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.lHVROHYD�PDJLVWULW||� HHVPlUJLNV� ROL� SURMHNWHHULGD�� DQDO��VLGD� MD� YDOPLVWDGD� VHDGH��

PLOOHJD� RQ� Y}LPDOLN�P}}WD� MD� VHDGLVWDGD� URRPLNV}LGXNL� YHRDMDPLW�� 6HDGH� RQ� YDMDOLN�

XXGVH�URRPLNV}LGXNL�SURWRW��EL�DUHQGDPLVHNV�MD�WHVWLPLVHNV�

7||�HVLPHVHV� RVDV�SDQGL� SDLND� Q}XGPLVHG��PLGD�P}}WHVHDGH�SHDE�ROHPD�Y}LPHOLQH�

WlLWPD� QLQJ� M}XG� PLGD� SHDE� ROHPD� VXXWHOLQH� YDVWX� Y}WPD�� (QQHP� SURMHNWL� VLVVH�

V�YHQHPLVW�� WHKWL� WXUX�XXULQJ��RWVLPDNV�HULQHYDLG�YDOPLVWRRWHLG��PLGD�ROHNV�Y}LPDOLN�

NDVXWDGD MD� PLV� WlLGDNVLG� �OHVDQGHV� S�VWLWDWXG Q}XGPLVL�� .XQD� VRELYDW� VHDGHW

RVWXWRRGHWH� VHDVW� HL� OHLWXG�� KDNDWL� YlOMD� P}WOHPD XXGVHW� ODKHQGXVW� SUREOHHPL�

ODKHQGDPLVHNV��.XQD RWVXVWDWL�OXXD�P}}WHVHDGH�LVH��VLLV�DOXVWDWL�VHOOHNV�YDMDOLNH�Q}XHWH�

�OHV� PlUNLPLVHJD� 6HHMlUHO� DOXVWDWL� S}KMDOLNXPDOW� XXULPD� ROHPDVROHYDLG� WRRWHLG��

NRJXPDNV LGHLG� PLGD�UDNHQGDGD�ND�NlHVROHYDVW�SURMHNWLV��6HHMlUHO�NRRVWDWL�WDEHO��NXV�

Y}UUHOGL� NROPH� HULQHYDW� OLJLOlKHGDVW� VHDGHW� MD� QHQGH� IXQNWVLRRQH WHDEHLQIR�

VXXUHQGDPLVHNV�

3HDOH�WXUX�XXULQJX�OlELYLLPLVW�KDNDWL�ILNVHHULPD�Q}XGHLG��PLGD�SHDE�WlLWPD�YDOPLVWDWDY�

VHDGH�� 3HDOH� IXQNWVLRRQLGH� ODKWL� NLUMXWDPLVW� MD� P}WOHPLVW�� NRRVWDWL� QHQGH� S}KMDO�

PRUIRORRJLOLQH� PDDWULNV�� NXV� MDRWDWL� WDEHOLVVH� IXQNWVLRRQLG� MD� QHQGH� MlUHOH� KDNDWL�

JHQHUHHULPD�N}LNH�LGHLG�PLV�ROLG�VRELOLNXG�MD ROHNVLG�Y}LPHOLVHG�ODKHQGDPD�HWWHDQWXG

IXQNWVLRRQL�� 0RUIRORRJLOLVH�PDDWULNVL� S}KMDO� JHQHUHHULWL� HVLPHVHG� LGHHG��PLOOLQH� Y}LNV�

SURMHNWHHULWDY�VHDGH�YlOMD�QlKD��(HOQHYDOW�JHQHUHHULWXG�LGHHGH�S}KMDO�SDQGL�NLUMD�NROP�

ODKHQGXVNlLNX�NRRV�NXMXWDYDWH� MRRQLVWHJD��6HHMlUHO�PlUJLWL� LJD�YDULDQGL� MXXUGH� WHPD�

WXJHYDG� N�OMHG� MD� Q}UJDG� N�OMHG�� PLOOH� SXKXO� VDL� RWVXVWDGD� PLOOLVHLG� RPDGXVL� XXGH�

VHDGPHVVH��OH�NDQGD�MD�PLOOLVHLG�PLWWH�

.XL�N}LN�HHOQHYDG�HWDSLG�OlELWXG��NRRVWDWL�ROHPDVROHYD�WHDEH�S}KMDO�KLQGDPLVPDDWULNV��

+LQGDPLVPDDWULNVLV�Y}UUHOGDNVH�NROPH�YlOMD�P}HOGXG� ODKHQGXVYDULDQWL� IXQNWVLRRQLGHV�

NLUMHOGDWXG� Q}XHWH� MlUJL�� ,JDOH� IXQNWVLRRQLOH� DQWL� RPD� RVDWlKWVXV�� QLQJ� Y}UUHOGL� N}LNL�

ODKHQGL� YDULDQWL� VDPDGH�SDUDPHHWULWH� MlUJL�� 9DULDQW�PLV� VDL� N}LJH� VXXUHPD�SXQNWLGH�

VXPPD�RVXWXV�YDOLWXNV��QLQJ�DOXVWDWL�YDMD�PLQHYDWH�NRPSRQHQWLGH�RWVLPLVHJD�

0}}WHVHDGPH�NRRVW�NRRVQHE�NROPHVW�SHDPLVHVW NRPSRQHQGLVW��6HDGPH�W||�WDJDPLVHNV�

RQ�WXOL�YlOMD�YDOLGD�VRELY�NDUGDDQY}OO��UHGXNWRU�QLQJ�HOHNWULPRRWRU��.XQD�HOHNWULPRRWRU�

ROL�HHOQHYDOW�SDLND�PllUDWXG��WXOL�YlOMD�YDOLGD�VRELY�UHGXNWRU�MD�NDUGDDQY}OO��HW�WDJDGD�

�KHQGXV V}LGXNL�MD�VHDGPH�YDKHO��.}LJH�NHHUXNDPDNV�RVXWXV�VRELYD�UHGXNWRUL�OHLGPLQH��

NXQD�Q}XWXG�S||UOHPLVVDJHGXV�������S�PLQ��RVXWXV�OLLJD�N}UJHNV�QLQJ�HL�ROQXG�Y}LPDOLN�

OHLGD�UHGXNWRULW�PLV�Q}XWXG�S||UHWHYDKHPLNNX�MD�YllQGHPRPHQWL�NDQQDWDNVLG��6XKHOGL�

SDOMXGH� (HVWL� HWWHY}WHWHJD� QLQJ� ND�PLWPH� YlOLVPDD� HWWHY}WWHJD�� 9DOLWXG� UHGXNWRULNV�

RVXWXV�:LWWHQVWHLQL�WRRGH��3HDOH�UHGXNWRUL�YlOMD�YDOLPLVW�VDL�DOXVWDGD�VHDGPH�DOXVUDDPL�

NRRVWDPLVHJD��HW�NLQQLWDGD�YDMDOLNXOH�N}UJXVHOH�DQWXG�NRPSRQHQGLG��(OHNWULPRRWRUL�MD�
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UHGXNWRUL �KHQGDPLVHNV� SURMHNWHHULWL� YDKHSODDW� GHWDLOLGH� RPDYDKHOLVHNV� �KHQGXVHNV�

QLQJ� ND� YHRY}OO�� PLV� NDQQDE� �OH� S||UOHYDW� OLLNXPLVW� HOHNWULPRRWRULOW UHGXNWRULOH� MD�

YDVWXSLGL� 3HDOH� DOXVUDDPL� YDOPLVWDPLVW� WXOL� YHHO� RWVLGD� VRELY� NDUGDDQ� QLQJ� HODVWQH�

HOHPHQW� YHRDMDPL� NDLWVHNV� �OHNRRUPXVH� YDVWX�� 9DOLWXG� NDUGDDQLOH� SURMHNWHHULWL� NDNV�

DGDSWHULW�� PLOOH� �OHVDQGHNV� RQ� WDJDGD� �KHQGXV� NDUGDDQL� �KHQGDPLVHNV� HODVWVH�

HOHPHQGLJD�MD�HODVWVH�HOHPHQGL��KHQGDPLQH�RPDNRUGD�V}LGXNL�YlOMXQGIODQWVL�N�OJH�

9LLPDVHV� HWDSLV�� NXL� NRPSRQHQGLG� YDOLWXG� MD� NRRVW� YDOPLV� SURMHNWHHULWXG�� DOXVWDWL�

ROHPDVROHYDWH� NRPSRQHQWLGH� DQDO��VLPLVHJD� MD� DUYXWDPLVHJD�� YHHQGXPDNV�� HW�

NRPSRQHQGLG� SHDYDG� VHDGPHOH� HWWHQlKWXG� M}XGXGHOH� YDVWX� 9LLPDNV� NRRVWDWL� KLQQD�

DUYXWXV�MD�SURMHNWHHULWXG�GHWDLOLGH�W||MRRQLVHG�MD�NRRVWXGH�NHHYLVMRRQLVHG�
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7KH�WRSLF�RI�WKLV�WKHVLV�ZDV�WR�GHVLJQ��DQDO\]H�DQG�FUHDWH�D�GHYLFH�WKDW�LV�FDSDEOH�RI�

PHDVXULQJ�DQG�FRQILJXUDWLQJ�D�GULYH�V\VWHP�RI�D�WUDFNHG�YHKLFOH��7KH�GHYLFH�LV�QHHGHG�

WR�GHYHORS�DQG�WHVW�D�QHZ�PRGHO�RI�WUDFNHG�YHKLFOH�SURWRW\SH�

7KH�ILUVW�SDUDJUDSK�IRFXVHV�RQ�WKH�EDVLF�SDUDPHWHUV�WKDW�WKH�GHYLFH�PXVW�EH�DEOH�WR�

KDQGOH�DQG�ZKLFK�IRUFHV�LW�PXVW�EH�DEOH�WR�UHFHLYH��%HIRUH�IRFXVLQJ�RQ�EXLOGLQJ�D�QHZ�

GHYLFH�� DXWKRU�PDGH� D�PDUNHW� UHVHDUFK� WR� ILQG� DQ\� VLPLODU� SURGXFWV� WKDW� ZRXOG� EH�

VXLWDEOH�IRU�WKH�WDVN� 6LQFH�WKH�PDUNHW�VHDUFK�GLG�QRW�SURYLGH�D�VXLWDEOH�VROXWLRQ��DXWKRU�

VWDUWHG�GRLQJ�UHVHDUFK�IRU�FUHDWLQJ�FRPSOHWHO\�QHZ�GHYLFH��)LUVW�WDVN�ZDV�WR�SULRULWL]H�

DQG�ZULWH�GRZQ�WKH�UHTXLUHPHQWV�IRU�GHYLFH��6LQFH�LW�ZDV�D�QHZ�GHVLJQ��WKHUH�ZDV�DQ�

RSSRUWXQLW\�WR�IXOILOO�DOO�GHVLUHG�QHHGV�IRU�WKH�SURMHFW��$IWHU WKH�EDVLF�UHTXLUHPHQWV ZHUH�

FOHDU��WKHQ�DXWKRU�VWDUWHG�WR�GR�PRUH�UHVHDUFK�WR�ILQG�RXW�KRZ�RWKHU�VLPLODU�SURGXFWV�

ZRUN�DQG�ZKDW�FRPSRQHQWV�WKH\�XVH��,W�ZDV�D�JRRG�ZD\�WR�JDWKHU�LGHDV�WR�XVH LQ�WKH�

QHZ�GHYLFH��%DVHG�RQ�WKH�NQRZOHGJH�IURP�UHVHDUFK��DXWKRU�FUHDWHG�D�WDEOH�WR�FRPSDUH�

GLIIHUHQW�SURGXFWV�

$IWHU�WKH�PDUNHW�VHDUFK�ZDV�GRQH��DXWKRU�VWDUWHG�WR�DVVLJQ�IXQFWLRQV�WKDW�WKH�QHZ�GHYLFH�

PXVW� EH� DEOH� WR� IXOILOO�� %DVHG� RQ� WKH� IXQFWLRQV� OLVW�� D� PDWUL[� ZDV� IRUPHG�� WR� KHOS�

FDWHJRUL]H� IXQFWLRQV� ZLWK� WKHLU� SRVVLEOH� VROXWLRQV� %DVHG� RQ� WKRVH� IXQFWLRQV� DQG�

VROXWLRQV��WKH�ILUVW�LGHDV�ZHUH�FUHDWHG��WR�LOOXVWUDWH�KRZ�WKH�GHYLFH�ZRXOG�ORRN DQG�ZRUN�

OLNH��7KUHH�GLIIHUHQW�VNHWFKHV�IRU�GLIIHUHQW�VROXWLRQV�ZHUH�PDGH��DQG�WKHLU�VWUHQJWKV�DQG�

ZHDNQHVVHV�ZHUH�ZULWWHQ�GRZQ�

$IWHU�WKDW��D�FRVW�PDWUL[�ZDV�FUHDWHG��,Q�WKH�PDWUL[��WKRVH�WKUHH�VROXWLRQV�WKDW�DXWKRU�

FDPH�XS�ZLWK��ZHUH�RQFH�DJDLQ�SXW�LQWR�WDEOH��ZKHUH�HYHU\�IXQFWLRQ�ZDV�JLYHQ�WKHLU�RZQ�

YDOXH��VR�WKDW�LW�ZRXOG�EH�SRVVLEOH�WR�FRPSDUH�WKHP�EHWZHHQ�HDFKRWKHU��)URP�WKDW�WDEOH��

WKH�KLJKHVW�VFRULQJ VROXWLRQV�IRU�QDPHG�IXQFWLRQV�ZDV�FKRVHQ��%DVHG�RQ�WKHVH�UHVXOWV��

WKHUH�QRZ�ZDV�HQRXJK�LQIRUPDWLRQ�WR�VWDUW�VHDUFKLQJ�IRU�WKH�QHHGHG�FRPSRQHQWV�

7KH�PHDVXULQJ� GHYLFH� FRQVLVW� RI� WKUHH�PDLQ� FRPSRQHQWV�� 7KRVH� DUH� SURSHOOHU� VKDIW��

UHGXFHU�DQG�HOHFWULFDO�PRWRU��6LQFH�WKH�FRPSDQ\�DOUHDG\�RZQV�D�VXLWDEOH�HO�PRWRU��WKHQ�

LW�ZDV�QHFFHVVDU\�WR�ILQG�FRPSRQHQWV�WKDW�ZRXOG�ZRUN�ZLWK�WKDW�PRWRU��5HGXFHU�ZDV�

WKH�KDUGHVW�FRPSRQHQW�WR�ILQG��VLQFH�LW�KDG�WR�EH�DEOH�WR�KDQGOH�XS�WR������USP�DQG�

����� 1P� RI� WRUTXH�� $XWKRU� KDG� GLVFXVVLRQV� DERXW� WKH� FRPSRQHQWV� ZLWK� GLIIHUHQW�

FRPSDQLHV� LQ�(VWRQLD�DQG�DOVR�VRPH�IRUHLJQ�FRXQWU\�FRPSDQLHV��$IWHU�D� ORQJ�WLPH�RI�

UHVHDUFKLQJ��ILQDOO\�D�VXLWDEOH�UHGXFHU�ZDV�IRXQG�E\�WKH�FRPSDQ\�RI�:LWWHQVWHLQ��6LQFH�

DXWKRU�KDG�DQ�HO�PRWRU�DQG�UHGXFHU�&$'�PRGHOV��WKHQ�LW�ZDV�SRVVLEOH�WR�VWDUW�PDNLQJ�D�



��

EHQFK�IRU�WKH�FRPSRQHQWV�WR�DWWDFK�RQ��$OVR�D�DGDSWHU�SODWH�ZDV�FUHDWHG�EHWZHHQ�WKH�

PRWRU�DQG�UHGXFHU��WR�HQVXUH WKHLU�FRQFHQWULFLW\��VR�WKDW� LW�ZRXOG�EH�DEOH�WR�FRQQHFW�

WKRVH�FRPSRQHQWV�ZLWK�D�GULYH�VKDIW��7KHUH�ZDV�DOVR�D�QHHG�IRU�DQ�HODVWLF�FRXSOLQJ��WR�

UHGXFH�WKH�WRUTXH�SHDNV�DQG�SURWHFW�WKH�GHYLFH�IURP�WRR�KLJK�ORDGV�

$IWHU� WKH� FRPSRQHQWV� ZHUH� FKRVHQ� DQG� DVVHPEO\� GRQH�� DXWKRU� VWDUWHG� WR� FUHDWH�

GUDZLQJV� IRU�HYHU\�GHWDLO� DQG�DVVHPEO\� WKHUH�ZDV��$IWHU� WKDW��)(0�VLPXODWLRQV�ZHUH�

GRQH�WR�HQVXUH�WKH�VDIHW\�DQG�VWUHQJWK�RI�WKH�DVVHPEO\��VR�LW�ZRXOG�QRW�EUHDN�XQGHU�

WKH�ORDG�


