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'XULQJ� P\� ��PRQWK� ,QGXVWULDO� $WWDFKPHQW� �,$�� VWLQW� ZLWK� WKH� &HQWUH� IRU� :LUHOHVV�
&RPPXQLFDWLRQV��&:&���,�KDYH�JDLQHG�LQYDOXDEOH�NQRZOHGJH�DQG�H[SHULHQFH�LQ�WKH�ILHOG�
RI�DQWHQQD�GHVLJQ��RWKHUZLVH�QRW�SRVVLEOH�LQ�WH[WERRNV�DQG�OHFWXUHV�
,Q�P\� ,$�� ,�KDG� IRFXVHG�RQ� WKH�QRYHO�GHVLJQ�RI�SODQDU�PRQRSROH�DQWHQQDV�ZLWK�VHYHUDO�
JHRPHWULFDO� VKDSHV� VR� DV� WR� DFKLHYH� EURDG� LPSHGDQFH� EDQGZLGWKV� DQG� VWDEOH� UDGLDWLRQ�
SDWWHUQV��0HWKRGV�VXFK�DV�FXWWLQJ�RI�VORWV�DQG�WKH�XVH�RI�HOHFWURPDJQHWLF�FRXSOLQJ��(0&��
ZHUH� XVHG� WR� ERRVW� SHUIRUPDQFH� DV� ZHOO� DV� WR� LPSURYH� RQ� WKH� RYHUDOO� GHVLJQ� RI� WKH�
DQWHQQD�
7KH�UHVXOWV�REWDLQHG�ZLWK� WKH�RSWLPL]HG�SDUDPHWHUV�ZHUH�VDWLVIDFWRU\�DQG�KDG�WKHUHDIWHU�
SDYHG�WKH�ZD\�IRU�IXWXUH�GHYHORSPHQWV�LQ�WKLV�DUHD�
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,�ZRXOG�OLNH�WR�WKDQN�'U��&KHQ�=KL�1LQJ��P\�VXSHUYLVRU�DW�&:&�IRU�KLV�JXLGDQFH�DV�ZHOO�
DV� LQ�JLYLQJ�PH� WKH�RSSRUWXQLW\�WR� OHDUQ�PRUH�DERXW� WKH�ZRUNLQJV�RI�DQ�DQWHQQD��,�KDYH�
DOVR�JDLQHG�LQYDOXDEOH�H[SHULHQFH�LQ�WKH�GHVLJQLQJ��WHVWLQJ�DQG�DQDO\]LQJ�WKH�SHUIRUPDQFH�
RI�EURDGEDQG�SODQDU�PRQRSROH�DQWHQQDV�XVLQJ�WKH�1HWZRUN�$QDO\]HU�
,Q� DGGLWLRQ�� ,� ZRXOG� DOVR� OLNH� WR� WKDQN 'U� 7DQ� (QJ� /HRQJ� IRU� VSHQGLQJ� KLV� WLPH� LQ�
DWWHQGLQJ�P\�SUHVHQWDWLRQV�RQ�WKH�SHUIRUPDQFH�RI�WKH�PRQRSROH�DQWHQQDV�DQG�VKDULQJ�KLV�
YLHZV�RQ�WKH�VXEMHFW�
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7KH� &HQWUH� IRU� :LUHOHVV� &RPPXQLFDWLRQV� �&:&�� RI� WKH� 1DWLRQDO� 8QLYHUVLW\� RI�
6LQJDSRUH� LV� D� QDWLRQDO� 5	'� FHQWUH� IXQGHG� E\� WKH� 6LQJDSRUH� 1DWLRQDO� 6FLHQFH� DQG�
7HFKQRORJ\�%RDUG��167%���&:&¶V�SULPDU\�DFWLYLWLHV�DUH�FHQWUHG�RQ�FRQGXFWLQJ�VWUDWHJLF�
DQG� LQGXVWU\�UHOHYDQW� 5	'� LQ� WHOHFRPPXQLFDWLRQV� LQGXVWU\�� 7KH� &HQWUH� FXUUHQWO\�
HPSOR\V�DERXW�����IXOO�WLPH�VWDIIV��DERXW�����RI�ZKRP�DUH�UHVHDUFK�VWDII��&:&�RFFXSLHV�
VRPH������VTP�RI�VSDFH�LQ�WKH�7HOH7HFK�3DUN�EXLOGLQJ�ZLWKLQ�6LQJDSRUH¶V�6FLHQFH�3DUN�
,,�
5	'� ZRUN� ZLWKLQ� &:&� LQFOXGH� UHVHDUFK�� GHVLJQ� DQG� SURWRW\SLQJ� RI� V\VWHPV� LQ� WKH�
WHFKQRORJ\�DUHDV�RI�$GYDQFHG�0RGXODWLRQ�DQG�0XOWLSOH�$FFHVV��6LJQDO�3URFHVVLQJ��5)��
$QWHQQD�DQG�3URSDJDWLRQ��1HWZRUN�3URWRFROV�DQG�0RELOH�&RPSXWLQJ�

%� 2%-(&7,9(6
x 7R� FRQGXFW� ZRUOG�FODVV� VWUDWHJLF� UHVHDUFK� DQG� LQGXVWU\�UHOHYDQW� 5	'� LQ�

WHOHFRPPXQLFDWLRQV�
x 7R� GHYHORS� QHZ� DQG� LQQRYDWLYH� WHOHFRPPXQLFDWLRQ� WHFKQRORJLHV� DQG� VROXWLRQV� IRU�

SURGXFWV��V\VWHPV��VHUYLFHV�DQG�DSSOLFDWLRQV�
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x 7R�GHYHORS�WKH�LQIUDVWUXFWXUH�QHFHVVDU\�WR�SURPRWH�DQG�VXSSRUW�5	'�DFWLYLWLHV�LQ�WKH�
ORFDO�WHOHFRPPXQLFDWLRQV LQGXVWU\�

x 7R�FRQWULEXWH� DFWLYHO\� WRZDUGV� WKH�JURZWK�RI�D� VWURQJ� WHOHFRPPXQLFDWLRQV� LQGXVWU\�
FOXVWHU� LQ� 6LQJDSRUH� WKURXJK� YDOXH�DGG� DFWLYLWLHV�� 5	'� PDQSRZHU� WUDLQLQJ� DQG�
WHFKQRORJ\�WUDQVIHU�

&� 5	'�$FWLYLWLHV
��&RUH�5HVHDUFK�3URJUDPPHV� DUH� EHLQJ� KHOG� LQ�&:&�� FRYHULQJ� WKH�PDMRU� DUHDV� LQ� WKH�
ILHOG� RI� :LUHOHVV� 7HOHFRPPXQLFDWLRQV�� 7KH\� DUH� ,QWHUQHW� 7HFKQRORJLHV�� 3LFR� DQG�
%URDGEDQG�$FFHVV�1HWZRUNV��:LUHOHVV� ,GHQWLILFDWLRQ�DQG�/RFDWLRQ�6\VWHPV��DQG�)XWXUH�
0RELOH�&RPPXQLFDWLRQ�6\VWHPV�
7KLV�SURJUDPPH�IRFXVHV�RQ�WKH�GHYHORSPHQW�RI�QH[W�JHQHUDWLRQ�,QWHUQHW�WHFKQRORJLHV�DQG�
PRELOH�ZLUHOHVV�,QWHUQHW�DFFHVV�DQG�DSSOLFDWLRQV��7KH�PDLQ�DFWLYLWLHV�FHQWHU�DURXQG�DUHDV�
VXFK�DV�4XDOLW\�RI�6HUYLFH��4R6���PRELOLW\�DQG�ZLUHOHVV�VXSSRUW��
7KH� H[SHFWHG� RXWFRPHV� RI� WKH� SURJUDPPH� LQFOXGH� FRQWULEXWLRQV� WR� LQWHUQDWLRQDO�
VWDQGDUGL]DWLRQ�HIIRUWV��DQG�QHZ�WHFKQRORJLHV�WKDW�ZLOO�JHQHUDWH�,QWHUQHW�UHODWHG�VWDUW�XSV�
DQG� VLJQLILFDQW� FRQWULEXWLRQV� WR� UHVHDUFK� RQ� SURWRFROV�� DOJRULWKPV� DQG� PHFKDQLVPV� IRU�
,QWHUQHW�4R6�VXSSRUW�RI�IXWXUH�DFFHVV�WHFKQRORJLHV��
7KH� SURJUDPPH� ZLOO� DOVR� UHVXOW� LQ� WKH� WUDLQLQJ� RI� HQJLQHHUV� VNLOOHG� LQ� GHVLJQ� DQG�
LPSOHPHQWDWLRQ�RI�,QWHUQHW�SURWRFROV�WR�PHHW�WKH�QHHGV�RI�WKH�ORFDO�LQGXVWU\�
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9LVLRQ� ³&:&�WHFKQRORJ\�LQ�DOO�FRPPXQLFDWLRQV�V\VWHP�´
0LVVLRQ� ³7R�FUHDWH�OHDGLQJ�FRPPXQLFDWLRQ�WHFKQRORJLHV�IRU�D�ZRUOG�FODVV�LQGXVWU\�
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&:&�LV�OHDG�E\�LWV�'LUHFWRU��3URIHVVRU�/\H�.LQ�0XQ�WR�DFKLHYH�LWV�PLVVLRQ�DQG�JRDOV�



,QGXVWULDO�$WWDFKPHQW�5HSRUW

�

,,� 7+(�75$,1,1*�352*5$00(
7KH�SURMHFW�WLWOH�IRU�WKLV�,$�SURJUDP�LV�WR�GHVLJQ�EURDGEDQG�PRQRSROH�DQWHQQDV�LQ�RUGHU�
WR�DFKLHYH�RSWLPXP�LPSHGDQFH�EDQGZLGWKV�DV�ZHOO�DV�WR�DFKLHYH�VWDEOH�UDGLDWLRQ�SDWWHUQV��
,Q�RUGHU�WR�DFKLHYH�WKLV��EDFNJURXQG�SUHSDUDWLRQ�ZDV�QHFHVVDU\�VR�WKDW�,�FRXOG�XQGHUVWDQG�
WKH� EDVLF� FRQFHSWV� DSSOLHG� LQ� DQWHQQD� GHVLJQ� DV�ZHOO� DV� WR� NHHS�P\VHOI� XSGDWHG� RI� WKH�
FXUUHQW� GHYHORSPHQWV� LQ� WKLV� DUHD�� +HQFH�� ,� ZDV� DVVLJQHG� WR� UHDG� XS� RQ� WKH� UHOHYDQW�
OLWHUDWXUH��LQFOXGLQJ�MRXUQDOV�DQG�UHIHUHQFH�ERRNV�
$�ODUJH�SRUWLRQ�RI�P\�,$�ZDV�VSHQW�LQ�WKH�5DGLR )UHTXHQF\��5)��/DERUDWRU\�WR�SHUIRUP�
WHVWLQJ�RQ� WKH�EDQGZLGWK�SHUIRUPDQFH�RI� WKH�GHVLJQHG�DQWHQQDV�� ,�ZDV� UHTXLUHG� WR� OHDUQ�
DQG�KDQGOH�WKH�1HWZRUN�$QDO\]HU��+3����&�DV�ZHOO�DV�WR�FDOLEUDWH�WKH�HTXLSPHQW�EHIRUH�
WHVWLQJ�FRXOG�EH�FDUULHG�RXW��'DWD�REWDLQHG�ZDV�FRPSLOHG�DQG�DQDO\]HG�XVLQJ�0LFURVRIW�
([FHO�� 7KH� UHVXOWV� DQG� REVHUYDWLRQV� ZHUH� WKHQ� GRFXPHQWHG� LQ� D� WHFKQLFDO� UHSRUW��
3UHVHQWDWLRQV�RQ�WKH�ILQGLQJV�ZHUH�DOVR�FRQGXFWHG�WR�LQWHUHVWHG�VXSHUYLVRUV�
%HFDXVH� RI� IDXOW\� HTXLSPHQW�� WKH� UDGLDWLRQ� FKDUDFWHULVWLFV� RI� WKH� DQWHQQDV� FRXOG� QRW� EH�
REWDLQHG��$V�VXFK��H[SHULPHQWV�RQ�WKH�UDGLDWLRQ�SHUIRUPDQFH�RI�WKH�FLUFXODU�VORWWHG�SODQDU�
PRQRSROH�ZHUH�FRQGXFWHG�E\�'U��0�-��$PPDQQ�IURP�WKH�'XEOLQ�,QVWLWXWH�RI�7HFKQRORJ\��
,UHODQG�
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6XPPDU\�RI�7UDLQLQJ�3URJUDP�����������WR�����������
:HHN����
$IWHU�WKH�EULHILQJV�RQ�WKH�FRPSDQ\
V�UXOHV�DQG�UHJXODWLRQV��,�ZDV�RULHQWDWHG�DURXQG�&:&�
DQG�EURXJKW�WR�P\�VXSHUYLVRU��'U��&KHQ�=KL�1LQJ��,�ZDV�DVVLJQHG�D�SURMHFW�RQ�WKH�GHVLJQ�
RI� EURDGEDQG�PRQRSROH� DQWHQQDV�� 5HDG�XSV� RQ� WKH� IXQGDPHQWDO� WKHRU\� RI� DQWHQQDV� DV�
ZHOO� DV� WKH� EURDGEDQG� PRQRSROH� DQWHQQDV� ZHUH� FDUULHG� RXW� DV� LQVWUXFWHG�� ,� DOVR�
FRQVWUXFWHG� D� JURXQG� SODQH� ����� [� ���PP��� LQ� RUGHU� WR� PRXQW� P\� DQWHQQD� IRU�
PHDVXUHPHQW�DQG�WHVWLQJ�SXUSRVHV�
:HHN����
5HDG�XSV� RQ� WKH� EURDGEDQG� PRQRSROH� DQWHQQD� DQG� WKH� MRXUQDO� IRU� WKH� VTXDUH� VORWWHG�
SODQDU� PRQRSROH� ZHUH� GRQH�� 7KH� GHVLJQ� IRU� WKH� FLUFXODU� VORWWHG� SODQDU� PRQRSROH� ZDV�
FRPSOHWHG�� ,�DOVR� UHDG�XS�RQ� WKH� LQVWUXFWLRQ�JXLGH�IRU� WKH�1HWZRUN�$QDO\]HU��+3����&�
SULRU�WR�WKH�H[SHULPHQW�
:HHN����
0HDVXUHPHQWV�ZHUH�FDUULHG�RXW�XVLQJ�+3����&�RQ�WKH�FLUFXODU�VORWWHG�SODQDU�PRQRSROH�
DQWHQQD� LQ� WKH� ODERUDWRU\��7KHUHDIWHU�� WKH� UHVXOWV�REWDLQHG�ZHUH�FRPSLOHG�DQG�SURFHVVHG�
XVLQJ�06�([FHO��$�UHSRUW�ZDV�GUDIWHG�IRU�HYDOXDWLRQ�E\�P\�VXSHUYLVRU�
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:HHN����
7KH� GUDIWLQJ� RI� WKH� UHSRUW�ZDV� FRPSOHWHG� DQG� VXEPLWWHG�� 7KH� GHVLJQ� IRU� WKH� WULDQJXODU�
VORWWHG� SODQDU� PRQRSROH� ZDV� GRQH� DV� ZHOO�� 0HDVXUHPHQWV� ZHUH� FDUULHG� RXW� XVLQJ�
+3����&�RQ�WKH�FLUFXODU�VORWWHG�SODQDU�PRQRSROH�DQWHQQD�LQ�WKH�ODERUDWRU\�
:HHN�����
7KH� UHVXOWV REWDLQHG� IURP� WKH� ODERUDWRU\� VHVVLRQ� LQ� :HHN� ���� ZHUH� FRPSLOHG� DQG�
SURFHVVHG� XVLQJ� 06� ([FHO�� $� UHSRUW� ZDV� GUDIWHG� IRU� HYDOXDWLRQ� E\� P\� VXSHUYLVRU�� $�
SUHVHQWDWLRQ�EDVHG�RQ�WKH�ILQGLQJV�ZDV�JLYHQ�IRU�WKH�WULDQJXODU�VORWWHG�SODQDU�PRQRSROH�
:HHN������
7KH� QHFHVVDU\� DPHQGPHQWV� ZHUH� PDGH� WR� WKH� UHSRUW� RQ� WKH� FLUFXODU� VORWWHG� SODQDU�
PRQRSROH�� 7KH� UHSRUW� EDVHG� RQ� WKH� H[SHULPHQW� FRQGXFWHG� LQ�:HHN� ����ZDV� FRPSOHWHG�
DQG� VXEPLWWHG�� ,� DOVR� DVVLVWHG� P\� VXSHUYLVRU� WR� GUDIW� WKH� SDSHU� RQ� WKH� FLUFXODU� VORWWHG�
SODQDU�PRQRSROH�IRU�VXEPLVVLRQ�WR�WKH�,((�
:HHN������
7KH�GHVLJQ�IRU�WKH�WULDQJXODU�SODQDU�PRQRSROH�ZLWK�HOHFWURPDJQHWLF�FRXSOLQJ��(0&��ZDV�
GRQH��0HDVXUHPHQWV�ZHUH�WKHQ�FDUULHG�RXW�XVLQJ�+3����&�RQ�WKH�GHVLJQHG�DQWHQQD�LQ�WKH�
ODERUDWRU\�
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:HHN������
7KH� UHVXOWV� REWDLQHG� IURP� WKH� ODERUDWRU\� VHVVLRQ� LQ� :HHN� ������ ZHUH� FRPSLOHG� DQG�
SURFHVVHG� XVLQJ�06�([FHO��$� UHSRUW�ZDV� GUDIWHG� IRU� HYDOXDWLRQ� E\�P\� VXSHUYLVRU��7KH�
QHFHVVDU\�DPHQGPHQWV�ZHUH�PDGH�WR�WKH�UHSRUW�RQ�WKH�WULDQJXODU�VORWWHG�SODQDU�PRQRSROH�
:HHN������
7KH� GHVLJQ� IRU� WKH� SHQWDJRQDO� SODQDU� PRQRSROH� ZDV� GRQH�� 0HDVXUHPHQWV� ZHUH� WKHQ�
FDUULHG�RXW�XVLQJ�+3����&�RQ� WKH�GHVLJQHG�DQWHQQD�LQ� WKH�ODERUDWRU\��7KH�UHSRUW�EDVHG�
RQ�WKH�H[SHULPHQW�FRQGXFWHG�LQ�:HHN�������ZDV�FRPSOHWHG�DQG�VXEPLWWHG�
:HHN������
7KH� UHVXOWV� REWDLQHG� IURP� WKH� ODERUDWRU\� VHVVLRQ� LQ� :HHN� ������ ZHUH� FRPSLOHG� DQG�
SURFHVVHG�XVLQJ�06�([FHO��7KHUHDIWHU��D�UHSRUW�ZDV�GUDIWHG�DQG�VXEPLWWHG�IRU�HYDOXDWLRQ�
E\� P\� VXSHUYLVRU�� 7KH� GHVLJQ� IRU� WKH� FLUFXODU� SODQDU� PRQRSROH� ZLWK� HOHFWURPDJQHWLF�
FRXSOLQJ��(0&��ZDV FDUULHG�RXW�
:HHN������
0HDVXUHPHQWV�ZHUH�FDUULHG�RXW�XVLQJ�+3����&�RQ�WKH�FLUFXODU�SODQDU�PRQRSROH�DQWHQQD�
ZLWK� (0&� LQ� WKH� ODERUDWRU\�� 7KHUHDIWHU�� WKH� UHVXOWV� REWDLQHG� ZHUH� FRPSLOHG� DQG�
SURFHVVHG� XVLQJ�06� ([FHO�� $� UHSRUW� ZDV� GUDIWHG� DQG� VXEPLWWHG� IRU� HYDOXDWLRQ� E\� P\�
VXSHUYLVRU�� $� SUHVHQWDWLRQ� EDVHG� RQ� WKH� ILQGLQJV� ZDV� JLYHQ� IRU� WKH� FLUFXODU� SODQDU�
PRQRSROH�ZLWK�(0&�



,QGXVWULDO�$WWDFKPHQW�5HSRUW

�

:HHN������
7KH� ,$� UHSRUW� ZDV� GUDIWHG� DQG� VXEPLWWHG� IRU� HYDOXDWLRQ� E\� P\� VXSHUYLVRU�� )XUWKHU�
UHDGLQJV�ZHUH�GRQH�RQ�MRXUQDOV�UHOHDVHG�E\�WKH�,(((�
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�� %DFNJURXQG
7KH�DQWHQQD�LV�RQH�RI�WKH�PRVW�FULWLFDO�FRPSRQHQWV�XVHG�LQ�ZLUHOHVV�FRPPXQLFDWLRQV��,W�LV�
EDVLFDOO\�GHVLJQHG�WR�UDGLDWH�RU�WR�UHFHLYH�HOHFWURPDJQHWLF�ZDYHV��*HRPHWULFDO�VLPSOLFLW\��
PRGDO�SXULW\�DQG�FRVW�HIIHFWLYHQHVV�DUH�VRPH�RI� WKH�IDFWRUV�ZKLFK�DUH�FRQVLGHUHG�LQ� WKH�
GHVLJQ� RI� DQ� DQWHQQD�� $Q� DQWHQQD� GHVLJQ�ZKLFK� FRXOG� JLYH� ULVH� WR� D� EURDG� LPSHGDQFH�
EDQGZLGWK�DQG�VWDEOH�UDGLDWLRQ�SDWWHUQV��LV�GHVLUHG��)RU�WKLV�SXUSRVH��WKH�ZLUH�HOHPHQW�RI�D�
FRQYHQWLRQDO�PRQRSROH FDQ�EH�UHSODFHG�E\�D�SODQDU�HOHPHQW��1XPHULFDO�PHWKRGV��VXFK�DV�
WKH�PHWKRG�RI�PRPHQWV�ZLWK�WKH�XVH�RI�D�ZLUH�JULG�DQG�WULDQJXODU�FHOO�PHVKLQJ�KDYH�EHHQ�
XVHG�WR�DQDO\]H�WKH�LPSHGDQFH�FKDUDFWHULVWLFV�RI�WKH�SODQDU�PRQRSROH�
$OWKRXJK�WKH�SODQDU�PRQRSROH�LV�H[SHULPHQWDOO\�SURYHQ�WR�EH�FDSDEOH�RI�SURGXFLQJ�EURDG�
EDQGZLGWK�SHUIRUPDQFH��LW�LV�QRW�YHU\�IHDVLEOH�DV�WKH�DQWHQQD�LV�QRW�DEOH�WR�UHVLVW�WKH�IRUFH�
RI�ZLQG��7KHUHIRUH��LQ�WKLV�UHSRUW��SODQDU�PRQRSROHV�RI�GLIIHUHQW�JHRPHWULFDO�VKDSHV�ZLWK�
VORW�FXWV�PDGH�RQ WKHP�DUH�SUHVHQWHG��$QRWKHU�QRYHO�VROXWLRQ�WR�LPSURYH�WKH�LPSHGDQFH�
EDQGZLGWK�ZLOO�EH�WR�PDNH�XVH�RI�HOHFWURPDJQHWLF�FRXSOLQJ��(0&��EHWZHHQ�WZR�FRSSHU�
VXUIDFHV�VHSDUDWHG�E\�D�GLHOHFWULF�VXEVWUDWH�



,QGXVWULDO�$WWDFKPHQW�5HSRUW

��

'XULQJ� P\� ���ZHHN� ,QGXVWULDO� $WWDFKPHQW� �,$�� VWLQW� ZLWK WKH� 5DGLR� 'LYLVLRQ� RI� WKH�
&HQWUH�IRU�:LUHOHVV�&RPPXQLFDWLRQV��&:&���,�KDYH�FRQWULEXWHG�WR�GHVLJQLQJ�DQG�WHVWLQJ�
WKH� LPSHGDQFH�SHUIRUPDQFH� IRU� VHYHUDO�SODQDU�PRQRSROH�DQWHQQDV��7KH� UHVXOWV�REWDLQHG�
DQG�GLVFXVVLRQV�DUH�FRPSLOHG�LQ�WKLV�UHSRUW��,Q�DOO����W\SHV�RI�DQWHQQDV�ZHUH�GHVLJQHG�DQG�
WHVWHG� VXFFHVVIXOO\�� QDPHO\� WKH� FLUFXODU� VORWWHG� SODQDU� PRQRSROH�� WKH� WULDQJXODU� VORWWHG�
SODQDU� PRQRSROH�� WKH� (0&� WULDQJXODU� SODQDU� PRQRSROH�� WKH� (0&� FLUFXODU� SODQDU�
PRQRSROH�DV�ZHOO�DV�WKH�SHQWDJRQDO�SODQDU�PRQRSROH�
�� (TXLSPHQW
7KH� +3� ����&� 1HWZRUN� $QDO\]HU� 6\VWHP� FDQ� PHDVXUH� WKH� PDJQLWXGH� DQG� SKDVH�
FKDUDFWHULVWLFV�RI�QHWZRUNV� DQG�RI�FRPSRQHQWV� VXFK�DV�DQWHQQDV�� DPSOLILHUV�� DWWHQXDWRUV�
DQG�ILOWHUV��7KH�PLQLPXP�FRQILJXUDWLRQ�RI�WKH�+3�����&�FRQVLVWV�RI�D�VRXUFH��D�WHVW�VHW�
DQG�WKH�QHWZRUN�DQDO\]HU�
7KH� VRXUFH� SURYLGHV� WKH� 5)� VLJQDO�� 7KH� WHVW� VHW� VHSDUDWHV� WKH� VLJQDO� SURGXFHG� E\� WKH�
VRXUFH�LQWR�DQ�LQFLGHQW�VLJQDO��VHQW�WR�WKH�GHYLFH�XQGHU�WHVW��'87���DQG�D�UHIHUHQFH�VLJQDO�
DJDLQVW�ZKLFK�WKH�WUDQVPLWWHG�DQG�UHIOHFWHG�VLJQDOV DUH�ODWHU�FRPSDUHG��,W�DOVR�URXWHV�WKH�
WUDQVPLWWHG� DQG� UHIOHFWHG� VLJQDOV� IURP� WKH� '87� WR� WKH� UHFHLYHU�� 7KH� QHWZRUN� DQDO\]HU�
LQFOXGHV� WKH� +3� ������ 'LVSOD\�3URFHVVRU� DQG� WKH� ������ ,)�'HWHFWRU� �5HFHLYHU��� 7KH�
UHFHLYHU� WRJHWKHU� ZLWK� WKH� GLVSOD\�SURFHVVRU�� SURFHVVHV� WKH� VLJQDOV�� 8VLQJ� LWV� LQWHJUDO�
PLFURSURFHVVRU��LW�SHUIRUPV�DFFXUDF\�HQKDQFHPHQW�DQG�GLVSOD\V�WKH�UHVXOWV�LQ�D�YDULHW\�RI�
IRUPDWV�
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�� ([SHULPHQWDO�3URFHGXUH
7KH� OLQH� VZLWFK� RI� HDFK� LQVWUXPHQW� LQ� WKH� QHWZRUN� DQDO\]HU� ZDV� WXUQHG� RQ�� ZLWK� WKH�
QHWZRUN�DQDO\]HU�EHLQJ�WXUQHG�RQ�ODVW��7KH�LQVWUXPHQW�ZDV�WKHQ�DOORZHG�WR�FRPSOHWH�LWV�
LQLWLDOL]DWLRQ� URXWLQH� DQG� D�PHDVXUHPHQW� WUDFH� DSSHDUV� RQ� WKH� V\VWHP� GLVSOD\�ZKHQ� WKH�
V\VWHP�LV�UHDG\��,Q�RXU�WHVWV��WKH�VWDUW�IUHTXHQF\�ZDV�VHW�WR����*+]�DQG�WKH�GHVLUHG�VWRS�
IUHTXHQF\�ZDV�VHW�WR����*+]��
7KH�0(18�EXWWRQ�XQGHU�67,08/86�ZDV�SUHVVHG�DQG�180%(5�2)�32,176�VHOHFWHG��
6LQFH�WKH�IUHTXHQF\�UDQJH�RI�LQWHUHVW�ZDV��*+]��WKH�����SRLQWV�RSWLRQ�ZDV�VHOHFWHG�
1H[W�� D� UHIOHFWLRQ� IUHTXHQF\� UHVSRQVH� FDOLEUDWLRQ� ZDV� SHUIRUPHG� WR� UHPRYH� DQ\�
V\VWHPDWLF� HUURUV� HQFRXQWHUHG� GXULQJ� UHIOHFWLRQ� PHDVXUHPHQWV�� 7KLV� FDOLEUDWLRQ� LV� DOVR�
NQRZQ�DV�WKH�6�� UHVSRQVH�FDOLEUDWLRQ��$�VWDQGDUG�+3������������PP�FDOLEUDWLRQ�NLW�ZDV�XVHG�
7KH� FKDQQHO� ZDV� VHW� WR� &+$11(/� �� DQG� WKH� SDUDPHWHU� 6�� ZDV� VHOHFWHG LQ� WKH�
3$5$0(7(5� IXQFWLRQ� EORFN�� ,Q� WKH�0(186�EORFN��&$/�ZDV� VHOHFWHG� WR�GLVSOD\� WKH�
FDOLEUDWLRQ�PHQX�IROORZHG�E\�&$/����&$/,%5$7(��6�� ��3257��
$W� 3RUW� ��� D� VKLHOGHG� RSHQ� FLUFXLW� ZDV� FRQQHFWHG�� :KHQ� WKH� WUDFH� ZDV� FRUUHFW�� �6�����23(1�ZDV�SUHVVHG�DQG�RSHQ�FLUFXLW�GDWD�ZDV�PHDVXUHG��1H[W��D�VKLHOGHG�VKRUW�FLUFXLW�ZDV�
FRQQHFWHG�DQG��6�����6+257�ZDV�SUHVVHG�ZKHQ�WKH�WUDFH�ZDV�FRUUHFW�WR�PHDVXUH�WKH�VKRUW�
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FLUFXLW�GDWD��/DVWO\���6�����/2$'6�ZDV�SUHVVHG�WR�SUHVHQW�WKH�/RDGV�PHQX��$�EURDGEDQG�ORDG� ZDV� FRQQHFWHG� VLQFH� WKH� IUHTXHQF\� VZHHS� FURVVHV� �*+]� DQG�ZKHQ� WKH� WUDFH� ZDV�
FRUUHFW�� %52$'%$1'� ZDV� SUHVVHG� DQG� ORDG� GDWD� ZDV� PHDVXUHG�� :KHQ� LW� ZDV�
FRPSOHWHG��'21(�/2$'6�ZDV� VHOHFWHG��7R�VDYH� WKH�FDOLEUDWLRQ��6$9(���3257�&$/�
ZDV�VHOHFWHG�IROORZHG�E\�D�&$/�6(7����,Q�RUGHU WR�HQVXUH�WKDW�WKH�FDOLEUDWLRQ�KDG�EHHQ�
FDUULHG�RXW�SURSHUO\��WKH�PDUNHU�VKRXOG�EH�SRLQWLQJ�WR�WKH�FHQWHU�RI�WKH�6PLWK�&KDUW�
$IWHU�WKH�UHIOHFWLRQ�IUHTXHQF\�UHVSRQVH�FDOLEUDWLRQ�KDG�EHHQ�FDUULHG�RXW��WKH���: FRD[LDO�
SUREH�RI�D����PP�UDGLXV�ZDV�IL[HG�RQWR WKH�ILQLWH�VL]H�JURXQG�SODQH�����[���PP���YLD�
DQ�60$�FRQQHFWRU�
$V�WKHUH�ZDV�D�JDS�EHWZHHQ�WKH�VRXUFH�DQG�WKH�WHVW�SRUW����WKHUH�ZDV�D�QHHG�WR�SHUIRUP�D�
UHFHLYHU� FDOLEUDWLRQ� VR� WKDW� DOO� PHDVXUHPHQWV� ZLOO� EH� WDNHQ� ZLWK� UHVSHFW� WR� WKH� VRXUFH�
LQWHUIDFH� LQVWHDG��7KLV�ZDV�GRQH� WR�HQVXUH� WKDW� WKHUH�ZRXOG�EH�PLQLPDO�SRZHU�ORVVHV� LQ�
WKH�SDWK�EHWZHHQ�WKH�VRXUFH�DQG�WKH�WHVW�SRUW�
7R�SHUIRUP� WKH� UHFHLYHU�FDOLEUDWLRQ�� ILUVW�&$/�ZDV�VHOHFWHG��)URP�WKH�FDOLEUDWLRQ�PHQX�
GLVSOD\HG��025(�IROORZHG�E\�3257�(;7(16,216�DQG�3257���ZHUH�LQ�WXUQ�VHOHFWHG��
)URP�WKH�6PLWK�&KDUW��WKH�53*�NQRE�ZDV�WKHQ�URWDWHG�XQWLO�WKH�PDUNHU�ZDV�SRVLWLRQHG�DW�
WKH� VKRUW� FLUFXLW� SRLQW��7KH� FDOLEUDWLRQ�ZDV� WKHQ� VDYHG� E\� SUHVVLQJ�6$9(�5&95�&$/�
DQG�VHOHFWLQJ�D�&DO�6HW�QXPEHU�WR�VWRUH�WKH�FDOLEUDWLRQ�GDWD�
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7KH� DQWHQQD� ZDV� WKHQ� VROGHUHG� RQWR� WKH� 60$� FRQQHFWRU� SUREH� WR� LQYHVWLJDWH� WKH�
LPSHGDQFH�FKDUDFWHULVWLFV�
$IWHU�FRQQHFWLQJ�WKH�JURXQG�SODQH�WR�WKH�FRD[LDO�FDEOH��WKH�6:5�RSWLRQ�XQGHU�)250$7��
0(18� ZDV� VHOHFWHG� WR� YLHZ� WKH� ZDYHIRUP�� )RU� FRQYHQLHQFH�� WKH� 6&$/(� ZDV� VHW� WR�
���GLY��5()�3261�DW���DQG�WKH�5()�9$/8(�VHW�DW����
:KHQ� DOO� WKH� ���� SRLQWV� KDG� EHHQ� VZHSW� WKURXJK� DW� OHDVW� RQFH� DQG� WKH�ZDYHIRUP� KDG�
EHFRPH�VWDEOH�� WKH�0$5.(5�NH\�ZDV�GHSUHVVHG�DQG� WKH�53*�NQRE�ZDV�DGMXVWHG�XQWLO�
WKH�FXUVRU�ZDV�SRVLWLRQHG�DW�WKH�SRLQW�ZKHUH�WKH�ZDYHIRUP�FURVVHG�WKH�6:5� ���OLQH�IRU�
WKH� ILUVW� WLPH��7KH� IUHTXHQF\� �IUHTXHQF\�RI� WKH� ORZHU�HGJH�RI� WKH�SDVV�EDQG�RU�)/(3%��
FRUUHVSRQGLQJ�WR�WKDW�FXUVRU�SRVLWLRQ�ZDV�WKHQ�QRWHG�GRZQ�
7KH� 6:5� GDWD� ZDV� VDYHG� WR� D� IORSS\� GLVN� E\� SUHVVLQJ� ',6&�� 6725(�� 025(��
)250$77('�DQG�VHOHFWLQJ�6725(�),/(�DIWHU�DVVLJQLQJ�D�ILOHQDPH�WR�LW�XVLQJ�WKH�53*�
NQRE�WR�FKRRVH�WKH�FKDUDFWHUV��1H[W��WKH�60,7+�&+$57�NH\�ZDV�GHSUHVVHG�DQG�WKH�GDWD�
VDYHG� LQ� D� VLPLODU� PDQQHU�� $� FRS\� RI� WKH� 60,7+� &+$57� DQG� WKH� 6:5� ZHUH��
UHVSHFWLYHO\��SULQWHG�E\�SUHVVLQJ�&23<�IROORZHG�E\�3/27�72�35,17(5�
7KH�VDPH�VHW�RI�HTXLSPHQW�DQG�H[SHULPHQWDO�SURFHGXUH�ZLOO�EH�XVHG� IRU�DOO� VXEVHTXHQW�
DQWHQQD�PHDVXUHPHQWV�
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,9� ([SHULPHQWDO� 6WXGLHV� RQ� ,PSHGDQFH� DQG� 5DGLDWLRQ�&KDUDFWHULVWLFV�RI�3ODQDU�0RQRSROH�$QWHQQDV
&KDSWHU����&LUFXODU�6ORWWHG�3ODQDU�0RQRSROH�$QWHQQDV
��� ,QWURGXFWLRQ
,Q� PDQ\� FRPPXQLFDWLRQV� DQWHQQDV� DQG� PLFURZDYH� GHYLFHV�� FRD[LDOO\� IHG� PRQRSROHV�
KDYH� EHHQ� DQ� DWWUDFWLYH� FKRLFH� IRU� WKHLU� FRVW� HIIHFWLYHQHVV�� JHRPHWULFDO� VLPSOLFLW\� DQG�
PRGDO� SXULW\�� $� SODQDU� PRQRSROH� RI� EURDG� LPSHGDQFH� EDQGZLGWK� FDQ� EH� UHDOL]HG� E\�
UHSODFLQJ�WKH�ZLUH�HOHPHQW�RI�D�FRQYHQWLRQDO�PRQRSROH�ZLWK�D�SODQDU�HOHPHQW�VXFK�DV�D�
FLUFOH�� &LUFXODU� GLVF� PRQRSROH� DQWHQQDV� KDG� EHHQ� SUHYLRXVO\� LQYHVWLJDWHG� XVLQJ� WKH�
QXPHULFDO�PHWKRGV�VXFK�DV�WKH�PHWKRG�RI�PRPHQWV�E\�+DPPRXG�HW�DO��LQ������WR�\LHOG�
ZLGHU� LPSHGDQFH� EDQGZLGWK� WKDQ� WKH� ZLUH� PRQRSROH� DQWHQQD� >�@�� 7KLV� KDG� DOVR� EHHQ�
YHULILHG�H[SHULPHQWDOO\�DQG�LW�ZDV�VKRZQ�WKDW�IRU�96:5�d ��RYHU�D�IUHTXHQF\�UDQJH�RI���
��*+]�� WKH� EDQGZLGWK� UDWLR�ZDV� ������� >�@�� 6TXDUH� SODQDU�PRQRSROH� DQWHQQDV�� WKRXJK�
KDYH�D�VPDOOHU�EDQGZLGWK�DV�FRPSDUHG�WR�WKH�FLUFXODU�GLVF�PRQRSROH��KDG�EHHQ�VKRZQ�WR�
H[KLELW� EURDGEDQG�FKDUDFWHULVWLFV� >�@�� ,Q�RUGHU� WR�RSWLPL]H� WKH� LPSHGDQFH�EDQGZLGWK�RI�
WKH�VTXDUH�SODQDU�PRQRSROH�DQWHQQD��WKH�VL]HV�RI�VORW�FXWV�DQG�WKH�ORFDWLRQV�RI�IHHG�SRLQWV�
ZHUH�DGMXVWHG��5HVXOWV�KDG�VKRZQ�WKDW�WKH�LQWURGXFWLRQ�RI�VORWV�HQKDQFHG�WKH�LPSHGDQFH�
EDQGZLGWK�UDWLR��W\SLFDOO\�RI�!����IRU�96:5� �����>�@�
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:LWK�WKLV�NQRZOHGJH��LW�ZLOO�WKHUHIRUH�EH�XVHIXO�WR�SURFHHG�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�WKH�
SUHVHQFH� RI� VORWV� RQ� WKH� EDQGZLGWK�� ,Q� WKLV� ZRUN�� SURWRW\SHV� RI� FLUFXODU� PRQRSROH�
DQWHQQDV� KDYLQJ� GLIIHUHQW� VORW� UDGLL� ZHUH� IDEULFDWHG� DQG� 96:5� PHDVXUHG� RYHU� D�
IUHTXHQF\�UDQJH�RI��������*+]��%\�KDYLQJ�VORW�FXWV��WKH�VXUIDFH�DUHD�RI�WKH�DQWHQQD�ZLOO�
EH�UHGXFHG�WR�PLQLPL]H�WKH�HIIHFWV�FDXVHG�E\�WKH�ZLQG��7KH�GLVWDQFH�RI�WKH�DQWHQQD�IURP�
WKH� JURXQG� SODQH�� NQRZQ� DV� WKH� IHHG� JDS�� ZDV� DOVR� YDULHG� IRU� RSWLPL]DWLRQ�� 7KH�
LPSHGDQFH� EDQGZLGWK� IRU� 96:5� ��� DQG� ���� ZDV�PHDVXUHG� IRU� HDFK� VORW� UDGLXV�� 7KH�
H[SHULPHQWV�GHPRQVWUDWHG� WKDW� WKH� VORW� UDGLXV� DQG� IHHG�JDS�KDYH�D� VLJQLILFDQW�HIIHFW�RQ�
WKH�LPSHGDQFH�EDQGZLGWK��DQG�RSWLPL]DWLRQ�FDQ�EH�DFKLHYHG�DW�D�VORW�UDGLXV�XS�WR���PP�
DQG� D� IHHG� JDS� RI� DSSUR[LPDWHO\� ���PP�� )XUWKHUPRUH�� LW� KDV� OLWWOH� RU� QR� HIIHFW� RQ� WKH�
UDGLDWLRQ�SDWWHUQ�DW�ORZ�IUHTXHQFLHV�DQG�DFFHSWDEOH�HIIHFWV�DW�KLJKHU�IUHTXHQFLHV�
,Q� WKLV�&KDSWHU�� D� GHVFULSWLRQ�RI� WKH�PRQRSROH� LV� LQFOXGHG� LQ�6HFWLRQ������2EVHUYDWLRQV�
DQG�GLVFXVVLRQV�EDVHG�RQ� WKH�EDQGZLGWK�SHUIRUPDQFH�RI� WKH�DQWHQQD�ZLWK� UHODWLRQ� WR� LWV�
SDUDPHWHUV�DUH�JLYHQ� LQ�6HFWLRQ������ ,Q�6HFWLRQ������ UHOHYDQW�FRQFOXVLRQV�DUH�GUDZQ�DQG�
XVHIXO�UHIHUHQFHV�SURYLGHG�DW�WKH�HQG�RI�WKLV�FKDSWHU�
��� 'HVFULSWLRQ�RI�$QWHQQD
7KH�FLUFXODU�VORWWHG�PRQRSROH�DQWHQQD�PDGH�RI�D�WKLQ�FRSSHU�VKHHW�ZDV�SODFHG�YHUWLFDOO\�
RYHU�D�JURXQG�SODQH�E\�VROGHULQJ�LW�RQWR�WKH�SUREH�RI� WKH�60$�DV�VKRZQ�LQ�)LJ�������$�
��: FRD[LDO� SUREH� RI� D� ���PP� UDGLXV� H[FLWHV� WKH� ERWWRP�RI� WKH�PRQRSROH� WKURXJK� WKH�
JURXQG�SODQH�YLD�DQ�60$�FRQQHFWRU��7KH�GLVWDQFH�EHWZHHQ�WKH�ILQLWH�VL]H�JURXQG�SODQH�
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����[���PP���DQG�WKH�ERWWRP�RI�WKH�PRQRSROH�LV�WKH�IHHG�JDS��J��7KH�UDGLXV�RI�WKH�VORW�
FXW�FRQFHQWULFDOO\�RQ�WKH�PRQRSROH�LV�JLYHQ�E\�U�DQG�WKH�UDGLXV�RI�WKH�PRQRSROH�GHQRWHG�
E\�5��

5���5DGLXV�RI�PRQRSROH
U����5DGLXV�RI�VORW
J���)HHG�JDS
��� 5HVXOWV�DQG�'LVFXVVLRQV
7KH� PHDVXUHG� LPSHGDQFH� EDQGZLGWKV� �%:V�� IRU� WKH� VSHFLILF� 96:5 ���� DQG� ���� DUH�
WDEXODWHG�LQ�7DEOH������ZKHUH�WKH�%:�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH
%:� ®̄­ u��

OX
OXOX II IIII � ����������

ZKHUH� IX DQG� IO� GHQRWH� WKH� IUHTXHQFLHV� IRU� WKH� XSSHU� DQG� ORZHU�UHVSHFWLYHO\�

J
5

U

60$

WKLQ�FRSSHU�
5� ���PP=D  ���:

)LJ�����
��

�IROORZLQJ�IRUPXOD�

HGJH� RI� WKH� SDVV�EDQG���
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7DEOH����� 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:��DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�WKH�
ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�

96:5 ��� 96:5 ���$QWHQQD J �PP� )/(3%��*+]� %: )/(3%��*+]� %:� ��� ���� !����� ���� !�����U �PP ��� ���� !����� ���� !�������� ���� ������ ���� !������ ��� ���� !����� ���� !�����U �PP ��� ���� !����� ���� !�������� ���� ������ ���� !������ ��� ���� !����� ���� !�����U ��PP ��� ���� !����� ���� !�������� ���� ������ ���� !������ ��� ���� ����� ���� !�����U ��PP ��� ���� !����� ���� !�������� ���� ������ ���� !������ ��� ���� ����� ���� �����U ��PP ��� ���� ����� ���� !�������� ���� ����� ���� !�����
,W� FDQ� EH� VHHQ� IURP� )LJ�� ���� WKDW� IRU� 96:5 ����� WKH� IUHTXHQF\� FRUUHVSRQGLQJ� WR� WKH�
ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%��LV�LQ�WKH�UDQJH�RI����������*+]��)RU�$QWHQQDV���WR�
��� UHPDUNDEO\� EURDG� EDQGZLGWK� UDWLRV�� SDUWLFXODUO\� RI� PRUH� WKDQ� ������ KDYH� EHHQ�
DFKLHYHG�IRU�GLIIHUHQW�J�
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)RU�$QWHQQD����WKH�RSWLPDO�EDQGZLGWK�FDQ�EH�DFKLHYHG�E\�KDYLQJ�WKH�IHHG�JDS�DW�DURXQG�
���PP�ZKHUHDV�IRU�$QWHQQD����WKH�DFKLHYHG�EDQGZLGWK�LV�PXFK�QDUURZHU�DV�FRPSDUHG�WR�
WKH�RWKHU���DQWHQQDV�
0RUHRYHU�� DV� WKH� IHHG�JDS�J LQFUHDVHV�� WKH�)/(3%�JHWV� ORZHU�DQG� LV�PLQLPDO�ZKHQ� WKH�
UDGLXV�RI�WKH�VORW�LV�WKH�ODUJHVW��U� ��PP���

��������������������������������

� � �� �� ��5DGLXV�U ��PP

)/(3
%��*+

] J ���PPJ ���PPJ ���PP

7KH�FRPSDULVRQ�RI�WKH�PHDVXUHG�96:5�RI�WKH�ILYH�DQWHQQDV�ZLWK�GLIIHUHQW�IHHG�JDSV�LV�
PDGH�LQ�)LJV�����������

)LJ�����
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)RU�DQWHQQDV�ZLWK�D�IHHG�JDS�RI����PP��UHIHU�WR�)LJ��������WKH�EDQGZLGWK�SHUIRUPDQFH�LV�
XQVDWLVIDFWRU\� IRU� $QWHQQD� �� DV� WKH� 96:5� LV� JUHDWHU� WKDQ� ��� )RU� $QWHQQD� ��� WKH�
SHUIRUPDQFH� LV� DFFHSWDEOH� WKRXJK� WKH� 96:5� IOXFWXDWHV� UDSLGO\� DORQJ� WKH� IUHTXHQF\�
UDQJH��)RU�$QWHQQDV���WR����WKHUH�LV�PXFK�EHWWHU�DQG�VWDEOH�EDQGZLGWK�SHUIRUPDQFH�IURP�
����*+]� RQZDUGV�� 7KH�PRQRSROHV� H[KLELW� WKH� KLJK�SDVV� UHVSRQVH� IHDWXUH� DOWKRXJK� WKH�
PDWFKLQJ�FRQGLWLRQV�IRU�ODUJHU�UDGLL��U� ���DQG���PP��KDYH�EHFRPH�ZRUVH�

,W�LV�VHHQ�IURP�)LJ������WKDW�IRU�WKH�DQWHQQDV�ZLWK�D�IHHG�JDS�RI����PP��WKH\�RSHUDWH�XQGHU�
YHU\� JRRG�PDWFKLQJ� FRQGLWLRQV� IURP� ����*+]� RQZDUGV�� )RU� $QWHQQD� ��� WKHUH� LV� JRRG�
PDWFKLQJ��96:5����IURP�����*+]�RQZDUGV��

� � � � � � � ��
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�
�
�

96:
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)LJ������
)RU�$QWHQQDV���WR���ZLWK�D�IHHG�JDS�RI����PP��UHIHU�WR�)LJ��������WKHUH�LV�JRRG�PDWFKLQJ�
FRQGLWLRQ� EHWZHHQ� ���*+]� WR� ���*+]�� $V� IRU� $QWHQQD� ��� WKH� EDQGZLGWK� ZLOO� EH� YHU\�
QDUURZ� ����*+]� WR� ���*+]�� IRU� 96:5 ����� +RZHYHU�� LI� 96:5 ���� LV� FRQVLGHUHG�
LQVWHDG�� WKHQ� WKH� DQWHQQD� ZLOO� EH� KDYLQJ� D� PXFK� ZLGHU� EDQGZLGWK� SHUIRUPDQFH� �IURP�
���*+]�RQZDUGV���7KH�KLJK�SDVV�UHVSRQVH�IHDWXUH�RI�DOO�WKH�PRQRSROHV�GLVDSSHDUV�DV�WKH�
IHHG�JDS�UHDFKHV����PP�
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7KH� UDGLDWLRQ� SDWWHUQV� IRU� WKH� DQWHQQDV�ZLWK� GLIIHUHQW� VORW� UDGLL� DUH� DOVR� H[DPLQHG� DQG�
VKRZQ�LQ�)LJV�����������7KH�VORW�UDGLL�RI�U� ��DQG�U� ��PP�DUH�VHOHFWHG�IRU�FRPSDULVRQ��
7KH� WHVWV� DUH� SHUIRUPHG� DW� ���*+]� DQG� �*+]�� $� IHHG� JDS� RI� ���PP� LV� XVHG� IRU� WKH�
PHDVXUHPHQWV�� ,W� FDQ� EH� REVHUYHG� WKDW� LQWURGXFLQJ� D� VORW� RI� U�  ��PP� KDV� QHJOLJLEOH�
HIIHFWV�RQ�WKH�ORZ�IUHTXHQF\�UDGLDWLRQ�SDWWHUQV��$W�WKHVH�IUHTXHQFLHV��WKH�DQWHQQD�H[KLELWV�
W\SLFDO� RPQL�GLUHFWLRQDO�PRQRSRODU� SDWWHUQV�ZLWK� D�PD[LPXP�JDLQ� RI� ���G%L��ZKLFK� LV�
FRQVWDQW� WR�ZLWKLQ�r ���G%�RYHU�SRODU�DQJOHV� IURP�T  ���q WR�T  ���q��7KH�KDOI�SRZHU�
EHDP�ZLGWK�LV���q LQ�ERWK�I  ��q DQG�I  ���q SODQHV��7KH�JDLQ�LQ�WKH�JURXQG�SODQH��T  �
��q�� LV� IRXQG� WR� EH� ���G%L�� 7KH�PD[LPXP� JDLQ� DW� WKLV� IUHTXHQF\� LV� XQDIIHFWHG� E\� WKH�
LQWURGXFWLRQ�RI�WKH�VORW��:LWK�WKH�LQFUHDVH�LQ�IUHTXHQF\��D�VOLJKW�LQFUHDVH�LQ�GLUHFWLYLW\�LV�
REVHUYHG� DV� WKH� EHDP�ZLGWK� LQ� WKH� YHUWLFDO� SODQHV� EHFRPHV� QDUURZHU�� 7KH� JDLQ� LQ� WKH�
JURXQG�SODQH��T  ���q�� LV�DOVR� UHGXFHG��7KH�HIIHFW�RI� WKH�VORWV�RQ�WKH�UDGLDWLRQ�SDWWHUQV�
EHFRPHV�PRUH�SURQRXQFHG�DQG�WHQGV�WR�RIIVHW�WKH�JDLQ�UHGXFWLRQ�LQ�WKLV�SODQH�
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U  ����PPU  �����PP
)LJ��������0HDVXUHG�UDGLDWLRQ�SDWWHUQV�LQ�I  ��R FXW��D��DW�����*+]���E��DW�����*+]
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)LJ��������0HDVXUHG�UDGLDWLRQ�SDWWHUQV�LQ�I  ���R FXW��D��DW�����*+]���E��DW�����*+]
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)LJ��������0HDVXUHG�UDGLDWLRQ�SDWWHUQV�LQ�T  ���R SODQH��D��DW�����*+]���E��DW�����*+]
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��� &RQFOXVLRQ
$�EURDGEDQG�FLUFXODU�VORWWHG�PRQRSROH�DQWHQQD�KDV�EHHQ�LQYHVWLJDWHG��,W�LV�IRXQG�WKDW�IRU�
WKH� DQWHQQDV�ZLWK�XS� WR�����RI� WKH� DUHD�EHLQJ� UHPRYHG� �U ��PP���D�EURDG�EDQGZLGWK�
SHUIRUPDQFH�FRXOG�VWLOO�EH�DFKLHYHG�DV�VHHQ�IURP�WKH�6:5�ZDYHIRUP� $V�WKH�VORW�UDGLXV�
LQFUHDVHV�EH\RQG���PP��WKH�EDQGZLGWK�KDV�EHHQ�IRXQG�WR�EH�PXFK�QDUURZHU�
7KH�IHHG�JDS�KDV�EHHQ�VHHQ� WR�DIIHFW� WKH�EDQGZLGWK�SHUIRUPDQFH�DV�ZHOO��7KH�RSWLPXP�
IHHG�JDS�ZLOO�EH�DURXQG����PP�DV�WKH�EDQGZLGWK�DFKLHYHG�LV�WKH�JUHDWHVW��%H\RQG�WKLV��DQ�
LQFUHDVH� LQ� WKH� IHHG� JDS�ZLOO� \LHOG� D� FRUUHVSRQGLQJO\� ORZHU� EDQGZLGWK�� 7KH� )/(3%� LV�
DOVR�VOLJKWO\�ORZHUHG�DV�WKH�IHHG�JDS�LQFUHDVHG��
��� 5HIHUHQFHV
�� +$0028'��0���HW�DO���µ0DWFKLQJ�WKH�LQSXW�LPSHGDQFH�RI�D�EURDGEDQG�GLVF�

PRQRSROH�¶�(OHFWURQLFV�/HWWHUV�����������������SS���������
�� $*5$:$//��1�3���.80$5��*���DQG�5$<��.�3��� 
:LGH�EDQG�SODQDU�PRQRSROH�

DQWHQQD�
�,(((�7UDQV��$QWHQQDV�	�3URSDJDW������������������SS���������
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�� $00$11�� 0�-��� µ6TXDUH� SODQDU� PRQRSROH� DQWHQQD�¶� 1DWLRQDO� &RQIHUHQFH� RQ
$QWHQQDV�DQG�3URSDJDWLRQ� �����������SS�������

�� &+(1�� =�1��� $00$11�� 0�-��� DQG� &+,$�� 0�<�:��� 
6TXDUH� VORWWHG� SODQDU�
PRQRSROH�DQWHQQDV�
��6XEPLWWHG�LQ�'HF�������
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&KDSWHU����7ULDQJXODU�6ORWWHG�3ODQDU�0RQRSROH�$QWHQQDV
��� ,QWURGXFWLRQ
$�SODQDU�HOHPHQW�KDV�EHHQ�XVHG�WR�HQKDQFH�WKH�LPSHGDQFH�EDQGZLGWK�RI�D�WUDGLWLRQDO�ZLUH�
HOHPHQW��7\SLFDOO\�� D� FLUFXODU� GLVF�PRQRSROH� KDV� D� ���� LPSHGDQFH�EDQGZLGWK� >���@� DQG�
WKH�VTXDUH�PRQRSROH�KDV�D�W\SLFDO�EDQGZLGWK�RI�����DW�6�EDQG��6TXDUH�SODQDU�PRQRSROHV�
ZLWK� VORW� FXWV� SURGXFHG� D� UHODWLYHO\� ZLGH� EDQGZLGWK� XQGHU� RSWLPL]HG� SDUDPHWULF�
FRQGLWLRQV� >�@�� ,Q� WKH� SUHYLRXV� FKDSWHU�� DQ� H[SHULPHQWDO� VWXG\� ZDV� DOVR� PDGH� RQ� WKH�
FLUFXODU� VORWWHG� PRQRSROH� DQWHQQD� DQG� UHVXOWV� VKRZHG� WKDW� LW� FRXOG� \LHOG� D� EDQGZLGWK�
UDWLR�� W\SLFDOO\� RI� !������� :LWK� WKHVH� UHVXOWV�� LW� ZLOO� EH� IHDVLEOH� WR� HPEDUN� RQ� RWKHU�
DQWHQQD�GHVLJQV�RI�GLIIHUHQW�JHRPHWULFDO�IHDWXUHV�VXFK�DV�WKH�WULDQJXODU�SODQDU�PRQRSROH�
,Q� WKLV� ZRUN�� WKH� SURWRW\SHV� RI� WULDQJXODU� PRQRSROH� DQWHQQDV� ZLWK� VORW� FXWV� ZHUH�
IDEULFDWHG� DQG� VROGHUHG� RQWR� WKH� JURXQG� SODQH� WR� LQYHVWLJDWH� WKH� LPSHGDQFH� EDQGZLGWK�
�%:�� SHUIRUPDQFH� DV�ZHOO� WKH� IUHTXHQF\� FRUUHVSRQGLQJ� WR� WKH� ORZHU� HGJH� RI� WKH� SDVV�
EDQG��)/(3%��E\�YDU\LQJ�WKH�VL]H�RI�WKH�VORW�FXW��V��WKH�IHHG�JDS��J DQG�WKH�ORFDWLRQ�RI�WKH�
IHHG�SRLQW��'��7KH�96:5�ZHUH�REWDLQHG�RYHU�D�IUHTXHQF\�UDQJH�RI����*+]�WR����*+]��
)LUVWO\��WKH�VL]HV�RI�VORW�FXW�ZHUH�YDULHG�ZLWK�WKH�ORFDWLRQ�RI�WKH�IHHG�SRLQW�NHSW�FRQVWDQW�
DW� ��PP� DQG� WKH� IHHG� JDS� FRQVWDQW� DW� ����� ���� DQG� ���PP�� UHVSHFWLYHO\�� 1H[W�� WKH�
H[SHULPHQW�ZDV�UHSHDWHG�ZLWK�WKH�ORFDWLRQ�RI�WKH�IHHG�SRLQW��' VXEVHTXHQWO\�FKDQJHG�WR�
��������������DQG������PP�
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'

,Q�DGGLWLRQ�WR�WKLV��WKH�IHHG�SRLQW�RI�WKH�WULDQJXODU�PRQRSROH�DQWHQQD�ORFDWHG�DW�LWV�YHUWH[�
RSSRVLWH� WR� WKH� EDVH� RI� WKH� WULDQJXODU� DQWHQQD� ZDV� DOVR� H[SHULPHQWHG� XSRQ� DQG� WKH�
SHUIRUPDQFH�FRPSDUHG�DJDLQVW�WKH�FDVH�ZKHUH�WKH�IHHG�SRLQW�LV�ORFDWHG�DORQJ�WKH�ERWWRP�
VLGH�RI�WKH�PRQRSROH�DQWHQQD�
��� 'HVFULSWLRQ�RI�$QWHQQDV
7KH�WULDQJXODU�VORWWHG�DQWHQQD�ZDV�SODFHG�YHUWLFDOO\�DERYH�D�JURXQG�SODQH�E\�VROGHULQJ�LW�
RQWR� WKH� SUREH� RI� WKH�60$�DV� LOOXVWUDWHG� LQ�)LJ�� �����7KH�GLVWDQFH�EHWZHHQ� WKH�JURXQG�
SODQH�DQG�WKH�ERWWRP�RI�WKH�DQWHQQD�LV�WKH�IHHG�JDS��J��7KH�OHQJWK�RI�WKH�WZR�VLGHV�RI�WKH�
DQWHQQD� LV� GHQRWHG�E\�6 ���PP��DQG� WKH� OHQJWK�RI� LWV�EDVH� LV�JLYHQ�E\�% ���PP���7KH�
OHQJWK�RI�WKH�WZR�VLGHV�RI�WKH�VORW�FXW�LV�UHSUHVHQWHG�E\�V DQG�WKH�OHQJWK�RI�WKH�EDVH�RI�WKH�
VORW�LV�JLYHQ�E\�E��7KH�ORFDWLRQ�RI�WKH�IHHG�SRLQW�LV�GHQRWHG�E\�'�

)LJ�����
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)LJ������LOOXVWUDWHV�WKH VFHQDULR�ZKHUH�WKH�DQWHQQD�LV�VROGHUHG�DW�WKH�YHUWH[�ORFDWHG�GLUHFWO\�
RSSRVLWH� WR� WKH�EDVH�RI� WKH�DQWHQQD��7KH�DQWHQQD�ZDV�VROGHUHG�WR�WKH�SUREH�RI�WKH�60$�
FRQQHFWRU�VXFK�WKDW�WKH�IHHG�JDS�LV�]HUR�

,Q�WKH�H[SHULPHQWV�FRQGXFWHG��ILYH�WULDQJXODU�DQWHQQDV�RI�GLIIHUHQW�VORW�VL]HV�ZHUH�WHVWHG��
7KHLU�SK\VLFDO�GLPHQVLRQV�DUH�VKRZQ�LQ�7DEOH�����

7DEOH����
$QWHQQD V �PP� E �PP� O� �PP� O� �PP�� � � � �� � � �� ��� �� �� �� �� �� �� � �� �� �� � �

60$
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%:�d ����%:�!�����

��� 5HVXOWV�DQG�'LVFXVVLRQV
7KH�LPSHGDQFH EDQGZLGWK�UDWLR�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�IRUPXOD�
%:� ®̄­ u��

OX
OXOX II IIII � ����������

ZKHUH� IX DQG� IO� GHQRWH� WKH� IUHTXHQFLHV� IRU� WKH� XSSHU� DQG� ORZHU� HGJH� RI� WKH� SDVV�EDQG��UHVSHFWLYHO\�
)URP�7DEOH������ LW�FDQ�EH�REVHUYHG�WKDW�ZKHQ�WKH�PRQRSROH�ZDV�IHG�DW� WKH�PLGSRLQW�RI�
WKH�ERWWRP�VLGH��' ��PP���WKH�%:V�IRU�96:5� �����UDQJH�IURP�������WR�������DV�WKH�
IHHG�JDS��J YDULHV�IURP����PP�WR����PP��
$V�VKRZQ�LQ�)LJ�������WKH�DFKLHYHG�%:V�LQFUHDVH�ZKHQ�WKH�IHHG�JDS�J LV�LQFUHDVHG�IRU�D�
PRQRSROH�ZLWK�D�IL[HG�VORW�VL]H��$OVR��DV�WKH�VORW�VL]H�LV�LQFUHDVHG�IRU�D�FHUWDLQ�YDOXH�RI�J��
WKH�%:V�JHQHUDOO\�LQFUHDVH��

�
��
��
��
��
���

� �� �� �� �� ��6ORW�VL]H�V��PP

%:��� J ���PPJ ���PPJ ���PP

)LJ�����
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7DEOH����� 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:��DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�WKH�
ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�

96:5 ��� 96:5 ���$QWHQQD J �PP� )/(3%��*+]� %:���� )/(3%��*+]� %:����� ��� ���� ���� ���� �����V �PP� ��� ���� ���� ���� ����E �PP � ��� ���� ���� ���� ����� ��� ���� ���� ���� �����V �PP� ��� ���� ���� ���� ����E �PP� ��� ���� ���� ���� ����� ��� ���� ���� ���� �����V ��PP� ��� ���� ���� ���� ����E ��PP� ��� ���� ���� ���� ����� ��� ���� ���� ���� �����V ��PP� ��� ���� ���� ���� ����E ��PP� ��� ���� ���� ���� ����� ��� ���� ���� ���� �����V ��PP� ��� ���� ���� ���� ����E ��PP� ��� ���� ���� ���� ����
$V�WKH�VL]H�RI�WKH�VORW�FXW�JHWV�ODUJHU�ZLWK�WKH�FRQVWDQW�IHHG�JDS��WKH�)/(3%�GHFUHDVHV�DV�
LOOXVWUDWHG�LQ�)LJ�������$W�D�IHHG�JDS�RI����PP��WKH�)/(3%�LV�����*+]�ZKHQ�WKH�VORW�FXW�
LV��PP�ZKHUHDV�WKH�)/(3%�LV�����*+]�ZKHQ�WKH�VORW�FXW�LV���PP��$OVR��IRU�DQ�DQWHQQD�
ZLWK�D�IL[HG�VORW�VL]H��DV�WKH�IHHG�JDS�LV�LQFUHDVHG��WKH�)/(3%�LV�REVHUYHG�WR�GHFUHDVH�IRU�
$QWHQQDV������$V�WKH�VORW�VL]H�JHWV�WR�DURXQG���PP��$QWHQQD�����WKH�)/(3%�LV�IRXQG�WR�
EH�UHODWLYHO\�FRQVWDQW�DW�DURXQG ���������*+]��
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)/(3
%��*+

] J ���PPJ ���PPJ ���PP

)LJ�����
)URP�WKH�UHVXOWV��LW�FDQ�EH�VHHQ�WKDW�ZKHQ�WKH�IHHG�SRLQW�LV�ORFDWHG�DW�WKH�PLGSRLQW�RI�WKH�
EDVH�RI� WKH�PRQRSROH�DQWHQQD�� UHODWLYHO\�EURDG�EDQGZLGWK�FDQ�EH�DFKLHYHG�HLWKHU�ZKHQ�
WKH�VL]H�RI�WKH�VORW�FXW RU�WKH�IHHG�JDS�LV�ODUJH�
1H[W�� WKH� H[SHULPHQWV� DUH� UHSHDWHG� ZLWK� WKH� IHHG� SRLQW� YDULHG� DORQJ� WKH� EDVH� RI� WKH�
DQWHQQD�DQG�WKH�IHHG�JDS�FRQVWDQW�DW����PP��7KH�IUHTXHQFLHV�FRUUHVSRQGLQJ�WR�WKH�ORZHU�
HGJH�RI� WKH�SDVV�EDQG�DUH� UHFRUGHG� IRU�96:5 ���� DQG�����DQG� WDEXODWHG� LQ�7DEOH������
7KH�EDQGZLGWK�LV�VXEVHTXHQWO\�FDOFXODWHG�EDVHG�RQ�WKH�IRUPXOD�JLYHQ�DW�WKH�EHJLQQLQJ�RI�
WKLV�VHFWLRQ��
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7DEOH������ 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:��DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�WKH�
ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�

96:5 ��� 96:5 ���$QWHQQD '��PP� )/(3%��*+]� %:���� )/(3%��*+]� %:����� ���� ���� ���� �������� ���� ���� ���� �������� ���� ���� ���� ��������� ���� ���� ���� �����
�� ���� ���� ���� ����� ���� ���� ���� �������� ���� ���� ���� �������� ���� ���� ���� ��������� ���� ���� ���� �����
�� ���� ���� ���� ����� ���� ���� ���� �������� ���� ���� ���� �������� ���� ���� ���� ��������� ���� ���� ���� �����
�� ���� ���� ���� ����� ���� ���� ���� �������� ���� ���� ���� �������� ���� ���� ���� ��������� ���� ���� ���� �����
�� ���� ���� ���� ����� ���� ��� ���� �������� ���� ���� ���� �������� ���� ���� ���� ��������� ���� ���� ���� �����
�� ���� ���� ���� ����

)URP� )LJ�� ����� LW� FDQ� EH� REVHUYHG� WKDW� IRU� 96:5�  � ����� $QWHQQDV� �� DQG� �� H[KLELWHG�
VLPLODU� SURSHUWLHV�� 7KH� RSWLPXP� SHUIRUPDQFH� RFFXUUHG� ZKHQ�' LV� ����� DQG� �����PP�
�%:� !� ����� DQG� LV� KLJKHU� DV� FRPSDUHG� WR� WKH� FDVH� ZKHQ� WKH� DQWHQQD� LV� IHG� DW� WKH�
PLGSRLQW�RI�WKH�EDVH�L�H��' ��PP��:KHQ�' LV���DQG�����PP��WKH�%:V�DUH�IRXQG�WR�EH�
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QDUURZHU��)RU�$QWHQQD����ZLWK�'�d �����PP��WKH�EDQGZLGWK�LQFUHDVHV�WR�D�SHDN�YDOXH�RI�
����� +RZHYHU�� DV�' JHWV� ODUJHU� WR� ��PP�� WKH� EDQGZLGWK� GHFUHDVHV� WR� DSSUR[LPDWHO\�
�����$QWHQQD���KDV�RSWLPXP�EDQGZLGWK�RI�������ZKHQ�' LV������PP��)RU�$QWHQQD����LW�
LV�REVHUYHG�WKDW�WKH�EDQGZLGWK�LQFUHDVHV�ZLWK�' WR�D�PD[LPXP�RI�����

�
��
��
��
��

� �� �� ��'LVWDQFH�' ��PP

%:���

$QW��$QW��$QW��$QW��$QW��

)LJ�����
)URP�)LJ�� �����$QWHQQDV���� ��� �� DQG��� H[KLELWHG� VLPLODU� FKDUDFWHULVWLFV�ZLWK� WKH� ODUJHVW�
)/(3%� �!���*+]�� RFFXUULQJ�ZKHQ�' LV� ����PP�� )RU�' EHWZHHQ� ����� DQG� ��PP�� WKH�
)/(3%� LV� UHODWLYHO\� VWDEOH� DW� ���*+]�� $QWHQQD� �� KDV� D� UHODWLYHO\� VWDEOH� )/(3%� DW�
���*+]�ZKHQ�' t ����PP��
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������
������
������
������
���

� � �� �� �� �� ��'LVWDQFH�' ��PP

)/(3
%��*+

] $QW��$QW��$QW��$QW��$QW��

)LJ�����
,I�WKH�96:5 �����RSWLPXP�EDQGZLGWK�SHUIRUPDQFH�FDQ�EH�DFKLHYHG�ZKHQ�' �����PP��
7KH�)/(3%� UHPDLQV� VWHDG\� DW� DURXQG� ���*+]� IRU�' t ����PP�DQG� LV� DOZD\V�PLQLPDO�
ZKHQ�WKH�VORW�VL]H�LV�WKH�ODUJHVW��L�H��$QWHQQD���
:KHQ�WKH�WULDQJXODU�PRQRSROH�DQWHQQD�LV�VROGHUHG�DW�LWV�YHUWH[�DV�VKRZQ�LQ�)LJ������DQG�
WHVWHG�� LW� FDQ� EH� VHHQ� WKDW� WKH� SHUIRUPDQFH� LV� XQVDWLVIDFWRU\� DV� LW� JLYHV� D� QDUURZ� ����
96:5� LPSHGDQFH� EDQGZLGWK� RI� DSSUR[LPDWHO\� ������� IRU� DOO� WKH� ILYH� DQWHQQDV�� 7KH�
)/(3%�OLHV�LQ�WKH�UDQJH�RI����������*+]���5HIHU�WR�7DEOH�������,Q�WKLV�FDVH��WKH�IHHG�JDS�
ZDV� WDNHQ� WR� EH� ]HUR� VLQFH� LW� ZLOO� KDYH� PLQLPDO� LQIOXHQFH� RQ� WKH� SHUIRUPDQFH� RI� WKH�
DQWHQQD�
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7DEOH����
$QWHQQD )/(3%��*+]� %:����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����

��� &RQFOXVLRQ
7KH� H[SHULPHQWV� KDYH� GHPRQVWUDWHG� WKDW� WKH� LPSHGDQFH� EDQGZLGWK� SHUIRUPDQFH� RI� WKH�
PRQRSROH� LV�PXFK�EHWWHU�ZKHQ� WKH�PRQRSROH� LV� VROGHUHG�DORQJ� LWV�EDVH� WKDQ�ZKHQ� LW� LV�
VROGHUHG� DW� WKH� YHUWH[�� ,Q� WKH� IRUPHU��ZKHQ� WKH�PRQRSROH� LV� IHG� DW� WKH�PLGSRLQW� RI� WKH�
EDVH��' ��PP��� WKH�EDQGZLGWK�SHUIRUPDQFH�LV�EHVW�ZKHQ�WKH�IHHG�JDS�LV�LQFUHDVHG�DQG�
DOVR�ZKHQ�WKH�VL]H�RI�WKH�VORW�FXW�LV�WKH�ODUJHVW��7KH�LQWURGXFWLRQ�RI�WKH�VORW�FXW�ORZHUV�WKH�
)/(3%�DV�ZHOO�
:KHQ�WKH�PRQRSROH�DQWHQQD�LV�IHG�RII�WKH�PLGSRLQW�RI�WKH�EDVH��RSWLPXP�EDQGZLGWK�FDQ�
EH�DFKLHYHG�ZKHQ�' �����PP��:LWK�WKH�RSWLPL]HG ORFDWLRQ�RI�WKH�IHHG�SRLQW�DQG�WKH�VL]H�
RI�WKH�VORW�FXW��D�VDWLVIDFWRU\�EDQGZLGWK�FDQ�EH�REWDLQHG�
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��� 5HIHUHQFHV
�� +21'$��6���0���6(.,��+���DQG�-,1%2��<��� 
$�GLVN�PRQRSROH�DQWHQQD�ZLWK�����

LPSHGDQFH� EDQGZLGWK� DQG� RPQLGLUHFWLRQDO� UDGLDWLRQ� SDWWHUQ�
� ,6$3
���� ������
6DSSRUR��-DSDQ��SS�����������

�� $*5$:$//��1�3���.80$5��*���DQG�5$<��.�3��� 
:LGH�EDQG�SODQDU�PRQRSROH�
DQWHQQDV�
�,(((�7UDQV��$QWHQQDV�3URSDJDW������������������SS���������

�� &+(1�� =�1��� $00$11�� 0�-��� DQG� &+,$�� 0�<�:��� 
6TXDUH� VORWWHG� SODQDU
PRQRSROH�DQWHQQDV�
��6XEPLWWHG�LQ�'HF�������

�� $00$11�� 0�-��� µ6TXDUH� SODQDU� PRQRSROH� DQWHQQD�¶� 1DWLRQDO� &RQIHUHQFH� RQ
$QWHQQDV�DQG�3URSDJDWLRQ� �����������SS�������

�� &+(1�� =�1��� $00$11�� 0�-��� DQG� &+,$�� 0�<�:��� 
6TXDUH� VORWWHG� SODQDU�
PRQRSROH� DQWHQQDV�
� �6XEPLWWHG� LQ� 'HF�� �����
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&KDSWHU� ��� 7ULDQJXODU� 3ODQDU� 0RQRSROH� $QWHQQDV� ZLWK�
(OHFWURPDJQHWLF�&RXSOLQJ��(0&�
��� ,QWURGXFWLRQ
0RQRSROH� DQWHQQDV�KDYH�EHHQ�ZLGHO\�XVHG�EHFDXVH�RI� WKHLU� VLPSOH� VWUXFWXUHV�DQG�JRRG�
SHUIRUPDQFHV��:LUH� HOHPHQWV� KDYH� EHHQ� UHFHQWO\ UHSODFHG� E\� SODQDU� HOHPHQWV� DQG� LW� LV�
IRXQG� WKDW� WKH� LPSHGDQFH� EDQGZLGWK� SHUIRUPDQFH�KDV�EHHQ� VLJQLILFDQWO\� LPSURYHG��)RU�
LQVWDQFH�� WKH� FLUFXODU� GLVN�PRQRSROH� KDV� D� QRWLFHDEO\� EURDG� EDQGZLGWK� RI� W\SLFDOO\� ����
>�@��6XEVHTXHQWO\��SODQDU�GLVNV�RI�GLIIHUHQW�JHRPHWULFDO�VKDSHV�VXFK�DV�WKH�VTXDUH��ERZ�
WLH�OLNH�DQG�WUDSH]RLGDO�SODWHV�KDYH�EHHQ�SURSRVHG�WR�UHSODFH�WKH�ZLUH�HOHPHQWV��
,Q�RUGHU� WR� HQKDQFH� WKH� IHDVLELOLW\�RI� WKH�DQWHQQD�� VORW�FXWV�DUH�DOVR�PDGH� WR� WKH� VTXDUH�
PRQRSROH�DQWHQQD�DQG�WHVWHG�E\�YDU\LQJ�WKH�IHHG�SRLQW��IHHG�JDS�DV�ZHOO�DV�WKH�VL]H�RI�WKH�
VORW� FXW�� ,W� ZDV� REVHUYHG� WKDW� RSWLPL]DWLRQ� RI� WKH� SDUDPHWHUV� \LHOG� D� VDWLVIDFWRU\�
EDQGZLGWK�SHUIRUPDQFH�RI�PRUH�WKDQ������>�@�
$QRWKHU� GHVLJQ� IRU� WKH� VTXDUH� PRQRSROH� DQWHQQD� ZDV� LPSOHPHQWHG� E\�
HOHFWURPDJQHWLFDOO\� FRXSOLQJ� WKH� VTXDUH� SODQDU� UDGLDWRU� ZLWK� D� SUREH�IHG� VWULS�� 7KH�
PHGLXP� EHWZHHQ� WKH� UDGLDWRU� DQG� WKH� VWULS� LV� D� WKLQ� GLHOHFWULF� VODE�� 7KH� DQWHQQD� ZDV�
GHPRQVWUDWHG� WR� KDYH� DQ� LPSHGDQFH� EDQGZLGWK� RI� ���� IRU� 96:5 ���� DQG� D� VWDEOH�
UDGLDWLRQ�SDWWHUQV�DFURVV�WKH�SDVV�EDQG�>�@�
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7KLV� FRQFHSW� FDQ� EH� H[WHQGHG� WR� PRQRSROHV� RI� RWKHU� JHRPHWULFDO� VKDSHV� VXFK� DV� WKH�
WULDQJXODU� GLVN� PRQRSROH�� 6ORWWHG� WULDQJXODU� PRQRSROHV� KDYH� EHHQ� WHVWHG� WR� SURYLGH� D�
UHODWLYHO\�JRRG�EDQGZLGWK�SHUIRUPDQFH�DV�LOOXVWUDWHG�LQ�WKH�SUHYLRXV�FKDSWHU�
,Q� WKLV� ZRUN�� WKH� WULDQJXODU� PRQRSROHV� ZLOO� EH� FRXSOHG� WR� WKH� SUREH�IHG� VWULS�
HOHFWURPDJQHWLFDOO\�� %\� YDU\LQJ� WKH� SRVLWLRQ� RI� WKH� �PP� ZLGH� FRSSHU� VWULS� IHG� DW� LWV�
PLGSRLQW�� WKH� EDQGZLGWK� SHUIRUPDQFH� ZLOO� EH� LQYHVWLJDWHG� WR� SURYLGH� XVHIXO� GHVLJQ�
LQIRUPDWLRQ��
��� 'HVFULSWLRQ�RI�$QWHQQDV
'HVLJQ���
7KH� WULDQJXODU�PRQRSROH� LV� SODFHG�YHUWLFDOO\�RYHU� D�JURXQG�SODQH�E\�VROGHULQJ� LW� WR� WKH�
SUREH� RI� WKH� 60$�FRQQHFWRU� DV� VKRZQ� LQ�)LJ�� ���D��$���: FRD[LDO� SUREH� RI� D� ���PP�
UDGLXV� H[FLWHV� WKH� FHQWUH� RI� WKH� FRSSHU� VWULS� WKURXJK� WKH� JURXQG� SODQH� YLD� DQ� 60$�
FRQQHFWRU�� 7KH� SODQDU� UDGLDWRU� DQG� WKH� VWULS� DUH� VHSDUDWHG� E\� D� WKLQ� GLHOFWULF� VODE� RI�
WKLFNQHVV�W ���PP��7KH�GLVWDQFH�EHWZHHQ�WKH�ILQLWH�VL]H�JURXQG�SODQH�����[���PP���DQG�
WKH�ERWWRP�RI� WKH�PRQRSROH� LV� WKH� IHHG�JDS��J ZKHUH� LW� LV�NHSW�FRQVWDQW�DW��PP�LQ� WKLV�
H[SHULPHQW��7KH�VLGHV�RI�WKH�PRQRSROH�DUH�GHQRWHG�E\�6��ZKHUH�6 ��PP�DQG�WKH�ERWWRP�
RI� WKH�PRQRSROH�% ��PP��7KH�IHHG�SRLQW� LV� ORFDWHG�DW�' ��PP��7KH�IRLO�IURP�RQH�RI�
WKH�VLGHV�RI�WKH�3&%�LV�FXW�WR�D�UHFWDQJXODU�VWULS�RI�ZLGWK�Z �PP���5HIHU�WR�)LJ�����E����
7KH�KHLJKW�RI�WKH�VWULS��O��LV�YDULHG�E\�JUDGXDOO\�UHPRYLQJ�WKH�IRLO�DORQJ�LWV�OHQJWK��2QH�RI�
WKH�3&%�VXUIDFHV�LV�IXOO\�FRYHUHG�E\�D�YHU\�WKLQ�IRLO�DFWLQJ�DV�D�SDUDVLWLF�UDGLDWRU�
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)LJ�����E)LJ�����D
'HVLJQ���
,Q� WKLV�GHVLJQ�� WKH� UHFWDQJXODU�VWULS� LV�FXW�RII�FHQWUHG�IURP�WKH�ERWWRP�RI� WKH�PRQRSROH��
VXFK�WKDW�WKH�IHHG�SRLQW�' LV�QRZ�����PP���5HIHU�WR�)LJ�������
'HVLJQ��
,Q�WKLV�GHVLJQ��WKH�PRQRSROH�KDV�LWV�IRLO�UHPRYHG�LQ�D�YHUWLFDO�PDQQHU�IURP�LWV�HGJH��7KH�
SUREH�H[FLWHV� WKH�FHQWUH�RI� WKH�FRSSHU� VWULS� �JUH\�DUHD���7KH�UHPRYDO�RI� WKH�FRSSHU�ZLOO�
UHVXOW� LQ� WKH�FKDQJHV� WR�K DQG�'��7KH� IHHG�JDS��J LV�PDLQWDLQHG�DW��PP���5HIHU� WR�)LJ��
�����

%

O
J60$'

Z
6 6

W

60$

UDGLDWRU GLHOHFWULF�VODE
VWULS

JURXQG�SODQH

VWULS
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'HVLJQ��
,Q�WKLV�GHVLJQ��D�UHFWDQJXODU�VWULS��DUHD�LQ�JUH\��LV�FXW�RII�VXFK�WKDW�WKH�KHLJKW��K LV���PP��
7KH�GLVWDQFH�IURP�WKH�IHHG�SRLQW�WR�WKH�HQG�RI�WKH�FRSSHU�VWULS�LV�GHQRWHG�E\�'���5HIHU�WR�
)LJ��������7KH�IRLO�LV�JUDGXDOO\�UHPRYHG�YHUWLFDOO\�DORQJ�WKH�ZLGWK�RI�WKH�VWULS�VXFK�WKDW�'
FKDQJHV��7KH�SUREH�H[FLWHV�WKH�PLGSRLQW�RI�WKH�FRSSHU�VWULS��

)LJ�����

6
O

J60$'
Z

%

6

%

+
J60$'

6 6
K

)LJ�����
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%:�d ����%:�!�����

'HVLJQ��
,Q�WKLV�GHVLJQ��WKH�PRQRSROH�KDV�LWV�FRSSHU�EHLQJ�UHPRYHG�YHUWLFDOO\�IURP�LWV�FHQWUH�VXFK�
WKDW�+ FKDQJHV��7KH�SUREH�H[FLWHV�WKH�PLGSRLQW�RI�WKH�FRSSHU�VWULS��DUHD�LQ�JUH\����5HIHU�
WR�)LJ��������

)LJ������ )LJ�����
��� 5HVXOWV�DQG�'LVFXVVLRQV
7KH� PHDVXUHG� LPSHGDQFH� EDQGZLGWKV� �%:V�� IRU� WKH� VSHFLILF� 96:5 ���� DQG� ���� DUH�
WDEXODWHG� LQ�7DEOH� ���� DQG� �����ZKHUH� WKH�%:� LV� FDOFXODWHG� DFFRUGLQJ� WR� WKH� IROORZLQJ�
IRUPXOD�
%:� ®̄­ u��

OX
OXOX II IIII � ����������

ZKHUH� IX DQG� IO� GHQRWH� WKH� IUHTXHQFLHV� IRU� WKH� XSSHU� DQG� ORZHU� HGJH� RI� WKH� SDVV�EDQG��UHVSHFWLYHO\�

%J60$'

6 6
K

%

+
J60$'

6 6
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7DEOH������ 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:��DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�WKH�
ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�

96:5 ��� 96:5 ���'HVLJQ O �PP� )/(3%��*+]� %:� )/(3%��*+]� %:����� ���� ���� ���� ��������� � � ���� ������ ���� ���� ����� ���� ��������� ���� ����� ���� ������' ��PP� ���� ���� ����� ���� ��������� ���� ����� ���� ��������� ���� ����� ���� ��������� ���� ����� ���� ��������� ���� ����� ���� ��������� ���� ����� ���� ������ ���� ���� ����� ���� ��������� ���� ����� ���� ������' ����PP� ���� ���� ����� ���� !�������� ���� ����� ���� !�������� ���� ����� ���� �����
)RU�'HVLJQ����WKH�����96:5�%:�SHUIRUPDQFH�LV�RSWLPL]HG�DW�����ZKHQ�O ����PP��$V�
Od��PP�� WKH� %:� JUDGXDOO\� GHFUHDVHV�� 7KH� )/(3%� UHPDLQV� UHODWLYHO\� VWDEOH� DW� ����
����*+]� IRU� ����d O�d��PP��7KHUH� LV� FRQVLGHUDEO\� JRRG�PDWFKLQJ� LQ� WKH� UHJLRQ�RI���
�*+]� IRU� ����d O�d��PP�� )RU�96:5 ����� WKH�%:�SHUIRUPDQFH� LV� RSWLPL]HG� DW� ����
ZKHQ�O ����PP��7KH�)/(3%�WHQGV�WR�LQFUHDVH�DV�O JHWV�VPDOOHU�DQG�YDULHV�EHWZHHQ������
���*+]�IRU���d O�d��PP�
)RU� 'HVLJQ� ��� WDNLQJ� 96:5 ����� WKH� )/(3%� LV� VHHQ� WR� LQFUHDVH� DV� WKH� OHQJWK� RI� WKH�
UHFWDQJXODU� VWULS�� O�� JHWV� VPDOOHU�� 7KH� ZLGHVW� %:� LV� ������ ZKHQ� O ����PP�� )RU�
96:5 �����WKH�PDWFKLQJ�LV�PXFK�EHWWHU�DV�FRPSDUHG�WR�'HVLJQ����7KH�RSWLPL]HG�%:�LV�
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!������DW� O ����DQG���PP��)URP� WKH�96:5�GLDJUDP�VKRZQ� LQ�)LJ������� LW�FDQ�EH�VHHQ�
WKDW� DV� WKH� OHQJWK� RI� WKH� UHFWDQJXODU� VWULS� GHFUHDVHV� WR� ���PP�� WKH� PRQRSROH� H[KLELWV�
KLJK�SDVV�UHVSRQVH�FKDUDFWHULVWLFV��

7KH� IHHG� SRLQW� IRU� WKH� ILUVW� WZR� GHVLJQV� KDV� EHHQ� PDLQWDLQHG� DW�' ��� DQG� ����PP��
UHVSHFWLYHO\�� )RU�'HVLJQV� ����� WKH�' FKDQJHV� DV� WKH�ZLGWK� RI� WKH� VWULS� LV� UHGXFHG�� 7KH�
)/(3%V�DQG� WKHLU�FRUUHVSRQGLQJ� LPSHGDQFH�%:V�DUH�FDOFXODWHG�DQG� WDEXODWHG� LQ�7DEOH�
����

)LJ�����
� � � � �

�
�
�
�

96:
5

) U H T X H Q F \ � �* + ]

O � �O � � ��O � �O � � ��O � �O � ��O �P P
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7DEOH������ 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:��DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�WKH�
ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�

96:5 ��� 96:5 ���'HVLJQ ' �PP� )/(3%��*+]� %:���� )/(3%��*+]� %:������ ���� ���� ���� ����� ��� ���� ���� ���� �������� ���� ���� ���� ����� ���� ���� ���� ����� ���� ���� ���� ����� ���� ���� ���� ���� ������� ���� ���� ���� �������� ���� ��� ���� ������� ���� � ���� ����� ���� ���� ���� ���� ����� ���� ���� ���� �������� ���� ���� ���� ������� ���� ���� ���� ����
)URP�7DEOH� ����� IRU�96:5 ����� WKH�)/(3%� LV� VWDEOH� DW� DURXQG� ���*+]� IRU�'HVLJQ� ���
7KH�)/(3%�GHFUHDVHV�DV�' LQFUHDVHV�DQG�WKH�%:�LV�RSWLPXP�ZKHQ�' ���PP�IRU�'HVLJQ�
����)RU�'HVLJQ����WKH�)/(3%�IRU�'t�PP�LV�QRW�YHU\�UHVSRQVLYH�WR�WKH�FKDQJHV�LQ�'��)RU�
96:5 �����'HVLJQV���DQG���VKRZ�D�VOXJJLVK�UHVSRQVH�ZLWK�UHVSHFW�WR�WKH�FKDQJHV�LQ�'
ZKLOH�'HVLJQ���KDV�D�)/(3%�WKDW�GHFUHDVHV�ZLWK�LQFUHDVLQJ�' DQG�D�%:�ZKLFK�LQFUHDVHV�
ZLWK�'�
)RU�'HVLJQ� ��� DV�' GHFUHDVHV�� WKH� ILUVW� SHDN� RFFXUULQJ� DW� DURXQG� ����*+]�JHWV� KLJKHU��
7KHUH�LV�JRRG�PDWFKLQJ�IRU�' ��PP�DQG�LW�GHWHULRUDWHV�IRU�KLJKHU�IUHTXHQFLHV��!�*+]��
DV�' GHFUHDVHV� DV� VHHQ� IURP�)LJ�� �����+RZHYHU� LQ� WKH� IUHTXHQF\� UDQJH� RI� ���*+]�� WKH�
PDWFKLQJ�LPSURYHV�DV�' GHFUHDVHV�
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)RU�'HVLJQ����WKH�SHDN�RFFXUV�DW����*+]�DQG�LQFUHDVHV�ZLWK�GHFUHDVLQJ�'��7KHUH�LV�JRRG�
PDWFKLQJ� IRU� 96:5����� IURP� �������*+]� DQG� UHPDLQV� WKH� VDPH� IRU� DOO� YDOXHV� RI�'�
EHWZHHQ� ���� DQG �PP�� 7KH� %:� SHUIRUPDQFH� LV� EHWWHU� WKDQ� 'HVLJQV� �� DQG� �� IRU�
96:5 �����
)RU�'HVLJQ� ��� WKH�SHDNV�RFFXU� DW� KLJKHU� IUHTXHQFLHV� DQG�EHFRPH� OHVV�SURQRXQFHG�DV�'
GHFUHDVHV�

� � � � �
�
�
�
�
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96:
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��� &RQFOXVLRQ
$Q�H[SHULPHQWDO�VWXG\�RQ�WKH�HIIHFW�RI�HOHFWURPDJQHWLF�FRXSOLQJ�RQ�WKH�WULDQJXODU�SODQDU�
PRQRSROH�DQWHQQD�KDV�EHHQ�FDUULHG�RXW��7KH�PHDVXUHPHQWV�GHPRQVWUDWHG�WKDW�E\�HWFKLQJ�
D� UHFWDQJXODU� VWULS� RII�FHQWUHG� DW�' ����PP� �'HVLJQ� ���� WKH� %:� SHUIRUPDQFH� FDQ� EH�
RSWLPL]HG��$OWHUQDWLYHO\��LPSOHPHQWLQJ�'HVLJQ���ZLWK�' EHWZHHQ�����DQG��PP�FDQ�DWWDLQ�
ORZHU�)/(3%�DQG�ZLGHU�%:�
��� 5HIHUHQFHV
�� +21'$��6���0���6(.,��+���DQG�-,1%2��<��� 
$�GLVN�PRQRSROH�DQWHQQD�ZLWK�����

LPSHGDQFH� EDQGZLGWK� DQG� RPQLGLUHFWLRQDO� UDGLDWLRQ� SDWWHUQ�
� ,6$3
���� ������
6DSSRUR��-DSDQ��SS�����������

�� &+(1�� =�1��� $00$11�� 0�-��� DQG� &+,$�� 0�<�:��� 
6TXDUH� VORWWHG� SODQDU�
PRQRSROH�DQWHQQDV�
��6XEPLWWHG�LQ�'HF�������

�� &+(1�� =�1��� 
%URDGEDQG� SODQDU� PRQRSROH� DQWHQQD�
� ,((� 3URFHHGLQJV��
0LFURZDYH��$QWHQQDV�DQG�3URSDJDWLRQ������������������SS���������
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&KDSWHU� ��� &LUFXODU� 3ODQDU� 0RQRSROH� $QWHQQDV� ZLWK�
(OHFWURPDJQHWLF�&RXSOLQJ��(0&�
���� ,QWURGXFWLRQ
:LWK� WKH� UDSLG� JURZWK� LQ� ZLUHOHVV� FRPPXQLFDWLRQV� WHFKQRORJ\�� DQWHQQDV� KDYLQJ� JRRG�
LPSHGDQFH�DQG�UDGLDWLRQ�SHUIRUPDQFHV�DUH�QRW� WKH�RQO\�IDFWRUV� LQ�DQWHQQD�GHVLJQ��2WKHU�
FRQVLGHUDWLRQV�VXFK�DV� WKH�DELOLW\� WR�UHGXFH�FRVW��ZHLJKW�DQG�HDVH�RI�LPSOHPHQWDWLRQ�DUH�
DOVR� HTXDOO\� LPSRUWDQW� DV� ZHOO�� 0RQRSROH� SODQDU� DQWHQQDV� KDYH� VKRZQ� WKDW� LW� KDG�
VXUSDVVHG� WKH� ZLUH� HOHPHQWV� LQ� WHUPV� RI� LPSHGDQFH� SHUIRUPDQFH� DQG� VWDEOH� UDGLDWLRQ�
SDWWHUQV� >���@� ,PSURYHPHQWV� LQ� GHVLJQ� LQFOXGHG� KDYLQJ� VORW� FXWV� DQG� WKH� XVH� RI�
HOHFWURPDJQHWLF�FRXSOLQJ�IRU�GLIIHUHQW�JHRPHWULFDO�VKDSHV�
7KH�VTXDUH�PRQRSROH�DQWHQQD�KDG�EHHQ�VKRZQ�WR�H[KLELW�EURDGEDQG�FKDUDFWHULVWLFV�DQG�
E\�YDU\LQJ�WKH�IHHG�SRLQW�DQG�E\�KDYLQJ�VORW�FXWV�RQ�WKH�PRQRSROH��LWV�SHUIRUPDQFH�FDQ�
EH�HQKDQFHG�IXUWKHU�>�@��$QRWKHU�DSSURDFK�ZRXOG�EH�WR�FRXSOH�WKH�VTXDUH�SODQDU�UDGLDWRU�
HOHFWURPDJQHWLFDOO\�ZLWK�D�SUREH�IHG�VWULS��$�EDQGZLGWK�UDWLR�RI�����IRU�96:5 ����DQG�
VWDEOH�UDGLDWLRQ�SDWWHUQV�ZHUH�DFKLHYHG�>�@��7KH�WULDQJXODU�PRQRSROH�ZLWK�(0&�KDV�DOVR�
EHHQ�GLVFXVVHG�LQ�&KDSWHU���DQG�LW�LV�FDSDEOH�RI�SURGXFLQJ�ORZHU�)/(3%V�DQG�ZLGHU�%:V�
XQGHU�RSWLPL]HG�FRQGLWLRQV�
7KH� FLUFXODU� GLVF� PRQRSROH� KDV� VKRZQ� WR� DFKLHYH� D� ZLGH� LPSHGDQFH� EDQGZLGWK� E\�
QXPHULFDO�PHWKRGV�VXFK�DV� WKH�PHWKRG�RI�PRPHQWV�ZLWK�D�ZLUH�JULG�DQG� WULDQJXODU�FHOO�
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PHVKLQJ�DQG�KDG�EHHQ�YHULILHG�H[SHULPHQWDOO\�WR�\LHOG�D�ZLGH�EDQGZLGWK�UDWLR�>���@��6ORW�
FXWV�ZHUH� WKHQ�PDGH� WR� WKH�PRQRSROH� >�@�DQG�UHVXOWV�KDG�VKRZQ�WKDW�E\�RSWLPL]LQJ� WKH�
IHHG�JDS�DQG�WKH�VL]H�RI�WKH�VORW��WKH�VORWWHG�PRQRSROH�ZDV�FDSDEOH�RI�SURGXFLQJ�D�ZLGHU�
EDQGZLGWK�WKDQ�WKH�VORWWHG�VTXDUH�PRQRSROH��
:LWK� WKLV�� LW�ZLOO�EH�XVHIXO� WR� LQYHVWLJDWH� WKH�HIIHFWV�RI� WKH�HOHFWURPDJQHWLF�FRXSOLQJ�RQ�
WKH�FLUFXODU�GLVF�PRQRSROH�� ,Q� WKLV�ZRUN��SURWRW\SHV�RI�FLUFXODU�PRQRSROHV�ZLWK�WKH�IRLO�
FRQFHQWULFDOO\�UHPRYHG�IURP�RQH�RI�WKH�VLGHV�ZHUH�IDEULFDWHG��7KH�RWKHU�VLGH�FRQVLVWV�RI�D�
FRSSHU�VWULS�RI��PP�ZLGWK��$�GLHOHFWULF�VODE�VHSDUDWHV�WKH�WZR�FRSSHU�VXUIDFHV��7KH�IHHG�
JDS�DV�ZHOO�DV�WKH�KHLJKW�RI�WKH FRSSHU�VWULS�ZHUH�YDULHG�IRU�RSWLPL]DWLRQ�
��� 'HVFULSWLRQ�RI�$QWHQQD
7KH� FLUFXODU� SODQDU� PRQRSROH� RI� UDGLXV�5 ��PP�PDGH� RI� D� 3&%� VKHHW� �5RJHU� ������
KDYLQJ�D�GLHOHFWULF�FRQVWDQW�RI������DQG�D�WKLFNQHVV�RI����PP�ZDV�SODFHG�YHUWLFDOO\�RYHU�D�
JURXQG� SODQH� E\� VROGHULQJ� LW� WR� WKH� SUREH� RI� DQ� 60$� FRQQHFWRU� 7KH� PRQRSROH� ZDV�
PRXQWHG�RQ�D�ILQLWH�VL]H�JURXQG�SODQH�����[���PP�� ZLWK�D�IHHG�JDS�RI�J� 7KH�IRLO�RQ�
RQH� RI� WKH� GLHOHFWULF� VODE� VXUIDFHV� DFWHG� DV� D� UDGLDWRU�ZKLOH� D� VWULS�PHDVXULQJ�Z �PP�
ZLGH�ZDV�FHQWUDOO\�HWFKHG�RQ�WKH�RWKHU�VODE�VXUIDFH�DV�VKRZQ�LQ�)LJ�������$���: FRD[LDO�
SUREH�RI�D����PP�UDGLXV�H[FLWHG�WKH�PLGSRLQW�RI�WKH�ERWWRP�RI�WKH�FRSSHU�VWULS�WKURXJK�
WKH� JURXQG�SODQH�YLD� WKH�60$�FRQQHFWRU��$�FLUFXODU� VORW�ZDV� FXW� FRQFHQWULFDOO\�RQ� WKH�
SODQDU� UDGLDWRU� ZLWK� D� UDGLXV�� U�� 7KH� KHLJKW� RI� WKH� VWULS�� O�� ZDV� YDULHG� E\� JUDGXDOO\�
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%:�d ����%:�!�����

UHPRYLQJ� WKH� IRLO� DORQJ� LWV� OHQJWK�� 7KH� PHDVXUHPHQWV� RQ� WKH� LQSXW� LPSHGDQFH� RI� WKH�
SURSRVHG�SODQDU�PRQRSROHV�ZHUH�FRQGXFWHG�

��� 5HVXOWV�DQG�'LVFXVVLRQV
7KH�PHDVXUHG�LPSHGDQFH�%:V�IRU�WKH�VSHFLILF�96:5 ����DQG�����DUH�WDEXODWHG�LQ�7DEOH�
�����ZKHUH�WKH�%:�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�IRUPXOD�

%:� ®̄­ u��
OX

OXOX II IIII � ����������
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��PP �PP

6XUIDFH�� 6XUIDFH��
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ZKHUH� IX DQG� IO� GHQRWH� WKH� IUHTXHQFLHV� IRU� WKH� XSSHU� DQG� ORZHU� HGJH� RI� WKH� SDVV�EDQG��UHVSHFWLYHO\�
7KH� LQSXW� LPSHGDQFH� IRU� WKH�SURWRW\SH�PRQRSROH�KDYLQJ�U �PP�LV�PHDVXUHG��)RU�HDFK�
VWULS�OHQJWK��IHHG�JDSV�RI�J ���������DQG����PP�DUH�XVHG�
7DEOH������ 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:��DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�WKH�

ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�

7KH�)/(3%�UDQJHV�EHWZHHQ������WR�����*+]�IRU������d O�d �����PP��)URP�WKH�96:5�
FXUYHV� LQ�)LJ������� WKH� IUHTXHQF\�YDOXH�FRUUHVSRQGLQJ WR� WKH� ILUVW�PLQLPXP�WKDW�FURVVHV�
WKH�96:5 ��OLQH�LV�WDNHQ�WR�EH�WKH�)/(3%��+RZHYHU��IRU�O!����PP��WKH�ILUVW�PLQLPXP�
GRHV�QRW�SDVV�WKURXJK�WKH�96:5 ��OLQH�DQG�KHQFH�WKH�%:�LV�FRQVLGHUHG�WR�EH�]HUR��7KH�

J ���PP J ���PP J ���PP96:5 ��� 96:5 ��� 96:5 ��� 96:5 ��� 96:5 ��� 96:5 ���)/(3% )/(3% )/(3% )/(3% )/(3% )/(3%O�PP� �*+]� %: �*+]� %: �*+]� %: �*+]� %: �*+]� %: �*+]� %:���� ���� �� ���� ����� ���� �� ���� ����� ���� �� ���� ��������� ���� �� ���� ����� ���� �� ���� ����� ���� �� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� �� ���� ����� ���� �� ���� ��� ���� ����� ���� �������� ���� �� ���� �� ���� �� ���� !����� ���� �� ���� �������� ���� �� ���� �� ���� �� ���� �� ���� �� ���� ��
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IUHTXHQF\�YDOXH�FRUUHVSRQGLQJ�WR�WKH�VHFRQG�PLQLPXP�ZDV�WKHQ�WDNHQ�WR�EH�WKH�)/(3%��
/LNHZLVH�IRU�O�������H[FHSW�ZKHQ�J ���PP���WKH�VHFRQG�PLQLPXP�LV�FRQVLGHUHG�
)RU�WKH�H[SHULPHQWV��ZH�RQO\�FRQVLGHU�WKRVH�VWULS�OHQJWK�WKDW�JLYHV�ULVH�WR�D�96:5�FXUYH�
WKDW�KDV�LWV�ILUVW�PLQLPXP�WR�FXW�WKH�96:5 ��OLQH�WR�EH�RI�LQWHUHVW��

,W� FDQ� EH� DOVR� EH� REVHUYHG� IURP� 7DEOH� ���� WKDW� IRU� 96:5 ����� WKDW� WKH� %:� IRU�
96:5 ����JHQHUDOO\�LQFUHDVHV�DV�WKH�VWULS�OHQJWK�GHFUHDVHV�IRU�\�d O�d �����PP��ZKHUH�
\ ��PP�IRU�J ���PP������PP�IRU�J ���PP�DQG���PP�IRU�J ���PP��)RU�96:5 �����
WKH %:�LQFUHDVHV�DV�WKH�VWULS�OHQJWK�GHFUHDVHV�IRU�DQ\�J�

� � � � � � � �
�
�
�
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$�FLUFXODU�VORW�RI�U �PP�ZDV�FRQFHQWULFDOO\�FXW�IURP�WKH�UDGLDWRU�RQ�WKH�GLHOHFWULF�VODE�
DQG� WKH� UHVXOWV� WDEXODWHG� LQ� 7DEOH� ����� :LWK� WKH� LQWURGXFWLRQ� RI� WKH� VORW�� WKHUH� LV� QR�
FRQVLGHUDEOH� LQFUHDVH� LQ WKH�)/(3%��)RU�J ���� DQG����PP��RSWLPXP�%:�SHUIRUPDQFH�
RFFXUV� ZKHQ� O ����� DQG� ��PP�� ZKLFK� LV� VLPLODU� WR� WKDW� ZKHQ� U ��� +RZHYHU� IRU�
J ���PP��RSWLPXP�%:�RFFXUV�ZKHQ�O ����PP�
7DEOH������ 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:��DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�WKH�

ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�
J ���PP J ���PP J ���PP96:5 ��� 96:5 ��� 96:5 ��� 96:5 ��� 96:5 ��� 96:5 ���)/(3% )/(3% )/(3% )/(3% )/(3% )/(3%O�PP� �*+]� %: �*+]� %: �*+]� %: �*+]� %: �*+]� %: �*+]� %:���� ���� �� ���� ����� ���� �� ���� ����� ���� �� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� �� ���� ��� ���� ����� ���� ����� ���� ����� ���� �����

)RU�WKH�SURWRW\SH�KDYLQJ�U ��PP��WKH�%:�IRU�96:5 ����GHWHULRUDWHV�IRU�J ���PP�WR�
DERXW�������5HIHU�WR�7DEOH�������+RZHYHU��IRU�J ����DQG����PP��WKHUH�LV�VWLOO�VDWLVIDFWRU\�
%:�DQG�WKH�RSWLPXP�UHVXOWV�FDQ�EH�DWWDLQHG�ZKHQ�O ��PP�IRU�J ���PP�DQG�O ����PP�
IRU� J ���PP�� $� EURDG� %:� IRU� 96:5 ���� FDQ� VWLOO� EH� REVHUYHG� DV� WKH� VWULS� OHQJWK�
GHFUHDVHV��7KH�)/(3%�VKRZV�RQO\�D�YHU\�VOLJKW�LQFUHDVH�ZLWK�U ��PP�
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7DEOH������ 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:��DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�WKH�
ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�

J ���PP J ���PP J ���PP96:5 ��� 96:5 ��� 96:5 ��� 96:5 ��� 96:5 ��� 96:5 ���)/(3% )/(3% )/(3% )/(3% )/(3% )/(3%O�PP� �*+]� %: �*+]� %: �*+]� %: �*+]� %: �*+]� %: �*+]� %:���� ���� �� ���� �� ���� �� ���� �� ���� �� ���� ������ ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� ����� ���� ����� ���� ����� ���� ����� ���� ����� ���� ��������� ���� �� ���� ��� ���� ����� ���� ��� ���� ����� ���� ���
)LQDOO\��WKH�SURWRW\SH�ZLWK�U ��PP�LV�WHVWHG�VLPLODUO\�DQG�WKH�UHVXOWV�LQ�7DEOH�����VKRZ�
WKDW�WKH�%:�EHFRPHV�ZRUVH�FRQVLGHUDEO\�IRU�DOO�J�
7DEOH����� 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:� DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�

WKH�ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�
J ���PP J ���PP J ���PP96:5 ��� 96:5 ��� 96:5 ��� 96:5 ��� 96:5 ��� 96:5 ���)/(3% )/(3% )/(3% )/(3% )/(3% )/(3%O�PP� �*+]� %:��� �*+]� %:��� �*+]� %:��� �*+]� %:��� �*+]� %:��� �*+]� %:������� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �������� ���� ��� ���� ���� ���� ���� ���� ���� ���� ���� ���� �������� ���� ��� ���� ���� ���� ���� ���� ���� ���� ���� ���� �������� ���� ��� ���� ���� ���� ��� ���� ���� ���� ���� ���� �������� ���� ��� ���� ���� ���� ��� ���� ���� ���� ��� ���� ����
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7KHUHIRUH��LW�FDQ�EH�REVHUYHG�IURP�)LJ������WKDW�WKH�PLQLPXP�DWWDLQDEOH�)/(3%�JHQHUDOO\�
GHFUHDVHV�DV�J LQFUHDVHV��$OVR��WKH�PLQLPXP�)/(3%�JHQHUDOO\�LQFUHDVHV�ZLWK�WKH�UDGLXV�U
IRU�DQ\�SDUWLFXODU�J�

��������������������������������

� � � �)HHG�JDS�J ��PP

)/(3
%��PL

Q���*+
] U �PPU �PPU ��PPU ��PP

,Q�DGGLWLRQ��ZLWK�DQ\�IL[HG�J��WKH�PLQLPXP�DWWDLQDEOH�)/(3%�LQFUHDVHV�DV�WKH�VWULS�OHQJWK�
O GHFUHDVHV�DV�VKRZQ�LQ�)LJ�������$OVR��DQ�LQFUHDVH�LQ�WKH�UDGLXV�U DW�D�IL[HG�O DOVR�EULQJV�
DERXW�D�GHFUHDVH�LQ�WKH�PLQLPXP�)/(3%�

)LJ�����
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� �� �� �� ��6WULS�OHQJWK�O ��PP

)/(3
%��PL

Q���*+
] U �PPU �PPU ��PPU ��PP

7KH�PD[LPXP�DFKLHYDEOH�����96:5�%:V�IRU�DQ\�SDUWLFXODU�VWULS�OHQJWK�DUH�DV�VKRZQ�LQ�
)LJ������� ,W�FRXOG�EH�VHHQ� WKDW�DV� WKH� UDGLXV�U LQFUHDVHV� WR�EH\RQG���PP�� WKH�PD[LPXP�
%:�GURSSHG�GUDVWLFDOO\��HVSHFLDOO\�LQ�WKH�UHJLRQ�ZKHUH����d O�d ��PP��$Q�LQFUHDVH�LQ�U
IURP��� WR���PP�RQO\� UHVXOWV� LQ�D�YHU\� VOLJKW�GHFUHDVH� LQ� WKH�PD[LPXP�DWWDLQDEOH�%:��
)RU�VWULS�OHQJWKV�ZKHUH�WKH�%: ����WKH�ILUVW�PLQLPXP�SRLQW�IURP�WKH�96:5�FXUYH�GRHV�
QRW�SDVV�WKURXJK�WKH�96:5 ��OLQH�DQG�LV�WKHUHIRUH�GLVUHJDUGHG�LQ�RXU�GLVFXVVLRQV�

)LJ�����
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� �� �� �� ��6WULS�OHQJWK�O ��PP

%:��
PD[��

�� U �PPU �PPU ��PPU ��PP

)LJ������VKRZV�WKH�PD[LPXP�DWWDLQDEOH�����96:5�%:�IRU�DQ\�SDUWLFXODU�IHHG�JDS��7KH�
PD[LPXP�%:�IRU�HDFK FDVH�JHQHUDOO\�LQFUHDVHV�IRU�ODUJHU�J��)XUWKHUPRUH��LW�LV�REVHUYHG�
WKDW� IRU� U �� DQG� �PP�� WKH�PRQRSROHV� H[KLELWV� WKH� VDPH� UHVSRQVH�� %RWK� KDYH� WKH� %:�
UDWLRV�RI�!����DW�J ���PP��)RU�Ut��PP��WKH�PD[LPXP�%:V�GHFUHDVHV�IRU�DOO�J�

)LJ�����
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� � � �)HHG�JDS�J ��PP

%:��
PD[��

�� U �PPU �PPU ��PPU ��PP

��� &RQFOXVLRQ
7KH� FLUFXODU� SODQDU� PRQRSROHV� ZLWK� WKH� (0&� KDG� EHHQ� WHVWHG�� 7KH� H[SHULPHQWV� KDYH�
VKRZQ� WKDW� LQ� RUGHU� WR� ORZHU� WKH� )/(3%�� WKH� VWULS� OHQJWK� FDQ� EH� LQFUHDVHG� EXW� DW� WKH�
H[SHQVH� RI� D� QDUURZHU�%:��$OVR�� DQ� LQFUHDVH� LQ� WKH� IHHG�JDS� OHDGV� WR� D� FRUUHVSRQGLQJ�
LQFUHDVH�LQ�WKH�%:�DQG�ORZHUV�WKH�)/(3%�DV�ZHOO��7KH�%:�LV�VDWLVIDFWRU\�IRU�WKH�UDGLXV�
XS�WR���PP��DIWHU�ZKLFK�WKH�%:�VWDUWV�WR�GHFOLQH�

)LJ�����
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��� 5HIHUHQFHV
�� $*5$:$//��1�3���.80$5��*���DQG�5$<��.�3��� 
:LGH�EDQG�SODQDU�PRQRSROH�

DQWHQQD�
�,(((�7UDQV��$QWHQQDV�	�3URSDJDW�����������������SS���������
�� $00$11�� 0�-��� µ6TXDUH� SODQDU� PRQRSROH� DQWHQQD�¶� 1DWLRQDO� &RQIHUHQFH� RQ

$QWHQQDV�DQG�3URSDJDWLRQ� �����������SS�������
�� &+(1�� =�1��� 
,PSHGDQFH� FKDUDFWHULVWLFV� RI� SODQDU� ERZ�WLH�OLNH� PRQRSROH�

DQWHQQDV�
�(OHFWURQLFV�/HWWHUV������������������SS�����������
�� &+(1�� =�1��� µ,PSHGDQFH� FKDUDFWHULVWLFV� RI� WUDSH]RLGDO� SODQDU� PRQRSROH�

DQWHQQDV�¶�0LFURZDYH� DQG� 2SWLFDO� 7HFKQRORJ\� /HWWHUV�� ������ ���� ����� SS�� ����
����

�� &+(1�� =�1��� $00$11�� 0�-��� DQG� &+,$�� 0�<�:��� 
6TXDUH� VORWWHG� SODQDU�
PRQRSROH�DQWHQQDV�
��6XEPLWWHG�LQ�'HF�������

�� &+(1�� =�1��� 
%URDGEDQG� SODQDU� PRQRSROH� DQWHQQD�
� ,((� 3URFHHGLQJV��
0LFURZDYH��$QWHQQDV�DQG�3URSDJDWLRQ������������������SS���������
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�� +$0028'��0���32(<��3��DQG�&2/20%(/��)���µ0DWFKLQJ�WKH�LQSXW�
LPSHGDQFH�RI�D�EURDGEDQG�GLVF�PRQRSROH�¶�(OHFWURQLFV�/HWWHUV�����������������SS��
�������

�� $00$11�� 0�-��� 
,PSHGDQFH� EDQGZLGWK� RI� WKH� VTXDUH� SODQDU� PRQRSROH�
�
0LFURZDYH�DQG�2SWLFDO�7HFKQRORJ\�/HWWHUV������������SS���������

�� &+(1��=�1���$00$11� 0�-���&+,$��0�<�:��DQG�6((��6�3��� 
6ORWWHG�FLUFXODU�
SODQDU�PRQRSROH�DQWHQQDV�
��6XEPLWWHG�LQ�$SU�������
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&KDSWHU����3HQWDJRQDO�3ODQDU�0RQRSROH�$QWHQQDV
��� ,QWURGXFWLRQ
3ODQDU�PRQRSROH� DQWHQQDV�ZLWK� WKH� VTXDUH� JHRPHWU\� KDYH� EHHQ� DQDO\]HG� DQG� VKRZQ� WR�
SURYLGH� ZLGH� LPSHGDQFH� EDQGZLGWKV� ZKLOH� VXIIHULQJ� OLWWOH� GHJUDGDWLRQ� RI� UDGLDWLRQ�
SDWWHUQV� ZLWKLQ� WKH� EDQGZLGWKV�� $WWHPSWV� KDYH� EHHQ� PDGH� WR� LPSURYH� DQG� FRQWURO� WKH�
LPSHGDQFH�EDQGZLGWKV�RI�WKH�PRQRSROHV�LQFOXGLQJ�WLOWLQJ�WKH�SODQDU�HOHPHQW�ZLWK�UHVSHFW�
WR� WKH�JURXQG�SODQH�>�@��FXWWLQJ�VORWV�RQ�WKH�PRQRSROHV�>�@�DQG�HPSOR\LQJ�D�WUDSH]RLGDO�
JHRPHWU\�>�@�
7KH�LQSXW�LPSHGDQFH�RI�WKH�VTXDUH�PRQRSROH�KDV�EHHQ�IRXQG�WR�EH�VHQVLWLYH�WR�WKH�IHHG�
JDS�� 7KH� RSWLPL]HG� LPSHGDQFH� EDQGZLGWK� UDWLR� ZDV� IRXQG� WR� EH� ������ IRU� WKH� VLPSOH�
VTXDUH�SODQDU�HOHPHQW�DQG�����IRU�WKH�VKRUWHG�SODQDU�HOHPHQW�>�@�
,Q� WKLV�FKDSWHU��D�QHZ�SODQDU�PRQRSROH�LV�SURSRVHG�WR�FDWHU�IRU�EURDGEDQG�DSSOLFDWLRQV��
7KH�PRQRSROH�FRQVLVWV�RI�D�VTXDUH�SLHFH�RI�3&%�ZLWK�WKH�IRLO�HQWLUHO\�UHPRYHG�IURP�RQH�
RI�WKH�VLGHV�DQG�WKH�SUREH�IHG�WR�WKH�PLGSRLQW�RI�WKH�ERWWRP�VLGH��%\�WULPPLQJ�WKH�VTXDUH�
IRLO� V\PPHWULFDOO\� RQ� WKH� VTXDUH� HGJH� QHDU� WKH� JURXQG� SODQH�� LW� IRUPV� D� SHQWDJRQDOO\�
VKDSHG�UDGLDWRU��7KH�SHUIRUPDQFH�RI�WKH�DQWHQQD�ZDV�WDNHQ�LQWR�DFFRXQW�RYHU�D�IUHTXHQF\�
UDQJH�RI��������*+]�
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��� 'HVFULSWLRQ�RI�$QWHQQD
7KH�SHQWDJRQDO�SODQDU�PRQRSROH�LV�SODFHG�YHUWLFDOO\�RYHU�D�JURXQG�SODQH�E\�VROGHULQJ�LW�
GLUHFWO\� RQWR� WKH� SUREH� RI� WKH� 60$� DV� VKRZQ� LQ� )LJ�� ����� $� ��: FRD[LDO� SUREH� RI� D�
���PP� UDGLXV� H[FLWHV� WKH� ERWWRP� RI� WKH� SODQDU� HOHPHQW� WKURXJK� WKH� JURXQG� SODQH�
����[���PP��� YLD� WKH� 60$� FRQQHFWRU�� $V� WKH� ZLGWK� RI� WKH� ERWWRP� RI� WKH� PRQRSROH�
SDUDOOHO� WR� WKH�JURXQG�SODQH�LV�RQO\��PP��LW�LV�GLUHFWO\�VROGHUHG�WR�WKH�JURXQG�SODQH��%\�
WULPPLQJ�WKH�VTXDUH�RQ�ERWK�VLGHV�RI WKH�IHHG�SUREH��D�V\PPHWULF�SHQWDJRQ�LV�IRUPHG�

��� 5HVXOWV�DQG�'LVFXVVLRQV
7KH�PHDVXUHG�LPSHGDQFH�%:V�IRU�WKH�VSHFLILF�96:5
�����ZKHUH�WKH�%:�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�IROORZ
%:� ®̄­ u��

OX
OXOX II IIII � ����������

ZKHUH� IX DQG� IO� GHQRWH� WKH� IUHTXHQFLHV� IRU� WKH� XSSHU�UHVSHFWLYHO\�

��PP
��PP

�PP

FRSSHU�VKHHW

)LJ�����
JURXQG�SODQH
G

��

�d �����!�����

 ����DQG�����DUH�WDEXODWHG�LQ�7DEOH�
LQJ�IRUPXOD�

DQG� ORZHU� HGJH� RI� WKH� SDVV�EDQG��
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7DEOH������ 0HDVXUHG�LPSHGDQFH�EDQGZLGWK��%:��DQG�IUHTXHQF\�FRUUHVSRQGLQJ�WR�WKH�
ORZHU�HGJH�RI�WKH�SDVV�EDQG��)/(3%�

96:5 ��� 96:5 ���G��PP� )/(3%��*+]� %:� )/(3%��*+]� %:���� ���� ����� ���� ��������� ���� ����� ���� !��������� ���� ����� ���� !��������� ���� ����� ���� !��������� ���� ����� ���� ��������� ���� ����� ���� �����
7KH�XSSHU�DQG�ORZHU�HGJH�IUHTXHQFLHV�IRU�WKH�VLPSOH�VTXDUH�SODQDU�PRQRSROH�ZLWK�VLGHV�
��PP� KDYH� EHHQ� H[SHULPHQWDOO\� VKRZQ� WR� EH� ����*+]� DQG� ����*+]�� UHVSHFWLYHO\� IRU�
96:5 ����� \LHOGLQJ� DQ� LPSHGDQFH� %:� RI� ������� ,I� WKH� VTXDUH� HOHPHQW� LV� WULPPHG�
V\PPHWULFDOO\�DERXW�WKH�IHHGLQJ�SUREH�VXFK�WKDW�G LV�QRZ���PP��WKH�%:�UDWLR�LPSURYHG�
VLJQLILFDQWO\�WR��������)RU�G  ��PP��WKH�XSSHU�HGJH�IUHTXHQF\�LQFUHDVHV�WR�����*+]�
7KH� )/(3%� GHFUHDVHV� DV� G LQFUHDVHV� XQWLO� WKH� IRLO� RQ� WKH� UHFWDQJXODU� GLHOHFWULF� VODE� LV�
UHGXFHG� WR� D� WULDQJXODU� JHRPHWU\� �G  � ��PP��� +RZHYHU�� IRU� G t ��PP�� WKH� %:� LV�
FRQVLGHUDEO\�QDUURZHU�GHVSLWH�WKH�ORZHU�)/(3%�
([SHULPHQWV� KDYH� DOVR� EHHQ� FRQGXFWHG� SUHYLRXVO\� E\� XVLQJ� D� FRSSHU� SODWH� LQVWHDG� RI� D�
3&%�ERDUG��$Q�LQWHUHVWLQJ�SRLQW�WR�QRWH�LV�WKDW�IRU�WULP�DQJOHV�JUHDWHU�WKDQ���q��WKH�%:�
GHWHULRUDWHV�>�@��,Q�WKLV�H[SHULPHQW��DV�G JHWV�DERYH���PP��WULP�DQJOH�LV���q LQ�WKLV�FDVH���
WKH�%:�LV�UHGXFHG�VLJQLILFDQWO\�
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��� &RQFOXVLRQ
7KH� H[SHULPHQWDO� VWXG\� RQ� WKH� LPSHGDQFH� FKDUDFWHULVWLFV� KDV� EHHQ� FRQGXFWHG��
0HDVXUHPHQWV� KDYH� GHPRQVWUDWHG� WKDW� D� PRQRSROH� ZLWK� DQ� RSWLPL]HG� SHQWDJRQDO�
JHRPHWU\�KDV�D�EDQGZLGWK�UDWLR�RI��������7KH�WULPPLQJ�GLVWDQFH��G��KDV�DQ�HIIHFW�RQ�WKH�
)/(3%�DQG�WKH�EDQGZLGWK�RI�WKH�PRQRSROH�
��� 5HIHUHQFHV
�� &+(1�� =�1��� µ([SHULPHQWV� RQ� ,QSXW� ,PSHGDQFH� RI� 7LOWHG� 3ODQDU� 0RQRSROH�

$QWHQQD�¶�0LFURZDYH�DQG�2SWLFDO�7HFKQRORJ\�/HWWHUV� ���������������SS����������
�� &+(1��=�1���$00$11��0�-���&+,$��0�<�:��DQG�6((��6�3��� 
6ORWWHG�FLUFXODU�

SODQDU�PRQRSROH�DQWHQQDV�
��6XEPLWWHG�RQ�$SU�������
�� &+(1�� =�1��� µ,PSHGDQFH� &KDUDFWHULVWLFV� RI� 7UDSH]RLGDO� 3ODQDU� 0RQRSROH�

$QWHQQDV�¶�0LFURZDYH�DQG�2SWLFDO�7HFK��/HWWHUV�����������������SS����������
�� $00$11��0�-��DQG�'2</(��/�(���µ6PDOO�3ODQDU�0RQRSROH�&RYHUV�0XOWLEDQG�

%5$1V�¶� 3URF�� ��WK (XURSHDQ� 0LFURZDYH� &RQIHUHQFH�� 3DULV�� ������ 9RO���� SS��
��������

�� $00$11�� 0�-��� µ7KH� 3HQWDJRQDO� 3ODQDU� 0RQRSROH� IRU� 'LJLWDO� 0RELOH�
7HUPLQDOV�� %DQGZLGWK� &RQVLGHUDWLRQV� DQG�0RGHOOLQJ�¶� ,((� (OHFWURQLFV� /HWWHUV��
�����������SS��������
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9� &21&/86,21
7KH� GHVLJQV� DQG� H[SHULPHQWDO� LQYHVWLJDWLRQV� RQ� EURDGEDQG� SODQDU� PRQRSROH� DQWHQQDV�
KDYH�EHHQ�VXFFHVVIXOO\�FRPSOHWHG��7KH�UHVXOWV�KDYH�VKRZQ�WKDW�WKH�SODQDU�PRQRSROHV�DUH�
FDSDEOH�RI�SURYLGLQJ�EURDGHU�EDQGZLGWKV�WKDQ�FRQYHQWLRQDO�ZLUH�HOHPHQWV��&XWWLQJ�VORWV�
IURP� WKH�PRQRSROHV� KDYH� LPSURYHG� WKH� LPSHGDQFH� EDQGZLGWKV� DV�ZHOO� DV� ORZHUHG� WKH�
)/(3%��:LWK�WKH�SDUDPHWHUV�VXFK�DV�WKH�IHHG�JDS��ORFDWLRQ�RI�IHHG�SRLQW�DQG�WKH�VL]HV�RI�
VORW�EHLQJ�RSWLPL]HG��WKH�GHVLJQV�DUH�DEOH�WR�PD[LPL]H�WKHLU�SRWHQWLDO�
7KH� FLUFXODU� VORWWHG�PRQRSROH� KDV� EHHQ� VKRZQ� WR� H[KLELW� WKH� EURDGEDQG� FKDUDFWHULVWLFV�
HYHQ�ZKHQ�����RI�LWV�DUHD�LV�EHLQJ�UHPRYHG��7KH�WULDQJXODU�VORWWHG�PRQRSROH�RIIHUV�WKH�
RSWLPXP�EDQGZLGWKV�ZKHQ�WKH�IHHG�SRLQW�ZDV�RII�FHQWUHG�DOWKRXJK�LWV�EDQGZLGWK�LV�QRW�
DV�EURDG�DV�WKH�FLUFXODU�VORWWHG�PRQRSROH�
2WKHU�WKDQ�E\�FXWWLQJ�VORW�IURP�WKH�SODQDU�PRQRSROHV��DQRWKHU PHWKRG�WR�VHHN�WR�DFKLHYH�
EURDG� LPSHGDQFH� EDQGZLGWK� LV� WR� PDNH� XVH� RI� HOHFWURPDJQHWLF� FRXSOLQJ� �(0&��� 7KH�
FLUFXODU� DQG� WULDQJXODU� SODQDU� PRQRSROHV� DUH� DEOH� WR� SURGXFH� VDWLVIDFWRU\� SHUIRUPDQFH�
XQGHU�WKH�RSWLPL]HG�FRQGLWLRQV���
%\� YDU\LQJ� WKH� VKDSH� RI� WKH�PRQRSROH�� WKH� EDQGZLGWK� FDQ� DOVR� EH�PDGH� EURDGHU�� 7KH�
SHQWDJRQDO� PRQRSROH� KDV� EHHQ� GHPRQVWUDWHG� WR� SURYLGH� EURDG� LPSHGDQFH� EDQGZLGWK��
W\SLFDOO\�LQ�WKH�RUGHU�RI������ZLWK�WKH�RSWLPL]HG�SDUDPHWHUV�



,QGXVWULDO�$WWDFKPHQW�5HSRUW

��

7KH�DERYH�GHVLJQV�GRQH�LQ�P\�,QGXVWULDO�$WWDFKPHQW�SHULRG�KDYH�SURYLGHG�PH�ZLWK�JUHDW�
LQVLJKW�RQ�WKH�ZRUNLQJV�DQG�GHVLJQV�RI�D�EURDGEDQG�DQWHQQD��1RW�RQO\�KDG�,�EHHQ�DEOH�WR�
OHDUQ� WR�RSHUDWH� D�1HWZRUN�$QDO\]HU�� YDOXDEOH� H[SHULHQFH�KDYH� DOVR�EHHQ�JDLQHG� LQ� WKH�
DUHD�RI�DQWHQQD�GHVLJQ�DQG�PHDVXUHPHQW�
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