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7KH� DSSURDFKHV� FRPSDQLHV� KDYH� WDNHQ� LQ� FRSLQJ� ZLWK� WKLV� FKDOOHQJH� FDQ� EH�FODVVLILHG� DV� SURFHVV� EDVHG� RU� SURGXFW� EDVHG�� 3URFHVV� EDVHG� VWUDWHJLHV� DUH� EDVHG� RQ�HQDEOLQJ�SURGXFWLRQ�DQG�GLVWULEXWLRQ�SURFHVVHV�ZLWK�VXIILFLHQW�IOH[LELOLW\�WR�DFFRPRGDWH�D�KLJK�OHYHO�RI�YDULHW\�DW�D�UHVRQDEOH�FRVW��3URGXFW�EDVHG�VWUDWHJLHV�VHHN�SURGXFW�GHVLJQV�WKDW� DOORZ� KLJK� YDULHW\� LQ� WKH� PDUNHWSODFH� ZKLOH� UHSUHVHQWLQJ� WKH� SURGXFWLRQ� DQG�GLVWULEXWLRQ� V\VWHP� ZLWK� D� UHODWLYHO\� ORZ� OHYHO� RI� FRPSRQHQW� YDULHW\� DQG� DVVHPEO\�FRPSOH[LW\��
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,PSRUWDQW� FRQVLGHUDWLRQ� LV� DOVR� EHLQJ� JLYHQ� WR�PDVV� FXVWRPL]DWLRQ� VWUDWHJLHV� E\�FRPSDQLHV� WRGD\�� $GGLWLRQDO� LPSHWXV� LV� FRPLQJ� IURP� PDVV� PHUFKDQGLVHUV� H[SHFWLQJ�GHOLYHULHV� LQ� VPDOO� TXDQWLWLHV� GLUHFWO\� WR VWRUHV� ZLWK� H[WUHPHO\� KLJK� VHUYLFH� OHYHOV��VSHFLDOL]HG� SDFNDJLQJ�� DQG� XQLTXH� SURPRWLRQ� FRPELQDWLRQV�� 7KHVH� VWUDWHJLHV� UHVXOW� LQ�VDOHV�JURZWK�RU�KLJKHU�SULFHV�DQG�SUHVXPHG�SURILW�JDLQHG�E\�PHHWLQJ�PRUH�VSHFLDOL]HG�GHPDQGV�� +RZHYHU�� VXFK� GHFLVLRQV� FDQ� KDYH� DGYHUVH� LPSOLFDWLRQV� IRU� PDQXIDFWXULQJ�DQG�GLVWULEXWLRQ�V\VWHPV�WKDW�DUH�QRW�DOZD\V�FDSWXUHG�LQ�FRVW��PDUJLQ��DQG�QRQ�ILQDQFLDO�SHUIRUPDQFH HVWLPDWHV�IRU�VXFK�VWUDWHJLHV�
7KHUH� LV� DOVR� DQ� LQFUHDVLQJ� HYLGHQFH� ZKLFK� UHYHDOV� WKDW� DFKLHYLQJ� FRPSHWLWLYH�DGYDQWDJH� WKURXJK� LQFUHDVHG� SURGXFW� YDULHW\� LV� KHDYLO\� GHSHQGHQW� RQ� HQVXULQJ� WKH�SURSHU� DOLJQPHQW� EHWZHHQ� WKH� PDUNHWLQJ� DQG� PDQXIDFWXULQJ� VWUDWHJLHV� SXUVXHG� E\� D�FRPSDQ\��
,QFUHDVLQJ�SURGXFW�DQG�SDUW�YDULHW\� LV�RQH�RI� WKH�PRVW�GLVWLQFWLYH�FKDUDFWHULVWLFV�RI�LQGXVWULDO�FRPSHWLWLWRQ�WRGD\��,WV�LQFUHDVLQJ�UROH�DV�GHWHUPLQDQW�RI�RSHUDWLRQV�VWUDWHJ\�DQG�SHUIRUPDQFH�KDV�EHHQ�QRWHG�E\�D�VHULHV�RI�VWXGLHV��$�VXUYH\�RI������EXVLQHVV�XQLWV�VXJJHVWHG�WKDW�EURDGHQLQJ�SURGXFW�OLQHV�KDYH�D�SRVLWLYH�LPSDFW�LQ�FRPSHWLWLYHQHVV�DQG�WKDW� WKH� ILUPV� LQ� PDQ\� EXVLQHVVHV� KDYH� WR� LQFUHDVH� WKHLU� SURGXFW� YDULHW\� WR� UHPDLQ�FRPSHWLWLYH���3UDVDG�������
5HVHDUFKHUV� IURP� GLYHUVH� ILHOGV� VXFK� DV� HFRQRPLFV�� PDUNHWLQJ� DQG� RSHUDWLRQV�PDQDJHPHQW�KDYH�VWXGLHG�SURGXFW�YDULHW\�DQG�GHILQH�LW�DV�WKH�EUHDGWK�DQG�WKH�GHSWK�RI�SURGXFW� OLQHV�� 7KH� PDLQ� IRFXV� LV� RQ� WKH� FRVW� RI� YDULHW\� ZLWKLQ� D� FRPSDQ\�� 6HYHUDO�HPSLULFDO�VWXGLHV�VKRZHG�WKDW�JUHDWHU�SURGXFW�YDULHW\�LQFUHDVHV�WKH�FRVW�E\�PDNLQJ�WKH�EXVLQHVV�PRUH�FRPSOH[��7KH�SUREOHP�ZLWK�WKLV�FRPSOH[LW\�LV�WKH�XQFHUWDLQW\�LW�EULQJV��8QFHUWDLQWLHV� LQ� GHPDQG� UHDOL]DWLRQ�� GHOD\V� LQ� GHOLYHULHV�� HWF��� OHDG� WR� HLWKHU� H[FHVV�LQYHQWRULHV�RU�VWRFNV�WKDW�DUH�LQVXIILFLHQW�WR�PHHW�FXVWRPHU�GHPDQGV�
,Q� WKLV� WKHVLV�� WKH�PDLQ�SXUSRVH� LV� WR�DQDO\]H�QRQ�OHDG� WLPH� UHGXFWLRQ� VWUDWHJLHV��HVSHFLDOO\�RSHUDWLRQV� UHYHUVDO� WR� LPSURYH�RSHUDWLQJ�HIILFLHQF\�� ,W� LV�JHQHUDOO\�DFFHSWHG�WKDW��KLJKHU�SURGXFW�YDULHW\�OHDGV�WR�KLJKHU�IRUHFDVW�HUURUV��H[FHVVLYH�LQYHQWRU\�IRU�VRPH�SURGXFWV�DQG�VKRUWDJHV�IRU�RWKHUV��KLJKHU�RYHUKHDG�DQG�DGPLQLVWUDWLYH�FRVWV��DQG�KLJKHU�PDQXIDFWXULQJ�FRVWV�GXH�WR�PRUH�VSHFLDOL]HG�SURFHVV�PDWHULDOV��FKDQJHRYHUV��DQG�
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TXDOLW\�DVVXUDQFH�PHWKRGV�� ,Q�GLVFXVVLRQ�RI�KRZ�WR�GHDO�ZLWK�WKH�RSHUDWLRQDO�SUREOHPV�UHODWHG� WR� WKH�FRPSOH[LW\�RI�SURGXFW�YDULHW\�� WKH�PDLQ� VWDUWLQJ�SRLQW�RI� WKH� VWXG\� LV� WR�UHGXFH� D� ��E\�1 PDQXIDFWXULQJ� V\VWHP¶V� RYHUDOO� YDULDQFH� XVLQJ� RSHUDWLRQV� UHYHUVDO��0XOWLSOH� SHUIRUPDQFH�PHDVXUHV� LQFOXGLQJ� VHUYLFH� OHYHOV� DQG� LQYHQWRU\� FDUU\LQJ� FRVWV�FDQ�EH�LQFRUSRUDWHG�LQ�WKH�DQDO\VLV�RI�WKH�V\VWHP��+RZHYHU��IRU�WKH�VDNH�RI�VLPSOLFLW\��V\VWHP¶V�YDULDQFH�LV�FKRVHQ�DV� WKH�PDLQ�SHUIRUPDQFH�FULWHULRQ�IRU� WKH�EDVH�FDVH��7KHQ�RWKHU�SHUIRUPDQFH�FULWHULD�VXFK�DV�EDFNRUGHU�OHYHOV��TXHXH�OHQJWK��DQG�VHUYHU�FDSDFLWLHV�DUH�LQFRUSRUDWHG�LQ�WKH�PRGHO�
7KH�PRGHO� XQGHU� FRQVLGHUDWLRQ� LV� D�PDQXIDFWXULQJ� SURFHVV� WKDW� FRQVLVWV� RI� WZR�VWDJHV�� $W� HDFK� VWDJH�� D� SDUWLFXODU� IHDWXUH� RI� WKH� SURGXFW� LV� GHILQHG� WKURXJK� DQLQVWDOODWLRQ�RU�FXVWRPL]DWLRQ�SURFHVV��,Q�RQH�VWDJH�WKHUH�DUH�WZR�IHDWXUHV�DQG�LQ�WKH�RWKHU�VWDJH��WKHUH�DUH�PXOWLSOH�IHDWXUHV��7KH�GHFLVLRQ�LV�KRZ�WR�VHTXHQFH�WKH�VWDJHV�WR�LPSURYH�V\VWHP¶V�HIILFLHQF\��QDPHO\�WR�UHGXFH�RYHUDOO�YDULDQFH�RI�WKH�V\VWHP�
,W LV� DVVXPHG� WKDW�� WKH� SURFHVV� RSHUDWHV� OLNH� D� SXOO� V\VWHP� DQG� RUGHU�XS�WR�LQYHQWRU\� SROLF\� LV� XVHG�� ,Q� HDFK� WLPH� SHULRG�� WKH� SURGXFWLRQ� YROXPHV� IRU� WKH� VHFRQG�VWDJH�DUH�VXFK�WKDW�WKH\�HTXDO�WKH�GHPDQGV�IRU�WKH�HQG�SURGXFWV�RI�WKH�SUHYLRXV�SHULRG��6XP� RI� YDULDQFHV� RI� WKH� SURGXFWLRQ� YROXPHV� DW� HDFK� VWDJH� ZLOO� FRQVWLWXWH� WKH�SHUIRUPDQFH�PHDVXUH���7KH�PDLQ�IRFXV�LV�RQ�WKH�YDULDELOLW\�RI�WKH�SURGXFWLRQ�YROXPHV�LQ�WKH� PDQXIDFWXULQJ� SURFHVV� VLQFH� LW� GULYHV� EXIIHU� LQYHQWRU\� DQG� KLJK� YDULDELOLW\� RISURGXFWLRQ� YROXPHV� DUH� RIWHQ� DVVRFLDWHG� ZLWK� GHJUDGDWLRQ� RI� TXDOLW\�� SURFHVV� \LHOGV��PDFKLQH�GRZQ�WLPHV��DQG�VWDII�SODQQLQJ�WURXEOHV�
,Q� WKH� QH[W� FKDSWHU� D� EULHI� OLWHUDWXUH� RQ� SURGXFW� YDULHW\�� LWV� RULJLQV� DQG�GHYHORSPHQW�LV�SUHVHQWHG��7KHQ�WKH�VWUDWHJLHV�WR�UHGXFH�WKH�LPSDFW�RI�SURGXFW�YDULHW\�RQ�SURFHVVHV� DUH� LQYHVWLJDWHG� YLD� YDULRXV�PRGHOV��PRVWO\� HPSKDVL]LQJ� WKH� WHUPV� GHOD\HG�GLIIHUHQWLDWLRQ�� SRVWSRQHPHQW��SDUW� FRPPRQDOLW\�� SURFHVV� VHTXHQFLQJ�� DQG� SDUWLFXODUO\�RSHUDWLRQV�UHYHUVDO�
,Q� � FKDSWHU���� WKH�PRGHO� WR�ZKLFK�RSHUDWLRQV� UHYHUVDO� LV� DSSOLHG� LV� GLVFXVVHG� LQ�GHWDLO��7KH�GLVFXVVLRQ�EHJLQV�ZLWK�WKH�GHVFULSWLRQ�RI�WKH�WZR�VWDJH�XQFDSDFLWDWHG�PRGHO��ZKLFK�FRQFHQWUDWHV�RQ�WKH�RYHUDOO�YDULDELOLW\�RI�WKH�V\VWHP��*HQHUDO�V\VWHP�EHKDYLRU�IRU�
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WZR� FKRLFH� WKUHH� IHDWXUH� ���E\���� DQG� WZR� FKRLFH� IRXU� IHDWXUH� ���E\���� FDVHV� DUH�LQYHVWLJDWHG� LQ� GHWDLO�� � 7KHQ� D� PRGHO� LV� GHYHORSHG� WR� LQFOXGH� WKH� PRUH� UHDOLVWLF�FDSDFLWDWHG� FDVH� XVLQJ� VLPXODWLRQ�� 7KH� QHZ� PRGHO� FRQFHQWUDWHV� RQ� PRUH� WKDQ� RQH�SHUIRUPDQFH� FULWHULRQ�� QDPHO\� YDULDQFH�� TXHXH� OHQJWKV� DQG� EDFNRUGHU� OHYHOV� DUH� DOVR�LQFRUSRUDWHG�� 7KH� GLVFXVVLRQ� FRQWLQXHV� ZLWK� WKH� FRPSDULVRQ� RI� UHVXOWV� IRU� WKH�GHWHUPLQLVWLF�FDSDFLWDWHG�FDVH�DQG�WKH�XQFDSDFLWDWHG�FDVH��
,Q�FKDSWHU��� WKH� UHVXOWV�RI� WKH�VWXG\�DUH�EULHIO\�VXPPDUL]HG�DQG�IXUWKHU� UHVHDUFK�RSSRUWXQLWLHV�LQ�RSHUDWLRQV�UHYHUVDO�PHWKRGRORJ\�DUH�GLVFXVVHG���
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�� /,7(5$785(�5(9,(:
,Q� WRGD\¶V� FRPSHWLWLYH� JOREDO� PDUNHWV�� PDUNHWLQJ� PDQDJHUV� WKURXJK� VWUDWHJLHV�VXFK�DV�PDUNHW�VHJPHQWDWLRQ�DQG�QLFKH�PDUNHWLQJ�RIWHQ�VXJJHVW�DQ�LQFUHDVH�LQ�SURGXFW�YDULHW\ DQG�UDQJH�WR�VDWLVI\�VSHFLILF�JURXSV�RI�FXVWRPHUV¶�QHHGV�RU�ZDQWV��9DULHW\�FDQ�EH�GHILQHG� DV� WKH� EUHDGWK� RI� SURGXFWV� WKDW� D� ILUP� � RIIHUV� DW� D� JLYHQ� WLPH� DQG� WKH� UDWH� DW�ZKLFK� WKH� ILUP� UHSODFHV� H[LVWLQJ�SURGXFWV�ZLWK� WKH�QHZ�SURGXFWV��%RWK� GLPHQVLRQV�RI�YDULHW\�KDYH�VWHDGLO\�LQFUHDVHG�LQ�PDQ\�LQGXVWULHV��VR�WKDW�WKH�PDQDJHULDO�FKDOOHQJH�QRZ��LV� � KRZ� WR� SURYLGH� WKH� KLJK� GHJUHH� RI� YDULHW\� WKDW� VHHPV� QHFHVVDU\� IRU� FRPSHWLWLYH�VXFFHVV�ZKLOH�UHWDLQLQJ�WKH�HFRQRPLHV�RI�VFDOH�UHTXLUHG�IRU�ORZ�FRVW�
+LJK�GHJUHH�RI YDULHW\�EULQJV�V\VWHP�FRPSOH[LW\��&RPSOH[LW\�VWDUWV�DW�FRPSDQLHV�ZLWK�KLJK�SURGXFW�YDULHWLHV�KDYLQJ�SUREOHPV�LQ�DFTXLULQJ�DFFXUDWH�GHPDQG�IRUHFDVWV�IRU�LQGLYLGXDO� SURGXFW� JURXSV�� 7KH\� DOVR� KDYH� WR� FRQWURO� SUROLIHUDWLRQ� RI� LQYHQWRU\� DQG�SURYLGH� D� KLJK� VHUYLFH� OHYHO� IRU� FXVWRPHUV�� 6WUDWHJLHV� IRU� UHGXFLQJ� WKH� OHYHO� RI�FRPSOH[LW\�FDQ�EH�JURXSHG�LQWR�WZR�FDWHJRULHV��OHDG�WLPH�UHGXFWLRQ�VWUDWHJLHV�DQG�QRQ�OHDG� WLPH� UHGXFWLRQ� VWUDWHJLHV� ,W� LV�NQRZQ� WKDW� VKRUW�WHUP� IRUHFDVWV�DUH�PRUH�DFFXUDWH�WKDQ� ORQJ�WHUP� IRUHFDVWV�� /HDG�WLPH� UHGXFWLRQ� LV� XVHIXO� LQ� WKH� VHQVH� WKDW� LW� UHGXFHV�IRUHFDVW� KRUL]RQ�� � $V� WKH� HUURU� EHWZHHQ� DFWXDO� GHPDQG� DQG� IRUHFDVW� JHWV� VPDOOHU� WKH�VDIHW\�VWRFN�OHYHOV�GHFUHDVH��3URGXFWLRQ�/LQH�6WUXFWXULQJ�DQG�4XLFN�5HVSRQVH��45���$�VWUDWHJ\� IRU� UHGXFLQJ� LQYHQWRULHV� E\� FXWWLQJ� OHDG� WLPHV� LQ� SURGXFWLRQ� DQG� LPSURYLQJ�FRRUGLQDWLRQ� EHWZHHQ� GLIIHUHQW� VWDJHV� RI� WKH� VXSSO\� FKDLQ�� V\VWHPV� DUH� WZR� HIIHFWLYH�PHDQV�RI� UHGXFLQJ� WRWDO� OHDG� WLPHV��7KH�PDLQ�REMHFWLYH�RI� WKLV�FODVV�RI�VWUDWHJLHV� LV� WR�UHGXFH�WKH�FRPSOH[LW\�RI�WKH�V\VWHP�E\�UHGXFLQJ�WKH�QXPEHU�RI�SDUWV�DQG�SURFHVVHV�DQG�E\�PLWLJDWLQJ�WKH�HIIHFW�RI�XQFHUWDLQWLHV�RQ�WRWDO�FRVW�LQ�WKH�V\VWHP��3DUW�FRPPRQDOLW\��SRVWSRQHPHQW�� DQG�SURFHVV� VHTXHQFLQJ�DUH� VRPH�RI�QRQ�OHDG� WLPH� UHGXFWLRQ� VWUDWHJLHV�WKDW� GHOD\� SURGXFW� GLIIHUHQWLDWLRQ�� 6LQFH� $QGHUVRQ� ������� LQWURGXFHG� WKH� FRQFHSW� RI�GHOD\HG� SURGXFW� GLIIHUHQWLDWLRQ�� LW� EHFDPH� DQ� HPHUJLQJ� PHDQV� WR� DGGUHVV� WKHVH�FKDOOHQJHV��
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,Q� PDQ\� PDQXIDFWXULQJ� SURFHVVHV�� PXOWLSOH� HQG� SURGXFWV� PD\� VKDUH� VRPH�FRPPRQ� FRPSRQHQWV� RU� SURFHVVHV� DW� WKH� LQLWLDO� VWDJHV� RI� WKH� SURFHVV�� $W� VRPH� SRLQW�ZRUN�LQ�SURFHVV�VSHFLDOL]HV�LQWR�GLIIHUHQW�HQG�SURGXFWV��7KLV�SRLQW�LV�NQRZQ�DV�WKH�SRLQW�RI�GLIIHUHQWLDWLRQ��'RUHPDOHQ�DQG�)OHXUHQ���������=LQQ�DQG�%RZHUVR[���������DQG�=LQQ��������XVH�WKLV�FRQFHSW�H[WHQVLYHO\�LQ�ORJLVWLFV�DQG�GLVWULEXWLRQ�SURFHVVHV�
7KHUH� H[LVWV� D� IL[HG� DQG� YDULDEOH� FRVW� DVVRFLDWHG� ZLWK� GHOD\HG� SURGXFW�GLIIHUHQWLDWLRQ��'HSHQGLQJ�RQ�WKH�V\VWHP�VHWWLQJV��WKH�XQLW�SURFHVVLQJ�FRVW�DQG�WKH�XQLW�LQYHQWRU\�KROGLQJ�FRVW�DV�ZHOO�DV�WKH�FRVW�RI�UHGHVLJQ�PD\�FKDQJH��/HH�DQG�%LOOLQJWRQ��������GLVFXVV�WKH�FRVW�GULYHUV�RI�GHOD\HG�SURGXFW�GLIIHUHQWLDWLRQ�LQ�GHWDLO��7KH�EHQHILW�RI� GHOD\HG� SURGXFW� GLIIHUHQWLDWLRQ� LQ� WKH� IRUP� RI� LQYHQWRU\� UHGXFWLRQ� RU� VHUYLFH�LPSURYHPHQW�LV�VLPLODU�WR�WKH�SRROLQJ�HIIHFW�RI�PXOWL�HFKHORQ�LQYHQWRU\�V\VWHPV��(SSHQ�DQG�6KUDJH��������)HGHUJUXHQ�DQG�=LSNLQ��������DQG�6FKZDU]���������,Q�PXOWL�HFKHORQ�LQYHQWRU\�V\VWHPV��D�FHQWUDO�ZDUHKRXVH�SURFXUHV�SURGXFWV�DQG�LQ�WXUQ�VXSSOLHV�PXOWLSOH�UHWDLOHUV��/HH��������GHVFULEHV�D�PRGHO�WKDW�FDSWXUHV�WKH�LQYHQWRU\�UHGXFWLRQ�RI�GHOD\HG�SURGXFW�GLIIHUHQWLDWLRQ� WKDW� LV� HVVHQWLDOO\� DQ� DGDSWDWLRQ�RI� WKH�PXOWL�HFKHORQ� LQYHQWRU\�V\VWHP��7KH�PRGHO��KRZHYHU��DVVXPHV�WKDW�QR�EXIIHU�LQYHQWRULHV�DUH�KHOG�XQWLO�WKH�HQG�RI�SURGXFWLRQ�SURFHVV��+HQFH�� WKH�RQO\�SRVVLEOH� LQYHQWRU\� VDYLQJV� FDQ� FRPH� IURP� WKH�UHGXFWLRQ�RI�ILQLVKHG�JRRGV�LQYHQWRU\��/HH��������VWXGLHV�WKH�EHQHILWV�RI�SRVWSRQHPHQW�LQ�PDNH�WR�RUGHU��072��DQG�PDNH�WR�VWRFN��076��V\VWHPV�WKDW�KH�GHILQHV��,Q�WKH�072�V\VWHP� DQ� LQWHUPHGLDWH� VWDJH� RI� WKH� SURGXFW� LV�PDGH� WR� VWRFN� DQG� LV� FXVWRPL]HG� LQWR�YDULRXV� HQG� SURGXFWV� RQ� GHPDQG�� ,Q� WKH� SURGXFWLRQ� V\VWHP� LW� WDNHV� W WLPH� XQLWV� WR�SURGXFH� WKH� JHQHULF� LQWHUPHGLDWH� SURGXFW� DQG� 7�W WLPH� XQLWV� WR� FXVWRPL]H� WKH�LQWHUPHGLDWH� SURGXFW� LQWR� HQG� SURGXFWV�� +H� VKRZV� WKDW� WKH� YDOXH� DGGHG� WR� WKH�LQWHUPHGLDWH� SURGXFW� GHWHUPLQHV� WKH� FRVW� HIIHFWLYHQHVV� RI� SRVWSRQHPHQW�� 7KH� 076�V\VWHP�RSHUDWHV�XQGHU�FHQWUDOL]HG�FRQWURO�DQG�VWRFNV�RQO\� ILQLVKHG�SURGXFWV��7KH� WRWDO�OHDG�WLPH�WR�PDQXIDFWXUH�HDFK�HQG�SURGXFW�LV�7 WLPH�XQLWV��'HPDQG�IRU�WKH�HQG�SURGXFW�LV�QRUPDOO\�GLVWULEXWHG�ZLWK�PHDQ�P DQG�YDULDQFH�V���7KH�GHPDQG� IRU�HDFK�SURGXFW� LV�LQGHSHQGHQW� DFURVV� WLPH� EXW� PD\� EH� FRUUHODWHG� ZLWKLQ� D� WLPH� XQLW�� +H� VKRZV� WKDW�GHOD\LQJ� SURGXFW� GLIIHUHQWLDWLRQ� ZRXOG� DOZD\V� UHVXOW� LQ� ORZHU� LQYHQWRULHV� RI� ILQLVKHG�SURGXFWV�� 7KH� VDYLQJV� DUH� JUHDWHU� LQ� FDVHV� ZKHUH� GHPDQGV� IRU� WKH� HQG� SURGXFWV� DUH�QHJDWLYHO\� FRUUHODWHG�� $� UHDO�ZRUOG� H[DPSOH� RI� GHOD\HG� SURGXFW� � GLIIHUHQWLDWLRQ� � E\�PHDQV�RI��GHIHUULQJ��WKH��ORFDOL]DWLRQ�SURFHVV�IRU�WKH�
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GHVNMHW�SULQWHU�DW�+HZOHWW�3DFNDUG��ZKHUH�LQYHQWRULHV�DUH�NHSW�LQ�ILQLVKHG�JRRGV�IRUP� LV�UHSRUWHG�LQ�/HH�HW�DO���������
/HH� DQG� 7DQJ� ������� FRQVLGHU� D� PRGHO� WKDW� FDSWXUHV� WKH� FRVWV� DQG� EHQHILWV� RI�UHGHVLJQ� VWUDWHJ\��7KH\� FRQVLGHU� D� VLWXDWLRQ� LQ�ZKLFK� WKH� FRPSDQ\�KDV� GHWHUPLQHG� LWV�SURGXFW�SRUWIROLR DQG�IRFXV�RQ�WKH�FRQFHSW�RI�UHGHVLJQLQJ�WKH�SURGXFW�RU�WKH�SURGXFWLRQ�SURFHVV�VR�WKDW�WKH�SRLQW�RI�GLIIHUHQWLDWLRQ�LV�GHOD\HG�DV�ODWH�DV�SRVVLEOH��7KLV�UHGHVLJQ�LQFUHDVHV�WKH�IOH[LELOLW\�RI�WKH�SURFHVV�WR�FRSH�ZLWK�PDUNHW XQFHUWDLQWLHV�DQG�ORZHU�WKH�LQYHQWRU\�IRU�WKH�VDPH�WDUJHW�OHYHO��7KH\�SUHVHQW�WKH�IDFWRUV�WKDW�DUH�DIIHFWHG�E\�SURGXFW�GLIIHUHQWLDWLRQ�� VXFK� DV� GHVLJQ� FRVW�� SURFHVVLQJ� FRVW�� LQYHQWRU\� FRVW� DW� LQWHUPHGLDWH�VWDJHV�� OHDG� WLPHV�� HWF�� 7KH\� IRUPDOL]H� WKUHH� EDVLF� DSSURDFKHV� IRU� GHOD\HG� SURGXFW�GLIIHUHQWLDWLRQ� WKDW� VRPH�FRPSDQLHV�XVH�� VWDQGDUGL]DWLRQ��PRGXODU�GHVLJQ��DQG�SURFHVV�UHVHTXHQFLQJ�� 6WDQGDUGL]DWLRQ� FDQ� EH� GHILQHG� DV� UHSODFLQJ� D� IDPLO\� RI� SURGXFWV� E\� D�VWDQGDUG�SURGXFW��DQG�PRGXODULW\� LV�SODFLQJ� IXQFWLRQDOLW\� LQ�PRGXOHV�ZKLFK�FDQ�HDVLO\�EH� DGGHG� WR� D� SURGXFW�� 5HVHTXHQFLQJ� UHIHUV� WR� PRGLI\LQJ� WKH� RUGHU� RI� SURGXFW�PDQXIDFWXULQJ�VWHSV�VR�WKDW�WKRVH�RSHUDWLRQV�WKDW�UHVXOW�LQ�WKH�GLIIHUHQWLDWLRQ�RI�VSHFLILF�LWHPV�RU�SURGXFWV�DUH�SRVWSRQHG�DV�PXFK�DV�SRVVLEOH��
$QRWKHU� ZD\� ZKHUH� UHHQJLQHHULQJ� WKH� PDQXIDFWXULQJ� SURFHVV� OHDGV� WR� EHWWHU�RSHUDWLRQDO�SHUIRUPDQFH�LQ� WHUPV�RI� LQYHQWRULHV��FXVWRPHU�VHUYLFH�OHYHO� DQG�RSHUDWLQJ�FRVWV��LV�YDULDQFH�UHGXFWLRQ��6LQFH�GHPDQGV�RI�WKH�HQG�SURGXFWV�DUH�KLJKO\�YDULDEOH�IURP�SHULRG� WR� SHULRG�� SURGXFWLRQ� YROXPHV� RI� WKH� LQWHUPHGLDWH� VWDJHV� LQ� WKH�PDQXIDFWXULQJ�SURFHVV� DUH� DOVR� YDULDEOH�� 9DULDELOLW\� RI� WKH� SURGXFWLRQ� YROXPHV�PD\� DGG� FRVW� WR� WKH�SURFHVV��2QH�ZD\� LQ�ZKLFK�YDULDELOLW\�FDQ�EH�FRQWUROOHG�E\� UHHQJLQHHULQJ� LV� UHYHUVLQJ�WKH�VHTXHQFH�RI�WZR�FRQVHFXWLYH�VWDJHV�LQ�D�PDQXIDFWXULQJ�SURFHVV�RU�VXSSO\�FKDLQ��7KH�%HQHWWRQ� FDVH� �+DUYDUG� %XVLQHVV� 6FKRRO� 1RWH�� ������ 'DSULDQ�� ������ GHSLFWV� DQ�H[DPSOH�RI�VXFK�DQ�HIIRUW�
%HQHWWRQ�XVHG�WR�SURGXFH�LWV�VZHDWHUV�E\�ILUVW�G\LQJ�\DUQV�LQWR�GLIIHUHQW�FRORUV�DQG�WKHQ� NQLWWLQJ� WKH� FRORUHG� \DUQV� LQWR� GLIIHUHQW� HQG� SURGXFWV��0LVPDWFK� RI� LQYHQWRU\� RI�ILQLVKHG� JDUPHQWV� ZLWK� GLIIHUHQW� FRORUV� UHVXOWHG� LQ� FRVWO\� HQG� RI� VHDVRQ� PDUNGRZQV��



�

/XFLDQR�%HQHWWRQ�UHYHUVHG�WKH�G\HLQJ�DQG�NQLWWLQJ�RSHUDWLRQV�LQ� WKH�VXSSO\�FKDLQ�ZLWK� KLV� UHHQJLQHHULQJ� HIIRUW�� %OHDFKHG� \DUQV� DUH� NQLWWHG� LQWR� WKH� GLIIHUHQW� VW\OHV� DQG�VL]HV�
DQG�WKHQ�G\HG�LQWR�WKH�GLIIHUHQW�FRORUV�GXH�WR�VHDVRQ¶V�IDVKLRQ�SUHIHUHQFHV��7KLV�FKDQJH�VLJQLILFDQWO\�LPSURYHG�%HQHWWRQ¶V�RSHUDWLRQDO�SHUIRUPDQFH�

*XSWD� DQG� .ULVKQDQ� ������� DOVR� GHVFULEH� KRZ� UHVHTXHQFLQJ� WKH� VWHSV� LQ� WKH�DVVHPEO\�RI�D�IRXQWDLQ�SHQ�FDQ�OHDG�WR�SURFHVV�LPSURYHPHQWV��,Q�RQH�VHTXHQFH��WKH�ULELV� DVVHPEOHG� WR� WKH�QLE� KHDG�� IROORZHG�E\� WKH� DVVHPEO\�RI� LQQHU� DQG�RXWHU�ERGLHV�� ,Q�DQRWKHU�VHTXHQFH�� WKH�QLE�KHDG� LV� ILUVW�DVVHPEOHG� WR� WKH� LQQHU�DQG�RXWHU�ERGLHV�EHIRUH�DGGLQJ� WKH� QLE��*XSWD� DQG�.ULVKQDQ� ������� VKRZ�KRZ� WKHVH� WZR� VHTXHQFHV� FDQ� KDYH�YHU\�GLIIHUHQW�SURFHVV�IOH[LELOLW\�DQG�HIILFLHQF\�LQ�WKH�PDQXIDFWXULQJ�RI�IRXQWDLQ�SHQV�
/HH�DQG�7DQJ��������H[SDQG�WKH�VWXG\�RQ�SRVWSRQHPHQW��3RVWSRQHPHQW�UHVXOWV�LQ�VPDOOHU� VWDQGDUG� GHYLDWLRQV� RI� SURGXFWLRQ� YROXPHV� DW� LQWHUPHGLDWH� VWDJHV� RI� WKH�PDQXIDFWXULQJ�SURFHVV�SULPDULO\�EHFDXVH�RI� WKH� ULVN�SRROLQJ�HIIHFW�DW� WKH�VWDQGDUGL]HG�VWDJHV�� /HH� DQG� 7DQJ ������� GLVFXVV� RSHUDWLRQV� UHYHUVDO� DV� D� PHFKDQLVP� WR� UHGXFH�YDULDELOLW\�RI�SURGXFWLRQ�YROXPHV�LQ�WKH�LQWHUPHGLDWH�VWDJHV�RI�D�PDQXIDFWXULQJ�SURFHVV��7KH\� DOVR� H[SORUH� WKH� FRQGLWLRQV� XQGHU� ZKLFK� UHYHUVDO� RI� WZR� SURFHVV� VWDJHV� LV�GHVLUDEOH�
,Q�/HH�DQG�7DQJ ��������D�SURGXFW�LV�PDQXIDFWXUHG�LQ�WZR�VWDJHV��DW�HDFK�VWDJH�D�SDUWLFXODU�IHDWXUH�RI�WKH�SURGXFW�LV�DGGHG��7KH�IHDWXUH�DW�HDFK�VWDJH�LV�VXSSRVHG�WR�KDYH�RQO\�WZR YDULDQWV��,Q�WKH�%HQHWWRQ�H[DPSOH��VW\OH�DQG�FRORU�PD\�EH�WKH�WZR�IHDWXUHV��,Q�JHQHUDO��WKHVH�IHDWXUHV�DUH�GHQRWHG�E\�$ DQG�%��7KH�DJJUHJDWH�GHPDQG�RI�DOO�SURGXFWV�LQ�D�SHULRG�LV�D�UDQGRP�YDULDEOH�1�ZLWK�PHDQ�P DQG�VWDQGDUG�GHYLDWLRQ�V��(DFK�FXVWRPHU�KDV�D�SUREDELOLW\ S��T� RI�FKRRVLQJ�YDULDQW���RI�IHDWXUH�$��%� DQG�SUREDELOLW\���S����T��RI�FKRRVLQJ�YDULDQW�WZR�RI�IHDWXUH�$��%�� ,Q�DGGLWLRQ��D�FXVWRPHU¶V�FKRLFH�SUREDELOLWLHV�RI�$DUH�LQGHSHQGHQW�RI�KLV�KHU�FKRLFH�SUREDELOLWLHV�RI�%� 7KH�V\VWHP�YDULDQFH�LV�GHILQHG�DV�WKH�VXP�RI�WKH�YDULDQFHV�RI�LQ�SURFHVV�SURGXFWLRQ�YROXPHV��/HH�DQG�7DQJ�GHPRQVWUDWH�WKDW� LI� DJJUHJDWH� GHPDQG� RYHU� DOO� HQG� SURGXFWV� LV� UHODWLYHO\� VWDEOH� �P !V�� DQG� WKH�FKRLFH� SUREDELOLWLHV� DVVRFLDWHG� ZLWK� IHDWXUH� $� DUH� PRUH� GLVWLQFWLYH� WKDQ� WKH� FKRLFH�SUREDELOLWLHV�DVVRFLDWHG��ZLWK��IHDWXUH��%� � S���S����T����T� ���WKHQ��VHTXHQFH�$�% ZRXOG�



�

UHVXOW�LQ�D�ORZHU�V\VWHP�YDULDQFH�WKDQ�VHTXHQFH�%�$ 7KH�UHYHUVH�LV�WUXH�LI���P �V����7KH�DXWKRUV�VWDWH�WKDW�WKH�QDWXUH�RI�WRWDO�GHPDQG�XQFHUWDLQW\�LV�YHU\�FULWLFDO�LQ�GHWHUPLQLQJ�ZKHWKHU�RSHUDWLRQV�UHYHUVDO�LV�DQ�HIIHFWLYH�PHDQV�WR�UHHQJLQHHU�WKH�VXSSO\�FKDLQ��7KH\�H[SDQG� WKHLU� UHVXOWV� IRU�PXOWLSOH� FKRLFH�WZR� IHDWXUH�� WZR� FKRLFH�PXOWLSOH� IHDWXUH�� DQG�PXOWLSOH�FKRLFH�PXOWLSOH�IHDWXUH�V\VWHPV��$OVR�D�PRGHO�LV�GHYHORSHG�LQ�ZKLFK�WKH�OHDG�WLPHV� DUH� LQFOXGHG�� 7KLV�PRGHO� LV� GHYHORSHG� IRU� WKH� FDVH� ZKHUH� VHFRQG� VWDJH� FKRLFH�SUREDELOLWLHV�DUH�LQGHSHQGHQW��
7KH� NH\� OLPLWDWLRQ� LQ� /HH� DQG� 7DQJ� ������� LV� WKH� XVH� RI� WRWDO� YDULDELOLW\� DV� D�SHUIRUPDQFH�PHDVXUH��.DSXVFLQVNL� DQG�7D\XU� ������� VKRZ� WKDW� LI� WKH� DQDO\VLV� RI� WKH�PRGHO�SUHVHQWHG�E\�/HH�DQG�7DQJ��������XVHG�VWDQGDUG�GHYLDWLRQ�UDWKHU� WKDQ�YDULDQFH�VRPH�QRQLQWXLWLYH�SUHGLFWLRQV�RI�WKHLU�DQDO\VLV�ZRXOG�KDYH�EHHQ�HOLPLQDWHG�
-DLQ�DQG�3DXO��������JHQHUDOL]H�WKH�RSHUDWLRQV�UHYHUVDO�SURFHVV�RI�/HH�DQG�7DQJ��������WR�H[SOLFLWO\�LQFRUSRUDWH�WZR�LPSRUWDQW�FKDUDFWHULVWLFV�RI�IDVKLRQ�JRRGV�PDUNHWV��KHWHURJHQHLW\� DPRQJ� FXVWRPHUV� DQG� XQSUHGLFWDELOLW\� RI� FXVWRPHU� SUHIHUHQFHV�� 7KH\�SUHVHQW� D� QHZ� DSSURDFK� WR� PRGHOLQJ� WKH� RSHUDWLRQV� UHYHUVDO� SUREOHP�� 7KHLU� PRGHO�H[SOLFLWO\� FDSWXUHV� WKH� FRVW� LPSOLFDWLRQV� RI� SURGXFWLRQ� YROXPH� YXOQHUDELOLW\� E\�SHUPLWWLQJ�D�GLUHFW�FRPSDULVRQ�RI�VDIHW\�VWRFNV�ZLWK�DQG�ZLWKRXW�RSHUDWLRQV�UHYHUVDO��,Q�DGGLWLRQ�� LQVWHDG� RI� UHTXLULQJ� GLVWULEXWLRQDO� LQIRUPDWLRQ� RQ� FXVWRPHUV¶� FKRLFH�SUREDELOLWLHV�� WKH� PRGHO� XWLOL]HV� PDFUR�OHYHO� GDWD� RQ� WKH� GLVWULEXWLRQ� RI� IUDFWLRQ� RI�DJJUHJDWH�GHPDQG�IRU�HDFK�YDULDQW�
$QRWKHU�DSSURDFK�WR�PDQDJH�EURDGHU�SURGXFW�OLQHV�WKURXJK�GHOD\HG�GLIIHUHQWLDWLRQ�LV�XVLQJ�YDQLOOD�ER[HV��6ZDPLQDWKDQ�DQG�7D\XU���������7KHLU�ZRUN�LV�PRWLYDWHG�E\�WKH�FKDUDFWHULVWLFV� RI� DQ� ,%0� SURGXFW� OLQH� 7KH\� DUJXH� WKDW� LQ� DQ� HQYLURQPHQW� ZKHUH�GHPDQGV�DUH�VWRFKDVWLF��LW�VHHPV�D�JRRG�VWUDWHJ\�WR�VWRUH�LQYHQWRU\�LQ�WKH�IRUP�RI�VHPL�ILQLVKHG�SURGXFWV��YDQLOOD�ER[HV��WKDW�FDQ�VHUYH�PRUH�WKDQ�RQH�ILQDO�SURGXFW��)LQGLQJ�WKH�RSWLPDO� FRQILJXUDWLRQV� DQG� LQYHQWRU\ OHYHOV� RI� YDQLOOD� ER[HV� LV� D� FKDOOHQJLQJ� WDVN�� ,Q�WKHLU�SDSHU��WKH\�PRGHO�WKH�SUREOHP�DV�D�WZR�VWDJH�LQWHJHU�SURJUDP�ZLWK�UHFRXUVH��7KH\�SURSRVH� DQ� HIIHFWLYH� VROXWLRQ� SURFHGXUH� E\� XWLOL]LQJ� VWUXFWXUDO� GHFRPSRVLWLRQ� RI� WKH�SUREOHP� DQG� �VXE�JUDGLHQW� GHULYDWLYH�PHWKRGV��7KH\� SURYLGH� LQVLJKWV� RQ� WKH� HIIHFW� RI�GHPDQG�YDULDQFH��FRUUHODWLRQ��DQG�FDSDFLW\�OLPLWDWLRQV�RQ�WKH�RSWLPDO�FRQILJXUDWLRQ�DQG�



��

LQYHQWRU\�OHYHOV�RI�YDQLOOD�ER[HV�DQG�WKH�SHUIRUPDQFH�RI�D�YDQLOOD�DVVHPEO\�SURFHVV��,Q�DGGLWLRQ�� WKH\� FRPSDUH� WKH SHUIRUPDQFH� RI� WKH� YDQLOOD� DVVHPEO\� SURFHVV� WR�076� DQG�$72��DVVHPEOH�WR�RUGHU��SURFHVVHV�
$QRWKHU� ZD\� WR� DFKLHYH� GHOD\HG� GLIIHUHQWLDWLRQ� LV� WR� XVH� SDUW� FRPPRQDOLW\� ��FRPSRQHQW� VKDULQJ� DSSURDFK�� &RPSRQHQW� VKDULQJ� XVLQJ� WKH� VDPH� YHUVLRQ� RI� D�FRPSRQHQW�DFURVV�PXOWLSOH�SURGXFWV� LV� LQFUHDVLQJO\�YLHZHG�E\� FRPSDQLHV�DV�D�ZD\� WR�RIIHU�KLJK�YDULHW\�LQ�WKH�PDUNHWSODFH�ZKLOH�UHWDLQLQJ�ORZ�YDULHW\�LQ�WKHLU�RSHUDWLRQV��7KH�FRPPRQDOLW\� DSSURDFK� LQ� DXWRPRWLYH� LQGXVWU\� DQG� LQFOXGLQJ� JHQHUDO� VWUXFWXUH� RI� WKH�LQGXVWU\�DQG� VWUDWHJLHV� WR� UHGXFH�SURGXFW�YDULHW\� LQ�PDVV�SURGXFWLRQ�DQG�HVSHFLDOO\� LQ�OHDQ� DQG� FUDIW� SURGXFWLRQ� LV� H[DPLQHG� E\� )LVKHU� HW� DO�� �������� )LVFKHU� HW� DO���������FULWLFDOO\� H[DPLQH�FRPSRQHQW� VKDULQJ� LQ� DXWRPRWLYH� LQGXVWU\��7KH\� DWWHPSW� WR�DQVZHU�WKH�IROORZLQJ TXHVWLRQV��:KDW�DUH�WKH�NH\�GULYHUV�DQG�WUDGH�RIIV�RI�FRPSRQHQW�VKDULQJ�GHFLVLRQV"�+RZ�PXFK�YDULDWLRQ�H[LVWV�LQ�DFWXDO�FRPSRQHQW�VKDULQJ�SUDFWLFH"�$QG�KRZ�FDQ� WKLV�YDULDWLRQ�EH�H[SODLQHG"�7R�DQVZHU� WKHVH�TXHVWLRQV� WKH\�GHYHORS�DQ�DQDO\WLFDO�PRGHO� RI� FRPSRQHQW� VKDULQJ� DQG� VKRZ� WKURXJK� HPSLULFDO� WHVWLQJ� WKDW� WKLV� PRGHO�H[SODLQV�PXFK�RI�WKH�YDULDWLRQ�LQ�VKDULQJ�SUDFWLFH�IRU�DXWRPRWLYH�EUDNLQJ�V\VWHPV�
$YLY� DQG� )HGHUJUXHQ� ������� DOVR� H[SODLQ� DQG� TXDQWLI\� WKH� EHQHILWV� RI� GHOD\HG�GLIIHUHQWLDWLRQ�� 7KH� SDSHU� FKDUDFWHUL]HV� WKH� EHQHILWV� LQ� D� PRUH� JHQHUDO� VHWWLQJ��3DUDPHWHUV�RI� WKH�GHPDQG�GLVWULEXWLRQ� IDLO� WR�EH�NQRZQ�ZLWK� DFFXUDF\�RU� FRQVHFXWLYH�GHPDQGV� DUH� FRUUHODWHG�� ,Q� VXFK� D� VLWXDWLRQ� LW� LV� QHFHVVDU\� WR� UHYLVH� HVWLPDWHV� RI� WKH�SDUDPHWHUV�RI�GHPDQG�GLVWULEXWLRQV�RQ�WKH�EDVLV�RI�REVHUYHG�GHPDQG�GDWD��7KH\�DQDO\]H�WKHVH�V\VWHPV�LQ�D�%D\HVLDQ�IUDPHZRUN��DVVXPLQJ�WKDW�WKHLU�LQLWLDO�LQIRUPDWLRQ�DERXW�WKH�SDUDPHWHUV� RI� WKH� GHPDQG� GLVWULEXWLRQV� LV� FKDUDFWHUL]HG� YLD� SULRU� GLVWULEXWLRQV�� 7KH\�DOVR�FKDUDFWHUL]H�WKH�VWUXFWXUH�RI�FORVH�WR�RSWLPDO�RUGHULQJ�UXOHV�LQ�WKHVH�V\VWHPV�IRU�D�YDULHW\�RI�W\SHV�RI�RUGHU�FRVW�IXQFWLRQV�
$QRWKHU� PRGHO� E\� 0LHJKHP� DQG� 'DGD� ������� H[DPLQHV� SRVWSRQHPHQW� IURP� D�FRPSDUDWLYH�SRLQW�RI�YLHZ��7KH�DXWKRUV�FRPSDUH�SULFH�YHUVXV�SURGXFWLRQ�SRVWSRQHPHQWDQG�DQDO\]H�SRVVLEOH�SRVWSRQHPHQW�VWUDWHJLHV�LQ�D�WZR�VWDJH�GHFLVLRQ�PRGHO�ZKHUH�ILUPV�PDNH� WKUHH�GHFLVLRQV��FDSDFLW\� LQYHVWPHQW��SURGXFWLRQ� �LQYHQWRU\��TXDQWLW\�� DQG�SULFH��
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7KH\�VKRZ�KRZ�FRPSHWLWLRQ��XQFHUWDLQW\�� DQG� WKH� WLPLQJ�RI�RSHUDWLRQDO�GHFLVLRQV�LQIOXHQFH�WKH�VWUDWHJLF�LQYHVWPHQW�GHFLVLRQ�RI�WKH�ILUP��7KH\�DOVR�VKRZ�WKDW��LQ�FRQWUDVW�
WR�SURGXFWLRQ�SRVWSRQHPHQW��SULFH�SRVWSRQHPHQW�PDNHV�WKH�LQYHVWPHQW�DQG�SURGXFWLRQ�GHFLVLRQV� UHODWLYHO\� LQVHQVLWLYH� WR� XQFHUWDLQW\�� 7KH� UHVXOW� LV� WKDW� PDQDJHUV� FDQ� PDNH�RSWLPDO� FDSDFLW\� GHFLVLRQV� E\� GHWHUPLQLVWLF� UHDVRQLQJ� LI� WKH\� KDYH� VRPH� SULFH�IOH[LELOLW\��7KH\�SRLQW�RXW�FRQVLGHUDWLRQ�RI�D�IOH[LEOH�H[�SRVW�SULFLQJ�EHIRUH�SURGXFWLRQ�SRVWSRQHPHQW�UHHQJLQHHULQJ�LV�D�KLJK�YDOXHG�RSWLRQ�

$�PDQDJHULDO� DSSURDFK� WR� SURGXFW� YDULHW\� E\�'D� 6LOYHLUD� ������� SRLQWV� RXW� WKH�LPSRUWDQFH� RI� XQGHUVWDQGLQJ� KRZ� SURGXFW� YDULHW\� PD\� LQIOXHQFH� GLIIHUHQW� OHYHOV� RI�RUJDQL]DWLRQV�� PHDQLQJ� WR� LQYHVWLJDWH� WKH� PDQDJHPHQW� RI� SURGXFW� YDULHW\� IURP� WKH�DVVHVVPHQW� RI� PDUNHW� UHTXLUHPHQWV� ZLWKLQ� RSHUDWLRQV�� ,Q� WKH� UHVHDUFK� 'D� 6LOYHLUD�LQYHVWLJDWHV� ILYH�PDQXIDFWXULQJ� FRPSDQLHV�� DLPLQJ� WR�XQGHUVWDQG�KRZ� WKH\�GHDOW�ZLWK�SURGXFW�YDULHW\�UHTXLUHPHQWV�ZLWKLQ�GLIIHUHQW�V\VWHPV�OHYHOV��5HVHDUFK�ILQGLQJV�OHDG�WR�D�IUDPHZRUN�IRU�SURGXFW�YDULHW\�PDQDJHPHQW�ZLWKLQ VWUDWHJ\�DQG�RSHUDWLRQV�
$QRWKHU� DSSURDFK� WR� PHDVXUH� WKH� VXFFHVV� LQ� PDQDJLQJ� SURGXFW� YDULHW\� WULHV� WR�PHDVXUH� WKH� PDWFK� RI� SURGXFW� YDULHW\� ZLWK� WKH� VXSSO\� FKDLQ� VWUXFWXUH� �5DQGDOO� DQG�8OULFK���������7KH\�H[DPLQH�WKH�UHODWLRQ�DPRQJ�SURGXFW�YDULHW\��VXSSO\ FKDLQ�VWUXFWXUH��DQG�ILUP�SHUIRUPDQFH�DQG�DQDO\]H�SURGXFW�YDULHW\�DW�WKH�SURGXFW�DWWULEXWH�OHYHO��QRWLQJ�WKDW�WKH�UHODWLYH�LPSDFW�RI�YDULHW\�RQ�SURGXFWLRQ�DQG�PDUNHW�PHGLDQ�FRVWV�GHSHQGV�WR�D�ODUJH�H[WHQG�RQ�WKH�DWWULEXWH�XQGHUO\LQJ�YDULHW\��7KH\�DUJXH�WKDW�WKHUH�LV�D�FRKHUHQW�ZD\�WR� PDWFK� SURGXFW� YDULHW\� ZLWK� VXSSO\� FKDLQ� VWUXFWXUH�� (PSLULFDO� UHVXOWV� VXJJHVW� WKDW�ILUPV� ZKLFK� PDWFK� VXSSO\� FKDLQ� VWUXFWXUH� WR� WKH� W\SH� RI� SURGXFW� YDULHW\� WKH\� RIIHU�RXWSHUIRUP�ILUPV�ZKLFK�IDLO�WR�PDWFK�VXFK�FKRLFHV�
%HUU\�DQG &RRSHU��������VKRZ�WKDW�DGGLQJ�SURGXFW�YDULHW\�FDQ�KDYH�DGYHUVH�FRVW�DQG�PDUJLQ�LPSOLFDWLRQV�ZKHQ�PDUNHWLQJ�DQG�PDQXIDFWXULQJ�VWUDWHJLHV�DUH�PLVDOLJQHG��7KH�FULWLFDO�VWUDWHJLF�LVVXHV�LQYROYH�SURGXFW�SULFLQJ�DQG�PDQXIDFWXULQJ�IOH[LELOLW\�LQ�WKH�SURGXFW�PL[��7KH\�UHSRUW�PHWKRGV�ZKLFK�SURYLGH�D�PHDQV�RI�HPSLULFDOO\�GLDJQRVLQJ�WKH�GHJUHH�RI�VWUDWHJLF�PLVPDWFK�XVLQJ�DFWXDO�RSHUDWLQJ�GDWD��
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&RQVLGHULQJ� DOO� WKHVH� SRVWSRQHPHQW� VWUDWHJLHV�� UHVXOWV� VKRZ� WKDW� LQIRUPDWLRQDO�FRQVLGHUDWLRQV�KDYH�D�SDUDPRXQW�HIIHFW�RQ�WKH�HIIHFWLYHQHVV�RI�SRVWSRQHPHQW�VWUDWHJLHV��$QDQG�DQG�0HQGHOVRQ��������PRGHO�D�VXSSO\�FKDLQ�FRQVLVWLQJ�RI�D�SURGXFWLRQ�IDFLOLW\��D�GLVWULEXWLRQ�FHQWHU��DQG�WZR�GLIIHUHQW�PDUNHWV��'HPDQG�LQIRUPDWLRQ�LV�XVHG�WR�PLWLJDWH�WKH� HIIHFWV� RI� XQFHUWDLQW\� LQ� WKH� RXWSXW� PDUNHWV�� 7KH\� VWXG\� WKH� ILUP¶V� RSHUDWLRQDO�SHUIRUPDQFH�XQGHU�DOWHUQDWLYH�EXVLQHVV�SURFHVVHV��FRPSDULQJ�HDUO\�DQG�GHOD\HG�SURGXFW�GLIIHUHQWLDWLRQ��7KH�FRPSDULVRQ�\LHOGV�WR�WKH�YDOXH�RI�SRVWSRQHPHQW��5HVXOWV�VKRZ�WKDW�LQIRUPDWLRQDO� FRQVLGHUDWLRQV� HQDEOH� UHVHDUFKHUV� DQG� GHFLVLRQ�PDNHUV� WR� SHUIRUP� FRVW�EHQHILW� DQDO\VLV� DQG� TXDQWLI\� WKH� DQWLFLSDWHG� HIIHFWV� RI� LPSOHPHQWLQJ� SRVWSRQHPHQW�VWUDWHJLHV��7KH\�DOVR�SURYLGH�TXDOLWDWLYH�JXLGDQFH�UHJDUGLQJ�IDFWRUV�WKDW�DIIHFW�WKH�YDOXH�RI�SRVWSRQHPHQW�
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�� $1�23(5$7,216 5(9(56$/�02'(/
$V� PHQWLRQHG� LQ� WKH� SUHYLRXV� FKDSWHU�� /HH� DQG� 7DQJ� ������� KDYH� GLVFXVVHG�RSHUDWLRQV� UHYHUVDO�DV�D�PHFKDQLVP�WR� UHGXFH�YDULDELOLW\�RI�SURGXFWLRQ�YROXPHV� LQ� WKH�LQWHUPHGLDWH� VWDJHV� RI� D� PDQXIDFWXULQJ� SURFHVV�� 7KLV� FKDSWHU� LV� EDVHG� RQ� WKH� PRGHO�SUHVHQWHG�E\�/HH�DQG�7DQJ��������ZKLFK�H[SORUHV�WKH�FRQGLWLRQV�XQGHU�ZKLFK�UHYHUVDO�RI� WZR� SURFHVV� VWDJHV� LV� GHVLUDEOH�� 7KH� PRGHO� XQGHU� FRQVLGHUDWLRQ� LV� D� WZR�VWDJH��XQFDSDFLWDWHG�SURFHVV�ZKHUH�HDFK�VWDJH�DGGV�D�VSHFLILF�IHDWXUH�RI�WKH�HQG�SURGXFW�
7KH� FKDSWHU� ILUVW� GHVFULEHV� WKH� WZR�VWDJH�� XQFDSDFLWDWHG� PRGHO� ZKHUH� WKH�YDULDELOLW\�RI�WKH�HQG�SURGXFW�RSWLRQV�ZRXOG�QRW�EH�DIIHFWHG�E\�WKH�RSHUDWLRQV�UHYHUVDO��7KH�PRGHO� FRQFHQWUDWHV� RQ� WKH� YDULDELOLW\� RI� WKH� LQWHUPHGLDWH� VWDJHV�� QDPHO\� WKH� ILUVW�VWDJH��6LQFH�HDFK�RI�WKH�HQG�SURGXFWV�DUH�EHLQJ�FKDUDFWHUL]HG�E\�WKH�FKRLFH�GHILQHG�RQ�WZR�IHDWXUHV�� L�H���$ DQG�%�� WKH�GHFLVLRQ�WR�EH�PDGH�LV�ZKHWKHU� WR�VHTXHQFH�WKH�VXSSO\�FKDLQ� VXFK� WKDW�$ LV� LQVWDOOHG� ILUVW�� IROORZHG� E\�%�� RU� YLFH� YHUVD�� ,Q� 6HFWLRQ� ����� WKH�RYHUDOO�V\VWHP�YDULDQFH�IRUPXODWLRQ�IRU���E\���FDVH�LV�GHULYHG��7KHQ��LQ�6HFWLRQ������WKH�GHULYDWLRQ� LV� GRQH� IRU� WKH� ��E\�1� FDVH�� 7KH� JHQHUDO� EHKDYLRU� RI� ��E\��� DQG� ��E\���V\VWHPV�XQGHU� WKLV�SHUIRUPDQFH�PHDVXUH�LV� LQYHVWLJDWHG�LQ�6HFWLRQ������ ,Q�6HFWLRQ�����WKH� EDVH� PRGHO� LV� VLPXODWHG� WR� LQFOXGH� PRUH� UHDOLVWLF� FDSDFLWDWHG� FDVH� XVLQJ� $UHQD�6LPXODWLRQ� VRIWZDUH�� 7KH� QHZ� PRGHO� KDV� WKUHH� SHUIRUPDQFH� FULWHULD�� YDULDQFH��EDFNRUGHU�OHYHO��DQG�DYHUDJH�TXHXH�OHQJWK��7KH�EHKDYLRU�RI�WKH�QHZ�V\VWHP�LV�GLVFXVVHG�LQ�GHWDLO��6HFWLRQ�����FRQFHQWUDWHV�RQ�FRPSDULVRQ�RI�WKH�EDVH�PRGHO�ZLWK�WKH�FDSDFLWDWHG�RQH��+HQFH��$UHQD�LV�UXQ�IRU�VSHFLILF�HQG�SURGXFW�PL[�DQG�UHVXOWV�DUH�FRPSDUHG�ZLWK�WKH�IRUPXOD�GHULYHG�LQ�6HFWLRQ�����
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���� $Q�8QFDSDFLWDWHG�7ZR�6WDJH�0RGHO����E\���6\VWHP
$V�PHQWLRQHG�HDUOLHU�� WKH�PDQXIDFWXULQJ�SURFHVV�FRQVLVWV�RI� WZR�VWDJHV��$W�HDFK�VWDJH�� D� SDUWLFXODU� IHDWXUH� RI� WKH� SURGXFW� LV� GHILQHG� WKURXJK� DQ� LQVWDOODWLRQ� RU�FXVWRPL]DWLRQ�SURFHVV��,Q�WKLV�VWXG\��WKH�EDVLF�PRGHO�ZLWK�WZR�IHDWXUHV��HDFK�SRVVHVVLQJ�WZR� FKRLFHV�� LV� H[SDQGHG� ZLWK� D� PRUH� JHQHUDO� FDVH� ZKHUH� RQH� IHDWXUH� PD\� KDYH� 1FKRLFHV��QDPHO\�D���E\�1 V\VWHP��7KH�EHKDYLRU�RI�WKH���E\�1 V\VWHP�LV�FRPSDUHG�ZLWK�WKDW�RI���E\���V\VWHP��7R�EH�DEOH�WR�DQDO\]H�WKH�UHVXOWV��RQH�QHHGV�WR�NQRZ�ILUVW�WKH���E\���V\VWHP�LQ�GHWDLO��7KXV��WKH�PRGHO�E\�/HH�DQG�7DQJ��������LV�ILUVW�UHYLHZHG�

)LJXUH���� $ WZR�VWDJH�XQFDSDFLWDWHG�PRGHO�����E\���V\VWHP
)LJXUH� ���� LOOXVWUDWHV� WKDW� LQ� WKH� ILUVW� VWDJH� WKHUH� DUH� WZR� IHDWXUH� FKRLFHV� XQGHU�FRQVLGHUDWLRQ�� $� DQG� $��� ,Q� WKH� VHFRQG� VWDJH�� WKHUH� DUH� DOVR� WZR� SRVVLEOH� IHDWXUHV�FKRLFHV��%� DQG�%���+HQFH��WKHUH�DUH�IRXU�GLVWLQFW�HQG�SURGXFWV��HDFK�EHLQJ�FKDUDFWHUL]HG�E\�WKH�FKRLFH�GHILQHG�RQ�WZR�IHDWXUHV��7KH�GHFLVLRQ�WR�EH�PDGH�LV�ZKHWKHU�WR�VHTXHQFH�WKH�VXSSO\�FKDLQ�VXFK�WKDW�$ LV�LQVWDOOHG�ILUVW��IROORZHG�E\�%��RU�YLFH�YHUVD�
)RU� WKH� DERYH�FDVH��GHPDQGV� IRU� WKH� HQG�SURGXFW�RSWLRQV� �;��� ;����;����;��� DUH�UDQGRP�YDULDEOHV�WKDW�DUH�PXOWLQRPLDOO\�GLVWULEXWHG�ZLWK�SDUDPHWHUV��1�T���T���T���T����
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1 GHQRWHV� WKH�VL]H�RI� WKH�WRWDO�GHPDQG�ZKLFK�IROORZV�D�QRUPDO�GLVWULEXWLRQ�ZLWK�PHDQ�P DQG�VWDQGDUG�GHYLDWLRQ�V��,W�LV�DOVR�DVVXPHG�WKDW�WKH�WRWDO�GHPDQGV�IRU�GLIIHUHQW�SHULRGV�DUH�LQGHSHQGHQW�TTLM GHQRWHV� WKH� SUREDELOLW\� WKDW� WKH� FXVWRPHU� ZLOO� SXUFKDVH� WKH� SURGXFW� WKDW� KDV�FKRLFH�L RI�IHDWXUH�$ DQG�FKRLFH�M�RI�IHDWXUH�%�7KHQ�
� � LMLM 11;( T _ � � � �LMLMLM 11;9DU TT � �_
� � PQLMPQLM 11;;&RY TT� _� IRU�� PQLM z �����

7KH� FRYDULDQFH� IRUPXODWLRQ� IRU� WKH� V\VWHP� VKRZV� WKDW� WKH�GHPDQG� LV� QHJDWLYHO\�FRUUHODWHG��ZKLFK�LV�D�UHDOLVWLF�DVVXPSWLRQ�VLQFH�WKHVH�DUH�VXEVWLWXWH�SURGXFWV�
7KH�IROORZLQJ�QRWDWLRQ�ZLOO�EH�XVHG�WKURXJKRXW�WKH�WKHVLV�

S LV� WKH� SUREDELOLW\� WKDW� D� FXVWRPHU� ZLOO� SXUFKDVH� D� SURGXFW� ZLWK� FKRLFH� �� RI�IHDWXUH�$�JLYHQ�WKDW�KH�VKH�ZLOO�SXUFKDVH�D�SURGXFW�
I�S�� 3URE�%�_$���LV�WKH�FRQGLWLRQDO�SUREDELOLW\�WKDW�WKH�FXVWRPHU�EX\V�WKH�SURGXFW�ZLWK�FKRLFH���RI�IHDWXUH�%��JLYHQ�WKDW�WKH�FXVWRPHU�KDV�GHFLGHG�WR�SXUFKDVH�WKH�SURGXFW�ZLWK�FKRLFH���RI�IHDWXUH�$�
J�S�� 3URE�%�_$��� LV� WKH� FRQGLWLRQDO� SUREDELOLW\� WKDW� WKH� FXVWRPHU� EX\V� WKH�SURGXFW�ZLWK�FKRLFH���RI�IHDWXUH�%��JLYHQ�WKDW�WKH�FXVWRPHU�KDV�GHFLGHG�WR�SXUFKDVH�WKH�SURGXFW�ZLWK�FKRLFH���RI�IHDWXUH�$��
&�S�� 7KH�GLIIHUHQFH�EHWZHHQ�WKH�RYHUDOO�YDULDQFHV RI�WKH�WZR�VHTXHQFHV��

&�S�  �9DU�$�%��9DU�%�$�� �����



��

9DULDQFH�RI�D�SURFHVV�VHTXHQFH�9DU�$�%��RU�9DU�%�$��FDQ�EH�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD�
� � ��_����_�� 1;(9DU1;9DU(;9DU � �����

8VLQJ�������DQG�������&�S� YDOXH�IRU�WKH�V\VWHP�FDQ�EH�FDOFXODWHG�
*LYHQ�VXFK�D�VWUXFWXUH��WKH�SUREDELOLWLHV�-LM DUH�DV�IROORZV�

� �SSI ��T � �> @SIS � ���T� � � �SJS� ���T � � � �> @SJS �� ����T �����
7R� FDOFXODWH�9DU�$�%��� ILUVW� ��_�� 1;9DU( LV� FDOFXODWHG�� )RU� WKH� ��E\��� V\VWHP�WKHUH�DUH�IRXU�GLVWLQFW�HQG�SURGXFWV�DQG�WKH�FDOFXODWLRQ�RI�YDULDQFH�IRU�WKH�HQG�SURGXFWV�OHDYLQJ�$� RI�6WDJH����XSSHU�EUDQFK��LQ�)LJXUH�����LV�WKH�VDPH�DV�HQG�SURGXFWV�OHDYLQJ�$� RI� 6WDJH� �� �ORZHU� EUDQFK��� +HQFH�� WKH� YDULDQFH� FDOFXODWLRQV� DUH� VKRZQ� IRU� XSSHU�EUDQFK�RQO\�

� � � �1;;9DU(1;;9DU(1;9DU( _�_���_�� �������� ��� � �1;;9DU( _� ���� � �_���_��_�� �������� 1;;&RY1;9DU1;9DU( �� 
������������ ��������� TTTTTT 111( ���� ��������� ������������ TTTTTTP ���� ���� SS � P ������

7KH� WRWDO� FRQGLWLRQDO� YDULDQFH� IRU� $�% LV� WZLFH� WKH� FRQGLWLRQDO� YDULDQFH� RI� WKH�XSSHU� EUDQFK�� DQG� LW� LV� FDOFXODWHG� DV � �S1S ��� �� 7KH� H[SHFWDWLRQ� RI� WKH� FRQGLWLRQDO�YDULDQFH�LV � �SS ���P ��



��

7R� FDOFXODWH �_�� 1;(9DU �� XSSHU� DQG� ORZHU� EUDQFK� FRQGLWLRQDO� H[SHFWDWLRQV� DUH�FDOFXODWHG�VHSDUDWHO\���
�_�� 1;(9DU ��_��_�� �������� 1;;(1;;( ��� ��_�� ���� 1;;( � ����� �������� TTTT � � 19DU119DU

������ �� TTV � 
�� SV �������

+HQFH�� WKH� XSSHU� EUDQFK� YDULDQFH� RI� WKH� FRQGLWLRQDO� H[SHFWDWLRQ� LV� �� SV � 7KH�ORZHU�EUDQFK�YDULDQFH�RI�WKH�FRQGLWLRQDO�H[SHFWDWLRQ�LV�FDOFXODWHG�VLPLODUO\�DQG�LV�IRXQG�DV� �� ��� S��V �
7KXV��WKH�WRWDO�YDULDQFH�PHDVXUH�IRU�$�% LV��� � � � �� �� VVP ��� SS �����
)RU WKH�VHTXHQFH�%�$ WRWDO�YDULDQFH�LV�

� � � � � � � �> @ � � � � � �> @> @ �� ���� VVP �������� SJSSSISJSSSI �����
6XEWUDFWLQJ�������IURP�������LW�LV�REVHUYHG�WKDW�WKH�VHTXHQFH�$�% KDV�D�VPDOOHU�YDULDQFH�WKDQ�%�$ LI�&�S�����ZKHUH
� � � � � � � � � � � �> @ � � � � � �> @> @> @SJSSSISJSSSISSS& ��������� �����VP �����

)URP� ����� LW� VHHQ� WKDW� GXH� WR� ���V�� IDFWRU� WKH� VHTXHQFLQJ� RI� IHDWXUHV� LV� LPPDWHULDO�ZKHQ P V� VLQFH &�S��HTXDOV�]HUR�
7KH�VDPH�PRGHO�FDQ�EH�H[WHQGHG� WR� LQFOXGH�FDVHV�ZKHUH� WKH�FKRLFH�VHOHFWLRQ�RI�RQH� IHDWXUH� LV� LQGHSHQGHQW� RI� WKDW� RI� WKH� RWKHU� IHDWXUH�� ,Q� WKH� LQGHSHQGHQW� FDVH��I�S� J�S� T��ZKHUH�T LV� WKH�SUREDELOLW\�RI� D� FXVWRPHU� VHOHFWLQJ� FKRLFH���RI� IHDWXUH�%



��

DQG� LV� D� FRQVWDQW� DQG� LQGHSHQGHQW�RI�S��+HUH� � � � � � � � �> @TTSSS& ����� ���VP ��+HQFH��ZKHQ� �VP ! WKH�VHTXHQFH�$�% KDV�D�ORZHU�WRWDO�YDULDQFH�DV�ORQJ�DV�WKH�FKRLFH�SUREDELOLWLHV�DVVRFLDWHG�ZLWK�IHDWXUH�$ DUH�PRUH�GLVWLQFWLYH�WKDQ�IHDWXUH�%��7KLV�LPSOLHV�WKDW�RQH�FDQ�ORZHU�WKH�WRWDO�YDULDQFH�RI�WKH�V\VWHP�LI�WKH�IHDWXUHV�ZLWK�PRUH�GLVWLQFWLYH�FKRLFH�SUREDELOLWLHV�DUH�SURFHVVHG�ILUVW��
���� $Q�8QFDSDFLWDWHG 7ZR�6WDJH�0RGHO����E\�1 6\VWHP

,Q� WKH���E\�1 V\VWHP��VHFRQG�VWDJH�KDV�1 SRVVLEOH� IHDWXUHV��7KHUHIRUH�� WKHUH�DUH��1 GLVWLQFW�HQG�SURGXFWV�HDFK�EHLQJ�FKDUDFWHUL]HG�E\�WKH�FKRLFH�GHILQHG�RQ�WZR�IHDWXUHV��$JDLQ�WKH�GHFLVLRQ�LV�ZKHWKHU�WR�VHTXHQFH�WKH�VXSSO\�FKDLQ�VXFK�WKDW�$ LV�LQVWDOOHG�ILUVW��IROORZHG�E\�%��RU�YLFH�YHUVD��:KDW�PDNHV�D�VHTXHQFH�SUHIHUDEOH�RYHU�DQRWKHU�LV�WKH�WRWDO�YDULDELOLW\� LW� SRVVHVVHV�� $V� H[SODLQHG� DERYH�� WKH� YDULDELOLW\� PHDVXUHV� RI� WKH� WZR�VHTXHQFHV�ZLWK� FRQVWDQW� GHPDQG� SDUDPHWHUV� DUH� FDOFXODWHG� DQG� WKHQ� WKH� GLIIHUHQFH� LV�FDOFXODWHG�DV�&�S��
7KH�JHQHUDO�YDULDQFH�IRUPXOD�������XVHG�IRU�WKH���E\���GHSLFWHG�LQ�)LJXUH�����FDVH�FDQ�EH�IRUPXODWHG�DV�IROORZV�
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7KH�IRUPXODWLRQ�RI�WKH�PRGHO�IRU�WKH���E\�1 V\VWHP�IRU�VHTXHQFH�$�% LV��
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*LYHQ�WKDW

MM SD �T MM ES���� � T ������
DM DQG�EM DUH�WKH�FRQGLWLRQDO�HQG�SURGXFW�SUREDELOLWLHV�RI�WKH�VHFRQG�VWDJH�DV�VKRZQ��LQ�)LJXUH�����

)LJXUH���� 7KH�PRGHO�RI���E\�1 XQFDSDFLWDWHG�V\VWHP
7KH� IRUPXODWLRQ�RI� WKH� ��E\�1 V\VWHP� IRU� VHTXHQFH�%�$ LV� WKH� VDPH� DV� IRUPXOD���������ZLWK�QHZ�T YDOXHV��7KH�GHULYDWLRQ� LV�FDUULHG�RXW�XVLQJ�FRQGLWLRQDO�SUREDELOLW\�DQDO\VLV�DQG�LV�JLYHQ�LQ�$SSHQGL[�$��7KH�QHZ�YDOXHV�DUH���

MM SD �T MM ES���� � T ������
7KH�IRUPXODWLRQ�RI�WKH�PRGHO�IRU�WKH���E\�1 V\VWHP�IRU�VHTXHQFH�%�$ LV�
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� � � � � � � ��� ��������� � ��� ¦¦   ������ 1
M MMMMMMM1

M M;9DU TTVTTTTTTP ������������
7KH�VLJQ�RI�&�S� LQGLFDWHV�ZKHWKHU�WKH�RSHUDWLRQV�UHYHUVDO�LV�EHQHILFLDO�RU�QRW��,I�&�S���� WKHQ� WKH� VHTXHQFH�%�$ KDV� D� ODUJHU�YDULDQFH� VR� WKH� UHYHUVDO� GRHV�QRW� LPSURYH�V\VWHP� HIILFLHQF\�� ,I�&�S�!�� WKHQ� UHYHUVLQJ� WKH� FRQVHFXWLYH� RSHUDWLRQV� �$�%� WR�%�$��GHFUHDVHV�YDULDELOLW\�

7KH� DUHD� RI� WKH� LQWHUHVW� IRU� WKH� ��E\�1 FDVH� LV� ZKHWKHU� &�S� WHUP� LQFOXGHV�� ��VP � DV�D�IDFWRU�RU�QRW��7KH�LPSRUWDQFH�RI� WKH�GHULYDWLRQ�LV� LWV�DVVLVWDQFH�WR�JXHVV�WKH�EHKDYLRU�RI�D���E\�1 PRGHO�VLQFH�LW�DOVR�KHOSV�WR�GLVWLQJXLVK�WKH�EHKDYLRU�RI���E\���PRGHO�IRU�HQG�SURGXFW�GHPDQG�DQG�VWDQGDUG�GHYLDWLRQV�
7KH�GHULYDWLRQ�RI�&�S��IRU�WKH���E\�1 FDVH�LV�DV�IROORZV�
6LQFH�&�S��LV�9DU�$�%� �9DU�%�$� LW�FDQ�EH�FDOFXODWHG�E\�VXEWUDFWLQJ��������IURP��������
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*DWKHULQJ� DOO� WHUPV� LQFOXGLQJ�P LQ� RQH� EUDFNHW� DQG� DOO� WHUPV� LQFOXGLQJ�V� LQ� DQRWKHU�EUDFNHW�JLYHV��
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,W� LV�NQRZQ� IURP��������DQG� ������� WKDW�TQM� �TMQ ��7KXV� WKH� ILUVW�� WKLUG�� ILIWK�DQG�VL[WK�WHUPV�LQ�WKH�ILUVW�EUDFNHW�FDQFHO�RXW��7KH�UHVXOWLQJ�HTXDWLRQ�LV�DV�IROORZV�

� �
� � »»¼º««¬ª ¹̧·©̈§ ��¹̧·©̈§�¹̧·©̈§�

»»¼º««¬ª ��� 
¦¦¦

¦ ¦ ¦¦¦
   

z z  � � 
�

� ��
�

� �
�

� ��
� � � ���� ���� ���

1
L LL1

L L1
L L

1
L

1
ø

1
L LLN1

LN LNL1
LNS&

TTTTV
TTTTTTP

������8VLQJ�WKH�VXEVWLWXWLRQ��
�D��D��«���DQ��  ���D���D���«�DQ����D�D���D�D��«����DQ��DQ�

7KH�WHUP�PXOWLSOLHG�ZLWK�V� EHFRPHV�
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7KH� ILUVW�� WKLUG�� ILIWK� DQG� VL[WK� WHUPV� FDQFHO� RXW� DQG� WKH� UHVXOWLQJ�&�S� HTXDWLRQ� LV� DV�IROORZV�
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)RUPXOD� ������� VKRZV� WKDW� &�S� WHUP� LQFOXGHV� � ��VP � DV� D� IDFWRU�� 7KXV� WKH�EHQHILW�RI�RSHUDWLRQV�UHYHUVDO�FDQ�EH�UHODWHG�WR�WKH�PDJQLWXGH�RI�� DQG�V� YDOXHV��,Q�WKH�IROORZLQJ�VHFWLRQ�WKH�RYHUDOO�YDULDQFH�RI�WKH�V\VWHP�LV�FDOFXODWHG�IRU�GLIIHUHQW� � ��VP �YDOXHV�DQG�ILUVW�DQG�VHFRQG�VWDJH�EUDQFKLQJ�SUREDELOLWLHV��7R�EH�DEOH�WR�LQYHVWLJDWH�WKH�



��

EHKDYLRU�RI�&�S� LQ�GHWDLO�WKH�VHFRQG�VWDJH�ZLWK�1� GLIIHUHQW�EUDQFKLQJ�SUREDELOLWLHV�LV�DQDO\]HG��)RU���E\���DQG���E\���V\VWHPV�DOO�SUREDELOLW\�FRPELQDWLRQV�ZLWKLQ�D VWHS�VL]H�RI�����DUH�LQYHVWLJDWHG�DQG�WKH�UHVXOWLQJ�DYHUDJH�&�S�V�DUH�GHSLFWHG�LQ�)LJXUHV�����WKURXJK�����
���� $QDO\VLV�RI�WKH���E\�1�8QFDSDFLWDWHG�6\VWHP�

,Q� WKLV� VHFWLRQ� WKH� RXWSXWV� RI� WKH� ��E\�1 PRGHO� LV� VLPXODWHG� XVLQJ� &���� 7KH�REMHFWLYH� RI� VLPXODWLQJ� WKH ��E\�1 V\VWHP� LV� WR� LQYHVWLJDWH� WKH� EHKDYLRU� RI�&�S� ZLWK�UHVSHFW�WR�YDULRXV�SDUDPHWHU�YDOXHV��7KH�PDLQ�EUDQFK�SUREDELOLWLHV�YDU\�IURP�����WR�����ZLWK� ���� LQFUHPHQW� DQG� WKH� VHFRQG� EUDQFK� SUREDELOLWLHV� DUH� DVVLJQHG� DV� VKRZQ� LQ� WKH�IORZLQJ�SURJUDP�URXWLQH�FRYHULQJ�WKH�ZKROH�VROXWLRQ�VSDFH�ZLWK������LQFUHPHQW��
7KH�SVHXGR�FRGH� LQ�$SSHQGL[�%� LV�D� VDPSOH� VXEURXWLQH� VKRZLQJ� WKH�SUREDELOLW\�DVVLJQPHQWV�RI� WKH� ILUVW� DQG�VHFRQG�EUDQFKHV�RI� WKH���E\���PRGHO� IRU�D�JLYHQ�GHPDQG�DQG�YDULDQFH�FRPELQDWLRQ�RI�HQG�SURGXFW��7KH�RXWPRVW�ORRS�DVVLJQV�WKH�S YDOXH��VHFRQG�ORRS�DVVLJQV�ILUVW�RI�WKH�XSSHU�VHFRQG�EUDQFK¶V�IRXU�SUREDELOLWLHV�ZKLFK�LV�GHQRWHG�DV�D�LQ�)LJXUH������:KHQ�D� JHWV�WKH�YDOXH������LQ�WKH�ILUVW�UXQ�D� �����D� �����DQG�D� �����DQG� WKH� VHFRQG�EUDQFK�SUREDELOLWLHV��EQ DUH�DOVR������������������������ UHVSHFWLYHO\�� ,Q�WKH�VHFRQG�UXQ�DOO�SUREDELOLWLHV�DUH�VDPH�H[FHSW�E� ������DQG�E� ������������UXQV�DUH�PDGH� WR� FRYHU� DOO� SUREDELOLW\� SDLUV� IRU� HDFK� RI� WKH� �P��V�� SDLUV� RI� ��������� ����������������������������DQG���������������������������������������3RVLWLYH�DQG�QHJDWLYH�&�S��DYHUDJHV�DUH�FDOFXODWHG�DQG�RYHUDOO�DYHUDJHV�DUH�GHSLFWHG�LQ��)LJXUHV�����WKURXJK�����
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0DLQ�%UDQFK�3UREDELOLW\��S

&�S�

YDULDQFH � YDULDQFH � YDULDQFH �� YDULDQFH �� YDULDQFH ��
)LJXUH���� $YHUDJH�&�S� YDOXHV�IRU�D���E\���V\VWHP�DW�FRQVWDQW�GHPDQG�PHDQ
,Q� )LJXUH� ���� LW� FDQ� EH� QRWLFHG� WKDW� DV V LQFUHDVHV� WKH� DEVROXWH� YDOXH� RI�&�S�GHFUHDVHV�UHJDUGOHVV�RI�WKH�YDOXH�RI�WKH�PDLQ�EUDQFK�SUREDELOLW\��$OO�FRPELQDWLRQV�SRLQW�RXW�WKDW�YDULDQFH�IRU�VHTXHQFH�$�% LV�VPDOOHU�WKDQ�%�$��+HQFH��QR�RSHUDWLRQV�UHYHUVDO�LV�EHQHILFLDO��$V�VHHQ�LQ�7DEOH�����WKDW�DV�S DSSURDFKHV�WR������WKH�GLIIHUHQFH�EHWZHHQ�WZR�VHTXHQFHV�GHFUHDVHV��7KLV�LV�DOVR�DQ�LQWXLWLYH�UHVXOW�VLQFH�ZKHQ�S ����GLIIHUHQW�IHDWXUHV�EHFRPH�DOPRVW�LQWHUFKDQJHDEOH�

7DEOH���� $YHUDJH�&�S� YDOXHV�IRU�D���E\���V\VWHP�DW�FRQVWDQW�GHPDQG�PHDQVV� S ��� S ��� S ��� S ��� S ���� ������ ������ ������ ������ ������ ������ ������ ������ ����� ������� ������ ������ ������ ����� ������� ������ ������ ������ ����� ������� ������ ������ ����� ����� �����
)RU� WKH� FDVH� RI� )LJXUH� ����� ZLWK� WKH� H[FHSWLRQ� WKH� FDVH� ZKHUH� WKH� YDOXH� RI� WKH�GHPDQG��PHDQ�LV��HTXDO��WR�WKH�GHPDQG�YDULDQFH��DOO��FRPELQDWLRQV��KDYH��SRVLWLYH�&�S�V���
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SRLQWLQJ� RXW� WKDW� DW� WKLV� IL[HG� V� YDOXH�� RSHUDWLRQV� UHYHUVDO� GHFUHDVHV� YDULDQFH�FRQVLGHUDEO\�� $JDLQ�� YDULDQFH� GLIIHUHQFHV� EHWZHHQ� WZR� VHTXHQFHV� GHFUHDVH� DV� SDSSURDFKHV�WR�����
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S ��� S ��� S ��� S ��� S ���0DLQ�%UDQFK�3UREDELOLWL\��S

&�S�

PHDQ � PHDQ � PHDQ �� PHDQ �� PHDQ ��
)LJXUH���� $YHUDJH�&�S� YDOXHV�IRU�D���E\���V\VWHP�DW�FRQVWDQW�GHPDQG�YDULDQFH
)RU� WKH� FDVH�RI���E\��� V\VWHP�DW� FRQVWDQW� GHPDQG�YDULDQFH�� WKH�EHKDYLRU�RI� WKH�PRGHO�FDQ�EH�VHHQ�IURP�7DEOH�����

7DEOH������$YHUDJH�&�S� YDOXHV�IRU�D���E\���V\VWHP�DW�FRQVWDQW�GHPDQG�YDULDQFHPP S ��� S ��� S ��� S ��� S ���� ����� ����� ����� ����� ����� ����� ����� ����� ���� ������ ����� ����� ����� ���� ������ ����� ����� ����� ���� ������ ����� ����� ���� ���� ����
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0DLQ�%UDQFK�3UREDELOLW\��S

&�S�

YDULDQFH � YDULDQFH � YDULDQFH �� YDULDQFH �� YDULDQFH ��
)LJXUH���� $YHUDJH�&�S��YDOXHV�IRU�D���E\���V\VWHP�DW�FRQVWDQW�GHPDQG�PHDQ
)LJXUH�����VKRZV�DYHUDJH�&�S��YDOXHV� IRU� WKH���E\���V\VWHP�DW�FRQVWDQW�GHPDQG�PHDQ��7KH�VLJQ�RI�&�S� IRU�DOO�S FRPELQDWLRQV�LV�WKH�VDPH�DV�WKDW�RI���E\���FDVH��+HQFH��)LJXUH����� ORRNV�YHU\�VLPLODU� WR�)LJXUH������7KH�PDLQ�GLIIHUHQFH� LV� WKH� LQFUHDVH� LQ� WKH�DEVROXWH�YDOXH�RI�&�S� ZKLFK�FDQ�EH�VHHQ�LQ�7DEOH������$V�1 JHWV�ELJJHU��LQDSSURSULDWH�FKRLFH�RI�VHTXHQFH�RI�IHDWXUHV�KDV�D�GHHSHU�LPSDFW�RQ�WKH�RYHUDOO�V\VWHP�YDULDQFH��7KLV�LV�DOVR�DQ�LQWXLWLYH�UHVXOW�VLQFH�JUHDWHU�1 PHDQV�PRUH�HQG�SURGXFWV�DQG�FRQVHTXHQWO\�WKH�WRWDO�YDULDQFH�LV�JUHDWHU�
7DEOH���� $YHUDJH�&�S� YDOXHV�IRU�D���E\���V\VWHP�DW�FRQVWDQW�GHPDQG�PHDQVV� S ��� S ��� S ��� S ��� S ���� ������ ������ ������ ������ ������� ������ ������ ������ ������ �������� ������ ������ ������ ������ �������� ������ ������ ������ ������ �������� ������ ������ ������ ����� �����
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S ��� S ��� S ��� S ��� S ���0DLQ�%UDQFK�3UREDELOLW\��S

