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$� 'HILQLWLRQ�RI�WKH�6XEVHW�VXP�3UREOHP�

$VVXPH�WKDW�D�ILQLWH�VHW�$�LV�^D��� ��DP`��ZKHUH�DN�LV�WKH�N
WK

HOHPHQW�IRU��� N P��'HILQLWLRQ�� ��LV�DSSOLHG�WR�GHQRWH�WKH�
VXEVHW�VXP�SUREOHP�IRU�DQ\�D�ILQLWH�VHW��$��
'HILQLWLRQ� � ��� 7KH� VXEVHW�VXP� SUREOHP� IRU� DQ� P�HOHPHQW�
ILQLWH�VHW��$��LV�WR�ILQG�D�VXEVHW�$� $�VXFK�WKDW�WKH�VXP�RI�HYHU\�
HOHPHQW�LQ�$��LV�H[DFWO\�E��ZKHUH�E�LV�DQ\�JLYHQ�SRVLWLYH�LQWHJHU��

%� &RPSXWDWLRQDO�6WDWH�6SDFH�RI�4XDQWXP�6ROXWLRQV�IRU�WKH�
6XEVHW�VXP�3UREOHP�

$Q�DUELWUDU\�VWDWH� �RI�D�TXDQWXP�ELW�LV�QRWKLQJ�HOVH�WKDQ�D�

OLQHDUO\�ZHLJKWHG�FRPELQDWLRQ�RI�WKH�IROORZLQJ�FRPSXWDWLRQDO�
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&� ,QWURGXFWLRQ�RI�4XDQWXP�*DWHV�IRU�6ROYLQJ�WKH�6XEVHW�VXP�
3UREOHP��

7KH�127�JDWH�LV�D�RQH�TXELW�JDWH�DQG�VHWV�WKH�RQO\��WDUJHW��
ELW� WR� LWV� QHJDWLRQ�� 7KH�&127� �FRQWUROOHG 127�� JDWH� LV� D�

:HQJ�/RQJ� &KDQJ� LV� ZLWK� 'HSDUWPHQW� RI� &RPSXWHU� 6FLHQFH� DQG�
,QIRUPDWLRQ�(QJLQHHULQJ��1DWLRQDO�.DRKVLXQJ�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�
.DRKVLXQJ� &LW\�� 7DLZDQ� �������� 5HSXEOLF� RI� &KLQD� �H�PDLO��
FKDQJZO#FF�NXDV�HGX�WZ����

0DQJ�)HQJ� �ZDV�ZLWK�6WDWH�.H\�/DERUDWRU\�RI�0DJQHWLF�5HVRQDQFH� DQG�
$WRPLF�DQG�0ROHFXODU�3K\VLFV��:XKDQ�,QVWLWXWH�RI�3K\VLFV�DQG�0DWKHPDWLFV��
&KLQHVH�$FDGHP\�RI�6FLHQFHV��:XKDQ����������3HRSOH¶V�5HSXEOLF�RI�&KLQD�
�H�PDLO��PDQJIHQJ#ZLSP�DF�FQ���

WZR�TXELW�JDWH�DQG�IOLSV� WKH�VHFRQG�TXELW� �WKH� WDUJHW�TXELW�� LI�
DQG� RQO\� LI� WKH� ILUVW� TXELW� �WKH� FRQWURO� TXELW�� LV� RQH�� 7KH�
&&127� �FRQWUROOHG�FRQWUROOHG�127�� JDWH� LV� D� WKUHH�TXELW�
JDWH�DQG�IOLSV�WKH�WKLUG�TXELW��WKH�WDUJHW�TXELW��LI�DQG�RQO\�LI�WKH�
ILUVW�TXELW�DQG�VHFRQG�TXELW� �WKH� WZR�FRQWURO�TXELWV��DUH�ERWK�
RQH���

'� &RQVWUXFWLQJ�4XDQWXP�1HWZRUNV�IRU�6ROYLQJ�WKH�
6XEVHW�VXP�3UREOHP�

7KH�IXOO�DGGLWLRQ�QHWZRUN�LV�LOOXVWUDWHG�LQ�)LJXUH������DQG�FDQ�
EH�XQGHUVWRRG�DV�IROORZV��

)LJXUH������$GGHU�QHWZRUN�RI�Q�TXDQWXP�ELWV��

:H�RQO\�UHYHUVH�DOO�WKHVH�RSHUDWLRQV�LQ�)LJXUH�����LQ�RUGHU�WR�
UHVWRUH�HYHU\�TXDQWXP�ELW�RI�WKH�WKUHH�UHJLVWHUV�WR�LWV�LQLWLDO�VWDWH��
7KLV�HQDEOHV�XV�WR�UHXVH�WKH�VDPH�UHJLVWHUV�UHSHDWHGO\��

(� 4XDQWXP�$OJRULWKPV�RI�6ROYLQJ�WKH�6XEVHW�VXP�3UREOHP��

7KH� IROORZLQJ�TXDQWXP�DOJRULWKP� LV� SURSRVHG� DV� TXDQWXP�
LPSOHPHQWDWLRQ�RQ�D�SK\VLFDO�TXDQWXP��7KH�QRWDWLRQV�XVHG�LQ�
$OJRULWKP� ���� EHORZ� KDYH� EHHQ� GHQRWHG� LQ� SUHYLRXV�
VXEVHFWLRQV��
$OJRULWKP������7KH�TXDQWXP�DOJRULWKP�LV�WR�VROYH�DQ�LQVWDQFH�
RI�WKH�VXEVHW�VXP�SUREOHP�IRU�DQ\�JLYHQ�SRVLWLYH�LQWHJHU�E�ZLWK�
D�ILQLWH�VHW�$�LQYROYLQJ�P�HOHPHQWV�RI�Q�ELWV��
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���� 6LQFH� TXDQWXP� RSHUDWLRQV� DUH� QDWXUDOO\� UHYHUVLEOH�� WKH�
DX[LOLDU\�TXDQWXP�ELWV�FDQ�EH�UHVWRUHG�WR�WKHLU�LQLWLDO�VWDWHV�E\�
UHYHUVLQJ�WKH�RSHUDWLRQV�IURP�6WHSV�����WR������

�����$SSO\�*URYHU¶V� RSHUDWRU� LQ�*URYHU¶V� DOJRULWKP� WR� WKH�
TXDQWXP�VWDWH�YHFWRU�JHQHUDWHG�LQ�6WHS������
�����$W�PRVW� UHSHDW� WR�H[HFXWH� IURP�6WHS� ���� WR�6WHS� �����RI�
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�����7KH�DQVZHU�LV�REWDLQHG�ZLWK�D�VXFFHVVIXO�SUREDELOLW\�RI�DW�
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�

�
�DIWHU�D�PHDVXUHPHQW�LV�ILQLVKHG�

(QG�$OJRULWKP
/HPPD������)RU�D� ILQLWH�VHW�ZLWK�P� HOHPHQWV��Q�ELWV�RI�HDFK�
HOHPHQW� LQ� WKH� ILQLWH� VHW�� DQG� D� JLYHQ� SRVLWLYH� LQWHJHU�E�� WKH�
TXDQWXP� LPSOHPHQWDWLRQ� RI� WKH� '1$�EDVHG� DOJRULWKP� RI�
VROYLQJ�DQ�LQVWDQFH�RI� WKH�VXEVHW�VXP�SUREOHP� LQ�$OJRULWKP�
���� LV�HTXLYDOHQW� WR� WKH�RUDFOH�ZRUN� LQ�*URYHU¶V�$OJRULWKP��
L�H���WKH�WDUJHW�VWDWH�ODEHOLQJ��SUHFHGLQJ�*URYHU¶V�VHDUFKLQJ�VWHS��
3URRI���,W�LV�RPLWWHG�GXH�WR�VSDFH����
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7KH� IROORZLQJ� OHPPDV� DUH� XVHG� WR� GHPRQVWUDWH� WLPH�
FRPSOH[LW\�DQG�VSDFH�FRPSOH[LW\�RI�$OJRULWKP�����IRU�VROYLQJ�
DQ�LQVWDQFH�RI�WKH�VXEVHW�VXP�SUREOHP�IRU�DQ\�JLYHQ�SRVLWLYH�
LQWHJHU�E�DQG�D�ILQLWH�VHW�LQFOXGLQJ�P�HOHPHQWV�RI�Q�ELWV��
/HPPD������)RU�DQ\�JLYHQ�SRVLWLYH�LQWHJHU�E�DQG�D�ILQLWH�VHW�
LQYROYLQJ�P�HOHPHQWV�RI�Q�ELWV��WKH�WLPH�FRPSOH[LW\�RI�VROYLQJ�
DQ�LQVWDQFH�RI�WKH�VXEVHW�VXP�SUREOHP�LV�2�P������+DGDPDUG�
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P Q����� Q����� ���� P� ��&127�JDWHV��2���� P Q���

�� Q����� ���� P� ��&&127�JDWHV��2� P� ��*URYHU¶V�
RSHUDWRUV��DQG�2����PHDVXUHPHQW��
3URRI��5HIHU�WR�$OJRULWKP��������
/HPPD������)RU�DQ\�JLYHQ�SRVLWLYH�LQWHJHU�E�DQG�D�ILQLWH�VHW�
LQYROYLQJ�P�HOHPHQWV�RI�Q�ELWV��WKH�VSDFH�FRPSOH[LW\�RI�VROYLQJ�
DQ�LQVWDQFH�RI�WKH�VXEVHW�VXP�SUREOHP�LV�2��� P Q���P����
Q������TXDQWXP�ELWV��
3URRI��5HIHU�WR�$OJRULWKP��������

��



,9� 105 (;3(5,0(176�2)�7+5((�48%,7�62/87,21�72�7+(�
68%6(7�680�352%/(0�

&RQVLGHU�WKH�VLPSOHVW�FDVH�RI�WKH�VXEVHW�VXP�SUREOHP�ZLWK�D�
ILQLWH�VHW�$�� �^�`�DQG�DQ\�JLYHQ�YDOXH�E� ����7KH�VL]H�RI�WKH�
ILUVW��RQO\��HOHPHQW�LQ�WKH�ILQLWH�VHW��$���LV�UHSUHVHQWHG�DV�D����

���
7KH�VL]H�RI�E��LWV�VL]H�LV�RQH��LV�UHSUHVHQWHG�DV�E����

���7KH�YDOXH�
RI�P� LV�HTXDO� WR�RQH�DQG� WKH�YDOXH�RI�Q� LV� DOVR�HTXDO� WR�RQH��
105� DSSURDFK� KDV� EHHQ� ZLGHO\� HPSOR\HG� WR� TXDQWXP�
LQIRUPDWLRQ�SURFHVVLQJ�RYHU�SDVW�\HDUV�GXH� WR� LWV�PDWXUH�DQG�
ZHOO�FRQWUROODEOH� WHFKQRORJ\�� $OWKRXJK� WKH� TXDQWXP�
LQIRUPDWLRQ� SURFHVVLQJ� E\� 105� LV� PDGH� RQ� HQVHPEOHV� RI�
QXFOHDU�VSLQV��LQVWHDG�RI�LQGLYLGXDO�VSLQV��105�KDV�UHPDLQHG�
WR� EH� WKH� PRVW� FRQYHQLHQW� H[SHULPHQWDO� WRRO� WR� GHPRQVWUDWH�
TXDQWXP� LQIRUPDWLRQ� SURFHVVLQJ�� :H� KHUH� DOVR� DGRSW� WKLV�
WHFKQRORJ\�WR�FKHFN�RXU�WKHRU\��

1RWH� WKDW� LQ� 105� PHDVXUHPHQWV�� WKH� IUHTXHQFLHV� DQG�
SKDVHV� RI� 105� VLJQDOV� FRXOG� FOHDUO\� LQGLFDWH� WKH� VWDWH� WKH�
V\VWHP�HYROYHV�WR�DIWHU�WKH�UHDGRXW�SXOVHV�KDG�EHHQ�DSSOLHG��,Q�
RXU�H[SHULPHQW��WKH�SKDVHV�RI�WKH�UHIHUHQFH�RI���&�VSHFWUD�IURP�
D�WKHUPDO�HTXLOLEULXP�ZHUH�DGMXVWHG�WR�EH�LQ�DEVRUSWLRQ��L�H���WR�
EH�SRVLWLYH���DQG�WKHQ�WKH�VDPH�SKDVH�FRUUHFWLRQV�ZHUH�XVHG�WR�
GHWHUPLQH� WKH� DEVROXWH�SKDVHV�RI� WKH� H[SHULPHQWDO� VSHFWUD� RI�
��&�DIWHU�WKH�DOJRULWKP�ZDV�DFFRPSOLVKHG��,Q�RXU�FDVH��WKH�ILQDO�

VWDWH�ZDV�
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� ��� ��� � � � �ZKLFK�PHDQV�WKH�WKUHH�

TXELWV� DUH� HQWDQJOHG�� $V� WKH� UHDGRXW� E\� 105� LV� D� ZHDN�
PHDVXUHPHQW��ZH�KDYH�QR�VWDWH�FROODSVH�DIWHU�WKH�PHDVXUHPHQW��
%HVLGHV�� RQO\� VLQJOH� TXDQWXP� FRKHUHQFH� FDQ� EH� GHWHFWHG� LQ�
105�� $V� D� UHVXOW�� ZH� KDYH� WR� HPSOR\� VRPH� DGGLWLRQDO�
RSHUDWLRQV� WR� GLVHQWDQJOH� WKHP� IRU� GHWHFWLQJ� WKH� RXWSXW� VWDWH�
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JDWH� RQ� WKH� VHFRQG� DQG� ILUVW� TXELWV� WR� JHW� WKH� VWDWH�
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� ��� ��� � � � �� 7KH� VHFRQG� TXELW� LV� FRQWURO�

TXLEWH�DQG�WKH�ILUVW�TXELW�LV�WKH�WDUJHW�TXELW��7KHQ�WKH�ILUVW�TXELW�
FDQ�EH� UHDG�RXW�E\�D� V� LQJOH� � � �SXOVH�DORQJ� WKH�[�D[LV�� DV�
VKRZQ�LQ�)LJXUH������D���6LPLODU�VWHSV�DSSOLHG�WR�WKH�VHFRQG�DQG�
WKLUG�TXLWV��UHVSHFWLYHO\��UHVXOW�LQ�WKH�VSHFWUXP�LQ�)LJXUH������E��
DQG�)LJXUH������F���,W¶V�HYLGHQW�WKDW�WKH�H[SHULPHQWDO�UHVXOWV�DUH�
LQ�JRRG�DJUHHPHQW�ZLWK�RXU�WKHRUHWLFDO�SUHGLFWLRQ��

9� &21&/86,216

:H� KDYH� LQYHVWLJDWHG� WKH� DYDLODELOLW\� RI� TXDQWXP�
LPSOHPHQWDWLRQ�IRU�DQ�LQVWDQFH�RI�WKH�VXEVHW�VXP�SUREOHP�ZLWK�
D� ILQLWH� VHW� LQYROYLQJ� P� HOHPHQWV� RI� Q� ELWV�� :H� KDYH� DOVR�
HVWLPDWH� WKH� FRPSOH[LW\� RI� RXU� VROXWLRQ� DQG� FDUULHG� RXW� DQ�
H[SHULPHQW�E\�105�WHFKQRORJ\�IRU�D�VLPSOHVW�H[DPSOH�
��D��

�E��

�F��

)LJXUH������([SHULPHQWDO�VSHFWUD��D���F��RI�WKH�WKUHH�TXELW�
VROXWLRQ�WR�WKH�VXEVHW�VXP�SUREOHP�DIWHU�WKH�UHDGRXW�RQ�WKH�ILUVW��
VHFRQG�DQG�WKLUG�TXELWV��UHVSHFWLYHO\��
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