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�

9LVFRVLW\�RI�EXEEOH�DQG�FU\VWDO�EHDULQJ�VLOLFDWH�PHOWV�

-RDFKLP�'HXEHQHU�
,QVWLWXW�I�U�:HUNVWRIIZLVVHQVFKDIWHQ�XQG��WHFKQRORJLHQ��7HFKQLVFKH�8QLYHUVLWlW�%HUOLQ��(QJOLVFKH�6WUDVVH�����

'�������%HUOLQ��*HUPDQ\�
�

9LVFRVLW\�RI�EXEEOH�DQG�FU\VWDO�EHDULQJ�VLOLFDWH�PHOWV�LV�VWXGLHG�IRU�LVRFKHPLFDO�V\VWHPV�LQ�WKH�UDQJH�RI�

OLQHDU� DQG� QRQ�OLQHDU� YLVFRXV� IORZ�� )RU� FU\VWDO� EHDULQJ� PHOWV� HIIHFWV� RQ� YLVFRVLW\� DUH� FKDUDFWHULVHG� E\�

YROXPH�IUDFWLRQ�DQG�PRUSKRORJ\�RI�VXVSHQGHG�FU\VWDOV��:KHUHDV�GLVSHUVHG�FU\VWDOV�LQFUHDVH�WKH�YLVFRVLW\��

DOLJQPHQW� RI� FU\VWDOV� LV� DWWULEXWHG� WR� VKHDU� WKLQQLQJ�� ,Q� WKH� FDVH� RI� EXEEOH�EHDULQJ� VLOLFDWH� PHOWV� WKH�

LPSRUWDQFH�RI�EXEEOH�GHIRUPDWLRQ�LV�FKDUDFWHULVHG�E\�WKH�FDSLOODU\�QXPEHU�&D��)RU�&D�!!��EXEEOHV�UHDGLO\�

GHIRUP�DQG�YLVFRVLW\�GHFUHDVHV��6KHDU�WKLQQLQJ�FDXVHG�E\�EXEEOH�GHIRUPDWLRQ�LV�UHVWULFWHG�WR�UKHRG\QDPLF�

UHJLPHV�ZLWK�&D�YDOXHV�FORVH�WR�XQLW\��

,QWURGXFWLRQ�

9LVFRVLW\�LV�D�NH\�SURSHUW\�RI�JODVV�IXVLRQ�DQG�SURFHVVLQJ��:KLOH�IRUPLQJ�RI�JODVV�LV�PRVWO\�
UHVWULFWHG� WR� KRPRJHQHRXV� �VLQJOH�SKDVH�� OLTXLGV�� KHWHURJHQHRXV� �PXOWL�SKDVH�� PHOWV� DUH�
LQYROYHG� LQ� SURFHVVLQJ� JODVV�FHUDPLFV� IRU� KLJK� WHFKQRORJ\� DSSOLFDWLRQV�� LQFOXGLQJ� GHQWDO�
UHVWRUDWLRQV���� RSWLFDO� FRQQHFWRUV�� DQG� ILEHU� PDWHULDOV��� ,QFUHDVLQJO\� LQWHUHVW� RQ� IORZ�
SURSHUWLHV� RI� PXOWL�SKDVH� PHOWV� HYRNH� VLQFH� WKHVH� SURGXFWV� DUH� GUDZQ� DQG� SUHVVHG� IURP�
SDUWLDOO\�FU\VWDOOLVHG�SUH�IRUPV��0RUHRYHU�� LI�JODVV� LV�IXVHG�IURP�EDWFK�PDWHULDOV� WUDQVLWLRQDO�
PXOWL�SKDVH� OLTXLGV� RFFXU� DV� WKH� UDZ� PDWHULDOV� PHOW� JUDGXDOO\� DFFRPSDQLHG� E\� EXEEOH�
IRUPDWLRQ� RI� HQWUDSSHG� JDVHV� DQG� YRODWLOH� GHFRPSRVLWLRQ� SURGXFWV�� %HVLGHV� WKLV�� PDJPDV�
DQG�ODYDV�W\SLFDOO\�FRQWDLQ�FU\VWDOV�DQG�EXEEOHV�VXVSHQGHG�LQ�D�OLTXLG���7KXV��XQGHUVWDQGLQJ�
WKH�PHFKDQLVPV� XQGHUO\LQJ� WKH� IORZ� RI� KHWHURJHQHRXV�PHOWV� LV� FULWLFDO� WR� GHYHORSPHQW� RI�
PRGHOV�IRU�IXVLRQ�DQG�SURFHVVLQJ�RI�V\QWKHWLF�JODVV�SURGXFWV�DQG�IRU�SUHGLFWLQJ�JHRSK\VLFDO�
SURFHVVHV��7KLV�SDSHU�VXPPDULVHV�WKH�PDLQ�HIIHFWV�RI�EXEEOHV�DQG�FU\VWDOV�RQ�WKH�VXVSHQVLRQ�
YLVFRVLW\�ZKLFK�ZHUH�VWXGLHG�SUHYLRXVO\�E\�F\OLQGHU�FRPSUHVVLRQ�H[SHULPHQWV��
�

)ORZ�RI�KRPRJHQHRXV�VLOLFDWH�PHOWV�

6LQJOH�SKDVH�VLOLFDWH�PHOWV�XVXDOO\�EHKDYH�DV�1HZWRQLDQ�IOXLGV�LI�WKH�VWUDLQ�RU�VWUDLQ�UDWH� ε� �LV�
ORZ��+RZHYHU�� QRQ�1HZWRQLDQ� RU� VWUDLQ� UDWH�GHSHQGHQW� YLVFRXV� IORZ� DW� KLJK� GHIRUPDWLRQ�
UDWHV�IRU�VKHDU���WHQVLOH��DQG�FRPSUHVVLYH�VWUHVVHV��LV�REVHUYHG��)LJ�����
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�FU\VWDO�YROXPH�IUDFWLRQ�

)LJ�����)ORZ�FXUYH��OHIW��DQG�QRUPDOLVHG�DSSDUHQW�YLVFRVLW\��ULJKW��RI�DQ�LQFOXVLRQ�IUHH�

OLWKLXP�GLVLOLFDWH�PHOW�XQGHU�FRPSUHVVLYH�FRQGLWLRQV�DW�7� �����&����

7KH�IORZ�FXUYH� LQ�)LJ���� FDQ�EH� LQWHUSUHWHG�DV�D�FRPELQDWLRQ�RI�D�1HZWRQLDQ�IORZ�DW� ORZ�
GHIRUPDWLRQ�UDWHV�DQG�D�%LQJKDP�IORZ�DW�KLJK�GHIRUPDWLRQ�UDWHV�FRQQHFWHG�E\�D�UHOD[DWLRQ�
IXQFWLRQ�ZLWK� WKH� IORZ� UHOD[DWLRQ� UDWH� ε� J�� 7KH�<XH�%U�FNQHU� HTXDWLRQ� LV� XVHG� WR� GHVFULEH�
VKHDU�WKLQQLQJ�RI�DQ�LQFOXVLRQ�IUHH�KRPRJHQHRXV�JODVV�PHOW����
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ZLWK�ηDSS� �DSSDUHQW�YLVFRVLW\��σ� �D[LDO�VWUHVV�� ε� � �VWUDLQ�UDWH��P� �JHRPHWULF�IDFWRU�IRU�
VKHDU��WHQVLOH�DQG�FRPSUHVVLYH�H[SHULPHQW��η∞� �XOWLPDWH�YLVFRVLW\�� ε� J� �IORZ�UHOD[DWLRQ�UDWH��
1RQ�1HZWRQLDQ�IORZ�LV�DVVXPHG�WR�GHSHQG�RQ�YLVFRHODVWLF�UHOD[DWLRQ�RI�VWUHVVHV�ZKLFK�DUH�
SURGXFHG�E\�G\QDPLF�RULHQWDWLRQ�HIIHFWV�RI�VWUXFWXUDO�XQLWV��H�J��FKDLQV��GLVFV�RU�QHWZRUN�
IUDJPHQWV��LQ�WKH�JODVV�PHOW����2ULHQWDWLRQ�HIIHFWV�LQGXFHG�E\�D�IRUFHG�IORZ�DUH�REVHUYHG�DV�
ELUHIULQJHQFH����PHFKDQLFDO�DQLVRWURS\���DQG�E\�VWUXFWXUDO�LQYHVWLJDWLRQV����
�

)ORZ�RI�FU\VWDO�EHDULQJ�VLOLFDWH�PHOWV�

1HZWRQLDQ�IORZ�LV�OLPLWHG�WR�ORZ�DQG�PRGHUDWH�FU\VWDO�YROXPH�IUDFWLRQV��7KH�RQVHW�RI�D�
\LHOG�VWUHQJWK�LV�D�IXQFWLRQ�RI�FU\VWDO�VKDSH�DQG�RULHQWDWLRQ�GLVWULEXWLRQ��&ULWLFDO�YDOXHV�RI�WKH�
FU\VWDOOLQLW\�DUH�UHSRUWHG�WR�EH�LQ�WKH�UDQJH�IURP����WR����YRO���ZKLFK�LV�FRQVLVWHQW�ZLWK�
UHVXOWV�RI�QXPHULFDO�VLPXODWLRQV����:LWKLQ�WKH�UDQJH�RI�UDWH�LQGHSHQGHQW�IORZ�YLVFRVLW\�FDQ�EH�
VWXGLHG�XQGHU�LVRWKHUPDO�DQG�LVRFKRPDO�FRQGLWLRQV��)LJ������

��� ��� ��� ���
�

�

��

��

��

LV
R
WK
H
UP
D
O

LVRFKRPDO

OR
J
��
1
H
Z
WR
Q
�Y
LV
F
R
V
LW
\
�η ηηη

R
��
3
D
�V
��
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�φ� �����

WHPSHUDWXUH����&�
�

)LJ�����(IIHFWLYH�1HZWRQLDQ�YLVFRVLW\�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH��OHIW��DQG�FU\VWDO�

IUDFWLRQ��ULJKW��RI�LVRFKHPLFDO�FU\VWDO�PHOW�VXVSHQVLRQV�ZLWK�OLWKLXP�GLVLOLFDWH�

FRPSRVLWLRQ����

2Q� LVRWKHUPDO� FRQGLWLRQV� WKH�(LQVWHLQ�5RVFRH�HTXDWLRQ� LV�RIWHQ�XVHG� WR� WDNH� LQWR�DFFRXQW�
HIIHFWV�RI�LQWHUDFWLQJ��QRQ�FROORLGDO�ULJLG�LQFOXVLRQV����
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VLQJOH�SKDVH�JODVV�PHOW
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ORJ��GHIRUPDWLRQ�UDWH�LQ�V
��
�

ZLWK�ηUHO� �UHODWLYH�YLVFRVLW\��ηVXVS� �HIIHFWLYH�YLVFRVLW\�RI�WKH�VXVSHQVLRQ��η��P� �1HZWRQLDQ�

YLVFRVLW\� RI� WKH� VXVSHQGLQJ� OLTXLG�� φ�  � FU\VWDO� YROXPH� IUDFWLRQ�� φP�  � PD[LPXP� SDFNLQJ�
IUDFWLRQ��
$GGLWLRQDO�VKHDU�WKLQQLQJ�DW�PRGHUDWH�GHIRUPDWLRQ�UDWHV� LV�REVHUYHG� LI� WKH�IORZ�FXUYH�RI�D�
SDUWLDOO\�FU\VWDOOLVHG�PHOW�LV�LQVSHFWHG��)LJ�����7KLV�HIIHFW�LV�DWWULEXWHG�WR�URWDWLRQ�DQG�HODVWLF�
LQWHUDFWLRQ� RI� QRQ� LVRPHWULF� FU\VWDOV�� 7KXV�� FU\VWDO� DOLJQPHQW� FDQ� EH� XVHG� WR� SURGXFH�
RULHQWHG�JODVV�FHUDPLF�PDWHULDOV����7R�VHSDUDWH�VKHDU�WKLQQLQJ�ZKLFK�LV�DWWULEXWHG�WR�GLVSHUVHG�
FU\VWDOV� IURP� QRQ�1HZWRQLDQ� IORZ� FDXVHG� E\� VXVSHQGLQJ� OLTXLG� RQH�PD\� GHFRQYROXWH� WKH�
FXUYH�RI�WKH�DSSDUHQW�YLVFRVLW\�DVVXPLQJ�VXSHUSRVLWLRQ�RI�WZR�VHSDUDWH�IORZ�HTXDWLRQV����
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,Q�(T������WKH�LQGH[���DQG���GHQRWHV�VKHDU�WKLQQLQJ�FDXVHG�E\�WKH�VXVSHQGHG�FU\VWDOV�DQG�WKH�
OLTXLG�PDWUL[��UHVSHFWLYHO\��
�
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)LJ�����1RUPDOLVHG�DSSDUHQW�YLVFRVLW\�RI�D�SDUWLDOO\�FU\VWDOOLVHG�PHOW��VTXDUH��I� �������

DQG�D�LQFOXVLRQ�IUHH�PHOW��FLUFOH��RI�OLWKLXP�GLVLOLFDWH�FRPSRVLWLRQ�IRU�LVRFKRPDO�

WHPSHUDWXUH�7������η� ��
�����3D�V���OHIW�����)LUVW�GHULYDWLYH��G�ηDSS�η���G�ORJ� ε� ����ULJKW���

2QH�PD\� XVH� WKH� ILUVW� GHULYDWLYH� WR� YLVXDOLVH� WKH� FKDQJH� LQ� YLVFRVLW\�ZLWK� YDULDWLRQ� RI� WKH�
GHIRUPDWLRQ�UDWH�DQG�WR�ILQG�WKH�ORFDWLRQ�RI�WKH�IORZ�UHOD[DWLRQ�UDWH�RI�WKH�OLTXLG�PDWUL[�DQG�
VXVSHQGHG�FU\VWDOV��SHDN�PD[LPXP���)LJ������/DWWHU� LV�D�IXQFWLRQ�RI�WKH�FU\VWDO�PRUSKRORJ\�
�DVSHFW� UDWLR� D�E�F��� 'HFRQYROXWLRQ� RI� WKH� YLVFRVLW\� FXUYH� VKRZV� WKDW� ZLWK� LQFUHDVLQJ�
GHYLDWLRQ�IURP�WKH�LVRPHWULF�IRUP�WKH�RQVHW�RI�VKHDU�WKLQQLQJ�VKLIWV�WR�VPDOOHU�GHIRUPDWLRQ�
UDWHV��L�H��VPDOOHU�IORZ�VWUHVVHV���)LJ������
�
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)LJ�����1RUPDOLVHG�DSSDUHQW�YLVFRVLW\�RI�WZR�SDUWLDOO\�FU\VWDOOLVHG�PHOWV�ZLWK�GLIIHUHQW�

FU\VWDO�VKDSH��VTXDUH��φ� �������DVSHFW�UDWLR����������WULDQJOH��φ� �������DVSHFW�UDWLR�
�����������DQG�RI�WKH�LQFOXVLRQ�IUHH�PHOW��FLUFOH��RI�OLWKLXP�GLVLOLFDWH�FRPSRVLWLRQ�IRU�

LVRFKRPDO�WHPSHUDWXUH�7������η� ��
�����3D�V���OHIW�����)LUVW�GHULYDWLYH�G�ηDSS�η���G�ORJ� ε� ���

RI�WKH�SDUWLDOO\�FU\VWDOOLVHG�PHOWV�ULJKW����

+RZHYHU�� LI� WKH� FU\VWDO� YROXPH� IUDFWLRQ� LV� PRGLILHG� DQG� WKH� FU\VWDO� PRUSKRORJ\� LV� NHSW�
FRQVWDQW�WKH�ORFDWLRQ�RI�WKH�VKHDU�WKLQQLQJ�PD[LPD�DUH�SUHVHUYHG��,Q�WKH�FDVH�WKH�FU\VWDOOLQLW\�
RI�D�PHOW� LV� LQFUHDVHG�E\�JURZLQJ�FU\VWDOV�WR�ODUJHU�VL]HV�WRWDO�VKHDU�WKLQQLQJ�LV�IRXQG�WR�EH�
LQFUHDVLQJO\�GRPLQDWHG�E\�WKH�FRQWULEXWLRQ�RI�WKH�VXVSHQGHG�FU\VWDOV��)LJ������
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)LJ�����1RUPDOLVHG�DSSDUHQW�YLVFRVLW\�RI�WZR�SDUWLDOO\�FU\VWDOOLVHG�PHOWV�ZLWK�GLIIHUHQW�

FU\VWDO�YROXPH�IUDFWLRQ��VTXDUH��φ� �������DVSHFW�UDWLR������������WULDQJOH��φ� �������DVSHFW�
UDWLR������������DQG�RI�WKH�LQFOXVLRQ�IUHH�PHOW��FLUFOH��RI�OLWKLXP�GLVLOLFDWH�FRPSRVLWLRQ�IRU�

LVRFKRPDO�WHPSHUDWXUH��)LUVW�GHULYDWLYH�G�ηDSS�η���G�ORJ� ε� ���RI�WKH�SDUWLDOO\�FU\VWDOOLVHG�
PHOWV��ULJKW���
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EXEEOH�YROXPH�IUDFWLRQ