&�S�

PHDQ � PHDQ � PHDQ �� PHDQ �� PHDQ ��
)LJXUH���� $YHUDJH�&�S� YDOXHV�IRU�D���E\���V\VWHP�DW�FRQVWDQW�GHPDQG�YDULDQFH
7DEOH���� $YHUDJH�&�S� YDOXHV�IRU�D���E\���V\VWHP�DW�FRQVWDQW�GHPDQG�YDULDQFHPP S ��� S ��� S ��� S ��� S ���� ����� ����� ����� ����� ������ ����� ����� ����� ����� ������� ����� ����� ����� ����� ������� ����� ����� ����� ����� ������� ����� ����� ����� ���� ����
)LJXUH�����IROORZV�H[DFWO\�WKH�VDPH�WUHQGV�ZLWK�)LJXUH������7KH�YDOXHV�RI�&�S� DV�FDQ� EH� VHHQ� IURP� 7DEOH� ���� DUH� DJDLQ� ODUJHU� WKHQ� WKRVH� RI� ��E\��� PRGHO�� )URP� WKH�JUDSKV�DQRWKHU�H[SHFWHG�UHVXOW�RI�IRUPXODWLRQ��������LV�REVHUYHG��&�S� YDOXH�ZLWK�P ;DQG�V� < JLYHV�VDPH�DEVROXWH�&�S� YDOXH�ZLWK�WKH�SDLU�P < DQG�V� ;�
7KH�YDOXHV�FDOFXODWHG�DERYH�DUH�DYHUDJH� UHVXOWV� IRU�DOO�SRVVLEOH�FRPELQDWLRQV�RI�SUREDELOLW\� FKRLFHV�$ DQG�%��7KH� JHQHUDO� WUHQGV� VKRZ� WKDW��ZKHQ� �VP ! �� WKH� V\VWHP�KDV��D��ORZHU���YDULDQFH��ZLWK��WKH���VHTXHQFH��$�% DQG��UHYHUVLQJ��WKH��RSHUDWLRQV��LV��QRW�
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EHQHILFLDO�� +RZHYHU� ZKHQ �VP � �� LW� LV� EHQHILFLDO� WR� UHYHUVH� WKH� RSHUDWLRQV� DW� HYHU\�FRPELQDWLRQ�RI�SUREDELOLW\��PHDQ� DQG�YDULDQFH�YDOXHV�
:KHQ� WKH� LQGLYLGXDO�&�S� YDOXHV� DUH� IXUWKHU� LQYHVWLJDWHG�� LW� LV� REVHUYHG� WKDW� DW�VRPH� SUREDELOLW\� FRPELQDWLRQV� HVSHFLDOO\� ZKHQ� RQH� HQG� SURGXFW� KDV� D� YHU\� KLJK�SUREDELOLW\�WR�EH�SURGXFHG�WKDQ�WKH�RWKHU��VXFK�DV�3URE�%�_$�� �����3URE�%�_$�� �����DQG�3URE�%�_$�� ���� IRU� D� ��E\��� V\VWHP�� WKH�&�S� YDOXH� GHYLDWHV� IURP� WKH� JHQHUDO�WUHQGV��7KH� UHYHUVDO� LV� QRW� RQO\� DIIHFWHG�E\� WKH� UHODWLYH�PDJQLWXGHV�RI� WKH�PHDQV� DQG�YDULDQFHV�EXW�DOVR�E\�WKH�KRPRJHQHLW\�RI�WKH�SUREDELOLWLHV�RI�WKH�HQG�SURGXFWV�
$QRWKHU�REVHUYDWLRQ�WR�PHQWLRQ�LV�WKH�FKDQJH�LQ�WKH�DYHUDJH�YDOXH�RI�&�S�V�DV�WKH�PDLQ�EUDQFK�SUREDELOLW\��S��FKDQJHV��)RU�DOO� � ��VP � FRPELQDWLRQV�WKH�DEVROXWH�YDOXH�RI�&�S��GHFUHDVHV�DV�WKH�YDOXH�RI S FKDQJHV�IURP�����WR�����
�����$�&DSDFLWDWHG�0RGHO�$QDO\VLV�E\�6LPXODWLRQ�IRU���E\���6\VWHP

,Q� WKLV�VHFWLRQ�� WKH ��E\�� V\VWHP�LV�PRGHOHG�FRQVLGHULQJ�FDSDFLW\� OLPLWDWLRQV�RI�WKH�VHUYHUV�VLQFH�LQGLYLGXDO�IHDWXUHV��$���$���%���%���DUH�DGGHG�WR�WKH�HQG�SURGXFWV�GXULQJ�D�SHULRG�GHWHUPLQHG�E\�WKH�FDSDFLW\�DQG�VSHHG�RI�WKH�VHUYHUV��)RUPXOD��������LV�REWDLQHG�XQGHU�WKH�DVVXPSWLRQ�RI�LQILQLWH�FDSDFLW\��+RZHYHU��LQ�UHDO�OLIH�DSSOLFDWLRQV��FDSDFLW\�LV�D�YLWDO�SUREOHP�KDYLQJ�GLUHFW�HIIHFWV�RQ�TXHXH�OHQJWKV�DQG�ZRUN�LQ�SURFHVV�DQG�EXIIHU�LQYHQWRULHV�� $OO� WKHVH� LQWHUPHGLDWH� SURGXFWV� FDUULHG� LQ� WKH� LQYHQWRULHV� DGG� XS� WR� WKH�SURGXFWLRQ� FRVW�� GHFUHDVLQJ� D� ILUP¶V� FRPSHWLWLYH� DGYDQWDJH�� $QRWKHU� LPSRUWDQW� LVVXH�DERXW�WKH�FDSDFLW\�OLPLWDWLRQ�LV�WKH�EDFNRUGHU�OHYHO��+LJK�EDFNRUGHU�OHYHOV�DUH�SHUFHLYHG�DV� D� ILUP¶V� ODFN� RI� OLDELOLW\�� OHDGLQJ� LQWR� FXVWRPHU� GLVVDWLVIDFWLRQ� DQG� ORVV� RI�PDUNHW�VKDUH��7KH�PRGHOV� DUH� VLPXODWHG�XVLQJ�$UHQD�� D� VRIWZDUH�E\� V\VWHPV�0RGHOLQJ�&RUS��7KH�IORZ�FKDUWV�DUH�GLVSOD\HG�LQ�$SSHQGL[�&�DQG�$SSHQGL[�'��7KHVH�PRGHOV�FRQVLGHU�DOO�WKHVH�LPSRUWDQW�FRQFHSWV�DQG�WKH�REWDLQHG�GDWD�DUH�XVHG�WR�GHULYH�FRPSDUDWLYH�UHVXOWV�RI�PDQXIDFWXULQJ� V\VWHPV� LQ� WHUPV� RI� DYHUDJH� TXHXH� OHQJWK� DW� HDFK� VWDJH�� EDFNRUGHU�OHYHO�DQG�RYHUDOO�V\VWHP�YDULDQFH�



��

7KH�VLPXODWLRQ�PRGHO�FRQVLVWV�RI�D�WZR�VWDJH�SURFHVV�DQG�ZLWK�WZR�SDUDOOHO�VHUYHUV�ZLWK� WKH� VDPH� VSHHG� DQG� FDSDFLW\� LQ� HDFK� VWDJH� LV�PRGHOHG��6LPXODWLRQ� LV� FDUULHG�RXW�FRYHULQJ����ZHHN�SURGXFWLRQ�KRUL]RQ��'HPDQGV�IRU�IRXU�GLIIHUHQW�HQG�SURGXFWV���$�%���$�%���$�%���$�%���DUH� FUHDWHG� YLD� QRUPDO� GLVWULEXWLRQ��$�ZHHN� LV� DVVXPHG� WR� KDYH� ���ZRUNLQJ�KRXUV�DQG�GHPDQGV�DUH�FUHDWHG�IRU�HDFK�ZHHN�RI�WKH�SURGXFWLRQ�KRUL]RQ��
7KH�SUREDELOLWLHV�RI�HQG�SURGXFWV�DUH�VDPSOHG�IURP�D�XQLIRUP�GLVWULEXWLRQ�IRU�HDFK�ZHHN�� $YHUDJH� TXHXH� WLPHV�� TXHXH� OHQJWKV�� DQG� VHUYHU� XWLOL]DWLRQV� DUH� PHDVXUHG��%DFNRUGHUV� DUH�PRQLWRUHG� IRU� HDFK� HQG� SURGXFW�� 7KH� V\VWHP� LV� UXQ� IRU� WKUHH� VSHFLILF�GHPDQG�VHWV�ZLWK��P�V�� SDUDPHWHUV�RI����������������������������� 7KUHH�VSHFLILF�VHUYHU�WLPHV����������DQG�����DUH�XVHG�WR�PHHW���������DQG������XWLOL]DWLRQ�OHYHOV�
7R� FDOFXODWH� WKH� UHVXOWLQJ� &�S� YDOXHV� IRU� HDFK� VLPXODWLRQ� UXQ�� WZR� VWDJHV� DUH�UHYHUVHG�DQG�WKH�PRGHO�LV�UXQ�ZLWK�WKH�LQLWLDO�VHHG�IRU�WKH�JLYHQ�GHPDQG�DQG�VHUYHU�WLPH�YDOXHV��3HULRGLF�YDULDQFH�GDWD�DUH�FDOFXODWHG�YLD�FROOHFWLQJ�QXPEHU�RI� LWHPV�SURFHVVHG�E\�WKH�VHUYHUV�RI�WKH�ILUVW�VWDJH�GXULQJ�HDFK�����PLQXWH�SHULRG��D�ZRUNLQJ�GD\���7DEOH�����VXPPDUL]HV�WKH�SDUDPHWHUV�RI�WKH�FDSDFLWDWHG�VLPXODWLRQ�PRGHO�

7DEOH���� 3DUDPHWHUV�RI�WKH�FDSDFLWDWHG�PRGHO��RI�6WDJHV� ���RI�6HUYHUV� �&DSDFLW\�RI�6HUYHUV� ��LWHP�DW�D�WLPH6SHHG�RI�6HUYHUV� �����������PLQXWHV6LPXODWLRQ�5XQ� ��SURGXFWLRQ�\HDU�����ZHHNV'HPDQG�,QWHUYDO� ��ZHHN'HPDQGV� 1����������1��������� 1��������(QG�3URGXFWV� $�%���$�%���$�%���$�%�3URGXFW�&KRLFH�3UREDELOLWLHV� 8�����

7KURXJKRXW�WKH�WKHVLV��WKH�QRWDWLRQ��[�\� LV�XVHG�WR�UHIHU�P DQG�V SDUDPHWHUV�ZKHUH�[ PDQG��\ V�
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�������,QYHVWLJDWLRQ�RI�WKH�&�S� YDOXHV
6LQFH�FDSDFLW\�LVVXHV�DUH�QRW�LQFRUSRUDWHG�ZKLOH�GHULYLQJ�WKH�PRGHO�LQ�6HFWLRQ������LW� LV� RI� JUHDW� LQWHUHVW� WR� VHH� LI� WKH� UHVXOW� RI� WKH� IRUPXODWLRQ� RI� &�S� GHULYHG� LQ� WKH�SUHYLRXV�FKDSWHU�LV�VWLOO�YDOLG�IRU�WKH�V\VWHP��)LJXUHV�����WKURXJK�����DUH� WKH�JUDSKV�RI�WKH� FDSDFLWDWHG� V\VWHP¶V� EHKDYLRU� XQGHU� RSHUDWLRQV� UHYHUVDO� DW� GLIIHUHQW� PHDQ� DQG�YDULDWLRQV�RI�GHPDQG�
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�� �� ��
6HUYHU�7LPH�

&�S��

)LJXUH���� &�S� YDOXHV�IRU���������FDVH
)LJXUH�����VKRZV�KRZ�&�S� FKDQJHV�ZLWK�FKDQJLQJ�VHUYHU�WLPHV�IRU����������&�S��YDOXH�LV�QHJDWLYH�DQG�FORVH�WR�]HUR�IRU�VHUYHU�WLPHV����DQG�����SUHIHUULQJ�VHTXHQFH�$�%�DQG�SRVLWLYH�IRU�VHUYHU�WLPH����IDYRULQJ��VHTXHQFH�%�$��7KH�UHYHUVDO�LV�EHQHILFLDO�RQO\�ZKHQ�VHUYHU�WLPH�LV����
)LJXUH� ���� GLVSOD\V� WKH� RXWSXWV� IRU� ��������� WKH� V\VWHP� DQG� H[KLELWV� WKH� VDPH�WHQGHQF\�WR�RSHUDWLRQV�UHYHUVDO�IRU�DOO�VHUYHU�WLPHV��,Q�WKLV�FDVH��UHYHUVDO�LV�QRW�IDYRUHG��&�S� YDOXH�LV�YHU\�FORVH�WR�]HUR�IRU�VHUYHU�WLPHV����DQG�����ZKLFK�LV�H[SHFWHG�GXH�WR�WKH��P�V�� IDFWRU�LQ�WKH�IRUPXODWLRQ�RI�&�S��
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6HUYHU�7LPH

&�S��

)LJXUH���� &�S� YDOXHV�IRU����������FDVH
)LJXUH� ���� LQGLFDWHV� WKDW� DV� WKH� YDOXH� RI� V� LQFUHDVHV�� WKH� VHTXHQFH� %�$ KDV� D�KLJKHU� YDULDQFH� DQG� RSHUDWLRQV� UHYHUVDO� LV� OHVV� IDYRUHG�� )RU� ��������� FDVH� RSHUDWLRQV�UHYHUVDO� LV� QRW� IDYRUHG� IRU� DOO� VHUYHU� WLPHV�� $QRWKHU� SRLQW� RI� LQWHUHVW� LV� WKH� GLVWLQFW�LQFUHDVH�LQ� WKH�DEVROXWH�YDOXH�RI�&�S�� 6LQFH�WKH�YDULDWLRQ�RI�GHPDQG�LV� ODUJHU� WKDQ�LWV�PHDQ�WKH�VLJQ�RI�&�S� LV�QHJDWLYH�DQG�RSHUDWLRQV�UHYHUVDO�LV�QRW�IDYRUHG�LQ�DFFRUGDQFH�ZLWK�IRUPXOD���������,Q�DGGLWLRQ��LW�LV�REVHUYHG�WKDW�VHUYHU�WLPH��WKXV�FDSDFLW\�OLPLWDWLRQ�KDV�D�GLUHFW�LPSDFW�RQ�WKH�V\VWHPV YDULDWLRQ��$OWKRXJK�LW�GRHV�QRW�FKDQJH�WKH�SUHIHUUHG�VHTXHQFH� RI� WKH� V\VWHP�� LW� DIIHFWV� WKH� PDJQLWXGH� RI� RYHUDOO� YDULDQFH� RI� WKH� V\VWHP�GLUHFWO\��6XPPDU\�RI�WKH�UHVXOWV�RI�WKLV�VHFWLRQ�LV�JLYHQ�LQ�7DEOH�����

7DEOH���� &RPSDULVRQ�RI�RSHUDWLRQV�SUHIHUUHG�VHTXHQFHV�IRU�WKH�FDSDFLWDWHG�PRGHOVV 6HUYHU�7LPH�� �� ��� $�% $�% %�$�� $�% $�% $�%�� $�% $�% $�%
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6HUYHU�7LPH

&�S��

)LJXUH���� &�S� YDOXHV�IRU����������FDVH
�������4XHXH�/HQJWKV

$QRWKHU� PHDVXUH� WR� H[DPLQH� ZKHWKHU� RSHUDWLRQV� UHYHUVDO� LV� EHQHILFLDO� LV� WKH�PDJQLWXGH�RI�WKH�TXHXH�OHQJWKV�RI�WKH�VHUYHUV��$OWKRXJK�RXU�PRGHO�PDLQO\�IRFXVHV�RQ�WKH� YDULDQFH� FDXVHG� GXULQJ� WKH� LQWHUPHGLDWH� VWDJHV�� LW� LV� RI� LQWHUHVW� WR� LQYHVWLJDWH� WKH�QXPEHU�RI� LWHPV�ZDLWLQJ� LQ� WKH�TXHXHV�GXH� WR� WKH�FDSDFLW\�RI� LQWHUPHGLDWH� VHUYHUV�� ,Q�)LJXUHV������WKURXJK������DYHUDJH�TXHXH�OHQJWKV�RI�WKH�IRXU�VHUYHUV�LQ�WKH�WZR�VWDJHV�RI�WKH�PRGHO�DUH�JUDSKHG� IRU� VHTXHQFHV�$�% DQG�%�$ IRU�YDULRXV�YDOXHV�RI�V DW�FRQVWDQW�VHUYHU�WLPHV�
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� �� ��
6WDQGDUG�'HYLDWLRQ

6HTXHQFH�$�%6HTXHQFH�%�$&�S�

)LJXUH����� 4XHXH�OHQJWKV�IRU�$�% DQG�%�$ VHTXHQFHV�ZKHQ�VHUYHU�WLPH�LV���
)LJXUH������VKRZV�WKDW�ZKHQ�VWDQGDUG�GHYLDWLRQ�RI�WKH�GHPDQG�LV���RU�����DYHUDJH�TXHXH�OHQJWK�IRU�VHTXHQFH�$�%�LV�VKRUWHU�WKDQ�VHTXHQFH�%�$��,Q�DGGLWLRQ��QHJDWLYH�&�S�YDOXH� DOVR� LQGLFDWHV� WKDW� VHTXHQFH $�%� LV� EHWWHU� DQG� RSHUDWLRQV� UHYHUVDO� LV� IDYRUHG� E\�QHLWKHU�RI�WKH�SHUIRUPDQFH�PHDVXUHV��+RZHYHU��IRU�WKH�FDVH�ZKHQ�VWDQGDUG�GHYLDWLRQ�LV�����TXHXH� OHQJWK� IRU� VHTXHQFH�$�% LV� ORQJHU� WKDQ�VHTXHQFH�%�$�� WKRXJK�SRVLWLYH�&�S��YDOXH�IDYRUV�VHTXHQFH�$�%��
,Q�)LJXUH�������WKH�VHUYHU�WLPH�LV�����)RU�WKH�VHW�ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI����WKH�GLIIHUHQFH� EHWZHHQ� TXHXH� OHQJWKV� RI� WKH� VHTXHQFHV�$�% DQG�%�$ LV� SRVLWLYH� IDYRULQJ�RSHUDWLRQV� UHYHUVDO�� DOVR� SRVLWLYH� &�S� YDOXH� IDYRUV� VHTXHQFH� %�$�� )RU� WKH� VHW� ZLWK�VWDQGDUG�GHYLDWLRQ�HTXDO�WR�����WKH�OHQJWK�RI�WKH�DYHUDJH�VHUYHU�TXHXHV�IRU�VHTXHQFH $�%LV�VKRUWHU�WKDQ�VHTXHQFH�%�$� DQG�DOVR�QHJDWLYH�&�S��YDOXH�LQGLFDWHV�WKDW�VHTXHQFH�$�%KDV� D� ORZHU� YDULDQFH�� +HUH�� LW� VKRXOG� EH� QRWHG� WKDW� �)LJXUHV� ����� DQG� ����� WKH�GLVWLQFWLRQ�EHWZHHQ�TXHXH�OHQJWKV�DQG�RYHUDOO�YDULDQFH�YDOXHV�IRU�WKH�WZR�VHTXHQFHV�LV�YHU\�QHJOLJLEOH�ZKHQ�V� P��:KHQ�V�!P� LW�LV�REVHUYHG�WKDW�WZR�SHUIRUPDQFH�PHDVXUHV�IDYRU�GLIIHUHQW�VHTXHQFHV��6HTXHQFH�%�$ KDV�D�VKRUWHU�TXHXH�EXW�KLJKHU�RYHUDOO�YDULDQFH�
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6WDQGDUG�'HYLDWLRQ

6HTXHQFH�$�%6HTXHQFH�%�$&�S�

)LJXUH����� 4XHXH�OHQJWK�IRU�$�% DQG�%�$ VHTXHQFHV�ZKHQ�VHUYHU�WLPH�LV���
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� �� ��
6WDQGDUG�'HYLDWLRQ

6HTXHQFH�$�%
6HTXHQFH�%�$
&�S�

)LJXUH����� 4XHXH�OHQJWK�IRU�$�% DQG�%�$ VHTXHQFHV�ZKHQ�VHUYHU�WLPH�LV���



��

$FFRUGLQJ�WR�)LJXUH�������ERWK�PHDVXUHV�LQGLFDWH�WKDW�VHTXHQFH�%�$ LV�EHWWHU�ZKHQVWDQGDUG�GHYLDWLRQ�LV ���:KHQ�WKLV�YDOXH�LQFUHDVHV�WR ����WKH�TXHXH�OHQJWK�RI�VHTXHQFH%�$ LV�ORQJHU�DQG�DOVR�&�S� YDOXH�IDYRUV�$�%��)RU�GHPDQG�ZLWK�VWDQGDUG�GHYLDWLRQ�RI�����&�S��YDOXH�IDYRUV�VHTXHQFH�$�% DOWKRXJK�WKH�TXHXH�OHQJWK�RI�$�% LV�WZLFH�DV�ORQJ�DV�WKH�TXHXH�OHQJWK�RI�%�$�
7DEOH� ���� VKRZV� WKH� FRPSOLDQFH� RI� TXHXH� OHQJWKV� DQG� &�S� YDOXHV� IRU� � WKH�FDSDFLWDWHG� PRGHO� DW� WKUHH� GLIIHUHQW� VHUYHU� XWLOL]DWLRQV�� /HWWHU� < GHVLJQDWHV� WKDW� WZR�FULWHULD�DJUHH�DQG� OHWWHU�1 GHVLJQDWHV� WKDW� WKH\�GLVDJUHH��6LQFH�IRU� WKH�SDLU�ZLWK�VHUYHU�WLPH ����V ���WKH�FDOFXODWHG�&�S� YDOXH�LV�]HUR��WKDW�FHOO�LV�OHIW�HPSW\��

7DEOH���� &RPSOLDQFH�RI�TXHXH�OHQJWK�DQG�&�S� YDOXHV�IRU��WKH�FDSDFLWDWHG�PRGHOVV 6HUYHU�7LPH�� �� ��� < < <�� < <�� 1 1 1
:KHQ� )LJXUHV� ������ ������ DQG� ����� DUH� H[DPLQHG�� LW� FDQ� HDVLO\� EH� QRWLFHG� WKDW�RSHUDWLRQV�UHYHUVDO�KDV�QHDUO\�QR�HIIHFW�ZKHQ�P V���&�S� YDOXHV�DUH�FORVH�WR�]HUR�DQG�TXHXH� OHQJWKV� DUH� QHDUO\� HTXDO� IRU� WZR� VHTXHQFHV�� ,Q� DGGLWLRQ�� ZKHQ� PdV��� LW� LV�LPPDWHULDO�ZKHWKHU� WKH� TXHXH� OHQJWK� RU�&�S��YDOXH� LV� WDNHQ� DV� SHUIRUPDQFH�PHDVXUH��VLQFH� WKH\� ERWK� SRLQW� DW� WKH� VDPH� VHTXHQFH� RI� IHDWXUH� LQVWDOODWLRQV�� +RZHYHU�� ZKHQ�VWDQGDUG�GHYLDWLRQ� LV���� WKH WZR�SHUIRUPDQFH�PHDVXUHV�GLVDJUHH��)RU� WKH� WKUHH� ILJXUHV�PHQWLRQHG�DERYH��ZKHQ�V�!P ��WKH�SHUIRUPDQFH�FULWHULD�FRQIOLFW�DW�DOO�VHUYHU�XWLOL]DWLRQ�OHYHOV��&�S� YDOXH�IDYRUV�WKH�VHTXHQFH�ZLWK�ORQJHU�TXHXH�OHQJWK��
7R� H[SORUH� LI� WKH� VDPH� VLWXDWLRQ� KROGV� IRU� DOO� VHUYHU� WLPHV� EHWZHHQ� ��� DQG� ����EHWZHHQ�����DQG������XWLOL]DWLRQ��WKH�PRGHO�LV�DJDLQ�VLPXODWHG�LQ�$UHQD��7KH�UHVXOWV�DUH�GHSLFWHG�LQ�)LJXUH�������
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6HUYHU�7LPH

6HTXHQFH�$�%6HTXHQFH�%�$&�S�

)LJXUH����� 7KH�HIIHFW�RI�GLIIHUHQW�VHUYHU�WLPHV�ZKHQ�VWDQGDUG�GHYLDWLRQ�LV���
)LJXUH������VKRZV�WKDW�DOO�&�S�V���H[FHSW�WKH�RQH�IRU�VHUYHU�WLPH�����DUH�QHJDWLYH��SUHIHUULQJ�VHTXHQFH�$�%��+RZHYHU��QHDUO\�LQ�DOO�FRPELQDWLRQV�H[FHSW�ZKHQ�VHUYHU�WLPH�LV�����WKH�TXHXH�OHQJWK�IRU�$�% LV�ORQJHU�WKDQ�%�$��7KH�UHVXOW�LV�LQ�DFFRUGDQFH�ZLWK�ZKDW�LV�FRQFOXGHG�IRU�WKH�DERYH�WKUHH�VHUYHU�WLPHV��

�������%DFNRUGHU
$QRWKHU�PHDVXUH� IRU� WKH� HIILFLHQF\� RI� RSHUDWLRQV� UHYHUVDO� LV� WKH� DELOLW\� RI� WKH�SURFHVV� WR� PHHW� GHPDQG�� )RU� WKDW� SXUSRVH�� WKH� EDFNRUGHU� OHYHO� LV� UHFRUGHG� IRU� HDFK�SHULRG� �)LJXUH� ������ DQG� WKH� DYHUDJH� EDFNRUGHU� IRU� HDFK� GHPDQG� VHW� LV� SORWWHG� DW�FRQVWDQW�VHUYHU�WLPHV�
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� � � �� �� �� �� �� �� �� �� �� �� �� �� �� ��:HHN��QXPEHU

1XPE
HU�RI�L

WHPV�E
DFNRU

GHUHG

%DFNRUGHU�$�%��� %DFNRUGHU�%�$����
)LJXUH����� %DFNRUGHU�YDOXHV�ZKHQ�P V � DQG�VHUYHU�WLPH� ���

)LJXUH������LOOXVWUDWHV�WKDW�WKH�DYHUDJH�QXPEHU�RI�LWHPV�EDFNRUGHUHG�LV�VPDOOHU�IRU�VHTXHQFH�$�%��7KH�H[DFW�DYHUDJH�EDFNRUGHU�YDOXHV� IRU�VHTXHQFHV�DUH�������DQG�������LWHPV�SHU�GHPDQG��UHVSHFWLYHO\��7KLV�UHVXOW�LV�LQ�DFFRUGDQFH�ZLWK�&�S� DQG�TXHXH�OHQJWK�PHDVXUHV��$OO�WKUHH�PHDVXUHV�IDYRU�VHTXHQFH�$�%�
,QGLYLGXDO� UHVXOWV� IRU� VHUYHU� WLPH� ��� DUH� GHSLFWHG� LQ� )LJXUH� ������ 7R� KDYH� D�EURDGHU�YLHZ�DQG�JHQHUDOL]H�WKH�EHKDYLRU�RI�WKH�PRGHO�XQGHU�RSHUDWLRQV�UHYHUVDO�)LJXUH������ LV� SORWWHG� IRU� DYHUDJH� EDFNRUGHU� YDOXHV� DW� WKUHH� GLIIHUHQW� XWLOL]DWLRQ� OHYHOV�� 7KLV�ILJXUH�VXPPDUL]HV�WKH�EHKDYLRU�RI�WKH�PRGHO�ZKHQ�SHUIRUPDQFH�PHDVXUH�LV�WDNHQ�DV�WKH�EDFNRUGHU�OHYHO��)RU�WKH�GHPDQG�RI�HDFK�ZHHN�WKH�EDFNRUGHU�GDWD�RI�WKH�WZR�VHTXHQFHV��$�%��%�$�� DUH� UHFRUGHG��$V� FOHDUO\� VHHQ� IURP� WKH� ILJXUH��ZKHQ� VHUYHU� WLPH� LV� ��� QR�VLJQLILFDQW�GLIIHUHQFH�H[LVWV�EHWZHHQ�EDFNRUGHU�OHYHOV��1HYHUWKHOHVV��WKH�EDFNRUGHU�OHYHO�IRU� VHTXHQFH� $�% LV� KLJKHU� DQG� RSHUDWLRQV� UHYHUVDO� VHHPV� XVHIXO�� :KHQ� KLJKHU�XWLOL]DWLRQ� OHYHOV�� QDPHO\� VHUYHU� WLPHV� ��� DQG� ���� DUH� LQYHVWLJDWHG�� LW� LV� REVHUYHG� WKDW�EDFNRUGHU�OHYHO�DV�D�SHUIRUPDQFH�PHDVXUH�IDYRUV�VHTXHQFH�$�%��7KH�GLIIHUHQFH�EHWZHHQ�EDFNRUGHU�OHYHOV�RI�WKH�WZR�VHTXHQFHV�EHFRPHV�PRUH�GLVWLQFW�DV�VHUYHU�WLPH�LQFUHDVHV��
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�� �� ��6HUYHU�7LPH

$YHUD
JH�%D

FNRUG
HU

%DFNRUGHU�$�% %DFNRUGHU�%�$
)LJXUH����� $YHUDJH�EDFNRUGHU�YDOXHV�IRU�GLIIHUHQW�VHUYHU�XWLOL]DWLRQV

7DEOH���� &RPSDULVRQ�RI�RSHUDWLRQV�UHYHUVDO�IRU�WKUHH�SHUIRUPDQFH�FULWHULD6HUYHU�WLPH 6LJPD 4XHXH�/HQJWK %DFNRUGHU &S� $�% %�$ $�%�� �� $�% %�$ $�%�� %�$ %�$ $�%� $�% $�% $�%�� �� %�$ $�% $�%�� %�$ $�% $�%� %�$ $�% %�$�� �� $�% $�% $�%�� %�$ $�% $�%
7DEOH� ���� VXPPDUL]HV� WKH� RXWSXWV� GHSLFWHG� IRU�P ���� LQ� VHFWLRQ� �����%DFNRUGHU�GDWD�LV�FDOFXODWHG�IRU�WKLV�GHPDQG�OHYHO�RQO\�VLQFH�WKH�DLP�LV�WR�WDNH�D�VQDSVKRW�RI�WKH�PDWFK� RI� GLIIHUHQW� SHUIRUPDQFH� PHDVXUHV� DW� FKDQJLQJ� VHUYHU� WLPHV� DQG� HQG� SURGXFW�VWDQGDUG�GHYLDWLRQV��7KH� VHTXHQFHV�SUHIHUUHG�E\� WKUHH�SHUIRUPDQFH�PHDVXUHV�GLIIHU� LQ�DOO� FDVHV� H[FHSW� ZKHQ� VHUYHU� WLPH ���� V �� DQG� VHUYHU� WLPH ���� V ���� ,W� LV� DOVR�REVHUYHG� WKDW� DV� VHUYHU� WLPH� �XWLOL]DWLRQ�� LQFUHDVHV� PDWFK� EHWZHHQ� TXHXH� OHQJWK� DQG�EDFNRUGHU� VHTXHQFH� SUHIHUHQFHV� GHFUHDVHV�� ,Q� DGGLWLRQ�� &�S� DQG� TXHXH� OHQJWK� SDLU�SUHIHU�WKH�VDPH�VHTXHQFH�PRUH�WKDQ�&�S� DQG�EDFNRUGHU�SDLU�



��

�����$�'HWHUPLQLVWLF�&DSDFLWDWHG�7ZR�6WDJH�0RGHO�E\�$UHQD����E\���6\VWHP
7KH� SXUSRVH� RI� VLPXODWLQJ� WKH� PRGHO� RI� VHFWLRQ� ���� DJDLQ� ZLWK� GHWHUPLQLVWLF�VHUYHU� WLPHV� LV� WR� FKHFN� LI� WKHUH� LV� D� UHODWLRQ� LQ� WKH� &�S� YDOXHV� EHWZHHQ� WKH�XQFDSDFLWDWHG� DQG� FDSDFLWDWHG� PRGHO�� ,Q� WKLV� VHFWLRQ� WKH� RQO\� SHUIRUPDQFH� PHDVXUH�XQGHU�FRQVLGHUDWLRQ�LV�WKH�RYHUDOO�YDULDQFH�RI�WKH�V\VWHP��6LQFH�WKH�GLIIHUHQFH�EHWZHHQ�WKH� RYHUDOO� YDULDQFH� RI� WKH� WZR� VHTXHQFHV� JHQHUDWHG� E\� WKH� RSHUDWLRQV� UHYHUVDO� LV�UHIOHFWHG�E\� WKH� VLJQ�RI�&�S�� D� FORVHU� ORRN�DW� WKH�&�S��RXWFRPHV�RI� WKH�XQFDSDFLWDWHG�DQG� FDSDFLWDWHG�PRGHOV� DUH� JLYHQ��7KH�SULPDU\� REMHFWLYH� LQ�GRLQJ� VR� LV� WR� LQYHVWLJDWH�ZKHWKHU�&�S� DV�D SHUIRUPDQFH�PHDVXUH�JLYHV�VDPH�UHVXOWV�IRU�ERWK�PRGHOV�
3DUDPHWHU� VHWWLQJ� LV� WKH� VDPH� DV� WKH� PRGHO� SUHVHQWHG� LQ� 6HFWLRQ� ����� 7KH� RQO\�GLIIHUHQFH� OLHV� LQ� WKH� FUHDWLRQ�RI�GHPDQG� IRU� IRXU�GLIIHUHQW� HQG�SURGXFWV�� �$�%���$�%���$�%���$�%��� ,Q�WKLV�PRGHO� WKH�SUREDELOLW\�RI�WKH�ILUVW�VWDJH��S� IRU�VHTXHQFH�$�% LV�WDNHQ�DV�HLWKHU�����������RU������7KH�VHFRQG�VWDJH�SUREDELOLW\�SDLUV� I�S� DQG�J�S��DUH��������������������� ��������� ��������� 7KH� SUREDELOLWLHV� RI� WKH� FRUUHVSRQGLQJ� %�$ VHTXHQFH� DUH�FDOFXODWHG� VSHFLILFDOO\� IRU� HDFK� S�� I�S��� J�S� VHW� XVLQJ� FRQGLWLRQDO� SUREDELOLW\�FDOFXODWLRQV��
7KH� V\VWHP� LV� UXQ� IRU� WKUHH� VSHFLILF�GHPDQG�VHWV��QDPHO\� ��������� ���������� DQG���������� FRUUHVSRQGLQJ� WR� �P !� V���� �P  � V���� DQG� �P �� V��� UHVSHFWLYHO\�� DQG� IRU�VSHFLILF� VHUYHU� WLPHV��������� DQG����DV� LQ� WKH�PRGHO�RI�6HFWLRQ������3HULRGLF�YDULDQFH�GDWD�DUH�FDOFXODWHG�YLD�FROOHFWLQJ�QXPEHU�RI�LWHPV�SURFHVVHG�E\�WKH�VHUYHUV�RI�WKH�ILUVW�VWDJH�GXULQJ�HDFK�����PLQXWH�SHULRG��D�ZRUNLQJ�GD\��
7KHQ� WKH� FDOFXODWHG� RYHUDOO� YDULDQFH� GDWD� DUH� FRPSDUHG�ZLWK� WKH� IRUPXOD� RI� WKH�XQFDSDFLWDWHG�PRGHO�GHULYHG� LQ�6HFWLRQ������$� WRWDO�RI����� UXQV�DUH�PDGH�ZLWK� VHUYHU�WLPHV� PHQWLRQHG�� 7KH� UHVXOWV� IRU� VHUYHU� WLPH� ��� DUH� GHSLFWHG� LQGLYLGXDOO\� WKURXJK�)LJXUHV� ����� WR� ����� WR� JLYH� D� JHQHUDO� YLHZ� DERXW� WKH� FRPSOLDQFH� RI� FDSDFLWDWHG� DQG�XQFDSDFLWDWHG�PRGHOV��7KH�RYHUDOO� VXPPDU\�RI� WKH�VLPXODWLRQ�UXQV�ZLWK� WKUHH�VSHFLILF�VHUYHU�WLPHV�DQG�PDWFK�PLVPDWFK�ZLWK�XQFDSDFLWDWHG�PRGHO�IRUPXODWLRQ�LV�JLYHQ�LQ�WKH�WDEOH�DW�WKH�HQG�RI�WKH�VHFWLRQ�
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�������,QYHVWLJDWLRQ RI�WKH�&�S� 9DOXHV
)LJXUH������VKRZV�WKDW�IRU�WKH�JLYHQ�V�S SDLU��WKH�VLJQ�RI�&�S�� FDOFXODWHG�E\�WKH�IRUPXOD�RI�XQFDSDFLWDWHG�PRGHO�DQG�E\�VLPXODWLRQ�DUH�WKH�VDPH��2QO\�WKH�PDJQLWXGH�RI�YDULDQFH� GLIIHUHQFH� EHWZHHQ� WZR� VHTXHQFHV� LV� ODUJHU� IRU� WKH� FDSDFLWDWHG� PRGHO�� %RWK�PRGHOV�IDYRU�$�% VHTXHQFH�UHJDUGOHVV�RI�WKH�SUREDELOLW\�YDOXHV�RI�WKH�VHFRQG�VWDJH�
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I�S����J�S��3DLUV

&�S�

&�S� &�S�

)LJXUH����� &RPSDULVRQ�RI�&�S� DQG�&�S�¶ YDOXHV�ZLWK�V ��DQG�S ����

������
�����
�����
�����
�����
����
����
����
����

��������� ��������� ��������� ���������

I�S����J�S��3DLUV

&�S�

&�S� &�S�


� 7KURXJKRXW�WKH�VHFWLRQ�WKH�QRWDWLRQ�&�S�¶�LV�XVHG�IRU�WKH�XQFDSDFLWDWHG�PRGHO�DQG�&�S�LV�XVHG�IRU�WKH�FDSDFLWDWHG�PRGHO��



��

)LJXUH����� &RPSDULVRQ�RI�&�S� DQG�&�S�¶ YDOXHV�ZLWK�V ��DQG�S ����
:KHQ�SUREDELOLW\�RI�WKH�PDLQ�EUDQFK�LQFUHDVHV�WR������)LJXUH������VKRZV�WKDW�WKH�VLJQV�RI�&�S� DQG�&�S�¶ GR�QRW�PDWFK�IRU�VHFRQG�EUDQFK�SUREDELOLWLHV������������$OVR�GXH�WR�&�S��WKH�VHTXHQFLQJ�LV�LPPDWHULDO�IRU�VHFRQG�EUDQFK�SUREDELOLWLHV�����������DOWKRXJK�&�S�¶�VXJJHVWV�VHTXHQFH�%�$��)RU�WKH�FDVHV�ZKHUH�FDSDFLWDWHG�DQG�XQFDSDFLWDWHG�PRGHOV�VXJJHVW� GLIIHUHQW� VHTXHQFHV� D� GHFLVLRQ� FDQ� EH� PDGH� FRQVLGHULQJ� RWKHU� SHUIRUPDQFH�PHDVXUHV�VXFK�DV�TXHXH�OHQJWK�RU�EDFNRUGHU�OHYHO�
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I�S����J�S��3DLUV

&�S�

&�S� &�S�

)LJXUH����� &RPSDULVRQ�RI�&�S� DQG�&�S�¶ YDOXHV�ZLWK�V ��DQG�S ����

,Q�)LJXUH�������LW�LV�REVHUYHG�WKDW�DV�WKH�SUREDELOLW\�RI�WKH�ILUVW�VWDJH�LQFUHDVHV�WR������ LQ� RWKHU�ZRUGV�ZKHQ�� RQ� WKH� DYHUDJH�� KDOI� RI� WKH� GHPDQG� KDV� IHDWXUH�$� DQG� WKH�RWKHU�KDOI�KDV�IHDWXUH�$��� WKH�WZR�PRGHOV�WRWDOO\�GLVDJUHH�ZLWK�HDFK�RWKHU��7KH�JHQHUDO�WUHQGV�IRU�&�S� YDOXHV�LV�VDPH�LQ�ERWK�ILJXUHV�H[FHSW�WKDW�WKH�VHTXHQFLQJ�LV LPSRUWDQW�LQ�)LJXUH������IRU�VHFRQG�EUDQFK�SUREDELOLWLHV� �����������7KH�REVHUYHG�&�S��YDOXHV�SUHIHU�VHTXHQFH�$�%�IRU�DOO�VHFRQG�EUDQFK�SUREDELOLW\�SDLUV�� ,W� LV�DOVR�REVHUYHG�WKDW�&�S� DQG�&�S�¶ YDOXHV�DUH�KLJKHU�FRPSDUHG�WR�WKH�RQHV�ZLWK�S ����LQ�)LJXUH������
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)LJXUH����� &RPSDULVRQ�RI�&�S� DQG�&�S�¶ YDOXHV�ZLWK�V ���DQG�S ����
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&�S�

&�S� &�S�

)LJXUH����� &RPSDULVRQ�RI�&�S� DQG�&�S�¶ YDOXHV�ZLWK�V ���DQG�S ����
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)LJXUHV� ����� DQG� ����� LOOXVWUDWH� WKDW� DV� WKH�PDLQ� EUDQFK� SUREDELOLW\� LQFUHDVHV� WKH�RSHUDWLRQ� UHYHUVDO� EHFRPHV� HIIHFWLYH�� :KHQ� S ���� DOO� &�S�¶ YDOXHV� DUH� QHJDWLYH��IDYRULQJ� VHTXHQFH�$�%��+RZHYHU�ZKHQ�S LQFUHDVHV� WR������ NHHSLQJ� DOO� RWKHU�YDULDEOHV�FRQVWDQW��DOO�&�S���YDOXHV�IDYRU�VHTXHQFH�%�$��:KHQ�P V���FRPSDULQJ�&�S�¶�ZLWK�&�S��LV� LPPDWHULDO� EHFDXVH�&�S�¶ YDOXH� LV� ]HUR��+HQFH�� )LJXUHV� ������ ������ DQG� ����� VKRZ�RQO\�WKH�&�S�� YDOXHV�FDOFXODWHG��
:KHQ�)LJXUH������LV�FRPSDUHG�WR�)LJXUH�������LW�LV�VHHQ�WKDW�&�S� YDOXHV�FKDQJH�VLJQ��7KHUHIRUH��SUREDELOLW\�����DFWV�DV�D�WXUQLQJ�SRLQW�RI�D�FRQFDYH�IXQFWLRQ�LQ�D�ZD\��,Q�WKLV�VLPXODWLRQ�WKH�DEVROXWH�YDOXHV�RI�&�S�V�REWDLQHG�DUH�OHVV�WKDQ�WKRVH�VKRZQ�LQ�)LJXUH�������PHDQLQJ�WKDW�WKH�GLIIHUHQFH�LQ�WKH�YDULDQFH�EHWZHHQ�WZR�VHTXHQFHV�LV�GHFUHDVLQJ��:LWK� WKHVH� SDUDPHWHUV� DW� KDQG�� LW� LV� VWLOO� QRW� EHQHILFLDO� WR� UHYHUVH� WKH� FRQVHFXWLYH�RSHUDWLRQV�$ DQG�%��
7KH�VWURQJHVW�UHVXOW�WKDW�FDQ�EH�REVHUYHG�IURP�)LJXUHV�������������DQG������LV�WKDW�LQ� FRQWUDVW� ZLWK� WKH� XQFDSDFLWDWHG� PRGHO�� FDSDFLWDWHG� PRGHO� GLVSURYHV� WKH� IDFW� WKDW�VHTXHQFLQJ�RI�WKH�IHDWXUHV�LV�LPPDWHULDO�ZKHQ�P V��
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&�S� &�S�


)LJXUH����� &RPSDULVRQ�RI�&�S� DQG�&�S�¶ YDOXHV�ZLWK�V ���DQG�S ����
,Q�)LJXUH������� WKH�&�S� YDOXHV� IRU� WKH� WZR�FDVHV�KDYH�QHDUO\� WKH� VDPH�DEVROXWH�YDOXHV�EXW�RSSRVLWH�VLJQV��



��

,Q� )LJXUH� ������ ERWK� &�S� DQG� &�S�¶ KDYH� WKH� VDPH� VLJQ� ZKHQ� VHFRQG� EUDQFK�SUREDELOLW\� SDLUV� DUH� ���������� DQG� ���������� RQO\�� ,W� LV� DOVR� VHHQ� WKDW� PDJQLWXGHV� RI�&�S�¶V DUH�IDU��JUHDWHU�WKDQ�&�S�V�
,Q� )LJXUH� ������ LW� LV� REVHUYHG� WKDW� ERWK� PRGHOV� SURSRVH� WKH� VDPH� VHTXHQFH��VHTXHQFH�$�%��&�S� YDOXHV� DUH�QRW� FORVH� DQG� IRU� DOO� FDVHV� DFFHSW� WKH�RQH�ZLWK� VHFRQG�RUGHU�SUREDELOLWLHV������������&�S� YDOXHV�DUH�ODUJHU�
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I�S���J�J���3DLUV

&�S�

&�S� &�S�

)LJXUH����� &RPSDULVRQ�RI�&�S� DQG�&�S�¶ YDOXHV�ZLWK�V ����DQG�S ����

7R� PDNH� D� VXPPDU\� RI� WKH� EHKDYLRU� RI� WKH� FDSDFLWDWHG� PRGHO� WKURXJKRXW� WKLV�VHFWLRQ� WKUHH� SDUDPHWHUV� RI� WKH� PRGHO� DUH� VHOHFWHG�� 7KHVH� SDUDPHWHUV� DUH� VWDQGDUG�GHYLDWLRQ�� PDLQ� EUDQFK�� DQG� VHFRQG� EUDQFK� SUREDELOLWLHV�� )RU� WKH� VSHFLILHG� ����XWLOL]DWLRQ� OHYHO� WKH� DERYH� JUDSKV� VKRZ� KRZ� WKH� IRUPXODWLRQ� GHULYHG� IRU� WKH�XQFDSDFLWDWHG���E\���V\VWHP�LV�DSSOLFDEOH�WR�WKH�FDSDFLWDWHG���E\���V\VWHP�
,Q� RUGHU� WR� UHDFK� WR� JHQHUDO� UHVXOWV� PRUH� GDWD� DUH� QHHGHG�� 7KHUHIRUH�� WKH�VLPXODWLRQ�FDUULHG�IRU�WKH�DERYH�WKUHH�SDUDPHWHUV�LV�HQODUJHG�WR��LQFOXGH������DQG������



��

XWLOL]DWLRQ�OHYHOV��$OWKRXJK�WKHVH�KLJK�SHUFHQWDJHV�PD\�QRW�EH�IUHTXHQWO\�DSSOLFDEOH�LQ�SUDFWLFH�� LW� LV� NQRZQ WKDW� WKH� EHQHILW� RI� RSHUDWLRQV� UHYHUVDO� FRPHV� IURP� WKH� DEVROXWH�YDOXH�RI�&�S� JHWV�ODUJHU�ZLWK�LQFUHDVLQJ�XWLOL]DWLRQV�VLQFH�WKH�V\VWHP�LV�PRUH�VHQVLWLYH�WR�PLQRU�LQFUHDVH�LQ�YDULDQFH��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�PRVW�HPSKDVLV�LV�JLYHQ�WR�WKH�GLVWLQFWLRQ RI� HQG� SURGXFWV� GHPDQG� GLVWULEXWLRQV� WR� GHFLGH� RQ� ZKHWKHU� WR� UHYHUVH�FRQVHFXWLYH�RSHUDWLRQV�RU�QRW�� ,Q� WKLV� VWHS�DQRWKHU�JURXSLQJ� LV�PDGH� WR� VWUHQJWKHQ� WKH�SUHYLRXV� FRPSDULVRQV� RQ� KRZ� IDU� FDQ� RQH� SXVK� XWLOL]DWLRQ� XS� DQG� VWLOO� DSSO\� WKH�IRUPXODWLRQ�RI�XQFDSDFLWDWHG�V\VWHP�GHULYHG�LQ�VHFWLRQ�����

)LJXUH����� 3HUFHQW�FRUUHVSRQGHQFH�RI�&�S� DQG�&�S�¶ YDOXHV�ZLWK�GLIIHUHQW�XWLOL]DWLRQV
,W� FDQ� EH� REVHUYHG� IURP� WKH� )LJXUH� ����� WKDW� WKHUH� LV� QR� VLJQLILFDQW� GLVWLQFWLRQ�EHWZHHQ�GLIIHUHQW�OHYHO�RI�XWLOL]DWLRQV��7KH�VLJQV�RI�&�S� DQG�&�S�¶��PDWFK�RQO\�����LQ�WKH�WRWDO�����UXQV�RI������DQG�����XWLOL]DWLRQV��DQG�����LQ������PRGH��7KH�REWDLQHG�UHVXOWV� GR� QRW� JLYH� FRQFOXVLYH� FOXHV� DERXW� KRZ� WR� XVH� RSHUDWLRQV� UHYHUVDO� WRRO� LQ�FDSDFLWDWHG�V\VWHPV�ZLWK�PRGHUDWH�WR�KLJK�XWLOL]DWLRQV�
$QRWKHU� DVSHFW� WR� LQYHVWLJDWH� LV� WKH� SHUFHQWDJH� RI� FRPSOLDQFH� GHSHQGLQJ� RQ� WKH�VWDQGDUG�GHYLDWLRQ�RI�GHPDQG��7R�ZKDW�H[WHQW�LV�)RUPXOD��������UHOLDEOH�IRU�FDSDFLWDWHG�

���

���

���

����XWLOL]DWLRQ����XWLOL]DWLRQ�����XWLOL]DWLRQ



��

V\VWHPV�DQG�KRZ�GRHV�UHOLDELOLW\�FKDQJH�ZLWK�DOWHULQJ�VWDQGDUG�GHYLDWLRQV"�7KH�DQVZHUV�IRU�WKHVH�TXHVWLRQV�DUH�VXPPDUL]HG�LQ�7DEOH�����
7DEOH���� 3HUFHQW�FRUUHVSRQGHQFH�RI��&�S� DQG�&�S�¶ YDOXHV�ZLWK�GLIIHUHQW�PDLQ�EUDQFK�SUREDELOLWLHV�DQG�XWLOL]DWLRQVVV S ��� S ��� S ��� 7RWDO� ���� ���� ���� ������� ���� ���� ���� ������ ������ ���� ���� �����7RWDO ����� ����� �����

$FFRUGLQJ�WR�7DEOH������WKH�KLJKHVW�FRUUHVSRQGHQFH�RI�&�S� VLJQV�IRU�FDSDFLWDWHG�DQG�XQFDSDFLWDWHG�PRGHOV�EHORQJV�WR�S �����V ���SDLU��,Q�QRQH�RI�WKH�UXQV�ZKHQ�P V�WKH�VLPXODWLRQ�JLYHV�D�&�S� YDOXH�RI�]HUR��7KH�UHVXOWV�DUH�QRW�HYHQ�FORVH�WR�]HUR��+HQFH��WKH�DUJXPHQW�WKDW�WKH�VHTXHQFLQJ�RI�RSHUDWLRQV�LV�LPPDWHULDO�ZKHQ�P V� IDLOV�WR�KROG�IRU�FDSDFLWDWHG�V\VWHPV��7KH�FROXPQ�ZLWK�WKH�KLJKHVW�PDWFKLQJ�YDOXH�LV�WKH�RQH�ZLWK�S �����PHDQLQJ� WKDW� FDSDFLWDWHG� DQG� XQFDSDFLWDWHG� PRGHOV� UHVHPEOH� PRVW� ZKHQ� WKH� PDLQ�EUDQFK� SUREDELOLW\� RI� WKH� V\VWHP� LV� OHVV� GLVWLQFWLYH�� 7KH� UHVXOW� LV� LQWXLWLYH� VLQFH� WKH�TXHXH� OHQJWK�� WKXV�EXIIHU� LQYHQWRULHV� IRU� WKH�FDSDFLWDWHG� V\VWHP� LV�PRVW�KRPRJHQHRXV�IRU�WKH�S ����FDVH��7KH�URZ�ZLWK�WKH�KLJKHVW�PDWFKLQJ�YDOXH�LV�WKH�RQH�ZLWK�V ���ZKLFK�SRLQWV� RXW� WKDW� DW� DOO� ILUVW� EUDQFK� SUREDELOLW\� OHYHOV� WKH� FDSDFLWDWHG� DQG� XQFDSDFLWDWHG�V\VWHPV�EHKDYH�PRVW� VLPLODUO\�ZKHQ� WKH�YDULDQFH�RI� WKH�HQG�SURGXFW� LV� VPDOOHVW��7KLV�UHVXOW� LV� LQ� DFFRUGDQFH� ZLWK� WKH� WKHRU\� RI� KRZ� RYHUDOO� V\VWHP� YDULDQFH� UHVSRQGV� WR�VWDQGDUG� GHYLDWLRQ� DQG� KRZ� FDSDFLW\� EHFRPHV� PRUH� LPSRUWDQW� DV� SURGXFW� YDULDQFH�LQFUHDVHV�� +RZHYHU�� LW� IDLOV� WR� H[SODLQ� ZK\�&�S� VLJQV� ZLWK� KLJKHVW�PDWFK� EHORQJ� WR�FDSDFLWDWHG�DQG�XQFDSDFLWDWHG�PRGHOV�ZLWK�S �����V ���SDLU�



��

�� &21&/86,21��
,Q�WKLV�WKHVLV��WKH�HIIHFWV�RI�RSHUDWLRQV�UHYHUVDO�RQ�PXOWL�VWDJH�SURGXFWLRQ�V\VWHPV�ZLWK� KLJK� GHJUHH� RI� SURGXFW� YDULHW\� KDYH� EHHQ� LQYHVWLJDWHG�� � 7KH� UHVXOWV� VKRZ� WKDW�UHHQJLQHHULQJ�HIIRUWV�UHTXLUH�FDUHIXO�SODQQLQJ��DQG�XQGHUVWDQGLQJ�WKH�QDWXUH�RI�GHPDQG�YDULDWLRQV�� WKH� FKRLFH� SUREDELOLWLHV� RI� HDFK� SURGXFW� LQ� WKH� SURGXFW� PL[�� FDSDFLW\�OLPLWDWLRQV�RI�WKH�PDQXIDFWXULQJ�SURFHVV�DQG�RWKHU�FKDUDFWHULVWLFV�RI�WKH�VXSSO\�FKDLQ��
8QFDSDFLWDWHG� DQG� FDSDFLWDWHG� V\VWHPV� KDYH� EHHQ� PRGHOHG� DQG� DQDO\]HG� XQGHU�GHPDQG�XQFHUWDLQW\��7KH�YDULDELOLW\�RI�SURGXFWLRQ�YROXPHV�LQ�WKH�LQWHUPHGLDWH�VWDJHV�RI�SURGXFWLRQ� ZDV� SURSRVHG� DV� D� SHUIRUPDQFH� PHDVXUH� IRU� VXFK� SURGXFWLRQ� V\VWHPV�� ,Q�DGGLWLRQ�� WKH�DYHUDJH�TXHXH� OHQJWKV�DQG�EDFNRUGHU� OHYHOV� DUH� FRQVLGHUHG� LQ� WKLV� VWXG\��7KH�VSHFLILF�UHVXOWV�RI�WKLV�VWXG\�FDQ�EH�VXPPDUL]HG�DV�IROORZV����
)LUVW�� XVLQJ� WRWDO� YDULDELOLW\� DV� D� SHUIRUPDQFH� PHDVXUH� ��E\��� DQG� ��E\�1XQFDSDFLWDWHG� V\VWHPV�DUH�PRGHOHG�XQGHU�GHPDQG�XQFHUWDLQW\�� � ,W� LV�REVHUYHG� WKDW� IRU�ERWK�PRGHOV�� SHUIRUPDQFH�PHDVXUH�&�S� LQFOXGHV� ���V�� DV� D� IDFWRU��)RU���E\�1�FDVH��RSHUDWLRQV� UHYHUVDO� LV�QRW� IDYRUHG�ZKHQ��!V�� H[FHSW� IRU�FDVHV ZKHQ�RQH�HQG�SURGXFW�KDV� D� YHU\� KLJK� FKRLFH� SUREDELOLW\� FRPSDUHG� WR� WKH� RWKHUV�� )RU� HQG� SURGXFW� GHPDQGV�ZKHUH���V�� DW�HYHU\�FRPELQDWLRQ�RI�FKRLFH�SUREDELOLWLHV�LW�LV�IRXQG�WR�EH�EHQHILFLDO�WR�UHYHUVH�WKH�RSHUDWLRQV�
7KHQ�� VLQFH� LQ� UHDO� OLIH� DSSOLFDWLRQV�� FDSDFLW\� LV� D� YLWDO� SUREOHP� KDYLQJ� GLUHFW�HIIHFWV�RQ�TXHXH�OHQJWKV��ZRUN�LQ�SURFHVV�DQG�EXIIHU�LQYHQWRULHV��PRGHOV�DUH�VLPXODWHG�XVLQJ� $UHQD� FRQVLGHULQJ� DOO� WKHVH� LPSRUWDQW� FRQFHSWV� DQG� REWDLQHG� GDWD� DUH� XVHG� WR�GHULYH�FRPSDUDWLYH�UHVXOWV�RI�PDQXIDFWXULQJ�V\VWHPV�LQ�WHUPV�RI�DYHUDJH�TXHXH�OHQJWK�DW�HDFK VWDJH��EDFNRUGHU�OHYHO�DQG�RYHUDOO�V\VWHP�YDULDQFH��7KH�FKRLFH�SUREDELOLWLHV�IRU�WKH��HQG��SURGXFW��PL[��DUH��FUHDWHG��YLD��XQLIRUP��GLVWULEXWLRQ���7KH�REVHUYDWLRQV��DUH��DV�



��

IROORZV��2SHUDWLRQV�UHYHUVDO�KDV�QHDUO\�QR�HIIHFW�ZKHQ�P V���&�S� YDOXHV�DUH�FORVH�WR�]HUR�DQG�TXHXH�OHQJWKV�DUH�QHDUO\�HTXDO�IRU�WZR�VHTXHQFHV��,Q�DGGLWLRQ��ZKHQ�PdV���LW�LV�LPPDWHULDO�ZKHWKHU� WKH� TXHXH� OHQJWK� RU�&�S��YDOXH� LV� WDNHQ� DV� SHUIRUPDQFH�PHDVXUH��VLQFH� WKH\� ERWK� SRLQW� DW� WKH� VDPH� VHTXHQFH� RI� IHDWXUH� LQVWDOODWLRQV�� +RZHYHU�� ZKHQ�P!V� WKHUH� H[LVWV� GLVDJUHHPHQW� EHWZHHQ� WZR� SHUIRUPDQFH�PHDVXUHV�� WKH� SHUIRUPDQFH�FULWHULD�FRQIOLFW�DW�DOO�VHUYHU�XWLOL]DWLRQ�OHYHOV��:KHQ�EDFNRUGHU�UHFRUGV�DUH�LQYHVWLJDWHG�LW�LV�VHHQ�WKDW��DW�KLJK�XWLOL]DWLRQ�OHYHOV��RSHUDWLRQV�UHYHUVDO�LV�QRW�IDYRUHG�IRU�P V�� ,Q�DGGLWLRQ��ZKHQ� WKUHH�SHUIRUPDQFH� FULWHULD� DUH� FRPSDUHG�� LW� LV� REVHUYHG� WKDW� VHTXHQFHV�SUHIHUUHG�E\�WKUHH�SHUIRUPDQFH�PHDVXUHV�GLIIHU�LQ�DOO�FDVHV�H[FHSW�ORZ�XWLOL]DWLRQV�DQG�GHPDQG�YDULDWLRQ��,W�LV�DOVR�REVHUYHG�WKDW DV�XWLOL]DWLRQ�LQFUHDVHV�PDWFK�EHWZHHQ�TXHXH�OHQJWK�DQG�EDFNRUGHU�VHTXHQFH�SUHIHUHQFHV�GHFUHDVHV��,Q�DGGLWLRQ�&�S� DQG�TXHXH�OHQJWK�SDLU�SUHIHU�WKH�VDPH�VHTXHQFH�PRUH�WKDQ�&�S� DQG�EDFNRUGHU�SDLU�
/DVWO\�� D� GHWHUPLQLVWLF� ��E\��� FDSDFLWDWHG�PRGHO� LV� FUHDWHG� LQ� RUGHU� WR� ILQG� RXW�ZKHWKHU� IRU� IL[HG�FKRLFH�SUREDELOLWLHV�� VLPLODU� UHVXOWV�DUH�REWDLQHG� IRU�FDSDFLWDWHG�DQG�XQFDSDFLWDWHG� FDVHV�� 7KH� UHVXOWV� VKRZ� WKDW� WKHUH� LV� QR� FRPSDWLELOLW\� EHWZHHQ� WKH� WZR�FDVHV�� 2QO\� RQH� LQ� WKUHH� V\VWHPV� EHKDYHV� VLPLODUO\� XQGHU� RSHUDWLRQV� UHYHUVDO� DW� DOO�XWLOL]DWLRQ� OHYHOV�� ,Q� DGGLWLRQ� DQ� LPSRUWDQW� DUJXPHQW� WKDW� VHTXHQFLQJ� RI� RSHUDWLRQV� LV�LPPDWHULDO� ZKHQ� P V� IDLOV� WR� H[LVW� IRU� FDSDFLWDWHG� V\VWHPV�� ,W� LV� REVHUYHG� WKDW�FDSDFLWDWHG�DQG�XQFDSDFLWDWHG�PRGHOV�UHVHPEOH�PRVW�ZKHQ�WKH�PDLQ�EUDQFK�SUREDELOLW\�RI�WKH�V\VWHP�LV�OHVV�GLVWLQFWLYH��$QRWKHU�JHQHUDOL]DWLRQ�FDQ�EH�PDGH�ZKHQ�YDULDQFH�RI�WKH� HQG� SURGXFW� LV� VPDOOHVW� DOO� ILUVW� EUDQFK� SUREDELOLW\� OHYHOV� WKH� FDSDFLWDWHG� DQG�XQFDSDFLWDWHG�V\VWHPV�EHKDYH�PRVW�VLPLODUO\��



��

)XUWKHU�6WXG\
6LQFH�LW�LV�REVHUYHG�WKDW�GLIIHUHQW�SHUIRUPDQFH�PHDVXUHV�FRQIOLFW�ZLWK�HDFK�RWKHU��RQH�PD\�DUJXH� WKDW� VRPHKRZ� WKH� UHOHYDQW�SHUIRUPDQFH�PHDVXUHV� VKRXOG�EH�FRPELQHG�DQG�WXUQHG�LQWR�RQH�JOREDO�SHUIRUPDQFH�PHDVXUH��,Q�HIIHFW��RQH�KDV�WR�GHULYH�D�WRWDO�FRVW�IXQFWLRQ�DQG�WU\�WR�ILQG�WKH�LPSDFW�RI�RSHUDWLRQV�UHYHUVDO�LQ�WKH�SURGXFWLRQ�V\VWHP���2QH�VXFK� PRGHO� LV� SURSRVHG� LQ� /HH�� 7DQJ�� ������� ZKLFK� LV� GLVFXVVHG� LQ� )XUWKHU� 6WXG\�VHFWLRQ�� � $FWXDOO\� WKH� PRGHO� WULHV� WR� ILQG� WKH� RSWLPDO� SRLQW� RI� GLIIHUHQWLDWLRQ�� $V� DQ�H[WHQVLRQ�RI�WKLV�VWXG\��WKLV�PRGHO�FDQ�EH�DSSOLHG�LQ�D�UHDO�OLIH�FDVH�ZLWK�UHOHYDQW�FRVW�GDWD��
&RQVLGHU�D�PDQXIDFWXULQJ�V\VWHP�ZLWK�WZR�HQG�SURGXFWV��ZKHUH�HDFK�HQG�SURGXFW�UHTXLUHV�SURFHVVHV�SHUIRUPHG� LQ�1 VWDJHV��7KH�PDQXIDFWXULQJ�V\VWHP�KDV�D�EXIIHU WKDW�VWRUHV� WKH� ZRUN�LQ±SURFHVV� LQYHQWRU\� DIWHU� HDFK� RSHUDWLRQ�� 7R� IRFXV� RQ� WKH� UHVXOW� RI�RSHUDWLRQV�UHYHUVDO�LQ�D�PRGHO�ZLWK�YDULRXV�SDUDPHWHUV�VXFK�DV�LQYHQWRU\��VHUYHU�WLPHV��DQG�VHW�XS�FRVW��ZH�DVVXPH�WKDW�WKH�V\VWHP�ZLOO�KDYH�WKH�ILUVW�N RSHUDWLRQV�FRPPRQ�WR�ERWK�SURGXFWV�DQG�DSSO\�RSHUDWLRQV�UHYHUVDO�IRU�WKH�N��VW DQG N��QG VWDJHV�
7KH�PRGHO�LV�D�GLVFUHWH�WLPH�PRGHO��7KH�DVVXPSWLRQV�DUH��DW�WKH�EHJLQQLQJ�RI�HDFK�SHULRG��XQLW� VL]H�FXVWRPHU�RUGHUV�DUULYH� IRU�HDFK�HQG�SURGXFW�� � ,QWHUPHGLDWH�SURGXFW� LV�XVHG� WR� VDWLVI\� DOO� RUGHUV�� DQG� H[FHVV� LV� EDFNORJJHG�� ,QYHQWRU\� SRVLWLRQ� LV� GHILQHG� DV�LQYHQWRU\�OHYHO�SOXV�ZRUN�LQ�SURFHVV��$W�HDFK�UHYLHZ�WKH�LQYHQWRU\�SRVLWLRQ�LV�UDLVHG�WR�6 E\�SODFLQJ�D�QHZ�RUGHU��

7KH�SDUDPHWHUV�RI�WKH�PRGHO�DUH�6L�� ��DYHUDJH�LQYHVWPHQW�FRVW�SHU�SHULRG�LI�RSHUDWLRQ�L EHFRPHV�D�FRPPRQ�RSHUDWLRQ�QL��N� ��OHDG�WLPH�RI�RSHUDWLRQ�L ZKHQ�RSHUDWLRQ�N�LV�WKH�ODVW�FRPPRQ�RSHUDWLRQ�SL��N� � WKH�SURFHVVLQJ�FRVW�SHU�XQLW�DVVRFLDWHG�ZLWK�RSHUDWLRQ�LKL�N� ��LQYHQWRU\�KROGLQJ�FRVW�IRU�KROGLQJ�RQH�XQLW�RI�LQYHQWRU\�DW�EXIIHU�L IRU�RQH�SHULRG�



��

]���� ���VDIHW\�IDFWRU=�N������WRWDO�UHOHYDQW�FRVW�SHU�SHULRG�IRU�WKH�FDVH�ZKHQ�RSHUDWLRQ�N�LV�WKH�ODVW�FRPPRQ�RSHUDWLRQ� � � � �� � � � � �� �> @
� � � �� � � �� �> @
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������)LUVW�WHUP�UHSUHVHQWV�WKH�WRWDO�LQYHVWPHQW�FRVW�SHU�SHULRG��WKH�VHFRQG�WHUP�FRUUHVSRQGV�WR� WRWDO� SURFHVVLQJ� FRVW� SHU� SHULRG� WKH� WKLUG� WHUP� UHSUHVHQWV� WKH� WRWDO�:,3� LQYHQWRU\�FRVW� DQG��WKH��IRXUWK��DQG��ILIWK�WHUPV�UHSUHVHQW�WKH�WRWDO�EXIIHU�LQYHQWRU\�FRVW�SHU� SHULRG�� ,Q� WKLV� FDVH� WKH� SHUIRUPDQFH�PHDVXUH� LV�=�N����=�N���� 7KH� VLJQ� RI� WKH�UHVXOW�VKRZV�ZKHWKHU�RSHUDWLRQV�UHYHUVDO�LV�EHQHILFLDO�RU�QRW�
,W� LV� H[SHFWHG� WR� JHW� WUHQGV� LQ� UHVXOWV� IRU�GLIIHUHQW� VHWWLQJV� VXFK� DV� VHUYHU� WLPHV��UHYHUVDO� FRVW� DQG� YDULDQFH� YDOXHV�� 8VLQJ� WKHVH� UHVXOWV�� DOJRULWKPV� IRU� V\VWHPV� FDQ� EH�GHYHORSHG�VXFK�WKDW�JLYHQ�SDUDPHWHUV�RI�WKH�DERYH�PRGHO��WKH�DOJRULWKP�DXWRPDWLFDOO\�GHFLGHV�WR�UHYHUVH�RSHUDWLRQV�RU�QRW�
$QRWKHU� IXWXUH� UHVHDUFK� GLUHFWLRQ� FRXOG� EH� DQDO\]LQJ� WKH� FDSDFLWDWHG� FDVH�DQDO\WLFDOO\��7R�FRQGXFW�VXFK�D�UHVHDUFK��RQH�KDV�WR�VHW�XS�D�IUDPHZRUN�WR�FDSWXUH�WKH�PRVW� UHOHYDQW� IHDWXUHV�RI� WKH� FDSDFLWDWHG� FDVH� DQG� DW� WKH� VDPH� WLPH�PDNH� VLPSOLI\LQJ�DVVXPSWLRQV�WR�NHHS�WKH�PRGHO�DQDO\WLFDOO\�WUDFWDEOH�



��

5()(5(1&(6
�� $QGHUVRQ�:���³0DUNHW�(IILFLHQF\�DQG�WKH�3ULQFLSOH�RI�3RVWSRQHPHQW�´�&RVW�DQG�3URILW�2XWORRN��1R�����6HSWHPEHU������
�� $YLY� <��� )HGHUJUXHQ� $��� ³'HVLJQ� IRU� 3RVWSRQHPHQW�� $� &RPSUHKHQVLYH�&KDUDFWHUL]DWLRQ� RI� ,WV� %HQHILWV� 8QGHU� 8QNQRZQ� 'HPDQG� 'LVWULEXWLRQV�´�2SHUDWLRQV 5HVHDUFK��9RO������1R�����-XO\�$XJXVW������
�� %HUU\�:�/���&RRSHU�0�&���³0DQXIDFWXULQJ�)OH[LELOLW\��0HWKRGV� IRU�0HDVXULQJ�WKH�,PSDFW�RI�3URGXFW�9DULHW\�RQ�3HUIRUPDQFH�LQ�3URFHVV�,QGXVWULHV�´�-RXUQDO�RI�2SHUDWLRQV�0DQDJHPHQW��9RO�����������
�� &KDNUDYDUW\� $�� .��� ³$FKLHYLQJ� 3URGXFW� 9DULHW\� 7KURXJK� 2SWLPDO� &KRLFH� RI�0RGXOH�9DULDWLRQV�´�,,(�7UDQVDFWLRQV��1R�����-XO\������
�� 'DSULDQ�3���³%HQHWWRQ�*OREDO�/RJLVWLFV� LQ�$FWLRQ�´�$VLDQ�3DFLILF� ,QWHUQDWLRQDO�%XVLQHVV�/RJLVWLFV�������������
�� 'D� 6LOYHLUD� *��� ³$� )UDPHZRUN� IRU� WKH� 0DQDJHPHQW� RI� 3URGXFW� 9DULHW\�´�,QWHUQDWLRQDO�-RXUQDO�RI�2SHUDWLRQV�DQG�3URGXFWLRQ�0DQDJHPHQW��9RO������1R����������
�� (SSHQ�*��'���6FKUDJH�/���³&HQWUDOL]HG�2UGHULQJ�3ROLFLHV�LQ�D�0XOWL�:DUHKRXVH�6\VWHP� ZLWK� /HDG� 7LPHV� DQG� 5DQGRP� 'HPDQG´� LQ�0XOWL�/HYHO� 3URGXFWLRQ��,QYHQWRU\� 6\VWHPV� 7KHRU\� DQG� 3UDFWLFH�� /�� %�� 6FKZDU]�� �(G�� 1RUWK� +ROODQG�������



��

�� )HGHUJUXHQ� $�� =LSNLQ� 3��� ³$SSUR[LPDWLRQ� RI� '\QDPLF� 0XOWL�/RFDWLRQ�3URGXFWLRQ�DQG�,QYHQWRU\�3UREOHPV�´�0DQDJHPHQW 6FLHQFH��1R�����������
�� )LVFKHU�0��� -DLQ� $���0DFGXIILH� -�3��� ³6WUDWHJLHV� IRU� 3URGXFW� 9DULHW\�� /HVVRQV�/HDUQHG� IURP� $XWR� ,QGXVWU\�� LQ� 5HGHVLJQLQJ� WKH� )LUP � 1HZ� <RUN�� 2[IRUG�8QLYHUVLW\��3UHVV������
��� )LVFKHU�0���5DPGDV�.���8OULFK�.���³&RPSRQHQW�6KDULQJ�LQ�WKH�0DQDJHPHQW�RI�3URGXFW� 9DULHW\�� $� 6WXG\� RI� $XWRPRWLYH� %UDNLQJ� 6\VWHPV�´� 0DQDJHPHQW6FLHQFH��1R�����������
��� *DQHVKDQ� 5��� 0DJD]LQH�0��� 7D\XU� 6���4XDQWLWDWLYH� 0RGHOV� IRU� 6XSSO\� &KDLQ�0DQDJHPHQW��.XOXZHU�$FDGHPLF�3XEOLVKHUV����������������
��� *XSWD� 6��� .ULVKQDQ� 9��� ³3URGXFW� )DPLO\�%DVHG� $VVHPEO\� 6HTXHQFH� 'HVLJQ�0HWKRGRORJ\�´�,((�7UDQVDFWLRQV��9RO��������������������
��� +DUYDUG�%XVLQHVV�6FKRRO�1RWH��³4XLFN�5HVSRQVH�LQ�WKH�$SSDUHO�,QGXVWU\�´�1�����������)HEUXDU\������
��� -DLQ�1���3DXO�$���³�$�*HQHUDOL]HG�0RGHO�RI�2SHUDWLRQV�5HYHUVDO�IRU�)DVKLRQ�*RRGV�´�0DQDJHPHQW 6FLHQFH��9RO�����1R�����$SULO������
��� .DSXVFLQVNL� 5��� 7D\XU� 6��� ³9DULDQFH� YV�� 6WDQGDUG� 'HYLDWLRQ�� 9DULDELOLW\�5HGXFWLRQ�7KURXJK�2SHUDWLRQV�5HYHUVDO�´�0DQDJHPHQW�6FLHQFH��9RO�����1R�����0D\������
��� .LP�.���&KKDMHG�'���³&RPPRQDOLW\�LQ�3URGXFW�'HVLJQ��&RVW�6DYLQJ��9DOXDWLRQ�&KDQJH�DQG�&DQQLEDOL]DWLRQ�´�(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��9RO�����������



��

��� /HH� +�� /��� %LOOLQJWRQ� &��� &DUWHU� %��� ³+HZOHWW�3DFNDUG� *DLQV� WKH� &RQWURO� RI�,QYHQWRU\�DQG�6HUYLFH�WKURXJK�'HVLJQ�IRU�/RFDOL]DWLRQ�´�,QWHUIDFHV��9RO������1R����������������
��� /HH� +�� /�� %LOOLQJWRQ� &��� ³'HVLJQLQJ� 3URGXFWV� DQG� 3URFHVVHV� IRU�3RVWSRQHPHQW�´�0DQDJHPHQW�RI�'HVLJQ��.OXZHU�$FDGHPLF�3XEOLVKHUV����������������
��� /HH�+��/���³(IIHFWLYH�,QYHQWRU\�DQG�6HUYLFH�0DQDJHPHQW�7KURXJK�3URGXFW�DQG�3URFHVV� 5HGHVLJQ�´� 2SHUDWLRQV� 5HVHDUFK�� 9RO�� ���� 1R�� ��� -DQXDU\�)HEUXDU\������
��� /HH�+�� /���*DUJ�$��� ³0DQDJLQJ�3URGXFW�9DULHW\��$Q�2SHUDWLRQV�3HUVSHFWLYH´����4XDQWLWDWLYH� 0RGHOV� IRU� 6XSSO\� &KDLQ� 0DQDJHPHQW�� .OXZHU� $FDGHPLF�3XEOLVKHUV����������������
��� /HH� +�� /��� 7DQJ� &�� 6��� ³0RGHOLQJ� &RVWV� DQG� %HQHILWV� RI� 'HOD\HG� 3URGXFW�'LIIHUHQWLDWLRQ�´�0DQDJHPHQW�6FLHQFH��9RO�����1R�����-DQXDU\������
��� /HH� +�� /��� )HLW]LQJHU� (��� ³0DVV� &XVWRPL]DWLRQ� DW� +HZOHWW�3DFNDUG�� 3RZHU� RI�3RVWSRQHPHQW�´�+DUYDUG�%XVLQHVV�5HYLHZ��)HEUXDU\������
��� /HH�+��/���7DQJ�&��6���³�9DULDQFH�5HGXFWLRQ�7KURXJK�2SHUDWLRQV�5HYHUVDO�´��0DQDJHPHQW�6FLHQFH� 9RO�����1R�����)HEUXDU\������
��� 0LHJKHP� -�� 9��� 'DGD�0��� ³3ULFH� YV�� 3URGXFWLRQ� 3RVWSRQHPHQW�� &DSDFLW\� DQG�&RPSHWLWLRQ�´�0DQDJHPHQW�6FLHQFH��9RO�����1R������'HFHPEHU������
��� 3UDVDG�%��� ³'HVLJQLQJ�3URGXFWV� IRU�9DULHW\� DQG�+RZ� WR�0DQDJH�&RPSOH[LW\´��-RXUQDO�RI�3URGXFW�DQG�%UDQG�0DQDJHPHQW��9RO����1R���������



��

��� 5DQGDOO� 7��� ³3URGXFW�9DULHW\�� 6XSSO\�&KDLQ� 6WUXFWXUH�� DQG� )LUP�3HUIRUPDQFH��$QDO\VLV� RI� 8�6�� %LF\FOH� ,QGXVWU\�´� 0DQDJHPHQW� 6FLHQFH�� 9RO� ���� 1R�� ����'HFHPEHU������
��� 6FKZDU]� /�%��� ³0RGHO� IRU� $VVHVVLQJ� WKH� 9DOXH� RI� :DUHKRXVH� 5LVN� 3RROLQJ��5LVN�3RROLQJ�2YHU�2XWVLGH�6XSSOLHU�/HDGWLPHV�´�0DQDJHPHQW�6FLHQFH��1R�����������
��� 6LPFKL�/HYL� '��� .DPLQVN\� 3��� 6LPFKL�/HYL� (���'HVLJQLQJ� DQG� 0DQDJLQJ� WKH�6XSSO\ &KDLQ��,UZLQ�0F*UDZ�+LOO�������
��� 6ZDPLQDWKDQ� -��0��� 7D\XU� 6��� ³0DQDJLQJ� %URDGHU� 3URGXFWLRQ� /LQHV� 7KURXJK�'HOD\HG� 'LIIHUHQWLDWLRQ� 8VLQJ� 9DQLOOD� %R[HV�´�0DQDJHPHQW� 6FLHQFH�� 9RO� ����1R������'HFHPEHU������
��� 6ZDPLQDWKDQ�-��0���³(QDEOLQJ�&XVWRPL]DWLRQ�8VLQJ�6WDQGDUGL]HG�2SHUDWLRQV�´�&DOLIRUQLD�0DQDJHPHQW�5HYLHZ��9RO������1R�����6SULQJ������
��� 7KRQHPDQQ�8��:���³2SWLPDO�&RPPRQDOLW\�LQ�&RPSRQHQW�'HVLJQ�´�2SHUDWLRQV�5HVHDUFK��9RO�����1R�����-DQXDU\��)HEUXDU\������
��� 9ROOPDQQ�7���%HUU\�:���:K\EDUN�'�&���0DQXIDFWXULQJ�3ODQQLQJ� DQG�&RQWURO�6\VWHPV��,UZLQ�0F*UDZ�+LOO�������
��� =LQQ�:���%RZHUVR[�'�-���³3ODQQLQJ�3K\VLFDO�'LVWULEXWLRQ�ZLWK� WKH�3ULQFLSOH�RI�3RVWSRQHPHQW�´�%XVLQHVV�/RJLVWLFV��1R����������
��� =LQQ�:���³6KRXOG�\RX�$VVHPEOH�EHIRUH�RUGHU�LV�5HFHLYHG"�´�%XVLQHVV�+RUL]RQV��1R����������
��� =LSNLQ�3�+���)RXQGDWLRQV�RI�,QYHQWRU\�0DQDJHPHQW� ,UZLQ�0F*UDZ�+LOO�������



��

$33(1',;�$��&RQGLWLRQDO�3UREDELOLW\�'HULYDWLRQV�IRU�6HTXHQFH�%�$
$FFRUGLQJ�WR�%D\HV¶�7KHRUHP� � � �� ���_�_ %3 $3$%3%$3  �$���
,Q� )RUPXOD� ������ WKH� -LM YDOXHV� IRU� VHTXHQFH� $�%� LV� JLYHQ�� 8VLQJ� WKHVH� YDOXHV� DQG�)RUPXOD��$����-LM�YDOXHV�IRU�VHTXHQFH�%�$�DUH�FDOFXODWHG�DV�IROORZV�

� � ������� ���� ���_�_ �
����� SJSSSI SSI%3 $3$%3%$3 ��  �$����������

� � ������� ������� ���_�_ �
����� SJSSSI SSJ%3 $3$%3%$3 �� �  �$���

� � ������������� ������� ���_�_ �
����� SJSSIS SSI%3 $3$%3%$3 ���� �  �$���

� � ������������� ���������� ���_�_ �
����� SJSSIS SSJ%3 $3$%3%$3 ���� ��  �$���

7KHQ�-LM�YDOXHV�IRU�VHTXHQFH�%�$�DUH�FDOFXODWHG�DV�IROORZV�JLYHQ�LQ�)RUPXODWLRQ��������



��

$33(1',;�%� &���3VHXGR�&RGH�

7KH�FRGH�ZULWWHQ�IRU���E\���V\VWHP�LQ�6HFWLRQ�����LV�DV�IROORZV�
IRU� ]  ���«����GRSUREDELOLW\  ����
�]$VVLJQ�1X� ���$VVLJQ�6LJPD  �VTUW�����

IRU��M  ���«����GR3UREDELOLW\$UUD\ ������ �SUREDELOLW\ 
�����
��M���IRU��L  ����������M����GR3UREDELOLW\$UUD\ ������ �SUREDELOLW\�
����
��L���IRU��Z  �����������M�L��� GR3UREDELOLW\$UUD\ ������ �SUREDELOLW\�
�����
��Z���3UREDELOLW\$UUD\ ������ �SUREDELOLW\ 
������
�M�������
�Z�����
$VVLJQ�VHFRQG�ORZHU�EUDQFK�SUREDELOLWLHV�

3UREDELOLW\$UUD\������� ����SUREDELOLW\��
�����
��O���IRU�P ��«�����O����GR3UREDELOLW\$UUD\ ������ ����SUREDELOLW\�
���
��P���IRU��Y� �������Y������O�P��� GR3UREDELOLW\$UUD\ ������ ����SUREDELOLW\��
�����
��Y���3UREDELOLW\$UUD\ ������ ����SUREDELOLW\�
�������
��O����������
��P���������
��Y�����HQG�IRUHQI�IRUHQG�IRU



��

6HFRQG�EUDQFK�ORZHU�ORRS�FORVHV�
HQG�IRUHQG�IRUHQG�IRU
6HFRQG�EUDQFK�XSSHU�ORRS�FORVHV�HQG�IRUS ORRS�FORVHV�



��

$33(1',;�&��$UHQD�6LPXODWLRQ�)ORZ�&KDUW�)RU�6HFWLRQ����



��

$33(1',;�'��$UHQD�6LPXODWLRQ�)ORZ�&KDUW�)RU�6HFWLRQ����



��

$33(1',;�(��6DPSOH�6LPXODWLRQ�2XWSXWV
2XWSXWV�IRU�FDSDFLWDWHG�PRGHO�LQ�6HFWLRQ�����$�% VHTXHQFH�IRU�V  ����VHUYHU�WLPH����LV�JLYHQ�ILUVW�WKHQ�IROORZHG�E\�%�$ VHTXHQFH�IRU�V  ����VHUYHU�WLPH����
$5(1$�6LPXODWLRQ�5HVXOWV 0)*��� /LFHQVH������

6XPPDU\�IRU�5HSOLFDWLRQ���RI��
3URMHFW�RSHUDWLRQV�UHYHUVDO����������������������5XQ�H[HFXWLRQ�GDWH������������$QDO\VW�0)*��������������������������������������0RGHO�UHYLVLRQ�GDWH�����������
5HSOLFDWLRQ�HQGHG�DW�WLPH����������������

7$//<�9$5,$%/(6
,GHQWLILHU��������������$YHUDJH���+DOI�:LGWK��0LQLPXP����0D[LPXP���BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
$�%�B7D����������������������������������������������������������������IHDWXUH�$�B5B4�4XHXH�7��������������������������������������������������IHDWXUH�$�B5B4�4XHXH�7��������������������������������������������������IHDWXUH�%�B5B4�4XHXH�7��������������&RUU����������������������������������$�%�B7D����������������������������������������������� ����������������$�%�B7D�������������������������������������������������������������������IHDWXUH�%�B5B4�4XHXH�7������������������������������������������������$�%�B7D�����������������������������������������������������������������

',6&5(7(�&+$1*(�9$5,$%/(6
,GHQWLILHU��������������$YHUDJH���+DOI�:LGWK��0LQLPXP����0D[LPXP���BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
IHDWXUH�%�B5�$YDLODEOH��������������,QVXI������������������������������IHDWXUH�%�B5�$YDLODEOH��������������,QVXI�����������������������������LQ�IHDWXUH�$�B5B4�����������������������������������������������������LQ�IHDWXUH�%�B5B4���������������������������������������������������IHDWXUH�%�B5�%XV\������������������������������������ ������������IHDWXUH�%�B5�%XV\�������������������������������������������������������IHDWXUH�$�B5�$YDLODEOH��������������,QVXI�������������������������������IHDWXUH�$�B5�$YDLODEOH��������������,QVXI�����������������������������LQ�IHDWXUH�$�B5B4�������������������������������������������������



��

��LQ�IHDWXUH�%�B5B4�������������������������������������������������IHDWXUH�$�B5�%XV\���������������������������������������������������IHDWXUH�$�B5�%XV\���������������������������������������������������
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