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RFFOXGHG�ZLWKLQ�2%V�ZHUH�FRQVLVWHQWO\�UHGXFHG�LQ�WZR�JHQRW\SH�PL[WXUHV�LQYROYLQJ�HTXDO�SURSRUWLRQV�RI�6I&2/�$�DQG
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SURGXFWLRQ�RI�WKH�6I&2/�ZW�SRSXODWLRQ��ZKLFK�LV�VWUXFWXUHG�WR�PD[LPL]H�WKH�SURGXFWLRQ�RI�2%V�LQ�HDFK�LQIHFWHG�KRVW�
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(GLWRU��<L�/L��:XKDQ�%LRHQJLQHHULQJ�,QVWLWXWH��&KLQD

5HFHLYHG�0D\����������$FFHSWHG�6HSWHPEHU����������3XEOLVKHG�2FWREHU��������
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)XQGLQJ��7KLV�VWXG\�UHFHLYHG�ILQDQFLDO�VXSSRUW�IURP�&6,&±&2/&,(1&,$6�&RRSHUDWLRQ�SURMHFW�����&2�����DQG�WKH�&RORPELDQ�0LQLVWU\�RI�$JULFXOWXUH
DQG�5XUDO�'HYHORSPHQW��3URMHFW����;���������������7KH�IXQGHUV�KDG�QR�UROH�LQ�VWXG\�GHVLJQ��GDWD�FROOHFWLRQ�DQG�DQDO\VLV��GHFLVLRQ�WR�SXEOLVK��RU
SUHSDUDWLRQ�RI�WKH�PDQXVFULSW�

&RPSHWLQJ�LQWHUHVWV��7KH�DXWKRUV�KDYH�GHFODUHG�WKDW�QR�FRPSHWLQJ�LQWHUHVWV�H[LVW�

�(�PDLO��RLKDQH�VLPRQ#XQDYDUUD�HV

,QWURGXFWLRQ

9LUXVHV� LQ� WKH� IDPLO\� %DFXORYLULGDH� DUH� FKDUDFWHUL]HG� E\� D
KLJK� LQWUDVSHFLILF� KHWHURJHQHLW\� LQ� LVRODWHV� IURP� GLVWDQW
JHRJUDSKLF� UHJLRQV� �LQWHUSRSXODWLRQ� GLYHUVLW\�� >���@� DQG� DOVR
ZLWKLQ� VLQJOH� LVRODWHV� WKDW� FDQ� H[LVW� DV�PL[WXUHV� RI� JHQRW\SHV
�LQWUDSRSXODWLRQ�GLYHUVLW\�� >���@��*HQRW\SLF�YDULDQWV�FDQ�EH� WKH
UHVXOW� RI� UHFRPELQDWLRQ� GXULQJ� VLPXOWDQHRXV� LQIHFWLRQV� E\
PXOWLSOHV�JHQRW\SHV�RU�FDQ�EH�GXH�WR�JHQHWLF�GULIW�E\�PXWDWLRQ
GXULQJ� UHSOLFDWLRQ� >���@�� 0RUHRYHU�� JHQRPLF� YDULDELOLW\� KDV
LPSRUWDQW� HIIHFWV� RQ� EDFXORYLUXV� ILWQHVV� SDUDPHWHUV� UHODWHG� WR
WKH�SDWKRJHQLFLW\��VSHHG�RI�NLOO�DQG�SURGXFWLRQ�RI�YLUDO�RFFOXVLRQ
ERGLHV��2%V��>���@�
*HQRW\SLF� YDULDELOLW\� RI� WKH� 6SRGRSWHUD� IUXJLSHUGD� PXOWLSOH

QXFOHRSRO\KHGURYLUXV� �6I0139�� KDV� EHHQ� GHWHUPLQHG� E\
FKDUDFWHUL]DWLRQ�RI� GLIIHUHQW� JHRJUDSKLFDO� LVRODWHV� >������@� DQG

E\� LVRODWLQJ� WKH� JHQRW\SLF� YDULDQWV� SUHVHQW� LQ� SDUWLFXODU� ILHOG
LVRODWHV�XVLQJ� LQ� YLWUR� WHFKQLTXHV� >����@�� ,Q�D�1LFDUDJXDQ� ILHOG
LVRODWH� �6I1,&�� WKH� 2%V� RI� DOO� JHQRW\SLF� YDULDQWV� ZHUH� OHVV
SDWKRJHQLF�� DV� GHWHUPLQHG� E\� FRQFHQWUDWLRQ�PRUWDOLW\�PHWULFV�
WKDQ� WKH� ZLOG� W\SH� 2%V� RU� WKRVH� RI� H[SHULPHQWDO� PL[WXUHV� RI
JHQRW\SHV� >�������@�� ,Q�FRQWUDVW�� LQ�D�FRPPHUFLDO� LVRODWH�RI�6�
H[LJXD� PXOWLSOH� 139� �6H0139��� GHOHWLRQ� JHQRW\SHV� UHGXFHG
WKH�DFWLYLW\� RI� WKH�ZLOG�W\SH�SRSXODWLRQ� >�����@��7KHVH� ILQGLQJV
KDYH� HPSKDVL]HG� WKH� QHHG� WR� HYDOXDWH� LQWHUDFWLRQV� EHWZHHQ
JHQRW\SHV� ZLWKLQ� ZLOG�W\SH� QXFOHRSRO\KHGURYLUXV� SRSXODWLRQV
WKDW� FDQ� EH� KLJKO\� DGYDQWDJHRXV� GXULQJ� WKH� SURFHVV� RI
VHOHFWLQJ� WKH� DFWLYH� PDWHULDO� IRU� WKH� GHYHORSPHQW� RI
EDFXORYLUXV�EDVHG�LQVHFWLFLGHV�
3UHYLRXV�VWXGLHV�RQ�6I0139�DV�D�SRWHQWLDO�ELRORJLFDO�FRQWURO

DJHQW� LQ� &RORPELD� LGHQWLILHG� WKH� 6I&2/� LVRODWH� DV� WKH� PRVW
SDWKRJHQLF� RI� D� WRWDO� RI� ��� &RORPELDQ� ILHOG� LVRODWHV� DQG� WKH

3/26�21(�_�ZZZ�SORVRQH�RUJ � 2FWREHU������_�9ROXPH���_�,VVXH����_�H�����



1LFDUDJXDQ� LVRODWH� 6I1,&� SUHYLRXVO\� FKDUDFWHUL]HG� >��@�� 7KH
REMHFWLYHV�RI�WKH�SUHVHQW�VWXG\�ZHUH�WR�GHWHUPLQH�WKH�JHQRW\SLF
GLYHUVLW\� SUHVHQW� LQ� WKH� 6I&2/� LVRODWH� DQG� HYDOXDWH� WKH
FRQWULEXWLRQ� RI� WKH� JHQRW\SLF� YDULDQWV� WR� WKH� LQVHFWLFLGDO
SURSHUWLHV� RI� WKH� QDWXUDO� LVRODWH� E\� H[DPLQLQJ� NH\� SKHQRW\SLF
WUDLWV��VXFK�DV�SDWKRJHQLFLW\��YLUXOHQFH�DQG�2%�SURGXFWLYLW\��RI
VLQJOH� JHQRW\SHV� DORQH� DQG� LQ� PL[WXUHV� ZLWK� WKH� GRPLQDQW
JHQRW\SH�

0DWHULDOV�DQG�0HWKRGV

,QVHFWV�VRXUFH�DQG�UHDULQJ
/DUYDH� RI� 6�� IUXJLSHUGD� ZHUH� REWDLQHG� IURP� D� ODERUDWRU\

FRORQ\� HVWDEOLVKHG� LQ� WKH�%LRORJLFDO� &RQWURO� /DERUDWRU\� RI� WKH
&RORPELDQ� &RUSRUDWLRQ� RI� $JULFXOWXUDO� 5HVHDUFK� �&RUSRLFD�
XVLQJ� ODUYDH� FROOHFWHG� IURP�H[SHULPHQWDO�PDL]H� FURSV� ORFDWHG
LQ� &RUSRLFD� 5HVHDUFK� &HQWHU� �/D� /LEHUWDG�� �9LOODYLFHQFLR�
&RORPELD��� 6SHFLILF� SHUPLVVLRQ� UHTXLUHPHQWV� ZHUH� QRW
QHFHVVDU\�WR�FROOHFW�ODUYDH�DV�WKLV�ORFDWLRQ�LV�QRW�LQ�D�SURWHFWHG
DUHD�DQG�6�� IUXJLSHUGD� LV�QRW�D�SURWHFWHG�VSHFLHV��7KLV� LQVHFW
FRORQ\� ZDV� SHULRGLFDOO\� UHIUHVKHG� ZLWK� ILHOG�FROOHFWHG� LQVHFWV
DQG�PDLQWDLQHG�DW�������&��������5+��UHODWLYH�KXPLGLW\��DQG
��� K� OLJKW�� �� K� GDUN� SKRWRSHULRG� RQ� D� ZKHDWJHUP�EDVHG
VHPLV\QWKHWLF� GLHW� >��@�� +RZHYHU�� GXULQJ� UHDULQJ� WKLV� FRORQ\
FROODSVHG� DQG� D� VHFRQG� FRORQ\� ZDV� HVWDEOLVKHG� VKRUWO\� DIWHU
WKDW�ZLWK�ODUYDH�FROOHFWHG�IURP�PDL]H�FURSV�DW�WKH�VDPH�VLWH�

9LUXV�LVRODWH�DQG�DPSOLILFDWLRQ
7KH� &RORPELDQ� LVRODWH� 6I&2/� >��@� ZDV� DPSOLILHG� LQ� 6�

IUXJLSHUGD� ODUYDH��2%V� IURP� FDGDYHUV�ZHUH� SXULILHG� >��@�� DQG
UHVXVSHQGHG� LQ� PLOOL�4� ZDWHU�� 2%� FRQFHQWUDWLRQV� ZHUH
GHWHUPLQHG� XVLQJ� DQ� LPSURYHG� 1HXEDXHU� KHPRF\WRPHWHU
�+DZNVOH\�/WG���/DQFLQJ��8.��XQGHU�SKDVH�FRQWUDVW�PLFURVFRS\
DW�[�����3XULILHG�2%V�ZHUH�VWRUHG�DW����&�

,Q�YLWUR�YLUXV�FORQLQJ
)RU� WKH� LVRODWLRQ� RI� LQGLYLGXDO� JHQRW\SHV�� 6I&2/� LQIHFWHG

ODUYDH� ZHUH� VXUIDFH� GHFRQWDPLQDWHG� ZLWK� ���� HWKDQRO�
+HPRO\PSK� ZDV� WDNHQ� E\� EOHHGLQJ� DW� ��� K� SRVW� LQIHFWLRQ
�K�S�L��� DQG�GLOXWHG� LQ� VWHULOH� SKRVSKDWH�EXIIHUHG� VDOLQH� �3%6��
6I�� FHOOV� ZHUH� SUHSDUHG� DW� �� [� ���� FHOOV�ZHOO� LQ� ��ZHOO� WLVVXH
FXOWXUH� SODWHV� DQG� LQFXEDWHG� DW� ��� �&� IRU� �� K�� ZLWK� 7&���
PHGLXP�VXSSOHPHQWHG�ZLWK����SHQLFLOOLQ�VWUHSWRP\FLQ��*LEFR��
7KH� PHGLXP� ZDV� WKHQ� UHPRYHG� DQG� ���� PO� RI� VHULDO� ���IROG
GLOXWLRQV��IURP������WR�������RI�KHPRO\PSK�ZHUH�LQRFXODWHG�RQWR
FHOOV��$IWHU���K��WKH�LQRFXOXP�ZDV�UHPRYHG�DQG���PO�RI�7&���
PHGLXP�VXSSOHPHQWHG�ZLWK����IHWDO�FDOI�VHUXP��)6&��*LEFR��
��� �Z�Y�� 6HD3ODTXH� DJDURVH� DQG� DQWLELRWLFV� ZHUH� DGGHG� WR
HDFK� ZHOO�� $JDURVH� ZDV� RYHUODLG� ZLWK� �� PO� 7&���� PHGLXP
VXSSOHPHQWHG�ZLWK�DQWLELRWLFV��7KH�RYHUODLG�OLTXLG�ZDV�UHSODFHG
HYHU\� GD\�� $IWHU� ��� GD\V�� ���� ZHOO� LVRODWHG� SODTXHV� ZHUH
SLFNHG� LQGLYLGXDOO\� XVLQJ� D� VWHULOH� 3DVWHXU� SLSHWWH� DQG
WUDQVIHUUHG�WR�D�YLDO�FRQWDLQLQJ�����PO�RI�3%6��9ROXPHV�RI���ȝO
RI� WKLV� VXVSHQVLRQ� ZHUH� LQMHFWHG� LQWR� 6�� IUXJLSHUGD� IRXUWK
LQVWDUV�IRU�YLUDO�DPSOLILFDWLRQ��9LULRQV�ZHUH�LQMHFWHG�LQWR�ODUYDH�LQ
RUGHU� WR� DYRLG� WKH� SRWHQWLDO� ORVV� RI� JHQRW\SHV� WKDW� ZHUH

GHIHFWLYH�LQ�JHQHV�QHFHVVDU\�IRU�RUDO�LQIHFWLYLW\��VXFK�DV�WKH�SHU
RV�LQIHFWLRQ�IDFWRUV��SLIV��

3XULILFDWLRQ�RI�2%V��'1$�H[WUDFWLRQ�DQG�UHVWULFWLRQ
HQGRQXFOHDVH�DQDO\VLV
2%V�ZHUH�SXULILHG�IURP�GHDG�GLVHDVHG�ODUYDH�E\�WLWUDWLRQ�DQG

FHQWULIXJDWLRQ� >��@�DQG�TXDQWLILHG�E\�FRXQWLQJ� WKUHH� WLPHV� LQ�D
1HXEDXHU� KHPRF\WRPHWHU�� )RU� '1$� H[WUDFWLRQ�� YLULRQV� ZHUH
UHOHDVHG�IURP�2%V�E\�PL[LQJ�����ȝO�RI�SXULILHG�2%�VXVSHQVLRQ
DW���[�����2%V�PO�ZLWK�����ȝO�RI�����0�1D�&2������ȝO�RI����
VRGLXP�GRGHF\O�VXOSKDWH��6'6��LQ�D�ILQDO�YROXPH�RI�����ȝO�DQG
LQFXEDWLQJ�IRU����PLQ�DW�����&��8QGLVVROYHG�2%V�ZHUH�UHPRYHG
E\� ORZ�VSHHG� FHQWULIXJDWLRQ� ������� î� J�� �� PLQ��� 6XSHUQDWDQW
FRQWDLQLQJ�WKH�YLULRQV�ZDV�WUHDWHG�ZLWK����ȝO�RI�SURWHLQDVH�.����
PJ�PO�� IRU� ��� PLQ� DW� ��� �&�� 9LUDO� '1$� ZDV� H[WUDFWHG� XVLQJ
VDWXUDWHG� SKHQRO�FKORURIRUP� IROORZHG� E\� DOFRKRO� SUHFLSLWDWLRQ�
7KH�UHVXOWLQJ�SHOOHW�ZDV�UHVXVSHQGHG�LQ����WR�����ȝO�RI����î7(
�7ULV�('7$�� IRU� ��� PLQ� DW� ��� �&�� '1$� FRQFHQWUDWLRQ� ZDV
HVWLPDWHG�XVLQJ�D�89�VSHFWURSKRWRPHWHU�DW�����QP��1'������
7KHUPR�6FLHQWLILF��
)RU� UHVWULFWLRQ� HQGRQXFOHDVH� DQDO\VLV�� VDPSOHV� ZHUH

FRPSDUHG�ZLWK� WKH�6I&2/�ZW�SURILOH� >��@��$�VDPSOH�RI���ȝJ�RI
YLUDO� '1$� ZDV� PL[HG� ZLWK� ��� 8� RI� RQH� RI� WKH� IROORZLQJ
UHVWULFWLRQ� HQ]\PHV�� 3VW,�� %DP+,� RU� +LQG,,,� �7DNDUD��� DQG
LQFXEDWHG� IRU� �� WR� ��� K� DW� ���&�� 5HDFWLRQV� ZHUH� VWRSSHG� E\
PL[LQJ� ZLWK� �� ȝO� RI� ORDGLQJ� EXIIHU� VROXWLRQ� ������� Z�Y
EURPRSKHQRO� EOXH�� ���� Z�Y� VXFURVH��� (OHFWURSKRUHVLV� ZDV
SHUIRUPHG� XVLQJ� KRUL]RQWDO� ��� DJDURVH� JHOV� LQ� 7$(� EXIIHU
������0�7ULV�DFHWDWH��������0�('7$��S+������DW����9�IRU����WR
���K��'1$�IUDJPHQWV�ZHUH�VWDLQHG�ZLWK�HWKLGLXP�EURPLGH�DQG
YLVXDOL]HG� RQ� D� 89� WUDQVLOOXPLQDWRU� �&KHPL�'RF�� %LR5DG�
&DOLIRUQLD�� 86$��� *HQRW\SHV� WKDW� GLIIHUHG� LQ� RQH� RU� PRUH
UHVWULFWLRQ� SURILOHV� ZHUH� HDFK� DVVLJQHG� D� OHWWHU� IURP� WKH
DOSKDEHW��6I&2/�$���%��HWF���

&RQVWUXFWLRQ�RI�SK\VLFDO�PDSV
3K\VLFDO�PDSV�RI�WKH�SXULILHG�JHQRW\SHV�ZHUH�FRQVWUXFWHG�E\

FRPSDULVRQ� ZLWK� WKH� SK\VLFDO� PDSV� RI� 6I&2/� >��@�� )RU� WKLV�
UHVWULFWLRQ� IUDJPHQWV� REWDLQHG� DIWHU� WUHDWPHQW� ZLWK� GLIIHUHQW
HQ]\PHV� ZHUH� FRPSDUHG� ZLWK� WKRVH� RI� 6I&2/�� DQG� FR�
PLJUDWLQJ� DV� ZHOO� DV� JHQRW\SH�VSHFLILF� IUDJPHQWV� ZHUH
LGHQWLILHG�� %DVHG� RQ� WKLV�� SUHOLPLQDU\� SK\VLFDO� PDSV� ZHUH
FRQVWUXFWHG�� 7ZR� GLIIHUHQWLDO� 6I&2/� JHQRW\SH�VSHFLILF� 3VW,
IUDJPHQWV� WKDW� ZHUH� IRXQG� WR� EH� FKDUDFWHULVWLF� RI� WKH� 3VW,
SURILOHV�RI�6I&2/�&�DQG��'�JHQRW\SHV��QDPHO\�3VW,�(
�IUDJPHQW
�����.E��DQG�3VW,�&
�IUDJPHQW������.E���UHVSHFWLYHO\��ZHUH�HDFK
FORQHG�LQWR�S8&���SODVPLG��7KH�OLJDWLRQ�UHDFWLRQ�ZDV�SUHSDUHG
E\�PL[LQJ����O�����QJ��O��RI�SXULILHG�YHFWRU�S8&�������O�RI���[
OLJDVH� EXIIHU�� �� �O� ��8��O�� RI� OLJDVH� HQ]\PH� DQG� ��� �O� RI� WKH
FRUUHVSRQGLQJ�3VW,� IUDJPHQW� REWDLQHG� IURP� H[FLVHG� SLHFHV� RI
DJDURVH�� LQFXEDWHG� DW� ��� �&�RYHUQLJKW� DQG� XVHG� WR� WUDQVIRUP
(VFKHULFKLD�FROL� FHOOV� �,QYLWURJHQ�(OHFWUR0$;�'+��%�7����7KH
FHOOV� ZHUH� SODWHG� RQ� /%�DPSLFLOOLQ� ����� PJ�PO�� SODWHV
FRQWDLQLQJ�,37*������P0��DQG�;�JDO������J�PO���:KLWH�FRORQLHV
WKDW� LQFOXGHG� WKH� '1$� IUDJPHQW� ZHUH� DPSOLILHG� LQ� OLTXLG� /%
FRQWDLQLQJ�DPSLFLOOLQ������PJ�PO��DW�����&�RYHUQLJKW��'1$�ZDV
WKHQ� H[WUDFWHG� E\� DONDOLQH� O\VLV�� GLJHVWHG� ZLWK� WKH� UHOHYDQW

6I0139�&2/�LV�VWUXFWXUHG�WR�PD[LPL]H�2%�SURGXFWLRQ
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HQGRQXFOHDVH� DQG� VHSDUDWHG� RQ� ��� DJDURVH� DQG� FRPSDUHG
ZLWK�WRWDO�'1$�GLJHVWHG�IURP�WKH�6I&2/�LVRODWH�
7KH� FORQHG� IUDJPHQWV� ZHUH� VHTXHQFHG� E\� SULPHU� ZDONLQJ

XVLQJ� XQLYHUVDO� 0��� DQG� 0��� UHYHUVH� SULPHUV� �6LVWHPDV
*HQyPLFRV�� 3DWHUQD�� 9DOHQFLD�� 6SDLQ��� 6HTXHQFH� LQIRUPDWLRQ
ZDV�DQDO\]HG�IRU�WKH�SUHVHQFH�RI�RSHQ�UHDGLQJ�IUDPHV��25)V�
XVLQJ� 2SHQ� 5HDGLQJ� )UDPH� )LQGHU� �1&%,��� +RPRORJ\
VHDUFKHV� ZHUH� SHUIRUPHG� DW� WKH� QXFOHRWLGH� DQG� DPLQR� DFLG
OHYHOV�XVLQJ�DOO� SXWDWLYH�25)V��'1$�DQG�SURWHLQ� FRPSDULVRQV
ZLWK�HQWULHV�LQ�WKH�XSGDWHG�*HQ%DQN�(0%/��6:,66�3527�DQG
3,5� GDWDEDVHV� ZHUH� SHUIRUPHG� XVLQJ� %/$67� �1&%,��
$GGLWLRQDOO\��WR�FRQILUP�WKH�GHOHWHG�25)V�LQ�6I&2/�JHQRW\SHV�
VRPH� 25)� UHJLRQV� ZHUH� DPSOLILHG� E\� 3&5� XVLQJ� VSHFLILF
SULPHUV�IRU�GLIIHUHQW�25)V�EDVHG�RQ�VHTXHQFH�IURP�6I&2/�>��@
DQG�6I0139�%�JHQRPHV�>��@��7DEOH�6����7KHVH�DPSOLILFDWLRQV
ZHUH�FRPSDUHG�ZLWK�WKRVH�REWDLQHG�IURP�6I&2/�ZW��WR�FRQILUP
WKH�GHOHWLRQV�ZLWKLQ�WKHVH�UHJLRQV�

5HODWLYH�SURSRUWLRQ�RI�FRPSOHWH�6I&2/�$�JHQRW\SH�LQ
WKH�ZLOG�W\SH�SRSXODWLRQ
2QFH� WKH� SK\VLFDO� PDSV� ZHUH� FRQVWUXFWHG� DQG� WKH� JHQH

FRQWHQW� RI� HDFK� JHQRW\SH� KDG� EHHQ� GHWHUPLQHG�� VSHFLILF
SULPHUV� ZHUH� GHVLJQHG� LQ� D� UHJLRQ� FRPPRQ� WR� DOO� JHQRW\SHV
DQG� LQ�D�VSHFLILF� UHJLRQ�RI� WKH�FRPSOHWH�6I&2/�$�JHQRW\SH� LQ
RUGHU� WR� HVWLPDWH� WKH� UHODWLYH� SURSRUWLRQ� RI� WKH� FRPSOHWH
JHQRW\SH�LQ�WKH�ZLOG�W\SH�SRSXODWLRQ�E\�T3&5��$�VHW�RI�VSHFLILF
SULPHUV�ZHUH� GHVLJQHG� WKDW� DPSOLILHG� LQ� WKH�'1$�SRO\PHUDVH
JHQH��FRPPRQ� WR�DOO�JHQRW\SHV��DQG� LQ� WKH�HJW�JHQH��SUHVHQW
RQO\� LQ�6I&2/�$� �7DEOH�6��� XVLQJ� VHTXHQFH� LQIRUPDWLRQ� IURP
WKH� 6I0139�%� JHQRPH� >��@�� 1RQ�WHPSODWH� FRQWUROV� ZHUH
DQDO\]HG�IRU�HDFK�VHW�RI�SULPHUV�GHVLJQHG�LQ�RUGHU�WR�YHULI\�WKH
DEVHQFH�RI�QRQ�VSHFLILF�EDFNJURXQG�VLJQDO�
6I&2/�ZLOG�W\SH�'1$�ZDV�H[WUDFWHG�IURP�2%V�DV�SUHYLRXVO\

GHVFULEHG�� )LYH� GLIIHUHQW� '1$� H[WUDFWLRQV� ZHUH� SHUIRUPHG� LQ
HDFK� RI� WKUHH� UHSOLFDWHV�� $OO� '1$� PHDVXUHV� ZHUH� SHUIRUPHG
WZLFH��7KH� IUHTXHQF\�RI�6I&2/�$�ZDV�REWDLQHG�E\�FDOFXODWLQJ
WKH� DYHUDJH� RI� WKH� ILIWHHQ� VDPSOHV� �PHDQ� �� VWDQGDUG� HUURU��
'1$� FRQFHQWUDWLRQ� ZDV� TXDQWLILHG� E\� VSHFWURSKRWRPHWU\� DQG
E\� DJDURVH� JHO� HOHFWURSKRUHVLV�� DQG� GLOXWHG� WR� ����� QJ�ȝO�� $OO
UHDFWLRQV�ZHUH� SHUIRUPHG� XVLQJ�6<%5�*UHHQ� IOXRUHVFHQFH� LQ
DQ�$%,�35,60�����+7�6HTXHQFH�'HWHFWLRQ�6\VWHP� �$SSOLHG
%LRV\VWHPV��� 7KH� UHDFWLRQ� PL[WXUH� ���� �O�� FRQWDLQHG� �� �/
6<%5�3UHPL[�([�7DT���[��������O�RI�52;�5HIHUHQFH�'\H����[��
�����O�RI�HDFK�6I0139�SULPHU�����SPRO��O���7DEOH�6���DQG����O
RI� '1$� WHPSODWH�� T3&5� ZDV� SHUIRUPHG� XQGHU� WKH� IROORZLQJ
FRQGLWLRQV������&�IRU����V��IROORZHG�E\����HORQJDWLRQ�F\FOHV�RI
����&�IRU���V�DQG�����&�IRU����V�DQG�ILQDOO\�D�GLVVRFLDWLRQ�VWDJH
RI� ��� �&� IRU� ��� V�� ��� �&� IRU� ��� V� DQG� ��� �&� IRU� ��� V�� 'DWD
DFTXLVLWLRQ� DQG� DQDO\VLV�ZHUH� KDQGOHG� E\�6HTXHQFH�'HWHFWRU
9HUVLRQ��������VRIWZDUH��$SSOLHG�%LRV\VWHPV���.QRZQ�GLOXWLRQV
RI�6I&2/�$�&V&O�SXULILHG�'1$��������������QJ��O��ZHUH�XVHG�DV
LQWHUQDO� VWDQGDUGV� IRU� HDFK� T3&5� UHDFWLRQ�� 0HOWLQJ�FXUYH
DQDO\VLV�ZDV�SHUIRUPHG�WR�FRQILUP�VSHFLILF�UHSOLFRQ�IRUPDWLRQ�LQ
T3&5�

3URGXFWLRQ�RI�2%�PL[WXUHV�DQG�FR�RFFOXGHG�PL[WXUHV
RI�JHQRW\SHV
([SHULPHQWDO� PL[WXUHV� ZHUH� SURGXFHG� IRU� WKH� FRPELQDWLRQV

RI� JHQRW\SHV� 6I&2/��$���&��� ��$���'�� DQG� ��$���)�� DV
SUHYLRXVO\� GHVFULEHG� >�����@�� %ULHIO\�� WKH� SXULILHG� 2%
VXVSHQVLRQV�RI�HDFK�JHQRW\SH�ZHUH�TXDQWLILHG�E\�FRXQWLQJ�DQG
DGMXVWHG� WR� WKH� VDPH� FRQFHQWUDWLRQ�� 2%V� RI� HDFK� JHQRW\SH
ZHUH� WKHQ� PL[HG� LQ� HTXDO� SURSRUWLRQV� DQG� XVHG� DV� SHURUDO
LQRFXOD�LQ�LQVHFW�ELRDVVD\V�GHVFULEHG�EHORZ�
7R�SURGXFH�FR�RFFOXGHG�JHQRW\SH�PL[WXUHV��6I&2/��$�&����

�$�'��DQG� ��$�)��� WKH�PHWKRGRORJ\�GHVFULEHG�SUHYLRXVO\�ZDV
IROORZHG��DIWHU�PL[LQJ�WKH�2%V�RI�WKH�GLIIHUHQW�JHQRW\SHV��2'9V
ZHUH�UHOHDVHG�E\�DONDOL�GLVUXSWLRQ�ZLWK�D�GLVVRFLDWLRQ�EXIIHU� ��
YRO��2%����YRO��1D�&2�����0����YRO��+�2���8QGLVVROYHG�2%V�DQG
RWKHU� SDUWLFXODWH� PDWHULDOV� ZHUH� SHOOHWHG� E\� ORZ� VSHHG
FHQWULIXJDWLRQ�DW�������[�J����PLQ��2'9�VXVSHQVLRQ�ZDV� WKHQ
LQMHFWHG� ��� �O�ODUYD�� LQWR�6�� IUXJLSHUGD� IRXUWK� LQVWDUV� WKDW�ZHUH
LQGLYLGXDOO\�PDLQWDLQHG� RQ� VHPLV\QWKHWLF� GLHW� XQWLO� GHDWK��2%V
FRQWDLQLQJ� FR�RFFOXGHG� JHQRW\SHV� ZHUH� UHFRYHUHG� IURP� YLUXV
NLOOHG�ODUYDH�DQG�XVHG�WR�SHUIRUP�ELRDVVD\V��&R�RFFOXVLRQ�ZDV
QRW� FKHFNHG�� DV� SUHYLRXV� VWXGLHV� RQ� 6I0139� KDYH
GHPRQVWUDWHG�WKDW�WKLV�PHWKRGRORJ\�FDQ�JHQHUDWH�FR�RFFOXVLRQ
RI�PXOWLSOH�JHQRW\SHV�ZLWKLQ�WKH�VDPH�2%�DQG�FR�HQYHORSPHQW
ZLWKLQ�WKH�VDPH�2'9�>��@�

,QVHFW�ELRDVVD\V
7KH� PHDQ� OHWKDO� FRQFHQWUDWLRQ� �/&����� PHDQ� WLPH� WR� GHDWK

�07'�� DQG� WRWDO� 2%� SURGXFWLRQ� �2%V�ODUYD�� RI� 6I&2/�ZW� DQG
HDFK� RI� WKH� FORQHG� JHQRW\SHV� ZHUH� HVWLPDWHG� E\� SHURUDO
ELRDVVD\�IROORZLQJ�WKH�GURSOHW�IHHGLQJ�WHFKQLTXH�>��@�XVLQJ�WKH
ILUVW� LQVHFW� FRORQ\�� %LRDVVD\V� ZHUH� DOVR� SHUIRUPHG� XVLQJ
H[SHULPHQWDO�PL[WXUHV�RI�2%V��6I&2/��$���&���6I&2/��$���'�
DQG�6I&2/��$���)���DQG�FR�RFFOXGHG�PL[WXUHV��6I&2/��$�&����
�$�'�� DQG� ��$�)��� FRPSULVLQJ� HTXDO� SURSRUWLRQV� RI� HDFK
JHQRW\SH�XVLQJ� WKH�VHFRQG�FRORQ\�HVWDEOLVKHG�RQH�\HDU� ODWHU�
6HFRQG�LQVWDUV�RI�ERWK�6�� IUXJLSHUGD�FRORQLHV�ZHUH�VWDUYHG�IRU
�� WR����K�DW����&�DQG� WKHQ�DOORZHG� WR�GULQN� IURP�DQ�DTXHRXV
VXVSHQVLRQ� FRQWDLQLQJ� ���� �ZW�YRO�� VXFURVH�� ������� �ZW�YRO�
)OXRUHOOD� EOXH�� DQG� 2%V� DW� RQH� RI� WKH� IROORZLQJ� ILYH
FRQFHQWUDWLRQV�� ���[����� ���[����� ���[����� ���[���� DQG
����[����2%V�PO��7KLV�UDQJH�RI�FRQFHQWUDWLRQV�ZDV�SUHYLRXVO\
HVWLPDWHG� WR� UHVXOW� LQ� ��� WR� ��� PRUWDOLW\� >��@�� /DUYDH� WKDW
LQJHVWHG� WKH� VXVSHQVLRQ� ZLWKLQ� ��� PLQ�� ZHUH� WUDQVIHUUHG� WR
LQGLYLGXDO� SODVWLF� FXSV�ZLWK� VHPLV\QWKHWLF� GLHW��%LRDVVD\V�ZLWK
���ODUYDH�SHU�YLUXV�FRQFHQWUDWLRQ�DQG����ODUYDH�DV�FRQWURO�ZHUH
SHUIRUPHG� WKUHH� WLPHV�� /DUYDH� ZHUH� UHDUHG� DW� ��� �&� DQG
PRUWDOLW\�ZDV� UHFRUGHG�HYHU\����K�XQWLO� WKH� LQVHFWV�KDG�HLWKHU
GLHG�RU�SXSDWHG��9LUXV�LQGXFHG�PRUWDOLW\�ZDV�VXEMHFWHG�WR�ORJLW
UHJUHVVLRQ� XVLQJ� WKH� *HQHUDOL]HG� /LQHDU� ,QWHUDFWLYH� 0RGHOLQJ
�*/,0��SURJUDP�>��@�
7LPH� PRUWDOLW\� GDWD� ZHUH� VXEMHFWHG� WR� :HLEXOO� VXUYLYDO

DQDO\VLV�XVLQJ� WKH�*/,0�SURJUDP� >��@�DQG�2%�FRQFHQWUDWLRQV
XVHG�IRU�WLPH�PRUWDOLW\�DVVD\V�ZHUH�WKRVH�WKDW�UHVXOWHG�LQ�a���
ODUYDO� PRUWDOLW\� LQ� WKH� SUHYLRXV� ELRDVVD\V�� )RU� 6I&2/�ZW� DQG
WKH� LQGLYLGXDO� JHQRW\SHV� �6I&2/�$� WR� �-�� WKH� ���� OHWKDO
FRQFHQWUDWLRQV� ZHUH� ���[����� ���[����� ���[����� ���[����
���[����� ���[����� ���[����� ���[����� ���[����� ���[���� DQG
���[���� 2%V�PO�� UHVSHFWLYHO\�� )RU� H[SHULPHQWDO� PL[WXUHV� RI

