
6XSSOHPHQWDU\�)LJXUH����2YHUYLHZ�RI�0$(67(5�PHWKRGV�IRU�6HT�:HOO�RU���[�VF51$�VHT�
2YHUYLHZ�DQG�FRPSDULVRQ�EHWZHHQ�WKH�0$(67(5�PHWKRG�IRU�6HT�:HOO�6� RU�'URS�6HT
VF51$�VHT��OHIW��DQG���[�SURFHGXUHV��ULJKW���$ERYH�WKH�GRWWHG�OLQH�LV�WKH�VWDQGDUG�SURWRFRO�WR
FUHDWH�WKH�ZKROH�WUDQVFULSWRPH�DPSOLILHG�PDWHULDO��:7$��RU�F'1$�OLEUDU\��%HORZ�WKH�GRWWHG�OLQH
LV�WKH�PLWRFKRQGULDO�HQULFKPHQW�PHWKRG�IURP�WKH�:7$��1RWH��6HT�:HOO�RU�'URS�6HT�PHWKRGV
XVH�60$57�SULPHU�VHTXHQFHV�RQ�ERWK�HQGV�RI�WKH�F'1$�WUDQVFULSWV��QHFHVVLWDWLQJ�D�ELRWLQ
HQULFKPHQW�VWHS����[�XVHV�GLIIHUHQW�SULPHUV�DW�HDFK�HQG��DOORZLQJ�IRU�DQ�DV\PPHWULF�3&5
ZLWKRXW�WKH�QHHG�IRU�ELRWLQ�HQULFKPHQW��&%��FHOO�EDUFRGH��80,��XQLTXH�PROHFXODU�LGHQWLILHU�



6XSSOHPHQWDU\�)LJXUH����'HWDLOHG�VFKHPDWLF�IRU�0$(67(5�GLDO�RXW�3&5�SURWRFRO�IURP
6HT�:HOO�RU�'URS�6HT�:7$� ([DPSOH�IRU�D�VLQJOH�SULPHU WDUJHWLQJ�RQH�WUDQVFULSW��07�&2����,Q
WRWDO�����WDUJHWHG�SULPHUV�DUH�XVHG�WR�HQULFK�PLWRFKRQGULDO�WUDQVFULSWV�

6XSSOHPHQWDU\�)LJXUH����'HWDLOHG�VFKHPDWLF�IRU�0$(67(5�GLDO�RXW�3&5�SURWRFRO�IURP
��[�:7$��F'1$�� ([DPSOH�IRU�D�VLQJOH�SULPHU�WDUJHWLQJ RQH�WUDQVFULSW��07�&2����,Q�WRWDO����
WDUJHWHG�SULPHUV�DUH�XVHG�WR�HQULFK�PLWRFKRQGULDO�WUDQVFULSWV�



6XSSOHPHQWDU\�)LJXUH����6FKHPDWLF�DQG�SURWRFRO�IRU�SULPHU�PL[LQJ�
$� 'LDJUDP�GHSLFWV�WKH�FLUFXODU�PLWRFKRQGULDO�JHQRPH� 7KH�FRORUHG�WULDQJOHV�LQGLFDWH�ZKHUH
0$(67(5�SULPHUV�ELQG��&RORUV�LQGLFDWH�ZKLFK�SULPHU�PL[�WKH\�DUH�LQ��DV�GHWDLOHG�LQ�%�DQG�&� %�
7DEOH�RI����WUDQVFULSWV�FDSWXUHG�E\�VF51$�VHT��ZLWK�WKH�OHQJWK�RI�WKH�WUDQVFULSW�DQG�QXPEHU�RI
SULPHUV�WDUJHWLQJ�WKDW�WUDQVFULSW��7KH�WDEOH�DOVR�LQGLFDWHV�WKH�SULPHUV�IRU�HDFK�WUDQVFULSW�WKDW�DUH
LQFOXGHG�LQ�HDFK�RI�WKH����SULPHU�PL[HV�IRU�3&5���7KLV�H[SHULPHQWDO�GHVLJQ�HQVXUHV�WKDW�HDFK
WUDQVFULSW�LV�WDUJHWHG�E\�QR�PRUH�WKDQ�RQH�SULPHU�SHU�PL[��WKDW�DPSOLFRQV�ZLWKLQ�WKH�VDPH�3&5
PL[�KDYH�VLPLODU�VL]HV��DQG�WKDW�KLJKO\�H[SUHVVHG�DPSOLFRQV��PDLQO\�515��DQG�515���GR�QRW
RYHUWDNH�WKH�UHDFWLRQ� &� 7ZHOYH�3&5�UHDFWLRQV�ZLWK LQGLFDWHG�SULPHU�PL[HV�DUH�FRPSOHWHG�IRU
3&5���0XOWLSOH�VDPSOHV�FDQ�EH�SURFHVVHG�LQ�D����ZHOO�SODWH� '� $IWHU�3&5���WKH����UHDFWLRQV
DUH�PL[HG�WRJHWKHU�DFFRUGLQJ�WR�WKH�YROXPHV�LQ�WKH�FKDUW��7KLV�PL[WXUH�LV�XVHG�DV�D�WHPSODWH�IRU
3&5��WR�JHQHUDWH�VHTXHQFLQJ�OLEUDULHV��)RU�0$(67(5�IURP���[�JHQRPLFV��VLQFH�ZH�XVHG�D���
�O�YROXPH�IRU�3&5���WKH�LQGLFDWHG�YROXPHV�ZHUH�PXOWLSOLHG�E\�����



6XSSOHPHQWDU\�)LJXUH����2YHUYLHZ�RI�FRPSXWDWLRQDO�DQDO\VHV�
)ORZ�FKDUW�VKRZV�WKH�PDMRU�VWHSV�IRU�WKH�LQWHJUDWHG�DQDO\VLV�RI�VF51$�VHT��0$(67(5�DQG
*HQRW\SLQJ�RI�7UDQVFULSWRPHV�GDWD�IURP�WKH�VDPH�VLQJOH�FHOOV��,QGLFDWHG�LQ�JUH\�DUH�VRIWZDUH
WRROV��EFO�IDVWT��FHOOUDQJHU��67$5��KRPHU7RROV��,URQ7KURQH�*R7��PDHJDWN��DQG�FXVWRP�VFULSWV
�HQGLQJ�LQ��VK�RU��5���DOO�RI�ZKLFK�DUH�SXEOLFO\�DYDLODEOH��VHH 'DWD�DQG�&RGH�DYDLODELOLW\��



6XSSOHPHQWDU\�)LJXUH����6LPXODWLRQ�RI�LQGHO�GHWHFWLRQ� /LQH�JUDSK�VKRZV�WKH�SHUFHQW�RI
FHOOV�LQ�ZKLFK�GLIIHUHQW�LQGHOV��LQGLFDWHG�E\�FRORU��DUH�GHWHFWHG�IRU�GLIIHUHQW�KHWHURSODVP\�OHYHOV
�ZLWK�����IROG�FRYHUDJH�SHU�FHOO���7KLV�VLPXODWLRQ�VKRZV�WKDW�PDHJDWN�LV�DEOH�WR�SLFN�XS�YDULRXV
LQGHOV�ZLWK�JRRG�VHQVLWLYLW\�



6XSSOHPHQWDU\�)LJXUH����6XSSRUWLQJ�GDWD�IRU�)LJXUH���
$� %DUSORW�VKRZV�FRYHUDJH�RI�WKH�PLWRFKRQGULDO�JHQRPH ZLWK�DQG�ZLWKRXW�DPSOLILFDWLRQ�IURP���[
OLEUDULHV�XVLQJ�0$(67(5��VHH )LJXUH��& IRU�6HT�:HOO�� 0HDQ�FRYHUDJH�RI�������.����DQG
%7����FHOOV�LV�VKRZQ��(DFK�RI�WKH�WUDQVFULSWV��80,V��ZDV�VHTXHQFHG����WLPHV� %� 6LQD�SORWV
VKRZ�WKH�PHDQ�FRYHUDJH�DORQJ�DOO�EDVHV�RI�WKH�PLWRFKRQGULDO�JHQRPH�IRU�WKH�WRS�����FHOOV
�V\PEROV��DQDO\]HG�E\�VF51$�VHT�DORQH�RU�0$(67(5�DV�LQGLFDWHG��7KH�PHDQ�LV�LQGLFDWHG�RQ
WRS��7KH�GLIIHUHQFH�LQ�0$(67(5�FRYHUDJH�EHWZHHQ�6HT�:HOO�DQG���[�LV�LQ�SDUW�GXH�WR�GLIIHUHQW
VHTXHQFLQJ�GHSWKV��������������DQG�������������UHDGV��UHVSHFWLYHO\� &�'��%DUSORWV�VKRZ
PHDQ�FRYHUDJH�RI�WKH�PLWRFKRQGULDO�JHQRPH�LQ�WKH�FHOO�OLQH�PL[LQJ�H[SHULPHQWV�IURP�0$(67(5



RQ�6HT�:HOO��&��RU���[��'��F'1$��&RORUV�LQGLFDWH�FRYHUDJH�LQ�%7����DQG�.����FHOOV��(DFK�RI
WKH�WUDQVFULSWV��80,V��ZDV�VHTXHQFHG����WLPHV� (�)� 6FDWWHU�SORWV�GHSLFW�DQ�LPSRUWDQW�VWUDWHJ\
E\�ZKLFK�LQIRUPDWLYH�YDULDQWV�ZHUH�VHOHFWHG��)RU�HDFK�YDULDQW�WKH�DOOHOH�IUHTXHQF\�DFURVV�DOO
FHOOV�ZDV�VRUWHG�IURP�ORZ�WR�KLJK��IROORZHG�E\�GHWHUPLQLQJ�WKH�9$)�DW�GLIIHUHQW�SHUFHQWLOHV��H�J�
WKH��VW����WK����WK�DQG���WK�SHUFHQWLOH���$OO����6HT�:HOO��DQG�������[��KRPRSODVPLF�YDULDQWV�WKDW
ZHUH�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�FHOO�OLQHV�PHW�WKH�IROORZLQJ�SDUDPHWHUV��PHDQ�FRYHUDJH�SHU
FHOO�!����PHDQ�UHDG�TXDOLW\�!������WK�9$)�SHUFHQWLOH�RI������DQG���WK�9$)�SHUFHQWLOH�RI�!����
1RQH�RI�WKH�RWKHU��������SRVVLEOH�YDULDQWV�PHW�WKHVH�SDUDPHWHUV� *�+� 6FDWWHU�SORW�VKRZV�WKH
QXPEHU�RI�VXSSRUWLQJ�FDOOV��ZLOG�W\SH���PXWDQW��IRU�KRPRSODVPLF�YDULDQWV�LQ�.����DQG�%7���
FHOOV��)RU�6HT�:HOO��*���VL[�YDULDQWV�VKRZQ�LQ )LJXUH �) ZHUH�XVHG��)RU���[��+���VHYHQWHHQ
YDULDQWV�VKRZQ�LQ 6XSSOHPHQWDU\�)LJXUH��& ZHUH�XVHG� 2I�WKH�FHOOV�WKDW�ZHUH�FODVVLILHG�E\
PW'1$�YDULDQWV���������������������ZHUH�FRQFRUGDQW�ZLWK�P51$�FOXVWHUV�IRU�6HT�:HOO�DQG
�������������������ZHUH�FRQFRUGDQW�ZLWK�P51$�FOXVWHUV�IRU���[�



6XSSOHPHQWDU\�)LJXUH����$QDO\VLV�RI�FHOO�OLQH�PL[LQJ�H[SHULPHQW�ZLWK���[�VF51$�VHT�DQG
EXON�$7$&�VHTXHQFLQJ�
$�%� 80$3V�VKRZ�GHWHFWLRQ�RI�FHOO�W\SH�VSHFLILF��$� JHQH�H[SUHVVLRQ�IURP�VF51$�VHT�DQG��%�
KRPRSODVPLF�PW'1$�YDULDQWV�IURP�0$(67(5��&OXVWHU�LGHQWLW\�LV�FRQILUPHG�E\�P51$
H[SUHVVLRQ�RI &/,&���D�.����VSHFLILF�JHQH��DQG 371 �D�%7����VSHFLILF�JHQH���8VLQJ
0$(67(5��ZH�GHWHFWHG�WKH�PW'1$�YDULDQW�����7!&�VSHFLILFDOO\�LQ�.����FHOOV�DQG�����&!7
VSHFLILFDOO\�LQ�%7����FHOOV� &� +HDWPDS�GHSLFWV�VHSDUDWLRQ RI�.����DQG�%7����FHOOV��FROXPQV�
EDVHG�RQ����PW'1$�YDULDQWV�GHWHFWHG�XVLQJ�0$(67(5��URZV���&HOO�W\SH�DQQRWDWLRQ�IURP
VF51$�VHT�LV�VKRZQ�RQ�WRS� '� &RUUHODWLRQ�PDWUL[�VKRZV FHOO�VLPLODULW\�EDVHG�RQ�WKH�DOOHOH
IUHTXHQFLHV�RI����KRPRSODVPLF�YDULDQWV��URZV�DQG�FROXPQV�GHSLFW�������FHOOV���8QVXSHUYLVHG
FOXVWHULQJ�LGHQWLILHG�WZR�FOXVWHUV�WKDW�FRUUHODWH�ZLWK�FHOO�DQQRWDWLRQV�IURP�VF51$�VHT� (�
+HDWPDS�VKRZV�9$)�RI����PW'1$�YDULDQWV�GHWHFWHG�E\�0$(67(5��URZV��IRU�����.����FHOOV
�FROXPQV��������RI�DOO������.����FHOOV�LQ�WKLV�H[SHULPHQW��ZLWK�LQIRUPDWLYH�VXEFORQDO�YDULDQWV�
+RPRSODVPLF�.����YDULDQW�����7!&�LV�VKRZQ�IRU�FRPSDULVRQ��+HDWPDS�LV�RUJDQL]HG�E\�FORQDO



VWUXFWXUH��0HWKRGV���)RU�%�(��RQO\�FHOOV�ZLWK�!��IROG�FRYHUDJH�RI�WKH�LQGLFDWHG�YDULDQWV�DUH
VKRZQ��7KLV�ILJXUH�VKRZV�DQDO\VHV�RI�0$(67(5�ZLWK���[��VHH )LJXUH��'�+ IRU�VLPLODU�DQDO\VHV
RI�0$(67(5�ZLWK�6HT�:HOO� )� 6FDWWHU�SORWV�FRPSDUH 9$)V�EHWZHHQ�0$(67(5�DQG�EXON
$7$&�VHT��IRU�DOO����LQIRUPDWLYH�.����YDULDQWV�WKDW�ZHUH�LGHQWLILHG�XVLQJ�6HT�:HOO�RU���[
0$(67(5�RQ�WKH�VDPH�SDVVDJH�RI�.����FHOOV��DOVR�VKRZQ�LQ )LJXUH��'�+ DQG 6XSSOHPHQWDU\
)LJXUH��$�+���)RU�0$(67(5��WKH�9$)�RI�.����GHULYHG WUDQVFULSWV�LV�VKRZQ��)RU�EXON�$7$&�VHT�
WKH�9$)�EDVHG�RQ�PLWRFKRQGULDO�JHQRPH�DOLJQPHQWV�LV�VKRZQ�



6XSSOHPHQWDU\�)LJXUH����3DWLHQW�FKDUDFWHULVWLFV�RI�WKH�FORQDO�KHPDWRSRLHVLV�VDPSOH�
$� )ORZ�F\WRPHWU\�SORWV�RI�WKH�VDPH�ERQH�PDUURZ�DVSLUDWH XVHG�IRU���[�VHTXHQFLQJ�LQ )LJXUH���
6LQJOH�O\PSKRF\WHV�ZHUH�GHWHUPLQHG�E\�IRUZDUG�DQG�VLGH�VFDWWHU��&'����&'���FHOOV�UHSUHVHQW
7�FHOOV����������&'����&'���FHOOV�UHSUHVHQW�1.�FHOOV���������2I�7�FHOOV������ZHUH�&'����7KLV
LV�FRQVLVWHQW�ZLWK�DQ�HQULFKPHQW�RI�F\WRWR[LF�7�FHOOV�LQ�WKH�RYHUDOO�VDPSOH��LQ�DFFRUGDQFH�ZLWK
FHOO�FODVVLILFDWLRQ�E\�VF51$�VHT� %��3DWKRORJ\�VXPPDU\ RI�FHOOV�LQ�ERQH�PDUURZ�DVSLUDWH� &�
3HULSKHUDO�EORRG�FRXQWV�RI�WKH�SDWLHQW�DW�WKH�WLPH�RI�ERQH�PDUURZ�DVSLUDWH� '� 0XWDWLRQV
GHWHFWHG�E\�WDUJHWHG�VHTXHQFLQJ�RI�WKH�ERQH�PDUURZ�DVSLUDWH�



6XSSOHPHQWDU\�)LJXUH�����0$(67(5�FRYHUDJH�FRUUHODWHV�ZLWK�PW51$�FRQWHQW�
$� %DUSORW�VKRZV�PHDQ�FRYHUDJH�RI�WKH�PLWRFKRQGULDO JHQRPH�LQ�FHOOV�IURP�WKH�FORQDO
KHPDWRSRLHVLV�VDPSOH�ZLWK�DQG�ZLWKRXW�DPSOLILFDWLRQ�IURP���[�OLEUDULHV�XVLQJ�0$(67(5��(DFK
RI�WKH�WUDQVFULSWV��80,V��ZDV�VHTXHQFHG����WLPHV� %� /HIW��ER[SORW�VKRZV�WKH�PHDQ�0$(67(5
FRYHUDJH�SHU�EDVH�DORQJ�WKH�PLWRFKRQGULDO�JHQRPH�SHU�FHOO��\�D[LV���VSOLW�E\�FHOO�W\SHV��RQ�WKH
[�D[LV���0LGGOH��ER[SORW�VKRZV�WKH�FRXQW�RI�PLWRFKRQGULDO�51$V��PW51$��PROHFXOHV�SHU�FHOO
IURP�VF51$�VHT��VSOLW�E\�FHOO�W\SHV��5LJKW��ER[SORW�VKRZV�WKH�WRWDO�FRXQW�RI�P51$�PROHFXOHV
SHU�FHOO�IURP�VF51$�VHT��VSOLW�E\�FHOO�W\SHV��7KH�VLPLODULW\�EHWZHHQ�ER[SORWV�LQGLFDWHV�WKDW
0$(67(5�FRYHUDJH�GHSHQGV�RQ�JHQH�H[SUHVVLRQ���WKH�DYDLODELOLW\�RI�P51$�WUDQVFULSWV�
%R[SORWV�VKRZ�WKH�PHGLDQ����WK�DQG���WK�SHUFHQWLOHV��DQG�VPDOOHVW�ODUJHVW�YDOXHV
�JHRPBER[SORW�GHIDXOWV�� &��3ORW�RI�DYHUDJH�JHQH�H[SUHVVLRQ E\�VF51$�VHT�SHU�PLWRFKRQGULDO
JHQH�SHU�FHOO�W\SH�LQ�WKH�FORQDO�KHPDWRSRLHVLV�VDPSOH� '��'RWSORW�RI�WKH�DYHUDJH�VF51$�VHT
H[SUHVVLRQ�RI�HDFK�JHQH�DFURVV�DOO�FHOOV�LQ�WKH�FORQDO�KHPDWRSRLHVLV�VDPSOH�UHODWLYH�WR
0$(67(5�FRYHUDJH�RI�WKH�VDPH�JHQH�LQ�WKRVH�FHOOV�



6XSSOHPHQWDU\�)LJXUH�����6HOHFWLRQ�RI�LQIRUPDWLYH�YDULDQWV�LQ�WKH�FORQDO�KHPDWRSRLHVLV
VDPSOH��$� 6FDWWHU�SORW�VKRZV�WKH�QXPEHU�RI�FHOOV ZLWK�DQ�LQIRUPDWLYH�YDULDQW��\�D[LV��XVLQJ�WZR
VHOHFWLRQ�FULWHULD��PLQLPXP�9$)��FRORUV��DQG�PLQLPXP�FORQH�VL]H��[�D[LV���+RUL]RQWDO�OLQH
LQGLFDWHV�WKH�WRWDO�QXPEHU�RI�FHOOV�LQ�WKH�VDPSOH����������7KH�QXPEHU�RI�FHOOV�WKDW�FDQ�EH
WUDFNHG�LQFUHDVHV�E\�UHOD[LQJ�VHOHFWLRQ�FULWHULD�WR�GHILQH�LQIRUPDWLYH�YDULDQWV� %� 7DEOH�VKRZV
UHVXOWV�ZKHQ�XVLQJ�IRXU�RI�WKH�LQIRUPDWLYH�YDULDQW�VHOHFWLRQ�FULWHULD�KLJKOLJKWHG�LQ�SDQHO�$��7R
VHOHFW�KLJK�FRQILGHQFH�DQG�GLVWLQFW�FORQHV�IRU�IXUWKHU�DQDO\VLV�LQ�WKLV�PDQXVFULSW��ZH�VHOHFWHG
YDULDQWV�WKDW�ZHUH�DEVHQW�LQ�����RI�WKH�FHOOV�DQG�KDG�D�9$)�RI�!�����PLQLPXP�9$)��LQ�DW�OHDVW
���FHOOV��PLQLPXP�FORQH�VL]H���0RVW�RI�WKHVH����YDULDQWV�ZHUH�WUDQVLWLRQV�DV�RSSRVHG�WR
WUDQVYHUVLRQV��DV�H[SHFWHG��7KHUH�ZHUH������FHOOV�ZLWK�D�9$)�RI�!���IRU�DQ\�RI�WKH����VHOHFWHG
YDULDQWV��&RPSDULQJ�FORQHV�WKDW�ZHUH�FDOOHG�XVLQJ�WKHVH�PW'1$�YDULDQWV�WR�FORQHV�WKDW�ZHUH
FDOOHG�EDVHG�RQ�7&5�UHDUUDQJHPHQW�\LHOGHG�DQ�$GMXVWHG�5DQG�,QGH[��$5,��RI�������LQGLFDWLQJ
JRRG�FRQFRUGDQFH��VHH�DOVR )LJXUH��)�� &� +HDWPDSV VKRZ�WKH�9$)�RI�YDULDQWV��URZV��LQ�FHOOV
�FROXPQV��ZLWK�DW�OHDVW����9$)�IRU�RQH�RI�WKH�VHOHFWHG�YDULDQWV��)RXU�KHDWPDSV�FRUUHVSRQG�WR
YDULDQW�VHOHFWLRQ�FULWHULD�KLJKOLJKWHG�LQ�SDQHOV�$�DQG�%��7KH�ERWWRP�ULJKW�KHDWPDS�LV�VLPLODU�WR
)LJXUH��% ZLWK�VRPH�GLIIHUHQFHV�LQ�WKH�RUGHU�RI�URZV DQG�FROXPQV�



6XSSOHPHQWDU\�)LJXUH�����0LWRFKRQGULDO�YDULDQWV�LQIRUP�FORQDOO\�UHODWHG�FHOOV�LQ�FORQDO
KHPDWRSRLHVLV�
$� &KDUW�VKRZV�WKH�SRVLWLRQ�RI�VXEFORQDO�YDULDQWV WKDW�ZHUH�LGHQWLILHG�LQ�WKH�FORQDO
KHPDWRSRLHVLV�VDPSOH��DORQJ�DOO��������EDVHV�RI�WKH�PLWRFKRQGULDO�JHQRPH��$W�WKH�ERWWRP��WKH
SRVLWLRQ�RI�JHQHV�LV�LQGLFDWHG�LQ�EOXH� %� 80$3V�VKRZ 9$)V�SHU�FHOO�IRU�LQIRUPDWLYH�YDULDQWV�LQ
)LJXUH��%��&HOO�FRRUGLQDWHV�DUH�WKH�VDPH�DV�LQ )LJXUH �$�



6XSSOHPHQWDU\�)LJXUH�����/LQHDJH�ELDV�LQ�FORQHV�LGHQWLILHG�E\�PW'1$�YDULDQWV�
$�%� (QULFKPHQW��$��RU�GHSOHWLRQ��%��RI����FHOO�W\SHV GHWHFWHG�LQ�HDFK�RI�WKH����FORQHV
FRPSDUHG�WR�H[SHFWHG�IURP�WKH�EXON�VDPSOH��UHODWHG�WR )LJXUH��'� 3�YDOXHV�ZHUH�FDOFXODWHG
XVLQJ�WKH�FXPXODWLYH�GLVWULEXWLRQ�IXQFWLRQ�RI�WKH�K\SHUJHRPHWULF�GLVWULEXWLRQ�VHSDUDWHO\�IRU
HQULFKPHQW�DQG�GHSOHWLRQ��RQH�VLGHG�� 3�YDOXHV�ZHUH FRUUHFWHG�IRU�PXOWLSOH�WHVWLQJ�E\�%RQIHUURQL
FRUUHFWLRQ��Q �����





6XSSOHPHQWDU\�)LJXUH�����2YHUODS�EHWZHHQ�75%�DQG�75$�YDULDEOH�UHJLRQV� 3ORW�VKRZV
FHOOV��URZV��LQ�ZKLFK�ERWK 75% DQG 75$ YDULDEOH�UHJLRQ VHTXHQFHV�ZHUH�GHWHFWHG��VRUWHG�E\
75% VHTXHQFHV� 75% DQG 75$ VHTXHQFHV��DORQJ�ZLWK�FHOO W\SH��DUH�LQGLFDWHG�E\�FRORUV�LQ
OHJHQG�



6XSSOHPHQWDU\�)LJXUH�����&HOOV�PDUNHG�E\�����*!$�RU�����*!$�H[KLELW�OLQHDJH�ELDV�DQG
7(7� PXWDWLRQV�
$� 5DGDU�SORW�VKRZV�QRUPDOL]HG�FHOO�W\SH�IUHTXHQFLHV IRU�FORQHV�PDUNHG�E\�����*!$�RU
����*!$��)UHTXHQF\�LV�QRUPDOL]HG�WR�WKH�IUHTXHQF\�RI�FHOO�W\SHV�IRU�DOO�FHOOV��ZKLFK�LV�VHW�WR��
DQG�GHQRWHG�E\�D�EODFN�FLUFOH�DW�WKH�FHQWHU� %� &KDUW VKRZV�WKH�QXPEHU�RI�FHOOV�ZLWKLQ
PW'1$�GHILQHG�VXEFORQHV��GHWHFWHG�E\�0$(67(5��WKDW�H[SUHVV�ZLOG�W\SH�RU�PXWDWHG 7(7�
WUDQVFULSWV��GHWHFWHG�E\�*R7���7KH�IUDFWLRQ�RI�PXWDWHG�FHOOV�LQ�HDFK�ER[�LV�GHVLJQDWHG�E\�FRORU
VFDOH��:H�UHFRYHUHG�WRR�IHZ $6;/� WUDQVFULSWV�WR�LQFOXGH LQ�WKLV�DQDO\VLV� &� +HDWPDS�VKRZV
FR�RFFXUUHQFH�RI�WKH�PW'1$�PXWDWLRQ�����*!$�DQG $6;/� DQG 7(7� GULYHU�PXWDWLRQV�LQ
VLQJOH�FHOOV��7KHVH�FR�RFFXUUHQFHV��WRJHWKHU�ZLWK�EXON�9$)V��LQIRUPHG�WKH�SK\ORJHQ\�LQ�WKH�QH[W
SDQHO� '� 9LVXDOL]DWLRQ�RI�WKH�PRVW�OLNHO\�RUGHU�RI QXFOHDU�DQG�PLWRFKRQGULDO�PXWDWLRQ



DFTXLVLWLRQV��&OLQLFDO�5DSLG�+HPH�3DQHO�VHTXHQFLQJ�GHWHFWHG�$6;/��*���IV��9$)��������
7(7��6���;��9$)���������7(7��4����;��9$)���������7(7��5����;��9$)�������DQG�7(7�
+����<��9$)��������0$(67(5�GHWHFWHG�����*!$�DW�D�9$)�RI�������%ODFN�DUURZV�LQGLFDWH�DOO
GHWHFWHG�PXWDWLRQ�FR�RFFXUUHQFHV�IURP�WKH�VLQJOH�FHOO�JHQRW\SLQJ�SURWRFROV�*R7�DQG
0$(67(5� (� 80$3V�GHSLFWV�SVHXGRWLPH�RI�IRXU�GLIIHUHQWLDWLRQ WUDMHFWRULHV��&HOOV�LQ�WKH
����*!$�FORQH�DUH�PDUNHG�E\�D�EODFN�FLUFOH��/LQH�SORWV�VKRZ�UHODWLYH�FHOO�GHQVLW\�DORQJ
SVHXGRWLPH�RI�GLIIHUHQWLDWLRQ�LQ�FHOOV�ZLWKLQ�FORQH�����*!$�DQG�LQ�FHOOV�QRW�ZLWKLQ�WKDW�FORQH�
6\PEROV�DW�WKH�ERWWRP�RI�WKH�OLQH�JUDSKV�LQGLFDWH�WKH�FHOOV��FRORUHG�DFFRUGLQJ�WR�WKH�OHJHQG�



6XSSOHPHQWDU\�)LJXUH�����/HYHUDJLQJ�PLWRFKRQGULDO�YDULDQWV�WR�UHVROYH�FORQDO
UHODWLRQVKLSV�LQ�JOLREODVWRPD�FHOOV�
$� &RPELQHG�80$3�RI�WKUHH�VF51$�VHT�VDPSOHV�IURP�WKH VDPH�SDWLHQW�ZLWK�D�JOLREODVWRPD
WXPRU�DQDO\]HG�XVLQJ�6HT�:HOO��6DPSOHV�LQFOXGH�WZR�VHFWLRQV�RI�WLVVXH�IURP�GLIIHUHQW�UHJLRQV�RI
WKH�WXPRU�DQG�FRUUHVSRQGLQJ�SHULSKHUDO�EORRG�PRQRQXFOHDU�FHOOV��3%0&V��IURP�WKH�VDPH
SDWLHQW�WDNHQ�DW�WKH�WLPH�RI�VXUJHU\��&HOO�W\SHV�ZHUH�DQQRWDWHG�XVLQJ�HVWDEOLVKHG�JHQH�VLJQDWXUH
VFRUHV� %� 80$3�VKRZV�VDPSOH�VRXUFHV�IRU�PDOLJQDQW FHOOV�DQG�3%0&V��1RQ�PDOLJQDQW�FHOOV
IURP�WKH�WXPRU�VDPSOHV�DUH�DOVR�LQFOXGHG�LQ�JUD\� &� 80$3�LV�FRORUHG�E\�WKH�9$)�RI�GHOHWLRQ
�����&7$!&$��ZKLFK�LV�QHDUO\�H[FOXVLYHO\�GHWHFWHG�LQ�PDOLJQDQW�WXPRU�FHOOV��7KLV�LV�WKH�RQO\
LQGHO�FDOOHG�E\�PDHJDWN�LQGHO�ZLWK�D�)UHHED\HV�TXDOLW\�VFRUH�!����QRW�FRQWDLQLQJ���UHSHDWV�RI
WKH�VDPH�EDVH��GHWHFWHG�LQ�DW�OHDVW���FHOOV��DQG�QRW�SUHVHQW�LQ�WKH�FORQDO�KHPDWRSRLHVLV�VDPSOH�



7KH�9DULDQW�(IIHFW�3UHGLFWRU��9(3��GLG�QRW�SUHGLFW�IXQFWLRQDO�LPSDFW�RI������&7$!&$�IURP
3RO\SKHQ�RU�6,)7��ZLWK�QR�FOLQLFDO�VLJQLILFDQFH�RU�DVVRFLDWHG�GLVHDVH� '� 6FDWWHUSORWV�VKRZ�WKH
��WK�SHUFHQWLOH�9$)�IRU�HDFK�YDULDQW�LQ�FHOOV�IURP�WKH�LQGLFDWHG�VDPSOH�VLWH��&RORUV�LQGLFDWH
PW'1$�YDULDQWV�WKDW�DUH�VSHFLILF�WR�RQH�WXPRU�UHJLRQ�RU�WR�3%0&V��&XPXODWLYHO\�ZH�LGHQWLILHG
���LQIRUPDWLYH�YDULDQWV�PDUNLQJ�������RI�FHOOV� (� 80$3V�DUH�FRORUHG�E\�WKH�9$)�RI�VHOHFWHG
YDULDQWV�WKDW�ZHUH�VSHFLILF�WR�D�WXPRU�UHJLRQ�RU�WR�3%0&V� )� 80$3V�RI�RQO\�LPPXQH�FHOOV�IURP
WKH���VSHFLPHQV�DUH�FRORUHG�E\�FHOO�W\SH��OHIW���VDPSOH�VRXUFH��PLGGOH���DQG�WKH�9$)�RI
����*!$�SHU�FHOO��ULJKW���2I�QRWH��YDULDQW�����*!$�ZDV�IRXQG�LQ�P\HORLG�FHOOV�ZLWKLQ�3%0&V
DQG�DOVR�P\HORLG�FHOOV�LQ�WKH�WXPRU��7KLV�VXJJHVWV�WKDW�WKHVH�WXPRU�DVVRFLDWHG�P\HORLG�FHOOV
ZHUH�GHULYHG�IURP�FLUFXODWLQJ�PRQRF\WHV�


