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)DEULFDWLRQ�DQG�&KDUDFWHUL]DWLRQ�RI�6ROLG�VWDWH�
(OHFWURFKHPLFDO�6HQVRU�IRU�WKH�'HWHUPLQDWLRQ�RI�1L�,,��

5DMDQ�7LPLOVLQD���+DULEKDNWD�2OL���DQG�$PDU�3UDVDG�<DGDY�

�'HSDUWPHQW�RI�FKHPLVWU\��7UL�&KDQGUD�0XOWLSOH�&DPSXV��.DWKPDQGX��1HSDO�
��$PULW�&DPSXV��7�8��/DLQFKRXU��.DWKPDQGX��1HSDO�

�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��1HSDO�
(�PDLO� DPDU�\#\DKRR�FRP�

$EVWUDFW�

$Q�HOHFWURFKHPLFDO�VHQVRU�ZDV�SUHSDUHG�E\�XVLQJ�VROLG�VWDWH�HOHFWURGH�PHPEUDQH�EDVHG�RQ�1L6�$J�6�
E\�XVLQJ�QLWUDWH�RI�QLFNHO�GLVVROYLQJ� LQ�DSSURSULDWH�DPRXQW�RI� VRGLXP�VXOILGH�ZLWK� VLOYHU�QLWUDWH�E\�FR�
SUHFLSLWDWLRQ�PHWKRG��7KH�VHQVRU�HOHFWURGH�SUHSDUHG�EDVHG�RQ�WKH�1L6�$J�6�DW�WKH�UDWLR�RI�����PROHV�ZDV�
SUHSDUHG��7KH�SUHSDUHG�VHQVRU�HOHFWURGH�FDQ�EH�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�WUDFH�DPRXQW�RI�1L�,,��LRQV��
7KH�1HUQVWLDQ�VORSH�IRU�WKH�VHQVRU�HOHFWURGH�ZDV���������P9�GHFDGH��7KHQ�WKLV�ZDV�LPSURYHG�E\�XVLQJ�
1D12��� DVFRUELF� DFLG� DQG�PHWKDQRO�DQG�1HUQVWLDQ� VORSH�ZDV� LPSURYHG� WR� EH� ��������P9�GHFDGH��7KH�
SUHSDUHG�HOHFWURGH�FDQ�EH�XVHG�ZLWKLQ�ORQJ�S+�UDQJH�EHWZHHQ���WR����,Q�D�UHOLDEOH�VWRUDJH��WKH�OLIH�WLPH�RI�
VHQVRU�HOHFWURGH�ZDV�VL[�PRQWKV�ZLWK�ZKLFK�IDVW�UHVSRQVH�ZDV�REVHUYHG��7KXV��SUHSDUHG�VHQVRU�HOHFWURGHV�
FDQ�EH�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�1L�,,���

.H\�ZRUGV���VHQVRU��QLFNHO��SRWHQWLRPHWU\��S+�UDQJH��VHOHFWLYLW\�FRHIILFLHQW��

,QWURGXFWLRQ���

$OWKRXJK� 1LFNHO� LV� IRXQG� LQ� WUDFH� LQ� TXDQWLW\�� HQYLURQPHQWDOO\� LW� LV� VR� LPSRUWDQW� LQ� HQYLURQPHQW�
SURWHFWLRQ� WKDW� LW� LV� KLJKO\� WR[LF� HOHPHQW��� ,W� LV� SUHVHQW� LQ� WKH� HQYLURQPHQWDO� VDPSOH� RI� ZDWHU� DV� D�
FRQWDPLQDQW�FRPLQJ�IURP�XUEDQ�RU�LQGXVWULDO�ZDVWH�SROOXWLRQ��,W�LV�KLJKO\�WR[LF�HYHQ�DW�ORZ�FRQFHQWUDWLRQ�
DQG� LQWHUIHUHQFH� ZLWK� YDULRXV� PDWUL[�� WKH� GHWHUPLQDWLRQ� RI� DFFXUDWH�� SUHFLVH� DQG� VHOHFWLYH� IRU� 1LFNHO�
GHWHUPLQDWLRQ�LV�UHTXLUHG��

'LIIHUHQW�PRGHUQ�PHWKRGV�DQG�SUHFLVH�WHFKQLTXH�VXFK�DV�LQGXFWLYHO\�FRXSOHG�SODVPD�DWRPLF�HPLVVLRQ�
VSHFWURPHWULF� �,&3�$(6��� JUDSKLWH� IXUQDFH� DWRPLF� DEVRUSWLRQ� VSHFWURPHWU\� �*)$$6��� IODPH� DWRPLF�
DEVRUSWLRQ�VSHFWURPHWU\��)$$6��KDYH�EHHQ�GHYHORSHG�IRU�WKH�GHWHUPLQDWLRQ�RI�1LFNHO�����7KHVH�PHWKRGV�
DUH�YHU\�H[SHQVLYH�IRU�WKH�GHWHUPLQDWLRQ��WKHUHIRUH�FDQQRW�EH�DIIRUG�HDVLO\�IRU�GHYHORSLQJ�FRXQWULHV�DQG�
QHHG�PRUH� WUDLQLQJ�� NQRZOHGJH� DQG� VDPSOH� SUHWUHDWPHQW� LV� UHTXLUHG�� DOVR�� RQVLWH� GHWHUPLQDWLRQ� LV� QRW�
SRVVLEOH�ZLWK�WKHVH�LQVWUXPHQWV���2Q�FRPSDULVRQ�ZLWK�RWKHU�WHFKQLTXHV��HOHFWURFKHPLFDO�VHQVRUV�DUH�YHU\�
DWWUDFWLYH�� HDVH� RI� SUHSDUDWLRQ�� VWDELOLW\� RI� WKHLU� UHVSRQVH�� ORZ� RKPLF� UHVSRQVH� DQG� QR� QHHG� LQWHUQDO�
VROXWLRQ���

�&RUUHVSRQGLQJ�DXWKRU
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$PRQJ� WKHVH�PHWKRGV�� SRWHQWLRPHWULF� HOHFWURFKHPLFDO� VHQVRU� XVLQJ� VSHFLILF� LRQ� VHQVRU� DUH� VLPSOH��
PRUH�SUHFLVH��KLJK�UDWH��PRUH�DFFXUDF\��ORZ�FRVW�DQG�QRQ�GHVWUXFWLYH�DQG�FDQ�EH�XVHG�DV�LQ�VLWX�WHFKQLTXH��
,Q� WKH�FRQVWUXFWLRQ�RI� WKHVH�VHQVRUV��YDULRXV�GHVLJQ�FDQ�EH�FRQVWUXFWHG�GHSHQGLQJ�IRU�SUHFLVH�DQG�PRUH�
HFRQRPLF� WHFKQLTXH�� � $PRQJ� YDULRXV� FRQVWUXFWLRQV�� VROLG� EDFN� FRQWDFW� FDQ� EH� WKH� EHVW� GHVLJQ� LQ� WKH�
VHQVRU��ZRUNLQJ� DQG� DFFXUDF\�RI� VHQVRU� FDQ�EH� LPSURYHG��� �6LPLODUO\�� RQ�XVLQJ� VROLG�EDFN� FRQWDFW�� WKH�
HIILFLHQF\��SUHFLVLRQ�DQG�VHQVLWLYLW\�RI�VHQVRU�FDQ�EH�HQKDQFHG��,W�UHGXFHV�WKH�FKDQJLQJ�WKH�FRQFHQWUDWLRQ�
RI�LQWHUQDO�VROXWLRQ�ZKLFK�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�SRWHQWLDO�JLYHQ�E\�WKH�VHQVRU�HOHFWURGH�����

�,Q�WKLV�WHFKQLTXH��WKH�LRQ�VHOHFWLYH�HOHFWURGH�1L6�$J�6�ZDV�SUHSDUHG�E\�WKH�FR�SUHFLSLWDWLRQ�PHWKRG�DW�
WKH� UDWLR� RI� ���� PROHV�� 7KH� VHQVRU� PHPEUDQH� LV� FKDUDFWHUL]HG� E\� ;�UD\� GLIIUDFWLRQ� SDWWHUQ����� $�
FRQYHQWLRQDO�VHQVRU�HOHFWURGH�LV�PRGLILHG�E\�UHPRYLQJ�LQWHUQDO�VROXWLRQ�E\�VROLG�EDFN�FRQWDFW��+HUH��VROLG�
EDFN�FRQWDFW�ZDV�XVHG� WR� UHPRYH� LQWHUQDO� VROXWLRQ� IURP� WKH�FRQYHQWLRQDO� LRQ�VHOHFWLYH�HOHFWURGH�ZKLFK�
UHPRYHV� WKH� SUREOHP� FUHDWHG� E\� WKH� FKDQJLQJ� LQ� WKH� FRQFHQWUDWLRQ� RI� WKH� LQWHUQDO� VROXWLRQ�� 7KH� LRQ�
VHOHFWLYH� HOHFWURGH� SUHSDUHG� E\� VROLG� VWDWH� EDFN� FRQWDFW� DQG� XVHG� IRU� WKH� GHWHUPLQDWLRQ� RI� QLFNHO� LQ�
HQYLURQPHQWDO�VDPSOHV��7KH�LQYHVWLJDWLRQ�RI�HIIHFWLYH�SDUDPHWHUV�ZDV�GRQH�DQG�JRRG�VHOHFWLYLW\�WRZDUGV�
QLFNHO� LRQ� ZDV� REVHUYHG�� 7KXV�� SUHSDUHG� HOHFWURGH� FDQ� EH� XVHG� IRU� IDVW� VLPSOH� PHWKRG� IRU� WKH�
GHWHUPLQDWLRQ�RI�QLFNHO�FRQWHQW�LQ�HQYLURQPHQWDO�VDPSOHV�ZLWK�ORZ�FRQFHQWUDWLRQV���

([SHULPHQWDO�0HWKRGV��

5HDJHQWV�DQG�VROXWLRQV�

$OO�UHDJHQWV�DQG�VROXWLRQV�ZHUH�RI�DQDO\WLFDO�JUDGH�DQG�XVHG�ZLWKRXW�DQ\�IXUWKHU�SXULILFDWLRQ��1LFNHO�
QLWUDWH��VLOYHU�QLWUDWH�DQG�VRGLXP�VXOILGH�ZHUH�SXUFKDVHG�IURP�0HUN�FRPSDQ\��$OO�VROXWLRQ�SUHSDUHG�ZHUH�
IURP�GHLRQL]HG�GLVWLOO�ZDWHU���

3UHSDUDWLRQ�RI�LRQ�VHOHFWLYH�PHPEUDQH�

)RU� WKH�V\QWKHVLV�RI�1L6�$J�6� LRQ�VHOHFWLYH�PHPEUDQH���������J�RI�QLFNHO�QLWUDWH�ZDV� WDNHQ� LQ�D����PO�
GLVWLOOHG�ZDWHU��������J�RI�VLOYHU�QLWUDWH�ZDV�WDNHQ�LQ�RWKHU����PO�GLVWLOOHG�ZDWHU�DQG�������J�RI�VRGLXP�VXOILGH�
WDNHQ�LQ����PO�GLVWLOOHG�ZDWHU��1L�12����VROXWLRQ�DQG�$J12��VROXWLRQV�IURP�WZR�VHSDUDWH�EXUHWWHV�ZHUH�DGGHG�
WR�1D�6�VROXWLRQ�FRQWDLQLQJ�EHDNHU�DW�FRQVWDQW�UDWH�RQ�VWLUULQJ�FRQVWDQWO\�E\�PDJQHWLF�VWLUUHU�PDLQWDLQHG�DW����
R&�WR����R&�LQ�D�ZDWHU�EDWK�IRU�DERXW�DQ�KRXU�WR�REWDLQ�WKH�FRPSOHWH�SUHFLSLWDWLRQ�RI�1L6�DQG�$J�6��

1L�12������$J12����1D�6� � � 1L6 ���������$J�6 ������1D12�

7KXV��REWDLQHG�EODFN�SUHFLSLWDWH�ZDV�ILOWHUHG�ZLWK��*�VLQWHUHG�JODVV�FUXFLEOH�DQG�ZDVKHG�VHYHUDO�WLPHV�
ZLWK�GLVWLOOHG�ZDWHU�IRU�IUHH�IURP�VXOILGH���7KH�SUHFLSLWDWH�ZDV�GULHG�LQ�KRW�DLU�RYHQ�DW������&�IROORZHG�E\�
JULQGLQJ� DQG� VLHYHG� RYHU� ����PLFURQ� VLHYH� WR� REWDLQ� WKH� ILQH� SRZGHU� RI� XQLIRUP� VL]HG� SDUWLFOHV�� 7KH�
IRUPDWLRQ� RI� 1L6�$J�6� ZDV� FRQILUPHG� E\� ;5'� DQDO\VLV�� $ERXW� ���� J�� ���� PP� WKLFNQHVV� DQG� �� FP�
GLDPHWHU� 1L6�$J�6� SUHVVHG� SHOOHW� ZDV� SUHSDUHG� E\� ,5� SHOOHW� PDNLQJ� GLH� RQ� JLYLQJ� SUHVVXUH� RI� ���
WRQHV�FP�� IRU�DERXW����PLQXWHV�DQG�GULHG�RYHU�KRW�DLU�RYHQ�DW������&�IRU�DERXW�DQ�KRXU� WR�UHPRYH� WKH�
WUDSSHG�DLU��7KH�SHOOHW�ZDV�SROLVKHG�LQ�GLIIHUHQW�JUDGHV�RI�6L&�DEUDVLYH�SDSHU�DQG�ILQDOO\�LQ������JULW�VL]HG�
SDSHU�LQ�RUGHU�WR�PDNH�WKH�VXUIDFH�VPRRWK��

$SSDUDWXV�

7KH� HOHFWURGH� XVHG� ZDV� REWDLQHG� DW� URRP� WHPSHUDWXUH� ZLWK� WKH� 1L�,,�� LRQ� VHOHFWLYH� HOHFWURGH� DQG�
FDORPHO�HOHFWURGH��+J�+J�&O���DV�UHIHUHQFH�HOHFWURGH��,Q�EHWZHHQ�ZRUNLQJ�DQG�UHIHUHQFH�HOHFWURGH�D�KLJK�
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LPSHGDQFH�PXOWL�PHWHU��%.�3UHFLVLRQ�PRGHO������7DLZDQ��ZDV�FRQQHFWHG��)RU�GU\LQJ�KRW�DLU�RYHQ�ZDV�
XVHG��1DUDQJ�6FLHQWLILF�:RUNV�3YW��/WG���7KH�S+�PHDVXUHPHQW�PDGH�E\�S+�PHWHU��PRGHO������DQG�WKH�
VROXWLRQV�ZHUH� VWLUUHG� ZLWK� WKH� KHOS� RI� WKH�PDJQHWLF� VWLUUHU� �6WXDUW� 6FLHQWLILF�8.��� 7KH� XOWUD�VRQLFDWRU�
�%UDQVRQ�������ZDV�DOVR�XVHG�IRU�UHPRYLQJ�WKH�ORRVH�SDUWLFOHV�DQG�IRU�SUHSDUDWLRQ�RI�WKH�SHOOHWV�RXW�RI�WKH�
SUHSDUHG�FR�SUHFLSLWDWH��DQ�,5�EDVHG�PDFKLQH�ZDV�XVHG�PDQXIDFWXUHG�LQ�8.��

3UHSDUDWLRQ�RI�QLFNHO�LRQ�VHOHFWLYH�HOHFWURGH� �

'XULQJ� WKH� IDEULFDWLRQ� RI� WKH� QLFNHO� LRQ� VHOHFWLYH� HOHFWURGH� D� 39&� URG� RI� ��� FP� ORQJ� DQG� ���� FP�
GLDPHWHU�ZDV�XVHG�DV�RXWHU�ERG\�RI�WKH�VHQVRU�LQ�ZKLFK�D�JURRYH�RI�DERXW�����FP�ZLGH�DQG�DERXW�����PP�
GHSWK�ZDV�PDGH�DQG�IRU�WKH�HOHFWULFDO�FRQQHFWLRQ�D�KROH�ZDV�GULOOHG�DW�WKH�FHQWHU�WKURXJKRXW�WKH�OHQJWK�RI�
WKH�SRO\HWK\OHQH�URG��)RU�WKH�HOHFWULFDO�FRQQHFWLRQ�ZLWK�WKH�PHPEUDQH�VHQVRU�L�H��EDFN�FRQWDFW�ZLWK�SHOOHW��
D�WKLQ�FRSSHU�WDSH�RI�DERXW�����FP�LQ�ZLGWK�ZDV�PDGH�ZLWK�DERXW����FP�ORQJ�FRSSHU�ZLUH�VROGHUHG�WR�LW��
7KH� FRSSHU� GLVF� ZDV� WKHQ� LQVHUWHG� LQVLGH� WKH� SRO\HWK\OHQH� URG� IRU� FRSSHU� EDFN�FRQWDFW� DQG� WKH� SHOOHW�
PHPEUDQH�ZDV�VPHDUHG�YHU\�WKLQ�ZLWK�VLOYHU�SDVWH�RQ�RQH�VLGH�DQG�WKHQ�DWWDFKHG�WR�WKH�VLOYHU�GLVF�LQWR�WKH�
JURRYH�RI�WKH�URG��7KH�HOHFWURGH�ZLWK�WKH�PHPEUDQH�ZDV�OHIW�IRU����PLQXWHV�IRU�WKH�VLOYHU�SDVWH�WR�GU\�DQG�
WKH� VSDFH� DURXQG� WKH� VHQVRU� PHPEUDQHV� ZHUH� WKHQ� IL[HG� ZLWK� WKH� KHOS� RI� HSR[\� UHVLQ� DQG� OHIW� IRU�
RYHUQLJKW�IRU�WKH�VROLGLILFDWLRQ���

(OHFWURGH�FRQGLWLRQLQJ�DQG�(PI�PHDVXUHPHQW�

7KH� VHQVRUV� ZHUH� ILQDOO\� FRQGLWLRQHG� IRU� ��� KUV�� E\� VRDNLQJ� LQWR� D� VROXWLRQ� FRQWDLQLQJ� ���[����0�
1L�12���� VROXWLRQ�� 7KH� HOHFWURGHV�ZHUH� ULQVHG� E\� GHLRQL]HG� GLVWLOOHG�ZDWHU� WKHQ� SROLVKHG� LQ� ����� JULW�
VL]HG� 6L&� DEUDVLYH� SDSHU� IRU� VPRRWK� EHIRUH� SRWHQWLDO�PHDVXUHPHQWV�� ,Q� DOO� VROXWLRQV� WKH� SRWHQWLDO�ZDV�
PHDVXUHG�YHUVXV�FDORPHO�HOHFWURGH��+J�+J�&O���DV�UHIHUHQFH�HOHFWURGH��7KH�HOHFWURFKHPLFDO�FHOO�DVVHPEO\�
IRU�SRWHQWLDO�PHDVXUHPHQWV�FDQ�EH�UHSUHVHQWHG�DV�

3W�+J��+J�&O����.&O�����7HVW�VROXWLRQ��1L
�����,6%$���1L�,,��,6(�

6DPSOH�SUHSDUDWLRQ�

)RU�WKH�SXUSRVH�RI�FDUU\LQJ�RXW�WKH�H[SHULPHQW��DOO�WKH�UHDJHQWV�LQ�WKLV�ZRUN�ZHUH�RI�$5�JUDGH�RU�RI�
/5�JUDGH�� �7KH�VWRFN�VROXWLRQV�ZHUH�SUHSDUHG�XVLQJ�GLVWLOOHG�ZDWHU��7KH�VWRFN�VROXWLRQV�ZHUH�GLOXWHG�DW�
UHTXLUHG�FRQFHQWUDWLRQ�SULRU�WR�WKH�H[SHULPHQW�

5HVXOWV�DQG�'LVFXVVLRQ

&KDUDFWHUL]DWLRQ�RI�FR�SUHFLSLWDWH�

7KH� REWDLQHG� FRPSRXQG�ZDV� FRQILUPHG� WR� EH�$J�6�1L6� E\�PDWFKLQJ� DOO� WKH� SHDNV� REWDLQHG� LQ� WKH�
;5'�RI�1L�,,��,6(�ZLWK�WKH�-&3'6�GDWD�FDUG�QR������������IRU�1L6�DQG�-&3'6�GDWD�FDUG�QR���������IRU�
$J�6��7KH�-&3'6�GDWDEDVH�VKRZHG�WKH�SUHVHQFH�RI�ELQDU\�SKDVH�RI�H[LVWLQJ�DV�VHSDUDWH�SKDVH�RI�1L6�DQG�
$J�6�DQG�REWDLQHG�DOO�SHDNV�ZHUH�DVVLJQHG�DFFRUGLQJ� WR� WKH� -&3'6�GDWDEDVH��7KH�SHDNV� IRU�1L6�ZHUH�
REWDLQHG�DW�����������������������DQG�WKDW�IRU�$J�6�ZHUH�DW������������������������DQG�������������7KLV�VKRZV�
WKDW�WKH�FR�SUHFLSLWDWHV�SUHSDUHG�ZHUH�LQ�SXUH�VWDWH�DQG�SRO\FU\VWDOOLQH�LQ�QDWXUH�ZLWK�PHWDOOLF�QLFNHO���
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)LJXUH����;5'�SDWWHUQ�RI�$J�6�1L6�FR�SUHFLSLWDWH�

:RUNLQJ�S+�UDQJH�RI�WKH�HOHFWURGHV

7KH�ZRUNLQJ�S+�RI�WKH�WHVW�VROXWLRQ�KDYLQJ�FRQFHQWUDWLRQ�RI����î��±�0�ZDV�GHWHUPLQHG�DW�WKH�URRP�
WHPSHUDWXUH��)URP�WKH�JUDSK�� LW�ZDV�REVHUYHG� WKDW� WKH�SRWHQWLDO� UHVSRQVH�ZDV�QRW�DIIHFWHG�ZLWK� LQ� WKH�S+�
UDQJH�LQ�EHWZHHQ����������EH\RQG�WKLV�S+�UDQJH�RI�WKH�VROXWLRQ��WKH�SRWHQWLDO�UHVSRQVH�RI�WKH�HOHFWURGH�ZDV�
VHHQ�GHYLDWLQJ�FRQVLGHUDEO\�DQG�WKH�SRWHQWLDO�GULIW�RFFXUUHG��+HQFH��WKLV�S+�UDQJH�RI�����WR�����ZDV�WDNHQ�DV�
WKH�ZRUNLQJ�S+�UDQJH�RI�WKH�1L��,,��VHQVRU�DV�QR�LQWHUIHUHQFH�IURP�+��LRQV�RU�2+��LRQV�ZDV�REVHUYHG��7KH�
FDXVH�RI�FRQVLGHUDEOH�GULIW�DW�WKH�DFLGLF�VROXWLRQ�L�H��DW�ORZHU�S+�PD\�EH�GXH�WR�WKH�IDFW�WKDW�WKH�PHPEUDQH�RI�
WKH�HOHFWURGH�FRXOG�EH�SURWRQDWHG�WR�VRPH�H[WHQW��,W�LV�QRWHZRUWK\�WKDW�LQ�DONDOLQH�VROXWLRQ��WKH�REVHUYHG�GULIW�
DW�KLJKHU�S+�YDOXHV�FRXOG�EH�GXH�WR�WKH�K\GURO\VLV�RI�QLFNHO�LQ�WKH�WHVW�VROXWLRQ�

)LJXUH����(IIHFW�RI�WKH�S+�RI�WKH�WHVW�VROXWLRQ�RI����î��±�PRO/��1L�,,��LRQV�RQ�WKH�SRWHQWLDO�UHVSRQVH�RI�
WKH�1L�,,��LRQ�VHOHFWLYH�HOHFWURGH�

'LUHFW�SRWHQWLRPHWU\�VWXG\�

7KH�SRWHQWLDO�UHVSRQVH�RI�WKH�VROLG�VWDWH�VHQVRU�RI�1L6�$J�6��DFWLQJ�DV�D�ZRUNLQJ�HOHFWURGH��DORQJ�ZLWK�
VDWXUDWHG�FDORPHO�HOHFWURGH�ZDV�UHFRUGHG�DV�D�IXQFWLRQ�RI�FKDQJH�LQ�WKH�FRQFHQWUDWLRQ�RI�WKH�WHVW�VROXWLRQ�
RI�1L�12����RI� IL[HG�S+�RI������7KHRUHWLFDOO\�� WKH�FHOO� HPI�RI� WKH�1L�,,�� LRQ�VHOHFWLYH�HOHFWURGH�FDQ�EH�
UHODWHG�WR�WKH�FRQFHQWUDWLRQ�RI�WKH�1L�,,��LRQV�SUHVHQW�LQ�WKH�WHVW�VROXWLRQ�DV�� �

(FHOO� �(FRQVW���������ORJ>1L
��@�

7KH�RXWFRPH�RI�WKH�GLUHFW�SRWHQWLRPHWU\�PHDVXUHPHQWV�ZLWK�1L�,,��LRQ�VHOHFWLYH�HOHFWURGH�IRU�1L�,,��
LRQV�ZDV�������P9�GHFDGH�RQ�SORWWLQJ�WKH�H[SHULPHQWDO�YDOXHV�RI�WKH�HPI�RI�WKH�HOHFWURFKHPLFDO�FHOO�DV�D�
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IXQFWLRQ�RI�GLIIHUHQW�FRQFHQWUDWLRQV�RI�1L�12����VROXWLRQ��)RU�WKH�ELYDOHQW�FDWLRQV��WKHRUHWLFDO�1HUQVWLDQ�
VORSH�LV�������P9�GHFDGH�DV�REWDLQHG�E\�WKH�1HUQVW�HTXDWLRQ��,W�VHHPHG�WKDW�ZLWKRXW�WKH�SUHVHQFH�RI�DQ\�
DQWL�R[LGDQWV� DQG� LRQLF� VWUHQJWK� DGMXVWHU� EXIIHU� WKH� YDOXH� RI� 1HUQVWLDQ� VORSH� RI� IDEULFDWHG� 1L�,,�� LRQ�
VHOHFWLYH�HOHFWURGH�ZDV�JUHDWO\�DIIHFWHG�DQG�UHVXOWHG�LQ�PXFK�OHVV�WKDQ�WKH�SUHGLFWHG�WKHRUHWLFDO�1HUQVWLDQ�
VORSH��7KH�JRRG�RXWFRPH�RI� WKH� ORZHU�GHWHFWLRQ� OLPLW�E\� WKH�QLFNHO� QLWUDWH� VROXWLRQ� DQG� WKH� VLJQLILFDQW�
LPSURYHPHQW� LQ� WKH�1HUQVWLDQ�VORSH�ZLWK� WKH�DGGLWLRQ�RI�DVFRUELF�DFLG� WR� WKH� WHVW� VROXWLRQ�ZLWK� VRGLXP�
QLWUDWH� VROXWLRQ� ZDV� REWDLQHG�� 7KH� JUDSKV� VKRZ� D� JRRG� 1HUQVWLDQ� VORSH� ZKLFK� LV� YHU\� QHDUHU� WR� WKH�
WKHRUHWLFDO�YDOXH��,Q�DGGLWLRQ�RI�WKHVH�LPSURYHPHQWV��WKH�H[SHULPHQWDO�GDWD�ZHUH�DOVR�IRXQG�WR�KDYH�OHVV�
VFDWWHULQJ�DQG�DOO�WKH�SRLQWV�IHOO�LQ�D�OLQHDU�VORSH�ZLWK�FRHIILFLHQW�RI�GHWHUPLQDWLRQ��5���YDOXH�RI��������

�D� �����������������������������������������������������������E��

)LJXUH����3ORW�RI�SRWHQWLDO�YV��FRQFHQWUDWLRQ��D��RQO\�1L�12�����VROXWLRQ�DQG��E��LQ�D�PL[WXUH�RI�1L�12�����
DVFRUELF�DFLG�DQG�1D12��IRU�HOHFWURGH�

&RPSDULQJ�WKLV�HOHFWURGH�ZLWK�WKH�FRPPHUFLDOO\�DYDLODEOH�HOHFWURGH��WKH�1L�,,��LRQ�VHOHFWLYH�HOHFWURGH�
IDEULFDWHG� LQ� WKLV� VWXG\� VHHPHG� WR�SHUIRUP�DV�JRRG� DV� WKH� FRPPHUFLDOO\� DYDLODEOH� HOHFWURGH�KDYLQJ� WKH�
ORZHU� GHWHFWLRQ� OLPLW� RI� ���î��±�0� DQG� WKH�1HUQVWLDQ� VORSH� DERYH���P9�GHFDGH��7KHUHIRUH�� WKH� VROLG�
VWDWH�VHQVRU�SUHSDUHG�LQ�WKH�ODERUDWRU\�ZRUNHG�ZHOO�IRU�WKH�GHWHUPLQDWLRQ�RI�1L�,,��LRQ�FRQFHQWUDWLRQ�XS�WR�
���î����0�FRQFHQWUDWLRQ��

3RWHQWLRPHWULF�WLWUDWLRQ�

7KH� DSSOLFDELOLW\� RI� WKH� 1L6�$J�6� LRQ� VHOHFWLYH� HOHFWURGH�� DV� DQ� LQGLFDWRU� HOHFWURGH� IRU� WKH�
SRWHQWLRPHWULF� WLWUDWLRQ�� ZDV� H[DPLQHG� E\� WLWUDWLRQ� RI� �P/� RI� ���î��±�0� � � FRQFHQWUDWLRQ� RI� 1L�12���
VROXWLRQ�DJDLQVW����î��±�0�FRQFHQWUDWLRQ�RI�('7$��'XULQJ� WLWUDWLRQ�����P/�RI�ZDWHU�ZDV�DGGHG� WR� WKH�
VROXWLRQ� DQG� �P/� RI� ('7$� VROXWLRQ� ZDV� DGGHG� WR� WKH� QLFNHO� QLWUDWH� VROXWLRQ� DQG� WKH� SRWHQWLDO� ZDV�
UHFRUGHG�ZKLOH�VWLUULQJ�WKH�VROXWLRQ���

7KH�HPI�RI�WKH�FHOO�ZLWK�UHVSHFW�WR�WKH�FRQFHQWUDWLRQ�RI�1L���DQG�6��GXULQJ�SRWHQWLRPHWULF�WLWUDWLRQ�ZDV�
VKRZQ�E\�WKH�HTXDWLRQ�EHORZ��

(FHOO� �(DJJUHJ����������ORJ>1L
��@�>6���@�

7KH� HPI�RI� WKH� FHOO� GHSHQGHG�RQ� WKH� FRQFHQWUDWLRQ� UDWLR�RI� >1L��@�>6��@��:KHQ�1L��LRQ� VROXWLRQ�ZDV�
WLWUDWHG� DJDLQVW� ('7$� VROXWLRQ� IURP� EXUHWWH�� REVHUYHG� HPI� RI� WKH� FHOO� GHFUHDVHG� IRU� HYHU\� DGGLWLRQ� RI�
('7$�VROXWLRQ��7KLV�ZDV�GXH�WR�WKH�GHFUHDVH�LQ�IUHH�1L���LRQV�LQ�WKH�VROXWLRQ��$W�WKH�HTXLYDOHQFH�SRLQW��
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WKHUH�ZDV�GUDPDWLF�GHFUHDVH�LQ�REVHUYHG�HPI�EHFDXVH�DW�WKDW�SRLQW�QHDUO\�DOO�WKH�1L��LRQV�ZHUH�FRQVXPHG�
E\�('7$�VROXWLRQ�WR�IRUP�1L�('7$�FRPSOH[��7KH�HTXLYDOHQW�SRLQW�RI�WKH�UHDFWLRQ�LV�FRQILUPHG�E\�WKH�
VXGGHQ� FKDQJH� LQ� SRWHQWLDO�� 7KH� VKDUS� EUHDN� SRLQW� DQG� WKH� IDVW� UHVSRQVH� WLPH� LQ� WKH� SRWHQWLRPHWULF�
WLWUDWLRQ�RI�1L�,,��VDOW�VROXWLRQ�DJDLQVW�('7$�FRUUHVSRQGHG�WR�1L�('7$�VWRLFKLRPHWU\�ZKLFK�VKRZHG�WKDW�
WKLV�VHQVRU�FDQ�EH�XVHG�IRU� WKH�GHWHUPLQDWLRQ�RI�1L�,,�� LRQV�E\�SRWHQWLRPHWULF� WLWUDWLRQ�PHWKRGV��+HQFH��
1L�,,�� LRQ� VHOHFWLYH� HOHFWURGHV� FDQ� EH� XVHG� DV� DQ� LQGLFDWRU� HOHFWURGH� LQ� SRWHQWLRPHWULF� WLWUDWLRQ� IRU� WKH�
GHWHUPLQDWLRQ�RI�1L�,,��LRQV�HYHQ�LQ�ORZ�FRQFHQWUDWLRQ�UDQJH��

)LJXUH����$�3RWHQWLRPHWULF�WLWUDWLRQ�FXUYH�RI���PO�1L�,,��LRQ�VROXWLRQ����î��±�PRO/����ZLWK���î��±�PRO/�

��('7$�XVLQJ�WKH�SURSRVHG�PHPEUDQH�VHQVRU�DV�DQ�LQGLFDWRU�HOHFWURGH�

'HWHUPLQDWLRQ�RI�OHDFKLQJ�EHKDYLRU�RI�WKH�PHPEUDQH�

7KH� OHDFKLQJ� RI� WKH� 1L6�$J�6� HOHFWURGH� FDQ� EH� VWXGLHG� E\� GHWHUPLQLQJ� WKH� DPRXQW� RI� 1L
��� LRQV�

GLVVROYHG�LQ�WKH�DTXHRXV�VROXWLRQ�IURP�WKH�PHPEUDQH�VHQVRU��)RU�WKH�GHWHUPLQDWLRQ�RI�WKH�DPRXQW�RI�WKH�
1L�,,�� LRQV� OHDFKHG�IURP�WKH�VHQVRU�PHPEUDQH�� WKH�HOHFWURGH�ZDV�GLSSHG� LQ���P/�RI����î��±��0�QLFNHO�
QLWUDWH� VROXWLRQ� ZKLFK� ZDV� GLOXWHG� WR� PDNH� ��� P/� E\� DGGLQJ� GLVWLOOHG� ZDWHU� FRQWDLQLQJ� 1D12�� DQG�
DVFRUELF� DFLG� ZDV� DGGHG� XS� WR� �� KUV�� � 7KHQ�� WKH� WHVW� VROXWLRQ� ZDV� WLWUDWHG� DJDLQVW� ���î����� 0� ('7$�
VROXWLRQ��

�D� ����������������������������������������������������������������������������������E��

)LJXUH� ��� �D�3RWHQWLRPHWULF� WLWUDWLRQ� FXUYH� RI� �� P/�1L��LRQ� VROXWLRQ� ����î��±�� PRO/���� ZLWK� ���î��±��

PRO/���('7$�XVLQJ� WKH� IDEULFDWHG� VHQVRUV�DV�DQ� LQGLFDWRU�� �E��6SRQWDQHRXV� OHDFKLQJ�RI� WKH�PHPEUDQH�
VHQVRU�DIWHU�ORQJ�VWRUDJH�LQ�WKH�PRLVW�HQYLURQPHQW
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,W� FDQ� EH� HVWLPDWHG� WKDW� IRU� WKH� FRQVXPSWLRQ� RI� �PO� RI� ���î��±�PRO/��1L�12���� VROXWLRQ�� H[DFWO\� �PO�
VROXWLRQ� RI� ���� î� ��±�PRO/��('7$� VROXWLRQ� LV� UHTXLUHG�� %XW� KHUH�� �PO� RI� H[FHVV� YROXPH� RI� ('7$� ZDV�
FRQVXPHG�E\�WKH�1L�12����VROXWLRQ��7KLV�H[FHVV�YROXPH�RI�('7$�FRQVXPHG�ZDV�SURSRUWLRQDO�WR�WKH�DPRXQW�
RI�1L��� LRQV� GLVVROYHG� IURP� WKH� VHQVRU�PHPEUDQH� LQ� WKH� DTXHRXV� VROXWLRQ� IRU� �KUV�� +HQFH� E\� FDOFXODWLRQ��
�����î����J� RU� ��î�����0�� RI� 1L��� LRQV� RI� WKH� 1L�,,�� VHQVRU� PHPEUDQH� KDV� EHHQ� OHDFKHG� LQWR� WKH� GLOXWHG�
DTXHRXV�VROXWLRQ�RI�1L�12����DIWHU�GLSSLQJ�WKH�HOHFWURGH�IRU��KUV��7KH�OHDFKLQJ�PD\�EH�GXH�WR�WKH�VHWXS�RI�WKH�
FRQFHQWUDWLRQ�JUDGLHQW�RI�1L��LRQ�VROXWLRQV�LQ�EHWZHHQ�WKH�PHPEUDQH�VHQVRU�DQG�WKH�WHVW�VROXWLRQ��

,Q�VXPPDU\�� WKH�1L6�$J�6� LRQ�VHOHFWLYH�HOHFWURGH�FDQ�EH�XVHG�DV�DQ� LQGLFDWRU� LQ� WKH�SRWHQWLRPHWULF�
WLWUDWLRQ�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�1L�,,��LRQV�GLVVROYHG�LQ�WKH�WHVW�VROXWLRQ�TXDQWLWDWLYHO\�DQG�WKDW�VXFK�
VHQVRU�VKRXOG�QRW�EH�NHSW�LQ�QLFNHO�IUHH�VROXWLRQ�IRU�ORQJ�WLPH�DV�LW�ZLOO�OHDG�WR�GHWHULRUDWLRQ�RI�WKH�VHQVRU�
PHPEUDQH��7KH�SHOOHW�RI�WKH�$J�6�1L6�VHQVRU�ZKHQ�NHSW�LQ�WKH�PRLVW�HQYLURQPHQW�IRU�DERXW�����PRQWKV�
ZLWKRXW�DQ\�XVH�ZDV�JUDGXDOO\� OHDFKLQJ��7KLV�KDSSHQHG�GXH�WR� WKH�VWRUDJH�RI� WKH�HOHFWURGH�LQ� WKH�PRLVW�
HQYLURQPHQW�WKDW�IDFLOLWDWHG�WKH�DHULDO�R[LGDWLYH�OHDFKLQJ�RI�WKH�QLFNHO�SUHVHQW�LQ�WKH�FU\VWDO�ODWWLFH�RI�WKH�
SHOOHW�DV�ZHOO�DV�WKH�K\GUDWLRQ�RI�WKH�VHQVRU�PHPEUDQH�WR�JLYH�WKH�JUHHQLVK�FU\VWDO�RI�WKH�QLFNHO��

'\QDPLF�5HVSRQVH�&KDUDFWHULVWLFV�

7KH� FXUYHV� IRU� WKH� G\QDPLF� UHVSRQVH� RI� D� 1L�,,�� VHQVRUV� DUH� REWDLQHG� E\� WKH� FRQFHQWUDWLRQ� IURP�
���î��±�0�WR����î��±�0�RI�WKH�1L�,,��VDOW�VROXWLRQ�DQG�WKH�SRWHQWLDO�ZDV�PHDVXUHG�DW�WKH�LQWHUYDO�RI����
VHF��WLOO�WKH�HTXLOLEULXP�SRWHQWLDOV�DUH�REWDLQHG��7KH�FRQFHQWUDWLRQ�RI�WKH�WHVW�VROXWLRQ�ZDV�XVXDOO\�FKDQJHG�
E\�WKH�DGGLWLRQ�RI�KLJKHU�FRQFHQWUDWLRQ�RI�1L�,,��VDOW�VROXWLRQ�WR�WKH�WHVW�VROXWLRQ��7KH�SRWHQWLDO�RI�WKH�FHOO�
ZDV� REVHUYHG� WR� LQFUHDVH�ZLWK� WKH� LQFUHDVH� LQ� WKH� FRQFHQWUDWLRQ� RI� WKH� WHVW� VROXWLRQ� DQG� WKH� SRWHQWLDO� ZDV�
IOXFWXDWLQJ�XQOHVV�WKH�HTXLOLEULXP�SRWHQWLDO�EHWZHHQ�WKH�PHPEUDQH�RI�WKH�HOHFWURGH�DQG�WKH�WHVW�VROXWLRQ�ZDV�
PDLQWDLQHG��LW�ZDV�REVHUYHG�WKDW�WKH�HTXLOLEULXP�SRWHQWLDO�KDV�EHHQ�VHW�XS�ZLWKLQ���PLQXWHV�DIWHU�WKH�HOHFWURGH�
ZDV� GLSSHG� LQWR� WKH� WHVW� VROXWLRQ�� 7KLV�ZDV� XVXDOO\� WKH� DYHUDJH� WLPH� UHTXLUHG� IRU� WKH� HOHFWURGH� WR� UHDFK� D�
SRWHQWLDO�ZLWKLQ���P9�RU���P9�RI�WKH�ILQDO�HTXLOLEULXP�YDOXH�DIWHU�VXFFHVVLYH�LPPHUVLRQ�LQ�D�VHULHV�RI�1L���LRQ�
VROXWLRQV��HDFK�KDYLQJ�D����IROG�GLIIHUHQFH�LQ�FRQFHQWUDWLRQ��7KLV�ZDV�XVXDOO\�WKH�DYHUDJH�WLPH�UHTXLUHG�IRU�WKH�
HOHFWURGH�WR�UHDFK�D�SRWHQWLDO�ZLWKLQ���P9�RI�WKH�ILQDO�HTXLOLEULXP�YDOXH�DIWHU�VXFFHVVLYH�LPPHUVLRQ�LQ�D�VHULHV�
RI�1L���LRQ�VROXWLRQV��HDFK�KDYLQJ�D����IROG�GLIIHUHQFH�LQ�FRQFHQWUDWLRQ��

7KLV�PD\�EH�SUREDEO\�GXH�WR�WKH�IDVW�LQWHUDFWLRQ�NLQHWLFV�RI�1L���LRQV�RI�WKH�WHVW�VROXWLRQ�ZLWK�WKH�PHPEUDQH�
VHQVRU�DW�WKH�WHVW�VROXWLRQ�PHPEUDQH�LQWHUIDFH��*RRG�SROLVKLQJ�IRU�WKH�VPRRWK�DQG�SODQH�VXUIDFH�DQG�RSWLPXP�
SUHFRQGLWLRQLQJ�RI�WKH�PHPEUDQH�HOHFWURGH�PD\�DOVR�EH�UHVSRQVLEOH�IRU�JLYLQJ�YHU\�VKRUW�UHVSRQVH�WLPH��

)LJXUH�����'\QDPLF�UHVSRQVH�WLPH�RI�WKH�1L�,,��VHQVRU�IRU�VWHS�FKDQJHV�IURP�ORZ�WR�KLJK�FRQFHQWUDWLRQ�RI�1L���LRQV�
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6HOHFWLYLW\�FRHIILFLHQW�GHWHUPLQDWLRQ�

)RU�WKH�GHWHUPLQDWLRQ�RI�VHOHFWLYLW\�FRHIILFLHQW�RI�VHQVLQJ�HOHFWURGH�PDWFK�SRWHQWLDO�PHWKRG��030��LV�
WKH� UHFRPPHQGHG�PHWKRG� IRU� VWXG\LQJ� LQIOXHQFH� RI� LQWHUIHUHQFHV� LRQ� LQ� WKH� LRQ� VHOHFWLYH� HOHFWURGH� E\�
,83$&��,W�LV�EDVHG�RQ�WKH�PHDVXUHPHQW�RI�VSHFLILF�DFWLYLW\�RI�SULPDU\�LRQ�DGGHG�WR�D�UHIHUHQFH�VROXWLRQ��
7KH�VHOHFWLYLW\�FRHIILFLHQW�IRU�WKH�1L���LRQV�ZDV�GHWHUPLQHG�DJDLQVW�WKH�RWKHU�LQWHUIHULQJ�LRQV�VXFK�DV�1D���
.��� &X���� 3G��� DQG� &G���� )RU� WKLV�� WKH� ILUVW� FKDQJH� LQ� SRWHQWLDO� XSRQ� FKDQJLQJ� WKH� FRQFHQWUDWLRQ� RI�
1L�12���� IURP� ���� î� ��

±�0� WR� ���� î� ��±�0� ZDV� PHDVXUHG� LQWR� D� UHIHUHQFH� VROXWLRQ� E\� WKH� VWDQGDUG�
DGGLWLRQ�RI�KLJK�FRQFHQWUDWLRQ�RI�1L�12����VROXWLRQ��7KHQ�LQ�WKH�VHSDUDWH�H[SHULPHQW��WKH�LQWHUIHULQJ�LRQ�
ZDV�DGGHG�WR�DQ�LGHQWLFDO�UHIHUHQFH�VROXWLRQ�XQWLO� WKH�VDPH�FKDQJH�LQ�WKH�SRWHQWLDO�ZDV�UHFRUGHG��,Q�WKH�
PDWFK� SRWHQWLDO� PHWKRG�� WKH� VHOHFWLYLW\� FRHIILFLHQW� .3RW�030� LV� JLYHQ� E\� WKH� UDWLR� RI� WKH� UHVXOWLQJ�
FRQFHQWUDWLRQV�RI�WKH�1L���LRQV�RYHU�WKH�LQWHUIHULQJ�LRQV��7KH�VHOHFWLYLW\�FRHIILFLHQW�.SRW��030�RI�WKH�1L�,,��
LRQ�VHOHFWLYH�HOHFWURGH�LV�JLYHQ�E\��

.3RW�030� �D1L
���D%

:KHUH��D1L���LV�WKH�DFWLYLW\�FRQFHQWUDWLRQ�RI�WKH�SULPDU\�LRQ��
D%�LV�WKH�DFWLYLW\�FRQFHQWUDWLRQ�RI�WKH�LQWHUIHULQJ�LRQV��

7KH� LQWHUIHUHQFH� RI� 1D��� .��� &X���� 3G��� DQG� &G��� ZDV� LQYHVWLJDWHG� DQG� VKRZHG� WKDW� WKH\� KDYH� QR�
VLJQLILFDQW�HIIHFW�RQ�WKH�UHVSRQVH�WR�1L�,,��VKRZQ�LQ�WDEOH�EHORZ��

7DEOH����7KH�VHOHFWLYLW\�FRHIILFLHQWV�RI�YDULRXV�LQWHUIHULQJ�FDWLRQV�IRU�1L��PHPEUDQH�VHQVRUV�

,QWHUIHULQJ�LRQV .3RW�030

1D� �������
.�� ���������
&X�� ���������
3E��� �������
&G�� �������

0HWKRG�YDOLGDWLRQ�

)RU� WKH� YDOLGDWLRQ� RI� WKLV�PHWKRG�� GLIIHUHQW� W\SHV� RI� VWDQGDUG� UHIHUHQFH�PDWHULDO�ZHUH� XVHG������ 7KH�
VDPSOHV�ZHUH�WUHDWHG�DV�PHQWLRQHG�DQG�WKH�1L�,,��FRQWHQW�ZHUH�DQDO\]HG�E\�WKLV�PHWKRG���7KLV�PHWKRG�FDQ�
EH�FRQVLGHUHG�DV� WKH� UHOLDEOH�DQG�DFFXUDWH�PHWKRG� IRU� WKH�GHWHUPLQDWLRQ�RI�QLFNHO� LQ� WKH�HQYLURQPHQWDO�
VDPSOHV���

&RQFOXVLRQV�

$�VHQVRU�PHPEUDQH�ZDV� IDEULFDWHG� IRU� WKH�GHWHUPLQDWLRQ�RI�QLFNHO� LRQ��7KH�HOHFWURGH�FRPSRVLWLRQ�ZDV
1L6�$J�6� DW� WKH� UDWLR� RI� ���� PROHV� ZDV� SUHSDUHG�� (IIHFW� RI� S+� RQ� WKH� HOHFWURGH�� SRWHQWLRPHWULF�
GHWHUPLQDWLRQ�ZDV� VWXGLHG�� 7KH� HOHFWURGH� KDV� D� ORQJ�OLIH� WLPH� DQG� D� UHVSRQVH� WLPH��$� JRRG� VHOHFWLYLW\�
DPRQJ� RWKHU� LRQV� WR� QLFNHO� LRQ� ZDV� DEVRUEHG� ZKLFK� PDNHV� WKH� HOHFWURGH� D� JRRG� FDQGLGDWH� LQ�
HQYLURQPHQWDO�VDPSOHV���

$FNQRZOHGJHPHQWV�

$XWKRUV�DUH�JUDWHIXO�WR�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\�78�IRU�ODERUDWRU\�IDFLOLWLHV��
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5HIHUHQFHV�

�� <�/�1��0XUWK\��%��*RYLQGK��%�6��'LZDNDU��.��1DJDODNVKPL�DQG�5��6LQJK��,QW��-��RI�&KHP��7HFK��
5HVHDUFK�����������������������

�� $�&��3RZHU�DQG�$��0RUULQ��(OHFWURDQDO\WLFDO�6HQVRU�7HFKQRORJ\��3XEOLVKHU��,Q7HFK�������������

�� *��6XUHVK��3��'KDQDODNVKLPL�DQG�1�9�1��1DLGX��,QW��-��RI�&XUUHQW�6FLHQFHV������������������

�� )�+��-HIIHU\��-��%DVVHWW��-��0HQGKDP��5�&��'HQQ\��9RJHOV�7H[WERRN�RI�4XDQWLWDWLYH�&KHPLFDO�
$QDO\VLV��ILIWK�HGLWLRQ��$GGLVRQ�:HVOH\�/RQJPDQ�,QF��8.��������

�� $�3��<DGDY��3UHSDUDWLRQ�DQG�DQDO\WLFDO�VWXG\�RI�VRPH�VLOYHU�VXOILGH�EDVHG�LRQ�VHOHFWLYH�HOHFWURGHV��$�
GLVVHUWDWLRQ�VXEPLWWHG�WR�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��������

�� .�5��2MKD�� 3UHSDUDWLRQ� DQG� 5HVSRQVH� FKDUDFWHUL]DWLRQ� RI� DOO� VROLG� VWDWH� VHQVRU� IRU� 3E�,,��� $�
GLVVHUWDWLRQ�VXEPLWWHG�WR�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\�������

�� $�5��(OVDODPRXQ\��6�$��(OUHHI\�DQG�$�0�$��+DVVDQ��5HVHDUFK�-��RI�&KHP��6FL���-XQH�������������
�������

�� -�� 0HQGKDP�� 5�&�� 'HQQH\�� -�'�� %DUQHV�� 0�.�-�� 7KRPDV�� 9RJHO¶V� WH[W� ERRN� RI� TXDQWLWDWLYH�
FKHPLFDO�DQDO\VLV��ORQJPDQ�SXEOLFDWLRQ���WK�HGLWLRQ������������������

�� $�-�� %DUG�� &�5�� )DXONQHU�� (OHFWURFKHPLFDO� PHWKRGV� IXQGDPHQWDOV� DQG� DSSOLFDWLRQV�� VHFRQG�
HGLWLRQ��86$���������

��� (��%DNNHU��/�9��.RFKLDQ��-�(��6KDII�DQG�0�$��3LQHURV��(OHFWURO\VLV� �������������������


