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6XPPDU\��7KURXJKRXW�WKH�VWXG\�RI�FKHPLVWU\�LQ�*&6(�VFLHQFH�WKHUH�DUH�D�QXPEHU�RI�LGHDV�DQG�FRQFHSWV�
WKDW�DUH�IXQGDPHQWDO��7KHVH�LGHDV�DQG�FRQFHSWV�KDYH�QRW�EHHQ�SXW�LQWR�D�SDUWLFXODU�LWHP�EXW�VKRXOG�SHUPHDWH�
WKURXJK�DOO�WKH�*&6(�&KHPLVWU\�0RGXOHV�&��WR�&���

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�LQ�D�FKHPLFDO�UHDFWLRQ�UHDFWDQWV�DUH�
FKDQJHG�LQWR�SURGXFWV�
5HFRJQLVH�WKH�UHDFWDQWV�DQG�SURGXFWV�LQ�D�ZRUG�
HTXDWLRQ�
&RQVWUXFW�ZRUG�HTXDWLRQV�JLYHQ�WKH�UHDFWDQWV�DQG�
SURGXFWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�WKH�UHDFWDQWV�DQG�WKH�SURGXFWV�LQ�D�
V\PERO�HTXDWLRQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

'HGXFH�WKH�QXPEHU�RI�HOHPHQWV�LQ�D�FRPSRXQG�JLYHQ�
LWV�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�QR�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�IRUPXOD�ZLWK�QR�EUDFNHWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�VXEVWDQFH�LV�DQ�HOHPHQW�RU�D�
FRPSRXQG�IURP�LWV�IRUPXOD��
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�D�PROHFXOH�LV�PDGH�XS�RI�PRUH�WKDQ�
RQH�DWRP�MRLQHG�WRJHWKHU�
8QGHUVWDQG�WKDW�D�PROHFXODU�IRUPXOD�VKRZV�WKH�
QXPEHUV�DQG�W\SHV�RI�DWRP�LQ�D�PROHFXOH�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�GLVSOD\HG�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�SDUWLFOH�LV�DQ�DWRP��PROHFXOH�RU�
LRQ�JLYHQ�LWV�IRUPXOD�
8QGHUVWDQG�WKDW�DWRPV�FRQWDLQ�VPDOOHU�SDUWLFOHV�RQH�
RI�ZKLFK�LV�D�QHJDWLYH�HOHFWURQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFDOO�WKDW�WZR�W\SHV�RI�FKHPLFDO�ERQG�KROGLQJ�DWRPV�
WRJHWKHU�DUH�
�� LRQLF�ERQGV
�� FRYDOHQW�ERQGV�
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/LQNV�WR�RWKHU�PRGXOHV��&��WR�&�
�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

&RQVWUXFW�ZRUG�HTXDWLRQV��QRW�DOO�UHDFWDQWV�DQG�
SURGXFWV�JLYHQ��

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��QR�EUDFNHWV��RI�WKH�UHDFWDQWV�DQG�SURGXFWV�
([SODLQ�ZK\�D�V\PERO�HTXDWLRQ�LV�EDODQFHG�

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��VRPH�RU�DOO�ZLWK�EUDFNHWV��RI�WKH�UHDFWDQWV�
DQG�SURGXFWV�
&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV��OLPLWHG�WR�WKH�
OHDUQLQJ�RXWFRPHV�LQ�&���

'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�W\SH�RI�GLIIHUHQW�DWRP�LQ�
D�IRUPXOD�ZLWK�EUDFNHWV�
5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� FDUERQ�GLR[LGH�DQG�FDUERQ�PRQR[LGH
�� R[\JHQ�DQG�ZDWHU�

5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� VXOIXULF�DFLG
�� VXOIXU�GLR[LGH
�� VRGLXP�K\GURJHQFDUERQDWH�DQG�VRGLXP�

FDUERQDWH�

8QGHUVWDQG�WKDW�D�GLVSOD\HG�IRUPXOD�VKRZV�ERWK�WKH�
DWRPV�DQG�WKH�ERQGV�LQ�D�PROHFXOH�
:ULWH�WKH�PROHFXODU�IRUPXOD�RI�D�FRPSRXQG�JLYHQ�LWV�
GLVSOD\HG�IRUPXOD�

&RQVWUXFW�EDODQFHG�HTXDWLRQV�XVLQJ�GLVSOD\HG�
IRUPXODH�

8QGHUVWDQG�WKDW�SRVLWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�ORVW�IURP�DWRPV�
8QGHUVWDQG�WKDW�QHJDWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�JDLQHG�E\�DWRPV�

8QGHUVWDQG�WKDW�DQ�LRQLF�ERQG�LV�WKH�DWWUDFWLRQ�
EHWZHHQ�D�SRVLWLYH�LRQ�DQG�D�QHJDWLYH�LRQ�
8QGHUVWDQG�WKDW�D�FRYDOHQW�ERQG�LV�D�VKDUHG�SDLU�RI�
HOHFWURQV��

([SODLQ�KRZ�DQ�LRQLF�ERQG�LV�IRUPHG�
([SODLQ�KRZ�D�FRYDOHQW�ERQG�LV�IRUPHG�
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,WHP�&�D��0DNLQJ�FUXGH�RLO�XVHIXO

6XPPDU\��$UWLFOHV�RQ�WHOHYLVLRQ�DQG�LQ�QHZVSDSHUV�VKRZ�WKH�XQDFFHSWDEOH�VLGH�RI�RLO�H[SORLWDWLRQ�LQ�WHUPV�
RI�RLO�SROOXWLRQ�DW�VHD�RU�RQ�EHDFKHV��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�RLO�H[SORLWDWLRQ�DQG�KRZ�FUXGH�RLO�LV�
FKDQJHG�LQWR�XVHIXO�SURGXFWV�VXFK�DV�IXHOV��,W�DOVR�GHPRQVWUDWHV�WKH�LPSRUWDQFH�RI�WLPHVFDOH�ZLWK�UHIHUHQFH�WR�
QRQ�UHQHZDEOH�IXHOV��7KLV�LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�LOOXVWUDWH�WKH�XVH�RI�,&7�LQ�VFLHQFH�DQG�WHFKQRORJ\�
ZKHQ�UHVHDUFKLQJ�RLO�H[SORLWDWLRQ�DQG�WKH�LQGXVWULDO�SURGXFWLRQ�RI�SURGXFWV�IURP�FUXGH�RLO��7KH�GLVFXVVLRQ�
DERXW�H[SORLWDWLRQ�RI�RLO�UDLVHV�HWKLFDO�LVVXHV�DQG�DOORZV�FRQVLGHUDWLRQ�RI�VRPH�TXHVWLRQV�WKDW�VFLHQFH�FDQQRW�
FXUUHQWO\�DQVZHU�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�GLIIHUHQW�IRVVLO�IXHOV�ZLWK�JURXSV�RI�
FDQGLGDWHV�SUHSDULQJ�D�SUHVHQWDWLRQ�RQ�HDFK�IXHO�

5HFDOO�WKDW�FUXGH�RLO��FRDO�DQG�JDV�DUH�IRVVLO�IXHOV�
'HVFULEH�QRQ�UHQHZDEOH�IXHOV�DV�RQHV�ZKLFK�WDNH�D�
YHU\�ORQJ�WLPH�WR�PDNH�DQG�DUH�XVHG�XS�IDVWHU�WKDQ�
WKH\�DUH�IRUPHG��
�
�
�
�

'HPRQVWUDWH�WKH�IUDFWLRQDO�GLVWLOODWLRQ�RI�FUXGH�RLO�
XVLQJ�V\QWKHWLF�FUXGH�RLO�PL[WXUH�
5HVHDUFK�WKH�GLIIHUHQW�SURGXFWV�WKDW�FDQ�EH�PDGH�
IURP�FUXGH�RLO�

5HFRJQLVH�WKDW�IUDFWLRQDO�GLVWLOODWLRQ�VHSDUDWHV�FUXGH�
RLO�LQWR�XVHIXO�SURGXFWV�FDOOHG�IUDFWLRQV�
8QGHUVWDQG�WKDW�IUDFWLRQDO�GLVWLOODWLRQ�ZRUNV�EHFDXVH�
RI�GLIIHUHQFHV�LQ�ERLOLQJ�SRLQWV�
5HFRJQLVH�WKDW�/3*��SHWURO��GLHVHO��SDUDI¿Q��KHDWLQJ�
RLO��IXHO�RLOV�DQG�ELWXPHQ�DUH�IUDFWLRQV�REWDLQHG�IURP�
FUXGH�RLO�
5HFDOO�WKDW�/3*�FRQWDLQV�SURSDQH�DQG�EXWDQH�JDVHV�

5HVHDUFK�WKH�SUREOHPV�RI�RLO�H[SORLWDWLRQ�DQG�
SRVVLEOH�VROXWLRQV�

'HVFULEH�VRPH�RI�WKH�HQYLURQPHQWDO�SUREOHPV�
LQYROYHG�LQ�WKH�H[SORLWDWLRQ�RI�FUXGH�RLO�
�� RLO�VOLFNV�DV�D�UHVXOW�RI�DFFLGHQWV
�� GDPDJH�WR�ZLOGOLIH�DQG�EHDFKHV��

'HPRQVWUDWH�WKH�FUDFNLQJ�RI�OLTXLG�SDUDI¿Q� /DEHO�WKH�ODERUDWRU\�DSSDUDWXV�XVHG�IRU�FUDFNLQJ�
OLTXLG�SDUDI¿Q�
'HVFULEH�FUDFNLQJ�DV�D�SURFHVV�WKDW�
�� QHHGV�D�FDWDO\VW�DQG�D�KLJK�WHPSHUDWXUH
�� FRQYHUWV�ODUJH�K\GURFDUERQ�PROHFXOHV�LQWR�

VPDOOHU�RQHV�WKDW�DUH�PRUH�XVHIXO
�� PDNHV�PRUH�SHWURO�
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/LQNV�WR�RWKHU�LWHPV��&�E��8VLQJ�FDUERQ�IXHOV��&�G��0DNLQJ�SRO\PHUV��&�H��'HVLJQHU�SRO\PHUV��&�I��(QHUJ\��
&�G��$OFRKROV��&�J��1DWXUDO�IDWV�DQG�RLOV�
�
�
�
�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�IRVVLO�IXHOV�DUH�¿QLWH�UHVRXUFHV�DQG�DUH�
QRQ�UHQHZDEOH�
�� ¿QLWH�UHVRXUFHV�DUH�QR�ORQJHU�EHLQJ�PDGH�RU�

EHLQJ�PDGH�H[WUHPHO\�VORZO\
�� QRQ�UHQHZDEOH�UHVRXUFHV�DUH�XVHG�XS�IDVWHU�WKDQ�

WKH\�DUH�IRUPHG�
'HVFULEH�FUXGH�RLO�DV�D�PL[WXUH�RI�PDQ\�
K\GURFDUERQV�

'LVFXVV�WKH�SUREOHPV�DVVRFLDWHG�ZLWK�WKH�¿QLWH�
QDWXUH�RI�FUXGH�RLO�
�� DOO�WKH�UHDGLO\�H[WUDFWDEOH�UHVRXUFHV�ZLOO�EH�XVHG�

XS�LQ�WKH�IXWXUH
�� ¿QGLQJ�UHSODFHPHQWV
�� FRQÀLFW�EHWZHHQ�PDNLQJ�SHWURFKHPLFDOV�DQG�

IXHOV�

/DEHO�D�GLDJUDP�RI�D�FUXGH�RLO�IUDFWLRQDO�GLVWLOODWLRQ�
FROXPQ�WR�VKRZ�WKH�PDLQ�IUDFWLRQV�DQG�WKH�
WHPSHUDWXUH�JUDGLHQW�
'HVFULEH�KRZ�IUDFWLRQDO�GLVWLOODWLRQ�VHSDUDWHV�FUXGH�RLO�
LQWR�IUDFWLRQV�
�� FUXGH�RLO�LV�KHDWHG
�� XVH�RI�D�IUDFWLRQDWLQJ�FROXPQ�ZKLFK�KDV�D�

WHPSHUDWXUH�JUDGLHQW��FROG�DW�WKH�WRS�DQG�KRW�DW�
WKH�ERWWRP�

�� IUDFWLRQV�FRQWDLQLQJ�PL[WXUHV�RI�K\GURFDUERQV�DUH�
REWDLQHG

�� IUDFWLRQV�FRQWDLQ�PDQ\�VXEVWDQFHV�ZLWK�VLPLODU�
ERLOLQJ�SRLQWV

�� IUDFWLRQV�ZLWK�ORZ�ERLOLQJ�SRLQWV�µH[LW¶�IURP�WKH�WRS�
RI�WKH�IUDFWLRQDWLQJ�FROXPQ

�� IUDFWLRQV�ZLWK�KLJK�ERLOLQJ�SRLQWV�µH[LW¶�DW�WKH�
ERWWRP�RI�WKH�IUDFWLRQDWLQJ�FROXPQ�

([SODLQ�LQ�WHUPV�RI�PROHFXODU�VL]H��LQWHUPROHFXODU�
IRUFHV�DQG�ERLOLQJ�SRLQW�ZK\�FUXGH�RLO�FDQ�EH�
VHSDUDWHG�E\�IUDFWLRQDO�GLVWLOODWLRQ�

8QGHUVWDQG�WKDW�GXULQJ�ERLOLQJ�WKH�LQWHUPROHFXODU�
IRUFHV�EHWZHHQ�PROHFXOHV�EUHDN�EXW�FRYDOHQW�ERQGV�
ZLWKLQ�WKH�PROHFXOH�GR�QRW��

([SODLQ�VRPH�RI�WKH�SRWHQWLDO�HQYLURQPHQWDO�SUREOHPV�
LQYROYHG�LQ�WKH�WUDQVSRUWDWLRQ�RI�FUXGH�RLO�
�� GDPDJH�WR�ELUGV¶�IHDWKHUV�FDXVLQJ�GHDWK
�� XVH�RI�GHWHUJHQWV�WR�FOHDQ�XS�RLO�VOLFNV�DQG�

FRQVHTXHQW�GDPDJH�WR�ZLOGOLIH�

([SODLQ�LQ�VLPSOH�WHUPV�WKH�SROLWLFDO�SUREOHPV�
DVVRFLDWHG�ZLWK�WKH�H[SORLWDWLRQ�RI�FUXGH�RLO�
�� 8.�GHSHQGHQW�RQ�RLO�DQG�JDV�IURP�SROLWLFDOO\�

XQVWDEOH�FRXQWULHV
�� IXWXUH�VXSSO\�LVVXHV�

'HVFULEH�FUDFNLQJ�DV�D�SURFHVV�WKDW�
�� FRQYHUWV�ODUJH�DONDQH�PROHFXOHV�LQWR�VPDOOHU�

DONDQH�DQG�DONHQH�PROHFXOHV
�� PDNHV�XVHIXO�DONHQH�PROHFXOHV�WKDW�FDQ�EH�XVHG�

WR�PDNH�SRO\PHUV�
,QWHUSUHW�GDWD�DERXW�WKH�VXSSO\�DQG�GHPDQG�RI�FUXGH�
RLO�IUDFWLRQV��QR�UHFDOO�H[SHFWHG��

([SODLQ�KRZ�FUDFNLQJ�KHOSV�DQ�RLO�UH¿QHU\�PDWFK�
LWV�VXSSO\�RI�XVHIXO�SURGXFWV�VXFK�DV�SHWURO�ZLWK�WKH�
GHPDQG�IRU�WKHP�
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,WHP�&�E��8VLQJ�FDUERQ�IXHOV

6XPPDU\��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�IXHOV�DQG�WKH�IDFWRUV�WKDW�QHHG�WR�EH�FRQVLGHUHG�ZKHQ�FKRRVLQJ�
D�IXHO�WKDW�LV�¿W�IRU�SXUSRVH��,W�DOVR�FRQVLGHUV�WKH�SURFHVV�RI�FRPEXVWLRQ�DQG�KRZ�DQG�ZK\�GHFLVLRQV�DERXW�
VFLHQFH�DQG�WHFKQRORJ\�DUH�PDGH�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'LVFXVV�IXHOV�IRU�D�SXUSRVH��H�J��FKRRVLQJ�WKH�ULJKW�
IXHO�IRU�KHDWLQJ�OLJKWLQJ�D�UHPRWH�KRXVH�LQ�6FRWODQG��
SRZHULQJ�D�FDU��XVH�LQ�DQ�HOHFWULFLW\�JHQHUDWLQJ�
VWDWLRQ��

,QWHUSUHW�VLPSOH�GDWD�DERXW�IXHOV�LQ�RUGHU�WR�FKRRVH�
WKH�EHVW�IXHO�IRU�D�SDUWLFXODU�SXUSRVH��QR�UHFDOO�
H[SHFWHG��
/LVW�WKH�IDFWRUV�DERXW�IXHOV�LQ�RUGHU�WR�FKRRVH�WKH�EHVW�
IXHO�IRU�D�SDUWLFXODU�SXUSRVH��
�� HQHUJ\�YDOXH
�� DYDLODELOLW\
�� VWRUDJH
�� FRVW
�� WR[LFLW\
�� SROOXWLRQ�H�J��DFLG�UDLQ��JUHHQKRXVH�HIIHFW
�� HDVH�RI�XVH�

&DUU\�RXW�DQ�H[SHULPHQW�WR�VKRZ�WKDW�FRPEXVWLRQ�RI�
D�K\GURFDUERQ�LQ�D�SOHQWLIXO�VXSSO\�RI�DLU�SURGXFHV�
FDUERQ�GLR[LGH�DQG�ZDWHU�

5HFDOO�WKDW�WKH�FRPEXVWLRQ�RI�D�IXHO�UHOHDVHV�XVHIXO�
KHDW�HQHUJ\�
8QGHUVWDQG�ZK\�FRPSOHWH�FRPEXVWLRQ�QHHGV�D�
SOHQWLIXO�VXSSO\�RI�R[\JHQ��DLU��
5HFDOO�WKDW�FRPSOHWH�FRPEXVWLRQ�RI�D�K\GURFDUERQ�
IXHO�PDNHV�RQO\�FDUERQ�GLR[LGH�DQG�ZDWHU�
&RQVWUXFW�ZRUG�HTXDWLRQV�WR�VKRZ�WKH�FRPSOHWH�
FRPEXVWLRQ�RI�D�K\GURFDUERQ�IXHO�JLYHQ�WKH�UHDFWDQWV�
DQG�SURGXFWV�

'HVLJQ�D�SRVWHU�ZDUQLQJ�DERXW�WKH�GDQJHUV�RI�FDUERQ�
PRQR[LGH�SRLVRQLQJ�H�J��XVLQJ�DSSURSULDWH�,&7�
VRIWZDUH�
,QYHVWLJDWH�WKH�SURGXFWV�RI�FRPSOHWH�DQG�LQFRPSOHWH�
FRPEXVWLRQ�E\�H[SHULPHQW�

8QGHUVWDQG�ZK\�LQFRPSOHWH�FRPEXVWLRQ�WDNHV�SODFH�
([SODLQ�ZK\�D�EOXH�%XQVHQ�ÀDPH�UHOHDVHV�PRUH�
HQHUJ\�WKDQ�D�\HOORZ�ÀDPH�
,GHQWLI\�WKDW�D�\HOORZ�ÀDPH�SURGXFHV�ORWV�RI�VRRW�
5HFDOO�WKDW�LQFRPSOHWH�FRPEXVWLRQ�RI�D�K\GURFDUERQ�
IXHO�PDNHV�FDUERQ�PRQR[LGH��FDUERQ��VRRW��DQG�
ZDWHU�
5HFDOO�WKDW�FDUERQ�PRQR[LGH�LV�D�SRLVRQRXV�JDV�
&RQVWUXFW�ZRUG�HTXDWLRQV�WR�VKRZ�WKH�LQFRPSOHWH�
FRPEXVWLRQ�RI�D�K\GURFDUERQ�IXHO�JLYHQ�WKH�UHDFWDQWV�
DQG�SURGXFWV�
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0RGXOH�&���&DUERQ�&KHPLVWU\
,WHP�&�E��8VLQJ�FDUERQ�IXHOV

/LQNV�WR�RWKHU�LWHPV��&�D��0DNLQJ�FUXGH�RLO�XVHIXO��&�F��&OHDQ�DLU��&�G��0DNLQJ�SRO\PHUV��&�F��5DWH�RI�
UHDFWLRQ������&�E��(QHUJ\�WUDQVIHUV�±�IXHO�FHOOV��&�G��$OFRKROV�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

,QWHUSUHW�GDWD�DERXW�IXHOV�LQ�RUGHU�WR�FKRRVH�WKH�EHVW�
IXHO�IRU�D�SDUWLFXODU�SXUSRVH��QR�UHFDOO�H[SHFWHG���
6XJJHVW�WKH�NH\�IDFWRUV�WKDW�QHHG�WR�EH�FRQVLGHUHG�
ZKHQ�FKRRVLQJ�D�IXHO�IRU�D�SDUWLFXODU�SXUSRVH�

(YDOXDWH�WKH�XVH��QR�UHFDOO�H[SHFWHG��RI�GLIIHUHQW�
IXHOV�
([SODLQ�ZK\�WKH�DPRXQW�RI�IRVVLO�IXHOV�EHLQJ�EXUQW�LV�
LQFUHDVLQJ�
�� LQFUHDVLQJ�ZRUOG�SRSXODWLRQ
�� JURZWK�RI�XVH�LQ�GHYHORSLQJ�FRXQWULHV�H�J��,QGLD�

DQG�&KLQD��

'HVFULEH�DQ�H[SHULPHQW�WR�VKRZ�WKDW�FRPEXVWLRQ�RI�
D�K\GURFDUERQ�LQ�D�SOHQWLIXO�VXSSO\�RI�DLU�SURGXFHV�
FDUERQ�GLR[LGH�DQG�ZDWHU�
&RQVWUXFW�ZRUG�HTXDWLRQV�WR�VKRZ�WKH�FRPSOHWH�
FRPEXVWLRQ�RI�D�K\GURFDUERQ�IXHO��QRW�DOO�UHDFWDQWV�
DQG�SURGXFWV�JLYHQ��

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
FRPSOHWH�FRPEXVWLRQ�RI�D�VLPSOH�K\GURFDUERQ�IXHO�
JLYHQ�LWV�PROHFXODU�IRUPXOD�

([SODLQ�WKH�DGYDQWDJHV�RI�FRPSOHWH�FRPEXVWLRQ�RYHU�
LQFRPSOHWH�FRPEXVWLRQ�RI�K\GURFDUERQ�IXHOV�
&RQVWUXFW�ZRUG�HTXDWLRQV�WR�VKRZ�WKH�LQFRPSOHWH�
FRPEXVWLRQ�RI�D�K\GURFDUERQ�IXHO��QRW�DOO�UHDFWDQWV�
DQG�SURGXFWV�JLYHQ��

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
LQFRPSOHWH�FRPEXVWLRQ�RI�D�VLPSOH�K\GURFDUERQ�IXHO�
JLYHQ�LWV�PROHFXODU�IRUPXOD�DQG�WKH�SURGXFW��FDUERQ�
RU�FDUERQ�PRQR[LGH��
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6XPPDU\��7KH�LQFUHDVH�LQ�UHVSLUDWRU\�LOOQHVVHV�VXFK�DV�DVWKPD�LQ�\RXQJ�SHRSOH�PD\�EH�FDXVHG�E\�DQ�
LQFUHDVH�LQ�DLU�SROOXWLRQ��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�DLU�SROOXWLRQ�DQG�KRZ�LW�FDQ�EH�SUHYHQWHG��7KH�XVH�
RI�FDWDO\WLF�FRQYHUWHUV�WR�UHGXFH�DWPRVSKHULF�SROOXWLRQ�LV�DOVR�FRQVLGHUHG��7KH�HYROXWLRQ�RI�WKH�DWPRVSKHUH�
LQFOXGLQJ�WKH�WLPHVFDOHV�LQYROYHG�DQG�WKH�HWKLFDO�LVVXHV�DURXQG�KXPDQ�LQÀXHQFHV�RQ�WKH�DWPRVSKHUH�DUH�DOVR�
LQWURGXFHG�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([SHULPHQWDO�GHWHUPLQDWLRQ�RI�WKH�FRPSRVLWLRQ�RI�
FOHDQ�DLU�
3URGXFH�VRPH�UHVHDUFK�RU�D�SRVWHU�WR�VKRZ�WKH�PDLQ�
SURFHVVHV�LQ�WKH�FDUERQ�F\FOH�
3URGXFH�D�WLPH�OLQH�VKRZLQJ�WKH�VHTXHQFH�RI�HYHQWV�
LQ�WKH�HYROXWLRQ�RI�WKH�DWPRVSKHUH��

5HFDOO�WKDW�DLU�FRQWDLQV�R[\JHQ��QLWURJHQ��ZDWHU�
YDSRXU�DQG�FDUERQ�GLR[LGH�
8QGHUVWDQG�KRZ�SKRWRV\QWKHVLV��UHVSLUDWLRQ�DQG�
FRPEXVWLRQ�DIIHFW�WKH�OHYHO�RI�FDUERQ�GLR[LGH�DQG�WKH�
OHYHO�RI�R[\JHQ�LQ�WKH�DLU�
8QGHUVWDQG�WKDW�R[\JHQ��QLWURJHQ�DQG�FDUERQ�
GLR[LGH�OHYHOV�LQ�WKH�SUHVHQW�GD\�DWPRVSKHUH�DUH�
DSSUR[LPDWHO\�FRQVWDQW�

5HVHDUFK�WKH�LQFUHDVH�LQ�RFFXUUHQFHV�RI�DVWKPD�LQ�
WKH�8.�DQG�SRVVLEOH�OLQNV�ZLWK�DLU�SROOXWLRQ�H�J��IURP�
WKH�LQWHUQHW�
:ULWH�D�OHDÀHW�GHVFULELQJ�WKH�PDLQ�IRUPV�RI�
DWPRVSKHULF�SROOXWLRQ��WKHLU�HIIHFWV�DQG�RULJLQV�

5HODWH�WKH�FRPPRQ�SROOXWDQWV�IRXQG�LQ�DLU�WR�WKH�
HQYLURQPHQWDO�SUREOHP�WKH�SROOXWDQW�FDXVHV�DQG�RU�WR�
WKH�VRXUFH�RI�WKH�SROOXWDQW�
�� FDUERQ�PRQR[LGH�±�D�SRLVRQRXV�JDV�IRUPHG�E\�

WKH�LQFRPSOHWH�FRPEXVWLRQ�RI�SHWURO�RU�GLHVHO�LQ�
FDU�HQJLQHV

�� R[LGHV�RI�QLWURJHQ�±�FDXVHV�SKRWRFKHPLFDO�VPRJ�
DQG�DFLG�UDLQ�DQG�DUH�IRUPHG�LQ�WKH�LQWHUQDO�
FRPEXVWLRQ�HQJLQH

�� VXOIXU�GLR[LGH�±�FDXVHV�DFLG�UDLQ�WKDW�ZLOO�NLOO�
SODQWV��NLOO�DTXDWLF�OLIH��HURGH�VWRQHZRUN�DQG�
FRUURGH�PHWDOV�DQG�LV�IRUPHG�ZKHQ�VXOIXU�
LPSXULWLHV�LQ�IRVVLO�IXHOV�EXUQ�

5HVHDUFK�WKH�PHWKRGV�RI�SUHYHQWLQJ�DWPRVSKHULF�
SROOXWLRQ�

5HFDOO�WKDW�D�FDWDO\WLF�FRQYHUWHU�UHPRYHV�FDUERQ�
PRQR[LGH�IURP�WKH�H[KDXVW�JDVHV�RI�D�FDU�
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/LQNV�WR�RWKHU�LWHPV��&�E��8VLQJ�FDUERQ�IXHOV��&�H��'HSOHWLRQ�RI�WKH�R]RQH�OD\HU
�
�
�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKH�SHUFHQWDJH�FRPSRVLWLRQ�E\�YROXPH�RI�
FOHDQ�DLU�
�� ����R[\JHQ
�� ����QLWURJHQ
�� �������FDUERQ�GLR[LGH�
'HVFULEH�D�VLPSOH�FDUERQ�F\FOH�LQYROYLQJ�
SKRWRV\QWKHVLV��UHVSLUDWLRQ�DQG�FRPEXVWLRQ�
'HVFULEH�KRZ�WKH�SUHVHQW�GD\�DWPRVSKHUH�HYROYHG�
�� RULJLQDO�DWPRVSKHUH�FDPH�IURP�JDVHV�HVFDSLQJ�

IURP�WKH�LQWHULRU�RI�WKH�(DUWK
�� SKRWRV\QWKHVLV�E\�SODQWV�LQFUHDVHG�WKH�

SHUFHQWDJH�RI�R[\JHQ�XQWLO�LW�UHDFKHG�WRGD\¶V�
OHYHO�

(YDOXDWH�WKH�HIIHFWV�RI�KXPDQ�LQÀXHQFHV�RQ�WKH�
FRPSRVLWLRQ�RI�DLU��IRU�H[DPSOH�
�� GHIRUHVWDWLRQ
�� SRSXODWLRQ�
'HVFULEH�RQH�SRVVLEOH�WKHRU\�IRU�KRZ�WKH�SUHVHQW�GD\�
DWPRVSKHUH�HYROYHG�RYHU�PLOOLRQV�RI�\HDUV��EDVHG�
RQ�WKH�FRPSRVLWLRQ�RI�JDVHV�YHQWHG�E\�SUHVHQW�GD\�
YROFDQLF�DFWLYLW\��
�� GHJDVVLQJ�RI�HDUO\�YROFDQRHV�SURGXFLQJ�DQ�

DWPRVSKHUH�ULFK�LQ�ZDWHU�DQG�FDUERQ�GLR[LGH
�� FRQGHQVLQJ�RI�ZDWHU�YDSRXU�WR�IRUP�RFHDQV
�� GLVVROYLQJ�RI�FDUERQ�GLR[LGH�LQ�RFHDQ�ZDWHUV
�� UHODWLYH�LQFUHDVH�RI�QLWURJHQ�GXH�WR�LWV�ODFN�RI�

UHDFWLYLW\
�� GHYHORSPHQW�RI�SKRWRV\QWKHWLF�RUJDQLVPV
�� LQFUHDVH�LQ�R[\JHQ�OHYHOV�GXH�WR�SKRWRV\QWKHVLV�

,QWHUSUHW�GDWD�DERXW�WKH�HIIHFWV�RI�DWPRVSKHULF�
SROOXWDQWV�

([SODLQ�ZK\�WKH�KLJK�WHPSHUDWXUH�LQVLGH�DQ�LQWHUQDO�
FRPEXVWLRQ�HQJLQH�DOORZV�QLWURJHQ�IURP�WKH�DLU�WR�
UHDFW�ZLWK�R[\JHQ�WR�PDNH�R[LGHV�RI�QLWURJHQ�

([SODLQ�ZK\�LW�LV�LPSRUWDQW�WKDW�DWPRVSKHULF�SROOXWLRQ�
LV�FRQWUROOHG�
8QGHUVWDQG�WKDW�D�FDWDO\WLF�FRQYHUWHU�FKDQJHV�FDUERQ�
PRQR[LGH�LQWR�FDUERQ�GLR[LGH�

([SODLQ�KRZ�XVH�RI�D�FDWDO\WLF�FRQYHUWHU�UHPRYHV�
FDUERQ�PRQR[LGH�IURP�H[KDXVW�IXPHV�XVLQJ�WKH�
EDODQFHG�V\PERO�HTXDWLRQ�

�&2����12�ĺ�1�����&2�
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6XPPDU\��&DQGLGDWHV�ZLOO�EH�IDPLOLDU�ZLWK�WKH�LGHD�WKDW�YLUWXDOO\�DOO�PDWHULDOV�DUH�PDGH�WKURXJK�FKHPLFDO�
UHDFWLRQV��7KH\�ZLOO�DOVR�EH�DEOH�WR�UHSUHVHQW�FRPSRXQGV�E\�IRUPXODH�DQG�FKHPLFDO�UHDFWLRQV�E\�ZRUG�
HTXDWLRQV��7KLV�LWHP�DSSOLHV�WKHVH�LGHDV�WR�WKH�IRUPDWLRQ�RI�D�JURXS�RI�VXEVWDQFHV�YLWDO�IRU�OLIH�LQ�WKH���VW�
FHQWXU\�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

8VH�RI�PROHFXODU�PRGHOV�
8VH�RI�,&7�WR�VKRZ�VKDSHV�RI�PROHFXOHV�

5HFDOO�WKH�WZR�HOHPHQWV�FKHPLFDOO\�FRPELQHG�LQ�D�
K\GURFDUERQ�
�� FDUERQ
�� K\GURJHQ�
5HFRJQLVH�D�K\GURFDUERQ�IURP�LWV�PROHFXODU�RU�
GLVSOD\HG�IRUPXOD�

8VH�RI�PROHFXODU�PRGHOV�
8VH�RI�,&7�WR�VKRZ�VKDSHV�RI�PROHFXOHV�

5HFRJQLVH�WKDW�DONDQHV�DUH�K\GURFDUERQV�

7HVW�IRU�XQVDWXUDWLRQ�XVLQJ�EURPLQH�ZDWHU� 5HFRJQLVH�WKDW�DONHQHV�DUH�K\GURFDUERQV�

&DUG�JDPH��PDWFKLQJ�PRQRPHUV�DQG�SRO\PHUV�
8VH�RI�PROHFXODU�PRGHOV�
0DNLQJ�µSRO\SDSHUFOLSV¶�

'HGXFH�WKH�QDPH�RI�DQ�DGGLWLRQ�SRO\PHU�JLYHQ�WKH�
QDPH�RI�WKH�PRQRPHU�DQG�YLFH�YHUVD�

'HPRQVWUDWLRQ�RI�SUHSDUDWLRQ�RI�Q\ORQ�DV�DQ�
H[DPSOH�RI�KRZ�PRQRPHUV�FDQ�IRUP�FKDLQV��EXW�
XQGHUVWDQGLQJ�WKDW�WKLV�LV�QRW�DQ�H[DPSOH�RI�DGGLWLRQ�
SRO\PHULVDWLRQ��
'HPRQVWUDWLRQ�±�PDNLQJ�SRO\�SKHQ\OHWKHQH��±�GHWDLOV�
IURP�56&�ZHEVLWH�ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�
39$�SRO\PHU�VOLPH�GHWDLOV�IURP�56&�ZHEVLWH��
ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

