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/H� 5«VHDX� FDQDGLHQ� GH� UHFKHUFKH� SDUWHQDULDOH� VXU� OD� SKLODQWKURSLH� �3KL/DE��
DQFLHQQHPHQW�/DERUDWRLUH�PRQWU«DODLV�GH�UHFKHUFKH�VXU�OD�SKLODQWKURSLH�FDQDGLHQQH�
D�«W«�SHQV«�HQ������GDQV�OH�FDGUH�GH�OD�FRQFHSWLRQ�GH�OD�GHPDQGH�GH�ILQDQFHPHQW�GX
SURMHW� G«YHORSSHPHQW�GH�SDUWHQDULDW�&56+� LQWLWXO«� Ï,QQRYDWLRQ� VRFLDOH�� FKDQJHPHQW
VRFL«WDO�HW�)RQGDWLRQV�VXEYHQWLRQQDLUHV�FDQDGLHQQHVÐ��&H�ILQDQFHPHQW�D�«W«�UHFRQGXLW
HQ������VRXV�OH�QRP�Ï(YDOXDWLRQ�GX�U¶OH�HW�GHV�DFWLRQV�GH�IRQGDWLRQV�VXEYHQWLRQQDLUHV
FDQDGLHQQHV� HQ� U«SRQVH� ¢� OÍHQMHX� GHV� LQ«JDOLW«V� VRFLDOHV� HW� GHV� G«ILV
HQYLURQQHPHQWDX[Ð��'HSXLV�VHV�G«EXWV�� OH�5«VHDX�FRQVWLWXH�XQ� OLHX�GH� UHFKHUFKH��GH
SDUWDJH� GÍLQIRUPDWLRQ� HW� GH� PRELOLVDWLRQ� GHV� FRQQDLVVDQFHV� GHV� IRQGDWLRQV
FDQDGLHQQHV��'HV�UHFKHUFKHV�FRQGXLWHV�HQ�SDUWHQDULDW�SHUPHWWHQW�OD�FRSURGXFWLRQ�GH
QRXYHOOHV� FRQQDLVVDQFHV� G«GL«HV� ¢� XQH� GLYHUVLW«� GÍDFWHXUV� �� GHV� UHSU«VHQWDQWV
JRXYHUQHPHQWDX[�� GHV� FKHUFKHXUV� XQLYHUVLWDLUHV�� GHV� UHSU«VHQWDQWV� GX� VHFWHXU
SKLODQWKURSLTXH�HW�OHXUV�RUJDQLVDWLRQV�DIILOL«HV�RX�SDUWHQDLUHV�

/H�5«VHDX�UHJURXSH�GHV�FKHUFKHXUV��GHV�G«FLGHXUV�HW�GHV�PHPEUHV�GH�OD�FRPPXQDXW«
SKLODQWKURSLTXH�¢�WUDYHUV�OH�PRQGH�DILQ�GH�SDUWDJHU�GHV�LQIRUPDWLRQV��GHV�UHVVRXUFHV
HW�GHV�LG«HV�

BB

7KH�&DQDGLDQ� QHWZRUN� RI� SDUWQHUVKLS�RULHQWHG� UHVHDUFK� RQ� SKLODQWKURS\� �3KL/DE��
SUHYLRXVO\� FDOOHG� WKH� 0RQWUHDO� 5HVHDUFK� /DERUDWRU\� RQ� &DQDGLDQ� SKLODQWKURS\�� ZDV
WKRXJKW� XS� LQ� ����� DV� SDUW� RI� WKH� FRQFHSWLRQ� RI� D� IXQGLQJ� UHTXHVW� E\� WKH� 15&&
SDUWQHUVKLS� GHYHORSPHQW� SURMHFW� FDOOHG� Ï6RFLDO� LQQRYDWLRQ�� VRFLDO� FKDQJH�� DQG
&DQDGLDQ�*UDQWPDNLQJ�)RXQGDWLRQVÐ��)URP�LWV�EHJLQQLQJ��WKH�1HWZRUN�ZDV�D�SODFH�IRU
UHVHDUFK��LQIRUPDWLRQ�H[FKDQJH�DQG�PRELOL]DWLRQ�RI�&DQDGLDQ�IRXQGDWLRQVÍ�NQRZOHGJH�
5HVHDUFK� FRQGXFWHG� LQ� SDUWQHUVKLS� DOORZV� IRU� WKH� FR�SURGXFWLRQ� RI� QHZ� NQRZOHGJH
GHGLFDWHG�WR�D�GLYHUVLW\�RI�DFWRUV��JRYHUQPHQW�UHSUHVHQWDWLYHV��XQLYHUVLW\�UHVHDUFKHUV�
UHSUHVHQWDWLYHV� RI� WKH� SKLODQWKURSLF� VHFWRU� DQG� WKHLU� DIILOLDWH� RUJDQL]DWLRQV� RU
SDUWQHUV�

7KH� 1HWZRUN� EULQJV� WRJHWKHU� UHVHDUFKHUV�� GHFLVLRQ�PDNHUV� DQG� PHPEHUV� RI� WKH
SKLODQWKURSLF� FRPPXQLW\� IURP� DURXQG� WKH� ZRUOG� LQ� RUGHU� WR� VKDUH� LQIRUPDWLRQ�
UHVRXUFHV��DQG�LGHDV�

��SURSRV�GX�3KL/DE�_�$ERXW�3KL/DE



/H�3KL/DE�HVW�XQ�U«VHDX�GH�SDUWDJH�HW
G
«FKDQJH� G
LQIRUPDWLRQV�� &
HVW
SRXUTXRL� XQH� UXEULTXH� �WH[WHV
LQYLW«V�� SHUPHW� ¢� GHV� FKHUFKHXUV�HV
RX� SUDWLFLHQV�HV� QRQ�PHPEUHV� GX
3KL/DE�GH�YHQLU�V
H[SULPHU�

3KL/DE� LV� D� 1HWZRUN� IRU� LQIRUPDWLRQ
VKDULQJ�DQG�H[FKDQJH��7KLV�LV�ZK\�ZH
KDYH� LQFOXGHG� D� *XHVW� &RQWULEXWRUV
VHFWLRQ� WR� DOORZ� QRQ�PHPEHU
UHVHDUFKHUV� DQG� SUDFWLWLRQHUV� WR
H[SUHVV�WKHPVHOYHV�
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3DUb_�%\�
6W«SKDQLH�%HUQDGHWWH�0DIDOGD�&DGHGGX��3K�'
6XFKLW�$KXMD��3K�'
+DVVDQH�$ODPL��3K�'

&RQVLGHULQJ� WKH� FXUUHQW� &29,'���� SDQGHPLF
FRQWH[W�� ZLWKLQ� ZKLFK� PDQ\� GLVUXSWLYH� LQQRYDWLRQV
FDQ� VXUIDFH�� IURP� WKH� PRVW� XVHIXO� WR� WKH� PRVW
GDQJHURXV�� WKH� WLPH� LV� ULSH� IRU� WKH� HPHUJHQFH� RI
JUDVVURRW� DFWLRQV� DQG� IUXJDO� LQQRYDWLRQV� �5DGMRX
������ 5D\PRQG� ������� 7KH� LQDGHTXDF\� RI� KHDOWK
LQIUDVWUXFWXUH�� PHGLFDO� VXSSOLHV�� KHDOWK
SURIHVVLRQDOV� DQG� WHFKQRORJLHV� KDYH� JLYHQ� ULVH� WR
ORFDOL]HG�� SUDFWLFDO�� UHVSRQVLEOH� DQG� DIIRUGDEOH
IUXJDO� VROXWLRQV�b 6KDSHG� E\� LQKHUHQW� UHVRXUFH�
FRQVWUDLQHG� HQYLURQPHQWV� DQG� VSRQWDQHRXV
UHVSRQVHV� WR� LPPHGLDWH� DQG� FRQFUHWH� QHHGV�
LQGLYLGXDOV� DQG� JURXSV� KDYH� PXWXDOL]HG� WKHLU
FDSDFLWLHV� DQG� FRPSHWHQFLHV�� �D� IRUP� RI� >���@� Ë
JUDVVURRWV�� KRUL]RQWDO�� FRPPXQLW\�OHG� DLG�
�5D\PRQG�������

0DQ\� H[DPSOHV� RI� IUXJDO� LQQRYDWLRQ� DUH� HPHUJLQJ
ZRUOGZLGH� VXFK� DV� KRPHPDGH� PDVNV� �H�J��
*RYHUQPHQW� RI� &DQDGD� ������� �'� SULQWHG�PHGLFDO
FRPSRQHQWV� �H�J��� 7KH� 0HFKDQLFDO� 9HQWLODWRU
0LODQR��� GHFHQWUDOL]HG� KHDOWK� FDUH� GHOLYHU\� LQ� QRQ�
KRVSLWDO�VHWWLQJV��DW�SRLQW�RI�FDUH��H�J���0LHVOHU�HW�DO�
������ 5DPDQDQ� ������ DQG� GLJLWDOL]HG� PHGLFDO
GHYLFHV� �H�J��� (GG\� ������� )XQGLQJ�� UHVRXUFHV� DQG
FDOOV� IRU� DFWLRQ� DUH� LQFUHDVLQJ� WR� VXSSRUW� VXFK
LQQRYDWLRQV�� IURP� PDQ\� DFWRUV� OLNH� 7KH� 'XWFK
&RDOLWLRQ� IRU� +XPDQLWDULDQ� ,QQRYDWLRQ� ZKLFK� DUH
JDWKHULQJ� UHVRXUFHV� WR� VXSSRUW� FROODERUDWLYH� DQG
LQQRYDWLYH� SUDFWLFHV� RI� IUXJDO� LQQRYDWLRQ�
3KLODQWKURSLF� IRXQGDWLRQV� OLNH� WKH� ,QGLDQ� 0DULFR
,QQRYDWLRQ� )RXQGDWLRQ� �'DWWD� ������ DOVR� SURYLGH
ILQDQFLDO� LQFHQWLYHV� WR� LQQRYDWRUVÍ� IUXJDO� LGHDV
GXULQJ�WKH�SDQGHPLF�

+RZ�GRHV�IUXJDO
LQQRYDWLRQ�RIIHU�D�QHZ
IRUP�RI�VROLGDULW\
LQ�D�SDQGHPLF�DQG
SRVW�SDQGHPLF�FRQWH[W"

6W«SKDQLH�%0�&DGHGGX� LV� D� SRVW�GRFWRUDO� UHVHDUFK� IHOORZ� DW� WKH� +XE
VDQW«� �� 3ROLWLTXH�� 2UJDQLVDWLRQ� HW� 'URLW� �+�32'�� �D� SDUWQHUVKLS
EHWZHHQ� WKH� &+80� 5HVHDUFK� &HQWHU� DQG� WKH� )DFXOW\� RI� /DZ� RI� WKH
8QLYHUVLW\� RI� 0RQWUHDO��� +HU� UHVHDUFK� SURMHFWV� IRFXV� RQ� IUXJDO� DQG
UHVSRQVLEOH� LQQRYDWLRQ� LQ� KHDOWKFDUH�� DQG� RQ� RUJDQL]DWLRQDO
VWUDWHJLHV� IRU� �ERWWRP�XS�� LQQRYDWLRQV� E\� IURQWOLQH� KHDOWK� ZRUNHUV� LQ
KHDOWK� RUJDQL]DWLRQV�� 6W«SKDQLH� DOVR� FROODERUDWH� ZLWK� WKH� DVVLVWLYH
WHFKQRORJ\� FRPPXQLW\� RI� WKH� :RUOG� +HDOWK� 2UJDQL]DWLRQ�

6XFKLW� $KXMD� LV� $VVLVWDQW� 3URIHVVRU�� %XVLQHVV� 7HFKQRORJ\
0DQDJHPHQW� DW� WKH� -RKQ� 0ROVRQ� 6FKRRO� RI� %XVLQHVV�� &RQFRUGLD
8QLYHUVLW\� �&DQDGD��� 6XFKLW� KROGV� D� 3K�'�� IURP� WKH� 6WHSKHQ� -�5�
6PLWK� 6FKRRO� RI� %XVLQHVV� DW� 4XHHQÍV� 8QLYHUVLW\� DQG� DQ� 06F� LQ� ,7
IURP� 3XUGXH� 8QLYHUVLW\�� 6XFKLWÍV� UHVHDUFK� IRFXVHV� RQ� IUXJDO
LQQRYDWLRQ�� GLJLWDO� VWUDWHJ\�� GLJLWDO� SODWIRUPV�� DQG� WKH� VRFLHWDO
LPSDFWV� RI� GLJLWDO� WHFKQRORJLHV�

+DVVDQH� $ODPL� KROGV� D� PDVWHUÍV� GHJUHH� LQ� 3XEOLF� +HDOWK� DQG
%LRPHGLFDO� ,QIRUPDWLFV�� D� PDVWHUÍV� GHJUHH� LQ� $GPLQLVWUDWLRQ� RI
3XEOLF� +HDOWK� 3ROLFLHV� DQG� D� 3K�'�� LQ� &RPPXQLW\� +HDOWK� �/DYDO
8QLYHUVLW\�� 4&��� +H� LV� FXUUHQWO\� D� SRVWGRFWRUDO� IHOORZ� DW� WKH
8QLYHUVLW\� RI� 0RQWUHDO�� +LV� UHVHDUFK� LV� RQ� WKH� V\VWHPLF� FKDOOHQJHV
UDLVHG� E\� WKH� LQWHJUDWLRQ� RI� LQQRYDWLYH� WHFKQRORJLHV� LQWR� KHDOWK
RUJDQL]DWLRQV� DQG� V\VWHPV�� LQ� SDUWLFXODU� $UWLILFLDO� ,QWHOOLJHQFH� DQG
GLJLWDO� VROXWLRQV�

,PDJH�� 2SHQ� 6RXUFH� 9HQWLODWRU� ,UHODQG

>��@�7H[WHV�G
LQYLW«Vb_�*XHVW�&RQWULEXWRUV
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0RUHRYHU�� IUXJDO� VROXWLRQV� RIWHQ� WDUJHW� NH\� SXEOLF
VHFWRUV�� OLNH� KHDOWK�� HGXFDWLRQ�� ZDVWH� DQG� UHVRXUFH
PDQDJHPHQW�� FOLPDWH� FKDQJH�� RU� SXEOLF� VHFXULW\
�&RPPLVVLRQ� GH� OD� VFLHQFH� HW� GH� OD� WHFKQLTXH� DX
VHUYLFH� GX� G«YHORSSHPHQW� ������ 5RVFD� HW� DO�� ������
)XUWKHUPRUH�� IUXJDO� LQQRYDWLRQ� SUDFWLFHV� HQFRXUDJH
RWKHU� VWDNHKROGHUV� WR� WDNH� XSRQ� D� NH\� UROH� LQ� WKH
LQQRYDWLRQ�SURFHVV��&DGHGGX�HW�DO���������0DQ\�DFWRUV
DUH� QRZ� FRQVLGHUHG� FULWLFDO� FRPSRQHQWV� RI� WKH
LQQRYDWLRQ�F\FOH��VXFK�DV� WKH�FLYLO� VRFLHW\��YXOQHUDEOH
DQG�PDUJLQDOL]HG�FRPPXQLWLHV��XQLYHUVLW\�DQG�H[SHUW
QHWZRUNV�� QRQ�SURILW� RUJDQL]DWLRQV� VXFK� DV
IRXQGDWLRQV��VRFLDO�HQWHUSULVHV��JRYHUQPHQWV�DQG�QRQ�
JRYHUQPHQWDO� RUJDQL]DWLRQV� �&RPPLVVLRQ� GH� OD
VFLHQFH� HW� GH� OD� WHFKQLTXH� DX� VHUYLFH� GX
G«YHORSSHPHQW�������*UDQW�3RLWUDV�HW�DO��������

,Q�IDFW��WKH�VWUHQJWK�RI�WKH�IUXJDO�SKLORVRSK\�LV�WKDW�LW
PRYHV� DZD\� IURP� D� FRQVXPHULVP�PLQGVHW� WRZDUGV� D
ÏSURVXPHULVPÐ� RQH�� ZKHUH� FRQVFLHQWLRXV
FRQVXPSWLRQ�DQG�UHVSRQVLEOH�SURGXFWLRQ�JR�KDQG�LQ�
KDQG� �5DGMRX�	� 3UDEKX� ������� )UXJDO� LQQRYDWLRQ� FDQ
FRQVLGHUDEO\� LQFUHDVH� LQQRYDWLRQ� SUDFWLFHVÍ� VREULHW\�
LQ�SDUWLFXODU�ZKHQ�WUDGLWLRQDO�RQHV�DUH�ÏVWLOO�GRPLQDWHG
E\� D� ORJLF� Ó� RULJLQDWHG� GXULQJ� WKH� �QG� LQGXVWULDO
UHYROXWLRQ�� L�H��� D� VWURQJ� GHSHQGHQF\� RQ� QDWXUDO
UHVRXUFHV� H[WUDFWLYLVP� DQG� ODUJH� FHQWUDOLVHG
WHFKQRORJLFDO�V\VWHPVÐ��SDUDSKUDVH�RI�)UHVVROL�������
LQ� 3DQVHUD� 	� 6DUNDU� ������� &ORVH� SDUDOOHOV� FDQ� EH
PDGH�ZLWK�WKH�FRQFHSW�RI�GHJURZWK��3DQVHUD�	�2ZHQ
������� ZKLFK� VHHNV� WR� UHGXFH� FRQVXPSWLRQ� JURZWK�
SURGXFWLRQ�YROXPHV�DQG�WKH�H[SORLWDWLRQ�RI�WKH�HDUWKÍV
UHVRXUFHV� ZKLOH� LQFUHDVLQJ� VRFLDO� DQG� HQYLURQPHQWDO
ZHOO�EHLQJ� �$EUDKDP� ������ 6FKQHLGHU� ������� :KLOH
WKH� IUXJDO� LQQRYDWLRQ� SDUDGLJP� KDV� EHHQ
GHPRQVWUDWHG�WR�EHQHILW� LQQRYDWLRQ�WKHRULHV�DQG�KHOS
DGGUHVVbVXVWDLQDEOH�GHYHORSPHQW�SUREOHPV��5RVFD�HW
DO�� ������� LW� LV� RIWHQ� DVVXPHG� WKDW� RQO\� SRVLWLYH
H[WHUQDOLWLHV�UHVXOW�IURP�LWV�LQWURGXFWLRQ�DQG�DGRSWLRQ
LQ� PDUNHWV�� +RZHYHU�� UHVHDUFK� PD\� EH� RYHUORRNLQJ
LPSRUWDQW� UHVSRQVLELOLW\� LPSDFWV� IRU� WKH�HQYLURQPHQW
DQG� WKH� VRFLHW\�� LQFOXGLQJ� WKH� UHERXQG� HIIHFW�
XQDQWLFLSDWHG� VRFLHWDO� LPSDFWV� DQG� ODFN� RI� HYLGHQFH�
EDVHG� HYDOXDWLRQV� �+DUULV� HW� DO�� ������ /H� EDV� �����
3DQVHUD� ������� 7KXV�� WKHUH� DUH� FRQGLWLRQV� DQG
FKDOOHQJHV� IRU� IUXJDO� LQQRYDWLRQ� WR� DYRLG� WUDGLWLRQDO
LQQRYDWLRQ� WUDSV�� ÌIUXJDO�ZDVKLQJÍ� DQG� WR� FRQWLQXH
EHLQJ� UHOHYDQW� WRb WKH� FXUUHQW� DQG� SRVW�SDQGHPLF
VLWXDWLRQ� DV� ZHOO� DV� WR� IDFH� ORQJ�WHUP� VXVWDLQDEOH
GHYHORSPHQW�FKDOOHQJHV�

:KDW�LV�IUXJDO�LQQRYDWLRQ�LQ�EULHI"
)UXJDO� LQQRYDWLRQ� LV� D� SKLORVRSK\�� D� QHZ� SDUDGLJP� RI
LQQRYDWLRQ� IRU� WKH� :HVWHUQ� VRFLHWLHV�� DQG� DQ� ROG� RQH
URRWHG�LQ�WKH�FXOWXUHV�RI�WKH�(DVW�DQG�6RXWK�WKDW�HQDEOHV
WR� VHH� �ÓUHVRXUFH� FRQVWUDLQWV� DV� DQ�RSSRUWXQLW\� UDWKHU
WKDQ�D�KDQGLFDS���5DGMRX�	�3UDEKX��������,W�LV��D�PHDQV
DQG�HQGV�WR�GR�>EHWWHU@�ZLWK�OHVV�IRU�PRUH�SHRSOH���%KDWWL
	� 9HQWUHVFD� ������ S���� LQ� ERWK� GHYHORSLQJ� DQG
LQGXVWULDOL]HG�FRXQWULHV��7KUHH�NH\�OHVVRQV��ZKLFK�ZLOO�EH
SUHVHQWHG� DIWHUZDUGV�� FDQ� EH� OHDUQHG� IURP� HPEUDFLQJ
WKLV� SKLORVRSK\� LQ� DQ� DWWHPSW� WR� UHLQYHQW� WKH� HFRQRPLF
V\VWHP� WR� RQH� EDVHG� RQ� GHPRFUDF\� DQG� VRFLDO� MXVWLFH�
ERWK� GXULQJ� DQG� SRVW�SDQGHPLF�� )LUVW� RI� DOO�� WKH� IUXJDO
LQQRYDWLRQ� SKLORVRSK\� SURPRWHV� D� PRUH� KRUL]RQWDO�
VKDULQJ�HFRQRP\�E\� OHYHUDJLQJ�TXLFN�DQG� FKHDS�DFFHVV
WR�NQRZOHGJH�DQG�SULRULWL]LQJ�SUR[LPLW\�EDVHG�UHVRXUFHV�
7KH� VHFRQG� OHVVRQ� HPSKDVL]HV� WKH� UROH� RI� GLJLWDO
VROXWLRQV� LQ� WKH� GHPDWHULDOL]DWLRQ� RI� VRPH� SDUWV� RI� WKH
KHDOWKFDUH� YDOXH� FKDLQ� WR� PDNH� KHDOWKFDUH� PRUH
DFFHVVLEOH� DQG� HIILFLHQW� LQ� DGGUHVVLQJ� SRSXODWLRQVÍ
KHDOWK�� )LQDOO\�� KDUQHVVLQJ� H[LVWLQJ� ORFDO� FDSDFLWLHV�� RU
GHYHORSLQJ� RWKHUV�� LV� WKH� WKLUG� OHVVRQ� WR� DOORZ� IRU� WKH
HIILFLHQW� FDSLWDOL]DWLRQ� RI� DOO� KHDOWK� ZRUNHUV� SUHVHQW� LQ
WKH�ORFDO�KHDOWK�V\VWHPV�

'RLQJ� EHWWHU� ZLWK� OHVV�� DQ� RSSRUWXQLW\� IRU� VREULHW\�
UHVSRQVLELOLW\�DQG�FROOHFWLYH�LQWHOOLJHQFH
7KH� IUXJDO� LQQRYDWLRQ� SKLORVRSK\� ILQGV� LWV� URRWV� LQ� WKH
,QGLDQ� WHUP� Ì-XJDDG� LQQRYDWLRQÍ� Ê� �WKH� JXWV\� DUW� RI
VSRWWLQJ� RSSRUWXQLWLHV� LQ� WKH� PRVW� DGYHUVH
FLUFXPVWDQFHV�DQG�Ó�LPSURYLVLQJ�VROXWLRQV�XVLQJ�VLPSOH
PHDQV���5DGMRX�HW�DO���������$GRSWLQJ�D��IUXJDO�DQG�DJLOH
PLQG�VHW���5DGMRX�������KHOSV�UHFRQILJXUH�YDOXH�FKDLQV�
UH�FRQFHSWXDOL]H� SURGXFWV� DQG� VHUYLFHV�� DQG� SULRULWL]H
OHVV� VRSKLVWLFDWHG� DQG� PRUH� ORFDO� DQG� ERWWRP�XS
LQQRYDWLRQ�DFWLYLWLHV�bLQ�D�VFDODEOH�ZD\b�%DVX�HW�DO�������
&XQKD�HW�DO���������)UXJDO�VROXWLRQV�VWHPPLQJ� IURP�WKLV
SURFHVV� DUH� FRQVHTXHQWO\� DIIRUGDEOH�� VLPSOH�� HDV\� WR
PDLQWDLQ�� XVH� H[LVWLQJ� UHVRXUFHV� DQG�RU� GLJLWDO
WHFKQRORJLHV�� SRVVHVV� HVVHQWLDO�� RSWLPL]HG� SHUIRUPDQFH
DGDSWHG�WR�WKHLU�DSSOLFDWLRQ�FRQWH[W�DQG�ORZHU�EDUULHU�WR
DFFHVV��$KXMD�	�&KDQ�������:H\UDXFK�	�+HUVWDWW�������
,Q�WKH�FRQWH[W�RI�KHDOWKFDUH��IUXJDO�LQQRYDWLRQ��Ó�PHDQV
WKH�DELOLW\� WR�SURYLGH�VDIH�FDUH� LQ� WKH�EHVW�ZD\�SRVVLEOH
XQGHU� JLYHQ� FLUFXPVWDQFHV� DQG� FRQVWUDLQWV�� H[SDQGLQJ
�DFFHVV� WR� FDUH� DQG� WR� HQVXUH� WKDW� WKH� FDUH�� DOWKRXJK
SHUKDSV� QRW� SHUIHFW� �\HW��� LV� JRRG� HQRXJK� XQGHU� WKH
FXUUHQW� FLUFXPVWDQFHV�� �+DUULV� HW� DO�� ������� ,Q� RWKHU
ZRUGV�� IUXJDO� LQQRYDWLRQ� FDQ� OHDG� WR� LPSDFWIXO� VRFLDO�
WHFKQRORJLFDO�� EXVLQHVV� PRGHO�� SURFHVV� RU� VHUYLFH
LQQRYDWLRQV�
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7KHVH� RIIHU� TXLFNHU� DQG� PRUH� DJLOH� ZD\V� WR� EH
FUHDWLYH�� LQFUHDVH� DYDLODELOLW\� RI
LQIRUPDWLRQb WHFKQRORJLHV� DQG� HTXLSPHQW�� UHGXFH
LQIRUPDWLRQ� DV\PPHWU\� DQG� HQDEOH� SURGXFW� RU
HTXLSPHQW�UHSDLU��3DUU\�+LOO�HW�DO�������3RUWQRYD�HW�DO�
�������,Q�WKH�FXUUHQW�SDQGHPLF�FRQWH[W��ÏFROODERUDWLYH
EHKDYLRXU�FDQ�EH�D�FUXFLDO�DGYDQWDJH�XQGHU�FRQGLWLRQV
RI� UHVRXUFH� VFDUFLW\Ð� �3DQVHUD� ������ S����� LQGHHG�
FRPPXQLWLHV�DUH�PRELOL]LQJ�ZRUOGZLGH�WR�FUHDWH�RSHQ�
VRXUFH�� IUXJDO� HTXLSPHQW� IRU� KHDOWK� ZRUNHUV
H[SHULHQFLQJ� D� VKRUWDJH� RI� YLWDO� PHGLFDO� SURWHFWLYH
GHYLFHV��$Q�H[DPSOH� LV�3$7+ÍV�SUHYHQWLYH� IDFH�VKLHOG
PDGH� RI� ORFDOO\� DYDLODEOH� PDWHULDOV�� LQYROYLQJ� D
FRPPXQLW\� RI� LQQRYDWRUV� PDMRUO\� VXSSRUWHG� E\
IRXQGDWLRQV� �)XUWZDQJOHU� ������ 3$7+� ������� 7KH
8QLYHUVLW\�+RVSLWDO�RI�0RQWUHDO��&+80���4XHEHF��&$�
DOVR�FROODERUDWHG�ZLWK�0RQWUHDO�XQLYHUVLWLHV�DQG�ORFDO
KHDOWK�LQVWLWXWLRQV�WR�FUHDWH��'�SULQWHG�HTXLSPHQW�RQ
GHPDQG��5HVHDUFK�&HQWHU�RI�WKH�&+80��������2QOLQH
FRPPXQLWLHV� RI� UHVHDUFKHUV� DPLGVW� WKH� &29,'���
FULVLV� KDV� DOVR� OHG� WR� ÏRSHQ�VRXUFH�PHWKRGV� RI� GUXJ
GHYHORSPHQW�IURQW�DQG�FHQWHUÐ�H�J���RQOLQH�SXEOLFDWLRQ
RI� WKH� YLUXVÍ� JHQHWLF� VHTXHQFH� �5HDGHU� ������� (YHQ
RUJDQL]DWLRQV� VWDUW� VKDULQJ� WKHLU� FDSDELOLWLHV� DQG
DVVHWV��FUHDWLQJ�XQLTXH�LQWHU�HQWHUSULVHV�FROODERUDWLRQ
DV� ZHOO� DV� LQWHJUDWLQJ� PDNHUV� WKLQNLQJ�� H�J��� 6(%ODE
�0DNHUWRXU�������

7KH� )LHOG� (PHUJHQF\� 9HQWLODWRU� �)(9�� V\VWHP� LV
DQRWKHU� H[DPSOH� RI� D� IUXJDO� LQQRYDWLRQ�� 7KLV� ORZ�
UHVRXUFH��HPHUJHQF\�XVH��XVHU�IULHQGO\�YHQWLODWRU�ZDV
GHYHORSHG�DQG�VFDOHG�UDSLGO\�EDVHG�XSRQ�RSHQ�VRXUFH
NQRZOHGJH�� XVLQJ� PRVWO\� �'� SULQWHG� FRPSRQHQWV�
ORFDO� VXSSOLHV� DQG�PDWHULDOV� �2SHQ� 6RXUFH� 9HQWLODWRU
�������$� YROXQWHHULQJ� ÏWHDP�RI� HQJLQHHUV�� GHVLJQHUV
DQG� PHGLFDO� SUDFWLWLRQHUVÐ� HVWDEOLVKHV� SURGXFW
VSHFLILFDWLRQV� DQG� YDOLGDWLRQ� WHVWLQJ�� ZKLFK� DUH
DYDLODEOH� WR� ORFDO� KHDOWK� VHUYLFHV� �2SHQ� 6RXUFH
9HQWLODWRU� ������� $OVR�� WKH� WHDPÍV� ERWWRP�XS
DSSURDFK�LQFUHDVHG�FROODERUDWLRQ�ZLWK�IURQWOLQH�KHDOWK
ZRUNHUV� WR� EHWWHU� XQGHUVWDQG� ORFDO� SUREOHPV�� 7KH
LQQRYDWLRQ�SUDFWLFHV�XQGHUSLQQLQJ� WKH�)(9� OLNH�RWKHU
RSHQ�VRXUFH� YHQWLODWRUV� �H�J��� 7KH� 0HFKDQLFDO
9HQWLODWRU� 0LODQR�� (PHUJHQF\� 9HQWLODWRU� 5HVSRQVHÍV
6SLUR�:DYH��DUH�D�UHFLSH�IRU�DIIRUGDELOLW\��DFFHVVLELOLW\
DQG� RSWLPL]HG� SHUIRUPDQFH� WKDW� VHUYHV� WKH� XUJHQW
QHHGV�EURXJKW�RQ�E\�WKH�&29,'����SDQGHPLF��GHVSLWH
VRPH� H[DPSOHV� RI� FKDOOHQJHV� HQFRXQWHUHG� E\� VXFK
IUXJDO� SURGXFWV�� H�J��� QRW� ILHOG� WHVWHG� \HW� RU� QRW
VXLWDEOH�IRU�DOO�SDWLHQWV��+DUULV�HW�DO��������b

)UXJDO� LQQRYDWLRQV� WKDW� HPHUJH� IURP� WKLV� SDQGHPLF
FRQWH[W� FDQ� FRQVLGHUDEO\� KLJKOLJKW� DQG� TXHVWLRQ� WKH
IODZV� RI� SXUHO\� SURILW�RULHQWHG� VROXWLRQV� DQG� WKH
FRQWLQXRXV�JURZWK�V\VWHP�LQ�ZKLFK�WKH\�DUH�HPEHGGHG�
7KH�SDQGHPLF�FRQWH[W� LV�FOHDUO\�PDNLQJ�VSDFH�IRU�QRQ�
WUDGLWLRQDO� LQQRYDWLRQV�� RIWHQ� DQFKRUHG� LQ� VRFLDO
HFRQRP\� IURP� ZKLFK� PDQ\� LQGLYLGXDOV� RU� JURXSV
�b JUDVVURRW�OHG� �� LQLWLDWLYHV� DULVH�� WR� GHPRQVWUDWH� WKHLU
OHJLWLPDF\� DQG� DSSOLFDELOLW\� �81(6&2� ������� :KLOH
IUXJDO� LQQRYDWLRQ� FDQQRW� DGGUHVV� DOO� RI� WKH� FXUUHQW
FKDOOHQJHV�� WKH� OHVVRQV� VWHPPLQJ� IURP� WKLV� FRQFHSW
VKRZ� KRZ�� SDUWLFXODUO\� ZKHQ� LQ� D� VWDWH� RI� SDQGHPLF�
HFRQRPLF�JURZWK�VKRXOG�QR�ORQJHU�EH�D�SULRULW\��,QVWHDG�
�>W@KH� IDLU� GLVWULEXWLRQ� RI� KHDOWK�� ZHOO�EHLQJ� DQG
VXVWDLQDELOLW\� >VKRXOG� EH@� LPSRUWDQW� VRFLDO� JRDOV�
�0DUPRW������� S������ 7KLV� SDQGHPLF� LV� XQFRYHULQJ� KRZ
VRSKLVWLFDWHG�DQG�FRVWO\�LQQRYDWLRQV��H�J���SURWRQ�FDQFHU
WKHUDS\�� &$5�7� FHOO� WKHUDS\�� Ê� DQG� E\� GHIDXOW�
DVVRFLDWHG� JRYHUQPHQW� VXSSRUW� �� KDYH� PDGH� �KHDOWK
FDUH� PRUH� VRSKLVWLFDWHG� >DQG@� H[SHQVLYH��� OHDYLQJ� D
YXOQHUDEOH� SDUW� RI� WKH� SRSXODWLRQ� ZLWKRXW� DFFHVV� WR
KHDOWKFDUH� �%LVDLOORQ� HW� DO�� ������ 0XOODQJL� HW� DO�� �����
S�6������ 7KLV� GHPRQVWUDWHV� WKH� QHHG� IRU� RSWLPL]HG
VLPSOH� VROXWLRQV� DYDLODEOH� WRb DQG� DFFHVVLEOH� E\
HYHU\RQH��ZKLFK�FDQ�UHVSRQG�WR�KHDOWK�LQHTXLWLHV�

+RZ�&29,'����SDQGHPLF�FUHDWHV�UHVRXUFH�FRQVWUDLQWV
RSSRUWXQLWLHV�WR�UHQHZ�WKH�LQQRYDWLRQ�SDUDGLJP
7KH� &29,'���� SDQGHPLF� LPSRVHV� FULSSOLQJ� UHVRXUFH
FRQVWUDLQWV� RQ� KHDOWKFDUH� VHUYLFH� SURGXFWLRQ�
RUJDQL]DWLRQ� DQG� GHOLYHU\� �/HOLYHOG� ������� :KLOH� WKH
VLWXDWLRQ� LV� VLPLODU�� DQG� HYHQ�ZRUVH�� LQ� GHYHORSLQJ� DQG
IUDJLOH�YXOQHUDEOH� FRXQWULHV� �%LOOHU� HW� DO�� ������ 7KH
/DQFHW��������WKLV�FXUUHQW�FULVLV�IRUFHV�XV�WR�UHWKLQN�RI
WKH� LQQRYDWLRQ� SDUDGLJP� RI� LQGXVWULDOL]HG� :HVWHUQ
FRXQWULHV�WR�GHULYH�VROXWLRQV�WKDW�DUH�ILW�IRU�FRQVWUDLQHG
FRQWH[WV��0LHVOHU�HW�DO��������0XOODQJL�HW�DO���������7KH
SKLORVRSK\�RI�IUXJDO�LQQRYDWLRQ�RIIHUV�WKUHH�NH\�YDOXDEOH
OHVVRQV� SURYLGLQJ� D� ZD\� IRUZDUG� WR� UHVSRQVLEO\
HQFRXUDJH� VLPSOLILHG�� ORFDO� IUXJDO� VROXWLRQV� IRU
ZRUOGZLGH�VLWXDWLRQV�RI�VFDUFLW\�

$� KRUL]RQWDO� VKDULQJ� HFRQRP\
)UXJDO� LQQRYDWLRQ� SUDFWLFHV� RIWHQ� DOORZ� IRU� RUGLQDU\
FLWL]HQV�� HQWUHSUHQHXUV�� GHVLJQHUV�� HQJLQHHUV� DQG� FLYLO
VRFLHW\� VFLHQWLVWV� WR�XVH�RSHQ�VRXUFH��PDNHUV� ODEV�DQG
DIIRUGDEOH� PDQXIDFWXULQJ� SUDFWLFHV� YLD� VKDUHG� DQG
ORFDOL]HG�HTXLSPHQW��VXFK�DV��'�SULQWLQJ��3RUWQRYD�HW�DO�
������
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<HW�� VRPH� SDUWV� RI� UXUDO� $PHULFD� GR� QRW� KDYH
EURDGEDQG� LQIUDVWUXFWXUH� IRU� WHOHKHDOWK�� OHDYLQJ� D
YXOQHUDEOH�SDUW�RI�WKH�SRSXODWLRQ�XQGHUVHUYHG�E\�QHZ
GLJLWDO� PHGLFDO� GHYLFHV� �0DWW� 'XQQH� LQWHUYLHZHG� LQ
6KDZQ��������1RQHWKHOHVV��SODFHV�LQ�,QGLD�WKDW�VXIIHU
IURP�VHYHUH� UHVRXUFH�FRQVWUDLQWV�KDYH�GHPRQVWUDWHG
KRZ� WKH\� KDYH� EHQHILWWHG� IURP� KHDOWKFDUH� VROXWLRQV
WKDW� OHYHUDJH� 60$&,7� WHFKQRORJLHV� �H�J��� .DUPD
+HDOWKFDUH� DQG� )RUXV� +HDOWK�� WR� VHUYH� WKH� QHHGV� RI
UHPRWH��UXUDO��XQVHUYHG��DQG�XQGHUVHUYHG�SRSXODWLRQV
DW� DIIRUGDEOH� SULFHV� E\b RYHUFRPLQJ� LQIUDVWUXFWXUH
YRLGV�� 7KXV�� �IUXJDO� GLJLWDO� VROXWLRQV�� FRXOG� KHOS
UHGXFH�PDWHULDO�DQG�LQIUDVWUXFWXUH�FRQVXPSWLRQ�LQ�WKH
GHOLYHU\� RI� KHDOWKFDUH� VHUYLFHV� DQG� SURYLGH� TXDOLW\
FDUH� WKURXJK� H[LVWLQJ� DIIRUGDEOH� GLJLWDO� FKDQQHOV�
0DQ\� RI� WKHVH� VWDUW�XSV�� LQFOXGLQJ� WKRVH� LQYROYHG� LQ
�DGYDQFHG� IUXJDO� LQQRYDWLRQ�� �5DR� ������� DUH� RIWHQ
VXSSRUWHG� E\� SKLODQWKURSLF� RUJDQL]DWLRQV� ZKR
W\SLFDOO\� SURPRWH� WKH� GHYHORSPHQW� RI� LQQRYDWLYH
VROXWLRQV� WRZDUGV� VRFLDO� MXVWLFH� DQG� HTXDOLWLHV� �H�J��
%LOO� DQG� 0HOLQGD� *DWH� )RXQGDWLRQ�� 0DULFR� ,QQRYDWLRQ
)RXQGDWLRQ�,QGLD��

+DUQHVVLQJ� H[LVWLQJ�� DQG�RU� GHYHORSLQJ� RWKHU�� FDSDFLWLHV
/HYHUDJLQJ�ORFDOO\�DYDLODEOH�UHVRXUFHV�DQG�VNLOOV��H�J��
KXPDQ� FDSLWDO�� H[LVWLQJ� LQIUDVWUXFWXUH��� RIWHQ� VSUHDG
DFURVV� VPDOOHU� HQWLWLHV� DQG� SDUWQHUV�� DOORZV� IRU� D
KRUL]RQWDO� ORFDO� GLVSDWFK� RI� SURGXFWLRQ� DQG
GLVWULEXWLRQ� XQLWV� WKDW� ORZHU� LQYHVWPHQW� DQG
LQIUDVWUXFWXUH� FRVWV� �&DGHGGX� HW� DO�� ������ 5DGMRX
������� /RFDO�� JUDVVURRWV�EDVHG�� FRPPXQLW\�GULYHQ
VROXWLRQV� HPHUJH� IURP� �FRQWH[WXDO� LQWHOOLJHQFH�� DQG
G\QDPLFV�RI�WKH�FRPPXQLW\�UHJDUGLQJ�WKHLU�QHHGV�DQG
UHVRXUFH�DYDLODELOLW\��+RVVDLQ�������.KDQQD���������,Q
WKH� KHDOWKFDUH� FRQWH[W�� IUXJDO� LQQRYDWLRQ� SUDFWLFHV
ZRXOG� DGGUHVV� WKH� LQHIILFLHQW� XVH� RI� VSHFLDOL]HG� DQG
OHVV� VSHFLDOL]HG� KHDOWK� ZRUNHUV� E\� UHSXUSRVLQJ� DQG
RSWLPL]LQJ�WKHLU�UROHV�LQ�WKH�KHDOWK�V\VWHPV�DFFRUGLQJ
WR�WKHLU�FRPSHWHQFHV�DQG�WKH�ORFDO�LVVXHV��%KDWWL�HW�DO�
�������7KLV� LV�KLJKO\� UHOHYDQW� WR� WKH�FXUUHQW� VLWXDWLRQ
GXH�WKH�KLJK�DIIOX[�RI�SHRSOH�LQ�HPHUJHQF\�URRPV�WKDW
LPSDFWV� RQ� WKH� DYDLODELOLW\� RI� WUDLQHG� PHGLFDO� VWDII�
7KLV� FRQVWUDLQWV� KLJKOLJKWV� WKH� LPSRUWDQFH� RI
RSWLPL]LQJ�� UHSXUSRVLQJ� DQG� GHYHORSLQJ� FXUUHQW� DQG
QHZ� KXPDQ� UHVRXUFHVÍ� UROHV� DQG� VNLOOV� LQ� WKH� KHDOWK
V\VWHPV�� DQG� �HQKDQFLQJ� WKH� FRPSHWHQFH� RI
SURIHVVLRQDOV�UDWKHU�WKDQ�WKHLU�WLWOHV���WUDQVODWHG�IURP
5HJLV�HW�DO��������

7KH�)(9� LQQRYDWLRQ�� OHYHUDJLQJ�YROXQWHHUVÍ� HQHUJ\�DQG
ILQDQFLDO� UHVRXUFHV�� VWHPPHG� XS� IURP� D� FRQWH[W
FRQVWUDLQHG�E\� VKRUWDJHV�RI� FHUWLILHG�PHGLFDO� VXSSOLHV�
GLVUXSWHG�ZRUOGZLGH�ORJLVWLFV�DQG�IDYRUHG�E\�D�GHFUHDVH
RI� UHJXODWRU\� EDUULHUV� �2SHQ� 6RXUFH� 9HQWLODWRUV� �����
ZKLFK�IDFLOLWDWHGbWKH�HQWUDQFH�RI�IUXJDO�DQG�UHVSRQVLEOH
LQQRYDWLRQV�� ,Q� DGGLWLRQ� WR� VXSSRUWLYH� LQLWLDWLYHV� OHG�E\
PXOWLQDWLRQDOV�� SKLODQWKURSLF� LQVWLWXWLRQV� FRXOG� SOD\� DQ
LPSRUWDQW� UROH� LQ� FRQWULEXWLQJ� WR� VSRQWDQHRXV
VROLGDULW\�EDVHG� LQLWLDWLYHV� LQ� WKH� SXUVXLW� RI� UHVWRULQJ
KHDOWK�HTXLW\�DPRQJ�&DQDGLDQV�DQG�FRQWULEXWLQJ�WR�WKH
RYHUDOO�ZHOO�EHLQJ�RI�VRFLHW\�

'HPDWHULDOL]DWLRQ� E\� GLJLWDOL]DWLRQ
'LJLWDOL]DWLRQ�� DFKLHYHG� E\� OHYHUDJLQJ� UHDGLO\� DYDLODEOH�
DVVHW�OLJKW� 60$&,7� �6RFLDO� 0HGLD�� 0RELOH�� $QDO\WLFV�
&ORXG�� DQG� ,R7�� WHFKQRORJLHV�� FDQ� OHDG� WR� ORZ�FRVW� DQG
KLJK�LPSDFW�VROXWLRQV�LQ�UHVRXUFH�FRQVWUDLQHG�FRQWH[WV
WKURXJK� WKH� GHYHORSPHQW� RI� VWUDWHJLF� FDSDELOLWLHV
�$KXMD� 	� &KDQ� ������� 'LJLWDOL]DWLRQ� FDQ� EH
HQYLURQPHQWDOO\�GHVWUXFWLYH�LI�XVHG�ZLWKRXW�PRGHUDWLRQ
�6WUXEHOO� HW� DO�� ������ DQG� GDWD� SULYDF\� LVVXHV� FDQ� EH
UDLVHG�� +RZHYHU�� XVHG� LQWHOOLJHQWO\�� �IUXJDO� GLJLWDO
VROXWLRQV�� FDQ� IDFLOLWDWH� LQQRYDWLRQ� SURFHVVHV� DQG
VROXWLRQV� WKURXJK� SK\VLFDO� DQG� GLJLWDO� LQIUDVWUXFWXUH
VKDULQJ�� FLUFXODU� EXVLQHVV� PRGHOV�� DQG� ORZ�HQHUJ\
PRQLWRULQJ� DQG� FRQWURO� YLD� ,R7� VHQVRUV� �5	'
PDQDJHPHQW� FRQIHUHQFH� ������� )RU� H[DPSOH�� WKH
VPDUWSKRQH�LV�LQFUHDVLQJO\�OHYHUDJHG�DV�D�SODWIRUP�WKDW
LV�XELTXLWRXV�� DFFHVVLEOH�� DQG� LGHQWLILDEOH� IRU�GHOLYHULQJ
ERWK� K\SHU�ORFDO� DQG� UHPRWH� VHUYLFHV� DW� VFDOH�
HVSHFLDOO\� LQ� WKH� KHDOWKFDUH� VHFWRU� ZKHUH� WKHUH� LV
JURZLQJ� GHPDQG� IURP� SDWLHQWV� IRU� PRUH� FRQWURO� RYHU
WKHLU� RZQ� KHDOWK� GDWD�� FRRUGLQDWLRQ�� DQG� GHFLVLRQ�
PDNLQJ��%HFNHUV�+RVSLWDO�5HYLHZ�������&DQDGD�+HDOWK
,QIRZD\� ������� :LWK� SRWHQWLDO� LVVXHV� VWHPPLQJ� IURP
SDWLHQWVÍ� FDSDELOLWLHV� IRU� GLJLWDO� VROXWLRQV� �H�J��
WHFKQRORJ\� OLWHUDF\��� IRFXVLQJ� RQ� GHOLYHU\� RI� VROXWLRQV
WKURXJK� GLJLWDO� LQIUDVWUXFWXUH� WKDW� LV� GLVWULEXWHG�
IDPLOLDU�� DQG� HDV\�WR�XVH� QRW� RQO\� SURYLGHV� FRQVXPHUV
ZLWK�D�XVHU�IULHQGO\�H[SHULHQFH�EXW�DOVR�ORZHUV�FRVWV�IRU
SURYLGHUV� E\� DOORZLQJ� LQQRYDWLRQ� LQ� SDUWQHUVKLS� ZLWK
FXVWRPHUV� XVLQJ� UHDGLO\� DYDLODEOH� WRROV� DQG
WHFKQRORJLHV��)U«U\�HW�DO��������

)RU� H[DPSOH�� WKH� XVH� RI� ÌWHOHKHDOWKÍ� LV� LQFUHDVLQJO\
UHFRPPHQGHG� DV� SHRSOH� DUH� EHLQJ� GLVFRXUDJHG� IURP
YLVLWLQJ� KRVSLWDOV� RU� FOLQLFV� GXULQJ� WKH� &29,'���
SDQGHPLF�� WKLV� GLJLWDO� VROXWLRQ� FDQ� FRQVHTXHQWO\
DGGUHVV�FXUUHQW�KHDOWK�JDSV��*UHHQKDOJK�HW�DO���������
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&RQFOXGLQJ�UHPDUNV
:KLOH�IUXJDO�LQQRYDWLRQ�PD\�QRW�EH�WKH�RQO\�VROXWLRQ
WR� KHOS� IDFH� WKH� FXUUHQW� FULVLV�� WKHUH� DUH� PDQ\
OHVVRQV� ZH� FDQ� OHDUQ� IURP� LW� DV� LW� TXHVWLRQV� RXU
HYLGHQFH�� LQ� SDUWLFXODU� DV� �:HVWHUQ� LQQRYDWLRQ
PRGHO� LV� QRW� LQ� WXQH� ZLWK� PDUNHW� UHDOLWLHV�� LW� GRHV
QRW� IXOILOO� LWV� SURPLVH� WR�HQFRXUDJH� VRFLDO� SURJUHVV
DQG�LPSURYH�WKH�ZHOO�EHLQJ�RI�FLWL]HQV���5DGMRX�DQG
3UDEKX��������,QQRYDWLQJ�ZLWK�VREULHW\��UHVSRQVLEO\
DQG� FROOHFWLYHO\� LV� EHFRPLQJ� D� QHFHVVLW\�� WKH�PDLQ
UHDVRQV� IRU� WKH� UHOHYDQFH� RI� IUXJDO� LQQRYDWLRQ� LQ
LQGXVWULDOL]HG� FRXQWULHV�� $V� LQGLYLGXDOV�� EXVLQHVVHV
DQG� JRYHUQPHQWV� �KDYH� EHHQ� UHPDUNDEO\� TXLFN� WR
DGRSW� RU� FDOO� IRU� SUDFWLFHV� WKDW� WKH\� PLJKW� RQFH
KDYH� GUDJJHG� WKHLU� KHHOV� RQ�� �<RQJ� ������� WKH
FRQWH[W� RI� WKH� &29,'���� XUJHQF\� LV� WKXV� DQ
RSSRUWXQLW\�WR�ZLSH�WKH�VODWH�RI�LQQRYDWLRQ�URXWLQHV
FOHDQ�DQG�FRQVLGHU�WKH� LPSRUWDQW�UROHV�WKDW�VKRXOG
EH�KHOG�E\�PDQ\�DFWRUV�GXULQJ� WKLV� WUDQVIRUPDWLRQ
�5HJLV�HW�DO��������6XOOLYDQ�������

+RZHYHU�� VHYHUDO� FRQVLGHUDWLRQV� UHPDLQ�� +RZ� FDQ
IUXJDO� LQQRYDWLRQ� KHOS� LQ� DYRLGLQJ� WUDGLWLRQDO
LQQRYDWLRQ� WUDSV� DQG� HQKDQFH� PRUH� UHVSRQVLEOH
LQQRYDWLRQ"�$V�WKLV�SDQGHPLF�UHPLQGV�XV�DERXW�RXU
GHSHQGHQFH� RQ� IURQWOLQH� KHDOWK� ZRUNHUV� LQ� D� ZHOO�
IXQFWLRQLQJ�VRFLHW\��5HJLV�HW�DO���������ZKDW�LV�WKHLU
UROH� LQ� JHQHUDWLQJ� ERWWRP�XS� LQQRYDWLRQV� GXULQJ
WKLV� SDQGHPLF� DQG� DIWHU"� &RXOG� IUXJDO� LQQRYDWLRQ
SOD\� D� UROH� LQ� DGGUHVVLQJ� V\VWHPLF� DQG� VRFLDO
GHWHUPLQDQWV� RI� KHDOWK�� DV� RSSRVHG� WR� LQQRYDWLRQV
PRUH� IUHTXHQWO\�WDUJHWLQJ�JOREDO�KHDOWK� LVVXHV� �3DL
�����"� 7R� UHVSRQG� WR� WKHVH� TXHVWLRQV�
JRYHUQPHQWV�� SROLF\�PDNHUV�� SXEOLF� KHDOWK� H[SHUWV
DQG�FRPPXQLWLHV�ZLOO�VHUYH�DV�WKH�FRUQHUVWRQHV�IRU
UHIUDPLQJ� SXEOLF� SROLFLHV� IRU� WKH� H[SORUDWLRQ�
DFTXLVLWLRQ�� DGRSWLRQ�� DQG� GLIIXVLRQ� RI� UHVSRQVLEOH
IUXJDO� LQQRYDWLRQV� LQ� KHDOWK� V\VWHPV� LQ� D� SRVW�
SDQGHPLF� FRQWH[W�� ,Q� WKLV� YHLQ�� WKH� SKLODQWKURS\
VHFWRU� FDQ� DOVR� VHUYH� DV� D� FDWDO\VW� DQG� YRFDO
VXSSRUWHU� RI� IUXJDO� LQQRYDWLRQ� LQLWLDWLYHV� DV� WKHUH
DUH� VKDUHG� YDOXHV� EHWZHHQ� WKHP�� D� GHVLUH� WR
DGGUHVV�VRFLDO�DQG�HSLVWHPLF�MXVWLFH��HQYLURQPHQWDO
FRQFHUQV� DQG� VXSSRUW� ORFDO� HFRQRPLHV�� %RWK
JRYHUQPHQWV�DQG�SKLODQWKURSLF�RUJDQL]DWLRQV�FRXOG
VXSSRUW�DQG�SURPRWH�VXFK�LQLWLDWLYHV�WR�DQFKRU�DQG
VXVWDLQ�WKH�WUDQVIRUPDWLYH�UROH�RI�JUDVVURRWV�DFWRUV
DQG� IUXJDO� LQQRYDWRUV� WRZDUGV� D� PRUH� VREHU�
UHVSRQVLEOH�DQG�FROOHFWLYH�LQQRYDWLRQ�SDUDGLJP�b

)RU� H[DPSOH�� LQ� DGGLWLRQ� WR� WKH� IRUPHU� HPHUJHQF\
URRP� RI� 0RQWUHDO
V� +¶WHO�'LHX� +RVSLWDO�� ZDON�LQ
VFUHHQLQJ� FHQWHUV� IRU� &29,'���� LQ� 0RQWUHDO� DUHD
�4XHEHF��&DQDGD��ZHUH� VHW� XS� LQ�0DUFK������ LQ� WZR
DUHDV�� 3ODFH� GHV� )HVWLYDOV� DQG� /RQJXHXLO�� ZKHUH
VSHFLDOL]HG�VHUYLFHV�DQG�KHDOWK�ZRUNHUV�ZHUH�UHTXLUHG
�&%&�QHZV�������6WHYHQVRQ�	�+DUULV��������2Q�WRS�RI
DJJUDYDWLQJ� WKH� YLUXV� VSUHDG� DV� V\PSWRPDWLF� SHRSOH
WUDYHOOHG�WR�UHDFK�WKHVH�ORFDWLRQV��RIWHQ�RYHUFURZGHG
�%UHQQDQ� 	� 5RZH� ������� VFUHHQLQJ� FHQWHUV� FRXOG
KDYH� EHHQ� PRUH� GHFHQWUDOL]HG� WR� 0RQWUHDO� DUHDÍV
VXEXUEV�� DQG� WKH� PRGHO� RI� EORRG�GULYHV� WKDW� XVH
PRELOH�WUXFNV�FRXOG�KDYH�EHHQ�OHYHUDJHG��OLNH�D�IUXJDO
LQQRYDWLRQ� SHUVSHFWLYH� ZRXOG� VXJJHVW�� 'XULQJ� RWKHU
SDQGHPLF� RXWEUHDNV� OLNH� =LND� RU� (EROD� LQ� OHVV
GHYHORSHG� FRXQWULHV� �H�J��� %UD]LO�� (WKLRSLD�� 3DNLVWDQ��
IUXJDO� LQQRYDWLRQ� SUDFWLFHV� LQ� KHDOWK� V\VWHPV
LQFUHDVLQJO\�HQFRXUDJHG�GHFHQWUDOL]LQJ�FDSDELOLWLHV�E\
KDUQHVVLQJ� ORZHU�VNLOOHG� FRPPXQLW\� KHDOWK� ZRUNHUV
�&+:V��IRU�SULPDU\�FDUH�VXSSRUW�WR�ORFDO�FRPPXQLWLHV
�+DUULV�HW�HO��������8VLQJ�RQOLQH�FRXUVHV�DQG��ÓULVN�
DVVHVVPHQW� WRROV�EDVHG�RQ� WKH�PRVW�EDVLF�SURWRFROV�
&+:V�FDQ�LGHQWLI\�DW�ULVN�JURXSV��UHIHU�SDWLHQWV�WR�WKH
KHDOWK� V\VWHP�� XQGHUVWDQG� WKH� ORFDO� GHWHUPLQDQWV� RI
KHDOWK�DQG�GHYHORS�FRPPXQLW\�ZLGH� LQWHUYHQWLRQV� WR
VXSSRUW�WKH�QDWLRQDO�UHVSRQVH���+DUULV�HW�HO�������

,Q� OLQH� ZLWK� WKLV�� LQ� 0D\� ������ 0RQWUHDO� GLVWULFW
GHSOR\HG� PRELOH� FOLQLFV� XVLQJb DYDLODEOH� SXEOLF
WUDQVSRUW� EXVHV� RQ� 0RQWUHDO� ,VODQG� DFKLHYLQJ� D
FDSDFLW\� RI� ���� WHVWV� D� GD\� WR� UHDFK� RXW� WKH� PRVW
DIIHFWHG� QHLJKERUKRRGV� �/DX]RQ� ������� +HUH�� WKH
UHSXUSRVLQJ�RI�H[LVWLQJ�FDSDFLWLHV�ZKLOH� LQFUHDVLQJ�RI
VDIHW\� RI� 0RQWUHDOÍV� SRSXODWLRQ�� VSHFLDOL]HG� KHDOWK
ZRUNHUV� DQG� KHDOWK� LQIUDVWUXFWXUH� VKRZV� D� IUXJDO
LQQRYDWLRQ� WKLQNLQJ��+HUH�� IUXJDO� LQQRYDWLRQ� FDQ� EH� D
PDMRU�OHYHU�WRZDUGV�WKH��4XLQWXSOH�$LP��Ê�D�UHIHUHQFH
IUDPHZRUN� DLPHG� DW� RSWLPL]LQJ� WKH� TXDOLW\� RI� FDUH
DFFRUGLQJ� WR� ILYH� NH\� YDOXHV� �� ��� SDWLHQW� FDUH� DQG
H[SHULHQFH�� ��� SRSXODWLRQVÍ� KHDOWK� FRQVLGHULQJ� DQ
HTXLWDEOH�GLVWULEXWLRQ�RI�UHVRXUFHV�����FRVW�UHGXFWLRQ�
��� TXDOLW\� RI� ZRUN� DQG� ZHOO�EHLQJ� RI� KHDOWK
SURIHVVLRQDOV�����HTXLW\�DQG� LQFOXVLRQ� �0DWKHQ\�HW�DO�
������� 7KHVH� YDOXHV� DUH� LQ� OLQH� ZLWK� WKH� PLVVLRQ� RI
HVWDEOLVKHG� IRXQGDWLRQV� VXFK� DV� WKH� &DQDGLDQ
)RXQGDWLRQ� IRU� +HDOWKFDUH� ,PSURYHPHQW� ������� WKDW
VXSSRUWV� LQQRYDWLRQV� WKDW� HQKDQFH� FDUH� FORVHU� WR
KRPH�DQG�FRPPXQLWLHVb��GHPRQVWUDWLQJ�WKH�VLJQLILFDQW
UROH�RI�IRXQGDWLRQV�LQ�DFKLHYLQJ�WKH��4XLQWXSOH�$LP��
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5«I«UHQFHV
$EUDKDP�� <��0�� �������� *X«ULU� GX� PDO� GH� OÍLQILQL�� 3URGXLUH� PRLQV�
SDUWDJHU� SOXV�� G«FLGHU� HQVHPEOH�� �FRVRFL«W«�
$JDUZDO�� 1��� &KXQJ�� .��� 	� %UHP�� $�� �������� 1HZ� WHFKQRORJLHV� IRU� IUXJDO
LQQRYDWLRQ�� ,Q� $�� -�� 0F0XUUD\� 	� *�� $�� GH� :DDO� �(GV���� )UXJDO
,QQRYDWLRQ�� $� *OREDO� 5HVHDUFK� &RPSDQLRQ� �SS�� ���Ê������ 5RXWOHGJH�
KWWSV���GRL�RUJ������������������������
$KXMD�� 6��� 	� &KDQ�� <�� (�� �������� )UXJDO� LQQRYDWLRQ� DQG� GLJLWDOLVDWLRQ�� $
SODWIRUP� HFRV\VWHP� SHUVSHFWLYH�� ,Q� $�� -�� 0F0XUUD\� 	� *�� $�� GH� :DDO
�(GV���� )UXJDO� ,QQRYDWLRQ�� $� *OREDO� 5HVHDUFK� &RPSDQLRQ� �SS�� ��Ê�����
5RXWOHGJH�� KWWSV���GRL�RUJ������������������������
%DVX�� 5�� 5��� %DQHUMHH�� 3�� 0��� 	� 6ZHHQ\�� (�� *�� �������� )UXJDO� ,QQRYDWLRQ�
&RUH� &RPSHWHQFLHV� WR� $GGUHVV� *OREDO� 6XVWDLQDELOLW\�� -RXUQDO� RI
0DQDJHPHQW� IRU� *OREDO� 6XVWDLQDELOLW\�� ������ ��Ê���
KWWSV���GRL�RUJ����������-0����������
%HFNHUV� +RVSLWDO� 5HYLHZ�� �������� &UHDWLYLW\� EHIRUH� FDSLWDO�� +HDOWK
V\VWHPV� DQG� IUXJDO� LQQRYDWLRQ�� %HFNHUV� +RVSLWDO� 5HYLHZ�
KWWSV���ZZZ�EHFNHUVKRVSLWDOUHYLHZ�FRP�KHDOWKFDUH�LQIRUPDWLRQ�
WHFKQRORJ\�FUHDWLYLW\�EHIRUH�FDSLWDO�KHDOWK�V\VWHPV�DQG�IUXJDO�
LQQRYDWLRQ�KWPO
%LOOHU�� '��� -HDQWHW�� '��� 	� &RUUHD�� /�� �������� &RURQDYLUXV�� %UD]LO
HPHUJLQJ� DV� ZRUOG� KRW� VSRW� IRU� YLUXV�� *OREDO� 1HZV�
KWWSV���JOREDOQHZV�FD�QHZV���������FRURQDYLUXV�EUD]LO�KRW�VSRW�
%LVDLOORQ�� 5��� 0RPER�� 1�� 1��� %HKD�� 6��� %URXDUG�� 0������ $UERXU�� 6��� 	
%«ODQG�� 0�� �������� 7LVDJHQOHFOHXFHO� SRXU� OH� WUDLWHPHQW� GH� OD� OHXF«PLH
O\PSKREODVWLTXH� DLJX­� ¢� FHOOXOHV� %� U«FLGLYDQWH� RX� U«IUDFWDLUH�� ,QVWLWXW
QDWLRQDO� GÍH[FHOOHQFH� HQ� VDQW«� HW� VHUYLFHV� VRFLDX[�
KWWSV���ZZZ�LQHVVV�TF�FD�ILOHDGPLQ�GRF�,1(666�5DSSRUWV�7KHUDSLH
VBFHOOXODLUHV�,1(666B$YLVB.\PULDKB//$�SGI
%KDWWL�� <�� $��� 	� 9HQWUHVFD�� 0�� �������� +RZ� &DQ� Ì)UXJDO� ,QQRYDWLRQÍ� %H
&RQFHSWXDOL]HG"� �6651� 6FKRODUO\� 3DSHU� ,'� ���������� 6RFLDO� 6FLHQFH
5HVHDUFK� 1HWZRUN�� KWWSV���GRL�RUJ���������VVUQ��������
%KDWWL�� <��� 3ULPH�� 0��� +DUULV�� 0��� :DGJH�� +��� 0F4XHHQ�� -��� 3DWHO�� +��
&DUWHU�� $��� 3DUVWRQ�� *��� 	� 'DU]L�� $�� �������� 7KH� VHDUFK� IRU� WKH� +RO\� *UDLO
Ë)UXJDO� LQQRYDWLRQ� LQ� KHDOWKFDUH� IURP� GHYHORSLQJ� FRXQWULHV� IRU
UHYHUVH� LQQRYDWLRQ� WR� GHYHORSHG� FRXQWULHV�� %0-� ,QQRYDWLRQV�� ��� ���Ê
����� KWWSV���G[�GRL�RUJ���������EPMLQQRY������������
%UHQQDQ�� $��� 	� 5RZH�� '�� -�� �������� 'ULYH�WKUX� &29,'���� VFUHHQLQJ
FOLQLF� RSHQV� DW� 3ODFH� GHV� )HVWLYDOV� LQ� 0RQWUHDO�� 0RQWUHDO�
KWWSV���PRQWUHDO�FWYQHZV�FD�GULYH�WKUX�FRYLG����VFUHHQLQJ�FOLQLF�
RSHQV�DW�SODFH�GHV�IHVWLYDOV�LQ�PRQWUHDO����������
&DGHGGX�� 6�� %�� 0��� 'RQRYDQ�� -�� '��� 7RSSOH�� &��� :DDO�� *�� $�� GH�� 	� 0DVOL�� (�
.�� �������� )UXJDO� LQQRYDWLRQ� SUDFWLFHV� LQ� VWDUW�XSV�� 7KH� FDVH� RI� D
IUXJDO� PHGLFDO� GHYLFH� IRU� %23� DQG� PLGGOH� PDUNHWV� LQ� ,QGRQHVLD�� ,Q� $�
-�� 0F0XUUD\� 	� *�� $�� GH� :DDO� �(GV���� )UXJDO� ,QQRYDWLRQ�� $� *OREDO
5HVHDUFK� &RPSDQLRQ� �SS�� ���Ê������ 5RXWOHGJH�
KWWSV���GRL�RUJ�������������������������
&DQDGD� +HDOWK� ,QIRZD\�� �������� (0HG5HF� _� &DQDGD� +HDOWK� ,QIRZD\�
,QIRZD\� ,QIRURXWH�� KWWSV���LQIRZD\�LQIRURXWH�FD�HQ�VROXWLRQV�VDIHU�
PHGLFDWLRQ�SUDFWLFHV�HPHGLFDWLRQ�UHFRQFLOOLDWLRQ
&DQDGLDQ� )RXQGDWLRQ� IRU� +HDOWKFDUH� ,PSURYHPHQW�� �������� &)+,� �
2XU� $SSURDFK�� &IKL�)FDVV�� KWWSV���ZZZ�FIKL�
IFDVV�FD�$ERXW8V�2XU$SSURDFK�DVS[

&%&� 1HZV�� �������� 4XHEHFÍV� ILUVW� VSHFLDOL]HG� &29,'���� FOLQLF� RSHQV
LQ� 0RQWUHDO� _� &%&� 1HZV�� &%&�
KWWSV���ZZZ�FEF�FD�QHZV�FDQDGD�PRQWUHDO�FRURQDYLUXV�FRYLG����
TXHEHF����������
&RPPLVVLRQ� GH� OD� VFLHQFH� HW� GH� OD� WHFKQLTXH� DX� VHUYLFH� GX
G«YHORSSHPHQW�� �������� 1RXYHOOHV� G«PDUFKHV� GÍLQQRYDWLRQ� ¢� OÍDSSXL
GH� OD� U«DOLVDWLRQ� GHV� REMHFWLIV� GH� G«YHORSSHPHQW� GXUDEOH� �S�� ����
1DWLRQV� 8QLHV�
KWWSV���XQFWDG�RUJ�PHHWLQJV�IU�6HVVLRQDO'RFXPHQWV�HFQ������G�B
IU�SGI
&XQKD�� 0�� 3�� H�� 5HJR�� $��� 2OLYHLUD�� 3��� 5RVDGR�� 3��� 	� +DELE�� 1�� �������
3URGXFW� ,QQRYDWLRQ� LQ� 5HVRXUFH�3RRU� (QYLURQPHQWV�� 7KUHH� 5HVHDUFK
6WUHDPV�� -RXUQDO� RI� 3URGXFW� ,QQRYDWLRQ� 0DQDJHPHQW�� ������� ���Ê
����� KWWSV���GRL�RUJ���������MSLP������
'DWWD�� $�� �������� &RYLG����� 0DULFR� ,QQRYDWLRQ� )RXQGDWLRQ� LQYLWHV
LGHDV� WR� FRPEDW� FULVLV�� )RUWXQH� ,QGLD�
KWWSV���ZZZ�IRUWXQHLQGLD�FRP�LGHDV�FRYLG����PDULFR�LQQRYDWLRQ�
IRXQGDWLRQ�LQYLWHV�LGHDV�WR�FRPEDW�FULVLV�������
H�*RXYHUQDQFH� 0DGDJDVFDU�� �����D��� $SSHO� ¢� SURMHWV� GH� VROXWLRQV
LQQRYDQWHV� SRXU� OXWWHU� FRQWUH� OH� &29,'���� �!� &,9,&� 7(&+
0DGDJDVFDU�� H�*RXYHUQDQFH� 0DGDJDVFDU�
KWWSV���GLJLWDO�JRY�PJ������������OHWDW�IDLW�DSSHO�D�WRXWHV�OHV�
ERQQHV�YRORQWHV�GLJLWDOHV�GX�SD\V�FLYLF�WHFK�PDGDJDVFDU�
H�*RXYHUQDQFH� 0DGDJDVFDU�� �����E��� 7UDQVIRUPDWLRQ� GLJLWDOH� GHV
6HUYLFHV� 3XEOLFV�� H�*RXYHUQDQFH� 0DGDJDVFDU�
KWWSV���GLJLWDO�JRY�PJ�WUDQVIRUPDWLRQ�VHUYLFHV�SXEOLFV�
(GG\�� 1�� �������� &RURQDYLUXV� RXWEUHDN� WULJJHUV� ZDYH� RI� DSSV�� RQOLQH
WRROV� IRU� GLDJQRVLV�� WHVWLQJ�� +HDOWKFDUH� ,7� 1HZV�
KWWSV���ZZZ�KHDOWKFDUHLWQHZV�FRP�QHZV�FRURQDYLUXV�RXWEUHDN�
WULJJHUV�ZDYH�DSSV�RQOLQH�WRROV�GLDJQRVLV�WHVWLQJ
)U«U\�� )��� /HFRFT�� ;��� 	� :DUQLHU�� 9�� �������� &RPSHWLQJ� :LWK� 2UGLQDU\
5HVRXUFHV�� 0,7� 6ORDQ� 0DQDJHPHQW� 5HYLHZ�� 0DJD]LQH� 6SULQJ�
KWWSV���VORDQUHYLHZ�PLW�HGX�DUWLFOH�FRPSHWLQJ�ZLWK�RUGLQDU\�
UHVRXUFHV�
)XUWZDQJOHU�� 7�� �������� 3$7+� 6HDWWOH� VKRS� IDEULFDWHV� IDFH� VKLHOGV� IRU
&29,'���� UHVSRQVH�� 3$7+�KWWSV���ZZZ�SDWK�RUJ�DUWLFOHV�SDWK�
VHDWWOH�VKRS�IDFH�VKLHOGV�FRYLG����
*RYHUQPHQW� RI� &DQDGD� �������� $ERXW� QRQ�PHGLFDO� PDVNV� DQG� IDFH
FRYHULQJV�� &DQDGD�FD�� KWWSV���ZZZ�FDQDGD�FD�HQ�SXEOLF�
KHDOWK�VHUYLFHV�GLVHDVHV������QRYHO�FRURQDYLUXV�
LQIHFWLRQ�SUHYHQWLRQ�ULVNV�LQVWUXFWLRQV�VHZ�QR�VHZ�FORWK�IDFH�
FRYHULQJ�KWPO
*UDQW�3RLWUDV�� '��� $ODORXI�KDOO�� '��� 	� )RQWDQ�� -��0�� �������
&RURQDYLUXV�� 0RELOLVDWLRQ� LQ«GLWH� GHV� RUJDQLVDWLRQV� GH� ELHQIDLVDQFH�
3KLODE�� KWWSV���SKLODE�XTDP�FD�EORJXH�DFFXHLO�IDFH�DX�FRURQDYLUXV�
XQH�PRELOLVDWLRQ�VDQV�SUHFHGHQW�GHV�RUJDQLVDWLRQV�GH�
ELHQIDLVDQFH�
*UHHQKDOJK�� 7��� :KHUWRQ�� -��� 6KDZ�� 6��� 	� 0RUULVRQ�� &�� �������� 9LGHR
FRQVXOWDWLRQV� IRU� FRYLG����� %0-�� ����
KWWSV���GRL�RUJ���������EPM�P���
+DUULV�� 0��� %KDWWL�� <��� %XFNOH\�� -��� 	� 6KDUPD�� '�� �������� )DVW� DQG� IUXJDO
LQQRYDWLRQV� LQ� UHVSRQVH� WR� WKH� &29,'���� SDQGHPLF�� 1DWXUH� 0HGLFLQH�
�Ê��� KWWSV���GRL�RUJ���������V����������������
+RVVDLQ�� 0�� �������� )UXJDO� LQQRYDWLRQ�� &RQFHSWLRQ�� GHYHORSPHQW�
GLIIXVLRQ�� DQG� RXWFRPH�� -RXUQDO� RI� &OHDQHU� 3URGXFWLRQ�� ����� �Ê���
KWWSV���GRL�RUJ���������M�MFOHSUR������������
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.KDQQD�� 7�� �������� &RQWH[WXDO� ,QWHOOLJHQFH�� +DUYDUG� %XVLQHVV� 5HYLHZ�
6HSWHPEHU� ������ KWWSV���KEU�RUJ���������FRQWH[WXDO�LQWHOOLJHQFH
/DX]RQ�� 9�� �������� 0RQWU«DO� SU«VHQWH� XQH� SUHPLªUH� FOLQLTXH� GH� G«SLVWDJH
PRELOH�� /D� 3UHVVH�� KWWSV���ZZZ�ODSUHVVH�FD�FRYLG�����������������
��������PRQWUHDO�SUHVHQWH�XQH�SUHPLHUH�FOLQLTXH�GH�GHSLVWDJH�
PRELOH�SKS
/H� %DV�� &�� �������� 4XDQG� OÍLQQRYDWLRQ� VH� IDLW� IUXJDOH�� 7KH� &RQYHUVDWLRQ�
KWWS���WKHFRQYHUVDWLRQ�FRP�TXDQG�OLQQRYDWLRQ�VH�IDLW�IUXJDOH�������
/HOLYHOG�� $�� �������� ,QQRYDWLRQ� GXULQJ� WKH� FULVLV�� +RZ� &29,'���� FRXOG
ERRVW� IUXJDO� KHDOWK� WHFKQRORJLHV�� &HQWUH� IRU� )UXJDO� ,QQRYDWLRQ� LQ� $IULFD�
KWWSV���ZZZ�FILD�QO�QHZV�LQQRYDWLRQ�GXULQJ�WKH�FULVLV�KRZ�FRYLG����
FRXOG�ERRVW�IUXJDO�KHDOWK�WHFKQRORJLHV
/LVGRUI�� $�� �������� 2SHQ�VRXUFH� PHGLFDO� VXSSOLHV� EDWWOH� &29,'����
6KDUHDEOH�� KWWSV���ZZZ�VKDUHDEOH�QHW�RSHQ�VRXUFH�PHGLFDO�VXSSOLHV�
EDWWOH�FRYLG����
0DUNHUWRXU�� �������� 6(%/DE�� 0DNHU� 7RXU�
KWWSV���ZZZ�PDNHUWRXU�IU�ZRUNVKRSV�VHEODE�SUHVHQWDWLRQ
0DWKHQ\�� 0��� ,VUDQL�� 6�� 7��� $KPHG�� 0��� 	� :KLFKHU�� '�� �������� $UWLILFLDO
LQWHOOLJHQFH� LQ� KHDOWK� FDUH�� 7KH� KRSH�� WKH� K\SH�� WKH� SURPLVH�� WKH� SHULO�
1DWLRQDO� $FDGHP\� RI� 0HGLFLQH�� SUHSXE�� ������
0DUPRW�� 0��� *ROGEODWW�� 3��� 	� $OOHQ�� -�� �������� )DLU� VRFLHW\�� KHDOWK\� OLYHV�� 7KH
0DUPRW� 5HYLHZ�� 6WUDWHJLF� UHYLHZ� RI� KHDOWK� LQHTXDOLWLHV� LQ� (QJODQG� SRVW�
������ KWWSV���ZZZ�JRY�XN�GILG�UHVHDUFK�RXWSXWV�IDLU�VRFLHW\�KHDOWK\�
OLYHV�WKH�PDUPRW�UHYLHZ�VWUDWHJLF�UHYLHZ�RI�KHDOWK�LQHTXDOLWLHV�LQ�
HQJODQG�SRVW�����
0LHVOHU�� 7��� :LPVFKQHLGHU�� &��� %UHP�� $��� 	� 0HLQHO�� /�� �������� )UXJDO
,QQRYDWLRQ� IRU� 3RLQW�RI�&DUH� 'LDJQRVWLFV� &RQWUROOLQJ� 2XWEUHDNV� DQG
(SLGHPLFV�� $&6� %LRPDWHULDOV� 6FLHQFH� 	� (QJLQHHULQJ�
KWWSV���GRL�RUJ���������DFVELRPDWHULDOV��E�����
1LUDPDL�� �������� 7KHUPDO\WL[�� 1LUDPDL�
KWWSV���ZZZ�QLUDPDL�FRP�DERXW�WKHUPDO\WL[�
2SHQ� 6RXUFH� 9HQWLODWRU� �������� ,QWURGXFWLRQ�� 2SHQ� 6RXUFH� 9HQWLODWRU�
KWWSV���RSHQVRXUFHYHQWLODWRU�LH�
3DL�� 0�� �������� Ï&RYLGLVDWLRQÐ� RI� DFDGHPLF� UHVHDUFK�� 2SSRUWXQLWLHV� DQG
ULVNV�� 1DWXUH� 5HVHDUFK� 0LFURELRORJ\� &RPPXQLW\�
KWWS���QDWXUHPLFURELRORJ\FRPPXQLW\�QDWXUH�FRP�XVHUV�������
PDGKXNDU�SDL�SRVWV�������FRYLGLVDWLRQ�RI�DFDGHPLF�UHVHDUFK�
RSSRUWXQLWLHV�DQG�ULVNV
3DQVHUD�� 0�� �������� )UXJDO� RU� )DLU"� 7KH� 8QIXOILOOHG� 3URPLVHV� RI� )UXJDO
,QQRYDWLRQ�� 7HFKQRORJ\� ,QQRYDWLRQ� 0DQDJHPHQW� 5HYLHZ�� ������ �Ê���
KWWSV���GRL�RUJ����������WLPUHYLHZ�����
3DQVHUD�� 0��� 	� 2ZHQ�� 5�� �������� ,QQRYDWLRQ� IRU� GH�JURZWK�� $� FDVH� VWXG\� RI
FRXQWHU�KHJHPRQLF� SUDFWLFHV� IURP� .HUDOD�� ,QGLD�� -RXUQDO� RI� &OHDQHU
3URGXFWLRQ�� ����� ����Ê������ KWWSV���GRL�RUJ���������M�MFOHSUR������������
3DQVHUD�� 0��� 	� 6DUNDU�� 6�� �������� &UDIWLQJ� 6XVWDLQDEOH� 'HYHORSPHQW
6ROXWLRQV�� )UXJDO� ,QQRYDWLRQV� RI� *UDVVURRWV� (QWUHSUHQHXUV�� 6XVWDLQDELOLW\�
������ ���� KWWSV���GRL�RUJ���������VX�������
3DUU\�+LOO�� -��� 6KLK�� 3�� &��� 0DQNRII�� -��� 	� $VKEURRN�� '�� �������
8QGHUVWDQGLQJ� 9ROXQWHHU� $7� )DEULFDWRUV�� 2SSRUWXQLWLHV� DQG� &KDOOHQJHV
LQ� ',<�$7� IRU� 2WKHUV� LQ� H�1$%/(�� 3URFHHGLQJV� RI� WKH� ����� &+,
&RQIHUHQFH� RQ� +XPDQ� )DFWRUV� LQ� &RPSXWLQJ� 6\VWHPV�� ����Ê�����
KWWSV���GRL�RUJ������������������������
3$7+� �������� )LQDQFHV�� 3$7+�RUJ�
KWWSV���ZZZ�SDWK�RUJ�DERXW�ILQDQFHV�

3RUWQRYD�� $�� $��� 0XNKHUMHH�� *��� 3HWHUV�� .�� 0��� <DPDQH�� $��� 	� 6WHHOH�� .�
0�� �������� 'HVLJQ� RI� D� �'�SULQWHG�� RSHQ�VRXUFH� ZULVW�GULYHQ� RUWKRVLV
IRU� LQGLYLGXDOV� ZLWK� VSLQDO� FRUG� LQMXU\�� 3OR6� 2QH�� ������� H��������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH��������
5DGMRX�� 1��� 	� -DLGHHS�� 3�� �������� )UXJDO� ,QQRYDWLRQ�� +RZ� WR� GR� PRUH
ZLWK� OHVV�� 7KH� (FRQRPLVW�
5DGMRX�� 1��� 3UDEKX�� -��� 	� $KXMD�� 6�� �������-XJDDG� ,QQRYDWLRQ�� 7KLQN
)UXJDO�� %H� )OH[LEOH�� *HQHUDWH� %UHDNWKURXJK� *URZWK� �66,5��� 6WDQIRUG
6RFLDO� ,QQRYDWLRQ� 5HYLHZ
KWWSV���VVLU�RUJ�ERRNV�H[FHUSWV�HQWU\�MXJDDGBLQQRYDWLRQBWKLQNBIUXJ
DOBEHBIOH[LEOHBJHQHUDWHBEUHDNWKURXJKBJURZWK
5DPDQDQ�� 5�� �������� $V� ,QGLD� 5HHOV� 8QGHU� &RYLG���� 2XWEUHDN�� +HUH
V
+RZ� &RPPXQLW\� ,QQRYDWLRQ� &HQWHUV� &DQ� 2IIHU� 8QLTXH� 6ROXWLRQV��
1HZV���� KWWSV���ZZZ�QHZV���FRP�QHZV�RSLQLRQ�DV�LQGLD�UHHOV�
XQGHU�FRYLG����RXWEUHDN�KHUHV�KRZ�FRPPXQLW\�LQQRYDWLRQ�
FHQWHUV�FDQ�RIIHU�XQLTXH�VROXWLRQV���������KWPO
5D\PRQG�� 5�� �������� &RURQDYLUXV� FDWDO\]HV� JURZLQJ� ZDYH� RI
JUDVVURRWV� DFWLRQ�� 6KDUHDEOH�
KWWSV���ZZZ�VKDUHDEOH�QHW�FRURQDYLUXV�FDWDO\]HV�JURZLQJ�ZDYH�RI�
JUDVVURRWV�DFWLRQ�GHVSLWH�VRFLDO�GLVWDQFLQJ�
5«JLV�� &��� 'HQLV�� -��/��� *DXGUHDXOW�'HV%LHQV�� -��)�� �������� 5«IO«FKLU� ¢
OÍDSUªV�FULVH� HQ� SROLWLTXH� HW� HQ� VDQW«�� 3ROLF\� 2SWLRQV�� 5HWULHYHG� 0D\
���� ������ IURP� KWWSV���SROLF\RSWLRQV�LUSS�RUJ�IU�PDJD]LQHV�PD\�
�����UHIOHFKLU�D�ODSUHV�FULVH�HQ�SROLWLTXH�HW�HQ�VDQWH�
5HVHDUFK� &HQWHU� RI� WKH� &+80� �������� �76�� &+80� $1'� &,8666� 1,0
ODXQFK� D� QHWZRUN� IRU� WKH� �G� SULQWLQJ� RI� PHGLFDO� HTXLSPHQW�
KWWSV���ZZZ�FKXPRQWUHDO�TF�FD�HQ�FUFKXP�QRXYHOOHV�HWV�FKXP�
DQG�FLXVVV�QLP�ODXQFK�QHWZRUN��G�SULQWLQJ�PHGLFDO�HTXLSPHQW
5	'� PDQDJHPHQW� FRQIHUHQFH�� �������� &RQIHUHQFH� 7UDFNV� �)UXJDO
,QQRYDWLRQ� DQG� 'LJLWDOL]DWLRQ�� &URVVLQJ� %RXQGDULHV� DQG� &UHDWLQJ
,PSDFW�� 51'������ KWWSV���ZZZ�UQG�����RUJ�&RQIHUHQFH�
7UDFNV�LG����
5DR�� %�� &�� �������� 7KH� VFLHQFH� XQGHUO\LQJ� IUXJDO� LQQRYDWLRQV� VKRXOG
QRW� EH� IUXJDO�� 5R\DO� 6RFLHW\� 2SHQ� 6FLHQFH�� ������ �Ê��
KWWSV���GRL�RUJ���������UVRV�������
5HDGHU�� 5�� �������� +RZ� RSHQ�VRXUFH� PHGLFLQH� FRXOG� SUHSDUH� XV� IRU
WKH� QH[W� SDQGHPLF�� )DVW� &RPSDQ\�
KWWSV���ZZZ�IDVWFRPSDQ\�FRP����������KRZ�RSHQ�VRXUFH�
PHGLFLQH�FRXOG�SUHSDUH�XV�IRU�WKH�QH[W�SDQGHPLF
5RFKH� &DQDGD� �������� &29,'���� 2SHQ� ,QQRYDWLRQ� &KDOOHQJH�� 5RFKH
&DQDGD�� KWWSV���ZZZ�URFKHFDQDGD�FRP�HQ�IXQGLQJ�
RSSRUWXQLWLHV�FRYLG����KWPO
5RVFD�� (��� 5HHG\�� -��� 	� %HQGXO�� -�� &�� �������� 'RHV� )UXJDO� ,QQRYDWLRQ
(QDEOH� 6XVWDLQDEOH� 'HYHORSPHQW"� $� 6\VWHPDWLF� /LWHUDWXUH� 5HYLHZ�
7KH� (XURSHDQ� -RXUQDO� RI� 'HYHORSPHQW� 5HVHDUFK�� ������� ���Ê����
KWWSV���GRL�RUJ���������V����������������
5R\�� 6�� �������� :KDW� PDNHV� SKRQH�ERRWK� WHVWLQJ� HIIHFWLYH� LQ� WKH
EDWWOH� DJDLQVW� &RURQDYLUXV�� %XVLQHVV� 6WDQGDUG� ,QGLD�
KWWSV���ZZZ�EXVLQHVV�VWDQGDUG�FRP�DUWLFOH�FXUUHQW�DIIDLUV�DOO�\RX�
QHHG�WR�NQRZ�DERXW�SKRQH�ERRWK�FRURQDYLUXV�WHVWLQJ�
������������B��KWPO
6FKQHLGHU�� )�� �������� 'HJURZWK� RI� 3URGXFWLRQ� DQG� &RQVXPSWLRQ
&DSDFLWLHV� IRU� VRFLDO� MXVWLFH�� ZHOO�EHLQJ� DQG� HFRORJLFDO� VXVWDLQDELOLW\�
6HFRQG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� (FRQRPLF� 'HJURZWK� IRU
(FRORJLFDO� 6XVWDLQDELOLW\� DQG� 6RFLDO� (TXLW\�� ���
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6KDZQ�� (�� �Q�G���� &RURQDYLUXV� LQ� 7KH� *UHDW� 3ODLQV� DQG� 0RXQWDLQ� :HVW�
,Q� )R[� 1HZV�� 5HWULHYHG� $SULO� ���� ������ IURP
KWWS���YLGHR�IR[QHZV�FRP�Y���������������
6WHYHQVRQ�� 9��� 	� +DUULV�� &�� �������� &29,'����� 4XHEHF� FORVLQJ
VKRSSLQJ� PDOOV�� VFKRROV� DQG� UHVWDXUDQW� GLQLQJ� URRPV� XQWLO� 0D\� �� _
&%&� 1HZV�� &%&�
KWWSV���ZZZ�FEF�FD�QHZV�FDQDGD�PRQWUHDO�FRURQDYLUXV�FRYLG����
PRQWUHDO�TXHEHF�PDUFK�������������
6WUXEHOO�� (��� *DQHVK�� $��� 	� 0F&DOOXP�� $�� �������� (QHUJ\� DQG� 3ROLF\
&RQVLGHUDWLRQV� IRU� 'HHS� /HDUQLQJ� LQ� 1/3�� $U;LY������������ >&V@�
KWWS���DU[LY�RUJ�DEV�����������
6XOOLYDQ�� 0�� �������� $OO� WKH� WKLQJV� &29,'���� ZLOO� FKDQJH� IRUHYHU�
DFFRUGLQJ� WR� ��� WRS� H[SHUWV�� )DVW� &RPSDQ\�
KWWSV���ZZZ�IDVWFRPSDQ\�FRP����������DOO�WKH�WKLQJV�FRYLG����
ZLOO�FKDQJH�IRUHYHU�DFFRUGLQJ�WR����WRS�H[SHUWV
7KH� 'XWFK� &RDOLWLRQ� IRU� +XPDQLWDULDQ� ,QQRYDWLRQ�� �������� 5HVRXUFHV
IRU� +XPDQLWDULDQ� ,QQRYDWRUV� GXULQJ� &29,'����� 'XWFK� &RDOLWLRQ� IRU
+XPDQLWDULDQ� ,QQRYDWLRQ�� KWWSV���GFKL�QO������������UHVRXUFHV�
WR�FRQWLQXH�LQQRYDWLQJ�GXULQJ�FRYLG����
7KH� /DQFHW�� �������� &29,'����� /HDUQLQJ� IURP� H[SHULHQFH�� 7KH
/DQFHW�� ������������ ������ KWWSV���GRL�RUJ���������6�����
���������������
81(6&2�� �������� 6PDUW� FLWLHV�� 6KDSLQJ� WKH� VRFLHW\� RI� ������ 81(6&2�
KWWSV���XQHVGRF�XQHVFR�RUJ�DUN��������SI����������
:H\UDXFK�� 7��� 	� +HUVWDWW�� &�� �������� :KDW� LV� IUXJDO� LQQRYDWLRQ"� 7KUHH
GHILQLQJ� FULWHULD�� -RXUQDO� RI� )UXJDO� ,QQRYDWLRQ�� ������ �Ê���
KWWSV���GRL�RUJ���������V���������������\
<RQJ�� (�� �������� +RZ� WKH� 3DQGHPLF� :LOO� (QG�� 7KH� $WODQWLF�
KWWSV���ZZZ�WKHDWODQWLF�FRP�KHDOWK�DUFKLYH���������KRZ�ZLOO�
FRURQDYLUXV�HQG��������

��� >��@�7H[WHV�G
LQYLW«Vb_�*XHVW�&RQWULEXWRUV

/
$QQ«H�3KL/DQWKURSLTXH���7KH�3KL/DQWKURSLF�<HDU�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b�b+RUV�6«ULH�����b��&RYLG���





/
$QQpH�3KL/DQWKURSLTXH
7KH�3KL/DQWKURSLF�<HDU

5pVHDX�&DQDGLHQ�GH�UHFKHUFKH
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5HVHDUFK�1HWZRUN
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