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�Ü����.��%HORZ�7
|����.��WKH�)0�FOXVWHUV�DSSHDU�LQ�WKH�3,�PDWUL[�XQGHUJRLQJ�D�VHFRQG�
RUGHU�WUDQVLWLRQ��,Q�FRQWUDFW�WR�WKH�WUDGLWLRQDOO\�GRSHG�DQDORJV��WKLV�FRPSRXQG�UHYHDOV�WKH
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���,QWURGXFWLRQ
7KH�LQWHUHVW�LQ�WKH�VWXG\�RI�WKH�SHURYVNLWH

PDQJDQLWH�R[LGHV�LV�GXH�WR�WKHLU�XQXVXDO�HOHF�
WURQ� DQG� PDJQHWLF� SURSHUWLHV�� 6RPH� LPSRU�
WDQW�DVSHFWV�RI�WKHLU�EHKDYLRU�LQ�D�KROH�GRSHG
UHJLRQ�DUH�QRW�\HW�ZHOO�XQGHUVWRRG��7KH�SHFX�
OLDULWLHV�RI�WKH�SDUDPDJQHW��3��WR�IHUURPDJQHW
�)��SKDVH�WUDQVLWLRQV�DQG�IRUPDWLRQ�RI�DQ�LQ�
KRPRJHQHRXV� VWDWH� DERYH�7&� ZLWK� WKH� IHUUR�PDJQHWLF� FOXVWHUV� LQ� D� SDUDPDJQHWLF� PDWUL[
DUH� DPRQJ� WKH� FHQWUDO� RSHQ� SUREOHPV� LQ� WKH
ILHOG�RI�0Q�R[LGHV��7KH\�DUH�FORVHO\�UHODWHG�WR
WKH�QDWXUH�RI�LQVXODWRU��,��WR�PHWDO��0��SKDVH
WUDQVLWLRQ� DQG� FRORVVDO� PDJQHWRUHVLVWDQFH
�&05�� >�@�� 7KLV�ZRUN� FRQWLQXHV� WKH� FRPSUH�
KHQVLYH� LQYHVWLJDWLRQ�RI� WKHVH�TXHVWLRQV��5H�
FHQWO\��WKH�VWXG\�RI�D�QRQOLQHDU�UHVSRQVH�WR�D
ZHDN�DF�PDJQHWLF� ILHOG� IRU�1G�±[%D[0Q2�� �[ �������������VLQJOH�FU\VWDOV�RI�D�SVHXGRFXELF
VWUXFWXUH� DQG� WKH� ),� JURXQG� VWDWH� KDV� UH�
YHDOHG�DQ�XQXVXDO�VFHQDULR�RI�WKH�3�),�SKDVH
WUDQVLWLRQ� >����@�� $ERYH� 7
� ��|�7&������.��WKH�FULWLFDO�EHKDYLRU�FRUUHVSRQGHG�WR�WKDW�RI�D
�'� LVRWURSLF� IHUURPDJQHW�� %HORZ� 7
�� DQ
DQRPDORXV� EHKDYLRU� ZDV� REVHUYHG�� ,W� ZDV
FKDUDFWHUL]HG� E\� WKH� DSSHDUDQFH� RI� D� QHZ
SKDVH�ZLWK�VWURQJ�QRQOLQHDU�SURSHUWLHV�LQ�WKH
ZHDN� PDJQHWLF� ILHOGV� WKDW� DUH� GXH� WR� WKH� )
FOXVWHUV�� $� VLPLODU� EHKDYLRU� DERYH� 7&� ZDVDOVR� IRXQG� LQ� /D����0Q2����� PDQJDQLWH� ZLWKWKH�),�JURXQG�VWDWH�ZKHUH�WKH�GRSLQJ� LV�GXH
WR�YDULDWLRQ�LQ�WKH�R[\JHQ�FRQWHQW�>�@��7KHVH
IDFWV� VXSSRUW� DQ� DVVXPSWLRQ� RQ� XQLYHUVDO
FKDUDFWHU� RI� WKLV� 3�)� SKDVH� WUDQVLWLRQ� VFH�
QDULR�� 7KLV� QHZ� FODVV� RI� WKH� PDQJDQLWHV�
/D����0Q2[� �[� �����Ü������� V\QWKHVL]HG� UH�FHQWO\� KDV� WKH� SKDVH� GLDJUDP��PDJQHWLF� DQG
WUDQVSRUW� SURSHUWLHV� VLPLODU� WR� WKRVH� RI� WKH
WUDGLWLRQDOO\� GRSHG� PDQJDQLWHV� >�@�� 7KH� [� 
�����FRPSRXQG��IRU�LQVWDQFH��LV�D�FRXQWHUSDUW
RI� /Q0Q2��� DQG� WKH�[� ������ V\VWHP� UHYHDOVWKH� ,�0� WUDQVLWLRQ� DW�7,0�!�7&� DFFRPSDQLHGE\�D�&05��+HUH��SUHVHQWHG�DUH�WKH�UHVXOWV�RI
WKH� FDUHIXO� LQYHVWLJDWLRQ�RI� WKH�3�)�DQG� ,�0
SKDVH� WUDQVLWLRQV� LQ� SRO\FU\VWDOOLQH
/D����0Q2������7KH�VWXGLHV�LQFOXGH�DQ�DQDO\VLVRI�WKH�FU\VWDO�VWUXFWXUH��QHXWURQ�GLIIUDFWLRQ��
DV�ZHOO�DV�WKH�GDWD�RQ�WKH�WUDQVSRUW�DQG�PDJ�
QHWLF� SURSHUWLHV� �WKH� OLQHDU� DQG� QRQOLQHDU
�VHFRQG�DQG�WKLUG�RUGHU��VXVFHSWLELOLWLHV���7KH
PDLQ� WDVN� LV� WR� HOXFLGDWH� WKH� PHWDOOL]DWLRQ
VFHQDULR�RI�WKHVH�PDWHULDOV�E\�FRPSDULQJ�WKH
GDWD� IRU� [� ������ �),�� DQG� ����� �)0�� FRP�
SRXQGV��7KLV�UHIHUV�ILUVW�RI�DOO�WR�WKH�SURSHU�
WLHV�RI�WKH�VHFRQG�KDUPRQLF�RI�PDJQHWL]DWLRQ
LQ�WKH�SDUDOOHO�DF�DQG�GF�PDJQHWLF�ILHOGV�WKDW
SURYLGHV�WKH�7�HYROXWLRQ�FRQWURO�RI�WKH�FOXV�
WHUHG�VWDWH�

���([SHULPHQWDO
7KH�SUHSDUDWLRQ�DQG� WHVWLQJ�RI�SRO\FU\V�

WDOOLQH� /D����0Q2������ DV� ZHOO� DV� WKH� FRUUH�VSRQGLQJ� HTXLSPHQW� DQG� PHDVXUHPHQW� SUR�
WRFROV�KDYH�EHHQ�GHVFULEHG�LQ�>�@��1RWH�RQO\
WKDW� WKH� VHFRQG� KDUPRQLF� RI� WKH� ORQJLWXGL�
QDO�PDJQHWL]DWLRQ�0��ZDV�PHDVXUHG�LQ�SDU�DOOHO� GF� DQG� DF� KDUPRQLF� PDJQHWLF� ILHOGV
+�W�� �+���KVLQZW� �Kd��� 2H�� I� �Z��S� 
����� 0+]��� 7KH� 5H0��+�� DQG� ,P0��+�SDUWV� RI� WKH� 0�� ZHUH� VLPXOWDQHRXVO\� UH�FRUGHG� DV� IXQFWLRQV� RI� D� GF�PDJQHWLF� ILHOG
+� IRU� YDULRXV� VDPSOH� WHPSHUDWXUHV� �7� 
��Ü����.���7KLV�ILHOG�ZDV�VFDQQHG�V\PPHW�
ULFDOO\� UHODWLYH� WR� WKH� SRLQW�+� ��� IRU� GH�
WHFWLQJ�D�ILHOG�K\VWHUHVLV�RI�WKH�VLJQDO��7KH
DPSOLWXGH� RI� WKH�+�VFDQ� ZDV� ���� 2H�� 7KH
GLIIUDFWLRQ� H[SHULPHQWV� ZHUH� SHUIRUPHG
XVLQJ� D� 313,� ���FRXQWHU� SRZGHU� QHXWURQ
GLIIUDFWRPHWHU� �*H� PRQRFKURPDWRU�� O� 
������c�� LQ� D� FU\RVWDW� DW� ���Ü���� .�� 7KH
QHXWURQ� GLIIUDFWLRQ� GDWD� ZHUH� DQDO\]HG
XVLQJ� WKH� SURJUDP� )XOO3URI� ZDV� HPSORHG
IRU�WKH�VWUXFWXUH�UHILQHPHQW��

���([SHULPHQWDO�UHVXOWV�DQG
GLVFXVVLRQ

7KH�PHDVXUHG�GLIIUDFWLRQ�SURILOHV�IRU��Ü
���� .� DUH� IRXQG� WR� EH� ZHOO� ILWWHG� XVLQJ� D
UKRPERKHGUDO� VSDFH� JURXS� �5�F��� )LJ���
VKRZV� WHPSHUDWXUH� GHSHQGHQFHV� RI� WKH
VWUXFWXUDO� SDUDPHWHUV� WKDW� PDLQO\� UHIOHFW
WKH� ODWWLFH� FRPSUHVVLQJ� XQGHU� FRROLQJ�� $
VKDUS�GHFUHDVH�RI�WKH�XQLW�FHOO�YROXPH�� ODW�
WLFH�FRQVWDQWV��D��DQG�0Q±2�ERQG�OHQJWK��E��
FKDUDFWHUL]LQJ� D� UKRPERKHGURQ�� DW
7,0�|����� .� LV� GXH� WR� WKH� ,�0� WUDQVLWLRQ
GHWHUPLQHG� IURP� WKH� WUDQVSRUW� PHDVXUH�
PHQWV� �VHH� )LJ������ 7KH� VSRQWDQHRXV� PDJ�
QHWL]DWLRQ� LQFUHDVHV� PRQRWRQRXVO\� RQ� FRRO�
LQJ� EHORZ�7&�|�����.�� DV�XVXDOO\�RFFXUV� DW3�)�SKDVH�VHFRQG�RUGHU�WUDQVLWLRQ��UHDFKLQJ
WKH�YDOXH������P%�0Q�DW���.�WKDW�LV�FORVH�WR����P%�0Q�FRUUHVSRQGLQJ�WR�LRQ�FRPSRVLWLRQ�0Q��Ü0Q���� IRU� [� ������ �QRW� SUHVHQWHG��
)LJ����GLVSOD\V�WKH�WUDQVSRUW�SURSHUWLHV�>�@�
7KH�7�GHSHQGHQFH�RI� UHVLVWLYLW\�UHYHDOV� WKH
,�0� WUDQVLWLRQ� DW� 7,0�|�����.�!�7&�� 7KHPDJQHWRUHVLVWLYLW\� H[KLELWV� D� PLQLPXP
VOLJKWO\�EHORZ�7,0�)LJ����SUHVHQWV�WKH�7�GHSHQGHQFHV�RI�WKH
OLQHDU�DF�VXVFHSWLELOLW\��D��DQG�DPSOLWXGH�RI
WKH�WKLUG�PDJQHWL]DWLRQ�KDUPRQLF�_0�_�E���,WLV� VHHQ� WKDW� Fcc�Fc��������� DQG� WKHUHIRUH
Fc�|�F���ZKHUH�F��LV�WKH�VWDWLF�VXVFHSWLELOLW\�7R�DQDO\]H�F��W��GHSHQGHQFH��W� ��7Ü7��7&��7&�� LV� WR� EH� GHWHUPLQHG�� ,WV� YDOXH� FDQ� EH
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IRXQG� IURP� WKH� _0��7�_� GDWD� �)LJ���E�� KD�YXQG� D�PD[LPXP�DW�7&�|�����.��7KH� LQVHWLQ� )LJ���D� GLVSOD\V� WKH� FULWLFDO� EHKDYLRU� RI
Fc�W��f�WÜJ�� 7KH� ILWWLQJ� LQ� WKH� �����Ü����W��
������UDQJH�JLYHV�D�YDOXH�RI�J� ���������WKDW
LV�FORVH�WR�WKDW�IRU�D��'�LVRWURSLF�IHUURPDJ�

QHW��J�|�������7KH�7�GHSHQGHQFH�RI����SFc�7�
�LQVHW�LQ�)LJ���E��GRHV�QRW�LQGLFDWH�WKH�SUHV�
HQFH�RI�WKH�)�FOXVWHUV�DERYH�7&��7KH�)�FOXV�WHUV� FDXVH� D� GHYLDWLRQ� RI� WKH� GDWD� GRZQ
IURP� WKH� KLJK� WHPSHUDWXUH� LQYHUVH� &XUH�
:HLVV�OLQH��ZKLOH�ZH�REVHUYH�KHUH�WKH�XVXDO
RSSRVLWH� FULWLFDO� GHYLDWLRQ��7KXV�� WKH� WUDGL�
WLRQDO�DF�F�PHDVXUHPHQWV�DUH�LQVXIILFLHQW�WR
UHYHDO�WKHLU�DSSHDUDQFH��

7R�FODULI\�WKH�FULWLFDO�EHKDYLRU�DERYH�7&�WKH� VHFRQG� KDUPRQLF� RI� PDJQHWL]DWLRQ�
0��+�7��� ZDV� LQYHVWLJDWHG� XQGHU� FRQGLWLRQ0��f�K�� ZKHQ� WKH� ORQJLWXGLQDO� UHVSRQVH� LVGHVFULEHG�E\� WKH�VHFRQG�RUGHU�G\QDPLF�VXV�
FHSWLELOLW\� F__����Z��+��7��� 7KH� SURSHUWLHV� RIWKLV� IXQFWLRQ�ZHUH� FRQVLGHUHG� LQ� >�@��)LJ���
GLVSOD\V�WKH�5H0��+��DQG�,P0��+��GHSHQG�

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� VWUXF�
WXUDO� SDUDPHWHUV� REWDLQHG� IURP� QHXWURQ� GLI�
IUDFWLRQ� GDWD� �WKH�5�F� V\PPHWU\��� �D��7� GH�
SHQGHQFHV�RI�WKH�VWUXFWXUDO�FRQVWDQWV�DQG�WKH
XQLW�FHOO� YROXPH�� �E��0Q±2� ERQG� OHQJWK� DQG
0Q±2±0Q�DQJOH�YV�7�

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�WKH�OLQHDU�DF�VXVFHSWLELOLW\��D��DQG�DPSOLWXGH�RI�WKH�WKLUG�KDUPRQLF
RI�PDJQHWL]DWLRQ� �E��� ,QVHW� LQ� �D��� WKH� ILW�RI��SFc�E\� WKH�SRZHU� ODZ� �VROLG� OLQH��� ,QVHW� LQ� �E������Fc�YV
WHPSHUDWXUH�ZKHUH�VROLG�OLQH�GLVSOD\V�WKH�LQYHUVH�&XUH�:HLVV�ODZ�

)LJ�����3ORWV�RI�WKH�UHVLVWLYLW\�U������DQG�PDJQH�
WRUHVLVWLYLW\�05�7�� �^>5�+�Ü5���@�5���`������
DW�+� ���N2H�����YV�7�
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HQFHV� IRU� VRPH� FKDUDFWHULVWLF� WHPSHUDWXUHV
WKDW� DUH� UHODWHG� WR� WKH� WKUHH� ��LPSXULW\��
QRUPDO�DQG�FOXVWHUHG��DQRPDORXV���7�UDQJHV
ZLWK� WKH� GLIIHUHQW� 0��+�7�� GHSHQGHQFHV�6LPLODU�UDQJHV�ZHUH�IRXQG�LQ�WKH�1G%D�DQG
/D����0Q2����� LQVXODWRU� V\VWHPV� >�Ü�@�� ,QWKH� �LPSXULW\�� UDQJH� ����Ü���� .�� �QRW
VKRZQ��� D� SUDFWLFDOO\� 7�LQGHSHQGHQW� VLJQDO
LV�REVHUYHG��,W�H[KLELWV�D�ZHDN�+�K\VWHUHVLV
ZLWK� D� VPDOO�0�� YDOXH� DW�+� ��� WKDW� SUR�YLGHV� D� FOHDU� HYLGHQFH� RI� VSRQWDQHRXV�PDJ�
QHWL]DWLRQ� LQ� WKLV� SKDVH�� ,QGHHG��0�� LV� DSVHXGRYHFWRU�DQG�HYHQ�IXQFWLRQ�RI�K��7KHUH�
IRUH��0��+�� LV�RGG� LQ�+�ZLWK�0����� ��� LQWKH� SDUDPDJQHWLF� SKDVH�� $FFRUGLQJO\�� WKH
UHVSRQVH� ZLWK�0�����z��� LQ� WKH� �LPSXULW\�UDQJH� LV� DVVRFLDWHG�ZLWK�D� VPDOO�DPRXQW� RI
D� PDJQHWLFDOO\� RUGHUHG� LPSXULW\� SKDVH�� ,Q
WKH�QRUPDO�UDQJH�����Ü����.�|�7
���WKH�VLJ�
QDO� EHJLQV� WR� LQFUHDVH� ZLWK� ORZHULQJ� WHP�
SHUDWXUH�� DQG� ZH� REVHUYH� WKH� W\SLFDO� UH�
VSRQVH� WKDW� FDQ� EH� DWWULEXWHG� WR� D� �'� LVR�
WURSLF� IHUURPDJQHW� LQ� D� ZHDN� ILHOG� �JP+
��_7&W������ ,Q� WKLV� UHJLPH�� 5H0��+��f�+DQG� ,P0��+�� VKRZ� QHDUO\� OLQHDU� GHSHQG�HQFH�RQ�+�>�Ü�@�

$Q� H[DPSOH� RI� WKLV� EHKDYLRU� LV� WKH� GDWD
DW�������.��)LJ������,W�LV�VHHQ�WKDW�,P0��+�DJUHHV� ZLWK� WKH� SUHGLFWLRQ� ZKHUHDV

5H0��+��UHYHDOV�+�K\VWHUHVLV��&RPSDUHG�WRWKH� UHVSRQVH�RI�/D����0Q2����� >�@�� WKH�FULWL�FDO� OLQHDU� FRQWULEXWLRQ� RI� WKH� 3� SKDVH� LV
PRGLILHG�E\�WKH��LPSXULW\��SKDVH�WKDW�KDV�D
KLJK� FRQFHQWUDWLRQ� DW� [� ������� 7KH� FOXV�
WHUHG� UHJLRQ� �7
� �����.�WR�7&� �����.��LVFKDUDFWHUL]HG�E\�WKH�RULJLQDWLRQ�RI�DQ�DGGL�
WLRQDO� )� VLJQDO�� 7KLV� LV� FOHDUO\� VHHQ� LQ� WKH
,P0��+�� GHSHQGHQFH� DV� D� K\VWHUHVLV� ORRSIRU�+�������2H�ZLWK� DQ� H[WUHPH� LQ� D� YHU\
ZHDN� ILHOG� +�a���� 2H� �)LJ���E�� 7� 
������.���7KH�QHZ� VLJQDO� LQFUHDVHV� VKDUSO\
DW� FRROLQJ� �)LJ���E� DQG� )LJ���E�� ,P0�PLQ��ZKHUHDV� WKH� ILHOG� SRVLWLRQ� RI� LWV� H[WUHPH
UHPDLQV� ZHDNO\� 7�GHSHQGHQW� GRZQ� WR� 7&�)LJ���D���7KLV�EHKDYLRU�FDQ�EH�DWWULEXWHG�WR
D� YROXPH� LQFUHDVH� RI� WKH� QHZ� FOXVWHUHG
SKDVH��

,Q� WKH� 5H0��+�� GHSHQGHQFH�� WKH� FOXV�WHUHG� VLJQDO� DOVR� DFFRXQWV� IRU� IRUPDWLRQ�RI
WKH�H[WUHPH�DW�ORZ�ILHOGV�DQG�WKH�ILHOG�K\V�
WHUHVLV� EHORZ� 7
� �)LJ���D��� 7KH� K\VWHUHVLV
VLJQDO� RI� WKLV� FRPSRQHQW� LV� GHILQLWHO\� UH�
ODWHG�WR�WKH�DSSHDUDQFH�RI�WKH�QHZ�)�SKDVH�
EHFDXVH� 5H0����� DW� 7
� LV� DERXW� WHQ� WLPHV
ODUJH� WKDQ� WKH� �LPSXULW\�� VLJQDO�� DQG
5H0����� EHJLQV� WR� LQFUHDV� DW� FRROLQJ� EHORZ7
��7KH�ILHOG�SRVLWLRQ�RI�WKH�PLQLPXP�DW�+
!��� �+PLQ��GHFUHDVHV�DQG�H[WUHPDO�YDOXH�RI

)LJ�����7ZR�SKDVH�FRPSRQHQWV�RI�WKH�VHFRQG�PDJQHWL]DWLRQ�KDUPRQLF�0��YV�WKH�GF�PDJQHWLF�ILHOG+� DW� VRPH� FKDUDFWHULVWLF� WHPSHUDWXUHV�� )XOO� DQG� RSHQ� V\PEROV� SUHVHQW� WKH� GLUHFW� DQG� UHYHUVH
+�VFDQV��UHVSHFWLYHO\��
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WKH� 5H0��+�� �Ü5H0�PLQ�� LQFUHDVHV� ZLWKORZHULQJ� WHPSHUDWXUH� IURP� 7
� GRZQ� WR� 7&�)LJ������ )RU� WKLV� FRPSRQHQW��+PLQ� FKDQJHVZLWK�WHPSHUDWXUH��VLQFH�5H0��LV�WKH�VXP�RIWKH� FRPSDUDEOH� VLJQDOV� IURP� WKH� )� FOXVWHUV
DQG� WKH� FULWLFDO� 3� SKDVH�� 7KH� WHPSHUDWXUH
GHSHQGHQFHV�RI�WKH�,P0�PLQ��5H0�PLQ��DQG+PLQ�LQ��5H0���VKRZ�WKH�H[WUHPHV�DSSUR[L�PDWHO\� DW�7&� �)LJ������ 7KH� LQVHW� LQ� )LJ���EGLVSOD\V� 7�GHSHQGHQFH� RI� 5H0��+� ����� $QRQ]HUR� YDOXH� RI� WKLV� VLJQDO� DERYH� 7&� UH�VXOWV� IURP� WKH� VSRQWDQHRXV� PDJQHWL]DWLRQ
RI� WKH� VDPSOH� WKDW� LV� GXH� WR� WKH�)�UHJLRQV�
7KLV� VLJQDO� LQFUHDVHV� DW� FRROLQJ�� UHIOHFWLQJ
WKH�JURZLQJ�YROXPH�RI�WKH�FOXVWHUHG�SKDVH�
DQG� UHDFKHV� D� PD[LPXP� DW� 7&�� $� QDUURZQHJDWLYH� SHDN� VOLJKWO\� EHORZ� 7&� LV� GXH� WRGHYHORSPHQW� RI� D�)� RUGHULQJ� LQ� WKH� SDUDP�
DJQHWLF�PDWUL[�

,W�LV�UHPDUNDEOH�WKDW�DOO�WKH�PDLQ�SHFXOL�
DULWLHV�RI�WKH�7�HYROXWLRQ�RI�WKH�DULVLQJ�QHZ
FOXVWHUHG�SKDVH��ZKLFK� DUH� LQGLFDWHG�DERYH�
FRLQFLGH� ZLWK� WKRVH� IRU� 1G����%D����0Q2�DQG� /D����0Q2����� FRPSRXQGV� >����@�� 1RWH�IRU� H[DPSOH�� WKH� VSHFLILF� 5H0��7�� GHSHQG�HQFH� DW�+� ��� �LQVHW� LQ� )LJ���E���$Q� HVVHQ�
WLDO� TXDQWLWDWLYH� GLIIHUHQFH� LV� WKH� PDJQL�
WXGH�RI�WKH�)�FOXVWHU�VLJQDO�ZKLFK�LV�QRWLFH�
DEOH� ODUJH� LQ� WKLV� PDQJDQLWH� GXH� WR
LQFUHDVLQJ� FRQFHQWUDWLRQ� RI� WKH� FOXVWHUHG
SKDVH��5H0��7����LQ�WKH�PD[LPXP��LQVHW�LQ)LJ���E��� IRU� LQVWDQFH�� LV� WHQ� WLPHV� JUHDWHU
WKDQ� WKH� VDPH� YDOXH� IRU� LQVXODWLQJ
/D����0Q2������

7KXV�� WKH� 0��+�7�� UHVSRQVH� RI� WKH� )FOXVWHUV�LV�LQVHQVLWLYH�WR�WKH�,�0�WUDQVLWLRQ�
DQG�EHKDYHV�OLNH�WKDW�RI�WKH�LQVXODWLQJ�PDQ�
JDQLWHV�ZLWK�WKH�LVRODWHG�)�FOXVWHUV��LQ�VSLWH
RI� WKH� IDFW� WKDW� WKRVH� IRUP� D� SHUFRODWLYH
FRQGXFWLYH� SDWKZD\� DW�7,0�� ,W� LV� WKH�PDLQXQH[SHFWHG�UHVXOW��,QGHHG��IRUPDWLRQ�RI�WKH
SHUFRODWLYH�FRQGXFWLQJ�SDWKZD\�SURYLGHV�WKH
SHUFRODWLYH� IHUURPDJQHWLF� GRXEOH� H[FKDQJH
QHWZRUN� WKDW� VKRXOG� UHVXOW� LQ� GHYHORSPHQW
RI� WKH� )� RUGHULQJ� LQ� WKH� V\VWHP� RI� WKH� )
FOXVWHUV�QHDU�7,0�!�7&��+RZHYHU��WKH�PHDV�XUHPHQWV�GR�QRW�JLYH�DQ\�FOHDU�HYLGHQFHV�RI
WKLV� WUDQVLWLRQ��1RWH� WKDW� HYHQ� WKH� LVRODWHG
)� FOXVWHUV� VKRZ� WKH� 0�� VLJQDO� DW� +� ��ZKLFK� HYLGHQFHV� WKH� SUHVHQFH� D� UHPDQHQFH
PDJQHWL]DWLRQ� RI� WKH� VDPSOH�� 7KLV� PHDQV
WKDW�WKH�)�FOXVWHUV�DUH�LQ�D�EORFNLQJ�UHJLPH
ZKHQ� WHPSHUDWXUH� LV� EHORZ� WKH� EORFNLQJ
WHPSHUDWXUH� GHWHUPLQHG� E\� D� PDJQHWLF� DQ�
LVRWURS\� DQG� WKH� FOXVWHU� YROXPH� >����@��7KH
UHPDQHQFH� PDJQHWL]DWLRQ� LQ� WKLV� UHJLPH
PD\�� JHQHUDOO\� VSHDNLQJ�� PDVN� WKH� DSSHDU�
DQFH�RI�WKHLU�FRRSHUDWLYH�RUGHULQJ�DW�7,0��$WULYLDO�SRVVLELOLW\�LV�WKDW�WKH�VLJQDO�RI�WKH�)
SHUFRODWLYH�QHWZRUN�LQFOXGLQJ�D�FRQVLGHUDEOH
SDUW� RI� WKH� FOXVWHUHG� SKDVH� LV� PXFK� OHVV
WKDQ� WKDW� RI� WKH� UHPDLQLQJ� LVRODWHG�)� FOXV�
WHUV��7KLV�YDULDQW� FDQ�EH� UXOHG�RXW�EHFDXVH
D�VWURQJ�VLJQDO�UHGXFWLRQ�ZRXOG�EH�REVHUYHG
EHORZ�7,0��7KXV�� WKH� )0� SHUFRODWLYH� QHWZRUN� DQG
WKH� LVRODWHG� )0� FOXVWHUV� UHYHDO� VLPLODU� UH�
VSRQVHV��7KLV�UHVXOWV�LQ�D�FHUWDLQ�UHVWULFWLRQ

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� 5H0��+�� DQG� ,P0��+�� SDUDPHWHUV�� �D��7�EHKDYLRU� RI� WKH�+SRVLWLRQV�RI�WKH�PLQLPD�LQ�5H0��+��DQG�,P0��+����E��7�HYROXWLRQ�RI�Ü5H0��+��DQG�Ü,P0��+��DWWKHLU�PLQLPD��,QVHW�LQ��E���5H0��7��DW�+� ������
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RQ� WKH� )0� SHUFRODWLYH� QHWZRUN� VWUXFWXUH�
VLQFH� LW� LV� UDWKHU�GLIILFXOW� WR� FRRUGLQDWH� LWV
)0� FKDUDFWHU� ZLWK� D� VWURQJ� IDYRU� IRU� XQL�
IRUP�PDJQHWL]DWLRQ�EHORZ�7,0�DQG�LWV�PDJ�QHWLF� EHKDYLRU� DERYH� 7,0� ZKHQ� WKH� FRQ�QHFWHG�)0�QHWZRUN�LV�EURNHQ�LQWR�WKH�VHSD�
UDWHG� UDQGRPO\� RULHQWHG� )0� FOXVWHUV�� )RU
LQVWDQFH�� WKH� )0� SHUFRODWLYH� QHWZRUN� FDQ�
QRW� LQFOXGH� ORQJ� )0� ILODPHQWV� PDJQHWL]HG
DORQJ� WKH� ILODPHQW� EHFDXVH� LWV� UHVSRQVH� LV
LQFRPSDWLEOH�ZLWK� WKDW� RI� WKH� LVRODWHG� ILOD�
PHQW� IUDJPHQWV� �WKH� VPDOO� UDQGRPO\� RUL�
HQWHG�SLHFHV���7KH�)0�SHUFRODWLYH�FOXVWHU�LV
DQ� H[WUHPHO\� FRPSOLFDWHG� REMHFW�� :H� LQGL�
FDWHG�KHUH�RQO\�D�QDLYH�DSSURSULDWH�YDULDQW�
QDPHO\�� LW� PD\� FRQWDLQ� PDQ\� GRPDLQ� HOH�
PHQWV�� HYHU\� GRPDLQ� UHVHPEOLQJ� LQ� LWV� VL]H
DQG� VKDSH� WKH� LQLWLDO� )0� FOXVWHUV�� $GGL�
WLRQDO�VWXGLHV�DUH�QHHGHG�WR�FODULI\�WKLV�LP�
SRUWDQW�QRQWULYLDO�PDWWHU�GLUHFWO\�UHODWHG�WR
WKH�SHFXOLDULWLHV�RI�WKH�&05��

1RWH� IXUWKHU� WKDW� EHORZ�7,0�� WKH�0�+�
GHSHQGHQFH�IRU�RXU�VDPSOH�VKRZV�D�SHFXOLDU�
LW\�QHDU�+�a�����2H�>�@�ZKLFK�FRQWUDGLFWV�WR
XVXDO� FULWLFDO� EHKDYLRU� RI� D� IHUURPDJQHW
DERYH� 7&�� 7KH� )0� LQILQLWH� QHWZRUN� FHU�WDLQO\� DFFRXQWV� WKHUHIRU�� VLQFH� WKLV� VSHFLILF
IHDWXUH� ZDV� QRW� REVHUYHG� LQ� WKH� LQVXODWLQJ
/D����0Q2������ 7KH� VDPH� SHFXOLDULW\� ZDVDOVR� IRXQG� LQ� WUDGLWLRQDOO\� GRSHG
1G���6U���0Q2�� VLQJOH� FU\VWDO� EHORZ
7,0�|�����.�!�7&�|����� .� DW� D� FORVH� +YDOXH� >�@�� 7KLV� SHFXOLDULW\� ZDV� QRW� H[�
SODLQHG� LQ� WKHVH�ZRUNV�� ,W� LV� LQWHUHVWLQJ� WR
DQDO\]H�TXDQWLWDWLYHO\�WKH�0�+��GHSHQGHQFH
IRU�WKLV�PL[HG�VWDWH��$V�ZH�VHH��WKH�FULWLFDO
EHKDYLRU� RI� WKLV� V\VWHP� KDV� D� FRPSOLFDWHG
FKDUDFWHU�GXH� WR� RULJLQDWLRQ�RI� WKH� LQILQLWH
)0� FOXVWHU� DQG� LWV� LQWHUDFWLRQ� ZLWK� WKH� 3,
PDWUL[��

���&RQFOXVLRQ
7R� FRQFOXGH�� ZH� KDYH� LQYHVWLJDWHG� WKH

FU\VWDO� VWUXFWXUH� DQG� WKH�PDJQHWLF� SURSHU�
WLHV� RI� SRO\FU\VWDOOLQH�/D����0Q2������ ,W� KDVEHHQ�IRXQG�WKDW�WKH�FU\VWDO�VWUXFWXUH�LV�GH�
VFULEHG� E\� WKH� UKRPERKHGUDO� VSDFH� JURXS
�5�F��� 7KLV� FRPSRXQG� H[KLELWV� WKH� 3�)
�7&�|����� .�� DQG� ,�0� �7,0�|�����.�� SKDVH
WUDQVLWLRQV�� DQG� UHYHDOV� D� FRORVVDO� PDJQH�
WRUHVLVWDQFH� QHDU� 7,0�� $FFRUGLQJ� WR� WKH

0��+�7�� GDWD�� EHORZ� 7
�|����� .�� WKH� )0
FOXVWHUV�DSSHDU�LQ�WKH�3,�PDWUL[�XQGHUJRLQJ
WKH� VHFRQG�RUGHU� SKDVH� WUDQVLWLRQ�� 7KHLU
FRQFHQWUDWLRQ�LQFUHDVHV�DW�FRROLQJ�VR�WKDW�LW
H[FHHGV� WKH� SHUFRODWLYH� WKUHVKROG� YDOXH
EHORZ�7,0��DQG�WKH�VDPSOH�H[KLELWV�D�PHWDO�OLF�EHKDYLRU��7KLV�LV�WKH�SHUFRODWLYH�VFHQDULR
RI�PHWDOOL]DWLRQ�� 7KH� FOXVWHUHG� VWDWH� GHYHO�
RSV� LQ�WKH�UKRPERKHGUDO�V\PPHWU\��DQG� LWV
DSSHDUDQFH� LV� QRW� UHGXFHG� WR� WKH� -7� GLV�
WRUWHG�SKDVHV�DV�LW�PLJKW�EH�FRQFOXGHG�EDV�
LQJ� RQ� WKH� UHVXOWV� IRU� WKH� WUDGLWLRQDOO\
GRSHG� PDQJDQLWHV� >����@�� 7KH�0��+�7�� UH�VSRQVH� LV� LQVHQVLWLYH� WR� WKH� ,�0� WUDQVLWLRQ
H[KLELWLQJ�D�VLQJXODULW\�DW�7&�RQO\��DQG�EH�KDYHV�OLNH�WKDW�RI�WKH�LQVXODWLQJ�PDQJDQLWHV
ZLWK�WKH�LVRODWHG�)0�FOXVWHUV��7KLV�UHVWULFWV
WR�D�FHUWDLQ�H[WHQW�WKH�SRVVLEOH�VWUXFWXUH�RI
WKH� LQILQLWH� )0� QHWZRUN�� 7KH� FRPSOLFDWHG
FULWLFDO�EHKDYLRU�RI�WKLV�FRPSRXQG�LV�D�FRQ�
VHTXHQFH�RI�WKH�PL[HG�PDJQHWLF�VWDWH�ZKHUH
WKH� )0� UHJLRQV� IRUPLQJ� WKH� LQILQLWH� )0
FOXVWHUV� EHORZ� 7,0� LQWHUDFW� VWURQJO\� ZLWKWKH�3,�PDWUL[��7KH�DGGLWLRQDO�VWXGLHV��HVSH�
FLDOO\�FRQFHUQLQJ�WKH�+�HIIHFW�RQ�WKH�WUDQVL�
WLRQV�� DUH� QHHGHG� WR� FODULI\� FRPSOHWHO\� WKH
SURSHUWLHV� RI� WKLV� UHPDUNDEOH� V\VWHP� ZLWK
WKH�VHOI�RUJDQL]HG�FOXVWHUHG�VWUXFWXUH���

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�3URJUDP
RI�5$6�3UHVLGLXP�1R�����3ULQFLSOHV�RI�IXQ�
GDPHQWDO� VWXGLHV� RQ� QDQRWHFKQRORJLHV� DQG
QDQRPDWHULDOV�� �3URMHFW� ��������� DQG�5)%5
�*UDQW�1R��������������D����

5HIHUHQFHV
� ���(�'DJRWWR��1HZ�-��3K\V������������������
� ���9�$�5\]KRY��$�9�/D]XWD��,�'�/X]\DQLQ�HW�DO��

=K��(NVS��7HRU��)L]�������������������
� ���9�$�5\]KRY�� $�9�/D]XWD�� 9�3�.KDYURQLQ� HW

DO���6ROLG�6WDWH�&RPPXQ�������������������
� ���$�9�/D]XWD�� 9�$�5\]KRY�� ,�$�.LVHOHY� HW� DO��

)XQFWLRQDO�0DWHULDOV�����������������
� ���,�2�7UR\DQFKXN�� 9�$�.KRPFKHQNR�� 0�7RYDU

HW�DO���3K\V��5HY��%��������������������
� ���6�9�9RQVRYVNLM�� 0DJQHWL]P�� 1DXND�� 0RVFRZ

�������>LQ�5XVVLDQ@�
� ���5�9HQNDWHVK�� 0�3DWWDELUDPDQ�� 6�$QJDSSDQH

HW�DO���3K\V��5HY��%��������������������
� ���-�'HLVHQKRIHU��'�%UDDN��+��$�.UXJ�YRQ�1LGGD

HW�DO���3K\V��5HY��/HWW����������������������
� ���:DQMXQ�-LDQJ��;XH=KL�=KRX��*Z\Q�:LOOLDPV
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$�9�/D]XWD�HW�DO����3DUDPDJQHW�WR�IHUURPDJQHW�DQG����

�� )XQFWLRQDO�PDWHULDOV�������������



nÈÏºmL�¹Ë¯Ë²º�Ò�¹È¯ÈäÈ�ÓË�Ò}�ÁË¯ºäÈ�ÓË�Ò}�È�LÏºã«�º¯�äË�Èã���/D����0Q2����k�{��ÈÏ��È��{�k�cÒÎºm��{���tÈm¯ºÓLÓ������ Ë¯ÓËÓ}º�|���väL¯Óºm������lºã}ÈÓºm��,�|��¯º«Ó��}��{�k�tºä�ËÓ}º
�¯Ë�°�ÈmãËÓº�¯ËÏ�ã	�È�Ò�°�¯�}��¯ÓÒ²�ÓË®�¯ºÓÓº��ÒÁ¯È}�L®ÓÒ²��º°ãL�ÎËÓ	� �È��ÈÓL

¹¯º� �¯ÈÓ°¹º¯�ÓL� ®� äÈ�ÓL�ÓL� mãÈ°�Òmº°�L� �ãLÓL®Óº�� ®� ÓËãLÓL®ÓÒ²� ��¯��º�º� �È� �¯Ë�	º�º
¹º¯«�}���°¹¯Ò®Ó«�ãÒmº°�Ë®���ã«�¹ºãL}¯Ò°�ÈãL�Óº�º�äË�ÈãL�Óº�º�/D����0Q2������¡«�°¹º�ã�}È�ÏÈÏÓÈ¼�ÁÈÏºmÒ²�¹Ë¯Ë²º�Lm�¹È¯ÈäÈ�ÓË�Ò}�ÁË¯ºäÈ�ÓË�Ò}����n���7&�|�����.���È�LÏºã�«�º¯�äË�Èã� ��,0�|�����.�!�7&�� �È� mÒ«mã«¼� }ºãº°Èã	ÓÒ®� äÈ�ÓL�ºº¹L¯� ¹º­ãÒÏ�� �,0�kÓÈãLÏ� �ÒÁ¯È}�L®ÓÒ²� �ÈÓÒ²� mÒ}ºÓÈÓº� Ï� mÒ}º¯Ò°�ÈÓÓ«ä� ¯ºä­ºË�¯Ò�Óº�� ¹¯º°�º¯ºmº�
�¯�¹Ò� �5�F�� �� �Ëä¹Ë¯È��¯ÓL®� º­ãÈ°�L� �Ü����.��~È��ÈÓÒäÒ�0��+�7��� ÓÒÎ�Ë�7
�|�����z
nl�}ãÈ°�Ë¯Ò�Ï�«mã«
�	°«����,�äÈ�¯Ò�L��«}È�ÏÈÏÓÈ¼�¹Ë¯Ë²º����¯��º�º�¯º����sÈ�mL�äLÓ�
mL�� �¯È�Ò�L®Óº� �º¹ºmÈÓÒ²� ÈÓÈãº�Lm�� �«� °¹ºã�}È� mÒ«mã«¼� }ãÈ°�Ë¯ÓÒ®� °�ÈÓ� �� mÒ°º}º
°ÒäË�¯Ò�ÓL®� ¯ºä­ºË�¯Ò�ÓL®� ÁÈÏL�� zºÓ�ËÓ�¯È�L«� nl� }ãÈ°�Ë¯Lm� Ï¯º°�È¼� ¹¯Ò� º²ºãº��
ÎËÓÓL���È}��º�¹¯Ò��Ëä¹Ë¯È��¯L�ÓÒÎ�Ë�7,0�mºÓÈ�mÒ�È�mL��¹º¯º���¹¯º�L}ÈÓÓ«��L�Ï¯ÈÏº}mÒ«mã«¼� äË�ÈãL�Ó�� ¹ºmË�LÓ}��� 7�Ëmºã
�L«� �	º�º� }ãÈ°�Ë¯Óº�º� °�ÈÓ�� ÓË°¹º�LmÈÓº� mÒ«m�
ã«¼�	°«� ��ÎË� ­ãÒÏ	}º
� �º� Ëmºã
�L�� �	º�º� °�ÈÓ�� m� LÏºã«�º¯Óºä�� /D����0Q2����� Ï� nº°ÓºmÓÒä�°�ÈÓºä���º}ÈÏÈÓº���º��Ë�¹¯ÒÏmº�Ò�	��º�¹ËmÓÒ²�º­äËÎËÓ	�ÓÈ�°�¯�}��¯��nl
¹Ë¯}ºã«�L®Óº��äË¯ËÎL��«}È�Áº¯ä�¼�	°«�¹¯Ò��,0��z¯Ò�Ò�ÓÈ�¹ºmË�LÓ}È��L¼��°Ò°�ËäÒ�äÈ¼°}ãÈ�ÓÒ®� ²È¯È}�Ë¯� m� º°ÓºmÓºä�� mÓÈ°ãL�º}� mÒÓÒ}ÓËÓÓ«� ÓË°}LÓ�ËÓÓº�º� nl� }ãÈ°�Ë¯È
ÓÒÎ�Ë�7,0��È�®º�º�mÏÈ¼äº�L��Ï��,�äÈ�¯Ò�Ë
�

$�9�/D]XWD�HW�DO����3DUDPDJQHW�WR�IHUURPDJQHW�DQG����

)XQFWLRQDO�PDWHULDOV������������� ��


