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0RGXOH�%���<RX�DQG�\RXU�JHQHV

%���� :KDW�DUH�JHQHV�DQG�KRZ�GR�WKH\�DIIHFW�WKH�ZD\�WKDW�RUJDQLVPV�GHYHORS"

��� UHFDOO�WKDW�LQVWUXFWLRQV�WR�FRQWURO�KRZ�DQ�RUJDQLVP�GHYHORSV�DQG�IXQFWLRQV�DUH�IRXQG�LQ�WKH�
QXFOHXV�RI�LWV�FHOOV�DQG�DUH�FDOOHG�JHQHV

��� UHFDOO�WKDW�JHQHV�DUH�LQVWUXFWLRQV�IRU�D�FHOO�WKDW�GHVFULEH�KRZ�WR�PDNH�SURWHLQV

��� UHFDOO�WKDW�SURWHLQV�PD\�EH�VWUXFWXUDO��H�J��FROODJHQ��RU�IXQFWLRQDO��H�J��HQ]\PHV�VXFK�DV�
DP\ODVH�

��� UHFDOO�WKDW�JHQHV�DUH�VHFWLRQV�RI�YHU\�ORQJ�'1$�PROHFXOHV�WKDW�PDNH�XS�FKURPRVRPHV�LQ�WKH�
QXFOHL�RI�FHOOV

��� XQGHUVWDQG�WKDW�VRPH�FKDUDFWHULVWLFV�DUH�GHWHUPLQHG�E\�JHQHV��H�J��GLPSOHV���VRPH�DUH�
GHWHUPLQHG�E\�HQYLURQPHQWDO�IDFWRUV��H�J��VFDUV���DQG�VRPH�DUH�GHWHUPLQHG�E\�D�FRPELQDWLRQ�
RI�JHQHV�DQG�WKH�HQYLURQPHQW��H�J��ZHLJKW�

��� XQGHUVWDQG�WKDW�PDQ\�FKDUDFWHULVWLFV�DUH�GHWHUPLQHG�E\�VHYHUDO�JHQHV�ZRUNLQJ�WRJHWKHU��
�H�J��H\H�FRORXU��
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0RGXOH�%���<RX�DQG�\RXU�JHQHV

%���� :K\�FDQ�SHRSOH�ORRN�OLNH�WKHLU�SDUHQWV��EURWKHUV�DQG�VLVWHUV��EXW�QRW�EH�LGHQWLFDO�WR�WKHP"

��� UHFDOO�WKDW�ERG\�FHOOV�FRQWDLQ�SDLUV�RI�FKURPRVRPHV�DQG�WKDW�VH[�FHOOV�FRQWDLQ�RQO\�RQH�
FKURPRVRPH�IURP�HDFK�SDLU

��� XQGHUVWDQG�WKDW�FKURPRVRPHV�LQ�D�SDLU�FDUU\�WKH�VDPH�JHQHV�LQ�WKH�VDPH�SODFH��EXW�WKDW�
WKHUH�PD\�EH�GLIIHUHQW�YHUVLRQV�RI�JHQHV�FDOOHG�DOOHOHV

��� UHFDOO�WKDW�DQ�LQGLYLGXDO�XVXDOO\�KDV�WZR�DOOHOHV�IRU�HDFK�JHQH

��� UHFDOO�WKDW�LQ�DQ�LQGLYLGXDO�WKH�WZR�DOOHOHV�RI�HDFK�JHQH�FDQ�EH�WKH�VDPH��KRPR]\JRXV��RU�
GLIIHUHQW��KHWHUR]\JRXV�

��� XQGHUVWDQG�WKDW�GXULQJ�VH[XDO�UHSURGXFWLRQ�JHQHV�IURP�ERWK�SDUHQWV�FRPH�WRJHWKHU�DQG�
SURGXFH�YDULDWLRQ�LQ�WKH�RIIVSULQJ

��� XQGHUVWDQG�WKDW�RIIVSULQJ�KDYH�VRPH�VLPLODULWLHV�WR�WKHLU�SDUHQWV�EHFDXVH�RI�WKH�FRPELQDWLRQ�RI�
PDWHUQDO�DQG�SDWHUQDO�DOOHOHV�LQ�WKH�IHUWLOLVHG�HJJ

��� XQGHUVWDQG�WKDW�GLIIHUHQW�RIIVSULQJ�IURP�WKH�VDPH�SDUHQWV�FDQ�GLIIHU�IURP�HDFK�RWKHU�EHFDXVH�
WKH\�LQKHULW�D�GLIIHUHQW�FRPELQDWLRQ�RI�PDWHUQDO�DQG�SDWHUQDO�DOOHOHV

��� XQGHUVWDQG�WKDW�DQ�DOOHOH�FDQ�EH�GRPLQDQW�RU�UHFHVVLYH��DQG�WKDW�

� D�� DQ�LQGLYLGXDO�ZLWK�RQH�RU�ERWK�GRPLQDQW�DOOHOHV��LQ�D�SDLU�RI�DOOHOHV��ZLOO�VKRZ�WKH�
DVVRFLDWHG�GRPLQDQW�FKDUDFWHULVWLF

� E�� DQ�LQGLYLGXDO�ZLWK�RQH�UHFHVVLYH�DOOHOH��LQ�D�SDLU�RI�DOOHOHV��ZLOO�QRW�VKRZ�WKH�DVVRFLDWHG�
UHFHVVLYH�FKDUDFWHULVWLF

� F�� DQ�LQGLYLGXDO�ZLWK�ERWK�UHFHVVLYH�DOOHOHV��LQ�D�SDLU�RI�DOOHOHV��ZLOO�VKRZ�WKH�DVVRFLDWHG�
UHFHVVLYH�FKDUDFWHULVWLF

��� UHFDOO�WKDW�KXPDQ�PDOHV�KDYH�;<�VH[�FKURPRVRPHV�DQG�IHPDOHV�KDYH�;;�VH[�FKURPRVRPHV

���� XQGHUVWDQG�WKDW�WKH�VH[�GHWHUPLQLQJ�JHQH�RQ�WKH�<�FKURPRVRPH�WULJJHUV�WKH�
GHYHORSPHQW�RI�WHVWHV��DQG�WKDW�LQ�WKH�DEVHQFH�RI�D�<�FKURPRVRPH�RYDULHV�GHYHORS

���� XVH�DQG�LQWHUSUHW�JHQHWLF�GLDJUDPV��IDPLO\�WUHHV�DQG�3XQQHWW�VTXDUHV��VKRZLQJ�

� D�� WKH�LQKHULWDQFH�RI�VLQJOH�JHQH�FKDUDFWHULVWLFV�ZLWK�D�GRPLQDQW�DQG�UHFHVVLYH�DOOHOH

� E�� WKH�LQKHULWDQFH�RI�VH[�FKURPRVRPHV

���� XQGHUVWDQG�WKDW�WKH�WHUP�JHQRW\SH�GHVFULEHV�WKH�JHQHWLF�PDNH�XS�RI�DQ�RUJDQLVP�
�WKH�FRPELQDWLRQ�RI�DOOHOHV���DQG�WKH�WHUP�SKHQRW\SH�GHVFULEHV�WKH�REVHUYDEOH�
FKDUDFWHULVWLFV�WKDW�WKH�RUJDQLVP�KDV�
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0RGXOH�%���<RX�DQG�\RXU�JHQHV

%���� +RZ�FDQ�DQG�VKRXOG�JHQHWLF�LQIRUPDWLRQ�EH�XVHG"�+RZ�FDQ�ZH�XVH�RXU�NQRZOHGJH�RI�
JHQHV�WR�SUHYHQW�GLVHDVH"

��� XQGHUVWDQG�WKDW�D�VPDOO�QXPEHU�RI�GLVRUGHUV�DUH�FDXVHG�E\�IDXOW\�DOOHOHV�RI�D�VLQJOH�JHQH��
LQFOXGLQJ�+XQWLQJWRQ¶V�GLVHDVH�DQG�F\VWLF�¿EURVLV

��� UHFDOO�WKDW�GLVRUGHUV�PD\�EH�FDXVHG�E\�GRPLQDQW�DOOHOHV��H�J��+XQWLQJWRQ¶V�GLVHDVH��RU�
UHFHVVLYH�DOOHOHV��H�J��F\VWLF�¿EURVLV�

��� UHFDOO�WKH�V\PSWRPV�RI�+XQWLQJWRQ¶V�GLVHDVH�DQG�F\VWLF�¿EURVLV��WR�LQFOXGH�

� D�� +XQWLQJWRQ¶V�GLVHDVH�±�ODWH�RQVHW��WUHPRU��FOXPVLQHVV��PHPRU\�ORVV��LQDELOLW\�WR�
FRQFHQWUDWH��PRRG�FKDQJHV

� E�� F\VWLF�¿EURVLV�±�WKLFN�PXFXV��GLI¿FXOW\�EUHDWKLQJ��FKHVW�LQIHFWLRQV��GLI¿FXOW\�LQ�GLJHVWLQJ�
IRRG

��� XQGHUVWDQG�WKDW�D�SHUVRQ�ZLWK�RQH�UHFHVVLYH�DOOHOH��LQ�D�SDLU�RI�DOOHOHV��ZLOO�QRW�VKRZ�WKH�
V\PSWRPV�RI�WKH�GLVRUGHU��EXW�LV�D�FDUULHU�DQG�FDQ�SDVV�WKH�UHFHVVLYH�DOOHOH�WR�WKHLU�FKLOGUHQ

��� LQWHUSUHW�WKURXJK�JHQHWLF�GLDJUDPV��IDPLO\�WUHHV�DQG�3XQQHWW�VTXDUHV��WKH�LQKHULWDQFH�RI�D�
VLQJOH�JHQH�GLVRUGHU��LQFOXGLQJ�WKH�ULVN�RI�D�FKLOG�EHLQJ�D�FDUULHU

��� GHVFULEH�XVHV�RI�JHQHWLF�WHVWLQJ�IRU�VFUHHQLQJ�DGXOWV��FKLOGUHQ�DQG�HPEU\RV��OLPLWHG�WR�

� D�� WHVWLQJ�HPEU\RV�IRU�HPEU\R�VHOHFWLRQ��SUH�LPSODQWDWLRQ�JHQHWLF�GLDJQRVLV�

� E�� SUHGLFWLYH�WHVWLQJ�IRU�JHQHWLF�GLVHDVHV

� F�� WHVWLQJ�DQ�LQGLYLGXDO�EHIRUH�SUHVFULELQJ�GUXJV

��� XQGHUVWDQG�WKDW�WHVWLQJ�DGXOWV�DQG�IHWXVHV�IRU�DOOHOHV�WKDW�FDXVH�JHQHWLF�GLVRUGHUV�KDV�
LPSOLFDWLRQV�WKDW�QHHG�WR�EH�FRQVLGHUHG��LQFOXGLQJ�

� D�� ULVN�RI�PLVFDUULDJH�DV�D�UHVXOW�RI�FHOO�VDPSOLQJ�IRU�WKH�JHQHWLF�WHVW

� E�� XVLQJ�UHVXOWV�WKDW�PD\�QRW�EH�DFFXUDWH��LQFOXGLQJ�IDOVH�SRVLWLYHV�DQG�IDOVH�QHJDWLYHV

� F�� ZKHWKHU�RU�QRW�WR�KDYH�FKLOGUHQ�DW�DOO

� G�� ZKHWKHU�RU�QRW�D�SUHJQDQF\�VKRXOG�EH�WHUPLQDWHG

� H�� ZKHWKHU�RWKHU�PHPEHUV�RI�WKH�IDPLO\�VKRXOG�EH�LQIRUPHG

��� XQGHUVWDQG�WKH�LPSOLFDWLRQV�RI�WHVWLQJ�HPEU\RV�IRU�HPEU\R�VHOHFWLRQ�SULRU�WR�
LPSODQWDWLRQ

��� XQGHUVWDQG�WKH�LPSOLFDWLRQV�RI�WKH�XVH�RI�JHQHWLF�WHVWLQJ�E\�RWKHUV��IRU�H[DPSOH��IRU�JHQHWLF�
VFUHHQLQJ�SURJUDPPHV�E\�HPSOR\HUV�DQG�LQVXUDQFH�FRPSDQLHV��
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0RGXOH�%���<RX�DQG�\RXU�JHQHV

%���� +RZ�LV�D�FORQH�PDGH"

��� XQGHUVWDQG�WKDW�EDFWHULD��SODQWV�DQG�VRPH�DQLPDOV�FDQ�UHSURGXFH�DVH[XDOO\�WR�IRUP�FORQHV�
�LQGLYLGXDOV�ZLWK�LGHQWLFDO�JHQHV�

��� XQGHUVWDQG�WKDW�DQ\�GLIIHUHQFHV�EHWZHHQ�FORQHV�DUH�OLNHO\�WR�EH�GXH�RQO\�WR�HQYLURQPHQWDO�
IDFWRUV

��� XQGHUVWDQG�WKDW�FORQHV�RI�SODQWV�RFFXU�QDWXUDOO\�ZKHQ�SODQWV�SURGXFH�EXOEV�RU�UXQQHUV

��� XQGHUVWDQG�WKDW�FORQHV�RI�DQLPDOV�RFFXU�

� D�� QDWXUDOO\��ZKHQ�FHOOV�RI�DQ�HPEU\R�VHSDUDWH��LGHQWLFDO�WZLQV�

� E�� DUWL¿FLDOO\��ZKHQ�WKH�QXFOHXV�IURP�DQ�DGXOW�ERG\�FHOO�LV�WUDQVIHUUHG�WR�DQ�HPSW\�
XQIHUWLOLVHG�HJJ�FHOO

��� XQGHUVWDQG�WKDW�WKHUH�DUH�GLIIHUHQW�W\SHV�RI�VWHP�FHOOV�

� D�� DGXOW�VWHP�FHOOV�ZKLFK�DUH�XQVSHFLDOLVHG�FHOOV�WKDW�FDQ�GHYHORS�LQWR�PDQ\��EXW�QRW�DOO��
W\SHV�RI�FHOOV

� E�� HPEU\RQLF�VWHP�FHOOV�ZKLFK�DUH�XQVSHFLDOLVHG�FHOOV�WKDW�FDQ�GHYHORS�LQWR�DQ\�W\SH�RI�FHOO

��� XQGHUVWDQG�WKDW��DV�D�UHVXOW�RI�EHLQJ�XQVSHFLDOLVHG��VWHP�FHOOV�IURP�HPEU\RV�DQG�DGXOWV�RIIHU�
WKH�SRWHQWLDO�WR�WUHDW�VRPH�LOOQHVVHV

��� XQGHUVWDQG�WKDW�WKH�PDMRULW\�RI�FHOOV�RI�PXOWLFHOOXODU�RUJDQLVPV�EHFRPH�VSHFLDOLVHG�GXULQJ�WKH�
HDUO\�GHYHORSPHQW�RI�WKH�RUJDQLVP�
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2YHUYLHZ

.HHSLQJ�KHDOWK\�LQYROYHV�PDLQWDLQLQJ�D�KHDOWK\�OLIHVW\OH��DYRLGLQJ�LQIHFWLRQ��DQG�XVLQJ�PHGLFDWLRQ�ZKHQ�
QHFHVVDU\��7KLV�PRGXOH�LOOXVWUDWHV�WKHVH�SULQFLSOHV�WKURXJK�SUHYHQWLRQ�RI�LQIHFWLRXV�GLVHDVHV�DQG�KHDUW�
GLVHDVH�

&DQGLGDWHV�OHDUQ�DERXW�WKH�LPPXQH�V\VWHP�DQG�KRZ�YDFFLQHV�ZRUN�WR�SUHYHQW�LQIHFWLRQ��7KH\�DOVR�
OHDUQ�DERXW�WKH�LQFUHDVH�RI�µVXSHUEXJV¶��DQG�KRZ�FRUUHFW�XVH�RI�DQWLELRWLFV�FDQ�KHOS�WR�UHGXFH�WKHLU�
SUHYDOHQFH��7KH�PRGXOH�H[SORUHV�KRZ�QHZ�GUXJV�DUH�GHYHORSHG��LQFOXGLQJ�WKH�VWDJHV�RI�WHVWLQJ�IRU�
VDIHW\�DQG�HIIHFWLYHQHVV��&DQGLGDWHV�DOVR�FRQVLGHU�WKH�FDXVHV�RI�KHDUW�GLVHDVH�DQG�KRZ�LQGLYLGXDOV�
FDQ�PLQLPLVH�WKLV�ULVN��7KH\�DOVR�OHDUQ�DERXW�PDLQWDLQLQJ�D�FRQVWDQW�LQWHUQDO�HQYLURQPHQW��LOOXVWUDWHG�
WKURXJK�DQ�XQGHUVWDQGLQJ�RI�KRZ�RXU�ERG\�NHHSV�D�KHDOWK\�ZDWHU�EDODQFH�

,Q�WKH�FRQWH[WV�RI�YDFFLQDWLRQ�SROLF\�DQG�WKH�VWXG\�RI�FOLQLFDO�WULDOV��FDQGLGDWHV�H[SORUH�LGHDV�RI�
FRUUHODWLRQ�DQG�FDXVH��DQG�KRZ�SHHU�UHYLHZ�E\�WKH�VFLHQWL¿F�FRPPXQLW\�VWUHQJWKHQV�WKH�FRQ¿GHQFH�LQ�
VFLHQWL¿F�FODLPV��7KH\�DOVR�FRQVLGHU�SDUWLFXODU�HWKLFDO�LVVXHV�DULVLQJ�LQ�PRGHUQ�PHGLFLQH��IRU�H[DPSOH�
WKH�ULJKW�RI�LQGLYLGXDO�FKRLFH�YHUVXV�VRFLDO�SROLF\��LOOXVWUDWHG�WKURXJK�YDFFLQDWLRQ�SROLF\�

,VVXHV�IRU�FLWL]HQV 4XHVWLRQV�WKDW�VFLHQFH�PD\�KHOS�WR�DQVZHU

:K\�GR�,�FDWFK�VRPH�GLVHDVHV�EXW�QRW�RWKHUV"
:K\�DUH�ZH�HQFRXUDJHG�WR�KDYH�YDFFLQDWLRQV"
:K\�VKRXOG�ZH�DOZD\V�¿QLVK�D�FRXUVH�RI�
DQWLELRWLFV"
+RZ�GR�GUXJ�FRPSDQLHV�PDNH�VXUH�D�QHZ�GUXJ�
LV�DV�VDIH�DV�SRVVLEOH"
+RZ�FDQ�P\�OLIHVW\OH�DIIHFW�P\�KHDOWK"

+RZ�GR�RXU�ERGLHV�UHVLVW�LQIHFWLRQ"
:KDW�DUH�YDFFLQHV�DQG�DQWLELRWLFV�DQG�KRZ�GR�
WKH\�ZRUN"
+RZ�DUH�QHZ�GUXJV�GHYHORSHG�DQG�WHVWHG"
:KDW�IDFWRUV�LQFUHDVH�WKH�ULVN�RI�KHDUW�GLVHDVH"
+RZ�GR�RXU�ERGLHV�NHHS�D�KHDOWK\�ZDWHU�
EDODQFH"

������ 0RGXOH�%���.HHSLQJ�KHDOWK\

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�GHYHORS�PDWKHPDWLFV�VNLOOV��)RU�H[DPSOH�

�� GHYHORS�D�VHQVH�RI�VFDOH�LQ�WKH�FRQWH[W�RI�PLFURRUJDQLVPV

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�H[SHULPHQWDO�GDWD��LQFOXGLQJ�¿QGLQJ�WKH�PHDQ�DQG�WKH�UDQJH

�� SORW��GUDZ�DQG�LQWHUSUHW�JUDSKV�DQG�FKDUWV�IURP�FDQGLGDWHV¶�RZQ�DQG�VHFRQGDU\�GDWD

�� H[WUDFW�LQIRUPDWLRQ�IURP�FKDUWV��JUDSKV�DQG�WDEOHV�LQFOXGLQJ�GDWD�IURP�HSLGHPLRORJLFDO�VWXGLHV

�� XVH�LGHDV�DERXW�FRUUHODWLRQ�LQ�WKH�FRQWH[W�RI�KHDOWK�ULVN�IDFWRUV

�� XVH�LGHDV�DERXW�SUREDELOLW\�LQ�WKH�FRQWH[W�RI�ULVN�

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV
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7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN�LQ�WHDFKLQJ�DQG�OHDUQLQJ��)RU�H[DPSOH�

�� GHPRQVWUDWH�WKH�UDSLG�VSUHDG�RI�DQ�LQIHFWLRQ�WKURXJK�D�SRSXODWLRQ�XVLQJ�µFRQWDPLQDWHG¶�KDQG�
FRQWDFW

�� UROH�SOD\�GLVFXVVLRQ�RI�WKH�HWKLFDO�TXHVWLRQV�DULVLQJ�IURP�WKH�QHHG�WR�KDYH�D�KLJK�WDNH�XS�RI�
YDFFLQDWLRQ�WR�HVWDEOLVK�HIIHFWLYH�KHUG�LPPXQLW\

�� DQWLELRWLF�DFWLRQ�SUDFWLFDO�DFWLYLW\�WR�GHPRQVWUDWH�WKDW�GLIIHUHQW�DQWLELRWLFV�KDYH�GLIIHUHQW�DFWLYLW\�
DJDLQVW�SDUWLFXODU�EDFWHULD

�� PRQLWRU�EORRG�SUHVVXUH

�� KHDUW�GLVVHFWLRQ�

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�LOOXVWUDWH�WKH�XVH�RI�,&7�LQ�VFLHQFH��)RU�H[DPSOH�

�� VWRULQJ�DQG�GLVSOD\LQJ�PDJQL¿HG�LPDJHV�IURP�PLFURVFRSHV

�� VWRULQJ�DQG�GLVSOD\LQJ�GDWD�IURP�VWXGLHV�RI�IDFWRUV�ZKLFK�PD\��RU�PD\�QRW��FDXVH�GLVHDVH

�� PRGHOOLQJ�FRQWURO�V\VWHPV�ZKLFK�LQYROYH�QHJDWLYH�IHHGEDFN�

8VH�RI�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ�FDQ�LQFOXGH�

�� DQLPDWLRQV�WR�LOOXVWUDWH�LPPXQH�UHVSRQVHV

�� DQLPDWLRQV�WR�LOOXVWUDWH�GHYHORSPHQW�RI�DQWLELRWLF�UHVLVWDQW�EDFWHULDO�SRSXODWLRQV

�� YLGHR�FOLSV�WR�LOOXVWUDWH�VPDOOSR[�YDFFLQDWLRQ�SURJUDPPHV

�� YLGHR�FOLSV�RI�LQWHUYLHZV�ZLWK�SDWLHQWV�ZKR�KDYH�KHDUW�GLVHDVH

�� YLGHR�FOLSV�LOOXVWUDWLQJ�KRZ�HSLGHPLRORJLFDO�UHVHDUFK�LV�FDUULHG�RXW�DQG�UHSRUWHG�

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

2SSRUWXQLWLHV�IRU�,&7
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([DPSOHV�RI�,GHDV�DERXW�6FLHQFH�IRU�ZKLFK�WKHUH�DUH�SDUWLFXODU�RSSRUWXQLWLHV�IRU�LQWURGXFWLRQ�RU�
GHYHORSPHQW�LQ�WKLV�PRGXOH�LQFOXGH�

� OD6�����±����

� OD6���������

� OD6�����±��������������

� OD6�����±����

�

2SSRUWXQLWLHV�IRU�WHDFKLQJ�WKH�,GHDV�DERXW�6FLHQFH

&DXVH�HIIHFW

7KH�VFLHQWLÀF�FRPPXQLW\

5LVN

0DNLQJ�GHFLVLRQV�DERXW�VFLHQFH�DQG�WHFKQRORJ\
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0RGXOH�%���.HHSLQJ�KHDOWK\

%���� +RZ�GR�RXU�ERGLHV�UHVLVW�LQIHFWLRQ"

��� XQGHUVWDQG�WKDW�V\PSWRPV�RI�DQ�LQIHFWLRXV�GLVHDVH�DUH�FDXVHG�E\�GDPDJH�GRQH�WR�FHOOV�E\�
PLFURRUJDQLVPV�RU�WKH�SRLVRQV��WR[LQV��WKH\�SURGXFH

��� XQGHUVWDQG�ZK\��LQ�VXLWDEOH�FRQGLWLRQV�VXFK�DV�WKRVH�LQVLGH�D�KXPDQ�ERG\��PLFURRUJDQLVPV�
�H�J��EDFWHULD�DQG�YLUXVHV��FDQ�UHSURGXFH�UDSLGO\�WR�SURGXFH�YHU\�ODUJH�QXPEHUV

��� FDOFXODWH�WKH�SRSXODWLRQ�JURZWK�RI�PLFURRUJDQLVPV�JLYHQ�DSSURSULDWH�GDWD

��� XQGHUVWDQG�WKDW�ZKLWH�EORRG�FHOOV�DUH�SDUW�RI�WKH�ERG\¶V�LPPXQH�V\VWHP�DQG�FDQ�GHVWUR\�
PLFURRUJDQLVPV�E\�HQJXO¿QJ�DQG�GLJHVWLQJ�WKHP�RU�E\�SURGXFLQJ�DQWLERGLHV

��� XQGHUVWDQG�WKDW�DQWLERGLHV�UHFRJQLVH�PLFURRUJDQLVPV�E\�WKH�DQWLJHQV�WKDW�WKH\�FDUU\�RQ�WKHLU�
VXUIDFH��WKDW�GLIIHUHQW�PLFURRUJDQLVPV�KDYH�GLIIHUHQW�DQWLJHQV��DQG�WKDW�D�GLIIHUHQW�DQWLERG\�LV�
WKHUHIRUH�QHHGHG�WR�UHFRJQLVH�HDFK�GLIIHUHQW�W\SH�RI�PLFURRUJDQLVP

��� XQGHUVWDQG�WKDW�RQFH�WKH�ERG\�KDV�PDGH�WKH�DQWLERG\�WR�UHFRJQLVH�D�SDUWLFXODU�
PLFURRUJDQLVP��PHPRU\�FHOOV�FDQ�PDNH�WKDW�DQWLERG\�DJDLQ�YHU\�TXLFNO\��WKHUHIRUH�SURWHFWLQJ�
DJDLQVW�WKDW�SDUWLFXODU�PLFURRUJDQLVP�LQ�WKH�IXWXUH��LPPXQLW\��
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0RGXOH�%���.HHSLQJ�KHDOWK\

%���� :KDW�DUH�YDFFLQHV�DQG�DQWLELRWLFV�DQG�KRZ�GR�WKH\�ZRUN"

��� XQGHUVWDQG�WKDW�YDFFLQDWLRQV�SURYLGH�SURWHFWLRQ�IURP�PLFURRUJDQLVPV�E\�HVWDEOLVKLQJ�PHPRU\�
FHOOV�WKDW�SURGXFH�DQWLERGLHV�TXLFNO\�RQ�UHLQIHFWLRQ

��� XQGHUVWDQG�WKDW�D�YDFFLQH�XVXDOO\�FRQWDLQV�D�VDIH�IRUP�RI�D�GLVHDVH�FDXVLQJ�PLFURRUJDQLVP

��� XQGHUVWDQG�ZK\��WR�SUHYHQW�HSLGHPLFV�RI�LQIHFWLRXV�GLVHDVHV��LW�LV�QHFHVVDU\�WR�
YDFFLQDWH�D�KLJK�SHUFHQWDJH�RI�D�SRSXODWLRQ

��� XQGHUVWDQG�WKDW�YDFFLQHV�DQG�GUXJV��PHGLFLQHV��FDQ�QHYHU�EH�FRPSOHWHO\�ULVN�IUHH��VLQFH�
LQGLYLGXDOV�KDYH�YDU\LQJ�GHJUHHV�RI�VLGH�HIIHFWV�WR�WKHP

��� XQGHUVWDQG�WKDW�GXH�WR�JHQHWLF�GLIIHUHQFHV��SHRSOH�UHDFW�GLIIHUHQWO\�WR�GUXJV�DQG�YDFFLQHV

��� XQGHUVWDQG�WKDW�FKHPLFDOV�FDOOHG�DQWLPLFURELDOV�FDQ�EH�XVHG�WR�NLOO��RU�LQKLELW��EDFWHULD��IXQJL�
DQG�YLUXVHV

��� UHFDOO�WKDW�DQWLELRWLFV�DUH�D�W\SH�RI�DQWLPLFURELDO�WKDW�DUH�HIIHFWLYH�DJDLQVW�EDFWHULD�EXW�QRW�
YLUXVHV

��� XQGHUVWDQG�WKDW�RYHU�D�SHULRG�RI�WLPH�EDFWHULD�DQG�IXQJL�PD\�EHFRPH�UHVLVWDQW�WR�
DQWLPLFURELDOV

��� XQGHUVWDQG�WKDW�UDQGRP�FKDQJHV��PXWDWLRQV��LQ�WKH�JHQHV�RI�WKHVH�PLFURRUJDQLVPV�
VRPHWLPHV�OHDG�WR�YDULHWLHV�ZKLFK�DUH�OHVV�DIIHFWHG�E\�DQWLPLFURELDOV

���� XQGHUVWDQG�WKDW�WR�UHGXFH�DQWLELRWLF�UHVLVWDQFH�ZH�VKRXOG�RQO\�XVH�DQWLELRWLFV�ZKHQ�QHFHVVDU\�
DQG�DOZD\V�FRPSOHWH�WKH�FRXUVH

���� XQGHUVWDQG�WKDW�QHZ�GUXJV�DQG�YDFFLQHV�DUH�¿UVW�WHVWHG�IRU�VDIHW\�DQG�HIIHFWLYHQHVV�XVLQJ�
DQLPDOV�DQG�KXPDQ�FHOOV�JURZQ�LQ�WKH�ODERUDWRU\

���� UHFDOO�WKDW�KXPDQ�WULDOV�PD\�WKHQ�EH�FDUULHG�RXW�

� D�� RQ�KHDOWK\�YROXQWHHUV�WR�WHVW�IRU�VDIHW\

� E�� RQ�SHRSOH�ZLWK�WKH�LOOQHVV�WR�WHVW�IRU�VDIHW\�DQG�HIIHFWLYHQHVV

���� GHVFULEH�DQG�H[SODLQ�WKH�XVH�RI�µRSHQ�ODEHO¶��µEOLQG¶�DQG�µGRXEOH�EOLQG¶�KXPDQ�WULDOV�LQ�
WKH�WHVWLQJ�RI�D�QHZ�PHGLFDO�WUHDWPHQW

���� XQGHUVWDQG�WKH�LPSRUWDQFH�RI�ORQJ�WHUP�KXPDQ�WULDOV

���� XQGHUVWDQG�WKH�HWKLFDO�LVVXHV�UHODWHG�WR�XVLQJ�SODFHERV�LQ�KXPDQ�WULDOV�



��� ��2&5������*&6(�%LRORJ\�$

�

0RGXOH�%���.HHSLQJ�KHDOWK\

%���� :KDW�IDFWRUV�LQFUHDVH�WKH�ULVN�RI�KHDUW�GLVHDVH"

��� GHVFULEH�WKH�UROH�RI�WKH�KHDUW�DV�D�GRXEOH�SXPS�LQ�WKH�FLUFXODWRU\�V\VWHP

��� XQGHUVWDQG�ZK\�KHDUW�PXVFOH�FHOOV�QHHG�WKHLU�RZQ�EORRG�VXSSO\

��� XQGHUVWDQG�KRZ�WKH�VWUXFWXUH�RI�DUWHULHV��YHLQV�DQG�FDSLOODULHV�LV�UHODWHG�WR�WKHLU�IXQFWLRQ

��� XQGHUVWDQG�WKDW�KHDUW�UDWH�FDQ�EH�PHDVXUHG�E\�UHFRUGLQJ�WKH�SXOVH�UDWH

��� XQGHUVWDQG�WKDW�EORRG�SUHVVXUH�PHDVXUHPHQWV�UHFRUG�WKH�SUHVVXUH�RI�WKH�EORRG�RQ�WKH�ZDOOV�
RI�WKH�DUWHU\

��� XQGHUVWDQG�WKDW�D�EORRG�SUHVVXUH�PHDVXUHPHQW�LV�JLYHQ�DV�WZR�QXPEHUV��WKH�KLJKHU�YDOXH�
ZKHQ�WKH�KHDUW�LV�FRQWUDFWLQJ�DQG�WKH�ORZHU�YDOXH�ZKHQ�WKH�KHDUW�LV�UHOD[HG

��� XQGHUVWDQG�WKDW�µQRUPDO¶�PHDVXUHPHQWV�IRU�IDFWRUV�VXFK�DV�KHDUW�UDWH�DQG�EORRG�SUHVVXUH�DUH�
JLYHQ�ZLWKLQ�D�UDQJH�EHFDXVH�LQGLYLGXDOV�YDU\

��� XQGHUVWDQG�KRZ�IDWW\�GHSRVLWV�LQ�WKH�EORRG�YHVVHOV�VXSSO\LQJ�WKH�KHDUW�PXVFOH�FDQ�SURGXFH�D�
µKHDUW�DWWDFN¶

��� XQGHUVWDQG�WKDW�KHDUW�GLVHDVH�LV�XVXDOO\�FDXVHG�E\�OLIHVW\OH�IDFWRUV�DQG�RU�JHQHWLF�IDFWRUV

���� XQGHUVWDQG�WKDW�OLIHVW\OH�IDFWRUV�WKDW�FDQ�LQFUHDVH�WKH�ULVN�RI�KHDUW�GLVHDVH�LQFOXGH�

� D�� SRRU�GLHW

� E�� VWUHVV

� F�� FLJDUHWWH�VPRNLQJ

� G�� PLVXVH�RI�GUXJV

���� XQGHUVWDQG�WKDW�UHJXODU�PRGHUDWH�H[HUFLVH�UHGXFHV�WKH�ULVN�RI�GHYHORSLQJ�KHDUW�GLVHDVH

���� UHODWH�GLIIHUHQFHV�LQ�OLIHVW\OH�IDFWRUV�LQ�WKH�8.�DQG�QRQ�LQGXVWULDOLVHG�FRXQWULHV�WR�WKH�
SUHYDOHQFH�RI�KHDUW�GLVHDVH

���� XQGHUVWDQG�KRZ�IDFWRUV�WKDW�FDQ�LQFUHDVH�WKH�ULVN�RI�KHDUW�GLVHDVH�DUH�LGHQWL¿HG�YLD�
HSLGHPLRORJLFDO�DQG�ODUJH�VFDOH�JHQHWLFV�VWXGLHV

���� DVVHVV�OHYHOV�RI�KHDUW�GLVHDVH�ULVN��DQG�DFWLRQV�WKDW�FRXOG�EH�WDNHQ�WR�UHGXFH�ULVN��ZKHQ�
SURYLGHG�ZLWK�OLIHVW\OH�DQG�JHQHWLF�GDWD

���� XQGHUVWDQG�WKDW�KLJK�EORRG�SUHVVXUH�LQFUHDVHV�WKH�ULVN�RI�KHDUW�GLVHDVH

���� XQGHUVWDQG�WKDW�WKH�PLVXVH�RI�GUXJV��H�J��(FVWDV\��FDQQDELV��QLFRWLQH�DQG�DOFRKRO��FDQ�KDYH�
DQ�DGYHUVH�HIIHFW�RQ�KHDOWK��LQFOXGLQJ�KHDUW�UDWH�DQG�EORRG�SUHVVXUH��LQFUHDVLQJ�WKH�ULVN�RI�D�
KHDUW�DWWDFN�
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0RGXOH�%���.HHSLQJ�KHDOWK\

%���� +RZ�GR�RXU�ERGLHV�NHHS�D�KHDOWK\�ZDWHU�EDODQFH"

��� XQGHUVWDQG�WKDW�QHUYRXV�DQG�KRUPRQDO�FRPPXQLFDWLRQ�V\VWHPV�DUH�LQYROYHG�LQ�PDLQWDLQLQJ�D�
FRQVWDQW�LQWHUQDO�HQYLURQPHQW��KRPHRVWDVLV�

��� XQGHUVWDQG�WKDW�DXWRPDWLF�FRQWURO�V\VWHPV�WKURXJKRXW�WKH�ERG\�PDLQWDLQ�D�UDQJH�RI�IDFWRUV�DW�
VWHDG\�OHYHOV�DQG�WKDW�WKLV�LV�UHTXLUHG�IRU�FHOOV�WR�IXQFWLRQ�SURSHUO\

��� UHFDOO�WKDW�WKHVH�FRQWURO�V\VWHPV�KDYH�

� D�� UHFHSWRUV�WR�GHWHFW�FKDQJHV�LQ�WKH�HQYLURQPHQW

� E�� SURFHVVLQJ�FHQWUHV�WR�UHFHLYH�LQIRUPDWLRQ�DQG�FRRUGLQDWH�UHVSRQVHV�DXWRPDWLFDOO\

� F�� HIIHFWRUV�WR�SURGXFH�WKH�UHVSRQVH

��� XQGHUVWDQG�WKH�SULQFLSOH�RI�QHJDWLYH�IHHGEDFN

��� XQGHUVWDQG�WKDW�QHJDWLYH�IHHGEDFN�EHWZHHQ�WKH�HIIHFWRU�DQG�WKH�UHFHSWRU�RI�D�FRQWURO�
V\VWHP�UHYHUVHV�DQ\�FKDQJHV�WR�WKH�V\VWHP¶V�VWHDG\�VWDWH

��� XQGHUVWDQG�WKDW�D�EDODQFHG�ZDWHU�OHYHO�LV�LPSRUWDQW�IRU�PDLQWDLQLQJ�WKH�FRQFHQWUDWLRQ�RI�FHOO�
FRQWHQWV�DW�WKH�FRUUHFW�OHYHO�IRU�FHOO�DFWLYLW\

��� XQGHUVWDQG�WKDW�ZDWHU�OHYHOV�DUH�FRQWUROOHG�E\�EDODQFLQJ�JDLQV�IURP�GULQNV��IRRG�DQG�
UHVSLUDWLRQ�DQG�ORVVHV�WKURXJK�VZHDWLQJ��EUHDWKLQJ��IDHFHV�DQG�WKH�H[FUHWLRQ�RI�XULQH

��� XQGHUVWDQG�WKDW�WKH�NLGQH\V�SOD\�D�YLWDO�UROH�LQ�EDODQFLQJ�OHYHOV�RI�ZDWHU��ZDVWH�DQG�RWKHU�
FKHPLFDOV�LQ�WKH�EORRG

� L� &DQGLGDWHV�DUH�QRW�H[SHFWHG�WR�UHFDOO�GHWDLOV�RI�NLGQH\�VWUXFWXUH

��� XQGHUVWDQG�WKDW�WKH�NLGQH\V�EDODQFH�ZDWHU�OHYHOV�E\�SURGXFLQJ�GLOXWH�RU�FRQFHQWUDWHG�XULQH�
DV�D�UHVSRQVH�WR�FRQFHQWUDWLRQ�RI�EORRG�SODVPD��ZKLFK�LV�DIIHFWHG�E\�H[WHUQDO�WHPSHUDWXUH��
H[HUFLVH�OHYHO�DQG�LQWDNH�RI�ÀXLGV�DQG�VDOW

���� XQGHUVWDQG�WKDW�FRQFHQWUDWLRQ�RI�XULQH�LV�FRQWUROOHG�E\�D�KRUPRQH�FDOOHG�$'+��ZKLFK�LV�
UHOHDVHG�LQWR�WKH�EORRGVWUHDP�E\�WKH�SLWXLWDU\�JODQG

���� XQGHUVWDQG�KRZ�$'+�VHFUHWLRQ�LV�FRQWUROOHG�E\�QHJDWLYH�IHHGEDFN

���� XQGHUVWDQG�WKDW�DOFRKRO�UHVXOWV�LQ�WKH�SURGXFWLRQ�RI�D�JUHDWHU�YROXPH�RI�PRUH�GLOXWH�XULQH��GXH�
WR�$'+�VXSSUHVVLRQ��ZKLFK�FDQ�OHDG�WR�GHK\GUDWLRQ�DQG�DGYHUVH�HIIHFWV�RQ�KHDOWK

���� XQGHUVWDQG�WKDW�WKH�GUXJ�(FVWDV\�UHVXOWV�LQ�D�VPDOOHU�YROXPH�RI�OHVV�GLOXWH�XULQH��GXH�WR�
LQFUHDVHG�$'+�SURGXFWLRQ�
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2YHUYLHZ

'HEDWH�DERXW�WKHRULHV�IRU�WKH�HYROXWLRQ�RI�OLIH�RQ�(DUWK�RIWHQ�IHDWXUHV�LQ�WKH�PHGLD�DQG�SRSXODU�FXOWXUH��
&DQGLGDWHV�FRQVLGHU�GLIIHUHQW�H[SODQDWLRQV�IRU�HYROXWLRQ��7KHVH�FRQWH[WV�LOOXVWUDWH�KRZ�H[SODQDWLRQV�
DULVH�DQG�EHFRPH�DFFHSWHG��DQG�WKH�UROH�RI�WKH�VFLHQWL¿F�FRPPXQLW\�LQ�WKLV�SURFHVV��1DWXUDO�VHOHFWLRQ�
LV�LQWURGXFHG�DV�WKH�PHFKDQLVP�IRU�HYROXWLRQ�

%LRGLYHUVLW\�LV�UHFRJQLVHG�DV�DQ�LPSRUWDQW�QDWXUDO�UHVRXUFH��ZKLFK�LV�LQFUHDVLQJO\�WKUHDWHQHG�E\�KXPDQ�
DFWLYLW\��&DQGLGDWHV�FRQVLGHU�KRZ�HFRV\VWHPV�DUH�LQ�EDODQFH�DQG�KRZ�OLYLQJ�RUJDQLVPV�DUH�GHSHQGHQW�
RQ�WKHLU�HQYLURQPHQW�DQG�HDFK�RWKHU�IRU�VXUYLYDO��7KH�H[WLQFWLRQ�RI�VSHFLHV�LV�D�JURZLQJ�FRQFHUQ�RIWHQ�
IHDWXUHG�LQ�WKH�PHGLD��&DQGLGDWHV�FRQVLGHU�FDXVHV�RI�H[WLQFWLRQ�DQG�ZKHWKHU�H[WLQFWLRQV�VKRXOG�EH�D�
JOREDO�FRQFHUQ�

7KH�QHHG�IRU�VXVWDLQDELOLW\�LV�IUHTXHQWO\�UHIHUUHG�WR�LQ�WKH�SUHVV��&DQGLGDWHV�DUH�LQWURGXFHG�WR�ZKDW�WKLV�
UHDOO\�PHDQV�DQG�KRZ�PDLQWDLQLQJ�ELRGLYHUVLW\�LV�RQH�RI�WKH�NH\V�WR�VXVWDLQDELOLW\��6SHFL¿F�H[DPSOHV�
DUH�XVHG�WR�VKRZ�KRZ�VXVWDLQDELOLW\�FDQ�EH�LQFUHDVHG�

,VVXHV�IRU�FLWL]HQV 4XHVWLRQV�WKDW�VFLHQFH�PD\�KHOS�WR�DQVZHU

:K\�GR�VRPH�VSHFLHV�VXUYLYH�ZKHUHDV�RWKHUV�
GR�QRW�VXUYLYH"
,V�HYROXWLRQ�µMXVW�D�WKHRU\¶"
:KHUH�GR�QHZ�VSHFLHV�FRPH�IURP"
:K\�GR�VRPH�VSHFLHV�EHFRPH�H[WLQFW��DQG�GRHV�
LW�PDWWHU"

+RZ�GR�GLIIHUHQW�VSHFLHV�GHSHQG�RQ�WKHLU�
HQYLURQPHQW�DQG�HDFK�RWKHU"
+RZ�KDYH�VFLHQWLVWV�GHYHORSHG�H[SODQDWLRQV�RI�
HYROXWLRQ"
+RZ�GRHV�HYROXWLRQ�ZRUN"
:KDW�LV�WKH�LPSRUWDQFH�RI�ELRGLYHUVLW\"

������ 0RGXOH�%���/LIH�RQ�(DUWK

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�GHYHORS�PDWKHPDWLFV�VNLOOV��)RU�H[DPSOH�

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�H[SHULPHQWDO�GDWD��LQFOXGLQJ�¿QGLQJ�WKH�PHDQ�DQG�WKH�UDQJH

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�IUDFWLRQV�DQG�SHUFHQWDJHV�IRU�HQHUJ\�WUDQVIHU

�� SORW��GUDZ�DQG�LQWHUSUHW�JUDSKV�DQG�FKDUWV�IURP�FDQGLGDWHV¶�RZQ�DQG�VHFRQGDU\�GDWD

�� H[WUDFW�LQIRUPDWLRQ�IURP�FKDUWV��JUDSKV�DQG�WDEOHV

�� XVH�LGHDV�DERXW�FRUUHODWLRQ�LQ�WKH�FRQWH[W�RI�FOLPDWH�FKDQJH�

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV
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7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN�LQ�WHDFKLQJ�DQG�OHDUQLQJ��)RU�H[DPSOH�

�� LQYHVWLJDWH�DGDSWDWLRQ�LQ�SODQWV�DQG�DQLPDOV

�� HFR�FROXPQ�SUDFWLFDO�LQYHVWLJDWLRQ�RI�IRRG�ZHEV

�� ¿HOGZRUN�WR�LQYHVWLJDWH�ELRGLYHUVLW\�DQG�HQYLURQPHQWDO�FKDQJH�LQ�ORFDO�KDELWDWV

�� LQYHVWLJDWH�WKH�FKDQJHV�LQ�QLWURJHQ�LQ�DQ�HVWDEOLVKLQJ�DTXDULXP�RYHU�WKUHH�ZHHNV

�� FDOFXODWH�DQ�HFRORJLFDO�µIRRWSULQW¶�WKDW�PHDVXUHV�KRZ�JUHDW�DQ�LPSDFW�DQ�LQGLYLGXDO¶V�OLIHVW\OH�KDV�
RQ�WKH�HQYLURQPHQW�

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�LOOXVWUDWH�WKH�XVH�RI�,&7�LQ�VFLHQFH��)RU�H[DPSOH�

�� UHFRUGLQJ�DQG�GLVSOD\LQJ�WKH�UHVXOWV�RI�'1$�DQDO\VLV

�� PRQLWRULQJ�DQG�UHFRUGLQJ�KXPDQ�DQG�DQLPDO�EHKDYLRXU�

8VH�RI�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ�FDQ�LQFOXGH�

�� YLGHR�FOLSV�WR�LOOXVWUDWH�YDULHG�HFRV\VWHPV

�� XVH�RI�WKH�LQWHUQHW�WR�UHVHDUFK�HQGDQJHUHG�SODQWV�RU�DQLPDOV

�� SUHVHQWDWLRQ�WR�VKRZ�KRZ�XQGHUVWDQGLQJ�RI�HYROXWLRQ�GHYHORSV�DV�QHZ�HYLGHQFH�LV�GLVFRYHUHG�

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

2SSRUWXQLWLHV�IRU�,&7

2SSRUWXQLWLHV�IRU�WHDFKLQJ�WKH�,GHDV�DERXW�6FLHQFH

([DPSOHV�RI�,GHDV�DERXW�6FLHQFH�IRU�ZKLFK�WKHUH�DUH�SDUWLFXODU�RSSRUWXQLWLHV�IRU�LQWURGXFWLRQ�RU�
GHYHORSPHQW�LQ�WKLV�PRGXOH�LQFOXGH�

� OD6�����±����

� OD6���������

� OD6���������

'HYHORSLQJ�VFLHQWLÀF�H[SODQDWLRQV

7KH�VFLHQWLÀF�FRPPXQLW\

0DNLQJ�GHFLVLRQV�DERXW�VFLHQFH�DQG�WHFKQRORJ\



��� ��2&5������*&6(�%LRORJ\�$

�

0RGXOH�%���/LIH�RQ�(DUWK

%���� 6\VWHPV�LQ�EDODQFH�±�KRZ�GR�GLIIHUHQW�VSHFLHV�GHSHQG�RQ�HDFK�RWKHU"

��� XQGHUVWDQG�WKDW�D�VSHFLHV�LV�D�JURXS�RI�RUJDQLVPV�WKDW�FDQ�EUHHG�WRJHWKHU�WR�SURGXFH�IHUWLOH�
RIIVSULQJ

��� XQGHUVWDQG�WKDW�DGDSWDWLRQ�RI�OLYLQJ�RUJDQLVPV�WR�WKHLU�HQYLURQPHQW�LQFUHDVHV�WKH�VSHFLHV¶�
FKDQFH�RI�VXUYLYDO�E\�PDNLQJ�LW�PRUH�OLNHO\�WKDW�LQGLYLGXDOV�ZLOO�VXUYLYH�WR�UHSURGXFH

��� UHFDOO��DQG�UHFRJQLVH�ZKHQ�JLYHQ�UHOHYDQW�GDWD��H[DPSOHV�RI�KRZ�GLIIHUHQW�RUJDQLVPV�DUH�
DGDSWHG�WR�WKHLU�HQYLURQPHQW��DQG�H[SODLQ�KRZ�WKH�DGDSWDWLRQV�LQFUHDVH�WKH�RUJDQLVP¶V�
FKDQFH�RI�VXUYLYLQJ�WR�VXFFHVVIXOO\�UHSURGXFH

��� XQGHUVWDQG�WKDW�OLYLQJ�RUJDQLVPV�DUH�GHSHQGHQW�RQ�WKH�HQYLURQPHQW�DQG�RWKHU�VSHFLHV�IRU�
WKHLU�VXUYLYDO

��� XQGHUVWDQG�WKDW�WKHUH�LV�FRPSHWLWLRQ�IRU�UHVRXUFHV�EHWZHHQ�GLIIHUHQW�VSHFLHV�RI�DQLPDOV�RU�
SODQWV�LQ�WKH�VDPH�KDELWDW

��� UHODWH�FKDQJHV�DIIHFWLQJ�RQH�VSHFLHV�LQ�D�IRRG�ZHE�WR�WKH�LPSDFW�RQ�RWKHU�VSHFLHV�WKDW�DUH�SDUW�
RI�WKH�VDPH�IRRG�ZHE

��� H[SODLQ�WKH�LQWHUGHSHQGHQFH�RI�OLYLQJ�RUJDQLVPV�E\�XVLQJ�IRRG�ZHEV

��� XQGHUVWDQG�WKDW�D�FKDQJH�LQ�WKH�HQYLURQPHQW�PD\�FDXVH�D�VSHFLHV�WR�EHFRPH�H[WLQFW��IRU�
H[DPSOH��LI�

� D�� WKH�HQYLURQPHQWDO�FRQGLWLRQV�FKDQJH�EH\RQG�LWV�DELOLW\�WR�DGDSW

� E�� D�QHZ�VSHFLHV�WKDW�LV�D�FRPSHWLWRU��SUHGDWRU�RU�GLVHDVH�RUJDQLVP�RI�WKDW�VSHFLHV�LV�
LQWURGXFHG

� F�� DQRWKHU�VSHFLHV��DQLPDO��SODQW�RU�PLFURRUJDQLVP��LQ�LWV�IRRG�ZHE�EHFRPHV�H[WLQFW

��� XQGHUVWDQG�WKDW�QHDUO\�DOO�RUJDQLVPV�DUH�XOWLPDWHO\�GHSHQGHQW�RQ�HQHUJ\�IURP�WKH�6XQ

���� UHFDOO�WKDW�SODQWV�DEVRUE�D�VPDOO�SHUFHQWDJH�RI�WKH�6XQ¶V�HQHUJ\�IRU�WKH�SURFHVV�RI�
SKRWRV\QWKHVLV

���� UHFDOO�WKDW�WKLV�DEVRUEHG�HQHUJ\�LV�VWRUHG�LQ�WKH�FKHPLFDOV�ZKLFK�PDNH�XS�WKH�SODQWV¶�FHOOV

���� XQGHUVWDQG�WKDW�HQHUJ\�LV�WUDQVIHUUHG�EHWZHHQ�RUJDQLVPV�LQ�DQ�HFRV\VWHP�

� D�� ZKHQ�RUJDQLVPV�DUH�HDWHQ

� E�� ZKHQ�GHDG�RUJDQLVPV�DQG�ZDVWH�PDWHULDOV�DUH�IHG�RQ�E\�GHFD\�RUJDQLVPV�
�GHFRPSRVHUV�DQG�GHWULWLYRUHV�

���� H[SODLQ�KRZ�HQHUJ\�SDVVHV�RXW�RI�D�IRRG�FKDLQ�DW�HDFK�VWDJH�YLD�KHDW��ZDVWH�SURGXFWV�DQG�
XQHDWHQ�SDUWV��OLPLWLQJ�WKH�OHQJWK�RI�IRRG�FKDLQV

���� FDOFXODWH�IURP�JLYHQ�GDWD�WKH�SHUFHQWDJH�HI¿FLHQF\�RI�HQHUJ\�WUDQVIHU�DW�GLIIHUHQW�VWDJHV�RI�D�
IRRG�FKDLQ

���� XQGHUVWDQG�KRZ�FDUERQ�LV�UHF\FOHG�WKURXJK�WKH�HQYLURQPHQW�WR�LQFOXGH�WKH�SURFHVVHV�RI�
FRPEXVWLRQ��UHVSLUDWLRQ��SKRWRV\QWKHVLV�DQG�GHFRPSRVLWLRQ

���� XQGHUVWDQG�WKH�LPSRUWDQFH�RI�WKH�UROH�RI�PLFURRUJDQLVPV�LQ�WKH�FDUERQ�F\FOH
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%���� 6\VWHPV�LQ�EDODQFH�±�KRZ�GR�GLIIHUHQW�VSHFLHV�GHSHQG�RQ�HDFK�RWKHU"

���� XQGHUVWDQG�KRZ�QLWURJHQ�LV�UHF\FOHG�WKURXJK�WKH�HQYLURQPHQW�LQ�WKH�SURFHVVHV�RI�

� D�� QLWURJHQ�¿[DWLRQ�WR�IRUP�QLWURJHQ�FRPSRXQGV�LQFOXGLQJ�QLWUDWHV

� E�� FRQYHUVLRQ�RI�QLWURJHQ�FRPSRXQGV�WR�SURWHLQ�LQ�SODQWV�DQG�DQLPDOV

� F�� WUDQVIHU�RI�QLWURJHQ�FRPSRXQGV�WKURXJK�IRRG�FKDLQV

� G�� H[FUHWLRQ��GHDWK�DQG�GHFD\�RI�SODQWV�DQG�DQLPDOV�UHVXOWLQJ�LQ�UHOHDVH�RI�QLWUDWHV�LQWR�WKH�
VRLO

� H�� XSWDNH�RI�QLWUDWHV�E\�SODQWV

� I�� GHQLWUL¿FDWLRQ

� L� )RXQGDWLRQ�WLHU�FDQGLGDWHV�DUH�QRW�H[SHFWHG�WR�UHFDOO�GHWDLOV�RI�FRQYHUVLRQ�RI�
DWPRVSKHULF�QLWURJHQ�WR�QLWUDWHV��RU�QLWUDWHV�WR�DWPRVSKHULF�QLWURJHQ

���� XQGHUVWDQG�WKH�LPSRUWDQFH�RI�WKH�UROH�RI�PLFURRUJDQLVPV�LQ�WKH�QLWURJHQ�F\FOH��LQFOXGLQJ�
GHFRPSRVLWLRQ��QLWURJHQ�¿[DWLRQ�DQG�GHQLWUL¿FDWLRQ

���� LQWHUSUHW�VLPSOH�GLDJUDPV�RI�WKH�FDUERQ�F\FOH�DQG�QLWURJHQ�F\FOH

� L� )RXQGDWLRQ�WLHU�FDQGLGDWHV�DUH�QRW�H[SHFWHG�WR�UHFDOO�QLWURJHQ�¿[DWLRQ�RU�GHQLWUL¿FDWLRQ

���� XQGHUVWDQG�KRZ�HQYLURQPHQWDO�FKDQJH�FDQ�EH�PHDVXUHG�XVLQJ�QRQ�OLYLQJ�LQGLFDWRUV��LQFOXGLQJ�
QLWUDWH�OHYHOV��WHPSHUDWXUH�DQG�FDUERQ�GLR[LGH�OHYHOV

���� XQGHUVWDQG�KRZ�FOLPDWH�DQG�HQYLURQPHQWDO�FKDQJH�FDQ�EH�PHDVXUHG�XVLQJ�OLYLQJ�LQGLFDWRUV��
LQFOXGLQJ�SK\WRSODQNWRQ��OLFKHQV�DQG�DTXDWLF�ULYHU�RUJDQLVPV�VXFK�DV�PD\À\�Q\PSKV

���� LQWHUSUHW�GDWD�REWDLQHG�IURP�OLYLQJ�DQG�QRQ�OLYLQJ�LQGLFDWRUV�WR�LQYHVWLJDWH�HQYLURQPHQWDO�
FKDQJH�
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0RGXOH�%���/LIH�RQ�(DUWK

%����� +RZ�KDV�OLIH�RQ�(DUWK�HYROYHG"

��� UHFDOO�WKDW�OLIH�RQ�(DUWK�EHJDQ�DSSUR[LPDWHO\������PLOOLRQ�\HDUV�DJR

��� XQGHUVWDQG�WKDW�OLIH�RQ�(DUWK��LQFOXGLQJ�VSHFLHV�WKDW�DUH�QRZ�H[WLQFW��HYROYHG�IURP�YHU\�VLPSOH�
OLYLQJ�WKLQJV

��� XQGHUVWDQG�WKDW�WKHUH�LV�YDULDWLRQ�EHWZHHQ�LQGLYLGXDOV�RI�WKH�VDPH�VSHFLHV�DQG�WKDW�VRPH�RI�
WKLV�YDULDWLRQ�LV�JHQHWLF�VR�FDQ�EH�SDVVHG�RQ�WR�RIIVSULQJ

��� XQGHUVWDQG�WKDW�JHQHWLF�YDULDWLRQ�LV�WKH�UHVXOW�RI�FKDQJHV�WKDW�RFFXU�LQ�JHQHV��PXWDWLRQV�

��� XQGHUVWDQG�WKDW�PXWDWHG�JHQHV�LQ�VH[�FHOOV�FDQ�EH�SDVVHG�RQ�WR�RIIVSULQJ�DQG�PD\�
RFFDVLRQDOO\�SURGXFH�QHZ�FKDUDFWHULVWLFV

��� XQGHUVWDQG�WKH�SURFHVV�RI�QDWXUDO�VHOHFWLRQ�LQ�WHUPV�RI�WKH�HIIHFWV�RI�JHQHWLF�YDULDWLRQ�DQG�
FRPSHWLWLRQ�RQ�VXUYLYDO�DQG�UHSURGXFWLRQ��OHDGLQJ�WR�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�LQGLYLGXDOV�
GLVSOD\LQJ�EHQH¿FLDO�FKDUDFWHULVWLFV�LQ�ODWHU�JHQHUDWLRQV

��� GHVFULEH�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�QDWXUDO�VHOHFWLRQ�DQG�VHOHFWLYH�EUHHGLQJ

��� LQWHUSUHW�GDWD�RQ�FKDQJHV�LQ�D�VSHFLHV�LQ�WHUPV�RI�QDWXUDO�VHOHFWLRQ

��� XQGHUVWDQG�KRZ�WKH�FRPELQHG�HIIHFW�RI�PXWDWLRQV��HQYLURQPHQWDO�FKDQJHV��QDWXUDO�VHOHFWLRQ�
DQG�LVRODWLRQ�FDQ�SURGXFH�QHZ�VSHFLHV�LQ�WKH�SURFHVV�RI�HYROXWLRQ

���� XQGHUVWDQG�WKDW�HYLGHQFH�IRU�HYROXWLRQ�LV�SURYLGHG�E\�WKH�IRVVLO�UHFRUG�DQG�IURP�DQDO\VLV�RI�
VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�WKH�'1$�RI�RUJDQLVPV

���� XQGHUVWDQG�WKDW�'DUZLQ¶V�WKHRU\�RI�HYROXWLRQ�E\�QDWXUDO�VHOHFWLRQ�ZDV�WKH�UHVXOW�RI�PDQ\�
REVHUYDWLRQV�DQG�FUHDWLYH�WKRXJKW�DQG�ZK\�LW�LV�D�EHWWHU�VFLHQWL¿F�H[SODQDWLRQ�WKDQ�/DPDUFN¶V�
�H�J��¿WV�ZLWK�DGYDQFHV�LQ�XQGHUVWDQGLQJ�RI�JHQHWLFV��QR�HYLGHQFH�RU�PHFKDQLVP�IRU�
LQKHULWDQFH�RI�DFTXLUHG�FKDUDFWHULVWLFV��
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0RGXOH�%���/LIH�RQ�(DUWK

%���� :KDW�LV�WKH�LPSRUWDQFH�RI�ELRGLYHUVLW\"

��� XQGHUVWDQG�WKDW�RUJDQLVPV�DUH�FODVVL¿HG�LQWR�JURXSV�DFFRUGLQJ�WR�VLPLODULWLHV�DQG�GLIIHUHQFHV�
LQ�FKDUDFWHULVWLFV�LQFOXGLQJ�

� D�� SK\VLFDO�IHDWXUHV��H�J��ÀRZHUV�LQ�ÀRZHULQJ�SODQWV�DQG�WKH�VNHOHWRQ�LQ�YHUWHEUDWHV�

� E�� '1$

� L� &DQGLGDWHV�ZLOO�QRW�EH�H[SHFWHG�WR�JLYH�H[DPSOHV�RI�FKDUDFWHULVWLFV�RI�SDUWLFXODU�
WD[RQRPLF�JURXSV

��� XQGHUVWDQG�WKDW�RUJDQLVPV�DUH�FODVVL¿HG�DW�GLIIHUHQW�OHYHOV��DQG�WKDW�WKHVH�OHYHOV�FDQ�EH�
DUUDQJHG�LQ�DQ�RUGHU�SURJUHVVLQJ�IURP�ODUJH�JURXSV�FRQWDLQLQJ�PDQ\�RUJDQLVPV�ZLWK�D�VPDOO�
QXPEHU�RI�FKDUDFWHULVWLFV�LQ�FRPPRQ��H�J��NLQJGRP��WR�VPDOOHU�JURXSV�FRQWDLQLQJ�IHZHU�
RUJDQLVPV�ZLWK�PRUH�FKDUDFWHULVWLFV�LQ�FRPPRQ��H�J��VSHFLHV�

� L� &DQGLGDWHV�ZLOO�QRW�EH�H[SHFWHG�WR�UHFDOO�WKH�QDPHV�RI�WD[D�RWKHU�WKDQ�NLQJGRP�DQG�
VSHFLHV

��� XQGHUVWDQG�WKDW�WKH�FODVVL¿FDWLRQ�RI�OLYLQJ�DQG�IRVVLO�RUJDQLVPV�FDQ�KHOS�WR�

� D�� PDNH�VHQVH�RI�WKH�HQRUPRXV�GLYHUVLW\�RI�RUJDQLVPV�RQ�(DUWK

� E�� VKRZ�WKH�HYROXWLRQDU\�UHODWLRQVKLSV�EHWZHHQ�RUJDQLVPV

��� XQGHUVWDQG�WKDW�ELRGLYHUVLW\�UHIHUV�WR�WKH�YDULHW\�RI�OLIH�RQ�(DUWK�LQFOXGLQJ�

� D�� WKH�QXPEHU�RI�GLIIHUHQW�VSHFLHV

� E�� WKH�UDQJH�RI�GLIIHUHQW�W\SHV�RI�RUJDQLVPV��H�J��SODQWV��DQLPDOV�DQG�PLFURRUJDQLVPV

� F�� WKH�JHQHWLF�YDULDWLRQ�ZLWKLQ�VSHFLHV

��� XQGHUVWDQG�ZK\�ELRGLYHUVLW\�LV�LPSRUWDQW�IRU�WKH�IXWXUH�GHYHORSPHQW�RI�IRRG�FURSV�DQG�
PHGLFLQHV

��� XQGHUVWDQG�WKDW�WKH�UDWH�RI�H[WLQFWLRQ�RI�VSHFLHV�LV�LQFUHDVLQJ�DQG�ZK\�WKLV�LV�OLNHO\�WR�EH�GXH�WR�
KXPDQ�DFWLYLW\

��� XQGHUVWDQG�WKDW�PDLQWDLQLQJ�ELRGLYHUVLW\�WR�HQVXUH�WKH�FRQVHUYDWLRQ�RI�GLIIHUHQW�VSHFLHV�LV�RQH�
RI�WKH�NH\V�WR�VXVWDLQDELOLW\

��� XQGHUVWDQG�WKDW�VXVWDLQDELOLW\�PHDQV�PHHWLQJ�WKH�QHHGV�RI�SHRSOH�WRGD\�ZLWKRXW�GDPDJLQJ�WKH�
(DUWK�IRU�IXWXUH�JHQHUDWLRQV

