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(QJLQHHULQJ�3URGXFW�'HYHORSPHQW��7KH�7UDQH�&RPSDQ\��/D�&URVVH��:,��������8��6��$�
$%675$&7$�SUHOLPLQDU\�VWDJH�LQ� WKH�GHVLJQ�RI�FKLOOHUV�LV�DOORFDWLRQ�RI�KHDW�DQG�PDVV�WUDQVIHU�VXUIDFH�DUHD�EHWZHHQ�WKH�YDULRXV�FRPSRQHQWV��7KH�DOORFDWLRQ�LV�EDVHG�XSRQ�WUDQVSRUW�SHUIRUPDQFH��SUHVVXUH�GURS��FRPSRQHQW�VL]H�DQG��ODVW�EXW�QRW�OHDVW��FRVW� FRQVLGHUDWLRQV�� 7KLV� SDSHU� SUHVHQWV� D� WHFKQLTXH� WR� RSWLPL]H� WKH� DUHD� GLVWULEXWLRQ�� XVLQJ� D� YDULDWLRQ� RI� G\QDPLF�SURJUDPPLQJ�� $EVRUSWLRQ� FKLOOHUV� ZLWK� VKHOO�DQG�WXEH� FRPSRQHQWV� DUH� FRQVLGHUHG� IRU� LOOXVWUDWLYH� SXUSRVHV�� EXW� WKH�WHFKQLTXH�FDQ�EH�DSSOLHG�WR�DQ\�SRZHU�RU�UHIULJHUDWLRQ�V\VWHP�DQG�FRPSRQHQW�FRQILJXUDWLRQ�.(<:25'6&KLOOHU��$EVRUSWLRQ��'HVLJQ��2SWLPL]DWLRQ��&RVW��'\QDPLF�3URJUDPPLQJ�
���,1752'8&7,21
,Q� WRGD\¶V� KLJKO\� FRPSHWLWLYH� JOREDO� HQYLURQPHQW��SURGXFW� FRVW� SOD\V� D� YHU\� LPSRUWDQW� UROH� LQ� SURILW�UHDOL]DWLRQ��0LQLPL]DWLRQ�RI�FRVW�DW�D�JLYHQ�SHUIRUPDQFH�OHYHO� LV� FULWLFDO� WR� WKH� RYHUDOO� VXFFHVV� RI� D� GHVLJQ�� 7KH�FRQFHSW�GHVLJQ�SKDVH�RI�DQ\�FKLOOHU�SURGXFW�LQFOXGHV�WKH�GHWHUPLQDWLRQ� RI� FRPSRQHQW� VXUIDFH� DUHD� WKDW� ZRXOG�GHOLYHU� WKH� GHVLUHG� SHUIRUPDQFH� XQGHU� VWDQGDUG�RSHUDWLQJ� FRQGLWLRQV�� *HQHUDOO\�� WKH� VDPH� SHUIRUPDQFH�FDQ�EH�DFKLHYHG�ZLWK�GLIIHUHQW�VXUIDFH�DUHD�GLVWULEXWLRQV�EHWZHHQ� WKH� FRPSRQHQWV�� ZLWKLQ� GHVLJQ� FRQVWUDLQWV��+RZHYHU��HDFK�GLVWULEXWLRQ�UHVXOWV�LQ�D�GLIIHUHQW�SURGXFW�FRVW�� 7R� ILQG� WKH� GLVWULEXWLRQ� \LHOGLQJ� WKH� ORZHVW� FRVW��H[SHULHQWLDO� PHWKRGV� DSSOLHG� VHOHFWLYHO\� WR� FRPSRQHQW�SDLUV� DUH� XVHG� W\SLFDOO\�� 0DWKHPDWLFDOO\� ULJRURXV�WHFKQLTXHV� DUH� FRQVSLFXRXVO\� DEVHQW� IURP� WKH� GHVLJQ�SURFHVV�� 7KLV� KDV� SURYLGHG� WKH� PRWLYDWLRQ� IRU� WKH�SUHVHQW�ZRUN�
7KH� JRDO� RI� WKLV� ZRUN� LV� WR� GHYHORS� D� JHQHUDOL]HG�DOJRULWKP� IRU� VXUIDFH� DUHD� DOORFDWLRQ� WKDW� \LHOGV�PLQLPXP� SURGXFW� FRVW�� $V� ZLWK� DQ\� RSWLPL]DWLRQ�SUREOHP�� WKLV� UHTXLUHV� WKH� GHILQLWLRQ� RI� DQ� REMHFWLYH�IXQFWLRQ� DQG� D� FRPELQDWLRQ� RI� HTXDOLW\� DQG� LQHTXDOLW\�FRQVWUDLQWV�>�@��)RU�FKLOOHU�GHVLJQ��WKH�REMHFWLYH�IXQFWLRQ�WR� EH� RSWLPL]HG� WKHQ� WUDQVODWHV� WR� D� FRVW� IXQFWLRQ� WR�PLQLPL]HG�� 7KH� IRUPXODWLRQ� RI� WKH� FRVW� IXQFWLRQ� UHOLHV�SULPDULO\�RQ�PDWHULDO FRVW�GDWD��IRU�FRQFHSW�GHVLJQ��7KH�FRQVWUDLQWV�RI� WKH�SUREOHP�DUH�LPSRVHG�E\�SHUIRUPDQFH�UHTXLUHPHQWV� DQG� RSHUDWLQJ� OLPLWV�� ,Q� DGGLWLRQ� WR� WKH�FRVW� IXQFWLRQ� DQG� FRQVWUDLQWV�� SULRU� NQRZOHGJH� RI�FRPSRQHQW SHUIRUPDQFH� FKDUDFWHULVWLFV�� HPSLULFDO� RU�WKHRUHWLFDO�� LV� QHFHVVDU\�� )LQDOO\�� D� WKHUPRG\QDPLF�V\VWHP�PRGHO�LQFRUSRUDWLQJ�WKHVH�FKDUDFWHULVWLFV�DQG�WKH�FRVW� IXQFWLRQ� VHUYHV� DV� D� YHKLFOH� IRU� WKH� RSWLPL]DWLRQ�SURFHVV�� 7KLV� PRGHO� FRXOG� EH� D GHULYDWLYH� RI� WKH�VHOHFWLRQ� RU� SHUIRUPDQFH� SUHGLFWLRQ� PRGHO� GHYHORSHG�IRU� VLPLODU� SURGXFW� >�@�� $� VXLWDEOH� RSWLPL]DWLRQ�WHFKQLTXH�WKHQ�QHHGV�WR�EH�LPSOHPHQWHG�

���&267�)81&7,21
2SWLPL]DWLRQ� RI� FKLOOHU� GHVLJQ� FDQ� EH� FDUULHG� RXW� DW� D�JLYHQ� FKLOOHU� HIILFLHQF\�� 7KDW� LV�� WKH� RSWLPL]HG� GHVLJQ�GHOLYHUV� WKH� GHVLUHG� FDSDFLW\� DW� IL[HG� RSHUDWLQJ� FRVWV��7KXV�� IRU� WKH� RSWLPL]DWLRQ�� RQH� LV� RQO\� LQWHUHVWHG� LQ�FDSLWDO�RU�ILUVW�FRVWV��7KH�ILUVW�FRVW�LWVHOI�FDQ�EH�GHILQHG�DV� 9)&))&)& � ���7KH� IL[HG� ILUVW� FRVW� GRHV� QRW� YDU\� ZLWK� WKH� GHVLJQ�YDULDEOHV��)RU�D�FRQFHSWXDOO\�VLPLODU�FKLOOHU�RI�GLIIHUHQW�FDSDFLW\�� WKLV�FRPSRQHQW�RI� WKH� ILUVW�FRVW� LV�FRQVWDQW��$�W\SLFDO� YDOXH� IRU� D� VPDOO� WZR�VWDJH� VWHDP�ILUHG� XQLW� LV������WRQ��6LQFH�WKH�REMHFWLYH�RI�WKH�RSWLPL]DWLRQ�LV�ILUVW�FRVW�PLQLPL]DWLRQ� ������ 9)&0LQ9)&))&0LQ)&0LQ  � ���+HQFH�� PLQLPL]DWLRQ� RI� WKH� YDULDEOH� ILUVW� FRVW� DORQH��VXEMHFW� WR� WKH� QHFHVVDU\� FRQVWUDLQWV��ZLOO� \LHOG� WKH� EHVW�FRPELQDWLRQ�RI�GHVLJQ�YDULDEOH�YDOXHV�
7KH�YDULDEOH�ILUVW�FRVW� LV�GHILQHG�DV�WKH�VXP�RI�WKH�WXEH�PDWHULDO�DQG�DVVHPEO\�FRVWV�DQG�WKH�VKHOO�PDWHULDO�FRVW��7KH� ODWWHU� FKDQJHV� ZLWK� WXEH� EXQGOH� GLPHQVLRQV�� LQ�WHUPV�RI�WKH�PDWHULDO�FRQWHQW�RI�WKH�VKHOO�ZDOO��7KHUH�DUH�RWKHU� YDULDEOH� FRVWV�� H�J�� WKRVH� UHODWLQJ� WR� WKH� ODERXU�DPRXQW� DV� D� IXQFWLRQ� RI� FRPSRQHQW� VL]H� �� DVSHFW�UDWLR��EXW�WKHVH�KDYH�EHHQ�WUHDWHG�DV�QHJOLJLEOH�IRU�WKH�SUHVHQW�H[HUFLVH�� 7KXV�� WKH� REMHFWLYH� IXQFWLRQ� IRU� WKH� FKLOOHU�RSWLPL]DWLRQ�SUREOHP�LV�

¦ �� �
�

&RVW0DWHULDO6KHOO &RVW$VVHPEO\7XEH &RVW0DWHULDO7XEH9)& ���
ZKHUH�HDFK�RI� WKH�DERYH�YDULDEOH�FRVWV� LV� D� IXQFWLRQ�RI�WKH� IROORZLQJ� LQGHSHQGHQW� YDULDEOHV�� WXEH�FKLOOHU� OHQJWK��/���WXEH�GLDPHWHU��'���QXPEHU�RI�WXEHV��1WXEHV���QXPEHU�RI� FROXPQV� RU� URZV� �1FROXPQV RU� 1URZV�� DQG� QXPEHU� RI�SDVVHV� �1SDVVHV��� 7KHVH� DUH� WKH� GHVLJQ� YDULDEOHV� WKDW�LQLWLDWH� WKH� GHYHORSPHQW� RI� D� W\SLFDO� VKHOO�DQG�WXEH�FKLOOHU�
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���'(6,*1�9$5,$%/(6
(DFK�RI� WKH�DERYH� LQGHSHQGHQW�YDULDEOHV�KDV� LPSDFW�RQ�FKLOOHU�FRPSRQHQW� SHUIRUPDQFH�� DOEHLW� YLD� GLIIHUHQW�PHFKDQLVPV�� 1DWXUDOO\�� DOO� DIIHFW� FDSDFLW\� DQG�HIILFLHQF\��&23��DQG�KHQFH�FRVW��+RZHYHU�� WXEH�OHQJWK�GRHV� VR� YLD� VXUIDFH� DUHD�� WXEH� FRXQW� DQG� GLDPHWHU� YLD�VXUIDFH� DUHD� DQG� WKH� LQVLGH� KHDW� WUDQVIHU� FRHIILFLHQW��QXPEHU� RI� FROXPQV� �RU� URZV�� YLD� WKH� RXWVLGH� KHDW�WUDQVIHU�FRHIILFLHQW��DQG�QXPEHU�RI�SDVVHV�YLD�WKH LQVLGH�KHDW� WUDQVIHU� FRHIILFLHQW� DORQH�� 7XEH� OHQJWK�� GLDPHWHU��FRXQW� DQG� QXPEHU� RI� SDVVHV� DOVR� GLUHFWO\� LPSDFW�FRROLQJ� RU� FKLOOHG�ZDWHU� SUHVVXUH� GURS� YLD� WKH� LQVLGH�IULFWLRQ� IDFWRU�� )LQDOO\�� WXEH� FRXQW� DQG� QXPEHU� RI�FROXPQV� �RU� URZV�� GHWHUPLQH� EXQGOH�FRPSRQHQW� VL]HV��IRU� JLYHQ� WXEH� VSDFLQJ�� DQG� KHQFH� RYHUDOO� ZLGWK� DQG�KHLJKW�RI�WKH�FKLOOHU�
���23(5$7,1*�&21675$,176
7KH� RSWLPL]DWLRQ� RI� DQ\� SUDFWLFDO� REMHFWLYH� IXQFWLRQ� LV�XVXDOO\� VXEMHFW� WR� FHUWDLQ� FRQVWUDLQWV� RU� OLPLWLQJ�FRQGLWLRQV�� 7KHVH� FDQ� EH� HTXDOLW\ RU� LQHTXDOLW\�FRQVWUDLQWV�� ,Q� WKH� PLQLPL]DWLRQ� RI� WKH� FRVW� IXQFWLRQ�GHILQHG� DERYH�� FKLOOHU� RSHUDWLQJ� FRQVWUDLQWV� SOD\� D�FUXFLDO� UROH�� 'HVLUHG� FDSDFLW\� DQG� &23� ZRXOG� EH� WKH�HTXDOLW\�FRQVWUDLQWV��H�J�

���� ����  &23 WRQV&DSDFLW\ ���ZKLOH� FKLOOHG� DQG� FRROLQJ�ZDWHU� SUHVVXUH� GURSV� DQG�YHORFLWLHV�� HYDSRUDWRU� OHDYLQJ� DSSURDFK� WHPSHUDWXUHV�DQG� SURJUDPPDEOH� FRQWURO�V\VWHP� YDULDEOHV�� DQG� XQLW�IRRWSULQW�DQG�KHLJKW�ZRXOG�EH�LQHTXDOLW\�FRQVWUDLQWV��H�J�
������� �������IWP+ ZDWHURIIWPS ZDWHUFRROLQJ� d' ���

3URJUDPPDEOH� FRQWUROV� IRU� ZDWHU�/L%U� DEVRUSWLRQ�FKLOOHUV� LQFOXGH�FU\VWDOOL]DWLRQ�DQG�FRUURVLRQ�SURWHFWLRQ��UHIULJHUDQW� SXULW\� �ZLWK� UHVSHFW� WR� VDOW�� DQG� HQHUJ\� DQG�VROXWLRQ�IORZ�PRGXODWLRQ��7KH�FDVH�VWXGLHV�SUHVHQWHG�LQ�WKH� 5HVXOWV� 	� 'LVFXVVLRQ� VHFWLRQ� ZLOO� LOOXVWUDWH� WKH�IRUPXODWLRQ� RI� WKH� RSWLPL]DWLRQ� SUREOHP� LQ� JUHDWHU�GHWDLO���� 02',),('� '<1$0,&�352*5$00,1*� )25� &+,//(5�'(6,*1
'\QDPLF� SURJUDPPLQJ� LV� D� PHWKRG� RI� RSWLPL]DWLRQ�DSSOLFDEOH� WR� VWDJHG� SURFHVVHV�� RU� WR� FRQWLQXRXV�IXQFWLRQV�WKDW�FDQ�EH�DSSUR[LPDWHG�E\�VWDJHG�SURFHVVHV�>�@��7KH�DOJRULWKP�WR�DUULYH�DW�DQ�RSWLPDO�FRQILJXUDWLRQ�RU�GHVLJQ�LQYROYHV�HVWDEOLVKLQJ�RSWLPL]DWLRQ�URXWLQHV�IRU�VXEVHFWLRQV� RI� WKH� SUREOHP�� 7KH� UHVXOWV� RI� WKH�RSWLPL]DWLRQ� IRU� WKH�VXEVHFWLRQV�DUH�XVHG� LQ�VXFFHHGLQJ�HYDOXDWLRQV�� DQG� QR� SDWK� EHWZHHQ� WKH� VXEVHFWLRQV�

RULJLQDWHV� IURP� D� QRQ�RSWLPDO� �VXEVHFWLRQ��FRQILJXUDWLRQ�
7R� GHPRQVWUDWH� WKH� DERYH�� FRQVLGHU� WKH� VLQJOH�VWDJH�DEVRUSWLRQ�FKLOOHU��7KLV�KDV� IRXU�SULPDU\�VKHOO�DQG�WXEH�FRPSRQHQWV�� JHQHUDWRU�� FRQGHQVHU�� HYDSRUDWRU� DQG�DEVRUEHU�� $� W\SLFDO� VHOHFWLRQ� PRGHO� IRU� VXFK� D� FKLOOHU�XVHV� JHRPHWULF� �GHVFULEHG� DERYH�� DQG� ZRUNLQJ�IOXLG� ±UHODWHG��VROXWLRQ�IORZ�UDWHV��GHVLJQ�YDULDEOHV�DV�LQSXWV�WR�SUHGLFW� SHUIRUPDQFH�� L�H�� WKHVH� KDYH� IL[HG�YDOXHV� LQ� WKH�PRGHO��,I�D�JLYHQ�FKLOOHU�FDSDFLW\�LV�GHVLUHG��DW�D�FHUWDLQ�WKHUPRG\QDPLF� HIILFLHQF\�� WKHVH EHFRPH� LQSXWV� DQG� D�SDLU�RI�GHVLJQ�YDULDEOHV�FDQ�IORDW��,Q�WKLV�ZRUN��WKH�WXEH�FRXQW� LQ� RQH� RI� WKH� FRPSRQHQWV� DQG� WKH� VROXWLRQ� IORZ�UDWH� FRQVWLWXWH� WKH� IORDWLQJ� SDLU�� 2QFH� WKH� IORZ� UDWH�QHFHVVDU\�IRU�WKH�GHVLUHG�&23�LV�WHQWDWLYHO\�HVWDEOLVKHG��YLD�PRGHO� UXQV�RI� WKH� LQLWLDO�FRQILJXUDWLRQ�� WKH�SUREOHP�EUHDNV� GRZQ� LQWR� DV� PDQ\� VXEVHFWLRQV� DV� WKHUH� DUH�FRPSRQHQW�SDLU� FRPELQDWLRQV�� 7KDW� LV�� IRU� HDFK�FRPSRQHQW� LQ� HDFK� SDLU�� WKH� RSWLPXP� WXEH� FRXQW�\LHOGLQJ� WKH� GHVLUHG� SHUIRUPDQFH� DW� WKH� ORZHVW� FKLOOHU�YDULDEOH� ILUVW� FRVW� LV� VRXJKW�� ZLWKLQ� WKH� RSHUDWLQJ�FRQVWUDLQWV�GHVFULEHG�DERYH��7KLV� LV�GRQH�E\� LQFUHDVLQJ��RU� GHFUHDVLQJ�� WKH� WXEH� FRXQW� IRU� RQH� RI� WKH�FRPSRQHQWV�LQ�D�SDLU�DQG�GHFUHDVLQJ��RU�LQFUHDVLQJ��WKDW�IRU�WKH�RWKHU�XQWLO�D�PLQLPXP�FKLOOHU�FRVW�LV�DWWDLQHG�
:KHQ� D� JLYHQ� FRPSRQHQW� SDLU� LV� RSWLPL]HG�� WKH�DOJRULWKP�PRYHV�RQ�WR�WKH�QH[W�SDLU�RU�VXEVHFWLRQ�RI�WKH�SUREOHP�ZLWK�WKH�ODWHVW��RSWLPXP��WXEH�FRXQWV�IURP�WKH�SUHYLRXV� VXEVHFWLRQ�� DV� SHU� WKH� SULQFLSOH� RI� G\QDPLF�SURJUDPPLQJ� �6WRHFNHU�� ������� 7KH� FRVW� PLQLPXP�UHDFKHG� DW� WKH� HQG� RI� HDFK� VXEVHFWLRQ� LV� RI� FRXUVH� D�FRQVWUDLQHG PLQLPXP�� )LJXUH� �� VKRZV� HDFK� VXEVHFWLRQ�RSWLPL]DWLRQ� IRU� D� ����WRQ� VLQJOH�VWDJH� DEVRUSWLRQ�FKLOOHU��XQFRQVWUDLQHG�IRU�LOOXVWUDWLYH�SXUSRVHV��1RWH�WKH�GLPLQLVKLQJ� PLQLPXP� FRVW� IURP� RQH� SORW� WR� WKH� QH[W��WKH�PLQLPXP�LQ�RQH�SORW� LV� WKH�PD[LPXP�LQ�WKH�QH[W���+RZHYHU��WKH�FRVW�FDOFXODWHG�DW�WKH�HQG�RI�D�VLQJOH�F\FOHRI� VXEVHFWLRQV� LV� QRW� QHFHVVDULO\� WKH� ORZHVW� FRVW�SRVVLEOH��7KLV�LV�EHFDXVH�WKH�RSWLPL]DWLRQ�LV�FDUULHG�RXW�SLHFHPHDO�� D� FRPSRQHQW� SDLU� DW� D� WLPH�� 7KXV�� WKH�RSWLPXP� WXEH� FRXQWV� REWDLQHG� DW� WKH� HQG� RI� WKH� ILUVW�VXEVHFWLRQ�� IRU� WKH� LQLWLDO� WXEH� FRXQWV� LQ� WKH� UHPDLQLQJ�FRPSRQHQWV�� PLJKW� QRW� EH� RSWLPDO� ZLWK� WKH� ODWHVW� WXEH�FRXQWV� LQ� WKHVH�FRPSRQHQWV��7KH�HQG�RI�RQH�F\FOH� WKHQ�VHUYHV� DV� WKH� EHJLQQLQJ� RI� DQRWKHU�� DQG� WKH� VDPH�VHTXHQFH�RI�VXEVHFWLRQ�RSWLPL]DWLRQ�LV�UHSHDWHG�ZLWK�WKH�FRQVWDQWO\�HYROYLQJ�WXEH�FRXQWV��7KH�LWHUDWLRQV�FRQWLQXH�XQWLO� WKH�FKLOOHU�YDULDEOH�FRVW�GRHV�QRW�FKDQJH�LQ�H[FHVV�RI� D� XVHU�GHILQHG� FRVW� WROHUDQFH�� :KHQ� WKLV� SRLQW� LV�UHDFKHG�� WKH� UHVXOWLQJ� WXEH� FRXQWV� LQ� WKH� GLIIHUHQW�FRPSRQHQWV� \LHOG� WKH� ILQDO� EXQGOH� FRQILJXUDWLRQ� RI� WKH�FKLOOHU��7KH�LWHUDWLYH�QDWXUH�RI�WKH�DOJRULWKP�UHQGHUV�LW�D�PRGLILHG G\QDPLF�SURJUDPPLQJ�WHFKQLTXH�
)RU� WKLV� ZRUN�� WKH� UHTXLUHG� WKHUPRG\QDPLF�PRGHO�ZDV�GHYHORSHG� XVLQJ� 7.� 6ROYHU� IRU� :LQGRZV� >�@�� 7KH�FRQVWUDLQHG� G\QDPLF� SURJUDPPLQJ� ZDV� LQFRUSRUDWHG�LQWR�D�9LVXDO�%DVLF�LQWHUIDFH�QHHGHG�IRU�WKLV�PRGHO�>�@�
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*HQHUDWRU�$EVRUEHU�2SWLPL]DWLRQ
1W* 1W$� &RVW��� �

*HQHUDWRU�&RQGHQVHU�2SWLPL]DWLRQ
1W* 1W&� &RVW��� �

$EVRUEHU�&RQGHQVHU�2SWLPL]DWLRQ
1W$ 1W&� &RVW��� �

$EVRUEHU�(YDSRUDWRU�2SWLPL]DWLRQ
1W$ 1W(� &RVW��� �

(YDSRUDWRU�*HQHUDWRU�2SWLPL]DWLRQ
1W( 1W*� &RVW��� �

&RQGHQVHU�(YDSRUDWRU�2SWLPL]DWLRQ
1W& 1W(� &RVW��� �

&RVW��� &RVW���

&RVW��� &RVW���

&RVW��� &RVW���

1W* 1W$ 1W& 1W(

1W* 1W& 1W$ 1W&

1W$ 1W( 1W( 1W*

)LJXUH����6XEVHFWLRQ��&RPSRQHQW�3DLU��2SWLPL]DWLRQ
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��� &20321(17� 3(5)250$1&(�3$5$0(7(56
$V� PHQWLRQHG�� WKH� RSWLPL]DWLRQ� DOJRULWKP� UHOLHV� RQ� D�PRGHO� RU� HQJLQH� IRU� F\FOH� FDOFXODWLRQV�� 7KH� F\FOH�FDOFXODWLRQV� LQ� WXUQ� UHTXLUH� FRPSRQHQW� SHUIRUPDQFH�SUHGLFWLRQV�� )RU� VKHOO�DQG�WXEH� FRPSRQHQWV�� WKHVH�W\SLFDOO\�GHSHQG�RQ�WKH�LQVLGH��ZLWK�UHVSHFW�WR�WKH�WXEHV��KHDW� WUDQVIHU� FRHIILFLHQWV� DQG� IULFWLRQ� IDFWRUV�� DQG�RXWVLGH� KHDW� DQG�RU� PDVV� WUDQVIHU� FRHIILFLHQWV�� 7KH� LQ�WXEH� FKDUDFWHULVWLFV� DUH� REWDLQHG� IURP� VWDQGDUG�FRUUHODWLRQV�IRU�VPRRWK�DQG�HQKDQFHG�WXEHV�>����@��ZKLOH�WKH� RXWVLGH� WUDQVSRUW� LV� IURP� HPSLULFDO� FRUUHODWLRQV�EDVHG�RQ�ODE�GDWD�>�@��,Q�KRXVH�GDWD�KDV�EHHQ�XVHG�LQ�WKH�FDVH� RI� WKH� ODWWHU� EHFDXVH� UHOLDEOH� VWDQGDUG� FRUUHODWLRQV�DUH� QRW� DYDLODEOH� IRU� WKH� W\SLFDO� RSHUDWLQJ� UDQJH� RI� WKH�WXEH�EXQGOHV����'(6,*1�3$5$0(7(56
6RPH� GHVLJQ YDULDEOHV� PXVW� EH� KHOG� IL[HG� GXULQJ�H[HFXWLRQ� RI� WKH� RSWLPL]DWLRQ� DOJRULWKP�� PDNLQJ� WKHP�GHVLJQ�SDUDPHWHUV�� )RU� WKH� FDVH� VWXGLHV� SUHVHQWHG�KHUH��DOO�WKH�LQGHSHQGHQW�YDULDEOHV�LGHQWLILHG�DERYH�DUH�WUHDWHG�DV� SDUDPHWHUV�� H[FHSW� WXEH� FRXQWV�� ,Q� DGGLWLRQ�� WKHFRROLQJ�ZDWHU�IORZ�FRQILJXUDWLRQ��VHULHV�RU�SDUDOOHO��ZLWK�UHVSHFW� WR� WKH� DEVRUEHU� DQG� FRQGHQVHU��� FRPSRQHQW�OD\RXW� �VLGH�E\�VLGH�RU�RYHU�XQGHU���DQG� LQ�WXEH� IRXOLQJ�DUH�DOVR�DVVXPHG�
)RU� DEVRUSWLRQ� FKLOOHUV�� VROXWLRQ�WR�VROXWLRQ� KHDW�H[FKDQJHUV� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH� RYHUDOO�SHUIRUPDQFH�� ,Q� WKLV� ZRUN�� WKH� SHUIRUPDQFH� SUHGLFWLRQ�PRGHO� WUHDWV� WKH� KHDW� H[FKDQJHU� HIIHFWLYHQHVV� DV� D�SDUDPHWHU�� DOWKRXJK� WKLV� FRPSRQHQW� FRXOG� DOVR� EH�LQFOXGHG� LQ� WKH� RSWLPL]DWLRQ�YLD� LWV� WXEH�RU� SODWH� FRXQW�DQG� D� FRUUHVSRQGLQJ� KHDW� H[FKDQJHU�PRGHO�� 7KH� IL[HG�HIIHFWLYHQHVV� KHDW� H[FKDQJHU� KHUH�� KDYLQJ� D� ³IUR]HQ´�GHVLJQ��FRQWULEXWHV�RQO\�D�IL[HG�FRVW�
7KH� DERYH� GLVFXVVLRQ� DOVR� DSSOLHV� WR� WKH� GLUHFW�ILUHG�JHQHUDWRU� RI� WZR�VWDJH� DEVRUSWLRQ� XQLWV� DQG� LWV�FRPEXVWLRQ� HIILFLHQF\�� ,Q� WKH� FDVH� RI� YDSRXU�FRPSUHVVLRQ� FKLOOHUV�� WKH� FRPSUHVVRU� HIILFLHQF\� FRXOG�EH� KDQGOHG� LQ� WKH� VDPH� PDQQHU�� XQOHVV� D� FRPSUHVVRU�PRGHO� RU� PDS� ZDV� LQWHJUDWHG� LQWR� WKH� SHUIRUPDQFH�SUHGLFWLRQ� HQJLQH�� ,GHDOO\�� WKH� LQWHU�UHODWLRQVKLS�EHWZHHQ�JHRPHWU\��HIILFLHQF\�DQG�FRVW�IRU�HDFK�RI�WKHVH�FRPSRQHQWV� VKRXOG� EH� LQFRUSRUDWHG� LQWR� WKH� HQJLQH� WR�³WKDZ´� LWV� GHVLJQ�� 7KXV�� WKH� FKLOOHU� RSWLPL]DWLRQ�SUHVHQWHG� LQ� WKLV� SDSHU� DVVXPHV�D� IL[HG�HIILFLHQF\�FRVW��GLFWDWHG� SULPDULO\� E\� VSHHG� FRQFHUQV� DQG� ODFN� RI�GHWDLOHG�PRGHOV��IRU�FHUWDLQ�FRPSRQHQWV����&219(5*(1&(�&5,7(5,$
7R�DUULYH�DW� WKH�PLQLPXP�XQLW� FRVW�GXULQJ� �VXEVHFWLRQ��RSWLPL]DWLRQ�EHWZHHQ� WZR� FRPSRQHQWV�� D� YDULDQW�RI� WKH�ELVHFWLRQ� WHFKQLTXH� ZDV� XVHG� >�@�� 7KH� FRQYHUJHQFH�

FULWHULRQ�IRUFHG�WKH�DEVROXWH�LQFUHPHQW�LQ�FRVW�DW�WKH�HQG�RI�D� WXEH�FRXQW�FRPELQDWLRQ�WR�EH�ZLWKLQ�������RI�WKDW�IURP�WKH�SUHYLRXV�WXEH�FRXQW�FRPELQDWLRQ��IRU�WKH�JLYHQ�FRPSRQHQW� SDLU�� $� VHFRQG� PLQLPXP�FRVW� FRQYHUJHQFH�FULWHULRQ� ZDV� UHTXLUHG�� IRU� WKH� LWHUDWLRQV� RI� WKH� RXWHU�ORRS� RU� VXEVHFWLRQ� F\FOHV�� 7KXV�� ZKHQ� DOO� FRPSRQHQW�SDLUV� KDG� EHHQ� LQGLYLGXDOO\� RSWLPL]HG�� D� FRPSDULVRQ�ZDV�PDGH�EHWZHHQ� WKH�XQLW�FRVW�DW� WKH�HQG�RI� WKH�F\FOH�DQG�WKDW�EHIRUH�LW��L�H��WKH�FRVW�DW�WKH�HQG�RI�WKH�SUHYLRXV�F\FOH��� ,Q� WKLV� FDVH�� WKH� QHJDWLYH� LQFUHPHQW� KDG� WR� EH�ZLWKLQ������RI�PLQLPXP��ILQDO��FRVW� IURP�WKH�SUHYLRXV�LWHUDWLRQ��%RWK�FRQYHUJHQFH�FULWHULD�DUH�XVHU�GHILQHG�DQG�FDQ�EH�PRGLILHG� WR�VXLW� WKH�FRVW�WXEH�FRXQW� WROHUDQFH�RI�WKH�DSSOLFDWLRQ����5(68/76�	�',6&866,21
7KH� VLQJOH�VWDJH� DEVRUSWLRQ� FKLOOHU� KDV� IRXU� SULPDU\�FRPSRQHQWV� DQG� KHQFH� VL[� FRPELQDWLRQV� IRU�RSWLPL]DWLRQ�� $� VRPHZKDW� UHDOLVWLF� FRQILJXUDWLRQ��VKRZQ� LQ�7DEOH� ���ZDV� VHOHFWHG� DV� EDVHOLQH� >�@��$V� WKH�ILUVW� VWHS� LQ�D�QHZ�FKLOOHU�GHVLJQ��VRPH�PDQLSXODWLRQ�RI�/�� '�� 1FROXPQV�� 1SDVVHV DQG� FRROLQJ� ZDWHU� IORZ� FLUFXLWU\�ZDV� UHTXLUHG� WR� DUULYH� DW� WKLV� FRQILJXUDWLRQ�� $Q�HIILFLHQF\�OHYHO��GHVLUHG�&23��ZDV�SUHVFULEHG�E\�IL[LQJ�WKH�VROXWLRQ�IORZ�UDWHV�DQG�KHDW�H[FKDQJHU�HIIHFWLYHQHVV�DW�VXLWDEOH�YDOXHV�
7KH� RSWLPL]HG� FRQILJXUDWLRQ� UHVXOWV� LQ� D� ����� FRVW�UHGXFWLRQ� ZLWKRXW� FRPSURPLVLQJ� SHUIRUPDQFH� DQG�YLRODWLQJ� RSHUDWLQJ� FRQVWUDLQWV� �LPSRVHG� E\� WKH�FRQWUROV��� 7KLV� LV� DOVR� LQFOXGHG� LQ� 7DEOH� �� IRU�FRPSDULVRQ�� DORQJ� ZLWK� WKH� RSHUDWLQJ� OLPLWV�� $Q�LQFUHDVH�LQ�SUHVVXUH�GURS�LQ�WKH�SURFHVV��UHVXOWLQJ�IURP�D�UHTXLUHPHQW� WR� LPSURYH� WKH LQ�WXEH� KHDW� WUDQVIHU�FRHIILFLHQW� YLD� KLJKHU� 5H\QROGV� QXPEHUV� WR� FRXQWHU�GLPLQLVKLQJ� VXUIDFH� DUHD�� LV� DFFHSWDEOH� DV� ORQJ� DV� LW� LV�ZLWKLQ� WKH� FRQVWUDLQW� ³ER[´� �KHUH�� VDWLVI\LQJ� DQ� XSSHU�OLPLW�RI�����P�RU����IW�RI�ZDWHU��
7KH�SURFHVV�RI�JRLQJ�IURP�WKH�EDVHOLQH�FRQILJXUDWLRQ�WR�WKH� RSWLPL]HG� RQH� LV� VKRZQ� LQ� )LJXUH� ��� 7KH� YDULDEOH�ILUVW� FRVW� RI� WKH� IRUPHU� LV� UHSUHVHQWHG� E\� WKH� OHIWPRVW�GLDPRQG� V\PERO��ZKLOH� WKDW� RI� WKH� ODWWHU� LV� UHSUHVHQWHG�E\� WKH� ULJKWPRVW� GLDPRQG�� 7KH� RSWLPL]DWLRQ� DOJRULWKP�JRHV� IURP� WKH� JHQHUDWRU�FRQGHQVHU� WR� WKH� FRQGHQVHU�HYDSRUDWRU� DQG� VR� RQ� �LQQHU� ORRS� LWHUDWLRQV�� XQWLO� WKH�YDULDEOH� ILUVW� FRVW� FKDQJH� DFURVV� WKH� RSWLPL]DWLRQ� RI�HDFK�SDLU� LV�ZLWKLQ� WKH�SUHGHILQHG������� WROHUDQFH�� L�H��DOO�VL[�SDLUV�DUH� LQGLYLGXDOO\�RSWLPL]HG��7KLV�FRQVWLWXWHV�WKH�ILUVW�RXWHU�ORRS�LWHUDWLRQ��6LQFH�WKH�YDULDEOH�ILUVW�FRVW�DW� WKH� HQG� RI� WKLV� ILUVW� F\FOH� LV� QRW� ZLWKLQ� WKH� �����WROHUDQFH� �ZLWK� UHVSHFW� WR� WKH� LQLWLDO� YDULDEOH� ILUVW� FRVW��VHW� IRU� WKH� RXWHU� ORRSV�� WKH� DOJRULWKP� HPEDUNV� XSRQ� D�VHFRQG�RXWHU�LWHUDWLRQ��$V�FDQ�EH�VHHQ�IURP�)LJXUH����WKH�FKDQJH� LQ� YDULDEOH� ILUVW� FRVW� DFURVV� WKLV� F\FOH� LV� ZHOO�ZLWKLQ� WKH� DFFHSWDEOH� WROHUDQFH�� \LHOGLQJ� WKH� RSWLPL]HG�WXEH�EXQGOHV�
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7DEOH����&RPSDULVRQ�RI�%DVHOLQH�DQG�2SWLPL]HG�&RQILJXUDWLRQV�IRU�D����� �7RQ�6LQJOH�6WDJH�$EVRUSWLRQ� &KLOOHU� �&23 ������ *HQHUDWRU� 6ROXWLRQ� )ORZ� 5DWH ����� /�V� ����� *30��� 7XEH�/HQJWK ����P�����IW��
3DUDPHWHU %DVHOLQH 2SWLPL]HG 2SHUDWLQJ�/LPLWV&RROLQJ�:DWHU�3UHVVXUH�'URS ����P�������IW�RI�ZDWHU ����P�������IW�RI�ZDWHU ������P�������IW�RI�ZDWHU&KLOOHG�:DWHU�3UHVVXUH�'URS ����P�������IW�RI�ZDWHU ����P�������IW�RI�ZDWHU ������P�������IW�RI�ZDWHU&RQGHQVHU�7XEH�9HORFLW\ ����P�V������IW�V� ����P�V������IW�V� ������P�V������IW�V�$EVRUEHU�7XEH�9HORFLW\ ����P�V������IW�V� ����P�V������IW�V� ������P�V������IW�V�(YDSRUDWRU�7XEH�9HORFLW\ ����P�V������IW�V� ����P�V������IW�V� ������P�V������IW�V�&U\VWDOOL]DWLRQ�0DUJLQ ����&�������)� ����&�������)� t ����&�������)�0D[LPXP�6ROXWLRQ�7HPSHUDWXUH ������&��������)� ������&��������)� ��������&��������)�(YDSRUDWRU�$SSURDFK�7HPSHUDWXUH ����&������)� ����&������)� ������&������)�1XPEHU�RI�*HQHUDWRU�7XEHV ��� ��� �1XPEHU�RI�&RQGHQVHU�7XEHV ��� ��� �1XPEHU�RI�(YDSRUDWRU�7XEHV ��� ��� �1XPEHU�RI�$EVRUEHU�7XEHV ���� ���� �9DULDEOH�)LUVW�&RVW ������ ������ �

)LJXUH� ��� 3DWK� WR�&RQYHUJHQFH� IRU� �����7RQ� 6LQJOH�6WDJH�$EVRUSWLRQ�&KLOOHU�2SWLPL]DWLRQ��2XWHU� /RRS� &ULWHULRQ�� ������� �� �9)QHZ� � 9)SUHY�� �� 9)QHZ� �� ��� ,QQHU� /RRS� &ULWHULRQ��$EV�9)QHZ�� 9)SUHY����9)QHZ����������
$V� ZRXOG� EH� H[SHFWHG�� WKH� RYHUDOO� UHVXOW� LV� D�PRQRWRQLFDOO\� GHFUHDVLQJ� FRVW� IXQFWLRQ� PDGH� XS� RI�VHJPHQWV�RI�GUDPDWLFDOO\�GLIIHUHQW�VORSHV��$�FORVHU�ORRN�DW� WKH� LQQHU� ORRS� LWHUDWLRQV� UHYHDOV� GLVFRQWLQXLW\� RU�³VSLNHV´� LQ� WKH� FRVW� IXQFWLRQ� EHWZHHQ� WKH� RSWLPL]DWLRQ�RI�RQH�FRPSRQHQW�SDLU�DQG� WKH�QH[W��7KH�PRUH�REYLRXV�LQVWDQFHV� RI� WKLV� DUH� WKH� FRQGHQVHU�HYDSRUDWRU� DQG�HYDSRUDWRU�DEVRUEHU� RSWLPL]DWLRQ�� ,Q� WKH� ODWWHU�� IRU�H[DPSOH�� WKH�QXPEHU�RI�DGGLWLRQDO��UHODWLYHO\�H[SHQVLYH�WXEHV�LQ�WKH�HYDSRUDWRU�DFFRPSDQ\LQJ�D�UHGXFWLRQ�RI����WXEHV� LQ� WKH� DEVRUEHU� IRU� WKH� VDPH� SHUIRUPDQFH� OHYHO�UHVXOWV�D�MXPS�LQ�WKH�FRVW��6XFK�SDLUV�DUH�HYLGHQWO\�PRUH�FULWLFDO� WR� WKH�RYHUDOO�RSWLPL]DWLRQ� WKDQ�RWKHUV�� WKH�FRVW�IXQFWLRQ� KDYLQJ� D� VLJQLILFDQWO\� VWHHSHU� QHJDWLYH� VORSH��)LQDOO\�� WKH� GXUDWLRQ� RI� RSWLPL]DWLRQ� IRU D� JLYHQ� SDLU��QXPEHU� RI� LQQHU� ORRS� LWHUDWLRQV�� LV� LQGLFDWLYH� RI� KRZ�UHPRYHG� WKH� EXQGOHV� LQ� WKDW� SDLU� ZHUH� IURP� KDYLQJ�RSWLPXP�WXEH�FRXQWV�

$V� PHQWLRQHG� HDUOLHU�� WKH� RSWLPL]DWLRQ� DOJRULWKP� ZDV�H[WHQGHG� WR� LQFOXGH� WZR�VWDJH� FKLOOHUV�� L�H�� IRXU� PRUH�FRPSRQHQW� FRPELQDWLRQV� ZHUH� DGGHG�� UHODWLQJ� WKH�GHVLJQ� RI� WKH� QHZ� FRPSRQHQW� �KLJK�WHPSHUDWXUH�JHQHUDWRU�� WR� WKDW� RI� WKH� RULJLQDO� IRXU�� $� EDVHOLQH�FRQILJXUDWLRQ�ZDV� HVWDEOLVKHG� IRU� WKH� WZR�VWDJH�� VWHDP�ILUHG� PDFKLQH�� 7KLV� ZDV� D� VLPSOHU� H[HUFLVH� WKDQ� WKH�VLQJOH�VWDJH� FDVH�� FXUUHQW� WZR�VWDJH� FKLOOHUV� KDYLQJ�DOUHDG\�EHHQ�GHYHORSHG��7KXV��/��'��1FROXPQV��1SDVVHV DQG�ZDWHU� IORZ�FLUFXLWU\�VLPLODU� WR�WKRVH�LQ�H[LVWLQJ�SURGXFW�FRXOG� EH� XVHG�� L�H�� YHU\� OLWWOH� SUH�SURFHVVLQJ� ZDV�UHTXLUHG��7DEOH���VKRZV�WKH�EDVHOLQH�FRQILJXUDWLRQ��7KLV�WLPH�� WKH HIILFLHQF\� OHYHO� ZDV� SUHVFULEHG� E\� IL[LQJ� WKH�VROXWLRQ� IORZ� UDWHV� DQG� KHDW� H[FKDQJHU� HIIHFWLYHQHVVHVDW�W\SLFDO�YDOXHV�
7KH� RSWLPL]HG� FRQILJXUDWLRQ� UHVXOWV� LQ� D� ����� FRVW�UHGXFWLRQ� ZLWKRXW� FRPSURPLVLQJ� SHUIRUPDQFH� DQG�YLRODWLQJ� RSHUDWLQJ� FRQVWUDLQWV�� 7KH� JUHDWHU� FRVW�
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UHGXFWLRQ� UHODWLYH� WR� WKH� VLQJOH�VWDJH� FDVH� LV� LQGLFDWLYH�RI�WKH�IDFW�WKDW�WKH�VLQJOH�VWDJH�EDVHOLQH�ZDV�D�UHODWLYHO\�EHWWHU� GHVLJQ� WKDQ� WKDW� RI� WKH� WZR�VWDJH� PDFKLQH�� 7KH�ILQDO� WZR�VWDJH� FRQILJXUDWLRQ� DQG� WKH� FRQVWUDLQWV� DUH�DOVR�LQFOXGHG�LQ�7DEOH���IRU�FRPSDULVRQ�
7KH�SURFHVV�RI�JRLQJ�IURP�WKH�EDVHOLQH�FRQILJXUDWLRQ�WR�WKH� RSWLPL]HG� RQH� LQ� WKLV� FDVH� LV� VKRZQ� LQ� )LJXUH� ���$JDLQ��WKH�YDULDEOH�ILUVW�FRVW�RI�WKH�IRUPHU�LV�UHSUHVHQWHG�E\�WKH�OHIWPRVW�GLDPRQG�V\PERO��ZKLOH�WKDW�RI�WKH�ODWWHU�LV� UHSUHVHQWHG� E\� WKH� ULJKWPRVW� GLDPRQG�� 7KH� VDPH�FRQYHUJHQFH� FULWHULD� DUH� XVHG�� L�H�� ������ YDULDEOH� ILUVW�FRVW� FKDQJH� IRU� WKH� LQQHU� ORRS� LWHUDWLRQV� DQG� �����FKDQJH�IRU�WKH�RXWHU�ORRS�LWHUDWLRQV��%DVHG�RQ�WKH�ODWWHU��DJDLQ�RQO\� WZR�LWHUDWLRQV�ZHUH�UHTXLUHG��VXJJHVWLQJ�WKDW�

WKH� VHFRQG� RXWHU� ORRS� LWHUDWLRQ� VHUYHV� SULPDULO\� DV� D�GRXEOH�FKHFN� IRU� FRQYHUJHQFH�� ,Q� WKLV� FDVH�� WKH�FRQGHQVHU�HYDSRUDWRU� LV� QRW� DV� FULWLFDO� WR� WKH� RYHUDOO�RSWLPL]DWLRQ�� EXW� WKHUH� LV� VWLOO� JUHDW� VHQVLWLYLW\� WR�HYDSRUDWRU�DEVRUEHU�GHVLJQ�
$OO� SHUIRUPDQFH� VLPXODWLRQV� ZHUH� FDUULHG� RXW� IRU� D�FKLOOHG�ZDWHU�VXSSO\� WHPSHUDWXUH�RI�����&�����)��DQG�D�WRZHU�ZDWHU�HQWHULQJ�WHPSHUDWXUH�RI������&�����)���7KH�RSWLPL]DWLRQ�SURFHGXUH�ZDV�ZULWWHQ�LQ�9LVXDO�%DVLF�DQG�H[HFXWHG� DV� SDUW� RI� WKH� FKLOOHU� VHOHFWLRQ� PRGHO� RQ� D�3HQWLXP�,,�� ���� 0+]� 3&�� 7KH� WHFKQLTXH� KDV� EHHQ�YDOLGDWHG� YLD� VRPH� YHU\� VXFFHVVIXO� DEVRUSWLRQ� FKLOOHU�GHVLJQV�DW�7UDQH��H�J��UHFHQW����������WRQV�VLQJOH�VWDJH�SURGXFW��

7DEOH����&RPSDULVRQ�RI�%DVHOLQH�DQG�2SWLPL]HG�&RQILJXUDWLRQV�IRU�D�����7RQ�7ZR�6WDJH�$EVRUSWLRQ�&KLOOHU��&23 ������*HQHUDWRU�6ROXWLRQ�)ORZ�5DWH ����/�V������*30���7XEH�/HQJWK ����P�����IW��3DUDPHWHU %DVHOLQH 2SWLPL]HG 2SHUDWLQJ�/LPLWV&RROLQJ�:DWHU�3UHVVXUH�'URS ����P�������IW�RI�ZDWHU ����P�������IW�RI�ZDWHU ������P�������IW�RI�ZDWHU&KLOOHG�:DWHU�3UHVVXUH�'URS ����P�������IW�RI�ZDWHU ����P�������IW�RI�ZDWHU ������P�������IW�RI�ZDWHU&RQGHQVHU�7XEH�9HORFLW\ ����P�V������IW�V� ����P�V������IW�V� ������P�V������IW�V�$EVRUEHU�7XEH�9HORFLW\ ����P�V������IW�V� ����P�V������IW�V� ������P�V������IW�V�(YDSRUDWRU�7XEH�9HORFLW\ ����P�V������IW�V� ����P�V������IW�V� ������P�V������IW�V�&U\VWDOOL]DWLRQ�0DUJLQ �����&�������)� �����&�������)� t �����&�������)�0D[LPXP�6ROXWLRQ�7HPSHUDWXUH ������&��������)� ������&��������)� ��������&��������)�(YDSRUDWRU�$SSURDFK�7HPSHUDWXUH ����&������)� ����&������)� ������&������)�1XPEHU�RI�+7�*HQHUDWRU�7XEHV ��� ��� �1XPEHU�RI�/7�*HQHUDWRU�7XEHV ��� ��� �1XPEHU�RI�&RQGHQVHU�7XEHV ��� ��� �1XPEHU�RI�(YDSRUDWRU�7XEHV ��� ��� �1XPEHU�RI�$EVRUEHU�7XEHV ��� ��� �9DULDEOH�)LUVW�&RVW ������ ������ �

)LJXUH� ��� 3DWK� WR� &RQYHUJHQFH� IRU� ����7RQ� 7ZR�6WDJH� $EVRUSWLRQ� &KLOOHU� 2SWLPL]DWLRQ��2XWHU� /RRS� &ULWHULRQ�� ������� �� �9)QHZ� � 9)SUHY�� �� 9)QHZ� �� ��� ,QQHU� /RRS� &ULWHULRQ�$EV�9)QHZ�� 9)SUHY����9)QHZ����������
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����&21&/86,216
$�PDWKHPDWLFDOO\� ULJRURXV� WRRO�KDV�EHHQ�GHYHORSHG� IRU�WKH� GHVLJQ� RI� ZDWHU� FKLOOHUV�� 7KH� WRRO� LV� D� YDULDWLRQ� RI�G\QDPLF� SURJUDPPLQJ� WKDW� LV� LWHUDWLYH� DQG� VXEMHFW� WR�FRQVWUDLQWV� �FKLOOHU� RSHUDWLQJ� OLPLWV��� 8VLQJ� ZDWHU�/L%U�DEVRUSWLRQ�PDFKLQHV�DV�WKH�WHVW�SUHPLVH��RSWLPL]DWLRQ�RI�WKH� WXEH� EXQGOHV� OHDGLQJ� WR� PLQLPXP� FRVWV� KDV� EHHQ�GHPRQVWUDWHG�� 7KH� SURFHGXUH� LV� H[KDXVWLYH� LQ� WKDW� DOO�SDLU� FRPELQDWLRQV� RI� WKH�PDMRU� FKLOOHU� FRPSRQHQWV� DUH�FRQVLGHUHG� LQ� WKH� RSWLPL]DWLRQ��'HSHQGLQJ� RQ� WKH� WXEH�W\SHV�DQG�DVVRFLDWHG�FRVWV�� VRPH�FRPSRQHQW�SDLUV�KDYH�D� JUHDWHU� LPSDFW� RQ� WKH� RSWLPL]DWLRQ� WKDQ� RWKHUV�� H�J��HYDSRUDWRU�DEVRUEHU��7KLV�GHVLJQ�WRRO�FDQ�EH�DSSOLHG�WR�RWKHU�KHDW� DQG�RU�PDVV�H[FKDQJH�HTXLSPHQW�HPSOR\LQJ�WXEH�EXQGOHV�5()(5(1&(6
>�@� � � 6WRHFNHU��:�� )���'HVLJQ� RI� 7KHUPDO� 6\VWHPV�� �UG(GLWLRQ��&KDS������0F*UDZ�+LOO�,QF���������>�@� � � 3DWQDLN�� 9��� ³6XPPDU\� RI� 0RGLILFDWLRQV� WR�+RUL]RQ� 6HOHFWLRQ� 3URJUDP´�� ,QWHUQDO� 0HPRUDQGXP��7KH�7UDQH�&RPSDQ\��������>�@���8QLYHUVDO�7HFKQLFDO�6\VWHPV�6RIWZDUH��7.�6ROYHU�IRU�:LQGRZV��5HOHDVH������������>�@� � � 3DWQDLN�� 9��� ³+RUL]RQ� 6HOHFWLRQ� 0RGHO� LQ� 7.�6ROYHU� ����� IRU�:LQGRZV´�� ,QWHUQDO�5HSRUW�� 7KH�7UDQH�&RPSDQ\��������>�@� ,QFURSHUD��)��3���DQG�'H:LWW��'��3���)XQGDPHQWDOV�RI� +HDW� DQG� 0DVV� 7UDQVIHU�� 7KLUG� (GLWLRQ�� &KDS�� ���-RKQ�:LOH\�	�6RQV��1HZ�<RUN��������>�@� � �:ROYHULQH�7XEH�� ,QF���1RWHV�	�&RPPXQLFDWLRQV��SURSULHWDU\�GDWD��������������>�@� 7KH� 7UDQH� &RPSDQ\�� ,QWHUQDO� /DERUDWRU\� 'DWD��������>�@� � � &DUQDKDQ�� %��� /XWKHU�� +�� $��� DQG�:LONHV�� -�� 2���$SSOLHG�1XPHULFDO�0HWKRGV��&KDSV����	����-RKQ�:LOH\�	�6RQV��1HZ�<RUN��������>�@� � � 3DWQDLN�� 9��� ³&RQFHSW� 'HVLJQ� 5HYLHZ� IRU� ��������� 7RQ� +RUL]RQ� 6LQJOH�6WDJH�� 6XPPDU\´�� ,QWHUQDO�0HPRUDQGXP��7KH�7UDQH�&RPSDQ\��������

120(1&/$785(
&RVW���&RVW� 9DULDEOH�ILUVW�FRVW�DW�HQG�RI�RSWLPL]DWLRQ�RI�FRPSRQHQW�SDLU�����&23 &RHIILFLHQW�RI�3HUIRUPDQFH' 7XEH�GLDPHWHU)& )LUVW��FDSLWDO��FRVW))& )L[HG�ILUVW�FRVW+ +HLJKW�RI�FKLOOHU/ 7XEH�/HQJWK1W$ 1XPEHU�RI�WXEHV�LQ�DEVRUEHU1W& 1XPEHU�RI�WXEHV�LQ�FRQGHQVHU1W( 1XPEHU�RI�WXEHV�LQ�HYDSRUDWRU1W* 1XPEHU�RI�WXEHV�LQ�JHQHUDWRU9)& 9DULDEOH�)LUVW�&RVW9)QHZ 9DULDEOH�)LUVW�FRVW�DIWHU�SUHVHQWLWHUDWLRQ9)SUHY 9DULDEOH�)LUVW�FRVW�DIWHU�SUHYLRXVLWHUDWLRQ���EHIRUH�SUHVHQW�LWHUDWLRQ
*UHHN'S SUHVVXUH�GURS
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