
-��1HSDO�&KHP��6RF���9RO����������

���

$QWLPLFURELDO�6WXGLHV�RI�6FKLII·V�%DVH�/LJDQGV�DQG�
7KHLU�2[RYDQDGLXP��,9��&RPSOH[HV�

/��.��0DQGDO���6��.��3DQGH\�DQG�0��/��6KDUPD�

��&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO�
��'HSDUWPHQW�RI�&KHPLVWU\��''8�*RUDNKSXU�8QLYHUVLW\�*RUDNKSXU��������,QGLD�

(PDLO��POVKDUPD�FKHP#JPDLO�FRP�

$EVWUDFW�

6RPH�WULD]ROH�GHULYHG�6FKLII¶V�EDVHV�DQG�WKHLU�R[RYDQDGLXP�,9��FRPSOH[HV�KDYH�EHHQ�V\QWKHVL]HG��7KH�
6FKLII¶V� EDVHV�DQG� WKH� FRPSOH[HV�ZHUH� DQDO\]HG�E\�GLIIHUHQW� VSHFWURVFRSLF�PHWKRGV��89�9LV�� ,5��(35��
PDJQHWLF�VXVFHSWLELOLW\��;�UD\��FRQGXFWLYLW\�PHDVXUHPHQW�DQG�HOHPHQWDO�DQDO\VHV��7KH�PRODU�FRQGXFWDQFH�
YDOXHV� ZHUH� UHODWLYHO\� ORZ�� VKRZLQJ� WKHLU� QRQ�HOHFWURO\WLF� QDWXUH�� 7KH� (35� VSHFWUD� RI� WKH� FRPSOH[HV�
VKRZV� WKH�SUHVHQFH�RI�VLQJOH�R[RYDQDGLXP�FDWLRQ�DV�PHWDOOLF�FHQWUH� LQ� WKH�FRPSOH[��7KH�SRZGHU�;�UD\�
GLIIUDFWLRQ� SDWWHUQ� VKRZV� WKH� DYHUDJH� VL]H� RI� SDUWLFOHV� LQ� WKH� UDQJH� RI� �����QP�� $� VTXDUH� S\UDPLGDO�
JHRPHWU\� RI� FRPSOH[HV� KDYH� EHHQ� HVWDEOLVKHG�� $QWLPLFURELDO� VHQVLWLYLW\� RI� WKH� OLJDQGV� DQG� LWV� PHWDO�
FRPSOH[HV�ZHUH�DVVD\HG� LQ�YLWUR�DJDLQVW� IRXU�EDFWHULDO�SDWKRJHQV�YL]��6��DXUHXV��3��DHUXJLQRVD��(��FROL�
DQG� .�� SQHXPRQLD� DQG� WZR� IXQJDO� SDWKRJHQV� QDPHO\� &�� DOELFDQ� DQG� $�QLJHU�� 7KH� DQWLPLFURELDO� GDWD�
VKRZ� WKH� R[RYDQDGLXP�,9�� FRPSOH[HV� WR� EH�PRUH� DQWLEDFWHULDO� DQG� DQWLIXQJDO� WKDQ� WKH� SDWHQW� 6FKLII¶V�
EDVH�DJDLQVW�RQH�RU�PRUH�EDFWHULDO�DQG�IXQJDO�VWUDLQV��

.H\ZRUGV�� �7ULD]ROH�/LJDQGV��PDJQHWLF�VXVFHSWLELOLW\��PRODU�FRQGXFWDQFH��R[RYDQDGLXP�,9��FRPSOH[HV��
6FKLII¶V�EDVH��SDWKRJHQV��;5'��

,QWURGXFWLRQ�

9DQDGLXP�LV�ZLGHO\�GLVWULEXWHG�LQ�WKH�ELRVSKHUH�DQG�SOD\V�VLJQLILFDQW�UROH�LQ�ERWK�SODQWV�DQG�DQLPDOV��
,W�LV�ELRHVVHQWLDO�HOHPHQW�IRXQG�LQ�UHPDUNDEO\�KLJK�FRQFHQWUDWLRQ�LQ�PDULQH�DVFLGLDQV��FHUWDLQ�PXVKURRPV�
DQG�SRO\FKDWHZRUPV���9DQDGLXP�EHORQJV�WR�WKH�ILUVW�PHPEHU�RI�*URXS�9�KDYLQJ�HOHFWURQLF�FRQILJXUDWLRQ�
>$U@�G��V��,W�VKRZV�R[LGDWLRQ�VWDWHV�IURP����WR����ZLWK�H[FHSWLRQ�RI����8QGHU�RUGLQDU\�FRQGLWLRQ�WKH�PRVW�
VWDEOH�R[LGDWLRQ�VWDWHV�DUH����DQG�������7KH�FKHPLVWU\�RI�YDQDGLXP�PHWDO�LV�EHFRPLQJ�VLJQLILFDQW�GXH�WR�
LWV� ELRORJLFDO� DQG� LQGXVWULDO� RXWFRPHV� OLNH� DQWLPLFURELDO� VSHUPLFLGDO�� DQWL�OHXNHPLD�� DQWLWXPRU� DQG�
UHFHQWO\�DV�LQVXOLQ�PLPHWLF���

7KH� FKHPLVWU\� RI� R[RYDQDGLXP�,9�� FRPSOH[� KDV� UHFHLYHG� FRQVLGHUDEOH� DWWHQWLRQ� DV� 92��� XQLW� FDQ�
UHDGLO\� FR�RUGLQDWH� IRXU�� ILYH� RU� VL[� GRQRU� DWRPV� WR� IRUP� 92/��� 92/�� RU� 92/�W\SHV� RI� FRPSOH[HV�
UHVSHFWLYHO\�� 7KH� H[SDQGLQJ� UROH� RI�9DQDGLXP� LQ� ELRORJLFDO� V\VWHP� DQG� WKH� SRWHQWLDO� RI� WKH� YDQDGLXP�
FRPSOH[HV� DV� WKH� WKHUDSHXWLF� DJHQWV� KDV� OHG� WR� WKH� FRQWLQXRXVO\� LQFUHDVLQJ� LQWHUHVW� LQ� WKH� FRRUGLQDWLRQ�



-��1HSDO�&KHP��6RF���9RO����������

����

FKHPLVWU\�DQG�WKH�FKHPLVWU\�RI�WKLV�HOHPHQW���:LWKLQ�WKH�VSHFWUXP�RI�YDQDGLXP�FRPSOH[HV�WKDW�KDYH�EHHQ�
V\QWKHVL]HG�DV�D�PRGHO�FRPSRXQGV�IRU�XQGHUVWDQGLQJ�RI�9DQDGLXP�±�FRQWUROOHG�ELRORJLFDO�V\VWHP�RU�DV�D�
SRWHQWLDO� WKHUDSHXWLF� � DJHQWV� ZLWKLQ� LQVXOLQ� PLPHWLF� SURSHUWLHV� �� RQH� ILQGV� D� VXEVWDQWLDO� QXPEHU� RI�
R[RYDQDGLXP�,9��FKHODWH�FRPSOH[HV�ZLWK�D�YDULHW\�RI�GRQRU�VHW���2Q�WKH�RWKHU�KDQG�LQ�WKH�ODVW�GHFDGHV�
6FKLII¶V�EDVH�OLJDQGV�KDYH�UHFHLYHG�PRUH�DWWHQWLRQ�EHFDXVH�RI� WKHLU�H[WHQVLYH�DSSOLFDWLRQ�LQ� WKH�ILHOG�RI�
V\QWKHVLV�DQG�FDWDO\VLV����

7KH�FRRUGLQDWLRQ�FKHPLVWU\�RI�PHWDO�FRPSOH[HV�KDV�EHHQ�DGYDQFLQJ�DW�D�WUHPHQGRXV�SDFH��,WV�YDULRXV�
DVSHFWV�YL]���NLQHWLF��SKRWRFKHPLFDO��HOHFWURFKHPLFDO��WKHUPRFKHPLFDO�HWF��KDYH�EHHQ�GHDOW�ZLWK�DW�OHQJWK�
IRU� VWXG\LQJ� WKH� VXEWOH� DVSHFWV� RI� LQWHUUHODWLRQ� EHWZHHQ� VWUXFWXUH�� FRQILJXUDWLRQ�� VWHUHRFKHPLVWU\� DQG�
VWHUHRVSHFLILFLW\�RI�PHWDO�FRPSOH[HV�����7KLV�UHPDUNDEOH�SURJUHVV�LQ�WKH�ILHOG�RI�PHWDO�FRPSOH[HV�PD\�EH�
DWWULEXWHG� WR� WKHLU� GLYHUVLILHG� DSSOLFDWLRQV�� 7KHVH� FRPSOH[HV� KDYH� EHHQ� ILQGLQJ� XVH� LQ� WKH� ILHOG� RI�
KRPRJHQHRXV�FDWDO\VLV��YDULRXV�ELRORJLFDO�V\VWHPV��SRWHQWLDO�GUXJV�DQG�DQDO\WLFDO�FKHPLVWU\���������

7KH� FRPSOH[HV� RI� R[RYDQDGLXP�,9�� W\SLFDOO\� KDYH� VTXDUH� S\UDPLGDO� RU� ELS\UDPLGDO� VWUXFWXUH�ZLWK�
YDQDG\O�R[\JHQ�DSLFDO��WKH�YDQDGLXP�DWRP�O\LQJ�������������c�DERYH�WKH�SODQH�GHILQHG�E\�WKH�HTXDWRULDO�
OLJDQGV�� 7KHUH� KDYH� EHHQ� UHSRUWV� RI� ILYH�FRRUGLQDWH� WULJRQDO� ELS\UDPLGDO� FRPSOH[HV� ZLWK� VWUXFWXUHV�
GHWHUPLQHG�E\�;�UD\�GLIIUDFWLRQ�WHFKQLTXH����

([SHULPHQWDO�0HWKRGV�

6\QWKHVLV�RI�6FKLII¶V�EDVHV�DQG�R[RYDQDGLXP�,9��FRPSOH[HV�

�����PROH�RI�DURPDWLF�FDUER[\OLF�DFLG��EHQ]RLF�DFLG��ZDV�WDNHQ�LQ�5�%��IODVN�DQG�PHWKDQRO�ZDV�DGGHG�
DV� D� VROYHQW� WLOO� WKH� EHQ]RLF� DFLG� ZDV� FRPSOHWHO\� GLVVROYHG�� ���� PO� RI� FRQFHQWUDWHG� +�62�ZDV� DGGHG�
VORZO\� DQG� DOORZHG� WR� UHIOX[� IRU� DERXW� ���� KRXUV�� )UXLW\� VPHOO� LQGLFDWHV� WKH� IRUPDWLRQ� RI� HVWHU�� 7KH�
VROXWLRQ�ZDV� FRROHG� VORZO\� DQG� SRXUHG�ZLWK� VWLUULQJ� LQWR� FUXVKHG� LFH�� /LWWOH� DPRXQW� RI�1D+&2�� �ZDV�
DGGHG�DQG�HVWHU�IRUPHG�LV�H[WUDFWHG�E\�XVLQJ�VHSDUDWLQJ�IXQQHO��7KH�SURFHVV�ZDV�UHSHDWHG�WR�JHW�VXIILFLHQW�
DPRXQW�RI�HVWHU��

���PO�RI� HVWHU� �PHWK\O�EHQ]RDWH��ZDV� WDNHQ� LQ�5�%�� IODVN� DQG�ZDV�GLVVROYHG� LQ�PHWKDQRO� �VROYHQW���
������PO�RI�K\GUD]LQH�K\GUDWH�ZDV�DGGHG�WR�LW�DQG�DOORZHG�WR�UHIOX[�IRU���KRXUV��7KH�PL[WXUH�ZDV�DOORZHG�
WR�FRRO�IRU����KRXUV���:KLWH�&U\VWDO�ZDV�IRUPHG��7KH�FU\VWDO�ZDV�UH�FU\VWDOOL]HG�LQ�PHWKDQRO�DQG�GULHG��

�����J�RI�.2+�LQ�PHWKDQRO�ZDV� WDNHQ� LQWR�5�%��IODVN�DQG�K\GUD]LGH�ZDV�GLVVROYHG�LQWR� LW��7KHQ����
PROH�&6��ZDV�DGGHG�GURSZLVH�ZLWK�FRQVWDQW�VWLUULQJ�SODFLQJ�RQ�SODWH�ZLWK�PDJQHWLF�VWLUUHU�EDU�LQ�DQ�LFH�
FROG� HQYLURQPHQW��7KLFN� OLTXLG�ZDV� REVHUYHG� DQG� H[FHVV� K\GUD]LQH� K\GUDWH�ZDV� DGGHG� DQG� DOORZHG� WR�
UHIOX[� IRU� DERXW� �� KRXUV�� )RUPDWLRQ� RI� DPLQRPHUFDSWRWULD]ROH� WDNHV� SODFH�� 7KHQ� LW� ZDV� VHSDUDWHG��
UHFU\VWDOOL]HG�DQG�GULHG��������������J�RI�WULD]ROH�DQG�������PO�RI�VDOLF\ODOGHK\GH�ZDV�WDNHQ�LQ�5�%��IODVN��
7KHQ�PHWKDQRO�ZDV�DGGHG�DV� VROYHQW�DQG�UHIOX[� IRU���KRXUV�DW���R�&��7KHQ�\HOORZLVK�ZKLWH�FU\VWDOOLQH�
VXEVWDQFH�REWDLQHG�ZDV�DOORZHG�WR�VHWWOH�RYHUQLJKW��7KH�FU\VWDO�ZDV�VHSDUDWHG�DQG�GULHG��7KHQ�LW�ZDV�UH�
FU\VWDOOL]HG�DQG�LWV�PHOWLQJ�SRLQW�ZDV�GHWHUPLQHG��7KH�PHOWLQJ�SRLQW�RI�6FKLII¶V�EDVH/�ZDV�IRXQG�WR�EH�
���R&�,Q�WKH�VLPLODU�ZD\�6FKLII¶V�EDVH�/���IURP�EHQ]LO��ZDV�V\QWKHVL]HG�DQG�PHOWLQJ�SRLQW�ZDV�IRXQG�WR�
EH����R&��
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0HWKDQROLF� VROXWLRQ� YDQDG\O� VXOSKDWH� ��� PPRO�� ZDV� DGGHG� WR� D� UHIOX[LQJ� PHWKDQROLF� VROXWLRQ� RI�
DSSURSULDWH�6FKLII¶V�EDVH����PPRO��DQG�VRGLXP�DFHWDWH����PPRO���7KH�UHDFWLRQ�PL[WXUH�ZDV�UHIOX[HG�IRU�
��� K�� 7KH� FRPSRXQG� VHSDUDWHG� LQ� IRUP� RI� DPRUSKRXV� FU\VWDOV� IURP� WKH� FOHDU� VROXWLRQ� RI�PL[WXUH�ZDV�
ILOWHUHG��ZDVKHG�ZLWK�HWKHU�DQG�GULHG��������7KH�HPSLULFDO�IRUPXODH��FRORU��SHUFHQWDJH�\LHOG�DQG�HOHPHQWDO�
DQDO\VLV�YDOXHV�DUH�OLVWHG�LQ�7DEOH����

6FKHPH����6\QWKHWLF�URXWH�WR�6FKLII¶V�EDVH�DQG�WKHLU�FRUUHVSRQGLQJ�FRPSOH[HV��

0HDVXUHPHQW�

(';�ZHUH�UHFRUGHG�RQ�+RULED�0RGHO�(0$;������+�DW�1HSDO�&XVWRPH��7ULSXUHVKZRU��.DWKPDQGX��
89�9LV�HOHFWURQLF�VSHFWUD�ZHUH� UHFRUGHG�RQ�86%�������3KRWRQLFV�DW�3DWDQ�0XOWLSOH�&DPSXV��/DOLWSXU��
;5'�ZHUH�UHFRUGHG�RQ�;�UD\�GLIIUDFWRPHWHU��5LJDNX�*HLJHUIOH[���)7,5�ZHUH�UHFRUGHG�RQ�,5�7UDFHU������
6+,0$'=8�DW�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7��8���.DWKPDQGX�7KH�(35�VSHFWUD�ZHUH RQ�%UXNHU¶V�
(/(;6<6�(35�VSHFWURPHWHU�DW�,QGLDQ�,QVWLWXWH�RI�7HFKQRORJ\��%RPED\��,QGLD��7KH�PHOWLQJ�SRLQW�ZHUH�
GHWHUPLQHG�XVLQJ�PHOWLQJ�SRLQW� DSSDUDWXV� �3KLOLSV������ DQG� DUH�XQFRUUHFWHG��7KH�SXULW\� RI� V\QWKHVL]HG�
FRPSRXQGV�ZHUH�FKHFNHG�ZLWK�7/&��

%LRORJLFDO�DFWLYLW\�

$QWLEDFWHULDO�DFWLYLW\��LQ�YLWUR���

$OO�V\QWKHVL]HG�WULD]ROH�6FKLII�EDVHV��/��DQG/���DQG�WKHLU�R[RYDQDGLXP�,9��FRPSOH[HV�>92�/���DQG�
92�/��@ZHUH� VFUHHQHG� LQ� YLWUR� IRU� WKHLU� DQWLEDFWHULDO� DFWLYLW\� DJDLQVW� WKUHH� *UDP�QHJDWLYH� �(�� FROL�� N��
SQHXPRQLD�DQG�3��DHUXJLQRVD��DQG�WZR�*UDP�SRVLWLYH��056$�DQG��066$��EDFWHULDO�VWUDLQV�E\�WKH�DJDU�
ZHOO�GLIIXVLRQ�PHWKRG��7KH�ZHOOV� ���PP� LQ�GLDPHWHU��ZHUH�GXJ� LQ� WKH�PHGLD�ZLWK� WKH�KHOS�RI� D� VWHULOH��
PHWDOOLF�ERUHU��%DFWHULDO��LQRFXOD��������KUV�ROG���FRQWDLQLQJ�DSSUR[LPDWHO\���������FRORQ\�IRUPLQJ�XQLWV�
�&)8�PO��ZHUH� VSUHDG� RQ� WKH� VXUIDFH� RI� WKH� QXWULHQW� DJDU�ZLWK� WKH� KHOS� RI� D� VWHULOH� FRWWRQ� VZDE�� 7KH�
UHFRPPHQGHG� FRQFHQWUDWLRQ� RI� WKH� WHVW� VDPSOH� ��PJ�PO��PJ�PO� LQ� '062�� ZDV� LQWURGXFHG� LQ� WKH�

>5 +@�

7ULD]ROH

�� 0HWKDQRO�

5HIOX[���KUV��

6FKLII¶V��%DVH��/����

1

1

1 1

1

1

1 1
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6+ +6
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6DOLF\ODOGHKG\H�

6FKLII¶V�%DVH���/���

6LPLODUO\��

0HWKDQRO��

5HIOX[�IRU���KUV��

&RPSOH[�92�/��

&RPSOH[�92�/��

��9262���+�2
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UHVSHFWLYH� ZHOOV�� 2WKHU� ZHOOV� VXSSOHPHQWHG� ZLWK� '062� DQG� UHIHUHQFH� DQWLEDFWHULDO� GUXJ� JHQWDP\FLQ��
VHUYHG� DV� QHJDWLYH� DQG� SRVLWLYH� FRQWUROV�� UHVSHFWLYHO\�� 7KH� SODWHV� ZHUH� LQFXEDWHG� DW� ��R&� IRU� ��� KUV��
$FWLYLW\�ZDV�GHWHUPLQHG�E\�PHDVXULQJ�WKH�GLDPHWHU�RI�]RQHV�VKRZLQJ�FRPSOHWH�LQKLELWLRQ��PP���7DEOH���
DQG�DV�ILJXUH���DQG�����,Q�RUGHU�WR�HYDOXDWH�WKH�LQWHUIHULQJ�HIIHFW�RI�'062�RQ�WKH�ELRORJLFDO�VFUHHQLQJ��
DOWHUQDWH� VWXGLHV� RQ�'062�VROXWLRQ� VKRZHG�QR� DFWLYLW\� DJDLQVW� DQ\�EDFWHULDO� VWUDLQV� ��� 7KH� SHUFHQWDJH�
LQKLELWLRQ�RI�WKH�JURZWK�RIWKH�WHVW�RUJDQLVP�ZDV�FDOFXODWHG�E\�WKH�IROORZLQJ�IRUPXOD��

,QKLELWLRQ� ���� �&G�7G�[�����ZKHUH�&G� � LV� FRORQ\�GLDPHWHU�RI� FRQWURO� DQG�7G� LV� FRORQ\�GLDPHWHU�RI�
WUHDWHG�VHW�

0LQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ��0,&���

&RPSRXQGV� FRQWDLQLQJ� SURPLVLQJ� DQWLEDFWHULDO� �DERYH� ����� DFWLYLW\� ZHUH� VHOHFWHG� IRU� PLQLPXP�
LQKLELWRU\�FRQFHQWUDWLRQ��0,&��VWXGLHV��7KH�PLQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ�ZDV�GHWHUPLQHG�XVLQJ�WKH�
GLVF�GLIIXVLRQ�WHFKQLTXH�E\�SUHSDULQJ�GLVFV�FRQWDLQLQJ�������������DQG������J�PO�FRQFHQWUDWLRQV�RI� WKH�
FRPSRXQGV�DORQJ�ZLWK�VWDQGDUGV�DW�WKH�VDPH�FRQFHQWUDWLRQV���

5HVXOWV�DQG�'LVFXVVLRQ�

1HZO\� V\QWKHVL]HG� R[RYDQDGLXP�,9�� FRPSOH[HV�ZLWK�6FKLII¶V� EDVHV� GHULYHG� IURP� IURP���DPLQR���
SKHQ\O���PHUFDSWR������WULD]ROH� DQG� VDOLF\DOGHK\GH� DQG� EHQ]LO� DUH� FRORUHG�� FU\VWDOOLQH� VROLGV�� 7KH�
FRPSOH[HV�DUH�VROXEOH�LQ�GLPHWK\OIRUPDPLGH�DQG�GLPHWK\OVXOSKR[LGH�

7DEOH���3K\VLFDO�SURSHUWLHV�DQG�HOHPHQWDO�DQDO\VLV�GDWD�RI�R[RYDQDGLXP�,9��FRPSOH[HV�

&RPSOH[HV� 0ROHFXODU�
)RUPXOD�

)RUPXOD�
:HLJKW�

&RORXU� <LHOG����� $QDO\VLV�����)RXQG�

�&DOFXODWHG��

9�� &�� +�� 1��

>92�/��@�� &��+��1�6�2�9� ������� <HOORZLVK�
*UHHQ��

���� �����

�������

������

���������

�����

��������

������

��������

>92�/��@�� &��+��1�6�29� ������� *UHHQ�� ���� �����

�������

������

���������

�����

��������

������

��������

&KDUDFWHUL]DWLRQ��

0DJQHWLF�PRPHQW�DQG�HOHFWURQLF�VSHFWUD�

7KH�PDJQHWLF�PRPHQWV�RI�WKH�R[RYDQDGLXP�,9��FRPSOH[HV�92�/��DQG�92�/���OLH�LQ�WKH�UDQJH�����±
�����%�0�DW�URRP�WHPSHUDWXUH���7KHVH�YDOXHV�DUH�ZHOO�VXLWHG�IRU�R[RYDQDGLXP�,9��FRPSOH[HV�ZLWK�RQH�
XQSDLUHG�HOHFWURQ���7KH�HOHFWURQLF�VSHFWUD�RI�WKH�FRPSOH[HV�UHFRUGHG�LQ�'062�VKRZ�WKUHH�EDQGV�LQ�WKH�
UHJLRQV� RI������������������ DQG���������QP�� ,Q� DGGLWLRQ�� RQH�PRUH� EDQG� LV� REWDLQHG� DW� ��������QP���
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7KHVH� WUDQVLWLRQV� IDOOV� LQ� WKH� VDPH� UDQJH� DV� UHSRUWHG� IRU� RWKHU� ILYH� FRRUGLQDWHG� �&�Y� V\PPHWU\��
R[RYDQDGLXP�,9�� FRPSOH[HV� >��@�� 7KHVH� RSWLFDO� EDQGV� DUH� REVHUYHG� LQ� WKH� YLVLEOH� UHJLRQ� DVVLJQHG� WR�
��%�

�(��L�H���E� H ��G[]��G\]����
�%�

�%���L�H���E� E��G[����\���DQG��
�%�

�$���L�H���E� D��G
�
]���LQ�LQFUHDVLQJ�

RUGHU�RI�HQHUJ\��7KH�HOHFWURQLF�VSHFWUDO�EDQGV�RI�WZR�UHSUHVHQWDWLYH�FRPSOH[HV�>92�/��@DQG�>92�/��@�DUH�
UHSUHVHQWHG�LQ�)LJXUH���������

)LJXUH����(OHFWURQLF�VSHFWUD�RI�WKH�FRPSOH[HV�>92�/��@�DQG�>92�/��@��

,QIUDUHG�VSHFWUD�

7KH�TXDOLWDWLYH�DVSHFWV�RI�,5�VSHFWURVFRS\�DUH�RQH�RI�WKH�PRVW�SRZHUIXO�DWWULEXWHV�RI�WKLV�GLYHUVH�DQG�
YHUVDWLOH� DQDO\WLFDO� WHFKQLTXH��7KH� ,5� VSHFWUD� SURYLGH� YDOXDEOH� LQIRUPDWLRQ� UHJDUGLQJ� WKH� QDWXUH� RI� WKH�
IXQFWLRQDO�JURXS�DWWDFKHG�WR�WKH�PHWDO�DWRP��,5�VSHFWUD�FDQ�EH�XVHG�DV�D�ILQJHU�SULQW�IRU�LGHQWLILFDWLRQ�E\�
WKH�FRPSDULVRQ�RI�WKH�VSHFWUD�IURP�DQ�XQNQRZQ�ZLWK�SUHYLRXVO\�UHFRUGHG�UHIHUHQFH�VSHFWUD��6FKLII�EDVHV�

DSSHDU� WR� H[LVW� LQ� WKLRO� IRUP� DV� VXJJHVWHG� E\� EURDG� EDQG� DW� ����±����� FP��� DVVLJQDEOH� WR� �6�+��� ,Q�

FRPSOH[HV� �6�+�� EDQG� GLVDSSHDUV� LQGLFDWLQJ� WKH� GHSURWRQDWLRQ� RI� WKLRO� JURXS� DQG� IRUPDWLRQ� RI� ERQG�

EHWZHHQ�PHWDO�DQG�VXOSKXU��7KLV� LV�IXUWKHU�FRQILUPHG�E\�DSSHDUDQFH�RI�QHZ�EDQG�LQ�FRPSOH[HV�DW�����

���� FP���� DVVLJQDEOH� WR� �9�6��6FKLII� EDVHV� H[KLELW� VWURQJ� EDQG� DW� ����±����� DVVLJQHG� �& 1��� ,Q�

FRPSOH[HV�� WKLV�EDQG�VKLIWV� WR� ORZHU� IUHTXHQF\�����±�����FP���� LQGLFDWLQJ�FRRUGLQDWLRQ�RI�D]RPHWKLQH�

QLWURJHQZLWK�92���PHWDO� LRQ�� 1HZ� EDQGV� DSSHDU� LQ�PHWDO� FRPSOH[HV� DW� ���±���� FP��� GXH� WR� �9�1��

YLEUDWLRQV�� 7KH� EDQG� GXH� WR� � �& 1�� �WULD]ROH� ULQJ�� DSSHDUV� DW� ����±����� FP��� LQ� WKH� OLJDQGV� ZKLFK�

UHPDLQV� DOPRVW� DW� WKH� VDPH� SRVLWLRQ� LQ� WKH� FRPSOH[HV� LQGLFDWLQJ� QRQ�FRRUGLQDWLRQ� WR� ULQJ� D]RPHWKLQH�
QLWURJHQ�LQ�ERQG�IRUPDWLRQ��$OO�6FKLII¶V�EDVH�OLJDQGV�DQG�WKHLU�UHVSHFWLYH�92�,9��FRPSOH[HV�VKRZ�EDQGV�

DW� ����±����� FP��� GXH� WR� �$U�+��7KH� VSHFWUD� RI� DOO� R[RYDQDGLXP�,9�� FRPSOH[HV� VKRZ� D� QHZ�

FKDUDFWHULVWLF�EDQG�DURXQG����±����FP���GXH�WR� �9 2��YLEUDWLRQV�7KXV��WKH�,5�VSHFWUDO�VWXGLHV�LQGLFDWH�

WKDW�WKH�6FKLII¶V�EDVHOLJDQGV��EHKDYH�DV�GLEDVLF��WHWUDGHQWDWH�FKHODWLQJ�DJHQWV�KDYLQJ�FRRUGLQDWLRQ�VLWHV�DW�
WZR�WKLRO�VXOSKXU�DWRPV�DQG�WZR�D]RPHWKLQH�QLWURJHQ�DWRPV��7KH�VLJQLILFDQW�LQIUDUHG�VSHFWUDO�EDQGV�RI�WKH�
R[RYDQDGLXP�,9��FRPSOH[HV�DUH�OLVWHG�LQ�7DEOH�������
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7DEOH����6LJQLILFDQW�,5�VSHFWUDO�EDQGV��FP����RI�R[RYDQDGLXP�,9��FRPSOH[HV�

&RPSOH[HV� �& 1�7ULD]ROH�
ULQJ�

�& 1��

$]RPHWKLQH�

�9 2��P�� �9�6��
�P��

��9�1��
�P��

$U�+�

&RPSOH[�
92�/��

���������� ����� ���� ���������� ���������� �����

&RPSOH[�
92�/��

������������ ����� ���� ���������� ���������� �����

(35�VSHFWUD�

7KH� VROLG� VWDWH�;�EDQG�(35� VSHFWUXP� IRU� R[RYDQDGLXP�,9�� FRPSOH[�92�/��� KDV� EHHQ� UHFRUGHG� DW�
URRP�WHPSHUDWXUH��DW�ILHOG�VHW������*��PLFURZDYH�SRZHU���P:�DQG�PLFURZDYH�IUHTXHQF\�����*+]��7KH�
URRP� WHPSHUDWXUH� VSHFWUD� H[KLELWV� HLJKW� OLQHV� GXH� WR� K\SHUILQH� VSOLWWLQJ� SDWWHUQV� GXH� WR� FRXSOLQJ� RI�
G�HOHFWURQ� WR� WKH� QXFOHXV� ��9� � �, ������ZKLFK� FRQILUPV� WKH�PRQRQXFOHDU� R[RYDQDGLXP�,9�� XQLWV� LQ� WKH�
FRPSOH[�H[DPLQHG��7KH�J�DYHUDJH�YDOXHV�GHWHUPLQHG� IURP� WKH� VSHFWUD� LV������� VLPLODU� WR� WKH� VSLQ�RQO\�
YDOXHV��

)LJXUH����7KH�VROLG�VWDWH�(35�VSHFWUXP�RI�FRPSOH[�92�/���DW�URRP�WHPSHUDWXUH��

;5'�'LIIUDFWLRQ�VWXG\�

;�5D\�SRZGHU�GLIIUDFWLRQ�SDWWHUQ�RI�RQH�UHSUHVHQWDWLYH�R[RYDQDGLXP�,9��FRPSOH[�92�/���LV�JLYHQ�LQ�
WKH�)LJXUH���7KH� VWUXFWXUDO� FKDUDFWHUL]DWLRQ�RI� WKH� FRPSOH[�ZDV� FDUULHG�RXW� IURP� WKH� DQDO\VLV� RI�;�UD\�
SRZGHU� GLIIUDFWLRQ� �;5'�� SDWWHUQ� REWDLQHG� XVLQJ� DQ� ;�UD\� SRZGHU� GLIIUDFWRPHWHU� �%UXNHU� $;6� '��
$GYDQFH��ZLWK�&X.D��N� ���������c��VRXUFH��7KH�;5'�SDWWHUQ�FOHDUO\�LQGLFDWHV�WKH�IRUPDWLRQ�RI�QDQR�
FU\VWDO��7KH�FU\VWDOOLWH�VL]H�KDYH�EHHQ�FDOFXODWHG�E\�XVLQJ�'HE\H�6FKHUHU�IRUPXOD�JLYHQ�DV�' ����� ���
&RV � �:KHUH'� LV� WKH� FU\VWDOOLWH� VL]H� LV� WKH� ZDYHOHQJWK� RI� ;�UD\� XVHG�� � LV� WKH� IXOO� ZLGWK� DW� KDOI�
PD[LPXP� �):+0�� DQG� K� LV� WKH� %UDJJ¶V� DQJOH� RI� GLIIUDFWLRQ�� 7KH� DYHUDJH� FU\VWDOOLQH� VL]H� RI� WKH�
R[RYDQDGLXP�,9��FRPSOH[HV�ZHUH�IRXQG�WR�EH������QP�WR������QP�UDQJH������
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)LJXUH����;5'�RI�FRPSOH[92�/���

%LRORJLFDO�DFWLYLW\��

$QWLEDFWHULDO�ELRDVVD\��LQ�YLWUR���

7KH� V\QWKHVL]HG� WULD]ROH� 6FKLII¶V� EDVHV� DQG� WKHLU� R[RYDQDGLXP�,9�� FRPSOH[HV92�/��� DQG� 92�/���
ZHUH�VFUHHQHG�IRU�LQ�YLWUR�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW�WKUHH�*UDP�QHJDWLYH��(��FROL��N��SQHXPRQLD�DQG�3��
DHUXJLQRVD�� DQG� WZR� *UDP�SRVLWLYH� �056$� DQG� � 066$�� EDFWHULDO� VWUDLQV� E\� WKH� DJDU�ZHOO� GLIIXVLRQ�
PHWKRG� �� FRQFHQWUDWLRQ� �PJ�PO��� 7KH� UHVXOWV� REWDLQHG� ZHUH� FRPSDUHG� ZLWK� WKDW� RI� WKH� VWDQGDUG� GUXJ�
*HQWDP\FLQ�DQG�DUH�UHSRUWHG�LQ�7DEOH���DQG�DV�)LJXUH����7KH�DFWLYLW\�RI�V\QWKHVL]HG�FRPSRXQGV��LQ���
DJH�� ZDV� FRPSDUHG� ZLWK� WKH� DFWLYLW\� RI� WKH� VWDQGDUG� GUXJ� FRQVLGHULQJ� LWV� DFWLYLW\� DV� ������ 7KH�
V\QWKHVL]HG�FRPSRXQGV�VKRZHG�YDU\LQJ�GHJUHH�RI� LQKLELWRU\�HIIHFWV�� ORZ��XS� WR�������PRGHUDWH��XS� WR�
�����DQG�VLJQLILFDQW��DERYH�������7KH�OLJDQG��/���SRVVHVVHG�D�VLJQLILFDQW����������DFWLYLW\�DJDLQVW��E���
�F���DQG��G���EDFWHULDO�VWUDLQ�DQG�PRGHUDWH�������DFWLYLW\�DJDLQVW��D���6LPLODUO\��WKH�OLJDQG��/���H[KLELWHG�
VLJQLILFDQW����������DFWLYLW\�DJDLQVW��D����E����F����G���DQG��H����&RPSOH[�92�/����VKRZHG�VLJQLILFDQW�����
����� DFWLYLW\� DJDLQVW� �D��� �E��� �F��� �G��� DQG� �H��� 6LPLODUO\�� &RPSOH[�&�� SRVVHVVHG� VLJQLILFDQW� ���������
DFWLYLW\� DJDLQVW� �D��� �E��� �F��� �G��� DQG� �H��6LPLODU� UHVXOWV� ZHUH� REWDLQHG� DW� FRQFHQWUDWLRQ� �PJ�PO�� ,W� LV�
LQWHUHVWLQJ�WR�QRWH�WKDW�DQWLEDFWHULDO�DFWLYLW\�RI�VLPSOH�OLJDQGV�LV�LQFUHDVHG�XSRQ�FRRUGLQDWLRQ��)LJXUH����
WKDW� FRQILUPHG� RXU� SUHYLRXV� VWXGLHV� ��@�� ,W� LV�� WKHUHIRUH� HYLGHQW� WKDW� FRRUGLQDWLRQ� PDNHV� WKH� OLJDQGV�
VWURQJO\�DQWLEDFWHULDO�DJHQW�DQG�LQKLELWV�WKH�JURZWK�RI�EDFWHULD�PRUH�WKDQ�WKH�SDUHQW�6FKLII¶V�EDVH�OLJDQGV��
7KH� DQWLEDFWHULDO� UHVXOWV� RI� WKH� R[RYDQDGLXP�,9�� FRPSOH[HV� 92�/��DQG� 92�/��� ZHUH� FRQVLGHUHG� WKH�
PRVW�DFWLYH�FRPSRXQGV�GXH� WR� WKH�SUHVHQFH�RI�PRUH�QXPEHU�RI�QLWURJHQ�DWRPV��KHQFH�FDUULHG�RXW� WKHLU�
0,&�VFUHHQLQJ��7DEOH����

Ϯ

/Ŷ
ƚĞ
ŶƐ

ŝƚǇ
�;Ă

͘�Ƶ
Ϳ
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2YHUWRQH¶V�FRQFHSW�DQG�7ZHHG\¶V�FKHODWLRQ�WKHRU\����,W�KDV�EHHQ�VXJJHVWHG�WKDW�WKH�OLJDQGV�ZLWK�1�DQG�6�
GRQRU� V\VWHP� PLJKW� KDYH� LQKLELWHG� HQ]\PH� SURGXFWLRQ�� VLQFH� HQ]\PH� ZKLFK� UHTXLUHV� D� IUHH� K\GUR[\O�
JURXS�IRU�WKHLU�DFWLYLW\�DSSHDUV�WR�EH�HVSHFLDOO\�VXVFHSWLEOH�WR�GHDFWLYDWLRQ�E\�WKH�LRQV�RI�WKH�FRPSOH[HV��
&KHODWLRQ�UHGXFHV�WKH�SRODULW\�RI�FHQWUDO�LRQ�PDLQO\�EHFDXVH�RI�SDUWLDO�VKDULQJ�RI�LWV�SRVLWLYH�FKDUJH�ZLWK�
GRQRU� JURXSV� DQG� SRVVLEOH� S�HOHFWURQ� GHORFDOL]DWLRQ� ZLWKLQ� WKH� ZKROH� FKHODWLQJ� ULQJ�� 7KLV� FKHODWLRQ�
LQFUHDVHV�WKH�OLSRSK\OLF�QDWXUH�RI�WKH�FHQWUDO�DWRP�ZKLFK�IDYRXUV�LWV�SHUPHDWLRQ�WKURXJK�OLSLG�OD\HU�RI�FHOO�
PHPEUDQH��

)XUWKHUPRUH�� WKH� PRGH� RI� DFWLRQ� RI� FRPSRXQGV� PD\� LQYROYHV� WKH� IRUPDWLRQ� RI� K\GURJHQ� ERQGV�
WKURXJK�WKH�D]RPHWKLQH��& 1��JURXS�RI�FRPSOH[HV�ZLWK�WKH�DFWLYH�FHQWHUV�RI�FHOO�FRQVWLWXHQWV�UHVXOWLQJ�LQ�
WKH� LQWHUIHUHQFH�ZLWK�QRUPDO�FHOO�SURFHVV��7KRXJK�WKH�FRPSOH[HV�SRVVHVV�DFWLYLW\�� LW�FRXOG�KDUGO\�UHDFK�
WKH� HIIHFWLYHQHVV� RI� WKH� VWDQGDUG� GUXJ� VXFK� DV� *HQWDP\FLQ�� 6RPH� FRPSRXQGV� DUH� OHVV� HIIHFWLYH�� WKH�
YDULDWLRQ� LQ� HIIHFWLYHQHVV� GHSHQGV� RQ� HLWKHU� RQ� WKH� LPSHUPHDELOLW\� RI� WKH� FHOOV� RI� WKH� PLFUREHV� RU� RQ�
GLIIHUHQFHV� LQ� WKH� ULERVRPH�RI�PLFURELDO�FHOOV�� ,W� LV�DOVR�ZHOO�NQRZQ�IDFW� WKDW�KHWHURF\FOLF� ULQJ�KDV�FHOO�
ZDOO�GDPDJHG�FDSDFLW\��7KH�QHZO\�V\QWKHVL]HG�FRPSOH[HV�KDYH� WULD]ROH�ULQJ�ZKLFK�RQ�FRQWDFW�ZLWK� WKH�
PLFUREHV�� GDPDJHV� FHOO� ZDOO� DQG� DOVR� GLVWXUE� WKH� UHVSLUDWLRQ� SURFHVV� RI� WKH� FHOO� DQG� WKXV� EORFN� WKH�
V\QWKHVLV� RI� SURWHLQV�� ZKLFKUHVWULFWV� IXUWKHU� JURZWK� RI� PLFURRUJDQLVP�� 7KH� WR[LFLW\� RI� FRPSRXQGV� LV�
GLUHFWO\�SURSRUWLRQDO�WR�WKH�FRQFHQWUDWLRQ��

&RQFOXVLRQ�

7KH� 6FKLII¶V� EDVHV� ZHUH� V\QWKHVL]HG� IURP� ��DPLQR���SKHQ\O���PHUFDSWR���� ��� �±WULD]ROH� ZLWK�
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