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�YLHZ��SRZHU�DQG�ZHDOWK�DUH�DW�LQGXVWU\�DQG�DW�FLWLHV��DQG�SRYHUW\�DQG�GHSULYDWLRQ���DUH�SDUW�RI�YLOODJHU¶V�OLIH��3RZHU�DQG�ZHDOWK�RI�FLWLHV�RI� ZRUOG� KDV� DEVRUEHG� H[SHUWV�� VRXUFHV� DQG� QHHGHG�UHVHDUFK�IDFLOLWLHV�IRU�SURGXFLQJ�DQG�GLVVHPLQDWLQJ���

NQRZOHGJH�� .QRZOHGJH� RI� WKHVH� PRGHUQ� FHQWHUV� LV�FRQVLGHUHG�VFLHQWLILF��DGYDQFHG��DQG�YDOLG�DQG�HQMR\V�SUHPLXP�WHFKQRORJ\��+H�ODEHOHG�WKLV�JURXS�DV�³ILUVW´�DQG�LQ�FRQWUDVW�³ODVW´�IRU�GHSULYHG�YLOODJHUV��%HFDXVH��SUHIHUHQFHV� DQG� YDOXHV� RI� WKHVH� WZR� JURXSV� DUH�GLIIHUHQW���7KHLU� NQRZOHGJH� DQG� DWWLWXGHV� DUH� DOVR�GLIIHUHQW��KH�EHOLHYHV�WKDW�VLQFH�³ILUVW´�GHYHORSPHQW�UHPHGLHV�DQG�WKHLU� DWWLWXGHV� KDYH� OHG� WR� IDXOW� �� LUUHJXODU� DQG�GHSULYDWLRQ� �� VR� GHSULYHG� YLOODJHU¶V� DWWLWXGHV� DQG�NQRZOHGJH� VKRXOG�EH� FRQVLGHUHG� VHULRXV� LQ� RUGHU� WR�UHDFK� WR� LPSURYH� FRQGLWLRQV� IRU� WKLV� SDUW� RI� KXPDQ�VRFLHW\� DV� WKH\� QHHG� DQG� GHPDQG�$]NLD�� 0� DQG�,PDQL�����������
�)HDWXUHV�RI�LQGLJHQRXV�NQRZOHGJH��6RPH�RI�WKHVH�IHDWXUHV�DUH�DV�IROORZ��,QGLJHQRXV� NQRZOHGJH� LV� KROLVWLF�� LQGLJHQRXV�NQRZOHGJH� LV� JDLQHG� E\� VHQVH� DQG� LQVSLUDWLRQ� IRUFH�DQG� OHDGV� LQIRUPDWLRQ� XQLW\�� ,Q� VSLWH� RI� IRUPDO�NQRZOHGJH�WKDW�LV�DXUDO��YLVXDO�DQG�DQDO\WLF��,QGLJHQRXV� NQRZOHGJH� LV� YHUEDO�� ZULWLQJ� DQG�GRFXPHQWLQJ� LQGLJHQRXV� NQRZOHGJH� ZRXOG� PDNH� LW�RXW�RI�UHDFK�RI�YLOODJHUV�ZKR�FDQ�DGG�WR�LW��LI�LW�ZRXOG�QRW�IROORZ�DSSOLHG�DFWLYLWLHV��,QGLJHQRXV� NQRZOHGJH� LV� SUDFWLFDO�� LW� LV� SRVVLEOH� WR�ZULWH� DERXW� LQGLJHQRXV� NQRZOHGJH� EXW� LW� LV�LPSRVVLEOH�WR�HGXFDWH�DQG�OHDUQ�LW�WKURXJK�ERRNV�DQG�DUWLFOHV��2QO\�ZD\�WR�OHDUQ�LW�LV�FORVH�YLHZ�DQG�IROORZ�SURIHVVRU���,QGLJHQRXV� NQRZOHGJH� LVQ¶W� H[SODQDWRU\�� LW� LVQ¶W�SRVVLEOH� WR� H[SHFW� RQH� PDVWHU� �H�J�� PDVRQ��DSRWKHFDU\��IDUPHU��WR�H[SODLQ�KLV�PHWKRG�HIILFLHQF\�LQ�D�ZD\�WKDW�LV�DSSUHKHQVLEOH�WR�XV��OLWHUDWH�SHRSOH���,QGLJHQRXV�NQRZOHGJH�LV�ORFDO��YLOODJHU¶V�NQRZOHGJH�KDV� IRUPHG� LQ� LWVHOI� HQYLURQPHQWDO� DQG� FOLPDWH�IUDPHZRUN�� (IIHFWLYH� LQGLJHQRXV� NQRZOHGJH� DW� RQH�
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JHRJUDSKLFDO�DUHD� LVQ¶W� QHFHVVDULO\�HIIHFWLYH�DW�RWKHU�DUHD��1RZURR]L��$�DQG�$ODJKD���������,QGLJHQRXV� NQRZOHGJH� LV� JHQHUDO� �� ZKLOH�� IRUPDO�NQRZOHGJH�HPSKDVLV�LV�RQ�VDYLQJ�WLPH�DQG�UHPRYLQJ�LGHDV�DQG�DOVR�PRQRSRO\�RI�NQRZOHGJH�DW�XQLYHUVLWLHV�DQG�UHVHDUFK�LQVWLWXWHV���EXW�LQGLJHQRXV�NQRZOHGJH�LV�� UHFHSWLYH� �� LQFHQWLYH� DQG� QHHGV� WR� PRUH� SHRSOH¶V�SDUWLFLSDWLRQ� DW� OHDUQLQJ� �� GHYHORSLQJ� DQG� DGG� WR� LW��)XUWKHUPRUH�� LQ� YHUEDO� FXOWXUHV�� LW� LV� LPSRVVLEOH� WR�VHSDUDWH� VFLHQFH� IURP� ZRUOG� DQG� HYHQ� LQFOXGH� LW� WR�FRPSXWHU� DQG� ERRN�� (YHU\� KXPDQ� DUH� LPSRUWDQW� LQ�LQGLJHQRXV�NQRZOHGJH��,QGLJHQRXV� NQRZOHGJH� LV� GHWHULRUDWLQJ� TXLFNO\�� E\�HYHU\� GHDWK� RI� ROG� LQGLJHQRXV� SHRSOH�� JUHDW�NQRZOHGJH� UHVRXUFHV� ZRXOG� EH� ORVW� DOVR�� VR� HYHU\�DFWLRQ� WRZDUG� JDWKHULQJ� LQGLJHQRXV� NQRZOHGJH� LV�QHFHVVDU\���/HDUQLQJ� E\� GRLQJ�� UHSHDWLQJ� DFWLRQ� LQ� RUGHU� WR�VXVWDLQ� DQG� HQIRUFH� LQGLJHQRXV� NQRZOHGJH� WKURXJK�³OHDUQLQJ�E\�GRLQJ´�LV�RQH�RI� IHDWXUHV�RI�LQGLJHQRXV�NQRZOHGJH�LQ�UHDO�RSHUDWLRQ�HQYLURQPHQW��(PDGL�DQG�$EEDVL��������9LOODJHU¶V� NQRZOHGJH� DQG� HVSHFLDOO\� LQGLJHQRXV�NQRZOHGJH� V\VWHPV� KDYH� YDULRXV� GLPHQVLRQV� WKDW� LV�LQFOXGH� OLQJXLVWLF� NQRZOHGJH�� ]RRORJ\�� HFRORJ\��FOLPDWH��DJULFXOWXUH��UDQFKLQJ�DQG�SURIHVVLRQDO�VNLOOV��5DQJH� DQG� YDOXH� RI� WKLV� NQRZOHGJH� KDVQ¶W� EHHQ�FRQVLGHUHG�� )RXU� DVSHFWV� RI� YDULRXV� GLPHQVLRQV� RI�UXUDO�NQRZOHGJH�ZHUH�VHOHFWHG�DQG�ZHUH�DQDO\]HG��,Q�RUGHU� WR�FKDQJH�DWWLWXGHV�DQG�UHIRUPHU¶V�EHKDYLRU�RI�UXUDO�GHYHORSPHQW��7KHVH�GLPHQVLRQV�DUH��DJULFXOWXUH�RSHUDWLRQV�� UXUDO� NQRZOHGJH� DERXW� QDWXUH�� UXUDO�SHRSOH¶V�DSWLWXGHV�DQG�DELOLWLHV�DQG�WKHLU�H[SHULHQFHV��5D]DYL���������,Q� &KDPEHUV
� � RSLQLRQ� �� LQGLJHQRXV� NQRZOHGJH� RU�UXUDO� NQRZOHGJH� KDV� YDULRXV� GLPHQVLRQV� WKDW� KH�FODVVLILHG�WKHP�WR�IRXU�SDUWV�LQ�RUGHU�WR�H[SODLQ�PRUH�DQG� EHWWHU� DERXW� GLYHUVLW\� RI� LQGLJHQRXV� NQRZOHGJH�WKDW� DUH� DV� IROORZ� �� $�� IDUPLQJ� DFWLYLW\� �� %��NQRZOHGJH� LQ� UHODWLRQ� WR� QDWXUH� �� &� �� LQGLJHQRXV�SHRSOH
V�DSWLWXGH�DQG�DELOLW\���'��LQGLJHQRXV�SHRSOH
V�WHVW���LQGLJHQRXV�SHRSOH
V�NQRZOHGJH�RULJLQDWHG�IURP�H[DFW� YLHZLQJ� RI� HQYLURQPHQW�� VLQFH� LQGLJHQRXV�YLOODJHUV� KDYH� GLUHFW� FRQWDFW� ZLWK� SKHQRPHQRQ� DQG�DOVR� VHH� DOO� GLIIHUHQW� SURFHVVHV� DW� QDWXUH� VR� KDYH�HVSHFLDO� DSWLWXGH� DQG� DELOLW\� FRPSDUHG� WR� RXWVLGH�SHRSOH� �� 0D\EH� OHDVW� NQRZQ� DVSHFW� RI� LQGLJHQRXV�YLOODJHU
V� NQRZOHGJH� LV� HVVHQFH�RI� WHVWV� WKDW� WKH\�GR�ZKLFK� PD\EH� WKHVH� WHVWV� DUH� DYDLODEOH� WR� FKRRVH�³EHVWV´� DQG� VRPH� RWKHU� IRU� ³PLQLPL]LQJ� ULVNV´��'HZHV����������
$GYDQWDJH�RI�LQGLJHQRXV�DJULFXOWXUH�

� ,W� LV�PRUH� WKDQ�RQH�KXQGUHG�FHQWXU\� WKDW� LV�SDVVHG�IURP�DQWKURSRORJLVW�VWXGLHV� LQ�IDUPLQJ�VRFLHWLHV�DQG�SURGXFWLRQ� V\VWHPV� DQG� GXULQJ� WKH� ODVW� WKLUW\� \HDUV��FRPSUHKHQVLYH� UHSRUWV�ZHUH� REWDLQHG�RI� VXEVLVWHQFH�SUDFWLFHV�� 7KHVH� UHSRUWV� FRQVLVW� RI� LPSRUWDQW�LQIRUPDWLRQ� DERXW� VRFLDO� UHODWLRQV� RI� SURGXFWLRQ��RSHUDWLRQDO� SUDFWLFHV� DQG� HQYLURQPHQWDO� SURWHFWLRQ�WKDW� LQFOXGHV� LQGLJHQRXV�PHWKRGV� IRU� XVLQJ�RI� HDUWK�DQG� UXUDO�SHRSOH¶V�HQFRXQWHU�ZLWK� WKHLU�HQYLURQPHQW��6PLWD���������� 7KHVH� VWXGLHV� KDYH� JLYHQ� QHZ� GLPHQVLRQ� WR�DJULFXOWXUH� UHVHDUFK�� 1RZ�� LQ� PDQ\� FRXQWULHV� WKH�PDQDJHUV�RI�DJULFXOWXUH�UHVRXUFHV�DUH�WKH�SHRSOH�ZKR�DUH� WUDLQHG� LQ� ZHVWHUQ� FRXQWULHV�� 6R� LI� WKH�PDQDJHU�EHFRPH� IDPLOLDU� ZLWK� WKH� FXOWXUH� DQG� HQYLURQPHQW�URRWV�RI�LQGLJHQRXV�V\VWHP�RI�UHVRXUFH�PDQDJHPHQW��WKH\� ZRQ
W� GR� PLVWDNH�� ,QGLJHQRXV� DJULFXOWXUH� LV�EDVHG�RQ�FRRSHUDWLRQ�RI�IDUPHU�ZLWK�QDWXUH��5HFHQWO\�UHVHDUFKHUV� RI� HFRORJLFDO� DJULFXOWXUH� KDYH� PRUH�DWWHQWLRQ�WR�WKHVH�V\VWHPV��7KH�UHVXOW�RI�WKHVH�VWXGLHV�LV�LPSRUWDQW�IURP�WZR�VLGHV����� $W� WKH� ILUVW�� LQ� WKH� SURFHVV� RI� DJULFXOWXUH�UHQRYDWLRQ� LQ� WKH� WKLUG�ZRUOG� WKDW� LV� LQGHHG�XQDYRLGDEOH�� WKH� LQGLJHQRXV� DJULFXOWXUH�NQRZOHGJH� DQG� ORFDO� PHWKRGV� LQ�PDQDJHPHQW�RI�DJULFXOWXUH�UHVRXUFHV�LV�WR�EH�GHVWUR\HG� DQG� VLPXOWDQHLW\� HQYLURQPHQWDO�UHJLRQV� DUH� RQ� WKH� YHUJH� RI� GHVWUXFWLRQ��0RGHUQ�DJULFXOWXUH�SUHIHUV�KXJH�SURILW�IURP�UHVRXUFHV� DQG� GLGQ
W� SD\� DWWHQWLRQ� WR�HQYLURQPHQWDO��FXOWXUDO��VRFLDO�DQG�HFRQRPLF�YDULHWLHV� RI� WUDGLWLRQDO� DJULFXOWXUH�� 6R�LQFRQJUXLWLHV� RI� DJULFXOWXUH� GHYHORSPHQW�SODQV� DUH� QRW� FRPSDWLEOH� ZLWK� UXUDO� QHHGV�DQG� WDOHQWV� DQG� DOVR� UXUDO� FRQGLWLRQV�� %\�UHFRJQL]LQJ� LQGLJHQRXV� DJULFXOWXUH� IHDWXUHV�VXFK� DV� WUDGLWLRQDO� FODVVLILFDWLRQ� IRU�LGHQWLI\LQJ� SODQW� DQG� DQLPDO� VSHFLHV� DQG�XVLQJ� RI� LQGLJHQRXV� SUDFWLFHV� OLNH�VLPXOWDQHRXV� FXOWLYDWLRQ� RI� FRPSDWLEOH�FURSV��ZH� FDQ� JHW� XVHIXO� LQIRUPDWLRQ� DERXW�VXLWDEOH� ZD\V� IRU� DJULFXOWXUH�� 6XUHO\� WKHVH�JXLGHOLQHV� ZLOO� EH� PRUH� FRPSDWLEOH� ZLWK�UXUDO� QHHGV� DQG� DJULFXOWXUH� DQG�HQYLURQPHQWDO� IHDWXUHV� RI� HDFK� UHJLRQ� DQG�ZRQ
W� EH� UHFNOHVV� WR� VRFLDO�� HFRQRPLF� DQG�HQYLURQPHQWDO� FRPSOH[� LVVXHV� �$SSOHWRQ�DQG�-HDQV������������ 6HFRQG�� ZLWK� VWXG\LQJ� LQGLJHQRXV�DJULFXOWXUH�ZH�FDQ�JHW�SRLQWV� WKDW�ZLOO�KHOS�XV� WR�GHVLJQ� WKH� VDPH� V\VWHPV� LQ� LQGXVWULDO�FRXQWULHV�� 6XVWDLQDEOH� DJULFXOWXUH� ZKLFK� LV�WDNHQ� IURP�LQGLJHQRXV�V\VWHPV�ZLOO�UHPHG\�WKH�VKRUWFRPLQJ�RI�PRGHUQ�DJULFXOWXUH��,Q�D�VLQJOH�SURGXFW� RI� PRGHUQ� IDUP�� OLIH� FLUFOHV�RI� QDWXUH� KDV� FKDQJHG� E\� XVLQJ� FKHPLFDO�
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SRLVRQ� WKDW� JLYH� QR� FKDQFH� IRU� XVLQJ�SULQFLSOHV� RI� HFRORJLFDO� DJULFXOWXUH�� %XW�FRPSOHWHQHVV� �HYROXWLRQ�� RI� FXOWXUH� DQG�HQYLURQPHQW� LV� WKH� UHVXOW� RI� ORFDO�DJULFXOWXUDO� V\VWHPV� �$KPHG�� ������� ,Q�LQGLJHQRXV� DJULFXOWXUH�� YDULHW\� DQG�DOWHUQDWLRQ�RI�FXOWLYDWLRQ�PDNH�PLQLPL]H�WKH�SRVVLELOLW\� RI� IDUPLQJ� SURGXFWV� GHVWUXFWLRQ��$OWKRXJK� WKHVH� V\VWHPV� KDYH� UHVRXUFHV�OLPLWDWLRQ�� EXW� WKH\� XVH� RI� OHDUQLQJ�DGYDQWDJH� DQG� LQWHOOHFWXDO� ZD\V� IRU� XVH� RI�DQLPDOV�� VRLO� DQG� FRPSDWLEOH� IDUP� VSHFLHV��)RU� WKLV� UHDVRQ�� UHVHDUFKHUV� RI� HFRORJLFDO�DJULFXOWXUH� NQRZ� WKHVH� V\VWHPV� DV�XQH[DPSOHG�NLQGV� WR�VSHFLI\�FRQVWDQW�VWDWLF�VFDOHV�IRU�DJULFXOWXUH�DFWLYLWLHV��,Q�LQGXVWULDO�FRXQWULHV� WKH\� XVH� RI� WKHVH� VFDOHV� IRU�GHVLJQLQJ� DQG� PDQDJLQJ� HFRORJLFDO�SURGXFWLRQ� V\VWHPV� �(PDGL� DQG� $PLUL�$UGHNDQL���������
� :LWK� DOO� WKH� DGYDQWDJH� ZH� DFFRXQW� IRU� QDWLYH�NQRZOHGJH�ZH�VKRXOG�FRQWHPSODWH�WKDW�IRU�UHDFKLQJ�D�EDODQFHG� XQGHUVWDQGLQJ� RI� WKLV� NQRZOHGJH�� ZH�VKRXOGQ
W� LQGLFDWH� LW� YHU\� LPSRUWDQW� RU� QRW� YHU\�XQPHDQLQJ� DV� &KDPEHUV� VD\�� $OVR� ZH� VKRXOGQ
W�FRQVLGHU�UXUDO�SHRSOH�DQ�LQWHOOHFWXDO�SHRSOH��%HFDXVH�WKH\� FDQ� PDNH� PLVWDNH� OLNH� DQ\� RWKHU� SHRSOH� RU�JURXS�� $QG� DOVR� WKLV� NQRZOHGJH� LV� QRW� UHOLDEOH�IRUHYHU�� ,Q�VRPH�SODFHV� WKLV�NQRZOHGJH� LV�FRPELQHG�ZLWK� VRPH� VXSHUVWLWLRQ� EHOLHYHV� DQG� ZH� VKRXOG� QRW�IRUJHW�LWV�VSLULWXDO�DQG�PHQWDO�DVSHFW��:DUUHQ����������
UHDFKLQJ� WR� VXVWDLQDEOH� GHYHORSPHQW� WKURXJK�QDWLYH�NQRZOHGJH���� 'LFWDWHG� SDWWHUQ¶V� IDLOXUH� WKURXJK� ZHVWHUQ�GHYHORSPHQW�FRXQWULHV�WR�WKLUG�ZRUOG�FRXQWULHV�VKRZ�WKDW� QDWLYH� NQRZOHGJH� LV� QHFHVVDU\� WR� UHDFK�GHYHORSPHQW��8QWURS� EHOLHYH� WKDW� XVDJH� RI� ORFDO� NQRZOHGJH� LV�HIILFLHQW� DQG� XVHIXO� LQ� GHYHORSPHQW� DQG� QDWLYH�NQRZOHGJH¶V�UHVHDUFKHUV�EHOLHYH�WKDW�WKH\�DFKLHYHG�WR�DQ� LPSRUWDQW� VRXUFH� IRU� LQQRYDWLRQ� LQ� DJULFXOWXUH�PHWKRGV� DQG� D� JRRG� IDUPLQJ�SURGXFWLRQ� WR� LPSURYH�WKH� UXUDO� SHRSOH¶V� OLIH�� 2Q� KLV� LGHD�� VRPH� RI�UHVHDUFKHUV� FDOO� QDWLYH� NQRZOHGJH� DV� D� JRRG�VXSSOHPHQW� DQG� UHSODFHPHQW� IRU�PRGHUQ� NQRZOHGJH�DQG� WKH\� KDYH� WULHG� WR� VSUHDG� WKH� XVDJH� RI� WKLV�NQRZOHGJH� DOO� DURXQG� WKH� ZRUOG�� 7KHVH� SODQV� DV� D�³FRPPXQLRQ� UHVHDUFK�ZLWK� IDUPHUV´� RU� ³ILUVW� LV� WKH�ILUVW´�DUH�LQWURGXFHG��,Q�WKLV�UHVHDUFK�PHWKRG��SULYDWH�RUJDQV� DQG� ORFDO� JURXSV� KDYH� WKH� PDLQ� UROH� DQG�XQOLQN� WKH� FXUUHQW� UHVHDUFK� SODQV�� WKH� WHVWV� DUH�GRQH�ZLWK�WKH�IDUPHUV�DWWHQGDQFH�LQ�WKHLU�IDUPV�DQG�QRW�LQ�UHVHDUFK�FHQWHUV�DQG�IDU�IURP�HQYLURQPHQW�FRQGLWLRQ��7KH� ZD\V� WKDW� IDUPHUV� DQG� UXUDO� SHRSOH� XVH� IRU�

PDQDJHPHQW�RI�WKHLU�OLYLQJ�HQYLURQPHQW�DUH�WKH�PRVW�VFLHQWLILF�ZD\V��DOWKRXJK�ZH�FRXOGQ¶W�XQGHUVWDQG�LW�DW�WKH�ILUVW�VLJKW��&KDPEHUV���������� (VKUDJKL� ������� H[SODLQHG� WKDW� E\� LQWURGXFLQJ�VXVWDLQDEOH� GHYHORSPHQW� PRGHO� RU� GHYHORSPHQW�HQYLURQPHQWDO� PRGHO� DQG� DFFRUGLQJ� WR� ZRUOG� IRRG�RUJDQL]DWLRQ� �)$2��� VXVWDLQDEOH� GHYHORSPHQW� ZLOO�FUHDWH� ZKHQ� DSSOLHG� WHFKQRORJLHV� LQ� UXUDO�GHYHORSPHQW� DUH� LQ� SURSRUWLRQ� ZLWK� UXUDO� SHRSOH¶V�NQRZOHGJH�DQG�DOVR�DUH�DFFHSWDEOH�E\�WKHP��$OVR�KH�VD\V� WKDW� RQH� WKH� PDLQ� ZD\V� WR� UHDFK� VXVWDLQDEOH�GHYHORSPHQW� LQ� VRFLHW\� LV� WKDW� WR� KDYH� HQRXJK� DQG�QHFHVVDU\� DWWHQWLRQ� WR� WKH� UXUDOµV� QDWLYH� RU� ORFDO�NQRZOHGJH��0HUUHZLM���������,W�LV�DOVR�H[SODLQHG�WKDW�DWWHQWLRQ� WR� WKLV� NQRZOHGJH� QHHGV� D� FRPSOHWH�UHFRJQLWLRQ�RI� UXUDO�SHRSOH�DQG�WKHLU�NQRZOHGJH�WKDW�WKURXJK�DVVHPEOLQJ�RI�WKLV�NQRZOHGJH�ZH�FDQ�ILQG�D�FRUUHFW�ZD\� WR� UHDFK� D� VXVWDLQDEOH�GHYHORSPHQW� DQG�ZH� VKRXOG� NQRZ� WKDW� WKH� PRYHPHQW� WRZDUG�VXVWDLQDEOH� GHYHORSPHQW� LV� QRW� SRVVLEOH� ZLWKRXW�FRUUHFW� XVLQJ� RI� QDWLYH� NQRZOHGJH�� 0DQ\�GHYHORSPHQW�H[SHUWV�EHOLHYH�WKDW�WKH�6XVWDLQDELOLW\�RI�WKLV�FRQFHSW�LV�DW�WKH�VWXG\LQJ�RI�WKLV�NQRZOHGJH�DQG�LQ�EHFRPLQJ�SRSXODU� LQ�GHYHORSPHQW�� ,QGHHG��QDWLYH�NQRZOHGJH� ZLWK� LWV� KROLVW� IHDWXUHV� KDG� NQRZQ� WKH�UHODWLRQ�EHWZHHQ�QDWXUH
V�FRPSRQHQWV�EHWWHU�DQG�KDG�VPRRWKHG� WKH� ZD\� WR� 6XVWDLQDELOLW\� RI� GHYHORSPHQW��*LJOHU���������:H�FDQ�VXPPDUL]H�WKH�XVDJH�RI�QDWLYH�NQRZOHGJH�LQ�GHYHORSPHQW�DV�IDOORZ����� 3URWHFWLRQ� DQG� PDLQWHQDQFH� RI� QDWXUDO�VRXUFHV��1DWLYH�PHWKRGV� LQ�PDQDJHPHQW�RI�QDWXUDO� VRXUFHV� DUH� VXLWDEOH� SDWWHUQ� IRU�PDQDJLQJ� QDWXUDO� VRXUFHV� LQ� VXVWDLQDEOH�GHYHORSPHQW����� 7KH� VXFFHVV� RI� VXVWDLQDEOH� GHYHORSPHQW�SODQV� LV� GHSHQGHG� WR� UXUDO� SHRSOH
V�FRPPXQLRQ� DW� GHVLJQLQJ�� VFKHPDWL]DWLRQ��SHUIRUPDQFH� DQG� DVVHVVPHQW��8VH�RI�QDWLYH�NQRZOHGJH� LV� QHFHVVDU\� IRU� UXUDO� SHRSOH
V�FRPPXQLRQ����� 1DWLYH� DQG� PRGHUQ� NQRZOHGJH� VKRXOG� EH�FRPELQHG� EHFDXVH� DFFRUGLQJ� WR� RXU� QHHGV�DQG� YXOQHUDELOLW\� RI� UHPDLQHG� QDWXUDO�VRXUFHV�� QRQH� RI� WKHP� DUH� DEOH� WR� UHPRYH�RXU�QHHGV�D�ORQHO\����� )RU�UHFRJQL]LQJ�GHYHORSPHQW�QHHGV��WURXEOH�VKRRWLQJ� SUREOHPV� VKRXOG� EH� SROHVWDU� IURP�UXUDO� SHRSOH
V� YLHZ� DQG� UHFRJQL]LQJ�SUREOHPV�DQG�PDNLQJ�HIILFLHQW�UHODWLRQ�ZLWK�UXUDO� SHRSOH� DUH� SRVVLEOH� WKURXJK� QDWLYH�NQRZOHGJH����� ,Q� LQGXVWULDO� FRXQWULHV�� QDWLYH� PHWKRGV� DUH�IRUJRWWHQ� FRPSOHWHO\� EHFDXVH� RI� XVLQJ�PRGHUQ� NQRZOHGJH� LQ� SURGXFWLRQ� SURFHVV��$V�QDWLYH�PHWKRGV�DUH�WKH�PRVW�VXLWDEOH�ZD\�
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IRU�DFKLHYLQJ�VXVWDLQDEOH�GHYHORSPHQW�JRDOV�VR�� PDQ\� HIIRUWV� ZHUH� GRQH� WR� PDNH� WKLV�NQRZOHGJH�DOLYH��
� $V�D� UHVXOW�QRW�RQO\�ZH�VKRXOGQ
W�IRUJHW�WKH�QDWLYH�NQRZOHGJH�EXW�DOVR�ZH�VKRXOG�XVH�RI�WKLV�NQRZOHGJH�LQ� GHYHORSPHQWDO� SODQV�� 8VLQJ� QDWLYH� NQRZOHGJH� LQ�GHYHORSPHQWDO�SURMHFWV�ZLOO�KHOS�WR�KDYH�VXVWDLQDEOH�GHYHORSPHQW� LQ� YLOODJHV�� 6R� GHYHORSLQJ� DQG� QRW�GHYHORSLQJ� WKDW�ZHUH� XVLQJ� RI�ZHVWHUQ� GHYHORSPHQW�SDWWHUQV�IRU�PDQ\�\HDU��VKRXOG�XVH�RI�WKHLU�QDWLYH�DQG�ORFDO� NQRZOHGJH� ZKLFK� LV� WKH� UHVXOW� RI� PDQ\� \HDUV�H[SHULHQFH�DQG�E\�KHOSLQJ�WKHVH�SODQV�WKH\�FDQ�UHDFK�WR�D�VXVWDLQDEOH�GHYHORSPHQW�%URXZHU����������
&RQFOXVLRQ�DQG�GLVFXVVLRQ���,Q� RUGHU� WR� GHYHORS� DJULFXOWXUH� H[WHQVLRQ� DFWLYLWLHV��FRQVLGHULQJ�LQGLJHQRXV�NQRZOHGJH�LV�FULWLFDO�EHFDXVH��VHQVH� RI� VHOI�HVWHHP� DQG� UHOLDQFH� RQ� ORFDO� VRXUFHV�ZRXOG�EH� UHLQIRUFHG�E\�FLWLQJ�RI�YDVW�DSSOLFDWLRQ�RI�,UDQLDQ� LQGLJHQRXV� NQRZOHGJH� DQG� RWKHUV� DQFLHQW�FXOWXUH� RI� ZRUOG� DW� VXVWDLQDEOH� GHYHORSPHQW� RI�LQGXVWULDO�FRXQWULHV���DOVR���QHFHVVLW\�RI�FRQVLGHULQJ�LQGLJHQRXV�NQRZOHGJH�DW� GHYHORSLQJ� H[WHQVLRQ� SURJUDPV� LV� HPDQDWHG� IURP�ZKHUH�WKDW�LV�FRQVLGHUHG�DV�SULQFLSDO�FRPSRQHQWV�DQG�VXVWDLQDEOH� KXPDQ� GHYHORSPHQW� LWHPV� LV� HPDQDWHG�IURP� VDPH� VRXUFHV�� $W� VXVWDLQDEOH� KXPDQ�GHYHORSPHQW�� SHRSOH� DUH� FRQVLGHUHG� DV� ³JRDO´� RI�VRFLDO�DQG�HFRQRPLF�SROLFLHV�WKDW�WKHLU�UDQJH�RI�WKHLU�VHOHFWLRQV� ZRXOG� EH� H[WHQGHG� LQ� RUGHU� WR� DFWLYHO\�SDUWLFLSDWH� DW� GHFLVLRQ� PDNLQJ�� 7KHUHIRUH�� SHRSOH¶V�SDUWLFLSDWLRQ�LV�RQH�RI�WRROV�RI�VXVWDLQDEOH�DJULFXOWXUH�GHYHORSPHQW��%XW� DFWLYH� UXUDO� SHRSOH¶V�SDUWLFLSDWLRQ�DW�H[WHQVLRQ�SURJUDPV�DV�D�IRUP�RI�VXVWDLQDEOH�ZRXOG�QRW� EH� SRVVLEOH� XQOHVV� E\� EHOLHYLQJ� UROH� RI� UXUDO�SHRSOH¶V� NQRZOHGJH�� YLVLRQ� DQG� VNLOOV� �%URXZHU���������6R�� QRW� RQO\� DWWHQGDQFH�RI� LQGLJHQRXV�NQRZOHGJH� LV�QHFHVVDU\� IRU� DSSOLHG� UHVHDUFKHV� EXW� LV� LPSRUWDQW� DW�FRPSDWLELOLW\� UHVHDUFKHV� DQG� LW� HQIRUFHG� LPSRUWDQFH�RI� DWWHQGLQJ� WR� LQGLJHQRXV� SHRSOH� DQG� WKHLU�NQRZOHGJH�� 7KHUHIRUH� �� DSSO\LQJ� DIIHFWLYH� VWUDWHJ\�IRU� WUDQVPLWWLQJ� WHFKQRORJ\� KDV� EHHQ� DPRQJ� IURP�DIIHFWLYH� ILHOGV� DW� DWWHQGLQJ� WR� LQGLJHQRXV� SHRSOH
V�NQRZOHGJH� DQG� HVSHFLDOO\� H[SHUWV�� EHFDXVH��GHYHORSPHQW� LQVWLWXWHV� UHDOL]HG�SRVLWLYH� WKHLU�DIIHFWV�IRU�GRLQJ�WKLV�PRUH�WKDQ�HYHU��0HUUHZLM���������,QGLJHQRXV� NQRZOHGJH� KDV� EHHQ� PDQLIHVWHG� DW�VXVWDLQDEOH� SURFHVV� DQG� LPSURYLQJ� H[WHQVLRQ�SURJUDPV�DW� LQGXVWULDO�FRXQWULHV�RI�ZRUOG��YHU\�ZHOO��,QGLJHQRXV� NQRZOHGJH� UHODWHG� WR� DJULFXOWXUH��PHGLFLQH��IRRG�DQG�DUFKLWHFWXUH�KDV�EHHQ�ZLGHO\�XVHG�$W� (XURSHDQ� FRXQWULHV��86$��&DQDGD��$XVWUDOLD�� E\�QHZ�QDPHV��

�6R�� HIIRUW� DQG� QDWLRQDO� FRPPLWPHQW� DQG� PXOWL�GLPHQVLRQDO� VXSSRUW� LV� YHU\� FULWLFDO� IRU� UHFRUGLQJ��YDOXLQJ�� H[WHQGLQJ� DQG� H[FKDQJLQJ� WKLV� ULFK� VRXUFH�DQG�DOVR�SUHSDULQJ�PHFKDQLVP�DQG�SUDFWLFDO�VWUDWHJ\�IRU�V\QWKHVL]LQJ�WKLV�NQRZOHGJH�ZLWK�QHZ�NQRZOHGJH�DQG�DJULFXOWXUDO�GHYHORSPHQW�SURJUDPV���$JULFXOWXUDO�H[WHQVLRQ�ZDV�LGHQWLILHG�DV�RQH�SRZHUIXO�,7� IRFXVHG� DUHD�� GXH� WR� UROH� YDULDWLRQ� DW� NQRZOHGJH�V\VWHP�DQG�DJULFXOWXUH�LQIRUPDWLRQ�DW�RQH�KDQG�DQG�DW�WKH� RWKHU� KDQG� GXH� WR� LWV� GHSHQGHQFH� RQ� YDULRXV�H[FKDQJHV� DPRQJ� IDUPHUV�� WKDW� FDQ� KDV� JUHDW� DIIHFW�RQ� UXUDO� VRFLHW\� DQG� GHYHORSLQJ� DJULFXOWXUH�� 6R� WKDW�ZRUN�DQG�SURGXFWLRQV�RI�IDUPHUV�ZRXOG�LQFUHDVH��E\�IDUPHU¶V� DFFHVV� DQG� XVH� RI� ,QWHUQHW� DQG� VXEVLVWHQFH�IDUPHUV� DW� DOO� RYHU� WKH� ZRUOG� DUH� DW� GHYHORSLQJ� E\�JDLQLQJ� QHHGHG� NQRZOHGJH� DQG� LQIRUPDWLRQ� WKDW�GXULQJ� WLPH� ZRXOG� EHFRPLQJ� DV� FRPPHUFLDO�SURGXFHUV��7UDQVPLWWLQJ�IURP�V\VWHP�F\FOH�VRXUFH�RI�DJULFXOWXUH�WR�WHFKQRORJ\�F\FOH�V\VWHP�RI�DJULFXOWXUH�SODFHG�PRUH� UHVSRQVLELOLW\�RQ� DJULFXOWXUDO� H[WHQVLRQ�EHFDXVH� DJULFXOWXUH� H[WHQVLRQ� V\VWHP� LV� DV� YLWDO�WHFKQRORJ\� WUDQVIHU� FURVVLQJ� WR� IDUPHUV� DW� RQH� KDQG�DQG� DV� FURVVLQJ� IRU� UHIHUULQJ� IHHGEDFNV�� QHHGV� DQG�DJULFXOWXUH� LVVXHV�� UHVHDUFKHUV� DQG� SROLF\�PDNHUV� RI�PDUNHW���:KDW� WKDW� LV� REYLRXV� LV� WKDW� H[WHQGLQJ� DQG�UHVHDUFKLQJ� DJULFXOWXUH� FDQ� KHOS� WR� VXVWDLQDELOLW\�WKURXJK�FORVH�UHODWLRQ� WR�IDUPHUV� ��DWWHQGLQJ� WR�WKHLU�H[SHULHQFHV� �� JDLQLQJ� WKHLU� LQIRUPDWLRQ� DQG� ORJLFDO�XQGHUVWDQGLQJ�RI� DJULFXOWXUH� DFWLYLWLHV� �� DWWHQGLQJ� WR�WKHLU�YLWDO�QHHGV�IRU�GRLQJ�³GHPDQG�EDVH´�UHVHDUFKHV�DQG� H[WHQVLRQ� HGXFDWLRQ� HIIRUWV� IRU� GHYHORSLQJ�DJULFXOWXUH� �� DW� SURFHVV� RI� LPSURYLQJ� DJULFXOWXUH�GHYHORSPHQW���� ,Q� WKH� SDVW� KDOI� FHQWXU\�� PRGHUQ� NQRZOHGJH� KDV�SURYLGHG�QHZ�DQG�PRGHUQ�WHFKQRORJLHV�LQ�DJULFXOWXUH�WKDW� KDV� FDXVHG� D� PDLQ� HYROXWLRQ� LQ� SURGXFWLRQ�SURFHVV��$OVR�WKLV�WHFKQRORJ\�KDV�FDXVHG�SUREOHPV�LQ�HQYLURQPHQW�� SURGXFWLRQ� DQG� VRFLDO� DVSHFWV� DQG� KDV�IRUFHG� WKLQNHUV� DQG� GHFLGHUV� WR� WKLQN� DERXW� WKHP�FDUHIXOO\��2QH�RI�WKH�ZD\V�WR�VROYH�WKHVH�SUREOHPV�LV�WKDW� WR� XVH� RI� RXU� DQFHVWRU
V� WHQWDWLYH� NQRZOHGJH��8VLQJ�RI�RXU�DQFHVWRU
V�NQRZOHGJH�DQG�H[SHULHQFH�LV�FDOOHG� QDWLYH� NQRZOHGJH� DQG� WKLV� SURYLGH� DQ�RSSRUWXQLW\�WR�XVH�RI�ORFDO�NQRZOHGJH�LQ�WKH�SURFHVV�RI� VSHFLI\LQJ� QHHGV� DQG� GHVLJQLQJ� VXLWDEOH�WHFKQRORJLHV�DQG�DSSO\LQJ�LW��7KH�QDWLYH�DQG�PRGHUQ�NQRZOHGJH� QRW� RQO\� DUH� QRW� LQ� FRQWUDVW� ZLWK� HDFK�RWKHU�EXW�DOVR�DUH�HDFK�RWKHU
V�VXSSOHPHQW�WR�UHDFK�D�VXVWDLQDEOH�GHYHORSPHQW� DQG�ZH� FDQ�XVH�RI� WKHP� LQ�RXU�QHHGHG�WHFKQRORJLHV��%HOLHYH�RI�HGXFDWHG�SHRSOH�WR� QDWLYH� SHRSOH� DQG� WKHLU� NQRZOHGJH� ³SUHFRQGLWLRQ�IRU� PDNLQJ� WKHP� FORVH�� LV� FDOOHG� FRPELQDWLRQ� DQG�FRPSLODWLRQ��0DNLQJ�HYROXWLRQ�LQ�PRGHUQ�V\VWHP�IRU�DWWHQWLRQ�WR�WHQWDWLYH�NQRZOHGJH�LV�WKH�PDLQ�QHFHVVLW\�IRU� WKLV� FRPSLODWLRQ�� $QRWKHU� QHFHVVLW\� IRU� WKLV�
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HYROXWLRQ�LV�WKH�UHVHDUFKHU
V�DWWHQWLRQ�WR�H[SHULPHQWDO�DFFXPXODWHG�ZLVGRP�DQG�KLVWRULFDO�H[SORLW�E\�XVLQJ�TXDOLWDWLYH� DQG� FRPPXQLRQ�PHWKRGV��$OVR� DSSO\LQJ�FRPSLODWLRQ� PHWKRGV� DQG� PDNLQJ� HYROXWLRQ� DPRQJ�JRYHUQPHQW��HGXFDWLRQDO�FHQWHUV��IDUPHUV�DQG�SHDVDQW�LV�WKH�QHFHVVLW\�DQG�SUH�FRQGLWLRQ�IRU�FRPELQDWLRQ�RI�PRGHUQ�DQG�QDWLYH�NQRZOHGJH��� 2Q� WKH� UHVHDUFK�ZKLFK�ZDV�GRQH�E\�%R]DUMRPKDUL�������� ZLWK� WKLV� WLWOH� �DQDO\]LQJ� QDWLYH� NQRZOHGJH�SRVLWLRQ� RQ� UXUDO� VXVWDLQDEOH� GHYHORSPHQW��� ,W� ZDV�VSHFLILHG� WKDW� DOWKRXJK� WKHUH� DUH� PDQ\� GLIIHUHQFHV�EHWZHHQ� QDWLYH� DQG�PRGHUQ� NQRZOHGJH�EXW� WKH\� DUH�QRW�LQ�FRQWUDVW�ZLWK�HDFK�RWKHU��EHFDXVH�WKH\�DUH�HDFK�RWKHU
V�VXSSOHPHQW�DQG�ZH�FDQ
W�EH�VXFFHVV�ZKHQ�ZH�XVH�WKHP�VHSDUDWHO\��$FFRUGLQJ�WR�QHZ�SDUDPHWHUV�LQ�UXUDO�GHYHORSPHQW��IRU�VROYLQJ�UXUDO�SUREOHPV��DW�WKH�ILUVW�ZH�VKRXOG�XVH�RI�QDWLYH� VROXWLRQV�DQG� LI� LW�ZDV�QRW�HIILFLHQW��ZH�FDQ�XVH�DQG�WHVW�H[WHUQDO�VROXWLRQV��� 5HVHDUFK� ILQGLQJV� ZKLFK�ZDV� GRQH� E\� (PDGL� DQG�$PLUL� �������ZLWK� WKLV� WLWOH� �� FRPSLODWLRQ� RI� QDWLYH�DQG� PRGHUQ� NQRZOHGJH� LV� QHFHVVDU\� IRU� UHDFKLQJ�DJULFXOWXUH�VXVWDLQDEOH�GHYHORSPHQW��VLJQLI\�WKDW�7KH�EHOLHYH�RI�HGXFDWHG�SHRSOH�WR�QDWLYH�SHRSOH�DQG�WKHLU�NQRZOHGJH���SUHFRQGLWLRQ�IRU�PDNLQJ�WKHP�FORVH��LV�FDOOHG� FRPELQDWLRQ� DQG� FRPSLODWLRQ�� 0DNLQJ�HYROXWLRQ�LQ�PRGHUQ�V\VWHP�IRU�DWWHQWLRQ�WR�WHQWDWLYH�NQRZOHGJH�LV�WKH�PDLQ�QHFHVVLW\�IRU�WKLV�FRPSLODWLRQ��$QRWKHU� QHFHVVLW\� IRU� WKLV� HYROXWLRQ� LV� WKH�UHVHDUFKHU
V� DWWHQWLRQ� WR� H[SHULPHQWDO� DFFXPXODWHG�ZLVGRP� DQG� KLVWRULFDO� H[SORLW� E\� XVLQJ� TXDOLWDWLYH�DQG�FRPPXQLRQ�PHWKRGV��$OVR�DSSO\LQJ�FRPSLODWLRQ�PHWKRGV� DQG� PDNLQJ� HYROXWLRQ� DPRQJ� JRYHUQPHQW��HGXFDWLRQDO� FHQWHUV�� IDUPHUV� DQG� SHDVDQW� LV� WKH�QHFHVVLW\� DQG� SUH� FRQGLWLRQ� IRU� FRPELQDWLRQ� RI�PRGHUQ�DQG�QDWLYH�NQRZOHGJH���
&RUUHVSRQGLQJ�$XWKRU��0RKDPPDG�$EHGL��'HSDUWPHQW� RI� $JULFXOWXUDO� (FRQRPLF�� ,VODPLF� $]DG�8QLYHUVLW\��0DUYGDVKW�%UDQFK��0DUYGDVKW��,UDQ��(�PDLO��DEHGL���#\DKRR�FRP��

5HIHUHQFHV��
��� $JUDZDO��$���������s'LVPDQWOLQJ�WKH�'LYLGH�EHWZHHQ� ,QGLJHQRXV� DQG�VFLHQWLILF�

NQRZOHGJH�s'HYHORSPHQW� DQG� FKDQJH� YRO����1R����� $KPHG�� 0�� ������,QGLJHQRXV� .QRZOHGJH�IRU�6XVWDLQDEOH�'HYHORSPHQW� LQ� WKH�6XGDQ��.KDUWRXP�� 6XGDQ�� .KDUWRXP� 8QLYHUVLW\�3UHVV����� $PLUL� $UGDNDQL�� 0�� DQG� 6KDKYDOL�� 0��3ULQFLSOHV�� FRQFHSWV� DQG� LQGLJHQRXV�NQRZOHGJH� $JULFXOWXUH� �VHULHV� RI�

SXEOLFDWLRQV� DQG� GHYHORSPHQW� RI� YLOODJHV�1R������6HFRQG�(GLWLRQ���������� $SSOHWRQ�� +��� DQG� -HDQV�� $�� ������7HFKQRORJ\� IURP� WKH� 3HRSOH�� 7HFKQRORJ\�7UDQVIHU� DQG� ,QGLJHQRXV� .QRZOHGJH���6FLHQFH��7HFKQRORJ\�DQG�'HYHORSPHQW����� $]NLD�� 0� DQG� ,PDQL� $�� 6XVWDLQDEOH� 5XUDO�'HYHORSPHQW� �� 3XEOLFDWLRQV� ,QIRUPDWLRQ��7HKUDQ������������ %RX]DUMPHKUL�� .K�� LQGLJHQRXV� IDUPLQJ�NQRZOHGJH� RI� JHQGHU� DQG� LWV� UROH� LQ� 5XUDO�'HYHORSPHQW� DQG� 5HVHDUFK�� &HQWUH� RI�4XDUWHUO\� 7HKUDQ� 8QLYHUVLW\� :RPHQ��:RPHQ
V�5HVHDUFK������������ %R[�� /�� �������� IRU� WKH� IXQ� RI� LW�� *XHVW�&ROXPQ�� ,QGLJHQRXV� NQRZOHGJH� DQG�'HYHORSPHQW�0RQLWRU������������� %URXZHU�� -DQ�� �������� ,.�� ,.6� DQG� ,7.��,QGLJHQRXV� NQRZOHGJH� DQG� 'HYHORSPHQW�0RQLWRU��9RO����,VVXH����S��������� %XUJHU�� -�� ������7KH� *DLD� $WODV� RI� )LUVW�3HRSOHV��$�)XWXUH�IRU�WKH�,QGLJHQRXV�:RUOG��3HQJXLQ�%RRNV��DQG�5LQJZRRG������ &KDPEHUV�� 5� �� UXUDO� GHYHORSPHQW�� SULRULW\�SDUW� WR� WKH� SRRU� �VXSSRUWLQJ� YXOQHUDEOH�JURXSV��� WUDQVODWHG� E\� 0XVWDID� $]NLD��7HKUDQ�8QLYHUVLW\�3UHVV������������ 'HZHV�� Z�� �������� ,QWURGXFWLRQ�� S�� �LQ�WUDGLWLRQDO� NQRZOHGJH� DQG� VXVWDLQDEOH� LQ�6��+��'DYLV�DQG�.��(EEH��(GV��3URFHHGLQJV�RI�D FRQIHUHQFH� KHOG� DW� WKH� :RUOG� %DQN�:DVKLQJWRQ�� '�&�� VHSW�� �������(QYLURQPHQWDOO\� 6XVWDLQDEOH� SURFHHGLQJ�VHULHV�1R��������� (PDGL�� 0� DQG� $EEDVL�� (�� LQGLJHQRXV�NQRZOHGJH� DQG� VXVWDLQDEOH� GHYHORSPHQW� RI�YLOODJHV�� WKH� ROG� YLHZ� RI� D� QHZ� ]RQH�� DQG�GHYHORSPHQW�RI�YLOODJH
V�1R���������������� (PDGL�� 0� DQG� $PLUL� $UGDNDQL�� 0�� ��FRPELQLQJ� LQGLJHQRXV� NQRZOHGJH� DQG�IRUPDO� NQRZOHGJH�� QHFHVVDU\� WR� DFKLHYH�VXVWDLQDEOH� GHYHORSPHQW� RI� $JULFXOWXUH� ��5XUDO� 'HYHORSPHQW� 3XEOLFDWLRQ� 1R�� �������������� (VKUDJKL�� *� �� ,QGLJHQRXV� .QRZOHGJH� DQG�'HYHORSPHQW� 3ODQQLQJ�� -RXUQDO� RI� )RUHVW�DQG� 5DQJHODQG�� 1R�� ���� )RUHVW�� 5DQJHODQG�DQG�:DWHUVKHG�FRXQWU\������������ )DUURNKL�� 6� DQG� <DJKRXEL�� -�� WHFKQRORJ\�GHYHORSPHQW�WKURXJK�LQGLJHQRXV�NQRZOHGJH�V\VWHPV�ZLWK�DJULFXOWXUDO� UHVHDUFK���-RXUQDO�RI�-LKDG��1R��������������������� *LJOHU��6�� HW�DO�� �������� ,&7� IRU� ,QGLJHQRXV�'HYHORSPHQW�� $YDLODEOH� DW�� KWWS���� WRSLFV��'HYHORSPHQWJDWHZD\�RUJ��LFW��VGP��SUHYLHZ�'RFXPHQW��'R�a�DFWLYH�'RFXPHQW�,G�������
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���� .DUDPL�� 5� DQG� 0RUDGL�� .K�� 7KH� SODFH� RI�UHVHDUFK�� WUDLQLQJ� DQG� SURPRWLQJ� WKH�SUHVHUYDWLRQ� RI� LQGLJHQRXV� NQRZOHGJH��-RXUQDO�RI�-LKDG��1R����������������� .RODZRSOH�� '�� �������� /RFDO� .QRZOHGJH�8WLOL]DWLRQ� DQG� 6XVWDLQDEOH� UXUDO�GHYHORSPHQW� LQ� WKH� ��� 6W�� &HQWXULHV�� ,.�0RQLWRU�$UWLFOH������������ /RXLVH��*���������:RUNLQJ�ZLWK�LQGLJHQRXV�NQRZOHGJH� �$� JXLGH� IRU� UHVHDUFKHUV���SXEOLVKHG�E\�WKH�,QWHUQDWLRQDO�'HYHORSPHQW�UHVHDUFK� &HQWUH�� SR� %R[� �����2WWDZD�� 2Q��&DQDGD�.,*��+������� 0HUUHZLM��$��Y����������7KUHH�GHILQLWLRQV�RI�LQGLJHQRXV� NQRZOHGJH�� ,QGLJHQRXV�NQRZOHGJH� DQG� 'HYHORSPHQW� 0RQLWRU��9RO����,VVXH����S���������� 1RZURR]L��$�DQG�$ODJKD��(��D�QHZ�FDWHJRU\�RI� LQGLJHQRXV� NQRZOHGJH� LQ� UXUDO�GHYHORSPHQW�UHVHDUFK���-RXUQDO�RI�MLKDG��1R������������������ ���� 3HQQ\�5��$���������*HQGHU�DQG�,QGLJHQRXV�.QRZOHGJH��,.	'�0��$UWLFOH������������ 3RS]DQ�� $�� 'HVLJQ� DQG� FRPSLODWLRQ� RI�LQGLJHQRXV� NQRZOHGJH�� PRGHUQ� PHGLD� LQ�RUGHU� WR� DFKLHYH� D� SDUWQHUVKLS� DSSURDFK� LQ�.HUPDQVKDK�SURYLQFH� ��HQG�RI�SHULRG� OHWWHU�3K'� 7HKUDQ� 8QLYHUVLW\� )DFXOW\� RI�$JULFXOWXUH� WR� KHOS� $]NLD� DQG� 6H\HG�0DKPRXG�+RVVHLQL������������ 5D]DYL�� 0�� $JULFXOWXUH� DQG� QDWXUDO�UHVRXUFHV�� LQGLJHQRXV� NQRZOHGJH� DQG�FRPELQLQJ�LW�ZLWK�PRGHUQ�NQRZOHGJH��-LKDG�PDJD]LQH��WZHQW\�ILYH�\HDUV��1R����������������� 5DMDVHNDUDQ�� %�'�'�� 0�� :DUUHQ� DQG� 6�&��%DEX� �������� ,QGLJHQRXV� QDWXUDO�UHVRXUFH�PDQDJHPHQW� V\VWHP� IRU� VXVWDLQDEOH�DJULFXOWXUDO� GHYHORSPHQW�� D� JOREDO�SHUVSHFWLYH� -RXUQDO� RI� ,QWHUQDWLRQDO�'HYHORSPHQW������������ 6PLWD� 0�� ������:RPHQ
V� LQGLJHQRXV�NQRZOHGJH�RI� IRUHVW�PDQDJHPHQW� LQ�2ULVVD��KWWS���ZZZ�JHQGHUPDLQVWUHDPLQJDVLD�RUJ�LPJ�E��3')����� :DUUHQ�� '�� 0�� ������ 7KH� UROH� RI�LQGLJHQRXV�.QRZOHGJH�DQG�ELRWHFKQRORJ\�LQ�VXVWDLQDEOH� DJULFXOWXUDO� GHYHORSPHQW $.H\QRWH�$GGUHVV�SUHVHQWHG�DW�6RXWKZHVWHUQ�1LJHULDQ�5HJLRQDO�:RUNVKRS�RQ�LQGLJHQRXV�NQRZOHGJH� DQG� %LRWHFKQRORJ\�� 2EDIHPL�$ZRORZR� XQLYHUVLW\�� ,LH�� ,IH�� 2VXQ6WDWH��1LJHULD����-XO\������ =DUH�� +� DQG� <DJKRXEL�� -�� DWWLWXGH� WR� WKH�LQGLJHQRXV� NQRZOHGJH� �� -RXUQDO� RI� MLKDG��1R�����������������
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