
��

,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ9RO� ���1R� �� ������,$&K(

,QYHVWLJDWLRQ�RI�&2��DQG�+�2�$GGLWLRQ�WR�1DWXUDO�*DV�IRU�3URGXFWLRQ�RI�6\QWKHVLV�*DV
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$EVWUDFW*HQHUDO�PRGHOLQJ�DQG�RSWLPL]DWLRQ�RI�V\QJDV�SURGXFWLRQ�YLD�QRQFDWDO\WLF�DXWRWKHUPDO�SDUWLDO� R[LGDWLRQ� RI� PHWKDQH� DUH� FDUULHG� RXW� XVLQJ� RXU� GHYHORSHG� VFLHQWLILF� VRIWZDUH�ZKLFK� ZDV� EDVHG� RQ� WKH� PLQLPL]DWLRQ� RI� WRWDO� *LEEV� HQHUJ\�� ,Q� WKLV� ZRUN�� D� QRYHO�DSSOLFDWLRQ�RI�WKH�GLUHFW�VHDUFK�DQG�1HZWRQ�5DSKVRQ�PHWKRGV�ZDV�LQWURGXFHG�WR�DSSO\�WR RSWLPL]DWLRQ� RI� D� FRPSOH[� FKHPLFDO� UHDFWLRQ�� 6HQVLWLYLW\� DQDO\VLV� ZDV� GRQH� WR�LQYHVWLJDWH�WKH�HIIHFW�RI�VHYHUDO�SDUDPHWHUV�RQ�WKH�TXDOLW\�RI�V\QJDV�DQG�WKH�SURGXFWLRQ�\LHOG��7KH�DFFHSWDEOH�FRQFHQWUDWLRQV�RI�&2� DQG�+�2�LQMHFWHG�LQWR�WKH�PHWKDQH�IHHG�DUH�RSWLPL]HG� LQ� WKH� VSHFLILHG� WHPSHUDWXUH� DQG� SUHVVXUH� UDQJH�� ZKLOH�+��&2� UDWLR� LQ� WKH�SURGXFW�VWUHDP�LV�VHW�WR�UHPDLQ�DW�����RU����PHWKDQH�VOLS�LQ�WKH�V\QJDV�LV�OHVV�WKDQ������DQG� WKH� QRQ�HQGRWKHUPLF� FRQYHUVLRQ� DUHD� RI� UHDFWLRQ� SUHYDLO�� VLPXOWDQHRXVO\�� 7KLV�IDFLOLWDWHV�PRQHWL]LQJ�&2� LQ� WKH� SHWURFKHPLFDO� DQG� VWHHO� LQGXVWULHV�� 7KH� RXWSXW� IURP�WKLV� VRIWZDUH� LV� FRPSDUDEOH�ERWK�ZLWK� WKH� H[SHULPHQWDO� UHVXOWV�� FLWHG� LQ�5HI�� >�@�� DQG�ZLWK�WKDW�IURP�$63(1�3/86�LQ�VLPXODWLQJ�WKH�H[SHULPHQWV�PHQWLRQHG�LQ�5HI��>�@.H\ZRUGV� 6\QJDV��6LPXODWLRQ� 2SWLPL]DWLRQ

 � &RUUHVSRQGLQJ�DXWKRU��(PDLO��NKRVK#KDPRRQ�XVE�DF�LU

,QWURGXFWLRQ6\QWKHVLV� JDV� �V\QJDV�� D�PL[WXUH� RI�&2� DQG�+��� LV� D� YHUVDWLOH� IHHGVWRFN� PDLQO\� XVHG� LQ�DPPRQLD�� PHWKDQRO�� R[R�DOFRKRO� DQG� LQ� WKH�)LVFKHU�7URSVFK� �)7�� SURFHVVHV�� ,W� LV� DOVR�XVHG� ZLWK� GLIIHUHQW� FRPSRVLWLRQV LQ� FDU�ERQ\ODWLRQ�� K\GURIRUP\ODWLRQ�� DQG� K\�GURJHQDWLRQ� LQ� SHWURFKHPLFDO� SODQWV� DV� ZHOO�DV�IRU�LURQ�RUH�UHGXFWLRQ�LQ�WKH�VWHHO�LQGXVWU\��6WDUWLQJ�LQ�ODVW�GHFDGH��ZRUOGZLGH�HIIRUWV�DUH�EHLQJ� PDGH� IRU� HFRQRPLFDO� FRQYHUVLRQ� RI�QDWXUDO� JDV� LQWR� YDOXDEOH� DQG� HDVLO\�WUDQVSRUWDEOH� SURGXFWV� VXFK� DV� OLTXLG� K\�GURFDUERQ� IXHOV�� PHWKDQRO�� GLPHWK\O� HWKHU��DQG� SHWURFKHPLFDO� IHHGVWRFNV� OLNH� HWK\OHQH�

DQG�RWKHU�ORZHU�ROHILQV�7DEOH���VKRZV�WKH�V\QWKHVLV�JDV�PL[WXUH�UDWLR�IRU� XWLOL]DWLRQ� LQ� VRPH� LPSRUWDQW� ILQDO�SURGXFWV�
7DEOH���0L[WXUH�FRPSRVLWLRQ�RI�LQGXVWULDO�V\QJDV9ROXPH�5DWLR�LQ�6\QJDV��VWRLFKLRPHWULF�3URGXFW���3URFHVV +� &2 1�$PPRQLD � � �0HWKDQRO � � �)LVFKHU�7URSVFK � � �2[R�$OFRKRO ��� � �6\QJDV�IURP�1DWXUDO�*DV7KHUH� DUH� VHYHUDO� FRPPHUFLDO� PHWKRGV� IRU�
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FRQYHUVLRQ� RI� QDWXUDO� JDV� WR� V\QWKHVLV� JDV��7KH� GLIIHUHQW� WHFKQRORJLHV� XVHG� LQ� YDULRXV�DSSOLFDWLRQV�DUH�� 6WHDP�0HWKDQH�5HIRUPLQJ��605�� 6WHDP�0HWKDQH�DQG�2[\JHQ�5HIRUPLQJ��605��2��� 3DUWLDO�2[LGDWLRQ��32;�� &DWDO\WLF�3DUWLDO�2[LGDWLRQ��&32�� $XWR�7KHUPDO�5HIRUPLQJ��$75�� &DUERQ�'LR[LGH�5HIRUPLQJ� &RPELQHG $XWR�7KHUPDO�5HIRUPLQJ��&$5�� 6XOIXU�3DVVLYDWHG�5HIRUPLQJ��6SDUJ�� &RPELQHG�5HIRUPLQJ�ZLWK�RU�ZLWKRXW�SUH�5HIRUPLQJ� *DV�+HDWHG�5HIRUPLQJ��*+5�,QWHUQDWLRQDO� FRPSDQLHV� LQFOXGLQJ� 7H[DFR��6KHOO�� /XUJL�� 7RSV¡H�� )RVWHU� :KHHOHU��.HOORJJ� DQG� 0LGUH[� KDYH� FRPPHUFLDOL]HG�WKHVH�PHWKRGV�XQGHU�WKHLU�RZQ�OLFHQVHV�7KH� PRVW� FRQYHQWLRQDO� SURFHVV� LV� 605��ZKLFK� LV� D� KLJKO\� HQGRWKHUPLF� UHDFWLRQ� RI�PHWKDQH�DQG�VWHDP�RYHU�D�VSHFLDO�FDWDO\VW�
NFDO�PRO����+ +�&22+&+
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7RGD\�� WKH� SURPLVLQJ� PHWKRG� IRU� V\QJDV�SURGXFWLRQ� LV� SDUWLDO R[LGDWLRQ� RI� PHWKDQH�ZLWK�SXUH�R[\JHQ�
NFDO�PRO����+ +�&22���&+

���
��� � ' �l� ���

,Q� WKLV� QRQ�FDWDO\WLF� SDUWLDO� R[LGDWLRQ��1&32��� GHVXOIXUL]HG� QDWXUDO� JDV� LV�SUHKHDWHG�� PL[HG� WKRURXJKO\� ZLWK� R[\JHQ�DQG� WKHQ� LJQLWHG�� %HFDXVH� WKH� UHDFWLRQ� LV�H[RWKHUPLF�� D� FRQVLGHUDEOH� DPRXQW� RI� VWHDP�RU� HOHFWULFDO� SRZHU� PD\� EH� JHQHUDWHG� ZKLOH�FRROLQJ� WKH� UHDFWRU�� :LWK� QR� FDWDO\VW�� WKH�SHDN� UHDFWLRQ� WHPSHUDWXUH� KDV� WR� EH� KLJK������������ R&�� WR� DFKLHYH� HTXLOLEULXP�FRQYHUVLRQ�� &RPSOHWH� FRPEXVWLRQ� WR� &2�DQG�+�2�FDQ�WDNH�SODFH�LI�R[\JHQ�LV�VXSSOLHG�LQ�VXIILFLHQW�DPRXQW�

NFDO�PRO��� 2+�&22�&+
���

���� � '+ �o� ���
6LPXODWLRQ�RI�6\QJDV�3URGXFWLRQ5HFHQWO\�� D� QXPEHU� RI� VWXGLHV� KDYH� EHHQ�UHSRUWHG� RQ� WKH� VLPXODWLRQ� RI� QRQFDWDO\WLF�SDUWLDO� R[LGDWLRQ�RI�PHWKDQH� DQG�QDWXUDO� JDV�ZLWK� YDULRXV� FRPSRVLWLRQV� >���@�� 2SWLPXP�UHDFWLRQ�WHPSHUDWXUH�IRU�PD[LPL]DWLRQ�RI�&2�FRQWHQW� RI� WKH� V\QJDV�� HIIHFW� RI� VRPH�DGGLWLYHV� DQG� UHDFWRU� SUHVVXUH� FKDQJHV�� DV�ZHOO� DV� HTXLOLEULXP� FRQFHQWUDWLRQ� RI� PRUH�WKDQ� WZHQW\� VSHFLHV� LQ� WKH� SURGXFW� VWUHDP�ZHUH�LQYHVWLJDWHG�XVLQJ�$63(1�3/86�>�@�,Q� WKH� SUHVHQW� ZRUN�� DQ� DGYDQFHG� VRIWZDUH�ZDV� GHYHORSHG�� WR� VLPXODWH� DXWRWKHUPDO�SDUWLDO� R[LGDWLRQ� RI� QDWXUDO� JDV� FRPELQHG�ZLWK�&2� DQG�+�2�UHIRUPLQJ�RI�PHWKDQH��7R�DFFHOHUDWH� WKH� FDOFXODWLRQ�� D� PRGLILHG� 1HZ�WRQ�5DSKVRQ� PHWKRG� DFFRPSDQLHG� E\� GLUHFW�VHDUFK� ZDV� HPSOR\HG�� 7KLV� LV� D� YHU\�FRPSOLFDWHG� SUREOHP� DQG� KDV� QR� UHSRUWHG�DQDO\WLFDO� VROXWLRQ� RU� SRSXODU� QXPHULFDO�PHWKRG��7R�ILQG�WKH�RSWLPXP�FRQGLWLRQ��HDFK�SDUDPHWHU� ZDV� DOORZHG� WR� FKDQJH� LQ� DQ�DSSURSULDWH� UDQJH�� 7KHVH� LQWHUYDOV� ZHUH�GLYLGHG�LQWR�VPDOO�GLYLVLRQV� $�ODUJH�QXPEHU�RI� GLIIHUHQW� SDUDPHWHU� FRPELQDWLRQV� DV�XQLTXH� LQSXW� GDWD� ZHUH� JHQHUDWHG� XVLQJ�HPSOR\HG�QHVWHG�'R�ORRSV��$V�WKH�QXPEHU�RI�SDUDPHWHUV� DQG�RU� GLYLVLRQV� LQFUHDVHV�� WKH�WRWDO�QXPEHU�RI�LQGHSHQGHQW�LQSXWV�WKDW�PXVW�EH�VROYHG�JURZV YHU\�UDSLGO\��$OO� RI� WKH� LQSXWV� DUH� JHQHUDWHG� LQ� WKH� ILUVW�OLQHV�RI�VRIWZDUH�DQG�WKH�RXWSXW�LV�VDYHG�LQ�D�GDWDEDVH�� 7KURXJK� VHDUFKLQJ� WKH� UHFRUGV� LQ�WKH� GDWDEDVH�� WKH� RSWLPXP� FRQGLWLRQ� FDQ� EH�HDVLO\� GHWHUPLQHG��$W� WKH� HQG� RI� UXQ�� LW�ZDV�IRXQG� WKDW� DERXW� ����������� LQGHSHQGHQW�LQSXWV�PXVW�EH�FRQVLGHUHG�LQ�RUGHU�WR�KDYH�D�FRQWLQXRXV�DQG�PHDQLQJIXO�DQVZHU�WR�ILQG�WKH�RSWLPXP�FRQGLWLRQV��7KH� UHVXOW�RI� WKLV�ZRUN�FDQ� EH� DSSOLHG� DV� D� PDMRU� JXLGHOLQH� LQ� WKH�LQGXVWULDO� DSSOLFDWLRQV� VR� WKDW� WHGLRXV� DQG�H[SHQVLYH� H[SHULPHQWDO� ZRUNV FDQ� EH�DYRLGHG�
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$� WKRURXJK� LQYHVWLJDWLRQ� RI� &2� DQG� +�2�DGGLWLRQ�KDV�QRW�EHHQ�VHHQ�LQ�SUHYLRXV�ZRUNV��7KH� SDFNDJH� LV� VXSSRUWHG� E\� D� WKHUPR�FKHPLFDO� GDWD�EDQN� IURP� -$1$)�7DEOHV� >�@�DQG� LV� FDSDEOH� RI� RSWLPL]DWLRQ�� GHVLJQ�VSHFLILFDWLRQ�� DQG� GLIIHUHQW� VHQVLWLYLW\� DQD�O\VLV� FDOFXODWLRQV�� 5HFDOOLQJ� WKDW� LQ� PRVW�SHWURFKHPLFDO� SODQWV� D� ORZ� FRVW� VRXUFH�� RU�HYHQ� D� GLVFKDUJH�� RI� &2� LV� DYDLODEOH��GLOXWLRQ�RI�WKH�QDWXUDO�JDV�IHHG�ZLWK�&2� LV�RI�SULPH� HFRQRPLF� LPSRUWDQFH�� 7KLV� DOVR�SUHYHQWV� HPLVVLRQ� RI� D� JUHHQKRXVH� JDV LQWR�WKH�DWPRVSKHUH��,Q� WKLV� ZRUN�� WKH� DFFHSWDEOH�PROH� UDQJHV� RI�2� �Q2��I��� &2� �Q&2��I�� DQG� +�2� �Q+�2�I��LQMHFWLRQ� LQWR� WKH� IHHG� SHU� RQH�PROH RI &+�DUH�H[SORUHG�XQGHU�VHYHUDO�LPSRVHG�WHFKQLFDO�OLPLWDWLRQV�RI� V\QJDV�TXDOLW\�DQG�RSHUDWLRQDO�VSHFLILHG�FRQVWUDLQWV�7KH�FDSDELOLW\�RI� WKH�GHYHORSHG�VRIWZDUH�IRU�SUHFLVH�VLPXODWLRQ�RI�WKH�FRQVLGHUHG�SUREOHP�LV� DSSURYHG� E\� UHSHWLWLRQ� RI� WKH� SUHYLRXV�WKHRUHWLFDO� DQG� H[SHULPHQWDO� ZRUN� UHVXOWV�>����@��FRQFOXGLQJ�VDWLVIDFWRU\�DJUHHPHQW�
7KHRU\7KH� WRWDO� *LEEV� HQHUJ\� RI� D� VLQJOH�SKDVH�PL[WXUH�LV�H[SUHVVHG�DV >��@�

�Q�����Q�Q�Q�** 1���W 3�7  ���
QL¶V� DUH� WKH� QXPEHUV� RI� PROHV� RI� FKHPLFDO�VSHFLHV� DQG�1� LV� WKH� QXPEHU� RI� FRPSRQHQWV�LQ� WKH�SURGXFW��)RU�VSHFLILHG�7�DQG�3�WKH�VHW�RI�QL¶V�LV�GHWHUPLQHG�E\�PLQLPL]LQJ�*W��ZKLOHPHHWLQJ� WKH� PDWHULDO� EDODQFH� FRQVWUDLQWV��$WRPLF� PDVV� EDODQFH� IRU� HDFK� HOHPHQW� LV�SUHVHQWHG�E\�

����������N$DQ NLNL H  ¦ ���
$N LV� WKH� WRWDO� QXPEHU� RI� DWRPLF�PDVVHV� RI�WKH�NWK�HOHPHQW��DLN LV�WKH�QXPEHU�RI�DWRPV�RI�WKH� NWK� HOHPHQW� SUHVHQW� LQ� HDFK�PROHFXOH� RI�FKHPLFDO� VSHFLHV� L�� DQG� H LV� WKH� QXPEHU� RI�

HOHPHQWV�WKDW�H[LVW�LQ�WKH�V\VWHP�)RU� HDFK� HOHPHQW� EDODQFH�� RQH� /DJUDQJH�PXOWLSOLHU�� NO ��LV�LQWURGXFHG��%\�DSSO\LQJ�WKH�/DJUDQJH� PHWKRG� DQG� D� VOLJKW� PDWKHPDWLFDO�PDQLSXODWLRQ�RQ�HTXDWLRQV���DQG���� WKH� ILQDO�VHW�RI�HTXDWLRQV�LV�GHULYHG�DV�IROORZV�
1������������L

�D�3OQ�\57* LNNLLRIL
 

 O�I�' ¦� ���
RIL*' LV� WKH� *LEEV� HQHUJ\� IRU� HDFK� SURGXFW�FRPSRQHQW�DW�WKH�UHDFWLRQ�WHPSHUDWXUH��$OO�RI�

L�I ¶V�DUH�VHW�WR�XQLW\��$OO�RI�QL¶V�DQG ON¶V ZLOO�EH� IRXQG� E\� VROYLQJ� WKH� VHW� RI� HTXDWLRQV� ��DQG� �� DW� VSHFLILHG� 7�� 3� DQG� $N�� VLPXO�WDQHRXVO\�>��@�,Q� WKH� SUHVHQW� ZRUN�� WKH� IHHG� RI� UHDFWLRQ� LV�DVVXPHG�WR�EH�D�PL[WXUH�RI�&+���2���+�2�DQG�&2� ZLWK�YDULDEOH�FRQFHQWUDWLRQ��%\�DSSO\LQJ�WKH� ³GLUHFW� VHDUFK´� DQG� ³1HZWRQ�5DSKVRQ´�PHWKRGV� IRU� YDULDEOH� SUHVVXUH� DQGWHPSHUDWXUH��WKH�DSSURSULDWH�FRQFHQWUDWLRQ�RI�2��� +�2� DQG� &2� IRU� RQH� PROH� RI� &+� LV�GHWHUPLQHG��7KH�IORZFKDUW�GHSLFWHG�LQ�)LJXUH���VKRZV�WKH�DSSOLHG�DOJRULWKP�IRU�VROYLQJ�WKH�SURSRVHG�SUREOHP�$Q\� QXPHULFDO� SURFHGXUH� XVHG� IRU� VROYLQJ� D�V\VWHP�RI�HTXDWLRQV�UHTXLUHV�VWDUWLQJ�HVWLPDWH�ILJXUHV�DV�PXFK�DV�SRVVLEOH�FORVH�WR�WKH�ILQDO�DQVZHUV� WR�PHHW� FRQYHUJHQFH� FULWHULD� DQG� WR�UHGXFH� WKH� QXPEHU� RI� LWHUDWLRQV� +RZHYHU�� D�VSHFLILF� WHFKQLTXH� EDVHG� RQ� WKH� 1HZWRQ�5DSKVRQ�PHWKRG��ZKLFK�ZDV�DSSOLHG�KHUH��LV�FDSDEOH�RI�OHDGLQJ�WKH�FDOFXODWLRQ�WR�WKH�ILQDO�DQVZHU� QR� PDWWHU� ZKDW� LV� WKH� LQLWLDO� JXHVV��7KH�YDOXH�RI�����ZDV�XVHG�DV�LQLWLDO�JXHVV�IRU�DOO� UXQV�DQG� LW� WRRN������VHFRQG� WR�FRPSOHWH�HDFK UXQ�
5HVXOWV�DQG�'LVFXVVLRQ9DOLGLW\�RI�WKH�6RIWZDUH�2XWSXW�,Q� RUGHU� WR� H[DPLQH� WKH� YDOLGLW\� RI� WKH�VRIWZDUH�RXWSXW��ZH�VWDUWHG�ZLWK�UHVROYLQJ�WKH�UHSRUWHG GDWD� >�@�� 7KH� GHSHQGHQF\ RI WKH
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6WHS��

6WHS��

6WHS��

6WHS��

6WHS��

)LJXUH��� )ORZFKDUW�RI�WKH�DOJRULWKP�

$W�WKH�HQG�RI�FDOFXODWLRQ�ORRSV��IRU�HDFK�SUHVVXUH�WKH�DFFHSWDEOH�DQVZHUV�WKDW�VDWLVI\�WKH�IROORZLQJ�FRQVWUDLQWV�DUH�VHOHFWHG�Q&+� ������� ����a����RU����������a����QQ&2
�+  
�4 d �$GLDEDWLF�RU�H[RWKHUPLF�FRQGLWLRQ�
� 7KH�DWRPLF�PDVV�EDODQFHV�DUH�FRQVLGHUHG�LQ�WKH�SUHYLRXV�FDOFXODWLRQ�VWHS�

,Q�WKH�ILYH�FDOFXODWLRQ�ORRSV��DSSURSULDWH�LQLWLDO�YDOXH��HQG�YDOXH�DQG�VWHS�VL]H�IRU�3��7�DQG�QXPEHU�RI�PROHV�RI�WKH�IHHG�FRPSRQHQWV�DUH�DVVLJQHG��)RU�H[DPSOH��WKH�IROORZLQJ�YDOXHV�ZHUH�XVHG�Q&+���I  ��PROH��FRQVWDQW��LQ�WKH�IHHG�3  ��EDU� WR ���EDU� '3  ��EDU7  �����. WR ����.� '7  ���.Q2���I  ����PROH WR ����PROH� 'Q2��I  ������PROHQ&2���I  ����PROH WR ����PROH� 'Q&2��I  ������PROH�������������LQ�WKH�IHHG�Q+�2��I  ����PROH WR ����PROH� 'Q+�2�I  ������PROH)HHG�WHPSHUDWXUH�LV���� .�LQ�DOO�UXQV�7KH�'LUHFW�6HDUFK�PHWKRG�LV�DSSOLHG�LQ�WKLV�VWHS�
%\�DSSO\LQJ�HTXDWLRQV�����DQG������WKH�QXPEHU�RI�PROHV�RI�SURGXFW�FRPSRQHQWV��LQFOXGLQJ�Q&2��Q+�DQG�Q&+� �VOLSSHG�PHWKDQH���DUH�FDOFXODWHG��7KH�1HZWRQ�5DSKVRQ�PHWKRG�LV�DSSOLHG�LQ�WKLV�VWHS�7KH� KHDW� RI� UHDFWLRQ�� 4�� LV� DOVR� FDOFXODWHG� E\� DSSO\LQJ� WKH� HQHUJ\� EDODQFH� DW� WKH� VSHFLILHG�WHPSHUDWXUH�

$PRQJ� WKH� DFFHSWDEOH� UHVXOWV� IRU� HDFK� SUHVVXUH�� WKH� DQVZHU� WKDW� FRUUHVSRQGV WR� WKH�PD[LPXP�YDOXH�RI�Q&2 LV�VHOHFWHG�DV�WKH�RSWLPXP�DQVZHU��$W�WKLV�VWDJH��IRU�D�VSHFLILHG�SUHVVXUH��WKH�DGLDEDWLF�UHDFWLRQ� WHPSHUDWXUH��PD[LPXP�YDOXH�RI�WKH�PROHV�RI�&2�LQ�WKH�SURGXFW�DQG�WKH�UHTXLUHG�YDOXH�RI�Q2��I��Q+�2�I DQG�Q&2��I IRU�PL[LQJ�ZLWK�RQH�PROH�RI�PHWKDQH�LQ�WKH�IHHG�DUH�GHWHUPLQHG7KLV� SURFHGXUH� LV� UHSHDWHG� DQG� D� XQLTXH� WHPSHUDWXUH� LV� IRXQG� IRU� WKH� PD[LPXP� YDOXH� RI� WKH�PROHV�RI�&2�LQ�WKH�SURGXFW�IRU�HYHU\�VSHFLILHG�SUHVVXUH�

'HFUHDVH�WKH�VWHS�VL]H� ,V�WKH�DFFXUDF\�RI�VWHS�VL]HV�LQ�WKH�FDOFXODWLRQ�ORRSV�DSSURSULDWH"
1R

<HV
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SURGXFWLRQ�\LHOG�RQ�PRODU� HTXLYDOHQFH� UDWLR��Q�� LV� LOOXVWUDWHG� LQ� )LJXUH� ��� 7KH� VLPXODWRU�RXWSXW� �WKH� OLQHV�� SDVV� FORVHO\� WKURXJK� WKH�SUHYLRXV�REVHUYDWLRQV��WKH�SRLQWV���7KH�ILJXUH�VKRZV� WUDQVLWLRQ� IURP� SDUWLDO� R[LGDWLRQ� WRFRPSOHWH� FRPEXVWLRQ�� ,Q� )LJXUH� ��� WKH�UHDFWLRQ� EHWZHHQ� PHWKDQH� DQG� R[\JHQ� LV�UHSUHVHQWHG�E\�D�JHQHUDO�IRUPXOD�
&+2+&2 2+&22Q&+

���
���� ���� �o� ����

7KH�QXPEHU�RI�PROHV�RI�R[\JHQ�SURYLGHG�WR�WKH� QXPEHU� RI� PROHV� RI� &+� LQ� WKH� IHHG� LV�GHILQHG�DV�WKH�PRODU�HTXLYDOHQFH�UDWLR��Q�$QRWKHU� FRPSDULVRQ� LV� FDUULHG� RXW� ZLWK� WKH�VLPXODWLRQ�UHVXOWV�DOUHDG\�REWDLQHG�E\�RQH�RI�WKH� DXWKRUV� XVLQJ� $63(1� 3/86� >�@�� 7KH�RSHUDWLRQDO� GDWD� IURP� 6*3� UHDFWRU� LQ� WKH�6KHOO�0'6�0DOD\VLD��6DUDZDN�SODQW�DUH�XVHG�LQ�ERWK�VLPXODWRUV��������NJ�SHU�KRXU�QDWXUDO�JDV�IURP�6RXWK�&KLQD�6HD���������&+���IRU�FRPSOHWH� FRPSRVLWLRQ� VHH� 5HI�� >�@��� ������NJ� SHU� KRXU� RI� SXUH� R[\JHQ� DQG� ��� NJ� SHU�KRXU� RI� K\GURJHQ� DUH� IHG� WR� WKH� UHDFWRU� DW������R&�DQG��� EDU�SURGXFLQJ�������NJ�SHU�KRXU� RI� V\QWKHVLV� JDV�� (TXLOLEULXP�FRQFHQWUDWLRQV� RI� ��� VSHFLHV� LQ� WKH� V\QJDV�VWUHDP�DUH�FRPSDUHG�LQ�7DEOH���6OLJKW� GLIIHUHQFHV� EHWZHHQ� WKH� WZR�VLPXODWLRQ� UHVXOWV� DUH�GXH� WR� WKH�DFFXUDF\�RI�WKH�*LEEV�HQHUJ\�YDOXHV�WDNHQ�IURP�GLIIHUHQW�VRXUFHV�� $OWKRXJK� WKH� PDWHULDO� EDODQFH� LV�VDWLVILHG� LQ�ERWK�VLPXODWRUV��D� ORZHU�YDOXH� LV�FDOFXODWHG� IRU� WKH� WRWDO� *LEEV� HQHUJ\� LQ� WKH�SUHVHQW� ZRUN� � LQGLFDWLQJ� D� PRUH� DFFXUDWH�UHVXOW�
$FFHSWDEOH�0ROH�5DQJHV�RI�2���&2� DQG�+�2�LQ�WKH�)HHG5HDFWLRQ� ���� LV� DQ� LGHDO� GHVFULSWLRQ� RI� WKH�SDUWLDO� R[LGDWLRQ� SURFHVV�� 6RPH� RWKHU�UHOHYDQW�UHDFWLRQV�DUH
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$FFRUGLQJ�WR�WKHVH�UHDFWLRQV��DGGLWLRQ�RI�&2�DQG� +�2� LQWR� WKH� IHHG� VWUHDP� FKDQJHV� WKH�+��&2� UDWLR� LQ� WKH� V\QJDV�� )RU� WKLV� UHDVRQ��WKH� DFFHSWDEOH� UDQJHV� RI� &2� DQG� +�2�FRQFHQWUDWLRQV� LQ� WKH� IHHG� VKRXOG� EH�GHWHUPLQHG� LQ� RUGHU� WR� PDLQWDLQ� GHVLUHG�+��&2�UDWLR�ZLWK�DOPRVW�FRPSOHWH�FRQYHUVLRQ�RI� PHWKDQH�� 'LOXWLRQ� RI� QDWXUDO� JDV� ZLWK�FDUERQ�GLR[LGH� LV� FRPPHUFLDOO\� LPSRUWDQW� LQ�UHIRUPLQJ�SURFHVVHV�)LJXUHV��� WR���DUH� WKH�VLPXODWLRQ�RXWSXWV�IRU�PRODU� YDULDWLRQV� RI�2���&2�� DQG�+�2� LQ� WKH�IHHG� DV� IXQFWLRQV� RI� UHDFWLRQ� WHPSHUDWXUH� DW�VSHFLILHG�SUHVVXUHV���������������DQG����EDU���,Q�DOO�RXWSXWV�WKH�IROORZLQJ�DVVXPSWLRQV�ZHUH�PDGH�� WKH� DPRXQW� RI� &+� LQ� WKH� IHHG� LV�FRQVWDQW� DQG� HTXDO� WR� RQH�PROH�� WKH� UDWLR�RI�+� WR�&2� LV� HTXDO� WR� ��� WKH� UHDFWLRQ� LV� DXWR�WKHUPDO��H[RWKHUPLF�RU�DGLDEDWLF�FRQYHUVLRQ���DQG� WKH� PD[LPXP� PHWKDQH� VOLS� �PROH�IUDFWLRQ�RI�&+� LQ�WKH�V\QJDV��LV�������,Q�)LJXUHV���WR���WKH�SUHVVXUH�DQG�WHPSHUDWXUH�IRU� WKH� SDUWLDO� R[LGDWLRQ� SURFHVV� FRPELQHG�ZLWK� WKH� UHIRUPLQJ� UHDFWLRQV� DUH� FKRVHQ� DQG�VHW�DQG�WKH�FRUUHVSRQGLQJ�DFFHSWDEOH�QXPEHU�RI�PROHV RI� 2�� &2� DQG� +�2 WKDW� FDQ EH
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7DEOH��� &RPSDULVRQ�EHWZHHQ�WKH�RXWSXWV�RI�WKH�GHYHORSHG�VRIWZDUH�DQG�5HI��>�@
(OHPHQWV 0ROHV�LQ�WKH�3URGXFW6SHFLHV & 2 + 1 *LEEV�(QHUJ\�IURP�-$1$) 7KLV�:RUN $63(1�3/862� � � � � ����(��� ����(��� ����(���&2� � � � � �����(��� ����(��� ����(���+�2 � � � � �����(��� ����(��� ����(���+� � � � � ����(��� ����(��� ����(���2+ � � � � ����(��� ����(��� ����(���&2 � � � � �����(��� ����(��� ����(���+ � � � � ����(��� ����(��� ����(���2 � � � � ����(��� ����(��� ����(���&+� � � � � ����(��� ����(��� ����(���1� � � � � ����(��� ����(��� ����(���12 � � � � ����(��� ����(��� ����(���+2� � � � � ����(��� ����(��� ����(���12� � � � � ����(��� ����(��� ����(���1�2 � � � � ����(��� ����(��� ����(���&1 � � � � ����(��� ����(��� ����(���+12 � � � � ����(��� ����(��� ����(���1 � � � � ����(��� ����(��� ����(���+&2 � � � � �����(��� ����(��� ����(���&+ � � � � ����(��� ����(��� ����(���+&1 � � � � ����(��� ����(��� ����(���+1 � � � � ����(��� ����(��� ����(���&�+� � � � � ����(��� ����(��� ����(���&�+� � � � � ����(��� ����(��� ����(���L&� � � �� � ����(��� ����(��� ����(���Q&� � � �� � ����(��� ����(��� ����(���1+� � � � � ����(��� ����(��� ����(���&+�2 � � � � �����(��� ����(��� ����(���&+� � � � � ����(��� ����(��� ����(���& � � � � ����(��� ����(��� ����(���680 ������ ������$WRP�%DODQFH& + 2 1 7RWDO�*LEEV�(QHUJ\�-�PRO�)HHG ��������� ���������� ���������� �������� ����������3URGXFW�7KLV�ZRUN ��������� ���������� ���������� �������� ������������

3URGXFW�$63(1�3/86 ��������� ���������� ���������� �������� ������������
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PL[HG�ZLWK�RQH�PROH�RI�&+� LQ�WKH�IHHG�DUH�UHDG�� )RU� H[DPSOH�� WKH� WHPSHUDWXUH� LV� DV�VXPHG�DW������.�DQG�WKH�SUHVVXUH�RI�UHDFWRU�HTXDO� WR� �� EDU�� 7KH� UHTXLUHG� PROHV� RI� 2���&2� DQG�+�2� WKDW�PXVW� EH�PL[HG�ZLWK� RQH�PROH�RI�PHWKDQH�WR�SURGXFH�D�VXLWDEOH�V\QJDV�ZLWK�WKH�VSHFLILFDWLRQ�RI�+��&2 ���D�PHWKDQH�VOLS� OHVV� WKDQ� ����� DQG� WKH� UHDFWLRQ� WR� WDNH�SODFH� DW� WKH� DXWRWKHUPDO� FRQGLWLRQ�� DUH� UHDG�IURP� )LJXUHV� ��� �� DQG� �� DV� HTXDO� WR� ������������� DQG� ������ PROH�� UHVSHFWLYHO\�� ,Q� WKLV�FDVH�� WKH� DPRXQW� RI� &2� LQ� WKH� SURGXFW� LV�������PROHV �)LJXUH����
2SWLPL]DWLRQ�RI�&2�<LHOG7KH� SURGXFHG� PROHV� RI� &2� YHUVXV�WHPSHUDWXUH� LQ� WKH� SURGXFW� DW� YDULRXV�SUHVVXUHV� DUH� UHSRUWHG� LQ� )LJXUH� �� DW� WKH�SUHVXPHG�FRQGLWLRQV�DV�GHVFULEHG�EHIRUH��)RU�HDFK� SUHVVXUH�� WKHUH� LV� D�PD[LPXP�YDOXH� RI�&2�SURGXFHG�DQG� WKLV� LV� WKH�PRVW� LPSRUWDQW�UHVXOW� RI� WKLV� ZRUN�� 7KHVH� PD[LPXP� SRLQWV�DUH�DW�D�XQLTXH�WHPSHUDWXUH�IRU�HDFK�SUHVVXUH�DW� ZKLFK� WKH� YDOXH� RI� &2� LQ� WKH� V\QJDV�UHDFKHV� LWV� PD[LPXP� SRVVLEOH� YDOXH� XQGHU�WKH�SUHGHILQHG�FRQGLWLRQV�)RU� H[DPSOH�� WKH�PD[LPXP�PROHV�RI�&2� LQ�WKH� V\QJDV� DW� WKH� SUHVVXUH� RI� �� EDU�� LV�SURGXFHG� RQO\� LQ� ����� .� �)LJXUH� ���� ZKLFK�UHTXLUHV�������PROH�RI�2� �)LJXUH������������PROH�RI�&2� �)LJXUH����DQG�������PROH�+�2��)LJXUH� ��� WR� EH� PL[HG� ZLWK� RQH� PROH� RI�PHWKDQH�� *HQHUDO� FRQVWUDLQWV� DUH� DQ� +��&2�RI� ��� \&+�������� LQ� WKH� SURGXFW�� DQG� IHHG�WHPSHUDWXUH�DW�����.�
6LPXODWLRQ� 5HVXOWV� IRU� ,QGXVWULDO� $S�SOLFDWLRQV)RU�HDFK�SUHVVXUH��WKH�PD[LPXP�YDOXH�RI�&2�LQ� )LJXUH� �� LV� VHOHFWHG� DV� WKH� RSWLPXP�FRQGLWLRQ�DQG� WKH�FRUUHVSRQGLQJ� WHPSHUDWXUH�DQG�PROH�YDOXHV�RI�2���&2� DQG�+�2� �IURP�)LJXUHV��� WR����DUH�GUDZQ�YHUVXV�SUHVVXUH� LQ�)LJXUHV� �� WR� ��� DFFRPSDQLHG� ZLWK� DQ�DGGLWLRQDO�FRQGLWLRQ��ZKLFK�LV�+��&2� �����)LJXUH� ��� VKRZV� WKH� RSWLPXP� RSHUDWLRQ� IRU�V\QJDV� UHDFWLRQ� DW� FRQGLWLRQV� +��&2 �� DQG�

+��&2 ����� )LJXUH� ��� VKRZV� WKH� PD[LPXP�PROH�YDOXHV�RI�&2�LQ�WKH�SURGXFW�YHUVXV� WKH�UHDFWRU� SUHVVXUH�� 7KLV� ILJXUH� VKRZV� WKDW� DV�SUHVVXUH� LQFUHDVHV�� WKH� \LHOG� RI� &2� LQLWLDOO\�GHFUHDVHV� UDSLGO\� DQG� DV� SUHVVXUH� JRHV�EH\RQG����EDUV��ZLWK�D�ORZHU�VORSH�)LJXUHV���WR���VKRZ�WKH�UHTXLUHG�PROH�YDOXHV�RI�2���&2� DQG�+�2� WR�PL[�ZLWK���PROH�RI�PHWKDQH� YHUVXV� UHDFWRU� SUHVVXUH�FRUUHVSRQGLQJ�WR� WKH�RSWLPXP�PROH�YDOXH�RI�&2�LQ�WKH�SURGXFW��)LJXUH�����DQG�WR�UHDFWRU�WHPSHUDWXUH��)LJXUH�����7KH� GHYHORSHG� HTXDWLRQV� IRU� WKH� SUHVVXUH�FXUYHV� DUH� DOVR� LQGLFDWHG� RQ� HDFK� GLDJUDP��7KHVH� UHVXOWV�PD\�EH�XWLOL]HG�IRU�GHVLJQ�DQG�RSHUDWLRQ� RI� WKH� UHDFWRUV� IRU� QRQ�FDWDO\WLF�DXWR� WKHUPDO� SDUWLDO� R[LGDWLRQ� RI� QDWXUDO� JDV�FRPELQHG�ZLWK�&2� DQG�+�2�UHIRUPLQJ�
&RQFOXVLRQ7KH� GHYHORSHG� VRIWZDUH� LV� FDSDEOH� RI�VLPXODWLQJ� WKH� FRPSOH[� UHDFWLRQV� RI� DXWR�WKHUPDO� SDUWLDO� R[LGDWLRQ� RI� QDWXUDO� JDV� IRU�SURGXFWLRQ� RI� V\QWKHVLV� JDV�� 7KH� HIIHFW� RI�&2� DQG�+�2�DGGLWLRQ�LQWR�WKH�IHHG�VWUHDP�LV�LQYHVWLJDWHG� ZKLOH� LPSRVLQJ� WHFKQLFDO� FRQ�VWUDLQWV� RI� UHDFWLRQ� WHPSHUDWXUH�� SUHVVXUH��+��&2� UDWLR�� DXWRWKHUPDO� FRQYHUVLRQ� DQG�PHWKDQH� VOLS� LQ� WKH� SURGXFW� VWUHDP�� 2S�WLPL]DWLRQ�� GHVLJQ� VSHFLILFDWLRQ� DQG� VHQ�VLWLYLW\� DQDO\VLV� WRROV� DUH� LQFRUSRUDWHG� LQWR�WKH�VLPXODWRU��7KH�UHVXOWV�PD\�EH�UHSRUWHG�DV�GLIIHUHQW� WDEOHV� RU� JUDSKLFDO� SUHVHQWDWLRQV��7KH� VLPXODWRU� LV� HVSHFLDOO\� KHOSIXO� LQ�VWXG\LQJ� PRQHWL]LQJ� &2� VXUSOXV� LQ� WKH�SHWURFKHPLFDO�DQG�VWHHO�LQGXVWULHV�>��@�
$FNQRZOHGJPHQW7KH� DXWKRUV� ZRXOG� OLNH� WR� H[SUHVV� WKHLU�JUDWLWXGH�WR�6KHOO�0'6�0DOD\VLD��6GQ��%KG���1DWLRQDO�3HWURFKHPLFDO�&RPSDQ\�RI�,UDQ�DQG�5HVHDUFK� ,QVWLWXWH� RI� 3HWUROHXP� ,QGXVWU\� RI�,UDQ�IRU�WKHLU�VXSSRUW�
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