��� XQGHUVWDQG�WKDW�ODUJH�VFDOH�PRQRFXOWXUH�FURS�SURGXFWLRQ�LV�QRW�VXVWDLQDEOH�EHFDXVH�LW�GRHV�
QRW�PDLQWDLQ�ELRGLYHUVLW\

���� GHVFULEH�DQG�H[SODLQ�KRZ�VXVWDLQDELOLW\�FDQ�EH�LPSURYHG��IRU�H[DPSOH�LQ�WKH�XVH�RI�SDFNDJLQJ�
PDWHULDOV��E\�FRQVLGHULQJ�WKH�PDWHULDOV�XVHG��HQHUJ\�XVHG�DQG�SROOXWLRQ�FUHDWHG

���� XQGHUVWDQG�ZK\�LW�LV�SUHIHUDEOH�WR�GHFUHDVH�WKH�XVH�RI�VRPH�PDWHULDOV��LQFOXGLQJ�SDFNDJLQJ�
PDWHULDOV��HYHQ�ZKHQ�WKH\�DUH�ELRGHJUDGDEOH��EHFDXVH�RI�

� D�� XVH�RI�HQHUJ\�LQ�WKHLU�SURGXFWLRQ�DQG�WUDQVSRUW�

� E�� VORZ�GHFRPSRVLWLRQ�LQ�R[\JHQ�GH¿FLHQW�ODQG¿OO�VLWHV�
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8QLW�$����DVVHVVHV�WKH�FRQWHQW�RI�0RGXOHV�%���%��DQG�%��WRJHWKHU�ZLWK�WKH�,GHDV�DERXW�6FLHQFH�

7KH�PRGXOHV�LQ�8QLW�$����JLYH�HPSKDVLV�DQG�VSDFH�WR�IXQGDPHQWDO�LGHDV�LQ�WKH�VFLHQFHV��HQVXUH�WKDW�
DSSURSULDWH�VNLOOV�DUH�GHYHORSHG�LQ�SUHSDUDWLRQ�IRU�IXUWKHU�VWXG\��DQG�SURYLGH�D�VWLPXODWLQJ�EULGJH�WR�
DGYDQFHG�OHYHO�VWXGLHV�LQ�VFLHQFH��7KH�HPSKDVLV�RI�WKH�XQLW�LV�RQ�µVFLHQFH�IRU�WKH�VFLHQWLVW¶�DQG�WKRVH�
DVSHFWV�RI�µ+RZ�6FLHQFH�:RUNV¶�WKDW�UHODWH�WR�WKH�SURFHVV�RI�VFLHQFH�

���� 6XPPDU\�RI�8QLW�$�����%LRORJ\�$�0RGXOHV�%���%���%�

2YHUYLHZ

%LRORJLFDO�SURFHVVHV�WKDW�WDNH�SODFH�LQ�FHOOV�LQYROYH�FKHPLFDO�UHDFWLRQV�FDWDO\VHG�E\�HQ]\PHV��
3KRWRV\QWKHVLV�DQG�UHVSLUDWLRQ�DUH�H[DPSOHV�RI�WKHVH�SURFHVVHV��DQG�WKHVH�UHDFWLRQV�WDNH�SODFH�LQ�
VSHFLDOLVHG�VWUXFWXUHV�ZLWKLQ�FHOOV��7KH�FRQGLWLRQV�IRU�RSWLPXP�HQ]\PH�DFWLRQ�UHTXLUH�WHPSHUDWXUH�DQG�
S+�WR�EH�FRQWUROOHG��$QDHURELF�UHVSLUDWLRQ�RI�PLFURRUJDQLVPV�DQG�\HDVW�SURYLGHV�KXPDQV�ZLWK�XVHIXO�
SURGXFWV��LQFOXGLQJ�ELRJDV��EUHDG�DQG�DOFRKRO�

7KH�¿UVW�WRSLF�FRQVLGHUV�VRPH�RI�WKH�PRVW�IXQGDPHQWDO�FKHPLFDO�UHDFWLRQV�WKDW�RFFXU�ZLWKLQ�FHOOV�
DQG�KLJKOLJKWV�WKH�FUXFLDO�UROH�WKDW�HQ]\PHV�SOD\�LQ�WKHVH�SURFHVVHV��7KH�KLJKO\�VSHFL¿F�QDWXUH�RI�
HQ]\PHV�LV�H[SORUHG��DORQJ�ZLWK�VHQVLWLYLW\�RI�HQ]\PHV�WR�WKHLU�HQYLURQPHQW��7KH�ORFN�DQG�NH\�PRGHO�
SURYLGHV�DQ�DFFHVVLEOH�H[DPSOH�RI�KRZ�PRGHOV�DQG�DQDORJ\�FDQ�HQKDQFH�XQGHUVWDQGLQJ�RI�VFLHQWL¿F�
SURFHVVHV�

7KH�VHFRQG�WRSLF�IRFXVHV�LQ�PRUH�GHWDLO�RQ�SKRWRV\QWKHVLV�DQG�WKH�SURFHVVHV�SODQWV�XWLOLVH�WR�WDNH�
LQ�DQG�WUDQVSRUW�ZDWHU�DQG�QXWULHQWV��QHFHVVDU\�WR�SURGXFH�WKH�FRPSOH[�PROHFXOHV�UHTXLUHG�IRU�SODQW�
JURZWK�

7KH�SURFHVVHV�RI�SODQW�JURZWK�DUH�DOVR�IXQGDPHQWDO�WR�SURYLGLQJ�WKH�JOXFRVH�DQG�FRPSOH[�VXJDUV�
WKDW�PDQ\�DQLPDO�DQG�PLFURELDO�OLIH�IRUPV�GHSHQG�XSRQ�IRU�UHVSLUDWLRQ��5HVSLUDWLRQ�LV�H[SORUHG�LQ�PRUH�
GHWDLO�LQ�WKH�WKLUG�WRSLF�

������ 0RGXOH�%���7KH�SURFHVVHV�RI�OLIH

7RSLFV

%���� +RZ�GR�FKHPLFDO�UHDFWLRQV�WDNH�SODFH�LQ�OLYLQJ�WKLQJV"

5HDFWLRQV�LQ�FHOOV��UROH�RI�HQ]\PHV

%���� +RZ�GR�SODQWV�PDNH�IRRG"

3KRWRV\QWKHVLV��FHOO�VWUXFWXUHV�IRU�SKRWRV\QWKHVLV��OLPLWLQJ�IDFWRUV

%���� +RZ�GR�OLYLQJ�RUJDQLVPV�REWDLQ�HQHUJ\"

$HURELF�UHVSLUDWLRQ��DQDHURELF�UHVSLUDWLRQ��FHOO�VWUXFWXUHV�IRU�UHVSLUDWLRQ
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7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�GHYHORS�PDWKHPDWLFV�VNLOOV��)RU�H[DPSOH�

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�H[SHULPHQWDO�GDWD��LQFOXGLQJ�¿QGLQJ�WKH�PHDQ�DQG�WKH�UDQJH

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�IUDFWLRQV�DQG�SHUFHQWDJHV

�� SORW��GUDZ�DQG�LQWHUSUHW�JUDSKV�DQG�FKDUWV�IURP�FDQGLGDWHV¶�RZQ�DQG�VHFRQGDU\�GDWD

�� XVH�LGHDV�DERXW�FRUUHODWLRQ�

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN�LQ�WHDFKLQJ�DQG�OHDUQLQJ��)RU�H[DPSOH�

�� LQYHVWLJDWH�KRZ�VHHG�EHHWOHV�DUH�DEOH�WR�VHQVH�WKHLU�VXUURXQGLQJV

�� LQYHVWLJDWH�WKH�HIIHFWV�RI�DQ�HQ]\PH�RQ�ELRORJLFDO�SURFHVVHV

�� LQYHVWLJDWH�WKH�IDFWRUV�DIIHFWLQJ�SKRWRV\QWKHVLV

�� XVH�PLFURVFRSHV�WR�ORRN�FDUHIXOO\�DW�WKH�VWUXFWXUH�RI�OHDYHV

�� LQYHVWLJDWH�UDWHV�RI�GLIIXVLRQ�LQ�GLIIHUHQW�PHGLD

�� LQYHVWLJDWH�WKH�HIIHFW�RI�VROXWH�FRQFHQWUDWLRQ�RQ�SRWDWR�FHOO�ZDWHU�EDODQFH

�� XVH�VRLO�WHVWV�WR�FRPSDUH�VRLOV�DQG�FRPSRVWV

�� XVH�¿HOG�ZRUN�WR�LQYHVWLJDWH�IDFWRUV�DIIHFWLQJ�WKH�VSHFLHV�RI�SODQWV�LQ�GLIIHUHQW�HQYLURQPHQWDO�
FRQGLWLRQV

�� LQYHVWLJDWH�WKH�HQHUJ\�FRQWHQW�RI�GLIIHUHQW�IRRGV

�� XVH�GDWD�ORJJLQJ�WR�WUDFN�WHPSHUDWXUH�FKDQJHV�GXULQJ�UHVSLUDWLRQ�LQ�SHDV

�� LQYHVWLJDWH�DQDHURELF�UHVSLUDWLRQ�LQ�\HDVW�

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�LOOXVWUDWH�WKH�XVH�RI�,&7�LQ�VFLHQFH��)RU�H[DPSOH�

�� PROHFXODU�PRGHOOLQJ�WR�GHYHORS�H[SODQDWLRQV�RI�HQ]\PH�DFWLRQ�

8VH�RI�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ�FDQ�LQFOXGH�

�� DQLPDWLRQV�WR�H[SODLQ�HQ]\PH�DFWLRQ�DQG�WKH�HIIHFW�RI�WHPSHUDWXUH�RQ�HQ]\PH�DFWLYLW\

�� DQLPDWLRQV�RI�GLIIXVLRQ��RVPRVLV�DQG�DFWLYH�WUDQVSRUW�

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

2SSRUWXQLWLHV�IRU�,&7
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2SSRUWXQLWLHV�IRU�WHDFKLQJ�WKH�,GHDV�DERXW�6FLHQFH

([DPSOHV�RI�,GHDV�DERXW�6FLHQFH�IRU�ZKLFK�WKHUH�DUH�SDUWLFXODU�RSSRUWXQLWLHV�IRU�LQWURGXFWLRQ�RU�
GHYHORSPHQW�LQ�WKLV�PRGXOH�LQFOXGH�

� OD6�����±����

� OD6���������

'DWD�� WKHLU�LPSRUWDQFH�DQG�OLPLWDWLRQV

&DXVH�HIIHFW�H[SODQDWLRQV
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0RGXOH�%���7KH�SURFHVVHV�RI�OLIH

%���� +RZ�GR�FKHPLFDO�UHDFWLRQV�WDNH�SODFH�LQ�OLYLQJ�WKLQJV"

��� XQGHUVWDQG�WKDW�WKH�EDVLF�SURFHVVHV�RI�OLIH�FDUULHG�RXW�E\�DOO�OLYLQJ�WKLQJV�GHSHQG�RQ�FKHPLFDO�
UHDFWLRQV�ZLWKLQ�FHOOV�WKDW�UHTXLUH�HQHUJ\�UHOHDVHG�E\�UHVSLUDWLRQ

��� XQGHUVWDQG�WKH�UROH�RI�SKRWRV\QWKHVLV�LQ�PDNLQJ�IRRG�PROHFXOHV�DQG�HQHUJ\�DYDLODEOH�WR�OLYLQJ�
RUJDQLVPV�WKURXJK�IRRG�FKDLQV

��� GHVFULEH�SKRWRV\QWKHVLV�DV�D�VHULHV�RI�FKHPLFDO�UHDFWLRQV�WKDW�XVH�HQHUJ\�IURP�VXQOLJKW�WR�
EXLOG�ODUJH�IRRG�PROHFXOHV�LQ�SODQW�FHOOV�DQG�VRPH�PLFURRUJDQLVPV��H�J��SK\WRSODQNWRQ�

��� GHVFULEH�UHVSLUDWLRQ�DV�D�VHULHV�RI�FKHPLFDO�UHDFWLRQV�WKDW�UHOHDVH�HQHUJ\�E\�EUHDNLQJ�GRZQ�
ODUJH�IRRG�PROHFXOHV�LQ�DOO�OLYLQJ�FHOOV

��� UHFDOO�WKDW�HQ]\PHV�DUH�SURWHLQV�WKDW�VSHHG�XS�FKHPLFDO�UHDFWLRQV

��� UHFDOO�WKDW�FHOOV�PDNH�HQ]\PHV�DFFRUGLQJ�WR�WKH�LQVWUXFWLRQV�FDUULHG�LQ�JHQHV

��� XQGHUVWDQG�WKDW�PROHFXOHV�KDYH�WR�EH�WKH�FRUUHFW�VKDSH�WR�¿W�LQWR�WKH�DFWLYH�VLWH�RI�WKH�HQ]\PH�
�WKH�ORFN�DQG�NH\�PRGHO�

��� XQGHUVWDQG�WKDW�HQ]\PHV�QHHG�D�VSHFL¿F�FRQVWDQW�WHPSHUDWXUH�WR�ZRUN�DW�WKHLU�RSWLPXP��DQG�
WKDW�WKH\�SHUPDQHQWO\�VWRS�ZRUNLQJ��GHQDWXUH��LI�WKH�WHPSHUDWXUH�LV�WRR�KLJK

��� H[SODLQ�WKDW�HQ]\PH�DFWLYLW\�DW�GLIIHUHQW�WHPSHUDWXUHV�LV�D�EDODQFH�EHWZHHQ�

� D�� LQFUHDVHG�UDWHV�RI�UHDFWLRQ�DV�WHPSHUDWXUH�LQFUHDVHV

� E�� FKDQJHV�WR�WKH�DFWLYH�VLWH�DW�KLJKHU�WHPSHUDWXUHV��LQFOXGLQJ�GHQDWXULQJ

� L� &DQGLGDWHV�DUH�QRW�H[SHFWHG�WR�H[SODLQ�ZK\�UDWHV�RI�UHDFWLRQ�LQFUHDVH�ZLWK�WHPSHUDWXUH

���� UHFDOO�WKDW�DQ�HQ]\PH�ZRUNV�DW�LWV�RSWLPXP�DW�D�VSHFL¿F�S+

���� H[SODLQ�WKH�HIIHFW�RI�S+�RQ�HQ]\PH�DFWLYLW\�LQ�WHUPV�RI�FKDQJHV�WR�WKH�VKDSH�RI�WKH�
DFWLYH�VLWH�
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0RGXOH�%���7KH�SURFHVVHV�RI�OLIH

���� +RZ�GR�SODQWV�PDNH�IRRG"

��� UHFDOO�WKH�QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV�RI�SKRWRV\QWKHVLV��DQG�XVH�WKH�ZRUG�HTXDWLRQ��

� � � ��������������������������OLJKW�HQHUJ\
� � FDUERQ�GLR[LGH���ZDWHU��ĺ��JOXFRVH���R[\JHQ

��� UHFDOO�WKH�IRUPXODH�RI�WKH�UHDFWDQWV�DQG�SURGXFWV�RI�SKRWRV\QWKHVLV��DQG�XVH�WKH�
V\PERO�HTXDWLRQ�

� � � ����������OLJKW�HQHUJ\
� � �&2�����+�2��ĺ��&�+��2�����2��

��� UHFDOO�WKH�PDLQ�VWDJHV�RI�SKRWRV\QWKHVLV�

� D�� OLJKW�HQHUJ\�DEVRUEHG�E\�WKH�JUHHQ�FKHPLFDO�FKORURSK\OO

� E�� HQHUJ\�XVHG�WR�EULQJ�DERXW�WKH�UHDFWLRQ�EHWZHHQ�FDUERQ�GLR[LGH�DQG�ZDWHU�WR�SURGXFH�
JOXFRVH��D�VXJDU�

� F�� R[\JHQ�SURGXFHG�DV�D�ZDVWH�SURGXFW

��� UHFDOO�WKDW�JOXFRVH�PD\�EH�

� D�� FRQYHUWHG�LQWR�FKHPLFDOV�QHHGHG�IRU�JURZWK�RI�SODQW�FHOOV��IRU�H[DPSOH�FHOOXORVH��SURWHLQ�
DQG�FKORURSK\OO

� E�� FRQYHUWHG�LQWR�VWDUFK�IRU�VWRUDJH

� F�� XVHG�LQ�UHVSLUDWLRQ�WR�UHOHDVH�HQHUJ\

��� UHFDOO�WKH�VWUXFWXUH�RI�D�W\SLFDO�SODQW�FHOO��OLPLWHG�WR�FKORURSODVWV��FHOO�PHPEUDQH��QXFOHXV��
F\WRSODVP��PLWRFKRQGULD��YDFXROH�DQG�FHOO�ZDOO

��� XQGHUVWDQG�WKH�IXQFWLRQV�RI�WKH�VWUXFWXUHV�LQ�D�W\SLFDO�SODQW�FHOO�WKDW�KDYH�D�UROH�LQ�
SKRWRV\QWKHVLV��LQFOXGLQJ�

� D�� FKORURSODVWV�FRQWDLQ�FKORURSK\OO�DQG�WKH�HQ]\PHV�IRU�WKH�UHDFWLRQV�LQ�SKRWRV\QWKHVLV

� E�� FHOO�PHPEUDQH�DOORZV�JDVHV�DQG�ZDWHU�WR�SDVV�LQ�DQG�RXW�RI�WKH�FHOO�IUHHO\�ZKLOH�
SUHVHQWLQJ�D�EDUULHU�WR�RWKHU�FKHPLFDOV

� F�� QXFOHXV�FRQWDLQV�'1$�ZKLFK�FDUULHV�WKH�JHQHWLF�FRGH�IRU�PDNLQJ�HQ]\PHV�DQG�RWKHU�
SURWHLQV�XVHG�LQ�WKH�FKHPLFDO�UHDFWLRQV�RI�SKRWRV\QWKHVLV

� G�� F\WRSODVP�ZKHUH�WKH�HQ]\PHV�DQG�RWKHU�SURWHLQV�DUH�PDGH

��� UHFDOO�WKDW�PLQHUDOV�WDNHQ�XS�E\�SODQW�URRWV�DUH�XVHG�WR�PDNH�VRPH�FKHPLFDOV�QHHGHG�E\�FHOOV��
LQFOXGLQJ�QLWURJHQ�IURP�QLWUDWHV�WR�PDNH�SURWHLQV

��� XQGHUVWDQG�WKDW�GLIIXVLRQ�LV�WKH�SDVVLYH�RYHUDOO�PRYHPHQW�RI�PROHFXOHV�IURP�D�UHJLRQ�RI�WKHLU�
KLJKHU�FRQFHQWUDWLRQ�WR�D�UHJLRQ�RI�WKHLU�ORZHU�FRQFHQWUDWLRQ

��� UHFDOO�WKDW�WKH�PRYHPHQW�RI�R[\JHQ�DQG�FDUERQ�GLR[LGH�LQ�DQG�RXW�RI�OHDYHV�GXULQJ�
SKRWRV\QWKHVLV�RFFXUV�E\�GLIIXVLRQ
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���� +RZ�GR�SODQWV�PDNH�IRRG"

���� XQGHUVWDQG�WKDW�RVPRVLV��D�VSHFL¿F�FDVH�RI�GLIIXVLRQ��LV�WKH�RYHUDOO�PRYHPHQW�RI�ZDWHU�IURP�D�
GLOXWH�WR�D�PRUH�FRQFHQWUDWHG�VROXWLRQ�WKURXJK�D�SDUWLDOO\�SHUPHDEOH�PHPEUDQH

���� UHFDOO�WKDW�WKH�PRYHPHQW�RI�ZDWHU�LQWR�SODQW�URRWV�RFFXUV�E\�RVPRVLV

���� XQGHUVWDQG�WKDW�DFWLYH�WUDQVSRUW�LV�WKH�RYHUDOO�PRYHPHQW�RI�FKHPLFDOV�DFURVV�D�FHOO�
PHPEUDQH�UHTXLULQJ�HQHUJ\�IURP�UHVSLUDWLRQ

���� UHFDOO�WKDW�DFWLYH�WUDQVSRUW�LV�XVHG�LQ�WKH�DEVRUSWLRQ�RI�QLWUDWHV�E\�SODQW�URRWV

���� XQGHUVWDQG�WKDW�WKH�UDWH�RI�SKRWRV\QWKHVLV�PD\�EH�OLPLWHG�E\�

� D�� WHPSHUDWXUH

� E�� FDUERQ�GLR[LGH

� F�� OLJKW�LQWHQVLW\

���� LQWHUSUHW�GDWD�RQ�IDFWRUV�OLPLWLQJ�WKH�UDWH�RI�SKRWRV\QWKHVLV

���� GHVFULEH�DQG�H[SODLQ�WHFKQLTXHV�XVHG�LQ�¿HOGZRUN�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�OLJKW�RQ�SODQWV��
LQFOXGLQJ�

� D�� XVLQJ�D�OLJKW�PHWHU

� E�� XVLQJ�D�TXDGUDW

� F�� XVLQJ�DQ�LGHQWL¿FDWLRQ�NH\

���� XQGHUVWDQG�KRZ�WR�WDNH�D�WUDQVHFW�
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0RGXOH�%���7KH�SURFHVVHV�RI�OLIH

%���� +RZ�GR�OLYLQJ�RUJDQLVPV�REWDLQ�HQHUJ\"

��� XQGHUVWDQG�WKDW�DOO�OLYLQJ�RUJDQLVPV�UHTXLUH�HQHUJ\�UHOHDVHG�E\�UHVSLUDWLRQ�IRU�VRPH�FKHPLFDO�
UHDFWLRQV�LQ�FHOOV��LQFOXGLQJ�FKHPLFDO�UHDFWLRQV�LQYROYHG�LQ�

� D�� PRYHPHQW

� E�� V\QWKHVLV�RI�ODUJH�PROHFXOHV

� F�� DFWLYH�WUDQVSRUW

��� XQGHUVWDQG�WKDW�V\QWKHVLV�RI�ODUJH�PROHFXOHV�LQFOXGHV�

� D�� V\QWKHVLV�RI�SRO\PHUV�UHTXLUHG�E\�SODQW�FHOOV�VXFK�DV�VWDUFK�DQG�FHOOXORVH�IURP�JOXFRVH�
LQ�SODQW�FHOOV

� E�� V\QWKHVLV�RI�DPLQR�DFLGV�IURP�JOXFRVH�DQG�QLWUDWHV��DQG�WKHQ�SURWHLQV�IURP�DPLQR�DFLGV�
LQ�SODQW��DQLPDO�DQG�PLFURELDO�FHOOV

��� UHFDOO�WKDW�DHURELF�UHVSLUDWLRQ�WDNHV�SODFH�LQ�DQLPDO�DQG�SODQW�FHOOV�DQG�VRPH�PLFURRUJDQLVPV��
DQG�UHTXLUHV�R[\JHQ

��� UHFDOO�WKH�QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV�RI�DHURELF�UHVSLUDWLRQ�DQG�XVH�WKH�ZRUG�
HTXDWLRQ�

� � JOXFRVH���R[\JHQ��ĺ��FDUERQ�GLR[LGH���ZDWHU����HQHUJ\�UHOHDVHG�

��� UHFDOO�WKH�IRUPXODH�RI�WKH�UHDFWDQWV�DQG�SURGXFWV�RI�DHURELF�UHVSLUDWLRQ�DQG�XVH�WKH�
V\PERO�HTXDWLRQ�

� � &�+��2�����2���ĺ���&2�����+�2

��� UHFDOO�WKDW�DQDHURELF�UHVSLUDWLRQ�WDNHV�SODFH�LQ�DQLPDO��SODQW�DQG�VRPH�PLFURELDO�FHOOV�LQ�
FRQGLWLRQV�RI�ORZ�R[\JHQ�RU�DEVHQFH�RI�R[\JHQ��WR�LQFOXGH�

� D�� SODQW�URRWV�LQ�ZDWHUORJJHG�VRLO

� E�� EDFWHULD�LQ�SXQFWXUH�ZRXQGV

� F�� KXPDQ�FHOOV�GXULQJ�YLJRURXV�H[HUFLVH

��� UHFDOO�WKH�QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV�RI�DQDHURELF�UHVSLUDWLRQ�LQ�DQLPDO�FHOOV�DQG�
VRPH�EDFWHULD��DQG�XVH�WKH�ZRUG�HTXDWLRQ�

� � JOXFRVH��ĺ��ODFWLF�DFLG����HQHUJ\�UHOHDVHG�

��� UHFDOO�WKH�QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV�RI�DQDHURELF�UHVSLUDWLRQ�LQ�SODQW�FHOOV�DQG�VRPH�
PLFURRUJDQLVPV�LQFOXGLQJ�\HDVW��DQG�XVH�WKH�ZRUG�HTXDWLRQ�

� � JOXFRVH��ĺ��HWKDQRO���FDUERQ�GLR[LGH����HQHUJ\�UHOHDVHG�

��� XQGHUVWDQG�WKDW�DHURELF�UHVSLUDWLRQ�UHOHDVHV�PRUH�HQHUJ\�SHU�JOXFRVH�PROHFXOH�WKDQ�
DQDHURELF�UHVSLUDWLRQ
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%���� +RZ�GR�OLYLQJ�RUJDQLVPV�REWDLQ�HQHUJ\"

���� UHFDOO�WKH�VWUXFWXUH�RI�W\SLFDO�DQLPDO�DQG�PLFURELDO�FHOOV��EDFWHULD�DQG�\HDVW��OLPLWHG�WR�

� D�� QXFOHXV

� E�� F\WRSODVP

� F�� FHOO�PHPEUDQH

� G�� PLWRFKRQGULD��IRU�DQLPDO�DQG�\HDVW�FHOOV�

� H�� FHOO�ZDOO��IRU�\HDVW�DQG�EDFWHULDO�FHOOV�

� I�� FLUFXODU�'1$�PROHFXOH��IRU�EDFWHULDO�FHOOV�

���� XQGHUVWDQG�WKH�IXQFWLRQV�RI�WKH�VWUXFWXUHV�LQ�DQLPDO��SODQW��EDFWHULD�DQG�\HDVW�FHOOV�WKDW�KDYH�D�
UROH�LQ�UHVSLUDWLRQ��LQFOXGLQJ�

� D�� PLWRFKRQGULD�FRQWDLQ�HQ]\PHV�IRU�WKH�UHDFWLRQV�LQ�DHURELF�UHVSLUDWLRQ��LQ�DQLPDOV��SODQWV�
DQG�\HDVW�

� E�� FHOO�PHPEUDQH�DOORZV�JDVHV�DQG�ZDWHU�WR�SDVV�LQ�DQG�RXW�RI�WKH�FHOO�IUHHO\�ZKLOH�
SUHVHQWLQJ�D�EDUULHU�WR�RWKHU�FKHPLFDOV

� F�� QXFOHXV�RU�FLUFXODU�'1$�LQ�EDFWHULD�FRQWDLQV�'1$�ZKLFK�FDUULHV�WKH�JHQHWLF�FRGH�IRU�
PDNLQJ�HQ]\PHV�XVHG�LQ�WKH�FKHPLFDO�UHDFWLRQV�RI�UHVSLUDWLRQ

� G�� F\WRSODVP�ZKHUH�HQ]\PHV�DUH�PDGH�DQG�ZKLFK�FRQWDLQV�WKH�HQ]\PHV�XVHG�LQ�DQDHURELF�
UHVSLUDWLRQ

���� GHVFULEH�H[DPSOHV�RI�WKH�DSSOLFDWLRQV�RI�WKH�DQDHURELF�UHVSLUDWLRQ�RI�PLFURRUJDQLVPV��
LQFOXGLQJ�WKH�SURGXFWLRQ�RI�ELRJDV�DQG�IHUPHQWDWLRQ�LQ�EUHDG�PDNLQJ�DQG�DOFRKRO�SURGXFWLRQ�
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2YHUYLHZ

*HQHWLF�WHFKQRORJLHV�DUH�DW�WKH�FXWWLQJ�HGJH�RI�FRQWHPSRUDU\�VFLHQFH��5HVHDUFK�LQWR�SURWHRPLFV��VWHP�
FHOO�WHFKQRORJ\�DQG�FHOOXODU�JURZWK�FRQWURO�LV�DW�WKH�IRUHIURQW�RI�PRGHUQ�PHGLFDO�VFLHQFH��.QRZOHGJH�
DQG�XQGHUVWDQGLQJ�RI�WKHVH�DUHDV�SURPLVH�SRZHUIXO�DSSOLFDWLRQV�WR�EHQH¿W�ERWK�SUHVHQW�DQG�IXWXUH�
JHQHUDWLRQV�

7KH�¿UVW�WRSLF�H[SODLQV�SODQW�DQG�DQLPDO�GHYHORSPHQW��FRPSDULQJ�DQG�FRQWUDVWLQJ�WKH�GHYHORSPHQW�RI�
XQVSHFLDOLVHG�FHOOV��7KH�DELOLW\�RI�SODQW�PHULVWHPV�WR�UHJHQHUDWH�ZKROH�SODQWV�LV�FRQVLGHUHG��LQFOXGLQJ�
WKH�HIIHFW�RI�SODQW�KRUPRQHV�RQ�WKHLU�GHYHORSPHQW�

7KH�VHFRQG�WRSLF�ORRNV�DW�KRZ�WKH�VWUXFWXUH�RI�'1$�DOORZV�FHOOV�WR�EH�DFFXUDWHO\�FRSLHG��.H\�VWDJHV�LQ�
WKH�FHOO�F\FOH�DUH�LGHQWL¿HG��DQG�FHOO�GLYLVLRQ�E\�PLWRVLV�DQG�PHLRVLV�FRPSDUHG�

7KH�¿QDO�WRSLF�GHVFULEHV�WKH�SURFHVV�RI�SURWHLQ�V\QWKHVLV��IROORZLQJ�WKH�RQH�JHQH�RQH�SURWHLQ�
K\SRWKHVLV�

������ 0RGXOH�%���*URZWK�DQG�GHYHORSPHQW

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�GHYHORS�PDWKHPDWLFV�VNLOOV��)RU�H[DPSOH�

�� GHYHORS�D�VHQVH�RI�VFDOH�LQ�WKH�FRQWH[W�RI�'1$��FHOOV�DQG�SODQWV

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�IUDFWLRQV�DQG�SHUFHQWDJHV

�� SORW��GUDZ�DQG�LQWHUSUHW�JUDSKV�DQG�FKDUWV�IURP�FDQGLGDWHV¶�RZQ�DQG�VHFRQGDU\�GDWD�

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

7RSLFV

%���� +RZ�GR�RUJDQLVPV�GHYHORS"

(PEU\R�GHYHORSPHQW��FHOO�VSHFLDOLVDWLRQ�LQ�SODQWV�DQG�DQLPDOV��SODQW�JURZWK�UHVSRQVHV

%���� +RZ�GRHV�DQ�RUJDQLVP�SURGXFH�QHZ�FHOOV"

0DLQ�SURFHVVHV�RI�WKH�FHOO�F\FOH��FRPSDULVRQV�RI�PLWRVLV�DQG�PHLRVLV

%���� +RZ�GR�JHQHV�FRQWURO�JURZWK�DQG�GHYHORSPHQW�ZLWKLQ�WKH�FHOO"

6WUXFWXUH�RI�JHQHWLF�FRGH�DQG�PHFKDQLVP�IRU�SURWHLQ�V\QWKHVLV
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7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN�LQ�WHDFKLQJ�DQG�OHDUQLQJ��)RU�H[DPSOH�

�� XVH�PLFURVFRSHV�WR�ORRN�DW�D�YDULHW\�RI�SODQW�DQG�DQLPDO�FHOOV

�� GLVVHFW�DQG�GUDZ�D�EURDG�EHDQ

�� WDNH�SODQW�FXWWLQJV�DQG�LQYHVWLJDWH�WKH�HIIHFWV�RI�XVLQJ�KRUPRQH�URRWLQJ�SRZGHU

�� LQYHVWLJDWH�WKH�HIIHFWV�RI�SKRWRWURSLVP

�� YLHZ�JHUPLQDWLQJ�SROOHQ

�� H[WUDFW�'1$�IURP�SODQWV�

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�LOOXVWUDWH�WKH�XVH�RI�,&7�LQ�VFLHQFH��)RU�H[DPSOH�

�� LPDJLQJ�FHOOV�DQG�REVHUYLQJ�WKHLU�JURZWK�DQG�GHYHORSPHQW�

8VH�RI�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ�FDQ�LQFOXGH�

�� DQLPDWLRQV�WR�LOOXVWUDWH�'1$�VWUXFWXUH��UHSOLFDWLRQ��DQG�SURWHLQ�V\QWKHVLV

�� DQLPDWLRQV�WR�LOOXVWUDWH�FHOO�GLYLVLRQ

�� YLGHR�FOLSV�WR�VKRZ�VWDJHV�LQ�KXPDQ�GHYHORSPHQW�

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

2SSRUWXQLWLHV�IRU�,&7

2SSRUWXQLWLHV�IRU�WHDFKLQJ�WKH�,GHDV�DERXW�6FLHQFH

([DPSOHV�RI�,GHDV�DERXW�6FLHQFH�IRU�ZKLFK�WKHUH�DUH�SDUWLFXODU�RSSRUWXQLWLHV�IRU�LQWURGXFWLRQ�RU�
GHYHORSPHQW�LQ�WKLV�PRGXOH�LQFOXGH�

� OD6�����±����

'HYHORSLQJ�VFLHQWLÀF�H[SODQDWLRQV
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0RGXOH�%���*URZWK�DQG�GHYHORSPHQW

%���� +RZ�GR�RUJDQLVPV�GHYHORS"

��� UHFDOO�WKDW�FHOOV�LQ�PXOWLFHOOXODU�RUJDQLVPV�FDQ�EH�VSHFLDOLVHG�WR�GR�SDUWLFXODU�MREV

��� UHFDOO�WKDW�JURXSV�RI�VSHFLDOLVHG�FHOOV�DUH�FDOOHG�WLVVXHV��DQG�JURXSV�RI�WLVVXHV�IRUP�RUJDQV

��� UHFDOO�WKDW�D�IHUWLOLVHG�HJJ�FHOO��]\JRWH��GLYLGHV�E\�PLWRVLV�WR�IRUP�DQ�HPEU\R

��� UHFDOO�WKDW�LQ�D�KXPDQ�HPEU\R�XS�WR��DQG�LQFOXGLQJ��WKH�HLJKW�FHOO�VWDJH��DOO�WKH�FHOOV�DUH�
LGHQWLFDO��HPEU\RQLF�VWHP�FHOOV��DQG�FRXOG�SURGXFH�DQ\�W\SH�RI�FHOO�UHTXLUHG�E\�WKH�RUJDQLVP

��� XQGHUVWDQG�WKDW�DIWHU�WKH�HLJKW�FHOO�VWDJH��PRVW�RI�WKH�HPEU\R�FHOOV�EHFRPH�VSHFLDOLVHG�DQG�
IRUP�GLIIHUHQW�W\SHV�RI�WLVVXH

��� XQGHUVWDQG�WKDW�VRPH�FHOOV��DGXOW�VWHP�FHOOV��UHPDLQ�XQVSHFLDOLVHG�DQG�FDQ�EHFRPH�
VSHFLDOLVHG�DW�D�ODWHU�VWDJH�WR�EHFRPH�PDQ\��EXW�QRW�DOO��W\SHV�RI�FHOO�UHTXLUHG�E\�WKH�RUJDQLVP

��� XQGHUVWDQG�WKDW�LQ�SODQWV��RQO\�FHOOV�ZLWKLQ�VSHFLDO�UHJLRQV�FDOOHG�PHULVWHPV�DUH�PLWRWLFDOO\�
DFWLYH

��� XQGHUVWDQG�WKDW�WKH�QHZ�FHOOV�SURGXFHG�IURP�SODQW�PHULVWHPV�DUH�XQVSHFLDOLVHG�DQG�FDQ�
GHYHORS�LQWR�DQ\�NLQG�RI�SODQW�FHOO

��� XQGHUVWDQG�WKDW�XQVSHFLDOLVHG�SODQW�FHOOV�FDQ�EHFRPH�VSHFLDOLVHG�WR�IRUP�GLIIHUHQW�W\SHV�RI�
WLVVXH��LQFOXGLQJ�[\OHP�DQG�SKORHP��ZLWKLQ�RUJDQV��LQFOXGLQJ�ÀRZHUV��OHDYHV��VWHPV�DQG�URRWV�

���� XQGHUVWDQG�WKDW�WKH�SUHVHQFH�RI�PHULVWHPV��DV�VRXUFHV�RI�XQVSHFLDOLVHG�FHOOV��DOORZV�WKH�
SURGXFWLRQ�RI�FORQHV�RI�D�SODQW�IURP�FXWWLQJV��DQG�WKDW�WKLV�PD\�EH�GRQH�WR�UHSURGXFH�D�SODQW�
ZLWK�GHVLUDEOH�IHDWXUHV

���� XQGHUVWDQG�WKDW�D�FXW�VWHP�IURP�D�SODQW�FDQ�GHYHORS�URRWV�DQG�WKHQ�JURZ�LQWR�D�FRPSOHWH�
SODQW�ZKLFK�LV�D�FORQH�RI�WKH�SDUHQW��DQG�WKDW�URRWLQJ�FDQ�EH�SURPRWHG�E\�WKH�SUHVHQFH�RI�SODQW�
KRUPRQHV��DX[LQV�

���� XQGHUVWDQG�WKDW�WKH�JURZWK�DQG�GHYHORSPHQW�RI�SODQWV�LV�DOVR�DIIHFWHG�E\�WKH�HQYLURQPHQW��
H�J��SKRWRWURSLVP

���� XQGHUVWDQG�KRZ�SKRWRWURSLVP�LQFUHDVHV�WKH�SODQW¶V�FKDQFH�RI�VXUYLYDO

���� H[SODLQ�SKRWRWURSLVP�LQ�WHUPV�RI�WKH�HIIHFW�RI�OLJKW�RQ�WKH�GLVWULEXWLRQ�RI�DX[LQ�LQ�D�
VKRRW�WLS�
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0RGXOH�%���*URZWK�DQG�GHYHORSPHQW

%���� +RZ�GRHV�DQ�RUJDQLVP�SURGXFH�QHZ�FHOOV"

��� UHFDOO�WKDW�FHOO�GLYLVLRQ�E\�PLWRVLV�SURGXFHV�WZR�QHZ�FHOOV�WKDW�DUH�JHQHWLFDOO\�LGHQWLFDO�WR�HDFK�
RWKHU�DQG�WR�WKH�SDUHQW�FHOO

��� GHVFULEH�WKH�PDLQ�SURFHVVHV�RI�WKH�FHOO�F\FOH�

� D�� FHOO�JURZWK�GXULQJ�ZKLFK�

�� QXPEHUV�RI�RUJDQHOOHV�LQFUHDVH

�� WKH�FKURPRVRPHV�DUH�FRSLHG�ZKHQ�WKH�WZR�VWUDQGV�RI�HDFK�'1$�PROHFXOH�
VHSDUDWH�DQG�QHZ�VWUDQGV�IRUP�DORQJVLGH�WKHP

� E�� PLWRVLV�GXULQJ�ZKLFK�

�� FRSLHV�RI�WKH�FKURPRVRPHV�VHSDUDWH

�� WKH�QXFOHXV�GLYLGHV

� L� &DQGLGDWHV�DUH�QRW�H[SHFWHG�WR�UHFDOO�LQWHUPHGLDWH�VWDJHV�RI�PLWRVLV

��� UHFDOO�WKDW�PHLRVLV�LV�D�W\SH�RI�FHOO�GLYLVLRQ�WKDW�SURGXFHV�JDPHWHV

��� XQGHUVWDQG�ZK\��LQ�PHLRVLV��LW�LV�LPSRUWDQW�WKDW�WKH�FHOOV�SURGXFHG�RQO\�FRQWDLQ�KDOI�WKH�
FKURPRVRPH�QXPEHU�RI�WKH�SDUHQW�FHOO

� L� &DQGLGDWHV�DUH�QRW�H[SHFWHG�WR�UHFDOO�LQWHUPHGLDWH�VWDJHV�RI�PHLRVLV

��� XQGHUVWDQG�WKDW�D�]\JRWH�FRQWDLQV�D�VHW�RI�FKURPRVRPHV�IURP�HDFK�SDUHQW�
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0RGXOH�%���*URZWK�DQG�GHYHORSPHQW

%���� +RZ�GR�JHQHV�FRQWURO�JURZWK�DQG�GHYHORSPHQW�ZLWKLQ�WKH�FHOO"

��� UHFDOO�WKDW�'1$�KDV�D�GRXEOH�KHOL[�VWUXFWXUH

��� UHFDOO�WKDW�ERWK�VWUDQGV�RI�WKH�'1$�PROHFXOH�DUH�PDGH�XS�RI�IRXU�GLIIHUHQW�EDVHV�ZKLFK�DOZD\V�
SDLU�XS�LQ�WKH�VDPH�ZD\��$�ZLWK�7��DQG�&�ZLWK�*

��� XQGHUVWDQG�WKDW�WKH�RUGHU�RI�EDVHV�LQ�D�JHQH�LV�WKH�JHQHWLF�FRGH�IRU�WKH�SURGXFWLRQ�RI�D�SURWHLQ

��� H[SODLQ�KRZ�WKH�RUGHU�RI�EDVHV�LQ�D�JHQH�LV�WKH�FRGH�IRU�EXLOGLQJ�XS�DPLQR�DFLGV�LQ�WKH�
FRUUHFW�RUGHU�WR�PDNH�D�SDUWLFXODU�SURWHLQ

� L� &DQGLGDWHV�DUH�QRW�H[SHFWHG�WR�UHFDOO�GHWDLOV�RI�QXFOHRWLGH�VWUXFWXUH��WUDQVFULSWLRQ�RU�
WUDQVODWLRQ

��� UHFDOO�WKDW�WKH�JHQHWLF�FRGH�LV�LQ�WKH�FHOO�QXFOHXV�RI�DQLPDO�DQG�SODQW�FHOOV�EXW�SURWHLQV�DUH�
SURGXFHG�LQ�WKH�FHOO�F\WRSODVP

��� XQGHUVWDQG�WKDW�JHQHV�GR�QRW�OHDYH�WKH�QXFOHXV�EXW�D�FRS\�RI�WKH�JHQH��PHVVHQJHU�51$��LV�
SURGXFHG�WR�FDUU\�WKH�JHQHWLF�FRGH�WR�WKH�F\WRSODVP

��� XQGHUVWDQG�WKDW�DOWKRXJK�DOO�ERG\�FHOOV�LQ�DQ�RUJDQLVP�FRQWDLQ�WKH�VDPH�JHQHV��PDQ\�JHQHV�
LQ�D�SDUWLFXODU�FHOO�DUH�QRW�DFWLYH��VZLWFKHG�RII��EHFDXVH�WKH�FHOO�RQO\�SURGXFHV�WKH�VSHFL¿F�
SURWHLQV�LW�QHHGV

��� XQGHUVWDQG�WKDW�LQ�VSHFLDOLVHG�FHOOV�RQO\�WKH�JHQHV�QHHGHG�IRU�WKH�FHOO�FDQ�EH�VZLWFKHG�RQ��EXW�
LQ�HPEU\RQLF�VWHP�FHOOV�DQ\�JHQH�FDQ�EH�VZLWFKHG�RQ�GXULQJ�GHYHORSPHQW�WR�SURGXFH�DQ\�W\SH�
RI�VSHFLDOLVHG�FHOO

