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$EVWUDFW7KH�HIIHFWV�DQG�LQIOXHQFHV�RI�YDULRXV�RSHUDWLRQDO�SDUDPHWHUV�RQ�WKH�HIILFLHQF\�RI�PL[HU�VHWWOHUV� DUH� WKRURXJKO\� VWXGLHG� LQ� WKLV� SDSHU�� 2QH� RI� WKH� PRVW� LPSRUWDQW� IDFWRUV� LQ�GHVLJQLQJ� D�PL[HU�VHWWOHU� LV� WR� REWDLQ� DQ� RSWLPXP� RSHUDWLRQDO� H[WUDFWLRQ� DQG� RYHUDOO�HIILFLHQF\�� 7KHVH� WZR� IDFWRUV� DUH� GHSHQGHQW� RQ� YDULRXV� SDUDPHWHUV� VXFK� DV� LPSHOOHU�VKDSH��VL]H�DQG�VSHHG�RI�LPSHOOHU��EDIIOH�VL]H��UHVLGHQFH�WLPH��YROXPHWULF�IORZ�UDWHV�DQG�WKH� UDWLR� RI� KHDY\� WR� OLJKW� SKDVHV�� ,Q� WKLV� SDSHU�� WKH� HIIHFW� RI� LPSHOOHU� VSHHG� DQG�YROXPHWULF�IORZUDWHV�RI�WZR�SKDVHV�RQ�HIILFLHQF\�DUH�VWXGLHG��$OVR��WKH�HIIHFW�RI�KROG�XS�RI�HDFK�VWDJH�XSRQ�VWDJH�HIILFLHQF\�LV�VWXGLHG�$FFRUGLQJ� WR� WKH� DERYH�H[SHULPHQWV�DQG�DFKLHYHG� UHVXOWV�� LW� FDQ�EH�FRQFOXGHG WKDW� LQ�JHQHUDO�� DQ� LQFUHDVH� LQ� LPSHOOHU� VSHHG� DQG� VROYHQW� DPRXQW� UHVXOWV� LQ� DQ� LQFUHDVH� LQ�H[WUDFWLRQ� HIILFLHQF\�� $OVR�� ZKHQ� KROG�XS� RI� WKH� GLVSHUVHG� SKDVH� GHFUHDVHV�� WKH� VWDJH�HIILFLHQF\�XVXDOO\�LQFUHDVHV�XS�WR�D�FHUWDLQ�SRLQW�.H\ZRUGV� /LTXLG�/LTXLG�([WUDFWLRQ��0L[HU�6HWWOHU��(IILFLHQF\


 � &RUUHVSRQGLQJ�DXWKRU��(PDLO��KRDE��#\DKRR�FRP�

,QWURGXFWLRQ7KHUH� LV� D� YDULHW\� RI� HTXLSPHQW� XVHG� LQ�VROYHQW� H[WUDFWLRQ�� +RZHYHU�� PL[HU�VHWWOHUV�GXH�WR�WKHLU�KLJK�IOH[LELOLW\��KLJK�FDSDFLW\�DQG�HIILFLHQF\�� DUH� RIWHQ� XVHG� LQ� GLIIHUHQW�SURFHVVHV� LQ� LQGXVWU\� VXFK� DV� FKHPLFDO��SKDUPDFHXWLFDO� DQG� QXFOHDU� LQGXVWULHV��$OWKRXJK�WKHLU�ODUJH�KROG�XS��DV�FRPSDUHG�WR�RWKHU� H[WUDFWRUV�� LV� FRQVLGHUHG� D� ZHDNQHVV��PL[HU�VHWWOHU� H[WUDFWRUV� DUH� ZLGHO\� XVHG� LQ�LQGXVWULHV�EHFDXVH�RI WKHLU�KLJK�FDSDFLW\�DQG�ORZ�QXPEHU�RI�VWDJHV��0L[HU�VHWWOHUV�FDQ�DOVR�ZLWKVWDQG� KLJK� WXUEXOHQFH� UDWHV� ZLWKRXW�SURGXFLQJ� IORRGLQJ�� ,Q� DGGLWLRQ�� WKH\� FDQ�HDVLO\� ZLWKVWDQG� FRQWLQXRXV� VWDUW�XS� DQG�

VWDQGE\� GXULQJ� ZRUNLQJ� SHULRGV� ZLWKRXW�GHVWUR\LQJ WKH�VROXWLRQ�>����@�7KH� HIILFLHQF\� LV� XVXDOO\� FRQVLGHUHG� DV� RQH�LPSRUWDQW� SDUDPHWHU� LQ� VHOHFWLQJ� RSWLPXP�FRQGLWLRQV� IRU� GHVLJQLQJ� PL[HU�VHWWOHU� H[�WUDFWRUV��$OVR��WKH�VWXG\�RI�HIILFLHQF\�KHOSV�WR�DFKLHYH� DSSURSULDWH� SHUIRUPDQFH� RI� WKH�H[WUDFWRU�� 6HYHUDO� LQYHVWLJDWRUV� KDYH� VWXGLHGWKH� HIIHFW� RI� VRPH� SDUDPHWHUV� VXFK� DV�LPSHOOHU� VSHHG�� VROYHQW� DPRXQW� DQG� KROG�XS�RQ� HIILFLHQF\� >���@�� 7KH\� REVHUYHG� WKDW� WKH�HIILFLHQF\� ZRXOG� LQFUHDVH� ZKHQ� DJLWDWLRQ�VSHHG� DQG� VROYHQW� DPRXQW� LQFUHDVH�� $OVR�� LW�KDV� EHHQ� REVHUYHG� WKDW� WKH� HIILFLHQF\�LQFUHDVHG�PRQRWRQRXVO\�ZLWK�DJLWDWLRQ�VSHHG�
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DQG� DOVR� WKH� VWDJH� HIILFLHQF\� EDVHG� RQ� WKH�GLVSHUVHG�SKDVH�FRQFHQWUDWLRQ�YDULHG�ZLWK�WKH�UDWLR� RI� VORSHV� EHWZHHQ� WKH� HTXLOLEULXP� OLQH�DQG�WKH�RSHUDWLQJ�OLQH�>�@�7KH� PL[HU�VHWWOHU� H[WUDFWRU� XVHG� LQ� WKHVH�H[SHULPHQWV� LV�PDGH� RI� WZR� VHSDUDWHG� LQWHU�FRQQHFWHG�F\OLQGULFDO�FKDPEHUV��D�PL[HU�DQG�D� VHWWOHU�� ,Q� HDFK� VWDJH�� WKH� OLJKW� DQG� KHDY\�SKDVHV� DUH� PL[HG� LQ� D� PL[LQJ� FKDPEHU� DQG�WKH�PL[HG�OLTXLG��GLVSHUVLRQ��LV�WUDQVIHUUHG�WR�WKH�VHWWOLQJ�FKDPEHU��VHWWOHU���7KH�VHWWOHU�XQLW�KDV� WZR� RXWOHWV� ZKHUH� WKH� OLJKW� SKDVH� DIWHU�VHSDUDWLRQ� OHDYHV� DW� WKH� WRS� DQG� WKH� KHDY\�SKDVH� OHDYHV�DW� WKH�ERWWRP��%RWK�RXWSXWV�DUH�WKHQ� OHG� WR� WKH� QH[W� VWDJHV�� $� GUDZLQJ� RI� D�PL[HU�VHWWOHU� DQG� RQH� RI� WKH� VWDJHV� XVHG� LQ�WKHVH�H[SHULPHQWV�DUH�VKRZQ�LQ�)LJXUHV���DQG����UHVSHFWLYHO\�
(IILFLHQF\(IILFLHQF\� GHSHQGV� RQ� GLIIHUHQW� SDUDPHWHUV�VXFK�DV�LPSHOOHU�VSHHG��VROYHQW�DPRXQW��IHHG�DPRXQW� DQG� KROG�XS >�@�� ,Q� WKLV� SDSHU�� ZH�VWXGLHG� WKH� HIIHFW� RI� WKHVH� SDUDPHWHUV� RQ�VWDJH� H[WUDFWLRQ� DQG RYHUDOO� HIILFLHQFLHV��)LJXUH� �� VKRZV� WKH� FKDUDFWHULVWLFV� RI� D� FR�FXUUHQW� VLQJOH� VWDJH� ZKHUH� OLQH� ³$%´� LV� WKH�RSHUDWLQJ�OLQH��SRLQW�³&´�LV�WKH�LQWHUVHFWLRQ�RI�RSHUDWLQJ� OLQH� DQG� HTXLOLEULXP� FXUYH� DQG�SRLQW�³%´�LV�WKH�RXWSXW�FRQFHQWUDWLRQ�RI�HDFK�VWDJH� DQG� LQ� JHQHUDO�� WKH� ORFXV� RI� DFWXDO�HIIOXHQW� FRQFHQWUDWLRQV� IURP� WKH� VWDJHV� DUH�UHSUHVHQWHG� E\� WKH� ³3VHXGR�HTXLOLEULXP´�FXUYH�� 7KH� GHILQLWLRQV� IRU� PHDVXULQJ�HIILFLHQFLHV�DUH�DV�IROORZ�
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&KDUDFWHULVWLFV� RI WKH 0L[HU�6HWWOHU� DQG�WKH�&KHPLFDO�6\VWHP7KH� FRXQWHU�FXUUHQW� PL[HU�VHWWOHU� XVHG� LQ�WKHVH� H[SHULPHQWV� FRQVLVWHG� RI� WHQ� VWDJHV� LQ�FDVFDGH�ZLWK�D�SXPS�W\SH�SDWWHUQ�SURSHOOHU�LQ�HDFK� VWDJH�� ZKLFK� FRXOG� SXPS� WKH� VROXWLRQ�EHWZHHQ�VWDJHV��$OO�VWDJHV�DUH�PDGH�RI�JODVV�LQ� RUGHU� WR� REVHUYH� WKH� WZR� SKDVHV�� 7KH�LQWHUIDFH� OHYHO� RI� WKH� WZR� SKDVHV� LQ� HYHU\�VHWWOHU�FDQ�EH�FRQWUROOHG�DQG�DOVR�VDPSOHV�FDQ�EH� WDNHQ� IURP� WZR� SKDVHV� E\� D� VDPSOLQJ�GHYLFH� PRXQWHG� RQ� HDFK� VHWWOHU�� 7KH� URWRU�VSHHG� DQG� WKH� SXPSLQJ� GHJUHH�� ZKLFK� DUH�GLJLWDOO\� DGMXVWHG�� FDQ� EH� HDVLO\� FRQWUROOHG��2I�FRXUVH��ILUVW�WKH�FDOLEUDWLRQ�FXUYHV�IRU�WKH�IHHG� DQG� WKH� VROYHQW� SXPSV� ZHUH� DOVR�REWDLQHG�7KH� FKHPLFDO� V\VWHP� XVHG� LQ� WKHVH� H[SHUL�PHQWV� LV�ZDWHU�DFHWRQH�WROXHQH��ZKHUH�ZDWHU�LV� FRQVLGHUHG� DV� WKH� FRQWLQXRXV� SKDVH��VROYHQW��� WROXHQH�DV� WKH�GLVSHUVHG�SKDVH�DQG�DFHWRQH� DV� D� VROXWH��$W� WKH� EHJLQQLQJ� RI� WKH�RSHUDWLRQ�� ZDWHU� DQG� WROXHQH� DUH� EURXJKW� WR�VDWXUDWLRQ� DQG� DFHWRQH� ZLWK� D� NQRZQ�FRQFHQWUDWLRQ� LV� WKHQ� DGGHG� WR� WKH� WROXHQH�SKDVH��IHHG�SKDVH���3K\VLFDO�SURSHUWLHV�RI�WKH�FKHPLFDO� V\VWHP� XVHG� LQ� WKHVH� H[SHULPHQWV�DUH�VKRZQ�LQ�7DEOH����7KH�HTXLOLEULXP�FXUYH�GDWD� IRU� WKLV� V\VWHP� DUH� GHULYHG� IURP�LQWHUQDWLRQDO�UHIHUHQFHV�DQG�DOVR� WKH�GDWD�DUH�FKHFNHG� LQ� WKH� ODERUDWRU\� >�@�� 7KH� HTXLOL�EULXP� FXUYH� GDWD� DUH� VKRZQ� LQ� WHUPV� RI� WKH�FRQFHQWUDWLRQ�RI�DFHWRQH�LQ�WROXHQH�DQG�ZDWHU�SKDVHV� LQ� HTXLOLEULXP� FRQGLWLRQV� DW� D� WHP�SHUDWXUH�RI����q&�
([SHULPHQWDO�3URFHGXUH,Q�RUGHU� WR� VWDUW� RSHUDWLRQV�� DW� WKH�EHJLQQLQJ�RI� H[SHULPHQWV�� WKH� WZR� SXPSV� IRU� WKH� IHHG�DQG�WKH�VROYHQW�SKDVHV�DUH�WXUQHG�RQ�XQWLO�DOO�VWDJHV DUH ILOOHG�ZLWK� WKH� WZR� SKDVHV�� 7KHQ��WKH� LQWHUIDFH� OHYHO� LQ� HDFK� VHWWOHU� ZDV�FDUHIXOO\�FRQWUROOHG�WR�EULQJ�WKH�V\VWHP�WR�WKH�VWHDG\�VWDWH�FRQGLWLRQ�
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7DEOH �� 3K\VLFDO�SURSHUWLHV�RI�WKH�FKHPLFDO�V\VWHP�XQGHU�VWXG\
6\VWHP GP�F3� FP�F3� GU�JU�FP�� FU�JU�FP�� V�G\QH�FP�7ROXHQH��$FHWRQH��:DWHU ����� ���� ����� ����� ��

7R�REWDLQ�RSWLPXP�UHVXOWV��EHIRUH�FROOHFWLQJ�VDPSOHV� IURP� HDFK� VWDJH�� HQRXJK� WLPH� ZDV�JLYHQ� WR� WKH� V\VWHP� WR� OHW� WKH� WZR� SKDVHV� WR�OHDYH� WKH� VWDJHV�� 7KH� FRQFHQWUDWLRQ� RI�DFHWRQH� ZDV� PHDVXUHG� E\� JDV� FKURPD�WRJUDSK\� PHWKRG�� 6RPH� H[SHULPHQWV� ZHUH�UHSHDWHG� WZR� RU� WKUHH� WLPHV� LQ� RUGHU� WR�HOLPLQDWH�DQ\�HUURUV DQG�WR�HQVXUH�WKH�UHVXOWV�7RWDOO\�� IRXU� VHULHV� RI� H[SHULPHQWV� ZHUH�FDUULHG� RXW� LQ� RUGHU� WR� VWXG\� WKH� HIIHFW� RI�RSHUDWLRQDO�SDUDPHWHUV�RQ�HIILFLHQF\�7KH� ILUVW� VHULHV� RI� H[SHULPHQWV� ZHUH� PDGH�ZLWK�WKH�IROORZLQJ�SDUDPHWHUV�� $� NQRZQ� DQG� FRQVWDQW� YROXPHWULF� IORZ�UDWH�IRU�ERWK�SKDVHV� $� NQRZQ� FRQFHQWUDWLRQ� RI� DFHWRQH� LQ�WROXHQH�����E\�ZHLJKW�� 7KUHH� GLIIHUHQW� LPSHOOHU� VSHHGV�� ����������DQG������USP��7KHVH� H[SHULPHQWV� ZHUH� PDGH� WR� VWXG\� WKH�HIIHFW�RI�LPSHOOHU�VSHHG�XSRQ WKH�HIILFLHQFLHV�7KH�VHFRQG�VHULHV�RI�H[SHULPHQWV�ZHUH�PDGH�ZLWK�WKH�IROORZLQJ�SDUDPHWHUV�� $�FRQVWDQW�LPSHOOHU�VSHHG�������USP�� $� FRQVWDQW� YROXPHWULF� IORZUDWH� IRU� WKH�FRQWLQXRXV�SKDVH� 'LIIHUHQW� YROXPHWULF� IORZUDWHV� IRU� WKH�GLVSHUVHG�SKDVH,Q� WKLV� VHULHV� RI� H[SHULPHQWV�� WKH� HIIHFW� RI�YROXPHWULF� IORZUDWH� RI� WKH� GLVSHUVHG� SKDVH�XSRQ�WKH�HIILFLHQFLHV�ZDV�VWXGLHG�7KH� WKLUG� VHULHV� RI� H[SHULPHQWV� ZHUH� PDGH�ZLWK�WKH�IROORZLQJ�SDUDPHWHUV�� $�FRQVWDQW�LPSHOOHU�VSHHG������USP�� $� FRQVWDQW� YROXPHWULF� IORZUDWH� IRU� WKH�GLVSHUVHG�SKDVH� 7KUHH�GLIIHUHQW� YROXPHWULF� IORZUDWHV� IRU�WKH�FRQWLQXRXV�SKDVH��KHDY\�SKDVH�,Q� WKLV� VHULHV� RI� H[SHULPHQWV�� WKH� HIIHFW� RI�

FRQWLQXRXV� YROXPHWULF� IORZUDWH� XSRQ� HI�ILFLHQF\�ZDV�VWXGLHG�)LQDOO\�� LQ� VRPH� H[SHULPHQWV� ZH� PHDVXUHG�WKH� KROG�XS� RI� WKH� GLVSHUVHG� SKDVH�� )RU�PHDVXULQJ� KROG�XS�� WKH� PL[HU�VHWWOHU� LV� VKXW�GRZQ� DQG� WKHQ� WKH� YROXPH� RI� HDFK� SKDVH� LV�PHDVXUHG�LQ�DOO�VWDJHV��7KH�UDWLR�RI�GLVSHUVHG�SKDVH�YROXPH�WR�WRWDO�YROXPH�LQ�HDFK VWDJH�LV�GHILQHG�DV�KROG�XS�
([SHULPHQWDO�5HVXOWV)LJXUHV������DQG���VKRZ�WKH�HIIHFW�RI�LPSHOOHU�VSHHG��DQG�YROXPHWULF�IORZUDWHV�RI�GLVSHUVHG�DQG� FRQWLQXRXV� SKDVHV� XSRQ� WKH� HIILFLHQF\��UHVSHFWLYHO\��)LJXUHV���DQG���VKRZ�KRZ�KROG�XS� DQG� VWDJH� HIILFLHQFLHV� FKDQJH� DORQJ� WKH�FDVFDGH�� UHVSHFWLYHO\�� )URP� WKH DERYH�ILJXUHV��WKH�IROORZLQJ�UHVXOWV�FDQ�EH�REWDLQHG�� $Q� LQFUHDVH� LQ� LPSHOOHU� VSHHG� UHVXOWV� LQ�DQ�LQFUHDVH�LQ�H[WUDFWLRQ�HIILFLHQF\�DQG�D�GHFUHDVH� LQ� RYHUDOO� HIILFLHQF\�� $OVR�� DQ�LQFUHDVH� LQ� LPSHOOHU� VSHHG� UHVXOWV� LQ� DQ�LQFUHDVH� LQ� WKH� GLVWDQFH� EHWZHHQ�RSHUDWLQJ�FXUYH�DQG�HTXLOLEULXP�FXUYH�DW�FRQVWDQW� FRQGLWLRQV� �)LJXUHV� ��� ��� DQG������ $Q�LQFUHDVH�LQ�YROXPHWULF�IORZUDWH�RI�WKH�GLVSHUVHG� SKDVH� UHVXOWV� LQ� D� GHFUHDVH LQH[WUDFWLRQ� HIILFLHQF\� DQG� DQ� LQFUHDVH� LQ�RYHUDOO�HIILFLHQF\��$OVR��ZLWK�DQ�LQFUHDVH�LQ YROXPHWULF� IORZUDWH� RI� WKH� GLVSHUVHG�SKDVH�� WKH� RSHUDWLQJ� FXUYH� DSSURDFKHV�WKH� HTXLOLEULXP� FXUYH� DW� FRQVWDQW�FRQGLWLRQV��)LJXUHV��������DQG������ $Q�LQFUHDVH LQ YROXPHWULF�IORZUDWH�RI�WKH�FRQWLQXRXV� SKDVH� UHVXOWV� LQ� DQ� LQFUHDVH�LQ�H[WUDFWLRQ�HIILFLHQF\�DQG�D�GHFUHDVH�LQ�RYHUDOO� HIILFLHQF\�� $OVR�� DQ� LQFUHDVH� LQ�YROXPHWULF� IORZ� UDWH� RI� WKH� FRQWLQXRXV�
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SKDVH� UHVXOWV� LQ� DQ� LQFUHDVH� LQ� WKH�GLVWDQFH� EHWZHHQ� WKH� RSHUDWLQJ� DQG�HTXLOLEULXP� FXUYHV� DW� FRQVWDQW� FRQ�GLWLRQV��)LJXUHV��������DQG������ :KHQ WKH GLVSHUVHG SKDVH� KROG�XS�
LQFUHDVHV�� WKH� VWDJH� HIILFLHQF\�GHFUHDVHV��)LJXUHV� �� DQG� ���� 2I� FRXUVH�� WKH� VWDJH�HIILFLHQF\� DOVR� GHSHQGV� RQ� UHVLGHQFH�WLPH�RI�GURSV�

)LJXUH��� 6FKHPDWLF�RI�D�KRUL]RQWDO�PL[HU�VHWWOHU

)LJXUH��� &KDUDFWHULVWLFV�RI�D�VLQJOH�VWDJH
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)LJXUH��� 6WDJH�HIILFLHQFLHV�RI�D�VLQJOH�VWDJH >�@

)LJXUH��� ([WUDFWLRQ�DQG�RYHUDOO�HIILFLHQF\�YHUVXV�LPSHOOHU�VSHHG

3523(//(5�63(('��USP
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)LJXUH��� ([WUDFWLRQ�DQG�RYHUDOO�HIILFLHQFLHV�YHUVXV�GLVSHUVHG�SKDVH�YROXPHWULF�IORZUDWH

)LJXUH��� ([WUDFWLRQ�DQG�RYHUDOO�HIILFLHQFLHV�YHUVXV�FRQWLQXRXV�SKDVH�YROXPHWULF�IORZUDWH

92O� )/2:5$7(�2)�72/8(1(��PO�PLQ

92O��)/2:5$7(2)�:$7(5��PO�PLQ
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)LJXUH��� 9DULDWLRQ�RI�VWDJH�HIILFLHQF\�DQG�KROG�XS�DPRQJ�VWDJHV

)LJXUH��� 9DULDWLRQ�RI�VWDJH�HIILFLHQF\�DQG�KROG�XS�DPRQJ�VWDJHV

6WDJH�QXPEHU

6WDJH�QXPEHU
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)LJXUH��� 7KH�RSHUDWLQJ�FXUYH�RI�PL[HU�VHWWOHU�DW�����USP

)LJXUH���� 7KH�RSHUDWLQJ�FXUYH�RI�PL[HU�VHWWOHU�DW�����USP
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)LJXUH���� 7KH�RSHUDWLQJ�FXUYH�RI�PL[HU�VHWWOHU�DW������USP

)LJXUH���� 7KH�RSHUDWLQJ�FXUYH�RI�PL[HU�VHWWOHU�DW������USP
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)LJXUH���� 7KH�RSHUDWLQJ�FXUYH�RI�PL[HU�VHWWOHU�DW������USP

)LJXUH���� 7KH�RSHUDWLQJ�FXUYH�RI�PL[HU�VHWWOHU�DW������USP
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)LJXUH���� 7KH�RSHUDWLQJ�FXUYH�RI�PL[HU�VHWWOHU�DW������USP

)LJXUH���� 7KH�RSHUDWLQJ�FXUYH�RI�PL[HU�VHWWOHU�DW�����USP
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)LJXUH ��� 7KH�RSHUDWLQJ�FXUYH�RI�PL[HU�VHWWOHU�DW�����USP
'LVFXVVLRQ�DQG�&RQFOXVLRQ$FFRUGLQJ� WR� WKH� DERYH� H[SHULPHQWV�� WKH�IROORZLQJ�FRQFOXVLRQV�FDQ�EH�PDGH����$Q�LQFUHDVH�LQ�LPSHOOHU�VSHHG�DW�FRQVWDQW�YROXPHWULF� IORZUDWHV� RI� WZR� SKDVHV�LQFUHDVHV� WKH� QXPEHU� RI� GURSV� DQG�PDVV�WUDQVIHU�DUHD��GHFUHDVH�RI�GURSV�VL]HV�DQG�LQFUHDVH�RI�GURSV�VHWWOLQJ�WLPH���ZKLFK�LQ�WXUQ� FKDQJHV� WKH� PDVV� WUDQVIHU� PH�FKDQLVP�� 7KHUHIRUH�� WKH� VHSDUDWLRQ� UDWH�DQG� H[WUDFWLRQ� HIILFLHQF\� ZLOO� LQFUHDVH�DQG� WKLV� LQFUHDVHV� WKH� GLVWDQFH� EHWZHHQ�WKH� RSHUDWLQJ� FXUYH� DQG� WKH� HTXLOLEULXP�FXUYH� WKDW� PHDQV� D� ORZHU� RYHUDOO�HIILFLHQF\� �EHFDXVH� RI� GHFUHDVHG QXPEHU�RI�LGHDO�VWDJHV���� $Q�LQFUHDVH�LQ�YROXPHWULF�IORZUDWH�RI�WKH�GLVSHUVHG� SKDVH� �UDIILQDWH� SKDVH��GHFUHDVHV� WKH� H[WUDFWLRQ� HIILFLHQF\�� ,Q�IDFW��LQFUHDVLQJ�YROXPHWULF�IORZUDWH�RI�WKH�GLVSHUVHG� SKDVH� LQFUHDVHV� WKH� QXPEHU� RI�GURSV� �LQFUHDVLQJ� RI� KROG�XS��� ,Q� RWKHU�ZRUGV�� WKH� UDWLR� RI� VROYHQW� WR� GLVSHUVHG�SKDVH� GHFUHDVHV� DQG� WKHUHIRUH� VHSDUDWLRQ�UDWH� DQG� H[WUDFWLRQ� HIILFLHQF\� GHFUHDVH��2Q�WKH�RWKHU�KDQG��WKH�GHFUHDVLQJ�RI�PDVV�

WUDQVIHU� DQG� H[WUDFWLRQ� HIILFLHQF\� FDXVHV�WKH� RSHUDWLQJ� FXUYH� WR� DSSURDFK� WKH�HTXLOLEULXP� FXUYH�� ZKLFK� LQ� WXUQ� LQF�UHDVHV� WKH� QXPEHU� RI� LGHDO� VWDJHV� DQG�FRQVHTXHQWO\�� RYHUDOO� HIILFLHQF\� LV�LQFUHDVHG��� $Q�LQFUHDVH�LQ�YROXPHWULF�IORZUDWH�RI�WKH�FRQWLQXRXV� SKDVH� �H[WUDFW� SKDVH��LQFUHDVHV� WKH� H[WUDFWLRQ� HIILFLHQF\�� ,Q�RWKHU� ZRUGV�� DQ� LQFUHDVH� LQ� YROXPHWULF�IORZUDWH� RI� WKH� FRQWLQXRXV� SKDVH�� ZLOO�LQFUHDVH� WKH� UDWLR� RI� VROYHQW� WR� GLVSHUVHG�SKDVH�� 7KHUHIRUH�� WKH� VHSDUDWLRQ� UDWH� DQG�WKH�H[WUDFWLRQ�HIILFLHQF\�ZLOO�LQFUHDVH�DQG�WKLV� LQFUHDVHV� WKH� GLVWDQFH� EHWZHHQ� WKH�RSHUDWLQJ� DQG� HTXLOLEULXP� FXUYHV� �DW�FRQVWDQW� FRQGLWLRQV��� ,Q� RWKHU� ZRUGV�� WKH�QXPEHU� RI� LGHDO� VWDJHV� GHFUHDVHV� DQG�WKHUHIRUH��WKH�RYHUDOO�HIILFLHQF\�GHFUHDVHV�$FFRUGLQJ� WR� WKH� REWDLQHG� UHVXOWV�� RQH FDQ�FRQFOXGH� WKDW� WKH� KROG�XS� RI� HDFK� VWDJH� DQG�DYHUDJH� KROG�XS� RI� DOO� VWDJHV� KDYH� DQ�LQIOXHQFH� RQ� WKH� HIILFLHQF\�� ,Q� JHQHUDO��LQFUHDVLQJ�RI�VROYHQW�WR�IHHG�UDWLR�UHVXOWV LQ�DGHFUHDVH LQ GLVSHUVHG� SKDVH� KROG�XS� DQG�WKHUHIRUH�� WKLV� FDXVHV� LPSURYHPHQW� RI� PDVV�
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WUDQVIHU�DQG�HIILFLHQF\��2I�FRXUVH��WKLV�LV�RQO\�DQ�REVHUYDWLRQ��ZKLFK�FDQ�QRW�EH�DFFHSWHG�DV�D� JHQHUDO� UXOH� EHFDXVH� WKH� KROG�XS� DOVR�GHSHQGV� RQ� WKH� YROXPHWULF� IORZUDWHV� RI� WKH�WZR� SKDVHV�� LPSHOOHU� VSHHG� DQG� UHVLGHQFH�WLPH�RI GURSV�
1RPHQFODWXUH

H[W( ([WUDFWLRQ�HIILFLHQF\
R( 2YHUDOO�HIILFLHQF\
VWDJH( 6WDJH�HIILFLHQF\1 ,PSHOOHU�VSHHG��USP
DFWXDO1 $FWXDO�QXPEHU�RI�VWDJHV
LGHDO1 ,GHDO�QXPEHU�RI�VWDJHVQ 1XPEHU�RI�FRPSRQHQWVF4 9ROXPHWULF� IORZUDWH�RI� WKH�FRQWLQXRXV�SKDVH��PO�PLQG4 9ROXPHWULF� IORZUDWH� RI� WKH� GLVSHUVHG�SKDVH��PO�PLQ
LQ; :HLJKW� UDWLR� RI� DFHWRQH� WR� WROXHQH� LQ�LQSXW�RI�UDIILQDWH
RXW; :HLJKW� UDWLR� RI� DFHWRQH� WR� WROXHQH� LQ�RXWSXW�RI�UDIILQDWH
; (TXLOLEULXP�ZHLJKW�UDWLR�RI�DFHWRQH�WR�WROXHQH� LQ� UDIILQDWH� FRUUHVSRQGLQJ� WR�H[WUDFW

�[ :HLJKW� IUDFWLRQ�RI�DFHWRQH� LQ� LQSXW�RI�UDIILQDWH�IRU�HDFK�VWDJH
�[ :HLJKW�IUDFWLRQ�RI�DFHWRQH�LQ�RXWSXW�RI�UDIILQDWH�IRU�HDFK�VWDJH[H (TXLOLEULXP�ZHLJKW�IUDFWLRQ�RI�DFHWRQH�LQ�UDIILQDWH
LQ[ :HLJKW� IUDFWLRQ�RI�DFHWRQH� LQ� LQSXW�RI�UDIILQDWH�IRU�HDFK�VWDJH
RXW[ :HLJKW�IUDFWLRQ�RI�DFHWRQH�LQ�RXWSXW�RI�UDIILQDWH�IRU�HDFK�VWDJH
[ (TXLOLEULXP�ZHLJKW�IUDFWLRQ�RI�DFHWRQH�LQ�UDIILQDWH�FRUUHVSRQGLQJ�WR�H[WUDFW
�\ :HLJKW� IUDFWLRQ�RI�DFHWRQH� LQ� LQSXW�RI�H[WUDFW�IRU�HDFK�VWDJH
�\ :HLJKW�IUDFWLRQ�RI�DFHWRQH�LQ�RXWSXW�RI�H[WUDFW�IRU�HDFK�VWDJH

H\ (TXLOLEULXP�ZHLJKW�IUDFWLRQ�RI�DFHWRQH�LQ�H[WUDFW
LQ\ :HLJKW� IUDFWLRQ�RI�DFHWRQH� LQ� LQSXW�RI�H[WUDFW�IRU�HDFK�VWDJH\RXW :HLJKW�IUDFWLRQ�RI�DFHWRQH�LQ�RXWSXW�RI�H[WUDFW�IRU�HDFK�VWDJH
\ (TXLOLEULXP�ZHLJKW�IUDFWLRQ�RI�DFHWRQH�LQ�H[WUDFW�FRUUHVSRQGLQJ�WR�UDIILQDWH
FU &RQWLQXRXV�SKDVH�GHQVLW\��JU�FP�
GU 'LVSHUVHG�SKDVH�GHQVLW\��JU�FP�
FP &RQWLQXRXV�SKDVH�YLVFRVLW\��F3�
GP 'LVSHUVHG�SKDVH�YLVFRVLW\��F3�V 6XUIDFH�WHQVLRQ��G\QH�FP

$EEUHYLDWLRQHII� (IILFLHQF\HTXLO� (TXLOLEULXPH[W� ([WUDFWLRQSVHXGR�HT� RXWSXW� RI� HDFK� VWDJH� RSHUDWLQJ�OLQH� �RU� SVHXGR�HTXLOLEULXP�FXUYH��VHH�>�@�RSHU��OLQH LQSXW� RI� HDFK� VWDJH� RSHUDWLQJ�OLQHRS��OLQH RSHUDWLQJ�OLQHYRO� YROXPHWULF
$FNQRZOHGJPHQWV7KH� DXWKRUV ZRXOG� OLNH� WR� WKDQN� 0LVV� 0��0RNKWDUL�� $�� *�� $GO� 7DEDWDEDHL� DQG� DOO� WKH�SHUVRQQHO� LQYROYHG� LQ� WKH� ODERUDWRULHV� RI�-DEEHU� ,EQ�+DLDQ� DQG�&KHPLFDO� (QJLQHHULQJ�'HSDUWPHQW�RI�(QJLQHHULQJ�)DFXOW\�RI�7HKUDQ�8QLYHUVLW\� ZKR� KDYH� FRQWULEXWHG� WR� WKH�VXFFHVV�RI�WKLV�ZRUN�
5HIHUHQFHV�� /DGGKD��*�6��	�'HJDOHFVDQ��7�(��� 7UDQVSRUW�3KHQRPHQD�LQ�/LTXLG�([WUDFWLRQ � ��������� *RGIUH\��*�&�	�6ODWHU��0�-� ��/LTXLG �/LTXLG�([WUDFWLRQ�(TXLSPHQW������� ��� %HUNPDQ��3�'��	�&DODEUHVH��5�9��� $,&K(� -������������������ .XPDU��5��	�+DUWODQG��6���&DQ��-��RI�&KHP��(QJ�����������������
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�� :LFKWHUORYD�� -��� 5RG�� 9��� &KHP�� (QJ��5HVHDUFK�	�'HVLJQ ���������������������� .DWVXURNX�7DNDKDVKL�HW DO���-RXUQDO�RI�&KHP��(QJ��RI�-DSDQ�������������������������� 5REHUW� (�� 7UH\EDO�� /LTXLG� ([WUDFWLRQ�� �������������������������� 0LVHN��7���5HFRPPHQGHG�6\VWHPV�IRU�/LTXLG�([WUDFWLRQ� 6WXGLHV�� (XURSHDQ� )HGHUDWLRQ� RI�&KHPLFDO� (QJLQHHUV�� ,�� &KHP�� (��� /RQGRQ��������


