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$EVWUDFW�
,Q�RUGHU�WR�SUHGLFW�WKH�UHVLGXDO�OLIH�RI�RIIVKRUH�SODWIRUPV�DQG�HVWDEOLVK�HIILFLHQW�VFKHGXOH�

IRU�XQGHUZDWHU�LQVSHFWLRQ�DQG�UHSDLU��LW�LV�QHFHVVDU\�WR�HVWLPDWH�WKH�IDWLJXH�FUDFN�JURZWK�UDWH�LQ�
WXEXODU� MRLQWV� SURSHUO\�� /LQHDU� (ODVWLF� )UDFWXUH� 0HFKDQLFV� DQG� 6WUHVV� ,QWHQVLW\� )DFWRU� DUH�
DSSOLFDEOH�WRROV�IRU�HYDOXDWLQJ�JURZWK�UDWH�RI�H[LVWLQJ�IDWLJXH�FUDFNV�LQ�RIIVKRUH�WXEXODU�MRLQWV��
,Q� WKH� SDVW� VHYHUDO� DSSURDFKHV� EDVHG� RQ� 3DULV� FUDFN� JURZWK� ODZ�� KDYH� EHHQ�SURSRVHG� LQ� WKLV�
UHJDUG�� (DFK� RI� WKHVH� DSSURDFKHV� XVH� GLIIHUHQW� PHWKRGV� IRU� HVWLPDWLQJ� WKH� 6WUHVV� ,QWHQVLW\�
0RGLILFDWLRQ�)DFWRU��<��
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�0/3��QHWZRUNV��7KH�UHTXLUHG�LQSXW�GDWD�FRQVLVW�RI�WKH�FUDFN�VKDSH�DQG�WKH�SHUFHQWDJH�RI�FUDFN�
SHQHWUDWLRQ� WKURXJK� WKLFNQHVV�� ([SHULPHQWDO� GDWD� IURP� 1'(� FHQWHU� LQ� 8QLYHUVLW\� &ROOHJH�
/RQGRQ�DUH�XVHG�IRU�WUDLQLQJ�DQG�WHVWLQJ�WKH�QHWZRUNV��7KH�UHVXOWV�RI�WKLV�UHVHDUFK�DUH�FRPSDUHG�
ZLWK�RWKHU�H[LVWLQJ�WKHRUHWLFDO�DQG�HPSLULFDO�VROXWLRQV�

.H\ZRUGV�
7XEXODU� MRLQWV�� 2IIVKRUH� SODWIRUPV�� )DWLJXH� FUDFNV�� /LQHDU� HODVWLF� IUDFWXUH� PHFKDQLFV�� 6WUHVV�
LQWHQVLW\�IDFWRU��$UWLILFLDO�QHXUDO�QHWZRUNV
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¾¬�Y�º��&KRUG
iZc�`�¤³&URZQ

¾³º¬]Z��½º¨�-DFNHW�7\SH�3ODWIRUP
z.´«�½{Z��uY{M0RPHQW�5HOHDVH

�º��¯�½Z·�µuYu1RLV\�'DWD
²¿{�`�¤³6DGGOH

�t��\¿z�6SUHDG�&RQVWDQW
6WUHVV�,QWHQVLW\�0RGLILFDWLRQ�)DFWRU

��´c�av��mÈ�Y�\¿z

¶¯v¤¯
�z�� Z]� ¶§� v´d�·�¾¿Z·�µ{Z�� �¾¿Z¿yu� ½Z·º¨�
¹ b ³�±{Zt¯�{Y�½yYuz]�µz¸]�½Yz]�ÇZ]�yZÀ�]�½Z·�¶´¿|·

v³zÀ-�¾¯� yYz£� µuZ d�Y� uyº¯� Z¿yu� ¡Z°�Y� yu� {Z-�²¿Y
½%º«º´¨c� �½yYuz]�µz¸]�ªp¯�[M�¢°��¶]�¶d�]� Z·º¨�

¹ bsZ�«¿zdl¿Yy� ¶§� v³yYu� ¾c¹Z d¯� �Yº³Y�Z¸³M� ²
½Z·�¶´¿|·�¶]�¶kºc�Z]�¶§�v´d�·�¾³º¬]Z���º³�½Z·º¨�
�º³�²¿zd^�Z´¯� �\�³� ¹ bsZ��½Z¸�¹y� ¹ µv�� ­Z°c

v³¹y�¾¯�yZ°�]�µyZ£�aÈ��`ÀoZ³�½Yz]�º¨��Z·º¨��²¿Y
ªh¯�¾]zt¯�¾�Àp¯�½Z·yZ]��½zÀ-yYz£�ªp¯�¶]�¶kºc�Z]

{Y�¾�Z³�¾«Z°doY� `]z�� �¶«|«{� �iYº¯Y� {Y�¾�Z³�½Z·yZ]
yºsz]¹ r¿�aZ��£� Z¿� Z·y¹Z´��u«v´´§�¾¯�¶]zlc� Yy��

y¹z¯�¶]�¶§�b�Y�½Y�µv¿v��¾.d�s��ª¯Yº��²¿Y�yZ´§�yu
½Y�µ{Z��b¯¹Z¤¯�����f�Z]�º¨��z°��©º��­Z°c�yu�¹

uº��¾¯�±M�µ&¿¹�¶]�¹ ¾¿Z¿yu�½º¨��¦¿� yu�¾.d�s
ª¨À��uZ¿{�yZÀ�]�uYv�c�©Z°�Y�{Y�¾�Z³�±M�aÇZ�cY�yu

Y ¾�Z³�¾¨À¯Z´¿u�½Z·yZ]b�Y�¾¿Z¿yu�aZ³Z¿zk�¹ iYº¯Y�{
�À]�¶]�b�Y�²¨°¯�½uZ��½º¨��¦¿�z°��©º��yu�¶§

{Yæêåv�z]� ª¨À�� ±ºÀ¬À¯�@æ�>z]� µ¹È�� º¨��¦¿
z]Yz]� yu�b¯¹Z¤¯�©zd´§�½Yz]�¾oYz��`¬oz¯� yu�¶¨´¿Y
v¿Z]�|À³�½yYuz]�µz¸]�²Ào� yu� �uº��¾¯�ªÀ¬pc�¾.d�s

uzÀ-� yYz£� ½Y�µy¹u� ½Z¸°À¯zc� ¹ ¾�y{Z]� bpc�¿Y²
�µ{Z�� ¾¬§�b¯¹Z¤¯� uvl¯� uy¹Mz]� ­Z.´·� yu� aZÀ¬°�
½Yz]� �º�s� ¶] �uzÀ-�¾¯� uºs� ¶]� ½zc{yZ]� ª¨�
µv��½z���º¨��¾.d�s�½yºXc�z°�� Z¿�¶§�¾¿Z¸d«Zo
½yYuz]� µz¸]�ª]Z£� {º´·�±M� ¶]��º]z¯�¾d ³� _{ºo�¾«¹
aZÀ¬°�� Z]� ½yYuz]�µz¸]� `¯YuY�b«Zo� ²¿Y� yu� ¶§�b�Y

\�Z´¯� ¹ ¢À£u� ½yYv¸.³� ¹ ®À¯zcv·Yºs� z¿x��±Z¨¯Y
µuZ d�Y�ª]Z£�z.¿u�b¬��z·�¶]�¾d ³�_{ºo�¶¨´¿Y�Z¿��uº]
`¤�´¯�¦¿� yu� uvl¯� _uZ d�Y�bÀ¬]Z£� º¨�� Z¯Y� �b�À³

uyYu� Yy�z.¿u�ªp¯�¶]�º¨��©Z¤d³Y�{Y�ª^£�b«Zo�²¿Y�yu
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Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

¾·u�~¿¹z�� `¯YuY� b¸k� ±M� ¾¿YyZ§� {Y� v¿Z]� v¿vk
uz§�ª�Zo�±Z´À°�Y�

½ÇZ]�yZÀ�]�½Z·�¶´¿|·�b¬��¶]®À¯zc�¹ ¾�y{Z]�aZÀ¬°�
¾¿Z�Z´�� z�³� {Y�aZÀ¬°��²¿Y�½{Z��¶´À¸]� �[M� z¿{� yu
¥zc�v�y�,´·M�`^�Zp¯�²À´$°·�¹ ¾³Yzp]�aÇZ�cY
®À¯zc� ¹ ¾�y{Z]� _y¹u� ²ÀÀ�c� ½Yz]� Z¸³M� yu� ¾.d�s

b�Y�µuº]�[º¬�¯�¶�À°·�½v�]�{Y��À]�¶¨´¿Y�µ&¿¹�¶]
{Y��À]�½z°�� uºkº¯�½Z·º¨�� ­yZ¸#�¦¿çê©Z��

v³yYu@ç�>½Z·�¶´¿|·��z��Z]�¾�º´d¯�¹ uZ¿{�aZ¤À¤pc
yu� ¥zc� v�y� ,´·M� ¾´À]��À�� ½Yz]� ¶kºc� ª]Z£
¶]� ¦¿� z·� ¶§� b�Y� µv�� ­Zl³Y� ¾¿Z¿yu� ½Z·º¨�
­¹|«� {º´·� Z¯Y� �v³Y�¶d�Z¿� b�u� bÀ¤�º¯� {Y� ½Y�¶kyu
v¿vk�½Z¸¬o�µYy�¹ Z¸�¹y�{Y�µuZ d�Y�¹ zd�À]�aZ¤À¤pc

uyºs�¾¯�®�#�¶]�¶´À¯{�²¿Y�yu�
¶kºc� Z]�º·� uz]yZ§� zÀ.°�#� `��ºc� ¹ ¾¿Z³Yºc� ¶]�

ªo�½Yz]�¾^���½Z·�¶¨^���º�s� ¶]� ¹ ¾cZ^�Zp¯
²¿Y� yu� �zÀsY� `·u� ¹u� yu� ¾�v´¸¯� ±º-Z³º-� ªWZ�¯
½Yz]��¹y�²¿Y�bÀ¬]Z£�Zc�b�Y�µuº]�±M�z]�¾���¢À¤pc
uyº¯�½Y�¶«º«� ©Z�cY�¦¿�¥zc� v�y�,´·M� ¾´À]��À�

uzÀ-�yYz£�¾�yz]�¹ ±º¯{M�

¹ ªÀ¨�c�v´¿Mz�yu�¾.d�s�¥zc�v�y
½Y�¶«º«�aÇZ�cY

yº��¶] µ{Z��¦¿�yu�¾.d�s�¥zc��¿YvÀ��ªp¯
yZ#u� �[¹Z´d¯�½yYx-yZ]�bpc�¶§�b�Y�¾¿Zk� yu�¾¬§

uº��[¹Z´d¯�¦Àd�È��½Z¸�³z§�½Y�¶«º«�aÇZ�cY� yu
{Y�¶§�b�Y�¾¿Zk� ���¤¯�©ºo�¾-uyºs�¥zc�ªp¯�|À³
v�Z]� YyYu� Yy� b«Zo� ²¿zc�¾³Yzp]� �´c� |§z°c� �Zp«�

]½yYx-yZ]� _ºp³�¹ ©Z�cY�`�v´·� Yy�¥zc�ªp¯�²¿Yz]Z´
v´§�¾¯�²ÀÀ�c�

©º���©Z�cY���¤¯�©ºo��´c��¿{ºc�_ºp³�¶]�¶kºc� Z]�
�¾¬�Y� º��� _yYvk�b¯Zt�� ¹ ©Z�cY� ¶]�¾¸d´¯� º��
n���{Y�¹ �ºk�`l´��ªp¯�{Y�¶�À°·�¾.d�s�¥zc
­Oºc� zgY� Z¸´c� ¶³� ¶�¤³�²¿Y� yu� Yz¿{� �uº��¾¯� {Z�M� ¶¿¹y

³ �´c��¿Y|�Y�ºk� `�v´·� ¹ ©Z�cY� `�v´·� {Y�¾�Z
yZ#u� uÇº�� ®·� �½yZ¨�ºk� zgY� yu� ¶¨¬]� �uyYu� uºk¹
`l´�� yu� ¾^¿Z�¯� ¹ �£Yº³� ®·� ¹ uº��¾¯� ¾-v�uzc

v¿M�¾¯� uºkº]��ºk�v³Z°��� ½Z¸�´c� �²¿Y� z]� µ¹È�
b�z-�µv¿uZ³�v¿Z^³�|À³�Yy�½yZ¨�ºk�{Y�¾�Z³�¾��§�¶]

ÀgPc� ²À´$°·� ¹ ¶À«¹Y� �£Yº³� ²À°·� uºk¹� ªÀ«uz
aÇZ�cY�yu�¥zc�¾³{�¶³Yºk�`¬oz¯�z°����Àp¯�¾-uyºs
>Zd^�³� ±M� v�y� ±Z¯{� Z]� ¶�¿Z¤¯� yu� ¾¿Z¿yu� ½Z·º¨�
z�³��z��±M�{Y�aZ^�Zp¯�yu�¶§�½yº��¶]��b�Y�µZcº§

uº��¾¯�±¹z]��°s� ¹ ½yºp¯� ½yYx-yZ]� b«Zo� yu
±¹yu��°s�b«Zo�yu�¹ ²¿{�`�¤³�yu�¥zc� �½Y�¶p �

kº]�iZc� `�¤³� yu�¥zc�½Y�¶p �v¿M�¾¯� uº�ª¨��æ�
¶�� yu� ©Z�cY� ��¤¯� ©ºo� Yy�¥zc� ª°dp¯�bÀ�£º¯
¹ ½Y�¶p �� ±¹yu� �°s� �½yºp¯� ½yYx-yZ]� b«Zo

©Z�cY�¦¿�yu�½Y�¶p ��±¹z]��°s7�v·u�¾¯�±Z�³�

ª¨�æ�©Z�cY���¤¯�©ºo�¥zc�ª°dp¯�bÀ�£º¯

½Z¸d«Zo� {Y�¾^À§zc�½yYx-yZ]� ¶§� ¾�£Y¹� ½Z¸d«Zo� yu
²À]�¥zc�bÀ�£º¯� �b�ÇZ]b�Y�iZc� ¹ ²¿{�`�¤³�yu

¶]� �½º¤¬o�½Z·�µv´´§�bt��½YyYu� ¹ µvÀ$À��aÇZ�cY
uZ¿{� zÀÀ�c� ²À´$°·� ¹ ¾�v´·� uZ¿{� ¾-vÀ$À�� b¬�
b�Y� ²¨°¯� �½yZ¨�ºk� ­Z.´·� yu� Z´^¯� |¬�� �Yºs
|À³� µv´´§�bt��`³v]�ªh¯�z.¿u��Z¤³� {Y�¾-uyºs�¥zc

uº��{Z�M@è�>
��¤¯�©ºo�¹ µyYvk�¢°��b¸k�¹u� yu�¾.d�s�¥zc

v´§�¾¯� v�y� ©Z�cY�¢°�� yu� ¥zc� v�y� ²°�� yu
®s� �ºk� `l´�� z¿{� b°�� ¶]� ¥zc� zÀ�¯� �µyYvk

uº��¾¯�ª¨��ç��±v��®§�f�Z]�¾-vÀ°s�²À°·� ¹
uuz-�¾¯�¥zc�¾-v�{Z]�­º��¹ ­¹u�½Z·v¯�zÀgPc@é�>

¶§�b�Y�¾³Z¯{�½Y�¶«º«�©Z�cY�¦¿�yu�¾.d�s�z°��±Z¿Z�
Y ¹ v�z]�¾¬�Y�º���_yYvk�z.¿u�¶k¹�¶]�¥zc>ZoÈ��

v´§� qYyº�� Yy� ±M�½Z¸§zc� ª¨�� yu� ¶¨³M� uºk¹� Z]
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Zºº¿yu�¾º�vºº´¸¯�¶¿z�³
±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y

µv¿u�½yZÀ�]�¾-v´§Yz��½Y�¶«º«�aÇZ�cY� yu� ¾.d�s
¶°À³�¾p���½Z¸§zc�­Z³�Z]�Z¸§zc�²¿Y�­Z°c�Z¯Y��uº��¾¯

v³º��¾¯�¶dsZ´��½º�À]�ª¨��è���½Yz]�Z¸§zc�²¿Y�yu
zd¯YyZ�� ¹u� {Y�¥zc� `�v´·�±ZÀ]D¹F\Àczc� ¶]� ¶§�

¢°��z.³ZÀ]uº��¾¯�µuZ d�Y��v´d�·�¥zc�©º����³�¹�
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