6I0139�&2/�LV�VWUXFWXUHG�WR�PD[LPL]H�2%�SURGXFWLRQ
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RFFOXVLRQ�ERGLHV� WKH����� OHWKDO� FRQFHQWUDWLRQV�ZHUH����[����
���[����DQG����[����2%V�PO�IRU�6I&2/��$���&���6I&2/��$���'�
DQG� 6I&2/��$���)��� UHVSHFWLYHO\�� )LQDOO\�� IRU� FR�RFFOXGHG
PL[WXUHV� 6I&2/��$�&��� 6I&2/��$�'�� DQG� 6I&2/��$�)�� WKH
���� OHWKDO� FRQFHQWUDWLRQV�ZHUH� ���[����� ���[���� DQG� ���[���
2%V�PO�� UHVSHFWLYHO\�� *URXSV� RI� ��� VHFRQG� LQVWDUV� ZHUH
LQIHFWHG� XVLQJ� WKH� GURSOHW� IHHGLQJ� PHWKRG� >��@� DQG� PRUWDOLW\
ZDV� FKHFNHG� DW� LQWHUYDOV� RI� �� K� XQWLO� GHDWK�� 7KH� DVVD\� ZDV
SHUIRUPHG� RQ� WKUHH� RFFDVLRQV�� *URXSV� RI� ��� FRQWURO� ODUYDH
ZHUH�WUHDWHG�LGHQWLFDOO\�EXW�GLG�QRW�IHHG�RQ�2%�VXVSHQVLRQV�
7KH� SURGXFWLRQ� RI� 2%V� LQ� LQVHFWV� LQIHFWHG� E\� 6I&2/�ZW�

VLQJOH� JHQRW\SHV� DQG� H[SHULPHQWDO� 2%� PL[WXUHV� DQG� FR�
RFFOXGHG�PL[WXUHV�ZHUH�GHWHUPLQHG�LQ�JURXSV�RI����RYHUQLJKW�
VWDUYHG� VHFRQG� LQVWDUV� LQRFXODWHG� ZLWK� WKH� /&��� XVHG� LQ� WKH
VSHHG�RI�NLOO�DVVD\�DQG� UHDUHG�RQ�VHPLV\QWKHWLF�GLHW�DW�����&
XQWLO� GHDWK�� 7KH� ZKROH� DVVD\� ZDV� SHUIRUPHG� RQ� WKUHH
RFFDVLRQV�� $OO� WKH� ODUYDH� WKDW� GLHG� IURP� SRO\KHGURVLV� GLVHDVH
�DW�OHDVW����IRU�HDFK�YLUXV�WUHDWPHQW�SHU�UHSOLFDWH��D�WRWDO�RI�a��
ODUYDH� SHU� YLUXV� WUHDWPHQW�� ZHUH� LQGLYLGXDOO\� FROOHFWHG� DQG
VWRUHG�DW������&��)RU�2%�FRXQWLQJ��HDFK�ODUYD�ZDV�LQGLYLGXDOO\
KRPRJHQL]HG� LQ� ���� �O� RI� GLVWLOOHG� ZDWHU� DQG� FRXQWHG� LQ
WULSOLFDWH� LQ� D� 1HXEDXHU� KHPRF\WRPHWHU�� 7KH� UHVXOWV� ZHUH
DQDO\]HG� E\� .UXVNDO�:DOOLV� DQG�0DQQ�:KLWQH\� QRQSDUDPHWULF
VWDWLVWLFV�XVLQJ�WKH�6366�SURJUDP��6366�YHUVLRQ��������&ULWLFDO
SUREDELOLW\� YDOXHV� ZHUH� VXEMHFWHG� WR� IDOVH� GLVFRYHU\� UDWH
DGMXVWPHQW�IRU�PXOWLSOH�SDLUZLVH�FRPSDULVRQV�>��@�

5HVXOWV

,GHQWLILFDWLRQ�RI�JHQRW\SLF�YDULDQWV
2XW� RI� ���� SODTXH� SLFNV�� MXVW� ��� SODTXH� SLFNV� ZHUH

VXFFHVVIXOO\� DPSOLILHG� DQG� FDXVHG� IDWDO� LQIHFWLRQ� IROORZLQJ
LQMHFWLRQ� LQ� LQVHFW� ODUYDH�� 7HQ� GLIIHUHQW� JHQRW\SHV� �QDPHG
6I&2/�$� WR� �-�� ZHUH� LGHQWLILHG� E\� DQDO\VLV� RI� SODTXHV� XVLQJ
3VW,�� %DP+,� DQG� +LQG,,,� HQGRQXFOHDVHV� �)LJXUH� �$��� 7KH
6I&2/�)�JHQRW\SH�ZDV�WKH�PRVW�IUHTXHQWO\�LVRODWHG�JHQRW\SH�
ZKLFK� ZDV� SUHVHQW� LQ� ��� RI� DPSOLILHG� SODTXHV� �UHSUHVHQWLQJ
����RI�WKH�FORQHV���IROORZHG�E\�6I&2/�+��1 ����������6I&2/�
(� �1 ��� ����� 6I&2/�,� �1 ��� ������ DQG� �*� �1 ��� ������� 7KH
UHPDLQLQJ� JHQRW\SHV� DSSHDUHG� LQ� RQO\� D� VLQJOH� DPSOLILHG
SODTXH�LQ�HDFK�FDVH��)LJXUH��%���$OO�RI�WKHVH�YDULDQWV�FRXOG�EH
GLIIHUHQWLDWHG� XVLQJ� WKH� 3VW,� HQ]\PH� �)LJXUH� �$��� 6I&2/�$
JHQRW\SH�ZLWK� WKH�FRPSOHWH�JHQRPH�VKRZHG�D�3VW,� UHVWULFWLRQ
SURILOH�LQGLVWLQJXLVKDEOH�WR�WKDW�RI�6I&2/�ZW��VXJJHVWLQJ�LWV�KLJK
IUHTXHQF\� LQ� WKH� SRSXODWLRQ�� :KLOH�� DOO� WKH� RWKHUV� JHQRW\SHV
ODFNHG� VSHFLILF� IUDJPHQWV� SUHVHQW� LQ� 6I&2/�$�� 7KH� 3VW,�)
IUDJPHQW�ZDV�DEVHQW�LQ�WKH�6I&2/�'�DQG��)�JHQRW\SHV��ZKLFK
GLIIHUHG� RQO\� LQ� WKH� 3VW,�'� IUDJPHQW� WKDW� ZDV� DEVHQW� LQ� WKH
6I&2/�'�SURILOH��7KH�3VW,�.�IUDJPHQW�ZDV�DEVHQW�LQ�ILYH�RI�QLQH
GHOHWLRQ� YDULDQWV� �6I&2/�&�� �'�� �)�� �+� DQG� �-��� DQG� DOO
JHQRW\SHV� �H[FHSW� 6I&2/�$�� ODFNHG� WKH� 3VW,�0� DQG� 3VW,�1
IUDJPHQWV��7KH�3VW,�-�IUDJPHQW�ZDV�DEVHQW� LQ�6I&2/�(���*���,
DQG��-�YDULDQWV��)LQDOO\��3VW,�2�DQG��/�IUDJPHQWV�ZHUH�DEVHQW�LQ
6I&2/�-�� ,Q� DOO� FDVHV� PLVVLQJ� UHVWULFWLRQ� IUDJPHQWV� ZHUH
DVVRFLDWHG� ZLWK� WKH� SUHVHQFH� RI� DGGLWLRQDO� IUDJPHQWV�� 2QH
IUDJPHQW� RI� ���� .E� ZDV� VKDUHG� E\� WKH� 6I&2/�'� DQG� �)
YDULDQWV�� &KDUDFWHULVWLF� EDQGV� ZHUH� REVHUYHG� IRU� XQLTXH
JHQRW\SHV��EHLQJ�RI�������������������������DQG�����.E�LQ�6I&2/�

,�� �*�� �(�� �%�� �+�DQG��-�� UHVSHFWLYHO\� �)LJXUHV��$�DQG����7DEOH
6���� 1R� VXEPRODU� EDQGV� ZHUH� REVHUYHG� LQ� WKHVH� JHQRW\SHV
DQG� WKH� UHVWULFWLRQ� SURILOHV� UHPDLQHG� LQYDULDQW� IRU� DW� OHDVW� WZR
SDVVDJHV�LQ�LQVHFWV�
*HQRW\SH� UHVWULFWLRQ� IUDJPHQW� VL]HV� ZHUH� HVWLPDWHG� E\

FRPSDULVRQ�ZLWK�6I&2/�ZW� IUDJPHQWV� >��@�DQG� WKH�6I0139�%
FRPSOHWHO\� VHTXHQFHG� JHQRPH� >��@�� 7KH� 6I&2/�$� JHQRPH
ZDV� HVWLPDWHG� WR� EH� ������ NE� LQ� OHQJWK�� ZKLOH� WKH� UHPDLQLQJ
YDULDQWV� ZHUH� HVWLPDWHG� EHWZHHQ� ������ .E� DQG� ������ .E
�7DEOH�6���

0DSSLQJ�RI�JHQRW\SLF�YDULDQWV
7KH�SK\VLFDO�PDSV�RI�WKH�JHQRW\SHV�ZHUH�FRQVWUXFWHG�EDVHG

RQ� WKH� SK\VLFDO�PDSV� RI� 6I&2/�ZW� >��@� �)LJXUH� ����*HQRW\SLF
YDULDELOLW\�ZDV�PDLQO\�ORFDWHG�LQ�D�VLQJOH�UHJLRQ�RI�WKH�6I0139�
%�JHQRPH��EHWZHHQ�QW��������DQG��������>��@�� LQYROYLQJ�3VW,�
)�� �.�� �0�� �1� DQG� �-� IUDJPHQWV� ZKLFK� LQFOXGHG� ��� FRPSOHWH
25)V� DQG� WZR� SDUWLDO� 25)V� �VI��� WR� VI����� ,Q� WKLV� UHJLRQ�
6I&2/�-� KDG� WKH� ODUJHVW� GHOHWLRQ� RI� �����.E�ZKHQ� FRPSDUHG
ZLWK�6I&2/�$��IROORZHG�E\�6I&2/�'���+���)���(���,�DQG��*�ZLWK
GHOHWLRQV� RI� ������ ����� ����� ����� ���� DQG� ���� .E�� UHVSHFWLYHO\�
7KH�VPDOOHVW�GHOHWLRQ�LQ�WKLV�UHJLRQ�RI�����.E�ZDV�REVHUYHG�LQ
6I&2/�%�DQG��&�JHQRW\SHV��$GGLWLRQDOO\�D�3VW,�UHFRJQLWLRQ�VLWH
ZDV�DEVHQW�LQ�WKH�6I&2/�'�YDULDQW�JHQRPH�DW�QW��������LQ�WKH
6I0139�%�JHQRPH��ZKLFK�LQGLFDWHV�DQ�LQGHO�RU�PXWDWLRQ�SRLQW
DW� WKLV� VLWH�� )LQDOO\�� 6I&2/�-� KDG� D� GHOHWLRQ� LQ� WKH� UHJLRQ
EHWZHHQ�QW���������DQG���������RI�WKH�6I0139�%�JHQRPH�
7KH� YDULDEOH� 25)V� ZLWKLQ� 6I&2/�&�� �'� DQG� �)� JHQRW\SHV

ZHUH�FRQILUPHG�E\�VHTXHQFLQJ�RI�3VW,�&
�DQG�3VW,�(
�IUDJPHQWV�
ZKHUHDV�WKRVH�IRXQG�LQ�6I&2/�%���(���*���+���,�DQG��-�JHQRPHV
ZHUH� GHWHUPLQHG� E\� 3&5� DPSOLILFDWLRQ� XVLQJ� VSHFLILF� SULPHUV
WKDW� DPSOLILHG� EHWZHHQ� 25)V� VI��� DQG� VI��� �7DEOH� 6���� 7KH
YDULDEOH� UHJLRQ� ������ .E�� DPRQJ� JHQRW\SHV� ZDV� DVVHPEOHG
DQG� WKH� YDULDEOH� 25)V� ZHUH� REVHUYHG� EHWZHHQ� VI��
�FDWKHSVLQ�� DQG� VI���� $Q� H[WHQGHG� UHJLRQ� RI� YDULDELOLW\� ZDV
SUHVHQW� LQ�6I&2/�-��ZKLFK� SRVVLEO\� LQFOXGHG�D� GHOHWLRQ�ZLWKLQ
VI����FRUUHVSRQGLQJ�WR�WKH�DULI���JHQH��)LJXUH�����7KH�ILUVW�25)
DIIHFWHG� �OHIW� HQG�� ZDV� FDWKHSVLQ� �VI����� ZKLFK� SUHVHQWHG� D
SDUWLDO� GHOHWLRQ� RI� a���� RI� WKH� JHQH� LQ� WKH� 6I&2/�'� DQG� �)
JHQRW\SHV��$�UHJLRQ�LQFOXGLQJ�OHI����FKLWLQDVH��25)���VLPLODU�WR
VSOW����DQG�25)���VLPLODU�WR�VSOW����ZDV�DEVHQW�LQ�WKH�6I&2/�
'�� �)�� �+�DQG� �-�JHQRW\SHV��$OO�GHOHWLRQ�YDULDQWV� ODFNHG�JS���
SWS���� HJW� DQG� VI���� H[FHSW� WKH� 6I&2/�*� JHQRW\SH� WKDW
SUHVHQWHG�JS��� DQG�SWS���� 7KH� VI��� 25)� �QW� ��������������
DSSHDUHG� WR� EH� SUHVHQW� LQ� 6I&2/�$� EHFDXVH� VI���VI��� �QW
���������������DQG�VI��� �QW� ���������������SULPHUV�DPSOLILHG
LQ� WKLV� JHQRW\SH�� ,Q� DGGLWLRQ�� VHTXHQFLQJ� RI� WKH� VSHFLILF
IUDJPHQWV�RI�6I&2/�&���'�DQG��)�JHQRW\SHV�UHYHDOHG�WKDW�WKH
VI��� 25)� ZDV� SUHVHQW� LQ� WKH� 6I&2/�&� YDULDQWV�� EXW� ZDV
SDUWLDOO\�GHOHWHG� LQ�6I&2/�'�DQG��)�JHQRW\SHV�� ,Q�WKH� ODVW� WZR
JHQRW\SHV��DQ�DPSOLILFDWLRQ�RI�WKH�H[SHFWHG�VL]H�ZDV�REWDLQHG
ZLWK� VI��� SULPHUV�� KRZHYHU� WKHVH� SULPHUV� DPSOLILHG� ���� QW
GRZQVWUHDP�IURP�WKH�VWDUW�FRGRQ�>��@��)LQDOO\�� LQ�6I&2/�%�WKH
DPSOLILFDWLRQ� REWDLQHG� ZLWK� VI��� SULPHUV� DQG� WKH� VL]H� RI� WKH
VSHFLILF� IUDJPHQW� ����� .E��� VXJJHVWHG� WKH� SUHVHQFH� RI� WKLV
25)�� ,Q� FRQWUDVW�� WKH� ODFN�RI�DPSOLILFDWLRQ�RI� WKH�VI���25)� LQ
6I&2/�(�� �*� DQG� �-� YDULDQWV� VXJJHVWHG� WKH� DEVHQFH� RI� WKLV
25)��6I&2/�'�JHQRW\SH�'1$�ZDV�XVHG�WR�DPSOLI\�WKH�HQGV�RI
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)LJXUH� ��� �5HVWULFWLRQ� SURILOHV� DQG� IUHTXHQF\� RI� 6I&2/� JHQRW\SLF� YDULDQWV�� � $�� 5(1� DQDO\VLV� RI� 6I&2/�ZW� DQG� JHQRW\SLF
YDULDQWV�'1$V�GLJHVWHG�ZLWK�3VW,� IROORZLQJ�HOHFWURSKRUHVLV� LQ����DJDURVH�JHO��$OO�'1$�IUDJPHQWV�RI�6I&2/�ZW�DQG�6I&2/�$�DUH
PDUNHG� ZLWK� D� OHWWHU� FRUUHVSRQGLQJ� WR� WKHLU� VL]HV�� 7KH� FURVV� PDUNV� WKH� SRO\PRUSKLF� IUDJPHQWV� RI� HDFK� YDULDQW�� 7KH� ILUVW� ODQH
LQGLFDWHV�WKH�PROHFXODU�ZHLJKW��0:����.E�'1$�PDUNHU��6WUDWDJHQH���%��1XPEHU�RI�FORQHV�REWDLQHG�IRU�HDFK�RI�WKH�JHQRW\SHV��WRWDO
QXPEHU�RI�FORQHV�����
GRL����������MRXUQDO�SRQH���������J���
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WKH�25)V�LQFOXGHG�LQ�WKH�3VW,�'�IUDJPHQW��VI���WR�VI����>��@��$OO
25)V�ZHUH�DPSOLILHG�ZLWK� LGHQWLFDO�VL]HG�SURGXFWV� WR� WKRVH�RI
6I&2/�ZW�� LQGLFDWLQJ� WKH�SUHVHQFH�RI� WKHVH�25)V� LQ�6I&2/�'
�7DEOH�6����+RZHYHU��QR�3VW,� UHFRJQLWLRQ�VLWH�ZDV�GHWHFWHG�DW
QW��������ZLWKLQ�WKH�VI���JHQH��DV�WKH�IUDJPHQW�DPSOLILHG�ZLWK
VI��� IRUZDUG� DQG� VI��� UHYHUVH� SULPHUV� RI� ������ ES� GLG� QRW

GLJHVW�ZLWK� WKLV�HQ]\PH��SUREDEO\�GXH� WR�D�SRLQW�PXWDWLRQ��DV
WKH�DPSOLILHG�3&5�SURGXFWV�ZHUH�LGHQWLFDO�WR�6I&2/�ZW�

)LJXUH�����3K\VLFDO�PDSV�RI�WKH�YDULDEOH�UHJLRQV�RI�6I&2/�JHQRW\SLF�YDULDQWV���6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�JHQH�RUGHU�RI
6I&2/�JHQRW\SLF�YDULDEOH�UHJLRQ��LQFOXGLQJ�3VW,�)���.���0���1��DQG��-�IUDJPHQWV��7KH�DUURZV�UHSUHVHQW�WKH�25)V�DQG�SRLQW�WR�WKHLU
GLUHFWLRQV�RI�WUDQVFULSWLRQ��*HQH�QDPH�DQG�KRPRORJRXV�25)V�LQ�6I0139�JHQRPH�DUH�LQGLFDWHG�EHORZ�WKH�6I&2/�ZW�JHQRPH�
GRL����������MRXUQDO�SRQH���������J���
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5HODWLYH�SURSRUWLRQ�RI�6I&2/�$�JHQRW\SH�LQ�WKH�ZLOG�
W\SH�SRSXODWLRQ
6HTXHQFH�DQDO\VLV�UHYHDOHG�WKDW�WKH�HJW�JHQH�DQG�VI���25)

ZHUH� WKH�RQO\� WZR�JHQHV�DEVHQW� LQ�DOO� GHOHWHG�JHQRW\SHV�DQG
ZHUH�RQO\�SUHVHQW� LQ� WKH�FRPSOHWH�6I&2/�$�JHQRW\SH� �)LJXUH
����ZKLFK�SHUPLWWHG�WKH�XVH�RI�ERWK�JHQHV�DV�T3&5�PDUNHUV�IRU
WKLV� JHQRW\SH�� DOWKRXJK� WKH� HJW� JHQH� ZDV� VHOHFWHG� IRU� WKLV
SXUSRVH�� T3&5�DQDO\VLV� UHYHDOHG� WKDW� WKH�6I&2/�$�JHQRW\SH
DFFRXQWHG� IRU� ������������ �PHDQ���6(�� RI� WKH�JHQRW\SHV� LQ
WKH�ZLOG�W\SH�SRSXODWLRQ�

%LRORJLFDO�DFWLYLW\�RI�JHQRW\SLF�YDULDQWV
7KH�ELRORJLFDO�DFWLYLWLHV�RI�WKH�6I&2/�JHQRW\SLF�YDULDQWV�2%V

ZHUH� FRPSDUHG� ZLWK� WKDW� RI� 6I&2/�ZW� 2%V�� 7KH� 2%V� RI� DOO
JHQRW\SHV�ZHUH� RUDOO\� LQIHFWLYH�� KRZHYHU� 6I&2/�$�2%V�ZHUH
DSSUR[LPDWHO\� ����IROG�PRUH� SRWHQW� �LQ� WHUPV� RI� FRQFHQWUDWLRQ
PRUWDOLW\�PHWULFV��WKDQ�6I&2/�ZW�2%V��,Q�FRQWUDVW��WKH�SRWHQF\
RI�2%V�RI�6I&2/�%�� �&�� �(�� �*�RU� �,� GLG�QRW�GLIIHU� VLJQLILFDQWO\
IURP�WKDW�RI�6I&2/�ZW��DQG�IRXU�JHQRW\SLF�YDULDQWV��6I&2/�'���
)���+�DQG��-��ZHUH�VLJQLILFDQWO\�OHVV�SDWKRJHQLF�WKDQ�6I&2/�ZW
2%V��7DEOH�����9DULDQWV�6I&2/�'���)���+�DQG�±-�GLG�QRW�OLTXHI\
WKH� LQIHFWHG� ODUYDH�� OLNHO\�GXH� WR�DEVHQFH�RI�FKLWLQDVH� LQ�DOO�RI
WKHP�DQG�RU�FDWKHSVLQ�LQ�6I&2/�'�DQG��)�
0HDQ� WLPH� WR� GHDWK� YDOXHV� ZHUH� HVWLPDWHG� IRU� YLUXV

FRQFHQWUDWLRQV�WKDW�UHVXOWHG� LQ�a����ODUYDO�PRUWDOLW\��6I&2/�)

7DEOH����(VWLPDWHG�����OHWKDO�FRQFHQWUDWLRQ��/&�����UHODWLYH
SRWHQF\� DQG�PHDQ� WLPH� WR� GHDWK� �07'�� YDOXHV� RI� 6I&2/
JHQRW\SLF� YDULDQW� 2%V� LQ� 6SRGRSWHUD� IUXJLSHUGD� VHFRQG
LQVWDUV�

9LUXV
/&��
�2%V�PO� )LGXFLDO�OLPLWV������

5HODWLYH
SRWHQF\3�YDOXH 07'��K�

)LGXFLDO
OLPLWV
�����

� � /RZ +LJK � � � /RZ +LJK
6I&2/�
ZW

����[��� ����[��� ����[��� ��� � ���GH ��� ���

$ ����[��� ����[��� ����[��� ��� ����� ���H ��� ���
% ����[��� ����[��� ����[��� ��� ����� ���EFG ��� ���
& ����[��� ����[��� ����[��� ��� ����� ���EF ��� ���
' ����[��� ����[��� ����[��� ��� ����� ���FG ��� ���
( ����[��� ����[��� ����[��� ��� ����� ���E ��� ���
) ����[��� ����[��� ����[��� ��� ����� ���D ��� ���
* ����[��� ����[��� ����[��� ��� ����� ���FG ��� ���
+ ����[��� ����[��� ����[��� ��� ����� ���D ��� ���
, ����[��� ����[��� ����[��� ��� ����� ���DE ��� ���
- ����[��� ����[��� ����[��� ��� ������ ���DE ��� ���

/RJLW�UHJUHVVLRQV�ZHUH�ILWWHG�XVLQJ�*/,0�SURJUDP��$�WHVW�IRU�QRQ�SDUDOOHOLVP�IRU�DOO
WUHDWPHQWV�ZDV�VLJQLILFDQW��ȋ�� �������G�I�� �����3� ���������7KH�6I&2/�ZW��6I&2/
��%����&����'����)����+��DQG���,�JHQRW\SHV�SUHVHQWHG�D�FRPPRQ�VORSH���6(��RI������
��������ZKHUHDV�6I&2/�$����(����*�DQG���-�JHQRW\SHV�SUHVHQWHG�D�FRPPRQ�VORSH
��6(��RI����������������5HODWLYH�SRWHQFLHV�RI�WKH�JHQRW\SHV�ZHUH�FDOFXODWHG�DV�WKH
UDWLR� RI� /&��� YDOXHV� UHODWLYH� WR� WKDW� RI� WKH� ZLOG�W\SH� LVRODWH�� 07'� YDOXHV� ZHUH
HVWLPDWHG� E\� :HLEXOO� DQDO\VLV�� YDOXHV� ODEHOHG� ZLWK� GLIIHUHQW� OHWWHUV� GLIIHUHG
VLJQLILFDQWO\��W�WHVW��3�������
GRL����������MRXUQDO�SRQH���������W���

DQG� �+�ZHUH� WKH� IDVWHVW�NLOOLQJ�JHQRW\SLF� YDULDQWV�� IROORZHG�E\
6I&2/�-�� �,�� DQG� �(�� WKDW�ZHUH� VLJQLILFDQWO\�PRUH� YLUXOHQW� WKDQ
6I&2/�$�� �'� DQG� �*� JHQRW\SLF� YDULDQWV�� WKDW� ZHUH� VLPLODU� WR
6I&2/�ZW��7DEOH����
7KH� UHVXOWV� RI� 2%� SURGXFWLRQ� RI� WKH� GLIIHUHQW� 6I&2/

JHQRW\SLF� YDULDQWV� ZHUH� QRW� QRUPDOO\� GLVWULEXWHG� DQG� ZHUH
VXEMHFWHG� WR� QRQ�SDUDPHWULF� DQDO\VLV� �)LJXUH��$���0HGLDQ�2%
SURGXFWLRQ� LQ� LQVHFWV� LQIHFWHG� E\� 6I&2/�ZW� ZDV� VLJQLILFDQWO\
KLJKHU� WKDQ� WKDW� RI� DQ\� RI� WKH� LQGLYLGXDO� JHQRW\SLF� YDULDQWV�
6LJQLILFDQW� GLIIHUHQFHV� LQ� 2%� SURGXFWLRQ� ZHUH� DOVR� GHWHFWHG
EHWZHHQ� WKH�FRPSRQHQW�JHQRW\SHV��6I&2/�(�KDG� WKH�KLJKHVW
PHGLDQ�2%�SURGXFWLRQ�DQG�6I&2/�-�WKH�ORZHVW��7KHUH�ZDV�QR
VLJQLILFDQW� UHODWLRQVKLS� EHWZHHQ� VSHHG� RI� NLOO� DQG�PHGLDQ� 2%
SURGXFWLRQ� LQ� LQVHFWV� LQIHFWHG�E\� WKHVH�JHQRW\SHV� �FRUUHODWLRQ
FRHIILFLHQW�5�� ��������

%LRORJLFDO�DFWLYLW\�RI�JHQRW\SLF�PL[WXUHV
,Q� RUGHU� WR� VWXG\� WKH� LQWHUDFWLRQ� EHWZHHQ� JHQRW\SHV�

ELRDVVD\V�ZHUH�SHUIRUPHG�XVLQJ�LQVHFWV�IURP�D�FRORQ\�WKDW�KDG
EHHQ� UHFHQWO\� UHIUHVKHG� ZLWK� ILHOG�FROOHFWHG� ODUYDH�
([SHULPHQWDO�PL[WXUHV� RI� 2%V� ZHUH� SUHSDUHG� XVLQJ� WKH�PRVW
SDWKRJHQLF�JHQRW\SH� �6I&2/�$�� LQ�HTXDO�SURSRUWLRQV�ZLWK�RQH
RI� WKH� OHDVW� SDWKRJHQLF� JHQRW\SHV� �6I&2/�'� DQG� �)�� RU� D
YDULDQW�RI� LQWHUPHGLDWH�SRWHQF\� �6I&2/�&�� �7DEOH�����0L[WXUHV
RI�2%V�RI�6I&2/�$�ZLWK�6I&2/�&���'�RU��)�2%V�KDG�SRWHQFLHV
VLPLODU� WR� WKDW� RI� 6I&2/�ZW� 2%V� �7DEOH� ���� ,Q� HIIHFW�� WKH
SDWKRJHQLFLW\� RI� 6I&2/�$� JHQRW\SH� ZDV� UHGXFHG� GXH� WR
GLOXWLRQ� E\� OHVV� SDWKRJHQLF� JHQRW\SH� 2%V�� 07'� YDOXHV� LQ
LQVHFWV� WKDW�FRQVXPHG�PL[WXUHV�RI�2%V�ZHUH�VLPLODU� WR� WKDW�RI
LQVHFWV�WKDW�FRQVXPHG�6I&2/�ZW�2%V�RU�6I&2/�$�2%V��7DEOH
���� ,Q� DOO� FDVHV�� PHGLDQ� 2%� SURGXFWLRQ� LQ� LQVHFWV� WKDW
FRQVXPHG�2%�PL[WXUHV�ZDV�DSSUR[LPDWHO\����IROG� ORZHU� WKDQ
LQ� LQVHFWV� LQIHFWHG� E\� 6I&2/�ZW� �)LJXUH� �$��� DQG� ZDV� QRW
VLJQLILFDQWO\� DIIHFWHG� E\� WKH� JHQRW\SLF� FRPSRVLWLRQ� RI� 2%
PL[WXUHV�� &R�RFFOXVLRQ� RI� JHQRW\SH� $� LQ� PL[WXUHV� ZLWK
JHQRW\SHV� �&�� �'� RU� �)� UHVXOWHG� LQ� 2%V� WKDW� ZHUH� RI� VLPLODU
SDWKRJHQLFLW\�WR�6I&2/�ZW�2%V��7DEOH�����,Q�FRQWUDVW��WKH�07'
RI� LQVHFWV� WKDW� FRQVXPHG� FR�RFFOXGHG� PL[WXUHV� RI� 6I&2/��$
�'�� RU� ��$�)��ZHUH� VLJQLILFDQWO\� UHGXFHG� FRPSDUHG� WR� LQVHFWV
LQIHFWHG�E\�6I&2/��$�&���6I&2/�$�DORQH�RU�6I&2/�ZW� �7DEOH
���� 0HGLDQ� 2%� SURGXFWLRQ� LQ� LQVHFWV� WKDW� FRQVXPHG� FR�
RFFOXGHG�JHQRW\SHV�6I&2/��$�)��ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ
WKDW� RI� 6I&2/��$�&�� RU� ��$�'��� ERWK� RI�ZKLFK�ZHUH� VLPLODU� WR
WKH�PHGLDQ�2%�SURGXFWLRQ�YDOXH�RI�LQVHFWV�LQIHFWHG�E\�6I&2/�
$�DORQH� �)LJXUH��%���1R�VLJQLILFDQW� UHODWLRQVKLS�ZDV�REVHUYHG
EHWZHHQ�07'�DQG�PHGLDQ�2%�SURGXFWLRQ�YDOXHV�LQ�LQVHFWV�WKDW
FRQVXPHG�FR�RFFOXGHG�JHQRW\SH�PL[WXUHV�
)LQDOO\�� GLIIHUHQFHV� LQ� 07'� DQG� 2%� SURGXFWLRQ� EHWZHHQ

6I&2/�ZW�DQG�6I&2/�$�LQ�DVVD\V�SHUIRUPHG�ZLWK�WKH�LQGLYLGXDO
JHQRW\SLF� YDULDQWV� DQG�ZLWK� WKHLU�PL[WXUHV��PD\� EH� UHODWHG� WR
WKH�LQVHFW�FRORQ\�XVHG��DV�WKH�VHFRQG�FRORQ\�VXFFXPEHG�IDVWHU
WR� 6I0139� LQIHFWLRQ� DQG� SURGXFHG� IHZHU� 2%V�� WKDQ� WKH� ILUVW
FRORQ\�

'LVFXVVLRQ

7KH�FRPSRVLWLRQ�RI�WKH�JHQRW\SLF�YDULDQWV�WKDW�FRPSULVH�WKH
DFWLYH� LQJUHGLHQW� FDQ� EH� FRQWUROOHG� ERWK� LQ� WHUPV� RI� YDULDQW
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)LJXUH�����3URGXFWLRQ�RI�RFFOXVLRQ�ERGLHV��2%V��LQ�VHFRQG�LQVWDU�6��IUXJLSHUGD���$��0HGLDQ�2%�SURGXFWLRQ�SHU�ODUYD�RI�6I&2/�
ZW�DQG�JHQRW\SLF�YDULDQWV�LQ�6��IUXJLSHUGD�LQRFXODWHG�LQ�WKH�VHFRQG�LQVWDU��%��0HGLDQ�2%�SURGXFWLRQ�SHU�ODUYD�RI�6I&2/�ZW��6I&2/�$
DQG�2%�PL[WXUHV�DQG�FR�RFFOXGHG�JHQRW\SH�PL[WXUHV�FRPSULVLQJ�HTXDO�SURSRUWLRQV�RI�6I&2/�$�DQG��&���'�RU�±)�JHQRW\SHV��9HUWLFDO
OLQHV�LQGLFDWH�WKH�LQWHUTXDUWLOH�UDQJH��9DOXHV�IROORZHG�E\�GLIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV��3�������
GRL����������MRXUQDO�SRQH���������J���
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VHOHFWLRQ� DQG� UHODWLYH� DEXQGDQFH� IRU� WKH� GHYHORSPHQW� RI
EDFXORYLUXV�EDVHG� LQVHFWLFLGHV�� DQG� WKLV� WHFKQRORJ\� FDQ� EH
SURWHFWHG�E\�SDWHQW� >��@��*LYHQ� WKDW�SDUWLFXODUO\�SDWKRJHQLF�RU
IDVW�NLOOLQJ�WUDLWV�ZLOO�XVXDOO\�UHVXOW�LQ�LPSURYHG�SHVW�FRQWURO�DQG
UHGXFHG� FURS� GDPDJH� IROORZLQJ� DSSOLFDWLRQ� RI� WKH
ELRLQVHFWLFLGH��WKHVH�WUDLWV�KDYH�JHQHUDWHG�WKH�JUHDWHVW�LQWHUHVW
GXULQJ�WKH�GHYHORSPHQW�RI�WKHVH�SURGXFWV�>�@�
,Q� WKLV� VWXG\�� WKH� JHQRW\SLF� GLYHUVLW\� RI� WKH� 6I&2/�ZW� ILHOG

LVRODWH� ZDV� VWXGLHG� E\� SODTXH� SXULILFDWLRQ�� 7KH� SODTXHV
SURGXFHG� E\� 6I&2/� JHQRW\SLF� YDULDQWV� ZHUH� VPDOO�� DV
SUHYLRXVO\�GHVFULEHG�IRU�6I1,&�JHQRW\SHV�>�@��,Q�DGGLWLRQ��D�ORZ
SURSRUWLRQ�RI�SODTXH�SLFNV�ZHUH�DPSOLILHG�IROORZLQJ� LQMHFWLRQ� LQ
6��IUXJLSHUGD� ODUYDH��7KLV�FRXOG�EH�GXH�WR�WKH�IDFW� WKDW�SODTXH
SLFNV�GLG�QRW�FRQWDLQ�HQRXJK�YLUXV�SDUWLFOHV� WR�NLOO� WKH�KRVW��RU
WKDW� FHOO� FXOWXUH� FRQGLWLRQV� IDYRUHG� WKH� SUROLIHUDWLRQ� RI� RWKHU
YDULDQWV�� LQFOXGLQJ� GHIHFWLYH� JHQRW\SHV�� ZKLFK� FRQWDLQ� ODUJH
GHOHWLRQV� WKDW� FDQ� DIIHFW� YLUDO� UHSOLFDWLRQ� >�������@��*HQRW\SHV
ZLWK� VKRUWHU� JHQRPHV� FDQ� KDYH� UHSOLFDWLRQ� DGYDQWDJHV� RYHU
JHQRW\SHV� ZLWK� ODUJHU� JHQRPHV� OHDGLQJ� WR� SRWHQWLDO� RYHU
HVWLPDWHV� RI� WKHLU� IUHTXHQFLHV� XVLQJ� FHOO� FXOWXUH� TXDQWLILFDWLRQ
WHFKQLTXHV� >���@�� 7KLV� ZDV� REVHUYHG� LQ� WKH� SUHVHQW� VWXG\� LQ
ZKLFK� 6I&2/�)� ZDV� WKH� PRVW� IUHTXHQW� LVRODWHG� JHQRW\SH�
UHSUHVHQWLQJ�����RI�WKH�FORQHV��+RZHYHU��WKH�LQGLVWLQJXLVKDEOH
UHVWULFWLRQ�SURILOHV�RI�6I&2/�$�DQG�6I&2/�ZW�DQG�WKH�DEVHQFH
RI� YLVLEOH� VXEPRODU� EDQGV� LQ� 6I&2/�ZW� >��@�� VXJJHVW� WKDW
6I&2/�$� LV� OLNHO\� WR� EH� WKH� GRPLQDQW� JHQRW\SH� LQ� WKH� QDWXUDO

7DEOH� ��� (VWLPDWHG� /&��� YDOXHV�� UHODWLYH� SRWHQFLHV� DQG
PHDQ� WLPH� WR� GHDWK� �07'�� YDOXHV� RI� 6I&2/�ZW�� 6I&2/�$
2%V� DORQH�� PL[WXUHV� RI� 2%V�� DQG� FR�RFFOXGHG� JHQRW\SH
PL[WXUHV�� LQ� VLPLODU� SURSRUWLRQV�� LQ� 6SRGRSWHUD� IUXJLSHUGD
VHFRQG�LQVWDUV�
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/RJLW� UHJUHVVLRQV� IRU�PL[WXUHV� RI� RFFOXVLRQ� ERGLHV� �2%V��ZHUH� ILWWHG� XVLQJ�*/,0
SURJUDP�ZLWK�D�FRPPRQ�VORSH���6(��RI����������������$� WHVW� IRU�QRQ�SDUDOOHOLVP
ZDV�QRW�VLJQLILFDQW��ȋ�� �������GI� ����3� ��������/RJLW�UHJUHVVLRQV�IRU�FR�RFFOXGHG
PL[HG�JHQRW\SHV�ZHUH� ILWWHG�XVLQJ�*/,0�SURJUDP�ZLWK�D�FRPPRQ�VORSH���6(��RI
���������������$�WHVW�IRU�QRQ�SDUDOOHOLVP�ZDV�QRW�VLJQLILFDQW��ȋ�� �������GI� ����3� 
��������5HODWLYH�SRWHQFLHV�ZHUH�FDOFXODWHG�DV�WKH�UDWLR�RI�HIIHFWLYH�FRQFHQWUDWLRQV
UHODWLYH� WR� WKDW� RI� WKH� ZLOG� W\SH� LVRODWH�� 07'� YDOXHV� ZHUH� HVWLPDWHG� E\�:HLEXOO
DQDO\VLV��YDOXHV�IROORZHG�E\�GLIIHUHQW�OHWWHUV�GLIIHUHG�VLJQLILFDQWO\��W�WHVW��3�������
GRL����������MRXUQDO�SRQH���������W���

SRSXODWLRQ��7KH�GRPLQDQFH�RI�D�SDUWLFXODU�JHQRW\SH� LQ�D�YLUXV
SRSXODWLRQ�KDV�EHHQ�UHSRUWHG�LQ�RWKHU�ZLOG�W\SH�EDFXORYLUXVHV�
QRWDEO\� 6H0139� DQG� 6I0139� LVRODWHV� >���@�� 7KLV� ZDV� DOVR
FRQILUPHG�E\�T3&5�DQDO\VLV�RI�6I&2/�ZW��6I&2/�$�JHQRW\SH
DFFRXQWHG�IRU�����RI�WKH�JHQRPHV�DPSOLILHG�IURP�WKH�ZLOG�W\SH
SRSXODWLRQ�� DOWKRXJK� WKLV� YDULDQW� UHSUHVHQWHG� MXVW� �����RI� WKH
DPSOLILHG� FORQHV�� ,Q� WKHRU\�� WKH� UHVWULFWLRQ� SURILOH� RI� 6I&2/�$
VKRXOG� EH� GLIIHUHQW� IURP� WKDW� RI� 6I&2/�ZW�� DV� WKLV� YDULDQW
FRPSULVHG�����RI�WKH�JHQRW\SHV�LQ�WKH�SRSXODWLRQ��KRZHYHU� LW
ZDV� LQGLVWLQJXLVKDEOH� SUREDEO\� GXH� WR� WKH� KLJK� IUHTXHQF\� RI
RWKHU� JHQRW\SHV� ZLWK� UHVWULFWLRQ� SURILOHV� VLPLODU� WR� WKDW� RI
6I&2/�$��VXFK�DV�6I&2/�+�
,W�LV�NQRZQ�WKDW�GHOHWLRQ�JHQRW\SHV�FDQ�EH�JHQHUDWHG�GXULQJ

UHSOLFDWLRQ� LQ� YLWUR� >��@�� DQG� WKH� GLIIHUHQFH� EHWZHHQ� WKH
IUHTXHQFLHV� RI� FHOO� FXOWXUH� LVRODWHG� JHQRW\SHV� DQG� WKRVH
SUHVHQW� ZLWKLQ� WKH� ZLOG�W\SH� SRSXODWLRQ� PLJKW� VXJJHVW� WKDW
PLQRULW\�JHQRW\SHV�ZHUH�DUWLIDFWV�SURGXFHG�GXULQJ�SURSDJDWLRQ
RI�6I&2/�LQ�FHOO�FXOWXUH��+RZHYHU�WKLV�GLIIHUHQFH�KDV�DOVR�EHHQ
REVHUYHG� SUHYLRXVO\� LQ� WKH� 1LFDUDJXDQ� LVRODWH� RI� 6I0139
>����@�� 9DULDQWV� LVRODWHG� LQ� YLWUR� DW� ORZ� IUHTXHQF\� IURP� WKH
1LFDUDJXDQ� LVRODWH� ZHUH� GHPRQVWUDWHG� WR� EH� SUHVHQW� LQ� WKH
ZLOG�W\SH�SRSXODWLRQ�>��@��7KLV�OHG�XV�WR�EHOLHYH�WKDW�6I&2/�UDUH
JHQRW\SHV� ZHUH� QRW� DUWLIDFWV� RI� FHOO� FXOWXUH�� ,Q� WKLV� VHQVH�
6I&2/�$� ZDV� VHOHFWHG� DV� WKH� UHIHUHQFH� JHQRW\SH� GXH� WR� LWV
KLJK� IUHTXHQF\� LQ� WKH�ZLOG�W\SH�SRSXODWLRQ�DQG�EHFDXVH� LW�KDG
WKH�ODUJHVW�JHQRPH�
6WULNLQJO\��WKH�PDLQ�YDULDEOH�UHJLRQ�DPRQJ�6I&2/�JHQRW\SHV

ZDV�VLPLODU� LQ�VL]H�DQG�FROOLQHDU�ZLWK� WKDW�RI�6I0139� LVRODWHV
IURP� 1LFDUDJXD� DQG� 0LVVRXUL� >����@�� *HQRW\SLF� YDULDWLRQ� LQ
EDFXORYLUXVHV� LV� YHU\� FRPPRQ� LQ�QDWXUDO� SRSXODWLRQV�DQG� FDQ
EH�WKH�UHVXOW�RI�QDWXUDO�LQWUDJHQRPLF�UHFRPELQDWLRQ�LQ�KRW�VSRW
UHJLRQV� WKDW� FRQWDLQ� EUR� JHQHV�� KRPRORJRXV� UHJLRQV� RU
WUDQVSRVDEOH� HOHPHQWV� >�@�� 6HTXHQFH� DQDO\VLV� RI� WKH� YDULDEOH
UHJLRQ�LQ�6I&2/�YDULDQWV�UHYHDOHG�WKH�SUHVHQFH�RI�D�VLQJOH�KU�
WKDW�LV�LGHQWLFDO�DQG�FROOLQHDU�ZLWK�KU��UHSRUWHG�LQ�RWKHU�6I0139
LVRODWHV�>��������@��7KH�YDULDELOLW\�DURXQG�WKH�KU�DOVR�VHHPV�WR
EH� D� FRPPRQ� FKDUDFWHULVWLF� LQ� RWKHU� QXFOHRSRO\KHGURYLUXVHV
LQFOXGLQJ�6H0139�>�@��+��DUPLJHUD�139�>��@�DQG�%RPE\[�PRUL
139� >��@�� VXJJHVWLQJ� WKDW� KUV� DUH� KRW� VSRWV� IRU� LQWUDJHQRPLF
YDULDWLRQ�>�@��,Q�6I0139��WKLV�UHJLRQ�FRPSULVHV�25)V�EHWZHHQ
VI��� WR� VI��� WKDW� HQFRGH� QRQ�HVVHQWLDO� SURWHLQV� ZLWK� DX[LOLDU\
IXQFWLRQV�� LQFOXGLQJ� WKH�HJW� JHQH� WKDW� FDQ�DIIHFW� WKH� VSHHG�RI
NLOO�SKHQRW\SH�RI� WKHVH�YLUXVHV�>�����@��7KH�HJW�JHQH�HQFRGHV
DQ� HFG\VWHURLG� 8'3�JOXFRV\OWUDQVIHUDVH� WKDW� FDQ� H[WHQG� WKH
LQIHFWLRQ�SHULRG�DOORZLQJ�LQFUHDVHG�SURGXFWLRQ�RI�SURJHQ\�2%V
LQ�HDFK� LQIHFWHG� LQVHFW� >��@��8VLQJ�D� IDVW�NLOOLQJ�SKHQRW\SH� IRU
SHVW� FRQWURO� KDV� EHHQ� FRQVLGHUHG� DGYDQWDJHRXV�� VLQFH� SHVW
IHHGLQJ�GDPDJH�RQ�SODQWV�LV�UHGXFHG�DV�ODUYDH�GLH�HDUOLHU�>��@�
1LQH� GHIHFWLYH� 6I&2/� JHQRW\SLF� YDULDQWV� ODFNHG� WKH� HJW� DQG
VI���JHQHV��KRZHYHU�RQO\�VL[�RI�WKHP�SUHVHQWHG�D�IDVWHU�NLOOLQJ
SKHQRW\SH� FRPSDUHG� WR� 6I&2/�ZW�� VXJJHVWLQJ� WKDW� RWKHU
IDFWRUV�DUH�OLNHO\�LQYROYHG�LQ�WKHVH�SKHQRW\SHV�
$OO� WKH� 6I&2/� YDULDQWV� ZHUH� RUDOO\� LQIHFWLYH� DV� WKHLU� 2%V

SURGXFHG� PRUWDOLW\� LQ� ODUYDH�� LQ� FRQWUDVW� WR� WKDW� REVHUYHG� LQ
6I1,&�YDULDQWV� >�@�� LQGLFDWLQJ� WKDW�QRQH�RI� WKHP� ODFNHG� WKH�SLI
JHQHV�WKDW�DUH�HVVHQWLDO�IRU�SHURUDO�WUDQVPLVVLRQ�>��@��+RZHYHU�
GLIIHUHQFHV� ZHUH� REVHUYHG� LQ� 2%� SDWKRJHQLFLW\� DQG� VSHHG� RI
NLOO�� WKH� JHQRW\SLF� YDULDQWV� ZLWK� WKH� ODUJHVW� GHOHWLRQV� ZHUH

6I0139�&2/�LV�VWUXFWXUHG�WR�PD[LPL]H�2%�SURGXFWLRQ
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VLJQLILFDQWO\�OHVV�SDWKRJHQLF�WKDQ�6I&2/�ZW��6LPLODUO\��YDULDQWV
ZLWK� WKH� ODUJHVW� GHOHWLRQV� ZHUH� VLJQLILFDQWO\� OHVV� SDWKRJHQLF
WKDQ�WKH�RWKHU�YDULDQWV�SUHVHQW� LQ� WKH�6I1,&�SRSXODWLRQ� >����@�
DQG�DUH�WKHUHIRUH�OLNHO\�WR�EH�VXEMHFW�WR�VHOHFWLRQ�IRU�YDULDWLRQ�LQ
WUDQVPLVVLELOLW\� XQGHU� YDU\LQJ� ELRWLF� DQG� DELRWLF� FRQGLWLRQV�
&KLWLQDVH� DQG�FDWKHSVLQ�ZHUH� GHOHWHG� LQ� WKH� OHDVW� SDWKRJHQLF
6I&2/�YDULDQWV�DQG�KDYH�EHHQ�UHSRUWHG�WR�EH�DEVHQW�LQ�VHYHUDO
JHQRW\SHV� FORQHG� IURP� RWKHU� 6I0139� LVRODWHV� >��������@�
7KHVH�JHQHV�DSSHDU�WR�DFW�WRJHWKHU�WR�IDFLOLWDWH�WKH�UHOHDVH�RI
2%V� IURP� GHDG� ODUYDH� ZLWK� FRUUHVSRQGLQJ� LPSURYHPHQWV� LQ
KRUL]RQWDO� WUDQVPLVVLRQ� >�����@�� $GGLWLRQDOO\�� WKH� JHQRPLF
GHOHWLRQ�FRPPRQ�WR�WKH�ORZ�SRWHQF\�YDULDQWV�LQFOXGHG�OHI���DQG
25)V�VLPLODU�WR�VSOW���DQG�VSOW����VXJJHVWLQJ�WKDW�WKH�ODVW�WZR
25)V� FRXOG� EH� LQYROYHG� LQ� WKH� SDWKRJHQLF� FKDUDFWHULVWLFV� RI
WKHVH�YLUXVHV�DV�OHI���LV�NQRZQ�WR�EH�LQYROYHG�LQ�WKH�UHSOLFDWLRQ
RI� ODWH�JHQHV� >��@��$OVR�� VRPH�6I&2/�JHQRW\SHV� ODFNHG�25)
VI��� WKDW� KDV� EHHQ� UHSRUWHG� DV� D� YLUDO� IDFWRU� WKDW� PD\
GHWHUPLQH� WKH� QXPEHU� RI� 2'9V� RFFOXGHG� LQ� HDFK� 2%� DQG
WKHUHE\� PRGXODWH� WKH� LQIHFWLYLW\� RI� 2%V� >��@�� +RZHYHU�� QR
GLIIHUHQFHV�ZHUH�REVHUYHG�LQ�2%�SDWKRJHQLFLW\�EHWZHHQ�6I&2/
JHQRW\SHV�WKDW�ODFNHG�VI���DQG�6I&2/�ZW�LQ�WKH�SUHVHQW�VWXG\�
6I&2/�$� 2%V� ZHUH� ����IROG� PRUH� SRWHQW� WKDQ� 6I&2/�ZW

2%V�� LQGLFDWLQJ� WKDW� WKH� SUHVHQFH� RI� RWKHU� JHQRW\SHV
GLPLQLVKHG�WKH�SDWKRJHQLFLW\�RI� WKH�SRSXODWLRQ��DV�REVHUYHG�LQ
DQ� LVRODWH� RI� 6H0139� >��@�� ,QWHUDFWLRQV� EHWZHHQ� JHQRW\SHV
ZLWKLQ� EDFXORYLUXV� SRSXODWLRQV� FDQ� KDYH� SRVLWLYH� >��������@�
QHJDWLYH� >��@� RU� QHXWUDO� >��@� LQIOXHQFH� RQ� WUDQVPLVVLELOLW\�
VSHFLILFDOO\� DIIHFWLQJ� IDFWRUV� WKDW� LQIOXHQFH� WKH� DELOLW\� RI� WKH
SDWKRJHQ� WR� LQIHFW�� UHSOLFDWH� DQG� WUDQVPLW� WR� D� QHZ� KRVW�� ,Q
FRQWUDVW�� DOO� LQGLYLGXDO� JHQRW\SHV� LQ� WKH�6I1,&�SRSXODWLRQ� KDG
ORZHU� SDWKRJHQLFLW\� WKDQ� WKH� ZLOG�W\SH� LVRODWH�� LQGHHG�
LQWHUDFWLRQV� EHWZHHQ� 6I1,&� YDULDQWV� LQFUHDVHG� WKH
WUDQVPLVVLELOLW\�RI�ZLOG�W\SH�SRSXODWLRQ�>�������@��&KDUDFWHUL]LQJ
LQWHUDFWLRQV�EHWZHHQ�JHQRW\SHV� LV� WKHUHIRUH�FUXFLDO�GXULQJ� WKH
VHOHFWLRQ� RI� JHQRW\SHV� RU�PL[WXUHV� RI� JHQRW\SHV�ZLWK� VXLWDEOH
FKDUDFWHULVWLFV� IRU� XVH� LQ� ELRORJLFDO� LQVHFWLFLGHV�� ([SHULPHQWDO
PL[WXUHV� RI� 2%V� DQG� PL[WXUHV� RI� JHQRW\SHV� WKDW� ZHUH� FR�
RFFOXGHG� LQ� 2%V� ZHUH� SUHSDUHG� XVLQJ� WKH� PRVW� SDWKRJHQLF
YDULDQW� �6I&2/�$�� DQG� RQH� RI� WKUHH� JHQRW\SHV� ZLWK� ORZHU
SRWHQF\��6I&2/�&���'�RU��)���%RWK�W\SHV�RI�PL[WXUHV�GHFUHDVHG
WKH� SDWKRJHQLFLW\� RI� 6I&2/�$�� WR� YDOXHV� VLPLODU� WR� WKDW� RI
6I&2/�ZW� 2%V�� VXJJHVWLQJ� D� GLOXWLRQ� HIIHFW� RI� WKH� JHQRW\SHV
ZKHQ� SUHVHQW� LQ�PL[WXUHV�ZLWK� WKH�PRVW� SDWKRJHQLF� JHQRW\SH
6I&2/�$��6LPLODUO\��6H0139�GHOHWLRQ� JHQRW\SHV� UHGXFHG� WKH
SDWKRJHQLFLW\� RI� 2%V� ZKHQ� PL[HG� ZLWK� FRPSOHWH� JHQRW\SHV
>��@��)ROORZLQJ�LQRFXODWLRQ�ZLWK�D�PL[WXUH�RI�IDVW�DQG�VORZ�NLOOLQJ
JHQRW\SHV�� ODUYDH� PD\� H[SHULHQFH� D� VXUYLYDO� WLPH� WKDW� LV
LQWHUPHGLDWH� EHWZHHQ� WKH� WZR� YLUXVHV� >�����@�� $V� VXFK�� WKH
VSHHG�RI�NLOO�RI�RI�6I&2/��$�'��DQG���$�)��PL[WXUHV�ZDV�IDVWHU
WKDQ� 6I&2/�$� DORQH� RU� 6I&2/�ZW�� $� SRVLWLYH� VSHHG� RI� NLOO
LQWHUDFWLRQ�EHWZHHQ�WKHVH�JHQRW\SHV�ZDV�RQO\�REVHUYHG�ZKHQ
WKH\�ZHUH�FR�RFFOXGHG� IRU� UHDVRQV� WKDW�DUH�XQFOHDU�EXW�ZKLFK

PD\� EH� UHODWHG� WR� WKH� SUHYDOHQFH� RI� IDVW�NLOOLQJ� HJW�GHOHWHG
JHQRW\SHV� WKDW� ZHUH� WUDQVPLWWHG� PRUH� HIILFLHQWO\� ZKHQ� FR�
RFFOXGHG�ZLWK�WKH�FRPSOHWH�6I&2/�$�JHQRW\SH�
,Q� FRQFOXVLRQ�� WKH� 6I&2/�ZW� ILHOG� LVRODWH� FRPSULVHV� D� KLJK

JHQRW\SLF� GLYHUVLW\� RI� ZKLFK� 6I&2/�$�� WKH� PRVW� SUHYDOHQW
JHQRW\SH�LQ�ZLOG�W\SH�SRSXODWLRQ��ZDV�WKH�PRVW�SDWKRJHQLF�DQG
ZDV�DV�YLUXOHQW�DV�6I&2/�ZW��LQ�WHUPV�RI�VSHHG�RI�NLOO��'HOHWLRQ
JHQRW\SHV� GHFUHDVHG� 2%� SRWHQF\� EXW� LQFUHDVHG� 2%
SURGXFWLYLW\��$OWKRXJK�ZLWKLQ�6I&2/�ZW�2%V� WKH�6I&2/�$�ZDV
WKH� GRPLQDQW� JHQRW\SH�� 6I&2/�ZW� ZDV� PRUH� SURGXFWLYH� WKDQ
6I&2/�$�� VXJJHVWLQJ� WKDW� WKH� RWKHU� GHOHWLRQ� JHQRW\SHV
SUHVHQWHG�ZLWKLQ�WKH�6I&2/�ZW�PD\�PRGXODWH�LQFUHDVHV�LQ�2%
SURGXFWLRQ��,Q�WKLV�VHQVH��LW�VHHPV�WKDW�6I&2/�ZW�LV�VWUXFWXUHG
WR�PD[LPL]H� WKH� OLNHOLKRRG� RI� WUDQVPLVVLRQ��0L[WXUHV� LQFOXGLQJ
WKH� PRVW� SDWKRJHQLF� 6I&2/�$� JHQRW\SH� DQG� JHQRW\SHV� ZLWK
ORZHU�SDWKRJHQLFLW\��UHGXFHG�VSHHG�RI�NLOO�EXW�DOVR�UHGXFHG�2%
SDWKRJHQLFLW\� ZKLFK� LV� XQGHVLUDEOH� IRU� WKH� GHYHORSPHQW� RI� D
ELRORJLFDO� LQVHFWLFLGH�� %DFXORYLUXV� EDVHG� ELRLQVHFWLFLGHV� DUH
QRUPDOO\� XVHG� IRU� LQXQGDWLYH� DSSOLFDWLRQV�� LQ� ZKLFK� ODUJH
TXDQWLWLHV�RI�2%V�DUH�DSSOLHG� IRU� WKH� UDSLG�VXSSUHVVLRQ�RI� WKH
SHVW��$V�VXFK��2%�SURGXFWLRQ�LV�XVXDOO\�FRQVLGHUHG�WR�EH�D�WUDLW
RI� UHGXFHG� LPSRUWDQFH� GXULQJ� ELRLQVHFWLFLGH� GHYHORSPHQW�
H[FHSW� IRU� LWV� LQYROYHPHQW� LQ� YLUXV� SURGXFWLRQ� FRVWV�� ,Q� WKLV
UHVSHFW�� WKH� PRVW� SDWKRJHQLF� YDULDQW� ZDV� 6I&2/�$� ZKLFK
SUHVHQWHG� WKH�PRVW� VXLWDEOH� FKDUDFWHULVWLFV� DV� WKH�EDVLV� IRU� D
ELRORJLFDO�LQVHFWLFLGH�WR�FRQWURO�6��IUXJLSHUGD�LQ�&RORPELD�

6XSSRUWLQJ�,QIRUPDWLRQ

7DEOH� 6��� � 6XPPDU\� RI� WKH� SULPHUV� XVHG� WR� FRQILUP� WKH
GHOHWLRQV� ZLWKLQ� WKH� 6I&2/� JHQRW\SHV� DQG� WR� SHUIRUP
T3&5�
�'2&;�

7DEOH� 6��� � 5HVWULFWLRQ� IUDJPHQWV� �.E�� JHQHUDWHG� E\� 3VW,
WUHDWPHQW� RI� 6I&2/�ZW� '1$� DQG� FRPSRQHQW� JHQRW\SLF
YDULDQWV�
�'2&;�

$FNQRZOHGJHPHQWV

:H� WKDQN� &�� *X]PiQ�� $�� 0DODJyQ� �&2532,&$�� %RJRWi�
&RORPELD��� ,�� ,EixH]� DQG� 1�� *RUULD� �8QLYHUVLGDG� 3~EOLFD� GH
1DYDUUD��3DPSORQD��6SDLQ��IRU�WHFKQLFDO�DVVLVWDQFH�

$XWKRU�&RQWULEXWLRQV

&RQFHLYHG� DQG� GHVLJQHG� WKH� H[SHULPHQWV�� 26� 3&� 7:�
3HUIRUPHG�WKH�H[SHULPHQWV��*%�26��$QDO\]HG�WKH�GDWD��*%�26
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