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:HOFRPH� WR� \HW� DQRWKHU� YROXPH� RI� %LJ� %DQJ��2ULJLQDOO\�� WKLV� ZDV� PHDQW� WR� EH� WKH� VHFRQG� LQVWDOOPHQW� RI�0LQL�%DQJ�� 0LQL�%DQJ� LV� D� VXSSOHPHQWDU\� VHULHV� WR� WKH�UHJXODU� VHULHV�� GHVLJQHG� IRU� XVH� DV� FRQYHQWLRQ� JLYHDZD\V��IUHHELHV�� UHYLHZ� DZDUG� SURJUDPV�� DQG� DV� D� JHQHUDO� ILOOHU� LQ�EHWZHHQ�UHOHDVH�RI�YROXPHV�RI�WKH�UHJXODU�VHULHV��6RPH�\RX�FDQ� EX\�� RWKHUV� \RX� FDQ� RQO\� JHW� EX\� ZLQQLQJ� RU� SHUKDSV�DWWHQGLQJ�D�FRQYHQWLRQ��7KH�ILUVW�RQH�KDV�EHHQ�SURGXFHG�DV�SDUW� RI� RXU� UHYLHZ� DZDUGV� SURJUDP� RQ�53*QRZ��ZKHUH�ZH�DZDUG�D�IUHH�FRS\�RQFH�SHU�PRQWK�DV�LQFHQWLYH�WR�JHW�EX\HUV�WR� ZULWH� UHYLHZV� $QRWKHU� ZLOO� EH� SURGXFHG� DV� SDUW� RI� DQ�DZDUG�SURJUDP�WR�HQWLFH�EX\HUV�LQWR�ZULWLQJ�UHYLHZV�RQ�RWKHU�VLWHV� 2FFDVLRQDOO\�� WKH\¶OO� DSSHDU� IRU�VDOH��VKRUW�ERRNV�ZLWK�������ZHDSRQV��UHWDLOLQJ�DW������6HHPV�WKH�RYHUDOO�SODQV�IRU�WKH�%LJ�%DQJ�VHULHV�DUH�VWDUWLQJ� WR� EHFRPH� H[SDQVLYH�� :H¶YH� JRW� WKH� KLJKO\�VXFFHVVIXO�UHJXODU�VHULHV��SOXV�LWV�HQKDQFHG�DQQXDO�&'�520�HGLWLRQ��ZH¶YH�JRW�VRIWZDUH�FRPLQJ�RXW�LQ�D�IHZ�ZHHNV��SODQV�IRU� WKH� %LJ� %DQJ� 5LFRFKHW� VHULHV� RI� SULQWHG� ERRNV� IRU�H[SRVXUH�LQ�VWRUHV��DQG�QRZ�WKH�0LQL�%DQJ�VHULHV��2I�FRXUVH��WKDW� LVQ¶W� WKH� HQG�� :H¶UH� QRZ� ZRUNLQJ� RQ� OLFHQVLQJ� GHDOV�ZKLFK� ZLOO� UHVXOW� LQ� WKH� SXEOLFDWLRQV� RI� DSSHQGLFHV� WKDW�SUHVHQW� JDPH� VWDWLVWLFV� IRU� JDPH� V\VWHPV� XVLQJ� D� UR\DOW\�OLFHQVLQJ�VWUXFWXUH��,QLWLDOO\��ZH�KDG�SODQQHG�WR MXVW�SXEOLVK�DQ�HYHU�H[SDQGLQJ� IUHH� ERRNOHW� RI� FRQYHUVLRQ� UXOHV�� EXW� ZKR�ZDQWV� WR� GR� DOO� WKDW� ZRUN� LQYROYHG� ZLWK� FRQYHUVLRQV� DW� WKH�JDPH� WDEOH"�+HOO��HYHQ� ,�GRQ¶W�ZDQW� WR�GR� WKDW�VRUW�RI�ZRUN��EXW�DW�OHDVW�,¶OO�EH�JHWWLQJ�D�SD\FKHFN�RXW�RI�LW��2Q�WKH�IOLS VLGH��DV� D� SURJUDPPHU�� ,� DP� FDSDEOH� RI� ZULWLQJ� VRIWZDUH� WR�DXWRPDWH�WKH�WDVN�DV�ZHOO�6LQFH� WKH� ILUVW� LVVXH� RI� 0LQL�%DQJ� LV� D� UDULW\� \RX�ZRQ¶W� EH� DEOH� WR� REWDLQ� IRU� DZKLOH�� LW� FRYHUHG� WKUHH� PDLQ�ZHDSRQV��)LUVW�LV�WKH�ZRUOG¶V�ILUVW�SODVWLF�SLVWRO�DQG�LWV�QRW�WKH�*ORFN�����,W�LV�WKH�+	.�93�����ZKLFK�\RX¶UH�SUREDEO\�IDPLOLDU�ZLWK�IURP�WKH�PRYLH�$OLHQV��RU�SHUKDSV�WKH�3OD\VWDWLRQ�JDPH��

%LRKD]DUG� ��� 6HFRQG� LV� D� JXQ� WKDW� ZDV� PDGH� IRU� VDOH� WR�DLUOLQH� IOLJKW� FUHZV�� WKH� &ROW� /DZPDQ� 0N� ,,,� $LU� &UHZ�5HYROYHU��DQ�RGG PL[�RI�VSDFH�DJH�LQQRYDWLRQ�DQG�ZLOG�ZHVW�WHFKQRORJLHV��/DVW� LV� WKH�;0������ WKH�JUHQDGH�ODXQFKHU�WKDW�VKRXOG�KDYH�EHHQ�WKH�0�����KDG�&ROW�SXW�PRUH�HIIRUW� LQWR�LW��%HWZHHQ� WKHVH� ,WHPV�� WKHUH� ZHUH� D� WRWDO� RI� VL[� ZHDSRQV�³VWDW´HG�RXW��7KLV YROXPH�ZDV�RULJLQDOO\�H[SHFWHG�WR�FRQWDLQ�VWDWV�RQ� ��� ZHDSRQV� WKDW� DUH� SDUW� RI� WKH $UP\� )XWXUH� &RPEDW�6\VWHPV� 6SHFLDO�� :H� KDYH� DOUHDG\� FRYHUHG� WKH� 2,&:«�HUPPP«� ,� PHDQ� WKH� ;0��� 6$%5�� +RZHYHU�� ZH� QHHG� WR�UHYLVLW� WKH� ZHDSRQ�� VLQFH� WKHUH� KDYH� EHHQ� VRPH� UHFHQW�GHYHORSPHQWV� VLQFH� $SULO�� 6DPH� JRHV� IRU� WKH� ;0��/LJKWZHLJKW�$VVDXOW�5LIOH�� VLQFH� WKH\¶YH�DQQRXQFHG�SODQV� WR�PDNH� DQ� HQWLUH� IDPLO\� RI� ;0�� ULIOHV��:H�ZLOO� DOVR� FRYHU� WKH�;����/LJKWZHLJKW�+HDY\�0DFKLQH�*XQ��WKH�;0����2EMHFWLYH�&UHZ�6HUYHG� :HDSRQ�� WKH� ;0��� ��PP� $LUEXUVW� :HDSRQ��WKH� ;0���� /RQJ�5DQJH� 6QLSHU� 5LIOH�� DQG� %DUUHW¶V� 3D\ORDG�5LIOH� 2QH�ODVW�WKLQJ�\RX¶OO�QRWLFH�LV�VRPH�PRUH�IRUPDWWLQJ�FKDQJHV�� %LJ� %DQJ� LV� DQ� HYROYLQJ� SURMHFW�� FRQWLQXDOO\�H[SDQGLQJ� DQG� LPSURYLQJ�� 7KHUH� KDV� EHHQ� GHPDQG� IRU�LPSURYHG� IRUPDWWLQJ�� VR� \RX� IRONV� DUH� JHWWLQJ� LW�� 7KHUH� DOVR�LVQ¶W�PXFK� WR�XSGDWH� LQ� WKH�UXOHV�VHFWLRQ��HLWKHU��VR�RQO\� WKH�DPPXQLWLRQ�WDEOHV�RI�WKH�%LJ�%DQJ�VHULHV�DUH�SUHVHQWHG�KHUH�2Q� D� ILQDO� QRWH�� ,¶G� OLNH� WR� PHQWLRQ� WKDW� WKHUH� LV D�QHZ� UR\DOW\� IUHH� V\VWHP� OLFHQVHG�� FDOOHG� 3URPHWKHXV�� 7KLV�V\VWHP� LV� DQ� 2*/� V\VWHP� GHULYHG� IURP� WKH� '��� 65'��3URPHWKHXV� LV�D� UHVSRQVH� WR�FKDQJHV� UHFHQWO\�PDGH LQ� WKH�'��� WUDGHPDUN� OLFHQVH� LQYROYLQJ� LVVXHV� RI� TXDOLW\� FRQWURO��$OUHDG\�RQH�SXEOLVKHU�KDV�EHHQ�VWULSSHG�RI� WKH�'��� OLFHQVH�XQGHU� WKHVH�QHEXORXV� TXDOLW\� JXLGHOLQHV��:H¶UH�DOVR� ORRNLQJ�LQWR�($%$��7UL�6WDW�%(60��DQG�³3RZHUHG�E\�*8536´�
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7KH�$UP\�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD��$86$��LV�ZHOO� NQRZQ�ZRUOGZLGH� IRU� EHLQJ� WKH�PRVW� WHFKQRORJLFDOO\�DGYDQFHG�PLOLWDU\� LQ�WKH�ZRUOG��,W� LV�D�ORQJ�WHUP�HIIRUW�RI�WKH�8�6�� JRYHUQPHQW� GDWLQJ� EDFN� WR� WKH� PLGGOH� RI� WKH� ����¶V�DQG�WKH�LQLWLDWLRQ�RI�WKH�6SHFLDO�3XUSRVH�,QGLYLGXDO�:HDSRQ�SURJUDP�� +DG� WKLV� ���� PLOOLRQ� ERRQGRJJOH� DFWXDOO\� EHHQ�VXFFHVVIXO�� LW�ZRXOG�KDYH�SURGXFHG�RQH�RI�WKH�ZRUOG¶V�PRVW�DGYDQFHG�ZHDSRQ�V\VWHPV�� ILULQJ�ERWK�D� IOHFKHWWH�PXQLWLRQ�DQG�DQ�H[SORVLYH�PXQLWLRQ��:KLOH�WKH�63,:�SURJUDP�ZDV�D�IDLOXUH�� LW� GLG� VSDZQ� WKH� UHYROXWLRQDU\� ��PP� JUHQDGH�ODXQFKHU�V\VWHP��D�WHFKQRORJ\�WKDW�HYHQWXDOO\�SURSDJDWHG�LQ�RQH� IRUP� RU� DQRWKHU� DURXQG� WKH� HQWLUH� ZRUOG�� (YHQ� WKH�SRRUHVW�QDWLRQV�VWRFN�WKHVH�XELTXLWRXV�ZHDSRQV���7KH� IDLOXUH�RI� WKH�63,:�SURJUDP�DOVR�KHOSHG�VSXU�WKH�GHYHORSPHQW�DQG�DGRSWLRQ�RI�WKH�0����WKH�VHFRQG�PRVW�QXPHURXV�ZHDSRQ�LQ�WKH�ZRUOG��ZLWK�PRUH�WKDQ VHYHQ�PLOOLRQ�XQLWV�PDQXIDFWXUHG��7KLV�QH[W�WHFKQRORJLFDO� OHDS�FDPH�ZLWK�WKH�0����LQ�WKH�KHLJKW�RI�WKH�63,:�ILDVFR��,QLWLDOO\�XQUHOLDEOH��WKLV� ULIOH�ZDV� UHYROXWLRQDU\� IRU� LWV� YDVW�XVH�RI�SRO\PHUV�DQG�RWKHU� OLJKWZHLJKW� PDWHULDOV�� DV� ZHOO� DV� EHLQJ� D� VPDOOHUFDOLEHU�WKDQ�PRVW�RWKHU�PLOLWDU\�VPDOO�DUPV�RI�WKH�WLPH��7HQ�\HDUV� ODWHU��HYHQ� WKH�6RYLHWV�IROORZHG�VXLW� LQ�FKDQJLQJ� WR�D�VPDOOHU�FDOLEHU�ZLWK�WKHLU�$.��������PP�ULIOHV�7KH�ODWH�����¶V�VDZ�DQRWKHU�ZDYH�RI�WHFKQRORJLFDO�DGYDQFHPHQW� LQ� WKH� $GYDQFHG� &RPEDW 5LIOH� FRPSHWLWLRQ��ZKLFK� LQWURGXFHG� WKH�ZRUOG� WR� VXFK� DGYDQFHG�ZHDSRQV� DV�WKH� )$5&�� WKH� *���� DQG� WKH� 6WH\U� )OHFKHWWH� 5LIOH�� :KLOH�QRQH� RI� WKHVH� ZHDSRQV� PHW� WKH� FRPSHWLWLRQ� JRDOV� RI�GRXEOLQJ� WKH� 0��¶V� HIILFLHQF\�� PDQ\� H[KLELWHG� VRPH�SURIRXQG�LPSURYHPHQWV�RYHU�WKH�0����6KRUWO\�DIWHU�WKH�$&5�FRPSHWLWLRQ� FDPH� D� VWULQJ� RI� VPDOO� DUPV� GLUHFWLYHV� WKDW�FXOPLQDWHG� LQ� WKH� -RLQW� 6HUYLFHV� 6PDOO� $UPV� 0DVWHU� 3ODQ��ZKLFK� RXWOLQHV� WKH� 0LVVLRQ� 1HHGV� 6WDWHPHQW� IRU� WKH�2EMHFWLYH�)DPLO\�RI�6PDOO�$UPV��7KLV�SURJUDP�FRQVLVWHG�RIWKH�2EMHFWLYH�,QGLYLGXDO�&RPEDW�:HDSRQ��2,&:���2EMHFWLYH�&UHZ�6HUYHG�:HDSRQ��2&6:���2EMHFWLYH�3HUVRQDO�'HIHQVH�:HDSRQ��23':���2EMHFWLYH�6QLSHU�:HDSRQ��26:��DQG�WKH�2EMHFWLYH� 3HUVRQDO� �6LGHDUP�� :HDSRQ� �23:��� 7KHVH�ZHDSRQV� V\VWHPV�ZRXOG� WKHQ� EH� XVHG� WR� QRW�RQO\� UHSODFH�YLUWXDOO\� DOO� WKH� SURMHFWLOH�EDVHG� ZHDSRQ� V\VWHPV� XVHG� E\�8�6��JURXQG� IRUFHV��EXW� WR�DOVR�SURYLGH� LQWHURSHUDELOLW\�ZLWK�DQ\� 8�6�� ODZ� HQIRUFHPHQW� DJHQF\� ZLOOLQJ� WR� EX\� WKHVH�ZHDSRQ�V\VWHPV��7KHVH�QHZ�ZHDSRQ�V\VWHPV�ZHUH�WR�DOVR�VKDUH� WHFKQRORJLHV�� DOORZLQJ� WKHP� WR� JUHDWO\� UHGXFH� WKH�RYHUDOO�FRVW�RI� ORQJ�WHUP�ZHDSRQ�PDLQWHQDQFH��2YHUDOO�� WKH�8QLWHG�6WDWHV�PLOLWDU\�LQWHQGV�WR�FRPSOHWHO\�UHDUP�ZLWK�WKHVH�QHZ�ZHDSRQV� RYHU� D� VSDQ�RI� ILYH� WR� WHQ� \HDUV� �GHSHQGLQJ�XSRQ�WKH�ZHDSRQ�V\VWHP���EHJLQQLQJ�QR�ODWHU�WKDQ������
2EMHFWLYH� ,QGLYLGXDO� &RPEDW� :HDSRQ� �2,&:��7KLV�LV�WKH�QH[W�JHQHUDWLRQ�LQGLYLGXDO�ZHDSRQ�HQYLVLRQHG�WR�UHSODFH� WKH� FXUUHQW� LQYHQWRU\� RI� VPDOO� DUPV� ZHDSRQ�V\VWHPV�� 7KH� ZHDSRQ� LQYROYHV� D� ����PP� NLQHWLF� HQHUJ\�

ZHDSRQ�DQG�D���PP�DLUEXUVW�PXQLWLRQ��8VLQJ�DGYDQFHG�ILUH�FRQWURO� WHFKQRORJ\�� WKH� ZHDSRQ� ZLOO� KDYH� WKH� VLQJOH� VKRW�FDSDFLW\� WR� GHIHDW� WDUJHWV� LQ� GHILODGH� DQG� EHKLQG� EDUULHUV�DQG� FRYHU� IURP� HYHQ� ORQJ� UDQJHV�� PDNLQJ� WKH� V\VWHP� DQ�RYHUPDWFK�IRU�WKH�WKUHDW�RI�HQHP\�LQIDQWU\�FRPSDUHG�WR�WKH�EDVHOLQH� RI� WKH� 0���0���� FRPELQDWLRQ�� 7KH� WHFKQRORJLHV�H[SORLWHG� WR� DFKLHYH� WKH� RYHUPDWFK� FDSDELOLW\� LQFOXGH� KLJK�VWUHQJWK�� XOWUDOLJKWZHLJKW� PDWHULDOV�� KLJK� WHFK� PLQLDWXUL]HG�IX]LQJ�� KLJK� H[SORVLYH� DLU� EXUVWLQJ� SURMHFWLOHV�� HOHFWURQLF�UDQJLQJ�� EDOOLVWLF� FRPSXWDWLRQ�� UHWLFOH� GLVSODFHPHQW�� YLGHR�VLJKWLQJ�DQG�VRSKLVWLFDWHG�ILUH�FRQWURO�GHYLFHV�7KH�2,&:�SURJUDP� LV� UDSLGO\� QHDULQJ� FRPSOHWLRQ��,Q� ������ WKH� VLJQLILFDQW� SRWHQWLDO� RI� WKH�2,&:� LQ� DQ� XUEDQ�HQYLURQPHQW�ZDV�GHPRQVWUDWHG�LQ�WKH�0LOLWDU\�2SHUDWLRQV�LQ�8UEDQ�7HUUDLQ� �0287��$&7'��2ULJLQDOO\�H[SHFWHG� WR�EHJLQ�GHSOR\PHQW� LQ� ODWH� ����� RU� ������ WKH� SURJUDP� KDV�HQFRXQWHUHG� GHOD\V�� ,W� ZDVQ¶W� XQWLO� 6SULQJ� ����� WKDW� WKH�IXVLQJ� WHFKQRORJ\� ZDV� UHOLDEOH� HQRXJK� WR� SURGXFH�DPPXQLWLRQ� LQ� TXDQWLW\�� $GGLWLRQDOO\�� WKH� ULIOH� LV� VWLOO� VOLJKWO\�RYHUZHLJKW��+RZHYHU��HYHQ�LI�WKH�ZHDSRQ�GRHV�QRW�LPSURYH�DQ\�IXUWKHU��WKH�8�6��$UP\�VWLOO� LQWHQGV�WR�ILHOG�LW�DV�WKH�QHZ�JUHQDGLHU¶V�ZHDSRQ��WZR�ZHDSRQV�SHU�VTXDG��WR�WKH�WXQH�RI�VRPH� ������� XQLWV�� ,I� WKH� ZHDSRQ� GHVLJQ� GRHV� UHDFK� LWV�GHYHORSPHQW� JRDOV� EHIRUH� ������ GHSOR\PHQW� FRXOG� EH�H[SDQGHG� WR� JHQHUDO� UHSODFHPHQW� RI� WKH� 0��� HYHQWXDOO\��'HSOR\PHQW� LV� H[SHFWHG� EHWZHHQ� ����� DQG� ������ 7KH�ZHDSRQ�KDV�UHDFKHG�WKH�SRLQW�ZKHUH�WKH�$UP\�KDV�DGRSWHG�LW� DV� DQ� H[SHULPHQWDO� ZHDSRQ�� GHVLJQDWHG� DV� WKH� ;0����6HOHFWLYH�$VVDXOW�%DWWOH�5LIOH�RU�WKH�;0���6$%5��,W�KDV�DOVR�VSDZQHG� DGGLWLRQDO� GHYHORSPHQW� RI� LWV� WZR� PRGXODU�ZHDSRQV�� UHVXOWLQJ� LQ� WKH� ;0��� /LJKWZHLJKW� $VVDXOW� 5LIOH�DQG�WKH�;0����$LUEXUVW�:HDSRQ�
2EMHFWLYH� &UHZ� 6HUYHG� :HDSRQ� �2&6:�� 7KH�JRDO� RI� WKLV� SURJUDP� LV� WR� SURGXFH� D� OLJKWZHLJKW�� WZR�PDQ�SRUWDEOH��FUHZ�VHUYHG�VXSSRUW�ZHDSRQ�FDSDEOH�RI�GHIHDWLQJ�HQHP\�SHUVRQQHO�DQG� OLJKW�YHKLFOHV�RXW� WR�D� UDQJH�RI������PHWHUV�� HIIHFWLYHO\� UHSODFLQJ� WKH�0��PDFKLQH� JXQ� DQG� WKH�0N� ��� JUHQDGH� PDFKLQH� JXQ�� &RVW� UHGXFWLRQ� PHDVXUHV�LQFOXGH� XWLOL]LQJ� WKH� VDPH� IXVLQJ� DQG� ILUH� FRQWURO�WHFKQRORJLHV� HPSOR\HG� IRU� WKH� 2,&:¶V� ��PP� DLUEXUVWLQJ�PXQLWLRQV�7KH�2&6:�LV� WKH�VHFRQG�PRVW�ZLGHO\�NQRZQ�SDUW�RI� WKH� SURJUDP�� 7KLV� SURJUDP� UDQ� IURP� ����� WR� ����� DQG�SURGXFHG�D� IXOO\� IXQFWLRQDO�ZHDSRQ�ZLWKLQ�$UP\�JXLGHOLQHV��+RZHYHU�� WKH� DPPXQLWLRQ� LV� VWLOO� LQ� WKH� HDUO\� VWDJHV� RI�GHYHORSPHQW� DQG� DVLGH� IURP� D� WUDLQLQJ� URXQG�� ZLOO� QRW� EH�UHDG\� IRU� \HDUV� \HW�� 7KH� ZHDSRQ� LWVHOI� KDV� EHHQ�UHGHVLJQDWHG�DV� WKH�;0�����$LUEXUVWLQJ�:HDSRQV�6\VWHP��,W WRR� KDV� VSDZQHG� DGGLWLRQDO� GHYHORSPHQW�� LQ� WKH� IRUP� RI�WKH�;0�������PP�3D\ORDG�5LIOH�DQG�WKH�0�����OLJKWZHLJKW�����&DOLEHU�0DFKLQH�*XQ�
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2EMHFWLYH�6QLSHU�:HDSRQ��26:�� 7KH�26:�LV�D�UHODWLYHO\� XQNQRZQ�SURJUDP�� WKRXJK�PDQ\� DUH� IDPLOLDU�ZLWK�WKH� SRSXODU�ZHDSRQ� VHOHFWHG� DV� WKH� FXUUHQW� FKRLFH� RI� WKLV�SURJUDP�� 7KH�JRDOV�RI� WKH�26:�SURJUDP�ZHUH� ILQDOL]HG� LQ������� EXW� ODQJXLVKHG� IRU� VHYHUDO� \HDUV� DV� WHFKQRORJLFDO�VWXGLHV� ZHUH� XQGHUWDNHQ� LQ� D� QXPEHU� RI� WHFKQLFDO� DUHDV��LQFOXGLQJ� EXOOHW� JXLGDQFH� V\VWHPV� DQG� FURVVZLQG� VHQVLQJ��7KH� GHYHORSPHQW� SURJUDP� UDQ� IURP� ����� WR� ������ ZLWK�SURWRW\SHV�XQGHUJRLQJ�WHVWLQJ�DIWHU�WKDW�SRLQW�/LNH�WKH�RWKHU�)XWXUH�&RPEDW�6\VWHPV��WKH�26:�LV�VXSSRVHG� WR� EH� D� WHFKQRORJLFDO� PDUYHO�� LQFRUSRUDWLQJ�WHFKQRORJLHV� LQFOXGLQJ�� ,QQRYDWLYH� 0HFKDQLVPV�� 3XOVHG�/DVHU��*XLGHG�%XOOHWV��,PDJH�(QKDQFHPHQW��6HQVRU�)XVLRQ��7DUJHW� ,OOXPLQDWLRQ�� 7DUJHW� ,GHQWLILFDWLRQ�� &URVV�:LQG�6HQVLQJ�� ,QHUWLDO�5HWLFOH��DQG�� ,PSURYHG�0DWHULDOV�� UHVXOWLQJ�LQ� D� ULIOH�ZHLJKLQJ� XQGHU� ���SRXQGV� DQG� FDSDEOH� RI� KLWWLQJ�WDUJHWV�WR�UDQJHV�RI�XS�WR�������PHWHUV��SUREDEO\�XVLQJ�WKH�QHZ��0����/RQJ�5DQJH�����PP�FDUWULGJH�7KLV� SURJUDP� LV� FRXSOHG� ZLWK� WKH� /RQJ� 5DQJH�6QLSHU� 5LIOH� 3URMHFW�� ZLWK� WKH� KRSHV� WKDW� RQH� ULIOH� FDQ� EH�GHYHORSHG� ZKLFK� ZLOO� ILW� WKH� QHHGV� RI� ERWK� SURJUDPV��&XUUHQWO\��WKH�DUP\�KDV�VHOHFWHG�WKH�0��$��ULIOH�IURP�%DUUHW�DV�DQ�LQWHULP�ZHDSRQ��LI�QRW�DQ�RXWULJKW�UHSODFHPHQW�IRU�WKH�26:�
;0���� /RQJ� 5DQJH� 6QLSHU� 5LIOH� 7KLV� SURJUDP�EHJDQ� FRQFXUUHQWO\� ZLWK� WKH� 26:� SURJUDP� LQ� ������ 7KH�JRDO� LV� WR� SURGXFH� D� ���� FDOLEHU� ULIOH� FDSDEOH� RI� HQJDJLQJ�WDUJHWV� DW� H[WUHPH� UDQJHV� LQ� VLWXDWLRQV� ZKHUH� KLJK� FDOLEHU�DXWRPDWLF�ZHDSRQV�ILUH�ZLOO�SUHVHQW� WRR�PXFK�SRVVLELOLW\� IRU�FROODWHUDO� GDPDJH� RU� E\VWDQGHU� FDVXDOWLHV�� DV� ZHOO� DV�IXQFWLRQLQJ�DV�D�FRXQWHU�VQLSHU�ZHDSRQ�FDSDEOH�RI�RSHUDWLQJ�DW�UDQJHV�JUHDWHU�WKDQ�WKRVH�RI�H[LVWLQJ�PLOLWDU\�LVVXH�VQLSHU�ZHDSRQV�DURXQG�WKH�ZRUOG��7KH�SURJUDP�ZDV�PDQGDWHG�E\�WKH�8�6��$UP\�6SHFLDO�2SHUDWLRQV�&RPPDQG�
2EMHFWLYH�3HUVRQDO�:HDSRQ��23:�� 7KH�23:�LV�WKH� VLGH� DUP� RI� WKH� IXWXUH�� 7KH� SLVWRO� LV� PHDQW� WR� PHHW�

62&20� QHHGV� IRU� D� VLGHDUP� FDSDEOH� RI� LQFDSDFLWDWLQJ� D�WDUJHW�ZLWK�WKH�ILUVW�VKRW��HYHQ�LI�WKH�WDUJHW�LV�LQ�ERG\�DUPRU��$JDLQ�� LW�ZLOO� EH�D� WHFKQRORJLFDOO\� DGYDQFHG�ZHDSRQ�� XVLQJ�QHZ�PDWHULDOV�DQG� WHFKQRORJ\�FRQFHSWV�� ,W�ZLOO� DOVR� LQFOXGH�WHFKQRORJLHV� IRU� LQFUHDVHG� DFFXUDF\�� DQG� VLJKWLQJ� V\VWHPV�DOORZLQJ� HIILFLHQW� XVH�� GD\� RU� QLJKW�� 7KH� 23:� SURJUDP�DFWXDOO\� LVQ¶W� VFKHGXOHG� WR�EHJLQ� DV� RI� \HW�� ,W� H[LVWV� RQ� WKH�PLOLWDU\¶V�WLPHWDEOHV�WR�WDNH�SODFH�EHWZHHQ������DQG������
2EMHFWLYH� 3HUVRQDO� 'HIHQVH� :HDSRQ� �23':��7KH�23':�LV�WKH�ZHDSRQ�RI�WKH�IXWXUH�IRU�WKRVH�WURRSV�WKDW�GRQ¶W�QHHG�WR�FDUU\�DQ�DVVDXOW�ULIOH�RU�FDQQRW�FDUU\�DQ�DVVDXOW�ULIOH�GXH�WR�WKHLU�MREV��7KH�UHVXOWLQJ�KLJK�WHFK�ZHDSRQ�ZLOO�EH�D� KLJKO\� HUJRQRPLF� GHVLJQ�ZHDSRQ� WR� DOORZ�PDLQO\� YHKLFOH�FUHZV�DQG�DUWLOOHU\�FUHZV� WR�KDYH�D�ZHDSRQ�FDSDEOH�RI� IXOO�WLPH� FDUU\� WKDW� ZLOO� QRW� LQWHUIHUH� ZLWK� PRYHPHQW� RU� WKHLU�GXWLHV��7KLV�SURJUDP� LV� VFKHGXOHG� IRU� WKH� ODWWHU� KDOI� RI� WKLV�GHFDGH�� EXW� PD\� EH� FDQFHOOHG�� DV� WKH� ;0��� OLJKWZHLJKW�DVVDXOW�ULIOH�PD\�VXLW�WKH�UHTXLUHPHQWV�IRU�WKLV�SURJUDP�
0XOWL�3XUSRVH� ,QGLYLGXDO�0XQLWLRQ�6KRUW� 5DQJH�$VVDXOW� :HDSRQ� �03,0�65$:�� 7KLV� SURJUDP� ZDV�HVWDEOLVKHG� WR� SURGXFH� DQG� DGYDQFHG� WHFKQRORJ\��OLJKWZHLJKW�� VKRXOGHU�ILUHG� DVVDXOW� ZHDSRQ� WR� UHSODFH� WKH�$7�� DQG� 0��� ZHDSRQV�� 2I� DOO� WKH� $UP\ )XWXUH� &RPEDW�6\VWHPV�� WKLV� LV� WKH� RQO\� V\VWHP� WKDW� DFWXDOO\� H[LVWV� LQ�LQYHQWRU\� QRZ�� 7KH� 03,0�65$:� HQWHUHG� GHYHORSPHQW� LQ�WKH� ODWH� ����¶V�� ORQJ� EHIRUH� WKH�2EMHFWLYH� )DPLO\� RI� 6PDOO�$UPV� ZDV� HYHQ� HVWDEOLVKHG�� 7KH� FRQFHSW� LV� WR� SURGXFH� D�URFNHW�ZLWK�D�PRGXODU�VHULHV�RI�ZDUKHDGV�IRU�YDULRXV�WDVNV��7KH�ZHDSRQ�LV�DOVR�EHLQJ�FRQVLGHUHG�E\�WKH�0DULQHV�DV�WKH�3UHGDWRU�65$:�DQG�E\�WKH�%ULWLVK�DV�WKH�.HVWUDO�
2YHUDOO�� WKHVH�QXPHURXV�SURJUDPV�KDYH�SURGXFHG�D�ZLGH�DUUD\�RI�H[SHULPHQWDO�ZHDSRQ�V\VWHPV��DOO�RI�ZKLFKDUH�XQGHU�VHULRXV�FRQVLGHUDWLRQ�E\�WKH�8�6��0LOLWDU\�
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&DUWULGJH $%%5 7\SH

%XOOHW:W��JP� 9HO��P�V� 3HQ 7RWDO�'LVUXSW�
3HU�,QFK�'LVUXSW� 4W\� :W��NJ� &RVW (QHUJ\��IW�/EV� 1RWHV*HQHULF�&DUWULGJHV����/RQJ�5LIOH������[���PP5� ����/5 3 ���� ��� ���� ���� ���� ���� �� ��� ���������6KRUW�0DJQXP ����60 3 ��� ��� ���� ���� ���� ����� ��� �������$&3�����[����PP� ����$&3 3 ���� ��� ���� ���� ���� ���� �� �� ������$&3������[��PP5� ����$&3 3 ��� ��� �� ���� ���� ���� �� ��� ���

����0DJQXP ����0DJ 3 ��� ��� �� ��� ���� ��������0DJQXP���[��PP5� �����0DJ 3 ��� ��� ���� ���� ���� �� ��� �� ���
�����$XWRPDWLF���[��PP�

�����$XWR�RU������$&3 3 ��� ��� ���� ��� ��� ���� �� ��� ���
����6SHFLDO���[��PP5� ����6SHF 3 ��� ��� �� ���� ���� ���� �� ��� �������6SHFLDO�0DWFK ���6S0 3 ��� ��� ���� ���� ���� �������6	:����[��PP� ����6: 3 ��� ��� �� ��� ���� ���� �� ��� �������$FWLRQ�([SUHVV�������[��PP� ����$( 3 �� ��� ���� ���� ���� ���� �� ��� ���
����$&3�������[��PP� ����$&3 3 �� ��� ���� ���� ���� ���� �� �� �������PP ���� 3 ���� ��� ���� ���� ���� ������PP�7RNDUHY �����77 3 ��� ��� ���� ���� ���� �������PP ���� 3 ��� ��� ���� ���� ���� ����PP�0DNDURY���[��PP������ �PP�0 3 ���� ��� �� ���� ���� ���� �� ��� ����PP�3DUDEHOOXP���[��PP� �PP�3 3 ��� ��� ���� ���� ���� ���
�PP�/DUJR���[��PP� �PP/ 3 � ��� ���� ���� ���� ����PP�6KRUW ��6KRUW 3 ��� ��� ���� ���� ��� �����PP�&ROW����[��PP� ��PP& 3 �� ��� ���� ���� ���� ���� �� ��� ���
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&DUWULGJH $%%5 7\SH
%XOOHW:W��JP� 9HO��P�V� 3HQ 7RWDO�'LVUXSW�

3HU�,QFK�'LVUXSW� 4W\� :W��NJ� &RVW (QHUJ\��IW�/EV� 1RWHV6SHFLILF�&DUWULGJHV
�,QGLFDWHV�D�PLOLWDU\�LVVXH�URXQG�DQG�GDWD�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�XVH�RI�DQ�)0-�WXPEOHU��UDWKHU�WKDQ�D�FR PPHUFLDO�FLYLOLDQ�XVH�)0-�EXOOHW�����6ZLVV�3HDERG\�5LPILUH������[��PP5�
����6ZLVV 5 ���� ��� ���� ����� ���� ����

����9HWWHUOL �9LWDOL�5LPILUH������V��PP5� ����9�9 5 �� ��� �� ����� ���� ����
�[��PP�.ROLEUL �[�� 3 ���� ��� � ����� ������� � ��� �� ��� 0LQLDWXUH�3LVWRO�URXQG��SURGXFHG���IW�OEV�RI�HQHUJ\������[���PP ����+. 3 ��� ��� ���� ���� ���� ����� +.�3':�DPPR��[��PP�$,:6
 $,:6 5 ��� ��� ���� ���� ��� ������ &RPSRVLWH�FDUWULGJH�URXQG�IRU�$,:6�[��PP�1DPEX ��1DP 3 ���� ��� ��� ��� ���� ����1�������[���PP�%DOO
 �1� 5 ���� ��� ���� ���� ��� ����� 5XVVLDQ�����PP�%DOO�����FP�JURXS�7������PP�7UDFHU �7� 5 ���� ��� ���� ��� ���� ����� 5XVVLDQ�WUDFHU����FP�JURXS&ROW�3ODVWHU�5RXQG &35 3 ���� ��� ���� ����� ����� ��
'0��������[���PP
 '0�� 5 ��� ��� ���� ���� ���� ���� )LQDO�IRUP�IRU�WKH�FDVHOHVV�DPPR�IRU�*����/�������[��PP�7UDFHU /��� 3 � ��� �� ���� ���� ���� � ��� ��� 7UDFHU�YHUVLRQ�RI�WKH�66����0�������[��PP�0DXVHU 0��� 5 � ��� ���� ���� ���� ���� ��� 0����3UDFWLFH�JDOOHU\�URXQG�0�������[��PP�0DXVHU�0��� 0������ 5 ���� ��� ���� ���� ���� ���������

��������
������ ���� 0����URXQGQRVH

0�������[��PP�0DXVHU�0��� 0������ 5 � ��� �� ���� ���� ���� 0����ERDWWDLO
0������������������[���PP� 0���� 5 ���� ��� ���� ����� ���� ���� 2ULJLQDO��������86�PLOLWDU\�FDUWULGJH�0���������������[���PP� 0� 5 ����� ��� ���� ����� ���� ���� ::��86�URXQG0������&DUELQH�������[���PP� 0��&DU 5 ��� ��� �� ���� ���� ��� ::��86�&DUELQH�URXQG�0���������%DOO�������[���PP� 0����� 5 ���� ��� ���� ���� ���� ���� ::��86�URXQG0���������$3�������[���PP� 0������$3 5 ����� ��� ���� �� ���� ���� ::��86�URXQG0������%0*�%DOO 0����� 5 �� ��� ���� ������ ���� ������0������PP�1$72�$3 0� 5 ���� ��� ���� ���� ���� ���� 2OGHU�86�$3�URXQG�0�������%0*�7UDFHU 0�� 5 ���� ��� �� ����� ���� ������0�������%0*�7UDFHU 0�� 5 ���� ��� ���� ����� ���� ������
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&DUWULGJH $%%5 7\SH
%XOOHW:W��JP� 9HO��P�V� 3HQ 7RWDO�'LVUXSW�

3HU�,QFK�'LVUXSW� 4W\� :W��NJ� &RVW (QHUJ\��IW�/EV� 1RWHV6SHFLILF�&DUWULGJHV
�,QGLFDWHV�D�PLOLWDU\�LVVXH�URXQG�DQG�GDWD�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�XVH�RI�DQ�)0-�WXPEOHU��UDWKHU�WKDQ�D�FRPPHUFLDO�FLYLOLDQ�XVH�)0-�EXOOHW�0�������%0*�%DOO
 0�� 5 ���� ��� ���� ������ ����� ������0�������PP�$3 0�� 5 ��� ��� ���� ���� ���� ������ 2OGHU�86�$3�URXQG0�������PP�7UDFHU 0�� 5 ��� ��� ���� ���� ���� ������
0�������PP�%ORF�%DOO
 0��5 5 � ��� ���� ���� ���� ������ 6RYLHW�����[��PP�%DOO�DPPR�0�������PP�%ORF�6LOHQFHU
 0��5�6 5 ���� ��� �� ���� ���� ��� 6RYLHW�����[��PP�FROG �ORDGHG�DPPR�0�������PP�%ORF�7UDFHU 0��5�7 5 ��� ��� ���� ���� ���� ������
0�������PP�1$72�%DOO
 0�� 5 ���� ��� �� ���� ���� ������ VWDQGDUG�1$72�����PP�URXQG��86�GHVLJQDWLRQ�0��������PP�/RQJ�5DQJH 0��� 5 ���� ��� ���� ����� ���� ���� /RQJ�UDQJH�1$72�VWDQGDUG�URXQG�����WR�KLW��
0��������PP�1$72�%DOO
 0��� 5 ���� ���� �� ���� ���� ������

8VHG�LQ�ROGHU�1$72�VWDQGDUG�ILUHDUPV�ZLWK�D�� �LQ����EDUUHO�WZLVW��&RSSHU�MDFNHW�0��������PP�1$72�7UDFHU 0��� 5 ���� ��� ���� ��� ���� ����
0��������PP�1$72�3UDFWLFH 0��� 5 �� �

)XOO�FKDUJH�EODQN�YHUVLRQ�1$72�VWDQGDUG�URXQG�IRU�WUDLQLQJ�SXUSRVHV�ZLWK�0,/(6�
0�����PP�1$72�%DOO
 0��� 3 ���� ��� ���� ���� ���� ��� 6WDQGDUG�1$72��[��PP�3DUDEHOOXP�1$72�DPPR�
0��������PP�1$72�%DOO
 0��� 5 � ���� �� ���� ���� ���� )RU�1$72�ZHDSRQV�ZLWK�D���LQ���WZLVW��*UHHQ�WLS�0��������PP�1$72�7UDFHU 0��� 5 ���� ��� ���� ��� ���� ���� 7UDFHU�YHUVLRQ�RI�0�����2UDQJH�WLS�0��������PP�1$72�$3 0��� 5 ��� ��� ������PP ���� ���� ���� /DWHVW�86�DUPRU �SLHUFLQJ�URXQG�0��������PP�1$72�$3 0��� 5 ���� ���� ������PP ��� ���� ���� /DWHVW�86�DUPRU �SLHUFLQJ�URXQG��%ODFN�WLS�
0�������PP�+($% 0���� * ��� �� ���� ��� $LUEXUVWLQJ�JUHQDGH�URXQG�IRU�WKH�0����6$%5�3$%���� [��PP
 3$%�� 5 ���� ��� ���� � ���� ����� 5XVVLDQ�VXEVRQLF�DUPRU�SLHUFLQJ�URXQG��6-(6&�
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&DUWULGJH $%%5 7\SH
%XOOHW:W��JP� 9HO��P�V� 3HQ 7RWDO�'LVUXSW�

3HU�,QFK�'LVUXSW� 4W\� :W��NJ� &RVW (QHUJ\��IW�/EV� 1RWHV6SHFLILF�&DUWULGJHV
�,QGLFDWHV�D�PLO LWDU\�LVVXH�URXQG�DQG�GDWD�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�XVH�RI�DQ�)0-�WXPEOHU��UDWKHU�WKDQ�D�FRPPHUFLDO�FLYLOLDQ�XVH�)0-�EXOOHW�
3UHWRULD��PP 3UHW�� 3 ��� ��� ��� ���� ��� ����� 8VHG�LQ�WKH�3UHWRULD�,)$��+ROORZSRLQW�5RWK�6WH\U��[����PP 56��PP 3 ��� ��� ���� ���� ���� �����6E�������[��PP�6XEVRQLF
 6E��� 3 ��� ��� ���� ��� ���� ���� ��� ��� ����� 6XEVRQLF�YHUVLRQ�RI�66������UDQJH�RI����PHWHUV�63�����[���PP
 63�� 5 �� ��� ���� ���� ���� ����� 6RYLHW�6XEVRQLF�VQLSHU�URXQG63�����[���PP
 63�� 5 �� ��� ���� ��� ���� ����� 6RYLHW�6XEVRQLF�DUPRU�SLHUFLQJ�URXQG��6-(6&66��������PP�1$72�%DOO
 66��� 5 � ��� ���� ���� ���� ���� 1$72�(XURSHDQ�HTXLYDOHQW�RI�WKH�0����URXQG�66��������[���PP�%DOO
 66��� 3 � ��� ���� ��� ���� ���� � ��� ���7������[��PP�3UDFWLFH 7��� 3 ���� ��� ���� ���� ���� ���� ���� ��� ��� 3UDFWLFH�YHUVLRQ�RI�66���
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''DDPPDDJJH�E\�&DH�E\�&DUUWWUULLGJGJHH&DOLEHU $EEU� &\EHUWKULOOHU '�� )8'*( $FWLRQ� *DPH�� *DPH��*HQHULF�&DUWULGJHV����/RQJ�5LIOH������[���PP5� ����/5 ���'� �G� � �G�����6KRUW�0DJQXP ����60 ���'� �G� � �G�������$&3�����[����PP� ����$&3 ���'� �G� � �G�������$&3������[��PP5� ����$&3 ���'� �G� � �G�������0DJQXP ����0DJ ���'� �G� � �G��������0DJQXP���[��PP5� �����0DJ ����'� �G� � �G������$XWRPDWLF���[��PP � �����$XWR�RU������$&3 ���'� �G� � �G�����6SHFLDO���[��PP5� ����6SHF ���'� �G� � �G�������6SHFLDO�0DWFK ���6S0 ���'� �G� � �G�����6	:����[��PP� ����6: ����'� �G� � �G�����$FWLRQ�([SUHVV�������[��PP� ����$( ����'� �G� � �G�������$&3���� ���[��PP� ����$&3 ����'� �G� � �G�������PP ���� ���'� �G� � �G�������PP�7RNDUHY �����77 ���'� �G� � �G�����PP ���� ���'� �G� � �G����PP�0DNDURY���[��PP� �PP�0 ���'� �G� � �G��PP�3DUDEHOOXP���[��PP� �PP�3 ���'� �G� � �G����PP�/DUJR�� �[��PP� �PP/ ���'� �G� � �G��PP�6KRUW ��6KRUW ���'� �G� � �G�����PP�&ROW����[��PP� ��PP& ����'� �G� � �G�6SHFLILF�&DUWULGJHV
�,QGLFDWHV�D�PLOLWDU\�LVVXH�URXQG�DQG�GDPDJH�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�XVH�RI�DQ�)0-�WXPEOHU��UDWKHU�WKDQ�D�FRPPH UFLDO�FLYLOLDQ�XVH�)0-�EXOOHW�����6ZLVV�5LPILUH�������[����PP5� ����6ZLVV ����'� �G� � �G�����9HWWHUOL �9LWDOL�������[����PP5� ����9�9 ����'� �G� � �G����[��PP�.ROLEUL �[�� �'� �G� � �G�����[���PP�+.�3': ����+. �����'� �G� � �G����[��PP�$,:6
 $,:6 ����'� �G� � �G����[��PP�1DPEX ��1DP ����'� �G� � �G��1�������[���PP�%DOO
 �1� ����'� �G� � �G����7������PP�7UDFHU �7� ����'� �G� � �G���&ROW�3ODVWHU�5RXQG &35 ���'� �G� � �G�'0��������[���PP
 '0�� ����'� �G� � �G���/�������[��PP�7UDFHU /��� ���'� �G� � �G�0�������[��PP�0DXVHU 0��� ���'� �G� � �G���0�������[��PP�0DXVHU�0��� 0������ ����'� �G� � �G���0�������[��PP�0DXVHU�0��� 0������ ����'� �G� � �G�0������������������[���PP� 0���� ����'� �G� � �G�0���������������[���PP� 0� ����'� �G� � �G�0������&DUELQH�������[���PP� 0��&DU ����'� �G� � �G���0���������%DOO�������[���PP� 0����� ����'� �G�� � �G���0���������$3�������[���PP� 0������$3 ����'� �G���� � �G���0������%0*�%DOO 0����� �����'� �G�� � �G�0������PP�1$72�$3 0� ����'� �G���� � �G���0�������%0*�7UDFHU 0�� �����'� �G�� � �G�0�������%0*�7UDFHU 0�� �����'� �G�� � �G�0�������%0*�%DOO
 0�� �����'� �G�� � �G�0�������PP�$3 0�� ����'� �G���� � �G���0�������PP�7UDFHU 0�� ����'� �G�� � �G�0�������PP�%ORF�%DOO
 0��5 ����'� �G�� � �G���0�������PP�%ORF�6LOHQFHU
 0��5�6 ����'� �G� � �G���0�������PP�%ORF�7UDFHU 0��5�7 ����'� �G�� � �G���0�������PP�1$72�%DOO
 0�� ����'� �G�� � �G���0��������PP�/RQJ�5DQJH 0��� ����'� �G�� � �G�0��������PP�1$72�%DOO
 0��� ����'� �G�� � �G���0��������PP�1$72�7UDFHU 0��� ����'� �G� � �G�0��������PP�1$72�3UDFWLFH 0��� � � � �0�����PP�1$72�%DOO
 0��� ����'� �G� � �G���0��������PP�1$72�%DOO
 0��� ����'� �G�� � �G���0��������PP�1$72�7UDFHU 0��� ����'� �G� � �G���0��������PP�1$72�$3 0��� ����'� �G���� �� �G�0��������PP�1$72�$3 0��� ���'� �G���� � �G���
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 66��� ����'� �G� � �G�66��������[���PP�%DOO
 66��� ����'� �G� � �G�7�������[��PP�3UDFWLFH 7��� ���'� �G� � �G�
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7KH�$7�� LV�DQ� LPSURYHPHQW�RYHU�WKH�0����$7��DQWL�WDQN� ZHDSRQ�� GHYHORSHG� DV� D� OLJKW�� GLVSRVDEOH��PXOWLSXUSRVH� GLUHFW� ILUH� ZHDSRQ� IRU� EXQNHU� GHIHDW� DQG�XUEDQ�ZDUIDUH��7KH�ZHDSRQ�LV�HIIHFWLYH�LQ�EUHDFKLQJ�ZDOOV��GHVWUXFWLRQ�RI� IRUWLILHG� WDUJHWV��DQG�GHIHDWLQJ� OLJKW�DUPRUHG�YHKLFOHV� 7KH�$7��LV�HIIHFWLYH�DQ�$7��ODXQFKHU�DQG�URFNHW��EXW� ZLWK� DQ� ��PP� 60$:�+('3�ZDUKHDG� DWWDFKHG�� 7KH�ZDUKHDG� FRQWDLQV� WKH� VDPH� H[SORVLYH� ORDG� DQG� IXVLQJ�WHFKQRORJ\�DV� WKH�ZDUKHDG�XVHG�E\� WKH�860&��ZKLOH� WKH�ODXQFKHU� SURYLGHV� WKH� H[DFW� VDPH� FRQWUROV� DV� WKH� $7���PHDQLQJ� WURRSV� FDQ� XVH� WKH� ZHDSRQ� ZLWKRXW� IXUWKHU�WUDLQLQJ�� 7KH� 0���� 7UDLQHG�� RULJLQDOO\� GHYHORSHG� IRU� WKH�$7���LV�DOVR�DQ�HIIHFWLYH�WUDLQLQJ�WRRO�IRU�WKH�$7��DV�ZHOO�7KH� $7�� LV� SRWHQW� HQRXJK� WR� EORZ� D� �� PHWHU�GLDPHWHU�KROH� LQ� WKH� VLGH�RI� DQ�/$9�DW�����PHWHUV�� ,W�ZLOO�DOVR�GHVWUR\�D�FRQFUHWH�ZDOO�RYHU�����PP�WKLFN�DW�WKDW�UDQJH�7KLV�ZHDSRQ�V\VWHP� LV� IXOO\�GHYHORSHG�XQGHU�FRQWUDFW� IRU�WKH�86�$UP\�DQG�DZDLWV�IXUWKHU�IXQGLQJ�LQ�RUGHU�WR�HQWHU�SURGXFWLRQ��+RZHYHU�� LW� FXUUHQWO\� DSSHDUV� WKDW� WKLV� ZHDSRQ� LV� RQH� RI� WKH�FDVXDOWLHV� RI� WKH� )XWXUH�&RPEDW�6\VWHPV� SURJUDP�� DV� WKH�PLOLWDU\�KDV�FRQVLVWHQWO\�SURYLGHG�FRQWUDFWV�WR�7DOOH\�WR�SURYLGH�WKH�60$:�'�%'0� IRU� $UP\� XVH�� ������ 60$:�'V� ZHUH� SURYLGHG� LQ� ������DQRWKHU�������LQ�������&RQJUHVV�IXQGHG�������PRUH�LQ�������������PRUH� LQ� ������ DQG� D� ILQDO� ������ XQLWV� LQ� ����������� IRU� D� WRWDO� RI�������� XQLWV� LQ� VHUYLFH�� HQRXJK� WR� HTXLS� QHDUO\� WZR� DLUERUQH�

GLYLVLRQV��0HDQZKLOH�� WKH�$7���ZKLFK� ILQLVKHG�GHYHORSPHQW�QR� ODWHU�WKDQ� ������ LV� VWLOO�ZDLWLQJ� LWV� ILUVW�SURGXFWLRQ�FRQWUDFW� IURP� WKH�8�6��JRYHUQPHQW��7KLV� LV�D�VKDPH��UHDOO\��VLQFH� WKH�$7��FRVWV� OHVV� WKDQ��������SHU�XQLW��ZKLOH� WKH�PLOLWDU\� LV�VKHOOLQJ�RXW��������SHU�XQLW� IRU�WKH� 60$:�'�%'0�� +RZHYHU�� WKH� $7�� LV� DSSDUHQWO\� XQGHU�FRQVLGHUDWLRQ� IRU� DGRSWLRQ� E\� WKH� 6ZHGLVK� JRYHUQPHQW�� VLQFH� LW� LV�EDVHG� RQ� WKH� %RIRUV� $7�� DQWL�WDQN� ZHDSRQ�� RI� ZKLFK� 6ZHGHQ�DOUHDG\�GHSOR\V�IRXU�YDULDQWV��$W�WKH�YHU\�OHDVW��LW�LV�PDQXIDFWXUHG�LQ�6ZHGHQ� DV� ZHOO�� PRVW� OLNHO\� E\� %RIRUV�� VLQFH� $OOLDQW� 7HFKV\VWHPV�PDQXIDFWXUHV�WKH %RIRUV�$7��IRU�WKH�8�6��PLOLWDU\�DV�WKH�0����

:HDSRQ $7��%XQNHU�%XVWHU0DQXIDFWXUHU $OOLDQW�7HFKV\VWHPV <HDU �����1DWLRQ 8QLWHG�6WDWHV��6ZHGHQ&DOLEHU �PP�3DUDEHOOXP 0DJV ��$FFXUDF\ *URXS 02$.LOO 3HQ9HORFLW\ ����P�V (QHUJ\:HLJKW (PSW\ �����NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK ����PP %XUVW �5DQJH (IIHFWLYH ���P $XWR �0D[� &\FOLF �1RWHV
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&\EHUWKULOOHU

:HDSRQ 7\SH $&& &RQ $Y &DOLEHU '0 $PPR 5DWH�RI�)LUH 5HO
(IIHFW��5DQJH��PHWHUV�

:HLJKW�(PSW\��NJ�
:HLJKW�/RDGHG��NJ� &RVW$7��%XQNHU�%XVWHU +9< � 1 0 3(1������'�����P � � � 95 ��� � ��� �����6SHFLDO�5XOHV

'���6\VWHP
:HDSRQ 'DPDJH &ULWLFDO 'DPDJH�7\SH 5DQJH�,QFUHPHQW 5DWH�RI�)LUH 0DJ 6L]H :HLJKW 3XUFKDVH�'& 5HVWULFWLRQ$7��%XQNHU�%XVWHU 3(1������G�����¶ � )LUH �� � � /UJ ���OE �� 0LO�����6SHFLDO�5XOHV

)8'*(:HDSRQ 6KRWV 5DWH�RI�)LUH 5DQJH $FF\ 'PJ &RVW 1RWHV$7��%XQNHU�%XVWHU � 66 0HGLRFUH )DLU �� ����� 3RRU�3HQHWUDWLRQ6SHFLDO�5XOHV
$FWLRQ�:HDSRQ 'PJ 7\SH $FF 5PRG 675�0LQ 0D[�5QJ 5R) $PP :W &RVW 1RWHV$7��%XQNHU�%XVWHU �G������ 3�/ � �� � ��� � � ��� �����6SHFLDO�5XOHV�



[�%���������2G-��+����%2.�-����-1�"���2��-!�2�����%�2�����-7KLV� ZHDSRQ� V\VWHP� KDV� EHHQ� XQGHU�GHYHORSPHQW� IRU� WKH� 8�6�� 0DULQH� &RUSV� VLQFH� ������ 7KH�SURJUDP� ZDV� LQLWLDWHG� DV� D� FRPSHWLWLYH� GHYHORSPHQW�SURJUDP� PHDQW� WR� SURGXFH� D� OLJKWZHLJKW�� VKRXOGHU�ILUHG��GLVSRVDEOH� ZHDSRQ� WKDW� FDQ� GHIHDW� 0%7V� HTXLSSHG� ZLWK�UHDFWLYH�DUPRU��7KH�ZHDSRQ�ZRXOG�WKHQ�UHSODFH�WKH�0����$7�� DQG� WKH� 0��� /$:�� 7KH� UHVXOWLQJ� ZHDSRQ� ZDV� ODWHU�UHQDPHG� WKH�3UHGDWRU� IRU� IXUWKHU�GHYHORSPHQW�DV�DQ�DQWL�WDQN�ZHDSRQ�IRU�WKH�860&�/RFNKHHG� 0DUWLQ� KDV� IDFLOLWDWHG� WKH� XVH� RI� D�PRGXODU�ZDUKHDG�RQ�WKH�3UHGDWRU��ZKLFK�ZRXOG�DOORZ�IXWXUH�GHYHORSPHQW�RI�WKH�ZHDSRQ�IRU�RWKHU�SXUSRVHV��:KHQ�WKH�$UP\� DQQRXQFHG� LWV� QHHG� IRU� D� PDQ�SRUWDEOH�� VKRXOGHU�ILUHG�ZHDSRQ�FDSDEOH�RI�GHIHDWLQJ�SHUVRQQHO�SURWHFWHG�E\�EXLOGLQJV��EXQNHUV��DQG�OLJKW�DUPRU�� LW�ZDV�D�VLPSOH�PDWWHU�WR ILW�DQ�DOWHUQDWLYH�ZDUKHDG�WR� WKH�3UHGDWRU�DQG�HQWHU�WKH�ZHDSRQ�LQWR�FRPSHWLWLRQ�%\�������WKH�/RFNKHHG�0DUWLQ�HQWU\�ZDV�VHOHFWHG�RYHU�WKH�$7���60$:�'�%'0��DQG�)UHQFK�PDGH�$%%�E\�*,$7�� ,Q������� WKH�ZHDSRQ� HQWHUHG� WKH� (QJLQHHULQJ� DQG� 0DQXIDFWXULQJ� 'HYHORSPHQW�3KDVH�� LQ�ZKLFK�VDIHW\�FRQFHUQV�RI� WKH�ZHDSRQ�JHW�DGGUHVVHG�DQG�WKH�GHYHORSHU�GHVLJQV�DQG�EXLOGV�WKH�PDQXIDFWXULQJ�IDFLOLWLHV�QHHG�WR�PDVV�SURGXFH�WKH�ZHDSRQ���7KH�(0'�SKDVH�HQGHG�LQ�������VR�WKH�ZHDSRQ�QRZ�VKRXOG�EH�DZDLWLQJ�SURGXFWLRQ�IXQGLQJ�7KH�03,0�65$:�LV�D�URFNHW�SURSHOOHG�������NJ�ZDUKHDG��ODXQFKHG� IURP�D� ���PP� ORQJ� GLVSRVDEOH� ODXQFK� WXEH� V\VWHP��7KH�HQWLUH�SDFNDJH�ZHLJKV���NJ��7KH� URFNHW� LV�D� ILUH�DQG�IRUJHW�RU�)1)�V\VWHP��XVLQJ�DQ�LQHUWLDO�JXLGDQFH�V\VWHP�WR�JXLGH�WKH�URFNHW�WR�WKH�DLPSRLQW��SURYLGLQJ�D�YHU\�KLJK�SUREDELOLW\�RI�KLWWLQJ�EXQNHUV��EXLOGLQJ��DQG� OLJKW� DUPRU� RYHU� D� UDQJH� RI� ��� WR� ����PHWHUV�� UHJDUGOHVV� WKH�FURVVZLQGV�RU�XVH�RI�REVFXUDQWV�OLNH�VPRNH��$LPLQJ�LV�DFFRPSOLVKHG�XVLQJ� D� IROGLQJ� �[� PDJQLILFDWLRQ� WHOHVFRSLF� GD\VLJKW�� ZKLFK� WHVWLQJ�WURRSV�KDYH�VWDWHG�DOORZV�WKH�ZHDSRQ�WR�EH�DLPHG�YHU\�PXFK�OLNH�D�ULIOH��,I�DLPLQJ�DW�D�PRYLQJ�WDUJHW��WKH�VROGLHU�QHHGV�WR�WUDFN�WKH�WDUJHW�

IRU�DERXW�WZR�VHFRQGV�IRU�WKH�LQHUWLDO�JXLGDQFH�V\VWHP�WR�FDOFXODWH�LWV�IOLJKW�� 7KH� ZDUKHDG� LV� D� WZR�VWDJH� V\VWHP� XVLQJ� DQ� ([SORVLYHO\�)RUPHG� 3HQHWUDWRU� �()3�� DQG� D� IROORZ�WKURXJK� IUDJPHQWDWLRQ�JUHQDGH��)7*���2Q�LPSDFW��WKH�FUXVK�VZLWFK�WULJJHUV�WKH�()3��ZKLFK�IRUPV� D� ORQJ� URG� ZKLFK� SDVVHV� WKURXJK� WKH� FHQWHU� RI� WKH� IROORZ�WKURXJK� JUHQDGH� DQG� SXQFKHV� D� KROH� LQWR WKH� REMHFW� VWUXFN�� 7KH�JUHQDGH��DOVR�SURSHOOHG�E\�WKH�()3��IROORZV�WKH�URG�WKURXJK�WKH�KROH�DQG� DIWHU� D� GHOD\�� GHWRQDWHV� DQG� VFDWWHUV� LWV� OHWKDO� SD\ORDG� RI�IUDJPHQWV��7KH�FUXVK�IXVH�DOVR�FDQ�RSHUDWH�RQ�LPPHGLDWH�RU�GHOD\HG�EDVLV��7KH�LPPHGLDWH�PRGH�LV�XVHG�DJDLQVW�KDUG�WDUJHWV��OLNH�EULFN�RU�FRQFUHWH�� ZKLOH� WKH� GHOD\� PRGH� LV� XVHG� DJDLQVW� VRIW� WDUJHWV�� OLNH�VDQGEDJ� EXQNHUV�� 7KH� ZDUKHDG� LV� HIIHFWLYH� DJDLQVW� GRXEOH�UHLQIRUFHG� FRQFUHWH� ZDOOV�� WULSOH� EULFN� ZDOOV�� HDUWK� DQG� WLPEHU�EXQNHUV��DQG�OLJKW�DUPRUHG�YHKLFOHV��2QFH�IXQGHG��WKH�ZHDSRQ�FDQ�EH�H[SHFWHG�WR�FRVW�VLJQLILFDQWO\�OHVV�WKDQ�WKH�3UHGDWRU�65$:��ZKLFK�FRVWV� �������� SHU� V\VWHP�� VLQFH� GHYHORSPHQW� FRVWV� IRU� WKH� URFNHW�LWVHOI�KDYH�EHHQ�DEVRUEHG�LQ�860&�DQG�861�FRQWUDFWV�

:HDSRQ 03,0�65$:0DQXIDFWXUHU /RFNKHHG�0DUWLQ <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU ���PP�URFNHW 0DJV �$FFXUDF\ *URXS 02$.LOO 3HQ9HORFLW\ ���P�V�DW�PX]]OH������P�V�PD[LPXP (QHUJ\:HLJKW (PSW\ � 52) 66 �/RDGHG ��NJ 0% �/HQJWK ����PP %XUVW �5DQJH (IIHFWLYH ����P $XWR �0D[� &\FOLF �1RWHV 0LQLPXP����PHWHU�UDQJH�
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:HDSRQ 7\SH $&& &RQ $Y &DOLEHU '0 $PPR 5DWH�RI�)LUH 5HO
(IIHFW��5DQJH��PHWHUV�

:HLJKW�(PSW\��NJ�
:HLJKW�/RDGHG��NJ� &RVW03,0�65$: +9< �� 1 0�( � � � � 5( ��� � � �������()3�'HWRQDWLRQ � � � � 3(1�����G�����P � � � � � � � �)7*�'HWRQDWLRQ � � � � �'�����P � � � � � � � �6SHFLDO�5XOHV ,WHPV�ZLWK�,WDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�V\VWHPV��DV�QR�KDUG�GDWD�KDV�\HW�EHHQ�SXEOLVKHG�

'���6\VWHP
:HDSRQ 'DPDJH &ULWLFDO 'DPDJH�7\SH 5DQJH�,QFUHPHQW 5DWH�RI�)LUH 0DJ 6L]H :HLJKW 3XUFKDVH�'& 5HVWULFWLRQ03,0�65$: � � � ��� 66 � /UJ ���OE �� 0LO�����()3�'HWRQDWLRQ 3(1�����G����¶ � &RQF�%DOOLVWLF � � � � � � �)7*�'HWRQDWLRQ �G�����¶ � 6ODVKLQJ � � � � � �6SHFLDO�5XOHV ,WHPV�ZLWK�,WDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�V\VWHPV��DV�QR�KDUG�GDWD�KDV�\HW�EHHQ�SXEOLVKHG�

)8'*(:HDSRQ 6KRWV 5DWH�RI�)LUH 5DQJH $FF\ 'PJ &RVW 1RWHV03,0�65$: � 66 *RRG )DLU � �������()3�'HWRQDWLRQ � � � � � � 3RRU�3HQHWUDWLRQ)7*�'HWRQDWLRQ � � � � �� �6SHFLDO�5XOHV ,WHPV�ZLWK�,WDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�V\VWHPV��DV�QR�KDUG�GDWD�KDV�\HW�EHHQ�SXEOLVKHG�
$FWLRQ�:HDSRQ 'PJ 7\SH $FF 5PRG 675�0LQ 0D[�5QJ 5R) $PP :W &RVW 1RWHV03,0�65$: � 3�/ � �� � �� � �� � �������()3�'HWRQDWLRQ �G���� 3�/ � � � � � � � �)7*�'HWRQDWLRQ ��G�����¶ 3�/ � � � � � � � �6SHFLDO�5XOHV� ,WHPV�ZLWK�,WDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�V\VWHPV��DV�QR�KDUG�GDWD�KDV�\HW�EHHQ�SXEOLVKHG�
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7KLV� ZHDSRQ� V\VWHP� KDV� EHHQ� XQGHU�GHYHORSPHQW� IRU� WKH� 8�6�� 0DULQH� &RUSV� VLQFH� ������ 7KH�SURJUDP� ZDV� LQLWLDWHG� DV� D� FRPSHWLWLYH� GHYHORSPHQW�SURJUDP� PHDQW� WR� SURGXFH� D� OLJKWZHLJKW�� VKRXOGHU�ILUHG��GLVSRVDEOH� ZHDSRQ� WKDW� FDQ� GHIHDW� 0%7V� HTXLSSHG� ZLWK�UHDFWLYH�DUPRU��7KH�ZHDSRQ�ZRXOG�WKHQ�UHSODFH�WKH�0����$7�� DQG� WKH� 0��� /$:�� 7KH� UHVXOWLQJ� ZHDSRQ� ZDV� ODWHU�UHQDPHG� WKH�3UHGDWRU� IRU� IXUWKHU�GHYHORSPHQW�DV�DQ�DQWL�WDQN�ZHDSRQ�IRU�WKH�860&�,Q� ������ WKH� ZHDSRQ� ILQDOO\� HQWHUHG� WKH� (0'�SKDVH�� ODVWLQJ�VRPH���ò�\HDUV� 7KH�ILUVW�����ZHDSRQV�ZLOO�ILQDOO\�EH�GHOLYHUHG�WR�WKH�860&�VWDUWLQJ�LQ�������SDUW�RI�D�IRXU� \HDU� FRQWUDFW�� WKDW� ZLWK� $7'� DQG� (0'� SKDVH�GHOLYHULHV�� ZLOO� WRWDO� ������ XQLWV� GHOLYHUHG�� DW� DQ� DYHUDJH�FRVW� RI� �������� HDFK�� LQFOXGLQJ� PDLQWHQDQFH� FRQWUDFWV��7KH� 3UHGDWRU� KDV� EHHQ� GHVLJQDWHG� E\� WKH� 860&� DV� WKH�65$:��0.����0RG���7KH�3UHGDWRU�65$:�FRQVLVWV�RI�D�PLVVLOH�ZHLJKLQJ�VRPH�����NJ��FDUU\LQJ�D������NJ�ZDUKHDG��7KH� ODXQFK�WXEH�DOVR�IXQFWLRQV�DV� D� VHDOHG� HQYLURQPHQW� VWRUDJH� DQG� FDUU\� XQLW�� FRPSOHWH� ZLWK� D�FDUU\�KDQGOH�DQG�VOLQJ��7KH�ODXQFKHU�LV�ILWWHG�ZLWK�DQ�LQH[SHQVLYH�EXW�DFFXUDWH����[�PDJQLILFDWLRQ�WHOHVFRSLF�VLJKW�ZKLFK�IROGV�RXW�WR�DOORZ�WKH�ZHDSRQ�WR�EH�DLPHG�PXFK�OLNH�D�ULIOH��,W�FDQ�EH�ILWWHG�ZLWK�FXUUHQW�QLJKW� YLVLRQ� V\VWHPV�� VXFK� DV� WKH� $1�396��� DQG� $1�3$6����� 7KH�ZDUKHDG�XVHV�DQ�()3�ZDUKHDG�ILUHG�LQ�D�WRS�DWWDFN�PRGH��DOORZLQJ�LW�WR� SHQHWUDWH� ERWK� UHDFWLYH� DUPRU� DQG� WKH� WKLQ� WRS� DUPRU� RI� DQ\�DUPRUHG� YHKLFOH�� 7KH� UHVXOWLQJ� SDFNDJH� LV� YHU\� VWRFN\� DQG�FXPEHUVRPH�LQ�DSSHDUDQFH�7R� ILUH�� WKH� VDIHW\� FRYHU� LV� OLIWHG�� H[SRVLQJ� WKH� DUPLQJ�EXWWRQ�DQG�ILULQJ�EDU���2QFH�WKH�WDUJHW�LV�DFTXLUHG��WKH�DUPLQJ�EXWWRQ�LV�SUHVVHG��ZKLFK�DFWLYDWHV�D�WKHUPDO�EDWWHU\�LQVLGH�WKH�PLVVLOH��7KH�

DUPLQJ�EXWWRQ� LV�KHOG�GRZQ��DQG�ZKHQ�UHDG\�WR� ILUH��PRYLQJ�WDUJHWV�UHTXLUH� WKH� VROGLHU� WR� WUDFN� WKH� PRYHPHQW� IRU� WZR� VHFRQGV��� WKH�VROGLHU�KROGV�GRZQ�WKH�ILULQJ�EDU��7KH�PLVVLOH�SHUIRUPV�D�VHOI�FKHFN��WKHQ�DFWLYDWHV� WKH�RUGLQDQFH�EDWWHU\�DQG� ILUHV� OHVV� WKDQ�D� WKLUG�RI�D�VHFRQG� ODWHU�� 2QFH� WKH� PLVVLOH� HQWHUV� LWV� IOLJKW� SDWK�� LW� ULVHV� WR� D�KHLJKW�RI������PHWHUV�DERYH�WKH�OLQH�RI�VLJKW��SURYLGLQJ�WKH�QHFHVVDU\�FOHDUDQFH�WR�DOORZ�WKH�ZHDSRQ�WR�SDVV�RYHU�WKH�DUPRUHG�YHKLFOH�LW�LV�DLPHG�DW��$�PDJQHWLF�VHQVRU� ILUVW� GHWHFWV� WKH�PLVVLOHV�DSSURDFK�RQ�WKH� WDUJHW�� WKHQ� DQ� RSWLFDO� VHQVRU� GHWHFWV� WKH� OHDGLQJ� HGJH� RI� WKH�WDUJHW�� :KHQ� LW� GHWHFWV� WKH� WUDLOLQJ� HGJH�� WKH� ZDUKHDG� GHWRQDWHV��GULYLQJ�DQ�H[SORVLYHO\�IRUPHG�SHQHWUDWRU�GRZQ�WKURXJK�WKH�WRS�DUPRU�RI�WKH�WDUJHW�YHKLFOH�

:HDSRQ 03,0�65$:0DQXIDFWXUHU /RFNKHHG�0DUWLQ <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU ���PP�URFNHW 0DJV �$FFXUDF\ *URXS 02$.LOO 3HQ9HORFLW\ ���P�V�DW�PX]]OH������P�V�PD[LPXP (QHUJ\:HLJKW (PSW\ � 52) 66 �/RDGHG ��NJ 0% �/HQJWK ����PP %XUVW �5DQJH (IIHFWLYH ����P $XWR �0D[� &\FOLF �1RWHV 0LQLPXP����PHWHU�UDQJH�



I�������2KCJA2.$0�
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&\EHUWKULOOHU

:HDSRQ 7\SH $&& &RQ $Y &DOLEHU '0 $PPR 5DWH�RI�)LUH 5HO
(IIHFW��5DQJH��PHWHUV�

:HLJKW�(PSW\��NJ�
:HLJKW�/RDGHG��NJ� &RVW3UHGDWRU�65$:�0.�����0RG�� +9< �� 1 0�( 3(1������G�����P � � � 5( ��� � � �������6SHFLDO�5XOHV ,WHPV�ZLWK�,WDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�V\VWHPV��DV�QR�KDUG�GDWD�KDV�\HW EHHQ�SXEOLVKHG�

'���6\VWHP
:HDSRQ 'DPDJH &ULWLFDO 'DPDJH�7\SH 5DQJH�,QFUHPHQW 5DWH�RI�)LUH 0DJ 6L]H :HLJKW 3XUFKDVH�'& 5HVWULFWLRQ3UHGDWRU�65$:�0.����0RG�� 3(1������G����¶ � � ��� 66 � /UJ ���OE �� 0LO�����6SHFLDO�5XOHV ,WHPV�ZLWK�,WDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�V\VWHPV��DV�QR�KDUG�GDWD�KDV�\HW�EHHQ�SXEOLVKHG�

)8'*(:HDSRQ 6KRWV 5DWH�RI�)LUH 5DQJH $FF\ 'PJ &RVW 1RWHV3UHGDWRU�65$:�0.����0RG�� � 66 *RRG )DLU �� ������� )DLU�3HQHWUDWLRQ6SHFLDO�5XOHV ,WHPV�ZLWK�,WDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�V\VWHPV��DV�QR�KDUG�GDWD�KDV�\HW�EHHQ�SXEOLVKHG�
$FWLRQ�:HDSRQ 'PJ 7\SH $FF 5PRG 675�0LQ 0D[�5QJ 5R) $PP :W &RVW 1RWHV3UHGDWRU�65$:�0.����0RG�� �G����� 3�/ � �� � �� � �� � �������6SHFLDO�5XOHV� ,WHPV�ZLWK�,WDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�V\VWHPV��DV�QR�KDUG�GDWD�KDV�\HW�EHHQ�SXEOLVKHG�
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,Q�������DV�GHYHORSPHQW�RI� WKH�;0����6$%5�FRQWLQXHG�� WKH� 86� $UP\� GHFLGHG� WR� H[SORUH� WKH�SRVVLELOLWLHV� RI� GHYHORSLQJ� WKH� NLQHWLF� HQHUJ\� ZHDSRQ�SRUWLRQ� RI� WKH� ;0��� DV� D� VWDQG�DORQH� ZHDSRQ�� 7KH�UHVXOWLQJ�PRGLILHG�ZHDSRQ�VKRZV�D�JUHDW�GHDO�RI�SURPLVH�DV�D�UHSODFHPHQW�IRU�WKH�DJLQJ�VWRFNSLOHV�RI�0��$��ULIOHV�DQG�0�$��FDUELQHV�FXUUHQWO\�LQ�VHUYLFH�$W�WKH�FXUUHQW�VFKHGXOH��DQG�IRU�RQFH��LW�VHHPV�WKH�$UP\�KDV�IRXQG�D�ZHDSRQ�WKDW�LV�GHYHORSLQJ�RQ�WLPH��UDWKHU� WKDQ� \HDUV� EHKLQG� VFKHGXOH��� WKH� ULIOH� VKRXOG� EH�UHDG\� WR� HQWHU� SURGXFWLRQ� E\� QR� ODWHU� WKDQ� ������ DQG�RQFH�DGRSWHG�DV�WKH�0���VKRXOG�EHFRPH�D�VWDQGDUG�QH[W�JHQHUDWLRQ�DVVDXOW�ULIOH�IRU�WKH�86�$UP\�7KH� ULIOH�ZLOO� EH� IXOO\� FRPSOLDQW�ZLWK� DOO�1$72�VWDQGDUG�DQG�86�VWDQGDUG������[���PP�DPPXQLWLRQ��DV�ZHOO� DV� ILULQJ� D� QHZ� DPPXQLWLRQ� EHLQJ� GHYHORSHG�VSHFLILFDOO\�IRU�WKH�ULIOH��7KLV�QHZ�DPPXQLWLRQ�LV�GHVLJQHG�WR�IXUWKHU�OLJKWHQ�D�VROGLHU¶V�ORDG��XVLQJ�QHZ�SURSHOODQWV��DQG� D� FRPSRVLWH� FDUWULGJH� FDVH� PDQXIDFWXUHG� IURP� D�EUDVV�EDVH�SODWH�DQG�SRO\PHU�ZDOOV��7KLV�DPPXQLWLRQ�ZLOO�SUREDEO\� DOVR� XVH� WKH� QHZ�Q\ORQ�FRUHG� JUHHQ� EXOOHWV� WKH�86�$UP\�KDV� EHHQ� GHYHORSLQJ�� 7KLV�� DORQJ� ZLWK� WKH� ���� UHGXFWLRQ� LQ� ULIOH�ZHLJKW�LQ�FRPSDULVRQ�WR�WKH�0�$���VKRXOG�EH�JUHDWO\�IDYRUHG�E\�86�WURRSV� ZKR� KDYH� EHHQ� ZHLJKHG� GRZQ� RYHU� UHFHQW� \HDUV� ZLWK�SURWHFWLYH� JHDU�� FRPPXQLFDWLRQV� HTXLSPHQW�� DQG� RWKHU� EDWWOHILHOG�VXSSOLHV� 7KH�;0��LV�D�GHULYDWLYH�RI�WKH�.(�FRPSRQHQW�RI�WKH�;0����ZKLFK�LV�LQ�WXUQ�D�GHULYDWLYH�RI�WKH�+	.�*���DVVDXOW�ULIOH��7KH�;0���.(� FRPSRQHQW� GLIIHUV� IURP� WKH�*���PDLQO\� LQ� LWV� GLIIHUHQW� KRXVLQJ�VW\OH� DQG� WKH� FRPSDWLELOLW\� ZLWK� 0��� PDJD]LQHV�� 7KH� ;0�� GLIIHUV�IURP� WKLV� ZLWK� WKH� LQFOXVLRQ� RI� D� WHOHVFRSLQJ� SODVWLF� EXWWVWRFN�� IRXU�SLFDWLQQ\� UDLOV�RQ� WKH� IRUHDUP��DQG�D� FDUU\�KDQGOH��ZKLFK�VHHPV� WR�KROG�ERWK�D�VKRUW�SLFDWLQQ\�UDLO�DW�WKH�IURQW�DQG�IURP�WKH�SKRWRV��WKH�UHDU� RI� WKH� FDUU\� KDQGOH� PRXQWV� HLWKHU� D� EDVLF� RSWLFDO� VFRSH� RU� D�PRXQWLQJ�EORFN�IRU�WKH�2,&:�)&6�RU�WKH�³RQH�PLO�PLQL�SL[HO´�WKHUPDO�LPDJLQJ� V\VWHP�GHYHORSHG� IRU� WKH�;0�����$QG� \HV�� WKRVH� IRUHDUP�UDLOV�PHDQ�\RX¶OO�HYHQWXDOO\�VHH�;0�V�PRXQWLQJ�0���3LV�UDWKHU�WKDQ�EHLQJ�VOXQJ�EHQHDWK�WKH�;0����7KH�;0���DOVR�YDULHV�IURP�WKH�;0���.(� FRPSRQHQW� LQ� LWV� ODFN� RI� D� EXUVW� OLPLWHU�� 7KH� ;0���ZLOO� DOVR� EH�LQFRPSDWLEOH�ZLWK�WKH�;0���¶V���PP�ZHDSRQ�FRPSRQHQW�,Q� WKH� ODWHVW� DQQRXQFHPHQWV�� LW� VHHPV� WKDW� WKH� ;0�� LV�GHILQLWHO\�GHVWLQHG�IRU�PLOLWDU\�VHUYLFH��7KH\�KDYH�DQQRXQFHG�SODQV�WR�

GHYHORS� DQ� HQWLUH� IDPLO\� RI� ZHDSRQV� EDVHG� XSRQ� WKH� ;0����&XUUHQWO\��WKLV�LV�H[SHFWHG�WR�LQFOXGH�D�VHFRQG�FDUELQH�ZLWK�D����LQFK�EDUUHO�� D� SDLU� RI� ULIOHV� PRXQWLQJ� �� RU� ��� LQFK� EDUUHOV�� DQG� D'05�6$:�YDULDQW�VSRUWLQJ�D����LQFK�KHDY\�EDUUHO�DQG�ELSRG��DV�ZHOO�DV�KLJK�FDSDFLW\�SODVWLF�PDJD]LQHV�WR�UHSODFH�WKH�QRZ�XQDFFHSWDEOH�����URXQG� &�0DJV� PDQXIDFWXUHG� E\� %HWD�� )RU� VSHFLDO� RSHUDWLRQV�XVH�� WKHUH�DUH�SODQV� WR�GHYHORS�D ����PP�FRQYHUVLRQ�NLW��FRPSOHWH�ZLWK����������DQG ���LQFK�EDUUHOV�DYDLODEOH��7KH�FRPPDQGLQJ�RIILFHU�RI�3(2�6ROGLHU��WKH�ODWHVW�LQFDUQDWLRQ�RI�WKH�/DQG :DUULRU���)RUFH�;;,�SURJUDP��KDV�VWDWHG�WKDW�WKHUH�ZLOO�DOVR�EH�D����PP�FRQYHUVLRQ�NLW��ZKLFK� ZLOO� SUHVXPDEO\� EH� WR� WKH� FDUWULGJH� GHYHORSHG� IRU� WKH� +	.�3':�� IXUWKHU� LQGLFDWLQJ� WKDW� WKH� ;0�� PD\� DOVR� ILOO� WKH� 23':�SURJUDP�QHHGV��WKHUHE\�FDQFHOLQJ�WKDW�GHYHORSPHQW�SURJUDP�EHIRUH�LW�VWDUWV��$V�D�3':�W\SH�ZHDSRQ��D����PP�FDOLEHU�;0��ZLOO�QRW�OLNHO\�KDYH�PRUH�WKDQ WKH���ò�LQFK�RU����LQFK�EDUUHO�OHQJWKV�DYDLODEOH��7KH����PP� DPPXQLWLRQ� LV� DYDLODEOH� LQ� �� IODYRUV�� 6WHHO� MDFNHWHG� EDOO��WUDFHU��FRSSHU�FODG�WUDLQLQJ��EODQN��IUDQJLEOH��KROORZ�SRLQW��DQG�GULOO�&XUUHQWO\��WKHUH�DUH�QRW�D�ORW�RI�GHWDLOV�DYDLODEOH�DERXW�WKH�;0��� MXVW� WKH�YDJXH�GHWDLOV�SURYLGHG� LQ�D� IHZ�DUWLFOHV�DQG�D VLQJOH�SUHVV� RS� SKRWR�� 7KH�PDQ\�RI� WKH�GHWDLOV�SURYLGHG�DUH� H[WUDSRODWHG�IURP�WKH�*���DVVDXOW� ULIOH��XSRQ�ZKLFK� WKH�;0�� LV�XOWLPDWHO\�EDVHG�XSRQ�

:HDSRQ ;0���/LJKW�$VVDXOW�5LIOH0DQXIDFWXUHU +HFNOHU�	�.RFK <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU �����[���PP�1$72 0DJV ��$FFXUDF\ *URXS 02$.LOO9HORFLW\ ����P�V�ZLWK�0���������P�V�ZLWK�0���� (QHUJ\:HLJKW (PSW\ ����NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK %XUVW �5DQJH (IIHFW� ���P $XWR ���0D[� &\FOLF ���
1RWHV 7KLV�UHSUHVHQWV�WKH�;0���ZLWK�D������LQFK�EDUUHO�DQG�D����URXQG�SODVWLF�PDJD]LQH�ORDGHG�ZLWK�WKH�QHZ��OLJKWZHLJKW��Q\ORQ�FRUHG��SODVWLF�FDVHG��HQYLURQPHQWDOO\�IULHQGO\�³JUHHQ´�����PP�DPPXQLWLRQ�
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&\EHUWKULOOHU

:HDSRQ 7\SH $&& &RQ $Y &DOLEHU '0 $PPR 5DWH�RI�)LUH 5HO
(IIHFW��5DQJH��PHWHUV�

:HLJKW�(PSW\��NJ�
:HLJKW�/RDGHG��NJ� &RVW+.�;0���/LJKWZHLJKW�$VVDXOW�5LIOH������´�EDUUHO� $5 �� - 0��( ����1 � �� 95 ���P ��� ���� ������;0���Z����´�EDUUHO $5 �� - 0��( ����1 � �� 95 ���P ��� ���� ������;0���Z����´�EDUUHO $5 �� - 0��( ����1 �� �� 95 ���P ��� ���� ������;0���Z����´�EDUUHO $5 �� - 0��( ����1 �� ��

��>66@����>$@�����>&@
95 ���P ��� ���� ������;0���6$: $5 �� 1 0��( ����1 �� �� ���>$@�����>&@ 95 ���P ��� ���� ������;0���'05 $5 �� 1 0��( ����1 �� �� 95 ����P ��� ���� ������;0�������PP�FDUELQH������¶� $5 �� - 0��( ����1 � �� 95 ���P ��� ��� ������;0�������PP�5LIOH����´� $5 �� - 0��( ����1 � �� ��>66@����>$@�����>&@ 95 ���P ��� ��� ������;0�������PP�6$: $5 �� 1 0��( ����1 �� �� ���>$@�����>&@ 95 ���P ��� ��� ������;0�������PP�'05 $5 �� 1 0��( ����1 �� �� ��>66@����>$@�����>&@ 95 ����P � ��� ������

;0�������PP 60* �� - 0�( ���+. � ���RU��� ��>66@�����>$@�����>&@ 95 ���P ��� ���� ������6SHFLDO�5XOHV ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�W\SHV�RI�ZHDSRQV�
'���6\VWHP

:HDSRQ 'DPDJH &ULWLFDO 'DPDJH�7\SH 5DQJH�,QFUHPHQW 5DWH�RI�)LUH 0DJ 6L]H :HLJKW 3XUFKDVH�'& 5HVWULFWLRQ+.�;0���/LJKWZHLJKW�$VVDXOW�5LIOH �G� �� %DOOLVWLF ��� 6$�$ �� 0G ����OE �� 0LO�����;0���Z����´�EDUUHO �G� �� %DOOLVWLF ��� 6$�$ �� 0G ��OE �� 0LO�����;0���Z����´�EDUUHO �G� �� %DOOLVWLF ��� 6$�$ �� 0G ��OE �� 0LO�����;0���Z����´�EDUUHO �G� �� %DOOLVWLF ��� 6$�$ �� /J ����OE �� 0LO�����;0���6$: �G� �� %DOOLVWLF ��� $ �� /J ����OE �� 0LO�����;0���'05 �G� �� %DOOLVWLF ��� 6$�$ �� /J ��OE �� 0LO�����;0�������PP�FDUELQH������¶� �G�� �� %DOOLVWLF ��� 6$�$ �� 0G ��OE �� 0LO�����;0�������PP�5LIOH����´� �G�� �� %DOOLVWLF ��� 6$�$ �� 0G ����OE �� 0LO�����;0�������PP�6$: �G�� �� %DOOLVWLF ��� $ �� /J ����OE �� 0LO�����;0�������PP�'05 �G�� �� %DOOLVWLF ��� 6$�$ �� /J ���OE �� 0LO�����;0�������PP �G� �� %DOOLVWLF �� 6$��$ ���RU��� /UJ ����OE �� 0LO�����
6SHFLDO�5XOHV ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�W\SHV�RI�ZHDSRQV�7KHVH�ZHDSRQV�DUH�ZHOO�PDGH��JUDQWLQJ�D����WR�KLW�HTXLSPHQW�ERQXV�
)8'*(:HDSRQ 6KRWV 5DWH�RI�)LUH 5DQJH $FF\ 'PJ &RVW 1RWHV+.�;0���/LJKWZHLJKW�$VVDXOW�5LIOH �� 6$��$��& *RRG *RRG � ������ :HOO�PDGH;0���Z����´�EDUUHO �� 6$��$��& *RRG *RRG � ������ :HOO�PDGH;0���Z����´�EDUUHO �� 6$��$��& *RRG *UHDW � ������ :HOO�PDGH;0���Z����´�EDUUHO �� 6$��$��& *RRG *UHDW � ������ :HOO�PDGH;0���6$: �� $��& 6XSHUE *UHDW � ������ :HOO�PDGH;0���'05 �� 6$��$��& *RRG *UHDW � ������ :HOO�PDGH;0�������PP�FDUELQH������¶� �� 6$��$��& *RRG *RRG � ������ :HOO�PDGH;0�������PP�5LIOH����´� �� 6$��$��& *RRG *RRG � ������ :HOO�PDGH;0�������PP�6$: �� $��& 6XSHUE *UHDW � ������ :HOO�PDGH;0�������PP�'05 �� 6$��$��& *RRG *UHDW � ������ :HOO�PDGH;0�������PP �� 6$��$��& 6XSHUE *RRG � ������ :HOO�PDGH6SHFLDO�5XOHV ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�W\SHV�RI�ZHDSRQV�
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$FWLRQ�:HDSRQ 'PJ 7\SH $FF 5PRG 675�0LQ 0D[�5QJ 5R) $PP :W &RVW 1RWHV+.�;0���/LJKWZHLJKW�$VVDXOW�5LIOH �G��� 3�/ �� �� � ��� ���� �� ���� �����;0���Z����´�EDUUHO �G��� 3�/ �� �� � ��� ���� �� ���� �����;0���Z����´�EDUUHO �G��� 3�/ �� �� � ��� ���� �� ���� �����;0���Z����´�EDUUHO �G��� 3�/ �� �� � ��� ���� �� ���� �����;0���6$: �G��� 3�/ �� �� � ��� �� �� ���� �����;0���'05 �G��� 3�/ �� �� � ���� ���� �� ���� �����;0�������PP�FDUELQH������¶� �G��� 3�/ �� �� � ��� ���� �� ��� �����;0�������PP�5LIOH����´� �G��� 3�/ �� �� � ��� ���� �� ��� �����;0�������PP�6$: �G��� 3�/ �� �� � ��� �� �� ��� �����;0�������PP�'05 �G��� 3�/ �� �� � ���� ���� �� ��� �����;0�������PP �G��� 3�/ �� �� � ��� ���� ���RU��� ���� �����6SHFLDO�5XOHV� ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�W\SHV�RI�ZHDSRQV�





V[���2J��,����2A����-2K����.
$PRQJ� WKH� ODWHVW� GHYHORSPHQWV� RI� WKH� 2,&:�SURJUDP�KDV�EHHQ�D�GHYHORSPHQW�VSLUDO��7KH�2,&:�LWVHOI�LV�DSSURDFKLQJ� FRPSOHWLRQ�� QRZ� HQWHULQJ� WKH� WHVW� SKDVH� DV�WKH� ;0����6HOHFWLYH� $VVDXOW� %DWWOH� 5LIOH��+RZHYHU�� LW� KDV�VSDZQHG�VHYHUDO�GLIIHUHQW�VXE�SURJUDPV�WR�IXUWKHU�GHYHORS�LQGLYLGXDO� ZHDSRQV� WR� FUHDWH� DQ� HQWLUH� IDPLO\� RI� ZHDSRQ�V\VWHPV� XQGHU� LWV� XPEUHOOD�� $ORQJ� ZLWK� WKH� ;0����� LW� KDV�VSDZQHG� WKH� ;0��� /LJKWZHLJKW� $VVDXOW� 5LIOH� IDPLO\�� WKH�;0���� ��PP�*UHQDGH� /DXQFKHU�� DQG� WKH� ;0���� ��PP�$LUEXUVW�:HDSRQ�6\VWHP�7KH�;0���$LUEXUVW�:HDSRQ�6\VWHP�LV�D�ZHDSRQ�WKDW�+HFNOHU�	�.RFK�KDV�SXVKHG�IRU�VLQFH�WKH�LQFHSWLRQ�RI�WKH�2,&:�SURJUDP�EDFN�LQ�������D�VWDQG�DORQH�YHUVLRQ�RI�WKH� 2,&:¶V� ��PP� FDQQRQ�� +HFNOHU� 	� .RFK� KDV� DOPRVW�JRWWHQ� ZKDW� LW� ZDQWHG�� $UP\� RIILFLDOV� GHFLGHG� WKDW� UDWKHU�WKDQ�PDLQWDLQ�VTXDG�OHYHO�DPPXQLWLRQ�FRPSDWLELOLW\�ZLWK�WKH�;0����� WKH\�ZRXOG� LQFUHDVH� WKH�ZHDSRQ¶V� FDOLEHU� VR� LW� FDQ� ILUH� WKH�PRUH�SRWHQW����[���PP�DPPXQLWLRQ�XVHG�E\�WKH�;0����DQG�;0�����ERWK�RI�ZKLFK�ZRXOG�EH� LVVXHG�RQ�D�FRPSDQ\� OHYHO�RU�KLJKHU���:LWK�WKLV� QHZ� ZHDSRQ� RQO\� UHFHQWO\� DQQRXQFHG� DQG� WKH� ILUVW� ZRUNLQJ�SURWRW\SHV� GXH� WR� WKH� $UP\� E\� &KULVWPDV� ������ WKLV� ZHDSRQ� ZLOO�REYLRXVO\� EH� DQ� XSVFDOHG� YHUVLRQ� RI� WKH� ��PP� FRPSRQHQW� RI� WKH�;0����SURGXFHG�E\�+HFNOHU�	�.RFK�&XUUHQWO\�� GHWDLOV� DUH� IHZ DQG� IDU� EHWZHHQ�� ,W� ZLOO� LQFRUSRUDWH� WKH�VDPH�PDQQHU�RI�VPDUW� WHFKQRORJLHV�DV� WKH�;0�����ZKLFK�PHDQV� LW�ZLOO�SUREDEO\�XVH�WKH�VDPH�ILUH�FRQWURO�V\VWHP��,W�ZLOO�DOVR�XWLOL]H�WKH��ò�SRXQG�³RQH�PLO�PLQL�SL[HO´�WKHUPDO�LPDJLQJ�V\VWHP�GHYHORSHG�IRU�

WKH�;0�����2I�FRXUVH��WKHUH�DUH�DOUHDG\�LVVXHV�RI�FRQFHUQ�UHJDUGLQJ�WKH�;0����7KH�;0���XVHV�D�%UHDVKHDU�/3�ILUH�FRQWURO�V\VWHP�DQG�$OOLDQW� 7HFKV\VWHPV�� ZKLOH� WKH� ;0���� XVHV� D� 5D\WKHRQ� )&6� DQG�IXVLQJ� WHFKQRORJ\� IURP�.DPDQ�'D\URQ�� ,QF��7KLV�PHDQV� WKDW�DW� WKH�YHU\� OHDVW�� +HFNOHU� 	� .RFK�PXVW� OHDUQ� WR� ZRUN�ZLWK� DQ� HQWLUH� QHZ�VXLWH� RI� ZHDSRQ� HOHFWURQLFV� DQG� DW� ZRUVW�� LW� UDLVHV� WKH� VSHFWUH� RI�SRVVLEOH� LQWHOOHFWXDO� SURSHUW\� ULJKWV� GLVSXWHV� EHWZHHQ� *HQHUDO�'\QDPLFV�DQG�+HFNOHU�	�.RFK��+RSHIXOO\�� WKH�JRYHUQPHQW� LV� ILQDOO\�VWDUWHG� FRQWUDFWLQJ� ZHDSRQ� GHYHORSPHQW� SURJUDPV� RQ� D� ZRUN�IRU�KLUH�EDVLV�

:HDSRQ ;0���$LUEXUVW�:HDSRQ�6\VWHP0DQXIDFWXUHU +HFNOHU�	�.RFK <HDU �����1DWLRQ *HUPDQ\&DOLEHU ���[���PP 0DJV �$FFXUDF\ *URXS 02$.LOO 3HQ9HORFLW\ ����P�V (QHUJ\:HLJKW (PSW\ �����NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK ����PP %XUVW �5DQJH (IIHFWLYH �����P $XWR �0D[� &\FOLF �1RWHV $OO�'DWD�LV�H[WUDSRODWHG�IURP�VLPLODU�ZHDSRQ�V\VWHPV�
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&\EHUWKULOOHU

:HDSRQ 7\SH $&& &RQ $Y &DOLEHU '0 $PPR 5DWH�RI�)LUH 5HO
(IIHFW��5DQJH��PHWHUV�

:HLJKW�(PSW\��NJ�
:HLJKW�/RDGHG��NJ� &RVW;0���$LUEXUVW�:HDSRQ�6\VWHP +9< �� 1 0�( ��[��PP � � ��>66@ 5( ���� ��� ��� �������2&6:���[��PP�+($%�0XQLWLRQ � � � 0�( �'�����P � � � � � � ���� ���6SHFLDO�5XOHV ,WHPV�ZLWK�DQ�LWDOLFL]HG�QDPH�DUH�H[SHULPHQWDO�WKHRUHWLFDO�DQG�H[WUDSRODWHG�IURP�GDWD�RQ�VLPLODU�ZHDSRQ�V\VWHPV�

'���6\VWHP
:HDSRQ 'DPDJH &ULWLFDO 'DPDJH�7\SH 5DQJH�,QFUHPHQW 5DWH�RI�)LUH 0DJ 6L]H :HLJKW 3XUFKDVH�'& 5HVWULFWLRQ;0���$LUEXUVW�:HDSRQ�6\VWHP � � � ��� 6$ � /UJ �����OE �� 0LO�����2&6:���[��PP�+($%�0XQLWLRQ �G�����¶ �� %DOOLVWLF � � � � ����OE � 0LO�����6SHFLDO�5XOHV ,WHPV�ZLWK�DQ�LWDOLFL]HG�QDPH�DUH�H[SHULPHQWDO�WKHRUHWLFDO�DQG�H[WUDSRODWHG�IURP�GDWD�RQ�VLPLODU�ZHDSRQ�V\VWHPV�

)8'*(:HDSRQ 6KRWV 5DWH�RI�)LUH 5DQJH $FF\ 'PJ &RVW 1RWHV;0���$LUEXUVW�:HDSRQ�6\VWHP � 6$ 6XSHUE 6XSHUE � ���. :HOO�0DGH2&6:���[��PP�+($%�0XQLWLRQ � � � � � ��� ��P�U�6SHFLDO�5XOHV ,WHPV�ZLWK�DQ�LWDOLFL]HG�QDPH�DUH�H[SHULPHQWDO�WKHRUHWLFDO�DQG�H[WUDSRODWHG�IURP�GDWD�RQ�VLPLODU�ZHDSRQ�V\VWHPV�
$FWLRQ�:HDSRQ 'PJ 7\SH $FF 5PRG 675�0LQ 0D[�5QJ 5R) $PP :W &RVW 1RWHV;0���$LUEXUVW�:HDSRQ�6\VWHP � � �� �� � ���� � � ��� ���.2&6:���[��PP�+($%�0XQLWLRQ �G� 3�/ � � � � � � ���� ��� ��P��UDGLXV6SHFLDO�5XOHV� ,WHPV�ZLWK�DQ�LWDOLFL]HG�QDPH�DUH�H[SHULPHQWDO�WKHRUHWLFDO�DQG�H[WUDSRODWHG�IURP�GDWD�RQ�VLPLODU�ZHDSRQ�V\VWHPV�
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:HDSRQ ;0����6HOHFWLYH�$VVDXOW�%DWWOH�5LIOH0DQXIDFWXUHU $7.��+.��%DVKHU <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU 0DJV$FFXUDF\ *URXS 02$.LOO9HORFLW\ (QHUJ\:HLJKW (PSW\ ����NJ 52) 66 �/RDGHG ����NJ 0% �/HQJWK ����PP %XUVW �5DQJH (IIHFW� $XWR �0D[� &\FOLF �
1RWHV

'HWDLOV�RI�WKH�DVVHPEOHG�;0����6$%5�DV�RI�������6HH�EHORZ�IRU�SHUIRUPDQFH�GHWDLOV�IRU�LWV�FRPSRQHQWV��7KH������SURWRW\SH�ZHLJKHG������NJ�ORDGHG�������NJ�HPSW\��7KH������PRGHO�LV�H[SHFWHG�WR�ZHLJK�LQ�DW������NJ�ORDGH�RU�OHVV�
:HDSRQ ;0����.LQHWLF�(QHUJ\�:HDSRQ0DQXIDFWXUHU +HFNOHU�	�.RFK <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU �����[���PP�1$72 0DJV ��$FFXUDF\ *URXS 02$.LOO9HORFLW\ ����P�V�Z�0���������P�V�Z�66���� (QHUJ\:HLJKW (PSW\ ����NJ 52) 66 ��/RDGHG ����NJ 0% �/HQJWK %XUVW �5DQJH (IIHFW� ���P $XWR ���0D[� &\FOLF ���1RWHV
:HDSRQ ��PP�+LJK�([SORVLYH�:HDSRQ0DQXIDFWXUHU $7.��+.��%DVKHU <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU ��PP $%0 0DJV �$FFXUDF\ *URXS 02$

.LOO ����#���P������#����P������WR��NP9HORFLW\ ����P�V (QHUJ\:HLJKW (PSW\ ����NJ 52) 66 ��/RDGHG ����NJ 0% �/HQJWK %XUVW �5DQJH (IIHFW� ����P $XWR �0D[� &\FOLF �1RWHV 7KLV�ZHDSRQ�LV�XVHOHVV�ZLWKRXW�EHLQJ�FRQQHFWHG�WR�DQ�;0���/LJKWZHLJKW�$VVDXOW�5LIOH��ZKLFK�SURYLGHV�D�WULJJHU�

7KH� UHFHQWO\� GHVLJQDWHG� ;0���� 6HOHFWLYH�$VVDXOW�%DWWOH�5LIOH� �6$%5�� LV�D� YHU\�QHZ�ZHDSRQ� WKDW�KDVQ
W� \HW� UHDFKHG� WKH� SURGXFWLRQ�� EXW� LW� KDV� D� OHQJWK\�KLVWRU\�� 7KH�0���� VDZ� LWV� VWDUW� LQ� WKH� DVKHV� RI� WKH�86�$UP\
V�$GYDQFHG�&RPEDW�5LIOH�WULDOV�WKDW�VSDQQHG������WR�������7KH�$&5� WULDOV�DLPHG� WR�SURFXUH� IRU� WKH�$UP\�DQ� LQIDQWU\� DVVDXOW� ZHDSRQ� WKDW� ZDV� D� �����LPSURYHPHQW�LQ�WKH�NLOO�IDFWRU�RI�WKH�0�����7KHUH�ZHUH�DQ�DUUD\�RI�HQWULHV�LQWR�WKLV�SURJUDP��LQFOXGLQJ�WKH�+.�*����&ROW�$&5��WKH�$$,�$&5��WKH�6WH\U�0DQQOLFKHU�$&5��DQG�WKH� $UHV� )$5&�� WR� QDPH� RQO\� D� IHZ�� 0DQ\� RI� WKH�ZHDSRQV�SHUIRUPHG�TXLWH�LPSUHVVLYHO\��EXW�QRQH�PHW�WKH�SURJUDP
V� JRDOV�� WKRXJK� WKH� 6WH\U� ULIOH� GLG� FRPH� FORVH�ZLWK� D� NLOO� LQFUHDVH� RI� XS� WR� ���� GHSHQGLQJ� XSRQ� WKH�DFFRXQW�\RX�UHDG�)URP� WKH� DVKHV RI� WKH� $&5� SURJUDP� VSUDQJ�WKH� 6PDOO� $UPV�0DVWHU�3ODQ��ZKLFK� LQ� WXUQ� OHDG� WR� WKH�2EMHFWLYH� :HDSRQV� 3URJUDP�� ZKLFK� FRQVLVWHG� RI� IRXU�MRLQW� VHUYHV� DUPV� WR� EH� VHOHFWHG� DW� D� IXWXUH� GDWH� WR�UHSODFH�WKH�HQWLUH�86�PLOLWDU\�VPDOO�DUPV�LQYHQWRU\��7KH�VXE�SURJUDPV� ZHUH� WKH� 2EMHFWLYH� ,QGLYLGXDO� &RPEDW�:HDSRQ� WR� UHSODFH� WKH� 0����� 0���� 0����� DQG� RWKHU�DVVDXOW�ULIOH�SDFNDJHV�XVHG�E\�WKH�PLOLWDU\��WKH�2EMHFWLYH�&UHZ� 6HUYHG� :HDSRQ� WR� UHSODFH� WKH� PLOLWDU\
V� DJLQJ�LQYHQWRU\� RI� 0�+%� PDFKLQH� JXQV�� 0N� ��� *UHQDGH�0DFKLQH� *XQV�� DQG� RWKHU� KHDY\� SURMHFWLOH� ZHDSRQV� LQ�WKH� DUVHQDOV�� WKH� 2EMHFWLYH� 3HUVRQDO� 'HIHQVH�:HDSRQ�WR� DUP� YHKLFOH� FUHZV� DQG� FRPEDW�UHDG\� QRQ�LQIDQWU\�SHUVRQQHO�� DQG� WKH� 2EMHFWLYH� 6LGHDUP� :HDSRQ�� D�UHSODFHPHQW� IRU� WKH�%HUHWWD�SLVWROV� FXUUHQWO\� LQ� VHUYLFH��$V� WLPH� SDVVHG�� WKH� 23':� DQG� 26:� SRUWLRQV� RI� WKH�SURJUDP� IDOWHUHG�� 7KH� 2,&:� DQG� 2&6:� SURJUDPV�UHDFKHG�D�VWDWH�RI�SURWRW\SHV�LQ�ILHOG�WHVWLQJ�7KH� 2,&:� SURJUDP� GUHZ� LQ� D� QXPEHU� RI�FRPSHWLWRUV� IRU� WKH� SURJUDP�� LQFOXGLQJ� $7.��$$,��+	.��DQG�D VPDWWHULQJ�RI�RWKHUV��$V�WKH SURJUDP�DSSURDFKHG�LWV� SURWRW\SH� VWDJH� LQ� ������ RQO\� $7.�� $$,�� DQG� +	.�UHPDLQHG� LQ� FRPSHWLWLRQ� WR� SURGXFH� ZRUNLQJ� SURRI�RI�FRQFHSW� PRGHOV� RI� WKHLU� ILUHDUPV�� ,Q� WKH� HQG�� D�FRQVRUWLXP� IRUPHG� EHWZHHQ� $OOLDQW� 7HFK� 6\VWHPV��&RQWUDYHV� %UDVKHU� 6\VWHPV�� ,QF�� +HFNOHU� 	� .RFK�*PE+��+.� ,QF�� DQG�'\QDPLW�1REHO� $*�� SURGXFLQJ� WKH�ZHDSRQ�WKDW�ZRQ�WKH�2,&:�WULDOV��7KLV�FRQVRUWLXP�ZRQ�DQ������PLOOLRQ�FRQWUDFW�WR�IXUWKHU�GHYHORS�WKH�ZHDSRQ�7KH�;0����LV�D�JXQ�RI�WKH�IXWXUH��GHVLJQHG�WR�HQKDQFH� DQG� H[WHQG� LQGLYLGXDO� VROGLHU� EDWWOHVSDFH��UHVXOWLQJ� LQ� WKH� QHHG� IRU� IHZHU� WURRSV� WR� SHUIRUP� WKH�VDPH� PLVVLRQV�� ,W� LV� D� PDQ� SRUWDEOH� �VXSHU� ZHDSRQ���WXUQLQJ� HYHU\� VROGLHU� LQWR� D� VXSHU� VROGLHU�� FDSDEOH� RI�VHHLQJ� LQ� WKH� GDUN�� VKRRWLQJ� DURXQG� FRUQHUV�� DQG�HQDEOLQJ� HYHU\� RQH� WR� EH� D� FDSDEOH� VQLSHU�� 6RXQGV�UDWKHU� DPD]LQJ�� GRHVQ
W� LW"� $GGLWLRQDOO\�� WKH� ZHDSRQ�V\VWHP�DOVR�DOORZV�IRU�ERQXVHV�WKDW�ZHUHQ
W�LQWHQWLRQDOO\�GHVLJQDWHG� IRU� WKH� V\VWHP�� VXFK� DV� WKH� FDSDFLW\� WR� IXQFWLRQ� DV� DQ�DXWRPDWHG� IRUZDUG� ILUH� FRRUGLQDWRU� DQG� DOORZLQJ� FRRUGLQDWHG� ILUHVXSSRUW�DPRQJVW�WKH�WURRSV�LQ�WKH�VDPH�XQLW�7KH� ;0���� ZDV� GHVLJQHG� ZLWK� XVH� LQ� UXUDO� DQG� 0287��0LOLWDU\� 2SHUDWLRQV� RQ� 8UEDQ� 7HUUDLQ�� HQYLURQPHQWV� LQ� PLQG��DOORZLQJ� VLJQLILFDQW� SHUIRUPDQFH�DGYDQWDJHV� RYHU� WKH�FXUUHQW�0����DQG�0���V\VWHPV��7KH���PP�ZHDSRQ�SURYLGHV� WKH�VDPH�RIIHQVLYH�FDSDFLW\� DV� WKH� 0���� JUHQDGH� ODXQFKHU�� EXW� ZLWK� YDVWO\� VXSHULRU�EDOOLVWLF�DFFXUDF\�DQG�XS� WR� ILYH� WLPHV� WKH�UDQJH��7KH�;0����� LQ� LWV�FXUUHQW� IRUPDW��ZHLJKV� LQ�DW� ��� OEV�� D� IXOO� �� OEV� OLJKWHU� WKDQ�DQ�0���HTXLSSHG� ZLWK� WKH� DSSURSULDWH� 0:6� FRPSRQHQWV� WR� DOORZ� LW�HTXLYDOHQW�IXQFWLRQ�WR�WKH�;0�����/DVWO\��WKH�ODWHVW�SURMHFWHG�SULFH�IRU�WKH�0���� LV��������� WR���������SHU�XQLW��ZKLFK� LV�VLJQLILFDQWO\� OHVV�WKDQ�D�IXOO\�NLWWHG�0����ZLWK�DQ�0������WKHUPDO�VLJKWV�� ODVHU�SRLQWHU��UDQJH�ILQGHU��DQG�GLJLWDO�FRPSDVV��ZKLFK�FRVWV���������SHU�XQLW��7KH�ODVW� PDMRU� DGYDQWDJH� RI� WKH� SURWRW\SH� ;0���� VKRZV� LQ� VLPXODWHG�FRPEDW� WHVWLQJ�� D� XQLW� FRQGXFWLQJ� D� FRPEDW� VLPXODWLRQ� ZLWK� 0���V�VXIIHUHG����FDVXDOWLHV�LQ�WKH�FRPSOHWLRQ�RI�WKDW�PLVVLRQ��$QRWKHU�XQLWVLPXODWLQJ� WKH� VDPH� FRPEDW� PLVVLRQ� ZLWK� ;0���V� VXIIHUHG� RQH�FDVXDOW\�LQ�WKH�FRPSOHWLRQ�RI�WKH�PLVVLRQ�

&XUUHQWO\��WKH�86�$UP\�KDV�OHVV�WKDQ�����XQLWV�RI�WKH�;0����SURWRW\SHV�LQ�DFWLYH�VHUYLFH�DV�SDUW�RI�WKH�ZHDSRQ
V�GHYHORSPHQW�SURJUDP��7KH�ZHDSRQ�ZLOO�JR LQWR�DW�VRPH�SRLQW�EHWZHHQ������DQG�������ZLWK� WKH�PLOLWDU\�FRQWUDFWLQJ� IRU�VRPH��������;0����V\VWHPV�WR�EH�GHSOR\HG�DPRQJVW� WKH�$UP\�DQG�0DULQH�HOLWH� IRUFHV��UDQJHUV��DLUERUQH�� IRUFH� UHFRQ�� HWF��� ZLWK� IRXU� PHQ� RXW� RI� D� VTXDG� RI� QLQH�FDUU\LQJ� WKH�;0����UDWKHU�WKDQ�DQ�0����2ULJLQDOO\�� WKH�ZHDSRQ�ZDV�GXH�WR�HQWHU�VHUYLFH� LQ�������EXW�GHYHORSPHQW�GHOD\V�KDYH�SXVKHG�WKDW�EDFN�E\�XS�WR�VHYHUDO�\HDUV�7KH�;0����LV�D�PXOWL�FRPSRQHQW�ZHDSRQ��FRQVLVWLQJ�RI�WKH�;0��� /LJKW� $VVDXOW� 5LIOH�� DQ� XQGHVLJQDWHG� ��PP�ZHDSRQ�� DQG� DQ�HOHFWURQLF�ILUH�FRQWURO�PRGXOH��7KH�WRS�XQLW�LV�WKH���PP�ZHDSRQ��DQG�WKH� ORZHU�XQLW� LV� WKH�;0���OLJKW�DVVDXOW�ULIOH��GHULYHG�IURP�+HFNOHU�	�.RFK
V� *��� ULIOH�� 4XLWH� OLWHUDOO\�� LW� LV� D� *��� ZLWK� DQ� DOWHUHG� WULJJHU�JXDUG�JULS� DVVHPEO\� DQG� DQ� DGDSWHU� WR� DOORZ� LW� WR� XVH� 67$1$*�PDJD]LQHV�� ,W� ILUHV� WKH� VWDQGDUG� 1$72� ����[��PP� 66����DPPXQLWLRQ��DQG� LV�FDSDEOH�RI�VHPLDXWRPDWLF� ILUH�� WZR�URXQG�EXUVWV�DQG� IXOO� DXWRPDWLF� ILUH�� 7KH�;0��� LV� WR� EH� W\SLFDOO\� LVVXHG�ZLWK� ���URXQG�PDJD]LQHV�DQG� FDQ� EH� ILWWHG�ZLWK�D�ED\RQHW�� DV�ZHOO� DV�DQ\�RWKHU� XQGHUEDUUHO� GHYLFHV� WKDW� FDQ� EH�PRXQWHG� RQ� D� ED\RQHW� OXJ��7KH�WULJJHU�RI�WKH�;0���LQWHUDFWV�ZLWK�WKH���PP�ZHDSRQ��HOLPLQDWLQJ�
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WKH�QHHG�IRU�D�VHSDUDWH�WULJJHU�DVVHPEO\��7KLV� DGGV� HVFDSH� VHFXULW\� IRU� UHWUHDWLQJ�WURRSV�� WKH� ��PP� FRPSRQHQW�� WKH�KHDYLHVW� SRUWLRQ� RI� WKH� ZHDSRQ�� DV� ZHOO�DV�LWV�DPPXQLWLRQ��FDQ�EH�GLWFKHG�ZLWKRXW�IHDU�RI�WKH�HQHP\�WXUQLQJ�LW�RQ�86�WURRSV�7KH���PP�ZHDSRQ�LV�FXUUHQWO\�VWLOO� GHVLJQDWHG� RQO\� DV� WKH� +LJK�([SORVLYH�:HDSRQ�� UDWKHU� WKDQ�UHFHLYLQJ�D� VSHFLILF� QXPHULF� GHVLJQDWLRQ� DV� WKH�HQWLUH� V\VWHP� DQG� WKH� ULIOH� FRPSRQHQW�KDYH��,W�LV�D�VHPL�DXWRPDWLF�ZHDSRQ�WKDW�ILUHV����[����PP�VKHOOV�IURP�D�VL[�URXQG�UHPRYDEOH� ER[� PDJD]LQH�� 7KHVH� KLJK�H[SORVLYH� DLUEXUVW� PXQLWLRQV� SURYLGH�VLJQLILFDQW�IOH[LELOLW\�WR�WKH�ZHDSRQ�WKDQNV�WR�VPDUW�IXVLQJ��7KH�IXVH�LV�SURJUDPPHG�E\� WKH�ZHDSRQ
V� ILUH� FRQWURO� V\VWHP� MXVW�SULRU�WR�ILULQJ��DOORZLQJ�IRU�D�ZLGH�UDQJH�RI�FDSDELOLWLHV�� ,W� FDQ� GHWRQDWH� LQ� IOLJKW��WKURZLQJ� VKUDSQHO� DW� WDUJHWV� KLGLQJ�EHKLQG� DQ� REVWDFOH� RU� LQ� DQ� HDUWK�GHSUHVVLRQ�OLNH�D�GLWFK�RU�FUDWHU��7KLV� LQ�IOLJKW� GHWRQDWLRQ� FDQ� DOVR� EH� XVHG� WR�GHWRQDWH� WKH� URXQG� DV� LW� SDVVHV� E\� D�FRUQHU�� HIIHFWLYHO\� DOORZLQJ� LW� WR� WKURZ�VKUDSQHO� DW� WDUJHWV� KLGLQJ� DURXQG� WKH�FRUQHU�ZKHUH�WKH�VROGLHU�FDQQRW�VHH��7KH�IXVHV�DUH�FDSDEOH�RI�DOVR�EHLQJ� WLPHG� WR�GHWRQDWH� PLOOLVHFRQGV� DIWHU� LPSDFW��DOORZLQJ� WKH� URXQG� WR� GHWRQDWH� DIWHU�SHQHWUDWLQJ� WKLQ� DUPRU�� � 7KH� IXVH� FDQ�DOVR� EH� 
VDIHWLHG
�� LQVWUXFWHG� WR� DUP� D�FHUWDLQ� GLVWDQFH� IURP� WKH� EDUUHO��FDOFXODWHG� E\� WLPH� LQ� IOLJKW�� WXUQLQJ� WKH�URXQG�LQWR�D�QRUPDO�NLQHWLF�HQHUJ\�URXQG�DJDLQVW� WDUJHWV� WRR� FORVH� WR� WKH� VROGLHU��$OO�WKLV�DVWRQLVKLQJ�FDSDELOLW\�ZLOO�FRVW�\RX�D�PHUH�����SHU�URXQG�FXUUHQWO\��WKRXJK�LQ�EXON�� WKH�SULFH� LV�H[SHFWHG� WR�GURS� WR�DV�ORZ� DV� ����� D� PHUH� ��� PRUH� WKDQ� D���PP�0����+(� URXQG� IRU� WKH�0����� ,Q�DGGLWLRQ�� WKH� PDQXIDFWXUHUV� DUH�UHVHDUFKLQJ� D� QXPEHU� RI� DGGLWLRQDO�SD\ORDGV�DQG�WHFKQRORJLHV�IRU�WKH���PP�PXQLWLRQV��LQFOXGLQJ�QRQOHWKDO�URXQGV�DQG�KHDW�VHHNLQJ�SURMHFWLOHV�7KH� IXOO�VROXWLRQ� ILUH� FRQWURO�V\VWHP�LV�D�GHYLFH�LQ�D�FRQVWDQW�VWDWH�RI�HYROXWLRQ�� ,W
V� RULJLQDO� FRQFHSW� UHTXLUHG�WKDW�WKH�)&6�SURYLGH�KXPDQ�DQG�YHKLFOH�WDUJHW�LGHQWLILFDWLRQ�FDSDFLW\�WR�D�UDQJH�RI������ PHWHUV�� DFFXUDWH� ODVHU�EDVHG�UDQJHILQGLQJ�� DQG� D� EDOOLVWLF� FRPSXWHU�FDSDEOH� RI� SUHVHQWLQJ� D� SURSHU� GLJLWDOO\�LPSRVHG� DLP� SRLQW� IRU� WKH� UDQJH�� DORQJ�ZLWK� LWV� PRVW� LPSRUWDQW� IHDWXUH� RI�SURJUDPPLQJ� WKH� HOHFWURQLF� IXVH� RI� WKH���PP� VKHOOV�� 7KH� FXUUHQW� SURWRW\SH�ZHLJKV� DSSUR[LPDWHO\� ����� NJ� WRWDO��ZKLFK� LQFOXGHV� WKH� SRZHU� SDFN�ZKLFK� LV�DFWXDOO\�VWRUHG�VHSDUDWHO\� LQ� WKH�VWRFN�RI�WKH� ZHDSRQ�� $V� HOHFWURQLF� IHDWXUHV� DUH�ILQDOL]HG�� WKH� GHYHORSPHQW� FRPSRQHQWV�VKRXOG� EH� UHSODFHG� ZLWK� RSWLPL]HG�FRPSRQHQWV�� ZKLFK� ZLOO� GULYH� WKH� )&6�ZHLJKW� GRZQ� VLJQLILFDQWO\�� ,W� SURYLGHV�WKUHH�YLVXDO�GLVSOD\�FKDQQHOV��GD\��QLJKW��DQG�WHOHYLVLRQ��7KH�GD\�FKDQQHO�SURYLGHV�D� KLJK� TXDOLW\� �[� PDJQLILFDWLRQ� RSWLFDO�GLVSOD\� ZLWK� DQ� ��� GHJUHH� ILHOG� RI� YLHZ��7KH�WHOHYLVLRQ�FKDQQHO�SURYLGHV�WKH�VDPH�GD\OLJKW� GLVSOD\�� EXW� ZLWK� D� VHOHFWLRQ� RI�HOHFWURQLF� HQKDQFHPHQWV�� 7KHVH�
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HQKDQFHPHQWV� LQFOXGH��[�GLJLWDO� ]RRP��DOORZLQJ��[�PDJQLILFDWLRQ� LQ�WRWDO��DV�ZHOO�DV�ODVHU�VWHHULQJ�DQG�YLGHR�WUDFNLQJ��7KH�QLJKW�FKDQQHO�LV�HIIHFWLYHO\� WKH�79�FKDQQHO�ZLWK�DOZD\V�RQ� OLJKW�DPSOLILFDWLRQ��7KH�UHVROXWLRQ� LV� VXIILFLHQW� WR� DOORZ� LGHQWLILFDWLRQ� RI�PHQ� DW� ����PHWHUV�DQG�YHKLFOHV�DW������PHWHUV�2QFH� WKH� )&6� PHW� LWV� UHTXLUHPHQWV�� LWV� IHDWXUHV� EHJDQ�H[SDQGLQJ�� 7KH� XQLW� KDV� YDULRXV� RSHUDWLRQDO� PRGHV� DOORZLQJ�FRPPDQGHG� EXLOW�LQ�WHVW� �%,7��� ERUHVLJKWLQJ�� ]HURLQJ�� FRPSDVV�FDOLEUDWLRQ��PDLQWHQDQFH�DQG�WUDLQLQJ��7KH�)&6�DOVR�HPSOR\V�D�YLGHR�

WUDFNHU�WR�GHWHFW�PRYLQJ�WDUJHWV�DQG�WR�SHUIRUP�VFHQH�WUDFNLQJ��7KH�WUDFNLQJ�IXQFWLRQ�DOORZV�WKH�PRWLRQ�RI�WKH�WDUJHW��IRU�PRYLQJ�WDUJHWV��DQG� WKH� PRWLRQ� RI� WKH� ZHDSRQ� LQWURGXFHG� E\� WKH� XVHU� WR� EH�FKDUDFWHUL]HG�VHSDUDWHO\��7KLV� IXQFWLRQDOLW\�DOORZV�WKH�RSWLRQDO� ODVHU�VWHHULQJ� V\VWHP� WR� FRPSHQVDWH� IRU� WKH� VROGLHU¶V� ZREEOH� HYHQ� IRU�VWDWLRQDU\�WDUJHWV��7KH�ODVHU�VWHHULQJ�V\VWHP�LV�VWHHUHG�WR�WKH�WDUJHW�IRU�PRYLQJ�WDUJHWV�LGHQWLILHG�E\�WKH�YLGHR�WUDFNLQJ�V\VWHP��7KH�YLGHR�WUDFNLQJ�DQG�ODVHU�VWHHULQJ�V\VWHPV�DUH�LPSOHPHQWHG�LQ DQ�LQWHJUDWHG�DQG�DXWRPDWHG�ZD\�VXFK�WKDW�WKH�VROGLHU�SHUIRUPV�WKH�VDPH�DFWLRQV�IRU�ERWK�VWDWLRQDU\�DQG�PRYLQJ� WDUJHWV� LQ�DOO�PRGHV��2QFH� WKH� UDQJH� WR� WKH� WDUJHW�KDV� EHHQ� HVWDEOLVKHG�� WKH� )&6� &38�FRPSXWHV�D�QHZ�DGMXVWHG�DLPSRLQW�EDVHG�RQ� D� IXOO� EDOOLVWLF� VROXWLRQ�� 7KH� VROXWLRQ�WDNHV�LQWR�DFFRXQW�WKH�FDQW�DQJOH��WKH�VLWH�DQJOH�� WKH� HQYLURQPHQW�� WKH� +(� URXQG�FKDUDFWHULVWLFV�� WKH� EDUUHO� WZLVW� DQJOH� RI�WKH� VSHFLILF�ZHDSRQ� EHLQJ� ILUHG� DQG� DQ\�FRUUHFWLRQV� HVWDEOLVKHG� GXULQJ� WKH�ERUHVLJKWLQJ�DQG�]HURLQJ�SURFHVVHV��7KH�EDOOLVWLF� DOJRULWKP� DOVR� FRQVLGHUV� WKH�SDUDOOD[� LQWURGXFHG�E\� WKH�)&6�� FRUUHFWV�IRU�WKH�LPSHUIHFW�DOLJQPHQW�RI�WKH�GLVSOD\�GHYLFHV�ZLWKLQ� WKH�)&6�DQG�DFFRXQWV� IRU�WKH� IXVH�PRGH� VHOHFWHG� E\� WKH� RSHUDWRU��&RPELQHG�� WKH� PRGDO� DQDO\VLV� DQG�EDOOLVWLF� DOJRULWKPV� DUH� H[HFXWHG� LQ� OHVV�WKDQ�����PLOOLVHFRQGV��6XEVHTXHQWO\��WKH�)&6� JHQHUDWHV� D� QHZ� UHG� GRW� DLPSRLQW�DQG�FRPPDQGV�WKH�WXUQV�FRXQW�DQG�PRGH�WR� WKH� IXVH�� 7KH� JXQQHU� SODFHV� WKH� UHG�GRW�DLPSRLQW� RQWR� WKH� WDUJHW�DQG�ILUHV�� ,Q�DGGLWLRQ� WR� LPSURYLQJ� WKH� UDQJH�PHDVXUHPHQW�� WKH� YLGHR� WUDFNLQJ�V\VWHP�SURYLGHV�FXHV�WR�WKH�VROGLHU��WKDW�LPSURYH�KLV� VLWXDWLRQDO� DZDUHQHVV�� 8S� WR� IRXU�PRYLQJ� WDUJHWV� FDQ� EH� LGHQWLILHG� E\� WKH�WUDFNHU� DW� D� WLPH�� 0RYLQJ� WDUJHWV�LGHQWLILHG� E\� WKH� WUDFNLQJ� V\VWHP� DUH�LQGLFDWHG�ZLWK�DQ� LFRQ��7KH� LFRQ� UHPDLQV�LQ�WKH�ORFDWLRQ�ZKHUH�WKH�WDUJHW�KDV�JRQH�WR�FRYHU�DV�DQ�DLG�WR�WKH�RSHUDWRU¶V�DELOLW\�WR� LGHQWLI\� WKH� FXUUHQW� SRVLWLRQ� RI� WKH�WDUJHWV� 7KH� ;0���� )&6� LV� FRPSDWLEOH�ZLWK� /DQG� :DUULRU�� 7KLV� FRPSDWLELOLW\�DOORZV�DOO�RI�WKH�HOHFWURQLF�GDWD�SUHVHQWHG�LQ� WKH�)&6� H\HSLHFH� WR� EH� GLVSOD\HG� RQ�/DQG� :DUULRU¶V� KHDGV� XS� GLVSOD\�� 7KLV�IHDWXUH�SHUPLWV� WKH�;0����ZHDSRQ�WR�EH�XVHG� E\� WKH� VROGLHU� IURP� D� SURWHFWHG�SRVLWLRQ��)RU�H[DPSOH��D�VROGLHU�FDQ�VKRRW�WKH� ZHDSRQ� DURXQG� WKH� FRUQHU� RI� D�EXLOGLQJ�ZLWKRXW�IXOO�H[SRVXUH��EXW�ZLWK�DOO�RI� WKH�DGYDQWDJHV� RI� WKH�;0����V\VWHP��7KH� NQRZOHGJH� RI� UDQJH� DQG� FRPSDVV�KHDGLQJ� RI� WKH� WDUJHW� DOVR� DOORZV� /DQG�:DUULRU�WR�LGHQWLI\�WKH�WDUJHW¶V�ORFDWLRQ�VR�WKDW�LQGLUHFW�ILUH�PD\�EH�XVHG�DJDLQVW�WKH�WDUJHW� $OWKRXJK� WKH� ;0���� )&6� KDV�EHHQ� GHVLJQHG� IRU� D� VKRXOGHUHG� ILUHG�ZHDSRQ� IRU� WKH� LQGLYLGXDO� VROGLHU�� WKH�SRWHQWLDO� XVH� RI� WKH� UHVXOWLQJ� V\VWHP�H[WHQGV� EH\RQG� WKLV� DSSOLFDWLRQ�� 7KH�0����)&6� LV�DOVR� WKH� ILUH�FRQWURO�V\VWHP�RI�WKH�2&6:��SDUW�RI�D�FRVW�UHGXFWLRQ�HIIRUW�WKDW� UHVXOWV� IURP� ZHDSRQV� VKDULQJ�FRPSDWLEOH� SDUWV�� )XUWKHU� HIIRUWV� DUH�EHLQJ�PDGH� WR� DSSO\� WKH�)&6� WR� D�ZLGH�DUUD\�RI�ZHDSRQV��IURP�WKH�0N������PP�*UHQDGH� /DXQFKHU� DQG� WKH� 0�� +HDY\�%DUUHO��+%������&DOLEHU�0DFKLQH�*XQ��DV�ZHOO� DV� ���PP� +RZLW]HUV�� ��PP�
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FDQQRQV��DQG�RWKHU�YHKLFOH�ZHDSRQ�V\VWHPV�,QFUHDVLQJ� WKH� UDQJH� EH\RQG� ����� PHWHUV� UHTXLUHV� D�FRQILUPDWLRQ� WKDW� ERWK� WKH� ODVHU� FRQILJXUDWLRQ� DQG� WKH� RSWLFDO�UHVROXWLRQ� DUH� VXIILFLHQW� IRU� WKH� WDUJHW� RI� LQWHUHVW�� $VVXPLQJ� D�PD[LPXP� UDQJH� RI� ����� PHWHUV� DQG� D� YHKLFOH� WDUJHW�� WKH� FXUUHQW�ODVHU� FRQILJXUDWLRQ� LV� PRUH� WKDQ� VXIILFLHQW� IRU� DFKLHYLQJ� WKLV� UDQJH�HYHQ� XQGHU� KDUVK� HQYLURQPHQWV�� 7KH�0���� )&6� RSWLFV� KDYH� D� �[�PDJQLILFDWLRQ� ZKLFK� LV� DGHTXDWH� WR� VXSSRUW� WKH� GHWHFWLRQ� RI� D�NQHHOLQJ� VROGLHU� RXW� WR� ����� PHWHUV� XVLQJ� ERWK� WKH GD\� DQG� 79�FKDQQHOV�� 7R� EH� DEOH� WR� H[WHQG� WKLV� FDSDELOLW\� WR� �����PHWHUV�� WKH�RSWLFDO� GHVLJQ� QHHGV� WR� EH�PRGLILHG� WR� LQFUHDVH� WKH�PDJQLILFDWLRQ��7KLV�PRGLILFDWLRQ�LV�RQO\�D�PLQRU�UHZRUN�RI�WKH�RSWLFV�XVLQJ�WKH�VDPH�OHQV�GLDPHWHUV�DQG�RQO\�FKDQJLQJ�WKH�OHQV�SUHVFULSWLRQV��7KH�FKDQJH�LQ�PDJQLILFDWLRQ�� KRZHYHU�� GRHV� UHGXFH� WKH� V\VWHP¶V� ILHOG� RI� YLHZ��7KH�FKDQJHV�RI�PDJQLILFDWLRQ�DQG�ILHOG�RI�YLHZ�DUH�QRW�QHFHVVDU\� LI�YHKLFOHV�DUH�WKH�SULPDU\�WDUJHWV�RI�LQWHUHVW�EH\RQG������PHWHUV�:LWK� WKH� WHFKQRORJ\� GHYHORSHG� XQGHU� 2,&:�� GD\�QLJKW�LPDJHU\�� ODVHU� UDQJLQJ�� D� IXOO� EDOOLVWLF� ILUH� FRQWURO� VROXWLRQ�� DQ�DXWRPDWLF� UHG�GRW�DLPSRLQW�� DQ� DXWRPDWLF� IXVH�VHWWHU�� DQ� LQFUHDVHG�SUREDELOLW\�RI�KLW� DQG� WKH�DVVRFLDWHG�FRVW�VDYLQJV�FDQ�EH�RIIHUHG� WR�WKH�0N������PP�*UHQDGH�/DXQFKHU��WKH�0��+%�����&DOLEHU�0DFKLQH�*XQ�DQG�RWKHU�VLPLODU�V\VWHPV��7KH�)&6�FDQ�EH�IXUWKHU�HQKDQFHG�WR�SURJUDP� D� VPDUW� IXVH� IRU� HDFK� RI� WKHVH� V\VWHPV�� ZKHQ� DYDLODEOH��7KH� 0N��� OHQGV� LWVHOI� WR� EH� FRQYHUWHG� WR� DQ� DLU� EXUVWLQJ� V\VWHP��

)XUWKHU�HQKDQFHPHQWV�LQFOXGH��FDOFXODWLQJ�OHDG�DQJOHV�EDVHG�RQ�WKH�YLGHR� WUDFNLQJ�GDWD�DQG� LQFUHDVLQJ� WKH�GLVSOD\� UHVROXWLRQ� IURP�9*$�WR�69*$�WR�H[WHQG�WKH�UDQJH�DW�ZKLFK�WDUJHWV�FDQ�EH�GHWHFWHG�DQG�UHFRJQL]HG�� � )RU�ZHDSRQ� V\VWHPV�PRXQWHG� RQ� D� YHKLFOH�� WKH�)&6�FRXOG� EH� HQKDQFHG� IRU� UHPRWH� RSHUDWLRQ� VR� WKDW� WKH� YLGHR� DQG�WUDFNHU�GDWD�� UDQJH��DLPSRLQW��EHDULQJ��HWF�� DUH�GLVSOD\HG�ZLWKLQ� WKH�YHKLFOH��7KH�DFFXUDWH�UDQJH�DQG�FRPSDVV�GDWD�SURYLGHG�E\�WKH�)&6��FRPELQHG�ZLWK� WKH�*OREDO�3RVLWLRQLQJ�6\VWHP��*36��RI� WKH�YHKLFOH��FRXOG� DOVR� VHUYH� DV� D� IRUZDUG� DUWLOOHU\� REVHUYDWLRQ� SRVW� FDSDEOH� RI�WUDQVPLWWLQJ� UDQJH�� EHDULQJ� DQG� RWKHU� WDUJHW� GDWD� EDFN� WR� WKH� ILHOG�FRPPDQGHU¶V�SRVW��7KH�)&6�FDQ�EH�DSSOLHG�WR�WKH�����PP�+RZLW]HU�V\VWHP� IRU� VHOI�SURWHFWLRQ� ZKLOH� LQ� WKH� GLUHFW� ILUH�PRGH�� 7KH� VDPH�WHFKQRORJ\�FDQ�DOVR�EH�UHDGLO\�DSSOLHG� WR�PHGLXP�FDOLEHU�� UDSLG�ILUH�V\VWHPV� IRU� FRPEDW� YHKLFOHV�� ,I� WKH� )&6� EUHDNV� LQ� FRPEDW�� ERWK�ZHDSRQV�SRVVHVV�IOLS�XS�LURQ�VLJKWV�IRU�PRUH�SULPLWLYH�XVH�$ORQJ�ZLWK�WKH�GHYHORSPHQW�RI�WKH�2,&:�7$�)&6��7DUJHW�$FTXLVLWLRQ�)LUH�&RQWURO�6\VWHP��DV�D�PXOWL�SXUSRVH�XQLW�GHSOR\DEOH�WR�D�ZLGH�UDQJH�RI�ZHDSRQ�V\VWHPV��+HFNOHU�	�.RFK�KDV�DOVR�EHHQ�TXLHWO\�ZRUNLQJ�RQ�D�VWDQG�DORQH�YHUVLRQ�RI�WKH���PP�+LJK�([SORVLYH�:HDSRQ��7KH���PP�JXQ�LV�SODFH� LQWR�D�VKHOO�ZLWK�D� IXOO\� LQWHJUDWHG�WULJJHU� DVVHPEO\� DQG� ILUH� FRQWURO� V\VWHP�� 7KLV� V\VWHP� UHGXFHV� WKH�ZHDSRQ
V�ZHLJKW�E\�URXJKO\�����NJ�

%HWZHHQ������DQG�������VHYHUDO�FRPSHWLWRUV�SDUWLFLSDWHG�LQ� WKH� WULDOV� WR� JDLQ� WKH� FRQWUDFW� IRU� WKH�2,&:� SURJUDP��+HFNOHU� 	�.RFK� ILHOGHG� D� WRWDO� RI� WKUHH�GLIIHUHQW�ZHDSRQV� IRU� WKH� FRPSHWLWLRQ��)LUVW�ZDV�DQ�RYHU�XQGHU� FRPELQDWLRQ��ZLWK� WKH�����PP�.(�ZHDSRQ�RYHU� WKH� ��PP� +(�PDLQ� ZHDSRQ�� 7KH� ��PP� +(� ZHDSRQ� ZDV� D�EXOOSXS� FRQILJXUDWLRQ�� WKH� .(� ZHDSRQ� D� WUDGLWLRQDO� DVVDXOW� ULIOH�FRQILJXUDWLRQ�� 7KH� ZHDSRQ� ZDV� UHMHFWHG� GXH� WR� LWV� XVH� RI� D�SURSULHWDU\� PDJD]LQH� IRU� WKH� ����PP� URXQGV�� 7KH� .(� ZHDSRQ�ORDGHG� IURP� WKH� VLGH�� OLNH� PDQ\� 6WHQ� 60*V�� DQG� WKH� PDJD]LQH�KRRNHG�GRZQZDUG�DORQJ�WKH�VLGH�RI�WKH�ZHDSRQ��PDNLQJ�LW�DZNZDUG�WR� UHORDG��7KHLU� VHFRQG�HQWU\�ZDV�D�EXON\�� IXOO\� LQWHJUDWHG� VLGH�E\�VLGH� ��PP�����PP� FRPELQDWLRQ� ZHDSRQ�� � 7KHLU� WKLUG� HQWU\� ZDV�GHYHORSHG� DIWHU� WKH� FRQVRUWLXP�ZLWK� $7.� IRUPHG�� 7KLV� WKLUG�2,&:�SURWRW\SH� ZDV� VLPLODU� WR� WKH� FXUUHQW� 0���� V\VWHP�� D� VHSDUDWH� ILUH�FRQWURO� V\VWHP� DQG� VWDQG�DORQH� ��PP� ZHDSRQ�� ZLWK� DQ� +.� 03���3':�PRXQWHG�DV�DQ�XQGHUEDUUHO�ZHDSRQ�IRU�WKH���PP�FDQQRQ��$$,�ILHOGHG�D�IXOO\� LQWHJUDWHG�V\VWHP�DV�ZHOO��7KLV�ZDV�D���PP�ZHDSRQ�RYHU� D� ����PP� ZHDSRQ�� $$,
V� ZHDSRQ� ZDV� UHMHFWHG� GXH� WR� WKH�FRPSDQ\
V� LQVLVWHQFH� LQ� XVLQJ� IOHFKHWWH� PXQLWLRQV�� $$,� KDG� EHHQ�SXVKLQJ� IOHFKHWWH� WHFKQRORJ\� VLQFH� WKH� ����
V� DQG� WKH� 6SHFLDO�3XUSRVH� ,QIDQWU\� :HDSRQ� SURJUDP� WKDW� OHDG� WR� WKH� 0���� EHLQJ�DGRSWHG� E\� WKH� 86� $UP\�� :KLOH� IOHFKHWWH� WHFKQRORJ\� RIIHUV�VLJQLILFDQW�SRWHQWLDO�IRU�PLOLWDU\�DSSOLFDWLRQ�����\HDUV�RI�GHYHORSPHQW�XS�WR�WKDW�SRLQW�KDG�VWLOO�IDLOHG�WR�SURGXFH�D�IOHFKHWWH�WHFKQRORJ\�WKDW�

ZRXOG�PHHW�WKH�PLOLWDU\
V�JRDOV��$7.�ZDV�WKH� ILQDO�PDMRU�SDUWLFLSDQW�LQ�WKH�2,&:�SURWRW\SH�WULDOV��DQG�WKH\�SURGXFHG�WKH�ZLQQLQJ�GHVLJQ��$7.� SURGXFHG� D� V\VWHP� RI� WKUHH� VHSDUDWH FRPSRQHQWV�� D� ULIOH�� WR�ZKLFK�DWWDFKHG�WKH�ODUJHU���PP�ZHDSRQ��WR�ZKLFK�DWWDFKHG�WKH�ILUH�FRQWURO�V\VWHP��:LWK�WKH�JRYHUQPHQW�REYLRXVO\�IDYRULQJ�WKLV�GHVLJQ��D�FRQVRUWLXP�TXLFNO\�IRUPHG�EHWZHHQ�$7.�DQG�+	.��DV�ZHOO�DV�WZR�RWKHU�FRPSDQLHV�WR�GHYHORS�WKH�)&6�DQG�PXQLWLRQV�WHFKQRORJLHV������WR������VDZ�D�QXPEHU�RI�FKDQJHV��+HFNOHU�	�.RFK��UHVSRQVLEOH�IRU�SURGXFLQJ�WKH�ZHDSRQ�FRPSRQHQWV��LQLWLDOO\�ZDQWHG�WR�XVH� LWV� QHZO\� GHYHORSHG� 03��� 3HUVRQDO� 'HIHQVH� :HDSRQ� DV� DQ�XQGHUEDUUHO� DWWDFKPHQW� WR� WKH� VWDQG�DORQH� ��PP� ZHDSRQ�� 7KLV�FRQFHSW� ZDV� LPPHGLDWHO\� UHMHFWHG� GXH� WR� WKH� SURSULHWDU\�PXQLWLRQV�XVHG�LQ�WKH�03����7KH�86�$UP\�KDV�QR�GHVLUH�WR�DGG�+	.
V����PP�PXQLWLRQV�WR�WKH�LQYHQWRU\�ZKHQ�WKHUH�DUH�WHQV�RI�PLOOLRQV�RI�URXQGV�RI� ����PP� 1$72� DPPXQLWLRQ� LQ� LQYHQWRU\� DOUHDG\�� $W� WKLV� SRLQW��+HFNOHU�	�.RFK�PRGLILHG�DOO�FRPSRQHQWV��7KH���PP�ZHDSRQ�ORVW�LWV�VWDQGDORQH�IXQFWLRQDOLW\�DQG�WKH�+.�*��.�ZDV�WKHQ�KHDYLO\�PRGLILHG�IRU�XVH�DV� WKH�PDLQ�FRQWURO�FRPSRQHQW��%\������� WKH�2,&:�GHVLJQ�ZDV�HVVHQWLDOO\� ILQDOL]HG��VXEMHFWHG�RQO\� WR�GHVLJQ�UHILQHPHQWV�RYHU�WKH� QH[W� IRXU� \HDUV�� 7KH� IROORZLQJ� \HDU�� ������ VDZ� WKH� HQG� RI� WKH�$GYDQFHG� 7HFKQRORJ\� 'HPRQVWUDWLRQ� 3KDVH� RI� GHYHORSPHQW�� 7KLV�VL[�\HDU�SURJUDP�FRPSOHWHG�RQ�VFKHGXOH�ZLWK�D�SURWRW\SH�WKDW� ILUHG�RYHU� ����� URXQGV� RI� ����PP� DPPXQLWLRQ�� ����� ��PP� SUDFWLFH�URXQGV��DQG�����OLYH���PP�+(�URXQGV��$XJXVW������ZDV�WKH�VWDUW�RI�WKH� 3'55� �3URJUDP� 'HILQLWLRQ� 5LVN� 5HGXFWLRQ�� 3KDVH� RI�GHYHORSPHQW��7KLV�LV�D�������\HDU�ORQJ�SKDVH�LQ�ZKLFK�ZHDSRQ�VDIHW\�
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ZLOO� EH� RSWLPL]HG�� GHVLJQ� FKDQJHV� ZLOO� EH� PDGH� WR� PHHW� VROGLHU�IHHGEDFN�UHTXLUHPHQWV��ZHDSRQ�ZHLJKW�ZLOO�EH�UHGXFHG��DQG�RYHUDOO�FRVWV�ZLOO� EH� UHGXFHG�� ����� VDZ� WKH� LQWHULP� JRYHUQPHQW�PLOHVWRQH�UHYLHZ� IRU� WKH� ZHDSRQ�� 7KH� PLOHVWRQH� UHYLHZ� ZDV� VXFFHVVIXOO\�SDVVHG� DQG� WKH� 2,&:� UHFHLYHG� RIILFLDO� GHVLJQDWLRQV�� WKH� ;0����6$%5��6HOHFWLYH�$VVDXOW�%DWWOH�5LIOH��DQG�;0���/LJKW�$VVDXOW�5LIOH������� ZLOO� LQWURGXFH� WKH� (0'� �(QJLQHHULQJ� � DQG� 0DQXIDFWXULQJ�'HYHORSPHQW��3KDVH��LQ�ZKLFK�WKH�PDQXIDFWXUHUV�EHJLQ�WRROLQJ�WKHLU�IDFLOLWLHV� WR� PDVV� SURGXFH� WKH� ZHDSRQ�� %\� ������ WKH� ZHDSRQ� ZLOO�EHJLQ�PDQXIDFWXUH��DQG�HQWHU�VHUYLFH�LQ������7KH�FXUUHQW�3'55�3KDVH�;0����6$%5�ZHLJKV������� OEV�ORDGHG�� MXVW�VK\� RI� WKH���� OE�PD[LPXP�ZHLJKW�DOORZHG�XQGHU�$UP\�JXLGHOLQHV��7KLV� LQFOXGHV��� OEV�RI�PXQLWLRQV�� LQFOXGLQJ� WKH����URXQG�ER[ PDJD]LQH�RI�����PP�DPPXQLWLRQ�DQG�WKH���URXQG�ER[�PDJD]LQH�RI� ��PP�DPPXQLWLRQ��7KH� ILQDO�(0'�SKDVH�YHUVLRQ�RI� WKH�ZHDSRQ�ZLOO�KDYH�D�ZHLJKW�WKUHVKROG�RI����OEV�DQG�DQ REMHFWLYH�JRDO�ZHLJKW�RI�

���OEV��7KLV�UDQJH�RI����WR����OEV�LQFOXGHV�DPPXQLWLRQ�ZHLJKW��ZKLFK�ZLOO�EH�LQFOXGH�DQ�LQFUHDVH�WR�D�SD\ORDG�RI�����PP�URXQGV�7KH� PXQLWLRQV� IRU� WKH� 0���� 6$%5� DUH� VWLOO� XQGHU�GHYHORSPHQW�� 7KH� SULPDU\� URXQG� LV� D� KLJK� H[SORVLYH� IUDJPHQWLQJ�DLUEXUVW� PXQLWLRQ�� 7KLV� PXQLWLRQ� XVHV� YHU\� DGYDQFHG� VPDUW� IXVLQJ�WHFKQRORJ\��7KH IXVH�KDV�PXOWLSOH�PRGHV�RI�RSHUDWLRQ��7KHVH�PRGHV�DUH��$LUEXUVW��0287�6KRUW�$UP��3RLQW�'HWRQDWLRQ��3RLQW�'HWRQDWLRQ�ZLWK�'HOD\��:LQGRZ�DQG�6HOI�'HVWUXFW��$LUEXUVW�PRGH�XVHV�WKH�IXVH�WR�DUP�WKH�URXQG�DW����PHWHUV�DQG�WKHQ�GHWRQDWH�WKH�URXQG�DIWHU�WKH�URXQG KDV� URWDWHG� D� QXPEHU� RI� WLPHV� VSHFLILHG� E\� WKH� GLVWDQFH� DW�ZKLFK� WKH� URXQG� LV� GHVLUHG� WR� GHWRQDWH� �WKLV� FRQFHSW� LV� NQRZQ� DV�WXUQV� LQ� IOLJKW��� 7KLV� GHWRQDWLRQ� UHOLDEO\� RFFXUV�ZLWKLQ� ����PHWHUV�RI�WKH�WDUJHW�GLVWDQFH��3RLQW�'HWRQDWLRQ�PRGH��3'��LV�WKH�GHIDXOW�PRGH�IRU� WKH� URXQG�� ,Q� WKLV� PRGH�� WKH� URXQG� DUPV� DW� ��� PHWHUV� DQG�GHWRQDWHV� RQ� LPSDFW� ZLWK� DQ\� KDUG� VXUIDFH�� 3RLQW� 'HWRQDWLRQ� ZLWK�'HOD\� �3''�� LV� DQ� DUPRU�SLHUFLQJ� PRGH� IRU� WKH� URXQG�� 7KH� URXQG�DUPV� DW� ��� PHWHUV�� WKHQ� XSRQ� LPSDFW�� D� PLFURVHFRQG� WLPHU� UXQV�GRZQ� DQG� GHWRQDWHV� WKH� URXQG�� $W� FORVHU� UDQJHV�� WKLV� DOORZV� WKH�URXQG� WR� SHQHWUDWH� VHYHUDO� PLOOLPHWHUV� RI� DUPRU� DV� ZHOO� DV� EULFN��FRQFUHWH��ZRRG�DQG�RWKHU�ZDOO�FRQVWUXFWLRQ�PDWHULDOV�VR�WKDW�LW�EXUVWV�RQ� WKH�RWKHU�VLGH��:LQGRZ�PRGH�LV�D�SUHVHW�YHUVLRQ�RI�3''�PRGH��GHWRQDWLQJ� WKH� URXQG� D� IHZ�PLOOLVHFRQGV� DIWHU� LW� FUDVKHV� WKURXJK� D�ZLQGRZ��0287�6KRUW�$UP�LV�D�FORVH�FRPEDW�PRGH�WKDW�RSHUDWHV� LQ�FRQMXQFWLRQ� ZLWK� WKH� RWKHU� PRGHV�� 1RUPDOO\�� WKH� URXQGV� DUP� DW� D�GLVWDQFH� RI� ��� PHWHUV� DIWHU� OHDYLQJ� WKH� JXQ�� 0287� VKRUW� DUP�HQDEOHV�WKH�XVHU�WR�VSHFLI\�DUPLQJ�UDQJHV�EHWZHHQ���DQG��� PHWHUV��7KH�ILQDO�PRGH�LV�VHOI�GHVWUXFW�PRGH��ZKLFK�DOORZV�WKH�PXQLWLRQV�RW�EH�VDIHO\�GLVSRVHG�RI�LQ�FRPEDW�DV�QHFHVVDU\��7KH�3RLQW�'HWRQDWLRQ�PRGH�LV�GHIDXOW�PRGH�DV�D�IRUHWKRXJK�WR�DFFRXQW�IRU�WKH�EUHDNGRZQ�RI�WKH�)&6�RU�GHDG�EDWWHULHV�:KLOH� PRVW� RI� WKH� DWWHQWLRQ� KDV� EHHQ� IRFXVHG� RQ� WKH�UHYROXWLRQDU\� FDSDELOLWLHV� RI� WKH� ��PP� ZHDSRQ� DQG� LWV� DLUEXUVW�PXQLWLRQV�� WKH� $UP\� KDV� EHHQ�ZRUNLQJ� KDUG� RQ� D� QRQOHWKDO� ��PP�PXQLWLRQ� IRU� WKH� ZHDSRQ� DV� ZHOO�� � &RPSDUHG� WR� WKH� �� \HDUV� WKH�2,&:�6$%5�KDV�EHHQ�XQGHU�GHYHORSPHQW�� WKH�QRQOHWKDO�PXQLWLRQV�GHYHORSPHQW� KDV� EHHQ� OLJKWQLQJ� TXLFN� LQ� FRPSDULVRQ�� 7KH� 1/��1RQOHWKDO�� SURJUDP� ZDV� GUDIWHG� LQ� ������ ZLWK� OHJDO� UHYLHZ�FRPSOHWLRQ� LQ� ������ 6LQFH� WKHQ�� WKH� 1/� URXQG� KDG� XQGHUJRQH�SURWRW\SH�EDOOLVWLF� WHVWLQJ�RI� DQ�HPSW\� URXQG� LQ�)HEUXDU\�������DQG�KDV�XQGHUJRQH�RYHU�D�GR]HQ�FKHPLFDO�GLVSHUVLRQ�WHVWV��7KH�FXUUHQW�SURWRW\SH�URXQG�LV�FDSDEOH�RI�GLVSHUVLQJ�FKHPLFDO�DJHQWV�RQ�WDUJHW�DW�D�UDQJH�RI�����PHWHUV��GHOLYHULQJ�����JUDPV��DSSUR[LPDWHO\���FF��RI�EXON�&6��FKHPLFDO�DJHQW�ZLWK�D�����DLUERUQH�\LHOG��7KHVH�SURWRW\SH�URXQGV�� WR� EH� HIIHFWLYH�� UHTXLUH� DW� OHDVW� �� URXQGV� ILUHG� DW� WKH�VDPH�WDUJHW� WR� GLVSHUVH� VXIILFLHQW� PDWHULDO� WR� KDYH� UHDVRQDEOH� HIIHFW��7KHVH� FXUUHQW� SURWRW\SHV� DUH� FRQVLGHUHG� GHILFLHQW� GXH� WR� ERWK�SD\ORDG� DQG� GLVSHUVLRQ� UDWHV�� GXH� WR� WKH� YROXPH� RI� WKH� URXQG�FRQVXPHG� E\� WKH� IXVH�� 7KH� ILQDO� URXQG�� LI� WKH� GHYHORSPHQW� LV� QRW�SURJUDPPHG��ZLOO� KDYH� D�SD\ORDG�RI���FF� �����JUDPV��RI� EXON�&6��ZLWK� D� ����DLUERUQH� \LHOG�� WR� D� UDQJH� RI� �� WR� �����PHWHUV�� 7KHVH�URXQGV�ZLOO�DOVR�KDYH�D���PHWHU�ILHOG�RI�ERG\�LQMXU\�E\�GHEULV�DQG�DQ�DGGLWLRQDO� �� PHWHU� ILHOG� RI� H\H� LQMXU\� E\� GHEULV�� 7KH� URXQG� ZLOO�JHQHUDWH� URXJKO\� ��� PHWHU� GRZQZLQG� FORXG� RI� &6� JDV� ZLWK� D�FRQFHQWUDWLRQ�RI� �����PJ�SHU�FXELF�PHWHU�DW�DQ�DOWLWXGH�RI��� WR�����PHWHUV�� $W� JURXQG� OHYHO� WR� �� PHWHU� KHLJKW�� DQG� ���� PHWHUV� WR� ����PHWHUV� KHLJKW�� WKH� FORXG� ZLOO� KDYH� ����� PJ� SHU� FXELF� PHWHU�� 7KH�FORXG� ZLOO� H[WHQG� DQ� DGGLWLRQ� �� PHWHUV� GRZQZLQG�� DV� ZHOO� DV� DQ�DGGLWLRQDO�����PHWHU�LQ�DOWLWXGH��WRWDO���PHWHUV��DW�D�GHQVLW\�RI���PJ��SHU�FXELF�PHWHU�$GGLWLRQDO� PXQLWLRQV� DUH� EHLQJ� VWXGLHG� RU� GHYHORSHG��LQFOXGLQJ�+(6+�DQG�7KHUPREDULF�PXQLWLRQV�+(6+� �+LJK�([SORVLYH��6TXDVKLQJ�+HDG��PXQLWLRQV��DOVR�NQRZQ� DV� +(3� �+LJK� ([SORVLYH� 3ODVWLF��� DUH� DQ� DQWL�DUPRU�WHFKQRORJ\�� 5DWKHU� WKDQ� UHO\LQJ� RQ� SHQHWUDWLRQ� RI� WKH� DUPRU�� WKHVH�ZDUKHDGV�LQVWHDG�DUH�ILOOHG�ZLWK�SODVWLF�H[SORVLYH�DQG�D�GHWRQDWRU�DW�WKH�UHDU�RI�WKH�ZDUKHDG��:KHQ�WKH\�VWULNH��WKH�ZDUKHDG�FUXVKHV�DQG�UXSWXUHV�� DOORZLQJ� WKH� H[SORVLYH� WKH� VSUHDG� DQG� IODWWHQ� LQWR� D�SDQFDNH� VKDSH� RQ� WKH� VWUXFN� VXUIDFH�� DQG� WKHQ� LW� GHWRQDWHV�� 7KH�VKRFNZDYH�FUHDWHV�WKXVO\�WKHQ�FDXVHV�WKH�LQQHU�VXUIDFH�RI�WKH�DUPRU�WR� IUDJPHQW� DQG� VKHDU� RII�� SURGXFLQJ� D� VSDOOLQJ� HIIHFW� LQVLGH� WKH�YHKLFOH��:LWK� OLJKWO\�DUPRUHG�YHKLFOHV�� WKHVH�ZDUKHDGV�FDQ�DFWXDOO\�EORZ�RXW�D�ODUJH�SOXJ�RI�WKH�DUPRU�LQ�WKH�SURFHVV��RSHQLQJ�D�VL]DEOH�KROH�LQ�DQ�RWKHUZLVH�VHDOHG�YHKLFOH��+(6+�LV�UHQGHUHG�LQHIIHFWLYH�E\�VSDFHG�DUPRU��DV�WKH�IUDJPHQWV�ERXQFH�DURXQG�EHWZHHQ�WKH�OD\HUV�
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RI� DUPRU�� 7KH� VPDOO� IUDJPHQWV� FDQ� DOVR� EH� VWRSSHG� E\� DQWL�VSDOO�VKLHOGLQJ�LQVWDOOHG�LQVLGH�PRVW�PRGHUQ�0%7V�7KHUPREDULF� PXQLWLRQV� UHO\� RQ� WKH� )XHO�$LU� ([SORVLYH�FRQFHSW�� ,W� FUHDWHV� D� FORXG� RI� KLJKO\� YRODWLOH� DHURVROL]HG� OLTXLG� RU�SDUWLFXODWH� VROLG� H[SORVLYH�� WKHQ� LJQLWHV� LW� WR� SURGXFH� DQ� H[SORVLYH�HIIHFW� WKDW�JHQHUDWHV�D�VLJQLILFDQWO\�PRUH�SRZHUIXO�FRQFXVVLYH�IRUFH�DQG�DQ R[\JHQ�VWDUYLQJ�YDFXXP��7KLV�WHFKQRORJ\��WKDQNV�WR�WKH�ZD\�LW� FDQ� PROG� LWVHOI� WR� WKLQJV� LQVLGH� WKH� FORXG�� LV� XVHG� IRU� EXLOGLQJ�GHPROLWLRQV�DV�ZHOO�DV�FOHDULQJ�DQ\WKLQJ�IURP�FDYHV�DQG�EXQNHUV� WR�MXQJOH�ODQGLQJ�]RQHV��:KHQ�GHWRQDWHG��WKH�FORXG�FUHDWHV�DQ�H[SORVLYH�ILUHEDOO�RI������SVL�SUHVVXUH�DQG�XS�WR������&�WHPSHUDWXUHV��ZLWK�D�EODVW�ZDYH�WUDYHOLQJ� DW� D� VSHHG� RI� ������ IHHW� SHU� VHFRQG�� 7KLV� EODVW� ZDYH�FUHDWHV�D�YDFXXP�WKDW�ERWK�SXOOV�ORRVH�REMHFWV�DQG�GUDJV�WKH�EXUQLQJ�IXHO� WR� FUHDWH� DOPRVW� FRPSOHWH� SHQHWUDWLRQ� RI� DQ\WKLQJ� QRQ�DLUWLJKW�ZLWKLQ� WKH� EODVW� UDGLXV�� +XPDQ� FDVXDOWLHV� W\SLFDOO\� VXIIHU� H[WHQVLYH�EXUQV�DQG�OXQJ�FROODSVH�$� VHULRXV� SUREOHP� LV� WKDW� LW� FDQ� HDVLO\� FDXVH� VLJQLILFDQW�FROODWHUDO�GDPDJH�DQG�FDVXDOWLHV��DQG�DIWHU�XVH�RI�WKLV�WHFKQRORJ\�LQ�ERWK�$IJKDQLVWDQ�DQG�,UDT��WKHUH�KDYH�EHHQ�QXPHURXV�FDOOV�WR�KDYH�LW�FODVVLILHG� DV� D� ZHDSRQ� RI� PDVV� GHVWUXFWLRQ�� VLQFH� VRPH� RI� WKH�

HIIHFWV�� SDUWLFXODUO\� WKH� ORQJ� GXUDWLRQ� KLJK� SUHVVXUH� ZDYH� DQG�H[WUHPH� KHDW�� DUH� VLPLODU� WR� WKDW� RI� D� ORZ� \LHOG� QXFOHDU� ZHDSRQ��+RZHYHU�� WKHVH� ZHDSRQV� DUH� QRW� QHZ�� 7KH� 8QLWHG� 6WDWHV� LQLWLDOO\�GHYHORSHG� WKHP� LQ� WKH� ����¶V� IRU� XVH� LQ� 9LHWQDP� WR� FOHDU� ODQGLQJ�]RQHV��PLQH� ILHOGV� DQG� WXQQHO�QHWZRUNV��7KH�6RYLHWV�PDVWHUHG� WKH�WHFKQRORJ\� LQ�D�PDQ�SRUWDEOH� IRUP� LQ� WKH� ODWH���¶V�ZLWK� WKH�532�$�6KPHO�� ZKLFK� KDV� EHHQ� XVHG� LQ� &KLQVHV� ERUGHU� FRQIOLFWV��$IJKDQLVWDQ��DQG�&KHFKQ\D�7KHUPREDULF� DPPXQLWLRQ� IRU� WKH� ;0���� ZRXOG� E\� IDU� EH�WKH�VPDOOHVW�VXFK�ZHDSRQ�GHYHORSHG�WR�GDWH�
7KH� ODWHVW� VLJQLILFDQW� FKDQJH� LQ� WKH� ;0��� KDV� EHHQ� WKH�SULFH� WDJ��6HYHUDO�\HDUV�DJR��ZKHQ�WKH�V\VWHP�ZDV�XQYHLOHG� WR� WKH�SXEOLF� E\� 3RSXODU� 0HFKDQLFV�� WKH� HVWLPDWHG� SULFH� ZDV� DURXQG��������� ZLWK� D� WDUJHW� JRDO� RI� EHWZHHQ �������� DQG� ��������� 7KH�SULFH� DFWXDOO\� GURSSHG� WR� ��������� WKHQ� ILQDOO\� DV� ORZ� DV� ���������8QIRUWXQDWHO\�� WKH� SULFH� KDV� VLQFH� VWDUWHG� FOLPELQJ� DJDLQ�� DQG� LV�FXUUHQWO\�HVWLPDWHG�DW�EHWZHHQ���������DQG���������SHU�XQLW��7KLV�LV�VWLOO� VLJQLILFDQWO\� FKHDSHU� WKDQ� WKH� �������� SULFH� WDJ� IRU� DQ� HTXDOO\�HTXLSSHG�0�$��FDUELQH�
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:HDSRQ 7\SH $&& &RQ $Y &DOLEHU '0 $PPR 5DWH�RI�)LUH 5HO
(IIHFW��5DQJH��PHWHUV�

:HLJKW�(PSW\��NJ�
:HLJKW�/RDGHG��NJ� &RVW+.�;0���/LJKWZHLJKW�$VVDXOW�5LIOH��6$%5�&RPSDWLEOH 5,) �� - 0��( 0��� � �� ��>66@��U�>0%@�����>$@�����>&@ 95 ���P ��� ��� ������

;0����6$%5���PP�&DQQRQ 5,) �� 1 0�( ��[��PP � � ��>66@ 5( ����P ��� ��� �������0�������[��PP�+($% � � � 0�( �'����P � � � � � � ���� ������[���PP�7KHUPREDULF � � � 0�( �'�����P � � � � � � ���� ������[���PP�+(6+ � � � 0�( 3(1�����'����P � � � � � � ���� ������[���PP�&6 � � � 0�( &6����[�P � � � � ���P � ���� ���6SHFLDO�5XOHV ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�KDYH�QR�H[LVWLQJ�GDWD��DQG�DUH�WKHUHIRUH�H[WUDSRODWHG�IURP�VLPLODU ZHDSRQ�V\VWHPV�
'���6\VWHP

:HDSRQ 'DPDJH &ULWLFDO 'DPDJH�7\SH 5DQJH�,QFUHPHQW 5DWH�RI�)LUH 0DJ 6L]H :HLJKW 3XUFKDVH�'& 5HVWULFWLRQ+.�;0���/LJKWZHLJKW�$VVDXOW�5LIOH��6$%5�&RPSDWLEOH �G� �� %DOOLVWLF ��� 6$�$ �� 0G ��OE �� 0LO�����;0����6$%5���PP�&DQQRQ � � � ��� 6$ � /J ���OE �� 0LO�����0�������[��PP�+($% �G�����
 � 6ODVKLQJ � � � � ����OE � 0LO��������[���PP�7KHUPREDULF �G�����¶ � )LUH��&RQF� � � � � ����OE � 0LO�����
���[���PP�+(6+ 3(1�����G����¶ � &RQF� � � � � ����OE � 0LO�����
�� [���PP�&6 &6���¶�[���¶ � � � � � � ����OE � 0LO�����6SHFLDO�5XOHV ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�KDYH�QR�H[LVWLQJ�GDWD��DQG�DUH�WKHUHIRUH�H[WUDSRODWHG�IURP�VLPLODU�ZHDSRQ�V\VWHPV�
)8'*(:HDSRQ 6KRWV 5DWH�RI�)LUH 5DQJH $FF\ 'PJ &RVW 1RWHV+.�;0���/LJKWZHLJKW�$VVDXOW�5LIOH��6$%5�&RPSDWLEOH �� 6$��$��& *RRG *RRG � ������;0����6$%5���PP�&DQQRQ � 6$ 6XSHUE 6XSHUE � �������0�������[��PP�+($% � � � � � ��� �P�UDGLXV���[���PP�7KHUPREDULF � � � � � ��� ��P�UDGLXV���[���PP�+(6+ � � � � � ��� �P�UDGLXV���[���PP�&6 � � � � � ��� ��P�[���P�FORXG����P�KLJK6SHFLDO�5XOHV ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�KDYH�QR�H[LVWLQJ�GDWD��DQG�DUH�WKHUHIRUH�H[WUDSRODWHG�IURP�VLPLODU�ZHDSRQ�V\VWHPV�
$FWLRQ�:HDSRQ 'PJ 7\SH $FF 5PRG 675�0LQ 0D[�5QJ 5R) $PP :W &RVW 1RWHV+.�;0���/LJKWZHLJKW�$VVDXOW�5LIOH��6$%5�&RPSDWLEOH �G��� 3�/ �� �� � ��� ������ �� ��� ������;0����6$%5���PP�&DQQRQ � � �� �� � ���� � � ��� �������0�������[��PP�+($% �G�����¶ 3�/ � � � � � � ���� ������[���PP�7KHUPREDULF �G����¶ 3�/ � � � � � � ���� ������[���PP�+(6+ �G����¶ 3�/ � � � � � � ���� ������[���PP�&6 ��¶[��¶ � � � ��� � � ���� ���6SHFLDO�5XOHV� ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�KDYH�QR�H[LVWLQJ�GDWD��DQG�DUH�WKHUHIRUH�H[WUDSRODWHG�IURP�VLPLODU�ZHDSRQ�V\VWHPV�
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7KH�;0����/RQJ�5DQJH�6QLSHU�3URJUDP LV�RQH�RI� WKH� VKRUW� WHUP� )XWXUH� &RPEDW� 6\VWHP� SURJUDPV� WKDW�RIIHUV� D� YLYLG� ORRN� DW� KRZ� ZHDSRQ� VHOHFWLRQ� FRPSHWLWLRQV�ZRUN� 7KLV�SURJUDP�VWDUWHG�D�QXPEHU�RI�\HDUV�DJR�ZLWK�DQ�5),�DQG�D�QXPEHU�RI�PDQXIDFWXUHUV�VXEPLWWHG�ZHDSRQV�IRU�WKH� SURJUDP� 5HFHQWO\�� D� PRGLILHG %DUUHW� 0��$�0 ����&DOLEHU�³/LJKW�)LIW\´�ULIOH�ZDV�VHOHFWHG�DV�WKH�$UP\¶V�;0����ULIOH��+RZHYHU��WKH�SURJUDP�UDQ�VXFK�D�VKRUW�SHULRG�WKDW�LW�LV�VWLOO�SRVVLEOH�WR�HDVLO\�REWDLQ�GRFXPHQWDWLRQ�RQ�D�QXPEHU�RI�WKH PDQ\�GLIIHUHQW�ZHDSRQV�VXEPLWWHG�IRU WKH�FRPSHWLWLRQ��(DFK�RI�WKHVH�ZHDSRQV�ZLOO�EH�GHWDLOHG�ODWHU�DV�D�VHSDUDWH�HQWU\� DQG� GDWD� VKHHW�� +HUH�� ZH� ZLOO� GHWDLO� WKH� %DUUHW�0��$�� 7KH� 0��$�� ZDV� GHVLJQHG� DV� D� ULIOH� IRU� ODZ�HQIRUFHPHQW� VDOHV�� ZLWK� WKH� LQWHQGHG� XVHV� RI� ([SORVLYH�2UGLQDQFH� 'LVSRVDO� DQG� WR� VHUYH DV� D� ORQJ� UDQJH�LQWHUGLFWLRQ�ZHDSRQ��7KH\�VXJJHVW�LW�LV�DOVR�XVHIXO�DV�D�OLJKW�RFHDQ�JRLQJ�ZDWHUFUDIW�GHIHQVLYH�ZHDSRQ��DQG�D�YDULHW\�RI�VQLSHU� DSSOLFDWLRQV� LQ� PLOLWDU\� DQG� ODZ� HQIRUFHPHQW�GHSOR\PHQW�7KH� 0��$�� RSHUDWHV� XVLQJ� D� VKRUW� UHFRLO�SULQFLSOH��:KHQ� WKH� ULIOH� LV� ILUHG�� WKH� GLVFKDUJH� GHOLYHUV� D�FRQVLGHUDEOH� DPRXQW� RI� WKUXVW� DJDLQVW� WKH� EROW� IDFH�� 7KLV�WKUXVW�WUDQVIHUV�WKURXJK�WKH�EROW�OXJV�WR�WKH�EDUUHO�H[WHQVLRQ�DQG� WKURXJK� WKH� EROW� ERG\� WR� WKH� UHDU� RI� WKH� EROW� FDUULHU��7KLV�XQLTXH�PHWKRG�RI�UHFRLO�PDQDJHPHQW�GLVVLSDWHV�PXFK�RI�WKH�ILULQJ�VKRFN��ZKLFK�PLJKW�RWKHUZLVH�GDPDJH�WKH�ULIOH��%\� WKH� WLPH� WKH� EXOOHW� OHDYHV� WKH� EDUUHO�� LW� KDV� UHFRLOHG���PP�� DW� ZKLFK� SRLQW� WKH� UHFRFNLQJ� SLQ� ZLWKGUDZV� DQG�UHVHWV�WKH� ILULQJ�SLQ��$W���PP�RI�WUDYHO�� WKH�EROW�VHSDUDWHV�IURP� WKH� EROW� FDUULHU� DQG� EDUUHO� H[WHQVLRQ�� WUDQIHUULQJ� WKH�HQHUJ\� RI� WKH� EDUUHO� WR� WKH� EROW� FDUULHU�� 7KH� EDUUHO¶V�PRYHPHQW� VWRSV� DW� ��PP�� 7KH� EROW� FDUULHU� FRQWLQXHV�PRYLQJ�WR�WKH�UHDU��ZKHUH�WKH�EROW�EHFRPHV�IXOO\�H[WHQGHG��WKH�FDUWULGJH�FDVH� LV�H[WUDFWHG�DQG�HMHFWHG��DQG�WKH�UHFRLO�SURFHVV� UHYHUVHV�� 7KH� EDUUHO� UHWXUQ� VSULQJ� UHWXUQV� WKH�EDUUHO� WR� WKH� IRUZDUG� EDWWHU\� SRVLWLRQ� DQG� WKH�PDLQ� UHWXUQ�VSULQJ�EHJLQV�IRUFLQJ�WKH�EROW�FDUULHU�IRUZDUG��ZKHUH�LW�VWULSV�D�QHZ�URXQG�IURP�WKH�PDJD]LQH�EHIRUH�LW�UHWXUQV�WR�LWV�RZQ�EDWWHU\� IRUZDUG� SRVLWLRQ�� 7KLV�� DORQJ�ZLWK� D�PX]]OH� EUDNH�WKDW� UHGXFHV� UHFRLO� HQHUJ\� E\� ����� UHVXOWV� LQ� D� ���� %0*�ULIOH� WKDW� KDV� D� UHFRLO� PHDVXUHG� DV� D� KXQGUHG� SRXQGV��UDWKHU WKDQ�D�WKRXVDQG SRXQGV�7KH�ZHDSRQ�FRPHV�ZLWK�DQ�DGMXVWDEOH�ELSRG��EXW�FDQ�DOVR�EH�ILWWHG�WR�D�VRIW�PRXQW�SLQWOH�DGDSWRU��DOORZLQJ�LW�WR�EH�ILW�WR�YHKLFOH�SLQWOH�PRXQWV�DQG�WR�WULSRGV��7KH�ULIOH�LV�ILWWHG� ZLWK� LURQ� VLJKWV� DQG� D� ��[� PDJQLILFDWLRQ� WHOHVFRSLF�VLJKW� ZKLFK� HPSOR\V� D� EDOOLVWLF� UHWLFOH� FDOLEUDWHG� IRU� WKH�UHFRPPHQGHG� DPPXQLWLRQ� W\SHV�� 7KH� UHWLFOH� FDQ� EH�DGMXVWHG�IRU�D�SRLQW�RI� LPSDFW�DQ\ZKHUH� IURP�����WR������PHWHUV� DZD\�� %DUUHW� VXJJHVWV� WKH� ZHDSRQ� EH� XVHG� ZLWK�$3(,�DPPXQWLRQ��WKHQ�$3+&,�DQG�$3�0��DPPXQLWLRQ��EXW�DQ\������[���PP�%0*�ORDG�FDQ�EH�ILUHG�WKURXJK�WKH�ULIOH�7KH� 0��$�0�� DOVR� NQRZQ� DV� WKH� 0��$�� LV�PRGLILHG�IRU�XVH�E\�WKH�PLOLWDU\��,W�YDULHV�IURP�WKH�0��$��DV�IROORZV�x 0RQRSRG�RQ�WKH�UHDU�RI�WKH�EXWWVWRFN�x 5HDU�JULS�WR�DVVLVW�LQ�VWDELOL]LQJ�WKH�ULIOH�x $� ��� LQFK� ORQJ� 0,/�67'������ UDLO� PRXQW� ZLWK�QXPEHUHG� VORWV� IRU� RSWLFDO� VLJKWV�� QLJKW� YLVLRQ�JHDU��DQG�RWKHU�DFFHVVRULHV�x 5HPRYDEOH�PX]]OH�EUDNH�x /LJKWZHLJKW�EROW�FDUULHU�x 6LJKW�FDOLEUDWLRQ�IRU�WKH�1DPPR�5DXIRVV�0.�����URXQG�x 4XLFN�UHOHDVH�ELSRG�ZLWK�VSLNHG�IHHW�

7KH�0DULQHV� UHSODFH� WKH� GHIDXOW� ��[� VFRSH� ZLWK� DQ� $1�396����� 'D\�1LJKW�6QLSHU�6LJKW��3RZHUHG�E\�D�SDLU�RI�³$$´ EDWWHULHV��WKLV����� NJ� VFRSH� SURYLGHV� ��[� PDJQLILFDWLRQ DQG� WKH� LPDJH�HQKDQFHPHQW�RI�D�JHQHUDWLRQ���LPDJH WXEH�7KH�0��$��5LIOH�ZDV�D�EXOOSXS� IRUPDW�YDULDQW�GHVLJQHG� WR�EH�ILUHG� IURP� WKH�VKRXOGHU�� UDWKHU� WKDQ� IURP�D� VWDEOH� SURQH� RU� EUDFHG�SRVLWLRQ� ,W� ZDV� PHDQW� WR� EH� XVHG� DV� DQ� DQWL�KHOLFRSWHU� ZHDSRQ��

XVHIXO�DJDLQVW�IDVW�PRYLQJ�WDUJHWV�RQ�WKH�JURXQG�DQG�LQ�WKH�DLU�ZKHQ�ILUHG� IURP�WKH�VKRXOGHU� 7KH�ZHDSRQ�ZDV�QRW�VXFFHVVIXO�VDOHV�ZLVH�DQG� ZDV� VRRQ� GURSSHG� IURP� SURGXFWLRQ� 7KH� ULIOH� ZDV� D� ELW� RGG��EHFDXVH�WKH�DFWLRQ�H[WHQGHG�RYHU�WKH�VKRRWHU¶V�VROGLHU��PRUH�OLNH�DQ�ROG�::��HUD�ED]RRND�WKDQ�D�ULIOH�
1RZ��WKH�;0����LV�HVVHQWLDOO\�D�UHIXUELVKHG�0��$���ILWWHG�ZLWK�D�VKRUWHU�EDUUHO�DQG�D�GLIIHUHQW�PX]]OH�EUDNH��DV�ZHOO�DV�D�QXPEHU�RI�OLJKWZHLJKW� LQWHUQDO�FRPSRQHQWV��7KLV� UHVXOWV� LQ�D� ULIOH� WKDW� LV�D� IRRW�VKRUWHU� DQG� ��� SRXQGV� OHVV� WKDQ� WKH� 0��$�0�� EXW� UHWDLQV� WKH�DFFXUDF\�RI�HDUOLHU�YHUVLRQV�RI�WKH�0���V\VWHP��:KHQ�ZDU�EURNH�RXW�

:HDSRQ ;0����/RQJ�5DQJH�6QLSHU�5LIOH0DQXIDFWXUHU %DUUHW�)LUHDUPV�0IJ <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU ����%0* 0DJV ��$FFXUDF\ *URXS 02$ ���.LOO 3HQ9HORFLW\ ��� P�V (QHUJ\:HLJKW (PSW\ �����NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK ����� PP %XUVW �5DQJH (IIHFWLYH ���� P $XWR �0D[� �����P &\FOLF �1RWHV /RDGHG�ZHLJKW�LQFOXGHV�����NJ�IRU�RSWLFDO�HTXLSPHQW�
:HDSRQ 6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH������[��PP�0��$�0DQXIDFWXUHU %DUUHW�)LUHDUPV�0IJ <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU ����%0* 0DJV ��$FFXUDF\ *URXS 02$ ���.LOO 3HQ9HORFLW\ ��� P�V (QHUJ\:HLJKW (PSW\ ���� NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK ����� PP %XUVW �5DQJH (IIHFWLYH ���� P $XWR �0D[� �����P &\FOLF �1RWHV /RDGHG�ZHLJKW�LQFOXGHV�����NJ�IRU�RSWLFDO�HTXLSPHQW�
:HDSRQ 0��$� ³/LJKW�)LIW\´�����&DOLEHU�5LIOH0DQXIDFWXUHU %DUUHW�)LUHDUPV�0IJ <HDU ���������1DWLRQ 8QLWHG�6WDWHV&DOLEHU ����%0* 0DJV ��$FFXUDF\ *URXS 02$ ���.LOO 3HQ9HORFLW\ ��� P�V (QHUJ\:HLJKW (PSW\ �����NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK ����� PP %XUVW �5DQJH (IIHFWLYH ���� P $XWR �0D[� �����P &\FOLF �1RWHV /RDGHG�ZHLJKW�LQFOXGHV�����NJ�IRU�RSWLFDO�HTXLSPHQW�
:HDSRQ 6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH������[��PP�0��$�0DQXIDFWXUHU %DUUHW�)LUHDUPV�0IJ <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU ����%0* 0DJV ��$FFXUDF\ *URXS 02$ ���.LOO 3HQ9HORFLW\ ��� P�V (QHUJ\:HLJKW (PSW\ �����NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK ����� PP %XUVW �5DQJH (IIHFWLYH ���� P $XWR �0D[� �����P &\FOLF �1RWHV $OVR�NQRZQ�DV�WKH�0��$�0� /RDGHG�ZHLJKW�LQFOXGHV�����NJ�IRU�RSWLFDO�HTXLSPHQW�
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LQ� $IJKDQLVWDQ�� WKH� $UP\� SURFXUHG� ��� XQLWV� RI� WKH� ;0���� IRU�GHSOR\PHQW�ZLWK�6SHFLDO 2SHUDWLRQV�)RUFHV�RSHUDWLQJ�ZLWK� WKH���QGDQG� ���VW $LUERUQH� GLYLVLRQV� 2YHU� WKH� ODVW� WZR� \HDUV�� SURFXUHPHQW�KDV�LQFUHDVHG�WR�WKH�SRLQW�ZKHUH�VHYHUDO�KXQGUHG�DUH�LQ�WKH�ILHOG� LQ�ERWK� $IJKDQLVWDQ� DQG� ,UDT� 7KH� $UP\� SODQV� WR� ILQLVK� WHVWLQJ� DQG�RIILFLDOO\�GHSOR\�WKH�ZHDSRQ�E\�WKH�HQG�RI������ :KLOH�WKH�ULIOH�LWVHOI�KDV�ILQLVKHG�GHYHORSPHQW��WKH�RSWLFV�IRU�LW�DUH�QRW��,Q�0D\ ������WKH�$UP\�EHJDQ�VHDUFKLQJ�IRU�QHZ WHOHVFRSLF GD\�VLJKWV�DQG�QLJKW�YLVLRQ�HTXLSPHQW IRU�WKH�ULIOH� 7KH�GD\�VLJKW�LV�H[SHFWHG�WR�EH�D�FRPPHUFLDO�

RII�WKH�VKHOI�PRGHO��ZKLOH�WKH�QLJKW�VLJKW�LV�H[SHFWHG�WR�EH�D�PLOVSHF��UG JHQHUDWLRQ� LPDJH� LQWHQVLILFDWLRQ� VFRSH�� ZKLFK� RSWLPDOO\� ZRXOG�DWWDFK� WR� WKH� VHOHFWHG� GD\� VLJKW�� 8QWLO� WKH� QHZ� QLJKW� VFRSH� LV�FRPSOHWHG��WKH�ULIOH�LV�ILWWHG�ZLWK�D�WKHUPDO�VLJKW��6RPH�RWKHU� ULIOHV� WKDW� FRPSHWHG� WR� EHFRPH� WKH�;0����ZHUH��'0&,�;0���� ����&DOLEHU�5LIOH��('0�$UPV�:LQGUXQQHU�;0���� ����&DOLEHU� 5LIOH� DQG� WKH ('0� $UPV�:LQGUXQQHU� ;0���� ����� /DSXD�5LIOH�
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&\EHUWKULOOHU

:HDSRQ 7\SH $&& &RQ $Y &DOLEHU '0 $PPR 5DWH�RI�)LUH 5HO
(IIHFW��5DQJH��PHWHUV�

:HLJKW�(PSW\��NJ�
:HLJKW�/RDGHG��NJ� &RVW;0����/RQJ�5DQJH�6QLSHU�5LIOH 5,) �� 1 0 ����%0* � �� ��>66@ 95 ���� ����� ����� �����0��$� 6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH 5,) �� 1 0 ����%0* � �� ��>66@ 95 ���� ���� ����� �����0��$��³/LJKW�)LIW\´ 5,) �� 1 0 ����%0* � �� ��>66@ 95 ���� ����� ����� �����0��$��6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH 5,) �� 1 0 ����%0* � �� ��>66@ 95 ���� ���� ����� �����6SHFLDO�5XOHV

'���6\VWHP
:HDSRQ 'DPDJH &ULWLFDO 'DPDJH�7\SH 5DQJH�,QFUHPHQW 5DWH�RI�)LUH 0DJ 6L]H :HLJKW 3XUFKDVH�'& 5HVWULFWLRQ;0����/RQJ�5DQJH�6QLSHU�5LIOH �G�� �� %DOOLVWLF ��� 6$ �� /UJ ���� OE �� 0LO�����0��$� 6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH �G�� �� %DOOLVWLF ��� 6$ �� /UJ �� OE �� 0LO�����0��$��³/LJKW�)LIW\´ �G�� �� %DOOLVWLF ��� 6$ �� /UJ ���� OE �� 0LO�����0��$��6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH �G�� �� %DOOLVWLF ��� 6$ �� /UJ ���� OE �� 0LO�����6SHFLDO�5XOHV 7KH�VFRSHV�XVHG�SURYLGH�D����HTXLSPHQW�ERQXV RQ�DWWDFN�UROOV�

)8'*(:HDSRQ 6KRWV 5DWH�RI�)LUH 5DQJH $FF\ 'PJ &RVW 1RWHV;0����/RQJ�5DQJH�6QLSHU�5LIOH �� 6$ 6XSHUE 6XSHUE � �����0��$� 6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH �� 6$ 6XSHUE *UHDW � �����0��$��³/LJKW�)LIW\´ �� 6$ 6XSHUE *UHDW � �����0��$��6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH �� 6$ 6XSHUE *UHDW � �����6SHFLDO�5XOHV
$FWLRQ�:HDSRQ 'PJ 7\SH $FF 5PRG 675�0LQ 0D[�5QJ 5R) $PP :W &RVW 1RWHV;0����/RQJ�5DQJH�6QLSHU�5LIOH �G� 3�/ �� �� � ���� � �� ����� �����0��$� 6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH �G� 3�/ �� �� � ���� � �� ����� �����0��$��³/LJKW�)LIW\´ �G� 3�/ �� �� � ���� � �� ����� �����0��$��6SHFLDO�$SSOLFDWLRQ�6FRSHG�5LIOH �G� 3�/ �� �� � ���� � �� ����� �����6SHFLDO�5XOHV�
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$V�GHYHORSPHQW�ZRUN�RQ�WKH�2EMHFWLYH�ZHDSRQV�SURJUDPV� UHDFKHV� WKH� WHVW� GHSOR\PHQW� SKDVH�� SUREOHPV�KDYH�FURSSHG�XS� DORQJ� WKH�ZD\��GHOD\LQJ� WKH�GHSOR\PHQW�GDWH� IRU� WKHVH� ZHDSRQV�� ,W� KDV� EURXJKW� DERXW� D� QHHG� WR�GHYHORS� LQWHULP� ZHDSRQ� V\VWHPV� WR� ILOO� WKH� JDS� EHWZHHQ�QRZ�DQG� WKHQ��:LWK� GHOD\V� LQ� WKH�2EMHFWLYH�&UHZ�6HUYHG�:HDSRQ� �2&6:�� SURJUDP�� D� QHHG� KDV� EHHQ� LGHQWLILHG� WR�GHYHORS�DQ�LQWHULP�ZHDSRQ�V\VWHP�FDSDEOH�RI�ILULQJ�WKH����[����PP�2&6:�FDUWULGJH�EHLQJ�GHYHORSHG�IRU�WKH�;0�����7KH�PLOLWDU\� LGHQWLILHG� WKH� QHHG� LQ�PLG������DQG� LVVXHG�D�UHTXLUHPHQW�IRU�D�VHPLDXWRPDWLF��PDJD]LQH�IHG�ZHDSRQ�LQ�WKLV� FDOLEHU�� FDSDEOH� RI� EHLQJ� WUDQVSRUWHG� DQG� ILUHG� E\� D�VLQJOH�PDQ��$QG�VLQFH�VHHLQJ� WKH�5XVVLDQ�$*6������PP�DXWRPDWLF�JUHQDGH�ODXQFKHU��%DUUHW�KDG�ZDQWHG�WR�GHYHORS�D�VLPLODU� W\SH�RI�JUHQDGH� ODXQFKHU�EDVHG�RQ� WKHLU�SRSXODU�DQWL�PDWHULHO�ULIOH�SODWIRUP��WKH�0���:LWK� WKH� ��[��PP� 2&6:� DPPXQLWLRQ�� %DUUHW� FRXOG�SURGXFH�D�QHZ�DQWL�PDWHULHO�VQLSHU�ULIOH�ZLWK�DOPRVW�WKH�VDPH�UDQJH�DQG�DFFXUDF\� RI� WKH� ����%0*�FDOLEHU�0��$��� EXW ZLWK� IDU� VXSHULRU�WHUPLQDO� HIIHFW�� WKDQNV� WR� WKH� +(� DQG� VKDSHG� FKDUJHG� $3� URXQGV�EHLQJ�GHYHORSHG�IRU�WKH�;0�����$OVR��XQOLNH�WKH�;0�����WKH�3D\ORDG�5LIOH� LV�GXPPLHG�GRZQ�WR�WUDGLWLRQ�VQLSHU�ULIOH�³ILUH�FRQWURO�V\VWHPV´��PHDQLQJ� QR� FRPSXWHUL]HG� IXVLQJ� WHFKQRORJ\�� EXW� LQVWHDG� WKH�SUHIHUUHG�VFRSHV��VLJKWV��DQG�RU�QLJKW�YLVLRQ�HTXLSPHQW�XVHG�E\�WKH�VKRRWHU� 7KH�;0����3D\ORDG�5LIOH�ZDV� UHTXLUHG� WR� XVH� WKH� ORZHU�UHFHLYHU�RI�WKH�0��$���VR�WKH�EXON�RI�WKH�PRGLILFDWLRQV�WR�WKH�0��$��RFFXU� LQ� WKH� XSSHU� UHFHLYHU� DQG� EDUUHO�� 7KH� SULPDU\� FKDQJH� LV� WKH�PX]]OH�EUDNH��ZKLFK�LV�VR�HIIHFWLYH�WKDW�LI�ILW�RQ�D�����FDOLEHU�0��$���WKH�ULIOH�ZRXOG�IDLO�WR�F\FOH�SURSHUO\�DQG�MDP�EHIRUH�HMHFWLQJ�WKH�VSHQW�FDVLQJ�� 6HFRQG�� WKH� XSSHU� UHFHLYHU� LV� PRGLILHG� WR� UHGXFH� WKH� EROW�VSHHG�WR�DURXQG���� LQFKHV�SHU�VHFRQG��URXJKO\� WKH�VDPH�YHORFLW\�DV�WKH�EROW�LQ�DQ�0��$���NHHSLQJ�WKH�DFWLRQ�DW�D�VSHHG�WKDW�ZLOO�QRW�EH�VR�VORZ�DV� WR�FDXVH� MDPV�� IDLOHG�H[WUDFWLRQV�RU�VWRYHSLSLQJ��DQG�QRW� EH� VR� IDVW� DV� WR� FDXVH� FDVH� KHDG� VHSDUDWLRQ�� 7KH� VROXWLRQ�FXUUHQWO\�LQ�XVH�LV�WR�LQVHUW�D�FRQYHUVLRQ�NLW�LQWR�WKH�XSSHU�UHFHLYHU�RI�WKH�0��$�� WKDW� DGGV� WZR� H[WUD� EDUUHO� UHWXUQ� VSULQJV� DQG� D� SDLU� RI�K\GUDXOLF�EXIIHUV��7KLV�UHGXFHV� WKH�FDUULHU�DQG�EDUUHO�YHORFLWLHV� WR�D�SRLQW�WKDW�SURYLGHV�VPRRWK�H[WUDFWLRQ��+RZHYHU��VLQFH�WKH�$UP\�RQO\�

XVHV�SHDN�UHFRLO�LPSXOVH�WR�PHDVXUH�UHFRLO�OHYHOV��UDWKHU�WKDQ�UHO\LQJ�RQ� UHFRLO� DV� D� IXQFWLRQ� RI� WLPH�� WKH� ZHDSRQ� LV� VWLOO� FRQVLGHUHG� WR�YLRODWH�PD[LPXP�OHYHOV�HVWDEOLVKHG�E\�WKH�$UP\�DQG�LV�WKHUHIRUH�WRR�YLROHQW�IRU�UHJXODU�XVH��2YHUDOO��WKH�IHOW�UHFRLO�LV�URXJKO\�WKH�VDPH�DV�ILULQJ�D����JDXJH�VKRWJXQ�ZLWK���ò�LQFK�PDJQXP�FDUWULGJHV��ZLWK�QR�SHUFHLYDEOH�DIWHUHIIHFWV�DIWHU�ILULQJ�ILYH�URXQGV�&XUUHQWO\��WKH�RQO\���[��PP�DPPXQLWLRQ�DYDLODEOH�DUH�WKH�73�RU�7UDLQLQJ�3UDFWLFH�URXQGV��ZKLFK�DUH�EDOOLVWLFDOO\�PDWFKHG�WR�WKH�VSHFLILFDWLRQV�VHW�IRUWK�IRU�WKH�DV�RI�\HW�XQGHYHORSHG�+($%�RU�+LJK�([SORVLYH�$LUEXUVW�URXQGV���(YHQ�RQFH�WKH�PRUH�DGYDQFHG�PXQLWLRQV�DUH� ILQDOO\� GHYHORSHG� RI� WKH� ;0����� WKH� ;0���� 3D\ORDG� 5LIOH� ZLOO�KDYH�QR�QHHG�IRU�VXFK�WHFKQRORJLHV�DV�VPDUW�IXVLQJ��7KH�ZHDSRQ�ZLOO�SHUIRUP�LQ�LWV�UROH�XVLQJ�D�VLPSOH�SRLQW�GHWRQDWLQJ�RU�LPSDFW�IXVH�IRU�WKH� +(� URXQG� DQG� D� SRLQW� LQLWLDWLQJ� EDVH� GHWRQDWLQJ� IXVH� IRU� WKH�VKDSHG� FKDUJH� URXQG�� 7KH� UHVXOW� RI� XVLQJ� VXFK� SXUHO\� PHFKDQLFDO�IXVHV�LV�WKH ZHLJKW�DQG�VSDFH�VDYLQJV�ZKLFK�ZLOO�PDNH�WKH�PXQLWLRQV�HYHQ� PRUH� HIIHFWLYH� LQ� WKHLU� JLYHQ� WDVN� WKDQ� WKH� 2&6:¶V� VPDUW�PXQLWLRQV�� %DUUHW� LV� ZRUNLQJ� ZLWK� D� WKLUG� SDUW\� LQGHSHQGHQW�DPPXQLWLRQ� GHVLJQ� DQG� GHYHORSPHQW� FRUSRUDWLRQ�� :LWK� WKH� ORZ�WHFKQRORJ\�RI� WKHVH�H[SHULPHQWDO�PXQLWLRQV�DQG�WKH� UHODWLYHO\�VPDOO�SUREOHPV�UHPDLQLQJ�LQ�WKH�ULIOH��RQH�FDQ�H[SHFW�WKDW�WKH�;0����FRXOG�EH� ILHOGHG�E\� WKH�8�6��PLOLWDU\�DV� HDUO\� DV�������ZHOO� DKHDG� RI� WKH�UROORXW�RI�WKH�;0����RU�;0���ZHDSRQ�V\VWHPV�

:HDSRQ ;0������PP�3D\ORDG�5LIOH0DQXIDFWXUHU %DUUHW <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU ���[���PP%�2&6: 0DJV �$FFXUDF\ *URXS 02$ ��ò.LOO 3HQ9HORFLW\ ����P�V (QHUJ\:HLJKW (PSW\ �����NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK �����PP %XUVW �5DQJH (IIHFWLYH �����P $XWR �0D[� &\FOLF �1RWHV
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&\EHUWKULOOHU

:HDSRQ 7\SH $&& &RQ $Y &DOLEHU '0 $PPR 5DWH�RI�)LUH 5HO
(IIHFW��5DQJH��PHWHUV�

:HLJKW�(PSW\��NJ�
:HLJKW�/RDGHG��NJ� &RVW;0����3D\ORDG�5LIOH 5,) �� 1 0�( ��[��PP � � ��>66@ 95 ���� ����� ����� �����2&6:���[��PP�+($%�0XQLWLRQ � � � 0�( �'�����P � � � � � � ���� ���;0������[��PP�+(�0XQLWLRQ � � � 0�( �'����P � � � � � � ���� ���;0������[��PP�6/$3�0XQLWLRQ � � � 0�( 3(1������'� � � � � � � ���� ���6SHFLDO�5XOHV 7KHVH�VWDWLVWLFV�DUH�EDVHG�XSRQ�H[WUDSRODWLRQ�IURP�VLPLODU�ZHDSRQ�V\VWHPV�

'���6\VWHP
:HDSRQ 'DPDJH &ULWLFDO 'DPDJH�7\SH 5DQJH�,QFUHPHQW 5DWH�RI�)LUH 0DJ 6L]H :HLJKW 3XUFKDVH�'& 5HVWULFWLRQ;0����3D\ORDG�5LIOH � � � ��� 6$ � 0HG ���OE �� 0LO�����2&6:���[��PP�+($%�0XQLWLRQ �G�����¶ �� %DOOLVWLF � � � � ����OE � 0LO�����;0������[��PP�+(�0XQLWLRQ �G�����¶ �� %DOOLVWLF � � � � ����OE � 0LO�����;0������[��PP�6/$3�0XQLWLRQ 3(1�����G� �� %DOOLVWLF � � � � ����OE � 0LO�����6SHFLDO�5XOHV 7KHVH�VWDWLVWLFV�DUH�EDVHG�XSRQ�H[WUDSRODWLRQ�IURP�VLPLODU�ZHDSRQ�V\VWHPV�

)8'*(:HDSRQ 6KRWV 5DWH�RI�)LUH 5DQJH $FF\ 'PJ &RVW 1RWHV;0����3D\ORDG�5LIOH � 6$ 6XSHUE *UHDW � �����2&6:���[��PP�+($%�0XQLWLRQ � � � � � ��� ��P�U�;0������[��PP�+(�0XQLWLRQ � � � � � ��� �P�U�;0������[��PP�6/$3�0XQLWLRQ � � � � � ��� 7HUULEOH�3HQHWUDWLRQ���P��U�6SHFLDO�5XOHV 7KHVH�VWDWLVWLFV�DUH�EDVHG�XSRQ�H[WUDSRODWLRQ�IURP�VLPLODU�ZHDSRQ�V\VWHPV�
$FWLRQ�:HDSRQ 'PJ 7\SH $FF 5PRG 675�0LQ 0D[�5QJ 5R) $PP :W &RVW 1RWHV;0����3D\ORDG�5LIOH � � �� �� � �� � � ����� �����2&6:���[��PP�+($%�0XQLWLRQ �G� 3�/ � � � � � � ���� ��� ��P��UDGLXV;0������[��PP�+(�0XQLWLRQ �G� 3�/ � � � � � � ���� ��� �P��UDGLXV;0������[��PP�6/$3�0XQLWLRQ �G����� 3�/ � � � � � � ���� ���6SHFLDO�5XOHV� 7KHVH�VWDWLVWLFV�DUH�EDVHG�XSRQ�H[WUDSRODWLRQ�IURP�VLPLODU�ZHDSRQ�V\VWHPV�
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$IWHU�HDUO\�GHVLJQ�FRPSHWLWLRQV��WKH�35,0(;�7HFKQRORJLHV�HQWU\�ZDV�VHOHFWHG�IRU�IXUWKHU�GHYHORSPHQW�DV�WKH�2EMHFWLYH�&UHZ�6HUYHG�:HDSRQ��2&6:���7KH�ZHDSRQ�LV�LQWHQGHG�DV�D� WZR� PDQ� SRUWDEOH� OLJKW� VXSSRUW� ZHDSRQ� LQWHQGHG� WR�SURYLGH�D�KLJK�SUREDELOLW\�RI�VXSSUHVVLRQ�DQG�LQFDSDFLWDWLRQ�DJDLQVW� OLJKW�YHKLFOHV��VORZ�PRYLQJ�DLUFUDIW��DQG�ZDWHUFUDIW�WR� D� UDQJH� RI� RQH� NLORPHWHU� DQG� DJDLQVW� SURWHFWHG�SHUVRQQHO� XS� WR� D� UDQJH� RI� WZR� NLORPHWHUV�� 7KH� ZHDSRQ�V\VWHP� ZRXOG� WKHQ� UHSODFH� WKH� 0.� ��� ��PP� $XWRPDWLF�*UHQDGH� /DXQFKHU� DQG� WKH�%URZQLQJ�0��+HDY\�0DFKLQH�*XQ�'HYHORSPHQW� SURJUHVVHG� DFFRUGLQJ� WR� D� WKUHH� \HDU�FRQWUDFW�� ZLWK� WKH� GHOLYHU\� RI� WKUHH� ZRUNLQJ� SURWRW\SHV�������� URXQGV� +(� DPPXQLWLRQ� DQG� ������ URXQGV� 73�DPPXQLWLRQ� LQ� WKH� WKLUG�TXDUWHU�RI�������7KH�ZHDSRQ�ZDV�WR� XQGHUJR� WHFKQLFDO� DQG� VDIHW\� WHVWLQJ� XQWLO� ������ WKHQ�HQWHU� WKH� HQJLQHHULQJ� DQG� PDQXIDFWXULQJ� GHYHORSPHQW� SKDVH�EHWZHHQ� ����� DQG� ������ ZLWK� )LUVW� 8QLW� (TXLSSHG� WR� RFFXU� GXULQJ������� DQG� DQ� HVWLPDWHG� ������� XQLWV� ZRXOG� HYHQWXDOO\� EH� ILHOGHG��8QIRUWXQDWHO\�� GXH� WR� FHUWDLQ� GHYHORSPHQW� SUREOHPV�� WKH� +(� WHVW�DPPXQLWLRQ�ZDV�GXPE�IXVHG�VLQFH�WKH�VPDUW�IXVLQJ�WHFKQRORJ\�DQG�ILUH�FRQWURO�V\VWHP�ZHUH�LQFRPSOHWH��D�SUREOHP�WKDW�KDV�FRQWLQXHG�DV�ODWH�DV�)HEUXDU\�������ZKHQ�%DUUHW� LQWURGXFHG�WKH�;0����3D\ORDG�5LIOH�7KH JRDO� LV� WR� SURGXFH� D� JXQ� ZHLJKLQJ� DERXW� ����� NJ�� ZLWK� D�VRIWPRXQW�FUDGOH�DQG�QR�EDOODVW�VWDEOH�WULSRG�ZHLJKLQJ�����NJ�DQG�D�ILUH�FRQWURO�V\VWHP�ZHLJKLQJ�����NJ��IRU�D�WRWDO�RI������NJ��7KH�WKUHH�SURWRW\SH� V\VWHPV� ZHLJKHG� LQ� DW� ����� NJ� HDFK�� D� PHUH� �� NJ�RYHUZHLJKW��7KLV�LV�VWLOO�YDVWO\�OHVV�WKDQ�WKH�0N����$*/��ZKLFK�ZHLJKV������NJ�DORQH��QRW� LQFOXGLQJ�D����NJ�0��WULSRG�RU�����NJ�OLJKWZHLJKW�WULSRG��,W� LV�DOVR�YDVWO\� OLJKWHU� WKDQ�WKH�0��%URZQLQJ�����&DOLEHU�+%�4&%� +HDY\� 0DFKLQH� *XQ�� ZKLFK� ZHLJKV� LQ� DW� ����� NJ� ZLWKRXW� D�WULSRG�� 7KH� ;0���� SDFNDJH� EUHDNV� GRZQ� LQWR� WZR� PRGXOHV�� 2QH�PRGXOH� LV� WKH� JXQ�� )&6�DQG� VRIWPRXQW� FUDGOH�� ZHLJKLQJ� ������ NJ��DQG� WKH�RWKHU� LV� WKH� WULSRG�DQG� WZR�ER[HV�RI�DPPXQLWLRQ��ZHLJKLQJ�������NJ��,Q�WKHLU�ODWHVW�LQFDUQDWLRQ��HDFK�DPPXQLWLRQ FRQWDLQHU�KROGV����URXQGV�RI�DPPXQLWLRQ��DW�D�ZHLJKW�RI����OEV��RU������NJ��+RZHYHU��WKH� VW\OH� DQG� FDSDFLW\� RI� WKH� DPPXQLWLRQ� FRQWDLQHUV� DUH� VWLOO� QRW�ILQDOL]HG�7KH�ZHDSRQ�RSHUDWHV�E\�ILULQJ�³RXW�RI�EDWWHU\´��ZKLFK�PHDQV�WKDW�WKH�ZHDSRQ� GLVFKDUJHV� D� VKHOO� ZKLOH� WKH� UHFRLOLQJ� SDUWV� DUH� PRYLQJ�IRUZDUG�ZLWKLQ�WKH�JXQ¶V�KRXVLQJ��7KLV�OHDGV�WR�D�GUDVWLF�UHGXFWLRQ�RI�UHFRLO�WR�D�SRLQW�RI�DERXW������ZKDW�LW�ZRXOG�RWKHUZLVH�EH��EXW�LW�DOVR�YDVWO\�VORZV�WKH�UDWH�RI�ILUH��)LUHG�LQ�VHPL�DXWRPDWLF�RU�IXOO�DXWRPDWLF�PRGH�� WKH� ZHDSRQ¶V� QDWXUDO� F\FOLF� UDWH� LV� D�PHUH� ���� URXQGV� SHU�PLQXWH�� ZKLFK� PDNHV� WKH� ZHDSRQ� LQHIIHFWLYH� DJDLQVW� DLUERUQH�WDUJHWV��7KH�ZHDSRQ�VWLOO� UHTXLUHV�DQ�DUFHG�WUDMHFWRU\��VLPLODU� WR� WKH�

0.� ��� $*/�� +RZHYHU�� LW� LV� IDU� OHVV� VHYHUH�� :KHQ� ILUHG� WR� �����PHWHUV��WKH�;0����URXQGV�UHDFK�DQ�DSRJHH�RI�����PHWHUV��ZKLOH�WKH�0.� ��� $*/� ILULQJ� WKH� VDPH� GLVWDQFH� UHDFKHV� DQ� DSRJHH� RI� ����PHWHUV�7KH� ILUH� FRQWURO� V\VWHP� LV� D� ³IXOO� VROXWLRQ´� V\VWHP� WKDW� RSHUDWHV� E\�GD\�RU�QLJKW�DQG�LQ�DOO�ZHDWKHU�FRQGLWLRQV��7KH�V\VWHP�LV�GHVLJQHG�WR�FRPSHQVDWH� IRU� WDUJHW� UDQJH�� DWPRVSKHULF� FRQGLWLRQV�� DQG�ZHDSRQ�WLOW��DXWRPDWLFDOO\�VHWWLQJ�WKH�IXVH�DQG�UHVHWWLQJ�WKH�IXVH�RI�WKH�ORDGHG�URXQG�HDFK� WLPH�D� WDUJHW� LV� UDQJHG��0DQ\� IHDWXUHV�DUH�VKDUHG�ZLWK�WKH� ;0��� )&6�� LQFOXGLQJ� WKH� WDUJHW WUDFNLQJ� V\VWHP� GHYLVHG� E\�2&7(&�LQ�WKH�8.�7KH� ��PP� DPPXQLWLRQ� ZLOO� EH� DYDLODEOH� LQ� +(� DQG� $3� VHUYLFH�DPPXQLWLRQ�� SOXV� EDOOLVWLFDOO\� PDWFKHG� 73� WUDLQLQJ� SUDFWLFH�DPPXQLWLRQ��(DFK�URXQG�FRQVLVWV�RI�D�SURMHFWLOH�ZHLJKLQJ�����JUDPV�DQG�D�FDUWULGJH�ZHLJKLQJ�����JUDPV��IRU�D�WRWDO�URXQG�ZHLJKW�RI�����JUDPV�� 7KH� DUPRU� SLHUFLQJ� DPPXQLWLRQ� ZLOO� FRQVLVW� RI� D� VKDSHG�FKDUJH�ZDUKHDG�FRQVLVWLQJ�RI����JUDPV�RI�/;����H[SORVLYH��SURYLGLQJ�SHQHWUDWLRQ� RI� ��PP� ZLWK� D� ��� PP� VWDQGRII�� 7KH� KLJK� H[SORVLYH�DPPXQLWLRQ� FRQVLVWV� RI� D� VWHHO� IUDJPHQWLQJ� ZDUKHDG� ERG\� ���PP�WKLFN� DQG� ILOOHG� ZLWK� /;���� H[SORVLYH�� ZLWK� WKH� IXVH� KRXVHG� LQ� DQ�DOXPLQXP� ERG\�� 7KH� IXVH� LV� UHPRWH� VHWWDEOH� ZLWK� PX]]OH� YHORFLW\�FRUUHFWLRQ� FDSDFLW\� DQG� VHYHUDO� PRGHV� RI� RSHUDWLRQ�� 6HW� WKURXJK�HOHFWULFDO� LQGXFWLRQ� WKH�URXQG�FDQ�H[SORGH�RQ�D� WLPH�GHOD\�RU�SRLQW�GHWRQDWLRQ��3RLQW�GHWRQDWLRQ�FDQ�EH�GLVDEOHG�IRU�ILULQJ�WKURXJK�EUXVK��GHOD\HG� WR� GHWRQDWH� DIWHU� SDVVLQJ� WKURXJK� OLJKW� REVWUXFWLRQ�� RU�³VXSHUTXLFN´� GHWRQDWLRQ� RQ� LPSDFW��7KH� URXQGV�ZLOO� DOVR� SRVVHVV�D�VHOI�GHVWUXFW�PRGH��ZKLFK�FDQ�EH�H[SHFWHG� WR� WULJJHU�QLQH�VHFRQGV�DIWHU�WKH�URXQG�LV�ILUHG��DERXW�WKH�WLPH�LW�WDNHV�WR�WUDYHO�������PHWHUV��8QIRUWXQDWHO\��WKH�IXVHV�DQG�ILUH�FRQWURO�V\VWHP�ZHUH�VWLOO�LQFRPSOHWH�DV� RI� )HEUXDU\� ������ VR� WKH� ;0���� SURJUDP� LV�PRUH� WKDQ� D� \HDU�EHKLQG�VFKHGXOH�

:HDSRQ 0��0DQXIDFWXUHU %HUHWWD <HDU �����1DWLRQ ,WDO\��8QLWHG�6WDWHV&DOLEHU �PP�3DUDEHOOXP 0DJV ��$FFXUDF\ *URXS �����FP�#����P 02$.LOO 3HQ9HORFLW\ ����P�V (QHUJ\:HLJKW (PSW\ �����NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK ����PP %XUVW �5DQJH (IIHFWLYH ���P $XWR �0D[� &\FOLF �1RWHV 86�$UP\�SD\V �����SHU�XQLW��WKH�86�0DULQHV�SD\������SHU�XQLW�
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:HLJKW�/RDGHG��NJ� &RVW;0�������PP�&UHZ�6HUYHG�:HDSRQ $5 �� - 0 �PP�3 � �� ��>66@����>$@�����>&@ 5( ���� ���� ���� ����2&6:���[��PP�+($%�0XQLWLRQ � � � 0�( �'�����P � � � � � � ��� ���2&6:���[��PP�$3�0XQLWLRQ � � � 0��( 3(1�����'� � � � � � � ��� ���;0������[��PP�+(�0XQLWLRQ � � � 0�( �'����P � � � � � � ��� ���;0������[��PP�6/$3�0XQLWLRQ � � � 0�( 3(1������'� � � � � � � ��� ���6SHFLDO�5XOHV ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�ZHDSRQ�V\VWHPV�

'���6\VWHP
:HDSRQ 'DPDJH &ULWLFDO 'DPDJH�7\SH 5DQJH�,QFUHPHQW 5DWH�RI�)LUH 0DJ 6L]H :HLJKW 3XUFKDVH�'& 5HVWULFWLRQ;0�������PP�&UHZ�6HUYHG�:HDSRQ �G� � � ��� 6$ �� 0HG ��OE �� 0LO�����2&6:���[��PP�+($%�0XQLWLRQ �G�����¶ � 6ODVKLQJ � � � � ����OE � 0LO�����2&6:���[��PP�$3�0XQLWLRQ 3(1�����G� �� &RQF� � � � � ����OE � 0LO�����;0������[��PP�+(�0XQLWLRQ �G�����¶ � &RQF� � � � � ����OE � 0LO�����;0������[��PP�6/$3�0XQLWLRQ 3(1�����G� �� %DOOLVWLF � � � � ����OE � 0LO�����6SHFLDO�5XOHV ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�ZHDSRQ�V\VWHPV�

)8'*(:HDSRQ 6KRWV 5DWH�RI�)LUH 5DQJH $FF\ 'PJ &RVW 1RWHV;0�������PP�&UHZ�6HUYHG�:HDSRQ �� 6$ 0HGLRFUH *UHDW � ����2&6:���[��PP�+($%�0XQLWLRQ � � � � � ��� ��P�U�2&6:���[��PP�$3�0XQLWLRQ � � � � � ��� 7HUULEOH�3HQHWUDWLRQ;0������[��PP�+(�0XQLWLRQ � � � � � ��� �P�U�;0������[��PP�6/$3�0XQLWLRQ � � � � � ��� 7HUULEOH�3HQHWUDWLRQ���P��U�6SHFLDO�5XOHV ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�ZHDSRQ�V\VWHPV�
$FWLRQ�:HDSRQ 'PJ 7\SH $FF 5PRG 675�0LQ 0D[�5QJ 5R) $PP :W &RVW 1RWHV;0�������PP�&UHZ�6HUYHG�:HDSRQ �G��� 3�/ �� �� � �� � �� ���� ����2&6:���[��PP�+($%�0XQLWLRQ �G� 3�/ � � � � � � ��� ��� ��P��UDGLXV2&6:���[��PP�$3�0XQLWLRQ �G����� 3�/ � � � � � � ��� ���;0������[��PP�+(�0XQLWLRQ �G� 3�/ � � � � � � ��� ��� �P��UDGLXV;0������[��PP�6/$3�0XQLWLRQ �G����� 3�/ � � � � � � ��� ���6SHFLDO�5XOHV� ,WHPV�ZLWK�LWDOLFL]HG�QDPHV�DUH�H[WUDSRODWHG�IURP�VLPLODU�ZHDSRQ�V\VWHPV�
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2QH� JRDO� RI� WKH� $UP\¶V� )XWXUH� &RPEDW�6\VWHPV� SURJUDP� LV� WR� UHSODFH� D� QXPEHU� RI� DJLQJ�ZHDSRQ�V\VWHPV�ZLWK�D�VLQJOH�QHZ�ZHDSRQ��1DPHO\��WKH�%URZQLQJ� 0�� +0*� DQG� WKH� 0N�� ��� $*/� ZRXOG� EH�UHSODFHG�E\�D�VLQJOH�ZHDSRQ�V\VWHP��WKH�2EMHFWLYH�&UHZ�6HUYHG� :HDSRQ�� +RZHYHU�� GXH� WR� GHYHORSPHQW�SUREOHPV� ZLWK� WKH� HOHFWURQLF� )&6� DQG� WKH� FRPSOH[�HOHFWURQLFDOO\� IXVHG� DPPXQLWLRQ�� WKH� PLOLWDU\� ZDV� EHHQ�IRUFHG�WR� LVVXH�D�UHTXHVW� IRU�DQ� LQWHULP�ZHDSRQ�V\VWHP�LQ� ������ DV� WKH� 0�V� ZHUH� UDSLGO\� UHDFKLQJ� D� VWDWH� RI�GHWHULRUDWLRQ�WKDW�GHPDQGV�PDQ\�RI�WKHP�EH�UHSODFHG�DV�VRRQ�DV�SRVVLEOH��7KH� LQWHULP�UHSODFHPHQW�QHHGV� WR�EH�DW�OHDVW�DV�HIIHFWLYH�DV�WKH�0��*HQHUDO� '\QDPLFV�� WKH� PDQXIDFWXUHU�GHYHORSLQJ� WKH� 26&:� SXW� IRUWK� D� YHU\� LQWHUHVWLQJ�SURSRVLWLRQ��VLQFH�WKH�KDUGZDUH�GHYHORSPHQW�IRU�WKH�JXQSRUWLRQ� RI� WKH� 2&6:� LV� ILQLVKHG�� ZK\� QRW� VLPSO\� UHGHYHORS� WKH�ZHDSRQ�WR�ILUH�WKH�����%0*�FDUWULGJH"�$IWHU�DOO��%DUUHW�ZDV�ZRUNLQJ�RQ� FRQYHUWLQJ� D� ���� %0*� ULIOH� WR� ��PP�� VR� ZK\� QRW� WU\� JRLQJ� WKH�RWKHU�ZD\"�1HHGOHVV�WR�VD\��WKH�$UP\�ERXJKW�LQWR�WKH�LGHD�7KH� ;0����� LV� EDVHG� RQ� WKH� ;0���� &UHZ� 6HUYHG�:HDSRQ�� ([WHUQDOO\�� WKH� WZR� ZHDSRQV� DSSHDU� WR� EH� LGHQWLFDO��,QWHUQDOO\�� WKH\�PD\�EH�VR�VLPLODU� WKDW�ZKHQ�WKH�;0���� LV� UHDG\� WR�HQWHU�VHUYLFH�� LW�PD\�EH�DV�VLPSOH�DV�FKDQJLQJ�WKH�EDUUHO�DQG�D�IHZ�RWKHU� FRPSRQHQWV� RQ� WKH� ZHDSRQ�� $FFRUGLQJ� WR� &RORQHO� -DPHV�0RUDQ�� FRPPDQGLQJ�RIILFHU�RI� WKH�3(2�6ROGLHU� SURJUDP��WKH� ODWHVW�LQFDUQDWLRQ�RI�WKH�/DQG�:DUULRU�3URJUDP���WKLV�LV�LQGHHG�WKH�FDVH��7R�TXRWH��³:H�KDYH�RQH�ZHDSRQ�WKDW�GRHV�WZR�WKLQJV��LW�ILUHV�WKH���PP�IDPLO\�RI�DPPR�DQG�WKH�VDPH�ZHDSRQ��ZLWK�FKDQJLQJ�ILUH�SDUWV��ZLOO�ILUH� D� ���� FDO�� VR� ZH� DUH� JRLQJ� WR� KDYH� D�ZHDSRQ� WKDW� LV� JRLQJ� WR�UHSODFH�WKH�0��DQG�WKH�0N����´�7KH�ZHDSRQ�XVHV�D�QRYHO�DSSURDFK�WR� WKH� W\SLFDO� JDV� RSHUDWHG� UHFRLO� V\VWHP�� 7KH� EROW� JURXS� PRYHV�ZLWKLQ� WKH� EDUUHO� H[WHQVLRQ�� ZKLFK� LQ� WXUQ� PRYHV� LQVLGH� WKH� JXQ�KRXVLQJ�� DORQJ� ZLWK� WKH� JDV� EORFN� DQG� EDUUHO�� 7KLV� DUUDQJHPHQW�UHVXOWV� LQ�DQ�DFWLRQ� WKDW� ORDGV�DQG� ILUHV�D� URXQG� IURP�DQ�RSHQ�EROW�ZKLOH�WKH�HQWLUH�UHFRLO�JURXS�LV�PRYLQJ�IRUZDUG��7KH�VKRW�LV�IRUFHG�WR�RYHUFRPH� WKH� IRUZDUG� LQHUWLD� RI� WKH� UHFRLO� JURXS� EHIRUH� UHFRLO� FDQ�

DGYHUVHO\� DIIHFW� WKH� ZHDSRQ�� 7KLV�� DORQJ� ZLWK� DQ� HIIHFWLYH�PX]]OH�EUDNH��JUHDWO\� UHGXFHV� WKH� UHFRLO� JHQHUDWHG�E\� WKH�ZHDSRQ��7KLV� LQ�WXUQ�DOORZV�WKH�ZHDSRQ�WR�EH�IDU�OLJKWHU��EXW�DOVR�PDNHV�WKH�ZHDSRQ�GLIILFXOW� DQG� H[SHQVLYH� WR�PDQXIDFWXUH�� 7KH� V\VWHP� DOVR� FUHDWHV� D�VHFRQGDU\�HIIHFW�RI�JUHDWO\� UHGXFLQJ� WKH�F\FOLF�UDWH�RI�ILUH� WR�D�PHUH����� URXQGV�SHU�PLQXWH�� OHVV� WKDQ�KDOI� WKDW�RI� WKH�0���7KH�SUDFWLFDO�UDWH� RI� ILUH� ZLOO� EH� DURXQG� ��� URXQGV� SHU� PLQXWH�� 7KLV� PHDQV� WKH�ZHDSRQ�ZLOO�EH�XVHG�VWULFWO\�WR�HQJDJH�JURXQG�WDUJHWV��DV�VXFK�D�ORZ�UDWH�RI� ILUH�PDNHV� LW�YHU\� LQHIIHFWLYH�DJDLQVW� IDVW� IO\LQJ� WDUJHWV��7KH�ZHDSRQ�LV�PHWDOOLF�OLQN�EHOW�IHG�IURP�WKH�OHIW�RU�ULJKW�7KH�;0��������PP�/LJKWZHLJKW�+HDY\�0DFKLQH�*XQ�LV�E\�IDU� WKH� OLJKWHVW� ���� %0*�PDFKLQH� JXQ� GHYHORSHG� WR� GDWH��:LWK� LWV�WULSRG�� WKH� JXQ ZHLJKV� D� PHUH� ��� NLORJUDPV�� D� FRQVLGHUDEOH�DFFRPSOLVKPHQW�� FRQVLGHULQJ� D� EHOW� RI� ���� URXQGV� RI� DPPXQLWLRQ�ZHLJKV� LQ� DW� ������ NJ�� 7KH� ;0����� LV� H[SHFWHG� WR� EHJLQ� HQWHULQJ�VHUYLFH�LQ������RQ�D�OLPLWHG�EDVLV��ORQJ�EHIRUH�WKH�;0����LV�HQWHUHG�LQWR� VHUYLFH�� 7KH� ZHDSRQ� LV� FXUUHQWO\� DZDLWLQJ� WKH� FRQFOXVLRQ� RI�GHYHORSPHQW� RI� D� PDFKLQH� JXQ� RSWLFDO� VLJKW� DQG� QLJKW� YLVLRQ�HTXLSPHQW� WKDW� ZLOO� DOORZ� LW� WR� ILUH� UHOLDEO\� DQG� DFFXUDWHO\� RXW� WR� D�UDQJH� RI� WZR� NLORPHWHUV�� GD\� RU� QLJKW�� 7KLV� LV� DSSDUHQWO\� WKH� RQO\�WKLQN�SUHYHQWLQJ�LW�IURP�HQWHULQJ�VHUYLFH�LPPHGLDWHO\�

:HDSRQ ;0����/LJKWZHLJKW�+HDY\�0DFKLQH�*XQ0DQXIDFWXUHU *HQHUDO�'\QDPLFV <HDU �����1DWLRQ 8QLWHG�6WDWHV&DOLEHU ����%0* 0DJV ����EHOWHG$FFXUDF\ *URXS �����FP�#�����P 02$.LOO 3HQ9HORFLW\ ����P�V (QHUJ\:HLJKW (PSW\ ���NJ 52) 66 ��/RDGHG �����NJ 0% �/HQJWK ����PP %XUVW �5DQJH (IIHFWLYH ���P $XWR ��0D[� &\FOLF ���1RWHV 86�$UP\�SD\V������SHU�XQLW��WKH�86�0DULQHV�SD\������SHU�XQLW�
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:HLJKW�(PSW\��NJ�
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SODFHG� IRU� DPELGH[WURXV� XVH� DQG� LQ� D� IDVKLRQ� WKDW� UHGXFHV� RU�HOLPLQDWHV� DFFLGHQWDO� DFWLYDWLRQ�� )LQDOO\�� UDWKHU� WKDQ� WKH� IRUZDUG�VOLGLQJ� EUHHFK� RSHQLQJ� RI� WKH� 0����� WKH� (*/0� UHTXLUHV� DQ�DOWHUQDWLYH�EUHHFK�RSHQLQJ�PHWKRG�WKDW�DOORZV�WKH�ORDGLQJ�QRW�RQO\�RI�WKH� VKRUWHU� 86� ��� [� ��PP� /9� JUHQDGHV�� EXW� WKH� ORQJHU� 1$72�VWDQGDUG�JUHQDGHV�DV�ZHOO�7KH�PDLQ�FRQWHQGHU�LV�WKH�+HFNOHU�	�.RFK�$*�&��7KH�$*�&� LV� D� VKRUW� JUHQDGH� ODXQFKHU�� GHVLJQHG� WR� EH� ILWWHG� RQ� VKRUWHU�DVVDXOW� ULIOHV�� OLNH� WKH� 0�$�� FDUELQH�� :RUNLQJ� RQ� WKH� 0����� UDLO�VSHFLILFDWLRQ�� WKH� ZHDSRQ� FDQ� EH� PRXQWHG� RU� GLVPRXQWHG� LQ�VHFRQGV�� 7KH� $&�*¶V� DOXPLQXP� EDUUHO� WLOWV� RSHQ� WR� WKH� VLGH��FRPSOHWHO\�FOHDU�RI�WKH�PDJD]LQH�DQG�DQ\�SURWUXVLRQ�RI�WKH�ZHDSRQ��DOORZLQJ� WKH�VROGLHU� WR� ORDG�DQ\�86�RU�1$72�VWDQGDUG� ORZ�YHORFLW\���PP� JUHQDGH�� 7KH� WULJJHU� IHDWXUHV� D� � GRXEOH�DFWLRQ� PHFKDQLVP�DQG�WKH�ZHDSRQ�LV�HQWLUHO\�DPELGH[WURXV��)LQDOO\��DQG�SRVVLEOH�PRVW�LPSRUWDQWO\�� LW� IHDWXUHV� D� EXLOW�LQ� SLVWRO� JULS�� ZLWK� D� GHWDFKDEOH� EXWW�VWRFN�� DOORZLQJ� WKH� ZHDSRQ� WR� HDVLO\� IXQFWLRQ� LQ� D� VWDQG�DORQH�FDSDFLW\�
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23(1�*$0(�/,&(16(�9HUVLRQ����D7KH�IROORZLQJ�WH[W�LV�WKH�SURSHUW\�RI�:L]DUGV�RI�WKH�&RDVW��,QF��DQG�LV�&RS\ULJKW������:L]DUGV�RI�WKH�&RDVW��,QF���:L]DUGV����$OO�5LJKWV�5HVHUYHG����'HILQLWLRQV���D��&RQWULEXWRU V��PHDQV�WKH�FRS\ULJKW�DQG�RU�WUDGHPDUN�RZQHUV�ZKR�KDYH�FRQWULEXWHG�2SHQ�*DPH�&RQWHQW���E��'HULYDWLYH�0DWHULDO��PHDQV�FRS\ULJKWHG�PDWHULDO� LQFOXGLQJ�GHULYDWLYH�ZRUNV�DQG� WUDQVODWLRQV� �LQFOXGLQJ� LQWR�RWKHU� FRPSXWHU�ODQJXDJHV��� SRWDWLRQ�� PRGLILFDWLRQ�� FRUUHF WLRQ�� DGGLWLRQ�� H[WHQVLRQ�� XSJUDGH��LPSURYHPHQW��FRPSLODWLRQ��DEULGJPHQW�RU�RWKHU�IRUP�LQ�ZKLFK�DQ�H[LVWLQJ�ZRUN�PD\�EH� UHFDVW�� WUDQVIRUPHG� RU� DGDSWHG�� �F�� �'LVWULEXWH�� PHDQV� WR� UHSURGXFH�� OLFHQVH��UHQW�� OHDVH�� VHOO�� EURDGFDVW�� SXEOLFO\� GLVSOD\�� WUDQVPLW� R U� RWKHUZLVH� GLVWULEXWH���G��2SHQ� *DPH� &RQWHQW�� PHDQV� WKH� JDPH� PHFKDQLF� DQG� LQFOXGHV� WKH� PHWKRGV��SURFHGXUHV��SURFHVVHV�DQG�URXWLQHV�WR�WKH�H[WHQW�VXFK�FRQWHQW�GRHV�QRW�HPERG\�WKH�3URGXFW�,GHQWLW\�DQG�LV�DQ�HQKDQFHPHQW�RYHU�WKH�SULRU�DUW�DQG�DQ\�DGGLWLRQDO� FRQWHQW�FOHDUO\� LGHQWLILHG�DV�2SHQ�*DPH�&RQWHQW�E\�WKH�&RQWULEXWRU��DQG�PHDQV�DQ\�ZRUN�FRYHUHG�E\�WKLV�/LFHQVH��LQFOXGLQJ�WUDQVODWLRQV�DQG�GHULYDWLYH�ZRUNV�XQGHU�FRS\ULJKW�ODZ��EXW�VSHFLILFDOO\�H[FOXGHV�3URGXFW�,GHQWLW\���H���3URGXFW�,GHQWLW\��PHDQV�SURGXF W�DQG�SURGXFW�OLQH�QDPHV��ORJRV�DQG�LGHQWLI\LQJ�PDUNV�LQFOXGLQJ�WUDGH�GUHVV��DUWLIDFWV��FUHDWXUHV� FKDUDFWHUV�� VWRULHV�� VWRU\OLQHV�� SORWV�� WKHPDWLF� HOHPHQWV�� GLDORJXH��LQFLGHQWV�� ODQJXDJH�� DUWZRUN�� V\PEROV�� GHVLJQV�� GHSLFWLRQV�� OLNHQHVVHV�� IRUPDWV��SRVHV�� FRQFHSWV�� WKHPHV� DQG� JUDSKLF�� SKRWRJUDSKLF� DQG� RWKHU� YLVXDO� RU� DXGLR�UHSUHVHQWDWLRQV�� QDPHV� DQG� GHVFULSWLRQV� RI� FKDUDFWHUV�� VSHOOV�� HQFKDQWPHQWV��SHUVRQDOLWLHV�� WHDPV�� SHUVRQDV�� OLNHQHVVHV� DQG� VSHFLDO� DELOLWLHV�� SODFHV�� ORFDWLRQV��HQYLURQPHQWV�� FUHDWXUHV�� H TXLSPHQW�� PDJLFDO� RU� VXSHUQDWXUDO� DELOLWLHV� RU� HIIHFWV��ORJRV�� V\PEROV�� RU� JUDSKLF� GHVLJQV�� DQG� DQ\� RWKHU� WUDGHPDUN� RU� UHJLVWHUHG�WUDGHPDUN�FOHDUO\�LGHQWLILHG�DV�3URGXFW�LGHQWLW\�E\�WKH�RZQHU�RI�WKH�3URGXFW�,GHQWLW\��DQG�ZKLFK�VSHFLILFDOO\�H[FOXGHV�WKH�2SH Q�*DPH�&RQWHQW���I���7UDGHPDUN��PHDQV�WKH�ORJRV��QDPHV��PDUN��VLJQ��PRWWR��GHVLJQV�WKDW�DUH�XVHG�E\�D�&RQWULEXWRU�WR�LGHQWLI\�LWVHOI� RU� LWV� SURGXFWV� RU� WKH� DVVRFLDWHG� SURGXFWV� FRQWULEXWHG� WR� WKH� 2SHQ� *DPH�/LFHQVH�E\� WKH�&RQWULEXWRU� �J�� �8VH��� �8VHG��RU� �8V LQJ��PHDQV� WR�XVH��'LVWULEXWH��FRS\�� HGLW�� IRUPDW�� PRGLI\�� WUDQVODWH� DQG� RWKHUZLVH� FUHDWH� 'HULYDWLYH� 0DWHULDO� RI�2SHQ� *DPH� &RQWHQW�� �K�� �<RX�� RU� �<RXU�� PHDQV� WKH� OLFHQVHH� LQ� WHUPV� RI� WKLV�DJUHHPHQW����7KH�/LFHQVH��7KLV�/LFHQVH�DSSOLHV� WR�DQ\�2SHQ�*DPH�&RQ WHQW� WKDW� FRQWDLQV�D�QRWLFH�LQGLFDWLQJ�WKDW�WKH�2SHQ�*DPH�&RQWHQW�PD\�RQO\�EH�8VHG�XQGHU�DQG�LQ�WHUPV�RI� WKLV�/LFHQVH��<RX�PXVW�DIIL[�VXFK�D�QRWLFH�WR�DQ\�2SHQ�*DPH�&RQWHQW� WKDW�\RX�8VH��1R�WHUPV�PD\�EH�DGGHG�WR�RU�VXEWUDFWHG�IURP�WKLV�/LFHQVH�H[FHSW�DV�GH VFULEHG�E\� WKH� /LFHQVH� LWVHOI�� 1R� RWKHU� WHUPV� RU� FRQGLWLRQV�PD\� EH� DSSOLHG� WR� DQ\�2SHQ�*DPH�&RQWHQW�GLVWULEXWHG�XVLQJ�WKLV�/LFHQVH���2IIHU� DQG� $FFHSWDQFH�� %\� 8VLQJ� WKH� 2SHQ� *DPH� &RQWHQW� <RX� LQGLFDWH� <RXU�DFFHSWDQFH�RI�WKH�WHUPV�RI�WKLV�/LFHQVH�

���*UDQW� DQG�&RQVLGHUDWLRQ�� ,Q�FRQVLGHUDWLRQ� IRU�DJUHHLQJ� WR�XVH� WKLV�/LFHQVH�� WKH�&RQWULEXWRUV� JUDQW� <RX�D� SHUSHWXDO��ZRUOGZLGH�� UR\DOW\ �IUHH�� QRQ�H[FOXVLYH� OLFHQVH�ZLWK�WKH�H[DFW�WHUPV�RI�WKLV�/LFHQVH�WR�8VH��WKH�2SHQ�*DPH�&RQWHQW���5HSUHVHQWDWLRQ�RI�$XWKRULW\�W R�&RQWULEXWH��,I�<RX�DUH�FRQWULEXWLQJ�RULJLQDO�PDWHULDO�DV�2SHQ�*DPH�&RQWHQW�� <RX� UHSUHVHQW� WKDW� <RXU�&RQWULEXWLRQV� DUH�<RXU�RULJLQDO�FUHDWLRQ� DQG�RU� <RX� KDYH� VXIILFLHQW� ULJKWV� WR� JUDQW� WKH� ULJKWV� FRQYH\HG� E\� WKLV�/LFHQVH���1RWLFH�RI�/LFHQVH�&RS\ULJKW��<R X�PXVW�XSGDWH�WKH�&23<5,*+7�127,&(�SRUWLRQ�RI�WKLV�/LFHQVH�WR�LQFOXGH�WKH�H[DFW�WH[W�RI� WKH�&23<5,*+7�127,&(�RI�DQ\�2SHQ�*DPH�&RQWHQW�<RX� DUH� FRS\LQJ��PRGLI\LQJ� RU�GLVWULEXWLQJ��DQG�<RX�PXVW� DGG� WKH�WLWOH�� WKH� FRS\ULJKW� GDWH�� DQG� WKH� FRS\ULJKW� KROGHU
V� QDP H� WR� WKH� &23<5,*+7�127,&(�RI�DQ\�RULJLQDO�2SHQ�*DPH�&RQWHQW�\RX�'LVWULEXWH����8VH�RI�3URGXFW�,GHQWLW\��<RX�DJUHH�QRW�WR�8VH�DQ\�3URGXFW�,GHQWLW\��LQFOXGLQJ�DV�DQ� LQGLFDWLRQ� DV� WR� FRPSDWLELOLW\�� H[FHSW� DV� H[SUHVVO\� OLFHQVHG� LQ� DQRWKHU��LQGHSHQGHQW� $JUHHPHQ W� ZLWK� WKH� RZQHU� RI� HDFK� HOHPHQW� RI� WKDW� 3URGXFW� ,GHQWLW\��<RX� DJUHH� QRW� WR� LQGLFDWH� FRPSDWLELOLW\� RU� FR �DGDSWDELOLW\� ZLWK� DQ\� 7UDGHPDUN� RU�5HJLVWHUHG�7UDGHPDUN� LQ�FRQMXQFWLRQ�ZLWK�D�ZRUN�FRQWDLQLQJ�2SHQ�*DPH�&RQWHQW�H[FHSW�DV�H[SUHVVO\�OLFHQVHG�LQ�DQRWKHU ��LQGHSHQGHQW�$JUHHPHQW�ZLWK�WKH�RZQHU�RI�VXFK�7UDGHPDUN�RU�5HJLVWHUHG�7UDGHPDUN��7KH�XVH�RI�DQ\�3URGXFW�,GHQWLW\�LQ�2SHQ�*DPH� &RQWHQW� GRHV� QRW� FRQVWLWXWH� D� FKDOOHQJH� WR� WKH� RZQHUVKLS� RI� WKDW� 3URGXFW�,GHQWLW\��7KH�RZQHU�RI�DQ\�3URGXFW�,GHQWLW\�XVHG�LQ�2SHQ *DPH�&RQWHQW�VKDOO�UHWDLQ�DOO�ULJKWV��WLWOH�DQG�LQWHUHVW�LQ�DQG�WR�WKDW�3URGXFW�,GHQWLW\���� ,GHQWLILFDWLRQ�� ,I� \RX� GLVWULEXWH� 2SHQ� *DPH� &RQWHQW� <RX� PXVW� FOHDUO\� LQGLFDWH�ZKLFK�SRUWLRQV�RI�WKH�ZRUN�WKDW�\RX�DUH�GLVWULEXWLQJ�DUH�2SHQ�*DPH�&RQWHQW���� 8SGDWLQJ� WKH� /LFHQVH��:L]DUGV� RU� LWV� GHVLJQDWHG� $JHQWV� PD\� SXEOLVK� XSGDWHG�YHUVLRQV� RI� WKLV� /LFHQVH�� <RX�PD\� XVH� DQ\� DXWKRUL]HG� YHUVLRQ� RI� WKLV� /LFHQVH� WR�FRS\��PRGLI\�DQG�GLVWULEXWH�DQ\�2SHQ�*DPH�&RQWHQW�RULJLQDOO\�GLVWULEXWHG�XQGHU�DQ\�YHUVLRQ�RI�WKLV�/LFHQVH ����&RS\�RI�WKLV�/LFHQVH��<RX�0867�LQFOXGH�D�FRS\�RI�WKLV�/LFHQVH�ZLWK�HYHU\�FRS\�RI�WKH�2SHQ�*DPH�&RQWHQW�<RX�'LVWULEXWH�����8VH�RI�&RQWULEXWRU�&UHGLWV��<RX�PD\�QRW�PDUNHW�RU�DGYHUWLVH� WKH�2SHQ�*DPH�&RQWHQW�XVLQJ�WKH�QDPH�RI�DQ\�&RQWULEXWRU�XQOHVV�<RX�K DYH�ZULWWHQ�SHUPLVVLRQ�IURP�WKH�&RQWULEXWRU�WR�GR�VR����,QDELOLW\�WR�&RPSO\��,I�LW�LV�LPSRVVLEOH�IRU�<RX�WR�FRPSO\�ZLWK�DQ\�RI�WKH�WHUPV�RI�WKLV�/LFHQVH�ZLWK�UHVSHFW�WR�VRPH�RU�DOO�RI�WKH�2SHQ�*DPH�&RQWHQW�GXH�WR�VWDWXWH��MXGLFLDO�RUGHU��RU�JRYHUQPHQWDO�U HJXODWLRQ� WKHQ�<RX�PD\�QRW�8VH�DQ\�2SHQ�*DPH�0DWHULDO�VR�DIIHFWHG����7HUPLQDWLRQ��7KLV�/LFHQVH�ZLOO� WHUPLQDWH�DXWRPDWLFDOO\� LI�<RX� IDLO� WR�FRPSO\�ZLWK�DOO� WHUPV�KHUHLQ�DQG�IDLO� WR�FXUH�VXFK�EUHDFK�ZLWKLQ����GD\V�RI�EHFRPLQJ�DZDUH�RI�WKH�EUHDFK��$OO�VXEOLF HQVHV�VKDOO�VXUYLYH�WKH�WHUPLQDWLRQ�RI�WKLV�/LFHQVH�
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