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)RU� JDLQLQJ� LQVLGH� LQWR� WKH� FKDUDF�
WHULVWLFV� DQG�RUJDQL]DWLRQ� RI� QDQRVL]HG� O\R�
SKLOLF� GLVSHUVLRQV�� HIIHFWLYH� PROHFXODU
SUREHV� �UHSRUWHU� PROHFXOHV�� DUH� QHFHVVDU\�
3\ULGLQLXP� 1�SKHQRODWH� EHWDLQH� G\HV� H[�
KLELW� WKH� ODUJHVW� UDQJH� RI� VROYDWRFKURPLVP
DPRQJ�XS�WR�QRZ�NQRZQ�RUJDQLF�G\HV�>���@�
7KHUHIRUH��WKH\�DUH�RIWHQ�XVHG�IRU�WKH�SRODU�
LW\� HVWLPDWLRQ� RI� LQWHUIDFHV� LQ� YDULRXV� PL�
FURKHWHURJHQHRXV� V\VWHPV�� VXFK� DV� PLFHOODU
VROXWLRQV�RI�FROORLGDO�VXUIDFWDQWV�>���@��VXV�
SHQVLRQV� RI� OLSRVRPHV� >�������@��PLFURHPXO�
VLRQV� >�����@�� SRO\PHU� PLFURGRPDLQV� >�@�
DQG� GHQGULPHUV� >�@�� ,Q� VXFK� VWXGLHV�� WKH
VWDQGDUG� EHWDLQH� G\H�� WKH� 5HLFKDUGW�V� G\H�
����GLSKHQ\O����������WULSKHQ\OS\ULGLQLXP�
��\O�SKHQRODWH��ZDV�XVHG�DV�D�UXOH��7KLV� LQ�
GLFDWRU� ZLWK� VWURQJ� QHJDWLYH� VROYDWR�
FKURPLVP�ZDV�DOVR�XWLOL]HG� LQ�WKH�H[DPLQD�
WLRQ� RI� VRO�JHO� V\VWHPV� GRSHG� ZLWK� VXUIDF�
WDQWV� >�@� DQG� RI� LRQLF� OLTXLGV� >��@�
)XUWKHUPRUH�� 5HLFKDUGW�V� G\H� FDQ� VHUYH� DV
S+�LQGLFDWRU� IRU� VLPXOWDQHRXV� FKHFNLQJ� RI

WKH� LQWHUIDFLDO� DFLGLW\� LQ� WKH� DIRUHVDLG� GLV�
SHUVH�V\VWHPV�>�����@��7KH�GHWHUPLQDWLRQ�RI
WKH�VR�FDOOHG�DSSDUHQW�GLVVRFLDWLRQ�FRQVWDQWV
FDQ�EH�XVHG� IRU�PRQLWRULQJ�RI�HOHFWULFDO� LQ�
WHUIDFLDO�SRWHQWLDOV�>���@��

+RZHYHU��QRW�RQO\�WKH�VWDQGDUG�G\H������
GLSKHQ\O����������WULSKHQ\OS\ULGLQLXP���\O�
SKHQRODWH�� EXW� DOVR� RWKHU� EHWDLQH� G\HV� FDQ
VHUYH� DV� ERWK� VROYDWRFKURPLF� DQG� DFLG�EDVH
SUREHV�� )RU� H[DPSOH�� ����GLFKORUR����������
WULSKHQ\OS\ULGLQLXP���\O�SKHQRODWH� �)LJ�� ��
ZDV�XVHG�IRU�PHDVXULQJ�SRODULW\�RI�PLFHOODU
VXUIDFHV�E\�VRPH�UHVHDUFK�JURXSV�>�����@��

�,Q�QRQ�XQLIRUP�QDQRVL]HG�SDUWLFOHV��VXFK
DV� PLFHOOHV� �DV� ZHOO� DV� PLFURGURSOHWV�� YHV�
LFOHV��HWF����WKH�DEVRUSWLRQ�VSHFWUD�DQG�DFLG�
EDVH� SURSHUWLHV� RI� GLIIHUHQW� PROHFXODU
SUREHV�FDQ�UHIOHFW�UDWKHU�GLIIHUHQW�PLFURHQ�
YLURQPHQWV��FDXVHG�E\�GLIIHUHQW�SHQHWUDWLRQ
GHSWKV� RU�DQG� GLIIHUHQW� RULHQWDWLRQ� RI� WKH
LQGLFDWRU�GLSROH�PROHFXOHV�ZLWKLQ�WKH�PLFHO�
ODU�LQWHULRU�RU�SDOLVDGH�>����@��
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7KHUHIRUH�� LW� FDQ� EH� H[SHFWHG� WKDW�PRUH
UHOLDEOH�LQIRUPDWLRQ�FRQFHUQLQJ�PLFHOOHV�DQG
RWKHU�QDQRVL]HG�SDUWLFOHV�FDQ�EH�REWDLQHG�E\
XVLQJ�D�VHW�RI�GLIIHUHQW�EHWDLQH�G\HV��,Q�WKLV
SDSHU�� ZH� EULHIO\� FRPPXQLFDWH� WKH� UH�
VXOWV� REWDLQHG� ZLWK� ����GLFKORUR����������
WULSKHQ\OS\ULGLQLXP���\O�SKHQRODWH� �)LJ�����
7KH�VDPSOH�RI�WKLV�G\H�ZDV�NLQGO\�SXWWHG�WR
RXU�GLVSRVDO�E\�3URIHVVRU�'U��&��5HLFKDUGW�

$QLRQLF�� QRQLRQLF�� DQG� FDWLRQLF� VXUIDF�
WDQWV� XVHG� DUH�� VRGLXP� Q�GRGHF\OVXOIDWH
�6'6��� QRQ\OSKHQRO���� �13������ DQG� 1�FH�
W\OS\ULGLQLXP� FKORULGH� �&3&��� UHVSHFWLYHO\�
7KH�DEVRUSWLRQ�VSHFWUD�RI�WKLV�G\H��LQ�IRUP
RI�WKH�DIRUHPHQWLRQHG�GLSRODU�VWUXFWXUH��'r�
LQ� YDULRXV� V\VWHPV� DUH� GHSLFWHG� LQ� )LJ�� ��
7KH� � OPD[� YDOXHV� RI� WKH� VR�FDOOHG� FKDUJH�WUDQVIHU� EDQG� >���@� DUH� HTXDO� WR� ���� �LQ
ZDWHU��� ���� �LQ� 6'6�PLFHOOHV��� ���� �LQ�13�
���PLFHOOHV���DQG������LQ�&3&�PLFHOOHV���

7KH�DSSDUHQW�GLVVRFLDWLRQ�FRQVWDQWV��.DD��RI
WKH� FRORUOHVV� FDWLRQ� �+'��om� 'r�+��� ZHUH
REWDLQHG� YLV�VSHFWURVFRSLFDOO\� LQ� EXIIHU� VR�
OXWLRQV�� XVLQJ� WKH� FRPPRQ� SURFHGXUH
>������@�� 7KH� FRPSOHWH� ELQGLQJ� RI� WKH� LQGL�
FDWRU�VSHFLHV�E\�WKH�PLFHOOHV�ZDV�SURYHG�E\
YDULDWLRQ� RI� VXUIDFWDQW� FRQFHQWUDWLRQV�� 7KH
UHVXOWV� DUH� SUHVHQWHG� LQ� WKH� 7DEOH�
S.DD� ��ORJ.DD��7KH�H[SHULPHQWDO�GHWDLOV�ZLOO
EH�JLYHQ�HOVHZKHUH��

2XU�WKHUPRG\QDPLF�YDOXH�LQ�ZDWHU��S.DZ�
LV�FORVH�WR�WKH�YDOXH�����r������REWDLQHG�E\
.HVVOHU�DQG�:ROIEHLV� >��@�DW�LRQLF�VWUHQJWK
�������0�DQG����Å&��

$FFRUGLQJ� WR� WKH� ZHOO�NQRZQ� PRGHO
>������@��WKH���YDOXHV�GHSHQG�RQ�WKH�HOHFWUL�
FDO� LQWHUIDFLDO� SRWHQWLDO�� <�P9�
S.DD� �S.DL ����������<�� +HUH� S.DL � LV� WKH� VR�
FDOOHG�LQWULQVLF�GLVVRFLDWLRQ�FRQVWDQW��ZKLFK
LV�XVXDOO\�HTXDWHG�WR�WKH�S.DD��YDOXH�LQ�QRQ�
LRQLF�PLFHOOHV��ZKHUH��<�o���

,QVSHFWLRQ� RI� WKH� 7DEOH� DQG� )LJ�� �� UH�
YHDOV�WKDW�WKH�EHWDLQH�G\H�VWXGLHG�FDQ�VHUYH
DV� D� FRPELQHG� LQGLFDWRU� IRU� PRQLWRULQJ� RI
SRODULW\� DQG� HOHFWULFDO� SRWHQWLDO� RI� LQWHU�
IDFHV�� )RU� H[DPSOH�� WKH� HVWLPDWHV� RI� <� 
Ü���� DQG� ���� P9� FDQ� EH� PDGH� DV� ILUVW
DSSUR[LPDWLRQ� IRU� 6'6� DQG� &3&� PLFHOODU
VROXWLRQV��UHVSHFWLYHO\��

0RUH�GHWDLOHG�FRQVLGHUDWLRQ�RI�WKH�EHKDY�
LRU� RI� D� VHW� RI� EHWDLQH� G\HV� LQ� DTXHRXV
PLFHOODU� VROXWLRQV� RI� VXUIDFWDQWV� ZLOO� EH
PDGH�LQ�RXU�IXUWKHU�SXEOLFDWLRQV��

$XWKRUV� DUH� JUDWHIXO� WR� 3URIHVVRU
'U�� &�� 5HLFKDUGW� �3KLOLSSV� 8QLYHUVLW\� RI
0DUEXUJ�� *HUPDQ\�� IRU� KLV� JLIW� RI� WKH� EH�
WDLQH� G\H� DFFRPSDQLHG� ZLWK� D� ORW� RI� YDOX�
DEOH�LQIRUPDWLRQ�DERXW�LWV�SURSHUWLHV��
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)LJ���� %HWDLQH� G\H� ����GLFKORUR����������
WULSKHQ\OS\ULGLQLXP���\O�SKHQRODWH��'r��

)LJ�����9LV�DEVRUSWLRQ�VSHFWUD�RI�����GLFKORUR�
���������WULSKHQ\OS\ULGLQLXP���\O�SKHQRODWH
����u��Ü�� 0�� LQ� ZDWHU� ���� DQG� LQ� DTXHRXV
PLFHOODU�VROXWLRQV�������0��RI�6'6������13���
����� DQG� &3&� ����� S+�  � ������� RSWLFDO� SDWK
OHQJWK����FP�

7DEOH�� 7KH� LQGLFHV� RI� DSSDUHQW� GLVVRFLDWLRQ� FRQVWDQWV� RI� WKH� FRORUOHVV� ����GLFKORUR����������
WULSKHQ\OS\ULGLQLXP���\O�SKHQRO��+'��� LQ�PLFHOODU� VROXWLRQV� RI� FROORLGDO� VXUIDFWDQWV�� EXON� LRQLF
VWUHQJWK�������0��1D&O���EXIIHU�PL[WXUHV������Å&��

6\VWHP S.DD 'S.DD� �S.DD���S.DZ

$TXHRXV������0�6'6�VROXWLRQ ����r���� ����
$TXHRXV������0�13��� ����r���� ����

$TXHRXV������0�&3&�VROXWLRQ ����r���� Ü����
:DWHU��WKHUPRG\QDPLF�S.DD�YDOXH� ����r���� �
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5HIHUHQFHV
� ���&��5HLFKDUGW��6ROYHQWV�DQG�6ROYHQW�(IIHFWV�LQ

2UJDQLF�&KHPLVWU\�� �UG��XSGDWHG� DQG� HQODUJ�
HG���:LOH\�9&+��:HLQKDLP�*HUPDQ\� �������
DQG�UHIHUHQFHV�FLWHG�WKHUHLQ��

� ���&��5HLFKDUGW��&KHP��5HY��������������������
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� ���&�� -�� 'UXPPRQG�� )�� *ULHVHU�� 7�� :�� +HDO\�

)DUDGD\�'LVF��&KHP��6RF������������������
� ���*�� 3�� *RUEHQNR�� 1�� 2��0FKHGORY�3HWURVV\DQ�

7�� $�� &KHUQD\D�� -�� &KHP�� 6RF��� )DUDGD\
7UDQV��������������������

� ���1�� 2�� 0FKHGORY�3HWURVV\DQ�� <X�� 9�� ,VDHQNR�
6�� 7�� *RJD�� 5XVV�� -�� *HQ�� &KHP��� ���� ����
���������

� ���5��9DUDGDUDM��-��%RFN��1��%URQV��6��3DFH�
-��3K\V��&KHP���������������������

� ���'�� 9XWXNXUL�� 6�� %DVX�� 6�� 7KD\XPDQDYDQ��
-��$P��&KHP��6RF���������������������

� ���&�� 5RWWPDQ�� '�� $YQLU�� -�� $P�� &KHP�� 6RF��
������������������

�����.��$��)OHWFKHU��6��3DQGH\��/DQJPXLU��������
��������

����0�� .HVVOHU�� 2�� 6�� :ROIEHLV�� &KHPLVWU\� DQG
3K\V��/LSLGV�����������������

����(�� %�� 7DGD�� /�� 3�� 1RYDNL�� 2�� $�� (O� 6HRXG�
/DQJPXLU������������������

����(�� )XJXHW�� &�� 5DIROV�� (�� %RVFK�� 0�� 5RVHV�
/DQJPXLU�����������������

����(�� )XJXHW�� &�� 5DIROV�� 0�� 5RVHV�� /DQJPXLU�
�����������������

����1��2��0FKHGORY�3HWURVV\DQ��'LIIHUHQWLDWLRQ�RI
WKH�6WUHQJWK�RI�2UJDQLF�$FLGV�LQ�7UXH�DQG�2U�
JDQL]HG�6ROXWLRQV���.KDUNRY�8QLYHUVLW\�3UHVV�
.KDUNRY���������LQ�5XVVLDQ����
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