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$FNQRZOHGJPHQWV
8VHUV�IDPLOLDU�ZLWK�WKH�GD�9LQFL�7HFKQRORJLHV�((�3UR SURGXFW�ZLOO�UHFRJQL]H�VRPH�XVHU�LQWHUIDFH�VLPLODULWLHV�EHWZHHQ�((����DQG�((�3UR��GHVSLWH�WKHLU�IXQFWLRQDO�GLIIHUHQFHV���7KH�VLPLODULWLHV�DULVH�IURP�WKH�DXWKRU¶V�SDUWLFLSDWLRQ�LQ�WKH�GHYHORSPHQW�RI�((�3UR�ZKLOH�HPSOR\HG�E\�GD�9LQFL�7HFKQRORJLHV��DQG�DUH�WKH�VXEMHFW�RI�D�FURVV�OLFHQVH�DJUHHPHQW�EHWZHHQ�WKH�DXWKRU�DQG�KLV�IRUPHU�HPSOR\HU���,�ZLVK�WR�WKDQN�P\�IULHQGV�DW�GD�9LQFL�IRU�WKHLU�HQFRXUDJHPHQW�DQG�FRRSHUDWLRQ�
7KH�H[DPSOH�SUREOHPV�XVHG�LQ�WKLV�PDQXDO�DUH�WDNHQ�IURP�PLGWHUP�DQG�ILQDO�H[DPV�JLYHQ�LQ�3URI��7RP�3ODQW¶V�(1*5�����FRXUVH�DW�2UHJRQ�6WDWH�8QLYHUVLW\�GXULQJ�WKH�IDOO�DQG�ZLQWHU�WHUPV�RI�WKH�����������VFKRRO�\HDU���3URI��3ODQW�KDV�JUDFLRXVO\�JLYHQ�KLV�SHUPLVVLRQ�IRU�WKH�XVH�RI�WKHVH�SUREOHPV�KHUH�
$�QXPEHU�RI�VWXGHQWV�DW�2UHJRQ�6WDWH�8QLYHUVLW\�DQG�/LQQ�%HQWRQ�&RPPXQLW\�&ROOHJH�KDYH�XVHG�EHWD�YHUVLRQV�RI�WKH�((����VRIWZDUH���,�DP�HQGHEWHG�WR�WKHP�IRU�WKHLU�KHOS�DQG�VXJJHVWLRQV��DQG�IRU�WKHLU�SDWLHQFH�ZLWK�EXJJ\�HDUO\�YHUVLRQV���,�HVSHFLDOO\�ZLVK�WR�WKDQN�268�VWXGHQWV�0DWW�-RKQVRQ�DQG�&KDG�:HEE�IRU�WKHLU�FRQWULEXWLRQV��DQG�-RKQ�6ZHHW�RQ�WKH�IDFXOW\�DW�/%&&�IRU�DOORZLQJ�PH�WR�VLW�LQ�RQ�KLV�VXPPHU (1*5�����DQG�(1*5�����FRXUVHV�ZKLOH�((����ZDV�LQ�EHWD�WHVW�
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,167$//,1*�((����,1�<285�7,����&$/&8/$725
((����LV�GLVWULEXWHG�LQ�WZR�GLIIHUHQW�IRUPV��� DV�D�VHFXUHG�DSSOLFDWLRQ GLVWULEXWHG�HOHFWURQLFDOO\�E\�7H[DV�,QVWUXPHQWV¶�ZHEVWRUH��DQG��� DV�D�VKDUHZDUH�ILOH DYDLODEOH�IURP�8QLW�6PDUW�6RIWZDUH�DQG�LWV�UHVHOOHUV�((���� PD\� EH� ORDGHG� LQWR� DQ\� 7,���� ZKLFK� KDV� YHUVLRQ� ����� RU� ODWHU� RI� 7,¶V� $GYDQFHG� 0DWKHPDWLFV�6RIWZDUH��$06����,I�\RX�KDYH�DQ�HDUOLHU�YHUVLRQ�RI�WKH�$06�LQ�\RXU�7,�����\RX�PD\�REWDLQ�$06������RU�DQ\� ODWHU�YHUVLRQV� IURP�7H[DV�,QVWUXPHQWV¶�ZHEVLWH��� �1RWH� WKDW�ZKLOH� LW� LV�SRVVLEOH� WR� ORDG�((���� LQWR�D�FDOFXODWRU�ZLWK�$06�������((����GRHV�QRW�DSSHDU�RQ�WKH�$336���)ODVK$SSV�PHQX XQOHVV�WKH�$06�YHUVLRQ�LV������RU�KLJKHU�
,I�\RX�KDYH�SXUFKDVHG� WKH�VHFXUHG IRUP�RI�WKH�VRIWZDUH�IURP�7H[DV�,QVWUXPHQWV¶�ZHEVWRUH��SOHDVH�IROORZ�WKH� LQVWUXFWLRQV� SURYLGHG� RQ� WKHLU� ZHESDJHV� IRU� LQVWDOOLQJ� ((���� LQWR� \RXU� FDOFXODWRU�� RU� IROORZ� WKH�LQVWUXFWLRQV�JLYHQ�EHORZ�IRU�GRZQORDGLQJ�((����IURP�D�3&���1RWH�WKDW�WKH�7,�ZHEVWRUH�VHQGV�WZR�ILOHV��D�FHUWLILFDWH�ILOH�DQG�WKH�((����ILOH�LWVHOI���%RWK�ILOHV�PXVW�EH�GRZQORDGHG�LQWR�\RXU�FDOFXODWRU�IURP�WKH�3&��DQG�WKH�FHUWLILFDWH�ILOH�PXVW�EH�GRZQORDGHG�ILUVW��EHIRUH�WKH�((����ILOH�LV�GRZQORDGHG���1RWH�WKDW�REWDLQLQJ�DQG�HQWHULQJ�D�UHJLVWUDWLRQ�QXPEHU�LV�QRW�QHFHVVDU\�IRU�WKH�VHFXUHG�IRUPRI�((����
7KH� ((���� VKDUHZDUH� ILOH PD\� EH� LQVWDOOHG� IRU� OLPLWHG� GHPR� XVH� RU IRU� H[WHQGHG� XVH�� � ,QVWDOOLQJ� IRU�H[WHQGHG� XVH� UHTXLUHV� D� UHJLVWUDWLRQ� QXPEHU�� � 7KH� UHJLVWUDWLRQ� QXPEHU� LV� DQ� ��GLJLW�� KH[DGHFLPDO�QXPEHU�NH\HG�WR�WKH�VHULDO�QXPEHU�RI�WKH�FDOFXODWRU�DQG�WKH�YHUVLRQ�RI�WKH�((����ILOH�
<RX�GRQ¶W�QHHG�D�UHJLVWUDWLRQ�QXPEHUWR�ORDG�WKH�VKDUHZDUH�ILOH�DQG�WU\�RXW�WKH�VRIWZDUH���+RZHYHU��XQOHVV�\RX�HQWHU�D�UHJLVWUDWLRQ�QXPEHU��DIWHU�D�OLPLWHG�QXPEHU�RI�XVHV�((����ZLOO�EH�DXWRPDWLFDOO\�HUDVHG�IURP�WKH�FDOFXODWRU¶V�)ODVK�PHPRU\���,I�\RX�GRQ¶W�KDYH�WKH�UHJLVWUDWLRQ�QXPEHU�ZKHQ�\RX�ILUVW�ORDG�((�����GRQ¶W�ZRUU\ ± HDFK�WLPH�WKH�SURJUDP�FDOFXODWHV�D�VROXWLRQ��LW�WHOOV�\RX�KRZ�PDQ\�³IUHH�VROXWLRQV´�UHPDLQ�LQ�WKH�OLPLWHG�GHPR�SHULRG�DQG�JLYHV�\RX�DQRWKHU�RSSRUWXQLW\�WR�HQWHU�WKH�UHJLVWUDWLRQ�QXPEHU�
7KHUH�DUH���ZD\V�WR�ORDG WKH�((����VKDUHZDUH�ILOH�LQWR�\RXU�7,����FDOFXODWRU�� FRS\ ((����IURP�RQH�7,����WR�DQRWKHU�XVLQJ�WKH�FDOFXODWRU¶V�9$5�/,1. FRPPDQG��RU� GRZQORDG IURP�D�3&�RU�0DF�XVLQJ�7,�*5$3+�/,1.� VRIWZDUH�
7R�FRS\�((��� IURP�RQH�7,����WR�DQRWKHU��DOO�\RX�QHHG�LV�WKH�OLWWOH�EODFN�XQLW�WR�XQLW�OLQN�FDEOH�WKDW�FDPH�ZLWK�\RXU�FDOFXODWRU���+HUH�DUH�WKH�VWHSV����&RQQHFW� WKH�WZR�FDOFXODWRUV�ZLWK� WKH�OLQN�FDEOH�E\�SOXJJLQJ�RQH�HQG�RI�WKH�FDEOH�LQWR�HDFK�FDOFXODWRU¶V�,�2�SRUW���7KH�,�2�SRUW�LV�ORFDWHG�DW�WKH�FHQWHU�RI�WKH�ERWWRP�HGJH�RI�WKH�FDOFXODWRU����0DNH�VXUH�WKH�WZR�FDOFXODWRUV�DUH�ERWK�DW�WKHLU�+20(�VFUHHQV���,I�QHFHVVDU\��SUHVV�+20(������2Q�WKH�UHFHLYLQJ�FDOFXODWRU��SUHVV��QG�9$5�/,1.�)��/LQN DQG�VHOHFW���5HFHLYH����2Q�WKH�VHQGLQJ�FDOFXODWRU��SUHVV��QG�9$5�/,1.��QG�)��)ODVK$SS�� �0RYH�WKH�FXUVRU� WR�((����� �7KHQ�SUHVV�)��/LQN DQG�VHOHFW���6HQG�WR�7,����
7R� GRZQORDG� ((��� IURP� D� 3&� RU�0DF�� \RX� ZLOO� QHHG� D� 7,�*5$3+� /,1.� FDEOH� DQG� VRIWZDUH�� � 7KH�VRIWZDUH� LV�DYDLODEOH�IRU�IUHH�IURP�7,¶V�ZHEVLWH��EXW�WKH�FDEOH�LV�DQ�H[WUD�FRVW�DFFHVVRU\�QRW�LQFOXGHG�ZLWK�WKH�FDOFXODWRU�LWVHOI���7KH�FDEOH�FRPHV�LQ�WZR�GLIIHUHQW�7,�SURGXFWV�� 7,�*5$3+�/,1.�)XOO�3DFNDJH��ZKLFK�ZRUNV�IRU�ERWK�3&V�DQG�0DFV��DQG� 7,�*5$3+�/,1.�IRU�:LQGRZV��IRU�:LQGRZV���������17��DQG��SUHVXPDEO\��ODWHU�YHUVLRQV���7KLV�RQH�FRVWV�OHVV�WKDQ�WKH�)XOO�3DFNDJH�
+HUH�DUH�WKH�VWHSV�IRU�GRZQORDGLQJ�

� *R�WR�ZHE�DGGUHVV�ZZZ�WL�FRP�FDOF�GRFV� DQG�FOLFN�RQ�³)UHH�'RZQORDGV´�
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��� &RQQHFW� WKH� 7,�*5$3+� /,1.� FDEOH� WR� D� VHULDO� SRUW� RI� \RXU� FRPSXWHU� DQG� WR� WKH� ,�2� SRUW� RI� WKH�FDOFXODWRU���7KH�,�2�SRUW�LV�ORFDWHG�DW�WKH�FHQWHU�RI�WKH�ERWWRP�HGJH�RI�WKH�FDOFXODWRU����0DNH�VXUH�WKH�FDOFXODWRU�LV�DW�LWV�+20(�VFUHHQ���,I�QHFHVVDU\��SUHVV�+20(������6WDUW�WKH�7,�*5$3+�/,1.�SURJUDP�RQ�WKH�FRPSXWHU���&OLFN�RQ�/,1.�6HQG�)ODVK�6RIWZDUH�$SSOLFDWLRQV�DQG�&HUWLILFDWHV�� �6HOHFW� WKH�DSSURSULDWH�GLVN�GULYH�DQG�GLUHFWRU\��DQG�VHOHFW�RU�HQWHU�³((������N´�DV�WKH�ILOH�QDPH���&OLFN�RQ�$''��WKLV�ZLOO�HQWHU�WKH�((������N�ILOH�QDPH�LQ�WKH�³)LOHV�VHOHFWHG�´�OLVW���1RZ�FOLFN�RQ�2.���
:KHQ�WKH�((����VKDUHZDUH�ILOH�LV�ILUVW�ORDGHG��D�GLDORJ�ER[�LV�GLVSOD\HG�RQ�WKH�7,����

,I�\RX�KDYH�QRW�\HW�REWDLQHG�D�UHJLVWUDWLRQ�QXPEHU��SUHVV�(6&���$Q�DGYLVRU\�PHVVDJH�LV�GLVSOD\HG�

7KLV� GLDORJ� ER[� QRWLILHV� \RX� WKDW�� DIWHU� D� OLPLWHG� QXPEHU� RI� VROXWLRQV� KDYH� EHHQ� FDOFXODWHG�� ((����ZLOODXWRPDWLFDOO\ HUDVH� LWVHOI� IURP� WKH� FDOFXODWRU¶V� )ODVK�PHPRU\�� �$IWHU� HDFK� VROXWLRQ� LV� FDOFXODWHG�� ((����ZLOO�UHPLQG�\RX�RI�WKH�UHPDLQLQJ�QXPEHU�RI�VROXWLRQV�DYDLODEOH�IRU�XVH��LW�ZLOO�DOVR�JLYH�\RX�DQRWKHU�FKDQFH�WR�HQWHU�D�UHJLVWUDWLRQ�QXPEHU�
7R�REWDLQ�D�UHJLVWUDWLRQ�QXPEHU��VHQG�H�PDLO�WR�KHOS#XQLW�VPDUW�FRP���,Q�\RXU�H�PDLO�� WHOO�XV�WKH�VHULDO�QXPEHU� RI� \RXU� FDOFXODWRU� DQG� WKH� YHUVLRQ� RI� \RXU� ((���� VRIWZDUH�� � (DFK� RI� WKHVH� LV� IRXQG�E\�SUHVVLQJ�)��7RROV�$�$ERXW� :KHQ�\RX�GR�WKLV�IURP�WKH�FDOFXODWRU¶V�+20(�VFUHHQ��\RX�JHW�WKH�FDOFXODWRU¶V�VRIWZDUH�VHULDO�QXPEHU�

7KH�FDOFXODWRU¶V�VRIWZDUH�VHULDO�QXPEHU�LV�WKH����GLJLW�KH[DGHFLPDO�³,'��´�LQ�WKH�PLGGOH�RI�WKH�VFUHHQ��DQG�LW�LV�GLIIHUHQW�IURP�FDOFXODWRU�WR�FDOFXODWRU���1RWH�WKDW�WKH�VHULDO�QXPEHU�RQ�WKH�EDFN�RI�WKH�FDOFXODWRU�LV�QRW�WKH�VDPH���:KHQ�((����LV�UXQQLQJ�DQG�\RX�SUHVV�)��7RROV�$�$ERXW��\RX�VHH�D�VFUHHQ�OLNH�

7KH�WRS�OLQH�LGHQWLILHV�WKH�YHUVLRQ�RI�WKH�((����VRIWZDUH�
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,I� \RX�KDYH�DOUHDG\�SXUFKDVHG�\RXU� FRS\�RI�((����� WKHQ� SOHDVH� DOVR� LQFOXGH� LQ�\RXU� H�PDLO� WR�XV� WKH�SURGXFW� VHULDO� QXPEHU�� � <RXU� ((���� SURGXFW� VHULDO� QXPEHU� LV� RI� WKH� IRUP� ³((�������;;;;;´�� � ,W� LV�ZULWWHQ�RU�VWDPSHG�RQ�WKH�RXWVLGH�RI�WKH�SDFNDJH��DQG�DOVR�RQ�WKH�FRYHU�RU�ILUVW�SDJH�RI�WKH�PDQXDO���7HOOLQJ�XV�\RXU�SURGXFW�VHULDO�QXPEHU�LV�KRZ�ZH�NQRZ�WKDW�\RXU�FRS\�RI�((����KDV�DOUHDG\�EHHQ�SDLG�IRU���
,I�\RXU�FRS\�RI�((����KDV�QRW�\HW�EHHQ�SDLG�IRU�� WKHQ�RXU�H�PDLO� UHSO\�ZLOO�OHW�\RX�NQRZ�KRZ�WR�UHPLW�SD\PHQW���
:KHQ�\RX�KDYH�\RXU�UHJLVWUDWLRQ�QXPEHU��ZDWFK�IRU�DQ�RSSRUWXQLW\�WR�HQWHU�LW�ZKHQ�\RX�VHH�D�GLDORJ�ER[�OLNH�WKLV�

.H\�LQ�\RXU���GLJLW�KH[DGHFLPDO�UHJLVWUDWLRQ�QXPEHU��WKHQ��SUHVV�(17(5�� 3UHVVLQJ�(17(5�WKH�ILUVW�WLPH�MXVW�KLJKOLJKWV�WKH�HQWU\�

3UHVVLQJ�(17(5�DJDLQ�H[LWV� WKH�GLDORJ�ER[�� �$IWHU� YHULI\LQJ� WKDW� WKH� UHJLVWUDWLRQ�QXPEHU� LV�YDOLG� IRU�\RXU�FDOFXODWRU�DQG�WKH�YHUVLRQ�RI�((�����WKH�SURJUDP�GLVSOD\V�D�YHULILFDWLRQ�PHVVDJH�

((����LQVWDOODWLRQ�FRQFOXGHV�E\�DVNLQJ�\RX�WR�VHOHFW�EHWZHHQ�UHTXLULQJ�HOHFWULF�FXUUHQW�DQG�YROWDJH�YDOXHV�WR�EH�UHDO�QXPEHUV��RU�DOORZLQJ�WKHP�WR�EH�FRPSOH[�QXPEHUV�

,I�\RX�DUH�EHJLQQLQJ�\RXU�ILUVW�FLUFXLW�DQDO\VLV�FRXUVH��\RX�ZLOO�SUREDEO\�VWDUW�E\�VROYLQJ�SUREOHPV�LQ�ZKLFK�WKH�FXUUHQWV�DQG�YROWDJHV�DUH�QRW�WLPH�YDU\LQJ��L�H���'&�FLUFXLWV���,Q�WKDW�FDVH��SUHVV�(6& WR�FRQVWUDLQ�YROWDJH�DQG�FXUUHQW�YDOXHV�WR�UHDO�QXPEHUV���2WKHUZLVH��SUHVV�(17(5 KHUH�WR�DOORZ�FXUUHQWV�DQG�YROWDJHV�WR�WDNH�RQ�FRPSOH[�YDOXHV��ZKLFK�LV�DSSURSULDWH�IRU�SKDVRU�GRPDLQ�DQDO\VLV�RI�$&�FLUFXLWV�



SDJH�� ((����8VHUV�*XLGH�IRU�7,����&DOFXODWRUV��������������������

:+$7�((����,6�*22'�)25«
((���� LV� D� FDOFXODWRU� DSSOLFDWLRQ� SURJUDP� ZKLFK� KHOSV� VWXGHQWV� DYRLG� PDWK� DQG� XQLWV� HUURUV�RQ�KRPHZRUN� SUREOHPV� DQG� WHVWV� LQ� HOHFWULFDO� HQJLQHHULQJ� FRXUVHV�� � ((���� UXQV� RQ� 7,���� 3OXV� DQG� 7,����FDOFXODWRUV�PDQXIDFWXUHG�E\�7H[DV�,QVWUXPHQWV���7KLV�8VHUV�*XLGH�LV�ZULWWHQ�IRU�XVH�ZLWK�7,����FDOFXODWRUV�
:KHQ�XVLQJ�((����WR�VROYH�D�SUREOHP��WKH�VWXGHQW�HQWHUV�WKH�HTXDWLRQV��LQFOXGLQJ�PHDVXUHPHQW�XQLWV��DQG�WKH�NQRZQ�YDOXHV���((����DOHUWV�WKH�XVHU�WR�DQ\�³DGGLQJ�DSSOHV�DQG�RUDQJHV´�HUURUV��L�H��HTXDWLRQV�LQ�ZKLFK�WKH�XQLWV�DUH�XQEDODQFHG�� � ,W� WKHQ�VROYHV� WKH�HTXDWLRQV�VLPXOWDQHRXVO\� IRU� WKH�XQNQRZQV�� �%HFDXVH�((����YHULILHV� WKDW�XQLWV�EDODQFH�� WKH�XVHU�LV�WROG�LPPHGLDWHO\�LI�KH�LV�PXOWLSO\LQJ�ZKHQ�KH�VKRXOG�EH�GLYLGLQJ�RU�YLFH�YHUVD���)RU�H[DPSOH��WKH�XVHU�ZKR�PLVWDNHQO\�HQWHUV�WKH�HTXDWLRQ�IRU�2KP¶V�/DZ�DV�9�u ,� �5��LQVWHDG�RI�FRUUHFWO\�HQWHULQJ�9� �,�u 5��ZRXOG�EH�DOHUWHG�RI�DQ�HUURU�E\�((����LPPHGLDWHO\�EHFDXVH�WKH�XQLWV�RI9 u�,� �5�DUH�XQEDODQFHG�
(QWHULQJ� WKH� PHDVXUHPHQW� XQLWV� LV� TXLFN� DQG� HDV\ EHFDXVH� ((���� IROORZV� FRPPRQ� HOHFWULFDO�HQJLQHHULQJ�QRWDWLRQ�FRQYHQWLRQV���)RU�H[DPSOH��YDULDEOHV�ZKLFK�EHJLQ�ZLWK�WKH�OHWWHU�9 DUH�DVVXPHG�WR�EH�YROWDJHV��YDULDEOHV�ZKLFK�EHJLQ�ZLWK�, DUH�DVVXPHG�WR�EH�FXUUHQWV��
((����KHOSV� WR�DYRLG�HUURUV E\�FKHFNLQJ� LWV�RZQ�DQVZHUV WR�PDNH�FHUWDLQ� WKH\�PDNH� VHQVH�JLYHQ� WKHLU�XQLWV�� �)RU�H[DPSOH��VXSSRVH�2KP¶V�/DZ�9� �,�u 5�LV�HQWHUHG��DORQJ�ZLWK�NQRZQ�YDOXHV�9� ���YROWV�DQG�,  �� DPSV�� �((����FDOFXODWHV� WKH�DQVZHU� DV�5� �� ��RKPV�� �+RZHYHU�� VLQFH�QHJDWLYH�YDOXHV�GRQ¶W�PDNH�VHQVH�IRU�UHVLVWDQFH��((����DOHUWV�WKH�XVHU�WKDW�WKHUH�PD\�EH�DQ�HUURU�LQ�WKH�GDWD�DV�HQWHUHG�E\�GLVSOD\LQJ�WKH�PHVVDJH���³1R�XVHDEOH�VROXWLRQ�IRXQG´���
:KHQ�WKHUH�DUH VHYHUDO�SRVVLEOH�FRUUHFW�DQVZHUV���((����OHWV�WKH�XVHU�NQRZ���)RU�H[DPSOH��VXSSRVH�WKDW�3  ��� ZDWWV� DQG� 5�  � �� RKPV�� 6ROYLQJ� WKH� HTXDWLRQ� 3  � ,� u 5� IRU� ,� SURGXFHV� WZR� HTXDOO\� UHDVRQDEOH�DQVZHUV�� WKH�FXUUHQW� ,�PD\�EH�HLWKHU����DPSV�RU�±��DPSV�� �((����DOHUWV�WKH�XVHU� WKDW� WKHUH�DUH���XVHDEOH�VROXWLRQV�DQG�DOORZV�WKH�FKRLFH�RI�HLWKHU�RQH�
((����DOORZV�WKH�XVHU� WR�HQWHU�NQRZQ�YDOXHV�LQ�DQ\�FRPPRQ�XQLWV DQG�DOZD\V�GLVSOD\V�XQLWV�ZLWK�LWVFDOFXODWHG� DQVZHUV�� � 0RUHRYHU�� WKH� XVHU�PD\� UHDGLO\� VZLWFK� EHWZHHQ� XQLWV� RI� GLIIHUHQW� VFDOH�� � )RU�H[DPSOH��VXSSRVH�WKDW��IRU� WKH�HTXDWLRQ�3� �,� u 5��WKH�NQRZQ�YDOXH�IRU�SRZHU�LV����PLOOLZDWWV�LQVWHDG�RI�����ZDWWV�DQG�5�UHPDLQV���RKPV���((����FDOFXODWHV�WKH�FXUUHQW�WR�EH������DPSV���7KH�XVHU�PD\�WHOO�((����WR� XVH� PLOOLDPSV� IRU� ,� LQVWHDG� RI� DPSV�� � ((���� WKHQ� FRQYHUWV� LWV� DQVZHU� WR� PLOOLDPSV� DQG� GLVSOD\V�,  �� P$��
((����LV�HDV\�WR�XVH��7KH�VWXGHQW�RQO\�KDV�WR�UHPHPEHU RQH�VLPSOH�UXOH�(QWHU�ZKDW�\RX�NQRZ���7KHQ�SUHVV�)��6ROYH�((����GRHV�WKH�UHVW�
((����LV�DOVR�YHU\�IOH[LEOH�� �,W�DOORZV�WKH�VWXGHQW�WR�PRGLI\�WKH�QRWDWLRQ�UXOHV��LI�QHFHVVDU\��WR�PDWFK�WKH�SDUWLFXODU�FRQYHQWLRQV�XVHG�E\�WKH�SURIHVVRU���,Q�DGGLWLRQ��WKH�XVHU�PD\�RYHUULGH�WKH�QRWDWLRQ�UXOH IRU�DQ\�SDUWLFXODU�YDULDEOH�E\�VHOHFWLQJ�LWV�XQLWV�H[SOLFLWO\�WKH�ILUVW�WLPH�LW�LV�XVHG�
$IWHU�HQWHULQJ�HTXDWLRQV�DQG�GDWD�DQG�FDOFXODWLQJ�DQVZHUV��WKH�XVHU�PD\�VDYH�KLV�ZRUN�LQ�D�GHVFULSWLYHO\�QDPHG�IROGHU���7KLV SURYLGHV�D�ZD\�IRU�D�VWXGHQW�WDNLQJ�DQ�H[DP��RQFH�KH�KDV�FRPSOHWHG�DOO�WKH�SUREOHPV�RQ�WKH�H[DP�WKH�ILUVW�WLPH�� WR�UHWXUQ�WR�HDFK�SUREOHP�DQG�FKHFN�RYHU�WKH�ZRUN�ZLWKRXW�KDYLQJ�WR�HQWHU�WKH�HTXDWLRQV�DQG�GDWD�DJDLQ�
,QGLYLGXDO�HTXDWLRQV�RU�VHWV�RI�HTXDWLRQV�PD\�EH�LPSRUWHG�LQWR�((����IURP�((�3UR���((����LQFOXGHV�D�IXQFWLRQ����*HW(TQV RQ�LWV�)��7RROV�PHQX��ZKLFK�FDQ�EH�XVHG�WR�H[WUDFW�VHWV�RI�HTXDWLRQV�IURP�WKH�GD�9LQFL�7HFKQRORJLHV�((�3UR�VRIWZDUH�DQG�³SDVWH´�WKH�HTXDWLRQV�LQWR�((���¶V�HTXDWLRQ�VFUHHQ�



((����8VHUV�*XLGH�IRU�7,����&DOFXODWRUV������� SDJH��

:+$7�((����:,//�$1'�:21¶7�'2�)25�<28
(YHQ� ZLWK� ((����� WKH� XVHU� FDQ¶W� VROYH� D� SUREOHP� ZLWKRXW� KDYLQJ� D� ZRUNLQJ� NQRZOHGJH� RI� WKH�UHODWLRQVKLSV� RI� WKH� YDULDEOHV��NQRZOHGJH� VXIILFLHQW� WR� IRUPXODWH� DSSURSULDWH� HTXDWLRQV��8VLQJ� QRWDWLRQ�FRQYHQWLRQV�DSSURSULDWH�IRU�WKH�SUREOHP�DOORZV�WKH�FDOFXODWRU�WR�DOHUW�WKH�VWXGHQW�LI�KH�LQDGYHUWDQWO\�HQWHUV�DQ�HTXDWLRQ�LQ�ZKLFK� WKH�XQLWV�GRQ¶W�EDODQFH���)RU�H[DPSOH��WKH�FDOFXODWRU�GLVSOD\V�DQ�HUURU�PHVVDJH�LI�WKH�XVHU� FRQIXVHV� QRGH� YROWDJH� DQG� PHVK� FXUUHQW� HTXDWLRQV�� GLYLGLQJ E\� WKH� UHVLVWDQFHV� LQ� D� PHVK� DQDO\VLV�HTXDWLRQ�LQVWHDG�RI�PXOWLSO\LQJ�

7KH� VWXGHQW� GRHVQ¶W� KDYH� WR� GR� WKH� DOJHEUD� WR� LVRODWH� WKH� XQNQRZQV�� � )RU� H[DPSOH�� D�PHVK� FXUUHQW�FLUFXLW� DQDO\VLV� SUREOHP� ZLWK� �� PHVKHV� DQG� RQH� FXUUHQW�FRQWUROOHG� YROWDJH� VRXUFH� LV� GHVFULEHG� E\� ��HTXDWLRQV�LQ���XQNQRZQV�

((����WDNHV�LW�IURP�WKHUH��VLPXOWDQHRXVO\�VROYLQJ�WKH���HTXDWLRQV�DQG GLVSOD\LQJ�WKH�UHVXOWV�ODEHOHG�ZLWK�WKHLU�XQLWV�

((��� DOVR�KDQGOHV�XQLW� FRQYHUVLRQV�DXWRPDWLFDOO\�� �$SSURSULDWH�XQLW� FRQYHUVLRQV�DUH�PDGH�DV� ORQJ�DV�WKH�HTXDWLRQ�LV�YDOLG�LQ�6,�XQLWV���:KHQ�WKH�FDOFXODWRU�VROYHV�WKH�SUREOHP��LW�ILUVW�FRQYHUWV�DOO�WKH�YDOXHV�WR�WKHLU�HTXLYDOHQW�YDOXHV�LQ�6,�EDVH�XQLWV���$QVZHUV�DUH�VXEVHTXHQWO\�FRQYHUWHG�EDFN�WR��DQG�ODEHOHG�ZLWK��WKH�XVHU¶V�FKRLFH�RI�XQLWV��7KXV��LQ�WKH�SUHYLRXV�H[DPSOH��FDOFXODWLRQV�ZHUH�GRQH�ZLWK�QXPEHUV�LQ�DPSV��EXW�WKH�UHVXOWV�DUH�GLVSOD\HG�LQ�PLOOLDPSV�&RPSOLFDWHG�HTXDWLRQV�PD\�EH�YLHZHG�LQ�³WH[WERRN´ IRUP ZLWK�DOO�WKH�XQLWV�YLVLEOH�E\�SUHVVLQJ�)��9LHZ��,Q�WH[WERRN�IRUP��D�QRGH�YROWDJH�HTXDWLRQ�ORRNV�OLNH�



SDJH�� ((����8VHUV�*XLGH�IRU�7,����&DOFXODWRUV��������������������

*(77,1*�67$57('�± $1�($6<�352%/(0�)520�$�5($/�0,'7(50

.LUFKRII¶V� YROWDJH� ODZ� �.9/�� LV� XVHG� WR� VROYH� WKLV� SUREOHP�� ZKLFK� 3URI�� 3ODQW� SXW� LQ� DV� D� FRQILGHQFH�EXLOGHU� IRU� VWXGHQWV� WDNLQJ� WKH� ILUVW�PLGWHUP� LQ�KLV�(1*5�����FODVV�DW�2UHJRQ�6WDWH�� �.9/�VD\V� WKDW� WKH�VXP�RI�WKH�YROWDJH�ULVHV�DURXQG�D�ORRS�PXVW�HTXDO�WKH�VXP�RI�WKH�YROWDJH�GURSV���&RQVLGHU�D�FORFNZLVH�SDWK�DURXQG�WKH�ORRS���7KHQ��WKH���9�VRXUFH�LV�D�YROWDJH�ULVH�� �WKH���9�ORDG��WKH�XQNQRZQ�ORDG�9��DQG�WKH��9�VRXUFH�DUH�DOO�YROWDJH�GURSV���7R�XVH�((����WR�VROYH�WKLV��SUREOHP��IROORZ�WKHVH�VWHSV����3UHVV�WKH�21�NH\�LQ�WKH�ORZHU�OHIW�FRUQHU�RI�WKH�7,����NH\ERDUG����3UHVV� WKH�$336 NH\� ��UG URZ�FHQWHU��� WKHQ��SODFH� WKH�FXUVRU� RQ���)ODVK$SSV��SUHVV�(17(5 �ERWWRP� ULJKW�FRUQHU����7KLV�ZLOO�GLVSOD\�D�SXOO�GRZQ�PHQX�RI��FXUUHQWO\�ORDGHG�)ODVK�$SSV�

8VH� WKH� XS� RU� GRZQ� FXUVRUV� WR� KLJKOLJKW� ((����� WKHQ�� SUHVV� (17(5�� � ((���¶V� 1DYLJDWLRQ� *XLGH LV�GLVSOD\HG�� � ,I�((����KDV�EHHQ�UXQ�SUHYLRXVO\� LQ� WKLV� IROGHU�� LW�ZLOO� UHVXPH�ZKHUH� LW� OHIW�RII�� �,Q�WKDW�FDVH��SUHVV�(6& WR�JHW�WR�WKH�1DYLJDWLRQ�*XLGH�

��� )DPLOLDUL]H� \RXUVHOI� ZLWK� WKH� VKRUW� QRWHV� LQ� WKH� 1DYLJDWLRQ� *XLGH�� ,I� \RX� ZLVK�� SUHVV��QG�)��L WR� VHH�DGGLWLRQDO�QRWHV�RQ�WKH�SURJUDP���:KHQ�\RX�DUH�UHDG\�WR�PRYH�DKHDG��SUHVV�)��(TQV�



((����8VHUV�*XLGH�IRU�7,����&DOFXODWRUV������� SDJH��

���1RZ� NH\� LQ� WKH�.9/� HTXDWLRQ�� � 6HW� WKH� YROWDJH� ULVH� HTXDO� WR� WKH� VXP�RI� WKH�YROWDJH�GURSV�� �%HJLQ E\�HQWHULQJ�³��´�IRU�WKH����YROW�VRXUFH�

7R�LQGLFDWH�XQLWV��SUHVV��)��9�

.H\�LQ�WKH�UHPDLQGHU�RI�WKH�HTXDWLRQ��5HPHPEHU�WR�HQWHU�WKH�XQLWV�DJDLQ�IRU�WKH����YROW�ORDG�DQG�WKH���YROW�VRXUFH���7KH�ORZHU�FDVH�µY¶ LQ�WKH�HTXDWLRQ�LV�WKH�XQNQRZQ���

3UHVV�(17(5 WR�WHUPLQDWH�WKH�HTXDWLRQ�

��� 3UHVV )��6ROYH WR� GLVSOD\� WKH� 6ROYHU� VFUHHQ�� WKHQ�� SUHVV� )��6ROYH� DJDLQ WR� FDOFXODWH� D� YDOXH� IRU� WKH�XQNQRZQ�YDULDEOH�Y�



SDJH�� ((����8VHUV�*XLGH�IRU�7,����&DOFXODWRUV��������������������

�1' (;$03/(�± $33/<,1*�.,5&+2))¶6�&855(17�/$:�$1'�2+0¶6�/$:

7KLV�SUREOHP��OLNH�WKH�RWKHUV��LV�WDNHQ�IURP�DQ�DFWXDO�PLGWHUP�JLYHQ�LQ�DQ�(1*5�����FODVV�DW�2UHJRQ�6WDWH�8QLYHUVLW\�� �7KH�NH\� WR�LWV�VROXWLRQ� LV� WR�REVHUYH�WKDW� WKH�YROWDJH�GURS�DFURVV�WKH���RKP�UHVLVWRU��ZKLFK� LV�WKH�XQNQRZQ�YROWDJH�Y� LV�WKH�VDPH�DV�WKDW�DFURVV�WKH���RKP�UHVLVWRU���+HQFH�WKH�WZR�XQNQRZQV�L DQG�Y DUHUHODWHG�E\�2KP¶V�ODZ��2QFH�Y LV�NQRZQ��L PD\�EH�UHDGLO\�FDOFXODWHG���7KH�XQNQRZQ�Y PD\�EH�FDOFXODWHG�E\�DSSO\LQJ�.LUFKRII¶V�FXUUHQW�ODZ�DW�WKH�XSSHU�QRGH���7ZR�HTXDWLRQV�DUH�UHTXLUHG��Y� �L�u �: 2KP¶V�ODZ�$� �L���L�����Y��: .LUFKRII¶V�FXUUHQW�ODZ��.&/�7KH�.&/�HTXDWLRQ� VHWV� WKH�FXUUHQW� LQWR� WKH�XSSHU�QRGH�HTXDO� WR� WKH� VXP�RI� WKH�FXUUHQWV�RXW�RI� WKH�QRGH���7KH�L�� WHUP�UHIOHFWV�WKH�IDFW�WKDW�WKDW�WKH�FXUUHQW�FRQWUROOHG�FXUUHQW�VRXUFH�SURYLGHV�D�FXUUHQW�HTXDO�WR�RQH�IRXUWK� RI� WKH�XQNQRZQ�FXUUHQW� L�� WKH� FRQVWDQW�RI�SURSRUWLRQDOLW\�KDV�XQLWV�RI� DPSV�SHU�DPSV�� VR� WKH�XQLWV�PD\� EH� RPLWWHG�� � 2Q� WKH� RWKHU� KDQG�� WKH�XQLWV� DUH� QHFHVVDU\ LQ� WKH�Y��:: WHUP� LQ� RUGHU� IRU� WKH� XQLWV� WR�EDODQFH�LQ�WKH�HTXDWLRQ�DV�D�ZKROH�
,Q�((�����XVH�)��7RROV���1HZ3URE WR�FOHDU�WKH�HTXDWLRQV�DQG�YDULDEOHV�IURP�WKH�SUHYLRXV�SUREOHP���(QWHU�WKH�WZR�UHTXLUHG�HTXDWLRQV���1RWH�WKDW�WKH�ILUVW�HTXDWLRQ�RQO\�WDNHV���NH\VWURNHV�WR�HQWHU��HYHQ�WKRXJK�WKHUH�DUH��� FKDUDFWHUV� LQ� WKH� GLVSOD\� IRUP�� DIWHU� SUHVVLQJ� WKH� GLJLW�� NH\�� \RX� QHHG� RQO\� SUHVV� WKH�)��: VRIWNH\���((����LQVHUWV� WKH�PXOWLSO\�VLJQ�DQG�WKH�XQGHUVFRUH�EHIRUH�VHQGLQJ�WKH�HTXDWLRQ� WR�WKH�FDOFXODWRU¶V�SDUVHU���6LPLODUO\�� WKH� VHFRQG� HTXDWLRQ�PD\� EH� HQWHUHG� LQ� ��� NH\VWURNHV�� HYHQ� WKRXJK� WKH� GLVSOD\HG� IRUP� KDV� ���FKDUDFWHUV�

,I�\RX�KDG�PLVWDNHQO\�HQWHUHG�WKH�WKLUG�WHUP�RQ�WKH�ULJKW�VLGH�RI�WKH�.&/�HTXDWLRQ�DV�Y�u��: LQVWHDG�RI�Y����:��((����ZRXOG�DOHUW�\RX�WR�\RXU�HUURU�

,Q�WKDW�FDVH��SUHVVLQJ�(17(5 OHDGV�WR�D�PRUH�GHWDLOHG�H[SODQDWLRQ�RI��WKH�HUURU�



((����8VHUV�*XLGH�IRU�7,����&DOFXODWRUV������� SDJH��

:KHQ� WKH� HTXDWLRQV� KDYH� EHHQ� HQWHUHG� FRUUHFWO\�� SUHVV� )��6ROYH WR� DFFHVV� WKH� 6ROYHU� VFUHHQ�� 7KHQ�� WR�FDOFXODWH�WKH�VROXWLRQ��SUHVV�)��6ROYH DJDLQ �

7R�GR�D SRZHU�FKHFN RQ�WKLV�VROXWLRQ��SUHVV�(6& WR�UHWXUQ�WR�WKH�HTXDWLRQV�VFUHHQ���(QWHU�HTXDWLRQV�IRU�WKH�SRZHU�JHQHUDWHG��SJ��DQG�WKH�SRZHU�GLVVLSDWHG��SG����0RYH�WKH�FXUVRU�WR�WKH�RULJLQDO WZR�HTXDWLRQV���8VH��QG�)��� WR�GHVHOHFW WKHP�

6LQFH� WKH�FXUUHQW� LV� IORZLQJ�RXW�RI� WKH�SRVLWLYH�WHUPLQDO�� WKH�SRZHU�JHQHUDWHG�FRPHV�IURP� WKH��$�FXUUHQW�VRXUFH���6LQFH��IRU�WKH�GHSHQGHQW�FXUUHQW�VRXUFH��WKH�FXUUHQW�LV�IORZLQJ�RXW�RI�WKH�QHJDWLYH�WHUPLQDO��SRZHU�LV�GLVVLSDWHG�LQ�WKH�GHSHQGHQW�FXUUHQW�VRXUFH�DV�ZHOO�DV�LQ�WKH�WZR�UHVLVWRUV���3UHVV�)��6ROYH�WR�EULQJ�XS�WKH�6ROYHU�VFUHHQ�DJDLQ�

)RU�WKH�SRZHU�FKHFN��XVH�WKH�FDOFXODWHG�YDOXHV�RI Y DQG�L DV�LQSXWV���0RYH�WKH�FXUVRU�WR�HDFK�LQ�WXUQ�DQG�XVH�)��2SWV���.QRZ WR�VHW�WKHLU�YDOXHV�DV�NQRZQV�



SDJH��� ((����8VHUV�*XLGH�IRU�7,����&DOFXODWRUV��������������������

1RWH�WKH�VPDOO�VTXDUHV QH[W�WR�WKH�YDULDEOHV�Y DQG�L���7KHVH�LFRQV LQGLFDWH�WKDW�WKH�GLVSOD\HG�YDOXHV�ZLOO�EH�WDNHQ�DV�LQSXWV�LQ�WKH�FDOFXODWLRQ�RI�WKH�UHPDLQLQJ��XQNQRZQ�YDULDEOHV���3UHVV�)��6ROYH WR�FDOFXODWH�SJ DQG�SG�

7KH�SRZHU�JHQHUDWHG��SJ��DQG�WKH�SRZHU�GLVVLSDWHG��SG��DUH�ERWK�HTXDO�WR����ZDWWV��VR�WKH�FLUFXLW�VROXWLRQ�SDVVHV� WKH�SRZHU�FKHFN�� �7KH�GLDPRQGV QH[W� WR�SJ DQG�SG LQGLFDWH� WKDW� WKHLU�YDOXHV�KDYH�EHHQ�IRXQG�E\�VROYLQJ�WKH�HTXDWLRQV�ZLWK�WKH�NQRZQ�GDWD�



((����8VHUV�*XLGH�IRU�7,����&DOFXODWRUV������� SDJH���

�UG (;$03/(�± 0$;,080�32:(5�75$16)(5�$1'�0(6+�$1$/<6,6

7R�GR�WKLV�SUREOHP��PHVK�DQDO\VLV�LV�XVHG�WR�VROYH�IRU� WKH�SRZHU�WUDQVIHUUHG�DV�D�IXQFWLRQ�RI�WKH�ORDG��5/��7KHQ�5/ LV�VHW�HTXDO�WR�57K��WKH�7KHYHQLQ�HTXLYDOHQW�UHVLVWDQFH�RI�WKH�FLUFXLW���)RXU�HTXDWLRQV�DUH�UHTXLUHG�WR�VROYH�WKH�SUREOHP��WZR�PHVK�HTXDWLRQV��DQ�HTXDWLRQ�ZKLFK�UHODWHV�WKH�YDOXH�RI�WKH�FXUUHQW�VRXUFH�WR�WKH�PHVK�FXUUHQWV��DQG�DQ�HTXDWLRQ�IRU�WKH�SRZHU�WUDQVIHUUHG��S��� �L�u�:��L�u�: ��Y�� PHVK��Y�  �L�u�: ���9���L�uU/ PHVK��L� ± L�  ��$ UHODWH�FXUUHQW�VRXUFH�WR�PHVK�FXUUHQWVS� �L�� u U/ SRZHU�WUDQVIHUUHG1RWH� WKDW�7,������FDOFXODWRUV�GR�QRW� GLVWLQJXLVK�EHWZHHQ�XSSHU�DQG� ORZHU� FDVH OHWWHUV� LQ�YDULDEOH�QDPHV���8VH�)��7RROV���1HZ3URE WR� FOHDU� RXW� DQ\� H[LVWLQJ� HTXDWLRQV� DQG� YDULDEOHV� DV� EHIRUH�� � 7KHQ� HQWHU� WKH� IRXU�HTXDWLRQV�

3UHVV�)��6ROYH WR�DFFHVV�WKH�6ROYHU�VFUHHQ���,I�\RX�QRZ�SUHVV�)��6ROYH DJDLQ��WKH�FDOFXODWRU�LV�XQDEOH�WR ILQG�D�VROXWLRQ EHFDXVH�WKHUH�DUH�ILYH�XQNQRZQV�EXW�RQO\�IRXU�HTXDWLRQV��7KLV�LV�LQGLFDWHG�LQ�WKH�VWDWXV�OLQH��DW�WKH�ERWWRP�RI�WKH�VFUHHQ�

7KH�7KHYHQLQ�HTXLYDOHQW� UHVLVWDQFH�RI� WKH�FLUFXLW�� ORRNLQJ� LQ�DFURVV�D�DQG�E��PD\�EH�IRXQG�E\� LQVSHFWLRQ�WKURXJK�GHDFWLYDWLQJ�WKH�VRXUFHV��UHSODFH�WKH�YROWDJH�VRXUFH�ZLWK�D�VKRUW�FLUFXLW�DQG�WKH�FXUUHQW�VRXUFH�ZLWK�DQ�RSHQ�FLUFXLW���7KH�UHVXOW�LV�VLPSO\�WKH�VXP�RI�WKH���UHVLVWRUV�LQ�VHULHV���
���0RYH�WKH�FXUVRU�GRZQ�WR�UODQG�HQWHU��
�
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1RWH�WKDW��DV�VRRQ�DV�\RX�EHJLQ�HQWHULQJ�WKH�YDOXH�RI�UO��WKH�VRIWNH\�ODEHOV�IRU�)�«)� VKRZ�RKPV��NLORRKPV��PHJDRKPV��HWF���3UHVV�)��
 WR�FRPSOHWH�WKH�HQWU\�

1RZ��SUHVV�)��6ROYH��7KH�FRPSOHWHG�VROXWLRQ�VFUHHQ�QRZ�GLVSOD\V�

7KH�PD[LPXP�SRZHU� WUDQVIHUUHG LV� �����ZDWWV� DQG�RFFXUV�ZKHQ� WKH� ORDG� UHVLVWDQFH� LV� �� RKPV�� �7R�VDYH�\RXU�ZRUN VR�WKDW�\RX�FDQ�FKHFN�LW�ODWHU��XVH�)��7RROV���6DYH�$V���:KHQ�SURPSWHG�IRU�D�IROGHU�QDPH��HQWHU�D�VKRUW� GHVFULSWLYH� QDPH� VXFK� DV� ³H[�´� IRU� ³H[DPSOH� �´�� � 7R� UHWXUQ� WR� WKLV� SUREOHP ODWHU� XVH� WKH�)��7RROV���2SHQ IXQFWLRQ�
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�7+ (;$03/(�± 0(6+�$1$/<6,6�,1�7+(�3+$625�'20$,1

)RU�WKLV�ILQDO�H[DP�SUREOHP��PHVK�DQDO\VLV�LV�WR�EH�XVHG�WR�FDOFXODWH�9���WKH�YROWDJH�DFURVV�WKH��: UHVLVWRU���7KHUH� DUH� WKUHH� PHVK� FXUUHQWV�� ,��� ,��� DQG� ,��� � &DOFXODWLRQV� DUH� WR� EH� GRQH� LQ� WKH� SKDVRU� GRPDLQ�� VR� DOO��YDULDEOHV� FDQ� WDNH� RQ� FRPSOH[ YDOXHV�� � ,Q� SUHYLRXV� H[DPSOHV�� FXUUHQW� YDULDEOHV�� EHJLQQLQJ� ZLWK� µL¶�� DQG�YROWDJH�YDULDEOHV��EHJLQQLQJ�ZLWK�µY¶��KDYH�EHHQ�FRQVWUDLQHG�WR�EH�UHDO�QXPEHUV�RQO\���7R�DOWHU�WKH�UXOHV IRU�µL¶�DQG�µY¶�YDULDEOHV WR�DOORZ WKHP�WR�WDNH�RQ�FRPSOH[�YDOXHV��DFFHVV�WKH�5XOHV�VFUHHQ���3UHVV��QG�)��5XOHV�

1RZ�XVH�WKH�GRZQ�DUURZ�WR�PRYH�WKH�FXUVRU�WR�WKH�OLQH�IRU�YDULDEOHV�EHJLQQLQJ�ZLWK�µL¶�

3UHVV��QG�)��(GLW RU�WKH�ULJKW�DUURZ�NH\�WR�EULQJ�XS�WKH�PHQX�RI�YDULRXV�XQLW�FDWHJRULHV�

1RZ�XVH�WKH�GRZQ�DUURZ�WR�KLJKOLJKW�WKH�DOWHUQDWLYH�$�&XUUHQW��FRPSOH[��$��
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3UHVV�WKH�(17(5 NH\�WR�DVVRFLDWH�FRPSOH[�FXUUHQW�YDOXHV�ZLWK�YDULDEOHV�WKDW�VWDUW�ZLWK�³L´���

1RWH�WKDW�WKH�OLQH�IRU�YDULDEOHV�EHJLQQLQJ�ZLWK�µL¶�QRZ�LQFOXGHV�WKH�ZRUG�³FRPSOH[´���1H[W��DVVLJQ�FRPSOH[YROWDJH�XQLWV WR�WKH�UXOH�IRU�YDULDEOHV�EHJLQQLQJ�ZLWK�µY¶�LQ�WKH�VDPH�ZD\�WKDW�\RX�DVVLJQHG�FRPSOH[�FXUUHQW�XQLWV�WR�µL¶�YDULDEOHV�

1RZ�XVH�)��7RROV���1HZ�3URE�WR�JHW�UHDG\�WR�VROYH�WKLV�SUREOHP���
7KHUH�DUH�WKUHH�PHVKHV�LQ�WKH�FLUFXLW�� ,� FDQ�EH�UHDG�GLUHFWO\�IURP�WKH�VFKHPDWLF�DV����q DPSV��VR�LW�LVQ¶W�QHFHVVDU\�WR�NH\�LQ�DQ�HTXDWLRQ IRU�WKH�OHIW�KDQG�PHVK���7KH�.LUFKRII¶V�9ROWDJH�/DZ�HTXDWLRQ�IRU�WKH�FHQWHU�PHVK�LV� �� ��,�� ,��u���M��: ��,�u��M�:�����,��,��u���M��:7KH�PHVK�FXUUHQWV�,� DQG�,� LQ�WKH�FHQWHU�DQG�ULJKW�KDQG�PHVKHV�DUH�UHODWHG�WR�HDFK�RWKHU�WKUX�WKH�YDULDEOH�,[DQG�WKH�GHSHQGHQW�FXUUHQW�VRXUFH�LQ�WKH�ULJKW�KDQG�PHVK�,�� ���,[,�� �,[2QH�PRUH�HTXDWLRQ�LV�QHHGHG�WR�UHODWH�WKH�YDULDEOH�RI�LQWHUHVW�9� WR�WKH�PHVK�FXUUHQWV�9�� ��,��� ,��u�:.H\�LQ�WKH�IRXU�HTXDWLRQV�� �1RWH�WKDW�DOWKRXJK�HOHFWULFDO�HQJLQHHULQJ�QRWDWLRQ�IRU WKH�VTXDUH�URRW�RI�PLQXV�RQH LV�D�VFULSW�M��WKH�7,����FDOFXODWRU�IROORZV�WKH�PRUH�FRPPRQ�PDWK�QRWDWLRQ�RI�VFULSW�L IRU�WKH�VTXDUH�URRW�RI�PLQXV�RQH���6FULSW�L FDQ�EH�IRXQG�RQ�WKH�7,����NH\ERDUG�DV�WKH�\HOORZ�VKLIWHG�IXQFWLRQ�RQ�WKH�&$7$/2*NH\�� �%H�FDUHIXO�QRW� WR�PL[�XS�WKH�UHJXODU�OHWWHU�µL¶�ZLWK� WKH�VFULSW�L�� �8VHUV�XQIDPLOLDU�ZLWK�7,�FDOFXODWRUV�VKRXOG�DOVR�QRWH�WKDW�WKH�XQDU\�PLQXV�VLJQ LQ�WKH�PLGGOH�WHUP�RI�WKH�ULJKW�KDQG�VLGH�RI�WKH�ILUVW�HTXDWLRQ�LV�RQ�D GLIIHUHQW�NH\ �³���´��ERWWRP�URZ��ORZHU�ULJKW�FRUQHU��EHWZHHQ�WKH�GHFLPDO�SRLQW�NH\�DQG�WKH�(17(5 NH\��WKDQ�WKH�UHJXODU�ELQDU\�PLQXV��³�´��WZR�NH\V�XS�IURP�WKH�(17(5 NH\��DERYH�WKH�³�´�NH\����8QDU\�PLQXV DOVR�DSSHDUV�RQ�WKH�ULJKW�VLGH�RI�WKH�VHFRQG�HTXDWLRQ���0L[LQJ�XS�XQDU\�DQG�ELQDU\�PLQXV�VLJQV�FDXVHV�³V\QWD[´�HUURUV���:KHQ�WKH���HTXDWLRQV�KDYH�EHHQ�HQWHUHG�FRUUHFWO\��WKH�VFUHHQ�GLVSOD\V��

1RWH�WKDW�((����QRZ�DGGV�DQ�XQGHUVFRUH WR WKH�HQG�RI�YDULDEOHV�ZKLFK�EHJLQ�ZLWK�µL¶�RU�µY¶�LQ�FRQIRUPDQFH�ZLWK�WKH�7,�FDOFXODWRU¶V�FRQYHQWLRQ�IRU�YDULDEOHV�ZKLFK�FDQ�WDNH�RQ�FRPSOH[�YDOXHV���
7KH�ILUVW�HTXDWLRQ�GRHVQ¶W�ILW�RQ�WKH�VFUHHQ�LQ�WKH�UHJXODU�GLVSOD\�PRGH��EXW�LW�FDQ�EH�UHYLHZHG�E\�SODFLQJ�WKH�FXUVRU�RQ�LW�DQG�SUHVVLQJ�)��9LHZ���7KH�9LHZ FRPPDQG�VKRZV�WKH�HTXDWLRQ�LQ�WH[WERRN�IRUPDW�ZLWK�DOO�LWV�
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XQLWV�YLVLEOH���:KHQ�DQ\�SDUW�RI�WKH�HTXDWLRQ�LV�RXW�RI�VLJKW�RII�WKH�HGJH�RI�WKH�GLVSOD\��DQ�LQGLFDWRU�VKRZV�XS�RQ�WKH�VWDWXV�OLQH�DW�WKH�ERWWRP�RI�WKH�VFUHHQ�WR�FXH�WKH�XVHU�WKDW�KH�PD\�SUHVV�WKH�FXUVRU�NH\�V��WR�YLHZ�WKH�KLGGHQ�SDUW�

,Q� WKLV� FDVH�� WKH� ULJKW�DUURZ� NH\�ZLOO�PRYH� WKH�ZLQGRZ� WR� WKH� ULJKW� DERXW� RQH� FKDUDFWHU� DW� D� WLPH�� � 7KH�\HOORZ�VKLIWHG ULJKW�DUURZ NH\�PRYHV� WKH�ZLQGRZ�RQH�VFUHHQ�ZLGWK�RU WR� WKH�ULJKW�HGJH�RI� WKH�LWHP�EHLQJ�GLVSOD\HG�

7KH�GLDPRQG�VKLIWHG� ULJKW�DUURZ�NH\�PRYHV� WKH�ZLQGRZ� LPPHGLDWHO\� WR� WKH� ULJKW� HGJH�RI� WKH� LWHP�EHLQJ�GLVSOD\HG���

7R�UHWXUQ�IURP�WKH�9LHZ�GLVSOD\�WR�WKH�UHJXODU�GLVSOD\��SUHVV��QG�)��&RQWLQXH RU�DQ\�RWKHU�NH\�
1RZ�SUHVV )��6ROYH WR�DFFHVV�WKH�6ROYHU�VFUHHQ��(QWHU�WKH�YDOXH�IRU�,� IURP�WKH�FLUFXLW�GLDJUDP�

3UHVV )��6ROYH DJDLQ WR�FDOFXODWH�WKH�VROXWLRQ�VKRZQ�EHORZ�

$V�ZLWK�WKH�HTXDWLRQV��YDOXHV�ZKLFK�GRQ¶W�ILW�HQWLUHO\�RQ�WKH�VFUHHQ�PD\�EH�YLHZHG�XVLQJ�)��9LHZ RU�WKH�ULJKW�DUURZ�NH\�
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$OWHUQDWLYHO\��\RX�PLJKW�FKRRVH�WR�UHGXFH�WKH�QXPEHU�RI�VLJQLILFDQW�GLJLWV�GLVSOD\HG�IURP���WR���XVLQJ�WKH�02'( NH\���WK URZ���QG FROXPQ����7KHQ�DOO�WKH�YDOXHV�DQG�WKHLU�XQLWV�ZLOO ILW�LQ�WKH�GLVSOD\�

9DULDEOHV� ZLWK� FRPSOH[� FXUUHQW� RU� YROWDJH� XQLWV� GHIDXOW� WR SRODU� IRUP�� EXW� LW¶V� HDV\� WR� FRQYHUW� WKHP� WR�UHFWDQJXODU IRUP�LI�GHVLUHG���7R�FRQYHUW��XVH�)��2SWV���3�5�

+HUH�DOO�WKH�FXUUHQWV�KDYH�EHHQ�FRQYHUWHG�WR�UHFWDQJXODU�IRUP��ZKLOH�WKH�YROWDJH�KDV�EHHQ�OHIW�LQ�SRODU�IRUP�

$�SDUWLFXODU�YDULDEOH�FRQYHUWHG�IURP�SRODU�WR�UHFWDQJXODU�IRUP�ZLOO�FRQWLQXH�WR�EH�GLVSOD\HG�LQ�UHFWDQJXODU�IRUP�XQWLO�\RX�XVH�)��2SWV���3�5�DJDLQ�WR�FRQYHUW�EDFN�WR�SRODU�IRUP�
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+2:�'2(6�((����:25."
1RWDWLRQ�5XOHV
((����XVHV�RI�D�VHW�RI�QRWDWLRQ�UXOHV�WR�LQIHU�WKH�XQLWV�DVVRFLDWHG�ZLWK�D�YDULDEOH IURP�WKH�ILUVW�OHWWHU RI�WKH�YDULDEOH¶V�QDPH���7KLV�PHWKRG�IROORZV�FRPPRQ�FODVVURRP�QRWDWLRQ��YDULDEOHV�EHJLQQLQJ�ZLWK�WKH�VDPH�OHWWHU�XVXDOO\�KDYH�WKH�VDPH�XQLWV���)RU�H[DPSOH��LQ�DQ�HOHFWULFDO�HQJLQHHULQJ�FODVV��YDULDEOHV�VXFK�DV�Y� DQG�Y� VWDQG�IRU�YROWDJHV��LD DQG�LE IRU�FXUUHQWV��DQG�VR�RQ�7KH�UXOHV�IRU�LQGLYLGXDO�OHWWHUV�PD\�EH�H[DPLQHG�DQG��LI�GHVLUHG��FKDQJHG LQ�WKH�5XOHV�VFUHHQ���,Q�WKH�IRXUWK�H[DPSOH� DERYH�� WKH� UXOHV� IRU� WKH� OHWWHUV� µL¶� DQG� µY¶�ZHUH�FKDQJHG� WR� VSHFLI\� WKDW�QHZ�YDULDEOHV�EHJLQQLQJ�ZLWK� WKRVH� OHWWHUV� VKRXOG� EH� DOORZHG� WR� WDNH� RQ� FRPSOH[� YDOXHV�� � 7KH�5XOHV� VFUHHQ�PD\� EH� DFFHVVHG� E\�SUHVVLQJ��QG�)��5XOHV���7KH�GHIDXOW�UXOHV�DUH�VKRZQ�KHUH���7KH�UXOHV�IRU�YDULDEOHV�EHJLQQLQJ�ZLWK�µL¶�DQG�µY¶�PD\�KDYH�EHHQ�DOWHUHG�WR�DOORZ�FRPSOH[�YDOXHV�ZKHQ�((����ZDV�LQVWDOOHG�

1RWH�WKDW�LQ�DGGLWLRQ�WR�WKH�UXOHV�IRU�WKH ���OHWWHUV�RI�WKH�5RPDQ DOSKDEHW��WKHUH�DUH�UXOHV�IRU���OHWWHUV�RI�WKH�*UHHN DOSKDEHW���5HPHPEHU�� WRR��WKDW�WKH�7,�FDOFXODWRU�RSHUDWLQJ�V\VWHP�LV�FDVH�LQVHQVLWLYH ZLWK�UHVSHFW�WR�



SDJH��� ((����8VHUV�*XLGH�IRU�7,����&DOFXODWRUV��������������������

WKH�5RPDQ�DOSKDEHW��H�J���µ$¶�DQG�µD¶�DUH�WUHDWHG�DV�WKRXJK�WKH\�ZHUH�LGHQWLFDO���+RZHYHU��XSSHU�DQG�ORZHU�FDVH�*UHHN OHWWHUV�DUH GLVWLQJXLVKHG�
(DFK� RI� WKH� ��� 5RPDQ� OHWWHUV� DQG� �� *UHHN� OHWWHUV� FDQ� EH� LQGLYLGXDOO\� DVVRFLDWHG� ZLWK� D� XQLW� FDWHJRU\��³YROWDJH´�� ³FXUUHQW´�� ³LPSHGDQFH´�� HWF��� RU��ZLWK� GLPHQVLRQOHVV� YDULDEOHV� ³XQLWOHVV´�� RU��ZLWK� WKH� FXUUHQW�GHIDXOW�XQLW�FDWHJRU\���7KH�FXUUHQW�GHIDXOW�XQLW�FDWHJRU\�LV�GLVSOD\HG�LQ�WKH�ILUVW�OLQH RI�WKH�5XOHV�VFUHHQ��LWVWDUWV� RXW� DV� ³XQLWOHVV´�� EXW� FDQ� EH� FKDQJHG� WR� DQ\� RWKHU� XQLW� FDWHJRU\�� �3UHVVLQJ��QG�)��(GLW RU� WKH� ULJKW�DUURZ�NH\�EULQJV�XS�D�PHQX�RI�XQLW�FDWHJRULHV�

7KHUH�DUH WKUHH�VSHFLDO� LWHPV�LQ� WKLV�PHQX����8QLWOHVV DW� WKH WRS�RI� WKH�PHQX��=�GHIDXOW DW� WKH�ERWWRP�RI�WKH�PHQX��DQG�<�0RUH�XQLWV«��ZKLFK�LV�WKH�QH[W�WR�ODVW�LWHP�RQ�WKH�PHQX���6HOHFWLQJ�<�0RUH�XQLWV« DFFHVVHV�VWLOO�DQRWKHU�PHQX�
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7KHUH� DUH���� XQLW� FDWHJRULHV� LQ� DOO� ZKLFK� DUH� DYDLODEOH� LQ� ((���� IRU� DVVLJQPHQW� WR� QRWDWLRQ� UXOHV�� � 6HH�$SSHQGL[�% IRU� WKH�FRPSOHWH� OLVW� RI� XQLW� FDWHJRULHV �H�J���9ROWDJH�� DQG� WKHLU�DVVRFLDWHG�FKRLFHV�RI� VFDOH�IDFWRUV �H�J���9��P9��P9��HWF�����7KH����XQLW�FDWHJRULHV�DUH�SODFHG�LQ�WZR�PHQXV�GXH�WR�WKH�7,�FDOFXODWRU¶V�OLPLW�RI�����LWHPV�LQ�D�PHQX�
7KH�$WWULEXWHV�RI�D�9DULDEOH
((���� UHPHPEHUV� D� QXPEHU� RI� DWWULEXWHV� DERXW� HDFK� YDULDEOH� XVHG� LQ� DQ� HTXDWLRQ�� � 7KH� DWWULEXWHV� DUH�GHWHUPLQHG� LQ� WKH� EHJLQQLQJ� E\� WKH� XQLWV� DVVRFLDWHG� ZLWK� WKH� YDULDEOH�� EXW� VRPH� RI� WKH� DWWULEXWHV� PD\�VXEVHTXHQWO\�EH�FKDQJHG�E\�WKH�XVHU���$WWULEXWHV�RI�D�YDULDEOH�PD\�EH�YLHZHG�E\�KLJKOLJKWLQJ�WKH�YDULDEOH�LQ� WKH� 6ROYHU� VFUHHQ� DQG� SUHVVLQJ� )��2SWV���7\SH�� � )RU� H[DPSOH�� YDULDEOHV� EHJLQQLQJ� ZLWK� ] GHIDXOW� WR�LPSHGDQFH�
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1DWXUDO�/DQJXDJH�6\QWD[�IRU�8QLWV
:LWK�VRPH�H[FHSWLRQV��WKH�7,�FDOFXODWRU¶V�RSHUDWLQJ�V\VWHP�WUHDWV�XQLW�YDULDEOHV�DV�V\QWDFWLFDOO\ HTXLYDOHQW�WR�QRUPDO�YDULDEOHV�ZLWK� UHJDUG� WR�SUHFHGHQFH�� �7KLV�KDV� UHVXOWV�ZKLFK� DUH�GLIIHUHQW�IURP�ZKDW�RQH�PLJKW�H[SHFW�� � )RU� H[DPSOH�� WR� FDOFXODWH� WKH� DYHUDJH� VSHHG� RI� D� FDU�� \RX� GLYLGH� WKH� GLVWDQFH� WUDYHOHG� E\� WKH�HODSVHG�WLPH���,I�WKH�HODSVHG�WLPH�LV����PLQXWHV�DQG�WKH�GLVWDQFH�LV����PLOHV��ZH�ZRXOG�ZULWH��VSHHG� ����PLOHV����PLQXWHV� ����PSK7,� FDOFXODWRU� QRWDWLRQ XVHV� ³BPL´� IRU� PLOHV� DQG� ³BPLQ´� IRU� PLQXWHV�� VR� WKH� QDWXUDO� ZD\� WR� H[SUHVV� WKH�HTXDWLRQ�IRU�VSHHG�LV�� VSHHG� ���BPL���BPLQ+RZHYHU��WKDW�OHDGV�WR�WKH�ZURQJ�UHVXOW EHFDXVH�WKH�7,�SDUVHU�LQWHUSUHWVVSHHG� ���BPL���BPLQDVVSHHG� ������u PLOHV��������u PLQXWHV ���������u PLOHV�u PLQXWHV7KH�XQLWV�³BPLQ´�DUH�LQWHUSUHWHG�WR�EH�LQ�WKH�QXPHUDWRU�UDWKHU�WKDQ�LQ�WKH�GHQRPLQDWRU���((�����KRZHYHU��VFDQV� WKH� XVHU¶V� HTXDWLRQV� DQG� ELQGV� XQLWV� WR� WKHLU� DVVRFLDWHG� YDULDEOHV� RU� QXPEHUV� EHIRUH� VHQGLQJ� WKH�HTXDWLRQ�WR�WKH�7,�SDUVHU���7KH�V\QWD[�UXOH�LQ�((����LV�WKDW�D�YDULDEOH�QDPH�EHJLQQLQJ�ZLWK�DQ�XQGHUVFRUH�ELQGV�GLUHFWO\�WR�WKH�YDULDEOH�QDPH��QXPEHU��RU�SDUHQWKHWLFDO�H[SUHVVLRQ�WKDW�SUHFHGHV�LW���:KLOH�WKLV�UXOH�LV�DZNZDUG�WR�H[SUHVV��LW�LV�HDV\�WR�XVH�EHFDXVH�LW�LPSOHPHQWV�WKH�ZD\�ZH�XVH�XQLWV�LQ�RUGLQDU\ODQJXDJH�DQG�QRWDWLRQ�� �:KHQ�\RX� HQWHU� DQ�HTXDWLRQ�ZLWK�XQLWV� LQWR�((�����\RX� VLPSO\�ZULWH� WKH�XQLWV�ZLWK� WKHLU�DVVRFLDWHG�TXDQWLWLHV�RU�YDULDEOHV�WKH�ZD\�\RX�ZRXOG�LI�\RX�ZHUH�ZULWLQJ�WKH�HTXDWLRQ�RQ�D�SLHFH�RI�SDSHU�RU�D�EODFNERDUG���((����GRHV�WKH�UHVW��
((����6HWV�8S�WKH�3UREOHP�IRU�WKH�&DOFXODWRU¶V�0DWK�(QJLQH
$OWKRXJK�((����DOZD\V�GLVSOD\V�QXPEHUV�VFDOHG�LQ�WKH�XQLWV�FKRVHQ�E\�WKH�XVHU��LW�VWRUHV�YDOXHV�VFDOHG�LQ6,� EDVH� XQLWV�� � 7KHVH� DUH� WKH� XQLWV� RI� WKH� ,QWHUQDWLRQDO� 6\VWHP� RI� 8QLWV�� DGRSWHG� E\� WKH� ��WK *HQHUDO�&RQIHUHQFH� RQ�:HLJKWV� DQG�0HDVXUHV� LQ� ������7KH\� DUH� WKH�OLQJXD� IUDQFD RI�PHDVXUHPHQWV� IRU� VFLHQFH�WKURXJKRXW�WKH�ZRUOG���:H�NQRZ�WKHP�LQ�WKH�8QLWHG�6WDWHV�DV�PHWULF XQLWV���:KHQ�WKH�XVHU�SUHVVHV�)��6ROYHLQ�WKH�6ROYHU�VFUHHQ��((����FRQVWUXFWV�D�7,�%DVLF�62/9(�FRPPDQG�DQG�SDVVHV�LW�WR�WKH�FDOFXODWRU¶V�PDWK�HQJLQH� IRU� HYDOXDWLRQ�� � ((���� VWULSV� XQLWV� IURP� WKH� HTXDWLRQV� EHIRUH� SDVVLQJ� WKHP� WR� WKH� PDWK� HQJLQH���((���� WKHQ� DXWRPDWLFDOO\� UHVFDOHV� WKH� DQVZHUV� SURYLGHG� E\� WKH�PDWK� HQJLQH�EDFN� LQWR� WKH�XVHU¶V� FKRVHQ�XQLWV�
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(;$0,1,1*�7+(�5$:�62/87,21
((����FRQVWUXFWV�D�7,�%DVLF�62/9(�FRPPDQG�DQG�SDVVHV�LW�WR�WKH�FDOFXODWRU¶V�PDWK�HQJLQH���$�XVHU�ZKR�ZDQWV� WR� VHH� H[DFWO\� KRZ� WKH� SUREOHP�ZDV� IRUPXODWHG� DQG� H[DFWO\� ZKDW� DQVZHU� ZDV� JLYHQ� E\� WKH�PDWK�HQJLQH�PD\�GR�VR�RQ�WKH�FDOFXODWRU¶V�KRPH�VFUHHQ�E\�UHFDOOLQJ WKH�FRQWHQWV�RI�WKH�YDULDEOH�86352%/0 WR�WKH�DXWKRU�OLQH���7KLV�ZLOO�SODFH�WKH�62/9(�FRPPDQG��LQ�VWULQJ�IRUP��RQ�WKH�DXWKRU�OLQH���%\�ILUVW�GHOHWLQJ�WKH� TXRWH�PDUNV� DW� WKH� EHJLQQLQJ� DQG� HQG� RI� WKH� VWULQJ� DQG� WKHQ� SUHVVLQJ�(17(5�� \RX� PD\� H[HFXWH� WKH�62/9(�FRPPDQG�� �7KH�DQVZHU�ZLOO�EH�GLVSOD\HG�LQ�WKH�KLVWRU\�DUHD�RI�WKH�+20(�VFUHHQ���((����VWRUHV�WKH� DQVZHU� LW� UHFHLYHV� LQ� WKH� YDULDEOHV� 86$16:(5 �VWULQJ� IRUP�� DQG� 86$160$7 �PDWUL[� IRUP����((���¶V� FKDUDFWHUL]DWLRQ� RI� WKH� DQVZHU�� H�J�� ³2QH� FRPSOHWH� XVHDEOH� VROXWLRQ� IRXQG´�� LV� VWRUHG� LQ� WKH�YDULDEOH�86$167<3���7KH�YDOXHV�RI�WKH�NQRZQV�LQ�WKH�HTXDWLRQV�DUH�VWRUHG�LQ�WKH�YDULDEOH�86,1387�
$5%,75$5<�,17(*(56�,1�7+(�62/87,21
6RPHWLPHV�WKH�VROXWLRQ�UHWXUQHG�E\�WKH�PDWK�HQJLQH�ZLOO�LQFOXGH�DUELWUDU\�LQWHJHUV��UHSUHVHQWHG�DV�³#Q�´��³#Q�´�� HWF�� � 7KLV� PD\� KDSSHQ�� IRU� H[DPSOH�� ZKHQ� WKH� VROXWLRQ� LQFOXGHV� DQ� LQYHUVH� WULJ� IXQFWLRQ��³62/9(�< 7$1�;���;�´�JLYHV� ³; 7$1���<����#1�
S´�� �:KHQ�((���� UHFHLYHV�DQ�DQVZHU�EDFN�IURP�WKH�PDWK� HQJLQH� ZKLFK� FRQWDLQV� DQ� DUELWUDU\� LQWHJHU�� LW� SURPSWV� WKH� XVHU� WR� VSHFLI\� D� SDUWLFXODU� YDOXH� WR�VXEVWLWXWH�IRU�WKH�DUELWUDU\�LQWHJHU�

08/7,3/(�62/87,216
6RPHWLPHV�� DV� LQ� WKH� H[DPSOH JLYHQ� LQ� WKH� ILUVW� VHFWLRQ�RI� VROYLQJ� WKH�HTXDWLRQ�3� � ,� u 5 IRU� ,�� WKHUH� LV�PRUH�WKDQ�RQH YDOLG VROXWLRQ�WR�D�SUREOHP���,Q�VXFK�FDVHV��((����SXWV�XS D�GLDORJ�ER[�WR�LQIRUP�WKH�XVHU�RI�WKH�QXPEHU�RI�XVHDEOH�VROXWLRQV�DQG�WR�DVN�WKH�XVHU�ZKLFK�VROXWLRQ�KH ZLVKHV�WR�YLHZ�

%\�VROYLQJ�WKH�SUREOHP�PRUH�WKDQ�RQFH�DQG�VSHFLI\LQJ�GLIIHUHQW�VROXWLRQ�QXPEHUV���\RX�FDQ�H[DPLQH�DOO�WKH�DYDLODEOH�YDOLG�VROXWLRQV�
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86($%/(�96�8186$%/(�62/87,216�
1RW� HYHU\� PDWKHPDWLFDOO\� YDOLG� DQVZHU� PDNHV� JRRG� SK\VLFDO VHQVH�� � )RU� H[DPSOH�� VROYLQJ� 2KP¶V� /DZ�9  , u 5�IRU�5�ZKHQ�9� ����YROWV�DQG�,� ����DPSV�JLYHV�5� �� RKPV���7KLV�LV�PDWKHPDWLFDOO\�FRUUHFW�EXW�SK\VLFDO�QRQVHQVH���((����WULHV�WR�ZHHG�RXW�VXFK�QRQVHQVLFDO�DQVZHUV�E\�DSSO\LQJ�FRQVWUDLQWV�DFFRUGLQJ�WR�WKH�XQLWV�DVVRFLDWHG�ZLWK�WKH�YDULDEOH���)RU�H[DPSOH�

7KH� FRQVWUDLQW� ³!�´� LV� DSSOLHG� DIWHU� WKH� PDWK� HQJLQH� UHWXUQV� LWV� DQVZHU�� ,I� WKH� DQVZHU� GRHVQ¶W�PHHW� WKH�FRQVWUDLQW��((����GLVFDUGV�WKH�DQVZHU�DQG�UHSRUWV ³1R�XVHDEOH�VROXWLRQ�IRXQG´���6HH�WKH�VWDWXV�OLQH�DW�WKH�ERWWRP�RI�WKH�VFUHHQ�

&21675$,176�21�9$5,$%/(6
1HJDWLYH�YDOXHV� GRQ¶W�PDNH� VHQVH� IRU� D� YDULDEOH�ZKRVH� YDOXH� UHSUHVHQWV�D�PHDVXUHPHQW�RI� FHUWDLQ�NLQGV��UHVLVWDQFH��DUHD��HWF���2Q�WKH�RWKHU�KDQG��LW�LV�SRVVLEOH�IRU�D�YDULDEOH�KDYLQJ�WKRVH�VDPH�XQLWV��RKPV��DFUHV��WR� UHSUHVHQW� WKH� GLIIHUHQFH� RI� WZR� VXFK�PHDVXUHPHQWV�� � ,Q� WKDW� FDVH�� QHJDWLYH� YDOXHV�PD\� EH�PHDQLQJIXO�DIWHU� DOO�� �7KH�GHIDXOW� FRQVWUDLQWV� RQ�YDULDEOHV� LQ�((���� DUH� VHW� XS�ZLWK�WKH� DVVXPSWLRQ� WKDW� WKH� YDULDEOH�VWDQGV�IRU�D�PHDVXUHPHQW���,I�LW�LV�GHVLUHG�IRU�WKH�YDULDEOH�WR�VWDQG�IRU�D�GLIIHUHQFH�RI�WZR�PHDVXUHPHQWV�

WKHQ�WKH�FRQVWUDLQW�FDQ�EH�FKDQJHG XVLQJ�WKH�)��2SWV���&RQVWUDLQWV IXQFWLRQ��
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*5$3+,1*
((���� LQFOXGHV� WKH� FDSDELOLW\� WR� JUDSK� UHODWLRQVKLSV� EHWZHHQ� YDULDEOHV LQ� WKH� HQWHUHG� HTXDWLRQV�� � )RU�H[DPSOH��LQ�WKH�PD[LPXP�SRZHU�WUDQVIHU�SUREOHP�JLYHQ�DERYH��WKH�SRZHU�S�PD\�H[SUHVVHG�DV�D�IXQFWLRQ�RI�WKH�ORDG�UHVLVWDQFH�U/ DV� S� ����9���:�5/���u5/(QWHU�WKLV�HTXDWLRQ��WKHQ�SUHVV�)��*UDSK�

:H�NQRZ�IURP�WKDW�VDPH�H[DPSOH�WKDW�SRZHU�ZLOO�EH�DW�LWV�PD[LPXP�ZKHQ�U/ LV��
���8VH�WKH�GRZQ�DUURZ�NH\�WR�PRYH�WKH�FXUVRU�WR�WKH�OLQH�IRU�;0LQ���6HW�;0LQ� �����1RZ�SUHVV�)��*UDSK�DJDLQ�

8VH�WKH�GRZQ�DUURZ�NH\�WR�JHW�WR�WKH�OLQHV�IRU�<PLQ�DQG�<PD[�

7KH�YDOXHV� IRU�<0LQ�DQG�<0D[�LQGLFDWH� WKDW� WKH�SRZHU�YDULHV�RYHU� WKH�UDQJH�RI�����:�WR�����:�DV�WKH�ORDG�UHVLVWDQFH�YDULHV�IURP��
 WR���
�� 1RZ�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV�PD\�EH�LQWHUFKDQJHG�E\�PRYLQJ�WKH�FXUVRU�WR�WKH�DSSURSULDWH�OLQH�DQG�SUHVVLQJ��QG�)��(GLW RU�WKH�ULJKW�DUURZ�NH\�
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6HW�;0LQ� WR� �� DQG�;0D[� WR� ��� �7KH� LQGHSHQGHQW�YDULDEOH�S�ZLOO� YDU\� IURP� �:� WR��:�� �3UHVV�)��*UDSKDJDLQ�

7KH�JUDSKHU�DOHUWV�XV�WKDW�WKHUH�DUH�WZR�VROXWLRQV�IRU�WKH�ORDG�UHVLVWDQFH�LQ�WHUPV�RI�WKH�SRZHU���&KRRVH�WKH��VW VROXWLRQ���:KHQ�WKH�JUDSK�LV�FRPSOHWHG��ORRN�DW�<PLQ�DQG�<PD[�

7KH�ILUVW�VROXWLRQ�VKRZV WKDW�YDOXHV�RI�WKH�ORDG�UHVLVWDQFH�IURP�����
 WR��
 SURGXFH�SRZHU�WUDQVIHU�LQ�WKH��:� WR��:�UDQJH��ZLWK� LQFUHDVLQJ�SRZHU�FRUUHVSRQGLQJ�WR� LQFUHDVLQJ� ORDG� UHVLVWDQFH� LQ� WKLV� UHJLRQ�� �1RZ�SUHVV�)��*UDSK DJDLQ��7KLV�WLPH��FKRRVH�VROXWLRQ����

,Q�WKH��QG VROXWLRQ��YDOXHV�RI�ORDG�UHVLVWDQFH�IURP����
 WR���
 SURGXFH�SRZHU�WUDQVIHU�LQ�WKH�UDQJH�RI��:�WR��:��ZLWK�LQFUHDVLQJ�SRZHU�FRUUHVSRQGLQJ�WR�GHFUHDVLQJ�ORDG�UHVLVWDQFH�
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6$9,1*�<285�:25.�± 7$&7,&6�)25�7$.,1*�7(676
((����PDNHV�LW�HDVLHU�WR�FKHFN��\RXU�ZRUN LQ�DQ\�WLPH�UHPDLQLQJ�LQ�DQ�H[DP�SHULRG�DIWHU�\RX�KDYH�ZRUNHG�DOO�WKH�SUREOHPV�RQ�WKH�WHVW���$IWHU�ZRUNLQJ�HDFK�SUREOHP�WKH�ILUVW�WLPH��XVH�WKH�)��7RROV���6DYH�$V�FRPPDQG�WR�VDYH�WKH�HTXDWLRQV�DQG�GDWD�IRU� WKDW�SUREOHP�LQ�D�QHZ�IROGHU�ZKRVH�QDPH�LGHQWLILHV�LW�ZLWK�WKH�SUREOHP�MXVW�VROYHG���7KHQ�XVH�)��7RROV���1HZ�3URE WR�VWDUW�WKH�QH[W�SUREOHP�
$IWHU�\RX�KDYH�ZRUNHG�DOO�WKH�SUREOHPV�WKH�ILUVW�WLPH�DQG�HQWHUHG�\RXU�DQVZHUV�RQ�WKH�H[DP�SDSHU��\RX�FDQ�JR� EDFN� DQG�FKHFN� RYHU� \RXU�ZRUN� SUREOHP�E\� SUREOHP�� �8VH WKH�)��7RROV���2SHQ FRPPDQG� WR�RSHQ� WKHVDYHG� IROGHU� IRU� HDFK�SUREOHP LQ� WXUQ�� �7KHQ��ZLWKRXW� KDYLQJ� WR� UH�HQWHU DQ\�HTXDWLRQV�RU�GDWD��\RX� FDQ�H[DPLQH� WKH�HTXDWLRQV�\RX�XVHG� WR�JHW� \RXU� RULJLQDO� DQVZHU�� �)RU� FHUWDLQ�NLQGV�RI�SUREOHPV��\RX�PD\�EH�DEOH�WR�HQWHU�DGGLWLRQDO�HTXDWLRQV�WR�WHVW�ZKHWKHU�WKH�DQVZHU�RULJLQDOO\�REWDLQHG�LV�LQWHUQDOO\�FRQVLVWHQW���)RU�H[DPSOH��ZKHQ� ZRUNLQJ� HOHFWULFDO� FLUFXLW� SUREOHPV�� \RX� FDQ� FDOFXODWH� WKH� VXP�RI� WKH� SRZHU�DEVRUEHG� RU�JHQHUDWHG�E\�HDFK�FLUFXLW�HOHPHQW�EDVHG�RQ�WKH�RULJLQDOO\�FDOFXODWHG�FXUUHQWV�DQG�YROWDJHV��7KLV�FKHFNV�WKDW�WKH�WRWDO�SRZHU�DEVRUEHG�LV�HTXDO�WR�WKH�WRWDO�SRZHU�JHQHUDWHG�
*(77,1*�(;$&7/<�7+(�81,7�<28�:$17
5HGHILQLQJ�6RIWNH\V
:KLOH�\RX�DUH�HQWHULQJ�HTXDWLRQV��WKH�)��)� VRIWNH\V�DUH�UHGHILQHG�WR�PDNH�LW�HDVLHU�WR�HQWHU�XQLWV��HLWKHU�WKH�XQLW� FDWHJRU\� DVVRFLDWHG� ZLWK� D� YDULDEOH� RU� WKH� XQLWV� DVVRFLDWHG� ZLWK� D� FRQVWDQW�� �)� LV� DOZD\V ODEHOHG�)��0HQX�� �6RIWNH\V )��)��DUH� ODEHOHG�ZLWK� VSHFLILF�XQLWV��:KHQ�\RX�SUHVV�RQH�RI� WKHVH�UHGHILQHG�VRIWNH\V��ZKDW� KDSSHQV JHQHUDOO\ LV� WKDW� XQLW� LQIRUPDWLRQ� LV� ³SDVWHG´� LQWR� WKH� HTXDWLRQ� RQ� WKH� DXWKRU� OLQH�� �:KDW�KDSSHQV�H[DFWO\ GHSHQGV�RQ�ZKDW�ZDV�HQWHUHG�MXVW�SULRU�WR�SUHVVLQJ�D�SDUWLFXODU�VRIWNH\���6SHFLILFDOO\��LI�\RX�KDYH�MXVW�HQWHUHG�D�YDULDEOH�QDPH��WKHQ�D�XQLW�FDWHJRU\�LQ�EUDFHV��H�J��³^9ROWDJH`´��ZLOO�EH�SODFHG�DIWHU�WKH�YDULDEOH�QDPH�� �7KH�XQLW� FDWHJRU\�HQWHUHG� LQ� WKLV�ZD\� RYHUULGHV� WKH�GHIDXOW�XQLW� FDWHJRU\� IRU� WKH�YDULDEOH�QDPH���$W�DQ\�WLPH�RWKHU�WKDQ�LPPHGLDWHO\�IROORZLQJ�D�YDULDEOH�QDPH��SUHVVLQJ�WKH�VRIWNH\ ZLOO�SDVWH�LQ�WKH�VWULQJ�IRU�WKH�XQLW�LWVHOI��H�J��³B9´��
7KH�)��0HQX NH\�LV�HVSHFLDOO\�YHUVDWLOH��,W�PD\�EH�XVHG�WR�HQWHU�D�XQLW�RU�XQLW�FDWHJRU\�ZKLFK�LV�QRW�RQ�DQ\�RI� WKH�)��)��VRIWNH\V�� � ,Q�DGGLWLRQ�� LI�\RX�SUHVV�WKH�)��0HQX NH\� LPPHGLDWHO\�DIWHU�HQWHULQJ�D�XQLW�RU�XQLW�FDWHJRU\��D�PHQX�RI�WKH�XQLWV�RI�GLIIHUHQW�VFDOHV�LQ�WKDW�FDWHJRU\�ZLOO�EH�GLVSOD\HG���)RU�H[DPSOH�

7KH� XQLW� VHOHFWHG� IURP� WKH� PHQX� LV� DSSHQGHG� WR� WKH� XQLW� FDWHJRU\� WR� LQGLFDWH� WKH� XQLWV� LQ� ZKLFK� WKH�YDULDEOH¶V�YDOXH�VKRXOG�EH�GLVSOD\HG�
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,Q�DGGLWLRQ��WKH�XQLW�VHOHFWHG�PD\�WKHQ�EH�DVVRFLDWHG�ZLWK�RQH�RI�WKH�)��)� VRIWNH\V IRU�IXWXUH�XVH� 6LPSO\�SUHVV� WKH� GHVLUHG� VRIWNH\� LPPHGLDWHO\� DIWHU HQWHULQJ� WKH� XQLW�� � ,Q� WKH� VFUHHQ� EHORZ�� WKH� �QG�)� NH\� ZDV�SUHVVHG�DIWHU�LQ� ZHUH�VHOHFWHG�

7KH�XQLW�DVVRFLDWHG�ZLWK�D�VRIWNH\ PD\�EH�FOHDUHG E\�SUHVVLQJ�(6& DW�WKH�XQLW�PHQX�DQG�WKHQ SUHVVLQJ�WKH�VRIWNH\�

2YHUULGLQJ�WKH�1RWDWLRQ�5XOHV�IRU�D�6SHFLILF�9DULDEOH
6RPHWLPHV�LW�LV�GHVLUDEOH�WR�GLVUHJDUG�WKH�QRWDWLRQ�FRQYHQWLRQ�IRU�RQH VSHFLILF�YDULDEOH���)RU�H[DPSOH��WKH�EXLOW�LQ� UXOH� IRU� YDULDEOHV� EHJLQQLQJ�ZLWK� WKH� OHWWHU� µT¶� LV� WKDW� WKH\� UHSUHVHQW� UHDFWLYH�SRZHU�ZLWK�XQLWV�RI�9$5V���)RU�VRPH�SUREOHPV��LW�PLJKW�EH�PRUH�QDWXUDO�IRU�D�SDUWLFXODU�YDULDEOH�EHJLQQLQJ�ZLWK�WKH�OHWWHU�µT¶��VD\� WKH�YDULDEOH�³TF´�� WR� UHSUHVHQW�HOHFWULF�FKDUJH�� VD\� WKH�FKDUJH�RQ�D FDSDFLWRU��ZLWK�XQLWV�RI�FRXORPEV���<RX�FRXOG JR� WR� WKH� WURXEOH�RI�FKDQJLQJ�WKH�UXOH�IRU� WKH�OHWWHU�µT¶�IURP�UHDFWLYH�SRZHU�WR�HOHFWULF�FKDUJH���+RZHYHU��DQRWKHU�ZD\ LV�WR�VSHFLI\�WKH�XQLWV�IRU�WKH�VSHFLILF�YDULDEOH�WKH�ILUVW�WLPH�WKH�YDULDEOH�LV�XVHG��E\LQFOXGLQJ�WKH�QDPH�RI�WKH�DSSURSULDWH�XQLW�FDWHJRU\�LQ�EUDFHV ULJKW�DIWHU�WKH�YDULDEOH�QDPH�

<RX� FDQ� HQWHU� WKH� EUDFHV� DQG� XQLW� FDWHJRU\� QDPH� GLUHFWO\� LI� \RX� DUH� FRQILGHQW� RI� WKH� VSHOOLQJ�� � $Q�DOWHUQDWLYH LV�WR�XVH�DQ\�RI�WKH�VRIWNH\V�)��)�� )��0HQX EULQJV�XS�WKH�OLVW�RI�DOO�WKH�XQLW�FDWHJRULHV�:KDW�7R�'R�,I�WKH�8QLW�<RX�:DQW�,VQ¶W�%XLOW �LQ
7KH�SUHYLRXV�VHFWLRQ�GHVFULEHG�D�VKRUWFXW�IRU�DVVLJQLQJ�WR�D�YDULDEOH�D�XQLW�FDWHJRU\�GLIIHUHQW�IURP�WKH�RQH�VSHFLILHG�E\�WKH�UXOH�IRU� WKH�ILUVW� OHWWHU�RI�WKH�YDULDEOH¶V�QDPH���$�YDULDWLRQ�RQ�WKLV�PHWKRG�FDQ�EH�XVHG�WR�VSHFLI\�XQLWV�ZKLFK� DUHQ¶W� LQFOXGHG�DPRQJ� WKH�EXLOW�LQ�XQLW�FDWHJRULHV�� �$VVXPH�WKDW��IRU�DQ�HOHFWURSODWLQJ�SUREOHP��\RX�QHHG�D�YDULDEOH��YP� LQ�XQLWV�RI�PRODU�YROXPH��L�H���YROXPH�LQ�FXELF�FHQWLPHWHUV�SHU�PROH�RI�
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WKH�PHWDO� EHLQJ� SODWHG�� �0RODU� YROXPH� LVQ¶W� RQH�RI� WKH� EXLOW�LQ� XQLW� FDWHJRULHV� LQ�((����� �+RZHYHU�� WKH�H[DFW�XQLW H[SUHVVLRQ�IRU�WKH�GHVLUHG�XQLWV PD\�EH�XVHG EHWZHHQ�WKH�EUDFHV�LQ�SODFH�RI�D�XQLW�FDWHJRU\�QDPH�

,Q� WKLV� H[DPSOH�� WKH� YDULDEOHV� ³DZ´� DQG� ³G´� KDYH� EHHQ� SUHYLRXVO\� GHILQHG� DV� DWRPLF�ZHLJKW� �J�PRO�� DQG�GHQVLW\� �J�FP���� UHVSHFWLYHO\�� � 1RWH� WKDW� IRU� YDULDEOHV� GHILQHG� ZLWK� H[SOLFLW� XQLW� H[SUHVVLRQV�� WKH�)��2SWV���7\SH GLDORJ�ER[�ORRNV�D�OLWWOH�GLIIHUHQW�WKDQ�IRU�RWKHU�YDULDEOHV�

7KH�QDPH�RI�WKH�XQLW�FDWHJRU\�LV�XQNQRZQ��WKHUHIRUH��WKH�³'HVF´ VKRZV�LQVWHDG WKH�H[SOLFLW�XQLW�H[SUHVVLRQ�WKDW� WKH�XVHU�HQWHUHG�IRU� WKH�YDULDEOH���7KH�³VFDOH�IDFWRU´ LV�WKH�UDWLR�RI�WKH�GLVSOD\�XQLW�H[SUHVVLRQ�WR�WKH�FRUUHVSRQGLQJ�6,�EDVH�XQLW�H[SUHVVLRQ��L�H���WKH�UDWLR�RI�WKH�YDOXH�RI�WKH�YDULDEOH�DV�VWRUHG�WR�WKH�YDOXH�RI�WKH�YDULDEOH�DV�GLVSOD\HG�
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+2:�72�,03257�(48$7,216�)520�((�352
((�3UR�LV�DQ�DSSOLFDWLRQ�VRIWZDUH�SURGXFW�IURP�GD�9LQFL�7HFKQRORJLHV�*URXS��,QF���,W�LQFOXGHV�DQ�H[WHQVLYH�FROOHFWLRQ�RI�HTXDWLRQ�VHWV�SHUWDLQLQJ�WR�GLIIHUHQW�HOHFWULFDO�HQJLQHHULQJ�SUREOHPV���7R�LPSRUW�RQH�RU�PRUH�HTXDWLRQV� IURP�((�3UR� LQWR�((�����ILUVW H[HFXWH�((�3UR� DQG�DFFHVV� WKH� GHVLUHG�HTXDWLRQ� VHW�� �6HOHFW WKH�GHVLUHG�HTXDWLRQ�V����6HOHFWHG�HTXDWLRQV�DUH�GLVSOD\HG�LQ�((�3UR�DV�WKH\�DUH�LQ�((�����ZLWK�D�� LFRQ�LQ�WKH�ILUVW� FROXPQ�� �1RZ H[HFXWH�((����� JR� WR� WKH� HTXDWLRQ� VFUHHQ�� DQG�XVH� WKH�)��7RROV���*HW(TQV IXQFWLRQ� WR�LPSRUW� WKH�HTXDWLRQV IURP�((�3UR�� �7KH�*HW(TQV IXQFWLRQ� ILUVW�FRSLHV� WKH�HTXDWLRQV�IURP�((�3UR� WR� WKH�FOLSERDUG��DGGLQJ�XQLW�FDWHJRU\� LQIRUPDWLRQ� LQ�EUDFHV�DIWHU�HDFK�YDULDEOH�� LW� WKHQ�SDVWHV�WKH�FOLSERDUG�LQWR�WKH�((����HTXDWLRQ�VFUHHQ�� �2QFH�WKH�HTXDWLRQV�DUH� LQ�WKH�((����HTXDWLRQ�VFUHHQ��WKH\�PD\�EH�HGLWHG�DV�GHVLUHG�

+2:�72�*(7�7(&+1,&$/�6833257�)25�((���
7HFKQLFDO�VXSSRUW�IRU�((��� LV�DYDLODEOH�YLD�H�PDLO�IURP 8QLW�6PDUW�6RIWZDUH���3OHDVH�VHQG�\RXU�LQTXLULHV�WR�KHOS#XQLW�VPDUW�FRP���,Q�DGGLWLRQ��GRQ¶W�RYHUORRN�WKH�VHULHV�RI�KHOSIXO�LQIRUPDWLRQ�VFUHHQV�DYDLODEOH�RQ�WKH�FDOFXODWRU�LWVHOI���3UHVV�WKH �QG�)��LQIRUPDWLRQ�NH\ RQ�((���¶V�WRS�OHYHO�WRROEDU�
+2:�72�6(1'�68**(67,216�$1'�&5,7,&,606�72�7+(�'(9(/23(5
<RXU� VXJJHVWLRQV� IRU� FKDQJHV� RU� DGGLWLRQV� WR� ((���� DQG� IRU� SRWHQWLDO� IXWXUH� SURGXFWV� IURP� 8QLW�6PDUW�6RIWZDUH�DUH�ZHOFRPH�DQG�VROLFLWHG���3OHDVH�H�PDLO WKHP�WR�'DYH &RQNOLQ�DW�DXWKRU#XQLW�VPDUW�FRP�
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$33(1',;�$�� 63(&,),&$7,216
,Q�D�VLQJOH�IROGHU��((����FDQ�DFFRPPRGDWH�XS�WR����HTXDWLRQV�DQG����YDULDEOHV�DW�DQ\�RQH�WLPH���6ROYLQJ�PRUH� WKDQ� D� KDQGIXO� RI� HTXDWLRQV� DW� D� WLPH� PD\� WDNH� D� ORQJ� WLPH�� 7KH� VROYLQJ� SURFHVV� PD\� DOZD\V� EH�LQWHUUXSWHG�E\�SUHVVLQJ�WKH�21 NH\�
:KHQ�((���� LV� ILUVW� ORDGHG� LQWR� WKH�FDOFXODWRU�� LW� WDNHV�XS�DERXW����.E\WHV�RI�)ODVK�PHPRU\� DQG�DERXW���.E\WHV�RI�5$0���
,Q�HDFK�IROGHU�LQ�ZKLFK�LW�UXQV��((��� FUHDWHV�D�YDULDEOH�QDPHG�86'$7$� WR�VDYH�WKH�XVHU¶V�FXUUHQW�VHW�RI�HTXDWLRQV��YDULDEOHV��DQG�QRWDWLRQ�UXOHV���7KH�86'$7$��YDULDEOH�LQ�HDFK�RI�((���¶V�IROGHUV�WDNHV�XS�DERXW��.� E\WHV� RI� 5$0�� � ,WV� H[DFW� OHQJWK� GHSHQGV� RQ� WKH� QXPEHU� DQG� OHQJWKV� RI� WKH� HTXDWLRQV� DQG� YDULDEOHV�HQWHUHG�E\�WKH�XVHU�LQ�WKDW�IROGHU�
((����KDV����FDWHJRULHV�RI�EXLOW�LQ�XQLWV���,WV�XQLW�FDWHJRULHV�DUH�OLVWHG�EHORZ�LQ�$SSHQGL[�%�
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$33(1',;�%�± %8,/7�,1�81,7�&$7(*25,(6
((���� KDV� ��� EXLOW�LQ� XQLW� FDWHJRULHV�� � %HFDXVH� WKH� 7,� FDOFXODWRU� OLPLWV� WKH� QXPEHU� RI� DOWHUQDWLYHV� LQ�GURSGRZQ�PHQXV�WR�����((���¶V�XQLW�FDWHJRULHV�DUH�RUJDQL]HG�LQWR�WZR�PHQXV���7KH�ILUVW�PHQX�FRQWDLQV�WKH�PRVW� FRPPRQO\� XVHG� XQLWV�� � 7KH� ILUVW� LWHP� RQ� WKH� ILUVW�PHQX� LV���8QLWOHVV� IROORZHG� E\� ��� FRPPRQ� XQLW�FDWHJRULHV DUUDQJHG� DOSKDEHWLFDOO\�� ,W� HQGV� ZLWK� DQ� DOWHUQDWLYH�� <�0RUH� XQLWV« ZKLFK� DFFHVVHV� D� VHFRQG�PHQX�� � 7KH� VHFRQG� PHQX� KDV� DQ� DGGLWLRQDO� ��� XQLW� FDWHJRULHV� DUUDQJHG� DOSKDEHWLFDOO\�� � 7KH� WZR� XQLW�FDWHJRU\�PHQXV�DUH�OLVWHG�EHORZ���7KH�HTXDOV�VLJQ�LQ�HDFK�OLQH�PDUNV�WKH�XQLW�VFDOH�IDFWRU�FRUUHVSRQGLQJ�WR�6,�EDVH�XQLWV��ZKLFK�DUH�XVHG�IRU�FDOFXODWLRQV�DQG�VWRUHG�YDOXHV�
)LUVW�8QLW�&DWHJRU\�0HQX

)� )� )� )� )� )���8QLWOHVV��$GPLWWDQFH��FRPSOH[  VLHPHQV NVLHPHQV 0VLHPHQV PPKR �PKR
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6HFRQG�8QLW�&DWHJRU\�0HQX
)� )� )� )� )� )���&DSDFLWDQFH�OHQJWK S)�NP S)�PL �)�NP �)�P  )�P��&KDUJH�'HQVLW\  &�P� &�FP� �&�P���&KDUJH�/HQJWK  &�P P&�P �&�P S&�FP��&XUUHQW�)OX[  $�:E P$�:E��&XUUHQW�/HQJWK P$�FP $�FP  $�P PD�P��'LIIXVLRQ�&RHIILFLHQW  P��V FP��V LQ��V P��KU FP��KU LQ��KU��)DUDG�'HQVLW\ SI�FP� �)�FP�  )�P���)OX[�&XUUHQW  :E�$ P:E�$��)RUFH�/HQJWK  1�P N1�P OEI�IW NLS�IW OEI�LQ 1�FP$�*DPPD�)DFWRU  �9%�,QGXFWDQFH�/HQJWK �+�NP �+�PL P+�NP P+�PL +�NP  +�P&��  ��9 ��P9'�/LQJUDG  ��P� ��FP�(�0DJQHWLF�)OX[  :E)�0DJ�)OX[�'HQVLW\  7 P7 *V*�0RELOLW\  P���9�V� FP���9�V�+�026�.  $�9� P$�9� N$�9�,�7KHUPFRQV  $��P�.�� $��FP�.�� P$��FP�.��-�7KHUPU  .�: �&�: �)�: �5�:.�9ROWV�VHF  9�V P9�V 9��V 9�QV
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,1'(; $DVVLJQLQJ�D�XQLW�WR�D�VRIWNH\����DWWULEXWHV�RI�D�YDULDEOH����&FDVH�LQVHQVLWLYLW\��5RPDQ�DOSKDEHW�����FDVH�VHQVLWLYLW\��*UHHN�DOSKDEHW�����FRPSOH[�YDULDEOHV����&RQVWUDLQWV����FRQVWUDLQWV�RQ�YDULDEOHV����FXUUHQW��FRPSOH[����'GHIDXOW�XQLW�FDWHJRU\����GLDPRQG�LFRQV����GLPHQVLRQOHVV�YDULDEOHV����(((�3UR����H[DPLQLQJ�WKH�UDZ�VROXWLRQ����))��7RROV���2SHQ��������)��7RROV���6DYH�$V����)��7RROV���1HZ3URE���)��7RROV���*HW(TQV����)��0HQX����)��6ROYH����)��9LHZ�������)��2SWV���7\SH����)��2SWV���3�5����)��2SWV���.QRZ����)��2SWV���&RQVWUDLQWV����)�������)��5XOHV����)��L �LQIRUPDWLRQ����**HW(TQV����*UHHN�DOSKDEHW����

,L �LQIRUPDWLRQ����L��VTXDUH�URRW�RI�PLQXV�RQH�����LFRQV����LQVWDOODWLRQ�RSWLRQV���LQVWDOOLQJ�((������..QRZ���� /ORZHU�FDVH���� 00HQX����PLQXV�VLJQ��XQDU\�Y��ELQDU\����PXOWLSOH�VROXWLRQV����1QDWXUDO�ODQJXDJH�V\QWD[�IRU�XQLWV����1HZ3URE���1R�XVHDEOH�VROXWLRQ�IRXQG�����QRWDWLRQ�UXOHV���� 22SHQ��������2SWV���7\SH��������2SWV���3�5����2SWV���.QRZ����2SWV���&RQVWUDLQWV����RYHUULGLQJ�WKH�QRWDWLRQ�UXOHV�IRU�D�VSHFLILF�YDULDEOH����3SKDVRU�GRPDLQ����3�5���� 5UHJLVWUDWLRQ�QXPEHU���REWDLQLQJ���5XOHV����
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66DYH�$V����VHFXUHG�DSSOLFDWLRQ���VKDUHZDUH�ILOH���VTXDUH�LFRQ����VWDUWLQJ�((������V\QWD[�IRU�XQLWV���� 7WHFKQLFDO�VXSSRUW����WH[WERRN�IRUP���7RROV���2SHQ��������7RROV���6DYH�$V����7RROV���*HW(TQV����7\SH��������
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