��� XQGHUVWDQG�WKDW�DGXOW�VWHP�FHOOV�DQG�HPEU\RQLF�VWHP�FHOOV�KDYH�WKH�SRWHQWLDO�WR�SURGXFH�FHOOV�
QHHGHG�WR�UHSODFH�GDPDJHG�WLVVXHV

���� XQGHUVWDQG�WKDW�HWKLFDO�GHFLVLRQV�QHHG�WR�EH�WDNHQ�ZKHQ�XVLQJ�HPEU\RQLF�VWHP�FHOOV�DQG�WKDW�
WKLV�ZRUN�LV�VXEMHFW�WR�*RYHUQPHQW�UHJXODWLRQ

���� XQGHUVWDQG�WKDW��LQ�FDUHIXOO\�FRQWUROOHG�FRQGLWLRQV�RI�PDPPDOLDQ�FORQLQJ��LW�LV�SRVVLEOH�
WR�UHDFWLYDWH��VZLWFK�RQ��LQDFWLYH�JHQHV�LQ�WKH�QXFOHXV�RI�D�ERG\�FHOO�WR�IRUP�FHOOV�RI�DOO�
WLVVXH�W\SHV�



�� ��2&5������*&6(�%LRORJ\�$

�

2YHUYLHZ

+RZ�WKH�KXPDQ�EUDLQ�IXQFWLRQV�UHPDLQV�ODUJHO\�XQNQRZQ��1HXURVFLHQFH�LV�DQ�DUHD�DW�WKH�IURQWLHU�RI�
PHGLFDO�UHVHDUFK��DQG�KDV�KXJH�SRWHQWLDO�LPSDFW�IRU�DQ�DJHLQJ�SRSXODWLRQ�

7KLV�PRGXOH�EHJLQV�E\�ORRNLQJ�DW�KRZ��LQ�RUGHU�WR�VXUYLYH��VLPSOH�RUJDQLVPV�UHVSRQG�WR�FKDQJHV�LQ�
WKHLU�HQYLURQPHQW��7KH�QHUYRXV�V\VWHP�RI�PXOWLFHOOXODU�DQLPDOV�LV�DOVR�FRQVLGHUHG�

7KH�VHFRQG�WRSLF�FRQVLGHUV�KRZ�LQIRUPDWLRQ�LV�WUDQVPLWWHG�IURP�UHFHSWRU�FHOOV�WR�HIIHFWRU�FHOOV��
LQFOXGLQJ�D�VLPSOH�GHVFULSWLRQ�RI�FKHPLFDO�WUDQVPLVVLRQ�DFURVV�V\QDSVHV��7KH�HIIHFWV�RI�GUXJV�RQ�
V\QDSVHV�LQ�WKH�EUDLQ�DUH�H[SORUHG��IRU�H[DPSOH��(FVWDV\��

6LPSOH��FRQGLWLRQHG�DQG�PRGL¿HG�UHÀH[HV�DUH�LQWURGXFHG�LQ�WKH�WKLUG�WRSLF��ZLWK�UHIHUHQFH�WR�VXUYLYDO�
DQG�DGDSWDWLRQ�

7KH�IRXUWK�WRSLF�WDNHV�D�FORVHU�ORRN�DW�WKH�EUDLQ��DQG�KRZ�VRPH�QHXURQ�SDWKZD\V�EHFRPH�µSUHIHUUHG¶�
ZKLOH�RWKHU�SRWHQWLDO�SDWKZD\V�UHPDLQ�DYDLODEOH�WR�DOORZ�IRU�DGDSWDWLRQ�WR�QHZ�VLWXDWLRQV��7KLV�WRSLF�
LOOXVWUDWHV�VSHFLDOLVHG�DUHDV�RI�WKH�EUDLQ��LGHQWL¿HV�PHWKRGV�VFLHQWLVWV�KDYH�XVHG�WR�PDS�WKH�FHUHEUDO�
FRUWH[�DQG�LQWURGXFHV�D�EDVLF�XQGHUVWDQGLQJ�RI�PHPRU\�

������ 0RGXOH�%���%UDLQ�DQG�PLQG

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�GHYHORS�PDWKHPDWLFV�VNLOOV��)RU�H[DPSOH�

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�H[SHULPHQWDO�GDWD��LQFOXGLQJ�¿QGLQJ�WKH�PHDQ�DQG�WKH�UDQJH

�� SORW��GUDZ�DQG�LQWHUSUHW�JUDSKV�DQG�FKDUWV�IURP�FDQGLGDWHV¶�RZQ�DQG�VHFRQGDU\�GDWD�

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

7RSLFV

%���� +RZ�GR�DQLPDOV�UHVSRQG�WR�FKDQJHV�LQ�WKHLU�HQYLURQPHQW"

&R�RUGLQDWLRQ�RI�UHVSRQVHV�WR�VWLPXOL�YLD�WKH�FHQWUDO�QHUYRXV�V\VWHP

%���� +RZ�LV�LQIRUPDWLRQ�SDVVHG�WKURXJK�WKH�QHUYRXV�V\VWHP"

6WUXFWXUH�RI�QHXURQV��WUDQVPLVVLRQ�RI�HOHFWULFDO�LPSXOVHV��LQFOXGLQJ�V\QDSVHV��HIIHFWV�RI�(FVWDV\�RQ�
V\QDSVH�DFWLRQ

%���� :KDW�FDQ�ZH�OHDUQ�WKURXJK�FRQGLWLRQLQJ"

6LPSOH�UHÀH[�DFWLRQV�IRU�VXUYLYDO��PHFKDQLVP�RI�D�UHÀH[�DUF��FRQGLWLRQHG�UHÀH[HV

%���� +RZ�GR�KXPDQV�GHYHORS�PRUH�FRPSOH[�EHKDYLRXU"

)RUPDWLRQ�RI�QHXURQ�SDWKZD\V�DQG�OHDUQLQJ�WKURXJK�UHSHWLWLRQ��PDSSLQJ�EUDLQ�IXQFWLRQ��PRGHOV�IRU�
XQGHUVWDQGLQJ�PHPRU\
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([DPSOHV�RI�,GHDV�DERXW�6FLHQFH�IRU�ZKLFK�WKHUH�DUH�SDUWLFXODU�RSSRUWXQLWLHV�IRU�LQWURGXFWLRQ�RU�
GHYHORSPHQW�LQ�WKLV�PRGXOH�LQFOXGH�

� OD6���������

�

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN�LQ�WHDFKLQJ�DQG�OHDUQLQJ��)RU�H[DPSOH�

�� LQYHVWLJDWH�UHÀH[�EHKDYLRXU�RI�ZRRGOLFH

�� ORRN�DW�PLFURVFRSH�VOLGHV�RI�QHXURQV

�� UHVHDUFK�UHÀH[�EHKDYLRXU�LQ�QHZERUQ�EDELHV�DQG�LQ�RWKHU�DQLPDOV

�� LQYHVWLJDWH�UHFHSWRU�FHOOV�RQ�WKH�WRQJXH

�� PHDVXUH�WKH�VSHHG�DW�ZKLFK�D�QHUYH�LPSXOVH�WUDYHOV

�� LQYHVWLJDWH�IDFWRUV�WKDW�DIIHFW�UHDFWLRQ�WLPHV

�� PHDVXUH�WKH�WRXFK�VHQVLWLYLW\�RI�GLIIHUHQW�DUHDV�RI�WKH�ERG\

�� PDNH�D�SUHVHQWDWLRQ�DERXW�3DYORY�DQG�KLV�ZRUN�RQ�FRQGLWLRQHG�UHÀH[HV

�� LQYHVWLJDWH�KRZ�SUDFWLFH�RI�D�VNLOO�LPSURYHV�SHUIRUPDQFH

�� LQYHVWLJDWH�SXSLOV¶�RZQ�OHDUQLQJ

�� LQYHVWLJDWH�ZKHWKHU�ZRRGOLFH�KDYH�D�PHPRU\�

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�LOOXVWUDWH�WKH�XVH�RI�,&7�LQ�VFLHQFH��)RU�H[DPSOH�

�� REVHUYH�DQG�GLJLWDOO\�UHFRUG�KXPDQ�DQG�DQLPDO�EHKDYLRXU

�� ORJ��UHFRUG�DQG�GLVSOD\�SK\VLRORJLFDO�GDWD�

8VH�RI�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ�FDQ�LQFOXGH�

�� YLGHR�FOLSV�WR�LOOXVWUDWH�SDWWHUQV�LQ�WKH�EHKDYLRXU�RI�OLYLQJ�WKLQJV

�� DQLPDWLRQV�WR�H[SODLQ�V\QDSVH�IXQFWLRQ�DQG�WKH�HIIHFWV�RI�GUXJV�RQ�V\QDSVHV

�� LQWHUDFWLYH�DQLPDWLRQV�RQ�EUDLQ�IXQFWLRQ

�� XVLQJ�WKH�LQWHUQHW�WR�UHVHDUFK�EHKDYLRXU�DQG�PHPRU\�

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

2SSRUWXQLWLHV�IRU�,&7

2SSRUWXQLWLHV�IRU�WHDFKLQJ�WKH�,GHDV�DERXW�6FLHQFH

0DNLQJ�GHFLVLRQV�DERXW�VFLHQFH�DQG�WHFKQRORJ\
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%���� +RZ�GR�DQLPDOV�UHVSRQG�WR�FKDQJHV�LQ�WKHLU�HQYLURQPHQW"

��� UHFDOO�WKDW�D�VWLPXOXV�LV�D�FKDQJH�LQ�WKH�HQYLURQPHQW�RI�DQ�RUJDQLVP

��� XQGHUVWDQG�WKDW�VLPSOH�UHÀH[HV�SURGXFH�UDSLG�LQYROXQWDU\�UHVSRQVHV�WR�VWLPXOL

��� XQGHUVWDQG�WKDW�WKH�VLPSOHVW�DQLPDOV�UHO\�RQ�UHÀH[�DFWLRQV�IRU�WKH�PDMRULW\�RI�WKHLU�EHKDYLRXU

��� XQGHUVWDQG�WKDW�WKHVH�UHÀH[�DFWLRQV�KHOS�WR�HQVXUH�WKDW�WKH�VLPSOHVW�DQLPDOV�UHVSRQG�WR�
D�VWLPXOXV�LQ�D�ZD\�WKDW�LV�PRVW�OLNHO\�WR�UHVXOW�LQ�WKHLU�VXUYLYDO��WR�LQFOXGH�¿QGLQJ�IRRG�DQG�
VKHOWHULQJ�IURP�SUHGDWRUV

��� UHFDOO�H[DPSOHV�RI�VLPSOH�UHÀH[HV�LQ�KXPDQV��WR�LQFOXGH�QHZERUQ�UHÀH[HV��H�J��VWHSSLQJ��
JUDVSLQJ��VXFNLQJ���SXSLO�UHÀH[��NQHH�MHUN�DQG�GURSSLQJ�D�KRW�REMHFW

��� XQGHUVWDQG�WKDW�QHUYRXV�FR�RUGLQDWLRQ��LQFOXGLQJ�VLPSOH�UHÀH[HV��UHTXLUHV�

� D�� UHFHSWRUV�WR�GHWHFW�VWLPXOL

� E�� SURFHVVLQJ�FHQWUHV�WR�UHFHLYH�LQIRUPDWLRQ�DQG�FRRUGLQDWH�UHVSRQVHV

� F�� HIIHFWRUV�WR�SURGXFH�WKH�UHVSRQVH

��� XQGHUVWDQG�WKDW�UHFHSWRUV�DQG�HIIHFWRUV�FDQ�IRUP�SDUW�RI�FRPSOH[�RUJDQV��IRU�H[DPSOH�

� D�� OLJKW�UHFHSWRU�FHOOV�LQ�WKH�UHWLQD�RI�WKH�H\H

� E�� KRUPRQH�VHFUHWLQJ�FHOOV�LQ�D�JODQG

� F�� PXVFOH�FHOOV�LQ�D�PXVFOH

��� XQGHUVWDQG�WKDW�QHUYRXV�V\VWHPV�XVH�HOHFWULFDO�LPSXOVHV�IRU�IDVW��VKRUW�OLYHG�UHVSRQVHV�
LQFOXGLQJ�VLPSOH�UHÀH[HV

��� UHFDOO�WKDW�KRUPRQHV�DUH�FKHPLFDOV�WKDW�DUH�SURGXFHG�LQ�JODQGV��WUDYHO�LQ�WKH�EORRG�DQG�EULQJ�
DERXW�VORZHU��ORQJHU�ODVWLQJ�UHVSRQVHV��H�J��LQVXOLQ�DQG�RHVWURJHQ

���� UHFDOO�WKDW�WKH�GHYHORSPHQW�RI�QHUYRXV�DQG�KRUPRQDO�FRPPXQLFDWLRQ�V\VWHPV�GHSHQGHG�RQ�
WKH�HYROXWLRQ�RI�PXOWLFHOOXODU�RUJDQLVPV�



��� ��2&5������*&6(�%LRORJ\�$

�

0RGXOH�%���%UDLQ�DQG�PLQG

%���� +RZ�LV�LQIRUPDWLRQ�SDVVHG�WKURXJK�WKH�QHUYRXV�V\VWHP"

��� UHFDOO�WKDW�QHUYRXV�V\VWHPV�DUH�PDGH�XS�RI�QHXURQV��QHUYH�FHOOV��OLQNLQJ�UHFHSWRU�FHOOV��H�J��LQ�
H\HV��HDUV�DQG�VNLQ��WR�HIIHFWRU�FHOOV��LQ�PXVFOHV�JODQGV�

��� UHFDOO�WKDW�QHXURQV�WUDQVPLW�HOHFWULFDO�LPSXOVHV�ZKHQ�VWLPXODWHG

��� UHFDOO�WKDW�DQ�D[RQ�LV�D�ORQJ�H[WHQVLRQ�RI�WKH�F\WRSODVP�LQ�D�QHXURQ�DQG�LV�VXUURXQGHG�E\�FHOO�
PHPEUDQH

��� XQGHUVWDQG�WKDW�VRPH�D[RQV�DUH�VXUURXQGHG�E\�D�IDWW\�VKHDWK��ZKLFK�LQVXODWHV�WKH�QHXURQ�
IURP�QHLJKERXULQJ�FHOOV�DQG�LQFUHDVHV�WKH�VSHHG�RI�WUDQVPLVVLRQ�RI�D�QHUYH�LPSXOVH

��� UHFDOO�WKDW�LQ�KXPDQV�DQG�RWKHU�YHUWHEUDWHV�WKH�FHQWUDO�QHUYRXV�V\VWHP��&16��LV�PDGH�XS�RI�
WKH�VSLQDO�FRUG�DQG�EUDLQ

��� UHFDOO�WKDW�LQ�WKH�PDPPDOLDQ�QHUYRXV�V\VWHP�WKH�&16��EUDLQ�DQG�VSLQDO�FRUG��LV�FRQQHFWHG�WR�
WKH�ERG\�YLD�WKH�SHULSKHUDO�QHUYRXV�V\VWHP��316���VHQVRU\�DQG�PRWRU�QHXURQV�

��� XQGHUVWDQG�WKDW�WKH�&16�FRRUGLQDWHV�DQ�DQLPDO¶V�UHVSRQVHV�YLD�

� D�� VHQVRU\�QHXURQV�FDUU\LQJ�LPSXOVHV�IURP�UHFHSWRUV�WR�WKH�&16

� E�� PRWRU�QHXURQV�FDUU\LQJ�LPSXOVHV�IURP�WKH�&16�WR�HIIHFWRUV

��� XQGHUVWDQG�WKDW�ZLWKLQ�WKH�&16��LPSXOVHV�DUH�SDVVHG�IURP�VHQVRU\�QHXURQV�WR�PRWRU�QHXURQV�
WKURXJK�UHOD\�QHXURQV

��� GHVFULEH�WKH�QHUYRXV�SDWKZD\�RI�D�VSLQDO�UHÀH[�DUF�WR�LQFOXGH�UHFHSWRU��VHQVRU\�QHXURQ��UHOD\�
QHXURQ��VSLQDO�FRUG��PRWRU�QHXURQ�DQG�HIIHFWRU

���� XQGHUVWDQG�WKDW�WKLV�DUUDQJHPHQW�RI�QHXURQV�LQWR�D�¿[HG�SDWKZD\�DOORZV�UHÀH[�
UHVSRQVHV�WR�EH�DXWRPDWLF�DQG�VR�YHU\�UDSLG��VLQFH�QR�SURFHVVLQJ�RI�LQIRUPDWLRQ�LV�
UHTXLUHG

���� UHFDOO�WKDW�WKHUH�DUH�JDSV�EHWZHHQ�DGMDFHQW�QHXURQV�FDOOHG�V\QDSVHV�DQG�WKDW�LPSXOVHV�DUH�
WUDQVPLWWHG�DFURVV�WKHP

���� XQGHUVWDQG�WKDW�DW�D�V\QDSVH�DQ�LPSXOVH�WULJJHUV�WKH�UHOHDVH�RI�FKHPLFDOV��WUDQVPLWWHU�
VXEVWDQFHV��IURP�WKH�¿UVW�QHXURQ�LQWR�WKH�V\QDSVH��ZKLFK�GLIIXVH�DFURVV�DQG�ELQG�WR�
UHFHSWRU�PROHFXOHV�RQ�WKH�PHPEUDQH�RI�WKH�QH[W�QHXURQ

���� XQGHUVWDQG�WKDW�RQO\�VSHFL¿F�FKHPLFDOV�ELQG�WR�WKH�UHFHSWRU�PROHFXOHV��LQLWLDWLQJ�D�
QHUYH�LPSXOVH�LQ�WKH�QH[W�QHXURQ

���� UHFDOO�WKDW�VRPH�WR[LQV�DQG�GUXJV��LQFOXGLQJ�(FVWDV\��EHWD�EORFNHUV�DQG�3UR]DF��DIIHFW�WKH�
WUDQVPLVVLRQ�RI�LPSXOVHV�DFURVV�V\QDSVHV

���� XQGHUVWDQG�WKDW�(FVWDV\��0'0$��EORFNV�WKH�VLWHV�LQ�WKH�EUDLQ¶V�V\QDSVHV�ZKHUH�WKH�
WUDQVPLWWHU�VXEVWDQFH��VHURWRQLQ��LV�UHPRYHG

���� XQGHUVWDQG�WKDW�WKH�HIIHFWV�RI�(FVWDV\�RQ�WKH�QHUYRXV�V\VWHP�DUH�GXH�WR�WKH�
VXEVHTXHQW�LQFUHDVH�LQ�VHURWRQLQ�FRQFHQWUDWLRQ

���� UHFDOO�WKDW�WKH�FHUHEUDO�FRUWH[�LV�WKH�SDUW�RI�RXU�EUDLQ�PRVW�FRQFHUQHG�ZLWK�LQWHOOLJHQFH��
PHPRU\��ODQJXDJH�DQG�FRQVFLRXVQHVV

���� XQGHUVWDQG�WKDW�VFLHQWLVWV�FDQ�PDS�WKH�UHJLRQV�RI�WKH�EUDLQ�WR�SDUWLFXODU�IXQFWLRQV��LQFOXGLQJ�
VWXGLHV�RI�SDWLHQWV�ZLWK�EUDLQ�GDPDJH��VWXGLHV�LQ�ZKLFK�GLIIHUHQW�SDUWV�RI�WKH�EUDLQ�DUH�
VWLPXODWHG�HOHFWULFDOO\��DQG�EUDLQ�VFDQV�VXFK�DV�05,��VKRZLQJ�EUDLQ�VWUXFWXUH�DQG�DFWLYLW\��
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%���� &DQ�UHÀH[�UHVSRQVHV�EH�OHDUQHG"

��� XQGHUVWDQG�WKDW�D�UHÀH[�UHVSRQVH�WR�D�QHZ�VWLPXOXV�FDQ�EH�OHDUQHG�E\�LQWURGXFLQJ�WKH�
VHFRQGDU\��QHZ��VWLPXOXV�LQ�DVVRFLDWLRQ�ZLWK�WKH�SULPDU\�VWLPXOXV��DQG�WKDW�WKLV�LV�FDOOHG�
FRQGLWLRQLQJ

��� GHVFULEH�DQG�H[SODLQ�WZR�H[DPSOHV�RI�FRQGLWLRQLQJ��LQFOXGLQJ�3DYORY¶V�GRJV

��� XQGHUVWDQG�WKDW�LQ�D�FRQGLWLRQHG�UHÀH[�WKH�¿QDO�UHVSRQVH��H�J��VDOLYDWLRQ��KDV�QR�GLUHFW�
FRQQHFWLRQ�WR�WKH�VHFRQGDU\�VWLPXOXV��H�J��ULQJLQJ�RI�D�EHOO�

��� XQGHUVWDQG�WKDW�FRQGLWLRQHG�UHÀH[HV�DUH�D�IRUP�RI�VLPSOH�OHDUQLQJ�WKDW�FDQ�LQFUHDVH�DQ�
DQLPDO¶V�FKDQFH�RI�VXUYLYDO

��� UHFDOO�WKDW�LQ�VRPH�FLUFXPVWDQFHV�WKH�EUDLQ�FDQ�PRGLI\�D�UHÀH[�UHVSRQVH�YLD�D�QHXURQ�
WR�WKH�PRWRU�QHXURQ�RI�WKH�UHÀH[�DUF��IRU�H[DPSOH�NHHSLQJ�KROG�RI�D�KRW�REMHFW�
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%���� +RZ�GR�KXPDQV�GHYHORS�PRUH�FRPSOH[�EHKDYLRXU"

