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$EVWUDFW

+HSDWLWLV�%�YLUXV�;�SURWHLQ�PXWDQWV� SDUWLFXODUO\�WUXQFDWHG�DW�&�WHUPLQDO �+%[¨&���JHQHUDWHG

GXULQJ� UDQGRP�YLUDO LQWHJUDWLRQ�� DUH� IUHTXHQWO\�GHWHFWHG� LQ� KHSDWRFHOOXODU� FDUFLQRPD� �+&&��

DQG�H[HUW� D�PRUH�SRWHQW�RQFRJHQLF�HIIHFW� WKDQ� IXOO�OHQJWK� IRUP��)/���+HUH��ZH�VKRZHG� WKDW�

FDYHROLQ����&DY��� D� UREXVW�PHWDVWDVLV�SURPRWHU�� LV� WUDQVFULSWLRQDOO\�XSUHJXODWHG�E\�+%[¨&

EXW� QRW� E\� )/� +%[�� 3URPRWLQJ� HIIHFW� RI�+%[¨& LQ� +&&� FHOO� DJJUHVVLYHQHVV� LV� DEROLVKHG�

ZKHQ� &DY�� LV� VXSSUHVVHG�� ([SUHVVLRQ� SURILOLQJ� LGHQWLILHG� )(50� GRPDLQ� FRQWDLQLQJ� ��

�)50'�� SURWHLQ�DV�D�GRZQVWUHDP�WDUJHW�RI�&DY�� ,Q�DFFRUGDQFH�ZLWK�WKH�UHJXODWLRQ�RI�&DY���

+%[¨&� XSUHJXODWHV� )50'�� .QRFNGRZQ� RI� )50'� LQ� +%[¨&� FHOOV� UHFDSLWXODWHG� WKH�

IXQFWLRQDO� HIIHFW� RI� &DY�� NQRFNGRZQ LQ� +%[¨& FHOOV�� 7KH� UHJXODWLRQ� RI� )50'�� E\�

+%[¨&�LQGXFHG� &DY�� LV� PHGLDWHG� E\� WKH� SURWHLQ� VWDEOLOL]DWLRQ� RI� /53�� OHDGLQJ� WR� WKH�

DFWLYDWLRQ� RI� ȕ�FDWHQLQ�� ([SUHVVLRQ� RI� D� FRQVWLWXWLYHO\� DFWLYH� ȕ�FDWHQLQ� LQ�&DY��NQRFNGRZQ�

FHOOV�UHVFXHG�)50'��H[SUHVVLRQ�DQG�+&&�WXPRULJHQHVLV�DQG�PHWDVWDVLV��&OLQLFDO�UHOHYDQFH�

RI�+%[¨&�&DY��/53��)50'�� SDWKZD\� LV� GHPRQVWUDWHG� E\� WKH� VLJQLILFDQW� FRUUHODWLRQ� RI�

&DY��� /53�� DQG� )50'�� H[SUHVVLRQV� LQ�+&&��7KH� ILQGLQJV� RI� WKLV� VWXG\� XQFRYHU� D� QRYHO�

+%[¨&�UHJXODWHG�PROHFXODU�SDWKZD\�ZKLFK�KDV�SURIRXQG�LPSOLFDWLRQV�LQ�+&&�WKHUDSHXWLFV�
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+LJKOLJKWV

� +%[¨& HQKDQFHV�+&&�FHOO�DJJUHVVLYHQHVV�WKURXJK�XSUHJXODWLRQ�RI�&DY�

� &DY��VWDELOL]HV�/53��SURWHLQ�OHDGLQJ�WR�WKH�HQKDQFHPHQW�RI�E�FDWHQLQ�PHGLDWHG�

WUDQVFULSWLRQ�RI�)50'�

� )50'��SURPRWHV�+&&�WXPRULJHQHVLV�DQG�PHWDVWDVLV�

.H\ZRUGV

0HWDVWDVLV��0LFUR51$��7KHUDSHXWLFV��%LRPDUNHU��3URWHLQ�VWDELOLW\

/LVW�RI�DEEUHYLDWLRQV

+&&�� +HSDWRFHOOXDOU� FDUFLQRPD�� +%9�� KHSDWLWLV� %� YLUXV�� +%[�� +%9� [� SURWHLQ�� +%[¨&��

&�WHUPLQDO� WUXQFDWHG�+%[��&DY��� FDYHROLQ���� )50'���)(50�GRPDLQ� FRQWDLQLQJ� ��� /53���

ORZ� GHQVLW\� OLSRSURWHLQ� UHFHSWRU� UHODWHG� SURWHLQ� ��� (07�� HSLWKHOLDO�PHVHQFK\PDO�WUDQVLWLRQ�

T3&5��TXDQWLWDWLYH�SRO\PHUDVH�FKDLQ�UHDFWLRQ�
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���,QWURGXFWLRQ

/LYHU�FDQFHU� LV� WKH�VHFRQG�PRVW�FRPPRQ�FDXVH�RI�FDQFHU�GHDWK�ZRUOGZLGH��DFFRXQWLQJ�

IRU������RI�WKH�WRWDO�FDQFHU�PRUWDOLW\ �:RUOG�+HDOWK�2UJDQL]DWLRQ��&DQFHU��)DFW�6KHHW� �������

+HSDWRFHOOXODU FDUFLQRPD��+&&��LV WKH�PRVW�FRPPRQ�W\SH�RI�SULPDU\�OLYHU�FDQFHU� &KURQLF�

KHSDWLWLV�%�YLUXV��+%9��LQIHFWLRQ�DFFRXQWV�IRU�KDOI�RI�WKH�WRWDO�+&&�FDVHV�LQ�ZKLFK�$VLD�KDV�

WKH�KLJKHVW�LQFLGHQFH >�@� $OWKRXJK�+%9�LV�ZHOO�HVWDEOLVKHG�WR�EH�RQH�RI�WKH�PDMRU�HWLRORJLFDO�

IDFWRUV� RI� +&&� KRZHYHU�� WKH� GHYHORSPHQW� RI� +%9�DVVRFLDWHG� +&&� UHPDLQV� HOXVLYH�� ,W� LV�

HYLGHQW�WKDW�WKH�VPDOOHVW�SURWHLQ��+%9 [�SURWHLQ �+%[���HQFRGHG�E\�+%9�SOD\V�D�FUXFLDO�UROH�

+%[ LV�LPSHUDWLYH LQ +%9�LQIHFWLRQ�DQG�PRGXODWHV�PXOWLIDFHWHG�RQFRJHQLF�SDWKZD\V GXULQJ�

+&&�SDWKRJHQHVLV >����@�

2XU�SUHYLRXV�VWXG\�KDV VKRZQ�WKDW�UDQGRP�+%9�JHQRPH�LQWHJUDWLRQ�IUHTXHQWO\�UHVXOWV�LQ

�¶�GHOHWLRQ�LQ�+%[ JHQH�OHDGLQJ�WR�WKH�IRUPDWLRQ�RI�&�WHUPLQDO�WUXQFDWHG�+%[��+%[¨&��>�@

,Q� +%9�LQIHFWHG� +&&� KLJK� SUHYDOHQW� RI�+%[¨& LV� IRXQG� LQ ������� RI WKH� FDVHV >���@�

)XQFWLRQDOO\��+%[¨& KDV EHHQ VKRZQ WR�EH PRUH�SRWHQW� WKDQ�IXOO�OHQJWK�+%[��)/�+%[�� WR�

WUDQVIRUP� DQ� LPPRUWDOL]HG� QRUPDO� OLYHU� FHOO� OLQH >�@� ,Q LQ� YLYR�� GLHWK\OQLWURVDPLQH�WUHDWHG�

+%[¨&�WUDQVJHQLF�PLFH�GLVSOD\HG�D�PRUH�UDSLG�RQVHW�RI�+&&�WKDQ�)/�+%[�WUDQVJHQLF PLFH�

XQGHU WKH VDPH� WUHDWPHQW >�@� 7KHVH� VWXGLHV� VXJJHVW� WKDW� +%[¨& SUREDEO\� SOD\V� D PRUH�

FUXFLDO�UROH�WKDQ�IXOO�OHQJWK�IRUP LQ�+&&�GHYHORSPHQW��

&DYHROLQ����&DY�� LV�WKH PDMRU�VFDIIROGLQJ SURWHLQ�RI�FDYHRODH ZKLFK�LV LQYROYHG�LQ�FHOOXODU�

WUDQVSRUW�� $SDUW� IURP� ORFDOL]LQJ� DW� FDYHRODH�� &DY�� KDV� EHHQ� IRXQG� LQ� GLYHUVH� FHOOXODU�

FRPSDUWPHQWV DQG�H[HUWV�FDYHRODH�LQGHSHQGHQW� IXQFWLRQV >�@� &RPSHOOLQJ�HYLGHQFH�KDV� VKRZQ�

WKH�WLJKW�DVVRFLDWLRQ�EHWZHHQ�&DY��DQG�KXPDQ�FDQFHUV��&DY��LV�UHJDUGHG�DV�D�WXPRU�VXSSUHVVRU�
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LQ�PXOWLSOH�PDOLJQDQFLHV >��@� &RQYHUVHO\��&DY��DFWV�DQ�RQFRJHQH�LQ�DGYDQFHG�VWDJH�FDQFHUV�DQG�

LV� IRXQG� WR� EH� KLJKO\� H[SUHVVHG� LQ� PHWDVWDWLF� WLVVXHV >��@� ,QGHHG�� &DY�� RYHUH[SUHVVLRQ LV�

DVVRFLDWHG�ZLWK�KLJKHU�WXPRU�VWDJH��PHWDVWDVLV�DQG�ZRUVH SURJQRVLV� LQ�YDULRXV�FDUFLQRPDV�>��@

:H� DQG� RWKHUV GHPRQVWUDWHG� WKH� FUXFLDO� UROH� RI� &DY�� LQ� +&&� PHWDVWDVLV DQG� LWV� FOLQLFDO�

FRUUHODWLRQ�ZLWK�YHQRXV�LQYDVLRQ >������@� )URP�WKH�VDPH�SHUVSHFWLYH��RWKHU�JURXSV�VKRZHG�WKDW�

&DY��RYHUH[SUHVVLRQ�LV VLJQLILFDQWO\�FRUUHODWHG�ZLWK�PHWDVWDVLV�DQG�ZRUVH�SURJQRVLV�LQ�+&& >����

��@� &HOO�PRWLOLW\� LV� RQH� RI� WKH� FULWLFDO� FRPSRQHQWV� LQ�PHWDVWDVLV��&DQFHU� FHOO� KDV� WR� XQGHUJR�

VHTXHQWLDO�PRUSKRORJLFDO�FKDQJHV�LQ�RUGHU�WR�PLJUDWH� 7KH�FUXFLDO�UROH�RI�&DY��LQ�IRFDO�DGKHVLRQ�

G\QDPLFV��FHOO�DGKHVLRQ��PLJUDWLRQ�DQG�LQYDVLRQ�YLD�GLYHUVH�VLJQDOOLQJ�FDVFDGHV�KDV�EHHQ�VKRZQ�

LQ�GLIIHUHQW�FHOOXODU�FRQWH[WV >������@� $SDUW�IURP�FDQFHU�FHOO�PRWLOLW\��&DY��KDV�EHHQ�VKRZQ�WR�

PRGXODWH� WKH� DSRSWRWLF� UHVSRQVH�� FKHPRUHVLVWDQFH�� DQJLRJHQHVLV� DQG� PHWDEROLVP LQ� GLIIHUHQW�

FDQFHUV >�����@�

9DULRXV�VWXGLHV�KDYH�GHPRQVWUDWHG WKH�SLYRWDO�UROH�RI�&DY��LQ�+&&��\HW�WKH�XQGHUVWDQGLQJ�

DERXW�WKH�UHJXODWLRQ�RI�&DY��H[SUHVVLRQ�LV�OLPLWHG��,Q�SUHYLRXV VWXG\��ZH�IRXQG�WKDW�LQWUDWXPRUDO�

K\SR[LD� LQ�+&&� HOHYDWHV OHYHO� RI�&DY�� LQ� D� K\SR[LD�LQGXFLEOH� IDFWRU� GHSHQGHQW�PDQQHU� DQG�

DXJPHQWV LWV�DELOLW\�WR�GULYH�PHWDVWDVLV >��@� +HUH��ZH�UHSRUW�DQRWKHU�WUDQVFULSWLRQDO�UHJXODWLRQ�RI�

&DY��E\�+%[¨&��6LJQLILFDQW�FOLQLFDO�FRUUHODWLRQ�EHWZHHQ�H[SUHVVLRQV�RI�&DY��DQG�+%[¨& LV�

REVHUYHG��:H� DOVR� GHPRQVWUDWH� WKH� RQFRJHQLF� DFWLYLW\� RI�+%[¨&� LQ�+&&� WXPRULJHQHVLV� DQG�

PHWDVWDVLV�LV�LQGHHG�GULYHQ�E\�&DY�� 0HFKDQLVWLFDOO\��WKH�HQKDQFHG�OHYHO�RI�&DY��UHVXOWV LQ�WKH

DFWLYDWLRQ�RI�:QW�E�FDWHQLQ SDWKZD\ OHDGLQJ�WR�WKH�LQFUHDVHG OHYHO�DQG�DFWLYLW\�RI�)(50�GRPDLQ�

FRQWDLQLQJ����)50'��� .QRFNGRZQ�RI�)50'��VLJQLILFDQWO\�GLPLQLVKHV�WKH�RQFRJHQLF�FDSDFLW\�

RI� &DY�� LQGXFHG� E\� +%[¨&� $OWKRXJK &DY�� KDV� EHHQ� UHSRUWHG� WR� UHJXODWH�

HSLWKHOLDO�PHVHQFK\PDO�WUDQVLWLRQ� �(07�� LQ� +&&� FHOOV� E\� LQGXFLQJ� QXFOHDU� WUDQVORFDWLRQ� RI�

E�FDWHQLQ >��@� WKH�PHFKDQLVP�E\�ZKLFK�&DY��SRWHQWLDWHV�E�FDWHQLQ�DFWLYLW\ UHPDLQV�XQNQRZQ�
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,Q�WKLV�VWXG\��ZH�VKRZ�WKDW�&DY��LQFUHDVHV�WKH�SURWHLQ�VWDELOLW\�RI�ORZ�GHQVLW\�OLSRSURWHLQ�

UHFHSWRU� UHODWHG� SURWHLQ� �� �/53�� OHDGLQJ� WR WKH� DFFXPXODWLRQ� DQG� LQFUHDVHG� WUDQVDFWLYDWLQJ�

DFWLYLW\�RI�E�FDWHQLQ��0XWDWLRQV�LQ�&711%���$;,1� DQG�$3& DUH�UHFXUUHQWO\�UHSRUWHG�LQ�+&&�

FRQWULEXWLQJ�WR�WKH�DFWLYDWLRQ�RI�:QW�E�FDWHQLQ SDWKZD\ >��@� 2XU�VWXG\ DERXW�WKH�UHJXODWLRQ�RI�

/53��E�FDWHQLQ E\� &DY�� XQUDYHOV D� QHZ� UHJXODWRU\� PHFKDQLVP� LQ� PDLQWDLQLQJ� WKH� DEHUUDQW�

DFWLYLW\ RI�:QW�E�FDWHQLQ SDWKZD\�LQ�+&&��%DVHG�RQ�WKH�KLJK�LQFLGHQFH�RI�+%[¨&�LQ�+&&�DQG�

VLJQLILFDQW� FRQWULEXWLRQ� RI� :QW�E�FDWHQLQ SDWKZD\� LQ� KHSDWRFDUFLQRJHQHVLV�� WDUJHWLQJ�

+%[¨&�LQGXFHG� &DY��/53��E�FDWHQLQ�)50'� VLJQDOLQJ� SDWKZD\� ZLOO� KDYH� SURIRXQG�

WKHUDSHXWLF�LPSOLFDWLRQV�LQ�+&&��

���0DWHULDOV�DQG�0HWKRGV

�����&OLQLFDO�VDPSOHV

&OLQLFDO� VDPSOHV� RI� +&&� FRPSULVLQJ� SULPDU\� WXPRU DQG� WKH� FRUUHVSRQGLQJ�

QRQ�WXPRURXV� OLYHU� WLVVXHV�ZHUH� REWDLQHG� DW� WKH� WLPH� RI� VXUJLFDO� UHVHFWLRQ� IURP� SDWLHQWV� DW

4XHHQ�0DU\� +RVSLWDO�� +RQJ� .RQJ�� )LIW\� FDVHV� ZHUH� UDQGRPO\� VHOHFWHG� IRU� WKH� VWXG\�� $OO�

VSHFLPHQV�ZHUH�VQDS�IUR]HQ�LQ�OLTXLG�QLWURJHQ DQG�NHSW�DW�����& XQWLO�XVH��7KH�VDPSOHV�ZHUH�

SURYLGHG� E\� WKH� 'HSDUWPHQW� RI� 6XUJHU\�� 7KH� 8QLYHUVLW\� RI� +RQJ� .RQJ�� 7KH�

FOLQLFRSDWKRORJLFDO� SDUDPHWHUV� DUH� OLVWHG� LQ� 6XSSOHPHQWDU\ 7DEOH� 6��� 7KH� XVH� RI� KXPDQ�

VDPSOHV� ZDV� DSSURYHG� E\� WKH ,QVWLWXWLRQDO� 5HYLHZ� %RDUG� RI� 7KH� 8QLYHUVLW\� RI� +RQJ�

.RQJ�+RVSLWDO�$XWKRULW\�+RQJ�.RQJ�:HVW�&OXVWHU��+.8�+$�+.:�,5%�� 'HWDLOHG�0DWHULDOV�

DQG�0HWKRGV�DUH�DYDLODEOH�LQ�WKH�6XSSOHPHQWDU\ ,QIRUPDWLRQ��
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�����6XEFXWDQHRXV�LQMHFWLRQ�DQG�RUWKRWRSLF�OLYHU�LPSODQWDWLRQ�

6WDEOH� FORQHV� ZHUH� DQDO\VHG� IRU� WXPRULJHQLFLW\� E\� VXEFXWDQHRXV� LQMHFWLRQ�� )RU� HDFK�

VWDEOH�FORQH�����u��� FHOOV ZHUH LQRFXODWHG� LQWR� WKH� ULJKW� IODQN�RI���ZHHN�ROG�PDOH�%$/%�F

QXGH� PLFH�� 7XPRU VL]H� ZDV� PRQLWRUHG� DQG� HVWLPDWHG� DFFRUGLQJ� WR� WKH� IROORZLQJ� IRUPXOD��

YROXPH� ������ODUJHVW�GLDPHWHU��î��VPDOOHVW�GLDPHWHU����7R�REWDLQ�D�WXPRU�VHHG�IRU�RUWKRWRSLF�

LPSODQWDWLRQ�� D� ����PO� FHOO� VXVSHQVLRQ� �FRQWDLQLQJ� �u��� FHOOV�� LQ�3%6�ZDV� VXEFXWDQHRXVO\�

LQMHFWHG� LQWR� WKH� IODQNV� RI� PDOH� %$/%�&� QXGH� PLFH� DW� WKH� DJH� RI� �� ZHHNV�� 0LFH� ZHUH�

VDFULILFHG�WZR�ZHHNV�ODWHU�DQG�WKH�WXPRUV�ZHUH�FXW�LQWR�DSSUR[LPDWHO\���PP� IRU�VXFFHVVLYH�

RUWKRWRSLF�LPSODQWDWLRQ�LQWR���ZHHN�ROG�PDOH�%$/%�F�QXGH�PLFH��0LFH�ZHUH�DQHVWKHWL]HG�DQG�

ODSDURWRP\�ZDV�SHUIRUPHG�WR�H[SRVH�WKH�OLYHU��DQG�WKH�WXPRU�FXEH�ZDV�LQVHUWHG�LQWR�D�VPDOO�

KROH� IRUPHG�E\�PHFKDQLFDO� LQMXU\�RQ� WKH� OLYHU�FDSVXOH�XVLQJ�D�QHHGOH��7KH� WXPRU�FXEH�ZDV�

WKHQ� VHFXUHG� E\� VXWXUH�� 7KH� DEGRPLQDO� ZDOO� ZDV� FORVHG� E\� VXWXUH�� )RU� WXPRUV� WKDW� ZHUH�

IRUPHG� IURP� OXFLIHUDVH�ODEHOHG� FHOO� OLQHV�� JURZWK� RI� WKH� WXPRU� ZDV� PRQLWRUHG� E\�

LQWUDSHULWRQHDO� LQMHFWLRQ� RI� '�OXFLIHULQ� �;HQRJHQ�� ����� PJ�NJ� DQLPDO�� IROORZHG� E\�

ELROXPLQHVFHQFH� GHWHFWLRQ� XVLQJ� ,9,6� ���� ,PDJLQJ� 6\VWHP� �3HUNLQ� (OPHU��:DOWKDP��0$��

86$���6L[�WR�HLJKW�ZHHNV�DIWHU�WKH�RUWKRWRSLF�LPSODQWDWLRQ��WKH�PLFH�ZHUH�VDFULILFHG�DQG�WKHLU�

OXQJV� DQG� OLYHUV� ZHUH� H[FLVHG�� 7KH� PD[LPXP� GLDPHWHU� ZDV� WDNHQ� DV� WKH� WXPRU� VL]H� IRU�

FRPSDULVRQ� DPRQJ� WXPRUV�� :HLJKW� RI� WKH� H[FLVHG� WXPRUV� ZDV� DOVR� PHDVXUHG�� $QLPDOV�

�&RQWURO�RI�([SHULPHQWV��2UGLQDQFH��+RQJ�.RQJ��DQG�DQLPDO�H[SHULPHQWDWLRQ�JXLGDQFH�IURP�

7KH�8QLYHUVLW\�RI�+RQJ�.RQJ�ZHUH�VWULFWO\�IROORZHG�IRU�DOO�DQLPDO�ZRUN�SHUIRUPHG�
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���5HVXOWV

����� &DY�� LV� SUHIHUHQWLDOO\� H[SUHVVHG� LQ�+%[¨&�DVVRFLDWHG� +&& DQG� LWV� H[SUHVVLRQ� LV�

UHJXODWHG�E\�+%[¨&

9DULRXV +&&� FHOO� OLQHV� �3/&�35)���� 600&������ %(/������ 0+&&��/� DQG�

0+&&/0���DQG�DQ�LPPRUWDOL]HG�QRQ�WXPRULJHQLF�OLYHU�FHOO�OLQH��0,+$��ZHUH�DQDO\]HG IRU�

WKH�SUHVHQFH�RI�)/�+%[ DQG�+%[¨& E\�57�3&5�XVLQJ�SULPHUV�IODQNLQJ�+%[ �)LJ� �$�� 3&5�

SURGXFW�DPSOLILHG E\�SULPHUV���)�DQG����5�LQGLFDWHV�WKH�SUHVHQFH�RI�IXOO�OHQJWK�+%[�LQ�WKH�

FHOO��2Q� WKH� RWKHU� KDQG�� JHQHUDWLRQ� RI� D�3&5�SURGXFW� XVLQJ SULPHUV� ��)� DQG����5� EXW� QRW�

ZLWK�SULPHUV ��)�DQG����5�VXJJHVWV�WKH�SUHVHQFH�RI�+%[¨&��$V�VKRZQ�LQ�)LJ���%��)/�+%[�

ZDV� SUHVHQW� LQ� 3/&�35)��� ZKLOH� +%[¨& ZDV� IRXQG� LQ� 0+&&��/� DQG� 0+&&/0���

&RLQFLGHQWO\�� &DY�� ZDV� GUDPDWLFDOO\� H[SUHVVHG� LQ� ERWK 0+&&��/� DQG� 0+&&/0��� :H�

IXUWKHU� GHWHUPLQHG� LI� WKH� FRUUHODWLRQ� RI�+%[¨& DQG� &DY� H[SUHVVLRQV�ZDV SK\VLRORJLFDOO\�

UHOHYDQW��2XW� RI� �� +&&�FDVHV�� ��� FDVHV� ������ZHUH� IRXQG� WR� H[SUHVV�+%[¨& DQG�KLJKHU�

OHYHO�RI�&DY���PHGLDQ���������ZKHQ�FRPSDUHG�WR FDVHV�ZLWK�WKH�SUHVHQFH�RI�)/�+%[��PHGLDQ��

�������3 �����������)LJ� �&��

2QH�PDMRU� FHOOXODU� IXQFWLRQ�RI�+%[� LV� LWV� WUDQVFULSWLRQDO�DFWLYDWLRQ�DFWLYLW\��7R�DQVZHU�

ZKHWKHU�+%[¨& WUDQVFULSWLRQDOO\� XSUHJXODWHV� &DY�� H[SUHVVLRQ�� ZH� H[DPLQHG� WKH� HIIHFW� RI�

WZR�QDWXUDOO\�RFFXUULQJ�+%[¨&��+%[������DQG�+%[������RQ�&DY� H[SUHVVLRQ LQ�+&&�FHOOV��

7UDQVLHQW� H[SUHVVLRQ� RI� +%[������ DQG� +%[������ EXW� QRW� )/�+%[� HOHYDWHG� H[SUHVVLRQ� RI�

&DY�� WUDQVFULSW� OHYHO LQ� %(/����� DQG� 600&����� �)LJ� �'��� 7KH� XSUHJXODWLRQ� RI� &DY��

SURWHLQ�E\�+%[������ZDV�ZHOO�FRUUHODWHG�ZLWK�WKH�WUDQVFULSWLRQDO�OHYHO��)LJ���(���+HS�%�KDV�

EHHQ�UHSRUWHG�WR�H[SUHVV +%[¨& >�@� NQRFNGRZQ�RI�+%[�UHVXOWHG�LQ�WKH�VXSSUHVVLRQ�RI�&DY��

H[SUHVVLRQ�VWUHQJWKHQHG WKH�FDXVDO�UHODWLRQVKLS�EHWZHHQ�+%[�DQG�&DY��H[SUHVVLRQV �)LJ� �(���
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&RQVLVWHQWO\��+%[������DQG�+%[������EXW�QRW�)/�+%[�ZHUH�DEOH WR�DFWLYDWH WKH SURPRWHU�RI�

&DY���3 ��������VXJJHVWV�WKDW�&DY��LV�D�WUDQVFULSWLRQDO�WDUJHW�RI�+%[¨& �)LJ� �)���8VLQJ��¶�

GHOHWLRQ�PXWDQWV�RI�&DY��SURPRWHU�������WR������UHJLRQ�ZDV�IRXQG�WR�EH�DFWLYDWHG�E\�+%[¨&�

EXW� QRW� )/�+%[� �6XSSOHPHQWDU\ )LJ�� 6���� +RZHYHU�� ZKHWKHU� &DY�� LV� D� GLUHFW� RU� LQGLUHFW�

WDUJHW�RI�+%[¨& QHHGV�IXUWKHU�LQYHVWLJDWLRQ��

�����+%[¨& HQKDQFHV WKH�PLJUDWLRQ��LQYDVLYHQHVV�DQG�WXPRULJHQLFLW\�RI�+&&�FHOOV

$PRQJ�WKH�WZR�QDWXUDO�GHOHWLRQ�PXWDQWV RI�+%[��+%[������GLVSOD\HG�D�PRUH�SURPLQHQW

HIIHFW�LQ HOHYDWLQJ�WKH�H[SUHVVLRQ�RI�&DY���7KXV��ZH�PDGH�XVH�RI�GR[\F\FOLQH �GR[��LQGXFLEOH�

+%[���� FHOOV� WR� VWXG\� WKH� IXQFWLRQDO� UHOHYDQFH� RI�+%[¨& LQ� 600&����� DQG� 3/&�35)��

�)LJ� �$���'RVH�DQG�WLPH GHSHQGHQW�RI� LQGXFLEOH�RI�+%[����ZHUH�DFKLHYHG��6XSSOHPHQWDU\

)LJ� 6���� ,QGXFHG� H[SUHVVLRQ� RI +%[���� LQ� 600&����� DQG� 3/&�35)��� VLJQLILFDQWO\

HQKDQFHG WKH� FHOO� PLJUDWLRQ� �3 �� ������� DQG� LQYDVLYHQHVV �3 �� ������ �)LJ� �%� DQG� �&���

600&����� +%[���� FHOOV� ZHUH� VXEFXWDQHRXVO\� LQMHFWHG� LQWR� WKH� IODQN� RI� QXGH� PLFH��

&RPSDUHG�WR�WKH�YHFWRU�FRQWURO JURXS��PLFH�LQMHFWHG�ZLWK�+%[����FHOOV�KDG�VLJQLILFDQW�IDVWHU�

WXPRU� GHYHORSPHQW� DQG� IRUPHG�ELJJHU� WXPRUV� �3 ��������� �)LJ� �' DQG��(���)XUWKHUPRUH��

WXPRU� GHYHORSPHQW� ZDV� DOVR� FRPSDUHG� LQ� PLFH� WUHDWHG� ZLWK� RU� ZLWKRXW� GR[�FRQWDLQLQJ�

GULQNLQJ�ZDWHU��)LJ� �)���0LFH�VXSSOLHG�ZLWK�GR[�FRQWDLQLQJ�ZDWHU�IRUPHG�VLJQLILFDQW�ELJJHU�

WXPRUV� WKDQ�PLFH� IHG�ZLWK�ZDWHU�ZLWKRXW GR[ �3���������� ,+&� FRQILUPHG� WKH H[SUHVVLRQ�RI�

GR[�LQGXFHG�+%[����H[SUHVVLRQ� LQ� WKH�H[FLVHG�[HQRJUDIWV�GHULYHG�IURP�+%[����FHOOV� �)LJ��

�( DQG �)���

�����3URPRWLRQ�RI�+&&�DJJUHVVLYHQHVV�E\ +%[¨&�LV�GULYHQ�E\�&DY�

2XU�GDWD�VKRZHG� WKDW�+%[¨& HOHYDWHG� WKH�H[SUHVVLRQ�RI�&DY�� LQ�+&&�FHOOV��6LQFH�

&DY��KDV�EHHQ�VKRZQ�WR�SOD\�DQ�LPSHUDWLYH�UROH�LQ�+&&�WXPRULJHQHVLV�DQG�PHWDVWDVLV >��@��
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ZH� VRXJKW� WR� GHWHUPLQH ZKHWKHU� +%[����LQGXFHG� +&&� DJJUHVVLYHQHVV ZDV� GULYHQ� E\� WKH�

XSUHJXODWLRQ� RI�&DY���:KHQ�&DY��ZDV� VXSSUHVVHG� LQ� 600&�����+%[���� RYHUH[SUHVVLQJ�

FHOOV �)LJ� �$���+%[����LQGXFHG�FHOO�PLJUDWLRQ�DQG�LQYDVLRQ�ZHUH�VLJQLILFDQWO\ GLPLQLVKHG��3

��������� �)LJ� �% DQG �&��� ,Q� LQ� YLYR��+%[����HQKDQFHG� WXPRU� IRUPDWLRQ�ZDV� LQKLELWHG LQ�

&DY��NQRFNGRZQ�JURXSV��+%[����VK&DY����DQG�+%[����VK&DY���� �3 �������� �)LJ� �'��

OHIW�DQG�PLGGOH�SDQHOV���6XSSUHVVHG�&DY��H[SUHVVLRQ� LQ�GLVVHFWHG�[HQRJUDIWV�ZDV� FRQILUPHG

E\� ,+&� �)LJ�� �'�� ,Q� RUWKRWRSLF� OLYHU� LPSODQWDWLRQ� PRGHO�� ELROXPLQHVFHQFH LPDJLQJ� RI�

DQLPDOV� LPSOLFDWHG� DFFHOHUDWHG� WXPRU� GHYHORSPHQW� LQ� +%[���� JURXS�ZKHQ� FRPSDUHG�ZLWK�

YHFWRU� FRQWURO� JURXS�� 6LJQLILFDQW� UHGXFWLRQ� RI� OXFLIHUDVH� VLJQDO� ZDV� GHWHFWHG� LQ�

+%[����VK&DY�� JURXSV� �3 �� ������ �6XSSOHPHQWDU\ )LJ�� 6���� ,QGHHG�� VLJQLILFDQW� ELJJHU�

WXPRUV�ZHUH� IRUPHG� LQ� OLYHUV� RI�+%[���� DQLPDOV ZKHQ� FRPSDUHG�ZLWK� WKH� OLYHU� WXPRUV� RI�

YHFWRU�FRQWURO�JURXS �3 ��������ZKLOH�VPDOOHVW�OLYHU�WXPRUV�ZHUH�UHVXOWHG�LQ�+%[����VK&DY��

DQLPDOV� �3 �� ����� �)LJ�� �(��� +LVWRORJLFDO� DQDO\VLV� VKRZHG� WKDW� OLYHU� WXPRUV� RI�

+%[����VK&DY��DQLPDOV�GLVSOD\HG�EXOJLQJ� WXPRU�JURZWK� IURQW�ZKLOH� OLYHU� WXPRUV�RI�YHFWRU�

FRQWURO�DQG�+%[����DQLPDOV VKRZHG�PRUH�LQYDVLYH�WXPRU�FRQWRXU��)LJ� �)���

����� .QRFNGRZQ� RI� )50'�� D� GRZQVWUHDP� WDUJHW� RI� &DY��� GLPLQLVKHV� +&&�

WXPRULJHQLFLW\

*HQH� H[SUHVVLRQ� SURILOLQJ� �*(2� DFFHVVLRQ� QXPEHU�� *6(������ LGHQWLILHG� )(50�

GRPDLQ� FRQWDLQLQJ� � �)50'�� DV� RQH� RI� WKH� WRS� OLVWHG� WDUJHWV� RI� &DY��� :KHQ� &DY�� ZDV�

NQRFNHG�GRZQ� LQ�0+&&��/� LQ�ZKLFK�&DY��DQG�+%[¨& DUH� H[SUHVVHG��)50'�� WUDQVFULSW�

DQG�SURWHLQ�OHYHOV�ZHUH�VLJQLILFDQWO\�UHGXFHG �3 ����������)LJ� �$���,Q�RWKHU�+&&�FHOO�OLQHV�

+XK�� DQG� 3/&�35)��� +%[���� EXW� QRW� )/�+%[� ZDV� DEOH� WR� HOHYDWH� WKH� H[SUHVVLRQ� RI�

)50'� �3 �� ������� �)LJ� �%��� 6XSSUHVVLRQ� RI� )50'�� LQ� 600&����� +%[���� FHOOV�

UHFDSLWXODWHG� WKH� IXQFWLRQDO� HIIHFW� RI� &DY�� NQRFNGRZQ� 5HGXFWLRQ� RI� )50'�� VLJQLILFDQWO\�
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GLPLQLVKHG� WKH�PLJUDWRU\� DQG� LQYDVLYH� SRWHQWLDOV� RI� FHOOV �3 �� ������ �)LJ�� �&� DQG� �'�� ,Q�

DQLPDOV�� )50'�� NQRFNGRZQ� FHOOV� �+%[����VK)50'��� DQG� +%[����VK)50'�����

GLVSOD\HG�VLJQLILFDQW�UHGXFHG�FDSDFLW\�WR�IRUP�WXPRUV�XSRQ�VXEFXWDQHRXV�LQMHFWLRQ��)LJ���(��

DV�ZHOO�DV�OLYHU�WXPRUV�LQ�RUWKRWRSLF�OLYHU�LPSODQWDWLRQ��3 ���������)LJ� �) DQG 6XSSOHPHQWDU\

)LJ�� 6�$��� 6LPLODU� WR� WKH� HIIHFW� RI� &DY�� NQRFNGRZQ LQ� +%[���� FHOOV�� OLYHU� WXPRUV� ZLWK�

)50'��VXSSUHVVLRQ�GLVSOD\HG�OHVV�LQYDVLYH�IHDWXUHV DV�UHYHDOHG�E\�WKH�+	(�VWDLQLQJ��

�����&DY��DFWLYDWHV�FDQRQLFDO�:QW�SDWKZD\�E\�VWDELOL]LQJ�/53��DQG�FRQVHTXHQWO\�UHVXOWV

LQ�WKH�HOHYDWLRQ�RI�)50'��H[SUHVVLRQ

1H[W� ZH�GHOLQHDWHG�WKH�VLJQDOLQJ�SDWKZD\�XQGHUO\LQJ�WKH�UHJXODWLRQ�RI�)50'��E\�&DY���

,Q� 600&���� +%[��� FHOOV�� LQGXFHG� &DY�� OHYHO� ZDV� GHWHFWHG� ZLWK� FRQFRPLWDQW�

HQKDQFHPHQW� RI� ORZ� GHQVLW\� OLSRSURWHLQ� UHFHSWRU� UHODWHG� SURWHLQ� �� �/53���� ȕ�FDWHQLQ� DQG�

)50'�� H[SUHVVLRQV�� +RZHYHU�� VXFK� XSUHJXODWLRQ� ZDV� DEURJDWHG� LQ� +%[����VK&DY�� FHOOV�

�)LJ�� �$��� ,Q� DQRWKHU� FHOO� PRGHO�� GRZQUHJXODWLRQ� RI� /53��� ȕ�FDWHQLQ� DQG� )50'�� ZDV�

GHWHFWHG� ZKHQ� &DY�� ZDV� NQRFNHG� GRZQ� LQ� 0+&&��/� �)LJ� �$��� ,+&� GHPRQVWUDWHG� WKH�

FRUUHVSRQGLQJ� GRZQUHJXODWLRQ� RI� /53��� ȕ�FDWHQLQ� DQG� )50'�� ZDV REVHUYHG� LQ� WXPRUV�

GHULYHG� IURP�&DY�� NQRFNGRZQ� FHOOV� HVWDEOLVKHG� LQ� 600&�����+%[� DQG�0+&&��/ �)LJ�

�%��� :H� WKHQ� TXHVWLRQHG� KRZ� &DY�� UHJXODWHV� /53��ȕ�FDWHQLQ� SDWKZD\��

&R�LPPXQRSUHFLSLWDWLRQ� UHYHDOHG� WKDW� &DY�� LQWHUDFWHG� ZLWK� /53�� �)LJ�� �&��� 7UHDWPHQW� RI�

FHOOV� XVLQJ� F\FORKH[LPLGH� UHYHDOHG� WKDW� /53��ZDV� VWDELOL]HG� LQ�600&�����+%[����FHOOV��

.QRFNGRZQ� RI� &DY�� SDUWLDOO\� GLPLQLVKHG� WKH� VWDELOL]DWLRQ� RI� /53�� VXJJHVWLQJ &DY��

FRQWULEXWHV�WR WKH�SURWHLQ�VWDELOLW\�RI�/53���)LJ���'�� 7KH�DFWLYLW\�RI�GRZQVWUHDP�HIIHFWRU�RI�

:QW�SDWKZD\� ȕ�FDWHQLQ�ZDV�WKHQ�DQDO\]HG�E\�723�)23�OXFLIHUDVH�UHSRUWHU�DVVD\��7KH�UHVXOWV�

VKRZHG�WKDW�WKH�OXFLIHUDVH�VLJQDO ZDV�ODUJHO\�HQKDQFHG�LQ�+%[��� FHOOV�ZKLOH�GHFUHDVHG�ZKHQ�

&DY��ZDV�VXSSUHVVHG�LQGLFDWLQJ�WKH�WUDQVDFWLYDWLQJ�DFWLYLW\�RI�ȕ�FDWHQLQ�LV�GHSHQGHQW�RQ�&DY��
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�3 ����������)LJ� �(���:H�IXUWKHU�GHOLQHDWHG WKH�SRWHQWLDO�UROH�RI�ȕ�FDWHQLQ�LQ�WKH�UHJXODWLRQ RI�

)50'�� H[SUHVVLRQ� E\� D� FRQVWLWXWLYHO\� DFWLYH� ȕ�FDWHQLQ� �¨��ȕ�FDW� LQ�ZKLFK� VHULQH����ZDV�

GHOHWHG >��@� 7KLV� SKRVSKR�GHIHFWLYH� PXWDQW� LV� UHVLVWDQW� WR� SKRVSKRU\ODWLRQ�PHGLDWHG�

XELTXLWLQDWLRQ� 5H�H[SUHVVLRQ�RI�¨��ȕ�FDW�EXW�QRW�:7ȕ�FDW�UHVFXHG�WKH�H[SUHVVLRQ�RI )50'��

DW� ERWK� WKH� WUDQVFULSWLRQDO� DQG� WUDQVODWLRQDO� OHYHOV� LQ� 600&����� +%[����VK&DY�� DQG�

0+&&��/�VK&DY��FHOOV��)LJ� �)���

�����([SUHVVLRQ�RI�ȕ�FDWHQLQ�UHVWRUHV�+&&�DJJUHVVLYHQHVV�FDXVHG�E\�&DY��NQRFNGRZQ�LQ�

+%[¨& FHOOV�

+DYLQJ�GHPRQVWUDWHG�WKH�FDXVDO�UHODWLRQVKLS�EHWZHHQ�ȕ�FDWHQLQ�DQG�)50'���ZH�VRXJKW�

WR� H[DPLQH� WKH� IXQFWLRQDO� HIIHFW� XSRQ� UHVWRUDWLRQ� RI� ȕ�FDWHQLQ� LQ� &DY�� NQRFNGRZQ� FHOOV��

:KHQ� ¨��ȕ�FDW� ZDV� VWDEO\� H[SUHVVHG� LQ� 600&����� +%[����VK&DY�� FHOOV�� DQFKRUDJH�

LQGHSHQGHQW� JURZWK�� FHOO� PLJUDWLRQ� DQG� LQYDVLYHQHVV� DWWHQXDWHG� E\� &DY� NQRFNGRZQ�ZHUH�

VLJQLILFDQWO\� UHVFXHG� �3 �� ������� �6XSSOHPHQWDU\ )LJ� 6���� $ELOLW\� RI� +%[���� WR� GULYH�

PHWDVWDVLV�ZDV�REVHUYHG�LQ�600&�����+%[����FHOOV��6XSSOHPHQWDU\ )LJ��6�%�DQG�6�&���,Q�

��RXW�RI���PLFH��PHWDVWDWLF�IRFL�ZHUH�GHWHFWHG�LQ�OXQJV�RI�WKH�DQLPDOV�LPSODQWHG�ZLWK�WXPRU�

VHHG� RI� +%[���� FHOOV�� 7KH� PHWDVWDWLF� 0+&&��/� ZDV� HPSOR\HG� WR� VWXG\� WKH� UROH� RI�

+%[����LQGXFHG� &DY��E�FDWHQLQ� SDWKZD\� LQ� +&&� WXPRULJHQHVLV� DQG� PHWDVWDVLV�� ,Q�

DFFRUGDQFH�ZLWK�WKH�ILQGLQJV�RI 600&�����+%[����FHOOV��VWDEOH�UHVWRUDWLRQ�RI�¨��ȕ�FDW�LQ�

0+&&��/�VK&DY��FHOOV�SDUWLDOO\�UHVFXHG�WKH�DQFKRUDJH�LQGHSHQGHQW�JURZWK �3 ����������FHOO�

PLJUDWLRQ��3 ���������DQG�LQYDVLYHQHVV �3 ��������� �)LJ� �$���,Q�DQLPDOV��RYHUH[SUHVVLRQ�RI�

¨��ȕ�FDW� LQ�0+&&��/�VK&DY�� FHOOV� UHVXOWHG� LQ� DFFHOHUDWHG� VXEFXWDQHRXV� DQG� OLYHU� WXPRU�

IRUPDWLRQ� �)LJ� �%�� �& DQG 6XSSOHPHQWDU\ )LJ�� 6���ZKHQ� FRPSDUHG� WR�0+&&��/�VK&DY��

FHOOV�UH�H[SUHVVHG�ZLWK�:7ȕ�FDW�RU�FRQWURO�YHFWRU��%HVLGHV�UHVWRULQJ�WXPRULJHQHVLV��¨��ȕ�FDW�

ZDV� DEOH� WR� GULYH� GLVWDQW� PHWDVWDVLV� WR� OXQJV�� %LROXPLQHVFHQFH� LPDJLQJ� UHYHDOHG�
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0+&&��/�+%[���� FHOOV� IRUPHG� PHWDVWDVLV� LQ� DOO� DQLPDOV� ������� 8SRQ� &DY�� NQRFNGRZQ��

PHWDVWDVLV� WR� OXQJV�ZDV�FRPSOHWHO\� DEROLVKHG��6WDEOH�RYHUH[SUHVVLRQ�RI�¨��ȕ�FDW� LQ�VK&DY��

FHOOV LQFUHDVHG� LQFLGHQFH� RI PHWDVWDVLV� WR �� RI� ��PLFH� �)LJ� �'� DQG� �)��� +	(� VWDLQLQJ� RI�

GLVVHFWHG� OLYHU� VKRZHG� WKDW� FHOOV� UH�H[SUHVVHG� ZLWK� ¨��ȕ�FDW� IRUPHG� WXPRUV� ZLWK� LQYDVLYH�

WXPRU�JURZWK�FRQWRXU�ZKHQ�FRPSDUHG� WR� UHJXODU�JURZWK� IURQW�RI� WXPRUV�GHULYHG� IURP�FHOOV�

UH�H[SUHVVHG� ZLWK� :7ȕ�FDW� DQG� YHFWRU� �)LJ� �(� DQG �)��� 5HYHDOHG� E\� +	(� VWDLQLQJ��

PHWDVWDWLF�IRFL�ZHUH�IRXQG LQ�OXQJV�RI�VK&7/�FRQWURO DQG VK&DY��¨��ȕ�FDW DQLPDOV��)LJ���'���

7DNHQ� WRJHWKHU�� WKHVH� UHVXOWV� GHPRQVWUDWHG� WKDW� /53��ȕ�FDWHQLQ�)50'�� D[LV� GULYHQ� E\�

+%[¨&�LQGXFHG &DY��XSUHJXODWLRQ�ZDV�FULWLFDO�IRU�+&&�WXPRULJHQHVLV�DQG�PHWDVWDVLV�

�����&OLQLFDO�UHOHYDQFH�RI�&DY��/53��)50'��VLJQDOLQJ�SDWKZD\�LQ�+&&

,Q� WKH� HQG��ZH� H[DPLQHG�ZKHWKHU� &DY��PHGLDWHG� /53��)50'��SDWKZD\� LV FOLQLFDOO\�

UHOHYDQW� LQ� +&&�� ,Q� �� SDLUV� RI� KXPDQ +&&� DQG� WKHLU� FRUUHVSRQGLQJ� QRQWXPRURXV� OLYHU�

WLVVXHV��&DY��ZDV�RYHUH[SUHVVHG�LQ��� FDVHV��$�KLJKHU�SHUFHQWDJH�RI�WXPRU�WLVVXHV�ZLWK�&DY��

RYHUH[SUHVVLRQ� VKRZHG� RYHUH[SUHVVLRQ� RI� /53�� WKDQ� WKRVH� VKRZHG QHLWKHU� H[SUHVVLRQ� QRU�

RYHUH[SUHVVLRQ� RI� &DY�� �3 �� ������ )LJ�� �%�� 7R� UHYHDO� WKH� FOLQLFDO� UHOHYDQW� RI &DY�� DV� D�

SRVLWLYH�UHJXODWRU�RI�)50'���D VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�ZDV�IRXQG�LQ�+&&�FDVHV�ZLWK�

WKH� GHWHFWLRQ� RI� ERWK� &DY�� DQG� )50'�� H[SUHVVLRQV� E\� T3&5� �3 �� ������ )LJ�� �&���

&RQVLVWHQWO\��D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�&DY��DQG�)50'��OHYHOV�ZDV�IRXQG�LQ�7&*$�

GDWD�VHW�RI�OLYHU�FDQFHU �3 �����������
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���'LVFXVVLRQ

,QGHSHQGHQW�VWXGLHV�KDYH�VKRZQ�WKH�KLJK�LQFLGHQFH RI +%[¨& LQ�+&&��&RQVLVWHQWO\��RXU�

UHVXOWV VKRZHG� WKDW� +%[¨& ZDV GHWHFWHG� LQ� ���� RI� RXU +&&� FRKRUW� +%[¨& LV� PRUH�

SUHYDOHQW� LQ� +&&� WKDQ� WKH� FRUUHVSRQGLQJ� QRQ�WXPRURXV� WLVVXHV >��� ��� ��@� ,W� LV� DOVR�

VLJQLILFDQWO\�FRUUHODWHG�ZLWK� WKH�SUHVHQFH�RI�YHQRXV� LQYDVLRQ�DQG� LQWUDKHSDWLF�PHWDVWDVLV >���

��@� 7KHVH� OLQHV� RI� HYLGHQFH� VXJJHVW� WKDW� +%[¨& SOD\V DQ� LPSHUDWLYH� UROH� LQ� +&&�

GHYHORSPHQW�

+%[�SURWHLQ�LV�PXOWL�IXQFWLRQDO��\HW�LWV�IXQFWLRQV�UHPDLQ�HOXVLYH��0RXQWLQJ�HYLGHQFH�KDV�

VKRZQ� WKH� WUDQVDFWLYDWLRQ� FDSDFLW\ +%[¨& FRQWULEXWHV� WR� LWV� RQFRJHQLF� FDSDELOLWLHV�� ,W� DFWV�

GLUHFWO\� E\� LQWHUDFWLQJ� ZLWK� PXOWLSOH� WUDQVFULSWLRQ� IDFWRUV� DQG� EDVDO WUDQVFULSWLRQDO�

FRPSRQHQWV��RU� LQGLUHFWO\�E\�VWLPXODWLQJ�YDULRXV�VLJQDO� WUDQVGXFWLRQ�SDWKZD\V >��@� +%[¨&

VXSSUHVVHV� H[SUHVVLRQ� RI JHQHV� VXFK� DV� JURZWK� DUUHVW�VSHFLILF� � DQG� XELTXLWLQ� VSHFLILF�

SHSWLGDVH� ��� DQG� DWWHQXDWHV� WKHLU DFWLYLWLHV LQ� VXSSUHVVLQJ +&&� FHOO� SUROLIHUDWLRQ� DQG�

WXPRULJHQHVLV >��@� +%[¨&�DOVR�GRZQUHJXODWHV�PHWDVWDVLV�VXSSUHVVRUV� UHVXOWV� LQ� HQKDQFLQJ�

LQYDVLRQ� DQG� PHWDVWDVLV� LQ� +&& >��@� 2Q� WKH� FRQWUDU\�� +%[¨&� LQGXFHV WKH� DFWLYLW\� RI�

ZLOGW\SH�PDWUL[�PHWDOORSURWHLQDVH� ��� SURPRWHU� ZLWK� LQWDFW $3��� ELQGLQJ� VLWHV WR� SURPRWHU�

+&&�LQYDVLYHQHVV >�@� ,W�DOVR�H[HUWV�SRVLWLYH�UHJXODWLRQ�LQ�RQFRJHQLF�PL5����YLD�LQWHUOHXNLQ��

>��@� 7KHVH�ILQGLQJV�VXSSRUW�WKH�QRWLRQ�WKDW�+%[¨& LQWHUDFWV�ZLWK�GLIIHUHQW�SURWHLQV�UHVXOWLQJ�
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WKDW�+%[¨&�DQG�)/�+%[�UHYHDO�FRQIOLFWLQJ HIIHFW�LQ�WUDQVFULSWLRQDO�UHJXODWLRQ��8VLQJ�PL51$�

SURILOLQJ��LW�LV�IRXQG�WKDW�+%[¨&�GHFUHDVHV�ZKLOH�)/�+%[�LQFUHDVHV�WKH�H[SUHVVLRQ�RI�D�VHW�RI�

PL51$V� ZLWK� JURZWK�VXSSUHVVLYH� IXQFWLRQV >��@� +HUH�� ZH� VKRZ� WKDW� +%[¨&� EXW� QRW�

)/�+%[� XSUHJXODWHV� H[SUHVVLRQ� RI� &DY�� DQG� UHVXOWV� LQ� SURPRWLQJ�+&&� WXPRULJHQHVLV� DQG�
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>��@� :�.�� <LS�� $�6�� &KHQJ�� 5�� =KX�� 5�:�� /XQJ�� '�3�� 7VDQJ�� 6�6�� /DX�� HW� DO��

&DUER[\O�WHUPLQDO� WUXQFDWHG�+%[�UHJXODWHV�D�GLVWLQFW�PLFUR51$�WUDQVFULSWLRQ�SURJUDP�

LQ�KHSDWRFHOOXODU�FDUFLQRPD�GHYHORSPHQW��3/R6�2QH����������H������

>��@� -��<DQ��4��/X�� -��'RQJ��;��/L��.��0D��/��&DL��+HSDWLWLV�%�YLUXV�;�SURWHLQ� VXSSUHVVHV�

FDYHROLQ��� H[SUHVVLRQ� LQ� KHSDWRFHOOXODU� FDUFLQRPD� E\� UHJXODWLQJ� '1$� PHWK\ODWLRQ��

%0&�&DQFHU���������������

>��@� 6�<��-XQJ��<�-��.LP��&�WHUPLQDO�UHJLRQ�RI�+%[�LV�FUXFLDO�IRU�PLWRFKRQGULDO�'1$�GDPDJH��

&DQFHU�/HWW������������������



��

>��@� .�<��1J��6��&KDL��0��7RQJ��;�<��*XDQ��&�+��/LQ��<�3��&KLQJ��HW�DO��&�WHUPLQDO�WUXQFDWHG�

KHSDWLWLV�%�YLUXV�;�SURWHLQ�SURPRWHV�KHSDWRFHOOXODU�FDUFLQRJHQHVLV�WKURXJK�LQGXFWLRQ�RI�

FDQFHU�DQG�VWHP�FHOO�OLNH�SURSHUWLHV��2QFRWDUJHW����������������������

>��@� 5�+�+�� &KLQJ�� .�0�)�� 6]H�� (�<�7�� /DX�� <�7�� &KLX�� -�0�)�� /HH�� ,�2�/�� 1J�� HW� DO��

&�WHUPLQDO� WUXQFDWHG�KHSDWLWLV�%�YLUXV�;�SURWHLQ� UHJXODWHV� WXPRULJHQLFLW\�� VHOI�UHQHZDO�

DQG� GUXJ� UHVLVWDQFH� YLD� 67$7��1DQRJ� VLJQDOLQJ� SDWKZD\�� 2QFRWDUJHW� �� �������

������������

>��@� /�-��/LX��6�;��;LH��<�7��&KHQ��-�/��;XH��&�-��=KDQJ��)��=KX��$EHUUDQW�UHJXODWLRQ�RI�:QW�

VLJQDOLQJ�LQ�KHSDWRFHOOXODU�FDUFLQRPD��:RUOG�-�*DVWURHQWHURO���������������������

>��@� (�.��7XQJ��%�<��:RQJ��7�2��<DX�� ,�2��1J��8SUHJXODWLRQ�RI� WKH�:QW�FR�UHFHSWRU�/53��

SURPRWHV�KHSDWRFDUFLQRJHQHVLV�DQG�HQKDQFHV�FHOO�LQYDVLRQ��3/R6�2QH����������H������

>��@� <��=KDQJ��'��=KHQJ��<��;LRQJ��&��;XH��*��&KHQ��%��<DQ��HW�DO��PL5�����VXSSUHVVHV�FHOO�

SUROLIHUDWLRQ� LQ� KXPDQ� KHSDWRFHOOXODU� FDUFLQRPD� E\� GRZQUHJXODWLQJ� /53��

SRVW�WUDQVFULSWLRQDOO\��)(%6�/HWW����������������������

>��@� ;�&��=HQJ��)�4��/LX��5��<DQ��+�0��<L��7��=KDQJ��*�<��:DQJ��HW�DO��'RZQUHJXODWLRQ�RI�

PL5����� SURPRWHV� SUROLIHUDWLRQ� DQG� WXPRULJHQLFLW\� DQG� DFWLYDWHV� :QW�EHWD�FDWHQLQ�

VLJQDOLQJ�LQ�KXPDQ�KHSDWRFHOOXODU�FDUFLQRPD��0RO�&DQFHU���������������

>��@� .�.�<�� /DL�� 6�0�� .ZHRQ�� )�� &KL�� (�� +ZDQJ�� <�� .DEH�� 5�� +LJDVKL\DPD�� HW� DO��

6WHDUR\O�&R$�'HVDWXUDVH�SURPRWHV�OLYHU�ILEURVLV�DQG�WXPRU�GHYHORSPHQW� LQ�PLFH�YLD�D�



��

ZQW� SRVLWLYH�VLJQDOLQJ� ORRS� E\� VWDELOL]DWLRQ� RI� ORZ�GHQVLW\� OLSRSURWHLQ�UHFHSWRU�UHODWHG�

SURWHLQV���DQG����*DVWURHQWHURORJ\����������������������

>��@� 5�&�� /R�� &�2�� /HXQJ�� .�.�� &KDQ�� '�:�� +R�� &�0�� :RQJ�� 7�.�� /HH�� HW� DO�� &ULSWR���

FRQWULEXWHV� WR� VWHPQHVV� LQ� KHSDWRFHOOXODU� FDUFLQRPD� E\� VWDELOL]LQJ� 'LVKHYHOOHG��� DQG�

DFWLYDWLQJ�:QW�EHWD�FDWHQLQ�SDWKZD\��&HOO�'HDWK�'LIIHU��������

>��@� 4�� -LD��<��%X��=��:DQJ��%��&KHQ��4��=KDQJ��6��<X�� HW� DO��0DLQWHQDQFH�RI� VWHPQHVV� LV�

DVVRFLDWHG�ZLWK�WKH�LQWHUDWLRQ�RI�/53��DQG�KHSDULQ�ELQGLQJ�SURWHLQ�&&1��DXWRFULQHG�E\�

KHSDWRFHOOXODU�FDUFLQRPD��-�([S�&OLQ�&DQFHU�5HV���������������

>��@� 6�$��7DKLU��*��<DQJ��$��*ROWVRY��.�'��6RQJ��&��5HQ��-��:DQJ��HW�DO��&DYHROLQ���/53��

VLJQDOLQJ�PRGXOH�VWLPXODWHV�DHURELF�JO\FRO\VLV�LQ�SURVWDWH�FDQFHU��&DQFHU�5HV�����������

����������

>��@� &�� =KX�� .�� <DPDJXFKL�� 7�� 2KVXJL�� <�� 7HUDNDGR�� 5�� 1RJXFKL�� 7�� ,NHQRXH�� HW� DO��

,GHQWLILFDWLRQ� RI� )(50� GRPDLQ�FRQWDLQLQJ� SURWHLQ� �� DV� D� QRYHO� WDUJHW� RI�

EHWD�FDWHQLQ�7&)�/��FRPSOH[��&DQFHU�6FL��������������������

>��@� 6�� 0ROHLULQKR�� $�� 7LOVWRQ�/XQHO�� /�� $QJXV�� )�� *XQQ�0RRUH�� 3�$�� 5H\QROGV�� 7KH�

H[SDQGLQJ�IDPLO\�RI�)(50�SURWHLQV��%LRFKHP�-��������������������

>��@� -��+X��0��1LX��;�� /L�� '�� /X�� -�� &XL��:��;X�� HW� DO�� )(50�GRPDLQ�FRQWDLQLQJ� SURWHLQ�

)50'��UHJXODWHV�FHOO�PRWLOLW\�YLD�ELQGLQJ�WR�LQWHJULQ�EHWD��VXEXQLW�DQG�52&.���)(%6�

/HWW����������������������



��

>��@� 7��:DQJ��;��3HL��-��=KDQ��-��+X��<��<X��+��=KDQJ��)(50�FRQWDLQLQJ�SURWHLQ�)50'��LV�D�

S����FDWHQLQ�LQWHUDFWLQJ�SURWHLQ�WKDW�UHJXODWHV�WXPRU�SURJUHVVLRQ��)(%6�/HWW������������

����������

>��@� :��*XR��;��&KHQ��/��=KX��4��:DQJ��$�VL[�P51$�VLJQDWXUH�PRGHO�IRU�WKH�SURJQRVLV�RI�

KHDG�DQG�QHFN�VTXDPRXV�FHOO�FDUFLQRPD��2QFRWDUJHW����������������������



��

)LJXUH�/HJHQGV

)LJXUH �� &RUUHODWLRQ� RI� +%['&� DQG� &DY� LQ� +&& FHOO� OLQHV� DQG� WLVVXHV� $� 6FKHPDWLF�

UHSUHVHQWDWLRQ� RI� +%[�� )XOO�OHQJWK� +%[� �)/�+%[�� DQG� &�WHUPLQDO� WUXQFDWHG� +%[� PXWDQW�

�+%['&���+%[������DQG�+%[������DUH VKRZQ��/RFDWLRQV�RI�SULPHU�SDLUV�IODQNLQJ�)/�+%[�

DQG�+%['& XVHG�IRU�WKH�DQDO\VLV�DUH�LQGLFDWHG��%� 'HWHFWLRQ�RI�HQGRJHQRXV�+%[�LQ�YDULRXV�

+&&� FHOO� OLQHV� DQG� DQ� LPPRUWDOL]HG� QRQ�WXPRULJHQLF� OLYHU� FHOO� OLQH� 0,+$� E\� 57�3&5��

:HVWHUQ� EORW� DQDO\VLV� RI� HQGRJHQRXV� &DY�� H[SUHVVLRQ� LQ� +&&� FHOO� OLQHV�� 0+&&��/� DQG�

0+&&/0��FHOOV�H[SUHVV� WUXQFDWHG�+%[�VKRZHG� WKH�GUDPDWLF�H[SUHVVLRQ�RI�&DY�� &� )LIW\�

+&&�FOLQLFDO�VDPSOHV�ZHUH�DQDO\]HG�IRU�WKH�SUHVHQFH�RI�+%[�DQG�H[SUHVVLRQ�RI�&DY� XVLQJ�

T3&5��+&&�FOLQLFDO�VDPSOHV�DUH�JURXSHG�WR�FDWHJRULHV�RI�)/�+%[�DQG�+%['&��&DVHV�ZLWK�

XQGHWHUPLQHG� H[SUHVVLRQ� RI�+%[� LV� FDWHJRUL]HG� DV�1'��([SUHVVLRQ� RI�&DY��ZDV� FRPSDUHG�

EHWZHHQ�)/�+%[�DQG�+%['&�FDWHJRULHV� '� +&&�FHOOV�ZHUH�WUDQVLHQWO\�WUDQVIHFWHG�ZLWK�)/��

������DQG�������+%[��([SUHVVLRQ�RI�&DY��RI�WKH�WUDQVIHFWHG�FHOOV�ZDV�DQDO\]HG�E\�T3&5��(�

:HVWHUQ� EORW� DQDO\VLV� GHWHFWHG� WKH� H[SUHVVLRQV� RI� &DY�� DQG� +%[� �0\F�WDJJHG�� RI� FHOOV�

WUDQVIHFWHG�ZLWK� )/�+%[� DQG�+%['&� �OHIW� SDQHO���+HS�%�ZDV� WUDQVLHQWO\ WUDQVIHFWHG�ZLWK

VL51$�DJDLQVW�+%[��VL�+%[� DQG�VXEMHFWHG�WR�ZHVWHUQ�EORW�DQDO\VLV�RI�&DY��H[SUHVVLRQ�DQG�

T3&5� DQDO\VLV� RI� +%[� H[SUHVVLRQ� �ULJKW� SDQHO��� &HOOV� WUDQVIHFWHG� ZLWK� VFUDPEOHG� VL51$�

�VL�&7/��ZHUH� LQFOXGHG� DV� FRQWURO�� )� +%[�ZDV� FRH[SUHVVHG�ZLWK�&DY��SURPRWHU� OXFLIHUDVH�

UHSRUWHU� �IODQNLQJ�QXFOHRWLGHV� ����� WR� ����RI�&DY��� LQ�+(.����FHOOV��/XFLIHUDVH� DFWLYLW\� RI�

&DY��SURPRWHU�ZDV�GHWHUPLQHG� 3 �������LQGLFDWHV�VWDWLVWLFDOO\�VLJQLILFDQW��

)LJXUH ��� +%['&� HQKDQFHV +&&� FHOO� PLJUDWLRQ�� LQYDVLYHQHVV� DQG� WXPRULJHQHVLV�� $�

'R[\F\FOLQH��'R[��LQGXFHG�H[SUHVVLRQ�RI�+%[��������0\F�WDJJHG�+%[�����LQ�600&�����

DQG�3/&�35)���GHWHUPLQHG�E\�LPPXQREORWWLQJ� &HOOV�LQGXFHG�ZLWK�GR[�ZHUH�VXEMHFWHG�WR��%��



��

PLJUDWLRQ� DVVD\� DQG� �&�� LQYDVLRQ� DVVD\��([SHULPHQWV�ZHUH� SHUIRUPHG� LQ� WULSOLFDWHV� 5HVXOWV�

DUH� H[SUHVVHG� DV� PHDQ � 6'� RI� YDOXHV�� '� 6XEFXWDQHRXV� LQMHFWLRQ� �Q�  � �� SHU� JURXS�� ZDV�

SHUIRUPHG�ZLWK�600&�����GR[�WUHDWHG� YHFWRU� FRQWURO� DQG�+%[���� FHOOV��7XPRU� VL]H�ZDV�

PHDVXUHG� ZHHNO\� GXULQJ� WKH� FRXUVH� RI� H[SHULPHQW �OHIW� SDQHO��� (� 7XPRUV� IRUPHG� ZHUH�

H[FLVHG�DQG�ZHLJKHG�DW�WKH�HQG�RI�WKH�H[SHULPHQW��PLGGOH SDQHO���5HSUHVHQWDWLYH�,+&�LPDJHV

RI� +%[� H[SUHVVLRQ� LQ� WXPRUV� RI YHFWRU� FRQWURO� DQG� +%[���� FHOOV� �ULJKW SDQHO��� )�

6XEFXWDQHRXV� WXPRU� JURZWK� ZDV� FRPSDUHG� EHWZHHQ� DQLPDOV� IHG� ZLWK� RU� ZLWKRXW�

GR[�FRQWDLQLQJ� GULQNLQJ� ZDWHU� �Q�  � �� SHU� JURXS��� $W� WKH� HQG� RI� H[SHULPHQW�� WXPRUV� ZHUH�

H[FLVHG� DQG� ZHLJKHG� �OHIW� DQG� PLGGOH� SDQHOV��� ,+&� FRQILUPHG� WKH� H[SUHVVLRQ� RI� +%[� LQ�

WXPRUV�RI�PLFH�WUHDWHG�ZLWK�GR[��ULJKW�SDQHO���3��������LQGLFDWHV�VWDWLVWLFDOO\�VLJQLILFDQW�

)LJXUH ���&DY��NQRFNGRZQ�DEROLVKHV +%['&�LQ�SURPRWLQJ�+&&�FHOO�DJJUHVVLYHQHVV��$� &DY��

H[SUHVVLRQ�ZDV�VXSSUHVVHG�LQ�600&�����+%[����E\�WZR�VK51$�VHTXHQFHV�WDUJHWLQJ�&DY��

6LOHQFLQJ� RI� &DY�� H[SUHVVLRQ� LQ� +%[�VK&DY���� DQG� +%[�VK&DY��� ZDV� FRQILUPHG� E\�

ZHVWHUQ� EORWWLQJ�� 0LJUDWLRQ� DVVD\� �%�� DQG� LQYDVLRQ� DVVD\� �&�� ZHUH� SHUIRUPHG� RQ� YHFWRU�

FRQWURO��+%[����DQG�+%[�VK&DY��FHOOV��([SHULPHQWV�ZHUH�SHUIRUPHG� LQ� WULSOLFDWHV� 5HVXOWV�

DUH�H[SUHVVHG�DV�PHDQ � 6'�RI�YDOXHV��'� 6XEFXWDQHRXV�LQMHFWLRQ�DVVD\�ZDV�SHUIRUPHG��Q� ���

SHU� JURXS� �OHIW� SDQHO��� 7XPRUV� ZHUH� H[FLVHG� DQG� ZHLJKHG� DW� WKH� HQG� RI� WKH� H[SHULPHQW

�PLGGOH�SDQHO���5HSUHVHQWDWLYH ,+&�LPDJHV�RI�&DY��H[SUHVVLRQ� LQ� WKH�H[FLVHG� WXPRUV� �ULJKW�

SDQHO�� (� 2UWKRWRSLF�OLYHU�LPSODQWDWLRQ�DVVD\��Q� ���SHU�JURXS��ZDV�SHUIRUPHG�WR�UHYHDO�WKH�

JURZWK� RI� WXPRU� LQ� WKH� OLYHU� RI� DQLPDOV�� %LROXPLQHVFHQFH� LPDJLQJ� RI� H[FLVHG� OLYHUV� �OHIW�

SDQHO���/XFLIHUDVH�VLJQDO�RI� OLYHU� WXPRUV�ZDV�SORWWHG��ULJKW�SDQHO���)� +	(�VWDLQLQJ�RI� OLYHU�

WLVVXHV�UHYHDOV WKH�WXPRU�JURZWK�IURQW��$UURZV�LQGLFDWH�WKH�LQYDVLYH�WXPRU�FRQWRXU��3��������

LQGLFDWHV�VWDWLVWLFDOO\�VLJQLILFDQW�



��

)LJXUH ���)50'��LV�D�IXQFWLRQDO�HIIHFWRU�RI�+%['&�LQGXFHG�&DY���$� &DY��ZDV�VXSSUHVVHG�

LQ�0+&&��/� LQ�ZKLFK�&DY��ZDV� KLJKO\� H[SUHVVHG�� ([SUHVVLRQ� RI�&DY�� DQG� )50'��ZDV�

DQDO\]HG�E\�T3&5��OHIW� SDQHO��DQG�ZHVWHUQ�EORWWLQJ� �ULJKW�SDQHO���%� +XK��DQG�3/&�35)���

WUDQVLHQWO\� WUDQVIHFWHG� ZLWK YHFWRU�� )/�+%[� DQG� +%[������ ZHUH� VXEMHFWHG� WR� T3&5� �OHIW�

SDQHO�� DQG� LPPXQREORWWLQJ� DQDO\VLV� �ULJKW� SDQHO��� &� )50'�� OHYHO� ZDV� VXSSUHVVHG� LQ�

600&�����+%[����E\�WZR�VK51$�VHTXHQFHV�WDUJHWLQJ�)50'���5HGXFHG�)50'��OHYHO�LQ�

+%[�VK)50'���� DQG� +%[�VK)50'���� ZDV� UHYHDOHG� E\� LPPXQREORWWLQJ�� '� 0LJUDWLRQ�

DVVD\��OHIW�SDQHO��DQG�LQYDVLRQ�DVVD\��ULJKW�SDQHO��ZHUH�SHUIRUPHG�RQ�YHFWRU�FRQWURO��+%[����

DQG�+%[�VK)50'��FHOOV��([SHULPHQWV�ZHUH�SHUIRUPHG�LQ�WULSOLFDWHV� 5HVXOWV�DUH�H[SUHVVHG�DV�

PHDQ � 6'� RI� YDOXHV�� (� 6XEFXWDQHRXV� LQMHFWLRQ� DVVD\� ZDV� SHUIRUPHG� �Q�  � �� SHU� JURXS���

7XPRUV� ZHUH� H[FLVHG� DQG� ZHLJKHG� DW� WKH� HQG� RI� WKH� H[SHULPHQW� �OHIW� DQG� PLGGOH� SDQHOV���

5HSUHVHQWDWLYH� ,+&� LPDJHV� RI� VXSSUHVVHG� )50'�� H[SUHVVLRQ� LQ� WKH� H[FLVHG� WXPRUV� �ULJKW�

SDQHO�� )� 2UWKRWRSLF�OLYHU�LPSODQWDWLRQ�DVVD\ �Q� ���SHU�JURXS��ZDV�SHUIRUPHG�WR�UHYHDO�WKH�

JURZWK� RI� OLYHU� WXPRU��%LROXPLQHVFHQFH� LPDJLQJ�RI� GLVVHFWHG� OLYHUV� �OHIW� SDQHO��� /XFLIHUDVH�

VLJQDO�RI�OLYHU�WXPRUV�ZDV�SORWWHG��ULJKW�SDQHO���+	(�VWDLQLQJ�RI�OLYHU�WLVVXHV��,PDJHV�VKRZ�

WKH� OLYHU�WXPRU� ERXQGDU\�� $UURZV� LQGLFDWH� WKH� LQYDVLYH� WXPRU� FRQWRXU�� 3� �� ����� LQGLFDWHV�

VWDWLVWLFDOO\�VLJQLILFDQW�

)LJXUH �� &DY��VWDELOL]HV�SURWHLQ�VWDELOLW\�RI�/53��OHDGLQJ�WR�WKH�DFWLYDWLRQ�RI�E�FDWHQLQ�DQG�

H[SUHVVLRQ� RI� )50'�� $� 600&�����+%[����VK&DY�� �OHIW� SDQHO�� DV� ZHOO� DV�0+&&��/�

VK&DY�� FHOOV �ULJKW� SDQHO�� DQG� FRUUHVSRQGLQJ� FRQWURO� FHOOV� ZHUH� VXEMHFWHG� WR� ZHVWHUQ� EORW�

DQDO\VLV��%� ,+&�RI� WXPRUV�GHULYHG� IURP�&DY��NQRFNGRZQ�FHOOV�HVWDEOLVKHG� LQ�600&�����

+%[���� DQG�0+&&��/��&� &RLPPXQRSUHFLSLWDWLRQ� UHYHDOHG� WKH� LQWHUDFWLRQ� EHWZHHQ�&DY��

DQG� /53���0+&&��/� WRWDO� FHOO� O\VDWH� �7&/��ZDV� LPPXQRSUHFLSLWDWHG� �,3��ZLWK� DQWL�&DY��

DQWLERG\� DQG� LPPXQREORWWLQJ� ZLWK� DQWL�/53�� DQWLERG\�� '� &HOOV� ZHUH� WUHDWHG� ZLWK�



��

F\FORKH[LPLGH� �&+;�� IRU� GLIIHUHQW� WLPH� SRLQWV� �KU�� DQG� FROOHFWHG� IRU� LPPXQREORWWLQJ� RI�

/53�� �OHIW� SDQHO���5HODWLYH� H[SUHVVLRQ�RI�/53�� LQ� FHOOV�XQGHU�&+;� WUHDWPHQW� FRPSDUHG� WR�

/53�� LQ� XQWUHDWHG� FHOOV� ZDV� SORWWHG� �PLGGOH SDQHO��� (� 723�)23� OXFLIHUDVH� UHSRUWHU� ZDV�

FRH[SUHVVHG� ZLWK� 5HQLOOD� OXFLIHUDVH� SODVPLG� LQ� 600&����� +%[� DQG� +%[�VK&DY�� FHOOV��

/XFLIHUDVH�DFWLYLW\�ZDV�GHWHUPLQHG����KU�SRVW�WUDQVIHFWLRQ�DQG�SORWWHG��)� :LOG�W\SH��:7ȕ�FDW��

RU�FRQVWLWXWLYHO\�DFWLYH�E�FDWHQLQ��¨��ȕ�FDW��ZDV�VWDEO\�H[SUHVVHG� LQ�&DY��NQRFNGRZQ�FHOOV�

HVWDEOLVKHG� LQ�600&�����+%[���� DQG�0+&&��/��:HVWHUQ�EORW� DQDO\VLV� RI� VWDEOH� FORQHV�

UHYHDOHG� WKH� H[SUHVVLRQ� RI�&DY���E�FDWHQLQ� DQG�)50'�� �OHIW� SDQHO��� )50'� OHYHO� LQ� FHOOV�

ZDV� GHWHUPLQHG�E\� T3&5� �ULJKW� SDQHO���([SHULPHQWV�ZHUH� SHUIRUPHG� LQ� WULSOLFDWHV� 5HVXOWV�

DUH�H[SUHVVHG�DV�PHDQ � 6'�RI�YDOXHV� 3��������LQGLFDWHV�VWDWLVWLFDOO\�VLJQLILFDQW�

)LJXUH �� &RQVWLWXWLYHO\�DFWLYH�E�FDWHQLQ�UHVFXHV�+&&�DJJUHVVLYH�RI�&DY��NQRFNGRZQ�FHOOV��$�

6WDEOH�FORQHV�RI�ZLOG�W\SH��:7ȕ�FDW��RU�FRQVWLWXWLYHO\�DFWLYH�E�FDWHQLQ��¨��ȕ�FDW��HVWDEOLVKHG�

LQ�0+&&��/ &DY��NQRFNGRZQ�FHOOV �VK&DY���ZHUH�VXEMHFWHG�WR�VRIW�DJDU�DVVD\��OHIW�SDQHO���

PLJUDWLRQ�DVVD\��PLGGOH�SDQHO��DQG�LQYDVLRQ�DVVD\��ULJKW�SDQHO���([SHULPHQWV�ZHUH�SHUIRUPHG�

LQ�WULSOLFDWHV� 5HVXOWV�DUH�H[SUHVVHG�DV�PHDQ � 6'�RI�YDOXHV� %� 6XEFXWDQHRXV�LQMHFWLRQ�DVVD\�

ZDV� SHUIRUPHG� �Q�  � �� SHU� JURXS��� 7XPRUV� ZHUH� H[FLVHG� DQG� ZHLJKHG� DW� WKH� HQG� RI� WKH�

H[SHULPHQW��&� 2UWKRWRSLF�OLYHU�LPSODQWDWLRQ�DVVD\��Q� ���SHU�JURXS��ZDV�SHUIRUPHG�WR�UHYHDO�

WKH� JURZWK� RI� OLYHU� WXPRU�� %LROXPLQHVFHQFH� LPDJLQJ� RI� GLVVHFWHG� OLYHUV� �OHIW� SDQHO���
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