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0DUV�*OREDO�5HIHUHQFH�$WPRVSKHULF�0RGHO�����9HUVLRQ��0DUV�*5$0��������8VHUV�*XLGH
���,QWURGXFWLRQ

7KH� 0DUV� *OREDO� 5HIHUHQFH� $WPRVSKHULF� 0RGHO� �0DUV�*5$0�� LV� DQ� HQJLQHHULQJ� �RULHQWHG�PRGHO� RI� WKH� DWPRVSKHUH� RI�0DUV�� � 5HFHQW� GRFXPHQWHG� DSSOLFDWLRQV� RI�0DUV�*5$0LQFOXGH� DHUREUDNLQJ� RSHUDWLRQV� RI� 0DUV� *OREDO� 6XUYH\RU� � SUHGLFWLRQ� DQG� YDOLGDWLRQ� RI� 0DUV3DWKILQGHU� K\SHUVRQLF� DHURG\QDPLFV� � DQG� DHURWKHUPRG\QDPLF� DQG� HQWU\� G\QDPLFV� VWXGLHV� IRU0DUV�3RODU�/DQGHU�� DPRQJ�RWKHUV�(DUOLHU� 0DUV�*5$0� YHUVLRQV��� ZHUH� EDVHG� RQ� DG�KRF� SDUDPHWHUL]DWLRQV� WR� GDWDREVHUYHG�E\�WKH�0DULQHU�DQG�9LNLQJ�PLVVLRQV���7KH�FXUUHQW�0DUV�*5$0�YHUVLRQ��0DUV�*5$0������ LV�EDVHG�RQ� LQSXW�GDWD� WDEOHV�RI�RXWSXW� IURP� WKH�1$6$�$PHV�0DUV�*HQHUDO�&LUFXODWLRQ0RGHO� �0*&0����� DQG� WKH� 8QLYHUVLW\� RI� $UL]RQD� 0DUV� 7KHUPRVSKHULF� *HQHUDO� &LUFXODWLRQ0RGHO� �07*&0������� )XOO\� JOREDO� LQ� VFRSH�� DQG� EDVHG� RQ� ILUVW�SULQFLSOHV� SK\VLFV� �H�J�DWPRVSKHULF�WKHUPRG\QDPLFV�DQG�HTXDWLRQV�RI�DWPRVSKHULF�PRWLRQ���ERWK�0*&0�DQG�07*&0KDYH� EHHQ� VRPHZKDW� ¦WXQHG§� WR� LQVXUH� WKDW� WKH\� UHSUHVHQW� 0DULQHU� DQG� 9LNLQJ� UHVXOWV� DW� WKHORFDWLRQV� DQG� WLPHV� IRU� ZKLFK� WKHVH� GDWD� DUH� DYDLODEOH�� � :RUN� RQ� 0*&0� DQG� 07*&0FRQWLQXHV�� WR�HQVXUH� WKDW� WKHVH�PRGHOV�DJUHH�DV�ZHOO� DV�SRVVLEOH�ZLWK� UHFHQW� UHVXOWV� IURP�0DUV3DWKILQGHU�DQG�0DUV�*OREDO�6XUYH\RU�6HFWLRQ� �� RI� WKLV� UHSRUW� GHVFULEHV� WKH� 0*&0� DQG� 07*&0� GDWD� DQG� KRZ� WKH\� DUHDSSOLHG�LQ�0DUV�*5$0��������2WKHU�QHZ�0DUV�*5$0�IHDWXUHV�DUH�DOVR�GHVFULEHG�LQ�VHFWLRQ���6HFWLRQ���H[SODLQV�KRZ�WR�REWDLQ�WKH�0DUV�*5$0�FRGH�DQG�GDWD�ILOHV��DQG�KRZ�WR�VHW�XS�DQG�UXQWKH� SURJUDP�� � 6DPSOH� UHVXOWV� DUH� SUHVHQWHG� LQ� VHFWLRQ� ��� � $SSHQGLFHV� $� WKURXJK� )� SURYLGHDGGLWLRQDO� GHWDLOV� RI� 0DUV�*5$0� ����� LQSXW� DQG� RXWSXW� ILOHV� DQG� KRZ� WR� LQWHUSUHW� SURJUDPUHVXOWV�



�

����1HZ�)HDWXUHV�RI�0DUV�*5$0�����
��� 0DUV�*HQHUDO�&LUFXODWLRQ�0RGHO�,QSXW�'DWD
����� ,QWURGXFWLRQ�WR�0*&0�DQG�07*&0�'DWD

(DUOLHU�0DUV�*5$0�YHUVLRQV�XVHG�DG�KRF�SDUDPHWHUL]DWLRQV��GHULYHG�IURP�0DULQHU�DQG9LNLQJ�GDWD��WR�UHSUHVHQW�WHPSHUDWXUH�YHUVXV�KHLJKW��ODWLWXGH��ORQJLWXGH��WLPH�RI�GD\��DQG�/V��DQGWR� SUHVFULEH� VXUIDFH� SUHVVXUH� YHUVXV� ODWLWXGH�� ORQJLWXGH�� WLPH� RI� GD\�� DQG� /V�� � � /V� LV� FHOHVWLDOORQJLWXGH�RI� WKH�6XQ��DV�YLHZHG� IURP�0DUV�� � ,W�JLYHV� WLPH�RI�\HDU�DQG�0DUV�VHDVRQ�� �/V� ��� LV1RUWKHUQ�VSULQJ�HTXLQR[��/V� ���q LV�1RUWKHUQ�VXPPHU�VROVWLFH��HWF���,Q�0DUV�*5$0�������DOOGDWD�GHULYHG�SDUDPHWHUL]DWLRQ�UHODWLRQV�DUH��UHSODFHG�E\�LQSXW�GDWD� WDEOHV��EDVHG�RQ�LQIRUPDWLRQIURP� WKH� 1$6$� $PHV� 0DUV� *HQHUDO� &LUFXODWLRQ� 0RGHO� �0*&0� ���� DQG� WKH� 8QLYHUVLW\� RI$UL]RQD� 0DUV� 7KHUPRVSKHULF� *HQHUDO� &LUFXODWLRQ� 0RGHO� �07*&0�� ����� 7KHVH� WDEOHV� JLYHYDULDWLRQ�RI� WHPSHUDWXUH�� GHQVLW\��SUHVVXUH� DQG�ZLQG� FRPSRQHQWV�ZLWK� KHLJKW�� ODWLWXGH�� WLPH�RIGD\��DQG�/V���7KH�WDEOHV�DOVR�SURYLGH�ERXQGDU\�OD\HU�GDWD�DW���P�DQG����P�DERYH�WKH�VXUIDFH�DV�DIXQFWLRQ�RI�ORQJLWXGH��ODWLWXGH��WLPH�RI�GD\��DQG�/V���0*&0�GDWD�WDEOHV�FRYHU�DOWLWXGHV�UDQJLQJIURP� WKH� VXUIDFH� WR� ��� NP�� �07*&0� GDWD� WDEOHV� FRYHU� ��� WR� ���� NP�DOWLWXGH�� � $� PRGLILHG�ODWLWXGH�ORQJLWXGH�GHSHQGHQW��6WHZDUW�W\SH�WKHUPRVSKHULF�PRGHO � LV�VWLOO�XVHG�IRU�DOWLWXGHV�DERYH����NP��DQG�IRU�GHSHQGHQFH�RQ�VRODU�DFWLYLW\���7KH�6WHZDUW�W\SH�WKHUPRVSKHUH�PRGHO�VWDUWV�DW�DORZHU�ERXQGDU\�FRQGLWLRQ�DW�WKH�KHLJKW�RI�WKH������QEDU�SUHVVXUH�OHYHO��KHLJKW�=)����%HWZHHQ���NP�DQG�KHLJKW�=)��ZKLFK�LV�W\SLFDOO\�DW�DERXW�����NP���07*&0�GDWD�DUH�XVHG�GLUHFWO\���$ERYH����NP��PRGLILHG�6WHZDUW�W\SH�WKHUPRVSKHUH�PRGHO�GDWD�DUH�XVHG�GLUHFWO\�� �%HWZHHQ�KHLJKW�=)DQG�����NP�D�IDLULQJ�SURFHVV�LV�XVHG�WKDW�VPRRWKO\�WUDQVLWLRQV�IURP�07*&0�YDOXHV�WR�6WHZDUW�W\SH�PRGHO�YDOXHV�'HWDLOV� DQG� IRUPDWV� RI� 0DUV�*5$0©V� 0*&0� DQG� 07*&0� GDWD� ILOHV� DUH� JLYHQ� LQ$SSHQGL[�)���7R�PDNH�ILOH�WUDQVIHU�HDV\��WKHVH�ILOHV�DUH�SURYLGHG�LQ�$6&,,�IRUPDW���)RU�UXQ�WLPHVSHHG�LW�LV�EHVW�WR�UHDG�WKH�ILOHV�LQ�ELQDU\�IRUP���$�SURJUDP��GLVFXVVHG�LQ�$SSHQGL[�)��LV�SURYLGHGWR�FRQYHUW�$6&,,�IRUPDW�0*&0�DQG�07*&0�GDWD�ILOHV�WR�ELQDU\�ILOHV�RQ�WKH�XVHU©V�PDFKLQH�
������(YDOXDWLRQ�RI�0*&0�DQG�07*&0�7LGDO�&RPSRQHQWV

)RU� HDFK� DWPRVSKHULF� SDUDPHWHU� �WHPSHUDWXUH�� SUHVVXUH�� GHQVLW\�� ZLQG� FRPSRQHQWV�0*&0� DQG� 07*&0� GDWD� WDEOHV� SURYLGH� D� GLXUQDO� �GDLO\�� PHDQ� YDOXH�� DQG� DPSOLWXGHV� DQGSKDVHV� RI� GLXUQDO� DQG� VHPL�GLXUQDO� WLGDO� FRPSRQHQWV�� 7LGDO� YDOXHV� IRU� HDFK� SDUDPHWHU� DUHFRPSXWHG�IURP�WKH�UHODWLRQ
7LGH� �$� ��$� � &RV>�S �W���I�������@���$� � &RV>S �W���I�������@ �����

ZKHUH� W� LV� ORFDO� VRODU� WLPH� LQ� KRXUV�� $ � LV� GLXUQDO� PHDQ� YDOXH� RI� WKH� JLYHQ� SDUDPHWHU�� $ � LVDPSOLWXGH� RI� WKH� GLXUQDO� WLGH� FRPSRQHQW�� I� LV� SKDVH� �ORFDO� WLPH� LQ� KRXUV�� RI� WKH� GLXUQDOFRPSRQHQW��$� LV�DPSOLWXGH�RI� WKH�VHPL�GLXUQDO� WLGH�FRPSRQHQW�� DQG� I� LV�SKDVH� �ORFDO� WLPH� LQKRXUV��RI�WKH�VHPL�GLXUQDO�FRPSRQHQW�0*&0�DQG�07*&0�WLGDO�FRHIILFLHQWV�DUH�SURYLGHG�DW���NP�KHLJKW�LQFUHPHQWV�>VWDUWLQJDW���NP�UHODWLYH�WR�GDWXP�OHYHO��DQG�JRLQJ�WR����NP��0*&0��RU�����NP��07*&0�@���0*&0FRHIILFLHQW�GDWD�DUH�SURYLGHG�DW�����GHJUHH�ODWLWXGH�VSDFLQJ��ZKLOH�07*&0�GDWD�KDYH���GHJUHHODWLWXGH� VSDFLQJ�� � %RWK�0*&0� DQG�07*&0� GDWD� DUH� DW� HYHU\� ��� GHJUHHV� RI� /V� DQJOH�� DQG



�

LQFOXGH�WKUHH�OHYHOV�RI�GXVW�RSWLFDO�GHSWK��WDX� ���������DQG������0*&0�WLGDO�FRHIILFLHQWV�DUH�DOVRSURYLGHG�DW�KHLJKWV�RI���P�DQG����P�DERYH�ORFDO�WRSRJUDSKLF�KHLJKW�OHYHO�DW���GHJUHH�ORQJLWXGHVSDFLQJ��IRU�WKH�VDPH�ODWLWXGHV��/V�YDOXHV��DQG�GXVW�RSWLFDO�GHSWKV��
������,QWHUSRODWLRQ�0HWKRGV

(TXDWLRQ����� LV�XVHG� WR�HYDOXDWH�HDFK�DWPRVSKHULF�SDUDPHWHU�� DW� WKH�GHVLUHG� ORFDO� VRODUWLPH� W�� DW� ¦FRUQHUV§� RI� D� PXOWL�GLPHQVLRQDO� ¦ER[§� RI� JULG� SRLQWV� WKDW� FRQWDLQ� WKH� GHVLUHGLQWHUSRODWLRQ� ORFDWLRQ�� /V� �WLPH� RI� \HDU��� DQG� GXVW� RSWLFDO� GHSWK� �WDX��� � 0XOWL�GLPHQVLRQDOLQWHUSRODWLRQ� URXWLQHV�DUH�XVHG� WR�HYDOXDWH�DOO� DWPRVSKHULF�SDUDPHWHUV� DW� ORFDWLRQV�EHWZHHQ� WKH0*&0� RU� 07*&0� JULG�SRLQWV�� � )RU� GDWD� DERYH� WKH� VXUIDFH� OD\HU�� LQWHUSRODWLRQ� LV� WKUHH�GLPHQVLRQDO�LQ�ODWLWXGH��/V��DQG�WDX���)RU�VXUIDFH�OD\HU�GDWD����P�RU����P���LQWHUSRODWLRQ�LV�IRXU�GLPHQVLRQDO�LQ�ORQJLWXGH��ODWLWXGH��/V��DQG�WDX���,QWHUSRODWLRQ�LV�ORJDULWKPLF�IRU�WDX��DQG�OLQHDU�IRUDOO�RWKHU�GLPHQVLRQV�,QWHUSRODWLRQ�WR�GHVLUHG�KHLJKW��]��LV�GRQH�E\�ILUVW�GRLQJ�PXOWL�GLPHQVLRQDO�LQWHUSRODWLRQDW� WZR�KHLJKW� OHYHOV� �]��DQG� ]��� IURP�JULG�SRLQW� DOWLWXGHV� MXVW� DERYH� DQG� EHORZ�]�� �$ERYH� WKHVXUIDFH� OD\HU��]��DQG�]��DUH�DW� WKH���NP�YHUWLFDO�JULG� VSDFLQJ�RI� WKH�0*&0�RU�07*&0�GDWD�1HDU�WKH�VXUIDFH�OD\HU����P�DQG����P�DERYH�VXUIDFH�KHLJKW���DOWLWXGHV�]��DQG�]��DUH�DGMXVWHG�DVDSSURSULDWH�� � 7HPSHUDWXUH� 7�]��� DQG� ZLQG� FRPSRQHQWV� X�]�� DQG� Y�]�� DUH� IRXQG� E\� OLQHDULQWHUSRODWLRQ�RQ�KHLJKW���3UHVVXUH�S�]��LV�IRXQG�E\�ILUVW�FRPSXWLQJ�SUHVVXUH�VFDOH�KHLJKW
+�� ���]��¤�]�����OQ>�S�]�����S�]���@ �����

DQG�HYDOXDWLQJ�SUHVVXUH�S�]��IURP�WKH�K\GURVWDWLF�UHODWLRQ
S�]��� ��S�]���H[S>��]��¤�]����+�@ �����

*DV�ODZ�¦FRQVWDQW§�5�LV�HYDOXDWHG�IURP�SUHVVXUH��S��GHQVLW\�� U��DQG�WHPSHUDWXUH��7��DW�KHLJKWV�]�DQG�]��E\
5�]���� ��S�]�����>U�]���7�]���@ �����
5�]���� ��S�]�����>U�]���7�]���@ �����

'HQVLW\�U�]��DW�KHLJKW�]�LV�WKHQ�GHWHUPLQHG�E\�WKH�JDV�ODZ�UHODWLRQ�DQG�D�OLQHDUO\�LQWHUSRODWHG�5YDOXH��5�]�
U�]��� ��S�]����>5�]��7�]��@ �����

:LQGV�DW�KHLJKWV�OHVV�WKDQ���P�DERYH�WKH�VXUIDFH�DUH�HYDOXDWHG�IURP�D�ORJDULWKPLF�ERXQGDU\�OD\HUSURILOH�UHODWLRQ
X�]��� ��X����OQ�]�]�����OQ���]�� �����
Y�]��� ��Y����OQ�]�]�����OQ���]�� �����

ZKHUH�WKH�VXUIDFH�URXJKQHVV�SDUDPHWHU�] � LV�WDNHQ�WR�EH������P�
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��� /RQJLWXGH�'HSHQGHQW��7HUUDLQ�)L[HG��:DYH�0RGHO
7LGH� FRPSRQHQWV� HYDOXDWHG� E\� HTXDWLRQ� ������ GHSHQG� RQO\� RQ� ORFDO� VRODU� WLPH�,PSOLFLWO\��WKLV�HTXDWLRQ�DOVR�GHSHQGV�RQ�ORQJLWXGH���$W�DQ\�JLYHQ�LQVWDQW��VRODU�WLPH�YDULHV�DW�DUDWH� RI� RQH� KRXU� IRU� HYHU\� ��q RI� ORQJLWXGH�� � 'XULQJ� DHUREUDNLQJ� RSHUDWLRQV�� DFFHOHURPHWHUPHDVXUHPHQWV� E\�0DUV�*OREDO� 6XUYH\RU �� UHYHDOHG� ODUJH�DPSOLWXGH� ORQJLWXGH�GHSHQGHQW� ZDYHSDWWHUQV� IRU� DWPRVSKHULF� GHQVLW\�� � %HLQJ� LQ� D� VXQ�V\QFKURQRXV� RUELW�� 0DUV� *OREDO� 6XUYH\RUSDVVHG� WKURXJK�HDFK� SHULDSVLV� DW� HVVHQWLDOO\� WKH� VDPH� ORFDO� VRODU� WLPH�� �1HYHUWKHOHVV�� LW� IRXQGODUJH�DPSOLWXGH�YDULDWLRQV�WKDW�WHQGHG�WR�UHSHDW�DV�D�IXQFWLRQ�RI�SHULDSVLV�ORQJLWXGH���7KH�GHQVLW\YDULDWLRQV� ZHUH� RI� WKH� IRUP� RI� ORQJLWXGH�GHSHQGHQW� �L�H��� WHUUDLQ�IL[HG�� ZDYH� SDWWHUQV�� � 0DUV�*5$0������LQFOXGHV�D�PRGHO�IRU�WKHVH�ORQJLWXGH�GHSHQGHQW�ZDYHV��/':��RI�WKH�IRUP
/':�� �%� ��%� &RV>�S �O ��)��������@���%� &RV>�S �O ��)��������@

���%� &RV>�S �O ��)�������@ �����
ZKHUH�O LV� ORQJLWXGH� �LQ�GHJUHHV��� �%� LV� D�PHDQ�ZDYH�SHUWXUEDWLRQ�RIIVHW�� �% ���%��� DQG�%� DUHDPSOLWXGHV� DQG� )��� )��� DQG� )� DUH� SKDVHV� �ORQJLWXGHV�� IRU� ZDYH���� ZDYH���� DQG� ZDYH��FRPSRQHQWV��7KH�WHUP�ZDYH�Q�PHDQV�WKH�ZDYH�FRPSRQHQW�KDV�Q�SHDNV�DQG�WURXJKV�WKURXJK����GHJUHHV�RI�ORQJLWXGH���/':�SHUWXUEDWLRQV�FRPSXWHG�E\�HTXDWLRQ�������DUH�DSSOLHG�DV�D�PXOWLSOLHUWR�WKH�PHDQ�GHQVLW\�DQG�SUHVVXUH�FRPSXWHG�IURP�0*&0�DQG�07*&0�GDWD��DV�LQWHUSRODWHG�E\PHWKRGV� GHVFULEHG� LQ� VHFWLRQ� ������� �:DYH�PRGHO� FRHIILFLHQWV� IRU� HTXDWLRQ� ������ FDQ� EH� LQSXWIURP� WKH� 1$0(/,67� IRUPDW� LQSXW� ILOH� �VHH� $SSHQGL[� %��� RU� IURP� DQ� DX[LOLDU\� ILOH� RI� WLPH�GHSHQGHQW�ZDYH�PRGHO�FRHIILFLHQWV��VHH�VHFWLRQV�����DQG��������9DOXHV�RI�/':�FRHIILFLHQWV�PD\EH�GHWHUPLQHG�HPSLULFDOO\��VXFK�DV�E\�DFFHOHURPHWHU�REVHUYDWLRQV� �� RU�WKHRUHWLFDOO\�IURP�ZDYHFKDUDFWHULVWLFV�RI�0DUV�*HQHUDO�&LUFXODWLRQ�0RGHOV� ��)RU�DOWLWXGHV�EHORZ�����NP��/':�SHUWXUEDWLRQV�DUH�DVVXPHG�WR�GLPLQLVK�LQ�PDJQLWXGH�DWDQ�H[SRQHQWLDO�UDWH��QDPHO\�

/':�]��� ��/':������H[S>���]�¤��������6�@ ������
ZKHUH�6�LV�WKH�ZDYH�VFDOH�SDUDPHWHU�:VFDOH��IURP�WKH�1$0(/,67�IRUPDW�LQSXW�ILOH�
��� (DUOLHU�0DUV�*5$0�9HUVLRQV�DQG�&OLPDWH�)DFWRUV

3UHYLRXV�YHUVLRQV�RI�0DUV�*5$0�DOORZHG�PRGHO�RXWSXW�SURILOHV�WR�EH�DGMXVWHG��H�J���WREHWWHU� ILW� GDWD� SURILOHV� SURYLGHG� IURP�0*&0�RXWSXW��� � 7KHVH� DGMXVWPHQWV� ZHUH� DFFRPSOLVKHGZLWK��FOLPDWH�IDFWRUV���&)��WKURXJK�&)���WR�DGMXVW�WHPSHUDWXUH�IURP����WR����NP�DOWLWXGH��&)SWR� DGMXVW� VXUIDFH� SUHVVXUH�� GHOWD7)� WR� DGMXVW� WHPSHUDWXUH� DW� �����QEDU� OHYHO�� GHOWD=)� WR� DGMXVWKHLJKW�RI�WKH������QEDU�OHYHO��KHLJKW�=)���DQG�GHOWD7(;�WR�DGMXVW�H[RVSKHULF�WHPSHUDWXUH���:LWK0DUV�*5$0� ����� EDVHG� GLUHFWO\� RQ�0*&0� DQG�07*&0� RXWSXW� �EHORZ� ���� NP��� QRQH� RIWKHVH�FOLPDWH�IDFWRUV�DUH�QHHGHG��DQ\�ORQJHU��H[FHSW�GHOWD7(;��ZKLFK�VWLOO�DOORZV�DGMXVWPHQW�RIH[RVSKHULF�WHPSHUDWXUH��$GMXVWPHQW�RI�0DUV�*5$0������PRGHO�RXWSXW�FDQ�VWLOO�EH� DIIHFWHG�E\�FKRLFH�RI�GXVWRSWLFDO�GHSWK��LQSXW�SDUDPHWHU�'XVWWDX���DQG�E\�ORQJLWXGH�GHSHQGHQW�ZDYH�SDUDPHWHUV��GLVFXVVHGLQ�VHFWLRQ������



�

��� 6LPSOLILHG�3HUWXUEDWLRQ�0RGHO
,Q� SUHYLRXV� 0DUV�*5$0� YHUVLRQV�� D� SHUWXUEDWLRQ� PRGHO�� EDVHG� RQ� WHUUDLQ�LQIOXHQFHGJUDYLW\� ZDYHV� ZDV� XVHG�� � ,Q� WKH� SUHYLRXV�PRGHO�� SHUWXUEDWLRQ�PDJQLWXGHV� DUH� SURSRUWLRQDO� WRWHUUDLQ� UHOLHI� �KHLJKW� DERYH� VXUURXQGLQJ� WRSRJUDSKLF� KHLJKWV��� DQG� GHSHQG� RQ� WHPSHUDWXUHJUDGLHQWV��WKURXJK�WKH�%UXQW�9DLVDOD�IUHTXHQF\���DQG�RQ�WKH�UDWLR�RI�VXUIDFH�DLU�GHQVLW\� WR�ORFDODLU� GHQVLW\�� � ,Q� DGGLWLRQ� WR� EHLQJ� FRPSOLFDWHG� WR� HYDOXDWH�� WKH� SUHYLRXV� PRGHO� ZDV� IRXQG� WRSURGXFH� SHUWXUEDWLRQ� PDJQLWXGHV� WKDW� DSSHDU� WR� FKDQJH� WRR� UDSLGO\� IURP� SODFH� WR� SODFH� LQUHVSRQVH� WR� FKDQJHV� LQ� WRSRJUDSK\� DQG� WHPSHUDWXUH� JUDGLHQWV�� � )RU� 0DUV�*5$0� ����� DVLPSOLILHG�SHUWXUEDWLRQ�PRGHO�LV�LQWURGXFHG�WKDW�GRHV�QRW�UHTXLUH�HYDOXDWLRQ�RI�VXUIDFH�GHQVLW\�RUWHPSHUDWXUH�JUDGLHQWV�� �3HUWXUEDWLRQ�PDJQLWXGH��VWDQGDUG�GHYLDWLRQ�� V'��LQ�WKH�QHZ�PRGHO��DV�DIUDFWLRQ� RI� PHDQ� GHQVLW\�� LV� JLYHQ� DV� D� IXQFWLRQ� RI� KHLJKW�� ]�� � �NP�� DQG� WRSRJUDSKLF� VXUIDFHKHLJKW��]V���NP��E\�WKH�UHODWLRQ
V'  ��������������]V ��H[S>���]�¤������������@ ������

$�PD[LPXP�YDOXH�RI�����LV�LPSRVHG�RQ�V'�
��� %DFNJURXQG�'XVW�/HYHO�DQG�'XVW�6WRUP�&RQGLWLRQV

%DFNJURXQG� �QRQGXVW� VWRUP�� GXVW� RSWLFDO� GHSWK� �WDX�� FDQ� EH� VSHFLILHG� E\� WKH� LQSXWSDUDPHWHU�� 'XVWWDX� �VHH� VHFWLRQ� ������ � ,QWHUSRODWLRQ� URXWLQHV� �GLVFXVVHG� LQ� VHFWLRQ� ������LQWHUSRODWH� ORJDULWKPLFDOO\� EHWZHHQ� WDX� YDOXHV� IRU� ERWK� 0*&0� DQG�07*&0� LQSXW� GDWD�� � ,I'XVWWDX� ���LV�LQSXW��D�SUHVFULEHG�9LNLQJ�OLNH�VHDVRQDO�YDULDWLRQ�RI�GXVW�RSWLFDO�GHSWK�LV�XVHG��LQZKLFK�FDVH�YDULDWLRQ�RI�WDX�ZLWK�/V��LQ�GHJUHHV��LV�VSHFLILHG�E\
WDX�� ����������������6LQ��S /V������� ������
$�PRGHO�IRU�JOREDO�RU�ORFDO�VFDOH�GXVW�VWRUPV � LV�UHWDLQHG���,Q�0DUV�*5$0�������LQSXWYDOXH�IRU�GXVW�VWRUP�LQWHQVLW\��LQSXW�SDUDPHWHU��,17(16��LV�HTXLYDOHQW�WR�SHDN�GXVW�RSWLFDO�GHSWKIRU�WKH�VWRUP����7KH�SURJUDP�GRHV�DOO�QHFHVVDU\�LQWHUSRODWLRQV�RQ�GXVW�RSWLFDO�GHSWK�DV�LW�YDULHVZLWK�WLPH��/V��DQG�DV�LW�YDULHV�ZLWK�VSDFH��IRU�ORFDO�VWRUPV��

��� &KRLFH�RI�:HVW�RU�(DVW�/RQJLWXGH
7KH�DVWURQRPLFDO�FRPPXQLW\� �DQG�¦RIILFLDO§�86�*HRORJLFDO�6XUYH\�PDSV�RI�0DUV��XVH:HVW�ORQJLWXGH�SRVLWLYH����WR����q�����(QJLQHHUV�DQG�VSDFHFUDIW�QDYLJDWLRQ�WHDPV�WHQG�WR�XVH�(DVWORQJLWXGH�SRVLWLYH� � ��� WR� ���q��� � � �$� SURJUDP� VZLWFK� �LQSXW� SDUDPHWHU�� /RQ(:�� DOORZV�0DUV�*5$0������XVHUV�WR�VHOHFW�HLWKHU�(DVW�/RQJLWXGH�SRVLWLYH��RU�:HVW�/RQJLWXGH�SRVLWLYH���'HIDXOW�/RQ(: ��� LV�:HVW�/RQJLWXGH�SRVLWLYH�� �7KH�/RQ(:�VZLWFK�DOVR�GHWHUPLQHV� LI� WKH� ORQJLWXGH�GHSHQGHQW� ZDYH� PRGHO� SKDVH� YDOXHV� �)� WKURXJK� )� LQ� HTXDWLRQ� ����� DUH� LQ� :HVW� RU� (DVW/RQJLWXGH�
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��� 1HZ�)LOH�1DPH�,QSXW�2SWLRQV
2SWLRQV� DUH� QRZ� SURYLGHG� ZKHUHE\� WKH� XVHU� FDQ� VSHFLI\� D� QDPH� IRU� WKH� 1$0(/,67IRUPDW�LQSXW�ILOH��IRU�WKH��RSWLRQDO��WUDMHFWRU\�LQSXW�ILOH��DQG�IRU�WKH��RSWLRQDO��ILOH�RI�ORQJLWXGH�GHSHQGHQW� ZDYH� SDUDPHWHUV�� 8VHUV� FDQ� DOVR� VSHFLI\� SDWK� QDPHV� WR� WKH� GLUHFWRULHV� ZKHUH� WKH0*&0�� 07*&0�� DQG� RWKHU� LQSXW� GDWD� UHVLGH�� � 8SRQ� H[HFXWLQJ� WKH� SURJUDP�� WKH� XVHU� LVSURPSWHG� WR�HQWHU�D�QDPH�IRU� WKH�1$0(/,67� LQSXW� ILOH�� �7UDMHFWRU\� ILOH�QDPH� LV� VSHFLILHG�E\LQSXW�SDUDPHWHU��75$-)/�� �1DPH�IRU� WKH� ORQJLWXGH�GHSHQGHQW�ZDYH�SDUDPHWHU� ILOH� LV�JLYHQ�E\LQSXW�SDUDPHWHU��:DYH)LOH���3DWK�QDPHV�IRU�&263$5�DQG�WRSRJUDSKLF�GDWD�DQG�IRU�0*&0�DQG07*&0�GDWD�DUH�SDUDPHWHUV��'$7$',5�DQG�*&0',5��UHVSHFWLYHO\���6HH�GHWDLOV�LQ�$SSHQGL[%�
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���+RZ�WR�5XQ�0DUV�*5$0
��� +RZ�WR�2EWDLQ�WKH�3URJUDP

$OO� VRXUFH�FRGH�DQG� UHTXLUHG�GDWD� ILOHV�DUH�DYDLODEOH� IURP�D� ILOH� WUDQVIHU�SURWRFRO� �IWS�VHUYHU� DW� 1$6$�0DUVKDOO� 6SDFH� )OLJKW�&HQWHU�� � 7KH� IWS� VLWH� DOVR� FRQWDLQV� H[DPSOH� LQSXW� DQGRXWSXW� ILOHV� DQG�¦UHDGPH§�ILOHV�� �7R�REWDLQ� WKH�SURJUDP� VRXUFH� FRGH� DQG�GDWD� ILOHV� E\� IWS�� VHHFRQWDFW�LQIRUPDWLRQ�LQ�WKH�SUHIDFH���6HH�$SSHQGLFHV�'�DQG�)�IRU�VXPPDULHV�RI�WKH�SURJUDP�DQGGDWD�ILOHV�DYDLODEOH�RQ�WKH�IWS�VLWH�
��� 5XQQLQJ�WKH�3URJUDP

7KHUH�DUH�WZR�ZD\V�WR�UXQ�0DUV�*5$0������DV�D�VXEURXWLQH� LQ�D� �XVHU�SURYLGHG��PDLQGULYHU� SURJUDP� �VXFK� DV� D� WUDMHFWRU\� SURJUDP�� DQG� ���� DV� D� VWDQG� DORQH� SURJUDP�� XVLQJ� D1$0(/,67�IRUPDW�LQSXW�ILOH��LQ�ZKLFK�YDOXHV�IRU�DOO�LQSXW�RSWLRQV�DUH�SURYLGHG���7R�XVH�0DUV�*5$0�DV�D�VXEURXWLQH��VHH�GLVFXVVLRQ�LQ�$SSHQGL[�(�DQG�XVH�H[DPSOH�ILOH�GXP\WUDM�I��DYDLODEOHLQ�WKH�IWS�ILOH�GLVWULEXWLRQ��DV�D�JXLGH���)LOH�5($'0(��W[W��DYDLODEOH�LQ�WKH�IWS�ILOH�GLVWULEXWLRQ�DOVR�GLVFXVVHV�XVH�RI�GXP\WUDM�I�DV�DQ�H[DPSOH�IRU�XVLQJ�0DUV�*5$0�DV�D�VXEURXWLQH�
7KH�VWHSV�LQYROYHG�LQ�VHWWLQJ�XS�DQG�UXQQLQJ�0DUV�*5$0�LQ�VWDQG�DORQH�PRGH�DUH�WKHIROORZLQJ�

x &RPSLOH�DQG�OLQN�WKH�WKUHH�)2575$1�VRXUFH�FRGH�ILOHV�PDUVJUDP�I��PDUVVXEV�I��DQG�VHWXS�I�LQWR�DQ�H[HFXWDEOH�SURJUDP��DVVXPHG�WR�EH�FDOOHG�PDUVJUDP�
x 0DNH�VXUH� WKDW�QHFHVVDU\�GDWD� ILOHV�$5&+*76�'$7� �WRSRJUDSKLF� KHLJKW� LQIRUPDWLRQ�� DQG&263$5�'$7��&263$5�PRGHO�DWPRVSKHUH�GDWD�� � DUH� LQ�DQ�DSSURSULDWH� GLUHFWRU\� �ZKRVHSDWKQDPH�LV�VSHFLILHG�E\�SDUDPHWHU�'$7$',5�LQ�WKH�1$0(/,67�IRUPDW�LQSXW�ILOH�
x &RPSLOH� DQG� UXQ� WKH�PDNHELQ�I� SURJUDP� �VHH� $SSHQGL[� )�� DQG� FRQYHUW� WKH� $6&,,� IRUPDW0*&0�DQG�07*&0�GDWD�ILOHV�SURYLGHG�WR�ELQDU\�IRUP��VHH�$SSHQGL[�'���WKLV�FRQYHUVLRQSURFHVV�QHHGV�WR�EH�GRQH�RQO\�RQFH�RQ�HDFK�XVHU©V�PDFKLQH
x 0DNH�VXUH�WKDW�WKH�ELQDU\�IRUPDW�0*&0�DQG�07*&0�GDWD�ILOHV��VHH�$SSHQGLFHV�'�DQG�)�DUH�LQ�DQ�DSSURSULDWH�GLUHFWRU\��ZKRVH�SDWKQDPH�LV�VSHFLILHG�E\�SDUDPHWHU�*&0',5�LQ�WKH1$0(/,67�IRUPDW�LQSXW�ILOH�
x 3UHSDUH� D� 1$0(/,67� IRUPDW� LQSXW� ILOH� �ZKRVH� QDPH� LV� VSHFLILHG� DW� UXQ� WLPH�� ZLWK� WKHGHVLUHG�YDOXHV�RI�DOO�LQSXW�RSWLRQV��H[DPSOH�LQ�$SSHQGL[�%�
x ,I�WUDMHFWRU\�LQSXW�PRGH��UDWKHU�WKDQ�DXWRPDWLF�SURILOH�PRGH��LV�GHVLUHG��SUHSDUH�D�WUDMHFWRU\LQSXW�ILOH��ZKRVH�QDPH�LV�VHW�E\�SDUDPHWHU�75$-)/�LQ�WKH�1$0(/,67�LQSXW�ILOH��FRQWDLQLQJWLPH��KHLJKW��ODWLWXGH��DQG�ORQJLWXGH��IXUWKHU�GLVFXVVLRQ�EHORZ�
x ,I� WLPH�GHSHQGHQW� FRHIILFLHQWV� IRU� WKH� ORQJLWXGH�GHSHQGHQW� ZDYH� PRGHO� DUH� WR� EH� XVHG�SUHSDUH�D� ILOH� �ZKRVH�QDPH� LV� VSHFLILHG�E\�SDUDPHWHU�:DYH)LOH� LQ� WKH�1$0(/,67� IRUPDWLQSXW�ILOH��� WKLV�ILOH�FRQWDLQV�RQH�VHW�RI�FRHIILFLHQWV�SHU�OLQH��WLPH��VHFRQGV�IURP�VWDUW� WLPH�
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DQG� ZDYH� PRGHO� FRHIILFLHQWV� �%� WKURXJK� )��� GHILQHG� LQ� VHFWLRQ� ����� IXUWKHU� GLVFXVVLRQEHORZ�
x 5XQ� WKH� SURJUDP� E\� HQWHULQJ� LWV� H[HFXWDEOH� QDPH� �H�J��� PDUVJUDP��� WKH� SURJUDPDXWRPDWLFDOO\�RSHQV�DQG�UHDGV�WKH�1$0(/,67�LQSXW�ILOH��DQG�WKH�75$-)/�ILOH��LI�WUDMHFWRU\PRGH�LV�XVHG���WKH�GDWD�ILOHV��$5&+*76�'$7�DQG�&263$5�'$7��DOO�0*&0�DQG�07*&0ELQDU\�GDWD�ILOHV��DQG�WKH�:DYH)LOH�ILOH��LI�WLPH�GHSHQGHQW�FRHIILFLHQWV�DUH�XVHG�

,I�WKH�SURJUDP�LV�UXQ�LQ�SURILOH�PRGH� WKH�XVHU�SURYLGHV��LQ�WKH�1$0(/,67�IRUPDW�LQSXWILOH�� IL[HG� YDOXHV� IRU� LQFUHPHQWV� RI� WLPH�� KHLJKW�� ODWLWXGH�� DQG� ORQJLWXGH�� � ,Q� WKLV� PRGH�� WKHSURJUDP� DXWRPDWLFDOO\� LQFUHPHQWV� SRVLWLRQ� XQWLO� WKH� GHVLUHG� QXPEHU� RI� SRVLWLRQV� �1326�� DUHHYDOXDWHG�� � ,Q� WUDMHFWRU\� PRGH�� 0DUV�*5$0� UHDGV� WLPH� DQG� SRVLWLRQ� LQIRUPDWLRQ� IURP� WKH75$-)/�ILOH�,I�FRQVWDQW�YDOXHV�RI� ORQJLWXGH�GHSHQGHQW�ZDYH�PRGHO�FRHIILFLHQWV�DUH�XVHG��YDOXHV� IRUWKHVH� DUH� UHDG� LQ� DV� SDUW� RI� WKH� 1$0(/,67� LQSXW� ILOH� �VHFWLRQ� ������ � )RU� WLPH�GHSHQGHQWFRHIILFLHQWV��YDOXHV�DUH� UHDG� IURP�WKH�:DYH)LOH� ILOH�� �(DFK� VHW�RI�FRHIILFLHQWV�DSSOLHV� IURP� WKHWLPH�JLYHQ�ZLWK� WKH�FRHIILFLHQW�GDWD��XQWLO� D�QHZ� WLPH�DQG�VHW�RI�FRHIILFLHQWV�DUH�JLYHQ� �RQ� WKHQH[W�OLQH�RI�:DYH)LOH����7KH�ODVW�VHW�RI�FRHIILFLHQWV�LQ�:DYH)LOH�DSSOLHV�LQGHILQLWHO\��EHJLQQLQJZLWK�LWV�JLYHQ�WLPH�
��� 3URJUDP�,QSXW

$SSHQGL[� %� JLYHV� D� VDPSOH� RI� 1$0(/,67� IRUPDW� LQSXW� ILOH� IRU� 0DUV�*5$0� �����:KHWKHU� WKH� VXEURXWLQH� RU� VWDQG� DORQH� YHUVLRQ� LV� XVHG�� LQSXW� YDULDEOHV� ZKRVH� YDOXHV� PXVW� EHVXSSOLHG�LQ�WKH�,1387�ILOH�DUH�DV�IROORZV�
/67)/ 1DPH�RI�/,67� ILOH� �H[DPSOH�/,67� ILOH� LQ�$SSHQGL[�&��� IRU� D� OLVWLQJ� WR� WKHFRQVROH�LQ�WKH�VWDQG�DORQH�YHUVLRQ�HQWHU�ILOHQDPH�&21�
287)/ 1DPH�RI�287387�ILOH��GLVFXVVLRQ�RI�WKLV�ILOH�LQ�$SSHQGL[�$�
75$-)/ �2SWLRQDO�� WUDMHFWRU\�LQSXW�ILOH�QDPH��ILOH�FRQWDLQV�WLPH��VHFRQGV��UHODWLYH�WRVWDUW� WLPH�� KHLJKW� �NP��� ODWLWXGH� �GHJUHHV��� ORQJLWXGH� �GHJUHHV� :HVW� LI/RQ(: ��RU�GHJUHHV�(DVW�LI�/RQ(: ���VHH�EHORZ�
:DYH)LOH �2SWLRQDO�� ILOH� IRU� WLPH�GHSHQGHQW� ZDYH� FRHIILFLHQW� GDWD� � ILOH� GHVFULSWLRQXQGHU�SDUDPHWHU�LXZDYH��EHORZ�
'$7$',5 3DWKQDPH�WR�GLUHFWRU\�IRU�WKH�&263$5�GDWD�DQG�WRSRJUDSKLF�KHLJKW�GDWD
*&0',5 3DWKQDPH�WR�GLUHFWRU\�IRU�0*&0�DQG�07*&0�ELQDU\�GDWD�ILOHV
0217+ 0RQWK����WKURXJK�����IRU�LQLWLDO�WLPH
0'$< 'D\�RI�PRQWK�IRU�LQLWLDO�WLPH
0<($5 <HDU�IRU�VWDUWLQJ�WLPH��D���GLJLW�QXPEHU��DOWHUQDWHO\�\HDUV�����������FDQ�EHLQSXW�DV�D���GLJLW�QXPEHU
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1326 0D[LPXP� QXPEHU� RI� SRVLWLRQV� WR� HYDOXDWH�� LI� DQ� DXWRPDWLFDOO\�JHQHUDWHGSURILOH�LV�WR�EH�SURGXFHG��XVH���LI�WUDMHFWRU\�SRVLWLRQV�DUH�WR�EH�UHDG�LQ�IURP�D75$-)/�ILOH
,+5 ,QLWLDO�WLPH��KRXU�RI�GD\�87&��*07�
,0,1 ,QLWLDO�WLPH��PLQXWH�RI�KRXU
6(& ,QLWLDO�WLPH��VHFRQGV�RI�PLQXWH
/RQ(: /RQJLWXGH� VZLWFK�� �� IRU� LQSXW� DQG� RXWSXW� ZLWK� :HVW� ORQJLWXGH� SRVLWLYH�GHIDXOW��RU���IRU�(DVW�ORQJLWXGH�SRVLWLYH
'XVWWDX 2SWLFDO�GHSWK�RI�EDFNJURXQG�GXVW� OHYHO� �QR� WLPH�GHYHORSLQJ�GXVW� VWRUP��MXVWXQLIRUPO\� PL[HG� GXVW��� ���� WR� ���� �LI� ���� LV� LQSXW�� D� 9LNLQJ�OLNH� DQQXDOYDULDWLRQ�RI�EDFNJURXQG�GXVW�LV�DVVXPHG�
$/6� 9DOXH� RI� DUHRFHQWULF� ORQJLWXGH RI� WKH� 6XQ� �/V�� LQ� GHJUHHV�� DW� ZKLFK� D� GXVWVWRUP� LV� WR� VWDUW�� XVH� D� YDOXH� RI� �� LI� QR� GXVW� VWRUP� LV� WR� EH� VLPXODWHG�� GXVWVWRUP�FDQ�EH�VLPXODWHG�RQO\�GXULQJ�WKH�VHDVRQ�RI�WKH�0DUV�\HDU�IRU�ZKLFK�/VLV�EHWZHHQ�����DQG�����GHJUHHV
,17(16 'XVW�VWRUP�LQWHQVLW\��PHDVXUHG�DV�SHDN�GXVW�RSWLFDO�GHSWK�RI�WKH�VWRUP��ZLWKDOORZDEOH�YDOXHV�UDQJLQJ�IURP������QR�GXVW�VWRUP��WR������PD[LPXP�LQWHQVLW\GXVW�VWRUP���LQWHQVLW\�YDOXH��LI�!����PXVW�EH�JUHDWHU�WKDQ�'XVWWDX
5$'0$; 0D[LPXP� UDGLXV� �NP��D� GXVW� VWRUP� FDQ� DWWDLQ�� G HYHORSLQJ� DFFRUGLQJ� WR� WKHSDUDPHWHUL]HG�VSDFH�DQG�WLPH�SURILOH�RI�EXLOG�XS�DQG�GHFD\�LQ�WKH�SURJUDP��LID�YDOXH�RI���RU�PRUH�WKDQ��������NP�LV�XVHG��WKH�VWRUP�LV�WDNHQ�WR�EH�RI�JOREDOGLPHQVLRQV��XQLIRUPO\�FRYHULQJ�WKH�SODQHW���EXW�VWLOO�DVVXPHG�WR�EXLOG�XS�DQGGHFD\�LQ�LQWHQVLW\�DFFRUGLQJ�WR�WKH�VDPH�WHPSRUDO�SURILOH
'867/$7 /DWLWXGH��GHJUHHV��1RUWK�SRVLWLYH��IRU�FHQWHU�RI�GXVW�VWRUP
'867/21 /RQJLWXGH� �GHJUHHV��:HVW�SRVLWLYH� LI�/RQ(: ���RU�(DVW� SRVLWLYH�RWKHUZLVH�IRU�FHQWHU�RI�GXVW�VWRUP
)��� ����� FP� VRODU� IOX[� LQ� LWV� XVXDO� XQLWV� RI� �� ��� :�FP� DW� DYHUDJH�(DUWK� RUELWSRVLWLRQ� ���$8��� VRODU� IOX[� LV�DXWRPDWLFDOO\�FRQYHUWHG�E\� WKH�SURJUDP� WR� LWVYDOXH�DW�WKH�SRVLWLRQ�RI�0DUV�LQ�LWV�RUELW
67'/ 6WDQGDUG� GHYLDWLRQ� SDUDPHWHU� IRU� VKRUW�WHUP� YDULDWLRQV� LQ� 6WHZ DUW� PRGHOWKHUPRVSKHUH��QRUPDO�YDOXH�LV����DOORZDEOH�UDQJH�LV�IURP������WR�����
15� 6HHG YDOXH �LQWHJHU� IRU UDQGRP�QXPEHU�JHQHUDWRU�� DOORZDEOH� UDQJH� LV��� WR��������WR�GR�0RQWH�&DUOR�VLPXODWLRQV�ZLWK�D�YDULHW\�RI�SHUWXUEDWLRQV��XVH�DGLIIHUHQW� UDQGRP� QXPEHU� VHHG� RQ� HDFK� PRGHO� UXQ�� WR� UHSHDW� D� JLYHQ



��

SHUWXUEDWLRQ�VHTXHQFH�RQ�D�ODWHU�PRGHO�UXQ��XVH�WKH�VDPH�UDQGRP�QXPEHU�VHHGYDOXH
19$5; [�FRGH�IRU� WKH�SORWDEOH�RXWSXW� �[�\�SDLUV� IRU� OLQH�JUDSKV�RU�[�\�]�WULSOHWV� IRUFRQWRXU� SORWV��� $SSHQGL[� $� OLVWV� WKH� YDULDEOHV� DVVRFLDWHG� ZLWK� WKH� [�FRGH�H�J��� LI� 19$5;� �  � ��� [� RXWSXW� IRU� SORWWLQJ� LV� KHLJKW� DERYH� WKH� UHIHUHQFHHOOLSVRLG�
19$5< \�FRGH�IRU�FRQWRXU�SORW�RXWSXW��[�\�]�WULSOHWV���XVH�D�\�FRGH�YDOXH�RI���IRU�OLQHJUDSK� �[�\� SDLU�� SORWV�� $SSHQGL[� $� OLVWV� \�FRGH� YDOXHV� DQG� SDUDPHWHUVUHSUHVHQWHG
/2*6&$/(� 3DUDPHWHU�WR�FRQWURO�XQLWV�RI�RXWSXW�YDOXHV�RI�GHQVLW\�DQG�SUHVVXUH�RQ�RXWSXWSORW� ILOHV��D�YDOXH�RI���PHDQV�XVH� UHJXODU�GHQVLW\�DQG�SUHVVXUH�XQLWV� �NJ�P �DQG� 1�P���� �� PHDQV� WR� RXWSXW� ORJDULWKP� �EDVH����� RI� WKH� UHJXODU� XQLWV�� �PHDQV� WR� RXWSXW� SHUFHQWDJH� GHYLDWLRQ� IURP�&263$5�YDOXHV� RI� GHQVLW\� DQGSUHVVXUH
)/$7 /DWLWXGH�RI�LQLWLDO�SRLQW�WR�VLPXODWH��GHJUHHV��1RUWK�SRVLWLYH�
)/21 /RQJLWXGH� RI� LQLWLDO� SRLQW� WR� VLPXODWH� �GHJUHHV��:HVW� SRVLWLYH� LI� /RQ(: ��(DVW�SRVLWLYH�RWKHUZLVH�
)+*7 +HLJKW��NP��RI�LQLWLDO�SRLQW�WR�VLPXODWH�DERYH�WKH�UHIHUHQFH�HOOLSVRLG
'(/+*7 +HLJKW� LQFUHPHQW� �NP�� EHWZHHQ� VXFFHVVLYH� VWHSV� LQ� DQ� DXWRPDWLFDOO\JHQHUDWHG�SURILOH��SRVLWLYH�XSZDUG�
'(//$7 /DWLWXGH�LQFUHPHQW��GHJUHHV��1RUWKZDUG�SRVL WLYH��EHWZHHQ�VXFFHVVLYH�VWHSV�LQDQ�DXWRPDWLFDOO\�JHQHUDWHG�SURILOH
'(//21 /RQJLWXGH� LQFUHPHQW� �GHJUHHV�� :HVWZDUG� SRVLWLYH� LI� /RQ(: ��� (DVWZDUGSRVLWLYH� RWKHUZLVH�� EHWZHHQ� VXFFHVVLYH� VWHSV� LQ� DQ� DXWRPDWLFDOO\� JHQHUDWHGSURILOH
'(/7,0( 7LPH�LQFUHPHQW��VHFRQGV��EHWZHHQ�VWHSV�LQ�DQ�DXWRPDWLFDOO\�JHQHUDWHG�SURILOH
GHOWD7(; $GGLWLYH�DGMXVWPHQW�WR�PRGLI\�WHPSHUDWXUH��.��RI�WKH�H[RVSKHUH��DV\PSWRWLFWHPSHUDWXUH�DSSURDFKHG�DW�YHU\�KLJK�DOWLWXGHV���QRPLQDO� ��
USVFDOH 0XOWLSOLFDWLYH� IDFWRU� IRU� GHQVLW\� DQG� ZLQG� SHUWXUEDWLRQ� PDJQLWXGH� ���  QRPLQDO�
10217( 1XPEHU� RI� 0RQWH� &DUOR� UXQV� GXULQJ� RQH� H[HFXWLRQ� RI� WKH� SURJUDP�QHZ�GLIIHUHQW� VWDUWLQJ�UDQGRP�QXPEHUV�DUH�DXWRPDWLFDOO\�JHQHUDWHG� IRU� HDFKRI�WKH�0RQWH�&DUOR�SURILOHV��RU�WUDMHFWRULHV�
LXS 2SWLRQ� FRQWUROOLQJ�RXWSXW� RI�/,67� ILOH� DQG� JUDSKLFV� RXWSXW� ILOHV� ���  � QRQH�RWKHU�WKDQ����GHIDXOW��LQGLFDWHV�JHQHUDWH�WKHVH�ILOHV�
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:DYH$� 0HDQ�WHUP�RI�ORQJLWXGH�GHSHQGHQW�ZDYH�PXOWLSOLHU�IRU�GHQVLW\
:DYH$� $PSOLWXGH�RI�ZDYH���FRPSRQHQW�RI�ORQJLWXGH�GHSHQGHQW�ZDYH�PXOWLSOLHU� IRUGHQVLW\
:DYHSKL� 3KDVH� RI� ZDYH��� FRPSRQHQW� RI� ORQJLWXGH�GHSHQGHQW� ZDYH� PXOWLSOLHU�ORQJLWXGH��ZLWK�:HVW�SRVLWLYH�LI�/RQ(:� ����(DVW�SRVLWLYH�RWKHUZLVH�
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PD[LPXP�� GDLO\�PHDQ�� DQG� GDLO\�PLQLPXP� E\���� GHJUHH�/V� LQWHUYDOV�� 6PDOO� GRWV� VKRZ�0DUV�*5$0������WHPSHUDWXUH�HYHU\�IHZ�KRXUV�IRU�WKH�HQWLUH�0DUV�\HDU��IURP�ZKLFK WKH HQYHORSH RIGDLO\ PD[LPXP DQG GDLO\ PLQLPXP FDQ EH LQIHUUHG� %HWZHHQ DERXW�/V� �����DQG�/V� �����REVHUYHG� GDWD� DUH� LQIOXHQFHG� E\� WZR�JOREDO�VFDOH� GXVW� VWRUPV� WKDW� RFFXUUHG� GXULQJ� WKH�9LNLQJREVHUYDWLRQ�SHULRG���1R�GXVW�VWRUP�HIIHFWV�DUH�LQFOXGHG�LQ�WKH�0DUV�*5$0������VLPXODWLRQV�LQ)LJXUH�����)LJXUH� ���� VKRZV� JUDGLHQW� RI� DWPRVSKHULF� GHQVLW\� ZLWK� ODWLWXGH� ��� SHU� GHJUHH�� DVPHDVXUHG�E\�0DUV�*OREDO�6XUYH\RU��0*6��DFFHOHURPHWHU �� DW�����NP�DOWLWXGH�RQ� LQERXQG�DQGRXWERXQG�OHJV�RI�HDFK�SHULDSVLV�SDVV�GXULQJ�SKDVH���DHUREUDNLQJ��FRPSDUHG�ZLWK�PRGHOHG�GHQVLW\JUDGLHQW� IURP� 0DUV�*5$0� ���� DQG� 0DUV�*5$0� ������ � 7KLV� ILJXUH� VKRZV� WKDW� XVDJH� RI07*&0� GDWD� LQSXW� LQ� 0DUV�*5$0� ����� UHVXOWV� LQ� FRQVLGHUDEOH� LPSURYHPHQW� LQ� GHQVLW\JUDGLHQW�HVWLPDWHV�RYHU�WKDW�RI�0DUV�*5$0�����$WPRVSKHULF� GHQVLW\� DW� SHULDSVLV� PHDVXUHG� E\� 0*6� DFFHOHURPHWHU �� GXULQJ� SKDVH� �DHUREUDNLQJ�LV�FRPSDUHG�LQ�)LJXUH������ZLWK�PRGHOHG�GHQVLW\�IURP�0DUV�*5$0�����DQG�0DUV�*5$0��������$V�HYLGHQFHG�E\�WKH�¦VDZWRRWK§�SDWWHUQ�LQ�PRGHOHG�YDOXHV��SDUWLFXODUO\�QRWLFHDEOHEHWZHHQ�RUELWV�����DQG������PXFK�RI�WKH�GHQVLW\�YDULDWLRQ�ZLWK�RUELW�LV�GXH�WR�DOWLWXGH�FKDQJHVIURP�RUELW�WR�RUELW���$GGLWLRQDO�ODUJH�YDULDWLRQV�LQ�REVHUYHG�GHQVLW\�IURP�RUELW�WR�RUELW�DUH�GXH�WRREVHUYHG� ORQJLWXGH�GHSHQGHQW� ZDYHV� �� QRW� UHSUHVHQWHG� LQ� WKH� PRGHO� UHVXOWV�� H[FHSW� E\DSSOLFDWLRQ�RI�WKH�PHDQ�FRHIILFLHQW��% � LQ�HTXDWLRQ����������9DOXHV�RI�%� XVHG�LQ�)LJXUH������DUH����IRU�0DUV�*5$0�����DQG�����IRU�0DUV�*5$0������UHVXOWV���$W�DERXW�WKH�WLPH�RI�RUELW������0*6� PDGH� LWV� FORVHW� SDVV� WR� WKH� VRXWK� �ZLQWHU�� SROH�� � )LJXUH� ����� VKRZV� FRQVLGHUDEOHLPSURYHPHQW� LQ� UHSUHVHQWDWLRQ�RI�GHQVLW\�QHDU� WKLV� ]RQH� IRU�0DUV�*5$0������YHUVXV� WKDW� IRU0DUV�*5$0�����

)LJXUH�������*UDGLHQW�RI�DWPRVSKHULF�GHQVLW\�ZLWK�ODWLWXGH����SHU�GHJUHH��DV�PHDVXUHG�E\�0DUV*OREDO�6XUYH\RU�DFFHOHURPHWHU �� DW�����NP�DOWLWXGH�RQ�LQERXQG�DQG�RXWERXQG�OHJV�RI�HDFKSHULDSVLV�SDVV�GXULQJ�SKDVH���DHUREUDNLQJ��FRPSDUHG�ZLWK�PRGHOHG�GHQVLW\�JUDGLHQW�IURP�0DUV�*5$0�����DQG�0DUV�*5$0������



��

)LJXUH��������$WPRVSKHULF�GHQVLW\�DW�SHULDSVLV�PHDVXUHG�E\�0DUV�*OREDO�6XUYH\RUDFFHOHURPHWHU�� GXULQJ�SKDVH���DHUREUDNLQJ��FRPSDUHG�ZLWK�PRGHOHG�GHQVLW\�IURP�0DUV�*5$0����DQG�0DUV�*5$0������



��

���5HIHUHQFHV
�� /\RQV�� '�� 7��� %HHUHU�� -�� *��� (VSRVLWR�� 3��� DQG� -RKQVRQ�� 0�� '��� ¦0DUV� *OREDO� 6XUYH\RU�$HUREUDNLQJ�2YHUYLHZ�§� -RXUQDO� RI� 6SDFHFUDIW� DQG�5RFNHWV��9RO�� ����1R�� �� SS�� �������������
�� *QRIIR��3��$���%UDXQ��5��'���:HLOPXHQVWHU��.��-����HW�DO���¦3UHGLFWLRQ�DQG�9DOLGDWLRQ�RI�0DUV3DWKILQGHU�+\SHUVRQLF�$HURG\QDPLF�'DWDEDVH�§�� -RXUQDO�RI�6SDFHFUDIW�DQG�5RFNHWV��9RO�����1R���� SS����������������
�� 4XHHQ�� (��0��� &KHDWZRRG�� )��0��� 3RZHOO�� 5��:��� DQG� %UDXQ�� 5�� '��� ¦0DUV� 3RODU� /DQGHU$HURWKHUPRG\QDPLF� DQG� (QWU\� 'LVSHUVLRQ� $QDO\VLV�§� -RXUQDO� RI� 6SDFHFUDIW� DQG� 5RFNHWV�9RO������1R�����SS����������������
�� -XVWXV�� &�� *��� ¦0DUV� *OREDO� 5HIHUHQFH� $WPRVSKHULF� 0RGHO� IRU� 0LVVLRQ� 3ODQQLQJ� DQG$QDO\VLV�§�-RXUQDO�RI�6SDFHFUDIW�DQG�5RFNHWV��9RO������1R�����SS����������������
�� -XVWXV��&��*���-DPHV��%��)���DQG�'��/��-RKQVRQ��¦0DUV�*OREDO�5HIHUHQFH�$WPRVSKHULF�0RGHO�0DUV�*5$0��������3URJUDPPHU©V�*XLGH�§�1$6$�7HFKQLFDO�0HPRUDQGXP��������������
�� -XVWXV�� &�� *��� -RKQVRQ�� '�� /��� DQG� -DPHV�� %�� )��� ¦$� 5HYLVHG� 7KHUPRVSKHUH� IRU� WKH�0DUV*OREDO� 5HIHUHQFH� $WPRVSKHULF� 0RGHO� �0DUV�*5$0� 9HUVLRQ� �����§� 1$6$� 7HFKQLFDO0HPRUDQGXP��������������
�� -XVWXV��&��*���-DPHV��%��)���DQG�-RKQVRQ��'��/���¦5HFHQW�DQG�3ODQQHG� ,PSURYHPHQWV� LQ� WKH0DUV�*OREDO�5HIHUHQFH�$WPRVSKHULF�0RGHO� �0DUV�*5$0��§� $GYDQFHV� LQ�6SDFH�5HVHDUFK�9RO�����1R����SS�����������������
�� -XVWXV��&��*��DQG�-DPHV��%��)���¦0DUV�*OREDO�5HIHUHQFH�$WPRVSKHULF�0RGHO��0DUV�*5$0�9HUVLRQ������8VHUV�*XLGH�§�1$6$�7HFKQLFDO�0HPRUDQGXP�������������������
�� +DEHUOH�� 5�� 0��� 3ROODFN�� -�� %��� %DUQHV�� -�� 5��� HW� DO��� ¦0DUV� $WPRVSKHULF� '\QDPLFV� DV6LPXODWHG�E\�WKH�1$6$�$PHV�*HQHUDO�&LUFXODWLRQ�0RGHO����7KH�=RQDO�0HDQ�&LUFXODWLRQ�§-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��9RO������1R��(���SS������������������
��� %DUQHV�� -�� 5��� 3ROODFN�� -�� %��� +DEHUOH�� 5�� 0��� HW� DO��� ¦0DUV� $WPRVSKHULF� '\QDPLFV� DV6LPXODWHG�E\�WKH�1$6$�$PHV�*HQHUDO�&LUFXODWLRQ�0RGHO����7UDQVLHQW�%DURFOLQLF�(GGLHV�§-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��9RO������1R��(���SS������������������
��� %RXJKHU�� 6��:���5REOH��5��*���5LGOH\��(��&��� HW� DO��� ¦7KH�0DUV� 7KHUPRVSKHUH�� ���*HQHUDO&LUFXODWLRQ�ZLWK� &RXSOHG�'\QDPLFV� DQG�&RPSRVLWLRQ�§� -RXUQDO� RI�*HRSK\VLFDO� 5HVHDUFK�9RO������1R��%���SS����������������������
��� %RXJKHU�� 6��:��� (QJHO�� 6��� 5REOH�� 5�� *��� DQG� )RVWHU�� %��� ¦&RPSDUDWLYH� 7HUUHVWULDO� 3ODQHW7KHUPRVSKHUHV�� ��� 6RODU� &\FOH� 9DULDWLRQ� RI� *OREDO� 6WUXFWXUH� DQG� :LQGV� DW� (TXLQR[�§-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��9RO������1R��(���SS���������������������
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��� .HDWLQJ�� *�� 0�� HW� DO��� ¦7KH� 6WUXFWXUH� RI� WKH� 8SSHU� $WPRVSKHUH� RI� 0DUV�� ,Q� 6LWX$FFHOHURPHWHU�0HDVXUHPHQWV�IURP�0DUV�*OREDO�6XUYH\RU�§� 6FLHQFH��9RO�������1R��������SS�����������������
��� %ULGJHU�� $�� )�� &��� ¦6WDWLRQDU\� :DYH� $FWLYLW\� 6LPXODWHG� E\� WKH� 1$6$� $PHV� 0*&0,QFRUSRUDWLQJ� 1HZ� 02/$� 7RSRJUDSK\� 'DWD�§� )LIWK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 0DUV�3DVDGHQD��&DOLIRUQLD��-XO\�������������
��� 6FKRILHOG�� -�� 7��� %DUQHV�� -�� 5��� &ULVS�� '��� +DEHUOH�� 5�� 0��� /DUVHQ�� 6��� 0DJDOKDHV�� -�� $��0XUSK\�� -�� 5��� 6HLII�� $��� DQG� :LOVRQ�� *��� � ¦7KH� 0DUV� 3DWKILQGHU� $WPRVSKHULF� 6WUXFWXUH,QYHVWLJDWLRQ�0HWHRURORJ\� �$6,�0(7�� ([SHULPHQW�§� 6FLHQFH�� 9RO�� ����� SS�� ���������������
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$SSHQGL[�$
+HDGHUV�IRU�0DUV�*5$0������2XWSXW�)LOHV

0DUV�*5$0� ����� SURGXFHV� VHYHUDO� RXWSXW� ILOHV� VXLWDEOH� IRU� SDVVLQJ� WR� D� JUDSKLFVSURJUDP�IRU�SORWWLQJ�DQG� IXUWKHU�DQDO\VLV�� �6HYHUDO�RI� WKHVH� ILOHV�DOORZ�UXQ�WLPH�VHOHFWLRQ� IURPDPRQJ� VHYHUDO� SORWDEOH� SDUDPHWHUV� DV� WKH� ¦;©� SDUDPHWHU� LQ� DQ� ;�<� JUDSK�� RU� WKH� ¦;� DQG�<§SDUDPHWHUV� LQ� DQ� ;�<�=� JUDSK�� � 6HH� WKH� OLVW� RI� SDUDPHWHU� VHOHFWLRQ� FRGHV� DW� WKH� HQG� RI� WKLVDSSHQGL[���7KH�JUDSKLFV�RXWSXW�ILOH�QDPHV�DQG�WKHLU�GHVFULSWLYH�KHDGHUV�DUH�
)LOH� �2XWSXW�W[W �RU�RWKHU�QDPH��DV�SUHVFULEHG�LQ�WKH�1$0(/,67�,1387�ILOH�

7LPH�� �WLPH�DIWHU�LQLWLDO�LQSXW�WLPH��VHF�+HLJKW�� �DOWLWXGH�DERYH�UHIHUHQFH�HOOLSVRLG��NP�/DW�� �ODWLWXGH��GHJUHHV��1RUWK�SRVLWLYH�/RQ:�/RQ(� �ORQJLWXGH��GHJUHHV��:HVW�SRVLWLYH�RU�(DVW�3RVLWLYH�'HQV$9�� �DYHUDJH��PHDQ�SOXV�ZDYH�SHUWXUEHG��GHQVLW\��NJ�P � RU/RJ����LI�/2*6&$/(� ���RU���IURP�&263$5�LI�/2*6&$/(� ���7HPS�� �DYHUDJH�WHPSHUDWXUH��.�(:LQG�� �HDVWZDUG�ZLQG�FRPSRQHQW��P�V��SRVLWLYH�WRZDUG�(DVW�1:LQG�� �QRUWKZDUG�ZLQG�FRPSRQHQW��P�V��SRVLWLYH�WRZDUG�1RUWK�VLJ'�� �VWDQGDUG�GHYLDWLRQ�IRU�GHQVLW\�SHUWXUEDWLRQV����RIXQSHUWXUEHG�PHDQ�/V�� �DUHRFHQWULF�ORQJLWXGH�RI�6XQ�IURP�0DUV��GHJUHHV�'XVW�� �GXVW�RSWLFDO�GHSWK
)LOH� �'D\'DWD�W[W�����'DLO\�DYHUDJHV�IRU�KHLJKWV�EHORZ������QEDU�OHYHO�

9DUB;� �XVHU�VHOHFWHG�SORW�YDULDEOH��GHWHUPLQHG�E\�19$5;�YDOXH�9DUB<� ��2SWLRQDO��XVHU�VHOHFWHG�SORW�YDULDEOH��IURP�19$5<�YDOXH�7HPS'D\� �/RFDO�GDLO\�DYHUDJH�WHPSHUDWXUH��.�3UHV'D\� �/RFDO�GDLO\�DYHUDJH�SUHVVXUH��1�P ��'HQV'D\� �/RFDO�GDLO\�DYHUDJH�GHQVLW\��NJ�P ��(:ZQ'D\� �/RFDO�GDLO\�DYHUDJH�(DVWZDUG�ZLQG��P�V�16ZQ'D\� �/RFDO�GDLO\�DYHUDJH�1RUWKZDUG�ZLQG��P�V�
)LOH� �'HQVLW\�W[W

9DUB;� �XVHU�VHOHFWHG�SORW�YDULDEOH��GHWHUPLQHG�E\�19$5;�YDOXH�9DUB<� ��2SWLRQDO��XVHU�VHOHFWHG�SORW�YDULDEOH��IURP�19$5<�YDOXH�'(16/2� �ORZ��a�DYHUDJH�����VWDQGDUG�GHYLDWLRQ��GHQVLW\��NJ�P � RU/RJ����RU���IURP�&263$5��FRQWUROOHG�E\�/2*6&$/(�'(16$9� �DYHUDJH��PHDQ�SOXV�ZDYH�SHUWXUEHG��GHQVLW\��NJ�P � RU/RJ����RU���IURP�&263$5��FRQWUROOHG�E\�/2*6&$/(�'(16+,� �KLJK��a�DYHUDJH�����VWDQGDUG�GHYLDWLRQ��GHQVLW\��NJ�P � RU
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/RJ����RU���IURP�&263$5��FRQWUROOHG�E\�/2*6&$/(�'(16727� �WRWDO��PHDQ�SOXV�SHUWXUEHG��GHQVLW\��NJ�P � RU/RJ����RU���IURP�&263$5��FRQWUROOHG�E\�/2*6&$/(�'XVW2'� �GXVW�RSWLFDO�GHSWK
)LOH� �3HUWXUE�W[W

9DUB;� �XVHU�VHOHFWHG�SORW�YDULDEOH��GHWHUPLQHG�E\�19$5;�YDOXH�9DUB<� ��2SWLRQDO��XVHU�VHOHFWHG�SORW�YDULDEOH��IURP�19$5<�YDOXH�6LJ'� �VWDQGDUG�GHYLDWLRQ�RI�GHQVLW\�SHUWXUEDWLRQV����RI�XQSHUWXUEHG�PHDQ�'HQV5DQG� �GHQVLW\�SHUWXUEDWLRQ�IURP�UDQGRP�PRGHO�����RI�XQSHUWXUEHG�PHDQ�'HQV:DYH� �GHQVLW\�SHUWXUEDWLRQ�IURP�ZDYH�PRGHO����RI�XQSHUWXUEHG�PHDQ�'HQV3� �WRWDO�GHQVLW\�SHUWXUEDWLRQ�YDOXH����RI�XQSHUWXUEHG�PHDQ�FRUOLP� �IUDFWLRQ�RI�PLQLPXP�VWHS�VL]H�IRU�DFFXUDF\�RI�SHUWXUEDWLRQV�VKRXOG�EH�!���IRU�LQVXUHG�DFFXUDF\�RI�SHUWXUEDWLRQV�6LJ8� �VWDQGDUG�GHYLDWLRQ�RI�ZLQG�SHUWXUEDWLRQV��P�V�
)LOH� �7KUPGDWD�W[W�����7KHUPRVSKHULF�SDUDPHWHUV�IRU�KHLJKWV�DERYH����NP�

9DUB;� �XVHU�VHOHFWHG�SORW�YDULDEOH��GHWHUPLQHG�E\�19$5;�YDOXH�9DUB<� ��2SWLRQDO��XVHU�VHOHFWHG�SORW�YDULDEOH��IURP�19$5<�YDOXH�7EDVH� �WHPSHUDWXUH�DW������QEDU�OHYHO��.�=EDVH� �DOWLWXGH�RI������QEDU�OHYHO��NP�)�SHDN� �DOWLWXGH�RI�)��LRQL]DWLRQ�SHDN��NP�0RO:JW� �PHDQ�PROHFXODU�ZHLJKW��NJ�NJ�PROH�7H[RV� �H[RVSKHULF�WHPSHUDWXUH��.�
)LOH� �7SUHVKJW�W[W

9DUB;� �XVHU�VHOHFWHG�SORW�YDULDEOH��GHWHUPLQHG�E\�19$5;�YDOXH�9DUB<� ��2SWLRQDO��XVHU�VHOHFWHG�SORW�YDULDEOH��IURP�19$5<�YDOXH�7HPS� �PHDQ�WHPSHUDWXUH��.�3UHV� �PHDQ��SOXV�ZDYH�SHUWXUEHG��SUHVVXUH��1�P ��7GHJ&� �PHDQ�WHPSHUDWXUH��GHJUHHV�&�3UHVBPE� �PHDQ��SOXV�ZDYH�SHUWXUEHG��SUHVVXUH��PE�+UKR� �GHQVLW\�VFDOH�KHLJKW��NP�
)LOH� �:LQGV�W[W

9DUB;� �XVHU�VHOHFWHG�SORW�YDULDEOH��GHWHUPLQHG�E\�19$5;�YDOXH�9DUB<� ��2SWLRQDO��XVHU�VHOHFWHG�SORW�YDULDEOH��IURP�19$5<�YDOXH�(:PHDQ� �PHDQ�HDVWZDUG�ZLQG�FRPSRQHQW��P�V��SRVLWLYH�HDVWZDUG�(:SHUW� �HDVWZDUG�ZLQG�SHUWXUEDWLRQ��P�V�(:WRW� �WRWDO��PHDQ�SOXV�SHUWXUEHG��HDVWZDUG�ZLQG��P�V�16PHDQ� �PHDQ�QRUWKZDUG�ZLQG�FRPSRQHQW��P�V��SRVLWLYH�QRUWKZDUG�
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16SHUW� �QRUWKZDUG�ZLQG�SHUWXUEDWLRQ��P�V�16WRW� �WRWDO��PHDQ�SOXV�SHUWXUEHG��QRUWKZDUG�ZLQG��P�V�
0RGHO�LQSXW�FRGHV�XVHG�WR�VHOHFW�WKH�SORWDEOH�[�DQG�\�SDUDPHWHUV��9DUB;�DQG�9DUB<��DUHDV�IROORZV�

&RGH��������������3DUDPHWHU�����������������������������������������������������������������+HLJKW��DERYH�UHIHUHQFH�HOOLSVRLG��NP������+HLJKW��DERYH�ORFDO�WHUUDLQ��NP������/DWLWXGH��GHJ�������/RQJLWXGH��GHJ���:HVW��LI�/RQ(:� ����(DVW��LI�/RQ(:� �������7LPH�IURP�VWDUW��(DUWK�VHFRQGV������7LPH�IURP�VWDUW��0DUWLDQ�6ROV������$UHRFHQWULF�/RQJLWXGH�RI�6XQ��/V��GHJ�������/RFDO�6RODU�7LPH��0DUV�KRXUV�� 3UHVVXUH��PE�
5XQ�WLPH�VHOHFWLRQ�RI�WKHVH�SORWDEOH�SDUDPHWHUV�LV�PDGH�E\�WKH�LQSXW�YDULDEOHV�19$5;�DQG19$5<�RQ�WKH�1$0(/,67�IRUPDW�LQSXW�ILOH��VHH�VHFWLRQ�����DQG�$SSHQGL[�%��
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([DPSOH�1$0(/,67�)RUPDW�,QSXW�)LOH
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�(1'
([SODQDWLRQ�RI�YDULDEOHV�/67)/���� ��/LVW�ILOH�QDPH��&21�IRU�FRQVROH�OLVWLQJ�287)/���� ��2XWSXW�ILOH�QDPH75$-)/��� ���2SWLRQDO��7UDMHFWRU\�LQSXW�ILOH��)LOH�FRQWDLQV�WLPH��VHF�UHODWLYH�WR�VWDUW�WLPH��KHLJKW��NP���ODWLWXGH��GHJ��ORQJLWXGH��GHJ�:�LI�/RQ(: ���GHJ�(�LI�/RQ(: ���VHH�EHORZ�:DYH)LOH� ���2SWLRQDO��ILOH�IRU�WLPH�GHSHQGHQW�ZDYH�FRHIILFLHQW�GDWD�6HH�ILOH�GHVFULSWLRQ�XQGHU�SDUDPHWHU�LXZDYH��EHORZ�'$7$',5�� ��'LUHFWRU\�IRU�&263$5�GDWD�DQG�WRSRJUDSKLF�KHLJKW�GDWD*&0',5��� ��'LUHFWRU\�IRU�*&0�ELQDU\�GDWD�ILOHV0217+���� ��PRQWK�RI�\HDU0'$<����� ��GD\�RI�PRQWK0<($5���� ��\HDU����GLJLW������������FDQ�EH���GLJLW�1326����� ��PD[���SRVLWLRQV�WR�HYDOXDWH���� �UHDG�GDWD�IURP�WUDMHFWRU\LQSXW�ILOH�,+5������ ��87&��*07��KRXU�RI�GD\,0,1����� ��PLQXWH�RI�KRXU6(&������ ��VHFRQG�RI�PLQXWH��IRU�LQLWLDO�SRVLWLRQ�/RQ(:���� ����IRU�LQSXW�DQG�RXWSXW�:HVW�ORQJLWXGHV�SRVLWLYH����IRU�(DVWORQJLWXGHV�SRVLWLYH'XVWWDX�� ��2SWLFDO�GHSWK�RI�EDFNJURXQG�GXVW�OHYHO��QR�WLPH�GHYHORSLQJGXVW�VWRUP��MXVW�XQLIRUPO\�PL[HG�GXVW�������WR������RU�XVH��IRU�D�9LNLQJ�OLNH�DQQXDO�YDULDWLRQ�RI�EDFNJURXQG�GXVW$/6������ ��VWDUWLQJ�/V�YDOXH��GHJUHHV��IRU�GXVW�VWRUP���� �QRQH�,17(16��� ��GXVW�VWRUP�LQWHQVLW\��������������6WRUP�LQWHQVLW\��!���PXVWEH�ODUJHU�WKDQ�'XVWWDX�5$'0$;��� ��PD[��UDGLXV��NP��RI�GXVW�VWRUP����RU�!������ �JOREDO�'867/$7�� ��/DWLWXGH��GHJUHHV��IRU�FHQWHU�RI�GXVW�VWRUP'867/21�� ��/RQJLWXGH��GHJUHHV���:HVW�SRVLWLYH�LI�/RQ(: ���RU�(DVWSRVLWLYH�LI�/RQ(:� ����IRU�FHQWHU�RI�GXVW�VWRUP)�������� �������FP�VRODU�IOX[����

����:�FP

��DW���$8�67'/����� ��VWG��GHY��IRU�WKHUPRVSKHUH�YDULDWLRQ�������WR������15������� ��VWDUWLQJ�UDQGRP�QXPEHU������15����������19$5;���� ��[�FRGH�IRU�SORWDEOH�RXWSXW��� KJW�DERYH�UHI��HOOLSVH��6HH�ILOH�[\FRGHV�W[W19$5<���� ��\�FRGH�IRU���'�SORWDEOH�RXWSXW����IRU���'�SORWV�/2*6&$/(� ��� UHJXODU�OLQHDU�VFDOH��� ORJ�EDVH����VFDOH��� SHUFHQWDJHGHYLDWLRQV�IURP�&263$5�PRGHO)/$7����� ��LQLWLDO�ODWLWXGH��1�SRVLWLYH���GHJUHHV)/21����� ��LQLWLDO�ORQJLWXGH��:HVW�SRVLWLYH�LI�/RZ(:� ���RU�(DVWSRVLWLYH�LI�/RQ(:� �����GHJUHHV)+*7����� ��LQLWLDO�KHLJKW��NP���DERYH�UHI��HOOLSVRLG'(/+*7��� ��KHLJKW�LQFUHPHQW��NP��EHWZHHQ�VWHSV'(//$7��� ��/DWLWXGH�LQFUHPHQW��GHJ��EHWZHHQ�VWHSV��1RUWKZDUG�SRVLWLYH�'(//21��� ��/RQJLWXGH�LQFUHPHQW��GHJ��EHWZHHQ�VWHSV��:HVWZDUG�SRVLWLYHLI�/RQ(:� ����(DVWZDUG�SRVLWLYH�LI�/RQ(:� ���'(/7,0(�� ��WLPH�LQFUHPHQW��VHF��EHWZHHQ�VWHSVGHOWD7(;� ��DGMXVWPHQW�IRU�H[RVSKHULF�WHPSHUDWXUH��.�USVFDOH�� ��UDQGRP�SHUWXUEDWLRQ�VFDOH�IDFWRU������10217(��� ��QXPEHU�RI�0RQWH�&DUOR�UXQVLXS������ ����IRU�QR�/,67�DQG�JUDSKLFV�RXWSXW��RU�XQLW�QXPEHU�IRU�RXWSXW:DYH$���� ��0HDQ�WHUP�RI�ORQJLWXGH�GHSHQGHQW�ZDYH�PXOWLSOLHU�IRU�GHQVLW\:DYH$���� ��$PSOLWXGH�RI�ZDYH���FRPSRQHQW�RI�ORQJLWXGH�GHSHQGHQW�ZDYHPXOWLSOLHU�IRU�GHQVLW\:DYHSKL�� ��3KDVH�RI�ZDYH���FRPSRQHQW�RI�ORQJLWXGH�GHSHQGHQW�ZDYHPXOWLSOLHU��ORQJLWXGH��ZLWK�:HVW�SRVLWLYH�LI�/RQ(:� ���(DVW�SRVLWLYH�LI�/RQ(:� ���:DYH$���� ��$PSOLWXGH�RI�ZDYH���FRPSRQHQW�RI�ORQJLWXGH�GHSHQGHQW�ZDYHPXOWLSOLHU�IRU�GHQVLW\:DYHSKL�� ��3KDVH�RI�ZDYH���FRPSRQHQW�RI�ORQJLWXGH�GHSHQGHQW�ZDYHPXOWLSOLHU��ORQJLWXGH��ZLWK�:HVW�SRVLWLYH�LI�/RQ(:� ���(DVW�SRVLWLYH�LI�/RQ(:� ���:DYH$���� ��$PSOLWXGH�RI�ZDYH���FRPSRQHQW�RI�ORQJLWXGH�GHSHQGHQW�ZDYHPXOWLSOLHU�IRU�GHQVLW\
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