��� XQGHUVWDQG�WKDW�WKH�HYROXWLRQ�RI�D�ODUJHU�EUDLQ�JDYH�HDUO\�KXPDQV�D�EHWWHU�FKDQFH�RI�VXUYLYDO

��� UHFDOO�WKDW�PDPPDOV�KDYH�D�FRPSOH[�EUDLQ�RI�ELOOLRQV�RI�QHXURQV�WKDW�DOORZV�OHDUQLQJ�E\�
H[SHULHQFH��LQFOXGLQJ�VRFLDO�EHKDYLRXU

��� XQGHUVWDQG�WKDW�GXULQJ�GHYHORSPHQW�WKH�LQWHUDFWLRQ�EHWZHHQ�PDPPDOV�DQG�WKHLU�HQYLURQPHQW�
UHVXOWV�LQ�QHXURQ�SDWKZD\V�IRUPLQJ�LQ�WKH�EUDLQ

��� XQGHUVWDQG�WKDW�OHDUQLQJ�LV�WKH�UHVXOW�RI�H[SHULHQFH�ZKHUH�

� D�� FHUWDLQ�SDWKZD\V�LQ�WKH�EUDLQ�EHFRPH�PRUH�OLNHO\�WR�WUDQVPLW�LPSXOVHV�WKDQ�RWKHUV

� E�� QHZ�QHXURQ�SDWKZD\V�IRUP�DQG�RWKHU�QHXURQ�SDWKZD\V�DUH�ORVW

��� XQGHUVWDQG�WKDW�WKLV�LV�ZK\�VRPH�VNLOOV�PD\�EH�OHDUQW�WKURXJK�UHSHWLWLRQ

��� XQGHUVWDQG�WKDW�WKH�YDULHW\�RI�SRWHQWLDO�SDWKZD\V�LQ�WKH�EUDLQ�PDNHV�LW�SRVVLEOH�IRU�WKH�
DQLPDO�WR�DGDSW�WR�QHZ�VLWXDWLRQV

��� XQGHUVWDQG�WKH�LPSOLFDWLRQV�RI�HYLGHQFH�VXJJHVWLQJ�WKDW�FKLOGUHQ�PD\�RQO\�DFTXLUH�
VRPH�VNLOOV�DW�D�SDUWLFXODU�DJH��WR�LQFOXGH�ODQJXDJH�GHYHORSPHQW�LQ�IHUDO�FKLOGUHQ

��� GHVFULEH�PHPRU\�DV�WKH�VWRUDJH�DQG�UHWULHYDO�RI�LQIRUPDWLRQ

��� UHFDOO�WKDW�PHPRU\�FDQ�EH�GLYLGHG�LQWR�VKRUW�WHUP�PHPRU\�DQG�ORQJ�WHUP�PHPRU\

���� XQGHUVWDQG�WKDW�KXPDQV�DUH�PRUH�OLNHO\�WR�UHPHPEHU�LQIRUPDWLRQ�LI�

� D�� WKH\�FDQ�VHH�D�SDWWHUQ�LQ�LW��RU�LPSRVH�D�SDWWHUQ�RQ�LW�

� E�� WKHUH�LV�UHSHWLWLRQ�RI�WKH�LQIRUPDWLRQ��HVSHFLDOO\�RYHU�DQ�H[WHQGHG�SHULRG�RI�WLPH

� F�� WKHUH�LV�D�VWURQJ�VWLPXOXV�DVVRFLDWHG�ZLWK�LW��LQFOXGLQJ�FRORXU��OLJKW��VPHOO��RU�VRXQG

���� XQGHUVWDQG�KRZ�PRGHOV�FDQ�EH�XVHG�WR�GHVFULEH�PHPRU\��LQFOXGLQJ�WKH�PXOWL�VWRUH�PRGHO��WR�
LQFOXGH�VKRUW�WHUP�PHPRU\��ORQJ�WHUP�PHPRU\��UHSHWLWLRQ��VWRUDJH��UHWULHYDO�DQG�IRUJHWWLQJ

���� XQGHUVWDQG�WKDW�PRGHOV�DUH�OLPLWHG�LQ�H[SODLQLQJ�KRZ�PHPRU\�ZRUNV�
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8QLW�$����DVVHVVHV�WKH�FRQWHQW�RI�0RGXOH�%��WRJHWKHU�ZLWK�WKH�,GHDV�DERXW�6FLHQFH�

8QLW�$����LQFOXGHV�DGGLWLRQDO�FRQWHQW�WR�HQKDQFH�SURJUHVVLRQ�DQG�WR�JLYH�D�JUHDWHU�XQGHUVWDQGLQJ�RI�
WKH�VXEMHFWV�FRQFHUQHG��7KLV�XQLW�FRQWLQXHV�WKH�HPSKDVLV�RQ�µVFLHQFH�IRU�WKH�VFLHQWLVW¶�LQ�SUHSDUDWLRQ�
IRU�IXUWKHU�VWXG\��DQG�SURYLGHV�D�VWLPXODWLQJ�EULGJH�WR�DGYDQFHG�OHYHO�VWXGLHV�LQ�VFLHQFH�

���� 6XPPDU\�RI�8QLW�$�����%LRORJ\�$�0RGXOH�%�

2YHUYLHZ

0RUH�WKDQ�HYHU�EHIRUH��%LRORJ\�LQ�WKH�7ZHQW\�)LUVW�&HQWXU\�LV�DW�WKH�IRUHIURQW�RI�VFLHQFH��,Q�WKLV�
PRGXOH��FDQGLGDWHV�GUDZ�WRJHWKHU�DQG�GHYHORS�WKHLU�XQGHUVWDQGLQJ�RI�VRPH�RI�WKH�PDMRU�VFLHQFH�
H[SODQDWLRQV�WKH\�KDYH�VWXGLHG�GXULQJ�0RGXOHV�%��±�%���8QLW�$�����DQG�0RGXOHV�%��±�%���8QLW�$������
7KURXJKRXW�0RGXOH�%��FDQGLGDWHV�KDYH�RSSRUWXQLWLHV�WR�HPSOR\�,GHDV�DERXW�6FLHQFH�IURP�,D6��
�'DWD��WKHLU�LPSRUWDQFH�DQG�OLPLWDWLRQV���,D6���5LVN���DQG�,D6���0DNLQJ�GHFLVLRQV�DERXW�VFLHQFH�DQG�
WHFKQRORJ\��

0HGLFLQH�DQG�KHDOWK��DQG�SURGXFWLRQ�RI�IRRG�DQG�RWKHU�UHVRXUFHV�VXFK�DV�IXHOV�DUH�LPSRUWDQW�DUHDV�
LQYROYLQJ�ELRORJLFDO�VFLHQFHV��,Q�µ3HDN�SHUIRUPDQFH¶�SXSLOV�OHDUQ�PRUH�DERXW�KRZ�KXPDQ�ERGLHV�ZRUN�
DQG�KRZ�WR�NHHS�¿W�DQG�KHDOWK\�

+XPDQV�FDQQRW�OLYH�ZLWKRXW�FRQVLGHUDWLRQ�RI�WKHLU�SODFH�LQ�WKH�QDWXUDO�ZRUOG��:H�DUH�SDUW�RI�WKH�QDWXUDO�
ZRUOG�DQG�GHSHQGHQW�RQ�LW�IRU�RXU�VXUYLYDO��,Q�µ:KDW�FDQ�ZH�OHDUQ�IURP�QDWXUDO�HFRV\VWHPV"¶�SXSLOV�¿QG�
RXW�KRZ�WKH�QDWXUDO�ZRUOG�SURYLGHV�KXPDQV�ZLWK�D�PRGHO�IRU�VXVWDLQDEOH�V\VWHPV�

,Q�µ1HZ�WHFKQRORJLHV¶�SXSLOV�GLVFRYHU�PRUH�DERXW�WKH�IDVW�PRYLQJ�ZRUOG�RI�PRGHUQ�ELRORJLFDO�
WHFKQLTXHV��0DQ\�RI�WKHVH�KDYH�LPSOLFDWLRQV�IRU�KXPDQ�IRRG�SURGXFWLRQ�DQG�SURGXFWLRQ�RI�PHGLFLQHV�
DQG�RWKHU�XVHIXO�SURGXFWV�

������ 0RGXOH�%���)XUWKHU�%LRORJ\

7RSLFV

%���� 3HDN�SHUIRUPDQFH�±�PRYHPHQW�DQG�H[HUFLVH

6NHOHWDO�V\VWHP��KHDOWK�DQG�¿WQHVV

%���� 3HDN�SHUIRUPDQFH�±�FLUFXODWLRQ

&RPSRQHQWV�RI�EORRG��WKH�FLUFXODWRU\�V\VWHP

%���� 3HDN�SHUIRUPDQFH�±�HQHUJ\�EDODQFH

0DLQWDLQLQJ�FRQVWDQW�ERG\�WHPSHUDWXUH�DQG�EORRG�VXJDU��GLDEHWHV

%���� :KDW�FDQ�ZH�OHDUQ�IURP�QDWXUDO�HFRV\VWHPV"

&ORVHG�ORRS�V\VWHPV��VXVWDLQDELOLW\

%���� 1HZ�WHFKQRORJLHV

'1$�WHFKQRORJ\��JHQHWLF�PRGL¿FDWLRQ��QDQRWHFKQRORJ\��VWHP�FHOOV
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7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�GHYHORS�PDWKHPDWLFV�VNLOOV��)RU�H[DPSOH�

�� GHYHORS�D�VHQVH�RI�VFDOH�LQ�WKH�FRQWH[W�RI�'1$��FHOOV��RUJDQV��RUJDQLVPV�DQG�HFRV\VWHPV

�� GHYHORS�D�VHQVH�RI�VFDOH�LQ�WKH�FRQWH[W�RI�QDQRWHFKQRORJ\

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�H[SHULPHQWDO�GDWD�RQ�KHDUW�UDWH�DQG�UHFRYHU\�SHULRG�DIWHU�H[HUFLVH

�� FDUU\�RXW�FDOFXODWLRQV�WR�¿QG�WKH�SHUFHQWDJH�LQFUHDVH�LQ�PHDVXUHG�YDOXHV�LQFOXGLQJ�PXVFOH�OHQJWK�
DQG�KHDUW�UDWH

�� XVH�LGHDV�RI�SURSRUWLRQ�LQ�WKH�FRQWH[W�RI�JHO�HOHFWURSKRUHVLV�RI�'1$�IUDJPHQWV

�� SORW��GUDZ��DQG�LQWHUSUHW�JUDSKV�DQG�FKDUWV�IURP�FDQGLGDWHV¶�RZQ�DQG�VHFRQGDU\�GDWD�LQ�WKH�
FRQWH[W�RI�VHHG�JHUPLQDWLRQ��LQMXU\�UHFRYHU\�WLPHV��ERG\�PDVV�LQGH[��DQG�HQ]\PH�DFWLYLW\

�� XVH�LGHDV�DERXW�FRUUHODWLRQ�LQ�WKH�FRQWH[W�RI�EORRG�VXJDU�DQG�LQVXOLQ�OHYHOV

�� XVH�LGHDV�DERXW�XQFHUWDLQW\�DQG�SUREDELOLW\�LQ�WKH�FRQWH[W�RI�WKH�ULVNV�DQG�EHQH¿WV�RI�JHQHWLFDOO\�
PRGL¿HG�RUJDQLVPV

�� XVH�WKH�HTXDWLRQ�IRU�FDOFXODWLQJ�%0,�LQFOXGLQJ�DSSURSULDWH�XQLWV�IRU�SK\VLFDO�TXDQWLWLHV�

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN�LQ�WHDFKLQJ�DQG�OHDUQLQJ��)RU�H[DPSOH�

�� ¿QG�RXW�KRZ�PXVFOHV�DQG�ERQHV�HQDEOH�KXPDQV�DQG�RWKHU�DQLPDOV�WR�PRYH��ERWK�E\�VHOI�
REVHUYDWLRQ�DQG�E\�GLVVHFWLQJ�D�FKLFNHQ�ZLQJ

�� LQYHVWLJDWH�WKH�SK\VLRORJ\�RI�¿WQHVV

�� LQYHVWLJDWH�WKH�HQHUJ\�FRQWHQW�RI�RLO�IURP�GLIIHUHQW�VHHGV

�� LQYHVWLJDWH�WKH�UROH�RI�PLFURRUJDQLVPV�LQ�UHF\FOLQJ

�� LQYHVWLJDWH�WKH�HIIHFW�RI�WHPSHUDWXUH�RQ�HQ]\PH�DFWLYLW\

�� LQYHVWLJDWH�WKH�FRQGLWLRQV�UHTXLUHG�IRU�VHHG�JHUPLQDWLRQ

�� KHDUW�GLVVHFWLRQ

�� PRGHO�DQ�HFRV\VWHP�RQ�D�VPDOO�VFDOH

�� XVH�D�PRGHO�WR�LQYHVWLJDWH�WKH�UROH�RI�EORRG�LQ�PDLQWDLQLQJ�D�FRQVWDQW�ERG\�WHPSHUDWXUH�

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN
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7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�LOOXVWUDWH�WKH�XVH�RI�,&7�LQ�VFLHQFH��)RU�H[DPSOH�

�� ORJ��VWRUH�DQG�GLVSOD\�GDWD�IRU�DQDO\VLV�DQG�HYDOXDWLRQ

�� WKH�LQWHJUDO�UROH�RI�,&7�LQ�'1$�WHFKQRORJLHV

�� DQLPDWLRQV�RI�PRYHPHQW�DW�D�MRLQW

�� DQLPDWLRQV�RI�WKH�KHDUW

�� DQLPDWLRQV�RI�YDOYHV�LQ�YHLQV

�� LQYHVWLJDWH�WKH�VWUXFWXUHV�LQ�D�FKLFNHQ�OHJ

8VH�RI�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ�FDQ�LQFOXGH�

�� YLGHR�FOLSV�RI�SK\VLRWKHUDS\

�� YLGHR�FOLSV�VKRZLQJ�EHKDYLRXU�RI�OLYLQJ�WKLQJV�LQ�UHVSRQVH�WR�H[WUHPH�WHPSHUDWXUHV

�� D�GDWD�ORJJHU�WR�PRQLWRU�ERG\�WHPSHUDWXUH�RYHU����RU����KRXUV

�� YLGHR�FOLSV�RI�(DVWHU�,VODQG

�� YLGHR�FOLSV�RI�0DVDL�SHRSOH

�� YLGHR�FOLSV�RI�ELRGLJHVWHU�LQ�XVH

�� YLGHR�FOLSV�RI�GHVHUW

�� DQLPDWLRQV�RI�JHQHWLF�PRGL¿FDWLRQ

�� DQLPDWLRQV�WR�LOOXVWUDWH�WKH�FKDQJH�LQ�VXUIDFH�DUHD�DV�PDWHULDO�LV�GLYLGHG�XS

�� XVLQJ�WKH�LQWHUQHW�WR�UHVHDUFK�QHZ�WHFKQRORJLHV�

2SSRUWXQLWLHV�IRU�,&7
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2SSRUWXQLWLHV�IRU�WHDFKLQJ�WKH�,GHDV�DERXW�6FLHQFH

([DPSOHV�RI�,GHDV�DERXW�6FLHQFH�IRU�ZKLFK�WKHUH�DUH�SDUWLFXODU�RSSRUWXQLWLHV�IRU�LQWURGXFWLRQ�RU�
GHYHORSPHQW�LQ�WKLV�PRGXOH�LQFOXGH�

� OD6�����±����

� OD6�����±����

� OD6����

� OD6�����±����

� OD6�����±����

'DWD�� WKHLU�LPSRUWDQFH�DQG�OLPLWDWLRQV

&DXVH�HIIHFW�H[SODQDWLRQV

5LVN

'HYHORSLQJ�VFLHQWLÀF�H[SODQDWLRQV

0DNLQJ�GHFLVLRQV�DERXW�VFLHQFH�DQG�WHFKQRORJ\
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0RGXOH�%���)XUWKHU�%LRORJ\

%���� 3HDN�SHUIRUPDQFH�±�PRYHPHQW�DQG�H[HUFLVH

��� XQGHUVWDQG�WKDW�WKH�LQWHUQDO�VNHOHWRQ�RI�YHUWHEUDWHV�LV�QHHGHG�IRU�VXSSRUW�DQG�PRYHPHQW

��� XQGHUVWDQG�WKDW�PXVFOHV�FDQ�RQO\�PRYH�ERQHV�DW�D�MRLQW�E\�FRQWUDFWLRQ��DQG�WKXV�RSHUDWH�LQ�
DQWDJRQLVWLF�SDLUV

��� UHFDOO�WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�FRPSRQHQWV�RI�D�MRLQW��WR�LQFOXGH�

� D�� VPRRWK�OD\HU�RI�FDUWLODJH�DQG�V\QRYLDO�ÀXLG�WR�UHGXFH�IULFWLRQ�EHWZHHQ�ERQHV

� E�� HODVWLF�OLJDPHQWV�WR�VWDELOLVH�MRLQWV�ZKLOH�DOORZLQJ�PRYHPHQW

� F�� WHQGRQV�WR�WUDQVPLW�WKH�IRUFHV�EHWZHHQ�PXVFOH�DQG�ERQHV

��� XQGHUVWDQG�KRZ�WKH�VSHFL¿F�SURSHUWLHV�RI�OLJDPHQWV��FDUWLODJH�DQG�WHQGRQV�HQDEOH�WKHP�WR�
IXQFWLRQ�HIIHFWLYHO\

��� H[SODLQ�ZK\�FHUWDLQ�IDFWRUV�LQ�D�SHUVRQ¶V�PHGLFDO�RU�OLIHVW\OH�KLVWRU\�QHHG�WR�EH�GLVFORVHG�
EHIRUH�DQ�H[HUFLVH�UHJLPH�LV�VWDUWHG��IRU�H[DPSOH��V\PSWRPV��FXUUHQW�PHGLFDWLRQ��DOFRKRO�DQG�
WREDFFR�FRQVXPSWLRQ��OHYHO�RI�SK\VLFDO�DFWLYLW\��IDPLO\�PHGLFDO�KLVWRU\�DQG�SUHYLRXV�WUHDWPHQWV�

��� LQWHUSUHW�GDWD�REWDLQHG�ZKHQ�PRQLWRULQJ�D�SHUVRQ�GXULQJ�DQG�DIWHU�H[HUFLVH��LQFOXGLQJ�FKDQJH�
LQ�KHDUW�UDWH��FKDQJH�LQ�EORRG�SUHVVXUH�DQG�WKH�UHFRYHU\�SHULRG

��� XVH�SURSRUWLRQ�RI�ERG\�IDW�DQG�ERG\�PDVV�LQGH[��%0,��DV�PHDVXUHPHQWV�RI�¿WQHVV

��� XVH�WKH�HTXDWLRQ�

� � %0,� �
ERG\�PDVV��NJ�

>KHLJKW��P�@�

��� XQGHUVWDQG�WKDW�DQ\�DVVHVVPHQW�RI�SURJUHVV�QHHGV�WR�WDNH�LQWR�DFFRXQW�WKH�DFFXUDF\�
RI�WKH�PRQLWRULQJ�WHFKQLTXH�DQG�WKH�UHSHDWDELOLW\�RI�WKH�GDWD�REWDLQHG

���� UHFDOO�FRPPRQ�LQMXULHV�WKDW�FDQ�EH�FDXVHG�E\�H[FHVVLYH�H[HUFLVH��WR�LQFOXGH�VSUDLQV��
GLVORFDWLRQV��DQG�WRUQ�OLJDPHQWV�RU�WHQGRQV

���� UHFDOO�V\PSWRPV�DQG�EDVLF�WUHDWPHQWV�IRU�D�VSUDLQ

���� GHVFULEH�WKH�UROH�RI�WKH�SK\VLRWKHUDSLVW�LQ�WUHDWPHQW�RI�VNHOHWDO�PXVFXODU�LQMXU\�
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0RGXOH�%���)XUWKHU�%LRORJ\

%���� 3HDN�SHUIRUPDQFH�±�FLUFXODWLRQ

��� H[SODLQ�ZKDW�LV�PHDQW�E\�D�GRXEOH�FLUFXODWRU\�V\VWHP

��� XQGHUVWDQG�WKDW�WKH�EORRG�FDUULHV�JOXFRVH�PROHFXOHV�DQG�R[\JHQ�WR�WKH�PXVFOHV��DQG�ZDVWH�
SURGXFWV�VXFK�DV�FDUERQ�GLR[LGH�DZD\�IURP�PXVFOHV

��� UHODWH�WKH�FRPSRQHQWV�RI�WKH�EORRG�WR�WKHLU�IXQFWLRQV��LQFOXGLQJ�

� D�� UHG�EORRG�FHOOV�±�WUDQVSRUW�R[\JHQ

� E�� ZKLWH�EORRG�FHOOV�±�¿JKWLQJ�LQIHFWLRQV

� F�� SODWHOHWV�±�EORRG�FORWWLQJ�DW�LQMXU\�VLWHV

� G�� SODVPD�±�WUDQVSRUWLQJ�QXWULHQWV��H�J��JOXFRVH�DQG�DPLQR�DFLGV���DQWLERGLHV��KRUPRQHV�
DQG�ZDVWH��FDUERQ�GLR[LGH�DQG�XUHD�

��� XQGHUVWDQG�KRZ�UHG�EORRG�FHOOV�DUH�DGDSWHG�WR�WKHLU�IXQFWLRQ��OLPLWHG�WR�

� D�� SDFNHG�ZLWK�KDHPRJORELQ��WR�ELQG�R[\JHQ�

� E�� QR�QXFOHXV��PRUH�VSDFH�IRU�KDHPRJORELQ�

� F�� ELFRQFDYH�VKDSH��LQFUHDVHG�VXUIDFH�DUHD�IRU�R[\JHQ�H[FKDQJH�

��� GHVFULEH�DQG�QDPH�WKH�PDLQ�VWUXFWXUHV�DQG�EORRG�YHVVHOV�RI�WKH�KHDUW�LQFOXGLQJ�WKH�OHIW�
DQG�ULJKW�DWULD�DQG�YHQWULFOHV��YHQD�FDYD��DRUWD��SXOPRQDU\�YHLQ��SXOPRQDU\�DUWHU\��FRURQDU\�
DUWHULHV�DQG�YDOYHV

��� GHVFULEH�WKH�IXQFWLRQ�RI�YDOYHV�LQ�WKH�KHDUW�DQG�YHLQV

��� XQGHUVWDQG�KRZ�WLVVXH�ÀXLG�LV�IRUPHG�LQ�FDSLOODU\�EHGV�DQG�WKDW�LW�DVVLVWV�WKH�H[FKDQJH�
RI�FKHPLFDOV�E\�GLIIXVLRQ�EHWZHHQ�FDSLOODULHV�DQG�WLVVXHV��WR�LQFOXGH�R[\JHQ��FDUERQ�
GLR[LGH��JOXFRVH�DQG�XUHD�
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0RGXOH�%���)XUWKHU�%LRORJ\

%���� 3HDN�SHUIRUPDQFH�±�HQHUJ\�EDODQFH

��� XQGHUVWDQG�WKDW�WR�PDLQWDLQ�D�FRQVWDQW�ERG\�WHPSHUDWXUH��KHDW�JDLQHG��LQFOXGLQJ�KHDW�
UHOHDVHG�GXULQJ�UHVSLUDWLRQ��LV�EDODQFHG�E\�KHDW�ORVW

��� UHFDOO�WKDW�WHPSHUDWXUH�UHFHSWRUV�LQ�WKH�VNLQ�GHWHFW�H[WHUQDO�WHPSHUDWXUH

��� UHFDOO�WKDW�WHPSHUDWXUH�UHFHSWRUV�LQ�WKH�EUDLQ��K\SRWKDODPXV��GHWHFW�WKH�WHPSHUDWXUH�RI�WKH�
EORRG

��� XQGHUVWDQG�WKDW�WKH�EUDLQ��K\SRWKDODPXV��DFWV�DV�D�SURFHVVLQJ�FHQWUH��UHFHLYLQJ�LQIRUPDWLRQ�
IURP�WKH�WHPSHUDWXUH�UHFHSWRUV��DQG�VHQGLQJ�LQVWUXFWLRQV�WR�WULJJHU�WKH�HIIHFWRUV�DXWRPDWLFDOO\

��� UHFDOO�WKDW�HIIHFWRUV�LQFOXGH�VZHDW�JODQGV�DQG�PXVFOHV

��� XQGHUVWDQG�WKDW�DW�KLJK�ERG\�WHPSHUDWXUHV�

� D�� PRUH�VZHDW�LV�SURGXFHG�E\�VZHDW�JODQGV�ZKLFK�FRROV�WKH�ERG\�ZKHQ�LW�HYDSRUDWHV

� E�� EORRG�YHVVHOV�VXSSO\LQJ�WKH�FDSLOODULHV�RI�WKH�VNLQ�GLODWH��YDVRGLODWLRQ��DOORZLQJ�
PRUH�EORRG�WR�ÀRZ�WKURXJK�VNLQ�FDSLOODULHV�ZKLFK�LQFUHDVHV�KHDW�ORVV

��� H[SODLQ�KRZ�H[HUFLVH�SURGXFHV�LQFUHDVHG�VZHDWLQJ��DQG�FDQ�SURGXFH�GHK\GUDWLRQ��ZKLFK�PD\�
OHDG�WR�UHGXFHG�VZHDWLQJ�DQG�IXUWKHU�LQFUHDVH�RI�FRUH�ERG\�WHPSHUDWXUH

��� XQGHUVWDQG�WKDW�DW�ORZ�ERG\�WHPSHUDWXUHV�

� D�� WKH�LQFUHDVHG�UDWH�RI�UHVSLUDWLRQ�VWLPXODWHG�ZKHQ�PXVFOHV�FRQWUDFW�UDSLGO\��VKLYHULQJ��
UHVXOWV�LQ�VRPH�RI�WKH�HQHUJ\�WUDQVIHUUHG�LQ�UHVSLUDWLRQ�ZDUPLQJ�WKH�VXUURXQGLQJ�WLVVXHV

� E�� EORRG�YHVVHOV�VXSSO\LQJ�WKH�FDSLOODULHV�RI�WKH�VNLQ�FRQVWULFW��YDVRFRQVWULFWLRQ��
UHVWULFWLQJ�EORRG�ÀRZ�WKURXJK�VNLQ�FDSLOODULHV�ZKLFK�UHGXFHV�KHDW�ORVV

��� XQGHUVWDQG�WKDW�VRPH�HIIHFWRUV�ZRUN�DQWDJRQLVWLFDOO\��ZKLFK�DOORZV�D�PRUH�VHQVLWLYH�
DQG�FRQWUROOHG�UHVSRQVH

���� XQGHUVWDQG�WKDW�KLJK�OHYHOV�RI�VXJDU��FRPPRQ�LQ�VRPH�SURFHVVHG�IRRGV��DUH�TXLFNO\�DEVRUEHG�
LQWR�WKH�EORRG�VWUHDP��FDXVLQJ�D�UDSLG�ULVH�LQ�WKH�EORRG�VXJDU�OHYHO

���� UHFDOO�WKDW�WKHUH�DUH�WZR�W\SHV�RI�GLDEHWHV��W\SH���DQG�W\SH�����DQG�WKDW�LW�LV�SDUWLFXODUO\�ODWH�
RQVHW�GLDEHWHV��W\SH����ZKLFK�LV�PRUH�OLNHO\�WR�DULVH�EHFDXVH�RI�SRRU�GLHW�RU�REHVLW\

���� XQGHUVWDQG�WKDW�W\SH���GLDEHWHV�DULVHV�ZKHQ�WKH�SDQFUHDV�VWRSV�SURGXFLQJ�HQRXJK�RI�WKH�
KRUPRQH��LQVXOLQ��EXW�WKDW�W\SH���GLDEHWHV�GHYHORSV�ZKHQ�WKH�ERG\�QR�ORQJHU�UHVSRQGV�WR�LWV�
RZQ�LQVXOLQ�RU�GRHV�QRW�PDNH�HQRXJK�LQVXOLQ

���� UHFDOO�WKDW�W\SH���GLDEHWHV�LV�FRQWUROOHG�E\�LQVXOLQ�LQMHFWLRQV�DQG�WKDW�W\SH���GLDEHWHV�FDQ�EH�
FRQWUROOHG�E\�GLHW�DQG�H[HUFLVH

���� H[SODLQ�KRZ�D�GLHW�KLJK�LQ�¿EUH�DQG�FRPSOH[�FDUERK\GUDWHV�FDQ�KHOS�WR�PDLQWDLQ�D�FRQVWDQW�
EORRG�VXJDU�OHYHO

���� LQWHUSUHW�GDWD�RQ�ULVNV�DVVRFLDWHG�ZLWK�DQ�XQKHDOWK\�OLIHVW\OH��OLPLWHG�WR�SRRU�GLHW�DQG�ODFN�RI�
H[HUFLVH���LQFOXGLQJ�REHVLW\��KHDUW�GLVHDVH��GLDEHWHV�DQG�VRPH�FDQFHUV�
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0RGXOH�%���)XUWKHU�%LRORJ\

%���� :KDW�FDQ�ZH�OHDUQ�IURP�QDWXUDO�HFRV\VWHPV"

��� UHFDOO�WKDW�D�SHUIHFW�FORVHG�ORRS�V\VWHP�LV�D�V\VWHP�WKDW�KDV�QR�ZDVWH�EHFDXVH�WKH�RXWSXW�IURP�
RQH�SDUW�RI�WKH�V\VWHP�EHFRPHV�WKH�LQSXW�WR�DQRWKHU�SDUW

��� XQGHUVWDQG�WKDW�DQ�HFRV\VWHP�LV�D�W\SH�RI�FORVHG�ORRS�V\VWHP�VLQFH�PRVW�ZDVWH�PDWHULDOV�DUH�
QRW�ORVW�EXW�DUH�XVHG�DV�IRRG�RU�UHDFWDQWV

��� QDPH�H[DPSOHV�RI�ZDVWH�SURGXFWV�LQ�QDWXUDO�HFRV\VWHPV��WR�LQFOXGH�R[\JHQ��IURP�
SKRWRV\QWKHVLV���FDUERQ�GLR[LGH��IURP�UHVSLUDWLRQ���DQG�GHDG�RUJDQLF�PDWWHU�VXFK�DV�IDOOHQ�
SHWDOV��OHDYHV�DQG�IUXLWV��DQG�IDHFHV

��� XQGHUVWDQG�KRZ�WKHVH�ZDVWH�SURGXFWV�PD\�EHFRPH�IRRG�RU�UHDFWDQWV�IRU�DQLPDOV��SODQWV�
DQG�PLFURRUJDQLVPV�LQ�WKH�HFRV\VWHP��LQFOXGLQJ�WKH�UROH�RI�WKH�GLJHVWLYH�HQ]\PHV�RI�
PLFURRUJDQLVPV

��� LQWHUSUHW�FORVHG�ORRS�V\VWHP�GLDJUDPV�DQG�GDWD�RQ�WKH�VWRUDJH�DQG�PRYHPHQW�RI�FKHPLFDOV�
WKURXJK�DQ�HFRV\VWHP��LQFOXGLQJ�ZDWHU��FDUERQ��QLWURJHQ�DQG�R[\JHQ

� L� &DQGLGDWHV�ZLOO�QRW�EH�H[SHFWHG�WR�UHFDOO�GHWDLOV�RI�WKH�QXWULHQW�F\FOHV

��� XQGHUVWDQG�WKDW�QR�HFRV\VWHP�LV�D�SHUIHFW�FORVHG�ORRS�V\VWHP�VLQFH�VRPH�RXWSXW�LV�DOZD\V�
ORVW��H�J��PLJUDWLRQ�RI�RUJDQLVPV�DQG�ORVV�RI�QXWULHQWV�WUDQVIHUUHG�E\�DLU�RU�ZDWHU

��� XQGHUVWDQG�WKDW�LQ�VWDEOH�HFRV\VWHPV��LQFOXGLQJ�UDLQIRUHVWV��WKH�RXWSXW��ORVVHV��LV�EDODQFHG�E\�
JDLQV

��� XQGHUVWDQG�ZK\�WKH�SURGXFWLRQ�RI�ODUJH�TXDQWLWLHV�RI�UHSURGXFWLYH�VWUXFWXUHV��LQFOXGLQJ�HJJV��
VSHUP��SROOHQ��ÀRZHUV�DQG�IUXLW��LV�D�QHFHVVDU\�VWUDWHJ\�IRU�VXFFHVVIXO�UHSURGXFWLRQ

��� XQGHUVWDQG�WKDW��LQ�VWDEOH�HFRV\VWHPV��WKH�SURGXFWLRQ�RI�ODUJH�TXDQWLWLHV�RI�WKHVH�UHSURGXFWLYH�
VWUXFWXUHV�LV�QRW�ZDVWHIXO��VLQFH�WKH�VXUSOXV�LV�UHF\FOHG�LQ�WKH�HFRV\VWHP

���� UHFDOO�WKDW�YHJHWDWLRQ�LQ�VWDEOH�HFRV\VWHPV��VXFK�DV�UDLQ�IRUHVWV��SUHYHQWV�VRLO�HURVLRQ�DQG�
H[WUHPHV�RI�WHPSHUDWXUH��DQG�SURPRWHV�FORXG�IRUPDWLRQ

���� XQGHUVWDQG�WKDW�YHJHWDWLRQ�UHGXFHV�VRLO�HURVLRQ�VLQFH�IROLDJH�SURWHFWV�WKH�VRLO�IURP�GLUHFW�
UDLQIDOO�DQG�URRWV�KHOS�WR�ELQG�WKH�VRLO�WRJHWKHU

���� XQGHUVWDQG�WKDW�KXPDQV�GHSHQG�RQ�QDWXUDO�HFRV\VWHPV�WR�SURYLGH�µHFRV\VWHP�VHUYLFHV¶��IRU�
H[DPSOH�SURYLGLQJ�FOHDQ�DLU��ZDWHU��VRLO��PLQHUDO�QXWULHQWV��SROOLQDWLRQ��¿VK�DQG�JDPH

���� XQGHUVWDQG�WKDW�KXPDQ�V\VWHPV�DUH�QRW�FORVHG�ORRS�V\VWHPV�EHFDXVH�VRPH�ZDVWH�OHDYHV�
WKH�V\VWHP��LQFOXGLQJ�QRQ�UHF\FOHG�ZDVWH�IURP�KRXVHKROGV��DJULFXOWXUH�DQG�LQGXVWU\��DQG�
HPLVVLRQV�IURP�EXUQLQJ�IRVVLO�IXHOV

���� XQGHUVWDQG�WKDW�VRPH�QRQ�UHF\FOHG�ZDVWH�FDQ�EXLOG�XS�WR�KDUPIXO�OHYHOV��LQFOXGLQJ�
ELRDFFXPXODWLRQ�LQ�IRRG�FKDLQV

���� XQGHUVWDQG�WKDW�KXPDQ�DFWLYLW\�FDQ�XQEDODQFH�QDWXUDO�HFRV\VWHPV�E\�DOWHULQJ�WKH�LQSXWV�DQG�
RXWSXWV��DQG�WKDW�WKLV�OHDGV�WR�FKDQJH

���� GHVFULEH�DQG�H[SODLQ�WKH�SURFHVV�RI�HXWURSKLFDWLRQ

���� GHVFULEH�WKH�HQYLURQPHQWDO�LPSDFW�RI�UHPRYLQJ�ELRPDVV�IURP�QDWXUDO�FORVHG�ORRS�V\VWHPV�IRU�
KXPDQ�XVH��WR�LQFOXGH�XQVXVWDLQDEOH�WLPEHU�KDUYHVWLQJ�DQG�¿VKLQJ
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%���� :KDW�FDQ�ZH�OHDUQ�IURP�QDWXUDO�HFRV\VWHPV"

���� H[SODLQ�WKH�LPSDFW�RI�UHSODFLQJ�YHJHWDWLRQ�LQ�QDWXUDO�HFRV\VWHPV�ZLWK�DJULFXOWXUDO�FURSV�DQG�
OLYHVWRFN��WR�LQFOXGH�WKH�ORVV�RI�ELRGLYHUVLW\��VLOWLQJ�RI�ULYHUV�DQG�GHVHUWL¿FDWLRQ

���� XQGHUVWDQG�WKDW�WKH�XVH�RI�QDWXUDO�UHVRXUFHV�E\�KXPDQV�FDQ�RQO\�EH�VXVWDLQDEOH�LI�XVHG�DW�D�
UDWH�DW�ZKLFK�WKH\�FDQ�EH�UHSODFHG

���� XQGHUVWDQG�ZK\�WKH�XVH�RI�FUXGH�RLO�GRHV�QRW�IXO¿O�WKH�UHTXLUHPHQWV�RI�D�FORVHG�ORRS�V\VWHP��
LQFOXGLQJ�

� D�� FUXGH�RLO�WDNHV�PLOOLRQV�RI�\HDUV�WR�IRUP�IURP�WKH�GHFD\�RI�GHDG�RUJDQLVPV

� E�� HQHUJ\�UHOHDVHG�IURP�EXUQLQJ�FUXGH�RLO�RULJLQDWHG�IURP�WKH�6XQ�ZKHQ�WKHVH�RUJDQLVPV�
ZHUH�DOLYH��µIRVVLO�VXQOLJKW�HQHUJ\¶�

���� UHFDOO�DQG�XQGHUVWDQG�VROXWLRQV�WR�DOORZ�VXVWDLQDEOH�KDUYHVWLQJ�RI�QDWXUDO�UHVRXUFHV�VXFK�DV�
WLPEHU�DQG�¿VK��LQFOXGLQJ�WKH�XVH�RI�TXRWDV�DQG�UHVWRFNLQJ�UHSODQWLQJ

���� GHVFULEH�WKH�UROH�RI�VXQOLJKW�DV�D�VXVWDLQDEOH�VRXUFH�RI�HQHUJ\�IRU�QDWXUDO�HFRV\VWHPV�DQG�
VXVWDLQDEOH�DJULFXOWXUH

���� XQGHUVWDQG�WKH�WHQVLRQV�EHWZHHQ�FRQVHUYLQJ�QDWXUDO�HFRV\VWHPV�DQG�WKH�QHHGV�RI�ORFDO�
KXPDQ�FRPPXQLWLHV�
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%���� 1HZ�WHFKQRORJLHV

��� UHFDOO�WKH�IHDWXUHV�RI�EDFWHULD�WKDW�PDNH�WKHP�LGHDO�IRU�LQGXVWULDO�DQG�JHQHWLF�SURFHVVHV�WR�
LQFOXGH�

� D�� UDSLG�UHSURGXFWLRQ

� E�� SUHVHQFH�RI�SODVPLGV

� F�� VLPSOH�ELRFKHPLVWU\

� G�� DELOLW\�WR�PDNH�FRPSOH[�PROHFXOHV

� H�� ODFN�RI�HWKLFDO�FRQFHUQV�LQ�WKHLU�FXOWXUH

��� XQGHUVWDQG�WKDW�EDFWHULD�DQG�IXQJL�FDQ�EH�JURZQ�RQ�D�ODUJH�VFDOH��IHUPHQWDWLRQ��WR�LQFOXGH�
SURGXFWLRQ�RI�

� D�� DQWLELRWLFV�DQG�RWKHU�PHGLFLQHV

� E�� VLQJOH�FHOO�SURWHLQ

� F�� �HQ]\PHV�IRU�IRRG�SURFHVVLQJ��IRU�H[DPSOH�FK\PRVLQ�DV�D�YHJHWDULDQ�VXEVWLWXWH�IRU�
UHQQHW

� G�� HQ]\PHV�IRU�FRPPHUFLDO�SURGXFWV��VXFK�DV�ZDVKLQJ�SRZGHUV�DQG�WR�PDNH�ELRIXHOV

��� UHFDOO�WKDW�JHQHWLF�PRGL¿FDWLRQ�LV�ZKHUH�D�JHQH�IURP�RQH�RUJDQLVP�LV�WUDQVIHUUHG�WR�DQRWKHU�
DQG�FRQWLQXHV�WR�ZRUN

��� UHFDOO�WKH�PDLQ�VWHSV�LQ�JHQHWLF�PRGL¿FDWLRQ�DV�

� D�� LVRODWLQJ�DQG�UHSOLFDWLQJ�WKH�UHTXLUHG�JHQH

� E�� SXWWLQJ�WKH�JHQH�LQWR�D�VXLWDEOH�YHFWRU��YLUXV�RU�SODVPLG�

� F�� XVLQJ�WKH�YHFWRU�WR�LQVHUW�WKH�JHQH�LQWR�D�QHZ�FHOO

� G�� VHOHFWLQJ�WKH�PRGL¿HG�LQGLYLGXDOV

��� UHFDOO�H[DPSOHV�RI�WKH�DSSOLFDWLRQ�RI�JHQHWLF�PRGL¿FDWLRQ��WR�LQFOXGH�

� D�� EDFWHULDO�V\QWKHVLV�RI�PHGLFLQHV��IRU�H[DPSOH�LQVXOLQ

� E�� KHUELFLGH�UHVLVWDQFH�LQ�FURS�SODQWV

��� XQGHUVWDQG�DQG�H[SODLQ�WKH�XVH�RI�'1$�WHFKQRORJ\�LQ�JHQHWLF�WHVWLQJ��WR�LQFOXGH�
� D�� LVRODWLRQ�RI�D�'1$�VDPSOH�IURP�ZKLWH�EORRG�FHOOV
� E�� SURGXFWLRQ�RI�D�JHQH�SUREH�ODEHOOHG�ZLWK�D�ÀXRUHVFHQW�FKHPLFDO
� F�� DGGLWLRQ�RI�WKH�ODEHOOHG�JHQH�SUREH��PDUNHU��WR�WKH�'1$�VDPSOH
� G�� XVH�RI�89�WR�GHWHFW�WKH�PDUNHU�DQG�WKHUHIRUH�LQGLFDWH�WKH�SRVLWLRQ�RI�WKH�JHQH�RU�

WKH�SUHVHQFH�RI�D�VSHFL¿F�DOOHOH�LQ�WKH�'1$�VDPSOH
��� UHFDOO�WKDW�QDQRWHFKQRORJ\�LQYROYHV�VWUXFWXUHV�WKDW�DUH�DERXW�WKH�VDPH�VL]H�DV�VRPH�

PROHFXOHV

��� GHVFULEH�WKH�DSSOLFDWLRQ�RI�QDQRWHFKQRORJ\�LQ�WKH�IRRG�LQGXVWU\��LQFOXGLQJ�IRRG�SDFNDJLQJ�
ZKLFK�FDQ�LQFUHDVH�VKHOI�OLIH�DQG�GHWHFW�FRQWDPLQDQWV

��� GHVFULEH�DSSOLFDWLRQV�RI�VWHP�FHOO�WHFKQRORJ\�LQ�WLVVXH�DQG�RUJDQ�FXOWXUH��LQFOXGLQJ�WKH�
WUHDWPHQW�RI�OHXNDHPLD�DQG�WKH�SRWHQWLDO�WR�WUHDW�VSLQDO�FRUG�LQMXULHV

���� GHVFULEH�WKH�UROH�RI�ELRPHGLFDO�HQJLQHHULQJ�LQ�SDFHPDNHUV�DQG�WKH�UHSODFHPHQW�RI�IDXOW\�KHDUW�
YDOYHV�


