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&RPSXWLQJ WLPH� GHULYDWLYHV� LV D IUHTXHQW VWDJH LQ WKH SURFHVVLQJ RI ELRPHFKDQLFDO� GDWD��Ϯ

8QIRUWXQDWHO\�� GLIIHUHQWLDWLRQ� DPSOLILHV� WKH� KLJK� IUHTXHQF\� QRLVH� LQKHUHQW� ZLWKLQ� WKH� VLJQDO�ϯ

KDPSHULQJ�WKH�DFFXUDF\�RI�VLJQDO�GHULYDWLYHV��$�ORZ�SDVV�%XWWHUZRUWK�ILOWHU�LV�FRPPRQO\�XVHG�WR�ϰ

UHGXFH�WKH�VDPSOHG�VLJQDO�QRLVH�SULRU�WR�GLIIHUHQWLDWLRQ��2QH�KXUGOH�OLHV�LQ�VHOHFWLQJ�DQ�DSSURSULDWH�ϱ

ILOWHU�FXW�RII�IUHTXHQF\�ZKLFK�UHWDLQV�WKH�VLJQDO�RI�LQWHUHVW�ZKLOH UHGXFLQJ GHOHWHULRXV�QRLVH��0RVW�ϲ

ELRPHFKDQLFV�GDWD�SURFHVVLQJ�DSSURDFKHV�XWLOL]H�WKH�VDPH�FXW�RII�IUHTXHQF\�IRU�WKH�ZKROH�VDPSOHG�ϳ

VLJQDO��EXW�WKH�IUHTXHQF\�FRPSRQHQWV�RI�D�VLJQDO�FDQ�YDU\�ZLWK�WLPH��7R�DFFRPPRGDWH�VXFK�VLJQDOV��ϴ

WKH�$XWRPDWLF�6HJPHQW�)LOWHULQJ�3URFHGXUH �$6)3��LV�SURSRVHG�ZKLFK�XVHV�GLIIHUHQW�DXWRPDWLFDOO\�ϵ

GHWHUPLQHG %XWWHUZRUWK�ILOWHU�FXW�RII�IUHTXHQFLHV�IRU�VHSDUDWH�VHJPHQWV�RI�D VDPSOHG�VLJQDO��7KH�ϭϬ

7HDJHU�.DLVHU�(QHUJ\�2SHUDWRU�RI�WKH�VLJQDO LV FRPSXWHG DQG�XVHG WR�GHWHUPLQH VHJPHQWV�RI�WKH�ϭϭ

VLJQDO ZLWK�GLIIHUHQW�HQHUJ\�FRQWHQW��7KH�$XWRFRUUHODWLRQ�%DVHG�3URFHGXUH��$%3��LV XVHG�RQ�HDFK�ϭϮ

RI�WKHVH�VHJPHQWV�WR�GHWHUPLQH�ILOWHU�FXW�RII IUHTXHQFLHV� 7KLV�QHZ�SURFHGXUH�ZDV�HYDOXDWHG E\ϭϯ

HVWLPDWLQJ�DFFHOHUDWLRQ�YDOXHV�IURP�WKH�WHVW�GDWD�VHW�RI�'RZOLQJ���������7KH $6)3�SURGXFHG�D URRW�ϭϰ

PHDQ VTXDUH�HUURU �506(� RI������UDG�V�����������ZKHUHDV�D VLQJOH�$%3�GHWHUPLQHG ILOWHU FXW�RII�ϭϱ

IUHTXHQF\� DSSOLHG� WR� WKH� ZKROH� 'RZOLQJ� ������� VLJQDO�� UHSUHVHQWLQJ� WKH� FRPPRQ� DSSURDFK��ϭϲ

SURGXFHG� D 506(� RI ���� UDG�V�� �������� $V� D� SRLQW� RI� FRPSDULVRQ�� D� *HQHUDOL]HG� &URVV�ϭϳ

9DOLGDWHG�4XLQWLF�6SOLQH�� D� FRPPRQ�QRQ�%XWWHUZRUWK� ILOWHU� SURGXFHG� D�506(�RI� ����� UDG�V���ϭϴ

��������� 7KLV� QHZ� DXWRPDWLF� DSSURDFK� LV� DGYDQWDJHRXV LQ� ELRPHFKDQLFV IRU� SUHVHUYLQJ� KLJK�ϭϵ

IUHTXHQF\�FRQWHQW�RI�QRQ�VWDWLRQDU\�VLJQDOV�ϮϬ

Ϯϭ

ϮϮ

.H\ZRUGV� VLJQDO�SURFHVVLQJ��ILOWHULQJ��QRQ�VWDWLRQDU\ VLJQDOV��LQYHUVH�G\QDPLFVϮϯ

Ϯϰ



,1752'8&7,21Ϯϱ

&RPSXWLQJ WLPH�GHULYDWLYHV�LV�D�IUHTXHQW VWDJH�LQ�WKH SURFHVVLQJ RI ELRPHFKDQLFDO�GDWD��3ULRU�WR�Ϯϲ

GLIIHUHQWLDWLRQ�� KLJK�IUHTXHQF\� QRLVH� FRPSRQHQWV� PXVW� EH� UHGXFHG� LQ� WKH� VDPSOHG� VLJQDO�Ϯϳ

�:ROWULQJ���������ZKLFK LV�FRPPRQO\�SHUIRUPHG�XVLQJ�D ORZ�SDVV�%XWWHUZRUWK�ILOWHU��H�J���:LQWHU��Ϯϴ

������5REHUWVRQ�DQG�'RZOLQJ���������2QH�KXUGOH RI�WKLV�DSSURDFK OLHV�LQ�VHOHFWLQJ�DQ�DSSURSULDWH�Ϯϵ

ILOWHU�FXW�RII�IUHTXHQF\�ZKLFK�UHWDLQV�DV�PXFK�RI�WKH�VLJQDO�RI�LQWHUHVW�DV�SRVVLEOH�ZKLOH�UHGXFLQJ�ϯϬ

GHOHWHULRXV� QRLVH�� 7KH� LPSRUWDQFH� RI� HVWLPDWLQJ� DFFXUDWH� WLPH� GHULYDWLYHV� IRU� XVH� LQ LQYHUVH�ϯϭ

G\QDPLFV��IRU�H[DPSOH� LQGLFDWHV�WKDW�WKLV�FXW�RII�IUHTXHQF\�VHOHFWLRQ�LV�FULWLFDO �0DL�HW�DO���������ϯϮ

%H]RGLV�HW�DO���������.ULVWLDQVOXQG�HW�DO���������ϯϯ

ϯϰ

3URFHGXUHV� KDYH� EHHQ� SUHVHQWHG� ZKLFK� DXWRPDWLFDOO\� GHWHUPLQH� WKH� FXW�RII� IUHTXHQF\� IRU� D�ϯϱ

%XWWHUZRUWK�ILOWHU �H�J���:LQWHU�������<X HW�DO���������&KDOOLV���������ZKLFK�KDYH�WKH�DGYDQWDJH�ϯϲ

WKDW�WKH\�UHPRYH�WKH�VXEMHFWLYLW\�RI�ILOWHU�FXW�RII�IUHTXHQF\�GHWHUPLQDWLRQ��+RZHYHU��PRVW�RI�WKHVHϯϳ

PHWKRGV� KDYH� DVVXPHG DOO RI D VLJQDO� RI� LQWHUHVW� OLHV� EHORZ� RQH� IUHTXHQF\� DQG� WKHUHIRUH� LW� LV�ϯϴ

DSSURSULDWH�WR�XVH�D�VLQJOH ILOWHU FXW�RII� IUHTXHQF\�IRU�DQ HQWLUH�VLJQDO�� ,I�D�FHUWDLQ�SRUWLRQ�RI�D�ϯϵ

VLJQDO� KDV� KLJKHU� IUHTXHQF\� FRPSRQHQWV� WKDQ� RWKHU� SRUWLRQV�� WRR� ORZ� D� FXW�RII� IUHTXHQF\� FDQ�ϰϬ

LQDSSURSULDWHO\�DWWHQXDWH�WKHVH�IUHTXHQFLHV��:KLOH�D�KLJKHU�FXW�RII�IUHTXHQF\�PLJKW�EH�DSSURSULDWH�ϰϭ

IRU�RQH SRUWLRQ�RI�WKH�VLJQDO��IRU�RWKHU�SRUWLRQV�LW�ZLOO�IDLO�WR�DSSURSULDWHO\�DWWHQXDWH�VRPH�RI�WKH�ϰϮ

QRLVH��1RQ�VWDWLRQDU\ VLJQDOV�RI� WKLV�QDWXUH� DUH� FRPPRQ� LQ�ELRPHFKDQLFV�� IRU� H[DPSOH�� LQ JDLW�ϰϯ

ZKHUH� OHJ�VZLQJ�DQG�VXSSRUW SRUWLRQV�RI�D�VWULGH�KDYH�GLIIHULQJ�IUHTXHQF\�FRPSRQHQWV�� LQGHHGϰϰ

HYHQ�WKH�VXSSRUW�SKDVH�LV QRQ�VWDWLRQDU\��H�J���*UXEHU�HW�DO��������� $V�VXFK��WKH�DELOLW\ WR�ILOWHU�ϰϱ

VHJPHQWV�RI�VLJQDOV DW�GLIIHUHQW�FXW�RII�IUHTXHQFLHV�ZRXOG�SHUPLW�UHWHQWLRQ�RI PRUH�RI�WKH�VLJQDO�ϰϲ

RI�LQWHUHVW��ZKLOH�VLPXOWDQHRXVO\�ULGGLQJ�PRUH�RI�WKH�VLJQDO IURP�QRLVH��$Q�DGDSWLYH�%XWWHUZRUWK�ϰϳ

ILOWHU�GHYHORSHG�E\�(UHU��������DLPHG�WR�DGGUHVV�WKLV�E\�ILOWHULQJ�HDFK�VDPSOH�DW�D�GLIIHUHQW�FXW�RII�ϰϴ

IUHTXHQF\��7KHLU�IUHTXHQF\�GHWHUPLQDWLRQ PHWKRG��KRZHYHU� LV�VHQVLWLYH�WR�VXEMHFWLYHO\�VHOHFWHG�ϰϵ

SDUDPHWHUV �VHH�2QOLQH�6XSSOHPHQWDU\�0DWHULDO IRU�GHWDLOV���$V� ILOWHU�SDUDPHWHUV�FDQ� LQIOXHQFH�ϱϬ

GHULYDWLYH� HVWLPDWHV�� WKHUH� LV� D� QHHG� IRU� D� SURFHGXUH�ZKLFK� FDQ DFFRXQW� IRU� DQG� SURFHVV� QRQ�ϱϭ

VWDWLRQDU\�VLJQDOV REMHFWLYHO\�DQG�DXWRPDWLFDOO\�ϱϮ

7KH�SXUSRVH�RI� WKLV�VWXG\� LV� WR�SUHVHQW�D�QHZ SURFHGXUH�ZKLFK�VHJPHQWV D�VLJQDO�EDVHG�RQ� WKH�ϱϯ

VLJQDO¶V�WLPH�YDU\LQJ�HQHUJ\��WKHQ�ILOWHUV�HDFK�VHJPHQW�VHSDUDWHO\�ZLWK�DXWRPDWLFDOO\�GHWHUPLQHG�ϱϰ

FXW�RII� IUHTXHQFLHV IURP� WKH�$XWRFRUUHODWLRQ�%DVHG�3URFHGXUH� �$%3� &KDOOLV���������7KLV�QHZ�ϱϱ



SURFHGXUH� LV� HYDOXDWHG� IRU� LWV� DELOLW\� WR SURGXFH� EHWWHU� GHULYDWLYH� HVWLPDWHV� IURP D� QRLV\� QRQ�ϱϲ

VWDWLRQDU\�VLJQDO�FRPSDUHG�ZLWK�FRPPRQO\�DGRSWHG�SURFHGXUHV�ϱϳ

ϱϴ

0(7+2'6ϱϵ

,Q�RYHUYLHZ��D�QHZ�SURFHGXUH�IRU�SURFHVVLQJ�QRQ�VWDWLRQDU\�VLJQDOV E\�GLYLGLQJ�WKHP LQWR�VHJPHQWV�ϲϬ

GHSHQGLQJ�RQ�WKHLU�HQHUJ\�FRQWHQW� LV�SUHVHQWHG��7KH�$%3��&KDOOLV��������LV�FRQGXFWHG�RQ�HDFK�ϲϭ

VHJPHQW� LQGHSHQGHQWO\� WR� SURGXFH� FXW�RII� IUHTXHQFLHV� IRU� HDFK� VHJPHQW�� 7KLV� QHZ�$XWRPDWLF�ϲϮ

6HJPHQW�)LOWHULQJ�3URFHGXUH��$6)3��LV�HYDOXDWHG�RQ�D�WHVW�GDWD�VHW�DQG�LWV�SHUIRUPDQFH�FRPSDUHG�ϲϯ

ZLWK�FRPPRQO\�XVHG�PHWKRGV�IRU�ILOWHULQJ�DQG�GLIIHUHQWLDWLQJ�GDWD��ϲϰ

ϲϱ

7KH�3URFHGXUHϲϲ

7R�GLYLGH�D�VLJQDO�LQWR�VHJPHQWV�EDVHG�RQ�LWV�HQHUJ\�FRQWHQW��VLJQDO�HQHUJ\�ZDV�FRPSXWHG�DV�D�ϲϳ

IXQFWLRQ�RI�WLPH� 7KH�7HDJHU�.DLVHU�(QHUJ\�2SHUDWRU��7.(2��.DLVHU��������LV�DQ�DOJRULWKP�ZKLFK�ϲϴ

FDOFXODWHV�WKH�HQHUJ\�RI�WKH�VLJQDO�DQG�FDQ�EH�XVHG�DV�D�VXUURJDWH�IRU PRUH�FRPSOH[�WLPH�IUHTXHQF\�ϲϵ

DQDO\VLV�ϳϬ

ሺ݅ሻܱܧܭܶ ൌ ݔ
ଶ െ ିଵݔାଵݔ >�@ϳϭ

:KHUH�݅ LV�WKH�LWK VDPSOH�LQ�D�VLJQDO�[�ϳϮ

7KLV�RSHUDWRU ZDV�XWLOL]HG DV� D�PHDQV�RI� VHJPHQWLQJ�D� VLJQDO� 7KH� JRDO�RI� VHJPHQWLQJ�ZDV� WR�ϳϯ

GHWHUPLQH�ZKHUH�SRUWLRQV�RI�WKH�VLJQDO�FRQWDLQ�IUHTXHQF\�FRQWHQW�WKDW�GLIIHUV IURP�WKH�UHPDLQLQJ�ϳϰ

VLJQDO� 7KHUHIRUH��7.(2�SRUWLRQV�ZKLFK�ZHUH�WKUHH�DEVROXWH�GHYLDWLRQV��/H\V�HW�DO�� ������IURP�ϳϱ

WKH�PHGLDQ�RI�WKH�7.(2�VLJQDO�ZHUH�GHHPHG�QHZ�VHJPHQWV��&KDQJH�SRLQWV�ZHUH�GHILQHG�DV�WKH�ϳϲ

WLPH�LQGH[�ZKHQ�WKH�7.(2�LQWHUVHFWHG�WKLV�RXWOLHU�FULWHULRQ��ሼݐభǡ Ǥ Ǥ Ǥ ǡ ሽZKHUH�Qݐ LQGLFDWHV�WKH�ϳϳ

WRWDO�QXPEHU�RI� LQWHUVHFWLRQV� LGHQWLILHG���$V� WKH�7.(2 LV� VHQVLWLYH� WR�QRLVH �.DLVHU��������� DQ�ϳϴ

$%3�GHWHUPLQHG�ORZ�SDVV�ILOWHU�ZDV�DSSOLHG�SULRU�WR�LWV�FDOFXODWLRQ�ϳϵ

ϴϬ

7KH�$%3��&KDOOLV��������SURYLGHG�D�PHDQV�RI�REMHFWLYHO\�GHWHUPLQLQJ�%XWWHUZRUWK�ILOWHU�FXW�RII�ϴϭ

IUHTXHQFLHV�IRU�HDFK�RI�WKH�VHJPHQWV ܿ^� ௦݂భǡ Ǥ Ǥ Ǥ ǡ ܿ ௦݂`�IRU�VHJPHQWV�^ݏଵǡ Ǥ Ǥ Ǥ ǡ ሽݏ ZKHUH�P�Ł�Q ��ϴϮ

� UHSUHVHQWV�WKH�WRWDO�QXPEHU�RI�VHJPHQWV���7KH�IXOO VLJQDO��DV�RSSRVHG�WR�RQO\�WKH�VHJPHQW�LWVHOI��ϴϯ

ZDV�ILOWHUHG�DW�HDFK�VHJPHQW�VSHFLILF�FXW�RII�IUHTXHQF\ WR�DYRLG�HQG�SRLQW�LVVXHV�ZKHQ�DSSO\LQJ�ϴϰ

WKH� %XWWHUZRUWK� ILOWHU� �6PLWK�� ������ 'RXEOH�GLIIHUHQWLDWLRQ YLD� ILUVW�RUGHU� ILQLWH� GLIIHUHQFH�ϴϱ



HTXDWLRQV� SURGXFHG DQ� DFFHOHUDWLRQ� VLJQDO� IRU� HDFK� VHJPHQW�VSHFLILF� FXW�RII� IUHTXHQF\�ϴϲ

ೞభߙ^ ǡ Ǥ Ǥ Ǥ ǡ ೞ`��5HFRQVWUXFWLRQ�RI�WKH�ILQDO�DFFHOHUDWLRQ�VLJQDO�UHTXLUHG�WKH�MRLQLQJ�RI�DGMDFHQW�ϴϳߙ

VHJPHQWV��)LJXUH�����7R�GR�VR��RYHUODS�VHFWLRQV ZKLFK�ZHUH�KDOI�WKH�OHQJWK�RI�WKH�VKRUWHVW�VHJPHQW�ϴϴ

LQ� WKH�VLJQDO�ZHUH�FUHDWHG DQG VWUDGGOHG HDFK�FKDQJH�SRLQW� 7KH�RYHUODS� VHFWLRQ¶V YDOXHV�ZHUHϴϵ

FDOFXODWHG�E\� ILUVW�GHILQLQJ�D�YHFWRU�RI OLQHDUO\�GHFUHDVLQJ ZHLJKW� WHUPV� IURP��� WR�� DORQJ� WKH�ϵϬ

VHFWLRQ¶V�OHQJWK��7KH�ZHLJKW�WHUP�YDOXH�DW�D�WLPH�LQVWDQFH�ZDV�PXOWLSOLHG E\�WKH�GLIIHUHQFH�EHWZHHQ�ϵϭ

VHJPHQW YDOXHV ZLWKLQ�WKH�RYHUODS�VHFWLRQ�DW�WKLV�VDPH�LQVWDQFH� 7KHVH�ZHLJKWHG GLIIHUHQFHV�ZHUH�ϵϮ

WKHQ DGGHG�WR�WKH�ODWHU�VHJPHQW YDOXHV�ϵϯ

���,QVHUW�)LJXUH���DURXQG�KHUH�!!!ϵϰ

ϵϱ

(YDOXDWLRQϵϲ

7KH GDWD�VHW�IURP�'RZOLQJ��������FRQWDLQLQJ�D�QRLV\�DQJXODU�GLVSODFHPHQW VLJQDO DQG�D�FULWHULRQ�ϵϳ

DQJXODU DFFHOHUDWLRQ�VLJQDO ZDV�XVHG�DV�D�EHQFKPDUN��7KH VLJQDO�LV�QRQ�VWDWLRQDU\�DV�LW�FRQWDLQVϵϴ

ERWK�DQ�LPSDFW�DQG�SHULRGV�RI�OLPLWHG PRYHPHQW �)LJXUH��D�� (UURUV�ZHUH�FDOFXODWHG�XVLQJ�WKH�URRW�ϵϵ

PHDQ�VTXDUH�HUURU��506(��EHWZHHQ�WKH FULWHULRQ DFFHOHUDWLRQ�VLJQDO�DQG�WKH�$6)3 HVWLPDWH��DV�ϭϬϬ

ZHOO�DV�WKH�SHUFHQWDJH�506(���506(� &KDOOLV���������$V�DQ�DGGLWLRQDO�FRPSDULVRQ��WKH�$6)3�ϭϬϭ

ZDV� FRPSDUHG� WR� D� VLQJOH� ILOWHU� HVWLPDWH� GHULYHG� IURP� DSSO\LQJ� WKH� $%3� WR� WKH� HQWLUH� VLJQDO�ϭϬϮ

�&KDOOLV�� ������� )LQDOO\�� DV� DQ DGGLWLRQDO� SRLQW� RI� FRPSDULVRQ�� D� *HQHUDOL]HG� &URVV�9DOLGDWHG�ϭϬϯ

4XLQWLF�VSOLQH��*&946��:ROWULQJ��������ZDV�XVHG�WR�HVWLPDWH�DFFHOHUDWLRQ�YDOXHV���ϭϬϰ

ϭϬϱ

ϭϬϲ

5(68/76ϭϬϳ

���,QVHUW�)LJXUH���DURXQG�KHUH�!!!ϭϬϴ

���,QVHUW�7DEOH���DURXQG�KHUH�!!!ϭϬϵ

)LYH�DXWRPDWLFDOO\�GHWHUPLQHG�VHJPHQWV�RI�WKH�'RZOLQJ��������VLJQDO�UHVXOWHG�IURP�DQDO\VLV�XVLQJ�ϭϭϬ

WKH�7HDJHU�.DLVHU�(QHUJ\�2SHUDWRU� �)LJXUH��E�� )ROORZLQJ�WKLV�VHJPHQWLQJ� GLIIHUHQW ILOWHU�FXW�ϭϭϭ

RIIV�IUHTXHQFLHV�ZHUH�XVHG�IRU�HDFK�VHJPHQW�UHVSHFWLYHO\ �)LJXUH��F���7KH�$6)3 SURGXFHG�VPDOOHU�ϭϭϮ

HUURU�UHVXOWV�WKDQ�FRPPRQO\�XVHG�ILOWHULQJ�WHFKQLTXHV �7DEOH�����7KH�VLQJOH�ILOWHU�$%3 �&KDOOLV��ϭϭϯ

������ ZKLFK� ILOWHUHG� WKH� VLJQDO� DW� ����+]� SURGXFHG� WKH� ODUJHVW� HUURU� DW� WKH� VLJQDO�PLQLPXP��ϭϭϰ

IROORZHG�E\�WKH�*&946��ZKHUHDV WKH�$6)3�UHVXOWHG�LQ�WKH�VPDOOHVW�HUURU�DW�WKLV�PLQLPXP �7DEOH�ϭϭϱ

��� $W�WKH�VLJQDO�PD[LPXP��WKLV QHZ�SURFHGXUH�SURGXFHG�WKH�VPDOOHVW�DEVROXWH�HUURU��IROORZHG�E\�ϭϭϲ



WKH�VLQJOH�ILOWHU�$%3��&KDOOLV�������� WKHQ� WKH�*&946��:ROWULQJ��������7DEOH���� 2YHUDOO�� WKH�ϭϭϳ

$6)3 SURGXFHG D�EHWWHU�DSSUR[LPDWLRQ�RI�WKH�FULWHULRQ DFFHOHUDWLRQ�VLJQDO FRPSDUHG�ZLWK�RWKHU�ϭϭϴ

FRPPRQO\�XVHG�SURFHGXUHV E\�DXWRPDWLFDOO\�VHJPHQWLQJ�WKH�VLJQDO�DQG�DSSO\LQJ�VHSDUDWH�ILOWHU�ϭϭϵ

FXW�RII�IUHTXHQFLHV�WR�HDFK�UHVSHFWLYH�VHJPHQW�ϭϮϬ

����,QVHUW�7DEOH���DURXQG�KHUH�!!!ϭϮϭ

ϭϮϮ

',6&866,21ϭϮϯ

&RPSOLFDWLRQV� LQKHUHQW� WR�XVLQJ�D�VLQJOH� ORZ�SDVV�%XWWHUZRUWK�ILOWHU�RQ D�QRQ�VWDWLRQDU\�VLJQDO�ϭϮϰ

KDYH�EHHQ�DGGUHVVHG��DQG�WKH $XWRPDWLF 6HJPHQW )LOWHULQJ�3URFHGXUH �$6)3� WR�SURFHVV�VLJQDOV�ϭϮϱ

RI� WKLV� QDWXUH� KDV EHHQ� SUHVHQWHG�� 7KH� 7HDJHU�.DLVHU� (QHUJ\� 2SHUDWRU� ZDV� XVHG� WR� HOXFLGDWH�ϭϮϲ

VHJPHQWV� RI� WKH� VLJQDO� ZKLFK� FRQWDLQHG� GLIIHULQJ� PDJQLWXGHV� RI� HQHUJ\�� 7KHVH� GLIIHULQJ�ϭϮϳ

PDJQLWXGHV� LQGLFDWH� WKH� VHJPHQWV�KDYH�GLIIHULQJ� VLJQDO� WR�QRLVH� UDWLRV�� WKXV� UHTXLULQJ�GLIIHUHQW�ϭϮϴ

ILOWHU�FXW�RII� IUHTXHQFLHV��6HJPHQWLQJ�DOORZHG�IRU� WKH�XVH�RI�DQ�DXWRPDWLFDOO\�GHWHUPLQHG ILOWHU�ϭϮϵ

FXW�RII�IUHTXHQF\�IRU�HDFK�VHJPHQW��2YHUDOO��WKH�SURFHGXUH�GHPRQVWUDWHG�EHWWHU�VHFRQG�GHULYDWLYH�ϭϯϬ

HVWLPDWHV�RI�D�QRLV\��QRQ�VWDWLRQDU\�VLJQDO FRPSDUHG�ZLWK�FRPPRQO\�XVHG�DSSURDFKHV�ϭϯϭ

ϭϯϮ

7KH�ILUVW�WZR�FKDQJH�SRLQWV�DXWRPDWLFDOO\�GHWHUPLQHG�KHUH�DSSHDU�WR�PDWFK�FORVHO\�WKRVH�LGHQWLILHG�ϭϯϯ

E\�'RZOLQJ���������LQGLFDWLQJ�LQ�WKLV�UHJLRQ�WKH�FXUUHQW�SURFHGXUH�LV�D JRRG�DSSUR[LPDWLRQ�RI�WKH�ϭϯϰ

VLJQDO�SURSHUWLHV�ZKLFK�'RZOLQJ�DLPHG�WR�WUHDW�VHSDUDWHO\��+RZHYHU��DQ�DGGLWLRQDO�VHJPHQW�ZDV�ϭϯϱ

LGHQWLILHG�LQ�WKH�FXUUHQW�SURFHGXUH�WKDW�GLG�QRW�PDWFK�KLV�VHJPHQW�GHWHUPLQDWLRQ��6HJPHQWLQJ�LQ�ϭϯϲ

'RZOLQJ� �������ZDV� DW� OHDVW� SDUWLDOO\� VXEMHFWLYH�� ZLWK NQRZOHGJH� RI WKH� DFFHOHUDWLRQ� VLJQDO D�ϭϯϳ

SULRUL��7KH�PRYHPHQW�LQ�WKLV�UHJLRQ�DSSDUHQWO\�GLG�QRW�DSSHDU�WR�ZDUUDQW�VHJPHQWDWLRQ��EXW�WKH�ϭϯϴ

SURSRVHG�SURFHGXUH�LQGLFDWHV�WKH VLJQDO�WR�QRLVH�UDWLR�LQ�WKLV�DUHD�ZDV�LQGHHG�GLIIHUHQW�IURP�WKH�ϭϯϵ

UHPDLQGHU�RI�WKH�VLJQDO��)LQDOO\��'RZOLQJ¶V ������ VHJPHQWLQJ�ZDV�FRQVWUDLQHG�E\�SRLQWV�ZKHUH�ϭϰϬ

WKH�DFFHOHUDWLRQ�HVWLPDWH�ZDV�DSSUR[LPDWHO\�]HUR��ZKLFK�PD\�KDPSHU�WKH�DELOLW\�WR�GHWHFW�DOO�VLJQDO�ϭϰϭ

VHJPHQWV� ZKLFK� UHTXLUH� GLIIHUHQW� ILOWHULQJ� PHWKRGV�� 7KHVH� UHVXOWV� GHPRQVWUDWH� WKH� $6)3� KDV�ϭϰϮ

VXIILFLHQW�VHQVLWLYLW\�WR�VHJPHQW�D�QRQ�VWDWLRQDU\�VLJQDO�ϭϰϯ

ϭϰϰ



6RPH FRQVLGHUDWLRQV�PXVW�EH�PDGH�ZKHQ�DSSO\LQJ�WKH�FXUUHQW�SURFHGXUH��$V�PHQWLRQHG�E\�.DLVHU�ϭϰϱ

��������WKH�7.(2�LV�LWVHOI�VHQVLWLYH�WR�QRLVH��7R�DGGUHVV�WKLV��WKH�7.(2�ZDV�FDOFXODWHG�DIWHU�WKH�ϭϰϲ

DQJXODU�GLVSODFHPHQW�VLJQDO�ZDV�ORZ�SDVV�ILOWHUHG�XVLQJ�WKH�IUHTXHQF\ FXW�RII�VXJJHVWHG�E\�WKH�ϭϰϳ

$%3�FRPSXWHG�RQ�WKLV�UDZ�VLJQDO������+]��&KDOOLV���������5HODWLYHO\�UREXVW�GHULYDWLYH�HVWLPDWHV�ϭϰϴ

ZHUH�VHHQ�XVLQJ�YDU\LQJ� ILOWHU�FXW�RII� IUHTXHQFLHV� IRU� WKH�7.(2�FDOFXODWLRQ�SULRU� WR�GHULYDWLYH�ϭϰϵ

HVWLPDWLRQ �H�J���UDQJH�RI�ILOWHU�FXW�RII�IUHTXHQFLHV�IURP���± ���+]�UHVXOWHG�LQ�DFFHOHUDWLRQ�HVWLPDWHϭϱϬ

506(�YDOXHV EHWZHHQ������DQG������UDG�V�����(UURU�UHVXOWV�LQ�WKLV�VWXG\��HVSHFLDOO\�DW�WKH�VLJQDO�ϭϱϭ

PLQLPXP��DUH�PRVW�VHQVLWLYH� WR� WKH� ORFDWLRQ�RI�FKDQJH�SRLQWV� LQ� WKH�7.(2��'HWHUPLQLQJ� WKHVH�ϭϱϮ

ORFDWLRQV UHOLHG�RQ� WKH�VLJQDO�H[FHHGLQJ� WKUHH�DEVROXWH�GHYLDWLRQV� IURP�WKH�HQWLUH 7.(2 VLJQDOϭϱϯ

PHGLDQ��/H\V�HW�DO����������7KH�FXUUHQW�VLJQDO�FRQWDLQV D�KLJK�IUHTXHQF\�LPSDFW ZKLFK OHQW�LWVHOI�ϭϱϰ

WR�WKLV�RXWOLHU�GHWHFWLRQ WHFKQLTXH��6RPH�ZRUN�KDV�XVHG�DGDSWLYH VHJPHQWDWLRQ�WKUHVKROGV�ZKLFK�ϭϱϱ

FKDQJH�DORQJ�ZLWK�WKH�VLJQDO��H�J���$UDJZDO�DQG�*RWPDQ���������$OWKRXJK�QRW�DQDO\]HG�KHUH��WKHVH�ϭϱϲ

DQG�RWKHU�PHWKRGV�PD\�ZDUUDQW�LQYHVWLJDWLRQ�LQ�WKLV�VHWWLQJ� &KRRVLQJ ZKLFK�DOJRULWKP�WR�XVH IRU�ϭϱϳ

VHJPHQWLQJ�DIWHU�FDOFXODWLQJ�WKH�7.(2�LV�FRQWH[W�VSHFLILF��EXW�UHVXOWV�GHPRQVWUDWHG�KHUH�VKRZ�WKDW�ϭϱϴ

LQ�JHQHUDO�� VHJPHQWLQJ� WKH�VLJQDO�XVLQJ� WKH�7.(2�DQG�DSSO\LQJ VHJPHQW�VSHFLILF ILOWHU� FXW�RII�ϭϱϵ

IUHTXHQFLHV�PD\�EH�PRUH�DSSURSULDWH�WKDQ�DSSO\LQJ�RQH�ILOWHU�FXW�RII�IUHTXHQF\�IRU�DQ�HQWLUH QRQ�ϭϲϬ

VWDWLRQDU\�VLJQDO WKDW FRQWDLQV�LPSDFW�OLNH�FKDUDFWHULVWLFV��ϭϲϭ

0DNLQJ�XVH�RI�WKH�SURSRVHG�SURFHGXUH IRU�PRYHPHQWV�OLNH�UXQQLQJ�RU�MXPS�ODQGLQJV ZRXOG�VHH�ϭϲϮ

KLJK�IUHTXHQF\�LPSDFW�SKDVHV�ILOWHUHG�DW�D�KLJKHU�IUHTXHQF\�WKDQ�WKH�UHPDLQGHU�RI�WKH�PRYHPHQW��ϭϲϯ

,I�WKH�UHFRPPHQGDWLRQV�E\�%LVVHOLQJ�DQG�+RI��������UHJDUGLQJ�ILOWHULQJ�IRUFH�SODWH�DQG�PRWLRQ�ϭϲϰ

FDSWXUH�GDWD�DW�WKH�VDPH�IUHTXHQF\�DUH�WR�EH�IROORZHG��WKHQ�VHJPHQWLQJ�WKH�VLJQDO LQ�WKLV�ZD\�ZRXOG�ϭϲϱ

DOORZ�JUHDWHU�KLJK�IUHTXHQF\�FRQWHQW�IURP�D�IRUFH�SODWH�WR�EH�UHWDLQHG�WKURXJKRXW� WKHVH�LPSDFW�ϭϲϲ

SKDVHV� ZKLOH UHVWULFWLQJ� WKH� LQIOXHQFH� RI� QRLVH� LQ� ORZHU� IUHTXHQF\� SKDVHV�� 0RYHPHQWV� WKDW�ϭϲϳ

LQKHUHQWO\� FRQWDLQ� WLPH�YDU\LQJ� IUHTXHQF\�FRQWHQW�PD\� LQ� IDFW� UHTXLUH�D�PRUH� IOH[LEOH� ILOWHULQJ�ϭϲϴ

WHFKQLTXH�OLNH�WKH�$6)3�WKDQ�D�VLQJOH�ILOWHU�FXW�RII�IUHTXHQF\��,PSURYLQJ�GHULYDWLYH�HVWLPDWHV�E\�ϭϲϵ

XVLQJ�WKLV�SURFHGXUH PD\�DVVLVW�LQ�GHWHUPLQLQJ�³WUXH´�PRPHQWV�DQG�IRUFHV�WKURXJK��IRU�H[DPSOH��ϭϳϬ

LQYHUVH�G\QDPLFV��ZKHUH�DFFHOHUDWLRQ�YDOXHV�DUH�RI�LPSRUWDQFH�ϭϳϭ

ϭϳϮ

&21)/,&7�2)�,17(5(67�67$7(0(17ϭϳϯ

1RQH�ϭϳϰ



ϭϳϱ

$&.12:/('*0(176ϭϳϲ

1RQH��ϭϳϳ



5()(5(1&(6ϭϳϴ

$JDUZDO��5���	�*RWPDQ��-����������$GDSWLYH�VHJPHQWDWLRQ�RI�HOHFWURHQFHSKDORJUDSKLF�GDWD�XVLQJϭϳϵ

D� QRQOLQHDU� HQHUJ\� RSHUDWRU�� ,6&$6 
���� 3URFHHGLQJV� RI� WKH� ����� ,(((� ,QWHUQDWLRQDO�ϭϴϬ

6\PSRVLXP�RQ�&LUFXLWV�DQG�6\VWHPV�9/6,� ������������,(((�ϭϴϭ

%H]RGLV��1��(���6DOR��$��,���	�7UHZDUWKD��*����������([FHVVLYH�IOXFWXDWLRQV�LQ�NQHH�MRLQW�ϭϴϮ

PRPHQWV�GXULQJ�HDUO\�VWDQFH�LQ�VSULQWLQJ�DUH�FDXVHG�E\�GLJLWDO�ILOWHULQJ�SURFHGXUHV� *DLW�ϭϴϯ

	�3RVWXUH� �� �������������ϭϴϰ

%LVVHOLQJ��5��:���	�+RI��$��/����������+DQGOLQJ�RI�LPSDFW�IRUFHV�LQ�LQYHUVH�G\QDPLFV� -RXUQDO�ϭϴϱ

RI�%LRPHFKDQLFV���� ����������������ϭϴϲ

&KDOOLV��-��+����������$�SURFHGXUH�IRU�WKH�DXWRPDWLF�GHWHUPLQDWLRQ�RI�ILOWHU�FXWRII�IUHTXHQF\�IRUϭϴϳ

WKH�SURFHVVLQJ�RI�ELRPHFKDQLFDO�GDWD� -RXUQDO�RI�$SSOLHG�%LRPHFKDQLFV���� �������������ϭϴϴ

'RZOLQJ��-��-�� ������$�PRGHOOLQJ�VWUDWHJ\�IRU�WKH�VPRRWKLQJ�RI�ELRPHFKDQLFDO�GDWD� LQ� %��ϭϴϵ

-RQVVRQ��(G��� %LRPHFKDQLFV�;�% +XPDQ�.LQHWLFV�3XEOLVKHUV��&KDPSDLJQ��,OOLQRLV��SS��ϭϵϬ

����������ϭϵϭ

(UHU��.��6����������$GDSWLYH�XVDJH�RI�WKH�%XWWHUZRUWK�GLJLWDO�ILOWHU� -RXUQDO�RI�%LRPHFKDQLFV����ϭϵϮ

����������������ϭϵϯ

*UXEHU��$��+���(GZDUGV��:��%���+DPLOO��-���'HUULFN��7��5���	�%R\HU��.��$����������$�FRPSDULVRQ�ϭϵϰ

RI�WKH�JURXQG�UHDFWLRQ�IRUFH�IUHTXHQF\�FRQWHQW�GXULQJ�UHDUIRRW�DQG�QRQ�UHDUIRRW�UXQQLQJ�ϭϵϱ

SDWWHUQV� *DLW�	�3RVWXUH���� �6XSSOHPHQW�&���������ϭϵϲ

.DLVHU��-��)����������2Q�D�VLPSOH�DOJRULWKP�WR�FDOFXODWH�WKH�CHQHUJ\
�RI�D�VLJQDO��3URFHHGLQJV�RI�ϭϵϳ

WKH������,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLFV��6SHHFK��DQG�6LJQDO�ϭϵϴ

3URFHVVLQJ� ,&$663����ϭϵϵ

.ULVWLDQVOXQG��(���.URVVKDXJ��7���	�YDQ�GHQ�%RJHUW��$��-����������(IIHFW�RI�ORZ�SDVV�ILOWHULQJ�RQ�ϮϬϬ

MRLQW�PRPHQWV�IURP�LQYHUVH�G\QDPLFV��LPSOLFDWLRQV�IRU�LQMXU\�SUHYHQWLRQ� -RXUQDO�RI�ϮϬϭ

%LRPHFKDQLFV� �� �������������ϮϬϮ

/H\V��&���/H\��&���.OHLQ��2���%HUQDUG��3���	�/LFDWD��/����������'HWHFWLQJ�RXWOLHUV��'R�QRW�XVH�ϮϬϯ

VWDQGDUG�GHYLDWLRQ�DURXQG�WKH�PHDQ��XVH�DEVROXWH�GHYLDWLRQ�DURXQG�WKH�PHGLDQ� -RXUQDO�RI�ϮϬϰ

([SHULPHQWDO�6RFLDO�3V\FKRORJ\���� �������������ϮϬϱ

0DL��3���	�:LOOZDFKHU��6����������(IIHFWV�RI�ORZ�SDVV�ILOWHU�FRPELQDWLRQV�RQ�ORZHU�H[WUHPLW\�ϮϬϲ

MRLQW�PRPHQWV�LQ�GLVWDQFH�UXQQLQJ� -RXUQDO�RI�%LRPHFKDQLFV�������������ϮϬϳ



5REHUWVRQ��'��*��(���	�'RZOLQJ��-��-����������'HVLJQ�DQG�UHVSRQVHV�RI�%XWWHUZRUWK�DQG�FULWLFDOO\�ϮϬϴ

GDPSHG�GLJLWDO�ILOWHUV� -RXUQDO�RI�(OHFWURP\RJUDSK\�DQG�.LQHVLRORJ\���� �������������ϮϬϵ

6PLWK��*����������3DGGLQJ�SRLQW�H[WUDSRODWLRQ�WHFKQLTXHV�IRU�WKH�%XWWHUZRUWK�GLJLWDO�ϮϭϬ

ILOWHU� -RXUQDO�RI�ELRPHFKDQLFV� �� ���������������Ϯϭϭ

:LQWHU��'��$�� ����� %LRPHFKDQLFV�DQG�0RWRU�&RQWURO�RI�+XPDQ�0RYHPHQW� -RKQ�:LOH\�	�ϮϭϮ

6RQV� /WG��&KLFKHVWHU��8.�Ϯϭϯ

:ROWULQJ��+��-����������6PRRWKLQJ�DQG�GLIIHUHQWLDWLRQ�WHFKQLTXHV�DSSOLHG�WR��'�GDWD� LQ� 3��Ϯϭϰ

$OODUG��,��6WRNHV��	�-��3��%ODQFKL��(GV��� 7KUHH�'LPHQVLRQDO�$QDO\VLV�RI�+XPDQ�Ϯϭϱ

0RYHPHQW��+XPDQ�.LQHWLFV�3XEOLVKHUV� &KDPSDLJQ��,OOLQRLV��SS��������Ϯϭϲ

:ROWULQJ��+��-����������$�)RUWUDQ�SDFNDJH�IRU�JHQHUDOL]HG��FURVV�YDOLGDWRU\�VSOLQH�VPRRWKLQJ�DQG�Ϯϭϳ

GLIIHUHQWLDWLRQ� $GYDQFHV�LQ�(QJLQHHULQJ�6RIWZDUH� � �������������Ϯϭϴ

<X��%���*DEULHO��'���1REOH��/���	�$Q��.��1����������(VWLPDWH�RI�WKH�RSWLPXP�FXWRII�IUHTXHQF\�IRU�Ϯϭϵ

WKH�%XWWHUZRUWK�ORZ�SDVV�GLJLWDO�ILOWHU� -RXUQDO�RI�$SSOLHG�%LRPHFKDQLFV���� �������������ϮϮϬ
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7DEOH���� (UURU�LQ�HVWLPDWLQJ�WKH�FULWHULRQ�DQJXODU�DFFHOHUDWLRQ�VLJQDO�YDOXHV�GHWHUPLQHG�E\�WKUHH�

SURFHGXUHV��WKH�$XWRPDWLF�6HJPHQW�)LOWHULQJ�3URFHGXUH��$6)3���WKH�6LQJOH�)LOWHU�$XWRFRUUHODWLRQ�

%DVHG� 3URFHGXUH� �$%3��� DQG� WKH� 6LQJOH� )LOWHU� *HQHUDOL]HG� &URVV�9DOLGDWHG� 4XLQWLF� 6SOLQH�

�*&946���7KH�HUURUV�DUH�H[SUHVVHG�DV�ERWK�WKH�URRW�PHDQ�VTXDUH�HUURU��506(��DQG�WKH�SHUFHQWDJH�

URRW�PHDQ�VTXDUH�HUURU� ��506(���EHWZHHQ� WKH�FULWHULRQ�DQJXODU� DFFHOHUDWLRQ�YDOXHV�DQG� WKRVH�

HVWLPDWHG�E\�WKH�WKUHH�SURFHGXUHV�

7DEOH���� (UURU�LQ�HVWLPDWLQJ�WKH�FULWHULRQ�VLJQDO�PLQLPXP�DQG�PD[LPXP�DQJXODU�DFFHOHUDWLRQ�

YDOXHV�GHWHUPLQHG�E\�WKUHH�SURFHGXUHV��WKH�$XWRPDWLF�6HJPHQW�)LOWHULQJ�3URFHGXUH��$6)3���WKH�

6LQJOH�)LOWHU�$XWRFRUUHODWLRQ�%DVHG�3URFHGXUH��$%3���DQG�WKH�6LQJOH�)LOWHU�*HQHUDOL]HG�&URVV�

9DOLGDWHG� 4XLQWLF� 6SOLQH� �*&946��� 7KH� HUURUV� DUH� H[SUHVVHG� LQ� UDG�V�� DQG� DV� D� SHUFHQWDJH�

GLIIHUHQFH� EHWZHHQ� WKH� FULWHULRQ� DQJXODU� DFFHOHUDWLRQ� YDOXHV� DQG� WKRVH� HVWLPDWHG� E\� WKH� WKUHH�

SURFHGXUHV�



7DEOH���� (UURU�LQ�HVWLPDWLQJ WKH�FULWHULRQ�DQJXODU�DFFHOHUDWLRQ VLJQDO�YDOXHV�GHWHUPLQHG�E\�WKUHH�
SURFHGXUHV��WKH�$XWRPDWLF�6HJPHQW�)LOWHULQJ�3URFHGXUH��$6)3���WKH�6LQJOH�)LOWHU�$XWRFRUUHODWLRQ�
%DVHG� 3URFHGXUH� �$%3��� DQG� WKH� 6LQJOH� )LOWHU� *HQHUDOL]HG� &URVV�9DOLGDWHG� 4XLQWLF� 6SOLQH�
�*&946���7KH�HUURUV�DUH�H[SUHVVHG�DV�ERWK�WKH�URRW�PHDQ�VTXDUH�HUURU��506(��DQG�WKH�SHUFHQWDJH�
URRW�PHDQ�VTXDUH�HUURU� ��506(���EHWZHHQ� WKH� FULWHULRQ DQJXODU� DFFHOHUDWLRQ�YDOXHV�DQG� WKRVH�
HVWLPDWHG�E\�WKH�WKUHH�SURFHGXUHV�

506(��UDG�V��� �506(

$6)3 ���� ����

6LQJOH�)LOWHU��$%3� ���� ����

6LQJOH�)LOWHU��*&946� ���� ����



7DEOH���� (UURU�LQ�HVWLPDWLQJ WKH FULWHULRQ VLJQDO�PLQLPXP�DQG�PD[LPXP DQJXODU DFFHOHUDWLRQ�
YDOXHV�GHWHUPLQHG�E\�WKUHH�SURFHGXUHV��WKH�$XWRPDWLF�6HJPHQW�)LOWHULQJ�3URFHGXUH��$6)3���WKH
6LQJOH�)LOWHU $XWRFRUUHODWLRQ�%DVHG�3URFHGXUH��$%3���DQG�WKH�6LQJOH�)LOWHU�*HQHUDOL]HG�&URVV�
9DOLGDWHG� 4XLQWLF� 6SOLQH� �*&946��� 7KH� HUURUV� DUH� H[SUHVVHG� LQ� UDG�V�� DQG� DV� D� SHUFHQWDJH�
GLIIHUHQFH� EHWZHHQ� WKH� FULWHULRQ DQJXODU� DFFHOHUDWLRQ� YDOXHV� DQG� WKRVH� HVWLPDWHG� E\� WKH� WKUHH�
SURFHGXUHV�

6LJQDO�0LQLPXP 6LJQDO�0D[LPXP

(UURU��UDG�V��� (UURU���� (UURU��UDG�V��� (UURU����

$6)3 ���� ���� ���� �����

6LQJOH�)LOWHU��$%3� ����� ���� ��� ����

6LQJOH�)LOWHU��*&946� ����� ���� ���� �����
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)LJXUH��� 6FKHPDWLF�RI�D�VLQJOH�ILOWHU�DSSURDFK DQG�WKH�SURSRVHG�$XWRPDWLF�6HJPHQW�)LOWHULQJ�

3URFHGXUH� �$6)3� DSSOLHG� WR�DQJXODU�PRWLRQ� VLJQDO IURP�'RZOLQJ� ������� )RU� WKH�VLQJOH� ILOWHU�

DSSURDFK��WKH�$XWRFRUUHODWLRQ�%DVHG�3URFHGXUH��$%3��GHWHUPLQHV�D�VLQJOH�ILOWHU�FXW�RII�IUHTXHQF\�

DQG�VXEVHTXHQWO\�XVHV�LW�WR�ILOWHU�WKH�QRLV\ DQJXODU�GLVSODFHPHQW VLJQDO��7KH�$6)3 FRPSXWHV�WKH�

VLJQDO�7HDJHU�.DLVHU�(QHUJ\�2SHUDWRU��7.(2� WKHQ�XVHV�WKUHH�WLPHV�LWV PHGLDQ�DEVROXWH�GHYLDWLRQ�

�0$'�� WR�GHILQH� WLPH� LQGH[HV�RI�FKDQJH�SRLQWV� LQ� WKH�VLJQDO��7KH�QXPEHU�RI�FKDQJH�SRLQWV� LV�

GHILQHG�E\�Q�DQG WKH�QXPEHU�RI�VHJPHQWV�XVHG��P� LV�HTXDO�WR�Q������9DOXHV�ሼܿ ௦݂భǡ Ǥ Ǥ Ǥ ǡ ܿ ௦݂ሽ

UHSUHVHQW� WKH� ILOWHU� FXW�RII� IUHTXHQFLHV� IRU� HDFK� UHVSHFWLYH� VHJPHQW�� DQJXODU� GLVSODFHPHQW� DQG

DFFHOHUDWLRQ�YDOXHV�ZLWK�WKHVH�DV�VXEVFULSWV�LQGLFDWH�WKH�VLJQDO�ZDV�RULJLQDOO\�ILOWHUHG�DW�WKLV�FXW�

RII�IUHTXHQF\��1�UHSUHVHQWV�WKH�ODVW�VDPSOH�LQ�WKH�VLJQDO� 7KH ILUVW�VWHS�RI�WKH�$6)3�LV�GHSLFWHG�

JUDSKLFDOO\�LQ�)LJXUH��E�DQG�ILQDO�UHVXOWV�GLVSOD\HG�LQ�)LJXUH��F��

)LJXUH��� D��5DZ�DQJXODU�GLVSODFHPHQW� VLJQDO� IURP�'RZOLQJ� ��������E��7HDJHU�.DLVHU�(QHUJ\�

2SHUDWRU� �7.(2�� RI� DQJXODU� GLVSODFHPHQW� VLJQDO� XVLQJ� WKH� $XWRFRUUHODWLRQ�%DVHG� 3URFHGXUH�

�$%3���9HUWLFDO�OLQHV�LQ�SDQHOV�E�WKURXJK�H�LQGLFDWH�FKDQJH�SRLQWV��GHILQHG�DV�WKH�LQWHUVHFWLRQ�RI�

WKH� 7.(2� ZLWK� WKUHH� WLPHV� LWV� PHGLDQ� DEVROXWH� GHYLDWLRQ� ��� [� 0$'��� F�� &ULWHULRQ� DQJXODU�

DFFHOHUDWLRQ�VLJQDO�SXEOLVKHG�E\�'RZOLQJ���������G��$QJXODU�DFFHOHUDWLRQ�HVWLPDWH�IURP�D�VLQJOH�

ILOWHU�DSSURDFK�XVLQJ�WKH�DXWRFRUUHODWLRQ�EDVHG�SURFHGXUH��$%3���H��$QJXODU�DFFHOHUDWLRQ�HVWLPDWH�

IURP�WKH�SURSRVHG�$XWRPDWLF�6HJPHQW�)LOWHULQJ�3URFHGXUH��$6)3��ZLWK�ODEHOV�GHQRWLQJ�WKH�ILOWHU�

FXW�RII�IUHTXHQF\�XVHG�IRU�WKDW�VHJPHQW�RI�WKH�UDZ�VLJQDO�



)LJXUH���



)LJXUH��
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)LJXUH��� 6FKHPDWLF�RI�D�VLQJOH�ILOWHU�DSSURDFK DQG�WKH�SURSRVHG�$XWRPDWLF�6HJPHQW�)LOWHULQJ�

3URFHGXUH� �$6)3��DSSOLHG� WR�DQJXODU�PRWLRQ�VLJQDO� IURP�'RZOLQJ� ������� )RU� WKH�VLQJOH� ILOWHU�

DSSURDFK��WKH�$XWRFRUUHODWLRQ�%DVHG�3URFHGXUH��$%3��GHWHUPLQHV�D�VLQJOH�ILOWHU�FXW�RII�IUHTXHQF\�

DQG�VXEVHTXHQWO\�XVHV�LW�WR�ILOWHU�WKH�QRLV\�DQJXODU�GLVSODFHPHQW�VLJQDO��7KH�$6)3�FRPSXWHV�WKH�

VLJQDO�7HDJHU�.DLVHU�(QHUJ\�2SHUDWRU��7.(2��WKHQ�XVHV�WKUHH�WLPHV�LWV�PHGLDQ�DEVROXWH�GHYLDWLRQ�

�0$'�� WR�GHILQH� WLPH� LQGH[HV�RI�FKDQJH�SRLQWV� LQ� WKH�VLJQDO��7KH�QXPEHU�RI�FKDQJH�SRLQWV� LV�

GHILQHG�E\�Q�DQG WKH�QXPEHU�RI�VHJPHQWV�XVHG��P� LV�HTXDO�WR�Q������9DOXHV�ሼܿ ௦݂భǡ Ǥ Ǥ Ǥ ǡ ܿ ௦݂ሽ
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