)ORZ�RI�EXEEOH�EHDULQJ�VLOLFDWH�PHOWV�

2Q� PRVW� FRQGLWLRQV�� VWUDLQ� UDWH�LQGHSHQGHQW� IORZ� RI� EXEEOH�EHDULQJ� VLOLFDWH� PHOWV� LV�
DFKLHYHG�� ,Q� WKLV� FDVH�EXEEOHV� DFW� DV�GHIRUPDEOH� LQFOXVLRQV�� L�H�� WKH� UDWLR�RI�YLVFRXV� IRUFHV�
DFWLQJ� RQ� WKH� ERXQGDU\� RI� WKH� EXEEOH� GLVWRUWLQJ� LW� WR� WKH� LQWHUIDFLDO� WHQVLRQ� WKDW� WULHV� WR�
SUHVHUYH� LWV� VSKHULFDO� VKDSH� LV� ODUJH�� 7KHVH� FRXQWHUDFWLQJ� IRUFHV� DUH� FKDUDFWHULVHG� E\� WKH�
FDSLOODU\�QXPEHU�&D���

σ
εη=
�U

&D DSS �� ����

ZLWK�U� �EXEEOH�UDGLXV�DQG�σ� �EXEEOH�PHOW� LQWHUIDFLDO�WHQVLRQ��7KXV��IRU�&D�!!���EXEEOH�
GHIRUPDWLRQ� RFFXU� DQG� YLVFRVLW\� LV� GHFUHDVHG�� ZKHUHDV� IRU� &D� ��� �� EXEEOHV� UHPDLQ�
VSKHULFDOO\� DQG�YLVFRVLW\�RI� WKH�EXEEOH�EHDULQJ�PHOW� LV� JUHDWHU� WKDQ� WKDW�RI� WKH� VXVSHQGLQJ�

IOXLG�� +RZHYHU� LQ� WKH� UDQJH� &D� ≈� �� D� VWUDLQ� UDWH�GHSHQGHQW� YLVFRVLW\� �VKHDU� WKLQQLQJ�� LV�
H[SHFWHG� VLQFH� WKH� EHKDYLRXU� RI� EXEEOHV� LQ� YLVFRXV� IORZ� LV� FKDQJLQJ� IURP� ULJLG� WR�
VRIW��:LWKLQ� WKH� FDSLOODU\� QXPEHU� UDQJH� IURP� ���� WR� ���� �VXUIDFH� WHQVLRQ� VWUHVVHV� DUH�
QHJOLJLEOH�� QRQ�1HZWRQLDQ� IORZ� RI� EXEEOH�EHDULQJ� VLOLFDWH� PHOWV� LV� UHVWULFWHG� WR� WKH� VKHDU�
WKLQQLQJ�FDXVHG�E\�WKH�OLTXLG�PDWUL[��)LJ������,Q�WKLV�FDVH�IORZ�FXUYHV�DUH�VHOI�VLPLODU�DQG�RQH�
PD\�HPSOR\�(T����IRU�GHVFULSWLRQ��
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)LJ�����$SSDUHQW�YLVFRVLW\�RI�EXEEOH�EHDULQJ�VLOLFDWH�PHOWV�RI�IORDW�JODVV�FRPSRVLWLRQ�DW�

����&�DV�D�IXQFWLRQ�RI�GHIRUPDWLRQ�UDWH��������&D���������OHIW����DQG�EXEEOH�YROXPH�

IUDFWLRQ��ULJKW���

(IIHFWLYH� YLVFRVLW\� GHFUHDVH� ZLWK� LQFUHDVLQJ� EXEEOH� YROXPH� IUDFWLRQ�� 2Q� LVRWKHUPDO�
FRQGLWLRQV�DQG�IRU�YDQLVKLQJ�VXUIDFH�WHQVLRQ�VWUHVVHV�LW�LV�DVVXPHG�WKDW�EXEEOHV�GR�QRW�DIIHFW�
WKH�IORZ��L�H��YLVFRXV�GLVVLSDWLRQ�RFFXUV�RQO\�LQ�WKH�YROXPH�IUDFWLRQ�ZKLFK�LV�RFFXSLHG�E\�WKH�
OLTXLG�SKDVH����S���7KXV��WKH�UHODWLYH�YLVFRVLW\�RI�D�EXEEOH�EHDULQJ�OLTXLG�FDQ�EH�ZULWWHQ�DV��

SI�

�

VXVS
UHO −=

η

η
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ZLWK�S� �EXEEOH�YROXPH�IUDFWLRQ�DQG�I� ����GLOXWH�VXVSHQVLRQ��I� ������+DVKLQ�6KWULFNPDQ�
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+RZHYHU��(T������LV�LQFRQVLVWHQW�ZLWK�WKHRU\�VLQFH�IRU�S� ���WKH�UHODWLYH�YLVFRVLW\�LV�QRW�]HUR��

)ORZ�RI�EXEEOH�DQG�FU\VWDO�EHDULQJ�VLOLFDWH�PHOWV�

2Q� LVRWKHUPDO� FRQGLWLRQV� DQG� IRU� &D� !!�� WKH� IORZ� FXUYHV� RI� EXEEO\� FU\VWDO�PHOW�
VXVSHQVLRQV� VKRZ� WZR�VWHS� VKHDU� WKLQQLQJ� ZLWK� YDULDEOH� VWHS� KHLJKWV�� RQVHW� UDWHV� DQG�
1HZWRQLDQ� YLVFRVLWLHV� GHSHQGLQJ� RQ� WKH� YROXPH� IUDFWLRQV� DQG� VKDSH� RI� HDFK� W\SH� RI�
LQFOXVLRQV� �)LJ������(TV�� ����� ����DQG� ����DUH�HPSOR\HG� WR�FDOFXODWH� WKH�HIIHFWLYH�YLVFRVLW\�RI�
VXFK�D�PXOWL�SKDVH�VLOLFDWH�PHOW��
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)LJ�����$SSDUHQW�YLVFRVLW\�RI�EXEEOH�DQG�FU\VWDO�EHDULQJ�VLOLFDWH�PHOWV�ZLWK�IORDW�JODVV�

FRPSRVLWLRQ��DW�����&��OHIW�����5HODWLYH�YLVFRVLW\�RI�PXOWL�SKDVH�VLOLFDWH�PHOWV�IRU�IRU� ε� � �
�����DQG�������ULJKW��

7KH�UHODWLYH�YLVFRVLW\�RI�D�PXOWL�SKDVH�VLOLFDWH�PHOWV� LV�ZLWKLQ�WKH� OLPLWV�RI� WKDW�RI� WKH�SXUH�

FU\VWDO�PHOW�DQG�SXUH�EXEEOH�PHOW� VXVSHQVLRQ��7KXV��ηDSS� FDQ�EH� ODUJHU�RU�VPDOOHU� WKDQ� WKH�
DSSDUHQW� YLVFRVLW\� RI� WKH� LQFOXVLRQ�IUHH�PHOW��+RZHYHU�� WKHVH� ERXQGV� GHSHQG� VWURQJO\� RQ�
GHIRUPDWLRQ�UDWH��
�

&RQFOXVLRQV�

,W�LV�IRXQG�WKDW�WKH�HIIHFW�RI�VXVSHQGHG�FU\VWDOV�DQG�EXEEOHV�RQ�WKH�YLVFRVLW\�RI�VLOLFDWH�
PHOW� LV� PDLQO\� D� IXQFWLRQ� RI� WKHLU� YROXPH� IUDFWLRQ�� VKDSH� DQG� GLVWULEXWLRQ� LI� VWUDLQ� UDWH�
LQGHSHQGHQW�IORZ�LV�VWXGLHG��,Q�FRQWUDVW��GHIRUPDWLRQ��URWDWLRQ�DQG�HODVWLF�LQWHUDFWLRQ�RI�WKH�
LQFOXVLRQV�FDQ�FDXVH�VWUDLQ�UDWH�GHSHQGHQW�IORZ��VKHDU�WKLQQLQJ���,W�LV�VKRZQ�WKDW�IUHTXHQF\�
VFDQV�RU�GHIRUPDWLRQ�UDWH�VWXGLHV�DUH�DGYDQWDJHRXV�WR�VHSDUDWH�FRQWULEXWLRQV�RQ�YLVFRVLW\�RI�
GLIIHUHQW�W\SHV�RI�LQFOXVLRQV��
�

$FNQRZOHGJHPHQWV�

,� WKDQN�P\�FROODERUDWRUV�3URI��5��%U�FNQHU��3URI��<��<XH��3URI��0��:HLQEHUJ�DQG�0��
7KLHV� IRU� WKHLU� FRQWULEXWLRQV�� LQVSLUDWLRQ� DQG� FRPPHQWV� LQ� WKH� SHUIRUPDQFH� RI� WKLV�ZRUN��
$OVR��,�DP�JUDWHIXO�IRU�WKH�VXSSRUW�RI�WKH�')*��
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