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0RGXOH�&���$LU�TXDOLW\�

&���� :KLFK�FKHPLFDOV�PDNH�XS�DLU��DQG�ZKLFK�RQHV�DUH�SROOXWDQWV"�+RZ�GR�,�PDNH�VHQVH�RI�
GDWD�DERXW�DLU�SROOXWLRQ"

��� UHFDOO�WKDW�WKH�DWPRVSKHUH��DLU��WKDW�VXUURXQGV�WKH�(DUWK�LV�PDGH�XS�PDLQO\�RI�QLWURJHQ��R[\JHQ�
DQG�DUJRQ��SOXV�VPDOO�DPRXQWV�RI�ZDWHU�YDSRXU��FDUERQ�GLR[LGH�DQG�RWKHU�JDVHV

��� UHFDOO�WKDW�DLU�LV�D�PL[WXUH�RI�GLIIHUHQW�JDVHV�FRQVLVWLQJ�RI�VPDOO�PROHFXOHV�ZLWK�ODUJH�VSDFHV�
EHWZHHQ�WKHP

��� UHFDOO�WKDW�WKH�UHODWLYH�SURSRUWLRQV�RI�WKH�PDLQ�JDVHV�LQ�WKH�DWPRVSKHUH�DUH�DSSUR[LPDWHO\�����
QLWURJHQ������R[\JHQ�DQG����DUJRQ

��� XQGHUVWDQG�WKDW�RWKHU�JDVHV�RU�SDUWLFXODWHV�PD\�EH�UHOHDVHG�LQWR�WKH�DWPRVSKHUH�E\�KXPDQ�
DFWLYLW\�RU�E\�QDWXUDO�SURFHVVHV��H�J��YROFDQRHV���DQG�WKDW�WKHVH�FDQ�DIIHFW�DLU�TXDOLW\

��� XQGHUVWDQG�KRZ�WKH�(DUWK¶V�HDUO\�DWPRVSKHUH�ZDV�SUREDEO\�IRUPHG�E\�YROFDQLF�DFWLYLW\�DQG�
FRQVLVWHG�PDLQO\�RI�FDUERQ�GLR[LGH�DQG�ZDWHU�YDSRXU

��� XQGHUVWDQG�WKDW�ZDWHU�YDSRXU�FRQGHQVHG�WR�IRUP�WKH�RFHDQV�ZKHQ�WKH�(DUWK�FRROHG

��� H[SODLQ�KRZ�WKH�HYROXWLRQ�RI�SKRWRV\QWKHVLVLQJ�RUJDQLVPV�DGGHG�R[\JHQ�WR��DQG�UHPRYHG�
FDUERQ�GLR[LGH�IURP��WKH�DWPRVSKHUH

��� H[SODLQ�KRZ�FDUERQ�GLR[LGH�ZDV�UHPRYHG�IURP�WKH�DWPRVSKHUH�E\�GLVVROYLQJ�LQ�WKH�RFHDQV�
DQG�WKHQ�IRUPLQJ�VHGLPHQWDU\�URFNV��DQG�E\�WKH�IRUPDWLRQ�RI�IRVVLO�IXHOV

��� XQGHUVWDQG�KRZ�KXPDQ�DFWLYLW\�KDV�FKDQJHG�WKH�FRPSRVLWLRQ�RI�WKH�DWPRVSKHUH�E\�DGGLQJ�

� D�� VPDOO�DPRXQWV�RI�FDUERQ�PRQR[LGH��QLWURJHQ�R[LGHV�DQG�VXOIXU�GLR[LGH�WR�WKH��
� DWPRVSKHUH

� E�� H[WUD�FDUERQ�GLR[LGH�DQG�VPDOO�SDUWLFOHV�RI�VROLGV��H�J��FDUERQ��WR�WKH�DWPRVSKHUH

���� XQGHUVWDQG�WKDW�VRPH�RI�WKHVH�VXEVWDQFHV��FDOOHG�SROOXWDQWV��DUH�GLUHFWO\�KDUPIXO�WR�KXPDQV�
�H�J��FDUERQ�PRQR[LGH�UHGXFHV�WKH�DPRXQW�RI�R[\JHQ�WKDW�EORRG�FDQ�FDUU\���DQG�WKDW�VRPH�DUH�
KDUPIXO�WR�WKH�HQYLURQPHQW�DQG�VR�FDXVH�KDUP�WR�KXPDQV�LQGLUHFWO\��H�J��VXOIXU�GLR[LGH�FDXVHV�
DFLG�UDLQ��
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&���� :KDW�FKHPLFDO�UHDFWLRQV�SURGXFH�DLU�SROOXWDQWV"�:KDW�KDSSHQV�WR�WKHVH�SROOXWDQWV�LQ�WKH�
DWPRVSKHUH"

��� UHFDOO�WKDW�FRDO�LV�PDLQO\�FDUERQ

��� UHFDOO�WKDW�SHWURO��GLHVHO�IXHO�DQG�IXHO�RLO�DUH�PDLQO\�FRPSRXQGV�RI�K\GURJHQ�DQG�FDUERQ�
�K\GURFDUERQV�

��� XQGHUVWDQG�WKDW��ZKHQ�IXHOV�EXUQ��DWRPV�RI�FDUERQ�DQG�RU�K\GURJHQ�IURP�WKH�IXHO�FRPELQH�
ZLWK�DWRPV�RI�R[\JHQ�IURP�WKH�DLU�WR�SURGXFH�FDUERQ�GLR[LGH�DQG�RU�ZDWHU��K\GURJHQ�R[LGH�

��� XQGHUVWDQG�WKDW�D�VXEVWDQFH�FKHPLFDOO\�FRPELQLQJ�ZLWK�R[\JHQ�LV�DQ�H[DPSOH�RI�R[LGDWLRQ��
WKDW�ORVV�RI�R[\JHQ�LV�DQ�H[DPSOH�RI�UHGXFWLRQ��DQG�WKDW�FRPEXVWLRQ�UHDFWLRQV�WKHUHIRUH�
LQYROYH�R[LGDWLRQ

��� XQGHUVWDQG�WKDW�IXHOV�EXUQ�PRUH�UDSLGO\�LQ�SXUH�R[\JHQ�WKDQ�LQ�DLU

��� UHFDOO�WKDW�R[\JHQ�FDQ�EH�REWDLQHG�IURP�WKH�DWPRVSKHUH�DQG�FDQ�EH�XVHG�WR�VXSSRUW�
FRPEXVWLRQ��H�J��LQ�R[\�IXHO�ZHOGLQJ�WRUFKHV�

��� XQGHUVWDQG�WKDW�LQ�D�FKHPLFDO�UHDFWLRQ�WKH�SURSHUWLHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV�DUH�
GLIIHUHQW

��� XQGHUVWDQG�WKDW�DWRPV�DUH�UHDUUDQJHG�GXULQJ�D�FKHPLFDO�UHDFWLRQ

��� LQWHUSUHW�UHSUHVHQWDWLRQV�RI�WKH�UHDUUDQJHPHQW�RI�DWRPV�GXULQJ�D�FKHPLFDO�UHDFWLRQ

���� XQGHUVWDQG�WKDW�GXULQJ�WKH�FRXUVH�RI�D�FKHPLFDO�UHDFWLRQ�WKH�QXPEHUV�RI�DWRPV�RI�HDFK�
HOHPHQW�PXVW�EH�WKH�VDPH�LQ�WKH�SURGXFWV�DV�LQ�WKH�UHDFWDQWV��WKXV�FRQVHUYLQJ�PDVV

���� XQGHUVWDQG�KRZ�VXOIXU�GLR[LGH�LV�SURGXFHG�LI�WKH�IXHO�WKDW�LV�EXUQHG�FRQWDLQV�DQ\�VXOIXU

���� XQGHUVWDQG�KRZ�EXUQLQJ�IRVVLO�IXHOV�LQ�SRZHU�VWDWLRQV�DQG�IRU�WUDQVSRUW�SROOXWHV�WKH�
DWPRVSKHUH�ZLWK�

� D�� FDUERQ�GLR[LGH�DQG�VXOIXU�GLR[LGH

� E�� FDUERQ�PRQR[LGH�DQG�SDUWLFXODWH�FDUERQ��IURP�LQFRPSOHWH�EXUQLQJ�

� F�� QLWURJHQ�R[LGHV��IURP�WKH�UHDFWLRQ�EHWZHHQ�DWPRVSKHULF�QLWURJHQ�DQG�R[\JHQ�DW�WKH�KLJK�
WHPSHUDWXUHV�LQVLGH�HQJLQHV�

���� UHODWH�WKH�IRUPXODH�IRU�FDUERQ�GLR[LGH�&2���FDUERQ�PRQR[LGH�&2��VXOIXU�GLR[LGH�62���
QLWURJHQ�PRQR[LGH�12��QLWURJHQ�GLR[LGH�12��DQG�ZDWHU�+�2�WR�YLVXDO�UHSUHVHQWDWLRQV�RI�WKHLU�
PROHFXOHV

���� UHFDOO�WKDW�QLWURJHQ�PRQR[LGH�12�LV�IRUPHG�GXULQJ�WKH�FRPEXVWLRQ�RI�IXHOV�LQ�DLU��DQG�
LV�VXEVHTXHQWO\�R[LGLVHG�WR�QLWURJHQ�GLR[LGH�12���12�DQG�12��DUH�MRLQWO\�UHIHUUHG�WR�DV�
µ12[¶�

���� XQGHUVWDQG�WKDW�DWPRVSKHULF�SROOXWDQWV�FDQQRW�MXVW�GLVDSSHDU��WKH\�KDYH�WR�JR�VRPHZKHUH�

� D�� SDUWLFXODWH�FDUERQ�LV�GHSRVLWHG�RQ�VXUIDFHV��PDNLQJ�WKHP�GLUW\

� E�� VXOIXU�GLR[LGH�DQG�QLWURJHQ�GLR[LGH�UHDFW�ZLWK�ZDWHU�DQG�R[\JHQ�WR�SURGXFH�DFLG�UDLQ��
� ZKLFK�LV�KDUPIXO�WR�WKH�HQYLURQPHQW

� F�� FDUERQ�GLR[LGH�LV�XVHG�E\�SODQWV�LQ�SKRWRV\QWKHVLV

� G�� FDUERQ�GLR[LGH�GLVVROYHV�LQ�UDLQ�ZDWHU�DQG�LQ�VHD�ZDWHU�
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&���� :KDW�FKRLFHV�FDQ�ZH�PDNH�SHUVRQDOO\��ORFDOO\��QDWLRQDOO\�RU�JOREDOO\�WR�LPSURYH�DLU�
TXDOLW\"

��� XQGHUVWDQG�KRZ�DWPRVSKHULF�SROOXWLRQ�FDXVHG�E\�SRZHU�VWDWLRQV�WKDW�EXUQ�IRVVLO�IXHOV�FDQ�EH�
UHGXFHG�E\�

� D�� XVLQJ�OHVV�HOHFWULFLW\

� E�� UHPRYLQJ�VXOIXU�IURP�QDWXUDO�JDV�DQG�IXHO�RLO

� F�� UHPRYLQJ�VXOIXU�GLR[LGH�DQG�SDUWLFXODWHV�IURP�WKH�ÀXH�JDVHV�HPLWWHG�E\�FRDO�EXUQLQJ�
SRZHU�VWDWLRQV

��� XQGHUVWDQG�KRZ�WKH�DFLG�JDV�VXOIXU�GLR[LGH�LV�UHPRYHG�IURP�ÀXH�JDVHV�E\�ZHW�
VFUXEELQJ�

� D�� XVLQJ�DQ�DONDOLQH�VOXUU\�H�J��D�VSUD\�RI�FDOFLXP�R[LGH�DQG�ZDWHU

� E�� XVLQJ�VHD�ZDWHU

� L� &DQGLGDWHV�DUH�QRW�UHTXLUHG�WR�ZULWH�ZRUG�RU�V\PERO�HTXDWLRQV

��� XQGHUVWDQG�WKDW�WKH�RQO\�ZD\�RI�SURGXFLQJ�OHVV�FDUERQ�GLR[LGH�LV�WR�EXUQ�OHVV�IRVVLO�IXHOV

��� XQGHUVWDQG�KRZ�DWPRVSKHULF�SROOXWLRQ�FDXVHG�E\�H[KDXVW�HPLVVLRQV�IURP�PRWRU�YHKLFOHV�FDQ�
EH�UHGXFHG�E\�

� D�� EXUQLQJ�OHVV�IXHO��IRU�H[DPSOH�E\�KDYLQJ�PRUH�HI¿FLHQW�HQJLQHV

� E�� XVLQJ�ORZ�VXOIXU�IXHOV

� F�� XVLQJ�FDWDO\WLF�FRQYHUWHUV��LQ�ZKLFK�QLWURJHQ�PRQR[LGH�LV�UHGXFHG�WR�QLWURJHQ�E\�ORVV�RI�
R[\JHQ��DQG�FDUERQ�PRQR[LGH�LV�R[LGLVHG�WR�FDUERQ�GLR[LGH�E\�JDLQ�RI�R[\JHQ��

� G�� DGMXVWLQJ�WKH�EDODQFH�EHWZHHQ�SXEOLF�DQG�SULYDWH�WUDQVSRUW

� H�� KDYLQJ�OHJDO�OLPLWV�WR�H[KDXVW�HPLVVLRQV��ZKLFK�DUH�HQIRUFHG�E\�WKH�XVH�RI�027�WHVWV�

��� XQGHUVWDQG�WKH�EHQH¿WV�DQG�SUREOHPV�RI�XVLQJ�DOWHUQDWLYHV�WR�IRVVLO�IXHOV�IRU�PRWRU�
YHKLFOHV��OLPLWHG�WR�ELRIXHOV�DQG�HOHFWULFLW\�



��� ��2&5������*&6(�&KHPLVWU\�$

�

2XU�ZD\�RI�OLIH�GHSHQGV�RQ�D�ZLGH�UDQJH�RI�PDWHULDOV�SURGXFHG�IURP�QDWXUDO�UHVRXUFHV��7KH�(DUWK¶V�
FUXVW�SURYLGHV�XV�ZLWK�FUXGH�RLO��ZKLFK�LV�D�VRXUFH�RI�IXHO�DQG�UDZ�PDWHULDO�IRU�SURGXFLQJ�V\QWKHWLF�
SRO\PHUV��1DWXUDO�SRO\PHUV�FDQ�DOVR�EH�XVHIXO�DQG�FDQ�EH�REWDLQHG�IURP�OLYLQJ�WKLQJV��7KLV�PRGXOH�
FRQVLGHUV�KRZ�PHDVXUHPHQWV�RI�WKH�SURSHUWLHV�RI�PDWHULDOV�FDQ�LQIRUP�WKH�FKRLFH�RI�PDWHULDO�IRU�D�
SDUWLFXODU�SXUSRVH��%\�WDNLQJ�WKHLU�RZQ�PHDVXUHPHQWV��FDQGLGDWHV�FDQ�H[SORUH�VRPH�RI�WKH�LVVXHV�WKDW�
DULVH�ZKHQ�WU\LQJ�WR�HVWDEOLVK�DFFXUDWH�DQG�PHDQLQJIXO�GDWD�

.H\�LGHDV�LQ�WKLV�PRGXOH�DUH�LOOXVWUDWHG�WKURXJK�SRO\PHUV��&DQGLGDWHV�OHDUQ�KRZ�WKH�PROHFXOHV�
WKDW�PDNH�XS�D�SRO\PHU�¿W�WRJHWKHU�DQG�KRZ�VWURQJO\�WKH\�DUH�ERQGHG�WR�HDFK�RWKHU��SURYLGLQJ�DQ�
H[SODQDWLRQ�RI�WKH�SURSHUWLHV�RI�PDWHULDOV��7KLV�SURYLGHV�DQ�H[DPSOH�RI�D�VFLHQWL¿F�H[SODQDWLRQ�WKDW�
PDNHV�VHQVH�RI�D�ZLGH�UDQJH�RI�REVHUYDWLRQV�

&DQGLGDWHV�DOVR�OHDUQ�KRZ�SRO\PHUV�FDQ�EH�PRGL¿HG�WR�JLYH�WKHP�PRUH�GHVLUDEOH�SURSHUWLHV�E\�WKH�
LQWURGXFWLRQ�RI�QDQRSDUWLFOHV��ZKLFK�KDYH�GLIIHUHQW�SURSHUWLHV�ZKHQ�FRPSDUHG�ZLWK�ODUJHU�SDUWLFOHV�RI�
WKH�VDPH�PDWHULDO�

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

+RZ�FDQ�ZH�SLFN�D�VXLWDEOH�PDWHULDO�IRU�D�
SDUWLFXODU�SURGXFW�RU�WDVN"

+RZ�GR�ZH�PHDVXUH�WKH�SURSHUWLHV�RI�PDWHULDOV�
DQG�ZK\�DUH�WKH�UHVXOWV�XVHIXO"
:K\�LV�FUXGH�RLO�LPSRUWDQW�DV�D�VRXUFH�RI�QHZ�
PDWHULDOV�VXFK�DV�SODVWLFV�DQG�¿EUHV"
:K\�GRHV�LW�KHOS�WR�NQRZ�DERXW�WKH�PROHFXODU�
VWUXFWXUH�RI�PDWHULDOV�VXFK�DV�SODVWLFV�DQG�
¿EUHV"
:KDW�LV�QDQRWHFKQRORJ\�DQG�ZK\�LV�LW�LPSRUWDQW"

������ 0RGXOH�&���0DWHULDO�FKRLFHV

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

�� GHYHORS�D�VHQVH�RI�VFDOH�LQ�WKH�FRQWH[W�RI�SRO\PHUV�DQG�QDQRSDUWLFOHV

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

�� XVH�LGHDV�RI�SURSRUWLRQ�LQ�WKH�FRQWH[W�RI�VXUIDFH�DUHD

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

�� H[WUDFW�LQIRUPDWLRQ�IURP�FKDUWV�VKRZLQJ�SURSHUWLHV�RI�PDWHULDOV�

2YHUYLHZ

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

�� WHVW�WKH�SURSHUWLHV�RI�PDWHULDOV

�� PDNH�SRO\PHUV�DQG�PRGLI\LQJ�WKHLU�SURSHUWLHV

�� SHUIRUP�RU�REVHUYH�WKH�GLVWLOODWLRQ�RI�FUXGH�RLO�

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

�� ORJJLQJ�DQG�VWRULQJ�GDWD��DQG�GLVSOD\LQJ�GDWD�LQ�D�YDULHW\�RI�IRUPDWV�IRU�DQDO\VLV�DQG�HYDOXDWLRQ�

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

�� XVLQJ�VSUHDGVKHHWV�WR�UHFRUG�DQG�GLVSOD\�PHDVXUHPHQWV�RI�WKH�SURSHUWLHV�RI�PDWHULDOV

�� YLGHR�FOLSV�WR�LOOXVWUDWH�WKH�PDLQ�VWDJHV�IURP�H[WUDFWLRQ�RI�RLO�WR�SURGXFWLRQ�RI�V\QWKHWLF�SODVWLF�RU�
¿EUH

�� XVLQJ�VWLOO�LPDJHV�DQG�GLDJUDPV�WR�FUHDWH�SUHVHQWDWLRQV�WR�VKRZ�KRZ�WKH�SURSHUWLHV�RI�D�PDWHULDO�
GHSHQG�RQ�LWV�PROHFXODU�VWUXFWXUH�

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����

'DWD�� WKHLU�LPSRUWDQFH�DQG�OLPLWDWLRQV

&DXVH�HIIHFW�H[SODQDWLRQV
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&���� +RZ�GR�ZH�PHDVXUH�WKH�SURSHUWLHV�RI�PDWHULDOV�DQG�ZK\�DUH�WKH�UHVXOWV�XVHIXO"

��� LQWHUSUHW�LQIRUPDWLRQ�DERXW�KRZ�VROLG�PDWHULDOV�FDQ�GLIIHU�ZLWK�UHVSHFW�WR�SURSHUWLHV�VXFK�DV�
PHOWLQJ�SRLQW��VWUHQJWK��LQ�WHQVLRQ�RU�FRPSUHVVLRQ���VWLIIQHVV��KDUGQHVV�DQG�GHQVLW\

��� UHODWH�SURSHUWLHV�WR�WKH�XVHV�RI�PDWHULDOV�VXFK�DV�SODVWLFV��UXEEHUV�DQG�¿EUHV

��� UHODWH�WKH�HIIHFWLYHQHVV�DQG�GXUDELOLW\�RI�D�SURGXFW�WR�WKH�PDWHULDOV�XVHG�WR�PDNH�LW

��� LQWHUSUHW�LQIRUPDWLRQ�DERXW�WKH�SURSHUWLHV�RI�PDWHULDOV�VXFK�DV�SODVWLFV��UXEEHUV�DQG�¿EUHV�WR�
DVVHVV�WKH�VXLWDELOLW\�RI�WKHVH�PDWHULDOV�IRU�SDUWLFXODU�SXUSRVHV�
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&���� :K\�LV�FUXGH�RLO�LPSRUWDQW�DV�D�VRXUFH�RI�QHZ�PDWHULDOV�VXFK�DV�SODVWLFV�DQG�¿EUHV"

��� UHFDOO�WKDW�WKH�PDWHULDOV�ZH�XVH�DUH�FKHPLFDOV�RU�PL[WXUHV�RI�FKHPLFDOV��DQG�LQFOXGH�PHWDOV��
FHUDPLFV�DQG�SRO\PHUV

��� UHFDOO�WKDW�PDWHULDOV�FDQ�EH�REWDLQHG�RU�PDGH�IURP�OLYLQJ�WKLQJV��DQG�JLYH�H[DPSOHV�VXFK�DV�
FRWWRQ��SDSHU��VLON�DQG�ZRRO

��� UHFDOO�WKDW�WKHUH�DUH�V\QWKHWLF�PDWHULDOV�WKDW�DUH�DOWHUQDWLYHV�WR�PDWHULDOV�IURP�OLYLQJ�WKLQJV

��� UHFDOO�WKDW�UDZ�PDWHULDOV�IURP�WKH�(DUWK¶V�FUXVW�FDQ�EH�XVHG�WR�PDNH�V\QWKHWLF�PDWHULDOV

��� LQWHUSUHW�UHSUHVHQWDWLRQV�RI�UHDUUDQJHPHQWV�RI�DWRPV�GXULQJ�D�FKHPLFDO�UHDFWLRQ

��� XQGHUVWDQG�WKDW�LQ�D�FKHPLFDO�UHDFWLRQ�WKH�QXPEHUV�RI�DWRPV�RI�HDFK�HOHPHQW�PXVW�EH�WKH�
VDPH�LQ�WKH�SURGXFWV�DV�LQ�WKH�UHDFWDQWV

��� UHFDOO�WKDW�FUXGH�RLO�FRQVLVWV�PDLQO\�RI�K\GURFDUERQV��ZKLFK�DUH�FKDLQ�PROHFXOHV�RI�YDU\LQJ�
OHQJWKV�PDGH�IURP�FDUERQ�DQG�K\GURJHQ�DWRPV�RQO\

��� UHFDOO�WKDW�RQO\�D�VPDOO�SHUFHQWDJH�RI�FUXGH�RLO�LV�XVHG�IRU�FKHPLFDO�V\QWKHVLV�DQG�WKDW�PRVW�LV�
XVHG�DV�IXHOV

��� XQGHUVWDQG�WKDW�WKH�SHWURFKHPLFDO�LQGXVWU\�UH¿QHV�FUXGH�RLO�E\�IUDFWLRQDO�GLVWLOODWLRQ��
K\GURFDUERQV�DUH�VHSDUDWHG�LQWR�IUDFWLRQV�RI�GLIIHUHQW�ERLOLQJ�SRLQWV��WR�SURGXFH�IXHOV��
OXEULFDQWV�DQG�WKH�UDZ�PDWHULDOV�IRU�FKHPLFDO�V\QWKHVLV

���� UHODWH�WKH�VL]H�RI�WKH�IRUFHV�EHWZHHQ�K\GURFDUERQ�PROHFXOHV�WR�WKH�VL]H�RI�WKH�PROHFXOHV

���� UHODWH�WKH�VWUHQJWK�RI�WKH�IRUFHV�EHWZHHQ�K\GURFDUERQ�PROHFXOHV�LQ�FUXGH�RLO�WR�WKH�DPRXQW�
RI�HQHUJ\�QHHGHG�IRU�WKHP�WR�EUHDN�RXW�RI�D�OLTXLG�DQG�IRUP�D�JDV��DQG�WR�WKH�WHPSHUDWXUH�DW�
ZKLFK�WKH�OLTXLG�ERLOV

���� XQGHUVWDQG�WKDW�VRPH�VPDOO�PROHFXOHV�FDOOHG�PRQRPHUV�FDQ�MRLQ�WRJHWKHU�WR�PDNH�YHU\�ORQJ�
PROHFXOHV�FDOOHG�SRO\PHUV��DQG�WKDW�WKH�SURFHVV�LV�FDOOHG�SRO\PHULVDWLRQ

���� UHFDOO�WZR�H[DPSOHV�RI�PDWHULDOV�WKDW��EHFDXVH�RI�WKHLU�VXSHULRU�SURSHUWLHV��KDYH�UHSODFHG�
PDWHULDOV�XVHG�LQ�WKH�SDVW�
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0RGXOH�&���0DWHULDO�FKRLFHV

&���� :K\�GRHV�LW�KHOS�WR�NQRZ�DERXW�WKH�PROHFXODU�VWUXFWXUH�RI�PDWHULDOV�VXFK�DV�SODVWLFV�DQG�
¿EUHV"

��� XQGHUVWDQG�WKDW�LW�LV�SRVVLEOH�WR�SURGXFH�D�ZLGH�UDQJH�RI�GLIIHUHQW�SRO\PHUV�ZLWK�SURSHUWLHV�WKDW�
PDNH�WKHP�HDFK�VXLWHG�WR�D�SDUWLFXODU�XVH

��� XQGHUVWDQG�KRZ�WKH�SURSHUWLHV�RI�SRO\PHUV�GHSHQG�RQ�KRZ�WKHLU�PROHFXOHV�DUH�DUUDQJHG�DQG�
KHOG�WRJHWKHU

��� UHODWH�WKH�VWUHQJWK�RI�WKH�IRUFHV�EHWZHHQ�WKH�PROHFXOHV�LQ�D�SRO\PHU�WR�WKH�DPRXQW�RI�HQHUJ\�
QHHGHG�WR�VHSDUDWH�WKHP�IURP�HDFK�RWKHU��DQG�WKHUHIRUH�WR�WKH�VWUHQJWK��VWLIIQHVV��KDUGQHVV�
DQG�PHOWLQJ�SRLQW�RI�WKH�VROLG

��� XQGHUVWDQG�KRZ�PRGL¿FDWLRQV�LQ�SRO\PHUV�SURGXFH�FKDQJHV�WR�WKHLU�SURSHUWLHV��VHH�&������WR�
LQFOXGH�PRGL¿FDWLRQV�VXFK�DV�

� D�� LQFUHDVHG�FKDLQ�OHQJWK

� E�� FURVV�OLQNLQJ

� F�� WKH�XVH�RI�SODVWLFL]HUV

� G�� LQFUHDVHG�FU\VWDOOLQLW\�
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0RGXOH�&���0DWHULDO�FKRLFHV

&���� :KDW�LV�QDQRWHFKQRORJ\�DQG�ZK\�LV�LW�LPSRUWDQW"

��� UHFDOO�WKDW�QDQRWHFKQRORJ\�LQYROYHV�VWUXFWXUHV�WKDW�DUH�DERXW�WKH�VDPH�VL]H�DV�VRPH�
PROHFXOHV

��� XQGHUVWDQG�WKDW�QDQRWHFKQRORJ\�LV�WKH�XVH�DQG�FRQWURO�RI�VWUXFWXUHV�WKDW�DUH�YHU\�VPDOO����WR�
����QDQRPHWUHV�LQ�VL]H�

��� XQGHUVWDQG�WKDW�QDQRSDUWLFOHV�FDQ�RFFXU�QDWXUDOO\��IRU�H[DPSOH�LQ�VHDVSUD\���E\�DFFLGHQW��IRU�
H[DPSOH�DV�WKH�VPDOOHVW�SDUWLFXODWHV�IURP�FRPEXVWLRQ�RI�IXHOV���DQG�E\�GHVLJQ

��� XQGHUVWDQG�WKDW�QDQRSDUWLFOHV�RI�D�PDWHULDO�VKRZ�GLIIHUHQW�SURSHUWLHV�FRPSDUHG�WR�ODUJHU�
SDUWLFOHV�RI�WKH�VDPH�PDWHULDO��DQG�WKDW�RQH�RI�WKH�UHDVRQV�IRU�WKLV�LV�WKH�PXFK�ODUJHU�VXUIDFH�
DUHD�RI�WKH�QDQRSDUWLFOHV�FRPSDUHG�WR�WKHLU�YROXPH

��� XQGHUVWDQG�WKDW�QDQRSDUWLFOHV�FDQ�EH�XVHG�WR�PRGLI\�WKH�SURSHUWLHV�RI�PDWHULDOV��DQG�JLYH�
H[DPSOHV�LQFOXGLQJ�

� D�� WKH�XVH�RI�VLOYHU�QDQRSDUWLFOHV�WR�JLYH�¿EUHV�DQWLEDFWHULDO�SURSHUWLHV

� E�� DGGLQJ�QDQRSDUWLFOHV�WR�SODVWLFV�IRU�VSRUWV�HTXLSPHQW�WR�PDNH�WKHP�VWURQJHU

��� XQGHUVWDQG�WKDW�VRPH�QDQRSDUWLFOHV�PD\�KDYH�KDUPIXO�HIIHFWV�RQ�KHDOWK��DQG�WKDW�WKHUH�LV�
FRQFHUQ�WKDW�SURGXFWV�ZLWK�QDQRSDUWLFOHV�DUH�EHLQJ�LQWURGXFHG�EHIRUH�WKHVH�HIIHFWV�KDYH�EHHQ�
IXOO\�LQYHVWLJDWHG�



��� ��2&5������*&6(�&KHPLVWU\�$

�

7KDQNV�WR�LWV�JHRORJLFDO�KLVWRU\��%ULWDLQ�LV�D�FRXQWU\�WKDW�KDV�ODUJH�GHSRVLWV�RI�YDOXDEOH�UHVRXUFHV�
LQFOXGLQJ�VDOW�DQG�OLPHVWRQH�DV�ZHOO�DV�FRDO��JDV�DQG�RLO��7KHVH�UDZ�PDWHULDOV�KDYH�EHHQ�WKH�EDVLV�RI�
D�FKHPLFDO�LQGXVWU\�IRU�RYHU�����\HDUV��$W�¿UVW�PDQ\�RI�WKH�LQGXVWULDO�SURFHVVHV�ZHUH�KLJKO\�SROOXWLQJ��
7KLV�OHG�WR�QHZ�ODZV�DQG�WKH�HVWDEOLVKPHQW�RI�UHJXODWRU\�RUJDQLVDWLRQV�WR�FRQWURO�WKH�LQGXVWU\��7RGD\�
WKH�LQGXVWU\�LV�XQGHU�JUHDW�SUHVVXUH�WR�RSHUDWH�SURFHVVHV�WKDW�DUH�HI¿FLHQW�LQ�WKHLU�XVH�RI�HQHUJ\�DQG�
ZKLFK�GR�PLQLPDO�KDUP�WR�KHDOWK�DQG�WKH�HQYLURQPHQW�

6DOW�LV�SDUWLFXODUO\�LPSRUWDQW��6DOW�LV�QHFHVVDU\�LQ�WKH�GLHW�EXW�LV�KD]DUGRXV�LI�HDWHQ�WR�H[FHVV��
&KHPLVWV�KDYH�OHDUQW�WR�FRQYHUW�VDOW�WR�DONDOLV�DQG�WR�FKORULQH��FKHPLFDOV�WKDW�DUH�XVHG�WR�PDNH�PDQ\�
YDOXDEOH�SURGXFWV�

7KH�XVH�RI�PDQXIDFWXUHG�FKHPLFDOV�KDV�EURXJKW�ERWK�EHQH¿WV�DQG�ULVNV��6RFLHW\�KDV�EHFRPH�
LQFUHDVLQJO\�FRQFHUQHG�WKDW�WKHUH�DUH�PDQ\�FKHPLFDOV�WKDW�DUH�XVHG�LQ�ODUJH�DPRXQWV��EXW�ZKLFK�KDYH�
QHYHU�EHHQ�WKRURXJKO\�WHVWHG�WR�HYDOXDWH�WKHLU�HIIHFWV�RQ�SHRSOH�DQG�WKH�HQYLURQPHQW�

7KH�GDWD�IURP�/LIH�&\FOH�$VVHVVPHQWV�VKRZV�WKDW�LQ�VHOHFWLQJ�D�SURGXFW�IRU�D�SDUWLFXODU�MRE�ZH�VKRXOG�
DVVHVV�QRW�RQO\�LWV�µ¿WQHVV�IRU�SXUSRVH¶�EXW�DOVR�WKH�WRWDO�HIIHFWV�RI�XVLQJ�WKH�PDWHULDOV�WKDW�PDNH�XS�
WKH�SURGXFW�RYHU�LWV�FRPSOHWH�OLIH�F\FOH��IURP�LWV�SURGXFWLRQ�XVLQJ�UDZ�PDWHULDOV�WR�LWV�GLVSRVDO�

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

:K\�GR�ZH�QHHG�WR�XVH�PDQXIDFWXUHG�
FKHPLFDOV"
:KDW�FDQ�VRFLHW\�GR�WR�HQVXUH�WKDW�LW�
XVHV�FKHPLFDOV�LQ�ZD\V�WKDW�DUH�VDIH�DQG�
VXVWDLQDEOH"
:KHQ�FKRRVLQJ�D�SURGXFW�PDGH�IURP�D�SDUWLFXODU�
FKHPLFDO��ZKDW�HOVH�VKRXOG�ZH�FRQVLGHU�EHVLGHV�
LWV�FRVW�DQG�KRZ�ZHOO�LW�GRHV�LWV�MRE"

:K\�DUH�WKHUH�YDOXDEOH�VRXUFHV�RI�UDZ�PDWHULDOV�
IRU�PDNLQJ�FKHPLFDOV�LQ�%ULWDLQ"
:K\�DUH�VDOW�DQG�OLPHVWRQH�VR�LPSRUWDQW�IRU�WKH�
FKHPLFDO�LQGXVWU\"
:KDW�DUH�WKH�EHQH¿WV�DQG�ULVNV�RI�PDNLQJ�
FKHPLFDOV�ZLWK�FKORULQH"

������ 0RGXOH�&���&KHPLFDOV�LQ�RXU�OLYHV�²�ULVNV�DQG�EHQHÀWV�

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

�� GHYHORS�D�VHQVH�RI�VFDOH�LQ�WKH�FRQWH[W�RI�JHRORJLFDO�WLPH

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

�� LQWHUSUHW�JUDSKV�DQG�FKDUWV�IURP�VHFRQGDU\�GDWD

�� H[WUDFW�LQIRUPDWLRQ�IURP�FKDUWV��JUDSKV�DQG�WDEOHV�DERXW�ZDWHU�TXDOLW\�DQG�KHDOWK

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

2YHUYLHZ

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

�� SXULI\�URFN�VDOW

�� H[SHULPHQWV�ZLWK�DFLGV�DQG�DONDOLV

�� PDNH�VRDS

�� SHUIRUP�WKH�HOHFWURO\VLV�RI�EULQH�

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

�� VLPXODWLQJ�WKH�PRYHPHQW�RI�WKH�FRQWLQHQWV�RYHU�JHRORJLFDO�WLPH�SHULRGV�

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

�� YLGHR�FOLSV�WR�LOOXVWUDWH�WKH�H[WUDFWLRQ�RI�UDZ�PDWHULDOV�DQG�WKH�SURGXFWLRQ�RI�XVHIXO�FKHPLFDOV

�� DQLPDWLRQV�WR�LOOXVWUDWH�FKHPLFDO�SURFHVVHV

�� VLPXODWLRQV�WR�H[SORUH�WKH�LPSDFW�RI�FKRLFHV�PDGH�GXULQJ�WKH�OLIH�F\FOH�RI�D�SURGXFW

�� XVLQJ�WKH�LQWHUQHW�WR�H[SORUH�FDVH�VWXGLHV�RI�WKH�VDIH�DQG�VXVWDLQDEOH�XVH�RI�SRO\PHUV�DQG�
PDWHULDOV�

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

5LVN

0DNLQJ�GHFLVLRQV�DERXW�VFLHQFH�DQG�WHFKQRORJ\
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0RGXOH�&���&KHPLFDOV�LQ�RXU�OLYHV�±�ULVNV�DQG�EHQH¿WV�

&���� :KDW�ZHUH�WKH�RULJLQV�RI�PLQHUDOV�LQ�%ULWDLQ�WKDW�FRQWULEXWH�WR�RXU�HFRQRPLF�ZHDOWK"

��� XQGHUVWDQG�WKDW�JHRORJLVWV�H[SODLQ�PRVW�RI�WKH�SDVW�KLVWRU\�RI�WKH�VXUIDFH�RI�WKH�(DUWK�LQ�WHUPV�
RI�SURFHVVHV�WKDQ�FDQ�EH�REVHUYHG�WRGD\

��� XQGHUVWDQG�WKDW�PRYHPHQWV�RI�WHFWRQLF�SODWHV�PHDQ�WKDW�WKH�SDUWV�RI�DQFLHQW�FRQWLQHQWV�WKDW�
QRZ�PDNH�XS�%ULWDLQ�KDYH�PRYHG�RYHU�WKH�VXUIDFH�RI�WKH�(DUWK

��� XQGHUVWDQG�KRZ�JHRORJLVWV�XVH�PDJQHWLF�FOXHV�LQ�URFNV�WR�WUDFN�WKH�YHU\�VORZ�PRYHPHQW�RI�
WKH�FRQWLQHQWV�RYHU�WKH�VXUIDFH�RI�WKH�(DUWK

��� XQGHUVWDQG�WKDW�WKH�PRYHPHQWV�RI�FRQWLQHQWV�PHDQV�WKDW�GLIIHUHQW�URFNV�LQ�%ULWDLQ�IRUPHG�LQ�
GLIIHUHQW�FOLPDWHV

��� XQGHUVWDQG�KRZ�SURFHVVHV�VXFK�DV�PRXQWDLQ�EXLOGLQJ��HURVLRQ��VHGLPHQWDWLRQ��GLVVROYLQJ�DQG�
HYDSRUDWLRQ�KDYH�OHG�WR�WKH�IRUPDWLRQ�RI�YDOXDEOH�UHVRXUFHV�IRXQG�LQ�(QJODQG�LQFOXGLQJ�FRDO��
OLPHVWRQH�DQG�VDOW

��� XQGHUVWDQG�KRZ�JHRORJLVWV�VWXG\�VHGLPHQWDU\�URFNV�WR�¿QG�HYLGHQFH�RI�WKH�FRQGLWLRQV�XQGHU�
ZKLFK�WKH\�ZHUH�IRUPHG��WR�LQFOXGH�

� D�� IRVVLOV

� E�� VKDSHV�RI�ZDWHU�ERUQH�JUDLQV�FRPSDUHG�WR�DLU�EORZQ�JUDLQV

� F�� SUHVHQFH�RI�VKHOO�IUDJPHQWV

� G�� ULSSOHV�IURP�VHD�RU�ULYHU�ERWWRP

��� XQGHUVWDQG�WKDW�FKHPLFDO�LQGXVWULHV�JURZ�XS�ZKHUH�UHVRXUFHV�DUH�DYDLODEOH�ORFDOO\��H�J��VDOW��
OLPHVWRQH�DQG�FRDO�LQ�QRUWK�ZHVW�(QJODQG�
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0RGXOH�&���&KHPLFDOV�LQ�RXU�OLYHV�±�ULVNV�DQG�EHQH¿WV�

&���� :KHUH�GRHV�VDOW�FRPH�IURP�DQG�ZK\�LV�LW�VR�LPSRUWDQW"

��� XQGHUVWDQG�WKH�LPSRUWDQFH�RI�VDOW��VRGLXP�FKORULGH��IRU�WKH�IRRG�LQGXVWU\��DV�D�VRXUFH�RI�
FKHPLFDOV�DQG�WR�WUHDW�URDGV�LQ�ZLQWHU

��� UHFDOO�WKDW�VDOW�FDQ�EH�REWDLQHG�IURP�WKH�VHD�RU�IURP�XQGHUJURXQG�VDOW�GHSRVLWV

��� XQGHUVWDQG�KRZ�XQGHUJURXQG�VDOW�FDQ�EH�REWDLQHG�E\�PLQLQJ��RU�E\�VROXWLRQ�LQ�ZDWHU

��� XQGHUVWDQG�ZK\�WKH�PHWKRG�XVHG�WR�REWDLQ�VDOW�PD\�GHSHQG�RQ�KRZ�WKH�VDOW�LV�WR�EH�XVHG

��� XQGHUVWDQG�KRZ�WKH�PHWKRGV�RI�REWDLQLQJ�VDOW�FDQ�KDYH�DQ�LPSDFW�RQ�WKH�HQYLURQPHQW

��� XQGHUVWDQG�WKH�DGYDQWDJHV�RI�DGGLQJ�VDOW�WR�IRRG�DV�ÀDYRXULQJ�DQG�DV�D�SUHVHUYDWLYH

��� UHFDOO�WKH�KHDOWK�LPSOLFDWLRQV�RI�HDWLQJ�WRR�PXFK�VDOW

��� EH�DEOH�WR�HYDOXDWH�GDWD�UHODWHG�WR�WKH�FRQWHQW�RI�VDOW�LQ�IRRG�DQG�KHDOWK

��� UHFDOO�WKDW�*RYHUQPHQW�GHSDUWPHQWV��VXFK�DV�WKH�'HSDUWPHQW�RI�+HDOWK�DQG�WKH�'HSDUWPHQW�
IRU�(QYLURQPHQW��)RRG�DQG�5XUDO�$IIDLUV��KDYH�D�UROH�LQ�

� D�� FDUU\LQJ�RXW�ULVN�DVVHVVPHQWV�LQ�UHODWLRQ�WR�FKHPLFDOV�LQ�IRRG

� E�� DGYLVLQJ�WKH�SXEOLF�LQ�UHODWLRQ�WR�WKH�HIIHFW�RI�IRRG�RQ�KHDOWK�
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0RGXOH�&���&KHPLFDOV�LQ�RXU�OLYHV�±�ULVNV�DQG�EHQH¿WV�

&���� :K\�GR�ZH�QHHG�FKHPLFDOV�VXFK�DV�DONDOLV�DQG�FKORULQH�DQG�KRZ�GR�ZH�PDNH�WKHP"

��� UHFDOO�WKDW��HYHQ�EHIRUH�LQGXVWULDOLVDWLRQ��DONDOLV�ZHUH�QHHGHG�WR�QHXWUDOLVH�DFLG�VRLOV��PDNH�
FKHPLFDOV�WKDW�ELQG�QDWXUDO�G\HV�WR�FORWK��FRQYHUW�IDWV�DQG�RLOV�LQWR�VRDS�DQG�WR�PDQXIDFWXUH�
JODVV

��� UHFDOO�WKDW�WUDGLWLRQDO�VRXUFHV�RI�DONDOL�LQFOXGHG�EXUQW�ZRRG�RU�VWDOH�XULQH

��� XQGHUVWDQG�WKDW�DONDOLV�QHXWUDOLVH�DFLGV�WR�PDNH�VDOWV

��� UHFDOO�WKDW�VROXEOH�K\GUR[LGHV�DQG�FDUERQDWHV�DUH�DONDOLV

��� SUHGLFW�WKH�SURGXFWV�RI�WKH�UHDFWLRQV�RI�VROXEOH�K\GUR[LGHV�DQG�FDUERQDWHV�ZLWK�DFLGV

��� XQGHUVWDQG�WKDW�LQFUHDVHG�LQGXVWULDOLVDWLRQ�OHG�WR�D�VKRUWDJH�RI�DONDOL�LQ�WKH�QLQHWHHQWK�FHQWXU\

��� XQGHUVWDQG�WKDW�WKH�¿UVW�SURFHVV�IRU�PDQXIDFWXULQJ�DONDOL�IURP�VDOW�DQG�OLPHVWRQH�XVLQJ�FRDO�
DV�D�IXHO�FDXVHG�SROOXWLRQ�E\�UHOHDVLQJ�ODUJH�YROXPHV�RI�DQ�DFLG�JDV��K\GURJHQ�FKORULGH��DQG�
FUHDWLQJ�JUHDW�KHDSV�RI�ZDVWH�WKDW�VORZO\�UHOHDVHG�D�WR[LF�DQG�IRXO�VPHOOLQJ�JDV��K\GURJHQ�
VXO¿GH�

��� XQGHUVWDQG�WKDW�SROOXWLRQ�SUREOHPV�FDQ�VRPHWLPHV�EH�VROYHG�E\�WXUQLQJ�ZDVWHV�LQWR�XVHIXO�
FKHPLFDOV

��� XQGHUVWDQG�WKDW�R[LGDWLRQ�FDQ�FRQYHUW�K\GURJHQ�FKORULGH�WR�FKORULQH��DQG�WKDW�WKH�SURSHUWLHV�RI�
D�FRPSRXQG�DUH�FRPSOHWHO\�GLIIHUHQW�IURP�WKH�HOHPHQWV�IURP�ZKLFK�LW�LV�PDGH

���� UHFDOO�WKDW�FKORULQH�LV�XVHG�WR�NLOO�PLFURRUJDQLVPV�LQ�GRPHVWLF�ZDWHU�VXSSOLHV�DQG�DV�D�EOHDFK

���� XQGHUVWDQG�KRZ�WKH�LQWURGXFWLRQ�RI�FKORULQDWLRQ�WR�WUHDW�GULQNLQJ�ZDWHU�PDGH�D�PDMRU�
FRQWULEXWLRQ�WR�SXEOLF�KHDOWK

���� LQWHUSUHW�GDWD�DERXW�WKH�HIIHFWV�RI�SROOXWHG�ZDWHU�RQ�KHDOWK�DQG�WKH�LPSDFW�RI�ZDWHU�WUHDWPHQW�
ZLWK�FKORULQH�WR�FRQWURO�GLVHDVH

���� XQGHUVWDQG�WKDW�WKHUH�PD\�EH�GLVDGYDQWDJHV�RI�FKORULQDWLQJ�GULQNLQJ�ZDWHU��LQFOXGLQJ�SRVVLEOH�
KHDOWK�SUREOHPV�IURP�WUDFHV�RI�FKHPLFDOV�IRUPHG�E\�UHDFWLRQ�RI�FKORULQH�ZLWK�RUJDQLF�PDWHULDOV�
LQ�WKH�ZDWHU

���� XQGHUVWDQG�WKDW�DQ�HOHFWULF�FXUUHQW�FDQ�EH�XVHG�WR�EULQJ�DERXW�FKHPLFDO�FKDQJH�DQG�PDNH�
QHZ�FKHPLFDOV�WKURXJK�D�SURFHVV�FDOOHG�HOHFWURO\VLV

���� UHFDOO�WKDW�FKORULQH�LV�QRZ�REWDLQHG�E\�WKH�HOHFWURO\VLV�RI�VDOW�VROXWLRQ��EULQH�

� L� 7HFKQLFDO�GHWDLOV�DQG�WKH�LRQLF�UHDFWLRQV�DUH�QRW�UHTXLUHG

���� UHFDOO�H[DPSOHV�RI�LPSRUWDQW�XVHV�E\�LQGXVWU\�RI�WKH�VRGLXP�K\GUR[LGH��FKORULQH�DQG�K\GURJHQ�
SURGXFHG�E\�HOHFWURO\VLV�RI�EULQH

���� LQWHUSUHW�GDWD�DERXW�WKH�HQYLURQPHQWDO�LPSDFW�RI�WKH�ODUJH�VFDOH�HOHFWURO\VLV�RI�EULQH�
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0RGXOH�&���&KHPLFDOV�LQ�RXU�OLYHV�±�ULVNV�DQG�EHQH¿WV�

&���� :KDW�FDQ�ZH�GR�WR�PDNH�RXU�XVH�RI�FKHPLFDOV�VDIH�DQG�VXVWDLQDEOH"

��� XQGHUVWDQG�WKDW�WKHUH�LV�D�ODUJH�QXPEHU�RI�LQGXVWULDO�FKHPLFDOV�ZLWK�PDQ\�ZLGHVSUHDG�XVHV��
LQFOXGLQJ�FRQVXPHU�SURGXFWV��IRU�ZKLFK�WKHUH�LV�LQDGHTXDWH�GDWD�WR�MXGJH�ZKHWKHU�WKH\�DUH�
OLNHO\�WR�SUHVHQW�D�ULVN�WR�WKH�HQYLURQPHQW�DQG�RU�KXPDQ�KHDOWK

��� XQGHUVWDQG�WKDW�VRPH�WR[LF�FKHPLFDOV�FDXVH�SUREOHPV�EHFDXVH�WKH\�SHUVLVW�LQ�WKH�
HQYLURQPHQW��FDQ�EH�FDUULHG�RYHU�ODUJH�GLVWDQFHV��DQG�PD\�DFFXPXODWH�LQ�IRRG�DQG�KXPDQ�
WLVVXHV

��� UHFDOO�WKDW�39&�LV�D�SRO\PHU�WKDW�FRQWDLQV�FKORULQH�DV�ZHOO�DV�FDUERQ�DQG�K\GURJHQ

��� XQGHUVWDQG�WKDW�WKH�SODVWLFL]HUV�XVHG�WR�PRGLI\�WKH�SURSHUWLHV�RI�39&�FDQ�OHDFK�RXW�IURP�WKH�
SODVWLF�LQWR�WKH�VXUURXQGLQJV�ZKHUH�WKH\�PD\�KDYH�KDUPIXO�HIIHFWV

��� XQGHUVWDQG�WKDW�D�/LIH�&\FOH�$VVHVVPHQW��/&$��LQYROYHV�FRQVLGHUDWLRQ�RI�WKH�XVH�RI�UHVRXUFHV�
LQFOXGLQJ�ZDWHU��WKH�HQHUJ\�LQSXW�RU�RXWSXW��DQG�WKH�HQYLURQPHQWDO�LPSDFW��RI�HDFK�RI�WKHVH�
VWDJHV�

� D�� PDNLQJ�WKH�PDWHULDO�IURP�QDWXUDO�UDZ�PDWHULDOV

� E�� PDNLQJ�WKH�SURGXFW�IURP�WKH�PDWHULDO

� F�� XVLQJ�WKH�SURGXFW

� G�� GLVSRVLQJ�RI�WKH�SURGXFW

��� ZKHQ�JLYHQ�DSSURSULDWH�LQIRUPDWLRQ�IURP�D�/LIH�&\FOH�$VVHVVPHQW��/&$���FRPSDUH�DQG�
HYDOXDWH�WKH�XVH�RI�GLIIHUHQW�PDWHULDOV�IRU�WKH�VDPH�SXUSRVH�
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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�$�����&KHPLVWU\�$�0RGXOHV�&���&���&�

7KLV�PRGXOH�IHDWXUHV�D�FHQWUDO�WKHPH�RI�PRGHUQ�FKHPLVWU\��,W�VKRZV�KRZ�WKHRULHV�RI�DWRPLF�VWUXFWXUH�
FDQ�EH�XVHG�WR�H[SODLQ�WKH�SURSHUWLHV�RI�HOHPHQWV�DQG�WKHLU�FRPSRXQGV��7KH�PRGXOH�DOVR�LQFOXGHV�
H[DPSOHV�WR�VKRZ�KRZ�VSHFWUD�DQG�VSHFWURVFRS\�KDYH�FRQWULEXWHG�WR�WKH�GHYHORSPHQW�RI�FKHPLFDO�
NQRZOHGJH�DQG�WHFKQLTXHV��7KLV�PRGXOH�VKRZV�KRZ�DWRPLF�VWUXFWXUH�FDQ�EH�XVHG�WR�KHOS�H[SODLQ�WKH�
EHKDYLRXU�RI�HOHPHQWV�

7KH�¿UVW�WRSLF�ORRNV�DW�WKH�3HULRGLF�7DEOH��WKH�KLVWRU\�RI�LWV�GHYHORSPHQW��DQG�SDWWHUQV�WKDW�H[LVW�ZLWKLQ�
LW��IRFXVLQJ�RQ�*URXS���DQG�*URXS����7KLV�WRSLF�DOVR�LQWURGXFHV�WKH�XVH�RI�V\PEROV�DQG�HTXDWLRQV�DV�D�
PHDQV�RI�GHVFULELQJ�D�FKHPLFDO�UHDFWLRQ��$Q�H[SODQDWLRQ�RI�WKH�SDWWHUQV�LV�WKHQ�GHYHORSHG�LQ�WKH�QH[W�
WRSLF�E\�OLQNLQJ�DWRPLF�VWUXFWXUH�ZLWK�FKHPLFDO�SURSHUWLHV�

7KH�WKLUG��DQG�¿QDO��WRSLF�WDNHV�WKLV�IXUWKHU�E\�LQWURGXFLQJ�LRQV�DQG�VKRZLQJ�KRZ�LRQLF�WKHRU\�FDQ�
DFFRXQW�IRU�SURSHUWLHV�RI�FRPSRXQGV�RI�*URXS���ZLWK�*URXS���HOHPHQWV�

������ 0RGXOH�&���&KHPLFDO�SDWWHUQV

2YHUYLHZ

7RSLFV

&���� :KDW�DUH�WKH�SDWWHUQV�LQ�WKH�SURSHUWLHV�RI�HOHPHQWV"

7KH�KLVWRU\�RI�WKH�GHYHORSPHQW�RI�WKH�3HULRGLF�7DEOH
&ODVVLI\LQJ�HOHPHQWV�E\�WKHLU�SRVLWLRQ�LQ�WKH�3HULRGLF�7DEOH
3DWWHUQV�LQ�*URXS���DQG�SDWWHUQV�LQ�*URXS��
8VLQJ�V\PEROV�DQG�HTXDWLRQV�WR�UHSUHVHQW�FKHPLFDO�UHDFWLRQV

&���� +RZ�GR�FKHPLVWV�H[SODLQ�WKH�SDWWHUQV�LQ�WKH�SURSHUWLHV�RI�HOHPHQWV"

)ODPH�WHVWV�DQG�VSHFWUD�DQG�WKHLU�XVH�IRU�LGHQWLI\LQJ�HOHPHQWV�DQG�VWXG\LQJ�DWRPLF�VWUXFWXUH
&ODVVLI\LQJ�HOHPHQWV�E\�WKHLU�DWRPLF�VWUXFWXUH
/LQNLQJ�DWRPLF�VWUXFWXUH�WR�FKHPLFDO�SURSHUWLHV

&���� +RZ�GR�FKHPLVWV�H[SODLQ�WKH�SURSHUWLHV�RI�FRPSRXQGV�RI�*URXS���DQG�*URXS���HOHPHQWV"

,RQV��DQG�OLQNLQJ�LRQ�IRUPDWLRQ�WR�DWRPLF�VWUXFWXUH
3URSHUWLHV�RI�LRQLF�FRPSRXQGV�RI�DONDOL�PHWDOV�DQG�KDORJHQV
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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�DWRPLF�VWUXFWXUH

�� XVH�LGHDV�RI�UDWLRV�LQ�WKH�FRQWH[W�RI�WKH�IRUPXODH�RI�LRQLF�FRPSRXQGV

�� SORW��GUDZ�DQG�LQWHUSUHW�JUDSKV�DQG�FKDUWV�IURP�VHFRQGDU\�GDWD

�� H[WUDFW�LQIRUPDWLRQ�IURP�WKH�3HULRGLF�7DEOH

�� H[WUDFW�LQIRUPDWLRQ�IURP�FKDUWV�DQG�JUDSKV�LQFOXGLQJ�SDWWHUQV�LQ�WKH�SURSHUWLHV�RI�HOHPHQWV

�� EDODQFH�FKHPLFDO�HTXDWLRQV�

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

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

�� UHDFWLRQV�RI�WKH�DONDOL�PHWDOV

�� UHDFWLRQV�RI�WKH�KDORJHQV

�� H[SHULPHQWV�WR�WHVW�WKH�SURSHUWLHV�RI�LRQLF�FRPSRXQGV�

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

�� VWRULQJ�ODUJH�VHWV�RI�GDWD

�� VHOHFWLQJ�DQG�SUHVHQWLQJ�GDWD�LQ�D�YDULHW\�RI�IRUPV�WR�H[SORUH�SDWWHUQV�DQG�WUHQGV�

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

�� XVLQJ�DQ�LQWHUDFWLYH�3HULRGLF�7DEOH�WR�H[SORUH�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�HOHPHQWV

�� XVLQJ�D�VSUHDGVKHHW�WR�GLVSOD\�SDWWHUQV�LQ�FKHPLFDO�GDWD

�� YLGHR�FOLSV�WR�WHVW�SUHGLFWLRQV�DERXW�WKH�UHDFWLRQV�RI�HOHPHQWV�VXFK�DV�FDHVLXP�DQG�ÀXRULQH

�� XVLQJ�WKH�LQWHUQHW�WR�UHVHDUFK�WKH�XVHV�RI�DONDOL�PHWDOV�RU�KDORJHQV�DQG�WKHLU�FRPSRXQGV�

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�����±����

'HYHORSLQJ�VFLHQWLÀF�H[SODQDWLRQV

7KH�VFLHQWLÀF�FRPPXQLW\
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0RGXOH�&���&KHPLFDO�SDWWHUQV

&���� :KDW�DUH�WKH�SDWWHUQV�LQ�WKH�SURSHUWLHV�RI�HOHPHQWV"

��� XQGHUVWDQG�WKDW�DWRPV�RI�HDFK�HOHPHQW�KDYH�GLIIHUHQW�SURWRQ�QXPEHUV

��� XQGHUVWDQG�WKDW�DUUDQJLQJ�WKH�HOHPHQWV�LQ�RUGHU�RI�WKHLU�SURWRQ�QXPEHUV�JLYHV�UHSHDWLQJ�
SDWWHUQV�LQ�WKH�SURSHUWLHV�RI�HOHPHQWV

��� XQGHUVWDQG�WKDW�HDUO\�DWWHPSWV�WR�¿QG�FRQQHFWLRQV�EHWZHHQ�WKH�FKHPLFDO�SURSHUWLHV�RI�WKH�
HOHPHQWV�DQG�WKHLU�UHODWLYH�DWRPLF�PDVV�ZHUH�GLVPLVVHG�E\�WKH�VFLHQWL¿F�FRPPXQLW\

��� UHFDOO�WKH�VLJQL¿FDQW�VWDJHV�LQ�WKH�KLVWRU\�RI�WKH�GHYHORSPHQW�RI�WKH�3HULRGLF�7DEOH�WR�LQFOXGH�
WKH�LGHDV�RI�'|EHUHLQHU��1HZODQGV�DQG�0HQGHOHHY

��� XQGHUVWDQG�KRZ�0HQGHOHHY�XVHG�KLV�3HULRGLF�7DEOH�WR�SUHGLFW�WKH�H[LVWHQFH�RI�XQNQRZQ�
HOHPHQWV

��� XVH�WKH�3HULRGLF�7DEOH�WR�REWDLQ�WKH�QDPHV��V\PEROV��UHODWLYH�DWRPLF�PDVVHV�DQG�SURWRQ�
QXPEHUV�RI�HOHPHQWV

��� XQGHUVWDQG�WKDW�D�JURXS�RI�HOHPHQWV�LV�D�YHUWLFDO�FROXPQ�LQ�WKH�3HULRGLF�7DEOH�DQG�WKDW�WKH�
HOHPHQWV�LQ�D�JURXS�KDYH�VLPLODU�SURSHUWLHV

��� UHFDOO�WKDW�D�SHULRG�LV�D�URZ�RI�HOHPHQWV�LQ�WKH�3HULRGLF�7DEOH

��� XVH�WKH�3HULRGLF�7DEOH�WR�FODVVLI\�DQ�HOHPHQW�DV�D�PHWDO�RU�QRQ�PHWDO

���� XVH�SDWWHUQV�LQ�WKH�3HULRGLF�7DEOH�WR�LQWHUSUHW�GDWD�DQG�SUHGLFW�SURSHUWLHV�RI�HOHPHQWV

� L� &DQGLGDWHV�ZLOO�EH�JLYHQ�D�FRS\�RI�WKH�3HULRGLF�7DEOH��DV�LQ�$SSHQGL[�(��ZLWK�WKH�
H[DPLQDWLRQ�SDSHU

���� UHFDOO�DQG�UHFRJQLVH�WKH�FKHPLFDO�V\PEROV�IRU�WKH�*URXS���PHWDOV��DOVR�NQRZQ�DV�WKH�DONDOL�
PHWDOV��OLWKLXP��VRGLXP�DQG�SRWDVVLXP

���� UHFDOO�WKDW�WKH�DONDOL�PHWDOV�DUH�VKLQ\�ZKHQ�IUHVKO\�FXW�EXW�WDUQLVK�UDSLGO\�LQ�PRLVW�DLU�GXH�WR�
UHDFWLRQ�ZLWK�R[\JHQ

���� XVH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�WR�LGHQWLI\�SDWWHUQV�DQG�PDNH�SUHGLFWLRQV�DERXW�WKH�
SURSHUWLHV�RI�*URXS���PHWDOV��IRU�H[DPSOH��PHOWLQJ�SRLQW��ERLOLQJ�SRLQW��GHQVLW\��IRUPXODH�RI�
FRPSRXQGV�DQG�UHODWLYH�UHDFWLYLW\�

���� GHVFULEH�WKH�UHDFWLRQV�RI�OLWKLXP��VRGLXP�DQG�SRWDVVLXP�ZLWK�FROG�ZDWHU

���� UHFDOO�WKDW�DONDOL�PHWDOV�UHDFW�ZLWK�ZDWHU�WR�IRUP�K\GURJHQ�DQG�DQ�DONDOLQH�VROXWLRQ�RI�D�
K\GUR[LGH�ZLWK�WKH�IRUPXOD�02+

���� UHFDOO�WKDW�DONDOL�PHWDOV�UHDFW�YLJRURXVO\�ZLWK�FKORULQH�WR�IRUP�FRORXUOHVV��FU\VWDOOLQH�VDOWV�ZLWK�
WKH�IRUPXOD�0&O

���� XQGHUVWDQG�DQG�JLYH�H[DPSOHV�WR�VKRZ�WKDW�WKH�DONDOL�PHWDOV�EHFRPH�PRUH�UHDFWLYH�DV�WKH�
JURXS�LV�GHVFHQGHG

���� UHFDOO�WKH�PDLQ�KD]DUG�V\PEROV�DQG�EH�DEOH�WR�JLYH�WKH�VDIHW\�SUHFDXWLRQV�IRU�KDQGOLQJ�
KD]DUGRXV�FKHPLFDOV��OLPLWHG�WR�H[SORVLYH��WR[LF��FRUURVLYH��R[LGL]LQJ��DQG�KLJKO\�ÀDPPDEOH�

� L� 6HH�$SSHQGL[�*�IRU�JXLGDQFH�RQ�UHFHQW�FKDQJHV�WR�KD]DUG�ODEHOOLQJ

���� VWDWH�DQG�H[SODLQ�WKH�SUHFDXWLRQV�QHFHVVDU\�ZKHQ�ZRUNLQJ�ZLWK�*URXS���PHWDOV�DQG�DONDOLV

���� UHFDOO�DQG�UHFRJQLVH�WKH�FKHPLFDO�V\PEROV�IRU�WKH�DWRPV�RI�WKH�*URXS���HOHPHQWV��DOVR�NQRZQ�
DV�WKH�KDORJHQV��FKORULQH��EURPLQH�DQG�LRGLQH

���� UHFDOO�WKH�VWDWHV�RI�WKHVH�KDORJHQV�DW�URRP�WHPSHUDWXUH�DQG�SUHVVXUH
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&���� :KDW�DUH�WKH�SDWWHUQV�LQ�WKH�SURSHUWLHV�RI�HOHPHQWV"

���� UHFDOO�WKH�FRORXUV�RI�WKHVH�KDORJHQV�LQ�WKHLU�QRUPDO�SK\VLFDO�VWDWH�DW�URRP�WHPSHUDWXUH�DQG�DV�
JDVHV

���� UHFDOO�WKDW�WKH�KDORJHQV�FRQVLVW�RI�GLDWRPLF�PROHFXOHV

���� XVH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�WR�LGHQWLI\�SDWWHUQV�DQG�PDNH�SUHGLFWLRQV�DERXW�WKH�
SURSHUWLHV�RI�WKH�*URXS���HOHPHQWV��IRU�H[DPSOH�PHOWLQJ�SRLQW��ERLOLQJ�SRLQW��IRUPXODH�RI�
FRPSRXQGV�DQG�UHODWLYH�UHDFWLYLW\�

���� XQGHUVWDQG�WKDW�WKH�KDORJHQV�EHFRPH�OHVV�UHDFWLYH�DV�WKH�JURXS�LV�GHVFHQGHG�DQG�JLYH�
H[DPSOHV�WR�VKRZ�WKLV

���� XQGHUVWDQG�KRZ�D�WUHQG�LQ�UHDFWLYLW\�IRU�KDORJHQV�FDQ�EH�VKRZQ�E\�WKHLU�GLVSODFHPHQW�
UHDFWLRQV�DQG�E\�WKHLU�UHDFWLRQV�ZLWK�DONDOL�PHWDOV�DQG�ZLWK�LURQ

���� VWDWH�DQG�H[SODLQ�WKH�VDIHW\�SUHFDXWLRQV�QHFHVVDU\�ZKHQ�ZRUNLQJ�ZLWK�WKH�KDORJHQV

���� UHFDOO�WKH�IRUPXODH�RI�

� D�� K\GURJHQ��ZDWHU�DQG�KDORJHQ��OLPLWHG�WR�FKORULQH��EURPLQH�DQG�LRGLQH��PROHFXOHV

� E�� WKH�FKORULGHV��EURPLGHV�DQG�LRGLGHV��KDOLGHV��RI�*URXS���PHWDOV��OLPLWHG�WR�OLWKLXP��
VRGLXP�DQG�SRWDVVLXP�

���� ZULWH�ZRUG�HTXDWLRQV�IRU�UHDFWLRQV�RI�DONDOL�PHWDOV�DQG�KDORJHQV�LQ�WKLV�PRGXOH�DQG�IRU�RWKHU�
UHDFWLRQV�ZKHQ�JLYHQ�DSSURSULDWH�LQIRUPDWLRQ

���� LQWHUSUHW�V\PERO�HTXDWLRQV��LQFOXGLQJ�WKH�QXPEHU�RI�DWRPV�RI�HDFK�HOHPHQW��WKH�QXPEHU�
RI�PROHFXOHV�RI�HDFK�HOHPHQW�RU�FRYDOHQW�FRPSRXQG�DQG�WKH�QXPEHU�RI�µIRUPXODV¶�RI�LRQLF�
FRPSRXQGV��LQ�UHDFWDQWV�DQG�SURGXFWV

� L� ,Q�WKLV�FRQWH[W��µIRUPXOD¶�LV�XVHG�LQ�WKH�FDVH�RI�LRQLF�FRPSRXQGV�DV�DQ�HTXLYDOHQW�
WR�PROHFXOHV�LQ�FRYDOHQW�FRPSRXQGV��WKH�FRQFHSW�RI�WKH�PROH�LV�QRW�FRYHUHG�LQ�WKH�
VSHFL¿FDWLRQ

���� EDODQFH�XQEDODQFHG�V\PERO�HTXDWLRQV

���� ZULWH�EDODQFHG�HTXDWLRQV��LQFOXGLQJ�WKH�VWDWH�V\PEROV��V����J����O��DQG��DT���IRU�UHDFWLRQV�
RI�DONDOL�PHWDOV�DQG�KDORJHQV�LQ�WKLV�PRGXOH�DQG�IRU�RWKHU�UHDFWLRQV�ZKHQ�JLYHQ�
DSSURSULDWH�LQIRUPDWLRQ

���� UHFDOO�WKH�VWDWH�V\PEROV��V����O����J��DQG��DT��DQG�XQGHUVWDQG�WKHLU�XVH�LQ�HTXDWLRQV�
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0RGXOH�&���&KHPLFDO�SDWWHUQV

&���� +RZ�GR�FKHPLVWV�H[SODLQ�WKH�SDWWHUQV�LQ�WKH�SURSHUWLHV�RI�HOHPHQWV"

��� GHVFULEH�WKH�VWUXFWXUH�RI�DQ�DWRP�LQ�WHUPV�RI�SURWRQV�DQG�QHXWURQV�LQ�D�YHU\�VPDOO�FHQWUDO�
QXFOHXV�ZLWK�HOHFWURQV�DUUDQJHG�LQ�VKHOOV�DURXQG�WKH�QXFOHXV

��� UHFDOO�WKH�UHODWLYH�PDVVHV�DQG�FKDUJHV�RI�SURWRQV��QHXWURQV�DQG�HOHFWURQV

��� XQGHUVWDQG�WKDW�LQ�DQ\�DWRP�WKH�QXPEHU�RI�HOHFWURQV�HTXDOV�WKH�QXPEHU�RI�SURWRQV

��� XQGHUVWDQG�WKDW�DOO�WKH�DWRPV�RI�WKH�VDPH�HOHPHQW�KDYH�WKH�VDPH�QXPEHU�RI�SURWRQV

��� XQGHUVWDQG�WKDW�WKH�HOHPHQWV�LQ�WKH�3HULRGLF�7DEOH�DUH�DUUDQJHG�LQ�RUGHU�RI�SURWRQ�QXPEHU

��� UHFDOO�WKDW�VRPH�HOHPHQWV�HPLW�GLVWLQFWLYH�ÀDPH�FRORXUV�ZKHQ�KHDWHG��IRU�H[DPSOH�OLWKLXP��
VRGLXP�DQG�SRWDVVLXP�

� L� 5HFDOO�RI�VSHFL¿F�ÀDPH�FRORXUV�HPLWWHG�E\�WKHVH�HOHPHQWV�LV�QRW�UHTXLUHG

��� XQGHUVWDQG�WKDW�WKH�OLJKW�HPLWWHG�IURP�D�SDUWLFXODU�HOHPHQW�JLYHV�D�FKDUDFWHULVWLF�OLQH�VSHFWUXP

��� XQGHUVWDQG�WKDW�WKH�VWXG\�RI�VSHFWUD�KDV�KHOSHG�FKHPLVWV�WR�GLVFRYHU�QHZ�HOHPHQWV

��� XQGHUVWDQG�WKDW�WKH�GLVFRYHU\�RI�VRPH�HOHPHQWV�GHSHQGHG�RQ�WKH�GHYHORSPHQW�RI�QHZ�
SUDFWLFDO�WHFKQLTXHV��IRU�H[DPSOH�VSHFWURVFRS\�

���� XVH�WKH�3HULRGLF�7DEOH�WR�ZRUN�RXW�WKH�QXPEHU�RI�SURWRQV��HOHFWURQV�DQG�QHXWURQV�LQ�DQ�
DWRP

���� XVH�VLPSOH�FRQYHQWLRQV��VXFK�DV�������DQG�GRWV�LQ�FLUFOHV��WR�UHSUHVHQW�WKH�HOHFWURQ�
DUUDQJHPHQWV�LQ�WKH�DWRPV�RI�WKH�¿UVW����HOHPHQWV�LQ�WKH�3HULRGLF�7DEOH��ZKHQ�WKH�QXPEHU�RI�
HOHFWURQV�RU�SURWRQV�LQ�WKH�DWRP�LV�JLYHQ��RU�FDQ�EH�GHULYHG�IURP�WKH�3HULRGLF�7DEOH�

���� XQGHUVWDQG�WKDW�D�VKHOO��RU�HQHUJ\�OHYHO��¿OOV�ZLWK�HOHFWURQV�DFURVV�D�SHULRG

���� XQGHUVWDQG�WKDW�HOHPHQWV�LQ�WKH�VDPH�JURXS�KDYH�WKH�VDPH�QXPEHU�RI�HOHFWURQV�LQ�WKHLU�RXWHU�
VKHOO�DQG�KRZ�WKLV�UHODWHV�WR�JURXS�QXPEHU

���� XQGHUVWDQG�WKDW�WKH�FKHPLFDO�SURSHUWLHV�RI�DQ�HOHPHQW�DUH�GHWHUPLQHG�E\�LWV�HOHFWURQ�
DUUDQJHPHQW��LOOXVWUDWHG�E\�WKH�HOHFWURQ�FRQ¿JXUDWLRQV�RI�WKH�DWRPV�RI�HOHPHQWV�LQ�
*URXSV���DQG���
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0RGXOH�&���&KHPLFDO�SDWWHUQV

&���� +RZ�GR�FKHPLVWV�H[SODLQ�WKH�SURSHUWLHV�RI�FRPSRXQGV�RI�*URXS���DQG�*URXS���HOHPHQWV"

��� XQGHUVWDQG�WKDW�PROWHQ�FRPSRXQGV�RI�PHWDOV�ZLWK�QRQ�PHWDOV�FRQGXFW�HOHFWULFLW\�DQG�WKDW�WKLV�
LV�HYLGHQFH�WKDW�WKH\�DUH�PDGH�XS�RI�FKDUJHG�SDUWLFOHV�FDOOHG�LRQV

��� XQGHUVWDQG�WKDW�DQ�LRQ�LV�DQ�DWRP��RU�JURXS�RI�DWRPV��WKDW�KDV�JDLQHG�RU�ORVW�HOHFWURQV�DQG�VR�
KDV�DQ�RYHUDOO�FKDUJH

��� DFFRXQW�IRU�WKH�FKDUJH�RQ�WKH�LRQV�RI�*URXS���DQG�*URXS���HOHPHQWV�E\�FRPSDULQJ�WKH�
QXPEHU�DQG�DUUDQJHPHQW�RI�WKH�HOHFWURQV�LQ�WKH�DWRPV�DQG�LRQV�RI�WKHVH�HOHPHQWV

��� ZRUN�RXW�WKH�IRUPXODH�RI�LRQLF�FRPSRXQGV�JLYHQ�WKH�FKDUJHV�RQ�WKH�LRQV

��� ZRUN�RXW�WKH�FKDUJH�RQ�RQH�LRQ�JLYHQ�WKH�IRUPXOD�RI�D�VDOW�DQG�WKH�FKDUJH�RQ�WKH�RWKHU�
LRQ

��� UHFDOO�WKDW�FRPSRXQGV�RI�*URXS���PHWDOV�ZLWK�*URXS���HOHPHQWV�DUH�LRQLF

��� XQGHUVWDQG�WKDW�VROLG�LRQLF�FRPSRXQGV�IRUP�FU\VWDOV�EHFDXVH�WKH�LRQV�DUH�DUUDQJHG�LQ�D�
UHJXODU�ODWWLFH

��� GHVFULEH�ZKDW�KDSSHQV�WR�WKH�LRQV�ZKHQ�DQ�LRQLF�FU\VWDO�PHOWV�RU�GLVVROYHV�LQ�ZDWHU

��� H[SODLQ�WKDW�LRQLF�FRPSRXQGV�FRQGXFW�HOHFWULFLW\�ZKHQ�PROWHQ�RU�ZKHQ�GLVVROYHG�LQ�ZDWHU�
EHFDXVH�WKH�LRQV�DUH�FKDUJHG�DQG�WKH\�DUH�DEOH�WR�PRYH�DURXQG�LQGHSHQGHQWO\�LQ�WKH�OLTXLG�
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&KHPLVWU\�LV�IXQGDPHQWDO�WR�DQ�XQGHUVWDQGLQJ�RI�WKH�VFDOH�DQG�VLJQL¿FDQFH�RI�KXPDQ�LPSDFWV�
RQ�WKH�QDWXUDO�HQYLURQPHQW��.QRZOHGJH�RI�QDWXUDO�SURFHVVHV�PDNHV�LW�SRVVLEOH�WR�DSSUHFLDWH�WKH�
HQYLURQPHQWDO�FRQVHTXHQFHV�RI�H[WUDFWLQJ�DQG�SURFHVVLQJ�PLQHUDOV�

7KH�PRGXOH�XVHV�HQYLURQPHQWDO�FRQWH[WV�WR�LQWURGXFH�WKHRULHV�RI�VWUXFWXUH�DQG�ERQGLQJ��7KH�¿UVW�
WRSLF�H[SODLQV�WKH�FKDUDFWHULVWLFV�RI�FRYDOHQW�ERQGLQJ��DQG�LQWHUPROHFXODU�IRUFHV�LQ�WKH�FRQWH[W�RI�
WKH�FKHPLFDOV�IRXQG�LQ�WKH�DWPRVSKHUH��7KH�VHFRQG�WRSLF�H[SODLQV�LRQLF�ERQGLQJ�LQ�WKH�FRQWH[W�RI�
UHDFWLRQV�LQ�WKH�K\GURVSKHUH��DQG�LQFOXGHV�WKH�GHWHFWLRQ�DQG�LGHQWL¿FDWLRQ�RI�LRQV�

7KH�WKLUG�WRSLF�ORRNV�DW�WKH�SURSHUWLHV�RI�JLDQW�VWUXFWXUHV�ZLWK�VWURQJ�FRYDOHQW�ERQGLQJ�IRXQG�LQ�WKH�
(DUWK¶V�FUXVW��LQFOXGLQJ�VLOLFRQ�GLR[LGH��7KH�¿QDO�WRSLF�FRYHUV�WKH�GLVWULEXWLRQ��VWUXFWXUH�DQG�SURSHUWLHV�
RI�PHWDOV�WKURXJK�D�VWXG\�RI�WKHLU�H[WUDFWLRQ�IURP�RUHV��7KLV�LQFOXGHV�WKH�XVH�RI�UHODWLYH�DWRPLF�PDVVHV�
WR�JLYH�D�TXDQWLWDWLYH�LQWHUSUHWDWLRQ�RI�FKHPLFDO�IRUPXODH�

������ 0RGXOH�&���&KHPLFDOV�RI�WKH�QDWXUDO�HQYLURQPHQW

7RSLFV

&���� :KDW�W\SHV�RI�FKHPLFDOV�PDNH�XS�WKH�DWPRVSKHUH"

7KH�VWUXFWXUH�DQG�SURSHUWLHV�RI�FKHPLFDOV�IRXQG�LQ�WKH�DWPRVSKHUH

&���� :KDW�UHDFWLRQV�KDSSHQ�LQ�WKH�K\GURVSKHUH"

7KH�VWUXFWXUH�DQG�SURSHUWLHV�RI�FKHPLFDOV�IRXQG�LQ�WKH�K\GURVSKHUH��DQG�GHWHFWLQJ�DQG�LGHQWLI\LQJ�
LRQV

&���� :KDW�W\SHV�RI�FKHPLFDOV�PDNH�XS�WKH�(DUWK¶V�OLWKRVSKHUH"

5HODWLQJ�WKH�SURSHUWLHV�RI�FKHPLFDOV�WR�WKHLU�JLDQW�VWUXFWXUH�XVLQJ�H[DPSOHV�IRXQG�LQ�WKH�(DUWK¶V�
OLWKRVSKHUH

&���� +RZ�FDQ�ZH�H[WUDFW�XVHIXO�PHWDOV�IURP�PLQHUDOV"

5HODWLQJ�WKH�VWUXFWXUH�DQG�SURSHUWLHV�RI�PHWDOV�WR�VXLWDEOH�PHWKRGV�RI�H[WUDFWLRQ
8VLQJ�LRQLF�WKHRU\�WR�H[SODLQ�HOHFWURO\VLV
'LVFXVVLQJ�LVVXHV�UHODWLQJ�WR�PHWDO�H[WUDFWLRQ�DQG�UHF\FOLQJ

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

�� GHYHORS�D�VHQVH�RI�VFDOH�LQ�WKH�FRQWH[W�RI�WKH�(DUWK�DQG�LWV�DWPRVSKHUH

�� FDUU\�RXW�FDOFXODWLRQV�WR�¿QG�WKH�SHUFHQWDJH�RI�DQ�HOHPHQW�LQ�D�FRPSRXQG�DQG�WKH�PDVV�RI�DQ�
HOHPHQW�WKDW�FDQ�EH�REWDLQHG�IURP�LWV�FRPSRXQG

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

�� H[WUDFW�LQIRUPDWLRQ�IURP�FKDUWV��JUDSKV�DQG�WDEOHV�LQFOXGLQJ�WKH�DEXQGDQFH�RI�HOHPHQWV�RQ�WKH�
(DUWK

�� FDOFXODWH�UHODWLYH�IRUPXOD�PDVVHV

�� EDODQFH�LRQLF�HTXDWLRQV�

2YHUYLHZ

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

�� FU\VWDOOLVDWLRQ�H[SHULPHQWV

�� XVLQJ�SUHFLSLWDWLRQ�UHDFWLRQV�WR�LGHQWLI\�LRQV�LQ�VDOWV

�� H[WUDFWLQJ�PHWDOV�ZLWK�FDUERQ

�� H[WUDFWLQJ�PHWDOV�E\�HOHFWURO\VLV�

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

�� PRGHOOLQJ�PROHFXOHV�DQG�JLDQW�VWUXFWXUHV�WR�H[SODLQ�SURSHUWLHV�

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

�� DQLPDWLRQV�WR�VKRZ�WKH�PRYHPHQW�RI�PROHFXOHV�LQ�D�JDV�RYHU�D�UDQJH�RI�WHPSHUDWXUHV

�� PRGHOOLQJ�VRIWZDUH�WR�VKRZ�WKH�VKDSHV�RI�PROHFXOHV�DQG�LOOXVWUDWH�JLDQW�VWUXFWXUHV

�� YLGHR�FOLSV�WR�VKRZ�PHWDOV�EHLQJ�H[WUDFWHG�RQ�D�ODUJH�VFDOH

�� DQLPDWLRQV�WR�LOOXVWUDWH�WKH�LRQLF�WKHRU\�RI�HOHFWURO\VLV�

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

5LVN

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



��� ��2&5������*&6(�&KHPLVWU\�$

�

0RGXOH�&���&KHPLFDOV�RI�WKH�QDWXUDO�HQYLURQPHQW

&���� :KDW�W\SHV�RI�FKHPLFDOV�PDNH�XS�WKH�DWPRVSKHUH"

��� UHFDOO�WKDW�GU\�DLU�FRQVLVWV�RI�JDVHV��VRPH�RI�ZKLFK�DUH�HOHPHQWV��IRU�H[DPSOH��R[\JHQ��
QLWURJHQ�DQG�DUJRQ��DQG�VRPH�RI�ZKLFK�DUH�FRPSRXQGV��IRU�H[DPSOH��FDUERQ�GLR[LGH�

��� UHFDOO�WKDW�WKH�UHODWLYH�SURSRUWLRQV�RI�WKH�PDLQ�JDVHV�LQ�WKH�DWPRVSKHUH�DUH�DERXW�����
QLWURJHQ������R[\JHQ�����DUJRQ�DQG�������FDUERQ�GLR[LGH

��� UHFDOO�WKH�V\PEROV�IRU�WKH�DWRPV�DQG�PROHFXOHV�RI�WKHVH�JDVHV�LQ�WKH�DLU

��� UHFDOO�WKDW�PRVW�QRQ�PHWDO�HOHPHQWV�DQG�PRVW�FRPSRXQGV�EHWZHHQ�QRQ�PHWDO�HOHPHQWV�DUH�
PROHFXODU

��� XQGHUVWDQG�WKDW�PROHFXODU�HOHPHQWV�DQG�FRPSRXQGV�ZLWK�VPDOO�PROHFXOHV�KDYH�ORZ�PHOWLQJ�
DQG�ERLOLQJ�SRLQWV

��� LQWHUSUHW�TXDQWLWDWLYH�GDWD��IRU�H[DPSOH��PHOWLQJ�DQG�ERLOLQJ�SRLQWV��DQG�TXDOLWDWLYH�GDWD�DERXW�
WKH�SURSHUWLHV�RI�PROHFXODU�HOHPHQWV�DQG�FRPSRXQGV

��� XQGHUVWDQG�WKDW�PROHFXODU�HOHPHQWV�DQG�FRPSRXQGV��VXFK�DV�WKRVH�LQ�WKH�DLU��KDYH�ORZ�
PHOWLQJ�DQG�ERLOLQJ�SRLQWV��DQG�DUH�JDVHV�DW�URRP�WHPSHUDWXUH��EHFDXVH�WKH\�FRQVLVW�RI�VPDOO�
PROHFXOHV�ZLWK�ZHDN�IRUFHV�RI�DWWUDFWLRQ�EHWZHHQ�WKH�PROHFXOHV

��� XQGHUVWDQG�WKDW�SXUH�PROHFXODU�FRPSRXQGV�GR�QRW�FRQGXFW�HOHFWULFLW\�EHFDXVH�WKHLU�PROHFXOHV�
DUH�QRW�FKDUJHG

��� XQGHUVWDQG�WKDW�ERQGLQJ�ZLWKLQ�PROHFXOHV�LV�FRYDOHQW�DQG�DULVHV�IURP�WKH�HOHFWURVWDWLF�
DWWUDFWLRQ�EHWZHHQ�WKH�QXFOHL�RI�WKH�DWRPV�DQG�WKH�HOHFWURQV�VKDUHG�EHWZHHQ�WKHP

���� XQGHUVWDQG�WKDW�FRYDOHQW�ERQGV�DUH�VWURQJ��LQ�FRQWUDVW�WR�WKH�ZHDN�IRUFHV�RI�DWWUDFWLRQ�
EHWZHHQ�VPDOO�FRYDOHQW�PROHFXOHV

���� WUDQVODWH�EHWZHHQ�UHSUHVHQWDWLRQV�RI�PROHFXOHV�LQFOXGLQJ�PROHFXODU�IRUPXODH����'�GLDJUDPV�LQ�
ZKLFK�FRYDOHQW�ERQGV�DUH�UHSUHVHQWHG�E\�OLQHV��DQG���'�GLDJUDPV�IRU�

� D�� HOHPHQWV�WKDW�DUH�JDVHV�DW����&

� E�� VLPSOH�PROHFXODU�FRPSRXQGV�
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0RGXOH�&���&KHPLFDOV�RI�WKH�QDWXUDO�HQYLURQPHQW

&���� :KDW�UHDFWLRQV�KDSSHQ�LQ�WKH�K\GURVSKHUH"

��� UHFDOO�WKDW�WKH�(DUWK¶V�K\GURVSKHUH��RFHDQV��VHDV��ODNHV�DQG�ULYHUV��FRQVLVWV�PDLQO\�RI�ZDWHU�
ZLWK�VRPH�GLVVROYHG�FRPSRXQGV��FDOOHG�VDOWV

��� XQGHUVWDQG�WKDW�WKH�LRQV�LQ�FU\VWDOV�RI�D�VROLG�LRQLF�FRPSRXQG�DUH�DUUDQJHG�LQ�D�UHJXODU�ZD\�
IRUPLQJ�D�ODWWLFH

��� XQGHUVWDQG�WKDW�LRQV�LQ�D�FU\VWDO�DUH�KHOG�WRJHWKHU�E\�IRUFHV�RI�DWWUDFWLRQ�EHWZHHQ�RSSRVLWHO\�
FKDUJHG�LRQV�DQG�WKDW�WKLV�LV�FDOOHG�LRQLF�ERQGLQJ

��� XQGHUVWDQG�KRZ�WKH�SK\VLFDO�SURSHUWLHV�RI�VROLG�LRQLF�FRPSRXQGV��PHOWLQJ�SRLQW��ERLOLQJ�SRLQW��
HOHFWULFDO�FRQGXFWLYLW\��UHODWH�WR�WKHLU�ERQGLQJ�DQG�JLDQW��WKUHH�GLPHQVLRQDO�VWUXFWXUHV

��� GHVFULEH�ZKDW�KDSSHQV�WR�WKH�LRQV�ZKHQ�DQ�LRQLF�FU\VWDO�GLVVROYHV�LQ�ZDWHU

��� H[SODLQ�WKDW�LRQLF�FRPSRXQGV�FRQGXFW�HOHFWULFLW\�ZKHQ�GLVVROYHG�LQ�ZDWHU�EHFDXVH�WKH�LRQV�DUH�
FKDUJHG�DQG�WKH\�DUH�DEOH�WR�PRYH�DURXQG�LQGHSHQGHQWO\�LQ�WKH�VROXWLRQ

��� ZRUN�RXW�WKH�IRUPXODH�IRU�VDOWV�LQ�VHDZDWHU�JLYHQ�WKH�FKDUJHV�RQ�LRQV��IRU�H[DPSOH�
VRGLXP�FKORULGH��PDJQHVLXP�FKORULGH��PDJQHVLXP�VXOIDWH��VRGLXP�VXOIDWH��SRWDVVLXP�
FKORULGH�DQG�SRWDVVLXP�EURPLGH�

��� XQGHUVWDQG�WKDW�WKH�LRQV�LQ�DQ�LRQLF�FRPSRXQG�FDQ�EH�GHWHFWHG�DQG�LGHQWL¿HG�EHFDXVH�WKH\�
KDYH�GLVWLQFW�SURSHUWLHV�DQG�WKH\�IRUP�FRPSRXQGV�ZLWK�GLVWLQFW�SURSHUWLHV

��� XQGHUVWDQG�WKDW�DQ�LQVROXEOH�FRPSRXQG�PD\�SUHFLSLWDWH�RQ�PL[LQJ�WZR�VROXWLRQV�RI�LRQLF�
FRPSRXQGV

���� EH�DEOH�WR�ZULWH�LRQLF�HTXDWLRQV�IRU�SUHFLSLWDWLRQ�UHDFWLRQV�ZKHQ�JLYHQ�DSSURSULDWH�
LQIRUPDWLRQ

���� LQWHUSUHW�JLYHQ�LQIRUPDWLRQ�RQ�VROXELOLW\�WR�SUHGLFW�FKHPLFDOV�WKDW�SUHFLSLWDWH�RQ�PL[LQJ�
VROXWLRQV�RI�LRQLF�FRPSRXQGV

���� XQGHUVWDQG�WKDW�VRPH�PHWDO�LRQV�FDQ�EH�LGHQWL¿HG�LQ�VROXWLRQ�E\�DGGLQJ�DONDOL�EHFDXVH�WKH\�
IRUP�LQVROXEOH�K\GUR[LGHV�ZLWK�FKDUDFWHULVWLF�FRORXUV

���� LQWHUSUHW�WKH�UHVXOWV�RI�DGGLQJ�DTXHRXV�VRGLXP�K\GUR[LGH�WR�VROXWLRQV�RI�VDOWV��JLYHQ�D�GDWD�
VKHHW�RI�WHVWV�IRU�SRVLWLYHO\�FKDUJHG�LRQV�DQG�DSSURSULDWH�UHVXOWV

L� &DQGLGDWHV�ZLOO�EH�JLYHQ�D�TXDOLWDWLYH�DQDO\VLV�GDWD�VKHHW�VKRZLQJ�WHVWV�IRU�SRVLWLYHO\�
FKDUJHG�LRQV��DV�LQ�$SSHQGL[�)��ZLWK�WKH�H[DPLQDWLRQ�SDSHU

���� XQGHUVWDQG�WKDW�VRPH�QHJDWLYH�LRQV�LQ�VDOWV�FDQ�EH�LGHQWL¿HG�LQ�VROXWLRQ�E\�DGGLQJ�D�UHDJHQW�
WKDW�UHDFWV�ZLWK�WKH�LRQV�WR�IRUP�DQ�LQVROXEOH�VROLG

���� LQWHUSUHW�WKH�UHVXOWV�RI�WHVWV�IRU�FDUERQDWH��FKORULGH��EURPLGH��LRGLGH�DQG�VXOIDWH�LRQV�JLYHQ�D�
GDWD�VKHHW�RI�WHVWV�IRU�QHJDWLYHO\�FKDUJHG�LRQV�DQG�DSSURSULDWH�UHVXOWV��XVLQJ�GLOXWH�DFLG��OLPH�
ZDWHU��VLOYHU�QLWUDWH�DQG�EDULXP�FKORULGH�RU�EDULXP�QLWUDWH�DV�WKH�UHDJHQWV��

L� &DQGLGDWHV�ZLOO�EH�JLYHQ�D�TXDOLWDWLYH�DQDO\VLV�GDWD�VKHHW�VKRZLQJ�WHVWV�IRU�QHJDWLYHO\�
FKDUJHG�LRQV��DV�LQ�$SSHQGL[�)��ZLWK�WKH�H[DPLQDWLRQ�SDSHU
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0RGXOH�&���&KHPLFDOV�RI�WKH�QDWXUDO�HQYLURQPHQW

&���� :KDW�W\SHV�RI�FKHPLFDOV�PDNH�XS�WKH�(DUWK¶V�OLWKRVSKHUH"

��� UHFDOO�WKDW�WKH�(DUWK¶V�OLWKRVSKHUH��WKH�ULJLG�RXWHU�OD\HU�RI�WKH�(DUWK�PDGH�XS�RI�WKH�FUXVW�DQG�
WKH�SDUW�RI�WKH�PDQWOH�MXVW�EHORZ�LW��LV�PDGH�XS�RI�D�PL[WXUH�RI�PLQHUDOV

��� UHFDOO�WKDW�GLDPRQG�DQG�JUDSKLWH�DUH�PLQHUDOV��ERWK�RI�ZKLFK�DUH�FRPSRVHG�RI�FDUERQ�DWRPV

��� H[SODLQ�WKH�SURSHUWLHV�RI�GLDPRQG�LQ�WHUPV�RI�D�JLDQW�VWUXFWXUH�RI�DWRPV�KHOG�WRJHWKHU�E\�
VWURQJ�FRYDOHQW�ERQGLQJ��IRU�H[DPSOH��PHOWLQJ�SRLQW��ERLOLQJ�SRLQW��KDUGQHVV��VROXELOLW\�DQG�
HOHFWULFDO�FRQGXFWLYLW\�

��� XQGHUVWDQG�KRZ�WKH�JLDQW�VWUXFWXUH�RI�JUDSKLWH�GLIIHUV�IURP�WKDW�RI�GLDPRQG��DQG�KRZ�WKLV�
DIIHFWV�LWV�SURSHUWLHV

��� UHFDOO�WKDW�VLOLFRQ��R[\JHQ�DQG�DOXPLQLXP�DUH�YHU\�DEXQGDQW�HOHPHQWV�LQ�WKH�(DUWK¶V�FUXVW

��� LQWHUSUHW�GDWD�DERXW�WKH�DEXQGDQFHV�RI�HOHPHQWV�LQ�URFNV

��� UHFDOO�WKDW�PXFK�RI�WKH�VLOLFRQ�DQG�R[\JHQ�LV�SUHVHQW�LQ�WKH�(DUWK¶V�FUXVW�DV�WKH�FRPSRXQG�
VLOLFRQ�GLR[LGH

��� XQGHUVWDQG�WKDW�VLOLFRQ�GLR[LGH�LV�DQRWKHU�JLDQW�FRYDOHQW�FRPSRXQG�DQG�VR�KDV�SURSHUWLHV�
VLPLODU�WR�GLDPRQG�
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0RGXOH�&���&KHPLFDOV�RI�WKH�QDWXUDO�HQYLURQPHQW

&���� +RZ�FDQ�ZH�H[WUDFW�XVHIXO�PHWDOV�IURP�PLQHUDOV"

��� UHFDOO�WKDW�RUHV�DUH�URFNV�WKDW�FRQWDLQ�YDU\LQJ�DPRXQWV�RI�PLQHUDOV�IURP�ZKLFK�PHWDOV�FDQ�EH�
H[WUDFWHG

��� XQGHUVWDQG�WKDW�IRU�VRPH�PLQHUDOV��ODUJH�DPRXQWV�RI�RUH�QHHG�WR�EH�PLQHG�WR�UHFRYHU�VPDOO�
SHUFHQWDJHV�RI�YDOXDEOH�PLQHUDOV��IRU�H[DPSOH��LQ�FRSSHU�PLQLQJ�

��� UHFDOO�WKDW�]LQF��LURQ�DQG�FRSSHU�DUH�PHWDOV�WKDW�FDQ�EH�H[WUDFWHG�E\�KHDWLQJ�WKHLU�R[LGHV�ZLWK�
FDUERQ��DQG�ZULWH�VLPSOH�ZRUG�HTXDWLRQV�IRU�WKHVH�UHDFWLRQV

L� 7HFKQLFDO�GHWDLOV�QRW�UHTXLUHG

��� XQGHUVWDQG�WKDW�ZKHQ�D�PHWDO�R[LGH�ORVHV�R[\JHQ�LW�LV�UHGXFHG��ZKLOH�WKH�FDUERQ�JDLQV�R[\JHQ�
DQG�LV�R[LGLVHG

��� XQGHUVWDQG�WKDW�VRPH�PHWDOV�DUH�VR�UHDFWLYH�WKDW�WKHLU�R[LGHV�FDQQRW�EH�UHGXFHG�E\�FDUERQ

��� ZULWH�ZRUG�HTXDWLRQV�ZKHQ�JLYHQ�DSSURSULDWH�LQIRUPDWLRQ

��� LQWHUSUHW�V\PERO�HTXDWLRQV��LQFOXGLQJ�WKH�QXPEHU�RI�DWRPV�RI�HDFK�HOHPHQW��WKH�QXPEHU�
RI�PROHFXOHV�RI�HDFK�HOHPHQW�RU�FRYDOHQW�FRPSRXQG�DQG�WKH�QXPEHU�RI�µIRUPXODV¶�RI�LRQLF�
FRPSRXQGV��LQ�UHDFWDQWV�DQG�SURGXFWV

L� ,Q�WKLV�FRQWH[W��µIRUPXOD¶�LV�XVHG�LQ�WKH�FDVH�RI�LRQLF�FRPSRXQGV�DV�DQ�HTXLYDOHQW�
WR�PROHFXOHV�LQ�FRYDOHQW�FRPSRXQGV��WKH�FRQFHSW�RI�WKH�PROH�LV�QRW�FRYHUHG�LQ�WKH�
VSHFL¿FDWLRQ

��� EDODQFH�XQEDODQFHG�V\PERO�HTXDWLRQV

��� ZULWH�EDODQFHG�HTXDWLRQV��LQFOXGLQJ�WKH�VWDWH�V\PEROV��V����O����J��DQG��DT���ZKHQ�JLYHQ�
DSSURSULDWH�LQIRUPDWLRQ

���� UHFDOO�WKH�VWDWH�V\PEROV��V����O����J��DQG��DT��DQG�XQGHUVWDQG�WKHLU�XVH�LQ�HTXDWLRQV�

���� XVH�WKH�3HULRGLF�7DEOH�WR�REWDLQ�WKH�UHODWLYH�DWRPLF�PDVVHV�RI�HOHPHQWV

���� XVH�UHODWLYH�DWRPLF�PDVVHV�WR�FDOFXODWH�UHODWLYH�IRUPXOD�PDVVHV

���� FDOFXODWH�WKH�PDVV�RI�DQ�HOHPHQW�LQ�WKH�JUDP�IRUPXOD�PDVV�RI�D�FRPSRXQG

���� FDOFXODWH�WKH�PDVV�RI�WKH�PHWDO�WKDW�FDQ�EH�H[WUDFWHG�IURP�D�PLQHUDO�JLYHQ�LWV�IRUPXOD�
RU�DQ�HTXDWLRQ

���� GHVFULEH�HOHFWURO\VLV�DV�WKH�GHFRPSRVLWLRQ�RI�DQ�HOHFWURO\WH�ZLWK�DQ�HOHFWULF�FXUUHQW

���� XQGHUVWDQG�WKDW�HOHFWURO\WHV�LQFOXGH�PROWHQ�LRQLF�FRPSRXQGV

���� GHVFULEH�ZKDW�KDSSHQV�WR�WKH�LRQV�ZKHQ�DQ�LRQLF�FU\VWDO�PHOWV

���� XQGHUVWDQG�WKDW��GXULQJ�HOHFWURO\VLV��PHWDOV�IRUP�DW�WKH�QHJDWLYH�HOHFWURGH�DQG�QRQ�PHWDOV�
IRUP�DW�WKH�SRVLWLYH�HOHFWURGH

���� GHVFULEH�WKH�H[WUDFWLRQ�RI�DOXPLQLXP�IURP�DOXPLQLXP�R[LGH�E\�HOHFWURO\VLV
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&���� +RZ�FDQ�ZH�H[WUDFW�XVHIXO�PHWDOV�IURP�PLQHUDOV"

���� XQGHUVWDQG�WKDW�GXULQJ�HOHFWURO\VLV�RI�PROWHQ�DOXPLQLXP�R[LGH��SRVLWLYHO\�FKDUJHG�
DOXPLQLXP�LRQV�JDLQ�HOHFWURQV�IURP�WKH�QHJDWLYH�HOHFWURGH�WR�EHFRPH�QHXWUDO�DWRPV

���� XQGHUVWDQG�WKDW�GXULQJ�HOHFWURO\VLV�RI�PROWHQ�DOXPLQLXP�R[LGH��QHJDWLYHO\�FKDUJHG�
R[LGH�LRQV�ORVH�HOHFWURQV�WR�WKH�SRVLWLYH�HOHFWURGH�WR�EHFRPH�QHXWUDO�DWRPV�ZKLFK�WKHQ�
FRPELQH�WR�IRUP�R[\JHQ�PROHFXOHV

���� XVH�LRQLF�WKHRU\�WR�H[SODLQ�WKH�FKDQJHV�WDNLQJ�SODFH�GXULQJ�WKH�HOHFWURO\VLV�RI�D�PROWHQ�
VDOW�WR�DFFRXQW�IRU�WKH�FRQGXFWLYLW\�RI�WKH�PROWHQ�VDOW�DQG�WKH�FKDQJHV�DW�WKH�HOHFWURGHV

���� XQGHUVWDQG�WKDW�WKH�XVHV�RI�PHWDOV�DUH�UHODWHG�WR�WKHLU�SURSHUWLHV��OLPLWHG�WR�VWUHQJWK��
PDOOHDELOLW\��PHOWLQJ�SRLQW�DQG�HOHFWULFDO�FRQGXFWLYLW\�

���� H[SODLQ�WKH�SK\VLFDO�SURSHUWLHV�RI�KLJK�VWUHQJWK�DQG�KLJK�PHOWLQJ�SRLQW�RI�PHWDOV�LQ�WHUPV�RI�D�
JLDQW�VWUXFWXUH�KHOG�WRJHWKHU�E\�VWURQJ�ERQGV��PHWDOOLF�ERQGLQJ�

���� XQGHUVWDQG�WKDW�LQ�D�PHWDO�FU\VWDO�WKHUH�DUH�SRVLWLYHO\�FKDUJHG�LRQV��KHOG�FORVHO\�
WRJHWKHU�E\�D�VHD�RI�HOHFWURQV�WKDW�DUH�IUHH�WR�PRYH��DQG�XVH�WKLV�WR�H[SODLQ�WKH�SK\VLFDO�
SURSHUWLHV�RI�PHWDOV��LQFOXGLQJ�PDOOHDELOLW\�DQG�FRQGXFWLYLW\

���� HYDOXDWH��JLYHQ�DSSURSULDWH�LQIRUPDWLRQ��WKH�LPSDFWV�RQ�WKH�HQYLURQPHQW�WKDW�FDQ�DULVH�IURP�
WKH�H[WUDFWLRQ��XVH�DQG�GLVSRVDO�RI�PHWDOV�
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6\QWKHVLV�SURYLGHV�PDQ\�RI�WKH�FKHPLFDOV�WKDW�SHRSOH�QHHG�IRU�IRRG�SURFHVVLQJ��KHDOWK�FDUH��FOHDQLQJ�
DQG�GHFRUDWLQJ��PRGHUQ�VSRUWLQJ�PDWHULDOV�DQG�PDQ\�RWKHU�SURGXFWV��7KH�FKHPLFDO�LQGXVWU\�WRGD\�LV�
GHYHORSLQJ�QHZ�SURFHVVHV�IRU�PDQXIDFWXULQJ�WKHVH�FKHPLFDOV�PRUH�HI¿FLHQWO\�DQG�ZLWK�OHVV�LPSDFW�RQ�
WKH�HQYLURQPHQW�

,Q�WKLV�FRQWH[W��WKH�PRGXOH�H[SORUHV�UHODWHG�TXHVWLRQV�WKDW�FKHPLVWV�KDYH�WR�DQVZHU��µ+RZ�PXFK"¶�DQG�
µ+RZ�IDVW"¶�LQ�WKH�FRQWH[W�RI�WKH�FKHPLFDO�LQGXVWU\��4XDQWLWDWLYH�ZRUN�LQFOXGHV�WKH�FDOFXODWLRQ�RI�\LHOGV�
IURP�FKHPLFDO�HTXDWLRQV�DQG�WKH�PHDVXUHPHQW�RI�UDWHV�RI�UHDFWLRQ�

$�IXUWKHU�GHYHORSPHQW�RI�LRQLF�WKHRU\�VKRZV�KRZ�FKHPLVWV�XVH�WKLV�WKHRU\�WR�DFFRXQW�IRU�WKH�
FKDUDFWHULVWLF�EHKDYLRXUV�RI�DFLGV�DQG�DONDOLV��(QHUJ\�OHYHO�GLDJUDPV�DUH�XVHG�WR�GHVFULEH�WKH�
H[RWKHUPLF�DQG�HQGRWKHUPLF�QDWXUH�RI�FKHPLFDO�UHDFWLRQV�

������ 0RGXOH�&���&KHPLFDO�V\QWKHVLV

7RSLFV

&���� &KHPLFDOV�DQG�ZK\�ZH�QHHG�WKHP

7KH�VFDOH�DQG�LPSRUWDQFH�RI�WKH�FKHPLFDO�LQGXVWU\��DFLGV��DONDOLV�DQG�WKHLU�UHDFWLRQV
1HXWUDOLVDWLRQ�H[SODLQHG�LQ�WHUPV�RI�LRQV

&���� 3ODQQLQJ��FDUU\LQJ�RXW�DQG�FRQWUROOLQJ�D�FKHPLFDO�V\QWKHVLV

3ODQQLQJ�FKHPLFDO�V\QWKHVHV
3URFHGXUHV�IRU�PDNLQJ�SXUH�LQRUJDQLF�SURGXFWV�VDIHO\
&RPSDULQJ�DOWHUQDWLYH�URXWHV�WR�WKH�VDPH�SURGXFW
&DOFXODWLQJ�UHDFWLQJ�TXDQWLWLHV�DQG�\LHOGV
0HDVXULQJ�SXULW\�E\�VLPSOH�WLWUDWLRQ
&RQWUROOLQJ�WKH�UDWH�RI�FKDQJH

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�WR�¿QG�SHUFHQWDJH�\LHOG

�� XVH�LGHDV�RI�UDWLRV�LQ�WKH�FRQWH[W�RI�IRUPXODH�RI�LRQLF�FRPSRXQGV

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

�� XVH�DQ�HTXDWLRQ�IRU�FDOFXODWLQJ�WKH�UDWH�RI�D�UHDFWLRQ

�� XVH�LGHDV�DERXW�FRUUHODWLRQ�LQ�WKH�FRQWH[W�RI�UDWHV�RI�UHDFWLRQ

�� EDODQFH�HTXDWLRQV

�� FDOFXODWH�UHDFWLQJ�PDVVHV�DQG�\LHOG�

2YHUYLHZ

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

�� UHDFWLRQV�RI�DFLGV

�� UHDFWLRQV�RI�DONDOLV

�� H[RWKHUPLF�DQG�HQGRWKHUPLF�UHDFWLRQV

�� WLWUDWLRQ�H[SHULPHQWV

�� UDWH�RI�UHDFWLRQ�H[SHULPHQWV

�� V\QWKHVLV�RI�D�VDOW�

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

�� ORJJLQJ�DQG�VWRULQJ�GDWD��DQG�GLVSOD\LQJ�GDWD�LQ�D�YDULHW\�RI�IRUPDWV�IRU�DQDO\VLV�

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

�� YLGHR�FOLSV�WR�LOOXVWUDWH�WKH�PDQXIDFWXUH�RI�FKHPLFDOV�RQ�D�ODUJH�VFDOH�LQ�LQGXVWU\

�� XVLQJ�VHQVRUV�DQG�GDWD�ORJJHUV�WR�PRQLWRU�QHXWUDOLVDWLRQ�UHDFWLRQV�DQG�WKH�UDWHV�RI�FKHPLFDO�
FKDQJHV�

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�����±��������������

'DWD�� WKHLU�LPSRUWDQFH�DQG�OLPLWDWLRQV

&DXVH�HIIHFW�H[SODQDWLRQV
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0RGXOH�&���&KHPLFDO�V\QWKHVLV

&���� &KHPLFDOV�DQG�ZK\�ZH�QHHG�WKHP

��� XQGHUVWDQG�WKH�LPSRUWDQFH�RI�FKHPLFDO�V\QWKHVLV�WR�SURYLGH�IRRG�DGGLWLYHV��IHUWLOLVHUV��
G\HVWXIIV��SDLQWV��SLJPHQWV�DQG�SKDUPDFHXWLFDOV

��� LQWHUSUHW�LQIRUPDWLRQ�DERXW�WKH�VHFWRUV��VFDOH�DQG�LPSRUWDQFH�RI�FKHPLFDO�V\QWKHVLV�LQ�LQGXVWU\�
DQG�LQ�ODERUDWRULHV

��� UHFDOO�WKH�IRUPXODH�RI�WKH�IROORZLQJ�FKHPLFDOV��FKORULQH�JDV��K\GURJHQ�JDV��QLWURJHQ�JDV��
R[\JHQ�JDV��K\GURFKORULF�DFLG��QLWULF�DFLG��VXOIXULF�DFLG��VRGLXP�K\GUR[LGH��VRGLXP�FKORULGH��
VRGLXP�FDUERQDWH��VRGLXP�QLWUDWH��VRGLXP�VXOIDWH��SRWDVVLXP�FKORULGH��PDJQHVLXP�R[LGH��
PDJQHVLXP�K\GUR[LGH��PDJQHVLXP�FDUERQDWH��PDJQHVLXP�FKORULGH��PDJQHVLXP�VXOIDWH��
FDOFLXP�FDUERQDWH��FDOFLXP�FKORULGH�DQG�FDOFLXP�VXOIDWH

��� ZRUN�RXW�WKH�IRUPXODH�RI�LRQLF�FRPSRXQGV�JLYHQ�WKH�FKDUJHV�RQ�WKH�LRQV

��� ZRUN�RXW�WKH�FKDUJH�RQ�RQH�LRQ�JLYHQ�WKH�IRUPXOD�RI�D�VDOW�DQG�WKH�FKDUJH�RQ�WKH�RWKHU�
LRQ

��� UHFDOO�WKH�PDLQ�KD]DUG�V\PEROV�DQG�EH�DEOH�WR�JLYH�WKH�VDIHW\�SUHFDXWLRQV�IRU�KDQGOLQJ�
KD]DUGRXV�FKHPLFDOV��OLPLWHG�WR�H[SORVLYH��WR[LF��FRUURVLYH��R[LGL]LQJ��DQG�KLJKO\�ÀDPPDEOH�

� L� 6HH�$SSHQGL[�*�IRU�JXLGDQFH�RQ�UHFHQW�FKDQJHV�WR�KD]DUG�ODEHOOLQJ

��� UHFDOO�H[DPSOHV�RI�SXUH�DFLGLF�FRPSRXQGV�WKDW�DUH�VROLGV��FLWULF�DQG�WDUWDULF�DFLGV���OLTXLGV�
�VXOIXULF��QLWULF�DQG�HWKDQRLF�DFLGV��RU�JDVHV��K\GURJHQ�FKORULGH�

��� UHFDOO�WKDW�FRPPRQ�DONDOLV�LQFOXGH�WKH�K\GUR[LGHV�RI�VRGLXP��SRWDVVLXP�DQG�FDOFLXP

��� UHFDOO�WKH�S+�VFDOH

���� UHFDOO�WKH�XVH�RI�OLWPXV�SDSHU��XQLYHUVDO�LQGLFDWRU�DQG�S+�PHWHUV�WR�GHWHFW�DFLGLW\�DQG�DONDOLQLW\��
DQG�WKH�XVH�RI�XQLYHUVDO�LQGLFDWRU�DQG�S+�PHWHUV�WR�PHDVXUH�S+

���� UHFDOO�WKH�FKDUDFWHULVWLF�UHDFWLRQV�RI�DFLGV�WKDW�SURGXFH�VDOWV��WR�LQFOXGH�WKH�UHDFWLRQV�ZLWK�
PHWDOV�DQG�WKHLU�R[LGHV��K\GUR[LGHV�DQG�FDUERQDWHV

���� ZULWH�ZRUG�HTXDWLRQV�ZKHQ�JLYHQ�DSSURSULDWH�LQIRUPDWLRQ

���� LQWHUSUHW�V\PERO�HTXDWLRQV��LQFOXGLQJ�WKH�QXPEHU�RI�DWRPV�RI�HDFK�HOHPHQW��WKH�QXPEHU�
RI�PROHFXOHV�RI�HDFK�HOHPHQW�RU�FRYDOHQW�FRPSRXQG�DQG�WKH�QXPEHU�RI�µIRUPXODV¶�RI�LRQLF�
FRPSRXQGV��LQ�UHDFWDQWV�DQG�SURGXFWV

L� ,Q�WKLV�FRQWH[W��µIRUPXOD¶�LV�XVHG�LQ�WKH�FDVH�RI�LRQLF�FRPSRXQGV�DV�DQ�HTXLYDOHQW�
WR�PROHFXOHV�LQ�FRYDOHQW�FRPSRXQGV��WKH�FRQFHSW�RI�WKH�PROH�LV�QRW�FRYHUHG�LQ�WKH�
VSHFL¿FDWLRQ

���� EDODQFH�XQEDODQFHG�V\PERO�HTXDWLRQV

���� ZULWH�EDODQFHG�HTXDWLRQV��LQFOXGLQJ�WKH�VWDWH�V\PEROV��V����O����J��DQG��DT���WR�GHVFULEH�
WKH�FKDUDFWHULVWLF�UHDFWLRQV�RI�DFLGV�DQG�RWKHU�UHDFWLRQV�ZKHQ�JLYHQ�DSSURSULDWH�
LQIRUPDWLRQ

���� UHFDOO�WKH�VWDWH�V\PEROV��V����O����J��DQG��DT��DQG�XQGHUVWDQG�WKHLU�XVH�LQ�HTXDWLRQV

���� UHFDOO�WKDW�WKH�UHDFWLRQ�RI�DQ�DFLG�ZLWK�DQ�DONDOL�WR�IRUP�D�VDOW�LV�D�QHXWUDOLVDWLRQ�UHDFWLRQ
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&���� &KHPLFDOV�DQG�ZK\�ZH�QHHG�WKHP

���� H[SODLQ�WKDW�DFLGLF�FRPSRXQGV�SURGXFH�DTXHRXV�K\GURJHQ�LRQV��+��DT���ZKHQ�WKH\�GLVVROYH�LQ�
ZDWHU

���� H[SODLQ�WKDW�DONDOLQH�FRPSRXQGV�SURGXFH�DTXHRXV�K\GUR[LGH�LRQV��2+±�DT���ZKHQ�WKH\�
GLVVROYH�LQ�ZDWHU

���� ZULWH�GRZQ�WKH�QDPH�RI�WKH�VDOW�SURGXFHG�JLYHQ�WKH�QDPHV�RI�WKH�DFLG�DQG�DONDOL

���� ZULWH�GRZQ�WKH�IRUPXOD�RI�WKH�VDOW�SURGXFHG�JLYHQ�WKH�IRUPXODH�RI�WKH�DFLG�DQG�DONDOL

���� H[SODLQ�WKDW�GXULQJ�D�QHXWUDOLVDWLRQ�UHDFWLRQ��WKH�K\GURJHQ�LRQV�IURP�WKH�DFLG�UHDFW�ZLWK�
K\GUR[LGH�LRQV�IURP�WKH�DONDOL�WR�PDNH�ZDWHU�

� � +��DT����2+í�DT��ĺ�+�2�O�

���� XQGHUVWDQG�WKH�WHUPV�HQGRWKHUPLF�DQG�H[RWKHUPLF

���� XVH�DQG�LQWHUSUHW�VLPSOH�HQHUJ\�OHYHO�GLDJUDPV�IRU�HQGRWKHUPLF�DQG�H[RWKHUPLF�UHDFWLRQV

���� XQGHUVWDQG�WKH�LPSRUWDQFH�RI�WKH�HQHUJ\�FKDQJH�GXULQJ�D�UHDFWLRQ�WR�WKH�PDQDJHPHQW�DQG�
FRQWURO�RI�D�FKHPLFDO�UHDFWLRQ�
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0RGXOH�&���&KHPLFDO�V\QWKHVLV

&���� 3ODQQLQJ��FDUU\LQJ�RXW�DQG�FRQWUROOLQJ�D�FKHPLFDO�V\QWKHVLV

��� LGHQWLI\�WKH�VWDJHV�LQ�D�JLYHQ�FKHPLFDO�V\QWKHVLV�RI�DQ�LQRUJDQLF�FRPSRXQG��OLPLWHG�WR�DFLG�
DONDOL�UHDFWLRQV���LQFOXGLQJ�

� D�� FKRRVLQJ�WKH�UHDFWLRQ�RU�VHULHV�RI�UHDFWLRQV�WR�PDNH�WKH�UHTXLUHG�SURGXFW

� E�� FDUU\LQJ�RXW�D�ULVN�DVVHVVPHQW

� F�� ZRUNLQJ�RXW�WKH�TXDQWLWLHV�RI�UHDFWDQWV�WR�XVH

� G�� FDUU\LQJ�RXW�WKH�UHDFWLRQ�LQ�VXLWDEOH�DSSDUDWXV�LQ�WKH�ULJKW�FRQGLWLRQV��VXFK�DV�
WHPSHUDWXUH��FRQFHQWUDWLRQ�

� H�� VHSDUDWLQJ�WKH�SURGXFW�IURP�WKH�UHDFWLRQ�PL[WXUH��OLPLWHG�WR�¿OWUDWLRQ�

� I�� SXULI\LQJ�WKH�SURGXFW��OLPLWHG�WR�HYDSRUDWLRQ��FU\VWDOOLVDWLRQ�DQG�GU\LQJ�LQ�DQ�RYHQ�RU�
GHVLFFDWRU�

� J�� PHDVXULQJ�WKH�\LHOG�DQG�FKHFNLQJ�WKH�SXULW\�RI�WKH�SURGXFW��E\�WLWUDWLRQ�

��� XQGHUVWDQG�WKH�SXUSRVH�RI�WKHVH�WHFKQLTXHV��GLVVROYLQJ��FU\VWDOOLVDWLRQ��¿OWUDWLRQ��HYDSRUDWLRQ��
GU\LQJ�LQ�DQ�RYHQ�RU�GHVLFFDWRU

��� XQGHUVWDQG�WKH�LPSRUWDQFH�RI�SXULI\LQJ�FKHPLFDOV�DQG�FKHFNLQJ�WKHLU�SXULW\

��� XQGHUVWDQG�WKDW�D�EDODQFHG�HTXDWLRQ�IRU�D�FKHPLFDO�UHDFWLRQ�VKRZV�WKH�UHODWLYH�QXPEHUV�RI�
DWRPV�DQG�PROHFXOHV�RI�UHDFWDQWV�DQG�SURGXFWV�WDNLQJ�SDUW�LQ�WKH�UHDFWLRQ

��� XQGHUVWDQG�WKDW�WKH�UHODWLYH�DWRPLF�PDVV�RI�DQ�HOHPHQW�VKRZV�WKH�PDVV�RI�LWV�DWRP�UHODWLYH�WR�
WKH�PDVV�RI�RWKHU�DWRPV

��� XVH�WKH�3HULRGLF�7DEOH�WR�REWDLQ�WKH�UHODWLYH�DWRPLF�PDVVHV�RI�HOHPHQWV

��� FDOFXODWH�WKH�UHODWLYH�IRUPXOD�PDVV�RI�D�FRPSRXQG�XVLQJ�WKH�IRUPXOD�DQG�WKH�UHODWLYH�DWRPLF�
PDVVHV�RI�WKH�DWRPV�LW�FRQWDLQV

��� VXEVWLWXWH�UHODWLYH�IRUPXOD�PDVVHV�DQG�GDWD�LQWR�D�JLYHQ�PDWKHPDWLFDO�IRUPXOD�WR�FDOFXODWH�
UHDFWLQJ�PDVVHV�DQG�RU�SURGXFWV�IURP�D�FKHPLFDO�UHDFWLRQ

��� FDOFXODWH�WKH�PDVVHV�RI�UHDFWDQWV�DQG�SURGXFWV�IURP�EDODQFHG�HTXDWLRQV

���� FDOFXODWH�SHUFHQWDJH�\LHOGV�JLYHQ�WKH�DFWXDO�DQG�WKH�WKHRUHWLFDO�\LHOG

���� GHVFULEH�KRZ�WR�FDUU\�RXW�DQ�DFLG�DONDOL�WLWUDWLRQ�DFFXUDWHO\��ZKHQ�VWDUWLQJ�ZLWK�D�VROXWLRQ�RU�D�
VROLG�WR�EH�GLVVROYHG�WR�PDNH�XS�D�VROXWLRQ

L� 0DNLQJ�XS�RI�VWDQGDUG�VROXWLRQV�LV�QRW�UHTXLUHG

���� VXEVWLWXWH�UHVXOWV�LQ�D�JLYHQ�PDWKHPDWLFDO�IRUPXOD�WR�LQWHUSUHW�WLWUDWLRQ�UHVXOWV�TXDQWLWDWLYHO\

���� XQGHUVWDQG�ZK\�LW�LV�LPSRUWDQW�WR�FRQWURO�WKH�UDWH�RI�D�FKHPLFDO�UHDFWLRQ��WR�LQFOXGH�VDIHW\�DQG�
HFRQRPLF�IDFWRUV�

���� H[SODLQ�ZKDW�LV�PHDQW�E\�WKH�WHUP�µUDWH�RI�FKHPLFDO�UHDFWLRQ¶
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&���� 3ODQQLQJ��FDUU\LQJ�RXW�DQG�FRQWUROOLQJ�D�FKHPLFDO�V\QWKHVLV

���� GHVFULEH�PHWKRGV�IRU�IROORZLQJ�WKH�UDWH�RI�D�UHDFWLRQ��IRU�H[DPSOH��E\�FROOHFWLQJ�D�JDV��
ZHLJKLQJ�WKH�UHDFWLRQ�PL[WXUH�RU�REVHUYLQJ�WKH�IRUPDWLRQ�RU�ORVV�RI�D�FRORXU�RU�SUHFLSLWDWH�

���� LQWHUSUHW�UHVXOWV�IURP�H[SHULPHQWV�WKDW�LQYHVWLJDWH�UDWHV�RI�UHDFWLRQV

���� XQGHUVWDQG�KRZ�UHDFWLRQ�UDWHV�YDU\�ZLWK�WKH�VL]H�RI�VROLG�SDUWLFOHV��WKH�FRQFHQWUDWLRQ�RI�
VROXWLRQV�RI�FKHPLFDOV�DQG�WKH�WHPSHUDWXUH�RI�WKH�UHDFWLRQ�PL[WXUH

L� $�TXDOLWDWLYH�WUHDWPHQW�RQO\�LV�H[SHFWHG

���� XQGHUVWDQG�WKDW�FDWDO\VWV�VSHHG�XS�FKHPLFDO�UHDFWLRQV�ZKLOH�QRW�EHLQJ�XVHG�XS�LQ�WKH�UHDFWLRQ

���� LQWHUSUHW�LQIRUPDWLRQ�DERXW�WKH�FRQWURO�RI�UDWHV�RI�UHDFWLRQ�LQ�FKHPLFDO�V\QWKHVLV

���� XVH�VLPSOH�LGHDV�DERXW�FROOLVLRQV�WR�H[SODLQ�KRZ�FKHPLFDO�UHDFWLRQV�WDNH�SODFH

���� XVH�VLPSOH�FROOLVLRQ�WKHRU\�DQG�LGHDV�DERXW�FROOLVLRQ�IUHTXHQF\�WR�H[SODLQ�KRZ�UDWHV�RI�UHDFWLRQ�
GHSHQG�RQ�WKH�VL]H�RI�VROLG�SDUWLFOHV�DQG�RQ�WKH�FRQFHQWUDWLRQ�RI�VROXWLRQV�RI�GLVVROYHG�
FKHPLFDOV�

L� 7KH�HIIHFW�RI�WHPSHUDWXUH�RQ�FROOLVLRQ�IUHTXHQF\�LV�QRW�FRQVLGHUHG�VLQFH�DFWLYDWLRQ�
HQHUJ\�KDV�D�JUHDWHU�LQÀXHQFH
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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�$�����&KHPLVWU\�$�0RGXOH�&�

7KH�¿YH�WRSLFV�LQ�WKLV�ORQJHU�PRGXOH�LQWURGXFH�QHZ�FKHPLFDO�LGHDV�ZKLOH�LOOXVWUDWLQJ�LPSRUWDQW�
IHDWXUHV�RI�WKH�DSSOLFDWLRQV�RI�FKHPLVWU\�DQG�H[SORULQJ�,GHDV�DERXW�6FLHQFH�IURP�,D6���'DWD�DQG�WKHLU�
OLPLWDWLRQV��,D6���'HYHORSLQJ�H[SODQDWLRQV��DQG�,D6���0DNLQJ�GHFLVLRQV�DERXW�VFLHQFH�DQG�WHFKQRORJ\�

7KH�PRGXOH�VWDUWV�ZLWK�DQ�LQWURGXFWLRQ�WR�JUHHQ�FKHPLVWU\�DQG�GHVFULEHV�KRZ�WKH�FKHPLFDO�LQGXVWU\�
LV�UHLQYHQWLQJ�SURFHVVHV�VR�WKDW�WKH�PDQXIDFWXUH�RI�EXON�DQG�¿QH�FKHPLFDOV�LV�PRUH�VXVWDLQDEOH��7KH�
WKHPH�RI�JUHHQ�FKHPLVWU\�UXQV�WKURXJK�WKH�PRGXOH��SUHVHQWLQJ�VHYHUDO�RSSRUWXQLWLHV�WR�VHH�KRZ�WKH�
SULQFLSOHV�DUH�DSSOLHG�LQ�UHDO�OLIH�

7KH�VHFRQG�WRSLF�FRYHUV�LQWURGXFWRU\�RUJDQLF�FKHPLVWU\�WDNLQJ�DOFRKROV�DQG�FDUER[\OLF�DFLGV�DV�WKH�
PDLQ�H[DPSOHV��7KLV�EXLOGV�RQ�WKH�FRYHUDJH�RI�K\GURFDUERQ�PROHFXOHV�LQ�0RGXOHV�&��DQG�&��

7KH�WKLUG�DQG�IRXUWK�WRSLFV�OD\�WKH�IRXQGDWLRQV�IRU�PRUH�DGYDQFHG�VWXG\�RI�SK\VLFDO�FKHPLVWU\�E\�
H[SORULQJ�FKHPLFDO�FRQFHSWV�RQ�D�PROHFXODU�VFDOH�LQFOXGLQJ�WKH�FRQQHFWLRQ�EHWZHHQ�HQHUJ\�FKDQJHV�
DQG�ERQG�EUHDNLQJ��DV�ZHOO�DV�WKH�QRWLRQ�RI�G\QDPLF�HTXLOLEULXP�

7KH�¿IWK�WRSLF�LQWURGXFHV�FRQFHSWV�RI�YDOLG�DQDO\WLFDO�PHDVXUHPHQWV�LQ�FRQWH[WV�ZKHUH�WKH�UHVXOWV�
RI�DQDO\VLV�PDWWHU��7KH�WZR�PDLQ�DQDO\WLFDO�PHWKRGV�IHDWXUHG�DUH�FKURPDWRJUDSK\�DQG�YROXPHWULF�
DQDO\VLV�

������ 0RGXOH�&���)XUWKHU�&KHPLVWU\

2YHUYLHZ
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7RSLFV

&���� *UHHQ�FKHPLVWU\

7KH�FKHPLFDO�LQGXVWU\
7KH�FKDUDFWHULVWLFV�RI�JUHHQ�FKHPLVWU\

&���� $OFRKROV��FDUER[\OLF�DFLGV�DQG�HVWHUV

2UJDQLF�PROHFXOHV�DQG�IXQFWLRQDO�JURXSV
$OFRKROV
&DUER[\OLF�DFLGV
(VWHUV

&���� (QHUJ\�FKDQJHV�LQ�FKHPLVWU\

:K\�DUH�WKHUH�HQHUJ\�FKDQJHV�GXULQJ�FKHPLFDO�UHDFWLRQV"

&���� 5HYHUVLEOH�UHDFWLRQV�DQG�HTXLOLEULD

,QWURGXFLQJ�G\QDPLF�HTXLOLEULXP

&���� $QDO\VLV

$QDO\WLFDO�SURFHGXUHV
&KURPDWRJUDSK\
4XDQWLWDWLYH�DQDO\VLV�E\�WLWUDWLRQ

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�WR�¿QG�SHUFHQWDJH�\LHOG�DQG�DWRP�HFRQRP\

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

�� XVH�DQ�HTXDWLRQ�WR�FDOFXODWH�5I�YDOXHV�LQ�FKURPDWRJUDSK\

�� XVH�DQ�HTXDWLRQ�WR�FDOFXODWH�FRQFHQWUDWLRQ�XVLQJ�DSSURSULDWH�XQLWV�IRU�SK\VLFDO�TXDQWLWLHV

�� FDOFXODWH�UHDFWLQJ�PDVVHV

�� H[WUDFW�LQIRUPDWLRQ�IURP�FKDUWV��JUDSKV�DQG�WDEOHV�LQFOXGLQJ�FRPSDULQJ�GDWD�DERXW�QLWURJHQ�
¿[DWLRQ�SURFHVVHV

�� EDODQFH�HTXDWLRQV

�� FDOFXODWH�HQHUJ\�FKDQJHV�XVLQJ�ERQG�HQHUJLHV�

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

�� UHDFWLRQV�RI�DONDQHV��DOFRKROV��DQG�FDUER[\OLF�DFLGV

�� V\QWKHVLV�RI�DQ�HVWHU

�� H[RWKHUPLF�DQG�HQGRWKHUPLF�UHDFWLRQV

�� UHYHUVLEOH�UHDFWLRQV

�� FKURPDWRJUDSK\

�� DFLG�DONDOL�WLWUDWLRQV

�� H[SHULPHQWV�WR�LQYHVWLJDWH�FDWDO\VWV�

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

�� PRGHOOLQJ�WKH�VWUXFWXUHV�RI�PROHFXOHV

�� WKH�LQWHJUDO�UROH�RI�,&7�LQ�FKHPLFDO�LQVWUXPHQWDWLRQ�

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

�� XVLQJ�PRGHOOLQJ�VRIWZDUH�WR�H[SORUH�WKH�VKDSHV�RI�RUJDQLF�PROHFXOHV

�� YLGHR�FOLSV�WR�LOOXVWUDWH�WKH�PDQXIDFWXUH�RI�FKHPLFDOV�RQ�ODUJH�DQG�VPDOO�VFDOHV

�� YLGHR�FOLSV�WR�LOOXVWUDWH�JDV�FKURPDWRJUDSK\�DQG�RWKHU�DQDO\WLFDO�WHFKQLTXHV

�� XVLQJ�WKH�LQWHUQHW�WR�UHVHDUFK�FXUUHQW�GHYHORSPHQWV�LQ�JUHHQ�FKHPLVWU\�

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���������

'DWD�� WKHLU�LPSRUWDQFH�DQG�OLPLWDWLRQV

'HYHORSLQJ�VFLHQWLÀF�H[SODQDWLRQV

0DNLQJ�GHFLVLRQV�DERXW�VFLHQFH�DQG�WHFKQRORJ\
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0RGXOH�&���)XUWKHU�&KHPLVWU\�

&���� *UHHQ�FKHPLVWU\

7KH�FKHPLFDO�LQGXVWU\

��� XQGHUVWDQG�DQG�XVH�WKH�WHUPV�µEXON¶��PDGH�RQ�D�ODUJH�VFDOH��DQG�µ¿QH¶��PDGH�RQ�D�VPDOO�VFDOH��
LQ�WKH�FRQWH[W�RI�WKH�FKHPLFDO�LQGXVWU\

��� UHFDOO�H[DPSOHV�RI�FKHPLFDOV�PDGH�RQ�D�ODUJH�VFDOH��DPPRQLD��VXOIXULF�DFLG��VRGLXP�
K\GUR[LGH��SKRVSKRULF�DFLG��DQG�H[DPSOHV�RI�FKHPLFDOV�PDGH�RQ�D�VPDOO�VFDOH��GUXJV��IRRG�
DGGLWLYHV��IUDJUDQFHV�

��� LQWHUSUHW�LQIRUPDWLRQ�DERXW�WKH�ZRUN�GRQH�E\�SHRSOH�ZKR�PDNH�FKHPLFDOV

L� &DQGLGDWHV�DUH�QRW�H[SHFWHG�WR�UHFDOO�DQ\�VSHFL¿F�GHWDLOV

��� XQGHUVWDQG�WKDW�WKH�GHYHORSPHQW�RI�QHZ�FKHPLFDO�SURGXFWV�RU�SURFHVVHV�UHTXLUHV�DQ�
H[WHQVLYH�SURJUDPPH�RI�UHVHDUFK�DQG�GHYHORSPHQW��IRU�H[DPSOH��FDWDO\VWV�IRU�QHZ�
SURFHVVHV�

��� UHFDOO�WKDW�JRYHUQPHQWV�KDYH�VWULFW�UHJXODWLRQV�WR�FRQWURO�FKHPLFDO�SURFHVVHV�DV�ZHOO�DV�WKH�
VWRUDJH�DQG�WUDQVSRUW�RI�FKHPLFDOV�WR�SURWHFW�SHRSOH�DQG�WKH�HQYLURQPHQW

:KDW�DUH�WKH�FKDUDFWHULVWLFV�RI�JUHHQ�FKHPLVWU\"

��� XQGHUVWDQG�WKDW�WKH�SURGXFWLRQ�RI�XVHIXO�FKHPLFDOV�LQYROYHV�VHYHUDO�VWDJHV�WR�LQFOXGH�

� D�� WKH�SUHSDUDWLRQ�RI�IHHGVWRFNV

� E�� V\QWKHVLV

� F�� VHSDUDWLRQ�RI�SURGXFWV

� G�� KDQGOLQJ�RI�E\�SURGXFWV�DQG�ZDVWHV

� H�� WKH�PRQLWRULQJ�RI�SXULW\

��� XQGHUVWDQG�WKDW�VXVWDLQDELOLW\�RI�DQ\�FKHPLFDO�SURFHVV�GHSHQGV�RQ�

� D�� ZKHWKHU�RU�QRW�WKH�IHHGVWRFN�LV�UHQHZDEOH

� E�� WKH�DWRP�HFRQRP\

� F�� WKH�QDWXUH�DQG�DPRXQW�RI�E\�SURGXFWV�RU�ZDVWHV�DQG�ZKDW�KDSSHQV�WR�WKHP

� G�� WKH�HQHUJ\�LQSXWV�RU�RXWSXWV

� H�� WKH�HQYLURQPHQWDO�LPSDFW

� I�� WKH�KHDOWK�DQG�VDIHW\�ULVNV

� J�� WKH�VRFLDO�DQG�HFRQRPLF�EHQH¿WV

��� XQGHUVWDQG�WKH�WHUP�DFWLYDWLRQ�HQHUJ\�LQ�WHUPV�RI�WKH�HQHUJ\�QHHGHG�WR�EUHDN�ERQGV�WR�VWDUW�D�
UHDFWLRQ

��� XQGHUVWDQG�WKDW�D�FDWDO\VW�SURYLGHV�DQ�DOWHUQDWLYH�URXWH�IRU�D�UHDFWLRQ�ZLWK�D�ORZHU�DFWLYDWLRQ�
HQHUJ\

���� XQGHUVWDQG�WKDW�VRPH�LQGXVWULDO�SURFHVVHV�XVH�HQ]\PH�FDWDO\VWV��DQG�WKH�UHVWULFWLRQV�WKLV�
SODFHV�RQ�WKH�FRQGLWLRQV�WKDW�DUH�XVHG

���� XVH�WKH�3HULRGLF�7DEOH�WR�REWDLQ�WKH�UHODWLYH�DWRPLF�PDVVHV�RI�HOHPHQWV�DQG�XVH�WKHVH�WR�
FDOFXODWH�UHODWLYH�IRUPXOD�PDVVHV

���� FDOFXODWH�WKH�PDVVHV�RI�UHDFWDQWV�DQG�SURGXFWV�IURP�EDODQFHG�HTXDWLRQV�
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0RGXOH�&���)XUWKHU�&KHPLVWU\

&���� $OFRKROV��FDUER[\OLF�DFLGV�DQG�HVWHUV

2UJDQLF�PROHFXOHV�DQG�IXQFWLRQDO�JURXSV

��� UHFDOO�WKDW�WKHUH�LV�D�IDPLO\�RI�K\GURFDUERQV�FDOOHG�DONDQHV

��� UHFDOO�WKH�QDPHV�DQG�PROHFXODU�IRUPXODH�RI�WKH�DONDQHV��PHWKDQH��HWKDQH��SURSDQH�DQG�
EXWDQH

��� WUDQVODWH�EHWZHHQ�PROHFXODU��VWUXFWXUDO�DQG�EDOO�DQG�VWLFN�UHSUHVHQWDWLRQV�RI�VLPSOH�RUJDQLF�
PROHFXOHV

��� XQGHUVWDQG�WKDW�DONDQHV�EXUQ�LQ�SOHQW\�RI�DLU�WR�JLYH�FDUERQ�GLR[LGH�DQG�ZDWHU

��� XQGHUVWDQG�WKDW�DONDQHV�DUH�XQUHDFWLYH�WRZDUGV�DTXHRXV�UHDJHQWV�EHFDXVH�WKH\�FRQWDLQ�RQO\�
&²&�DQG�&²+�ERQGV��ZKLFK�DUH�GLI¿FXOW�WR�EUHDN�DQG�WKHUHIRUH�XQUHDFWLYH

��� UHFDOO�WKDW�LQ�VDWXUDWHG�FRPSRXQGV��VXFK�DV�DONDQHV��DOO�WKH�FDUERQ�WR�FDUERQ�ERQGV�DUH�
VLQJOH��&²&��EXW�WKDW�LQ�XQVDWXUDWHG�FRPSRXQGV�WKHUH�DUH�FDUERQ�WR�FDUERQ�GRXEOH�ERQGV��
& &

��� UHSUHVHQW�FKHPLFDO�UHDFWLRQV�E\�ZRUG�HTXDWLRQV

��� LQWHUSUHW�V\PERO�HTXDWLRQV��LQFOXGLQJ�WKH�QXPEHU�RI�DWRPV�RI�HDFK�HOHPHQW��WKH�QXPEHU�
RI�PROHFXOHV�RI�HDFK�HOHPHQW�RU�FRYDOHQW�FRPSRXQG�DQG�WKH�QXPEHU�RI�µIRUPXODV¶�RI�LRQLF�
FRPSRXQGV��LQ�UHDFWDQWV�DQG�SURGXFWV

L� ,Q�WKLV�FRQWH[W��µIRUPXOD¶�LV�XVHG�LQ�WKH�FDVH�RI�LRQLF�FRPSRXQGV�DV�DQ�HTXLYDOHQW�
WR�PROHFXOHV�LQ�FRYDOHQW�FRPSRXQGV��WKH�FRQFHSW�RI�WKH�PROH�LV�QRW�FRYHUHG�LQ�WKH�
VSHFL¿FDWLRQ

��� UHSUHVHQW�FKHPLFDO�UHDFWLRQV�E\�EDODQFHG�HTXDWLRQV��LQFOXGLQJ�VWDWH�V\PEROV

$OFRKROV

���� UHFDOO�WKH�QDPHV��PROHFXODU�IRUPXODH�DQG�VWUXFWXUDO�IRUPXODH�RI�PHWKDQRO�DQG�HWKDQRO

���� UHFDOO�WZR�XVHV�RI�PHWKDQRO�DQG�WZR�XVHV�RI�HWKDQRO

���� UHFRJQLVH�WKH�IRUPXODH�RI�DOFRKROV

���� XQGHUVWDQG�WKDW�WKH�FKDUDFWHULVWLF�SURSHUWLHV�RI�DOFRKROV�DUH�GXH�WR�WKH�SUHVHQFH�RI�WKH�±2+�
IXQFWLRQDO�JURXS

���� UHFDOO�KRZ�HWKDQRO�FRPSDUHV�LQ�LWV�SK\VLFDO�SURSHUWLHV�ZLWK�ZDWHU�DQG�ZLWK�DONDQHV

���� XQGHUVWDQG�WKDW�DOFRKROV�EXUQ�LQ�DLU�WR�SURGXFH�FDUERQ�GLR[LGH�DQG�ZDWHU�EHFDXVH�RI�WKH�
SUHVHQFH�RI�D�K\GURFDUERQ�FKDLQ

���� UHFDOO�WKH�UHDFWLRQ�RI�DOFRKROV�ZLWK�VRGLXP�DQG�KRZ�WKLV�FRPSDUHV�ZLWK�WKH�UHDFWLRQV�RI�
ZDWHU�DQG�DONDQHV�ZLWK�VRGLXP

���� XQGHUVWDQG�ZK\�WKHUH�LV�D�OLPLW�WR�WKH�FRQFHQWUDWLRQ�RI�HWKDQRO�VROXWLRQ�WKDW�FDQ�EH�PDGH�E\�
IHUPHQWDWLRQ

���� XQGHUVWDQG�KRZ�HWKDQRO�VROXWLRQ�FDQ�EH�FRQFHQWUDWHG�E\�GLVWLOODWLRQ�DQG�WKDW�WKLV�FDQ�EH�XVHG�
WR�PDNH�SURGXFWV�VXFK�DV�ZKLVN\�DQG�EUDQG\

���� XQGHUVWDQG�WKH�RSWLPXP�FRQGLWLRQV�IRU�PDNLQJ�HWKDQRO�E\�IHUPHQWDWLRQ�RI�VXJDU�ZLWK�\HDVW��
WDNLQJ�LQWR�FRQVLGHUDWLRQ�WHPSHUDWXUH�DQG�S+

���� XQGHUVWDQG�KRZ�JHQHWLFDOO\�PRGL¿HG�(��FROL�EDFWHULD�FDQ�EH�XVHG�WR�FRQYHUW�ZDVWH�ELRPDVV�
IURP�D�UDQJH�RI�VRXUFHV�LQWR�HWKDQRO�DQG�UHFDOO�WKH�RSWLPXP�FRQGLWLRQV�IRU�WKH�SURFHVV
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&���� $OFRKROV��FDUER[\OLF�DFLGV�DQG�HVWHUV

���� UHFDOO�LQ�RXWOLQH�WKH�V\QWKHWLF�URXWH�IRU�FRQYHUWLQJ�HWKDQH��IURP�RLO�RU�QDWXUDO�JDV��LQWR�HWKDQRO�
�YLD�HWKHQH�

���� LQWHUSUHW�GDWD�DERXW�WKH�GLIIHUHQW�SURFHVVHV�LQYROYHG�LQ�WKH�SURGXFWLRQ�RI�HWKDQRO��DQG�HYDOXDWH�
WKHLU�VXVWDLQDELOLW\

&DUER[\OLF�DFLGV

���� XQGHUVWDQG�WKDW�WKH�FKDUDFWHULVWLF�SURSHUWLHV�RI�FDUER[\OLF�DFLGV�DUH�GXH�WR�WKH�SUHVHQFH�RI�WKH�
±&22+�IXQFWLRQDO�JURXS

���� UHFDOO�WKH�QDPHV��PROHFXODU�IRUPXODH�DQG�VWUXFWXUDO�IRUPXODH�RI�PHWKDQRLF�DFLG�DQG�HWKDQRLF�
DFLG

���� UHFRJQLVH�WKH�IRUPXODH�RI�FDUER[\OLF�DFLGV

���� UHFDOO�WKDW�PDQ\�FDUER[\OLF�DFLGV�KDYH�XQSOHDVDQW�VPHOOV�DQG�WDVWHV�DQG�DUH�UHVSRQVLEOH�IRU�
WKH�VPHOO�RI�VZHDW\�VRFNV�DQG�WKH�WDVWH�RI�UDQFLG�EXWWHU

���� XQGHUVWDQG�WKDW�FDUER[\OLF�DFLGV�VKRZ�WKH�FKDUDFWHULVWLF�UHDFWLRQV�RI�DFLGV�ZLWK�PHWDOV��DONDOLV�
DQG�FDUERQDWHV

���� UHFDOO�WKDW�YLQHJDU�LV�D�GLOXWH�VROXWLRQ�RI�HWKDQRLF�DFLG

���� XQGHUVWDQG�WKDW�FDUER[\OLF�DFLGV�DUH�FDOOHG�ZHDN�DFLGV�EHFDXVH�WKH\�DUH�OHVV�UHDFWLYH�WKDQ�
VWURQJ�DFLGV�VXFK�DV�K\GURFKORULF�DFLG��VXOIXULF�DFLG�DQG�QLWULF�DFLG

���� XQGHUVWDQG�WKDW�GLOXWH�VROXWLRQV�RI�ZHDN�DFLGV�KDYH�KLJKHU�S+�YDOXHV�WKDQ�GLOXWH�VROXWLRQV�RI�
VWURQJ�DFLGV

(VWHUV

���� XQGHUVWDQG�WKDW�FDUER[\OLF�DFLGV�UHDFW�ZLWK�DOFRKROV��LQ�WKH�SUHVHQFH�RI�D�VWURQJ�DFLG�FDWDO\VW��
WR�SURGXFH�HVWHUV

���� UHFDOO�WKDW�HVWHUV�KDYH�GLVWLQFWLYH�VPHOOV

���� UHFDOO�WKDW�HVWHUV�DUH�UHVSRQVLEOH�IRU�WKH�VPHOOV�DQG�ÀDYRXUV�RI�IUXLWV

���� UHFDOO�WKH�XVH�RI�HVWHUV�DV�IRRG�ÀDYRXULQJV��VROYHQWV�DQG�SODVWLFL]HUV��DQG�LQ�SHUIXPHV

���� XQGHUVWDQG�WKH�SURFHGXUH�IRU�PDNLQJ�DQ�HVWHU��VXFK�DV�HWK\O�HWKDQRDWH��IURP�D�
FDUER[\OLF�DFLG�DQG�DQ�DOFRKRO

���� XQGHUVWDQG�WKH�WHFKQLTXHV�XVHG�WR�PDNH�D�OLTXLG�HVWHU��OLPLWHG�WR�
� D�� KHDWLQJ�XQGHU�UHÀX[
� E�� GLVWLOODWLRQ
� F�� SXUL¿FDWLRQ�E\�WUHDWPHQW�ZLWK�UHDJHQWV�LQ�D�WDS�IXQQHO
� G�� GU\LQJ
���� UHFDOO�WKDW�IDWV�DUH�HVWHUV�RI�JO\FHURO�DQG�IDWW\�DFLGV

���� UHFDOO�WKDW�OLYLQJ�RUJDQLVPV�PDNH�IDWV�DQG�RLOV�DV�DQ�HQHUJ\�VWRUH

���� UHFDOO�WKDW�DQLPDO�IDWV�DUH�PRVWO\�VDWXUDWHG�PROHFXOHV�DQG�WKDW�YHJHWDEOH�RLOV�DUH�PRVWO\�
XQVDWXUDWHG�PROHFXOHV�
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0RGXOH�&���)XUWKHU�&KHPLVWU\

&���� (QHUJ\�FKDQJHV�LQ�FKHPLVWU\

:K\�DUH�WKHUH�HQHUJ\�FKDQJHV�GXULQJ�FKHPLFDO�UHDFWLRQV"

��� XQGHUVWDQG�WKH�WHUPV�H[RWKHUPLF�DQG�HQGRWKHUPLF

��� XVH�DQG�LQWHUSUHW�HQHUJ\�OHYHO�GLDJUDPV�IRU�H[RWKHUPLF�DQG�HQGRWKHUPLF�UHDFWLRQV

��� XQGHUVWDQG�WKDW�HQHUJ\�LV�QHHGHG�WR�EUHDN�FKHPLFDO�ERQGV�DQG�WKDW�HQHUJ\�LV�JLYHQ�RXW�ZKHQ�
FKHPLFDO�ERQGV�IRUP

��� XVH�JLYHQ�GDWD�RQ�WKH�HQHUJ\�QHHGHG�WR�EUHDN�FRYDOHQW�ERQGV�WR�HVWLPDWH�WKH�RYHUDOO�
HQHUJ\�FKDQJH�LQ�VLPSOH�H[DPSOHV��IRU�H[DPSOH��WKH�IRUPDWLRQ�RI�VWHDP�RU�K\GURJHQ�
KDOLGHV�IURP�WKHLU�HOHPHQWV�

��� XQGHUVWDQG�WKH�WHUP�DFWLYDWLRQ�HQHUJ\�LQ�WHUPV�RI�WKH�HQHUJ\�QHHGHG�WR�EUHDN�ERQGV�WR�VWDUW�D�
UHDFWLRQ�
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&���� 5HYHUVLEOH�UHDFWLRQV�DQG�HTXLOLEULD

,QWURGXFLQJ�G\QDPLF�HTXLOLEULXP

��� XQGHUVWDQG�WKDW�VRPH�FKHPLFDO�UHDFWLRQV�DUH�UHYHUVLEOH�DQG�DUH�VKRZQ�E\�WKH�V\PERO�

��� XQGHUVWDQG�WKDW�UHYHUVLEOH�UHDFWLRQV�FDQ�UHDFK�D�VWDWH�RI�HTXLOLEULXP

��� XQGHUVWDQG�WKH�G\QDPLF�HTXLOLEULXP�H[SODQDWLRQ�IRU�FKHPLFDO�HTXLOLEULXP

��� XQGHUVWDQG�ZK\�¿[LQJ�QLWURJHQ�E\�WKH�+DEHU�SURFHVV�LV�LPSRUWDQW

��� UHFDOO�WKDW�WKH�IHHGVWRFNV�RI�QLWURJHQ�DQG�K\GURJHQ�IRU�WKH�+DEHU�SURFHVV�DUH�PDGH�IURP�DLU��
QDWXUDO�JDV�DQG�VWHDP

L� &DQGLGDWHV�GR�QRW�QHHG�WR�NQRZ�WKH�GHWDLOV�RI�WKH�SURFHVVHV�LQYROYHG

��� LQ�WKH�FRQWH[W�RI�WKH�+DEHU�SURFHVV�

� D�� XQGHUVWDQG�WKDW�WKH�UHDFWLRQ�EHWZHHQ�K\GURJHQ�DQG�QLWURJHQ�WR�IRUP�DPPRQLD�LV�D�
UHYHUVLEOH�UHDFWLRQ�

� E�� XQGHUVWDQG�KRZ�WKH�\LHOG�RI�DPPRQLD�LV�LQFUHDVHG�E\�UHF\FOLQJ�XQUHDFWHG�K\GURJHQ�DQG�
QLWURJHQ

� F�� H[SODLQ�WKH�HIIHFW�RI�FKDQJLQJ�WHPSHUDWXUH�DQG�SUHVVXUH�RQ�WKH�\LHOG�RI�DPPRQLD�DW�
HTXLOLEULXP

� G�� XQGHUVWDQG�WKDW�WKH�JDVHV�GR�QRW�VWD\�LQ�WKH�UHDFWRU�ORQJ�HQRXJK�WR�UHDFK�HTXLOLEULXP

� H�� XQGHUVWDQG�WKDW�D�FDWDO\VW�LV�XVHG�WR�LQFUHDVH�WKH�UDWH�RI�UHDFWLRQ�LQ�WKH�+DEHU�SURFHVV

� I�� XQGHUVWDQG�WKDW�WKH�HI¿FLHQF\�RI�WKH�SURFHVV�FDQ�EH�LPSURYHG�E\�XVLQJ�D�GLIIHUHQW�
FDWDO\VW

� J�� H[SODLQ�KRZ�WKH�FRQGLWLRQV�XVHG�IRU�WKH�SURFHVV�DUH�D�FRPSURPLVH�WR�SURGXFH�DQ�
HFRQRPLFDOO\�YLDEOH�\LHOG�RI�DPPRQLD

��� XQGHUVWDQG�WKDW�VRPH�OLYLQJ�RUJDQLVPV�µ¿[¶�QLWURJHQ�DW�URRP�WHPSHUDWXUH�DQG�SUHVVXUH�XVLQJ�
HQ]\PHV�DV�FDWDO\VWV

��� XQGHUVWDQG�ZK\�FKHPLVWV�DUH�LQWHUHVWHG�LQ�SURGXFLQJ�QHZ�FDWDO\VWV�WKDW�PLPLF�QDWXUDO�
HQ]\PHV

��� XQGHUVWDQG�WKH�LPSDFW�RQ�WKH�HQYLURQPHQW�RI�WKH�ODUJH�VFDOH�PDQXIDFWXUH�RI�DPPRQLD�DQG�WKH�
ZLGHVSUHDG�XVH�RI�IHUWLOLVHUV�PDGH�IURP�LW

���� LQWHUSUHW�GDWD�DERXW�QLWURJHQ�¿[DWLRQ�SURFHVVHV�DQG�HYDOXDWH�WKHLU�VXVWDLQDELOLW\�
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&���� $QDO\VLV

$QDO\WLFDO�SURFHGXUHV

��� XQGHUVWDQG�WKH�GLIIHUHQFH�EHWZHHQ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV�RI�DQDO\VLV

��� XQGHUVWDQG�WKDW�DQ�DQDO\VLV�PXVW�EH�FDUULHG�RXW�RQ�D�VDPSOH�WKDW�UHSUHVHQWV�WKH�EXON�RI�WKH�
PDWHULDO�XQGHU�WHVW

��� UHFDOO�WKDW�PDQ\�DQDO\WLFDO�PHWKRGV�DUH�EDVHG�RQ�VDPSOHV�LQ�VROXWLRQ

��� XQGHUVWDQG�WKH�QHHG�IRU�VWDQGDUG�SURFHGXUHV�IRU�WKH�FROOHFWLRQ��VWRUDJH�DQG�SUHSDUDWLRQ�RI�
VDPSOHV�IRU�DQDO\VLV

&KURPDWRJUDSK\

��� XQGHUVWDQG�WKDW�LQ�FKURPDWRJUDSK\��VXEVWDQFHV�DUH�VHSDUDWHG�E\�PRYHPHQW�RI�D�PRELOH�
SKDVH�WKURXJK�D�VWDWLRQDU\�SKDVH

��� XQGHUVWDQG�DQG�XVH�WKH�WHUPV�DTXHRXV�DQG�QRQ�DTXHRXV�DV�DSSOLHG�WR�VROYHQWV

��� XQGHUVWDQG�WKDW�IRU�HDFK�FRPSRQHQW�LQ�D�VDPSOH�WKHUH�LV�D�G\QDPLF�HTXLOLEULXP�EHWZHHQ�WKH�
VWDWLRQDU\�DQG�PRELOH�SKDVHV

��� XQGHUVWDQG�KRZ�D�VHSDUDWLRQ�E\�FKURPDWRJUDSK\�GHSHQGV�RQ�WKH�GLVWULEXWLRQ�RI�WKH�
FRPSRQHQWV�LQ�WKH�VDPSOH�EHWZHHQ�WKH�PRELOH�DQG�VWDWLRQDU\�SKDVHV

��� XQGHUVWDQG�WKH�XVH�RI�VWDQGDUG�UHIHUHQFH�PDWHULDOV�LQ�FKURPDWRJUDSK\

���� GHVFULEH�DQG�FRPSDUH�SDSHU�DQG�WKLQ�OD\HU�FKURPDWRJUDSK\

���� XVH�WKH�IRUPXOD�

� � �

GLVWDQFH�WUDYHOOHG�E\�VROXWH
GLVWDQFH�WUDYHOOHG�E\�VROYHQW

5I� 

� DQG�XQGHUVWDQG�WKH�XVH�RI�5I�YDOXHV

���� XQGHUVWDQG�WKH�XVH�RI�ORFDWLQJ�DJHQWV�LQ�SDSHU�DQG�WKLQ�OD\HU�FKURPDWRJUDSK\

���� UHFDOO�LQ�RXWOLQH�WKH�SURFHGXUH�IRU�VHSDUDWLQJ�D�PL[WXUH�E\�JDV�FKURPDWRJUDSK\��JF�

���� XQGHUVWDQG�WKH�WHUP�UHWHQWLRQ�WLPH�DV�DSSOLHG�WR�JF

���� LQWHUSUHW�SULQW�RXWV�IURP�JF�DQDO\VHV��OLPLWHG�WR�UHWHQWLRQ�WLPHV�DQG�SHDN�KHLJKWV
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&���� $QDO\VLV

4XDQWLWDWLYH�DQDO\VLV�E\�WLWUDWLRQ

���� XQGHUVWDQG�WKH�PDLQ�VWDJHV�RI�D�TXDQWLWDWLYH�DQDO\VLV�

� D�� PHDVXULQJ�RXW�DFFXUDWHO\�D�VSHFL¿F�PDVV�RU�YROXPH�RI�WKH�VDPSOH

� E�� ZRUNLQJ�ZLWK�UHSOLFDWH�VDPSOHV

� F�� GLVVROYLQJ�WKH�VDPSOHV�TXDQWLWDWLYHO\

� G�� PHDVXULQJ�D�SURSHUW\�RI�WKH�VROXWLRQ�TXDQWLWDWLYHO\

� H�� FDOFXODWLQJ�D�YDOXH�IURP�WKH�PHDVXUHPHQWV��,D6�����

� I�� HVWLPDWLQJ�WKH�GHJUHH�RI�XQFHUWDLQW\�LQ�WKH�UHVXOWV��,D6����±����

���� XQGHUVWDQG�WKDW�FRQFHQWUDWLRQV�RI�VROXWLRQV�FDQ�EH�PHDVXUHG�LQ�J�GP�

���� UHFDOO�WKH�SURFHGXUH�IRU�PDNLQJ�XS�D�VWDQGDUG�VROXWLRQ

���� FDOFXODWH�WKH�FRQFHQWUDWLRQ�RI�D�JLYHQ�YROXPH�RI�VROXWLRQ�JLYHQ�WKH�PDVV�RI�VROXWH

���� FDOFXODWH�WKH�PDVV�RI�VROXWH�LQ�D�JLYHQ�YROXPH�RI�VROXWLRQ�ZLWK�D�VSHFL¿HG�
FRQFHQWUDWLRQ

���� UHFDOO�WKH�SURFHGXUH�IRU�FDUU\LQJ�RXW�DQ�DFLG�EDVH�WLWUDWLRQ�XVLQJ�D�SLSHWWH�DQG�EXUHWWH

���� VXEVWLWXWH�UHVXOWV�LQ�D�JLYHQ�IRUPXOD�WR�LQWHUSUHW�WLWUDWLRQ�UHVXOWV�TXDQWLWDWLYHO\

���� XVH�WKH�EDODQFHG�HTXDWLRQ�DQG�UHODWLYH�IRUPXOD�PDVVHV�WR�LQWHUSUHW�WKH�UHVXOWV�RI�D�
WLWUDWLRQ

���� XVH�YDOXHV�IURP�D�VHULHV�RI�WLWUDWLRQV�WR�DVVHVV�WKH�GHJUHH�RI�XQFHUWDLQW\�LQ�D�FDOFXODWHG�YDOXH�


