�SHUIHFWLRQQH�O¶LGpH�SURSRVpH�SDU�7KRPDV�HW :HDYHU��������HW�SURSRVH�

OH� PRGqOH� G¶DOORFDWLRQ� GH� UHVVRXUFHV� RX� © 5$0 ª� �5HVRXUFH� $OORFDWLRQ� 0RGHO��� 'DQV� FH�

PRGqOH��O¶HVWLPDWLRQ�WHPSRUHOOH�UHSRVH�XQLTXHPHQW�VXU�OD�VRUWLH�GX�SURFHVVHXU�OH�SOXV�ILDEOH��

O¶DXWUH� pWDQW� VXSSULPp��&HWWH� GLVWLQFWLRQ� SHUPHW� G¶H[SOLTXHU� OHV� GLIIpUHQWV� UpVXOWDWV� HQWUH� OHV�

DSSURFKHV� SURVSHFWLYHV� RX� UpWURVSHFWLYHV� GH� O¶HVWLPDWLRQ� GH� WHPSV� FRPPH� QRXV� YHQRQV� GH�

O¶pYRTXHU�SRXU�OH�PRGqOH�GH�7KRPDV�HW�:HDYHU���������(Q�HIIHW��GDQV�OH�FDV�G¶XQ�MXJHPHQW�

WHPSRUHO�UpWURVSHFWLI��QRXV�DOORXRQV�GDYDQWDJH�QRV�UHVVRXUFHV�DWWHQWLRQQHOOHV�j�O¶LQIRUPDWLRQ�

QRQ�WHPSRUHOOH��/H�SURFHVVHXU�WHPSRUHO�HVW�GRQF�OH�PRLQV�ILDEOH�GHV�GHX[�SURFHVVHXUV�SXLVTXH�

OH�WHPSV�Q¶HVW�SDV�O¶REMHW�SULQFLSDO�GX�WUDLWHPHQW�FRJQLWLI��'DQV�FH�FDV��O¶HVWLPDWLRQ�GX�WHPSV�

HVW� GRQF� LQWpJUDOHPHQW� GpSHQGDQWH� GX� SURFHVVHXU� QRQ�WHPSRUHO�� (OOH� VH� EDVH� DORUV� VXU� OHV

LQIRUPDWLRQV�GX�SURFHVVHXU�QRQ�WHPSRUHO�HQYR\pHV�HQ�PpPRLUH�GH�WUDYDLO��SXLV�HQ�PpPRLUH�j�

ORQJ� WHUPH�� 2U�� SOXV� O¶DWWHQWLRQ� HVW� GpYROXH� DX� SURFHVVHXU� QRQ�WHPSRUHO�� SOXV� OD� WDLOOH� GH�

VWRFNDJH� �© VWRUDJH� VL]H ª�� HQ� PpPRLUH� j� ORQJ�WHUPH� HVW� LPSRUWDQWH�� $LQVL� HQ� FRQGLWLRQ�

UpWURVSHFWLYH�� O¶HVWLPDWLRQ�HVW�XQH�IRQFWLRQ�OLQpDLUH�SRVLWLYH�GH�OD�WDLOOH�GH�VWRFNDJH��'DQV�OD�

$WWHQWLRQ eYqQHPHQWV

7HPSV

>Ă�ƉůƵƉĂƌƚ�ĚĞƐ�
ũƵŐĞŵĞŶƚƐ�

ZĠƚƌŽƐƉĞĐƚŝĨƐ

>Ă�ƉůƵƉĂƌƚ�ĚĞƐ�
ũƵŐĞŵĞŶƚƐ�
WƌŽƐƉĞĐƚŝĨƐ

���± Į��

Į I�W��,�
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VLWXDWLRQ� SURVSHFWLYH�� F¶HVW� OH� SURFHVVHXU� WHPSRUHO� TXL�� HQ� UHYDQFKH� QRXUULW� O¶HVWLPDWLRQ� GX�

WHPSV��SXLVTXH�OH�VXMHW�OXL�D�DOORXp�SOXV�GH�UHVVRXUFHV�DWWHQWLRQQHOOHV��

3HQGDQW� FKDTXH� LQWHUYDOOH� GH� WHPSV� PHVXUp�� GHV� ©� XQLWpV� GH� WHPSV� VXEMHFWLI� ª�

V
DFFXPXOHQW�GDQV�FH�SURFHVVHXU��=DND\�H[SOLTXH�DORUV�TXH�O¶HVWLPDWLRQ�GX�WHPSV�UHSRVH�DLQVL�

VXU�OD�TXDQWLWp�©�G
XQLWpV GH�WHPSV�VXEMHFWLI�ª�DFFXPXOpH HQ�PpPRLUH�GH�WUDYDLO�GXUDQW�OD�GXUpH�

GH�O
LQWHUYDOOH��R��SOXV�LO�\�D�HX�GH�UHVVRXUFHV�DOORXpHV�DX[�LQIRUPDWLRQV�QRQ�WHPSRUHOOHV��SOXV�

G¶XQLWpV� WHPSRUHOOHV� VRQW� SHUGXHV�� 'H� FH� IDLW�� OH� WHPSV� HVW� VRXV�HVWLPp�� /¶DOORFDWLRQ� GHV�

UHVVRXUFHV� HQWUH� FHV� GHX[� SURFHVVHXUV� VHUDLW� GpSHQGDQWH� GH� SOXVLHXUV� IDFWHXUV� FRPPH� OHV�

DWWHQWHV� GX� VXMHW�� OHV� FRQVLJQHV� UHoXHV�� OD� GLIILFXOWp� GX� WUDLWHPHQW� GH� OD� WkFKH�� RX� HQFRUH� OD�

VLJQLILFDWLRQ�VXEMHFWLYH�GH�OD�VLWXDWLRQ��

&RPPH� QRXV� O¶DYRQV� GpMj� VWLSXOp�� GH� QRPEUHXVHV� pWXGHV� RQW� REWHQX GHV� UpVXOWDWV�

YDOLGDQW�OHV�SUpGLFWLRQV�GX�PRGqOH�GH�=DND\� 'DQV�FHV�pWXGHV��OHV�FKHUFKHXUV�RQW�SDU�H[HPSOH�

PDQLSXOp� OD�GLIILFXOWp�GH� OD� WkFKH�QRQ� WHPSRUHOOH�RX�ELHQ�GRQQp�GHV�FRQVLJQHV�H[SOLFLWHV�GH�

SDUWDJH� DWWHQWLRQQHO�� 4XHOOH� TXH� VRLW� OD� SURFpGXUH HPSOR\pH� SRXU� PRGXOHU� O¶DWWHQWLRQ�� OHV�

UpVXOWDWV� GH� FHV� pWXGHV� UpYqOHQW� TXH� OH� GpWRXUQHPHQW� GHV� UHVVRXUFHV� DWWHQWLRQQHOOHV� GHV�

SDUDPqWUHV�WHPSRUHOV�GpWpULRUH�V\VWpPDWLTXHPHQW�OD�SHUIRUPDQFH�WHPSRUHOOH�GDQV�OH�VHQV�G¶XQ�

UDFFRXUFLVVHPHQW�GH�OD�GXUpH�VXEMHFWLYH�GLW�© VKRUWHQLQJ�HIIHFW ª��&DVLQL�	�0DFDU������������

��&DVLQL��0DFDU�	�*URQGLQ������ ��*URQGLQ�	�0DFDU������ ��+LFNV�	�%UXQGLJH������ ��+LFNV��

0LOOHU��	�.LQVERXUQH������ ��0DFDU��*URQGLQ��	�&DVLQL������ ��3UHGHERQ������ ��7KRPDV�	�

&DQWRU������ ��7VH��,QWULOLJDWRU��5LYHVW�	�&DYDQDJK������ ��8QGHUZRRG�	�6ZDLQ������ ��=DND\��

���� ��=DND\�	�7VDO���������&HSHQGDQW�DXFXQH�GH�FHV�pWXGHV�Q¶D�UHJDUGp�OHV�FKDQJHPHQWV�GH�

SHUIRUPDQFHV� WHPSRUHOOHV� VHORQ� OHV� GLIIpUHQFHV� LQWHULQGLYLGXHOOHV� HQ� WHUPH� GH� FDSDFLWpV�

DWWHQWLRQQHOOHV� FKH]� O¶DGXOWH� FRPPH� FKH]� O¶HQIDQW�� 2U�� OHV� PRLQV� ERQQHV� FDSDFLWpV�

DWWHQWLRQQHOOHV�GHV�MHXQHV�HQIDQWV SHXYHQW rWUH�j�O¶RULJLQH�GH�OHXUV�PRLQV�ERQQHV�SHUIRUPDQFHV�

WHPSRUHOOHV��1RWUH�TXHVWLRQ�HVW�GRQF ��HVW�FH�TXH�OH�EUXLW�GX�V\VWqPH�SHUFHSWLI�WHPSRUHO�FKH]�

O¶HQIDQW� SHXW� V¶H[SOLTXHU� SDU� OHXUV� FDSDFLWpV� DWWHQWLRQQHOOHV� UpGXLWHV "� 6L� RXL�� FRPPHQW� OHV�

SHUIRUPDQFHV�WHPSRUHOOHV�FKH]�OHV�HQIDQWV�DYHF�GHV�FDSDFLWpV�UpGXLWHV�YDULHQW�VXLYDQW�OH�W\SH�

GH� WkFKH� DWWHQWLRQQHOOH "�/¶XQ�GHV�REMHFWLIV�GH�QRV� pWXGHV�H[SpULPHQWDOHV�YLVH� j� pWXGLHU� FHV�

TXHVWLRQV� VXU� GLIIpUHQWHV� TXDQWLWpV� GH� UHVVRXUFHV� DWWHQWLRQQHOOHV�� GLIIpUHQWV� LQWHUYDOOHV�� GDQV�

GLIIpUHQWV� W\SHV� GH� WkFKHV� QRWDPPHQW� GH� GRXEOH� WkFKH�� 1RXV� DYRQV� pJDOHPHQW� pYDOXp� OHV�

FDSDFLWpV�GH�PpPRLUH� j� FRXUW� WHUPH�HW� GH�PpPRLUH�GH� WUDYDLO� SRXU�GpWHUPLQHU� OHV�PHLOOHXUV�

SUpGLFWHXUV�GHV�GLIIpUHQFHV�DYHF�O¶kJH�GDQV�OHV�MXJHPHQWV�WHPSRUHOV�VHORQ�OHV�GLIIpUHQWHV�WkFKHV�

XWLOLVpHV��



WĂŐĞ�ͮ�ϴϭ

%LHQ�TXH�OHV�PRGqOHV�DWWHQWLRQQHOV�TXH�QRXV�YHQRQV�GH�GpFULUH�SHUPHWWHQW�G¶H[SOLTXHU�

GH�QRPEUHX[�HIIHWV��LOV�V¶DYqUHQW�DXVVL�LQVXIILVDQWV VXU�FHUWDLQV�SRLQWV��,O�Q¶\�D�QRWDPPHQW�DXFXQ�

PpFDQLVPH�GpGLp� j�GHV� IDFWHXUV�SK\VLRORJLTXHV�FRPPH� O¶pWDW�G¶pYHLO��(Q�HIIHW�� FHV�PRGqOHV�

VXSSRVHQW�XQ�EDVVLQ�FRQVWDQW�GH�UHVVRXUFHV�DWWHQWLRQQHOOHV��VDQV�SUHQGUH�HQ�FRPSWH�OH�QLYHDX�

G
pYHLO�RX�OHV�YDULDWLRQV�GH�OD�YLJLODQFH�LPSXWDEOHV�DX[�U\WKPHV�FLUFDGLHQV�HW�j�G
DXWUHV�IDFWHXUV�

ELRORJLTXHV��=DND\�HW�%ORFN��������RQW�QRWDPPHQW�HVVD\p�GH�SDOOLHU�j�FH�SUREOqPH�GDQV�OHXU�

PRGqOH�SOXV�UpFHQW�GH�SRUWH�DWWHQWLRQQHOOH��

,,�± ���/H�PRGqOH�DWWHQWLRQQHO�GH�=DND\�HW %ORFN

���Ȃ ǤͷǤ���±����������������°��

$ILQ�G¶DIILQHU�OH�PRGqOH�GH�WUDLWHPHQW�GH�O¶LQIRUPDWLRQ�WHPSRUHOOH�LQLWLDOHPHQW�SURSRVp�

SDU�*LEERQ�HW�VHV�FROODERUDWHXUV��=DND\�HW�%ORFN��������DMRXWHQW GH�QRXYHOOHV�YDULDEOHV�G¶HQWUpH�

TXL�HQYLVDJHQW�OHV�HIIHWV�SK\VLTXHV�GH�O¶pYHLO�VXU�O¶KRUORJH�LQWHUQH��6XU�OD�)LJXUH����UHSUpVHQWDQW�

OHXU�PRGqOH��RQ�SHXW�DSHUFHYRLU�WURLV�QRXYHOOHV�YDULDEOHV�G¶HQWUpH�D\DQW�FKDFXQH XQ�LPSDFW�VXU�

XQ�PpFDQLVPH�VSpFLILTXH�G¶KRUORJH�LQWHUQH��&RPPH�QRXV O¶DYRQV�GpMj�GLW j�SOXVLHXUV�UHSULVHV��

OH�SUHPLHU�PpFDQLVPH�HVW�IRQFWLRQ�GH�O¶pWDW�G¶pYHLO��FH�TXL�LPSDFWH�GLUHFWHPHQW�OD�IUpTXHQFH�

G¶pPLVVLRQ� GHV� LPSXOVLRQV� GX� SDFHPDNHU�� /H� VHFRQG� PpFDQLVPH� FRUUHVSRQG� j� O¶DWWHQWLRQ�

DOORXpH� j� O¶LQIRUPDWLRQ� WHPSRUHOOH�� &HOOH�FL� DJLW� GLUHFWHPHQW� VXU� OH� PpFDQLVPH� GH� SRUWDLO�

DWWHQWLRQQHO� �DWWHQWLRQDO� JDWH��� (OOH� SHUPHW� DX� SRUWDLO� GH� V¶RXYULU� SOXV� RX�PRLQV� ODUJHPHQW�

ODLVVDQW�DLQVL�WUDQVLWHU�XQH�TXDQWLWp�G¶LPSXOVLRQV�SOXV�RX�PRLQV�LPSRUWDQWH��3OXV�OD�TXDQWLWp�GH�

UHVVRXUFHV� DWWHQWLRQQHOOHV� DOORXpHV� DX� WHPSV� HVW� SHWLWH�� HQ� SUpVHQFH� G¶XQH� GRXEOH� WkFKH� QRQ�

WHPSRUHOOH� SDU� H[HPSOH�� SOXV� SHWLWH� HVW� O¶RXYHUWXUH� GX� SRUWDLO� DWWHQWLRQQHO�� 3DU� FRQVpTXHQW��

PRLQV�G¶LPSXOVLRQV�SDVVHQW�HW�OH�WHPSV�HVW�SHUoX�FRPPH�SOXV�FRXUW�TX¶LO�QH�O¶HVW�UpHOOHPHQW��

&HWWH�RSpUDWLRQ�UHQG�GRQF�FRPSWH�GH�OD�IOXFWXDWLRQ�GH�OD�TXDQWLWp�G¶DWWHQWLRQ�DOORXpH�DX�WHPSV�

GH�IDoRQ�FRQWLQXH��VDQV�LQWHUUXSWLRQ��$XVVL��=DND\�HW %ORFN�DMRXWHQW�XQ�WURLVLqPH�PpFDQLVPH��

FHOXL� GH� OD� VLJQLILFDWLRQ� WHPSRUHOOH��&HOOH�FL� MRXH� OH� U{OH�G¶DWWHQWLRQ� VpOHFWLYH�� SHUPHWWDQW� j�

O¶LQWHUUXSWHXU� DWWHQWLRQQHO� GpFULW� GDQV� OH� PRGqOH� G¶KRUORJH� LQWHUQH� GH� *LEERQ� HW� VHV�

FROODERUDWHXUV��SDJH����� GH�V¶RXYULU�RX�GH�VH�IHUPHU��3RXU�VD�SDUW��O¶LQWHUUXSWHXU�IRQFWLRQQH�GH�

IDoRQ�ELQDLUH��HQ��WRXW�RX�ULHQ���,O VH�IHUPH�DX�GpEXW�HW�V
RXYUH�j�OD�ILQ�G¶XQ�LQWHUYDOOH�WHPSRUHO�

j�MXJHU��=DND\�	�%ORFN��������S��������/HV�UpVXOWDWV�GH�GLIIpUHQWHV�pWXGHV�pWD\HQW�FHWWH�LGpH�HQ�

GpPRQWUDQW� SDU� H[HPSOH� TXH� O¶DXJPHQWDWLRQ� GH� OD� YDULDELOLWp� GDQV� OH� GpODL� GH� IHUPHWXUH� GH�

O¶LQWHUUXSWHXU�VHUDLW�GXH�j�XQH�DWWHQWLRQ�VpOHFWLYH�PRLQGUH��$OODQ������ ��'URLW�9ROHW������ ��

:LWKHUVSRRQ� 	� $OODQ�� ������� 7RXW� FRPPH� OHV� GLIIpUHQFHV� GDQV� OHV� FDSDFLWpV� G¶DWWHQWLRQ�
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VpOHFWLYH�SRXUUDLHQW�SUpGLUH�VD�YDULDELOLWp�G¶RXYHUWXUH�HQ�ILQ�GH�GXUpH��$OODQ������ ��'URLW�9ROHW�

	�:HDUGHQ���������/H�PRGqOH�GH�=DND\�HW�%ORFN�HVW�OH�PRGqOH�DFWXHO�OH�SOXV�XWLOLVp�GDQV�OHV�

pWXGHV� VXU� OH� MXJHPHQW� WHPSRUHO�� 1RXV� DYRQV� IDLW� OH� FKRL[� GH� QRXV� EDVHU� VXU� FH� PRGqOH��

1pDQPRLQV��LO�IDXW�rWUH�FRQVFLHQW�TXH�FH�PRGqOH�D�pWp�GLVFXWp��

)LJXUH�����0RGqOH�GH�SRUWDLO�DWWHQWLRQQHO�VHORQ�=DND\�HW�%ORFN���������

���Ȃ ǤǤ������������������°��

6XLWH� j� OD� SXEOLFDWLRQ� GX� PRGqOH� GH� =DND\� HW� %ORFN �������� XQH� FRQWURYHUVH� V¶HVW�

HQJDJpH� VXU� OD� QDWXUH� GX� PpFDQLVPH� DWWHQWLRQQHO�� /H� PpFDQLVPH� GH� SRUWH� DWWHQWLRQQHOOH� D�

QRWDPPHQW�pWp�UHPLV�HQ�TXHVWLRQ��6HORQ�+HOJD�/HMHXQH���������������OH�SRUWDLO�DWWHQWLRQQHO�HVW�

XQ�PpFDQLVPH� VXSHUIOX�� FDU� WRXW� SHXW� rWUH� H[SOLTXp� SDU� O¶LQWHUUXSWHXU� DWWHQWLRQQHO�� /HMHXQH�

H[SOLTXH�TXH�OH�GpODL G¶RXYHUWXUH�HW�GH�IHUPHWXUH�GH�O¶LQWHUUXSWHXU�SHXW�YDULHU�VHORQ�O¶DWWHQWLRQ�

DFFRUGpH� DX� VWLPXOXV� WHPSRUHO�� (OOH� SURSRVH� DXVVL� XQ� DXWUH� PRGH� GH� IRQFWLRQQHPHQW� GH�

O¶LQWHUUXSWHXU��(Q�HIIHW��VXU�OHXU�PRGqOH��*LEERQ�HW�VHV�FROOqJXHV��������RQW�GpFULW�O¶LQWHUUXSWHXU�

WĂĐĞŵĂŬĞƌ
WŽƌƚĂŝů

�ƚƚĞŶƚŝŽŶŶĞů
/ŶƚĞƌƌƵƉƚĞƵƌ

�ƚĂƚ�Ě͛ĠǀĞŝů
�ƚƚĞŶƚŝŽŶ�
ĂůůŽƵĠĞ�ĂƵ�
ƚĞŵƉƐ

^ŝŐŶŝĨŝĐĂƚŝŽŶ�
ƚĞŵƉŽƌĞůůĞ

DĠŵŽŝƌĞ�ĚĞ�
ZĠĨĠƌĞŶĐĞ

DĠŵŽŝƌĞ�ĚĞ�
dƌĂǀĂŝů

DĠĐĂŶŝƐŵĞ�ĚĞ�ƌĠƉŽŶƐĞ

�ĐĐƵŵƵůĂƚĞƵƌ,ŽƌůŽŐĞ�ŝŶƚĞƌŶĞ

WƌŽĐĞƐƐƵƐ�ŵŶĠƐŝƋƵĞƐ

WƌŽĐĞƐƐƵƐ�ĚĠĐŝƐŝŽŶŶĞůƐ
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FRPPH�IRQFWLRQQDQW�VHORQ�XQ�PRGH�© UXQ ª�HW�XQ�PRGH�© VWRS ª��SHUPHWWDQW�G¶DFFXPXOHU�RX�

QRQ�OHV�LPSXOVLRQV��&HSHQGDQW��FRPPH�OH�GLW�/HMHXQH��LO�HVW�WRXW�j�IDLW�FRQFHYDEOH�G¶pWDEOLU�XQ�

WURLVLqPH�PRGH�GH�IRQFWLRQQHPHQW�DYHF�O¶RVFLOODWLRQ�GH�O¶LQWHUUXSWHXU�HQWUH�FHV�GHX[�pWDWV�VHORQ�

XQ� PRGH� YDFLOODQW� © IOLFNHULQJ� PRGH ª� �)LJXUH� ����� 'DQV� FH� PRGH�� O¶LQWHUUXSWHXU� V¶RXYUH�

PRPHQWDQpPHQW�ORUV�GX�SDVVDJH�GH�O¶DWWHQWLRQ�GH�OD�WkFKH�WHPSRUHOOH�j�OD�WkFKH�QRQ�WHPSRUHOOH��

/¶DWWHQWLRQ�HVW�GRQF�FRQoXH�FRPPH�XQ�V\VWqPH�G¶DOWHUQDQFH�GH�SKDVHV�DWWHQWLRQQHOOHV��$LQVL��

VL� OD� WkFKH�QRQ�WHPSRUHOOH�HVW� WURS�FRPSOH[H��RX�V¶LO�HVW�GHPDQGp�DX�SDUWLFLSDQW�GH�PRGXOHU�

O¶DWWHQWLRQ�j�DOORXHU�DX[�LQIRUPDWLRQV�QRQ�WHPSRUHOOHV��DORUV�O¶LQWHUIpUHQFH�HVW�SOXV�JUDQGH��/H�

QRPEUH�SOXV�LPSRUWDQW�G¶RXYHUWXUHV�GH�O¶LQWHUUXSWHXU�YD�GH�PDQLqUH�VXEUHSWLFH�HQJHQGUHU�XQH�

SHUWH� G¶XQLWpV� WHPSRUHOOHV� SOXV� LPSRUWDQWH�� UpVXOWDQW� HQ� XQH� VRXV�HVWLPDWLRQ� GX� WHPSV� SOXV�

PDUTXpH��

)LJXUH� ���� 6FKpPD� GHV� GLIIpUHQWV� IRQFWLRQQHPHQWV� GH� O¶LQWHUUXSWHXU� DWWHQWLRQQHO� DX� VHLQ� GH�
O¶KRUORJH�LQWHUQH��;��HW�;��FRUUHVSRQGHQW�j�GHV�GXUpHV�SRXU�OHVTXHOOHV�O¶LQWHUUXSWHXU�HVW�IHUPp��
HW� OHV� XQLWpV� WHPSRUHOOHV� VRQW� DFFXPXOpHV�� © < ª FRUUHVSRQG� j� O¶RXYHUWXUH� GH� O¶LQWHUUXSWHXU��
TXDQG�OHV�XQLWpV WHPSRUHOOHV�VRQW�SHUGXHV��([WUDLW�GH�/HMHXQH�������

&HOD�pWDQW��TXHOOH�TXH�VRLW�OD�QDWXUH�GX�PpFDQLVPH�DWWHQWLRQQHO�HQ�MHX��OHV�SUpGLFWLRQV�

UHVWHQW� VLPLODLUHV�� /H� WHPSV� SHUoX� GpSHQG� GH� O¶DWWHQWLRQ� TXL� OXL� HVW DOORXpH�� FHOXL�FL� pWDQW�

UDFFRXUFL�SOXV�RX�PRLQV�VHORQ�OH�PDQTXH�G¶DWWHQWLRQ��'H�PrPH��ORUVTX¶DXFXQH�DWWHQWLRQ�Q¶D�pWp�

DOORXpH�DX�WHPSV��O¶HVWLPDWLRQ�UHSRVH�VXU�OHV�LQIRUPDWLRQV�QRQ�WHPSRUHOOHV�JDUGpHV�HQ�PpPRLUH��

,O� VXEVLVWH� QpDQPRLQV� XQ� SUREOqPH� SRXU� OHV� pWXGHV� FRPSRUWHPHQWDOHV� FDU� OH� IOLFNHULQJ� GH

O¶LQWHUUXSWHXU�VH�WUDGXLW�SDU�GHV�HIIHWV�VXU�OH�MXJHPHQW�WHPSRUHO�GH�W\SH�PXOWLSOH�DYHF�OHV�GXUpHV��

,O�HVW�DORUV�GLIILFLOH�GH�FODLUHPHQW�GLVVRFLHU�OHV�HIIHWV�G¶DFFXPXODWHXU�HW�GH�UDOHQWLVVHPHQW�GH�

O¶KRUORJH�LQWHUQH��3HQQH\��������
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,,,� ± $WWHQWLRQ� HW� HVWLPDWLRQ� GX� WHPSV� FKH]� O¶HQIDQW �� VRQ� pWXGH� HW� OHV�

SHUVSHFWLYHV�GH�UHFKHUFKHV

eWRQQDPPHQW�� VHXOHV� TXDWUH� pWXGHV� RQW� WHVWp� H[SpULPHQWDOHPHQW� OH� GpYHORSSHPHQW�

W\SLTXH�GX�MXJHPHQW�GX�WHPSV�FKH]�O
HQIDQW�GDQV�XQ�SDUDGLJPH�GH�GRXEOH�WkFKH��$UOLQ������D��

����E ��*DXWLHU�	 'URLW�9ROHW������ ��5DWWDW������� HW�DXFXQH�GH�FHV�pWXGHV�Q¶D�pWXGLp�OH�OLHQ�

HQWUH� OHV� SHUIRUPDQFHV� WHPSRUHOOHV� GHV� HQIDQWV� HW� OHXUV� FDSDFLWpV� FRJQLWLYHV�� 'DQV� O¶pWXGH�

G¶$UOLQ������D��E���LO�HVW�GHPDQGp�DX[�HQIDQWV�kJpV�GH���j����DQV�GH�UHSURGXLUH�OD�GXUpH�GH�VRQV�

����������V��ORUVTX¶LOV�HIIHFWXHQW�XQH�GHX[LqPH�WkFKH�QRQ�WHPSRUHOOH��WHOOH�TXH�QRPPHU�XQH�VpULH�

G¶LPDJHV��'DQV�O¶pWXGH�GH�*DXWLHU�HW�'URLW�9ROHW��������HW�FHOOH�GH�5DWWDW���������LO�HVW�GHPDQGp�

DX[�HQIDQWV�SOXV�MHXQHV��kJpV�GH���j���DQV��GH�UHSURGXLUH�XQ�VWLPXOXV�YLVXHO�GH���RX����V�DYHF�

GLIIpUHQWHV�WkFKHV�LQWHUIpUHQWHV��QRPPHU�GHV�LPDJHV��GLVFULPLQHU�GHV�VRQV��RX�UpDOLVHU�XQH�WkFKH�

GH�PpPRLUH�YLVXR�VSDWLDOH��'DQV�WRXWHV�FHV�pWXGHV��OD�UHSURGXFWLRQ�GH�OD�GXUpH�HVW�WRXMRXUV�SOXV�

FRXUWH�GDQV�OD�GRXEOH�WkFKH�TXH�GDQV�OD�VLPSOH�WkFKH��HW�FH��G¶DXWDQW�SOXV�TXH�O¶HQIDQW�HVW�MHXQH��

/HV� DXWHXUV� RQW� GRQF� ORJLTXHPHQW� FRQFOX� TXH� FHW� HIIHW� HVW� OD� FRQVpTXHQFH� GHV� FDSDFLWpV�

DWWHQWLRQQHOOHV�OLPLWpHV FKH]�OHV�SOXV�MHXQHV�HQIDQWV��'HPSVWHU�	 %UDLQHUG������ ��*DWKHUFROH��

���� ��7RZVH��+LWFK�	 +RUWRQ��������

/H�OLHQ�GLUHFW�HQWUH�OHV�FDSDFLWpV�G¶DWWHQWLRQ�HW�O¶DPSOHXU�GH�O¶HIIHW�GH�UDFFRXUFLVVHPHQW�

WHPSRUHO�Q¶D�GRQF�SDV�HQFRUH�pWp�GpPRQWUp�FKH]�OHV�HQIDQWV� DXFXQH�pWXGH�Q¶D\DQW�HQFRUH�pYDOXp�

OHV� FDSDFLWpV� G¶DWWHQWLRQ� LQGLYLGXHOOH�� 3RXU� OD� PrPH� UDLVRQ�� QRXV� QH� VDYRQV� SDV� TXHOOH�

FRPSRVDQWH�FRJQLWLYH�GH�O¶DWWHQWLRQ��PpPRLUH�GH�WUDYDLO��DWWHQWLRQ�SDUWDJpH��DWWHQWLRQ�VpOHFWLYH��

LQWHUYLHQW�GDQV� OH� UDFFRXUFLVVHPHQW�GX� WHPSV�GDQV�XQH�VLWXDWLRQ�GH�GRXEOH� WkFKH��'HV�HIIHWV�

DWWHQWLRQQHOV�RQW�pWp�PLV�HQ�DYDQW��PDLV�TXHOOH�GLPHQVLRQ�GH�O¶DWWHQWLRQ�LQIOXH�OH�SOXV�VXU�OHV�

GLVWRUVLRQV� WHPSRUHOOHV "� 'H� SOXV�� OHV� FKHUFKHXUV� Q¶RQW� j� QRWUH� FRQQDLVVDQFH� MDPDLV� WHVWp�

O¶DSWLWXGH�GHV�HQIDQWV�j�UpDOLVHU�XQH�GRXEOH�WkFKH�VL�OHV�GHX[�WkFKHV�VRQW�GH�QDWXUH�WHPSRUHOOH��

DXWUHPHQW�GLW� VL� O¶HQIDQW�GRLW� WUDLWHU� VLPXOWDQpPHQW�SOXVLHXUV�GXUpHV��/HV� HQIDQWV�� DYHF� OHXUV�

FDSDFLWpV� DWWHQWLRQQHOOHV� PRLQGUHV�� SHXYHQW�LOV� MXJHU� SOXVLHXUV� GXUpHV� SUpVHQWpHV�

VLPXOWDQpPHQW "�6L�RXL��H[LVWH�W�LO�XQH�GLVWRUVLRQ�HW�TXHOOH�HVW�VRQ�DPSOHXU "�$XWUHPHQW�GLW��TXHO�

HVW� O¶HIIHW�G¶LQWHUIpUHQFH� WHPSRUHOOH�VXU�OH�MXJHPHQW�GHV�GXUpHV"�/¶DPSOHXU�GH�FHW�HIIHW�SHXW�

UHQVHLJQHU� VXU� O¶H[LVWHQFH� RX� QRQ� GH� SOXVLHXUV� KRUORJHV� LQWHUQHV� HW� �� RX� GH� SOXVLHXUV�

DFFXPXODWHXUV�FRPPH�QRXV�YHQRQV�GH�OH�GLVFXWHU�GDQV�FHWWH�LQWURGXFWLRQ��'DQV�FHWWH�WKqVH��QRXV�

DYRQV�DXVVL�UpDOLVp�SOXVLHXUV�H[SpULHQFHV�VXU�G¶DXWUHV�SDUDGLJPHV�DWWHQWLRQQHOV��HQ�O¶RFFXUUHQFH�
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XQ� SDUDGLJPH� LPSOLFLWH� GH� GRXEOH�WkFKH�� GH� GLVWUDFWHXU� DWWHQWLRQQHO�� XQ� SDUDGLJPH�

G¶LQWHUIpUHQFH�LQWHU�GLPHQVLRQQHOOH�HW�XQ�SDUDGLJPH�GH�UHFKHUFKH�YLVXHOOH�SHQGDQW�O¶HVWLPDWLRQ�

GX�WHPSV��&HSHQGDQW��GDQV�FHWWH�WKqVH��MH�QH�SUpVHQWHUDL�TXH�OHV�pWXGHV�TXL�RQW�pWp�SXEOLpHV�RX�

TXL�IHURQW�O¶REMHW�G¶XQ�DUWLFOH�VFLHQWLILTXH�

'DQV�FHWWH� WKqVH� VXU�DWWHQWLRQ�HW� WHPSV��QRXV�QRXV� VRPPHV�pJDOHPHQW� LQWpUHVVpV�DX[�

HIIHWV�GH�FRQWH[WH�VXU� OD�SHUFHSWLRQ�GX� WHPSV�HW�DX�GpYHORSSHPHQW�GH�FHUWDLQHV�GLPHQVLRQV��

5pFHPPHQW�� XQH� pWXGH� XWLOLVDQW� OD� WkFKH� GH� UHSURGXFWLRQ� WHPSRUHOOH� D� pWp� PHQpH� FKH]� GHV�

HQIDQWV�DXWLVWHV�HW�© VDLQV ª�kJpV�GH���j����DQV��.DUDPLQLV�HW�DO����������/HV�UpVXOWDWV�GH�FHWWH�

pWXGH��GRQW�QRXV�DYRQV�GpMj�SDUOp�j�SURSRV�GH�O¶HIIHW�9LHURUGW��RQW�PRQWUp�O¶H[LVWHQFH�GH�O¶HIIHW�

GH�WHQGDQFH�FHQWUDOH�GDQV�WRXV�OHV�JURXSHV�G
kJH��DYHF�XQ�HIIHW�SOXV�IRUW�FKH]�OHV�SDUWLFLSDQWV�

SOXV�MHXQHV��&HSHQGDQW��QRXV�QH�VDYRQV�SDV�DXMRXUG¶KXL�j�TXHO�kJH�FHW�HIIHW�DSSDUDvW�HW�V¶LO�H[LVWH�

XQ�HIIHW�SODQFKp G��DX[�IDLEOHV�FDSDFLWpV�DWWHQWLRQQHOOHV�GX�MHXQH�HQIDQW��'H�SOXV��OHV�DXWHXUV�

Q¶RQW�SDV�DQDO\Vp�OD�SRVVLEOH� LQIOXHQFH�GHV�SURSUHV�SURGXFWLRQV�WHPSRUHOOHV�GHV�SDUWLFLSDQWV��

&¶HVW�SRXU�FHWWH�UDLVRQ�TXH�QRXV�DYRQV�UpDOLVp�XQH�pWXGH�VXU�FHWWH�WKpPDWLTXH��'H�SOXV��QRXV�

DYRQV�UpDOLVp�GHX[�DXWUHV�pWXGHV��O¶XQH�VXU�O¶HIIHW�GH�FRQWH[WH�VRFLDO�HW�O¶DXWUH�VXU�O¶HIIHW�GH�OD

PRGDOLWp� VHQVRULHOOH� GX� VWLPXOXV�� OD� TXHVWLRQ� G¶XQ� VWLPXOXV� VHQVRULHO� GDQV� XQH� PRGDOLWp�

VHQVRULHOOH�SRXYDQW�UHTXpULU�SOXV�G¶DWWHQWLRQ�SRXU�VRQ�WUDLWHPHQW�
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/H�EXW�GH�FHWWH� WKqVH�HVW�G¶DQDO\VHU� OHV�PpFDQLVPHV�SRXYDQW�rWUH�HQ� MHX�GDQV� OD�SOXV�

JUDQGH�YDULDELOLWp�GX�WHPSV�FKH]�O¶HQIDQW��

/H�FKDSLWUH�,�D�SRXU�REMHFWLI�GH�QRXV�RULHQWHU�VXU�OHV�kJHV�GHV�HQIDQWV�TXL�GHYURQW�rWUH�

VpOHFWLRQQpV SRXU�FRQVWLWXHU�OHV�pFKDQWLOORQV�H[SpULPHQWDX[�GH�FHV�WUDYDX[�GH�WKqVH��

/D� SUHPLqUH� pWXGH� GH� FHWWH� WKqVH� DQDO\VH� GRQF� O¶pYROXWLRQ� GHV� DSWLWXGHV� GH�

GLVFULPLQDWLRQ�WHPSRUHOOH�DXSUqV�GH�VXMHWV kJpV GH���j����DQV �+DOOH]��4���	�'URLW�9ROHW��6��

�VXEPLWWHG���7KH�DJH�RI�PDWXULW\�LQ�WLPH�GLVFULPLQDWLRQ�DELOLWLHV "��

/H�SUHPLHU�D[H�SRUWH�VXU�OHV HIIHWV�GH�O¶DWWHQWLRQ�GDQV�O¶HVWLPDWLRQ�GX�WHPSV��

3OXV� H[DFWHPHQW�� OD� SUHPLqUH� pWXGH� YLVH� j� GpWHUPLQHU� OD� RX� OHV� FRPSRVDQWH�V��

DWWHQWLRQQHOOH�V�� LPSOLTXpH�V��GDQV� OD�GLVWRUVLRQ�SHUFHSWLYH�GX� WHPSV� ORUV�G¶XQH� VLWXDWLRQ�GH�

GRXEOH�WkFKH�HW�GH�FRPSDUHU�OHV�GLVWRUVLRQV�JpQpUpHV�SDU�OHV�HQIDQWV�j�FHOOHV�JpQpUpHV�SDU�OHV�

DGXOWHV���+DOOH]��4���	�'URLW�9ROHW��6����������+LJK�OHYHOV�RI�WLPH�FRQWUDFWLRQ�LQ�\RXQJ�FKLOGUHQ�

LQ�GXDO� WDVNV�DUH� UHODWHG� WR� WKHLU� OLPLWHG�DWWHQWLRQ�FDSDFLWLHV��-RXUQDO�RI�([SHULPHQWDO�&KLOG�

3V\FKRORJ\����������±�����GRL����������M�MHFS�������������

'DQV�XQH�VHFRQGH�pWXGH��QRXV�GpWHUPLQHURQV�pJDOHPHQW�OHV�GLIIpUHQFHV�GH�FR�WV�HW�GRQF��

GH� FRQWUDFWLRQ� WHPSRUHOOH�� HQWUH� XQH� VLPSOH� HW� XQH� GRXEOH�WkFKH� VHORQ� TXH� FHOOH�FL� VRLW�

WHPSRUHOOH� �GHX[� WkFKHV� WHPSRUHOOHV� WUDLWpHV� VLPXOWDQpPHQW�� RX� QRQ� WHPSRUHOOH� �XQH� WkFKH�

WHPSRUHOOH�HW�XQH� WkFKH�QRQ�WHPSRUHOOH��� �+DOOH]��4���	�'URLW�9ROHW��6�� ��������7LPLQJ� LQ�D�

GXDO�WDVN�LQ�FKLOGUHQ�DQG�DGXOWV��ZKHQ�WKH�LQWHUIHUHQFH�HIIHFW� LV�KLJKHU�ZLWK�FRQFXUUHQW�QRQ�

WHPSRUDO� WKDQ� WHPSRUDO� LQIRUPDWLRQ� -RXUQDO� RI� &RJQLWLYH� 3V\FKRORJ\�� ������� ��±����

GRL��������������������������������

'H� SDU� OHV� UpVXOWDWV� GH� FHWWH� pWXGH� QRXV� DYRQV� DQDO\Vp VXU� XQH WURLVLqPH� pWXGH�� OH�

GpYHORSSHPHQW�GH�O¶DSWLWXGH�GHV�HQIDQWV j�WUDLWHU�SOXVLHXUV�GXUpHV�VLPXOWDQpPHQW� �+DOOH]��4���

0RQLHU��)���	�'URLW�9ROHW�6� �VXEPLWWHG��6LPXOWDQHRXV�WLPH�SURFHVVLQJ�LQ�FKLOGUHQ�DQG�DGXOWV��

ZKHQ�DWWHQWLRQ�SUHGLFWV�WHPSRUDO�LQWHUIHUHQFH�HIIHFWV��

(QILQ��OD�GHUQLqUH pWXGH�DQDO\VH�QRQ�SOXV�OHV�HIIHWV�G¶DOORFDWLRQ�GH�O¶DWWHQWLRQ�DX�WHPSV��

PDLV� OHV�HIIHWV�GX�FRQWU{OH�GH�O¶DWWHQWLRQ��&HWWH�TXDWULqPH�pWXGH�UHSRVH�VXU�XQ�SDUDGLJPH�GH�

GLVWUDFWHXUV� DWWHQWLRQQHOV� HW� DQDO\VH� O¶LQIOXHQFH� GX� PRLQGUH� FRQWU{OH� DWWHQWLRQQHO� �H�J���

LQKLELWLRQ��VXU�OHV�HVWLPDWLRQV�WHPSRUHOOHV� �+DOOH]��4���HQ�SUpSDUDWLRQ��

&HSHQGDQW�� QRXV� QRXV� VRPPHV� pJDOHPHQW� LQWpUHVVpV� DX[� HIIHWV� FRQWH[WXHOV� SRXYDQW�

JpQpUHU�GHV�GLVWRUVLRQV�WHPSRUHOOHV�GX�WHPSV��/D�SUHPLqUH�pWXGH�D�LFL�SRXU�EXW�GH�WHVWHU�O¶HIIHW�

GH�OD�PRGDOLWp�VHQVRULHOOH�GH�OD�SUpVHQWDWLRQ�GH�OD�GXUpH��YLVXHOOH�YV�DXGLWLYH��VXU�OH�MXJHPHQW�

GX�WHPSV�HW�VHV�FKDQJHPHQWV�DX�FRXUV�GX�GpYHORSSHPHQW���'URLW�9ROHW��6���	�+DOOH]��4����������
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'LIIHUHQFHV�LQ�PRGDO�GLVWRUWLRQ�LQ�WLPH�SHUFHSWLRQ�GXH�WR�ZRUNLQJ�PHPRU\�FDSDFLW\��D�UHVSRQVH�

ZLWK� D� GHYHORSPHQWDO� VWXG\� LQ� FKLOGUHQ� DQG� DGXOWV� 3V\FKRORJLFDO� UHVHDUFK�� �±����

GRL���������V����������������

&RQMRLQWHPHQW� DX[� PRGqOHV� %D\pVLHQV H[SRVpV DX� VHLQ� GH� FHWWH� WKqVH�� QRXV� QRXV�

VRPPHV�pJDOHPHQW�LQWpUHVVpV�DX�FRQWH[WH�WHPSRUHO�HW�DYRQV�ODQFp�XQH�pWXGH�YLVDQW�j�FRPSDUHU�

OHV�HIIHWV�GX�FRQWH[WH�WHPSRUHO�VXU�OH�MXJHPHQW�GX�WHPSV�FKH]�OHV�HQIDQWV�HW�OHV�DGXOWHV���+DOOH]��

4���'DPVPD��$���5KRGHV��'���YDQ�5LMQ��+���	�'URLW�9ROHW��6����������7KH�G\QDPLF�HIIHFW�RI�

FRQWH[W� RQ� LQWHUYDO� WLPLQJ� LQ� FKLOGUHQ� DQG� DGXOWV� $FWD� 3V\FKRORJLFD� ����� ��±����

GRL���������M�DFWSV\�������������

/H� FRQWH[WH� VRFLDO� D\DQW� pJDOHPHQW� VRQ� LPSRUWDQFH�� QRXV� DYRQV� H[DPLQp� GDQV� XQH�

WURLVLqPH� pWXGH� OD� FDSDFLWp� GHV� MHXQHV� HQIDQWV� j� LQFDUQHU� OH� WHPSV� GHV� DXWUHV� GDQV� OHXUV�

MXJHPHQWV�GH�WHPSV� �+DOOH]��4���	�'URLWဨ9ROHW��6����������<RXQJ�FKLOGUHQ�HPERG\�WKH�WLPH�RI�

RWKHUV� LQ� WKHLU� WLPH� MXGJPHQWV�� 7KH� UROH� RI� WKH� WKHRU\� RI� PLQG� ,QIDQW� DQG� &KLOG�

'HYHORSPHQW� �������H������GRL���������LFG������

(QILQ��OH�GHUQLHU�FKDSLWUH�FRQVWLWXH�OD�SLHUUH�DQJXODLUH�GH�OD�FRQWULEXWLRQ�GH�FHWWH�WKqVH��

SXLVTX¶LO� HVW� O¶DERXWLVVHPHQW�� HQ� XQ� PRGqOH� JpQpUDO�� G¶XQ� PRGqOH� G¶KRUORJH� LQWHUQH�

GpYHORSSHPHQWDO�� &H� PRGqOH�� DSSOLFDEOH� WDQW� FKH]� O¶DGXOWH� TXH� FKH]� O¶HQIDQW� D� SRXU� EXW�

G¶H[SOLTXHU�PpFDQLTXHPHQW�OHV�HIIHWV�DWWHQWLRQQHOV HW�FRJQLWLIV�DOWpUDQW�OD�SHUFHSWLRQ GX�WHPSV�

�+DOOH]��4���0HUPLOORG��0���	�'URLW�9ROHW��6� �HQ�SUpSDUDWLRQ��
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,� ± ���0RGpOLVDWLRQ� GX� GpYHORSSHPHQW GHV� FDSDFLWpV� GH� GLVFULPLQDWLRQ� GX�
WHPSV�DX�VHLQ�G¶XQH�WkFKH�GH�ELVVHFWLRQ�WHPSRUHOOH�DXSUqV�G¶XQH�SRSXODWLRQ�
kJp�GH���j��� DQV�

+DOOH]��4���	�'URLW�9ROHW��6���VXEPLWWHG�IRU�SHHU�UHYLHZ���7KH�DJH�RI�PDWXULW\�LQ�WLPH�

GLVFULPLQDWLRQ
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,QWURGXFWLRQ

7KH� VWXGLHV� WKDW� KDYH� H[DPLQHG� WKH� FKDUDFWHULVWLFV� RI� WLPH� SHUFHSWLRQ� EHKDYLRUV� LQ�

KXPDQ� DGXOWV� KDYH� XVHG� WKH� VDPH� WHPSRUDO� GLVFULPLQDWLRQ� WDVNV� DV� WKRVH� XVHG� LQ� DQLPDOV�

�&KXUFK�	�'HOXW\���������VXFK�DV�WKH�WHPSRUDO�ELVHFWLRQ�WDVN��$OODQ�	�*LEERQ��������:HDUGHQ��

�������,Q�WKLV�WDVN��LQGLYLGXDOV�DUH�SUHVHQWHG�ZLWK�D�VKRUW��6��DQG�D�ORQJ��/��VWDQGDUG�GXUDWLRQ�

RQ�D�VPDOO�QXPEHUV�RI�WULDOV��������7KH\�DUH�WKHQ�SUHVHQWHG�ZLWK�SUREH�GXUDWLRQV�HTXDO�WR�HLWKHU�

6 RU�/ RU�RI�DQ�LQWHUPHGLDWH�YDOXH��7KHLU�WDVN�LV�WR�MXGJH�ZKHWKHU�WKH�SUREH�GXUDWLRQ�LV�PRUH�

VLPLODU� WR� 6 RU� /�� 'DWD� LQ� WHPSRUDO� ELVHFWLRQ� DUH� JHQHUDOO\� UHSUHVHQWHG� LQ� WKH� IRUP� RI� D�

SV\FKRSK\VLFDO�IXQFWLRQ�SORWWHG�DV�WKH�SURSRUWLRQ�RI�³ORQJ´�UHVSRQVHV�ሾS�ORQJ�@ DJDLQVW�SUREH�

GXUDWLRQV�� ,Q�ELVHFWLRQ��KXPDQ�DGXOWV�SURGXFH�D�SV\FKRSK\VLFDO� IXQFWLRQ�ZLWK�D�VWHHS�VORSH��

LQGLFDWLQJ�D�KLJK�VHQVLWLYLW\�WR�WLPH��$�PHDVXUH�RI�WKLV�WLPH�VHQVLWLYLW\�LV�WKH�:HEHU�5DWLR��:5���

7KH�:5�LV�D�VRUW�RI�FRHIILFLHQW�RI�YDULDWLRQ��6'�0���7KLV�LV�WKH�'LIIHUHQFH�/LPHQ��'/��GLYLGHG�

E\�WKH�SRLQW RI�VXEMHFWLYH�HTXDOLW\��DOVR�FDOOHG�WKH�%LVHFWLRQ�3RLQW��%3���7KH�%3�LV�WKH�SUREH�

GXUDWLRQ�WKDW�WKH�SDUWLFLSDQWV�FODVVLI\�DV�RIWHQ�ORQJ�DV�VKRUW��S�ORQJ�� �������7KLV�LV�D�VRUW�RI�

³SV\FKRORJLFDO�PLG�SRLQW´�RI�WKH�GXUDWLRQ�UDQJH�EHWZHHQ�6 DQG�/ �:HDUGHQ��������S�������7KH�

'/�LV�KDOI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�SUREH�GXUDWLRQ�JLYLQJ�ULVH�WR�S�ORQJ�� �����DQG�WKDW�JLYLQJ�

ULVH� WR�S�ORQJ�� � �����$� ORZ�:5�LQGLFDWHV�D�KLJK�VHQVLWLYLW\� WR� WLPH�� DQG�D�KLJK�:5�D� ORZ�

VHQVLWLYLW\�WR� WLPH��WKHUHE\�UHIOHFWLQJ�D�IODWWHU�SV\FKRSK\VLFDO�IXQFWLRQ�� ,Q�KXPDQ�DGXOWV�� WKH�

:5�LV�EHWZHHQ������DQG�������GHSHQGLQJ�RQ�WKH�WDVN�GLIILFXOW\��EHLQJ�IRXQG�IRU�H[DPSOH��LQ�WKH�

YLVXDO� PRGDOLW\�� DW� ����� IRU� WKH� GLVFULPLQDWLRQ� RI� GXUDWLRQV� LQ� WKH� UDQJH� RI� KXQGUHGV� RI�

PLOOLVHFRQGV�DQG�DW������LQ WKDW�RI�VHFRQGV��������V���'URLW�9ROHW��������=pODQWL�	�'URLW�9ROHW��

������

7KH�VWXGLHV�WKDW�KDYH�DGGUHVVHG�WKH�GHYHORSPHQW�RI�WKH�DELOLW\�WR�GLVFULPLQDWH�WLPH�KDYH�

WKHUHIRUH� ORJLFDOO\� XVHG� WKH� WHPSRUDO� ELVHFWLRQ� WDVN� LQLWLDOO\� XVHG� LQ� DGXOWV� DQG� ZKLFK� LV�

FRQVLGHUHG�WR�EH�RQH�RI�WKH�HDVLHVW� WDVNV�WR�XVH�LQ�\RXQJ�FKLOGUHQ��'URLW�9ROHW��:HDUGHQ��	�

=pODQWL���������0F&RUPDFN�HW�DO���������ILUVW�WHVWHG�WKLV�WDVN�LQ�FKLOGUHQ�DJHG�������DQG����\HDUV�

ZLWK�RQH�VKRUW�GXUDWLRQ�UDQJH����������V���'URLW�9ROHW�DQG�:HDUGHQ��������VXEVHTXHQWO\�WHVWHG�

FKLOGUHQ�DJHG������DQG���\HDUV�ZLWK�WZR�ORQJHU�GXUDWLRQ�UDQJHV������V�DQG�����V���'HVSLWH�D�WUHQG�

WRZDUG�DQ�LQFUHDVH�LQ�WKH�%3�YDOXH�ZLWK�LQFUHDVLQJ�DJH��QR�VLJQLILFDQW�DJH�UHODWHG�FKDQJHV�LQ�

WKH�%3�ZHUH�IRXQG�LQ�WKHVH�VWXGLHV��7KH�PDMRU�GHYHORSPHQWDO�GLIIHUHQFH�OD\�LQ�WKH�:5�YDOXHV��

ZKLFK�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�WKH���\HDU�ROGV�WKDQ�LQ�WKH���\HDU�ROGV��7KHVH�VWXGLHV�WKXV�

VXJJHVW� D� VLJQLILFDQW� LQFUHDVH� LQ� WLPH� VHQVLWLYLW\� EHWZHHQ� �� DQG� �� \HDUV�� 6LQFH� WKHVH� WZR
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SLRQHHULQJ�VWXGLHV��D�ORQJ�VHULHV�RI�DW�OHDVW����VWXGLHV�KDV�EHHQ�SHUIRUPHG�XVLQJ�WKH�ELVHFWLRQ�

WDVN�ZLWK�W\SLFDOO\�GHYHORSHG�FKLOGUHQ��H�J���'HODJDGR�	�'URLW�9ROHW��������'URLW�9ROHW��������

'URLW�9ROHW��&OHPHQW��	�)D\RO��������'URLW�9ROHW�	�,]DXWH������� 'URLW�9ROHW�	�5DWWDW��������

'URLW�9ROHW��7RXUUHW��	�:HDUGHQ��������'URLW�9ROHW�	�:HDUGHQ��������'URLW�9ROHW�	�=pODQWL��

����D�E�� 5DWWDW� 	� 'URLW�9ROHW�� ������ =pODQWL� 	� 'URLW�9ROHW�� ������ ������� DV� ZHOO� DV� ZLWK�

FKLOGUHQ� ZLWK� GLVRUGHUV� �DXWLVP�� GHDI� FKLOGUHQ� FHUHEHOODU� GLVRUGHUV��� DOWKRXJK� LQ� OLPLWHG�

QXPEHUV��H�J���$OOPDQ��'H/HRQ��	�:HDUGHQ��������%URGHXU��*UHHQ��)ORUHV��	�%XUDFN��������

*LO�HW�DO���������'URLW�9ROHW�HW�DO���������*RUL��&KLORVL��)RUOL��	�%XUU��������*RUL��6DQGLQL��	�

%XUU���������7KHVH�VWXGLHV�V\VWHPDWLFDOO\�UHSOLFDWHG�WKH�UHVXOWV�SUHYLRXVO\�IRXQG�LQ�FKLOGUHQ�E\�

LGHQWLI\LQJ�D�VLJQLILFDQW�LQFUHDVH�LQ�WLPH�VHQVLWLYLW\�EHWZHHQ���DQG���\HDUV�RI�DJH��7KH�VWXGLHV�

WKDW�DOVR�LQFOXGHG�JURXSV�RI�DGXOW�SDUWLFLSDQWV�DOVR�IRXQG�WKDW�WKH���\HDU�ROG�FKLOGUHQ�H[KLELWHG�

VLPLODU� WHPSRUDO� ELVHFWLRQ� SHUIRUPDQFH� WR� WKDW� RI� DGXOWV�� 1RQHWKHOHVV�� VRPH� GLIIHUHQFHV� LQ�

SHUIRUPDQFH�ZHUH�VWLOO�REVHUYHG�EHWZHHQ���\HDUV�RI�DJH�DQG�DGXOWKRRG�XQGHU�PRUH�GLIILFXOW�

FRQGLWLRQV��VXFK�DV�ZKHQ�ORQJ�GXUDWLRQV�KDG�WR�EH�MXGJHG��!���V���H�J���'URLW�9ROHW�	�=pODQWL��

������

6LQFH�WKHVH�VWXGLHV��LW�KDV�EHHQ�FRPPRQ�WR�FRQVLGHU�WKDW�WLPH�GLVFULPLQDWLRQ�DELOLWLHV�

LQFUHDVH�ZLWK�DJH�WR�UHDFK�DQ�DGXOW�OLNH�OHYHO�DW�DERXW���\HDUV�RI�DJH��+RZHYHU��VR�IDU��VWXGLHV�

KDYH� RQO\� WHVWHG� GLIIHUHQFHV� LQ� WHPSRUDO� SHUIRUPDQFH� EHWZHHQ� WZR� RU� WKUHH� JURXSV� RI�

SDUWLFLSDQWV�RI�GLIIHUHQW�DJHV�ZLWKRXW�LQYHVWLJDWLQJ�WKH�H[DFW�DJH����������\HDUV�RU�HYHQ�ODWHU��DW�

ZKLFK�WHPSRUDO�SHUIRUPDQFH�LV�VWDELOL]HG��ZKLFK�ZRXOG�LQGLFDWH�WKH�DWWDLQPHQW�RI�PDWXULW\�LQ�

WLPH�GLVFULPLQDWLRQ�DELOLWLHV��7KLV�LV�OLNHO\�WR�EH�GXH�WR�WKH�PHWKRGRORJLFDO�GLIILFXOW\�RI�WHVWLQJ�

D�QXPEHU�RI�FKLOGUHQ�RI�DOO�DJHV�UDQJLQJ�IURP���\HDUV�WKURXJK�WR�DGXOWKRRG��DQG�ILQGLQJ�D�QHZ�

PDWKHPDWLFDO�ZD\�WR�LGHQWLI\�D�WKUHVKROG�DERYH�ZKLFK�WHPSRUDO�SHUIRUPDQFH�LV�VWDELOL]HG��L�H���

DV� RI� ZKLFK� QR� IXUWKHU� FKDQJHV� RFFXU�� EDVHG� RQ� D� SHUIRUPDQFH� GHYHORSPHQW� FXUYH� SORWWHG�

DJDLQVW�DJH��7KLV�LV�WKH�SXUSRVH�RI�WKLV�VWXG\�LQ�ZKLFK�D�ODUJH�VDPSOH�RI�SDUWLFLSDQWV�DJHG�IURP�

��WR����\HDUV�ZDV�WHVWHG�RQ�WZR�ELVHFWLRQ�WDVNV��RQH�ZLWK�D�VKRUW�GXUDWLRQ�UDQJH��������V��DQG�

WKH�RWKHU�ZLWK�D�ORQJHU�RQH�������V��

0HWKRG

3DUWLFLSDQWV

7KH�VDPSOH�FRQVLVWHG�RI�����SDUWLFLSDQWV�DJHG�IURP���WR����\HDUV�����JLUOV�DQG����ER\V���

7KH� SDUWLFLSDQWV� ZHUH� UHFUXLWHG� LQ� WKH� $XYHUJQH�5K{QH�$OSHV� UHJLRQ� RI� )UDQFH� IURP�
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HQYLURQPHQWV� NQRZQ� WR� WKH� UHVHDUFKHUV� �LQFOXGLQJ� 3K'� VWXGHQWV�� DW� &OHUPRQW� $XYHUJQH�

8QLYHUVLW\��8&$���$OO�WKH�SDUWLFLSDQWV�ZHUH�YROXQWHHUV�DQG�VLJQHG�ZULWWHQ�LQIRUPHG�FRQVHQW�

�SDUHQWV� VLJQHG� RQ� EHKDOI� RI� WKHLU� FKLOGUHQ��� 7KLV� VWXG\� ZDV� FDUULHG� RXW� DFFRUGLQJ� WR� WKH�

SULQFLSOHV�RI�WKH�+HOVLQNL�'HFODUDWLRQ�

0DWHULDO�DQG�3URFHGXUH

7KH�SDUWLFLSDQWV�ZHUH�VHDWHG�LQ�D�TXLHW�URRP�LQ�IURQW�RI�D�FRPSXWHU�ZLWK�D���s VTXDUH�

VFUHHQ�� (�SULPH� ���� VRIWZDUH� JHQHUDWHG� WKH� H[SHULPHQW� DQG� UHFRUGHG� WKH UHVSRQVHV�� 7KH�

VWLPXOXV�WR�EH�WLPHG�ZDV�D�EOXH�FLUFOH�SUHVHQWHG�LQ�WKH�FHQWHU�RI�WKH�FRPSXWHU�VFUHHQ��5HVSRQVHV�

ZHUH�PDGH�RQ�WKH�³G´�DQG�³N´�NH\V�RI�WKH�FRPSXWHU�NH\ERDUG�RQ�ZKLFK�VWLFNHUV�GHSLFWLQJ�D�

VPDOO�RU�D�ODUJHU�FLUFOH�LQGLFDWHG��VKRUW��RU��ORQJ���

$OO�WKH�SDUWLFLSDQWV�FRPSOHWHG�WZR�ELVHFWLRQ�WDVNV��RQH�IRU�WKH�VKRUW�GXUDWLRQV��������V��

DQG� WKH� RWKHU� IRU� WKH� ORQJ� GXUDWLRQV� ������V��� 7KH� WDVN� RUGHU� ZDV� FRXQWHUEDODQFHG� DFURVV�

VXEMHFWV��ZLWK�D����PLQXWH�EUHDN�EHWZHHQ�HDFK�WDVN��)RU�WKH�VKRUW�GXUDWLRQV��WKH�VKRUW�DQFKRU�

GXUDWLRQ��6��ZDV�����V�DQG�WKH�ORQJ�DQFKRU�GXUDWLRQ��/������V��7KH�SUREH�GXUDWLRQV�ZHUH������

������ ������ ������ ������ ������ DQG� ���� V�� )RU� WKH� ORQJ� GXUDWLRQV�� 6� DQG�/ ZHUH� ���� DQG� ��� V��

UHVSHFWLYHO\��DQG�WKH�SUREH�GXUDWLRQV�����������������������������������DQG����V��

,Q�HDFK�ELVHFWLRQ�WDVN��WKH�SDUWLFLSDQWV�ZHUH�JLYHQ�D����WULDO�WUDLQLQJ�SKDVH�DQG�D����WULDO�

WHVWLQJ�SKDVH��,Q�WKH�WUDLQLQJ�SKDVH��WKH\�ZHUH�WUDLQHG�WR�UHVSRQG�³VKRUW´�RU�³ORQJ´�DIWHU�6 DQG�

/� E\� SUHVVLQJ� WKH� FRUUHVSRQGLQJ� NH\�� HDFK� GXUDWLRQ� EHLQJ� SUHVHQWHG� �� WLPHV�� .H\�SUHVV�

DVVLJQPHQWV�ZHUH�FRXQWHUEDODQFHG�DFURVV�VXEMHFWV��,Q�WKH�WHVWLQJ�SKDVH��WKH�WDVN�ZDV�VLPLODU��

L�H��UHVSRQGLQJ�³VKRUW´�RU�³ORQJ´�ZKHQ�WKH�SDUWLFLSDQWV�MXGJHG�WKDW�WKH�SUREH�GXUDWLRQ�ZDV�PRUH�

VLPLODU WR�6 RU�/��UHVSHFWLYHO\��,Q�WKH�WHVWLQJ�SKDVH��WKH�SDUWLFLSDQWV�SHUIRUPHG����EORFNV�RI���

UDQGRPO\�SUHVHQWHG�WULDOV��RQH�WULDO�IRU�HDFK�SUREH�GXUDWLRQ��$�WULDO�ZDV�LQLWLDWHG�E\�WKH�ZRUG�

³SUrW�UHDG\´�SUHVHQWHG�RQ�WKH�FRPSXWHU¶V�VFUHHQ�DQG�VSRNHQ�E\� WKH�H[SHULPHQWHU��:KHQ�WKH�

SDUWLFLSDQW�ZDV�DFWXDOO\�UHDG\��WKH�H[SHULPHQWHU�SUHVVHG�WKH�VSDFHEDU�DQG�WKH�YLVXDO�VWLPXOXV�

ZDV�GLVSOD\HG�DIWHU�����PV��7KH�H[SHULPHQWHU�DOVR�WROG�WKH�SDUWLFLSDQWV�QRW�WR�FRXQW�EHFDXVH�

FRXQWLQJ�WLPH�FDQ�ELDV�WKH�GDWD �5DWWDW�	�'URLW�9ROHW���������

'DWD�DQDO\VLV
2I�WKH�����SDUWLFLSDQWV������LQ�WKH�VKRUW�GXUDWLRQ�FRQGLWLRQ��L�H�����SDUWLFLSDQWV�DJHG���

\HDUV����DJHG���\HDUV����DJHG���\HDUV�DQG���DJHG���\HDUV��DQG������LQ�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ�

�L�H�����SDUWLFLSDQWV�DJHG���\HDUV�����DJHG���\HDUV����DJHG���\HDUV����DJHG���\HDUV����DJHG���\HDUV��

��DJHG���\HDUV�DQG���DJHG����\HDUV��ZHUH�H[FOXGHG�IURP�WKH�VWDWLVWLFDO�DQDO\VHV�EHFDXVH�WKH\�
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DOZD\V�UHVSRQGHG�VKRUW�RU�ORQJ��JLYLQJ�D�WRWDOO\�IODW�SV\FKRSK\VLFDO�IXQFWLRQ��7KLV�UHVXOWHG�LQ�

D� ILQDO� VDPSOH� RI� ���� DQG� ��� SDUWLFLSDQWV� LQ� WKH� VKRUW� DQG� WKH� ORQJ� GXUDWLRQ� FRQGLWLRQ��

UHVSHFWLYHO\�

6WDWLVWLFDO� DQDO\VHV� ZHUH� SHUIRUPHG� RQ� WKUHH� LQGH[HV� RI� ELVHFWLRQ� SHUIRUPDQFH�� WKH�

SURSRUWLRQ�RI�ORQJ�UHVSRQVHV�>S�ORQJ�@ IRU�HDFK�SUREH�GXUDWLRQ��WKH�ELVHFWLRQ�SRLQW��%3��DQG�WKH�

:HEHU�5DWLR��:5���7KH�%3�DQG�WKH�:5�ZHUH�XVHG�WR�FKDUDFWHUL]H�WKH�SV\FKRSK\VLFDO�IXQFWLRQ��

$V�H[SODLQHG�LQ�WKH�LQWURGXFWLRQ��WKH�%3�LV�WKH�SUREH�GXUDWLRQ�JLYLQJ�ULVH�WR�S�ORQJ�� �������7KH�

:5�LV�WKH�LQGH[�RI�WKH�VWHHSQHVV�RI�WKH�SV\FKRSK\VLFDO�IXQFWLRQ�WKDW�UHIOHFWV�WLPH�VHQVLWLYLW\��

$�KLJK�:5�LQGLFDWHV�D�ORZ�WLPH�VHQVLWLYLW\�FRXSOHG�ZLWK�D�IODWWHU�SV\FKRSK\VLFDO�IXQFWLRQ�DQG�

D�ORZ�:5�D�KLJKHU�WLPH�VHQVLWLYLW\�ZLWK�D�VWHHSHU�SV\FKRSK\VLFDO�IXQFWLRQ��7KHVH�WZR�LQGH[HV�

ZHUH� GHULYHG� IURP� WKH� ILW� RI� WKH� 3VHXGR�/RJLVWLF� 0RGHO� �3/0�� ZLWK� WKH� LQGLYLGXDO�

SV\FKRSK\VLFDO� IXQFWLRQV� �.LOOHHQ�� )HWWHUPDQ��	�%L]R�� ������ �PHDQ�5�  � ���� IRU� WKH� VKRUW�

GXUDWLRQ�FRQGLWLRQ��DQG�����IRU�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ��

)RU�HDFK�LQGH[�RI�WHPSRUDO�SHUIRUPDQFH� WKH�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�DJH��LQ�

PRQWKV��DQG�SHUIRUPDQFH�ZDV�LQLWLDOO\�WHVWHG�XVLQJ�D�/LQHDU�0L[HG�0RGHO��/00��IRU�S�ORQJ��

DQG�VLPSOH�OLQHDU�UHJUHVVLRQV�IRU�%3�DQG�:5��7KHVH�DQDO\VHV�PDNH�LW�SRVVLEOH�WR�DVVHVV�WKH�

VLJQLILFDQW� HYROXWLRQ� RI� SHUIRUPDQFH� ZLWK� LQFUHDVLQJ� DJH� LQ� WKH� UDQJH� IURP� �� WR� ��� \HDUV��

+RZHYHU��LW�GRHV�QRW�DOORZ�XV�WR�LGHQWLI\�WKH�H[DFW�DJH�DW�ZKLFK�SHUIRUPDQFH�VWDELOL]HV��IRUPLQJ�

D�SODWHDX��ZKLFK�FRXOG�EH�DQ�LQGLFDWRU�RI�WKH�DWWDLQPHQW�RI�PDWXULW\��7KHUHIRUH��IRU�ERWK�WKH�%3�

DQG�WKH�:5��ZH�GHFLGHG�WR�ILW�RXU�GDWD�XVLQJ� WKH�1HOGHU�0HDG�VLPSOH[�DOJRULWKP��GRZQKLOO�

VLPSOH[�DOJRULWKP��LQ�WKH�VFLS\�RSWLPL]H�IPLQ�SDFNDJH�RI�3\WKRQ��7KH�1HOGHU�0HDG�PHWKRG�LV�

DQ�DOJRULWKP�WKDW�RSWLPL]HV� WKH�ILW�RI�D� IXQFWLRQ� �/DJDULDV��5HHGV��:ULJKW��	 :ULJKW��������

1HOGHU�	�0HDG��������2OVVRQ�	�1HOVRQ���������,W�DXWRPDWLFDOO\�FRQYHUJHV�WRZDUGV�WKH�EHVW�

SDUDPHWHU�YDOXHV�E\�PLQLPL]LQJ�WKH�VXP�RI�WKH�VTXDUHV�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�GDWD�DQG�

WKH�PRGHO��7KH�HYROXWLRQ�RI�WKH�SHUIRUPDQFH�FXUYH�DV�D�IXQFWLRQ�RI�SDUWLFLSDQWV¶�DJH�IROORZHG�

HLWKHU�DQ�LQFUHDVLQJ��%3��RU�GHFUHDVLQJ��:5��H[SRQHQWLDO�ODZ�LQ�DFFRUGDQFH�ZLWK�WKH�IXQFWLRQ�

DH[S���[�E��Ĳ����F �%HUJ�	�'LWOHYVHQ��������.DVSURZLF]�HW�DO���������5DOO���������7KH�LQWHUHVW�

RI�WKLV�IXQFWLRQ�OLHV�LQ�WKH�IDFW�WKDW�WKHUH�LV�D�FRQVWDQW�WLPH��Ĳ���ZKHUH�Ĳ LV�WKH�[ YDOXH�RI�WKH�

RULJLQ�RI�WKH�WDQJHQW��$IWHU�D�SHULRG�RI���FRQVWDQW�WLPH���Ĳ���WKH�IXQFWLRQ�UHDFKHV�DSSUR[LPDWHO\�

����RI�LWV�ILQDO�YDOXH��$IWHU�D�SHULRG�RI���FRQVWDQW�WLPHV���Ĳ���WKH�IXQFWLRQ�UHDFKHV�D�YDOXH�OHVV�

WKDQ����RI�LWV�DV\PSWRWH��&RQVHTXHQWO\���Ĳ LV�FRQVLGHUHG�WR�UHSUHVHQW�D�WKUHVKROG�EH\RQG�ZKLFK�

GLIIHUHQFHV�DUH�QR�ORQJHU�VLJQLILFDQW��/LSWDN���������7KLV�SRLQW�FDQ�WKXV�EH�XVHG�WR�LGHQWLI\�WKH�
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H[DFW�DJH�IURP�ZKLFK�D�VWDELOL]DWLRQ�RI�SHUIRUPDQFH�LV�REVHUYHG��L�H��� WKH�DJH�DW�ZKLFK�VRPH�

SDUDPHWHUV�RI�MXGJPHQW�LQ�WHPSRUDO�ELVHFWLRQ�FHDVH�WR�FKDQJH�

5HVXOWV

����������������������������

,QLWLDO�DQDO\VHV�VKRZHG�QHLWKHU�DQ�HIIHFW�RI�JHQGHU�QRU�DQ\�LQWHUDFWLRQ�LQYROYLQJ�WKLV�

IDFWRU�IRU�HLWKHU�WKH�VKRUW�RU�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ��DOO�S !�������H[FHSW�IRU�D�PDLQ�HIIHFW�

RI�JHQGHU�LQ�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ��LQGLFDWLQJ�WKDW�WKH�JLUOV�UHVSRQGHG�ORQJ�PRUH�RIWHQ�

WKDQ�WKH�ER\V��%� �������6(� �������&,V>�������������������@��W� ��������S ��������7KHUHIRUH��

WKH�JHQGHU�IDFWRU�ZDV�H[FOXGHG�IURP�VXEVHTXHQW�VWDWLVWLFDO�DQDO\VHV��

7KH�/00�RQ�S�ORQJ��VKRZHG�D�VLJQLILFDQW�DJH�[�SUREH�GXUDWLRQ�LQWHUDFWLRQ�IRU�WKH�

VKRUW�GXUDWLRQ��%� �����������6(� �����������&,V>������������������@��W� ���������S ��������

DQG�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ��%� �����������6(� �����������&,V>������������������@��W� �

��������S ����������ZLWK�D�VLJQLILFDQW�PDLQ�HIIHFW�RI�DJH�DQG�SUREH�GXUDWLRQ��6KRUW�GXUDWLRQ��%�

 ���������6(� ���������&,V>���������������@��W� ���������S ���������%� ����������6(� �����������

&,V>���������������@��W� ��������S ���������UHVSHFWLYHO\��/RQJ�GXUDWLRQ��%� ���������6(� ��������

&,V>��������� �������@�� W� � ��������S �� �������%� �����������6(� �����������&,V>����������

��������@��W� �������S ����������7KHUH�ZDV�WKHUHIRUH�D�VLJQLILFDQW�LQFUHDVH�DFURVV�DJHV�LQ�WKH�

VORSH�RI�WKH�SV\FKRSK\VLFDO�IXQFWLRQ�SORWWLQJ�S�ORQJ��DJDLQVW�WKH�SUREH�GXUDWLRQV�

���������������
)LJXUH��� VKRZV�WKH�PHDQ�%3�IRU�HDFK�DJH�\HDU�LQ�WKH�UDQJH�IURP���WR����\HDUV�IRU�

WKH�VKRUW�DQG�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ��$Q�DQDO\VLV�RI�YDULDQFH�ZDV�FRQGXFWHG�ZLWK�JHQGHU�

DV�EHWZHHQ�VXEMHFW� IDFWRU�DQG�DJH�DV�FRYDULDWH� IRU�HDFK�GXUDWLRQ�FRQGLWLRQ� WDNHQ�VHSDUDWHO\��

+RZHYHU��WKLV�GLG�QRW�UHYHDO�DQ\�HIIHFW�RI�JHQGHU�RU�DJH [�JHQGHU�LQWHUDFWLRQ��DOO�S !�������%\�

FRQWUDVW��WKHUH�ZDV�D�VLJQLILFDQW�HIIHFW�RI�DJH�RQ�WKH�%3�IRU�ERWK�WKH�VKRUW�GXUDWLRQ��%� ��������

6(� ���������E  �������W  �������S ��������DQG�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ��%� �������6(� ��������

E  �������W  �������S ��������7KLV�VXJJHVWV�D�VKLIW�LQ�WKH�%3�YDOXH�WR�WKH�ULJKW�GXULQJ�FKLOGKRRG��

ZKLFK�LV�FRQVLVWHQW�ZLWK�DQ�LQLWLDO�VKRUWHQLQJ�HIIHFW�WKDW�JUDGXDOO\�GHFUHDVHV�ZLWK�DJH�
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)LJXUH���� 0HDQ�ELVHFWLRQ�SRLQWV� IRU�HDFK�DJH� \HDU�JRLQJ� IURP��� WR����\HDUV�� IRU� WKH�VKRUW�
���������V��DQG�WKH�ORQJ�������V��GXUDWLRQ�FRQGLWLRQ��

1RQHWKHOHVV��WKH�ILW�RI�RXU�%3�GDWD�ZLWK�WKH�UHVXOWV�RI�RXU�IXQFWLRQ�>DH[S���[�E���Ĳ����

F@ DOORZV�XV�WR�LGHQWLI\�WKH�DJH�DW�ZKLFK�WKH�%3�YDOXH�FHDVHV�WR�FKDQJH��)RU�WKH�VKRUW�GXUDWLRQV��
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WKH�EHVW�SUHGLFWRU�SDUDPHWHUV�ZHUH�D� �������E� ������� Ĳ  �������H ���������6XPVTXDUHV  �������

/6'� �������DQG�IRU�WKH�ORQJ�GXUDWLRQ�D� �������E� �������� Ĳ  ��������F� �������6XPVTXDUHV  �

������� /6'�  � ������ +RZHYHU�� WKH� YDOXHV� RI� WKH� ODVW� VTXDUHV� LQGLFHV� �6XPVTXDUHV DQG� /6'��

DFFRXQWLQJ�IRU�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�HPSLULFDO�GDWD�DQG�WKH�DGMXVWHG�PRGHO� LQGLFDWHG�D�

JRRG� ILW� IRU� WKH� IXQFWLRQ�ZLWK� WKH� GDWD� IRU� WKH� VKRUW� GXUDWLRQV��$OWKRXJK� WKHUH� LV� QR� ODZ�RU�

PDWKHPDWLFDO�SURFHVVHV�DOORZLQJ�XV�WR�GHFLGH�IURP�ZKHQ�WKH�PRGHO�LV�VLJQLILFDQWO\�GLIIHUHQW�

IURP�WKH�HPSLULFDO�GDWD� LW�DSSHDUV�WKDW�WKH�OHDVW�VTXDUHV�LQGLFHV�DUH�KLJKHU�IRU�WKH�ORQJ�GXUDWLRQV���

7KLV�LQGLFDWHV�D�FRQVLGHUDEOH�LQWHU�LQGLYLGXDO�GLIIHUHQFHV�LQ�WKH�%3�YDOXHV�LQ�WKH�ORQJ�GXUDWLRQ�

FRQGLWLRQ��,Q�RXU�IXQFWLRQ����Ĳ LV�HTXDO�WR���Ĳ ��E��7KHUHIRUH��IRU�WKH�VKRUW�GXUDWLRQ����Ĳ  ������

��������������� �������� ,Q�RWKHU�ZRUGV�� WKH�%3�YDOXH�QR� ORQJHU�YDULHG�IURP�WKH�DJH�RI����

PRQWKV������\HDUV���DQG�V\VWHPDWLFDOO\�FRQYHUJHG�WRZDUG�D�%3�YDOXH�RI�������V��ZKLFK�LV�FORVH�

WR WKH�JHRPHWULF�PHDQ� �ξͲǤͷݔͳ ൌ ͲǤͲ �)LJXUH���D���)RU� WKH� ORQJ�GXUDWLRQ�� WKH�%3�ZRXOG�

UHDFK�LWV�ILQDO�YDOXH��\  ��������DW�WKH�DJH�RI�����PRQWKV������������������ ���������VXJJHVWLQJ�

JUHDW�LQWHU�LQGLYLGXDO�GLIIHUHQFHV�LQ�%3�YDOXHV�DFURVV�DOO�DJHV��)LJXUH ��E���7KH�LQWHU�LQGLYLGXDO�

YDULDELOLW\�LQ�WKH�%3�YDOXH�ZDV�WKHUHIRUH�ORZHU�IRU�WKH�VKRUW�WKDQ�IRU�WKH�ORQJ�GXUDWLRQV��7KH�

SRLQW�RI�VXEMHFWLYH�HTXDOLW\�LQ�WHPSRUDO�ELVHFWLRQ�WKXV�UHDFKHG�D�YDOXH�FKDUDFWHULVWLF�RI�WKDW�RI�

DGXOWV�DW�WKH�HDUO\�DJH�RI���\HDUV�IRU�WKH�VKRUW�GXUDWLRQ�DQG�QHYHU�UHDFKHG�D�SRLQW�RI�VWDELOL]DWLRQ�

IRU�WKH�ORQJ�GXUDWLRQ��%RWK�RI�WKHVH�ILQGLQJV�DUH�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�RI�VWXGLHV�VKRZLQJ�

WKH�DEVHQFH�RI�VLJQLILFDQW�DJH�UHODWHG�GLIIHUHQFHV�LQ�WKH�%3�



WĂŐĞ�ͮ�ϵϳ

)LJXUH���� (PSLULFDO�GDWD��GRWWHG�OLQHV��DQG�ILWWHG�IXQFWLRQV��FRQWLQXRXV�OLQHV��RI�WKH�ELVHFWLRQ
SRLQWV�SORWWHG�DJDLQVW�WKH�SDUWLFLSDQWV¶�DJH�LQ�PRQWKV�IRU�WKH�VKRUW����������V��DQG�WKH�ORQJ�������
V��GXUDWLRQ�FRQGLWLRQ�



WĂŐĞ�ͮ�ϵϴ

������������

)LJXUH����0HDQ�:HEHU�5DWLR�IRU�HDFK�DJH�\HDU�JRLQJ�IURP���WR����\HDUV��IRU�WKH�VKRUW����������
V��DQG�WKH�ORQJ�������V��GXUDWLRQ�FRQGLWLRQ��

)LJXUH��� VKRZV�WKH�PHDQ�:5�IRU�WKH�GLIIHUHQW�DJHV�LQ�WKH�VKRUW�DQG�WKH�ORQJ�GXUDWLRQ�

FRQGLWLRQ��1R�HIIHFW�UHODWHG�WR�WKH�JHQGHU�IDFWRU�ZDV�IRXQG�LQ�WKH�VWDWLVWLFDO�DQDO\VHV��DOO�S !�

������7KH�DQDO\VHV�RQO\�LQGLFDWHG�D�VLJQLILFDQW�HIIHFW�RI�DJH�IRU�WKH�VKRUW�GXUDWLRQ�FRQGLWLRQ��%�

 ��������6(� ��������E  ���������W  ���������S ����������DV�ZHOO�DV�IRU�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ�

�%�  � ������� 6(�  � ������� E  � �������� W  � �������� S �� ������� 7KHUHIRUH�� WKH�:5� GHFUHDVHG�

VLJQLILFDQWO\�DV�FKLOGUHQ�JURZ�ROGHU��LQGLFDWLQJ�D�SURJUHVVLYH�LPSURYHPHQW�RI�VHQVLWLYLW\�WR�WLPH�

ZLWK�LQFUHDVLQJ�DJH�IURP���WR����\HDUV�



WĂŐĞ�ͮ�ϵϵ

1RWZLWKVWDQGLQJ��WKH�PRGHOLQJ�RI�RXU�:5�GDWD�VXJJHVWV�WKDW�WKH�FKLOGUHQ�UHDFKHG�DQ�

DGXOW�OLNH�WLPH�VHQVLWLYLW\�DW�WKH�DJH�RI���\HDUV�IRU�WKH�VKRUW�GXUDWLRQV�DQG���ò�\HDUV�IRU�WKH�ORQJ�

GXUDWLRQV��7R�HVWDEOLVK�WKHVH�DJHV��ZH�GLG�QRW�XVH�WKH�IXQFWLRQ�GHVFULEHG�DERYH�>DH[S���[�E���

Ĳ����F@ EHFDXVH�LW�GLG�QRW�ILW�ZHOO�ZLWK�RXU�GDWD��GXH�WR�WKH�JUHDW�LQWHU�LQGLYLGXDO�YDULDELOLW\�LQ�

WKH�:5�YDOXHV�LQ�WKH�FKLOGUHQ�\RXQJHU�WKDQ���\HDUV�����PRQWKV���$V�WKH�YDULDELOLW\�VHHPV�WR�

IROORZ� D� *DXVVLDQ� LQYHUVH� ODZ�� D� EHWWHU� ILW� FDQ� EH� REWDLQHG� E\� PXOWLSO\LQJ� WKH� LQFUHDVLQJ�

H[SRQHQWLDO� IXQFWLRQ� DQG� E\� LWV� GHFUHDVLQJ� LQYHUVH�� WKXV� NHHSLQJ� WKH� DGYDQWDJH� RI� D� WLPH�

FRQVWDQW��L�H��D���H[S���[�E��F��H[S���[�G��Ĳ��H�

7KH� ILQDO� IXQFWLRQV�ZHUH� WKHUHIRUH� ��������H[S���[����������������H[S���[���������

����� ��������6XPVTXDUHV  �������/6'� ������� IRU� WKH�VKRUW�GXUDWLRQV��DQG����������H[S���[�

����������������H[S���[��������� �������� ������ 6XPVTXDUHV  � ������ /6'� ������� IRU� WKH� ORQJ�

GXUDWLRQV� 7KXV��IRU�WKH�VKRUW�GXUDWLRQV���Ĳ LV�HTXDO�WR��������������������� ��������VXJJHVWLQJ�

WKDW��DW���\HDUV��WKH�:5�YDOXH�KDV�UHDFKHG�D�YDOXH�WKDW�QR�ORQJHU�FKDQJHV�GHVSLWH�WKH�LQFUHDVH�

LQ�DJH��ZLWK�D�:5�FORVH�WR�������)LJXUH���D���)RU�WKH�ORQJ�GXUDWLRQ��WKH�DV\PSWRWH�ZDV�VLPLODU�

�\  ��������EXW�LW�FRQYHUJHG�ODWHU��DW�WKH�DJH RI������\HDUV������PRQWKV�������������������)LJXUH�

��E���
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)LJXUH���� (PSLULFDO�GDWD��GRWWHG�OLQHV��DQG�ILWWHG�IXQFWLRQV��FRQWLQXRXV�OLQHV��RI�WKH�:HEHU�
5DWLR�SORWWHG�DJDLQVW�WKH�SDUWLFLSDQWV¶�DJH�LQ�PRQWKV�IRU�WKH�VKRUW����������V��DQG�WKH�ORQJ�������
V��GXUDWLRQ�FRQGLWLRQ�
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'LVFXVVLRQ

7KH�SUHVHQW�VWXG\�ZDV�GHVLJQHG�WR�LGHQWLI\�WKH�DJH�RI�PDWXULW\�LQ�WLPH�DELOLWLHV��WKDW�LV�

WKH� H[DFW� DJH� IURP� ZKLFK� SHUIRUPDQFH� LQ� D� WLPH� GLVFULPLQDWLRQ� WDVN� UHDFKHV� DGXOW�OLNH�

FKDUDFWHULVWLFV��IRU ERWK�WKH�SURFHVVLQJ�RI�VKRUW�GXUDWLRQV�RI�D�IHZ�KXQGUHGV�RI�PLOOLVHFRQGV�DQG�

WKDW�RI�ORQJHU�GXUDWLRQV�RI�VHYHUDO�VHFRQGV��$�WHPSRUDO�ELVHFWLRQ�WDVN�ZDV�XVHG�EHFDXVH�LW�LV�

MXGJHG� WR�EH�RQH�RI� WKH� HDVLHVW� WR�XVH� LQ� \RXQJ� FKLOGUHQ� �'URLW�9ROHW��:HDUGHQ��	�=pODQWL��

�������2XU�GDWD�REWDLQHG�IURP�D�ODUJH�VDPSOH�RI�SDUWLFLSDQWV�DJHG�IURP���WR����\HDUV�DQG�WKHLU�

PRGHOLQJ�DOORZV�XV�WR�LGHQWLI\�WKDW�WKH�FXUYH�SORWWLQJ�WKH�HYROXWLRQ�RI�:5�YDOXHV�DV�D�IXQFWLRQ�

RI�DJH�UHDFKHG�D�IORRU�WKUHVKROG�DW�WKH�DJH�RI���\HDUV�IRU WKH�VKRUW�GXUDWLRQV��DQG���ò�\HDUV�IRU�

WKH� ORQJ� GXUDWLRQV��$W� WKH� VDPH� WLPH�� WKH� FXUYH� IRU� WKH� %3� YDOXHV� QHYHU� UHDFKHG� D� FHLOLQJ�

WKUHVKROG�IRU�WKH�ORQJ�GXUDWLRQV��ZKHUHDV�LW�UHDFKHG�D�FRQYHUJLQJ�YDOXH�DW�WKH�YHU\�\RXQJ�DJH�

RI���\HDUV�

2XU� UHVXOWV� RQ� WKH� %3� DUH� HQWLUHO\� FRQVLVWHQW� ZLWK� WKRVH� RI� SUHYLRXV� GHYHORSPHQWDO�

VWXGLHV�XVLQJ�WZR�DJH�JURXSV��RQH�RI���DQG�WKH�RWKHU�RI���\HDUV��RU�WKUHH�DJH�JURXSV�LQFOXGLQJ�D�

JURXS�RI�DGXOWV�� ,QGHHG��PRVW�RI� WKHVH�VWXGLHV�GLG�QRW� ILQG�DQ\�DJH�UHODWHG�HIIHFW�RQ WKH�%3�

YDOXHV��$FFRUGLQJO\��ZH�DOVR�GLG�QRW�REVHUYH�DQ\�VLJQLILFDQW�FKDQJHV�LQ�WKH�%3�EHWZHHQ�WKH���

\HDU�ROGV�DQG�WKH�DGXOWV��1HYHUWKHOHVV��WKH�FDXVH�RI�WKH�DEVHQFH�RI�DQ\�VLJQLILFDQW�GLIIHUHQFH�LQ�

%3�YDULHG�DV�D�IXQFWLRQ�RI�WKH�GXUDWLRQ�UDQJH��)RU�WKH�VKRUW�GXUDWLRQ��RXU�UHVXOWV�VXJJHVW�WKDW�

WKLV�GLIIHUHQFH�ZDV�GXH�WR�WKH�YDOXH�RI�WKH�PLG�SRLQW�EHWZHHQ�6 DQG�/��ZKLFK�EHFRPHV�IL[HG�

YHU\�HDUO\��DW�WKH�YHU\�\RXQJ�DJH�RI���\HDUV��%\�FRQWUDVW��IRU�WKH�ORQJ�GXUDWLRQ��LW�ZDV�GXH�WR�WKH�

JUHDW�LQWHU�LQGLYLGXDO�YDULDELOLW\�LQ�WKH�%3�YDOXHV�DW�DOO�DJHV��ZLWK�WKH�UHVXOW�WKDW�QR�FRQYHUJLQJ�

YDOXH�HPHUJHG��7KLV�GHPRQVWUDWHV�DQ�HDUO\�DFFXUDWH�UHSUHVHQWDWLRQ�RI�VKRUW�GXUDWLRQV������V���

7KLV�LV�FRQVLVWHQW�ZLWK�WKH�VWXGLHV�RQ�EDELHV�XVLQJ�RWKHU�DGDSWHG�SURFHGXUHV�WKDW�VXJJHVW�WKDW�

WKHUH�LV�DQ�HDUO\�DELOLW\�WR�DFFXUDWHO\�UHSUHVHQW�VWLPXOXV�GXUDWLRQV�RI�WKH�RUGHU�RI�PLOOLVHFRQGV�

HYHQ�DW�WKHVH�DJHV��H�J���%UDQQRQ��5RXVVHO��0HFN��	�:RGURII��������3URYDVL��5DWWDW��	�'URLW�

9ROHW�� ������� 7KHUHIRUH�� RXU� UHVXOWV� SURYLGH� DGGLWLRQDO� HYLGHQFH� RI� DQ� HDUO\� DXWRPDWLF�

SURFHVVLQJ� RI� VKRUW� GXUDWLRQV�� LQ� RWKHU�ZRUGV� RI� DQ� LQQDWH� DELOLW\� WR� UHSUHVHQW� WKH� WHPSRUDO�

SURSHUWLHV�RI�RXU�VXUURXQGLQJ�HQYLURQPHQW��+RZHYHU��ZKHQ�WKH�VWLPXOL�WR�EH�WLPHG�ZHUH�RI�ORQJ�

GXUDWLRQV��ORQJHU�WKDQ���V��QR�FRPPRQ�PLG�SRLQW�EHWZHHQ�6 DQG�/ DPRQJ�LQGLYLGXDOV�HPHUJHG�

LQ�ELVHFWLRQ��RU�EHFDPH�FRPPRQ�IURP�D�JLYHQ�DJH��:HDUGHQ�DQG�)HUUDUD��������������VKRZHG�

WKDW� WKH�YDOXH�RI�%3�GHSHQGV�RQ� WKH� WHPSRUDO�VFDOH�H[DPLQHG�DQG� WKH�GLIILFXOW\�RI� WKH� WDVN��

&RQVHTXHQWO\��ZKHQ�WKH�ELVHFWLRQ�WDVN�LV�PRUH�GLIILFXOW��DV�LQ�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ�XVHG�
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LQ�RXU�VWXG\��DOWKRXJK�D�VXEMHFWLYH�WHPSRUDO� WKUHVKROG�EHWZHHQ�6 DQG�/ FDQ�EH�IRXQG�RQ�DOO�

LQGLYLGXDO�ELVHFWLRQ�FXUYHV��WKLV�WHPSRUDO�WKUHVKROG�YDOXH�YDULHV�WRR�PXFK�EHWZHHQ�LQGLYLGXDOV�

7KH�LQWHU�LQGLYLGXDO�GLIIHUHQFHV�LQ�GHFLVLRQ�UXOHV�DQG�RU�WKH�H[WHQW�RI�WKH�GLIIHUHQFH�WROHUDWHG�

EHWZHHQ�WKH�SUREH�GXUDWLRQ�DQG�/ LQ�RUGHU�WR�DQVZHU�³ORQJ´�SUREDEO\�H[SODLQHG�WKLV�ILQGLQJ�LQ�

WKH�FDVH�RI�WKH�ORQJ�GXUDWLRQV��:HDUGHQ���������������

2XU�GDWD�DOVR�FRQILUP�WKDW�WKH�PDMRU�GHYHORSPHQWDO�GLIIHUHQFH�LQ�WLPLQJ�DELOLWLHV�OLHV�LQ�

WKH�YDULDELOLW\�RI�WLPH�MXGJPHQW��L�H���LQ�WKH�:5�YDOXHV�LQ�WHPSRUDO�ELVHFWLRQ��,QGHHG��RXU�GDWD�

FOHDUO\�IRXQG�D�GHFUHDVH�LQ�WKH�:5�YDOXHV�ZLWK�DJH��0RUHRYHU��WKH�PDWKHPDWLFDO�PRGHOLQJ�RI�

RXU� GDWD� DOORZV� XV� WR� LGHQWLI\� D� WKUHVKROG� DJH� DW� ZKLFK� QR� IXUWKHU� GLIIHUHQFH� LQ� WHPSRUDO�

SHUIRUPDQFH�LV�H[SHFWHG��7KLV�DJH�DSSHDUV�WR�EH���\HDUV�IRU�WKH�VKRUW�GXUDWLRQV�DQG���ò�\HDUV�

IRU�WKH�ORQJ�GXUDWLRQV��,Q�RWKHU�ZRUGV��VHQVLWLYLW\�WR WLPH�LQ�WHPSRUDO�ELVHFWLRQ�VWRSV�LPSURYLQJ�

DW� �� \HDUV� DQG� ���� \HDUV� IRU� WKH� VKRUW� DQG� WKH� ORQJ� GXUDWLRQV�� UHVSHFWLYHO\�� 3UHOLPLQDU\�

GHYHORSPHQWDO�VWXGLHV�KDYH�QRW�EHHQ�GHVLJQHG�LQ�D�ZD\�WKDW�ZRXOG�PDNH�LW�SRVVLEOH�WR�GHWHFW�

WKHVH�NH\�DJHV�LQ�WKH�PDWXUDWLRQ�RI�WLPH�GLVFULPLQDWLRQ��1HYHUWKHOHVV��IRU�VKRUW�GXUDWLRQV��WKH\�

KDYH�V\VWHPDWLFDOO\�REWDLQHG�D�VLJQLILFDQW�GLIIHUHQFH�LQ�:5�YDOXHV�EHWZHHQ�JURXSV�RI�FKLOGUHQ�

DJHG���DQG���\HDUV��ZLWK�QR�GLIIHUHQFH�EHLQJ�REVHUYHG�EHWZHHQ���\HDU�ROGV�DQG�DGXOWV��2XU�

UHVXOWV�WKHUHIRUH�FRQILUP�WKDW�WKH�DJH�RI���\HDUV�LV�D�NH\�DJH�LQ�WHUPV�RI�WLPLQJ�GHYHORSPHQW��DW�

OHDVW�IRU�VKRUW�GXUDWLRQV������V���2QO\�D�IHZ�VWXGLHV�KDYH�H[DPLQHG�ORQJ�GXUDWLRQV�LQ�FKLOGUHQ��

HYHQ�LQ�WHPSRUDO�ELVHFWLRQ��+RZHYHU��WKRVH�WKDW�KDYH�EHHQ�FRQGXFWHG�VXJJHVW�WKDW�WLPH�DELOLWLHV�

GHYHORS� ODWHU�� 'URLW�9ROHW� DQG� =pODQWL� ������� DQG� 'URLW�9ROHW� HW� DO�� ������� VWLOO� REVHUYHG�

GLIIHUHQFHV�LQ�WKH�:5�YDOXHV�EHWZHHQ�����\HDUV�DQG�DGXOW�DJH�IRU�WKH�GXUDWLRQ�UDQJHV�RI�����V�

DQG������V��UHVSHFWLYHO\��$OWKRXJK�VRPH�GLIIHUHQFHV�LQ�WHPSRUDO�SHUIRUPDQFH�FDQ�RFFXU�DV�D�

IXQFWLRQ�RI�WKH�GXUDWLRQV�WHVWHG��RXU�VWXG\�DOORZV�XV�WR�LGHQWLI\���\HDUV�DV�EHLQJ�D�NH\�DJH�LQ�WKH�

GHYHORSPHQW�RI�WKH�SURFHVVLQJ�RI�ORQJ�GXUDWLRQV�

7KHUH�DUH�VHYHUDO�GHYHORSPHQWDO�WUDMHFWRULHV�GHSHQGLQJ�RQ�WKH�WHPSRUDO�WDVNV�XVHG��RQ�

ZKHWKHU�WKHVH�WDVNV�LQYROYH�DQ�DXWRPDWLF�DQG�LPSOLFLW�SURFHVVLQJ�RI�WLPH��WLPH�FRQGLWLRQLQJ��

H[SHFWDWLRQ�RI�DQ�LQFRPLQJ�VWLPXOXV��RU�D�FRQWUROOHG�DQG�H[SOLFLW�SURFHVVLQJ�RI�WLPH��DV�LQ�PRVW�

WDVNV� XVHG� LQ� DGXOWV� DQG� YHUEDO� FKLOGUHQ� �'URLW�9ROHW�	�&RXOO�� ������ &RXOO�	�'URLW�9ROHW��

�������7KH�RULJLQDOLW\�RI�RXU�VWXG\��ZKLFK�XVHG�WKLV�ODWWHU�W\SH�RI�WDVN��LV�WR�KDYH�VXFFHHGHG�LQ�

LGHQWLI\LQJ�D�GHYHORSPHQWDO� WKUHVKROG�LQ� WLPH�VHQVLWLYLW\�DV�RI�ZKLFK�QR�IXUWKHU�FKDQJHV�DUH�

REVHUYHG��WKXV�LQGLFDWLQJ�WKH�DWWDLQPHQW�RI�PDWXULW\�LQ�WLPLQJ�DELOLWLHV��7KLV�DJH�LV���\HDUV�IRU�

VKRUW� GXUDWLRQV� DQG� �� \HDUV� IRU� ORQJ� GXUDWLRQV�� 7KHVH� NH\� DJHV� FDQ� REYLRXVO\� FKDQJH� DV� D�

IXQFWLRQ�RI�WKH�WDVN�XVHG��SUREDEO\�EHLQJ�ODWHU�IRU�WKH�PRUH�GLIILFXOW�WHPSRUDO�JHQHUDOL]DWLRQ�



WĂŐĞ�ͮ�ϭϬϯ

WDVN�RU�WHPSRUDO�UHSURGXFWLRQ�DQG�SURGXFWLRQ�WDVN��7KHVH�DJHV�LQ�WHPSRUDO�ELVHFWLRQ�WKHUHIRUH�

UHSUHVHQW�DQ�DJH�VWDQGDUG��DJH�QRUP��LQ�WKH�GHYHORSPHQW�RI�WLPH�VNLOOV��PDNLQJ�LW�SRVVLEOH�WR�

GHWHFW�G\VIXQFWLRQV�LQ�WLPLQJ�LQ�FKLOGUHQ��L�H���D GHYHORSPHQWDO�GHOD\�LQ�WKH�HPHUJHQFH�RI�WLPH�

VNLOOV��'HWHFWLQJ�VXFK�GHOD\V�LQ�WKH�GHYHORSPHQW�RI�WLPH�VNLOOV�DW�DQ�HDUO\�DJH�PDNHV�LW�SRVVLEOH�

WR�SURYLGH�VSHFLILF� WKHUDSHXWLF�FDUH�IRU�FKLOGUHQ��$�VHULHV�RI�QHZ�GHYHORSPHQWDO�VWXGLHV�KDV�

DWWULEXWHG�WKH�GHYHORSPHQWDO�FKDQJHV�LQ�WLPH�DELOLWLHV�WR�FRQFXUUHQW�DJH�UHODWHG�GHYHORSPHQW�LQ�

DWWHQWLRQ�DQG�ZRUNLQJ�PHPRU\�FDSDFLWLHV��DV�DVVHVVHG�E\�QHXURSV\FKRORJLFDO�WHVWV��H�J���'URLW�

9ROHW�	�=pODQWL��������'URLW�9ROHW�	�+DOOH]��������+DOOH]�	�'URLW�9ROHW��������������=pODQWL�

	�'URLW�9ROHW�� ������ ������� 7LPLQJ� VNLOOV� DQG� DWWHQWLRQ� DQG�ZRUNLQJ�PHPRU\� DELOLWLHV� DUH�

LQGHHG� FORVHO\� FRQQHFWHG�� 1HYHUWKHOHVV�� 5DPPVD\HU� DQG� KLV� FROOHDJXHV� VKRZHG� WKDW�

SHUIRUPDQFH�LQ�H[SOLFLW�WLPLQJ�WDVNV�LV�D�EHWWHU�SUHGLFWRU�RI�LQWHOOLJHQFH�WKDQ�SHUIRUPDQFH�RQ�

RWKHU�VXEWHVWV�WKDW�IRFXV�PRUH�RQ�DWWHQWLRQ�DQG�ZRUNLQJ�PHPRU\��7URFKH�	�5DPPVD\HU��������

5DPPVD\HU� 	� %UDQGOHU�� ������ ,QFUHDVLQJ� QXPEHUV� RI� VWXGLHV� DUH� VXJJHVWLQJ� WKDW� WLPH�

SURFHVVLQJ� LV� D� SULPDU\� IXQFWLRQ� WKDW� H[SODLQV� FRJQLWLYH� GLVRUGHUV� VXFK� DV� G\VOH[LD� RU�

VFKL]RSKUHQLD� �&DVLQL��3HFK�*HRUJHO��	�=LHJOHU�� �������7KLV�FDQ�HDVLO\�EH�XQGHUVWRRG�VLQFH�

WLPH�SURFHVVLQJ�LQYROYHV�D�ODUJH�QHXUDO�QHWZRUN�WKDW�LV�GLVWULEXWHG�LQ�WKH�EUDLQ�DQG�LV�EDVHG�RQ�

WKH�IXQFWLRQLQJ�RI�V\QFKURQL]HG�QHXUDO�RVFLOODWRUV��7KHUHIRUH��WKH�HDUO\�GHWHFWLRQ�RI�WLPH�GHILFLWV�

E\�PHDQV�RI� WKH�ELVHFWLRQ� WDVN�FDQ�SHUPLW� HDUO\� UHPHGLDO� WUHDWPHQW�� WKXV�SURPRWLQJ�D� UDSLG�

LPSURYHPHQW�LQ�WLPH�DQG�FRJQLWLYH�FDSDFLWLHV�GXULQJ�D�FULWLFDO�SHULRG�RI�GHYHORSPHQW�ZKLFK�LV�

FKDUDFWHUL]HG�E\�LWV�KLJK�SODVWLFLW\�



WĂŐĞ�ͮ�ϭϬϰ

, ± ��� �(WXGH�GH� OD�FRQWUDFWLRQ� WHPSRUHOOH�FDXVpH�SDU�XQH�GRXEOH�WkFKH�HQ�
VLWXDWLRQ�GH�UHSURGXFWLRQ�WHPSRUHOOH�FKH]�GHV�HQIDQWV�kJpV�GH���j���DQV�HW�
FKH]�OHV�DGXOWHV�

+DOOH]��4���	�'URLW�9ROHW��6����������+LJK�OHYHOV�RI�WLPH�FRQWUDFWLRQ�LQ�\RXQJ�FKLOGUHQ�LQ�GXDO�

WDVNV�DUH�UHODWHG�WR�WKHLU�OLPLWHG�DWWHQWLRQ�FDSDFLWLHV� -RXUQDO�RI�([SHULPHQWDO�&KLOG�

3V\FKRORJ\� �������������
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,QWURGXFWLRQ

'XULQJ� UHFHQW� GHFDGHV�� PDQ\� UHVHDUFKHUV� KDYH� VSHQW� PXFK� WLPH� GHPRQVWUDWLQJ� WKDW�

KXPDQV�� OLNH� DOO� DQLPDOV�� SRVVHVV� DQ� LQWHUQDO� FORFN� V\VWHP� WKDW� DOORZV� WKHP� WR� DFFXUDWHO\�

PHDVXUH�WLPH��+RZHYHU��KXPDQV�RIWHQ�H[SHULHQFH�D�GLODWDWLRQ�RU�D�FRQWUDFWLRQ�RI�WLPH��ZLWK�

WLPH�EHLQJ�MXGJHG�ORQJHU�RU�VKRUWHU�WKDQ�LW�UHDOO\�LV��$PRQJ�WKH�IDFWRUV�UHVSRQVLEOH�IRU�WKHVH�

WLPH�GLVWRUWLRQV��RQH�FDQ�PHQWLRQ�WKH�DWWHQWLRQ�DOORFDWHG�WR�WKH�SURFHVVLQJ�RI�WLPH��1REUH�	�

&RXOO���������7LPH� LV� LQGHHG� MXGJHG�VKRUWHU�ZKHQ�RXU�DWWHQWLRQ� LV�GLVWUDFWHG DZD\� IURP� WKH�

SDVVDJH�RI�WLPH�

7KH�FRQWUDFWLRQ�RI� WLPH�DV�D� IXQFWLRQ�RI�DWWHQWLRQ�KDV�EHHQ�ZLGHO\�VWXGLHG� LQ�KXPDQ�

DGXOWV�E\�PHDQV�RI�WKH�GXDO�WDVN�SDUDGLJP��IRU�D�PHWD�DQDO\VLV��VHH�%ORFN��+DQFRFN��	�=DND\��

�������,Q�WKH�GXDO�WDVN�SDUDGLJP��SDUWLFLSDQWV�QHHG�WR�MXGJH�WKH�GXUDWLRQ�RI�D�VWLPXOXV�ZKLOH�

WKH\�SHUIRUP�D�VHFRQGDU\�QRQ�WHPSRUDO�WDVN��7KH�QRQ�WHPSRUDO�WDVN�KDV�WDNHQ�WKH�IRUP�RI�D�

PHPRU\� WDVN� �H�J��� &KDPSDJQH�	� )RUWLQ�� ������ )RUWLQ� 	� %UHWRQ�� ������ )RUWLQ�� 5RXVVHDX��

%RXUTXH��	�.LURXDF� �������D�6WURRS�WDVN��%URZQ�	�3HUUHDXOW��������=DND\�	�)DOODFK���������

DQG�DQRWKHU�VSHFLILF�WDVN��H�J���&DVLQL 	�0DFDU��������������&RXOO��������)RUWLQ�	�5RXVVHDX��

������*URQGLQ�	�0DFDU��������+LFNV��0LOOHU�	�.LQVERXUQH��������.ODGRSRXORV��+HPPHV��	�

%URZQ�� ������0DFDU��*URQGLQ��	�&DVLQL�� �������:KDWHYHU� WKH� QRQ�WHPSRUDO� WDVN� XVHG�� WKH�

UHVXOWV�V\VWHPDWLFDOO\�VKRZ�WKDW�WKH�VWLPXOXV�GXUDWLRQ�LV�MXGJHG�VKRUWHU�LQ�WKH�GXDO�WDVN�WKDQ�LQ�

WKH�VLPSOH�WDVN�ZKHQ�SDUWLFLSDQWV�QHHG�RQO\�WR�MXGJH�WLPH�

7KH� UHVRXUFH�EDVHG� WKHRU\� RI� WLPH� SHUFHSWLRQ� VXJJHVWV� WKDW� WKLV� LV� OLQNHG� WR� WKH�

SURFHVVLQJ�RI�WHPSRUDO�LQIRUPDWLRQ��ZKLFK�LV�D�GHPDQGLQJ�FRJQLWLYH�WDVN�WKDW�FRQVXPHV�OLPLWHG�

DWWHQWLRQ�UHVRXUFHV��%ORFN�HW�DO���������%URZQ��������7KRPDV�	�:HDYHU��������=DND\��������

�������������$FFRUGLQJ�WR�WKH�LQWHUQDO�FORFN�PRGHOV��*LEERQ��������*LEERQ��&KXUFK��	�0HFN��

������7UHLVPDQ���������WKH�UDZ�PDWHULDO�IRU�WKH�UHSUHVHQWDWLRQ�RI�WLPH�FRQVLVWV�RI�D�QXPEHU�RI�

SXOVHV�WKDW�DUH�HPLWWHG�E\�D�SDFHPDNHU�DQG�WUDQVIHUUHG�LQWR�DQ�DFFXPXODWRU�YLD�DQ�DWWHQWLRQ�

FRQWUROOHG�VZLWFK�WKDW�FORVHV�DW�WKH�EHJLQQLQJ�DQG�RSHQV�DW�WKH�HQG�RI�WKH�VWLPXOXV�WR�EH�WLPHG��

7HPSRUDO�VKRUWHQLQJ��WKXV��ZRXOG�UHVXOW�IURP�D�ORVV�RI�WHPSRUDO�XQLWV��SXOVHV��WKDW�XQGHUOLH�WKH�

UHSUHVHQWDWLRQ�RI�WLPH��/HMHXQH������� H[SODLQHG�WKLV�ORVV�RI�SXOVHV�LQ�WHUPV�RI�DQ�DWWHQWLRQDO�

VZLWFK�WKDW�ZRXOG�FORVH�HDUO\�ZKHQ�WKH�SDUWLFLSDQW�QHHGV�WR�SHUIRUP�D�VHFRQG�WDVN�DQG�RU�ZRXOG�

IOLFNHU�PRUH�RIWHQ�EHWZHHQ�WKH�RQVHW�DQG�RIIVHW�SRVLWLRQV��7KLV�ODWWHU�SURSRVDO�LV�FRQVLVWHQW�ZLWK�

WKH�LGHD�RI�D�VXFFHVVLRQ�RI�DOWHUQDWLQJ�DWWHQWLRQ�SKDVHV�EHWZHHQ�WKH�QRQ�WHPSRUDO�DQG�WHPSRUDO�

WDVNV��+RZHYHU��WKLV�H[SODQDWLRQ�LQ�WHUPV�RI�DQ�µµDOO�RU�QRWKLQJ´�VZLWFK�PHFKDQLVP�GRHV�QRW�
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WDNH� LQWR� DFFRXQW� WKH� SHUIRUPDQFH� LQ� D� GXDO� WDVN�ZKHQ� WKHUH� LV� D� FRQWLQXRXV� µµVKDULQJ´� RI�

DWWHQWLRQ�UHVRXUFHV�EHWZHHQ�WZR�WDVNV�UDWKHU�WKDQ�µµD�VLQJOH�H[FXUVLRQ�DZD\�IURP�WKH�WLPLQJ�RI�

D� GXUDWLRQ� ZKLOH� D� QRQ�WHPSRUDO� WDVN� LV� FDUULHG� RXW´� �:HDUGHQ�� ������ S� ����� ,QGHHG�� WKH�

MXGJPHQW�RI�WLPH�LQ�D�GXDO�WDVN�DOVR�GHSHQGV�RQ�WKH�GHJUHH�RI�DWWHQWLRQ�DOORFDWHG�WR�WHPSRUDO�

LQIRUPDWLRQ��7KXV� LQ�WKHLU�DWWHQWLRQDO�JDWH�PRGHO��=DND\�DQG�%ORFN��������������H[WHQGHG�WKH�

FORFN�V\VWHP�WR�LQFOXGH�DQ�DWWHQWLRQDO�JDWH�WKDW�FRQWUROV�WKH�TXDQWLW\�RI�DWWHQWLRQDO�UHVRXUFHV�

DOORFDWHG�WR�WLPH�SURFHVVLQJ��7KH�RSHQLQJ�RI�WKH�DWWHQWLRQDO�JDWH��WKXV��ZRXOG�EH�VPDOOHU�LQ�WKH�

GXDO�WDVN�FRQGLWLRQ�WKDQ�LQ�WKH�VLQJOH�WHPSRUDO�WDVN�FRQGLWLRQ��WKHUHE\�OLPLWLQJ�WKH�QXPEHU�RI�

SXOVHV�SDVVLQJ�LQWR�WKH�DFFXPXODWRU�

5HJDUGOHVV�RI�WKH�ZD\�LQ�ZKLFK�WKHVH�DXWKRUV�FRQFHLYH�RI�DWWHQWLRQ��H�J���VZLWFK��JDWH���

DOO�RI�WKHP�FRQVLGHU�WKDW�WKH�WLPH�FRQWUDFWLRQ�LQ�WKH�GXDO�WDVN�ZRXOG�RFFXU�DW DQ�HDUO\�VWDJH�RI�

WHPSRUDO�SURFHVVLQJ��QDPHO\�GXULQJ�WKH�RQOLQH�DFFXPXODWLRQ�RI�SXOVHV��+RZHYHU��RWKHU�DXWKRUV�

SODFH�WKH�VRXUFH�RI�WKLV�WLPH�GLVWRUWLRQ�DW�D�ODWHU�VWDJH��DW�WKH�OHYHO�RI�PHPRU\��ZKHQ�WHPSRUDO�

LQIRUPDWLRQ� �SXOVHV�� LV� PDLQWDLQHG�� RU� UHKHDUVHG�� LQ� VKRUW�WHUP� PHPRU\� LQ� RUGHU� WR� PDNH�

WHPSRUDO�GHFLVLRQV�RU�WHPSRUDO�SUHGLFWLRQV��IRU�GLVFXVVLRQV��VHH�)RUWLQ�	�6FKZHLFNHUW��������

,YU\�	�6FKOHUI��������7DDWJHQ��9DQ 5LMQ��	�$QGHUVRQ���������)RU�H[DPSOH��)RUWLQ�HW�DO���������

VKRZHG� WKDW� WKH� DFFXUDF\� RI� WHPSRUDO� UHSURGXFWLRQ� GHFUHDVHG� DV� WKH� VKRUW�WHUP� PHPRU\�

UHTXLUHPHQWV�RI�FRQFXUUHQW�WDVNV�LQFUHDVHG��DQG�WKH\�FRQFOXGHG�WKDW�WKH�LQWHUIHUHQFH�RI�WKH�QRQ�

WHPSRUDO�WDVN�RQ�WHPSRUDO�SURFHVVLQJ�µµPD\�QRW�EH�D�PDWWHU�RI�QRQ�VSHFLILF�JHQHUDO�SXUSRVH�

DWWHQWLRQDO� UHVRXUFHV�� EXW� UDWKHU� RI� FRQFXUUHQW� VKRUW�WHUP�PHPRU\� SURFHVVLQJ� GHPDQGV´� �S�

������6HYHUDO�VWXGLHV�KDYH�LQGHHG�IRXQG�D�VKRUWHQLQJ�RI�HVWLPDWHG�GXUDWLRQV�DV� WKH�UHWHQWLRQ�

LQWHUYDO�LQ�PHPRU\�LQFUHDVHV��H�J���&KXUFK��������5DWWDW�	 'URLW�9ROHW��������*UDQW�	�6SHWFK��

�������7KLV�LV�DOVR�H[SODLQHG�E\�D�ORVV�RI�SXOVHV�GXULQJ�WKH�UHWHQWLRQ�LQWHUYDO��6SHWFK�	�:LONLH��

�������

,Q�VXP��WKH�FRQWUDFWLRQ�RI�WLPH�PD\�EH�GXH�WR�VSHFLILF�DWWHQWLRQDO�FRQWURO�SURFHVVHV�WKDW�

OLPLW�WKH�DPRXQW�RI�SXOVHV�HQWHULQJ�WKH�DFFXPXODWRU��DFFXPXODWLRQ�SURFHVV�SHU�VH���WR�PHPRU\�

SURFHVVHV�WKDW�HURGH�WKH�DPRXQW�RI�DOUHDG\�DFFXPXODWHG�SXOVHV��RU�WR�ERWK��7KH�DLP�RI�RXU�VWXG\�

ZDV�WR�LQYHVWLJDWH�WKLV�TXHVWLRQ�E\�WHVWLQJ�FKLOGUHQ�LQ�DQ�DJH�UDQJH�EHWZHHQ���DQG���\HDUV�LQ�

ZKLFK�WKHUH�DUH�FRQVLGHUDEOH�LQWHU�LQGLYLGXDO�GLIIHUHQFHV�LQ�DWWHQWLRQ�DQG�PHPRU\�FDSDFLWLHV�

�*DWKHUFROH�� ������*DWKHUFROH�� ������� 7KH� DLP�ZDV� WR� H[DPLQH�ZKLFK� LV� WKH� EHVW� SUHGLFWRU�

�DWWHQWLRQ��PHPRU\��RU�SURFHVVLQJ�VSHHG��RI�LQGLYLGXDO�GLIIHUHQFHV�LQ�WKH�VKRUWHQLQJ�HIIHFW�LQ�D�

GXDO�WDVN�SDUDGLJP�GXULQJ�FKLOGKRRG�
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6XUSULVLQJO\� HQRXJK�� RQO\� WKUHH� VWXGLHV� RQ� WLPH� MXGJPHQW� KDYH� WHVWHG� W\SLFDOO\�

GHYHORSLQJ�FKLOGUHQ�LQ�D�GXDO�WDVN�SDUDGLJP��$UOLQ��������*DXWLHU�	�'URLW�9ROHW��������5DWWDW��

������� DQG� QRQH� KDV� LQYHVWLJDWHG� WKH� OLQN� EHWZHHQ� FKLOGUHQ¶V� WHPSRUDO� SHUIRUPDQFH� LQ� WKLV�

SDUDGLJP�DQG�WKHLU�LQGLYLGXDO�FRJQLWLYH�FDSDFLWLHV��,Q�$UOLQ¶V��������VWXG\��FKLOGUHQ�DJHG��±���

\HDUV�ZHUH�DVNHG�WR�UHSURGXFH�WKH�GXUDWLRQ�RI�WRQHV���������DQG���V��ZKLOH�WKH\�SHUIRUPHG�D�

VHFRQG�QRQ�WHPSRUDO�WDVN�VXFK�DV�QDPLQJ�D�VHULHV�RI�SLFWXUHV��,Q�*DXWLHU�DQG�'URLW�9ROHW��������

DQG�5DWWDW¶V� ������� VWXGLHV�� \RXQJHU� FKLOGUHQ� ��±�� \HDUV��ZHUH� DVNHG� WR� UHSURGXFH� D� YLVXDO�

VWLPXOXV�RI���RU����V�ZLWK�GLIIHUHQW�LQWHUIHULQJ�WDVNV��SLFWXUH�QDPLQJ��VRXQG�GLVFULPLQDWLRQ��GLJLW�

DQG�YLVXRVSDWLDO�PHPRU\� WDVNV�� ,Q�DOO�RI� WKHVH� VWXGLHV�� WKH� UHSURGXFWLRQ�RI� WKH�GXUDWLRQ�ZDV�

DOZD\V� VKRUWHU� LQ� WKH� GXDO� WDVN� WKDQ� LQ� WKH� VLQJOH� WDVN�� D� ILQGLQJ� WKDW� LV� FRQVLVWHQW�ZLWK� WKH�

VKRUWHQLQJ�HIIHFW� IRXQG� LQ�DGXOWV��+RZHYHU��DQG�PRUH� LQWHUHVWLQJ�� WKLV�VKRUWHQLQJ�HIIHFW�ZDV�

JUHDWHU�LQ���\HDU�ROGV�WKDQ�LQ�WKH�ROGHU�FKLOGUHQ����\HDUV���7KXV��WKH�DXWKRUV�FRQFOXGHG�WKDW�WKLV�

GHYHORSPHQWDO�HIIHFW�LQ�WKH�FRQWUDFWLRQ�RI�WLPH�LQ�D�GXDO�WDVN�LV�GXH�WR DWWHQWLRQDO�FDSDFLWLHV��

ZKLFK�DUH�PRUH� OLPLWHG� LQ� WKH� \RXQJHVW� FKLOGUHQ�� ,W� LV� LQGHHG�ZHOO� HVWDEOLVKHG� WKDW� WKH� WRWDO�

TXDQWLW\�RI�PHQWDO�UHVRXUFHV�DYDLODEOH�WR�SURFHVV�D�JLYHQ�WDVN�LQFUHDVHV�DV�FKLOGUHQ�JURZ�ROGHU�

�'HPSVWHU�	�%UDLQHUG��������7RZVH��+LWFK��	�+RUWRQ���������+RZHYHU��WKH�GLUHFW�OLQN�EHWZHHQ�

DWWHQWLRQDO�FDSDFLWLHV�DQG�WKH�PDJQLWXGH�RI�WKH�VKRUWHQLQJ�HIIHFW�KDV�QRW�\HW�EHHQ�GHPRQVWUDWHG�

LQ�FKLOGUHQ�EHFDXVH�WKHLU�LQGLYLGXDO�DWWHQWLRQ�OHYHOV�KDYH�QRW�EHHQ�PHDVXUHG��)XUWKHUPRUH��WKH�

JUHDWHU� VKRUWHQLQJ� LQ� \RXQJ� FKLOGUHQ�PD\� EH� UHODWHG� WR� WKHLU� ORZ� DELOLW\� WR� UHWDLQ� WHPSRUDO�

LQIRUPDWLRQ�LQ�VKRUW�WHUP�PHPRU\�

1XPHURXV� QHXURSV\FKRORJLFDO� WHVWV� KDYH� EHHQ� YDOLGDWHG� LQ� FKLOGUHQ� WR� DVVHVV� WKHLU�

FRJQLWLYH�FDSDFLWLHV��7KHVH�KDYH�EHHQ�ZLGHO\�XVHG�IRU�FOLQLFDO�SXUSRVHV�EXW�DOVR�WR�H[DPLQH�WKH�

UHODWLRQVKLSV� EHWZHHQ� LQGLYLGXDO� FRJQLWLYH� GLIIHUHQFHV� DQG� SHUIRUPDQFH� LQ� GLIIHUHQW� WDVNV�

�0XULV��0D\HU��YDQ�/LQW� +RIPDQ��������6DYDJH��&RUQLVK��0DQO\��	�+ROOLV���������LQFOXGLQJ�

VLPSOH� WHPSRUDO� WDVNV� �H�J���'URLW�9ROHW��:HDUGHQ��	�=pODQWL� ������'URLW�9ROHW�	�=pODQWL��

����D������E��2JGHQ��:HDUGHQ��	0RQWJRPHU\��������5DPPVD\HU�	�%UDQGOHU��������8OEULFK��

&KXUDQ��)LQN��	�:LWWPDQQ������� =pODQWL�	�'URLW�9ROHW���������������$PRQJ�WKHVH�WHVWV��VRPH�

DUH�XVHG�WR�PHDVXUH�WKH�VKRUW�WHUP�PHPRU\�VSDQ��L�H���&RUVL�EORFN�WDSSLQJ�WHVW��WKDW�DFFRXQWV�

IRU�WKH�DELOLW\�WR�NHHS�LQIRUPDWLRQ�DFWLYH�LQ�PHPRU\�XQWLO�WKH�WDVN�LV�FRPSOHWHG��&RUVL���������

2WKHUV�IRFXV�PRUH�RQ�DWWHQWLRQ�FRQWURO�FDSDFLWLHV��7KH�7HVW�RI�(YHU\GD\�$WWHQWLRQ�IRU�&KLOGUHQ�

�7($�&K��LV�FRPSRVHG�RI�D�VHULHV�RI�VXEWHVWV�WKDW�SURYLGH�DQ�REMHFWLYH�PHDVXUH�RI�DYDLODEOH�

DWWHQWLRQDO� UHVRXUFHV� �0DQO\�� 5REHUWVRQ�� $QGHUVRQ��	 1LPPR�6PLWK�� ������� $PRQJ� WKHVH�

VXEWHVWV��WKH�µµ6N\�VHDUFK´�WHVW�ZDV�GHVLJQHG�WR�PHDVXUH�VHOHFWLYH�DWWHQWLRQ�FDSDFLWLHV��ZKHUHDV�
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WKH�µµ/LVWHQ�WR�WZR�WKLQJV�DW�RQFH´�WHVW�PHDVXUHV�GLYLGHG�DQG�VXVWDLQHG�DWWHQWLRQ��7KH�DLP�RI�

RXU�VWXG\��WKXV� ZDV�WR�H[DPLQH�WKH�UHSURGXFWLRQ�RI�VWLPXOXV�GXUDWLRQV����DQG����V��LQ�D�GXDO�

WDVN�SDUDGLJP�LQ�FKLOGUHQ�DJHG��±��\HDUV��:H�DOVR�XVHG�GLIIHUHQW�QHXURSV\FKRORJLFDO�WHVWV�WR�

DVVHVV� WKHLU� DWWHQWLRQDO� FDSDFLWLHV� �VHOHFWLYH� DWWHQWLRQ� DQG�GLYLGHG� DWWHQWLRQ�� DV�ZHOO� DV� WKHLU�

VKRUW�WHUP� DQG�ZRUNLQJ�PHPRU\� FDSDFLWLHV��$� SURFHVVLQJ� VSHHG� LQGH[�ZDV� DOVR� FDOFXODWHG��

,QGHHG��WKH�IDVWHU�WKH�LQIRUPDWLRQ�LV�SURFHVVHG��WKH�JUHDWHU�WKH�QXPEHU�RI�WLPH�XQLWV�WKDW�FDQ�EH�

WUHDWHG�DQG�WKH�VPDOOHU�WKH�VKRUWHQLQJ�HIIHFW�ZLOO�EH��'URLW�9ROHW�	�=pODQWL������D���,Q�DGGLWLRQ��

WKH�IDVWHU�WKH�LQIRUPDWLRQ�LV�SURFHVVHG��WKH�ORZHU�WKH�LQWHUIHUHQFH�HIIHFWV�DUH��9HUQRQ���������

2XU�DVVXPSWLRQV��WKHUHIRUH��ZHUH�WKDW�WKH�WLPH�HVWLPDWHV�VKRXOG�EH�VKRUWHU�DQG�PRUH�YDULDEOH�LQ�

WKH�GXDO�WDVN�WKDQ�LQ�WKH�VLQJOH�WDVN��HVSHFLDOO\�LQ�WKH�FDVH�RI�WKH�\RXQJHVW�FKLOGUHQ��$FFRUGLQJ�

WR�WKH�UHVRXUFH�EDVHG�WKHRU\�RI�WLPH�SHUFHSWLRQ��WKH�H[WHQW�RI�WKH�VKRUWHQLQJ�HIIHFW�VKRXOG�EH�

VLJQLILFDQWO\� UHODWHG� WR� LQGLYLGXDO� FDSDFLWLHV� RI� DWWHQWLRQ� UDWKHU� WKDQ� WR� WKRVH� RI� VKRUW�WHUP�

PHPRU\��DOWKRXJK�DOO�LQFUHDVH�ZLWK�DJH�

0HWKRG

������������

$�WRWDO�RI����FKLOGUHQ�DJHG��±��\HDUV�WRRN�SDUW�LQ�WKLV�H[SHULPHQW�������\HDU�ROGV�����

JLUOV�DQG����ER\V��0DJH  ������\HDUV��6'  �������������\HDU�ROGV����JLUOV�DQG����ER\V��0DJH  �

�����\HDUV��6'  ��������DQG������\HDU�ROGV����JLUOV�DQG����ER\V��0DJH  ������\HDUV��6'  ��������

7KH���\HDU�ROGV�ZHUH�UHFUXLWHG�IURP�D�NLQGHUJDUWHQ��3KLOLSSH�$UERV�VFKRRO��&OHUPRQW�)HUUDQG���

DQG� WKH��� DQG���\HDU�ROGV�ZHUH� UHFUXLWHG� IURP�DQ�HOHPHQWDU\� VFKRRO� �)pOL[�7KRQDW� VFKRRO��

&RXUQRQ���DOO�LQ�WKH�$XYHUJQH�UHJLRQ�RI�)UDQFH��7KH�FKLOGUHQ¶V�SDUHQWV�VLJQHG�ZULWWHQ�LQIRUPHG�

FRQVHQW�IRU�SDUWLFLSDWLRQ�LQ�WKLV�VWXG\��7KH�VWXG\�ZDV�FDUULHG�RXW�DFFRUGLQJ�WR�WKH�SULQFLSOHV�RI�

WKH�+HOVLQNL�'HFODUDWLRQ�DQG�ZDV�DSSURYHG�E\ ERWK�WKH�LQVSHFWRU�RI�WKH�DFDGHP\�RI�WKH�)UHQFK�

1DWLRQDO�(GXFDWLRQ�0LQLVWU\�DQG�WKH�&OHUPRQW�)HUUDQG�6XG�(VW�9,�6WDWXWRU\�(WKLFV�&RPPLWWHH�

�&RPLWp�GH�3URWHFWLRQ�GHV�3HUVRQQHV�>&33@��6XG�(VW�9,��)UDQFH��

���������

,Q� D� TXLHW� QHXWUDO� URRP�� WKH� FKLOGUHQ� VDW LQ� IURQW� D� FRPSXWHU� WKDW� FRQWUROOHG� WKH�

H[SHULPHQWDO� HYHQW� DQG� UHFRUGHG� WKH� UHVSRQVHV� XVLQJ� (�3ULPH� ���� VRIWZDUH� �3V\FKRORJ\�

6RIWZDUH� 7RROV�� 3LWWVEXUJK�� 3$�� 86$��� )RU� WKH� WHPSRUDO� UHSURGXFWLRQ� WDVN�� WKH� FKLOGUHQ¶V�

UHVSRQVHV�ZHUH�SUHVVHV�RQ�WKH�FRPSXWHU�PRXVH��)RU�WKH�QRQ�WHPSRUDO�WDVN��FKLOGUHQ�JDYH�WKHLU�

UHVSRQVHV�DORXG�DQG� WKH�H[SHULPHQWHU�SUHVVHG�RQ� WKH�FRUUHVSRQGLQJ�EXWWRQ�RQ� WKH�FRPSXWHU�



WĂŐĞ�ͮ�ϭϬϵ

NH\ERDUG�� ,Q�WKH�QRQ�WHPSRUDO�WDVN��FRORU�GLVFULPLQDWLRQ�WDVN���VPDOO�EOXH�VTXDUHV����FP��RI�

WZR�GLIIHUHQW�FRORUV� �OLJKW�EOXH�DQG�GDUN�EOXH��ZHUH�GLVSOD\HG�DW� WKH�FHQWHU�RI� WKH�FRPSXWHU�

VFUHHQ�RQ�D�EODFN�EDFNJURXQG��HDFK�SUHVHQWHG�IRU�D�GXUDWLRQ�RI�����PV��,Q�WKH�WHPSRUDO�WDVN��

WKH�VWLPXOXV�WR�EH�WLPHG�ZDV�D�ODUJHU�EOXH�VTXDUH�ZLWK����FP�VLGHV�WKDW�ZDV�DOVR�SUHVHQWHG�DW�

WKH� FHQWHU� RI� WKH� FRPSXWHU� VFUHHQ� RQ� D� EODFN� EDFNJURXQG�� ,Q� WKH� GXDO� WDVN�� D� VHTXHQFH� RI�

GLIIHUHQW�VPDOO�VTXDUHV��WKRVH�XVHG�LQ�WKH�QRQ�WHPSRUDO�WDVN��ZDV�SUHVHQWHG�LQ�WKH�ODUJH�VTXDUH�

WR�EH�WLPHG�

���������

7HPSRUDO� DQG� QRQ�WHPSRUDO� WDVNV�� (DFK� FKLOG� SHUIRUPHG� WKUHH� VXFFHVVLYH� WDVNV�� D�

VLPSOH�QRQ�WHPSRUDO� WDVN��D� VLPSOH� WHPSRUDO� WDVN��DQG�D�GXDO� WDVN��(DFK�RI� WKHVH� WDVNV�ZDV�

SUHFHGHG�E\�VL[�OHDUQLQJ�WULDOV�FRQVLVWLQJ�RI�WKUHH�GHPRQVWUDWLRQV�DQG�WKUHH�WUDLQLQJ�WULDOV��$IWHU�

DQ�LQWHU�WULDO�LQWHUYDO�UDQGRPO\�VHOHFWHG�EHWZHHQ�����DQG������PV��HDFK�WULDO�EHJDQ�ZLWK�WKH�

ZRUG�µµUHDG\´��:KHQ�WKH�FKLOG�ZDV�JHQXLQHO\�UHDG\��WKH�H[SHULPHQWHU�SUHVVHG�WKH�VSDFHEDU�WKDW�

WULJJHUHG�WKH�VWLPXOXV�SUHVHQWDWLRQ�DIWHU�D�IL[HG�WLPH�RI�����PV��,Q�WKH�QRQ�WHPSRUDO�WDVN��WKH�

FKLOG�ZDV�JLYHQ����UDQGRP�WULDOV��ZLWK�RQH�VTXDUH�SHU�WULDO��L�H�����OLJKW�EOXH�VTXDUHV�DQG���GDUN�

EOXH�VTXDUHV���7KH�FKLOG�QHHGHG�WR�VD\�ZKHWKHU�WKH�EOXH�FRORU�RI�HDFK�VPDOO�VTXDUH�ZDV�µµOLJKW´�

RU�µµGDUN´��FRORU�GLVFULPLQDWLRQ�WDVN���,Q�WKH�VLPSOH�WHPSRUDO�WDVN��WKH�FKLOG�VDZ�WKH�ODUJH�EOXH�

VTXDUH�WKDW�ZDV�SUHVHQWHG�IRU���RU����V��7KLV�VWLPXOXV�WKHQ�UHDSSHDUHG��DQG�WKH�FKLOG�QHHGHG�WR�

SURGXFH�D�SUHVV�UHVSRQVH�ZKHQ�KH�RU�VKH�MXGJHG�WKDW�WKH�GXUDWLRQ�RI�WKLV�VHFRQG�VWLPXOXV�ZDV�

VLPLODU�WR�WKDW�RI�WKH�ILUVW�RQH� 7KH�FKLOG�ZDV�JLYHQ����WULDOV����WULDOV�IRU�HDFK�GXUDWLRQ��SUHVHQWHG�

LQ�D�UDQGRP�RUGHU��,Q�WKH�GXDO�WDVN��WKH�FKLOG�QHHGHG�WR�VLPXOWDQHRXVO\�SHUIRUP�WKH�WHPSRUDO�

WDVN�ZLWK�WKH�ODUJH�EOXH�VTXDUH�DQG�WKH�QRQ�WHPSRUDO�WDVN�ZLWK�WKH�VPDOO�VTXDUHV�RI�GLIIHUHQW

FRORUV�SUHVHQWHG�LQVLGH�WKH�ODUJH�VTXDUH��7KHUH�ZHUH����UDQGRP�WULDOV����WULDOV�IRU�WKH���V�GXUDWLRQ�

ZLWK�D�VHTXHQFH�RI���GLIIHUHQW�VPDOO�VTXDUHV�DQG���WULDOV�IRU�WKH����V�GXUDWLRQ�ZLWK�D�VHTXHQFH�

RI���GLIIHUHQW�VPDOO�VTXDUHV��7KH�SUHVHQWDWLRQ�GXUDWLRQ�RI HDFK�VPDOO�VTXDUH�ZDV�����PV��ZLWK�

DQ�LQWHU�VTXDUHV�LQWHUYDO�UDQGRPO\�WDNHQ�IURP�D�WHPSRUDO�ZLQGRZ�IURP�����WR������PV��7KH�

ILUVW�VPDOO�VTXDUH�RI�WKH�VHTXHQFH�ZDV�SUHVHQWHG�����PV�DIWHU�WKH�RQVHW�RI�WKH�ODUJH�VTXDUH�WR�EH�

WLPHG��7KH�RUGHU�RI� WKH� VPDOO�VTXDUHV�RI�GLIIHUHQW�FRORUV�ZDV� UDQGRPL]HG�� ,Q� WKLV�GXDO� WDVN��

WKHUHIRUH��WKH�FKLOG�QHHGHG�WR�HVWLPDWH�WKH�SUHVHQWDWLRQ�GXUDWLRQ�RI�WKH�ODUJH�VTXDUH�ZKLOH�VD\LQJ�

WKH�FRORU��OLJKW�YV��GDUN��RI�HDFK�VPDOO�VTXDUH�LQ�WKH�VHTXHQFH��7KH�ODUJH�VTXDUH�WKHQ�UHDSSHDUHG��

EXW�ZLWKRXW�WKH�VPDOO�VTXDUHV��DQG�WKH�FKLOG�SUHVVHG�ZKHQ�LWV�GXUDWLRQ�ZDV�MXGJHG�WR�EH�VLPLODU�

WR�WKH�ILUVW�RQH�
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1HXURSV\FKRORJLFDO�WHVWV��(DFK�FKLOG�ZDV�JLYHQ�ILYH�QHXURSV\FKRORJLFDO�WHVWV��7KH�RUGHU�

RI� SUHVHQWDWLRQ�ZDV� UDQGRP�� 7KH� ILUVW� WHVW� XVHG� WR� DVVHVV� VKRUW�WHUP�PHPRU\� DQG�ZRUNLQJ�

PHPRU\� ZDV� WKH� &RUVL� EORFN�WDSSLQJ� WHVW� �&RUVL� ������� 7KLV� WHVW� FRQVLVWV� RI� UHSHDWLQJ�

LPPHGLDWHO\�LQ�IRUZDUG�RUGHU��VKRUW�WHUP�PHPRU\��DQG�EDFNZDUG�RUGHU��ZRUNLQJ�PHPRU\��WKH�

EORFN�WDSSLQJ�VHTXHQFH�SUHVHQWHG�E\�WKH�H[SHULPHQWHU��7KHUH�ZHUH���EORFN�WDSSLQJ�VHTXHQFHV�

JRLQJ�IURP���WR���EORFNV��ZLWK�WZR�WULDOV�SHU�EORFN�VHTXHQFH��7KH�WHVW�ZDV�KDOWHG�ZKHQ�WKH�FKLOG�

IDLOHG�RQ�WZR�WULDOV�LQ�WKH�VDPH�EORFN�VHTXHQFH��7R�PHDVXUH�DQ�LQGH[�RI�LQIRUPDWLRQ�SURFHVVLQJ�

VSHHG��WKH�FKLOG�DOVR�SHUIRUPHG�WZR�VXEWHVWV�RI�WKH�:HFKVOHU�,QWHOOLJHQFH�6FDOH�IRU�&KLOGUHQ��

µµ&RGH�$´�DQG�µµ6\PERO�$´��:HFKVOHU���������,Q�WKH�ILUVW�WHVW��WKH�FKLOG�ZDV�LQLWLDOO\�SUHVHQWHG�

ZLWK���ILJXUHV��HDFK�RI�ZKLFK�ZDV�DVVRFLDWHG�ZLWK�D�VSHFLILF�FRGH��7KH�FKLOG�WKHQ�GUHZ�WKH�ULJKW�

FRGH�IRU�D�VHULHV�RI����ILJXUHV�LQ�D�JLYHQ�WLPH�RI�����V��,Q�WKH�VHFRQG�WHVW��DOVR�OLPLWHG�LQ�WLPH�

�����V���WKH�FKLOG�ZDV�SUHVHQWHG�ZLWK����V\PEROV�DQG�QHHGHG�WR�MXGJH�ZKHWKHU�RU�QRW�HDFK�RI�

WKHP�ZDV�SUHVHQW�LQ�D�VHULHV�RI���GLIIHUHQW�V\PEROV��7KH�ODVW�WZR�WHVWV�ZHUH�VXEWHVWV�RI�WKH�7($�

&K��0DQO\�HW�DO�� �������7KH�ILUVW�WHVW��FDOOHG�µµ/LVWHQ�WR�WZR WKLQJV�DW�RQFH�´�PHDVXUHV�GLYLGHG�

DQG�VXVWDLQHG�DWWHQWLRQ� WKH�VHFRQG�WHVW��FDOOHG�µµ6N\�VHDUFK�´�PHDVXUHV�VHOHFWLYH�DWWHQWLRQ��,Q�

WKH�ILUVW�WHVW��WKH�FKLOG�QHHGHG�WR�VLPXOWDQHRXVO\�DGGUHVV�WZR�GLVWLQFW�VRXUFHV�RI�UHOHYDQW�VWLPXOL��

WKH�FKLOG�QHHGHG�WR�VLPXOWDQHRXVO\�OLVWHQ�WR�D�VHULHV�RI�VWRULHV�LQ�RUGHU�WR�UHFDOO�WKH�QDPHV�RI�WKH�

DQLPDOV�FLWHG�LQ�HDFK�VWRU\�DQG�WR�FRXQW�WKH�QXPEHU�RI�VKRWV�WKDW�RFFXU�UDQGRPO\�GXULQJ�HDFK�

VWRU\��,Q�WKH�VHFRQG�WHVW��WKH�FKLOG�ZDV�SUHVHQWHG�ZLWK�D�VKHHW�FRQWDLQLQJ�����SDLUV�RI�VSDFHVKLSV�

FRQVLVWLQJ�RI�ILYH�GLIIHUHQW�W\SHV��7KH�FKLOG¶V�WDVN�ZDV�WR�FLUFOH�DOO�SDLUV�RI�LGHQWLFDO�VSDFHVKLSV�

DV�TXLFNO\�DV�SRVVLEOH�

5HVXOWV

��������������������

3UHOLPLQDU\�VWDWLVWLFDO�DQDO\VLV�OHG�XV�WR�H[FOXGH���FKLOGUHQ������\HDU�ROGV�DQG�����\HDU�

ROGV��IURP�WKH�VXEVHTXHQW�VWDWLVWLFDO�DQDO\VHV�EHFDXVH�WKHLU�PHDQ�WHPSRUDO�UHSURGXFWLRQ�ZDV�

RXWVLGH�RI�WKH����VWDQGDUG�GHYLDWLRQV�UDQJH��DOWKRXJK�WKHLU�LQFOXVLRQ�GLG�QRW�FKDQJH�WKH�UHVXOWV��

)LJXUH��� VKRZV�WKH�PHDQ�GXUDWLRQV UHSURGXFHG�E\�WKH�RWKHU�FKLOGUHQ�DJHG�������DQG���\HDUV�IRU�

WKH�WDUJHW�GXUDWLRQV�RI���DQG����V�LQ�ERWK�WKH�VLPSOH�WHPSRUDO�WDVN�DQG�WKH�GXDO�WDVN��$Q�DQDO\VLV�

RI� YDULDQFH� �$129$��ZDV� SHUIRUPHG� RQ� WKLV�PHDVXUH�ZLWK� WZR�ZLWKLQ�SDUWLFLSDQWV� IDFWRUV�

�GXUDWLRQ YV��WDVN��DQG�RQH�EHWZHHQ�SDUWLFLSDQWV�IDFWRU��DJH���7KLV�$129$� VKRZHG�D�PDLQ�

HIIHFW�RI�GXUDWLRQ��)�������� ��������S  � �������Ș�S  � ����� �� � ȕ�� ������ LQGLFDWLQJ� WKDW� WKH�
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FKLOGUHQ�UHSURGXFHG�VKRUWHU�GXUDWLRQV�IRU���V�WKDQ�IRU����V��DOWKRXJK�WKH���V�GXUDWLRQ�WHQGHG�WR�

EH�RYHUHVWLPDWHG�DQG�WKH����V�GXUDWLRQ�WHQGHG�WR�EH�XQGHUHVWLPDWHG��VHH�'LVFXVVLRQ���7KH�PDLQ�

HIIHFW�RI�DJH�GLG�QRW�UHDFK�VLJQLILFDQFH��)�������� �������S  ������DQG�QHLWKHU�GLG�WKH�'XUDWLRQ�

$JH� LQWHUDFWLRQ�� )���� ����  � ������ S  � ����� 7KLV� VXJJHVWV� WKDW� DJH� SHU� VH� GLG� QRW� H[SODLQ�

GLIIHUHQFHV�LQ�WHPSRUDO�UHSURGXFWLRQV�

0RUH� LQWHUHVWLQJ��D�VLJQLILFDQW�HIIHFW�RI� WKH� WDVN�ZDV�REWDLQHG��)�������� ��������S  �

�������Ș�S  ���������� ȕ�� ������ZLWK�WKH�UHSURGXFHG�GXUDWLRQV�EHLQJ�VKRUWHU�LQ�WKH�GXDO�WDVN�WKDQ�

LQ� WKH�VLPSOH� WDVN��7KLV�ILQGLQJ� LV�FRQVLVWHQW�ZLWK�D� WLPH�FRQWUDFWLRQ�HIIHFW� LQ� WKH�GXDO� WDVN��

0RUHRYHU��WKH�7DVN�'XUDWLRQ�LQWHUDFWLRQ�ZDV�VLJQLILFDQW��)�������� ��������S  �������Ș�S  ������

���� ȕ�� ������LQGLFDWLQJ�WKDW�WKH�WLPH�FRQWUDFWLRQ�LQ�WKH�GXDO�WDVN�FRPSDUHG�ZLWK�WKH�VLPSOH�WDVN�

ZDV�JUHDWHU�IRU�WKH�ORQJHU�VWLPXOXV�GXUDWLRQ��7KHUH�ZDV�DOVR�D�VLJQLILFDQW�7DVN�$JH�LQWHUDFWLRQ��

)�������� �������S  �������Ș�S  ��������� ȕ�  ������7KH�WKUHH�ZD\�$JH�7DVN�'XUDWLRQ�LQWHUDFWLRQ�

ZDV�QRW�VLJQLILFDQW��)�������� �������S  ������:KHQ�ZH�FDOFXODWHG�WKH�GLIIHUHQFH�LQ�UHSURGXFHG�

GXUDWLRQV� EHWZHHQ� WKH� GXDO� WDVN� DQG� WKH� VLPSOH� WDVN�� ZH� IRXQG� WKDW� WKH� PDJQLWXGH� RI� WKLV�

GLIIHUHQFH�ZDV�KLJKHU�LQ�WKH���\HDU�ROGV��0  ������PV��WKDQ�LQ�WKH���\HDU�ROGV��0  ������PV���

W����� �������S  �������1R�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ�WKHVH�WZR�DJHV�DQG�WKH�LQWHUPHGLDWH�

DJH�RI���\HDUV��0  ������PV���W����� ��������S  �����DQG�W����� �������S  ������UHVSHFWLYHO\�

)LJXUH�����0HDQ�UHSURGXFHG�GXUDWLRQV�LQ�FKLOGUHQ�DJHG�������DQG���\HDUV�IRU�WKH�VLPSOH�WDVN�
�67��DQG�WKH�GXDO�WDVN��'7��IRU�WKH���V DQG����V�WDUJHW�GXUDWLRQV�
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7KH�VDPH�$129$�ZDV�SHUIRUPHG�RQ�WKH�VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFHG�GXUDWLRQV�

�)LJXUH������6LJQLILFDQW�PDLQ�HIIHFWV�RI�GXUDWLRQ��)�������� ��������S  ��������Ș�S  ���������� ȕ��

 ������DQG�DJH��)�������� �������S  �������Ș�S  ���������� ȕ��  ������ZHUH�IRXQG��&RQVHTXHQWO\��

WKH� UHSURGXFHG� GXUDWLRQ�ZDV�PRUH YDULDEOH� IRU� WKH� ���V� GXUDWLRQ� WKDQ� IRU� WKH� ��V� GXUDWLRQ��

HVSHFLDOO\�DPRQJ�WKH�\RXQJ�FKLOGUHQ��)XUWKHUPRUH��WKHUH�ZDV�QR�PDLQ�HIIHFW�RI�WDVN��)�������� �

������S  �������7DVN�$JH�LQWHUDFWLRQ��)�������� ��������S  ������7DVN�'XUDWLRQ�LQWHUDFWLRQ��)����

���� �������S  � �����RU�7LPH�7DVN�$JH� LQWHUDFWLRQ��)�������� �������S  � ����� ,Q� VXPPDU\��

DOWKRXJK�WKH�YDULDELOLW\�RI�WHPSRUDO�UHSURGXFWLRQV�ZDV�KLJKHU�LQ�WKH�\RXQJHU�FKLOGUHQ�DQG�IRU�

WKH�ORQJHU�GXUDWLRQ��WKH�WDVN�GLG�QRW�DIIHFW�WKH�YDULDELOLW\�RI�WHPSRUDO�UHSURGXFWLRQV�

�������������������������������ǦȀ����Ǧ������������������������������������������������������

���������

7DEOH�� VKRZV�WKH�UDZ�VFRUHV�IRU�WKH�GLIIHUHQW�QHXURSV\FKRORJLFDO�WHVWV��$Q�DQDO\VLV�RI�

FRYDULDQFH��$1&29$��ZDV�LQLWLDOO\�SHUIRUPHG�RQ�WKHVH�QHXURSV\FKRORJLFDO�VFRUHV��ZLWK�WKH�

FKLOG¶V� DJH� LQ� PRQWKV� WDNHQ� DV� D� FRYDULDWH�� 7KH� VWDWLVWLFDO� UHVXOWV� V\VWHPDWLFDOO\� VKRZHG� D�

VLJQLILFDQW�DJH�HIIHFW��VKRUW�WHUP�PHPRU\��)�������� ��������S  ��������Ș�S  ���������� ȕ�� ������

ZRUNLQJ�PHPRU\��)�������� ��������S  ��������Ș�S  ���������� ȕ�� ������SURFHVVLQJ�VSHHG� )����

���� ������� S  ������� Ș�S  ���������� ȕ�� ������VHOHFWLYH DWWHQWLRQ��)�������� ��������S  ��������

Ș�S  ���������� ȕ�� ������GLYLGHG�DWWHQWLRQ��)�������� ��������S  ��������Ș
�
S  ���������� ȕ�� ������

,Q� VXPPDU\�� WKH� ROGHU� WKH� FKLOGUHQ� ZHUH�� WKH� KLJKHU� WKHLU� VFRUHV� RQ� WKH� GLIIHUHQW�

QHXURSV\FKRORJLFDO�WHVWV�ZHUH�
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)LJXUH�����6WDQGDUG�GHYLDWLRQV�RI�UHSURGXFHG�GXUDWLRQV�LQ�FKLOGUHQ�DJHG�������DQG���\HDUV�IRU�
WKH�VLPSOH�WDVN��67��DQG�WKH�GXDO�WDVN �'7��IRU�WKH���V�DQG����V�WDUJHW�GXUDWLRQV�

7DEOH����0HDQV��VWDQGDUG�GHYLDWLRQV��DQG�PLQLPXPV�DQG�PD[LPXPV�RI�UDZ�VFRUHV�IRU�GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV�

7DEOH�� VKRZV�WKH�FRUUHODWLRQV�EHWZHHQ�WKH�VFRUHV�RI�WKH�GLIIHUHQW�QHXURSV\FKRORJLFDO�

WHVWV��7KLV WDEOH� VKRZV�D�KLJK� OHYHO� RI� FRUUHODWLRQ�EHWZHHQ� WKH�GLIIHUHQW�QHXURSV\FKRORJLFDO�

VFRUHV��DOO�SV ��������DOWKRXJK�WKH�FRUUHODWLRQ�ZDV�ORZHU�EHWZHHQ�WKH�VKRUW�WHUP�PHPRU\�VFRUHV�

DQG� WKH� DWWHQWLRQ�UHODWHG� VFRUHV� �VHOHFWLYH� DQG� GLYLGHG� DWWHQWLRQ��� ZLWK� D� QRQ�VLJQLILFDQW�

FRUUHODWLRQ�EHWZHHQ�VKRUW�WHUP�PHPRU\�DQG�GLYLGHG�DWWHQWLRQ��U  ������S !������

:H�WKHQ�FDOFXODWHG�WKH�GLIIHUHQFHV�LQ� WHPSRUDO�UHSURGXFWLRQ�EHWZHHQ�WKH�VLPSOH�WDVN�

DQG�WKH�GXDO� WDVN�IRU�HDFK�SDUWLFLSDQW�DQG�HDFK�VWLPXOXV�GXUDWLRQ����RU����V���$�SUHOLPLQDU\�

VWDWLVWLFDO�WHVW�RI�FROOLQHDULW\�ZDV�SHUIRUPHG�WR�WHVW�WKH�UHSURGXFWLRQ�UHODWHG�PXOWLFROOLQHDULW\�

DPRQJ� RXU� ILYH� YDULDEOHV�� 7ROHUDQFH�ZDV� JUHDWHU� WKDQ� ����� DQG� WKH� YDULDQFH� LQIODWLRQ� IDFWRU�

REWDLQHG�ZDV�OHVV�WKDQ����IRU�HDFK�RI�RXU�YDULDEOHV��LQGLFDWLQJ�WKDW�PXOWLFROOLQHDULW\�ZDV�QRW�D�

FRQFHUQ� �VHOHFWLYH� DWWHQWLRQ� VFRUHV�� WROHUDQFH�  � ����� 9,)  � ������ GLYLGHG� DWWHQWLRQ� VFRUHV��

WROHUDQFH� � �����9,)  �������SURFHVVLQJ�VSHHG�VFRUHV�� WROHUDQFH� � �����9,)  �������ZRUNLQJ�

PHPRU\�VFRUHV��WROHUDQFH� ������9,)  �������VKRUW�WHUP�PHPRU\�VFRUHV��WROHUDQFH� ������9,)  �
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�������$�FRUUHODWLRQ�DQDO\VLV�ZDV�WKHQ�UXQ�DPRQJ�WKH�GLIIHUHQFH�LQGH[����DQG��� V���DJH��DQG�

VFRUHV� RQ� WKH� GLIIHUHQW� QHXURSV\FKRORJLFDO� WHVWV� �7DEOH� ���� $OWKRXJK� PRVW� RI� WKH�

QHXURSV\FKRORJLFDO�VFRUHV�FRUUHODWHG��IRU� WKH���V�GXUDWLRQ�WKHUH�ZDV�D�VLJQLILFDQW�FRUUHODWLRQ�

RQO\�EHWZHHQ�WKH�VLQJOH��GXDO�WDVN�GLIIHUHQFH�DQG�WKH�DWWHQWLRQ�VFRUHV��GLYLGHG�DWWHQWLRQ��U  �

�����S  �������VHOHFWLYH�DWWHQWLRQ��U� ������S  ��������7KH�FRUUHODWLRQV�ZLWK�WKH�DJH�DQG�PHPRU\�

VFRUHV�GLG QRW�UHDFK�VLJQLILFDQFH��S !������6LPLODUO\��IRU�WKH����V�GXUDWLRQ��WKH�RQO\�VLJQLILFDQW�

FRUUHODWLRQ�ZDV�EHWZHHQ�WKH�VLQJOH��GXDO�WDVN�GLIIHUHQFH�DQG�WKH�DWWHQWLRQ�VFRUHV��LQ�SDUWLFXODU�

WKH�VHOHFWLYH�DWWHQWLRQ�VFRUH��U  ������S  ��������JLYHQ�WKDW�WKH�FRUUHODWLRQ�ZLWK�GLYLGHG�DWWHQWLRQ�

GLG� QRW� UHDFK� VLJQLILFDQFH� �U� � ����� S  � ������ )LQDOO\��ZKHQ ZH� DYHUDJHG� WKH� WZR� VWLPXOXV�

GXUDWLRQV� WRJHWKHU�� ZH� IRXQG� D� VLJQLILFDQW� FRUUHODWLRQ� RQO\� EHWZHHQ� WKLV� RYHUDOO� WHPSRUDO�

GLIIHUHQFH�LQGH[�DQG�WKH�VFRUHV�RQ�WKH�WZR�DWWHQWLRQ�WHVWV��GLYLGHG�DWWHQWLRQ��U  ������S  �������

VHOHFWLYH�DWWHQWLRQ��U  ������S  �������

7DEOH����&RUUHODWLRQ�PDWUL[�EHWZHHQ�DJH�DQG�WKH�UDZ�VFRUHV�RI�QHXURSV\FKRORJLFDO�WHVW�

7DEOH��� &RUUHODWLRQV�EHWZHHQ�VLPSOH��GXDO�WDVN�GLIIHUHQFHV�LQ�UHSURGXFWLRQ�GXUDWLRQV��DJHV��
DQG�VFRUHV�RQ�QHXURSV\FKRORJLFDO�WHVWV�

:KHQ� ZH� UDQ� D� VLPSOH� OLQHDU� UHJUHVVLRQ� RQ� WKLV� RYHUDOO� VLQJOH��GXDO�WDVN� WHPSRUDO�

GLIIHUHQFH�LQGH[�ZLWK�DJH�DV�D�IDFWRU��WKH�PRGHO�ZDV�QRW�VLJQLILFDQW��)�������� �������S  ������%

 ����������6(  ����������ȕ  � ����� 5�  � �������+RZHYHU��ZKHQ�ZH�H[WHQGHG�RXU�PRGHO� WR�

LQFOXGH�WKH�VFRUHV�RQ�WKH�WZR�WHVWV�RI DWWHQWLRQ�LQ�DGGLWLRQ�WR�DJH��WKH�PRGHO�EHFDPH�VLJQLILFDQW��

)�������� �������S  �������7KH�DJH�YDULDEOH�EHFDPH�HYHQ�OHVV�VLJQLILFDQW��%  ����������6(  �

���������ȕ  � ������S  � �����5�  � �������ZKHUHDV� WKH�PRGHO�H[SODLQHG�PRUH�YDULDQFH�� ,Q� WKLV�
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FXUUHQW�PRGHO��VHOHFWLYH�DWWHQWLRQ�UHDFKHG�VLJQLILFDQFH��%  �������� 6(  ��������ȕ  �������S  �

������5�  �������ZKHUHDV�GLYLGHG�DWWHQWLRQ�GLG�QRW��%  ���������6(  ���������ȕ  ������ S  �����

5�  ������

:H� WKHQ� UDQ� D� KLHUDUFKLFDO� UHJUHVVLRQ� RQ� WKH� RYHUDOO� VLQJOH��GXDO�WDVN� GLIIHUHQFHV��

LQFOXGLQJ� WKH� VFRUHV� RQ� WKH� WZR� DWWHQWLRQ� WHVWV� �VHOHFWLYH� DQG� GLYLGHG� DWWHQWLRQ��� WR� LGHQWLI\�

ZKLFK�FRPSRQHQW�RI�DWWHQWLRQ�ZDV�WKH�EHVW�SUHGLFWRU�RI�WLPH�FRQWUDFWLRQ�LQ�WKH�GXDO�WDVN��7KH�

UHVXOWV�UHYHDOHG�D�JUHDWHU�HIIHFW�RI�VHOHFWLYH�DWWHQWLRQ��%  ���������6(  ��������ȕ  �������5�  �

�����S  ��������ZKHUHDV�WKH�HIIHFW�RI�GLYLGHG�DWWHQWLRQ�ZDV�QR�ORQJHU�VLJQLILFDQW��%  ���������6(

 ���������ȕ  �������5�  ������S  �������,Q�RWKHU�ZRUGV��WKH�VHOHFWLYH�DWWHQWLRQ�FDSDFLWLHV�H[SODLQHG�

WKH�ODUJHVW�SDUW�RI�WKH�YDULDQFH�LQ�WKH�VKRUWHQLQJ�RI�WLPH�EHWZHHQ�WKH�VLPSOH�WDVN�DQG�WKH�GXDO�

WDVN�

)LQDOO\��ZH�FRPSDUHG�WKH�FRUUHODWLRQ�REWDLQHG�EHWZHHQ�WKH�VHOHFWLYH�DWWHQWLRQ�VFRUHV�DQG�

WKH�RYHUDOO�VLQJOH��GXDO�WDVN�GLIIHUHQFH��U  ������S  ������DV�ZHOO�DV�EHWZHHQ�WKH�GLYLGHG�DWWHQWLRQ�

VFRUHV� DQG� WKH� RYHUDOO� VLQJOH��GXDO�WDVN� GLIIHUHQFH� �U  � ����� S  � ������ ,W� DSSHDUV� WKDW� WKH�

FRUUHODWLRQV� ZHUH� VLJQLILFDQWO\� GLIIHUHQW� IURP� HDFK� RWKHU�� W�����  � ������ S �� ����� WKHUHE\�

FRQILUPLQJ� WKDW� WKH� OLQN� EHWZHHQ� WKH�PDJQLWXGH� RI� WLPH� FRQWUDFWLRQ� DQG� VHOHFWLYH� DWWHQWLRQ�

FDSDFLWLHV�ZDV�WKH�VWURQJHVW�

���Ǧ��������������������

$�ILUVW�$129$�ZDV�SHUIRUPHG�RQ�WKH�FRUUHFW�UHVSRQVH�UDWH�LQ�WKH�GXDO�WDVN��ZLWK�RQH�

ZLWKLQ�SDUWLFLSDQWV� IDFWRU� �GXUDWLRQ�� DQG� RQH� EHWZHHQ�SDUWLFLSDQWV� IDFWRU� �DJH�� �)LJXUH� �����

7KHUH� ZDV� QHLWKHU� DQ� HIIHFW� RI� GXUDWLRQ�� )���� ����  � ������ S  � ����� QRU� DQ� $JH� 'XUDWLRQ�

LQWHUDFWLRQ��)�������� �������S  ������+RZHYHU��WKH�HIIHFW�RI�DJH�ZDV�VLJQLILFDQW��)�������� �������

S  �������Ș�S  ���������� ȕ�  ������7KHUHIRUH��WKH�GXUDWLRQ�RI�VWLPXOXV�SUHVHQWDWLRQ�GLG�QRW�DIIHFW�

SHUIRUPDQFH�LQ�WKH�QRQ�WHPSRUDO�WDVN�

$�VHFRQG�$129$�ZDV�SHUIRUPHG�RQ�WKH�FRUUHFW�UHVSRQVH�UDWH��ZLWK�WDVN�DV�D�ZLWKLQ�

SDUWLFLSDQWV�IDFWRU��VLPSOH�YV��GXDO�WDVN��DQG�DJH�DV�D�EHWZHHQ�SDUWLFLSDQWV�IDFWRU��7KH�UHVXOWV�

DJDLQ�UHYHDOHG�D�VLJQLILFDQW�HIIHFW�RI�DJH��)�������� �������S  �������Ș�S  ���������� ȕ��  ������

VXJJHVWLQJ�WKDW�\RXQJHU�FKLOGUHQ�PDNH�PRUH�PLVWDNHV�WKDQ�ROGHU�FKLOGUHQ�LQGHSHQGHQWO\�RI�WKH�

WDVN��0RUH�LQWHUHVWLQJ��KRZHYHU��WKH�HIIHFW�RI�WDVN�QRZ�DOVR�UHDFKHG�VLJQLILFDQFH��)�������� �

�������S  �������Ș�S  ���������� ȕ�� ������7KXV��WKH�FKLOGUHQ�PDGH�PRUH�PLVWDNHV�LQ�WKH�GXDO�WDVN�

WKDQ�LQ�WKH�VLPSOH�WDVN��+RZHYHU��WKHUH�ZDV�QR�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�DJH�DQG�WDVN��
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)���� ����  � ������ S  � �����:KHQ�ZH� FDOFXODWHG� WKH� GLIIHUHQFH� LQ� WKH� WRWDO� FRUUHFW� UHVSRQVHV�

EHWZHHQ�WKH�VLPSOH�WDVN�DQG�WKH�GXDO�WDVN��ZH�IRXQG�WKDW�WKH�PDJQLWXGH�RI�WKLV�GLIIHUHQFH�ZDV�

KLJKHU�LQ�WKH���\HDU�ROGV��0  �������WKDQ�LQ�WKH���\HDU�ROGV��0  ��������W����� �������S  �������

:H�DOVR�IRXQG�D�GLIIHUHQFH�EHWZHHQ�WKH���\HDU�ROGV�DQG�WKH���\HDU�ROGV��0  �������� W����� �

������S  �������+RZHYHU��QR�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�WKH���\HDU�ROGV�DQG�WKH�

��\HDU�ROGV��W����� �������S  ������

������������� �������� ���� ������ǦȀ����Ǧ����� ����������� ��� ���Ǧ��������� ������������ ����

�������������������

$�FRUUHODWLRQ�DQDO\VLV�ZDV�FDUULHG�RXW�DPRQJ�WKH�GLIIHUHQFH�LQGH[�FDOFXODWHG�DERYH��DJH��

DQG�WKH�VFRUHV�RQ�WKH�GLIIHUHQW�QHXURSV\FKRORJLFDO�WHVWV��8QOLNH�IRU�WLPH�MXGJPHQW��WKH�VLQJOH�

�GXDO�WDVN�GLIIHUHQFH�LQ�WKH�QRQ�WHPSRUDO�WDVN�ZDV�VLJQLILFDQWO\�FRUUHODWHG�QRW�RQO\�ZLWK�DJH��U

 ������S  ������EXW�DOVR�ZLWK�DOO�RI�WKH�QHXURSV\FKRORJLFDO�VFRUHV��WKDW�LV��ERWK�WKRVH�IRU�PHPRU\�

�VKRUW�WHUP PHPRU\��U  ������S  ������ZRUNLQJ�PHPRU\��U  ������S  �������DQG�WKRVH�IRU�DWWHQWLRQ�

�GLYLGHG�DWWHQWLRQ� U  ������VHOHFWLYH�DWWHQWLRQ��U  ������DOO�SV ���������7KHUH�ZDV�DOVR�D�VLJQLILFDQW�

FRUUHODWLRQ�ZLWK�SURFHVVLQJ�VSHHG��U� ������S� ���������$�KLHUDUFKLFDO�DQDO\VLV�RI�UHJUHVVLRQ�RQ�

WKLV�VLQJOH��GXDO�WDVN�GLIIHUHQFH�LQGH[�ZLWK�WKH�GLIIHUHQW�VFRUHV�LQ�WKH�QHXURSV\FKRORJLFDO�WHVWV�

ZDV�WKHQ�UXQ��7KLV�UHJUHVVLRQ�VKRZHG�D�VLJQLILFDQW�UHVXOW�IRU�WKH�SURFHVVLQJ�VSHHG�VFRUHV��%  �

������6(  ������S  �������LQGLFDWLQJ�WKDW�DQ�LQFUHDVH�RI���SRLQW�LQ�FRUUHFW�UHVSRQVHV�FDXVHG�DQ�

LQFUHDVH�RI�������SRLQW�LQ�WKH�SURFHVVLQJ�VSHHG�VFRUH��7KH�HIIHFW�RI�GLYLGHG�DWWHQWLRQ�ZDV�DOVR�

VLJQLILFDQW��%  �������6(  ������S  ��������1R�RWKHU�YDULDEOHV�UHDFKHG�VLJQLILFDQFH��L�H���DJH�

ZRUNLQJ�PHPRU\��VKRUW�WHUP�PHPRU\��DQG�VHOHFWLYH�DWWHQWLRQ��DOO SV !������
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)LJXUH�����&RUUHFW�UHVSRQVH�UDWHV�LQ�WKH�QRQ�WHPSRUDO�WDVN�IRU�WKH�VLQJOH�WDVN�DQG�GXDO�
WDVN��'7��ZKHQ�WKH�VWLPXOXV�GXUDWLRQV�ZHUH ��V�DQG����V�LQ�FKLOGUHQ�DJHG�������DQG���\HDUV�

)LQDOO\��ZH�UDQ�D�ODVW�KLHUDUFKLFDO�UHJUHVVLRQ�WR�H[DPLQH�ZKHWKHU�VHOHFWLYH�DQG�GLYLGHG�

DWWHQWLRQ�VFRUHV�ZHUH�VWLOO�VLJQLILFDQW�SUHGLFWRUV�RI�WKH�VLQJOH��GXDO�WDVN�GLIIHUHQFH�LQ�WKH�WLPH�

HVWLPDWHV�ZKHQ�WKH�QRQ�WHPSRUDO�UHVXOWV�ZHUH�LQFOXGHG�LQ�WKH�PRGHO��7KH�VHOHFWLYH�DWWHQWLRQ�

DOZD\V�WHQGHG�WR�EH�VLJQLILFDQW��%  ���������6(� ��������ȕ  �������5�  ������S  �������ZKHUHDV�

WKH�RWKHU�YDULDEOHV�ZHUH�QRW�VLJQLILFDQW��IRU�GLYLGHG�DWWHQWLRQ��%  ���������6(  ���������ȕ  ������

5�  ������S  ������IRU�FRUUHFW�UHVSRQVH�UDWH�LQ�QRQ�WHPSRUDO�WDVN��%  ���������6(  ���������ȕ  �

������5�  ������S  �������7KLV�VXJJHVWV�WKDW�WKH�VHOHFWLYH�DWWHQWLRQ�FDSDFLWLHV�UHPDLQHG�WKH�PDLQ�

IDFWRU�H[SODLQLQJ�WKH�LQGLYLGXDO�GLIIHUHQFHV�LQ�WLPH�FRQWUDFWLRQ�LQ�D�GXDO�WDVN�DQG�QRW�WKH�OHYHO�

RI�SHUIRUPDQFH�RQ�WKH�VHFRQGDU\�QRQ�WHPSRUDO�WDVN�

'LVFXVVLRQ

&KLOGUHQ� DJHG� �±�� \HDUV� ZHUH� JLYHQ� D� WHPSRUDO� UHSURGXFWLRQ� WDVN� LQ� D� VLPSOH�WDVN�

FRQGLWLRQ�DQG�D�GXDO�WDVN�FRQGLWLRQ�LQYROYLQJ�D�QRQ�WHPSRUDO�FRORU�GLVFULPLQDWLRQ�WDVN��,Q�WKH�

VLPSOH�WHPSRUDO�WDVN��WKH�FKLOGUHQ�WHQGHG�WR�RYHUHVWLPDWH�WKH�VKRUWHVW�VWLPXOXV�GXUDWLRQ����V��

DQG� WHQGHG� WR�XQGHUHVWLPDWH� WKH� ORQJHVW�VWLPXOXV�GXUDWLRQ�����V���DV�SUHGLFWHG�E\�9LHURUGW¶V�
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�������ODZ�IRU�DGXOWV��$FFRUGLQJ�WR�WKLV�ODZ��WKH�VKRUWHVW�GXUDWLRQV�DUH�UHSURGXFHG�ORQJHU�DQG�

WKH�ORQJHVW�GXUDWLRQV�DUH�UHSURGXFHG�VKRUWHU WKDQ�WKH\�DFWXDOO\�DUH��/HMHXQH�	�:HDUGHQ���������

+RZHYHU��RXU�UHVXOWV�VXJJHVW�WKDW�WKHUH�LV�D�JUHDWHU�WHPSRUDO�ELDV�LQ�WKH�\RXQJHU�FKLOGUHQ��DW�

OHDVW�IRU�WKH�VKRUWHVW�GXUDWLRQ��$�VLPLODU�WHPSRUDO�ELDV�KDV�EHHQ�REVHUYHG�LQ�RWKHU�VWXGLHV�LQ�

FKLOGUHQ� �'URLW�9ROHW�� ������'URLW�9ROHW� HW� DO��� �������7KLV�KDV�JHQHUDOO\� EHHQ�H[SODLQHG� LQ�

WHUPV�RI�WKH�HIIHFW�RQ�WHPSRUDO�UHSURGXFWLRQ�RI�WKH�VORZHU�LQLWLDWLRQ�RI�WKH�PRWRU�UHVSRQVH�LQ�

\RXQJ�FKLOGUHQ��+RZHYHU��WKLV�GLG�QRW�DIIHFW�WKH�LQWHUIHUHQFH�HIIHFW�REVHUYHG�LQ�RXU�GXDO�WDVN�

SDUDGLJP��VKRZLQJ�WKDW�D�FRQFXUUHQW�QRQ�WHPSRUDO�WDVN SURGXFHG�D�VKRUWHQLQJ�RI�UHSURGXFHG�

WLPH�LQ�FKLOGUHQ�VLPLODU�WR� WKDW�REVHUYHG�LQ�DGXOWV��%URZQ�	�3HUUHDXOW���������+RZHYHU�� WKH�

LQWHUHVW�RI�RXU�VWXG\�ZDV�WR�VKRZ�WKDW�WKLV�WLPH�FRQWUDFWLRQ�LQ�WKH GXDO�WDVN�ZDV�JUHDWHU�LQ�WKH�

\RXQJHVW�FKLOGUHQ�DQG�GHFUHDVHG�ZLWK�LQFUHDVLQJ�DJH��,Q�DGGLWLRQ��RXU�UHVXOWV�GHPRQVWUDWHG�WKDW�

WKH�DJH�UHODWHG�GHFUHDVH�LQ�WKH�VKRUWHQLQJ�HIIHFW�ZDV�VSHFLILFDOO\�UHODWHG�WR�WKH�LPSURYHPHQW�RI�

LQGLYLGXDO� DWWHQWLRQ� FDSDFLWLHV�� WKH� PRUH� OLPLWHG� WKH� DWWHQWLRQDO� FDSDFLWLHV�� WKH� VKRUWHU� WKH�

UHSURGXFHG�WLPH ǁĂƐ͘�,Q�VXP��RXU�VWXG\�GHPRQVWUDWHG�WKDW�WKH�FRQWUDFWLRQ�RI�WLPH�LQ�WKH�GXDO�

WDVN�GHSHQGV�GLUHFWO\�RQ�WKH�LQGLYLGXDO�DWWHQWLRQDO�UHVRXUFHV�DYDLODEOH�IRU�WKH�SURFHVVLQJ�RI�WLPH��

7KXV��LW�SURYLGHV�VXSSRUW�IRU�WKH�UHVRXUFH�EDVHG�WKHRU\�RI�WLPH�SHUFHSWLRQ�DFFRUGLQJ�WR�ZKLFK�

WKH�UHSUHVHQWDWLRQ�RI�WLPH�GHSHQGV�RQ�DWWHQWLRQDO�UHVRXUFHV�DOORFDWHG�WR WLPH��%ORFN�HW�DO���������

%URZQ��������7KRPDV�	�:HDYHU������� =DND\��������������������

2XU�UHVXOWV�DOVR�VKRZHG�D�ELGLUHFWLRQDO�HIIHFW�RQ�SHUIRUPDQFH�EHWZHHQ�WKH�WHPSRUDO�DQG�

QRQ�WHPSRUDO�WDVNV� ,QGHHG��WKH�FRORU�GLVFULPLQDWLRQ�WDVN�DIIHFWHG�WLPH�MXGJPHQW�E\�VKRUWHQLQJ�

UHSURGXFHG�GXUDWLRQV��DQG�WKH�MXGJPHQW�RI�WLPH�DIIHFWHG�FRORU�GLVFULPLQDWLRQ�E\�LQFUHDVLQJ�WKH�

QXPEHU�RI�GLVFULPLQDWLRQ�HUURUV��7KH�PXWXDO�LQWHUIHUHQFH�EHWZHHQ�WKHVH�WZR�WDVNV�VXJJHVWV�WKDW�

FRPPRQ�SURFHVVHV�H[LVW�IRU�WKH�SURFHVVLQJ�RI�WHPSRUDO�DQG�QRQ�WHPSRUDO�LQIRUPDWLRQ��1DYRQ�

	�*RSKHU���������7KH�LQWHUQDO�FORFN�PRGHOV�VSHFLILFDOO\�GHVLJQHG�WR�DFFRXQW�IRU�WLPLQJ�GR�QRW�

LQFOXGH�FRPPRQ�PHFKDQLVPV�IRU�WKH SURFHVVLQJ�RI�GLIIHUHQW�W\SHV�RI�LQIRUPDWLRQ��$FFRUGLQJ�

WR�%DGGHOH\�DQG�+LWFK¶V� ������ ZRUNLQJ�PHPRU\�PRGHO�� DOO� LQIRUPDWLRQ� LV� SURFHVVHG�YLD� D�

FHQWUDO�DGPLQLVWUDWRU�ZLWK�OLPLWHG�FDSDFLW\�WKDW�FRQWUROV�DQG�DOORFDWHV�DWWHQWLRQDO�UHVRXUFHV�WR�

WKH�GLIIHUHQW�W\SHV�RI�LQIRUPDWLRQ�WR�EH�SURFHVVHG��7KH�SURFHVVLQJ�RI�WHPSRUDO�DQG�QRQ�WHPSRUDO�

LQIRUPDWLRQ��WKHUHIRUH��FRXOG�FDOO�RQ�WKH�VDPH�DWWHQWLRQDO�UHVRXUFH�SRRO�PDQDJHG�E\�WKLV�FHQWUDO�

SURFHVVRU��7KH�VKDUHG�PHFKDQLVPV�IRU�WKH�SURFHVVLQJ�RI�ERWK�WHPSRUDO�DQG�RWKHU�LQIRUPDWLRQ��

WKHUHIRUH��ZRXOG�EH�UHVWULFWHG�WR�JHQHUDO�DWWHQWLRQ�PHFKDQLVPV��7KLV�YLHZ�LV�FRQVLVWHQW�ZLWK�RXU�

UHVXOWV�VKRZLQJ�WKDW�ERWK�WHPSRUDO�DQG�QRQ�WHPSRUDO�SHUIRUPDQFH�LQ�WKH�GXDO�WDVN�FRQGLWLRQ�

GHSHQGHG� RQ� LQGLYLGXDO� DWWHQWLRQDO� FDSDFLWLHV�� +RZHYHU�� RXU� UHVXOWV� UHYHDOHG� WKDW�� IRU� WLPH�
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MXGJPHQW��WKH�PDJQLWXGH�RI�WKH�WLPH�FRQWUDFWLRQ�SURGXFHG�E\�WKH�VHFRQGDU\�WDVN�GHSHQGHG�RQO\�

RQ� LQGLYLGXDO� DWWHQWLRQDO� FDSDFLWLHV�� ,Q� FRQWUDVW�� IRU� FRORU� MXGJPHQW�� WKH� GHFUHDVH� LQ� QRQ�

WHPSRUDO�SHUIRUPDQFH�LQ�WKH�GXDO�WDVN�ZDV�OLQNHG�QRW�RQO\�ZLWK�DWWHQWLRQ�VFRUHV��VHOHFWLYH�DQG�

GLYLGHG�DWWHQWLRQ��EXW�DOVR�ZLWK�VKRUW�WHUP�PHPRU\��ZRUNLQJ�PHPRU\��DQG�SURFHVVLQJ�VSHHG�

VFRUHV�� 7KLV� VXJJHVWV� WKDW� WKH� SURFHVVLQJ� RI� WHPSRUDO� LQIRUPDWLRQ� LQYROYHV� RQO\� WKH� FHQWUDO�

SURFHVVRU�� ZKHUHDV� WKDW� RI� QRQ�WHPSRUDO� LQIRUPDWLRQ� �FRORU� GLVFULPLQDWLRQ�� LQYROYHV� RWKHU�

PHFKDQLVPV��LQFOXGLQJ�WKH�YLVXRVSDWLDO�VNHWFKSDG��ZKLFK�LV�LQYROYHG�LQ�WKH�VKRUW�WHUP�UHWHQWLRQ�

RI�YLVXDO�LQIRUPDWLRQ��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�LGHD�WKDW��IRU�ORQJ�GXUDWLRQV��!����PV���WKH�

SURFHVVLQJ�RI�WLPH�GRHV�QRW�GHSHQG�RQ�PRGDOLW\�VSHFLILF�PHFKDQLVPV�DQG�WKDW�WKLV�RQH�LQYROYHV�

D� FHQWUDO� H[HFXWLYH� V\VWHP� WKDW� PDQDJHV� DWWHQWLRQDO� UHVRXUFHV� �VHH� 5DPPVD\HU�� %RUWHU�� 	�

7URFKH���������,W�LV�DOVR�FRQVLVWHQW�ZLWK�WKH�GHYHORSPHQWDO�VWXGLHV�VKRZLQJ�WKDW�WKH�DJH�UHODWHG�

GLIIHUHQFHV�LQ�WLPH�VHQVLWLYLW\�DUH�PDLQO\�GXH�WR�WKH�GHYHORSPHQW�RI�JHQHUDO�FRJQLWLYH�FDSDFLWLHV�

LQ�WHUPV�RI�DWWHQWLRQ�DQG�ZRUNLQJ�PHPRU\��IRU�UHYLHZV��VHH�'URLW�9ROHW���������������6LPLODUO\��

EUDLQ�LPDJLQJ�VWXGLHV�KDYH�LGHQWLILHG�WKH�SUHIURQWDO�FRUWH[�DV�D�NH\�EUDLQ�VWUXFWXUH�LQ�H[SOLFLW�

WLPH�MXGJPHQWV��ZKHUHDV�WKLV�VWUXFWXUH�DOVR�SOD\V�D�FULWLFDO�UROH�LQ�H[HFXWLYH�FRQWURO�IXQFWLRQV�

�H�J���&RXOO��&KHQJ��	�0HFN��������

6RPH�UHVHDUFKHUV�KROG�WKDW� WKH�LQWHUIHUHQFH�HIIHFWV�RQ�WLPLQJ�DUH�GXH�WR� µµFRQFXUUHQW�

VKRUW�WHUP�PHPRU\�SURFHVVLQJ�GHPDQGV´� UDWKHU� WKDQ� WR� FRPSHWLWLRQ� IRU� WKH� FRQVXPSWLRQ�RI�

DWWHQWLRQDO�UHVRXUFHV��IRU�D�GLVFXVVLRQ��VHH�)RUWLQ�	�6FKZHLFNHUW���������2XU�UHVXOWV�VKRZHG�

WKDW�WKH�PDJQLWXGH�RI�WKH�VKRUWHQLQJ�HIIHFW�ZDV�QRW�OLQNHG�WR�LQGLYLGXDO�VKRUW�WHUP PHPRU\�RU�

ZRUNLQJ�PHPRU\� FDSDFLWLHV�� ,Q� RWKHU�ZRUGV�� WKH� FRQWUDFWLRQ� RI� WLPH�ZDV� QRW� KLJKHU� LQ� WKH

FKLOGUHQ�ZLWK� ORZ�PHPRU\�FDSDFLWLHV�� WKDW� LV�� WKRVH�ZKR� IRXQG� LW� GLIILFXOW� WR� DFWLYHO\� UHWDLQ�

LQIRUPDWLRQ�LQ�PHPRU\��6LPLODUO\��)RUWLQ�DQG0DVVp¶V��������VWXG\ VKRZHG�WKDW�WKH�DPRXQW�RI�

QRQ�WHPSRUDO�LQIRUPDWLRQ�PDLQWDLQHG�LQ�VKRUW�WHUP�PHPRU\�GLG�QRW�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�

FRQFXUUHQW� WLPH� SURGXFWLRQ�� 5DWKHU� WKDQ� PHPRU\� FDSDFLWLHV�� RXU� VWXG\� GHPRQVWUDWHG� WKDW�

VHOHFWLYH�DWWHQWLRQ�FDSDFLWLHV�DUH�WKH�RQO\�UHOLDEOH�SUHGLFWRUV�RI�LQGLYLGXDO�GLIIHUHQFHV�LQ�WLPH�

FRQWUDFWLRQ�LQ�D�GXDO�WDVN��7KHUHIRUH��WLPH�FRQWUDFWLRQ�LV�PDLQO\�UHODWHG�WR�FKLOGUHQ¶V�GLIILFXOWLHV�

LQ�NHHSLQJ�WUDFN�RI�WKH�IORZ�RI�WHPSRUDO�LQIRUPDWLRQ�LQ�WKH�SUHVHQFH�RI�D�VHFRQGDU\�WDVN��7KLV�

SURYLGHV� VXSSRUW� IRU� WKH� DWWHQWLRQ�EDVHG� WKHRU\� RI� WLPH� SHUFHSWLRQ� DFFRUGLQJ� WR� ZKLFK� D�

FRQFXUUHQW�WDVN�RSHUDWHV�DW�WKH�OHYHO�RI�WKH�SURFHVV�RI�DFFXPXODWLRQ�RI�WHPSRUDO�XQLWV��SXOVHV��

EHIRUH� WKHLU� VWRUDJH� LQ�PHPRU\� �/HMHXQH�� ������5RXVVHDX��3LFDUG��	�3LWUH�� ������ =DND\�	�

%ORFN���������,Q�RWKHU�ZRUGV��WKH�FRQFXUUHQW�WDVN�ZRXOG�OHDG�WR�D�ORVV�RI�SXOVHV�GXULQJ�WKHLU�

DFFXPXODWLRQ�LQ�WKH�WLPHU�
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7KH�TXHVWLRQ�UDLVHG�QRZ�LV�WKH�QDWXUH�RI�WKH�PHFKDQLVP�WKDW�SURGXFHV�WKLV�ORVV�RI�SXOVHV�

GXULQJ�WKH�DFFXPXODWLRQ�SURFHVV��$V�PHQWLRQHG�LQ�WKH�,QWURGXFWLRQ��/HMHXQH��������H[SODLQHG�

WLPH�FRQWUDFWLRQ� LQ�GXDO�WDVNV� LQ� WHUPV�RI� WKH� DOO�RU�QRWKLQJ�RSHUDWLRQ�RI� WKH� VZLWFK� ORFDWHG�

EHWZHHQ� WKH�SDFHPDNHU� DQG� WKH�DFFXPXODWRU��7R�DFFRXQW� IRU� WLPH�FRQWUDFWLRQ� LQ�GXDO�WDVNV��

=DND\�DQG�%ORFN��������DGGHG�WR�WKLV VZLWFK�V\VWHP�DQ�DWWHQWLRQDO�JDWH��WKH�VL]H�RI�RSHQLQJ�RI�

ZKLFK�FRQWUROV�WKH�DPRXQW�RI�SXOVHV�WUDQVIHUUHG�LQWR�WKH�DFFXPXODWRU��2XU�UHVXOWV�GLG QRW�DOORZ�

XV�WR�VHWWOH�WKH�TXHVWLRQ�RI�WKH�QDWXUH�RI�WKH�DWWHQWLRQDO�PHFKDQLVPV�LQYROYHG�LQ�WLPH�MXGJPHQWV�

LQ�D�GXDO�WDVN�FRQGLWLRQ��DQG�IXUWKHU�H[SHULPHQWV�ZLOO�EH�QHFHVVDU\��,Q�DGGLWLRQ��WKH�HIIHFW�RQ�

WLPH�MXGJPHQW�RI�RWKHU�FRQFXUUHQW�QRQ�WHPSRUDO� WDVNV��QDPHO\� WKRVH�ZLWK�GLIIHUHQW� W\SHV�RI�

QRQ�WHPSRUDO� WDVNV� WKDW� SURGXFH� ODUJHU� GLIIHUHQFHV� EHWZHHQ� DJH� JURXSV��PXVW� EH� H[DPLQHG��

1HYHUWKHOHVV�� RXU� UHVXOWV� UHYHDOHG� WKDW� WKH� EHVW� SUHGLFWRU� RI� LQGLYLGXDO� GLIIHUHQFHV� LQ� WLPH�

FRQWUDFWLRQ�LQ�D�GXDO�WDVN�ZDV�VHOHFWLYH�DWWHQWLRQ��DOWKRXJK�GLYLGHG�DWWHQWLRQ�DOVR�SOD\HG�DOVR�D�

VLJQLILFDQW� UROH��6HOHFWLYH�DWWHQWLRQ� UHIHUV� WR� WKH� DELOLW\� WR� IRFXV�RQ�RQH� LWHP�RI� LQIRUPDWLRQ�

ZKLOH�LJQRULQJ�WKH�UHVW�RI�WKH�LWHPV��ZKHUHDV�GLYLGHG�DWWHQWLRQ�UHIHUV�WR�WKH�DELOLW\�WR�SURFHVV�

WZR� RU� PRUH� LWHPV� RI� LQIRUPDWLRQ� VLPXOWDQHRXVO\� E\� DOORFDWLQJ� D� TXDQWLW\� RI� DWWHQWLRQDO�

UHVRXUFHV�WR�HDFK�LWHP��3DVKOHU�	�6XWKHUODQG���������7KHVH�WZR�PRGHV�RI�DWWHQWLRQ�DUH�UHODWHG��

ZLWK�ERWK�GHSHQGLQJ�RQ�H[HFXWLYH�FRQWURO�IXQFWLRQV�DQG�WKH�PDWXUDWLRQ�RI�WKH�SUHIURQWDO�FRUWH[�

GXULQJ�FKLOGKRRG��&DVH\� 7RWWHQKDP��/LVWRQ��	�'XUVWRQ��������6RZHOO�HW�DO���������7VXMLPRWR��

������� 1HYHUWKHOHVV�� LW� LV� FRQFHLYDEOH� WKDW� WKH� PRVW� FULWLFDO� FRJQLWLYH� RSHUDWLRQ� IRU� WKH�

SHUFHSWLRQ�RI�WLPH�LQ�D�GXDO�WDVN�OLHV�LQ�WKH�FDSDFLW\�WR�FRQWURO�WKH�VZLWFK�OLNH�V\VWHP��WKDW�LV��

WR�FORVH�WKH�DWWHQWLRQDO�VZLWFK�MXVW�DW�WKH�RQVHW�RI�WKH�WR�EH�WLPHG�VWLPXOXV�DQG�WR�NHHS�LW�FORVHG�

GXULQJ�LWV�SUHVHQWDWLRQ��&RQVHTXHQWO\��FKLOGUHQ¶V�ORZ�FDSDFLWLHV�LQ�WHUPV�RI�VHOHFWLYH�DWWHQWLRQ�

ZRXOG�SURGXFH�D�PDOIXQFWLRQ�RI�WKH�VZLWFK�V\VWHP�WKDW�ZRXOG�FORVH�ODWHU�RU�WKDW�ZRXOG�IOLFNHU�

PRUH�IUHTXHQWO\�LQ�D�GXDO�WDVN��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�GHYHORSPHQWDO�VWXGLHV�VKRZLQJ�WKDW�

WLPH� FRQWUDFWLRQ� LV� JUHDWHU� ZLWK� WKDQ� ZLWKRXW� DQ� DWWHQWLRQ� GLVWUDFWHU� LQ� D� UHSURGXFWLRQ� WDVN�

�=DND\��������DQG�D�ELVHFWLRQ�GLVFULPLQDWLRQ�WDVN��*DXWLHU�	�'URLW�9ROHW��������

+RZHYHU��RXU�UHVXOWV�VXJJHVW�WKDW�WLPH�HVWLPDWHV�LQ�D�GXDO�WDVN�DUH�DOVR�UHODWHG�LQ�SDUW�WR�

WKH�GHYHORSPHQW�RI�GLYLGHG�DWWHQWLRQ�FDSDFLWLHV��DOEHLW�WR�D�OHVVHU�H[WHQW���7KLV�ZRXOG�LQGLFDWH�

WKDW�WKH�VZLWFK�V\VWHP�LV�LQVXIILFLHQW�WR�DFFRXQW�IRU�WLPH�FRQWUDFWLRQ�LQ�D�GXDO�WDVN��$V�DUJXHG�

E\�=DND\�DQG�%ORFN ��������������D�VHFRQG�PHFKDQLVP�LV�UHTXLUHG��D�PHFKDQLVP�WKDW�PDQDJHV�

WKH�TXDQWLW\�RI�DWWHQWLRQDO�UHVRXUFHV�GHYRWHG�WR�WLPH�DW�DQ\�JLYHQ�PRPHQW��,Q�DQRWKHU�ZRUGV�

WKH�TXDQWLW\�RI�DWWHQWLRQDO�UHVRXUFHV�DOORFDWHG�WR�WLPH�SURFHVVLQJ�FDQ�GLIIHU�HYHQ�LI�WKH�VZLWFK�

FORVXUH� GXUDWLRQ� UHPDLQV� WKH� VDPH�� +RZHYHU�� WKHUH� DUH� IHZ� VWXGLHV� LQ� DGXOWV�� DQG� QRQH� LQ�
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FKLOGUHQ��WKDW�KDYH�JDWKHUHG�GDWD�DOORZLQJ�XV�WR�VSHFLILFDOO\�YDOLGDWH�WKH�H[LVWHQFH�RI�D�JDWH�LQ�

WKH�LQWHUQDO�FORFN�V\VWHP��0DFDU�HW�DO���������QHYHUWKHOHVV�VKRZHG�WKDW�WKH�PDJQLWXGH�RI�WKH�

VKRUWHQLQJ�HIIHFW�GHSHQGV�RQ�WKH�GHJUHH�RI�DWWHQWLRQ�DOORFDWHG�WR�WLPH�E\�WHOOLQJ�DGXOWV�WR�DOORFDWH�

D� JLYHQ� SHUFHQWDJH� RI� WKHLU� DWWHQWLRQ� WR� WLPH� �H�J��� ������ ����� ����� ����� 7KXV�� IXWXUH�

H[SHULPHQWV�DUH�QHHGHG�LQ�FKLOGUHQ�WR�GLVVRFLDWH�EHWZHHQ�WKH�HIIHFWV�UHODWHG�WR�WKH�VZLWFK�DQG�

WKH�JDWH�LQ�WKH�LQWHUQDO�FORFN�V\VWHP�

,Q� VXPPDU\�� RXU� VWXG\� H[DPLQHG� WKH� GLUHFW� FRQQHFWLRQ� EHWZHHQ� LQGLYLGXDO� DWWHQWLRQ�

FDSDFLWLHV�DQG�H[SOLFLW�WLPH�UHSURGXFWLRQ�LQ�D�GXDO�WDVN�SDUDGLJP��7KH�UHVXOWV�GHPRQVWUDWHG�WKDW�

WKH�H[SOLFLW�MXGJPHQW�RI�WLPH�ZDV�GLUHFWO\�OLQNHG�WR�WKH�FDSDFLW\�WR�DOORFDWH�DWWHQWLRQDO�UHVRXUFHV�

WR�WLPH� 7KLV�SURYLGHV�FRQYLQFLQJ�VXSSRUW�IRU�WKH�K\SRWKHVLV�DFFRUGLQJ�WR�ZKLFK�WKH�H[SOLFLW�

SURFHVVLQJ�RI�WLPH�LQYROYHV�D�JHQHUDO�LQIRUPDWLRQ�SURFHVVRU��7KH�LVVXH�LV�QRZ�WR�VXFFHVVIXOO\�

GHVFULEH�WKH�OLQN�EHWZHHQ�D�SXWDWLYH�LQWHUQDO�FORFN�DQG�JHQHUDO�LQIRUPDWLRQ�SURFHVVLQJ�V\VWHPV�

)RRWQRWHV�

���$Q�$1&29$�ZDV�DOVR�SHUIRUPHG�ZLWK�DJH�LQ�PRQWK�DV�FRYDULDWH�DQG�IRXQG�VLPLODU�UHVXOWV�

ZLWK�D�VLJQLILFDQW�WDVN�[�DJH�LQWHUDFWLRQ��)�������� �������S  �������DQG�D�VLJQLILFDQW�DJH�[�WDVN�

[�GXUDWLRQ��)�������� �������S� ������
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, ± ���(WXGH�GHV�GLIIpUHQFHV�GH�FRQWUDFWLRQ�WHPSRUHOOH�HQWUH�XQH�VLPSOH�HW�XQH�
GRXEOH�WkFKH�VHORQ�TXH�OD�QDWXUH�GH�OD�WkFKH�FRQFXUUHQWH �WHPSRUHOOH�YV�QRQ�
WHPSRUHOOH� FKH]�GHV�HQIDQWV�kJpV�GH���j���DQV�HW�GHV�DGXOWHV�

+DOOH]��4���	�'URLW�9ROHW��6���������7LPLQJ�LQ�D�GXDO�WDVN�LQ�FKLOGUHQ�DQG�DGXOWV ��ZKHQ�WKH�

LQWHUIHUHQFH�HIIHFW�LV�KLJKHU�ZLWK�FRQFXUUHQW�QRQ�WHPSRUDO�WKDQ�WHPSRUDO�LQIRUPDWLRQ��-RXUQDO�

RI�&RJQLWLYH�3V\FKRORJ\�
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,QWURGXFWLRQ

,Q�UHFHQW�GHFDGHV�� WKH�GXDO�WDVN�SDUDGLJP�KDV�EHHQ�LQFUHDVLQJO\�XVHG�WR�GHPRQVWUDWH�

WKDW� WKH SURFHVVLQJ�RI� WLPH� LV� DWWHQWLRQDOO\�GHPDQGLQJ �IRU�D� UHYLHZ��VHH�%ORFN��+DQFRFN�	�

=DND\��������%URZQ������� %URZQ��&ROOLHU��	�1LJKW� �������,Q�D�W\SLFDO�GXDO�WDVN�SURFHGXUH��

SDUWLFLSDQWV�KDYH�WR SHUIRUP�D�WHPSRUDO�WDVN�DQG�D�QRQ�WHPSRUDO�WDVN�VLPXOWDQHRXVO\� 6HYHUDO

QRQ�WHPSRUDO WDVNV KDYH EHHQ�H[DPLQHG��H�J��6WURRS�WDVN��FRORXU�GLVFULPLQDWLRQ�WDVN�PHPRU\

WDVN�� 'HVSLWH WKH GL൵HUHQW QDWXUHV RI� WKH WDVNV XVHG� WKH UHVXOWV IRXQG KDYH EHHQ FRQVLVWHQW��

V\VWHPDWLFDOO\�VKRZLQJ�WKDW�WKH�VWLPXOXV�GXUDWLRQ LV MXGJHG VKRUWHU LQ D GXDO�WDVN WKDQ LQ VLQJOH�

WHPSRUDO�WDVN��H�J��%URZQ��������&DVLQL�	 0DFDU��������������&KDPSDJQH�	�)RUWLQ��������

)RUWLQ�	�%UHWRQ��������.ODGRSRXORV��+HPPHV��	�%URZQ��������0DFDU��*URQGLQ��	�&DVLQL��

������=DND\�	�)DOODFK��������

0RVW UHVHDUFKHUV H[SODLQ WKLV WHPSRUDO VKRUWHQLQJ� H൵HFW� LQ� GXDO�WDVNV� LQ� WHUPV� RI�

DWWHQWLRQDO�PRGHOV�RI�WLPLQJ�EDVHG�RQ�WKH�H[LVWHQFH�RI�DQ�LQWHUQDO�FORFN�V\VWHP�GHGLFDWHG�WR�WKH

SURFHVVLQJ� RI� DOO� VWLPXOXV� GXUDWLRQV�� $FFRUGLQJ� WR LQWHUQDO�FORFN� PRGHOV� �&KXUFK�� ������

*LEERQ��&KXUFK� 	�0HFN��������7UHLVPDQ���������WKH�FORFN�V\VWHP�FRQVLVWV�RI�D�SDFHPDNHU��

DQ� DWWHQWLRQ�FRQWUROOHG� VZLWFK� DQG� DQ� DFFXPXODWRU�� 7KH� SDFHPDNHU� FRQWLQXRXVO\� JHQHUDWHV�

SXOVHV��WKH�WHPSRUDO�XQLWV���7KH�VZLWFK�V\VWHP�DOORZV�WKH�SXOVHV�WR�WUDQVLW�LQWR WKH�DFFXPXODWRU��

DQG�WKH�DFFXPXODWRU�FRXQWV�WKH�DPRXQW�RI�SXOVHV�DVVRFLDWHG�ZLWK�WKH�VWLPXOXV�WR�EH MXGJHG� $W

WKH RQVHW RI WKLV VWLPXOXV� WKH VZLWFK� FRQQHFWLQJ� WKH� SDFHPDNHU� WR� WKH� DFFXPXODWRU� FORVHV�

DOORZLQJWKHSXOVHV WR LQFUHPHQW LQ WKHDFFXPXODWRU�$W LWR൵VHW� WKHVZLWFKRSHQV� WKXVLQWHUUXSWLQJ�

WKH� LQFUHPHQWDWLRQ�SURFHVV��7KH�QXPEHU�RI� DFFXPXODWHG�SXOVHV� WKHUHIRUH�JLYHV� D� VXEMHFWLYH�

PHDVXUH RI WKH WLPH FRUUHVSRQGLQJ WR D JLYHQ GXUDWLRQ��7KH�IHZHU�SXOVHV�WKDW�DUH�DFFXPXODWHG�

WKH�VKRUWHU WLPH DSSHDUV WR EH� DQG YLFH�YHUVD�

7R�DWWHPSW� WR�H[SODLQ� WKH� WHPSRUDO�VKRUWHQLQJ�H൵HFW REVHUYHG LQ GXDO�WDVNV� 7KRPDV

DQG KLV FROOHDJXHV� LQLWLDOO\�SURSRVHG�D�PDWKHPDWLFDO�PRGHO�DFFRUGLQJ� WR�ZKLFK�DWWHQWLRQ� LV�

GLYLGHG� EHWZHHQ� WZR LQIRUPDWLRQ SURFHVVRUV WKDW RSHUDWH LQ SDUDOOHO�� D WHPSRUDO DQG D QRQ�

WHPSRUDOSURFHVVRU �7KRPDV�	%URZQ������7KRPDV	:HDYHU�������7KHSHUFHLYHG�GXUDWLRQ�

LV� WKHQ�GLUHFWO\�OLQNHG�WR�WKH�³ZHLJKWHG�DYHUDJH´�RI�WKH�DPRXQW�RI�LQIRUPDWLRQ�HQFRGHG�E\�

WKHVH�WZR�SURFHVVRUV��%ORFN� �����S� ��� ,Q RWKHUZRUGV� WKH SHUFHLYHG GXUDWLRQ VLPSO\�GHSHQGV�

RQ�WKH�DPRXQW�RI�DWWHQWLRQ�DOORFDWHG�WR�WHPSRUDO�LQIRUPDWLRQ��LQ�WKH�VDPH�ZD\�DV�IRU�DQ\�RWKHU�

W\SH�RI�LQIRUPDWLRQ��7KLV�PRGHO�UHGXFHV�WKH�SURFHVVLQJ�RI�WHPSRUDO�LQIRUPDWLRQ�WR�WKDW�RI�DQ\�

RWKHU�LQIRUPDWLRQ��+RZHYHU��WHPSRUDO�LQIRUPDWLRQ�KDV FHUWDLQ VSHFL¿FLWLHV�7KHUH LV QR VHQVRU\



WĂŐĞ�ͮ�ϭϮϰ

RUJDQ�WR FDSWXUH LW DQG HDFK VWLPXOXV �YLVXDO RU DXGLWRU\� DQG�HDFK�DFWLRQ�KDV�LWV�RZQ�WHPSRUDO�

TXDOLW\�� &RQVHTXHQWO\� =DND\ DQG %ORFN DGGHG DQ DWWHQWLRQDO JDWH� WR WKH VSHFL¿F V\VWHP RI

WHPSRUDO LQIRUPDWLRQ SURFHVVLQJ��LQWHUQDO�FORFN���=DND\��������=DND\�	�%ORFN��������������

7KH� RSHQLQJ� RI� WKH� JDWH�ZRXOG� WKXV� GHSHQG� RQ� WKH� DPRXQW� RI� DWWHQWLRQ� DOORFDWHG� WR� WLPH�

�$WWHQWLRQDO� *DWH�PRGHO��� ,Q� RWKHU� ZRUGV� WKH� VPDOOHU� WKH� DPRXQW� RI� DWWHQWLRQDO� UHVRXUFHV�

DOORFDWHG�WR�WLPH�GXH�WR D�FRQFXUUHQW�QRQ�WHPSRUDO�WDVN� WKH QDUURZHU WKH RSHQLQJ RI WKH JDWH�

&RQVHTXHQWO\� IHZHU SXOVHV SDVV WKURXJK DQG WLPH LV SHUFHLYHG WR EH VKRUWHU WKDQ LW DFWXDOO\ LV�

)RU LWV SDUW��WKH�VZLWFK�DOZD\V�IXQFWLRQV�LQ�DQ�³DOO�RU�QRWKLQJ´�PRGH� FORVLQJ DQG RSHQLQJ DW

WKH RQVHW DQG R൵VHW�RI�WKH�UHOHYDQW�VWLPXOXV�WR�EH�WLPHG��=DND\�	�%ORFN��������S� �����

$ZD\WR IXUWKHU WHVW WKLV=DND\DQG%ORFN¶V DWWHQWLRQ�JDWH�PRGHO�LV�WR�H[DPLQH�WHPSRUDO�

SHUIRUPDQFH�LQ�D�GXDO�WDVN�ZLWK�FKLOGUHQ�RI�GL൵HUHQW DJHV�FKDUDFWHULVHG E\ GL൵HUHQW DWWHQWLRQ

FDSDFLWLHV�H�J��'URLW�9ROHW�	�+DOOH]��������+DOOH]�	�'URLW�9ROHW������� =pODQWL 	'URLW�9ROHW�

������ ,QGHHG� WKH IHZ�VWXGLHV FRQGXFWHG LQ \RXQJ FKLOGUHQ RQ WLPH GXDO�WDVN SDUDGLJP KDYH

VKRZQ D JUHDWHU XQGHUHVWLPDWLRQ�RI�WLPH�LQ�\RXQJHU�FKLOGUHQ��$UOLQ� ����D� ����E��*DXWLHU�	�

'URLW�9ROHW�� ������ =DND\�� ������� ,Q� DGGLWLRQ��+DOOH]� DQG�'URLW�9ROHW� ������� KDYH� UHFHQWO\�

DVVHVVHG LQGLYLGXDO DWWHQWLRQ FDSDFLWLHV LQ FKLOGUHQ�DQGDGXOWVXVLQJGL൵HUHQWQHXURSV\FKRORJLFDO

WHVWV�DQG�VKRZHG�D�GLUHFW�OLQN�EHWZHHQ�WKH�PDJQLWXGH�RI WKH VKRUWHQLQJ H൵HFW LQ D GXDO�WDVN DQG

WKH DYDLODEOH DWWHQWLRQDO UHVRXUFHV� EXW QRW WR RWKHU FRJQLWLYH� FDSDFLWLHV� VXFK� DV� LQIRUPDWLRQ�

SURFHVVLQJ VSHHG��VKRUW�WHUP�PHPRU\�DQG�ZRUNLQJ�PHPRU\��0RUHRYHU��+DOOH]�DQG�'URLW�9ROHW�

�������QRW�RQO\� REVHUYHG� LQ� FKLOGUHQ� WKDW� WKH�QRQ�WHPSRUDO� WDVN�D൵HFWHG� WLPH� MXGJPHQW�E\�

VKRUWHQLQJ UHSURGXFHG�GXUDWLRQV��EXW�DOVR�WKDW�WKH�WLPLQJ�WDVN�D൵HFWHG�QRQ�WHPSRUDO�MXGJPHQW�

E\�LQFUHDVLQJ�WKH QXPEHU�RI��GLVFULPLQDWLRQ��HUURUV� 7KLV�LV�WKHZHOO�NQRZQ�H൵HFW REVHUYHG LQ

DGXOWV FDOOHG ³ELGLUHFWLRQDO LQWHUIHUHQFH´� �IRU� D� PHWD�DQDO\VLV VHH� %URZQ�� ������� 7KLV�

V\PPHWULFDO�LQWHUIHUHQFH�ZRXOG�LQGLFDWH�WKDW�WKH�WZR�WDVNV�VKDUH�D�FRPPRQ�SRRO�RI�DWWHQWLRQ�

UHVRXUFHV �%ORFN HW DO�� ����� %URZQ� ������ 6LQFH�WKHVH UHVRXUFHV IRUP D FRQWLQXXP� WKH JUHDWHU

WKH�QXPEHU RI LQIHUHQFHV WKDW DUH PDGH� WKH PRUH WKH�WDVNV VKDUH FRPPRQ UHVRXUFHV �1DYRQ 	

*RSKHU��������:LFNHQV���������7KH�DLP�RI�RXU�VWXG\�ZDV�WKXV�WR�IXUWKHU�H[DPLQH�WKH�UROH�RI�

GHYHORSPHQWDO�GL൵HUHQFHV�LQ�WHUPV�RI�DWWHQWLRQ�FDSDFLWLHV�RQ WKH�WLPH�MXGJPHQW�LQ�D�GXDO�WDVN�

SDUDGLJP�E\�WHVWLQJ�WKLV�ELGLUHFWLRQDO H൵HFW�

,Q�WKH�GXDO�WDVN�SDUDGLJP�ZLWK�D�WHPSRUDO�WDVN DQG D FRQFXUUHQW QRQ�WHPSRUDO WDVN� ERWK

WKH WDVN� �H�J�� FRORXU� GLVFULPLQDWLRQ�� QDPH� ZRUGV�� DQG� WKH� QDWXUH RI WKH LQIRUPDWLRQ WR EH

SURFHVVHG �QRQ�WHPSRUDO LQIRUPDWLRQ� FKDQJH� ,W LV WKHUHIRUH GL൶FXOW WR�LGHQWLW\ WKH VRXUFHRI WKH

JUHDWHUXQGHUHVWLPDWLRQRI�WLPH�LQ�\RXQJ�FKLOGUHQ�DV�LW�FRXOG�EH�GXH�HLWKHU�WR�WKH�DWWHQWLRQDO�FRVW�
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RI�WKH�FRQFXUUHQW�WDVN��GXDO�WDVNLQJ FRVW�� RU WR WKH VSHFL¿FLW\RI WKH LQIRUPDWLRQ�WR EHSURFHVVHG�

RU ERWK� ,W KDV EHHQ GHPRQVWUDWHG�WKDW�WKH�QDWXUH�RI�WKH�WDVN��DORQJ�ZLWK�WKH�XQGHUO\LQJ�OHYHO�RI�

GL൶FXOW\��LQÀXHQFHV�WKH�SDWWHUQ�RI�LQWHUIHUHQFH�EHWZHHQ�WKH�WHPSRUDO�DQG�QRQ�WHPSRUDO�WDVN�

�%ROW]��������%URZQ���������������+RZHYHU�� WKH�QDWXUH�RI� WKH� LQIRUPDWLRQ� WR�EH�SURFHVVHG�

�WHPSRUDO� YV�� QRQ� WHPSRUDO��PD\� DOVR� LQÀXHQFH� WKLV� SDWWHUQ� RI� LQWHUIHUHQFH�� 7KHUHIRUH��ZH�

GHFLGHG�WR�WHVW�WKLV�ELGLUHFWLRQDO�DWWHQWLRQ�UHODWHG H൵HFW LQ FKLOGUHQ LQ D GXDO WDVN ZLWK VLPLODU�

FRQFXUUHQW�WDVNV��GLVFULPLQDWLRQ�WDVNV��ZKLFK��QHYHUWKHOHVV�GL൵HUHG LQ WKH W\SHRI LQIRUPDWLRQ WR

EHSURFHVVHG� WHPSRUDO YV� QRQ�WHPSRUDO LQIRUPDWLRQ�

7R�RXU�NQRZOHGJH��QR�VWXGLHV�KDYH�XVHG�WKH VDPH GXDO�WDVN SDUDGLJP WR FRPSDUH WKH

H൵HFW RI D FRQFXUUHQW� WHPSRUDO� DQG� QRQ�WHPSRUDO GLVFULPLQDWLRQ� WDVN�2QO\ D VPDOO QXPEHU RI

VWXGLHV KDYH H[DPLQHG�PXOWLSOH� WLPLQJ�� L�H��ZKHQ� GL൵HUHQW� VWLPXOXV� GXUDWLRQV� DUH� SUHVHQWHG�

VLPXOWDQHRXVO\��%URZQ 	:HVW��������%U\FH��6HLIULHG�'�ERQ�	�%UDW]NH������� &KHQJ� <DQJ�

+DQ� 'LQJ� 	 )DQ� ����� .ODSSURWK�� ������ YDQ� 5LMQ� 	� 7DDJWQH�� ������� $Q� LQFUHDVH� LQ�

YDULDELOLW\�DQG�D�GHFUHDVH�LQ�WHPSRUDO�DFFXUDF\�ZHUH�REVHUYHG LQ WKHPXOWLSOH WLPLQJ FRQGLWLRQ

FRPSDUHG�WR WKH WLPLQJ RI D VLQJOH GXUDWLRQ� +RZHYHU� LQ WKHVH�VWXGLHV��WKH�WHPSRUDO�HUURU�YDULHV�

WRZDUG�ERWK�DQ�RYHU� DQG�DQ�XQGHU�HVWLPDWLRQ�RI�WLPH�GHSHQGLQJ�RI�WKH�WDVN�XVHG��+DOOH]�	�

'URLW�9ROHW�� VXEPLWWHG��%URZQ 	 :HVW� ������ ,Q WKHLU VWXG\� YDQ 5LMQ DQG�7DDWJHQ� �������

VKRZHG�WKDW�WKH VLPXOWDQHRXV�MXGJPHQW RI WZR SDUWLDOO\ RYHUODSSLQJ GXUDWLRQV KDV�QR H൵HFW RQ

WKH MXGJPHQW RI WKH ¿UVW GXUDWLRQ� WKXV� UHVXOWLQJ LQ WKH DEVHQFH RI D WHPSRUDO XQGHUHVWLPDWLRQ��

7KH\�H[SODLQHG�WKLV�UHVXOW�E\�VXJJHVWLQJWKDW�WKH SURFHVVLQJ RI WZR GXUDWLRQV LV QRW DWWHQWLRQDOO\�

FRVWO\�EHFDXVH�SDUWLFLSDQWV�ZRXOG�XVH�RQO\�RQH�PDVWHU�FORFN�WR�SURFHVV�PXOWLSOH�GXUDWLRQV��7KH�

ÀRZ�RI�SXOVHV�ZRXOG�VLPSO\�EH�VHJPHQWHG�RQ�HDFK�QHZ�WHPSRUDO�FXH��7DNLQJ�WKH�LGHD�WKDW�D�

VLQJOHPDVWHU FORFN LVXVHG WRSURFHVVPXOWLSOHGXUDWLRQV DV RXU VWDUWLQJ SRLQW� ZH FDQ DVVXPH WKDW�

LI�WKH WHPSRUDO XQGHUHVWLPDWLRQ LQ WKH GXDO�WDVN FRQGLWLRQ�LV�GXH�WR�WKH�QDWXUH�RI�WKH�LQWHUIHULQJ�

LQIRUPDWLRQ�WR�EH�SURFHVVHG��ZH�VKRXOG�H[SHFW�WR ¿QG�WKDW WKH QRQ�WHPSRUDO WDVN LQWHUIHUH PRUH

WKDQ WKH� WHPSRUDO WDVN� L�H� D JUHDWHU WHPSRUDO XQGHUHVWLPDWLRQ ZKHQ WKH FRQFXUUHQW SURFHVVLQJ

LQYROYHV QRQ� WHPSRUDO�UDWKHU�WKDQ�WHPSRUDO�LQIRUPDWLRQ��SURYLGHG�WKDW�WKH�WZR�WDVNV�DUH�RI�D�

VLPLODU� W\SH� �GLVFULPLQDWLRQ��� ,Q� WKLV� FDVH�� WKH� UHVXOW�ZLWK� WKH�FRQFXUUHQW� WHPSRUDO�GXDO�WDVN�

ZRXOG�SURYLGH�VXSSRUW�WR�UHFHQW�QHXURLPDJLQJ�¿QGLQJV�VKRZLQJ�WKDW�QRW�DOO�GXDO�WDVNV�UHTXLUH�

DGGLWLRQDO H[HFXWLYH� IXQFWLRQLQJ� ,QGHHG� LQ VRPH FDVHV� PRYLQJ IURP D� VLQJOH� WR� D�GXDO� WDVN�

FRQGLWLRQ�RQO\�OHDGV�WR�DQ�LQFUHDVH�LQ�WKH�PDJQLWXGH�RI�QHXUDO�DFWLYDWLRQ RI�VDPH�EUDLQ�DUHDV�

�%XFKZHLW]��.HOOHU��0H\OHU��	�-XVW���������1HYHUWKHOHVV�� LI� WKH� WHPSRUDO�XQGHUHVWLPDWLRQ� LV

RQO\ GXH WR WKH WDVN WR EH SHUIRUPHG �GRLQJ VRPHWKLQJ HOVH� DQG QRW WR WKH QDWXUH SHU VH RI WKH
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LQIRUPDWLRQ��ZH�ZRXOG� H[SHFW� WR�¿QG� WKDW� WKH WHPSRUDO� DQG� WKH� QRQ�WHPSRUDO� WDVN� LQWHUIHUH�

HTXDOO\��L�H��D�V\VWHPDWLF�XQGHUHVWLPDWLRQ�RI�WLPH��ZKDWHYHU�WKH�QDWXUH�RI�WKH�LQIRUPDWLRQ�WR�EH�

SURFHVVHG��+RZHYHU� LW LV DOVR SRVVLEOH WKDW ERWK WKH WDVN DQG�WKH�LQIRUPDWLRQ�W\SH�SOD\�D�UROH�LQ�

LQWHUIHUHQFH HIIHFWV�� ,Q� WKLV� FDVH�� DQ� DGGLWLRQDO� WDVN�ZRXOG� V\VWHPDWLFDOO\ JHQHUDWH WHPSRUDO

XQGHUHVWLPDWLRQV� ZKLOH�WKH�QDWXUH�RI�WKH�FRQFXUUHQW�LQIRUPDWLRQ�ZRXOG�PRGXODWH�WKH�VL]H�RI�

WKH�LQWHUIHUHQFHH൵HFW�

,Q WKH SUHVHQW VWXG\� ZH WKXV H[DPLQHG WKH�H൵HFWVRQWHPSRUDO UHSURGXFWLRQRIDGXDO�

WDVN FRQGLWLRQ�� LQ� ZKLFK� WKH� FRQFXUUHQW� WDVN� ZDV� HLWKHU� D� WHPSRUDO� RU� D� QRQ�WHPSRUDO�

GLVFULPLQDWLRQ�WDVN��FRPSDUHG�WR�D�VLQJOH�WDVN�FRQGLWLRQ��7KH�VWXG\�IRFXVHG RQ FKLOGUHQ DJHG

IURP � WR � \HDUV� DV ZHOO�DV�DGXOWV��EHFDXVH�WKHUH�DUH�JUHDW LQWHU�LQGLYLGXDO�GL൵HUHQFHV LQ WHUPV

RI DWWHQWLRQDO UHVRXUFHV LQ WKLV� DJH UDQJH ZKLFK DUH H[SODLQHG E\ WKH GHYHORSPHQW� RI WKH

SUHIURQWDO FRUWH[ �*DWKHUFROH� ����� 7RZVH�� +LWFK� 	 +RUWRQ� ������ ,Q RXU VWXG\� WKH

LQGLYLGXDO� FRJQLWLYH� FDSDFLWLHV� �VKRUW�WHUP�PHPRU\� ZRUNLQJ�PHPRU\� DWWHQWLRQ� ZHUH WKXV

DVVHVVHG E\ PHDQV�RI GL൵HUHQW QHXURSV\FKRORJLFDO WHVWV� :H WKHUHIRUH�WHVWHG�� LQ�FKLOGUHQ�DQG�

DGXOWV�� WKH� LQWHUIHUHQFH� H൵HFWV RQ WHPSRUDO SHUIRUPDQFH LQ D UHSURGXFWLRQ� WDVN RI D

GLVFULPLQDWLRQ WDVN XVLQJ HLWKHU QRQ�WHPSRUDO��FRORXU�GLVFULPLQDWLRQ��RU�WHPSRUDO�LQIRUPDWLRQ�

�WHPSRUDO�GLVFULPLQDWLRQ���%LGLUHFWLRQDO�LQWHUIHUHQFHZDV DOVR H[DPLQHG LQRUGHU WR REVHUYH�WKH�

LQWHUIHUHQFH�H൵HFW�GXH�WR�WKH�VDPH�WHPSRUDO�WDVN��WHPSRUDO�UHSURGXFWLRQ��RQ�SHUIRUPDQFH�LQ�D�

GLVFULPLQDWLRQ WDVN LQZKLFKGL൵HUHQW W\SHVRI LQIRUPDWLRQ�KDG�WR�EH�GLVFULPLQDWHG��L�H��WHPSRUDO�

DQG�QRQ�WHPSRUDO LQIRUPDWLRQ�

0HWKRG

3DUWLFLSDQWV

7KH�SDUWLFLSDQW�VDPSOH�FRQVLVWHG�RI�����SDUWLFLSDQWV��WKLUW\�QLQH���\HDU�ROGV��PHDQ�DJH�

 ������\HDUV��6'� ������ WKLUW\�WKUHH���\HDU�ROGV��PHDQ�DJH� ����� \HDUV��6'� ��������ILIW\�WZR�

��\HDU�ROGV��PHDQ�DJH� ����� \HDUV� 6' �������DQG�IRUW\�VL[�DGXOWV��PHDQ�DJH ������ 6' 

������ 6WDWLVWLFDO DQDO\VLV OHG XV WR� H[FOXGH� HOHYHO� VXEMHFWV� �RQH� �� DQG� WHQ� ��\HDU�ROGV� �VHH

UHVXOWV�� &KLOGUHQ ZHUH UHFUXLWHG IURP GL൵HUHQW� QXUVHU\ DQG SULPDU\ VFKRROV LQ WKH $XYHUJQH

UHJLRQ RI�)UDQFH��7KH�DGXOWV�ZHUH�XQGHUJUDGXDWH�3V\FKRORJ\ VWXGHQWV DW 8QLYHUVLW\ &OHUPRQW

$XYHUJQH�7KH�FKLOGUHQ¶V�SDUHQWV��DV�ZHOO�DV�WKH�DGXOW�VXEMHFWV��VLJQHG�ZULWWHQ�LQIRUPHG�FRQVHQW�

IRU� WKHLU� SDUWLFLSDWLRQ� LQ� WKLV� H[SHULPHQW�� 7KLV� H[SHULPHQW� ZDV� FDUULHG RXW DFFRUGLQJ WR WKH
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SULQFLSOHVRIWKH+HOVLQNL GHFODUDWLRQ�DQG�ZDV�DSSURYHG�E\�WKH�UHVHDUFK�HWKLFDO�FRPPLWWHH�,5%�

8&$�

0DWHULDO

,Q D QHXWUDO DQG TXLHW URRP RI WKHLU VFKRRO RU XQLYHUVLW\� WKH SDUWLFLSDQWV VDW LQ IURQW RI D

FRPSXWHU WKDW� GHOLYHUHG DQG UHFRUGHG DOO WKH H[SHULPHQWDO HYHQWV YLD� (�SULPH� �3V\FKRORJ\�

6RIWZDUH�7RROV��3LWWVEXUJK���,Q�WKH�WHPSRUDO�UHSURGXFWLRQ�WDVN��WKH�UHVSRQVHV�ZHUH�JLYHQ�RQ�D�

FRPSXWHU�PRXVH�� ,Q� WKH GLVFULPLQDWLRQ WDVNV �WKH 1RQ�7HPSRUDO GLVFULPLQDWLRQ WDVN� DQG� WKH�

7HPSRUDO�GLVFULPLQDWLRQ�WDVN���WKH\�ZHUH�JLYHQ�DORXG�DQG�UHFRUGHG�RQ�WKH�FRPSXWHU�E\ WKH�

H[SHULPHQWHU��,Q�WKH�WHPSRUDO�UHSURGXFWLRQ�WDVN��WKH�VWLPXOXV�WR�EH�WLPHG�ZDV�D�ODUJH�EOXH����

FP�VTXDUH�SUHVHQWHG�RQ�D�EODFN�VFUHHQ��)LJXUH����� ,Q�WKH�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN��

VPDOO�VTXDUHV �� FP�� ZKLFK ZHUH HLWKHU OLJKW RU GDUN�EOXH��ZHUH�GLVSOD\HG�IRU�����PV�RQ�

WKH�FRPSXWHU�VFUHHQ��,Q�WKH�WHPSRUDO�GLVFULPLQDWLRQ�WDVN��WKH�VWLPXOXV ZDV D ��FPZKLWH FLUFOH�

,Q WKH GXDO�WDVN��WKHVH VTXDUHV ZHUH SUHVHQWHG LQ WKH FHQWUH RI WKH�ODUJH�EOXH VTXDUH�

���������

7DVNV� WKH� SDUWLFLSDQWV� ZHUH� JLYHQ� WZR� H[SHULPHQWDO� SKDVHV� ,Q WKH ¿UVW SKDVH� WKH\

SHUIRUPHG VXFFHVVLYHO\�WZR�VLQJOH�WDVNV�WKDW�ZHUH FRXQWHUEDODQFHG�EHWZHHQ VXEMHFWV� D VLQJOH

GLVFULPLQDWLRQ WDVN DQG�D� VLQJOH� WHPSRUDO� UHSURGXFWLRQ� WDVN��7KHQ�� LQ� WKH� VHFRQG SKDVH� WKH\

SHUIRUPHG WKHVH WZR WDVNV VLPXOWDQHRXVO\�� L�H�� GXDO�WDVN�� ,Q� DGGLWLRQ�� WKH� SDUWLFLSDQWV� ZHUH�

UDQGRPO\�VRUWHG�LQWR�WZR GL൵HUHQW�H[SHULPHQWDO�FRQGLWLRQV��DV�D�IXQFWLRQ�RI�WKH�PRGDOLW\�RI�

WKH� GLVFULPLQDWLRQ� WDVN� �WHPSRUDO� YV�� QRQ�WHPSRUDO�� �FRQFXUUHQW� WDVN� FRQGLWLRQ��� ,Q� RQH�

FRQGLWLRQ� WKH SDUWLFLSDQWV WKXV SHUIRUPHG WKH WHPSRUDO�GLVFULPLQDWLRQ�WDVN��DQG�LQ�WKH�RWKHU�RQH

WKH�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN��)LJXUH������

(DFK�WDVN��VLQJOH�DQG�GXDO�WDVN��ZDV�SUHFHGHG�E\���OHDUQLQJ�WULDOV����GHPRQVWUDWLRQ�DQG�

��WUDLQLQJ�WULDOV��(DFK�WULDO�EHJDQ�ZLWK�WKH�ZRUG�³UHDG\´ DIWHU�DQ�LQWHU�WULDO�LQWHUYDO�UDQGRPO\�

VHOHFWHG�EHWZHHQ�����DQG������PV��7KH�H[SHULPHQWHU�SUHVVHG�WKH�VSDFHEDU�WR�WULJJHU�WKH�WULDO�

ZKHQ�WKH�SDUWLFLSDQW�ZDV UHDG\ DQG WKH VWLPXOXV DSSHDUHG DIWHU D ¿[HG�LQWHUYDO RI ���PV� ,Q ERWK

GLVFULPLQDWLRQ WDVNV� WKH�SDUWLFLSDQWV�ZHUH�JLYHQ�D�WRWDO�RI����WULDOV��,Q�WKH�VLQJOH QRQ�WHPSRUDO

GLVFULPLQDWLRQ WDVN� WKH\ ZHUH�UDQGRPO\�SUHVHQWHG�ZLWK��� OLJKW�EOXH�VTXDUHV DQG ��GDUN�EOXH�

VTXDUHV��7KHLU�WDVN�ZDV�WR MXGJH�ZKHWKHU WKH SUHVHQWHG VTXDUH ZDV GDUN RU OLJKW� ,Q�WKH�WHPSRUDO�

GLVFULPLQDWLRQ�WDVN��WKH\�ZHUH�UDQGRPO\�SUHVHQWHG�ZLWK�� VKRUW�VWLPXOXV�GXUDWLRQ����� V� DQG ��

ORQJ VWLPXOXV�GXUDWLRQ�VTXDUHV �� V���7KHLU WDVNZDV WR MXGJHZKHWKHU WKH SUHVHQWHG GXUDWLRQ�ZDV�
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ORQJ�RU VKRUW��,Q WKH VLQJOH WHPSRUDO UHSURGXFWLRQ WDVN� WKH SDUWLFLSDQWV�ZHUH�DOVR�JLYHQ����WULDOV�

�UDQGRPO\�SUHVHQWHG���L�H����WULDOV�IRU�HDFK�RI���GL൵HUHQW�WDUJHW�GXUDWLRQVXVHG� L�H��DQG��V� ,QD

FRPSDUDWLYHSHUVSHFWLYH��ZH�GHFLGHG�WR�XVH�WKHVH�WZR�WDUJHW�GXUDWLRQV EHFDXVH WKH\ KDYH EHHQ

HPSOR\HG LQ RWKHU�GHYHORSPHQWDO VWXGLHV XVLQJ D GXDO�WDVN SDUDGLJP��*DXWLHU�	�'URLW�9ROHW��

������+DOOH]�	'URLW�9ROHW��������5DWWDW��������� ,Q� WKH� UHSURGXFWLRQ� WDVN��RQ�HDFK� WULDO�� WKH�

SDUWLFLSDQWV� LQLWLDOO\� VDZ� WKH� WDUJHW VWLPXOXV�GXUDWLRQ� �ODUJH�VTXDUH���7KHQ� LW� UHDSSHDUHG�DQG

WKHLU�WDVN�ZDV�WR�SUHVV�WKH�FRPSXWHU�PRXVH�ZKHQ�WKH\�MXGJHG�WKDW�WKH�GXUDWLRQ�RI�WKH�VHFRQG�

VWLPXOXV�ZDV�VLPLODU�WR�WKH�¿UVW RQH�

,Q WKH GXDO�WDVN� WKH SDUWLFLSDQWV KDG WR SHUIRUP� WZR� WDVNV� VLPXOWDQHRXVO\�� WKH�

GLVFULPLQDWLRQ�WDVN��WHPSRUDO�RU�QRQ�WHPSRUDO��DQG�WKH�WHPSRUDO�UHSURGXFWLRQ�WDVN��7KHUH�ZDV�

QR�WDVN�SULRULW\�DV�WKH�SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�GR�WKHLU�EHVW�IRU�ERWK�WDVNV��,Q�WKH�GXDO�

WDVN��WKHUH�ZHUH����UDQGRP WULDOV� L�H� � WULDOV IRU WKH ��V WDUJHW GXUDWLRQ�DQG � WULDOV IRU WKH ���V

WDUJHW GXUDWLRQ� ,Q WKH GXDO�WDVN� ZLWK� WKH� WHPSRUDO� UHSURGXFWLRQ� DQG� WKH� QRQ�WHPSRUDO�

GLVFULPLQDWLRQ� WDVN�� �� GL൵HUHQW� EOXH� VTXDUHV�� UDQGRPO\� VHOHFWHG� DPRQJ� WKH� OLJKW� DQG� GDUN�

VTXDUHV��ZHUH�SUHVHQWHG�GXULQJ�WKH���V�WDUJHW�GXUDWLRQ��DQG���GL൵HUHQW�VTXDUHV�GXULQJ�WKH����V�

GXUDWLRQ��,Q�WKH�GXDO�WDVN�ZLWK�WKH�WHP� SRUDO UHSURGXFWLRQ DQG WKH WHPSRUDO GLVFULPLQDWLRQ�WDVN��

��ZKLWH�FLUFOH��UDQGRPO\�VHOHFWHG�IURP�WKH�VKRUW�DQG�WKH�ORQJ�GXUDWLRQ��ZDV�SUHVHQWHG�GXULQJ�

WKH� ��V� WDUJHW� GXUDWLRQ� DQG� ��ZKLWH� FLUFOHV� GXULQJ� WKH� ���V� WDUJHW� GXUDWLRQ�� 7KH�PRPHQW� RI�

DSSHDUDQFH�RI�WKH�FLUFOH�ZLWKLQ�WKH�VTXDUH�ZDV�WDNHQ�DW�UDQGRP�IURP�ZLWKLQ�D�WHPSRUDO�ZLQGRZ�

>����V����V�± 'XUDWLRQ�RI�WKH�ZKLWH�FLUFOH@��'� �����RU � V���7KDW�EHLQJ�VR� WKH ZKLWH FLUFOH ZDV

QRW SUHVHQWHG�EHIRUH RU DIWHU WKH EOXH VTXDUH XVHG IRU WKH UHSURGXFWLRQ WDVN�
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)LJXUH� ���� ([SHULPHQWDO� GHVLJQ� XVHG� LQ� WKH� WZR� H[SHULPHQWDO� FRQGLWLRQV�� �$�� ZLWK� WKH�
FRQFXUUHQW� QRQ�WHPSRUDO� GLVFULPLQDWLRQ� WDVN� XVHG� LQ� WKH� GXDO� WDVN�� DQG� �%�� WKH� FRQFXUUHQW�
WHPSRUDO�GLVFULPLQDWLRQ�WDVN�XVHG�LQ�WKH�GXDO�WDVN��7KH�SDUWLFLSDQWV�SHUIRUPHG�WZR�VLQJOH�WDVNV�
�FRXQWHUEDODQFHG�EHWZHHQ�VXEMHFWV��EHIRUH�WKH�GXDO�WDVN��D�GLVFULPLQDWLRQ�WDVN�DQG�D�WHPSRUDO�
UHSURGXFWLRQ�WDVN�

1HXURSV\FKRORJLFDO WHVWV�� WKH� SDUWLFLSDQWV� SHUIRUPHG� IRXU QHXURSV\FKRORJLFDO� WHVWV�

GHVLJQHG� WR� DVVHVV� VKRUW�WHUP� PHPRU\�� ZRUNLQJ� PHPRU\�� GLYLGHG� DWWHQWLRQ� DQG� VHOHFWLYH�

DWWHQWLRQ�� WKH� WHVW�SUHVHQWDWLRQ�RUGHU�EHLQJ�UDQGRP��7KH�¿UVW� WZR� WHVWV�ZHUH�VXEWHVWV�RI� WKH�

&RUVL%ORFN�7DSSLQJ7HVW �&RUVL� ������ ,Q WKLV WHVW��WKH�H[SHULPHQWHU�WDSV�EORFNV�LQ�D�VHTXHQFH�

WKDW� WKH� SDUWLFLSDQW� KDV� WR� UHSURGXFH� LPPHGLDWHO\� LQ� IRUZDUG� �VKRUW�WHUP� PHPRU\�� DQG�

EDFNZDUG RUGHU��ZRUNLQJ�PHPRU\���7KHUH�DUH�D�WRWDO�RI���EORFN�WDSSLQJ�VHTXHQFHV�LQFUHDVLQJ�

IURP���WR���EORFNV��ZLWK���WULDOV�SHU�EORFN�VHTXHQFH��7KH�WHVW�LV�VWRSSHG�ZKHQ�SDUWLFLSDQW�IDLOV�

RQ� �� WULDOV� RI� WKH� VDPH VHTXHQFH� 7KH RWKHU WZR WHVWV ZHUH VXEWHVWV� RI WKH 7($�&K �7HVW RI

(YHU\GD\ $WWHQWLRQ RI &KLOGUHQ��0DQO\��5REHUWVRQ��$QGHUVRQ��	�1LPPR�6PLWK� ������ ,Q

RQH WHVW� FDOOHG ³OLVWHQ WR WZR� WKLQJV� DW� RQFH´�� WKH� SDUWLFLSDQW� KDV� WR� SD\� DWWHQWLRQ�

VLPXOWDQHRXVO\� WR� WZR�GLVWLQFW�VRXUFHV�RI�UHOHYDQW� LQIRUPDWLRQ��QDPH�WKH�DQLPDO�FLWHG� LQ D�

VWRU\�� DQG� FRXQW� WKH� QXPEHU� RI� ODVHU� VKRWV� HPLWWHG� UDQGRPO\� GXULQJ� WKLV� VWRU\� �GLYLGHG�
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DWWHQWLRQ��� ,Q� WKH� RWKHU� WHVW�� FDOOHG� ³5HVHDUFK�6N\´�� WKH� SDUWLFLSDQW KDV WR FLUFOH DOO SDLUV RI

LGHQWLFDO VSDFH�VKLSV�DPRQJ�����SDLUV��VHOHFWLYH DWWHQWLRQ��

5HVXOWV

3HUIRUPDQFH�LQ�WHPSRUDO UHSURGXFWLRQ

7KHSUHOLPLQDU\ VWDWLVWLFDO DQDO\VLV OHG XV WR H[FOXGH����FKLOGUHQ��RQH���\HDU�ROG�DQG�WHQ�

��\HDU�ROGV��IURP WKH VXEVHTXHQW VWDWLVWLFDO DQDO\VHV� EHFDXVH�HLWKHU WKHLU RYHUDOO PHDQ WHPSRUDO

UHSURGXFWLRQ� RU� WKHLU� RYHUDOO� QRQ�WHPSRUDO� SHUIRUPDQFH�� RU� WKHLU� QHXURSV\FKRORJLFDO� VFRUHV�

ZHUH�PRUH�WKDQ���6'�DERYH�RU�EHORZ�WKH PHDQ�

7HPSRUDO UHSURGXFWLRQ LQ VLQJOH WDVN� ,Q RUGHU WR�YHULI\�WKDW�WKH�WHPSRUDO�SHUIRUPDQFH�

ZDV� VLPLODU�EHWZHHQ�JURXSV� �ZLWK� D� WHPSRUDO� RU�D�QRQ�WHPSRUDO� GLVFULPLQDWLRQ� WDVN� LQ� WKH�

VXEVHTXHQW�GXDO�WDVN�� D SUHOLPLQDU\$129$ZDV SHUIRUPHG RQ WKH�PHDQ�UHSURGXFHG�GXUDWLRQ�

IRU�WKH�VLQJOHWHPSRUDO�UHSURGXFWLRQ�WDVN�ZLWK�D�ZLWKLQ�VXEMHFWV�IDFWRU��VWLPXOXV�GXUDWLRQ��DQG�

WZR�EHWZHHQ�VXEMHFWV IDFWRUV��DJH��FRQFXUUHQW�WDVN�FRQGLWLRQ���7KHUH�ZDV�QHLWKHU�D�VLJQL¿FDQW�

PDLQ�H൵HFW�RI�WKH�FRQFXUUHQW�WDVN FRQGLWLRQ� )��� ����  ����� S ����� QRU�DQ\�VLJQL¿FDQW�

LQWHUDFWLRQ� LQYROYLQJ� WKLV� IDFWRU� �DOO� S� !� ������ 7KH� WHPSRUDO� SHUIRUPDQFH� LQ� WKH� VLQJOH�

UHSURGXFWLRQ WDVN ZDV WKHUHIRUH VLPLODU DFURVV WKH� GL൵HUHQW� FRQGLWLRQV�� 7KHUH� ZDV� RQO\� D�

VLJQL¿FDQW�PDLQ�H൵HFW�RI�VWLPXOXV�GXUDWLRQ��)��������� �������� S ������� Ș�S� ����� DQG

D VLJQL¿FDQW�DJH�î�VWLPXOXV�GXUDWLRQ�LQWHUDFWLRQ��)��� ����� ������ S  ������� Ș�S�  �����

ZLWK QR PDLQ H൵HFW RI�DJH��)��������� �������S� ������� ,QGHHG�� WKH�PDLQ�H൵HFW�RI�DJH�ZDV�

REVHUYHG�IRU�WKH�UHSURGXFWLRQ�RI���V��)��������� �������S� ��������Ș�S  ������ EXW QRW IRU WKDW

RI �� V� )��� ����  ����� S ����� )RU�WKH���V�VWLPXOXV�GXUDWLRQ��WKH�WHPSRUDO�UHSURGXFWLRQV�

DSSHDUHG�WR�EH�PRUH�DFFXUDWH�LQ�WKH�DGXOWV�DQG�WKH���\HDU�ROGV�WKDQ�LQ�WKH��� DQG�WKH���\HDU�

ROGV� ZKR WHQGHG WR SURGXFH ORQJHU GXUDWLRQV�� LQ OLQH ZLWK D WHPSRUDO RYHUHVWLPDWLRQ RI VKRUW

GXUDWLRQV� �%RQIHUURQL��S��� ������1R�GL൵HUHQFH ZDV�REVHUYHG�EHWZHHQ� WKH� � WZR� �ROGHU� � DJH��

JURXSV���S�!�������,Q�FRQWUDVW��IRU�WKH�ORQJHVW�GXUDWLRQ ����V�� WKH WHPSRUDO UHSURGXFWLRQV ZHUH

VLPLODU DFURVV�WKH�GL൵HUHQW DJH�JURXSV�ZLWK�D�JHQHUDO�WHPSRUDO�XQGHU�UHSURGXFWLRQ��WHPSRUDO�

XQGHUHVWLPDWLRQ� RI� ORQJ� GXUDWLRQV�� �IRU� WKH� VDPH� W\SH� RI� SHUIRUPDQFH� LQ� WKH� WHPSRUDO�

UHSURGXFWLRQ�VHH�'URLW�9ROHW��:HDUGHQ��	�=pODQWL��������+DOOH]��'DPVPD��5KRGHV��YDQ�5LMQ��

	�'URLW�9ROHW���������)LJXUH ����

$Q$129$ZDV DOVR FRQGXFWHG RQ WKH VWDQGDUG�GHYLDWLRQ�RI�UHSURGXFHG�GXUDWLRQ�ZLWK�
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WKH���IDFWRUV GHVFULEHG DERYH� 7KH $129$ RQO\ \LHOGHG�D�VLJQL¿FDQW PDLQ�H൵HFW RI�DJH )����

���� �������S ������� Ș�S ���� �0�\HDUV ����� 0�\HDUV ����� 0�\HDUV ����� 0DGXOWV ������

$V FRQ¿UPHG E\ WKH� VLJQL¿FDQW OLQHDU UHJUHVVLRQ� WKH YDULDELOLW\ LQ WHPSRUDO� UHSURGXFWLRQ�

GHFUHDVHG�ZLWK�WKH�LQFUHDVH LQ�DJH LQPRQWKV �ȕ ����� 6( ����� S ��������

)LJXUH�����0HDQ�UHSURGXFHG�GXUDWLRQ�IRU�FKLOGUHQ�DJHG������DQG���\HDUV�DV�ZHOO�DV�DGXOWV�LQ�WKH�
VLQJOH�WDVN�FRQGLWLRQ�DQG�WKH�GXDO�WDVN�FRQGLWLRQ�IRU�WKH���V�DQG����V ZLWK�WKH�FRQFXUUHQW�QRQ�
WHPSRUDO�GLVFULPLQDWLRQ�WDVN�DQG�WKH�FRQFXUUHQW�WHPSRUDO�GLVFULPLQDWLRQ WDVN�

6LQJOH�GXDO�WDVN�GLIIHUHQFH�

:H�FDOFXODWHG WKH GL൵HUHQFHV LQ PHDQ�UHSURGXFHG�GXUDWLRQ�EHWZHHQ�WKH�VLQJOH�WDVN�

DQG�WKH�GXDO�WDVN�FRQGLWLRQ�IRU�HDFK�VXEMHFW�DQG�HDFK�VWLPXOXV�GXUDWLRQ��7KH�$129$�RQ�WKLV�

LQGH[�ZLWK� DJH�� FRQFXUUHQW�WDVN� FRQGLWLRQ� DQG� VWLPXOXV�GXUDWLRQ�DV� IDFWRUV� VKRZHG�D�PDLQ�
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H൵HFW� RI� VWLPXOXV� GXUDWLRQ� )��� ����  ������ S  ������� Ș�S  ����� LQGLFDWLQJ� WKDW� WKH�

GL൵HUHQFH�LQ�WLPH�UHSURGXFWLRQ�EHWZHHQ�WKH�VLQJOH�DQG�WKH�GXDO�WDVN�FRQGLWLRQ�ZDV�JUHDWHU�IRU�

WKH�ORQJ�VWLPXOXV�GXUDWLRQ�����V���0� ������PV��WKDQ�IRU�WKH�VKRUWHU�RQH����V���0� ������PV���

0RUH� LQWHUHVWLQJO\�� D� VLJQL¿FDQW� PDLQ� H൵HFW RI WKH FRQFXUUHQW�WDVN FRQGLWLRQ �FRQFXUUHQW�

WHPSRUDO�GLVFULPLQDWLRQ�YV��FRQFXUUHQW�QRQ�WHPSRUDO�GLVFULPLQDWLRQ��ZDV�REWDLQHG��)���������

 � ������ S  ������� Ș�S  ����� EXW QR RWKHU LQWHUDFWLRQ LQYROYLQJ� WKLV� IDFWRU� �GXUDWLRQ� î�

FRQFXUUHQW�WDVN��)�������� ������ GXUDWLRQîFRQFXUUHQW�WDVNîDJH� )������� ����� FRQFXUUHQW

WDVNîDJH )��� ���� ������DOO�SV !��������7KLV�VLJQLILFDQW�UHVXOWV�LQGLFDWHV�WKDW�WKH�VKRUWHQLQJ

H൵HFW�LQ�WKH�WHPSRUDO�UHSURGXFWLRQ�LQ�WKH�GXDO�WDVN�FRPSDUHG�WR�WKH�VLQJOH�WDVN�ZDV�JUHDWHU�

ZLWK�WKH�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN��0 ����PV� WKDQZLWK WKH WHPSRUDOGLVFULPLQDWLRQ�

WDVN��0� ������PV���7KLV�VXJJHVWV�WKDW�WKH DWWHQWLRQDO�H൵HFW�RI�WKH�FRQFXUUHQW�WDVN�RQ�WLPH�

MXGJPHQW�LV�JUHDWHU�ZKHQ�WKH�FRQFXUUHQW�WDVN�LV�QRQ�WHPSRUDO�UDWKHU�WKDQ WHPSRUDO�

7KH�H൵HFW�RI�DJH�DOVR�UHDFKHG�VLJQL¿FDQFH� )��������� �������S  ���������Ș�S� �������

7KLV�VLJQLILFDQW�H൵HFW� LQGLFDWHV�WKDW� WKH�FRQFXUUHQW GLVFULPLQDWLRQ�WDVN LQWHUIHUHG PRUH ZLWK

WHPSRUDO UHSURGXFWLRQ LQ�WKH��� DQG�WKH���\HDU�ROGV�WKDQ�LQ�WKH���\HDU�ROGV �W����� �������S  �

�������W����� �������S  �������UHVSHFWLYHO\��DQGWKHDGXOWV �W���� �����S ������� W���� ������

S  ������ ZKDWHYHU WKH PRGDOLW\ �WHPSRUDO RU� QRQ�WHPSRUDO� RI WKH GLVFULPLQDWLRQ WDVN� 1R

GL൵HUHQFH�ZDV�IRXQG�EHWZHHQ�WKH�WZR�\RXQJHU�DJH�JURXSV �� \HDUV YV� � \HDUV� W���� ����� S 

����� RU�EHWZHHQ�WKH�WZR�ROGHU�DJH�JURXSV����\HDUV�YV��DGXOWV��W����  ������S  ������

7KH� $129$� RQ� WKH� GL൵HUHQFH� LQ� WKH� VWDQGDUG� GHYLDWLRQ� RI� UHSURGXFHG� GXUDWLRQ�

EHWZHHQ�WKH�VLQJOH�DQG�WKH�GXDO�WDVN�FRQGLWLRQ�GLG�QRW�VKRZ�DQ\�VLJQL¿FDQW�UHVXOWV�LQYROYLQJ�

WKH�FRQFXUUHQW�WDVN�FRQGLWLRQ��H�J��FRQFXUUHQW�WDVN��)��������� ������FRQFXUUHQW�WDVN�î�DJH�

)��������� �������FRQFXUUHQW�WDVN�î�GXUDWLRQ��)��������� ������FRQFXUUHQW�WDVNîDJHîGXUDWLRQ�

)�������� ����� DOO SV!������7KHUHZDV RQO\ D JHQHUDO H൵HFW RI DJH�)��� ���� �������S� �������

Ș�S  �������ZKLFK�VKRZHG�WKDW�WKH�PDJQLWXGH�RI�WKH�GL൵HUHQFH�LQ�WHPSRUDOYDULDELOLW\�EHWZHHQ�

WKH� VLQJOH� DQG� WKH� GXDO�WDVN� ZDV JUHDWHU� LQ� WKH� ��\HDU�ROGV� WKDQ� LQ� WKH� RWKHU� SDUWLFLSDQWV�

�%RQIHUURQL� S������ DOWKRXJK QR VLJQL¿FDQW GL൵HUHQFH ZDV REVHUYHG EHWZHHQ WKH �� DQG WKH ��

\HDU�ROGV� ,QVXP�XQOLNH LQWKHFDVHRIWHPSRUDODFFXUDF\��WKH PRGDOLW\ RI WKH FRQFXUUHQW�WDVN LQ

WKH GXDO�WDVN��WHPSRUDOYV�QRQ�WHPSRUDO�GLGQRWD൵HFWWKHYDULDELOLW\�LQ�WLPH�HVWLPDWHV��ZLWK�WKH�

YDULDELOLW\� LQ� WHPRUDO� UHSURGXFWLRQ� DOZD\V� EHLQJ� JUHDWHU� LQ� WKH� VLQJOH WKDQ LQ WKH GXDO�WDVN
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Ɖ

FRQGLWLRQ ����� YV� ������W����� ����� S ������� 7KLV LV SUREDEO\ GXH WR WKH�IDFW�WKDW�WHPSRUDO�

UHSURGXFWLRQ�ZDV�VKRUWHU�LQ�WKH�GXDO�WDVN�WKDQ�LQ�WKH�VLQJOH�WDVN�FRQGLWLRQ�

�������������������������������Ȁ����Ǧ ���� ��ơ������ �� ���������� ��������� �������������

���������

7DEOH � VKRZV WKH PHDQ VFRUH REWDLQHG E\ WKH SDUWLFLSDQWV RQ WKH GL൵HUHQW

QHXURSV\FKRORJLFDO WHVWV�XVHG�$VHULHV RI$129$VZDVSHUIRUPHGRQ WKHVH�VFRUHVZLWK WKH DJH

LQPRQWKV WDNHQ DV D FRYDULDWH� 7KH�HIIHFW�RI�DJH�ZDV�VLJQLILFDQW�IRU�DOO�WKH�QHXURSV\FKRORJLFDO�

WHVWV��VKRUW�WHUP�PHPRU\��)��������� ��������S� ���������Ș�S  �������ZRUNLQJ�PHPRU\� )����

����� ��������S� ���������Ș�S� �������GLYLGHG�DWWHQWLRQ�)��� ���� ������� S ������� Ș
�
S� 

�����VHOHFWLYH DWWHQWLRQ� )��� ���� ������ S ������� Ș�S� ������ 7R VXPPDULVH� WKH \RXQJHU

WKH SDUWLFLSDQWV��WKH�ORZHU�WKHLU�FRJQLWLYH�DELOLWLHV��DVVHVVHG�E\ WKH YDULRXV�QHXUSV\FKRORJLFDO�

WHVWV��7KH�VDPH�HIIHFWV�ZHUH�REVHUYHGZKHQ WKHDQDO\VHVZHUHFRQGXFWHG�RQO\�ZLWK�WKH�FKLOGUHQ�

�DOO�SV��������

7DEOH� ��� 0HDQ�� 6WDQGDUG� 'HYLDWLRQ�� PLQLPXP� DQG� PD[LPXP� RI� UDZ� VFRUHV� RI� GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV�

)RU HDFK GXDO�WDVN FRQGLWLRQ� ZLWK� WKH FRQFXUUHQW WHPSRUDO� RU� QRQ�WHPSRUDO�

GLVFULPLQDWLRQ�WDVN��FRUUHODWLRQ�DQDO\VHV�ZHUH�WKHQ�SHUIRUPHG�RQ�VLQJOH�GXDO�WDVN GL൵HUHQFHV

LQ UHSURGXFHG GXUDWLRQ� WKH DJH LQ� PRQWKV� DQG WKH VLJQL¿FDQW ]�VFRUHV RQ WKH GLIIHUHQW�

QHXURSV\FKRORJLFDO� WHVWV��1R�FRUUHODWLRQV�ZHUH�IRXQG IRU�WKH�VLQJOH�GXDO�WDVN�GL൵HUHQFH LQ�

WHPSRUDO UHSURGXFWLRQ ZLWK WKH FRQFXUUHQW WHPSRUDO GLVFULPLQDWLRQ WDVN FRQGLWLRQ �7DEOH ���

HLWKHU IRU WKH �� RU IRU WKH ���V GXUDWLRQ �DOO SV ! ������ ,Q FRQWUDVW� ZLWK� WKH� FRQFXUUHQW QRQ�

WHPSRUDO GLVFULPLQDWLRQ WDVN��VLJQL¿FDQW�FRUUHODWLRQV�ZHUH IRXQG�EHWZHHQ WKLVGL൵HUHQFHLQGH[

DQG WKH VFRUHV RI VHOHFWLYH DQG GLYLGHG DWWHQWLRQ ERWK IRU HDFK WDUJHW GXUDWLRQ DQG IRU� DOO� WKH�

GXUDWLRQV�LQFOXGHG�LQ�WKH VDPH DQDO\VLV��VHH�7DEOH�����RYHUDOO�GXUDWLRQV��VHOHFWLYH�DWWHQWLRQ� U�
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 � í������ GLYLGHG� DWWHQWLRQ�� U� � í������ ERWK S � �������� 7KH� FRUUHODWLRQ� ZLWK� WKH ZRUNLQJ

PHPRU\ VFRUHV�DOVR�UHDFKHG�VLJQLILFDQFH��U  ��������S  �������

)LQDOO\��ZH�UDQ�D�KLHUDUFKLFDO�UHJUHVVLRQ RQ WKH RYHUDOO�VLQJOH�GXDO�WDVN�GL൵HUHQFHV LQ

UHSURGXFHG GXUDWLRQ�ZKHQ� WKH�FRQFXUUHQW QRQ�WHPSRUDO�GLVFULPLQDWLRQ WDVN ZDV XVHG LQ WKH

GXDO�WDVN FRQGLWLRQ� LQFOXGLQJ WKH DJH LQ PRQWKV DV ZHOO DV WKH VLJQL¿FDQW� ]�VFRUHV� RQ� WKH�

QHXURSV\FKRORJLFDO�WHVWV��ZRUNLQJPHPRU\� VHOHFWLYH DQG GLYLGHG DWWHQWLRQ���:KLOH WKH PRGHO

DSSHDUHG VLJQL¿FDQW� )��� ���� �������S����������K�  �������RQO\�WKH�FRPSRQHQW�RI VHOHFWLYH�

DWWHQWLRQ�DFWXDOO\�UHDFKHG�VLJQLILFDQFH��ȕ  ������ 6( ������� S ������� Ș�S ������ ZKHUHDV�

WKH�H൵HFWV�RI�GLYLGHG�DWWHQWLRQ��ȕ  �í������6(� �������� S �������ZRUNLQJ PHPRU\��ȕ� ������

6( ��������S ����� DQGDJHZHUHQR ORQJHU VLJQL¿FDQW��ȕ ����� 6( ������� S ������ 6LPLODU

H൵HFWV SHUVLVWHG ZKHQ DGXOWV ZHUH H[WUDFWHG IURP WKH PRGHO��7DEOH ���

7DEOH����&RUUHODWLRQ�EHWZHHQ�WKH�VLQJOH�GXDO�WDVN�GLIIHUHQFH�LQ�UHSURGXFHG�GXUDWLRQ��WKH�DJH�
DQG�WKH�GLIIHUHQW�QHXURSV\FKRORJLFDO�VFRUHV�ZLWK�WKH�FRQFXUUHQW�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�
WDVN�DQG�WKH�FRQFXUUHQW�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�XVHG�LQ�WKH�GXDO�WDVN�FRQGLWLRQ�

7DEOH� ��� +LHUDUFKLFDO� UHJUHVVLRQ� DQDO\VLV� RQ� WKH� RYHUDOO� VLQJOH�GXDO�WDVN� GLIIHUHQFH� LQ�
UHSURGXFHG�GXUDWLRQ�IRU�WKH�FRQFXUUHQW�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�XVHG�LQ�WKH�GXDO�WDVN�
FRQGLWLRQ�
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�����������������������������������

3URSRUWLRQ�RI�FRUUHFW�UHVSRQVHV�LQ�WKH�VLQJOH�WDVN�FRQGLWLRQ� 7KH�SURSRUWLRQ�RI�FRUUHFW�

UHVSRQVHV�ZDV�PHDVXUHG�IRU�HDFK�GLVFULPLQDWLRQ�WDVN��WHPSRUDO�YV��QRQ�WHPSRUDO��LQ�WKH�VLQJOH�

WDVN FRQGLWLRQ��)LJXUH����7KH$129$ZLWK WZREHWZHHQ�VXEMHFWV�IDFWRUV �GLVFULPLQDWLRQ WDVN�

DJH� \LHOGHG D VLJQL¿FDQW PDLQ H൵HFW RI WKH GLVFULPLQDWLRQ WDVN� )�������  ������ S� �����

Ș�S ���� 7KLV VXJJHVWV WKDW�WKH�FRQFXUUHQW�GLVFULPLQDWLRQ�WDVN�XVHG�LQ�WKH�GXDO�WDVN�FRQGLWLRQ�

ZDV�PRUH�GL൶FXOW� LQ� WKH� WHPSRUDO� WKDQ� LQ� WKH�QRQ�WHPSRUDO�PRGDOLW\��ZKLOH� WKH�FRQFXUUHQW�

WHPSRUDO� � GLVFULPLQDWLRQ� DOVR� LQWHUIHUHG� OHVV� ZLWK� WHPSRUDO� UHSURGXFWLRQ� LQ� WKH� GXDO�WDVN�

FRQGLWLRQ��)XUWKHUPRUH��WKHUH�ZDV D�VLJQL¿FDQW H൵HFW RI DJH� )��� ���� ����� S� ������EXW�QR�

DJH�î�GLVFULPLQDWLRQ�WDVN�LQWHUDFWLRQ��)��������  ����� S  �����

6LQJOH�GXDO�WDVN�GL൵HUHQFH� LQ� WKH�SURSRUWLRQ�RI� FRUUHFW� UHVSRQVHV� �� DQ�$129$�ZDV�

FRQGXFWHG RQ�WKLV�PHDVXUH�RI�WKH�GL൵HUHQFH�LQ�WKH�SURSRUWLRQRI�FRUUHFW�UHVSRQVHV�REWDLQHG�LQ�

WKH�GLVFULPLQDWLRQ�WDVN�ZKHQ�WKLV�RQH�ZDV�SHUIRUPHG�LQ�WKH�VLQJOH�DQG WKH GXDO�WDVN FRQGLWLRQ

ZLWK WZR EHWZHHQ�VXEMHFWV� IDFWRUV� �DJH��GLVFULPLQDWLRQ� WDVN���7KH�$129$�UHYHDOHG D�PDLQ�

H൵HFW�RI�DJH��)��������� �������S ���� Ș�S ���� LQGLFDWLQJ WKDW WKH QXPEHU RI PLVWDNHV PDGH

E\ WKH \RXQJHU SDUWLFLSDQWV LQFUHDVHG�IURP�WKH�VLQJOH�WR WKH�GXDO�WDVN�FRQGLWLRQ��+RZHYHU� WKHUH

ZDVQHLWKHU DPDLQ H൵HFW RI WKHGLVFULPLQDWLRQ WDVN� QRU DQ\ DJHîGLVFULPLQDWLRQ WDVN�LQWHUDFWLRQ

�DOO SV !����� 7KLV LQGLFDWHV WKDW HYHQ LI�WKH WHPSRUDO GLVFULPLQDWLRQ WDVNZDVPRUH GL൶FXOW�WKDQ�

WKH�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�LQ�WKH�VLQJOH�WDVN�FRQGLWLRQ��WKH�GHFOLQH�LQ�SURSRUWLRQ�RI�

FRUUHFW UHVSRQVHV ZKHQ WKH WHPSRUDO UHSURGXFWLRQ WDVN�ZDV�VLPXOWDQHRXVO\�SHUIRUPHG��ZDV�QRW�

VWDWLVWLFDOO\ GL൵HUHQW EHWZHHQ WKH WZR GLVFULPLQDWLRQ WDVNV�� L�H�� WHPSRUDO� RU� QRQ�WHPSRUDO�

+RZHYHU��ZKHQ�ZH�GLG� QRW� XVH� D� SHUIRUPDQFH� LQGH[�EDVHG� RQ� WKH� GL൵HUHQFH� LQ� WKH�

SURSRUWLRQ RI�FRUUHFW� UHVSRQVHV�EHWZHHQ� WKH�VLQJOH�DQG� WKH�GXDO�WDVN�FRQGLWLRQ��EXW�RQO\� WKH�

SURSRUWLRQ�RI�FRUUHFW�UHVSRQVHV�LQ�WKH�GXDO�WDVN�FRQGLWLRQ� WKH $129$ VKRZHG D VLJQL¿FDQW

H൵HFW RI WKH�GLVFULPLQDWLRQ WDVN�)������� ������S �������Ș�S �������VLQFH�WKH�SDUWLFLSDQWV�

SHUIRUPHG EHWWHU�RQ�WKH�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�WKDQ�LQ�WKH�WHPSRUDO�GLVFULPLQDWLRQ�

WDVN�� HYHQ� ZKHQ� WKH\� DOVR� KDG� WR� VLPXOWDQHRXVO\� SHUIRUP� WKH� WHPSRUDO� UHSURGXFWLRQ WDVN�

7KHUHIRUH� LW VHHPV WKDW HYHQ LI� WKH� WHPSRUDO� GLVFULPLQDWLRQ� WDVN�ZDV� KDUGHU� WKDQ� WKH� QRQ�

WHPSRUDO� GLVFULPLQDWLRQ� WDVN�� LW JHQHUDWHG� OHVV� LQWHUIHUHQFH� GXULQJ� WHPSRUDO� UHSURGXFWLRQ�

�VKRUWHQLQJ H൵HFW� WKDQ WKH QRQ�WHPSRUDO GLVFULPLQDWLRQ WDVN�
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)LJXUH���� 3URSRUWLRQ�RI�FRUUHFW�UHVSRQVHV�IRU�WKH�QRQ�WHPSRUDO�DQG�WKH�WHPSRUDO�GLVFULPLQDWLRQ�
WDVN�LQ�WKH�VLQJOH�WDVN�FRQGLWLRQ�DQG�WKH�GXDO�WDVN�FRQGLWLRQ�ZLWK�WKH�WHPSRUDO�UHSURGXFWLRQ�WDVN�
IRU�WKH�FKLOGUHQ�DJHG���������\HDUV�DQG�DGXOWV�

������������� �������� ������Ȁ����Ǧ����� ��ơ������ �� �������������� ����������� ����

��������� ���������

&RUUHODWLRQ DQDO\VHV ZHUH FDUULHG RXW EHWZHHQ WKH� VLQJOH�GXDO�WDVN� GL൵HUHQFH� LQ� WKH�

SURSRUWLRQ RI� FRUUHFW� UHVSRQVHV� LQ� WKH� GLVFULPLQDWLRQ� WDVNV�� WKH� DJH �LQ PRQWKV� DQG WKH

VLJQL¿FDQW ]�VFRUHV RQ WKH� GL൵HUHQW� QHXURSV\FKRORJLFDO� WHVWV�� ,Q� WKH QRQ�WHPSRUDO GXDO�WDVN

FRQGLWLRQ� WKH GLYLGHG DWWHQWLRQ�� VHOHFWLYH� DWWHQWLRQ� DQG� ZRUNLQJ� PHPRU\� VFRUHV� VWRRG RXW

�VKRUW�WHUP PHPRU\� U  í����� S  ������ ZRUNLQJ�PHPRU\�� U�  � í������ S�  � ����� GLYLGHG�

DWWHQWLRQ��U� �í������S���������VHOHFWLYH�DWWHQWLRQ��U í����� S ������ 2QO\ DJH IDLOHG WR UHDFK

VLJQL¿FDQFH �DJH� U í����� S ������ 2Q WKH RWKHU KDQG��LQ WKH WHPSRUDO GXDO�WDVN FRQGLWLRQ� WKLV

GL൵HUHQFH�LQGH[ LQWKHSURSRUWLRQRIFRUUHFWUHVSRQVHVZDVFRUUHODWHGZLWKDOORXUYDULDEOHV�DJH�U 

í����� S � ������ ZRUNLQJ PHPRU\� U  í����� S � ����� GLYLGHG DWWHQWLRQ� U  í����� S � �����
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VHOHFWLYH DWWHQWLRQ� U ������S ������ H[FHSW IRU VKRUW�WHUP PHPRU\ �U í������S� ��������7DEOH

���

+RZHYHU��ZH�ZHUH�XQDEOH�WR�SURJUHVV�DQ\�IXUWKHU�ZLWK�UHJDUG�WR�WKLV�H൵HFW�RQ�WKH�RYHUDOO�

SDUWLFLSDQWV�VLQFH�WKH�VLPSOH�UHJUHVVLRQ�DQDO\VLV�SURGXFHG�QR�VLJQL¿FDQW�PRGHOV��HLWKHU�IRU�WKH�

QRQ�WHPSRUDO�GXDO�WDVN��)�������� �������S� ������RU�IRU� WKH� WHPSRUDO�GXDO�WDVN��)�������� �

���������S� �������DOO�YDULDEOHV�SV�! �����

7DEOH� ��� &RUUHODWLRQV� EHWZHHQ� VLQJOH�GXDO�WDVN� GLIIHUHQFHV� LQ� WKH� SURSRUWLRQ� RI� FRUUHFW�
UHVSRQVHV�� WKH� DJH� DQG� WKH� ]�VFRUH� RI� QHXURSV\FKRORJLFDO� WHVWV� IRU� WKH� QRQ�WHPSRUDO�
GLVFULPLQDWLRQ�WDVN�DQG� WKH�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�LQ� WKH�GXDO� WDVN�FRQGLWLRQ�ZLWK�WKH�
VDPH�WHPSRUDO�UHSURGXFWLRQ�WDVN�

'LVFXVVLRQ

,Q� RXU� VWXG\�� FKLOGUHQ� DJHG� IURP� �� WR� �� \HDUV� DQG� DGXOWV� ZHUH� JLYHQ� D� WHPSRUDO�

UHSURGXFWLRQ� WDVN�ZLWK� HLWKHU� D� WHPSRUDO� RU� D�QRQ�WHPSRUDO� GLVFULPLQDWLRQ� WDVN��2XU� UHVXOWV�

VKRZHG� D� FRQVLGHUDEOH� XQGHUHVWLPDWLRQ� RI� WLPH� LQ� WKH� GXDO�WDVN� FRQGLWLRQ� FRPSDUHG� WR� WKH�

VLQJOH� WDVN�FRQGLWLRQ WKDW�GHFUHDVHG�ZLWK�DJH��ZKDWHYHU� WKH� LQWHUIHULQJ WDVN�HPSOR\HG� 7KLV

¿QGLQJ LV LQ OLQH ZLWK WKH UHVXOWV RI�VWXGLHV XVLQJ D GXDO�WDVN SDUDGLJPZLWK D QRQ�WHPSRUDO WDVN

LQ DGXOWV �%ORFN HW DO�� �����.RFK� 3ROMDF��0�OOHU� 	 .LHVHO� ����� DQG FKLOGUHQ �$UOLQ� ����D��

����E� *DXWLHU 	 'URLW�9ROHW� ����� +DOOH] 	 'URLW�9ROHW��������=DND\���������7KH�WHPSRUDO�

VKRUWHQLQJ HIIHFW LQ�WKH�GXDO�WDVN�SDUDGLJP�LV�WKXV�D�UREXVW�SKHQRPHQRQ REVHUYHG DW DOO DJHV� ,Q

DGGLWLRQ� RXU�UHVXOWV UHSOLFDWHG WKRVH IRXQGE\+DOOH] DQG'URLW�9ROHW������LQFKLOGUHQ�VKRZLQJ

WKDW WKHPDJQLWXGH�RI WKH VKRUWHQLQJ H൵HFW LQ D GXDO�WDVN XVLQJ D QRQ�WHPSRUDO�GLVFULPLQDWLRQ�

WDVN� LV� GLUHFWO\� OLQNHG� WR� LQGLYLGXDO DWWHQWLRQ FDSDFLWLHV� WKH ORZHU WKH LQGLYLGXDO� DWWHQWLRQ�

FDSDFLWLHV�� WKH�KLJKHU� WKH VKRUWHQLQJ�H൵HFW� LQ� WKH�GXDO�WDVN��+RZHYHU�� WKH�RULJLQDOLW\�RI�RXU�

VWXG\�ZDV�WR�WHVW�GL൵HUHQW�FRQFXUUHQW�WDVNV��QRW�RQO\�D�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�EXW�
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DOVR�D�WHPSRUDO�GLVFULPLQDWLRQ�WDVN��2XU�UHVXOWV� WKXV�UHYHDOHG�WKDW� WKH�VKRUWHQLQJ�H൵HFW�ZDV�

JUHDWHUZKHQ WKH LQWHUIHULQJ WDVNZDVQRQ�WHPSRUDO�WKDQ�ZKHQ�LW�ZDV WHPSRUDO�

7KH�IDFW�WKDW�WKH�VKRUWHQLQJ�H൵HFW�ZDV VPDOOHU�ZLWK WKH FRQFXUUHQW WHPSRUDO WKDQ ZLWK

WKH FRQFXUUHQW QRQ�WHPSRUDO WDVN FRXOG KDYH DULVHQ EHFDXVH�WKH�IRUPHU�WDVN�ZDV�HDVLHU�WKDQ�WKH�

ODWWHU��+RZHYHU��RXU�UHVXOWV�RQ�WKH�SURSRUWLRQ�RI FRUUHFW�UHVSRQVHV LQ WKH GLVFULPLQDWLRQ WDVNV

LQ WKH VLQJOH� GLVFULPLQDWLRQ� WDVN� FRQGLWLRQ� UDQ� RSSRVLWH� WR� WKLV� LQWHUSUHWDWLRQ� EHFDXVH� WKH�

SURSRUWLRQ�RI�FRUUHFW�UHVSRQVHVZDVQRW ORZHUEXW KLJKHU LQ WKHQRQ�WHPSRUDO�GLVFULPLQDWLRQ�WKDQ�

LQ�WKH�WHPSRUDO GLVFULPLQDWLRQ�WDVN��,Q�RWKHU�ZRUGV��DOWKRXJK�WKH�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�

ZDV�PRUH�GL൶FXOW�IRU�WKH�SDUWLFLSDQWV�WKDQ�WKH�QRQ�WHPSRUDO�GLVFULPLQDWLRQ�WDVN��LWV�LQWHUIHULQJ

H൵HFW RQ WLPH HVWLPDWHV LQ WKH UHSURGXFWLRQ WDVN ZDV ORZHU� 7KLV UHVXOW VXSSRUWV WKH K\SRWKHVLV

DFFRUGLQJ WR ZKLFK WKH SURFHVVLQJ RI GL൵HUHQW� GXUDWLRQV� LQ� WZR� WHPSRUDO� WDVNV� SHUIRUPHG�

VLPXOWDQHRXVO\��WHPSRUDO�GLVFULPLQDWLRQ�DQG�WHPSRUDO�UHSURGXFWLRQ� GRHV QRW FRPSHWH� LQ WHUPV

RI FRJQLWLYH UHVRXUFHV� IRU WKH XVH RI VDPH ³FORFN´ V\VWHP��9DQ�5LMQ�	�7DDWJHQ���������,QGHHG��

DFFRUGLQJ� WR�DWWHQWLRQDO�PRGHOV�RI� WLPLQJ�� WKH�FRPSHWLWLRQ�IRU D�FRPPRQ V\VWHP SURGXFHV D

VKRUWHQLQJH൵HFW WKDW�LQFUHDVHV ZLWK WKH GL൶FXOW\ RI WKH FRQFXUUHQW WDVN��+DQFRFN��������+DQOH\�

	�0RUULV���������,Q�RWKHU�ZRUGV��WKH�KLJKHU�WKH�LQWHUIHUHQFH�H൵HFWV��H�J� ORZHU�SHUIRUPDQFH���

WKH�PRUH�UHVRXUFHV�DUH�VKDUHG�IRU�ERWK�WDVNV��1DYRQ�	�*RSKHU��������1LMERHU� %RUVW��YDQ�5LMQ�

	�7DDJWHQ�� ������:LFNHQV�� ������� ,Q� DGGLWLRQ� RXU UHVXOWV VKRZHG WKDW QRQH RI WKH FRJQLWLYH�

FDSDFLWLHV��VKRUW�WHUP�PHPRU\��ZRUNLQJ�PHPRU\� VHOHFWLYH DQG GLYLGHG DWWHQWLRQ� DVVHVVHG�E\

WKH QHXURSV\FKRORJLFDO WHVWV H[SODLQHG WHPSRUDO� SHUIRUPDQFH LQ WKH GXDO�WDVN WKDW XVHG WKH

FRQFXUUHQW� WHPSRUDO�GLVFULPLQDWLRQ� WDVN��%\�FRQWUDVW� WKH�PDJQLWXGH�RI� WKH�VKRUWHQLQJ�H൵HFW�

ZLWK� WKH� QRQ�WHPSRUDO� GLVFULPLQDWLRQ� WDVN� ZDV� VLJQLILFDQWO\� FRUUHODWHG� ZLWK� LQGLYLGXDO�

DWWHQWLRQDO�FDSDFLWLHV��2XU�UHVXOWV WKXV SURYLGH HYLGHQFH IRU WKH ODFNRI FRPSHWLWLRQ IRU UHVRXUFHV

LQ WKH SURFHVVLQJ RI D VHW RI SUHVHQWHG�VLPXOWDQHRXVO\�VWLPXOXV�GXUDWLRQ��7KLV�FDQ�H[SODLQHG�E\�

WKH� LGHD� WKDW� WKH�VDPH�FORFN�V\VWHP LV XVHG WR SURFHVV GL൵HUHQW GXUDWLRQV ZKLFK�DUH�SUHVHQWHG�

VLPXOWDQHRXVO\� �%U\FH� HW� DO��� ������ 9DQ� 5LMQ� 	� 7DDWJHQ�� ������� RU� LQ� WHUPV� RI PXOWLSOH

LQGHSHQGHQW�FORFNV��$\KDQ��5HYLQD��%UXQR��	�-RKQVWRQ��������&KHQJ�HW�DO���������.ODSSURWK��

������0HFN�	�&KXUFK� �������

$V� VXJJHVWHG� E\� RXU� UHVXOWV�� WKH� SURFHVVLQJ RI� GL൵HUHQW� VLPXOWDQHRXVO\� SUHVHQWHG�

GXUDWLRQV�ZRXOG�QRW�EH�YHU\�FRVWO\�LQ�WHUPV�RI�DWWHQWLRQDO�UHVRXUFHV LQ HLWKHU FKLOGUHQ RU DGXOWV�

$FFRUGLQJ WR�PRGHOV�RI� WKH�DUFKLWHFWXUH�RI�ZRUNLQJ�PHPRU\ �([HFXWLYH�3URFHVV� ,QWHUDFWLYH�

&RQWURO� �(3,&���0H\HU�	�.LHUDV�� ������$GDSWDWLYH�&RQWURO� RI�7KURXJK 5DWLRQDO� �$&7�5��

$QGHUVRQ�� ������� DOO� FHQWUDO� H[HFXWLYHDFWLYLWLHV LQYROYHG LQ WKH FRPSOHWLRQ RI WDVNV� �H�J��
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GHFODUDWLYH�PHPRU\�� SURGXFWLRQ�� FDQ� EH SURFHVVHG� LQ� SDUDOOHO�� WKXV� FRPSHWLQJ� IRU� FRJQLWLYH

UHVRXUFHV�� ZKLOH� GLIIHUHQW� SHULSKHUDO� UHVRXUFHV� �H�J� YLVLRQ�� PRWRU�� FDQQRW� EH� XVHG�

VLPXOWDQHRXVO\�E\�PXOWLSOH� WDVNV��ZLWK WKH�UHVXOW� WKDW SDUWLFLSDQWV�VZLWFK�EHWZHHQ� WKH� WDVNV�

�1LMERHU��7DDWJHQ��%UDQGV�%RUVW�	YDQ5LMQ� ������7RDFFRXQW IRU WKH�PDQ\�GL൵HUHQW�PXOWLSOH�

WDVN�VLWXDWLRQV��6DOYXFFL��7DDWJHQ��DQG�%RUVW� �������GHVFULEHG�D�PXOWL�WDVNLQJ�FRQWLQXXP�LQ�

ZKLFK�GL൵HUHQW� OHQJWKV� RI� WLPH DUH VSHQW RQ RQH RI WKH WDVNV EHIRUH VZLWFKLQJ� WR DQRWKHU RQH�

*LYHQWKLVYLHZ�ZHFDQDVVXPHWKDW�WKH�FRQFXUUHQW�GLVFULPLQDWLRQ�WDVN�SURGXFHG�DQ�LQWHUIHUHQFH�

H൵HFW�RQ�WKH�WLPH�MXGJPHQW�LQ�WKH�UHSURGXFWLRQ�WDVN��EXW�WKDW�WKLV�LQWHUIHUHQFH H൵HFW�ZDV�ZHDNHU�

IRU�WKH�FRQFXUUHQW�GLVFULPLQDWLRQ WDVN�XVLQJ�WHPSRUDO�LQIRUPDWLRQ�EHFDXVH�WKHUH�ZRXOG�EH�QR�

VZLWFKLQJ�EHWZHHQ�WKH�WZR�WHPSRUDO�WDVNV�RU� LI SUHVHQW� ZRXOG EH XQGHPDQGLQJ DQG RI VKRUW�

GXUDWLRQ� %\ FRQWUDVW� WKH GLVFULPLQDWLRQ WDVN XVLQJ�QRQ�WHPSRUDO�LQIRUPDWLRQ�ZRXOG�JHQHUDWH�D�

JUHDWHU�QXPEHU�RI�VZLWFKLQJ�UHODWHG�DFWLYLWLHV��ZKLFK�ZRXOG�IXUWKHU�GLVUXSW�SHUIRUPDQFH�RQ�WKH�

WHPSRUDO�UHSURGXFWLRQ�WDVN��5HFHQWO\��+DOOH]�DQG�'URLW�9ROHW� �VXEPLWWHG��GHPRQVWUDWHG�WKDW�

\RXQJ�FKLOGUHQ�DUH�LQGHHG�DEOH�WR�SURFHVV�GL൵HUHQW�GXUDWLRQV LQ D PXOWLSOH WLPLQJ WDVN ZKHQ

WKH\ DUH SUHVHQWHG� ZLWK� GL൵HUHQW� GXUDWLRQV� DQG� GR� QRW� NQRZ� EHIRUHKDQG� ZKLFK� RI� WKHVH�

GXUDWLRQV� KDV� WR� EH� MXGJHG�� 7KH� SURFHVVLQJ� RI� GXUDWLRQV� DVVRFLDWHG� ZLWK� VLPXOWDQHRXVO\�

SUHVHQWHG�HYHQWV�VWLPXOL�ZRXOG�WKXV�EH�DXWRPDWLF�DQG�LQQDWH��ZLWK�WKH�QDWXUH RI WKH WDVN�ZKLFK

PD\ EH PRUH RU OHVV FRJQLWLYHO\ GHPDQGLQJ� DFFRXQWLQJ IRU WKH GHYHORSPHQWDO� GL൵HUHQFHV� LQ�

WHPSRUDO�SHUIRUPDQFH� �&RXOO�	�'URLW�9ROHW��������'URLW�9ROHW��������'URLW�9ROHW 	�&RXOO��

������'URLW�9ROHW��GH�/XUGHV�'HOJDGR��	�5DWWDW� ������7KLV GRHV QRWPHDQ WKDW SDUWLFLSDQWV�FDQ�

VLPXOWDQHRXVO\�SURFHVV�DQ�XQOLPLWHG�QXPEHU�RI�VWLPXOXV�GXUDWLRQV��7KH�PD[LPXP�QXPEHU�RI�

WKHVH� GXUDWLRQV� LV� WKRXJKW� WR� EH� DERXW� �±�� LQ� WKH� YLVXDO�PRGDOLW\� GHSHQGLQJ�RQ� WKH� VSDWLDO�

ORFDWLRQ�RI�WKH�VWLPXOL��&KHQJ�HW�DO�� ������

7KH DQDO\VLV RI GL൵HUHQFHV LQ WKH ELGLUHFWLRQDO� LQWHUIHUHQFH� H൵HFW� RQ� WHPSRUDO�

SHUIRUPDQFH� EHWZHHQ� WKH� WHPSRUDO� UHSURGXFWLRQ� WDVN� DQG� WKH� WHPSRUDO GLVFULPLQDWLRQ WDVN

FRQ¿UPHG WKDW WKH GXUDWLRQ LV� LQ SDUW� SDVVLYHO\ RU LQFLGHQWDOO\ SURFHVVHG� WRJHWKHU� ZLWK� WKH�

VWLPXOXV�WR EH�MXGJHG�DQG�WKDW�WKH LQWHUIHUHQFH H൵HFWV PDLQO\ GHSHQG RQ WKH WDVN�W\SH��PRWRU�

UHSURGXFWLRQ��YLVXDO�GLVFULPLQDWLRQ���,QGHHG� WKH H൵HFW RI WKH GLVFULPLQDWLRQ WDVN RQ�WHPSRUDO�

UHSURGXFWLRQ�ZDV�VPDOOHU�ZKHQ�WKH�GLVFULPLQDWLRQ�WDVN�XVHG�WHPSRUDO�LQIRUPDWLRQ UDWKHU�WKDQ�

QRQ�WHPSRUDO� LQIRUPDWLRQ�� ZKLOH� WKH� H൵HFW RI� WHPSRUDO UHSURGXFWLRQ �LQFUHDVH LQ QXPEHU RI

MXGJPHQW HUURUV� ZDV VLPLODU IRU WKH WZR GLVFULPLQDWLRQ� WDVNV�� L�H�� ERWK� WHPSRUDO� DQG� QRQ�

WHPSRUDO� ,Q� DGGLWLRQ�� DOWKRXJK� WKHUH� ZDV� QR� FRUUHODWLRQ� EHWZHHQ� FRJQLWLYH� FDSDFLWLHV� DQG�

SHUIRUPDQFH�LQ�WKH�UHSURGXFWLRQ�WDVN�ZLWK�WKH�WHPSRUDO�GLVFULPLQDWLRQ WDVN� WKHVH FRUUHODWLRQV
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ZHUH VLJQL¿FDQW IRU�SHUIRUPDQFH�LQ�WKH�WHPSRUDO�GLVFULPLQDWLRQ�WDVN�ZKHQ WKH FRQFXUUHQW WDVN

ZDV WKH WHPSRUDO UHSURGXFWLRQ� WDVN�� ,W� LV ZHOO� NQRZQ� WKDW�PXOWL�WDVNLQJ OHDGV� WR� VLJQLILFDQW�

UHGXFWLRQV� LQ� SHUIRUPDQFH� UHVXOWLQJ� IURP�FRPSHWLWLRQ� EHWZHHQ�GLIIHUHQW� WDVNV� IRU� FRJQLWLYH�

UHVRXUFHV� �-LDQJ�� 6D[H�� 	� .DQZLVKHU�� ������ 3ROMDF�� .RFK�� 	� %HNNHULQJ�� ������ 5XELQ� 	�

0HLUDQ� ����� 6LJPDQ 	 'HKDHQH� ������ 7KH FRVW�RI�PXOWL�WDVNLQJ� LV� WKXV� D� IXQFWLRQ�RI� WKH�

DYDLODEOH� FRJQLWLYH� UHVRXUFHV�� ZKLFK� LQFUHDVH� ZLWK� DJH �&HSHGD�� .UDPHU�� 	� *RQ]DOH]� GH�

6DWKHU��������)HUGLQDQG�	�.UD\��������0DTXHVWLDX[��+DUWOH\��	�%HUWVFK��������5HLPHUV�	�

0D\ORU���������)05,�GDWD�KDV�VKRZQ� IRU H[DPSOH� WKDW SHUIRUPDQFH RQ DÀDQNHU�WDVN�LPSURYHG�

EHWZHHQ���DQG���\HDUV�DV�WKH�VL]H�RI WKH ULJKW DQWHULRU FLQJXODWH LQFUHDVHG �)MHOO HW DO��������� D

EUDLQ DUHD LQYROYHG LQ H[HFXWLYH IXQFWLRQV �3RVQHU�� 5RWKEDUW�� 6KHHVH�� 	� 9RHONHU�� ������

5RWKEDUW� 	� 3RVQHU�� ������ 5RWKEDUW�� 6KHHVH�� 5XHGD�� 	� 3RVQHU�� ������� 7KLV� GHYHORSPHQWDO�

FKDQJH�ZRXOG�EH�FHQWUDO�WR�LPSURYHPHQWV�LQ�UHDFWLRQ�WLPH�LQ�D�YDULHW\ RI FRQÀLFW WDVNV �%XVK�

/XX�	3RVQHU�������)MHOO HW DO�� ������ VXFKDV LQ WLPHSURFHVVLQJ�&RXOO��&KHQJ� 	0HFN� ������

2XU UHVXOWV RQ WKH ELGLUHFWLRQDO�LQWHUIHUHQFH�H൵HFWV�LQ�FKLOGUHQ�DQG�DGXOWV�WKHUHIRUH VXJJHVW WKDW

WKH DWWHQWLRQDO GXDO�WDVNLQJ�FRVW�ZDV�JUHDWHU�ZKHQ� WKH�FRQFXUUHQW� WDVN�ZDV�QRQ�WHPSRUDO� ,Q

DGGLWLRQ� DV VXJJHVWHG RXU FRUUHODWLRQ DQDO\VHV� WKH DWWHQWLRQ FRVW ZRXOG EH KLJKHU�DV FRQFHUQHG

WKH H൵HFW RI WKH WHPSRUDO UHSURGXFWLRQ�WDVN�RQ�WKH�WHPSRUDO�GLVFULPLQDWLRQ�SHUIRUPDQFH�WKDQ�

WKDW�RI�WKH�WHPSRUDO�GLVFULPLQDWLRQ WDVN�RQ�WKH�WHPSRUDO�UHSURGXFWLRQ��,QGHHG��LQ�WKH�WHPSRUDO�

UHSURGXFWLRQ WDVN�� WKH�GXUDWLRQ� WR�EH�UHSURGXFHG KDV WR EH PDLQWDLQHG LQ VKRUW�WHUP PHPRU\��

ZKHUHDV�WKH�GLVFULPLQDWLRQ�MXGJPHQW�LV�JLYHQ�LPPHGLDWHO\��7KLV�LV�HQWLUHO\�FRQVLVWHQW�ZLWK�WKH�

VWXGLHV� VKRZLQJ� WKDW� WKH� WHPSRUDO� UHSURGXFWLRQ� WDVN LV PRUH FRJQLWLYHO\ GHPDQGLQJ WKDQ D

WHPSRUDO�GLVFULPLQDWLRQWDVN�WHPSRUDOJHQHUDOLVDWLRQRUWHPSRUDO ELVHFWLRQ�� DQG WKDW D ELVHFWLRQ

WDVN LQ ZKLFK�GXUDWLRQV DUH MXGJHG DV ³VKRUW´ RU ³ORQJ´� DV LQ WKH�WDVN�XVHG�LQ�RXU�VWXG\��LV�HYHQ�

OHVV� FRJQLWLYHO\� GHPDQGLQJ� WKDQ� WKH� RWKHU� WHPSRUDO WDVNV� �'URLW�9ROHW� HW� DO��� ������2JGHQ��

:HDUGHQ��	�0RQWJRPHU\��������

,Q VXP� WKH GL൵HUHQFH LQ WKH ELGLUHFWLRQDO H൵HFWV� EHWZHHQ� WKH� UHSURGXFWLRQ� DQG� WKH�

GLVFULPLQDWLRQ�WDVN VXJJHVWV WKDW LQ WKH GXDO�WDVN SURFHGXUH XVHG�LQ RXU VWXG\� WKH UHSURGXFWLRQ

WDVN FRQVXPHG PRUH� DWWHQWLRQDO UHVRXUFHV WKDQ WKH GLVFULPLQDWLRQ WDVN�� DQG� WKDW� WKLV�

GLVFULPLQDWLRQ� WDVN� FRPSHWHG� PRUH� VWURQJO\� IRU� FRJQLWLYH� UHVRXUFHV� ZLWK� WKH� WHPSRUDO�

UHSURGXFWLRQ WDVNZKHQ WKH LQIRUPDWLRQ WR EHGLVFULPLQDWHG�ZDV�QRQ�WHPSRUDO�WKDQ�ZKHQ�LW�ZDV

WHPSRUDO��7KLV�FRQFOXVLRQ�LV�FRQVLVWHQW�ZLWK�WKH�HPSLULFDO SUHGLFWLRQV RI WKH $*PRGHO �%ORFN

HW�DO���������=DND\���������������+RZHYHU��LW�DOVR�VXJJHVWV�WKDW�WKH�WHPSRUDO VKRUWHQLQJH൵HFW

REVHUYHG LQGXDO�WDVNV�UHVXOWV�IURP�LQWHUIHULQJ�H൵HFWV�EHWZHHQ�GL൵HUHQW�WDVNV�UDWKHU�WKDQ�IURP�
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DQ�LPSDLUPHQW�RI�WLPHHQFRGLQJSHUVH�7KLVPLJKW VHHPWRFDVWGRXEW�RQ WKH$*PRGHO�+RZHYHU

RWKHU H[SHULPHQWV PXVW� EH SHUIRUPHG EHIRUH ZH FDQ FRPH WR D PRUH GH¿QLWLYH� FRQFOXVLRQ��

1RWZLWKVWDQGLQJ��RXU�H[SHULPHQW�DOORZV XV WR PDNH WKH IROORZLQJ IRXU DVVXPSWLRQV��)LUVW��LQ�

OLQH�ZLWK�RWKHU�UHVHDUFKHUV��&KHQJ�HW�DO�� ������)HUHGD\�	�%XHKQHU��������.ODSSURWK���������

ZH DVVXPH�WKDW�WKHUH�LV�D�PDVWHU�FORFN�V\VWHP�RU�GL൵HUHQW LQGHSHQGHQW FORFN V\VWHPV WKDW FDQ

DXWRPDWLFDOO\ SURFHVV GL൵HUHQW VWLPXOXV GXUDWLRQV SUHVHQWHG LQSDUDOOHO�6HFRQG�DW DQHDUO\SKDVH

RI WLPH�SURFHVVLQJ�D WHPSRUDU\GLVUXSWLRQ LQ WLPHHQFRGLQJ�FDQQHYHUWKHOHVV EHSURGXFHG VLPSO\

E\ SUHVHQWLQJ� D� FRQFXUUHQW� GLVFULPLQDWLRQ� WDVN� �&DVLQL�	�0DFDU�� ������0DFDU�� ������� 7KLV�

ZRXOG� H[SODLQ� ZK\� ZH� QHYHUWKHOHVV� REVHUYHG� D� VKRUWHQLQJ� HIIHFW� ZKHQ� D� WHPSRUDO�

GLVFULPLQDWLRQ� WDVN� ZDV� DGPLQLVWHUHG� GXULQJ� WHPSRUDO� UHSURGXFWLRQ� WDVN� DQG� ZK\� WKLV�

VKRUWHQLQJ� H൵HFW ZDV VPDOOHU ZLWK WKH FRQFXUUHQW WHPSRUDO GLVFULPLQDWLRQ WDVN WKDQ WKH

FRQFXUUHQW QRQ�WHPSRUDO GLVFULPLQDWLRQ� WDVN�� 7KLUG�� GXUDWLRQ� LV� FORVHO\� DVVRFLDWHG�ZLWK WKH

HYHQW RU WKH WDVN WR EH SHUIRUPHG DQG�WKH�PHFKDQLVPV�LQYROYHG�LQ�LWV�SURFHVVLQJ�WKXV�GHSHQG�RQ�

LWV�PRGDOLW\�RI�SUHVHQWDWLRQ �W\SH�RI�HYHQ��W\SH�RI�WDVN���7KLV�LV�FRQVLVWHQW�ZLWK�QHXURVFLHQWLILF�

VWXGLHV�VXJJHVWLQJ WKDW WKHUH LV QRW RQH VLQJOH�VSHFL¿F�V\VWHP�GHGLFDWHG�WR�WLPH�SURFHVVLQJ EXW�

H[WHQVLYH� QHXUDO� FLUFXLWU\� ZKRVH� DFWLYDWLRQ� GHSHQGV� RQ� WKH� FRQWH[W� LQ� ZKLFK� GXUDWLRQV� DUH�

SUHVHQWHG� �&RXOO 	 'URLW�9ROHW� ����� 0HUFKDQW� +DUULQJWRQ� 	� 0HFN� ������ )RXUWK� WKH

FRPSOHWLRQ RI D WLPH MXGJPHQW� WDVN�FRPSHWHV��DW�DQ�DGYDQFHG� OHYHO�RI� WHPSRUDO� LQIRUPDWLRQ�

SURFHVVLQJ�� IRU� FRJQLWLYH� UHVRXUFHV� ZLWK WKH SURFHVVLQJ RI RWKHU LQIRUPDWLRQ GXULQJ WKH

DWWHQWLRQDOO\JXLGHG LQWHJUDWLRQ RI WHPSRUDO LQIRUPDWLRQ LQ� WKH�GXUDWLRQ� MXGJPHQW� DQG�ZRUNLQJ�

PHPRU\ DQG� GHFLVLRQ� SURFHVV�� 7KLV� DVVXPSWLRQ� LV� FRQVLVWHQW� ZLWK� GHYHORSPHQWDO� VWXGLHV�

VKRZLQJ�WKDW�FKLOGUHQ�FDQ�SURFHVV�WLPH�DW DQ�HDUO\�DJH�DQG�WKDW�WKH�DJH�UHODWHG GL൵HUHQFHV LQ

WLPH VHQVLWLYLW\ �YDULDELOLW\ RI�WLPH MXGJPHQW� DUH PDLQO\ GXH WR WKH GHYHORSPHQW�RI FRJQLWLYH

FDSDFLWLHV� DQG HVSHFLDOO\ DWWHQWLRQ DQG ZRUNLQJ�PHPRU\��IRU�D�UHYLHZ��VHH�'URLW�9ROHW��������

������

,Q FRQFOXVLRQ� RXU VWXG\� LQ ZKLFK ZH PHDVXUHG� WKH� LQGLYLGXDO� FRJQLWLYH� DELOLWLHV� RI�

FKLOGUHQ�DQG�DGXOWV�ZLWK�GL൵HUHQW�QHXURSV\FKRORJLFDO�WHVWV��DOORZV�XV�WR�EHWWHU�XQGHUVWDQG�WKH�

PHFKDQLVPV XQGHUO\LQJ�WKH�LQWHUIHUHQFH�HIIHFWV�RQ�WLPH�MXGJPHQW�LQ�PXOWL�WDVNLQJ��2XU UHVXOWV

VKRZHG WKDW WKH LPSDLUPHQW RI WHPSRUDO SHUIRUPDQFH GHSHQGV PDLQO\ RQ� WKH� DWWHQWLRQDO�

UHVRXUFHV�UHTXLUHG�WR�SURFHVV�WZR�WDVNV�VLPXOWDQHRXVO\��7HPSRUDO�SHUIRUPDQFH�LQ D�GXDO�WDVN�

LV� WKXV� ORZHU� LQ�\RXQJ�FKLOGUHQ�ZLWK� OLPLWHG�DWWHQWLRQ�FDSDFLWLHV��+RZHYHU�� WKH�UHVXOWV�DOVR

KLJKOLJKW WKH FULWLFDO LPSDFW RQ SHUIRUPDQFH RI�WKH QDWXUH RI WKH GXDO�WDVN �GXDO�WDVNLQJ FRVW�

DQG�WKH�PRGDOLW\�RI�WKH�LQIRUPDWLRQ�WR�EH�SURFHVVHG LQ�WKH FRQFXUUHQW WDVN� VLQFH WKH WHPSRUDO
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LQIRUPDWLRQ�SURGXFHG�D�VPDOOHU�LQWHUIHUHQFH�H൵HFW�WKDQ�WKH�QRQ�WHPSRUDO LQIRUPDWLRQZKHQ WKH

FRQFXUUHQW GLVFULPLQDWLRQ WDVN ZDV XVHG� ,W LV WKHUHIRUH QRZ LPSRUWDQW� WR� IXUWKHU� H[DPLQH� WKLV�

TXHVWLRQ�E\�V\VWHPDWLFDOO\�WHVWLQJ�GL൵HUHQW�FRQFXUUHQW�WDVNV��VXFK DV DQRWKHU UHSURGXFWLRQ WDVN

IRU H[DPSOH� RI�GL൵HUHQW�OHYHOV�RI GL൶FXOW\�
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,� ± ��� (WXGH� GX� WUDLWHPHQW� VLPXOWDQpH� GH� GXUpHV� FKH]� GHV� HQIDQWV� HW� GHV�
DGXOWHV ��TXDQG�O¶DWWHQWLRQ�SUpGLW�O¶HIIHW�G¶LQWHUIpUHQFH�

+DOOH]��0RQLHU�	�'URLW�9ROHW��VXEPLWWHG���
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,QWURGXFWLRQ

2XU�SHUFHSWLRQ�RI�WLPH�GHSHQGV�RQ�HYHQWV�WKDW�ILOO�WKH�GXUDWLRQ�WR�EH�MXGJHG��7KH�GXUDWLRQ�

RI�LQWHUYDO�LV�IRU�H[DPSOH�MXGJHG�VKRUWHU�ZKHQ�LW�LV�HPSW\��HPSW\�GXUDWLRQ��WKDW�ZKHQ�LWV�ILOOHG�

E\�DQ�HYHQW��ILOOHG�LQ�GXUDWLRQ���'URLW�9ROHW��������+RUU�	�'L�/XFD��������3ORXUGH��*DPDFKH�

	�*URQGLQ��������:HDUGHQ��1RUWRQ��0DUWLQ�	�0RQWIRUG�%HEE���������7LPH�GLVWRUWLRQV�DUH�DOVR�

REVHUYHG� LQ� GXDO�WDVNV� ZKHQ� SDUWLFLSDQWV� VLPXOWDQHRXVO\� SHUIRUP� D� WHPSRUDO� DQG� D� QRQ�

WHPSRUDO� WDVN� 7HPSRUDO� SHUIRUPDQFH� LV� LQGHHG� PRUH� YDULDEOH� DQG� OHVV� DFFXUDWH�

�XQGHUHVWLPDWLRQ��LQ�D�GXDO�WKDQ�LQ�D�VLQJOH�WDVN��ZLWK�D�WHPSRUDO�XQGHUHVWLPDWLRQ�LQFUHDVLQJ�

ZLWK�WKH�GLIILFXOW\�RI�WKH�QRQ�WHPSRUDO�WDVN��%ORFN��+DQFRFN�	�=DND\��������+DOOH]�	�'URLW�

9ROHW��������������.RFK��3ROMDF��0�OOHU 	�.LHVHO��������

5HVHDUFKHUV�KDYH�SURSRVHG�DWWHQWLRQDO�PRGHOV�WR�H[SODLQ�WKLV�WHPSRUDO�SHUIRUPDQFH�LQ�

GXDO�WDVNV��7KRPDV�	�:HDYHU��������%ORFN�HW� DO���������=DND\���������������$FFRUGLQJ� WR�

WKHVH�PRGHOV��GXUDWLRQ�SURFHVVLQJ�LV�DQ�HIIRUWIXO�SURFHVV�ZKLFK�GUDZV�UHVRXUFHV�IURP�D�SRRO�RI�

OLPLWHG�DWWHQWLRQDO�UHVRXUFHV�WKDW�LV�VKDUHG�E\�WKH�SURFHVVLQJ�RI�RWKHU�LQIRUPDWLRQ��7KRPDV�	�

&DQWRU��������7KRPDV�	�:HDYHU���������7KH�PRVW�SRSXODU�WKHRULHV�RI�WLPLQJ�VXSSRVH�WKDW�WLPH�

LV�FRXQWHG�E\�PHDQV�RI�D�VLQJOH�FORFN�OLNH�V\VWHP��³FORFN´��FRPSRVHG�RI�D�SDFHPDNHU�DQG�DQ�

DFFXPXODWRU� �&KXUFK� 	� *LEERQ�� ������ *LEERQ�� ������ *LEERQ�� &KXUFK� 	� 0HFN�� ������

7UHLVPDQ���������7KH�SHUFHLYHG�GXUDWLRQ�UHVXOWV�IURP�WKH�QXPEHU�RI�SXOVHV�JHQHUDWHG�E\�WKLV�

SDFHPDNHU� DQG� WUDQVIHUUHG� WR� WKH� DFFXPXODWRU� �FRXQWHU��� $� VZLWFK� HQVXUHV� WKH� SXOVHV� DUH�

WUDQVPLWWHG�E\�FORVLQJ�WKH�FLUFXLW�ZKHQ�D�VLJQDO�LQGLFDWHV�WKH�EHJLQQLQJ�RI�WKH�WHPSRUDO�LQWHUYDO��

&RQVHTXHQWO\��WR�DFFRXQW�IRU�WLPH�GLVWRUWLRQ�LQ�D�GXDO�WDVN��=DND\�DQG�%ORFN��������H[WHQGHG�

WKLV�VLPSOH�VZLWFK�PHFKDQLVP�E\�DGGLQJ�DQ�DWWHQWLRQDO�JDWH�ZKRVH�RSHQLQJ�YDULHV�DV�D�IXQFWLRQ�

RI�WKH�DOORFDWHG�DWWHQWLRQDO�UHVRXUFHV��DWWHQWLRQDO�JDWH�PRGHO���:KHQ�DWWHQWLRQDO�UHVRXUFHV�DUH�

DOORFDWHG�WR�WLPH��WKH�JDWH�RSHQV�ZLGHU�RU�PRUH�IUHTXHQWO\��$V�D�UHVXOW��PRUH�SXOVHV�SDVV�WKURXJK�

DQG�WLPH�LV�MXGJHG�ORQJHU��&RQYHUVHO\��ZKHQ�WKH�DWWHQWLRQ�DOORFDWLRQ�IRU�WLPH�LV�OLPLWHG��IHZHU�

SXOVHV�SDVV� WKURXJK�DQG� WLPH�LV� MXGJHG�VKRUWHU��7KLV�PRGHO�KDV�VLQFH�EHHQ�ZLGHO\�YDOLGDWHG�

HPSLULFDOO\��%ORFN�HW�DO����������,W�KDV�QHYHUWKHOHVV�EHHQ�GLVFXVVHG�ZLWK�UHJDUG�WR�WKH�LQWHUHVW�

RI�DGGLQJ�D�JDWH�WR�WKH�FORFN�V\VWHP��DV�D�VZLWFK�WKDW�IOLFNHUV�WKURXJKRXW�WKH�SURFHVVLQJ�RI�WKH�

HQWLUH�GXUDWLRQ�DOORZV�WKH�VDPH�WHPSRUDO�SUHGLFWLRQV��/HMHXQH��������������=DND\��������

+RZHYHU��WKH�JUHDWHVW�LVVXH�IRU�WKLV�DWWHQWLRQDO�PRGHO�UHVXOWV�IURP�VWXGLHV�RI�WLPLQJ�WKDW�

KDYH�XVHG�WZR�FRQFXUUHQW�WHPSRUDO�WDVNV��L�H��D�PXOWLSOH�WLPLQJ�WDVN��,Q�WKLV�WDVN��SDUWLFLSDQWV�

DUH� SUHVHQWHG�ZLWK� GLIIHUHQW� GXUDWLRQV� LQ� HDFK� WULDO� DQG�PXVW� SD\� DWWHQWLRQ� WR� HDFK� RI� WKHP�

EHFDXVH�WKH\�GR�QRW�NQRZ�EHIRUHKDQG�ZKLFK�VWLPXOXV�KDV�WR�EH�MXGJHG��H�J��%URZQ�	�:HVW��
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�������$OWKRXJK�WKH�XVH�RI�WKLV�WDVN�UHPDLQV�UDUH�DQG�VSRUDGLF��VRPH�VWXGLHV�KDYH�VKRZQ�WKDW�

KXPDQV�DUH�DEOH�WR�WLPH�GLIIHUHQW�VWLPXOL�SUHVHQWHG�VLPXOWDQHRXVO\��$\KDQ��5HYLQD��%UXQR�	�

-RKQVWRQ��������%XUU��7R]]L�	�0RUURQH��������&KHQJ��<DQJ��+DQ��'LQJ�	�)DQ������� -RKQVWRQ��

$UQROG�	�1LVKLGD��������.ODSSURWK��������5RXVVHDX�	�5RXVVHDX��������YDQ�5LMQ�	�7DDJWHQ��

������� DV� KDV� DOVR� EHHQ� IRXQG� LQ� RWKHU� DQLPDOV� �UDWV� RU� SLJHRQV�� �&KXUFK��*XLOKDUGL��.HHQ��

0DFLQQLV�	�.LUNSDWULFN��������0HFN�	�&KXUFK��������0HFN�	�:LOOLDPV��������5REHUWV���������

,Q�WKH�PXOWL�WLPLQJ�FRQGLWLRQ��%URZQ�DQG�:HVW��������VKRZHG�WKDW�WKH�DEVROXWH�HUURU�LQ�WLPH�

MXGJPHQW��DQG�WKH�WHPSRUDO�YDULDELOLW\��LQFUHDVHG�DV�D�IXQFWLRQ�RI�QXPEHU�RI�VLPXOWDQHRXVO\�

SUHVHQWHG�GXUDWLRQV��+RZHYHU��WKH�GLUHFWLRQ�RI�MXGJPHQW�HUURUV�GLG�QRW�LQGLFDWH�D�V\VWHPDWLF�

XQGHUHVWLPDWLRQ�RI�WLPH��DV�REVHUYHG�LQ�GXDO�WDVN�ZLWK�QRQ�WHPSRUDO�LQIRUPDWLRQ��³ZLWK�ERWK�

XQGHU�DQG�RYHUHVWLPDWLRQV�FRQWULEXWLQJ�WR�WLPH�MXGJPHQW�LQDFFXUDF\´��S�������%URZQ�DQG�:HVW�

�������QHYHUWKHOHVV�ZHQW�RXW��ZLWKRXW�IXUWKHU�HYLGHQFH�� WR�H[SODLQ�WKHLU� UHVXOWV�EDVHG�RQ�WKH�

DWWHQWLRQ�PHFKDQLVPV�GHVFULEHG�LQ�WKH�JDWH�DWWHQWLRQ�PRGHO��+RZHYHU��WKH�GLIIHUHQFH LQ�WLPH�

MXGJPHQW�LQ�WHUPV�XQGHU� RU�RYHUHVWLPDWLRQ�FRXOG�GHSHQG�RQ�WHPSRUDO�FRQWH[W��L�H��GLIIHUHQFHV�

LQ�WKH�SUHVHQWDWLRQ�RI�FRQFXUUHQW�GXUDWLRQV��%XKXVL�	�0HFN���������)RU�H[DPSOH��WKH�HIIHFW�RI�

D�JDS�GXULQJ�WKH�SUHVHQWDWLRQ�RI�VWLPXOXV�WR�EH�WLPHG�GRHV�QRW�GHSHQG�RQ�LWV�DEVROXWH�GXUDWLRQ��

EXW�LV�UHODWLYH�WR�WHPSRUDO�FRQWH[W��QDPHO\�WKH�OHQJWK�RI�GXUDWLRQ�DIWHU�WKH�JDS��%XKXVL�	�0HFN�

������6SHWFK�	�5XVDN���������5HFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�HIIHFW�RI�WHPSRUDO�FRQWH[W�

RQ�WHPSRUDO�SHUIRUPDQFH�LV�VWURQJHU�LQ�SDUWLFLSDQWV�ZLWK�OLPLWHG�DWWHQWLRQ�DQG�ZRUNLQJ PHPRU\�

FDSDFLWLHV�DV�LQ�\RXQJ�FKLOGUHQ��.DUDPLQLV��&LFFKLQL��1HLO��&DSSDJOL��$DJWHQ�0XUSK\��%XUU�	�

3HOOLFDQR�� ������ +DOOH]�� 'DPVPD�� 5KRGHV�� 9DQ� 5LMQ� 	� 'URLW�9ROHW�� ������ :H� PD\� WKXV�

DVVXPH�WKDW�WKH�VLPXOWDQHRXV�SURFHVVLQJ�RI�GLIIHUHQW�GXUDWLRQV�LV�SRVVLEOH�LQ�DOO�VXEMHFWV��HYHQ�

\RXQJ� FKLOGUHQ�� DOWKRXJK� WKH� FDSDFLW\� RI� SURFHVVLQJ� LV� OLPLWHG� E\� WKH� QXPEHU� RI� VHQVRU\�

LQIRUPDWLRQ��+RZHYHU��VRPH�WLPH�GLVWRUWLRQV�PD\�RFFXU�LQ�WKH�PXOWL�WLPLQJ�FRQGLWLRQ�UHODWHG�

WR�DWWHQWLRQ�PHFKDQLVPV�LQYROYLQJ�LQ�SURFHVVLQJ�WKH�WHPSRUDO�FRQWH[W�

7R�WHVW�RXU�K\SRWKHVLV��ZH�UHFUXLWHG�FKLOGUHQ�DJHG�IURP���WR���\HDUV�ROG�DV�ZHOO�DV�DGXOWV��

DOO�RI�ZKRP�ZHUH�FDSDEOH�RI�DFFXUDWH�WLPLQJ��'URLW�9ROHW��������'URLW�9ROHW�	�&RXOO��������

&RXOO�	�'URLW�9ROHW�� ������� EXW� ZKRP� WKH� FRJQLWLYH� FDSDFLWLHV� GLIIHUHG� �&DVH\�� *LHGG�� 	�

7KRPDV�� ������� ,Q� RXU� VWXG\�� WKH� LQGLYLGXDO� FRJQLWLYH� FDSDFLWLHV� RI� WKH� SDUWLFLSDQWV� ZHUH�

WKHUHIRUH�DVVHVVHG�E\�PHDQV�RI�GLIIHUHQW�QHXURSV\FKRORJLFDO� WHVWV��%HIRUH�QRZ�� WKH�PXOWLSOH�

WLPLQJ�WDVN�KDV�QHYHU�EHHQ�XVHG�LQ�FKLOGUHQ��2QO\�D�IHZ�VWXGLHV�KDYH�WHVWHG�FKLOGUHQ�LQ�GXDO�

WDVN�LQYROYLQJ�WHPSRUDO�DQG�QRQ�WHPSRUDO�LQIRUPDWLRQ��*DXWLHU�	�'URLW�9ROHW��������+DOOH]�	�

'URLW�9ROHW��������������=DND\���������7KHUHIRUH��WKH�ILUVW�DLP�RI�RXU�H[SHULPHQWV�ZDV�WR�YHULI\�
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ZKHWKHU�FKLOGUHQ��OLNH�DGXOWV��DUH�FDSDEOH�RI�VLPXOWDQHRXV�WHPSRUDO�SURFHVVLQJ��7KH�VHFRQG�DLP�

ZDV� WR� H[DPLQH� WKH� LQYROYHPHQW� RI� DWWHQWLRQ� DQG� RWKHU� FRJQLWLYH� FDSDFLWLHV� LQ� WHPSRUDO�

LQWHUIHUHQFH�HIIHFWV�� ,Q�RXU�VWXG\�� WKH�SDUWLFLSDQWV�ZHUH� WKXV�SUHVHQWHG�ZLWK�HLWKHU�RQH� �VROR�

WLPLQJ��� WZR��GXDO� WLPLQJ��RU� WKUHH�GXUDWLRQV��WULSOH� WLPLQJ���7KH\�GLG�QRW�NQRZ�EHIRUHKDQG�

ZKLFK�RI�WKHVH�GXUDWLRQV�ZDV�WR�EH�MXGJHG�DQG�WKHUHIRUH�KDG�WR�SD\�DWWHQWLRQ�WR�DOO�WKH�GXUDWLRQV��

2Q�HDFK� WULDO�� WKH�FRQFXUUHQW�GXUDWLRQ�ZDV�VKRUWHU�RU� ORQJHU� WKDQ� WKH� WDUJHW�GXUDWLRQ�� ,Q� WKLV�

H[SHULPHQWDO�FRQGLWLRQ��ZH�DVVXPHG�WKDW��DW�WKH�HDUO\�DJH�RI���\HDUV��\RXQJ�FKLOGUHQ�ZRXOG�EH�

DEOH�WR�SURFHVV�VHYHUDO�GXUDWLRQV�SUHVHQWHG�VLPXOWDQHRXVO\��+RZHYHU� WKH�SURSRUWLRQ�RI�HUURUV�

LQ�WLPH�MXGJPHQW�DQG�LWV�WHPSRUDO�YDULDELOLW\�VKRXOG�EH�KLJKHU�LQ�\RXQJ�FKLOGUHQ�GXH�WR�WKHLU�

OLPLWHG�DWWHQWLRQDO�FDSDFLWLHV��

([SHULPHQW��

������
3DUWLFLSDQWV��7KH�VDPSOH�FRQVLVWHG�RI����SDUWLFLSDQWV�����FKLOGUHQ�DJHG� IURP��� WR��

\HDUV�ROG����IHPDOHV�DQG����PDOHV��PHDQ�DJH� �����\HDUV��6�'  ����������FKLOGUHQ�DJHG�IURP�

��WR���\HDUV�ROG����IHPDOHV�DQG����PDOHV��PHDQ�DJH� ����\HDUV��6�'  �������DQG����DGXOWV�����

IHPDOHV�DQG���PDOH��PHDQ�DJH� ��������6�'  �������7KH�FKLOGUHQ�ZHUH UHFUXLWHG�IURP�YDULRXV�

QXUVHU\�DQG�SULPDU\�VFKRROV�LQ�WKH�$XYHUJQH�UHJLRQ�RI�)UDQFH��7KH�DGXOWV�ZHUH�XQGHUJUDGXDWH�

3V\FKRORJ\�VWXGHQWV�DW�&OHUPRQW�$XYHUJQH�8QLYHUVLW\��$OO�SDUWLFLSDQWV�ZHUH�UHZDUGHG�IRU�WKHLU�

SDUWLFLSDWLRQ��PRUH�VSHFLILFDOO\�ZLWK�³SDQLQL´ SLFWXUHV�IRU�WKH�FKLOGUHQ�DQG�FRXUVH�FUHGLW�IRU�WKH�

VWXGHQWV��7KH�FKLOGUHQ¶V�SDUHQWV�DQG�WKH�DGXOW�VXEMHFWV�VLJQHG�ZULWWHQ�LQIRUPHG�FRQVHQW�IRU�WKHLU�

SDUWLFLSDWLRQ� LQ� WKLV� H[SHULPHQW�� ZKLFK� ZDV� FDUULHG� RXW� DFFRUGLQJ� WR� WKH� SULQFLSOHV� RI� WKH�

+HOVLQNL�GHFODUDWLRQ�DQG�DSSURYHG�E\�WKH�LQVSHFWRU�FRPPLWWHH�RI�WKH�DFDGHP\�RI�WKH�(GXFDWLRQ�

)UHQFK�0LQLVWU\�DV�UHTXLUHG�E\�)UHQFK�ODZ�

0DWHULDO��3DUWLFLSDQWV�ZHUH�VHDWHG�LQ�IURQW�RI�D����LQFK�FRPSXWHU�VFUHHQ��LQ�D�QHXWUDO�

DQG�TXLHW�URRP�RI�WKHLU�VFKRROV�RU�XQLYHUVLW\��8VLQJ�D�SURJUDP�ZULWWHQ�LQ�3\WKRQ�DQG�FRPSLOHG�

LQ�&��WKH�FRPSXWHU�GHOLYHUHG�DQG�UHFRUGHG�DOO�WKH�H[SHULPHQWDO�HYHQWV��7KH�SDUWLFLSDQWV�JDYH�

WKHLU�UHVSRQVHV�ZLWK�WKHLU�SUHIHUUHG�KDQG�XVLQJ�D�FRPSXWHU�PRXVH�

7KH�WHPSRUDO�VWLPXOL�ZHUH���VTXDUHV����FP��RI�GLIIHUHQW�FRORXUV��EOXH��JUHHQ�DQG�RUDQJH��

7KH\�ZHUH�GLVSOD\HG�RQ�D�EODFN�EDFNJURXQG�LQ�D�FLUFXODU�DUHD�RI����FP�FHQWHUHG�RQ�VFUHHQ�DQG�

ZHUH� ORFDWHG� FORVH� WRJHWKHU� WR� DYRLG� VSDWLDO� HIIHFWV� �&LFFKLQL� 	� 0RUURQH�� ������� 7KH�

SUHVHQWDWLRQ�ORFDWLRQ�RI�WKH�VTXDUHV�LQ�WKLV�DUHD�ZDV�UDQGRPO\�FKRVHQ�ZLWK�WKH�FRQVWUDLQW�RI�QRW�

EHLQJ�VXSHULPSRVHG�
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���������
7HPSRUDO�5HSURGXFWLRQ�7DVN��%HIRUH�VWDUWLQJ�WKH�WDVN��WKH�SDUWLFLSDQWV�SHUIRUPHG�D�

WUDLQLQJ�SKDVH�FRQVLVWLQJ�RI���UDQGRPO\�SUHVHQWHG�WULDOV����GHPRQVWUDWLRQ�DQG���WUDLQLQJ�WULDOV��

IRU�HDFK�RI�WKH�WDUJHW�GXUDWLRQV����DQG���V���,Q�WKH�WUDLQLQJ�SKDVH��RQO\�RQH�VTXDUH�ZDV�SUHVHQWHG��

ZLWK�WKH�UHVXOWV�WKDW�WKH�SDUWLFLSDQW�QHFHVVDU\�DOUHDG\�NQHZ�WKH�VWLPXOXV�WR�EH�MXGJHG��(DFK�WULDO�

EHJDQ�ZLWK�WKH�ZRUGV�³5HDG\"¶¶�DIWHU�DQ�LQWHU�WULDO�LQWHUYDO�WKDW�ZDV�UDQGRPO\�VHOHFWHG�EHWZHHQ�

����DQG������PV��7KH�H[SHULPHQWHU�SUHVVHG�WKH�VSDFHEDU�ZKHQ�WKH�SDUWLFLSDQW�ZDV�JHQXLQHO\�

UHDG\�WR�WULJJHU�WKH�WR�EH�HVWLPDWHG�VWLPXOXV��VTXDUH��DIWHU�D�IL[HG�LQWHUYDO�RI�����PV��7KHQ��

DIWHU�WKH�SUHVHQWDWLRQ�RI�WKH�WHPSRUDO�VWLPXOXV��WHPSRUDO�HQFRGLQJ���D SLFWXUH DSSHDUHG IRU � V

GHSLFWLQJ D�ILQJHU�SUHVVLQJ�D�EXWWRQ��WKH�FRORXU�RI�ZKLFK�FRUUHVSRQGHG�WR�WKH�WDUJHW�VTXDUH�WR�EH�

HVWLPDWHG��,Q�DGGLWLRQ������PV�DIWHU�WKLV�SLFWXUH��WKH�WDUJHW�VTXDUH�ZDV�SUHVHQWHG�LQ�WKH�FHQWHU�

RI�WKH�VFUHHQ��DQG�WKH�SDUWLFLSDQW�KDG�WR�FOLFN�RQ�WKH�FRPSXWHU�PRXVH�ZKHQ�KH�VKH�MXGJHG�WKDW�

WKH�GXUDWLRQ�ZDV�WKH�VDPH�DV�WKH�WDUJHW�VTXDUH��WHPSRUDO�UHSURGXFWLRQ��

,Q WKH WHVWLQJ SKDVH� WKH SDUWLFLSDQWV�ZHUH�LQVWUXFWHG WKDW �� � RU � VTXDUHV ZHUH OLNHO\ WR

DSSHDU VLPXOWDQHRXVO\� 7KH\ WKHUHIRUH PXVW SD\ DWWHQWLRQ WR WKH GXUDWLRQV RI WKH GLIIHUHQW

VTXDUHV� EHFDXVH WKH\ ZRXOG ILQG RXW ZKLFK VTXDUH ZDV WR EH HVWLPDWHG RQO\ DIWHU LWV

SUHVHQWDWLRQ� E\ PHDQV RI WKH ILQJHU LQGLFDWLQJ WKH WDUJHW VTXDUH� 7KH SDUWLFLSDQWV SHUIRUPHG ���

WULDOV��UDQGRP�SUHVHQWDWLRQ���L�H����WULDOV�IRU�HDFK GXUDWLRQ �� DQG � V� SUHVHQWHG LQ � GLIIHUHQW

FRQGLWLRQV �� î � î ��� � VTXDUH �VROR WLPLQJ�� � VTXDUHV �GXDO WLPLQJ�� DQG � VTXDUHV �WULSOH

WLPLQJ�� 7KH ORFDWLRQ DQG FRORU RI WKH WDUJHW GXUDWLRQ ZHUH UDQGRPO\ FKRVHQ� +RZHYHU� 7KH

ORFDWLRQ DQG FRORU RI WKH DGGLWLRQDO VTXDUHV ZHUH DOVR UDQGRP� ZLWK D GXUDWLRQ UDQGRPO\

VHOHFWHG ZLWKLQ D WHPSRUDO ZLQGRZ RI EHWZHHQ � DQG �� V� ZLWK WKH RQO\ FRQVWUDLQW EHLQJ WKDW�

WKHUH KDG�EH�WKH�VDPH�QXPEHU�RI�GXUDWLRQV�VKRUWHU�DQG�ORQJHU�WKDQ�WKH�WDUJHW�VTXDUH�GXUDWLRQ��

,Q�RWKHU�ZRUGV��IRU�HDFK�RI�WKH�WZR�GXUDWLRQV��WKHUH�ZDV��WKUHH�WULDOV�ZLWK�D�ORQJHU�FRQFXUUHQW�

GXUDWLRQ�DQG�WKUHH�WULDOV�ZLWK�D�VKRUWHU�FRQFXUUHQW�GXUDWLRQ�LQ�WKH�GXDO�WLPLQJ FRQGLWLRQ��DQG�

WZR� WULDOV� ZLWK� WZR� ORQJHU� FRQFXUUHQW� GXUDWLRQV�� WZR� WULDOV� ZLWK� WZR� VKRUWHU� FRQFXUUHQW�

GXUDWLRQV��DQG�DQRWKHU�WZR�WULDOV�ZLWK�D�ORQJHU�DQG�D�VKRUWHU�FRQFXUUHQW�GXUDWLRQ�LQ�WKH�WULSOH�

WLPLQJ� FRQGLWLRQ�� �7R� OLPLW� WKH� QXPEHU� RI� LQIRUPDWLRQ� WKDW� YDULHV� IRU� FKLOGUHQ��ZH� IL[HG� LQ�

([SHULPHQW���D�VDPH�RQVHW�RI�SUHVHQWDWLRQ�IRU�WKH�GLIIHUHQW�VTXDUHV�

1HXURSV\FKRORJLFDO�WHVWV� )ROORZLQJ�WKH�WHPSRUDO�UHSURGXFWLRQ�WDVN��WKH�SDUWLFLSDQWV�

ZHUH�UDQGRPO\�DVVLJQHG�WR���QHXURSV\FKRORJLFDO�WHVWV��7KH QHXURSV\FKRORJLFDO�WHVWV�DVVHVVLQJ�

VKRUW�WHUP�DQG�ZRUNLQJ�PHPRU\�ZDV�WKH�&RUVL�%ORFN�7DSSLQJ�7HVW��&RUVL���������LQ�ZKLFK�WKH�

SDUWLFLSDQWV� KDG� WR� UHSURGXFH� D� EORFN� WDSSLQJ� VHTXHQFH� SURGXFHG� E\� WKH� H[SHULPHQWHU� LQ�
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IRUZDUG��VKRUW�WHUP�PHPRU\��DQG�EDFNZDUG�RUGHU��ZRUNLQJ�PHPRU\���7KHUH�ZDV�D�WRWDO�RI���

EORFN�WDSSLQJ�VHTXHQFHV�ZLWK���WULDOV�IRU�HDFK�VHTXHQFH��:KHQ�WKH�SDUWLFLSDQWV�VXFFHHGHG�LQ�

RQH�RI�WKH�WZR�WULDOV�RI�WKH�VHTXHQFH��WKH�WHVW�FRQWLQXHV�ZLWK�D�ORQJHU�VHTXHQFH�RI�EORFN�WR�WDS�

�PLQLPXP����PD[LPXP�����7KH�WKLUG�WHVW�ZDV�WKH�© 5HVHDUFK�VN\ ª�IURP�WKH�7($&K��7HVW�RI�

(YHU\GD\�$WWHQWLRQ�RI�&KLOGUHQ��0DLQO\��5REHUWVRQ��$QGHUVRQ�	�1LPPR�6PLWK���������7KLV�

WHVW�ZDV�XVHG�WR�DVVHVV�VHOHFWLYH�DWWHQWLRQ��DWWHQWLRQ���7KH�SDUWLFLSDQWV�KDG�WR�FLUFOH�DOO�SDLUV�RI�

LGHQWLFDO� VSDFHVKLSV� DPRQJ�����SRVVLEOH� SDLUV�� ,Q� WKLV� WHVW�� WKH� VFRUHV� GHFUHDVH�ZLWK� KLJKHU�

DWWHQWLRQ� FDSDFLWLHV�� VLQFH� WKH� VFRUH� LV� JLYHQ� E\� WKH� QXPEHU� RI� GHWHFWHG�SDLUV� RI� VSDFHVKLSV�

GLYLGHG�E\� WKH� WLPH� LQ� VHFRQGV� WDNHQ� WR� FRPSOHWH� WKH� WHVW��7KH� ODVW� QHXURSV\FKRORJLFDO� WHVW�

PHDVXUHG�WKH�LQIRUPDWLRQ�SURFHVVLQJ�VSHHG��,W�FRQVLVWHG�RI�WKH�³&RGH�%´�DQG�WKH�³6\PERO�%´�

VXEWHVWV�RI�WKH�:HVFKOHU�,QWHOOLJHQW�6FDOH�IRU�&KLOGUHQ��:HFKVOHU���������,Q�WKH�ILUVW�VXEWHVW��WKH�

SDUWLFLSDQWV� VDZ��� GLJLWV� DVVRFLDWHG�ZLWK� D� VSHFLILF� ILJXUH��7KH\� WKHQ� KDG� WR� GUDZ� DV�PDQ\�

FRUUHFW�ILJXUHV�DV�SRVVLEOH�IRU�D�VHULHV�RI�����GLJLWV�ZLWKLQ�����V��,Q�WKH�VHFRQG�VXEWHVW��WKH\�KDG�

WR�LQGLFDWH�RQ�HDFK�RI�WKH����WULDOV�LI�D�SURSRVHG�V\PERO�PDWFKHG�RQH�RI�WKH���WDUJHW�V\PEROV�

WDNHQ�IURP�D�VHULHV�RI���V\PEROV�

�������
1HXURSV\FKRORJLFDO� VFRUHV�� 7DEOH� � VKRZV� WKH� UDZ� VFRUHV� RQ� WKH� GLIIHUHQW�

QHXURSV\FKRORJLFDO�WHVWV�LQ�HDFK�DJH�JURXS��7KH�$129$V�VKRZHG�D�VLJQLILFDQW�PDLQ�HIIHFW�RI�

DJH�IRU�DOO�QHXURSV\FKRORJLFDO� WHVWV��VKRUW�WHUP�PHPRU\��)�������� ��������S ���������Ș�S  �

������ZRUNLQJ�PHPRU\��)�������� ��������S ���������Ș�S  �������LQIRUPDWLRQ�SURFHVVLQJ�VSHHG��

)�������� ���������S ���������Ș�S  �������DQG�DWWHQWLRQ��)�������� ��������S ���������Ș�S  �������

,Q�VXPPDU\��WKH�\RXQJHU�WKH�SDUWLFLSDQWV��WKH�ORZHU�WKHLU�FRJQLWLYH�FDSDFLWLHV�ZHUH���

7DEOH� ��� 0HDQ�� 6WDQGDUG� 'HYLDWLRQ�� PLQLPXP� DQG� PD[LPXP� RI� UDZ� VFRUHV� RI� GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV�LQ�WKH�GLIIHUHQW�DJH�JURXSV�IRU�([SHULPHQW���DQG���
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7HPSRUDO� DFFXUDF\��:H� FDOFXODWHG� D� WLPH� HUURU� �7(�� IRU� HDFK� SDUWLFLSDQW� LQ� HDFK�

H[SHULPHQWDO�FRQGLWLRQ���5�7��7��ZKHUH�7 LV�WKH�WDUJHW�GXUDWLRQ�DQG�5 WKH�SDUWLFLSDQWV¶�WHPSRUDO�

UHSURGXFWLRQ��$�7(�YDOXH�VKRUWHU�RU�ORQJHU�WKDQ�]HUR�LQGLFDWHV�WKDW�WHPSRUDO�UHSURGXFWLRQ�LV�

VKRUWHU��XQGHUHVWLPDWLRQ��RU�ORQJHU��RYHUHVWLPDWLRQ���UHVSHFWLYHO\��WKDQ�WKH�WDUJHW�GXUDWLRQ��$�

7(� FORVH� WR� ]HUR� LQGLFDWHV� DQ� DFFXUDWH� WLPH� MXGJHPHQW��:H� WKHQ� UDQ� DQ� $1&29$�RQ� WKLV�

PHDVXUH��ZLWK�RQH�EHWZHHQ�VXEMHFWV�IDFWRU��DJH�JURXS��DQG�WZR�ZLWKLQ�VXEMHFWV�IDFWRUV�>WDUJHW�

GXUDWLRQ� ���� �� V��� WLPLQJ� FRQGLWLRQ� �VROR�� GXDO�� WULSOH� WLPLQJ�@�� DQG� WKH� ]�VFRUHV� RI� GLIIHUHQW�

QHXURSV\FKRORJLFDO�WHVWV�XVHG�DV�FRYDULDWH��VKRUW�WHUP�PHPRU\��ZRUNLQJ�PHPRU\� SURFHVVLQJ�

VSHHG��DWWHQWLRQ��

7KH�$1&29$�VKRZHG�D�VLJQLILFDQW�PDLQ�HIIHFW�RI�WKH�WLPLQJ�FRQGLWLRQ��)�������� �������

S  ������Ș�S  �������DQG�WKH�WLPLQJ�FRQGLWLRQ�GLG�QRW�LQWHUDFW�ZLWK�WKH�DJH��)�������� �������S  �

�����7KH�VLJQLILFDQW�OLQHDU�HIIHFW�RI�WKH�WLPLQJ�FRQGLWLRQ��)�������� �������S  ������Ș�S  ������

UHYHDOHG�WKDW�WKH�WDUJHW GXUDWLRQ�ZDV�MXGJHG�ORQJHU�ZLWK�WKDQ�ZLWKRXW��0VROR  ������FRQFXUUHQW�

GXUDWLRQ�� DQG� LQ� D� JUHDWHU� H[WHQG�ZLWK� WZR� �0WULSOH�� � ����� WKDQ�RQH� �0GXDO  � ����� FRQFXUUHQW�

GXUDWLRQ��)LJXUH���$��
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)LJXUH���� 0HDQ�WHPSRUDO�7LPH�(UURU SDLUHG�ZLWK�GLIIHUHQW��$��FRQGLWLRQV RI�WLPLQJ �VROR��GXDO�
DQG�WULSOH�WLPLQJ� DQG��%��GXUDWLRQ�RI�WLPLQJ ������VHFRQGV��

,Q� DGGLWLRQ�� WKHUH�ZDV� D� VLJQLILFDQW� LQWHUDFWLRQ�EHWZHHQ� WKH� WLPLQJ�FRQGLWLRQ�DQG� WKH�

VFRUHV�RI�DWWHQWLRQ��)�������� ��������S ����������Ș�S  �������ZKLOH�WKH�WLPLQJ�FRQGLWLRQ�GLG�QRW�

LQWHUDFW�ZLWK�WKH�RWKHU�FRJQLWLYH�VFRUHV��WLPLQJ�î VKRUW�WHUP�PHPRU\��)�������� �������S  ������

WLPLQJ�î ZRUNLQJ�PHPRU\��)�������� �������S  ������WLPLQJ�î SURFHVVLQJ�VSHHG��)�������� �������

S  �������7KH�PDLQ HIIHFWV�RI�WKH�DJH�DQG�RI�GLIIHUHQW�QHXURSV\FKRORJLFDO�VFRUHV�ZHUH�DOVR�QRW�

VLJQLILFDQW��DOO�S !�������7KH�WHPSRUDO�RYHUHVWLPDWLRQ�LQ� WKH�PXOWL�WLPLQJ� WDVN�ZDV�WKHUHIRUH�

UHODWHG�WR�DWWHQWLRQDO�SURFHVVHV��$V�FRQILUPHG�WKH�UHJUHVVLRQ�DQDO\VLV��WKH�PHDQ�RI�GLIIHUHQFHV�

LQ�WLPH�HVWLPDWHV�EHWZHHQ�WKH�PXOWL� DQG�WKH�VLQJOH�WLPLQJ�WDVN�LQFUHDVHG�ZKHQ�WKH�DWWHQWLRQ�

FDSDFLWLHV�ZHUH�SRRUHU��E  ��������6(  ��������%  ������W  �������S ����������)LJXUH������$V�

UHFDOOHG�D�ORZHU�VFRUH�RQ�WKH�DWWHQWLRQ�WHVW�XVHG�LQ�RXU�VWXG\�PHDQV�KLJKHU�DWWHQWLRQ�FDSDFLWLHV��
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,Q�RWKHU�ZRUGV��WKH�ORZHU�WKH�DWWHQWLRQ�FDSDFLWLHV��WKH�KLJKHU�WKH�OHQJWKHQLQJ�HIIHFW�LQ�WKH�PXOWL�

WLPLQJ�WDVN�ZDV�

)LJXUH�����$WWHQWLRQ�VFRUHV�SORWWHG�DJDLQVW�WKH�PHDQ�GLIIHUHQFH�LQ�WHPSRUDO�HUURU�EHWZHHQ�PXOWL�
DQG�VLQJOH�WLPLQJ�

7KH�$1&29$�DOVR�VKRZHG�D�VLJQLILFDQW�PDLQ�HIIHFW�RI�WKH�WDUJHW�GXUDWLRQ��)�������� �

�������S ����������Ș�S  �������LQGLFDWLQJ�WKDW�WKH�VKRUW�GXUDWLRQ����V��WHQGHG�WR�EH�RYHUHVWLPDWHG�

DQG�WKH�ORQJHU�RQH����V��XQGHUHVWLPDWHG��)LJXUH���%���FRQVLVWHQWO\�ZLWK�9LHURUGW
V�ODZ��7KHUH�

ZDV�QHLWKHU�WDUJHW�GXUDWLRQ�î DJH�QRU�WDUJHW�GXUDWLRQ�î FRJQLWLYH�VFRUHV�LQWHUDFWLRQ��DOO�S !�������

LQGLFDWLQJ� WKH� UREXVWQHVV� RI� WKLV� ODZ� +RZHYHU�� WKHUH� ZDV� D� VLJQLILFDQW� GXUDWLRQ� î WLPLQJ�

FRQGLWLRQ�LQWHUDFWLRQ��)�������� �������S  ������ Ș�S  �������7KLV�LQGLFDWHV�WKDW�WKH�HIIHFW�RI�WKH�

PXOWL�WLPLQJ�RQ�WHPSRUDO�SHUIRUPDQFH�ZDV�KLJKHU�IRU�WKH���V�WKDQ�IRU�WKH���V�WDUJHW�GXUDWLRQ��

,QGHHG��WKH�GLIIHUHQFH�LQ�7(�EHWZHHQ�WKH�VLQJOH�DQG�WKH�GXDO�RU�WKH�WULSOH�WLPLQJ�ZDV�KLJKHU�IRU�

��V�WKDQ�IRU���V��W����� �������W����� �������UHVSHFWLYHO\��S ��������7KHUH�ZDV�DOVR�D�VLJQLILFDQW�

WLPLQJ�î GXUDWLRQ�î ZRUNLQJ�PHPRU\� LQWHUDFWLRQ��)�������� �������S  � ���� Ș�S  ������7KH�

UHJUHVVLRQ�DQDO\VHV�LQGLFDWHG�WKDW�WKH�ZRUNLQJ�PHPRU\�RQO\�SOD\HG�D�VLJQLILFDQW�UROH�IRU�WKH�

VKRUW�WDUJHW�GXUDWLRQ�RI���V�ZKHQ�WKUHH�GXUDWLRQV�KDG�WR�EH�SURFHVVHG�LQ�SDUDOOHO��L�H��IRU�WKH�WULSOH�

DQG�WKH�VLQJOH�WLPLQJ�GLIIHUHQFH�LQ�7(��E  �������(6  ��������%� ������W  �������S  �������7KH���

V�GXUDWLRQ�ZDV�LQGHHG�MXGJHG�ORQJHU�ZKHQ�WKH�ZRUNLQJ�PHPRU\�FDSDFLWLHV�LQFUHDVHG�
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7HPSRUDO�YDULDELOLW\��$Q�$1&29$�ZLWK�WKH�VDPH�IDFWRUV�DV�WKRVH�XVHG�IRU�WKH�7(�

ZDV�SHUIRUPHG�RQ�WKH�VWDQGDUG�GHYLDWLRQ��6�'���RI�UHSURGXFHG�GXUDWLRQV��7KLV�VWDWLVWLFDO�DQDO\VLV�

DOVR�VKRZHG�D�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�WKH�WLPLQJ�FRQGLWLRQ�DQG�WKH�DWWHQWLRQ�VFRUHV��)����

���� ��������S����������Ș�S  �����ZLWK�D�VLJQLILFDQW�PDLQ�HIIHFW�RI�DWWHQWLRQ��)�������� ��������

S� �������Ș�S  ������7KH�PDLQ�HIIHFW�RI�WKH�WLPLQJ�FRQGLWLRQ�IDLOHG�WR�UHDFK�VLJQLILFDQFH��0VROR

 �������0GXDO  �������0WULSOH  �������)�������� �������S� �������7KHUH�ZDV�QR�RWKHU�VLJQLILFDQW�

HIIHFW� �DOO� S !� ������ 7KHUHIRUH�� WKH� SDUWLFLSDQWV� ZLWK� SRRUHU� DWWHQWLRQ� FDSDFLWLHV� ZHUH�PRUH�

YDULDEOH� LQ� WKHLU� WHPSRUDO� UHSURGXFWLRQ�� ,Q� DGGLWLRQ�� WKH� YDULDELOLW\� LQ� WKHLU� UHSURGXFWLRQ�

LQFUHDVHG�ZLWK�WKH�QXPEHU�RI�GXUDWLRQV�WR�EH�SURFHVVHG�LQ�SDUDOOHO��DV�VXJJHVWHG�WKH�VLJQLILFDQW�

WLPLQJ�î DWWHQWLRQ�LQWHUDFWLRQ��,QGHHG��WKH�GLIIHUHQFH�LQ�WKH�WHPSRUDO�6�'� EHWZHHQ�WKH�PXOWL�

WLPLQJ�DQG�WKH�VLQJOH�WLPLQJ�WDVN�LQFUHDVHG�ZLWK�WKH�SRRUHU�DWWHQWLRQ�FDSDFLWLHV��EXW�LQ�D�JUHDWHU�

H[WHQG�IRU�WKUHH�FRQFXUUHQW�GXUDWLRQV�FRPSDUHG�WR�WZR�FRQFXUUHQW�GXUDWLRQV��E  �������(6  �

�������%� ������W  ������S  �������E  �������(6  �������%� ������W  �������S  ��������)LQDOO\��WKH�

WLPH�GLVWRUWLRQ�LQGXFHG�E\�WKH�PXOWL�WLPLQJ�LQFUHDVHG�LQ�WKH�SDUWLFLSDQWV�ZLWK�SRRUHU�DWWHQWLRQ�

FDSDFLWLHV�ZLWK�WKH�YDULDELOLW\�RI�WKHLU�WLPH�MXGJPHQW��DV�LQGLFDWHG�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�

PHDQ�RI�PXOWL�VROR�WLPLQJ�GLIIHUHQFHV�LQ�WKH�6(�DQG�WKDW�LQ�WKH�6'��U� �������S ����������

/HQJWK�RI�WKH�FRQFXUUHQW�GXUDWLRQ� ,Q�RUGHU�WR�H[DPLQH�WKH�GLIIHUHQFH�LQ�WKH�WHPSRUDO�

DFFXUDF\��7(��DV�D�IXQFWLRQ�RI�WKH�OHQJWK�RI�WKH�FRQFXUUHQW�GXUDWLRQ��WKH�FRQFXUUHQW�GXUDWLRQ�

ZDV�VSOLWWHG�LQWR�WZR�FDWHJRULHV��VKRUWHU�RU�ORQJHU�WKDQ�WKH�WDUJHW�GXUDWLRQ��7KH�WULSOH�WLPLQJ�

WULDOV�ZLWK�ERWK�D�VKRUWHU�DQG�D�ORQJHU�FRQFXUUHQW�GXUDWLRQ�ZHUH�QRW�FRQVLGHUHG��$Q�$1&29$�

ZDV� WKXV� FRQGXFWHG� RQ� WKH� 7(� ZLWK� WKH� FRQFXUUHQW� GXUDWLRQ� DV� IDFWRU� �VKRUWHU� YV� ORQJHU�

FRQFXUUHQW�GXUDWLRQ���EXW�DOVR�WKH�WDUJHW�GXUDWLRQ��WKH�DJH��DQG�WKH�VLJQLILFDQW�DWWHQWLRQ�VFRUHV��

7KLV�$1&29$�VKRZHG�D�VLJQLILFDQW�WDUJHW�GXUDWLRQ�HIIHFW��)�������� ��������S ��������Ș�S� 

�����DQG�D�VLJQLILFDQW�WDUJHW�GXUDWLRQ�î FRQFXUUHQW�GXUDWLRQ�î DWWHQWLRQ�LQWHUDFWLRQ��)�������� �

������ S  � ����� Ș�S� ����� 1R� RWKHU�PDLQ� HIIHFWV� RU� LQWHUDFWLRQV� ZHUH� VLJQLILFDQW� HYHQ� WKRVH�

LQYROYLQJ�WKH�DJH��DOO�S !�������,Q�IDFW��WKHUH�ZDV�QR�GLIIHUHQFH�LQ�WKH�WLPH�HVWLPDWHV�DV�D�IXQFWLRQ�

RI�WKH�OHQJWK�RI�WKH�FRQFXUUHQW�GXUDWLRQ�IRU�WKH���V�WDUJHW�GXUDWLRQ� W����� �������S  ������ZKLOH�

WKH�GXUDWLRQ�ZDV� MXGJHG�VKRUWHU�ZLWK�D� ORQJHU�FRQFXUUHQW�GXUDWLRQ� WKDQ�D�VKRUWHU�FRQFXUUHQW�

GXUDWLRQ� IRU� WKH� ��V� WDUJHW� GXUDWLRQ� ������� YV�� ������ W�����  � ������S  � ������ ,Q� DGGLWLRQ�� WKH�

GLIIHUHQFH� LQ�7(�EHWZHHQ� WKH�VKRUWHU�DQG� WKH� ORQJHU�FRQFXUUHQW�GXUDWLRQ�GHFUHDVHG�ZLWK� WKH�

SRRUHU�DWWHQWLRQ�FDSDFLWLHV�IRU�WKH���V�WDUJHW�GXUDWLRQ��E� ��������6(� ������%� ��������W� ��������

S  �������)LJXUH���%��
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����������
7KH�UHVXOWV�RI�RXU�H[SHULPHQW�FOHDUO\�VKRZHG�WKDW�WKH�FKLOGUHQ�DV�ZHOO�DV�WKH�DGXOWV�ZHUH�

DEOH� WR� SURFHVV� GLIIHUHQW� GXUDWLRQV� VLPXOWDQHRXVO\�� ,Q� WKH� FKLOGUHQ�� DV� LQ� WKH� DGXOWV�� WKH�

SURFHVVLQJ�RI�PXOWLSOH�GXUDWLRQV�OHQJWKHQHG�WKH�WLPH�HVWLPDWHV�DQG�LQFUHDVHG�WKHLU�YDULDELOLW\��

,Q� DGGLWLRQ�� WKH� OHQJWKHQLQJ�HIIHFW� LQFUHDVHG�ZLWK� WKH�QXPEHU�RI� FRQFXUUHQW�GXUDWLRQV� WR�EH�

WLPHG��2XU�UHVXOWV�WKXV�UHSOLFDWHG�LQ�DGXOWV�EXW�DOVR�LQ�FKLOGUHQ�WKH�UHVXOWV�IRXQG�LQ�SUHYLRXV�

VWXGLHV�LQ�DGXOWV�RQ�WKH�PXOWL�WLPLQJ��H�J���%URZQ�	�:HVW��������YDQ�5LMQ�	�7DDJWHQ���������

$V�H[SHFWHG��RXU�UHVXOWV�DOVR�VKRZHG�WKDW�WKH�PDJQLWXGH�RI�WKH�WHPSRUDO�RYHUHVWLPDWLRQ�DQG�LWV�

YDULDELOLW\�LQ�D�PXOWLSOH�WLPLQJ�WDVN�ZDV�OLQNHG�WR�LQGLYLGXDO�DWWHQWLRQ�FDSDFLWLHV��UDWKHU�WKDQ�

RWKHU�FRJQLWLYH�FDSDFLWLHV�RI�ZRUNLQJ�PHPRU\�RU�LQIRUPDWLRQ�SURFHVVLQJ�VSHHG��,Q�SDUWLFXODU��

WKH� WLPH�GLVWRUWLRQV� LQ� WKH�PXOWL�WLPLQJ�FRQGLWLRQV� LQFUHDVHG� LQ� WKH�SDUWLFLSDQWV�ZLWK� OLPLWHG�

DWWHQWLRQ� FDSDFLWLHV�� FKDUDFWHULVWLFV� RI� \RXQJ� FKLOGUHQ�� +RZHYHU�� WKH� OHQJWKHQLQJ� RI� WLPH�

HVWLPDWHV�ZLWK�D�FRQFXUUHQW�GXUDWLRQ�ZDV� MXGJHG�VKRUWHU� UDWKHU� WKDQ� ORQJHU�ZLWK� WKH� ORQJHVW�

FRQFXUUHQW�GXUDWLRQ��HVSHFLDOO\�LQ�WKH�SDUWLFLSDQWV�ZLWK�KLJK�DWWHQWLRQ�FDSDFLWLHV��

2YHUDOO�� RXU� VWXG\� UHYHDOHG� WKDW� DW� DOO� DJHV�� FKLOGUHQ� DQG� DGXOWV� DUH� DEOH� WR� SURFHVV�

GLIIHUHQW�GXUDWLRQV� LQ�SDUDOOHO��EXW� WKDW� VRPH� LQWHUIHUHQFH� HIIHFWV� UHODWHG� WR� WHPSRUDO�FRQWH[W�

GLVUXSW� WKH� DFFXUDF\� RI� WLPH� MXGJPHQW�� &RQVHTXHQWO\�� SDUWLFLSDQWV� WLPH� GXUDWLRQV�

VLPXOWDQHRXVO\�EXW�QRW�LQGHSHQGHQWO\��$V�WKH�WHPSRUDO�LQWHUIHUHQFH�HIIHFWV�ZHUH�KLJKHU�LQ�WKH�

SDUWLFLSDQWV�ZLWK�OLPLWHG�DWWHQWLRQ��ZH�FDQ�VXJJHVW�WKDW�WKHVH�LQWHUIHUHQFH�HIIHFWV�DUH�GXH�WR�WKH�

KLJKHU�LPSDFW�RI�WHPSRUDO�FRQWH[W�RQ�FKLOGUHQ¶V� WHPSRUDO�SHUIRUPDQFH��+DOOH]�HW�DO����������

7KHUHIRUH�� LQGHSHQGHQW� SURFHVVLQJ� RI� GXUDWLRQV� GHYHORSV� GXULQJ� FKLOGKRRG� ZLWK� WKH�

GHYHORSPHQW�RI�DWWHQWLRQ��+RZHYHU��RXU�UHVXOWV�VKRZHG�WKDW�WKH�WLPH�HVWLPDWHV�ZHUH�VKRUWHU�DQG�

QRW�ORQJHU�ZLWK�WKH�ORQJHU�FRQFXUUHQW�GXUDWLRQ��7KLV�LV�DJDLQVW�WKH�LGHD�RI�D�VLPSOH�LQWHUIHUHQFH�

HIIHFW� RI� WHPSRUDO� FRQWH[W� EDVHG� RQ� DWWHQWLRQ� SURFHVVHV�� 6RPH� GHFLVLRQDO� SURFHVVHV� RI�

FRPSDULVRQ�EHWZHHQ�GXUDWLRQV�KDYH�SUREDEO\� DOVR�SOD\HG� D� UROH�� ,W� LV� DOVR�SRVVLEOH� WKDW� WKH�

FKLOGUHQ�ZRXOG�KDYH�IRFXVHG�PRUH�DWWHQWLRQ�RQ�WKH�HQG�RI�WKH�ILUVW�GXUDWLRQ��DQG�OHVV�WR�ZKDW�

KDSSHQV�DIWHU��WKXV�H[SODLQLQJ�WKH�ORZHU�HIIHFW�RI�WKH�OHQJWK�RI�WKH�FRQFXUUHQW�GXUDWLRQ�RQ�WKHLU�

WLPLQJ��,Q�RXU�VWXG\��WR�VLPSOLI\�WKH�WDVN�IRU�\RXQJ�FKLOGUHQ��ZH�GHFLGHG�WR�XVH�V\QFKURQRXV�

RQVHWV�IRU�WKH�GLIIHUHQW�VWLPXOXV�GXUDWLRQV��:LWK�D�VWLPXOXV�RQVHW�V\QFKURQ\��WKH�GLIIHUHQFH�LQ�

WHPSRUDO�FRQWH[W��OHQJWK�RI�GXUDWLRQV��RQO\�DSSHDUHG�DIWHU�WKH�HQG�RI�RQH�RI�VWLPXOXV�GXUDWLRQV��

7KLV�PLJKW�H[SODLQHG�WKH�ORZHU�HIIHFW�RI�WKH�OHQJWK�RI�WKH�FRQFXUUHQW�GXUDWLRQ�LQ�FKLOGUHQ�LI�WKH\�

IRFXVHG� RQ� FRQWH[WXDO� FKDQJHV��+RZHYHU�� WKH� FRQVHTXHQFH� RQ� WHPSRUDO� SHUIRUPDQFH� RI� WKH�

OHQJWK�RI�WKH�FRQFXUUHQW�GXUDWLRQ�DQG�WKH�RYHUODS�EHWZHHQ�WZR�GXUDWLRQV�ZHUH�QRW�VXIILFLHQWO\�
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FRQWUROOHG� LQ�RXU�VWXG\�XVLQJ�D�VWLPXOXV�RQVHW�V\QFKURQ\��7R�IXUWKHU�H[DPLQH� WKLV� LVVXH��ZH�

FRQGXFWHG�D�VHFRQG�H[SHULPHQW�LQ�FKLOGUHQ�DQG�DGXOWV��7KH�DLP�RI�WKLV�VHFRQG�H[SHULPHQW�ZDV�

WR�UHSOLFDWH�WKH�UHVXOWV�IRXQG�LQ�([SHULPHQW���DQG�WR�H[DPLQH�WKH�HIIHFWV�RQ WLPLQJ�RI�FRQFXUUHQW�

GXUDWLRQ¶V� FKDUDFWHULVWLFV�� L�H��� LWV� OHQJWK� EXW� DOVR� WKH� RYHUODS� EHWZHHQ� WKH� WDUJHW� DQG� WKH�

FRQFXUUHQW�GXUDWLRQ�DQG�WKH�SUHVHQWDWLRQ�RUGHU�RI�GXUDWLRQV��E\�XVLQJ�GLIIHUHQW�VWLPXOXV�RQVHW�

DV\QFKURQ\��62$��

([SHULPHQW��

������
3DUWLFLSDQWV��6L[W\�QLQH�VXEMHFWV�SDUWLFLSDWHG�LQ�WKLV�H[SHULPHQW�����FKLOGUHQ�DJHG�IURP�

��WR���\HDUV�����IHPDOHV�DQG���PDOHV��PHDQ�DJH� ������\HDUV��6�'  �����������FKLOGUHQ�IURP���

WR���\HDUV�����IHPDOHV�DQG����PDOHV��PHDQ�DJH� ������\HDUV��6�'  �������DQG����DGXOWV�����

IHPDOHV�DQG���PDOHV��PHDQ�DJH� ��������6�'  ��������7KH�FKLOGUHQ�DQG�WKH�DGXOWV�ZHUH�UHFUXLWHG�

IURP� WKH� VDPH� VFKRROV� DQG� WKH� VDPH� XQLYHUVLW\� WKDQ� WKRVH� XVHG� LQ� ([SHULPHQW� ��� 7KH�

SDUWLFLSDQWV�ZHUH�DOVR�UHZDUGHG�LQ�WKH�VDPH�ZD\� DQG�WKH\��SDUHQWV�IRU FKLOGUHQ��VLJQHG�ZULWWHQ�

LQIRUPHG�FRQVHQW� IRU� WKHLU�SDUWLFLSDWLRQ� LQ� WKLV�H[SHULPHQW��7KLV�H[SHULPHQW�ZDV�FDUULHG�RXW�

DFFRUGLQJ� WR� WKH� SULQFLSOHV� RI� WKH� +HOVLQNL� GHFODUDWLRQ� DQG� ZDV� DSSURYHG� E\� WKH� LQVSHFWRU�

FRPPLWWHH�RI�WKH�DFDGHP\�RI�WKH�(GXFDWLRQ�)UHQFK�0LQLVWU\�

0DWHULDO�DQG�SURFHGXUH��7KH�PDWHULDO�ZDV�VLPLODU�WR�WKDW�XVHG�LQ�([SHULPHQW����7KH�

QHXURSV\FKRORJLFDO� WHVWV� XVHG� WR� DVVHVV� LQGLYLGXDO� FRJQLWLYH� FDSDFLWLHV�ZHUH� DOVR� WKH� VDPH��

H[FHSW�WKDW�ZH�QR�ORQJHU�XVHG�WKH�VKRUW�WHUP�DQG�WKH�LQIRUPDWLRQ�SURFHVVLQJ�VSHHG�WHVWV�WKDW�

SURYLGHG�QR�VLJQLILFDQW�UHVXOWV�LQ�([SHULPHQW����:H�WKHUHIRUH�DVVHVVHG�LQ�DOO�SDUWLFLSDQWV�WKHLU�

FDSDFLWLHV�LQ�WHUPV�RI ZRUNLQJ�PHPRU\�DQG�DWWHQWLRQ��

7KH�XVHG�SURFHGXUH�ZDV�DOVR�VLPLODU��H[FHSW�WKDW�WKH�RQVHW�RI�WKH�GLIIHUHQW�VTXDUHV�WR�

EH�HVWLPDWHG�ZHUH�QRW�V\QFKURQL]HG��,Q�DGGLWLRQ��WKH�WDUJHW�GXUDWLRQV�ZHUH�RI���DQG���VHFRQGV��

LQVWHDG�RI���DQG���V��7KH�SDUWLFLSDQWV� WKXV�SHUIRUPHG�DQ� LQLWLDO� WUDLQLQJ�SKDVH��7KHQ�� LQ WKH

IROORZLQJ WHVWLQJ SKDVH� WKH\ ZHUH�LQVWUXFWHG WKDW � RU � VTXDUHV ZHUH OLNHO\ WR DSSHDU EXW WKDW

WKH\ PXVW SD\ DWWHQWLRQ WR WKH GXUDWLRQ RI WKH GLIIHUHQW VTXDUHV EHFDXVH WKH\ ZLOO RQO\ NQRZ

DIWHU WKHLU SUHVHQWDWLRQV ZKLFK VTXDUH KDV WR EH MXGJHG� ,Q�([SHULPHQW����ZKHQ�WKH�WZR�VTXDUHV�

ZHUH� VLPXOWDQHRXVO\� SUHVHQWHG�� WKH� WDUJHW� VTXDUH� DSSHDUHG� EHIRUH� RU� DIWHU� WKH� RQVHW� RI� WKH�

VHFRQG�VTXDUH��)LJXUH������5HJDUGOHVV�WKH�DSSHDUDQFH�RUGHU��EHIRUH�RU�DIWHU���WKH�GXUDWLRQ�RI�

WKH� WHPSRUDO� RYHUODS� EHWZHHQ� WKH� WZR� VTXDUHV� ZDV� HLWKHU� RI� ��� RU� ���� RI� WKH� WRWDO� WDUJHW�

GXUDWLRQ� ,Q�([SHULPHQW���� WKH�GXUDWLRQ�RI� WKH�VHFRQG�VTXDUH��FRQFXUUHQW�GXUDWLRQ��ZDV�DOVR�
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FRQWUROOHG��EHLQJ���VHFRQGV�ORQJHU�RU�VKRUWHU�WKDQ�WKDW�RI�WKH�WDUJHW�VTXDUH��L�H�����V�DQG���V�IRU�

WKH���V�WDUJHW�GXUDWLRQ��DQG���V�DQG���V�IRU�WKH���V�WDUJHW�GXUDWLRQ��7KHUHE\��DV�LOOXVWUDWHG�)LJXUH�

����WKHUH�ZHUH����H[SHULPHQWDO�FRQGLWLRQV����WDUJHW�GXUDWLRQV�î ��WHPSRUDO�RYHUODS�î ��WDUJHW�

GXUDWLRQ�RUGHU�î ��FRQFXUUHQW�GXUDWLRQ��DQG���FRQWURO�FRQGLWLRQV�ZKHUH�RQO\�RQH�VTXDUH�ZDV�

SUHVHQWHG��RQH�IRU�HDFK�WDUJHW�GXUDWLRQ���7KHUH�ZHUH���WULDOV�IRU�HDFK�FRQGLWLRQ��7KDW�PDGH�D�

WRWDO� RI� ���� WULDOV�� 7KH� SDUWLFLSDQWV� ZHUH� JLYHQ� ��� DGGLWLRQDO� GLVWUDFWLQJ� WULDOV�� ZKHUH� WKH�

GXUDWLRQ�RI�WKH�WDUJHW�VTXDUH�ZHUH�GLIIHUHQW�IURP���DQG���V��L�H�����������������RU���VHFRQGV��7KHVH�

GLVWUDFWLQJ GXUDWLRQV�ZHUH�WKXV�SUHVHQWHG�LQ�WKH�GLIIHUHQW�FRQGLWLRQV����GLVWUDFWLQJ�GXUDWLRQV�î ��

WHPSRUDO�RYHUODS�î ��WDUJHW�GXUDWLRQ�RUGHU�î ��FRQFXUUHQW�GXUDWLRQ��$OO�WKH�WULDOV�ZHUH�UDQGRPO\�

SUHVHQWHG�



WĂŐĞ�ͮ�ϭϱϲ

)LJXUH�����,OOXVWDWLRQ�RI�WKH�H[SHULPHQWDO�FRQGLWLRQV�
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�������
1HXURSV\FKRORJLFDO�VFRUHV��7KH�VWDWLVWLFDO�DQDO\VHV�VKRZHG�WKDW�WKH�ZRUNLQJ�PHPRU\�

DQG�DWWHQWLRQ�VFRUHV�LQFUHDVHG�ZLWK�DJH�DV�LQ�([SHULPHQW����)�������� ��������S ���������Ș�S  �

������)�������� ��������S ���������Ș�S �������UHVSHFWLYHO\���FI�7DEOH��

7HPSRUDO�DFFXUDF\��������RI�WKH�WULDOV�ZHUH�UHMHFWHG�IURP�RXU�VDPSOH�EHFDXVH�WKH\�

ZHUH�VXSHULRU�RU�LQIHULRU�RI���VWDQGDUG�GHYLDWLRQV��$V�IRU�([SHULPHQW����ZH�LQLWLDOO\�SHUIRUPHG�

DQ�$1&29$�RQ�WKH�WLPH�HUURU��7(��>�5�±7��7@��ZLWK�WKH�DJH�DV�EHWZHHQ�VXEMHFW�IDFWRU�DQG�WZR�

ZLWKLQ�VXEMHFWV�IDFWRUV��WLPLQJ�FRQGLWLRQ��VROR��GXDO��DQG�WDUJHW�GXUDWLRQ�������V���7KH�]�VFRUHV�

RI�ZRUNLQJ�PHPRU\�DQG�DWWHQWLRQ�ZHUH�XVHG�DV�FRYDULDWH��

7KH�$1&29$�VKRZHG�D� VLJQLILFDQW�PDLQ�HIIHFW�RI� WKH� WLPLQJ�FRQGLWLRQ��)�������� �

�������S  �������Ș�S  �������7KLV�FRQILUPHG�WKDW�WKH�WDUJHW�GXUDWLRQ�ZDV�MXGJHG�ORQJHU�LQ�WKH�

PXOWL�WLPLQJ� FRQGLWLRQ� �0�  � ����� WKDQ� LQ� WKH� VLQJOH� WLPLQJ� FRQGLWLRQ� �0�  � ������� DQG� WKLV�

UHJDUGOHVV� RI� WKH� DJH� JURXS� �)LJXUH� ����� 7KH� WDUJHW� GXUDWLRQ� î WLPLQJ� LQWHUDFWLRQ�ZDV� DOVR�

VLJQLILFDQW��)�������� ��������S �������� Ș�S  �������ZKLOH�WKH�PDLQ�HIIHFW�RI�WKH�WDUJHW�GXUDWLRQ�

IDLOHG� WR� UHDFK� VLJQLILFDQFH� LQ� WKLV� H[SHULPHQW�� )���� ����  � ������ S  � ����� 7KLV� VLJQLILFDQW�

LQWHUDFWLRQ�PHDQV�WKDW WKH�OHQJWKHQLQJ�HIIHFW�SURGXFHG�E\�WKH�PXOWL�WLPLQJ�ZDV�JUHDWHU�IRU�WKH�

VKRUW�WDUJHW�GXUDWLRQ�RI���V�WKDQ�IRU�WKH�ORQJHU�RQH�RI���V�

)LJXUH���� 0HDQ�UHSURGXFHG�GXUDWLRQ�IRU�WKH�WZR�FRQGLWLRQV�RI�WLPLQJ��VROR��GXDO��IRU�ERWK�WKH
� DQG��V�GXUDWLRQ�
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$V�LQ�([SHULPHQW����WKHUH�ZDV�D�VLJQLILFDQW�WLPLQJ�î DWWHQWLRQ�LQWHUDFWLRQ��)�������� �

�������S  ������Ș�S  �������2QFH�DJDLQ��WKH�7(�EHWZHHQ�WKH�GXDO�DQG�WKH�VROR�WLPLQJ�LQFUHDVHG�

ZLWK�WKH�GHFUHDVH�RI�DWWHQWLRQ�FDSDFLWLHV��E  �������(6  ������%� ������W� �������S ����������)LJXUH�

�����7KHUH�ZDV�QR�RWKHU�VLJQLILFDQW�HIIHFWV��QHLWKHU�DJH�HIIHFW��)�������� �������S  ������QRU��DJH�

î WLPLQJ��)�������� �������S  ������RU�ZRUNLQJ�PHPRU\�[�WLPLQJ�LQWHUDFWLRQ��)�������� �������S

 ������,Q�FRQFOXVLRQ��WKH�UHVXOWV�RI�([SHULPHQW���UHSOLFDWHG�WKRVH�RI�([SHULPHQW���VKRZLQJ�D�

WHPSRUDO�OHQJWKHQLQJ�LQ�D�VLWXDWLRQ�RI�PXOWL�WLPLQJ�FRUUHODWHG�ZLWK�DWWHQWLRQ�FDSDFLWLHV�

)LJXUH�����$WWHQWLRQ�VFRUHV�SORWWHG�DJDLQVW�WKH�PHDQ�GLIIHUHQFH�LQ�WHPSRUDO�HUURU�EHWZHHQ�GXDO�
DQG�VLQJOH�WLPLQJ�

7HPSRUDO� YDULDELOLW\�� 7KH� $1&29$� SHUIRUPHG� RQ� WKH� VWDQGDUG� GHYLDWLRQ� RI�

UHSURGXFHG�GXUDWLRQ�IRXQG�D�VLJQLILFDQW�HIIHFW�RI�WKH�WLPLQJ�FRQGLWLRQ��)�������� ��������S ��

�������Ș�S  �������EXW�QRZ�LQ�WKH�GLUHFWLRQ�RI�D�ORZHU�WHPSRUDO�YDULDELOLW\�IRU�WKH�GXDO��0� �

������WKDQ�IRU�WKH�VROR��0� �������WLPLQJ�FRQGLWLRQ��DOWKRXJK�WKH GXUDWLRQV�ZHUH�MXGJHG�ORQJHU�

LQ�WKH�IRUPHU�FRQGLWLRQ��)LJXUH������+RZHYHU��LQ�WKLV�QHZ�H[SHULPHQW��WKHUH�ZDV�D�VLJQLILFDQW�

��ZD\�WLPLQJ�î GXUDWLRQ�î DJH�LQWHUDFWLRQ��)�������� �������S  ����� Ș�S  �������VXEVXPHG�D�

VLJQLILFDQW�GXUDWLRQ�î WLPLQJ�LQWHUDFWLRQ��)�������� �������S  ����� Ș�S  �������)XUWKHU�VWDWLVWLFDO�

DQDO\VHV�LQGLFDWHG�WKDW�WKH�HIIHFW�RI�WKH�WLPLQJ�FRQGLWLRQ�ZDV�VLJQLILFDQW�LQ�DOO�DJH�JURXSV������

\HDUV��)�������� ��������S  ������ Ș�S  �����������\HDUV��)�������� �������S  ����� Ș�S  �������

DGXOWV��)�������� ��������S �������� Ș�S ��������ZKLOH�QHLWKHU�WKH�GXUDWLRQ�HIIHFW��QRU�WKH�WLPLQJ�

î GXUDWLRQ� LQWHUDFWLRQ�ZHUH� VLJQLILFDQW� �DOO� S !� ������ 7KH� VLJQLILFDQW� ��ZD\� LQWHUDFWLRQ� WKXV�

PDLQO\�VXJJHVWV�WKDW�WKH�GLIIHUHQFH�LQ�WKH�WHPSRUDO�YDULDELOLW\ EHWZHHQ�WKH�VROR�DQG�WKH�GXDO�
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WLPLQJ�FRQGLWLRQ�ZDV�JUHDWHU�IRU� WKH�ORQJ�WKDQ�IRU�WKH�VKRUW� WDUJHW�GXUDWLRQ��DQG�LQ�D�JUHDWHU�

H[WHQG� LQ� WKH� \RXQJHU� FKLOGUHQ�� ,QGHHG�� WKH� GXDO�VROR� GLIIHUHQFH� LQ� WKH� WHPSRUDO� YDULDELOLW\�

�DYHUDJHG�RYHU�GXUDWLRQV��ZDV�JUHDWHU IRU�WKH�\RXQJHVW�FKLOGUHQ��0� �������WKDQ�IRU�WKH�DGXOWV�

�0� ��������W����� �������S  ��������7KH�RWKHU�DJH�UHODWHG�GLIIHUHQFHV�IDLOHG�WR�UHDFK�VLJQLILFDQFH�

�����\HDUV�YV� ����\HDUV��0� ��������W����� �������S  ����������\HDUV�YV��DGXOWV��W����� �������S  �

��������

7KH�$1&29$�GLG�QRW�ILQG�DQ\�RWKHU�VLJQLILFDQW�PDLQ�HIIHFW�RU�LQWHUDFWLRQ��HYHQ�ZLWK�

WKH�DWWHQWLRQ�VFRUHV��S !�������7KH�ODFN�RI�DWWHQWLRQ�UHODWHG�HIIHFWV�ZDV�OLNHO\�GXH�WR�WKH�PDMRU�

HIIHFW�RI�DJH�RQ�WKH�WHPSRUDO�YDULDELOLW\�LQ�WKLV�H[SHULPHQW��)�������� ��������S �������� Ș�S  �

������ $V� LOOXVWUDWHG� )LJXUH� ���� WKH� ����\HDU�ROGV¶� WHPSRUDO� UHSURGXFWLRQ� ZHUH� SDUWLFXODUO\�

YDULDEOH�LQ�([SHULPHQW����0  ��������EHLQJ�PRUH�YDULDEOH�WKDQ�WKH�����\HDU�ROGV¶��0  ��������

W����� �������S  ������DQG�WKH�DGXOWV¶�WHPSRUDO�UHSURGXFWLRQ��0  �������W����� �������S ���������

,Q�DGGLWLRQ��ZKLOH�PRVW�VWXGLHV�IRXQG�D�FORVH�WLPH�VHQVLWLYLW\�EHWZHHQ�WKH�����\HDU�ROGV�DQG�WKH�

DGXOWV��'URLW�9ROHW���������������LQ�RXU�H[SHULPHQW��WKH�WHPSRUDO�SHUIRUPDQFH�UHPDLQHG�PRUH�

YDULDEOH�LQ�WKH�����\HDU�ROGV�WKDQ�LQ�WKH�DGXOWV��W����� �������S ��������VXJJHVWLQJ�WKDW�WKH�WDVN�

XVLQJ�62$�ZDV�SDUWLFXODUO\�GLIILFXOW�IRU�WKH�\RXQJ�FKLOGUHQ�
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)LJXUH� ���� 6WDQGDUG� GHYLDWLRQ� �6'�� RI� UHSURGXFHG� GXUDWLRQ�ZLWK� DJH� JURXSV� ������ ���� DQG�
DGXOWV���IRU�WKH�FRQGLWLRQV�RI�WLPLQJ��VROR��GXDO��DQG�WDUJHW�GXUDWLRQV�������V��

,PSDFW�RI�WKH�FRQFXUUHQW�GXUDWLRQV�YDULDEOHV�RQ�WLPLQJ��:H�WKHQ�DQDO\]HG�WKH�HIIHFW�

RQ� WLPLQJ� RI� GLIIHUHQW� FKDUDFWHULVWLFV� RI� WKH� FRQFXUUHQW� GXUDWLRQ� � RYHUODS� ���� YV� ������

SUHVHQWDWLRQ�RUGHU�RI�WKH�WDUJHW�GXUDWLRQ��ILUVW�YV� VHFRQG���DQG�FRQFXUUHQW�GXUDWLRQ��VKRUW�����V��

RU� ORQJHU� ���� V�� WKDQ� WKH� WDUJHW� GXUDWLRQ�� � IRU� ERWK� WDUJHW� GXUDWLRQV� ��� DQG��� V���$Q� LQLWLDO�

$1&29$�ZDV�FRQGXFWHG�RQ�WKH�WLPH�HUURU�ZLWK���IDFWRUV�DQG�WKH�QHXURSV\FKRORJLFDO�VFRUHV�

DV�FRYDULDWH��7KLV�$1&29$�VKRZHG�WZR�VLJQLILFDQW���ZD\�LQWHUDFWLRQV�WKDW�ZHUH�GLIILFXOW�WR�

LQWHUSUHW��RYHUODS�î WDUJHW�RUGHU�î WDUJHW�GXUDWLRQ�î VHOHFWLYH�DWWHQWLRQ��)�������� ��������S ��

����� Ș�S  �������RYHUODS�î WDUJHW�RUGHU�î WDUJHW�GXUDWLRQ�î DJH��)�������� �������S  ����� Ș�S  �

�������7R�IXUWKHU�XQGHUVWDQG�RXU�UHVXOWV��ZH�WKXV�GHFLGHG�WR�SURFHHG�VWHS�E\�VWHS��E\�UXQQLQJ�DQ�

$129$�IRU�HDFK�DJH�JURXS�WDNHQ�VHSDUDWHO\��DQG�WKHQ�WR�H[DPLQH�WKH�FRUUHODWLRQV�ZLWK�WKH�

FRJQLWLYH�VFRUHV��)LJXUH�����
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)LJXUH���� 6XPPDUL]LQJ�JUDSKLF�RI�WKH�PHDQ�UHSURGXFHG�7HPSRUDO�(UURU�IRU�HDFK�DJH�JURXS�
DFFRUGLQJ�WR�WKH�HDFK�FRQGLWLRQ�RI�RYHUODS������������DSSHDUDQFH�RI�WKH�WDUJHW�GXUDWLRQ ��VW���QG�
DQG�DGGLWLRQDO�GXUDWLRQ �ORQJHU��VKRUWHU��

,Q�WKH�DGXOWV�JURXS��WKH�$129$�IRXQG�D�VLJQLILFDQW���ZD\�LQWHUDFWLRQ��)�������� �������

S  ������ Ș�S �������ZLWK�D�VLJQLILFDQW�HIIHFW�RI�DOO�FKDUDFWHULVWLFV�RI�WKH�PXOWL�WLPLQJ�WDVN��WDUJHW�

GXUDWLRQ��)�������� ��������Ș�S �������RYHUODS��)�������� �������Ș�S �������WDUJHW�RUGHU��)��������

 � �������Ș�S  �������� FRQFXUUHQW� GXUDWLRQ��)���� ���� � �������Ș�S  ������� DOO�S �� ������ DQG� D�
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VLJQLILFDQW�WDUJHW�GXUDWLRQ�î FRQFXUUHQW�GXUDWLRQ��)�������� ��������S  �������Ș�S  �������7KH�

WDUJHW�RUGHU�î FRQFXUUHQW�GXUDWLRQ�LQWHUDFWLRQ�MXVW�IDLOHG�WR�UHDFK�VLJQLILFDQFH��)�������� �������

S  ������Ș�S �������7KHUHIRUH��LQ�WKH�GXDO�WLPLQJ�FRQGLWLRQ��WKH�WDUJHW�GXUDWLRQ�ZDV�MXGJHG�ORQJHU�

�OHVV�XQGHUHVWLPDWHG��ZLWK�D�VPDOO�������WKDQ�D�ODUJHU�������RYHUODS�EHWZHHQ�WKH�FRQFXUUHQW�

GXUDWLRQV�� ,W�ZDV�DOVR� MXGJHG� ORQJHU�ZKHQ� WKH�FRQFXUUHQW�GXUDWLRQ�ZDV� ORQJHU�DQG�ZKHQ� WKH�

WDUJHW� GXUDWLRQ� ZDV� SUHVHQWHG� VHFRQG�� DIWHU� UDWKHU� WKDQ� EHIRUH� WKH� FRQFXUUHQW� GXUDWLRQ��

0RUHRYHU��WKH�ILUVW�HVWLPDWHV�ZHUH�MXGJHG�OHVV�DFFXUDWHO\�LQ�WKH�GXDO�WLPLQJ�FRQGLWLRQ�WKDQ�LQ�

WKH�VLQJOH�WLPLQJ�WDUJHW�GXUDWLRQ��DYHUDJHG�RYHU�GXUDWLRQ��W����� �������S  �������,Q�FRQFOXVLRQ��

DQ� DGGLWLRQDO� DPRXQW� RI� WLPH� ZDV� DGGHG� WR� WLPH� HVWLPDWHV� ZKHQ� D� VHFRQG� GXUDWLRQ� ZDV�

VLPXOWDQHRXVO\�SUHVHQWHG��DQG�WKH�SURSRUWLRQ�RI�WKH�WHPSRUDO�H[WHQVLRQ�GHSHQGV�RI�WHPSRUDO�

FRQWH[W�DV�GLVFXVVHG�ODWHU��

,Q�FKLOGUHQ��WKHUH�ZDV�D�PDMRU�HIIHFW�RI�WKH�WDUJHW�GXUDWLRQ������\HDUV��)�������� ��������

Ș�S  �����������\HDUV��)�������� ��������Ș�S  ������� DQG�WKH�WDUJHW�GXUDWLRQ�LQWHUDFWHG�ZLWK�WKH�

WDUJHW�GXUDWLRQ�RUGHU������\HDUV��)�������� �������Ș�S  �����������\HDUV��)�������� �������Ș�S  �

������S ��������7KH�RWKHU�FKDUDFWHULVWLFV�RI�WKH�FRQFXUUHQW�GXUDWLRQ�ZHUH�QRW�VLJQLILFDQW��S ��

������,Q�IDFW��LQ�WKH�GXDO�WLPLQJ�FRQGLWLRQ��D�JUHDWHU�OHQJWKHQLQJ�HIIHFW�RQO\�WHQGHG�WR�RFFXU�LQ�

FKLOGUHQ�ZKHQ�WKH���V�WDUJHW�GXUDWLRQ�ZDV�SUHVHQWHG�VHFRQG��DIWHU�WKH�FRQFXUUHQW�GXUDWLRQ������

\HDUV��W����� ��������S  ����������\HDUV��W����� �������S  ��������+RZHYHU��ZKDWHYHU�WKH�WDUJHW�

RUGHU� SUHVHQWDWLRQ� LQ� WKH� PXOWL�WLPLQJ� FRQGLWLRQ�� WKH� OHQJWKHQLQJ� HIIHFW� DOZD\V� RFFXUUHG�

FRPSDUHG�WR�WKH�VLQJOH�WLPLQJ�FRQGLWLRQ��IRU�ERWK�WKH�WDUJHW�GXUDWLRQ�SUHVHQWHG�ILUVW��DYHUDJHG�

RYHU GXUDWLRQ�������\HDUV�������YV� �������W����� �������S  ����������\HDUV�������YV��������W����� �

������S  ������DQG�VHFRQG������\HDUV�������YV��������W����� �������S  ����������\HDUV�������YV���

������W����� �������S  �������,Q�DGGLWLRQ��LQ�WKH�����\HDU�ROGV��WKLV�OHQJWKHQLQJ�HIIHFW�RI�WKH�VHFRQG�

GXUDWLRQ�ZKHQ�WKH�RYHUODS�EHWZHHQ�WKH�WZR�GXUDWLRQV�WR�EH�SURFHVVHG�LQ�SDUDOOHO��WKH�62$��ZDV�

VKRUW�������FRPSDUHG�WR��������WKXV�LQFUHDVLQJ�WKH�WRWDO�WLPH�RI�VWLPXOL�SUHVHQWDWLRQV���DQG�

HVSHFLDOO\�LQ� WKH�FDVH�RI� WKH VKRUW� WDUJHW�GXUDWLRQ�RI���V��DV� LQGLFDWHG�WKH�VLJQLILFDQW�RUGHU�î

RYHUODS�î GXUDWLRQ�WDUJHW�LQWHUDFWLRQ��)�������� �������S  ������Ș�S ������

7DEOH��� VKRZHG�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�DJH��LQ�PRQWKV���WKH�]�VFRUHV�RI�DWWHQWLRQ�

DQG�ZRUNLQJ�PHPRU\�DQG�WKH�GLIIHUHQFHV�LQ�7(�EHWZHHQ�HDFK�FKDUDFWHULVWLFV�RI�WKH�PXOWLSOH�

WDVNV�IRU� WKH�GXDO� WLPLQJ�FRQGLWLRQ��GLI����������RYHUODS���GLI�WDUJHW��UG���QG���GLI�VKRUWHU��

ORQJHU�FRQFXUUHQW�GXUDWLRQ���,W�DSSHDUHG�WKDW�WKH�DGGLWLRQDO�OHQJWKHQLQJ�HIIHFW�DV�D�IXQFWLRQ�RI�

WKH�PXOWL�WLPLQJ�FRQGLWLRQ�ZDV�V\VWHPDWLFDOO\�OLQNHG�WR�LQGLYLGXDO�DWWHQWLRQ�FDSDFLWLHV��,QGHHG��

WKH�OHQJWKHQLQJ�HIIHFW�JUHDWHU�IRU�WKH�VPDOO�RYHUODS��������JUHDWHU�62$��WKDQ�IRU�WKH�JUHDWHU�
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RYHUODS�������EHWZHHQ�GXUDWLRQV�LQFUHDVHG�IRU�WKH�SDUWLFLSDQWV ZLWK�SRRUHU�DWWHQWLRQ�FDSDFLWLHV��

DW�OHDVW�IRU�WKH�ORQJHU�WDUJHW�GXUDWLRQ�RI���V��U  ������S ��������7KH�OHQJWKHQLQJ�RI�WLPH�HVWLPDWHV�

LQGXFHG�E\�WKH�SUHVHQWDWLRQ�RI�WKH�WDUJHW�GXUDWLRQ��H�J���DIWHU�WKH�FRQFXUUHQW�GXUDWLRQ��RU�E\�WKH�

ORQJHU�FRQFXUUHQW�GXUDWLRQ�ZDV�DOVR�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�DWWHQWLRQ�FDSDFLWLHV��U  �������

U  ������U  ��������+RZHYHU��WKH�GLUHFWLRQ�RI�WKH�FRUUHODWLRQ�GLIIHUHG�DV�D�IXQFWLRQ�RI�WKH�WDUJHW�

GXUDWLRQ��EHLQJ�SRVLWLYH�IRU���V��U  �������DQG�QHJDWLYH�IRU���V��U  �������U  ��������,Q�WKH�FDVH�RI�

DWWHQWLRQ�WHVW�XVHG�LQ�RXU�VWXG\��D�SRVLWLYH�FRUUHODWLRQ�LQGLFDWHG�DQ�LQFUHDVH�RI�WKH�OHQJWKHQLQJ�

HIIHFW�ZLWK� WKH� GHFUHDVH� RI� DWWHQWLRQ� FDSDFLWLHV� DQG� D� QHJDWLYH� FRUUHODWLRQ� D� GHFUHDVH� RI� WKH�

OHQJWKHQLQJ�HIIHFW�ZLWK�WKH�GHFUHDVH�RI�DWWHQWLRQ�FDSDFLWLHV��)RU�WKH�VKRUW�WDUJHW�GXUDWLRQ�RI���V��

WKH�DJH�DQG�WKH�ZRUNLQJ�PHPRU\�DOVR�FRQWULEXWHG�WR�H[SODLQ�D�SURSRUWLRQ�RI�YDULDQFH�LQ� WKH�

GLIIHUHQFH� LQGH[HV��'LI�WDUJHW��UG���QG���U  � �����U  � �����S �� ����� UHVSHFWLYHO\��'LI�6KRUWHU��

/RQJHU�&RQ���U  ������U  ������S ��������$V�GLVFXVVHG�ODWHU��WKLV�VXJJHVWV�WKDW�RWKHU�GLPHQVLRQV�

WKDQ�DWWHQWLRQ�FRQWULEXWHG�WR�H[SODLQ�WKH�YDOXH�RI�WHPSRUDO�UHSURGXFWLRQV�LQ�WKH�FDVH�RI�WKH�VKRUW�

WDUJHW�GXUDWLRQ��7KLV�PD\�H[SODLQ�WKDW�WKH�OHQJWKHQLQJ�HIIHFW�GHFUHDVHG ZKHQ�WKH�SDUWLFLSDQWV¶�

DWWHQWLRQ�FDSDFLWLHV�GHFUHDVHG�EHFDXVH� WKH� \RXQJHU�FKLOGUHQ�ZLWK� OLPLWHG�PRWRU�RU�FRJQLWLYH�

FDSDFLWLHV�LQLWLDOO\�SURGXFHG�ORQJ�GXUDWLRQV�IRU�WKH���V�GXUDWLRQ�LQ�D�WHPSRUDO�UHSURGXFWLRQ�WDVN�

�IRU�WKH�VDPH�UHVXOWV�VHH�H�J���'URLW�9ROHW��:HDUGHQ�	�=HODQWL��������+DOOH]�HW�DO����������

7DEOH� ����&RUUHODWLRQV�EHWZHHQ� WKH� DJH�� WKH� DWWHQWLRQ� DQG�ZRUNLQJ�PHPRU\� VFRUHV� DQG� WKH�
GLIIHUHQFH� LQ� WLPH� HUURU� EHWZHHQ�GLIIHUHQW� FKDUDFWHULVWLFV� RI�PXOWL�WLPLQJ� LQ� WKH� GXDO� WLPLQJ�
FRQGLWLRQ�

*HQHUDO�GLVFXVVLRQ

,Q�RXU�VWXG\��WKH�FKLOGUHQ�DQG�WKH�DGXOWV�KDG�WR�VLPXOWDQHRXVO\�SURFHVV�VHYHUDO�VWLPXOXV�

GXUDWLRQV��7KH� VWLPXOXV� WR�EH� MXGJHG�ZDV�XQSUHGLFWDEOH� VXFK� DV� WKH�SDUWLFLSDQWV�KDG� WR�SD\�
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DWWHQWLRQ�WR�DOO�WHPSRUDO�VWLPXOL��7KH�QXPEHU��WKH�FRORU�DQG�WKH�VSDWLDO�ORFDOL]DWLRQ�RI�WKH�WDUJHW�

VWLPXOXV�ZDV�DOVR�XQSUHGLFWDEOH�WR�DYRLG�DWWHQWLRQ�HIIHFWV��VHH�.LP��7VDL��2MHPDQQ�	�9HUJKHVH��

������� ,Q� DGGLWLRQ�� WKH� FKLOGUHQ� RQO\� UHVSRQGHG� IRU� RQH� GXUDWLRQ� �WDUJHW�� WR� DYRLG� WKH�

FRPSHWLWLRQ�EHWZHHQ�RXWSXWV�IRU�GHFLVLRQ�DQG�PRWRU�SURJUDPV�GXULQJ�WHPSRUDO�UHSURGXFWLRQ��

,Q�WKH�ILUVW�H[SHULPHQW��ZH�XVHG�VWLPXOXV�GXUDWLRQV�ZLWK�WKH�VDPH�RQVHW�EXW�GLIIHUHQW�RIIVHWV�WR�

OLPLW� WKH� QXPEHU� RI� YDU\LQJ� LQIRUPDWLRQ� WR� EH� SURFHVVHG� E\� \RXQJ� FKLOGUHQ�� ,Q� WKH� VHFRQG�

H[SHULPHQW��ZH�XVHG�D�PRUH�FRQWUROOLQJ�PHWKRGRORJ\�ZLWK�ERWK�GLIIHUHQW�RQVHWV�DQG�RIIVHWV��

DOORZLQJ�XV�WR�FRQWURO�ERWK�WKH�RYHUODS�EHWZHHQ�WKH�GXUDWLRQV��62$���WKH�SUHVHQWDWLRQ�RUGHU�RI�

WKH�WDUJHW�GXUDWLRQ�DQG�WKH�OHQJWK�RI�WKH�FRQFXUUHQW�GXUDWLRQ�

,Q� RXU� WZR� H[SHULPHQWV�� ZH� IRXQG� UHVXOWV� HQWLUHO\� FRQVLVWHQW� ZLWK� WKRVH� IRXQG� LQ�

GHYHORSPHQWDO� VWXGLHV�XVLQJ� D� WHPSRUDO� UHSURGXFWLRQ� WDVN� �'URLW�9ROHW� HW� DO��� ������6]HODJ��

.RZDOVND��5\PDUF]\N�	�3|SSHO���������,QGHHG��LQ�WKH�VLQJOH�WHPSRUDO�UHSURGXFWLRQ�WDVN��WKH�

\RXQJHU�FKLOGUHQ�ZHUH�OHVV�DFFXUDWH�DQG�PRUH�YDULDEOH�LQ�WKHLU�UHSURGXFWLRQ��DOWKRXJK�WKH\�ZHUH�

FDSDEOH�RI�WHPSRUDO�GLVFULPLQDWLRQ��%H\RQG�WKHVH�FODVVLFDO�GHYHORSPHQWDO�ILQGLQJV��RXU�UHVXOWV�

VKRZHG�IRU�WKH�ILUVW�WLPH�WKDW�WKH�\RXQJ�FKLOGUHQ��IURP WKH�DJH�RI���\HDUV��ZHUH�DEOH�WR�SURFHVV�

VHYHUDO�GXUDWLRQV� VLPXOWDQHRXVO\��DW� OHDVW� WZR�RU� WKUHH�GXUDWLRQV�� ,QGHHG�� WKHLU� MXGJPHQWV�RI�

GXUDWLRQ� LQ� D� PXOWL�WLPLQJ� WDVN� UHPDLQHG� RUGHUO\� DV� LQ� DGXOWV�� 7KH� IDFW� WKDW� WKH� WHPSRUDO�

GLVFULPLQDWLRQ�ZDV� SUHVHUYHG�ZKHQ�PXOWLSOH� GXUDWLRQV�ZHUH� SURFHVVHG� LQ� SDUDOOHO� LQ� DOO� DJH�

JURXSV�� DQG� ZKDWHYHU� WKH� OHYHO� RI� FRJQLWLYH� FDSDFLWLHV�� VXJJHVWV� WKDW� WLPLQJ� GXUDWLRQV�

VLPXOWDQHRXVO\�LV�DQ�HDUO\�DELOLW\��7KLV�SURYLGHV�DGGLWLRQDO�HYLGHQFH�IRU�DQ�LQQDWH�SURFHVVLQJ�RI�

HYHQW�GXUDWLRQV��'URLW�9ROHW��������'URLW�9ROHW�	�&RXOO��������&RXOO�	�'URLW�9ROHW��������

2XU� UHVXOWV� VKRZHG� WKDW� DOO� WKH� SDUWLFLSDQWV� ZHUH� DEOH� WR� WLPH� GLIIHUHQW� GXUDWLRQV�

VLPXOWDQHRXVO\��EXW�QRW�LQGHSHQGHQWO\��$�FOHDU�WHPSRUDO�LQWHUIHUHQFH�HIIHFW�ZDV�LQGHHG�IRXQG

LQ�RXU�H[SHULPHQWV�RQ�WKH�PXOWL�WLPLQJ��7KLV� LV�FRQVLVWHQWO\�ZLWK�WKH�UHVXOWV�RI�RWKHU�VWXGLHV�

VKRZLQJ�WKDW�WKH�PXOWLSOLFDWLRQ�RI�GXUDWLRQV�WR�EH�WLPHG�LQ�SDUDOOHO�LQGXFHG�HUURUV�LQ�WHPSRUDO�

MXGJPHQW� �%URZQ� 	�:HVW�� ������ &KHQJ� HW� DO��� ������ .ODSSURWK�� ������ 0RUJDQ�� *LRUD� 	�

6RORPRQ���������7KHVH�HUURUV�UHVXOWHG�LQ�D�OHQJWKHQLQJ�RI�WLPH�HVWLPDWHV�DQG�QRW�D�VKRUWHQLQJ�

DV�IRU�WKH�LQWHUIHUHQFH�HIIHFWV�ZLWK�QRQ�WHPSRUDO�LQIRUPDWLRQ��7KH�GLIIHUHQFH�LQ�WKH�WHPSRUDO�

DQG� WKH� QRQ�WHPSRUDO� LQWHUIHUHQFH� HIIHFWV� RQ� WLPH MXGJPHQW� VXJJHVWV� WKDW� WKH� SURFHVVLQJ� RI�

GLIIHUHQW�GXUDWLRQV�GLG�QRW�FRPSHWH�IRU�DWWHQWLRQ�UHVRXUFHV�DV�IRU�WKH�SURFHVVLQJ�RI�QRQ�WHPSRUDO�

LQIRUPDWLRQ� �+DOOH]� 	� 'URLW�9ROHW�� ������� +RZHYHU�� HYHQ� LQ� WKH� FDVH� RI� VLPXOWDQHRXV�

SURFHVVLQJ�RI�VHYHUDO�GXUDWLRQV� WKH�LPSRUWDQFH�RI�LQWHUIHUHQFH�HIIHFWV�GHSHQGHG�RQ�LQGLYLGXDO�

FRJQLWLYH� FDSDFLWLHV� LQ� WHUPV�RI� DWWHQWLRQ��7KH� ORZHU� WKH� DWWHQWLRQ�FDSDFLWLHV�� WKH�KLJKHU� WKH�
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WHPSRUDO�LQWHUIHUHQFH�HIIHFW�ZDV��%\�FRQWUDVW��WKH�WHPSRUDO�LQWHUIHUHQFH�HIIHFWV�ZHUH�QRW�OLQNHG�

WR� FDSDFLWLHV� RI� VKRUW�WHUP� PHPRU\�� ZRUNLQJ� PHPRU\� DQG� LQIRUPDWLRQ� SURFHVVLQJ� VSHHG��

DOWKRXJK�WKHVH�FDSDFLWLHV��QDPHO\�ZRUNLQJ�PHPRU\��H[SODLQHG�WKH�DJH�UHODWHG�GLIIHUHQFHV�LQ�

WLPH�SUHFLVLRQ��WLPH�YDULDELOLW\��LQ�PRVW�VWXGLHV�XVLQJ�D�VLQJOH�WLPLQJ�WDVN��IRU D�UHYLHZ�VHH�

'URLW�9ROHW�� ������ ������� 7KH� HDUO\� DELOLW\� WR� WLPH� GXUDWLRQV� VLPXOWDQHRXVO\�ZLWK� WHPSRUDO�

LQWHUIHUHQFH�HIIHFWV�UHODWHG�WR�DWWHQWLRQ�UDLVHV�D�GLVFXVVLRQ�RQ�WKH�QDWXUH�RI�WKH�FORFN�V\VWHP�

XQGHUO\LQJ�WKH�UHSUHVHQWDWLRQ�RI�WLPH�

6RPH�UHVHDUFKHUV��&KHQJ��<DQJ��'LQJ�	�)DQ��������-RKQVWRQ��%UXQR�	�$\KDQ��������

-RKQVWRQ�� $UQROG� 	� 1LVKLGD�� ����� DVVXPH� WKDW� LQGLYLGXDOV� XVH� GLIIHUHQW� LQWHUQDO� FORFNV�

�SDFHPDNHU�DFFXPXODWRU�V\VWHPV��IRU�WKH�SURFHVVLQJ�RI�GXUDWLRQV�SUHVHQWHG�LQ�SDUDOOHO��RQH�IRU�

HDFK�VWLPXOXV�GXUDWLRQ��(LVOHU��������0HFN�	�&KXUFK��������S������7KHUHIRUH��HDFK�SDFHPDNHU�

JHQHUDWHV� SXOVHV� WKDW� LQFUHPHQW� WKHLU� RZQ� DFFXPXODWRU� �)LJXUH� ��$��� ,Q� WKLV� FDVH�� WKH�

SDFHPDNHU�DFFXPXODWRU� V\VWHPV� DUH� LQGHSHQGHQW� DQG� QR� WHPSRUDO� LQWHUIHUHQFH� LV� H[SHFWHG��

DSDUW�SHUKDSV�DW�PHPRU\�RU�GHFLVLRQ�OHYHO��7KLV�PRGHO� LV�QRW�LQ�DFFRUGDQFH�ZLWK�RXU�UHVXOWV�

VKRZLQJ�WHPSRUDO�LQWHUIHUHQFH�HIIHFWV�LQ�WKH�PXOWL�WLPLQJ�WDVN��,Q�DGGLWLRQ��RXU�UHVXOWV�VKRZLQJ�

D� GHFUHDVH� RI� WLPH� HVWLPDWHV� ZLWK� WKH� LQFUHDVH� RI� WKH� RYHUODS� ����� RYHUODS�� EHWZHHQ� WKH�

GXUDWLRQV�DOORZV�XV� WR� UHMHFW� WKH�PXOWLSOH�SDFHPDNHUV�PRGHO�� ,QGHHG�� WKLV� VKRUWHQLQJ�ZLWK�D�

ODUJHU�RYHUODS�EHWZHHQ�WKH�GXUDWLRQV�FDQ�RQO\�EH�H[SODLQHG�E\�D�VLQJOH�SDFHPDNHU�WKDW�JHQHUDWHV�

SXOVHV� VKDUHG� EHWZHHQ� PXOWLSOH� DFFXPXODWRUV� �9DQ� 5LMQ� 	� 7DDJWHQ�� ������� :LWK� D� VLQJOH�

SDFHPDNHU��WKHUH�DUH�LQGHHG�OHVV�SXOVHV�WKDW�LQFUHPHQW�HDFK�DFFXPXODWRU�ZKHQ�WZR�GXUDWLRQV�

DUH�SUHVHQWHG�FRQFRPLWDQWO\��

,Q�WKH�RSSRVLWH�GLUHFWLRQ��RWKHU�UHVHDUFKHUV�FODLP�WKDW�D�VLQJOH�SDFHPDNHU�DQG�D�VLQJOH�

DFFXPXODWRU��H�J���D�PDVWHU�FORFN��DUH�XVHG�WR�SURFHVV�PXOWLSOH�GXUDWLRQV��)LJXUH���%���7KLV�

PDVWHU�FORFN�RSHUDWHV�FRQWLQXRXVO\�WKH�WLPLQJ��DQG�D�VHULHV�RI�WHPSRUDO�VHJPHQWV�DUH�VWRUHG�LQ�

PHPRU\�LQWR�VHTXHQWLDO�WLPLQJ��%U\FH�	�%UDW]NH��������&KXUFK���������,Q�WKLV�FRQGLWLRQ��WKH�

ILUVW� WLPH� HVWLPDWHV� LQ� WKH� GXDO�WLPLQJ� FRQGLWLRQ� PXVW� EH� FORVH� WR� WKDW� LQ� WKH� VROR�WLPLQJ�

FRQGLWLRQ��EHFDXVH�WKH�WLPLQJ�LV�VLPLODU��,I�WKH�ILUVW�HVWLPDWH�LV�WRR�ORQJ��WKH�VHFRQG�HVWLPDWH�

PXVW�EH�DOVR�WRR�ORQJ��EHFDXVH��LQ�WKLV�FDVH��WKH�HVWLPDWLRQ�RI�WKH�VHFRQG�GXUDWLRQ�GHSHQGV�RQ�

WKDW�RI�WKH�ILUVW�GXUDWLRQ��+RZHYHU��RXU�UHVXOWV�VKRZHG�D�ORZHU�DFFXUDF\�RI�WKH�ILUVW�SUHVHQWHG�

WDUJHW� GXUDWLRQ� LQ� WKH� GXDO�WLPLQJ� FRQGLWLRQ� FRPSDUHG� WR� WKH� VLQJOH�WLPLQJ� FRQGLWLRQ��

)XUWKHUPRUH��QR�VLJQLILFDQW�HIIHFW�RI�WKH�OHQJWK�RI�WKH�FRQFXUUHQW�GXUDWLRQ�ZDV�REVHUYHG��DW�OHDVW�

LQ�WKH�FKLOGUHQ��,Q�DGGLWLRQ��DV�VWDWHG�YDQ�5LMQ�DQG�7DDWJHQ��������S�������ZLWK�³RQO\�D�VLQJOH�

SDFHPDNHU�DQG�D�VLQJOH�DFFXPXODWRU��WKHUH�LV�QR�UHDVRQ�WR�DVVXPH�DQ\�DWWHQWLRQ�RU�GXDO�WDVNLQJ�
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FRVW� DSDUW� IRU� IURP�SRVVLEOH�GXDO�WDVNLQJ�SHQDOWLHV� LQ� WKH�PHPRU\�DQG�GHFLVLRQ�SURFHVV´�� ,Q�

DFFRUGDQFH�ZLWK�WKLV�DVVXPSWLRQ��RXU�UHVXOWV�VKRZHG�WKDW�WKH�WHPSRUDO�LQWHUIHUHQFH�HIIHFWV�ZHUH�

UHODWHG�WR�DWWHQWLRQ�EXW�QRW�WR�PHPRU\�PHFKDQLVPV��

7KHUHIRUH��9DQ�5LMQ�DQG�7DDJWHQ��������FRQFOXGHG�WKDW�WKH�EHVW�PHFKDQLVP�WR�DFFRXQW�

IRU� WHPSRUDO� SHUIRUPDQFH� LQ� WKH� PXOWL�WLPLQJ� WDVN� LV� D� VLQJOH� SDFHPDNHU� ZLWK� PXOWLSOH�

DFFXPXODWRUV� �)LJXUH� ��&���7KH\�PDLQO\�EDVHG� WKHLU� FRQFOXVLRQ�RQ� WKHLU� ILQGLQJV� DERXW� WKH�

62$�HIIHFW�RQ�WLPH�HVWLPDWHV��L�H���VKRUWHU�WLPH�HVWLPDWHV��RU�QR�GLIIHUHQFH�LQ�WLPH�HVWLPDWHV��

ZLWK�WKH�GHFUHDVH�RI�62$��ORQJHU�RYHUODS�LQ�RXU�VWXG\������RYHUODS���2XU�GDWD�UHSOLFDWHG�WKLV�

ILQGLQJ� E\� VKRZLQJ� VKRUWHU� WLPH� HVWLPDWHV� ZLWK� WKH� ORQJHU� RYHUODS� ������ EHWZHHQ� WKH�

FRQFXUUHQW� GXUDWLRQV� LQ� WKH� DGXOWV�� DQG� WKH� HIIHFW� GLG� UHDFK� VLJQLILFDQFH� LQ� WKH� FKLOGUHQ�� ,Q�

DGGLWLRQ��RXU�UHVXOWV�VKRZHG�WKDW�WKLV�VKRUWHQLQJ�HIIHFW�ZDV�GLUHFWO\�OLQNHG�WR�DWWHQWLRQ��7DEOH�

�����7R�VXP�XS��WKH�WHPSRUDO�LQWHUIHUHQFH�HIIHFWV�REWDLQHG�LQ�RXU�VWXG\�SURYLGH�HYLGHQFH�DJDLQVW�

PXOWLSOH�LQGHSHQGHQW�FORFNV��DQG�LQ�VXSSRUW�RI�D�VLQJOH�PHFKDQLVP�WKDW�³VWUDWHJLFDOO\�XVHV�WKH�

RXWSXW� RI� D� VLQJOH� WLPH� VRXUFH� IRU� SDUDOOHO� WLPLQJ´� �YDQ� 5LMQ� 	� 7DDWJHQ�� ������ S�� ������

7KHUHIRUH� WKLV� VWUDWHJLFDOO\� XVH� ZRXOG� GHSHQG� RQ� GHYHORSPHQW� RI� DWWHQWLRQ� DQG� H[HFXWLYH�

IXQFWLRQV�

)LJXUH�����,OOXVWUDWLRQ�RI�WKH�LQWHUQDO�FORFNV�DGDSWHG�IURP�YDQ�5LMQ�	�7DDJWHQ�������ZLWK��$��
DQ�LQWHUQDO�FORFN�ZLWK�D�VLQJOH�SDFHPDNHU�DQG D�VLQJOH�DFFXPXODWRU���%��PXOWLSOH�GHSHQGHQW�
DFFXPXODWRUV�� �&��PXOWLSOH� LQGHSHQGHQW� DFFXPXODWRUV� DQG� �'�� WKH�PRGHO�ZH�SURSRVHG�ZLWK�
PXOWLSOH�LQGHSHQGHQW�DFFXPXODWRUV�

1RQHWKHOHVV��YDQ�5LMQ�DQG�7DDJWHQ¶V PRGHO�LV�EDVHG�RQ�WKH�MXGJPHQW�RI�WZR�GXUDWLRQV�

SURFHVVHG�LQ�SDUDOOHO�DQG�GRHV�QRW�FRQVLGHU�WKH�LQFUHDVH�RI�WKH� OHQJWKHQLQJ�RI�WLPH�HVWLPDWHV�

ZLWK�WKH�QXPEHU�RI�GXUDWLRQV�SUHVHQWHG�VLPXOWDQHRXVO\��EXW�DOVR�WKH�LQFUHDVH�RI�WLPH�GLVWRUWLRQV�
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LQ�FKLOGUHQ�ZLWK�ORZHU�DWWHQWLRQ�FDSDFLWLHV� 7R�DFFRXQW�IRU�WKHVH�UHVXOWV��ZH�FDQ�VXJJHVW�WR�DGG�

WR�WKHLU�PRGHO�WZR�PHFKDQLVPV��D�³WLPH�DFFHOHUDWRU´�DQG�D�³WLPH�DWWHQWLRQ´�PHFKDQLVP��)LJXUH�

��'��� 7KH� ³WLPH� DFFHOHUDWRU´� ZRXOG� LQFUHDVH� WKH� UDWH� RI� WLPH� JHQHUDWRU� �SDFHPDNHU�� �L�H���

DFFHOHUDWH�WKH�SXOVHV�HPLVVLRQ��ZKHQ�VHYHUDO�GXUDWLRQV�KDYH�WR�EH�WLPHG�VLPXOWDQHRXVO\��,WV�DLP�

ZRXOG� EH� WR� OLPLW� WKH� WHPSRUDO� LPSDLUPHQW� LQGXFHG� E\� VKDULQJ� DWWHQWLRQ� EHWZHHQ� VHYHUDO�

WHPSRUDO�LQIRUPDWLRQ��7KLV�ZRXOG�H[SODLQ�WKH�LQFUHDVH�RI�WLPH�HVWLPDWHV�REVHUYHG�LQ�RXU�VWXG\�

ZLWK� WKH� LQFUHDVH� RI� QXPEHU� RI� GXUDWLRQV� HYHQ� ZKHQ� WKHLU� RQVHWV� ZHUH� V\QFKURQRXV�� 7KLV�

LQFUHDVH� RI� SDFHPDNHU¶V� SDFH� ZRXOG� SURYH� WR� EH� D� YHU\� DGDSWLYH� SDUDPHWHU�� LQFUHDVLQJ� LWV�

HIILFLHQF\�WR�FRPSHQVDWH�IRU�WKH�GHILFLWV�RI�DWWHQWLRQ�DOORFDWHG�WR�WLPH�SURFHVVHG�FDXVHG�E\�WKH�

WHPSRUDO�FRQWH[W��7KH�SXOVHV�UDWH�ZRXOG�WKXV�EH�IDVWHU�LQ�D�PXOWL�WLPLQJ�WDVN�WKDQ�LQ�D�VLQJOH�

WLPLQJ�WDVN��7KLV�ZRXOG�H[SODLQ�WKH�LPSRUWDQW�RYHUHVWLPDWLRQ�RI�WLPH�LQ�\RXQJHU�FKLOGUHQ�LQ�WKH�

PXOWL�WLPLQJ�WDVN�FRPSDUHG�WR�WKH�VLQJOH�WLPLQJ�WDVN��UHJDUGOHVV�RI�GLIIHUHQW�FKDUDFWHULVWLFV�RI�

FRQFXUUHQW�GXUDWLRQV�

7KH� WHPSRUDO� SHUIRUPDQFH� LQ� WKH� PXOWL�WLPLQJ� FRQGLWLRQ� ZRXOG� QHYHUWKHOHVV� QRW� EH�

OLPLWHG�WR�WKLV�³WLPH�DFFHOHUDWRU´�SURFHVV��,I�WKLV�ZDV�WKH�FDVH� ZH�VKRXOG�QRW�EH�DEOH�WR�ILQG�

ORQJHU� WLPH�HVWLPDWHV� LQ� FKLOGUHQ�ZKHQ� WKH� WDUJHW� GXUDWLRQ�DSSHDUHG� ILUVW� LQ� WKH�GXDO� WLPLQJ�

FRPSDUHG�WR�WKH�VROR�WLPLQJ��,QGHHG��ZKHQ�IDFHG�ZLWK�WKH�ILUVW�GXUDWLRQ� WKH�SDUWLFLSDQWV�GLG�QRW�

NQRZ LQ�DGYDQFH�WKDW�D�VHFRQG�GXUDWLRQ�ZDV�FRPLQJ��7KH\�GLVFRYHUHG�WKH�PXOWL�WLPLQJ�VLWXDWLRQ

RQO\�ZKHQ�WKH�VHFRQG�VTXDUH�KDV�DSSHDUHG��:H�FDQ�WKXV�DVVXPH�WKH�H[LVWHQFH�RI�DQRWKHU�³WLPH�

DWWHQWLRQ´�PHFKDQLVP�ZLWK�VXSSOLHV�WKH�SDUDOOHO DFFXPXODWRUV�HDFK�JLYHQ�WKH�FXUUHQW�YDOXH�RI�

WKHLU�PDWFKHG�GXUDWLRQ��7KHUHIRUH��WKH�LQWHUQDO�FORFN�VSHHGV�XS�LQ�RUGHU�WR�LQFUHDVH�LWV VHQVLWLYLW\�

WR�IDFH�WKH�DWWHQWLRQ�GHILFLW�JHQHUDWHG�E\�WKH�PXOWL�WLPLQJ�FRQWH[W��7KHQ��ZKHQ�WKH�ILUVW�GXUDWLRQ�

FRPH�WR�DQ�HQG��LI�WKH�SDUWLFLSDQWV¶�DWWHQWLRQ�FDSDFLWLHV�DUH�OLPLWHG��WKH�DWWHQWLRQ�VZLWFK�GRHV�

QRW�RSHQ�LPPHGLDWHO\�DW�WKH�HQG�RI�WKH�VWLPXOXV�GXUDWLRQ��VXFK�WKDW�VRPH�SXOVHV��WLPH�XQLWV��

GHGLFDWHG�WR�WKH�VHFRQG�GXUDWLRQ�ZRXOG�LQFLGHQWDOO\�IDOO�LQWR�WKH�ZURQJ�DFFXPXODWRU��WKDW�RI�WKH�

RWKHU�GXUDWLRQ���)RU�WKH�SDUWLFLSDQWV�ZLWK�ORZ�DWWHQWLRQ�FDSDFLWLHV��WKHUH�DUH�WKXV�PRUH�VZLWFKLQJ�

HUURUV��L�H��WHPSRUDO�LQWHUIHUHQFH��

:H�DVVXPH�D�³WLPH�DFFHOHUDWRU´�DQG�D�³WLPH�DWWHQWLRQ´�SURFHVV�WKDW�ERWK�SURGXFH�ORQJHU�

WLPH�HVWLPDWHV��WKXV�UHVXOWLQJ�IURP�WKH�IDVWHU�FORFN�UDWH�DQG�WKH�DFFXPXODWRU�VZLWFKLQJ�HUURUV��

+RZHYHU��ZKHQ�GXUDWLRQV�DUH�SUHVHQWHG�VLPXOWDQHRXVO\��LW�LV�DOVR�QRUPDO�WKDW�WKH�SXOVHV�VKDULQJ�

JHQHUDWHV�D�VKRUWHQLQJ�RI� WLPH�HVWLPDWHV�ZKLFK� LQFUHDVHV�RI� WKH�RYHUODS�EHWZHHQ�FRQFXUUHQW�

GXUDWLRQV�� 7KH� ORQJHU� WLPH� HVWLPDWHV HLWKHU� FDXVHG� E\� WKH� ³WLPH� DFFHOHUDWRU´� �IRU� WKH

DFFXPXODWRU� SDLUHG� ZLWK� WKH� VHFRQG� GXUDWLRQ�� RU� E\� WKH� OLFNLQJ� RI� WKHVH� SXOVHV� �IRU� WKH�
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DFFXPXODWRU�SDLUHG�ZLWK�WKH�ILUVW�GXUDWLRQ��LV�LQGHHG�UHGXFHG�ZKHQ�ERWK�GXUDWLRQV�KDYH�WR�EH�

SURFHVVHG�VLPXOWDQHRXVO\�DV�IXUWKHU�SXOVHV�DUH�UHTXLUHG��2XU�PRGHO�WKXV�DOORZV�XV�WR�H[SODLQ�

WKH� YDULDWLRQ� RI� WHPSRUDO� SHUIRUPDQFH� DV� D� IXQFWLRQ� RI� WHPSRUDO� FRQWH[W� ZLWK� RQH� VLQJOH�

SDFHPDNHU�OLNH�V\VWHP��FORFN�V\VWHP��WKDW�VHUYHV�GLIIHUHQW�DFFXPXODWRUV�E\�DQ�XQLTXH�DWWHQWLRQ�

VZLWFK�PHFKDQLVP��

%RWK�RXU�GDWD�DQG�RXU�PRGHO�WKHUHIRUH�KLJKOLJKW�WKH�FULWLFDO�UROH�RI�VHOHFWLYH DWWHQWLRQ

IRU�PXOWL�WLPLQJ��6HYHUDO�GHYHORSPHQWDO�VWXGLHV�KDYH�DOUHDG\�HVWDEOLVKHG�WKH�FORVH�UHODWLRQVKLS�

EHWZHHQ� WLPH� GLVWRUWLRQV� DQG� LQGLYLGXDO� DWWHQWLRQ� FDSDFLWLHV�� ,W� KDV EHHQ� GHPRQVWUDWHG� WKDW�

\RXQJ�FKLOGUHQ�ZLWK�ORZHU�DWWHQWLRQ�DELOLWLHV�DUH�PRUH�VXEMHFW�WR�WLPH�GLVWRUWLRQ��IRU�D�UHYLHZ�

VHH�'URLW�9ROHW��������&RXOO�	�'URLW�9ROHW���������1RQHWKHOHVV�� OLPLWHG�DWWHQWLRQ�FDSDFLWLHV�

KDYH�EHHQ�OLQNHG�WR�WLPH�FRQWUDFWLRQ�LQ�D�VLQJOH�WLPLQJ�WDVN��RU�D�GXDO�WDVN�ZLWK�QRQ�WHPSRUDO�

LQIRUPDWLRQ��+DOOH]�	�'URLW�9ROHW���������7R�RXU�NQRZOHGJH��RXU�VWXG\� LV� WKH�ILUVW�RQH� WKDW�

GHPRQVWUDWHV� D� OLQN� EHWZHHQ� DWWHQWLRQ� DQG� WLPH� GLODWDWLRQ�� /LPLWHG� DWWHQWLRQ� FDSDFLWLHV� LQ�

LQGLYLGXDOV�WKHUHIRUH�DOORZ�WR�SUHGLFW�WLPH�GLVWRUWLRQV�EXW�WKHLU�GLUHFWLRQ�WRZDUG�D�VKRUWHQLQJ�RU�

OHQJWKHQLQJ�GHSHQGV�RQ�FRQWH[W�DQG�QDWXUH�RI� LQIRUPDWLRQ� WR�EH�SURFHVVHG�� L�H��� WHPSRUDO�RU�

QRQ�WHPSRUDO��

2WKHU�H[SHULPHQWV�PXVW�EH�FRQGXFWHG�WR�WHVW�RXU�PRGHO�DQG�WR�IXUWKHU�XQGHUVWDQG�WKH�

GHYHORSPHQW�RI�VLPXOWDQHRXV�WLPLQJ�RI�GXUDWLRQV�DV�D�IXQFWLRQ�RI�FRQWH[W�HQFRXQWHUHG��,Q�WKLV�

FDVH�� LW� ZRXOG� EH� LQWHUHVWLQJ� WR� WHVW� WKH� PXOWL�WLPLQJ� LQ� RWKHU� WDVNV� WKDQ� WKDW� RI� WHPSRUDO�

UHSURGXFWLRQ�XVHG� LQ�RXU�H[SHULPHQWV�� ,QGHHG�� WKH�SDUWLFLSDQWV¶�SHUIRUPDQFH� LQ� WKH� WHPSRUDO�

UHSURGXFWLRQ�WDVN�LQGLFDWHG�D�YLRODWLRQ�RI�WKH�VFDODU�SURSHUW\�RI�WLPH�DV�LOOXVWUDWHG�9LHURUG¶V�ODZ�

IRXQG�LQ�RXU�UHVXOWV��,Q�DGGLWLRQ��DV�VXJJHVWHG�DERYH��LQ�WKLV�WDVN��RWKHU�PHFKDQLVPV�UHODWHG�WR�

PRWRU� DELOLWLHV� DQG� PRWRU� LQKLELWLRQ� FRXOG� LQWHUIHUH� ZLWK� \RXQJ� FKLOGUHQ¶V� WHPSRUDO�

SHUIRUPDQFH��'URLW�9ROHW���������2WKHU�H[SHULPHQWV�ZRXOG�DOVR�KHOS�XV�WR�EHWWHU�XQGHUVWDQG�

WKH�SX]]OLQJ�UHVXOWV�LQGLFDWLQJ�D�KLJKHU�WHPSRUDO�YDULDELOLW\�ZLWK�WKH�GXDO�WLPLQJ�FRPSDUHG�WR�

WKH� VLQJOH� WLPLQJ� LQ� ([SHULPHQW� ��� DQG� D� ORZHU� WHPSRUDO� YDULDELOLW\� LQ� ([SHULPHQW� ��� 7KLV�

VXJJHVWV� WKDW� WKH�PRVW�SURSRUWLRQ�RI�QRLVH�LQ� WLPH�MXGJPHQW�GR�QRW�FRPH�IURP�WKH�WHPSRUDO�

HQFRGLQJ�SHU�VH RI�VHYHUDO�GXUDWLRQV��EXW�UDWKHU�IURP�FKDQJHV�LQ�WKHLU�FRQFXUUHQW�SUHVHQWDWLRQ��

WKDW�EOXUV�WKH�VLJQDO��QDPHO\�WKH�62$��DV�ZHOO�DV�WKH�GLIIHUHQW�WLPH�RQVHWV�WKDW�DIIHFW�WKH�GLVWDQFH�

EHWZHHQ�WKH�WDUJHW�GXUDWLRQ��1RZ��LW�LV�FOHDUO\�VWDWHG�WKDW�WKH�MXGJPHQW�RI�GXUDWLRQ�IXUWKHU�UHO\�

RQ�H[SHULHQFHG�GXUDWLRQ�ZKHQ�VLJQDO�LV�JHWWLQJ�IX]]LHU��-D]D\HUL 	�6KDGOHQ��������.|UGLQJ�	�

:ROSHUW��������3HW]VFKQHU�	�*ODVDXHU���������7KHUHIRUH��WKH�UROH�RI�SULRU�H[SHULHQFH�PXVW�EH�

DOVR�LQYHVWLJDWHG�LQ�WKH�PXOWL�WLPLQJ�FRQGLWLRQ��
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,Q�VXPPDU\��RXU VWXG\�UHYHDOV�WKDW�\RXQJ�FKLOGUHQ��OLNH�DGXOWV��DUH�DEOH�WR�WLPH�GLIIHUHQW�

GXUDWLRQV�VLPXOWDQHRXVO\��+RZHYHU��LQ�FKLOGUHQ��DV�LQ�DGXOWV��WKH�WLPH�HVWLPDWHV�ZHUH�MXGJHG�

ORQJHU� LQ� WKH� PXOWL�WLPLQJ� WKDQ� LQ� WKH� VLQJOH� WLPLQJ� FRQGLWLRQ�� DQG� WKLV� OHQJWKHQLQJ� HIIHFW�

LQFUHDVHV�ZLWK� WKH�QXPEHU�RI�GXUDWLRQV� WR�EH� WLPHG� LQ�SDUDOOHO��2XU� UHVXOWV� VKRZHG� WKDW� WKLV�

WHPSRUDO�LQWHUIHUHQFH�HIIHFW�LQ�WKH�PXOWL�WLPLQJ�ZDV�UHODWHG�WR�DWWHQWLRQ��,QGHHG��WKH�LQWHUIHUHQFH�

HIIHFW� LQFUHDVHG� ZKHQ� WKH� LQGLYLGXDO� DWWHQWLRQ� FDSDFLWLHV� ZHUH� SRRUHU�� 7KHUHIRUH�� WKH�

VLPXOWDQHRXV� SURFHVVLQJ� RI� GXUDWLRQV� LPSURYHV� GXULQJ� WKH� GHYHORSPHQW� ZLWK� WKH� JHQHUDO�

GHYHORSPHQW� RI� DWWHQWLRQ� IXQFWLRQV�� 7KLV� DOORZV� XV� WR� SURSRVH� D�PRGHO�ZLWK� D� VLQJOH� WLPHU�

FRQQHFWHG� WR�PXOWLSOH� DFFXPXODWRUV� YLD� DQ� XQLTXH� VZLWFKLQJ�PHFKDQLVP�ZKRP� IXQFWLRQLQJ�

LPSURYHV�ZLWK�WKH�FRJQLWLYH�GHYHORSPHQW�
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,� ± ��� (WXGH� GH� OD� FRQWUDFWLRQ� WHPSRUHOOH� FDXVpH� SDU� XQ� GLVWUDFWHXU� HQ�

VLWXDWLRQ�GH�ELVVHFWLRQ�WHPSRUHOOH�FKH]�GHV�HQIDQWV�kJpV�GH���j�� DQV�

7LPH�FRQWUDFWLRQ�FDXVHG�E\�D�GLVWUDFWRU�LQ�\RXQJ�FKLOGUHQ�GHSHQGLQJ�RQ�WKH�WHPSRUDO�

SODFHPHQW�RI�WKH�QRQ�WHPSRUDO�LQIRUPDWLRQ�

'RQQpHV�SUpOLPLQDLUHV
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7LPH�FRQWUDFWLRQ�FDXVHG�E\�D�GLVWUDFWRU�LQ�\RXQJ�FKLOGUHQ

'RQQpHV�SUpOLPLQDLUHV

7KH� SXUSRVH� RI� WKLV� VWXG\� ZDV� WR� H[DPLQH� WKH� H[WHQW� WR� ZKLFK� LQWHU�LQGLYLGXDO�

GLIIHUHQFHV� LQ� DWWHQWLRQ� DELOLWLHV� UHIOHFW� WKH� PDJQLWXGH� RI� WKH� WHPSRUDO� VKRUWHQLQJ� HIIHFW�

SURGXFHG�E\�DQ�DWWHQWLRQ�GLVWUDFWRUV��&KLOGUHQ�DJHG�IURP���WR���\HDUV�ZHUH�JLYHQ�D�WHPSRUDO�

ELVHFWLRQ�WDVN�ZLWK�GLVWUDFWRUV��WKDW�HLWKHU�GLG�RU�GLG�QRW�DSSHDU�GXULQJ�WKH�SUHVHQWDWLRQ�RI�WKH�

VWLPXOXV�GXUDWLRQ�WR�EH HVWLPDWHG��7ZR�GXUDWLRQ�FRQGLWLRQV�ZHUH�XVHG��D�VKRUW����������PV��

DQG� D� ORQJHU� GXUDWLRQ� FRQGLWLRQ� ���������PV��� ,Q� DGGLWLRQ�� HDFK� SDUWLFLSDQW¶V� FDSDFLWLHV� LQ�

WHUPV� RI� PHPRU\� �VKRUW�WHUP� DQG� ZRUNLQJ� PHPRU\�� DQG� DWWHQWLRQ� �VHOHFWLYH� DWWHQWLRQ� DQG�

LQKLELWLRQ�� ZHUH� DVVHVVHG� XVLQJ� GLIIHUHQW� QHXURSV\FKRORJLFDO� WHVWV�� 7KH� UHVXOWV� VKRZHG� D�

VKRUWHQLQJ� HIIHFW� IRU� WKH� GLVWUDFWRU� WULDOV� FRPSDUHG� WR� WKH� QR�GLVWUDFWRU� WULDOV�� +RZHYHU�� QR�

VLJQLILFDQW� LQWHUDFWLRQ�ZDV� IRXQG�EHWZHHQ� WKH�DJH�DQG� WKH�GLVWUDFWLRQ�FRQGLWLRQ� IRU�ERWK� WKH�

%LVHFWLRQ�3RLQW�DQG�WKH�:HEHU�5DWLR��VXJJHVWLQJ�QR�DJH�UHODWHG�GLIIHUHQFH�LQ�WLPH�GLVWRUWLRQV�

SURGXFHG�E\�DQ�DWWHQWLRQ�GLVWUDFWRU��7KLV�ODFN�RI�VLJQLILFDQW�DJH�[�GLVWUDFWRU�LQWHUDFWLRQ�FDQ�EH�

GXH�WR�WKH�GLVWUDFWRU�WKDW�ZRXOG�SURGXFH�D�EULHI�FORVXUH�RI�WKH�DWWHQWLRQDO�VZLWFK�VLPLODU�DFURVV�

DJHV�IURP�� WR���\HDUV��+RZHYHU��EHIRUH�EHLQJ DEOH�WR�FRQFOXGH�DQRWKHU�DJH�JURXS�ZLWK�ROGHU�

FKLOGUHQ�RU�DQG�DGXOWV�PXVW�EH�WHVWHG��,Q�WKLV�FKDSWHU��ZH�ZLOO�WKXV�RQO\�SUHVHQW�WKH�SURFHGXUH�

XVHG�DQG�RXU�LQLWLDO�ILQGLQJ��
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,QWURGXFWLRQ

$V�H[SODLQHG�LQ�LQWURGXFWLRQ��LW�LV�LPSRUWDQW�WR�H[DPLQH�WKH�HIIHFW�RI�HDFK�DWWHQWLRQ�

GLPHQVLRQ�RQ�WLPH�MXGJPHQWV��:H�KDYH�FRQGXFWHG�WZR�VWXGLHV�XVLQJ�WKH�GXDO�WDVN�SDUDGLJP�LQ�

ZKLFK�WKH�DJH�UHODWHG�GLIIHUHQFHV�LQ�WHPSRUDO�SHUIRUPDQFH�GHSHQGV�RQ�WKH�LQGLYLGXDO�UHVRXUFHV��

:H� WKXV� GHFLGHG� WR� FRQGXFW� D� QHZ� VWXG\� XVLQJ� DWWHQWLRQ� GLVWUDFWRUV� WKDW� UHTXHVW� DWWHQWLRQ�

PHFKDQLVPV�UHODWHG�WR�LQKLELWLRQ�UDWKHU�WKDQ�WR�ZRUNLQJ�PHPRU\�RU�VHOHFWLYH�DWWHQWLRQ��DOWKRXJK�

WKHVH�GLIIHUHQW�FRJQLWLYH�PHFKDQLVP�PD\�EH�LQWHUWZLQHG��7KHUHIRUH��LQ�WKLV�VWXG\��FKLOGUHQ�DJHG�

IURP���WR���\HDUV�ZHUH�JLYHQ�D�ELVHFWLRQ�WDVN�ZLWK�GLVWUDFWRUV�WKDW�RFFXUUHG�RU�QRW�GXULQJ�WKH�

VWLPXOXV�GXUDWLRQ�WR�EH�HVWLPDWHG��,Q�DGGLWLRQ��WKHLU�DWWHQWLRQ�FDSDFLWLHV�LQ� WHUPV�RU�VHOHFWLYH�

DWWHQWLRQ�RU�LQKLELWLRQ�ZHUH�WHVWHG�DV�ZHOO�DV�WKHLU�ZRUNLQJ�PHPRU\�FDSDFLWLHV��

0HWKRG

��������������
7KH�SDUWLFLSDQW�VDPSOH�FRQVLVWHG�RI����FKLOGUHQ��WZHQW\�IRXU���\HDU�ROGV�����JLUOV�DQG�

���ER\V��PHDQ�DJH� ������\HDUV��6'  �������� WZHQW\�ILYH���\HDU�ROGV�����JLUOV�DQG����ER\V��

PHDQ�DJH� ������\HDUV��6'  ��������WZHQW\�IRXU���\HDU�ROGV�����JLUOV�DQG����ER\V��PHDQ�DJH� �

�����\HDUV��6'� �������DQG�WZHQW\�VL[���\HDU�ROGV�����JLUOV�DQG����ER\V��PHDQ�DJH� �������6'

 ��������7KH�FKLOGUHQ�ZHUH�UHFUXLWHG�IURP�GLIIHUHQW�QXUVHU\�DQG�SULPDU\�VFKRROV��DOO�ORFDWHG�LQ�

WKH� PXQLFLSDOLW\� RI� ,VVRLUH�� )UDQFH�� 7KH� FKLOGUHQ¶V OHJDO� JXDUGLDQ� VLJQHG� ZULWWHQ� LQIRUPHG�

FRQVHQW�IRU�WKHLU�SDUWLFLSDWLRQ�LQ�WKLV�H[SHULPHQW��7KLV�VWXG\�ZDV�FDUULHG�RXW�DFFRUGLQJ�WR�HWKLFDO�

VWDQGDUGV�RI�WKH�)UHQFK�ODZ��LQ�DFFRUGDQFH�ZLWK�WKH�SULQFLSOHV�RI������+HOVLQNL¶V�GHFODUDWLRQ�

ZLWK� D� SURFHGXUH� DSSURYHG� E\� WKH� DFDGHP\� FRPPLWWHH� RI� WKH� )UHQFK� 1DWLRQDO� (GXFDWLRQ�

0LQLVWU\�DQG�WKH�HWKLF�FRPPLWWHH�RI�UHVHDUFK�,5%�8&$

��������
,Q�D�TXLHW�DQG�QHXWUDO�URRP�RI�WKHLU�VFKRROV��FKLOGUHQ�ZHUH�WHVWHG�LQGLYLGXDOO\�XVLQJ�D�

FRPSXWHU�EDOLQHD�R�ERRN������([SHULPHQWDO�HYHQWV�DQG�GDWD�UHFRUGLQJ�ZHUH�FRQWUROOHG�E\�(�

SULPH� ���� VRIWZDUH� �3V\FKRORJ\� 6RIWZDUH� 7RROV�� 3LWWVEXUJK��� 7KH� VWLPXOXV� XVHG� IRU� WKH�

ELVHFWLRQ� WDVN� ZDV� D� EOXH� ILOOHG� FLUFOH�� ���� FP� LQ� GLDPHWHU�� SUHVHQWHG� LQ� WKH� FHQWHU� RI� WKH�

FRPSXWHU�VFUHHQ��'XULQJ�WKH�WUDLQLQJ�SKDVH��SRVW�UHVSRQVH�IHHGEDFN�ZDV�JLYHQ�LQ�WKH�IRUP�RI�D�

SLFWXUH�RI�6SRQJH%RE�ZKR�ZDV�HLWKHU�VPLOLQJ��DIWHU�FRUUHFW�UHVSRQVHV��RU�FU\LQJ��DIWHU�LQFRUUHFW�

RQHV���6SRQJH%RE�SLFWXUH�ZDV�DOVR�SUHVHQWHG�LQ�WKH�FHQWHU�RI�WKH�FRPSXWHU�VFUHHQ�DQG�GLVSOD\HG�

IRU���VHFRQGV��7KH�FKLOGUHQ�DQVZHUHG�RUDOO\�WR�WKH�WHPSRUDO�ELVHFWLRQ�WDVN DQG�WKH�H[SHULPHQWHU�

SUHVVHG� WKH�FRUUHVSRQGLQJ�NH\ERDUG�NH\� UHVSRQVH� ��6�� IRU� �VKRUW��DQG� �/�� IRU� �ORQJ����7KH�
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GLVWUDFWRU�WRRN�WKH�IRUP�RI�D���FP�GLDPHWHU�FLUFOH�DQG�ZDV�UDQGRPO\�VHOHFWHG�DPRQJ����GLIIHUHQW�

FRPSOH[�URVHWWHV��)LJXUH������7KH�VSDWLDO�ORFDWLRQ�RI�WKH�GLVWUDFWRU�ZDV�PDGH�UDQGRP�ZLWK�WKH�

FRQVWUDLQW�RI�EHLQJ�SUHVHQWHG�DW���FP�RI�WKH�WHPSRUDO�VWLPXOXV��EOXH�FLUFOH���7KH�PRPHQW�RI�

DSSHDUDQFH�RI�WKH�GLVWUDFWRU�ZDV�UDQGRPO\�GUDZQ�DFFRUGLQJ�WR�D�WHPSRUDO�ZLQGRZ�>����G�± ���

PV@��ZKHUH�G�LV�WKH�GXUDWLRQ�RI�WKH�WHPSRUDO�VWLPXOXV��ZLWK�WKH�FRQVWUDLQW�WR�SUHVHQW�DW�OHDVW���

WLPHV�WKH GLVWUDFWRU�LQ�HDFK�RI�WKH���WKLUGV�RI�WKH�GXUDWLRQ�RI�WKH�VWLPXOXV�

)LJXUH�����,OOXVWUDWLRQ�RI�WKH�FRPSOH[�FLUFOHV�XVHG�DV�GLVWUDFWRU

���������
7HPSRUDO�WDVN� $OO�FKLOGUHQ�SHUIRUPHG�WZR�WHPSRUDO�ELVHFWLRQ�WDVNV��RQH�IRU�WKH�VKRUW�

GXUDWLRQ�FRQGLWLRQ�DQG�WKH�RWKHU�IRU�WKH�ORQJHU�GXUDWLRQ�FRQGLWLRQ��7KH�SUHVHQWDWLRQ�RUGHU�ZDV�

FRXQWHUEDODQFHG�DFURVV�SDUWLFLSDQWV��ZLWK�RQH� WDVN�SHU�GD\��)RU� WKH�VKRUW�GXUDWLRQ�� WKH�VKRUW�

VWDQGDUG�GXUDWLRQ�ZDV����PV�DQG�WKH�ORQJ�VWDQGDUG�GXUDWLRQ�ZDV�����PV��7KH�FRPSDULVRQ ZHUH�

��������������������DQG�����PV��)RU� WKH� ORQJHU�GXUDWLRQV�� WKH� VKRUW� DQG� WKH� ORQJ� VWDQGDUG�

GXUDWLRQ�ZDV����PV�DQG�����PV��UHVSHFWLYHO\��DQG�WKH�FRPSDULVRQ�GXUDWLRQV�������������������

�����DQG�����PV�

)RU�HDFK�WHPSRUDO�ELVHFWLRQ�WDVN��WKH�FKLOGUHQ�SHUIRUPHG���VXFFHVVLYH�SKDVHV��D�SUH�

WUDLQLQJ� SKDVH�� D� WUDLQLQJ� SKDVH� DQG� D� WHVWLQJ� SKDVH�� ,Q� WKH� SUH�WUDLQLQJ� SKDVH�� WKH\� ZHUH�

SUHVHQWHG�WZLFH�ZLWK�WKH�³ORQJ´�DQG�WKH�³VKRUW´�VWDQGDUG�GXUDWLRQ��7KH�H[SHULPHQWHU�WROG�WKHP�

³/RRN�� WKLV� LV� WKH�VKRUW�FLUFOH�� ,W�VWD\V�RQ�WKH�VFUHHQ�IRU�D�VKRUW� WLPH´�IRU� WKH�VKRUW�VWDQGDUG�

GXUDWLRQ��DQG�³/RRN��LW¶V�WKH�ORQJ�FLUFOH��,W�VWD\V�RQ�WKH�VFUHHQ�IRU�D�ORQJ�WLPH´�IRU�WKH�ORQJ�RQH�

,Q�WKH�WUDLQLQJ�SKDVH��WKH�FKLOGUHQ�ZHUH�JLYHQ�D�EORFN�RI���WULDOV��IRXU WULDOV�IRU�HDFK�

VWDQGDUG�GXUDWLRQ��ZLWK�D�UDQGRP�SUHVHQWDWLRQ��(DFK�WULDO�EHJDQ�ZLWK�WKH�ZRUG�

UHDG\

�DIWHU�DQ�
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LQWHU�WULDO� LQWHUYDO� UDQGRPO\�VHOHFWHG�EHWZHHQ�����DQG�����PV��:KHQ� WKH�FKLOG�ZDV� MXGJHG�

UHDG\��WKH�H[SHULPHQWHU�SUHVVHG�WKH�VSDFHEDU�WR�WULJJHU�WKH�WHPSRUDO�VWLPXOXV�SUHVHQWDWLRQ�DIWHU�

D�IL[HG�WLPH�RI����PV��7KH�FKLOGUHQ�WKHQ�DQVZHUHG�³VKRUW´�RU�³ORQJ´�ZKHQ�WKH\�MXGJHG�WKDW�LW�

ZDV�WKH�VKRUW�RU�WKH�ORQJ�VWDQGDUG�GXUDWLRQ��7KH�FKLOGUHQ�UHFHLYHG�IHHGEDFN��WKH�SLFWXUH�RI�WKH�

VPLOLQJ�6SRQJH%RE�IRU�D FRUUHFW�DQVZHU�DQG�WKDW�RI�WKH�FU\LQJ�6SRQJH%RE�IRU�DQ�LQFRUUHFW�RQH��

7KH�FKLOGUHQ�ZHUH�JLYHQ�WKH�WHVWLQJ�SKDVH�DIWHU�D�VXFFHVVIXO�WUDLQLQJ�EORFN��L�H�������RI�FRUUHFW�

UHVSRQVHV��7KH�H[SHULPHQW�VWRSSHG�DIWHU���XQVXFFHVVIXO�WUDLQLQJ�EORFV��

,Q� WKH� WHVWLQJ SKDVH�� WKH� WHPSRUDO� WDVN�ZDV� WKH�VDPH� WKDQ� WKDW�XVHG� LQ� WKH� WUDLQLQJ�

SKDVH�H[FHSW�WKH�FRPSDULVRQ�GXUDWLRQV��WKH�GLVWUDFWRUV��DQG�WKH�IHHGEDFNV�WKDW�ZHUH�QR�ORQJHU�

GLVSOD\HG��7KH�H[SHULPHQWHU�VDLG��³*UHDW��/HW¶V�FRQWLQXH�SOD\LQJ��EXW�ZDWFK�RXW��1RZ�VPDOO�

FLUFOHV�FDQ�FRPH�RQ�WKH�VFUHHQ�WR�GLVWUDFW�\RX��EXW�GRQ¶W�SD\�DWWHQWLRQ�WR�WKHP´��7KH�FKLOGUHQ�

SHUIRUPHG���WULDOV� IRU�HDFK�RI�WKH���FRPSDULVRQ�GXUDWLRQV�LQ� WKH�FRQGLWLRQ�ZLWK�DQG�ZLWKRXW�

GLVWUDFWRU�����WULDOV���DOO�SUHVHQWHG�LQ�D�UDQGRP�RUGHU��

1HXURSV\FKRORJLFDO� WHVWV� 6XEVHTXHQWO\�� HDFK� FKLOG� KDG� WR� FRPSOHWH� ��

QHXURSV\FKRORJLFDO� WHVWV� UDQGRPO\�DGGUHVVHG��7KH�ILUVW�ZDV� WKH�³6N\�6HDUFK´�VXEWHVW�RI� WKH�

7HVW� RI� (YHU\GD\�$WWHQWLRQ� IRU� &KLOGUHQ� DOORZLQJ� WR� DVVHVV� WKH� VHOHFWLYH� DWWHQWLRQ� �0DQO\��

5REHUWVRQ��$QGHUVRQ��	�1LPPR�6PLWK��������0DQO\�HW�DO����������,Q�WKLV�WHVW��D�ODUJH�VKHHW�RI�

����SDLUV�RI���GLIIHUHQW�VSDFHFUDIWV�ZDV�SUHVHQWHG�WR�WKH�FKLOG�ZKR�KDG�WR�SDLU�DOO�RI�WKH�LGHQWLFDO�

VSDFHFUDIWV�DV�TXLFNO\�DV�SRVVLEOH��VFRUH� �UHTXLUHG�WLPH���VSDFHFUDIW�IRXQG���7KH�VHFRQG�ZDV�

WKH�&RUVL�EORFN�WDSSLQJ�WHVW��&RUVL���������,Q�WKLV�WHVW��WKH�FKLOG�LPPHGLDWHO\�UHSHDWHG�LQ�WKH�

VDPH�RUGHU� �VKRUW�WHUP�PHPRU\���DQG� WKH�UHYHUVH�RUGHU� �ZRUNLQJ�PHPRU\��� WKH�VHTXHQFH�RI�

WDSSLQJ�EORFNV�SUHVHQWHG�E\�WKH�H[SHULPHQWHU��7KHUH�ZHUH���WDSSLQJ�VHTXHQFHV�UDQJLQJ�IURP���

WR���EORFNV��ZLWK�WZR�WULDOV�SHU�EORFN�VHTXHQFH��7KH�WHVW�VWRSSHG�ZKHQ�WKH�FKLOG�IDLOHG�ERWK�WULDOV�

RI�WKH�VDPH�VHTXHQFH��7KH�WKLUG�WHVW�ZDV�WKH��.QRFN�DQG�7DS��VXEWHVW�RI�WKH�1HSV\��.RUNPDQ��

������ DVVHVVLQJ� LQKLELWLRQ FDSDFLWLHV�� )RU� WKH� ILUVW� VHTXHQFH� RI� WKLV� WHVW�� WKH� FKLOG� KDG� WR�

LPPHGLDWHO\� SHUIRUP� WKH� RSSRVLWH� RI� WKH� H[SHULPHQWHU
V� JHVWXUH� �WR� WDS� LI� WKH� H[SHULPHQWHU�

NQRFN� DQG� YLFH� YHUVD��� )RU� WKH� VHFRQG� VHTXHQFH�� WKH� WDVN� ZDV� PRUH� GLIILFXOW�� ZKHQ� WKH�

H[SHULPHQWHU NQRFN��WKH�FKLOG�KDG�WR�SXW�KLV�ILVWV�LQ�WKH�SDOP�RI�KLV�KDQG��ZKHQ�KH�NQRFNHG��

KH�VKH�ZDV�QRW�VXSSRVHG�WR�GR�DQ\WKLQJ��DQG�ZKHQ�KH�SXW�WKH�ILVW�LQ�WKH�SDOP�RI�KLV�KDQG��KH�VKH�

KDG� WR� NQRFN�� (DFK� SKDVH� FRQVLVWHG� RI� ��� LWHPV�DFWLRQV�� 7KH� WHVW� VWRSSHG� DIWHU IRXU�ZURQJ�

DFWLRQV�
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5HVXOWV

���������������������
)LJXUH� �� VKRZV� WKH�PHDQ� SURSRUWLRQ� RI� ORQJ� UHVSRQVHV� GXULQJ� WKH� WHVWLQJ� SKDVH�

SORWWHG�DJDLQVW�FRPSDULVRQ�GXUDWLRQ��IRU�WKH�GLVWUDFWRU�DQG�WKH�QRQ�GLVWUDFWRU�WULDOV��LQ�WKH�VKRUW�

DQG�WKH�ORQJ�GXUDWLRQ�FRQGLWLRQ�IRU�HDFK�DJH�JURXS���,QVSHFWLRQ�RI�)LJXUH�VXJJHVWV�D�VKLIWLQJ�RI�

WKH�ELVHFWLRQ�FXUYHV�WRZDUG�WKH�OHIW�ZLWK�WKH�GLVWUDFWRU�FRPSDUHG�WR�FRQWURO�WULDOV��LQGLFDWLQJ�D�

VKRUWHQLQJ�HIIHFW�

��\HDUV

��\HDUV
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��\HDUV

��\HDUV

)LJXUH�����3URSRUWLRQ�RI�ORQJ�UHVSRQVHV�� S�ORQJ��� SORWWHG�DJDLQVW�WKH�VWLPXOXV�GXUDWLRQV�IRU�
WKH� WULDOV�ZLWK� DQG�ZLWKRXW�GLVWUDFWRU� LQ� WKH� VKRUW� ���������PV��DQG� WKH� ORQJ� ���������PV��
GXUDWLRQ�FRQGLWLRQ IRU ���������� DQG���\HDUV��

,Q�IXUWKHU�DQDO\VHV�WKLV�PDJQLWXGH�RI�WKLV�VKRUWHQLQJ�HIIHFW�DQG�LWV�YDULDWLRQ�DFURVV�WKH�

DJH�JURXSV��ZH�PHDVXUHG�WKH�%LVHFWLRQ�3RLQW��%3��DQG�WKH�:HEHU�5DWLR��:5��RQ�HDFK�VXEMHFW¶V�

FXUYH�LQ�HDFK�GLVWUDFWRU�FRQGLWLRQ��7KH�%3 UHIHUV�WR�WKH�WHPSRUDO�VWLPXOXV�JLYLQJ�ULVH�WR�S�ORQJ��

 ������7KH�:5�LV�D�PHDVXUH�RI�YDULDQFH�DQG�UHSUHVHQWV� WKH�GLIIHUHQFH�OLPHQ�GLYLGHG�E\�%3��

$OWKRXJK� WKHUH� DUH�YDULRXV�ZD\V�RI� FDOFXODWLQJ� LW�� WKH�GLIIHUHQW�PHWKRGV� OHG� WR�YHU\� VLPLODU�

UHVXOWV��:HDUGHQ�	�)HUUDUD���������:H�WKXV�GHFLGHG�WR�XVH�WKH�3VHXGR�/RJLVWLF�0RGHO��.LOOHHQ��

)HWWHUPDQ��	�%L]R��������DV�LW�KDV�EHHQ�ZLGHO\�XVHG�DQG�SURYLGHG�YHU\�JRRG�ILWV�WR�ELVHFWLRQ�

GDWD��$OODQ��������%URZQ�HW�DO���������*URPPHW�HW�DO����������7KH�3/0�ILWWHG�ZHOO�RXU�GDWD�

�PHDQ� 5ð�  � ������� 1RQHWKHOHVV�� WKLV� ILWWLQJ� IDLOHG� IRU� �� FKLOGUHQ�� VR� WKDW� WKH\� UHVXOWV� ZHUH�

H[FOXGHG�IURP�WKH�VWDWLVWLFDO�DQDO\VLV�
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)LJXUH���$�VKRZHG�WKH�%3�WKXV�REWDLQHG�LQ�HDFK�DJH�JURXS��$Q�DQDO\VLV�RI�YDULDQFH�

�$129$��ZDV�ILUVW�SHUIRUPHG�RQ�WKH�ELVHFWLRQ�SRLQWV�ZLWK�WZR�ZLWKLQ�VXEMHFWV�IDFWRU��GXUDWLRQ��

GLVWUDFWRU�FRQGLWLRQ��DQG�D�EHWZHHQ�VXEMHFW�IDFWRU��DJH���7KLV�$129$�VKRZHG�D�PDLQ�HIIHFW�RI�

'XUDWLRQ��)�������� ��������S ��������Ș�S  ���������± ȕ�� ����LQGLFDWLQJ�D�KLJKHU��%3�IRU�WKH�ORQJ�

�0  ��������� WKDQ�IRU�WKH�VKRUW�GXUDWLRQ�FRQGLWLRQ��0  ����������7KH�PDLQ�HIIHFW�RI�DJH�DOVR�

UHDFKHG�VLJQLILFDQFH��)�������� ��������S ��������Ș�S  ���������± ȕ�� ����$GGLWLRQDO�LQGHSHQGHQW�

W�WHVW�UHYHDOHG�WKDW�GLIIHUHQFHV�LQ�WKH�%3�ZDV�EHWZHHQ�WKH���\HDU�ROGV�DQG�WKH�RWKHU�FKLOGUHQ�LQ�

DOO�\RXQJHU�DJH�JURXSV��DOO�S ����������QR�GLIIHUHQFH�LQ�%3�EHLQJ�REVHUYHG�EHWZHHQ�WKH�RWKHU�

JURXSV��7KLV�VXJJHVWV�WKDW�WKH�DJH�JURXSV�XVHG�ZDV�HQRXJK�GLVFULPLQDWLQJ�WR�ILQG�GHYHORSPHQWDO�

HIIHFWV��7KH�$129$�DOVR�UHYHDOHG�D�PDLQ�HIIHFW�RI�'LVWUDFWRU��)�������� ��������S ��������Ș�S

 ���������± ȕ�� ����ZLWK�D�KLJKHU�%3�ZLWK�WKDQ�ZLWKRXW����������YV�����������FRQVLVWHQW�ZLWK��

VKRUWHQLQJ�HIIHFW��+RZHYHU��WKH�PDJQLWXGH�RI�WKLV�VKRUWHQLQJ�HIIHFW�SURGXFHG�E\�DQ�GLVWUDFWRU�

ZDV�VLPLODU�DFURVV�DJHV��,QGHHG��WKH�LQWHUDFWLRQ�GLVWUDFWRU��DJH�GLG�QRW�UHDFK�VLJQLILFDQFH��)����

���� �������S  ������7KH�RWKHU�LQWHUDFWLRQV�DOVR�IDLOHG�WR�UHDFK�VLJQLILFDQFH �'XUDWLRQ��$JH��

)�������� �������S  �������'XUDWLRQ� 'LVWUDFWRU��)�������� �������S  ������'XUDWLRQ� 'LVWUDFWRU�

 $JH��)�������� �������S  �����

$Q�$129$�ZDV�DOVR�FRQGXFWHG�RQ�WKH�:5��)LJXUH���%���6XUSULVLQJO\�HQRXJK�WKHUH�

ZDV� QHLWKHU�PDLQ� HIIHFW� RI� DJH��)���� ����  � ������S  � ����� QRU� LQWHUDFWLRQ� LQYROYLQJ� WKH� DJH�

�GXUDWLRQ� DJH��)�������� �������S  ������GLVWUDFWRU� DJH��)�������� �������S  ������5DQJH�

GLVWUDFWRU� DJH�LQWHUDFWLRQV���)�������� �������S  ������7KHUH�ZDV�DOVR�QR�VLJQLILFDQW�HIIHFW�RI�

GLVWUDFWRU��)�������� �������S  ������7KH�GXUDWLRQ� GLVWUDFWRU�LQWHUDFWLRQ���)������� �������S  �

�����DQG�WKH�GXUDWLRQ�HIIHFW��)������� �������S  ������ZHUH�DOVR�QR�VLJQLILFDQW��
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$�

%

)LJXUH�����0HDQ��$��%LVHFWLRQ�SRLQW�DQG��%��:HEHU�5DWLR�IRU�HDFK�DJH����������DQG���\HDUV�ROG��
DQG�FRQGLWLRQ��ZLWK�RU�ZLWKRXW�GLVWUDFWRU��

������������ ������������������������������ ��������������������������������
7DEOH����VKRZHG� WKH�FKLOGUHQ¶V�VFRUHV�RQ� WKH�GLIIHUHQW�QHXURSV\FKRORJLFDO� WHVWV��)RU�

HDFK�WHVW��WKHUH�ZDV�D�VLJQLILFDQW�HIIHFW�RI�DJH�VKRUW�WHUP�PHPRU\� )�������� ��������S  �������

Ș�S  ���������± ȕ�� ������ZRUNLQJ�PHPRU\��)�������� �������S  �������Ș
�
S  ���������± ȕ�� ������

LQKLELWLRQ���)�������� �������S  �������Ș�S  ���������± ȕ�� ������VHOHFWLYH�DWWHQWLRQ )�������� �

������S  ������Ș�S  ���������± ȕ�� ����� 7KHUHE\��WKLV�VXJJHVWV�WKDW�WKH�ROGHU�WKH�FKLOGUHQ�ZHUH��

WKH�KLJKHU�WKHLU�VFRUHV�RQ�WKH�GLIIHUHQW�QHXURSV\FKRORJLFDO�WHVWV��
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7DEOH�����0HDQ��6WDQGDUG�'HYLDWLRQ��PLQLPXP�DQG�PD[LPXP�RI� WKH�UDZ�VFRUHV�RI�GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV�

ϱ�ǇĞĂƌƐ ϲ�ǇĞĂƌƐ ϳ�ǇĞĂƌƐ ϴ�ǇĞĂƌƐ

D ^� DŝŶ͕

DĂǆ

D ^� DŝŶ͕

DĂǆ

D ^� DŝŶ͕

DĂǆ

D ^� DŝŶ͕

DĂǆ

^ŚŽƌƚͲ
ƚĞƌŵ�
ŵĞŵŽƌǇ

ϯ͘ϰϳ ϭ͘ϯϵ ϭ͖�ϲ ϰ͘Ϯϭ ϭ͘ϴϲ ϭ͖�ϴ ϰ͘ϳϵ ϭ͘ϴϮ Ϯ͖�ϴ ϰ͘ϲϱ Ϭ͘ϵϯ Ϯ͖�ϲ

tŽƌŬŝŶŐ�
ŵĞŵŽƌǇ ϯ͘ϬϬ ϭ͘ϴϬ ϭ͖�ϴ ϯ͘ϳϴ Ϯ͘Ϯϯ Ϯ͖�ϴ ϰ͘ϱϳ ϭ͘ϴϯ Ϯ͖�ϴ ϯ͘ϵϮ Ϭ͘ϳϵ Ϯ͖�ϱ

/ŶŚŝďŝƚŝŽŶ Ϯϰ͘Ϯϴ ϴ͘Ϯϰ ϱ͖�ϯϬ Ϯϲ͘ϮϬ ϰ͘ϴϲ ϭϱ͖�ϯϬ Ϯϴ͘Ϯϵ ϯ͘ϬϬ ϭϳ͖�ϯϬ Ϯϲ͘ϲϭ ϰ͘ϴϯ ϭϲ͖�ϯϬ

^ĞůĞĐƚŝǀĞ�
ĂƚƚĞŶƚŝŽŶ

ϭϮ͘ϳϰ ϱ͘ϴϬ ϱ͖�Ϯϱ ϵ͘ϵϳ ϯ͘ϯϰ ϲ͖�ϭϴ ϴ͘ϳϬ ϯ͘Ϭϴ ϰ͖�ϭϴ ϲ͘ϲϵ ϭ͘ϰϳ ϰ͖�ϭϭ

7DEOH����VKRZHG�WKH�FRUUHODWLRQV�EHWZHHQ�WKH�XQGHUHVWLPDWLRQ�RI�WLPH�IURP�FRQWURO�

WR� GLVWUDFWRU� WULDOV�� $V� SUHVHQWHG�� QRQH� RI� RXU� SV\FKRORJLFDO� GLPHQVLRQ� SUHGLFWHG� WKH�

XQGHUHVWLPDWLRQ��$Q�DGGLWLRQDO�UHJUHVVLRQ�DQDO\VLV�ZDV�UXQ�RQ�WKH�WRWDO�XQGHUHVWLPDWLRQ�RI�WLPH�

DQG�RXU�GLIIHUHQW�FRJQLWLYH�DELOLWLHV��7KH�$129$�VKRZHG�D�PDUJLQDO�HIIHFW�RI�LQKLELWLRQ��ȕ  �

������S  ������ZKLOH�RWKHU�GLPHQVLRQV�IDLOHG�WR�UHDFK�VLJQLILFDQFH��$JH��ȕ  ������S  ������6KRUW�

WHUP�PHPRU\��ȕ  �������S  ������:RUNLQJ�PHPRU\��ȕ  �������S  ������6HOHFWLYH�DWWHQWLRQ��ȕ  �

�����S  ������

7DEOH���� 0HDQ��6WDQGDUG�'HYLDWLRQ��PLQLPXP�DQG�PD[LPXP�RI� WKH�UDZ�VFRUHV�RI�GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV�

�ŽŶƚƌŽů�ʹ �ŝƐƚƌĂĐƚŽƌ�ƚƌŝĂůƐ�

ƐŚŽƌƚ�ĚƵƌĂƚŝŽŶƐ

�ŽŶƚƌŽů�ʹ �ŝƐƚƌĂĐƚŽƌ�ƚƌŝĂůƐ�

ůŽŶŐ�ĚƵƌĂƚŝŽŶƐ

�ŐĞ�ŝŶ�ŵŽŶƚŚ ͘Ϭϵ Ͳ͘Ϭϱ

^ŚŽƌƚ�dĞƌŵ�DĞŵŽƌǇ ͘Ϭϲ Ͳ͘ϭϲ

tŽƌŬŝŶŐ�DĞŵŽƌǇ ͘ϭϮ Ͳ͘Ϭϱ

^ĞůĞĐƚŝǀĞ��ƚƚĞŶƚŝŽŶ Ͳ͘ϭϰ ͘Ϭϳ

/ŶŚŝďŝƚŝŽŶ ͘ϭϱ ͘ϭϬ

Ύ�Ɖ�ф�͘Ϭϱ

ΎΎ�Ɖ�ф�͘Ϭϭ
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'LVFXVVLRQ

7KH� HIIHFW� RI� LQKLELWLRQ� VHHPV� WR� EH� PRUH� LQWHQVHO\� DSSDUHQW� WKDQ� RWKHU�

QHXURSV\FKRORJLFDO� YDULDEOHV� RQ� WKLV� XQGHUHVWLPDWLRQ� EHWZHHQ� FRQWURO� DQG� GLVWUDFWRU�WULDOV��

1HYHUWKHOHVV��PRUH�VXEMHFWV�QHHG�WR�EH�LQWHJUDWHG�ZLWKLQ�WKLV�VWXG\ WR�����REWDLQ�DQ�HIIHFW�RI�DJH�

RQ�VWDQGDUG�GHYLDWLRQV��ZKLFK�LV�QRUPDOO\�D�W\SLFDOO\�REWDLQHG�HIIHFW��DQG�����YDOLGDWH�WKH�GLUHFW�

HIIHFW� RI� LQKLELWLRQ� RQ� WKH� XQGHUHVWLPDWLRQ� GXH� WR� WKH� SUHVHQFH� RI D

GLVWUDFWRU�

1HYHUWKHOHVV�� LW� VHHPV� TXLWH� OLNHO\� WKDW� WKH� LQKLELWLRQ� LV� DW� WKH� EDVLV� RI� WKLV�

XQGHUHVWLPDWLRQ�DQG�WKDW�LW�UHIOHFWV�WKH�DFWLRQ�RI�D�VZLWFK�WKDW�FORVHV�ZKHQ�WKH�WDVN�LV�WHPSRUDO�

DQG�RSHQV�ZKHQ�WKH�WDVN�LV�QRQ�WHPSRUDO� 7KLV�DVVXPSLWRQ�LV�DOVR�EDVHG�RQ�WKH�ODFN�RI�HIIHFW�RI�

GXUDWLRQ��7KLV�VXJJHVWV�D�FRPPRQ�SURFHVV�RI�LQWHUIHUHQFH�WKDW�LV�FRQVWDQW�DQG�QRW�UHODWLYH�WR�WKH�

GXUDWLRQ�

,Q�DGGLWLRQ�ZLWK�RXU�FRPPLWPHQW�WR�LQFUHDVH�WKH�VDPSOH�E\�LQWHJUDWLQJ�DGXOWV�RQ�WKLV�

VWXG\��ZH�SODQ�WR�ODXQFK�D�VHFRQG�VWXG\�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�WKH�GLVWUDFWRU�SRVLWLRQLQJ�

LQ� WKH� HVWLPDWLRQ� RI� WLPH��6R�� LI� WKH� LQKLELWLRQ� LV� UHDOO\� WKH�PDVWHU� GLPHQVLRQ� RI� WKH� VZLWFK�

PHFKDQLVP��WKHQ�ZH�VKRXOG�QRW�ILQG�DQ�XQGHUHVWLPDWLRQ�RI�WLPH�LQ�WKH�\RXQJHU�FKLOGUHQ�ZKHQ�

WKH�GLVWUDFWRU�DSSHDUV�HDUO\��VLQFH�WKH�\RXQJHU�RQHV�VKRXOG�QRW�KDYH�WKH�WLPH�WR�FORVH�WKLV�VZLWFK��

&RQYHUVHO\�� LQWHUIHUHQFH� VKRXOG� EH� LQFUHDVLQJ�ZLWK� DJH� GHSHQGLQJ� RQ� WKH� SODFHPHQW� RI� WKH�

GLVWUDFWRU�DQG�WKLV�VKRXOG�FRUUHODWH�GLUHFWO\�ZLWK�LQKLELWLRQ�
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������ Ȃ �����������������

,, ± ���([SpULHQFH�WHVWDQW�O¶HIIHW�GH�OD�PRGDOLWp�VHQVRULHOOH�VXU�OH�MXJHPHQW�GX�
WHPSV�GDQV�XQH�WkFKH�GH�ELVVHFWLRQ�WHPSRUHOOH�

'URLW�9ROHW��6���	�+DOOH]��4����������'LIIHUHQFHV�LQ�PRGDO�GLVWRUWLRQ�LQ�WLPH�SHUFHSWLRQ

GXH�WR�ZRUNLQJ�PHPRU\�FDSDFLW\��D�UHVSRQVH�ZLWK�D�GHYHORSPHQWDO�VWXG\

LQ�FKLOGUHQ�DQG DGXOWV� 3V\FKRORJLFDO�UHVHDUFK�������
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,QWURGXFWLRQ

$W�DOO�DJHV��ZH�DUH�VXEMHFW�WR�WLPH�LOOXVLRQV��DOVR�NQRZQ�DV�WLPH�GLVWRUWLRQV��ZLWK�WLPH�

VHHPLQJ� WR�SDVV�PRUH�TXLFNO\�RU� VORZO\� WKDQ� LQ�UHDOLW\��+RZHYHU�� WLPH�GLVWRUWLRQV�DUH�RIWHQ�

ODUJHU�LQ�\RXQJ�FKLOGUHQ��VXJJHVWLQJ�WKDW�WKH\�PD\�EH�PRUH�VHQVLWLYH�WR�WLPH�LOOXVLRQV��7KH�DLP�

RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�ZK\�WLPH�GLVWRUWLRQV DUH�JUHDWHU�LQ�\RXQJ�FKLOGUHQ�

$PRQJ�WKH�WLPH GLVWRUWLRQV��WKH�PRVW�IUHTXHQWO\�VWXGLHG�DUH�SUREDEO\�WKRVH�GXH�WR�WKH�

HIIHFW� RI� VHQVRU\�PRGDOLW\�� ,QGHHG�� LW� KDV� EHHQ�ZLGHO\� GHPRQVWUDWHG� LQ� DGXOWV� WKDW� DXGLWRU\�

VWLPXOL�DUH� MXGJHG� WR� ODVW� ORQJHU� WKDQ�YLVXDO�VWLPXOL�RI�DQ� LGHQWLFDO�GXUDWLRQ�ZKHQ� WKHVH� WZR�

W\SHV�RI�VWLPXOL�DUH�SUHVHQWHG� LQ� WKH� VDPH��EXW�DOVR� LQ�GLIIHUHQW�VHVVLRQV� �$VDRND�	�*\RED��

������&KHQ�	�<HK��������*ROGVWRQH�	�*ROGIDUE������D�E��*ROGVWRQH�	�/KDPRQ��������������

*URQGLQ��0HLOOHXU�:HOOV��2XHOOHWWH��	�0DFDU������� /XVWLJ�	�0HFN��������2UWHJD��/RSH]�	�

&KXUFK��������3HQQH\��*LEERQ��	�0HFN��������3HQQH\��������5DPPVD\HU��%RUWHU�	�7URFKH��

������6WDXIIHU��+DOGHPDQQ��7URFKH��	�5DPPVD\HU��������:DONHU�	�6FRWW��������:HDUGHQ��

(GZDUGV��)DNKUL��	�3HUFLYDO��������:HDUGHQ��7RGG�	�-RQHV���������

:KLOH� WKLV� SKHQRPHQRQ� VHHPV� WR� EH� ZHOO� HVWDEOLVKHG�� WKHUH� LV� D� GHEDWH� DERXW� WKH�

PHFKDQLVPV�XQGHUO\LQJ� WKH� WHPSRUDO� UHSUHVHQWDWLRQ�RI� VHQVRU\� VWLPXOL� �%XHWL�� ������� ,Q� WKH�

IUDPHZRUN�RI�WKH�6FDODU�([SHFWDQF\�7KHRU\��*LEERQ��������&KXUFK��������*LEERQ�&KUXFK�	�

0HFN���������EDVHG�RQ�WKH�LQWHUQDO�FORFN�PRGHOV��&UHHOPDQ��������7UHLVPDQ���������WHPSRUDO�

HVWLPDWHV�GHSHQG�RQ�WKH�QXPEHU�RI�WHPSRUDO�XQLWV��SXOVHV��DFFXPXODWHG�GXULQJ�WKH�HQFRGLQJ�RI�

WLPH��7KH�6(7�DVVXPHV�WKDW�WKH�LQWHUQDO�FORFN�LV�FRPSRVHG�RI�����D�SDFDPHNHU�OLNH�V\VWHP�WKDW�

JHQHUDWHV�SXOVHV������D�FRXQWHU�WKDW�DFFXPXODWHV�WKHVH�SXOVHV��DQG�����DQ�DWWHQWLRQ�FRQWUROOHG�

VZLWFK�WKDW�PRGXODWHV�WKH�IORZ�RI�SXOVHV�HQWHULQJ�LQWR�WKH�FRXQWHU��0RVW�DXWKRUV�WKXV�GHIHQG�WKH�

LGHD�WKDW�PRGDOLW\�GLIIHUHQFHV�LQ�WLPH�MXGJPHQW�DUH�GXH�WR�GLIIHUHQFHV�LQ�WKLV�FORFN�V\VWHP��ZLWK�

WKH�FORFN�UXQQLQJ�IDVWHU�IRU�DXGLWRU\�WKDQ�IRU�YLVXDO�VWLPXOL��H�J���:HDUGHQ�HW�DO���������3HQQH\�

HW�DO����������:KHQ�WKH�FORFN�UXQV�IDVWHU��PRUH�SXOVHV�DUH�HPLWWHG�DQG�DFFXPXODWHG��DQG�WKH�

GXUDWLRQ�LV�MXGJHG�ORQJHU��

+RZHYHU��DV�GLVFXVVHG�EHORZ�� LW� UHPDLQV�XQFOHDU�ZK\� WKH�VSHHG�RI� WKH�FORFN�V\VWHP�

ZRXOG�EH�IDVWHU�LQ�WKH�DXGLWRU\�FRPSDUHG�WR�WKH�YLVXDO�PRGDOLW\��,Q�DGGLWLRQ��LQFUHDVLQJ�QXPEHUV�

RI�UHVHDUFKHUV�DUJXH�WKDW�WKHUH�DUH�GLIIHUHQW�PRGDOLW\�VSHFLILF�FORFN�V\VWHPV��ZKLOH�RWKHUV�FODLP�

WKDW� WKHUH� LV� D� VLQJOH� PRGDOLW\�LQGHSHQGHQW� V\VWHP� �%XHWL�� ������ 6WDXIIHU� HW� DO��� �������

1HYHUWKHOHVV��WKH\�DOO�DJUHH�WKDW�WHPSRUDO�UHVROXWLRQ�LV�ILQHU�IRU�DXGLWRU\�WKDQ�IRU�YLVXDO�VWLPXOL�

DQG�WKDW�WKLV�LV�UHODWHG�WR�WKH�IDFW�WKDW�WKH�SK\VLRORJLFDO�SURFHVVHV�DUH�IDVWHU�LQ�WKH�DXGLWRU\�WKDQ�
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LQ�WKH�YLVXDO�VHQVRU\�V\VWHP��7KH ODWHQFLHV�RI�QHXURQDO�UHVSRQVHV�DUH�LQGHHG�PXFK�VKRUWHU�LQ�

WKH�SULPDU\�DXGLWRU\�FRUWH[�WKDQ�LQ�WKH�SULPDU\�YLVXDO�FRUWH[��5HFDQ]RQH���������,Q WKH�6(7�

IUDPHZRUN��WKLV�IDVWHU�SK\VLRORJLFDO�DFWLYLW\�IRU�DXGLWRU\�WKDQ�IRU�YLVXDO�VWLPXOL�ZRXOG�UHVXOW�LQ�

D�IDVWHU�SXOVH�HPLVVLRQ�UDWH�IURP WKH�SDFHPDNHU�RI�WKH�LQWHUQDO�FORFN��+RZHYHU��DOWKRXJK�DOVR�

DJUHHLQJ�WKDW�WKLV�PRGDOLW\�HIIHFW�LV�ORFDWHG�LQ�WKH�FORFN�V\VWHP��RWKHU�UHVHDUFKHUV�FRQVLGHU�WKDW�

LW�LV�WR�EH�IRXQG�QRW�DW�WKH�OHYHO�RI�WKH�SDFHPDNHU��EXW�DW�WKH�OHYHO�RI�WKH�DWWHQWLRQ�FRQWUROOHG�

VZLWFK�DFFXPXODWRU��ZKLFK�LV�WKRXJKW�WR�RSHUDWH�PRUH�HIILFLHQWO\�IRU�WKH�SURFHVVLQJ�RI�DXGLWRU\�

LQIRUPDWLRQ�WKDQ�IRU�WKDW�RI�YLVXDO�LQIRUPDWLRQ��3HQQH\�	�7RXUUHW��������5RXVVHDX�	�5RXVVHDX�

�������$WWHQWLRQ�ZRXOG�WKHUHIRUH�EH�GLUHFWHG�PRUH�HIILFLHQWO\�WRZDUGV�WKH�SURFHVVLQJ�RI�WLPH�

IRU�DXGLWRU\�WKDQ�IRU�YLVXDO�VWLPXOL��,W�ZRXOG�DOVR�EH�VXVWDLQHG�EHWWHU�WKURXJKRXW�WKH�VWLPXOXV�

SUHVHQWDWLRQ��3HQQH\��������� ,Q�WKH�6(7��WKLV� OHDGV�WR�DQ�HDUOLHU�VZLWFK�FORVXUH��ZLWK�VZLWFK�

FORVXUH� ODWHQFLHV�EHLQJ� OHVV�YDULDEOH� DQG� OHVV� LQWHUUXSWLRQ�RFFXUULQJ�GXULQJ� WLPH�SURFHVVLQJ��

&RQVHTXHQWO\��IHZHU�SXOVHV�ZRXOG�EH�ORVW�GXULQJ�WKH�WHPSRUDO�FRGLQJ�RI�DXGLWRU\�LQIRUPDWLRQ��

WKXV�SURGXFLQJ�D�OHQJWKHQLQJ�HIIHFW�LQ�WKH�DXGLWRU\�FRPSDUHG�WR�WKH�YLVXDO�PRGDOLW\��

7KH� UROH� RI� DWWHQWLRQ�UHODWHG� SURFHVVHV� LQ� WKH� PRGDOLW\� HIIHFW� RQ� WLPH� SHUFHSWLRQ� LV�

FRQVLVWHQW�ZLWK� UHFHQW� UHVXOWV� VXJJHVWLQJ� WKDW� WKH PRGDOLW\� HIIHFW� LV�PHGLDWHG�E\� KLJK�RUGHU�

FRJQLWLYH�SURFHVVHV��DW�OHDVW�IRU�GXUDWLRQV�JUHDWHU�WKDQ�����PV��5DPPVD\HU�HW�DO���������6WDXIIHU�

HW�DO����������$V�VWDWHG�E\�5DPPVD\HU�HW�DO����������IRU�ORQJ�GXUDWLRQV��WKH�SURFHVVLQJ�RI�WLPH�

ZRXOG�GHSHQG�RQ�FRJQLWLYH�SURFHVVHV�UDWKHU�WKDQ�VHQVRU\�VSHFLILF�WLPLQJ�PHFKDQLVPV��0RUH�

SUHFLVHO\��DOWKRXJK�ERWK�ZRXOG�RSHUDWH�IRU�WKH�WLPLQJ�RI�ORQJ�GXUDWLRQV�� WKH�LQIOXHQFH�RI�WKH�

VHQVRU\�VSHFLILF�PHFKDQLVPV�TXLFNO\�GHFUHDVHV�ZLWK�LQFUHDVLQJ�GXUDWLRQ�OHQJWK��

9HU\� IHZ� VWXGLHV� KDYH� LQYHVWLJDWHG VHQVRU\� PRGDOLW\� HIIHFWV� RQ� WLPH� MXGJPHQW� LQ�

W\SLFDOO\�GHYHORSLQJ�FKLOGUHQ��IRU�D�UHYLHZ��VHH�'URLW�9ROHW��������������0F&RUPDFN���������

7KH�WZR�VWXGLHV�FRQGXFWHG LQ�\RXQJ�FKLOGUHQ�ZLWK�WKH�DXGLWRU\�DQG�WKH�YLVXDO�VWLPXOL�SUHVHQWHG

LQ�WKH�VDPH�VHVVLRQ�IRXQG�WLPH�GLVWRUWLRQV�LQ�FKLOGUHQ�DJHG�IURP���WR���\HDUV�DV�ZHOO�DV�LQ�DGXOWV��

DQG� WKLV� IRU�GLIIHUHQW� UDQJHV�RI�GXUDWLRQV�JRLQJ� IURP�D� IHZ�KXQGUHG�PLOOLVHFRQGV� WR� VHYHUDO�

VHFRQGV� �'URLW�9ROHW�� 0HFN� 	� 3HQQH\�� ������ 'URLW�9ROHW�� 7RXUUHW�� 	� :HDUGHQ�� �������

+RZHYHU�� WZR�GHYHORSPHQWDO�FKDQJHV�ZHUH� IRXQG��)LUVW�� WKH�VL]H�RI� WKH� WLPH�GLVWRUWLRQ�ZDV�

JUHDWHU�LQ�WKH�\RXQJHU�FKLOGUHQ���6HFRQG��WKH�WLPH�GLVWRUWLRQ�LQ�FKLOGUHQ�DSSHDUHG�WR�EH�KLJKHU�

IRU�WKH�ORQJ�GXUDWLRQV��IURP�����WR���V���'URLW�9ROHW�HW�DO���������WKDQ�IRU�WKH�VKRUW�GXUDWLRQV�

�IURP������ WR� ����� V�� �'URLW�9ROHW� HW� DO��� ������� )RU� WKH� ORQJ� GXUDWLRQV�� WKH� GHYHORSPHQWDO�

GLIIHUHQFHV�LQ�WKH�VHQVRU\�PRGDOLW\�HIIHFW�RQ�WLPH�MXGJHPHQW�LV�SUREDEO\�QRW�GXH�WR�DJH�UHODWHG�

GLIIHUHQFHV�LQ�WKH�VHQVRU\�PHFKDQLVPV�SHU�VH��DV�WKH�VHQVRU\�V\VWHPV�DUH�IXOO\�PDWXUHG�DW�WKHVH�
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DJHV��DOWKRXJK�VXEWOH�FKDQJHV�RFFXU�LQ�VRPDWRVHQVRU\�FRUWH[�XQWLO����\HDUV��H�J���$WNLVRQ��������

/LWRYVN\��������7UXHWW��+XPH��:RRG�	�*RII���������

,QVWHDG��WKH�GHYHORSPHQWDO�GLIIHUHQFHV�LQ�WKH�VHQVRU\�PRGDOLW\�HIIHFW�RQ�WLPH�MXGJHPHQW�

DUH� PRUH� OLNHO\� WR� UHVXOW� IURP� FKLOGUHQ¶V� FRJQLWLYH� FDSDFLWLHV�� ZKLFK� DUH� OLPLWHG� LQ� \RXQJ�

FKLOGUHQ� �%MRUNOXQG�	�&DXVH\�� ������*DUWKHUFROH�� 3LFNHULQJ��$PEULGJH�	�:HDULQJ�� ������

5XVWLF�	�(QQV���������5HFHQWO\��=pODQWL�DQG�'URLW�9ROHW��������H[DPLQHG�WKH�SURFHVVLQJ�RI�

WLPH�LQ�FKLOGUHQ�LQ�HDFK�VHQVRU\�PRGDOLW\�DQG�WHVWHG�LQ�VHSDUDWH�VHVVLRQV��7KHLU�ILQGLQJV�VKRZHG�

D� KLJKHU� WHPSRUDO� VHQVLWLYLW\� LQ� WKH� DXGLWRU\� WKDQ� LQ� WKH� YLVXDO� PRGDOLW\�� ZLWK� WHPSRUDO

GLVFULPLQDWLRQ�FDSDFLWLHV�LQFUHDVLQJ�PRUH�TXLFNO\�ZLWK�DJH�LQ�WKH�DXGLWRU\�PRGDOLW\��,Q�DGGLWLRQ��

WKH\�DVVHVVHG�WKH�FKLOGUHQ¶V�FRJQLWLYH�FDSDFLWLHV�ZLWK�GLIIHUHQW�QHXURSV\FKRORJLFDO�WHVWV��DQG�

IRXQG� WKDW� WHPSRUDO� SHUIRUPDQFH� ZDV� VLJQLILFDQWO\� FRUUHODWHG� ZLWK� WKH� VKRUW�WHUP� PHPRU\�

FDSDFLWLHV�IRU�WKH�DXGLWRU\�PRGDOLW\�DQG�ZLWK�DWWHQWLRQ�FDSDFLWLHV�IRU�WKH�YLVXDO�PRGDOLW\��7KH\�

WKHUHIRUH� FRQFOXGHG� WKDW� WKH� WHPSRUDO� SURFHVVLQJ� RI� YLVXDO� VWLPXOL� LV� PRUH� FRJQLWLYHO\�

GHPDQGLQJ�LQ�WHUPV�RI�DWWHQWLRQ��

,Q�WKH�FDVH�RI�YLVXDO�VWLPXOL��FKLOGUHQ�GR�LQGHHG�KDYH�WR�GLUHFW�DWWHQWLRQ�WR�WKH�SK\VLFDO�

VRXUFH�RI�SUHVHQWDWLRQ�RI�YLVXDO�LQIRUPDWLRQ��L�H���FRPSXWHU�VFUHHQ��LQ�RUGHU�WR�GHWHFW�WKH�RQVHW�

RI� WKH� GXUDWLRQ� RI� WKH� SUHVHQWHG� VWLPXOXV�� ,Q� FRQWUDVW�� DXGLWRU\� VWLPXOL� DUH� DOZD\V� KHDUG��

ZKDWHYHU� WKH� FKLOGUHQ¶V� EHKDYLRU�� DQG� WKHLU� WHPSRUDO� SURFHVVLQJ� WKHUHIRUH� GHPDQG� OHVV�

DWWHQWLRQDO�HIIRUW��'URLW�9ROHW�HW�DO����������7KH�GHYHORSPHQW�RI�VHOHFWLYH�DWWHQWLRQ�DELOLWLHV�PD\�

WKXV�JR�D� ORQJ�ZD\� WR� H[SODLQLQJ� WKH�DJH�UHODWHG�GLIIHUHQFHV� LQ� WKH�PRGDOLW\� HIIHFW� RQ� WLPH�

MXGJPHQW��+RZHYHU��FKLOGUHQ�DOVR�KDYH�WR�FRQWLQXH�WR�DOORFDWH�DWWHQWLRQ�WR�RQJRLQJ�WHPSRUDO�

LQIRUPDWLRQ��DQG�WR�VWRUH�DQG�NHHS�WKH�LQIRUPDWLRQ�DFWLYH�LQ�PHPRU\�XQWLO�LWV�MXGJPHQW��7KH�

GHYHORSPHQW� RI� VKRUW�WHUP� DQG� ZRUNLQJ� PHPRU\� FDSDFLWLHV� PD\� WKXV� DOVR� FRQWULEXWH� WR�

WHPSRUDO�PRGDOLW\�HIIHFWV��7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�WU\�WR�H[DPLQH�WKLV�TXHVWLRQ�E\�

DVVHVVLQJ� WKH� LQGLYLGXDO� GLIIHUHQFHV� LQ� VHOHFWLYH� DWWHQWLRQ�� VKRUW�WHUP�PHPRU\� DQG�ZRUNLQJ�

PHPRU\�FDSDFLWLHV�LQ�SDUWLFLSDQWV�RI�GLIIHUHQW�DJHV�FKDUDFWHUL]HG�E\�GLIIHUHQW�OHYHOV�RI�FRJQLWLYH�

FDSDFLWLHV�� ,QIRUPDWLRQ� SURFHVVLQJ� VSHHG� FDSDFLWLHV� ZHUH� DOVR� DVVHVVHG� EHFDXVH� WKH�

GHYHORSPHQW�RI�ZRUNLQJ�PHPRU\�LQYROYHV�FKDQJHV�LQ�SURFHVVLQJ�VSHHG��&RZDQ�HW�DO���������

7KH�DLP�RI�WKLV�VWXG\�ZDV�WKHUHIRUH�WR�IXUWKHU� LQYHVWLJDWH�PRGDOLW\�GLIIHUHQFHV�LQ� WKH�

GLVFULPLQDWLRQ�RI�GXUDWLRQV�LQ�FKLOGUHQ�DQG�DGXOWV�ZKHQ�YLVXDO�DQG�DXGLWRU\�VWLPXOXV�GXUDWLRQV�

DUH�SUHVHQWHG� LQ� WKH�VDPH�VHVVLRQ��&KLOGUHQ�DJHG���DQG���\HDUV��DV�ZHOO� DV DGXOWV�� WKHUHIRUH�

SHUIRUPHG�D�WHPSRUDO�ELVHFWLRQ�WDVN�LQ�WKH�VHFRQGV�UDQJH�ZLWK�WKHVH�WZR�VWLPXOXV�PRGDOLWLHV��

,Q� DGGLWLRQ�� WKH� SDUWLFLSDQWV¶� FRJQLWLYH� FDSDFLWLHV� LQ� WHUPV� RI� PHPRU\� DQG� DWWHQWLRQ� ZHUH�
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DVVHVVHG�XVLQJ�GLIIHUHQW�VWDQGDUGL]HG�DQG�YDOLGDWHG�QHXURSV\FKRORJLFDO�WHVWV��2XU�K\SRWKHVLV�

ZDV� WKDW� WKH� VL]H� RI� WKH�PRGDO� WLPH�GLVWRUWLRQV�ZRXOG� GHFUHDVH�ZLWK� DJH� LQ� UHVSRQVH� WR� WKH�

LQFUHDVH�LQ�FRJQLWLYH�FDSDFLWLHV��

0HWKRG

������������

7KH� ILQDO� VDPSOH� FRQVLVWHG� RI� VL[W\�IRXU� SDUWLFLSDQWV�� DOO� UHFUXLWHG� LQ� WKH� $XYHUJQH�

UHJLRQ��)UDQFH���WZHQW\�ILYH���\HDU�ROGV��PHDQ�DJH� �������6'� ��������QLQHWHHQ���\HDU�ROGV�

�PHDQ�DJH� ������6'� ��������DQG�WZHQW\�XQGHUJUDGXDWH�SV\FKRORJ\�VWXGHQWV�IURP�&OHUPRQW�

$XYHUJQH�8QLYHUVLW\� �PHDQ�DJH� ��������6'� ��������)LYH�DGGLWLRQDO�FKLOGUHQ�ZHUH�LQLWLDOO\�

UHFUXLWHG��IRXU���\HDU�ROGV�DQG�RQH���\HDU�ROG��EXW�ZHUH�H[FOXGHG�IURP�WKH�ILQDO�VDPSOH�EHFDXVH�

WKH\�DOZD\V�UHVSRQGHG�VKRUW�RU�ORQJ�� L�H���IRU�DOO�FRPSDULVRQ�GXUDWLRQV�SUHVHQWHG�ERWK�LQ� WKH�

DXGLWRU\�RU�WKH�YLVXDO�PRGDOLW\��7KLV�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�WKH������

+HOVLQNL�GHFODUDWLRQ��$OO�FKLOGUHQ�ZHUH�YROXQWDU\� WR�SDUWLFLSDWH� LQ� WKLV�VWXG\��7KH�FKLOGUHQ¶V�

SDUHQWV��DQG�WKH�VWXGHQWV�VLJQHG�ZULWWHQ�LQIRUPHG�FRQVHQW�WR�SDUWLFLSDWH�LQ�WKLV�VWXG\��ZKLFK�ZDV�

DSSURYHG E\�WKH�HWKLFDO�VWDQGDUGV�RI�WKH�)UHQFK�QDWLRQDO�UHVHDUFK�FRPPLWWHH�DQG�WKH�DFDGHP\�

RI� WKH� )UHQFK� 1DWLRQDO� (GXFDWLRQ� 0LQLVWU\�� 7KH� DGXOWV� UHFHLYHG� FRXUVH� FUHGLWV� IRU� WKHLU�

SDUWLFLSDQWV�DQG�WKH�FKLOGUHQ�D�FDUWRRQ�SLFWXUH�

���������

7KH�SDUWLFLSDQWV�ZHUH�VHDWHG�LQ�D�TXLHW�URRP�LQ�IURQW�RI�D�FRPSXWHU�WKDW�FRQWUROOHG�WKH�

H[SHULPHQWDO� HYHQWV�YLD�(�SULPH��7KH�FKLOGUHQ�JDYH� WKHLU� UHVSRQVHV�RUDOO\��ZKLOH� WKH� DGXOWV�

UHVSRQGHG�E\�SUHVVLQJ�RQ�WKH�NH\V��G��N��RQ�WKH�FRPSXWHU�NH\ERDUG��7KH�DXGLWRU\�VWLPXOXV�ZDV�

D�����+]�WRQH�����G%���6RXQG(GLW�VRIWZDUH��V\QWKHWLF�SLDQR�WLPH���7KH�YLVXDO�VWLPXOXV�ZDV�D�

EOXH�FLUFOH����FP�LQ�GLDPHWHU��SUHVHQWHG�LQ�WKH�FHQWHU�RI�WKH�FRPSXWHU�VFUHHQ��)XUWKHUPRUH��WKH�

SDUWLFLSDQWV�UHFHLYHG�IHHGEDFN�IRU�WKH�VKRUW�DQG�WKH�ORQJ�VWDQGDUG�GXUDWLRQ LQ�WKH�IRUP�RI�D�����

PV� SLFWXUH�� D� FDUWRRQ� SLFWXUH� WKDW� YDULHG� IURP� WULDO� WR� WULDO� IRU� D� FRUUHFW� UHVSRQVH� �SRVLWLYH�

IHHGEDFN���DQG�DQ�XQKDSS\�&DOLPHUR�IRU�DQ�LQFRUUHFW�RQH��QHJDWLYH�IHHGEDFN���

���������

%LVHFWLRQ�WDVN� 7KH�VWLPXOXV�GXUDWLRQV�XVHG�ZHUH�� DQG���V�IRU�WKH�VKRUW��6��DQG�WKH�ORQJ�

VWDQGDUG�GXUDWLRQ��/��DQG���������������������������������DQG���V�IRU�WKH�FRPSDULVRQ�GXUDWLRQV��

7KH�ELVHFWLRQ�WDVN�ZDV�FRPSRVHG�RI�WZR�SKDVHV��WUDLQLQJ�DQG�WHVWLQJ��,Q�WKH�VDPH�WUDLQLQJ�SKDVH�

���WULDOV���WKH�SDUWLFLSDQWV�ZHUH�LQLWLDOO\�SUHVHQWHG�ZLWK�6 DQG�/ WZLFH�WKDW�ZHUH�SUHVHQWHG�LQ�ERWK�
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PRGDOLWLHV��L�H��LQ�WKH�DXGLWRU\�DQG�WKH�YLVXDO�PRGDOLW\����WULDOV�[���GXUDWLRQV�[���PRGDOLWLHV���

7KH\�ZHUH�WKHQ�WUDLQHG�WR�UHVSRQG�³6KRUW´�DQG�³/RQJ´�IRU�6 DQG�/��UHVSHFWLYHO\��RQ����WULDOV�

ZLWK���WULDOV�IRU�HDFK�PRGDOLW\��L�H�����WULDOV�[���GXUDWLRQV�[���PRGDOLWLHV���7KH�WULDO�RUGHU�ZDV�

UDQGRP��$�FRUUHFW�RU�LQFRUUHFW�UHVSRQVH�ZDV�IROORZHG�E\�WKH�FRUUHVSRQGLQJ�IHHGEDFN��SRVLWLYH�

YV��QHJDWLYH���$�����PV�LQWHUYDO�VHSDUDWHG�HDFK�WULDO��(DFK�WULDO�EHJDQ�ZLWK�WKH�ZRUG�³UHDG\´�

DQG�ZDV�LQLWLDWHG�E\�WKH�SDUWLFLSDQW�RU��LQ�WKH�FDVH�RI�WKH�FKLOGUHQ��E\�WKH�H[SHULPHQWHU�ZKHQ�WKH�

SDUWLFLSDQW�ZDV�UHDG\��

,Q�WKH�WHVWLQJ�SKDVH��WKH�WULDOV�ZHUH�WKH�VDPH�DV�WKRVH�XVHG�LQ�WUDLQLQJ�ZLWK�WKH�VWLPXOL�

GXUDWLRQ�SUHVHQWHG�LQ�ERWK�PRGDOLWLHV��H[FHSW�IRU�WKH�FRPSDULVRQ�GXUDWLRQV�DQG�WKH�IDFW�WKDW�QR�

IHHGEDFN�ZDV�JLYHQ�IRU�WKH�GXUDWLRQV�GLIIHUHQW�IURP�6 DQG�/��7KH�SDUWLFLSDQWV�SHUIRUPHG�����

WULDOV�FRPSRVHG�RI����EORFNV�RI����WULDOV��L�H�����WULDOV��IRU�WKH���FRPSDULVRQ�GXUDWLRQV��SUHVHQWHG�

LQ�ERWK�WKH�DXGLWRU\�DQG�WKH�YLVXDO�PRGDOLW\��7KH�WULDOV�ZHUH�SUHVHQWHG�UDQGRPO\�LQ�HDFK�WULDO�

EORFN��$IWHU�D�VHULHV�RI���DQG�RI���EORFNV��WKH�SDUWLFLSDQWV�ZHUH�DJDLQ�SUHVHQWHG�ZLWK�6 DQG�/ LQ�

WKH�WZR�VHQVRU\�PRGDOLWLHV����WULDOV��

1HXURSV\FKRORJLFDO� WHVW� $IWHU� WKH� ELVHFWLRQ� WDVN�� WKH� FKLOGUHQ� SHUIRUPHG� D� VHULHV� RI�

UHOLDEOH�DQG�YDOLGDWHG�QHXURSV\FKRORJLFDO�WHVWV�GHVLJQHG�WR�DVVHVV�WKHLU�FRJQLWLYH�FDSDFLWLHV�LQ�

WHUPV� RI� PHPRU\�� DWWHQWLRQ� DQG� SURFHVVLQJ� VSHHG�� 7R� DVVHVV� WKHLU� VKRUW�WHUP� DQG� ZRUNLQJ�

PHPRU\�� WKH� IRUZDUG� DQG� WKH� EDFNZDUG� &RUVL� WHVW� ZDV� XVHG� �:HFKVOHU� 0HPRU\� 6FDOH��

:HFKVOHU���������,Q�WKLV�WHVW��WKH�SDUWLFLSDQWV�UHSURGXFHG�D�EORFN�WDSSLQJ�VHTXHQFH�LQ�WKH�VDPH�

RUGHU� DV� WKDW� SURGXFHG� E\� WKH� H[SHULPHQWHU� �VKRUW�WHUP� PHPRU\�� DQG� LQ� WKH� UHYHUVH� RUGHU�

�ZRUNLQJ�PHPRU\���7R�EHWWHU�DVVHVV�WKH�FKLOGUHQ¶V�DELOLWLHV�WR�XSGDWH�LQIRUPDWLRQ�DQG�PDLQWDLQ�

QHZ�LQIRUPDWLRQ�LQ�ZRUNLQJ�PHPRU\��ZH�DOVR�PHDVXUHG�WKH�DWWHQWLRQ�FRQFHQWUDWLRQ�LQGH[�RI�

WKH�&06��&KLOGUHQ�0HPRU\�6FDOH��&RKHQ���������7KLV� LQGH[�LV�EDVHG�RQ�WKH�VFRUHV�RQ�WZR�

VXEWHVWV��7KH�ILUVW�PHDVXUHV�GLJLW�PHPRU\��IRUZDUG�DQG�EDFNZDUG�GLJLW�VSDQ��DQG�WKH�VHFRQG�

�VHTXHQFH�VXEWHVW��WKH�FDSDFLW\�WR�PHQWDOO\�PDQLSXODWH�D�VHTXHQFH�RI�YHUEDO�PDWHULDO�DV�TXLFNO\�

DV�SRVVLEOH� 6HOHFWLYH�DWWHQWLRQ�ZDV�DVVHVVHG�XVLQJ�WKH�PDS�PLVVLRQ�WHVW�RI�WKH�7($�&+��0DQO\�

HW�DO����������,Q�WKLV�WHVW��WKH�SDUWLFLSDQWV�FLUFOHG�D�VSHFLILF�V\PERO�RQ�D�GHWDLOHG�PDS�ZLWK�VHYHUDO�

V\PEROV� IRU� �� PLQ�� )LQDOO\�� ZH� FDOFXODWHG� WKH� SURFHVVLQJ� VSHHG� LQGH[� RI WKH� :HFKVOHU�

,QWHOOLJHQFH�6FDOH��7KLV�LQGH[�ZDV�REWDLQHG�E\�DGGLQJ�WRJHWKHU�WKH�VFRUHV�RQ�WKH�FRGLQJ�DQG�WKH�

V\PERO� VHDUFK� VXEWHVWV�� ,Q� WKH� FRGLQJ� VXEWHVW�� WKH� SDUWLFLSDQWV� KDG� WR� FRS\�� DV� TXLFNO\� DV�

SRVVLEOH�� V\PEROV� WKDW� ZHUH� SDLUHG� ZLWK� VKDSHV�� ,Q� WKH� V\PERO� VHDUFK� VXEWHVW�� WKH\� ZHUH�

SUHVHQWHG�ZLWK�URZV�FRPSRVHG�RI�GLIIHUHQW�VKDSHV��OHIW�FROXPQ���ZLWK�HDFK�URZ�EHLQJ�DVVRFLDWHG�
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ZLWK�WDUJHW�VKDSHV��ULJKW�FROXPQ���7KHLU�WDVN�ZDV�WKXV�WR�LGHQWLI\�LQ�D�VKRUW��OLPLWHG�WLPH�ZKHWKHU�

RU�QRW�WKH�WDUJHW�VKDSHV�ZHUH�SUHVHQW�LQ�WKH�FRUUHVSRQGLQJ�URZ RI�VKDSHV��

5HVXOWV

��������������������

3URSRUWLRQ� RI� ORQJ� UHVSRQVHV�� )LJXUH� ��� VKRZV� WKH� SURSRUWLRQ� RI� ORQJ� UHVSRQVHV�

>S�ORQJ�@�SORWWHG�DJDLQVW�FRPSDULVRQ�GXUDWLRQV�IRU�WKH�DXGLWRU\�DQG�WKH�YLVXDO�VWLPXOL��,Q�DOO�DJH�

JURXSV�� WKHUH� ZDV� D� OHIWZDUG� VKLIW� RI� WKH� SV\FKRSK\VLFDO� IXQFWLRQ� IRU� WKH� DXGLWRU\� VWLPXOL�

FRPSDUHG�WR�WKH�YLVXDO�VWLPXOL��LQGLFDWLQJ�D�GLVWRUWLRQ�LQ�WLPH�MXGJPHQW�ZKHQ�WKH�GXUDWLRQV�ZHUH�

SUHVHQWHG�LQ�WZR�GLIIHUHQW�PRGDOLWLHV��+RZHYHU��WKLV�WLPH�GLVWRUWLRQ�ZDV�KLJKHU�LQ�WKH�\RXQJHVW�

FKLOGUHQ�DJHG���\HDUV�DQG�SURJUHVVLYHO\�GHFUHDVHG�ZLWK�LQFUHDVLQJ�DJH��7KH�$129$�RQ�S�ORQJ��

ZLWK� WZR�ZLWKLQ�VXEMHFWV� IDFWRUV� �PRGDOLW\�� GXUDWLRQ�� DQG�RQH�EHWZHHQ�VXEMHFWV� IDFWRU� �DJH��

FRQILUPHG�WKLV�GHVFULSWLRQ�RI�WKH�UHVXOWV��7KHUH�ZDV�LQGHHG�D�PDLQ�HIIHFW�RI�PRGDOLW\��)��������

 ��������S  ��������Ș�S  ������DV�ZHOO�DV�D�PRGDOLW\�[�DJH�LQWHUDFWLRQ��)�������� �������S  �������

Ș�S  ������7KHUH�ZDV�QR�RWKHU�VLJQLILFDQW�HIIHFW��PRGDOLW\�[�GXUDWLRQ��DJH�[�PRGDOLW\�[�GXUDWLRQ��

S�!�������H[FHSW�IRU�D�PDLQ�HIIHFW�RI�GXUDWLRQ��)��������� ���������S  ��������Ș�S  ������DQG�DQ�

DJH�[�GXUDWLRQ�LQWHUDFWLRQ��)���������� ��������S  ��������Ș�S  ������WKDW�LQGLFDWHG�WKDW�S�ORQJ��

LQFUHDVHG�ZLWK�WKH�OHQJWK�RI�WKH�VWLPXOXV�GXUDWLRQV��HYHQ�WKRXJK�WKH�VORSH�RI�WKH�SV\FKRSK\VLFDO�

IXQFWLRQ�LQFUHDVHG�ZLWK�DJH�DV�ZRXOG�EH�H[SHFWHG�LI�WKHUH�LV�D�GHYHORSPHQWDO�LPSURYHPHQW�LQ�

WLPH� VHQVLWLYLW\� �VHH� UHVXOWV� RQ� WKH�:5��� 7KH�PRGDOLW\� [� DJH� LQWHUDFWLRQ� LQGLFDWHG� WKDW� WKH�

PDJQLWXGH�RI�WKH�GLIIHUHQFH�LQ�S�ORQJ��EHWZHHQ�WKH�DXGLWRU\�DQG�WKH�YLVXDO�VWLPXOL�ZDV�KLJKHU�

LQ�WKH���\HDU�ROGV��0  ������6(� ������WKDQ�LQ�WKH�DGXOWV��0� ������6(� �������%RQIHUURQL��S ��

������ZLWK�WKH���\HDU�ROGV�REWDLQLQJ�LQWHUPHGLDWH�VFRUHV�WKDW�GLG�QRW�GLIIHU�IURP�WKRVH�RI�WKH�

\RXQJHU�DQG�ROGHU�DJH�JURXSV��0� ������6(� ������S !������
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)LJXUH�����3URSRUWLRQ�RI�ORQJ�UHVSRQVHV�SORWWHG�DJDLQVW�FRPSDULVRQ�GXUDWLRQV�IRU�WKH�DXGLWRU\�
DQG�WKH�YLVXDO�VWLPXOL�IRU�WKH�DGXOWV��WKH���\HDU�ROGV�DQG�WKH���\HDU�ROGV�
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%LVHFWLRQ�SRLQW� 7R�IXUWKHU�H[DPLQH�WKLV�PRGDOLW\�UHODWHG�WLPH�GLVWRUWLRQ��ZH�PHDVXUHG

WKH�%LVHFWLRQ�3RLQW��%3���ZKLFK�LV�WKH�VWLPXOXV�GXUDWLRQ��'��WKDW�JLYHV�ULVH�WR�S�ORQJ�� ������7KH�

%3�ZDV�GHULYHG�IURP�WKH�ILWWLQJ�RI�LQGLYLGXDO�GDWD�WR�WKH�SVHXGR�ORJLVWLF�IXQFWLRQ��ZKLFK ZDV�

JRRG�IRU�PRVW�SDUWLFLSDQWV��5�  ������6(� ��������+RZHYHU��WKLV�ILWWLQJ�ZDV�QRW�VLJQLILFDQW�IRU���

FKLOGUHQ� �IRXU� �� DQG� RQH� ��\HDU�ROG��� EHFDXVH� WKH\� DOZD\V� UHVSRQGHG� VKRUW� IRU� WKH� YLVXDO�

PRGDOLW\��DOO�S�ORQJ����������7KHVH�SDUWLFLSDQWV�ZHUH�WKXV�H[FOXGHG�IURP�VXEVHTXHQW�VWDWLVWLFDO�

DQDO\VHV� �7DEOH� ����� 7KH� $129$� SHUIRUPHG� RQ� WKH� %3� VKRZHG� D� VLJQLILFDQW� LQWHUDFWLRQ�

EHWZHHQ�PRGDOLW\�DQG�DJH��)�������� �������S  ��������Ș�S  ������ZLWK�D�VLJQLILFDQW�PDLQ�HIIHFW�

RI�PRGDOLW\��)�������� ��������S  ��������Ș�S  ������DQG�DJH��)�������� �������S  ������Ș�S  ������

$V� H[SHFWHG� IURP� WKH� OHIWZDUG� VKLIW� RI� WKH� ELVHFWLRQ� IXQFWLRQ�� WKH� %3� ZDV� VPDOOHU� IRU� WKH�

DXGLWRU\� WKDQ� IRU� WKH�YLVXDO� VWLPXOL� �����YV�� ������ �)LJXUH� ����� DQG� WKH�GLIIHUHQFH� LQ� WKH�%3�

EHWZHHQ�WKHVH�WZR�PRGDOLWLHV�ZDV�KLJKHU�IRU�WKH���\HDU�ROGV��0� �������(6� ������WKDQ�IRU�WKH�

��\HDU�ROGV��0� ������(6� ������DQG�WKH�DGXOWV��0� ������(6� �������%RQIHUURQL��ERWK�S ��������

ZKLOH�QR�GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ�WKHVH�WZR�ROGHU�DJH�JURXSV��S !�������

)LJXUH�����%LVHFWLRQ�SRLQW�IRU�WKH�DXGLWRU\�DQG�WKH�YLVXDO�VWLPXOL�IRU�WKH���\HDU�ROGV��WKH���\HDU�
ROGV�DQG�WKH�DGXOWV�

:HEHU� 5DWLR� 7KH� :HEHU� 5DWLR� �:5�� LV� DQ� LQGH[� RI� WHPSRUDO� YDULDELOLW\� LQ� WLPH�

MXGJPHQW��7KLV�LV�WKH�GLIIHUHQFH�OLPHQ�>�'�S�ORQJ�� ������� �'�S�ORQJ�� ������@�GLYLGHG�E\�WKH�

%3��,W�ZDV�GHULYHG�IRU�WKH�VDPH�SVHXGR�ORJLVWLF�IXQFWLRQ�DV�WKDW�XVHG�IRU�WKH�%3��7KH�VWDWLVWLFDO�

DQDO\VLV�VKRZHG�QHLWKHU�D�PDLQ�HIIHFW�RI�PRGDOLW\��)������� �������S  ������QRU�DQ�DJH�[�PRGDOLW\�



WĂŐĞ�ͮ�ϭϵϬ

LQWHUDFWLRQ��)�������� �������S  ������7DEOH������7KH�SRVW�KRF�DQDO\VHV�FRQILUPHG�WKH�DEVHQFH�

RI�D�PRGDOLW\�HIIHFW�LQ�HDFK�DJH�JURXS�WDNHQ�VHSDUDWHO\��DOO�S !�������7KHUH�ZDV�RQO\�D�VLJQLILFDQW�

PDLQ�HIIHFW�RI�DJH��)�������� ��������S  ��������Ș�S  ������7KH�:5�ZDV�LQGHHG�KLJKHU��ORZHU�

VHQVLWLYLW\��IRU�WKH���\HDU�ROGV��0 ������6(� ������DQG�WKH���\HDU�ROGV��0� ������6(� ������WKDQ�

IRU�WKH�DGXOWV��0� ������6(� �������%RQIHUURQL��S ��������ZLWK�QR�GLIIHUHQFH�EHLQJ�IRXQG�EHWZHHQ�

WKH�WZR�FKLOG�JURXSV�� ,Q�VXP��WKH�SUHVHQWDWLRQ�RI�VWLPXOL�RI�GLIIHUHQW�PRGDOLWLHV�LQ� WKH�VDPH�

ELVHFWLRQ�WDVN�SURGXFHG�WLPH�GLVWRUWLRQV�ZLWKRXW�DIIHFWLQJ�WKH�YDULDELOLW\�RI�WLPH�MXGJPHQW�

7DEOH�����0HDQ�DQG�VWDQGDUG�HUURU�RI�%LVHFWLRQ�3RLQW�DQG�:HEHU�5DWLR�IRU�WKH�DXGLWRU\�DQG�
WKH�YLVXDO�GXUDWLRQ�IRU�WKH���\HDU�ROGV��WKH���\HDUG�ROGV�DQG�WKH�DGXOWV�

����������������������������������������������������������������������Ǥ

7DEOH �� VKRZV WKH�UDZ�VFRUHV�RQ�WKH�GLIIHUHQW�QHXURSV\FKRORJLFDO�WHVWV�IRU�HDFK�DJH�

JURXS��$V�PLJKW�EH�H[SHFWHG��WKH�VWDWLVWLFDO�DQDO\VLV�FRQILUPHG�WKH�LPSURYHPHQW�RI�WKH�GLIIHUHQW�

FRJQLWLYH�FDSDFLWLHV�ZLWK�DJH��VKRUW�WHUP�PHPRU\��)�������� ��������Ș�S  ������ZRUNLQJ�PHPRU\��

)�������� ��������Ș�S  � ����� DWWHQWLRQ�FRQFHQWUDWLRQ��)�������� ���������Ș�S  � ����� VHOHFWLYH�

DWWHQWLRQ��)�������� ���������Ș�S  ������SURFHVVLQJ�VSHHG��)�������� ���������Ș�S  ������DOO�S  �

�������ZLWK�GLIIHUHQFHV�EHLQJ�IRXQG�EHWZHHQ�DOO�WKH�DJH�JURXSV��%RQIHUURQL��S ��������H[FHSW�

EHWZHHQ�WKH��� DQG�WKH���\HDU�ROGV�IRU�WKH�VFRUHV�RQ�WKH�LQIRUPDWLRQ�SURFHVVLQJ�VSHHG�WHVW��S !�

�����

7DEOH�����5DZ�VFRUHV�RQ�QHXURSV\FKRORJLFDO�WHVWV�LQ�FKLOGUHQ�DQG�DGXOWV



WĂŐĞ�ͮ�ϭϵϭ

:H�WKHQ�H[DPLQHG�WKH�FRUUHODWLRQV�EHWZHHQ�WKH�]�VFRUHV�IRU� WKHVH�GLIIHUHQW�FRJQLWLYH�

WHVWV��DJH�DQG�WHPSRUDO�SHUIRUPDQFH��L�H��WKH�GLIIHUHQFH�EHWZHHQ�WKH�DXGLWRU\�DQG�WKH�YLVXDO�%3�

DQG�WKH�PHDQ�:5��DV�WKHUH�ZDV�QR�PRGDOLW\�HIIHFW�RQ�WKH�:5���7DEOH������7DEOH��� UHYHDOV�

WKDW� WKH�WHPSRUDO�SHUIRUPDQFH�LQ� WKH�ELVHFWLRQ�WDVN�ZLWK�GLIIHUHQW�PRGDO�VWLPXOL�ZDV�FORVHO\�

UHODWHG�WR�JHQHUDO�FRJQLWLYH�FDSDFLWLHV��:H�WKHUHIRUH�UDQ�D�KLHUDUFKLFDO�UHJUHVVLRQ�DQDO\VLV��ZLWK�

WKH�]�VFRUHV�IRU�HDFK�QHXURSV\FKRORJLFDO�WHVW�EHLQJ�VXFFHVVLYHO\�HQWHUHG�LQWR�WKH�PDWKHPDWLFDO�

HTXDWLRQ�LQ�RUGHU�WR�LGHQWLI\�WKH�EHVW�SUHGLFWRU�RI�WHPSRUDO�SHUIRUPDQFH�

7DEOH� ���� &RUUHODWLRQV� EHWZHHQ� WKH� DJH�� WKH� ]�VFRUHV� RQ� QHXURSV\FKRORJLFDO� VFRUHV�� WKH�
GLIIHUHQFH�LQ�WKH�DXGLWRU\�DQG�YLVXDO�%LVHFWLRQ�3RLQW��%3��DQG�WKH�PHDQ�:HEHU�5DWLR��:5��

7DEOH��� VKRZV� WKH� UHVXOWV�RI� WKLV� DQDO\VLV� IRU� WKH�GLIIHUHQFH� LQ� WKH�%3�EHWZHHQ� WKH�

DXGLWRU\� DQG� WKH� YLVXDO� PRGDOLW\�� $JH� DSSHDUHG� WR� EH� D� VLJQLILFDQW� SUHGLFWRU� RI� LQGLYLGXDO�

GLIIHUHQFHV�LQ�WKH�PDJQLWXGH�RI�PRGDOLW\�UHODWHG�GLVWRUWLRQV��+RZHYHU��DJH�ORVW�LWV�SUHGLFWLYH�

SRZHU�ZKHQ� FRJQLWLYH� VFRUHV�ZHUH� HQWHUHG� LQWR� WKH�PRGHOV��$OWKRXJK� WKH�PRGHOV�ZLWK� WKH�

GLIIHUHQW� FRJQLWLYH� VFRUHV� ZHUH� DOZD\V� VLJQLILFDQW�� WKH� PRVW� UHOLDEOH� IDFWRU� LQIOXHQFLQJ�

GLIIHUHQFHV�LQ�PRGDO�GLVWRUWLRQ�DSSHDUHG�WR�EH�WKH�DWWHQWLRQ�FRQFHQWUDWLRQ�VFRUHV��E  ��������S

 ��������&KDQJLQJ�WKH�RUGHU�LQ�ZKLFK�WKH�IDFWRUV�ZHUH�HQWHUHG�LQWR�WKH�PRGHOV�GLG�QRW�FKDQJH�

WKH�UHVXOWV��7KHUHIRUH��WKH�JUHDWHU�WKH�DWWHQWLRQ�FRQFHQWUDWLRQ�FDSDFLWLHV�ZHUH��WKH�VPDOOHU�WKH�

WLPH�GLVWRUWLRQ�ZDV�

7KH� UHVXOWV� LQ� 7DEOH� �� DUH� OHVV� RULJLQDO�� DV� VHYHUDO� VWXGLHV� KDYH� H[DPLQHG� WKH�

UHODWLRQVKLS�EHWZHHQ�WKH�:5�YDOXH�DQG�WKH�GLIIHUHQW�QHXURSV\FKRORJLFDO�VFRUHV��IRU�D�UHFHQW�

UHYLHZ�� VHH� 'URLW�9ROHW�� ������ ������� 1HYHUWKHOHVV�� WKHVH� UHSOLFDWHG� WKH� UHVXOWV� IRXQG� LQ�

SUHYLRXV�VWXGLHV�VKRZLQJ�WKDW�DJH�SHU�VH ZDV�QRW�D�VLJQLILFDQW�SUHGLFWRU�RI�GLIIHUHQFHV�LQ�WKH�

YDULDELOLW\�RI�WLPH�MXGJPHQW��XQOLNH�WKH�FRJQLWLYH�IDFWRUV�WKDW�DUH�DVVRFLDWHG�ZLWK�DJH��QDPHO\�

ZRUNLQJ�PHPRU\�FDSDFLWLHV� �0RGHO����E  � �������S  � ������+RZHYHU��ZKHQ� WKH� LQIRUPDWLRQ�

SURFHVVLQJ�VSHHG�VFRUHV�ZHUH�HQWHUHG�LQWR�WKH�HTXDWLRQ��0RGHO���DQG�0RGHO����DQDO\VHV�%���

SURFHVVLQJ�VSHHG�SURYHG�WR�EH�WKH�EHVW�SUHGLFWRU��E  ��������S  ��������0RGHO�����ZLWK�DWWHQWLRQ�

FRQFHQWUDWLRQ�MXVW�IDLOLQJ�WR�UHDFK�VLJQLILFDQFH��E  ��������S� �������0RGHO�����IRU�WKH�VDPH�



WĂŐĞ�ͮ�ϭϵϮ

UHVXOWV��VHH�'URLW�9ROHW 	�=pODQWL���������7KHUHIRUH��WKH�DJH�UHODWHG�LQFUHDVH�LQ�WLPH�VHQVLWLYLW\�

LQ�WKH�ELVHFWLRQ�WDVN�XVHG�LQ�RXU�VWXG\�ZDV�OLQNHG�WR�WKH�LQFUHDVH�LQ�WKH�HIILFLHQF\�RI�FRJQLWLYH�

SURFHVVLQJ�RI�WHPSRUDO�LQIRUPDWLRQ�

7DEOH� ����+LHUDUFKLFDO� UHJUHVVLRQ� DQDO\VLV� RQ� WKH� GLIIHUHQFH� EHWZHHQ� WKH� DXGLWRU\� DQG� WKH�
YLVXDO�%LVHFWLRQ�3RLQW�



WĂŐĞ�ͮ�ϭϵϯ

7DEOH�����+LHUDUFKLFDO�UHJUHVVLRQ�DQDO\VLV�RQ�WKH�PHDQ�:HEHU�UDWLR�

'LVFXVVLRQ

7KH� UHVXOWV�RI� WKH�SUHVHQW� VWXG\�FRQILUPHG� WKDW� WKH� WLPH�GLODWLRQ� IRU�DXGLWRU\�VWLPXOL�

FRPSDUHG� WR� YLVXDO� VWLPXOL� LV� D� UREXVW� SKHQRPHQRQ� WKDW� LV� REVHUYHG� LQ� DGXOWV� DV�ZHOO� DV� LQ�

FKLOGUHQ�RI�GLIIHUHQW�DJHV��2XU�VWXG\�DOVR�VKRZHG�WKDW�WKLV�WLPH�GLODWLRQ�LV�KLJKHU�LQ�\RXQJHU�

FKLOGUHQ��,W�WKXV�UHSOLFDWHG�WKH�UHVXOWV�IRXQG�LQ�FKLOGUHQ�LQ�ELVHFWLRQ�LQ�WKH�PLOOLVHFRQGV����������

PV���'URLW�9ROHW�HW�DO���������DQG�VHFRQGV�UDQJH������V���'URLW�9ROHW�HW�DO����������

+RZHYHU�� WKH�RULJLQDOLW\�RI�RXU�VWXG\� OLHV� LQ� WKH�DGRSWLRQ�RI�D�³SUHGLFWLYH�DSSURDFK´�

�:HDUGHQ�� ������ DOORZLQJ� XV� WR� GHWHUPLQH� ZKHWKHU� WKH� LQGLYLGXDO� GLIIHUHQFHV� LQ� FRJQLWLYH�

FDSDFLWLHV�VLJQLILFDQWO\�SUHGLFW� WKH�VL]H�RI� WKH�PRGDO�GLVWRUWLRQ� LQ� WLPH�MXGJPHQW��7ZR�PDLQ�



WĂŐĞ�ͮ�ϭϵϰ

K\SRWKHVHV�KDYH�EHHQ�SXW�IRUZDUG�WR�H[SODLQ�WKH�PRGDO�WLPH�GLVWRUWLRQ��WKH�³FORFN´�K\SRWKHVLV�

DQG�WKH�³FRJQLWLYH´�K\SRWKHVLV��7KH�ILUVW�K\SRWKHVLV�SRVLWV�WKDW�WKLV�WLPH�GLODWLRQ�RFFXUV�EHFDXVH�

WKH� LQWHUQDO� FORFN� UXQV� IDVWHU� IRU� WKH� WLPLQJ� RI� DXGLWRU\� WKDQ� RI� YLVXDO� VWLPXOL�� 7KH� VHFRQG�

K\SRWKHVLV�SRVLWV�WKDW�WKLV�WLPH�GLODWLRQ�LV�UHODWHG�WR�FRJQLWLYH�FDSDFLWLHV��L�H���WR�D�PRUH�HIILFLHQW�

H[HFXWLYH�FRQWURO�RI� WKH�SURFHVVLQJ�RI�GXUDWLRQV� LQ� WKH�DXGLWRU\� WKDQ� LQ� WKH�YLVXDO�PRGDOLW\��

7KHVH� WZR�K\SRWKHVHV�DUH�GLIILFXOW� WR� WHVW�EHFDXVH�ERWK�SUHGLFW� WKDW�DXGLWRU\�VWLPXOL�ZLOO�EH�

SURFHVVHG� IDVWHU� WKDQ� YLVXDO� VWLPXOL� �6WDXIIHU� HW� DO��� ������� :KDWHYHU� LWV� RULJLQ�� FRUWLFDO�

SURFHVVLQJ LV�LQGHHG�DOZD\V�IDVWHU�IRU�DXGLWRU\�WKDQ�IRU�YLVXDO�VWLPXOL��DV�LQGLFDWHG�E\�WKH�IDVWHU�

UHDFWLRQ�WLPHV�IRU�DXGLWRU\�WKDQ�IRU�YLVXDO�VWLPXOL��H�J���-DLQ�HW�DO����������RU�E\�WKH�GLIIHUHQFH�

LQ�WKH�HDUO\�QHJDWLYH�FRPSRQHQW�RI�WKH�HYHQW�UHODWHG�SRWHQWLDOV��(53� �H�J���7UXHWW�HW�DO����������

+RZHYHU��WKLV�TXHVWLRQ�FDQ�LQ�SDUW�EH�UHVROYHG�ZLWKLQ�WKH�IUDPHZRUN�RI�D�GHYHORSPHQWDO�PRGHO��

JLYHQ� WKDW� WKH�VHQVRU\�V\VWHPV�DUH�PDWXUHG�DW���\HDUV��ZKHUHDV� WKH�H[HFXWLYH�FRQWURO� VNLOOV��

ZKLFK�GHSHQG�RQ�WKH�VORZ�PDWXUDWLRQ�RI�WKH�SUHIURQWDO�FRUWH[��DUH�QRW�IXOO\�GHYHORSHG�DW�WKLV�

DJH��&DVH\�HW�DO���������*DWKHUFROH�HW�DO����������

2XU� UHVXOWV� UHYHDOHG� WKDW� WKH� DJH�UHODWHG� GLIIHUHQFHV� LQ� WHPSRUDO� SHUIRUPDQFH� LQ� WKH�

SUHVHQW�ELVHFWLRQ�WDVN�ZHUH�FORVHO\�OLQNHG�WR�WKH�GHYHORSPHQW�RI�FRJQLWLYH�FDSDFLWLHV��,QGHHG��

DJH�FHDVHG WR�EH�D�VLJQLILFDQW�SUHGLFWRU�RI�GHYHORSPHQWDO�GLIIHUHQFHV�LQ�WKH�YDULDELOLW\�RI�WLPH�

MXGJPHQWV��:HEHU�UDWLR��ZKHQ�WKH�FRJQLWLYH�VFRUHV�ZHUH�HQWHUHG�LQWR�WKH�KLHUDUFKLFDO�UHJUHVVLRQ�

DQDO\VLV�� 7KH� EHVW� SUHGLFWRUV� ZHUH� WKH� VFRUHV� RQ� WKH� QHXURSV\FKRORJLFDO� WHVWV� RI� ZRUNLQJ�

PHPRU\�DQG�LQIRUPDWLRQ�SURFHVVLQJ�VSHHG��7LPH�VHQVLWLYLW\�WKXV�LPSURYHV�DFURVV�DJHV�DV�WKH�

FRJQLWLYH�SURFHVVLQJ�RI� WHPSRUDO� LQIRUPDWLRQ�EHFRPHV�PRUH� HIILFLHQW�� �7KLV� UHVXOW�FRQILUPV�

WKRVH� IRXQG� LQ�GHYHORSPHQWDO�QHXURSV\FKRORJLFDO� VWXGLHV� LQ KXPDQV�VKRZLQJ� WKH�FORVH� OLQN�

EHWZHHQ� WKH� LPSURYHPHQW� LQ� WLPLQJ� DELOLWLHV� DQG� WKH� GHYHORSPHQW� RI� JHQHUDO� FRJQLWLYH�

FDSDFLWLHV� �H�J���'URLW�9ROHW�	�=pODQWL�� ������=HODQWL�	�'URLW�9ROHW�� ������+DOOH]�	�'URLW�

9ROHW�� ������� 7KLV� LV� DOVR� HQWLUHO\� FRQVLVWHQW�ZLWK� EUDLQ� GHYHORSPHQW� LQ� FKLOGUHQ��ZKLFK� LV�

FKDUDFWHUL]HG�E\�D�VORZ�PDWXUDWLRQ�RI�WKH�SUHIURQWDO�FRUWH[��L�H��WKH�VWUXFWXUH�WKDW�XQGHUSLQV WKH�

H[HFXWLYH�FRQWURO�IXQFWLRQ��6RZHOO�HW�DO���������������7VXMLPRWR���������)RU�H[DPSOH�� LW�KDV�

EHHQ�VXJJHVWHG�WKDW�WHPSRUDO�MXGJPHQWV�LQ�WKH�H[SOLFLW�WLPLQJ�WDVN�DUH�ORZHU�LQ�FKLOGUHQ�ZKR�

H[KLELW�UHGXFHG�DFWLYDWLRQ�RI�WKHLU�SUHIURQWDO�FRUWH[��ULJKW�GRUVRODWHUDO�SUHIURQWDO�FRUWH[���DV�LQ�

WKH�FDVH�RI�DWWHQWLRQ�GHILFLW�DQG�K\SHUDFWLYLW\�GLVRUGHUV��$'+'���IRU�D�PHWD�DQDO\VLV�RI�I05,�

VWXGLHV��VHH�+DUW��5DGXD��0DWDL[�&ROV�	�5XELD���������7KH�VHQVLWLYLW\�WR�GXUDWLRQV��!�����PV��

DQG�LWV�LPSURYHPHQW�WKURXJK�FKLOGKRRG�WKXV�GHSHQG�RQ�WKH�GHYHORSPHQW�RI�ZRUNLQJ�PHPRU\�

FDSDFLWLHV�DQG�LQIRUPDWLRQ�SURFHVVLQJ�VSHHG�



WĂŐĞ�ͮ�ϭϵϱ

:H�PD\� QHYHUWKHOHVV� GLVFXVV� WKH� LGHD� WKDW� ZRUNLQJ�PHPRU\� VFRUHV�� DQG� HVSHFLDOO\�

LQIRUPDWLRQ� SURFHVVLQJ� VSHHG� VFRUHV�� LQGLUHFWO\� UHIOHFW� WKH� LQWHUQDO� FORFN� VSHHG� LQ� \RXQJ�

FKLOGUHQ��ZKLFK�LV�VORZHU�DQG�KDV�D�ORZHU�WHPSRUDO�UHVROXWLRQ��'URLW�9ROHW�	�=pODQWL��������

'URLW�9ROHW� ������ ������� ,QGHHG�� DFFRUGLQJ� WR� PRGHOV� RI� WKH� QHXUDO� RVFLOODWRUV� DQG� WKHLU�

V\QFKURQL]DWLRQ��WKHUH�LV�D�FORVH�FRUUHVSRQGHQFH�EHWZHHQ�LQWHUYDO�WLPLQJ�DQG�ZRUNLQJ�PHPRU\��

VXJJHVWLQJ�WKDW�WLPLQJ�PLJKW�EH�D�PHPRU\�EDVHG�SURFHVV��*X��YD�5LMQ��	�0HFN��������5RX[�	�

8KODDV���������1HYHUWKHOHVV��LQ�D�WDVN�LQ�ZKLFK�WKH�MXGJPHQW�RI�WLPH�ZDV�LPSOLFLW�DQG�UHTXLUHG�

OLWWOH�DWWHQWLRQ��'URLW�9ROHW�DQG�&RXOO��������UHFHQWO\�IRXQG�WKDW�WKH�WHPSRUDO�SHUIRUPDQFH�GLG�

QRW� FKDQJH� ZLWK� DJH� DQG� ZDV� QRW� GHSHQGHQW� RQ� GHYHORSPHQWDO� GLIIHUHQFHV� LQ� FRJQLWLYH�

FDSDFLWLHV�� L�H��ZRUNLQJ�PHPRU\�FDSDFLWLHV��7KHUHIRUH�� WLPLQJ�FDQQRW�EH� UHGXFHG� WR�ZRUNLQJ�

PHPRU\�SURFHVVHV�RU�YLFH�YHUVD�

,Q�RXU�ELVHFWLRQ� WDVN�� LW�ZDV�QRW�RQO\�VHQVLWLYLW\� WR� WLPH� WKDW�GHSHQGHG�RQ� LQGLYLGXDO�

FRJQLWLYH�FDSDFLWLHV��7KLV�ZDV�DOVR�WUXH�IRU�WKH�VL]H�RI�WKH�WHPSRUDO�GLVWRUWLRQ�XQGHU�WKH�HIIHFW�

RI�VHQVRU\�PRGDOLWLHV��,QGHHG��RXU�UHJUHVVLRQ�DQDO\VLV�GHPRQVWUDWHG�WKDW�FRJQLWLYH�FDSDFLWLHV�

H[SODLQHG�D�JUHDW�SURSRUWLRQ�RI�WKH�YDULDQFH�LQ�WKH�PDJQLWXGH�RI�WKH�PRGDO�HIIHFW��$JH��ZKLFK�

ZRXOG�UHIOHFW�IDFWRUV�RWKHU�WKDQ�WKH�FRJQLWLYH�IDFWRUV�WHVWHG��H�J���D�FORFN�UHODWHG�RQH���GLG�QRW�

UHPDLQ�D�VLJQLILFDQW�SUHGLFWRU��7KLV�VXSSRUWV�5DPPVD\HU�HW�DO�¶V��������VWDWHPHQW�WKDW��IRU�ORQJ�

GXUDWLRQV� �!� ���� PV��� WKH� SURFHVVLQJ� RI� WLPH GHSHQGV� RQ� FRJQLWLYH� SURFHVVHV� UDWKHU� WKDQ�

VHQVRU\�VSHFLILF�WLPLQJ PHFKDQLVPV��,W�DOVR�VXSSRUWV�UHFHQW�ZRUNV�FDUULHG�RXW�E\�2JGHQ�DQG�

KHU�FROODERUDWRUV�RQ�DGXOWV�VKRZLQJ�WKH�FULWLFDO�UROH�RI�H[HFXWLYH�SURFHVVHV�DQG�WKH�XSGDWLQJ�RI�

UHVRXUFHV�LQ�KXPDQ�WLPLQJ��OLNHO\�GXH�WR�³WKH�PRQLWRULQJ�RI�WKH�DFFXPXODWLRQ�RI�SXOVHV´��2JGHQ�

HW� DO��� ������S������ �2JGHQ�HW� DO��� ������������2JGHQ��:HDUGHQ�	�0RQWJRPHU\��������� ,Q�

SDUWLFXODU��RXU�UHVXOWV�VXJJHVW�WKDW�WKH�FRJQLWLYH�RSHUDWLRQV�LQYROYHG�LQ�WKH�PRGH�UHODWHG�VHQVRU\

GLVWRUWLRQV�ZHUH�QRW�UHODWHG�WR�VHOHFWLYH�DWWHQWLRQ�EXW�UDWKHU�WR�ZRUNLQJ�PHPRU\��7KLV�ILQGLQJ�LV�

LQ� DFFRUGDQFH�ZLWK� WKRVH� REWDLQHG� E\� =pODQWL� DQG�'URLW�9ROHW� ������� LQ� FKLOGUHQ�ZKHQ� WKH�

DXGLWRU\� DQG� WKH�YLVXDO�PRGDOLWLHV�ZHUH� WHVWHG� LQ� VHSDUDWH�ELVHFWLRQ WDVNV�� ,QGHHG�� DV� LQ�RXU�

VWXG\�� WKH\� IRXQG� WKDW� WKH� VFRUHV� RQ� GLIIHUHQW� WHPSRUDO� VHOHFWLYH� DWWHQWLRQ� WHVWV� ZHUH� QRW�

VLJQLILFDQWO\�FRUUHODWHG�ZLWK�WKH�%3�YDOXHV��H[FHSW�IRU�WKH�VKRUW�GXUDWLRQV������V��LQ�WKH�YLVXDO�

PRGDOLW\��&RQVHTXHQWO\��WKH�DELOLW\�WR�VHOHFWLYHO\�GLUHFW�DWWHQWLRQ�WR�WKH�VWLPXOXV�WR�EH�WLPHG��

ZKLFK�ZRXOG�DFW�RQ�WKH�ODWHQF\�RI�WKH�VZLWFK�FORVXUH�RI�WKH�LQWHUQDO�FORFN��LV�QRW�WKH�PDMRU�IDFWRU�

H[SODLQLQJ�WKH�LQGLYLGXDO�GLIIHUHQFHV�LQ�WKH�PRGDO�HIIHFWV�REWDLQHG�LQ�RXU�VWXG\��7KLV�GRHV�QRW�

PHDQ WKDW�WKLV�PHFKDQLVP�LV�QRW�LQYROYHG�LQ�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WLPLQJ�RI�DXGLWRU\�DQG�

YLVXDO�VWLPXOL��+RZHYHU��LWV�LQIOXHQFH�LV�QRW�VXIILFLHQWO\�LPSRUWDQW�IRU�LW�WR�EH�VLJQLILFDQW�DW�WKH�
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EHKDYLRUDO�OHYHO�GXULQJ�WKH�MXGJPHQW�RI�ORQJ�GXUDWLRQV��!���V��

,Q�RXU�VWXG\��WKH�EHVW�SUHGLFWRU�RI�GLIIHUHQFHV�LQ�WKH�VL]H�RI�WKH�PRGDO�GLVWRUWLRQ�RI�WLPH�

ZDV�WKH�VFRUHV�RQ�WKH�ZRUNLQJ�PHPRU\�WHVWV��HVSHFLDOO\�WKRVH�RQ�WKH�DWWHQWLRQ�FRQFHQWUDWLRQ�

LQGH[�RI�WKH�&06��&RKHQ���������$OWKRXJK�WKLV�LQGH[�LV�³ODEHOHG�DV�DWWHQWLRQ´��LW�LV�FRPSRVHG�

RI�WHVWV�WKDW�DVVHVV�ZRUNLQJ�PHPRU\��IRUZDUG�DQG�EDFNZDUG�GLJLW�VSDQ��DQG�RWKHU�³FRJQLWLYH�

FRQVWUXFWV� �H�J��� VHTXHQFLQJ�´� �-RKQVWRQH��(UGDO��	�6WDGOHU�� ������� ,W� WKXV�PHDVXUHV� VHYHUDO�

FRPSRQHQWV�RI�ZRUNLQJ�PHPRU\��%DGGHOH\�	�+LWFK��������%DGGHOH\���������QDPHO\�WKH�DELOLW\�

WR� VXVWDLQ� WKH� DOORFDWLRQ�RI� DWWHQWLRQ� WR�RQJRLQJ� WHPSRUDO� LQIRUPDWLRQ�� EXW� DOVR� WR� VWRUH� DQG�

XSGDWH�WHPSRUDO�LQIRUPDWLRQ�LQ�PHPRU\�XQWLO�LWV�MXGJPHQW��7KLV�VXJJHVWV�WKDW�WKH�PDJQLWXGH�RI�

WKH�PRGDO�HIIHFW�LQ�WLPH MXGJPHQW�LV�H[SODLQHG�E\�H[HFXWLYH�VNLOOV�LQYROYLQJ�PHPRU\�VWRUDJH�

SURFHVVHV�� EXW� DOVR�RWKHU�SURFHVVHV� VXFK�DV� WKH�XSGDWLQJ�RI� LQIRUPDWLRQ� LQ�PHPRU\�DQG� WKH�

PDLQWHQDQFH�RI�DWWHQWLRQ�RQ� WKH�SURFHVVLQJ�RI� WKH�FRQWLQXRXV� IORZ�RI� WHPSRUDO� LQIRUPDWLRQ��

+RZHYHU��WKH�SUHVHQW�VWXG\��ZKLFK�ZDV�EDVHG�RQ�VWDQGDUGL]HG�DQG�YDOLGDWHG�QHXURSV\FKRORJLFDO�

WHVWV��GLG�QRW�DOORZ�XV�WR�LGHQWLI\�WKH�H[DFW�FRQWULEXWLRQ�RI�GLIIHUHQW�ZRUNLQJ�PHPRU\�RSHUDWLRQV�

LQ�WKH�SURFHVVLQJ�RI�WLPH��,W�RQO\�GHPRQVWUDWHG�WKDW�D�VHW�RI�ZRUNLQJ�PHPRU\�FRPSRQHQWV�DUH�

LQYROYHG� LQ� WKH� WHPSRUDO� PRGDOLW\� HIIHFW�� VLQFH� VHOHFWLYH� DWWHQWLRQ� DQG� VKRUW�WHUP�PHPRU\�

FDSDFLWLHV�DUH�QRW�IXQFWLRQV�WKDW�FDQ�LQ�WKHPVHOYHV�DFFRXQW�IRU�PRGDOLW\�HIIHFWV��)XWXUH�VWXGLHV�

XVLQJ�VSHFLILF�FRJQLWLYH�WHVWV�ZLOO�EH�SHUIRUPHG�WR�UHVROYH�WKLV�TXHVWLRQ��,Q�VXP��WKH�WHPSRUDO�

LOOXVLRQ�OLQNHG�WR�VHQVRU\�PRGDOLW\�HIIHFWV�LV�JUHDWHU�LQ�LQGLYLGXDOV�ZLWK�SRRU�H[HFXWLYH�VNLOOV��

DQG�WKHUHIRUH�LQ�FKLOGUHQ��,Q�RWKHU�ZRUGV��LW�GHSHQGV�RQ�FRJQLWLYH�SURFHVVHV�UDWKHU�WKDQ�VHQVRU\�

VSHFLILF�WLPLQJ�SURFHVVHV�
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,,�± ���(WXGH�GX�FRQWH[WH�WHPSRUHO�VXU�OH�MXJHPHQW�GX�WHPSV�FKH]�OHV�HQIDQWV�
HW�OHV�DGXOWHV�

+DOOH]��4���'DPVPD��$���5KRGHV��'���YDQ�5LMQ��+���	�'URLW�9ROHW��6����������7KH�G\QDPLF�

HIIHFW�RI�FRQWH[W�RQ�LQWHUYDO�WLPLQJ�LQ�FKLOGUHQ�DQG�DGXOWV� $FWD�SV\FKRORJLFD� �����������
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,QWURGXFWLRQ

:H�OLYH�LQ�D�G\QDPLF�ZRUOG�ZLWK�D�SOXUDOLW\�RI�WHPSRUDO�HYHQWV�DQG�VRPH�RI�WKHP WKDW�

PLJKW�IOXFWXDWH�LQ�WKHLU�WHPSRUDO�SURSHUWLHV��JRLQJ�IDVWHU�RU�VORZHU�WKDQ�XVXDO��*LYHQ�WKDW WLPH�

LV�D�IXQGDPHQWDO�GLPHQVLRQ�RI�SHUFHSWLRQ��DFWLRQ�DQG�FRJQLWLRQ��ZH�FDQ�DVVXPH�WKDW KXPDQV�

FRQWLQXRXVO\� DGMXVW� WKHLU� EHKDYLRXU� WR� WKHVH� FKDQJLQJ� WHPSRUDO� SURSHUWLHV� RI� RXU SK\VLFDO�

HQYLURQPHQW� �'L� /XFD� 	� 5KRGHV�� ������ � 5KRGHV�� ������� 7KH� DFTXLVLWLRQ� RI� WKH GXUDWLRQ�

DVVRFLDWHG�WR�DQ�HYHQW�WKHUHIRUH�GHSHQGV�RQ�WKH�WHPSRUDO�FRQWH[W�RI�OHDUQLQJ��5DWWDW�	 7DUWDV��

�������7KLV�SDSHU�WHVWV�WKH�GHJUHH�WR�ZKLFK�RXU�SULRU�NQRZOHGJH�DERXW�WKH�WHPSRUDO SURSHUWLHV�

RI�WKH�ZRUOG�LV�OHDUQW�DQG�XVHG�DW�GLIIHUHQW�GHYHORSPHQWDO�DJHV��

,W�LV�ZHOO�GRFXPHQWHG�LQ�VWXGLHV�ZLWK�KXPDQ�DGXOWV�WKDW�WHPSRUDO�FRQWH[W LQIOXHQFHV�

WKH� HVWLPDWLRQ� RI� GLIIHUHQW� PDJQLWXGHV�� LQFOXGLQJ� WHPSRUDO� UK\WKP� RU� GXUDWLRQ� �$GDPV 	�

0DPDVVLDQ�������%DWWDJOLD��-DFREV�	�$VOLQ��������'DPVPD��YDQ�GHU�0LMQ�	�YDQ�5LMQ� ������

(UQVW�	�%DQNV��������-D]D\HUL�	�6KDGOHQ��������.|UGLQJ��%HLHUKROP��0D� 4XDUW]��7HQHQEDXP�

	�6KDPV��������0F$XOH\�	�-RQHV��������0F$XOH\��-RQHV��+ROXE��-RKQVWRQ 	�0LOOHU��������

0DPDVVLDQ��/DQG\�	�0DORQH\��������0L\D]DNL��1R]DNL�	�1DNDMLPD� ������3HW]VFKQHU��0DLHU�

	�*ODVDXHU��������6KL�	�%XUU��������6WRFNHU�	�6LPRQFHOOL� ������9HUVW\QHQ�	�6DEHV���������

7KLV�SKHQRPHQRQ�LV�LOOXVWUDWHG�E\�WKH�FHQWUDO�WHQGHQF\ HIIHFW�GHVFULEHG�E\�+ROOLQJZRUWK���������

DQG�NQRZQ�LQ�WKH�SV\FKRORJ\�RI�WLPH�DV�9LHURUGW¶V �������ODZ��$FFRUGLQJ�WR�9LHURUGW¶V�ODZ��LQ�

D�WDVN�LQ�ZKLFK�D�UDQJH�RI�WLPH�LQWHUYDOV�KDYH�WR EH�UHSURGXFHG��SDUWLFLSDQWV�WHQG�WR�RYHUHVWLPDWH�

WKH�VKRUWHVW�GXUDWLRQV�DQG�XQGHUHVWLPDWH WKH�ORQJHVW�GXUDWLRQV��/HMHXQH�	�:HDUGHQ���������7KLV�

ELDV�LQ�WLPH�HVWLPDWHV�GHPRQVWUDWHV WKDW�WKH MXGJPHQW�RI�GXUDWLRQV�LV�QRW�DEVROXWH��EXW�UHODWLYH�

WR�WKH�FHQWUH�RI�WKH�GLVWULEXWLRQ�RI WHVWHG GXUDWLRQV��7KH�MXGJPHQW�RI�D�JLYHQ�GXUDWLRQ�WKHUHIRUH�

GHSHQGV�RQ�WKH�SUHYLRXV HQFRXQWHUHG�GXUDWLRQV�

$FFRUGLQJ� WR� WKH� %D\HVLDQ� WKHRU\� RI� SHUFHSWXDO� LQIHUHQFH� IRU� WLPH�� WKH FXUUHQWO\�

SHUFHLYHG�LQWHUYDO��WKH�OLNHOLKRRG��LV�ZHLJKWHG�ZLWK�SUHYLRXV�H[SHULHQFH��WKH�SULRU��WR�FRPH WR�

D�VXEMHFWLYH�HVWLPDWLRQ�RI�GXUDWLRQ��WKH�SRVWHULRU���6R��LQ�D�WHPSRUDO�WDVN�ZLWK�D�VHTXHQFH RI�

WULDOV��WKHUH�ZRXOG�EH�DQ�³RQOLQH�SULRU´�ZKHUH�WKH�SULRU�LV�XSGDWHG�RQ�D�WULDO�E\�WULDO�EDVLV� ZLWK�

D�JUHDWHU�LQIOXHQFH�RQ�WKH�FXUUHQW�HVWLPDWH�RI�PRUH�UHFHQW�WULDOV��'\MDV��%DXVHQKDUW�	 8OULFK��

������'L�/XFD�	�5KRGHV��������/DSLG��8OULFK�	�5DPPVD\HU��������7DDWJHQ�	�9DQ 5LMQ��������

YDQ�5LMQ���������,Q�DGGLWLRQ��WKH�%D\HVLDQ�YLHZ�SUHGLFWV�WKDW�WKH�QRLVLHU�WKH WLPH�HVWLPDWHV�DUH��

WKH�PRUH�SDUWLFLSDQWV�ZLOO�UHO\�RQ�SULRU�NQRZOHGJH��$V�H[SODLQHG�E\ -D]D\HUL�DQG�6KDGOHQ��������

S���������³WKH�EUDLQ�WDNHV�LQWR�DFFRXQW�NQRZOHGJH�RI�WHPSRUDO XQFHUWDLQW\�DQG�DGDSWV�LWV�WLPH�
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NHHSLQJ�PHFKDQLVPV�WR�WHPSRUDO�VWDWLVWLFV�LQ�WKH�HQYLURQPHQW´� ,QGHHG��JLYHQ�WKDW�WKH�VWDQGDUG�

GHYLDWLRQ� RI� WHPSRUDO� MXGJPHQW� LQFUHDVHV� ZLWK� WKH� OHQJWK� RI GXUDWLRQV� WR� EH� HVWLPDWHG�� DV�

LQGLFDWHG�WKH�VFDODU�SURSHUW\�RI�WLPLQJ��IRU�D�UHYLHZ�VHH�:HDUGHQ�������� LW�KDV�EHHQ�IRXQG�WKDW�

WKH�FHQWUDO�WHQGHQF\�HIIHFW�LV�VWURQJHU�IRU�ORQJHU�VWLPXOXV GXUDWLRQV��&LFFKLQL��$UULJKL��&HFFKHWWL�

	�%XUU��������-D]D\HUL�	�6KDGOHQ� ������

7KH�VFDODU�YDULDELOLW\�RI�WLPLQJ�KDV�EHHQ�YHULILHG�LQ�\RXQJ�FKLOGUHQ�LQ�GLIIHUHQW WDVNV�

�IRU�UHFHQW�UHYLHZV�VHH�'URLW�9ROHW��������������&RXOO�	�'URLW�9ROHW���������,Q�DGGLWLRQ� WKH�

YDULDELOLW\�LQ�HVWLPDWHV�KDV�EHHQ�V\VWHPDWLFDOO\�VKRZQ�WR�EH�KLJKHU�LQ�\RXQJ�FKLOGUHQ�WKDQ LQ�

DGXOWV��:H�FDQ�WKHUHIRUH�DVVXPH�WKDW�WKH�XQFHUWDLQW\�LQ�WLPH�MXGJPHQWV�LV�KLJKHU�LQ \RXQJHU�

FKLOGUHQ��DQG�DV�VXFK��WKH\�PLJKW�UHO\�RQ�SULRU�H[SHULHQFH�WR�D�JUHDWHU�H[WHQW�WKDQ�DGXOWV GR��7KH�

IHZ� GHYHORSPHQWDO� VWXGLHV� RQ� WHPSRUDO� UHSURGXFWLRQ� VKRZHG� D� VWURQJHU� WHPSRUDO� ELDV LQ�

FKLOGUHQ��ZLWK� D� KLJKHU� RYHU� DQG� XQGHUHVWLPDWLRQ� RI� VKRUW� DQG� ORQJ� GXUDWLRQV� UHVSHFWLYHO\�

�&URZGHU� 	� +RKOH�� ������ 'URLW�9ROHW�� :HDUGHQ� 	� =pODQWL�� ������ 6]HODJ� .RZDOVND��

5\PDUF]\N� 	� 3|SSHO�� ������� 7KLV� W\SLFDO� WHPSRUDO� ELDV� KDV� EHHQ� H[SODLQHG� E\� WKH PRWRU�

FRPSRQHQW�RI� WKLV� WDVN� �'URLW�9ROHW���������7KH�KLJKHU�RYHUHVWLPDWLRQ�RI� VKRUW�GXUDWLRQV LQ�

\RXQJ�FKLOGUHQ�FRPSDUHG�WR�DGXOWV�ZRXOG�EH�GXH�WR�WKHLU�PRWRU�UHVSRQVHV�WKDW�WRRN�PRUH WLPH�

WR�FRPSOHWH��ZKLOH�WKH�KLJKHU�XQGHUHVWLPDWLRQ�RI�ORQJ�GXUDWLRQV�PLJKW�EH�GXH�WR� WKHLU PRWRU�

LPSXOVLYLW\��,Q�OLQH�ZLWK�WKHVH�ILQGLQJV��VRPH�DXWKRUV�KDYH�ZDUQHG�DJDLQVW�XVLQJ�WKLV WHPSRUDO�

WDVN� LQ� \RXQJ� FKLOGUHQ� �'URLW�9ROHW�� ������ ,QGUDFFROR�� 6SHQFH�� 9DWDNLV� 	� +DUUDU� �������

+RZHYHU�� DOWKRXJK� WKH� FRQWULEXWLRQ� RI� PRWRU� DFWLRQ� LQ� DJH�UHODWHG� GLIIHUHQFHV� LQ WHPSRUDO�

UHSURGXFWLRQ�FDQQRW�EH�H[FOXGHG��ZH�FDQ�DOVR�DVVXPH�D�VWURQJHU�HIIHFW�RI�SULRU�NQRZOHGJH RQ�

WHPSRUDO�UHSURGXFWLRQ�LQ�\RXQJ�FKLOGUHQ�WKDQ�LQ DGXOWV�

$�UHFHQW�VWXG\�XVLQJ�WKH�WHPSRUDO�UHSURGXFWLRQ�WDVN�KDV�EHHQ�FRQGXFWHG�LQ�DXWLVWLF DQG�

W\SLFDOO\ GHYHORSHG� FKLOGUHQ� DJHG� IURP� �� WR� ��� \HDUV� �.DUDPLQLV� HW� DO��� ������� 7KH UHVXOWV�

UHSOLFDWHG� WKH� FHQWUDO� WHQGHQF\� HIIHFW� LQ� DOO� DJH� JURXSV�� ZLWK� D� VWURQJHU� HIIHFW� IRU \RXQJHU�

SDUWLFLSDQWV��,Q�DGGLWLRQ��%D\HVLDQ�PRGHOOLQJ�RI�WKH�GDWD�VXJJHVWHG�D�KLJKHU�UHOLDQFH�RQ WKH�SULRU�

LQ�\RXQJ�FKLOGUHQ�WKDQ�LQ�DGXOWV��7KH�DXWLVWLF�FKLOGUHQ�VKRZHG�D�ORZHU�VHQVLWLYLW\�WR WLPH��EXW�

GLG�QRW�UHO\�PRUH�RQ�SULRU�NQRZOHGJH�WKDQ�DJH�PDWFKHG�W\SLFDO�FKLOGUHQ�WR�FRPSHQVDWH IRU�WKHLU�

WHPSRUDO�HUURU��+RZHYHU��DV�UHSRUWHG�WKH�DXWKRUV��XQH[SHFWHGO\��WKH�FRQWH[W GHSHQGHQW�HIIHFW�

ZDV�QRW�FRQVLVWHQW�DFURVV�DJH�JURXSV��EHLQJ�DEVHQW�LQ�FKLOGUHQ�ROGHU�WKDQ����\HDUV DQG�DGXOWV�

�S������7KLV�LV�OLNHO\�GXH�WR�WKH�IDFW�WKDW�\RXQJHU�FKLOGUHQ�XQGHUHVWLPDWHG�DOO GXUDWLRQV��WKHUHE\�

UHGXFLQJ� WKH� FRQWH[W� HIIHFW� WR� ZKLFK� WKH\� PD\� EH� VXEMHFW� �+DOOH]� 	� 'URLW�9ROHW� ������

.DUDPLQLV�HW�DO�� �������



WĂŐĞ�ͮ�ϮϬϬ

7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�UHSOLFDWH�DQG�H[WHQG�WKHVH�UHVXOWV�RQ�WKH�HIIHFW RI�

WHPSRUDO�FRQWH[W�RQ�WHPSRUDO�UHSURGXFWLRQ�SHUIRUPDQFH�LQ�FKLOGUHQ�DV�\RXQJ�DV���\HDUV ROG��

,QGHHG�� WKH� RULJLQDOLW\� RI� RXU� VWXG\� OD\V� RQ� WKH� H[DPLQDWLRQ� RI� WKH� LQIOXHQFH� RI WHPSRUDO�

SHUIRUPDQFH�LQ�FKLOGUHQ�DQG�DGXOWV��7KH�JOREDO�FRQWH[W��L�H���WKH�UDQJH�RI�SUHVHQWHG LQWHUYDOV��

ZDV�QRW�WKH�RQO\�IRFXV�KRZHYHU��DV�ZH�DOVR�LQYHVWLJDWHG�WKH�ORFDO�FRQWH[W��L�H���WKH GLUHFW�HIIHFW�

RI� UHFHQW� WULDOV��� D� GLVWLQFWLRQ� WKDW� KDV� QRW� \HW� EHHQ� LQYHVWLJDWHG� IURP� D GHYHORSPHQWDO�

SHUVSHFWLYH��,Q�WKH�SUHVHQW�VWXG\��FKLOGUHQ�DJHG������DQG���\HDUV��DV�ZHOO�DV�DGXOWV��SHUIRUPHG D�

�UHDG\�VHW�JR��UHSURGXFWLRQ�WDVN�LQ�ZKLFK�ZH�PDQLSXODWHG�WKH�WHPSRUDO�FRQWH[W�E\�XVLQJ WZR�

GLIIHUHQW� UDQJHV�RI�GXUDWLRQV��D� VKRUW�DQG�D� ORQJHU� UDQJH��7R�DVVHVV� WKH� HIIHFW�RI� WKLV JOREDO�

FRQWH[W�PDQLSXODWLRQ��RQH�GXUDWLRQ�LQ�WKH�WZR�WHPSRUDO�UDQJHV�RYHUODSSHG��:H K\SRWKHVL]HG�DQ�

HIIHFW� RI� WHPSRUDO� FRQWH[W� RQ� WHPSRUDO� SHUIRUPDQFH� IRU� ERWK� FKLOGUHQ� DQG� DGXOWV�� ZLWK WKH�

RYHUODSSLQJ�GXUDWLRQ�MXGJHG�ORQJHU�LQ�WKH�ORQJ�WKDQ�LQ�WKH�VKRUW�FRQWH[W�FRQGLWLRQ��,Q DGGLWLRQ��

EHFDXVH�RI�WKH�ORZHU�WHPSRUDO�VHQVLWLYLW\�LQ�\RXQJ�FKLOGUHQ��ZH�H[SHFWHG�WKDW�WKH�HIIHFW RI�UHFHQW�

SULRU�WULDOV�ZRXOG�EH�KLJKHU�LQ�FKLOGUHQ�WKDQ�LQ�DGXOWV�

0HWKRGV

������������

$�WRWDO�RI����ILYH�\HDU�ROGV�����IHPDOHV������VL[�\HDU�ROGV�����IHPDOHV���DQG��� VHYHQ�

\HDU�ROGV�����IHPDOHV��DQG����DGXOWV�����IHPDOHV��PHDQ�DJH� ��������6'� �������WRRN�SDUW LQ�

WKLV�H[SHULPHQW��&KLOGUHQ�ZHUH�UHFUXLWHG�IURP�GLIIHUHQW�QXUVHU\�DQG�SULPDU\�VFKRROV� ZKHUHDV�

DGXOWV� ZHUH� 3V\FKRORJ\� VWXGHQWV� RI� WKH� 8QLYHUVLW\� &OHUPRQW� $XYHUJQH�� DOO� ORFDWHG� LQ WKH�

PXQLFLSDOLW\� RI� &OHUPRQW�)HUUDQG�� )UDQFH�� &KLOGUHQ¶V� SDUHQWV� DV� ZHOO� DV� DGXOW SDUWLFLSDQWV�

VLJQHG�ZULWWHQ�LQIRUPHG�FRQVHQW�IRU�WKHLU�SDUWLFLSDWLRQ�LQ�WKLV�H[SHULPHQW��ZKLFK�ZDV FDUULHG�

RXW�DFFRUGLQJ�WR�WKH�SULQFLSOHV�RI������+HOVLQNL¶V�GHFODUDWLRQ�DQG�DSSURYHG�E\�WKH DFDGHP\�

FRPPLWWHH�RI� WKH�)UHQFK�1DWLRQDO�(GXFDWLRQ�0LQLVWU\��DQG� WKH�HWKLFV�FRPPLWWHH�RI UHVHDUFK�

,5%�8&$��DFFRUGLQJ�WR�HWKLFDO�VWDQGDUGV�RI�WKH�)UHQFK ODZ�

������������� �������

,Q� D�TXLHW� URRP��SDUWLFLSDQWV�ZHUH� VHDWHG� LQ� IURQW�RI�D�FDWKRGH�VFUHHQ�RQ�ZKLFK�DOO

VWLPXOL�ZHUH�SUHVHQWHG��7KH�VFUHHQ�ZDV�OLQNHG�WR�D�06,�$SDFK�3UR�FRPSXWHU�WKDW�ODXQFKHG DOO�

H[SHULPHQWDO�HYHQWV�DQG�UHFRUGHG�UHVSRQVHV�XVLQJ�3V\FKWRROER[����%UDLQDUG��������.OHLQHU HW�

DO���������LQ 0DWODE��'XULQJ�DQ�HQWLUH�H[SHULPHQWDO�EORFN��D������IL[DWLRQ�FURVV�ZDV�SUHVHQWHG�
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DW�WKH�FHQWUH RI�WKH�VFUHHQ��)LJXUH������,Q�HDFK�WULDO��D�ZDUQLQJ��UHDG\�DQG�VHW�VWLPXOXV�ZHUH�

SUHVHQWHG� 7KH�ZDUQLQJ�VWLPXOXV�FRQVLVWHG�RI�D������GLDPHWHU�EODFN�FLUFOH�ZLWK�WKH�ODEHO�
UHDG\
��

DQG DSSHDUHG�RQ�WKH�OHIW�RI�WKH�IL[DWLRQ�FURVV�DW�D�UDQGRP�GLVWDQFH�EHWZHHQ������DQG�������7KH�

UHDG\�DQG VHW�VWLPXOL�FRQVLVWHG�RI�D�ZKLWH������GLDPHWHU�FLUFOH��7KH�UHDG\�FLUFOH�ZDV�SUHVHQWHG�

RQ�WKH ULJKW�RI�WKH�IL[DWLRQ�FURVV�DW�D�UDQGRP�GLVWDQFH�EHWZHHQ������DQG�������7KH�VHW�FLUFOH�ZDV

DOZD\VORFDWHG������DERYH�WKH�IL[DWLRQ FURVV�

���������

$OO�SDUWLFLSDQWV�SHUIRUPHG�D�UHDG\�VHW�JR�UHSURGXFWLRQ�WDVN�LQ�WZR�WHPSRUDO�FRQWH[WV�

RQH� �ZLWK� VKRUW� GXUDWLRQV� DQG� WKH� RWKHU�ZLWK� ORQJ� GXUDWLRQV�� 7KH� SUHVHQWDWLRQ� RUGHU� RI� WKLV

FRQWH[W�FRQGLWLRQ�ZDV�FRXQWHUEDODQFHG�DFURVV�SDUWLFLSDQWV��7KH�IXOILOPHQW�RI�HDFK�RI�WKH WZR�

FRQGLWLRQV�ZDV�GRQH�RQ�WZR�GLVWLQFW�GD\V��7KH�����V� LQWHUYDO�GXUDWLRQ�ZDV�SUHVHQWHG�LQ HDFK�

FRQWH[WXDO� FRQGLWLRQ�� LQ� RUGHU� WR� H[DPLQH�ZKHWKHU� WKH� WHPSRUDO� UHSURGXFWLRQ� RI� WKLV WDUJHW�

GXUDWLRQ�ZDV�DIIHFWHG�E\� WKH� WHPSRUDO�FRQWH[W�� ,Q� WKH�³VKRUW´�FRQWH[W�FRQGLWLRQ�� WKH LQWHUYDO�

GXUDWLRQ�ZHUH��������������������DQG�����V��DQG�WKH�³ORQJ´�FRQWH[W�FRQGLWLRQ������������������ ����

V��,Q�HDFK�FRQGLWLRQ��WKH�SDUWLFLSDQWV�ZHUH�JLYHQ���EORFNV�RI����WULDOV��D�WRWDO�RI����WULDOV�� WKDW�

LV���WULDOV�SHU�LQWHUYDO�GXUDWLRQ��7KH�SUHVHQWDWLRQ�RUGHU�RI�WKH�LQWHUYDO�GXUDWLRQV�ZDV UDQGRP��

3DUWLFLSDQWV�ZHUH�JLYHQ�D�GHPRQVWUDWLRQ�EHIRUH�HDFK�WHPSRUDO�FRQGLWLRQ�FRPSRVHG�RI��� WULDOV�

���GHPRQVWUDWLRQV�DQG���SUDFWLFH�WULDOV���LQ�ZKLFK�HDFK�GXUDWLRQ�RI�WKH�FRQWH[W�FRQGLWLRQV ZDV�

SUHVHQWHG WZLFH�

(DFK�WULDO�VWDUWHG�ZLWK�D���V�IL[DWLRQ�FURVV��)LJXUH������7KHQ��WKH�EODFN�ZDUQLQJ�FLUFOH

ZDV�SUHVHQWHG�WR�LQGLFDWH�WKDW�D�QHZ�WULDO�KDG�VWDUWHG��7KLV�FLUFOH�VWD\HG�RQ�WKH�VFUHHQ�GXULQJ WKH�

UHVW�RI�WKH�WULDO�XQWLO�WKH�SDUWLFLSDQW�PDGH�D�UHVSRQVH��$IWHU�D�UDQGRP�LQWHUYDO�EHWZHHQ���� DQG�

����V��WKH�ZKLWH�UHDG\�FLUFOH�ZDV�SUHVHQWHG�IRU�����V��PDUNLQJ�WKH�RQVHW�RI�WKH�LQWHUYDO� 1H[W��WKH�

RIIVHW�RI�WKH�LQWHUYDO�ZDV�LQGLFDWHG�E\�WKH�SUHVHQWDWLRQ�RI�WKH�ZKLWH�VHW�FLUFOH�IRU�����V� 7KH�WDVN�

RI�WKH�SDUWLFLSDQWV�ZDV�WR�LPPHGLDWHO\�UHSURGXFH�WKLV�LQWHUYDO�DIWHU�WKH�SUHVHQWDWLRQ�RI WKH�VHW�

FLUFOH�E\�SUHVVLQJ�VSDFHEDU�WR�LQGLFDWH�WKH RIIVHW�



WĂŐĞ�ͮ�ϮϬϮ

)LJXUH�����5HDG\�VHW�JR�SURFHGXUH���D��WHPSRUDO�FRQWH[W���E� SURFHGXUH�

���� ��������

$�FRPSOHWH�RYHUYLHZ�RI�WKH�DQDO\VHV�DQG�UHVXOWV�FDQ�EH�IRXQG�DW�RVI�LR�N�]QI��)RU GDWD�

DQDO\VLV��ZH� H[FOXGHG� UHSURGXFWLRQV� ORZHU� WKDQ� ���� V� DQG� KLJKHU� WKDQ� ���� V�� OHDGLQJ� WR WKH�

H[FOXVLRQ�RI������RI�WKH�WRWDO�GDWD�����������������DQG������RI�WKH�WULDOV�IRU�WKH�������� ��\HDU�

ROGV�DQG�DGXOWV��UHVSHFWLYHO\���:H�PRGHOHG�WKH�GDWD�XVLQJ�/LQHDU�0L[HG�0RGHOV �/00V��XVLQJ�

WKH�OPH��SDFNDJH�LQ�5��%DWHV��0DHFKOHU��%RONHU�	�:DONHU���������7R�WHVW�WKH RYHUDOO�HIIHFW�RI�

IL[HG�IDFWRUV��ZH�GLG�PRGHO�FRPSDULVRQV�XVLQJ�OLNHOLKRRG�UDWLR�WHVWV��,I�D�IL[HG IDFWRU�LPSURYHG�

WKH�PRGHO�ILW�� LW�ZDV�LQFOXGHG��7R�PDNH�WKH�LQWHUSUHWDWLRQ�RI�WKH�HIIHFW�RI REMHFWLYH�GXUDWLRQ�

PRUH�VWUDLJKWIRUZDUG��ZH�FHQWHUHG�WKLV�FRQWLQXRXV�IDFWRU�E\�VXEWUDFWLQJ�WKHPLGGOH�LQWHUYDO��L�H���

���� V�� IURP� DOO� YDOXHV�� 6XEMHFW�ZDV� DOZD\V� LQFOXGHG� DV� D� UDQGRP� LQWHUFHSW WHUP�� 1H[W�� ZH�

VHTXHQWLDOO\� DGGHG� UDQGRP� VORSHV� IRU� WKH� VLJQLILFDQW� IL[HG� IDFWRUV� WR� WKH� EHVW PRGHO� DQG�

FRPSDUHG�WKH�PRUH�FRPSOH[�PRGHO�ZLWK�WKH�VLPSOHU�PRGHO�XVLQJ�D�OLNHOLKRRG�UDWLR WHVW��5DQGRP�

VORSH�WHUPV�ZHUH�LQFOXGHG�LI� WKH\�LPSURYHG�WKH�PRGHO��3RVW�KRF PXOWLSOH�FRPSDULVRQV�ZHUH�



WĂŐĞ�ͮ�ϮϬϯ

FRPSXWHG�XVLQJ�WKH�JOKW�IXQFWLRQ�IURP�WKH�PXOWFRPS�SDFNDJH��+RWKRUQ HW�DO���������DQG�WKH�

OVPHDQV�IXQFWLRQ�IURP�WKH� OVPHDQV�SDFNDJH�LQ�5��/HQWK� �������7R�TXDQWLI\�WKH�HYLGHQFH�LQ�

IDYRU�RI�WKH�QXOO�K\SRWKHVHV��L�H��WKHUH�LV�QR�HIIHFW�RI�WKH SDUWLFXODU�IL[HG�IDFWRU���ZH�FDOFXODWHG�

%D\HV�IDFWRUV�XVLQJ�WKH�OP%)�IXQFWLRQ�IURP�WKH %D\HV)DFWRU�SDFNDJH�LQ�5��0RUH\��5RXGHU�	�

-DPLO�� �������:H�ZLOO� GHQRWH� WKH� HYLGHQFH� IRU� WKH QXOO� K\SRWKHVLV� �+��� RYHU� WKH� DOWHUQDWLYH�

K\SRWKHVLV��+���DV %)���

5HVXOWV

���������������� ������������

)LJXUH���$�VKRZV� WKH�PHDQ�UHSURGXFWLRQ�RI� LQWHUYDO�GXUDWLRQV�IRU� WKH�GLIIHUHQW DJH�

JURXSV��$V�FDQ�EH�VHHQ�LQ�)LJXUH ����WKH�FKLOGUHQ�RYHUDOO�VKRZHG�D�VPDOOHU�VORSH�DQG�D ODUJHU�

XQGHUHVWLPDWLRQ�RI� ORQJHU� LQWHUYDOV��:H�PRGHOOHG� WKH�GDWD� VWDUWLQJ�ZLWK�DQ�/00 SUHGLFWLQJ�

UHSURGXFWLRQ��ZLWK� VXEMHFW� DV� D� UDQGRP� LQWHUFHSW� WHUP��:H�IRXQG� DGGLQJ� FHQWHUHG REMHFWLYH�

GXUDWLRQ�LPSURYHG WKH�PRGHO�ILW��Ȥ ����  �������� S����������%)�� �������� VKRZLQJ WKDW�RYHUDOO

WKHUH ZDV D SRVLWLYH� OLQHDU LQFUHDVH RI UHSURGXFWLRQV ZLWK REMHFWLYH GXUDWLRQ �ȕ  �������W� �

������� S��� �������� +RZHYHU�� DGGLQJ� DJH� JURXS� DQG� WKH� LQWHUDFWLRQ� EHWZHHQ� DJH JURXS� DQG�

REMHFWLYH GXUDWLRQ�WR WKH PRGHO DOVR�LPSURYHG WKH�PRGHO�ILW �Ȥ ����  ������� S����������%)�� ��

�����DQG Ȥ ����  ��������� S��������� %)�� �������� UHVSHFWLYHO\��� LQGLFDWLQJ WKDW WKHUH�ZDV�D�

GLIIHUHQFH�EHWZHHQ� WKH� DJH� JURXSV� LQ� WKH� LQWHUFHSW� DQG� VORSH RI� WKH� UHSURGXFWLRQV� 3RVW�KRF�

PXOWLSOH�FRPSDULVRQ�VKRZHG�WKDW�WKH�LQWHUFHSW��L�H���WKH�UHSURGXFWLRQ�RI�����V�HVWLPDWHG E\�WKH�

PRGHO��ZDV�KLJKHU�IRU�WKH�DGXOWV�FRPSDUHG�WR�WKH���\HDU�ROGV�DQG���\HDU�ROGV��SV ����������,Q�

DGGLWLRQ��WKH�LQWHUFHSW�RI�WKH���\HDU�ROGV�ZDV�KLJKHU�WKDQ�WKDW�RI�WKH���\HDU�ROGV �S�����������

7KHUH�ZHUH�QR�RWKHU�LQWHUFHSW�GLIIHUHQFHV�EHWZHHQ�WKH�DJH�JURXSV��SV�!��������$�VHFRQG�SRVW�

KRF�WHVW�VKRZHG�WKDW�WKH�VORSH�ZDV�ODUJHU�IRU�WKH�DGXOWV�FRPSDUHG�WR�WKH WKUHH�FKLOGUHQ�JURXSV�

�SV�����������EXW�WKHUH�ZHUH�QR�GLIIHUHQFHV�EHWZHHQ�WKH�FKLOGUHQ�JURXSV��SV !��������



WĂŐĞ�ͮ�ϮϬϰ

)LJXUH�����$YHUDJH�UHSURGXFWLRQV�RI�WKH�GXUDWLRQV��$��DQG�&9�YDOXH��%��IRU�WKH�GLIIHUHQW DJH�
JURXSV��(UURU�EDUV�UHSUHVHQW�WKH�VWDQGDUG�HUURU�RI�WKH PHDQ�

�������������������� ������������

:H�XVHG� WKH�FRHIILFLHQW�RI�YDULDWLRQ��&9��DV�PHDVXUH�RI� WKH�YDULDELOLW\� LQ WHPSRUDO�

UHSURGXFWLRQV��7R�WKLV�HQG��ZH�FDOFXODWHG�WKH�&9�SHU�VXEMHFW�IRU�HDFK�REMHFWLYH�GXUDWLRQ� DV�KH�

VWDQGDUG�GHYLDWLRQ�RI�WKH�DYHUDJH�UHSURGXFWLRQ�GLYLGHG�E\�WKH�DYHUDJH UHSURGXFWLRQ��)LJXUH���%�

VKRZV�WKH�DYHUDJH�&9�SHU�DJH�JURXS��$Q�/00�SUHGLFWLQJ�&9�VKRZHG�WKDW DJH�JURXS�LPSURYHG

WKH ILW� VLJQLILFDQWO\ �Ȥ ����  � ������ S����������%)�� �� ������ $�SRVW�KRF�7XNH\
V�+6'� WHVW�

VKRZHG�WKDW�UHODWLYH�WR�DOO�FKLOGUHQ�JURXSV��WKH�DGXOWV�KDG�D�VPDOOHU�&9 �SV�����������,Q�DGGLWLRQ��

WKH���\HDU�ROGV�KDG�D�VLJQLILFDQWO\�VPDOOHU�&9�WKDQ�WKH���\HDU�ROGV��ȕ  ��������]� ��������S� �

��������$OO�RWKHU�FRPSDULVRQV�ZHUH�QRQ�VLJQLILFDQW��SV�!���������7KXV� LQ�VXPPDU\��RXU�UHVXOWV�

LQGLFDWH�WKDW�WKH�&9�GHFUHDVHG�ZLWK DJH�


������������� ������

7R� WHVW� ZKHWKHU� WHPSRUDO� UHSURGXFWLRQV� ZHUH� LQIOXHQFHG� E\� WKH� JOREDO FRQWH[W�

PDQLSXODWLRQ�� ZH� FRPSDUHG� WKH� UHSURGXFWLRQV� RI� WKH� VKRUW� DQG� WKH� ORQJ� FRQWH[W� IRU WKH�

RYHUODSSLQJ�GXUDWLRQ��L�H�������V���)LJXUH��� VKRZV�WKH�DYHUDJH�GLIIHUHQFH�EHWZHHQ�WKH�VKRUW DQG�

WKH�ORQJ�FRQWH[W�DW�WKLV�LQWHUYDO�GXUDWLRQ�IRU�WKH�GLIIHUHQW�DJH�JURXSV��:H�IRXQG�WKDW� RYHUDOO��

WKH�WHPSRUDO FRQWH[W�SUUHGLFWHG�WKH�UHSURGXFWLRQV�RI WKH RYHUODSSLQJ LQWHUYDO�VLJQLILFDQWO\ �Ȥ ��

���  ������� S��������� %)�� �������� $GGLQJ DJH JURXS�WR�WKH�PRGHO�LPSURYHG WKH�ILW��Ȥ � ���� �

�������S����������%)�� ���������LQGLFDWLQJ�WKH�UHSURGXFWLRQ�GLIIHUHG�VLJQLILFDQWO\ EHWZHHQ�DJH�

JURXSV��3RVW�KRF�FRPSDULVRQV�VKRZHG�WKDW WKH�UHSURGXFWLRQV�DW�WKH�RYHUODSSLQJ LQWHUYDO�ZHUH�

VLJQLILFDQWO\�ORQJHU�IRU�WKH�ORQJ�FRQWH[W�FRPSDUHG�WR�WKH�VKRUW�FRQWH[W�IRU�WKH ��\HDU�ROGV �ȕ  

����� W  ����� S  ������ DQG WKH DGXOWV �ȕ  ����� W  ����� S  ������� 7KHUH ZDV� QR�

VLJQLILFDQW�GLIIHUHQFH�IRU� WKH��� DQG�WKH���\HDU�ROGV��SV�!���������&UXFLDOO\� KRZHYHU��PRGHO�



WĂŐĞ�ͮ�ϮϬϱ

FRPSDULVRQ�VKRZHG�WKDW�WKH�HIIHFW�RI�FRQWH[W�GLG�QRW�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�DJH�JURXSV �Ȥ
����  ������ S  ��������%)��  ���������

)LJXUH�����$YHUDJH�GLIIHUHQFH�RI�WKH�����V�UHSURGXFWLRQ�EHWZHHQ�WKH�VKRUW�DQG�WKH�ORQJ FRQWH[W�
IRU�WKH�GLIIHUHQW�DJH�JURXSV��(UURU�EDUV�UHSUHVHQW�WKH�VWDQGDUG HUURU�

������������� �������

2EMHFWLYH�SUHYLRXV GXUDWLRQV��

7R�TXDQWLI\�WKH�LQIOXHQFH�RI�SUHYLRXV�SUHVHQWHG�GXUDWLRQV�RQ�WKH�FXUUHQW UHSURGXFWLRQ��

ZH� VWDUWHG� ZLWK� WKH�PRGHO� HVWDEOLVKHG� SUHYLRXVO\�� LQFOXGLQJ� UHSURGXFWLRQ� DV� WKH GHSHQGHQW�

YDULDEOH� DQG� REMHFWLYH� GXUDWLRQ�� DJH� JURXS� DQG� FRQWH[W� DV� IL[HG� IDFWRUV�� ,Q� DGGLWLRQ� WKH�

LQWHUDFWLRQ�EHWZHHQ�DJH�JURXS�DQG�FRQWH[W DQG�DJH�JURXS�DQG�REMHFWLYH�GXUDWLRQ ZHUH�LQFOXGHG��

7R�WKLV�PRGHO��ZH�VHTXHQWLDOO\�DGGHG�REMHFWLYH�SUHYLRXV�GXUDWLRQV��1����1��� 1����HWF����:H�

IRXQG�WKDW 1�� DQG�1���KDG�D�VLJQLILFDQW LQIOXHQFH RQ�WKH�FXUUHQW�UHSURGXFWLRQ��Ȥ � ���  �������

S��������� %)�� �������DQG�Ȥ � ���  ����� S� ��������%)��  ������UHVSHFWLYHO\���+RZHYHU��1��

GLG QRW�LPSURYH�WKH PRGHO ILW��Ȥ ����� ������S� ������� %)��  ������� VR�QR�SUHYLRXV�GXUDWLRQV�



WĂŐĞ�ͮ�ϮϬϲ

EH\RQG�1���ZHUH�LQFOXGHG�LQ�WKH PRGHO�

)LJXUH� ��$� VKRZV� WKH� ZHLJKW� RI� WKH� SUHYLRXV� IRXU� REMHFWLYH� WULDOV� RQ� WKH FXUUHQW�

UHSURGXFWLRQ� IRU� WKH� GLIIHUHQW� DJH� JURXSV�� %HFDXVH� RQO\� 1��� DQG� 1��� ZHUH� VKRZQ� WR EH�

VLJQLILFDQW� SUHGLFWRUV� LQ� WKH� PRGHO�� ZH� WHVWHG� ZKHWKHU� WKH� ZHLJKW� RI� WKHVH� IDFWRUV GLIIHUHG�

EHWZHHQ�WKH DJH JURXSV� :H�IRXQG�WKDW�WKLV�ZDV�WKH�FDVH IRU 1����Ȥ ����  ������S� ��������%)��

 ���������DOWKRXJK�WKH�%D\HV�IDFWRU�VXJJHVWV�WKDW�WKHUH�ZDV�PRUH�HYLGHQFH�IRU WKH�DEVHQFH�RI�

WKLV� GLIIHUHQFH�� 3RVW�KRF�PXOWLSOH� FRPSDULVRQV� VKRZHG� WKDW� WKH� HIIHFW� RI REMHFWLYH�1���ZDV�

VWURQJHU�IRU���\HDU�ROGV�WKDQ�IRU�DGXOWV��ȕ  ��������]� ��������S� ���������1R RWKHU�FRQWUDVWV�

UHDFKHG�VLJQLILFDQFH��SV�!���������7KHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ�DJH�JURXSV IRU�1�� �Ȥ ����

 ������ S  ��������%)��  ����������,Q VXPPDU\� UHSURGXFWLRQV�ZHUH�VLJQLILFDQWO\�LQIOXHQFHG�E\�

SUHYLRXVO\�SUHVHQWHG�LQWHUYDOV��,Q�DGGLWLRQ��WKLV�1���HIIHFW�ZDV�VWURQJHU�IRU WKH�\RXQJHU�FKLOGUHQ�

FRPSDUHG�WR�DGXOWV�

6XEMHFWLYH�SUHYLRXV GXUDWLRQV

:KHUHDV� SDUWLFLSDQWV� PLJKW� EH� LQIOXHQFHG� E\� UHFHQW� REMHFWLYH� GXUDWLRQV�� LW� LV DOVR�

SRVVLEOH�WKDW�WKH\�UHO\�RQ�WKHLU�VXEMHFWLYH�H[SHULHQFH�RI�WKLV�REMHFWLYH�GXUDWLRQ��L�H���WKHLU RZQ�

WHPSRUDO�SURGXFWLRQ��H�J���6FKOLFKWLQJ�HW�DO����������7R�WHVW�WKLV�LGHD��ZH�DJDLQ�VWDUWHG�ZLWK WKH�

SUHYLRXVO\� HVWDEOLVKHG� PRGHO� PHQWLRQHG� LQ� VHFWLRQ� ������� DQG� VHTXHQWLDOO\� DGGHG SUHYLRXV�

VXEMHFWLYH�GXUDWLRQV��LQ�WULDO�1����1����1����HWF����WKDW�LV��SUHYLRXV�UHSURGXFWLRQV��WR WKH�PRGHO��

:H�IRXQG�WKDW�DOO�SUHYLRXV�VXEMHFWLYH�GXUDWLRQV�XS�WR�1���FRQWULEXWHG�VLJQLILFDQWO\ WR�WKH�FXUUHQW�

UHSURGXFWLRQ��Ȥ �V��� !��������SV����������%)V�� �������� :H�GHFLGHG�WKDW�WKH�HIIHFW�RI�SUHYLRXV�

WULDOV�EH\RQG�1���FRXOG�QRW�EH�HVWDEOLVKHG�UHOLDEO\��EHFDXVH�RQO\�OHVV WKDQ�KDOI�RI�WKH�GDWD�FRXOG�

EH�XVHG�IRU�WKHVH PRGHOV�

)LJXUH� ��%� VKRZV� WKH� EHWD� ZHLJKWV� IRU� WKH� IRXU� PRVW� UHFHQW� SUHYLRXV� VXEMHFWLYH

GXUDWLRQV�IRU�WKH�GLIIHUHQW�DJH�JURXSV��)RU�SUHVHQWDWLRQ�SXUSRVHV��ZH�GHFLGHG�WR�RQO\�VKRZ�WKH

ZHLJKWV� XS� WR� 1���� QHYHUWKHOHVV�� D� ILJXUH� VKRZLQJ� WKH� ZHLJKWV� XS� WR� 1��� FDQ� EH� IRXQG DW�

KWWSV���RVI�LR�N�]QI��:H�IRXQG�WKDW�ZHLJKWV�RI�1���DQG�1���GLIIHUHG�VLJQLILFDQWO\�EHWZHHQ WKH�

GLIIHUHQW DJH JURXSV �Ȥ ����  ������� S� ������� %)��  �������DQG�Ȥ ����  ������ S� ��������%)��

!�������+RZHYHU��DIWHU�DGGLQJ� WKH�UDQGRP�VORSHV�RI�GXUDWLRQ�� UDQJH��1���DQG�1��� SRVW�KRF�

PXOWLSOH�FRPSDULVRQV�VKRZHG�WKDW�WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH DJH�JURXSV�

LQ�WKH�HIIHFW�RI�1����SV�!���������+RZHYHU��WKH�HIIHFW�RI�1���ZDV�ODUJHU�IRU ��\HDU�ROGV�WKDQ�IRU�

��\HDU�ROGV��ȕ  �������]� �������S� ���������7KHUH�ZHUH�QR�RWKHU�GLIIHUHQFHV��SV !��������



WĂŐĞ�ͮ�ϮϬϳ

$OWKRXJK�WKH�SDUWLFLSDQWV�LQ�DOO�DJH JURXSV�PLJKW�UHO\�RQ�SUHYLRXV VXEMHFWLYH�GXUDWLRQV��

WKLV� HIIHFW� FRXOG� SRWHQWLDOO\� UHIOHFW� SHUIRUPDQFH� GULIW� RYHU� WKH� H[SHULPHQW� )RU� H[DPSOH�� LQ�

FHUWDLQ�SKDVHV�RI�WKH�H[SHULPHQW��D�SDUWLFLSDQW�PLJKW�EH�OHVV�ZLOOLQJ�WR PDNH�ORQJHU�UHVSRQVHV�

FRPSDUHG�WR�RWKHU�SKDVHV��7R�GLVHQWDQJOH�WKH�LQIOXHQFH�RI�WKH SUHYLRXV�VXEMHFWLYH�GXUDWLRQ�IURP�

WKLV�ORFDO�SHUIRUPDQFH�GULIW��ZH�FDOFXODWHG�WKH�UHODWLYH�HUURU�RI WKH�UHSURGXFWLRQ�LQ�HDFK�WULDO�

�HUURU� �>UHSURGXFHG�GXUDWLRQ�� REMHFWLYH GXUDWLRQ@�REMHFWLYH�GXUDWLRQ���VHH�6FKOLFKWLQJ�HW�DO���

�������,Q�WKH�FDVH�RI�SHUIRUPDQFH�GULIW��ZH�ZRXOG�H[SHFW WKDW�D�SUHYLRXV�QHJDWLYH�HUURU��WKDW�LV��

D�WRR�VKRUW�UHSURGXFWLRQ��LQ�WKH�SUHYLRXV�WULDO�ZRXOG DOVR�OHDG�WR�QHJDWLYH�HUURU�LQ�WKH�FXUUHQW�

WULDO�� ,Q� FRQWUDVW�� LI� WKH� FXUUHQW� UHSURGXFWLRQ� GHSHQGV RQ� WKH� DFWXDO� SUHYLRXV� VXEMHFWLYH�

H[SHULHQFH��ZH�ZRXOG�H[SHFW�WKDW�WKH�UHODWLYH�HUURU ZRXOG�UHIOHFW�WKH�GXUDWLRQ�RI�WKH�SUHYLRXV�

UHSURGXFWLRQ��WKDW�LV��D�PRUH�SRVLWLYH�HUURU�LI�WKH SUHYLRXV�UHSURGXFWLRQ�ZDV�ORQJ�DQG�D�PRUH�

QHJDWLYH�HUURU�LI�WKH�SUHYLRXV�UHSURGXFWLRQ�ZDV ORQJ��

6WDUWLQJ�ZLWK� D�PRGHO�ZLWK� UHODWLYH� HUURU�DV� WKH�GHSHQGHQW�YDULDEOH�� WKH� VDPH IL[HG�

IDFWRUV� XVHG� LQ� VHFWLRQ� ������ DQG� VXEMHFW� DV� D� UDQGRP� IDFWRU��ZH� DOWHUQDWHO\� DGGHG SUHYLRXV�

UHSURGXFWLRQV��1����1����1����HWF���DQG�UHODWLYH�HUURU�LQ�WKH�SUHYLRXV�WULDOV�WR�WKH�PRGHO� :H�

IRXQG�WKDW�ERWK�WKH�SUHYLRXV�UHSURGXFWLRQV�DQG�WKH�SUHYLRXV�UHODWLYH�HUURUV�XS�WR 1���LPSURYHG�

WKH�PRGHO� �SV� �� �������� LQGLFDWLQJ� WKDW� VRPH� RI� WKH� VHTXHQWLDO� HIIHFWV� FDQ EH� H[SODLQHG� E\�

SHUIRUPDQFH�GULIW� EXW�WKHUH�ZDV�VWLOO�D�VLJQLILFDQW�LQIOXHQFH�RI�WKH DFWXDO�SUHYLRXV�VXEMHFWLYH

GXUDWLRQ�

)LJXUHV� ��&� DQG� ��'� VKRZ� WKH� LQIOXHQFH� RI� WKH� UHODWLYH� HUURU� DQG� WKH� VXEMHFWLYH

GXUDWLRQ�LQ�WKH�IRXU�PRVW�UHFHQW�WULDOV�RQ�WKH�FXUUHQW�UHSURGXFWLRQ��7R�WHVW�ZKHWKHU�WKH�ZHLJKWV

GLIIHUHG�EHWZHHQ�WKH�DJH�JURXSV��ZH�VHTXHQWLDOO\�DQG�DOWHUQDWHO\�DGGHG�WKH�LQWHUDFWLRQ�WHUPV�RI

WKH�SUHYLRXV�VXEMHFWLYH�GXUDWLRQV�DQG�DJH�JURXS��DQG�RI�SUHYLRXV�UHODWLYH�HUURU�DQG�DJH�JURXS�

WR�WKH�PRGHO��:H�IRXQG�WKDW�IRU�WKH�HIIHFW�RI�SUHYLRXV VXEMHFWLYH�GXUDWLRQ�ZDV�GLIIHUHQW�IRU 1�

��DQG�1����Ȥ �V����!������ SV����������%)V�� ���������,Q DGGLWLRQ��WKH HIIHFW RI WKH SUHYLRXV�HUURU�

LQ�1���DQG�1���GLIIHUHG EHWZHHQ�DJH JURXSV �Ȥ �V��� !�������SV��������� %)V�� �������� 3RVW�KRF�

PXOWLSOH�FRPSDULVRQV�VKRZHG�WKDW�WKH�HIIHFW�RI�VXEMHFWLYH�1���ZDV�ORZHU�IRU�DGXOWV WKDQ�IRU���

DQG���\HDU�ROGV��SV�����������)RU�VXEMHFWLYH�1����QR�FRQWUDVW�UHDFKHG�VLJQLILFDQFH��SV !���������

3RVW�KRF�FRPSDULVRQV�RI�WKH�HIIHFW�RI�UHODWLYH�HUURU�LQ�1���VKRZHG�WKDW�WKH�HIIHFW ZDV�ORZHU�IRU�

��\HDU�ROGV�FRPSDUHG�WR���\HDU�ROGV�DQG�DGXOWV� �SV�����������7KH�FRQWUDVWV DOVR�VXJJHVWHG�D�

KLJKHU� ZHLJKW� IRU� DGXOWV� FRPSDUHG� WR� �� DQG� ��\HDU�ROGV�� EXW� WKHVH� HIIHFWV ZHUH� ERUGHUOLQH�

VLJQLILFDQW� �SV�����������1R�FRQWUDVW� UHDFKHG�VLJQLILFDQFH� IRU� WKH� UHODWLYH�HUURU LQ�1����SV�!

�������
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7R� VXPPDUL]H��ZH� IRXQG� WKDW� SUHYLRXV� VXEMHFWLYH� GXUDWLRQV� LQIOXHQFHG� WKH FXUUHQW�

UHSURGXFWLRQ��EXW�IRXQG�QR�DSSDUHQW�GLIIHUHQFHV�EHWZHHQ�DJH�JURXSV�LQ�WKLV�UHVSHFW� +RZHYHU��

ZKHQ�ZH�GLVHQWDQJOHG�WKH�LQIOXHQFH�RI�SUHYLRXV�VXEMHFWLYH�GXUDWLRQ�DQG�SHUIRUPDQFH�GULIW� ZH�

IRXQG�DGXOWV�KDG�D�KLJKHU�LQIOXHQFH�RI�SHUIRUPDQFH�GULIW�FRPSDUHG�WR�WKH�FKLOGUHQ� 7KLV�SDWWHUQ�

LV�UHYHUVHG�ZKHQ�ZH�ORRNHG�DW�WKH�ZHLJKW�RI�SUHYLRXV�VXEMHFWLYH�GXUDWLRQ��WKH FKLOGUHQ��DW�OHDVW�

��DQG���\HDU�ROGV��UHOLHG�PRUH�RQ�WKH�SUHYLRXV�VXEMHFWLYH�GXUDWLRQ�WKDQ�WKH DGXOWV��

)LJXUH�����7KH�ZHLJKW�RI�SUHYLRXV�GXUDWLRQV�DV�TXDQWLILHG�E\�WKH�EHWD�HVWLPDWHV�RI�RXU OLQHDU�
PL[HG� PRGHOV�� )LJXUH� $� VKRZV� WKH� HIIHFW� RI� SUHYLRXV� REMHFWLYH� GXUDWLRQ� RQ� WKH FXUUHQW�
UHSURGXFWLRQ��ZKHUHDV�ILJXUH�%�VKRZV�WKH�HIIHFW�RI�SUHYLRXV�VXEMHFWLYH�GXUDWLRQ�RQ�WKH FXUUHQW�
UHSURGXFWLRQ��7R�GLVHQWDQJOH�SHUIRUPDQFH�GULIW�IURP�WKH�HIIHFW�RI�SUHYLRXV VXEMHFWLYH�GXUDWLRQ��
)LJXUH�&�DQG�'�VKRZV�WKH�ZHLJKWV�RI�WKH�SUHYLRXV�UHODWLYH�HUURU�DQG SUHYLRXV�UHSURGXFWLRQ�RQ�
WKH�FXUUHQW�UHODWLYH�HUURU��UHVSHFWLYHO\

'LVFXVVLRQ

,Q� RXU� VWXG\�� FKLOGUHQ� IURP� �� WR� �� \HDUV� ROG� DQG� DGXOWV� SHUIRUPHG� D UHDG\�VHW�JR�

UHSURGXFWLRQ� WDVN� ZLWK� WZR� GLIIHUHQW� GXUDWLRQ� GLVWULEXWLRQV�� 2XU� UHVXOWV� VKRZHG DQ�
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XQGHUHVWLPDWLRQ� RI� UHSURGXFHG� GXUDWLRQV� DV� WKH� OHQJWK� RI� GXUDWLRQV� LQFUHDVHG�� HVSHFLDOO\ LQ�

\RXQJ� FKLOGUHQ�� 7KLV� UHSOLFDWHG� WKH� UHVXOWV� IRXQG� LQ� PRVW� VWXGLHV� LQ� FKLOGUHQ� WKDW HPSOR\�

WHPSRUDO�UHSURGXFWLRQ�WDVN��H�J���'URLW�9ROHW�HW�DO���������.DUDPLQLV�HW�DO���������6]HODJ�HW DO���

�������7KLV�WHPSRUDO�XQGHUHVWLPDWLRQ�VXJJHVWV�WKDW�IDFWRUV�UHODWHG�WR�PRWRU�LPSXOVLYLW\ KDYH�

OLNHO\� DIIHFWHG� WKH� FKLOGUHQ¶V� WHPSRUDO� UHSURGXFWLRQV� �'URLW�9ROHW�� �������7KLV� LV FRQVLVWHQW�

ZLWK�WKH�UHVXOWV�LQ�UK\WKPLF�WLPH�LQWHUYDO�WDVNV�VKRZLQJ�WKDW�\RXQJ�FKLOGUHQ�KDYH�GLIILFXOW\ LQ�

UHSURGXFLQJ� WLPH�LQWHUYDOV� IDU� IURP�WKHLU�6SRQWDQHRXV�0RWRU�7HPSR��0F$XOH\�HW�DO�� ������

0RQLHU�	�'URLW�9ROHW�� ������� &KLOGUHQ� LQGHHG� KDYH� UHGXFHG� VHOI�FRQWURO� FDSDFLWLHV�� DQG DV�

VXFK� LW� LV� GLIILFXOW� IRU� WKHP� WR� LQKLELW� LQLWLDO� UHVSRQVH� �H�J�� WKH� GRPLQDQW� UHVSRQVH� �)R[��

+HQGHUVRQ��0DUVKDOO��1LFKROV�	�*KHUD��������.OHQEHUJ��.RUNPDQ�	�/DKWL�1XXWWLOD� �������

7KLV�FRQVLVWHQW�XQGHUHVWLPDWLRQ�RI�ORQJ�GXUDWLRQ�PLJKW�OLPLW�WKH�YDOLGLW\�RI %D\HVLDQ�PRGHOOLQJ��

EHFDXVH� LW� LV�GLIILFXOW� WR�GLVWLQJXLVK�EHWZHHQ�HIIHFWV�FRPLQJ� IURP� WKH PRWRU�FRPSRQHQW�DQG�

WKRVH�UHVXOWLQJ�IURP�WKH�WHPSRUDO SULRU�

1HYHUWKHOHVV��WKH�XQGHUHVWLPDWLRQ�ELDV�REWDLQHG�LQ�RXU�VWXG\�FRXOG�EH�FRQVLGHUHG LQ�

RXU� UHJUHVVLRQ� DQDO\VHV� RI� WKH� DJH�UHODWHG� GLIIHUHQFHV� LQ� WKH� HIIHFW� RI� WHPSRUDO� FRQWH[W RQ�

SHUIRUPDQFH��7KH�GHFUHDVHG�VORSH�RI�UHSURGXFWLRQV�IRU�FKLOGUHQ�FRPSDUHG�WR�DGXOWV SURYLGHV�

HYLGHQFH�IRU�D�VWURQJHU�FHQWUDO�WHQGHQF\�HIIHFW�LQ�FKLOGUHQ��7KLV�LV�LQ�FRQFHUW�ZLWK UHFHQW�VWXGLHV�

VKRZLQJ�WKDW�FHQWUDO�WHQGHQF\�HIIHFWV�SURJUHVVLYHO\�GHFUHDVH�ZLWK�DJH��6FLXWWL� %XUU��6DUDFFR��

6DQGLQL�	�*RUL�� ������ .DUDPLQLV� HW� DO��� ������� )XUWKHPRUH��ZH� IRXQG� WKDW WKH� YDULDQFH� LQ�

WHPSRUDO�UHSURGXFWLRQ��DV�TXDQWLILHG�E\�WKH�FRHIILFLHQW�RI�YDULDWLRQ��ZDV�KLJKHU LQ�DOO�FKLOGUHQ�

FRPSDUHG� WKH� DGXOWV� DQG� LQ� WKH� ��\HDU�ROGV� FRPSDUHG� WR� WKH� ��\HDU�ROGV�� $ KLJKHU� FHQWUDO�

WHQGHQF\� HIIHFW� ZDV� WKXV� REVHUYHG� LQ� SDUWLFLSDQWV� ZLWK� D� ORZHU� VHQVLWLYLW\� WR WLPH�� 7KHVH�

ILQGLQJV�DUH�LQ�OLQH�ZLWK�WKH�LGHD�WKDW�WKH�QRLVLHU�WKH�LQWHUQDO�UHSUHVHQWDWLRQ�RI WKH�LQWHUYDO��WKH�

ODUJHU� WKH� FHQWUDO� WHQGHQF\� HIIHFW� ZLOO� EH� �-D]D\HUL� 	� 6KDGOHQ�� ����� $FHUEL�� :ROSHUW� 	�

9LMD\DNXPDU� ������

,Q�DGGLWLRQ��RXU�VWXG\�VXJJHVWV�WKDW�WKLV�FHQWUDO�WHQGHQF\�HIIHFW�LV�GXH�WR�D�JUHDWHU XVH�

RI�SULRU�SUHVHQWHG�GXUDWLRQV�LQ�WKH�H[SHULPHQWDO�VHVVLRQ��,QGHHG��RXU�UHVXOWV�VKRZHG�DQ HIIHFW�RI�

JOREDO�FRQWH[W�RQ�WHPSRUDO�UHSURGXFWLRQV�LQ�DOO�DJH�JURXSV��WKH�RYHUODSSLQJ�GXUDWLRQ����� V��ZDV�

V\VWHPDWLFDOO\�MXGJHG�ORQJHU�LQ�WKH�ORQJ�WKDQ�LQ�WKH�VKRUW�FRQWH[W�FRQGLWLRQ� +RZHYHU��GHVSLWH�

WKH� QRLVLHU� UHSURGXFWLRQV� DQG� IODWWHU� VORSHV� LQ� WKH� \RXQJHVW� FKLOGUHQ�� ZH� GLG� QRW ILQG� DQ\�

VWDWLVWLFDO�GLIIHUHQFH�LQ�WKLV�JOREDO�FRQWH[W�HIIHFW�EHWZHHQ�WKH�DJH�JURXSV��,Q�FRQWUDVW��RXU�UHVXOWV�

RQ�WKH�ORFDO��WULDO�E\�WULDO��FRQWH[W�HIIHFW�UHYHDOHG�WKDW�WKH�GXUDWLRQ�SUHVHQWHG�LQ WKH�PRVW�UHFHQW�

WULDOV�KDG�D�JUHDWHU�LPSDFW�RQ�WKH�UHSURGXFWLRQ�RI�D�JLYHQ�GXUDWLRQ�LQ�WKH FKLOGUHQ�WKDQ�LQ�WKH�



WĂŐĞ�ͮ�ϮϭϬ

DGXOWV��+RZHYHU��RXU�UHVXOWV�UHYHDOHG�WKDW�RQO\�WKH�PRVW�UHFHQWO\ SUHVHQWHG�GXUDWLRQV��1���DQG�

1���� LQIOXHQFHG� WKH� SDUWLFLSDQWV¶� WLPH� MXGJPHQWV�� ,Q� VXP�� WKH WHPSRUDO� LPSDFW� RI� REMHFWLYH�

GXUDWLRQ� SUHVHQWHG� LQ� WKH� SUHYLRXV� WULDO� ZDV� VWURQJHU� IRU� ��\HDU�ROGV WKDQ� IRU� DGXOWV�� ,I� ZH�

FRQVLGHU� WKH� %D\HVLDQ� IUDPHZRUN�� ZH� FRXOG� WKXV� FRQFOXGH� WKDW�� EHFDXVH� RI D� KLJKO\� QRLV\�

SHUFHSW��WKH�VXEMHFWLYH�HVWLPDWLRQ�RI�WKH�\RXQJHU�FKLOGUHQ�LV�WLOWHG WRZDUG�SUHYLRXV�H[SHULHQFHV�

�WKH�SULRU��PRUH�WKDQ�LW�LV�WLOWHG�WRZDUG�WKH�SHUFHLYHG�LQWHUYDO �WKH�OLNHOLKRRG���

$V�D�QRYHO�ZD\�RI�ORRNLQJ�DW�WKH�LQIOXHQFH�RI�VXEMHFWLYH�H[SHULHQFH��ZH�KDYH�QRW RQO\�

WHVWHG�WKH�HIIHFW�RI�WKH�REMHFWLYH�GXUDWLRQV�SUHVHQWHG�RQ�FXUUHQW�WLPH�MXGJPHQW��EXW�DOVR�WKDW RI�

SUHYLRXV� VXEMHFWLYH� GXUDWLRQV�� L�H��� WKH� SDUWLFLSDQWV¶� RZQ� WHPSRUDO� UHSURGXFWLRQ� :H�

GLVWLQJXLVKHG� WKLV� HIIHFW� IURP� JHQHUDO� GULIWV� LQ� SHUIRUPDQFH� E\� H[DPLQLQJ� WKH XQLTXH�

FRQWULEXWLRQ� RI� SUHYLRXV� LQGLYLGXDO� UHSURGXFWLRQV� DQG� WKH� SUHYLRXV� HUURUV� RQ� WKH FXUUHQW�

UHSURGXFWLRQ��:H�IRXQG�WKDW�ERWK�RI�WKHVH�IDFWRUV�KDG�D�FRQWLQXLQJ�LPSDFW��DW�OHDVW�XS�WR 1�����

+RZHYHU�� IRU� WKH�PRVW� UHFHQW�SUHYLRXV� WULDO� �L�H���1�����ZH� IRXQG� WKDW� WKH�HIIHFW�RI�ERWK WKH�

VXEMHFWLYH�GXUDWLRQ�DQG�UHODWLYH�HUURU�GLIIHUHG�EHWZHHQ�WKH�DJH�JURXSV��&RQVLVWHQWO\�ZLWK WKH�

REMHFWLYH�GXUDWLRQ�HIIHFW��WKH�FKLOGUHQ����DQG���\HDUV��UHOLHG�PRUH�RQ�WKHLU�SUHYLRXV VXEMHFWLYH�

GXUDWLRQ�WKDQ�WKH�DGXOWV��&RQWUDULZLVH��WKH�LQIOXHQFH�RI�SUHYLRXV�UHODWLYH�HUURU�ZDV�KLJKHU IRU�

WKH�DGXOWV�WKDQ�IRU�WKH�FKLOGUHQ��LQGLFDWLQJ�WKDW�WKH�UHSURGXFWLRQV�RI�DGXOWV�ZHUH�VXEMHFW WR�PRUH�

UHOLDEOH�SHUIRUPDQFH�GULIWV��7KHVH�QRYHO�ILQGLQJV�VXJJHVW�WKDW��FRPSDUHG�WR DGXOWV��FKLOGUHQ�UHO\�

PRUH�RQ�WKH�WHPSRUDO�FRQWH[W�WKDQ�RQ�WKH�HYDOXDWLRQ�RI�WKHLU�PLVMXGJHPHQW� 7KLV�LV�LQ�OLQH�ZLWK�

WKH�LGHD�WKDW�KXPDQV�SRVVHVVHDUO\�DELOLWLHV�IRU�VWDWLVWLFDO�OHDUQLQJ��.DUDPLQLV HW�DO����������VLQFH�

FKLOGUHQ�FRQWLQXRXVO\�LQWHJUDWH�SULRUV�LQWR�WKHLU�FXUUHQW�SURGXFWLRQ� 7KHVH�DELOLWLHV�KDYH�DOUHDG\�

EHHQ� REVHUYHG� LQ� LQIDQWV� DQG� QHZERUQV� �.LUNKDP� HW� DO��� ����� ������ %XOI� HW� DO��� ������� ,Q�

FRQWUDVW�� OHDUQLQJ� IURP� SURGXFHG� HUURUV�ZRXOG� HPHUJH� LQ� JUHDW� SDUW ODWHU� GXULQJ� FKLOGKRRG��

H[SODLQLQJ�WKH�KLJKHU�SHUIRUPDQFH�GULIW�LQ�DGXOWV�ZLWK�WKH�GHYHORSPHQW RI�H[HFXWLYH�IXQFWLRQV��

WKDW� LV��ZKHQ�FKLOGUHQ�EHFRPH�DEOH� WR�HYDOXDWH� WKHLU�SHUIRUPDQFH DQG� WKHLU�HYROXWLRQ�GXULQJ�

OHDUQLQJ�� ,QGHHG�� DPRQJ� WKH� GLIIHUHQW� DVSHFW� RI� H[HFXWLYH� IXQFWLRQV WKDW� GHYHORS� WKURXJK�

FKLOGKRRG��RQH�FRXOG�QRWDEO\�FLWH�WKDW�RI�HUURU�HYDOXDWLRQ��.LUNKDP� &UXHVV�	�'LDPRQG���������

DOORZLQJ�FKLOGUHQ�WR�DSSO\�NQRZOHGJH�WR�WKHLU�RZQ EHKDYLRXU�

,Q� VXPPDU\�� RXU� UHVXOWV� GHPRQVWUDWHG� WKDW� WKH� FHQWUDO� WHQGHQF\� HIIHFW� LQ WHPSRUDO�

UHSURGXFWLRQ� LV� VWURQJHU� LQ� FKLOGUHQ� WKDQ� LQ� DGXOWV�� DQG� WKDW� FKLOGUHQ¶V� FXUUHQW WHPSRUDO�

UHSURGXFWLRQV�UHO\�PRUH�RQ�GXUDWLRQV�SUHVHQWHG�LQ�UHFHQW�WULDOV��7KLV�ILQGLQJ�FDQ�EH�OLQNHG WR�

WKH�FKLOGUHQ¶V�QRLVLHU�UHSUHVHQWDWLRQ�RI�WLPH��&RQVLVWHQW�ZLWK�%D\HVLDQ�WKHRU\��D�QRLV\ WLPLQJ�

V\VWHP�OHG�SDUWLFLSDQWV�WR�IXUWKHU�EDVH�WKHLU�HVWLPDWLRQ�RQ�WKH�SUHYLRXV�H[SHULHQFHV�UDWKHU WKDQ�
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RQ� WKH� SHUFHLYHG� VWLPXOXV�� +RZHYHU�� WKH� LQIOXHQFH� RI� UHODWLYH� HUURU� �VXEMHFWLYH SURGXFHG�

GXUDWLRQ��ZDV�KLJKHU�IRU�WKH�DGXOWV�WKDQ IRU�WKH�FKLOGUHQ��7KLV�QHZ�ILQGLQJ�VXJJHVWV WKDW��XQOLNH�

DGXOWV��FKLOGUHQ�UHO\�WR�D�JUHDWHU�H[WHQW�RQ�WKH�WHPSRUDO�FRQWH[W�WKDQ�RQ�WKH HYDOXDWLRQ�RI�WKHLU�

PLVMXGJHPHQW�� )XWXUH� VWXGLHV�PLJKW� IXUWKHU� LQYHVWLJDWH�ZKHWKHU� WKH� LQIOXHQFH RI� FRQWH[W� LQ�

WHPSRUDO�MXGJPHQW�LQ�FKLOGUHQ�JHQHUDOL]HV�WR�GLIIHUHQW�FRQWH[WV�DQG�WHPSRUDO WDVNV�
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,, ± ���eWXGH�VXU�O¶HIIHW�GX�FRQWH[WH�VRFLDO�VXU�OHV�MXJHPHQWV�GX�WHPSV�FKH]�
O¶HQIDQW�kJp�GH���j���DQV�

+DOOH]��4���	�'URLWဨ9ROHW��6����������<RXQJ�FKLOGUHQ�HPERG\�WKH�WLPH�RI�RWKHUV�LQ�WKHLU�WLPH�

MXGJPHQWV��7KH�UROH�RI�WKH�WKHRU\�RI�PLQG� ,QIDQW�DQG�&KLOG�'HYHORSPHQW��H�����
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,QWURGXFWLRQ

6RFLDO LQWHUDFWLRQ LV DQFKRUHG LQ WLPH �6FKLUPHU�0HFN�	3HQQH\� ������ 7KH YDULDWLRQV

LQ RXU WLPH MXGJPHQWV DV D�IXQFWLRQ�RI�VRFLDO�FRQWH[WV�WKXV�UHIOHFW�RXU�IXQGDPHQWDO�DELOLW\�WR�

WDNH�DFFRXQW�RI�RWKHU�SHRSOH�DQG�WKHLU VWDWHV��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�H[DPLQH�WKH�DELOLW\�

RI�\RXQJ�FKLOGUHQ�WR�HPERG\�RWKHU�SHRSOH
V�ERG\�VWDWHV�LQ�WKHLU�WHPSRUDO�MXGJPHQWV�DQG�WKH�

UROH�RI�WKH�DFTXLVLWLRQ�RI�DQ�H[SOLFLW�WKHRU\�RI�PLQG �7R0��

7KHUH LV QRZ D EURDG FRQVHQVXV RQ WKH IDFW WKDW RXU EUDLQ IXQFWLRQV DV DQ LQWHUQDO FORFN

WKDW DOORZV XV WR MXGJH� GXUDWLRQV� DFFXUDWHO\� �$OOPDQ�� 3HQQH\�� 	�0HFN�� ������ 0HUFKDQW��

+DUULQJWRQ��	�0HFN�� �������+RZHYHU�� LQ� RXU� HYHU\GD\ OLIH� ZH RIWHQ H[SHULHQFH WHPSRUDO

GLVWRUWLRQV� ZLWK WKH UHVXOW WKDW WLPH LV MXGJHG VKRUWHU RU ORQJHU WKDQ�LW UHDOO\ LV� FDXVLQJ LW WR EH

XQGHUHVWLPDWHG RU RYHUHVWLPDWHG� %DVHG RQ WKH WKHRULHV RI HPERGLHG FRJQLWLRQ �%DUVDORX�������

����� ����� 1LHGHQWKDO� ����� 1LHGHQWKDO� %DUVDORX� :LQNLHOPDQ� .UDXWKဨ*UXEHU� 	 5LF�

������ WKH WKHRU\ RI� JURXQGHG WLPH H[SODLQV WKDW RXU WLPH MXGJPHQWV DUH EDVHG RQ RXU RZQ

LQWHUQDO VWDWH� HLWKHU HPRWLRQDO RU VHQVRU\�PRWRU� H[SHULHQFHG GXULQJ WKH SURFHVVLQJ RI WLPH

�'URLWဨ9ROHW� ����� (IIURQ� 1LHGHQWKDO� *LO� 	 'URLW�9ROHW� ������'URLW�9ROHW�	�*LO��������

:LWWPDQQ�� ������ ������� 7KLV� KDV� EHHQ�ZLGHO\� GHPRQVWUDWHG� LQ� VWXGLHV� VKRZLQJ� KRZ WLPH�

MXGJPHQWV YDU\ZLWK H[SHULHQFHG HPRWLRQ �'URLWဨ9ROHW������'URLWဨ9ROHW�)D\ROOH� /DPRWWH�	

*LO� �����'URLW�9ROHW�	�0HFN��������/DNH��/DEDU��	�0HFN� ������

,QD VRFLDO FRQWH[W� KRZHYHU� LW KDVEHHQGHPRQVWUDWHG WKDW QRWRQO\RXURZQLQWHUQDO VWDWHV

EXW DOVR WKH SHUFHSWLRQ RI RWKHU SHRSOH
V VWDWHV LQIOXHQFH WLPH MXGJPHQWV� ,Q DGXOWV� D VHULHV RI

VWXGLHV KDV VKRZQ WKH HIIHFWV RI WKH SHUFHSWLRQ RI RWKHUV
 PRYHPHQWV RQ WKH MXGJPHQW RI WLPH

�1DWKHU 	 %XHQR� ����� 1DWKHU� %XHQR� %LJDQG� 	'URLWဨ9ROHW� ������ ,Q RQH RI WKHVH VWXGLHV�

1DWKHU HW DO� ������ DVNHG WKH SDUWLFLSDQWV WR MXGJH WKH SUHVHQWDWLRQ GXUDWLRQ RI WZR SLFWXUHV RI D

EDOOHULQD �(GJDU 'HJDV
 VFXOSWXUH� SHUIRUPLQJ D KLJKဨLQWHQVLW\ ERG\ PRYHPHQW �SRVWXUH RI WKH

JUHDW DUDEHVTXH� RU D ORZဨLQWHQVLW\ ERG\ PRYHPHQW �UHVWLQJ SRVWXUH�� 7KH UHVXOWV VKRZHG WKDW

WKH SDUWLFLSDQWV MXGJHG WKH SUHVHQWDWLRQ GXUDWLRQ RI WKH EDOOHULQD WR EH ORQJHU ZLWK WKH SRVWXUH

WKDW UHTXLUHG PRUH PRYHPHQWV� 7KHVH UHVXOWV ZRXOG EH WKXV GXH WR WKH SDUWLFLSDQWV


HPERGLPHQW RI WKH RWKHU
V SRVWXUH� ZKLFK LQ WXUQ FDXVHG WKH PHPRU\ UHDFWLYDWLRQ RI VHQVRU\ဨ

PRWRU NQRZOHGJH DVVRFLDWHGZLWK WKH ERG\ SRVWXUHV HOLFLWHG E\ WKH ERG\ SLFWXUH� 7KH SHUFHSWLRQ

RI WKHRWKHU SHUVRQ
VPRYHPHQWVZRXOG WKXV WULJJHU DQDWWHQXDWHGH[SHULHQFHRI WKHRWKHUSHUVRQ
V

PRYHPHQW LQ WKH SHUFHLYHU� $V 1DWKHU HW DO� ������ H[SODLQHG� WKH OHQJWKHQLQJ HIIHFW REVHUYHG

ZLWK WKH JUHDW DUDEHVTXH SRVWXUH FRPSDUHG ZLWK WKH UHVWLQJ SRVWXUH ZRXOG WKXV UHVXOW IURP WKH
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LQFUHDVH LQDURXVDODVVRFLDWHGZLWKLQWHQVHPRYHPHQWV� ,QGHHG�DVVXJJHVWHG E\ WKH LQWHUQDO FORFN

PRGHOV� ZKHQ WKH OHYHO RI DURXVDO LQFUHDVHV� WKH LQWHUQDO FORFN VSHHGV XS� DQG WKH TXDQWLW\�RI�

WHPSRUDO�XQLWV��SXOVHV��LQYROYHG�LQ�WLPH�UHSUHVHQWDWLRQ�LQFUHDVHV��'URLWဨ9ROHW�	�0HFN��������

'URLWဨ9ROHW�	�:HDUGHQ��������*LO�	�'URLWဨ9ROHW��������:LWWPDQQ�	�3DXOXV���������7KLV�LV�

FRQVLVWHQW�ZLWK�WKH�UHVXOWV�RI�QXPHURXV�VWXGLHV�VKRZLQJ�WHPSRUDO�OHQJWKHQLQJ�HIIHFWV�ZKHQ�

WKH�QHUYRXV� V\VWHP� LV� DURXVHG� �%XKXVL�	�0HFN��������)D\ROOH��*LO��	�'URLWဨ9ROHW�� ������

0DULFT��5REHUWV��	�&KXUFK�� ������0HFN�� ������ ������:LOOLDPVRQ��&KHQJ��(WFKHJDUD\��	�

0HFN�������� 7KHSHUFHSWLRQ RI RWKHU SHRSOH DIIHFWV RXU WLPH MXGJPHQWV QRW RQO\ZKHQ WKH ODWWHU

PDNHDYLVLEOHPRYHPHQWEXW DOVRZKHQWKH\H[KLELWDPRUHLQWHUQDOFKDUDFWHULVWLFVXFKDVWKHVWDWH

RI ROG DJH RU WKH HPRWLRQ IHOW� ,Q D WHPSRUDO ELVHFWLRQ WDVN�&KDPERQ DQG FROOHDJXHV VKRZHG WKDW

WKH VXEMHFWV MXGJHG WKH SUHVHQWDWLRQ GXUDWLRQ RI SLFWXUHV RI ROGHU IDFHV WR EH VKRUWHU WKDQ WKDW RI

\RXQJ IDFHV �&KDPERQ�'URLWဨ9ROHW�	1LHGHQWKDO� ����� &KDPERQ� *LO� 1LHGHQWKDO� 	'URLWဨ

9ROHW� ������ %HFDXVH ROG DJH LV DVVRFLDWHG ZLWK D JHQHUDO VORZGRZQ LQ FRJQLWLYH DQG PRWRU

IXQFWLRQV �6DOWKRXVH� ����� 6DOWKRXVH 	 0HLQ]� ������ WKH DXWKRUV H[SODLQHG WKLV VKRUWHQLQJ

HIIHFW LQ WHUPV RI WKH VHOIဨH[SHULHQFH RI VORZQHVV LQ�WKH VXEMHFWV ZKR SHUFHLYHG DQ ROG SHUVRQ�

WKXV VORZLQJ GRZQ WKH UDWH RI WKH LQWHUQDO FORFN V\VWHP�

8VLQJ WKH VDPH ELVHFWLRQ SURFHGXUH� VHYHUDO UHVHDUFKHUV KDYH VKRZQ WKDW WKH IDFLDO

H[SUHVVLRQ SHUFHLYHG RQ WKH�RWKHU SHUVRQ
V IDFH DOVR DIIHFWV WKH MXGJPHQW RI WLPH� ,Q SDUWLFXODU�

WLPH LV MXGJHG ORQJHU ZKHQ WKH IDFLDO H[SUHVVLRQ RI D KLJK�DURXVDO HPRWLRQ �H�J�� DQJHU� LV VHHQ�

+RZHYHU� LQ WKH FDVH RI IDFLDO H[SUHVVLRQV� LW LV GLIILFXOW WR GLVVRFLDWH WKH� HIIHFWV GXH WR WKH

HPERGLPHQW RI WKH HPRWLRQ SHUFHLYHG LQ WKH RWKHU SHUVRQ �HPRWLRQ RI DQJHU IHOW LQ WKH SUHVHQFH

RI�DQ DQJU\ SHUVRQ� IURP WKRVH GXH WR DQ HPRWLRQDO UHDFWLRQ �HPRWLRQ RI IHDU IHOW LQ WKH SUHVHQFH

RI DQ DQJU\ SHUVRQ��'URLWဨ9ROHW�HW�DO�� ������

1R VWXG\KDV \HW H[DPLQHG WKH HPERGLPHQW RI RWKHU SHRSOH
V WLPH LQ FKLOGUHQ
V WHPSRUDO

SURGXFWLRQV� 'HYHORSPHQWDO VWXGLHV KDYH VXJJHVWHG WKDW \RXQJ FKLOGUHQ XQGHU WKH DJH RI �

\HDUV GR QRW LQWHJUDWH RWKHU SHRSOH
V LQWHQWLRQV LQ WKHLU RZQ EHKDYLRXU LQ RUGHU WR SUHGLFW WKHLU

DFWLRQV RU SODQ WKHLU UHDFWLRQV DFFRUGLQJO\� 7KLV DELOLW\ ZRXOG UHTXLUH WKH FDSDFLW\ WR LQIHU RWKHU

SHRSOH
V PHQWDO VWDWHV� WKDW LV� D7KHRU\ RI0LQG �7R0� �&DUOVRQ� .RHQLJ� 	+DUPV� ����� )ULWK

	)ULWK� ����� 6D[H	.DQZLVKHU� ������:LWKLQ�WKLV�SHUVSHFWLYH��RWKHU�SHRSOH
V�FKDUDFWHULVWLFV�

VKRXOG�QRW�LQIOXHQFH�WKH�MXGJPHQW�RI�WLPH�LQ�\RXQJ�FKLOGUHQ��ZKR�KDYH�QR�7R0��7KH�IDOVH�

EHOLHI�WDVN��DOVR�FDOOHG�WKH�³6DOO\±$QQH´�WHVW��VHH6HFWLRQ��:LPPHU	3HUQHU� ������ KDV ORQJ

EHHQ FRQVLGHUHG WR EH D YLDEOH LQGLFDWRU RI WKH DFTXLVLWLRQ RI D 7R0 �:HOOPDQ� ������ ,W KDV

WKHUHIRUH EHHQ VKRZQ WKDW \RXQJHU FKLOGUHQ DJHG OHVV WKDQ � \HDUV IDLO WKLV W\SH RI IDOVH EHOLHI
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WHVW DQG WKLV KDV EHHQ H[SODLQHG LQ WHUPV RI WKHLU LQDELOLW\ WR DGRSW WKH RWKHU SHUVRQ
V SHUVSHFWLYH

�3HUQHU� 0DXHU� 	 +LOGHQEUDQG� ����� :LPPHU 	 3HUQHU� ����� IRU D PHWDဨDQDO\VLV� VHH

:HOOPDQ� &URVV� 	 :DWVRQ� ������ +RZHYHU� UHFHQW VWXGLHV VXJJHVW WKH GHYHORSPHQW RI WZR

GLVWLQFW V\VWHPV LQYROYHG LQ WKH XQGHUVWDQGLQJ RI RWKHUV� DQ HDUO\ LPSOLFLW V\VWHP WKDW LV

DXWRPDWLFEXWQRLV\DQGD VHFRQG�H[SOLFLW� V\VWHPWKDW HPHUJHV ODWHU²DW DERXW � \HDUV²DQG WKDW

LV DEVWUDFW� FRQVFLRXV� DQG PRUH UHOLDEOH �$SSHUO\ 	 %XWWHUILOO� ����� /RZ� ����� 6FKQHLGHU��

%D\OLVV��%HFNHU��	�'X[���������&KLOGUHQ
V�VXFFHVV�LQ�WKH�³6DOO\±$QQH´�WHVW�ZRXOG�WKXV�EH�GXH�

WR�WKHLU�DFTXLVLWLRQ�RI�WKLV�FRQVFLRXV�7R0�DV WKHLU H[HFXWLYH IXQFWLRQV GHYHORS �:DQJ� /RZ�

-LQJ� 	 4LQJKXD� ������ &RQVHTXHQWO\� RQ WKH EDVLV RI WKH K\SRWKHVLV WKDW WKHUH LV DQ HDUO\

LPSOLFLW V\VWHP IRU HPERG\LQJ WKH WLPH RI RWKHU SHRSOH
V VWDWHV� ZH PD\ DVVXPH WKDW DOO \RXQJ

FKLOGUHQ� ZKHWKHU ZLWK RU ZLWKRXW 7R0� ZRXOG WDNH DFFRXQW RI RWKHU SHRSOH
V VWDWHV LQ WKHLU

WHPSRUDO SURGXFWLRQV� +RZHYHU� WKH FRJQLWLYH GHYHORSPHQW RI H[SOLFLW UHSUHVHQWDWLRQV DQG�RU

WKH DZDUHQHVV RI RWKHU SHRSOH
V VWDWHV� LQ� FKLOGUHQ� �7R0�� ZRXOG� LQFUHDVH� WKH� LQIOXHQFH� RI�

SHUFHLYHG�VWDWHV�RQ�WKHLU�WHPSRUDO�MXGJPHQWV�

7KH DLP RI WKLV VWXG\ ZDV WKHUHIRUH WR H[DPLQH ZKHWKHU WKH FKDUDFWHULVWLFV RI RWKHUV

�PRYHPHQW� PRYHPHQW�ZLWK REMHFW� DJH� DQG HPRWLRQ� LQIOXHQFH WKH MXGJPHQW RI WLPH LQ \RXQJ

FKLOGUHQ DJHG IURP � WR � \HDUV� DV KDV DOUHDG\� EHHQ GHPRQVWUDWHG LQ DGXOWV� ,Q DGGLWLRQ� WKH

DFTXLVLWLRQ RI DQ H[SOLFLW 7R0 ZDV DVVHVVHG XVLQJ WKH 6DOO\±$QQH WHVW��,Q RXU VWXG\� FKLOGUHQ

KDG WR OHDUQ WDUJHW GXUDWLRQV �� DQG � V� DQG UHSURGXFH WKHVH GXUDWLRQV LQ UHVSRQVH WR VWLPXOL

UHSUHVHQWLQJ VLOKRXHWWHV WKDW GLIIHUHG LQ WKHLU VWDWH� 7KLV VWDWH ZDV YHU\ YLVLEOH �L�H�� D PRYHPHQW

WKDW UHTXLUHG D PRWRU� DFWLRQ >PRYHPHQW DQG PRYHPHQW ZLWK REMHFW@� RU OHVV YLVLEOH �L�H�� DQ

HPRWLRQ RU WKH IDFW RI EHLQJ ROG�� 2XU K\SRWKHVLV ZDV WKDW \RXQJ FKLOGUHQ ZRXOG HPERG\ WKH

RWKHU SHUVRQ
V WLPH� WKXV UHVXOWLQJ LQ WLPH GLVWRUWLRQV LQ WKHLU WHPSRUDO� UHSURGXFWLRQ�� )RU�

H[DPSOH�� GXUDWLRQV� VKRXOG� EH� MXGJHG� VKRUWHU²XQGHUHVWLPDWHG²ZKHQ� WKH� FKLOGUHQ� ZHUH�

SUHVHQWHG ZLWK D UXQQLQJ PDQ FRPSDUHG WR D ZDONLQJ PDQ �PRYHPHQW FRQGLWLRQ� RU MXGJHG

ORQJHU²RYHUHVWLPDWHG²IRU DQ ROG PDQ FRPSDUHG ZLWK D \RXQJ PDQ� +RZHYHU� FKLOGUHQ ZLWK

DQ H[SOLFLW 7R0� ZKR KDYH D JUHDWHU DZDUHQHVV�RI WKH RWKHU� VKRXOG EHWWHU HPERG\ WKH RWKHU

SHUVRQ
V WLPH� WKXV UHVXOWLQJ LQ WKH HPHUJHQFH RI JUHDWHU WHPSRUDO�GLVWRUWLRQV�

0HWKRG

������������

)LIW\�VHYHQ�FKLOGUHQ�����ER\V�DQG����JLUOV��DJHG�IURP���WR���\HDUV�WRRN�SDUW� LQ� WKLV�
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H[SHULPHQW��0� ������\HDUV��6'� ��������2I�WKHVH�����FKLOGUHQ�IDLOHG��0� ������\HDUV��6'� �

������DQG����FKLOGUHQ�VXFFHHGHG��0� ������\HDUV��6'  ����� LQ WKH7R0 WHVW �VHH 6HFWLRQ �����

7KH FKLOGUHQ ZHUH UHFUXLWHG IURP YDULRXV QXUVHU\ DQG SULPDU\ VFKRROV�LQ &OHUPRQWဨ)HUUDQG�

)UDQFH� 7KHLU SDUHQWV VLJQHG ZULWWHQ LQIRUPHG FRQVHQW IRU WKH FKLOGUHQ
V SDUWLFLSDWLRQ LQ WKLV�

H[SHULPHQW� ZKLFK ZDV FDUULHG RXW DFFRUGLQJ WR WKH SULQFLSOHV RI WKH +HOVLQNL GHFODUDWLRQ DQG

ZDV DSSURYHG E\ WKH�LQVSHFWRU�RI�WKH�DFDGHP\�RI�WKH�)UHQFK�0LQLVWU\�RI�(GXFDWLRQ�DV�UHTXLUHG�

E\�)UHQFK ODZ�

��������

7KH�FKLOGUHQ�ZHUH�VHDWHG�LQ�IURQW�RI�D�FRPSXWHU�LQ�D�TXLHW�URRP�DW�WKHLU�VFKRRO��7KH�

H[SHULPHQWDO�HYHQWV�DQG�UHVSRQVHV�ZHUH�SUHVHQWHG�DQG�UHFRUGHG�RQ�D�FRPSXWHU�YLD�D�SURJUDP�

ZULWWHQ�LQ�3\WKRQ�DQG�FRPSLOHG�LQ�&��7KH�FKLOGUHQ JDYH WKHLU UHVSRQVHV ZLWK WKHLU SUHIHUUHG

KDQG RQ WKH WRXFK SDG RI WKH FRPSXWHU� 7KH VWLPXOL ZHUH SUHVHQWHG� RQ� D� ���LQ�� FRPSXWHU

VFUHHQ�

)LJXUH �� VKRZV WKH GLIIHUHQW VWLPXOL XVHG LQ RXU VWXG\� ,Q WKH UHIHUHQFH SKDVH� WKH

VWLPXOXV ZDV WKH G\QDPLF SLFWXUH RI D PDQ �EODFN VLOKRXHWWH� ZKR ZDV ZDONLQJ IURP WKH OHIW WR

ULJKW RI WKH FRPSXWHU VFUHHQ WRZDUGV D ORFDWLRQ�UHSUHVHQWHG E\ D EDOO� ,Q WKH WHVWLQJ SKDVH� WKH

VWLPXOL ZHUH VWDWLF SLFWXUHV RI D VLOKRXHWWH SUHVHQWHG RQ WKH OHIW RI�WKH FRPSXWHU VFUHHQ� 7KHVH

VLOKRXHWWHV LQGLFDWHG GLIIHUHQW LQGLYLGXDO VWDWHV DV D IXQFWLRQ RI WKH H[SHULPHQWDO FRQGLWLRQV� �D�

PRYHPHQW� �E� PRYHPHQW ZLWK REMHFW� �F� DJLQJ� DQG �G� HPRWLRQ�

,Q DGGLWLRQ� WR DVVHVV WKH LQGLYLGXDO GLIIHUHQFHV LQ WKH FKLOGUHQ
V DELOLW\ WR DWWULEXWH VWDWHV WR

RWKHUV LQ WKH DJH�UDQJH WHVWHG� ZH XVHG WKH VWDQGDUG H[SOLFLW 7R0 WHVW �L�H�� WKH 6DOO\±$QQH WHVW�

:LPPHU 	 3HUQHU� ������

���������

7KH FKLOGUHQ SHUIRUPHG WKH WHPSRUDO UHSURGXFWLRQ WDVN LQ GLIIHUHQW H[SHULPHQWDO

FRQGLWLRQV� DV ZHOO DV WKH 6DOO\±$QQH� WHVW�� 7KH� SUHVHQWDWLRQ� RUGHU� ZDV� FRXQWHUEDODQFHG�

EHWZHHQ VXEMHFWV�

7HPSRUDO�UHSURGXFWLRQ�WDVN��

(DFK�FKLOG�SHUIRUPHG�D�WHPSRUDO�UHSURGXFWLRQ�WDVN�ZLWK�D���V�WDUJHW�GXUDWLRQ�DQG�DQ���

V� WDUJHW� GXUDWLRQ�� 7KLV� WHPSRUDO UHSURGXFWLRQ WDVN ZDV SHUIRUPHG LQ ILYH FRQGLWLRQV DV D

IXQFWLRQ RI WKH VWLPXOL XVHG LQ WKH WHVWLQJ SKDVH�� FRQWURO� PRYHPHQW� PRYHPHQW ZLWK REMHFW�
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DJLQJ� DQG HPRWLRQ� 7KHFRQWURO FRQGLWLRQZDVSUHVHQWHG ILUVW� IROORZHG�E\�WKH�RWKHU�FRQGLWLRQV��

ZKLFK�ZHUH�SUHVHQWHG�UDQGRPO\��7KH�SURFHGXUH�ZDV�VLPLODU�LQ�WKH�GLIIHUHQW FRQGLWLRQV� H[FHSW

IRU WKH W\SH RI VWLPXOL XVHG LQ WKH WHVWLQJ SKDVH� ,Q DGGLWLRQ� WKH WHPSRUDO WDVN ZDV SHUIRUPHG

ZLWK WKH WZR� WDUJHW GXUDWLRQV LQ HDFK FRQGLWLRQ� DQG WKHLU SUHVHQWDWLRQ ZDV FRXQWHUEDODQFHG

EHWZHHQ VXEMHFWV�

,Q HDFK FRQGLWLRQ� DQG IRU HDFK WDUJHW GXUDWLRQ� WKH WHPSRUDO WDVN FRQVLVWHGRI WZRSKDVHV�

D UHIHUHQFHSKDVHDQG�D WHVWLQJSKDVH� ,Q WKH UHIHUHQFHSKDVH� WKH FKLOGZDVSUHVHQWHG� WLPHVZLWK

WKH G\QDPLF SLFWXUH RI D VLOKRXHWWH WKDW�ZDONHG �ZDONLQJPDQ� IRU WKH WDUJHW GXUDWLRQ �HLWKHU � RU

� V� IURP OHIW WR ULJKW DFURVV WKH VFUHHQ� 7KH FKLOG WKHUHIRUH�OHDUQHG�WKH�OHQJWK�RI�WLPH�WKDW�WKH�

VLOKRXHWWH�WRRN�WR�FURVV�WKH VFUHHQ�

7KHQ� LQ WKH WHVWLQJ SKDVH� WKH FKLOG GLG QRW VHH WKH VLOKRXHWWH PRYLQJ IURP OHIW WR ULJKW�

+H RU VKH RQO\ VDZ D�VWDWLF VLOKRXHWWH �VWLPXOXV� RQ WKH OHIW RI WKH VFUHHQ �VWDWLF SLFWXUH�� DQG KLV

RU KHU WDVN ZDV WR FOLFN RQ WKH FRPSXWHU� WRXFK SDG ZKHQ KH RU VKH MXGJHG WKDW WKH GXUDWLRQ

UHTXLUHG WR FURVV WKH VFUHHQ IURP OHIW WR ULJKW ZDV WKH VDPH DV WKH� WDUJHW GXUDWLRQ �WHPSRUDO

UHSURGXFWLRQ�� 7KHUH ZHUH WKUHH WULDOV SHU VWLPXOXV� DQG HDFK WULDO ZDV WULJJHUHG ZKHQ WKH�FKLOG�

FOLFNHG�RQ�WKH�FRPSXWHU�WRXFK SDG�

)RU WKH WHVWLQJ SKDVH� WKH VWLPXOXV XVHG LQ WKH FRQWURO FRQGLWLRQ ZDV WKH VWDWLF LPDJH RI

WKH ZDONLQJ VLOKRXHWWH� �FRQWURO VWLPXOXV� WKDW KDG EHHQ XVHG LQ WKH UHIHUHQFH SKDVH �ZDONLQJ

VLOKRXHWWH�� ,Q WKHRWKHU FRQGLWLRQV� WZRRU WKUHH�WHVW VWLPXOL ZHUH XVHG DV D IXQFWLRQ RI FRQGLWLRQ

�VHH)LJXUH ���� 7KHZDONLQJ VLOKRXHWWH �FRQWURO VWLPXOXV�ZDV XVHG LQ�DOO�WKH�FRQGLWLRQV��)RU�WKH�

PRYHPHQW�FRQGLWLRQ��WKH�VWLPXOL�ZHUH�WKH�ZDONLQJ�VLOKRXHWWH��FRQWURO���WKH�UXQQLQJ�VLOKRXHWWH�

DQG WKH FUDZOLQJ VLOKRXHWWH� )RU WKH PRYHPHQW ZLWK REMHFW �³REMHFWဨPRYHPHQW´ FRQGLWLRQ�� WKH

VWLPXOL�ZHUH WKHZDONLQJ VLOKRXHWWH �FRQWURO VWLPXOL�� WKH VLOKRXHWWH FDUU\LQJD KHDY\ORDG DQG WKH

VLOKRXHWWH RQ D ELF\FOH� )RU�WKH DJLQJ FRQGLWLRQ� WKH VWLPXOL ZHUH WKH ZDONLQJ VLOKRXHWWH� RQFH

DJDLQ� DQG WKH VLOKRXHWWH RI DQ ROG PDQ� )RU WKH�HPRWLRQ FRQGLWLRQ� D VDG VLOKRXHWWH ZLWK WKH

IDFLDO H[SUHVVLRQ DQG ERGLO\ SRVWXUH W\SLFDO RI HPRWLRQ ZDV XVHG� )RU�FRPSDULVRQ SXUSRVHV� D

VLPLODU SRVWXUH WR WKDW RI WKH ZDONLQJPDQZDV DOVR XVHG� +RZHYHU� LQ WKLV FDVH� LW ZDV SUHVHQWHG

ZLWK D KDSS\ IDFH WR KLJKOLJKW WKH HPRWLRQ DVVRFLDWHG ZLWK WKH SRVWXUH� ,Q DOO FRQGLWLRQV� HDFK

VWLPXOXVZDV SUHVHQWHG � WLPHV DQG WKH FKLOGUHQ WKHUHIRUH SHUIRUPHG VL[ WR QLQH WULDOV SHU WHVWLQJ

SKDVH DV D IXQFWLRQRI WKH FRQGLWLRQV�
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)LJXUH���� ,OOXVWUDWLRQ�RI�WKH�WHPSRUDO�UHSURGXFWLRQ�WDVN�XVHG�LQ�WKH�UHIHUHQFH�SKDVH�DQG�RI�WKH�
GLIIHUHQW�VLOKRXHWWHV�XVHG�LQ�WKH�H[SHULPHQW�WHVWLQJ�SKDVH

6DOO\±$QQH WHVW�

7KH 6DOO\±$QQH WHVW ZDV WKH VWDQGDUG H[SOLFLW WHVW LQ ZKLFK WKH FKLOG ZDV WROG WKH VWRU\

RI 6DOO\ DQG $QQH� 6DOO\ ZKR�SXWV KHU EDOO LQ KHU EDVNHW� DQG $QQH ZKRPRYHV KHU EDOO LQWR KHU

RZQ EDVNHW ZKHQ 6DOO\ LV OHDYLQJ� 7KH H[SHULPHQWHU�WKHQ DVNHG WKH FKLOG ZKHUH 6DOO\ ZLOO ORRN

IRU KHU EDOO� 7KH FKLOGUHQ ZHUH WKXV FDWHJRUL]HG DV ³ZLWK H[SOLFLW 7R0´ ZKHQ� WKH\ UHVSRQGHG

FRUUHFWO\ �6DOO\
V EDVNHW� WR WKLV WHVW DQG ³ZLWKRXW H[SOLFLW 7R0´ ZKHQ WKH\ IDLOHG�

5HVXOWV

7HPSRUDO VWDQGDUG HUURUV �6(V� ZHUH FDOFXODWHG IRU HDFK FKLOG LQ WKH WHPSRUDO

UHSURGXFWLRQ WDVN� �UHSURGXFHG GXUDWLRQ í WDUJHW GXUDWLRQ��WDUJHW GXUDWLRQ� $ WHPSRUDO 6( FORVH

WR ]HUR LQGLFDWHV DQ DFFXUDWH WLPH MXGJPHQW� $ WHPSRUDO� 6( JUHDWHU WKDQ ]HUR UHSUHVHQWV DQ

RYHUHVWLPDWLRQ RI WLPH� ZLWK WKH SDUWLFLSDQWV UHSURGXFLQJ GXUDWLRQV ORQJHU WKDQ� WKH WDUJHW

GXUDWLRQ�$ WHPSRUDO 6( VKRUWHU WKDQ ]HUR� ZKHQ WKH SDUWLFLSDQWV SUHVVHG WRR VRRQ� UHSUHVHQWV DQ

XQGHUHVWLPDWLRQ RI WLPH� ,QLWLDO DQDO\VHV RI YDULDQFH �$129$V� ZHUH SHUIRUPHG RQ WKH PHDQ

WHPSRUDO 6( IRU HDFK FRQGLWLRQ�ZLWKWKHFKLOGUHQ
VDJHLQPRQWKVLQFOXGHGDVFRYDULDEOH�7KHPDLQ

HIIHFW RI DJH DQG WKH LQWHUDFWLRQV LQYROYLQJ WKLV IDFWRU�ZHUH�QHYHU� VLJQLILFDQW� �SV�!� ������7KLV�
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UHYHDOV�WKDW�WKH�GLIIHUHQFHV�LQ�FRJQLWLYH�DELOLWLHV�DVVRFLDWHG�ZLWK�DJH�GLG�QRW�VLJQLILFDQWO\�DIIHFW�

WKH�PDJQLWXGH�RI�WKH�WHPSRUDO�6(�DQG�LWV�GLVWRUWLRQ�LQ�WKH�GLIIHUHQW�H[SHULPHQWDO�FRQGLWLRQV�

IRU�WKH�FKLOGUHQ�LQ�WKH�DJH�UDQJH�IURP���WR���\HDUV��7KHUHIRUH��WKLV�IDFWRU�ZDV�H[FOXGHG�IURP�

VXEVHTXHQW�VWDWLVWLFDO�DQDO\VHV��7KH�IROORZLQJ�VWDWLVWLFDO�DQDO\VHV��$129$��SHUIRUPHG�RQ�WKH�

PHDQ� WHPSRUDO�6(� IRU�HDFK�FRQGLWLRQ�FRQVHTXHQWO\�XVHG� WKUHH� IDFWRUV�� WZR�ZLWKLQဨVXEMHFWV�

IDFWRUV��WDUJHW�GXUDWLRQ�DQG�VWLPXOXV��DQG�RQH�EHWZHHQဨVXEMHFW�IDFWRU��ZLWK�YV��ZLWKRXW�7R0��

�����������������

)LJXUH �� VKRZV WKH PHDQ WHPSRUDO 6( SURGXFHG IRU WKH ZDONLQJ VLOKRXHWWH �FRQWURO

VWLPXOXV� E\ WKH FKLOGUHQ ³ZLWK´�DQG�³ZLWKRXW´�H[SOLFLW�7R0�IRU�WKH�WDUJHW�GXUDWLRQV�RI���DQG���

V�

)LJXUH� ����0HDQ� WHPSRUDO� VWDQGDUG� HUURUV� IRU� FKLOGUHQ� ³ZLWK´� RU� ³ZLWKRXW´� WKHRU\� RI�PLQG�
�7R0��LQ�WKH�FRQWURO�FRQGLWLRQ��D�ZDONLQJ�PDQ��IRU�WKH��ဨV�DQG��ဨV�WDUJHW�GXUDWLRQV

7KH�$129$�RQ�WKH�WHPSRUDO�6(�VKRZHG�QHLWKHU�PDLQ�HIIHFW�RI�7R0��)������S�!������

QRU�7R0�î�'XUDWLRQ�LQWHUDFWLRQ��)������S�!������7KHUH�ZDV�RQO\�D�VLJQLILFDQW�PDLQ�HIIHFW�RI��

GXUDWLRQ���)�������� ��������S� ���������Ș�S  �������LQGLFDWLQJ�WKDW�WKH��ဨV�GXUDWLRQ��0� �í������

6(� �������ZDV�XQGHUHVWLPDWHG�FRPSDUHG�ZLWK�WKH��ဨV�GXUDWLRQ �0  ����� 6(  ������� 7KH W

WHVW FRPSDULQJ WKH WHPSRUDO 6( ZLWK ]HUR LQGHHG VKRZHG WKDW WKH ORQJ GXUDWLRQ� WHQGHG WR EH

XQGHUHVWLPDWHG� W����  í����� S  ���� DQG WKH VKRUW GXUDWLRQ RYHUHVWLPDWHG� W����  ����� S  

����� ,Q�VXP�� IRU� WKH�FRQWURO�VWLPXOL� �ZDONLQJ�PDQ��� WKH� WHPSRUDO� UHSURGXFWLRQ�ZDV�VLPLODU�

EHWZHHQ�WKH�FKLOGUHQ�ZLWK�RU�ZLWKRXW�H[SOLFLW 7R0�

������������������

)LJXUH� �� VKRZV� WKH� PHDQ� WHPSRUDO� 6(� IRU� WKH� WKUHH� PRYLQJ� VLOKRXHWWHV�� UXQQLQJ��

ZDONLQJ��FRQWURO���DQG�FUDZOLQJ�

7KH� $129$� SHUIRUPHG� RQ� WKH� WHPSRUDO� 6(� VKRZHG� D� VLJQLILFDQW� PDLQ� HIIHFW� RI�
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PRYHPHQW��)��������� �������S � ����� Ș�S  ����� 7KLV LQGLFDWHV WKDW WKH WLPH UHSURGXFWLRQV

YDULHG DV D IXQFWLRQ RI SHUFHLYHG PRYHPHQW� EHLQJ�VKRUWHU IRU WKH UXQQLQJ PDQ �0  í����� 6(

 ����� WKDQ IRU WKH ZDONLQJ PDQ �0  í����� 6(  ����� DQG ORQJHU IRU�WKH FUDZOLQJPDQ �0 

����� 6( ����� WKDQ IRU WKHZDONLQJPDQ �DOO %RQIHUURQL WHVWV� S� �����+RZHYHU� WKHUHZDV DOVR�

D VLJQLILFDQW PDLQ HIIHFW RI WKH7R0 JURXS� )��� ���  ����� S  ����� Ș�S  ���� DQG D VLJQLILFDQW

0RYHPHQW î 7R0 LQWHUDFWLRQ� )��� ����  ����� S � ����� Ș�S  ����� VXJJHVWLQJ WKDW WKH WLPH

GLVWRUWLRQV REVHUYHG LQ UHVSRQVH WR ³PRYHPHQW´� FKDQJHG ZLWK WKH DFTXLVLWLRQ RI DQ H[SOLFLW

7R0�+RZHYHU� WKHUHZDV DOVR D WKUHHဨZD\ LQWHUDFWLRQ EHWZHHQ'XUDWLRQ��0RYHPHQW� DQG7R0�

)��� ����  �����S ����� Ș�  �����ZKLFK VXEVXPHGDPDLQ HIIHFW RI GXUDWLRQ�)��� ��� �������

S � ������ Ș�  ����� DV ZHOO DV D 'XUDWLRQ î0RYHPHQW LQWHUDFWLRQ� )��� ����  ����� S  �����

Ș�  ������

$OWKRXJK WKH ORQJ GXUDWLRQ �0  í����� 6(  ����� ZDV PRUH XQGHUHVWLPDWHG WKDQ WKH

VKRUW GXUDWLRQ �0  í������6(  ������ ZH IRXQG WKH VDPH VLJQLILFDQW HIIHFW RI PRYHPHQW LQ WKH

UHVXOWV RI $129$V FRQGXFWHG RQ HDFK GXUDWLRQ� WDNHQ VHSDUDWHO\� � V� )��� ����  ������ S �

����� Ș�S  ����� � V�)��� ����  ������ S � ����� Ș�  ����� 7KLV FRQILUPV�WKDW WKH WDUJHW GXUDWLRQ

ZDV DOZD\V UHSURGXFHG VKRUWHU IRU WKH UXQQLQJPDQ WKDQ IRU WKH ZDONLQJPDQ DQG ORQJHU IRU�WKH

FUDZOLQJPDQ WKDQ IRU WKHZDONLQJPDQ �%RQIHUURQL� DOOSV� �����+RZHYHU� IRU WKH VKRUW GXUDWLRQ

RI � V� WKHUHZDV�D VLJQLILFDQW 0RYHPHQW î 7R0 LQWHUDFWLRQ� )��� ����  ������ S � ����� Ș�S  

����� ZLWK D VLJQLILFDQW PDLQ HIIHFW RI�7R0� )��� ���  ����� S  ����� Ș�  ����� ZKHUHDV WKLV

LQWHUDFWLRQ� )��� ����  ����� S  ����� DQG WKH PDLQ HIIHFW�RI 7R0� )��� ���  ����� S  �����

MXVW IDLOHG WR UHDFK VLJQLILFDQFH IRU WKH ORQJ GXUDWLRQ RI � V� 7KLV PHDQV WKDW WKH�PDJQLWXGH�RI�

WKH�WLPH�GLVWRUWLRQV�ZKHQ�PRYLQJ�VWLPXOL�ZHUH�SHUFHLYHG�ZDV�KLJKHU�LQ�WKH�FKLOGUHQ�ZLWK�7R0

WKDQ�LQ WKRVH ZLWKRXW 7R0 LQ WKH VKRUW GXUDWLRQ FRQGLWLRQ� +RZHYHU� WKLV ZDV QRW WKH FDVH LQ WKH

ORQJ FRQGLWLRQ� LQ ZKLFK�DOO GXUDWLRQV�ZHUH�JUHDWO\�XQGHUHVWLPDWHG

)LJXUH� ��� 0HDQ WHPSRUDO VWDQGDUG HUURUV IRU FKLOGUHQ ³ZLWK´ RU ³ZLWKRXW´ WKHRU\ RI PLQG
�7R0� LQ WKH PRYHPHQW�FRQGLWLRQ��UXQQLQJ��ZDONLQJ��DQG�FUDZOLQJ��IRU�WKH���V�DQG���V�WDUJHW
GXUDWLRQV�
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��������������������������

)LJXUH ���VKRZV WKH PHDQ WHPSRUDO 6( SURGXFHG E\ WKH FKLOGUHQ ZLWK DQG ZLWKRXW 7R0

IRU PRYLQJ VLOKRXHWWHV ZLWK�GLIIHUHQW�REMHFWV��F\FOLQJ��ZDONLQJ��DQG RYHUEXUGHQHG�

)LJXUH� ��� 0HDQ� WHPSRUDO� VWDQGDUG� HUURUV� IRU� FKLOGUHQ� ³ZLWK´� RU� ³ZLWKRXW´� WKHRU\� RI�PLQG�
�7R0��LQ�WKH�REMHFW�PRYHPHQW�FRQGLWLRQ��F\FOLQJ��ZDONLQJ��DQG�RYHUEXUGHQHG��IRU�WKH��ဨV�DQG�
��V�WDUJHW�GXUDWLRQV

7KH�$129$�UXQ�RQ�WKH�WHPSRUDO�6(�IRXQG�D�VLJQLILFDQW�PDLQ�HIIHFW�RI� WKH�REMHFWဨ

PRYHPHQW�IDFWRU��)�������� ��������S���������Ș�S  ��������DQG�D�VLJQLILFDQW�2EMHFWဨPRYHPHQW�

î�7R0�LQWHUDFWLRQ��)��������� ��������S � ����� Ș�S  ������ ZLWK D VLJQLILFDQW PDLQ HIIHFW RI

7R0� )��� ���  ����� S  ����� Ș�S  ����� 7KLV LQGLFDWHV WKDW�WLPH UHSURGXFWLRQV YDULHG DV D

IXQFWLRQRI WKH ³PRYLQJ´ VLOKRXHWWH LQ DOO FKLOGUHQ� EHLQJ VKRUWHU IRU WKH F\FOLQJPDQ��0� �í������

6(� �������WKDQ�WKH�ZDONLQJ�PDQ��0� �í������6(� �������DQG�ORQJHU�IRU�WKH�RYHUEXUGHQHG�PDQ��������

�0  í����� 6(  ����� WKDQ IRU WKH ZDONLQJ PDQ �%RQIHUURQL WHVWV� DOO SV � ����� +RZHYHU� WKH

GLIIHUHQFHV LQ WKH WLPH�GLVWRUWLRQV ZLWK WKH ³REMHFWဨPRYHPHQW´ZHUH KLJKHU LQ WKH FKLOGUHQZLWK

7R0 WKDQ LQ WKRVH ZLWKRXW 7R0 DV LQGLFDWHG� E\� WKH� VLJQLILFDQW� 2EMHFWဨPRYHPHQW� î� 7R0

LQWHUDFWLRQ� 7KH $129$ DOVR IRXQG D VLJQLILFDQW PDLQ HIIHFW RI GXUDWLRQ� )��� ���  ������ S

� ����� Ș�  ����� DQG D VLJQLILFDQW 'XUDWLRQ î2EMHFWဨPRYHPHQW LQWHUDFWLRQ� )��� ����  �����

S �����Ș�S ����� 7KLV LQGLFDWHV WKDW WKH GXUDWLRQ�ZDV MXGJHG ORQJHU IRU WKH RYHUEXUGHQHGPDQ

WKDQ IRU ERWK WKH ZDONLQJ DQG WKH F\FOLQJ PDQ� HYHQ WKRXJK WKH GXUDWLRQ ZDV DOZD\V

XQGHUHVWLPDWHG ZLWK WKH ORQJ GXUDWLRQ RI � V DQG WHQGHG WR EH RYHUHVWLPDWHG ZLWK WKH VKRUW

GXUDWLRQ�RI � V� DV LQGLFDWHG E\ WKH W WHVWV UXQ WR DQDO\VH WKH GLIIHUHQFH EHWZHHQ 6( DQG ]HUR�

W����  í����� S  ����� DQG�W����� �������S� ����� UHVSHFWLYHO\�
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���������������

)LJXUH �� SUHVHQWV WKH WHPSRUDO 6( IRU WKH WZR DJH VLOKRXHWWHV �\RXQJ DQG ROG� ZKHQ WKH

FKLOGUHQ ZHUH VRUWHG E\ WKH�7R0 JURXS��7KH $129$V UXQ RQ WKLV WHPSRUDO LQGH[ UHYHDOHG D

PDLQHIIHFW RI³DJLQJ´�)��� ��� �����S �����Ș�  �����ZLWK�WKH GXUDWLRQ EHLQJ RYHUHVWLPDWHG

IRU WKH ROG VLOKRXHWWH �0  ����� 6(  ����� FRPSDUHG ZLWK WKH ³\RXQJ´ VLOKRXHWWH��0 í�����

6(  ������ 7KH $JLQJ î 7R0 LQWHUDFWLRQ MXVW IDLOHG WR UHDFK VLJQLILFDQFH� )��� ���  ����� S  

�����7KHUHZDV�QRRWKHU VLJQLILFDQW HIIHFW �SV! ����� H[FHSW D VLJQLILFDQWPDLQ HIIHFW RI GXUDWLRQ�

)��� ���  ������ S � ����� Ș�  ������FRQILUPLQJ WKH XQGHUHVWLPDWLRQ RI WKH ORQJ GXUDWLRQ �0  

í����� 6(  ����� FRPSDUHG ZLWK WKH VKRUW RQH �0  ������ 6(  ������ 7KHUH ZDV DOVR D

VLJQLILFDQW PDLQ HIIHFW RI 7R0� )��� ���  ����� S  ����� Ș�  ����� 7KH FKLOGUHQ ZLWKRXW�7R0

�0  í����� 6(  ����� WKXV UHSURGXFHG VKRUWHU GXUDWLRQV WKDQ WKRVH ZLWKRXW 7R0 �0  �����

6(  ������

)LJXUH� ����0HDQ� WHPSRUDO� VWDQGDUG� HUURUV� IRU� FKLOGUHQ� ³ZLWK´� RU� ³ZLWKRXW´� WKHRU\� RI�PLQG�
�7R0��LQ�WKH�DJLQJ�FRQGLWLRQ��ROG�DQG�\RXQJ��IRU�WKH��ဨV�DQG��ဨV�WDUJHW�GXUDWLRQV

�����������������

$V FDQ EH REVHUYHG LQ )LJXUH ��� WKH $129$ IRXQG D VLJQLILFDQW PDLQ HIIHFW RI

HPRWLRQ� )��� ���  ������ S � ������Ș�S  �������LQGLFDWLQJ�WKDW�VDGQHVV��0� �������6(� �������

LQGXFHG�ORQJHU�MXGJPHQWV�WKDQ�KDSSLQHVV��0� �í�������6(  ������ +RZHYHU� WKHUH ZDV DOVR D

VLJQLILFDQW (PRWLRQ î 7R0 LQWHUDFWLRQ� )��� ���  ����� S  ����� Ș�S  ������ZLWK�QR�PDLQ�

HIIHFW�RI�7R0��)�������� �������S� ������7KH�PDLQ�HIIHFW�RI�GXUDWLRQ�ZDV�DOZD\V�VLJQLILFDQW��
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)��� ���  ������ S � ����� Ș�S  ����� ZKLOH WKH LQWHUDFWLRQV LQYROYLQJ WKH GXUDWLRQ IDFWRU GLG

QRW UHDFK VLJQLILFDQFH��DOO SV ! ����� 7KH VLJQLILFDQW (PRWLRQ î 7R0 LQWHUDFWLRQ WKXV UHYHDOHG

WKDW WKH GLIIHUHQFH LQ WKH WHPSRUDO MXGJPHQW�EHWZHHQ�WKH�HPRWLRQDO�VWLPXOL�ZDV�KLJKHU�LQ�WKH�

FKLOGUHQ�ZLWK�7R0�WKDQ�WKRVH�ZLWKRXW7R0�

)LJXUH���� 0HDQ�WHPSRUDO�VWDQGDUG�HUURUV�IRU�FKLOGUHQ�ZLWK�RU�ZLWKRXW�WKHRU\�RI�PLQG��7R0��
IRU�WKH�HPRWLRQ�FRQGLWLRQ��MR\�DQG�VDG��IRU�WKH��ဨV�DQG��ဨV�WDUJHW�GXUDWLRQV

'LVFXVVLRQ

,Q RXU VWXG\� WKH FKLOGUHQ
V WDVN ZDV WR OHDUQ WDUJHW GXUDWLRQV DQG WR UHSURGXFH WKHP LQ

UHVSRQVH WR WKH SUHVHQWDWLRQ�RI�VWDWLF�SLFWXUHV�RI�LQGLYLGXDOV�ZKRVH�SRVWXUH�RU�VKDSH�VXJJHVWHG�

GLIIHUHQW� ERG\� VWDWHV�� 7KH� FKLOGUHQ� ZHUH� QRW� H[SOLFLWO\ LQVWUXFWHG WR WDNH DFFRXQW RI WKH

FKDUDFWHULVWLFV RI WKH LQGLYLGXDOV DQG GLG QRW VHH WKHP PRYLQJ� 'HVSLWH� WKLV� DOO WKH FKLOGUHQ

DJHG IURP � WR � \HDUV SURGXFHG GLIIHUHQW GXUDWLRQV DV D IXQFWLRQ RI WKH SLFWXUHV SHUFHLYHG��

,QGHHG��WKHLU�WHPSRUDO�UHSURGXFWLRQ�ZDV�VKRUWHU�IRU�WKH�SLFWXUH�RI�WKH�UXQQLQJ�PDQ�WKDQ�IRU�

WKDW� RI� WKH�ZDONLQJ� DQG� FUDZOLQJ�PDQ� �PRYHPHQW� FRQGLWLRQ�� DQG�ZDV� DOVR� VKRUWHU� IRU� WKH�

SLFWXUH�RI�WKH�F\FOLQJ�PDQ�WKDQ�IRU�WKDW�RI�WKH ZDONLQJ RU RYHUEXUGHQHG PDQ �REMHFWဨPRYHPHQW

FRQGLWLRQ�� 7KHLU WHPSRUDO UHSURGXFWLRQ ZDV DOVR ORQJHU IRU�WKH SLFWXUH RI DQ ROG PDQ WKDQ IRU

WKDW RI D \RXQJ PDQ �DJLQJ FRQGLWLRQ�� DQG IRU WKDW RI D VDG PDQ FRPSDUHG ZLWK�WKDW RI D KDSS\

PDQ �HPRWLRQ FRQGLWLRQ�� DOWKRXJK WKH GXUDWLRQ WHQGHG WR EH PRUH JUHDWO\ XQGHUHVWLPDWHG IRU

WKH�ORQJ�GXUDWLRQ�RI���V�WKDQ�IRU�WKH�VKRUW�GXUDWLRQ�RI�� V�

7KHVH� UHVXOWV� GHPRQVWUDWH� WKDW� WKH� \RXQJ� FKLOGUHQ� GLG� QRW� VLPSO\� UHSURGXFH� WKH�

GXUDWLRQ�RI�D�SLFWXUH�EXW�HPEHGGHG�WKH�VWDWH�RI�WKH�LQGLYLGXDO�SHUFHLYHG�LQ�WKLV�SLFWXUH�LQ�WKHLU�

RZQ�WLPH�UHSURGXFWLRQ��2XU�UHVXOWV�WKXV�UHSOLFDWHG�LQ�FKLOGUHQ�WKH�UHVXOWV�IRXQG�LQ�DGXOWV�LQ�D�

WHPSRUDO� ELVHFWLRQ� WDVN�ZLWK� SLFWXUHV� RI� EDOOHULQDV� �1DWKHU� HW DO�� ����� RU IDFHV RI HOGHUO\

SHUVRQV �&KDPERQ HW DO�� ����� &KDPERQ HW DO�� ������ ,Q DGGLWLRQ� RXU VWXG\ VKRZHG�WKDW DOO WKH
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FKLOGUHQ� HYHQ WKRVH ZLWKRXW DQ H[SOLFLW 7R0 �L�H�� WKRVH ZKR IDLOHG WKH 6DOO\±$QQH WHVW��

HPERGLHG WKH�RWKHU�SHUVRQ
V�VWDWH�LQ�WKHLU�WHPSRUDO MXGJPHQWV�

2XU�UHVXOWV�WKXV�GHPRQVWUDWH�WKDW�WKH�DELOLW\�WR�HPERG\�DQRWKHU�SHUVRQ
V�VWDWH�LQ�RXU�

RZQ�WLPH�MXGJPHQWV�HPHUJHV HDUO\� DQG DW OHDVW LQ FKLOGUHQ DV \RXQJ DV � \HDUV� 7KH LQWHJUDWLRQ

RI RWKHU SHRSOH
V VWDWHV LQ RXU RZQ WLPH� MXGJPHQWV ZRXOG WKXV UHVXOW IURP DQ LPSOLFLW DQG

DXWRPDWLF V\VWHP WKDW LV IXQFWLRQDO DW DQ HDUO\ DJH� 7KLV VXSSRUWV� WKH GHYHORSPHQWDO WKHRU\

GHIHQGHG E\ 'URLW�9ROHW DFFRUGLQJ WR ZKLFK \RXQJ FKLOGUHQ �EHIRUH �±� \HDUV� GR QRW KDYH�D�

FRQWLQXRXV� DQG�DEVWUDFW� UHSUHVHQWDWLRQ�RI� WLPH� �1HZWRQLDQ� WLPH�� WKDW� LV� LQGHSHQGHQW�RI� LWV�

FRQWHQW��VHH�DOVR�0F&RUPDFN�	�+RHUO���������7LPH�LV�LQLWLDOO\�EURNHQ�XS�LQWR�D�SOXUDOLW\�RI�

GLYHUVH�DQG�KHWHURJHQHRXV�WLPHV��PXOWLSOH DFWLRQ WLPH�� WKDW LV� D VHULHV RI HYHQW�DFWLRQဨVSHFLILF

GXUDWLRQV DQG D VHULHV RI GXUDWLRQV DVVRFLDWHG ZLWK� H[SHULHQFHG�SHUFHLYHG� HYHQWV� RU� DFWLRQV�

�'URLW�9ROHW��������'URLW�9ROHW�	�5DWWDW��������5DWWDW�	�'URLW�9ROHW�������� &RQVHTXHQWO\�

ZKHQ FKLOGUHQ KDYH WR MXGJH WKH GXUDWLRQ RI DQ DFWLRQ SURGXFHG E\ DQRWKHU� WKH\ DXWRPDWLFDOO\�

UHDFWLYDWH WKH GXUDWLRQ RI WKLV DFWLRQ LQ PHPRU\ WRJHWKHU ZLWK WKH VHQVRU\�PRWRU LQIRUPDWLRQ

DVVRFLDWHG ZLWK WKLV�DFWLRQ� 7KLV LQ WXUQ SURGXFHV GLVWRUWLRQV LQ WLPH MXGJPHQWV ZLWK GXUDWLRQV

EHLQJ UHSURGXFHG VKRUWHU IRU IDVW DFWLRQV �H�J��� UXQQLQJ�PDQ�� WKDQ� IRU� VORZHU� DFWLRQV� �H�J���

ZDONLQJ�PDQ���7KH�DXWRPDWLF�LQIOXHQFH�RI�WKH�FKDUDFWHULVWLFV�RI�DFWLRQ�RQ�WLPH MXGJPHQW LV

FRQVLVWHQW ZLWK WKH LGHD WKDW LPSOLFLW WLPLQJ ZRXOG UHTXLUH ³WHPSRUDOO\ VWUXFWXUHG VHQVRULPRWRU�

LQIRUPDWLRQ´��0DJQDQL�	�0XVHWWL��������S� ���

7KH�RULJLQDOLW\�RI�RXU�VWXG\�DOVR�OLHV�LQ�WKH�ILQGLQJ�RI�D�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�

WKH�H[SHULPHQWDO�FRQGLWLRQV�DQG�WKH�DFTXLVLWLRQ�RI�DQ�H[SOLFLW�7R0��,QGHHG��LQ�RXU�VWXG\��WLPH�

GLVWRUWLRQV�DSSHDUHG�WR�EH�PRUH�DFFHQWXDWHG�LQ�WKH�7R0�JURXS�WKDQ�LQ�WKH�QR�7R0�JURXS��,W�

FRXOG� EH� VXJJHVWHG� WKDW� WKLV� ILQGLQJ�ZDV� GXH� WR� WKH� GHYHORSPHQW RI PRWRU FRQWURO �PRWRU

LQKLELWLRQ� UDWKHU WKDQ WR WKH GHYHORSPHQW RI D 7R0 SHU VH� ,QGHHG� LQ VRPH�FRQGLWLRQV��H�J���

DJLQJ�FRQGLWLRQ���WKH�FKLOGUHQ�ZLWK�7R0�WHQGHG�WR�SURGXFH�ORQJHU�GXUDWLRQV�WKDQ�WKRVH�ZLWKRXW�

7R0� $OWKRXJK WKLV H[SODQDWLRQ FDQQRW EH WRWDOO\ H[FOXGHG� LW LV XQOLNHO\ EHFDXVH WKH WHPSRUDO

SHUIRUPDQFH RI WKH�WZR�7R0�JURXSV�ZDV�VLPLODU�LQ�WKH�FRQWURO�FRQGLWLRQ��RQ�WKH�RQH�KDQG��DQG�

EHFDXVH�WKH�GLIIHUHQFH�LQ�FRQGLWLRQ�UHODWHG WLPH GLVWRUWLRQV EHWZHHQ WKH WZR 7R0 JURXSV ZDV

QRW REVHUYHG LQ DOO H[SHULPHQWDO FRQGLWLRQV�

,W LVPRUH OLNHO\ WKDW WKH JUHDWHU WLPH GLVWRUWLRQ LQ WKH FKLOGUHQZLWK7R0 LV OLQNHG WR WKHLU H[SOLFLW

NQRZOHGJH RI�PLQG� ZKLFK LQFUHDVHV WKH DZDUHQHVV RI WKH GLIIHUHQW VWDWHV IHOW E\ RWKHUV� 7KH

GHYHORSPHQW RI D FRQVFLRXVQHVV RI�RWKHU SHRSOH
VPHQWDO VWDWHV LV REYLRXVO\ LQWULQVLFDOO\ UHODWHG

WR WKH GHYHORSPHQW RI JHQHUDO FRJQLWLYH IXQFWLRQV� VXFK�DV� H[HFXWLYH� IXQFWLRQV� DQG� ODQJXDJH�
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�'H�9LOOLHUV�	�3\HUV��������+DOH�	�7DJHU�)OXVEHUJ��������6ODGH�	�5XIIPDQ���������+RZHYHU��

WKH�WLPH�GLVWRUWLRQV�REVHUYHG�LQ�RXU�VWXG\�FDQQRW�VLPSO\�UHVXOWHG�IURP�JHQHUDO�GHYHORSPHQW�

RI�FRJQLWLYH IXQFWLRQV� ,QGHHG� RXU VWDWLVWLFDO DQDO\VHV GLG QRW LQGLFDWH DQ\ HIIHFW RI DJH RQ WLPH

GLVWRUWLRQV LQ WKH DJH�UDQJH WHVWHG EHWZHHQ � DQG �\HDUV� 7KH GLIIHUHQFHV LQ FRJQLWLYH FDSDFLWLHV

DVVRFLDWHG WR DJH ZHUH WKXV QRW VXIILFLHQW� WR� VLJQLILFDQWO\� LPSDFW� WKH� PDJQLWXGH� RI� WLPH�

GLVWRUWLRQV�LQ�RXU�H[SHULPHQWDO FRQGLWLRQV�

,W�LV�PRUH�OLNHO\�WKDW�WKH�FRQVFLRXVQHVV�RI�RWKHU�SHRSOH
V�PHQWDO�VWDWHV�LQ�FKLOGUHQ�ZKR�

KDYH�DFTXLUHG�D�7R0�ZRXOG LQWHUIHUHZLWK WLPHGLVWRUWLRQV WKDW DUHDXWRPDWLFDOO\WULJJHUHG LQ WKH

OLJKW RI WKH RWKHU SHUVRQ
V FKDUDFWHULVWLFV��$V WKH FRQVFLRXVQHVV RI RWKHU SHRSOH
V PHQWDO VWDWHV

LPSURYHV WKH XQGHUVWDQGLQJ RI RWKHU SHRSOH� FKLOGUHQ ZLWK 7R0�ZRXOG SD\ PRUH DWWHQWLRQ WR

VXFKSHUVRQV
 VWDWHV �L�H�� VLOKRXHWWHV�� 7KLVZRXOG LQ WXUQ LQFUHDVH WKH LQIOXHQFHRI WKHVH�VWDWHV�RQ�

WKH� FKLOGUHQ
V� WLPH� MXGJPHQWV� �L�H��� OHDGLQJ� WR� JUHDWHU� WLPH� GLVWRUWLRQV���&RQVHTXHQWO\�� RXU�

UHVXOWV�DUH�FRQVLVWHQW ZLWK WKH LGHD WKDW D FRJQLWLYH V\VWHP RI H[SOLFLW FRQFHSWXDO UHSUHVHQWDWLRQ

RI WKH RWKHU ZRXOG HPHUJH�DV RI WKH DJH RI �±� \HDUV �$SSHUO\ 	 %XWWHUILOO� ����� 6FKQHLGHU HW

DO�� ������ 7KLV V\VWHP ZRXOG WKHQ LPSDFW WKH WLPH� GLVWRUWLRQV DXWRPDWLFDOO\ LQGXFHG E\ WKH

SHUFHSWLRQ RI WKH RWKHU
V ERG\ VWDWHV E\ LQFUHDVLQJ RU GHFUHDVLQJ WKHP�

,Q RXU VWXG\� FKLOGUHQ
V WLPH GLVWRUWLRQV ZHUH REVHUYHG LQ UHVSRQVH WR D VLOKRXHWWH WKDW

PRYHG IURP OHIW WR ULJKW� IRU D JLYHQ GLVWDQFH� ,Q IXUWKHU H[SHULPHQWV� LW ZLOO EH LQWHUHVWLQJ WR

H[DPLQH WKLV W\SH RI WLPH GLVWRUWLRQ LQ FKLOGUHQ LQ� RWKHU VLWXDWLRQV� ,W ZRXOG� IRU H[DPSOH� EH

LQWHUHVWLQJ WR H[DPLQH WKHVH WLPH GLVWRUWLRQV ZLWK RWKHU VSDWLDO GLUHFWLRQV��IURQWDO RU ODWHUDO� VHH

&KDUUDV� 'URLWဨ9ROHW� %UHFKHW� 	 &RXOO� ����� RU RWKHU FXHV LQ RUGHU WR LGHQWLI\ WKH FULWLFDO�

LQIRUPDWLRQ� WKDW� HLWKHU� GRHV� RU� GRHV� QRW� WULJJHU� WKH� HPERGLPHQW� RI� RWKHU� SHRSOHV
� WLPH� LQ�

WHPSRUDO� MXGJPHQW�� 1HYHUWKHOHVV� LQ RXU VWXG\� WKH FKLOGUHQ MXGJHG WKH WLPH WDNHQ E\ WKH

VLOKRXHWWH WR WUDYHUVH D GLVWDQFH� 7KH WLPH�MXGJPHQWZDV WKXV EDVHG RQ WKH WLPH²VSDFH UHODWLRQ

�L�H�� WKH VSHHG RI WUDYHO�� ,Q RXU VWXG\� WKH WLPH HPERGLPHQW� RI WKH RWKHU
V VWDWH WKXV DOVR

DFFRXQWV IRU WKH LQWHUUHODWLRQV RI WLPH DQG VSHHG LQ WKH HYDOXDWLRQ RI DFWLRQ GXUDWLRQ��6HYHUDO�

VWXGLHV�KDYH�VKRZQ�KRZ�WKH�WLPH�MXGJPHQWV�RI�ERWK�DGXOWV�DQG�\RXQJ�FKLOGUHQ�DUH�LQIOXHQFHG�

E\�VSHHG�DQG PRYHPHQW �H�J�� &DVDVDQWR 	 %RURGLWVN\� ����� &KDUUDV HW DO�� ����� 'H +HYLD�

/HH� 	 6WUHUL� ������ 2XU VWXG\�WKHUHIRUH�SURYLGHV�DGGLWLRQDO�HYLGHQFH�RI�HDUO\�LQWHUIHUHQFH�LQ�

WKH�MXGJPHQW�RI�PDJQLWXGHV�LQYROYLQJ�GLIIHUHQW�GLPHQVLRQV�GXUDWLRQDQGVSHHG�WKDWVHHPWREH

UHODWHG HLWKHU WR D XQLTXH JHQHUDOL]HGPDJQLWXGH V\VWHP� DV VXJJHVWHG� E\�:DOVK� ������� LQ� KLV�

WKHRU\�RI�PDJQLWXGH� �$720���RU� WR� VSHFLILF�EXW� LQWHUIHULQJ� V\VWHPV� �IRU� D�GLVFXVVLRQ�� VHH�

/RXUHQFR 	 /RQJR� ������ &RJQLWLYH GHYHORSPHQW� ZKLFK OHDGV WR WKH DFTXLVLWLRQ RI H[SOLFLW
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UHSUHVHQWDWLRQV� ZRXOG�WKHUHIRUHPRGLI\ LQWHUGLPHQVLRQDO LQWHUIHUHQFH HIIHFWV E\ GHFUHDVLQJ RU

LQFUHDVLQJ WKHP� DV IRXQG LQ RXU VWXG\�

,Q VXP� RXU VWXG\ GHPRQVWUDWHV WKDW \RXQJ FKLOGUHQ� MXVW OLNH DGXOWV� HPEHGGHG RWKHU

SHRSOH
V VWDWHV LQ WKHLU WLPH� MXGJPHQWV� $V ZH KDYH VXJJHVWHG� WKLV VHHPV WR EH GXH WR DQ

DXWRPDWLF PHFKDQLVP WKDW DOORZV LQGLYLGXDOV WR EH� DWWXQHG� WR� RWKHUV�� +RZHYHU�� WKH�

GHYHORSPHQW�RI�WKH�DZDUHQHVV�RI�RWKHU�SHRSOH
V�PHQWDO�VWDWHV�ZRXOG�LQFUHDVH�WKH HPERGLPHQW

RI RWKHU
V WLPH EHFDXVH LW FRQGXFWV LQGLYLGXDOV WR SD\ PRUH DWWHQWLRQ WR RWKHU SHRSOH
V VWDWHV� ,Q�

FRQFOXVLRQ��DXWRPDWLF�WLPH�GLVWRUWLRQ�LQ�D�VRFLDO�FRQWH[W�VXJJHVWV�WKDW�WLPH�SURFHVVLQJ�OLHV�DW�

WKH�FRUH�RI�VRFLDO�LQWHUDFWLRQ�
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������� ǣ�������������2��������

,,,� ± ��� &RQVWUXFWLRQ� G¶XQ� QRXYHDX� PpFDQLVPH� G¶KRUORJH� LQWHUQH
GpYHORSSHPHQWDO�

+DOOH]��4���0HUPLOORG� 0���	�'URLW�9ROHW��6� �HQ�SUHSDUDWLRQ��
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,QWURGXFWLRQ

)DFHG�ZLWK�WKH�GLIILFXOW\�RI�XQGHUVWDQGLQJ�WKH�SURFHVVLQJ�RI�WLPH�E\�WKH�EUDLQ��LQ�������

&KXUFK�DQG�%URDGEHQW�SURSRVHG�D�FRQQHFWLRQLVW�PRGHO�RI� LQWHUQDO�FORFN�ZKLFK�� LI�ZH�UHDOO\�

ORRN�DW�LW��WXUQV�RXW�WR�EH�RQH�RI�WKH�PRVW�ILQDOL]HG�WLPLQJ�PRGHO�H[LVWLQJ�WRGD\��,WV�PDLQ�LQWHUHVW�

LV�WKDW�LW�DOORZV�WKH�XQLILFDWLRQ�RI�QHXURORJLFDO�PRGHOV��0LDOO��������ZLWK�SUH�H[LVWLQJ�PRGHOV�

RI� LQIRUPDWLRQ� SURFHVVLQJ� �*LEERQ��&KXUFK�	�0HFN�������� EDVHG� RQ� WKH� VFDODU� H[SHFWDQF\�

WKHRU\��6(7��GHYHORSHG�E\�*LEERQ��������DQG�&KXUFK�DQG�*LEERQ���������ZKLFK�LV�VWLOO�RQH�RI�

WKH�PRVW�ZLGHO\�XVHG�PRGHOV��:H�FDQ� WKHUHIRUH� TXHVWLRQ� WKH� OLWWOH� DWWHQWLRQ� WKDW� WKLV�PRGHO�

UHFHLYHG��7KLV�FDQ�KRZHYHU�EH�H[SODLQHG�E\�WKH�DXWKRUV��ZKR�KDYH�QRW�VXIILFLHQWO\�GHIHQGHG�

WKHLU�PRGHO�RU�WULHG�WR�XSGDWH�LW�IROORZLQJ�WKH�ILUVW�FULWLFLVPV��/LNH�PDQ\�UHVHDUFKHUV��WKH\�KDYH�

EHHQ� PRUH� FRQFHUQHG� ZLWK� ILQGLQJV� WKDQ� VHOOLQJ� WKHLU� ZRUN�� +RZHYHU�� WKH� REVWLQDF\� DQG�

ZLOOLQJQHVV�WR�GHIHQG�RQH
V�ZRUN�DUH�TXDOLWLHV�WKDW�DUH�QRZDGD\V�HVVHQWLDO�WR�WKH�DLU�RI�VFLHQWLILF�

GLJLWDO�FRPPXQLFDWLRQ��6FLHQFH�EHFRPHV�D�FRPPXQLFDWLRQ�ZRUN��:LWK�WKH�DUULYDO�RI�WKH�VWULDWDO�

EHDW� IUHTXHQF\� �6%)�� PRGHO� RI� 0DWWKHZ� 0DWWHO� DQG� :DUUHQ� 0HFN� �������� &KXUFK� DQG�

%URDGEHQW�GLG�QRW�VXFFHHG�RU�UDWKHU�GLG�QRW�ILJKW�WR�GHIHQG�WKHLU�FRQQHFWLRQLVW�PRGHO��7KHUHIRUH��

UHVHDUFKHUV�UDUHO\�FLWH�WKLV�PRGHO�DQG�UDWKHU�TXRWH�WKDW�RI�0DWWHO�DQG�0HFN��HYHQ�LI�WKH�ODWWHU�

PRGHO�LV�QRW�XQDQLPRXVO\�DSSURYHG��,YU\�	�6FKOHUI���������1HYHUWKHOHVV��XQGHUVWDQGLQJ�HDFK�

PRGHO�UHTXLUHV�PRGHOOLQJ�WUDLQLQJ�DQG�D�UHDO�HIIRUW�WR�XQGHUVWDQG�WKH�PRGHO�DQG�LWV�XWLOLW\�IRU�

UHVHDUFK�DFWLYLWLHV�

&KXUFK�DQG�%URDGEHQW¶V�PRGHO�LV�D�FRQQHFWLRQLVW�YHUVLRQ�RI�WKH�6(7��7KH�VXEMHFWLYH�

HVWLPDWLRQ�RI�WLPH�GHSHQGV�RQ�WKH�UK\WKPLF�DFWLYLW\�RI�D�EDQN�RI�RVFLOODWRUV�RU�D�VHW�RI�QHXURQV�

WKDW�FKDQJHV�VWDWH�IUHTXHQWO\��$W�WKH�EHJLQQLQJ�RI�D�VWLPXOXV�WR�EH�WLPHG��W���DOO�WKH�RVFLOODWRUV�

VWDUW�LQ�WKHLU�QHJDWLYH�SKDVH�DQG�RVFLOODWH�IURP�QHJDWLYH�WR�SRVLWLYH�DFFRUGLQJ�WR�WKHLU�SHULRG��,Q�

WKHLU�PRGHO��&KXUFK�DQG�%URDGEHQW�DUELWUDULO\�LQWHJUDWH����RVFLOODWRUV�ZKRVH�UK\WKPLF�YDOXHV�

DUH�GRXEOHG�WR�RQH�DQRWKHU��HJ��������������������������������������������������������DQG�������

VHFRQGV���)LJXUH������7KH�RVFLOODWRUV¶�VWDWHV�DW�W� �WHPSRUDO�LQWHUYDO�HQG��DUH�WKHQ�GHFRGHG�E\�D�

SDLUHG�VWDWXV�LQGLFDWRU�WKDW�ZRXOG�UHFRUG�WKH�LQIRUPDWLRQ�LQ�D�ELQDU\�ZD\��ZLWK�D�QHJDWLYH�YDOXH�

����RU�SRVLWLYH����GHSHQGLQJ�RQ�WKH�SKDVH�RI�WKH�RVFLOODWRU��7KHUHE\��DOO�RI�WKH����LQGLFDWRUV�JLYH�

D�GLVFUHWH�YDOXH��7DNHQ WRJHWKHU��WKH\�FRQVWLWXWH�WKH�VWRUDJH�YHFWRU��9V��DOORZLQJ�LQGLFDWLQJ�D�

FHUWDLQ�FRPELQDWLRQ�FRUUHVSRQGLQJ�WR�D�JLYHQ�WLPH��7KLV�LQIRUPDWLRQ�ZLOO�WKHQ�EH�HYDOXDWHG�E\�

WKH�ZRUNLQJ�PHPRU\�ZKLFK�ZLOO�DQDO\VH�WKH�VWDWXV�LQGLFDWRUV�WZR�E\�WZR�E\�DQDO\VLQJ�ZKHWKHU�

WKH�VLJQ�LV� LGHQWLFDO�RU�QRW��7KLV�ILQDO� WHPSRUDO� LQIRUPDWLRQ�LV�EDVHG�RQ�WKH�TXDVL�LPPHGLDWH�

HVWLPDWLRQ� RI� WLPH�� 1RWZLWKVWDQGLQJ�� WKH� VWDWXV� LQGLFDWRU� RI� WKH� UHIHUHQFH� PHPRU\�� WKDW� LV�
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LQGLFDWRU� SDLUHG�ZLWK� GXUDWLRQV� WKDW� DUH� ORQJHU�PHPRUL]HG�� UHVXOWV� IURP� WKH� UHFRYHU\� RI� WKH�

WHPSRUDO� LQIRUPDWLRQ� WKURXJK� D� YHFWRU� RI� UHFRYHU\� �9U�� RI� WKH� UHIHUHQFH� WLPHV� DQG� WKH�

WUDQVIRUPDWLRQ�RI�WKH�VWRUDJH�YHFWRU�LQ�ZRUNLQJ�PHPRU\�LQ�RXWSXW�YHFWRU��9VR���)LQDOO\��WKHVH�

ODVW�WZR�YHFWRUV��9U DQG�9VW��ZLOO�EH�MXGJHG�E\�WKH�FRPSDUDWRU�DFFRUGLQJ�WR�D�GHFLVLRQ�FULWHULRQ�

OHDGLQJ�WR�WKH�ILQDO�MXGJPHQW�

)LJXUH����&RQQHFWLRQLVW�PRGHO�RI�WKH�LQWHUQDO�FORFN��DFFRUGLQJ�WR�&KXUFK�DQG�%URDGEHQW��������
9V� �6WRUDJH�YHFWRU��9U� �UHIHUHQFH�YHFWRU��9VW� �7UDQVIRUPHG�VWRUDJH�YHFWRU�

7KH�VLPXODWLRQ�RI�WKLV�PRGHO�KDV�DFFRXQWHG�IRU�D�ODUJH�SDUW�RI�WHPSRUDO�EHKDYLRUDO�

HIIHFWV�IRXQG�LQ�KXPDQV�DQG�DQLPDOV��:HDUGHQ�	�'RKHUW\��������:HDUGHQ���������,Q�SDUWLFXODU��

WKLV�PRGHO�VLPXODWHV�WKH�SURSHUW\�RI�VFDODU�WLPLQJ��L�H�� ORQJHU�GXUDWLRQV�DVVRFLDWHG�ZLWK�ORQJHU�

HVWLPDWLRQV�DQG�IXUWKHU� WHPSRUDO�YDULDELOLW\���+RZHYHU�� WKH�PDMRU�SUREOHP�RI�WKLV�PRGHO��DV�

RWKHUV�� OLHV� LQ� WKH� IDFW� WKDW� WKH� YDULDQFH� LV� LQMHFWHG� GLUHFWO\� LQWR� HDFK� RI� WKH� LQSXWV� �H�J���

RVFLOODWRU��DFFRUGLQJ�WR�D�FRHIILFLHQW�RI�YDULDWLRQ��F��,Q�WKLV�ZD\��WHPSRUDO�MXGJPHQW�QHFHVVDULO\�

UHVSRQGV�WR�:HEHU
V�ODZ�ZLWK�D�VWDQGDUG�GHYLDWLRQ�WKDW�LQFUHDVHV�DW�WKH�VDPH�WLPH�DV�WKH�PHDQ��

7KH�VFDODU�WHPSRUDO�YDULDQFH�LV�WKHUHIRUH�QRW�DQ�HPHUJHQW�SURSHUW\�RI�WKH�PRGHO��6LQFH�WKH QRLVH�

LV�DUWLILFLDOO\�JHQHUDWHG�LQSXW��LQHYLWDEO\��LW�LV�IRXQG�DW�WKH�RXWSXW��7KH�FKDOOHQJH�OLHV�LQ�WKH�IDFW�

WKDW�WKH�VFDODU�SURSHUW\�RI�WLPH�PXVW�EH�DEOH�WR�EH�H[SODLQHG�PHFKDQLFDOO\�E\�WKH�PRGHO�LWVHOI��
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)XUWKHUPRUH� VLQFH�WKH�PRGHO�LV�EDVHG�VROHO\�RQ�WKH�VLPLODULW\�RI�WKH�YHFWRUV��WKH�UHVHDUFKHUV�

IRXQG�WKDW�ZKHQ�WKH�WKUHVKROG�LV� ORZ��WKH�PRGHO�FDQ�VXIIHU�RI�RUGLQDOLW\�����VHFRQGV�LV� WKXV�

SHUFHLYHG�DV�IXUWKHU�VLPLODU�WR����VHFRQGV�WKDQ����VHFRQGV��:HDUGHQ�	�'RKHUW\��������

$FFRUGLQJ�WR�WKH�%)6�PRGHO��0DWHOO�	�0HFN���������WLPH�HVWLPDWHV�LV�DOVR�EDVHG�RQ�

U\WKPLF� SOXULDFWLYLW\� RI� RVFLOODWRUV�� $� JLYHQ� WLPH� LQWHUYDO� LV� HQFRGHG� E\� D� IHZ� RI� WKHVH�

RVFLOODWRUV��ORFDWHG�LQ�FRUWH[��WKDW�DUH�DFWLYH�ERWK�DW�WKH�EHJLQQLQJ�DQG�DW�WKH�HQG�RI�WKH�WDUJHW�

LQWHUYDO�� ,W� LV� WKH� VWULDWDO� QHXURQV� ORFDWHG� LQ� WKH� VWULDWXP� �VXEFRUWLFDO� VWUXFWXUH�� WKDW� DFW� DV�

FRLQFLGHQFH�GHWHFWRUV�EHWZHHQ�WKH�VWDWHV�RI�WKH�GLIIHUHQW�RVFLOODWRUV��VLQFH�WKH�ODWWHU�UHFHLYHV�DOO�

RI� WKH� SURMHFWLRQ� JHQHUDWHG� E\� WKHVH� RVFLOODWRUV�� WKDW� LV�� DOO� WKH� GRSDPLQHUJLF� H[FLWDWRU\�

LQIRUPDWLRQ��JHQHUDWHG�VLPXOWDQHRXVO\�E\�WKH�FRUWH[�DQG�WKH�WKDODPXV��6RPH�WLPH�SHULRG�� W���

ZKLFK�LV�XVXDOO\�YHU\�PXFK�ORQJHU�WKDQ�WKH�LQWHU�EXUVW�WLPHV�RI�WKH�QHXURQV�RU�WKH�RVFLOODWRU�

SHULRGV��LV�UHSUHVHQWHG�E\�WKH�FRLQFLGHQFH�RI�RVFLOODWRU�VWDWHV��RU�QHXUDO�ILULQJ�VWDWHV���7KDW�LV��

W� LV�UHSUHVHQWHG�E\�WKH�VHW�RI�RVFLOODWRUV�WKDW�KDSSHQHG�WR�EH�LQ�WKH�VDPH�VWDWH��RU�ILULQJ��DW�W�

�)LJXUH������7KH�LQSXW�IURP�WKH�FRUWLFDO�³RVFLOODWRUV´�FRXOG�EH�PRUH�RU�OHVV�HIIHFWLYH�LQ�PDNLQJ�

WKH� VSLQ\� QHXURQ� ILUH�� GHSHQGLQJ�RQ� V\QDSWLF� FRQQHFWLRQV��$IWHU� D� VSHFLILF� GXUDWLRQ�� W��� WKH�

V\QDSVHV�WKDW�ZHUH�DFWLYH�DW�W��LQFUHDVHG�WKHLU�ZHLJKW��VR�WKH�VSLQ\�QHXURQ�EHFDPH�PRUH�OLNHO\�

WR�ILUH�DW�W��WKDQ�RWKHU�WLPHV��



WĂŐĞ�ͮ�Ϯϯϭ

)LJXUH���� 0DWHOO�DQG�0HFN¶V�6WULDWDO�%HDW�)UHTXHQF\�PRGHO��H[WUDFWHG�IURP�0DWWHO�	�0HFN��
����

$V�VXFK�0DWHOO�DQG�0HFN¶V�PRGHO�KDYH�D�KLJK�GHJUHH�RI�SK\VLRORJLFDO�SODXVLELOLW\��LW�

LV� QRZ�RQH� RI� WKH�PRVW� SRSXODU�PRGHO��+RZHYHU�� LW� VXIIHUV� IURP� WKH� SUREOHP�RI� RUGLQDOLW\�

�%XKXVL��2SULVDQ�	�%XKXVL��������'URLW�9ROHW�	�:HDUGHQ���������,QGHHG��WKH�V\VWHP�FDQQRW�

WHOO� \RX�ZKHWKHU� W� LV� JUHDWHU� WKDQ� W� DV� WKHUH� LV� QR� SUHGHWHUPLQHG� RUGHU� RI� QHXUDO� SDWWHUQV��

)XWKHUPRUH��LQ�WKLV�PRGHO��WKH�YDULDQFH�RI�RVFLOODWRUV�LV�VWLOO�QRW�WKH�UHVXOW RI�WKH�FRQVWUXFW�DV�LW�

LV�GLUHFWO\�LQVHUWHG�LQ�WKH�LQSXW�

,Q�VXPPDU\��DFFRUGLQJ�WR�WKHVH�PRGHOV��YDULDELOLW\�LQ�RXU�MXGJPHQWV�RI�WLPH�DV�ZHOO�

DV�WLPH�GLVWRUWLRQV�UHVXOWV�RI�D�FORFN�ZH�DUH�HQGRZHG�ZLWK�EXW�WKDW�WKDW�LV�GHIHFWLYH��%XW�WKHQ��



WĂŐĞ�ͮ�ϮϯϮ

ZKDW�LV�UHVSRQVLEOH�IRU�LQWHU�LQGLYLGXDO�GLIIHUHQFHV�LQ�WLPH�MXGJPHQW��,W�LV�QRZ�ZHOO�HVWDEOLVKHG�

WKDW�\RXQJ�FKLOGUHQ�DUH�OHVV�DFFXUDWH�DQG�PRUH�YDULDEOH��ORZHU�WLPH�VHQVLWLYLW\��LQ�WKHLU�WLPH�

HVWLPDWHV� LQ�PDQ\� WDVNV� RI� H[SOLFLW� WLPH� MXGJPHQW�� WHPSRUDO� ELVHFWLRQ� �H�J��� 'URLW�9ROHW�	�

:HDUGHQ�� ������� WHPSRUDO� JHQHUDOL]DWLRQ� �H�J��� 'URLW�9ROHW�� &OpPHQW�	�:HDUGHQ�� ������ RU�

WHPSRUDO�UHSURGXFWLRQ�WDVN��H�J���+DOOH]�	�'URLW�9ROHW���������IRU�D�UHYLHZ�VHH�'URLW�9ROHW��

������� 7KH� TXHVWLRQ� LV�� ZKDW� FDXVHV� WKH� DJH�UHODWHG� LQFUHDVH� LQ� WLPH� VHQVLWLYLW\"� ,I� DOO� WKH�

YDULDELOLW\�LV�GXH�WR�WKH�FORFN��WKHQ�LW�LPSOLHV�WKDW�LW�HYROYHV�WKURXJK�WKH�DJHV��WKDW�LW�PDWXUHV��

WKDW�LW�LV�SODVWLF��'URLW�9ROHW���������1HYHUWKHOHVV��QR�VWXG\�RU�VLPXODWLRQ�KDV�DOUHDG\�EH�DEOH�

WR�WHVW�WKLV�K\SRWKHVLV��GHVSLWH�RI�WKH�DWWHPSWV��'URLW�9ROHW��������

1HYHUWKHOHVV�� PRUH� DQG� PRUH� VWXGLHV� KDYH� VKRZQ� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�

GHYHORSPHQW�RI�WLPH�MXGJPHQW�DQG�WKH�GHYHORSPHQW�RI�FRJQLWLYH�DELOLWLHV��&RXOO�	�'URLW�9ROHW��

������'URLW�9ROHW���������������,QGHHG��DWWHQWLRQ��+DOOH]�	�'URLW�9ROHW���������������RU�DQG�

ZRUNLQJ�PHPRU\��'URLW�9ROHW�	�+DOOH]��������'URLW�9ROHW�	�=pODQWL������E��=pODQWL�	�'URLW�

9ROHW���������DV�ZHOO�DV�WKH�VSHHG�RI�WUHDWPHQW��'URLW�9ROHW�	�=pODQWL������D��H[SODLQHG�D�JUHDW�

SURSRUWLRQ�RI�GLIIHUHQFHV�DFURVV�DJHV�LQ�WLPH�VHQVLWLYLW\�DQG�WLPH�GLVWRUWLRQV��,Q�WKH�IUDPHZRUN�

RI�RXU�GHYHORSPHQWDO�PRGHO�RI�D�SODVWLF�FORFN��LW�LV�WKH�SRRUHU�FRJQLWLYH�DELOLWLHV�WKDW�PDNH�WKH�

IXQFWLRQLQJ�RI�WKH�LQWHUQDO�FORFN�IDOOLEOH��

,QGHHG��ZH�FDQ�FRQVLGHU�D�³IDOOLEOH´�FORFN��EXW�DOVR�VSHFLILF�FRJQLWLYH�SURFHVVHV�WKDW�

DIIHFW�WLPH�MXGJPHQW�ZKHQ�WKH\�DUH�OLPLWHG��GHILFLHQW��7KHVH�WZR�PHFKDQLVPV��FORFN�VWUXFWXUH�

DQG� FRJQLWLRQ�� DW� WKH� VRXUFHV� RI� YDULDQFHV� RI� WLPH� MXGJPHQW� DUH� QRW� H[FOXVLYH�� $V� IXUWKHU�

H[SODLQHG�LQ�WKH�FRQVWUXFWLRQ�RI�RXU�PRGHO��WKH�SXUSRVH�RI�WKLV�RULJLQDO�VWXG\�LV�WR�UHXQLI\�WKRVH�

WZR�DVVXPSWLRQV�E\�SURYLGLQJ�D�QHZ�FORFN�PRGHO�EDVHG�RQ�SK\VLRORJLFDO�DQG�FRJQLWLYH�FULWHULD��

QDPHO\� ���� SODVWLFLW\� �E\� PRGXODWLQJ� )DKOPDQ� RIIVHW�� �)DKOPDQ�� ������� ���� DWWHQWLRQ �E\�

PRGXODWLQJ�WKH�DPRXQW�RI�LQIRUPDWLRQ�WKDW�FRXOG�EH�VHOHFWHG�LQ�WKH�FRQWH[W�E\�SURYLGLQJ�PRUH�

RU�OHVV�YDOXHV�LQ�WKH�GDWDEDVH�������H[SHULHQFH�RI�WLPH��E\�PRGXODWLQJ�WKH�QXPEHU�RI�HSRFKV��

DQG� ���� UHWHQWLRQ� VNLOOV� �E\�PRGXODWLQJ� QXPEHU� RI� KLGGHQ� QHXURQV��� 7KHVH� �� FULWHULD� EHLQJ�

GHWHUPLQHG� WKURXJKRXW� WKH� DJH� LQ�PRQWK� RI� SDUWLFLSDQWV� EXW� DOVR� WKHLU� LQGLYLGXDO� FRJQLWLYH�

DELOLWLHV� �VKRUW�WHUP�PHPRU\��ZRUNLQJ�PHPRU\��DWWHQWLRQ��SURFHVVLQJ�VSHHG���7R� WKLV�DLP����

PRGHOV�ZHUH� XVHG�� LQ� RUGHU� WR� FRQVWUXFW� RXU� ILQDO FORFN�PRGHO�� )LUVW�� ZH� FUHDWHG� D� 6LPSOH�

5HFXUUHQW�1HWZRUN� �651�� LQ�RUGHU� WR� UHSOLFDWH� WKH�RVFLOODWRU\�EUDLQ¶V�DFWLYLW\��7KH�EDVHOLQH�

FRQVWLWXWLQJ�WKH�WHPSRUDO�HUURU�ZLOO�UHVXOW�IURP�WKH�HUURU�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�VXEMHFWLYH�

HVWLPDWH�RI�WKH�VWDWH�RI�WKH�RVFLOODWRUV�DQG�WKHLU�UHDO�VWDWHV� 7KHQ��WKLV�PRGHO�ZLOO�EH�ODXQFKHG�

PXOWLSOH�WLPHV��FKDQJLQJ�WKH�DERYH�PHQWLRQHG���LQWHUQDO�FORFN�FULWHULD��$IWHUZDUG��ZH�XVHG�DOO�
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WKHVH�VLPXODWLRQV�WR�PRGHO�WKH�LQIOXHQFH�RI�HDFK�RI�WKH�SDUDPHWHUV�VR�WKDW�WKH\�FRQVWLWXWH�WKH�

LQSXW�RI�RXU�LQWHUQDO�FORFN�PRGHO�� 7KH�ILQDO�PRGHO�LV�EDVHG�RQ�UHDO�HVWLPDWLRQV�PDGH�RI�����

SDUWLFLSDQWV��FKLOGUHQ�DQG�DGXOWV��ZKRP�LQGLYLGXDO�FRJQLWLYH�FDSDFLWLHV�ZHUH�DVVHVVHG�E\�PHDQV�

RI� GL൵HUHQW� QHXURSV\FKRORJLFDO� WHVWV�� 7KH� DLP� RI� WKLV� ILQDO� PRGHO� LV� WR� GHWHFW�� IURP�

QHXURSV\FKRORJLFDO�WHVW�VFRUHV��WKH�VWDWH�RI�HDFK�RI�WKH�SDUDPHWHUV�RI�WKH�LQWHUQDO�FORFN��PDNLQJ�

LW�SRVVLEOH�WR�SUHGLFW�WHPSRUDO�HVWLPDWLRQ�ELDV�

9LUWXDOO\�EDVHG�LQWHUQDO�FORFN�V\VWHP

������������������������������

6LPSOH�5HFXUUHQW�1HWZRUN��651���

7KH� EDVLF� DUFKLWHFWXUH� RI� RXU� LQWHUQDO� FORFN� V\VWHP� UHVXOWV� RI� D� 6LPSOH� 5HFXUUHQW�

1HWZRUN��651��RU�(OPDQ�QHWZRUN��(OPDQ��������0LNRORY��-RXOLQ��&KRSUD��0DWKLHX�	�5DQ]DWR��

�������651�LV�DQ�DUWLILFLDO�QHXUDO�QHWZRUN�FRQVLVWLQJ�RI�WKUHH�PDLQ�VWUXFWXUHV�FDOOHG�OD\HUV��DQ�

LQSXW�OD\HU��[���D�KLGGHQ�OD\HU��K��DQG�DQ�RXWSXW�OD\HU��\���,Q�HDFK�RI�WKHVH�VWUXFWXUHV��WKHUH�DUH�

GLIIHUHQW�XQLWV�FDOOHG�QHXURQV��7KHVH�QHXURQV�LQWHUDFW�ZLWK�HDFK�RI�WKH�QHXURQV RI�WKH�SUHYLRXV�

DQG�RU�SULRU�VWUXFWXUH�QRQ�OLQHDUO\���,W�LV�FDOOHG�UHFXUUHQW�EHFDXVH�WKH�SUHGLFWLRQV�WKDW�ZLOO�EH�

PDGH�IRU�HDFK�W PRPHQW�ZLOO�VXIIHU�WKH�ZHLJKW�RI�WKH�SUHFHGLQJ�FRPSXWDWLRQ��WKHUHE\�DOORZLQJ�

UHSURGXFLQJ�D�PHPRU\�HIIHFW� 7KHUHIRUH��FRQWUDU\�WR�IHHGIRUZDUG�DUFKLWHFWXUH�WKDW�FDOFXODWHV�

IURP�OLQHDU�FRPELQDWLRQV�RI�LQSXWV�� UHFXUUHQW�DUFKLWHFWXUHV�VXFK�DV�651�FRQVLVWV�RI�DQ�LQSXW�

OD\HU�WKDW�LV�FRQGLWLRQHG�E\�WKH�SUHYLRXV�VWDWH�RI�WKH�KLGGHQ�OD\HUV��(OPDQ��������0LNRORY�HW�

DO��� ������� 7KLV� LV� WKH� UHDVRQ�ZK\� WKH� 651�PRGHO� LV� SDUWLFXODUO\� XVHG� WR� H[SRVH� WHPSRUDO�

G\QDPLF�EHKDYLRU��:H�WKXV�GHVLJQHG�WKLV�DUFKLWHFWXUH�IROORZLQJ�WKH�VFDODU�SURSHUW\�RI�WLPLQJ��

WKDW�LV��LQ�RUGHU�WR�IRXQG�WKH�W\SLFDO�LQFUHDVLQJ�HUURU�ZLWK�WKH�LQFUHDVLQJ�WLPH�

)LJXUH��� SUHVHQWV�D�651�PRGHO��[W LV�WKXV�WKH�LQSXW�YHFWRU�IRU�WLPH�W� KW��LV�WKH�KLGGHQ�

OD\HU�YHFWRU�DW� WLPH� W��$QG�\W� LV� WKH�RXWSXW DW� W��7KH�UHFXUUHQW�HIIHFW��H�J���PHPRU\�HIIHFW�� LV�

UHSUHVHQWHG�E\�WKH�FRS\�RI�WKH�KLGGHQ�OD\HU�ZKLFK�ZLOO�KDYH�D�ZHLJKW�RQ�WKH�QH[W�FRPSXWDWLRQ���

$��5��8�DUH�WKH�GLIIHUHQW�SDUDPHWHUV�DW�HDFK�OD\HU��DV�IXUWKHU�H[SODLQHG�EHORZ��
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)LJXUH�����6LPSOH�5HFXUUHQW�0RGHO��[W� LQSXW�YHFWRU�DW�WKH�WLPH��W ��KW��KLGGHQ�OD\HU�YHFWRU�DW�
WLPH�W ��\W�RXWSXW�YHFWRU��$��5��8�SDUDPHWHUV�SDLUHG�ZLWK�HDFK�OD\HU�

0DWKHPDWLFDOO\��WKH�KLGGHQ�OD\HU�KW LV�XSGDWHG�IRU�HDFK�WLPH�W IROORZLQJ�WKH�HTXDWLRQ��

KW  �ı �$[W ��5KWí��

ZKHUH�ı LV�WKH�VLJPRLG�DFWLYDWLRQ�IXQFWLRQ�DSSOLHG�FRRUGLQDWH�ZLVH��$��5�UHSUHVHQWV�WKH�ZHLJKW�

FRUUHVSRQGLQJ�WR�HDFK�RI�WKH�YDULDEOHV��,I�$�DQG 8 UHVXOWV�IURP�WKH�FDOFXODWLRQ�RI�WKH�V\VWHP��5�

LV�IL[HG�ZLWK�D�ZHLJKW�RI����*LYHQ�WKH�VWDWH�RI�WKHVH�KLGGHQ�XQLWV�WKH�QHWZRUN�WKHQ�RXWSXWV�WKH�

SUREDELOLW\�YHFWRU�\W RI�WKH�QH[W�WRNHQ��DFFRUGLQJ�WR�WKH�IROORZLQJ�HTXDWLRQ�

\W  �I �8KW�

8�LV�DJDLQ�WKH�ZHLJKW�DVVLJQHG�E\�WKH�SURJUDP�IRU�HDFK�RI�WKH�XQLWV�FRQVWLWXWLQJ�WKH�

KLGGHQ�OD\HU��DQG�I WKH�VRIW�PD[�IXQFWLRQ��1HYHUWKHOHVV��WKH�V\VWHP�GRHV�QRW�ILQG�WKH�ZHLJKW�RI�

HDFK�RI�WKH�QHXURQV�DW�RQH�WLPH��&DOFXODWLRQ�UHVXOWV�IURP�VR�FDOOHG�JUDGLHQW�UHWUR�SURSDJDWLRQ�

�:HUERV�� ������:LOOLDPV�	�=LSVHU�� ������� ,W� LV� WKHUHIRUH� QHFHVVDU\� WR� IL[HG� WKH� QXPEHU� RI�

DOORZHG� JUDGLHQW� UHWUR�SURSDJDWLRQ� �HSRFKV��� ZKLFK� ZLOO� WKHQ� UHSUHVHQW� WKH� WKUHVKROG� IURP�

ZKLFK� WKH�SURJUDP�ZLOO� VWRS WKH�FRPSXWDWLRQ��2QFH� WKH� UHWUR�SURSDJDWLRQ�RI� WKH�JUDGLHQW� LV�

FRPSOHWH��ZH�FDQ�WKHQ�FDOFXODWH�WKH�HUURU�EHWZHHQ�WKH�RXWSXW�JLYHQ�E\�WKH�QHWZRUNݕ�Ԧ DQG�WKH�

SUHGLFWHG�YHFWRUݐ�Ԧ RI�WKH�RXWSXW�

,QWHUQDO�FORFN VXEVWUDWH�
:H�DUELWUDULO\�LQWHJUDWHG����HQWU\�QHXURQV�LQ�WKH�651�����EHLQJ�RVFLOODWRUV�DQG���EHLQJ�

D� UHFXUVLYH� LQSXW� OD\HU� WKDW� LV�FRQGLWLRQHG�E\� WKH�SUHYLRXV�VWDWH�RI�KW��7KH�RVFLOODWRUV�RI RXU�

PRGHO�RVFLOODWH�UK\WKPLFDOO\�WDNLQJ�FRQWLQXRXV�YDOXHV�IURP���WR����UHSUHVHQWLQJ�QHXURQV�WKDW�

IOXFWXDWH�IURP�QHJDWLYH�WR�SRVLWLYH�VWDWHV�HYHU\� W PLOOLVHFRQG��$V�SURSRVHG�LQ� WKH�RVFLOODWLRQ�

�ŽƉǇ

Z
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h
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PRGHOV� �%URDGEHQW� 	� &KXUFK�� ������ 0DWHOO� 	�0HFN�� ������� WKH� VHOHFWHG� QHXURQV� IRU� WKH�

PHDVXUHPHQW�RI�WLPH�DUH�V\QFKURQL]HG�DW�WKH�EHJLQQLQJ�RI�D�VWLPXOXV�WR�EH�WLPHG��7KDW�EHLQJ�

VR��DOO�RI�RXU����RVFLOODWRUV�VWDUW�DW�����IRU�W���,Q�RXU�PRGHO��ZH�VHOHFWHG�UK\WKPV�LQ�RUGHU�WR�KDYH�

D�VORZ�GHV\QFKURQL]DWLRQ�EHWZHHQ�RVFLOODWRUV�VR� WKDW� WKH\�FDQ�FDOFXODWH� ORQJHU� WLPH�ZLWKRXW�

EHLQJ�UHV\QFKURQL]HG��$V�GLVSOD\HG�E\�)LJXUH���$��WKH�ILUVW�RVFLOODWLRQ�IUHTXHQF\�)R� JHQHUDWHV�

����F\FOHV�RXW�RI������SRLQWV�ZKLOH�)�� PDNHV�����F\FOHV��,I�ZH�FRQVLGHU�WKDW�WKHUH�LV���SRLQW�

HYHU\�PV��ZH�KDYH�URXJKO\������������ ������+]�WR������������� �������+]��ZLWK�D�VWHS�RI�

��������+]��)URP�WKH�VSHFWUDO�DQDO\VLV��L�H���REWDLQHG�E\�)RXULHU�WUDQVIRUPDWLRQ� �)LJXUH���%���

ZH�FDQ�YHULI\�WKDW�)R�  ������+]���)R�  ������+]��)R�  ������+]��)R�  ������+]��)R�  ������+]��

)R�  ������+]��)R�  ������+]��)R�  ������+]��)R�  ������+]��)R��  ������+]��)R��  ����+]�HW�)R��

 ������+]��

7KHVH�KHUW]�YDOXHV�ZHUH�REYLRXVO\�QRW�VHOHFWHG�E\�FKDQFH�VLQFH�WKH\�FRUUHVSRQG�WR�

WKH�JDPPD�RVFLOODWLRQV�RI�WKH�EUDLQ�WKDW�KDYH�EHHQ�GHVFULEHG�DV�WKH�EDVLV�RI�PXOWLSOH�FRJQLWLYH�

DFWLYLWLHV��%DúDU��%DúDU�(URJOX��.DUDNDú�	�6FK�UPDQQ���������VRPH�RVFLOODWRU\�EDQGV�ZKLFK�

ZHUH�DOVR�IRXQG�LQ�VOHHS�ZDNH�F\FOHV��&KHQJ��:LOOLDPV��	�0HFN�������� )XUWKHUPRUH��ZH�GLG�

QRW�FKRRVH�RQO\�LQWHJHUV��RWKHUZLVH�RVFLOODWRUV�ZRXOG�WUDQVLW�VLPXOWDQHRXVO\�WR���DW���VHFRQG�DV�

WKH\�EHJLQ�DW�WKH�VDPH�WLPH�
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)LJXUH�����5HSUHVHQWDWLRQ�RI��$��RVFLOODWLRQ¶V�YDOXH�IRU�HDFK�RVFLOODWRU��DQG��%��WKHLU�UHODWLYH�
VSHFWUXP�YDOXH�REWDLQHG�E\�)RXULHU�WUDQVIRUPDWLRQ��

7KH�RXWSXW�RI� WKH�PRGHO� LV� WKHUHIRUH� WKH�SUHGLFWLRQ�RI� WKH����RVFLOODWRUV� VWDWH��7KH�

PRGHO�DOVR�FUHDWHV�RXWSXW�RI�WKH�UHFXUUHQFH��EXW�LWV�XVH�LV�LQKHUHQW�WR�WKH�PRGHO�DQG�LWV�RXWSXW�

YDOXH�ZLOO�QRW�EH�XVHG�ODWHU��7KH�V\QDSWLF�ZHLJKWV�ZHUH�DGMXVWHG�E\�PHDQV�RI�WKH�VWDQGDUG�EDFN�

SURSDJDWLRQ�DOJRULWKP��7KH�OHDUQLQJ�UDWH�ZDV�IL[HG�WR�����DQG�PRPHQWXP�WR������,Q�DGGLWLRQ��

IRU� WKLV� VLPXODWLRQ��ZH� IL[HG� WKH� VWDQGDUG�EDFN�SURSDJDWLRQ� �QXPEHU�RI� HSRFKV�� WR������ WKH�

OHDUQLQJ�EDVH�WR�D�PD[LPXP�RI����� PLOOLVHFRQGV DQG�WKH�IDKOPDQ�RIIVHW�WR�����

&RPSXWHU�VLPXODWLRQ

,Q�RXU�PRGHO��SUHGLFWLRQV�RI�RVFLOODWRUV¶�VWDWHV�ZHUH�PDGH�IRU�HYHU\�WPLOOLVHFRQG��7KDW�EHLQJ�

VR��LI�D�VXEMHFW�KDV�WR�HVWLPDWH�H[DFWO\���VHFRQGV��WKHQ�ZH�DUH�LQWHUHVWHG�LQ�WKH�SUHGLFWLRQV�EDVHG�

RQ� WKH� SUHGLFWLRQ� RI� WKH� RVFLOODWRU¶V� VWDWH� DW� W������ ZKHUH� W� LV� WKH� FXPXODWLYH� DYHUDJH� RI� WKH�

(XFOLGHDQ�GLVWDQFH�DYHUDJHV�RI�WKH�REMHFWLYHV�± VXEMHFWLYH�GLIIHUHQFHV��)LJXUH��� VKRZV�WKH�W�

YDOXHV�IURP���WR������PV�IRU�QRUPDO�(XFOLGHDQ�GLVWDQFH��)LJXUH���$��DQG�FXPXODWHG�(XFOLGHDQ�

GLVWDQFH��)LJXUH���%���
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$�

%

)LJXUH�����,OOXVWUDWLRQ�RI�WKH��$��(XFOLGHDQ�GLVWDQFH�DQG��%��FXPXODWHG�(XFOLGHDQ�GLVWDQFH�IRU�
HDFK�PLOOLVHFRQG¶V�SUHGLFWLRQ��
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0RGXODWLRQ RI�WKH�VRXUFHV�RI�YDULDQFH�RI�WKH�FORFN��
2XU� PRGHO� ZDV� DOVR� DLPHG� WR WDNH� LQWR� DFFRXQW� WKH� GHYHORSPHQWDO� HYROXWLRQ� RI�

WHPSRUDO�SURGXFWLRQV��ZH�KDYH�WKXV�PRGXODWHG�D�WRWDO�RI���FULWHULD�WKDW�PD\�EH�UHVSRQVLEOH�RI�

FKLOGUHQ¶V� KLJKHU� WHPSRUDO� YDULDELOLW\� DQG� WLPH� GLVWRUWLRQ� QDPHO\�� WKH� SODVWLFLW\�� WLPH�

H[SHULHQFH��PHPRU\�� DQG� DWWHQWLRQ�� %DVHG� RQ� WKLV�PRGHO�� ILUVW�� ZH� KDYH�PRGXODWHG� ���� WKH�

SODVWLFLW\�RI�WKH�V\VWHP E\�PRGXODWLQJ�WKH�IDKOPDQ�RIIVHW��0HUPLOORG��%RQLQ��0pRW��)HUUDQG�	�

3DLQGDYRLQH���������+LJKHU�SODVWLFLW\�LPSOLHV�WKDW�WKH�V\VWHP�OHDUQV�IDVWHU�EXW�WKDW�LW�FDQ�DOVR�

IRUJHW�PRUH�IUHTXHQWO\��JHQHUDWLQJ�FULWLFDO�HUURUV�LQ�SUHGLFWLRQV��7KH�PRGDOLWLHV�ZHUH�)DKOPDQ�

RIIVHW� �������������������������������������������DQG������6HFRQG��ZH�KDYH�PDQLSXODWHG� WKH

H[SHULHQFH�RI�WLPH E\�PRGXODWLQJ�WKH�QXPEHU�RI�HSRFKV��$Q�HSRFK�FRUUHVSRQGV�WR WKH�QXPEHU�

RI�WLPHV�WKH�DOJRULWKP�VHHV�WKH�FRPSOHWH�GDWDVHW��6R��ZKHQHYHU�WKH�DOJRULWKP�KDV�VHHQ�DOO�WKH�

VDPSOHV�LQ�WKH�GDWDVHW��DQ�HSRFK�LV�RYHU� 7KLV�IDFWRU�KDV�EHHQ�OLQNHG�ZLWK�WKH�H[SHULHQFH�RI�WLPH�

DV�OHVV�H[SHULHQFH�VROLFLW�PRUH�IHHGEDFN DQG�WKHUHE\�PRUH�HSRFKV��7KH�VHOHFWHG�HSRFKV�ZHUH�

�������������������DQG������7KLUG��DV�PHPRU\�LV�DQ�LPSRUWDQW�IHDWXUH�RI�WLPH�SHUFHSWLRQ��ZH�

KDYH�PRGXODWHG�WKLV�PHPRU\�FULWHULD�E\�LQFUHDVLQJ�RU�GHFUHDVLQJ�WKH�UHWHQWLRQ�FDSDFLW\�YLD�WKH�

FKDQJH�RI�WKH�QXPEHU�RI�KLGGHQ�OD\HUV��:H�FKRRVH�������������������DQG�����KLGGHQ�OD\HUV�LQ�

RUGHU�WR�PRGHO�WKLV�YDULDEOH��)RXUWK��ZH�DOVR�DFWHG�RQ�WKH�DWWHQWLRQ�SDUDPHWHU�RI�WKH�V\VWHP��E\�

GHFUHDVLQJ� WKH�QXPEHU�RI� LQIRUPDWLRQ�SUHVHQWHG� LQ� WKH�GDWDEDVH� UHODWLQJ� WR� WKH� HYROXWLRQ�RI�

RVFLOODWRUV�VWDWHV�DFFRUGLQJ�WR�WKH�SURJUHVV�RI�W��,QGHHG��ORZHU�DWWHQWLRQ�VKRXOG�OHDG�WR�D�IX]]LHU�

UHSUHVHQWDWLRQ�RI� WKH�FRQWH[W�DQG� WKHUHIRUH� WR�D� VPDOOHU�DPRXQW�RI� LQIRUPDWLRQ�FRQWHQW�ZLWK�

UHVSHFW� WR� WKLV�FRQWH[W��7KH�V\VWHP�FRXOG� WKHUHIRUH�NQRZ� WKH�HYROXWLRQ�RI�RVFLOODWLRQV�XS� WR�

���������������������������RU�������VHFRQGV

:LWK�WKH�DLP�RI�PRGHOLQJ�HDFK�RI�WKHVH���YDULDEOHV�DV�ZHOO�DV�WKHLU�UHODWLRQVKLSV��ZH�

KDYH� ODXQFKHG� WKH�PRGHO� ����� WLPHV ���SODVWLFLW\� î� �� H[SHULHQFH� RI� WLPH�î� ��PHPRU\�î� ��

DWWHQWLRQ�  � ������� )RU� HDFK� RI� WKH� ����� VLPXODWLRQV�� WKH� SURJUDP� JHQHUDWHG� GLIIHUHQW� HUURU�

FXUYHV��)URP�HDFK�RI�WKHVH�GDWD��ZH�KDYH�ODXQFKHG�OLQHDU�UHJUHVVLRQV��DOORZLQJ�XV�WR�REWDLQ�D�

WHPSRUDO�GLVSHUVLRQ�FRHIILFLHQW��H�J���UHIOHFWLQJ�DQ�LQFUHDVH�RI�WKH�HUURU�ZLWK�WLPH���)LJXUH���

VKRZV�WKH�PDWFKHG�GLVSHUVLRQ�FRHIILFLHQW�IRU�HDFK�SDUDPHWHU��1RWH�WKDW�RXU���YDULDEOHV�KDYH�

LPSOLFDWLRQV�DW�D�TXDOLWDWLYH�OHYHO��
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)LJXUH� ���� ,OOXVWUDWLRQ� RI� WHPSRUDO� GLVSHUVLRQ� FRHIILFLHQW� GLVSHUVLRQ� PDWFKHG� ZLWK� DOO� WKH�
PRGDOLWLHV RI�RXU���YDULDEOHV �QHXURQV��HSRFKV��SODVWLFLW\��LQIRUPDWLRQV�ZLWKLQ�GDWDEDVH���7KH�
EODFN�GRW�UHSUHVHQWV�WKH�PDWFKHG�GLVSHUVLRQ�FRHIILFLHQW�RI�WKH�PRGHO�GHVFULEHG�LQ�VHFWLRQ�������

)LQDO�LQWHUQDO�FORFN��LQWHJUDWLQJ�WKH���FULWHUD�YDULDEOHV�

6R�IDU��ZH�KDYH�PRGXODWHG���YDULDEOHV�LQ�WKH�651�LQ�RUGHU�WR�EH�DEOH�WR�WHVW�DQG�PRGHO�

WKH�HIIHFW�WKH\�JHQHUDWHG��7KH�REMHFWLYH�QRZ�LV�WR�JDWKHU�WKHVH���YDULDEOHV�ZLWKLQ�WKH�VDPH�QHXUDO�

V\VWHP��)RU�WKH�PRGHOV�WKDW�ZLOO�IROORZ�ZH�ZLOO�XVH�D�0XOWL�/D\HU�3HUFHSWURQ��0/3���7KHUHIRUH��

WKH�DUFKLWHFWXUH�ZLOO�QRZ�SXUVXH�D�IHHGIRUZDUG�PRGH�RI�RSHUDWLRQ��7KDW�LV��WKH�KW��ZLOO�QR�ORQJHU�

EH�LQWHJUDWHG��,QGHHG��DV�WKH�YDULDEOHV�DUH�EDVHG�RQ�WKH�651�UHVXOWV��WKHUH�LV�QR�QHHG�WR�LQVHUW�

WKH�HIIHFW�D�VHFRQG�WLPH�

������������������������������
$OO�WKH�FDOFXODWHG�YDULDEOHV�ZHUH�QRUPDOL]HG�RQ�D�>�������@�VFDOH��DQG�LQVHUWHG�DV�DQ�

LQSXW�OD\HU�RI�D�0XOWL�/D\HU�3HUFHSWURQ��0/3���7KHUHE\��WKHUH ZHUH���LQSXW�YDULDEOHV��QDPHO\�

QXPEHU�RI�HSRFKV��ZKLFK�UHSUHVHQWV�WKH�HIIHFW�RI�WKH�H[SHULHQFH�RI�WLPH���QXPEHU�RI�LQVHUWHG�
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LQIRUPDWLRQ�LQ�GDWDEDVH��ZKLFK�UHIOHFWV�WKH�HIIHFW�RI�DWWHQWLRQ���SODVWLFLW\��ZKLFK�LV�SDLUHG�ZLWK�

WKH� OHDUQLQJ� SODVWLFLW\�� DQG� QXPEHU� RI� QHXURQV� �ZKLFK� LV� DVVRFLDWHG�ZLWK� VWRUDJH� FDSDFLW\��

FRQVWLWXWLQJ� WKH� KLGGHQ� OD\HU� �KW�� RI� WKH� SUHYLRXV� 651� PRGHO�� DV� ZHOO� DV� D� �WK HQWU\�

FRUUHVSRQGLQJ�WR�D�ELDV�:H�XVHG�WKH�³5HJUHVVRU´�REMHFW�RI�WKH�S\WKRQ¶V�QHXUDO�QHWZRUN�WRROER[�

QDPHG� ³VFLNLW�QHXUDOQHWZRUN´� WR� FRQVWLWXWH� WKLV� ELDV��7KLV� REMHFW� KDV� D�PHWKRG� WKDW� ILWV� WKH�

QHXUDO�QHWZRUN�WR�WKH�JLYHQ�FRQWLQXRXV�GDWD�DV�D�QRQ�OLQHDU�UHJUHVVLRQ�SUREOHP��7KH�RXWSXW�RI�

WKH�PRGHO�ZDV�WKH�VDPH�RXWSXW�DV�WKH�ILUVW�SUHVHQWHG�PRGHO��LQ�RUGHU�WR�VHH�LI�WKH�QHZ 0/3�

PRGHO�GLUHFWO\�LQWHJUDWLQJ�RXU�YDULDEOHV�FDQ�SUHGLFW�WKH�651�PRGHO�

����������
,Q�RUGHU� WR� ILQG� WKH�EHVW�KLGGHQ�DUFKLWHFWXUH��ZH�KDYH� UDQ� WKH�PRGHO� IURP��� WR����

QHXURQV�FRQVWLWXWLQJ�WKH�KLGGHQ�OD\HU��:H�DOVR�KDYH�FRPELQHG�WKH�QXPEHUV�RI�SRVVLEOH�OD\HUV�

ZLWK�DOO�SRVVLEOH�FRPELQDWLRQV�LQ�D�UHJUHVVLYH�RUGHU�RI�QXPEHU�RI�QHXURQV�WR�XVH�D�PRGHOLQJ�

DVSHFW�RI�WKH�QHXUDO�QHWZRUN�DQG�QRW�D�GHHS�OHDUQLQJ�RQH�

2XU�VLPXODWLRQV�KDYH�EURXJKW�RXW�D�SDUWLFXODU�PRGHO��WKH�RQH�ZLWK����QHXURQV PDGH�

RI�WZR�KLGGHQ�OD\HUV�����± ����)LJXUH��� VKRZV�WKH�GLIIHUHQFHV�LQ�SUHGLFWLRQ�PDGH�IURP�WKH�651�

PRGHO�IURP�WKDW�PDGH�RI�WKH�QHZ�0/3�PRGHO�GLUHFWO\�LQWHJUDWLQJ�RXU���FULWHUD�YDULDEOHV�

7KLV�VSHFLILF�PXOWL�OD\HU�SHUFHSWURQ�LV�DEOH�WR�GHWHUPLQH�DOPRVW�DOO�WKH�WHPSRUDO�GLVSHUVLRQV�RI�

WKH�651�PRGHO� �5ð� �������/HDVW� VTXDUHV� VXP� ��������:H�FDQ� WKHUHIRUH�FRQFOXGH� WKDW�RXU�

PRGHO��LQWHJUDWLQJ�RXU�GHYHORSPHQWDO�YDULDEOHV��LV�YHU\�VDWLVID\LQJ�
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$

%

)LJXUH���� ,OOXVWUDWLRQ�RI�GDWD�ILW�ZLWK��$��WKH�(XFOLGHDQ�GLVWDQFH�YDOXHV�REVHUYHG�IURP�WKH�651�
PRGHO�LQ�EOXH�DQG�HVWLPDWHG�E\�WKH�0/3�PRGHO�LQ�RUDQJH�ZLWK�WLPH�W DV�ZHOO�DV��%��WKH�SDLUHG�
VTXDUH�HUURUV�

5HDO�EDVHG�LQWHUQDO�FORFN

������������������������������Ǥ
8QWLO�QRZ��ZH�KDYH�ZRUNHG�RQ�D�FRHIILFLHQW�RI�WHPSRUDO�GLVSHUVLRQ�IRXQG�IURP�WKH�

GLIIHUHQFH�EHWZHHQ�WKH�SUHGLFWLRQ�RI�WKH�VWDWH�RI�WKH�RVFLOODWRUV�DQG�WKHLU�DFWXDO�VWDWH��6R�IDU��WKLV�

LQGH[� FRHIILFLHQW� GRHV� QRW� VLPXODWH� UHDO� WLPH� HVWLPDWLRQ� GDWD�� 7KHUHE\�� ZH� FRQIURQWHG� WKH�

SUHYLRXV�PRGHO ZLWK�UHDO�GDWD��LQ�RUGHU�WR�DQDO\VH�ZHWKHU�LW�FDQ�ILW�WKH�HVWLPDWLRQ�RI�D�UHDO�KXPDQ�

VDPSOH��DFURVV�DJHV��

7KH�GDWD� �WLPH�HVWLPDWHV��ZHUH� WHPSRUDO� UHSURGXFWLRQ�PDGH�E\�����FKLOGUHQ��DJHG�

IURP���WR���\HDUV�ROG��0  ������\HDUV��6'  ������\HDUV��>����������\HDUV@��DV�ZHOO�DV�����DGXOWV�

�0  ��������6'  �������>�����������@���7KHVH�GDWD�ZHUH�H[WUDFWHG�IURP���GLIIHUHQW�H[SHULPHQWV�

ZKHUH�SDUWLFLSDQWV�KDG�WR�UHSURGXFH�WKH�GXUDWLRQ�RI�D�OLJKW�EOXH�VTXDUH��ZKLFK�ODVWHG�IRU���RU����

VHFRQGV��)RU�HDFK�WHPSRUDO�UHSURGXFWLRQ��ZH�FDOFXODWHG�WKH�DEVROXWH� WLPH�HUURU�PDGH�E\�WKH�
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SDUWLFLSDQWV� ��7HPSRUDO� 5HSURGXFWLRQ� ± 7HPSRUDO� 7DUJHW�� �� 7HPSRUDO� 7DUJHW�ð� WR� DYRLG�

QHJDWLYH�DQG�SRVLWLYH�YDOXHV��)LJXUH �� VKRZV�WKH�FRHIILFLHQW�GLVWRUVLRQ�SDLUHG�ZLWK�FKLOGUHQ�

DQG�DGXOWV¶�SURGXFWLRQV��

)LJXUH�����WHPSRUDO�HVWLPDWLRQ�ELDV�SORWWHG�DJDLQVW�DJH�LQ�PRQWK

)RU�HDFK�SDUWLFLSDQW��ZH�DOVR�KDG�GLIIHUHQW�QHXURSV\FKRORJLFDO�VFRUHV�DVVHVVLQJ�WKHLU�

FDSDFLWLHV�RI�DWWHQWLRQDO��VKRUW�WHUP�PHPRU\��ZRUNLQJ�PHPRU\�DQG�SURFHVVLQJ�VSHHG�FDSDFLWLHV��

7KHVH�VFRUHV�DUH�UHVSHFWLYHO\�WKH�UHVXOWV�REWDLQHG�E\�HDFK�SDUWLFLSDQW�LQ�³6N\�6HDUFK´�RI�WKH�

7HVW�RI�(YHU\GD\�$WWHQWLRQ�IRU�&KLOGUHQ��0DQO\��5REHUWVRQ��$QGHUVRQ�	�1LPPR�6PLWK���������

WKH�IRUZDUG�DQG�EDFNZDUG�VFRUHV�RI�WKH�FRUVL�EORFN�WDSSLQJ�WDVN��&RUVL��������DV�ZHOO�DV�WKH�

DYHUDJH�RI�WZR�,97�WHVWV��QDPHO\�FRGH�$�DQG�6\PERO�$�RI�WKH�:HFKVOHU�,QWHOOLJHQW�6FDOH�IRU�

&KLOGUHQ��:HFKVOHU���������IRU�WKH�GHWDLOV�GHVFULSWLRQ�RI�WKHVH�WHVWV��VHH�+DOOH]�	�'URLW�9ROHW��

�������������7KH�GDWD ZHUH�H[WUDFWHG�IURP�WKHVH�SXEOLFDWLRQV��7DEOH��� VKRZV�WKH�PHDQ�DQG�

VWDQGDUG�GHYLDWLRQ�RI�VFRUHV�IRU�WKH�FKLOGUHQ�DQG�WKH�DGXOWV�

Ϭ

Ϭ͕ϭ

Ϭ͕Ϯ

Ϭ͕ϯ

Ϭ͕ϰ

Ϭ͕ϱ

Ϭ͕ϲ
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�
ŝƐ
ƉƉ

Ğƌ
Ɛŝ
ŽŶ

�Đ
ŽĞ

ĨĨ
ŝĐ
ŝĞ
Ŷƚ



WĂŐĞ�ͮ�Ϯϰϱ

7DEOH� ����0HDQ�� 6WDQGDUG� 'HYLDWLRQ�� PLQLPXP� DQG� PD[LPXP� RI� UDZ� VFRUHV� RI� GLIIHUHQW�
QHXURSV\FKRORJLFDO�WHVWV�

&KLOGUHQ $GXOWV

0HDQ 6' >0LQ��0D[@ 0HDQ 6' >0LQ��0D[@

6KRUW�WHUP�PHPRU\ ���� ���� >����@ ���� ���� >����@

:RUNLQJ�PHPRU\ ���� ���� >���@ ���� ���� >����@

6HOHFWLYH�$WWHQWLRQ ����� ����� >����@ ���� ���� >���@

3URFHVVLQJ�VSHHG ����� ����� >����@ ���� ���� >�����@

:H�XVHG�WKHVH���FRJQLWLYH�YDULDEOHV��VKRUW�WHUP�PHPRU\��ZRUNLQJ�PHPRU\��VHOHFWLYH�

DWWHQWLRQ�DQG�SURFHVVLQJ�VSHHG��DV�ZHOO�DV�WKH�DJH�LQ�PRQWK�LQ�DQ�XQGHUOD\�RI�WKH�PRGHO��LQ�RUGHU�

WR GHWHUPLQH� WKH�VWDWH�RI� WKH���YDULDEOHV�RI�RXU LQWHUQDO�FORFN��PHPRU\��H[SHULHQFH�RI� WLPH��

DWWHQWLRQ� DQG� SODVWLFLW\��� 7KHUHE\�� �� YDULDEOHV� DQG� D� ELDV� FRQVWLWXWHG� WKH� LQSXW� OD\HU�� 7KH� ��

QHXURSV\FKRORJLFDO�YDULDEOHV�DV�ZHOO�DV�WKH�DJH�LQ�PRQWK�VWDQGDUGL]HG�RQ�D�>�� ���@�VFDOH��DORQJ�

ZLWK� DQ� LQSXW� FRUUHVSRQGLQJ� WR� D� ELDV�ZKLFK� KDG� WKH� VDPH� SURSHUWLHV� WKDQ� SUHYLRXV�PRGHO��

)LJXUH����SUHVHQWV�WKH�ILQDO�DUFKLWHFWXUH�RI�WKH�PRGHO��)URP�WKH�LQLWLDO�VFRUHV��WKH�V\VWHP�ORRNV�

IRU FRPPRQ� H[SODQDWRU\� ZHLJKWV� WR� H[SODLQ� WKH� GLIIHUHQW� YDOXHV� RI� WKH� FORFN� YDULDEOHV�

�SODVWLFLW\��HSRFK�� OHDUQLQJ�DQG�QHXURQV��ZKLFK� WKHPVHOYHV�SUHGLFWV� WKH�HVWLPDWHG�GLVWRUWLRQ��

7KHQ��WKLV�YDOXH�LV�GHQRUPDOL]HG��UHVFDOHG�EHWZHHQ�WKH�PLQ�DQG�PD[�RI�WKH�RXWSXW��LQ�RUGHU�WR�

ILW�ZLWK�WKH�UHDO�WHPSRUDO�GLVSHUVLRQ�JHQHUDWHG�E\�FKLOGUHQ��,Q�RWKHU�ZRUGV��RQFH�LQSXW�YDULDEOHV�

DUH�ZHLJKWHG��LW�ILWV�LQ�WKH�VDPH�PRGHO�DV�LQ�PRGHO����ZKLFK�LV�LWVHOI�EXLOW�IURP�PRGHO����H�J���

651� FRQVWUXFW��� SUHGLFWLQJ� D� FRHIILFLHQW� HUURU� ZKLFK� ZLOO� EH� OLQN� ZLWK� UHDO� WHPSRUDO�

ELDV�

+RZHYHU��EHFDXVH�FKLOGUHQ�DQG�DGXOWV�FRXOG�KDYH�D�WHPSRUDO�ELDV�O\LQJ�EHWZHHQ�WKH�

IL[HG�FDOFXODWHG�SDUDPHWHUV��RXU�FORFN�YDULDEOHV�XVHV�D��G�LQWHUSRODWRU�LQ�RUGHU�WR�ILQG�WKH�PRVW�

H[SODQDWRU\�SRLQW�RQ�D�FRQWLQXRXV�IRXU�GLPHQVLRQ�VSDFH�
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)LJXUH� ���� )LQDO� DUFKLWHFWXUH� RI� WKH� LQWHUQDO� FORFN� V\VWHP� QHXUDO� QHWZRUN�� 7KH�
QHXURSV\FKRORJLFDO�WHVWV�DV�ZHOO�DV�DJH�LQ�PRQWK�VLWXDWHG�DV�LQSXWV SUHGLFWV��WKURXJK�D�KLGGHQ�
OD\HU�WKH�VWDWH�RI�WKH���FULWHUD�YDULDEOHV�RI�WKH�LQWHUQDO�FORFN��ZKLFK�DOORZV�WR�SUHGLFW�WKH�ILQDO�
WHPSRUDO�ELDV�

��������������������
7KH�ODWHU�PRGHO�ZDV�WKXV�ODXQFKHG�LQ�RUGHU�WR�SUHGLFW�UHDO�WLPH�HVWLPDWLRQ�DFURVV�DJHV��

7KH�VDPH�SURFHVV� DV� LQ� WKH�SUHYLRXV�PXOWLOD\HU�SHUFHSWURQ�PRGHO�ZDV�XVHG� WR� ILQG� WKH�EHVW�

KLGGHQ�VWUXFWXUH�RI�WKH�PRGHO��JRLQJ�IURP���WR����QHXURQV�DQG�FRPELQLQJ�WKH�QXPEHU�RI�KLGGHQ�

OD\HUV��7ZR�PRGHOV�FDPH�RXW�RI� WKH� ORW�DPRQJ���� FRPSXWHG�FDVHV��)LJXUH���$�VKRZV� WKH�

SUHGLFWLRQV�PDGH�E\�WKH�PRGHO�WKDW�FRQVLVWV�RI����QHXURQV�ZLWK���KLGGHQ�OD\HUV�����± ���± ����

7KLV�PRGHO�LV�SUHVHQWHG�EHFDXVH�LW�REWDLQHG�WKH�KLJKHVW�OHYHO�RI�FRHIILFLHQW�RI�GHWHUPLQDWLRQ��5ð�

 � ����� /HDVW� VXP� VTXDUHV�  � ������ /6'�  � ������� (0�  � ������� (45�  � ������ ($5�  � �������

1RQHWKHOHVV��WKH�PRGHO�ZLWK����QHXURQV�����± ���LV�DOVR�LQWHUHVWLQJ�EHFDXVH�LW�PLQLPLVHV�DOO�
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HUURUV��5ð� ������ /HDVW�VXP�VTXDUHV� ����� /6'� ��������(0� ��������(45� ������($5� �

�������)LJXUH���%��

�

�
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)LJXUH�����,OOXVWUDWLRQ�RI�WKH�ILWWLQJ�RI�WKH�GDWD�IRU��$��WKH�PRGHO�ZLWK����KLGGHQ�QHXURQV��WKUHH�
KLGGHQ�OD\HUV����± ���± ���DQG��%��WKH�PRGHO�ZLWK����QHXURQV��WZR�KLGGHQ�OD\HUV����± ����

)LQDOO\� 7DEOH� �� VKRZV� WKH�PHDQ�ZHLJKW� IRU� HDFK� RI� WKH� HQWU\� QHXURQV� IRU� WKH� ODWWHU�

PRGHO��,W�DSSHDUV�WKDW�WKH�SURFHVVLQJ�VSHHG�LQGH[�ZDV�WKH�PRVW�LQIOXHQWLDO�IDFWRU�WR�GHWHUPLQH�

WKH�VWDWH�RI�WKH�� FULWHULD�RI�WKH�FORFN�YDULDEOHV��:H�FDQ�DOVR�VHH�WKDW��LQ�D�QRQ�LQWHUIHULQJ�WLPLQJ�

FRQWH[W��WKH�DWWHQWLRQ�LV�WKH�OHDVW�LQIOXHQWLDO�SUHGLFWRU��DOWKRXJK�LWV�LQIOXHQFH�UHPDLQV�LPSRUWDQW�

7DEOH�����0HDQ�ZHLJKW�RI�RXU�SV\FKRORJLFDO�GLPHQVLRQV�

�ŐĞ�ŝŶ�ŵŽŶƚŚ ϭϮ͘ϯϱ

WƌŽĐĞƐƐŝŶŐ�ƐƉĞĞĚ Ϯϱ͘ϱϯ

^ŚŽƌƚͲƚĞƌŵ�ŵĞŵŽƌǇ ϭϱ͘ϲϭ

tŽƌŬŝŶŐ�ŵĞŵŽƌǇ ϭϴ͘Ϯϴ

^ĞůĞĐƚŝǀĞ��ƚƚĞŶƚŝŽŶ ϲ͘ϱϮ

'LVFXVVLRQ

7KH�DLP�RI�WKLV�DUWLFOH�ZDV�WR�SURSRVH�D�QHZ�PRGHO�RI�LQWHUQDO�FORFN�WKDW�ZH�FDOOHG�

WKH�&RJQLWLYH�3ODVWLF�&ORFN�PRGHO��&3&�PRGHO���7KLV�ILQDO�PRGHO�UHVXOWV�IURP�WKH�FRPELQDWLRQ�

RI�WKUHH�VXFFHVVLYH�PRGHOV��

,Q�WKH�ILUVW�SODFH��DQ�651�V\VWHP�KROGLQJ�WKH�YDOXH�RI�HDFK�RI�WKH�RVFLOODWLRQV�RYHU�

WLPH��LQSXW� PDNHV�D�MXGJPHQW�RQ�WKH�VWDWH�RI�WKHVH�VDPH�RVFLOODWRUV�DIWHU�D�FHUWDLQ�WLPH��RXWSXW���

7KH� LQSXW� LQIRUPDWLRQ� LV� WKXV� WUDQVIRUPHG� YLD� D� KLGGHQ� OD\HU�� ZKLFK� FRQVWDQWO\� ELDVHV� WKH�

SUHGLFWLRQ� VLQFH� LW� V\VWHPDWLFDOO\� WDNHV� LQWR� DFFRXQW� WKH� FRPELQDWLRQ� FRUUHVSRQGLQJ� WR� WKH�

SUHYLRXV� WLPH��7KXV�� WKH�SUHGLFWLRQ�RI� WKH�GXUDWLRQ� OD\V�RQ� WKH�SUHGLFWLRQ�HUURU� �FXPXODWLYH�

(XFOLGHDQ�GLVWDQFH��EHWZHHQ�WKH�UHDO�VWDWH�RI�WKH�RVFLOODWRUV�DQG�WKH�SUHGLFWLRQ�RQ�WKLV� W WLPH��

7KHUHE\��WKH�PRGHO�SUHVHQWV�DQ�LQFUHDVH�LQ�HUURU�ZLWK�WKH�SDVVDJH�RI�WLPH��7KLV�PRGHO�KDV�EHHQ�

UHVWDUWHG� D� QXPEHU� RI� WLPHV� E\� FKDQJLQJ� VRPH� SDUDPHWHUV� LQ� WKH�PRGHO��ZKLFK� UHVXOWV� LQ� D�

UHGXFWLRQ�RI�SHUIRUPDQFH�DQG�LV�OLQN�WR�D�FRJQLWLYH�FDSDFLW\�UHGXFWLRQ��:H�PRGXODWHG�IRXU�PDLQ�

IDFWRUV� LQ� RUGHU� WR� WHVW� DQG�PRGHO� WKHLU� LPSDFW� RQ� WHPSRUDO� SHUIRUPDQFH�� %\� FKDQJLQJ� WKH�

)DKOPDQ�RIIVHW�LQGH[��ZH�PRGXODWHG�WKH�SODVWLFLW\�RI�WKH�FORFN��$�KLJK�SODVWLFLW\�VHWWLQJ DOORZV�

WKH�PRGHO�WR�OHDUQ�IDVWHU�EXW�FDQ�PRUH�IUHTXHQWO\�JLYH�ULVH�WR�IRUJHWIXOQHVV��UHVXOWLQJ�LQ�FULWLFDO�
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SUHGLFWLRQ�HUURUV��%\�PRGXODWLQJ�WKH�DPRXQW�RI�LQIRUPDWLRQ�KHOG�E\�WKH�PRGHO�LQ�LQSXW��ZH�DOVR�

SOD\HG� RQ� DWWHQWLRQ�� ,QGHHG�� OHVV� DWWHQWLRQ� JHQHUDWHV� D� GHFUHDVH� LQ� LQIRUPDWLRQ� WKDW� FDQ� EH�

FROOHFWHG� LQ� WKH� HQYLURQPHQW� VLQFH� WKH� LQIRUPDWLRQ�FDQQRW�SDVV� WKH� FRQVFLRXV� WKUHVKROG��%\�

FKDQJLQJ� WKH� QXPEHU� RI� KLGGHQ� OD\HU� QHXURQV� ZH KDYH� FKDQJHG� WKH� UHWHQWLRQ� FDSDFLW\� LQ�

PHPRU\��)LQDOO\��E\ FKDQJLQJ�WKH�QXPEHU�RI�HSRFKV��ZH�SOD\HG�RQ�WKH�WHPSRUDO�H[SHULHQFH��

,QGHHG��LQFUHDVLQJ�WKH�QXPEHU�RI�HSRFKV�LQFUHDVHV�WKH�QXPEHU�RI�IHHGEDFNV�EHWZHHQ�REMHFWLYH�

DQG�VXEMHFWLYH�GXUDWLRQ��7KHVH�IRXU YDULDEOHV�ZHUH�WKXV�LQWHJUDWHG�DV�LQSXW�WR�D�VHFRQG�0/3�

PRGHO�WKDW�KDV�EHHQ�SURYHQ�WR�SUHGLFW PRUH�WKDQ�����RI�WKH�651�V\VWHP�HVWLPDWH��)LQDOO\��ZH�

FRQIURQWHG�WKLV�PRGHO�ZLWK�UHDO�HVWLPDWH�PDGH�E\�D�VDPSOH�RI�����FKLOGUHQ�DJHG�IURP���WR���DV�

ZHOO�DV�����DGXOWV��1HYHUWKHOHVV��LW�ZRXOG�QRW�KDYH�EHHQ�MXVWLILHG�WR�DOORZ�WKH�PRGHO�WR�ILQG��IRU�

HDFK�SDUWLFLSDQW��WKH�LGHDO�SDUDPHWHUV�RI�WKH���YDULDEOHV�RI�WKH�LQWHUQDO�FORFN��7KH�HVWLPDWLRQV�

RI� WKHVH� YDULDEOHV�ZHUH� WKH� GLUHFW� UHVXOW� RI� WKH� LQGLYLGXDO� VFRUHV� RI� WKH QHXURSV\FKRORJLFDO�

SDUWLFLSDQWV�LQ�DWWHQWLRQ��VKRUW�WHUP�PHPRU\��ZRUNLQJ�PHPRU\�DQG�SURFHVVLQJ�VSHHG��DV�ZHOO�

DV�WKH�SDUWLFLSDQW
V�DJH�LQ�PRQWKV��7KLV�ILQDO�PRGHO�DFFRXQWV�IRU������RU������RI�WKH�RXWSXW�

YDULDQFH�

)LUVW� RI� DOO�� WKLV�PRGHO� LV� WRWDOO\� YLDEOH� QHXURELRORJLFDOO\� VLQFH� LW� LV� EDVHG� RQ� WKH�

UK\WKPLF�DFWLYLW\�RI�D�EDQN�RI�RVFLOODWRUV��ZKLFK�FRUUHVSRQGV�WR�D�ELRORJLFDO�UHDOLW\��,QGHHG��WKH�

IUHTXHQFLHV�XVHG�LQ�RXU�PRGHO�DUH�JRLQJ�IURP����WR�DSSUR[LPDWHO\����+]��ZKLFK�LV�VLPLODU�WR�

WKH�SDWWHUQ�RI�QHXUDO�JDPPD�RVFLOODWLRQ�REVHUYHG�LQ�KXPDQV��+XJKHV��������,W�LV�WKHVH�VDPH�

JDPPD�RVFLOODWLRQV�WKDW�KDYH�EHHQ�GHWHFWHG�DV�IXQGDPHQWDO�LQ�WKH�OHYHO�RI�DZDNHQLQJ��&KHQJ��

:LOOLDPV�	�0HFN���������$OVR��VLPLODU�RVFLOODWLRQV�KDYH�EHHQ�IRXQG�GXULQJ�YLVXDO�WUHDWPHQW�

ZLWK�HLWKHU�FRQVFLRXV�RU�VXEOLPLQDO�VWLPXOL�LQ�WKH�SUHIURQWDO�FRUWH[��*UHJRULRX��*RWWV��=KRX�	�

'HVLPRQH��������0HOORQL��0ROLQD��3HQD��7RUUHV��6LQJHU�	�5RGULJXH]��������6LHJHO��'RQQHU��

2RVWHQYHOG��)ULHV�	�(QJHO��

7KH�PDLQ� DGYDQWDJH� RI� WKH�PRGHO LV� WKDW� LW� DOORZV� WR� NHHS� D� FHUWDLQ�PDJQLWXGH� RI�

GXUDWLRQV��H�J���RUGLQDOLW\���ZKLOH�WKH�PRGHO�RI�0DWWHO�DQG�0HFN�GLG�QRW�DQG�WKDW�RI�&KXUFK�DQG�

%URDGEHQW�SDUWLDOO\�GLG� ,QGHHG��E\�OHDUQLQJ�WKH�VWDWH�RI�WKH�RVFLOODWRUV�WKURXJK�WLPH�LQ�WKH�ILUVW�

SURFHVV�� WKH�PRGHO�FDQ� ILQG� WKH�PDJQLWXGH�RI� WLPH�IURP�WKH�SDWWHUQ�RI�RVFLOODWLRQV�� ,Q�RWKHU�

ZRUGV��LW�NQRZV�WKDW�W� LV�ORQJHU�WKDQ�W���EHFDXVH�WKH�RVFLOODWLRQ�SDWWHUQ�FRUUHVSRQGV�WR�D�SUHYLRXV�

GXUDWLRQ� ,W�LV�WKLV�NQRZOHGJH�RI�WHPSRUDO�PDJQLWXGHV�WKDW�PDGH�LW�SRVVLEOH�WR�UHSURGXFH�WKH�

VFDODU�SURSHUW\�RI�WLPLQJ�RQ�WKH�PHDQ��,QGHHG��WKLV�SURSHUW\�LPSOLHV�DQ�LQFUHDVH�LQ�WKH�DYHUDJH�

SURGXFWLRQ�DVVRFLDWHG�ZLWK�WKH�LQFUHDVH�RI�WLPH��7KH�HVWLPDWHV�EHLQJ�GLUHFWO\�UHODWHG�WR�HDFK�

WLPH�W�� WKLV� LPSOLHV� WKDW� WKH�SURGXFWLRQV�HPDQDWHV�RI�WKH�SK\VLFDO� WLPH�DQG�WKHUHE\�� LQFUHDVH�
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ZLWK� LW�� ,W� LV� WKLV� VDPH� NQRZOHGJH� RI� WKH� GXUDWLRQ� RI� WKH�PRGHO� ZKLFK�PDGH� LW� SRVVLEOH� WR�

LQWURGXFH�D�WHPSRUDO�GLVSHUVLRQ�FRHIILFLHQW��FDOFXODWHG�GLUHFWO\�IURP�WKH�FXPXODWLYH�(XFOLGHDQ�

GLVWDQFH�EHWZHHQ�WKH�DFWXDO�VWDWH�RI�WKH�RVFLOODWRUV�DQG�WKHLU�SUHGLFWLRQ��7KH�DGGHG�FRHIILFLHQW�

HVWLPDWHV�WKH�DYHUDJH�GLVSHUVLRQ�WKDW�DFWXDOO\�UHVXOWV�IURP�WKH�GULIW�LQ�SHUIRUPDQFH�JHQHUDWHG�

E\�WKH�JUHDWHU�YDULDELOLW\��7KLV�FRHIILFLHQW�WKHUHIRUH�WHVWLILHV�WKH�JUDGXDO�YDULDQFH�LQ�WKH�PRGHO��

UHVXOWLQJ� LQ� IXUWKHU� XQGHU� RU� RYHUHVWLPDWLRQ� ZLWK� WKH� SDVVDJH� RI� WLPH�� ,W� LV� LPSRUWDQW� WR�

XQGHUOLQH�WKDW�WKHVH�FKDUDFWHULVWLFV�ZHUH�QRW�GLUHFWO\�LQMHFWHG�LQWR�WKH�PRGHO��DV�FRXOG�EH�GRQH�

LQ�SUH�H[LVWLQJ�PRGHOV��EXW�UHVXOW�IURP�LWV�PHFKDQLVP�RI�DFWLRQ�

6R�IDU��WKH�FXUUHQW�LQWHUQDO�FORFN�PRGHOV�GHGLFDWHG�WR�WLPH�GR�QRW�LQFOXGH�D�SURFHVVLQJ�

PHFKDQLVP�DOORFDWHG�WR�QRQ�WHPSRUDO�SURFHVVLQJ��,W�LV�D�SXUHO\�WHPSRUDO��DV�LI�WKH�GXUDWLRQ�ZDV�

�GLVHPERGLHG��IURP�LWV�VXEVWDQFH��WKH�QRQ�WHPSRUDO�LQIRUPDWLRQ��+RZHYHU��D�GXUDWLRQ�LV�DOZD\V�

DVVRFLDWHG�ZLWK�D�VWLPXOXV�ZLWK�VSHFLILF�SURSHUWLHV��YLVXDO��DXGLWRU\� ������7LPH�GRHV�QRW�H[LVW�

DORQH��(YHQ�GXULQJ�DQ� HPSW\� WLPH� LQWHUYDO��ZH�VHH�VRPHWKLQJ��ZH� WKLQN�VRPHWKLQJ��ZH� IHHO�

VRPHWKLQJ�� 7KH� RULJLQDOLW\� RI� RXU�PRGHO� OD\V� RQ� WKH� LPSRUW� RI� SK\VLRORJLFDO� DQG� FRJQLWLYH�

YDULDEOHV� GLUHFWO\� LQWR� WKH� RSHUDWLRQV� RI� WKH� LQWHUQDO� FORFN� PRGHO�� ,QGHHG�� WKH� PXOWLSOH�

VLPXODWLRQV�PDGH�LW�SRVVLEOH�WR�VLPXODWH�WKH�WHPSRUDO�ELDVHV�DQG�WKXV�WR�LGHQWLI\�WKH�VRXUFHV�RI�

FRJQLWLYH� DQG� SK\VLRORJLFDO� YDULDQFHV�� $V� DERYH� PHQWLRQQHG�� ZH� PRGXODWHG� FRPSXWHU�

SDUDPHWHU��IDOKPDQ�RIIHVW��QXPEHU�RI�QHXURQV�FRQVWLWXWLQJ�WKH�KLGGHQ�OD\HU��GDWD�LQFRUSRUDWHG�

LQ�WKH�LQSXW�DQG�HSRFKV��FRUUHVSRQGLQJ�WR�FRJQLWLYH�GLPHQVLRQV��SODVWLFLW\��PHPRU\��DWWHQWLRQ�

DQG H[SHULHQFH�RI�WLPH���$V�ZH�VDZ�)LJXUH�����DOO�WKHVH�GLPHQVLRQV�KDG�TXDOLWDWLYH�HIIHFW�RQ�

WKH�HVWLPDWLRQ�RI� WLPH�� ,Q�DGHTXDF\�ZLWK� WLPH� OLWHUDWXUH��D�GHFUHDVH�RI�DWWHQWLRQ�RU�PHPRU\��

LQFUHDVHV�WKH�WHPSRUDO�HUURU��GH�/XUGHV�'HOJDGR�	�'URLW9ROHW��������+DOOH]�	�'URLW�9ROHW��

�������ZKLOH�D�GHFUHDVH�LQ�WKH�SODVWLFLW\�DQG�WKH�H[SHULHQFH�RI�WLPH�LQFUHDVH�WKH�HUURU��

)LQDOO\��IRU�WKH�FRQIURQWDWLRQ�RI�WKH�PRGHO�ZLWK�UHDO�GDWD��LW�LV�WKH�QHXURSV\FKRORJLFDO�

VFRUHV�RI�VHOHFWLYH�DWWHQWLRQ��SURFHVVLQJ�VSHHG�LQGH[��VKRUW�WHUP�DQG�ZRUNLQJ�PHPRU\�WKDW�KDYH��

WKURXJK�FRPPRQ�ZHLJKWV��DOORZHG�WR�VHW�WKH�VWDWH�RI�LQGLYLGXDO�YDULDEOHV�RI�WKH�LQWHUQDO�FORFNV��

,Q�IDFW��LW�ZRXOG�QRW�KDYH�EHHQ�MXVWLILHG�IRU�WKH�SURJUDP�WR�XVH�WKH�YDOXHV�WKDW�VXLWHG�LW�WKH�EHVW��

WKH\� KDG� WR� UHPDLQ� LQ� OLQH� ZLWK� WKH� LQGLYLGXDO
V� FRJQLWLYH� DELOLWLHV�� (YHQ� LI� DOO� RXU�

QHXURSV\FKRORJLFDO�WHVWV�KDYH�D�VLJQLILFDQW�ZHLJKW�WR�SUHGLFW�YDULDEOHV��RQH�FRXOG�PHQWLRQ�WKH�

PRUH� LQIOXHQFH� ZHLJKW� RI� WKH� SURFHVVLQJ� VSHHG� LQGH[�� 7KLV� LV� WRWDOO\� LQ� OLQH� ZLWK� WKH�

GHYHORSPHQWDO�OLWHUDWXUH�DV�'URLW�9ROHW�DQG�=pODQWL��������IRXQG�WKDW�SURFHVVLQJ�VSHHG�ZDV�WKH�

EHVW�SUHGLFWRU�RI�WLPH�HVWLPDWLRQ�LQ�D�QRQ�LQWHUIHULQJ�WLPLQJ�FRQGLWLRQ��$V�VWDWHG�E\�9HUQRQ�

��������WKH�IDVWHU�WKH�LQIRUPDWLRQ�LV�SURFHVVHG��WKH�ORZHU�WKH�LQWHUIHUHQFH�HIIHFWV�DUH��,W�VHHPV�
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OLNHO\�WKDW�WKH�VSHHGLQJ�XS�RI�LQIRUPDWLRQ�SURFHVVLQJ�ZLWK�DJH�LQGLUHFWO\�UHIOHFWV�WKH�LQFUHDVLQJ�

G\QDPLF�HIILFLHQF\�RI�WKH�QHXUDO�FLUFXLWV�UHVSRQVLEOH�IRU�WLPLQJ�DV�WKH�EUDLQ�PDWXUHV��7KLV�ZRXOG�

DOVR�VXSSRUW�WKH�ROG�VWDWHPHQW�RI�6XUYLOOR��������������ZKRP�HVWDEOLVKHG�D�OLQN�EHWZHHQ�QHXUDO�

RVFLOODWLRQV�DQG�LQIRUPDWLRQ�SURFHVVLQJ�VSHHG��

1HYHUWKHOHVV��LW�LV�LPSRUWDQW�WR�KLJKOLJKW�WKDW�WKH�HVWDEOLVKPHQW�RI�WKHVH�LQIOXHQFHV�OD\�

RQ�D�PRGHO�WKDW�VLWV�RQ�HVWLPDWLRQ�PDGH�E\�FKLOGUHQ�DQG�DGXOWV�ZLWKLQ�D�QRQ�LQWHUIHULQJ�FRQWH[W��

,Q�RWKHU�ZRUGV��LW�LV�WKHVH�SUHFLVH�LQIOXHQFHV�WKDW�PDNH�LW�SRVVLEOH�WR�GHWHUPLQH�WKH�WHPSRUDO�

HVWLPDWLRQ� ELDV� DFFRUGLQJ� WR� WKH� GLIIHUHQW� LQWHU�VXEMHFW� HVWLPDWHV�� ZLWKLQ� D� QRQ�LQWHUIHULQJ�

FRQWH[W��:H�FDQ�WKXV�UXOH�RQ�WKH�IDFW�WKDW�LI�WKH�RXWSXW�YDULDEOH�ZDV�UHODWLYH�WR�D�PRUH�LQWHUIHULQJ�

FRQWH[W�� VXFK� DV� D� GXDO� WDVN� SDUDGLJP��ZH� FRXOG� KDYH� REVHUYHG� GLIIHUHQW� LQIOXHQFHV� RI� RXU�

QHXURSV\FKRORJLFDO�YDULDEOHV��6WXGLHV�RQ� WKLV�SDUDGLJP�KDYLQJ� VKRZQ�D� VWURQJ� LQIOXHQFH�RI�

DWWHQWLRQ�� LW� ZRXOG� EH� SRVVLEOH� WKDW� WKH� DWWHQWLRQDO� SDUDPHWHU� LQVHUWHG� LQ� WKH� FORFN� LV� PRUH�

PRGXODWHG��LQFUHDVLQJ�WKH�LQIOXHQFH�RI�WKH�VHOHFWLYH�DWWHQWLRQ�WR�GHILQH�LWV�VWDWH��

:H� EHOLHYH� WKDW� RXU� PRGHO�� JURXQGHG� LQ� FRJQLWLRQ� FRXOG� EH� HYHQ�PRUH� SUHGLFWLYH� RI� WLPH�

HVWLPDWLRQ�ZLWKLQ�LQWHUIHULQJ�VLWXDWLRQV��VLQFH�FRJQLWLYH�LQIOXHQFHV�KDYH�EHHQ�PRUH�SUHVHQW�LQ�

WKHVH�FRQGLWLRQV��0RUH�ZRUN�QHHGV�QRQHWKHOHVV�WR�EH�GRQH�WR�YDOLGDWH�WKLV�K\SRWKHVLV�

,Q� VXP�� WKH� &RJQLWLYH� 3ODVWLF� &ORFN� PRGHO�� JURXQGHG� LQ� FRJQLWLRQ�� VXFFHHGHG� WR�

H[SODLQ� D� VLJQLILFDQW� DPRXQW� RI� YDULDQFHV� �XS� WR� �����ZKHQ� FRQIURQWHG�ZLWK� ���� WHPSRUDO�

UHSURGXFWLRQ�GDWD�FROOHFWHG�LQ�FKLOGUHQ��IURP���WR����DQG�DGXOWV��IURP����WR����\HDUV���7KLV�UHVXOW�

LPSOLHV�WKDW�D�ODFN�RI�FRJQLWLYH�FDSDFLWLHV�GLUHFWO\�LQWHUIHUHV�WKH�RSHUDWLRQ�RI�WKH�LQWHUQDO�FORFN�

ZKLFK�IDLOV��RU�DW�OHDVW��WR�D�OHVVHU�H[WHQW��WR�SUHGLFW�WKH�VWDWH�RI�WKH�RVFLOODWRUV��,Q�RWKHU�ZRUGV��

LW�VXJJHVWV�WKDW�WKH�FRJQLWLYH�LQIOXHQFH�WDNHV�SODFH�³RQ�OLQH´��GXULQJ�WKH�LQWHJUDWLRQ�RI�SXOVHV��

7KXV�DQG�IRU�WKH�ILUVW�WLPH��RXU�LQWHUQDO�FORFN�PRGHO�FDQ�WDNH�LQWR�DFFRXQW�WKH�FRQWH[W�DQG�WKH�

SRVVLEOH� DGGLWLRQDO� WHPSRUDO� RU�QRQ�WHPSRUDO� WUHDWPHQWV� DV� LW� LV� GLUHFWO\� EDVHG�RQ� FRJQLWLYH�

FDSDFLWLHV��
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/¶REMHFWLI�GH�FH�WUDYDLO�GH�WKqVH�pWDLW�G¶pWXGLHU�OHV�DSWLWXGHV�G¶HVWLPDWLRQ�WHPSRUHOOHV�

FKH]�O¶HQIDQW�GDQV�GLIIpUHQWV�FRQWH[WHV�DWWHQWLRQQHOV��HQ�YXH�QRWDPPHQW�GH�PRGpOLVHU��SUpGLUH�

HW�VXUWRXW�H[SOLTXHU�OHV�PRLQGUHV�SHUIRUPDQFHV�WHPSRUHOOHV�GHV�MHXQHV�HQIDQWV��$�FHWWH�ILQ����

pWXGHV�RQW�pWp�UpDOLVpHV��UpSDUWLHV�GDQV���JUDQGV�D[HV�GH�UHFKHUFKH��/¶REMHFWLI�GH�O¶D[H���pWDLW�

G¶pWXGLHU�OHV�GLVWRUVLRQV�WHPSRUHOOHV�JpQpUpHV�SDU�OH�W\SH�GH�WkFKH�WHPSRUHOOH��HW�GH�OHV�PHWWUH�

HQ� OLHQ�DYHF� OHV�FDSDFLWpV�FRJQLWLYHV��QRWDPPHQW�DWWHQWLRQQHOOHV�GHV�HQIDQWV��(Q�HIIHW�� VHORQ�

PRQ�SRLQW�GH�YXH� O¶kJH�HQ�WDQW�TXH�WHO�Q¶HVW�SDV�OH�IDFWHXU�H[SOLTXDQW�OHV�GLIIpUHQFHV�GDQV�OHV�

FRQGXLWHV� G¶HVWLPDWLRQ� WHPSRUHOOH� GX� WHPSV� REVHUYDEOH� DX� FRXUV� GX� GpYHORSSHPHQW�� /HV�

GLIIpUHQFHV�G¶kJHV�UHIOqWHQW�QRWDPPHQW�GHV�GLIIpUHQFHV�GDQV�OHV�FDSDFLWpV�DWWHQWLRQQHOOHV�OLpHV�

j� OD�PDWXUDWLRQ�FpUpEUDOH� �&DVH\��*LHGG�	�7KRPDV���������&HW�D[H�GH�UHFKHUFKH�DYDLW�GRQF�

SRXU� REMHW� GH� GpFHOHU� SOXV� FODLUHPHQW� OHV� PpFDQLVPHV� HQ� MHX� GDQV� OHV� GLIIpUHQFHV�

LQWHULQGLYLGXHOOHV�GX�MXJHPHQW�GX�WHPSV��/¶REMHFWLI�GH�O¶D[H���pWDLW�TXDQW�j�OXL�G¶DQDO\VHU�OHV�

HIIHWV� G¶LQWHUIpUHQFHV� OLpV� DX� FRQWH[WH� VXU� OHV� SHUIRUPDQFHV� WHPSRUHOOHV� GHV� HQIDQWV� G¶kJH�

GLIIpUHQWV�HW�GHV�DGXOWHV��(QILQ��OH�WURLVLqPH�D[H�UpVLGDLW�GDQV�XQH�WHQWDWLYH�GH�PRGpOLVDWLRQ�GH�

QRV�GRQQpHV� DYHF�XQ�PRGqOH� UpVHDX�GH�QHXURQHV�� TXH� M¶DL� SRXU� O¶LQVWDQW� DSSHOp� © &RJQLWLYH�

3ODVWLF�&ORFN�0RGHO ª��&3&�PRGHO���HQ�)UDQoDLV��OH�PRGqOH�G¶KRUORJH�SODVWLTXH�HW�FRJQLWLI��

,�� 7HPSV�HW�QHXURSV\FKRORJLH�GpYHORSSHPHQWDOH

8QH� SUHPLqUH� pWXGH� SUpOLPLQDLUH� QRXV� D� DYDQW� WRXW� SHUPLV� GH� IL[HU� OHV� kJHV� j� SDUWLU�

GHVTXHOV�QRXV�Q¶REVHUYRQV�SOXV�GH�GLIIpUHQFH�GDQV�OHV�SHUIRUPDQFHV�GH�MXJHPHQW�GHV�GXUpHV��

$X�PR\HQ�GH�PRGpOLVDWLRQ�� FHWWH� pWXGH�QRXV� D� SHUPLV� GH� GpFHOHU� OHV� kJHV� © FOHIV ª� GDQV� OH�

GpYHORSSHPHQW�GH�MXJHPHQW�GX�WHPSV��/D�VHQVLELOLWp�DX�WHPSV��GDQV�OD�ELVVHFWLRQ�WHPSRUHOOH��

FHVVH�GH�V¶DPpOLRUHU�j���DQV�SRXU�OHV�GXUpHV�FRXUWHV�HW�j�HQYLURQ���DQV�SRXU�OHV�GXUpHV�ORQJXHV��

$XVVL�� j� SDUWLU� GH� FHWWH� pWXGH�� M¶DL� VpOHFWLRQQp� SRXU�PRQ� WUDYDLO� GH� WKqVH� XQH� WUDQFKH� G¶kJH

FRPSULVH� HQWUH��� HW� �� DQV��1pDQPRLQV�� QRWUH�SUHPLqUH� pWXGH� UpYqOH�TXH� OD� IL[DWLRQ�GX�SRLQW�

G¶pJDOLWp�VXEMHFWLYH��VRXV�MDFHQW�j�OD�UHSURGXFWLRQ�GX�WHPSV�HW�QRQ�j�OD�YDULDELOLWp�GX�MXJHPHQW�

WHPSRUHOOH��HVW�pWDEOLH�GH�IDoRQ�SOXV�SUpFRFH��(OOH�HVW�SRVVLEOH�GqV�O¶kJH�GH���DQV��GX�PRLQV SRXU�

OHV�GXUpHV�FRXUWHV��&H�UpVXOWDW�UHQG�FRPSWH�GHV�FDSDFLWpV�SUpFRFHV�GH�GLVFULPLQDWLRQ�GX�WHPSV�

GRQW�QRXV�DYRQV�SDUOp j�PDLQWHV�UHSULVHV��,O�UpYqOH�pJDOHPHQW�TXH�OD�WkFKH�GH�ELVVHFWLRQ�HVW�WUqV�

VLPSOH�j�UpDOLVHU�FKH]�OHV�MHXQHV�HQIDQWV��'¶DLOOHXUV��FRPPH�QRXV�O¶DYRQV�YX�HQ�LQWURGXFWLRQ��

DYHF�TXHOTXHV�DPpQDJHPHQWV��3URYDVL��5DWWDW�	�'URLW�9ROHW� ������� VRQW SDUYHQXV� j�XWLOLVHU�

FHWWH�PpWKRGH�DXSUqV�GH�EpEpV�GH�TXHOTXHV�PRLV��$XVVL��P¶LQWpUHVVDQW�DX�GpYHORSSHPHQW�GHV�
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FDSDFLWpV�GH�MXJHPHQW�GX�WHPSV�HQWUH���HW���DQV��M¶DL�GpFLGp�GH�FHQWUHU�PRQ�WUDYDLO�VXU�GHV�WkFKHV�

GH�UHSURGXFWLRQ�WHPSRUHOOH��3OXV�FRPSOH[HV��SRXU�OD�UpDOLVDWLRQ�GH�OD WkFKH�GH�UHSURGXFWLRQ��OHV�

VXMHWV SXLVHQW� GDYDQWDJH� GDQV OHXUV� UHVVRXUFHV� DWWHQWLRQQHOOHV�� &HFL� HVW GRQF VXVFHSWLEOH�

G¶DFFHQWXHU�OHV�HIIHWV�GpYHORSSHPHQWDX[�DWWHQWLRQQHOV VXU�OH�MXJHPHQW�GX�WHPSV��7RXWHIRLV��FHOD�

D�SRVp�G¶DXWUHV�SUREOqPHV��(Q�O¶RFFXUUHQFH��GDQV�QRV�pWXGHV��OHV�MHXQHV�HQIDQWV�RQW�HX�WHQGDQFH�

j�WRXMRXUV�SURGXLUH�GHV�GXUpHV�ORQJXHV�SRXU�OHV�GXUpHV�FLEOHV�XWLOLVpHV�GH���HW�� VHFRQGHV��,OV�

RQW� GRQF� VXUHVWLPp� OHV� GXUpHV� FRXUWHV�� 'H� OD� PrPH� IDoRQ�� LOV� RQW� WRXMRXUV� HX� WHQGDQFH� j�

UHSURGXLUH� GHV� GXUpHV� WURS FRXUWHV SRXU� OHV� GXUpHV� ORQJXHV� GH� �� j� �� VHFRQGHV�� ,OV� RQW� GRQF�

WRXMRXUV� VRXV�HVWLPp OHV� GXUpHV� ORQJXHV�� &HWWH� VXUHVWLPDWLRQ� GHV� GXUpHV� FRXUWHV� HW� VRXV�

HVWLPDWLRQ� GHV� GXUpHV� ORQJXHV� HVW� FODVVLTXH� �HIIHW� 9LHURUGW��� &HSHQGDQW�� HOOHV� RQW� pWp� WUqV�

PDUTXpHV�FKH]�OH�MHXQH�HQIDQW��2U��GH�WHOV ELDLV� WHPSRUHOV�SHXYHQW�rWUH�OLpV�j�GHV�SUREOqPHV�

PRWHXUV� RX� G¶LQKLELWLRQ�PRWULFH� TXH� QRXV� Q¶DYRQV� SDV� SULV� HQ� FRPSWH��$� O¶DYHQLU�� LO� VHUDLW�

LQWpUHVVDQW�GH�YpULILHU�FHUWDLQV�GH�QRV�UpVXOWDWV�DYHF�G¶DXWUHV�WkFKHV�TXH�FHOOH�GH�OD�UHSURGXFWLRQ�

WHPSRUHOOH��1pDQPRLQV��QRXV�Q¶DYRQV�SDV�XWLOLVp�TXH�OD�WkFKH�GH�UHSURGXFWLRQ�WHPSRUHOOH�� OD

WkFKH�GH�ELVVHFWLRQ�D\DQW�pJDOHPHQW�pWp�HPSOR\pH GDQV�OHV�pWXGHV ��HW���VXU�OHV�HIIHWV�HQJHQGUpV�

SDU� OHV�GLVWUDFWHXUV� WHPSRUHOV�DLQVL�TXH�VXU� OD�PRGDOLWp� VHQVRULHOOH��0DOJUp�FHOD�� OD� WkFKH�GH�

UHSURGXFWLRQ�QRXV�D�SHUPLV�GH�UpFROWHU�GHV�UpVXOWDWV�FRQFOXDQWV�

,�± ���/H�U{OH�SUpSRQGpUDQW�GH�O¶DWWHQWLRQ

/¶REMHFWLI�GHV�pWXGHV���������HW���pWDLW�G¶pWXGLHU�OHV�HIIHWV�G¶LQWHUIpUHQFH�FDXVpV�SDU�OH�

WUDLWHPHQW�G¶XQH� VHFRQGH� WkFKH�QRQ�WHPSRUHOOH�RX� WHPSRUHOOH� VXU� OH� MXJHPHQW�GX� WHPSV��/D�

VLWXDWLRQ�GH�GRXEOH�WkFKH�QRQ�WHPSRUHOOH�HW�WHPSRUHOOH�D�GpMj�pWp�DQDO\VpH�FKH]�O¶DGXOWH��&KH]�

O¶DGXOWH�� OD GRXEOH�WkFKH�FDXVH�XQH�VRXV�HVWLPDWLRQ� WHPSRUHOOH�FRPSDUpH�j�XQH VLPSOH� WkFKH�

WHPSRUHOOH� �SRXU� XQH�PpWD�DQDO\VH� YRLU� %ORFN�� +DQFRFN� 	� =DND\�� ������� /HV� UpVXOWDWV� GH�

O¶pWXGH���HW���RQW�GRQF�UpSOLTXp�FKH]�O¶HQIDQW�OHV�UpVXOWDWV�GHV�pWXGHV�FKH]�O¶DGXOWH�VXU�OD�GRXEOH�

WkFKH�� PHWWDQW� HQ� pYLGHQFH� XQH� FRQWUDFWLRQ� GX� WHPSV� TXDQG� O¶DWWHQWLRQ� HVW� GpWRXUQpH� GX�

WUDLWHPHQW� GH� OD� GXUpH�� &HSHQGDQW� OHV� UpVXOWDWV� GH� QRV� pWXGHV� RQW� PRQWUp� TXH� FHWWH� VRXV�

HVWLPDWLRQ�GX�WHPSV�V¶HVW�DYpUpH�SOXV�LPSRUWDQWH�FKH]�OHV�MHXQHV�HQIDQWV��/¶XWLOLVDWLRQ�GH�WHVWV�

QHXURSV\FKRORJLTXHV� QRXV� D� SHUPLV� GH� PRQWUHU� TXH� FHV� HIIHWV� G¶kJH� VRQW� HQ� IDLW� OLpV� DX[�

FDSDFLWpV DWWHQWLRQQHOOHV PRLQGUHV GHV�MHXQHV�HQIDQWV��QRWDPPHQW G¶DWWHQWLRQ�VpOHFWLYH�HW��GDQV�

XQH�PRLQGUH�PHVXUH��G¶DWWHQWLRQ�GLYLVpH��&HV�SUHPLHUV�UpVXOWDWV�QRXV�SHUPHWWHQW�G¶HQYLVDJHU�

GDQV� OH V\VWqPH� GH WUDLWHPHQW� GH� O¶LQIRUPDWLRQ� WHPSRUHOOH� OD� ORFDOLVDWLRQ� GX� SURFHVVXV� j�

O¶RULJLQH�GH�FHWWH�VRXV�HVWLPDWLRQ��(Q�HIIHW��O¶DEVHQFH�GH�FRUUpODWLRQ�DYHF�OD�PpPRLUH�VXJJqUH�
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TXH�OD�SHUWH�G¶XQLWpV�WHPSRUHOOHV�Q¶DXUDLW�SDV�OLHX�ORUV�GX�PDLQWLHQ�HQ�PpPRLUH GHV�LQIRUPDWLRQV�

WHPSRUHOOHV��GHV�LPSXOVLRQV���/D�SHUWH�G¶LPSXOVLRQ�DXUDLW�GRQF�OLHX�© RQ�OLQH ª��DX�QLYHDX�GH�

O¶LQFUpPHQWDWLRQ� GHV� LPSXOVLRQV� GDQV� O¶DFFXPXODWHXU�� FRPPH� SURSRVp� GDQV� OHV� WKpRULHV�

G¶KRUORJHV�LQWHUQHV��HW�QRQ�DX�QLYHDX�GH�OD�PpPRLUH��FRPPH�FHUWDLQV�OH�VXJJqUHQW��SRXU�XQH

GLVFXVVLRQ��YRLU ,YU\�	�6FKOHUI������ � 7DDWJHQ��9DQ�5LMQ�	�$QGHUVRQ��������

&HV�SUHPLHUV�UpVXOWDWV�VHPEOHQW�DLQVL�YDOLGHU� OHV�PRGqOHV�DWWHQWLRQQHOV� �7KRPDV�	�

:HDYHU�� ���� �� =DND\�� ������ VHORQ� OHVTXHOV� OD� FRQFXUUHQFH� SRXU� XQ� V\VWqPH� FRPPXQ� GHV�

UHVVRXUFHV� SURGXLW� XQ� HIIHW� GH� UDFFRXUFLVVHPHQW� GX� WHPSV� VXEMHFWLI� TXL� DXJPHQWH� DYHF� OD�

GLIILFXOWp�GH�OD�WkFKH�FRQFXUUHQWH��+DQFRFN������ ��+DQOH\�	�0RUULV���������(Q�HIIHW��FRPPH�

OH�VXJJqUHQW OHV�WUDYDX[�HQ�SV\FKRORJLH�FRJQLWLYH��SOXV�OHV�LQWHUIpUHQFHV�VRQW�pOHYpHV��SOXV�OHV�

UHVVRXUFHV�VRQW�SDUWDJpHV�HQWUH�OHV�WkFKHV��1DYRQ�HW�*RSKHU������ ��1LMERHU��%RUVW��YDQ�5LMQ�HW�

7DDWJHQ������ ��:LFNHQV���������&HOD�UHYLHQW�j FRQFHYRLU�O¶DWWHQWLRQ�FRPPH�XQH�VRUWH�GH�ILOWUH��

IRQFWLRQQDQW� VXLYDQW� OH�PRGqOH�GH�%URDGEHQW� ��������������'DQV OH�PRGqOH�GH�PpPRLUH�GH�

WUDYDLO�GH�%DGGHOH\�HW�+LWFK��������H[SRVp�HQ�LQWURGXFWLRQ� LO�Q¶HVW�SDV�HQYLVDJp�GH�ILOWUH��PDLV�

GH�IDoRQ�DVVH]�SURFKH�� WRXWHV� OHV� LQIRUPDWLRQV� WUDQVLWHQW�YLD�XQ�PpFDQLVPH�G¶DGPLQLVWUDWHXU�

FHQWUDO�GRWp�G
XQH�FDSDFLWp�OLPLWpH��TXL�FRQWU{OH�HW�DOORXH�GHV�UHVVRXUFHV�DWWHQWLRQQHOOHV�SRXU�OD�

ERQQH�UpDOLVDWLRQ�GHV�WkFKHV�HIIHFWXpHV�HQ�SDUDOOqOH��&HWWH�LGpH�GH�ILOWUH�HW�V\VWqPH�j�FDSDFLWp�

OLPLWpH�HVW�GRQF�YDOLGpH SDU�OHV�UpVXOWDWV�GH QRV�pWXGHV��GDQV�OD PHVXUH�R��OD�GRXEOH�WkFKH�JpQqUH�

V\VWpPDWLTXHPHQW�XQH�LQWHUIpUHQFH�ELGLUHFWLRQQHOOH��'DQV�QRV�pWXGHV��OH�WUDLWHPHQW�GH�OD�WkFKH�

WHPSRUHOOH�LQWHUIqUH�VXU�OHV�SHUIRUPDQFHV�GH�OD�WkFKH�QRQ�WHPSRUHOOH�HW�OH�WUDLWHPHQW�GH�OD�WkFKH�

QRQ�WHPSRUHOOH� VXU� FHOXL� GH� OD� WkFKH� WHPSRUHOOH� $LQVL�� LO� VHUDLW� HQYLVDJHDEOH� TX¶XQ� PrPH�

V\VWqPH� �DGPLQLVWUDWHXU� DOORXH� OHV� UHVVRXUFHV� SRXU� OH� WUDLWHPHQW� GH� SOXVLHXUV� W\SHV�

G
LQIRUPDWLRQV��/HV�PRGqOHV�DFWXHOV�G
KRUORJH�LQWHUQH�GpGLpV�DX�WUDLWHPHQW�GX�WHPSV��*LERQ�HW�

DO�� ������ Q
LQFOXHQW� SDV� XQ� WHO PpFDQLVPH� GH� WUDLWHPHQW� DOORXp� j� XQ� WUDLWHPHQW� DXWUH� TXH�

WHPSRUHO��,O�V¶DJLW�GH�PRGqOH�XQLTXHPHQW�WHPSRUHO��FRPPH�VL�OD�GXUpH�pWDLW�© GpVLQFDUQpH ª�GH�

VD�VXEVWDQFH ��O¶LQIRUPDWLRQ�QRQ�WHPSRUHOOH��2U��XQH�GXUpH�HVW�WRXMRXUV�DVVRFLpH�j�XQ�VWLPXOXV�

DYHF�GHV�SURSULpWpV�VSpFLILTXHV��YLVXHOOHV��DXGLWLYHV«���/H�WHPSV�Q¶H[LVWH�SDV�VHXO��0rPH�ORUV�

G¶XQ� LQWHUYDOOH�GH� WHPSV�YLGH��RQ�YRLW�TXHOTXH�FKRVH��RQ�SHQVH� j�TXHOTXH�FKRVH��RQ� UHVVHQW�

TXHOTXH�FKRVH��/¶LQIRUPDWLRQ�QRQ�WHPSRUHOOH�HVW�RPQLSUpVHQWH��

/HV�pWXGHV���HW�� PRQWUHQW�WRXWHIRLV�TXH�OHV�SURFHVVXV�G¶LQWHUIpUHQFHV�GLIIqUHQW�VHORQ�

OD�QDWXUH�GH�O¶LQWHUIpUHQFH�XWLOLVpH��UpYpODQW�XQH�PXOWLSOLFLWp�GH�WUDMHFWRLUHV�GpYHORSSHPHQWDOHV�

GHV� FRQGXLWHV� WHPSRUHOOHV� VHORQ� OHV�PpWKRGRORJLHV� HPSOR\pHV�� 'DQV� O¶pWXGH� �� QRXV� DYRQV�

FKHUFKp�j�FRPSDUHU�OHV�HIIHWV�VXU�OD�SHUIRUPDQFH�WHPSRUHOOH�FDXVpV SDU�XQH�WkFKH�FRQFXUUHQWH�
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QRQ�WHPSRUHOOH�j�FHX[�FDXVpV�SDU�XQH�WkFKH�FRQFXUUHQWH�WHPSRUHOOH��/HV�UpVXOWDWV�GH�FHWWH�pWXGH�

PRQWUHQW�XQ�UpVXOWDW�FRQWUH�LQWXLWLI�R��O¶HIIHW�REWHQX�HQ�GRXEOH�WkFKH�HVW�GpSHQGDQW�GH�OD�WkFKH�

FRQFXUUHQWH��(Q�O¶RFFXUUHQFH��FH�UpVXOWDW�SHXW�VXJJpUHU�TXH�OH�WHPSV�HVW�SHX�FR�WHX[�j�WUDLWHU��

PrPH VL�FHOD�QH�FRUUHVSRQG�SDV�DX[�pWXGHV�UpDOLVpHV�SDU�5DWWDW��5DWWDW������ ��'URLW�9ROHW�	�

5DWWDW���������(Q�HIIHW��VL�OH�WUDLWHPHQW�WHPSRUHO�HVW�SHX�FR�WHX[��LO�UHVWH�GDYDQWDJH�GH�UHVVRXUFHV�

GLVSRQLEOHV�SRXU�TXH�OH�PpFDQLVPH�DWWHQWLRQQHO��FRQoX�FRPPH�XQ�LQWHUUXSWHXU��XQ�SRUWDLO��RX�

OHV�GHX[��VRLW� HQ�PRGH�© RQ ª�� ODLVVDQW�DLQVL�SDVVHU�GDYDQWDJH�G¶LPSXOVLRQV��&HFL� UpVXOWHUDLW�

GRQF�HQ�GHV�HVWLPDWLRQV�PRLQV�VRXV�HVWLPpHV� ORUVTXH�GHX[� WkFKHV� WHPSRUHOOHV�VRQW� UpDOLVpHV�

VLPXOWDQpPHQW� TXH� ORUVTX¶XQH� VHXOH� WkFKH� WHPSRUHOOH� HVW� UpDOLVpH� DYHF� XQH� WkFKH� QRQ�

WHPSRUHOOH��SOXV�FR�WHXVH�HQ�DWWHQWLRQ��

1pDQPRLQV��LO�HVW�GLIILFLOH�GH�YDOLGHU�FHWWH�K\SRWKqVH�DX�UHJDUG�GHV�GLIILFXOWpV�TXH�OHV�

VXMHWV� UHQFRQWUHQW�SRXU� UpDOLVHU� OD�GRXEOH WkFKH�FRQFXUUHQWH� WHPSRUHOOH��(Q�HIIHW�� OHV� HUUHXUV�

FRPPLVHV� VXU� OD� WkFKH� GH� GLVFULPLQDWLRQ� GDQV� O¶pWXGH� �� VRQW� SOXV� LPSRUWDQWHV� HQ� FRQGLWLRQ�

WHPSRUHOOH�TXH�QRQ�WHPSRUHOOH��2U��F¶HVW�OD�GRXEOH�WkFKH�WHPSRUHOOH��WkFKH�GH�UHSURGXFWLRQ���

WkFKH�GH�GLVFULPLQDWLRQ�WHPSRUHOOH��TXL��ELHQ�TXH�SOXV�FRPSOH[H��JpQqUH�XQH�LQWHUIpUHQFH�PRLQV�

PDUTXpH�VXU� OD� UHSURGXFWLRQ� WHPSRUHOOH��'H�SOXV�� O¶XWLOLVDWLRQ�GHV�WHVWV�QHXURSV\FKRORJLTXHV�

GDQV�FHWWH�pWXGH�QRXV�D�SHUPLV�GH�YpULILHU�OH�U{OH�GH�O¶DWWHQWLRQ�GDQV�OH�FDV�G¶XQH�GRXEOH�WkFKH�

QRQ�WHPSRUHOOH�� DORUV� TXH� GDQV� OD� GRXEOH�WkFKH� WHPSRUHOOH�� OD� GLVWRUVLRQ� WHPSRUHOOH� �VRXV�

HVWLPDWLRQ��QH�FRUUqOH�DYHF�DXFXQH�GLPHQVLRQ�FRJQLWLYH��QL�DWWHQWLRQQHOOH��QL�PQpVLTXH�

6L�O¶RQ�VXLW�OHV�PRGqOHV�G¶KRUORJH�LQWHUQH�HW�TXH�O¶RQ�VXSSRVH�OD�FRH[LVWHQFH�GH�GHX[

PpFDQLVPHV�DWWHQWLRQQHOV��j�VDYRLU� O¶LQWHUUXSWHXU�HW� OH SRUWDLO�DWWHQWLRQQHO��DORUV�FHV�UpVXOWDWV�

SHXYHQW�rWUH�FODLUHPHQW�H[SOLTXpV� PrPH�VL�OH�WUDLWHPHQW�WHPSRUHO�HVW�FR�WHX[��,O�VHUDLW�DLQVL�

SRVVLEOH�TXH�OH�IRQFWLRQQHPHQW�GH�O¶LQWHUUXSWHXU�DWWHQWLRQQHO�VRLW�IRQFWLRQ�GH�OD�QDWXUH�GH�OD�

WkFKH�HW�TXH�FHOXL�FL�VH�IHUPH�GqV�ORUV�TXH�OD�WkFKH�HVW�WHPSRUHOOH� HW�TX¶LO�V¶RXYUH�ORUVTXH�OD�

WkFKH� Q¶HVW� SDV� WHPSRUHOOH��$LQVL�� EDVFXOHU� G¶XQH� WkFKH� j� O¶DXWUH� VXSSRVHUDLW� TX¶LO� \� DLW� GHV�

DOWpUDWLRQV�GDQV�O¶pWDW�GH�O¶LQWHUUXSWHXU�ORUVTXH�GH�O¶LQIRUPDWLRQ�QRQ�WHPSRUHOOH�GRLW�rWUH�WUDLWpH�

VLPXOWDQpPHQW� j� OD� WkFKH� WHPSRUHOOH�� DORUV� TXH� OH� WUDLWHPHQW� GH� GHX[� WkFKHV� WHPSRUHOOHV� QH�

FKDQJHUDLW�SDV�O¶pWDW�GH�O¶LQWHUUXSWHXU��'H�FH�IDLW��PRLQV�G¶XQLWpV�WHPSRUHOOHV�SRXUUDLHQW�WUDQVLWHU�

GDQV� O¶DFFXPXODWHXU� ORUV� GH� OD� SUpVHQFH� G¶XQH� LQIRUPDWLRQ� QRQ�WHPSRUHOOH� DORUV� TXH� OHV�

LPSXOVLRQV�QH�V¶DUUrWHUDLHQW�SDV�GH�WUDQVLWHU�MXVTX¶j�O¶DFFXPXODWHXU�GDQV�OH�FDV�G¶XQH�GRXEOH�

WkFKH� WHPSRUHOOH�� /H� VHFRQG�PpFDQLVPH�GH� SRUWDLO� DWWHQWLRQQHO� VHUDLW� HQVXLWH� IRQFWLRQ� GH� OD�

TXDQWLWp�GH�UHVVRXUFHV�DWWHQWLRQQHOOHV�FRQVDFUpHV�DX�VWLPXOXV�WHPSRUHO��HW�FHFL�WRXW�DX�ORQJ�GX�

WUDLWHPHQW��$LQVL��OD�GRXEOH�WkFKH�QRQ�WHPSRUHOOH�MRXHUDLW�VXU�O¶DFWLYDWLRQ�GH�GHX[�PpFDQLVPHV�
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�LQWHUUXSWHXU� HW� SRUWDLO� DWWHQWLRQQHO��� DORUV� TXH� OD� UpDOLVDWLRQ� GH� GHX[�WkFKHV� WHPSRUHOOHV� QH�

MRXHUDLW�TXH�VXU�OH�GHJUp�G¶RXYHUWXUH�GX�SRUWDLO�DWWHQWLRQQHO��&HSHQGDQW��FHV�PpFDQLVPHV�Q¶RQW�

MDPDLV� pWp� SURSRVpV� GDQV� FHW� RUGUH�� 2U�� FHWWH� FRQMRQFWLRQ� SHUPHWWUDLW� ELHQ� G¶H[SOLTXHU� QRV�

UpVXOWDWV�WRXW�HQ�SUpVHQWDQW�O¶LGpH�G¶KRUORJH�LQWHUQH��WHOOH�TX¶HOOH�HVW�GpFULWH�GDQV�OHV�PRGqOHV�

G¶KRUORJH�LQWHUQH�IRQFWLRQQHOV�

&HWWH�K\SRWKqVH�V¶DYqUH�HQ�DGpTXDWLRQ�DYHF�OHV�UpVXOWDWV�SUpOLPLQDLUHV�GH�O¶pWXGH���

ELHQ�TXH�FHWWH�pWXGH�UHTXLqUH�SOXV�GH SDUWLFLSDQWV��(Q�HIIHW��OD�SUpVHQWDWLRQ�G¶XQ�GLVWUDFWHXU�QH�

GHYDQW�SDV� VSpFLILTXHPHQW�rWUH� WUDLWp�JpQqUH�XQH�PrPH�VRXV�HVWLPDWLRQ�� LQYDULDEOH�� VHORQ� OD�

GXUpH�GX�VWLPXOXV��'H�SOXV��FHWWH�VRXV�HVWLPDWLRQ�WHQG�j�rWUH�H[SOLTXpH�SDU�O¶LQKLELWLRQ��$LQVL��

OHV� VXMHWV� D\DQW� XQH� PRLQGUH� DSWLWXGH� G¶LQKLELWLRQ� RQW� XQH� PRLQGUH� IDFXOWp� GH� FRQWU{OH�

DWWHQWLRQQHO��&HFL�IDLW�TXH�O¶DWWHQWLRQ�SHXW�SOXV�IDFLOHPHQW�rWUH�GLYHUWLH�GX�SDVVDJH�GX�WHPSV�HW�

WUDLWHU� O¶LQIRUPDWLRQ� QRQ�WHPSRUHOOH� QRQ� SHUWLQHQWH�� (Q� FRQVpTXHQFH�� OH� WUDLWHPHQW� GH�

O¶LQIRUPDWLRQ� QRQ�WHPSRUHOOH� RXYUH� GH� PDQLqUH� VXEUHSWLFH� O¶LQWHUUXSWHXU�� TXL� Q¶HVW� SOXV� HQ�

PHVXUH�G¶LQFUpPHQWHU�OHV�XQLWpV�WHPSRUHOOHV��&HFL�H[SOLTXHUDLW�HQWUH�DXWUHV SRXUTXRL�O¶HIIHW�HVW�

VLPLODLUH�SRXU�OHV�GXUpHV�FRXUWHV�HW�ORQJXHV���

1pDQPRLQV��GqV�ORUV�TXH�O¶RQ�HVVDLH�GH�PD[LPLVHU�O¶LQWHUIpUHQFH�WHPSRUHOOH�HQ�LQFLWDQW�

OH�VXMHW�j�WUDLWHU�GH�PXOWLSOHV�LQIRUPDWLRQV�WHPSRUHOOHV�GH�PrPH�QDWXUH��pWXGH�����LO�VHPEOH�TXH�

QRXV� QH� IDVVLRQV� SOXV� IDFH� DX[�PrPHV�PpFDQLVPHV�� GX�PRLQV� DX�PrPH� IRQFWLRQQHPHQW� GH�

O¶LQWHUUXSWHXU� �YRLU� )LJXUH� ����� &HWWH� pWXGH� VXU� OH� PXOWL�WLPLQJ� UHSRUWH� WURLV� UpVXOWDWV�

IRQGDPHQWDX[� TXL� UpYqOHQW O¶H[LVWHQFH� G¶XQ� V\VWqPH� G¶KRUORJH� DYHF� XQ� SDFHPDNHU�PDLV� GH�

PXOWLSOHV� DFFXPXODWHXUV�� 3UHPLHU� UpVXOWDW�� LO� \� D� XQH� DXJPHQWDWLRQ� GH� O¶HUUHXU� GX� MXJHPHQW�

WHPSRUHO HQ�IRQFWLRQ�GX�QRPEUH�GH�VWLPXOL�WHPSRUHOV�j�WUDLWHU�VLPXOWDQpPHQW��1pDQPRLQV��FHWWH�

HUUHXU�QH�YD�SDV�GDQV�OH�VHQV�G¶XQH�VRXV�HVWLPDWLRQ�FRPPH�SUpDODEOHPHQW�GpFULW��PDLV�GDQV�OH�

VHQV� G¶XQH� VXUHVWLPDWLRQ� GX� WHPSV�� GX� PRLQV� G¶XQ� DOORQJHPHQW� WHPSRUHO�� 'H� SOXV�� FHWWH�

VXUHVWLPDWLRQ�DYHF�OH�WUDLWHPHQW�VLPXOWDQp�GHV�GXUpHV�HVW�IRQFWLRQ�GH�O¶DWWHQWLRQ��DORUV�TXH�OHV�

DXWUHV�GLPHQVLRQV�FRJQLWLYHV��PpPRLUH�j�FRXUW�WHUPH��PpPRLUH�GH�WUDYDLO��LQGLFH�GH�YLWHVVH�GH�

WUDLWHPHQW��Q¶RQW�DXFXQH�LQIOXHQFH��'HX[LqPH�UpVXOWDW� OH� WHPSV�HVW� MXJp�SOXV�FRXUW�TXDQG�OD�

GXUpH�FLEOH�HVW�SUpVHQWpH�HQ�SUHPLHU��1pDQPRLQV��FH�UpVXOWDW�QH�VXUYLHQW SDV�FKH]�O¶HQIDQW��DORUV�

PrPH�TXH� OH�VXMHW�Q¶D�SDV�FRQQDLVVDQFH�TX¶LO�YD�GHYRLU� WUDLWHU�XQH�VHFRQGH�GXUpH��(QILQ�� OH�

WURLVLqPH� UpVXOWDW� SKDUH� GH� FHWWH� H[SpULHQFH� HVW� TXH� O¶DXJPHQWDWLRQ� GX� FKHYDXFKHPHQW� GHV�

GXUpHV�UpGXLW�OD�GXUpH�HVWLPpH��$�SDUWLU�GX�PRGqOH�SURSRVp�SDU�YDQ�5LMQ�HW�7DDJWHQ���������QRXV�

DYRQV�FUpp�XQ�PRGqOH�H[SOLTXDQW�FHV�UpVXOWDWV��&HOXL�FL�HVW�SUpVHQWp�)LJXUH���'��&H�PRGqOH�

UHSUHQG�O¶LGpH�GH�O¶LQWHUUXSWHXU�DSSHOp�© PpFDQLVPH�DWWHQWLRQQHO ª��0DLV�j�FH�PpFDQLVPH� RQ�D�
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DMRXWp XQ� PpFDQLVPH� G¶DFFpOpUDWHXU� WHPSRUHO� �WLPH� DFFHOHUDWRU��� &HV� GHX[� PpFDQLVPHV�

�DWWHQWLRQQHO� HW� WLPH� DFFHOHUDWRU�� HQJHQGUHQW� WRXV� OHV GHX[�GHV� HVWLPDWLRQV� WHPSRUHOOHV SOXV�

ORQJXHV��/¶DFFpOpUDWHXU�WHPSRUHO�DFFpOqUH�OH�U\WKPH�GX�SDFHPDNHU�IDFH�j�GH�PXOWLSOHV�GXUpHV�j�

WUDLWHU�� $XWUHPHQW� GLW�� LO� DXJPHQWH� VRQ� HIILFLHQFH� WHPSRUHOOH�� VDFKDQW� TXH� WUDLWHU� SOXVLHXUV�

GXUpHV� j� OD� IRLV�GHPDQGH�SOXV�G¶LPSXOVLRQV��4XDQW� DX PpFDQLVPH�G¶DWWHQWLRQ� WHPSRUHOOH�� LO

VHUDLW� VRXUFH� G¶HUUHXUV� GH� VZLWFKLQJ�� ,O� IHUDLW� WUDQVLWHU� GHV� LPSXOVLRQV� GDQV� OH� PDXYDLV�

DFFXPXODWHXU��7RXWHIRLV�� ORUVTXH� OHV�GXUpHV� VRQW�SUpVHQWpHV� VLPXOWDQpPHQW�� LO� HVW� pJDOHPHQW�

QRUPDO�TXH�OH�SDUWDJH�GHV�LPSXOVLRQV�JpQqUH�XQ�UDFFRXUFLVVHPHQW�GHV�HVWLPDWLRQV�GH�WHPSV��TXL�

DXJPHQWH�DYHF�OH�FKHYDXFKHPHQW�GHV�GXUpHV�VLPXOWDQpHV��/D�VXUHVWLPDWLRQ�WHPSRUHOOH FDXVpH�

VRLW�SDU�O¶DFFpOpUDWLRQ �SRXU�O
DFFXPXODWHXU�FRXSOp�j�OD�VHFRQGH�GXUpH���VRLW�SDU�OD�IXLWH�GH�FHV�

LPSXOVLRQV��SRXU�O
DFFXPXODWHXU�FRXSOp�j�OD�SUHPLqUH�GXUpH��HVW�HQ�HIIHW�UpGXLWH�ORUVTXH�OHV�GHX[�

GXUpHV�GRLYHQW�rWUH�WUDLWpHV�VLPXOWDQpPHQW�SXLVTXH�OHV�GHX[�DFFXPXODWHXUV�RQW�WRXV�GHX[�EHVRLQ

G¶LPSXOVLRQV�� &H� PRGqOH�� DMRXWDQW� XQ� © WLPH� DFFHOHUDWRU ª� HW� SOXVLHXUV� DFFXPXODWHXUV� DX�

V\VWqPH�GH�VZLWFK�DWWHQWLRQQHO��SHUPHW�G
H[SOLTXHU�OD�YDULDWLRQ�GH�OD�SHUIRUPDQFH�WHPSRUHOOH�HQ�

IRQFWLRQ� GX� FRQWH[WH� WHPSRUHO� RX� QRQ�WHPSRUHO�� DYHF� XQ� VHXO� V\VWqPH� G
KRUORJH� LQWHUQH�

�SDFHPDNHU��TXL�VHUW�GLIIpUHQWV�DFFXPXODWHXUV�SDU�XQ�PpFDQLVPH�DWWHQWLRQQHO�XQLTXH��&HFL�HVW�

GRQF�FRKpUHQW�DYHF� OH�PRGqOH�GH�YDQ�5LMQ�HW� WDDJWHQ���������PrPH�VL�QRXV� O¶DYRQV�PRGLILp�

SDUWLHOOHPHQW�

(Q� VRPPH�� WRXWHV� OHV� pWXGHV� GH� FHW� D[H� SRLQWHQW� XQ� HIIHW� GH� O¶DWWHQWLRQ� VXU�

O¶DXJPHQWDWLRQ�GHV�HIIHWV�G¶LQWHUIpUHQFH�WHPSRUHOOH��$LQVL��OHV�SOXV�MHXQHV�HQIDQWV�DYHF�PRLQV�

GH� UHVVRXUFHV� DWWHQWLRQQHOOHV� JpQqUHQW� GDYDQWDJH� GH� GLVWRUVLRQV� WHPSRUHOOHV� �FRQWUDFWLRQ� RX�

GLODWDWLRQ�VHORQ�OHV�FRQWH[WHV���&HV�UpVXOWDWV�VRQW�FRKpUHQWV�DYHF�OHV�WKpRULHV�GX�GpYHORSSHPHQW�

GH�O¶DWWHQWLRQ VHORQ�OHVTXHOOHV�OD�TXDQWLWp�WRWDOH�GH�UHVVRXUFHV�PHQWDOHV�GLVSRQLEOHV�SRXU�WUDLWHU�

XQH�WkFKH�GRQQpH�DXJPHQWH�DYHF�O¶kJH�GH�O
HQIDQW��*DWKHUFROH������������ ��7RZVH��+LWFK�	�

+RUWRQ���������&HOD�HVW�QRWDPPHQW�DWWULEXDEOH�j�OD�PDWXUDWLRQ�FpUpEUDOH�GX�FRUWH[�SUpIURQWDO��

DLQVL�TX
j�O
DPpOLRUDWLRQ�GHV�FRQQDLVVDQFHV�GpFODUDWLYHV�HW�SURFpGXUDOHV��&DVH������ ��&RZDQ��

������HW�GH�VHV�OLHQV�DYHF�OHV�DXWUHV�VWUXFWXUHV�FpUpEUDOHV�LPSOLTXpHV�GDQV�OH�WUDLWHPHQW�GX�WHPSV�

�60$��FRUWH[�SDULpWDO��VWULDWXP���$X�QLYHDX�GH�O¶KRUORJH�LQWHUQH��XQH�PRLQGUH�DWWHQWLRQ�VXSSRVH

XQH� VWDWLFLWp� SOXV� LPSRUWDQWH� GHV� PpFDQLVPHV�� (Q� HIIHW�� HQ� VLWXDWLRQ� GH� GRXEOH�WkFKH� QRQ�

WHPSRUHOOH��VL�O¶RQ�V¶LQWpUHVVH�DX�SRUWDLO�DWWHQWLRQQHO��FHOXL�FL�SHXW�SOXV�DPSOHPHQW�V¶RXYULU�DYHF�

O¶kJH� HW�O¶DFFURLVVHPHQW�GH�O¶DWWHQWLRQ�GLVSRQLEOH�ODLVVDQW�G¶DYDQWDJH�G¶LPSXOVLRQV�SDVVHU��$X�

QLYHDX� GH� O¶LQWHUUXSWHXU� DWWHQWLRQQHO�� F¶HVW� DXVVL� OD� VWDWLFLWp� GHV� PpFDQLVPHV� TXL� SRXUUDLW�

H[SOLTXHU�XQ�DOORQJHPHQW�GX�WHPSV�SHUoX�HQ�VLWXDWLRQ�GH�©�PXOWL�WLPLQJ ª��



WĂŐĞ�ͮ�Ϯϱϵ

'H�UpFHQWHV�GRQQpHV�HQ� LPDJHULH�FpUpEUDOH�RQW�PRQWUp�TXH� OD�SHUIRUPDQFH�VXU�XQH�

WkFKH�GH�© IODQNHU ª�V
DPpOLRUH HQWUH���HW���DQV� ORUVTXH� OD� WDLOOH�GX�FLQJXODLUH�DQWpULHXU�GURLW�

DXJPHQWH �)MHOO�HW�DO����������XQH�UpJLRQ�GX�FHUYHDX�LPSOLTXpH�GDQV�OHV�IRQFWLRQV�H[pFXWLYHV�

�3RVQHU��5RWKEDUW������ � 6KHHVH�HW�9RHONHU������ ��5RWKEDUW�HW�3RVQHU������ ��5RWKEDUW��6KHHVH��

5XHGD�HW�3RVQHU���������&H�FKDQJHPHQW�GH�GpYHORSSHPHQW�VHUDLW�DX�F°XU�GHV�DPpOLRUDWLRQV�GX�

WHPSV�GH�UpDFWLRQ�GDQV�GLYHUVHV�WkFKHV�GH�FRQIOLW��%XVK��/XX�HW�3RVQHU������ � )MHOO�HW�DO����������

FRPPH�GX WUDLWHPHQW�GX�WHPSV��&RXOO��&KHQJ�	0HFN���������/D�SOXV�JUDQGH�LQWHUIpUHQFH�FKH]�

O¶HQIDQW�SHXW�GRQF�pJDOHPHQW�rWUH�GXH�j�XQ�FR�W�SOXV�LPSRUWDQW�GH�OD�GRXEOH�WkFKH��TXL�VH�WUDGXLW�

HQ�XQ�WHPSV�GH�UpDFWLRQ�SOXV�LPSRUWDQW�DX[�FKDQJHPHQWV�ORUV�GX�WUDLWHPHQW�GHV LQIRUPDWLRQV�HQ�

GRXEOH�WkFKH��

,�± ���/H�U{OH�GX�WHPSV�GH�UpDFWLRQ

6L� O¶RQ� VXSSRVH� O¶DFWLRQ� G¶XQ� PpFDQLVPH� G¶LQWHUUXSWHXU� HQ� VLWXDWLRQ� GH� MXJHPHQW�

WHPSRUHO�VLPSOH�RX�PXOWLSOH�SRXYDQW�SRWHQWLHOOHPHQW�IDLUH�SHUGUH�GDYDQWDJH�G¶LPSXOVLRQV�RX�

IDLUH�WUDQVLWHU�GHV�LPSXOVLRQV�GDQV�OH�PDXYDLV�DFFXPXODWHXU��DORUV�LO�IDXW�pJDOHPHQW�SUHQGUH�HQ�

FRPSWH�VRQ�WHPSV�G¶DFWLYDWLRQ��&H�FRQVWDW�HVW�HQ�OLHQ�DYHF�OHV�pWXGHV�PRQWUDQW�TXH�OH�WHPSV�GH�

UpDFWLRQ�HW�GH�IHUPHWXUH�GX�VZLWFK�VRQW�IRUWHPHQW OLpV��'URLW�9ROHW���������&H�WHPSV�GH�ODWHQFH�

GDQV�OH�FKDQJHPHQW�GH�WUDLWHPHQW�HQ�VLWXDWLRQ�GH�GRXEOH�WkFKH�SRXUUDLW�pJDOHPHQW�rWUH�PLV�HQ�

OLHQ�DYHF� O¶DXJPHQWDWLRQ�GH� O¶DXWRPDWLVDWLRQ�GHV�SURFHVVXV�PHQWDX[�DYHF� OH�GpYHORSSHPHQW�

�/HRQH�	�%DLOODUJHRQ������� /RUVTXH�OH�SURFHVVXV�HVW�DXWRPDWLTXH��QRQ�VHXOHPHQW�LO�SHUPHW�

G¶pFRQRPLVHU�GDYDQWDJH�GH�UHVVRXUFHV�DWWHQWLRQQHOOHV��PDLV�LO�SHUPHW�pJDOHPHQW�GH�UHSUHQGUH�

XQ�WUDLWHPHQW�SOXV�UDSLGH�GH�OD�WkFKH��4XRL�TX¶LO�DGYLHQQH��LO�VHPEOH�GRQF�TXH�WRXW�MRXH�FRQWUH�

OD�SRVVLELOLWp�GHV�MHXQHV�HQIDQWV�j�HVWLPHU�DYHF�MXVWHVVH�OH�WHPSV��GX�PRLQV�GDQV�OHV�FRQGLWLRQV�

H[SOLFLWHV�GH�WUDLWHPHQW�GX�WHPSV��'URLW�9ROHW�	�&RXOO���������/H�V\VWqPH�G¶KRUORJH�LQWHUQH�

�SDFHPDNHU� ± DFFXPXODWHXU�� HVW� HIIHFWLYHPHQW� GRXEOHPHQW� HQWUDYp� SDU� OD�PRLQGUH� FDSDFLWp�

G¶DWWHQWLRQ�GHV�MHXQHV�HQIDQWV�HW�OHXUV�WHPSV�GH�UpDFWLRQV�SOXV�OHQWV��&HFL�FRQGXLW�j�FH�TXH�OHV�

MHXQHV�HQIDQWV�HQWUHQW�SOXV�GLIILFLOHPHQW HW�SOXV�OHQWHPHQW�GDQV�XQ�pWDW�GH�WUDLWHPHQW�© RQ ª�SRXU�

FRPPHQFHU� O¶HVWLPDWLRQ�GX� WHPSV��RX�GDQV�XQ�pWDW�GH� WUDLWHPHQW�© RII ª�GDQV� OD�VLWXDWLRQ�GH�

© PXOWL�WLPLQJ ª���'H�SOXV��GDQV�OHV�FDV�R��OHV�PpFDQLVPHV�SDUYLHQQHQW�j�HQWUHU�GDQV�XQ�WHO�pWDW��

FHX[�FL� VRQW� SOXV� IDFLOHPHQW� VXMHWV j� UHSDVVHU� GDQV� XQ� pWDW� © RII ª� j� FDXVH� GX� PDQTXH�

G¶LQKLELWLRQ� GHV� MHXQHV� HQIDQWV�� F¶HVW�j�GLUH� GX� PRLQGUH� FRQWU{OH� TX¶LOV� H[HUFHQW� VXU� OHXU�

DWWHQWLRQ��$YHF�FH�U{OH�PDMHXU�GHV�PpFDQLVPHV�OLpV�j�O¶DWWHQWLRQ��RQ�SHXW�DLVpPHQW�FRPSUHQGUH�

SRXUTXRL�OHV�HQIDQWV��QRWDPPHQW�FHX[�DWWHLQWV�GH�7'$+�pSURXYHQW�DXWDQW�GH�GLIILFXOWpV�j�MXJHU�
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OH� WHPSV� HQ� WRXWHV� FLUFRQVWDQFHV� �+DUW�� 5DGXD�� 0DWDL[�&ROV� 	� 5XELD�� ������� 1pDQPRLQV��

SOXVLHXUV�TXHVWLRQV�UHVWHQW�HQ�VXVSHQV��OLpHV�j�FHUWDLQHV�OLPLWHV�GH�QRV�UHFKHUFKHV�

,�± ���/LPLWDWLRQV�HW�IXWXUHV�UHFKHUFKHV

3DUDGR[DOHPHQW��FH�TXL�IDLW�O¶RULJLQDOLWp�GH QRV�pWXGHV�HQ�IDLW�pJDOHPHQW�OH�SRLQW�IDLEOH��

/¶XWLOLVDWLRQ� GH� WHVWV� QHXURSV\FKRORJLTXHV� QRXV� SHUPHW� HIIHFWLYHPHQW� GH� SRLQWHU� GX� GRLJW�

O¶LPSRUWDQFH� GH� FHUWDLQHV� GLPHQVLRQV� QHXURSV\FKRORJLTXHV� DX� GpWULPHQW� G¶DXWUHV� ORUV� GH�

O¶HVWLPDWLRQ�GX�WHPSV�GDQV�GHV�FRQWH[WHV�TXL�YDULHQW��1pDQPRLQV�� OHV�WHVWV�QH�WUDGXLVHQW�SDV�

XQLTXHPHQW�GHV�KDELOHWpV�GHV�GLPHQVLRQV�TX¶LOV�VRQW�FHQVpV PHVXUHU�RX� WRXW�GX�PRLQV��SHXYHQW�

HQWUDvQHU� DYHF� HX[� G¶DXWUHV VRXV�FRPSRVDQWHV� FRJQLWLYHV�� 3UHQRQV� FRPPH� H[HPSOH� OH� WHVW�

© pFRXWHU�GHX[�FKRVHV�j�OD�IRLV ª�GX�7($&K�PHVXUDQW�O¶DWWHQWLRQ�GLYLVpH��&H�WHVW�GXUH�HQYLURQ�

���PLQXWHV�FKH]�O¶HQIDQW��1¶\�D�W�LO�SDV�XQ�HIIHW�G¶DWWHQWLRQ�VRXWHQXH�SRXYDQW�YHQLU�LQWHUIpUHU�

DYHF� FHWWH� GLPHQVLRQ "� 'H� SOXV�� GDQV� FH� WHVW�� OD� PpPRLUH� GH� WUDYDLO� DYHF� VHV� GLIIpUHQWHV�

FRPSRVDQWHV� Q¶HVW�HOOH� SDV� LPSOLTXpH "�3UHQRQV� XQ� DXWUH� H[HPSOH� DYHF� OH� WHVW� GH�&RUVL� TXL�

PHVXUH�OD�PpPRLUH��/D�GLPHQVLRQ�DWWHQWLRQQHOOH�SHXW�HOOH�rWUH�WRWDOHPHQW�H[FOXH "�(Q�VRPPH��

FHV�WHVWV��ELHQ�TXH�ILDEOHV�HW�YDOLGHV�DXSUqV�G¶XQ�JUDQG�pFKDQWLOORQ�G¶HQIDQWV� SHXYHQW�FRQVWLWXHU�

XQH�OLPLWDWLRQ�GH�QRV�pWXGHV��$�O¶DYHQLU��LO�VHUDLW�UHPDUTXDEOH��PrPH�VL�FHOD�V¶DYpUHUDLW�DUGX��GH�

FUpHU�GHV�WHVWV�SOXV�© SXUV ª�SHUPHWWDQW�GH�QH�PHVXUHU�TX¶XQH�VHXOH�GLPHQVLRQ� HQ�H[FOXDQW�OHV�

DXWUHV�� 1pDQPRLQV�� O¶HQFKHYrWUHPHQW� GHV� GLPHQVLRQV� QHXURSV\FKRORJLTXHV� HQWUH� HOOHV� UHQG�

DXVVL�FRPSWH�GH�OD�FRPSOH[LWp�GHV�SURFHVVXV�FRJQLWLIV��'¶DLOOHXUV��GH�SOXV�HQ�SOXV�GH�FKHUFKHXUV�

UHPHWWHQW�HQ�FDXVH�OHV�DSSURFKHV�WUqV�ORFDOLVpHV�HW�WUqV�VSpFLILTXHV�GHV�IRQFWLRQV�FRJQLWLYHV��2Q�

SDUOH� GH� SOXV� HQ� SOXV� GH� UpVHDX[� GH� WUDLWHPHQW� GLVWULEXpV� GDQV� WRXW� O¶HQFpSKDOH��

G¶HQFKHYrWUHPHQW�GHV�IRQFWLRQV��0DLV�j�WRXW�HQFKHYrWUHU��QRXV�QH�YHUURQV�SOXV�ULHQ��&¶HVW�OH�

© MXVWH�VFLHQWLILTXHª��GX�VLPSOH�DX�FRPSOH[H��GX�FRPSOH[H�DX�VLPSOH��YRLUH�GH�O¶HQWUH�GHX[��

'DQV�OH�PrPH�RUGUH�G¶LGpH�� LO�HVW�GLIILFLOH�GH�FRQQDvWUH�O¶LQIOXHQFH�H[DFWH�TXH�SHXW�

HQJHQGUHU� XQ� FRQWH[WH� SDUWLFXOLHU� VXU� XQH� FDSDFLWp� FRJQLWLYH� GRQQpH�� 3DU� H[HPSOH�� XQ�

FKDQJHPHQW� GH� VLWXDWLRQ� SHXW� FKH]� XQ� VXMHW� HQJHQGUHU� EHDXFRXS� SOXV� G¶DFWLYLWpV� FRJQLWLYHV�

�UHJDUGHU��HVVD\HU�GH�FRPSUHQGUH��GH�UHVVHQWLU��GH�PHWWUH�HQ�OLHQ�OHV�pYpQHPHQWV��TXH�FKH]�XQ�

DXWUH� VXMHW�� (Q� G¶DXWUHV� WHUPHV�� XQ� FKDQJHPHQW� FRQWH[WXHO� SHXW� HQWUDvQHU� GHV� FRQVpTXHQFHV�

GLIIpUHQWHV�SRXU�XQH�PrPH�EDVH�FRJQLWLYH��&¶HVW�OD�UDLVRQ�SRXU�ODTXHOOH�QRXV�DYRQV�FRPPHQFp�

j� DQDO\VHU� OHV� HIIHWV� GH� GLIIpUHQWV� FRQWH[WHV�� GRQW� OHV� FRQWH[WHV VRFLDX[�� VXU� O¶HVWLPDWLRQ� GX�

WHPSV�
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,,�± 7HPSV�HW�FRQWH[WH

,,�± ���&RQWH[WH�HW�PpPRLUH

'DQV� OHV� pWXGHV� ��� �� HW� �� GH� FHWWH� WKqVH�� TXL� FRQVWLWXHQW� PRQ� GHX[LqPH� D[H� GH�

UHFKHUFKH��QRXV�QRXV�VRPPHV�LQWpUHVVpV�DX[�HIIHWV�TXH�SRXYDLHQW�HQJHQGUHU�GLIIpUHQWV�FRQWH[WHV�

VXU�O¶HVWLPDWLRQ�GX�WHPSV�FKH]�GHV�HQIDQWV�kJpV�GH���j�� DQV�HW�GHV�DGXOWHV�

/D� SUHPLqUH� FRQWULEXWLRQ� GH� FHW� D[H� �pWXGH� ��� FRQFHUQH� OHV� GLIIpUHQFHV� GDQV� OH�

MXJHPHQW� GX� WHPSV� FDXVpHV� SDU� OD� PRGDOLWp� VHQVRULHOOH� GH� SUpVHQWDWLRQ� GH� OD� GXUpH�� 'H�

QRPEUHXVHV�pWXGHV�RQW�GpMj�PRQWUp�TXH�OH�WHPSV�QRXV�SDUDLW�SOXV�ORQJ�ORUVTXH�QRXV�O¶HVWLPRQV�

YLD�OH�FDQDO�DXGLWLI�TXH�YLD�OH�FDQDO�YLVXHO��'HV�PRGqOHV�VXJJqUHQW�TXH�FHW�HIIHW�GH�PRGDOLWp�

SURYLHQGUDLW� G¶XQ� PpODQJH� HQ� PpPRLUH� GHV� LQIRUPDWLRQV� WHPSRUHOOHV�� '¶DXWUHV� FKHUFKHXUV�

FRPPH� -RKQ�:HDUGHQ� RQW� DX� FRQWUDLUH� GpIHQGX� O¶LGpH� VHORQ� ODTXHOOH� FHW� HIIHW� GH�PRGDOLWp�

VHQVRULHOOH�SURYLHQGUDLW�GH�U\WKPHV�GLIIpUHQWV�GH�O¶KRUORJH�LQWHUQH��SDFHPDNHU��FDXVpV�SDU�OD�

PRGDOLWp�VHQVRULHOOH��/H�U\WKPH�GX�SDFHPDNHU�VHUDLW�QRWDPPHQW�SOXV�UDSLGH�SRXU�O¶LQIRUPDWLRQ�

VHQVRULHOOH�DXGLWLYH�TXH�SRXU�O¶LQIRUPDWLRQ�YLVXHOOH��1RXV�QH�UHYLHQGURQV�SDV�VXU�OHV�UpVXOWDWV�

GH� FHWWH� pWXGH��PRQWUDQW� GH� QRXYHDX� OH� U{OH� SUpSRQGpUDQW� GX� GpYHORSSHPHQW� GHV� FDSDFLWpV�

FRJQLWLYHV� GDQV� OH� GpYHORSSHPHQW� GX� MXJHPHQW� WHPSRUHO�� &HSHQGDQW�� GDQV� FHWWH� pWXGH� TXL�

GHPDQGH� OH� WUDLWHPHQW� G¶XQH� GXUpH� j� OD� IRLV�� RQ� SHXW� FRQVWDWHU� TXH� FH� VRQW� OHV� DSWLWXGHV�

PQpVLTXHV�OLPLWpHV�FKH]�O¶HQIDQW� HW�QRQ�DWWHQWLRQQHOOHV� TXL��FHWWH�IRLV��SUpGLVHQW�OH�PLHX[ OHV�

PRLQV�ERQQHV�HVWLPDWLRQV�GX�WHPSV��'H�SOXV��GDQV�OHV�WkFKHV�VLPSOHV�GH�MXJHPHQW�G¶XQH�GXUpH��

O¶DPpOLRUDWLRQ�GH�OD�VHQVLELOLWp�DX�WHPSV�DYHF O¶kJH�HVW� OLpH�j�O¶DPpOLRUDWLRQ�DYHF�O¶kJH�GH� OD�

PpPRLUH�GH�WUDYDLO�HW�OD�YLWHVVH�GH�WUDLWHPHQW�HW�QRQ�GHV�FDSDFLWpV�DWWHQWLRQQHOOHV��/¶DWWHQWLRQ�

VHUDLW� GRQF� HQ� FDXVH� GDQV� OHV� WkFKHV� GH� MXJHPHQW� SOXV� FRPSOH[HV�� TXDQG� LO� V¶DJLW� GH� WUDLWHU�

SOXVLHXUV�LQIRUPDWLRQV�j�OD�IRLV��WHPSRUHOOH�RX�QRQ�WHPSRUHOOH��0DLV� OH�GpYHORSSHPHQW�FRQVLVWH�

DXVVL� DX� GpYHORSSHPHQW� GHV� FDSDFLWpV� j� WUDLWHU� GHV� VLWXDWLRQV� GH� SOXV� HQ� SOXV� YDULpHV� HW

FRPSOH[HV��

1RV� UpVXOWDWV�PRQWUHQW�TXH� OD�GLVWRUVLRQ�PRGDOH�GX� WHPSV�HVW�SOXV�pOHYpH�FKH]� OHV�

MHXQHV�HQIDQWV�HW�TXH�OHV�IDFWHXUV�H[SOLFDWLIV�UpVLGHQW�GDQV�OHV�FDSDFLWpV�GH�PpPRLUH�GH�WUDYDLO��

SOXV�TXH�GDQV�FHOOHV�G¶DWWHQWLRQ��PrPH�VL�OH�IRQFWLRQQHPHQW�GH�OD�PpPRLUH�GH�WUDYDLO�LPSOLTXH�

GHV�UHVVRXUFHV�DWWHQWLRQQHOOHV��&HOD�VXJJqUH�GRQF�TXH�O
DPSOHXU�GH�O
HIIHW�PRGDO�VXU�OH�MXJHPHQW�

GX�WHPSV�V
H[SOLTXH�SDU�GHV�FRPSpWHQFHV�H[pFXWLYHV�LPSOLTXDQW�GHV�SURFHVVXV�GH�VWRFNDJH�HQ�

PpPRLUH��PDLV�pJDOHPHQW�SDU�G
DXWUHV�SURFHVVXV� WHOV�TXH� OD�PLVH�j� MRXU�GHV� LQIRUPDWLRQV�HQ�

PpPRLUH� HW� OH� PDLQWLHQ� GH� O
DWWHQWLRQ� VXU� OH� WUDLWHPHQW� GX� IOX[� FRQWLQX� G
LQIRUPDWLRQV�
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WHPSRUHOOHV�� /H� U{OH� GH� O¶KRUORJH� LQWHUQH� Q¶HVW� SDV� HQYLVDJHDEOH�� PrPH� VL� O¶DWWHQWLRQ� SHXW�

DIIHFWHU�OH�U\WKPH�GH�O¶KRUORJH�LQWHUQH�SDU�XQ�SURFHVVXV�V¶DSSDUHQWDQW�DX�© WLPH�DFFHOHUDWRU ª�

GRQW�QRXV�YHQRQV�GH�SDUOHU��(Q�VRPPH��OHV�SURFHVVXV�V¶HQWUHPrOHQW�G¶R��OD�QpFHVVLWp�G¶DERXWLU�

j�XQ�QRXYHDX�PRGqOH�G¶KRUORJH�SODXVLEOH�VXU�OH�SODQ�QHXURORJLTXH��TXL�DOOLH�KRUORJH�LQWHUQH�HW�

FRJQLWLRQ��FH�TXH�QRXV�QRXV� VRPPHV�DWWHOpV�j� IDLUH�GDQV� OD�GHUQLqUH�pWXGH�VXU� OH�PRGqOH�HQ�

UpVHDX�GH�QHXURQHV�

4XRL�TX¶LO�HQ�VRLW��LO�HVW�SRVVLEOH�GH�UDSSURFKHU�FHV�UpVXOWDWV�j�O¶K\SRWKqVH�ED\pVLHQQH�

TXH�QRXV�DYRQV�GpIHQGXH�GDQV�QRWUH�DUWLFOH�HQ�FROODERUDWLRQ�DYHF�O¶pTXLSH�G¶+HGGHULN�YDQ�5LMQ��

6HORQ�FHWWH�K\SRWKqVH��O
HVWLPDWLRQ�VXEMHFWLYH�GHV�SOXV�MHXQHV�HQIDQWV�HVW�GDYDQWDJH LQIOXHQFpH�

SDU�OHV�H[SpULHQFHV�DQWpULHXUHV��LFL�OD�PRGDOLWp�VHQVRULHOOH�YXH�j�O¶HVVDL�SUpFpGHQW��TXH�SDU�FH�

TX¶LOV�SHUoRLYHQW�DX�PRPHQW�W��HQ�UDLVRQ�SHXW�rWUH�GH�OHXU�FRQVFLHQFH�GH�OHXU�SHUFHSWLRQ�EUXLWpH�

GX�VLJQDO�WHPSRUHO��&H�Q¶HVW�ELHQ�HQWHQGX�SDV�OH�FDV�SRXU�O¶H[SpULHQFH�LPSOLFLWH�GX�WHPSV�EDVpH�

VXU�GH�PXOWLSOHV�SUpVHQWDWLRQV�G¶XQH�PrPH�GXUpH��SOXVLHXUV�HVVDLV�RX�VpDQFHV���$LQVL��OHV�SOXV�

MHXQHV�VH�UHSRVHUDLHQW�GDYDQWDJH�VXU�OHV�LQIRUPDWLRQV�GRQW�LOV�YLHQQHQW�GH�IDLUH�O¶H[SpULHQFH��

HQFRUH�SUpVHQWHV HQ�PpPRLUH��1pDQPRLQV��FHV�LQIRUPDWLRQV�VRQW�DXVVL�SOXV�HUURQpHV�FKH]�OHV�

SOXV�MHXQHV��OLpHV j�OHXUV FDSDFLWpV GH�VWRFNDJH�OLPLWpHV HQ�PpPRLUH�j�FRXUW�WHUPH��$XVVL��FKH]�

OHV�MHXQHV�HQIDQWV��OH�VLJQDO�IORX�VHUDLW�GLUHFWHPHQW�FRPSDUp�j�XQH�WUDFH�HQ�PpPRLUH�HUURQpH��

&HFL�DXUDLW�DORUV�SRXU�HIIHW�GH�PD[LPLVHU�OHV�GLIIpUHQFHV�HQWUH�OHV�PRGDOLWpV�VHQVRULHOOHV��

'DQV� O¶REMHFWLI� G¶DQDO\VHU� SOXV� HQ� SURIRQGHXU� O¶LPSDFW�PQpVLTXH� FKH]� OHV� HQIDQWV��

QRWDPPHQW�GX�U{OH�GH�O¶H[SpULHQFH�SUpDODEOH��QRXV�DYRQV�pJDOHPHQW�DQDO\Vp�GDQV�OD��qPH pWXGH�

O¶HIIHW� VXU� O¶HVWLPDWLRQ� GX� WHPSV� TXH� SRXYDLHQW� HQJHQGUHU� GLIIpUHQWV� FRQWH[WHV� WHPSRUHOV��

QRWDPPHQW�GLIIpUHQWHV�GLVWULEXWLRQV�GHV GXUpHV DX�FRXUV�G¶XQH�VpDQFH�VXU�O¶HVWLPDWLRQ�GX�WHPSV��

6HORQ� XQH� PpWKRGRORJLH� SURFKH� GH� O¶H[SpULHQFH� GH� -D]D\HUL� HW� 6KDGOHQ� �������� GHX[�

GLVWULEXWLRQV� G¶LQWHUYDOOH�� O¶XQH� ORQJXH� HW� O¶DXWUH� FRXUWH� RQW� GLVSHQVp� GDQV GHX[� VpDQFHV

GLIIpUHQWHV��%LHQ�HQWHQGX��XQH�PrPH�GXUpH�G
LQWHUYDOOH�D�pWp�SUpVHQWpH�GDQV�FKDTXH�FRQGLWLRQ�

FRQWH[WXHOOH��DILQ�G
H[DPLQHU�VL�OD�UHSURGXFWLRQ�WHPSRUHOOH�GH�FHWWH�GXUpH�FLEOH�HVW�DIIHFWpH�SDU�

OH�FRQWH[WH�WHPSRUHO� &HSHQGDQW��PDOJUp�OHV�UHSURGXFWLRQV�SOXV�EUXLWpHV�HW�OHV�SHQWHV�SOXV�SODWHV�

FKH]�OHV�SOXV�MHXQHV�HQIDQWV��QRXV�Q¶DYRQV�WURXYp�DXFXQH�GLIIpUHQFH�VWDWLVWLTXH�HQWUH�OHV�JURXSHV�

G¶kJH GDQV� FHV� GLIIpUHQWV� FRQWH[WHV�� &HFL� VXJJpUHUDLW� TXH� OHV� GLIIpUHQWHV� GLVWULEXWLRQV�

LQIOXHQFHQW�GH�IDoRQ�VLPLODLUH�OH�MXJHPHQW�GX�WHPSV�FKH]�OHV�HQIDQWV�HW�OHV�DGXOWHV��1pDQPRLQV��

QRV�UpVXOWDWV�VXU�OH�FRQWH[WH�HVVDL�SDU�HVVDL�RQW�UpYpOp�TXH�FH�Q¶HVW SDV�OD�GLVWULEXWLRQ�JOREDOH�

TXL�LPSRUWH��PDLV�O�HV��HVVDL�V��SUpVHQWp�V��DQWpULHXUHPHQW��(Q�HIIHW��OD�GXUpH�SUpVHQWpH�GDQV�OHV�

HVVDLV�OHV�SOXV�UpFHQWV�D�XQ�LPSDFW�SOXV�LPSRUWDQW�VXU�OD�UHSURGXFWLRQ�G
XQH�GXUpH�GRQQpH�FKH]�
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OHV�HQIDQWV�TXH�FKH]�OHV�DGXOWHV��/H�MXJHPHQW�WHPSRUHO�GHV�HQIDQWV�GH���DQV�HVW�DLQVL�LQIOXHQFp�

SDU�GHX[�GXUpHV�SUpVHQWpHV�DQWpULHXUHPHQW��1���HW�1����HW�QRQ�SDU�OH�FRQWH[WH�JOREDO��$LQVL��HQ�

UDLVRQ�G
XQ�SHUFHSW�H[WUrPHPHQW�EUXLWp��O
HVWLPDWLRQ�VXEMHFWLYH�GHV�SOXV�MHXQHV�HQIDQWV�HVW�EDVpH

VXU�OHV H[SpULHQFHV�DQWpULHXUHV��&HFL�FRUURERUH�OHV�UpVXOWDWV�REWHQXV�SDU�.DUDPLQLV�HW�DO���������

PRQWUDQW�OHV�DSWLWXGHV�SUpFRFHV�GHV�HQIDQWV�j�LQWpJUHU�FRQWLQXHOOHPHQW�GHV�HVVDLV�DQWpFpGHQWV�

GDQV�OHXU�SURGXFWLRQ�DFWXHOOH��

'H� SOXV�� VL� O¶RQ� V¶LQWpUHVVH� DX[� HIIHWV� VXEMHFWLIV�� F¶HVW�j�GLUH� OLpV� DX[� SURSUHV�

UHSURGXFWLRQV�WHPSRUHOOHV�GHV�SDUWLFLSDQWV��HW�QRQ�DX[�GXUpHV�REMHFWLYHV��DORUV�RQ�UHPDUTXH�XQ�

LPSDFW�FRQWLQX��DOODQW� MXVTX
j�1����&HSHQGDQW��SRXU�O¶HVVDL�SUpFpGHQW��1�����RQ�FRQVWDWH�TXH�

O¶HIIHW� GH� OD� GXUpH� VXEMHFWLYH� HVW� GLIIpUHQW� GH� O¶HUUHXU� UHODWLYH� VHORQ� OHV� JURXSHV� G¶kJH��

&RQIRUPpPHQW� j� O¶HIIHW� REWHQX� VXU� OHV� GXUpHV� REMHFWLYHV�� OHV� HQIDQWV� GH� �� HW� �� DQV� VH� VRQW�

GDYDQWDJH� DSSX\pV� VXU� OHV� GXUpHV� VXEMHFWLYHV� DQWpULHXUHV� TXH� OHV� DGXOWHV�� (Q� UHYDQFKH��

O¶LQIOXHQFH GHV�HUUHXUV�UHODWLYHV�DQWpULHXUHV�HVW�SOXV�IRUWH�FKH]�OHV�DGXOWHV�TXH�FKH]�OHV�HQIDQWV��

&HFL�VXJJqUH�TXH� OHV�DGXOWHV�VRQW�GDYDQWDJH�FRQVFLHQWV�G¶rWUH�SOXV� VXMHWV j GHV�© GpULYHV�GH�

SHUIRUPDQFH ª��&HV�UpVXOWDWV�LQpGLWV�VXJJqUHQW�TXH��FRPSDUpV�DX[�DGXOWHV��OHV�HQIDQWV�V¶DSSXLHQW�

GDYDQWDJH�VXU�OH�FRQWH[WH�WHPSRUHO�TXH�VXU�O¶pYDOXDWLRQ�GH�OHXU�HUUHXU�GH�MXJHPHQW��&HFL�SHXW�

VH� FRPSUHQGUH� SDU� OH� OHQW� GpYHORSSHPHQW� GHV IRQFWLRQV� H[pFXWLYHV� HW� GHV� FDSDFLWpV� PpWD�

FRJQLWLYHV��1HOVRQ���������GHV FRQQDLVVDQFHV VXU�OHXU�PRGH�GH�IRQFWLRQQHPHQW�

(QILQ��OD�GHUQLqUH�pWXGH�GH�O¶D[H����pWXGH����DYDLW�SRXU�EXW�G¶DQDO\VHU�O¶LPSDFW TXH�OHV�

FDUDFWpULVWLTXHV�GHV�DXWUHV��SRVWXUH�FRUSRUHOOH��PRXYHPHQW�DYHF�REMHW��kJH�HW�pPRWLRQ��SHXYHQW�

DYRLU�VXU�OH�MXJHPHQW�GHV�GXUpHV�FKH]�O¶HQIDQW�kJp HQWUH���HW�� DQV��/HV�UpVXOWDWV�GH�FHWWH�pWXGH�

RQW�GpPRQWUp�TXH��GqV�O¶kJH�GH�� DQV��OHV�HQIDQWV SDUYLHQQHQW�j�LQFRUSRUHU�GDQV�OHXUV�MXJHPHQWV�

WHPSRUHOV�OH�WHPSV�GH�O¶DXWUH��QRWDPPHQW�OHV�FDUDFWpULVWLTXHV�GH�FH�GHUQLHU��V¶LO�HVW�SOXV�UDSLGH��

SOXV� OHQW��pOLFLWp SDU�VD�SRVWXUH�RX�VD�FKDUJH�SDU�H[HPSOH��&HWWH�GLVWRUVLRQ�GX�WHPSV�GDQV�OH�

FRQWH[WH� VRFLDO� D� pWp�REVHUYpH��PrPH�TXDQG� OHV� HQIDQWV�Q¶DYDLHQW�SDV�GH� WKpRULH�GH� O¶HVSULW�

H[SOLFLWH��/¶DFTXLVLWLRQ�GH�OD�WKpRULH�GH�O¶HVSULW�H[SOLFLWH�D�pWp�WHVWpH�SDU�O¶pSUHXYH�GH�6DOO\�HW�

$QQH�� &HOD� UpYqOH� TXH� OH� MXJHPHQW� GX� WHPSV� HVW� H[WUrPHPHQW� VHQVLEOH� DX[ YDULDWLRQV� GH�

FRQWH[WHV��TXHOV TX¶LOV VRLHQW�

1pDQPRLQV��OHV�HQIDQWV�D\DQW�XQH�WKpRULH�H[SOLFLWH�GH�O¶HVSULW�SURGXLVDLHQW�GDYDQWDJH�

GH�GLVWRUVLRQV� WHPSRUHOOHV� VHORQ� OHV�FDUDFWpULVWLTXHV�G¶DXWUXL��&HV�GLVWRUVLRQV� WHPSRUHOOHV�QH�

SHXYHQW�rWUH� LPSXWpHV�QL�DX�GpYHORSSHPHQW�GX�FRQWU{OH�PRWHXU��pWDQW�GRQQp�TXH� OHV�HQIDQWV�

DYHF�RX�VDQV�WKpRULH�GH�O¶HVSULW�DYDLHQW�OHV�PrPHV�SHUIRUPDQFHV�WHPSRUHOOHV�GDQV�OD�FRQGLWLRQ�

GH�FRQWU{OH��QL�j�XQ�GpYHORSSHPHQW�FRJQLWLI�pWDQW�GRQQp�O¶DEVHQFH�G¶HIIHW�G¶kJH��7RXWHIRLV��LO�



WĂŐĞ�ͮ�Ϯϲϰ

DXUDLW�pWp�LQWpUHVVDQW�GH�YpULILHU�FHFL�HQ�pYDOXDQW�OHV�IRQFWLRQQHPHQWV�FRJQLWLIV�GHV�HQIDQWV�DX�

PR\HQ�GH�WHVWV�QHXURSV\FKRORJLTXHV�FRPPH�GDQV�QRV�DXWUHV�pWXGHV��,O�HVW�WRXWHIRLV�SUREDEOH�

TX¶XQH�PHLOOHXUH�FRQVFLHQFH�GH�O
pWDW�PHQWDO�GHV�DXWUHV�SHUVRQQHV�FKH]�OHV�HQIDQWV�D\DQW�DFTXLV�

XQH�7R0�JpQqUH�GH�SOXV�DPSOHV�GLVWRUVLRQV�WHPSRUHOOHV��2Q�SHXW�HQ�HIIHW�SHQVHU�TX¶DYHF�XQH�

PHLOOHXUH�FRQVFLHQFH�GHV�pWDWV�PHQWDX[�G¶DXWUXL� OHV�HQIDQWV�DFFRUGHQW�XQH�SOXV�JUDQGH�DWWHQWLRQ�

j�OHXUV�pWDWV��FH�TXL�DXJPHQWH�OHXU�LQIOXHQFH�VXU�OH�MXJHPHQW�WHPSRUHO��GLVWRUVLRQ�WHPSRUHOOH���

&HWWH�SLVWH�GHYUDLW�GDYDQWDJH�rWUH�SRXUVXLYLH�HQ�PDQLSXODQW�QRWDPPHQW�OD�FKDUJH�DWWHQWLRQQHOOH�

GH�OD�VLWXDWLRQ�GH�MXJHPHQW�GHV�GXUpHV��&HFL�HVW�GRQF�XQ�QRXYHDX�FKDPS�GH�UHFKHUFKH�j�H[SORUHU��

OH�WHPSV�VRFLDO�HW�VRQ�GpYHORSSHPHQW��

)LQDOHPHQW��VL�RQ�UHOLH�OHV�pWXGHV�GH�FHW�D[H�HW�FHOOHV�GH�O¶D[H�SUpFqGHQW��RQ�V¶DSHUoRLW�

ILQDOHPHQW�TXH�O¶HVWLPDWLRQ�GX�WHPSV�GpSHQG�j�OD�IRLV�GH�SURFHVVXV�DWWHQWLRQQHOV�HW�PQpVLTXHV��

OHV�GHX[�pWDQW�LQWULQVqTXHPHQW�OLpV��(Q�HIIHW��GqV�ORUV�TXH�O¶DWWHQWLRQ�HVW�PRLQGUH�GDQV�XQ�PrPH�

FRQWH[WH�WHPSRUHO�GRQQp��OHV�MXJHPHQWV�GH�WHPSV FKH]�OHV�MHXQHV�HQIDQWV�VRQW�GDYDQWDJH�EDVpV

VXU� OHXUV H[SpULHQFHV� WHPSRUHOOHV�SUpFpGHQWHV��FHOOHV�VWRFNpHV�HQ�PpPRLUH��1pDQPRLQV�� OHXU�

PpPRLUH�SHXW�DXVVL�IDLUH�GpIDXW��/¶DSSUHQWLVVDJH�GX�WHPSV�HVW�DXVVL�XQ�IDFWHXU�GpWHUPLQDQW�j�

SUHQGUH�HQ�FRPSWH��&
HVW�SRXUTXRL��GDQV�QRWUH�PRGqOH�GpYHORSSHPHQWDO�G¶KRUORJH�LQWHUQH��EDVp�

VXU�GHV�UpVHDX[�GH�QHXURQHV��QRXV�DYRQV�LQWpJUp�GH�OD�SODVWLFLWp��1RWUH PRGqOH��WRXW�FRPPH�OHV�

MHXQHV�HQIDQWV� SHXW�IDLUH�SUHXYH�GH�SOXV�JUDQGH�SODVWLFLWp�QHXUDOH�HW�DLQVL�DSSUHQGUH�SOXV�YLWH��

PDLV� DXVVL� RXEOLHU� SOXV� UDSLGHPHQW��$LQVL� O¶DSSUHQWLVVDJH� GX� WHPSV� QpFHVVLWH XQ� GpODL� SOXV�

LPSRUWDQW FKH]�OH�MHXQH�HQIDQW�HQ�UDLVRQ�GH�SUREOqPH�G¶DWWHQWLRQ��GX�PRLQV�WRXW�GpSHQG�GHV�

VLWXDWLRQV�UHQFRQWUpHV��

,,�± ���/LPLWDWLRQV�HW�IXWXUHV�UHFKHUFKHV

(Q�OLHQ�DYHF�OD�PLVH�HQ�JDUGH�GH�'URLW�9ROHW���������OH�WHPSV�GH�UpDFWLRQ�GHV�MHXQHV�

HQIDQWV� HQ� UHSURGXFWLRQ� WHPSRUHOOH� HW� O¶LPSDFW�PRWHXU�GpFHOp�GDQV� O¶pWXGH���SUpVHQWHQW�XQH�

OLPLWDWLRQ� j� O¶XWLOLVDWLRQ� GH� WkFKHV� GH� UHSURGXFWLRQV� WHPSRUHOOHV� HW� j� O¶DSSOLFDWLRQ� G¶XQH�

PRGpOLVDWLRQ�%D\pVLHQQH�GH�QRV�GRQQpHV��$�QRWUH�VHQV��LO�VHUDLW�LQWpUHVVDQW�j�O¶DYHQLU�G¶DQDO\VHU�

O¶LPSDFW� PRWHXU� GDQV� OHV� UHSURGXFWLRQV� WHPSRUHOOHV� GHV� HQIDQWV�� 'DQV� VHV� pWXGHV� VXU� OHV�

SURGXFWLRQV� GH� U\WKPHV� )ORULH� 0RQLHU� PRQWUH� TXH� OHV� GLIIpUHQFHV� DYHF� O¶kJH� UpVXOWHQW�

GDYDQWDJH�GHV�FDSDFLWpV�GH�FRRUGLQDWLRQ�PRWULFH�TXH�GHV�IDFWHXUV�FRJQLWLIV ��������7RXWHIRLV�

GDQV� VHV� pWXGHV� LO� V¶DJLW� GH� GXUpHV� FRXUWHV� Q¶H[FpGDQW� SDV� OHV� FHQWDLQHV� GH� PLOOLVHFRQGHV��

&RPPH�VXVPHQWLRQQp��LO�IDXGUDLW�GRQF�WHVWHU�QRV�UpVXOWDWV�DYHF�G¶DXWUHV�WkFKHV�TXH�FHOOHV�GH�

UHSURGXFWLRQ� GHV� GXUpHV� HW� G¶DXWUHV� JDPPHV� GH� GXUpHV�� QRWDPPHQW� GHV� GXUpHV� WUqV� FRXUWHV�
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LQIpULHXUHV j�����VHFRQGHV��(Q�HIIHW��F¶HVW�XQLTXHPHQW�DYHF�FHV�YDULDWLRQV�PpWKRGRORJLTXHV�TXH�

O¶RQ�SRXUUD�JpQpUDOLVHU�QRV�K\SRWKqVHV�j�O¶HQVHPEOH�GX�WUDLWHPHQW�GX�WHPSV�RX�OHV�UpVHUYHU DX�

WUDLWHPHQW� GHV� GXUpHV� GH� SOXVLHXUV� VHFRQGHV� HW� YRLUH� DX� FDV� VSpFLILTXH� GH� OD� UHSURGXFWLRQ�

WHPSRUHOOH��0DLV� OD� ILQ� G¶XQH� WKqVH� Q¶HVW� TXH� OH� GpEXW� GH� OD� UHFKHUFKH� FRPPH� OH� GLUDLW�PD�

GLUHFWULFH�GH�WKqVH��

8QH�DXWUH�OLPLWDWLRQ�j�SURSRV�GH�O¶pWXGH���FRQFHUQH�OH�WHVW�TXH�QRXV�DYRQV�XWLOLVp�SRXU�

pYDOXHU� OD� WKpRULH� GH� O¶HVSULW�� OH� WHVW� GH� © 6DOO\� HW� $QQH ª�� F¶HVW�j�GLUH� XQH� UHSUpVHQWDWLRQ�

H[SOLFLWH�GH� O¶DXWUH��2U��XQH� UHSUpVHQWDWLRQ�PHQWDOH�G¶RUGUH���� LPSOLFLWH�� VXIILW�SRXU�TXH�QRV�

HVWLPDWLRQV�WHPSRUHOOHV�VRLHQW�LQIOXHQFpHV�SDU�OHV�FDUDFWpULVWLTXHV�G¶DXWUXL�FRPPH�OH�VXJJqUHQW

QRV�UpVXOWDWV�FKH]�OHV�MHXQHV�HQIDQWV�TXL�QH�SDUYLHQQHQW�SDV�j�WURXYHU�OD�ERQQH�UpSRQVH�DX�WHVW�

G¶$QQH� HW� 6DOO\�� $� O¶DYHQLU�� LO� VHUDLW� LQWpUHVVDQW� GH� GpFHOHU� O¶kJH� DXTXHO� LQWHUYLHQW� FHWWH�

LQWHUIpUHQFH��VL�FHOOH�FL�HVW�DFTXLVH RX VL�HOOH�UpVXOWH�G¶XQ�DSSUHQWLVVDJH�SOXV�SUpFRFH��3RXU�WHVWHU�

FHWWH� K\SRWKqVH�� LO� IDXGUDLW� WUDYDLOOHU� DXSUqV� GH� QRXUULVVRQV�� 0DLV� OHV� PpWKRGHV� VRQW� DORUV�

WRWDOHPHQW� GLIIpUHQWHV�� 'H� SOXV�� LO� HVW� GLIILFLOH� GH� UHFUXWHU� GHV� QRXUULVVRQV� FRPPH VXMHWV�

G¶H[SpULHQFH��&¶HVW�GRQF�XQ�DXWUH FKDPS�G¶pWXGH�GLIILFLOH�j�PHWWUH�HQ�°XYUH��

,,,�� 0RGpOLVDWLRQ�GH�O¶KRUORJH

,,,�± ���,QIOXHQFHV�GH�OD�&RJQLWLYH�3ODVWLF�&ORFN�PRGHO �&3&�PRGHO�

/HV� UpVXOWDWV� TXH� QRXV� DYRQV� REWHQXV� MXVTX¶LFL� VHPEOHQW� FRQILUPHU� O¶LPSDFW� GHV�

SURFHVVXV�FRJQLWLIV� © RQ� OLQH ª�GX� WHPSV�� F¶HVW�j�GLUH�DX�PRPHQW�PrPH�GH� O¶LQWpJUDWLRQ�GHV�

LPSXOVLRQV��&RPPH�QRXV�O¶DYRQV�YX��FHW�LPSDFW�SHXW�SURYHQLU�GH O¶DWWHQWLRQ��OD�PpPRLUH��GH�

O¶H[SpULHQFH� HW� GH� O¶DSSUHQWLVVDJH� GX� WHPSV��2U�� LO� GHYLHQW� pYLGHQW� TXH� OHV�PRGqOHV� DFWXHOV�

G¶KRUORJH�LQWHUQH�WHOV�TX¶LOV�VRQW�FRQoXV�DXMRXUG¶KXL�QH�SUHQQHQW�SDV�HQ�FRPSWH�FHV�GLPHQVLRQV�

FRJQLWLYHV��0DLV� FH� Q¶HVW� SDV� OHXU� VHXO� GpIDXW�� ,OV� QH� SUHQQHQW� SDV� HQ� FRPSWH� OD� SODVWLFLWp�

LQKpUHQWH�DX�V\VWqPH�G¶DSSUHQWLVVDJH�� ,OV�QH�SDUYLHQQHQW�pJDOHPHQW�SDV�j�SURGXLUH�GDQV�OHXU�

IRQFWLRQQHPHQW� OD� SURSULpWp� GX� WHPSV� VFDODLUH�� &RPPH� QRXV� O¶DYRQV� H[SOLTXp� GDQV� QRWUH�

GHUQLqUH�pWXGH�TXL�IDLW�O¶REMHW�G¶XQ�DUWLFOH�HQ�SUpSDUDWLRQ��OD�YDULDELOLWp�VFDODLUH�GDQV�FHV�PRGqOHV�

HVW� DUELWUDLUHPHQW� LQWURGXLWH� HQ� DPRQW� GX� IRQFWLRQQHPHQW� WHPSRUHO�� 'H� SOXV�� OH�PRGqOH� GH�

0DWWHO�HW�0HFN���������SRXUWDQW�WUqV�FpOqEUH��QH�SDUYLHQW�SDV�j�GLUH�VL�XQH�GXUpH�HVW�VXSpULHXUH

RX�LQIpULHXUH�j�XQH�DXWUH��,O�QH�SHXW�TXH�FRQFOXUH�TX¶HOOHV�VRQW�GLIIpUHQWHV��PDLV�SDV�OH�VHQV�GH�

FHWWH�GLIIpUHQFH��(QILQ��FHV�PRGqOHV�VRQW�SHX�SODXVLEOHV�VXU�OH�SODQ�ELRORJLTXH��GX�PRLQV�SRXU�

OH�PRGqOH�GH�7UHLVPDQ��*LEERQ�HW�%ORFN��PDLV�SDV�SRXU�OHV�PRGqOHV�SOXV�UpFHQWV�GH�&KXUFK�HW�
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%URDGEHQW��������HW�GH�0DWWHO�HW�0HFN���������$XVVL��MH�PH�VXLV�DWWHOp�SHQGDQW�OHV�DQQpHV�GH�

WKqVH j�DSSUHQGUH�OH�ODQJDJH�LQIRUPDWLTXH��j�DSSUHQGUH�OD�PRGpOLVDWLRQ DILQ�G¶rWUH�HQ�PHVXUH�

GH�SURSRVHU�j�OD�ILQ�GH�FHWWH�WKqVH�XQ�PRGqOH�RULJLQDO�G¶KRUORJH�LQWHUQH�IRQFWLRQQHO��1RXV�DYRQV�

GRQQp� OH�QRP�GH�&RJQLWLYH�3ODVWLF�&ORFN�j� FH�PRGqOH� �&3&�PRGHO���6RQ�QRP�SHXW� HQFRUH�

pYROXHU��-H�QH�UHYLHQGUDL�SDV�VXU�FH�PRGqOH��VD�SUpVHQWDWLRQ�GHPDQGH�HQFRUH�GX�WUDYDLO�SRXU�

TX¶LO�VRLW�FRPSUpKHQVLEOH�HW�H[SOLFDEOH�SDU�WRXV��-H�QRWHUDL�VHXOHPHQW�TXH�FH�PRGqOH�IRQFWLRQQH��

+HXUHXVHPHQW� VLQRQ� j� TXRL� FHOD� DXUDLW�LO� VHUYL� TXH� MH� OH� SUpVHQWH� PH� GLULH]�YRXV " 3OXV�

VpULHXVHPHQW�� FH�PRGqOH� HVW� SODXVLEOH� VXU� OH� SODQ� QHXUR�ELRORJLTXH�� (Q� HIIHW�� LO� V¶DJLW� G¶XQ�

PRGqOH�HQ�UpVHDX�GH�QHXURQHV�LQWpJUDQW�OH�WHPSV�DX�PR\HQ�GH����RVFLOODWHXUV��'H�SOXV��OH�U\WKPH�

FKRLVL�SRXU� OHV�RVFLOODWHXUV�FRUUHVSRQG�DX[�SDWWHUQV�G¶RVFLOODWLRQ�JDPPD�GH� O¶HQFpSKDOH��TXL�

VRQW� RPQLSUpVHQWHV� GDQV O¶DFWLYLWp� FpUpEUDOH� �*UHJRULRX�� *RWWV�� =KRX� 	� 'HVLPRQH�� ���� ��

0HOORQL��0ROLQD��3HQD��7RUUHV��6LQJHU�	�5RGULJXH]������ ��6LHJHO��'RQQHU��2RVWHQYHOG��)ULHV�

	�(QJHO��'H�SOXV��FHV�RQGHV�UHIOqWHQW�O¶DFWLYDWLRQ�FpUpEUDOH�DX�QLYHDX�G¶pYHLO��:LOOLDPV��&KHQJ�

	�0HFN���������

/H�SULQFLSDO�DYDQWDJH�GX�PRGqOH�HVW�TX¶LO�SHUPHW�GH�FRQVHUYHU�XQH�FHUWDLQH�DPSOHXU�

GH�GXUpHV� �H�J���RUGLQDOLWp���FRQWUDLUHPHQW�DX�PRGqOH�GH�0DWWHO�HW�0HFN��������HW�j�FHOXL�GH�

&KXUFK�HW�%URDGEHQW���������(Q�HIIHW��HQ�DSSUHQDQW�O¶pWDW�GHV�RVFLOODWHXUV�GDQV�OH�WHPSV�ORUV�GX�

SUHPLHU�SURFHVVXV��OH�PRGqOH�SHXW�WURXYHU�O¶DPSOHXU�GX�WHPSV�j�SDUWLU�GX�SDWWHUQ�G¶RVFLOODWLRQV��

(Q�G
DXWUHV�WHUPHV��LO�VDLW�TXH�W� HVW�SOXV�ORQJ�TXH�W���FDU�OH�PRWLI�G
RVFLOODWLRQ�GH�W� FRUUHVSRQG�

j� XQH� GXUpH� DQWpULHXUH��&
HVW� FHWWH� FRQQDLVVDQFH� GHV� JUDQGHXUV� WHPSRUHOOHV� TXL� D� SHUPLV� GH�

UHSURGXLUH�OD�SURSULpWp�VFDODLUH�GX�WHPSV�VXU�OD�PR\HQQH��(Q�HIIHW��FHWWH�SURSULpWp�LPSOLTXH�XQH�

DXJPHQWDWLRQ�GH�OD�SURGXFWLRQ�PR\HQQH�DVVRFLpH�j�XQH�DXJPHQWDWLRQ�GX�WHPSV��/HV�HVWLPDWLRQV�

pWDQW�GLUHFWHPHQW�OLpHV�j�FKDTXH�LQVWDQW�W��FHOD�LPSOLTXH�TXH�OHV�SURGXFWLRQV�pPDQHQW�GX�WHPSV�

SK\VLTXH� HW� DXJPHQWHQW� GH� FH� IDLW� DYHF� OXL��&¶HVW� FHWWH�PrPH� FRQQDLVVDQFH� GH� OD� GXUpH� GX�

PRGqOH�TXL�D�SHUPLV�G¶LQWURGXLUH�XQ�FRHIILFLHQW�GH�GLVSHUVLRQ�WHPSRUHOOH��FDOFXOp GLUHFWHPHQW�j�

SDUWLU�GH�OD�GLVWDQFH�HXFOLGLHQQH�FXPXOpH�HQWUH�O¶pWDW�DFWXHO�GHV�RVFLOODWHXUV�HW�OHXU�SUpGLFWLRQ��

/H� FRHIILFLHQW� DMRXWp� HVWLPH� OD� GLVSHUVLRQ� PR\HQQH� TXL� UpVXOWH� HQ� IDLW� GH� OD� GpULYH� GHV�

SHUIRUPDQFHV� JpQpUpHV� SDU� OD� SOXV� JUDQGH� YDULDELOLWp�� &H� FRHIILFLHQW� WpPRLJQH� GRQF� GH� OD�

YDULDQFH�JUDGXHOOH�GX�PRGqOH��FH�TXL�HQWUDvQH�XQH�VRXV�HVWLPDWLRQ�RX�XQH�VXUHVWLPDWLRQ�OLQpDLUH�

GpSHQGDQW� GX� WHPSV�� ,O� HVW� LPSRUWDQW� GH� VRXOLJQHU� TXH� FHV� FDUDFWpULVWLTXHV� Q
RQW� SDV� pWp�

GLUHFWHPHQW� LQMHFWpHV� GDQV� OH� PRGqOH�� FRPPH� FHOD� SRXYDLW� rWUH� OH� FDV� GDQV� OHV� PRGqOHV�

SUpH[LVWDQWV��PDLV�UpVXOWHQW�GH�VRQ�PpFDQLVPH�G
DFWLRQ�
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/¶RULJLQDOLWp� GH� QRWUH�PRGqOH� UpVLGH� DXVVL� GDQV� OH� IDLW� TXH� QRXV� DYRQV� DMRXWp� GHV�

IDFWHXUV�SK\VLRORJLTXHV �SODVWLFLWp��HW�FRJQLWLIV �PpPRLUH��DWWHQWLRQ�HW�DSSUHQWLVVDJH�GX�WHPSV��

TXH� QRXV� DYRQV� GpFHOpV FRPPH� pWDQW� OHV� VRXUFHV GHV GLVWRUVLRQV� WHPSRUHOOHV��(Q�PRGLILDQW�

O
LQGLFH�GH�GpFDODJH�GH�)DKOPDQ��QRXV�DYRQV�PRGXOp�OD�SODVWLFLWp�GH�O
KRUORJH��8Q�SDUDPqWUH�GH�

SODVWLFLWp�pOHYp�SHUPHW�DX�PRGqOH�G
DSSUHQGUH�SOXV�UDSLGHPHQW��PDLV�SHXW�SOXV�IUpTXHPPHQW�

SURYRTXHU�GHV�RXEOLV��FH�TXL�HQWUDvQH�GHV�HUUHXUV�GH�SUpGLFWLRQ�FULWLTXHV��(Q�PRGXODQW�OD�TXDQWLWp�

G
LQIRUPDWLRQV�GpWHQXHV�SDU�OH�PRGqOH�HQ�HQWUpH��QRXV�DYRQV�pJDOHPHQW�MRXp�VXU�O
DWWHQWLRQ��(Q�

HIIHW��PRLQV�G
DWWHQWLRQ�JpQqUH�XQH�GLPLQXWLRQ�GHV�LQIRUPDWLRQV�TXL�SHXYHQW�rWUH�FROOHFWpHV�GDQV�

O
HQYLURQQHPHQW�FDU OHV�LQIRUPDWLRQV�QH�SHXYHQW�SDV�GpSDVVHU�OH�VHXLO�FRQVFLHQW��(Q�PRGLILDQW�

OH�QRPEUH�GH�QHXURQHV�GH�OD�FRXFKH�FDFKpH��QRXV�DYRQV�DXVVL�PRGLILp�OD�FDSDFLWp�GH�UpWHQWLRQ�

HQ�PpPRLUH��(QILQ��HQ�PRGLILDQW�OH�QRPEUH�G
pSRTXHV��F
HVW�j�GLUH�HQ�PRGXODQW�OH�QRPEUH�GH�

UpWUR�SURSDJDWLRQ�GX�JUDGLHQW��OH�SURJUDPPH�GpWLHQW PRLQV�G¶HVVDLV SRXU�SDUYHQLU�j�UpGXLUH�VRQ�

JUDGLHQW�G¶HUUHXU��&HFL�SHUPHW�DLQVL�GH�PRGXOHU�O
H[SpULHQFH�WHPSRUHOOH��(Q�HIIHW��VL�OH�PRGqOH�

D�SOXV�GH�WHPSV�SRXU�FRQYHUJHU�YHUV�OHV�PRGDOLWpV�LGpDOHV��LO�HQ�FRQQDvW�GDYDQWDJH�OHV�SURSULpWpV�

HW�D�XQH�PHLOOHXUH�H[SpULHQFH�WHPSRUHOOH��(QILQ��SRXU�WHVWHU�OD�YpUDFLWp�GH�FH�PRGqOH��QRXV�DYRQV�

LQWpJUp�OHV�VFRUHV�REWHQXV�DX[�WHVWV�QHXURSV\FKRORJLTXHV�GHV�pWXGHV�UpDOLVpHV�GDQV�FHWWH�WKqVH�

DILQ�GH�GpWHUPLQHU�O¶pWDW GHV�IDFWHXUV�GH�O¶KRUORJH��/H�IDLW�TXH�OH�V\VWqPH�SDUYLHQQH�j�H[SOLTXHU�

MXVTX¶j�����GX�ELDLV�G¶HVWLPDWLRQ�FDXVp�VXU�XQ�pFKDQWLOORQ�DXVVL�KpWpURJqQH��GHV�HQIDQWV�HW�GHV�

DGXOWHV�kJpV�GH���j����DQV��FRQILUPH OH�FDUDFWqUH�FRJQLWLI�GHV�YDULDEOHV�G¶KRUORJH� LQWHUQH�HW�

UDWLILH�O¶LQIOXHQFH�© RQ�OLQH ª GH�FHV�GLPHQVLRQV��

(QILQ�� ORUV�GH�O¶DQDO\VH�GX�SRLGV�GH�FKDFXQH�GHV�GLPHQVLRQV�QHXURSV\FKRORJLTXHV��

QRXV�DYRQV�GpFHOp�TXH�O¶LQGLFH�GH�YLWHVVH�GH�WUDLWHPHQW�pWDLW�O¶XQ�GHV�IDFWHXUV�OHV�SOXV�LQIOXHQWV�

SRXU�SDUDPpWUHU�OHV�YDULDEOHV�G¶KRUORJH�LQWHUQH��&HOD�HVW�WRXW�j�IDLW�HQ�OLHQ�DYHF�OHV�WUDYDX[�GH�

'URLW�9ROHW� HW� =pODQWL� ������� TXL� RQW� FRQVWDWp� TXH� OD� YLWHVVH� GH� WUDLWHPHQW� pWDLW� OH�PHLOOHXU�

SUpGLFWHXU�GH�O¶HVWLPDWLRQ�GX�WHPSV�GDQV�XQH�WkFKH�GH�ELVVHFWLRQ�WHPSRUHOOH�VLPSOH��,O�VHPEOH�

SUREDEOH� TXH� O¶DFFpOpUDWLRQ� GX� WUDLWHPHQW� GH� O¶LQIRUPDWLRQ� DYHF� O
kJH� UHIOqWH� LQGLUHFWHPHQW�

O
DXJPHQWDWLRQ�GH�O
HIILFDFLWp�G\QDPLTXH�GHV�FLUFXLWV�QHXURQDX[�UHVSRQVDEOHV�SRXU�O¶HVWLPDWLRQ�

GX�WHPSV��
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,,,�± ���/LPLWDWLRQV�HW�IXWXUHV�UHFKHUFKHV�

/D�SURFKDLQH�pWDSH��TXL�IDLW�DXMRXUG¶KXL�O¶REMHW�GH�PHV�WUDYDX[��HVW�GH�ILQLU�OD�UpGDFWLRQ�

GH�FH�PRGqOH�SRXU�TX¶LO�VRLW�VLPSOH�j�FRPSUHQGUH�HW�DILQ�G¶rWUH�HQ�PHVXUH�GH�SRXYRLU�OH�SXEOLHU��

/D�VHFRQGH�pWDSH�VHUD�GH�ODQFHU�FH�PrPH�PRGqOH�j�SDUWLU�G¶DXWUHV�GRQQpHV JpQpUpHV�SDU�GHV�

SDUWLFLSDQWV� HQ� VLWXDWLRQ� GH� GRXEOH�WkFKH�� $XVVL�� VL� FHOD� IRQFWLRQQH�� DORUV� QRXV� SRXUURQV�

FRQFOXUH�TXH�OH�&3&�PRGHO�SUpGLW�OHV�GLVWRUVLRQV�LQWUD�HW�LQWHU�LQGLYLGXHOOHV�

&RQYDLQFXV�GH�O¶LQWpUrW�GH�FH�PRGqOH��QRXV�HVSpURQV�TXH�FHOXL�FL�VRLW�XQ�SUpFXUVHXU�

GDQV�OHV�WUDYDX[�VXU�O¶HVWLPDWLRQ�GX�WHPSV��1pDQPRLQV��LO�QRXV�UHVWH�HQFRUH�j�H[SOLTXHU�����

GHV�YDULDQFHV�GH�SURGXFWLRQV��$�O¶DYHQLU��LO�VHUDLW�LQWpUHVVDQW�GH�UpXVVLU�j�DMRXWHU�j�O¶KRUORJH�

WHOOH�TX¶HOOH�IRQFWLRQQH�GDQV�OH�PRGqOH� XQ�PpFDQLVPH�EDVp�VXU�OH�WHPSV�GH�UpDFWLRQ�FRPSDUDEOH�

DX�VZLWFK��/¶DMRXW�G¶XQ�WHO�IDFWHXU�SRXUUDLW�SRWHQWLHOOHPHQW�H[SOLTXHU�HQFRUH�SOXV�GH�YDULDQFHV��

$SUqV�XQH�pWXGH�SOXV�SRXVVpH�GH�O¶LQIOXHQFH�GX�WHPSV�GH�UpDFWLRQ�VXU�OHV�HVWLPDWLRQV�GX�WHPSV��

LO�VHUDLW�LQWpUHVVDQW�GH�SRXYRLU�DMRXWHU�XQH�YDULDEOH�j�O¶KRUORJH�LQWHUQH�UHODWLYH�j�FH�IDFWHXU� TXL�

VHPEOH�rWUH�XQ�GHUQLHU�pOpPHQW�GpWHUPLQDQW GDQV�O¶HVWLPDWLRQ�GX�WHPSV��&HW pOpPHQW�DYHF�GHV�

WHPSV�GH�UpDFWLRQ�YDULpV�UHIOpWHUDLW�OH�VZLWFK�DWWHQWLRQQHO�HQ�WRXW�RX�ULHQ�GpFULW�UpJXOLqUHPHQW�

GDQV�OHV�PRGqOHV�G¶KRUORJH�LQWHUQH�� IOXFWXDQW�HQWUH�OHV GHX[�PRGHV�© RQ ª�HW�© RII ª��/¶DMRXW�

G¶XQ�WHO�IDFWHXU�SRXUUDLW�SRWHQWLHOOHPHQW�H[SOLTXHU�HQFRUH�GDYDQWDJH�GH�YDULDQFHV��8QH�DXWUH�

SRVVLELOLWp�VHUDLW�G¶LQVpUHU�XQH�VHFRQGH�SHUWXUEDWLRQ�FRJQLWLYH��DSUqV�O¶LQFUpPHQWDWLRQ�GHV�XQLWpV�

WHPSRUHOOHV�� SRXYDQW� FRUUHVSRQGUH� DX� ELDLV� ORUV� GH� OD� GpFLVLRQ� HW� GH� OD� UpFXSpUDWLRQ� GH�

O¶LQIRUPDWLRQ�HQ�PpPRLUH��&HOD�pWDQW��LO�QH�IDXGUDLW�SDV�WURS�FRPSOH[LILHU�OH�PRGqOH��/H�EXW�HVW�

GH�PDLQWHQLU� FRQVWDQW�XQ� IDFWHXU�� FRPPH� OH� IDFWHXU�GpFLVLRQQHO�� HW�GH�YRLU� OHV�YDULDWLRQV�GX�

PRGqOH� TXDQG� FH� IDFWHXU� HVW� FRQVWDQW�� (Q� HIIHW�� QRXV� DUULYRQV� GpMj� j� H[SOLTXHU� ���� GH� OD�

YDULDQFH�HW�FHOD��VDQV�SUHQGUH�HQ�FRPSWH�OHV�FULWqUHV�GH�GpFLVLRQ�RX�OH�V\VWqPH�GH�VZLWFK��2U�

����HVW�GpMj�EHDXFRXS�SRXU�XQ�PRGqOH��

(QILQ�� OD�GHUQLqUH� OLPLWH�GX�PRGqOH�HW�QRQ� OD�PRLQGUH�HVW�TX¶LO�SHUPHW�DXMRXUG¶KXL�

G¶DSSUpFLHU�O¶HUUHXU�WHPSRUHOOH�GH�IDoRQ�DEVROXH�PDLV�SDV�UHODWLYH��$�O¶DYHQLU��LO�SRXUUDLW�rWUH�

LQWpUHVVDQW�G¶rWUH�DSWH�j�SUpGLUH�OH VHQV�GH�FHV�EUXLWV��F¶HVW�j�GLUH�V¶LOV�YRQW�GDQV�OH�VHQV�G¶XQH�

VXUHVWLPDWLRQ�RX�G¶XQH�VRXV�HVWLPDWLRQ�GX�WHPSV��(Q�VRPPH��F¶HVW�OH�GpEXW�G¶XQ�ORQJ�WUDYDLO�

GH�UHFKHUFKH�
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(Q� UpVXPp�� O¶REMHFWLI� GH� FH� WUDYDLO� GH� WKqVH� pWDLW� G¶pWXGLHU� OH GpYHORSSHPHQW� GHV�

FRQGXLWHV� WHPSRUHOOHV� HW� OHXUV� FKDQJHPHQWV� HQ� IRQFWLRQ� GHV� FRQWH[WHV� HW� GHV� GLIIpUHQWHV�

FDSDFLWpV� FRJQLWLYHV� GHV� HQIDQWV�� GDQV� O¶DPELWLRQ� G¶HVVD\HU G¶pODERUHU� XQ� PRGqOH�

GpYHORSSHPHQWDO� RULJLQDO�� $� WUDYHUV� QRV� pWXGHV�� O¶DWWHQWLRQ� V¶HVW� UpYpOpH� rWUH� XQ� IDFWHXU�

GpWHUPLQDQW�GDQV�OD�IRUPDWLRQ�GHV�GLVWRUVLRQV�WHPSRUHOOHV��(Q�HIIHW��TXHOOH�TXH�VRLW�OD�SURFpGXUH�

XWLOLVpH��XQ�PDQTXH�G¶DWWHQWLRQ�HQWUDvQH�V\VWpPDWLTXHPHQW�XQ�SOXV�JUDQG�HIIHW�G¶LQWHUIpUHQFH�GH�

OD�WkFKH�FRQFXUUHQWH�TXHOOH�TXH�VRLW�VD�QDWXUH��HW�TXH�FHW�HIIHW�DLOOH�GDQV�OH�VHQV�G¶XQH�VRXV�

HVWLPDWLRQ��GRXEOH�WkFKH�QRQ�WHPSRUHOOH��RX�GDQV�FHOXL�G¶XQH�VXUHVWLPDWLRQ��GXDO�WLPLQJ���'DQV�

FHWWH� WKqVH��QRXV� DYRQV�PLV� HQ� DYDQW� O¶LPSDFW�GH� O¶DWWHQWLRQ� VXU� OH� MXJHPHQW�GX� WHPSV�FKH]�

O¶HQIDQW�HW�VHV UpSHUFXVVLRQV�j�WRXV�OHV�QLYHDX[�GX�WUDLWHPHQW�GX�WHPSV��(Q�HIIHW��XQH�PRLQGUH�

DWWHQWLRQ�UHQG�OH�VLJQDO�WHPSRUHOOHPHQW�© IORX ª� FH�TXL�UpVXOWH�HQ�GHV�HVWLPDWLRQV�VXEMHFWLYHV�

GDYDQWDJH� HUURQpHV� HW� RULHQWpHV� YHUV� OHV� H[SpULHQFHV� DQWpULHXUHV�� 0DLV� OHV� H[SpULHQFHV�

DQWpULHXUHV�VRQW�DXVVL�PRLQV�ERQQHV�SRXU�GHV�UDLVRQV�GH�FDSDFLWpV�PQpVLTXHV�SOXV�OLPLWpHV�HW�

GHV� FDSDFLWpV� G¶pYDOXDWLRQ� GHV� HUUHXUV� GH� MXJHPHQWV� PRLQV� ERQQHV� OLpHV� DX[� IRQFWLRQV�

H[pFXWLYHV�HW�PpWDFRJQLWLYHV�PRLQV�GpYHORSSpHV�FKH]�OH�MHXQH�HQIDQW��2Q�SRXUUDLW�HQ�FRQFOXUH�

TXH�O¶HQIDQW�HVW�WUqV�PDXYDLV�GDQV�VHV�MXJHPHQWV�GX�WHPSV��HQ�G¶DXWUHV�WHUPHV��TX¶LO�HVW�LQDGDSWp�

j�VRQ�HQYLURQQHPHQW�WHPSRUHO��0DLV�MH�GRLV�j�OD�ILQ�GH�FH�WUDYDLO�GH�WKqVH��UHQYR\HU�FHX[�TXL�

DXURQW� HX� OH� FRXUDJH� �RX� O¶REOLJDWLRQ�� GH OLUH� FH� GRFXPHQW� GDQV� VRQ� LQWpJUDOLWp� j� PRQ�

LQWURGXFWLRQ�� (Q� HIIHW�� GDQV�PRQ� LQWURGXFWLRQ�� M¶pYRTXH� WRXV� OHV� WUDYDX[� FKH]� OH� EpEp� HW� OH�

MXJHPHQW�LPSOLFLWH�GX�WHPSV�FKH]�OH�MHXQH�HQIDQW��&HV�pWXGHV�PRQWUHQW�FODLUHPHQW�TX¶j�WRXV�OHV�

kJHV�OHV�HQIDQWV�VRQW�FDSDEOHV�G¶HVWLPDWLRQV�WHPSRUHOOHV�SOXW{W�SUpFLVHV��,O�VHPEOH�GRQF�TX¶LO�

H[LVWH�DXWDQW�GH�GpYHORSSHPHQWV�GDQV�OHV�FRQGXLWHV�WHPSRUHOOHV�TX¶LO�H[LVWH�GH�FRQGLWLRQV��/HV�

HQIDQWV�GRLYHQW�DYRLU� O¶RFFDVLRQ�GH�IDLUH� O¶H[SpULHQFH�GX� WHPSV�j�SOXVLHXUV�UHSULVHV�GDQV� OHV�

PrPHV�FRQGLWLRQV�SRXU�DSSUHQGUH�OD�GXUpH�RX�GHYUDLV�MH�GLUH�OD�GLVWULEXWLRQ�GHV�GXUpHV�DVVRFLpHV�

DX[�pYpQHPHQWV�HW�DX[�DFWLRQV��8Q�GpEDW�DFWXHO�TXHVWLRQQH�OD�SRVVLELOLWp�G¶DSSUHQGUH�XQH�GXUpH�

HQ�XQ�VHXO�HVVDL��3RXU�PD�SDUW��MH�GLUDL�TXH�FHOD�Q¶HVW�SDV�SRVVLEOH��SDV�FKH]�O¶HQIDQW�WRXW�GX�

PRLQV��FDU�OH�WHPSV�HVW�GpSHQGDQW�GH�VRQ�FRQWHQX�HW�GX�FRQWHQX�PHQWDO�GH�O¶HQIDQW��/H�WHPSV�

Q¶HVW�G¶DSUqV�PRL�TXH�OD�UpVXOWDQWH�GH�UHVVHQWLV��GX�IRQFWLRQQHPHQW�IOXFWXDQW�GH�QRWUH�KRUORJH��

TXL�DX�IXU�HW�j�PHVXUH�GHV�H[SpULHQFHV�SDUYLHQW j�rWUH�GpFRQWH[WXDOLVp�
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WĂŐĞ�ͮ�Ϯϳϭ

�ĐĞƌďŝ͕�>͕͘�sŝũĂǇĂŬƵŵĂƌ͕�^͕͘�Θ�tŽůƉĞƌƚ͕��͘�D͘�;ϮϬϭϰͿ͘�KŶ�ƚŚĞ�ŽƌŝŐŝŶƐ�ŽĨ�ƐƵďŽƉƚŝŵĂůŝƚǇ�ŝŶ�ŚƵŵĂŶ�
ƉƌŽďĂďŝůŝƐƚŝĐ�ŝŶĨĞƌĞŶĐĞ͘ W>Ž^��ŽŵƉƵƚĂƚŝŽŶĂů��ŝŽůŽŐǇ͕ ϭϬ;ϲͿ͕�ĞϭϬϬϯϲϲϭ͘�
ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉĐďŝ͘ϭϬϬϯϲϲϭ

�ĐĞƌďŝ͕�>͕͘�tŽůƉĞƌƚ͕��͘�D͕͘�Θ�sŝũĂǇĂŬƵŵĂƌ͕�^͘�;ϮϬϭϮͿ͘�/ŶƚĞƌŶĂů�ƌĞƉƌĞƐĞŶƚĂƚŝŽŶƐ�ŽĨ�ƚĞŵƉŽƌĂů�ƐƚĂƚŝƐƚŝĐƐ�ĂŶĚ�
ĨĞĞĚďĂĐŬ�ĐĂůŝďƌĂƚĞ�ŵŽƚŽƌͲƐĞŶƐŽƌǇ�ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ͘ W>Ž^��ŽŵƉƵƚĂƚŝŽŶĂů��ŝŽůŽŐǇ͕ ϴ;ϭϭͿ͕�ĞϭϬϬϮϳϳϭ͘�
ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉĐďŝ͘ϭϬϬϮϳϳϭ

�ĚĂŵƐ͕�Z͘��͘�;ϭϵϳϳͿ͘�/ŶƚĞƌǀĞŶŝŶŐ�ƐƚŝŵƵůƵƐ�ĞĨĨĞĐƚƐ�ŽŶ�ĐĂƚĞŐŽƌǇ�ũƵĚŐŵĞŶƚƐ�ŽĨ�ĚƵƌĂƚŝŽŶ͘ WĞƌĐĞƉƚŝŽŶ�Θ�
WƐǇĐŚŽƉŚǇƐŝĐƐ͕ Ϯϭ;ϲͿ͕�ϱϮϳʹϱϯϰ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&Ϭϯϭϵϴϳϯϯ

�ĚĂŵƐ͕�t͘�:͕͘�Θ�DĂŵĂƐƐŝĂŶ͕�W͘�;ϮϬϬϰͿ͘��ĂǇĞƐŝĂŶ�ĐŽŵďŝŶĂƚŝŽŶ�ŽĨ�ĂŵďŝŐƵŽƵƐ�ƐŚĂƉĞ�ĐƵĞƐ͘ :ŽƵƌŶĂů�ŽĨ�
sŝƐŝŽŶ͕ ϯ;ϵͿ͕�ϴϰϬʹϴϰϬ͘�ĚŽŝ͗ϭϬ͘ϭϭϲϳͬϰ͘ϭϬ͘ϳ

�ĚĚǇŵĂŶ͕��͕͘�ZŽĐŚĂ͕�^͕͘�Θ�DĂƌĞƐĐŚĂů͕��͘�;ϮϬϭϰͿ͘�DĂƉƉŝŶŐ�ƚŚĞ�ŽƌŝŐŝŶƐ�ŽĨ�ƚŝŵĞ͗�^ĐĂůĂƌ�ĞƌƌŽƌƐ�ŝŶ�ŝŶĨĂŶƚ�ƚŝŵĞ�
ĞƐƚŝŵĂƚŝŽŶ͘ �ĞǀĞůŽƉŵĞŶƚĂů�ƉƐǇĐŚŽůŽŐǇ͕ ϱϬ;ϴͿ͕�ϮϬϯϬʹϮϬϯϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬĂϬϬϯϳϭϬϴ

�ůůĂŶ͕�>͘�'͕͘�Θ�'ŝďďŽŶ͕�:͘�;ϭϵϵϭͿ͘�,ƵŵĂŶ�ďŝƐĞĐƚŝŽŶ�Ăƚ�ƚŚĞ�ŐĞŽŵĞƚƌŝĐ�ŵĞĂŶ͘�>ĞĂƌŶŝŶŐ�ĂŶĚ�DŽƚŝǀĂƚŝŽŶ͕�
ϮϮ;ϭʹϮͿ͕ ϯϵʹϱϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϯͲϵϲϵϬ;ϵϭͿϵϬϬϭϲͲϮ

�ůůĂŶ͕�>͘�'͘�;ϭϵϵϴͿ͘�dŚĞ�ŝŶĨůƵĞŶĐĞ�ŽĨ�ƚŚĞ�ƐĐĂůĂƌ�ƚŝŵŝŶŐ�ŵŽĚĞů�ŽŶ�ŚƵŵĂŶ�ƚŝŵŝŶŐ�ƌĞƐĞĂƌĐŚ͘ �ĞŚĂǀŝŽƵƌĂů�
WƌŽĐĞƐƐĞƐ͕ ϰϰ;ϮͿ͕�ϭϬϭʹϭϭϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϯϳϲͲϲϯϱϳ;ϵϴͿϬϬϬϰϯͲϲ

�ůůĂŶ͕�>͘�'͘�;ϮϬϬϮͿ͘��ƌĞ�ƚŚĞ�ƌĞĨĞƌĞŶƚƐ�ƌĞŵĞŵďĞƌĞĚ�ŝŶ�ƚĞŵƉŽƌĂů�ďŝƐĞĐƚŝŽŶ͍͘ >ĞĂƌŶŝŶŐ�ĂŶĚ�
DŽƚŝǀĂƚŝŽŶ͕ ϯϯ;ϭͿ͕�ϭϬʹϯϭ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϲͬůŵŽƚ͘ϮϬϬϭ͘ϭϬϵϳ

�ůůŵĂŶ͕�D͘�:͕͘��Ğ>ĞŽŶ͕�/͘�'͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�,͘�;ϮϬϭϭͿ͘�WƐǇĐŚŽƉŚǇƐŝĐĂů�ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ƚŝŵŝŶŐ�ŝŶ�ŝŶĚŝǀŝĚƵĂůƐ�
ǁŝƚŚ�ĂƵƚŝƐŵ͘ �ŵĞƌŝĐĂŶ�:ŽƵƌŶĂů�ŽŶ�/ŶƚĞůůĞĐƚƵĂů�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚĂů��ŝƐĂďŝůŝƚŝĞƐ͕ ϭϭϲ;ϮͿ͕�ϭϲϱʹϭϳϴ͘�
ĚŽŝ͗ϭϬ͘ϭϯϱϮͬϭϵϰϰͲϳϱϱϴͲϭϭϲ͘Ϯ͘ϭϲϱ

�ůůŵĂŶ͕D͘ :͕͘ WĞŶŶĞǇ͕ d͘ �͕͘ ΘDĞĐŬ͕t͘ ,͘ ;ϮϬϭϲͿ͘ �ƌŝĞĨ ŚŝƐƚŽƌǇ ŽĨ� ͞dŚĞWƐǇĐŚŽůŽŐǇ ŽĨ dŝŵĞ WĞƌĐĞƉƚŝŽŶ͘͟
dŝŵŝŶŐ ĂŶĚ dŝŵĞ�WĞƌĐĞƉƚŝŽŶ͕�ϰ;ϯͿ͕�Ϯϵϵʹϯϭϰ͘ ĚŽŝ͗ϭϬ͘ϭϭϲϯͬϮϮϭϯϰϰϲϴͲϬϬϬϬϮϬϳϭ

�ŶĚĞƌƐŽŶ͕�:͘�Z͘�;ϮϬϬϳͿ͘�,Žǁ�ĐĂŶ�ƚŚĞ�ŚƵŵĂŶ�ŵŝŶĚ�ŽĐĐƵƌ�ŝŶ�ƚŚĞ�ƉŚǇƐŝĐĂů�ƵŶŝǀĞƌƐĞ͍͘ KǆĨŽƌĚ͗�KǆĨŽƌĚ�
hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ͘

�ƉƉĞƌůǇ͕ /͘ �͕͘ Θ �ƵƚƚĞƌĨŝůů͕ ^͘ �͘ ;ϮϬϬϵͿ͘ �Ž ŚƵŵĂŶƐ ŚĂǀĞ ƚǁŽ ƐǇƐƚĞŵƐ ƚŽ ƚƌĂĐŬ ďĞůŝĞĨƐ ĂŶĚ ďĞůŝĞĨͲůŝŬĞ ƐƚĂƚĞƐ͍
WƐǇĐŚŽůŽŐŝĐĂů�ZĞǀŝĞǁ͕�ϭϭϲ;ϰͿ͕�ϵϱϯʹϵϳϬ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϳͬĂϬϬϭϲϵϮϯ

�ƌůŝŶ͕�D͘�;ϭϵϴϲͿ͘�dŚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ƋƵĂŶƚŝƚǇ͕�ĐŽŵƉůĞǆŝƚǇ͕�ĂŶĚ�ĂƚƚĞŶƚŝŽŶĂů�ĚĞŵĂŶĚ�ŽŶ�ĐŚŝůĚƌĞŶ͛Ɛ�ƚŝŵĞ�
ƉĞƌĐĞƉƚŝŽŶ͘ WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϰϬ;ϯͿ͕�ϭϳϳʹϭϴϮ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϯϬϭϰ

�ƌůŝŶ͕�D͘�;ϭϵϴϲďͿ͘�dŚĞ�ĞīĞĐƚ�ŽĨ�ƋƵĂŶƚŝƚǇ�ĂŶĚ�ĚĞƉƚŚ�ŽĨ�ƉƌŽĐĞƐƐŝŶŐ�ŽŶ�ĐŚŝůĚƌĞŶ͛Ɛ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘�:ŽƵƌŶĂů�
ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕�ϰϮ;ϭͿ͕�ϴϰʹϵϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϮͲϬϵϲϱ;ϴϲͿϵϬϬϭϳͲϮ



WĂŐĞ�ͮ�ϮϳϮ

�ƐĂŽŬĂ͕ Z͕͘ Θ 'ǇŽďĂ͕ :͘ ;ϮϬϭϱͿ͘ �ĨĨĞĐƚƐ ŽĨ ƐĞŶƐŽƌǇ ŵŽĚĂůŝƚǇ ĂŶĚ ƌĞƚĞŶƚŝŽŶ ĚĞůĂǇ ŽŶ ƚŝŵĞ ƌĞƉƌŽĚƵĐƚŝŽŶ�
ƉĞƌĨŽƌŵĂŶĐĞ͘�dŚĞ�:ĂƉĂŶĞƐĞ�:ŽƵƌŶĂů�ŽĨ�WƐǇĐŚŽŶŽŵŝĐ�^ĐŝĞŶĐĞ͕ ϯϰ;ϭͿ͕ ϱϯʹϱϵ͘�
ĚŽŝ͗ϭϬ͘ϭϰϵϰϳͬƉƐǇĐŚŽŶŽ͘ϯϰ͘ϳ

�ƚŬŝŶƐŽŶ͕�:͘�;ϮϬϬϮͿ͘�dŚĞ�ĚĞǀĞůŽƉŝŶŐ�ǀŝƐƵĂů�ďƌĂŝŶ͘�EĞǁ�zŽƌŬ͕�Ez͗�KǆĨŽƌĚ�hŶŝǀĞƌƐŝƚǇ WƌĞƐƐ͘

�ƐůŝŶ͕�Z͘�E͘�;ϭϵϴϭͿ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƐŵŽŽƚŚ�ƉƵƌƐƵŝƚ�ŝŶ�ŚƵŵĂŶ�ŝŶĨĂŶƚƐ͘�/Ŷ��͘�&͘�&ŝƐŚĞƌ͕�Z͘��͘�DŽŶƚǇ͕�ĂŶĚ�:͘�
t͘�^ĞŶĚĞƌƐ�;�ĚƐ͘Ϳ͕��ǇĞ�DŽǀĞŵĞŶƚƐ͗��ŽŐŶŝƚŝŽŶ�ĂŶĚ�sŝƐƵĂů�WĞƌĐĞƉƚŝŽŶ ;ƉƉ͘�ϯϭʹϱϭͿ͘�,ŝůůƐĚĂůĞ͕�E:͗�
>ĂǁƌĞŶĐĞ��ƌůďĂƵŵ͘

�ǇŚĂŶ͕�/͕͘��ƌƵŶŽ͕��͕͘�EŝƐŚŝĚĂ͕�^͘�z͕͘�Θ�:ŽŚŶƐƚŽŶ͕��͘�;ϮϬϬϵͿ͘�dŚĞ�ƐƉĂƚŝĂů�ƚƵŶŝŶŐ�ŽĨ�ĂĚĂƉƚĂƚŝŽŶͲďĂƐĞĚ�ƚŝŵĞ�
ĐŽŵƉƌĞƐƐŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ�sŝƐŝŽŶ͕ ϵ;ϭϭͿ͕�ϮʹϮ͘ ĚŽŝ͗ϭϬ͘ϭϭϲϳͬϵ͘ϭϭ͘Ϯ

�ǇŚĂŶ͕ /͕͘ ZĞǀŝŶĂ͕ z͕͘ �ƌƵŶŽ͕ �͕͘ Θ :ŽŚŶƐƚŽŶ͕ �͘ ;ϮϬϭϮͿ͘��ƵƌĂƚŝŽŶ ũƵĚŐŵĞŶƚƐ ŽǀĞƌŵƵůƚŝƉůĞ ĞůĞŵĞŶƚƐ͘
&ƌŽŶƚŝĞƌƐ�ŝŶWƐǇĐŚŽůŽŐǇ͕ϯ͕ ϰϱϵ͘ĚŽŝ͗ϯϯϴϵͬĨƉƐǇŐ͘ϮϬϭϮ͘ϬϬϰϱϵ

�ĂĚĚĞůĞǇ��͘�;ϭϵϴϲͿ͘�tŽƌŬŝŶŐ�DĞŵŽƌǇ͘�KǆĨŽƌĚ�hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ͕�KǆĨŽƌĚ͘

�ĂĚĚĞůĞǇ��͘�;ϭϵϵϬͿ͘�,ƵŵĂŶ�ŵĞŵŽƌǇ�͗�ƚŚĞŽƌǇ�ĂŶĚ�ƉƌĂĐƚŝĐĞ͘��ŽƐƚŽŶ�͗��ůůǇŶ�ĂŶĚ��ĂĐŽŶ͘

�ĂĚĚĞůĞǇ͕��͘�;ϮϬϬϬͿ͘�dŚĞ�ĞƉŝƐŽĚŝĐ�ďƵĨĨĞƌ͗�Ă�ŶĞǁ�ĐŽŵƉŽŶĞŶƚ�ŽĨ�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͍͘ dƌĞŶĚƐ�ŝŶ�ĐŽŐŶŝƚŝǀĞ�
ƐĐŝĞŶĐĞƐ͕ ϰ;ϭϭͿ͕�ϰϭϳʹϰϮϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϭϯϲϰͲϲϲϭϯ;ϬϬͿϬϭϱϯϴͲϮ

�ĂĚĚĞůĞǇ͕��͘��͕͘�Θ�,ŝƚĐŚ͕�'͘�;ϭϵϳϰͿ͘�tŽƌŬŝŶŐ�ŵĞŵŽƌǇ͘�WƐǇĐŚŽůŽŐǇ�ŽĨ�>ĞĂƌŶŝŶŐ�ĂŶĚ�DŽƚŝǀĂƚŝŽŶ͕�ϴ͕�ϰϳʹϴϵ͘
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϬϳϵͲϳϰϮϭ;ϬϴͿϲϬϰϱϮͲϭ'Ğƚ

�ĂůĚ͕�>͕͘��ĞƌƌŝĞŶ͕�&͘�<͕͘�WƌŝĐĞ͕�:͘��͕͘�Θ�^ƉƌĂŐƵĞ͕�Z͘�K͘�;ϭϵϰϮͿ͘��ƌƌŽƌƐ�ŝŶ�ƉĞƌĐĞŝǀŝŶŐ�ƚŚĞ�ƚĞŵƉŽƌĂů�ŽƌĚĞƌ�ŽĨ�
ĂƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů�ƐƚŝŵƵůŝ͘ :ŽƵƌŶĂů�ŽĨ��ƉƉůŝĞĚ�WƐǇĐŚŽůŽŐǇ͕ Ϯϲ;ϯͿ͕�ϯϴϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬŚϬϬϱϵϮϭϲ

�ĂƌŽŶ͕��͕͘�<ĂƵĨŵĂŶ͕��͕͘�Θ�^ƚĂƵďĞƌ͕�<͘��͘�;ϭϵϲϵͿ͘��ĨĨĞĐƚƐ�ŽĨ�ŝŶƐƚƌƵĐƚŝŽŶƐ�ĂŶĚ�ƌĞŝŶĨŽƌĐĞŵĞŶƚͲĨĞĞĚďĂĐŬ�ŽŶ�
ŚƵŵĂŶ�ŽƉĞƌĂŶƚ�ďĞŚĂǀŝŽƌ�ŵĂŝŶƚĂŝŶĞĚ�ďǇ�ĨŝǆĞĚͲŝŶƚĞƌǀĂů�ƌĞŝŶĨŽƌĐĞŵĞŶƚ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ��ǆƉĞƌŝŵĞŶƚĂů�
�ŶĂůǇƐŝƐ ŽĨ��ĞŚĂǀŝŽƌ͕ ϭϮ;ϱͿ͕�ϳϬϭʹϳϭϮ͘��Žŝ͗ϭϬ͘ϭϵϬϭͬũĞĂď͘ϭϵϲϵ͘ϭϮͲϳϬϭ

�ĂƌƐĂůŽƵ͕�>͘�t͘�;ϭϵϵϵͿ͘�WĞƌĐĞƉƚƵĂů�ƐǇŵďŽů�ƐǇƐƚĞŵ͘��ĞŚĂǀŝŽƌĂů�ĂŶĚ��ƌĂŝŶ�^ĐŝĞŶĐĞƐ͕�ϮϮ;ϰͿ͕�ϱϳϳʹϲϲϬ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϳͬ^ϬϭϰϬϱϮϱyϵϵϬϬϮϭϰϵ

�ĂƌƐĂůŽƵ͕ >͘t͘ ;ϮϬϬϴͿ͘ 'ƌŽƵŶĚĞĚ ĐŽŐŶŝƚŝŽŶ͘�ŶŶƵĂů ZĞǀŝĞǁ ŽĨ WƐǇĐŚŽůŽŐǇ͕ ϱϵ͕ ϲϭϳʹϲϰϱ͘
ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ ƉƐǇĐŚ͘ϱϵ͘ϭϬϯϬϬϲ͘Ϭϵϯϲϯϵ

�ĂƌƐĂůŽƵ͕>͘t͘;ϮϬϭϬͿ͘'ƌŽƵŶĚĞĚĐŽŐŶŝƚŝŽŶ͗WĂƐƚ͕ƉƌĞƐĞŶƚ͕ĂŶĚĨƵƚƵƌĞ͘dŽƉŝĐƐŝŶ�ŽŐŶŝƚŝǀĞ^ĐŝĞŶĐĞ͕Ϯ;ϰͿ͕ϳϭϲʹ
ϳϮϰ͘ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϳϱϲͲϴϳϲϱ͘ϮϬϭϬ͘Ϭϭϭϭϱ͘ǆ
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�ĂƌƚǌŽŬŝƐ͕�'͕͘�>Ƶ͕�W͘�,͕͘�dŝŶŐƵƐ͕�<͕͘�DĞŶĚĞǌ͕�D͘�&͕͘�ZŝĐŚĂƌĚ͕��͕͘�WĞƚĞƌƐ͕��͘�'͕͘�͘͘͘�Θ�dŚŽŵƉƐŽŶ͕�W͘�D͘�;ϮϬϭϬͿ͘�
>ŝĨĞƐƉĂŶ�ƚƌĂũĞĐƚŽƌǇ�ŽĨ�ŵǇĞůŝŶ�ŝŶƚĞŐƌŝƚǇ�ĂŶĚ�ŵĂǆŝŵƵŵ�ŵŽƚŽƌ�ƐƉĞĞĚ͘ EĞƵƌŽďŝŽůŽŐǇ�ŽĨ�ĂŐŝŶŐ͕ ϯϭ;ϵͿ͕�
ϭϱϱϰʹϭϱϲϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵƌŽďŝŽůĂŐŝŶŐ͘ϮϬϬϴ͘Ϭϴ͘Ϭϭϱ

�ĂƔĂƌ͕��͕͘��ĂƔĂƌͲ�ƌŽŐůƵ͕��͕͘�<ĂƌĂŬĂƔ͕�^͕͘�Θ�^ĐŚƺƌŵĂŶŶ͕�D͘�;ϮϬϬϭͿ͘�'ĂŵŵĂ͕�ĂůƉŚĂ͕�ĚĞůƚĂ͕�ĂŶĚ�ƚŚĞƚĂ�
ŽƐĐŝůůĂƚŝŽŶƐ�ŐŽǀĞƌŶ�ĐŽŐŶŝƚŝǀĞ�ƉƌŽĐĞƐƐĞƐ͘ /ŶƚĞƌŶĂƚŝŽŶĂů�ũŽƵƌŶĂů�ŽĨ�ƉƐǇĐŚŽƉŚǇƐŝŽůŽŐǇ͕ ϯϵ;ϮʹϯͿ͕�ϮϰϭʹϮϰϴ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϭϲϳͲϴϳϲϬ;ϬϬͿϬϬϭϰϱͲϴ

�ĂƚĞƐ͕��͕͘�DĂĞĐŚůĞƌ͕�D͕͘��ŽůŬĞƌ͕��͕͘�Θ�tĂůŬĞƌ͕�^͘�;ϮϬϭϰͿ͘ ůŵĞϰ͗�>ŝŶĞĂƌ�ŵŝǆĞĚͲĞīĞĐƚƐ�ŵŽĚĞůƐ�ƵƐŝŶŐ��ŝŐĞŶ�
ĂŶĚ�^ϰ͘�Z�ƉĂĐŬĂŐĞ�ǀĞƌƐŝŽŶ͘�ϭ͕�ϳ͘�ĚŽŝ͗ϭϬ͘ϭϴϲϯϳͬũƐƐ͘ǀϬϲϳ͘ŝϬϭ

�ĂƚƚĂŐůŝĂ͕�W͘�t͕͘�:ĂĐŽďƐ͕�Z͘��͕͘�Θ��ƐůŝŶ͕�Z͘�E͘�;ϮϬϬϯͿ͘��ĂǇĞƐŝĂŶ�ŝŶƚĞŐƌĂƚŝŽŶ ŽĨ�ǀŝƐƵĂů�ĂŶĚ�ĂƵĚŝƚŽƌǇ�ƐŝŐŶĂůƐ�ĨŽƌ�
ƐƉĂƚŝĂů�ůŽĐĂůŝǌĂƚŝŽŶ͘�:ŽƵƌŶĂů�ŽĨ�ƚŚĞ�KƉƚŝĐĂů�^ŽĐŝĞƚǇ�ŽĨ��ŵĞƌŝĐĂ͘��͕�KƉƚŝĐƐ͕�/ŵĂŐĞ�^ĐŝĞŶĐĞ͕�ĂŶĚ�sŝƐŝŽŶ͕�
ϮϬ;ϳͿ͕�ϭϯϵϭʹϭϯϵϳ͘�ĚŽŝ͗ϭϬ͘ϭϯϲϰͬ:K^��͘ϮϬ͘ϬϬϭϯϵϭ

�ĞŶĐŚ͕��͕͘�&ƌŝƚŚ͕��͘��͕͘�'ƌĂƐďǇ͕�W͘�D͕͘�&ƌŝƐƚŽŶ͕�<͘�:͕͘�WĂƵůĞƐƵ͕��͕͘�&ƌĂĐŬŽǁŝĂŬ͕�Z͘�^͘�:͕͘�Θ��ŽůĂŶ͕�Z͘�:͘�;ϭϵϵϯͿ͘�
/ŶǀĞƐƚŝŐĂƚŝŽŶƐ�ŽĨ�ƚŚĞ�ĨƵŶĐƚŝŽŶĂů�ĂŶĂƚŽŵǇ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ƵƐŝŶŐ�ƚŚĞ�^ƚƌŽŽƉ�ƚĞƐƚ͘ EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͕ ϯϭ;ϵͿ͕�
ϵϬϳʹϵϮϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϴͲϯϵϯϮ;ϵϯͿϵϬϭϰϳͲZ

�ĞŶƚĂůů͕�Z͘�W͕͘�>ŽǁĞ͕��͘�&͘�;ϭϵϴϮͿ͘��ĞǀĞůŽƉŵĞŶƚĂů�ĂƐƉĞĐƚƐ�ŽĨ�ŚƵŵĂŶ�ŽƉĞƌĂŶƚ�ďĞŚĂǀŝŽƵƌ�͗�dŚĞ�ƌŽůĞ�ŽĨ�
ŝŶƐƚƌƵĐƚŝŽŶƐ�ĂŶĚ�ƐĞůĨͲŝŶƐƚƌƵĐƚŝŽŶƐ͘��ĞŚĂǀŝŽƵƌ��ŶĂůǇƐŝƐ�>ĞƚƚĞƌƐ͕�Ϯ;ϯͿ͕�ϭϴϲʹϭϴϲ͘

�ĞŶƚĂůů͕�Z͘�W͕͘�>ŽǁĞ͕��͘�&͕͘�Θ��ĞĂƐƚǇ͕��͘�;ϭϵϴϱͿ͘�dŚĞ�ƌŽůĞ�ŽĨ�ǀĞƌďĂů�ďĞŚĂǀŝŽƌ�ŝŶ�ŚƵŵĂŶ�ůĞĂƌŶŝŶŐ͗�//�
�ĞǀĞůŽƉŵĞŶƚĂů�ĚŝĨĨĞƌĞŶĐĞƐ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ��ǆƉĞƌŝŵĞŶƚĂů��ŶĂůǇƐŝƐ�ŽĨ��ĞŚĂǀŝŽƌ͕ ϰϯ;ϮͿ͕�ϭϲϱʹϭϴϭ͘

�ĞƌŐ͕�Z͘�t͕͘�Θ��ŝƚůĞǀƐĞŶ͕�^͘�;ϮϬϭϯͿ͘�^ǇŶĂƉƚŝĐ�ŝŶŚŝďŝƚŝŽŶ�ĂŶĚ�ĞǆĐŝƚĂƚŝŽŶ�ĞƐƚŝŵĂƚĞĚ�ǀŝĂ�ƚŚĞ�ƚŝŵĞ�ĐŽŶƐƚĂŶƚ�ŽĨ�
ŵĞŵďƌĂŶĞ�ƉŽƚĞŶƚŝĂů�ĨůƵĐƚƵĂƚŝŽŶƐ͘ �ŵĞƌŝĐĂŶ�:ŽƵƌŶĂů�ŽĨ�WŚǇƐŝŽůŽŐǇͲ,ĞĂƌƚ�ĂŶĚ��ŝƌĐƵůĂƚŽƌǇ�WŚǇƐŝŽůŽŐǇ͕�
ϭϭϬ;ϰͿ͕�ϭϬϮϭʹϭϬϯϰ͘�ĚŽŝ͗ϭϬ͘ϭϭϱϮͬũŶ͘ϬϬϬϬϲ͘ϮϬϭϯ͘

�ĞƌŬĞůĞǇ͕�'͘�;ϭϳϬϵͿ͘��Ŷ��ƐƐĂǇ�dŽǁĂƌĚƐ�Ă�EĞǁ�dŚĞŽƌǇ�ŽĨ�sŝƐŝŽŶ͘�ZĞƉĠƌĠ�ă�
ŚƚƚƉ͗ͬͬǁǁǁ͘ŐƵƚĞŶďĞƌŐ͘ŽƌŐͬĞďŽŽŬƐͬĂƵƚŚŽƌͬϭϰϵϳ͘��ĐĐĞƐƐĞĚ�Ϯϯ�&ĞďƌƵĂƌǇ�ϮϬϭϴ͘

�ĞƐƚ͕�:͘�Z͕͘�Θ�DŝůůĞƌ͕�W͘�,͘�;ϮϬϭϬͿ͘���ĚĞǀĞůŽƉŵĞŶƚĂů�ƉĞƌƐƉĞĐƚŝǀĞ�ŽŶ�ĞǆĞĐƵƚŝǀĞ�ĨƵŶĐƚŝŽŶ͘ �ŚŝůĚ�
ĚĞǀĞůŽƉŵĞŶƚ͕ ϴϭ;ϲͿ͕�ϭϲϰϭʹϭϲϲϬ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϳͲϴϲϮϰ͘ϮϬϭϬ͘Ϭϭϰϵϵ͘ǆ

�ŝƐŚŽƉ͕�^͘�:͘�;ϮϬϬϳͿ͘�EĞƵƌŽĐŽŐŶŝƚŝǀĞ�ŵĞĐŚĂŶŝƐŵƐ�ŽĨ�ĂŶǆŝĞƚǇ͗�ĂŶ�ŝŶƚĞŐƌĂƚŝǀĞ�ĂĐĐŽƵŶƚ͘ dƌĞŶĚƐ�ŝŶ�ĐŽŐŶŝƚŝǀĞ�
ƐĐŝĞŶĐĞƐ͕ ϭϭ;ϳͿ͕�ϯϬϳʹϯϭϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϬϳ͘Ϭϱ͘ϬϬϴ

�ũŽƌŬůƵŶĚ͕� �͘� s͕͘�Θ��ĂƵƐĞǇ͕�<͘��͘�;ϮϬϭϴͿ͘��ŚŝůĚƌĞŶΖƐ�dŚŝŶŬŝŶŐ͗��ŽŐŶŝƚŝǀĞ��ĞǀĞůŽƉŵĞŶƚ�ĂŶĚ / ŶĚŝǀŝĚƵĂů�
�ŝĨĨĞƌĞŶĐĞƐ͘�^ĂŐĞ WƵďůŝĐĂƚŝŽŶ͘

�ůŽĐŬ͕�Z͘��͘�;ϭϵϳϴͿ͘�ZĞŵĞŵďĞƌĞĚ�ĚƵƌĂƚŝŽŶ͗��ĨĨĞĐƚƐ�ŽĨ�ĞǀĞŶƚ�ĂŶĚ�ƐĞƋƵĞŶĐĞ�ĐŽŵƉůĞǆŝƚǇ͘DĞŵŽƌǇ�Θ�
�ŽŐŶŝƚŝŽŶ͕ ϲ;ϯͿ͕�ϯϮϬʹϯϮϲ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϭϵϳϰϲϮ
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�ůŽĐŬ͕�Z͘��͘�;ϭϵϴϮͿ͘�dĞŵƉŽƌĂů�ũƵĚŐŵĞŶƚƐ�ĂŶĚ�ĐŽŶƚĞǆƚƵĂů�ĐŚĂŶŐĞ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�
>ĞĂƌŶŝŶŐ͕�DĞŵŽƌǇ͕�ĂŶĚ��ŽŐŶŝƚŝŽŶ͕ ϴ;ϲͿ͕ ϱϯϬʹϱϰϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϮϳϴͲϳϯϵϯ͘ϴ͘ϲ͘ϱϯϬ

�ůŽĐŬ͕�Z͘��͘�;ϭϵϵϬͿ͘�DŽĚĞůƐ�ŽĨ�ƉƐǇĐŚŽůŽŐŝĐĂů�ƚŝŵĞ͘�,ŝůůƐĚĂůĞ͕�E:͗��ƌůďĂƵŵ͘

�ůŽĐŬ�Z�͘�;ϭϵϵϮͿ͘�WƌŽƐƉĞĐƚŝǀĞ�ĂŶĚ�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�ĚƵƌĂƚŝŽŶ�ũƵĚŐŵĞŶƚ͗�ƚŚĞ�ƌŽůĞ�ŽĨ�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ�
ĂŶĚ�ŵĞŵŽƌǇ͘�/Ŷ͗�D͘�DĂĐĂƌ͕�s͘�WŽƵƚŚĂƐ͘ Θ�t͘�:͘�&ƌŝĞĚŵĂŶ�;�ĚƐͿ͘�dŝŵĞ͕�ĂĐƚŝŽŶ͕�ĂŶĚ�ĐŽŐŶŝƚŝŽŶ͗�dŽǁĂƌĚƐ�
ďƌŝĚŐŝŶŐ�ƚŚĞ�ŐĂƉ�;ƉƉ͘�ϭϰϭʹϭϱϮͿ͘ �ŽƌĚƌĞĐŚƚ͕�EĞƚŚĞƌůĂŶĚƐ�͗�<ůƵǁĞƌ��ĐĂĚĞŵŝĐ�WƵďůŝƐŚĞƌƐ͘

�ůŽĐŬ͕�Z͘��͕͘�,ĂŶĐŽĐŬ͕�W͘��͕͘�Θ��ĂŬĂǇ͕��͘�;ϮϬϭϬͿ͘�,Žǁ�ĐŽŐŶŝƚŝǀĞ�ůŽĂĚ�ĂĨĨĞĐƚƐ�ĚƵƌĂƚŝŽŶ�ũƵĚŐŵĞŶƚƐ͗���ŵĞƚĂͲ
ĂŶĂůǇƚŝĐ�ƌĞǀŝĞǁ͘��ĐƚĂ WƐǇĐŚŽůŽŐŝĐĂ͕ ϭϯϰ;ϯͿ͕�ϯϯϬʹϯϰϯ͘�ĚŽŝ͗ϭϬ͘ ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϭϬ͘Ϭϯ͘ϬϬϲ

�ůŽĐŬ͕�Z͘��͕͘�Θ�ZĞĞĚ͕�D͘��͘�;ϭϵϳϴͿ͘�ZĞŵĞŵďĞƌĞĚ�ĚƵƌĂƚŝŽŶ͗��ǀŝĚĞŶĐĞ�ĨŽƌ�Ă�ĐŽŶƚĞǆƚƵĂůͲĐŚĂŶŐĞ�
ŚǇƉŽƚŚĞƐŝƐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�>ĞĂƌŶŝŶŐ ĂŶĚ�DĞŵŽƌǇ͕ ϰ;ϲͿ͕�ϲϱϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϮϳϴͲϳϯϵϯ͘ϰ͘ϲ͘ϲϱϲ

�ůŽĐŬ͕�Z͘��͕͘�Θ��ĂŬĂǇ͕��͘�;ϭϵϵϳͿ͘�WƌŽƐƉĞĐƚŝǀĞ�ĂŶĚ�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�ĚƵƌĂƚŝŽŶ�ũƵĚŐŵĞŶƚƐ͗���ŵĞƚĂͲĂŶĂůǇƚŝĐ�
ƌĞǀŝĞǁ͘ WƐǇĐŚŽŶŽŵŝĐ��ƵůůĞƚŝŶ�Θ�ZĞǀŝĞǁ͕ ϰ;ϮͿ͕�ϭϴϰʹϭϵϳ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϵϯϵϯ

�Žůƚǌ͕�D͘�'͘�;ϭϵϵϱͿ͘��ĨĨĞĐƚƐ�ŽĨ�ĞǀĞŶƚ�ƐƚƌƵĐƚƵƌĞ�ŽŶ�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�ĚƵƌĂƚŝŽŶ�ũƵĚŐŵĞŶƚƐ͘ WĞƌĐĞƉƚŝŽŶ�Θ�
ƉƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϱϳ;ϳͿ͕�ϭϬϴϬʹϭϬϵϲ͘�ĚŽŝ͗ϭϬ͘ϭϭϳϳͬϬϬϮϮϬϯϰϱϵϱϬϳϰϬϬϴϭϯϬϭ

�Žůƚǌ͕D͘'͘ ;ϭϵϵϴͿ͘ dŚĞƉƌŽĐĞƐƐŝŶŐŽĨƚĞŵƉŽƌĂůĂŶĚŶŽŶͲ ƚĞŵƉŽƌĂů ŝŶĨŽƌŵĂƚŝŽŶ ŝŶ ƚŚĞƌĞŵĞŵďĞƌŝŶŐŽĨĞǀĞŶƚ
ĚƵƌͲ ĂƚŝŽŶƐ ĂŶĚŵƵƐŝĐĂů ƐƚƌƵĐƚƵƌĞ͘ :ŽƵƌŶĂů ŽĨ �ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�
WĞƌĨŽƌŵĂŶĐĞ͕�Ϯϰ;ϰͿ͕ ϭϬϴϳʹϭϭϬϰ͘ĚŽŝ͗ϭϬ͘ϭϬϯϳͬͬϬϬϵϲͲϭϱϮϯ͘Ϯϰ͘ϰ͘ϭϬϴϳ

�Žůƚǌ͕�D͘�'͘�;ϮϬϬϱͿ͘��ƵƌĂƚŝŽŶ�ũƵĚŐŵĞŶƚƐ�ŽĨ�ŶĂƚƵƌĂůŝƐƚŝĐ�ĞǀĞŶƚƐ�ŝŶ�ƚŚĞ�ĂƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů�
ŵŽĚĂůŝƚŝĞƐ͘ WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕�ϲϳ͕ ϭϯϲϮʹϭϯϳϱ͘

�ŽƌŐŝ͕�Z͘�;ϮϬϬϴͿ͘�dŚĞƌŵŽͲŵĠĐĂŶŝƋƵĞƐ�Ğƚ�ŵŽĚĠůŝƐĂƚŝŽŶ�ƉĂƌ�ƐǇƐƚğŵĞ͘�dŽƵůŽƵƐĞ͕�&ƌĂŶĐĞ ͗��ĠƉĂĚƵğƐ��ĚŝƚŝŽŶƐ

�ŽƌƚŽůĞƚƚŽ͕�D͕͘��ŽŽŬ͕��͕͘�Θ��ƵŶŶŝŶŐƚŽŶ͕�Z͘�;ϮϬϭϭͿ͘�DŽƚŽƌ�ƚŝŵŝŶŐ�ĂŶĚ�ƚŚĞ�ƉƌĞƉĂƌĂƚŝŽŶ�ĨŽƌ�ƐĞƋƵĞŶƚŝĂů�
ĂĐƚŝŽŶƐ͘ �ƌĂŝŶ�ĂŶĚ�ĐŽŐŶŝƚŝŽŶ͕ ϳϱ;ϮͿ͕�ϭϵϲʹϮϬϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĂŶĚĐ͘ϮϬϭϬ͘ϭϭ͘Ϭϭϲ

�ŽǀĞƚ͕�W͘�;ϭϵϲϴͿ͘��ĐŚĞůůĞƐ�ƐƵďũĞĐƚŝǀĞƐ�ĚĞ�ĚƵƌĠĞ�ŽďƚĞŶƵĞƐ�ƉĂƌ�ƵŶĞ�ŵĠƚŚŽĚĞ�ĚĞ�ďŝƐƐĞĐƚŝŽŶ͘ >Ζ�ŶŶĠĞ
ƉƐǇĐŚŽůŽŐŝƋƵĞ͕ ϲϴ;ϭͿ͕�Ϯϯʹϯϲ͘�ZĞƉĠƌĠ�ă�ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƉĞƌƐĞĞ͘ĨƌͬĚŽĐͬƉƐǇͺϬϬϬϯͲ
ϱϬϯϯͺϭϵϲϴͺŶƵŵͺϲϴͺϭͺϮϳϱϵϰ

�ƌĂĐŬďŝůů͕�z͕͘�Θ�&ŝƚǌŐĞƌĂůĚ͕�,͘��͘�;ϭϵϳϮͿ͘�^ƚĞƌĞŽƚǇƉĞ�ƚĞŵƉŽƌĂů�ĐŽŶĚŝƚŝŽŶŝŶŐ�ŝŶ�
ŝŶĨĂŶƚƐ͘ WƐǇĐŚŽƉŚǇƐŝŽůŽŐǇ͕ ϵ;ϲͿ͕�ϱϲϵʹϱϳϳ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϵͲϴϵϴϲ͘ϭϵϳϮ͘ƚďϬϬϳϲϲ͘ǆ

�ƌĂŝŶĂƌĚ͕��͘�,͘�;ϭϵϵϳͿ͘�dŚĞ�ƉƐǇĐŚŽƉŚǇƐŝĐƐ�ƚŽŽůďŽǆ͘�^ƉĂƚŝĂů�sŝƐŝŽŶ͕�ϭϬ;ϰͿ͕�ϰϯϯʹϰϯϲ͘�
ĚŽŝ͗ϭϬ͘ϭϭϲϯͬϭϱϲϴϱϲϴϵϳyϬϬϯϱϳ͘



WĂŐĞ�ͮ�Ϯϳϱ

�ƌĂŶŶŽŶ͕��͘�D͕͘�ZŽƵƐƐĞů͕�>͘�t͕͘�DĞĐŬ͕�t͘�,͕͘�Θ�tŽůĚŽƌĨĨ͕�D͘ ;ϮϬϬϰͿ͘�dŝŵŝŶŐ�ŝŶ�ƚŚĞ�ďĂďǇ�ďƌĂŝŶ͘��ŽŐŶŝƚŝǀĞ�
�ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕ Ϯϭ;ϮͿ͕�ϮϮϳʹϮϯϯ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽŐďƌĂŝŶƌĞƐ͘ϮϬϬϰ͘Ϭϰ͘ϬϬϳ

�ƌĂŶŶŽŶ͕��͘�D͕͘�^ƵĂŶĚĂ͕�^͕͘�Θ�>ŝďĞƌƚƵƐ͕�<͘�;ϮϬϬϳͿ͘�dĞŵƉŽƌĂů�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ŝŶĐƌĞĂƐĞƐ�ŝŶ�ƉƌĞĐŝƐŝŽŶ�ŽǀĞƌ�
ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ƉĂƌĂůůĞůƐ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŶƵŵĞƌŽƐŝƚǇ�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ͘ �ĞǀĞůŽƉŵĞŶƚĂů�
ƐĐŝĞŶĐĞ͕ ϭϬ;ϲͿ͕�ϳϳϬʹϳϳϳ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϳͲϳϲϴϳ͘ϮϬϬϳ͘ϬϬϲϯϱ͘ǆ

�ƌŽĚĞƵƌ͕��͘�͕͘�'ƌĞĞŶ͕�'͘��͕͘�&ůŽƌĞƐ͕�,͘�Θ��ƵƌĂĐŬ͕�:͘�͘�;ϮϬϭϰͿ͘�dŝŵĞ��ƐƚŝŵĂƚŝŽŶ��ŵŽŶŐ�>ŽǁͲ&ƵŶĐƚŝŽŶŝŶŐ�
/ŶĚŝǀŝĚƵĂůƐ�tŝƚŚ��ƵƚŝƐŵ�^ƉĞĐƚƌƵŵ��ŝƐŽƌĚĞƌƐ͗ �ǀŝĚĞŶĐĞ�ŽĨ�WŽŽƌ�^ĞŶƐŝƚŝǀŝƚǇ�ƚŽ�sĂƌŝĂďŝůŝƚǇ�ŽĨ�^ŚŽƌƚ�
�ƵƌĂƚŝŽŶƐ͘��ƵƚŝƐŵ�ZĞƐĞĂƌĐŚ͕�ϳ;ϮͿ͕�ϮϯϳʹϮϰϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϮͬĂƵƌ͘ϭϯϲϰ

�ƌŽŶƐŽŶ͕�'͘�;ϭϵϳϰͿ͘�dŚĞ�ƉŽƐƚŶĂƚĂů�ŐƌŽǁƚŚ�ŽĨ�ǀŝƐƵĂů�ĐĂƉĂĐŝƚǇ͘ �ŚŝůĚ��ĞǀĞůŽƉŵĞŶƚ͕ ϰϱ;ϰͿ͕�ϴϳϯʹϴϵϬ͘�
ĚŽŝ͗ϭϬ͘ϮϯϬϳͬϭϭϮϴϬϳϯ

�ƌŽǁŶ͕�^͘�t͘�;ϭϵϵϳͿ͘ �ƚƚĞŶƚŝŽŶĂů�ƌĞƐŽƵƌĐĞƐ�ŝŶ�ƚŝŵŝŶŐ͗�/ŶƚĞƌĨĞƌĞŶĐĞ�ĞĨĨĞĐƚƐ�ŝŶ�ĐŽŶĐƵƌƌĞŶƚ�ƚĞŵƉŽƌĂů�ĂŶĚ�
ŶŽŶƚĞŵƉŽƌĂů�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ�ƚĂƐŬƐ͘ WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϱϵ;ϳͿ͕�ϭϭϭϴʹϭϭϰϬ͘�
ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϱϱϮϲ

�ƌŽǁŶ͕�^͘�t͘�;ϮϬϬϲͿ͘�dŝŵŝŶŐ�ĂŶĚ�ĞǆĞĐƵƚŝǀĞ�ĨƵŶĐƚŝŽŶ͗��ŝĚŝƌĞĐƚŝŽŶĂů�ŝŶƚĞƌĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ĐŽŶĐƵƌƌĞŶƚ�
ƚĞŵƉŽƌĂů�ƉƌŽĚƵĐƚŝŽŶ�ĂŶĚ�ƌĂŶĚŽŵŝǌĂƚŝŽŶ�ƚĂƐŬƐ͘DĞŵŽƌǇ�Θ��ŽŐŶŝƚŝŽŶ͕ ϯϰ;ϳͿ͕�ϭϰϲϰʹϭϰϳϭ͘�
ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&Ϭϯϭϵϱϵϭϭ

�ƌŽǁŶ͕�^͘�t͘�;ϮϬϭϬͿ͘�dŝŵŝŶŐ͕�ƌĞƐŽƵƌĐĞƐ͕�ĂŶĚ�ŝŶƚĞƌĨĞƌĞŶĐĞ͗��ƚƚĞŶƚŝŽŶĂů�ŵŽĚƵůĂƚŝŽŶ�ŽĨ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘�/Ŷ�
<͘��͘�EŽďƌĞ�Θ�:͘�d͘��ŽƵůů�;�ĚƐ͘Ϳ͘��ƚƚĞŶƚŝŽŶ�ĂŶĚ�ƚŝŵĞ�;ƉƉ͘�ϭϬϳʹϭϮϮͿ͘�EĞǁ�zŽƌŬ͕�Ez͗�KǆĨŽƌĚ�hŶŝǀĞƌƐŝƚǇ�
WƌĞƐƐ͘

�ƌŽǁŶ͕�^͘�t͕͘��ŽůůŝĞƌ͕�^͘��͕͘�Θ�EŝŐŚƚ͕�:͘��͘�;ϮϬϭϯͿ͘�dŝŵŝŶŐ�ĂŶĚ�ĞǆĞĐƵƚŝǀĞ�ƌĞƐŽƵƌĐĞƐ͗��ƵĂůͲƚĂƐŬ�ŝŶƚĞƌĨĞƌĞŶĐĞ�
ƉĂƚƚĞƌŶƐ�ďĞƚǁĞĞŶ�ƚĞŵƉŽƌĂů�ƉƌŽĚƵĐƚŝŽŶ�ĂŶĚ�ƐŚŝĨƚŝŶŐ͕�ƵƉĚĂƚŝŶŐ͕�ĂŶĚ�ŝŶŚŝďŝƚŝŽŶ�ƚĂƐŬƐ͘ :ŽƵƌŶĂů�ŽĨ�
�ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�WĞƌĨŽƌŵĂŶĐĞ͕ ϯϵ;ϰͿ͕�ϵϰϳʹϵϲϯ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬĂϬϬϯϬϰϴϰ

�ƌŽǁŶ͕��͘�>͕͘�,ƂŚŶ͕�^͕͘�&ĂƵƌĞ͕��͕͘�sŽŶ�,ƂƌƐƚĞŶ͕�^͕͘�>Ğ��ůĂŶĐ͕�W͕͘��ĞƐǀŝŐŶĞƐ͕�E͕͘�͘͘͘�Θ��ŽǇğƌĞ͕�s͘�;ϮϬϭϭͿ͘�
dĞŵƉŽƌĂů�ƐĞŶƐŝƚŝǀŝƚǇ�ĐŚĂŶŐĞƐ�ǁŝƚŚ�ĞǆƚĞŶĚĞĚ�ƚƌĂŝŶŝŶŐ�ŝŶ�Ă�ďŝƐĞĐƚŝŽŶ�ƚĂƐŬ�ŝŶ�Ă�ƚƌĂŶƐŐĞŶŝĐ�ƌĂƚ�
ŵŽĚĞů͘ &ƌŽŶƚŝĞƌƐ�ŝŶ�/ŶƚĞŐƌĂƚŝǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϱ͕�ϰϰ͘�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨŶŝŶƚ͘ϮϬϭϭ͘ϬϬϬϰϰ

�ƌŽǁŶ͕�^͘�t͕͘�Θ�WĞƌƌĞĂƵůƚ͕�^͘�d͘�;ϮϬϭϳͿ͘�ZĞůĂƚŝŽŶ�ďĞƚǁĞĞŶ�ƚĞŵƉŽƌĂů�ƉĞƌĐĞƉƚŝŽŶ�ĂŶĚ�ŝŶŚŝďŝƚŽƌǇ�ĐŽŶƚƌŽů�ŝŶ�
ƚŚĞ�'ŽͬEŽͲ'Ž�ƚĂƐŬ͘��ĐƚĂ WƐǇĐŚŽůŽŐŝĐĂ͕�ϭϳϯ͕�ϴϳʹϵϯ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϭϲ͘ϭϮ͘ϬϬϰ

�ƌŽǁŶ͕�^͘�t͕͘�Θ�^ƚƵďďƐ͕��͘��͘�;ϭϵϴϴͿ͘�dŚĞ�ƉƐǇĐŚŽƉŚǇƐŝĐƐ�ŽĨ�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�ĂŶĚ�ƉƌŽƐƉĞĐƚŝǀĞ�
ƚŝŵŝŶŐ͘ WĞƌĐĞƉƚŝŽŶ͕ ϭϳ;ϯͿ͕�ϮϵϳʹϯϭϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϲϴͬƉϭϳϬϮϵϳ

�ƌŽǁŶ͕�^͘�t͕͘�Θ�^ƚƵďďƐ͕��͘��͘�;ϭϵϵϮͿ͘��ƚƚĞŶƚŝŽŶ�ĂŶĚ�ŝŶƚĞƌĨĞƌĞŶĐĞ�ŝŶ�ƉƌŽƐƉĞĐƚŝǀĞ�ĂŶĚ�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�
ƚŝŵŝŶŐ͘ WĞƌĐĞƉƚŝŽŶ͕ Ϯϭ;ϰͿ͕�ϱϰϱʹϱϱϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϲϴͬƉϮϭϬϱϰϱ



WĂŐĞ�ͮ�Ϯϳϲ

�ƌŽǁŶ͕�^͘�t͕͘�Θ�tĞƐƚ͕��͘�E͘�;ϭϵϵϬͿ͘�DƵůƚŝƉůĞ�ƚŝŵŝŶŐ�ĂŶĚ�ƚŚĞ�ĂůůŽĐĂƚŝŽŶ�ŽĨ�ĂƚƚĞŶƚŝŽŶ͘ �ĐƚĂ�
WƐǇĐŚŽůŽŐŝĐĂ͕ ϳϱ;ϮͿ͕�ϭϬϯʹϭϮϭ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϬϭͲϲϵϭϴ;ϵϬͿϵϬϬϴϭͲW

�ƌƵŶŽ͕��͕͘ Θ��ŝĐĐŚŝŶŝ͕�'͘�D͘�;ϮϬϭϲͿ͘�DƵůƚŝƉůĞ�ĐŚĂŶŶĞůƐ�ŽĨ�ǀŝƐƵĂů�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘ �ƵƌƌĞŶƚ�KƉŝŶŝŽŶ�ŝŶ�
�ĞŚĂǀŝŽƌĂů�^ĐŝĞŶĐĞƐ͕ ϴ͕�ϭϯϭʹϭϯϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽďĞŚĂ͘ϮϬϭϲ͘ϬϮ͘ϬϮϴ

�ƌǇĐĞ͕��͕͘�Θ��ƌĂƚǌŬĞ͕��͘�;ϮϬϭϲͿ͘�DƵůƚŝƉůĞ�ƚŝŵŝŶŐ�ŽĨ�ŶĞƐƚĞĚ�ŝŶƚĞƌǀĂůƐ͗�&ƵƌƚŚĞƌ�ĞǀŝĚĞŶĐĞ�ĨŽƌ�Ă�ǁĞŝŐŚƚĞĚ�ƐƵŵ�
ŽĨ�ƐĞŐŵĞŶƚƐ�ĂĐĐŽƵŶƚ͘ WƐǇĐŚŽŶŽŵŝĐ��ƵůůĞƚŝŶ�Θ�ZĞǀŝĞǁ͕ Ϯϯ;ϭͿ͕�ϯϭϳʹϯϮϯ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬƐϭϯϰϮϯͲϬϭϱͲϬϴϳϳͲ
ϱ

�ƌǇĐĞ͕��͕͘�^ĞŝĨƌŝĞĚͲ�ƺďŽŶ͕�d͕͘�Θ��ƌĂƚǌŬĞ͕��͘�;ϮϬϭϱͿ͘�,Žǁ�ĂƌĞ�ŽǀĞƌůĂƉƉŝŶŐ�ƚŝŵĞ�ŝŶƚĞƌǀĂůƐ�ƉĞƌĐĞŝǀĞĚ͍�
�ǀŝĚĞŶĐĞ�ĨŽƌ�Ă�ǁĞŝŐŚƚĞĚ�ƐƵŵ�ŽĨ�ƐĞŐŵĞŶƚƐ�ŵŽĚĞů͘ �ĐƚĂ�ƉƐǇĐŚŽůŽŐŝĐĂ͕ ϭϱϲ͕�ϴϯʹϵϱ͘
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϭϰ͘ϭϮ͘ϬϬϳ

�ƵĐŚǁĞŝƚǌ͕��͕͘�<ĞůůĞƌ͕�d͘��͕͘�DĞǇůĞƌ͕��͕͘�Θ�:ƵƐƚ͕�D͘��͘�;ϮϬϭϮͿ͘ �ƌĂŝŶĂĐƚŝǀĂƚŝŽŶĨŽƌůĂŶŐƵĂŐĞĚƵĂůͲƚĂƐŬŝŶŐ͗
>ŝƐƚĞŶŝŶŐƚŽ�ƚǁŽ�ƉĞŽƉůĞ�ƐƉĞĂŬ�Ăƚ�ƚŚĞ�ƐĂŵĞ�ƚŝŵĞ�ĂŶĚ�Ă�ĐŚĂŶŐĞ�ŝŶ�ŶĞƚǁŽƌŬ�ƚŝŵŝŶŐ͘�,ƵŵĂŶ��ƌĂŝŶ�
DĂƉƉŝŶŐ͕�ϯϯ;ϴͿ͕ϭϴϲϴʹ ϭϴϴϮ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϮͬŚďŵ͘ϮϭϯϮϳ

�ƵĞƚŝ͕ �͘ ;ϮϬϭϭĂͿ͘ dŚĞ ƐĞŶƐŽƌǇ ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ ŽĨ ƚŝŵĞ͘ &ƌŽŶƚŝĞƌƐ ŝŶ /ŶƚĞŐƌĂƚŝǀĞ EĞƵƌŽƐĐŝĞŶĐĞƐ͕ Ϯϱ;ϯϰͿ͕
ϭʹϯ͘ ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨŶŝŶƚ͘ϮϬϭϭ͘ϬϬϬϯϰ͘

�ƵĨĨĂƌĚŝ͕�>͘�;ϭϵϳϭͿ͘�&ĂĐƚŽƌƐ�ĂĨĨĞĐƚŝŶŐ�ƚŚĞ�ĨŝůůĞĚͲĚƵƌĂƚŝŽŶ�ŝůůƵƐŝŽŶ�ŝŶ�ƚŚĞ�ĂƵĚŝƚŽƌǇ͕�ƚĂĐƚƵĂů͕�ĂŶĚ�ǀŝƐƵĂů�
ŵŽĚĂůŝƚŝĞƐ͘ WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϭϬ;ϰͿ͕�ϮϵϮʹϮϵϰ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϭϮϴϮϴ

�ƵŚƵƐŝ͕ �͘ s͕͘ ΘDĞĐŬ͕t͘ ,͘ ;ϮϬϬϮͿ͘ �ŝĨĨĞƌĞŶƚŝĂů ĞĨĨĞĐƚƐ ŽĨŵĞƚŚĂŵƉŚĞƚĂŵŝŶĞ ĂŶĚŚĂůŽƉĞƌŝĚŽů ŽŶ ƚŚĞ
ĐŽŶƚƌŽů ŽĨ ĂŶ ŝŶƚĞƌŶĂů�ĐůŽĐŬ͘��ĞŚĂǀŝŽƌĂů�EĞƵƌŽƐĐŝĞŶĐĞ͕�ϭϭϲ;ϮͿ͕�ϮϵϭʹϮϵϳ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϳϯϱͲ
ϳϬϰϰ͘ϭϭϲ͘Ϯ͘Ϯϵϭ

�ƵŚƵƐŝ͕��͘�s͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϬϱͿ͘�tŚĂƚ�ŵĂŬĞƐ�ƵƐ�ƚŝĐŬ͍�&ƵŶĐƚŝŽŶĂů�ĂŶĚ�ŶĞƵƌĂů�ŵĞĐŚĂŶŝƐŵƐ�ŽĨ�ŝŶƚĞƌǀĂů�
ƚŝŵŝŶŐ͘ EĂƚƵƌĞ�ZĞǀŝĞǁƐ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϲ;ϭϬͿ͕�ϳϱϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌŶϭϳϲϰ

�ƵŚƵƐŝ͕��͘�s͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϬϵͿ͘�ZĞůĂƚŝǀŝƚǇ�ƚŚĞŽƌǇ�ĂŶĚ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͗�ƐŝŶŐůĞ�Žƌ�ŵƵůƚŝƉůĞ�
ĐůŽĐŬƐ͍͘ WůŽ^�ŽŶĞ͕ ϰ;ϳͿ͕�ĞϲϮϲϴ͘�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϬϲϮϲϴ

�ƵŚƵƐŝ͕��͘�s͕͘�KƉƌŝƐĂŶ͕�^͘��͕͘�Θ��ƵŚƵƐŝ͕�D͘�;ϮϬϭϴͿ͘��ŝŽůŽŐŝĐĂů�ĂŶĚ�ĐŽŐŶŝƚŝǀĞ�ĨƌĂŵĞǁŽƌŬƐ�ĨŽƌ�Ă�ŵĞŶƚĂů�
ƚŝŵĞůŝŶĞ͘ &ƌŽŶƚŝĞƌƐ�ŝŶ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϭϮ͕�ϯϳϳ͘�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨŶŝŶƐ͘ϮϬϭϴ͘ϬϬϯϳϳ

�ƵŚƵƐŝ͕��͘�s͕͘�ZĞǇĞƐ͕�D͘��͕͘�'ĂƚŚĞƌƐ͕��͘��͕͘�KƉƌŝƐĂŶ͕�^͘��͕͘�Θ��ƵŚƵƐŝ͕�D͘�;ϮϬϭϴͿ͘�/ŶĂĐƚŝǀĂƚŝŽŶ�ŽĨ�ƚŚĞ�ŵĞĚŝĂůͲ
ƉƌĞĨƌŽŶƚĂů�ĐŽƌƚĞǆ�ŝŵƉĂŝƌƐ�ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ�ƉƌĞĐŝƐŝŽŶ͕�ďƵƚ�ŶŽƚ�ƚŝŵŝŶŐ�ĂĐĐƵƌĂĐǇ�Žƌ�ƐĐĂůĂƌ�ƚŝŵŝŶŐ�ŝŶ�Ă�ƉĞĂŬͲ
ŝŶƚĞƌǀĂů�ƉƌŽĐĞĚƵƌĞ�ŝŶ�ƌĂƚƐ͘ &ƌŽŶƚŝĞƌƐ�ŝŶ�/ŶƚĞŐƌĂƚŝǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϭϮ;ϮϬͿ͘�
ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨŶŝŶƚ͘ϮϬϭϴ͘ϬϬϬϮϬ͘
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�ƵŚƵƐŝ͕��͘�s͕͘�^ĂƐĂŬŝ͕��͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϬϮͿ͘�dĞŵƉŽƌĂů�ŝŶƚĞŐƌĂƚŝŽŶ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƐŝŐŶĂů�ĂŶĚ�ŐĂƉ�
ŝŶƚĞŶƐŝƚǇ�ŝŶ�ƌĂƚƐ�;ZĂƚƚƵƐ�ŶŽƌǀĞŐŝĐƵƐͿ�ĂŶĚ�ƉŝŐĞŽŶƐ�;�ŽůƵŵďĂ�ůŝǀŝĂͿ͘�:ŽƵƌŶĂů�ŽĨ��ŽŵƉĂƌĂƚŝǀĞ�WƐǇĐŚŽůŽŐǇ͕�
ϭϭϲ;ϰͿ͕�ϯϴϭʹϯϵϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬͬϬϳϯϱͲ ϳϬϯϲ͘ϭϭϲ͘ϰ͘ϯϴϭ

�ƵůĨ͕�,͕͘�:ŽŚŶƐŽŶ͕�^͘�W͕͘�Θ�sĂůĞŶǌĂ͕��͘�;ϮϬϭϭͿ͘�sŝƐƵĂů�ƐƚĂƚŝƐƚŝĐĂů�ůĞĂƌŶŝŶŐ�ŝŶ�ƚŚĞ�ŶĞǁďŽƌŶ�ŝŶĨĂŶƚ͘��ŽŐŶŝƚŝŽŶ͕
ϭϮϭ;ϭͿ͕�ϭϮϳʹϭϯϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽŐŶŝƚŝŽŶ͘ϮϬϭϭ͘Ϭϲ͘

�Ƶƌƌ͕��͕͘�dŽǌǌŝ͕��͕͘�Θ�DŽƌƌŽŶĞ͕�D͘��͘�;ϮϬϬϳͿ͘�EĞƵƌĂů�ŵĞĐŚĂŶŝƐŵƐ�ĨŽƌ�ƚŝŵŝŶŐ�ǀŝƐƵĂů�ĞǀĞŶƚƐ�ĂƌĞ�ƐƉĂƚŝĂůůǇ�
ƐĞůĞĐƚŝǀĞ�ŝŶ�ƌĞĂůͲǁŽƌůĚ�ĐŽŽƌĚŝŶĂƚĞƐ͘�EĂƚƵƌĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϭϬ;ϰͿ͕�ϰϮϯʹϰϮϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŶϭϴϳϰ

�ƵƐŚ͕ '͕͘ >ƵƵ͕ W͕͘ Θ WŽƐŶĞƌ͕D͘ /͘ ;ϮϬϬϬͿ͘ �ŽŐŶŝƚŝǀĞ ĂŶĚ�ĞŵŽƚŝŽŶĂů�ŝŶŇƵĞŶĐĞƐ�ŝŶ�ĂŶƚĞƌŝŽƌ�ĐŝŶŐƵůĂƚĞ�ĐŽƌƚĞǆ͘�
dƌĞŶĚƐ ŝŶ �ŽŐŶŝƚŝǀĞ ^ĐŝĞŶĐĞƐ͕ ϰ;ϲͿ͕ ϮϭϱʹϮϮϮ͘ ĚŽŝ͗ϭϬ͘ ϭϬϭϲͬ^ϭϯϲϰͲϲϲϭϯ;ϬϬͿϬϭϰϴϯͲϮ

�ĂŵƵƐ͕�:͘�&͘�;ϭϵϵϲͿ͘ >Ă�ƉƐǇĐŚŽůŽŐŝĞ�ĐŽŐŶŝƚŝǀĞ�ĚĞ�ůΖĂƚƚĞŶƚŝŽŶ͘�WĂƌŝƐ͕�&ƌĂŶĐĞ ͗��ƌŵĂŶĚ��ŽůŝŶ͘

�ĂƌůƐŽŶ͕�^͘�D͕͘�<ŽĞŶŝŐ͕�D͘��͕͘�Θ�,ĂƌŵƐ͕�D͘��͘�;ϮϬϭϯͿ͘�dŚĞŽƌǇ�ŽĨ�ŵŝŶĚ͘ tŝůĞǇ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�ZĞǀŝĞǁƐ͗�
�ŽŐŶŝƚŝǀĞ�^ĐŝĞŶĐĞ͕ ϰ;ϰͿ͕�ϯϵϭʹϰϬϮ͘ ĚŽŝ͗ϭϬͬϭϬϬϮͬǁĐƐ͘ϭϮϯϮ

�ĂƐĂƐĂŶƚŽ͕��͕͘�Θ��ŽƌŽĚŝƚƐŬǇ͕�>͘�;ϮϬϬϴͿ͘�dŝŵĞ�ŝŶ�ƚŚĞ�ŵŝŶĚ͗�hƐŝŶŐ�ƐƉĂĐĞ�ƚŽ�ƚŚŝŶŬ�ĂďŽƵƚ�ƚŝŵĞ͘��ŽŐŶŝƚŝŽŶ͕�
ϭϬϲ;ϮͿ͕�ϱϳϵʹϱϵϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽŐŶŝƚŝŽŶ͘ϮϬϬϳ͘Ϭϯ͘ϬϬϰ

�ĂƐĞ͕�Z͘�;ϭϵϵϮͿ͘�dŚĞ�ƌŽůĞ�ŽĨ�ƚŚĞ�ĨƌŽŶƚĂů�ůŽďĞƐ�ŝŶ�ƚŚĞ�ƌĞŐƵůĂƚŝŽŶ�ŽĨ�ĐŽŐŶŝƚŝǀĞ�ĚĞǀĞůŽƉŵĞŶƚ͘ �ƌĂŝŶ�ĂŶĚ�
ĐŽŐŶŝƚŝŽŶ͕ ϮϬ;ϭͿ͕�ϱϭʹϳϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϮϳϴͲϮϲϮϲ;ϵϮͿϵϬϬϲϭͲW

�ĂƐĞǇ͕��͘�:͕͘�'ŝĞĚĚ͕�:͘�E͕͘�Θ�dŚŽŵĂƐ͕�<͘�D͘�;ϮϬϬϬͿ͘�^ƚƌƵĐƚƵƌĂů�ĂŶĚ�ĨƵŶĐƚŝŽŶĂů�ďƌĂŝŶ�ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ŝƚƐ�
ƌĞůĂƚŝŽŶ�ƚŽ�ĐŽŐŶŝƚŝǀĞ�ĚĞǀĞůŽƉŵĞŶƚ͘ �ŝŽůŽŐŝĐĂů�WƐǇĐŚŽůŽŐǇ͕ ϱϰ;ϭͲϯͿ͕�ϮϰϭʹϮϱϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϯϬϭͲ
Ϭϱϭϭ;ϬϬͿϬϬϬϱϴͲϮ

�ĂƐĞǇ͕��͘�:͕͘�dŽƚƚĞŶŚĂŵ͕�E͕͘�>ŝƐƚŽŶ͕��͕͘�Θ��ƵƌƐƚŽŶ͕�^͘�;ϮϬϬϱͿ͘�/ŵĂŐŝŶŐ�ƚŚĞ�ĚĞǀĞůŽƉŝŶŐ�ďƌĂŝŶ͗�tŚĂƚ�ŚĂǀĞ�ǁĞ�
ůĞĂƌŶĞĚ�ĂďŽƵƚ�ĐŽŐŶŝƚŝǀĞ ĚĞǀĞůŽƉŵĞŶƚ͍ dƌĞŶĚƐ�ŝŶ��ŽŐŶŝƚŝǀĞ�^ĐŝĞŶĐĞƐ͕�ϵ;ϯͿ͕�ϭϬϰʹϭϭϬ͘
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϬϱ͘Ϭϭ͘Ϭϭϭ

�ĂƐŝŶŝ͕�>͕͘�Θ�DĂĐĂƌ͕�&͘�;ϭϵϵϳͿ͘��īĞĐƚƐ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ŵĂŶŝƉƵůĂƚŝŽŶ�ŽŶ�ũƵĚŐŵĞŶƚƐ�ŽĨ�ĚƵƌĂƚŝŽŶ�ĂŶĚ�ŽĨ�
ŝŶƚĞŶƐŝƚǇ�ŝŶ�ƚŚĞ�ǀŝƐƵĂů�ŵŽĚĂůŝƚǇ͘�DĞŵŽƌǇ�Θ��ŽŐŶŝƚŝŽŶ͕ Ϯϱ;ϲͿ͕�ϴϭϮʹ ϴϭϴ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϭϭϯϮϱ

�ĂƐŝŶŝ͕�>͕͘�Θ�DĂĐĂƌ͕�&͘�;ϭϵϵϵͿ͘�DƵůƚŝƉůĞ�ĂƉƉƌŽĂĐŚĞƐ�ƚŽ�ŝŶǀĞƐƚŝŐĂƚĞ�ƚŚĞ�ĞǆŝƐƚĞŶĐĞ�ŽĨ�ĂŶ�ŝŶƚĞƌŶĂů�ĐůŽĐŬ�ƵƐŝŶŐ�
ĂƚƚĞŶƚŝŽŶĂů�ƌĞƐŽƵƌĐĞƐ͘ �ĞŚĂǀŝŽƵƌĂů�WƌŽĐĞƐƐĞƐ͕�ϰϱ;ϭʹϯͿ͕�ϳϯʹϴϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϯϳϲͲϲϯϱϳ;ϵϵͿϬϬϬϭϬͲϴ

�ĂƐŝŶŝ͕�>͕͘�DĂĐĂƌ͕�&͕͘�Θ�'ƌŽŶĚŝŶ͕�^͘�;ϭϵϵϮͿ͘�dŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ĂŶĚ�ĂƚƚĞŶƚŝŽŶĂů�ƐŚĂƌŝŶŐ͘�/Ŷ�&͘�DĂĐĂƌ͕�s͘�
WŽƵƚŚĂƐ͕�Θ�t͘�&ƌŝĞĚŵĂŶ�;�ĚƐ͘Ϳ͕�dŝŵĞ͕��ĐƚŝŽŶ͕��ŽŐŶŝƚŝŽŶ͗�dŽǁĂƌĚƐ��ƌŝĚŐŝŶŐ�ƚŚĞ�'ĂƉ ;ƉƉ͘�ϭϳϳʹϭϴϬͿ͘�
�ŽƌĚƌĞĐŚƚ͕�EĞƚŚĞƌůĂŶĚƐ͗�<ůƵǁĞƌ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬϵϳϴͲϵϰͲϬϭϳͲϯϱϯϲͲϬͺϮϬ

�ĂƐŝŶŝ͕�>͕͘�WĞĐŚͲ'ĞŽƌŐĞů͕��͕͘�Θ��ŝĞŐůĞƌ͕�:͘��͘�;ϮϬϭϴͿ͘�/ƚΖƐ�ĂďŽƵƚ�ƚŝŵĞ͗�ƌĞǀŝƐŝƚŝŶŐ�ƚĞŵƉŽƌĂů�ƉƌŽĐĞƐƐŝŶŐ�ĚĞĨŝĐŝƚƐ�
ŝŶ�ĚǇƐůĞǆŝĂ͘ �ĞǀĞůŽƉŵĞŶƚĂů�^ĐŝĞŶĐĞ͕ Ϯϭ;ϮͿ͕�ĞϭϮϱϯϬ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬĚĞƐĐ͘ϭϮϱϯϬ
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�ĞƉĞĚĂ͕�E͘�:͕͘�<ƌĂŵĞƌ͕��͘�&͕͘�Θ�'ŽŶǌĂůĞǌ�ĚĞ�^ĂƚŚĞƌ͕�:͘�;ϮϬϬϭͿ͘��ŚĂŶŐĞƐ�ŝŶ�ĞǆĞĐƵƚŝǀĞ�ĐŽŶƚƌŽů�ĂĐƌŽƐƐ�ƚŚĞ�ůŝĨĞ�
ƐƉĂŶ͗��ǆĂŵŝŶĂƚŝŽŶ�ŽĨ�ƚĂƐŬͲƐǁŝƚĐŚŝŶŐ�ƉĞƌĨŽƌŵĂŶĐĞ͘��ĞǀĞůŽƉŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϯϳ;ϱͿ͕�ϳϭϱʹϳϯϬ͘�
ĚŽŝ͗ϭϬ͘�ϭϬϯϳͬϬϬϭϮͲϭϲϰϵ͘ϯϳ͘ϱ͘ϳϭϱ

�ŚĂŵďŽŶ͕D͕͘�ƌŽŝƚͲsŽůĞƚ͕^͕͘ΘEŝĞĚĞŶƚŚĂů͕W͘D͘ ;ϮϬϬϴͿ͘dŚĞĞĨĨĞĐƚŽĨĞŵďŽĚǇŝŶŐ ƚŚĞĞůĚĞƌůǇŽŶƚŝŵĞ
ƉĞƌĐĞƉƚŝŽŶ͘ :ŽƵƌŶĂůŽĨ��ǆƉĞƌŝŵĞŶƚĂů�^ŽĐŝĂů�WƐǇĐŚŽůŽŐǇ͕ ϰϰ;ϯͿ͕�ϲϳϮʹϲϳϴ͘
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĞƐƉ͘ϮϬϬϳ͘Ϭϰ͘Ϭϭϰ

�ŚĂŵďŽŶ͕D͕͘ 'ŝů͕ ^͕͘ EŝĞĚĞŶƚŚĂů͕ W͘D͕͘ Θ�ƌŽŝƚͲsŽůĞƚ͕ ^͘ ;ϮϬϬϱͿ͘ WƐǇĐŚŽůŽŐŝĞ ƐŽĐŝĂůĞ Ğƚ ƉĞƌĐĞƉƚŝŽŶ ĚƵ
ƚĞŵƉƐ͗ ůΖĞƐƚŝŵĂƚŝŽŶ�ƚĞŵƉŽƌĞůůĞ�ĚĞƐ�ƐƚŝŵƵůŝ�ƐŽĐŝĂƵǆ�Ğƚ�ĠŵŽƚŝŽŶŶĞůƐ͘�WƐǇĐŚŽůŽŐŝĞ�&ƌĂŶĕĂŝƐĞ͕�ϱϬ;ϭͿ͕�ϭϲϳʹ
ϭϴϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ ƉƐĨƌ͘ϮϬϬϰ͘ϭϬ͘ϬϬϴ

�ŚĂŵƉĂŐŶĞ͕�:͕͘�Θ�&ŽƌƚŝŶ͕��͘�;ϮϬϬϴͿ͘��ƚƚĞŶƚŝŽŶ�ƐŚĂƌŝŶŐ�ĚƵƌŝŶŐ�ƚŝŵŝŶŐ͗�DŽĚƵůĂƚŝŽŶ�ďǇ�ƉƌŽĐĞƐƐŝŶŐ�ĚĞŵĂŶĚƐ�
ŽĨ�ĂŶ�ĞǆƉĞĐƚĞĚ�ƐƚŝŵƵůƵƐ͘ WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϳϬ;ϰͿ͕�ϲϯϬʹϲϯϵ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬWW͘ϳϬ͘ϰ͘ϲϯϬ

�ŚĂƌƌĂƐ͕�W͕͘��ƌŽŝƚͲsŽůĞƚ͕�^͕͘��ƌĞĐŚĞƚ͕��͕͘�Θ��ŽƵůů͕�:͘�d͘�;ϮϬϭϳͿ͘�dŚĞ�ƐƉĂƚŝĂů�ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ�ŽĨ�ƚŝŵĞ�ĐĂŶ�ďĞ�
ĨůĞǆŝďůǇ�ŽƌŝĞŶƚĞĚ�ŝŶ�ƚŚĞ�ĨƌŽŶƚĂů�Žƌ�ůĂƚĞƌĂů�ƉůĂŶĞƐ�ĨƌŽŵ�ĂŶ�ĞĂƌůǇ�ĂŐĞ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�
WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�WĞƌĨŽƌŵĂŶĐĞ͕ ϰϯ;ϰͿ͕�ϴϯϮʹϴϰϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬǆŚƉϬϬϬϬϯϰϵ

�ŚĞůŽŶŝƐ͕�:͘�:͕͘�&ůĂŬĞ͕�Z͘��͕͘��ĂůĚǁŝŶ͕�Z͘�>͕͘��ůĂŬĞ͕��͘�:͕͘�Θ�WĂƵůĞ͕�D͘�'͘�;ϮϬϬϰͿ͘��ĞǀĞůŽƉŵĞŶƚĂů�ĂƐƉĞĐƚƐ�ŽĨ�
ƚŝŵŝŶŐ�ďĞŚĂǀŝŽƌ�ŝŶ�ĐŚŝůĚƌĞŶ͘ EĞƵƌŽƚŽǆŝĐŽůŽŐǇ�ĂŶĚ�ƚĞƌĂƚŽůŽŐǇ͕ Ϯϲ;ϯͿ͕�ϰϲϭʹϰϳϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘Ŷƚƚ͘ϮϬϬϰ͘Ϭϭ͘ϬϬϰ

�ŚĞŶ͕�<ͲD͕͘�Θ�zĞŚ͕�^Ͳ>͘�;ϮϬϬϵͿ͘��ƐǇŵŵĞƚƌŝĐ�ĐƌŽƐƐͲŵŽĚĂů�ĞĨĨĞĐƚƐ�ŝŶ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘��ĐƚĂ�WƐǇĐŚŽůŽŐŝĐĂ͕�
ϭϯϬ;ϯͿ͕�ϮϮϱʹϮϯϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϬϴ͘ϭϮ͘ϬϬϴ

�ŚĞŶŐ͕�Z͘�<͕͘�tŝůůŝĂŵƐ͕��͘�>͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϬϴͿ͘�KƐĐŝůůĂƚŽƌǇ�ďĂŶĚƐ͕�ŶĞƵƌŽŶĂů�ƐǇŶĐŚƌŽŶǇ�ĂŶĚ�
ŚŝƉƉŽĐĂŵƉĂů�ĨƵŶĐƚŝŽŶ͗�ŝŵƉůŝĐĂƚŝŽŶƐ�ŽĨ�ƚŚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ƉƌĞŶĂƚĂů�ĐŚŽůŝŶĞ�ƐƵƉƉůĞŵĞŶƚĂƚŝŽŶ�ĨŽƌ�ƐůĞĞƉͲ
ĚĞƉĞŶĚĞŶƚ�ŵĞŵŽƌǇ�ĐŽŶƐŽůŝĚĂƚŝŽŶ͘ �ƌĂŝŶ�ƌĞƐĞĂƌĐŚ͕ ϭϮϯϳ͕�ϭϳϲʹϭϵϰ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďƌĂŝŶƌĞƐ͘ϮϬϬϴ͘Ϭϴ͘Ϭϳϳ

�ŚĞŶŐ͕�y͕͘�zĂŶŐ͕�Y͕͘�,ĂŶ͕�z͕͘��ŝŶŐ͕�y͕͘�Θ�&ĂŶ͕��͘�;ϮϬϭϰͿ͘��ĂƉĂĐŝƚǇ�ůŝŵŝƚ�ŽĨ�ƐŝŵƵůƚĂŶĞŽƵƐ�ƚĞŵƉŽƌĂů�
ƉƌŽĐĞƐƐŝŶŐ͗�,Žǁ�ŵĂŶǇ�ĐŽŶĐƵƌƌĞŶƚ�͚ĐůŽĐŬƐ͛�ŝŶ�ǀŝƐŝŽŶ͍�WůŽ^�ŽŶĞ͕�ϵ;ϯͿ͕�Ğϵϭϳϵϳ͘�
ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϵϭϳϵϳ

�ŚĞƌƌǇ͕��͘�͘�;ϭϵϱϯͿ͘�^ŽŵĞ�ĞǆƉĞƌŝŵĞŶƚƐ�ŽŶ�ƚŚĞ�ƌĞĐŽŐŶŝƚŝŽŶ�ŽĨ�ƐƉĞĞĐŚ�ǁŝƚŚ�ŽŶĞ�ĂŶĚ�ǁŝƚŚ�ƚǁŽ�ĞĂƌƐ͘�:ŽƵƌŶĂů�
ŽĨ�ĂĐŽƵƐƚŝĐĂů�^ŽĐŝĞƚǇ�ŽĨ��ŵĞƌŝĐĂ͕�Ϯϱ͕�ϵϳϱʹϵϳϵ͘

�ŚŝďĂ͕��͕͘�KƐŚŝŽ͕�<͘�/͕͘�Θ�/ŶĂƐĞ͕�D͘�;ϮϬϬϴͿ͘�^ƚƌŝĂƚĂů�ŶĞƵƌŽŶƐ�ĞŶĐŽĚĞĚ�ƚĞŵƉŽƌĂů�ŝŶĨŽƌŵĂƚŝŽŶ�ŝŶ�ĚƵƌĂƚŝŽŶ�
ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ƚĂƐŬ͘��ǆƉĞƌŝŵĞŶƚĂů��ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕�ϭϴϲ;ϰͿ͕�ϲϳϭʹϲϳϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϮϮϭͲϬϬϴͲϭϯϰϳͲϯ

�ŚƵƌĐŚ͕�Z͘�D͘�;ϭϵϴϬͿ͘�^ŚŽƌƚͲƚĞƌŵ�ŵĞŵŽƌǇ�ĨŽƌ�ƚŝŵĞ�ŝŶƚĞƌǀĂůƐ͘ >ĞĂƌŶŝŶŐ�ĂŶĚ�DŽƚŝǀĂƚŝŽŶ͕ ϭϭ;ϮͿ͕�ϮϬϴʹϮϭϵ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϯͲϵϲϵϬ;ϴϬͿϵϬϬϭϯͲϮ



WĂŐĞ�ͮ�Ϯϳϵ

�ŚƵƌĐŚ͕�Z͘�D͘�;ϭϵϴϰͿ͘�WƌŽƉĞƌƚŝĞƐ�ŽĨ�ƚŚĞ�/ŶƚĞƌŶĂů��ůŽĐŬ�Ă͘ �ŶŶĂůƐ�ŽĨ�ƚŚĞ�EĞǁ�zŽƌŬ��ĐĂĚĞŵǇ�ŽĨ�
^ĐŝĞŶĐĞƐ͕ ϰϮϯ;ϭͿ͕�ϱϲϲʹϱϴϮ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϳϰϵͲϲϲϯϮ͘ϭϵϴϰ͘ƚďϮϯϰϱϵ͘ǆ

�ŚƵƌĐŚ͕�Z͘�D͕͘�Θ��ƌŽĂĚďĞŶƚ͕�,͘��͘�;ϭϵϵϬͿ͘��ůƚĞƌŶĂƚŝǀĞ�ƌĞƉƌĞƐĞŶƚĂƚŝŽŶƐ�ŽĨ�ƚŝŵĞ͕�ŶƵŵďĞƌ͕�ĂŶĚ�
ƌĂƚĞ͘ �ŽŐŶŝƚŝŽŶ͕ ϯϳ;ϭʹϮͿ͕�ϱϱʹϴϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϭϬͲϬϮϳϳ;ϵϬͿϵϬϬϭϴͲ&

�ŚƵƌĐŚ͕�Z͘�D͕͘�Θ��ĞůƵƚǇ͕�D͘��͘�;ϭϵϳϳͿ͘��ŝƐĞĐƚŝŽŶ�ŽĨ�ƚĞŵƉŽƌĂů�ŝŶƚĞƌǀĂůƐ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�
WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů��ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕ ϯ;ϯͿ͕ ϮϭϲʹϮϮϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϳͲϳϰϬϯ͘ϯ͘ϯ͘Ϯϭϲ

�ŚƵƌĐŚ͕�Z͘�D͕͘�Θ�'ŝďďŽŶ͕�:͘�;ϭϵϴϮͿ͘�dĞŵƉŽƌĂů ŐĞŶĞƌĂůŝǌĂƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů�
�ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕ ϴ;ϮͿ͕�ϭϲϱ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϳͲϳϰϬϯ͘ϴ͘Ϯ͘ϭϲϱ

�ŚƵƌĐŚ͕�Z͘�D͕͘�'ƵŝůŚĂƌĚŝ͕�W͕͘�<ĞĞŶ͕�Z͕͘�DĂĐ/ŶŶŝƐ͕�D͕͘�Θ�<ŝƌŬƉĂƚƌŝĐŬ͕�<͘�;ϮϬϬϯͿ͘�^ŝŵƵůƚĂŶĞŽƵƐ�ƚĞŵƉŽƌĂů�
ƉƌŽĐĞƐƐŝŶŐ͘ dŝŵĞ�ĂŶĚ�ŵŝŶĚ�//͗�/ŶĨŽƌŵĂƚŝŽŶ�WƌŽĐĞƐƐŝŶŐ�WĞƌƐƉĞĐƚŝǀĞƐ͕ ϯ͕�ϭϵ͘

�ŝĐĐŚŝŶŝ͕�'͘�D͕͘��ƌƌŝŐŚŝ͕�Z͕͘��ĞĐĐŚĞƚƚŝ͕�>͕͘�'ŝƵƐƚŝ͕�D͕͘�Θ��Ƶƌƌ͕��͘��͘�;ϮϬϭϮͿ͘�KƉƚŝŵĂů�ĞŶͲ ĐŽĚŝŶŐ�ŽĨ�ŝŶƚĞƌǀĂů�
ƚŝŵŝŶŐ�ŝŶ�ĞǆƉĞƌƚ�ƉĞƌĐƵƐƐŝŽŶŝƐƚƐ͘�:ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϯϮ;ϯͿ͕�ϭϬϱϲʹϭϬϲϬ͘�
ĚŽŝ͗ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϯϰϭϭͲϭϭ͘ϮϬϭϮ͘

�ŝĐĐŚŝŶŝ͕�'͘�D͕͘�Θ�DŽƌƌŽŶĞ͕�D͘��͘�;ϮϬϬϵͿ͘�^ŚŝĨƚƐ�ŝŶ�ƐƉĂƚŝĂů�ĂƚƚĞŶƚŝŽŶ�ĂĨĨĞĐƚ�ƚŚĞ�ƉĞƌĐĞŝǀĞĚ�ĚƵƌĂƚŝŽŶ�ŽĨ�
ĞǀĞŶƚƐ͘ :ŽƵƌŶĂů�ŽĨ�sŝƐŝŽŶ͕ ϵ;ϭͿ͕�ϭʹϭϯ͘�ĚŽŝ͗ϭϬ͘ϭϭϲϳͬϵ͘ϭ͘ϵ

�ůĂƌŬ͕��͘�;ϮϬϭϯͿ͘�tŚĂƚĞǀĞƌ�ŶĞǆƚ͍�WƌĞĚŝĐƚŝǀĞ�ďƌĂŝŶƐ͕�ƐŝƚƵĂƚĞĚ�ĂŐĞŶƚƐ͕�ĂŶĚ�ƚŚĞ�ĨƵƚƵƌĞ�ŽĨ�ĐŽŐŶŝƚŝǀĞ�
ƐĐŝĞŶĐĞ͘ �ĞŚĂǀŝŽƌĂů�ĂŶĚ��ƌĂŝŶ�^ĐŝĞŶĐĞƐ͕ ϯϲ;ϯͿ͕�ϭϴϭʹϮϬϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϳͬ^ϬϭϰϬϱϮϱyϭϮϬϬϬϰϳϳ

�ůĠŵĞŶƚ͕��͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϲͿ͘��ŽƵŶƚŝŶŐ�ŝŶ�Ă�ƚŝŵĞ�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ƚĂƐŬ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�
ĂĚƵůƚƐ͘ �ĞŚĂǀŝŽƵƌĂů�WƌŽĐĞƐƐĞƐ͕ ϳϭ;ϮʹϯͿ͕�ϭϲϰʹϭϳϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĞƉƌŽĐ͘ϮϬϬϱ͘Ϭϴ͘ϬϬϳ

�ŽĞůŚŽ͕�D͕͘�&ĞƌƌĞŝƌĂ͕�:͘�:͕͘��ŝĂƐ͕��͕͘�^ĂŵƉĂŝŽ͕��͕͘�DĂƌƚŝŶƐ͕�/͘�W͕͘�Θ��ĂƐƚƌŽͲ�ĂůĚĂƐ͕��͘�;ϮϬϬϰͿ͘��ƐƐĞƐƐŵĞŶƚ�ŽĨ�
ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͗�dŚĞ�ĞĨĨĞĐƚ�ŽĨ�ĂŐŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ�/ŶƚĞƌŶĂƚŝŽŶĂů�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĐĂů�^ŽĐŝĞƚǇ͕ ϭϬ;ϯͿ͕�
ϯϯϮʹϯϰϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϳͬ^ϭϯϱϱϲϭϳϳϬϰϭϬϯϬϭϵ

�ŽŚĞŶ͕�D͘�:͘�;ϭϵϵϳͿ͘��ǆĂŵŝŶĞƌ�ŵĂŶƵĂů͗��ŚŝůĚƌĞŶ�DĞŵŽƌǇ�^ĐĂůĞ͘�^ĂŶ��ŶƚŽŶŝŽ͕�dy͗�,ĂƌĐŽƵƌƚ �ƌĂĐĞ͘

�ŽŚĞŶ͕�Z͘�͘�;ϭϵϵϯͿ͘�dŚĞ�EĞƵƌŽƉƐǇĐŚŽůŽŐǇ�ŽĨ��ƚƚĞŶƚŝŽŶ͘�EĞǁͲǇŽƌŬ͕�ƉůĞŶƵŵ�ƉƌĞƐƐ͘

�ŽůĂƐ͕�&͕͘��ŝĂƌĚ͕�:͕͘�Θ��ĞƐƐŝĞƌĞ͕�W͘�;ϮϬϭϬͿ͘��ŽŵŵŽŶ��ĂǇĞƐŝĂŶ�ŵŽĚĞůƐ�ĨŽƌ�ĐŽŵŵŽŶ�ĐŽŐŶŝƚŝǀĞ�ŝƐƐƵĞƐ͘ �ĐƚĂ�
ďŝŽƚŚĞŽƌĞƚŝĐĂ͕ ϱϴ;ϮʹϯͿ͕�ϭϵϭʹϮϭϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϬϰϰϭͲϬϭϬͲϵϭϬϭͲϭ

�ŽůŽŵďŽ͕�:͕͘�Θ�ZŝĐŚŵĂŶ͕�t͘��͘�;ϮϬϬϮͿ͘�/ŶĨĂŶƚ�ƚŝŵĞŬĞĞƉŝŶŐ͗��ƚƚĞŶƚŝŽŶ�ĂŶĚ�ƚĞŵƉŽƌĂů�ĞƐƚŝŵĂƚŝŽŶ�ŝŶ�ϰͲ
ŵŽŶƚŚͲŽůĚƐ͘ WƐǇĐŚŽůŽŐŝĐĂů�^ĐŝĞŶĐĞ͕ ϭϯ;ϱͿ͕�ϰϳϱʹϰϳϵ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϳͲϵϮϴϬ͘ϬϬϰϴϰ



WĂŐĞ�ͮ�ϮϴϬ

�ŽƌďĞƚƚĂ͕�D͕͘�Θ�^ŚƵůŵĂŶ͕�'͘�>͘�;ϮϬϬϮͿ͘��ŽŶƚƌŽů�ŽĨ�ŐŽĂůͲĚŝƌĞĐƚĞĚ�ĂŶĚ�ƐƚŝŵƵůƵƐͲĚƌŝǀĞŶ�ĂƚƚĞŶƚŝŽŶ�ŝŶ�ƚŚĞ�
ďƌĂŝŶ͘ EĂƚƵƌĞ�ƌĞǀŝĞǁƐ�ŶĞƵƌŽƐĐŝĞŶĐĞ͕ ϯ;ϯͿ͕�ϮϬϭʹϮϭϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌŶϳϱϱ

�ŽƌďĞƚƚĂ͕�D͕͘�DŝĞǌŝŶ͕�&͘�D͕͘�^ŚƵůŵĂŶ͕�'͘�>͕͘�Θ�WĞƚĞƌƐĞŶ͕�^͘��͘�;ϭϵϵϯͿ͘���W�d�ƐƚƵĚǇ�ŽĨ�ǀŝƐƵŽƐƉĂƚŝĂů�
ĂƚƚĞŶƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϭϯ;ϯͿ͕�ϭϮϬϮʹϭϮϮϲ͘�ĚŽŝ͗ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϭϯͲϬϯͲϬϭϮϬϮ͘ϭϵϵϯ

�ŽƌƐŝ͕�W͘�D͘�;ϭϵϳϮͿ͘�,ƵŵĂŶ�ŵĞŵŽƌǇ�ĂŶĚ�ƚŚĞ�ŵĞĚŝĂů�ƚĞŵƉŽƌĂů�ƌĞŐŝŽŶ�ŽĨ�ƚŚĞ�ďƌĂŝŶ͘��ŝƐƐĞƌƚĂƚŝŽŶ��ďƐƚƌĂĐƚƐ�
/ŶƚĞƌŶĂƚŝŽŶĂů͕ ϯϰ;ϮͿ͕ ϴϭϵ�͘

�ŽƵůů͕�:͘�d͘�;ϮϬϬϰͿ͘�&DZ/�ƐƚƵĚŝĞƐ�ŽĨ�ƚĞŵƉŽƌĂů�ĂƚƚĞŶƚŝŽŶ͗��ůůŽĐĂƚŝŶŐ�ĂƚƚĞŶƚŝŽŶ�ǁŝƚŚŝŶ͕�Žƌ�ƚŽǁĂƌĚƐ͕�ƚŝŵĞ͘�
�ŽŐŶŝƚŝǀĞ��ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕ Ϯϭ;ϮͿ͕ ϮϭϲʹϮϮϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽŐďƌĂŝŶƌĞƐ͘ϮϬϬϰ͘ϬϮ͘Ϭϭϭ

�ŽƵůů͕�:͘�d͘�;ϮϬϬϵͿ͘�EĞƵƌĂů�ƐƵďƐƚƌĂƚĞƐ�ŽĨ�ŵŽƵŶƚŝŶŐ�ƚĞŵƉŽƌĂů�ĞǆƉĞĐƚĂƚŝŽŶ͘ W>Ž^�ďŝŽůŽŐǇ͕ ϳ;ϴͿ͕�ĞϭϬϬϬϭϲϲ͘�
ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉďŝŽ͘ϭϬϬϬϭϲϲ

�ŽƵůů͕�:͘�d͕͘��ŚĞŶŐ͕�Z͘�<͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϭϭͿ͘�EĞƵƌŽĂŶĂƚŽŵŝĐĂů�ĂŶĚ�ŶĞƵƌŽĐŚĞŵŝĐĂů�ƐƵďƐƚƌĂƚĞƐ�ŽĨ�
ƚŝŵŝŶŐ͘�EĞƵƌŽƉƐǇĐŚŽƉŚĂƌŵĂĐŽůŽŐǇ͕�ϯϲ;ϭͿ͕�ϯʹϮϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƉƉ͘ϮϬϭϬ͘ϭϭϯ

�ŽƵůů͕�:͘�d͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϴͿ͘��ǆƉůŝĐŝƚ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ĚƵƌĂƚŝŽŶ�ĚĞǀĞůŽƉƐ�ŝŵƉůŝĐŝƚůǇ�ƚŚƌŽƵŐŚ�
ĂĐƚŝŽŶ͘ dƌĞŶĚƐ�ŝŶ��ŽŐŶŝƚŝǀĞ�^ĐŝĞŶĐĞƐ͕ ϮϮ;ϭϬͿ͕�ϵϮϯʹϵϯϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϭϴ͘Ϭϳ͘Ϭϭϭ

�ŽƵůů͕�:͘�d͕͘�&ƌŝƚŚ͕��͘��͕͘��ƺĐŚĞů͕��͕͘�Θ�EŽďƌĞ͕��͘��͘�;ϮϬϬϬͿ͘�KƌŝĞŶƚŝŶŐ�ĂƚƚĞŶƚŝŽŶ�ŝŶ�ƚŝŵĞ͗�ďĞŚĂǀŝŽƵƌĂů�ĂŶĚ�
ŶĞƵƌŽĂŶĂƚŽŵŝĐĂů�ĚŝƐƚŝŶĐƚŝŽŶ�ďĞƚǁĞĞŶ�ĞǆŽŐĞŶŽƵƐ�ĂŶĚ�ĞŶĚŽŐĞŶŽƵƐ�ƐŚŝĨƚƐ͘ EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͕ ϯϴ;ϲͿ͕�
ϴϬϴʹϴϭϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϬϮϴͲϯϵϯϮ;ϵϵͿϬϬϭϯϮͲϯ

�ŽƵůů͕�:͘�d͕͘�Θ�EŽďƌĞ͕��͘��͘�;ϭϵϵϴͿ͘�tŚĞƌĞ�ĂŶĚ�ǁŚĞŶ�ƚŽ�ƉĂǇ�ĂƚƚĞŶƚŝŽŶ͗�ƚŚĞ�ŶĞƵƌĂů�ƐǇƐƚĞŵƐ�ĨŽƌ�ĚŝƌĞĐƚŝŶŐ�
ĂƚƚĞŶƚŝŽŶ�ƚŽ�ƐƉĂƚŝĂů�ůŽĐĂƚŝŽŶƐ�ĂŶĚ�ƚŽ�ƚŝŵĞ�ŝŶƚĞƌǀĂůƐ�ĂƐ�ƌĞǀĞĂůĞĚ�ďǇ�ďŽƚŚ�W�d�ĂŶĚ�ĨDZ/͘ :ŽƵƌŶĂů�ŽĨ�
EĞƵƌŽƐĐŝĞŶĐĞ͕ ϭϴ;ϭϴͿ͕�ϳϰϮϲʹϳϰϯϱ͘�ĚŽŝ͗ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϭϴͲϭϴͲϬϳϰϮϲ͘ϭϵϵϴ

�ŽƵůů͕�:͘�d͕͘�sŝĚĂů͕�&͕͘�EĂǌĂƌŝĂŶ͕��͕͘�Θ�DĂĐĂƌ͕�&͘�;ϮϬϬϰͿ͘�&ƵŶĐƚŝŽŶĂů�ĂŶĂƚŽŵǇ�ŽĨ�ƚŚĞ�ĂƚƚĞŶƚŝŽŶĂů�ŵŽĚƵůĂƚŝŽŶ�
ŽĨ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ͘�^ĐŝĞŶĐĞ͕�ϯϬϯ;ϱϲϲϯͿ͕�ϭϱϬϲʹϭϱϬϴ͘ ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϬϵϭϱϳϯ

�ŽƵƌĂŐĞ͕�D͘�>͕͘�ZĞǇŶŽůĚƐ͕�'͘��͕͘�Θ�ZŝĐŚĂƌĚƐ͕�:͘��͘�;ϮϬϬϲͿ͘�/ŶĨĂŶƚƐΖ�ĂƚƚĞŶƚŝŽŶ�ƚŽ�ƉĂƚƚĞƌŶĞĚ�ƐƚŝŵƵůŝ͗�
�ĞǀĞůŽƉŵĞŶƚĂů�ĐŚĂŶŐĞ�ĨƌŽŵ�ϯ�ƚŽ�ϭϮ�ŵŽŶƚŚƐ�ŽĨ�ĂŐĞ͘ �ŚŝůĚ�ĚĞǀĞůŽƉŵĞŶƚ͕ ϳϳ;ϯͿ͕�ϲϴϬʹϲϵϱ͘�
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϳͲϴϲϮϰ͘ϮϬϬϲ͘ϬϬϴϵϳ͘ǆ

�ŽǁĂŶ͕�E͕͘�EƵŐĞŶƚ͕�>͘��͕͘��ůůŝŽƚƚ͕��͘�D͕͘�WŽŶŽŵĂƌĞǀ͕�/͕͘�Θ�^ĂƵůƚƐ͕�:͘�^͘�;ϭϵϵϵͿ͘�dŚĞ�ƌŽůĞ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ŝŶ�ƚŚĞ�
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƐŚŽƌƚͲƚĞƌŵ�ŵĞŵŽƌǇ͗��ŐĞ�ĚŝĨĨĞƌĞŶĐĞƐ�ŝŶ�ƚŚĞ�ǀĞƌďĂů�ƐƉĂŶ�ŽĨ�ĂƉƉƌĞŚĞŶƐŝŽŶ͘ �ŚŝůĚ�
�ĞǀĞůŽƉŵĞŶƚ͕ ϳϬ;ϱͿ͕�ϭϬϴϮʹϭϬϵϳ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϳͲϴϲϮϰ͘ϬϬϬϴϬ

�ƌĞĞůŵĂŶ͕��͘��͘�;ϭϵϲϮͿ͘�,ƵŵĂŶ�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ŽĨ�ĂƵĚŝƚŽƌǇ�ĚƵƌĂƚŝŽŶ͘ dŚĞ�:ŽƵƌŶĂů�ŽĨ�ƚŚĞ��ĐŽƵƐƚŝĐĂů�^ŽĐŝĞƚǇ�
ŽĨ��ŵĞƌŝĐĂ͕ ϯϰ;ϱͿ͕�ϱϴϮʹϱϵϯ͘ ĚŽŝ͗ϭϬ͘ϭϭϮϭͬϭ͘ϭϵϭϴϭϳϮ



WĂŐĞ�ͮ�Ϯϴϭ

�ƌŽŽŬ͕��͘<͘�;ϭϵϳϵͿ͘�dŚĞ�KƌŐĂŶŝǌĂƚŝŽŶ�ĂŶĚ��ŽŶƚƌŽů�ŽĨ�/ŶĨĂŶƚ�^ƵĐŬŝŶŐ͘�/Ŷ�,͘Z͘�ZĞĞƐĞ�ĂŶĚ�>͘W͘�>ŝƉƐŝƚƚ�;�ĚƐ͘Ϳ͕�
�ĚǀĂŶĐĞƐ�ŝŶ��ŚŝůĚ��ĞǀĞůŽƉŵĞŶƚ�ĂŶĚ��ĞŚĂǀŝŽƵƌ͕�;ƉƉ͘�ϮϬϵʹϮϱϮͿ͘�EĞǁ�zŽƌŬ͕�Ez�͗��ĐĂĚĞŵŝĐ�WƌĞƐƐ͘

�ƌŽǁĚĞƌ͕��͘�D͕͘�Θ�,ŽŚůĞ͕�Z͘�,͘�;ϭϵϳϬͿ͘�dŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ďǇ�ǇŽƵŶŐ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ĂŶĚ�ǁŝƚŚŽƵƚ�
ŝŶĨŽƌŵĂƚŝŽŶĂů�ĨĞĞĚďĂĐŬ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕�ϭϬ;ϯͿ͕�ϮϵϱʹϯϬϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϮͲ
Ϭϵϲϱ;ϳϬͿϵϬϬϱϯͲϲ

�Ƶŝ͕�y͕͘�^ƚĞƚƐŽŶ͕��͕͘�DŽŶƚĂŐƵĞ͕�W͘�Z͕͘�Θ��ĂŐůĞŵĂŶ͕��͘�D͘�;ϮϬϬϵͿ͘�ZĞĂĚǇ͙�ŐŽ͗�ĂŵƉůŝƚƵĚĞ�ŽĨ�ƚŚĞ�ĨDZ/�ƐŝŐŶĂů�
ĞŶĐŽĚĞƐ�ĞǆƉĞĐƚĂƚŝŽŶ�ŽĨ�ĐƵĞ�ĂƌƌŝǀĂů�ƚŝŵĞ͘ W>Ž^�ďŝŽůŽŐǇ͕ ϳ;ϴͿ͕�ĞϭϬϬϬϭϲϳ͘�
ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉďŝŽ͘ϭϬϬϬϭϲϳ

�ǌĞŝƐůĞƌ͕��͘��͕͘��ƵĨĨǇ͕�:͘�&͕͘�^ŚĂŶĂŚĂŶ͕�d͘�>͕͘��ƌŽǁŶ͕��͘�E͕͘�DŝƚĐŚĞůů͕�:͘�&͕͘�ZŝŵŵĞƌ͕��͘�t͕͘�͘͘͘�Θ��ŝũŬ͕��͘�:͘�
;ϭϵϵϵͿ͘�^ƚĂďŝůŝƚǇ͕�ƉƌĞĐŝƐŝŽŶ͕�ĂŶĚ�ŶĞĂƌͲϮϰͲŚŽƵƌ�ƉĞƌŝŽĚ�ŽĨ�ƚŚĞ�ŚƵŵĂŶ�ĐŝƌĐĂĚŝĂŶ�
ƉĂĐĞŵĂŬĞƌ͘ ^ĐŝĞŶĐĞ͕ Ϯϴϰ;ϱϰϮϯͿ͕�ϮϭϳϳʹϮϭϴϭ͘�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘Ϯϴϰ͘ϱϰϮϯ͘Ϯϭϳϳ

�ĂŵƐŵĂ͕ �͕͘�ǀĂŶ�ĚĞƌ�DŝũŶ͕�Z͕͘�Θ�ǀĂŶ�ZŝũŶ͕�,͘�;ϮϬϭϴͿ͘�EĞƵƌĂů�ŵĂƌŬĞƌƐ�ŽĨ�ŵĞŵŽƌǇ�ĐŽŶͲ ƐŽůŝĚĂƚŝŽŶ�ĚŽ�ŶŽƚ�
ƉƌĞĚŝĐƚ�ƚĞŵƉŽƌĂů�ĞƐƚŝŵĂƚĞƐ�ŽĨ�ĞŶĐŽĚĞĚ�ŝƚĞŵƐ͘�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĐĂ͕ ϭϭϳ͕�ϯϲʹϰϱ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͘ϮϬϭϴ͘Ϭϰ͘Ϭϯϵ

�ĂƌĐŚĞǀŝůůĞ͕�:͘��͕͘�ZŝǀŝĞƌĞ͕�s͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�,͘�;ϭϵϵϮͿ͘�&ŝǆĞĚͲŝŶƚĞƌǀĂů�ƉĞƌĨŽƌŵĂŶĐĞ�ĂŶĚ�ƐĞůĨͲĐŽŶƚƌŽů�ŝŶ�
ĐŚŝůĚƌĞŶ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ��ǆƉĞƌŝŵĞŶƚĂů��ŶĂůǇƐŝƐ�ŽĨ��ĞŚĂǀŝŽƌ͕ ϱϳ;ϮͿ͕�ϭϴϳʹϭϵϵ͘�ĚŽŝ͗ϭϬ͘ϭϵϬϭͬũĞĂď͘ϭϵϵϮ͘ϱϳͲ
ϭϴϳ

�ĂǀŝƐ͕�D͕͘�Θ�tŚĂůĞŶ͕�W͘�:͘�;ϮϬϬϭͿ͘�dŚĞ�ĂŵǇŐĚĂůĂ͗�ǀŝŐŝůĂŶĐĞ�ĂŶĚ�ĞŵŽƚŝŽŶ͘DŽůĞĐƵůĂƌ�ƉƐǇĐŚŝĂƚƌǇ͕ ϲ;ϭͿ͕�ϭϯʹ
ϯϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐũ͘ŵƉ͘ϰϬϬϬϴϭϮ

�Ğ��ĂƐƉĞƌ͕��͘�:͕͘�Θ�&ŝĨĞƌ͕�t͘�W͘�;ϭϵϴϬͿ͘�KĨ�ŚƵŵĂŶ�ďŽŶĚŝŶŐ͗�EĞǁďŽƌŶƐ�ƉƌĞĨĞƌ�ƚŚĞŝƌ�ŵŽƚŚĞƌƐΖ�
ǀŽŝĐĞƐ͘ ^ĐŝĞŶĐĞ͕ ϮϬϴ;ϰϰϰϴͿ͕�ϭϭϳϰʹϭϭϳϲ͘�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϳϯϳϱϵϮϴ

�Ğ��ĂƐƉĞƌ͕��͘�:͕͘�Θ�^ŝŐĂĨŽŽƐ͕��͘��͘�;ϭϵϴϯͿ͘�dŚĞ�ŝŶƚƌĂƵƚĞƌŝŶĞ�ŚĞĂƌƚďĞĂƚ͗���ƉŽƚĞŶƚ�ƌĞŝŶĨŽƌĐĞƌ�ĨŽƌ�
ŶĞǁďŽƌŶƐ͘ /ŶĨĂŶƚ��ĞŚĂǀŝŽƌ�Θ��ĞǀĞůŽƉŵĞŶƚ͕�ϲ;ϭͿ͕�ϭϵʹϮϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϭϲϯͲϲϯϴϯ;ϴϯͿϴϬϬϬϰͲϲ

ĚĞ�,ĞǀŝĂ͕�D͘��͕͘�/ǌĂƌĚ͕�s͕͘��ŽƵďĂƌƚ͕��͕͘�^ƉĞůŬĞ͕��͘�^͕͘�Θ�^ƚƌĞƌŝ͕��͘�;ϮϬϭϰͿ͘�ZĞƉƌĞƐĞŶƚĂƚŝŽŶƐ�ŽĨ�ƐƉĂĐĞ͕�ƚŝŵĞ͕�
ĂŶĚ�ŶƵŵďĞƌ�ŝŶ�ŶĞŽŶĂƚĞƐ͘ WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƚŝŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕ ϭϭϭ;ϭϯͿ͕�ϰϴϬϵʹϰϴϭϯ͘�
ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϯϮϯϲϮϴϭϭϭ

ĚĞ�,ĞǀŝĂ͕�D͘��͕͘�>ĞĞ͕�z͘�E͕͘�Θ�^ƚƌĞƌŝ͕��͘�;ϮϬϭϳͿ͘�dŚĞ�ƚĞŵƉŽƌĂů�ĚŝŵĞŶƐŝŽŶƐ�ŝŶ�ƚŚĞ�ĨŝƌƐƚ�ǇĞĂƌ�ŽĨ�ůŝĨĞ͘ dŝŵŝŶŐ�Θ�
dŝŵĞ�WĞƌĐĞƉƚŝŽŶ͕ ϱ;ϯʹϰͿ͕�ϮϴϬʹϮϵϲ͘�ĚŽŝ͗ϭϬ͘ϭϭϲϯͬϮϮϭϯϰϰϲϴͲϬϬϬϬϮϬϵϯ

ĚĞ�>ƵƌĚĞƐ��ĞůŐĂĚŽ͕�D͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϳͿ͘�dĞƐƚŝŶŐ�ƚŚĞ�ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ�ŽĨ�ƚŝŵĞ�ŝŶ�ƌĞĨĞƌĞŶĐĞ�ŵĞŵŽƌǇ�
ŝŶ�ƚŚĞ�ďŝƐĞĐƚŝŽŶ�ĂŶĚ�ƚŚĞ�ŐĞŶĞƌĂůŝǌĂƚŝŽŶ�ƚĂƐŬ͗�dŚĞ�ƵƚŝůŝƚǇ�ŽĨ�Ă�ĚĞǀĞůŽƉŵĞŶƚĂů�ĂƉƉƌŽĂĐŚ͘ dŚĞ�YƵĂƌƚĞƌůǇ�
:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ƐǇĐŚŽůŽŐǇ͕ ϲϬ;ϲͿ͕�ϴϮϬʹϴϯϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϳϰϳϬϮϭϬϲϬϬϳϵϬϰϳϭ



WĂŐĞ�ͮ�ϮϴϮ

�ĞŵĂŶǇ͕�>͕͘�DĐ<ĞŶǌŝĞ͕��͕͘�Θ�sƵƌƉŝůůŽƚ͕��͘�;ϭϵϳϳͿ͘�ZŚǇƚŚŵ�ƉĞƌĐĞƉƚŝŽŶ�ŝŶ�ĞĂƌůǇ�ŝŶĨĂŶĐǇ͘ EĂƚƵƌĞ͕ Ϯϲϲ;ϱϲϬϰͿ͕�
ϳϭϴʹϳϭϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϮϲϲϳϭϴĂϬ

�ĞŶŶŝƐ͕�D͕͘��ĚĞůƐƚĞŝŶ͕�<͕͘�,ĞƚŚĞƌŝŶŐƚŽŶ͕�Z͕͘��ŽƉĞůĂŶĚ͕�<͕͘�&ƌĞĚĞƌŝĐŬ͕�:͕͘��ůĂƐĞƌ͕�^͘��͕͘�͘͘͘�Θ�&ůĞƚĐŚĞƌ͕�:͘�D͘�
;ϮϬϬϰͿ͘�EĞƵƌŽďŝŽůŽŐǇ�ŽĨ�ƉĞƌĐĞƉƚƵĂů�ĂŶĚ�ŵŽƚŽƌ�ƚŝŵŝŶŐ�ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ƐƉŝŶĂ�ďŝĨŝĚĂ�ŝŶ�ƌĞůĂƚŝŽŶ�ƚŽ�
ĐĞƌĞďĞůůĂƌ�ǀŽůƵŵĞ͘ �ƌĂŝŶ͕ ϭϮϳ;ϲͿ͕�ϭϮϵϮʹϭϯϬϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϵϯͬďƌĂŝŶͬĂǁŚϭϱϰ

�ĞsŝůůŝĞƌƐ͕ :͘ '͕͘ΘWǇĞƌƐ͕ :͘ �͘ ;ϮϬϬϮͿ͘ �ŽŵƉůĞŵĞŶƚƐ ƚŽ ĐŽŐŶŝƚŝŽŶ͗ � ůŽŶŐŝƚƵĚŝŶĂů ƐƚƵĚǇŽĨ ƚŚĞ ƌĞůĂƚŝŽŶƐŚŝƉ
ďĞƚǁĞĞŶ ĐŽŵƉůĞǆ�ƐǇŶƚĂǆ�ĂŶĚ�ĨĂůƐĞͲďĞůŝĞĨͲƵŶĚĞƌƐƚĂŶĚŝŶŐ͘��ŽŐŶŝƚŝǀĞ��ĞǀĞůŽƉŵĞŶƚ͕�ϭϳ;ϭͿ͕�ϭϬϯϳʹϭϬϲϬ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϴϴϱͲ ϮϬϭϰ;ϬϮͿϬϬϬϳϯͲϰ

�Ğ�sƌŝĞƐ͕�:͘�/͘�W͕͘�sŝƐƐĞƌ͕�'͘�,͘�͕͘�Θ�WƌĞĐŚƚů͕�,͘�&͘�Z͘�;ϭϵϴϰͿ͘�&ĞƚĂů�ŵŽďŝůŝƚǇ�ŝŶ�ƚŚĞ�ĨŝƌƐƚ�ŚĂůĨ�ŽĨ�ƉƌĞŐŶĂŶĐǇ͘�/Ŷ�
,͘�&͘�Z͘�WƌĞĐŚƚů�;�Ě͘Ϳ͘��ŽŶƚŝŶƵŝƚǇ�ŽĨ�ŶĞƵƌĂů�ĨƵŶĐƚŝŽŶƐ�ĨƌŽŵ�ƉƌĞŶĂƚĂů�ƚŽ�ƉŽƐƚŶĂƚĂů�ůŝĨĞ�ĐůŝŶŝĐƐ�ŝŶ�
�ĞǀĞůŽƉŵĞŶƚĂů�DĞĚŝĐĂů�WƵďůŝĐĂƚŝŽŶƐ͕�;ƉƉ͘�ϰϲʹϲϰͿ͘�KǆĨŽƌĚ͕�h<�͗�DĂĐ�<ĞŝƚŚ�WƌĞƐƐ

�ĞŵƉƐƚĞƌ͕�&͘�E͕͘�Θ��ƌĂŝŶĞƌĚ͕��͘�:͘�;ϭϵϵϱͿ͘ /ŶƚĞƌĨĞƌĞŶĐĞ�ĂŶĚ�ŝŶŚŝďŝƚŝŽŶ�ŝŶ ĐŽŐŶŝƚŝŽŶ͘�EĞǁ�zŽƌŬ͗��ĐĂĚĞŵŝĐ�
WƌĞƐƐ͘

�ŝĂŵŽŶĚ��͘�;ϮϬϬϮͿ͘�EŽƌŵĂů�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƉƌĞĨƌŽŶƚĂů�ĐŽƌƚĞǆ�ĨƌŽŵ�ďŝƌƚŚ�ƚŽ�ǇŽƵŶŐ�ĂĚƵůƚŚŽŽĚ͗�ĐŽŐŶŝƚŝǀĞ�
ĨƵŶĐƚŝŽŶƐ͕�ĂŶĂƚŽŵǇ͕�ĂŶĚ�ďŝŽĐŚĞŵŝƐƚƌǇ͘�/Ŷ��͘�d͘�^ƚƵƐƐ͘�Θ�Z͘�d͘�<ŶŝŐŚƚ�͚�ĚƐ͘Ϳ͕ WƌŝŶĐŝƉůĞƐ�ŽĨ�&ƌŽŶƚĂů�>ŽďĞ�
&ƵŶĐƚŝŽŶ ;ƉƉ͘�ϰϲϲʹϱϬϯͿ͘�KǆĨŽƌĚ͕�h<�͗ KǆĨŽƌĚ�hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ͘

�ŝ�>ƵĐĂ͕�D͕͘�Θ�ZŚŽĚĞƐ͕��͘�;ϮϬϭϲͿ͘�KƉƚŝŵĂů�ƉĞƌĐĞŝǀĞĚ�ƚŝŵŝŶŐ͗�/ŶƚĞŐƌĂƚŝŶŐ�ƐĞŶƐŽƌǇ�ŝŶĨŽƌŵĂƚŝŽŶ�ǁŝƚŚ�
ĚǇŶĂŵŝĐĂůůǇ�ƵƉĚĂƚĞĚ�ĞǆƉĞĐƚĂƚŝŽŶƐ͘ ^ĐŝĞŶƚŝĨŝĐ�ƌĞƉŽƌƚƐ͕ ϲ͕�Ϯϴϱϲϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐƌĞƉϮϴϱϲϯ

�ƌĞǁ͕�D͘�Z͕͘��ƵƉĂŶ͕��͕͘��ŽŽŬĞ͕��͕͘��ŽƵǀŝůůŽŶ͕�W͘��͕͘�Θ��ĂůƐĂŵ͕�W͘��͘�;ϮϬϬϱͿ͘�dĞŵƉŽƌĂů�ĐŽŶƚƌŽů�ŽĨ�
ĐŽŶĚŝƚŝŽŶĞĚ�ƌĞƐƉŽŶĚŝŶŐ�ŝŶ�ŐŽůĚĨŝƐŚ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů��ĞŚĂǀŝŽƌ�
WƌŽĐĞƐƐĞƐ͕ ϯϭ;ϭͿ͕�ϯϭʹϯϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϳͲϳϰϬϯ͘ϯϭ͘ϭ͘ϯϭ

�ƌŽŝƚ͕�^͕͘�WŽƵƚŚĂƐ͕�s͕͘�Θ�:ĂĐƋƵĞƚ͕��͘�;ϭϵϵϭͿ͘��ƉƉƌĞŶƚŝƐƐĂŐĞ�ƚĞŵƉŽƌĞů�ĐŚĞǌ�ĚĞƐ�ĞŶĨĂŶƚƐ�ąŐĠƐ�ĚĞ�ϰ�ϭͬϮ�Ğƚ�ϲ�
ĂŶƐ͗�ƌƀůĞ�ĚΖƵŶĞ�ŚŽƌůŽŐĞ�ĞǆƚĞƌŶĞ͘ >Ζ�ŶŶĠĞ�ƉƐǇĐŚŽůŽŐŝƋƵĞ͕ ϵϭ;ϯͿ͕�ϯϰϳʹϯϲϰ͘�ĚŽŝ͗ϭϬ͘ϯϰϬϲͬƉƐǇ͘ϭϵϵϭ͘Ϯϵϰϳϭ

�ƌŽŝƚ͕�^͕͘�WŽƵƚŚĂƐ͕�s͕͘�Θ�:ĂĐƋƵĞƚ͕��͘�z͘�;ϭϵϵϬͿ͘�dĞŵƉŽƌĂů�ůĞĂƌŶŝŶŐ�ŝŶ�ϰЪͲĂŶĚ�ϲͲǇĞĂƌͲŽůĚ�ĐŚŝůĚƌĞŶ͗ ZŽůĞ�ŽĨ�
ŝŶƐƚƌƵĐƚŝŽŶƐ�ĂŶĚ�ƉƌŝŽƌ�ŬŶŽǁůĞĚŐĞ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϱϬ;ϮͿ͕�ϯϬϱʹϯϮϭ͘
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϮͲϬϵϲϱ;ϵϬͿϵϬϬϰϰͲϵ

�ƌŽŝƚ͕�^͕͘�WƌŽǀĂƐŝ͕�:͕͘�Θ�WŽƵƚŚĂƐ͕�s͘�;ϭϵϵϯͿ͘�>ĞƐ�ĂĐƚŝǀŝƚĠƐ�ƌǇƚŚŵŝƋƵĞƐ�ĚƵ�ŶŽƵƌƌŝƐƐŽŶ͗�ĚĞ�ůĂ�ŶĞƵƌŽƉŚǇƐŝŽůŽŐŝĞ�
ă�ůĂ�ĐŽŐŶŝƚŝŽŶ͘ WƐǇĐŚŽůŽŐŝĞ�ĨƌĂŶĕĂŝƐĞ͘�ZĞƉĠƌĠ�ă�
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƌĞƐĞĂƌĐŚŐĂƚĞ͘ŶĞƚͬƉƵďůŝĐĂƚŝŽŶͬϮϯϮϱϵϬϮϰϴͺ>ĞƐͺĂĐƚŝǀŝƚĞƐͺƌǇƚŚŵŝƋƵĞƐͺĚƵͺŶŽƵƌƌŝƐƐŽŶͺĚĞ
ͺůĂͺŶĞƵƌŽƉŚǇƐŝŽůŽŐŝĞͺĂͺůĂͺĐŽŐŶŝƚŝŽŶͺZŚǇƚŚŵŝĐͺĂĐƚŝǀŝƚŝĞƐͺŝŶͺŝŶĨĂŶƚƐͺ&ƌŽŵͺŶĞƵƌŽƉŚǇƐŝŽůŽŐǇͺƚŽͺĐŽ
ŐŶŝƚŝŽŶ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϭϵϵϴͿ͘�dŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ŝŶ�ǇŽƵŶŐ�ĐŚŝůĚƌĞŶ͗�ĂŶ�ŝŶŝƚŝĂů�ĨŽƌĐĞ�ƌƵůĞ�ŐŽǀĞƌŶŝŶŐ�ƚŝŵĞ�
ƉƌŽĚƵĐƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϲϴ;ϯͿ͕�ϮϯϲʹϮϰϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϲͬũĞĐƉ͘ϭϵϵϳ͘ϮϰϯϬ



WĂŐĞ�ͮ�Ϯϴϯ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϭϵϵϵͿ͘�dŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ŝŶ�ǇŽƵŶŐ�ĐŚŝůĚƌĞŶ͗��ĨĨĞĐƚƐ�ŽĨ�ƌĞƐƉŽŶƐĞ�ƚǇƉĞ�ĂŶĚ�
ĨĂŵŝůŝĂƌŝƚǇ͘ �ĂŚŝĞƌƐ�ĚĞ�WƐǇĐŚŽůŽŐŝĞ��ŽŐŶŝƚŝǀĞ͕ ϭϴ;ϭͿ͕�Ϯϳʹϰϰ͘

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϬͿ͘�>ΖĞƐƚŝŵĂƚŝŽŶ�ĚƵ�ƚĞŵƉƐ͗�ƉĞƌƐƉĞĐƚŝǀĞ�ĚĠǀĞůŽƉƉĞŵĞŶƚĂůĞ͘ >Ζ�ŶŶĠĞ�
ƉƐǇĐŚŽůŽŐŝƋƵĞ͕ ϭϬϬ;ϯͿ͕�ϰϰϯʹϰϲϰ͘�ZĞƉĠƌĠ�ă�ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƉĞƌƐĞĞ͘ĨƌͬĚŽĐͬƉƐǇͺϬϬϬϯͲ
ϱϬϯϯͺϮϬϬϬͺŶƵŵͺϭϬϬͺϯͺϮϴϲϱϯ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϭͿ͘�>ĞƐ�ĚŝĨĨĠƌĞŶƚĞƐ�ĨĂĐĞƚƚĞƐ�ĚƵ�ƚĞŵƉƐ͘ �ŶĨĂŶĐĞƐ�WƐǇ͕�ϭϯ;ϭͿ͕�ϮϲʹϰϬ͘�
ĚŽŝ͗ϭϬ͘ϯϵϭϳͬĞƉ͘Ϭϭϯ͘ϬϬϮϲ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϮͿ͘�^ĐĂůĂƌ�ƚŝŵŝŶŐ�ŝŶ�ƚĞŵƉŽƌĂů�ŐĞŶĞƌĂůŝǌĂƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ƐŚŽƌƚ�ĂŶĚ�ůŽŶŐ�ƐƚŝŵƵůƵƐ�
ĚƵƌĂƚŝŽŶƐ͘ dŚĞ�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ�^ĞĐƚŝŽŶ��͕ ϱϱ;ϰͿ͕�ϭϭϵϯʹϭϮϬϵ͘�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϳϮϰϵϴϬϮϰϰϬϬϬϭϲϭ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϯͿ͘��ůĞƌƚŝŶŐ�ĂƚƚĞŶƚŝŽŶ�ĂŶĚ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�
WƐǇĐŚŽůŽŐǇ͕�ϴϱ;ϰͿ͕�ϯϳϮʹϯϵϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϬϮϮͲϬϵϲϱ;ϬϯͿϬϬϭϬϯͲϲ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϴͿ͘���ĨƵƌƚŚĞƌ�ŝŶǀĞƐƚŝŐĂƚŝŽŶ�ŽĨ�ƚŚĞ�ĨŝůůĞĚͲĚƵƌĂƚŝŽŶ�ŝůůƵƐŝŽŶ�ǁŝƚŚ�Ă�ĐŽŵƉĂƌŝƐŽŶ�ďĞƚǁĞĞŶ�
ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů��ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕ ϯϰ;ϯͿ͕�ϰϬϬʹϰϭϰ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϳͲϳϰϬϯ͘ϯϰ͘ϯ͘ϰϬϬ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϬͿ͘�^ƉĞĞĚŝŶŐ�ƵƉ�Ă�ŵĂƐƚĞƌ�ĐůŽĐŬ�ĐŽŵŵŽŶ�ƚŽ�ƚŝŵĞ͕�ŶƵŵďĞƌ�ĂŶĚ�ůĞŶŐƚŚ͍͘ �ĞŚĂǀŝŽƵƌĂů�
ƉƌŽĐĞƐƐĞƐ͕ ϴϱ;ϮͿ͕�ϭϮϲʹϭϯϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĞƉƌŽĐ͘ϮϬϭϬ͘Ϭϲ͘Ϭϭϳ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϬͿ͘�^ƚŽƉ�ƵƐŝŶŐ�ƚŝŵĞ�ƌĞƉƌŽĚƵĐƚŝŽŶ�ƚĂƐŬƐ�ŝŶ�Ă�ĐŽŵƉĂƌĂƚŝǀĞ�ƉĞƌƐƉĞĐƚŝǀĞ�ǁŝƚŚŽƵƚ�ĨƵƌƚŚĞƌ�
ĂŶĂůǇƐĞƐ�ŽĨ�ƚŚĞ�ƌŽůĞ�ŽĨ ƚŚĞ�ŵŽƚŽƌ�ƌĞƐƉŽŶƐĞ�ŽŶ�ƚŚĞ�ƚĞŵƉŽƌĂů�ƉĞƌĨŽƌŵĂŶĐĞ͗�dŚĞ�ĐĂƐĞ�ŽĨ�ĐŚŝůĚƌĞŶ͘�
�ƵƌŽƉĞĂŶ�:ŽƵƌŶĂů�ŽĨ��ŽŐŶŝƚŝǀĞ WƐǇĐŚŽůŽŐǇ͕�ϮϮ;ϭͿ͕ ϭϯϬʹϭϰϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϵϱϰϭϰϰϬϵϬϮϳϯϴϵϬϬ͘

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϭͿ͘��ŚŝůĚ�ĂŶĚ�ƚŝŵĞ͘�/Ŷ��͘�sĂƚĂŬŝƐ͕��͘��ƐƉŽƐŝƚŽ͕�D͘�'ŝĂŐŬŽƵ͕�&͘��ƵŵŵŝŶƐ͕ Θ�'͘�WĂƉĚĞůŝƐ�
;�ĚƐ͘Ϳ͕�DƵůƚŝĚŝƐĐŝƉůŝŶĂƌǇ�ĂƐƉĞĐƚƐ�ŽĨ�ƚŝŵĞ�ĂŶĚ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ ;ƉƉ͘�ϭϱϭʹϭϳϯͿ͘��ĞƌůŝŶ�,ĞŝĚĞůďĞƌŐ�͗�
^ƉƌŝŶŐĞƌͲsĞƌůĂŐ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬϵϳϴͲϯͲϲϰϮͲϮϭϰϳϴͲϯͺϭϯ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϯͿ͘�dŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ͗���ŶĞƵƌŽĚĞǀĞůŽƉŵĞŶƚĂů�ĂƉƉƌŽĂĐŚ͘�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͕
ϱϭ;ϮͿ͕�ϮϮϬʹϮϯϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͘ϮϬϭϮ͘Ϭϵ͘ϬϮϯ͘

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϰͿ͘�tŚĂƚ�ĞŵŽƚŝŽŶƐ�ƚĞůů�ƵƐ�ĂďŽƵƚ�ƚŝŵĞ͘�/Ŷ��͘�>ůǇŽĚ͕�Θ�s͘��ƌƐƚŝůĂ�;�ĚƐ͘Ϳ͕�^ƵďũĞĐƚŝǀĞ�ƚŝŵĞ͗�
dŚĞ�ƉŚŝůŽƐŽƉŚǇ͕�ƉƐǇĐŚŽůŽŐǇ͕�ĂŶĚ�ŶĞƵƌŽƐĐŝĞŶĐĞ�ŽĨ�ƚĞŵƉŽƌĂůŝƚǇ͘��ĂŵďƌŝĚŐĞ͕�D�͗�D/d�WƌĞƐƐ͘

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϲͿ͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŝŵĞ͘��ƵƌƌĞŶƚ�KƉŝŶŝŽŶ�ŝŶ��ĞŚĂǀŝŽƌĂů�^ĐŝĞŶĐĞƐ͕�ϴ͕�ϭϬϮʹϭϬϵ͘��
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽďĞŚĂ͘ϮϬϭϲ͘ϬϮ͘ϬϬϯ



WĂŐĞ�ͮ�Ϯϴϰ

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϳͿ͘�dŝŵĞ�ĚŝůĂƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͗�ƚŚĞ�ŝĚĞĂ�ŽĨ�Ă�ƐůŽǁĞƌ�ŝŶƚĞƌŶĂů�ĐůŽĐŬ�ŝŶ�ǇŽƵŶŐ�
ĐŚŝůĚƌĞŶ�ƚĞƐƚĞĚ�ǁŝƚŚ�ĚŝĨĨĞƌĞŶƚ�ĐůŝĐŬ�ĨƌĞƋƵĞŶĐŝĞƐ͘��ĞŚĂǀŝŽƵƌĂů�WƌŽĐĞƐƐĞƐ͕ ϭϯϴ͕�ϭϱϮʹϭϱϵ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĞƉƌŽĐ͘ϮϬϭϳ͘Ϭϯ͘ϬϬϱ�

�ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϴͿ͘�/ŶƚĞƌƚǁŝŶĞĚ�ĨĂĐĞƚƐ�ŽĨ�ƐƵďũĞĐƚŝǀĞ�ƚŝŵĞ͘ �ƵƌƌĞŶƚ��ŝƌĞĐƚŝŽŶƐ�ŝŶ�WƐǇĐŚŽůŽŐŝĐĂů�
^ĐŝĞŶĐĞ͕ Ϯϳ;ϲͿ͕�ϰϮϮʹϰϮϴ͘�ĚŽŝ͗ϭϬ͘ϭϭϳϳͬϬϵϲϯϳϮϭϰϭϴϳϳϵϵϳϴ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘��ƌƵŶŽƚ͕�^͕͘�Θ�EŝĞĚĞŶƚŚĂů͕�W͘�;ϮϬϬϰͿ͘��Z/�&�Z�WKZd�WĞƌĐĞƉƚŝŽŶ�ŽĨ�ƚŚĞ�ĚƵƌĂƚŝŽŶ�ŽĨ�
ĞŵŽƚŝŽŶĂů�ĞǀĞŶƚƐ͘ �ŽŐŶŝƚŝŽŶ�ĂŶĚ��ŵŽƚŝŽŶ͕ ϭϴ;ϲͿ͕�ϴϰϵʹϴϱϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϲϵϵϵϯϬϯϰϭϬϬϬϭϵϰ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘��ůĠŵĞŶƚ͕��͕͘�Θ�&ĂǇŽů͕�D͘�;ϮϬϬϴͿ͘�dŝŵĞ͕�ŶƵŵďĞƌ͕�ĂŶĚ�ůĞŶŐƚŚ͗�^ŝŵŝůĂƌŝƚŝĞƐ�ĂŶĚ�ĚŝĨĨĞƌĞŶĐĞƐ�ŝŶ�
ďŝƐĞĐƚŝŽŶ�ďĞŚĂǀŝŽƌ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͘�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕�ϲϭ;ϭϮͿ͕�
ϭϴϮϳʹϭϴϰϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϳϰϳϬϮϭϬϳϬϭϳϰϯϲϰϯ͘�

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘��ůĠŵĞŶƚ͕��͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�;ϮϬϬϭͿ͘�dĞŵƉŽƌĂů�ŐĞŶĞƌĂůŝǌĂƚŝŽŶ�ŝŶ ϯͲƚŽ�ϴͲǇĞĂƌͲŽůĚ�
ĐŚŝůĚƌĞŶ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϴϬ;ϯͿ͕�ϮϳϭʹϮϴϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϲͬũĞĐƉ͘ϮϬϬϭ͘ϮϲϮϵ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ��ŽƵůů͕�:͘�d͘�;ϮϬϭϲͿ͘��ŝƐƚŝŶĐƚ�ĚĞǀĞůŽƉŵĞŶƚĂů�ƚƌĂũĞĐƚŽƌŝĞƐ�ĨŽƌ�ĞǆƉůŝĐŝƚ�ĂŶĚ�ŝŵƉůŝĐŝƚ�
ƚŝŵŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϭϱϬ͕�ϭϰϭʹϭϱϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĞĐƉ͘ϮϬϭϲ͘Ϭϱ͘ϬϭϬ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ��ŽƵůů͕�:͘�d͘�;ϮϬϭϲͿ͘�dŝŵĞ�ĚŽĞƐ�ŶŽƚ�ĨůǇ�ďƵƚ�ƐůŽǁ�ĚŽǁŶ�ŝŶ�ŽůĚ�ĂŐĞ͘�dŝŵĞ�ĂŶĚ�^ŽĐŝĞƚǇ͕�ϭϱϬ͕�
ϭϰϭʹϭϱϰ͘�ĚŽŝ͗ϭϬ͘ϭϭϳϳͬϬϵϲϭϰϲϯyϭϲϲϱϲϴϱϮ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�ĚĞ�>ƵƌĚĞƐ��ĞůŐĂĚŽ͕�D͕͘�Θ�ZĂƚƚĂƚ͕��͘��͘ ;ϮϬϬϲͿ͘�dŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ũƵĚŐĞ�
ƚŝŵĞ�ŝŶ�ĐŚŝůĚƌĞŶ͘�/Ŷ�:͘�Z͘�DĂƌƌŽǁ�;�Ě͘Ϳ͕�&ŽĐƵƐ�ŽŶ�ĐŚŝůĚ�ƉƐǇĐŚŽůŽŐǇ�ƌĞƐĞĂƌĐŚ ;ƉƉ͘�ϴϭʹϭϬϰͿ͘�EĞǁ�zŽƌŬ͕�Ez�
͗�EŽǀĂ�^ĐŝĞŶĐĞ�WƵďůŝƐŚĞƌƐ͕�/ŶĐ͘

�ƌŽŝƚͲsŽůĞƚ͕ ^͕͘ &ĂǇŽůůĞ͕ ^͕͘ >ĂŵŽƚƚĞ͕D͕͘ Θ 'ŝů͕ ^͘ ;ϮϬϭϯͿ͘ dŝŵĞ͕ ĞŵŽƚŝŽŶ ĂŶĚ ƚŚĞ ĞŵďŽĚŝŵĞŶƚ ŽĨ ƚŝŵŝŶŐ͘
dŝŵŝŶŐ ĂŶĚ dŝŵĞ�WĞƌĐĞƉƚŝŽŶ͕�ϭ;ϭͿ͕�ϵϵʹϭϮϲ͘ ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϲϵϵϵϯϭ͘ϮϬϭϱ͘ϭϬϮϯϭϴϬ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�&ĂǇŽůůĞ͕�^͘�>͕͘�Θ�'ŝů͕�^͘�;ϮϬϭϭͿ͘��ŵŽƚŝŽŶ�ĂŶĚ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͗�ĞĨĨĞĐƚƐ�ŽĨ�ĨŝůŵͲŝŶĚƵĐĞĚ�
ŵŽŽĚ͘ &ƌŽŶƚŝĞƌƐ�ŝŶ�/ŶƚĞŐƌĂƚŝǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϱ;ϯϯͿ͘�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨŶŝŶƚ͘ϮϬϭϭ͘ϬϬϬϯϯ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ�'ĂƵƚŝĞƌ͕�d͘�;ϮϬϬϬͿ͘�dŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ŝŶ�ϯͲ ĂŶĚ�ϱЪ�ͲǇĞĂƌͲŽůĚ�ĐŚŝůĚƌĞŶ͗�dŚĞ�ƌŽůĞ�ŽĨ�
ŝŶƐƚƌƵĐƚŝŽŶƐ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƚŚĞ�ƚǇƉĞ�ŽĨ�ƌĞƐƉŽŶƐĞ͘��ƵƌƌĞŶƚ�WƐǇĐŚŽůŽŐǇ�ŽĨ��ŽŐŶŝƚŝŽŶ͕�ϭϵ;ϯͿ͕�ϮϲϯʹϮϳϲ͘

�ƌŽŝƚͲsŽůĞƚ͕ ^͕͘ Θ'ŝů͕ ^͘ ;ϮϬϬϵͿ͘ dŚĞ ƚŝŵĞͲĞŵŽƚŝŽŶ ƉĂƌĂĚŽǆ͘ :ŽƵƌŶĂů ŽĨ WŚŝůŽƐŽƉŚŝĐĂů dƌĂŶƐĂĐƚŝŽŶƐ ŽĨ ƚŚĞ
ZŽǇĂů ^ŽĐŝĞƚǇ͕ �Ͳ��ŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕�ϯϲϰ;ϭϱϮϱͿ͕ ϭϵϰϯʹϭϵϱϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϵϴͬƌƐƚď͘ϮϬϬϵ͘ϬϬϭϯ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ�,ĂůůĞǌ͕�Y͘�;ϮϬϭϴͿ͘��ŝĨĨĞƌĞŶĐĞƐ�ŝŶ�ŵŽĚĂů�ĚŝƐƚŽƌƚŝŽŶ�ŝŶ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�ĚƵĞ�ƚŽ�ǁŽƌŬŝŶŐ�
ŵĞŵŽƌǇ�ĐĂƉĂĐŝƚǇ͗�Ă�ƌĞƐƉŽŶƐĞ�ǁŝƚŚ�Ă�ĚĞǀĞůŽƉŵĞŶƚĂů�ƐƚƵĚǇ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͘ WƐǇĐŚŽůŽŐŝĐĂů�
ƌĞƐĞĂƌĐŚ͕�ϭʹϭϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϰϮϲͲϬϭϴͲϭϬϭϲͲϱ



WĂŐĞ�ͮ�Ϯϴϱ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ�/ǌĂƵƚĞ͕�D͘�;ϮϬϬϱͿ͘�dŚĞ�ĞĨĨĞĐƚ�ŽĨ�ĨĞĞĚďĂĐŬ�ŽŶ�ƚŝŵŝŶŐ�ŝŶ ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͗�dŚĞ�
ƚĞŵƉŽƌĂů�ŐĞŶĞƌĂůŝǌĂƚŝŽŶ�ƚĂƐŬ͘ dŚĞ�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ�^ĞĐƚŝŽŶ��͕ ϱϴ;ϯͿ͕�
ϱϬϳʹϱϮϬ͘ ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϳϮϰϵϴϬϰϰϯϬϬϬϬϮϱ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ�/ǌĂƵƚĞ͕�D͘�;ϮϬϬϵͿ͘�/ŵƉƌŽǀŝŶŐ�ƚŝŵĞ�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ�ŝŶ Ă�ƚĞŵƉŽƌĂů�
ďŝƐĞĐƚŝŽŶ�ƚĂƐŬ͗�dŚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ĨĞĞĚďĂĐŬ�ĂŶĚ�ŶŽ�ĨŽƌĐĞĚ�ĐŚŽŝĐĞ�ŽŶ�ĚĞĐŝƐŝŽŶ�ĂŶĚ�ŵĞŵŽƌǇ�ƉƌŽĐĞƐƐĞƐ͘ dŚĞ�
YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϲϮ;ϲͿ͕�ϭϭϳϯʹϭϭϴϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϳϰϳϬϮϭϬϴϬϮϯϴϰϭϴϬ

�ƌŽŝƚͲsŽůĞƚ͕^͕͘ΘDĞĐŬ͕t͘,͘ ;ϮϬϬϳͿ͘,ŽǁĞŵŽƚŝŽŶƐĐŽůŽƵƌŽƵƌƉĞƌĐĞƉƚŝŽŶŽĨƚŝŵĞ͘dƌĞŶĚƐ ŝŶ�ŽŐŶŝƚŝǀĞ
^ĐŝĞŶĐĞƐ͕ϭϭ;ϭϮͿ͕ϱϬϰʹϱϭϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϬϳ͘Ϭϵ͘ϬϬϴ

�ƌŽŝƚͲsŽůĞƚ͕ ^͕͘ DĞĐŬ͕ t͕͘ Θ WĞŶŶĞǇ͕ d͘ ;ϮϬϬϳͿ͘�^ĞŶƐŽƌǇ ŵŽĚĂůŝƚǇ ĞĨĨĞĐƚ ĂŶĚ ƚŝŵĞ ƉĞƌĐĞƉƚŝŽŶ ŝŶ
ĐŚŝůĚƌĞŶ ĂŶĚ�ĂĚƵůƚƐ͘��ĞŚĂǀŝŽƵƌĂů�WƌŽĐĞƐƐĞƐ͕ ϳϰ;ϮͿ͕ ϮϰϰʹϮϱϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĞƉƌŽĐ͘ϮϬϬϲ͘Ϭϵ͘ϬϭϮ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ�ZĂƚƚĂƚ͕��͘Ͳ�͘�;ϭϵϵϵͿ͘��ƌĞ�ƚŝŵĞ�ĂŶĚ�ĂĐƚŝŽŶ�ĚŝƐƐŽĐŝĂƚĞĚ�ŝŶ�ǇŽƵŶŐ�ĐŚŝůĚƌĞŶΖƐ�ƚŝŵĞ�
ĞƐƚŝŵĂƚŝŽŶ͍��ŽŐŶŝƚŝǀĞ��ĞǀĞůŽƉŵĞŶƚ͕�ϭϰ;ϰͿ͕�ϱϳϯʹϱϵϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϴϴϱͲϮϬϭϰ;ϵϵͿϬϬϬϮϬͲϵ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ�ZĂƚƚĂƚ͕��͘�͘�;ϮϬϬϳͿ͘���ĨƵƌƚŚĞƌ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚĞŵƉŽƌĂů�ďŝƐĞĐƚŝŽŶ�ďĞŚĂǀŝŽƌ�ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�
ĂŶĚ�ǁŝƚŚŽƵƚ�ƌĞĨĞƌĞŶĐĞ�ŵĞŵŽƌǇ͗�ƚŚĞ�ƐŝŵŝůŝĂƌŝƚǇ�ĂŶĚ�ƚŚĞ�ƉĂƌƚŝƚŝŽŶ�ƚĂƐŬ͘��ĐƚĂ�WƐǇĐŚŽůŽŐŝĐĂ͕ ϭϮϱ;ϮͿ͕�ϮϰϬʹ
Ϯϱϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϬϲ͘Ϭϴ͘ϬϬϯ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�dŽƵƌƌĞƚ͕�^͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�;ϮϬϬϰͿ͘�WĞƌĐĞƉƚŝŽŶ�ŽĨ�ƚŚĞ�ĚƵƌĂƚŝŽŶ�ŽĨ�ĂƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů�
ƐƚŝŵƵůŝ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͘ YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ�^ĞĐƚŝŽŶ��͕ ϱϳ;ϱͿ͕�ϳϵϳʹ
ϴϭϴ͘ ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϳϮϰϵϴϬϯϰϯϬϬϬϰϵϱ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ�tĞĂƌĚĞŶ͕�:͘,͘�;ϮϬϬϭͿ͘�dĞŵƉŽƌĂů�ďŝƐĞĐƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�
WƐǇĐŚŽůŽŐǇ͕ ϴϬ;ϮͿ͕�ϭϰϮʹϭϱϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϲͬũĞĐƉ͘ϮϬϬϭ͘Ϯϲϯϭ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�;ϮϬϬϮͿ͘�^ƉĞĞĚŝŶŐ�ƵƉ�ĂŶ�ŝŶƚĞƌŶĂů�ĐůŽĐŬ�ŝŶ�ĐŚŝůĚƌĞŶ͍��ĨĨĞĐƚƐ�ŽĨ�ǀŝƐƵĂů�ĨůŝĐŬĞƌ�
ŽŶ�ƐƵďũĞĐƚŝǀĞ�ĚƵƌĂƚŝŽŶ͘ dŚĞ�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�^ĞĐƚŝŽŶ��͕ ϱϱ;ϯͿ͕�ϭϵϯʹϮϭϭ͘�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϳϮϰϵϵϬϭϰϯϬϬϬϮϱϮ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�;ϮϬϬϯͿ͘�>ĞƐ�ŵŽĚğůĞƐ�ĚΖŚŽƌůŽŐĞ�ŝŶƚĞƌŶĞ�ĞŶ�ƉƐǇĐŚŽůŽŐŝĞ�ĚƵ�ƚĞŵƉƐ͘ >ΖĂŶŶĠĞ�
ƉƐǇĐŚŽůŽŐŝƋƵĞ͕ ϭϬϯ;ϰͿ͕�ϲϭϳͲϲϱϰ͘�ZĞĐƵƉĠƌĠ�ă ͗�
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƉĞƌƐĞĞ͘ĨƌͬĚŽĐͬƉƐǇͺϬϬϬϯϱϬϯϯͺϮϬϬϯͺŶƵŵͺϭϬϯͺϰͺϮϵϲϱϲ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�tĞĂƌĚĞŶ͕�:͕͘�Θ��ĞůŐĂĚŽͲzŽŶŐĞƌ͕�D͘�;ϮϬϬϳͿ͘�^ŚŽƌƚͲƚĞƌŵ�ŵĞŵŽƌǇ�ĨŽƌ�ƚŝŵĞ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�
ĂĚƵůƚƐ͗���ďĞŚĂǀŝŽƌĂů�ƐƚƵĚǇ�ĂŶĚ�Ă�ŵŽĚĞů͘ :ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ĐŚŝůĚ�ƉƐǇĐŚŽůŽŐǇ͕ ϵϳ;ϰͿ͕�ϮϰϲʹϮϲϰ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĞĐƉ͘ϮϬϬϳ͘ϬϮ͘ϬϬϯ'Ğƚ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘ tĞĂƌĚĞŶ͕�:͘�Θ��ĠůĂŶƚŝ͕�W͘�^͘�;ϮϬϭϱͿ͘��ŽŐŶŝƚŝǀĞ�ĂďŝůŝƚŝĞƐ�ƌĞƋƵŝƌĞĚ�ŝŶ�ƚŝŵĞ�ũƵĚŐŵĞŶƚ�
ĚĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ƚĞŵƉŽƌĂů�ƚĂƐŬ�ƵƐĞĚ͗�Ă�ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͘�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ�
�ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕�ϲϴ;ϭϭͿ͕ ϮϮϭϲʹϮϮϰϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϳϰϳϬϮϭϴ͘ϮϬϭϱ͘ϭϬϭϮϬϴϳ
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�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ��ŽƵůů͕�:͘�d͘�;ϮϬϭϲͿ͘��ŝƐƚŝŶĐƚ�ĚĞǀĞůŽƉŵĞŶƚĂů�ƚƌĂũĞĐƚŽƌŝĞƐ�ĨŽƌ�ĞǆƉůŝĐŝƚ�ĂŶĚ�ŝŵƉůŝĐŝƚ�
ƚŝŵŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ĐŚŝůĚ�ƉƐǇĐŚŽůŽŐǇ͕ ϭϱϬ͕�ϭϰϭʹϭϱϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĞĐƉ͘ϮϬϭϲ͘Ϭϱ͘ϬϭϬ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ��ĠůĂŶƚŝ͕�W͘�;ϮϬϭϯͿ͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŝŵĞ�ƐĞŶƐŝƚŝǀŝƚǇ͗�ĚƵƌĂƚŝŽŶ�ƌĂƚŝŽƐ�ŝŶ�ƚŝŵĞ�
ďŝƐĞĐƚŝŽŶ͘ dŚĞ�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϲϲ;ϰͿ͕�ϲϳϭʹϲϴϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϳϰϳϬϮϭϴ͘ϮϬϭϮ͘ϳϭϮϭϰϴ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘�Θ��ĠůĂŶƚŝ͕�W͘�^͘�;ϮϬϭϯͿ͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŝŵĞ�ƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ�
ƐƉĞĞĚ͘ WůŽ^�ŽŶĞ͕ ϴ;ϴͿ͕�ĞϳϭϰϮϰ͘�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϳϭϰϮϰ

�ƌŽŝƚͲsŽůĞƚ͕�^͕͘��ĠůĂŶƚŝ͕�W͘^͕͘��ĞůůĂƚŽůĂƐ͕�'͕͘�<ŝĞĨĨĞƌ͕�s͕͘��ů DĂƐƐŝŽƵŝ͕��ƌŽǁŶ͕��͘>͕͘��ŽǇğƌĞ͕�s͕͘�:ŽģůůĞ�WƌŽǀĂƐŝ͕�
:͘�Θ�'ƌŝůů͕�:͘��;ϮϬϭϯͿ͘�dŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ�ƚƌĞĂƚĞĚ�ĨŽƌ�Ă�ĐĞƌĞďĞůůĂƌ�ŵĞĚƵůůŽďůĂƐƚŽŵĂ͘ ZĞƐĞĂƌĐŚ�
ŝŶ��ĞǀĞůŽƉŵĞŶƚĂů��ŝƐĂďŝůŝƚŝĞƐ͕ ϯϰ;ϭͿ͕�ϰϴϬʹϰϵϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƌŝĚĚ͘ϮϬϭϮ͘Ϭϵ͘ϬϬϲ

�ƵŶĐĂŶ͕�:͕͘��ƵƌŐĞƐƐ͕�W͕͘�Θ��ŵƐůŝĞ͕�,͘�;ϭϵϵϱͿ͘�&ůƵŝĚ�ŝŶƚĞůůŝŐĞŶĐĞ�ĂĨƚĞƌ�ĨƌŽŶƚĂů�ůŽďĞ�
ůĞƐŝŽŶƐ͘ EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͕ ϯϯ;ϯͿ͕�ϮϲϭʹϮϲϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϴͲϯϵϯϮ;ϵϰͿϬϬϭϮϰͲϴ

�ǇũĂƐ͕�K͕͘��ĂƵƐĞŶŚĂƌƚ͕�<͘�D͕͘�Θ�hůƌŝĐŚ͕�Z͘�;ϮϬϭϮͿ͘�dƌŝĂůͲďǇͲƚƌŝĂů�ƵƉĚĂƚŝŶŐ�ŽĨ�ĂŶ�ŝŶƚĞƌŶĂů�ƌĞĨĞƌĞŶĐĞ�ŝŶ�
ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ ƚĂƐŬƐ͗��ǀŝĚĞŶĐĞ�ĨƌŽŵ�ĞĨĨĞĐƚƐ�ŽĨ�ƐƚŝŵƵůƵƐ�ŽƌĚĞƌ�ĂŶĚ�ƚƌŝĂů�ƐĞƋƵĞŶĐĞ͘ �ƚƚĞŶƚŝŽŶ͕�
WĞƌĐĞƉƚŝŽŶ͕�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϳϰ;ϴͿ͕�ϭϴϭϵʹϭϴϰϭ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬƐϭϯϰϭϰͲϬϭϮͲϬϯϲϮͲϰ

�ĚǁĂƌĚƐ͕��͘�:͕͘��ůĚĞƌ͕�d͘��͕͘�Θ�ZŽƐĞ͕�'͘�:͘�;ϮϬϬϮͿ͘��ƵĚŝƚŽƌǇ�ŵŝĚďƌĂŝŶ�ŶĞƵƌŽŶƐ�ƚŚĂƚ�ĐŽƵŶƚ͘�EĂƚƵƌĞ�
EĞƵƌŽƐĐŝĞŶĐĞ͕�ϱ;ϭϬͿ͕�ϵϯϰʹϵϯϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŶϵϭϲ

�ĨĨƌŽŶ͕�͘�͕͘EŝĞĚĞŶƚŚĂů͕W͘D͕͘'ŝů͕^͕͘Θ�ƌŽŝƚͲsŽůĞƚ͕^͘;ϮϬϬϲͿ͘�ŵďŽĚŝĞĚƚĞŵƉŽƌĂůƉĞƌĐĞƉƚŝŽŶŽĨĞŵŽƚŝŽŶ͘
�ŵŽƚŝŽŶ͕ϲ;ϭͿ͕ϭʹϵ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϭϱϮϴͲϯϱϰϮ͘ϲ͘ϭ͘ϭ

�ŚƌĞŶƐƚĞŝŶ͕�t͘�,͕͘�Θ��ŚƌĞŶƐƚĞŝŶ͕��͘�;ϭϵϵϵͿ͘�WƐǇĐŚŽƉŚǇƐŝĐĂů�ŵĞƚŚŽĚƐ͘�/Ŷ�h͘�tŝŶĚŚŽƌƐƚ͘�Θ�:͘�,ĂŬĂŶ͘�;�ĚƐ͘Ϳ͕�
DŽĚĞƌŶ�ƚĞĐŚŶŝƋƵĞƐ�ŝŶ�ŶĞƵƌŽƐĐŝĞŶĐĞ�ƌĞƐĞĂƌĐŚ ;ƉƉ͘�ϭϮϭϭʹϭϮϰϭͿ͘��ĞƌůŝŶ�,ĞŝĚĞůďĞƌŐ ͗�^ƉƌŝŶŐĞƌ͕��
ĚŽŝ͗ϭϬ͘ϭϬϬϳͬϵϳϴͲϯͲϲϰϮͲϱϴϱϱϮͲϰͺϰϯ

�ŝŶƐƚĞŝŶ͕��͘�;ϭϵϵϬͿ͘�>Ă�ƚŚĠŽƌŝĞ�ĚĞ�ůĂ�ƌĞůĂƚŝǀŝƚĠ�ƌĞƐƚƌĞŝŶƚĞ�Ğƚ�ŐĠŶĠƌĂůĞ͘�WĂƌŝƐ ͗��ƵŶŽĚ͘

�ŝƐůĞƌ͕�,͘�;ϭϵϴϭͿ͘�dŚĞ�ƉĂƌĂůůĞůͲĐůŽĐŬ�ŵŽĚĞů͗�ZĞƉůŝĞƐ�ƚŽ�ĐƌŝƚŝĐƐ�ĂŶĚ�ĐƌŝƚŝĐŝƐŵƐ͘ �ƚƚĞŶƚŝŽŶ͕�WĞƌĐĞƉƚŝŽŶ͕�Θ�
WƐǇĐŚŽƉŚǇƐŝĐƐ͕ Ϯϵ;ϱͿ͕�ϱϭϲʹϱϮϬ͘ ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϳϯϲϳ

�ŝƐůĞƌ͕�,͕͘��ŝƐůĞƌ͕��͕͘�,ĞůůƐƚƌƂŵ͕��͘�;ϮϬϬϴͿ͘�WƐǇĐŚŽƉŚǇƐŝĐĂů�/ƐƐƵĞƐ�ŝŶ�ƚŚĞ�^ƚƵĚǇ�ŽĨ�dŝŵĞ�WĞƌĐĞƉƚŝŽŶ͘�/Ŷ͗�
'ƌŽŶĚŝŶ͕�^͘�;ĞĚ͘Ϳ�WƐǇĐŚŽůŽŐǇ�ŽĨ�dŝŵĞ ;ƉƉ͘�ϳϱʹϭϬϵͿ͘��ŝŶŐůĞǇ͕�h< ͗��ŵĞƌĂůĚ�'ƌŽƵƉ�WƵďůŝƐŚŝŶŐ͘�ZĞƉĠƌĠ�ă�
ŚƚƚƉƐ͗ͬͬďŽŽŬƐ͘ŐŽŽŐůĞ͘ĨƌͬďŽŽŬƐ͍ŚůсĨƌΘůƌсΘŝĚсŽtĨϮKƋ,ϯĂ:z�ΘŽŝсĨŶĚΘƉŐсW�ϳϱΘŽƚƐсŝĂ&ŵϰĨŽďͲ
ǌΘƐŝŐс^ŵďϵ,�Ƶ,�ĐƋƌ>�ƋhͲ'ͺEsϳĐsŵǌYηǀсŽŶĞƉĂŐĞΘƋΘĨсĨĂůƐĞ

�ůŵĂŶ͕�:͘�>͘�;ϭϵϵϬͿ͘�&ŝŶĚŝŶŐ�ƐƚƌƵĐƚƵƌĞ�ŝŶ�ƚŝŵĞ͘ �ŽŐŶŝƚŝǀĞ�ƐĐŝĞŶĐĞ͕ ϭϰ;ϮͿ͕�ϭϳϵʹϮϭϭ͘�
ĚŽŝ͗ϭϬ͘ϭϮϬϳͬƐϭϱϱϭϲϳϬϵĐŽŐϭϰϬϮͺϭ
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�ŶŶƐ͕�:͘�d͕͘�Θ��ƌŽĚĞƵƌ͕��͘��͘�;ϭϵϴϵͿ͘���ĚĞǀĞůŽƉŵĞŶƚĂů�ƐƚƵĚǇ�ŽĨ�ĐŽǀĞƌƚ ŽƌŝĞŶƚŝŶŐ�ƚŽ�ƉĞƌŝƉŚĞƌĂů�ǀŝƐƵĂů�
ĐƵĞƐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϰϴ;ϮͿ͕�ϭϳϭʹϭϴϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϮͲϬϵϲϱ;ϴϵͿϵϬϬϬϭͲϱ

�ŶŶƐ͕�:͘�d͕͘�Θ�'ŝƌŐƵƐ͕�:͘�^͘�;ϭϵϴϱͿ͘��ĞǀĞůŽƉŵĞŶƚĂů�ĐŚĂŶŐĞƐ�ŝŶ�ƐĞůĞĐƚŝǀĞ�ĂŶĚ�ŝŶƚĞŐƌĂƚŝǀĞ�ǀŝƐƵĂů�
ĂƚƚĞŶƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ĐŚŝůĚ�ƉƐǇĐŚŽůŽŐǇ͕ ϰϬ;ϮͿ͕�ϯϭϵʹϯϯϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϮͲ
Ϭϵϲϱ;ϴϱͿϵϬϬϵϯͲϭ

�ƌŶƐƚ͕�D͘�K͕͘�Θ��ĂŶŬƐ͕�D͘�^͘�;ϮϬϬϮͿ͘�,ƵŵĂŶƐ�ŝŶƚĞŐƌĂƚĞ�ǀŝƐƵĂů�ĂŶĚ�ŚĂƉƚŝĐ�ŝŶĨŽƌŵĂƚŝŽŶ�ŝŶ�Ă�ƐƚĂƚŝƐƚŝĐĂůůǇ�
ŽƉƚŝŵĂů�ĨĂƐŚŝŽŶ͘�EĂƚƵƌĞ͕ ϰϭϱ;ϲϴϳϬͿ͕�ϰϮϵʹϰϯϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϰϭϱϰϮϵĂ͘

�ƐƉŝŶŽƐĂͲ&ĞƌŶĄŶĚĞǌ͕�>͕͘�ĚĞ�ůĂ�dŽƌƌĞ�sĂĐĂƐ͕�>͕͘�ĚĞů�ZŽƐĂƌŝŽ�'ĂƌĐşĂͲsŝĞĚŵĂ͕�D͕͘�'ĂƌĐşĂͲ'ƵƚŝĠƌƌĞǌ͕��͕͘�Θ�
�ŽůŵĞŶĞƌŽ͕��͘�:͘�d͘�;ϮϬϬϰͿ͘�dĞŵƉŽƌĂů�ƉĞƌĨŽƌŵĂŶĐĞ�ŝŶ�ϰʹϴ�ǇĞĂƌ�ŽůĚ�ĐŚŝůĚƌĞŶ͘�dŚĞ�ĞĨĨĞĐƚ�ŽĨ�
ĐŚƌŽŶŽŵĞƚƌŝĐ�ŝŶĨŽƌŵĂƚŝŽŶ�ŝŶ�ƚĂƐŬ�ĞǆĞĐƵƚŝŽŶ͘ �ĐƚĂ�ƉƐǇĐŚŽůŽŐŝĐĂ͕ ϭϭϳ;ϯͿ͕�ϮϵϱʹϯϭϮ͘
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϬϰ͘Ϭϴ͘ϬϬϭ

�ƐƉŝŶŽƐĂͲ&ĞƌŶĄŶĚĞǌ͕�>͕͘�Dŝƌſ͕��͕͘��ĂŶŽ͕�D͕͘�Θ��ƵĞůĂͲ�ĂƐĂů͕�'͘�;ϮϬϬϯͿ͘��ŐĞͲƌĞůĂƚĞĚ�ĐŚĂŶŐĞƐ�ĂŶĚ�ŐĞŶĚĞƌ�
ĚŝĨĨĞƌĞŶĐĞƐ�ŝŶ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ͘ �ĐƚĂ�ƉƐǇĐŚŽůŽŐŝĐĂ͕ ϭϭϮ;ϯͿ͕�ϮϮϭʹϮϯϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϬϬϭͲ
ϲϵϭϴ;ϬϮͿϬϬϬϵϯͲϴ

&ĂŚůŵĂŶ͕�^͘��͘�;ϭϵϴϴͿ͘��Ŷ�ĞŵƉŝƌŝĐĂů�ƐƚƵĚǇ�ŽĨ�ůĞĂƌŶŝŶŐ�ƐƉĞĞĚ�ŝŶ�ďĂĐŬͲƉƌŽƉĂŐĂƚŝŽŶ�ŶĞƚǁŽƌŬƐ͘�dĞĐŚŶŝĐĂů�
ZĞƉŽƌƚ��DhͲ�^ͲϴϴͲϭϲϮ͕��ĂƌŶĞŐŝĞͲDĞůůŽŶ�hŶŝǀ͘

&ĂǇŽů͕�D͕͘��ĂŵŽƐ͕�s͕͘�Θ�ZŽƵƐƐĞů͕�:͘�>͘�;ϮϬϬϬͿ͕��ĐƋƵŝƐŝƚŝŽŶ�Ğƚ�ŵŝƐĞ�ĞŶ�ƈƵǀƌĞ�ĚĞ�ůĂ�ŶƵŵĠƌĂƚŝŽŶ�ƉĂƌ�ůĞƐ�
ĞŶĨĂŶƚƐ�ĚĞ�Ϯ�ă�ϵ�ĂŶƐ͕�/Ŷ�D͘ WĞƐĞŶƚŝ�Θ�y͘�^ĞƌŽŶ͘�;�ĚƐ͘Ϳ͕�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĞ�ĚĞƐ�ƚƌŽƵďůĞƐ�ĚƵ�ĐĂůĐƵů�Ğƚ�ĚƵ�
ƚƌĂŝƚĞŵĞŶƚ�ĚĞƐ�ŶŽŵďƌĞƐ�;ƉƉ͘�ϯϯʹϱϴͿ͘�DĂƌƐĞŝůůĞ͕�&ƌĂŶĐĞ ͗�^ŽůĂů͘�ZĞƉĠƌĠ�ă�ŚƚƚƉ͗ͬͬǁǁǁ͘ŝĂϵϰ͘ĂĐͲ
ĐƌĞƚĞŝů͘ĨƌͬŵĂƚŚƐͬƌĞĨůĞǆŝŽŶͬŶŽŵďƌĞͬĨĐƌ͘ƉĚĨ

&ĂǇŽůůĞ͕�^͕͘�'ŝů͕�^͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϱͿ͘�&ĞĂƌ�ĂŶĚ�ƚŝŵĞ͗�&ĞĂƌ�ƐƉĞĞĚƐ�ƵƉ�ƚŚĞ�ŝŶƚĞƌŶĂů�ĐůŽĐŬ͘��ĞŚĂǀŝŽƵƌĂů�
WƌŽĐĞƐƐĞƐ͕ ϭϮϬ͕ ϭϯϱʹϭϰϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĞƉƌŽĐ͘ϮϬϭϱ͘Ϭϵ͘Ϭϭϰ

&ĞĐŚŶĞƌ͕�'͘�d͘�;ϭϴϲϬͿ͘��ůĞŵĞŶƚĞ�ĚĞƌ�WƐǇĐŚŽƉŚǇƐŝŬ͘�>ĞŝƉǌŝŐ͗��ƌĞŝƚŬŽƉĨ�hŶĚ�,ĂƌƚĞů͘�/Ŷ �ŶŐůŝƐŚ�ƚƌĂŶƐůĂƚŝŽŶ�ŽĨ�
sŽů͘�ϭ�ďǇ�,���ĚůĞƌ�ϭϵϲϲ͘�,Žůƚ͕�ZŝŶĞŚĂƌƚ͕�ĂŶĚ�tŝŶƐƚŽŶ�EĞǁ�zŽƌŬ͘

&ĞƌĚŝŶĂŶĚ͕�E͘�<͕͘�Θ�<ƌĂǇ͕�:͘�;ϮϬϭϰͿ͘��ĞǀĞůŽƉŵĞŶƚĂů�ĐŚĂŶŐĞƐ�ŝŶ�ƉĞƌĨŽƌŵĂŶĐĞ�ŵŽŶŝƚŽƌŝŶŐ͗�,Žǁ�
ĞůĞĐƚƌŽƉŚǇƐŝŽůŽŐŝĐĂů�ĚĂƚĂ�ĐĂŶ�ĞŶŚĂŶĐĞ�ŽƵƌ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ĞƌƌŽƌ�ĂŶĚ�ĨĞĞĚďĂĐŬ�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ�
ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ĂĚŽůĞƐĐĞŶĐĞ͘��ĞŚĂǀŝŽƵƌĂů��ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕ Ϯϲϯ͕�ϭϮϮʹϭϯϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďďƌ͘ϮϬϭϰ͘Ϭϭ͘

&ĞƌĞĚĂǇ͕�Z͕͘�Θ��ƵĞŚŶĞƌ͕�D͘�:͘�;ϮϬϭϳͿ͘�dĞŵƉŽƌĂů�ďŝŶĚŝŶŐ�ĂŶĚ�ŝŶƚĞƌŶĂů�ĐůŽĐŬƐ͗�EŽ�ĞǀŝĚĞŶĐĞ�ĨŽƌ�ŐĞŶĞƌĂů�
ƉĂĐĞŵĂŬĞƌ�ƐůŽǁŝŶŐ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�WĞƌĨŽƌŵĂŶĐĞ͕�ϰϯ;ϱͿ͕�
ϵϳϭʹϵϴϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬǆŚƉϬϬϬϬϯϳϬ
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&ĞƌŶĂŶĚĞƐ͕�,͘�>͕͘�^ƚĞǀĞŶƐŽŶ͕�/͘�,͕͘�sŝůĂƌĞƐ͕�/͕͘�Θ�<ŽƌĚŝŶŐ͕�<͘�W͘�;ϮϬϭϰͿ͘�dŚĞ�ŐĞŶĞƌĂůŝǌĂƚŝŽŶ�ŽĨ�ƉƌŝŽƌ�
ƵŶĐĞƌƚĂŝŶƚǇ�ĚƵƌŝŶŐ�ƌĞĂĐŚŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϯϰ;ϯϰͿ͕�ϭϭϰϳϬʹϭϭϰϴϰ͘�
ĚŽŝ͗ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϯϴϴϮͲϭϯ͘ϮϬϭϰ

&ĞƌƌĂŶĚĞǌ͕��͘�D͕͘�,ƵŐƵĞǀŝůůĞ͕�>͕͘�>ĞŚĠƌŝĐǇ͕�^͕͘�WŽůŝŶĞ͕�:͘��͕͘�DĂƌƐĂƵůƚ͕��͕͘�Θ�WŽƵƚŚĂƐ͕�s͘�;ϮϬϬϯͿ͘��ĂƐĂů�
ŐĂŶŐůŝĂ�ĂŶĚ�ƐƵƉƉůĞŵĞŶƚĂƌǇ�ŵŽƚŽƌ�ĂƌĞĂ�ƐƵďƚĞŶĚ�ĚƵƌĂƚŝŽŶ�ƉĞƌĐĞƉƚŝŽŶ͗�ĂŶ�ĨDZ/�
ƐƚƵĚǇ͘ EĞƵƌŽŝŵĂŐĞ͕ ϭϵ;ϰͿ͕�ϭϱϯϮʹϭϱϰϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϭϬϱϯͲϴϭϭϵ;ϬϯͿϬϬϭϱϵͲϵ

&ĞƌƌĞŝƌĂ͕�s͘�&͘�D͕͘�WĂŝǀĂ͕�'͘�W͕͘�WƌĂŶĚŽ͕�E͕͘�'ƌĂĕĂ͕��͘�Z͕͘�Θ�<ŽƵǇŽƵŵĚũŝĂŶ͕�:͘��͘�;ϮϬϭϲͿ͘�dŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�
ĂŶĚ�ĂŐĞ͘ �ƌƋƵŝǀŽƐ�ĚĞ�ŶĞƵƌŽͲƉƐŝƋƵŝĂƚƌŝĂ͕ ϳϰ;ϰͿ͕�ϮϵϵʹϯϬϮ͘�ĚŽŝ͗ϭϬ͘ϭϱϵϬͬϬϬϬϰͲϮϴϮyϮϬϭϲϬϬϮϱ

&ũĞůů͕��͘�D͕͘�tĂůŚŽǀĚ͕�<͕͘��ƌŽǁŶ͕�d͕͘�<ƵƉĞƌŵĂŶ͕�:͕͘��ŚƵŶŐ͕�z͕͘�,ĂŐůĞƌ͕��͕͘�͙�'ƌƵĞŶ͕�:͘�;ϮϬϭϮͿ͘�DƵůƚŝŵŽĚĂů�
ŝŵĂŐŝŶŐ�ŽĨ�ƚŚĞ�ƐĞůĨͲƌĞŐƵůĂƚŝŶŐ�ĚĞǀĞůŽƉŝŶŐ�ďƌĂŝŶ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƚŝŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕�
ϭϬϵ;ϰϴͿ͕�ϭϵϲϮϬʹϭϵϲϮϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϮϬϴϮϰϯϭϬϵ

&ŽƌƚŝŶ͕��͕͘�Θ��ƌĞƚŽŶ͕�Z͘�;ϭϵϵϱͿ͘�dĞŵƉŽƌĂů�ŝŶƚĞƌǀĂůƉƌŽĚƵĐƚŝŽŶ�ĂŶĚ�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͘�
WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕�ϱϳ;ϮͿ͕�ϮϬϯʹϮϭϱ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϲϱϬϳ

&ŽƌƚŝŶ͕��͕͘�Θ�DĂƐƐĠ͕�E͘�;ϭϵϵϵͿ͘�KƌĚĞƌ�ŝŶĨŽƌŵĂƚŝŽŶ�ŝŶ�ƐŚŽƌƚͲƚĞƌŵ�ŵĞŵŽƌǇ�ĂŶĚ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ͘DĞŵŽƌǇ�Θ�
�ŽŐŶŝƚŝŽŶ͕ Ϯϳ;ϭͿ͕�ϱϰʹϲϮ͘ ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϭϮϭϯ

&ŽƌƚŝŶ͕��͕͘�Θ�ZŽƵƐƐĞĂƵ͕�Z͘�;ϭϵϵϴͿ͘�/ŶƚĞƌĨĞƌĞŶĐĞ�ĨƌŽŵ�ƐŚŽƌƚͲƚĞƌŵ�ŵĞŵŽƌǇ�ƉƌŽĐĞƐƐŝŶŐ�ŽŶ�ĞŶĐŽĚŝŶŐ�ĂŶĚ�
ƌĞƉƌŽĚƵĐŝŶŐ�ďƌŝĞĨ�ĚƵƌĂƚŝŽŶƐ͘ WƐǇĐŚŽůŽŐŝĐĂů�ZĞƐĞĂƌĐŚ͕ ϲϭ;ϰͿ͕�ϮϲϵʹϮϳϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϰϮϲϬϬϱϬϬϯϭ

&ŽƌƚŝŶ͕��͕͘�Θ�^ĐŚǁĞŝĐŬĞƌƚ͕�Z͘�;ϮϬϭϲͿ͘�dŝŵŝŶŐ͕�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͕�ĂŶĚ�ĞǆƉĞĐƚĂŶĐǇ͗���ƌĞǀŝĞǁ�ŽĨ�ŝŶƚĞƌĨĞƌĞŶĐĞ�
ƐƚƵĚŝĞƐ͘��ƵƌƌĞŶƚ�KƉŝŶŝŽŶ ŝŶ��ĞŚĂǀŝŽƌĂů�^ĐŝĞŶĐĞƐ͕ ϴ͕�ϲϳʹϳϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽďĞŚĂ͘ϮϬϭϲ͘Ϭϭ͘Ϭϭϲ

&ŽƌƚŝŶ͕��͕͘�ZŽƵƐƐĞĂƵ͕�Z͕͘��ŽƵƌƋƵĞ͕�W͕͘�Θ�<ŝƌŽƵĂĐ͕��͘�;ϭϵϵϯͿ͘�dŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ĂŶĚ�ĐŽŶĐƵƌƌĞŶƚ�ŶŽŶƚĞŵƉŽƌĂů�
ƉƌŽĐĞƐƐŝŶŐ͗�^ƉĞĐŝĨŝĐ�ŝŶƚĞƌĨĞƌĞŶĐĞ�ĨƌŽŵ�ƐŚŽƌƚͲƚĞƌŵͲŵĞŵŽƌǇ�ĚĞŵĂŶĚƐ͘ WĞƌĐĞƉƚŝŽŶ�Θ�
WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϱϯ;ϱͿ͕�ϱϯϲʹϱϰϴ͘ ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϱϮϬϮ

&Žǆ͕�E͘��͕͘�,ĞŶĚĞƌƐŽŶ͕�,͘��͕͘�DĂƌƐŚĂůů͕�W͘�:͕͘�EŝĐŚŽůƐ͕�<͘��͕͘�Θ�'ŚĞƌĂ͕�D͘�D͘�;ϮϬϬϱͿ͘��ĞŚĂǀŝŽƌĂů�ŝŶŚŝďŝƚŝŽŶ͗�
>ŝŶŬŝŶŐ�ďŝŽůŽŐǇ�ĂŶĚ�ďĞŚĂǀŝŽƌ�ǁŝƚŚŝŶ�Ă�ĚĞǀĞůŽƉŵĞŶƚĂů�ĨƌĂŵĞͲ ǁŽƌŬ͘��ŶŶƵĂů�ZĞǀŝĞǁ�ŽĨ WƐǇĐŚŽůŽŐǇ͕ ϱϲ͕�
ϮϯϱʹϮϲϮ͘�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ƉƐǇĐŚ͘ϱϱ͘ϬϵϬϵϬϮ͘

&ƌĂŝƐƐĞ͕�W͘�;ϭϵϰϴͿ͘��ƚƵĚĞ�ĐŽŵƉĂƌĠĞ�ĚĞ�ůĂ�ƉĞƌĐĞƉƚŝŽŶ�Ğƚ�ĚĞ�ů͛ĞƐƚŝŵĂƚŝŽŶ�ĚĞ�ůĂ�ĚƵƌĠĞ�ĐŚĞǌ�ůĞƐ�ĞŶĨĂŶƚƐ�Ğƚ�ůĞƐ�
ĂĚƵůƚĞƐ͘��ŶĨĂŶĐĞ͕�ϭ;ϯͿ͕�ϭϵϵʹϮϭϭ͘�ĚŽŝ͗ϭϬ͘ϯϰϬϲͬĞŶĨĂŶ͘ϭϵϰϴ͘ϭϬϴϯ

&ƌĂŝƐƐĞ͕�W͘�;ϭϵϲϯͿ͘�dŚĞ ƉƐǇĐŚŽůŽŐǇ�ŽĨ�ƚŝŵĞ͘�KǆĨŽƌĚ͕��ŶŐůĂŶĚ͗�,ĂƌƉĞƌ�Θ�ZŽǁ͘

&ƌĂŶĕŽŝƐ͕�D͘�;ϭϵϮϳͿ͘�s/͘��ŽŶƚƌŝďƵƚŝŽŶ�ă�ůΖĠƚƵĚĞ�ĚƵ�ƐĞŶƐ�ĚƵ�dĞŵƉƐ͘�>Ă�ƚĞŵƉĠƌĂƚƵƌĞ�ŝŶƚĞƌŶĞ�ĐŽŵŵĞ�ĨĂĐƚĞƵƌ�
ĚĞ�ǀĂƌŝĂƚŝŽŶ�ĚĞ�ůΖĂƉƉƌĠĐŝĂƚŝŽŶ�ƐƵďũĞĐƚŝǀĞ�ĚĞƐ�ĚƵƌĠĞƐ͘ >Ζ�ŶŶĠĞ�ƉƐǇĐŚŽůŽŐŝƋƵĞ͕ Ϯϴ;ϭͿ͕�ϭϴϲʹϮϬϰ͘�
ĚŽŝ͗ϭϬ͘ϯϰϬϲͬƉƐǇ͘ϭϵϮϳ͘ϲϰϭϮ
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&ƌŝĞĚŵĂŶ͕�t͘�;ϭϵϵϬͿ͘��ďŽƵƚ�ƚŝŵĞ͗�/ŶǀĞŶƚŝŶŐ�ƚŚĞ�ĨŽƵƌƚŚ�ĚŝŵĞŶƐŝŽŶ͘�͕�D�͗�D/d�WƌĞƐƐ͘

&ƌŝƚŚ͕��͘��͕͘�Θ�&ƌŝƚŚ͕�h͘�;ϭϵϵϵͿ͘�/ŶƚĞƌĂĐƚŝŶŐ�ŵŝŶĚƐ�ʹ ��ďŝŽůŽŐŝĐĂů�ďĂƐŝƐ͘�^ĐŝĞŶĐĞ͕�Ϯϴϲ;ϱϰϰϱͿ͕�ϭϲϵϮʹϭϲϵϱ͘�
ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘Ϯϴϲ͘ϱϰϰϱ͘ϭϲϵϮ

&ƵƐƚĞƌ͕�:͘�;ϮϬϭϱͿ͘ dŚĞ�ƉƌĞĨƌŽŶƚĂů�ĐŽƌƚĞǆ͘��ĐĂĚĞŵŝĐ�WƌĞƐƐ͘

'ĂůůŝƐƚĞů͕��͘�Z͘�;ϭϵϵϬͿ͘ dŚĞ�ŽƌŐĂŶŝǌĂƚŝŽŶ�ŽĨ�ůĞĂƌŶŝŶŐ͘�dŚĞ�D/d�WƌĞƐƐ͘

'ĂůůŝƐƚĞů͕��͘�Z͕͘�<ŝŶŐ͕��͕͘�Θ�DĐ�ŽŶĂůĚ͕�Z͘�;ϮϬϬϰͿ͘�^ŽƵƌĐĞƐ�ŽĨ�ǀĂƌŝĂďŝůŝƚǇ ĂŶĚ�ƐǇƐƚĞŵĂƚŝĐ�ĞƌƌŽƌ�ŝŶ�ŵŽƵƐĞ�
ƚŝŵŝŶŐ�ďĞŚĂǀŝŽƌ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů��ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕�ϯϬ;ϭͿ͕�ϯʹϭϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϳͲϳϰϬϯ͘ϯϬ͘ϭ͘ϯ

'ĂƌŽŶ͕�E͕͘��ƌǇƐŽŶ͕�^͘��͕͘�Θ�^ŵŝƚŚ͕�/͘�D͘�;ϮϬϬϴͿ͘��ǆĞĐƵƚŝǀĞ�ĨƵŶĐƚŝŽŶ�ŝŶ�ƉƌĞƐĐŚŽŽůĞƌƐ͗�Ă�ƌĞǀŝĞǁ�ƵƐŝŶŐ�ĂŶ
ŝŶƚĞŐƌĂƚŝǀĞ�ĨƌĂŵĞǁŽƌŬ͘ WƐǇĐŚŽůŽŐŝĐĂů�ďƵůůĞƚŝŶ͕ ϭϯϰ;ϭͿ͕�ϯϭʹϲϬ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϯϯͲϮϵϬϵ͘ϭϯϰ͘ϭ͘ϯϭ

'ĂƚŚĞƌĐŽůĞ͕�^͘��͘�;ϭϵϵϴͿ͘�dŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŵĞŵŽƌǇ͘ :ŽƵƌŶĂů�ŽĨ��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ�ĂŶĚ�WƐǇĐŚŝĂƚƌǇ͕ ϯϵ;ϭͿ͕�
ϯʹϮϳ͘ ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϵͲϳϲϭϬ͘ϬϬϯϬϭ

'ĂƚŚĞƌĐŽůĞ͕�^͘��͘�;ϮϬϬϮͿ͘�DĞŵŽƌǇ�ĚĞǀĞůŽƉŵĞŶƚ�ĚƵƌŝŶŐ�ƚŚĞ�ĐŚŝůĚŚŽŽĚ�ǇĞĂƌ͘�/Ŷ��͘��͘��ĂĚĚĞůĞǇ͕�D͘��͘�
<ŽƉĞůŵĂŶ͕�Θ��͘��͘�tŝůƐŽŶ�;�ĚƐ͘Ϳ͕�,ĂŶĚďŽŽŬ�ŽĨ�ŵĞŵŽƌǇ�ĚŝƐŽƌĚĞƌƐ ;ϮŶĚ�ĞĚ͕͘�ƉƉ͘�ϰϳϱʹϱϬϬͿ͘��ŚŝĐŚĞƐƚĞƌ͕�
h<͗�:ŽŚŶ�tŝůĞǇ͘

'ĂƵƚŝĞƌ͕�d͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϮͿ͘��ƚƚĞŶƚŝŽŶ�ĂŶĚ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ŝŶ�ϱͲ ĂŶĚ�ϴͲǇĞĂƌͲŽůĚ�ĐŚŝůĚƌĞŶ͗���ĚƵĂůͲ
ƚĂƐŬ�ƉƌŽĐĞĚƵƌĞ͘ �ĞŚĂǀŝŽƵƌĂů�WƌŽĐĞƐƐĞƐ͕ ϱϴ;ϭʹϮͿ͕�ϱϳʹϲϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ�^ϬϯϳϲͲϲϯϱϳ;ϬϮͿϬϬϬϬϮͲϱ

'ŝďďŽŶ͕�:͘�;ϭϵϳϳͿ͘�^ĐĂůĂƌ�ĞǆƉĞĐƚĂŶĐǇ�ƚŚĞŽƌǇ�ĂŶĚ�tĞďĞƌΖƐ�ůĂǁ�ŝŶ�ĂŶŝŵĂů�ƚŝŵŝŶŐ͘ WƐǇĐŚŽůŽŐŝĐĂů�
ZĞǀŝĞǁ͕ ϴϰ;ϯͿ͕�ϮϳϵʹϯϮϱ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϯϯͲϮϵϱy͘ϴϰ͘ϯ͘Ϯϳϵ

'ŝďďŽŶ͕�:͘�;ϭϵϵϮͿ͘�hďŝƋƵŝƚǇ�ŽĨ�ƐĐĂůĂƌ�ƚŝŵŝŶŐ�ǁŝƚŚ�Ă�WŽŝƐƐŽŶ�ĐůŽĐŬ͘ :ŽƵƌŶĂů�ŽĨ�ŵĂƚŚĞŵĂƚŝĐĂů�
ƉƐǇĐŚŽůŽŐǇ͕ ϯϲ;ϮͿ͕�ϮϴϯʹϮϵϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϮͲϮϰϵϲ;ϵϮͿϵϬϬϰϭͲϱ

'ŝďďŽŶ͕�:͕͘��ŚƵƌĐŚ͕�Z͘�D͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϭϵϴϰͿ͘�^ĐĂůĂƌ�ƚŝŵŝŶŐ�ŝŶ�ŵĞŵŽƌǇ͘��ŶŶĂůƐ�ŽĨ�ƚŚĞ�EĞǁ�zŽƌŬ�
�ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕�ϰϮϯ;ϭͿ͕�ϱϮʹϳϳ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϳϰϵͲϲϲϯϮ͘ϭϵϴϰ͘

'ŝďďŽŶ͕�:͕͘�DĂůĂƉĂŶŝ͕��͕͘��ĂůĞ͕��͘�>͕͘�Θ�'ĂůůŝƐƚĞů͕��͘�Z͘�;ϭϵϵϳͿ͘�dŽǁĂƌĚ�Ă�ŶĞƵƌŽďŝŽůŽŐǇ�ŽĨ�ƚĞŵƉŽƌĂů�
ĐŽŐŶŝƚŝŽŶ͗�ĂĚǀĂŶĐĞƐ�ĂŶĚ�ĐŚĂůůĞŶŐĞƐ͘ �ƵƌƌĞŶƚ�KƉŝŶŝŽŶ�ŝŶ�EĞƵƌŽďŝŽůŽŐǇ͕ ϳ;ϮͿ͕�ϭϳϬʹϭϴϰ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϵϱϵͲϰϯϴϴ;ϵϳͿϴϬϬϬϱͲϬ

'ŝĞĚĚ͕�:͘�E͕͘��ůƵŵĞŶƚŚĂů͕�:͕͘�:ĞĨĨƌŝĞƐ͕�E͘�K͕͘��ĂƐƚĞůůĂŶŽƐ͕�&͘�y͕͘�>ŝƵ͕�,͕͘��ŝũĚĞŶďŽƐ͕��͕͘�͘͘͘�Θ�ZĂƉŽƉŽƌƚ͕�:͘�>͘�
;ϭϵϵϵͿ͘��ƌĂŝŶ�ĚĞǀĞůŽƉŵĞŶƚ�ĚƵƌŝŶŐ�ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ĂĚŽůĞƐĐĞŶĐĞ͗�Ă�ůŽŶŐŝƚƵĚŝŶĂů�DZ/�ƐƚƵĚǇ͘ EĂƚƵƌĞ�
ŶĞƵƌŽƐĐŝĞŶĐĞ͕ Ϯ;ϭϬͿ͕�ϴϲϭʹϴϲϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϭϯϭϱϴ



WĂŐĞ�ͮ�ϮϵϬ

'ŝů͕ ^͕͘Θ�ƌŽŝƚͲsŽůĞƚ͕ ^͘ ;ϮϬϭϮͿ͘ �ŵŽƚŝŽŶĂů ƚŝŵĞĚŝƐƚŽƌƚŝŽŶƐ͗ dŚĞ ĨƵŶĚĂŵĞŶƚĂů ƌŽůĞŽĨĂƌŽƵƐĂů͘�ŽŐŶŝƚŝŽŶĂŶĚ
�ŵŽƚŝŽŶ͕Ϯϲ;ϱͿ͕�ϴϰϳʹϴϲϮ͘ ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϲϵϵϵϯϭ͘ϮϬϭϭ͘ϲϮϱϰϬϭ

'ŝů͕�^͕͘��ŚĂŵďƌĞƐ͕�W͕͘�,ǇǀĞƌƚ͕��͕͘ &ĂŶŐĞƚ͕�D͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϮͿ͘��ŚŝůĚƌĞŶ�ǁŝƚŚ��ƵƚŝƐŵ�^ƉĞĐƚƌƵŵ�
�ŝƐŽƌĚĞƌƐ�ŚĂǀĞ�ƚŚĞ�ǁŽƌŬŝŶŐ�ƌĂǁ�ŵĂƚĞƌŝĂů�ĨŽƌ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘�WůŽƐKŶĞ͕�ϳ;ϭϭͿ͕�Ğϰϵϭϭϲ͘�
ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϰϵϭϭϲ

'ŝů͕�^͕͘�EŝĞĚĞŶƚŚĂů͕�W͘�D͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϳͿ͘��ŶŐĞƌ�ĂŶĚ�ƚŝŵĞ ƉĞƌĐĞƉƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ͘ �ŵŽƚŝŽŶ͕ ϳ;ϭͿ͕�
Ϯϭϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϭϱϮϴͲϯϱϰϮ͘ϳ͘ϭ͘Ϯϭϵ

'ŽůĚƐƚŽŶĞ͕�^͕͘�Θ�'ŽůĚĨĂƌď͕�:͘�>͘�;ϭϵϲϰĂͿ͘��ƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů�ƚŝŵĞ�ũƵĚŐŵĞŶƚ͘ dŚĞ�:ŽƵƌŶĂů�ŽĨ�'ĞŶĞƌĂů�
WƐǇĐŚŽůŽŐǇ͕ ϳϬ;ϮͿ͕�ϯϲϵʹϯϴϳ͘ ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϬϮϮϭϯϬϵ͘ϭϵϲϰ͘ϵϵϮϬϲϬϵ

'ŽůĚƐƚŽŶĞ͕�^͕͘�Θ�'ŽůĚĨĂƌď͕�:͘�>͘�;ϭϵϲϰďͿ͘��ŝƌĞĐƚ�ĐŽŵƉĂƌŝƐŽŶƐ�ŽĨ�ĂƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů�ĚƵƌĂƚŝŽŶƐ͘ :ŽƵƌŶĂů�ŽĨ�
�ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϲϳ;ϱͿ͕�ϰϴϯʹϰϴϱ͘
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬŚϬϬϰϲϵϵϳ

'ŽůĚƐƚŽŶĞ͕�^͕͘�Θ�>ŚĂŵŽŶ͕�t͘�d͘�;ϭϵϳϮͿ͘��ƵĚŝƚŽƌǇͲǀŝƐƵĂů�ĚŝĨĨĞƌĞŶĐĞƐ�ŝŶ�ŚƵŵĂŶ�ƚĞŵƉŽƌĂů�ũƵĚŐĞŵĞŶƚ͘
WĞƌĐĞƉƚŝŽŶ�DŽƚŽƌ�^ŬŝůůƐ͕ ϯϰ;ϮͿ͕ ϲϮϯʹϲϯϯ͘�ĚŽŝ͗ϭϬ͘ϮϰϲϲͬƉŵƐ͘ϭϵϳϮ͘ϯϰ͘Ϯ͘ϲϮϯ

'ŽůĚƐƚŽŶĞ͕ ^͕͘ Θ >ŚĂŵŽŶ͕ t͘ d͘ ;ϭϵϳϰͿ͘ ^ƚƵĚŝĞƐ ŽĨ ĂƵĚŝƚŽƌǇͲǀŝƐƵĂů ĚŝĨĨĞƌĞŶĐĞƐ ŝŶ ŚƵŵĂŶ ƚŝŵŝŶŐ
ũƵĚŐŵĞŶƚ͕ ϭ͗�^ŽƵŶĚƐ�ĂƌĞ�ũƵĚŐĞĚ�ůŽŶŐĞƌ�ƚŚĂŶ�ůŝŐŚƚƐ͘�WĞƌĐĞƉƚŝŽŶ�DŽƚŽƌ�^ŬŝůůƐ͕�ϯϵ͕ ϲϯʹϴϮ͘�
ĚŽŝ͗ϭϬ͘ϮϰϲϲͬƉŵƐ͘ϭϵϳϰ͘ϯϵ͘ϭ͘ϲϯ

'ŽŽĐŚ͕��͕͘�^ŶŽǁůŝŶŐ͕�D͕͘�Θ�,ƵůŵĞ͕��͘�;ϮϬϭϭͿ͘�dŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͕�ƉŚŽŶŽůŽŐŝĐĂů�ƐŬŝůůƐ�ĂŶĚ�ĞǆĞĐƵƚŝǀĞ�ĨƵŶĐƚŝŽŶ�
ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ĚǇƐůĞǆŝĂ�ĂŶĚͬŽƌ���,��ƐǇŵƉƚŽŵƐ͘ :ŽƵƌŶĂů�ŽĨ��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ�ĂŶĚ�WƐǇĐŚŝĂƚƌǇ͕ ϱϮ;ϮͿ͕�
ϭϵϱʹϮϬϯ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϵͲϳϲϭϬ͘ϮϬϭϬ͘ϬϮϯϭϮ͘ǆ

'Žƌŝ�D͕��ŚŝůŽƐŝ͕��͘�&Žƌůŝ�&͕͘�Θ��Ƶƌƌ͕��͘�;ϮϬϭϳͿ͘��ƵĚŝŽͲǀŝƐƵĂů�ƚĞŵƉŽƌĂů�ƉĞƌĐĞƉƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ƌĞƐƚŽƌĞĚ�
ŚĞĂƌŝŶŐ͘�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͕�ϵϵ͕�ϯϱϬʹϯϱϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͘ϮϬϭϳ͘Ϭϯ͘ϬϮϱ

'Žƌŝ͕�D͕͘�^ĂŶĚŝŶŝ͕�'͕͘�Θ��Ƶƌƌ͕��͘�;ϮϬϭϮͿ͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ǀŝƐƵŽͲĂƵĚŝƚŽƌǇ�ŝŶƚĞŐƌĂƚŝŽŶ�ŝŶ�ƐƉĂĐĞ�ĂŶĚ�
ƚŝŵĞ͘ &ƌŽŶƚŝĞƌƐ�ŝŶ�/ŶƚĞŐƌĂƚŝǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϲ͕�ϳϳ͘�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨŶŝŶƚ͘ϮϬϭϮ͘ϬϬϬϳϳ

'ƌĂŶƚ͕��͘�^͕͘�Θ�^ƉĞƚĐŚ͕�D͘�>͘�;ϭϵϵϯͿ͘�DĞŵŽƌǇ�ĨŽƌ�ĚƵƌĂƚŝŽŶ�ŝŶ�ƉŝŐĞŽŶƐ͗��ŝƐƐŽĐŝĂƚŝŽŶ�ŽĨ�ĐŚŽŽƐĞͲƐŚŽƌƚ�ĂŶĚ�
ƚĞŵƉŽƌĂůͲƐƵŵŵĂƚŝŽŶ�ĞĨĨĞĐƚƐ͘ �ŶŝŵĂů�>ĞĂƌŶŝŶŐ�Θ��ĞŚĂǀŝŽƌ͕ Ϯϭ;ϰͿ͕�ϯϴϰʹϯϵϬ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϭϵϴϬϬϱ

'ƌĞŐŽƌŝŽƵ͕�'͘�'͕͘�'ŽƚƚƐ͕�^͘�:͕͘��ŚŽƵ͕�,͕͘�Θ��ĞƐŝŵŽŶĞ͕�Z͘�;ϮϬϬϵͿ͘�,ŝŐŚͲĨƌĞƋƵĞŶĐǇ͕�ůŽŶŐͲƌĂŶŐĞ�ĐŽƵƉůŝŶŐ�
ďĞƚǁĞĞŶ�ƉƌĞĨƌŽŶƚĂů�ĂŶĚ�ǀŝƐƵĂů�ĐŽƌƚĞǆ�ĚƵƌŝŶŐ�ĂƚƚĞŶƚŝŽŶ͘ ƐĐŝĞŶĐĞ͕ ϯϮϰ;ϱϵϯϭͿ͕�ϭϮϬϳʹϭϮϭϬ͘�
ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϭϳϭϰϬϮ

'ƌĞŵĂƵĚ͕�Z͘�;ϮϬϭϯͿ͘�dŚĠŽƌŝĞ�ĞƵůĠƌŝĞŶŶĞ�ĚĞƐ�ŵŝůŝĞƵǆ�ĚĠĨŽƌŵĂďůĞƐ͘�>ĂƵƐĂŶŶĞ͕�^ƵŝƐƐĞ ͗�WƌĞƐƐĞƐ�
ƉŽůǇƚĞĐŚŶŝƋƵĞƐ�Ğƚ�ƵŶŝǀĞƌƐŝƚĂŝƌĞƐ�ƌŽŵĂŶĚĞƐ͘



WĂŐĞ�ͮ�Ϯϵϭ

'ƌŝďŽǀĂ͕��͕͘��ŽŶĐŚŝŶ͕�K͕͘��ĞƌŐŵĂŶ͕�,͕͘�sĂĂĚŝĂ͕��͕͘�Θ�ĚĞ�KůŝǀĞŝƌĂ͕�^͘��͘�;ϮϬϬϮͿ͘�dŝŵŝŶŐ�ŽĨ ďŝŵĂŶƵĂů�
ŵŽǀĞŵĞŶƚƐ�ŝŶ�ŚƵŵĂŶ�ĂŶĚ�ŶŽŶͲŚƵŵĂŶ�ƉƌŝŵĂƚĞƐ�ŝŶ�ƌĞůĂƚŝŽŶ�ƚŽ�ŶĞƵƌŽŶĂů�ĂĐƚŝǀŝƚǇ�ŝŶ�ƉƌŝŵĂƌǇ�ŵŽƚŽƌ�
ĐŽƌƚĞǆ�ĂŶĚ�ƐƵƉƉůĞŵĞŶƚĂƌǇ�ŵŽƚŽƌ�ĂƌĞĂ͘��ǆƉĞƌŝŵĞŶƚĂů��ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕�ϭϰϲ;ϯͿ͕�ϯϮϮʹϯϯϱ͘�
ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϮϮϭͲϬϬϮͲϭϭϳϰͲǆ

'ƌŝĨĨŝƚŚƐ͕�d͘�>͕͘�Θ�dĞŶĞŶďĂƵŵ͕�:͘��͘�;ϮϬϭϭͿ͘�WƌĞĚŝĐƚŝŶŐ�ƚŚĞ�ĨƵƚƵƌĞ�ĂƐ��ĂǇĞƐŝĂŶ�ŝŶĨĞƌĞŶĐĞ͗�WĞŽƉůĞ�ĐŽŵďŝŶĞ�
ƉƌŝŽƌ�ŬŶŽǁůĞĚŐĞ�ǁŝƚŚ�ŽďƐĞƌǀĂƚŝŽŶƐ�ǁŚĞŶ�ĞƐƚŝŵĂƚŝŶŐ�ĚƵƌĂƚŝŽŶ�ĂŶĚ�ĞǆƚĞŶƚ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�
WƐǇĐŚŽůŽŐǇ͗�'ĞŶĞƌĂů͕ ϭϰϬ;ϰͿ͕�ϳϮϱʹϳϰϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬĂϬϬϮϰϴϵϵ

'ƌŽŶĚŝŶ͕�^͘�;ϮϬϭϬͿ͘�dŝŵŝŶŐ�ĂŶĚ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͗�Ă�ƌĞǀŝĞǁ�ŽĨ�ƌĞĐĞŶƚ�ďĞŚĂǀŝŽƌĂů�ĂŶĚ�ŶĞƵƌŽƐĐŝĞŶĐĞ�ĨŝŶĚŝŶŐƐ�
ĂŶĚ�ƚŚĞŽƌĞƚŝĐĂů�ĚŝƌĞĐƚŝŽŶƐ͘ �ƚƚĞŶƚŝŽŶ͕�WĞƌĐĞƉƚŝŽŶ͕�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϳϮ;ϯͿ͕�ϱϲϭʹϱϴϮ͘�
ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�WW͘ϳϮ͘ϯ͘ϱϲϭ

'ƌŽŶĚŝŶ͕�^͕͘�Θ�DĂĐĂƌ͕�&͘�;ϭϵϵϮͿ͘��ŝǀŝĚŝŶŐ�ĂƚƚĞŶƚŝŽŶ�ďĞƚǁĞĞŶ�ƚĞŵƉŽƌĂů�ĂŶĚ�ŶŽŶƚĞŵƉŽƌĂů�ƚĂƐŬƐ͗���
ƉĞƌĨŽƌŵĂŶĐĞ�ŽƉĞƌĂƚŝŶŐ ĐŚĂƌĂĐƚĞƌŝƐƚŝĐͶWK�ͶĂŶĂůǇƐŝƐ͘�/Ŷ�&͘�DĂĐĂƌ͕�s͘�WŽƵƚŚĂƐ͕�Θ�t͘�:͘�&ƌŝĞĚŵĂŶ�
;�ĚƐ͘Ϳ͕ dŝŵĞ͕��ĐƚŝŽŶ͕�ĂŶĚ��ŽŐŶŝƚŝŽŶ�;ƉƉ͘�ϭϭϵʹϭϮϴͿ͘ �ŽƌĚƌĞĐŚƚ͕�dŚĞ�EĞƚŚĞƌůĂŶĚƐ͗�<ůƵǁĞƌ��ĐĂĚĞŵŝĐ͘

'ƌŽŶĚŝŶ͕�^͕͘�ĂŶĚ�DĐ�ƵůĞǇ͕��͘�;ϮϬϬϵͿ͘��ƵƌĂƚŝŽŶ�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ŝŶ�ĐƌŽƐƐŵŽĚĂů�ƐĞƋƵĞŶĐĞƐ͘�WĞƌĐĞƉƚŝŽŶ͕�
ϯϴ;ϭϬͿ͕�ϭϱϰϮʹϭϱϱϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϲϴͬƉϲϯϱϵ

'ƌŽŶĚŝŶ͕�^͕�DĞŝůůĞƵƌͲtĞůůƐ͕�'͕͘�KƵĞůůĞƚƚĞ͕��͕͘�Θ�DĂĐĂƌ͕�&͘�;ϭϵϵϴͿ͘�^ĞŶƐŽƌǇ�ĞĨĨĞĐƚƐ�ŽŶ�ũƵĚŐĞŵĞŶƚƐ�ŽĨ ƐŚŽƌƚͲ
ƚŝŵĞ�ŝŶƚĞƌǀĂůƐ͘�WƐǇĐŚŽůŽŐŝĐĂů�ZĞƐĞĂƌĐŚ͕ ϲϭ;ϰͿ͕ ϮϲϭʹϮϲϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϰϮϲϬϬϱϬϬϯϬ

'Ƶ͕��͘�D͕͘�ǀĂŶ�ZŝũŶ͕�,͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϭϱͿ͘�KƐĐŝůůĂƚŽƌǇ�ŵƵůƚŝƉůĞǆŝŶŐ�ŽĨ�ŶĞƵƌĂů�ƉŽƉƵůĂƚŝŽŶ�ĐŽĚĞƐ�ĨŽƌ�
ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ�ĂŶĚ�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͘ EĞƵƌŽƐĐŝĞŶĐĞ�Θ��ŝŽďĞŚĂǀŝŽƌĂů�ZĞǀŝĞǁƐ͕ ϰϴ͕�ϭϲϬʹϭϴϱ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵďŝŽƌĞǀ͘ϮϬϭϰ͘ϭϬ͘ϬϬϴ

,ĂŝƚŚ͕�D͘�D͕͘�,ĂǌĂŶ͕��͕͘�Θ�'ŽŽĚŵĂŶ͕�'͘�^͘�;ϭϵϴϴͿ͘��ǆƉĞĐƚĂƚŝŽŶ�ĂŶĚ�ĂŶƚŝĐŝƉĂƚŝŽŶ�ŽĨ�ĚǇŶĂŵŝĐ�ǀŝƐƵĂů�ĞǀĞŶƚƐ�
ďǇ�ϯ͘ϱͲŵŽŶƚŚͲŽůĚ�ďĂďŝĞƐ͘ �ŚŝůĚ�ĚĞǀĞůŽƉŵĞŶƚ͕�ϰϲϳʹϰϳϵ͘�ĚŽŝ͗ϭϬ͘ϮϯϬϳͬϭϭϯϬϯϮϱ

,ĂůĚĞŵĂŶŶ͕�:͕͘�dƌŽĐŚĞ͕�^͘�:͕͘�Θ�^ĂůƚŚŽƵƐĞ͕�d͘��͘�;ϮϬϭϲͿ͘�dŚĞŽƌĞƚŝĐĂů�ƉĞƌƐƉĞĐƚŝǀĞƐ�ŽŶ�ĐŽŐŶŝƚŝǀĞ�ĂŐŝŶŐ͘�
>ŽŶĚŽŶ͗�ZŽƵƚůĞĚŐĞ͘

,ĂůĞ͕��͘�D͕͘�Θ�dĂŐĞƌͲ&ůƵƐďĞƌŐ͕�,͘�;ϮϬϬϯͿ͘�dŚĞ�ŝŶĨůƵĞŶĐĞ�ŽĨ�ůĂŶŐƵĂŐĞ�ŽŶ�ƚŚĞŽƌǇ�ŽĨ�ŵŝŶĚ͗���ƚƌĂŝŶŝŶŐ�ƐƚƵĚǇ͘
�ĞǀĞůŽƉŵĞŶƚĂů�^ĐŝĞŶĐĞ͕�ϲ;ϯͿ͕�ϯϰϲʹϯϱϵ͘ ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϳͲϳϲϴϳ͘ϬϬϮϴϵ

,ĂůůĞǌ͕�Y͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϳͿ͘�,ŝŐŚ�ůĞǀĞůƐ�ŽĨ�ƚŝŵĞ�ĐŽŶƚƌĂĐƚŝŽŶ�ŝŶ�ǇŽƵŶŐ�ĐŚŝůĚƌĞŶ�ŝŶ�ĚƵĂů�ƚĂƐŬƐ�ĂƌĞ�
ƌĞůĂƚĞĚ�ƚŽ�ƚŚĞŝƌ�ůŝŵŝƚĞĚ�ĂƚƚĞŶƚŝŽŶ�ĐĂƉĂĐŝƚŝĞƐ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕�ϭϲϭ͕�ϭϰϴʹϭϲϬ͘�
ĚŽŝ͗ϭϬ͘�ϭϬϭϲͬũ͘ũĞĐƉ͘ϮϬϭϳ͘Ϭϰ͘Ϭϭϯ

,ĂůůĞǌ͕�Y͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϴͿ͘�zŽƵŶŐ�ĐŚŝůĚƌĞŶ�ĞŵďŽĚǇ�ƚŚĞ�ƚŝŵĞ�ŽĨ�ŽƚŚĞƌƐ�ŝŶ�ƚŚĞŝƌ�ƚŝŵĞ�ũƵĚŐŵĞŶƚƐ͗�
dŚĞ�ƌŽůĞ�ŽĨ�ƚŚĞ�ƚŚĞŽƌǇ�ŽĨ�ŵŝŶĚ͘ /ŶĨĂŶƚ�ĂŶĚ��ŚŝůĚ��ĞǀĞůŽƉŵĞŶƚ͕ Ϯϳ;ϲͿ͕�ĞϮϭϬϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϮͬŝĐĚ͘ϮϭϬϭ
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,ĂůůĞǌ͕�Y͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϵͿ͘�dŝŵŝŶŐ�ŝŶ�Ă�ĚƵĂůͲƚĂƐŬ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͗�ǁŚĞŶ�ƚŚĞ ŝŶƚĞƌĨĞƌĞŶĐĞ�
ĞĨĨĞĐƚ�ŝƐ�ŚŝŐŚĞƌ�ǁŝƚŚ�ĐŽŶĐƵƌƌĞŶƚ�ŶŽŶͲƚĞŵƉŽƌĂů�ƚŚĂŶ�ƚĞŵƉŽƌĂů�ŝŶĨŽƌŵĂƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ��ŽŐŶŝƚŝǀĞ�
WƐǇĐŚŽůŽŐǇ͕�ϯϭ;ϭͿ͕�ϯϰʹϰϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϮϬϰϰϱϵϭϭ͘ϮϬϭϵ͘ϭϱϲϳϱϭϵ

,ĂůůĞǌ͕Y͕͘Θ�ƌŽŝƚͲsŽůĞƚ͕^͘ ;ƐƵďŵŝƚƚĞĚͿ͘^ŝŵƵůƚĂŶĞŽƵƐ�ƚŝŵĞ�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͗�ǁŚĞŶ�
ĂƚƚĞŶƚŝŽŶ�ƉƌĞĚŝĐƚƐ�ƚĞŵƉŽƌĂů�ŝŶƚĞƌĨĞƌĞŶĐĞ�ĞĨĨĞĐƚƐ͘

,ĂůůĞǌ͕�Y͕͘��ĂŵƐŵĂ͕��͕͘�ZŚŽĚĞƐ͕��͕͘�ǀĂŶ�ZŝũŶ͕�,͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϵͿ͘�dŚĞ�ĚǇŶĂŵŝĐ�ĞĨĨĞĐƚ�ŽĨ�ĐŽŶƚĞǆƚ�
ŽŶ�ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͘ �ĐƚĂ�WƐǇĐŚŽůŽŐŝĐĂ͕ ϭϵϮ͕�ϴϳʹϵϯ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϭϴ͘ϭϬ͘ϬϬϰ

,ĂŶĐŽĐŬ͕�W͘��͘�;ϭϵϵϲͿ͘��ĨĨĞĐƚƐ�ŽĨ�ĐŽŶƚƌŽů�ŽƌĚĞƌ͕�ĂƵŐŵĞŶƚĞĚ�ĨĞĞĚďĂĐŬ͕�ŝŶƉƵƚ�ĚĞǀŝĐĞ�ĂŶĚ�ƉƌĂĐƚŝĐĞ�ŽŶ�
ƚƌĂĐŬŝŶŐ�ƉĞƌĨŽƌŵĂŶĐĞ�ĂŶĚ�ƉĞƌĐĞŝǀĞĚ�ǁŽƌŬůŽĂĚ͘��ƌŐŽŶŽŵŝĐƐ͕�ϯϵ;ϵͿ͕�ϭϭϰϲʹϭϭϲϮ͘�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϬϭϰϬϭϯϵϲϬϴϵϲϰϱϯϱ

,ĂŶůĞǇ͕�:͘�Z͕͘�Θ�DŽƌƌŝƐ͕�E͘�;ϭϵϴϮͿ͘�dŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƌĞĐĂůů͗���ƚĞƐƚ�ŽĨ�KƌŶƐƚĞŝŶ͛Ɛ�ƚŚĞŽƌǇ�ŽĨ�
ƚĞŵƉŽƌĂů�ũƵĚŐĞŵĞŶƚ͘��ƵƌƌĞŶƚ�WƐǇĐŚŽůŽŐǇ͕ Ϯ;ϭʹϮͿ͕�ϰϱʹϱϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬ��&Ϭϯϭϴϲϳϰϯ

,Ăƌƚ͕ ,͕͘ ZĂĚƵĂ͕ :͕͘ DĂƚĂŝǆͲ�ŽůƐ͕ �͕͘ Θ ZƵďŝĂ͕ <͘ ;ϮϬϭϮͿ͘ DĞƚĂͲĂŶĂůǇƐŝƐ ŽĨ ĨDZ/ ƐƚƵĚŝĞƐ ŽĨ ƚŝŵŝŶŐ ŝŶ
ĂƚƚĞŶƚŝŽŶͲĚĞĨŝĐŝƚ�ŚǇƉĞƌĂĐƚŝǀŝƚǇ�ĚŝƐŽƌĚĞƌ�;��,�Ϳ͘�EĞƵƌŽƐĐŝĞŶĐĞ�ĂŶĚ��ŝŽďĞŚĂǀŝŽƌĂů�ZĞǀŝĞǁƐ͕�ϯϲ;ϭϬͿ͕
ϮϮϰϴʹϮϮϱϲ͘�

ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵďŝŽƌĞǀ͘ϮϬϭϮ͘Ϭϴ͘ϬϬϯ

,ĂǌĞůƚŝŶĞ͕��͕͘�dĞĂŐƵĞ͕��͕͘�Θ�/ǀƌǇ͕�Z͘��͘�;ϮϬϬϮͿ͘�^ŝŵƵůƚĂŶĞŽƵƐ�ĚƵĂůͲƚĂƐŬ�ƉĞƌĨŽƌŵĂŶĐĞ�ƌĞǀĞĂůƐ�ƉĂƌĂůůĞů�
ƌĞƐƉŽŶƐĞ�ƐĞůĞĐƚŝŽŶ�ĂĨƚĞƌ�ƉƌĂĐƚŝĐĞ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�
WĞƌĨŽƌŵĂŶĐĞ͕ Ϯϴ;ϯͿ͕�ϱϮϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϲͲϭϱϮϯ͘Ϯϴ͘ϯ͘ϱϮϳ

,ĞŶĚĞƌƐŽŶ͕�:͕͘�,ƵƌůǇ͕�d͘��͕͘��ĂƚĞƐŽŶ͕�D͕͘�Θ�,ĞĂůǇ͕�^͘��͘�;ϮϬϬϲͿ͘�dŝŵŝŶŐ�ŝŶ�&ƌĞĞͲ>ŝǀŝŶŐ�ZƵĨŽƵƐ�
,ƵŵŵŝŶŐďŝƌĚƐ͕�^ĞůĂƐƉŚŽƌƵƐ�ƌƵĨƵƐ͘��ƵƌƌĞŶƚ��ŝŽůŽŐǇ͕�ϭϲ;ϱͿ͕�ϱϭϮʹϱϭϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐƵď͘ϮϬϬϲ͘Ϭϭ͘Ϭϱϰ

,ĞŶƌǇ͕�D͘�:͕͘�Θ�,ĞƌƌŵĂŶŶ͕��͘�;ϮϬϭϰͿ͘�>ŽǁͲĨƌĞƋƵĞŶĐǇ�ŶĞƵƌĂů�ŽƐĐŝůůĂƚŝŽŶƐ�ƐƵƉƉŽƌƚ�ĚǇŶĂŵŝĐ�ĂƚƚĞŶĚŝŶŐ�ŝŶ�
ƚĞŵƉŽƌĂů�ĐŽŶƚĞǆƚ͘ dŝŵŝŶŐ�Θ�dŝŵĞ�WĞƌĐĞƉƚŝŽŶ͕ Ϯ;ϭͿ͕�ϲϮʹϴϲ͘�ĚŽŝ͗ϭϬ͘ϭϭϲϯͬϮϮϭϯϰϰϲϴͲϬϬϬϬϮϬϭϭ

,ŝĐŬƐ͕�Z͘��͕͘�Θ��ƌƵŶĚŝŐĞ͕�Z͘�D͘�;ϭϵϳϰͿ͘�:ƵĚŐŵĞŶƚƐ�ŽĨ�ƚĞŵƉŽƌĂů�ĚƵƌĂƚŝŽŶ�ǁŚŝůĞ�ƉƌŽĐĞƐƐŝŶŐ�ǀĞƌďĂů�ĂŶĚ�
ƉŚǇƐŝŽŐŶŽŵŝĐ�ƐƚŝŵƵůŝ͘ �ĐƚĂ�WƐǇĐŚŽůŽŐŝĐĂ͕ ϯϴ;ϲͿ͕�ϰϰϳʹϰϱϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϬϭͲϲϵϭϴ;ϳϰͿϵϬϬϬϰͲϯ

,ŝĐŬƐ͕�Z͘��͕͘�DŝůůĞƌ͕�'͘�t͕͘�Θ�<ŝŶƐďŽƵƌŶĞ͕�D͘�;ϭϵϳϲͿ͘�WƌŽƐƉĞĐƚŝǀĞ�ĂŶĚ�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�ũƵĚŐŵĞŶƚƐ�ŽĨ�ƚŝŵĞ�ĂƐ�Ă�
ĨƵŶĐƚŝŽŶ�ŽĨ�ĂŵŽƵŶƚ�ŽĨ ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐĞĚ͘��ŵĞƌŝĐĂŶ�:ŽƵƌŶĂů�ŽĨ�WƐǇĐŚŽůŽŐǇ͕ ϴϵ͕�ϳϭϵʹϳϯϬ͘
ĚŽŝ͗ϭϬ͘ϮϯϬϳͬϭϰϮϭϰϲϵ

,ŝŶƚŽŶ͕�^͘��͕͘�,ĂƌƌŝŶŐƚŽŶ͕��͘�>͕͘��ŝŶĚĞƌ͕�:͘�Z͕͘��ƵƌŐĞƌŝĂŶ͕�^͕͘�Θ�ZĂŽ͕�^͘�D͘�;ϮϬϬϰͿ͘�EĞƵƌĂů�ƐǇƐƚĞŵƐ�
ƐƵƉƉŽƌƚŝŶŐ�ƚŝŵŝŶŐ�ĂŶĚ�ĐŚƌŽŶŽŵĞƚƌŝĐ�ĐŽƵŶƚŝŶŐ͗�ĂŶ�&DZ/�ƐƚƵĚǇ͘ �ŽŐŶŝƚŝǀĞ��ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕ Ϯϭ;ϮͿ͕�ϭϴϯʹ
ϭϵϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽŐďƌĂŝŶƌĞƐ͘ϮϬϬϰ͘Ϭϰ͘ϬϬϵ
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,ŽĂŐůĂŶĚ͕�,͘�;ϭϵϯϯͿ͘�dŚĞ�ƉŚǇƐŝŽůŽŐŝĐĂů�ĐŽŶƚƌŽů�ŽĨ�ũƵĚŐŵĞŶƚƐ�ŽĨ�ĚƵƌĂƚŝŽŶ͗��ǀŝĚĞŶĐĞ�ĨŽƌ�Ă�ĐŚĞŵŝĐĂů�
ĐůŽĐŬ͘ dŚĞ�:ŽƵƌŶĂů�ŽĨ�'ĞŶĞƌĂů�WƐǇĐŚŽůŽŐǇ͕ ϵ;ϮͿ͕�ϮϲϳʹϮϴϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϬϮϮϭϯϬϵ͘ϭϵϯϯ͘ϵϵϮϬϵϯϳ

,ŽůůŝŶŐǁŽƌƚŚ͕�,͘�>͘�;ϭϵϭϬͿ͘�dŚĞ�ĐĞŶƚƌĂů�ƚĞŶĚĞŶĐǇ�ŽĨ�ũƵĚŐŵĞŶƚ͘ dŚĞ�:ŽƵƌŶĂů�ŽĨ�WŚŝůŽƐŽƉŚǇ͕�WƐǇĐŚŽůŽŐǇ�ĂŶĚ�
^ĐŝĞŶƚŝĨŝĐ�DĞƚŚŽĚƐ͕ ϳ;ϭϳͿ͕�ϰϲϭʹϰϲϵ͘ ĚŽŝ͗ϭϬ͘ϮϯϬϳͬϮϬϭϮϴϭϵ

,Žƌƌ͕�E͘�<͕͘�Θ��ŝ�>ƵĐĂ͕�D͘�;ϮϬϭϱͿ͘�&ŝůůŝŶŐ�ƚŚĞ�ďůĂŶŬƐ�ŝŶ�ƚĞŵƉŽƌĂů�ŝŶƚĞƌǀĂůƐ͗�ƚŚĞ�ƚǇƉĞ�ŽĨ�ĨŝůůŝŶŐ�ŝŶĨůƵĞŶĐĞƐ�
ƉĞƌĐĞŝǀĞĚ�ĚƵƌĂƚŝŽŶ�ĂŶĚ�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ƉĞƌĨŽƌŵĂŶĐĞ͘ &ƌŽŶƚŝĞƌƐ�ŝŶ�WƐǇĐŚŽůŽŐǇ͕ ϲ͕�ϭϭϰ͘�
ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨƉƐǇŐ͘ϮϬϭϱ͘ϬϬϭϭϰ

,ŽƚŚŽƌŶ͕�d͕͘��ƌĞƚǌ͕�&͕͘�tĞƐƚĨĂůů͕�W͕͘�,ĞŝďĞƌŐĞƌ͕�Z͘�D͕͘�Θ�^ĐŚƵĞƚǌĞŶŵĞŝƐƚĞƌ͕��͘�;ϮϬϭϯͿ͘�DƵůƚĐŽŵƉ͗�
^ŝŵƵůƚĂŶĞŽƵƐ�ŝŶĨĞƌĞŶĐĞ�ŝŶ�ŐĞŶĞƌĂů�ƉĂƌĂŵĞƚƌŝĐ�ŵŽĚĞůƐ�Z�ƉĂĐŬĂŐĞ�ǀĞƌƐŝŽŶ͕ ϭ͕�Ϯʹϭϴ͘�ZĞƉĠƌĠ�ă�
ŚƚƚƉ͗ͬͬĐƌĂŶ͘ƌͲƉƌŽũĞĐƚ͘ŽƌŐͬǁĞďͬƉĂĐŬĂŐĞƐͬŵƵůƚĐŽŵƉͬŝŶĚĞǆ͘Śƚŵů͘

,ŽǁĞ͕�D͘�;ϮϬϭϱͿ͘�DĞŵŽƌǇ�ĚĞǀĞůŽƉŵĞŶƚ͘�/Ŷ�Z͘�D͘�>ĞƌŶĞƌ͕�>͘�>ŝďĞŶ͘�Θ�h͘�DƵĞůůĞƌ͘�;�ĚƐ͘Ϳ͕�,ĂŶĚďŽŽŬ�ŽĨ�
�ŚŝůĚ�WƐǇĐŚŽůŽŐǇ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚĂů ^ĐŝĞŶĐĞ�;ƉƉ͘�ϮϬϯʹϮϰϵͿ͘�EĞǁ�zŽƌŬ͕�h^͗ tŝůĞǇ͘�
ĚŽŝ͗ϭϬ͘ϭϬϬϮͬϵϳϴϭϭϭϴϵϲϯϰϭϴ͘ĐŚŝůĚƉƐǇϮϬϲ

,ƵŐŚĞƐ͕�:͘�Z͘�;ϮϬϬϴͿ͘�'ĂŵŵĂ͕�ĨĂƐƚ͕�ĂŶĚ�ƵůƚƌĂĨĂƐƚ�ǁĂǀĞƐ�ŽĨ�ƚŚĞ�ďƌĂŝŶ͗�ƚŚĞŝƌ�ƌĞůĂƚŝŽŶƐŚŝƉƐ�ǁŝƚŚ�ĞƉŝůĞƉƐǇ�ĂŶĚ�
ďĞŚĂǀŝŽƌ͘ �ƉŝůĞƉƐǇ�Θ��ĞŚĂǀŝŽƌ͕ ϭϯ;ϭͿ͕�ϮϱͲϯϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ǇĞďĞŚ͘ϮϬϬϴ͘Ϭϭ͘Ϭϭϭ

/ŶĚƌĂĐĐŽůŽ͕��͕͘�^ƉĞŶĐĞ͕��͕͘�sĂƚĂŬŝƐ͕��͕͘�Θ�,ĂƌƌĂƌ͕�s͘�;ϮϬϭϲͿ͘��ŽŵďŝŶĞĚ�ĞĨĨĞĐƚƐ�ŽĨ�ŵŽƚŽƌ�ƌĞƐƉŽŶƐĞ͕�ƐĞŶƐŽƌǇ�
ŵŽĚĂůŝƚǇ͕�ĂŶĚ�ƐƚŝŵƵůƵƐ�ŝŶƚĞŶƐŝƚǇ�ŽŶ�ƚĞŵƉŽƌĂů�ƌĞƉƌŽĚƵĐƚŝŽŶ͘ �ǆƉĞƌŝŵĞŶƚĂů��ƌĂŝŶ�
ZĞƐĞĂƌĐŚ͕ Ϯϯϰ;ϱͿ͕ϭϭϴϵʹϭϭϵϴ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϮϮϭͲϬϭϱͲϰϮϲϰͲϮ

/ƌǁŝŶͲ�ŚĂƐĞ͕�,͕͘�Θ��ƵƌŶƐ͕��͘�;ϮϬϬϬͿ͘��ĞǀĞůŽƉŵĞŶƚĂů�ĐŚĂŶŐĞƐ�ŝŶ�ĐŚŝůĚƌĞŶΖƐ�ĂďŝůŝƚŝĞƐ�ƚŽ�ƐŚĂƌĞ�ĂŶĚ�ĂůůŽĐĂƚĞ�
ĂƚƚĞŶƚŝŽŶ�ŝŶ�Ă�ĚƵĂů�ƚĂƐŬ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϳϳ;ϭͿ͕�ϲϭʹϴϱ͘�
ĚŽŝ͗ϭϬ͘ϭϬϬϲͬũĞĐƉ͘ϭϵϵϵ͘Ϯϱϱϳ

/ǀƌǇ͕�Z͘��͕͘�Θ�^ĐŚůĞƌĨ͕�:͘��͘�;ϮϬϬϴͿ͘��ĞĚŝĐĂƚĞĚ�ĂŶĚ�ŝŶƚƌŝŶƐŝĐ�ŵŽĚĞůƐ�ŽĨ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘�dƌĞŶĚƐ�ŝŶ��ŽŐŶŝƚŝǀĞ�
^ĐŝĞŶĐĞƐ͕ ϭϮ;ϳͿ͕�ϮϳϯʹϮϴϬ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϬϴ͘Ϭϰ͘ϬϬϮ

/ǀƌǇ͕�Z͘��͕͘�Θ�^ƉĞŶĐĞƌ͕�Z͘�D͘�;ϮϬϬϰͿ͘��ǀĂůƵĂƚŝŶŐ�ƚŚĞ�ƌŽůĞ�ŽĨ�ƚŚĞ�ĐĞƌĞďĞůůƵŵ�ŝŶ�ƚĞŵƉŽƌĂů�ƉƌŽĐĞƐƐŝŶŐ͗�
ďĞǁĂƌĞ�ŽĨ�ƚŚĞ�ŶƵůů�ŚǇƉŽƚŚĞƐŝƐ͘ �ƌĂŝŶ͕ ϭϮϳ;ϴͿ͕�ĞϭϯʹĞϭϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϵϯͬďƌĂŝŶͬĂǁŚϮϮϲ

/ǀƌǇ͕�Z͘��͕͘�^ƉĞŶĐĞƌ͕�Z͘�D͕͘��ĞůĂǌŶŝŬ͕�,͘�E͕͘�Θ��ŝĞĚƌŝĐŚƐĞŶ͕�:͘�;ϮϬϬϮͿ͘�dŚĞ�ĐĞƌĞďĞůůƵŵ�ĂŶĚ�ĞǀĞŶƚ�
ƚŝŵŝŶŐ͘ �ŶŶĂůƐ�ŽĨ�ƚŚĞ�ŶĞǁ�zŽƌŬ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕ ϵϳϴ;ϭͿ͕�ϯϬϮʹϯϭϳ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϳϰϵͲ
ϲϲϯϮ͘ϮϬϬϮ͘ƚďϬϳϱϳϲ͘ǆ

:ĂĐŽďǇ͕�>͘�>͘�;ϭϵϵϭͿ͘���ƉƌŽĐĞƐƐ�ĚŝƐƐŽĐŝĂƚŝŽŶ�ĨƌĂŵĞǁŽƌŬ͗�^ĞƉĂƌĂƚŝŶŐ�ĂƵƚŽŵĂƚŝĐ�ĨƌŽŵ�ŝŶƚĞŶƚŝŽŶĂů�ƵƐĞƐ�ŽĨ�
ŵĞŵŽƌǇ͘ :ŽƵƌŶĂů�ŽĨ�ŵĞŵŽƌǇ�ĂŶĚ�ůĂŶŐƵĂŐĞ͕ ϯϬ;ϱͿ͕�ϱϭϯʹϱϰϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϳϰϵͲϱϵϲy;ϵϭͿϵϬϬϮϱͲ&
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:ĂŚĂŶƐŚĂŚŝ͕�D͕͘�:ŽŶĞƐ͕��͘�Z͕͘��ŝƌŶďĞƌŐĞƌ͕�'͕͘�Θ�&ƌŝƚŚ͕��͘��͘�;ϮϬϬϲͿ͘�dŚĞ�ƐƵďƐƚĂŶƚŝĂ�ŶŝŐƌĂ�ƉĂƌƐ�ĐŽŵƉĂĐƚĂ�ĂŶĚ�
ƚĞŵƉŽƌĂů�ƉƌŽĐĞƐƐŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕ Ϯϲ;ϰϳͿ͕�ϭϮϮϲϲʹϭϮϮϳϯ͘�ĚŽŝ͗ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϮϱϰϬͲ
Ϭϲ͘ϮϬϬϲ

:ĂŵŝĞƐŽŶ͕��͘�'͕͘�Θ�WĞƚƌƵƐŝĐ͕�t͘�D͘�;ϭϵϳϱͿ͘�WƌĞƐĞŶƚĂƚŝŽŶ�ŽƌĚĞƌ�ĞĨĨĞĐƚƐ�ŝŶ�ĚƵƌĂƚŝŽŶ�
ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ͘ WĞƌĐĞƉƚŝŽŶ Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϭϳ;ϮͿ͕�ϭϵϳʹϮϬϮ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϯϴϴϲ

:ĂŶƐƐĞŶ͕�W͕͘�Θ�^ŚĂĚůĞŶ͕�D͘�E͘�;ϮϬϬϱͿ͘���ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ�ŽĨ�ƚŚĞ�ŚĂǌĂƌĚ�ƌĂƚĞ�ŽĨ�ĞůĂƉƐĞĚ�ƚŝŵĞ�ŝŶ�ŵĂĐĂƋƵĞ�
ĂƌĞĂ�>/W͘�EĂƚƵƌĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕�ϴ;ϮͿ͕�ϮϯϰʹϮϰϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŶϭϯϴϲ

:ĂŶƚǌĞŶ͕�<͘�:͕͘�^ƚĞŝŶďĞƌŐ͕�&͘�>͕͘�Θ�<ĞůƐŽ͕�:͘��͘�^͘�;ϮϬϬϱͿ͘�&ƵŶĐƚŝŽŶĂů�DZ/�ƌĞǀĞĂůƐ�ƚŚĞ�ĞǆŝƐƚĞŶĐĞ�ŽĨ�ŵŽĚĂůŝƚǇ�
ĂŶĚ�ĐŽŽƌĚŝŶĂƚŝŽŶͲĚĞƉĞŶĚĞŶƚ�ƚŝŵŝŶŐ�ŶĞƚǁŽƌŬƐ͘ EĞƵƌŽŝŵĂŐĞ͕ Ϯϱ;ϰͿ͕�ϭϬϯϭʹϭϬϰϮ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵƌŽŝŵĂŐĞ͘ϮϬϬϰ͘ϭϮ͘ϬϮϵ

:ĂǌĂǇĞƌŝ͕�D͕͘�Θ�^ŚĂĚůĞŶ͕�D͘�E͘�;ϮϬϭϬͿ͘�dĞŵƉŽƌĂů�ĐŽŶƚĞǆƚ�ĐĂůŝďƌĂƚĞƐ ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ͘�EĂƚƵƌĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕
ϭϯ;ϴͿ͕�ϭϬϮϬʹϭϬϮϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŶ͘ϮϱϵϬ͘

:ŝĂŶŐ͕�z͕͘�^ĂǆĞ͕�Z͕͘�Θ�<ĂŶǁŝƐŚĞƌ͕�E͘�;ϮϬϬϰͿ͘�&ƵŶĐƚŝŽŶĂů�ŵĂŐŶĞƚŝĐ�ƌĞƐŽŶĂŶĐĞ�ŝŵĂŐŝŶŐ�ƉƌŽǀŝĚĞƐ�ŶĞǁ�
ĐŽŶƐƚƌĂŝŶƚƐ�ŽŶ�ƚŚĞŽƌŝĞƐ�ŽĨ�ƚŚĞ�ƉƐǇĐŚŽůŽŐŝĐĂů�ƌĞĨƌĂĐƚŽƌǇ�ƉĞƌŝŽĚ͘�WƐǇĐŚŽůŽŐŝĐĂů�^ĐŝĞŶĐĞ͕�ϭϱ;ϲͿ͕�ϯϵϬʹϯϵϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϬϳͬ��&Ϭϯϭϴϲϳϰϯ

:ŽŚŶƐŽŶ͕�D͘�,͕͘��ǌŝƵƌĂǁŝĞĐ͕�^͕͘��ůůŝƐ͕�,͕͘�Θ�DŽƌƚŽŶ͕�:͘�;ϭϵϵϭͿ͘�EĞǁďŽƌŶƐΖ�ƉƌĞĨĞƌĞŶƚŝĂů�ƚƌĂĐŬŝŶŐ�ŽĨ�ĨĂĐĞͲůŝŬĞ�
ƐƚŝŵƵůŝ�ĂŶĚ�ŝƚƐ�ƐƵďƐĞƋƵĞŶƚ�ĚĞĐůŝŶĞ͘ �ŽŐŶŝƚŝŽŶ͕ ϰϬ;ϭʹϮͿ͕�ϭʹϭϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϭϬͲϬϮϳϳ;ϵϭͿϵϬϬϰϱͲϲ

:ŽŚŶƐƚŽŶ͕��͕͘��ƌŶŽůĚ͕��͘�,͕͘�Θ�EŝƐŚŝĚĂ͕�^͘�;ϮϬϬϲͿ͘�^ƉĂƚŝĂůůǇ�ůŽĐĂůŝǌĞĚ�ĚŝƐƚŽƌƚŝŽŶƐ�ŽĨ�ĞǀĞŶƚ�ƚŝŵĞ͘ �ƵƌƌĞŶƚ�
�ŝŽůŽŐǇ͕ ϭϲ;ϱͿ͕�ϰϳϮʹϰϳϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐƵď͘ϮϬϬϲ͘Ϭϭ͘ϬϯϮ

:ŽŚŶƐƚŽŶ͕��͕͘��ƌƵŶŽ͕��͕͘�Θ��ǇŚĂŶ͕�/͘�;ϮϬϭϭͿ͘�ZĞƚŝŶŽƚŽƉŝĐ�ƐĞůĞĐƚŝǀŝƚǇ�ŽĨ�ĂĚĂƉƚĂƚŝŽŶͲďĂƐĞĚ�ĐŽŵƉƌĞƐƐŝŽŶ�ŽĨ�
ĞǀĞŶƚ͘�:ŽƵƌŶĂů�ŽĨ�sŝƐŝŽŶ͕�ϭϭ;ϮͿ͕�ϭʹϯ͘ ĚŽŝ͗ϭϬ͘ϭϭϲϳͬϭϭ͘Ϯ͘ϮϭĂ

:ŽŚŶƐƚŽŶĞ͕��͕͘��ƌĚĂů͕�<͕͘�Θ�^ƚĂĚůĞƌ͕�D͘��͘�;ϭϵϵϱͿ͘�dŚĞ�ƌĞůĂƚŝŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�ƚŚĞ�tĞĐŚƐůĞƌ�DĞŵŽƌǇ�^ĐĂůĞͶ
ZĞǀŝƐĞĚ�;tD^ͲZͿ��ƚƚĞŶƚŝŽŶ�ŝŶĚĞǆ�ĂŶĚ�ƉƵƚĂƚŝǀĞ�ŵĞĂƐƵƌĞƐ�ŽĨ��ƚƚĞŶƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ�ĐůŝŶŝĐĂů�ƉƐǇĐŚŽůŽŐǇ�
ŝŶ�ŵĞĚŝĐĂů�ƐĞƚƚŝŶŐƐ͕ Ϯ;ϮͿ͕�ϭϵϱʹϮϬϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬ�&Ϭϭϵϴϴϲϰϯ

<ĂĐĞůŶŝŬ͕��͕͘�Θ��ƌƵŶŶĞƌ͕��͘�;ϮϬϬϮͿ͘�dŝŵŝŶŐ�ĂŶĚ�ĨŽƌĂŐŝŶŐ͗�'ŝďďŽŶΖƐ�ƐĐĂůĂƌ�ĞǆƉĞĐƚĂŶĐǇ�ƚŚĞŽƌǇ�ĂŶĚ�ŽƉƚŝŵĂů�
ƉĂƚĐŚ�ĞǆƉůŽŝƚĂƚŝŽŶ͘ >ĞĂƌŶŝŶŐ�ĂŶĚ�DŽƚŝǀĂƚŝŽŶ͕ ϯϯ;ϭͿ͕�ϭϳϳʹϭϵϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϲͬůŵŽƚ͘ϮϬϬϭ͘ϭϭϭϬ

<ĂŚŶĞŵĂŶ͕��͘�;ϭϵϳϯͿ͘��ƚƚĞŶƚŝŽŶ�ĂŶĚ�ĞĨĨŽƌƚ͘�EĞǁͲzŽƌŬ͕�Ez�͗�WƌĞŶƚŝĐĞ�,Ăůů͘

<Ăŝů͕�Z͘�s͕͘�Θ�&ĞƌƌĞƌ͕��͘�;ϮϬϬϳͿ͘�WƌŽĐĞƐƐŝŶŐ�ƐƉĞĞĚ�ŝŶ�ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ĂĚŽůĞƐĐĞŶĐĞ͗�>ŽŶŐŝƚƵĚŝŶĂů�ŵŽĚĞůƐ�ĨŽƌ�
ĞǆĂŵŝŶŝŶŐ�ĚĞǀĞůŽƉŵĞŶƚĂů�ĐŚĂŶŐĞ͘ �ŚŝůĚ�ĚĞǀĞůŽƉŵĞŶƚ͕ ϳϴ;ϲͿ͕�ϭϳϲϬʹϭϳϳϬ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϳͲ
ϴϲϮϰ͘ϮϬϬϳ͘ϬϭϬϴϴ͘ǆ
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<ĂƌĂŵŝŶŝƐ͕�d͕͘��ŝĐĐŚŝŶŝ͕�'͘�D͕͘�EĞŝů͕�>͕͘��ĂƉƉĂŐůŝ͕�'͕͘��ĂŐƚĞŶͲDƵƌƉŚǇ͕��͕͘��Ƶƌƌ͕��͕͘�Θ�WĞůůŝĐĂŶŽ͕��͘�;ϮϬϭϲͿ͘�
�ĞŶƚƌĂů�ƚĞŶĚĞŶĐǇ�ĞĨĨĞĐƚƐ�ŝŶ�ƚŝŵĞ�ŝŶƚĞƌǀĂů�ƌĞƉƌŽĚƵĐƚŝŽŶ�ŝŶ�ĂƵƚŝƐŵ͘�^ĐŝĞŶƚŝĨŝĐ�ƌĞƉŽƌƚƐ͕ ϲ͕�ϮϴϱϳϬ͘
ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐƌĞƉϮϴϱϳϬ͘

<ĂƌĂƚĞŬŝŶ͕��͘�;ϮϬϬϰͿ͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĂƚƚĞŶƚŝŽŶĂů�ĂůůŽĐĂƚŝŽŶ�ŝŶ�ƚŚĞ�ĚƵĂů�ƚĂƐŬ�ƉĂƌĂĚŝŐŵ͘ /ŶƚĞƌŶĂƚŝŽŶĂů�
:ŽƵƌŶĂů�ŽĨ�WƐǇĐŚŽƉŚǇƐŝŽůŽŐǇ͕ ϱϮ;ϭͿ͕�ϳʹϮϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝũƉƐǇĐŚŽ͘ϮϬϬϯ͘ϭϮ͘ϬϬϮ

<ĂƐƉƌŽǁŝĐǌ͕�D͕͘��ǌŽƐŶǇŬĂ͕�D͕͘�^ŽĞŚůĞ͕�D͕͘�^ŵŝĞůĞǁƐŬŝ͕�W͕͘�<ŝƌŬƉĂƚƌŝĐŬ͕�W͘�:͕͘�WŝĐŬĂƌĚ͕�:͘��͕͘�Θ��ƵĚŽŚŽƐŬŝ͕�<͘�
W͘�;ϮϬϭϮͿ͘�sĂƐŽƐƉĂƐŵ�ƐŚŽƌƚĞŶƐ�ĐĞƌĞďƌĂů�ĂƌƚĞƌŝĂů�ƚŝŵĞ�ĐŽŶƐƚĂŶƚ͘ EĞƵƌŽĐƌŝƚŝĐĂů��ĂƌĞ͕ ϭϲ;ϮͿ͕�ϮϭϯʹϮϭϴ͘�
ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϮϬϮϴͲϬϭϭͲϵϲϱϯͲϭ

<ŝůůĞĞŶ͕�W͘�Z͕͘�Θ�&ĞƚƚĞƌŵĂŶ͕�:͘�'͘�;ϭϵϴϴͿ͘���ďĞŚĂǀŝŽƌĂů�ƚŚĞŽƌǇ�ŽĨ�ƚŝŵŝŶŐ͘�WƐǇĐŚŽůŽŐŝĐĂů�ƌĞǀŝĞǁ͕�ϵϱ;ϮͿ͕�Ϯϳϰʹ
Ϯϵϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϯϯͲϮϵϱy͘ϵϱ͘Ϯ͘Ϯϳϰ

<ŝůůĞĞŶ͕�W͘Z͕͘�&ĞƚƚĞƌŵĂŶ͕�:͘'͕͘�Θ��ŝǌŽ͕�>͘�͘�;ϭϵϵϳͿ͘�dŝŵĞ͛Ɛ�ĐĂƵƐĞ͘�/Ŷ��͘�D͘��ƌĂĚƐŚĂǁ�Θ��͘�^ǌĂďĂĚŝ�;�ĚƐ͘Ϳ͕�
dŝŵĞ�ĂŶĚ�ďĞŚĂǀŝŽƌ͗�WƐǇĐŚŽůŽŐŝĐĂů�ĂŶĚ�ŶĞƵƌŽďĞŚĂǀŝŽƌĂů�ĂŶĂůǇƐĞƐ ;ƉƉ͘�ϳϵʹϭϯϭͿ͘��ŵƐƚĞƌĚĂŵ͗��ůƐĞǀŝĞƌ͕�
EŽƌƚŚͲ,ŽůůĂŶĚ͘

<ŝůůĞĞŶ͕�W͘�Z͕͘�Θ�tĞŝƐƐ͕�E͘��͘�;ϭϵϴϳͿ͘�KƉƚŝŵĂů�ƚŝŵŝŶŐ�ĂŶĚ�ƚŚĞ�tĞďĞƌ�ĨƵŶĐƚŝŽŶ͘ WƐǇĐŚŽůŽŐŝĐĂů�ƌĞǀŝĞǁ͕ ϵϰ;ϰͿ͕�
ϰϱϱʹϰϲϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϯϯͲϮϵϱy͘ϵϰ͘ϰ͘ϰϱϱ

<ŝŵ͕�z͘�:͕͘�dƐĂŝ͕�:͘�:͕͘�KũĞŵĂŶŶ͕�:͕͘�Θ�sĞƌŐŚĞƐĞ͕�W͘�;ϮϬϭϳͿ͘��ƚƚĞŶƚŝŽŶ�ƚŽ�ŵƵůƚŝƉůĞ ŽďũĞĐƚƐ�ĨĂĐŝůŝƚĂƚĞƐ�ƚŚĞŝƌ�
ŝŶƚĞŐƌĂƚŝŽŶ�ŝŶ�ƉƌĞĨƌŽŶƚĂů�ĂŶĚ�ƉĂƌŝĞƚĂů�ĐŽƌƚĞǆ͘ :ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϯϳ;ϭϵͿ͕�ϰϵϰϮʹϰϵϱϯ͘�
ĚŽŝ͗ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϮϯϳϬͲϭϲ͘ϮϬϭϳ

<ŝƌŬŚĂŵ͕�E͘��͕͘��ƌƵĞƐƐ͕�>͕͘�Θ��ŝĂŵŽŶĚ͕��͘�;ϮϬϬϯͿ͘�,ĞůƉŝŶŐ�ĐŚŝůĚƌĞŶ�ĂƉƉůǇ�ƚŚĞŝƌ�ŬŶŽǁůĞĚŐĞ�ƚŽ�ƚŚĞŝƌ�
ďĞŚĂǀŝŽƌ�ŽŶ�Ă�ĚŝŵĞŶƐŝŽŶͲƐǁŝƚĐŚŝŶŐ�ƚĂƐŬ͘ �ĞǀĞůŽƉŵĞŶƚĂů�^ĐŝĞŶĐĞ͕ ϲ;ϱͿ͕�ϰϰϵʹϰϲϳ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϳͲ
ϳϲϴϳ͘ϬϬϯϬϬ

<ŝƌŬŚĂŵ͕�E͘��͕͘�^ůĞŵŵĞƌ͕�:͘��͕͘�Θ�:ŽŚŶƐŽŶ͕�^͘�W͘�;ϮϬϬϮͿ͘�sŝƐƵĂů�ƐƚĂƚŝƐƚŝĐĂů�ůĞĂƌŶŝŶŐ�ŝŶ�ŝŶĨĂŶĐǇ͗��ǀŝĚĞŶĐĞ�ĨŽƌ�
Ă�ĚŽŵĂŝŶ�ŐĞŶĞƌĂů�ůĞĂƌŶŝŶŐ�ŵĞĐŚĂŶŝƐŵ͘��ŽŐŶŝƚŝŽŶ͕�ϴϯ;ϮͿ͕�ϯϱʹϰϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϬϭϬͲϬϮϳϳ;ϬϮͿϬϬϬϬϰͲϱ͘

<ŝƌŬŚĂŵ͕�E͘��͕͘�^ůĞŵŵĞƌ͕�:͘��͕͘�ZŝĐŚĂƌĚƐŽŶ͕��͘��͕͘�Θ�:ŽŚŶƐŽŶ͕�^͘�W͘�;ϮϬϬϳͿ͘�>ŽĐĂƚŝŽŶ͕�ůŽĐĂƚŝŽŶ͕�ůŽĐĂƚŝŽŶ͗�
�ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƐƉĂƚŝŽƚĞŵƉŽƌĂů�ƐĞƋƵĞŶĐĞ�ůĞĂƌŶŝŶŐ�ŝŶ�ŝŶĨĂŶĐǇ͘��ŚŝůĚ��ĞǀĞůŽƉŵĞŶƚ͕ ϳϴ;ϱͿ͕�ϭϱϱϵʹϭϱϳϭ͘�
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϳͲϴϲϮϰ͘ϮϬϬϳ͘ϬϭϬϴϯ͘ǆ

<ůĂĚŽƉŽƵůŽƐ͕��͘�E͕͘�,ĞŵŵĞƐ͕�E͘�^͕͘�Θ��ƌŽǁŶ͕��͘�>͘�;ϮϬϬϰͿ͘�WƌŽƐƉĞĐƚŝǀĞ�ƚŝŵŝŶŐ�ƵŶĚĞƌ�ĚƵĂůͲƚĂƐŬ�ƉĂƌĂĚŝŐŵƐ͗�
�ƚƚĞŶƚŝŽŶĂů�ĂŶĚ�ĐŽŶƚĞǆƚƵĂůͲĐŚĂŶŐĞ�ŵĞĐŚĂŶŝƐŵƐ͘��ĞŚĂǀŝŽƵƌĂů�WƌŽĐĞƐƐĞƐ͕ ϲϳ;ϮͿ͕�ϮϮϭʹϮϯϯ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĞƉƌŽĐ͘ϮϬϬϯ͘ϭϮ͘ϬϬϰ

<ůĂƉƉƌŽƚŚ͕�&͘�;ϮϬϭϭͿ͘�dĞŵƉŽƌĂů�ĚĞĐŝƐŝŽŶ�ŵĂŬŝŶŐ�ŝŶ�ƐŝŵƵůƚĂŶĞŽƵƐ�ƚŝŵŝŶŐ͘ &ƌŽŶƚŝĞƌƐ�ŝŶ�/ŶƚĞŐƌĂƚŝǀĞ�
EĞƵƌŽƐĐŝĞŶĐĞ͕ ϱ;ϳϭͿ͘�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨŶŝŶƚ͘ϮϬϭϭ͘ϬϬϬϳϭ

<ůĞŝŶ͕��͘�;ϮϬϬϮͿ͘ >Ğ�ƚĞŵƉƐ�ĞǆŝƐƚĞͲƚͲŝů͍͘�WĂƌŝƐ͕�&ƌĂŶĐĞ ͗�>Ğ�WŽŵŵŝĞƌ͘
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<ůĞŝŶ͕��͘�;ϮϬϬϳͿ͘�>Ğ�ĨĂĐƚĞƵƌ�ƚĞŵƉƐ�ŶĞ�ƐŽŶŶĞ�ũĂŵĂŝƐ�ĚĞƵǆ�ĨŽŝƐ͘�ZŽƵďĂŝǆ͕�&ƌĂŶĐĞ ͗�&ůĂŵŵĂƌŝŽŶ͘

<ůĞŝŶĞƌ͕�D͕͘��ƌĂŝŶĂƌĚ͕��͕͘�WĞůůŝ͕��͕͘�/ŶŐůŝŶŐ͕��͕͘�DƵƌƌĂǇ͕�Z͕͘�Θ��ƌŽƵƐƐĂƌĚ͕��͘�;ϮϬϬϳͿ͘�tŚĂƚ͛Ɛ�ŶĞǁ�ŝŶ�
WƐǇĐŚƚŽŽůďŽǆͲϯ͘ WĞƌĐĞƉƚŝŽŶ͕ ϯϲ;ϭϰͿ͕�ϭ͘

<ůĞŶďĞƌŐ͕�>͕͘�<ŽƌŬŵĂŶ͕�D͕͘�Θ�>ĂŚƚŝͲEƵƵƚƚŝůĂ͕�W͘�;ϮϬϬϭͿ͘��ŝīĞƌĞŶƚŝĂů�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĂƚͲ ƚĞŶƚŝŽŶ�ĂŶĚ�
ĞǆĞĐƵƚŝǀĞ�ĨƵŶĐƚŝŽŶƐ�ŝŶ�ϯͲƚŽ�ϭϮͲǇĞĂƌͲŽůĚ�&ŝŶŶŝƐŚ�ĐŚŝůĚƌĞŶ͘��ĞǀĞůŽƉŵĞŶƚĂů�EĞƵƌŽƉƐǇĐŚŽůŽŐǇ͕�ϮϬ;ϭͿ͕�
ϰϬϳʹϰϮϴ͘�ĚŽŝ͗ϭϬ͘ϭϮϬϳͬ^ϭϱϯϮϲϵϰϮ�EϮϬϬϭͺϲ͘

<ŽĐŚ͕�'͕͘�KůŝǀĞƌŝ͕�D͕͘�dŽƌƌŝĞƌŽ͕�^͕͘�^ĂůĞƌŶŽ͕�^͕͘�'ĞƌĨŽ͕��͘�>͕͘�Θ��ĂůƚĂŐŝƌŽŶĞ͕��͘�;ϮϬϬϳͿ͘�ZĞƉĞƚŝƚŝǀĞ�dD^�ŽĨ�
ĐĞƌĞďĞůůƵŵ�ŝŶƚĞƌĨĞƌĞƐ�ǁŝƚŚ�ŵŝůůŝƐĞĐŽŶĚ�ƚŝŵĞ�ƉƌŽĐĞƐƐŝŶŐ͘ �ǆƉĞƌŝŵĞŶƚĂů��ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕ ϭϳϵ;ϮͿ͕�Ϯϵϭʹ
Ϯϵϵ͘

<ŽĐŚ͕�/͕͘�WŽůũĂĐ͕��͕͘�DƺůůĞƌ͕�,͕͘�Θ�<ŝĞƐĞů͕��͘�;ϮϬϭϴͿ͘��ŽŐŶŝƚŝǀĞ�ƐƚƌƵĐƚƵƌĞ͕�ĨůĞǆŝďŝůŝƚǇ͕�ĂŶĚ�ƉůĂƐƚŝĐŝƚǇ�ŝŶ�ŚƵŵĂŶ�
ŵƵůƚŝƚĂƐŬŝŶŐͶ�Ŷ�ŝŶƚĞŐƌĂƚŝǀĞ�ƌĞǀŝĞǁ�ŽĨ�ĚƵĂůͲƚĂƐŬ�ĂŶĚ�ƚĂƐŬͲƐǁŝƚĐŚŝŶŐ�ƌĞƐĞĂƌĐŚ͘ WƐǇĐŚŽůŽŐŝĐĂů�
�ƵůůĞƚŝŶ͕ ϭϰϰ;ϲͿ͕�ϱϱϳʹϱϴϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬďƵůϬϬϬϬϭϰϰ

<ƂƌĚŝŶŐ͕�<͘�W͕͘�Θ�tŽůƉĞƌƚ͕��͘�D͘�;ϮϬϬϰͿ͘��ĂǇĞƐŝĂŶ�ŝŶƚĞŐƌĂƚŝŽŶ�ŝŶ�ƐĞŶƐŽƌŝŵŽƚŽƌ�
ůĞĂƌŶŝŶŐ͘ EĂƚƵƌĞ͕ ϰϮϳ;ϲϵϳϭͿ͕�ϮϰϰʹϮϰϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶĂƚƵƌĞϬϮϭϲϵ

<ƂƌĚŝŶŐ͕�<͘�W͕͘��ĞŝĞƌŚŽůŵ͕�h͕͘�DĂ͕�t͘�:͕͘�YƵĂƌƚǌ͕�^͕͘�dĞŶĞŶďĂƵŵ͕�:͘��͕͘�Θ�^ŚĂŵƐ͕�>͘�;ϮϬϬϳͿ͘��ĂƵƐĂů�
ŝŶĨĞƌĞŶĐĞ�ŝŶ�ŵƵůƚŝƐĞŶƐŽƌǇ�ƉĞƌĐĞƉƚŝŽŶ͘ W>Ž^�ŽŶĞ͕ Ϯ;ϵͿ͕�Ğϵϰϯ͘�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϬϬϵϰϯ

>ĂďƌĞůů͕�&͕͘�DŝŬĂĞůŽĨĨ͕�z͕͘�WĞƌĚƌǇ͕�,͕͘�Θ��ĞůůĂƚŽůĂƐ͕�'͘�;ϮϬϭϲͿ͘�dŝŵĞ�ŬŶŽǁůĞĚŐĞ�ĂĐƋƵŝƐŝƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŐĞĚ�
ϲ�ƚŽ�ϭϭ�ǇĞĂƌƐ�ĂŶĚ�ŝƚƐ�ƌĞůĂƚŝŽŶƐŚŝƉ�ǁŝƚŚ�ŶƵŵĞƌŝĐĂů�ƐŬŝůůƐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϭϰϯ͕�
ϭʹϭϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĞĐƉ͘ϮϬϭϱ͘ϭϬ͘ϬϬϱ

>ĂŐĂƌŝĂƐ͕�:͘��͕͘�ZĞĞĚƐ͕�:͘��͕͘�tƌŝŐŚƚ͕�D͘�,͕͘�Θ�tƌŝŐŚƚ͕�W͘��͘�;ϭϵϵϴͿ͘��ŽŶǀĞƌŐĞŶĐĞ�ƉƌŽƉĞƌƚŝĞƐ�ŽĨ�ƚŚĞ�EĞůĚĞƌͲ
DĞĂĚ�ƐŝŵƉůĞǆ�ŵĞƚŚŽĚ�ŝŶ�ůŽǁ�ĚŝŵĞŶƐŝŽŶƐ͘ ^/�D�:ŽƵƌŶĂů�ŽŶ�KƉƚŝŵŝǌĂƚŝŽŶ͕ ϵ;ϭͿ͕�ϭϭϮʹϭϰϳ͘�
ĚŽŝ͗ϭϬ͘ϭϭϯϳͬ^ϭϬϱϮϲϮϯϰϵϲϯϬϯϰϳϬ

>ĂŬĂƚŽƐ͕�W͕͘�<ĂƌŵŽƐ͕�'͕͘�DĞŚƚĂ͕��͘��͕͘�hůďĞƌƚ͕�/͕͘�Θ�^ĐŚƌŽĞĚĞƌ͕��͘��͘�;ϮϬϬϴͿ͘��ŶƚƌĂŝŶŵĞŶƚ�ŽĨ�ŶĞƵƌŽŶĂů�
ŽƐĐŝůůĂƚŝŽŶƐ�ĂƐ�Ă�ŵĞĐŚĂŶŝƐŵ�ŽĨ�ĂƚƚĞŶƚŝŽŶĂů�ƐĞůĞĐƚŝŽŶ͘ ƐĐŝĞŶĐĞ͕ ϯϮϬ;ϱϴϳϮͿ͕�ϭϭϬʹϭϭϯ͘�
ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϭϱϰϳϯϱ

>ĂŬĞ͕ :͘ /͕͘ >Ă�Ăƌ͕ <͘ ^͕͘ΘDĞĐŬ͕t͘,͘ ;ϮϬϭϲͿ͘ �ŵŽƚŝŽŶĂůŵŽĚƵůĂƚŝŽŶŽĨ ŝŶƚĞƌǀĂů ƚŝŵŝŶŐĂŶĚ ƚŝŵĞƉĞƌĐĞƉƚŝŽŶ͘
EĞƵƌŽƐĐŝĞŶĐĞΘ��ŝŽďĞŚĂǀŝŽƌĂů�ZĞǀŝĞǁƐ͕�ϲϰ͕�ϰϬϯʹϰϮϬ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵďŝŽƌĞǀ͘ϮϬϭϲ͘Ϭϯ͘ϬϬϯ

>ĂƉŝĚ͕��͕͘�hůƌŝĐŚ͕�Z͕͘�Θ�ZĂŵŵƐĂǇĞƌ͕�d͘�;ϮϬϬϴͿ͘�KŶ�ĞƐƚŝŵĂƚŝŶŐ�ƚŚĞ�ĚŝīĞƌĞŶĐĞ�ůŝŵĞŶ�ŝŶ�ĚƵƌĂƚŝŽŶ�
ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ƚĂƐŬƐ͗���ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ƚŚĞ�Ϯ�&��ĂŶĚ�ƚŚĞ�ƌĞŵŝŶĚĞƌ�ƚĂƐŬ͘�WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕�
ϳϬ;ϮͿ͕�ϮϵϭʹϯϬϱ͘�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘
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>ĞĚĞƌŵĂŶ͕�>͘�D͘�Θ�,ŝůů͕��͘�d͘�;ϮϬϬϴͿ͘�^ǇŵŵĞƚƌǇ�ĂŶĚ�ƚŚĞ�ďĞĂƵƚŝĨƵů�ƵŶŝǀĞƌƐĞ͘�EĞǁͲzŽƌŬ͕�h^��͗�WƌŽŵĞƚŚĞƵƐ�
�ŽŽŬƐ͘

>ĞũĞƵŶĞ͕�,͘�;ϭϵϵϴͿ͘�^ǁŝƚĐŚŝŶŐ�Žƌ�ŐĂƚŝŶŐ͍�dŚĞ�ĂƚƚĞŶƚŝŽŶĂů�ĐŚĂůůĞŶŐĞ�ŝŶ�ĐŽŐŶŝƚŝǀĞ�ŵŽĚĞůƐ�ŽĨ�ƉƐǇĐŚŽůŽŐŝĐĂů�
ƚŝŵĞ͘ �ĞŚĂǀŝŽƵƌĂů�ƉƌŽĐĞƐƐĞƐ͕ ϰϰ;ϮͿ͕�ϭϮϳʹϭϰϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϯϳϲͲϲϯϱϳ;ϵϴͿϬϬϬϰϱͲy

>ĞũĞƵŶĞ͕�,͘�;ϮϬϬϬͿ͘�WƌŽƐƉĞĐƚŝǀĞ�ƚŝŵŝŶŐ͕�ĂƚƚĞŶƚŝŽŶ�ĂŶĚ�ƚŚĞ�ƐǁŝƚĐŚ͗���ƌĞƐƉŽŶƐĞ�ƚŽ�͚'ĂƚŝŶŐ�Žƌ�ƐǁŝƚĐŚŝŶŐ͍�
'ĂƚŝŶŐ�ŝƐ�Ă�ďĞƚƚĞƌ�ŵŽĚĞů�ŽĨ�ƉƌŽƐƉĞĐƚŝǀĞ�ƚŝŵŝŶŐ͛ďǇ��ĂŬĂǇ͘ �ĞŚĂǀŝŽƵƌĂů�WƌŽĐĞƐƐĞƐ͕ ϱϮ;ϮʹϯͿ͕�ϳϭʹϳϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϯϳϲͲϲϯϱϳ;ϬϬͿϬϬϭϯϲͲϰ

>ĞũĞƵŶĞ͕�,͕͘�ZŝĐŚĞůůĞ͕�D͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�,͘�;ϮϬϬϲͿ͘��ďŽƵƚ�^ŬŝŶŶĞƌ�ĂŶĚ�ƚŝŵĞ͗��ĞŚĂǀŝŽƌͲĂŶĂůǇƚŝĐ�
ĐŽŶƚƌŝďƵƚŝŽŶƐ�ƚŽ�ƌĞƐĞĂƌĐŚ ŽŶ�ĂŶŝŵĂů�ƚŝŵŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ďĞŚĂǀŝŽƌ͕ ϴϱ;ϭͿ͕�
ϭϮϱʹϭϰϮ͘�ĚŽŝ͗ϭϬ͘ϭϵϬϭͬũĞĂď͘ϮϬϬϲ͘ϴϱ͘Ϭϰ

>ĞũĞƵŶĞ͕�,͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�,͘�;ϮϬϬϲͿ͘�^ĐĂůĂƌ�ƉƌŽƉĞƌƚŝĞƐ�ŝŶ�ĂŶŝŵĂů�ƚŝŵŝŶŐ͗��ŽŶĨŽƌŵŝƚǇ�ĂŶĚ�ǀŝŽůĂƚŝŽŶƐ͘ dŚĞ�
YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϱϵ;ϭϭͿ͕�ϭϴϳϱʹϭϵϬϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϳϰϳϬϮϭϬϲϬϬϳϴϰϲϰϵ

>ĞũĞƵŶĞ͕�:͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�,͘�;ϮϬϬϵͿ͘�sŝĞƌŽƌĚƚ͛Ɛ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚĂů�ƐƚƵĚǇ�ŽĨ�ƚŚĞ�ƚŝŵĞ�ƐĞŶƐĞ�;ϭϴϲϴͿ�ĂŶĚ�ŝƚƐ�
ůĞŐĂĐǇ͘��ƵƌŽƉĞĂŶ�:ŽƵƌŶĂů�ŽĨ��ŽŐŶŝƚŝǀĞ�WƐǇĐŚŽůŽŐǇ͕�Ϯϭ;ϲͿ͕�ϵϰʹϵϲϬ͘�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϵϱϰϭϰϰϬϴϬϮϰϱϯϬϬϲ͘

>ĞŶƌŽŽƚ͕�Z͘�<͕͘�Θ�'ŝĞĚĚ͕�:͘�E͘�;ϮϬϬϲͿ͘��ƌĂŝŶ�ĚĞǀĞůŽƉŵĞŶƚ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚŽůĞƐĐĞŶƚƐ͗�ŝŶƐŝŐŚƚƐ�ĨƌŽŵ�
ĂŶĂƚŽŵŝĐĂů�ŵĂŐŶĞƚŝĐ�ƌĞƐŽŶĂŶĐĞ�ŝŵĂŐŝŶŐ͘ EĞƵƌŽƐĐŝĞŶĐĞ�Θ�ďŝŽďĞŚĂǀŝŽƌĂů�ƌĞǀŝĞǁƐ͕ ϯϬ;ϲͿ͕�ϳϭϴʹϳϮϵ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵďŝŽƌĞǀ͘ϮϬϬϲ͘Ϭϲ͘ϬϬϭ

>ĞŶƚŚ͕�Z͘�s͘�;ϮϬϭϲͿ͘�>ĞĂƐƚͲƐƋƵĂƌĞƐ�ŵĞĂŶƐ͗�dŚĞ�Z�ƉĂĐŬĂŐĞ�ůƐŵĞĂŶƐ͘�:ŽƵƌŶĂů�ŽĨ�^ƚĂƚŝƐƚŝĐĂů�^ŽĨƚǁĂƌĞ͕�ϲϵ;ϭͿ͕�
ϭʹϯϯ͘�ĚŽŝ͗ϭϬ͘ϭϴϲϯϳͬũƐƐ͘ǀϬϲϵ͘ŝϬϭ͘

>ĞŽŶ͕�D͘�/͕͘�Θ�^ŚĂĚůĞŶ͕�D͘�E͘�;ϮϬϬϯͿ͘�ZĞƉƌĞƐĞŶƚĂƚŝŽŶ�ŽĨ�ƚŝŵĞ�ďǇ�ŶĞƵƌŽŶƐ�ŝŶ�ƚŚĞ�ƉŽƐƚĞƌŝŽƌ�ƉĂƌŝĞƚĂů�ĐŽƌƚĞǆ�
ŽĨ�ƚŚĞ�ŵĂĐĂƋƵĞ͘ EĞƵƌŽŶ͕ ϯϴ;ϮͿ͕�ϯϭϳʹϯϮϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϴϵϲͲϲϮϳϯ;ϬϯͿϬϬϭϴϱͲϱ

>ĞǀŝŶ͕�/͕͘�Θ�tŝůŬĞŶŝŶŐ͕�&͘�;ϭϵϴϵͿ͘�DĞĂƐƵƌŝŶŐ�ƚŝŵĞ�ǀŝĂ�ĐŽƵŶƚŝŶŐ͗�dŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĐŚŝůĚƌĞŶΖƐ�
ĐŽŶĐĞƉƚŝŽŶƐ�ŽĨ�ƚŝŵĞ�ĂƐ�Ă�ƋƵĂŶƚŝĨŝĂďůĞ�ĚŝŵĞŶƐŝŽŶ͘�/Ŷ�'͘�ĚĞ�^ŽĞƚĞ͕�,͘�&ĞŐĞƌ͘�Θ��͘�<ůĂƵĞƌ�;�ĚƐ͘Ϳ͕�
�ĚǀĂŶĐĞƐ�ŝŶ�ƉƐǇĐŚŽůŽŐǇ ;sŽů͘�ϱϵ͕�ƉƉ͘�ϭϭϵʹϭϰϰͿ͘��ŵƐƚĞƌĚĂŵ͕�EĞƚŚĞƌůĂŶĚƐ�͗�EŽƌƚŚ�,ŽůůĂŶĚ�ƉƵďůŝƐŚĞƌƐ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϭϲϲͲϰϭϭϱ;ϬϴͿϲϭϬϰϬͲϳ

>ĞǁŝƐ͕�W͘��͕͘�Θ�DŝĂůů͕�Z͘��͘�;ϮϬϬϯͿ͘��ƌĂŝŶ�ĂĐƚŝǀĂƚŝŽŶ�ƉĂƚƚĞƌŶƐ�ĚƵƌŝŶŐ�ŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ƐƵďͲĂŶĚ�ƐƵƉƌĂͲ
ƐĞĐŽŶĚ�ŝŶƚĞƌǀĂůƐ͘ EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͕ ϰϭ;ϭϮͿ͕�ϭϱϴϯʹϭϱϵϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϬϮϴͲϯϵϯϮ;ϬϯͿϬϬϭϭϴͲϬ

>ŝƉƚĂŬ͕��͘�'͘�;ϮϬϬϯͿ͘ /ŶƐƚƌƵŵĞŶƚ��ŶŐŝŶĞĞƌƐΖ�,ĂŶĚďŽŽŬ͕�sŽůƵŵĞ�KŶĞ͗�WƌŽĐĞƐƐ�DĞĂƐƵƌĞŵĞŶƚ�ĂŶĚ��ŶĂůǇƐŝƐ͘�
�Z��ƉƌĞƐƐ͘

>ŝƚŽǀƐŬǇ͕�Z͘�;ϮϬϭϱͿ͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŚĞ�ĂƵĚŝƚŽƌǇ�ƐǇƐƚĞŵ͘�/Ŷ�W͘�sŝŶŬĞŶ͕�Θ�'͘��ƌƵǇŶ�;�ĚƐ͘Ϳ͕ ,ĂŶĚďŽŽŬ�ŽĨ�
ĐůŝŶŝĐĂů�ŶĞƵƌŽůŽŐǇ ;sŽů͘�ϭϮϵ͕�ƉƉ͘�ϱϱʹϳϮͿ͘��ůƐĞǀŝĞƌ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ�ϵϳϴͲϬͲϰϰϰͲϲϮϲϯϬͲϭ͘ϬϬϬϬϯͲϮ
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>ŝǀĞƐĞǇ͕��͘��͕͘�tĂůů͕�D͘��͕͘�Θ�^ŵŝƚŚ͕��͘�d͘�;ϮϬϬϳͿ͘�dŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͗�ŵĂŶŝƉƵůĂƚŝŽŶ�ŽĨ�ƚĂƐŬ�ĚŝĨĨŝĐƵůƚǇ�
ĚŝƐƐŽĐŝĂƚĞƐ�ĐůŽĐŬ�ĨƵŶĐƚŝŽŶƐ�ĨƌŽŵ�ŽƚŚĞƌ�ĐŽŐŶŝƚŝǀĞ�ĚĞŵĂŶĚƐ͘ EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͕ ϰϱ;ϮͿ͕�ϯϮϭʹϯϯϭ͘��
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͘ϮϬϬϲ͘Ϭϲ͘Ϭϯϯ

>ŽŶŐ͕��͘�Z͕͘�,ĂŵŵĂĐŬ͕�:͘�d͕͘�DĂǇ͕�&͕͘�Θ��ĂŵƉďĞůů͕��͘�:͘�;ϭϵϱϴͿ͘�/ŶƚĞƌŵŝƚƚĞŶƚ�ƌĞŝŶĨŽƌĐĞŵĞŶƚ�ŽĨ�ŽƉĞƌĂŶƚ�
ďĞŚĂǀŝŽƌ�ŝŶ�ĐŚŝůĚƌĞŶ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ��ǆƉĞƌŝŵĞŶƚĂů��ŶĂůǇƐŝƐ�ŽĨ��ĞŚĂǀŝŽƌ͕ ϭ;ϰͿ͕�ϯϭϱʹϯϯϵ͘�
ĚŽŝ͗ϭϬ͘ϭϵϬϭͬũĞĂď͘ϭϵϱϴ͘ϭͲϯϭϱ

>ŽƵ͕�,͘��͕͘�,ĞŶƌŝŬƐĞŶ͕�>͕͘�Θ��ƌƵŚŶ͕�W͘�;ϭϵϴϰͿ͘�&ŽĐĂů�ĐĞƌĞďƌĂů�ŚǇƉŽƉĞƌĨƵƐŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ĚǇƐƉŚĂƐŝĂ�
ĂŶĚͬŽƌ�ĂƚƚĞŶƚŝŽŶ�ĚĞĨŝĐŝƚ�ĚŝƐŽƌĚĞƌ͘ �ƌĐŚŝǀĞƐ�ŽĨ�EĞƵƌŽůŽŐǇ͕ ϰϭ;ϴͿ͕�ϴϮϱʹϴϮϵ͘�
ĚŽŝ͗ϭϬ͘ϭϬϬϭͬĂƌĐŚŶĞƵƌ͘ϭϵϴϰ͘ϬϰϬϱϬϭϵϬϬϯϭϬϭϬ

>ŽƵƌĞŶĐŽ͕ ^͘ &͕͘ Θ >ŽŶŐŽ͕D͘ Z͘ ;ϮϬϭϭͿ͘ KƌŝŐŝŶƐ ĂŶĚ ĚĞǀĞůŽƉŵĞŶƚ ŽĨ ŐĞŶĞƌĂůŝǌĞĚŵĂŐŶŝƚƵĚĞ ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ͘
/Ŷ ^͘ �ĞŚĞĂŶĞ͕Θ��͘��ƌĂŶŶŽŶ�;�ĚƐ͘Ϳ͕�^ƉĂĐĞ͕�ƚŝŵĞ�ĂŶĚ�ŶƵŵďĞƌ�ŝŶ�ƚŚĞ�ďƌĂŝŶ�;ƉƉ͘�ϮϮϰʹϮϰϰͿ͘�>ŽŶĚŽŶ͕�h<�͗�
�ůƐĞǀŝĞƌ��ĐĂĚĞŵŝĐ�WƌĞƐƐ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ�ϵϳϴͲϬͲϭϮͲϯϴϱϵϰϴͲϴ͘ϬϬϬϭϱͲϯ

>Žǁ͕ :͘ ;ϮϬϭϬͿ͘ WƌĞƐĐŚŽŽůĞƌƐΖ ŝŵƉůŝĐŝƚ ĂŶĚ ĞǆƉůŝĐŝƚ ĨĂůƐĞͲďĞůŝĞĨ ƵŶĚĞƌƐƚĂŶĚŝŶŐ͗ ZĞůĂƚŝŽŶƐ ǁŝƚŚ ĐŽŵƉůĞǆ
ƐǇŶƚĂĐƚŝĐĂů ŵĂƐƚĞƌǇ͘��ŚŝůĚ��ĞǀĞůŽƉŵĞŶƚ͕�ϴϭ;ϮͿ͕�ϱϵϳʹϲϭϱ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϳͲϴϲϮϰ͘ϮϬϬϵ͘Ϭϭϰϭϴ͘ǆ

>ŽǁĞ͕��͘�&͕͘��ĞĂƐƚǇ͕��͕͘�Θ��ĞŶƚĂůů͕�Z͘�W͘�;ϭϵϴϯͿ͘�dŚĞ�ƌŽůĞ�ŽĨ�ǀĞƌďĂů�ďĞŚĂǀŝŽƌ�ŝŶ�ŚƵŵĂŶ�ůĞĂƌŶŝŶŐ͗�/ŶĨĂŶƚ�
ƉĞƌĨŽƌŵĂŶĐĞ�ŽŶ�ĨŝǆĞĚͲŝŶƚĞƌǀĂů�ƐĐŚĞĚƵůĞƐ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ��ǆƉĞƌŝŵĞŶƚĂů��ŶĂůǇƐŝƐ�ŽĨ��ĞŚĂǀŝŽƌ͕ ϯϵ;ϭͿ͕�
ϭϱϳʹϭϲϰ͘�ĚŽŝ͗ϭϬ͘ϭϵϬϭͬũĞĂď͘ϭϵϴϯ͘ϯϵͲϭϱϳ

>ƵĐĂƐ͕��͘�'͕͘�Θ�'ƌŝĨĨŝƚŚƐ͕�d͘�>͘�;ϮϬϬϵͿ͘�>ĞĂƌŶŝŶŐ�ƚŚĞ�&Žƌŵ�ŽĨ��ĂƵƐĂů�ZĞůĂƚŝŽŶƐŚŝƉƐ�hƐŝŶŐ�,ŝĞƌĂƌĐŚŝĐĂů�
�ĂǇĞƐŝĂŶ�DŽĚĞůƐ͘��ŽŐŶŝƚŝǀĞ�^ĐŝĞŶĐĞ͕�ϯϰ;ϭͿ͕�ϭϭϯʹϭϰϳ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϱϱϭͲϲϳϬϵ͘ϮϬϬϵ͘ϬϭϬϱϴ͘ǆ

>ƵƐƚŝŐ͕��͘��͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϭϵϵϴͿ͘��ƚƚĞŶƚŝŽŶ�ŵĞĚŝĂƚĞĚ�ƚĞŵƉŽƌĂů�ƉƌŽĐĞƐƐŝŶŐ�ĚĞĨŝĐŝƚƐ�ĂƐ�Ă ĨƵŶĐƚŝŽŶ�ŽĨ�ĂŐĞ͕�
ƐŝŐŶĂů�ŵŽĚĂůŝƚǇ͕ ĂŶĚ�ƚŝŵĞ�ŽĨ�ĚĂǇ͘�:ŽƵƌŶĂů�ŽĨ��ŽŐŶŝƚŝǀĞ EĞƵƌŽƐĐŝĞŶĐĞ͕�ϭϬ;ϱϱͿ͕�ϭϯϰʹϭϯϳ͘

DĂĐĂƌ͕�&͘�;ϭϵϵϲͿ͘�dĞŵƉŽƌĂů�ũƵĚŐŵĞŶƚƐ�ŽŶ�ŝŶƚĞƌǀĂůƐ�ĐŽŶƚĂŝŶŝŶŐ�ƐƚŝŵƵůŝ�ŽĨ�ǀĂƌǇŝŶŐ�ƋƵĂŶƚŝƚǇ͕�ĐŽŵƉůĞǆŝƚǇ�
ĂŶĚ�ƉĞƌŝŽĚŝĐŝƚǇ͘ �ĐƚĂ�WƐǇĐŚŽůŽŐŝĐĂ͕�ϵϮ;ϯͿ͕�ϮϵϳʹϯϬϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϬϭͲϲϵϭϴ;ϵϱͿϬϬϬϭϳͲϴ

DĂĐĂƌ͕�&͕͘��ŶƚŽŶ͕�:͘�>͕͘��ŽŶŶĞƚ͕�D͕͘�Θ�sŝĚĂů͕�&͘�;ϮϬϬϰͿ͘�dŝŵŝŶŐ�ĨƵŶĐƚŝŽŶƐ�ŽĨ�ƚŚĞ�ƐƵƉƉůĞŵĞŶƚĂƌǇ�ŵŽƚŽƌ�ĂƌĞĂ͗�
ĂŶ�ĞǀĞŶƚͲƌĞůĂƚĞĚ�ĨDZ/�ƐƚƵĚǇ͘ �ŽŐŶŝƚŝǀĞ��ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕ Ϯϭ;ϮͿ͕�ϮϬϲʹϮϭϱ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽŐďƌĂŝŶƌĞƐ͘ϮϬϬϰ͘Ϭϭ͘ϬϬϱ

DĂĐĂƌ͕�&͕͘��ŽƵůů͕�:͕͘�Θ�sŝĚĂů͕�&͘�;ϮϬϬϲͿ͘�dŚĞ�ƐƵƉƉůĞŵĞŶƚĂƌǇ�ŵŽƚŽƌ�ĂƌĞĂ�ŝŶ�ŵŽƚŽƌ�ĂŶĚ�ƉĞƌĐĞƉƚƵĂů�ƚŝŵĞ�
ƉƌŽĐĞƐƐŝŶŐ͗�ĨDZ/�ƐƚƵĚŝĞƐ͘ �ŽŐŶŝƚŝǀĞ�ƉƌŽĐĞƐƐŝŶŐ͕ ϳ;ϮͿ͕�ϴϵʹϵϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϬϯϯϵͲϬϬϱͲϬϬϮϱͲϳ

DĂĐĂƌ͕�&͕͘�'ƌŽŶĚŝŶ͕�^͕͘�Θ��ĂƐŝŶŝ͕�>͘�;ϭϵϵϰͿ͘��ŽŶƚƌŽůůĞĚ�ĂƚƚĞŶƚŝŽŶ�ƐŚĂƌŝŶŐ�ŝŶĨůƵĞŶĐĞƐ�ƚŝŵĞ�
ĞƐƚŝŵĂƚŝŽŶ͘DĞŵŽƌǇ�Θ��ŽŐŶŝƚŝŽŶ͕ ϮϮ;ϲͿ͕�ϲϳϯʹϲϴϲ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϵϮϱϮ



WĂŐĞ�ͮ�Ϯϵϵ

DĂĐĂƌ͕�&͕͘�>ĞũĞƵŶĞ͕�,͕͘��ŽŶŶĞƚ͕�D͕͘�&ĞƌƌĂƌĂ͕��͕͘�WŽƵƚŚĂƐ͕�s͕͘�sŝĚĂů͕�&͕͘�Θ�DĂƋƵĞƚ͕�W͘�;ϮϬϬϮͿ͘��ĐƚŝǀĂƚŝŽŶ�ŽĨ�
ƚŚĞ�ƐƵƉƉůĞŵĞŶƚĂƌǇ�ŵŽƚŽƌ�ĂƌĞĂ�ĂŶĚ�ŽĨ�ĂƚƚĞŶƚŝŽŶĂů�ŶĞƚǁŽƌŬƐ�ĚƵƌŝŶŐ�ƚĞŵƉŽƌĂů�
ƉƌŽĐĞƐƐŝŶŐ͘ �ǆƉĞƌŝŵĞŶƚĂů��ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕ ϭϰϮ;ϰͿ͕�ϰϳϱʹϰϴϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϮϮϭͲϬϬϭͲϬϵϱϯͲϬ

DĂŐŶĂŶŝ͕��͕͘�Θ�DƵƐĞƚƚŝ͕��͘�;ϮϬϭϳͿ͘�/ŶŶĂƚĞ�ĂŶĚ�ĐƵůƚƵƌĂů�ƐƉĂƚŝĂů�ƚŝŵĞ͗���ĚĞǀĞůŽƉŵĞŶƚĂů�ƉĞƌƐƉĞĐƚŝǀĞ͘�
&ƌŽŶƚŝĞƌƐ�ŝŶ�,ƵŵĂŶ�EĞƵƌŽƐĐŝĞŶĐĞƐ͕�ϭϭ͕�Ϯϭϱ͘�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨŶŚƵŵ͘ϮϬϭϳ͘ϬϬϮϭϱ

DĂůĂƉĂŶŝ͕��͕͘�ZĂŬŝƚŝŶ͕��͕͘�>ĞǀǇ͕�Z͕͘�DĞĐŬ͕�t͘�,͕͘��ĞǁĞĞƌ͕��͕͘��ƵďŽŝƐ͕��͕͘�Θ�'ŝďďŽŶ͕�:͘�;ϭϵϵϴͿ͘��ŽƵƉůĞĚ�
ƚĞŵƉŽƌĂů�ŵĞŵŽƌŝĞƐ�ŝŶ�WĂƌŬŝŶƐŽŶΖƐ�ĚŝƐĞĂƐĞ͗�Ă�ĚŽƉĂŵŝŶĞͲƌĞůĂƚĞĚ�ĚǇƐĨƵŶĐƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ��ŽŐŶŝƚŝǀĞ�
EĞƵƌŽƐĐŝĞŶĐĞ͕ ϭϬ;ϯͿ͕�ϯϭϲʹϯϯϭ͘�ĚŽŝ͗ϭϬ͘ϭϭϲϮͬϬϴϵϴϵϮϵϵϴϱϲϮϳϲϮ

DĂŵĂƐƐŝĂŶ͕�W͕͘�>ĂŶĚǇ͕�D͕͘�Θ�DĂůŽŶĞǇ͕�>͘�d͘�;ϮϬϬϮͿ͘��ĂǇĞƐŝĂŶ�ŵŽĚĞůůŝŶŐ�ŽĨ�ǀŝƐƵĂů�ƉĞƌĐĞƉƚŝŽŶ͘�/Ŷ�Z͘�W͘�E͘�
ZĂŽ͕��͘��͘�KůƐŚĂƵƐĞŶ͕�Θ�D͘�^͘�>ĞǁŝĐŬŝ�;�ĚƐ͘Ϳ͘�WƌŽďĂďŝůŝƐƚŝĐ�ŵŽĚĞůƐ�ŽĨ�ƚŚĞ�ďƌĂŝŶ͗�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�ŶĞƵƌĂů�
ĨƵŶĐƚŝŽŶ ;ƉƉ͘�ϭϯʹϯϲͿ͘��ĂŵďƌŝĚŐĞ͕�D�͗�D/d�WƌĞƐƐ͘

DĂŶůǇ͕�d͕͘�ZŽďĞƌƚƐŽŶ͕�/͘�,͕͘��ŶĚĞƌƐŽŶ͕�s͕͘�Θ�EŝŵŵŽͲ^ŵŝƚŚ͕�/͘�;ϭϵϵϵͿ͘�dŚĞ�ƚĞƐƚ�ŽĨ�ĞǀĞƌǇĚĂǇ�ĂƚƚĞŶƚŝŽŶ�;d��Ͳ
�,Ϳ͘��ƵƌǇ�^ƚ͘��ĚŵƵŶĚƐ͕��ŶŐůĂŶĚ͗�dŚĂŵĞƐ�sĂůůĞǇ�dĞƐƚ��ŽŵƉĂŶǇ

DĂƋƵĞƐƚŝĂƵǆ͕�&͕͘�,ĂƌƚůĞǇ͕��͘��͕͘�Θ��ĞƌƚƐĐŚ͕�:͘�;ϮϬϬϰͿ͘��ĂŶ�ƉƌĂĐƚŝĐĞ�ŽǀĞƌĐŽŵĞ�ĂŐĞͲƌĞůĂƚĞĚ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�
ƚŚĞ�ƉƐǇĐŚŽůŽŐŝĐĂů�ƌĞĨƌĂĐƚŽƌǇ�ƉĞƌŝŽĚ�ĞīĞĐƚ͍�WƐǇĐŚŽůŽŐǇ�ĂŶĚ��ŐŝŶŐ͕ ϭϵ;ϰͿ͕�ϲϰϵʹϲϲϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϴϴϮͲ
ϳϵϳϰ͘ϭϵ͘ϰ͘

DĂƌŝĐƋ͕��͘�s͕͘�ZŽďĞƌƚƐ͕�^͕͘�Θ��ŚƵƌĐŚ͕�Z͘�D͘�;ϭϵϴϭͿ͘�DĞƚŚĂŵƉŚĞƚĂŵŝŶĞ�ĂŶĚ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ͘�:ŽƵƌŶĂů�ŽĨ�
�ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů��ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕�ϳ;ϭͿ͕�ϭϴʹϯϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϳͲϳϰϬϯ͘ϳ͘ϭ͘ϭϴ

DĂƚƐƵĚĂ͕�&͕͘�Θ�DĂƚƐƵĚĂ͕�D͘�;ϭϵϴϯͿ͘���ůŽŶŐŝƚƵĚŝŶĂů�ƐƚƵĚǇ�ŽĨ�ůĞĂƌŶŝŶŐ�ƉƌŽĐĞƐƐ�ŽĨ�ĚƵƌĂƚŝŽŶ�ĞƐƚŝŵĂƚŝŽŶ�ŝŶ�
ǇŽƵŶŐ�ĐŚŝůĚƌĞŶ͘ :ĂƉĂŶĞƐĞ�WƐǇĐŚŽůŽŐŝĐĂů�ZĞƐĞĂƌĐŚ͕ Ϯϱ;ϯͿ͕�ϭϭϵʹϭϮϵ͘�
ĚŽŝ͗ϭϬ͘ϰϵϵϮͬƉƐǇĐŚŽůƌĞƐϭϵϱϰ͘Ϯϱ͘ϭϭϵ

DĂƚĞůů͕�D͘�^͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϬϬͿ͘�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĐĂů�ŵĞĐŚĂŶŝƐŵƐ�ŽĨ�ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ�
ďĞŚĂǀŝŽƌ͘ �ŝŽĞƐƐĂǇƐ͕ ϮϮ;ϭͿ͕�ϵϰʹϭϬϯ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϮͬ;^/�/ͿϭϱϮϭͲϭϴϳϴ;ϮϬϬϬϬϭͿϮϮ͗ϭфϵϰ͗͗�/�Ͳ
�/�^ϭϰхϯ͘Ϭ͘�K͖ϮͲ�

DĂƚĞůů͕�D͘�^͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϬϰͿ͘��ŽƌƚŝĐŽͲƐƚƌŝĂƚĂů�ĐŝƌĐƵŝƚƐ�ĂŶĚ�ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ͗�ĐŽŝŶĐŝĚĞŶĐĞ�ĚĞƚĞĐƚŝŽŶ�ŽĨ�
ŽƐĐŝůůĂƚŽƌǇ�ƉƌŽĐĞƐƐĞƐ͘ �ŽŐŶŝƚŝǀĞ�ďƌĂŝŶ�ƌĞƐĞĂƌĐŚ͕ Ϯϭ;ϮͿ͕�ϭϯϵʹϭϳϬ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽŐďƌĂŝŶƌĞƐ͘ϮϬϬϰ͘Ϭϲ͘ϬϭϮ

DĂƚĞůů͕�D͘�^͕͘�DĞĐŬ͕�t͘�,͕͘�Θ�EŝĐŽůĞůŝƐ͕�D͘��͘�;ϮϬϬϯͿ͘�/ŶƚĞƌǀĂů�ƚŝŵŝŶŐ�ĂŶĚ�ƚŚĞ�ĞŶĐŽĚŝŶŐ�ŽĨ�ƐŝŐŶĂů�ĚƵƌĂƚŝŽŶ�
ďǇ�ĞŶƐĞŵďůĞƐ�ŽĨ�ĐŽƌƚŝĐĂů�ĂŶĚ�ƐƚƌŝĂƚĂů�ŶĞƵƌŽŶƐ͘ �ĞŚĂǀŝŽƌĂů�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϭϭϳ;ϰͿ͕�ϳϲϬʹϳϳϯ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϳϯϱͲϳϬϰϰ͘ϭϭϳ͘ϰ͘ϳϲϬ

DĂƚƚŚĞǁƐ͕�t͘�:͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϭϲͿ͘�dĞŵƉŽƌĂů�ĐŽŐŶŝƚŝŽŶ͗��ŽŶŶĞĐƚŝŶŐ�ƐƵďũĞĐƚŝǀĞ�ƚŝŵĞ�ƚŽ�ƉĞƌĐĞƉƚŝŽŶ͕�
ĂƚƚĞŶƚŝŽŶ͕�ĂŶĚ�ŵĞŵŽƌǇ͘ WƐǇĐŚŽůŽŐŝĐĂů�ďƵůůĞƚŝŶ͕ ϭϰϮ;ϴͿ͕�ϴϲϱʹϵϬϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬďƵůϬϬϬϬϬϰϱ



WĂŐĞ�ͮ�ϯϬϬ

DĂƵŬ͕�D͘��͕͘�Θ��ƵŽŶŽŵĂŶŽ͕��͘�s͘�;ϮϬϬϰͿ͘�dŚĞ�ŶĞƵƌĂů�ďĂƐŝƐ�ŽĨ�ƚĞŵƉŽƌĂů�ƉƌŽĐĞƐƐŝŶŐ͘ �ŶŶƵĂů�ZĞǀŝĞǁ�ŽĨ�
EĞƵƌŽƐĐŝĞŶĐĞ͕ Ϯϳ͕�ϯϬϳʹϯϰϬ͘�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ŶĞƵƌŽ͘Ϯϳ͘ϬϳϬϮϬϯ͘ϭϰϰϮϰϳ

DĂǇĞƌ͕��͘�Z͕͘�tŝůĐŽǆ͕��͘��͕͘�dĞƐŚŝďĂ͕�d͘�D͕͘�>ŝŶŐ͕�:͘�D͕͘�Θ�zĂŶŐ͕��͘�;ϮϬϭϯͿ͘�,ǇƉĞƌĂĐƚŝǀĂƚŝŽŶ�ŽĨ�ƚŚĞ�ĐŽŐŶŝƚŝǀĞ�
ĐŽŶƚƌŽů�ŶĞƚǁŽƌŬ�ŝŶ�ĐŽĐĂŝŶĞ�ƵƐĞ�ĚŝƐŽƌĚĞƌƐ�ĚƵƌŝŶŐ�Ă�ŵƵůƚŝƐĞŶƐŽƌǇ�^ƚƌŽŽƉ�ƚĂƐŬ͘��ƌƵŐ�ĂŶĚ�ĂůĐŽŚŽů�
ĚĞƉĞŶĚĞŶĐĞ͕�ϭϯϯ;ϭͿ͕�ϮϯϱʹϮϰϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĚƌƵŐĂůĐĚĞƉ͘ϮϬϭϯ͘Ϭϰ͘ϬϮϵ

DĞůůŽŶŝ͕�>͕͘�DŽůŝŶĂ͕��͕͘�WĞŶĂ͕�D͕͘�dŽƌƌĞƐ͕��͕͘�^ŝŶŐĞƌ͕�t͕͘�Θ�ZŽĚƌŝŐƵĞǌ͕��͘�;ϮϬϬϳͿ͘�^ǇŶĐŚƌŽŶŝǌĂƚŝŽŶ�ŽĨ�ŶĞƵƌĂů�
ĂĐƚŝǀŝƚǇ�ĂĐƌŽƐƐ�ĐŽƌƚŝĐĂů�ĂƌĞĂƐ�ĐŽƌƌĞůĂƚĞƐ�ǁŝƚŚ�ĐŽŶƐĐŝŽƵƐ�ƉĞƌĐĞƉƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ�ŶĞƵƌŽƐĐŝĞŶĐĞ͕ Ϯϳ;ϭϭͿ͕�
ϮϴϱϴʹϮϴϲϱ͘�ĚŽŝ͗ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϰϲϮϯͲϬϲ͘ϮϬϬϳ

DĐ�ƵůĞǇ͕�:͘��͕͘�Θ�:ŽŶĞƐ͕�D͘�Z͘�;ϮϬϬϯͿ͘�DŽĚĞůŝŶŐ�ĞīĞĐƚƐ�ŽĨ�ƌŚǇƚŚŵŝĐ�ĐŽŶƚĞǆƚ�ŽŶ�ƉĞƌĐĞŝǀĞĚ�ĚƵƌĂƚŝŽŶ͗���
ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ŝŶƚĞƌǀĂů�ĂŶĚ�ĞŶƚƌĂŝŶŵĞŶƚ�ĂƉƉƌŽĂĐŚĞƐ�ƚŽ�ƐŚŽƌƚͲŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�
WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�WĞƌĨŽƌŵĂŶĐĞ͕ Ϯϵ;ϲͿ͕�ϭϭϬϮʹϭϭϮϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϲͲ
ϭϱϮϯ͘Ϯϵ͘ϲ͘ϭϭϬϮͲϭϭϮϱ͘

DĐ�ƵůĞǇ͕�:͕͘�:ŽŶĞƐ͕�D͕͘�,ŽůƵď͕�^͕͘�:ŽŚŶƐƚŽŶ͕�,͕͘�Θ�DŝůůĞƌ͕�E͘�;ϮϬϬϲͿ͘�dŚĞ�ƚŝŵĞ�ŽĨ�ŽƵƌ�ůŝǀĞƐ͗�>ŝĨĞ�ƐƉĂŶ�
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŝŵŝŶŐ�ĂŶĚ�ĞǀĞŶƚ�ƚƌĂĐŬŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�'ĞŶĞƌĂů͕�ϭϯϱ;ϯͿ͕�ϯϰϴʹ
ϯϲϳ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϲͲϯϰϰϱ͘ϭϯϱ͘ϯ͘

DĐ�ŽƌŵĂĐŬ͕�d͘�;ϮϬϭϱͿ͘�dŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚĞŵƉŽƌĂů�ĐŽŐŶŝƚŝŽŶ͘�/Ŷ�Z͘�D͘�>ĞƌŶĞƌ�;�Ě͘Ϳ͕�,ĂŶĚďŽŽŬ�ŽĨ�ĐŚŝůĚ�
ƉƐǇĐŚŽůŽŐǇ�ĂŶĚ�ĚĞǀĞůŽƉŵĞŶƚĂů�ƐĐŝĞŶĐĞ ;ϳƚŚ�ĞĚ͕͘�sŽů͘�Ϯ͕�ƉƉ͘�ϲϮϰʹϲϳϬͿ͘�EĞǁ�zŽƌŬ͕�Ez͗�tŝůĞǇ͘�
ĚŽŝ͗ϭϬ͘ϭϬϬϮͬϵϳϴϭϭϭϴϵϲϯϰϭϴ͘ĐŚŝůĚƉƐǇϮϭϱ

DĐ�ŽƌŵĂĐŬ͕�d͕͘��ƌŽǁŶ͕�'͘��͘��͕͘�DĂǇůŽƌ͕��͘��͕͘��ĂƌďǇ͕��͕͘�Θ�'ƌĞĞŶ͕��͘�;ϭϵϵϵͿ͘��ĞǀĞůŽƉŵĞŶƚĂů�ĐŚĂŶŐĞƐ�ŝŶ�
ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�͗��ŽŵƉĂƌŝŶŐ�ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ŽůĚ�ĂŐĞ͘ �ĞǀĞůŽƉŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕�ϯϱ;ϰͿ͕�ϭϭϰϯʹϭϭϱϱ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϭϮͲϭϲϰϵ͘ϯϱ͘ϰ͘ϭϭϰϯ

DĐ�ŽƌŵĂĐŬ͕ d͕͘ Θ ,ŽĞƌů͕ �͘ ;ϮϬϭϳͿ͘ dŚĞ ĚĞǀĞůŽƉŵĞŶƚ ŽĨ ƚĞŵƉŽƌĂů ĐŽŶĐĞƉƚƐ͗ >ĞĂƌŶŝŶŐ ƚŽ ůŽĐĂƚĞ ĞǀĞŶƚƐ ŝŶ
ƚŝŵĞ͘ dŝŵŝŶŐ ĂŶĚ�dŝŵĞ�WĞƌĐĞƉƚŝŽŶ͕�ϱ;ϯʹϰͿ͕�ϮϵϳʹϯϮϳ͘ ĚŽŝ͗ϭϬ͘ϭϭϲϯͬϮϮϭϯϰϰϲϴͲϬϬϬϬϮϬϵϰ

DĐ�ŽƌŵĂĐŬ͕�d͕͘�tĞĂƌĚĞŶ͕�:͘�,͕͘�^ŵŝƚŚ͕�D͘��͕͘�Θ��ƌŽǁŶ͕�'͘��͘��͘�;ϮϬϬϱͿ͘��ƉŝƐŽĚŝĐ�ƚĞŵƉŽƌĂů�ŐĞŶĞƌĂůŝǌĂƚŝŽŶ͗�
��ĚĞǀĞůŽƉŵĞŶƚĂů�ƐƚƵĚǇ͘ dŚĞ�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϱϴ;ϰͿ͕�ϲϵϯʹϳϬϰ͘�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϳϮϰϵϴϬϰϰϯϬϬϬϮϱϬ

DĞĂƵǆ͕�:͘��͕͘�Θ��ŚĞůŽŶŝƐ͕�:͘�:͘�;ϮϬϬϯͿ͘�dŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�ĚŝĨĨĞƌĞŶĐĞƐ�ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�ĂŶĚ�ǁŝƚŚŽƵƚ�
��,�͘ :ŽƵƌŶĂů�ŽĨ�ƉĞĚŝĂƚƌŝĐ�ŚĞĂůƚŚ�ĐĂƌĞ͕ ϭϳ;ϮͿ͕�ϲϰʹϳϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϲϳͬŵƉŚ͘ϮϬϬϯ͘Ϯϲ

DĞĐŬ͕ t͘ ,͘ ;ϭϵϴϯͿ͘ ^ĞůĞĐƚŝǀĞ ĂĚũƵƐƚŵĞŶƚ ŽĨ ƚŚĞ ƐƉĞĞĚ ŽĨ ŝŶƚĞƌŶĂů ĐůŽĐŬ ĂŶĚŵĞŵŽƌǇ ƉƌŽĐĞƐƐĞƐ͘ :ŽƵƌŶĂů
ŽĨ �ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů��ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕�ϵ;ϮͿ͕�ϭϳϭʹϮϬϭ͘ĚŽŝ͗ϭϬ͘ϭϬϯϳͬͬϬϬϵϳͲ
ϳϰϬϯ͘ϵ͘Ϯ͘ϭϳϭ



WĂŐĞ�ͮ�ϯϬϭ

DĞĐŬ͕�t͘�,͘�;ϭϵϴϰͿ͘��ƚƚĞŶƚŝŽŶĂů��ŝĂƐ�ďĞƚǁĞĞŶ�DŽĚĂůŝƚŝĞƐ͗��ĨĨĞĐƚ�ŽŶ�ƚŚĞ�/ŶƚĞƌŶĂů��ůŽĐŬ͕�DĞŵŽƌǇ͕�ĂŶĚ�
�ĞĐŝƐŝŽŶ�^ƚĂŐĞƐ�hƐĞĚ�ŝŶ��ŶŝŵĂů�dŝŵĞ��ŝƐĐƌŝŵŝŶĂƚŝŽŶ�Ă͘ �ŶŶĂůƐ�ŽĨ�ƚŚĞ�EĞǁ�zŽƌŬ��ĐĂĚĞŵǇ�ŽĨ�
ƐĐŝĞŶĐĞƐ͕ ϰϮϯ;ϭͿ͕�ϱϮϴʹϱϰϭ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϳϰϵͲϲϲϯϮ͘ϭϵϴϰ͘ƚďϮϯϰϱϳ͘ǆ

DĞĐŬ͕�t͘�,͘�;ϮϬϬϱͿ͘�EĞƵƌŽƉƐǇĐŚŽůŽŐǇ�ŽĨ�ƚŝŵŝŶŐ�ĂŶĚ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘��ƌĂŝŶ�ĂŶĚ��ŽŐŶŝƚŝŽŶ͕�ϱϴ;ϭͿ͕�ϭʹϴ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĂŶĚĐ͘ϮϬϬϰ͘Ϭϵ͘ϬϬϰ

DĞĐŬ͕�t͘�,͕͘�Θ��ĞŶƐŽŶ͕��͘�D͘�;ϮϬϬϮͿ͘��ŝƐƐĞĐƚŝŶŐ�ƚŚĞ�ďƌĂŝŶΖƐ�ŝŶƚĞƌŶĂů�ĐůŽĐŬ͗�ŚŽǁ�ĨƌŽŶƚĂůʹƐƚƌŝĂƚĂů�ĐŝƌĐƵŝƚƌǇ�
ŬĞĞƉƐ�ƚŝŵĞ�ĂŶĚ�ƐŚŝĨƚƐ�ĂƚƚĞŶƚŝŽŶ͘ �ƌĂŝŶ�ĂŶĚ��ŽŐŶŝƚŝŽŶ͕ ϰϴ;ϭͿ͕�ϭϵϱʹϮϭϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϲͬďƌĐŐ͘ϮϬϬϭ͘ϭϯϭϯ

DĞĐŬ͕�t͘�,͕͘�Θ��ŚƵƌĐŚ͕�Z͘�D͘�;ϭϵϴϰͿ͘�^ŝŵƵůƚĂŶĞŽƵƐ�ƚĞŵƉŽƌĂů�ƉƌŽĐĞƐƐŝŶŐ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�
WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů��ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕ ϭϬ;ϭͿ͕�ϭʹϮϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϳͲϳϰϬϯ͘

DĞĐŬ͕�t͘�,͕͘�Θ�DĂĐ�ŽŶĂůĚ͕��͘�:͘�;ϮϬϬϳͿ͘��ŵǇŐĚĂůĂ�ŝŶĂĐƚŝǀĂƚŝŽŶ�ƌĞǀĞƌƐĞƐ�ĨĞĂƌΖƐ�ĂďŝůŝƚǇ�ƚŽ�ŝŵƉĂŝƌ�ĚŝǀŝĚĞĚ�
ĂƚƚĞŶƚŝŽŶ�ĂŶĚ�ŵĂŬĞ�ƚŝŵĞ�ƐƚĂŶĚ�Ɛƚŝůů͘��ĞŚĂǀŝŽƌĂů�EĞƵƌŽƐĐŝĞŶĐĞ͕�ϭϮϭ;ϰͿ͕�ϳϬϳʹϳϮϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϳϯϱͲ
ϳϬϰϰ͘ϭϮϭ͘ϰ͘ϳϬϳ

DĞĐŬ͕�t͘�,͕͘�Θ�EΖ�ŝĂǇĞ͕�<͘�;ϮϬϬϱͿ͘�hŶ�ŵŽĚğůĞ�ŶĞƵƌŽďŝŽůŽŐŝƋƵĞ�ĚĞ�ůĂ�ƉĞƌĐĞƉƚŝŽŶ�Ğƚ�ĚĞ�ůΖĞƐƚŝŵĂƚŝŽŶ�ĚƵ�
ƚĞŵƉƐ͘ WƐǇĐŚŽůŽŐŝĞ�&ƌĂŶĕĂŝƐĞ͕ ϱϬ;ϭͿ͕�ϰϳʹϲϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƉƐĨƌ͘ϮϬϬϰ͘ϭϬ͘ϬϬϵ

DĞĐŬ͕�t͘�,͕͘�WĞŶŶĞǇ͕�d͘��͕͘�Θ�WŽƵƚŚĂƐ͕�s͘�;ϮϬϬϴͿ͘��ŽƌƚŝĐŽͲƐƚƌŝĂƚĂů�ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ�ŽĨ�ƚŝŵĞ�ŝŶ�ĂŶŝŵĂůƐ�ĂŶĚ�
ŚƵŵĂŶƐ͘��ƵƌƌĞŶƚ�KƉŝŶŝŽŶ�ŝŶ�EĞƵƌŽďŝŽůŽŐǇ͕�ϭϴ;ϮͿ͕�ϭϰϱʹϭϱϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽŶď͘ϮϬϬϴ͘Ϭϴ͘ϬϬϮ

DĞĐŬ͕�t͘�,͕͘�Θ�tŝůůŝĂŵƐ͕��͘�>͘�;ϭϵϵϳͿ͘�^ŝŵƵůƚĂŶĞŽƵƐ�ƚĞŵƉŽƌĂů�ƉƌŽĐĞƐƐŝŶŐ�ŝƐ�ƐĞŶƐŝƚŝǀĞ�ƚŽ�ƉƌĞŶĂƚĂů�ĐŚŽůŝŶĞ�
ĂǀĂŝůĂďŝůŝƚǇ�ŝŶ�ŵĂƚƵƌĞ�ĂŶĚ�ĂŐĞĚ�ƌĂƚƐ͘�EĞƵƌŽƌĞƉŽƌƚ͕ ϴ;ϭϰͿ͕�ϯϬϰϱʹϯϬϱϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϵϳͬϬϬϬϬϭϳϱϲͲ
ϭϵϵϳϬϵϮϵϬͲϬϬϬϬϵ

DĞůŐŝƌĞ͕�D͕͘�ZĂŐŽƚ͕�Z͕͘�^ĂŵƐŽŶ͕�^͕͘�WĞŶŶĞǇ͕�d͘��͕͘�DĞĐŬ͕�t͘�,͕͘�Θ�WŽƵƚŚĂƐ͕�s͘�;ϮϬϬϱͿ͘��ƵĚŝƚŽƌǇͬǀŝƐƵĂů�
ĚƵƌĂƚŝŽŶ�ďŝƐĞĐƚŝŽŶ�ŝŶ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�ůĞĨƚ�Žƌ�ƌŝŐŚƚ�ŵĞĚŝĂůͲƚĞŵƉŽƌĂů�ůŽďĞ�ƌĞƐĞĐƚŝŽŶ͘ �ƌĂŝŶ�ĂŶĚ�
ĐŽŐŶŝƚŝŽŶ͕ ϱϴ;ϭͿ͕�ϭϭϵʹϭϮϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĂŶĚĐ͘ϮϬϬϰ͘Ϭϵ͘Ϭϭϯ

DĞƌĐŚĂŶƚ͕�,͕͘�,ĂƌƌŝŶŐƚŽŶ͕��͘�>͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϭϯͿ͘�EĞƵƌĂů�ďĂƐŝƐ�ŽĨ�ƚŚĞ ƉĞƌĐĞƉƚŝŽŶ�ĂŶĚ�ĞƐƚŝŵĂƚŝŽŶ�ŽĨ�
ƚŝŵĞ͘��ŶŶƵĂů�ZĞǀŝĞǁ�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕�ϯϲ͕�ϯϭϯʹϯϯϲ͘�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬ�ĂŶŶƵƌĞǀͲŶĞƵƌŽͲϬϲϮϬϭϮͲϭϳϬϯϰϵ

DĞƌŵŝůůŽĚ͕�D͕͘��ŽŶŝŶ͕�W͕͘�DĠŽƚ͕��͕͘�&ĞƌƌĂŶĚ͕�>͕͘�Θ�WĂŝŶĚĂǀŽŝŶĞ͕�D͘�;ϮϬϭϮͿ͘��ŽŵƉƵƚĂƚŝŽŶĂů�ĞǀŝĚĞŶĐĞ�ƚŚĂƚ�
ĨƌĞƋƵĞŶĐǇ�ƚƌĂũĞĐƚŽƌǇ�ƚŚĞŽƌǇ�ĚŽĞƐ�ŶŽƚ�ŽƉƉŽƐĞ�ďƵƚ�ĞŵĞƌŐĞƐ�ĨƌŽŵ�ĂŐĞͲŽĨͲĂĐƋƵŝƐŝƚŝŽŶ�ƚŚĞŽƌǇ͘ �ŽŐŶŝƚŝǀĞ�
^ĐŝĞŶĐĞ͕ ϯϲ;ϴͿ͕�ϭϰϵϵʹϭϱϯϭ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϱϱϭͲϲϳϬϵ͘ϮϬϭϮ͘ϬϭϮϲϲ͘ǆ

DĞǇĞƌ͕��͘��͕͘�Θ�<ŝĞƌĂƐ͕��͘��͘�;ϭϵϵϳͿ͘���ĐŽŵƉƵƚĂƚŝŽŶĂů�ƚŚĞŽƌǇ�ŽĨ�ĞǆĞĐƵƚŝǀĞ�ĐŽŐŶŝƚŝǀĞ�ƉƌŽĐĞƐƐĞƐ�ĂŶĚ�
ŵƵůƚŝƉůĞͲƚĂƐŬ�ƉĞƌĨŽƌŵĂŶĐĞ͗�WĂƌƚ�Ϯ͘��ĐĐŽƵŶƚƐ�ŽĨ�ƉƐǇĐŚŽůŽŐŝĐĂů�ƌĞĨƌĂĐƚŽƌǇͲƉĞƌŝŽĚ�
ƉŚĞŶŽŵĞŶĂ͘ WƐǇĐŚŽůŽŐŝĐĂů�ZĞǀŝĞǁ͕ ϭϬϰ;ϰͿ͕�ϳϰϵʹϳϵϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϯϯͲϮϵϱy͘ϭϬϰ͘ϰ͘ϳϰϵ

DŝĂůů͕��͘�;ϭϵϴϵͿ͘�dŚĞ�ƐƚŽƌĂŐĞ�ŽĨ�ƚŝŵĞ�ŝŶƚĞƌǀĂůƐ�ƵƐŝŶŐ�ŽƐĐŝůůĂƚŝŶŐ�ŶĞƵƌŽŶƐ͘ EĞƵƌĂů��ŽŵƉƵƚĂƚŝŽŶ͕ ϭ;ϯͿ͕�ϯϱϵʹ
ϯϳϭ͘�ĚŽŝ͗ϭϬ͘ϭϭϲϮͬŶĞĐŽ͘ϭϵϴϵ͘ϭ͘ϯ͘ϯϱϵ



WĂŐĞ�ͮ�ϯϬϮ

DŝĐŚŽŶ͕�:͘��͕͘�WŽƵƚŚĂƐ͕�s͘��͕͘�Θ�:ĂĐŬƐŽŶ͕�:͘�>͘�;ϭϵϴϴͿ͘ 'ƵǇĂƵ�ĂŶĚ�ƚŚĞ�/ĚĞĂ�ŽĨ�dŝŵĞ͘�KǆĨŽƌĚ͕�h<�͗�EŽƌƚŚͲ
,ŽůůĂŶĚ͘

DŝŬŽůŽǀ͕�d͕͘�:ŽƵůŝŶ͕��͕͘��ŚŽƉƌĂ͕�^͕͘�DĂƚŚŝĞƵ͕�D͕͘�Θ�ZĂŶǌĂƚŽ͕�D͘��͘�;ϮϬϭϰͿ͘�>ĞĂƌŶŝŶŐ�ůŽŶŐĞƌ�ŵĞŵŽƌǇ�ŝŶ�
ƌĞĐƵƌƌĞŶƚ�ŶĞƵƌĂů�ŶĞƚǁŽƌŬƐ͘ Ăƌyŝǀ�ƉƌĞƉƌŝŶƚ�Ăƌyŝǀ͗ϭϰϭϮ͘ϳϳϱϯ͘�ƌĞƉĠƌĠ�ă�͗�
ŚƚƚƉƐ͗ͬͬƉĚĨƐ͘ƐĞŵĂŶƚŝĐƐĐŚŽůĂƌ͘ŽƌŐͬϵϲϲϱͬϮϰϳĞĂϯϰϮϭϵϮϵĨϵďϲĂĚϳϮϭĨϭϯϵĨϭϭĞĚďϭĚďďϴ͘ƉĚĨ

DŝŽŶŝ͕�'͕͘�^ƚĂďůƵŵ͕�&͕͘�DĐ�ůŝŶƚŽĐŬ͕�^͘�D͕͘�Θ�'ƌŽŶĚŝŶ͕�^͘�;ϮϬϭϰͿ͘��ŝĨĨĞƌĞŶƚ�ŵĞƚŚŽĚƐ�ĨŽƌ�ƌĞƉƌŽĚƵĐŝŶŐ�ƚŝŵĞ͕�
ĚŝĨĨĞƌĞŶƚ�ƌĞƐƵůƚƐ͘ �ƚƚĞŶƚŝŽŶ͕�WĞƌĐĞƉƚŝŽŶ͕�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϳϲ;ϯͿ͕�ϲϳϱʹϲϴϭ͘ ĚŽŝ͗ϭϬ͘ϯϳϱϴͬƐϭϯϰϭϰͲϬϭϰͲ
ϬϲϮϱͲϯ

DŝǇĂǌĂŬŝ͕�D͕͘�EŽǌĂŬŝ͕��͕͘�Θ�EĂŬĂũŝŵĂ͕�z͘�;ϮϬϬϱͿ͘�dĞƐƚŝŶŐ��ĂǇĞƐŝĂŶ�ŵŽĚĞůƐ�ŽĨ�ŚƵŵĂŶ�ĐŽŝŶĐŝĚĞŶĐĞ�ƚŝŵŝŶŐ͘�
:ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƉŚǇƐŝŽůŽŐǇ͕�ϵϰ;ϭͿ͕�ϯϵϱʹϯϵϵ͘�ĚŽŝ͗ϭϬ͘�ϭϭϱϮͬũŶ͘Ϭϭϭϲϴ͘ϮϬϬϰ͘

DŽŶŝĞƌ͕�&͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϴͿ͘�^ǇŶĐŚƌŽŶǇ�ĂŶĚ�ĞŵŽƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͘ /ŶƚĞƌŶĂƚŝŽŶĂů�:ŽƵƌŶĂů�
ŽĨ�WƐǇĐŚŽůŽŐǇ͕ ϱϯ;ϯͿ͕�ϭϴϰʹϭϵϯ͘ ĚŽŝ͗ϭϬ͘ϭϬϬϮͬŝũŽƉ͘ϭϮϯϲϯ

DŽŶƚĂŶŐĞƌŽ͕�:͘�;ϭϵϴϴͿ͘�>Ğ�ĚĠǀĞůŽƉƉĞŵĞŶƚ�ĚĞ�ůĂ�ĐŽŶŶĂŝƐƐĂŶĐĞ�ĚƵ�ƚĞŵƉƐ͘�YƵĞůƋƵĞƐ�ĂƐƉĞĐƚƐ�
ĨŽŶĚĂŵĞŶƚĂƵǆ͘�>Ğ�:ŽƵƌŶĂů�ĚĞƐ�WƐǇĐŚŽůŽŐƵĞƐ͕�ϯϱʹϰϴ͘

DŽŶƚĂŶŐĞƌŽ͕�:͘�;ϮϬϬϭͿ͘��ŽŵŵĞŶƚ�ů͛ĞŶĨĂŶƚ�ĐŽŵƉƌĞŶĚ�ůĞ�ƚĞŵƉƐ͘ >Ă�ƌĞĐŚĞƌĐŚĞ͕�ŚŽƌƐͲƐĠƌŝĞ͕ ϱ͕�ϴϴʹϵϭ͘

DŽŶƚŐŽŵĞƌǇ͕��͘��͕͘�Θ�<ŽĞůƚǌŽǁ͕�d͘��͘�;ϮϬϭϬͿ͘���ƌĞǀŝĞǁ�ŽĨ�ƚŚĞ�ĚĂǇʹŶŝŐŚƚ�ƚĂƐŬ͗�dŚĞ�^ƚƌŽŽƉ�ƉĂƌĂĚŝŐŵ�ĂŶĚ�
ŝŶƚĞƌĨĞƌĞŶĐĞ�ĐŽŶƚƌŽů�ŝŶ�ǇŽƵŶŐ�ĐŚŝůĚƌĞŶ͘ �ĞǀĞůŽƉŵĞŶƚĂů�ZĞǀŝĞǁ͕ ϯϬ;ϯͿ͕�ϯϬϴʹϯϯϬ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘Ěƌ͘ϮϬϭϬ͘Ϭϳ͘ϬϬϭ

DŽƌĞǇ͕�Z͘��͕͘�ZŽƵĚĞƌ͕�:͘�E͕͘�Θ�:Ăŵŝů͕�d͘�;ϮϬϭϰͿ͘��ĂǇĞƐ&ĂĐƚŽƌ͗��ŽŵƉƵƚĂƚŝŽŶ�ŽĨ��ĂǇĞƐ�ĨĂĐƚŽƌƐ�ĨŽƌ�ĐŽŵŵŽŶ�
ĚĞƐŝŐŶƐ͘�Z�WĂĐŬĂŐĞ�sĞƌƐŝŽŶ͘�Ϭ͘ϵ;ϴͿ͘

DŽƌŐĂŶ͕�D͘�:͕͘�'ŝŽƌĂ͕��͕͘�Θ�^ŽůŽŵŽŶ͕�:͘��͘�;ϮϬϬϴͿ͘���ƐŝŶŐůĞ�͞ƐƚŽƉǁĂƚĐŚ͟�ĨŽƌ�ĚƵƌĂƚŝŽŶ�ĞƐƚŝŵĂƚŝŽŶ͕�Ă�ƐŝŶŐůĞ�
͞ƌƵůĞƌ͟�ĨŽƌ�ƐŝǌĞ͘ :ŽƵƌŶĂů�ŽĨ�sŝƐŝŽŶ͕ ϴ;ϮͿ͕�ϭϰʹϭϰ͘ ĚŽŝ͗ϭϬ͘ϭϭϲϳͬϴ͘Ϯ͘ϭϰ

DŽƌƌŝƐ͕�E͕͘�Θ�:ŽŶĞƐ͕��͘�D͘�;ϭϵϵϬͿ͘�DĞŵŽƌǇ�ƵƉĚĂƚŝŶŐ�ŝŶ�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͗�dŚĞ�ƌŽůĞ�ŽĨ�ƚŚĞ�ĐĞŶƚƌĂů�
ĞǆĞĐƵƚŝǀĞ͘ �ƌŝƚŝƐŚ�ũŽƵƌŶĂů�ŽĨ�ƉƐǇĐŚŽůŽŐǇ͕ ϴϭ;ϮͿ͕�ϭϭϭʹϭϮϭ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϮϬϰϰͲϴϮϵϱ͘ϭϵϵϬ͘ƚďϬϮϯϰϵ͘ǆ

DƵŚƐ͕�<͘�^͕͘�<ĂƌǁŽǁƐŬŝ͕�t͕͘�Θ�<ĞƌŶ͕��͘�;ϮϬϭϴͿ͘�dĞŵƉŽƌĂů�ǀĂƌŝĂďŝůŝƚǇ�ŝŶ�ŚƵŵĂŶ�ƉĞƌĨŽƌŵĂŶĐĞ͗���ƐǇƐƚĞŵĂƚŝĐ�
ůŝƚĞƌĂƚƵƌĞ�ƌĞǀŝĞǁ͘ /ŶƚĞƌŶĂƚŝŽŶĂů�:ŽƵƌŶĂů�ŽĨ�ŝŶĚƵƐƚƌŝĂů�ĞƌŐŽŶŽŵŝĐƐ͕ ϲϰ͕�ϯϭʹϱϬ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĞƌŐŽŶ͘ϮϬϭϳ͘ϭϬ͘ϬϬϮ

DƵƌŝƐ͕�W͕͘�DĂǇĞƌ͕��͕͘�ǀĂŶ�>ŝŶƚ͕��͕͘�Θ�,ŽĨŵĂŶ͕�^͘�;ϮϬϬϴͿ͘��ƚƚĞŶƚŝŽŶĂů�ĐŽŶƚƌŽů�ĂŶĚ�ƉƐǇĐŚŽƉĂƚŚŽůŽŐŝĐĂů�
ƐǇŵƉƚŽŵƐ�ŝŶ�ĐŚŝůĚƌĞŶ͘ WĞƌƐŽŶĂůŝƚǇ�ĂŶĚ�/ŶĚŝǀŝĚƵĂů��ŝĨĨĞƌĞŶĐĞƐ͕ ϰϰ;ϳͿ͕�ϭϰϵϱʹϭϱϬϱ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƉĂŝĚ͘ϮϬϬϴ͘Ϭϭ͘ϬϬϲ



WĂŐĞ�ͮ�ϯϬϯ

EĂƚŚĞƌ͕ &͘�͕͘Θ�ƵĞŶŽ͕ :͘ >͘K͘ ;ϮϬϬϴͿ͘DŽǀĞŵĞŶƚ ƌĂŶŬŝŶŐƐĐĂůĞŽĨŚƵŵĂŶďŽĚǇƐƚĂƚŝĐ ŝŵĂŐĞƐ ĨŽƌ ƐƵďũĞĐƚŝǀĞ
ƚŝŵŝŶŐĞƐƚŝŵĂƚŝŽŶ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�&ĞĐŚŶĞƌ��ĂǇ͕�Ϯϰ;ϭͿ͕�ϭϴϱʹϭϵϬ͘

EĂƚŚĞƌ͕ &͘�͕͘�ƵĞŶŽ͕ :͘ >͕͘�ŝŐĂŶĚ͕�͕͘Θ�ƌŽŝƚͲsŽůĞƚ͕^͘ ;ϮϬϭϭͿ͘dŝŵĞĐŚĂŶŐĞƐǁŝƚŚ ƚŚĞĞŵďŽĚŝŵĞŶƚŽĨ
ĂŶŽƚŚĞƌΖƐďŽĚǇƉŽƐƚƵƌĞ͘�W>Ž^KŶĞ͕�ϲ;ϱͿ͕�Ğϭϵϴϭϴ͘�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϭϵϴϭϴ

EĂǀŽŶ͕��͕͘�Θ�'ŽƉŚĞƌ͕��͘�;ϭϵϳϵͿ͘�KŶ�ƚŚĞ�ĞĐŽŶŽŵǇ�ŽĨ�ƚŚĞ�ŚƵŵĂŶͲƉƌŽĐĞƐƐŝŶŐ�ƐǇƐƚĞŵ͘�WƐǇĐŚŽůŽŐŝĐĂů�
ZĞǀŝĞǁ͕ ϴϲ;ϯͿ͕�ϮϭϰʹϮϱϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϯϯͲϮϵϱy͘ϴϲ͘ϯ͘Ϯϭϰ

EĂǀŽŶ͕��͕͘�Θ�DŝůůĞƌ͕�:͘�;ϭϵϴϳͿ͘�ZŽůĞ�ŽĨ�ŽƵƚĐŽŵĞ�ĐŽŶĨůŝĐƚ�ŝŶ�ĚƵĂůͲƚĂƐŬ�ŝŶƚĞƌĨĞƌĞŶĐĞ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�
WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�WĞƌĨŽƌŵĂŶĐĞ͕ ϭϯ;ϯͿ͕�ϰϯϱʹϰϰϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬͬϬϬϵϲͲϭϱϮϯ͘ϭϯ͘ϯ͘ϰϯϱ

EĞůƐŽŶ͕�<͘�;ϭϵϴϲͿ͘ �ǀĞŶƚ�ŬŶŽǁůĞĚŐĞ�ĂŶĚ�ĐŽŐŶŝƚŝǀĞ�ĚĞǀĞůŽƉŵĞŶƚ͘�/Ŷ�<͘�EĞůƐŽŶ�;�Ě͘Ϳ͕��ǀĞŶƚ�ŬŶŽǁůĞĚŐĞ͗�
^ƚƌƵĐƚƵƌĞ�ĂŶĚ�ĨƵŶĐƚŝŽŶ�ŝŶ�ĚĞǀĞůŽƉŵĞŶƚ ;ƉƉ͘ϭʹϮϭͿ͘�,ŝůůƐĚĂůĞ͕�E:͗��ƌůďĂƵŵ͘

EĞǁƚŽŶ͕�/͘�;ϭϳϱϵͿ͘�WƌŝŶĐŝƉĞƐ�ŵĂƚŚĠŵĂƚŝƋƵĞƐ�ĚĞ�ůĂ�ƉŚŝůŽƐŽƉŚŝĞ�ŶĂƚƵƌĞůůĞ͘�WĂƌŝƐ͕�&ƌĂŶĐĞ ͗�>ĂŵďĞƌƚ͘

EŝĞĚĞŶƚŚĂů͕�W͘�D͘�;ϮϬϬϳͿ͘��ŵďŽĚǇŝŶŐ�ĞŵŽƚŝŽŶ͘�^ĐŝĞŶĐĞ͕�ϯϭϲ;ϱϴϮϳͿ͕�ϭϬϬϮʹϭϬϬϱ͘�
ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϭϯϲϵϯϬ

EŝĞĚĞŶƚŚĂů͕�W͘�D͕͘��ĂƌƐĂůŽƵ͕�>͘�t͕͘�tŝŶŬŝĞůŵĂŶ͕�W͕͘�<ƌĂƵƚŚͲ'ƌƵďĞƌ͕�^͕͘�Θ�ZŝĐ͕�&͘�;ϮϬϬϱͿ͘��ŵďŽĚŝŵĞŶƚ�ŝŶ�
ĂƚƚŝƚƵĚĞƐ͕�ƐŽĐŝĂů�ƉĞƌĐĞƉƚŝŽŶ͕�ĂŶĚ�ĞŵŽƚŝŽŶ͘�WĞƌƐŽŶĂůŝƚǇ�ĂŶĚ�^ŽĐŝĂů�WƐǇĐŚŽůŽŐǇ�ZĞǀŝĞǁ͕�ϵ;ϯͿ͕�ϭϴϰʹϮϭϭ͘�
ĚŽŝ͗ϭϬ͘ϭϮϬϳͬ ƐϭϱϯϮϳϵϱϳƉƐƉƌϬϵϬϯͺϭ

EŝũďŽĞƌ͕�D͕͘��ŽƌƐƚ͕�:͕͘�ǀĂŶ�ZŝũŶ͕�,͕͘�Θ�dĂĂƚŐĞŶ͕�E͘�;ϮϬϭϯͿ͘��ŽŶĐƵƌƌĞŶƚ�ŵƵůƚŝƚĂƐŬŝŶŐ͗��ŝīĞƌĞŶƚ�ƚĂƐŬƐ͕�
ĚŝīĞƌĞŶƚ�ŝŶƚĞƌĨĞƌĞŶĐĞ͘�ZĠĐƵƉĠƌĠ�ă�͗ ŚƚƚƉ͗ͬͬǁǁǁ͘ŵĞŶŶŽŶŝũďŽĞƌ͘Ŷůͬ�
ƉƵďůŝĐĂƚŝŽŶƐͬEŝũďŽĞƌͺϮϬϭϯͺ�ŽŐ^ĐŝͺƉŽƐƚĞƌ͘ƉĚĨ

EŝũďŽĞƌ͕�D͕͘�dĂĂƚŐĞŶ͕�E͘��͕͘��ƌĂŶĚƐ͕��͕͘��ŽƌƐƚ͕�:͘�W͕͘�Θ�ǀĂŶ�ZŝũŶ͕�,͘�;ϮϬϭϯͿ͘��ĞĐŝƐŝŽŶ�ŵĂŬŝŶŐ�ŝŶ�ĐŽŶĐƵƌƌĞŶƚ�
ŵƵůƚŝƚĂƐŬŝŶŐ͗�ĚŽ�ƉĞŽƉůĞ�ĂĚĂƉƚ�ƚŽ�ƚĂƐŬ�ŝŶƚĞƌĨĞƌĞŶĐĞ͍͘ WůŽ^�ŽŶĞ͕ ϴ;ϭϭͿ͕�Ğϳϵϱϴϯ͘�
ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϳϵϱϴϯ

EŽďƌĞ͕��͘��͘�;ϮϬϬϭͿ͘�KƌŝĞŶƚŝŶŐ�ĂƚƚĞŶƚŝŽŶ�ƚŽ�ŝŶƐƚĂŶƚƐ�ŝŶ�ƚŝŵĞ͘ EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ͕ ϯϵ;ϭϮͿ͕�ϭϯϭϳʹϭϯϮϴ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϬϮϴͲϯϵϯϮ;ϬϭͿϬϬϭϮϬͲϴ

EŽďƌĞ͕�<͕͘�Θ��ŽƵůů͕�:͘�d͘�;ϮϬϭϬͿ͘��ƚƚĞŶƚŝŽŶ�ĂŶĚ�ƚŝŵĞ͘�EĞǁ�zŽƌŬ͗�KǆĨŽƌĚ�hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ͘

EŽƌŵĂŶ͘��͘��͘�Θ�^ŚĂůůŝĐĞ͕�d͘�;ϭϵϴϲͿ͘��ƚƚĞŶƚŝŽŶ�ƚŽ�ĂĐƚŝŽŶ�͗�tŝůůĞĚ�ĂŶĚ�ĂƵƚŽŵĂƚŝĐ�ĐŽŶƚƌŽů�ŽĨ�ďĞŚĂǀŝŽƌ͘�/Ŷ�Z͘�
:͘��ĂǀŝĚƐŽŶ��͘��͘�^ĐŚǁĂƌƚǌ�Θ��͘�^ŚĂƉŝƌĂ�;�ĚƐ͘Ϳ͕��ŽŶƐĐŝŽƵƐŶĞƐƐ�ĂŶĚ�ƐĞůĨͲƌĞŐƵůĂƚŝŽŶ�͗��ĚǀĂŶĐĞƐ�ŝŶ�
ƌĞƐĞĂƌĐŚ ;ƉƉ͘�ϭʹϭϴͿ͘�EĞǁ�zŽƌŬ͕�Ez�͗�WůĞŶƵŵ�WƌĞƐƐ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬϵϳϴͲϭͲϰϳϱϳͲϬϲϮϵͲϭͺϭ

EŽƵůŚŝĂŶĞ͕�D͕͘�DĞůůĂ͕�E͕͘�^ĂŵƐŽŶ͕�^͕͘�ZĂŐŽƚ͕�Z͕͘�Θ�WŽƵƚŚĂƐ͕�s͘�;ϮϬϬϳͿ͘�,Žǁ�ĞŵŽƚŝŽŶĂů�ĂƵĚŝƚŽƌǇ�ƐƚŝŵƵůŝ�
ŵŽĚƵůĂƚĞ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘ �ŵŽƚŝŽŶ͕ ϳ;ϰͿ͕�ϲϵϳʹϳϬϰ͘��Žŝ͗ϭϬ͘ϭϬϯϳͬϭϱϮϴͲϯϱϰϮ͘ϳ͘ϰ͘ϲϵϳ



WĂŐĞ�ͮ�ϯϬϰ

KŐĚĞŶ͕�Z͘�^͕͘�tĞĂƌĚĞŶ͕�:͘�,͕͘�Θ�DŽŶƚŐŽŵĞƌǇ͕��͘�;ϮϬϭϰͿ͘�dŚĞ�ĚŝĨĨĞƌĞŶƚŝĂů�ĐŽŶƚƌŝďƵƚŝŽŶ�ŽĨ�ĞǆĞĐƵƚŝǀĞ�
ĨƵŶĐƚŝŽŶƐ�ƚŽ�ƚĞŵƉŽƌĂů ŐĞŶĞƌĂůŝǌĂƚŝŽŶ͕�ƌĞƉƌŽĚƵĐƚŝŽŶ͕�ĂŶĚ�ǀĞƌďĂů�ĞƐƚŝŵĂƚŝŽŶ͘��ĐƚĂ�WƐǇĐŚŽůŽŐŝĐĂ͕ ϭϱϮ͕�
ϴϰʹϵϰ͘

ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϭϰ͘Ϭϳ͘Ϭϭϰ

KŚǇĂŵĂ͕�d͕͘�'ŝďďŽŶ͕�:͕͘��ĞŝĐŚ͕�:͘��͕͘�Θ��ĂůƐĂŵ͕�W͘��͘�;ϭϵϵϵͿ͘�dĞŵƉŽƌĂů�ĐŽŶƚƌŽů�ĂŶĚ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ�
ĂƵƚŽƐŚĂƉŝŶŐ�ŝŶ�ƚŚĞ�ƌŝŶŐ�ĚŽǀĞ͘ �ŶŝŵĂů�>ĞĂƌŶŝŶŐ�Θ��ĞŚĂǀŝŽƌ͕ Ϯϳ͕�ϴϵʹϵϴ͘

KůƐƐŽŶ͕��͘�D͕͘�Θ�EĞůƐŽŶ͕�>͘�^͘�;ϭϵϳϱͿ͘�dŚĞ�EĞůĚĞƌͲDĞĂĚ�ƐŝŵƉůĞǆ�ƉƌŽĐĞĚƵƌĞ�ĨŽƌ�ĨƵŶĐƚŝŽŶ�
ŵŝŶŝŵŝǌĂƚŝŽŶ͘ dĞĐŚŶŽŵĞƚƌŝĐƐ͕ ϭϳ;ϭͿ͕�ϰϱʹϱϭ͘�ĚŽŝ͗ϭϬ͘ϮϯϬϳͬϭϮϲϳϵϵϴ

KƌŶƐƚĞŝŶ͕�Z͘��͘�KŶ�ƚŚĞ�ĞǆƉĞƌŝĞŶĐĞ�ŽĨ�ƚŝŵĞ͘�,ĂƌŵŽŶĚƐǁŽƌƚŚ͕��ŶŐůĂŶĚ͗�WĞŶŐƵŝŶ��ŽŽŬƐ͕�ϭϵϲϵ͘

KƌƚĞŐĂ͕�>͕͘�>ŽƉĞǌ͕�&͕͘�Θ��ŚƵƌĐŚ͕�Z͘�D͘�;ϮϬϬϵͿ͘�DŽĚĂůŝƚǇ�ĂŶĚ�ŝŶƚĞƌŵŝƚƚĞŶĐǇ�ĞĨĨĞĐƚƐ�ŽŶ�ƚŝŵĞ ĞƐƚŝŵĂƚŝŽŶ͘�
�ĞŚĂǀŝŽƵƌĂů�WƌŽĐĞƐƐĞƐ͕�ϴϭ;ϮͿ͕ ϮϳϬʹϮϳϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďĞƉƌŽĐ͘ϮϬϬϵ͘ϬϮ͘ϬϬϵ

WĂƌĂƐƵƌĂŵĂŶ͕�Z͘�;�Ě͘Ϳ͘�;ϮϬϬϬͿ͘ dŚĞ�ĂƚƚĞŶƚŝǀĞ�ďƌĂŝŶ͘�Dŝƚ�WƌĞƐƐ͘
WĂƌĚŽ͕�:͘�s͕͘�WĂƌĚŽ͕�W͘�:͕͘�:ĂŶĞƌ͕�<͘�t͕͘�Θ�ZĂŝĐŚůĞ͕�D͘��͘�;ϭϵϵϬͿ͘�dŚĞ�ĂŶƚĞƌŝŽƌ�ĐŝŶŐƵůĂƚĞ�ĐŽƌƚĞǆ�ŵĞĚŝĂƚĞƐ�

ƉƌŽĐĞƐƐŝŶŐ�ƐĞůĞĐƚŝŽŶ�ŝŶ�ƚŚĞ�^ƚƌŽŽƉ�ĂƚƚĞŶƚŝŽŶĂů�ĐŽŶĨůŝĐƚ�ƉĂƌĂĚŝŐŵ͘ WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƚŝŽŶĂů�
�ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕ ϴϳ;ϭͿ͕�ϮϱϲʹϮϱϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϴϳ͘ϭ͘Ϯϱϲ

WĂƐĐƵĂůͲ>ĞŽŶĞ͕�:͕͘�Θ��ĂŝůůĂƌŐĞŽŶ͕�Z͘�;ϭϵϵϰͿ͘��ĞǀĞůŽƉŵĞŶƚĂů�ŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ŵĞŶƚĂů�
ĂƚƚĞŶƚŝŽŶ͘ /ŶƚĞƌŶĂƚŝŽŶĂů�:ŽƵƌŶĂů�ŽĨ��ĞŚĂǀŝŽƌĂů��ĞǀĞůŽƉŵĞŶƚ͕ ϭϳ;ϭͿ͕�ϭϲϭʹϮϬϬ͘�
ĚŽŝ͗ϭϬ͘ϭϭϳϳͬϬϭϲϱϬϮϱϰϵϰϬϭϳϬϬϭϭϬ

WĂƐŚůĞƌ͕�,͘�;ϭϵϴϰͿ͘�WƌŽĐĞƐƐŝŶŐ�ƐƚĂŐĞƐ�ŝŶ�ŽǀĞƌůĂƉƉŝŶŐ�ƚĂƐŬƐ͗�ĞǀŝĚĞŶĐĞ�ĨŽƌ�Ă�ĐĞŶƚƌĂů�ďŽƚƚůĞŶĞĐŬ͘ :ŽƵƌŶĂů�ŽĨ�
�ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�WĞƌĨŽƌŵĂŶĐĞ͕ ϭϬ;ϯͿ͕�ϯϱϴʹϯϳϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϲͲ
ϭϱϮϯ͘ϭϬ͘ϯ͘ϯϱϴ

WĂƐŚůĞƌ͕�,͘��͕͘�Θ�^ƵƚŚĞƌůĂŶĚ͕�^͘�;ϭϵϵϴͿ͘�dŚĞ�ƉƐǇĐŚŽůŽŐǇ�ŽĨ�ĂƚƚĞŶƚŝŽŶ ;sŽů͘�ϭϱͿ��ĂŵďƌŝĚŐĞ͕�D�͗�D/d�ƉƌĞƐƐ͘

WĞŶŶĞǇ͕�d͘��͘�;ϮϬϬϯͿ͘�DŽĚĂůŝƚǇ�ĚŝĨĨĞƌĞŶĐĞƐ�ŝŶ�ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ͗��ƚƚĞŶƚŝŽŶ͕�ĐůŽĐŬ�ƐƉĞĞĚ͕�ĂŶĚ�ŵĞŵŽƌǇ͘�/Ŷ�t͘�
,͘�DĞĐŬ�;�Ě͘Ϳ͕ &ƵŶĐƚŝŽŶĂů�ĂŶĚ�ŶĞƵƌĂů�ŵĞĐŚĂŶŝƐŵƐ�ŽĨ�ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ ;ƉƉ͘�ϮϬϵʹϮϯϯͿ͘��ŽĐĂ�ZĂƚŽŶ͕�&>͕�
h^͗��Z��WƌĞƐƐ͘ ĚŽŝ͗ϭϬ͘ϭϮϬϭͬϵϳϴϬϮϬϯϬϬϵϱϳϰ͘ĐŚϴ

WĞŶŶĞǇ͕�d͘��͕͘�'ŝďďŽŶ͕�:͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϬϬͿ͘��ŝĨĨĞƌĞŶƚŝĂů�ĞĨĨĞĐƚƐ�ŽĨ�ĂƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů�ƐŝŐŶĂůƐ�ŽŶ�ĐůŽĐŬ�
ƐƉĞĞĚ�ĂŶĚ�ƚĞŵƉŽƌĂů�ŵĞŵŽƌǇ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�
WĞƌĨŽƌŵĂŶĐĞ͕ Ϯϲ;ϲͿ͕�ϭϳϳϬʹϭϳϴϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϲͲϭϱϮϯ͘Ϯϲ͘ϲ͘ϭϳϳϬ

WĞƌŶĞƌ͕ :͕͘DĂƵĞƌ͕D͘ �͕͘ Θ,ŝůĚĞŶďƌĂŶĚ͕D͘ ;ϮϬϭϭͿ͘ /ĚĞŶƚŝƚǇ͗ <ĞǇ ƚŽ ĐŚŝůĚƌĞŶΖƐ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽĨ ďĞůŝĞĨ͘
^ĐŝĞŶĐĞ͕ ϯϯϯ;ϲϬϰϭͿ͕�ϰϳϰʹϰϳϳ͘ ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϮϬϭϮϭϲ

WĞŶŶĞǇ͕�d͘�͕͘�Θ�dŽƵƌƌĞƚ͕�^͘�;ϮϬϬϱͿ͘�>ĞƐ�ĞĨĨĞƚƐ�ĚĞ�ůĂ�ŵŽĚĂůŝƚĠ�ƐĞŶƐŽƌŝĞůůĞ ƐƵƌ�ůĂ�ƉĞƌĐĞƉƚŝŽŶ�ĚƵ�ƚĞŵƉƐ͘�
WƐǇĐŚŽůŽŐŝĞ�&ƌĂŶĕĂŝƐĞ͕ ϱ;ϭͿ͕ ϭϯϭʹϭϰϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƉƐĨƌ͘ϮϬϬϰ͘ϭϬ͘Ϭϭϭ



WĂŐĞ�ͮ�ϯϬϱ

WĞŶŶĞǇ͕�d͘W͕͘�sĂŝƚŝůŝŶŐĂŵ͕�>͕͘�ϮϬϬϴ͘�/ŵĂŐŝŶŐ�ƚŝŵĞ͘�/Ŷ͗�'ƌŽŶĚŝŶ͕�^͘�;�Ě͘Ϳ͕�WƐǇĐŚŽůŽŐǇ�ŽĨ�dŝŵĞ�;ƉƉ͘�ϮϲϭʹϮϵϰͿ͘�
�ŝŶŐůĞǇ͕�h< ͗��ŵĞƌĂůĚ�ŐƌŽƵƉ�ƉƵďůŝƐŚŝŶŐ͘��

WĞƚǌƐĐŚŶĞƌ͕�&͘�,͕͘�Θ�'ůĂƐĂƵĞƌ͕�^͘�;ϮϬϭϭͿ͘�/ƚĞƌĂƚŝǀĞ��ĂǇĞƐŝĂŶ�ĞƐƚŝŵĂƚŝŽŶ�ĂƐ�ĂŶ�ĞǆƉůĂŶĂƚŝŽŶ�ĨŽƌ�ƌĂŶŐĞ�ĂŶĚ�
ƌĞŐƌĞƐƐŝŽŶ�ĞĨĨĞĐƚƐ͗�Ă�ƐƚƵĚǇ�ŽŶ�ŚƵŵĂŶ�ƉĂƚŚ�ŝŶƚĞŐƌĂƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϯϭ;ϰϳͿ͕�ϭϳϮϮϬʹ
ϭϳϮϮϵ͘�
ĚŽŝ͗ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϮϬϮϴͲϭϭ͘ϮϬϭϭ

WĞƚǌƐĐŚŶĞƌ͕�&͘�,͕͘�DĂŝĞƌ͕�W͕͘�Θ�'ůĂƐĂƵĞƌ͕�^͘�;ϮϬϭϮͿ͘��ŽŵďŝŶŝŶŐ�ƐǇŵďŽůŝĐ�ĐƵĞƐ�ǁŝƚŚ�ƐĞŶƐŽƌǇ�ŝŶƉƵƚ�ĂŶĚ�ƉƌŝŽƌ�
ĞǆƉĞƌŝĞŶĐĞ�ŝŶ�ĂŶ�ŝƚĞƌĂƚŝǀĞ��ĂǇĞƐŝĂŶ�ĨƌĂŵĞǁŽƌŬ͘�&ƌŽŶƚŝĞƌƐ�ŝŶ�/ŶƚĞŐƌĂƚŝǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϲ;ϱϴͿ͕�ϭʹϭϴ͘�
ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨŶŝŶƚ͘ϮϬϭϮ͘ϬϬϬϱϴ͘

WŝŶŚĞŝƌŽ�ĚĞ��ĂƌǀĂůŚŽ͕�D͕͘�DĂĐŚĂĚŽ͕��͕͘�Θ�dŽŶŶĞĂƵ͕�&͘�;ϮϬϭϲͿ͘�>ĞĂƌŶŝŶŐ�ŝŶ�ƚŚĞ�ƚĞŵƉŽƌĂů�ďŝƐĞĐƚŝŽŶ�ƚĂƐŬ͗�
ZĞůĂƚŝǀĞ�Žƌ�ĂďƐŽůƵƚĞ͍͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů�>ĞĂƌŶŝŶŐ�ĂŶĚ��ŽŐŶŝƚŝŽŶ͕ ϰϮ;ϭͿ͕�ϲϳ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬǆĂŶϬϬϬϬϬϴϵ

WůŽƵƌĚĞ͕�D͕͘�'ĂŵĂĐŚĞ͕�W͘�>͕͘�Θ�'ƌŽŶĚŝŶ͕�^͘�;ϮϬϬϴͿ͘�&ŝůůĞĚ�ŝŶƚĞƌǀĂůƐ�ĂƌĞ�ƉĞƌĐĞŝǀĞĚ�ĂƐ�ůŽŶŐĞƌ�ƚŚĂŶ�ĞŵƉƚǇ�
ŽŶĞƐ͗�dŚĞ�ĞĨĨĞĐƚ�ŽĐĐƵƌƐ�ĞǀĞŶ�ǁŝƚŚ�Ă�ďĞƚǁĞĞŶͲƐĞƐƐŝŽŶ�ĚĞƐŝŐŶ͘ WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�&ĞĐŚŶĞƌ��ĂǇ͕ Ϯϰ;ϭͿ͕�ϴϳʹ
ϵϯ͘

WŽůũĂĐ͕��͕͘�<ŽĐŚ͕�/͕͘�Θ��ĞŬŬĞƌŝŶŐ͕�,͘�;ϮϬϬϵͿ͘��ŝƐƐŽĐŝĂƚŝŶŐ�ƌĞƐƚĂƌƚ�ĐŽƐƚ�ĂŶĚ�ŵŝǆŝŶŐ�ĐŽƐƚ�ŝŶ�ƚĂƐŬ�ƐǁŝƚĐŚŝŶŐ͘�
WƐǇĐŚŽůŽŐŝĐĂů�ZĞƐĞĂƌĐŚ�WƐǇĐŚŽůŽŐŝƐĐŚĞ�&ŽƌƐĐŚƵŶŐ͕ ϳϯ;ϯͿ͕�ϰϬϳʹϰϭϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϰϮϲͲϬϬϴͲϬϭϱϭͲϵ

WŽƐŶĞƌ͕�D͘/͘�;ϭϵϵϱͿ͘ �ƚƚĞŶƚŝŽŶ�ŝŶ�ĐŽŐŶŝƚŝǀĞ�ŶĞƵƌŽƐĐŝĞŶĐĞ͗�ĂŶ�ŽǀĞƌǀŝĞǁ͘�/Ŷ�D͘�^͘�'ĂǌǌĂŶŝŐĂ͘�Θ��͘��ŝǌǌŝ͘�
;ĞĚƐ͘Ϳ͕ dŚĞ�ĐŽŐŶŝƚŝǀĞ�ŶĞƵƌŽƐĐŝĞŶĐĞƐ�;ƉƉ͘ ϲϭϱʹ ϮϰͿ͘��ĂŵďƌŝĚŐĞ͕�D��͗�D/d�WƌĞƐƐ

WŽƐŶĞƌ͕�D͘�/͕͘�Θ�WĞƚĞƌƐĞŶ͕�^͘��͘�;ϭϵϵϬͿ͘�dŚĞ�ĂƚƚĞŶƚŝŽŶ�ƐǇƐƚĞŵ�ŽĨ�ƚŚĞ�ŚƵŵĂŶ�ďƌĂŝŶ͘ �ŶŶƵĂů�ƌĞǀŝĞǁ�ŽĨ�
ŶĞƵƌŽƐĐŝĞŶĐĞ͕ ϭϯ;ϭͿ͕�ϮϱʹϰϮ͘ ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ŶĞ͘ϭϯ͘ϬϯϬϭϵϬ͘ϬϬϬϯϮϱ

WŽƐŶĞƌ͕�D͘�/͕͘�Θ�ZĂĨĂů͕�Z͘��͘�ϭϵϴϳ͘��ŽŐŶŝƚŝǀĞ�ƚŚĞŽƌŝĞƐ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ĂŶĚ�ƚŚĞ�ƌĞŚĂďŝůŝƚĂƚŝŽŶ�ŽĨ�ĂƚƚĞŶƚŝŽŶĂů�
ĚĞĨŝĐŝƚƐ͘�/Ŷ�:͘�DĞŝĞƌ͕��͘�>͘��ĞŶƚŽŶ͕�Θ�>͘��ŝůůĞƌ͘�;�ĚƐ͘Ϳ͕�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĐĂů�ZĞŚĂďŝůŝƚĂƚŝŽŶ ;ƉƉ͘�ϭϴϮʹϮϬϭͿ͘�
�ĚŝŶďƵƌŐŚ͕�h< ͗��ŚƵƌĐŚŝůů�>ŝǀŝŶŐƐƚŽŶĞ͘

WŽƐŶĞƌ͕�D͘�/͕͘�Θ�ZŽƚŚďĂƌƚ͕�D͘�<͘�;ϭϵϵϭͿ͘�>ĞƐ�ŵĠĐĂŶŝƐŵĞƐ�ĚĞ�ů͛ĂƚƚĞŶƚŝŽŶ͘�ZĞǀƵĞ�ĚĞ�ŶĞƵƌŽůŽŐŝĞ͕�Ϯ͕�ϴϱʹϭϭϱ͘

WŽƐŶĞƌ͕�D͘�/͕͘�ZŽƚŚďĂƌƚ͕�D͘�<͕͘�^ŚĞĞƐĞ͕��͘��͕͘�Θ�sŽĞůŬĞƌ͕�W͘�;ϮϬϭϮͿ͘��ŽŶƚƌŽů�ŶĞƚǁŽƌŬƐ�ĂŶĚ�
ŶĞƵƌŽŵŽĚƵůĂƚŽƌƐ�ŽĨ�ĞĂƌůǇ�ĚĞǀĞůŽƉŵĞŶƚ͘��ĞǀĞůŽƉŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϰϴ;ϯͿ͕�ϴϮϳʹϴϯϱ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬĂϬϬϮϱϱϯϬ

WŽƐŶĞƌ͕�D͘�/͕͘�Θ�^ŶǇĚĞƌ͕��͘�Z͘�;ϭϵϳϱͿ͘��ƚƚĞŶƚŝŽŶ�ĂŶĚ�ĐŽŐŶŝƚŝǀĞ�ĐŽŶƚƌŽů͘�/Ŷ�Z͘�>͘�^ŽůƐŽ�;�Ě͘Ϳ͕�/ŶĨŽƌŵĂƚŝŽŶ�
ƉƌŽĐĞƐƐŝŶŐ�ĂŶĚ�ĐŽŐŶŝƚŝŽŶ͗�dŚĞ�>ŽǇŽůĂ�ƐǇŵƉŽƐŝƵŵ�;ƉƉ͘�ϱϱʹϴϱͿ͘�,ŝůůƐĚĂůĞ͕�E:͗��ƌůďĂƵŵ͘



WĂŐĞ�ͮ�ϯϬϲ

WŽƵƚŚĂƐ͕�s͘�;ϭϵϴϭͿ͘��ĚĂƉƚĂƚŝŽŶƐ�ĐŽŵƉŽƌƚĞŵĞŶƚĂůĞƐ�ă�ůĂ�ĚƵƌĠĞ�ĐŚĞǌ�ůĞ�ƚƌğƐ�ũĞƵŶĞ�ĞŶĨĂŶƚ͘ /Ŷ�DĞŵŽŝƌĞ͕�
ĐŽŶĚŝƚŝŽŶŶĞŵĞŶƚ͕�ĞǀŽůƵƚŝŽŶ͘�WĂƌŝƐ͕�&ƌĂŶĐĞ�͗�WƵďůŝĐĂƚŝŽŶƐ�ĚĞ�ůĂ�^ŽƌďŽŶŶĞ͕�ƐĠƌŝĞ͘

WŽƵƚŚĂƐ͕�s͘�;ϭϵϵϯͿ͘�KŶƚŽŐĞŶĞƐŝƐ�ŽĨ�ƚĞŵƉŽƌĂů�ůĞĂƌŶŝŶŐ�ŝŶ�ƚŚĞ�ĐŚŝůĚ�ĞǆƉĞƌŝŵĞŶƚĂů�ĞǀŝĚĞŶĐĞ�ĂŶĚ�
ƉĞƌƐƉĞĐƚŝǀĞƐ͘ WƐǇĐŚŽůŽŐŝĐĂ��ĞůŐŝĐĂ͕�ϯϯ;ϮͿ͕�ϭϳϭʹϭϴϯ͘

WŽƵƚŚĂƐ͕�s͘�;ϭϵϵϱͿ͘��ĠǀĞůŽƉƉĞŵĞŶƚ�ĚĞ�ůĂ�ƉĞƌĐĞƉƚŝŽŶ�ĚƵ�ƚĞŵƉƐ�Ğƚ�ĚĞƐ�ƌĠŐƵůĂƚŝŽŶƐ�ƚĞŵƉŽƌĞůůĞƐ�ĚĞ�ů͛ĂĐƚŝŽŶ�
ĐŚĞǌ�ůĞ�ŶŽƵƌƌŝƐƐŽŶ�Ğƚ�ů͛ĞŶĨĂŶƚ͘�/Ŷ�/͘��ĞůŝğŐĞ͘�Θ�:͘�^ůŽďŽĚĂ͘�;�ĚƐ͘Ϳ͕ EĂŝƐƐĂŶĐĞ�Ğƚ��ĠǀĞůŽƉƉĞŵĞŶƚ�ĚƵ�^ĞŶƐ�
DƵƐŝĐĂů�;ƉƉ͘�ϭϯϯʹϭϲϯͿ͘�WĂƌŝƐ͕�&ƌĂŶĐĞ ͗�WƌĞƐƐĞ�hŶŝǀĞƌƐŝƚĂŝƌĞƐ�ĚĞ�&ƌĂŶĐĞ͘

WŽƵƚŚĂƐ͕�s͕͘��ƌŽŝƚ͕�^͕͘�Θ�:ĂĐƋƵĞƚ͕��͘�z͘�;ϭϵϵϯͿ͘�dĞŵƉŽƌĂů�ĞǆƉĞƌŝĞŶĐĞƐ�ĂŶĚ�ƚŝŵĞ�ŬŶŽǁůĞĚŐĞ�ŝŶ�ŝŶĨĂŶĐǇ�ĂŶĚ�
ĞĂƌůǇ�ĐŚŝůĚŚŽŽĚ͘ dŝŵĞ�Θ�^ŽĐŝĞƚǇ͕ Ϯ;ϮͿ͕�ϭϵϵʹϮϭϴ͘�ĚŽŝ͗ϭϬ͘ϭϭϳϳͬϬϵϲϭϰϲϯyϵϯϬϬϮϬϬϮϬϬϰ

WŽƵƚŚĂƐ͕�s͕͘��ƌŽŝƚ͕�^͕͘�:ĂĐƋƵĞƚ͕��͘�z͕͘�Θ�tĞĂƌĚĞŶ͕�:͘�,͘�;ϭϵϵϬͿ͘�dĞŵƉŽƌĂů�ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ�ŽĨ�ƌĞƐƉŽŶƐĞ�
ĚƵƌĂƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ�ŽĨ�ĚŝĨĨĞƌĞŶƚ�ĂŐĞƐ͗�ĚĞǀĞůŽƉŵĞŶƚĂů�ĐŚĂŶŐĞƐ�ŝŶ�ƌĞůĂƚŝŽŶƐ�ďĞƚǁĞĞŶ�ǀĞƌďĂů�ĂŶĚ�
ŶŽŶǀĞƌďĂů�ďĞŚĂǀŝŽƌ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ��ǆƉĞƌŝŵĞŶƚĂů��ŶĂůǇƐŝƐ�ŽĨ��ĞŚĂǀŝŽƌ͕ ϱϯ;ϭͿ͕�Ϯϭʹϯϭ͘�
ĚŽŝ͗ϭϬ͘ϭϵϬϭͬũĞĂď͘ϭϵϵϬ͘ϱϯͲϮϭ

WŽƵƚŚĂƐ͕�s͕͘�Θ�:ĂĐƋƵĞƚ͕��͘�z͘�;ϭϵϴϯͿ͘��ƚƚĞŶƚĞ�Ğƚ�ĂĚĂƉƚĂƚŝŽŶ�ă�ůĂ�ĚƵƌĠĞ�ĐŚĞǌ�ůΖĞŶĨĂŶƚ͘ �ĂŚŝĞƌƐ�ĚĞ�
WƐǇĐŚŽůŽŐŝĞ��ŽŐŶŝƚŝǀĞ͕ ϯ;ϰͿ͕�ϯϵϳʹϰϬϲ͘

WŽǇŶƚĞƌ͕ �͘�;ϭϵϴϵͿ͘�:ƵĚŐŝŶŐ�ƚŚĞ�ĚƵƌĂƚŝŽŶ�ŽĨ�ƚŝŵĞ�ŝŶƚĞƌǀĂůƐ͗���ƉƌŽĐĞƐƐ�ŽĨ�ƌĞŵĞŵďĞƌŝŶŐ�ƐĞŐŵĞŶƚƐ�ŽĨ�
ĞǆƉĞƌŝĞŶĐĞ͘�/Ŷ�'͘�ĚĞ�^ŽĞƚĞ͕�,͘�&ĞŐĞƌ͕�Θ�<͘�<ůĂƵĞƌ͘�;�ĚƐ͘Ϳ͕ �ĚǀĂŶĐĞƐ�ŝŶ�ƉƐǇĐŚŽůŽŐǇ ;sŽů͘�ϱϵ͕�ƉƉ͘�ϯϬϱʹ
ϯϯϭͿ͘��ŵƐƚĞƌĚĂŵ͕�EĞƚŚĞƌůĂŶĚƐ�͗�EŽƌƚŚͲ,ŽůůĂŶĚ�ƉƵďůŝƐŚĞƌƐ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϭϲϲͲϰϭϭϱ;ϬϴͿϲϭϬϰϱͲϲ

WƌĞĚĞďŽŶ͕�:͘�;ϭϵϵϲͿ͘�dŚĞ�ƌĞůĂƚŝŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƉƌĞƐĞŶƚĞĚ�ƐƚŝŵƵůŝ�ĂŶĚ�ƉƌŽƐƉĞĐƚŝǀĞ�
ĚƵƌĂƚŝŽŶ�ĞƐƚŝŵĂƚĞƐ͗�dŚĞ�ĞĨĨĞĐƚ�ŽĨ�ĐŽŶĐƵƌƌĞŶƚ�ƚĂƐŬ�ĂĐƚŝǀŝƚǇ͘ WƐǇĐŚŽŶŽŵŝĐ��ƵůůĞƚŝŶ�Θ�ZĞǀŝĞǁ͕ ϯ;ϯͿ͕�ϯϳϲʹ
ϯϳϵ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϭϬϳϲϰ

WƌŽǀĂƐŝ͕�:͕͘�WŽƵƚŚĂƐ͕�s͕͘�:ĂĐƋƵĞƚ͕��͘�z͘�;ϭϵϵϯͿ��ĐƋƵŝƌĞĚ�ƚĞŵƉŽƌĂů�ƌĞŐƵůĂƚŝŽŶƐ�ŽĨ�ŶŽŶͲŶƵƚƌŝƚŝǀĞ�ƐƵĐŬŝŶŐ�
ĂĐƚŝǀŝƚǇ�ŝŶ�ǇŽƵŶŐ�ŝŶĨĂŶƚƐ͘�/ŶĨĂŶƚ��ĞŚĂǀŝŽƌ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚ�;^ƵďŵŝƚƚĞĚ�ĨŽƌ�ƉƵďůŝĐĂƚŝŽŶͿ͘

WƌŽǀĂƐŝ͕�:͕͘�ZĂƚƚĂƚ͕��͘��͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϭͿ͘�dĞŵƉŽƌĂů�ďŝƐĞĐƚŝŽŶ�ŝŶ�ϰͲŵŽŶƚŚͲŽůĚ�ŝŶĨĂŶƚƐ͘ :ŽƵƌŶĂů�ŽĨ�
�ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů��ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕ ϯϳ;ϭͿ͕�ϭϬϴʹϭϭϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬĂϬϬϭϵϵϳϲ͘

WƵǇũĂƌŝŶĞƚ͕�&͘�;ϮϬϭϭͿ͘�WĞƌĐĞƉƚŝŽŶ�ĚƵ�ƚĞŵƉƐ͗�ĂƐƉĞĐƚƐ�ƚŚĠŽƌŝƋƵĞƐ�Ğƚ�ƉĞƌƐƉĞĐƚŝǀĞƐ�ĐůŝŶŝƋƵĞƐ�ĞŶ�
ƉƐǇĐŚŽŵŽƚƌŝĐŝƚĠ͘�/Ŷ�:͘D͘��ůďĂƌĞƚ�Θ�:͘��ŽƌƌĂǌĞ�;�ĚƐ͘Ϳ͕��ŶƚƌĞƚŝĞŶƐ�ĚĞ�WƐǇĐŚŽŵŽƚƌŝĐŝƚĠ�ϮϬϭϭ ;ƉƉ͘�ϲϱʹϳϰͿ͘�
WĂƌŝƐ͗�>ĞƐ��ŶƚƌĞƚŝĞŶƐ�DĠĚŝĐĂƵǆ͘�ZĞƉĠƌĠ�ă ͗
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƌĞƐĞĂƌĐŚŐĂƚĞ͘ŶĞƚͬƉƵďůŝĐĂƚŝŽŶͬϯϭϮϬϮϲϵϴϵͺWĞƌĐĞƉƚŝŽŶͺĞƚͺŐĞƐƚŝŽŶͺĚƵͺƚĞŵƉƐͺĂƐƉĞĐƚƐͺƚ
ŚĞŽƌŝƋƵĞƐͺĞƚͺƉĞƌƐƉĞĐƚŝǀĞƐͺĐůŝŶŝƋƵĞƐͺĞŶͺƉƐǇĐŚŽŵŽƚƌŝĐŝƚĞ

ZĂůů͕�t͘�;ϭϵϲϬͿ͘�DĞŵďƌĂŶĞ�ƉŽƚĞŶƚŝĂů�ƚƌĂŶƐŝĞŶƚƐ�ĂŶĚ�ŵĞŵďƌĂŶĞ�ƚŝŵĞ�ĐŽŶƐƚĂŶƚ�ŽĨ�
ŵŽƚŽŶĞƵƌŽŶƐ͘ �ǆƉĞƌŝŵĞŶƚĂů�ŶĞƵƌŽůŽŐǇ͕ Ϯ;ϱͿ͕�ϱϬϯʹϱϯϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϭϰͲϰϴϴϲ;ϲϬͿϵϬϬϮϵͲϳ



WĂŐĞ�ͮ�ϯϬϳ

ZĂŵŵƐĂǇĞƌ͕�d͘�,͘�;ϮϬϭϮͿ͘��ƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů ƚĞŵƉŽƌĂů�ƐĞŶƐŝƚŝǀŝƚǇ͗�ĞǀŝĚĞŶĐĞ�ĨŽƌ�Ă�ŚŝĞƌĂƌĐŚŝĐĂů�ƐƚƌƵĐƚƵƌĞ�
ŽĨ�ŵŽĚĂůŝƚǇͲƐƉĞĐŝĨŝĐ�ĂŶĚ�ŵŽĚĂůŝƚǇͲŝŶĚĞƉĞŶĚĞŶƚ�ůĞǀĞůƐ ŽĨ�ƚĞŵƉŽƌĂů�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ͘�
WƐǇĐŚŽůŽŐŝĐĂů�ZĞƐĞĂƌĐŚ͕ ϳϲ;ϭͿ͕ ϮϬʹϯϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϰϮϲͲϬϭϭͲϬϯϯϯͲϴ

ZĂŵŵƐĂǇĞƌ͕�d͘�,͕͘�Θ��ƌĂŶĚůĞƌ͕�^͘�;ϮϬϬϳͿ͘�WĞƌĨŽƌŵĂŶĐĞ�ŽŶ�ƚĞŵƉŽƌĂů�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ�ĂƐ�ĂŶ�ŝŶĚĞǆ�ŽĨ�
ŐĞŶĞƌĂů�ŝŶƚĞůůŝŐĞŶĐĞ͘ /ŶƚĞůůŝŐĞŶĐĞ͕ ϯϱ;ϮͿ͕�ϭϮϯʹϭϯϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŶƚĞůů͘ϮϬϬϲ͘Ϭϰ͘ϬϬϳ

ZĂŵŵƐĂǇĞƌ͕�d͘�,͕͘��ŽƌƚĞƌ͕�E͕͘�Θ�dƌŽĐŚĞ͕�^͘�:͘�;ϮϬϭϱͿ͘�sŝƐƵĂůͲĂƵĚŝƚŽƌǇ�ĚŝĨĨĞƌĞŶĐĞƐ�ŝŶ�ĚƵƌĂƚŝŽŶ�
ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ŽĨ�ŝŶƚĞƌǀĂůƐ�ŝŶ�ƚŚĞ�ƐƵďƐĞĐŽŶĚ�ĂŶĚ�ƐĞĐŽŶĚ�ƌĂŶŐĞ͘ &ƌŽŶƚŝĞƌƐ�ŝŶ�ƉƐǇĐŚŽůŽŐǇ͕ ϲ͕�ϭϲϮϲ͘�
ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨƉƐǇŐ͘ϮϬϭϱ͘ϬϭϲϮϲ

ZĂŽ͕�^͘�D͕͘�DĂǇĞƌ͕��͘�Z͕͘�Θ�,ĂƌƌŝŶŐƚŽŶ͕��͘�>͘�;ϮϬϬϭͿ͘�dŚĞ�ĞǀŽůƵƚŝŽŶ�ŽĨ�ďƌĂŝŶ�ĂĐƚŝǀĂƚŝŽŶ�ĚƵƌŝŶŐ�ƚĞŵƉŽƌĂů�
ƉƌŽĐĞƐƐŝŶŐ͘ EĂƚƵƌĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϰ;ϯͿ͕�ϯϭϳʹϯϮϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϴϱϭϵϭ

ZĂƚƚĂƚ͕��͘��͘�;ϮϬϭϬͿ͘��ŝĚŝƌĞĐƚŝŽŶĂů�ŝŶƚĞƌĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ƚŝŵŝŶŐ�ĂŶĚ�ĐŽŶĐƵƌƌĞŶƚ�ŵĞŵŽƌǇ�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ�
ĐŚŝůĚƌĞŶ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕�ϭϬϲ͕�ϭϰϱʹϭϲϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĞĐƉ͘ϮϬϭϬ͘ϬϮ͘ϬϬϭ

ZĂƚƚĂƚ͕��͘��͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϮͿ͘�>Ğ�ƚƌĂŶƐĨĞƌƚ�ĚΖƵŶ�ĂƉƉƌĞŶƚŝƐƐĂŐĞ�ĚĞ�ĚƵƌĠĞ�ĚΖĂĐƚŝŽŶ�ĐŚĞǌ�ůĞ�ũĞƵŶĞ�
ĞŶĨĂŶƚ͗�ůΖĞĨĨĞƚ�ĨĂĐŝůŝƚĂƚĞƵƌ�ĚĞ�ůĂ�ǀĂƌŝĠƚĠ�ĚĞƐ�ĂĐƚŝŽŶƐ͍͘ �ŶĨĂŶĐĞ͕ ϱϰ;ϮͿ͕�ϭϰϭʹϭϱϯ͘�
ĚŽŝ͗ϭϬ͘ϯϵϭϳͬĞŶĨ͘ϱϰϮ͘Ϭϭϰϭ

ZĂƚƚĂƚ͕��͘��͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϱͿ͘�dŚĞ�ůŽŶŐͲƚĞƌŵ�ƌĞƚĞŶƚŝŽŶ�ŽĨ�ƚŝŵĞ͗���ĚĞǀĞůŽƉŵĞŶƚĂů�ƐƚƵĚǇ͘ dŚĞ�
YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ�^ĞĐƚŝŽŶ��͕ ϱϴ;ϮͿ͕�ϭϲϯʹϭϳϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϮϳϮϰϵϵϬϰϰϰϬϬϬϬϵϲ

ZĂƚƚĂƚ͕��͘��͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϬϳͿ͘�/ŵƉůŝĐŝƚ�ůŽŶŐͲƚĞƌŵ�ŵĞŵŽƌǇ�ĨŽƌ�ĚƵƌĂƚŝŽŶ�ŝŶ�ǇŽƵŶŐ�ĐŚŝůĚƌĞŶ͘�
�ƵƌŽƉĞĂŶ�:ŽƵƌŶĂů�ŽĨ��ŽŐŶŝƚŝǀĞ�WƐǇĐŚŽůŽŐǇ͕�ϭϵ;ϮͿ͕�ϮϳϭʹϮϴϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϵϱϰϭϰϰϬϲϬϬϴϯϰϲϰϳ

ZĂƚƚĂƚ͕��͘��͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϬͿ͘�dŚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ŝŶƚĞƌĨĞƌĞŶĐĞ�ĂŶĚ ƌĞƚĞŶƚŝŽŶ�ĚĞůĂǇ�ŽŶ�ƚĞŵƉŽƌĂů�
ŐĞŶĞƌĂůŝǌĂƚŝŽŶ�ƉĞƌĨŽƌŵĂŶĐĞ͘ �ƚƚĞŶƚŝŽŶ͕�WĞƌĐĞƉƚŝŽŶ͕�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϳϮ;ϳͿ͕�ϭϵϬϯʹϭϵϭϮ͘�
ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�WW͘ϳϮ͘ϳ͘ϭϵϬϯ

ZĂƚƚĂƚ͕��͘��͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϮͿ͘�tŚĂƚ�ŝƐ�ƚŚĞ�ďĞƐƚ�ĂŶĚ�ĞĂƐŝĞƐƚ�ŵĞƚŚŽĚ�ŽĨ�ƉƌĞǀĞŶƚŝŶŐ�ĐŽƵŶƚŝŶŐ�ŝŶ�
ĚŝĨĨĞƌĞŶƚ�ƚĞŵƉŽƌĂů�ƚĂƐŬƐ͍͘ �ĞŚĂǀŝŽƌ�ZĞƐĞĂƌĐŚ�DĞƚŚŽĚƐ͕ ϰϰ;ϭͿ͕�ϲϳʹϴϬ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬƐϭϯϰϮϴͲϬϭϭͲϬϭϯϱͲ
ϯ

ZĂƚƚĂƚ͕��͘��͕͘�Θ�dĂƌƚĂƐ͕�s͘�;ϮϬϭϳͿ͘�dĞŵƉŽƌĂů�ĐĂƚĞŐŽƌŝǌĂƚŝŽŶ�ŽĨ�ĨĂŵŝůŝĂƌ�ĂĐƚŝŽŶƐ�ďǇ�ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚƵůƚƐ͘�
dŝŵŝŶŐ�Θ dŝŵĞ�WĞƌĐĞƉƚŝŽŶ͕�ϱ;ϭͿ͕�ϲϭʹϳϲ͘�ĚŽŝ͗ϭϬ͘ϭϭϲϯͬϮϮϭϯϰϰϲϴͲϬϬϬϬϮϬϴϬ͘

ZĞĐĂŶǌŽŶĞ͕�'͘�,͘�;ϮϬϬϵͿ͘�/ŶƚĞƌĂĐƚŝŽŶƐ�ŽĨ��ƵĚŝƚŽƌǇ�ĂŶĚ�sŝƐƵĂů�^ƚŝŵƵůŝ�ŝŶ�^ƉĂĐĞ�ĂŶĚ�dŝŵĞ͘�,ĞĂƌŝŶŐ�
ZĞƐĞĂƌĐŚ͕ Ϯϱϴ;ϭʹϮͿ͕ ϴϵʹϵϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŚĞĂƌĞƐ͘ϮϬϬϵ͘Ϭϰ͘ϬϬϵ



WĂŐĞ�ͮ�ϯϬϴ

ZĞŝŵĞƌƐ͕�^͕͘�Θ�DĂǇůŽƌ͕��͘��͘�;ϮϬϬϱͿ͘�dĂƐŬ�ƐǁŝƚĐŚŝŶŐ�ĂĐƌŽƐƐ�ƚŚĞ�ůŝĨĞ�ƐƉĂŶ͗��īĞĐƚƐ�ŽĨ�ĂŐĞ�ŽŶ�ŐĞŶĞƌĂů�ĂŶĚ�
ƐƉĞĐŝĮĐ�ƐǁŝƚĐŚ�ĐŽƐƚƐ͘��ĞǀĞůŽƉŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϰϭ;ϰͿ͕�ϲϲϭʹϲϳϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϭϮͲϭϲϰϵ͘ϰϭ͘ϰ͘ϲϲϭ

ZŚŽĚĞƐ͕��͘�;ϮϬϭϴͿ͘�KŶ�ƚŚĞ�ĚŝƐƚŝŶĐƚŝŽŶ�ďĞƚǁĞĞŶ�ƉĞƌĐĞŝǀĞĚ�ĚƵƌĂƚŝŽŶ�ĂŶĚ�ĞǀĞŶƚ�ƚŝŵŝŶŐ�ƚŽǁĂƌĚƐ�Ă�ƵŶŝĮĞĚ�
ŵŽĚĞů�ŽĨ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘�dŝŵŝŶŐ�Θ�dŝŵĞ�WĞƌĐĞƉƚŝŽŶ͕�ϲ;ϭͿ͕�ϵϬʹϭϮϯ͘�ĚŽŝ͗ϭϬ͘ϭϭϲϯͬϮϮϭϯϰϰϲϴͲ
ϮϬϭϴϭϭϯϮ͘

ZŝĐŚĞůůĞ͕�D͕͘�Θ�>ĞũĞƵŶĞ͕�,͘�;ϭϵϳϵͿ͘�>͛ĂŶŝŵĂů�Ğƚ�ůĞ�ƚĞŵƉƐ͘�/Ŷ�W͘�&ƌĂŝƐƐĞ�;�Ě͘Ϳ͕��Ƶ�ƚĞŵƉƐ�ďŝŽůŽŐŝƋƵĞ�ĂƵ�ƚĞŵƉƐ�
ƉƐǇĐŚŽůŽŐŝƋƵĞ͖�ƐǇŵƉŽƐŝƵŵ�ĚĞ�ů͛ĂƐƐŽĐŝĂƚŝŽŶ�ĚĞ�ƉƐǇĐŚŽůŽŐŝĞ�ƐĐŝĞŶƚŝĨŝƋƵĞ�ĚĞ�ůĂŶŐƵĞ�ĨƌĂŶĕĂŝƐĞ ;ƉƉ͘�ϳϯʹ
ϭϮϴͿ͘�WĂƌŝƐ͕�&ƌĂŶĐĞ�͗�WƌĞƐƐĞƐ�hŶŝǀĞƌƐŝƚĂŝƌĞƐ�ĚĞ�&ƌĂŶĐĞ͘

ZŝĐŚĞůůĞ͕�D͕͘�Θ�>ĞũĞƵŶĞ͕�,͘�;ϭϵϴϬͿ͘�ZĠŐƵůĂƚŝŽŶ�ƚĞŵƉŽƌĞůůĞ�ĚƵ�ĐŽŵƉŽƌƚĞŵĞŶƚ�Ğƚ�ĂŶƚŝĐŝƉĂƚŝŽŶ͘ �ŶƚŝĐŝƉĂƚŝŽŶ�
Ğƚ�ĐŽŵƉŽƌƚĞŵĞŶƚ͕�ϭϰϭʹϭϱϴ͘�ZĞƉĠƌĠ�ă�ŚƚƚƉ͗ͬͬŚĚů͘ŚĂŶĚůĞ͘ŶĞƚͬϮϮϲϴͬϭϬϬϵϮϵ

ZŽďĞƌƚƐ͕�t͘��͘�;ϭϵϵϱͿ͘�^ŝŵƵůƚĂŶĞŽƵƐ�ŶƵŵĞƌŝĐĂů�ĂŶĚ�ƚĞŵƉŽƌĂů�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ�ƚŚĞ�ƉŝŐĞŽŶ͘ �ƵƌƌĞŶƚ�
�ŝƌĞĐƚŝŽŶƐ�ŝŶ�WƐǇĐŚŽůŽŐŝĐĂů�^ĐŝĞŶĐĞ͕ ϰ;ϮͿ͕�ϰϳʹϱϭ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϳͲϴϳϮϭ͘ĞƉϭϬϳϳϭϬϬϴ

ZŽŚĞŶŬŽŚů͕�'͕͘�Θ�EŽďƌĞ͕��͘��͘�;ϮϬϭϭͿ͘��ůƉŚĂ�ŽƐĐŝůůĂƚŝŽŶƐ�ƌĞůĂƚĞĚ�ƚŽ�ĂŶƚŝĐŝƉĂƚŽƌǇ�ĂƚƚĞŶƚŝŽŶ�ĨŽůůŽǁ�ƚĞŵƉŽƌĂů�
ĞǆƉĞĐƚĂƚŝŽŶƐ͘ :ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϯϭ;ϰϬͿ͕�ϭϰϬϳϲʹϭϰϬϴϰ͘�ĚŽŝ͗ ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϯϯϴϳͲϭϭ͘ϮϬϭϭ

ZŽŶƐĂƌĚ͕�W͘�;ϭϵϲϯͿ͘�WŽĠƐŝĞƐ�ĐŚŽŝƐŝĞƐ�ĚĞ�ZŽŶƐĂƌĚ͘�WĂƌŝƐ͕�&ƌĂŶĐĞ ͗�'ĂƌŶŝĞƌ�ĨƌğƌĞƐ͘

ZŽƐĞďŽŽŵ͕�t͕͘�&ŽƵŶƚĂƐ͕��͕͘�EŝŬŝĨŽƌŽƵ͕�<͕͘��ŚŽǁŵŝŬ͕��͕͘�^ŚĂŶĂŚĂŶ͕�D͕͘�Θ�^ĞƚŚ͕��͘�<͘�;ϮϬϭϴͿ͘�dŝŵĞ�ǁŝƚŚŽƵƚ�
ĐůŽĐŬƐ͗�,ƵŵĂŶ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�ďĂƐĞĚ�ŽŶ�ƉĞƌĐĞƉƚƵĂů�ĐůĂƐƐŝĨŝĐĂƚŝŽŶ͘ ďŝŽZǆŝǀ͕�ϭϳϮϯϴϳ͘
ĚŽŝ͗ϭϬ͘ϭϭϬϭͬϭϳϮϯϴϳ

ZŽƚŚďĂƌƚ͕�D͘�<͕͘�Θ�WŽƐŶĞƌ͕�D͘�/͘�;ϮϬϭϱͿ͘�dŚĞ�ĚĞǀĞůŽƉŝŶŐ�ďƌĂŝŶ�ŝŶ�Ă�ŵƵůƚŝƚĂƐŬŝŶŐ�ǁŽƌůĚ͘��ĞǀĞůŽƉŵĞŶƚĂů�
ZĞǀŝĞǁ͕�ϯϱ͕�ϰϮʹ ϲϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘Ěƌ͘ϮϬϭϰ͘ϭϮ͘ϬϬϲ

ZŽƚŚďĂƌƚ͕�D͘�<͕͘�^ŚĞĞƐĞ͕��͘��͕͘�ZƵĞĚĂ͕�D͘�Z͕͘�Θ�WŽƐŶĞƌ͕�D͘�/͘�;ϮϬϭϭͿ͘��ĞǀĞůŽƉŝŶŐ�ŵĞĐŚĂŶŝƐŵƐ�ŽĨ�ƐĞůĨͲ
ƌĞŐƵůĂƚŝŽŶ�ŝŶ�ĞĂƌůǇ�ůŝĨĞ͘��ŵŽƚŝŽŶ�ZĞǀŝĞǁ͕�ϯ;ϮͿ͕�ϮϬϳʹϮϭϯ͘�ĚŽŝ͗ϭϬ͘ϭϭϳϳͬ�ϭϳϱϰϬϳϯϵϭϬϯϴϳϵϰϯ

ZŽƵƐƐĞĂƵ͕�>͕͘�Θ�ZŽƵƐƐĞĂƵ͕�Z͘�;ϭϵϵϲͿ͘�^ƚŽƉͲƌĞĂĐƚŝŽŶ�ƚŝŵĞ�ĂŶĚ�ƚŚĞ�ŝŶƚĞƌŶĂů�ĐůŽĐŬ͘ WĞƌĐĞƉƚŝŽŶ�Θ�
WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϱϴ;ϯͿ͕�ϰϯϰʹϰϰϴ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϬϲϴϭϵ

ZŽƵƐƐĞĂƵ͕�Z͕͘�WŝĐĂƌĚ͕��͕͘�Θ�WŝƚƌĞ͕��͘�;ϭϵϴϰͿ͘��Ŷ�ĂĚĂƉƚŝǀĞ�ĐŽƵŶƚĞƌ�ŵŽĚĞů�ĨŽƌ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ͘ �ŶŶĂůƐ�ŽĨ�ƚŚĞ�
EĞǁ�zŽƌŬ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕ ϰϮϯ;ϭͿ͕�ϲϯϵʹϲϰϮ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϳϰϵͲϲϲϯϮ͘ϭϵϴϰ͘ƚďϮϯϰϴϬ͘ǆ

ZŽƵǆ͕�&͕͘�Θ�hŚůŚĂĂƐ�W͘�:͘�;ϮϬϭϰͿ͘�tŽƌŬŝŶŐ�ŵĞŵŽƌǇ�ĂŶĚ�ŶĞƵƌĂů�ŽƐĐŝůůĂƚŝŽŶƐ͗�ɲͲɶ�ǀĞƌƐƵƐ�ɽͲɶ�ĐŽĚĞƐ�ĨŽƌ�
ĚŝƐƚŝŶĐƚ�tD�ŝŶĨŽƌŵĂƚŝŽŶ͍�dƌĞŶĚƐ�ŝŶ��ŽŐŶŝƚŝǀĞ�^ĐŝĞŶĐĞ͕�ϭϴ;ϭͿ͕�ϭϲʹϮϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϭϯ͘ϭϬ͘ϬϭϬ͘

ZŽǀĞĞͲ�ŽůůŝĞƌ͕��͘�;ϭϵϵϯͿ͘�dŚĞ�ĐĂƉĂĐŝƚǇ�ĨŽƌ�ůŽŶŐͲƚĞƌŵ�ŵĞŵŽƌǇ�ŝŶ�ŝŶĨĂŶĐǇ͘ �ƵƌƌĞŶƚ��ŝƌĞĐƚŝŽŶƐ ŝŶ�
WƐǇĐŚŽůŽŐŝĐĂů�^ĐŝĞŶĐĞ͕ Ϯ;ϰͿ͕�ϭϯϬʹϭϯϱ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϳͲϴϳϮϭ͘ĞƉϭϬϳϳϮϲϭϴ



WĂŐĞ�ͮ�ϯϬϵ

ZŽǀĞůůŝ͕��͘�;ϮϬϬϴͿ͘�YƵ͛ĞƐƚͲĐĞ�ƋƵĞ�ůĞ�ƚĞŵƉƐ�͍�YƵ͛ĞƐƚͲĐĞ�ƋƵĞ�ů͛ĞƐƉĂĐĞ�͍�ZŽŵĞ͕�/ƚĂůŝĞ�͗��ĞƌŶĂƌĚ�'ŝůƐŽŶ�
ĠĚŝƚĞƵƌ͘

ZŽǀĞůůŝ͕��͘�;ϮϬϭϴͿ͘�>͛ŽƌĚƌĞ�ĚƵ�ƚĞŵƉƐ͘�ZŽƵďĂŝǆ͕�&ƌĂŶĐĞ�͗�&ůĂŵŵĂƌŝŽŶ͘

ZƵďŝŶ͕�K͕͘�Θ�DĞŝƌĂŶ͕�E͘�;ϮϬϬϱͿ͘�KŶ�ƚŚĞ�ŽƌŝŐŝŶƐ�ŽĨ�ƚŚĞ�ƚĂƐŬ�ŵŝǆŝŶŐ�ĐŽƐƚ�ŝŶ�ƚŚĞ�ĐƵŝŶŐ�ƚĂƐŬͲƐǁŝƚĐŚŝŶŐ�
ƉĂƌĂĚŝŐŵ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�>ĞĂƌŶŝŶŐ͕�DĞŵŽƌǇ͕�ĂŶĚ��ŽŐŶŝƚŝŽŶ͕ ϯϭ;ϲͿ͕�ϭϰϳϳʹϭϰϵϭ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϮϳϴͲϳϯϵϯ͘ϯϭ͘ϲ͘ϭϰϳϳ

ZƵĨĨ͕�,͘��͕͘�Θ��ĂƉŽǌǌŽůŝ͕�D͘��͘�;ϮϬϬϯͿ͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ĂŶĚ�ĚŝƐƚƌĂĐƚŝďŝůŝƚǇ�ŝŶ�ƚŚĞ�ĨŝƌƐƚ�ϰ�ǇĞĂƌƐ�ŽĨ�
ůŝĨĞ͘ �ĞǀĞůŽƉŵĞŶƚĂů�ƉƐǇĐŚŽůŽŐǇ͕ ϯϵ;ϱͿ͕�ϴϳϳʹϴϵϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϭϮͲϭϲϰϵ͘ϯϵ͘ϱ͘ϴϳϳ

ZƵĨĨ͕�,͘��͕͘�Θ�ZŽƚŚďĂƌƚ͕�D͘�<͘�;ϮϬϬϭͿ͘ �ƚƚĞŶƚŝŽŶ�ŝŶ�ĞĂƌůǇ�ĚĞǀĞůŽƉŵĞŶƚ͗�dŚĞŵĞƐ�ĂŶĚ�ǀĂƌŝĂƚŝŽŶƐ͘�KǆĨŽƌĚ�
hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ͘

ZƵĨĨ͕�,͘�͕͘�Θ�^ĂůƚĂƌĞůůŝ͕�>͘D͘�;ϭϵϵϯͿ͘��ǆƉůŽƌĂƚŽƌǇ�ƉůĂǇ�ǁŝƚŚ�ŽďũĞĐƚƐ͗��ĂƐŝĐ�ĐŽŐŶŝƚŝǀĞ�ƉƌŽĐĞƐƐĞƐ�ĂŶĚ�
ŝŶĚŝǀŝĚƵĂů�ĚŝĨĨĞƌĞŶĐĞƐ͘�/Ŷ�D͘��ŽƌŶƐƚĞŝŶ͕�Θ��͘t͘�K͛ZĞŝůůǇ�;�ĚƐ͘Ϳ͕�dŚĞ�ƌŽůĞ�ŽĨ�ƉůĂǇ�ŝŶ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ
ƚŚŽƵŐŚƚ�;ƉƉ͘�ϱʹϭϱͿ͘�^ĂŶ�&ƌĂŶĐŝƐĐŽ͕�h^��͗�:ŽƐƐĞǇͲ�ĂƐƐ͘

ZƵƐƚŝĐ͕�:͕͘�Θ��ŶŶƐ͕�:͘�d͘�;ϮϬϭϱͿ͘��ƚƚĞŶƚŝŽŶĂů�ĚĞǀĞůŽƉŵĞŶƚ͘�/Ŷ�Z͘�D͘�>ĞƌŶĞƌ͕�>͘�>ŝďĞŶ�Θ�h͘�DƵĞůůĞƌ͘�;�ĚƐ͘Ϳ͕�
,ĂŶĚďŽŽŬ�ŽĨ�ĐŚŝůĚ�ƉƐǇĐŚŽůŽŐǇ�ĂŶĚ�ĚĞǀĞůŽƉŵĞŶƚĂů�ƐĐŝĞŶĐĞ ;ƉƉ͘�ϭϱϴʹϮϬϯͿ͘�EĞǁ�zŽƌŬ͕�Ez�͗�tŝůĞǇ͘

^ĂŬĂŝ͕�<͕͘�,ŝŬŽƐĂŬĂ͕�K͕͘�dĂŬŝŶŽ͕�Z͕͘�DŝǇĂƵĐŚŝ͕�^͕͘�EŝĞůƐĞŶ͕�D͕͘�Θ�dĂŵĂĚĂ͕�d͘�;ϮϬϬϬͿ͘�tŚĂƚ�ĂŶĚ�ǁŚĞŶ͗�
ƉĂƌĂůůĞů�ĂŶĚ�ĐŽŶǀĞƌŐĞŶƚ�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ�ŵŽƚŽƌ�ĐŽŶƚƌŽů͘ :ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕ ϮϬ;ϳͿ͕�ϮϲϵϭʹϮϳϬϬ͘�ĚŽŝ͗
ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϮϬͲϬϳͲϬϮϲϵϭ͘ϮϬϬϬ

^ĂůƚŚŽƵƐĞ͕�d͘��͕͘�Θ�DĞŝŶǌ͕��͘�:͘�;ϭϵϵϱͿ͘��ŐŝŶŐ͕�ŝŶŚŝďŝƚŝŽŶ͕�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͕�ĂŶĚ�ƐƉĞĞĚ͘�dŚĞ�:ŽƵƌŶĂůƐ�ŽĨ�
'ĞƌŽŶƚŽůŽŐǇ�^ĞƌŝĞƐ��͗�WƐǇĐŚŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ�ĂŶĚ�^ŽĐŝĂů�^ĐŝĞŶĐĞƐ͕ ϱϬ;ϲͿ͕�ϮϵϳʹϯϬϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϵϯͬŐĞƌŽŶďͬϱϬ�͘ϲ͘WϮϵϳ

^ĂůǀƵĐĐŝ͕��͘��͕͘�dĂĂƚŐĞŶ͕�E͘��͕͘�Θ��ŽƌƐƚ͕�:͘�W͘�;ϮϬϬϵͿ͘�dŽǁĂƌĚ�Ă�ƵŶŝĮĞĚ�ƚŚĞŽƌǇ�ŽĨ�ƚŚĞ�ŵƵůƚŝƚĂƐŬŝŶŐ�
ĐŽŶƚŝŶƵƵŵ͗�&ƌŽŵ�ĐŽŶĐƵƌƌĞŶƚ�ƉĞƌĨŽƌŵĂŶĐĞ�ƚŽ�ƚĂƐŬ�ƐǁŝƚĐŚŝŶŐ͕�ŝŶƚĞƌƌƵƉƚŝŽŶ͕�ĂŶĚ�ƌĞƐƵŵƉƚŝŽŶ͘�/Ŷ�D͘�
:ŽŶĞƐ�;�͘Ě�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�^/'�,/�ĐŽŶĨĞƌĞŶĐĞ�ŽŶ�ŚƵŵĂŶ�ĨĂĐƚŽƌƐ�ŝŶ�ĐŽŵƉƵƚŝŶŐ�ƐǇƐƚĞŵƐ ;ƉƉ͘�ϭϴϭϵʹ
ϭϴϮϴͿ͘��ŽƐƚŽŶ͕�D�͕�h^��͗��ƐƐŽĐŝĂƚŝŽŶ�ĨŽƌ��ŽŵƉƵƚŝŶŐ�DĂĐŚŝŶĞƌǇ͘�ĚŽŝ͗ϭϬ͘ϭϭϰϱͬϭϱϭϴϳϬϭ͘�ϭϱϭϴϵϴϭ

^ĂǀĂŐĞ͕�Z͕͘��ŽƌŶŝƐŚ͕�<͕͘�DĂŶůǇ͕�d͕͘�Θ�,ŽůůŝƐ͕��͘�;ϮϬϬϲͿ͘��ŽŐŶŝƚŝǀĞ�ƉƌŽĐĞƐƐĞƐ�ŝŶ�ĐŚŝůĚƌĞŶ͛Ɛ�ƌĞĂĚŝŶŐ�ĂŶĚ�
ĂƚƚĞŶƚŝŽŶ͗�dŚĞ�ƌŽůĞ�ŽĨ�ǁŽƌŬŝŶŐ ŵĞŵŽƌǇ͕�ĚŝǀŝĚĞĚ�ĂƚƚĞŶƚŝŽŶ͕�ĂŶĚ�ƌĞƐƉŽŶƐĞ�ŝŶŚŝďŝƚŝŽŶ͘��ƌŝƚŝƐŚ�:ŽƵƌŶĂů�ŽĨ�
WƐǇĐŚŽůŽŐǇ͕�ϵϳ;ϯͿ͕�ϯϲϱʹϯϴϱ͘�ĚŽŝ͗ϭϬ͘ϭϯϰϴͬϬϬϬϳϭϮϲϬϱyϴϭϯϳϬ

^ĂǆĞ͕Z͕͘Θ<ĂŶǁŝƐŚĞƌ͕E͘ ;ϮϬϬϯͿ͘WĞŽƉůĞ ƚŚŝŶŬŝŶŐĂďŽƵƚƚŚŝŶŬŝŶŐƉĞŽƉůĞ͗dŚĞƌŽůĞŽĨ ƚŚĞ ƚĞŵƉŽƌŽͲƉĂƌŝĞƚĂů
ũƵŶĐƚŝŽŶ ŝŶ͞ƚŚĞŽƌǇ�ŽĨ�ŵŝŶĚ͘͟�EĞƵƌŽ/ŵĂŐĞ͕�ϭϵ;ϰͿ͕�ϭϴϯϱʹϭϴϰϮ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϭϬϱϯͲϴϭϭϵ;ϬϯͿϬϬϮϯϬͲϭ

^ĐŚŝĨĨŵĂŶ͕�,͘�Z͕͘�Θ��ŽďŬŽ͕��͘�:͘�;ϭϵϳϰͿ͘��ĨĨĞĐƚƐ�ŽĨ�ƐƚŝŵƵůƵƐ�ĐŽŵƉůĞǆŝƚǇ�ŽŶ�ƚŚĞ�ƉĞƌĐĞƉƚŝŽŶ�ŽĨ�ďƌŝĞĨ�
ƚĞŵƉŽƌĂů�ŝŶƚĞƌǀĂůƐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϭϬϯ;ϭͿ͕�ϭϱϲʹϭϱϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬŚϬϬϯϲϳϵϰ



WĂŐĞ�ͮ�ϯϭϬ

^ŚŝĨĨƌŝŶ͕�Z͘�D͕͘�Θ�^ĐŚŶĞŝĚĞƌ͕�t͘�;ϭϵϳϳͿ͘��ŽŶƚƌŽůůĞĚ�ĂŶĚ�ĂƵƚŽŵĂƚŝĐ�ŚƵŵĂŶ�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ͗�//͘�
WĞƌĐĞƉƚƵĂů�ůĞĂƌŶŝŶŐ͕�ĂƵƚŽŵĂƚŝĐ�ĂƚƚĞŶĚŝŶŐ�ĂŶĚ�Ă�ŐĞŶĞƌĂů�ƚŚĞŽƌǇ͘ WƐǇĐŚŽůŽŐŝĐĂů�ƌĞǀŝĞǁ͕ ϴϰ;ϮͿ͕�ϭϮϳʹϭϵϬ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϯϯͲϮϵϱy͘ϴϰ͘Ϯ͘ϭϮϳ

^ĐŚŝƌŵĞƌ͕��͘�;ϮϬϬϰͿ͘�dŝŵŝŶŐ�ƐƉĞĞĐŚ͗�Ă�ƌĞǀŝĞǁ�ŽĨ�ůĞƐŝŽŶ�ĂŶĚ�ŶĞƵƌŽŝŵĂŐŝŶŐ�ĨŝŶĚŝŶŐƐ͘��ŽŐŶŝƚŝǀĞ��ƌĂŝŶ�
ZĞƐĞĂƌĐŚ͕�Ϯϭ;ϮͿ͕�ϮϲϵʹϮϴϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽŐďƌĂŝŶƌĞƐ͘ϮϬϬϰ͘Ϭϰ͘ϬϬϯ

^ĐŚŝƌŵĞƌ͕�͕͘DĞĐŬ͕t͘,͕͘ΘWĞŶŶĞǇ͕d͘�͘ ;ϮϬϭϲͿ͘ dŚĞ ƐŽĐŝŽͲƚĞŵƉŽƌĂůďƌĂŝŶ͗ �ŽŶŶĞĐƚŝŶŐƉĞŽƉůĞ ŝŶ ƚŝŵĞ͘
dƌĞŶĚƐ ŝŶ�ŽŐŶŝƚŝǀĞ�^ĐŝĞŶĐĞƐ͕�ϮϬ;ϭϬͿ͕�ϳϲϬʹϳϳϮ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϭϲ͘Ϭϴ͘ϬϬϮ

^ĐŚůŝĐŚƚŝŶŐ͕ E͕͘��ĂŵƐŵĂ͕��͕͘��ŬƐŽǇ͕��͘��͕͘�tćĐŚƚĞƌ͕�D͕͘��ƐĨŽƵƌ͕�d͕͘�Θ�ǀĂŶ�ZŝũŶ͕�,͘�;ϮϬϭϴͿ͘�dĞŵƉŽƌĂů�
ĐŽŶƚĞǆƚ�ŝŶŇƵĞŶĐĞƐ�ƚŚĞ�ƉĞƌĐĞŝǀĞĚ�ĚƵƌĂƚŝŽŶ�ŽĨ�ĞǀĞƌǇĚĂǇ�ĂĐƚŝŽŶƐ͗��ƐƐĞƐƐŝŶŐ�ƚŚĞ�ĞĐŽůŽŐŝĐĂů�ǀĂůŝĚŝƚǇ�ŽĨ�
ůĂďͲďĂƐĞĚ�ƚŝŵŝŶŐ�ƉŚĞŶŽŵĞŶĂ͘�:ŽƵƌŶĂů�ŽĨ��ŽŐŶŝƚŝŽŶ͕�ϭ;ϭͿ͕�ϰ͘�ĚŽŝ͗ϭϬ͘ϱϯϯϰͬũŽĐ͘ϰ͘

^ĐŚŶĞŝĚĞƌ͕ �͕͘ �ĂǇůŝƐƐ͕ �͘ W͕͘�ĞĐŬĞƌ͕ ^͘ /͕͘ Θ�Ƶǆ͕ W͘�͘ ;ϮϬϭϮͿ͘ �ǇĞŵŽǀĞŵĞŶƚƐ ƌĞǀĞĂů ƐƵƐƚĂŝŶĞĚ ŝŵƉůŝĐŝƚ
ƉƌŽĐĞƐƐŝŶŐŽĨ ŽƚŚĞƌƐΖ�ŵĞŶƚĂů ƐƚĂƚĞƐ͘ :ŽƵƌŶĂů ŽĨ �ǆƉĞƌŝŵĞŶƚĂů WƐǇĐŚŽůŽŐǇ͗ 'ĞŶĞƌĂů͕ ϭϰϭ;ϯͿ͕ ϰϯϯʹϰϯϴ͘
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬĂϬϬϮϱϰϱϴ

^ĐŚŶĞŝĚĞƌ͕�t͕͘�Θ�^ŚŝĨĨƌŝŶ͕�Z͘�D͘�;ϭϵϳϳͿ͘��ŽŶƚƌŽůůĞĚ�ĂŶĚ�ĂƵƚŽŵĂƚŝĐ�ŚƵŵĂŶ�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ͗�/͘�
�ĞƚĞĐƚŝŽŶ͕�ƐĞĂƌĐŚ͕�ĂŶĚ�ĂƚƚĞŶƚŝŽŶ͘ WƐǇĐŚŽůŽŐŝĐĂů�ƌĞǀŝĞǁ͕ ϴϰ;ϭͿ͕�ϭʹϲϲ͘ ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϯϯͲϮϵϱy͘ϴϰ͘ϭ͘ϭ

^ĐŚƵŵĂĐŚĞƌ͕��͘�,͕͘�^ĞǇŵŽƵƌ͕�d͘�>͕͘�'ůĂƐƐ͕�:͘�D͕͘�&ĞŶĐƐŝŬ͕��͘��͕͘�>ĂƵďĞƌ͕��͘�:͕͘�<ŝĞƌĂƐ͕��͘��͕͘�Θ�DĞǇĞƌ͕��͘��͘�
;ϮϬϬϭͿ͘�sŝƌƚƵĂůůǇ�ƉĞƌĨĞĐƚ�ƚŝŵĞ�ƐŚĂƌŝŶŐ�ŝŶ�ĚƵĂůͲƚĂƐŬ�ƉĞƌĨŽƌŵĂŶĐĞ͗�hŶĐŽƌŬŝŶŐ�ƚŚĞ�ĐĞŶƚƌĂů�ĐŽŐŶŝƚŝǀĞ�
ďŽƚƚůĞŶĞĐŬ͘ WƐǇĐŚŽůŽŐŝĐĂů�ƐĐŝĞŶĐĞ͕ ϭϮ;ϮͿ͕�ϭϬϭʹϭϬϴ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϳͲϵϮϴϬ͘ϬϬϯϭϴ

^ĐŝƵƚƚŝ͕��͕͘��Ƶƌƌ͕��͕͘�^ĂƌĂĐĐŽ͕��͕͘�^ĂŶĚŝŶŝ͕�'͕͘�Θ�'Žƌŝ͕�D͘�;ϮϬϭϰͿ͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĐŽŶƚĞǆƚ�ĚĞƉĞŶĚĞŶĐǇ�ŝŶ�
ŚƵŵĂŶ�ƐƉĂĐĞ�ƉĞƌĐĞƉƚŝŽŶ͘��ƌĂŝŶ�ZĞƐĞĂƌĐŚ͕�ϮϯϮ;ϭϮͿ͕�ϯϵϲϱʹϯϵϳϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϮϮϭͲϬϭϰͲϰϬϮϭͲǇ͘

^ŚĂŬĞƐƉĞĂƌĞ͕�t͘�;ϭϵϬϰͿ͘�dŚĞ�ƚƌĂŐĞĚǇ�ŽĨ�,ĂŵůĞƚ͘�hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ͘

^ŚĂůůŝĐĞ͕�d͘�;ϭϵϴϴͿ͘ &ƌŽŵ�ŶĞƵƌŽƉƐǇĐŚŽůŽŐǇ�ƚŽ�ŵĞŶƚĂů�ƐƚƌƵĐƚƵƌĞ͘��ĂŵďƌŝĚŐĞ�hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ͘

^ŚĂůůŝĐĞ͕�d͘�/͘�D͕͘�Θ��ƵƌŐĞƐƐ͕�W͘�t͘�;ϭϵϵϭĂͿ͘��ĞĨŝĐŝƚƐ�ŝŶ�ƐƚƌĂƚĞŐǇ�ĂƉƉůŝĐĂƚŝŽŶ�ĨŽůůŽǁŝŶŐ�ĨƌŽŶƚĂů�ůŽďĞ�ĚĂŵĂŐĞ�
ŝŶ�ŵĂŶ͘ �ƌĂŝŶ͕ ϭϭϰ;ϮͿ͕�ϳϮϳʹϳϰϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϵϯͬďƌĂŝŶͬϭϭϰ͘Ϯ͘ϳϮϳ

^ŚĂůůŝĐĞ�d͕��ƵƌŐĞƐƐ�Wt͘�;ϭϵϵϭͿ͘�,ŝŐŚĞƌͲŽƌĚĞƌ�ĐŽŐŶŝƚŝǀĞ�ŝŵƉĂŝƌŵĞŶƚƐ�ĂŶĚ�ĨƌŽŶƚĂů�ůŽďĞ�ůĞƐŝŽŶƐ�ŝŶ�ŵĂŶ͘�/Ŷ�,͘�
^͘�>ĞǀŝŶ͕�,͘�D͘��ŝƐĞŶďĞƌŐ͘�Θ��͘�>͘��ĞŶƚŽŶ�;�ĚƐ͘Ϳ͕�&ƌŽŶƚĂů�ůŽďĞ�ĨƵŶĐƚŝŽŶ�ĂŶĚ�ĚǇƐĨƵŶĐƚŝŽŶ�;ƉƉ͘�ϭϮϱʹ ϭϯϴͿ͘�
KǆĨŽƌĚ͕�h<�͗�KǆĨŽƌĚ�hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ͘

^Śŝ͕��͕͘�Θ��Ƶƌƌ͕��͘�;ϮϬϭϲͿ͘�WƌĞĚŝĐƚŝǀĞ�ĐŽĚŝŶŐ�ŽĨ�ŵƵůƚŝƐĞŶƐŽƌǇ�ƚŝŵŝŶŐ͘��ƵƌƌĞŶƚ�KƉŝŶŝŽŶ�ŝŶ��ĞŚĂǀŝŽƌĂů�
^ĐŝĞŶĐĞƐ͕�ϴ͕�ϮϬϬʹϮϬϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽďĞŚĂ͘ϮϬϭϲ͘ϬϮ͘Ϭϭϰ͘



WĂŐĞ�ͮ�ϯϭϭ

^Śŝ͕��͕͘��ŚƵƌĐŚ͕�Z͘�D͕͘�Θ�DĞĐŬ͕�t͘�,͘�;ϮϬϭϯͿ͘��ĂǇĞƐŝĂŶ�ŽƉƚŝŵŝǌĂƚŝŽŶ�ŽĨ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘ dƌĞŶĚƐ�ŝŶ�
�ŽŐŶŝƚŝǀĞ�^ĐŝĞŶĐĞƐ͕ ϭϳ;ϭϭͿ͕�ϱϱϲʹϱϲϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϭϯ͘Ϭϵ͘ϬϬϵ

^ŝĞŐĞů͕�D͕͘��ŽŶŶĞƌ͕�d͘�,͕͘�KŽƐƚĞŶǀĞůĚ͕�Z͕͘�&ƌŝĞƐ͕�W͕͘�Θ��ŶŐĞů͕��͘�<͘�;ϮϬϬϴͿ͘�EĞƵƌŽŶĂů�ƐǇŶĐŚƌŽŶŝǌĂƚŝŽŶ�ĂůŽŶŐ�
ƚŚĞ�ĚŽƌƐĂů�ǀŝƐƵĂů�ƉĂƚŚǁĂǇ�ƌĞĨůĞĐƚƐ�ƚŚĞ�ĨŽĐƵƐ�ŽĨ�ƐƉĂƚŝĂů�ĂƚƚĞŶƚŝŽŶ͘ EĞƵƌŽŶ͕ ϲϬ;ϰͿ͕�ϳϬϵʹϳϭϵ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵƌŽŶ͘ϮϬϬϴ͘Ϭϵ͘ϬϭϬ

^ŝŐŵĂŶ͕�D͕͘�Θ��ĞŚĂĞŶĞ͕�^͘�;ϮϬϬϲͿ͘��ǇŶĂŵŝĐƐ�ŽĨ�ƚŚĞ�ĐĞŶƚƌĂů�ďŽƚƚůĞŶĞĐŬ͗��ƵĂůͲƚĂƐŬ�ĂŶĚ�ƚĂƐŬ�ƵŶĐĞƌƚĂŝŶƚǇ͘�
W>Ž^��ŝŽůŽŐǇ͕�ϰ;ϳͿ͕�ĞϮϮϬ͘�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉďŝŽ͘ ϬϬϰϬϮϮϬ

^ŝƋƵĞůĂŶĚ͕��͘�Z͕͘�Θ�ĚĞ�>ƵĐŝĂ͕��͘��͘�;ϭϵϲϵͿ͘�sŝƐƵĂů�ƌĞŝŶĨŽƌĐĞŵĞŶƚ�ŽĨ�ŶŽŶŶƵƚƌŝƚŝǀĞ�ƐƵĐŬŝŶŐ�ŝŶ�ŚƵŵĂŶ�
ŝŶĨĂŶƚƐ͘ ^ĐŝĞŶĐĞ͕ ϭϲϱ;ϯϴϵϴͿ͕�ϭϭϰϰʹϭϭϰϲ͘�ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϲϱ͘ϯϴϵϴ͘ϭϭϰϰ

^ŬŝŶŶĞƌ͕��͘�&͘�;ϭϵϯϴͿ͘�dŚĞ��ĞŚĂǀŝŽƌ�ŽĨ�KƌŐĂŶŝƐŵƐ͗��Ŷ��ǆƉĞƌŝŵĞŶƚĂů��ŶĂůǇƐŝƐ͘�EĞǁ�zŽƌŬ͗��ƉƉůĞƚŽŶͲ
�ĞŶƚƵƌǇ͘

^ůĂĚĞ͕�>͕͘�Θ�ZƵĨĨŵĂŶ͕�d͘�;ϮϬϬϱͿ͘�,Žǁ�ůĂŶŐƵĂŐĞ�ĚŽĞƐ�;ĂŶĚ�ĚŽĞƐ�ŶŽƚͿ�ƌĞůĂƚĞ�ƚŽ�ƚŚĞŽƌǇ�ŽĨ�ŵŝŶĚ͗���
ůŽŶŐŝƚƵĚŝŶĂů�ƐƚƵĚǇ�ŽĨ�ƐǇŶƚĂǆ͕�ƐĞŵĂŶƚŝĐƐ͕�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ�ĂŶĚ�ĨĂůƐĞ�ďĞůŝĞĨ͘��ƌŝƚŝƐŚ�:ŽƵƌŶĂů�ŽĨ�
�ĞǀĞůŽƉŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ Ϯϯ;ϭͿ͕�ϭϭϳʹϭϰϭ͘�ĚŽŝ͗ϭϬ͘ϭϯϰϴͬϬϮϲϭϱϭϬϬϰyϮϭϯϯϮ

^ŵŝƚŚ͕��͕͘�dĂǇůŽƌ͕��͕͘�>ŝĚǌďĂ͕�<͕͘�Θ�ZƵďŝĂ͕�<͘�;ϮϬϬϯͿ͘���ƌŝŐŚƚ�ŚĞŵŝƐƉŚĞƌŝĐ�ĨƌŽŶƚŽĐĞƌĞďĞůůĂƌ�ŶĞƚǁŽƌŬ�ĨŽƌ�ƚŝŵĞ�
ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ŽĨ�ƐĞǀĞƌĂů�ŚƵŶĚƌĞĚƐ�ŽĨ�ŵŝůůŝƐĞĐŽŶĚƐ͘ EĞƵƌŽŝŵĂŐĞ͕ ϮϬ;ϭͿ͕�ϯϰϰʹϯϱϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϭϬϱϯͲ
ϴϭϭϵ;ϬϯͿϬϬϯϯϳͲϵ

^ŵŝƚŚ͕��͕͘�dĂǇůŽƌ͕��͕͘�tĂƌŶĞƌ�ZŽŐĞƌƐ͕�:͕͘�EĞǁŵĂŶ͕�^͕͘�Θ�ZƵďŝĂ͕�<͘�;ϮϬϬϮͿ͘��ǀŝĚĞŶĐĞ�ĨŽƌ�Ă�ƉƵƌĞ�ƚŝŵĞ�
ƉĞƌĐĞƉƚŝŽŶ�ĚĞĨŝĐŝƚ�ŝŶ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ���,�͘ :ŽƵƌŶĂů�ŽĨ��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ�ĂŶĚ�WƐǇĐŚŝĂƚƌǇ͕ ϰϯ;ϰͿ͕�ϱϮϵʹϱϰϮ͘�
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϵͲϳϲϭϬ͘ϬϬϬϰϯ

^ŽǁĞůů͕ �͘ Z͕͘ �ĞůŝƐ͕ �͕͘ ^ƚŝůĞƐ͕ :͕͘ Θ :ĞƌŶŝŐĂŶ͕ d͘ >͘ ;ϮϬϬϭͿ͘ /ŵƉƌŽǀĞĚ ŵĞŵŽƌǇ ĨƵŶĐƚŝŽŶŝŶŐ ĂŶĚ ĨƌŽŶƚĂů
ůŽďĞ�ŵĂƚƵƌĂƚŝŽŶ�ďĞƚǁĞĞŶ�ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ĂĚŽůĞƐĐĞŶĐĞ͗���ƐƚƌƵĐƚƵƌĂů�DZ/�ƐƚƵĚǇ͘�:ŽƵƌŶĂů�ŽĨ�ƚŚĞ
/ŶƚĞƌŶĂƚŝŽŶĂů�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĐĂů�^ŽĐŝĞƚǇ͕�ϳ;ϯͿ͕�ϯϭϮʹϯϮϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϳͬ^ϭϯϱϱϲϭϳϳϬϭϳϯϯϬϱy

^ŽǁĞůů͕ �͘ Z͕͘ WĞƚĞƌƐŽŶ͕ �͘ ^͕͘ dŚŽŵƉƐŽŶ͕ W͘ D͕͘ tĞůĐŽŵĞ͕ ^͘ �͕͘ ,ĞŶŬĞŶŝƵƐ͕ �͘ >͕͘ Θ dŽŐĂ͕ �͘ t͘
;ϮϬϬϯͿ͘�DĂƉƉŝŶŐ�ĐŽƌƚŝĐĂů�ĐŚĂŶŐĞ�ĂĐƌŽƐƐ�ƚŚĞ�ŚƵŵĂŶ�ůŝĨĞ�ƐƉĂŶ͘�EĂƚƵƌĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕�ϲ;ϯͿ͕ ϯϬϵʹϯϭϱ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŶϭϬϬϴ

^ŽǁĞůů͕��͘�Z͕͘�dŚŽŵƉƐŽŶ͕�W͘�D͕͘�,ŽůŵĞƐ͕��͘�:͕͘��ĂƚƚŚ͕�Z͕͘�:ĞƌŶŝŐĂŶ͕�d͘�>͕͘�Θ�dŽŐĂ͕��͘�t͘�;ϭϵϵϵͿ͘�>ŽĐĂůŝǌŝŶŐ�
ĂŐĞͲƌĞůĂƚĞĚ�ĐŚĂŶŐĞƐ�ŝŶ�ďƌĂŝŶ ƐƚƌƵĐƚƵƌĞ�ďĞƚǁĞĞŶ�ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ĂĚŽůĞƐĐĞŶĐĞ�ƵƐŝŶŐ�ƐƚĂƚŝƐƚŝĐĂů�
ƉĂƌĂŵĞƚƌŝĐ�ŵĂƉƉŝŶŐ͘�EĞƵƌŽ/ŵĂŐĞ͕�ϵ;ϲͿ͕�ϱϴϳʹϱϵϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϲͬŶŝŵŐ͘ϭϵϵϵ͘Ϭϰϯϲ

^ƉĞŶĐĞƌ͕�Z͘�D͕͘��ĞůĂǌŶŝŬ͕�,͘�E͕͘��ŝĞĚƌŝĐŚƐĞŶ͕�:͕͘�Θ�/ǀƌǇ͕�Z͘��͘�;ϮϬϬϯͿ͘��ŝƐƌƵƉƚĞĚ�ƚŝŵŝŶŐ�ŽĨ�ĚŝƐĐŽŶƚŝŶƵŽƵƐ�ďƵƚ�
ŶŽƚ�ĐŽŶƚŝŶƵŽƵƐ�ŵŽǀĞŵĞŶƚƐ�ďǇ�ĐĞƌĞďĞůůĂƌ�ůĞƐŝŽŶƐ͘ ƐĐŝĞŶĐĞ͕ ϯϬϬ;ϱϲϮϰͿ͕�ϭϰϯϳʹϭϰϯϵ͘�
ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝĞŶĐĞ͘ϭϬϴϯϲϲϭ



WĂŐĞ�ͮ�ϯϭϮ

^ƉĞƚĐŚ͕�D͘�>͕͘�Θ�ZƵƐĂŬ͕��͘�;ϭϵϵϮͿ͘�dĞŵƉŽƌĂů�ĐŽŶƚĞǆƚ�ĞĨĨĞĐƚƐ�ŝŶ�ƉŝŐĞŽŶƐΖ�ŵĞŵŽƌǇ�ĨŽƌ�ĞǀĞŶƚ�
ĚƵƌĂƚŝŽŶ͘ >ĞĂƌŶŝŶŐ�ĂŶĚ�DŽƚŝǀĂƚŝŽŶ͕ Ϯϯ;ϮͿ͕�ϭϭϳʹϭϰϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϯͲϵϲϵϬ;ϵϮͿϵϬϬϭϯͲ�

^ƉĞƚĐŚ͕�D͘�>͕͘�Θ�tŝůŬŝĞ͕��͘�D͘�;ϭϵϴϯͿ͘�^ƵďũĞĐƚŝǀĞ�ƐŚŽƌƚĞŶŝŶŐ͗���ŵŽĚĞů�ŽĨ�ƉŝŐĞŽŶƐΖ�ŵĞŵŽƌǇ�ĨŽƌ�ĞǀĞŶƚ�
ĚƵƌĂƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů��ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕ ϵ;ϭͿ͕�ϭϰʹϯϬ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϳͲϳϰϬϯ͘ϵ͘ϭ͘ϭϰ

^ƚĂĚĚŽŶ͕�:͘��͘�Z͕͘�Θ�,ŝŐĂ͕�:͘�:͘�;ϭϵϵϵͿ͘�dŝŵĞ�ĂŶĚ�ŵĞŵŽƌǇ͗�dŽǁĂƌĚƐ�Ă�ƉĂĐĞŵĂŬĞƌͲĨƌĞĞ�ƚŚĞŽƌǇ�ŽĨ�ŝŶƚĞƌǀĂů�
ƚŝŵŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ��ǆƉĞƌŝŵĞŶƚĂů��ŶĂůǇƐŝƐ�ŽĨ��ĞŚĂǀŝŽƌ͕ ϳϭ;ϮͿ͕�ϮϭϱʹϮϱϭ͘�ĚŽŝ͗ϭϬ͘ϭϵϬϭͬũĞĂď͘ϭϵϵϵ͘ϳϭͲ
Ϯϭϱ

^ƚĂƵĨĨĞƌ͕��͘��͕͘�,ĂůĚĞŵĂŶŶ͕�:͕͘�dƌŽĐŚĞ͕�^͘�:͕͘�Θ�ZĂŵŵƐĂǇĞƌ͕�d͘�,͘�;ϮϬϭϮͿ͘��ƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů�ƚĞŵƉŽƌĂů�
ƐĞŶƐŝƚŝǀŝƚǇ͗�ĞǀŝĚĞŶĐĞ�ĨŽƌ�Ă�ŚŝĞƌĂƌĐŚŝĐĂů�ƐƚƌƵĐƚƵƌĞ�ŽĨ�ŵŽĚĂůŝƚǇͲƐƉĞĐŝĨŝĐ�ĂŶĚ�ŵŽĚĂůŝƚǇͲŝŶĚĞƉĞŶĚĞŶƚ�ůĞǀĞůƐ�
ŽĨ�ƚĞŵƉŽƌĂů�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ͘ WƐǇĐŚŽůŽŐŝĐĂů�ZĞƐĞĂƌĐŚ͕ ϳϲ;ϭͿ͕�ϮϬʹϯϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϰϮϲͲϬϭϭͲ
ϬϯϯϯͲϴ

^ƚŽĐŬĞƌ͕��͘��͕͘�Θ�^ŝŵŽŶĐĞůůŝ͕��͘�W͘�;ϮϬϬϲͿ͘�EŽŝƐĞ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ĂŶĚ�ƉƌŝŽƌ�ĞǆƉĞĐƚĂƚŝŽŶƐ�ŝŶ�ŚƵŵĂŶ�ǀŝƐƵĂů�
ƐƉĞĞĚ�ƉĞƌĐĞƉƚŝŽŶ͘�EĂƚƵƌĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕�ϵ;ϰͿ͕�ϱϳϴʹϱϴϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶŶϭϲϲϵ͘

^ƚŽƚƚ͕�>͘�,͘�;ϭϵϯϱͿ͘�dŝŵĞͲŽƌĚĞƌ�ĞƌƌŽƌƐ�ŝŶ�ƚŚĞ�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ŽĨ�ƐŚŽƌƚ�ƚŽŶĂů�ĚƵƌĂƚŝŽŶƐ͘ :ŽƵƌŶĂů�ŽĨ�
�ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϭϴ;ϲͿ͕�ϳϰϭʹϳϲϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬŚϬϬϱϳϳϭϰ

^ƵƌǀŝůůŽ�tt�;ϭϵϲϭͿ�&ƌĞƋƵĞŶĐǇ�ŽĨ�ƚŚĞ�ĂůƉŚĂ�ƌŚǇƚŚŵ͕�ƌĞĂĐƚŝŽŶ�ƚŝŵĞ�ĂŶĚ�ĂŐĞ͘�EĂƚƵƌĞ͕ ϭϵϭ;ϰϳϵϬͿ͕�ϴϮϯʹϴϮϰ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϴͬϭϵϭϴϮϯĂϬ

^ƵƌǀŝůůŽ�tt�;ϭϵϲϯͿ�dŚĞ�ƌĞůĂƚŝŽŶ�ŽĨ�ƌĞƐƉŽŶƐĞͲƚŝŵĞ�ǀĂƌŝĂďŝůŝƚǇ�ƚŽ�ĂŐĞ�ĂŶĚ�ƚŚĞ�ŝŶĨůƵĞŶĐĞ�ŽĨ�ďƌĂŝŶ�ǁĂǀĞ�
ĨƌĞƋƵĞŶĐǇ͘��ůĞĐƚƌŽĞŶĐĞƉŚĂůŽŐƌĂƉŚǇ�ĂŶĚ��ůŝŶŝĐĂů�EĞƵƌŽƉŚǇƐŝŽůŽŐǇ͕�ϭϱ;ϲͿ͕�ϭϬϮϵʹϭϬϯϮ͘�
�Žŝ͗ϭϬ͘ϭϬϭϲͬϬϬϭϯͲϰϲϵϰ;ϲϯͿϵϬϭϰϲͲϵ

^ǌĞůĂŐ͕��͕͘�<ŽǁĂůƐŬĂ͕�:͕͘�ZǇŵĂƌĐǌǇŬ͕�<͕͘�Θ�WƂƉƉĞů͕��͘�;ϮϬϬϮͿ͘��ƵƌĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂƐ�
ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ƚŝŵĞ�ƌĞƉƌŽĚƵĐƚŝŽŶ͗�ŝŵƉůŝĐĂƚŝŽŶƐ�ĨŽƌ�Ă�ĨĞǁ�ƐĞĐŽŶĚƐ�ƚĞŵƉŽƌĂů�ǁŝŶĚŽǁ͘ �ĐƚĂ�
WƐǇĐŚŽůŽŐŝĐĂ͕ ϭϭϬ;ϭͿ͕�ϭʹϭϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϬϬϭͲϲϵϭϴ;ϬϭͿ

dĂĂƚŐĞŶ͕�E͘��͕͘�sĂŶ�ZŝũŶ͕�,͕͘�Θ��ŶĚĞƌƐŽŶ͕�:͘�;ϮϬϬϳͿ͘��Ŷ�ŝŶƚĞŐƌĂƚĞĚ�ƚŚĞŽƌǇ�ŽĨ�ƉƌŽƐƉĞĐƚŝǀĞ�ƚŝŵĞ�ŝŶƚĞƌǀĂů�
ĞƐƚŝŵĂƚŝŽŶ͗�dŚĞ�ƌŽůĞ�ŽĨ ĐŽŐŶŝƚŝŽŶ͕�ĂƚƚĞŶƚŝŽŶ͕�ĂŶĚ�ůĞĂƌŶŝŶŐ͘�WƐǇĐŚŽůŽŐŝĐĂů�ZĞǀŝĞǁ͕�ϭϭϰ;ϯͿ͕�ϱϳϳʹϱϵϴ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϯϯͲϮϵϱy͘ϭϭϰ͘ϯ͘ϱϳϳ

dĂĂƚŐĞŶ͕�E͕͘�Θ�ǀĂŶ�ZŝũŶ͕�,͘�;ϮϬϭϭͿ͘�dƌĂĐĞƐ�ŽĨ�ƚŝŵĞƐ�ƉĂƐƚ͗�ZĞƉƌĞƐĞŶƚĂƚŝŽŶƐ�ŽĨ�ƚĞŵƉŽƌĂů�ŝŶƚĞƌǀĂůƐ�ŝŶ�
ŵĞŵŽƌǇ͘�DĞŵŽƌǇ�Θ��ŽŐŶŝƚŝŽŶ͕�ϯϵ;ϴͿ͕�ϭϱϰϲʹϭϱϲϬ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬƐϭϯϰϮϭͲϬϭϭͲϬϭϭϯͲϬ͘

dĂƵ͕�'͘��͕͘�Θ�WĞƚĞƌƐŽŶ͕��͘�^͘�;ϮϬϭϬͿ͘�EŽƌŵĂů�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ďƌĂŝŶ�
ĐŝƌĐƵŝƚƐ͘ EĞƵƌŽƉƐǇĐŚŽƉŚĂƌŵĂĐŽůŽŐǇ͕ ϯϱ;ϭͿ͕�ϭϰϳʹϭϲϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƉƉ͘ϮϬϬϵ͘ϭϭϱ
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dŚĞůĞŶ͕��͘�;ϭϵϴϭͿ͘�ZŚǇƚŚŵŝĐĂů�ďĞŚĂǀŝŽƌ�ŝŶ�ŝŶĨĂŶĐǇ͗��Ŷ�ĞƚŚŽůŽŐŝĐĂů�ƉĞƌƐƉĞĐƚŝǀĞ͘ �ĞǀĞůŽƉŵĞŶƚĂů�
WƐǇĐŚŽůŽŐǇ͕ ϭϳ;ϯͿ͕�ϮϯϳʹϮϱϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϭϮͲϭϲϰϵ͘ϭϳ͘ϯ͘Ϯϯϳ

dŚĞůĞŶ͕��͕͘�Θ�&ŝƐŚĞƌ͕��͘�D͘�;ϭϵϴϮͿ͘�EĞǁďŽƌŶ�ƐƚĞƉƉŝŶŐ͗��Ŷ�ĞǆƉůĂŶĂƚŝŽŶ�ĨŽƌ�ĂΗ�ĚŝƐĂƉƉĞĂƌŝŶŐΗ�
ƌĞĨůĞǆ͘ �ĞǀĞůŽƉŵĞŶƚĂů�ƉƐǇĐŚŽůŽŐǇ͕ ϭϴ;ϱͿ͕�ϳϲϬʹϳϳϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϭϮͲϭϲϰϵ͘ϭϴ͘ϱ͘ϳϲϬ

dŚŽŵĂƐ͕��͘��͘��͕͘�Θ��ƌŽǁŶ͕�:͘�/͘�;ϭϵϳϰͿ͘�dŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�ĂŶĚ�ƚŚĞ�ĮůůĞĚͲĚƵƌĂƚŝŽŶ�ŝůůƵƐŝŽŶ͘�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�
WƐǇĐŚŽƉŚǇƐŝĐƐ͕�ϭϲ;ϯͿ͕�ϰϰϵʹϰϱϴ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&Ϭϯϭϵϴϱϳϭ

dŚŽŵĂƐ͕��͘��͕͘�Θ��ĂŶƚŽƌ͕�E͘��͘�;ϭϵϳϱͿ͘�KŶ�ƚŚĞ�ĚƵĂůŝƚǇ�ŽĨ�ƐŝŵƵůƚĂŶĞŽƵƐ�ƚŝŵĞ�ĂŶĚ�ƐŝǌĞ�
ƉĞƌĐĞƉƚŝŽŶ͘ WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϭϴ;ϭͿ͕�ϰϰʹϰϴ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&Ϭϯϭϵϵϯϲϱ

dŚŽŵĂƐ͕��͘��͕͘�Θ�tĞĂǀĞƌ͕�t͘��͘�;ϭϵϳϱͿ͘��ŽŐŶŝƚŝǀĞ�ƉƌŽĐĞƐƐŝŶŐ�ĂŶĚ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘�WĞƌĐĞƉƚŝŽŶ�Θ�
WƐǇĐŚŽƉŚǇƐŝĐƐ͕�ϭϳ;ϰͿ͕�ϯϲϯʹϯϲϳ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&Ϭϯϭϵϵϯϰϳ

dŝǌĂƌĚ͕��͕͘�Θ�,ƵŐŚĞƐ͕�D͘�;ϮϬϬϴͿ͘ zŽƵŶŐ�ĐŚŝůĚƌĞŶ�ůĞĂƌŶŝŶŐ͘�KǆĨŽƌĚ͕�h<�͗�:ŽŚŶ�tŝůĞǇ�Θ�^ŽŶƐ͘

dŽďŝŶ͕�^͕͘��ŝƐƐŽŶ͕�E͕͘�Θ�'ƌŽŶĚŝŶ͕�^͘�;ϮϬϭϬͿ͘ �Ŷ�ĞĐŽůŽŐŝĐĂů�ĂƉƉƌŽĂĐŚ�ƚŽ�ƉƌŽƐƉĞĐƚŝǀĞ�ĂŶĚ�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�
ƚŝŵŝŶŐ�ŽĨ�ůŽŶŐ�ĚƵƌĂƚŝŽŶƐ͗�Ă�ƐƚƵĚǇ�ŝŶǀŽůǀŝŶŐ�ŐĂŵĞƌƐ͘ WůŽ^�ŽŶĞ͕ ϱ;ϮͿ͕�ĞϵϮϳϭ͘�
ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϬϵϮϳϭ

dŽŵďƵ͕�D͕͘�Θ�:ŽůŝĐƈƵƌ͕�W͘�;ϮϬϬϮͿ͘��ůůͲŽƌͲŶŽŶĞ�ďŽƚƚůĞŶĞĐŬ�ǀĞƌƐƵƐ�ĐĂƉĂĐŝƚǇ�ƐŚĂƌŝŶŐ�ĂĐĐŽƵŶƚƐ�ŽĨ�ƚŚĞ�
ƉƐǇĐŚŽůŽŐŝĐĂů�ƌĞĨƌĂĐƚŽƌǇ�ƉĞƌŝŽĚ�ƉŚĞŶŽŵĞŶŽŶ͘ WƐǇĐŚŽůŽŐŝĐĂů�ƌĞƐĞĂƌĐŚ͕ ϲϲ;ϰͿ͕�ϮϳϰʹϮϴϲ͘�
ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϰϮϲͲϬϬϮͲϬϭϬϭͲǆ

dŽƉůĂŬ͕�D͘��͕͘��ŽĐŬƐƚĂĚĞƌ͕��͕͘�Θ�dĂŶŶŽĐŬ͕�Z͘�;ϮϬϬϲͿ͘�dĞŵƉŽƌĂů�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ�ŝŶ���,�͗�ĨŝŶĚŝŶŐƐ�
ƚŽ�ĚĂƚĞ�ĂŶĚ�ŶĞǁ�ŵĞƚŚŽĚƐ͘ :ŽƵƌŶĂů�ŽĨ�ŶĞƵƌŽƐĐŝĞŶĐĞ�ŵĞƚŚŽĚƐ͕ ϭϱϭ;ϭͿ͕�ϭϱʹϮϵ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũŶĞƵŵĞƚŚ͘ϮϬϬϱ͘Ϭϵ͘Ϭϭϴ

dŽǁƐĞ͕�:͘�E͕͘�,ŝƚĐŚ͕�'͘�:͕͘�Θ�,ŽƌƚŽŶ͕�E͘�;ϮϬϬϳͿ͘�tŽƌŬŝŶŐ�ŵĞŵŽƌǇ�ĂƐ�ƚŚĞ�ŝŶƚĞƌĨĂĐĞ�ďĞƚǁĞĞŶ�ƉƌŽĐĞƐƐŝŶŐ�ĂŶĚ�
ƌĞƚĞŶƚŝŽŶ͗���ĚĞǀĞůŽƉŵĞŶƚĂů�ƉĞƌƐƉĞĐƚŝǀĞ͘��ĚǀĂŶĐĞƐ�ŝŶ��ŚŝůĚ��ĞǀĞůŽƉŵĞŶƚ�ĂŶĚ��ĞŚĂǀŝŽƌ͕�ϯϱ͕�ϮϭϵʹϮϱϭ͘�
ĚŽŝ͗ϭϬ͘�ϭϬϭϲͬ�ϵϳϴͲϬͲϭϮͲϬϬϵϳϯϱͲϳ͘ϱϬϬϭϭͲϲ

dƌĂĐǇ͕�:͘�/͕͘�&ĂƌŽ͕�^͘�,͕͘�DŽŚĂŵĞĚ͕�&͘��͕͘�WŝŶƐŬ͕�D͕͘�Θ�WŝŶƵƐ͕��͘�;ϮϬϬϬͿ͘�&ƵŶĐƚŝŽŶĂů�ůŽĐĂůŝǌĂƚŝŽŶ�ŽĨ�Ă�͞dŝŵĞ�
<ĞĞƉĞƌ͟�ĨƵŶĐƚŝŽŶ�ƐĞƉĂƌĂƚĞ�ĨƌŽŵ�ĂƚƚĞŶƚŝŽŶĂů�ƌĞƐŽƵƌĐĞƐ�ĂŶĚ�ƚĂƐŬ�ƐƚƌĂƚĞŐǇ͘ EĞƵƌŽŝŵĂŐĞ͕ ϭϭ;ϯͿ͕�ϮϮϴʹ
ϮϰϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϲͬŶŝŵŐ͘ϮϬϬϬ͘Ϭϱϯϱ

dƌĞŐĞůůĂƐ͕�:͘�Z͕͘��ĂǀĂůŽƐ͕��͘��͕͘�Θ�ZŽũĂƐ͕��͘��͘�;ϮϬϬϲͿ͘��ĨĨĞĐƚ�ŽĨ�ƚĂƐŬ�ĚŝĨĨŝĐƵůƚǇ�ŽŶ�ƚŚĞ�ĨƵŶĐƚŝŽŶĂů�ĂŶĂƚŽŵǇ�ŽĨ�
ƚĞŵƉŽƌĂů�ƉƌŽĐĞƐƐŝŶŐ͘ EĞƵƌŽŝŵĂŐĞ͕ ϯϮ;ϭͿ͕�ϯϬϳʹϯϭϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŶĞƵƌŽŝŵĂŐĞ͘ϮϬϬϲ͘ϬϮ͘Ϭϯϲ

dƌĞŝƐŵĂŶ͕�D͘�;ϭϵϲϯͿ͘�dĞŵƉŽƌĂů�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ�ĂŶĚ�ƚŚĞ�ŝŶĚŝīĞƌĞŶĐĞ�ŝŶƚĞƌǀĂů͗�/ŵƉůŝĐĂƚŝŽŶƐ�ĨŽƌ�Ă�ŵŽĚĞů�ŽĨ�
ƚŚĞ�͞ŝŶƚĞƌŶĂů�ĐůŽĐŬ͘͟�WƐǇĐŚŽůŽŐŝĐĂů�DŽŶŽŐƌĂƉŚƐ͗ 'ĞŶĞƌĂů�ĂŶĚ�ƉƉůŝĞĚ͕ϳϳ;ϭϯͿ͕ ϭʹϯϭ͘
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬŚϬϬϵϯϴϲϰ
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dƌĞŝƐŵĂŶ͕�D͘�;ϮϬϭϯͿ͘�dŚĞ�ŝŶĨŽƌŵĂƚŝŽŶͲƉƌŽĐĞƐƐŝŶŐ�ŵŽĚĞů ŽĨ�ƚŝŵŝŶŐ�;dƌĞŝƐŵĂŶ͕�ϭϵϲϯͿ͗�/ƚƐ�ƐŽƵƌĐĞƐ�ĂŶĚ�
ĨƵƌƚŚĞƌ�ĚĞǀĞůŽƉŵĞŶƚ͘ dŝŵŝŶŐ�Θ�dŝŵĞ�WĞƌĐĞƉƚŝŽŶ͕ ϭ;ϮͿ͕�ϭϯϭʹϭϱϴ͘�ĚŽŝ͗ϭϬ͘ϭϭϲϯͬϮϮϭϯϰϰϲϴͲϬϬϬϬϮϬϭϳ

dƌĞŝƐŵĂŶ͕�D͕͘�Θ��ƌŽŐĂŶ͕��͘�;ϭϵϵϮͿ͘�dŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�ĂŶĚ�ƚŚĞ�ŝŶƚĞƌŶĂů�ĐůŽĐŬ͗��ĨĨĞĐƚƐ�ŽĨ�ǀŝƐƵĂů�ĨůŝĐŬĞƌ�ŽŶ�ƚŚĞ�
ƚĞŵƉŽƌĂů�ŽƐĐŝůůĂƚŽƌ͘ �ƵƌŽƉĞĂŶ�:ŽƵƌŶĂů�ŽĨ��ŽŐŶŝƚŝǀĞ�WƐǇĐŚŽůŽŐǇ͕ ϰ;ϭͿ͕�ϰϭʹϳϬ͘�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϬϵϱϰϭϰϰϵϮϬϴϰϬϲϮϰϮ

dƌƵĞƚƚ͕��͕͘�,ƵŵĞ͕��͘�>͕͘�tŽŽĚ͕��͘��͕͘�Θ�'ŽĨĨ͕�t͘�Z͘�>͘�;ϭϵϴϰͿ͘��ĞǀĞůŽƉŵĞŶƚĂů�ĂŶĚ�ĂŐŝŶŐ�ĐŚĂŶŐĞƐ�ŝŶ�
ƐŽŵĂƚŽƐĞŶƐŽƌǇ͕�ĂƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů�ĞǀŽŬĞĚ�ƉŽƚĞŶƚŝĂůƐ͘��ůĞĐƚƌŽĞŶĐĞƉŚĂůŽŐƌĂƉŚǇ�ĂŶĚ��ůŝŶŝĐĂů�
EĞƵƌŽƉŚǇƐŝŽůŽŐǇ͕�ϱϴ;ϭͿ͕�ϭϰʹϮϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϭϯͲϰϲϵϰ;ϴϰͿϵϬϭϵϲͲϮ

dƐĞ͕�W͘�h͕͘�/ŶƚƌŝůŝŐĂƚŽƌ͕�:͕͘�ZŝǀĞƐƚ͕�:͕͘�Θ��ĂǀĂŶĂŐŚ͕�W͘�;ϮϬϬϰͿ͘��ƚƚĞŶƚŝŽŶ�ĂŶĚ�ƚŚĞ�ƐƵďũĞĐƚŝǀĞ�ĞǆƉĂŶƐŝŽŶ�ŽĨ�
ƚŝŵĞ͘ WĞƌĐĞƉƚŝŽŶ�Θ�ƉƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϲϲ;ϳͿ͕�ϭϭϳϭʹϭϭϴϵ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&Ϭϯϭϵϲϴϰϰ

dƐƵũŝŵŽƚŽ͕�^͘�;ϮϬϬϴͿ͘�dŚĞ�ƉƌĞĨƌŽŶƚĂů�ĐŽƌƚĞǆ͗�&ƵŶĐƚŝŽŶĂů�ŶĞƵƌĂů�ĚĞǀĞůŽƉŵĞŶƚ�ĚƵƌŝŶŐ�ĞĂƌůǇ�ĐŚŝůĚŚŽŽĚ͘ dŚĞ�
EĞƵƌŽƐĐŝĞŶƚŝƐƚ͕ ϭϰ;ϰͿ͕�ϯϰϱʹϯϱϴ͘�ĚŽŝ͗ϭϬ͘ϭϭϳϳͬϭϬϳϯϴϱϴϰϬϴϯϭϲϬϬϮ

dǌŽƵƌŝŽ͕�E͕͘��ů�DĂƐƐŝŽƵŝ͕�&͕͘��ƌŝǀĞůůŽ͕�&͕͘�:ŽůŝŽƚ͕�D͕͘�ZĞŶĂƵůƚ͕��͕͘�Θ DĂǌŽǇĞƌ͕��͘�;ϭϵϵϳͿ͘�&ƵŶĐƚŝŽŶĂů�ĂŶĂƚŽŵǇ�
ŽĨ�ŚƵŵĂŶ�ĂƵĚŝƚŽƌǇ�ĂƚƚĞŶƚŝŽŶ�ƐƚƵĚŝĞĚ�ǁŝƚŚ�W�d͘ EĞƵƌŽŝŵĂŐĞ͕ ϱ;ϭͿ͕�ϲϯʹϳϳ͘�
ĚŽŝ͗ϭϬ͘ϭϬϬϲͬŶŝŵŐ͘ϭϵϵϲ͘ϬϮϱϮ

hůďƌŝĐŚ͕�W͕͘��ŚƵƌĂŶ͕�:͕͘�&ŝŶŬ͕�D͕͘�Θ�tŝƚƚŵĂŶŶ͕�D͘�;ϮϬϬϳͿ͘�dĞŵƉŽƌĂů�ƌĞƉƌŽĚƵĐƚŝŽŶ͗�&ƵƌƚŚĞƌ�ĞǀŝĚĞŶĐĞ�ĨŽƌ�
ƚǁŽ�ƉƌŽĐĞƐƐĞƐ͘��ĐƚĂ WǇĐŚŽůŽŐŝĐĂ͕�ϭϮϱ;ϭͿ͕�ϱϭʹϲϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϬϲ͘Ϭϲ͘ϬϬϰ

hůƌŝĐŚ͕�Z͕͘�EŝƚƐĐŚŬĞ͕�:͕͘�Θ�ZĂŵŵƐĂǇĞƌ͕�d͘ ;ϮϬϬϲͿ͘��ƌŽƐƐŵŽĚĂů�ƚĞŵƉŽƌĂů�ĚŝƐĐƌŝŵŝŶĂƚŝŽŶ͗��ƐƐĞƐƐŝŶŐ�ƚŚĞ�
ƉƌĞĚŝĐƚŝŽŶƐ�ŽĨ�Ă�ŐĞŶĞƌĂů�ƉĂĐĞŵĂŬĞƌͲĐŽƵŶƚĞƌ�ŵŽĚĞů͘ WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϲϴ;ϳͿ͕�ϭϭϰϬʹϭϭϱϮ͘�
ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&Ϭϯϭϵϯϳϭϲ

hŶĚĞƌǁŽŽĚ͕�'͕͘�Θ�^ǁĂŝŶ͕�Z͘��͘�;ϭϵϳϯͿ͘�^ĞůĞĐƚŝǀŝƚǇ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ĂŶĚ�ƚŚĞ�ƉĞƌĐĞƉƚŝŽŶ�ŽĨ�
ĚƵƌĂƚŝŽŶ͘ WĞƌĐĞƉƚŝŽŶ͕ Ϯ;ϭͿ͕�ϭϬϭʹϭϬϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϲϴͬƉϬϮϬϭϬϭ

sĂůůĞƐŝ͕��͕͘�DĐ/ŶƚŽƐŚ͕��͘�Z͕͘�^ŚĂůůŝĐĞ͕�d͕͘�Θ�^ƚƵƐƐ͕��͘�d͘�;ϮϬϬϵͿ͘�tŚĞŶ�ƚŝŵĞ�ƐŚĂƉĞƐ�ďĞŚĂǀŝŽƌ͗�ĨDZ/�ĞǀŝĚĞŶĐĞ�
ŽĨ�ďƌĂŝŶ�ĐŽƌƌĞůĂƚĞƐ�ŽĨ�ƚĞŵƉŽƌĂů�ŵŽŶŝƚŽƌŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ��ŽŐŶŝƚŝǀĞ�EĞƵƌŽƐĐŝĞŶĐĞ͕ Ϯϭ;ϲͿ͕�ϭϭϭϲʹϭϭϮϲ͘�
ĚŽŝ͗ϭϬ͘ϭϭϲϮͬũŽĐŶ͘ϮϬϬϵ͘ϮϭϬϵϴ

sĂŶDĂƌůĞ͕�<͕͘�Θ�tǇŶŶ͕�<͘�;ϮϬϬϲͿ͘�^ŝǆͲŵŽŶƚŚͲŽůĚ�ŝŶĨĂŶƚƐ�ƵƐĞ�ĂŶĂůŽŐ�ŵĂŐŶŝƚƵĚĞƐ�ƚŽ�ƌĞƉƌĞƐĞŶƚ�
ĚƵƌĂƚŝŽŶ͘ �ĞǀĞůŽƉŵĞŶƚĂů�ƐĐŝĞŶĐĞ͕ ϵ;ϱͿ͕�ϰϭʹϰϵ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϳͲϳϲϴϳ͘ϮϬϬϲ͘ϬϬϱϬϴ͘ǆ

ǀĂŶ�ZŝũŶ͕�,͘�;ϮϬϭϲͿ͘��ĐĐŽƵŶƚŝŶŐ�ĨŽƌ�ŵĞŵŽƌǇ�ŵĞĐŚĂŶŝƐŵƐ�ŝŶ�ŝŶƚĞƌǀĂů�ƚŝŵŝŶŐ͗���ƌĞǀŝĞǁ͘��ƵƌƌĞŶƚ�KƉŝŶŝŽŶ�ŝŶ�
�ĞŚĂǀŝŽƌĂů�^ĐŝĞŶĐĞƐ͕�ϴ͕�ϮϰϱʹϮϰϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽďĞŚĂ͘�ϮϬϭϲ͘ϬϮ͘Ϭϭϲ͘

sĂŶ�ZŝũŶ͕�,͕͘�Θ�dĂĂƚŐĞŶ͕�E͘��͘�;ϮϬϬϴͿ͘�dŝŵŝŶŐ�ŽĨ�ŵƵůƚŝƉůĞ�ŽǀĞƌůĂƉƉŝŶŐ�ŝŶƚĞƌǀĂůƐ͗�,Žǁ�ŵĂŶǇ�ĐůŽĐŬƐ�ĚŽ�ǁĞ�
ŚĂǀĞ͍͘ �ĐƚĂ�WƐǇĐŚŽůŽŐŝĐĂ͕ ϭϮϵ;ϯͿ͕�ϯϲϱʹϯϳϱ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂĐƚƉƐǇ͘ϮϬϬϴ͘Ϭϵ͘ϬϬϮ



WĂŐĞ�ͮ�ϯϭϱ

sĂŶ��ŽŵĞƌĞŶ͕��͘�,͕͘�Θ��ƌŽƵǁĞƌ͕�t͘�,͘�;ϭϵϵϰͿ͘ �ůŝŶŝĐĂů�ŶĞƵƌŽƉƐǇĐŚŽůŽŐǇ�ŽĨ�ĂƚƚĞŶƚŝŽŶ͘�KǆĨŽƌĚ͕�h<�͗�
hŶŝǀĞƌƐŝƚǇ�WƌĞƐƐ͘

sĞƌĐŝůůŽ͕�d͕͘�WŝƚƚĞůůŝ͕��͕͘��ŝĐĐŚŝŶŝ͕�'͘�D͕͘�Θ��Ƶƌƌ͕��͘�;ϮϬϭϮͿ͘��ƌĂŶŝŽƚŽƉŝĐ�ĂĚĂƉƚĂƚŝŽŶͲďĂƐĞĚ�ĐŚĂŶŐĞƐ�ƚŽ�
ƉĞƌĐĞŝǀĞĚ�ĞǀĞŶƚͲĚƵƌĂƚŝŽŶ�ĂƌĞ�ŶŽƚ�ĂĐĐŽŵƉĂŶŝĞĚ�ďǇ�ĐŚĂŶŐĞƐ�ŝŶ�ƉĞƌĐĞŝǀĞĚ� ŽŶƐĞƚ�Žƌ�ŽĨĨƐĞƚ�ŽĨ�
ƐƚŝŵƵůƵƐ͘ WĞƌĐĞƉƚŝŽŶ���sW�ĂďƐƚƌĂĐƚ͕ ϰϭ͕�ϭϴϳͲϭϴϳ͘

sĞƌŶŽŶ͕�W͘��͘�;ϭϵϴϳͿ͘ ^ƉĞĞĚ�ŽĨ�ŝŶĨŽƌŵĂƚŝŽŶͲƉƌŽĐĞƐƐŝŶŐ�ĂŶĚ�ŝŶƚĞůůŝŐĞŶĐĞ͘��ďůĞǆ�WƵďůŝƐŚŝŶŐ͘

sĞƌƐƚǇŶĞŶ͕�d͕͘�Θ�^ĂďĞƐ͕�W͘�E͘�;ϮϬϭϭͿ͘�,Žǁ�ĞĂĐŚ�ŵŽǀĞŵĞŶƚ�ĐŚĂŶŐĞƐ�ƚŚĞ�ŶĞǆƚ͗��Ŷ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�
ƚŚĞŽƌĞƚŝĐĂů�ƐƚƵĚǇ�ŽĨ�ĨĂƐƚ�ĂĚĂƉƚŝǀĞ�ƉƌŝŽƌƐ�ŝŶ�ƌĞĂĐŚŝŶŐ͘�:ŽƵƌŶĂů�ŽĨ�EĞƵƌŽƐĐŝĞŶĐĞ͕�ϯϭ;ϮϳͿ͕�ϭϬϬϱϬʹϭϬϬϱϵ͘�
ĚŽŝ͗ϭϬ͘ϭϱϮϯͬ:E�hZK^�/͘ϲϱϮϱͲϭϬ͘

sŝĞƌŽƌĚƚ͕�<͘�;ϭϴϲϴͿ͘��Ğƌ�ǌĞŝƚƐŝŶŶ�ŶĂĐŚ�ǀĞƌƐƵĐŚĞŶ͘�dƺďŝŶŐĞŶ͕�'ĞƌŵĂŶǇ͗�,͘�>ĂƵƉƉ͘

sŝůĂƌĞƐ͕�/͕͘�Θ�<ƂƌĚŝŶŐ͕�<͘�W͘�;ϮϬϭϭͿ͘��ĂǇĞƐŝĂŶ�ŵŽĚĞůƐ͗�ƚŚĞ�ƐƚƌƵĐƚƵƌĞ�ŽĨ�ƚŚĞ�ǁŽƌůĚ͕�ƵŶĐĞƌƚĂŝŶƚǇ͕�ďĞŚĂǀŝŽƌ͕�
ĂŶĚ�ƚŚĞ�ďƌĂŝŶ͘��ŶŶĂůƐ�ŽĨ�ƚŚĞ�EĞǁ�zŽƌŬ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕�ϭϮϮϰ;ϭͿ͕�ϮϮʹϯϵ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϭϳϰϵͲ
ϲϲϯϮ͘ϮϬϭϭ͘Ϭϱϵϲϱ͘ǆ

tĂĐŬĞƌŵĂŶŶ͕�:͕͘�Θ��Śŵ͕�t͘�;ϮϬϬϲͿ͘�dŚĞ�ĚƵĂů�ŬůĞƉƐǇĚƌĂ�ŵŽĚĞů�ŽĨ�ŝŶƚĞƌŶĂů�ƚŝŵĞ�ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ�ĂŶĚ�ƚŝŵĞ�
ƌĞƉƌŽĚƵĐƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ�dŚĞŽƌĞƚŝĐĂů��ŝŽůŽŐǇ͕ Ϯϯϵ;ϰͿ͕�ϰϴϮʹϰϵϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũƚďŝ͘ϮϬϬϱ͘Ϭϴ͘ϬϮϰ

tĂůŬĞƌ͕�:͘�d͕͘�Θ�^ĐŽƚƚ͕�<͘�:͘�;ϭϵϴϭͿ͘��ƵĚŝƚŽƌǇʹǀŝƐƵĂů�ĐŽŶĨůŝĐƚƐ�ŝŶ�ƚŚĞ�ƉĞƌĐĞŝǀĞĚ�ĚƵƌĂƚŝŽŶ�ŽĨ�ůŝŐŚƚƐ͕�ƚŽŶĞƐ͕�ĂŶĚ�
ŐĂƉƐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�WĞƌĨŽƌŵĂŶĐĞ͕ ϳ;ϲͿ͕�ϭϯϮϳʹϭϯϯϵ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϲͲϭϱϮϯ͘ϳ͘ϲ͘ϭϯϮϳ

tĂůƐŚ͕�s͘�;ϮϬϬϯͿ͘���ƚŚĞŽƌǇ�ŽĨ�ŵĂŐŶŝƚƵĚĞ͗��ŽŵŵŽŶ�ĐŽƌƚŝĐĂů�ŵĞƚƌŝĐƐ�ŽĨ�ƚŝŵĞ͕�ƐƉĂĐĞ�ĂŶĚ�ƋƵĂŶƚŝƚǇ͘�dƌĞŶĚƐ�ŝŶ�
�ŽŐŶŝƚŝǀĞ�^ĐŝĞŶĐĞƐ͕�ϳ;ϭϭͿ͕�ϰϴϯʹϰϴϴ͘��ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϬϯ͘Ϭϵ͘ϬϬϮ

tĂŶŐ͕�͕͘>Žǁ͕:͕͘:ŝŶŐ͕�͕͘ΘYŝŶŐŚƵĂ͕Y͘;ϮϬϭϮͿ͘�ŚŝŶĞƐĞƉƌĞƐĐŚŽŽůĞƌƐΖŝŵƉůŝĐŝƚĂŶĚĞǆƉůŝĐŝƚĨĂůƐĞͲďĞůŝĞĨ
ƵŶĚĞƌƐƚĂŶĚŝŶŐ͘�ƌŝƚŝƐŚ�:ŽƵƌŶĂů�ŽĨ��ĞǀĞůŽƉŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϯϬ͕�ϭϮϯʹϭϰϬ͘ĚŽŝ͗ϭϬ͘ϭϭϭϭͬũ͘ϮϬϰϰͲ
ϴϯϱy͘ϮϬϭϭ͘ϬϮϬϱϮ͘ǆ

tĞĂƌĚĞŶ͕�:͘�;ϮϬϭϲͿ͘ dŚĞ�ƉƐǇĐŚŽůŽŐǇ�ŽĨ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘�^ƉƌŝŶŐĞƌ͘

tĞĂƌĚĞŶ͕�:͘�,͘�;ϭϵϵϭͿ͘�,ƵŵĂŶ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽŶ�ĂŶ�ĂŶĂůŽŐƵĞ�ŽĨ�ĂŶ�ŝŶƚĞƌǀĂů�ďŝƐĞĐƚŝŽŶ�ƚĂƐŬ͘ dŚĞ�YƵĂƌƚĞƌůǇ�
:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ�^ĞĐƚŝŽŶ��͕ ϰϯ;ϭďͿ͕�ϱϵʹϴϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϰϲϰϬϳϰϵϭϬϴϰϬϭϮϱϵ

tĞĂƌĚĞŶ͕�:͘�,͘�;ϭϵϵϯͿ͘��ĞĐŝƐŝŽŶƐ�ĂŶĚ�ŵĞŵŽƌŝĞƐ�ŝŶ�ŚƵŵĂŶ�ƚŝŵŝŶŐ͘�WƐǇĐŚŽůŽŐŝĐĂ��ĞůŐŝĐĂ͕�ϯϯ;ϮͿ͕�Ϯϰϭʹϱϭϭ͘�

tĞĂƌĚĞŶ͕�:͘�,͕͘�Θ��ƌĂǇ͕�^͘�;ϮϬϬϭͿ͘�^ĐĂůĂƌ�ƚŝŵŝŶŐ�ǁŝƚŚŽƵƚ�ƌĞĨĞƌĞŶĐĞ�ŵĞŵŽƌǇ͍��ƉŝƐŽĚŝĐ�ƚĞŵƉŽƌĂů�
ŐĞŶĞƌĂůŝǌĂƚŝŽŶ�ĂŶĚ�ďŝƐĞĐƚŝŽŶ�ŝŶ�ŚƵŵĂŶƐ͘ dŚĞ�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ�^ĞĐƚŝŽŶ�
�͕ ϱϰ;ϰďͿ͕�ϮϴϵʹϯϬϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϳϭϯϵϯϮϳϲϯ



WĂŐĞ�ͮ�ϯϭϲ

tĞĂƌĚĞŶ͕�:͘�,͕͘�Θ��ŽŚĞƌƚǇ͕�D͘�&͘�;ϭϵϵϱͿ͘��ǆƉůŽƌŝŶŐ�ĂŶĚ�ĚĞǀĞůŽƉŝŶŐ�Ă�ĐŽŶŶĞĐƚŝŽŶŝƐƚ�ŵŽĚĞů�ŽĨ�ĂŶŝŵĂů�
ƚŝŵŝŶŐ͗�WĞĂŬ�ƉƌŽĐĞĚƵƌĞ�ĂŶĚ�ĨŝǆĞĚͲŝŶƚĞƌǀĂů�ƐŝŵƵůĂƚŝŽŶƐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗��ŶŝŵĂů�
�ĞŚĂǀŝŽƌ�WƌŽĐĞƐƐĞƐ͕ Ϯϭ;ϮͿ͕ ϵϵʹϭϭϱ͘�ϭϬ͘ϭϬϯϳͬϬϬϵϳͲϳϰϬϯ͘Ϯϭ͘Ϯ͘ϵϵ

tĞĂƌĚĞŶ͕�:͘�,͕͘��ĚǁĂƌĚƐ͕�,͕͘�&ĂŬŚƌŝ͕�D͕͘�Θ�WĞƌĐŝǀĂů͕��͘�;ϭϵϵϴͿ͘�tŚǇ�ƐŽƵŶĚƐ�ĂƌĞ�ũƵĚŐĞĚ�ůŽŶŐĞƌ�ƚŚĂŶ ůŝŐŚƚƐ͗�
�ƉƉůŝĐĂƚŝŽŶ�ŽĨ�Ă�ŵŽĚĞů�ŽĨ�ƚŚĞ�ŝŶƚĞƌŶĂů�ĐůŽĐŬ�ŝŶ�ŚƵŵĂŶƐ͘�YƵĂƌƚĞƌůǇ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕�
ϱϭ;ϮͿ͕�ϵϳʹϭϮϬ�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϳϭϯϵϯϮϲϳϮ

tĞĂƌĚĞŶ͕�:͘�,͕͘�Θ�&ĞƌƌĂƌĂ͕��͘�;ϭϵϵϱͿ͘�^ƚŝŵƵůƵƐ�ƐƉĂĐŝŶŐ�ĞĨĨĞĐƚƐ�ŝŶ�ƚĞŵƉŽƌĂů�ďŝƐĞĐƚŝŽŶ�ďǇ�ŚƵŵĂŶƐ͘ dŚĞ�
YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϰϴ;ϰͿ͕�ϮϴϵʹϯϭϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϰϲϰϬϳϰϵϱϬϴϰϬϭϰϱϰ

tĞĂƌĚĞŶ͕�:͕͘�Θ�>ĞũĞƵŶĞ͕�,͘�;ϭϵϵϯͿ͘��ĐƌŽƐƐ�ƚŚĞ�'ƌĞĂƚ��ŝǀŝĚĞ͗��ŶŝŵĂů�ƉƐǇĐŚŽůŽŐǇ�ĂŶĚ�ƚŝŵĞ�ŝŶ�ŚƵŵĂŶƐ͘ dŝŵĞ�
Θ�^ŽĐŝĞƚǇ͕ Ϯ;ϭͿ͕�ϴϳʹϭϬϲ͘�ĚŽŝ͗ϭϬ͘ϭϭϳϳͬϬϵϲϭϰϲϯyϵϯϬϬϮϬϬϭϬϬϳ

tĞĂƌĚĞŶ͕�:͘�,͕͘�Θ�>ĞũĞƵŶĞ͕�,͘�;ϮϬϬϴͿ͘�^ĐĂůĂƌ�ƉƌŽƉĞƌƚŝĞƐ�ŝŶ�ŚƵŵĂŶ�ƚŝŵŝŶŐ͗�ĐŽŶĨŽƌŵŝƚǇ�ĂŶĚ�ǀŝŽůĂƚŝŽŶƐ͘ dŚĞ�
YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ ϲϭ;ϰͿ͕�ϱϲϵʹϱϴϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϳϰϳϬϮϭϬϳϬϭϮϴϮϱϳϲ

tĞĂƌĚĞŶ͕�:͘�,͕͘�Θ�DĐ^ŚĂŶĞ͕��͘�;ϭϵϴϴͿ͘�/ŶƚĞƌǀĂů�ƉƌŽĚƵĐƚŝŽŶ�ĂƐ�ĂŶ�ĂŶĂůŽŐƵĞ�ŽĨ�ƚŚĞ�ƉĞĂŬ�ƉƌŽĐĞĚƵƌĞ͗�
�ǀŝĚĞŶĐĞ�ĨŽƌ�ƐŝŵŝůĂƌŝƚǇ�ŽĨ�ŚƵŵĂŶ�ĂŶĚ�ĂŶŝŵĂů�ƚŝŵŝŶŐ�ƉƌŽĐĞƐƐĞƐ͘ dŚĞ�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�
WƐǇĐŚŽůŽŐǇ͕ ϰϬ;ϰͿ͕�ϯϲϯʹϯϳϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϰϲϰϬϳϰϴϴϬϴϰϬϮϯϯϬ

tĞĂƌĚĞŶ͕�:͘�,͕͘�EŽƌƚŽŶ͕�Z͕͘�DĂƌƚŝŶ͕�^͕͘�Θ�DŽŶƚĨŽƌĚͲ�Ğďď͕�K͘�;ϮϬϬϳͿ͘�/ŶƚĞƌŶĂů�ĐůŽĐŬ�ƉƌŽĐĞƐƐĞƐ�ĂŶĚ�ƚŚĞ�
ĨŝůůĞĚͲĚƵƌĂƚŝŽŶ�ŝůůƵƐŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�
WĞƌĨŽƌŵĂŶĐĞ͕ ϯϯ;ϯͿ͕�ϳϭϲʹϳϮϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϲͲϭϱϮϯ͘ϯϯ͘ϯ͘ϳϭϲ

tĞĂƌĚĞŶ͕�:͘�,͕͘�Θ�WĞŶƚŽŶͲsŽĂŬ͕�/͘�^͘�;ϭϵϵϱͿ͘�&ĞĞůŝŶŐ�ƚŚĞ�ŚĞĂƚ͗��ŽĚǇ�ƚĞŵƉĞƌĂƚƵƌĞ�ĂŶĚ�ƚŚĞ�ƌĂƚĞ�ŽĨ�
ƐƵďũĞĐƚŝǀĞ�ƚŝŵĞ͕�ƌĞǀŝƐŝƚĞĚ͘ dŚĞ�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ�^ĞĐƚŝŽŶ��͕ ϰϴ;ϮďͿ͕�ϭϮϵʹ
ϭϰϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϰϲϰϬϳϰϵϱϬϴϰϬϭϰϰϯ

tĞĂƌĚĞŶ͕ :͘�,͕͘ dŽĚĚ͕ E͕͘ Θ :ŽŶĞƐ͕ >͘ ;ϮϬϬϲͿ͘ tŚĞŶ ĚŽ ĂƵĚŝƚŽƌǇͲǀŝƐƵĂů ĚŝĨĨĞƌĞŶĐĞ ŝŶ ĚƵƌĂƚŝŽŶ
ũƵĚŐŵĞŶƚ ŽĐĐƵƌ͘�YƵĂƌƚĞƌůǇ�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕�ϱϵ;ϭϬͿ͕ ϭϳϬϵʹϭϳϮϰ͘�
ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϳϰϳϬϮϭϬϱϬϬϯϭϰϳϮϵ

tĞĂƌĚĞŶ͕�:͘�,͕͘�tĞĂƌĚĞŶ͕��͘�:͕͘�Θ�ZĂďďŝƚƚ͕�W͘�D͘�;ϭϵϵϳͿ͘��ŐĞ�ĂŶĚ�/Y�ĞĨĨĞĐƚƐ�ŽŶ�ƐƚŝŵƵůƵƐ�ĂŶĚ�ƌĞƐƉŽŶƐĞ�
ƚŝŵŝŶŐ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͗�,ƵŵĂŶ�WĞƌĐĞƉƚŝŽŶ�ĂŶĚ�WĞƌĨŽƌŵĂŶĐĞ͕ Ϯϯ;ϰͿ͕�ϵϲϮʹϵϳϵ͘�
ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϵϲͲϭϱϮϯ͘Ϯϯ͘ϰ͘ϵϲϮ

tĞĐŚƐůĞƌ͕��͘�;ϭϵϵϴͿ͘�t�/^�///�ĂŶĚ�tD^Ͳ///�ŵĂŶƵĂů͘�^ĂŶ��ŶƚŽŶŝŽ͕�dy͗�dŚĞ�WƐǇĐŚŽůŽŐŝĐĂů �ŽƌƉŽƌĂƚŝŽŶ͘

tĞĐŚƐůĞƌ͕��͘�;ϮϬϬϱͿ͘�tĞĐŚƐůĞƌ�ŝŶĚŝǀŝĚƵĂů�ĂĐŚŝĞǀĞŵĞŶƚ�ƚĞƐƚͲƐĞĐŽŶĚ�ĞĚŝƚŝŽŶ�;t/�d�//Ϳ͘�>ŽŶĚŽŶ͗�
WƐǇĐŚŽůŽŐŝĐĂů��ŽƌƉŽƌĂƚŝŽŶ͘



WĂŐĞ�ͮ�ϯϭϳ

tĞŝƐďĞƌŐ͕�W͘�;ϭϵϳϬͿ͘��ĨĨĞĐƚƐ�ŽĨ�ƌĞŝŶĨŽƌĐĞŵĞŶƚ�ŚŝƐƚŽƌǇ�ŽŶ�ƚŝŵŝŶŐ�;�Z>Ϳ�ƉĞƌĨŽƌŵĂŶĐĞ�ŝŶ�ǇŽƵŶŐ�
ĐŚŝůĚƌĞŶ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϵ;ϯͿ͕�ϯϰϴʹϯϲϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϮͲϬϵϲϱ;ϳϬͿϵϬϬϮϯͲ
ϴ

tĞŝƐďĞƌŐ͕�W͕͘�Θ�dƌĂŐĂŬŝƐ͕��͘�:͘�;ϭϵϲϳͿ͘��ŶĂůǇƐĞƐ�ŽĨ��Z>�ďĞŚĂǀŝŽƌ�ŝŶ�ǇŽƵŶŐ�ĐŚŝůĚƌĞŶ͘ WƐǇĐŚŽůŽŐŝĐĂů�
ƌĞƉŽƌƚƐ͕ Ϯϭ;ϯͿ͕�ϳϬϵʹϳϭϱ͘�ĚŽŝ͗ϭϬ͘ϮϰϲϲͬƉƌϬ͘ϭϵϲϳ͘Ϯϭ͘ϯ͘ϳϬϵ

tĞůůŵĂŶ͕�,͘�D͘�;ϮϬϬϮͿ͘�hŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ�ƉƐǇĐŚŽůŽŐŝĐĂů�ǁŽƌůĚ͗��ĞǀĞůŽƉŝŶŐ�Ă�ƚŚĞŽƌǇ�ŽĨ�ŵŝŶĚ͘�/Ŷ�h͘�
'ŽƐǁĂŵŝ�;�Ě͘Ϳ͕��ůĂĐŬǁĞůů ŚĂŶĚďŽŽŬ ŽĨ ĐŚŝůĚŚŽŽĚ ĐŽŐŶŝƚŝǀĞ ĚĞǀĞůŽƉŵĞŶƚ ;ƉƉ͘ ϭϲϳʹϭϴϳͿ͘ KǆĨŽƌĚ͕�h<�͗
�ůĂĐŬǁĞůů͘ ĚŽŝ͗ϭϬ͘ϭϬϬϮͬ ϵϳϴϬϰϳϬϵϵϲϲϱϮ͘ĐŚϴ

tĞůůŵĂŶ͕ ,͘D͕͘ �ƌŽƐƐ͕ �͕͘ ΘtĂƚƐŽŶ͕ :͘ ;ϮϬϬϭͿ͘DĞƚĂͲĂŶĂůǇƐŝƐ ŽĨ ƚŚĞŽƌǇ ŽĨŵŝŶĚ ĚĞǀĞůŽƉŵĞŶƚ͗ dŚĞ ƚƌƵƚŚ
ĂďŽƵƚ ĨĂůƐĞ ďĞůŝĞĨ͘��ŚŝůĚ��ĞǀĞůŽƉŵĞŶƚ͕�ϳϮ;ϯͿ͕�ϲϱϱʹϲϴϰ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϳͲϴϲϮϰ͘ϬϬϯϬϰ

tŝĐŬĞŶƐ͕��͘��͘�;ϮϬϬϮͿ͘�DƵůƚŝƉůĞ�ƌĞƐŽƵƌĐĞƐ�ĂŶĚ�ƉĞƌĨŽƌŵĂŶĐĞ�ƉƌĞĚŝĐƚŝŽŶ͘�dŚĞŽƌĞƚŝĐĂů�/ƐƐƵĞƐ ŝŶ��ƌŐŽŶŽŵŝĐƐ�
^ĐŝĞŶĐĞ͕�ϯ;ϮͿ͕�ϭϱϵʹϭϳϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϴϬͬϭϰϲϯϵϮϮϬϮϭϬϭϮϯϴϬϲ

tĞŝŶĞƌ͕�,͘�;ϭϵϲϮͿ͘�^ŽŵĞ�ĞĨĨĞĐƚƐ�ŽĨ�ƌĞƐƉŽŶƐĞ�ĐŽƐƚ�ƵƉŽŶ�ŚƵŵĂŶ�ŽƉĞƌĂŶƚ�ďĞŚĂǀŝŽƌ͘ :ŽƵƌŶĂů�ŽĨ�ƚŚĞ�
ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ďĞŚĂǀŝŽƌ͕ ϱ;ϮͿ͕�ϮϬϭʹϮϬϴ͘�ĚŽŝ͗ϭϬ͘ϭϵϬϭͬũĞĂď͘ϭϵϲϮ͘ϱͲϮϬϭ

tĞŝŶĞƌ͕�,͘�;ϭϵϲϰͿ͘��ŽŶĚŝƚŝŽŶŝŶŐ�ŚŝƐƚŽƌǇ�ĂŶĚ�ŚƵŵĂŶ�ĨŝǆĞĚͲŝŶƚĞƌǀĂů�ƉĞƌĨŽƌŵĂŶĐĞ͘�:ŽƵƌŶĂů�ŽĨ�ƚŚĞ�
�ǆƉĞƌŝŵĞŶƚĂů��ŶĂůǇƐŝƐ�ŽĨ��ĞŚĂǀŝŽƌ͕ ϳ;ϱͿ͕�ϯϴϯʹϯϴϱ͘�ĚŽŝ͗ϭϬ͘ϭϵϬϭͬũĞĂď͘ϭϵϲϰ͘ϳͲϯϴϯ

tĞŝŶĞƌ͕�,͘�;ϭϵϲϰͿ͘��ŽŶĚŝƚŝŽŶŝŶŐ�ŚŝƐƚŽƌǇ�ĂŶĚ�ŚƵŵĂŶ�ĨŝǆĞĚͲŝŶƚĞƌǀĂů�ƉĞƌĨŽƌŵĂŶĐĞ͘�:ŽƵƌŶĂů�ŽĨ�ƚŚĞ�
�ǆƉĞƌŝŵĞŶƚĂů��ŶĂůǇƐŝƐ�ŽĨ��ĞŚĂǀŝŽƌ͕�ϳ͕�ϯϴϯʹϯϴϱ͘

tĞƌďŽƐ͕�W͘�:͘�;ϭϵϴϴͿ͘�'ĞŶĞƌĂůŝǌĂƚŝŽŶ�ŽĨ�ďĂĐŬƉƌŽƉĂŐĂƚŝŽŶ�ǁŝƚŚ�ĂƉƉůŝĐĂƚŝŽŶ�ƚŽ�Ă�ƌĞĐƵƌƌĞŶƚ�ŐĂƐ�ŵĂƌŬĞƚ�
ŵŽĚĞů͘ EĞƵƌĂů�ŶĞƚǁŽƌŬƐ͕ ϭ;ϰͿ͕�ϯϯϵʹϯϱϲ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϴϵϯͲϲϬϴϬ;ϴϴͿϵϬϬϬϳͲy

tŝĐŬĞŶƐ͕��͘��͘�;ϭϵϴϬͿ͘�dŚĞ�ƐƚƌƵĐƚƵƌĞ�ŽĨ�ĂƚƚĞŶƚŝŽŶĂů�ƌĞƐŽƵƌĐĞƐ͘ �ƚƚĞŶƚŝŽŶ�ĂŶĚ�ƉĞƌĨŽƌŵĂŶĐĞ�s///͕ ϴ͕�Ϯϯϵʹ
Ϯϱϳ͘

tŝůŬĞŶŝŶŐ͕�&͕͘�>ĞǀŝŶ͕�/͕͘�Θ��ƌƵǇĂŶ͕�^͘�;ϭϵϴϳͿ͘��ŚŝůĚƌĞŶΖƐ�ĐŽƵŶƚŝŶŐ�ƐƚƌĂƚĞŐŝĞƐ�ĨŽƌ�ƚŝŵĞ�ƋƵĂŶƚŝĨŝĐĂƚŝŽŶ�ĂŶĚ�
ŝŶƚĞŐƌĂƚŝŽŶ͘ �ĞǀĞůŽƉŵĞŶƚĂů�WƐǇĐŚŽůŽŐǇ͕ Ϯϯ;ϲͿ͕�ϴϮϯʹϴϯϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬϬϬϭϮͲϭϲϰϵ͘Ϯϯ͘ϲ͘ϴϮϯ

tŝůůŝĂŵƐ͕�Z͘�:͘�'ƌĂĚŝĞŶƚͲ�ĂƐĞĚ�>ĞĂƌŶŝŶŐ��ůŐŽƌŝƚŚŵƐ�ĨŽƌ�ZĞĐƵƌƌĞŶƚ�EĞƚǁŽƌŬƐ�ĂŶĚ�dŚĞŝƌ��ŽŵƉƵƚĂƚŝŽŶĂů�
�ŽŵƉůĞǆŝƚǇ͘ EĞƵƌĂů�EĞƚǁŽƌŬƐ͕ ϲ͕�ϲϮϳʹϲϰϴ͘�ZĞƉĠƌĠ�ă�͗�
ŚƚƚƉƐ͗ͬͬƉĚĨƐ͘ƐĞŵĂŶƚŝĐƐĐŚŽůĂƌ͘ŽƌŐͬϭϬĚĂͬĞϳĨĐĂϲďϲϱďϲϭĚϭϱϱĂϲϮϮĨϬĐϲĐĂϮďĐϯϵϮϮϮϱϭ͘ƉĚĨ

tŝůůŝĂŵƐŽŶ͕ >͘ >͕͘ �ŚĞŶŐ͕ Z͘<͕͘ �ƚĐŚĞŐĂƌĂǇ͕D͕͘ΘDĞĐŬ͕t͘,͘ ;ϮϬϬϴͿ͘ ͞^ƉĞĞĚ͟ǁĂƌƉƐ ƚŝŵĞ͗
DĞƚŚĂŵƉŚĞƚĂŵŝŶĞΖƐ ŝŶƚĞƌĂĐƚŝǀĞ�ƌŽůĞƐŝŶĚƌƵŐĂďƵƐĞ͕ŚĂďŝƚĨŽƌŵĂƚŝŽŶ͕ĂŶĚƚŚĞďŝŽůŽŐŝĐĂůĐůŽĐŬƐŽĨ
ĐŝƌĐĂĚŝĂŶĂŶĚŝŶƚĞƌǀĂůƚŝŵŝŶŐ͘�ƵƌƌĞŶƚ�ƌƵŐ�ďƵƐĞZĞǀŝĞǁƐ͕�ϭ;ϮͿ͕�ϮϬϯʹϮϭϮ͘
ĚŽŝ͗ϭϬ͘ϮϭϳϰͬϭϴϳϰϰϳϯϳϭϬϴϬϭϬϮϬϮϬϯ



WĂŐĞ�ͮ�ϯϭϴ

tŝŵŵĞƌ͕ ,͕͘ Θ WĞƌŶĞƌ͕ :͘ ;ϭϵϴϯͿ͘ �ĞůŝĞĨƐ ĂďŽƵƚ ďĞůŝĞĨƐ͗ ZĞƉƌĞƐĞŶƚĂƚŝŽŶ ĂŶĚ ĐŽŶƐƚƌĂŝŶŝŶŐ ĨƵŶĐƚŝŽŶ ŽĨǁƌŽŶŐ
ďĞůŝĞĨƐ ŝŶ ǇŽƵŶŐ�ĐŚŝůĚƌĞŶΖƐ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ĚĞĐĞƉƚŝŽŶ͘��ŽŐŶŝƚŝŽŶ͕�ϭϯ;ϭͿ͕ ϭϬϯʹϭϮϴ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϭϬͲ
ϬϮϳϳ;ϴϯͿϵϬϬϬϰͲϱ

tŝŶŐ͕��͘�D͘�;ϮϬϬϮͿ͘�sŽůƵŶƚĂƌǇ�ƚŝŵŝŶŐ�ĂŶĚ�ďƌĂŝŶ�ĨƵŶĐƚŝŽŶ͗�ĂŶ�ŝŶĨŽƌŵĂƚŝŽŶ�ƉƌŽĐĞƐƐŝŶŐ�ĂƉƉƌŽĂĐŚ͘ �ƌĂŝŶ�ĂŶĚ�
ĐŽŐŶŝƚŝŽŶ͕ ϰϴ;ϭͿ͕�ϳʹϯϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϲͬďƌĐŐ͘ϮϬϬϭ͘ϭϯϬϭ

tŝƚŚĞƌƐƉŽŽŶ͕��͕͘�Θ��ůůĂŶ͕�>͘�'͘�;ϭϵϴϱͿ͘�dŚĞ�ĞĨĨĞĐƚ�ŽĨ�Ă�ƉƌŝŽƌ�ƉƌĞƐĞŶƚĂƚŝŽŶ�ŽŶ�ƚĞŵƉŽƌĂů�ũƵĚŐŵĞŶƚƐ�ŝŶ�Ă�
ƉĞƌĐĞƉƚƵĂů�ŝĚĞŶƚŝĨŝĐĂƚŝŽŶ�ƚĂƐŬ͘DĞŵŽƌǇ�Θ��ŽŐŶŝƚŝŽŶ͕ ϭϯ;ϮͿ͕�ϭϬϭʹϭϭϭ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϭϵϳϬϬϯ

tŝƚƚŵĂŶŶ͕�D͘�;ϮϬϭϯͿ͘�dŚĞ�ŝŶŶĞƌ�ƐĞŶƐĞ�ŽĨ�ƚŝŵĞ͗�,Žǁ�ƚŚĞ�ďƌĂŝŶ�ĐƌĞĂƚĞƐ�Ă�ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ�ŽĨ�ĚƵƌĂƚŝŽŶ͘�
EĂƚƵƌĞ�ZĞǀŝĞǁƐ�EĞƵƌŽƐĐŝĞŶĐĞ͕�ϭϰ;ϯͿ͕�ϮϭϳʹϮϮϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌŶϯϰϱϮ

tŝƚƚŵĂŶŶ͕D͕͘ΘWĂƵůƵƐ͕D͘W͘;ϮϬϬϴͿ͘�ĞĐŝƐŝŽŶŵĂŬŝŶŐ͕ ŝŵƉƵůƐŝǀŝƚǇĂŶĚƚŝŵĞƉĞƌĐĞƉƚŝŽŶ͘dƌĞŶĚƐŝŶ�ŽŐŶŝƚŝǀĞ
^ĐŝĞŶĐĞƐ͕ ϭϮ;ϭͿ͕ϳʹϭϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƚŝĐƐ͘ϮϬϬϳ͘ϭϬ͘ϬϬϰ

tŽůĨĨ͕�W͘�,͘�;ϭϵϵϭͿ͘��ŶĚŽŐĞŶŽƵƐ�ŵŽƚŽƌ�ƌŚǇƚŚŵƐ�ŝŶ�ǇŽƵŶŐ�ŝŶĨĂŶƚƐ͘�/Ŷ �͘��͘�WĂƚůĂ�;�Ě͘Ϳ͕��ĚǀĂŶĐĞƐ ŝŶ�
ƉƐǇĐŚŽůŽŐǇ ;sŽů͘�ϴϭ͕�ƉƉ͘�ϭϭϵʹϭϯϯͿ͘��ŵƐƚĞƌĚĂŵ͕�EĞƚŚĞƌůĂŶĚƐ�͗�EŽƌƚŚͲ,ŽůůĂŶĚ�ƉƵďůŝƐŚĞƌƐ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϭϲϲͲϰϭϭϱ;ϬϴͿϲϬϳϲϮͲϭ

tŽůƉĞƌƚ͕��͘�D͘�;ϮϬϬϳͿ͘�WƌŽďĂďŝůŝƐƚŝĐ�ŵŽĚĞůƐ�ŝŶ�ŚƵŵĂŶ�ƐĞŶƐŽƌŝŵŽƚŽƌ�ĐŽŶƚƌŽů͘ ,ƵŵĂŶ�ŵŽǀĞŵĞŶƚ�
ƐĐŝĞŶĐĞ͕ Ϯϲ;ϰͿ͕�ϱϭϭʹϱϮϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŚƵŵŽǀ͘ϮϬϬϳ͘Ϭϱ͘ϬϬϱ

tŽŽĚƌŽǁ͕�,͘�;ϭϵϯϱͿ͘�dŚĞ�ĞĨĨĞĐƚ�ŽĨ�ƉƌĂĐƚŝĐĞ�ƵƉŽŶ�ƚŝŵĞͲŽƌĚĞƌ�ĞƌƌŽƌƐ�ŝŶ�ƚŚĞ�ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ƚĞŵƉŽƌĂů�
ŝŶƚĞƌǀĂůƐ͘ WƐǇĐŚŽůŽŐŝĐĂů�ZĞǀŝĞǁ͕ ϰϮ;ϮͿ͕�ϭϮϳʹϭϱϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϳͬŚϬϬϲϯϲϵϲ

yƵ͕�^͕͘�Θ��ĂǀŝĚ͕�W͘�;ϮϬϭϴͿ͘��ŝƐƚŽƌƚŝŽŶƐ�ŝŶ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶƐ�ĚƵƌŝŶŐ�ƚĂƐŬ ƐǁŝƚĐŚŝŶŐ͘ �ŽŵƉƵƚĞƌƐ�ŝŶ�,ƵŵĂŶ�
�ĞŚĂǀŝŽƌ͕ ϴϬ͕�ϯϲϮʹϯϲϵ͘ ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŚď͘ϮϬϭϳ͘ϭϭ͘ϬϯϮ

�ĂŬĂǇ͕��͘�;ϭϵϴϵͿ͘�^ƵďũĞĐƚŝǀĞ�ƚŝŵĞ�ĂŶĚ�ĂƚƚĞŶƚŝŽŶĂů�ƌĞƐŽƵƌĐĞ�ĂůůŽĐĂƚŝŽŶ͗��Ŷ�ŝŶƚĞŐƌĂƚĞĚ�ŵŽĚĞů�ŽĨ�ƚŝŵĞ�
ĞƐƚŝŵĂƚŝŽŶ͘�/Ŷ�'͘�ĚĞ�^ŽĞƚĞ͕�,͘�&ĞŐĞƌ͘�Θ�<͘�<ůĂƵĞƌ�;�ĚƐ͘Ϳ͕ �ĚǀĂŶĐĞƐ�ŝŶ�ƉƐǇĐŚŽůŽŐǇ ;sŽů͘�ϱϵ͕�ƉƉ͘�ϯϲϱʹ
ϯϵϳͿ͘��ŵƐƚĞƌĚĂŵ͕�EĞƚŚĞƌůĂŶĚƐ�͗�EŽƌƚŚͲ ,ŽůůĂŶĚ�ƉƵďůŝƐŚĞƌƐ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϭϲϲͲϰϭϭϱ;ϬϴͿϲϭϬϰϳͲy

�ĂŬĂǇ͕��͘�;ϭϵϵϮͿ͘�dŚĞ�ƌŽůĞ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ŝŶ�ĐŚŝůĚƌĞŶ͛Ɛ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͘�:ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�
WƐǇĐŚŽůŽŐǇ͕�ϱϰ;ϯͿ͕�ϯϱϱʹϯϳϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϮͲϬϵϲϱ;ϵϮͿϵϬϬϮϱͲϮ

�ĂŬĂǇ͕��͘�;ϭϵϵϯͿ͘�ZĞůĂƚŝǀĞ�ĂŶĚ�ĂďƐŽůƵƚĞ�ĚƵƌĂƚŝŽŶ�ũƵĚŐŵĞŶƚƐ�ƵŶĚĞƌ�ƉƌŽƐƉĞĐƚŝǀĞ�ĂŶĚ�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�
ƉĂƌĂĚŝŐŵƐ͘ WĞƌĐĞƉƚŝŽŶ�Θ�WƐǇĐŚŽƉŚǇƐŝĐƐ͕ ϱϰ;ϱͿ͕�ϲϱϲʹϲϲϰ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&ϬϯϮϭϭϳϴϵ

�ĂŬĂǇ͕��͘�;ϮϬϬϬͿ͘�'ĂƚŝŶŐ�Žƌ�ƐǁŝƚĐŚŝŶŐ͍�'ĂƚŝŶŐ�ŝƐ�Ă�ďĞƚƚĞƌ�ŵŽĚĞů�ŽĨ�ƉƌŽƐƉĞĐƚŝǀĞ�ƚŝŵŝŶŐ�;Ă�ƌĞƐƉŽŶƐĞ�ƚŽ�
͚ƐǁŝƚĐŚŝŶŐ�Žƌ�ŐĂƚŝŶŐ͍͛ďǇ�>ĞũĞƵŶĞͿ�ϭ͘��ĞŚĂǀŝŽƵƌĂů�ƉƌŽĐĞƐƐĞƐ͕�ϱϮ;ϮʹϯͿ͕�ϲϯʹϲϵ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϯϳϲͲ
ϲϯϱϳ;ϬϬͿϬϬϭϰϭͲϴ



WĂŐĞ�ͮ�ϯϭϵ

�ĂŬĂǇ͕��͕͘�Θ��ůŽĐŬ͕�Z͘��͘�;ϭϵϵϰͿ͘��Ŷ�ĂƚƚĞŶƚŝŽŶĂůͲŐĂƚĞ�ŵŽĚĞů�ŽĨ�ƉƌŽƐƉĞĐƚŝǀĞ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ͘�/Ŷ�D͘�
ZŝĐŚĞůůĞ͕�s͘��Ğ�<ĞǇƐĞƌ͕�'͘��͛zĚĞǁĂůůĞ͕�Θ��͘�sĂŶĚŝĞƌĞĚŽŶĐŬ�;�ĚƐ͘Ϳ͕�dŝŵĞ�ĂŶĚ�ƚŚĞ�ĚǇŶĂŵŝĐ�ĐŽŶƚƌŽů�ŽĨ�
ďĞŚĂǀŝŽƵƌ ;ƉƉ͘�ϭϲϳʹϭϳϴͿ͘�>ŝğŐĞ͕��ĞůŐŝƋƵĞ�͗�WƀůĞ�Ě͛ĂƚƚƌĂĐƚŝŽŶ�/ŶƚĞƌƵŶŝǀĞƌƐŝƚĂŝƌĞ͘

�ĂŬĂǇ͕��͕͘�Θ��ůŽĐŬ͕�Z͘��͘�;ϭϵϵϲͿ͘�dŚĞ�ƌŽůĞ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ŝŶ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ƉƌŽĐĞƐƐĞƐ͘�/Ŷ�D͘��͘�WĂƐƚŽƌ�Θ�:͘�
�ƌƚŝĞĚĂ�;�ĚƐ͘Ϳ͕�dŝŵĞ͕�ŝŶƚĞƌŶĂů�ĐůŽĐŬƐ�ĂŶĚ�ŵŽǀĞŵĞŶƚ�;ƉƉ͘�ϭϰϯʹϭϲϰͿ͘��ŵƐƚĞƌĚĂŵ͕�EĞƚŚĞƌůĂŶĚƐ�͗�EŽƌƚŚͲ
,ŽůůĂŶĚ�ƉƵďůŝƐŚĞƌƐ͘

�ĂŬĂǇ͕��͕͘�Θ��ůŽĐŬ͕�Z͘��͘�;ϭϵϵϳͿ͘�dĞŵƉŽƌĂů�ĐŽŐŶŝƚŝŽŶ͘ �ƵƌƌĞŶƚ�ĚŝƌĞĐƚŝŽŶƐ�ŝŶ�ƉƐǇĐŚŽůŽŐŝĐĂů�ƐĐŝĞŶĐĞ͕ ϲ;ϭͿ͕�ϭϮʹ
ϭϲ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϭͬϭϰϲϳͲϴϳϮϭ͘ĞƉϭϭϱϭϮϲϬϰ

�ĂŬĂǇ͕��͕͘�Θ��ůŽĐŬ͕�Z͘��͘�;ϭϵϵϴͿ͘�EĞǁ�ƉĞƌƐƉĞĐƚŝǀĞ�ŽŶ�ƉƌŽƐƉĞĐƚŝǀĞ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ͘�/Ŷ�s͘��Ğ�<ĞǇƐĞƌ͕�'͘�
Ě͛zĚĞǁĂůůĞ͘�Θ��͘ sĂŶĚŝĞƌĞŶĚŽŶĐŬ�;�ĚƐ͘Ϳ͕�dŝŵĞ�ĂŶĚ�ƚŚĞ�ĚǇŶĂŵŝĐ�ĐŽŶƚƌŽů�ŽĨ�ďĞŚĂǀŝŽƌ ;ƉƉ͘�ϭϮϵʹϭϰϭͿ͘�
�ƐŚůĂŶĚ͕�K,͕�h^͗�,ŽŐƌĞĨĞ�Θ�,ƵďĞƌ WƵďůŝƐŚĞƌƐ͘

�ĂŬĂǇ͕��͕͘�Θ��ůŽĐŬ͕�Z͘��͘�;ϮϬϬϰͿ͘�WƌŽƐƉĞĐƚŝǀĞ�ĂŶĚ�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�ĚƵƌĂƚŝŽŶ�ũƵĚŐŵĞŶƚƐ͗�ĂŶ�ĞǆĞĐƵƚŝǀĞͲĐŽŶƚƌŽů�
ƉĞƌƐƉĞĐƚŝǀĞ͘ �ĐƚĂ�EĞƵƌŽďŝŽůŽŐŝĂĞ��ǆƉĞƌŝŵĞŶƚĂůŝƐ͕ ϲϰ;ϯͿ͕�ϯϭϵʹϯϮϴ͘��ůƐĞǀŝĞƌ͘�ZĞƉĠƌĠ�ă�

�ĂŬĂǇ͕��͕͘�Θ�&ĂůůĂĐŚ͕��͘�;ϭϵϴϰͿ͘�/ŵŵĞĚŝĂƚĞ�ĂŶĚ�ƌĞŵŽƚĞ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶͶĂ�ĐŽŵƉĂƌŝƐŽŶ͘��ĐƚĂ�
WƐǇĐŚŽůŽŐŝĐĂ͕�ϱϳ;ϭͿ͕�ϲϵʹ ϴϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϬϭͲϲϵϭϴ;ϴϰͿϵϬϬϱϰͲϰ

�ĂŬĂǇ͕��͕͘�Θ�dƐĂů͕�z͘�;ϭϵϴϵͿ͘��ǁĂƌĞŶĞƐƐ�ŽĨ�ĂƚƚĞŶƚŝŽŶ�ĂůůŽĐĂƚŝŽŶ�ĂŶĚ�ƚŝŵĞ�ĞƐƚŝŵĂƚŝŽŶ�ĂĐĐƵƌĂĐǇ͘ �ƵůůĞƚŝŶ�ŽĨ�
ƚŚĞ�WƐǇĐŚŽŶŽŵŝĐ�^ŽĐŝĞƚǇ͕ Ϯϳ;ϯͿ͕�ϮϬϵʹϮϭϬ͘�ĚŽŝ͗ϭϬ͘ϯϳϱϴͬ�&Ϭϯϯϯϰϱϴϲ

�ĞŝůĞƌ͕�D͘��͕͘�Θ�<ĞůůĞǇ͕��͘��͘�;ϭϵϲϵͿ͘�&ŝǆĞĚͲƌĂƚŝŽ�ĂŶĚ�ĨŝǆĞĚͲŝŶƚĞƌǀĂů�ƐĐŚĞĚƵůĞƐ�ŽĨ�ĐĂƌƚŽŽŶ�
ƉƌĞƐĞŶƚĂƚŝŽŶ͘ :ŽƵƌŶĂů�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϴ;ϮͿ͕�ϯϬϲʹϯϭϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬϬϬϮϮͲ
Ϭϵϲϱ;ϲϵͿϵϬϭϬϱͲϮ

�ĠůĂŶƚŝ͕�W͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϭͿ͘��ŽŐŶŝƚŝǀĞ�ĂďŝůŝƚŝĞƐ�ĞǆƉůĂŝŶŝŶŐ�ĂŐĞͲƌĞůĂƚĞĚ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ�
ŽĨ�ƐŚŽƌƚ�ĂŶĚ�ůŽŶŐ�ĚƵƌĂƚŝŽŶƐ͘�:ŽƵƌŶĂů�ŽĨ �ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕�ϭϬϵ;ϮͿ͕�ϭϰϯʹϭϱϳ͘�
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĞĐƉ͘ϮϬϭϭ͘Ϭϭ͘ϬϬϯ

�ĠůĂŶƚŝ͕�W͘�^͕͘�Θ��ƌŽŝƚͲsŽůĞƚ͕�^͘�;ϮϬϭϮͿ͘��ƵĚŝƚŽƌǇ�ĂŶĚ�ǀŝƐƵĂů�ĚŝĨĨĞƌĞŶĐĞƐ�ŝŶ�ƚŝŵĞ�ƉĞƌĐĞƉƚŝŽŶ͍��Ŷ�
ŝŶǀĞƐƚŝŐĂƚŝŽŶ�ĨƌŽŵ�Ă�ĚĞǀĞůŽƉŵĞŶƚĂů�ƉĞƌƐƉĞĐƚŝǀĞ�ǁŝƚŚ�ŶĞƵƌŽƉƐǇĐŚŽůŽŐŝĐĂů�ƚĞƐƚƐ͘ :ŽƵƌŶĂů�ŽĨ�
�ǆƉĞƌŝŵĞŶƚĂů��ŚŝůĚ�WƐǇĐŚŽůŽŐǇ͕ ϭϭϮ;ϯͿ͕�Ϯϵϲʹϯϭϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĞĐƉ͘ϮϬϭϮ͘Ϭϭ͘ϬϬϯ


