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6ROXWLRQ� E\� 2UWKRJRQDO� &ROORFDWLRQ� 0H�WKRG�>���������@5RRWV�RI�-DFREHDQ�SRO\QRPLDO�DUH�DSSOLHG�IRU�FROORFDWLRQ� SRLQWV�� /DJUDQJH� LQWHUSRODWLRQ� LV�XVHG�� %DVHG� RQ� WKH� RUWKRJRQDO� FROORFDWLRQ�PHWKRG�� SRVLWLRQ� GHULYDWLYHV� DUH� IRUPXODWHG�IURP� WKH� LQWHUSRODWHG� SRO\QRPLDO� DQG EDVHG�RQ� WKH�PHWKRG� RI� OLQHV� WKHVH� DUH� VXEVWLWXWHG�LQWR� WKH�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV� �3'(V��WR� FRQYHUW� WKHP� WR� WKH� RUGLQDU\� GLIIHUHQWLDO�HTXDWLRQV� �2'(V��� %RXQGDU\� FRQGLWLRQV� DUH�DSSOLHG� LQ� WKHVH� HTXDWLRQV�� $OJHEUDLF� HTXD�WLRQV� RI� DGVRUEHU� HTXLOLEULXPV� DQG� UHDFWLRQV�UDWHV� DUH� LQWURGXFHG� LQWR� WKLV� HTXDWLRQ�� 7ZR�GLPHQVLRQDO� PDWUL[HV� RI� YDULDEOHV� DUH� FRQ�YHUWHG� WR� D� YHFWRU� RI� YDULDEOHV� E\� D� RQH� E\�RQH�FRUUHVSRQGHQFH�HTXDWLRQ��$�VHW�RI�2'(V�KDV� EHHQ� VROYHG� E\� PXOWLVWHS� PHWKRGV� RI�QXPHULFDO� GLIIHUHQWLDWLRQ� IRUPXODH� �1')�� RU�EDFNZDUG� GLIIHUHQWLDWLRQ� IRUPXODH� �%')���NQRZQ� DV� WKH�*HDU¶V�PHWKRG��2'(V VROYLQJLV�GRZQ�E\ 0$7�/$% >��@ VRIWZDUH�
5HVXOWV�DQG�'LVFXVVLRQV7KHUH�DUH�)76�FKURPDWRJUDSKLF�H[SHULPHQWDO�UHVXOWV��RQO\�LQ�3DNVHUHVKW¶V�ZRUN�>��@��7KXV��UHVXOWV� RI� WKLV� UHVHDUFK� DUH� FRPSDUHG� ZLWK�WKRVH�RI�3DNVHUHVKW¶V�LQ�)LJ�����5HODWHG�WUHQGV�DUH� LQ� JRRG� DJUHHPHQW� EXW� WKHUH� DUH�GLIIHUHQFHV� LQ� DEVROXWH� YDOXHV� EHWZHHQ� WKH�SUHVHQW� PRGHO� SUHGLFWLRQV� DQG� KLV� H[SHUL�PHQWDO�GDWD� 7KLV PLJKW�EH�GXH�WR�D�GLIIHUHQW�NLQHWLF� UDWHV� RI� WKH� FDWDO\VW� XWLOL]HG� LQ�3DNVHUHVKW¶V�ZRUN� >��@�ZKLFK� LV GLIIHUHQW� WR�WKH :DQJ� HW� DO� ZRUN >��@�� )XUWKHUPRUH��3DNVHUHVKW¶V� FDWDO\VWV� DUH�QRW�H[SHULPHQWDOO\�WHVWHG� IRU� GHWHUPLQLQJ� UDWH� H[SUHVVLRQV� RU�ILWWLQJ�NLQHWLF�SDUDPHWHUV�6RPH� RWKHU� PRGHO� SDUDPHWHUV� DUH� VXPP�DUL]HG� LQ� WDEOH� ��� 7KH� PRGHO� LV� VROYHG� E\�RUWKRJRQDO�FROORFDWLRQ�DQG�WKH�UHVXOWV�RI�WKLV�UXQ�DUH�LQGLFDWHG�LQ�)LJ���D�H�DV�DQ�H[DPSOH�,Q� )LJ�� �D�� GLPHQVLRQOHVV� FRQFHQWUDWLRQV� RI�&2��+���&2� 	�+�2�LQ�WKH�FKURPDWRJUDSKLF�UHDFWRU� EHG� YV�� WKH� GLPHQVLRQOHVV� OHQJWK� RI�WKH� UHDFWRU� DQG� GLPHQVLRQOHVV� WLPH� DUH�LQGLFDWHG��&2�DQG�+��DUH�FRQVXPHG�DORQJ�WKH�
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FKURPDWRJUDSKLF� UHDFWRU�� 7KHUHIRUH�� WKH�FRQFHQWUDWLRQV�RI�WKHP�DUH�UHGXFHG�ZKLOH�]�LV�LQFUHDVHG� IURP� ]HUR� WR� RQH�� 7KH� FKUR�PDWRJUDSKLF�UHDFWRU�EHG�LV�IXOO�RI�+H�DW�VWDUW�XS��VR�&2�DQG�+�� FRQFHQWUDWLRQV� LQ� WKH�EHG�LV� ]HUR� DORQJ� WKH� FKURPDWRJUDSKLF� UHDFWRU� DW�]HUR�WLPH��2YHU�D�SHULRG�RI�WLPH��&2�DQG�+��FRQFHQWUDWLRQV� LQ� WKH� EHG� DW� WKH� LQOHW� RI� WKH�FKURPDWRJUDSKLF� UHDFWRU� LV� FKDQJHG� FRUUHV�SRQGLQJ� WR� WKH� XQLW� VWHS� IXQFWLRQ��$QG� WKHQ�ZKHQ� PRUH� WLPH� KDV� HODSVHG�� WKHLU�FRQFHQWUDWLRQ� SURILOHV� DORQJ� WKH� FKURPDWR�JUDSKLF� UHDFWRU� D[LV� GRHV� QRW� FKDQJH�VLJQLILFDQWO\��7KLV� LV� WKH�VWHDG\�VWDWH� WLPH��,I�SODQHV� RI� ]� HTXDO� WR� RQH�� DUH� LQWHUIHUHG� WR�WKHVH� WKUHH� GLPHQVLRQDO� SORWV�� EUHDNWKURXJK�FXUYHV� RI� RXWOHW� FRQFHQWUDWLRQV� DUH�REWDLQHG��7KHVH� FXUYHV� DUH� ³6´� VKDSHG�� +�2� LV� D�E\SURGXFW� RI� K\GURFDUERQ� SURGXFWV� DQG� LV�FRQVXPHG� ZLWK� &2� LQ� D� ZDWHU�JDV�VKLIW�UHDFWLRQ� WR� SURGXFH� +� DQG�&2���ZDWHU�JDV�VKLIW�UHDFWLRQ�LQ�)H�FDWDO\VWV�SURJUHVVHV�PRUH�

WKDQ� &2 FDWDO\VWV�� %XW� )H� FDWDO\VWV� DUH�FKHDSHU�WKDQ�&2 FDWDO\VW��,Q�WKLV�UHVHDUFK�)H�&X�.� FDWDO\VW� KDV� EHHQ� XVHG�� VR� ZDWHU�JDV�VKLIW� UHDFWLRQ� SURJUHVVHV� DQG� ZDWHU� LV�FRQYHUWHG� WR� &2��� 7KHUHIRUH� ZDWHU� FRQFHQW�UDWLRQV�DUH� OHVV�WKDQ &2� FRQFHQWUDWLRQV��DQG�WKLV�PDWWHU�LV�OHG�WR�UHGXFWLRQ�LQ�GHDFWLYDWLRQ�RI )H�FDWDO\VW�E\�ZDWHU� 7KHUH�LV�QRW�DQ\�&2�	� +�2� LQ� WKH� IUHVK� IHHG�� 7KHUHIRUH�� WKH�FRQFHQWUDWLRQV� RI� WKHP� DUH� HTXDO� WR� ]HUR� DW�WKH�LQOHW�RI�WKH�UHDFWRU��$W�WKH�LQLWLDO�WLPH��WKH�EHG� LV� IXOO� RI� FDUULHU� JDV�� VR� WKH� FRQ�FHQWUDWLRQV� RI� &2� 	� +�2 DUH� ]HUR�� $ORQJ�WKH� ]�D[LV�� WKH\� DUH� SURGXFHG� DQG� WKH�FRQFHQWUDWLRQV� RI� WKHP� DUH� LQFUHDVHG��$GVRUSWLRQ� RI� &2�� +� LV� OHVV� WKDQ� &2� 	�+�2�� WKHUHIRUH� &2��+� KDYH� OHIW� WKH� UHDFWRU�EHIRUH�&2� 	�+�2��$GVRUSWLRQ�WRJHWKHU�ZLWK�UHDFWLRQ�� GHFUHDVHV� ZDWHU� FRQFHQWUDWLRQ� DOO�DORQJ� WKH� UHDFWRU�� 7KHUHIRUH�� )H� FDWDO\VW�GHDFWLYDWLRQ�LV�UHGXFHG�

)LJ��� &RPSDULVRQ�RI�SUHVHQW�PRGHO�DQG�H[SHULPHQWDO�UHVXOWV�RI�3DNVHUHVKW



.DULPL��-DKDQPLUL

,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ��9RO�����1R��� ��

7DEOH��� 'DWD�WKDW�DUH�XVHG�IRU�PRGHO�LQ�)LJ���D�H3DUDPHWHU 9DOXH 'LPHQVLRQ 'HVFULSWLRQHD ��� � $GVRUEHU�YROXPH�IUDFWLRQ�HE ��� � )OXLG�YROXPH�IUDFWLRQHF ��� � &DWDO\VW�YROXPH�IUDFWLRQ<) +H ����� � &DUULHU�JDV�GLPHQVLRQOHVV�FRQFHQWUDWLRQ�LQ�IHHG<)�&2 ����� � &DUERQ�PRQR[LGH�GLPHQVLRQOHVV�FRQFHQWUDWLRQ�LQ�IHHG<) +� ����� � +\GURJHQ�GLPHQVLRQOHVV�FRQFHQWUDWLRQ�LQ�IHHGHS ���� � $GVRUEHQW�SRURVLW\ LV�XVHG�IRU� &LN FRUUHODWLRQ5S � PP &DWDO\VW�UDGLXV7 ��� �& 7HPSHUDWXUH3 �� %DU 3UHVVXUH/ �� &P &ROXPQ�OHQJWK' � &P &ROXPQ�GLDPHWHU1WRWDO �� � 7RWDO�QR��RI�FROORFDWLRQ�SRLQWV$OSKD � � -DFREHDQ�SRO\QRPLDO�SDUDPHWHU%HWD � � -DFREHDQ�SRO\QRPLDO�SDUDPHWHU&SU ������ NPROH�P� 5HIHUHQFH�FRQFHQWUDWLRQ�RI�WKH�DGVRUEHU�SDUWLFOH�&EU ������ NPROH�P� 5HIHUHQFH�FRQFHQWUDWLRQ�RI�WKH�EHG�Y ����� P�V 6XSHUILFLDO�YHORFLW\
)LJ���E��FRQWDLQV�IRXU�SORWWLQJV�RI�GLPHQVLRQ�OHVV�FRQFHQWUDWLRQ�RI�&+���&�+���&�+� 	�+H�LQ� WKH� FKURPDWRJUDSKLF� UHDFWRU� EHG� YV�� WKH�GLPHQVLRQOHVV� OHQJWK� RI� WKH� UHDFWRU� DQG�GLPHQVLRQOHVV�WLPH�&+���&�+� DQG�&�+� DUH�SURGXFWV��7KH\�DUH�SURGXFHG� DORQJ� WKH� FKURPDWRJUDSKLF� UHDFWRU�D[LV��(WK\OHQH�SURGXFWLRQ�LV�PRUH�WKDQ�HWKDQH�SURGXFWLRQ� DQG� WKLV� LV� JRRG� IRU� HWK\OHQH�SURGXFWLRQ� WKDW� LV� RQH� RI� WKH� LPSRUWDQW�SHWURFKHPLFDO� IHHGV�� 7KH� EHG� RI� WKH�FKURPDWRJUDSKLF� UHDFWRU� LV� IXOO� RI� +H� DW�LQLWLDWLDO WLPH�� VR� WKH� FDUULHU� JDV� FRQFHQWUD�WLRQ� LV� DW� D� PD[LPXP� OHYHO� DW� W� LV� HTXDO� WR�]HUR��7KH� FRQFHQWUDWLRQ�RI� LW LV� UHGXFHG� WR�D�PLQLPXP� OHYHO� DQG� IL[HG� WR� IUHVK� IHHG�FRQFHQWUDWLRQ DW� VWHDG\� VWDWH� WLPH�� 0HWKDQH�SURGXFWLRQ�LV�QRW�VXLWDEOH��EHFDXVH�LW�PXVW�EH�FRQYHUWHG�WR�V\Q��JDV�DJDLQ��&DWDO\VW�NLQHWLFV�GLFWDWHV� WKH� SURGXFWLRQ� RI� PHWKDQH�� EXW�DGVRUSWLRQ�KHOSV�WR�VHSDUDWH�LW�LQ�D�VLPXODWHG�

PRYLQJ�EHG�FKURPDWRJUDSKLF�UHDFWRU�EHFDXVH�RI� PHWKDQH� VSLOODJH� DW� WKH� RXWOHW� RI� WKH�UHDFWRU�EHIRUH�VWHDG\�VWDWH�WLPH�)LJ�� �F�� LQGLFDWHV� WKUHH� GLPHQVLRQDO� SORWV� RI�GLPHQVLRQOHVV�FRQFHQWUDWLRQ�RI�&2��+���&2�	� +�2� LQ� DGVRUEHU� SDUWLFOHV� YV�� WKH� GLP�HQVLRQOHVV� OHQJWK� RI� WKH� UHDFWRU� DQG� GLP�HQVLRQOHVV�WLPH��&RQFHQWUDWLRQV LQ�WKH�DGVRU�EHU�SDUWLFOHV�IROORZ WKH�FRQFHQWUDWLRQV�LQ�WKH�FKURPDWRJUDSKLF�UHDFWRU�EHG��,QFUHDVLQJ�FRQ�FHQWUDWLRQV� LQ� WKH� FKURPDWRJUDSKLF� UHDFWRU�EHG� LQFUHDVHV� WKH� DGVRUSWLRQ� GULYLQJ� IRUFH�DQG� LQFUHDVHV� FRQFHQWUDWLRQV� LQ� WKH� DGVRUEHU�SDUWLFOHV�� +�� FRQFHQWUDWLRQV� LQ� DGVRUEHQW� YV��WLPH�LQ�D�FRQVWDQW�]�KDYH�D�PD[LPXP��7KHVH�PD[LPXPV�DUH�GHDOW�ZLWK�FRPSHWHWLYH DGVRU�SWLRQ��&2� 	�+�2�FRQFHQWUDWLRQV�LQ�DGVRUEHU�SDUWLFOHV� DUH� LQFUHDVHG� DORQJ� WKH� ]�D[LV��1RW�DOO� WKH� EHG� EHFRPHV� IXOO� RI� DGVRUEHG�PDWHULDOV� EHFDXVH� WKH� FDUULHU� JDV� HQWHUV�ZLWK�WKH�IHHG�FRQVWDQWO\�
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)LJ� �E� 'LPHQVLRQOHVV� FRQFHQWUDWLRQ� RI� &+��� &�+��� &�+� 	� +H� LQ� WKH� FKURPDWRJUDSKLF� UHDFWRU� EHG� YV��GLPHQVLRQOHVV�OHQJWK�RI�WKH�UHDFWRU�DQG�GLPHQVLRQOHVV�WLPH



)D]HOL��.D]HPHLQL
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)LJ��F� 'LPHQVLRQOHVV�FRQFHQWUDWLRQ�RI�&2��+���&2� 	�+�2�LQ�WKH�DGVRUEHU�SDUWLFOHV�YV��GLPHQVLRQOHVV�OHQJWK�RI�WKHUHDFWRU�DQG�GLPHQVLRQOHVV�WLPH
,Q� )LJ�� �G�� GLPHQVLRQOHVV� FRQFHQWUDWLRQ� RI�&+��� &�+��� &�+� 	� +H� LQ� WKH� DGVRUEHU�SDUWLFOHV� YV�� GLPHQVLRQOHVV� OHQJWK� RI� WKH�UHDFWRU� DQG� GLPHQVLRQOHVV� WLPH� KDYH� EHHQ�SORWWHG��&+���&�+� DQG�&�+� FRQFHQWUDWLRQV�LQ� WKH�DGVRUEHU YV��WLPH�LQ�D�FRQVWDQW�]�KDYH�PD[LPXPV��7KHVH�PD[LPXPV�DUH�GHDOW�ZLWK�FRPSHWHWLYH DGVRUSWLRQ��7KH� FDUULHU� JDV��+H��GRHV�QRW�DGVRUE�0ROH� IUDFWLRQV� RI� VRPH� FRPSRQHQWV� LQ� WKH�RXWOHW�RI�WKH�FKURPDWRJUDSKLF�UHDFWRU�YV��WLPH�KDYH�EHHQ�LQGLFDWHG�LQ�WZR�GLPHQVLRQDO�SORWVRI� )LJ�� �H� ,Q� WKLV� FKURPDWRJUDSKLF� UHDFWRU��XSRQ� HQWHULQJ� WKH� IHHG�� GXULQJ� WKH� UHDFWLRQ�DQG�SURGXFLQJ�WKH�SURGXFWV��FRPSR�QHQWV�DUH�VHSDUDWHG�� EHFDXVH� RI� GLIIHUHQFHV� LQ�DGVRUSWLRQ� VHOHFWLYLW\�� $V� )LJ�� �H� LQGLFDWHV��FDUERQ�PRQR[LGH�DQG�PHWKDQH�H[LW� IURP� WKH�UHDFWRU�� HDUOLHU� WKDQ� FDUERQ� GLR[LGH� DQG�HWK\OHQH��7KLV�PHDQV�WKDW�WKH�RXWOHW�VWUHDP�RI�WKH� )76� FKURPDWRJUDSKLF� UHDFWRU� FDQ� EH�GLYLGHG� LQWR� WZR� PDLQ� VWUHDPV�� RQH� VWUHDP�FRQWDLQV� OLJKWHU� FRPSRQHQWV� �PHWKDQH DQG�FDUERQ� PRQR[LGH�� DQG� WKH� RWKHU� VWUHDP�FRQWDLQV�KHDYLHU�FRPSRQHQWV��FDUERQ�GLR[LGH�DQG� HWK\OHQH�� 7KLV� LV� WKH� PDLQ� LGHD� IRU�

GHYHORSLQJ�VLPXODWHG�PRYLQJ�EHG�FKURPDWR�JUDSKLF� UHDFWRUV� IRU� UHDFWLRQ� DQG� DGVRUSWLRQ�VLPXOWDQHRXVO\�DQG�FRQWLQXRXVO\�
&RQFOXVLRQV7KH� IL[HG� EHG� FKURPDWRJUDSKLF� UHDFWRU� KDV�EHHQ� PRGHOHG� IRU� )76� DQG�:*6� UHDFWLRQV��7KH� PRGHO� HTXDWLRQV� KDYH� EHHQ� VROYHG�QXPHULFDOO\� E\� WKH� RUWKRJRQDO� FROORFDWLRQ�PHWKRG�� 7KH� WUHQGV� RI� WKH� SUHVHQW� PRGHO�SUHGLFWLRQV� DQG� H[SHULPHQWDO� UHVXOWV� DUH� LQ�JRRG� DJUHHPHQW�� 'LIIHUHQFHV� EHWZHHQ� WKHVHDEVROXWH� YDOXHV� PLJKW� EH� DWWULEXWHG� WR� WKH�FDWDO\VW� NLQHWLFV� ZKLFK� LV� QRW� WKH� VDPH� IRU�ERWK�FDVHV��,PSOHPHQWLQJ�WKH�D[LDO�GLVSHUVLRQ�PRGHO� DQG� LQFRUSRUDWLQJ� WKH� OLQHDU� GULYLQJ�IRUFH� DSSURDFK� IRU� WKH� DGVRUEHU�� UHVXOWHG� LQ�VLPSOLFLW\�RI� WKH�PRGHO�DQG�D� VXLWDEOH� VSHHG�IRU� QXPHULFDO� VROXWLRQ�� 7KH� RUWKRJRQDO�FROORFDWLRQ� PHWKRG� LV� VXLWDEOH� IRU� WKHQXPHULFDO�VROXWLRQ RI� WKLV�PRGHO��7KH�PRGHO�FDQ� SUHGLFW� WKH� PD[LPXP� LQ� EUHDNWKURXJK�FXUYHV� EHFDXVH� RI� FRPSHWLWLYH� DGVRUSWLRQ��7KH� PRGHO� KDV� EHHQ� UXQ� IRU� GLIIHUHQW�FRQGLWLRQV DQG� WKH� PDLQ� FRQFOXVLRQV� DUH�VXPPDUL]HG�DV�IROORZV�
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)LJ��H� 0ROH�IUDFWLRQV�RI�VRPH FRPSRQHQWV�LQ�RXWOHW�RI�WKH�FKURPDWRJUDSKLF UHDFWRU�YV��WLPH
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��,QFUHDVLQJ�WKH�WHPSHUDWXUH�FDQ�LQFUHDVH�WKH� UHDFWLRQ� UDWHV� DQG� GHFUHDVH� WKH�DGVRUSWLRQ�UDWHV��7KHUHIRUH��WKHUH�LV�DQ�RSWLPXP�WHPSHUDWXUH��,Q�WKLV�WHPSHUD�WXUH�� VXLWDEOH� DGVRUSWLRQ� ZLWK� JRRG�UHDFWLRQ�SURJUHVV�FDQ�EH�REWDLQHG���,QFUHDVH� LQ� SUHVVXUH� LV� VXLWDEOH� IRU�UHDFWLRQ�DGVRUSWLRQ� DQG� LV� FRQWUDU\� WR�GHVRUSWLRQ���,QFUHDVLQJ� RI� WKH� YROXPH� IUDFWLRQ� RI�DEVRUEHU DGYDQWDJHV WKH�VHSDUDWLRQ���5HGXFWLRQ� LQ� DYHUDJH� YHORFLW\� DQG�LQFUHDVH� LQ� UHDFWRU� OHQJWK�� LQFUHDVHV�WKH� UHDFWLRQ� DQG� DGVRUSWLRQ� UDWHV��EHFDXVH�WKH�UHVLGHQFH�WLPH�LQFUHDVHV���%\� LQFUHDVLQJ� WKH� YROXPH� IUDFWLRQ� RI�FDUULHU�JDV��VHSDUDWLRQ�UDWHV�DUH�LQFUHD�VHG�DQG�UHDFWLRQ�UDWHV�DUH�GHFUHDVHG�7KH� IL[HG� EHG� FKURPDWRJUDSKLF� UHDFWRU�PRGHO� GHYHORSHG� LQ� WKLV� ZRUN� PD\� EH�H[WHQGHG�WR�VLPXODWH�PRYLQJ�EHG�FKURPDWR�JUDPSKLF� UHDFWRUV�� 7KHUHIRUH�� WKLV� UHVHDUFK�SUHVHQWV� WKH� EDVLF VWHSV WR� GHYHORS� D�PDWKHPDWLFDO�PRGHO� DQG�QXPHULFDO�VROXWLRQ�RI� PRGHO� HTXDWLRQV� IRU� D� FRPSOH[� UHDFWLRQDQG�VHSDUDWLRQ�SKHQRPHQRQ�WR�EH�RSWLPL]HG�IRU� VXFK� LPSRUWDQW� PHWKDQH� FRQYHUVLRQ�SURFHVVHV�
5HIHUHQFHV�� :DQJ� <� 1���;X� <� <���/L� <� :���=KDR� <�/���DQG =KDQJ� %� -���³+HWHURJHQHRXV�PRGHO�LQJ�IRU�)L[HG EHG�)LVFKHU 7URSVFK�V\QWKHVLV��5HDFWRU�PRGHO�DQG� LWV�DSSOLFDWLRQV´��&KHP�(QJ� 6FL����� �������������������� 5DGRV� 1��� $O�'DKKDQ� 0� +��� DQG'XGXNRYLF� 0� 3���³0RGHOLQJ�RI�WKH�)LVFKHU7URSVFK� V\QWKHVLV� LQ� VOXUU\� EXEEOH� FROXPQ�UHDFWRUV�´�&DW� 7RGD\����±������� ��������� $KRQ� 9� 5���(�� )�� &RVWD���0RQWHDJXGR� -�(� 3��� )RQWHV� &� (��� %LVFDLD� (� &��� DQG/DJH� 3� /� &���³$ FRPSUHKHQVLYH�PDWKHPD�WLFDO� PRGHO� IRU� WKH� )LVFKHU 7URSVFK�V\QWKHVLV� LQ� ZHOO�PL[HG� VOXUU\� UHDFWRUV�´&KHP� (QJ� 6FL�� �� ������������������ 'HFNZHU� :� '��� 6HUSHPDQ� <���5DOHN� 0��DQG 6FKPLGW� %��� ³0RGHOLQJ� WKH� )LVFKHU
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