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�����&��8VLQJ�5LHWYHOG�UHILQHPHQW��WKH�SKDVH�FRPSRVLWLRQ�RI�VDPSOHV�KDV�EHHQ�HVWLPDWHG
TXDQWLWDWLYHO\��

j°°ãË�ºmÈÓ©�ÁÈÏºm©Ë�¹Ë¯Ë²º�©�m�ÓÈÓº}¯Ò°�ÈããÒ�Ë°}Ò²�/L±0Q��¹ÒÓËã«²��°ÒÓ�
�ËÏÒ¯ºmÈÓÓ©²� äË�º�ºä� Ïºã	��Ëã	� m� ãÈ­º¯È�º¯Ó©²� �°ãºmÒ«²�� Ò� m� }ºääË¯�Ë°}Ò²
¹º¯º�}È²� /L0Q�2��� z¯ºäË� °�ÈÓ�È¯�Ó©²�ÒÏäË¯ËÓÒ®�äË�º�ÈäÒ� Òä¹Ë�ÈÓ°Óº®� °¹Ë}��¯ºäË�¯ÒÒ�Ò� ¯ËÓ��ËÓºm°}Òä�¹¯Ò� �ËºäË�¯ÒÒ�r¯Ë��È�r¯ËÓ�ÈÓº�� � ¹¯ºmË�ËÓ©� º�Óºm¯Ë�
äËÓÓ©Ë� ÒÏäË¯ËÓÒ«� äË�º�ÈäÒ� Òä¹Ë�ÈÓ°Óº®� °¹Ë}�¯ºäË�¯ÒÒ� Ò� ¯ËÓ��ËÓºm°}Òä� ¹¯Ò
ÓËÁº}�°Ò¯�
�Ë®� �ËºäË�¯ÒÒ� m� �Ëä¹Ë¯È��¯Óºä� �ÒÈ¹ÈÏºÓË� º�� Ü���&� �º� �����&�� v
Ò°¹ºã	ÏºmÈÓËÒËä� ¯Ò�mËã	�ºm°}º�º� ÈÓÈãÒÏÈ� }ºãÒ�Ë°�mËÓÓº� º�ËÓËÓ�ÁÈÏºm©®� °º°�Èm
º­¯ÈÏ�ºm�

/LWKLXP�PDQJDQHVH�VSLQHOV�DUH�RQH�RI�WKH
PRVW�SURPLVLQJ�PDWHULDOV�IRU�WKH�HOHFWURGHV
RI� PRGHUQ� /L�LRQ� UHFKDUJHDEOH� EDWWHULHV� EH�
FDXVH� RI� WKHLU� ORZ� FRVW� DQG� ORZ� WR[LFLW\� LQ
FRPSDULVRQ�ZLWK�WKH�FRPSRXQGV�QRZ�LQ�XVH�
7DNLQJ� LQWR� DFFRXQW� WKH� FRQVLGHUDEOH� LQWHU�
HVW� LQ� QDQRFU\VWDOOLQH� V\VWHPV� ZKLFK� LQ
PDQ\� LQVWDQFHV� H[KLELW� XQXVXDO� SURSHUWLHV
DV�FRPSDUHG�WR�WKH�EXON�PDWHULDOV��LW�LV�WKDW
EDWWHULHV� FRQVWUXFWHG� RQ� WKH� EDVH� RI
QDQRFU\VWDOOLQH� VSLQHO� HOHFWURGHV� DUH� JHQHU�
DOO\�DQWLFLSDWHG�WR�KDYH�PXFK�EHWWHU�SURSHU�
WLHV� DQG� XVDEOH� DV� HQHUJ\� VRXUFHV� QRW� RQO\
IRU� SRUWDEOH� HOHFWURQLF� GHYLFHV� EXW� DOVR� IRU
HOHFWULF�YHKLFOHV��+RZHYHU��WKH�FRQGXFWLYLW\
RI�/L0Q�2�� FDQ� EH� DIIHFWHG� E\� SKDVH� WUDQV�IRUPDWLRQ� EHWZHHQ� FXELF� �)G��P�� DQG� RU�
WKRUKRPELF� �)GGG�� VWUXFWXUH� ZKLFK� RFFXUV

QHDU� URRP� WHPSHUDWXUH�� 7KH� VWUXFWXUH
WUDQVIRUPDWLRQ� LV� YLVLEOH� LQ� WKH� ;�UD\� SDW�
WHUQ�DV�VSOLWWLQJ�RI�VHQVLWLYH�UHIOHFWLRQV��2Q
FRROLQJ�� WKH� ���� UHIOHFWLRQ� RI� WKH� FXELF
SKDVH�VSOLWV� LQ�WKH�RUWKRUKRPELF�SKDVH�LQWR
����� ����� DQG� ���� RQHV�� 7KLV� SKDVH� WUDQV�
IRUPDWLRQ� LV�DFFRPSDQLHG�E\�D�FRQVLGHUDEOH
GHFUHDVH�RI�FRQGXFWLYLW\�

2I�VSHFLDO�LQWHUHVW�LQ�PDWHULDO�VWXGLHV�DUH
VLPXOWDQHRXV�PHDVXUHPHQWV�RI�GLIIHUHQW�SD�
UDPHWHUV�� )RU� WKH� DOO� LQYHVWLJDWHG� VDPSOHV
LQ�DGGLWLRQ�WR�VWDQGDUG�;5'�LQ�%UDJJ�%UHQ�
WDQR� JHRPHWU\�PHDVXUHPHQWV�� VLPXOWDQHRXV
PHDVXUHPHQWV�RI�LPSHGDQFH�VSHFWUD�DQG�;�UD\
SDWWHUQ�LQ�QRQ�IRFXVLQJ�JHRPHWU\�ZHUH�SHU�
IRUPHG� LQ� WKH� WHPSHUDWXUH� UDQJH� IURP� Ü
���&� WR� �����&�� )RU� WKLV� SXUSRVH�� VSHFLILF
HTXLSPHQW� ZDV� FRQVWUXFWHG� DQG� XVHG�� ,Q
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WKLV� ZD\�� D� FRUUHODWLRQ� EHWZHHQ� WKH� ;5'
SURILOH� SDUDPHWHUV� DQG� HOHFWULFDO� SURSHUWLHV
FDOFXODWHG� IURP� LPSHGDQFH� VSHFWUD�ZDV� HYL�
GHQFHG��

7KH�H[SHULPHQWDO�VHWXS�KDG�WR�IXOILOO�WKH
IROORZLQJ� UHTXLUHPHQWV�� D�� WR� SURYLGH� IDVW
;5'�GDWD�FROOHFWLRQ�LQ�UHIOHFWLRQ�JHRPHWU\�
E�� WR� SURYLGH� LPSHGDQFH� PHDVXUHPHQWV� RQ
WKH� VDPSOH� VLPXOWDQHRXVO\� ZLWK� ;5'� GDWD
FROOHFWLRQ��RU�DW�SUHGHWHUPLQHG�VHTXHQFH���F�
WR�DOORZ�PHDVXUHPHQWV�XQGHU�FRQWUROOHG�DW�
PRVSKHUH�DW�D�SURJUDPPHG�VHTXHQFH�RI�VWD�
ELOL]HG� WHPSHUDWXUHV� ERWK� EHORZ� DQG� DERYH
URRP�WHPSHUDWXUH�

7KH�GHYHORSHG�H[SHULPHQWDO�VHWXS�IRU�VL�
PXOWDQHRXV� LPSHGDQFH� DQG� ;�UD\� PHDVXUH�
PHQWV� FRPELQHV� $XWR/DE� 3*67$7� ��� )UH�
TXHQF\� 5HVSRQVH� $QDO\]HU� ZLWK� 6LHPHQV
'����� GLIIUDFWRPHWHU�� 7KH� LPSHGDQFH� ZDV
PHDVXUHG� LQ� WKH� IUHTXHQF\� UDQJH� IURP
���0+]�WR�����+]��DW�WKH�VLJQDO�UPV�DPSOL�
WXGH� RI� ��� P9�� 7KH� GLIIUDFWRPHWHU� ZDV
HTXLSSHG� ZLWK� JUDSKLWH� PRQRFKURPDWRU� LQ
WKH� LQFLGHQW� EHDP� DQG� DQ� ,1(/� &36����
FXUYHG� SRVLWLRQ� VHQVLWLYH� GHWHFWRU�� 7KH
PHDVXUHPHQWV�RQ�PDQJDQHVH�VSLQHO�VDPSOHV
ZHUH� SHUIRUPHG� LQ� WKH� WHPSHUDWXUH� UDQJH
IURP�Ü���&�WR������&�XVLQJ�D�VSHFLDO�FDP�
HUD� GHVFULEHG� LQ� >�@� SODFHG� LQ� WKH� JRQLRPH�
WHU� FHQWHU�� 7KH� VDPSOH�� LQ� D� PHFKDQLFDOO\
VWDEOH�IRUP��D�SHOOHW��ZLWK�WKLQ�PHWDO�ILOPV
VSXWWHUHG� RQ� RSSRVLWH� IDFHV�� LV� SODFHG� RQ
FRSSHU�SODWH�LQ�WKHUPDO�FRQWDFW�ZLWK�3HOWLHU
HOHPHQW��$�.�W\SH�VKLHOGHG�WKHUPRFRXSOH�LV
XVHG� DV� WHPSHUDWXUH� VHQVRU� LQ� FRPELQDWLRQ
ZLWK�D�(XURWKHUP������ FRQWUROOHU��7KH�FHOO
FDQ� EH� IOXVKHG� ZLWK� GU\� DLU� RU� KHOLXP� LQ
RUGHU� WR�DYRLG�ZDWHU�YDSRU�FRQGHQVDWLRQ�RU
LFH�GHSRVLWLRQ�RQ�WKH�VDPSOH�VXUIDFH�DW�WHP�
SHUDWXUHV�EHORZ���&��7KH�PHDVXUHPHQW�SUR�
JUDP� DOORZV� PXOWLSOH� KHDWLQJ� DQG� FRROLQJ
WHPSHUDWXUH�UDPSV�DQG�WHPSHUDWXUH�VWDELOL�
]DWLRQ�ZLWKLQ�SUHVHW�FULWHULD��,QGHSHQGHQWO\�
WKH� ;�UD\� GLIIUDFWLRQ� PHDVXUHPHQWV� ZHUH
DOVR�PDGH�LQ�%UDJJ�%UHQWDQR�JHRPHWU\�

,Q�WKLV�ZRUN��WKUHH�NLQGV�RI�VDPSOHV�ZHUH
LQYHVWLJDWHG�� �L�� VWRLFKLRPHWULF� VSLQHO
/L0Q�2�� �6+�� DQG� G�VSLQHO� /L�����0Q�����2��'+��SUHSDUHG�IURP�SRZGHUV�V\QWKHVL]HG�E\
VRO�JHO� WHFKQLTXH� DV� GHVFULEHG� LQ� >����@� DQG
KHDW�WUHDWHG�DW�����&��WKLV�JURXS�RI�VDPSOHV
EHLQJ�REWDLQHG�IURP�DXWKRUV�RI�>�@���LL��SUH�
SDUHG� IURP� FRPPHUFLDOO\� DYDLODEOH� SRZGHUV
RI� /L0Q�2��� VXSSOLHG� E\� $OID� $HVDU� DQG6LJPD�$OGULFK� �$OID� DQG� $OGULFK�� UHVSHF�
WLYHO\��� �LLL�� SUHSDUHG� IURP� WKH� VDPH� FRP�
PHUFLDO�SRZGHUV�E\�KHDW�WUHDWPHQW�DW�����&
IRU����K�IROORZHG�E\�UDSLG�FRROLQJ��$OID���
DQG� $OGULFK����� UHVSHFWLYHO\��� )RU� LPSHG�

DQFH�PHDVXUHPHQWV�� FRSSHU� HOHFWURGHV� ZHUH
VSXWWHUHG� RQ� WKH� SROLVKHG� IDFHV� RI� VLQWHUHG
SHOOHWV�

6WRLFKLRPHWULF� /L0Q�2�� DQG� VOLJKWO\� /LVXEVWLWXWHG�/L�����0Q�����2��VSLQHOV�REWDLQHGE\�VRO�JHO�PHWKRG�DQG�KHDW�WUHDWHG�DW�����&
H[KLELWHG�SKDVH�WUDQVLWLRQ�IURP�FXELF�WR�RU�
WKRUKRPELF� VWUXFWXUH� XSRQ� FRROLQJ� EHORZ
URRP� WHPSHUDWXUH�� 7KH� WUDQVLWLRQ� ZDV� HYL�
GHQFHG�E\�VSOLWWLQJ�RI�WKH�����;�UD\�UHIOHF�
WLRQ� DQG� E\� DQRPDOLHV� LQ� WKH� WHPSHUDWXUH
GHSHQGHQFH� RI� FRQGXFWLYLW\�� ,Q� WKH� FDVH� RI
VWRLFKLRPHWULF�/L0Q�2���WKH�FRQGXFWLYLW\�GH�FUHDVHG� E\� D� IDFWRU� RI� DERXW� ��� GXULQJ
PHDVXUHPHQWV�� 'XULQJ� WKH� SKDVH� WUDQVIRU�
PDWLRQ�� WKH� FRQGXFWLYLW\� FKDQJHV�ZHUH�ZHOO
FRUUHODWHG� ZLWK� FKDQJHV� LQ� WKH� ;�UD\� GLI�
IUDFWLRQ� SDWWHUQ� VKDSH� QHDU� WKH� ���� UHIOHF�
WLRQ��7KHUH� LV� FOHDU�GLVWLQFWLRQ�EHWZHHQ� WKH
VLQJOH� ���� SHDN� REVHUYHG� DW� WHPSHUDWXUHV
DERYH� ���&� DQG� WKH� EURDG� LQWHQVLW\� PD[L�
PXP�VHHQ�DW�ORZ�WHPSHUDWXUHV��'XULQJ�IXU�
WKHU�FRROLQJ�GRZQ�WR�Ü���&�DQG�VXEVHTXHQW
KHDWLQJ�� YLUWXDOO\� QR� FKDQJHV� RI� WKH� ;�UD\
GLIIUDFWLRQ� SDWWHUQ� ZHUH� UHFRUGHG� XS� WR
���&�� $ERYH� WKLV� WHPSHUDWXUH�� D� UHYHUVH
WUDQVLWLRQ�IURP�RUWKRUKRPELF�WR�FXELF�VWUXF�
WXUH� WRRN� SODFH�� $� QDUURZ� SHDN�� FKDUDF�
WHULVWLF� IRU� FXELF� SKDVH�� DSSHDUHG� DW� ���&
DQG� UHPDLQHG� XQFKDQJHG� RQ� KHDWLQJ� WR
����&� DQG� VXEVHTXHQW� FRROLQJ� WR� ���&�� $
VLPLODU� EHKDYLRU� ZDV� REVHUYHG� IRU
/L�����0Q�����2�� VDPSOH� �)LJ���D��� ,Q�)LJ����WRJHWKHU� ZLWK� WKH� UHVLVWLYLW\� RI� WKH
VWRLFKLRPHWULF� VSLQHO� DQG� /L� VXEVWLWXWHG
VSLQHO�� WKH� ):+0� RI� WKH� ���� UHIOHFWLRQ� LV
DOVR�SORWWHG�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH��,W
LV� VHHQ� WKDW� WKH� WKHUPDO� K\VWHUHVLV� RI� WKH
):+0�ZDV�ZHOO�FRUUHODWHG�ZLWK�WKDW�RI�UH�
VLVWLYLW\�� ,Q� VWRLFKLRPHWULF� /L0Q�2��� WKHWKHUPDO�K\VWHUHVLV� RI� WKH�UHVLVWLYLW\� DQG�RI
WKH� ���� UHIOHFWLRQ� ):+0� H[WHQGV� RYHU� D
ZLGHU� WHPSHUDWXUH� UDQJH� WKDQ� LQ� WKH� OLWK�
LXP�VXEVWLWXWHG�VSLQHO�/L�����0Q�����2��7KH� VDPSOH� SUHSDUHG� IURP� SRZGHU� VXS�
SOLHG� E\� $OID� $HVDU� DQG� KHDW�WUHDWHG� DW
����&��VLPLODUO\�WR�WKH�VDPSOHV�V\QWKHVL]HG
E\�VRO�JHO�WHFKQLTXH��H[KLELWHG�SKDVH�WUDQVL�
WLRQ� IURP� FXELF� WR� RUWKRUKRPELF� VWUXFWXUH
XSRQ� FRROLQJ� EHORZ� URRP� WHPSHUDWXUH�� 7KH
VWUXFWXUDO� WUDQVLWLRQ�� FOHDUO\� YLVLEOH� LQ� WKH
;�UD\� SDWWHUQ� DV� WKH� ���� UHIOHFWLRQ� VSOLW�
WLQJ��ZDV�DFFRPSDQLHG�E\�DQ�LQFUHDVH�LQ�UH�
VLVWLYLW\�E\�D� IDFWRU�RI�DERXW�����7KH� WKHU�
PDO�K\VWHUHVLV�RI�UHVLVWLYLW\�ZDV�ZHOO�FRUUH�
ODWHG�ZLWK�WKDW�RI�WKH�����UHIOHFWLRQ�):+0
�)LJ���F��� KRZHYHU�� LW� H[WHQGHG� RYHU� D� QDU�
URZHU� WHPSHUDWXUH� UDQJH� WKDQ�IRU� WKH� VDP�
SOHV�SUHSDUHG�E\�WKH�VRO�JHO�PHWKRG��
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,Q�WKH�FDVH�RI�VDPSOH�SUHSDUHG�IURP�SRZ�
GHU� VXSSOLHG� E\� 6LJPD�$OGULFK� DQG� KHDW�
WUHDWHG� DW� ����&�� WKHUH� ZDV� QR� VWHSZLVH
FKDQJH�RI� UHVLVWLYLW\� REVHUYHG�XSRQ�FRROLQJ
RU� KHDWLQJ� LQ� WKH� WHPSHUDWXUH� UDQJH� EH�
WZHHQ� ����&� DQG� Ü���&� �)LJ���G��� 7KH� ���
UHIOHFWLRQ� ):+0� LQFUHDVHG� RQO\� VOLJKWO\
XSRQ� FRROLQJ� IURP� ����&� WR� Ü���&�� 7KHUH
ZDV� QR� VLQJV� RI� WKHUPDO� K\VWHUHVLV� QHLWKHU
IRU�UHVLVWLYLW\�QRU�IRU�):+0��$OWKRXJK�WKH
SKDVH� WUDQVLWLRQ� ZDV� QRW� GHWHFWHG� LQ� WKH
FRQGXFWLYLW\� PHDVXUHPHQWV�� WKH� ;�UD\� SDW�
WHUQ� PHDVXUHG� ZLWK� WKH� SRVLWLRQ� VHQVLWLYH

GHWHFWRU� LQGLFDWHG� SXUH� FXELF� SKDVH� DERYH
URRP� WHPSHUDWXUH�� ZKLOH� DW� ORZ� WHPSHUD�
WXUHV��WKHUH�ZDV�VRPH�EURDGHQLQJ�RI�WKH����
UHIOHFWLRQ�DQG�DQ�LQFUHDVHG�LQWHQVLW\�DURXQG
�������T��� EHWZHHQ� WKH� ���� PD[LPXP� DQG
WKH�����UHIOHFWLRQ�IURP�WKH�&X�ILOP�VHUYLQJ
DV� HOHFWURGH�� 7KH� 5LHWYHOG� DQDO\VLV� RI� WKH
;�UD\� GLIIUDFWLRQ� SDWWHUQ� PHDVXUHG� LQ� WKH
%UDJJ�%UHQWDQR� JHRPHWU\� DW� Ü���&� LQGL�
FDWHG� D� PL[WXUH� RI� WZR� FRH[LVWHQW� SKDVHV�
FXELF� DQG� RUWKRUKRPELF�� 7KXV�� WKH� SKDVH
WUDQVLWLRQ� IURP� FXELF� WR� RUWKRUKRPELF
VWUXFWXUH�ZDV� LQ�SURJUHVV� EXW�QRW�FRPSOHWH

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� FRQGXFWLYLW\� FRUUHODWHG� ZLWK� ���� SHDN� VKDSH�� D�� IRU
/L�����0Q�����2�� REWDLQHG� E\� VRO�JHO� PHWKRG� �'+��� E�� IRU� /L0Q�2�� VDPSOH� REWDLQHG� IURP� 6LJPD�$OGULFK�&R��DQG�KHDW�WUHDWHG�DW�����&��$OGULFK�����

'�9�/LVRY\WVNL\��9�1�%DXPHU���;5'�DQG�LPSHGDQFH����

��� )XQFWLRQDO�PDWHULDOV�������������



7DEOH��1XPHULFDO�UHVXOWV�RI�5LHWYHOG�UHILQHPHQW�IRU�DOO�LQYHVWLJDWHG�VDPSOHV
6DPSOH��
7PHDV��&�

&HOO�SDUDPHWHUV�RI�WKH
LQGLYLGXDO�SKDVHV�>c@

:W�
)UDFW���� 9RO��>c�@ %UDJJ�5�IDFW� 5)�IDFWRU�

6+���� /L0Q�2��&XELF�D� ���������� ��� ����� ���� ����

'+���� /L�����0Q������&XELF�D� ���������� ��� ������ ���� �����

6+Ü� /L0Q�2���2UWKRUKRPELF��D� ������������E� ������������F� ����������
��� ������ ���� ����

'+Ü� /L�����0Q������2UWKRUKRPELF�D� ������������E� ������������F� ����������
��� ������ ���� ����

$OID��� ���/L0Q�2��&XELF�D� ���������� ����� ������ ���� �����
���0Q�2��7HWUDJRQDO�D� ������������F� ���������� �������� ������ ���� ����

$OID ���/L0Q�2��2UWKRUKRPELF�D� ������������E� �����������F� ����������
����� ������ ���� ����

Ü��� ���0Q�2��7HWUDJRQDO�D� ������������F� ����������� �������� ������ ���� ����

$OID���� ���/L0Q�2��&XELF�D� ���������� ��������� ������ ���� ����
�� ���0Q�2��7HWUDJRQDO�D� ������������F� ���������� ������� ������ ���� ����

$OID���� ���/L0Q�2��2UWKRUKRPELF�D� ������������E� ������������F� ����������
��������� ������ ���� ����

Ü�� ���0Q�2��7HWUDJRQDO�D� �����������F� ���������� ������� ������ ���� ����

$OGULFK ���/L0Q�2��&XELF�D� ���������� ��������� ������ ���� ����
�� ���/L�0Q2��0RQRFOLQLF�D� ������������E� ������������

F� ������������E� ������������
������� ������ ���� ����

$OGULFK�

���

���/L0Q�2��2UWKRUKRPELF�D� ������������E� ������������F� ����������
��������� ������ ���� ����

���/L0Q�2��&XELF�D� ���������� �������� ������ ���� ����
���/L�0Q2��0RQRFOLQLF�D� ������������E� ������������
F� ������������E� ������������

������� ������ ���� �����

$OGULFK���� ���/L0Q�2��&XELF�D� ���������� ��������� ������ ���� ����
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HYHQ� DIWHU� FRROLQJ� WR� Ü���&�� 7KH� 5LHWYHOG
UHILQHPHQW�UHVXOWV�IRU�WKH�;�UD\�SDWWHUQV�RI
WKH� VWXGLHG� VDPSOHV� DUH� VXPPDUL]HG� LQ
7DEOH�� 7KH� SKDVH� DQDO\VLV� EDVHG� RQ� WKH
5LHWYHOG� UHILQHPHQW� SURYHG� WKDW� WKH� VDP�
SOHV�SUHSDUHG�IURP�SRZGHUV�REWDLQHG�E\�VRO�
JHO� PHWKRG� DQG� KHDW� WUHDWHG� DW� ����&� DUH
VLQJOH�SKDVH��FXELF�DERYH�URRP�WHPSHUDWXUH�
RUWKRUKRPELF� EHORZ� ��&��� 7KH� FXELF� SKDVH
ODWWLFH� FRQVWDQW� RI� WKH� OLWKLXP� VXEVWLWXWHG
VSLQHO� /L�����0Q�����2�� LV� VOLJKWO\� VPDOOHU
WKDQ� WKDW� RI� WKH� VWRLFKLRPHWULF� VSLQHO
/L0Q�2��� LQ� DJUHHPHQW� ZLWK� WKH� GHSHQGHQFHRI�WKH�ODWWLFH�FRQVWDQW�RQ�FRPSRVLWLRQ�IRU�WKH
VHULHV�RI�VROLG�VROXWLRQV�/L��[0Q�±[2��>����@�$FFRUGLQJ� WR� WKH� SKDVH� DQDO\VLV� E\
5LHWYHOG�UHILQHPHQW��WKH�SRZGHU�VXSSOLHG�E\
$OID�$HVDU�FRQWDLQHG�0Q�2��DV�DQ�LPSXULW\SKDVH�� WKH� FRQWHQW� WKHUHRI� EHLQJ� GHFUHDVHG
IURP�����WR�����LQ�WKH�FRXUVH�RI�DQQHDOLQJ
DW� ����&�� $IWHU� DQQHDOLQJ�� WKH� ODWWLFH� FRQ�
VWDQW� RI� WKH� FXELF� VSLQHO� SKDVH� LV� ODUJHU

WKDQ�LQ�DV�UHFHLYHG�SRZGHU��ZKLFK�LQGLFDWHV
WKDW� WKH� PRODU� UDWLR� RI� PDQJDQHVH� WR� OLWK�
LXP�LQFUHDVHG�GXH�WR�LQFRUSRUDWLRQ�RI�PDQ�
JDQHVH�IURP�WKH�LPSXULW\�R[LGH�0Q�2���7KHSRZGHU�VXSSOLHG�E\�6LJPD�$OGULFK�FRQWDLQHG
/L�0Q2�� DV� DQ� LPSXULW\� SKDVH�� WKH� FRQWHQWWKHUHRI� ZDV� DERXW� �� �� DQG� GHFUHDVHG� WR
������ XSRQ� KHDW� WUHDWPHQW� DW� ����&�� 7KH
ODWWLFH�FRQVWDQW�RI�WKH�FXELF�VSLQHO��ZKLFK�LV
WKH� PDMRU� SKDVH� DERYH� URRP� WHPSHUDWXUH�
GLG� QRW� FKDQJH� VLJQLILFDQWO\� DV� D� UHVXOW� RI
DQQHDOLQJ�� WKXV�� QR� FKDQJHV� RI� WKH� VSLQHO
SKDVH� FRPSRVLWLRQ� FDQ� EH� HYLGHQFHG�� 7KH
SKDVH�DQDO\VLV�RI�WKH�;�UD\�GLIIUDFWLRQ�SDW�
WHUQV� PHDVXUHG� DW� Ü���&� IRU� WKH� SRZGHU
VXSSOLHG� E\� 6LJPD�$OGULFK� VKRZHG� FRH[LV�
WHQFH�RI�WKH�RUWKRUKRPELF�DQG�FXELF�SKDVHV�
7KH� FDOFXODWHG� ZHLJKW� IUDFWLRQ� RI� WKH� WZR
SKDVHV� LQGLFDWHG� WKDW� WKH� FRQWHQW� RI� WKH
FXELF�SKDVH�DW�Ü���&�UHPDLQHG�KLJKHU�LQ�WKH
SRZGHU�DQQHDOHG�DW�����&�WKDQ�LQ�WKH�DV�UH�
FHLYHG�SRZGHU��+RZHYHU�� LW� LV�ZRUWK�QRWLQJ

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�WKH�����UHIOHFWLRQ�RU�WULSOHW�����������������ILWWHG�DV�RQH�SHDN�
):+0�PHDVXUHG�VLPXOWDQHRXVO\�ZLWK�UHVLVWLYLW\�IRU�D��/L0Q�2��REWDLQHG�E\�VRO�JHO�PHWKRG��6+���E�/L�����0Q�����2�� REWDLQHG� E\� VRO�JHO� PHWKRG� �'+��� F�� /L0Q�2�� REWDLQHG� IURP� $OID� $HVDU� &R�� DQGKHDW�WUHDWHG� DW� ����&� �$OID������ G��/L0Q�2�� REWDLQHG� IURP�6LJPD�$OGULFK�&R�� DQG�KHDW�WUHDWHG� DW�����&��$OGULFK�������
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WKDW�WKH�UHVXOWV�RI�SKDVH�DQDO\VLV�E\�PHDQV
RI�WKH�5LHWYHOG�SURILOH�UHILQHPHQW�VKRXOG�EH
WUHDWHG�ZLWK�FDXWLRQ��VLQFH�WKH�DQLVRWURS\�RI
DGGLWLRQDO� SKDVHV� FDQ� FDXVH� RYHUHVWLPDWLRQ
RI� WKHLU� IUDFWLRQ� LQ� WKH� V\VWHP�� DV� GHPRQ�
VWUDWHG� E\� 0DVVDURWWL� HW� DO�� IRU� DQ� DQDOR�
JRXV�FDVH�RI�WKH�FRH[LVWHQW�SKDVHV��/L0Q�2�DQG� /L�0Q2�� >�@�� )XUWKHUPRUH�� WKH� ZHLJKWIUDFWLRQV� RI� WKH� FXELF� DQG� RUWKRUKRPELF
VSLQHO� SKDVHV�� REWDLQHG� E\� 5LHWYHOG� UHILQH�
PHQW�RI�WKH�;5'�SURILOHV�PHDVXUHG�DW�Ü���&
IRU�SRZGHU�VXSSOLHG�E\�6LJPD�$OGULFK��VHHP
WR� LQGLFDWH� HYROXWLRQ� RI� SKDVH� FRQWHQW� UH�
VXOWLQJ� IURP� DQQHDOLQJ�� ZKLFK� LV� LQ� GLV�
DJUHHPHQW� ZLWK� WKH� UHVXOWV� RI� LPSHGDQFH
PHDVXUHPHQWV�� $V� LV� VHHQ� LQ� )LJ���E�� WKH
PHDVXUHG� FRQGXFWLYLW\� VKRZHG� D� GHYLDWLRQ
IURP� WKH�$UUKHQLXV� W\SH� OLQHDU� GHSHQGHQFH
RI� WKH� ORJDULWKP�RI� FRQGXFWLYLW\� RQ� WKH� LQ�
YHUVH�WHPSHUDWXUH�LQ�WKH�FDVH�RI�WKH�6LJPD�
$OGULFK� VDPSOH� VLQWHUHG� DW� ����&�� ZKHUHDV
SUHVHQFH� VXFK�GHYLDWLRQ� LV�QRW�REVHUYHG� IRU
WKH� VDPSOH� SUHSDUHG� IURP� WKH� DV�UHFHLYHG
SRZGHU��$V�D�PDWWHU�RI�IDFW��WKH�FRQGXFWLY�
LW\� RI� VDPSOHV��ZKLFK� DUH� SUHVVHG� IURP� WKH
DV�UHFHLYHG�SRZGHU��DERYH�URRP�WHPSHUDWXUH
LV� URXJKO\� DQ� RUGHU� RI� PDJQLWXGH� ORZHU
WKDQ� FRQGXFWLYLW\� RI� VDPSOHV� VLQWHUHG� DW
����&�� IRU� VDPSOHV� VXSSOLHG� E\� $OID� $HVDU
DV�ZHOO�DV�E\�6LJPD�$OGULFK��7KH�GLIIHUHQFH
LQ� FRQGXFWLYLW\� LV� OLNHO\� WR� EH� GXH� WR� SRRU
FRQWDFW�EHWZHHQ�FU\VWDOOLWHV�LQ�SUHVVHG�VDP�
SOHV��ZKLFK�EHFRPHV�YDVWO\�LPSURYHG�E\�VLQ�
WHULQJ�� WKXV� UHPRYLQJ� FRQVWULFWLRQV� WR� FXU�
UHQW�IORZ�

7KH� DYHUDJH� FU\VWDOOLWH� VL]HV�� DV� HVWL�
PDWHG�IURP�WKH�IXOO�ZLGWK�DW�KDOI�PD[LPXP
RI� WKH� FXELF� VSLQHO� ���� UHIOHFWLRQ�� DUH�YHU\
VLPLODU�IRU�DOO�VWXGLHG�VDPSOHV��DQG�DPRXQW
DERXW� ��� QP�� 7KH� DYHUDJH� FU\VWDOOLWH� VL]H
FDOFXODWHG�IURP�WKH�ZLGWK�RI�;�UD\�GLIIUDF�
WLRQ� SHDN� VKRXOG� EH� PRUH� SUHFLVHO\� LQWHU�
SUHWHG� DV� WKH� VL]H� RI� FRKHUHQW� GLIIUDFWLRQ
DUHDV�LQ�SRO\FU\VWDOOLQH�PDWHULDO�DQG�VKRXOG
QRW�EH�FRQIXVHG�ZLWK�JUDLQ�VL]H��7KH�SUHVHQW
ILQGLQJV� WKDW� WKH� FRKHUHQW� VFDWWHULQJ� DUHDV
DUH�RI�VLPLODU�VL]H�LQ�WKH�IRXU�VWXGLHG�VDP�
SOHV� KHDW�WUHDWHG� DW� ����&� LUUHVSHFWLYHO\� RI
WKH�/L0Q�2��SRZGHU�RULJLQ�LQGLFDWH�WKDW�WKHFU\VWDO� VWUXFWXUH� RI� OLWKLXP� PDQJDQHVH
R[LGH� VSLQHO� GRHV� QRW� FRQIRUP� WR� SHUIHFW
WUDQVODWLRQDO� V\PPHWU\�� %RWK� WKH� FXELF
SKDVH�DQG�WKH�RUWKRUKRPELF�SKDVH�DSSHDU�WR
H[KLELW� D� PRVDLF� GRPDLQ� VWUXFWXUH� RI
QDQRPHWHU�VL]H��7KH�LPSHUIHFW�FU\VWDO�VWUXF�
WXUH�PD\�EH�D�UHVXOW�RI�WKH�VWUXFWXUDO�SKDVH
WUDQVLWLRQ� IURP�FXELF� WR�RUWKRUKRPELF�V\P�
PHWU\�

7KH� PDJQLWXGH� RI� FRQGXFWLYLW\� FKDQJH
DFFRPSDQ\LQJ� WKH� SKDVH� WUDQVLWLRQ� IURP
FXELF� WR� RUWKRUKRPELF� VWUXFWXUH� VHHPV� WR
GHSHQG�RQ�WKH�SUHVHQFH�RI� LPSXULW\�SKDVHV�
7KH� GHFUHDVH� RI� /L�0Q2�� IUDFWLRQ� LQ� WKH6LJPD�$OGULFK�VDPSOH�FDXVHG�E\�KHDW�WUHDW�
PHQW� DW� ����&� FRLQFLGHG� ZLWK� FRQGXFWLYLW\
GHFUHDVH�GXULQJ�WKH�SKDVH�WUDQVLWLRQ��ZKLFK
ZDV� QRW� REVHUYHG� IRU� WKH� VDPSOH� SUHVVHG
IURP� DV�UHFHLYHG� SRZGHU�� $� GLVWLQFWLYH� LQ�
FUHDVH� RI� WKH� FRQGXFWLYLW\� DQRPDO\�ZDV� RE�
VHUYHG� IRU� $OID�$HVDU� VDPSOH� LQ� ZKLFK� WKH
IUDFWLRQ�RI� WKH�DGGLWLRQDO�SKDVH�0Q�2��ZDVUHGXFHG� E\� KHDW� WUHDWPHQW��$� SODXVLEOH� H[�
SODQDWLRQ� IRU� WKHVH� SKHQRPHQD� LV� D� FKDQJH
LQ� WKH� DFWXDO� VWRLFKLRPHWU\� RI� WKH� VSLQHO
SKDVH�� ZKLFK� LV� NQRZQ� WR� LQIOXHQFH� WKH
FRXUVH�RI�SKDVH�WUDQVLWLRQ�>�Ü��@��7KH�SUHV�
HQFH� RI� DGGLWLRQDO� SKDVHV� PD\� DOVR� GLVWXUE
WKH� ORFDO� HQYLURQPHQW�� LQWURGXFLQJ� FKDUJH
GLVRUGHU� LQWR� RUWKRUKRPELF� VWUXFWXUH� DQG
SUHVHUYLQJ�HDV\�FRQGXFWLYLW\�SDWKZD\V��7KH
FRQGXFWLYLW\� LV�DOVR� LQIOXHQFHG�E\�HYROXWLRQ
RI� WKH� PLFURVWUXFWXUH� GXULQJ� VLQWHULQJ
ZKLFK� LPSURYHV� WKH� LQWHUJUDQXODU� FRQWDFW�
7KH� YDULDWLRQV� LQ� WKH� SDWWHUQ� RI� WHPSHUD�
WXUH�GHSHQGHQFH�RI�FRQGXFWLYLW\�LQ�WKH�VWXG�
LHG�V\VWHP�VHHP�WR�KDYH�TXLWH� FRPSOH[�RUL�
JLQ�� $� IXUWKHU� LQYHVWLJDWLRQ� LV� UHTXLUHG� WR
GHWHUPLQH� ZKLFK� IDFWRU� DPRQJ� WKRVH� PHQ�
WLRQHG� DERYH�SOD\V� WKH�GRPLQDQW�UROH� LQ�DO�
WHULQJ�WKH�FRXUVH�RI�SKDVH�WUDQVLWLRQ�DQG�LWV
HIIHFW�RQ�WKH�HOHFWULFDO�FRQGXFWLYLW\�

7R� FRQFOXGH�� WKH� VDPSOHV� SUHSDUHG� IURP
SRZGHUV� REWDLQHG�E\� VRO�JHO�PHWKRG�DV�ZHOO
DV� IURP� WKRVH� VXSSOLHG� E\� $OID� $HVDU� DQG
KHDW�WUHDWHG� DW� ����&� H[KLELW� SKDVH� WUDQVL�
WLRQ� IURP� FXELF� WR� RUWKRUKRPELF� VWUXFWXUH
XSRQ� FRROLQJ� EHORZ� URRP� WHPSHUDWXUH�� ,Q
WKH� FRXUVH� RI� SKDVH� WUDQVIRUPDWLRQ�� WKH
FKDQJHV� RI� WKH� ���� ;�UD\� UHIOHFWLRQ� IXOO
ZLGWK� DW�KDOI�PD[LPXP�FRUUHODWH�ZHOO�ZLWK
WKH� FKDQJHV� LQ� HOHFWULFDO� SDUDPHWHUV�� 7KH
REVHUYHG� UHVLVWLYLW\� LQFUHDVH� GXULQJ� SKDVH
WUDQVLWLRQ� GHSHQGV� RQ� WKH� SURFHGXUH� RI
VSLQHO� SUHSDUDWLRQ�� 7KH� SKDVH� WUDQVLWLRQ� LV
QRW� FRPSOHWH� HYHQ� DW� Ü���&� LQ� WKH� VDPSOH
SUHSDUHG� IURP� SRZGHU� VXSSOLHG� E\� 6LJPD�
$OGULFK�DQG�QR�VWHSZLVH�FKDQJH�RI�UHVLVWLY�
LW\� LV� REVHUYHG� IRU� WKLV� VDPSOH�� $GGLWLRQDO
LPSXULW\�SKDVHV�KDYH�EHHQ� IRXQG�DQG�FKDU�
DFWHUL]HG� LQ� FRPPHUFLDO� VDPSOHV�� ZKHUHDV
WKH�VDPSOHV�SUHSDUHG�E\�VRO�JHO�PHWKRG�DUH
VLQJOH�SKDVH� DIWHU� KHDW�WUHDWPHQW� DW� ����&�
,W�FDQ�EH�GHGXFHG�WKDW�SUHVHQFH�RI�WKH�LPSX�
ULW\� SKDVHV�� HVSHFLDOO\� /L�0Q2�� GHWHFWHG� LQSRZGHU� VXSSOLHG� E\� 6LJPD�$OGULFK�� VXS�
SUHVVHV� WKH� SKDVH� WUDQVLWLRQ� RI� WKH� OLWKLXP
PDQJDQHVH� VSLQHO� IURP�FXELF� WR�RUWKRUKRP�
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ELF� V\PPHWU\�� 7KH� KHDW� WUHDWPHQW� RI� WKH
FRPPHUFLDO� VDPSOHV� UHGXFHV� WKH� DPRXQW� RI
LPSXULW\�SKDVHV�DQG�DPSOLILHV�WKH�HIIHFW�RI
SKDVH� WUDQVLWLRQ� XSRQ� FRQGXFWLYLW\�� $O�
WKRXJK� WKH� SUHVHQW� UHVXOWV� GR� QRW� SURYLGH
DQ\� GLUHFW� LQIRUPDWLRQ� RQ� WKH� SHUIRUPDQFH
RI� WKH� VWXGLHG� OLWKLXP� PDQJDQHVH� R[LGH
VSLQHOV� DV� FDWKRGH� PDWHULDOV� LQ� OLWKLXP�LRQ
EDWWHULHV�� WKH\� LPSO\� FDXWLRQ� ZKHQ� XVLQJ
OLWKLXP� PDQJDQHVH� R[LGH� VSLQHO� IURP� FRP�
PHUFLDO� VXSSOLHUV� LQ� GHYHORSPHQW� RI� OLWK�
LXP�LRQ�EDWWHULHV��VLQFH�WKH�SUHVHQFH�RI� LP�
SXULW\� SKDVHV� PD\� FDXVH� GHYLDWLRQ� IURP
VWRLFKLRPHWU\� DQG� DIIHFW� HOHFWULFDO� SURSHU�
WLHV� RI� WKH� VSLQHO� SKDVH�� OHDGLQJ� WR� XQH[�
SHFWHG�SHUIRUPDQFH�RI�WKH�FDWKRGH�

$FNQRZOHGJHPHQWV�� 7KLV� ZRUN� KDV� EHHQ
VXSSRUWHG�E\�WKH�3ROLVK�&RPPLWWHH� IRU�6FL�
HQWLILF�5HVHDUFK� XQGHU� JUDQW�.%1� �� 7��$
���� ���� 7KH� DXWKRUV� WKDQN� DOO� RI� SDUWLFL�
SDQWV� RI� WKH� JUDQW�� $OVR� 9�1�%DXPHU
WKDQNV�WKH�,QWHUQDWLRQDO�&HQWUH�IRU�'LIIUDF�
WLRQ�'DWD�IRU�ILQDQFLDO�VXSSRUW��*UDQW�����
����
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