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�UG�&RQIHUHQFH�RQ�3URGXFWLRQ�6\VWHPV�DQG�/RJLVWLFV�

3DUHWR�+HXULVWLF�)RU�3URGXFW�)DPLO\�2ULHQWHG�3URGXFW�:RUNVWDWLRQ�
$OORFDWLRQ�3ODQQLQJ�:LWK�5HVWULFWHG�&DSDFLWLHV�
&KULVWLDQ�8UQDXHU���$QQD�0DULD�/DUHP���-RDFKLP�0HWWHUQLFK��

�,QVWLWXWH�RI�3URGXFWLRQ�0DQDJHPHQW��7HFKQRORJ\�DQG�0DFKLQH�7RROV��'DUPVWDGW��*HUPDQ\�

$EVWUDFW�

$�SUHUHTXLVLWH�IRU�YDOXH�VWUHDP�GHVLJQ� LV�WKH�VHJPHQWDWLRQ�RI�SURGXFWV�LQWR�IDPLOLHV��7KLV�PHDQV�WKDW�DOO�
SURGXFWV�RI�D�IDPLO\�DUH�DVVLJQHG�WR�WKH�VDPH�JURXS�RI�ZRUNVWDWLRQV�VR�WKDW�WKH�UHVXOWLQJ�PDWHULDO�IORZV�DUH�
VHSDUDWHG�DV�JRRG�DV�SRVVLEOH��DQG�D�KLJKHU�GHJUHH�RI�WUDQVSDUHQF\�LV�UHDFKHG�RQ�WKH�VKRS�IORRU��+RZHYHU��
VLQFH� WKH�QXPEHU�RI�ZRUNVWDWLRQV�DV�ZHOO�DV� WKHLU�FDSDFLW\� LV�OLPLWHG��VKDUHG�UHVRXUFHV�FDQQRW�DOZD\V�EH�
DYRLGHG�LQ�SUDFWLFH��)XUWKHUPRUH��WKH�REMHFWLYH�RI�SURGXFW�IDPLO\�RULHQWDWLRQ�PD\�FRPSHWH�ZLWK�WKH�REMHFWLYH�
RI� IXOILOOLQJ� SURGXFW�ZRUNVWDWLRQ� SUHIHUHQFHV�� 7KHVH� SUHIHUHQFHV� UHVXOW�� IRU� H[DPSOH�� IURP� UHTXLUHG�
HTXLSPHQW�OLNH�VSHFLILF�WRROLQJ�RU�IURP�FDSDELOLW\�UHTXLUHPHQWV��$Q�RSWLPL]DWLRQ�KHXULVWLF�IRU�WKLV�SURGXFW�
ZRUNVWDWLRQ�DOORFDWLRQ�SUREOHP�LV�SUHVHQWHG�ZLWKLQ�WKLV�DUWLFOH��)LUVW��WKH�PDWKHPDWLFDO�SUREOHP�LV�IRUPDOO\�
GHVFULEHG�� WKHQ� WKH� KHXULVWLF� LV� LQWURGXFHG� DQG� WKH� UHTXLUHG� GDWD� IRU� LWV� DSSOLFDWLRQ� LV� RXWOLQHG�� )RU� WKH�
HYDOXDWLRQ��DQ�H[WHQVLYH�WHVW�VHW�LV�JHQHUDWHG��FRPSDULVRQ�KHXULVWLFV�DUH�LPSOHPHQWHG��DQG�VROXWLRQV�DUH�PDGH�
FRPSDUDEOH�WKURXJK�SUREOHP�VSHFLILF�ERXQGV�IRU�ERWK�REMHFWLYHV��7KH�UHVXOWV�VKRZ�WKDW�WKH�VROXWLRQ�TXDOLW\�
RI�WKH�SDUHWR�KHXULVWLF�IRU�ERWK�REMHFWLYH�IXQFWLRQV�DFKLHYHV�DOPRVW�WKH�OHYHO�RI�WKH�FRPSDULVRQ�KHXULVWLFV��
ZKLFK�RSWLPL]H�RQO\�RQH�RI�WKH�REMHFWLYHV�LQ�LVRODWLRQ��

.H\ZRUGV�

YDOXH�VWUHDP�GHVLJQ��VHJPHQWDWLRQ��SDUHWR�RSWLPL]DWLRQ�

�� ,QWURGXFWLRQ

9DOXH�VWUHDP�GHVLJQ��96'��LV�D�ZLGHO\�XVHG�PHWKRG�WR�UH�GHVLJQ�PDWHULDO�DQG�LQIRUPDWLRQ�IORZV�ZLWK�WKH�
WDUJHW�RI�DFKLHYLQJ�D�OHDQHU��ZDVWH�UHGXFHG�IXWXUH�VWDWH��7KH�PHWKRG�LV�FKDUDFWHUL]HG�E\�LWV�VLPSOLFLW\�DQG�LWV�
DSSOLFDWLRQ�KDV�OHG�WR�VLJQLILFDQW�LPSURYHPHQWV�WKURXJKRXW�GLIIHUHQW�LQGXVWULHV�>�@��3UDFWLWLRQHUV�SDUWLFXODUO\�
YDOXH�WKH�WUDQVSDUHQF\�DQG�LPSURYHPHQWV�DFKLHYHG�E\�WKH�DSSOLFDWLRQ�RI�96'�>�@��+RZHYHU��LQ�FRPSOH[�
SURGXFWLRQ� HQYLURQPHQWV�� VXFK� DV� LQ� KLJK� YDULHW\� �� ORZ� YROXPH� W\SH� FRPSDQLHV�� WKH� DSSOLFDWLRQ� RI� WKH�
VWDQGDUG�PHWKRG�LV�FKDOOHQJLQJ�>�@��7KHUHIRUH��WKH�LQFUHDVLQJ�GDWD�DYDLODELOLW\�LQ�SURGXFWLRQ�FDQ�EH�IDFLOLWDWHG�
WR�KROLVWLFDOO\�VXSSRUW�WKH�YDOXH�VWUHDP�PHWKRG�ZLWK�GDWD�DQDO\WLFV�>�@��

7KH�VHJPHQWDWLRQ�RI�SURGXFW�IDPLOLHV�LV�D�SUHUHTXLVLWH�IRU�96'��)DPLOLHV�DUH�LGHQWLILHG�E\�WKH�VLPLODULW\�RI�
WKH�SURGXFWV¶�SURFHVV�VWHSV�LQ�WKH�GRZQVWUHDP�VHJPHQW�RI�WKH�YDOXH�VWUHDP��XVXDOO\�VXSSRUWHG�E\�D�SURGXFW�
SURFHVV�PDWUL[�>�@��,Q�WKH�VHJPHQWDWLRQ��UHVRXUFHV�RI�HDFK�SURFHVV�DUH�DVVLJQHG�WR�WKH�SURGXFW�IDPLOLHV�ZLWK�
UHJDUGV� WR� WKHLU� GHPDQG�� 7KLV� ZD\�� PDWHULDO� IORZV� DUH� XQEXQGOHG�� WKH� VKRS� IORRU� LV� VWUXFWXUHG�� FOHDU�
UHVSRQVLELOLWLHV� FDQ� EH� DVVLJQHG�� GHSDUWPHQWDO� LQWHUIDFHV� DUH� UHGXFHG�� DQG� VLPSOHU� SODQQLQJ� DQG� FRQWURO�
PHFKDQLVPV�DV�ZHOO�DV�WKH�HDVLHU�LGHQWLILFDWLRQ�RI�LPSURYHPHQWV�DUH�IDFLOLWDWHG�WKURXJK�D�KLJKHU�GHJUHH�RI�
WUDQVSDUHQF\� >�@�� +RZHYHU�� H[SHULHQFH� IURP� YDULRXV� 96'� SURMHFWV� VKRZV�� WKDW� WKLV� VWHS� LV� IUHTXHQWO\�
QHJOHFWHG�DQG�WKHUH�DUH�WZR�PDMRU�UHDVRQV�IRU�WKDW���
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)LUVWO\�� LGHQWLI\LQJ� SURGXFW� IDPLOLHV� LV� SDUWLFXODUO\� FKDOOHQJLQJ� LI� WKH� SURGXFW� SRUWIROLR� LV� YHU\� ELJ� DQG�
PDWHULDO�IORZV�DUH�FRPSOH[��7KLV�FKDOOHQJH�FDQ�EH�FRXQWHUHG�ZLWK�GDWD�DQDO\WLFV�DSSURDFKHV�DSSOLHG�WR�WKH�
SURGXFW�SURFHVV�PDWUL[�>�@��6LQFH�WKH�PDWUL[�FDQ�FRQWDLQ�KXQGUHGV�RU�WKRXVDQGV�RI�SURGXFWV�LQ�PL[HG�PRGHO�
YDOXH� VWUHDPV�� D� FRPSXWHU�DLGHG� VRUWLQJ� ORJLF� FDQ� KHOS� WR� YLVXDOL]H� SURGXFW� IDPLO\� DIILOLDWLRQV� >�@��
)XUWKHUPRUH��WKH�DSSOLFDWLRQ�RI�FOXVWHU�DOJRULWKPV�VXSSRUWV�WKH�LGHQWLILFDWLRQ�RI�SURGXFW�IDPLOLHV�>�����@���

7KH�VHFRQG�FKDOOHQJH�LQ�YDOXH�VWUHDP�VHJPHQWDWLRQ�LV�WR�UHDOL]H�D�JRRG�SURGXFW�ZRUNVWDWLRQ�DOORFDWLRQ�WKDW�
UHVXOWV�LQ�VHSDUDEOH�VHJPHQWV�IRU�WKH�GHWHUPLQHG�SURGXFW�IDPLOLHV�ZKLOH�FRQVLGHULQJ�ZRUNVWDWLRQ�SUHIHUHQFHV�
DQG� FDSDFLW\� UHVWULFWLRQV�� )ROORZLQJ� WKH� VWDQGDUG� GHVLJQ� DSSURDFK�� SURGXFW� GHPDQG� DQG� ZRUNVWDWLRQ�
FDSDFLWLHV�DUH�LQLWLDOO\�QRW�WDNHQ�LQWR�DFFRXQW�DQG�WKHUHIRUH��VROXWLRQV�DUH�QRW�SUDFWLFDEOH�DQG�PXVW�EH�DGMXVWHG�
LWHUDWLYHO\�>�@��6PDOOHU�DGMXVWPHQWV�FDQ�EH�DFKLHYHG�WKURXJK�RSWLPL]DWLRQV�LQ�SURFHVVLQJ�WLPHV��VHWXS�WLPHV��
RU�DYDLODELOLW\��)RU�ELJJHU�DGMXVWPHQWV��RSHUDWLQJ�WLPHV��VKLIW�PRGHOV��WKH�QXPEHU�RI�ZRUNHUV�RU�PDFKLQHV�
PXVW� EH� LQFUHDVHG� RU� GHFUHDVHG�� RU� SURGXFWV� PXVW� EH� PRYHG� WR� RWKHU� ZRUNVWDWLRQV� ZLWK� RYHUFDSDFLW\��
'HSHQGLQJ�RQ�WKH�LQLWLDO�VLWXDWLRQ��WKLV�W\SLFDOO\�UHVXOWV�LQ�D�YDOXH�VWUHDP�GHVLJQ�ZLWK�VKDUHG�UHVRXUFHV�DQG�
XQHYHQO\� OHYHOOHG� ZRUNORDG�� $GGLWLRQDOO\�� ZRUNVWDWLRQ� SULRULWL]DWLRQV� DUH� QRW� WDNHQ� LQWR� DFFRXQW� LQ� WKH�
VWDQGDUG�DSSURDFK��7KHVH�SULRULWL]DWLRQV�PD\�UHVXOW�IURP�UHVWULFWLRQV�VXFK�DV�UHTXLUHG�HTXLSPHQW��DYDLODEOH�
ZRUNVSDFH��GHJUHH�RI�DXWRPDWLRQ��RU�VLPSO\�IURP�SHUVRQDO�SUHIHUHQFHV��,Q�RUGHU� WR�GHYHORS�YDOXH�VWUHDP�
RULHQWHG�GHVLJQ�SURSRVDOV�IRU�VXFK�PXOWL�GLPHQVLRQDO�VROXWLRQ�VSDFHV�LQ�FRPSOH[�SURGXFWLRQ�HQYLURQPHQWV��
VPDUW�RSWLPL]DWLRQ�KHXULVWLFV�DUH�UHTXLUHG�>��@��

7R�VXSSRUW�D�SURGXFW�IDPLO\�RULHQWHG�VHJPHQWDWLRQ�XQGHU�FRQVLGHUDWLRQ�RI�WKH�DYDLODEOH�FDSDFLWLHV��WKLV�SDSHU�
SURSRVHV�D�KHXULVWLF�SODQQLQJ�DSSURDFK��7KH�PXOWL�REMHFWLYH�RSWLPL]DWLRQ�SUREOHP�DV�ZHOO�DV�LWV�UHVWULFWLRQV�
DUH�IRUPXODWHG�LQ�WKH�QH[W�VHFWLRQ��IROORZHG�E\�WKH�GHVFULSWLRQ�RI�WKH�SURGXFW�ZRUNVWDWLRQ�DOORFDWLRQ�SODQQLQJ�
KHXULVWLF�DQG�DQ�RXWOLQH�RI�WKH�UHTXLUHG�EXVLQHVV�GDWD��(YHQWXDOO\��WKH�DSSURDFK�LV�HYDOXDWHG�ZLWK�D�JHQHUDWHG�
WHVW� VHW� XVLQJ� DVVHVVPHQW�PHDVXUHV� WR� HVWLPDWH� WKH� VROXWLRQ� TXDOLW\� LQ� UHODWLRQ� WR� WKH� VROXWLRQ�VSDFH� DQG�
FRPSDULVRQ�KHXULVWLFV�WKDW�DOORZ�IRU�FRQWUDVWLQJ�ZLWK�RWKHU�IHDVLEOH�VROXWLRQV��

��� 3UREOHP�'HILQLWLRQ�

$V�LOOXVWUDWHG�LQ�)LJXUH����WKH�SURGXFW�IDPLO\�RULHQWHG�VHJPHQWDWLRQ�WUDQVIHUV�XQFOHDU�PDWHULDO�IORZV��OHIW��WR�
D�FOHDUO\�VWUXFWXUHG�VKRS�IORRU�ZLWK�IHZHU�VKDUHG�UHVRXUFHV��ULJKW���7KLV�WDUJHW�LV�UHDFKHG�WKURXJK�D�ZHOO�
SODQQHG�DVVLJQPHQW�RI�SURGXFWV�WR�ZRUNVWDWLRQV�ZKLFK�DUH�OLPLWHG�LQ�FDSDFLW\��,Q�WKH�ORZHU�ULJKW�RI�WKH�ILJXUH��
LW�LV�LOOXVWUDWHG�KRZ�WKH�ZRUNORDG�RI�WZR�SURGXFW�IDPLOLHV�DGGV�XS�RQ�D�VKDUHG�UHVRXUFH�EXW�LV�FRYHUHG�E\�WKH�
VOLJKWO\�KLJKHU�FDSDFLW\�RI�WKH�UHVSHFWLYH�ZRUNVWDWLRQ��$QRWKHU�DVSHFW�WR�FRQVLGHU�LQ�D�ZHOO�SODQQHG�SURGXFW�
ZRUNVWDWLRQ�DOORFDWLRQ�LV�WKH�ZRUNVWDWLRQ�SULRULWL]DWLRQV�WKDW�PD\�H[LVW�IRU�WKH�SURGXFWV�WR�EH�DOORFDWHG��

�
)LJXUH����6HJPHQWDWLRQ�RI�WKH�PDWHULDO�IORZV�RI�WKUHH�SURGXFW�IDPLOLHV�
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$Q�LGHDO�VROXWLRQ�LV�FKDUDFWHUL]HG�E\��

$�� DQ� XQDPELJXRXV� GHGLFDWLRQ� RI� ZRUNVWDWLRQV� WR� SURGXFW� IDPLOLHV� VR� WKDW� FOHDUO\� VHSDUDWDEOH�
VHJPHQWV�DUH�FUHDWHG�ZLWK�DV�IHZ�VKDUHG�UHVRXUFHV�DV�SRVVLEOH��ZKHUH�

%�� DV�PDQ\�SURGXFWV�DV�SRVVLEOH�DUH�DVVLJQHG�WR�WKHLU�PRVW�SULRULWL]HG�ZRUNVWDWLRQ��

:LWK�WKH�WZR�LQGHSHQGHQW�REMHFWLYHV�SURGXFW�IDPLO\�VHSDUDWLRQ�DQG�SULRULWL]DWLRQ�EDVHG�DVVLJQPHQW��WKLV�LV�
D�SDUHWR�RSWLPL]DWLRQ�SUREOHP��,W�LV�FKDUDFWHULVWLF�IRU�WKHVH�NLQGV�RI�SUREOHPV�WKDW�WKHUH�LV�D�VHW�RI�SDUHWR�
RSWLPDO� VROXWLRQV� �� WKH� VR� FDOOHG� SDUHWR� IURQW�� IRU� ZKLFK� QR� REMHFWLYH� YDOXH� FDQ� EH� LPSURYHG� ZLWKRXW�
ZRUVHQLQJ�WKH�RWKHU��$Q�RSWLPDO�FKRLFH�DPRQJ�WKHVH�VROXWLRQV�GHSHQGV�RQ�WKH�GHFLVLRQ�PDNHU¶V�SUHIHUHQFHV��

7KH�UHVWULFWLRQV�WR�WKLV�DOORFDWLRQ�SUREOHP�DUH��

x� HYHU\�SURGXFW�EHORQJV�WR�RQH�SURGXFW�IDPLO\�
x� HYHU\�SURGXFW�PXVW�EH�DVVLJQHG�WR�RQH�ZRUNVWDWLRQ�IRU�HYHU\�SURFHVV�LW�SDVVHV�
x� WKH�WRWDO�ORDG�RI�DOO�DVVLJQHG�SURGXFWV�PXVW�EH�FRYHUHG�E\�WKH�FDSDFLW\�RI�WKH�ZRUNVWDWLRQ�

7KH�PDWKHPDWLFDO�SUREOHP�IRUPXODWLRQ�LV�RXWOLQHG�LQ�WKH�IROORZLQJ��7KH�REMHFWLYHV�DUH�GHVFULEHG�LQ�VHFWLRQ�
��DQG�WKH�UHVWULFWLRQV�DUH�GLVFXVVHG�LQ�VHFWLRQ������6LQFH�WKH�SURGXFW�ZRUNVWDWLRQ�DOORFDWLRQ�IRU�HDFK�SURFHVV�
LQ� WKH� YDOXH� VWUHDP� LV� LQGHSHQGHQW� RI� WKH� RWKHU� SURFHVVHV¶� DOORFDWLRQ�� WKH� SUREOHP� LV� IRUPXODWHG� IRU� WKH�
FRQVLGHUDWLRQ�RI�RQH�SURFHVV��7KH�XVHG�QRWDWLRQV�DUH�VXPPDUL]HG�LQ�7DEOH����

7DEOH����1RWDWLRQV�

�௙ǡ௪௦ܣܹܨ %LQDU\�YDULDEOH�WKDW�LQGLFDWHV�ZKHWKHU�DW�OHDVW�RQH�SURGXFW�RI�IDPLO\�݂�LV�DOORFDWHG�WR�ZRUNVWDWLRQݏݓ��
�௧௢௧௔௟ܣܹܨ 7RWDO�QXPEHU�RI�DVVLJQPHQWV�RI�SURGXFW�IDPLOLHV�݂�WR�ZRUNVWDWLRQVݏݓ��
�௣ǡ௪௦݋݅ݎܲ 3ULRULWL]DWLRQ�YDOXH�IRU�SURGXFW݌��WR�EH�DOORFDWHG�WR�ZRUNVWDWLRQݏݓ��
�௧௢௧௔௟݋݅ݎܲ 7RWDO�SULRULWL]DWLRQ�UHDFKHG�E\�DOO�SURGXFW�ZRUNVWDWLRQ�DVVLJQPHQWV�
�௙ǡ௪௦݋݅ݎܲ�׎ $YHUDJH�SULRULWL]DWLRQ�YDOXH�RI�DOO�XQDVVLJQHG�SURGXFWV�RI�D�IDPLO\�݂�IRU�D�ZRUNVWDWLRQݏݓ��
�௣ǡ௪௦ݔ %LQDU\�GHFLVLRQ�YDULDEOH�WKDW�LQGLFDWHV�ZKHWKHU�SURGXFW݌��LV�DOORFDWHG�WR�ZRUNVWDWLRQݏݓ��
�௣ǡ௙ݖ %LQDU\�SDUDPHWHU�WKDW�LQGLFDWHV�ZKHWKHU�SURGXFW݌��LV�SDUW�RI�SURGXFW�IDPLO\�݂��
�௣ݕ %LQDU\�SDUDPHWHU�WKDW�LQGLFDWHV�ZKHWKHU�SURGXFW݌��LV�SURGXFHG�RQ�WKLV�SURFHVV�
�௪௦ܮ :RUNORDG�RI�ZRUNVWDWLRQݏݓ��
�௪௦ܥ &DSDFLW\�RI�ZRUNVWDWLRQݏݓ��
�௣ǡ௪௦ݐܿ &\FOH�WLPH�RI�SURGXFW݌��DW�ZRUNVWDWLRQݏݓ��
݀௣� 'HPDQG�SHU�ZHHN�IRU�SURGXFW݌��DW�WKH�FRQVLGHUHG�SURFHVV�
�௪௦ݏ 1XPEHU�RI�VKLIWV�IRU�ZRUNVWDWLRQݏݓ��
�௪௦ݐ݋ 2SHUDWLQJ�WLPH�RI�ZRUNVWDWLRQݏݓ��
�௪௦ܧܧܱ 2YHUDOO�HTXLSPHQW�HIIHFWLYHQHVV�IRU�ZRUNVWDWLRQݏݓ��
�ܨ 6HW�RI�SURGXFW�IDPLOLHV�
ܲ� 6HW�RI�SURGXFWV�
ܹܵ� 6HW�RI�ZRUNVWDWLRQV��
݂� ,QGH[�IRU�SURGXFW�IDPLOLHV�
�݌ ,QGH[�IRU�SURGXFWV�
�ݏݓ ,QGH[�IRU�ZRUNVWDWLRQV�

�

����2EMHFWLYHV�

௧௢௧௔௟ܣܹܨ�݁ݖ݅݉݅݊݅ܯ ൌ ෍ ෍ ௙ǡ௪௦ܣܹܨ
௙א�ி௪௦א�ௐௌ

� ���� �

௧௢௧௔௟݋݅ݎܲ�݁ݖ݅݉݅ݔܽܯ ൌ ෍ ෍ܲ݋݅ݎ௣ǡ௪௦
௣א௉௪௦א�ௐௌ

ή �௣ǡ௪௦ݔ� ���� �

�
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ZLWK��

௙ǡ௪௦ܣܹܨ ൌ �ቐ
ͳǡ �݂݅�� ෍ ௣ǡ௪௦ݔ � ή ௣ǡ௙ݖ� �൐ �Ͳ

௣א��௉
Ͳǡ ݁ݏ݈݁

� ݏݓ�׊ א �ܹܵǡ ݂�׊ א �ܨ ���� �

7KH� ELQDU\� GHFLVLRQ� YDULDEOH� RI� WKH� SUREOHP� LVݔ�௣ǡ௪௦��ZKLFK� LQGLFDWHV�ZKHWKHU� SURGXFW݌�� LV� DVVLJQHG� WR�
ZRUNVWDWLRQVݏݓ���ݔ௣ǡ௪௦ ����RU�QRW��ݔ௣ǡ௪௦ �����

(TXDWLRQ�����H[SUHVVHV�REMHFWLYH�$���WKH�QXPEHU�RI�DVVLJQPHQWV�RI�SURGXFW�IDPLOLHV�݂�WR�ZRUNVWDWLRQVݏݓ��
PXVW�EH�PLQLPL]HG��VR� WKDW�UHVRXUFHV�DUH�VKDUHG�ZLWK�DV� IHZ�SURGXFW�IDPLOLHV�DV�SRVVLEOH��7KHVH�IDPLO\�
ZRUNVWDWLRQ�DVVLJQPHQWV�DUH�GHVFULEHG�E\�WKH�ELQDU\�YDULDEOHܣܹܨ�௙ǡ௪௦��,Q�HTXDWLRQ����ܣܹܨ��௙ǡ௪௦�WDNHV�WKH�
YDOXH����LI�DW�OHDVW�RQH�LWHP�RI�SURGXFW�IDPLO\�݂�LV�DVVLJQHG�WR�ZRUNVWDWLRQݏݓ���DQG���RWKHUZLVH��7KH�ELQDU\�
SDUDPHWHUݖ�௣ǡ௙� LQ� WKLV�HTXDWLRQ� LQGLFDWHV�ZKHWKHU�D�SURGXFW݌��EHORQJV�WR� WKH�SURGXFW�IDPLO\�݂��7KXV��WKH�
SURGXFW�RIݔ�௣ǡ௪௦�DQGݖ�௣ǡ௙�LV���LI�D�SURGXFW�RI�WKH�FRQVLGHUHG�IDPLO\�LV�DVVLJQHG�WR�WKH�ZRUNVWDWLRQݏݓ��YLD�
����JLYHV�WKH�QXPEHU�RI�IDPLOLHV���LQ�HTXDWLRQܨ�௙ǡ௪௦�IRU�WKH�VHW�RI�DOO�H[LVWLQJ�IDPLOLHVܣܹܨ�௣ǡ௪௦��6XPPLQJݔ
VKDULQJ�D�ZRUNVWDWLRQ��6ݏݓ�XPPLQJ�WKLV�QXPEHU�RI�SODQQHG�SURGXFW�IDPLOLHV�SHU�ZRUNVWDWLRQ�IRU�WKH�VHW�RI�
DOO�ZRUNVWDWLRQV�ܹܵ��UHVXOWV�LQ�WKH�WRWDO�QXPEHU�RI�IDPLO\�ZRUNVWDWLRQ�DVVLJQPHQWV�WR�EH�PLQLPL]HG���

(TXDWLRQ� ���� H[SUHVVHV� REMHFWLYH� %��� DVVLJQPHQWV� PXVW� IXOILO� WKH� KLJKHVW� SRVVLEOH� SURGXFW�ZRUNVWDWLRQ�
SULRULWL]DWLRQV��ܲ݋݅ݎ௣ǡ௪௦� LV� D�SDUDPHWHU� LQGLFDWLQJ� WKH�SUHIHUHQFHV� IRU� HDFK�SURGXFW݌�� WR�EH�SURGXFHG�RQ�
ZRUNVWDWLRQݏݓ��� ,Q� SUDFWLFH�� WKHVH� SULRULWL]DWLRQV� FDQ� EH� FROOHFWHG� LQ� WKH� IRUP� RI� D� SURGXFW�ZRUNVWDWLRQ�
SULRULWL]DWLRQ�PDWUL[� >�@�� LQ�ZKLFK�ܲ݋݅ݎ௣ǡ௪௦�FDQ�WDNH�DQ\�UHDO�QXPEHU��+RZHYHU��LW�PDNHV�VHQVH�WR�XVH�D�
SUHGHILQHG�VFDOH�IRU�WKH�YDOXH�UDQJH�ZKHQ�FROOHFWLQJ�WKH�SULRULWL]DWLRQV��7KH�SURGXFW�RI�ܲ݋݅ݎ௣ǡ௪௦�DQGݔ�௣ǡ௪௦�
LV�VXPPHG�IRU�DOO�SURGXFWV�DQG�ZRUNVWDWLRQV��VR�WKH�UHVXOW�LV�D�WRWDO�SULRULWL]DWLRQ�YDOXH�WR�EH�PD[LPL]HG��

����5HVWULFWLRQV�

෍ ௣ǡ௙ݖ
௙א��ி

ൌ ͳ� ݌�׊ א ܲ� ���� �

௣ǡ௙ݖ א ሾͲǡͳሿ� ݌�׊ א ܲǡ ݂�׊ א �ܨ ���� �

෍ ௣ǡ௪௦ݔ ൌ ௣ݕ�
௪௦א��ௐௌ

� ݌�׊ א ܲ� ���� �

௣ǡ௪௦ݔ א ሾͲǡͳሿ� ݌�׊ א ܲǡ ݏݓ�׊ א ܹܵ� ���� �

௣ݕ א ሾͲǡͳሿ� ݌�׊ א ܲ� ���� �

௪௦ܮ ൑ �௪௦ܥ ݏݓ�׊ א ܹܵ� ���� �
ZLWK�� � �

௪௦ܮ ൌ � ෍ ௣ǡ௪௦ݔ ή ௣ǡ௪௦ݐܿ ή ݀௣
௣א��௉

� ݏݓ�׊ א ܹܵ� ����� �

௪௦ܥ ൌ � ௪௦ݏ ή ௪௦ݐ݋ ή �௪௦ܧܧܱ� ݏݓ�׊ א ܹܵ� ����� �

(TXDWLRQV�������DQG���GHILQHݖ�௣ǡ௙ݔ��௣ǡ௪௦�DQGݕ�௣�WR�EH�ELQDU\��6LQFH�RQH�SURGXFW�FDQ�RQO\�EHORQJ�WR�RQH�SURGXFW�
IDPLO\��WKH�VXP�RIݖ�௣ǡ௙�RYHU�WKH�VHW�RI�DOO�IDPLOLHVܨ��PXVW�EH���IRU�HDFK�SURGXFW݌���ZKLFK�LV�H[SUHVVHG�E\�
HTXDWLRQ� ��� ,I� D� SURGXFW݌�� SDVVHV� WKH� FRQVLGHUHG� SURFHVV� GXULQJ� LWV� SURGXFWLRQ�� WKH� SDUDPHWHUݕ�௣� LV� ���
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7KHUHIRUH��WKH�VXP�RI�SURGXFW�ZRUNVWDWLRQ�DVVLJQPHQWVݔ�௣ǡ௪௦�RYHU�DOO�ZRUNVWDWLRQV�ܹܵ�RI�WKLV�SURFHVV�PXVW�
EH�HTXDO�WRݕ�௣��HTXDWLRQ�����7KLV�HQVXUHV�WKDW�RQH�ZRUNVWDWLRQ�LV�DVVLJQHG�IRU�HDFK�UHTXLUHG�SURFHVV��(TXDWLRQ�
��LV�WKH�FDSDFLW\�UHVWULFWLRQ��7KH�WRWDO� ORDG�RI�D�ZRUNVWDWLRQܮ�௪௦�PXVW�DOZD\V�EH�OHVV� WKDQ�RU�HTXDO�WR�LWV�
DYDLODEOH�FDSDFLW\ܥ�௪௦��7KH�ZRUNORDG�RI�HDFK�SURGXFW�LV�FDOFXODWHG�DV�LWV�GHPDQG�DW�WKH�FRQVLGHUHG�SURFHVV�
݀௣�PXOWLSOLHG�ZLWK�LWV�F\FOH�WLPH�DW�WKH�FRQVLGHUHG�ZRUNVWDWLRQ�ܿݐ௣ǡ௪௦��(TXDWLRQ����FRQVWUXFWV�WKH�WRWDO�ORDG�
DV� WKH� VXP�RI� DOO� SURGXFW�DVVLJQPHQWVݔ�௣ǡ௪௦�PXOWLSOLHG�ZLWK� WKHLU�F\FOH� WLPHV� DQG�GHPDQGV��(YHQWXDOO\��
HTXDWLRQ����JLYHV�WKH�WRWDO�FDSDFLW\�RI�D�ZRUNVWDWLRQ�DV�WKH�SURGXFW�RI�LWV�QXPEHU�RI�VKLIWVݏ�௪௦���LWV�DYDLODEOH�
RSHUDWLQJ�WLPHݐ݋�௪௦��DQG�LWV�RYHUDOO�HTXLSPHQW�HIIHFWLYHQHVV�ܱ ��௪௦��6LQFH�WKHVH�DUH�DOO�H[WHUQDO�SDUDPHWHUVܧܧ
WKH� FDSDFLW\� FDQ� EH� SUH�FDOFXODWHG��+RZHYHU�� VLQFH� WKH\� DUH� NH\� OHYHUV� IRU� DGMXVWPHQWV� LQ� WKH� UHVXOWLQJ�
VHJPHQWDWLRQ��LW�PDNHV�VHQVH�WR�PRGHO�WKHP�H[SOLFLWO\���

��� +HXULVWLF�)RU�3URGXFW�)DPLO\�2ULHQWHG�3URGXFW�:RUNVWDWLRQ�$OORFDWLRQ�3ODQQLQJ�

6LQFH�KHXULVWLFV�DUH�W\SLFDOO\�PRUH�DSSOLFDEOH�WR�FRPSOLFDWHG�FRQGLWLRQV�WKDQ�H[DFW�PHWKRGV��LW�LV�RIWHQ�XVHIXO�
WR�FUHDWH�DQ�DFFXUDWH�UHSUHVHQWDWLRQ�RI�WKH�UHDO�SUREOHP�DQG�VROYH�LW�KHXULVWLFDOO\��UDWKHU�WKDQ�ORRNLQJ�IRU�DQ�
H[DFW�VROXWLRQ�WR�D�PRUH�DEVWUDFWHG�PRGHO�>��@��6LQFH�LQWHJHU�SURJUDPPLQJ�SUREOHPV�DUH�NQRZQ�WR�EH�KDUG�
WR�VROYH�ZLWKLQ�UHDVRQDEOH�WLPH��WKH�XVH�RI�D�KHXULVWLF�DOVR�PDNHV�VHQVH�UHJDUGLQJ�WKH�FRPSXWLQJ�WLPH�IRU�
ODUJH�UHDO�ZRUOG�LQVWDQFHV��)XUWKHUPRUH��KHXULVWLFV�ZLWK�JRRG�FRPSUHKHQVLELOLW\�LQFUHDVH�WKH�DFFHSWDQFH�IRU�
WKHLU� VROXWLRQ�HVSHFLDOO\� IRU�SUDFWLFDO�SUREOHPV� OLNH� WKH�RQH� LQWURGXFHG� LQ� WKLV�SDSHU�� ,Q� WKH� IROORZLQJ��D�
JUHHG\�SDUHWR�KHXULVWLF�SURFHGXUH�IRU�WKH�SURGXFW�IDPLO\�RULHQWHG�SURGXFW�ZRUNVWDWLRQ�DOORFDWLRQ�SODQQLQJ�
SUREOHP�ZLWK�UHVWULFWHG�FDSDFLWLHV�LV�LQWURGXFHG�DV�ZHOO�DV�DQ�RXWOLQH�RI�WKH�UHTXLUHG�LQSXW�GDWD��

����3URFHGXUH�

7KH�SURFHGXUH�IRU�WKH�SURSRVHG�JUHHG\�KHXULVWLF�LV�GHVFULEHG�E\�WKH�IROORZLQJ�SVHXGR�FRGH��

�� '2�817,/�DOO�SURGXFWV�DUH�DVVLJQHG��
�� � �௙ǡ௪௦�SHU�XQDVVLJQHG�SURGXFW�IDPLO\�DQG�DYDLODEOH�ZRUNVWDWLRQ݋݅ݎܲ�׎�)$7/8&/$&
�� � 6(/(&7�SURGXFW�IDPLO\�ZRUNVWDWLRQ�FRPELQDWLRQ�ZLWK�KLJKHVW݋݅ݎܲ�׎�௙ǡ௪௦�
�� � )25�HDFK�SULRULWL]DWLRQ�OHYHO�ZLWKLQ�VHOHFWHG�FRPELQDWLRQ�LQ�GHVFHQGLQJ�RUGHU��
�� � � )25�HDFK�SURGXFW�LQ�GHVFHQGLQJ�RUGHU�RI�UHTXLUHG�ORDG�ܿݐ௣ǡ௪௦ ή ݀௣��
�� � � � ,)�DYDLODEOH�FDSDFLW\�൒�UHTXLUHG�ORDG�RI�SURGXFW݌���
�� � � � � $VVLJQ�SURGXFW�WR�ZRUNVWDWLRQ�௣ǡ௪௦ݔ� ൌ ͳ�
�� � � � � 5HGXFH�DYDLODEOH�FDSDFLW\�E\�DOORFDWHG�ZRUNORDG�
�� � %ORFN�SURGXFW�IDPLO\�ZRUNVWDWLRQ�FRPELQDWLRQ�IRU�IXUWKHU�LWHUDWLRQV�
��� � ,)�ZRUNVWDWLRQ�KDV�QRW�HQRXJK�DYDLODEOH�FDSDFLW\��
��� � � 5HPRYHݏݓ��IURP�DYDLODEOH�ZRUNVWDWLRQV��
��� (1'�

7KH�RXWOLQHG�SURFHGXUH�LV�LWHUDWHG�XQWLO�DOO�SURGXFWV�DUH�DVVLJQHG�WR�D�ZRUNVWDWLRQ��OLQH�����)LUVW��WKH�PHDQ�
SULRULWL]DWLRQ� YDOXHV� �௙ǡ௪௦݋݅ݎܲ�׎ DUH� FDOFXODWHG� IRU� HDFK� SURGXFW� IDPLO\�ZRUNVWDWLRQ� FRPELQDWLRQ� ZLWK�
UHPDLQLQJ�XQDVVLJQHG�SURGXFWV�DQG�DYDLODEOH�FDSDFLW\��OLQH�����,Q�OLQH����WKH�FRPELQDWLRQ�ZLWK�WKH�KLJKHVW�
PHDQ�YDOXH�LV�VHOHFWHG�VLQFH�LW�SURPLVHV�WR�LQYROYH�PDQ\�SURGXFWV�ZLWK�KLJK�SULRULWL]DWLRQ�YDOXHV�IRU�WKH�
FRQVLGHUHG�ZRUNVWDWLRQ��,Q�WKH�QH[W�VWHS��WKH�SURGXFWV�RI�WKH�VHOHFWHG�SURGXFW�IDPLO\�DUH�LWHUDWLYHO\�DVVLJQHG�
WR�WKH�VHOHFWHG�ZRUNVWDWLRQ��7KHUHIRUH��WKH\�DUH�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�RI�WKHLU�SULRULWL]DWLRQ�YDOXH��OLQH�
���DQG�ZLWKLQ�HDFK�SULRULWL]DWLRQ�OHYHO��WKH\�DUH�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�RI�WKHLU�UHTXLUHG�ZRUNORDG��OLQH�
����6WDUWLQJ�ZLWK�WKH�KLJKHVW�SULRULWL]DWLRQ�OHYHO�� LW� LV�HQVXUHG�WKDW�DV�PDQ\�KLJKO\�SULRULWL]HG�SURGXFWV�DV�
SRVVLEOH�FDQ�EH�DOORFDWHG�WR�WKH�VHOHFWHG�ZRUNVWDWLRQ�EHIRUH�LWV�FDSDFLW\�PD\�EH�H[KDXVWHG��)RU�HDFK�SURGXFW�
LW�LV�FKHFNHG�LI�WKH�DYDLODEOH�FDSDFLW\�RI�WKH�FRQVLGHUHG�ZRUNVWDWLRQ�LV�VWLOO�KLJKHU�WKDQ�LWV�UHTXLUHG�ORDG��OLQH�
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����,I�WKLV�LV�WKH�FDVH��WKH�SURGXFW�LV�DVVLJQHG�WR�WKH�ZRUNVWDWLRQ��OLQH����DQG�WKH�UHPDLQLQJ�DYDLODEOH�FDSDFLW\�
LV� UHGXFHG� �OLQH� ���� ,I�� RQ� WKH� RWKHU� KDQG�� WKH� DYDLODEOH� FDSDFLW\� LV� QRW� VXIILFLHQW�� WKH� SURGXFW� UHPDLQV�
XQDVVLJQHG�DQG�ZLOO�EH�FRQVLGHUHG�LQ�IXUWKHU�LWHUDWLRQV��$V�VRRQ�DV�DOO�SURGXFWV�RI�WKH�VHOHFWHG�SURGXFW�IDPLO\�
KDYH� EHHQ� FRQVLGHUHG� IRU� WKH� ZRUNVWDWLRQ� DVVLJQPHQW�� WKH� UHVSHFWLYH� SURGXFW� IDPLO\�ZRUNVWDWLRQ�
FRPELQDWLRQ�LV�EORFNHG�IRU�DOO�IXUWKHU�LWHUDWLRQV��OLQH�����VLQFH�WKH�ZRUNVWDWLRQ�GRHV�QRW�SURYLGH�VXIILFLHQW�
FDSDFLW\�IRU�WKH�UHPDLQLQJ�SURGXFWV�RI�WKDW�IDPLO\�ZKLFK�DUH�VWLOO�WR�EH�DVVLJQHG��(YHQWXDOO\��LW�LV�FKHFNHG�
ZKHWKHU� WKH�VHOHFWHG�ZRUNVWDWLRQ�VWLOO�KDV�VXIILFLHQW�DYDLODEOH�FDSDFLW\�IRU�IXUWKHU�DVVLJQPHQWV� LQ�JHQHUDO�
�OLQH������ ,I� WKLV� LV� QRW� WKH� FDVH�� LW� LV� UHPRYHG� IURP� WKH� OLVW� RI�DYDLODEOH�ZRUNVWDWLRQV��7KLV�SURFHGXUH� LV�
UHSHDWHG�XQWLO�DOO�SURGXFWV�KDYH�EHHQ�DVVLJQHG�WR�D�ZRUNVWDWLRQ���

$OWKRXJK� WKH� VROXWLRQ� VSDFH�PD\�EHFRPH�YHU\� ODUJH� IRU� ELJJHU� SUREOHPV�� WKLV�KHXULVWLF� LV� D� VLPSOH� DQG�
LQWXLWLYH�SURFHGXUH�WR�UHDFK�D�JRRG�VHJPHQWDWLRQ�XQGHU�FRQVLGHUDWLRQ�RI�DOORFDWLRQ�SUHIHUHQFHV�DQG�FDSDFLW\�
UHVWULFWLRQV��,WV�DSSOLFDWLRQ�LV�VXEMHFW�WR�VRPH�OLPLWDWLRQV�UHJDUGLQJ�WKH�FDSDFLW\�XWLOL]DWLRQ��)LUVWO\��LW�DVVXPHV�
D�VLWXDWLRQ�RI�VFDUFH�FDSDFLW\�VR�WKDW�LQ�D�FDVH�ZLWK�ODUJH�RYHUFDSDFLW\�LW�FDQ�UHVXOW�LQ�D�VROXWLRQ��ZKHUH�RQH�
ZRUNVWDWLRQ� LV� DVVLJQHG�ZLWK� WZR�SURGXFW� IDPLOLHV�ZKLOH� DQRWKHU�ZRUNVWDWLRQ� LV� HPSW\�� ,Q� WKLV� FDVH�� WKH�
KHXULVWLF�VKRXOG�EH�UHUXQ�ZLWK�DGMXVWHG�FDSDFLWLHV��,Q�WKH�FDVH�RI�LQVXIILFLHQW�FDSDFLW\��QR�IHDVLEOH�UHVXOW�LV�
DFKLHYHG�VLQFH�VRPH�SURGXFWV�ZRXOG�UHPDLQ�XQDVVLJQHG��$�VSOLWWLQJ�RI�WKH�ZRUNORDG�RI�RQH�SURGXFW�GRHV�QRW�
WDNH�SODFH��+RZHYHU��LI�VSOLWWLQJ�LV�QHFHVVDU\��LW�FDQ�EH�PRGHOOHG�E\�GXSOLFDWLQJ�WKH�FRUUHVSRQGLQJ�SURGXFW��

����5HTXLUHG�,QSXW�'DWD�

)RU�WKH�DSSOLFDWLRQ�RI�WKH�SURSRVHG�KHXULVWLF��WKH�IROORZLQJ�LQSXW�GDWD�LV�UHTXLUHG��

x� 6HFRQGDU\�GHPDQG�IRU�HDFK�SURGXFW�DW�HDFK�SURFHVV�݀௣�
x� &\FOH�WLPHV�SHU�SURGXFW�DQG�ZRUNVWDWLRQ�ܿݐ௣ǡ௪௦�
x� 3URGXFW�SURFHVV�PDWUL[�ZLWKݕ�௣�
x� 3URGXFW�ZRUNVWDWLRQ�SULRULWL]DWLRQ�PDWUL[�ZLWK�ܲ݋݅ݎ௣ǡ௪௦�
x� 3URGXFW�IDPLO\�DVVLJQPHQW�IRU�HDFK�SURGXFWݖ�௣ǡ௙�
x� :RUNVWDWLRQ�PDVWHU�GDWD�WR�FDOFXODWHܥ�௪௦�

7KH�WDEOH�ZLWK�VHFRQGDU\�GHPDQG�݀௣�FDQ�EH�GHULYHG�YLD�WKH�ELOO�RI�PDWHULDO�IURP�WKH�IRUHFDVWHG�RU�KLVWRULF�
RYHUDOO� GHPDQG� RI� WKH� ILQLVKHG� SURGXFWV��&\FOH� WLPHV� �௣ǡ௪௦ݐܿ RULJLQDWH� DW� EHVW� IURP� WLPH� UHFRUGLQJV� RU�
IHHGEDFN�GDWD��+RZHYHU��SODQQHG�WLPHV�IURP�WKH�HQWHUSULVH�UHVRXUFH�SODQQLQJ�V\VWHPV��(53��FDQ�DOVR�EH�
XVHG�ZLWK�WKH�NQRZOHGJH�LQ�PLQG�WKDW�WKH\�PLJKW�EH�VXEMHFW�WR�LQDFFXUDF\��0XOWLSO\LQJ�݀௣�DQG�ܿݐ௣ǡ௪௦�JLYHV�
WKH� H[SHFWHG�ZRUNORDG� IRU� HDFK� SURGXFW� DW� HDFK�ZRUNVWDWLRQ��$�SURGXFW�SURFHVV�PDWUL[� LQGLFDWHV�ZKLFK�
SURFHVVHV�QHHG�WR�EH�SDVVHG�E\�ZKLFK�SURGXFW�LQ�WKH�IRUP�RI�D�ELQDU\�PDWUL[�WKDW�KROGV�WKH�YDOXHV�IRUݕ�௣��,W�
LV�D�VWDQGDUG�WRRO�IRU�SURGXFW�IDPLO\�LGHQWLILFDWLRQ�ZLWKLQ�WKH�YDOXH�VWUHDP�PHWKRG�DQG�LI�WKH�LQIRUPDWLRQ�LV�
QRW�DOUHDG\�DYDLODEOH�IURP�WKH�(53��WKH�PDWUL[�LV�HLWKHU�PDQXDOO\�FUHDWHG�RU�GHULYHG�IURP�WUDQVDFWLRQ�GDWD�
>�@��7KH�DOORFDWLRQ�SUHIHUHQFHV�ܲ݋݅ݎ௣ǡ௪௦�DUH�FROOHFWHG�LQ� WKH�IRUP�RI�D�SURGXFW�ZRUNVWDWLRQ�SULRULWL]DWLRQ�
PDWUL[��7KHVH�DUH�HLWKHU�DVVHVVHG�PDQXDOO\�E\�H[SHUWV�RU�WKH\�FDQ�DOVR�EH�GHULYHG�IURP�KLVWRULF�SURGXFWLRQ�
TXDQWLWLHV� PLQHG� IURP� WUDQVDFWLRQ� GDWD� >�@�� $OO� SURGXFWV� PXVW� EH� DVVLJQHG� WR� D� SURGXFW� IDPLO\�ZKLFK�
FRUUHVSRQGV�WR�WKH�ELQDU\�DVVLJQPHQW�SDUDPHWHUݖ�௣ǡ௙��(YHQWXDOO\��WKH�ZRUNVWDWLRQ�PDVWHU�GDWD�PXVW�EH�JLYHQ��
LQFOXGLQJ�DOO�LQIRUPDWLRQ�WR�FDOFXODWH�WKH�DYDLODEOH�FDSDFLW\ܥ�௪௦�RI�HDFK�FRQVLGHUHG�ZRUNVWDWLRQ��7KHVH�DUH�
WKH�QXPEHU�RI�VKLIWVݏ�௪௦��WKH�RSHUDWLQJ�WLPHݐ݋�௪௦��DQG�WKH�RYHUDOO�HTXLSPHQW�HIIHFWLYHQHVV�ܱܧܧ௪௦���

��� (YDOXDWLRQ�

7KH�SURSRVHG�KHXULVWLF�H[SORUHV�D�QHZ�ILHOG�LQ�DOORFDWLRQ�SODQQLQJ��7KXV��WHVW�GDWD�DQG�DVVHVVPHQW�PHDVXUHV�
KDYH�QRW�\HW�EHHQ�HVWDEOLVKHG� IRU� D� VRXQG�HYDOXDWLRQ�RI� WKH�KHXULVWLF��7KHUHIRUH�� DQ�H[WHQVLYH� WHVW� VHW� LV�
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JHQHUDWHG�� DVVHVVPHQW�PHDVXUHV� DUH� LQWURGXFHG�� DQG�FRPSDULVRQ�KHXULVWLFV� DUH�XVHG� WR� UDQN� WKH� VROXWLRQ�
TXDOLW\�UHJDUGLQJ�WKH�XQGHUO\LQJ�VROXWLRQ�VSDFH��$OO�HYDOXDWLRQ�FDOFXODWLRQV�DUH�LPSOHPHQWHG�LQ�3\WKRQ�������
LQ�9LVXDO�6WXGLR�&RGH�DQG�UXQ�RQ�D�0DF%RRN�3UR�ZLWK�����*+]�4XDG�&RUH�,QWHO�&RUH�L��DQG���*%�5$0���

����*HQHUDWLRQ�RI�WHVW�VHW�

7KH�WHVW�VHW�LV�LQVSLUHG�E\�D�GDWDVHW�IURP�DQ�LQGXVWU\�SURMHFW�FRQFHUQLQJ�WKH�YDOXH�VWUHDP�GHVLJQ�IRU�D�EDWWHU\�
FHOO�SURGXFWLRQ��RQ�ZKLFK�WKH�KHXULVWLF�KDV�DOVR�EHHQ�DSSOLHG��7KH�WHVW�VHW�LQFOXGHV������SUREOHP�LQVWDQFHV�
WKDW�DUH�JHQHUDWHG�ZLWK� WKH�XVH�RI�UDQGRP�QXPEHUV�DQG�D� IXOO�IDFWRULDO�GHVLJQ�FRPELQLQJ� WKH�SDUDPHWHUV�
OLVWHG�LQ�7DEOH����6LQFH�WKH�ZRUNVWDWLRQ�DOORFDWLRQ�SUREOHP�IRU�RQH�SURFHVV�LV�LQGHSHQGHQW�IURP�HYHU\�RWKHU�
SURFHVV�LQ�D�YDOXH�VWUHDP��HDFK�WHVW�LQVWDQFH�RQO\�FRQVLVWV�RI�RQH�SURFHVV��7KH�QXPEHU�RI�ZRUNVWDWLRQV�LV�
YDULHG�ZLWKLQ����������DQG�����DQG�IRU�HDFK�ZRUNVWDWLRQ� LQ� WKH� WHVW� LQVWDQFH����������RU����WLPHV�DV�PDQ\�
SURGXFWV�DUH�JHQHUDWHG��$VVLJQPHQW�SULRULWL]DWLRQV�DUH�DOORFDWHG�UDQGRPO\��VXFK�WKDW�HDFK�SURGXFW�KDV�D�ILUVW�
FKRLFH�ZLWK�D�KLJK�SULRULWL]DWLRQ�YDOXH��ܲ݋݅ݎ௣ǡ௪௦ �����DQG�D�VHFRQG�FKRLFH�ZLWK�D�ORZHU�SULRULWL]DWLRQ�YDOXH�
� ௣ǡ௪௦݋݅ݎܲ� ���� )RU� DOO� RWKHU�ZRUNVWDWLRQV� WKH� SULRULWL]DWLRQ� LV� ��� 7KH�GHPDQG� IRU� HDFK� SURGXFW� LV� HLWKHU�
FRQVWDQW������SLHFHV�IRU�HDFK�SURGXFW�RU�XQLIRUPO\�GLVWULEXWHG�EHWZHHQ�����DQG������SLHFHV��&\FOH�WLPHV�
DUH�UDQGRPO\�GHWHUPLQHG�ZLWKLQ�WKH�LQWHUYDOV�>�������@��>�������@��>�������@��7KH�F\FOH�WLPHV�DUH�GLVWULEXWHG�
LQ�WKUHH�GLIIHUHQW�ZD\V��7KH\�FDQ�EH�HTXDO�IRU�RQH�SURGXFW�RQ�HYHU\�ZRUNVWDWLRQ��ZKLFK�UHSUHVHQWV�WKH�HDVLHVW�
FDVH�IRU�WKH�SURGXFW�ZRUNVWDWLRQ�DOORFDWLRQ�ZLWK�UHVSHFW�WR�WKH�FDSDFLW\�DOLJQPHQW��7KH\�FDQ�DOVR�EH�HTXDO�
IRU�RQH�ZRUNVWDWLRQ�ZLWK�HYHU\�SURGXFW��ZKLFK�UHSUHVHQWV�DQ�HQYLURQPHQW�RI�YHU\�GLIIHUHQW�WHFKQRORJ\�OHYHOV�
RQ�SDUDOOHO�UHVRXUFHV��VXFK�DV�DQ�DXWRPDWHG�DVVHPEO\�VWDWLRQ�QH[W�WR�D�PDQXDO�RQH��,Q�WKH�WKLUG�FDVH��DOO�F\FOH�
WLPHV�DUH�VHW�LQGHSHQGHQWO\��%DVHG�RQ�WKH�GHPDQG�DQG�WKH�DYHUDJH�F\FOH�WLPHV�RI�HDFK�SURGXFW��DQ�H[SHFWHG�
WRWDO�ORDG�FDQ�EH�FDOFXODWHG��7KH�FDSDFLW\�OHYHO�RI�WKH�ZRUNVWDWLRQV�LQ�WKH�WHVW�LQVWDQFHV�LV�GHWHUPLQHG�DV�WKH�
WRWDO�ORDG�GLYLGHG�E\�DQ�DYHUDJH�XWLOL]DWLRQ�IDFWRU��7KLV�ZD\��WKH�DYDLODEOH�ZRUNVWDWLRQ�FDSDFLW\ܥ׎��LV�VHW�WR�
D�YDOXH�ZKLFK�DOORZV� WR�H[SHFW�DQ�DYHUDJH�XWLOL]DWLRQ�RI����������������RU����� WKURXJK� WKH�DOORFDWHG�
SURGXFWV��7KH�DFWXDO�XWLOL]DWLRQ�LQ�WKH�HYHQWXDO�VROXWLRQ�FDQ��KRZHYHU��GLIIHU�GXH�WR�WKH�YDU\LQJ�F\FOH�WLPHV��
3URGXFWV�DUH�JURXSHG�LQWR�SURGXFW�IDPLOLHV�HLWKHU�UDQGRPO\�RU�ZLWK�WKH�XVH�RI�FOXVWHU�DOJRULWKPV�EDVHG�RQ�
WKHLU�ZRUNVWDWLRQ�SULRULWL]DWLRQV��ZKLFK�LPLWDWHV�WKH�SURFHVV�VLPLODULW\�WKDW�SURGXFWV�ZLWKLQ�D�IDPLO\�W\SLFDOO\�
KDYH��)RU�WKLV�SXUSRVH��WKH�ZDUG�DOJRULWKP�ZLWK�(XFOLGHDQ�GLVWDQFHV�DQG�WKH�DYHUDJH�OLQNDJH�DSSURDFK�ZLWK�
FRVLQH�GLVWDQFHV�LV�XVHG��7KH�QXPEHU�RI�JHQHUDWHG�SURGXFW�IDPLOLHV�LV�VHW�WR�������RU����

7DEOH����3DUDPHWHUV�IRU�WHVW�LQVWDQFH�JHQHUDWLRQ�

6\PERO� 'HVFULSWLRQ� 9DOXHV�

ȁܹܵȁ� 1XPEHU�RI�ZRUNVWDWLRQV� �� �� �� ���
ȁܲȁ� 1XPEHU�RI�SURGXFWV�SHU�ZRUNVWDWLRQ� ��� ��� ���
�� 'HPDQG�GLVWULEXWLRQ� XQLIRUP� FRQVWDQW�
�� &\FOH�WLPHV�GLVWULEXWLRQ� E\�SURGXFW� E\�ZRUNVWDWLRQ� LQGHSHQGHQW�
�௖௧ߜ 6SUHDG�RI�F\FOH�WLPHV�>WLPH�XQLWV@� >�������@� >�������@� >�������@�
�ߟ $YHUDJH�XWLOL]DWLRQ�RI�WRWDO�FDSDFLW\� ���� ���� ���� ����
ȁܨȁ� 1XPEHU�RI�SURGXFW�IDPLOLHV� �� �� ��
�� &OXVWHU�PHWKRG�IRU�SURGXFW�IDPLO\�IRUPDWLRQ� ZDUG� DYHUDJH�OLQNDJH� UDQGRP�

����$VVHVVPHQW�RI�VROXWLRQ�TXDOLW\�

7KH�VROXWLRQ�TXDOLW\�RI�WKH�SURSRVHG�SDUHWR�KHXULVWLF�LV�DVVHVVHG�IRU�WKH�WZR�REMHFWLYHV�WRWDO�QXPEHU�RI�IDPLO\�
ZRUNVWDWLRQ�DVVLJQPHQWVܣܹܨ�௧௢௧௔௟�DQG� WRWDO�SULRULWL]DWLRQ�ܲ݋݅ݎ௧௢௧௔௟� UHDFKHG�E\�WKH�SURGXFW�ZRUNVWDWLRQ�
DVVLJQPHQWV��7R�PDNH�WKH�VROXWLRQV�RI�HDFK�SUREOHP�LQVWDQFH�FRPSDUDEOHܣܹܨ��௧௢௧௔௟�LV�VHW�LQ�UHODWLRQ�ZLWK�
D� ORZHU�ERXQGܤܮ�� DQG�ܲ݋݅ݎ௧௢௧௔௟� LV� VHW� LQ� UHODWLRQ�ZLWK� DQ�XSSHU�ERXQG�ܷܤ�� 7KHVH�ERXQGV� HVWLPDWH� WKH�
WKHRUHWLFDOO\�EHVW�SRVVLEOH�YDOXHV�IRU�WKH�FRQVLGHUHG�REMHFWLYH��$V�H[SUHVVHG�LQ�HTXDWLRQ�����WKH�ORZHU�ERXQG�
IRUܣܹܨ�௧௢௧௔௟�LV�HLWKHU�WKH�QXPEHU�RI�SURGXFW�IDPLOLHV�RU�WKH�QXPEHU�RI�ZRUNVWDWLRQV�QHHGHG�WR�FRYHU�WKH�
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HQWLUH�ZRUNORDG��)RU�WKH�ZRUNORDG�HVWLPDWLRQ��WKH�DYHUDJH�F\FOH�WLPH�RI�HDFK�SURGXFWݐܿ׎�௣�LV�PXOWLSOLHG�ZLWK�
LWV�GHPDQG�݀௣�DQG�VXPPHG�XS�IRU�DOO�SURGXFWV��7KH�GLYLVLRQ�RI�WKLV�ZRUNORDG�E\�WKH�VSHFLILHG�ZRUNVWDWLRQ�
FDSDFLW\ܥ׎��RI�WKH�WHVW�LQVWDQFH�UHVXOWV�LQ�WKH�PLQLPXP�QXPEHU�RI�UHTXLUHG�ZRUNVWDWLRQV��7KH�XSSHU�ERXQG�
IRU�ܲ݋݅ݎ௧௢௧௔௟�LV�WKH�VXP�RI�WKH�KLJKHVW�SULRULWL]DWLRQ�YDOXH�RI�HDFK�SURGXFW�DV�GHVFULEHG�E\�HTXDWLRQ�����

ܤܮ ൌ ���ሼ ȁܨȁǡ ቜ
σ ௣ݐܿ׎ ή �݀௣௣א��௉

ܥ׎
ቝሽ� ����� �

ܤܷ ൌ ෍ ௣ǡ௠௔௫݋݅ݎܲ
௣א��௉

� ����� �

%DVHG�RQ�WKHVH�ERXQGV��WKH�HYDOXDWLRQ�UHVXOWV�DUH�JLYHQ�DV�UDWLRV��

�ሾΨሿܣܹܨ ൌ
௧௢௧௔௟ܣܹܨ

ܤܮ
ή ͳͲͲΨ� ����� �

�ሾΨሿ݋݅ݎܲ ൌ �
௧௢௧௔௟݋݅ݎܲ

ܤܷ
� ή ͳͲͲΨ� ����� �

7KHUHIRUH��YDOXHV�!������UHVXOW�IRUܣܹܨ��ሾΨሿ������������EHWZHHQ����DQG������IRU�ܲ݋݅ݎ�ሾΨሿ��7KH�ERXQG�
EDVHG�UDWLRV�PDNH�GLIIHUHQW�SUREOHP�LQVWDQFHV�FRPSDUDEOH�DQG�JLYH�DQ�HVWLPDWLRQ�RQ�WKH�TXDOLW\�RI�D�VROXWLRQ��
+RZHYHU��LW�LV�GHSHQGLQJ�RQ�WKH�SUREOHP¶V�VWUXFWXUH�KRZ�FORVH�WR������D�IHDVLEOH�VROXWLRQ�FDQ�JHW�IRU�WKH�
WZR�REMHFWLYHV��7R�JHW�D�EHWWHU�LGHD�DERXW�WKLV��WKUHH�JUHHG\�FRPSDULVRQ�KHXULVWLFV�DUH�LPSOHPHQWHG��

x� 5DQGRP��$OO�SURGXFWV�DUH�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�E\�DYHUDJH�ORDG�DQG�UDQGRPO\�DVVLJQHG�WR�D�
ZRUNVWDWLRQ�ZLWK�IUHH�FDSDFLW\��

x� 0D[� 3ULRULWL]DWLRQ� KHXULVWLF�� $OO� SURGXFWV� DUH� VRUWHG� LQ� GHVFHQGLQJ� RUGHU� E\� DYHUDJH� ORDG� DQG�
LWHUDWLYHO\� DVVLJQHG� WR� WKH�ZRUNVWDWLRQ�ZLWK� WKH� KLJKHVW� SULRULWL]DWLRQ�� SURYLGHG� LWV� FDSDFLW\� VWLOO�
DOORZV�LW��

x� 0LQ�):$�KHXULVWLF��$OO�SURGXFWV�DUH�VHSDUDWHG�E\�SURGXFW�IDPLO\�DQG�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�E\�
DYHUDJH�ORDG��VWDUWLQJ�ZLWK�WKH�IDPLO\�WKDW�KDV�WKH�KLJKHVW�WRWDO�ORDG��SURGXFWV�DUH�DVVLJQHG�EORFN�
ZLVH�WR�WKH�QH[W�IUHH�ZRUNVWDWLRQ��

:LWK�WKHVH�VLPSOH�KHXULVWLFV��IHDVLEOH�VROXWLRQV�FDQ�EH�FUHDWHG�IRU�HDFK�LQVWDQFH��LQGLFDWLQJ�KRZ�JRRG�RQH�
REMHFWLYH�YDOXH�FDQ�JHW�ZKHQ� LJQRULQJ� WKH�VHFRQG�REMHFWLYH��)XUWKHUPRUH�� WKH�UDQGRPO\�FUHDWHG�VROXWLRQ�
LQGLFDWHV�KRZ�IDU�WKH�SURGXFW�ZRUNVWDWLRQ�DOORFDWLRQ�RI�WKH�SDUHWR�KHXULVWLF�LV�IURP�D�EDG�VROXWLRQ��:LWK�WKHVH�
FRPSDUDWLYH�YDOXHV��D�FODVVLILFDWLRQ�LQ�WKH�VROXWLRQ�VSDFH�FDQ�WDNH�SODFH��HQDEOLQJ�D�ZHOO�IRXQGHG�HYDOXDWLRQ�
RI�WKH�UHVXOWV��

����5HVXOWV�

$OO�VROXWLRQV�ZHUH�FDOFXODWHG�E\�WKH�SDUHWR�KHXULVWLF�ZLWKLQ�OHVV�WKDQ����VHFRQGV��2Q�DYHUDJH��LWV�UXQWLPH�
ZDV�����VHFRQGV�������LQVWDQFHV�FDQ�EH�DVVHVVHG������LQVWDQFHV�OHDG�WR�DQ�LQIHDVLEOH�VROXWLRQ�LQ�DW�OHDVW�RQH�
RI�WKH�DSSOLHG�DSSURDFKHV��ZKLFK�LV�GXH�WR�SUREOHP�LQVWDQFHV�WKDW�DUH�WRR�UHVWULFWLYH�LQ�WHUPV�RI�FDSDFLW\������
RI�WKHVH�XQVROYHG�LQVWDQFHV�DUH�JHQHUDWHG�ZLWK�WKH�KLJKHVW�XWLOL]DWLRQ�H[SHFWDWLRQ�RIߟ�� �������

7KH�WRWDO�UHVXOWV�IRU�WKH�WHVWHG�KHXULVWLFV�RQ�DOO�HYDOXDEOH�LQVWDQFHV�DUH�LOOXVWUDWHG�LQ�)LJXUH����$YHUDJHG�RYHU�
DOO� LQVWDQFHV��WKH�SDUHWR�KHXULVWLF� UHDFKHV�D�SULRULWL]DWLRQ�UDWLR�RI�ܲ݋݅ݎ�ሾΨሿ� �����ZKLFK�LV����SHUFHQWDJH�
SRLQWV�EHKLQG�WKH�UHVXOW�RI�WKH�PD[�SULRULWL]DWLRQ�KHXULVWLF��$�³QDWXUDO�ORZ�HQG´�VHHPV�WR�EH����SHUFHQWDJH�
SRLQWV�ORZHU�DW�D�SULRULWL]DWLRQ�UDWLR�RI�ܲ݋݅ݎ�ሾΨሿ� �����$Q�HYHQ�VPDOOHU�JDS�FDQ�EH�REVHUYHG�IRU�WKH�):$�
UDWLR��+HUH��WKH�SDUHWR�KHXULVWLF�UHDFKHVܣܹܨ��ሾΨሿ� �����RQ�DYHUDJH��ZKLOH�WKH�PLQ�):$�KHXULVWLF�UHDFKHV�
��ሾΨሿ� �����RI�WKH�UDQGRPO\�JHQHUDWHGܣܹܨ��ሾΨሿ� ������&RPSDUHG�WR�WKH�DYHUDJH�REMHFWLYH�YDOXH�RIܣܹܨ
VROXWLRQV��WKH�SDUHWR�KHXULVWLF� LV�SDUWLFXODUO\�VWURQJ�LQ�WKH�WDUJHW�RI�UHGXFLQJ�VKDUHG�UHVRXUFHV�IRU�FOHDUO\�
VHSDUDWDEOH�YDOXH�VWUHDP�VHJPHQWV���
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7KH�DFKLHYDEOHܣܹܨ��ሾΨሿ� DQG� WKXV� WKH�DFKLHYDEOH�QXPEHU�RI� VKDUHG� UHVRXUFHV�GHSHQGV�DERYH�DOO�RQ� WKH�
VFDUFLW\�RI�FDSDFLW\��VHH�7DEOH�����VLQFH�WKLV�PDNHV�WKH�SUREOHP�PRUH�UHVWULFWLYH��

�
)LJXUH����$YHUDJH�UHVXOWV�IRU�DOO�KHXULVWLFV�LQ�ERWK�REMHFWLYHV�

,I�RQO\�WKRVH������IHDVLEO\�VROYHG�LQVWDQFHV�DUH�FRQVLGHUHG�IRU�ZKLFK�WKH�SURGXFW�IDPLOLHV�DUH�IRUPHG�XVLQJ�
D�FOXVWHULQJ�DSSURDFK�� WKH�KHXULVWLF�SHUIRUPV�HYHQ�EHWWHU�� ,Q� WKLV�FDVH�� WKH�UHVXOWLQJ�YDOXHV�RI� WKH�SDUHWR�
KHXULVWLF�DUH�IRU�ERWK�REMHFWLYHV�DOPRVW�DV�JRRG�DV�WKH�FRPSDULVRQ�KHXULVWLF�WKDW�LJQRUHV�WKH�RWKHU�REMHFWLYH��
7KH�DYHUDJHܣܹܨ��ሾΨሿ�LV�����FRPSDUHG�WR�����RI�WKH�PLQ�):$�KHXULVWLF�DQG�WKH�DYHUDJH�ܲ݋݅ݎ�ሾΨሿ�LV����
FRPSDUHG�WR����RI�WKH�PD[�SULRULWL]DWLRQ�KHXULVWLF��)LJXUH���LOOXVWUDWHV�WKH�REMHFWLYH�YDOXH�SDLUV�IRU�WKHVH�
LQVWDQFHV�DV�ZHOO�DV�WKHLU�DYHUDJHV��

��

��� &RQFOXVLRQ�

7KLV� SDSHU� KDV� LQWURGXFHG� D� SDUHWR� KHXULVWLF� WR� VXSSRUW� D� SURGXFW� IDPLO\�RULHQWHG� VHJPHQWDWLRQ� XQGHU�
FRQVLGHUDWLRQ�RI�WKH�DYDLODEOH�FDSDFLWLHV�DV�ZHOO�DV�ZRUNVWDWLRQ�SUHIHUHQFHV��7KH�PDWKHPDWLFDO�IRUPXODWLRQ�
RI� WKH� PXOWL�REMHFWLYH� RSWLPL]DWLRQ� SUREOHP� ZLWK� LWV� UHVWULFWLRQV� LV� RXWOLQHG�� WKH� KHXULVWLF� SURFHGXUH� LV�
SUHVHQWHG��DQG�WKH�UHTXLUHG�EXVLQHVV�GDWD�LV�GHVFULEHG��)RU�WKH�HYDOXDWLRQ��DQ�H[WHQVLYH�WHVW�VHW�LV�JHQHUDWHG��
DVVHVVPHQW�PHDVXUHV�DUH�LQWURGXFHG��DQG�FRPSDULVRQ�KHXULVWLFV�DUH�LPSOHPHQWHG��7KH�HYDOXDWLRQ�VKRZV��WKDW�
WKH�SDUHWR�KHXULVWLF�SHUIRUPV�VWURQJ�IRU�ERWK�REMHFWLYHV��HVSHFLDOO\�IRU�WKH�WDUJHW�RI�UHGXFLQJ�VKDUHG�UHVRXUFHV�
LQ� D�YDOXH� VWUHDP�GHVLJQ��$V� H[SHFWHG�� HYHQ�EHWWHU� UHVXOWV�DUH� DFKLHYHG�� LI� WKH�SURGXFW� IDPLO\� DIILOLDWLRQ�
FRUUHODWHV�ZLWK�WKH�ZRUNVWDWLRQ�SUHIHUHQFHV�RI�WKH�SURGXFWV��7KH�YDOXH�VWUHDP�PHWKRG�SURYLGHV�WR�LGHQWLI\�
SURGXFW� IDPLOLHV� EDVHG� RQ� VLPLODULW\� LQ� WKHLU� UHTXLUHG� SURFHVV� VWHSV� DQG� HTXLSPHQW�� 7KHUHIRUH�� KLJK�
FRUUHODWLRQV�EHWZHHQ�SURGXFW�IDPLO\�DIILOLDWLRQ�DQG�ZRUNVWDWLRQ�SUHIHUHQFHV�VKRXOG�EH�REVHUYDEOH�LQ�D�ZHOO�

7DEOH����$YHUDJH�
��ሾΨሿ�IRU�WKH�SDUHWRܣܹܨ
KHXULVWLF�RQ�DOO�LQVWDQFHV�

GHSHQGLQJ�RQ�WKH�
XWLOL]DWLRQ�IDFWRUߟ��

�ߟ ):$�>�@�
���� ������
���� ������
����� ������
����� ������

� �
)LJXUH����5HVXOWV�IRU�DOO�LQVWDQFHV�ZLWK�FOXVWHULQJ�EDVHG�SURGXFW�IDPLOLHV�

��

����

����

����

����

����

����

�� ��� ��� ��� ��� ����

):
$
�>�

@

3ULRULWL]DWLRQ�>�@

5DQGRP

0D[�3ULRULWL]DWLRQ

0LQ�):$

3DUHWR

5DQGRP�>$YHUDJH@

0D[�3ULRULWL]DWLRQ�>$YHUDJH@

0LQ�):$�>$YHUDJH@

3DUHWR�>$YHUDJH@

0D[�SULRULWL]DWLRQ

0
LQ�):

$
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H[HFXWHG� YDOXH� VWUHDP� GHVLJQ�� 7KH� OLPLWDWLRQV� RI� WKH� KHXULVWLF� DUH� LQ� LWV� DSSOLFDELOLW\� IRU� VFHQDULRV� RI�
LQVXIILFLHQW�FDSDFLW\�� ODUJH�RYHUFDSDFLW\��RU�LI� WKH�KLJK�ZRUNORDG�RI�RQH�SURGXFW�ZRXOG�EH�UHTXLUHG�WR�EH�
VSOLW��+RZHYHU��SURMHFW�VSHFLILF�FRQGLWLRQV�FDQ�HDVLO\�EH�PRGHOOHG�HLWKHU�YLD�DQ�DGDSWLRQ�RI�WKH�KHXULVWLF�RU�
YLD� WKH�JLYHQ� LQSXW� GDWD��7KH� UHVXOWLQJ�SURGXFW�ZRUNVWDWLRQ� DVVLJQPHQWV�RI� WKH�SDUHWR�KHXULVWLF�SURYLGHV�
SUDFWLWLRQHUV�ZLWK�D�JRRG�DQG�ZHOO�IRXQGHG�VHJPHQWDWLRQ�DV�D�EDVLV�IRU�WKH�QH[W�VWHSV�LQ�WKH�YDOXH�VWUHDP�
GHVLJQ�WKDW�EXLOGV�RQ�LW��

$FNQRZOHGJHPHQWV�

7KH�UHVHDUFK�OHDGLQJ�WR�WKHVH�UHVXOWV�KDV�UHFHLYHG�IXQGLQJ�IURP�WKH�*HUPDQ�)HGHUDO�0LQLVWU\�RI�(GXFDWLRQ�
DQG�5HVHDUFK�XQGHU�JUDQW�DJUHHPHQW�QXPEHU���/��&�����.RPS$.,����

5HIHUHQFHV�
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,QWHUQDWLRQDO�-RXUQDO�RI�3URGXFWLRQ�5HVHDUFK��������������±�����
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6FLHQFH�LQ�,QGXVWULDO�(QJLQHHULQJ�ZKLFK�KH�REWDLQHG�DW�WKH�7HFKQLFDO�8QLYHUVLW\�RI�'DUPVWDGW��+LV�UHVHDUFK�
LQWHUHVWV�DUH�LQ�YDOXH�VWUHDP�PDSSLQJ�DQG�GDWD�DQDO\WLFV���

$QQD�0DULD�/DUHP��0��6F���
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'DUPVWDGW��+H�LV�VSRNHVPDQ�RI�WKH�PHGLXP�VL]HG�EXVLQHVVHV�GLJLWDO�FRPSHWHQFH�FHQWUH�'DUPVWDGW��KH�KDV�
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PHPEHU� RI� WKH� VFLHQWLILF� VRFLHW\� IRU� SURGXFWLRQ� WHFKQRORJ\� �:*3�� DV� ZHOO� DV� VFLHQWLILF� SDUWQHU� RI� WKH�
&RQIHUHQFH�RQ�3URGXFWLRQ�6\VWHPV�DQG�/RJLVWLFV��&36/���
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