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

*HQHUDO�$SSURDFK�$QG�3UHUHTXLVLWHV�)RU�7UDQVIHUULQJ�)DFWRU\�3ODQ�
QLQJ�0HWKRGV�2Q�)ORZ�2ULHQWDWLRQ�$QG�7UDQVIRUPDELOLW\�7R�+RVSLWDO�

6\VWHPV�
/HQD�:HFNHQ���6KLYD�)DHJKL���/HQQDUW�+LQJVW���3HWHU�1\KXLV���.XQLEHUW�/HQQHUWV��

�,QVWLWXWH�RI�3URGXFWLRQ�6\VWHPV�DQG�/RJLVWLFV��*DUEVHQ��*HUPDQ\�
�,QVWLWXWH�RI�7HFKQRORJ\�DQG�0DQDJHPHQW�LQ�&RQVWUXFWLRQ��.DUOVUXKH�,QVWXWXWH�RI�7HFKQRORJ\��.DUOVUXKH��*HUPDQ\�

$EVWUDFW�

0DQXIDFWXULQJ�FRPSDQLHV�DUH�IDFHG�ZLWK�WKH�FKDOOHQJH�RI�RSHUDWLQJ�FRVW�HIILFLHQWO\�DQG�UHPDLQLQJ�FRPSHW�
LWLYH�LQ�D�WXUEXOHQW�HQYLURQPHQW�ZLWK�FRQVWDQWO\�FKDQJLQJ�GHPDQGV�RQ�SURGXFWLRQ��7R�PHHW�WKHVH�FKDOOHQJHV��
IDFWRU\�SODQQLQJ�KDV�GHYHORSHG�FRQFHSWV�RI�IORZ�RULHQWDWLRQ�DQG�WUDQVIRUPDELOLW\��7KURXJK�GHFDGHV�RI�UH�
VHDUFK��IDFWRU\�SODQQHUV�QRZ�KDYH�H[WHQVLYH�PHWKRGRORJLHV�DQG�QXPHURXV�SULQFLSOHV��HQDEOLQJ�WKHP�WR�GH�
VLJQ�IDFWRU\�REMHFWV�DSSURSULDWHO\�DQG�DOLJQ�IDFWRULHV�WR�EH�IORZ�RULHQWHG�DQG�WUDQVIRUPDEOH��+RVSLWDOV�IDFH�
VLPLODU�FKDOOHQJHV�OLNH�PDQXIDFWXULQJ�FRPSDQLHV��'XH�WR�SXEOLF�IXQGLQJ��PDQ\�KRVSLWDOV�KDYH�OLPLWHG�ILQDQ�
FLDO�UHVRXUFHV�DQG�PXVW��IRU�H[DPSOH��FRYHU�SDUWV�RI�WKHLU�ILQDQFLDO�UHTXLUHPHQWV�E\�WKHPVHOYHV�WKURXJK�FRVW�
HIILFLHQF\��,Q�DGGLWLRQ��KRVSLWDOV�DUH�LQIOXHQFHG�E\�RQJRLQJ�GHYHORSPHQWV�OLNH�GHPRJUDSKLF�FKDQJH�DQG�UH�
FHQW�FKDOOHQJHV�VXFK�DV�WKH�&29,'����SDQGHPLF��7KHVH�DQG�IXUWKHU�H[DPSOHV�QRW�RQO\�WLJKWHQ�WKH�HFRQRPLF�
VLWXDWLRQ�RI�KRVSLWDOV��EXW�DOVR�IRUFH�WKHLU�V\VWHPV�WR�DGDSW�WR�UHVXOWLQJ�FKDOOHQJHV��7KH\�PXVW�VXFFHVVIXOO\�
DOLJQ�WKHLU�V\VWHPV�WR�UHPDLQ�RSHUDWLRQDO�XQGHU�FKDQJLQJ�FRQGLWLRQV��,Q�FRQWUDVW�WR�IDFWRULHV��WKHVH�LVVXHV�
KDYH�QRW�EHHQ�DGGUHVVHG�VXIILFLHQWO\�LQ�WKH�ILHOG�RI�KRVSLWDO�SODQQLQJ��7KHUHIRUH��IDFWRU\�SODQQLQJ�DSSURDFKHV�
RQ�IORZ�RULHQWDWLRQ�DQG�WUDQVIRUPDELOLW\�ZLOO�EH�WUDQVIHUUHG�WR�KRVSLWDO�V\VWHPV�LQ�RUGHU�WR�VWUHQJWKHQ�KRVSL�
WDOV�DJDLQVW�JOREDOO\�H[LVWLQJ�DQG�VRFLDOO\�UHOHYDQW�FKDOOHQJHV�LQ�WKH�KHDOWKFDUH�V\VWHP��:LWK�WKH�DLP�WR�UHDOLVH�
WKLV�YHQWXUH��WKLV�SDSHU�SUHVHQWV�D�VWUXFWXUHG�DSSURDFK�IRU�LWV�LPSOHPHQWDWLRQ��,W�DOVR�LQYHVWLJDWHV�WKH�IXQGD�
PHQWDO�VLPLODULWLHV�EHWZHHQ�IDFWRULHV�DQG�KRVSLWDOV�DQG�H[DPLQHV�ZKHWKHU�WKH�PDLQ�SUHUHTXLVLWHV�IRU�WKH�VXF�
FHVVIXO�WUDQVIHU�RI�WKH�DSSURDFKHV�FDQ�EH�PHW����

.H\ZRUGV�

)DFWRU\�3ODQQLQJ��)ORZ�2ULHQWDWLRQ��7UDQVIRUPDELOLW\��+RVSLWDO�3ODQQLQJ��+RVSLWDO�6\VWHP�

,QWURGXFWLRQ�DQG�QHHG�IRU�UHVHDUFK�

5HTXLUHPHQWV�IRU�KRVSLWDO�V\VWHPV�KDYH�LQFUHDVHG�RYHU�WLPH��7KLV�DSSOLHV�WR�WKRVH�UHVXOWLQJ�IURP�ERWK�H[WHU�
QDO� LQIOXHQFHV� DQG� LQWHUQDO� SURSHUWLHV�� ,Q� *HUPDQ\�� HIIRUWV� WR� HFRQRPLVH� KRVSLWDOV� ZHUH�PDGH�ZLWK� WKH�
DPHQGPHQW�RI�WKH��/DZ�RQ�WKH�5HIRUP�RI�6WDWXWRU\�+HDOWK�,QVXUDQFH��LQ������>�@�DQG�ZDV�DFFRPSDQLHG�E\�
LQFUHDVLQJ�FRVW�SUHVVXUH��H[WHUQDO�LQIOXHQFH��RQ�KRVSLWDOV��+RVSLWDOV�DUH�QRZ�RQO\�SDLG�D�IODW�UDWH�SHU�FDVH�
DFFRUGLQJ�WR�'LDJQRVLV�5HODWHG�*URXSV��'5*���LQVWHDG�RI�EHLQJ�UHLPEXUVHG�IRU�WKH�LQGLYLGXDOO\�LQFXUUHG�
FRVWV��7KLV�IRUFHV�KRVSLWDOV�WR�VWULYH�IRU�HFRQRPLF�HIILFLHQF\�LQ�RUGHU�WR�FRYHU�WKH�FRVWV�RI�WUHDWPHQW�LQ�HYHU\�
FDVH�>�@��7R�EH�DEOH�WR�FRYHU�IXWXUH�LQYHVWPHQW�QHHGV�LQGHSHQGHQWO\��KRVSLWDOV�PXVW�DOVR�JHQHUDWH�D�SURILW�E\�
NHHSLQJ�WKHLU�FRVWV�VLJQLILFDQWO\�EHORZ�WKH�FDVH�EDVHG�IODW�UDWHV��7KLV�LV�QHFHVVDU\�VLQFH�IHGHUDO�VWDWHV�SURYLGH�
LQFUHDVLQJO\�OHVV�IXQGLQJ�LQ�WKH�KHDOWK�V\VWHP�>���@��+RZHYHU��RSHUDWLRQDO�EXVLQHVV�FDQ�RQO\�EH�HFRQRPLFDO�
LI�WKH�SURFHVVHV�UXQ�HIILFLHQWO\��+RVSLWDOV�DUH�FKDUDFWHULVHG�E\�D�IXQFWLRQ�RULHQWDWLRQ�ZKHUH�GHSDUWPHQWV�KDYH�
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D�SURQRXQFHG�GLYLVLRQDO�WKLQNLQJ��+HQFH��WKH�KRVSLWDO�V\VWHP�FDQ�EH�VHHQ�DV�D�IHGHUDO�V\VWHP�FRPSULVHG�RI�
GLIIHUHQW�DQG�LQGHSHQGHQW�EXW�LQFRPSDWLEOH�RUJDQLVDWLRQV��7KLV�OHDGV�WR�LQWHUIDFH�SUREOHPV�EHWZHHQ�GLIIHUHQW�
GLVFLSOLQHV�RU�GHSDUWPHQWV�DQG�LV�DOVR�QRWLFHDEOH�LQ�KRVSLWDO�OD\RXWV�E\�ORQJ�WUDYHO�DQG�ZDLWLQJ�WLPHV��7KXV��
D�FURVV�GHSDUWPHQWDO��PRUH�HIILFLHQW� IRUP�RI�VHUYLFH�SURYLVLRQ� LV�QRW� UHDOLVDEOH�>���@��'XH� WR�WKH�SURFHVV�
LQHIILFLHQFLHV��LQWHUQDO�SURSHUW\��PDQ\�KRVSLWDOV�DUH�XQDEOH�WR�PHHW�WKH�GHPDQG�IRU�HFRQRPLF�RSHUDWLRQV��

,Q�DGGLWLRQ�WR�WKH�DERYH�PHQWLRQHG�UHTXLUHPHQWV��KRVSLWDOV�PXVW�DOVR�FRSH�ZLWK�FKDQJH�GULYHUV��H[WHUQDO�
LQIOXHQFH��UHVXOWLQJ�IURP�WKHLU�WXUEXOHQW�HQYLURQPHQW�>�@��&KDQJH�GULYHUV�FDQ�KDYH�PDQ\�GLIIHUHQW�RULJLQV��
([DPSOHV�LQFOXGH�GHPRJUDSKLF�FKDQJHV�DQG�WKH�VKLIW�LQ�WKH�GLVWULEXWLRQ�RI�GLVHDVH�SDWWHUQV�>�@��WKH�FRQVROL�
GDWLRQ�RI�WKH�KRVSLWDO�PDUNHW�>�@�RU��PRVW�UHFHQWO\��WKH�&29,'����SDQGHPLF�>��@��+RVSLWDO�V\VWHPV�PXVW�EH�
DEOH�WR�DGDSW�WR�WKHVH�FKDQJH�GULYHUV�LQ�RUGHU�WR�UHPDLQ�RSHUDWLRQDO�LQ�WKH�VKRUW�WHUP�DQG�FRPSHWLWLYH�LQ�WKH�
PHGLXP�WR�ORQJ�WHUP��([DPSOHV�IURP�SUDFWLFH�VKRZ�WKDW�KRVSLWDOV�FDQQRW�PHHW�WKLV�UHTXLUHPHQW�GXH�WR�WKHLU�
WUDQVIRUPDWLRQ�LQHUWLD��LQWHUQDO�SURSHUW\��>�����������@�7KH�FKDQJH�GULYHUV�DQG�WKH�FKDQJHV�UHVXOWLQJ�IURP�
WKHP�PXVW�EH�LGHQWLILHG�DW�DQ�HDUO\�VWDJH��ZKLFK�DSSOLHV�QRW�RQO\�WR�KRVSLWDO�RSHUDWLRQV�EXW�DOUHDG\�WR�KRVSLWDO�
FRQVWUXFWLRQ�SODQQLQJ�>��@��ZKLFK�DUH�FKDUDFWHULVHG�E\�ORQJ�SODQQLQJ�SHULRGV��7KHUH�LV�D�KLJK�ULVN�WKDW�WKH\�
ZLOO�QR�ORQJHU�PHHW�WKH�UHTXLUHPHQWV�E\�WKH�WLPH�WKH\�DUH�SXW�LQWR�RSHUDWLRQ�>��@��7KHUHIRUH��LW�LV�QHFHVVDU\��
WKDW� WKH�FRQVHTXHQFHV�FDQ�EH�PLWLJDWHG�DW� DQ� HDUO\� VWDJH�ZLWK� DSSURSULDWH�PHDVXUHV�� VXFK�DV� DFFHOHUDWHG�
UHXWLOLVDWLRQ�F\FOHV�LQ�FRQVWUXFWLRQ�>��@���

$V�VXPPDULVHG�LQ�)LJXUH����WKH�SHUIRUPDQFH�RI�KRVSLWDO�V\VWHPV�LV�VWURQJO\�DIIHFWHG�E\�WKH�H[WHUQDO�LQIOX�
HQFHV�RI�FRVW�SUHVVXUH�DQG�FKDQJH�GULYHUV��7KH�V\VWHP�SURSHUWLHV�RI�SURFHVV�LQHIILFLHQFLHV�DQG�WUDQVIRUPDWLRQ�
LQHUWLD�RI�KRVSLWDOV�GR�QRW�SURYLGH�DQ�RSSRUWXQLW\�WR�DGHTXDWHO\�DGGUHVV�WKH�H[WHUQDO�LQIOXHQFHV��EXW�UDWKHU�
ZRUVHQ�WKH�VLWXDWLRQ�ZLWK�DQ�DGGLWLRQDO�QHJDWLYH�LPSDFW�RQ�SHUIRUPDQFH���

�
)LJXUH����([WHUQDO�,QIOXHQFHV�DQG�,QWHUQDO�3URSHUWLHV�RI�+RVSLWDO�6\VWHPV�

7R�LQFUHDVH�WKH�SURFHVV�HIILFLHQF\��WKH�LGHDO�OD\RXW�RI�D�KRVSLWDO�PXVW�EH�DOLJQHG�ZLWK�WKH�WUHDWPHQW�SURFHVVHV�
WR�UHGXFH�WUDYHO�DQG�ZDLWLQJ�WLPHV��,Q�DGGLWLRQ��WKH�KRVSLWDO�V\VWHP�PXVW�EH�GHVLJQHG�LQ�VXFK�D�ZD\�WKDW�LW�LV�
SUHSDUHG�DJDLQVW� WKH�FKDQJH�GULYHUV��&RQVHTXHQWO\�� LW�UHTXLUHV� WKH� LQWHJUDWLRQ�RI�IORZ�RULHQWDWLRQ��L�H�� WKH�
RULHQWDWLRQ�WRZDUGV�SURFHVV�RULHQWHG�VWUXFWXUHV�>��@��DQG�WUDQVIRUPDELOLW\��L�H��WKH�DELOLW\�WR�UHDOLVH�FKDQJHV�
EH\RQG�GHILQHG�DUHDV�DQG�DUH�DEVROXWHO\�QHFHVVDU\�WR�HQVXUH�IXWXUH�RULHQWHG�GHYHORSPHQWV�>��@��7KHVH�WZR�
IHDWXUHV�HQDEOH�WKH�KRVSLWDOV�WR�VKDSH�WKH�LQWHUQDO�SURSHUWLHV�DQG�FRSH�DGHTXDWHO\�ZLWK�H[WHUQDO�LQIOXHQFHV��
+RVSLWDO�SODQQLQJ��KHUH�DOVR�UHIHUV�WR�KRVSLWDO�FRQVWUXFWLRQ�SODQQLQJ��KDV�QRW�EHHQ�SURSHUO\�VFUXWLQLVHG�DV�DQ�
REMHFW�RI�UHVHDUFK�IRU�GHFDGHV��+HQFH��WKH�PHWKRGRORJLHV�LQ�WKLV�ILHOG�DUH�ODJJLQJ�EHKLQG�>�����@��7KHUHIRUH��
WKHUH�KDV�EHHQ�QR�DSSURDFK�WKDW�HQDEOHV�IORZ�RULHQWDWLRQ�DQG�WUDQVIRUPDELOLW\�HTXDOO\�LPSRUWDQW�ZLWK�WKH�
QHFHVVDU\�GHSWK�RI�GHWDLO�IRU�KRVSLWDO�SODQQLQJ���

5HJDUGLQJ�SURFHVV�HIILFLHQF\��WKH�DSSURDFKHV�DLP�WR�UHGXFH�WKH�HIIRUW�UHTXLUHG�WR�SURYLGH�VHUYLFHV��)RU�H[�
DPSOH��WKH\�PD[LPLVH�WKH�XWLOLVDWLRQ�RI�LQYHVWPHQW�DQG�RSHUDWLQJ�FRVW�LQWHQVLYH�UHVRXUFHV�E\�FHQWUDOLVLQJ�
IXQFWLRQDO�DUHDV�>��@�RU�PLQLPLVH�SURFHVV�WLPHV�WKURXJK�OHDQ�PHWKRGV�>��@��7KH�OD\RXW�SODQQLQJ�KDV�D�JUHDW�
LQIOXHQFH�RQ�WKH�SURFHVV�WLPHV�WKURXJK�WKH�GHWHUPLQDWLRQ�RI�WKH�WUDYHO�WLPHV��ZKHUHE\�D�SURFHVV�DQDO\VLV�IRU�
IORZ�RULHQWHG�OD\RXW�SODQQLQJ�GRHV�QRW�WDNH�SODFH�LQ�WKH�DSSURDFKHV�H[DPLQHG�LQ�WKH�FXUUHQW�VWXG\��([LVWLQJ�
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DSSURDFKHV�RQO\�FRQVLGHU�WKH�SURFHVVHV�LQ�WKH�FRQWH[W�RI�SURFHVV�PDQDJHPHQW�>�@��GXULQJ�WKH�LQWURGXFWLRQ�RI�
DFWLYLW\�EDVHG�FRVWLQJ�>�����@�RU�IRU�WKH�LPSOHPHQWDWLRQ�RI�,7�V\VWHPV�>����@��0RUHRYHU��QXPHURXV�TXDQWL�
WDWLYH�DSSURDFKHV�KDYH�EHHQ�GHYHORSHG�IRU�VXSSRUWLQJ�GHFLVLRQ�PDNLQJ�LQ�OD\RXW�SODQQLQJ��ZKLFK�DUUDQJH�
WKH�VSDFHV�LQ�LQGLYLGXDO�KRVSLWDO�DUHDV�EDVHG�RQ�REMHFWLYH�IXQFWLRQV�XQGHU�FRQVLGHUDWLRQ�RI�FHUWDLQ�FRQVWUDLQWV��
7KH�DSSURDFKHV�FRQVLGHUHG�FDQ�EH�GLYLGHG�LQWR�PDWKHPDWLFDO�RSWLPLVDWLRQ�PHWKRGV�>�������@��VLPXODWLRQ�
PRGHOV�>��±��@�DQG�K\EULG�DSSURDFKHV�>��±��@��

5HJDUGLQJ�IOH[LELOLW\��H[LVWLQJ�DSSURDFKHV�XQGHUVWDQG�WKLV�WHUP�DV�D�UHTXLUHPHQW�WKDW�LV�EHFRPLQJ�LQFUHDV�
LQJO\�LPSRUWDQW�GXH�WR�WKH�SHUPDQHQW�FKDQJH�LQ�WKH�KHDOWKFDUH�VHFWRU�>�@��)OH[LEOH�KRVSLWDOV�DUH�UHFRJQLVHG�
ZRUOGZLGH�DQG�DUH�FKDUDFWHULVHG��DPRQJ�RWKHU�WKLQJV��E\�GHFHQWUDOLVHG�VWUXFWXUHV�>�����@��DGGLWLRQDO�FDSDF�
LWLHV�>�����@�RU�YDULDELOLW\�RU�PXOWLIXQFWLRQDO�HTXLSPHQW�IHDWXUHV�>��±��@��7KH�H[SDQGDELOLW\�RU�UHGXFLELOLW\�
RI�D�KRVSLWDO�GXH�WR�JURZLQJ�RU�VKULQNLQJ�VSDFH�UHTXLUHPHQWV�>��������@��WKH�FKDQJHDELOLW\�RI�LQWHULRU�VSDFHV�
>�����@��YDULDEOH�IXQFWLRQV�ZLWK�D�FRQVWDQW�EXLOGLQJ�VWUXFWXUH�>�����@�RU�PRGXODU�KRVSLWDO�VWUXFWXUHV�>�����@�
DUH�PRVWO\�HTXDWHG�ZLWK�IOH[LELOLW\��EXW�DUH�WR�EH�XQGHUVWRRG�IDU�PRUH�SURIRXQGO\�DFFRUGLQJ�WR�WKH�XQGHU�
VWDQGLQJ�RI�IDFWRU\�SODQQLQJ�DQG�DUH�WKXV�UDWKHU�WR�EH�DVVLJQHG�WR�WUDQVIRUPDELOLW\��7KH�IOH[LELOLW\�LQ�IDFWRU\�
SODQQLQJ�LV�GHVFULEHG�DV�WKH�DELOLW\�WR�UHDFW�WR�IRUHVHHQ�FKDQJHV�ZLWKLQ�D�GHILQHG�DUHD��7UDQVIRUPDELOLW\��RQ�
WKH�RWKHU�KDQG��JRHV�EH\RQG�IOH[LELOLW\�DQG�LQYROYHV�PXOWLGLPHQVLRQDO�FKDQJHV�DQG�PXOWLSOH�DUHDV�>��@��

,Q�WKH�IROORZLQJ�WKH�JHQHUDO�DSSURDFK�EULGJH�WKH�UHVHDUFK�JDS�H[SODLQHG�DERYH�LV�GHVFULEHG�LQ�6HFWLRQ����
)XUWKHU��6HFWLRQ���H[DPLQHV�WKH�SUHUHTXLVLWHV�IRU�WUDQVIHUULQJ�IDFWRU\�SODQQLQJ�PHWKRGV�WR�KRVSLWDO�V\VWHPV��
EHIRUH�WKH�SDSHU�FRQFOXGHV�LQ�6HFWLRQ�����

� *HQHUDO�DSSURDFK�WR�FORVH�WKH�UHVHDUFK�JDS�

)DFWRULHV�DUH�DOVR�IDFHG�ZLWK�WKH�FKDOOHQJH�RI�GHVLJQLQJ�WKHLU�SURFHVVHV�DV�HIILFLHQWO\�DV�SRVVLEOH�DQG�HQVXULQJ�
VXVWDLQDELOLW\�LQ�D�WXUEXOHQW�HQYLURQPHQW��)ORZ�RULHQWDWLRQ�DQG�WUDQVIRUPDELOLW\�DUH�WKHUHIRUH�ZHOO�NQRZQ�
WDUJHW�DUHDV�LQ�IDFWRU\�SODQQLQJ��7KH\�DUH�DOUHDG\�VXFFHVVIXOO\�WDNHQ�LQWR�DFFRXQW�ZLWKLQ�WKH�IUDPHZRUN�RI�D�
VWUXFWXUHG�SURFHGXUH�IRU�WKH�JRDO�RULHQWHG�GHVLJQ�RI�D�IDFWRU\
V�REMHFWV�>��@��7KH�IDFWRU\�SODQQLQJ�WDVNV�UH�
TXLUHG�IRU�WKLV�SXUSRVH��ZKLFK�QHHG�H[SHUW�RU�H[SHULHQWLDO�NQRZOHGJH�>��@��DUH�VXSSRUWHG�E\�D�FRPSUHKHQVLYH�
VHW�RI�PHWKRGV�DQG�GHVLJQ�SULQFLSOHV�>��@��7KHVH�DUH�WR�EH�WDNHQ�XS�ZLWKLQ�WKH�IUDPHZRUN�RI�SODQQLQJ�VXSSRUW�
IRU�KRVSLWDOV�DQG�DGDSWHG�WR�WKH�KRVSLWDO�V\VWHP���

)DFWRU\�SODQQLQJ�GLVWLQJXLVKHV�EHWZHHQ�URXJK�DQG�GHWDLOHG�SODQQLQJ��,Q�WKH�URXJK�SODQQLQJ�SKDVH��IDFWRU\�
SODQQHUV�FUHDWH�D�IHDVLEOH�IDFWRU\�FRQFHSW�WKDW�IXOILOV�WKH�GHILQHG�IDFWRU\�JRDOV�LQ�WKH�EHVW�SRVVLEOH�ZD\�>��@��
,Q�RUGHU� WR�DFKLHYH�HIILFLHQW�SURFHVVHV�� LW� LV�QHFHVVDU\�WR�UHDOLVH�D�IORZ�RULHQWDWLRQ�LQ�WKH�OD\RXW�>��@��7R�
VXSSRUW�WKH�KRVSLWDO�SODQQLQJ�GHFLVLRQV��JXLGLQJ�SULQFLSOHV�DUH�WR�EH�GHYHORSHG�UHJDUGLQJ�FHQWUDOLVDWLRQ�RU�
GHFHQWUDOLVDWLRQ�DV�ZHOO�DV�WKH�DUUDQJHPHQW�RI�IXQFWLRQDO�DUHDV�DQG�URRPV�LQ�DFFRUGDQFH�ZLWK�WKH�IORZ�RUL�
HQWDWLRQ��,Q�GHWDLOHG�SODQQLQJ��WKH�IDFWRU\�SODQQHUV�ZRUN�RXW�WKH�IDFWRU\�FRQFHSW�DQG�GHVFULEH�LW�LQ�GHWDLO�
>��@��,Q�WKLV�FRXUVH��WKH�IDFWRU\�REMHFWV��ZKLFK�DUH�WKH�PDWHULDO�RU�LPPDWHULDO�FRPSRQHQWV�RI�D�IDFWRU\�WKDW�LW�
LV�EXLOW�IURP�>��@��DUH�GHVLJQHG�WR�EH�WUDQVIRUPDEOH�>�����@���7KLV�ZD\��IDFWRULHV�FDQ�DGHTXDWHO\�HQFRXQWHU�
WKH�FKDQJH�GULYHUV�IURP�WKHLU�WXUEXOHQW�HQYLURQPHQW�>��������@��7R�DGDSW�KRVSLWDOV�WR�WKH�FKDQJH�GULYHUV�WKDW�
DIIHFW�WKHP��KRVSLWDO�SODQQLQJ�LV�DOVR�WR�EH�VXSSRUWHG�ZLWK�JXLGLQJ�SULQFLSOHV�WR�LQFUHDVH�WKH�WUDQVIRUPDELOLW\��
7KH�SURFHGXUH�WR�GHYHORS�WKH�JXLGLQJ�SULQFLSOHV�LV�LOOXVWUDWHG�LQ�)LJXUH���DQG�GHVFULEHG�EHORZ���

6LQFH�KRVSLWDOV��OLNH�IDFWRULHV��DUH�WR�EH�XQGHUVWRRG�DV�D�ORQJ�ODVWLQJ��FRPSOH[�DQG�VRFLR�WHFKQLFDO�V\VWHPV�
WKDW�DUH�VXEMHFW�WR�SHUPDQHQW�DGDSWDWLRQ�>�@��DQ�DQDO\VLV�RI�WKH�HQWLUH�KRVSLWDO�DV�D�VLQJOH�REMHFW�RI�LQYHVWLJD�
WLRQ�LV�QRW�H[SHGLHQW�>��@��)DFWRU\�SODQQHUV�WKHUHIRUH�VXEGLYLGH�WKH�IDFWRU\�LQWR�LQGLYLGXDO�IDFWRU\�REMHFWV�
>��@��VR�WKDW�WKHVH�FDQ�EH�GHVLJQHG�LQ�D�IORZ�RULHQWDWHG�DQG�WUDQVIRUPDEOH�PDQQHU�>��@���

,Q�RUGHU� WR�GHILQH�YDOLG�JXLGLQJ�SULQFLSOHV�IRU�KRVSLWDO�V\VWHPV�� WKH�ILUVW�VWHS� LV�WR�GHYHORS�D�GHVFULSWLRQ�
PRGHO�RI�WKH�KRVSLWDO�V\VWHP��$QDORJRXV�WR�IDFWRU\�SODQQLQJ��WKH�KRVSLWDO�REMHFWV�IRU�ODWHU�GHVLJQ�PXVW�EH�
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LGHQWLILHG�DQG�DVVLJQHG�WR�WKH�SUHYLRXVO\�GHILQHG�V\VWHP�OHYHOV�DQG�WKH�GHVLJQ�ILHOGV�>��@��,Q�WKH�VHFRQG�VWHS��
WKH�IORZ�UHODWLRQVKLSV�PXVW�EH�LGHQWLILHG�WR�EH�DEOH�WR�PDNH�VWDWHPHQWV�DERXW�IORZ�RULHQWDWLRQ�LQ�KRVSLWDOV��
)RU�WKLV�SXUSRVH��WKH�YDULRXV�IORZV�UHVXOWLQJ�IURP�WKH�SURFHVV�IORZV�PXVW�EH�FRPELQHG�LQWR�D�KROLVWLF�TXDQWLW\�
VWUXFWXUH�DQG�SUHVHQWHG�LQ�D�JHQHUDOO\�YDOLG�IORZ�GLDJUDP��7KH�VHUYLFH�QHWZRUN�PXVW�EH�GHSLFWHG�KROLVWLFDOO\�
VR�WKDW�DOO�IORZV�RI�SDWLHQWV��VWDII�DQG�PDWHULDO�DORQJ�WKH�SULPDU\�DQG�VHFRQGDU\�SURFHVVHV�DUH�VKRZQ��,Q�WKH�

�
)LJXUH����3URFHGXUH�WR�GHYHORS�WKH�*XLGLQJ�3ULQFLSOHV�IRU�)ORZ�2ULHQWDWLRQ�DQG�7UDQVIRUPDELOLW\�

WKLUG�VWHS��WDUJHW�VWUXFWXUHV�DUH�WR�EH�GHYHORSHG�EDVHG�RQ�WKH�IDFWRU\�VWUXFWXUHV�>��@�DQG�GLYLGHG�LQWR�IXQF�
WLRQDO�DUHDV�RU�GHSDUWPHQWV�WKDW�GHILQH�WKH�SURFHVV�IORZ��:LWK�WKH�KHOS�RI�SURFHVV�IORZ�PRGHOV�DQG�WDUJHW�
VWUXFWXUHV��IORZ�RULHQWHG�IXQFWLRQ�GLDJUDPV�DUH�GUDZQ�XS�DV�LQ�IDFWRU\�SODQQLQJ�>��@��7KHVH�VHUYH�DV�WKH�EDVLV�
IRU�FUHDWLQJ�WKH�LGHDO�DUUDQJHPHQW�YDULDQWV��IURP�ZKLFK�JXLGLQJ�SULQFLSOHV�IRU�WKH�LGHDO�DUUDQJHPHQW�RI�KRV�
SLWDO�DUHDV�DUH�WKHQ�WR�EH�GHULYHG��2QFH�WKH�JXLGLQJ�SULQFLSOHV�KDYH�EHHQ�GUDZQ�XS��WKH�URXJK�SODQQLQJ�LV�
FRPSOHWH��6XEVHTXHQWO\��WKH�JXLGLQJ�SULQFLSOHV�IRU�WUDQVIRUPDELOLW\�DUH�WR�EH�ZRUNHG�RXW�ZLWKLQ�WKH�IUDPH�
ZRUN�RI�GHWDLOHG�SODQQLQJ��,Q�WKH�IRXUWK�VWHS��D�PDWXULW\�PRGHO�PXVW�ILUVW�EH�GHYHORSHG�WR�DVVHVV�WKH�WUDQV�
IRUPDWLRQ�SRWHQWLDO�RI�WKH�LQGLYLGXDO�KRVSLWDO�REMHFWV��,Q�WKH�SURFHVV��LQGLYLGXDO�WUDQVIRUPDWLRQ�HQDEOHUV�IRU�
KRVSLWDO�V\VWHPV�DUH�WR�EH�WDNHQ�LQWR�DFFRXQW�LQ�DFFRUGDQFH�WR�IDFWRU\�SODQQLQJ�>��@��DQG�WKHQ��FKDUDFWHULVWLFV�
RI�WKH�LQGLYLGXDO�IDFWRU\�REMHFWV�WKDW�SRVLWLYHO\�RU�QHJDWLYHO\�LQIOXHQFH�WKH�WUDQVIRUPDWLRQ�SRWHQWLDO�DUH�WR�EH�
LGHQWLILHG��7KH�FKDUDFWHULVWLFV�VHUYH�DV�WKH�EDVLV�IRU�D�XWLOLW\�DQDO\VLV�WR�DVVHVV�WKH�WUDQVIRUPDELOLW\�RI�WKH�
ZKROH�KRVSLWDO��,Q�WKH�ILIWK�VWHS��WKH�UHTXLUHG�GHJUHH�RI�WUDQVIRUPDELOLW\�IRU�WKH�LQGLYLGXDO�KRVSLWDO�REMHFWV�
PXVW�LQLWLDOO\�EH�GHWHUPLQHG�LQ�RUGHU�WR�GHULYH�JXLGLQJ�SULQFLSOHV�IRU�WKH�GHYHORSPHQW�RI�VSDFH��WHFKQRORJ\�
DQG�RUJDQLVDWLRQDO�FRQFHSWV�WKDW�PHHW�WKH�UHTXLUHPHQWV��7R�WKLV�HQG��PHJDWUHQGV�LQ�WKH�KRVSLWDO�HQYLURQPHQW�
PXVW�EH�LGHQWLILHG�DQG�WKH�UHVXOWLQJ�FKDQJH�GULYHUV�IRU�KRVSLWDOV�DQG�WKHLU�HIIHFWV�RQ�WKH�IXQFWLRQDO�DUHDV�PXVW�
EH�GHULYHG��6XEVHTXHQWO\��SRVVLEOH�SODQQLQJ�YDULDQWV�RI�WKH�KRVSLWDO�REMHFWV�DUH�WR�EH�GHYHORSHG��IURP�ZKLFK�
JXLGLQJ�SULQFLSOHV�DUH�WR�EH�GHULYHG�GHSHQGLQJ�RQ�WKH�QHFHVVDU\�GHJUHH�RI�WUDQVIRUPDELOLW\��)LQDOO\��WKH�HV�
WDEOLVKHG�JXLGLQJ�SULQFLSOHV�IRU�IORZ�RULHQWDWLRQ�DQG�WUDQVIRUPDELOLW\�DUH�WR�EH�HYDOXDWHG�ZLWK�WKH�KHOS�RI�
FDVH�VWXGLHV�DQG�WKH�DFWLYH�LQYROYHPHQW�RI�KRVSLWDO�SUDFWLWLRQHUV�VXFK�DV�PDQDJHUV�RU�SK\VLFLDQV�LQ�ZRUN�
VKRSV��

�
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� 3UHUHTXLVLWHV�IRU�WUDQVIHUULQJ�IDFWRU\�SODQQLQJ�DSSURDFKHV�WR�KRVSLWDO�V\VWHPV�

,Q�RUGHU� WR�FRSH�ZLWK�H[WHUQDO� LQIOXHQFHV�RI�FRVW�SUHVVXUH�DQG�FKDQJH�GULYHUV��KRVSLWDO�V\VWHPV�DUH� WR�EH�
GHVLJQHG�IORZ�RULHQWDWHG�DQG�WUDQVIRUPDEOH��$V�GHVFULEHG�EHIRUH��WKH�DSSURDFK�LV�EDVHG�RQ�WKH�PHWKRGLFDO�
DSSURDFKHV�IURP�IDFWRU\�SODQQLQJ��,Q�RUGHU�WR�VXFFHVVIXOO\�WUDQVIHU�WKH�GHVFULEHG�SURMHFW�WR�WKH�KRVSLWDO�V\V�
WHP��SUHUHTXLVLWHV�PXVW�EH�PHW�LQ�WKH�KRVSLWDO��MXVW�DV�WKH\�DUH�LQ�IDFWRULHV��7R�GHVLJQ�WKH�KRVSLWDO�LQ�D�WDUJHWHG�
PDQQHU��KRVSLWDO�REMHFWV�PXVW�EH�LGHQWLILDEOH��SUHUHTXLVLWH�����7R�UHDOLVH�IORZ�RULHQWDWLRQ��IORZ�UHODWLRQVKLSV�
PXVW�H[LVW�LQ�KRVSLWDOV��SUHUHTXLVLWH�����,Q�WKH�IROORZLQJ��WKH�QHFHVVDU\�VLPLODULWLHV�EHWZHHQ�WKH�KRVSLWDO�DQG�
IDFWRU\�V\VWHPV�DUH�VKRZQ�DQG�EDVHG�RQ�WKLV��WKH�IXOILOPHQW�RI�WKH�SUHUHTXLVLWHV�LV�GHULYHG���

����+RVSLWDO�REMHFWV�

$V�VXPPDULVHG�LQ�)LJXUH����WKHUH�DUH�VLPLODULWLHV�EHWZHHQ�WKH�ILHOGV�DQG�OHYHOV�RI�ERWK�V\VWHPV��$V�H[SODLQHG�
LQ�PRUH�GHWDLO�EHORZ��REMHFWV�FDQ�EH�LGHQWLILHG�YLD�WKH�OHYHOV�RI�WKH�KRVSLWDO�DQG�VRUWHG�LQWR�WKH�PDWUL[�RI�
ILHOGV�DQG�OHYHOV��7KH�EDVLF�SRVVLELOLW\�RI�LGHQWLI\LQJ�KRVSLWDO�REMHFWV��DV�SUHUHTXLVLWH����LV�WKXV�IXOILOOHG��

�
)LJXUH����6LPLODULWLHV�EHWZHHQ�)DFWRULHV�DQG�+RVSLWDOV�WR�GHULYH�2EMHFWV�LQ�+RVSLWDO�6\VWHPV�

)DFWRULHV�DUH�GLYLGHG�LQWR�ILYH�IDFWRU\�ILHOGV�RI�WHFKQRORJ\��RUJDQLVDWLRQ��VSDFH��SHRSOH�DQG�OHDGHUVKLS�>��@��
$FFRUGLQJ�WR�WKHLU�GHILQLWLRQ��D�GLYLVLRQ�LQWR�WKHVH�ILYH�ILHOGV�FDQ�DOVR�EH�DSSOLHG�WR�KRVSLWDO�V\VWHPV��7HFK�
QLFDO�HTXLSPHQW�DQG�LQIUDVWUXFWXUH�DUH�QHFHVVDU\�IRU�WKH�SURYLVLRQ�RI�VHUYLFHV�LQ�KRVSLWDOV�>�@��7KH�REMHFWV�
XVHG�LQ�KRVSLWDOV�GLIIHU�IURP�WKRVH�XVHG�LQ�IDFWRULHV��EXW�FDQ�DOVR�EH�VWUXFWXUHG�LQ�SURGXFWLRQ��VWRUDJH��RU�
WUDQVSRUW��/LNH�IDFWRULHV�>��@��KRVSLWDOV�KDYH�VWUXFWXUDO�DQG�SURFHGXUDO�RUJDQLVDWLRQV�WKDW�LQIOXHQFH�WKH�TXDOLW\�
RI�KRVSLWDO�VHUYLFHV�>�@��7KH�DUHDV�LQ�KRVSLWDOV�DUH�FOHDUO\�GHILQHG�DQG�VWUXFWXUHG�IRU�WKH�EXLOGLQJ�E\�VWDQGDUGV�
DQG�VSHFLILFDWLRQV�DFFRUGLQJ�WR�WKH�',1�����>��@�DQG�DVSHFWV�VXFK�DV�WKH�SORW�RI�ODQG�RU�WKH�OD\RXW�DUH�DOVR�
WDNHQ�LQWR�DFFRXQW�>��@��,Q�DGGLWLRQ��KRVSLWDO�HPSOR\HHV�DUH�VXEMHFW�WR�KLHUDUFKLFDO�PDQDJHPHQW�>�@���

7KH�IDFWRU\�LV�KLHUDUFKLFDOO\�GLYLGHG�LQWR�ILYH�GLIIHUHQW�IDFWRU\�OHYHOV�IURP�WKH�SODQW�OHYHO�WR�WKH�IDFWRU\�OHYHO��
DUHDV��VXE�DUHDV�DQG�WR�WKH�ZRUN�VWDWLRQ��FRQVLGHULQJ�WKDW�HYHU\�OHYHO�HQFRPSDVVHV�DOO�RI�LWV�VXERUGLQDWH�OHYHOV�
>��@��,Q�DQDORJ\��KLHUDUFKLFDO�OHYHOV�FDQ�EH�LGHQWLILHG�DQG�VWUXFWXUHG�IRU�KRVSLWDOV��VXFK�DV�IURP�WKH�VSHFLDOLW\�
OHYHO�WR�WKH�ZRUN�VWDWLRQ�>�@��5HIHUULQJ�WR�WKH�H[DPSOH�WKDW�D�SODQW�PD\�LQFOXGH�VHYHUDO�IDFWRU\�KDOOV�DW�WKH�
IDFWRU\�OHYHO��D�ODUJH�KRVSLWDO�PD\�KDYH�VHYHUDO�VSHFLDOLWLHV�DW�RQH�ORFDWLRQ��7KHVH�VSHFLDOLWLHV�DUH�GLYLGHG�
LQWR�YDULRXV�DUHDV��H�J���VXUJLFDO�DUHDV�RU�ZDUGV��ZKLFK�LQ�WXUQ�DUH�GLYLGHG�LQWR�GLIIHUHQW�ZRUN�VWDWLRQV���

,Q�WKH�FRQWH[W�RI�IDFWRU\�SODQQLQJ��PDWHULDO�RU�LPPDWHULDO�UHVRXUFHV�DUH�QDPHG�IDFWRU\�REMHFWV�DQG�DUH�FODV�
VLILHG�LQ�WKH�PDWUL[�RI�IDFWRU\�ILHOGV�DQG�OHYHOV�>��@��'LIIHUHQW�UHVRXUFHV�FDQ�DOVR�EH�DOORFDWHG�WR�WKH�LQGLYLGXDO�
OHYHOV�LQ�WKH�KRVSLWDO�DQG�UHSUHVHQW�PDWHULDO�RU�LPPDWHULDO�FRPSRQHQWV��VXFK�DV�WKH�DOORFDWLRQ�RI�WKH�VXSSO\�
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VWUXFWXUH�WR�WKH�KRVSLWDO�OHYHO�RU�RI�PHGLFDWLRQV�DQG�RWKHU�PDWHULDOV�WR�WKH�ZRUNSODFH�OHYHO�>�@��$�GHILQLWLRQ�
RI�KRVSLWDO�REMHFWV�DQG�WKHLU�FODVVLILFDWLRQ�LQWR�KRVSLWDO�ILHOGV�DQG�OHYHOV�DUH�FRQVHTXHQWO\�SRVVLEOH��

����)ORZ�UHODWLRQVKLSV�LQ�WKH�KRVSLWDO�V\VWHP��

$V�H[SODLQHG�LQ�PRUH�GHWDLO�EHORZ�DQG�VXPPDULVHG�LQ�)LJXUH����WKHUH�DUH�VLPLODULWLHV�EHWZHHQ�WKH�SURGXFWV��
WKH�PDLQ�SURFHVVHV��DQG�WKH�ZRUNIORZV�RI�KRVSLWDO�DQG�IDFWRU\�V\VWHPV��7KLV�UHVXOWV�LQ�IORZ�UHODWLRQVKLSV��
SUHUHTXLVLWH���LV�WKHUHIRUH�DOVR�IXOILOOHG���

�
)LJXUH����6LPLODULWLHV�EHWZHHQ�)DFWRULHV�DQG�+RVSLWDOV�WR�GHULYH�)ORZ�5HODWLRQVKLSV�LQ�+RVSLWDO�6\VWHPV�

3URGXFWV�DUH�XQGHUVWRRG�DV�RXWSXW�RI�D�PDQXIDFWXULQJ�FRPSDQ\��ZKLFK�LV�PDGH�DYDLODEOH�WR�FRQVXPHUV�IRU�
SXUFKDVH�>��@��7KH�SURGXFW�RI�D�KRVSLWDO�LV�WKH�UHDG\�WUHDWHG�SDWLHQW��)RU�WKLV�SXUSRVH��VHUYLFHV�DUH�SURYLGHG��
VXFK�DV�QXUVLQJ�FDUH��DQ�H[DPLQDWLRQ��RU�DQ�RSHUDWLRQ�� ,Q�RUGHU� WR�EH�DEOH� WR�RIIHU� WKH� VHUYLFHV��SK\VLFDO�
FRPPRGLWLHV�RU�FRQVXPDEOHV�DUH�RIWHQ�QHFHVVDU\��VXFK�DV�PHGLFLQHV��;�UD\V�RU�VXUJLFDO�LQVWUXPHQWV��7KH�
WUHDWPHQW�RI�D�SDWLHQW�GHSHQGV�RQ�GLDJQRVLV��SURFHGXUHV��DJH��VH[�DQG�SRVVLEOH�FRPSOLFDWLRQV�RU�FRPRUELGL�
WLHV��LQ�VXPPDU\�'5*V��7KLV�OHDGV�WR�D�KLJK�YDULDQFH�RI�SURGXFWV�DQG�WR�WKH�DVVXPSWLRQ�WKDW�KRVSLWDOV�FDQ�
EH�XQGHUVWRRG�DV�PXOWL�SURGXFW�IDFWRULHV�>��@��,I�WKH�SURGXFWV�RI�IDFWRULHV�DUH�GLIIHUHQWLDWHG�LQWR�YDULDQWV�SHU�
SURGXFW�JURXS�>��@��DQDORJRXVO\�WKH�SURGXFWV�LQ�KRVSLWDOV�FDQ�EH�GLIIHUHQWLDWHG�E\�SDWLHQWV�SHU�'5*���

+RVSLWDO�SURFHVVHV�UHTXLUHG�WR�GHOLYHU�VHUYLFHV�FDQ�EH�GLYLGHG�LQWR�SULPDU\�DQG�VHFRQGDU\�SURFHVVHV��3DWLHQW�
WUHDWPHQW�UHSUHVHQWV�WKH�SULPDU\�SURFHVV�RI�D�KRVSLWDO�>��@��7KLV�FRPSULVHV�DOO�WDVNV�RI�DQDPQHVLV��GLDJQRV�
WLFV��DQG�WKHUDS\�IURP�DGPLVVLRQ�WR�GLVFKDUJH��ZKHUHE\�LWHUDWLRQV�EHWZHHQ�GLDJQRVLV�DQG�WKHUDS\�DUH�SRVVL�
EOH��6HFRQGDU\�SURFHVVHV�VXSSRUW�WKH�SULPDU\�SURFHVV�E\�SURYLGLQJ�WKH�VHUYLFHV�QHFHVVDU\�IRU�WUHDWPHQW�>��@��
6LQFH�WKH�QHFHVVDU\�SURFHVVHV�LQ�IDFWRU\�V\VWHPV�DUH�DOVR�VXEGLYLGHG��WKHUH�LV�D�IXUWKHU�DQDORJ\�EHWZHHQ�WKH�
WZR�V\VWHPV��,Q�IDFWRULHV��WKHUH�DUH�WKH�FRUH�SURFHVVHV�IRU�VHUYLFH�SURYLVLRQ��ZKLFK�LQFOXGH�VWRUDJH��PDQX�
IDFWXULQJ��DQG�DVVHPEO\�IURP�DUULYDO�WR�GHSDUWXUH�RI�JRRGV��7KHVH�DUH�DVVLVWHG�E\�VXSSRUW�SURFHVVHV�>��@���

+RVSLWDO�DQG�IDFWRU\�V\VWHPV�KDYH�GHILQHG�ZRUNIORZV��)RU�IDFWRULHV��WKLV�UHVXOWV�IURP�WKH�ZRUN�SODQ��ZKLFK�
LV�GHULYHG�IURP�WKH�FRQVWUXFWLRQ�DQG�SURGXFWLRQ�ELOO�RI�PDWHULDOV�>��@��:RUNIORZV�LQ�KRVSLWDOV�DUH�GHWHUPLQHG�
E\�FOLQLFDO�SDWKZD\V��&OLQLFDO�SDWKZD\V�DUH�GHYHORSHG�IRU�GLVHDVH�SDWWHUQV�DQG�JURXS�LQGLYLGXDO�FDVHV�LQWR�D�
KRPRJHQHRXV�JURXS�EDVHG�RQ�FHUWDLQ�LQGLFDWRUV�RU�V\PSWRPV�>����@��6WDUWLQJ�IURP�D�GLDJQRVLV��WKH�FOLQLFDO�
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SDWKZD\�UHSUHVHQWV�D�FRQVHQVXV�DFURVV�SURIHVVLRQDO�JURXSV�DQG�LQVWLWXWLRQV�IRU�WKH�VXFFHHGLQJ�VHTXHQFH�RI�
GLDJQRVWLF�DQG�WKHUDSHXWLF�PHDVXUHV�ZLWKLQ�WKH�IUDPHZRUN�RI�LQSDWLHQW�WUHDWPHQW�>�����@��

)RU�WKH�YDULRXV�GLDJQRVWLF�DQG�WKHUDSHXWLF�PHDVXUHV��SDWLHQWV�SDVV�WKURXJK�GLIIHUHQW�FOLQLFDO�GHSDUWPHQWV�RI�
WKH�KRVSLWDO�IRU�WUHDWPHQW�>��@��7KH�FRPELQDWLRQ�RI�SULPDU\�DQG�VHFRQGDU\�SURFHVVHV�UHVXOWV�LQ�D�QHWZRUN�RI�
VHUYLFHV�LQ�WKH�KRVSLWDO�FRQVLVWLQJ�RI�LQWHUQDO�FXVWRPHU�VXSSOLHU�UHODWLRQVKLSV�>��@��VLPLODU�WR�IDFWRULHV�>��@��
7KLV�OHDGV�WR�D�PXOWLWXGH�RI�IORZ�UHODWLRQVKLSV��IRU�H[DPSOH��RI�SDWLHQWV��HPSOR\HHV��RU�PDWHULDO��,Q�FDVH�RI�
DYDLODELOLW\�RI�QHFHVVDU\� IORZ� LQIRUPDWLRQ�� WKH� UHODWLRQVKLSV�FDQ�EH�UHSUHVHQWHG� LQ�D� VWUXFWXUHG�DQG�FOHDU�
PDQQHU�LQ�PDWULFHV��DV�WKH\�DUH�DOVR�XVHG�LQ�IDFWRU\�SODQQLQJ��

����'LIIHUHQFHV�EHWZHHQ�KRVSLWDO�DQG�IDFWRU\�V\VWHPV�

2I�FRXUVH��KRVSLWDO�V\VWHPV�DUH�QRW�FRPSDUDEOH�ZLWK�IDFWRU\�V\VWHPV�LQ�DOO�DVSHFWV��+RVSLWDOV�KDYH�URXWLQH�
SDWLHQW�WUHDWPHQWV��EXW�DOVR�D�ODUJH�SURSRUWLRQ�RI�HPHUJHQF\�FDVHV��7KH�RFFXUUHQFHV�RI�HPHUJHQF\�FDVHV�LV�
QRUPDOO\�WDNHQ�LQWR�DFFRXQW��KRZHYHU�WKH�LQGLYLGXDO�DQG�KLJKO\�GLYHUJLQJ�WUHDWPHQWV�FDQ�RQO\�EH�GHWHUPLQHG�
DIWHU�H[DPLQLQJ�WKH�SDWLHQWV��,Q�DGGLWLRQ��LQ�ODUJH�LQFLGHQWV��LW�LV�GLIILFXOW�WR�SODQ�QRW�RQO\�WKH�DFWLYLWLHV�WR�EH�
FDUULHG�RXW�EXW�DOVR�WKH�QXPEHU�RI�WUHDWPHQWV�>��@��7KLV�VKRUW�WHUP�RUGHU�SODQQLQJ�LV�XQXVXDO�IRU�PDQXIDF�
WXULQJ�FRPSDQLHV��WKH\�SODQ�LQ�DGYDQFH�DQG�DGMXVW�WKHLU�IDFWRU\�RSHUDWLRQV�DFFRUGLQJO\��$OWKRXJK�WKH�HPHU�
JHQF\�GHJUHH�LV�QRW�FRPSDUDEOH�ZLWK�WKRVH�LQ�KRVSLWDOV��DQG�WKH\�GR�QRW�GHDO�ZLWK�KXPDQ�OLYHV��PDQXIDFWXULQJ�
FRPSDQLHV�LQ�WKH�ILHOG�RI�PDLQWHQDQFH��UHSDLU�DQG�RYHUKDXO�DUH�IDPLOLDU�ZLWK�WKHVH�FKDOOHQJHV��%HIRUH�WKH\�
WDNH�DFWLRQ��VLPLODU�WR�SDWLHQWV� LQ�KRVSLWDOV�� WKH�SURGXFW�PXVW�EH�DVVHVVHG�WR�GHWHUPLQH�WKH�QH[W�FRXUVH�RI�
DFWLRQ�>�����@��,Q�JHQHUDO��WKLV�IDFW�SOD\V�D�VXEVLGLDU\�UROH�LQ�WUDQVIHUDELOLW\�RI�IDFWRU\�SODQQLQJ�PHWKRGV�WR�
KRVSLWDO�V\VWHPV��DV�ORQJ�DV�WKH�LQGLYLGXDO�FKDUDFWHULVWLFV�RI�KRVSLWDOV�DUH�WDNHQ�LQWR�DFFRXQW�DFFRUGLQJO\��
)RU�IORZ�RULHQWDWLRQ��IORZ�UHODWLRQVKLSV�PXVW�FRQVLGHU�DOO�DFWLYLWLHV�DQG�SURFHGXUHV��URXWLQH�DQG�HPHUJHQF\�
WUHDWPHQWV��DV�ZHOO�DV�WKHLU�UHVSHFWLYH�IUHTXHQFLHV��SUHUHTXLVLWH�����)XUWKHU��KRVSLWDO�REMHFWV�PXVW�HQVXUH�WKDW�
DOO�SRVVLEOH�REMHFWV�IURP�DFWLYLWLHV�DQG�SURFHVVHV�RI�HPHUJHQF\�WUHDWPHQW�DUH�LQFOXGHG��SUHUHTXLVLWH������

� 6XPPDU\�DQG�RXWORRN�

([WHUQDO�LQIOXHQFHV�VXFK�DV�FRVW�SUHVVXUH�DQG�FKDQJH�GULYHUV�UHTXLUH�IORZ�RULHQWDWLRQ�DQG�WUDQVIRUPDELOLW\�
RI�KRVSLWDO�V\VWHPV��ZLWK�LQWHUQDO�FKDUDFWHULVWLFV�FRXQWHUDFWLQJ�WKLV��'HPDQGV�IRU�IORZ�RULHQWDWLRQ�DQG�WUDQV�
IRUPDELOLW\�DOUHDG\�H[LVW�IRU�IDFWRULHV��2YHU�WLPH��IDFWRU\�SODQQLQJ�KDV�GHYHORSHG�VXFFHVVIXO�PHWKRGV�ZLWK�
ZKLFK�V\VWHPV�FDQ�EH�GHVLJQHG�DFFRUGLQJO\��6LQFH�WKHVH�KDYH�EHHQ�ODFNLQJ�IRU�KRVSLWDO�V\VWHPV�VR�IDU��WKLV�
SDSHU�SUHVHQWV�D�SURFHGXUH�ZLWK�ZKLFK�WKH�IDFWRU\�SODQQLQJ�PHWKRGV�IRU�IORZ�RULHQWDWLRQ�DQG�WUDQVIRUPDELOLW\�
FDQ�EH�WUDQVIHUUHG�WR�KRVSLWDO�V\VWHPV��+RZHYHU��D�FRQGLWLRQ�IRU�WKH�VXFFHVVIXO�LPSOHPHQWDWLRQ�RI�IORZ�RUL�
HQWDWLRQ�DQG�WUDQVIRUPDELOLW\�LQ�KRVSLWDO�V\VWHPV�LV�WKH�VLPLODULW\�EHWZHHQ�WKH�WZR�V\VWHPV��+RVSLWDO�REMHFWV�
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RI�3URGXFWLRQ�6\VWHPV�DQG�/RJLVWLFV��,)$��DW�WKH�/HLEQL]�8QLYHUVLW\�+DQQRYHU�VLQFH�������
�

'U��,QJ�6KLYD�)DHJKL��
������LV�D�SRVW�GRFWRUDO�UHVHDUFKHU�DW�WKH�,QVWLWXWH�RI�7HFKQRORJ\�
DQG�0DQDJHPHQW�LQ�&RQVWUXFWLRQ�DW�.DUOVUXKH�,QVWLWXWH�RI�7HFKQRORJ\��+HU�PDLQ�UHVHDUFK�
LQWHUHVWV� DUH� RSHUDWLRQV� UHVHDUFK� LQ� KHDOWKFDUH� DV�ZHOO� DV� VLPXODWLRQ� DQG� RSWLPL]DWLRQ� RI�
KHDOWKFDUH�SURFHVVHV��6KH�SXUVXHV�LQWHUGLVFLSOLQDU\�UHVHDUFK�DUHDV�WR�DGGUHVV�UHVHDUFK�SUDF�
WLFH�JDSV�LQ�KRVSLWDO�DQG�KHDOWKFDUH�PDQDJHPHQW��

/HQQDUW�+LQJVW��0�6F���
������VWXGLHG�WHFKQLFDO�ORJLVWLFV�DW�WKH�8QLYHUVLW\�RI�'XLVEXUJ�
(VVHQ��$IWHU�KLV�VWXGLHV�/HQQDUW�+LQJVW�ZRUNHG�LQ�WKH�LQGXVWU\�IRU�\HDUV��1RZ�KH�ZRUNV�DV�D�
UHVHDUFK�DVVRFLDWH�LQ�WKH�VSHFLDOLVW�IDFWRU\�SODQQLQJ�JURXS�DW�WKH�,QVWLWXWH�RI�3URGXFWLRQ�6\V�
WHPV�DQG�/RJLVWLFV��,)$��DW�WKH�/HLEQL]�8QLYHUVLW\�+DQQRYHU�VLQFH�������

�

3URI�� 'U��,QJ�� KDELO�� 3HWHU� 1\KXLV� �
������ VWXGLHG� PHFKDQLFDO� HQJLQHHULQJ� DW�
/HLEQL]� 8QLYHUVLW\� +DQQRYHU� DQG� VXEVHTXHQWO\� ZRUNHG� DV� D� UHVHDUFK� DVVRFLDWH� DW� ,)$��
$IWHU� FRPSOHWLQJ� KLV� GRFWRUDWH� LQ� HQJLQHHULQJ�� KH� UHFHLYHG� KLV� KDELOLWDWLRQ� EHIRUH�
ZRUNLQJ� DV� D� PDQDJHU� LQ� WKH� ILHOG� RI� VXSSO\� FKDLQ� PDQDJHPHQW� LQ� WKH� HOHFWURQLFV� DQG�
PHFKDQLFDO�HQJLQHHULQJ�LQGXVWU\��+H�LV�KHDGLQJ�WKH�,)$�VLQFH�������

3URI��'U��,QJ��.XQLEHUW�/HQQHUWV��
������LV�KROGLQJ�WKH�SURIHVVRUVKLS�IRU�)DFLOLW\�0DQ�
DJHPHQW�DW�.DUOVUXKH�,QVWLWXWH�RI�7HFKQRORJ\�VLQFH������DQG�ZDV�DSSRLQWHG�WR�WKH�ILUVW�XQL�
YHUVLW\�SURIHVVRUVKLS�LQ�)DFLOLW\�0DQDJHPHQW�LQ�*HUPDQ\��+LV�PDLQ�UHVHDUFK�DUHDV�DUH�IDFLO�
LW\�PDQDJHPHQW�DQG�VXVWDLQDELOLW\�ZLWK�VSHFLDO�IRFXV�RQ�KXJH�UHDO�HVWDWH�SRUWIROLRV�DQG�KRV�
SLWDOV��
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