5HFDOO�WKDW�ODUJH�PROHFXOHV��FDOOHG�SRO\PHUV��DUH�
PDGH�ZKHQ�PDQ\�VPDOO�PROHFXOHV��FDOOHG�PRQRPHUV��
MRLQ�WRJHWKHU�LQ�D�SRO\PHULVDWLRQ�UHDFWLRQ�
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/LQNV�WR�RWKHU�LWHPV��&�D��0DNLQJ�FUXGH�RLO�XVHIXO��&�E��8VLQJ�FDUERQ�IXHOV��&�H��'HVLJQHU�SRO\PHUV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�D�K\GURFDUERQ�LV�D�FRPSRXQG�IRUPHG�
EHWZHHQ�FDUERQ�DWRPV�DQG�K\GURJHQ�DWRPV�RQO\�
*LYHQ�WKH�PROHFXODU�RU�GLVSOD\HG�IRUPXOD�RI�D�
FRPSRXQG��H[SODLQ�ZK\�LW�LV�D�K\GURFDUERQ�

'HVFULEH�D�VDWXUDWHG�FRPSRXQG�DV�RQH�ZKLFK�
FRQWDLQV�RQO\�VLQJOH�FRYDOHQW�ERQGV�EHWZHHQ�FDUERQ�
DWRPV�
'HVFULEH�DQ�XQVDWXUDWHG�FRPSRXQG�DV�RQH�ZKLFK�
FRQWDLQV�DW�OHDVW�RQH�GRXEOH�FRYDOHQW�ERQG�EHWZHHQ�
FDUERQ�DWRPV�

5HFDOO�WKDW�DONDQHV�DUH�K\GURFDUERQV�ZKLFK�FRQWDLQ�
VLQJOH�FRYDOHQW�ERQGV�RQO\�
,QWHUSUHW�LQIRUPDWLRQ�RQ�GLVSOD\HG�IRUPXODH�RI�
DONDQHV�

,QWHUSUHW�LQIRUPDWLRQ�IURP�WKH�GLVSOD\HG�IRUPXOD�RI�D�
VDWXUDWHG�K\GURFDUERQ�

5HFDOO�WKDW�DONHQHV�DUH�K\GURFDUERQV�ZKLFK�FRQWDLQ�D�
GRXEOH�FRYDOHQW�ERQG�V��EHWZHHQ�FDUERQ�DWRPV�
8QGHUVWDQG�WKDW�GRXEOH�ERQGV�LQYROYH�WZR�VKDUHG�
SDLUV�RI�HOHFWURQV�
,QWHUSUHW�LQIRUPDWLRQ�RQ�GLVSOD\HG�IRUPXODH�RI�
DONHQHV�
'HVFULEH�KRZ�WKH�UHDFWLRQ�ZLWK�EURPLQH�FDQ�EH�XVHG�
WR�WHVW�IRU�DQ�DONHQH�
�� EURPLQH�ZDWHU�LV�RUDQJH
�� EURPLQH�ZDWHU�LV�GHFRORXULVHG�

,QWHUSUHW�LQIRUPDWLRQ�IURP�WKH�GLVSOD\HG�IRUPXOD�RI�DQ�
XQVDWXUDWHG�K\GURFDUERQ�
([SODLQ�WKH�UHDFWLRQ�EHWZHHQ�EURPLQH�DQG�DONHQHV�
�� DGGLWLRQ�UHDFWLRQ
�� IRUPDWLRQ�RI�D�FRORXUOHVV�GLEURPR�FRPSRXQG�

5HFRJQLVH�WKH�GLVSOD\HG�IRUPXOD�IRU�D�SRO\PHU� 'UDZ�WKH�GLVSOD\HG�IRUPXOD�RI�DQ�DGGLWLRQ�SRO\PHU�
JLYHQ�WKH�GLVSOD\HG�IRUPXOD�RI�LWV�PRQRPHU�
'UDZ�WKH�GLVSOD\HG�IRUPXOD�RI�D�PRQRPHU�JLYHQ�WKH�
GLVSOD\HG�IRUPXOD�RI�LWV�DGGLWLRQ�SRO\PHU�

'HVFULEH�DGGLWLRQ�SRO\PHULVDWLRQ�DV�D�SURFHVV�
LQ�ZKLFK�PDQ\�DONHQH�PRQRPHU�PROHFXOHV�UHDFW�
WRJHWKHU�WR�JLYH�D�SRO\PHU�ZKLFK�UHTXLUHV�KLJK�
SUHVVXUH�DQG�D�FDWDO\VW�

([SODLQ�DGGLWLRQ�SRO\PHULVDWLRQ�LQ�WHUPV�RI�DGGLWLRQ�RI�
XQVDWXUDWHG�PROHFXOHV�



�� ��2&5������*&6(�&KHPLVWU\�%

�

0RGXOH�&���&DUERQ�&KHPLVWU\
,WHP�&�H��'HVLJQHU�SRO\PHUV

6XPPDU\��&DQGLGDWHV�PD\�EH�IDPLOLDU�ZLWK�WKH�LGHD�WKDW�HYHU\GD\�LWHPV�VXFK�DV�VXSHUPDUNHW�EDJV�DUH�
PDGH�IURP�SRO\PHUV��7KLV�LWHP�H[SORUHV�ZK\�WHFKQRORJ\�PRYHV�IRUZDUG�ZLWK�WKH�GHYHORSPHQW�RI�PDWHULDOV�
IRFXVLQJ�RQ�WKH�YHU\�ZLGH�UDQJH�RI�XVHV�WKDW�SRO\PHUV�KDYH�LQ�WKH���VW�FHQWXU\��LQFOXGLQJ�KHDOWK�FDUH��,VVXHV�
RI�GLVSRVDO�RI�SRO\PHUV�DUH�DOVR�FRQVLGHUHG�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

$FWLYLW\�LQWHUSUHWLQJ�LQIRUPDWLRQ�DQG�UHVHDUFKLQJ�
SHUVRQDO�LQWHUHVWV�LQ�WKH�FRQWH[W�RI�ZK\�WHFKQRORJ\�
PRYHV�IRUZDUG�ZLWK�WKH�GHYHORSPHQW�RI�PDWHULDOV�
SUHFLVHO\�PDWFKHG�WR�QHHG�XVLQJ�D�YDULHW\�RI�FRQWH[WV�
WR�FDSWXUH�GLIIHUHQW�LQWHUHVWV��&'V��VSRUWV�HTXLSPHQW��
KHDOWK�FRQWH[WV�HWF��

,QWHUSUHW�VLPSOH�LQIRUPDWLRQ�DERXW�SURSHUWLHV�RI�
SRO\PHUV��SODVWLFV��DQG�WKHLU�XVHV�JLYHQ�DSSURSULDWH�
LQIRUPDWLRQ��QR�UHFDOO�H[SHFWHG��

'DWD�VHDUFK�DERXW�ZDWHUSURRI�FORWKLQJ�H�J��XVLQJ�
DSSURSULDWH�,&7�
,GHQWL¿FDWLRQ�RI�SRO\PHUV��SODVWLFV��

5HFDOO�WKDW�Q\ORQ�LV�XVHG�LQ�FORWKLQJ�

5HVHDUFK�KRZ�ORFDO�FRXQFLOV�GLVSRVH�RI�SXEOLF�ZDVWH� 8QGHUVWDQG�WKDW�PDQ\�SRO\PHUV�DUH�QRQ�
ELRGHJUDGDEOH�DQG�VR�ZLOO�QRW�GHFD\�RU�GHFRPSRVH�
E\�EDFWHULDO�DFWLRQ�
5HFDOO�VRPH�RI�WKH�ZD\V�WKDW�ZDVWH�SRO\PHUV�FDQ�EH�
GLVSRVHG�RI�
�� XVH�RI�ODQG�¿OO�VLWHV
�� EXUQLQJ�RI�ZDVWH�SRO\PHUV
�� UHF\FOLQJ�
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/LQNV�WR�RWKHU�LWHPV��&�D��0DNLQJ�FUXGH�RLO�XVHIXO��&�G��0DNLQJ�SRO\PHUV�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

6XJJHVW�WKH�SURSHUWLHV�D�SRO\PHU��SODVWLF��VKRXOG�
KDYH�LQ�RUGHU�WR�EH�XVHG�IRU�D�SDUWLFXODU�SXUSRVH�
([SODLQ�ZK\�D�SRO\PHU��SODVWLF��LV�VXLWDEOH�IRU�D�
SDUWLFXODU�XVH�JLYHQ�WKH�SURSHUWLHV�RI�WKH�SRO\PHU�

8QGHUVWDQG�WKDW�WKH�DWRPV�LQ�SODVWLFV�DUH�KHOG�
WRJHWKHU�E\�VWURQJ�FRYDOHQW�ERQGV�
5HODWH�WKH�SURSHUWLHV�RI�SODVWLFV�WR�VLPSOH�PRGHOV�RI�
WKHLU�VWUXFWXUH�
�� SODVWLFV�WKDW�KDYH�ZHDN�LQWHUPROHFXODU�IRUFHV�

EHWZHHQ�SRO\PHU�PROHFXOHV�KDYH�ORZ�PHOWLQJ�
SRLQWV�DQG�FDQ�EH�VWUHWFKHG�HDVLO\�DV�WKH�SRO\PHU�
PROHFXOHV�FDQ�VOLGH�RYHU�RQH�DQRWKHU

�� SODVWLFV�WKDW�KDYH�VWURQJ�IRUFHV�EHWZHHQ�WKH�
SRO\PHU�PROHFXOHV��FRYDOHQW�ERQGV�RU�FURVV�
OLQNLQJ�EULGJHV��KDYH�KLJK�PHOWLQJ�SRLQWV��FDQQRW�
EH�VWUHWFKHG�DQG�DUH�ULJLG�

&RPSDUH�WKH�SURSHUWLHV�RI�Q\ORQ�DQG�*25(�7(;���
IDEULF�
�� Q\ORQ�LV�WRXJK��OLJKWZHLJKW��NHHSV�ZDWHU�RXW�DQG�

NHHSV�89�OLJKW�RXW�EXW�GRHV�QRW�OHW�ZDWHU�YDSRXU�
WKURXJK�LW�ZKLFK�PHDQV�WKDW�VZHDW�FRQGHQVHV

�� *25(�7(;��IDEULF�KDV�DOO�RI�WKH�SURSHUWLHV�RI�
Q\ORQ�EXW�LV�DOVR�EUHDWKDEOH�

([SODLQ�ZK\�WKH�GLVFRYHU\�RI�*25(�7(;��W\SH�
PDWHULDOV�KDV�EHHQ�RI�JUHDW�KHOS�WR�DFWLYH�RXWGRRU�
SHRSOH�WR�FRSH�ZLWK�SHUVSLUDWLRQ�ZHWQHVV�

([SODLQ�ZK\�*25(�7(;��W\SH�PDWHULDOV�DUH�
ZDWHUSURRI�DQG�\HW�EUHDWKDEOH�
�� Q\ORQ�ODPLQDWHG�ZLWK�37)(���SRO\XUHWKDQH�

PHPEUDQH
�� KROHV�LQ�PHPEUDQH�DUH�WRR�VPDOO�IRU�ZDWHU�WR�

SDVV�WKURXJK�EXW�DUH�ELJ�HQRXJK�IRU�ZDWHU�YDSRXU�
WR�SDVV�WKURXJK

�� PHPEUDQH�LV�WRR�IUDJLOH�RQ�LWV�RZQ�DQG�VR�LV�
FRPELQHG�ZLWK�Q\ORQ�

([SODLQ�ZK\�FKHPLVWV�DUH�GHYHORSLQJ�QHZ�W\SHV�RI�
SRO\PHUV�
�� SRO\PHUV�WKDW�GLVVROYH
�� ELRGHJUDGDEOH�SRO\PHUV�
([SODLQ�HQYLURQPHQWDO�DQG�HFRQRPLF�LVVXHV�UHODWHG�
WR�WKH�XVH�DQG�GLVSRVDO�RI�SRO\PHUV�

*25(�7(;��DQG�GHVLJQV�DUH�UHJLVWHUHG�WUDGHPDUNV�RI�:��/��*RUH�	�$VVRFLDWHV�
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0RGXOH�&���&DUERQ�&KHPLVWU\
,WHP�&�I��&RRNLQJ�DQG�IRRG�DGGLWLYHV

6XPPDU\��&RRNLQJ�LQYROYHV�FKHPLFDO�UHDFWLRQV�LQ�IRRG�WR�GHYHORS�D�GLIIHUHQW�WH[WXUH�DQG�WDVWH��7KLV�LWHP�
FRQVLGHUV�WKH�FKHPLFDO�FKDQJHV�WKDW�KDSSHQ�WR�VRPH�IRRGV�ZKHQ�WKH\�DUH�FRRNHG��0XFK�RI�WKH�IRRG�HDWHQ�
WRGD\�FRQWDLQV�IRRG�DGGLWLYHV�WR�FRORXU�IRRG��HQKDQFH�WKH�ÀDYRXU��DGG�YLWDPLQV��VWDELOLVH�WKH�IRRG��RU�VWRS�LW�
GHFD\LQJ��7KLV�LWHP�FRQVLGHUV�GLIIHUHQW�W\SHV�RI�IRRG�DGGLWLYH�DQG�VRPH�RI�WKH�LVVXHV�FRQFHUQHG�ZLWK�WKHLU�XVH��
7KLV�LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�FROOHFW�DQG�DQDO\VH�VHFRQGDU\�GDWD�XVLQJ�,&7�WRROV�ZKHQ�UHVHDUFKLQJ�
IRRG�DGGLWLYHV�DQG�SURYLGHV�RSSRUWXQLWLHV�IRU�LQWHUSUHWLQJ�DQG�DSSO\LQJ�VFLHQFH�LGHDV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

,QYHVWLJDWH�WKH�HIIHFW�RI�KHDWLQJ�RQ�SURWHLQV�VXFK�DV�
WKRVH�LQ�HJJV�RU�PHDW�
,QYHVWLJDWH�WKH�HIIHFW�RI�KHDW�RQ�SRWDWRHV�
56&�PDWHULDO�DW�ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�
H[SHULPHQWV�VWUXFWXUH�DQG�ERQGLQJ�

5HFRJQLVH�WKDW�D�FKHPLFDO�FKDQJH�WDNHV�SODFH�LI�
�� WKHUH�LV�D�QHZ�VXEVWDQFH�PDGH
�� WKH�SURFHVV�LV�LUUHYHUVLEOH
�� DQ�HQHUJ\�FKDQJH�WDNHV�SODFH�
([SODLQ�ZK\�FRRNLQJ�IRRG�LV�D�FKHPLFDO�FKDQJH�
�� D�QHZ�VXEVWDQFH�LV�IRUPHG�
�� WKH�SURFHVV�FDQQRW�EH�UHYHUVHG�

'DWD�VHDUFK�LQWR�WKH�W\SHV�RI�IRRG�DGGLWLYH�H�J��XVLQJ�
VXLWDEOH�ZHE�VLWHV�
/RRN�DW�IRRG�ODEHOV�IRU�DGGLWLYHV�
'LVFXVV�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�XVLQJ�
IRRG�DGGLWLYHV�
,QYHVWLJDWH�HPXOVL¿HUV�E\�PL[LQJ�RLO�DQG�ZDWHU�
7HVW�D�UDQJH�RI�FRPPRQ�VXEVWDQFHV�WR�VHH�ZKLFK�DFW�
DV�HPXOVL¿HUV�

5HODWH�W\SHV�RI�IRRG�DGGLWLYH�WR�WKHLU�IXQFWLRQ�
�� DQWLR[LGDQWV�VWRS�IRRGV�IURP�UHDFWLQJ�ZLWK�R[\JHQ
�� IRRG�FRORXUV�JLYH�IRRG�DQ�LPSURYHG�FRORXU
�� ÀDYRXU�HQKDQFHUV�LPSURYH�WKH�ÀDYRXU�RI�D�IRRG
�� HPXOVL¿HUV�KHOS�RLO�DQG�ZDWHU�WR�PL[�DQG�QRW�

VHSDUDWH�

,QYHVWLJDWH�WKH�DFWLRQ�RI�KHDW�RQ�EDNLQJ�SRZGHU� ([SODLQ�KRZ�EDNLQJ�SRZGHU�KHOSV�PDNH�FDNHV�ULVH�
5HFDOO�WKDW�WKH�FKHPLFDO�WHVW�IRU�FDUERQ�GLR[LGH�LV�WKDW�
LW�WXUQV�OLPH�ZDWHU�FORXG\�
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0RGXOH�&���&DUERQ�&KHPLVWU\
,WHP�&�I��&RRNLQJ�DQG�IRRG�DGGLWLYHV

/LQNV�WR�RWKHU�LWHPV��&�F��4XDQWLWDWLYH�DQDO\VLV��&�J��1DWXUDO�IDWV�DQG�RLOV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�SURWHLQ�PROHFXOHV�LQ�HJJV�DQG�PHDW�
FKDQJH�VKDSH�ZKHQ�HJJV�DQG�PHDW�DUH�FRRNHG��WKLV�
LV�FDOOHG�GHQDWXULQJ�

([SODLQ�ZK\�WKH�WH[WXUH�RI�HJJ�RU�PHDW�FKDQJHV�ZKHQ�
LW�LV�FRRNHG�
�� VKDSH�RI�SURWHLQ�PROHFXOHV�SHUPDQHQWO\�FKDQJHV�
([SODLQ�ZK\�SRWDWR�LV�HDVLHU�WR�GLJHVW�LI�LW�LV�FRRNHG��
�� FHOO�ZDOOV�UXSWXUH�UHVXOWLQJ�LQ�ORVV�RI�ULJLG�VWUXFWXUH�

DQG�D�VRIWHU�WH[WXUH
�� VWDUFK�JUDLQV�VZHOO�XS�DQG�VSUHDG�RXW�

'HVFULEH�HPXOVL¿HUV�DV�PROHFXOHV�WKDW�KDYH�D�ZDWHU�
ORYLQJ��K\GURSKLOLF��SDUW�DQG�DQ�RLO�RU�IDW�ORYLQJ�
�K\GURSKRELF��SDUW�

([SODLQ�ZK\�DQ�HPXOVL¿HU�KHOSV�WR�NHHS�RLO�DQG�ZDWHU�
IURP�VHSDUDWLQJ�
�� K\GURSKLOLF�HQG�ERQGV�WR�ZDWHU�PROHFXOHV
�� K\GURSKRELF�HQG�ERQGV�ZLWK�RLO�RU�IDW�PROHFXOHV�

5HFDOO�WKH�ZRUG�HTXDWLRQ�IRU�WKH�GHFRPSRVLWLRQ�RI�
VRGLXP�K\GURJHQFDUERQDWH��QRW�DOO�SURGXFWV�JLYHQ�
� VRGLXP� ĺ� VRGLXP� ��FDUERQ� �� ZDWHU
�K\GURJHQFDUERQDWH� � FDUERQDWH� � GLR[LGH
&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
GHFRPSRVLWLRQ�RI�VRGLXP�K\GURJHQFDUERQDWH��VRPH�
RU�DOO�IRUPXODH�JLYHQ��

�1D+&2��ĺ�1D�&2����&2����+�2�

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
GHFRPSRVLWLRQ�RI�VRGLXP�K\GURJHQFDUERQDWH�
�IRUPXODH�QRW�JLYHQ��

�1D+&2��ĺ�1D�&2����&2����+�2
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0RGXOH�&���&DUERQ�&KHPLVWU\
,WHP�&�J��6PHOOV

6XPPDU\��&RVPHWLFV�SOD\�DQ�LPSRUWDQW�SDUW�LQ�WKH�OLIH�RI�WHHQDJHUV��7KLV�LWHP�FRQVLGHUV�VRPH�FRVPHWLF�
SURGXFWV��SHUIXPHV�DQG�QDLO�YDUQLVK�UHPRYHU��7KH�SURSHUWLHV�RI�WKHVH�SURGXFWV�DQG�WKH�QHHG�IRU�WHVWLQJ�QHZ�
FRVPHWLF�SURGXFWV�DUH�FRQVLGHUHG��7KLV�LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�H[SORUH�KRZ�DQG�ZK\�GHFLVLRQV�
DERXW�VFLHQFH�DQG�WHFKQRORJ\�DUH�PDGH��LQFOXGLQJ�HWKLFDO�LVVXHV�RQ�WKH�WHVWLQJ�RI�FRVPHWLFV�RQ�DQLPDOV��7KH�
LQYHVWLJDWLRQ�RQ�QDLO�YDUQLVK�UHPRYDO�SURYLGHV�WKH�RSSRUWXQLW\�WR�FROOHFW�DQG�DQDO\VH�SULPDU\�VFLHQWL¿F�GDWD��
ZRUNLQJ�DFFXUDWHO\�DQG�VDIHO\�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

3UHSDUDWLRQ�RI�DQ�HVWHU�H�J��EXW\O�HWKDQRDWH�
0LFURVFDOH�SUHSDUDWLRQ�RI�D�UDQJH�RI�HVWHUV�DQG�
LGHQWL¿FDWLRQ�RI�WKH�VPHOOV�
5HVHDUFK�WKH�XVHV�RI�HVWHUV�

8QGHUVWDQG�WKDW�FRVPHWLFV�DUH�HLWKHU�V\QWKHWLF�RU�
QDWXUDO�GHSHQGLQJ�RQ�WKHLU�VRXUFH�
5HFDOO�WKDW�HVWHUV�DUH�SHUIXPHV�WKDW�FDQ�EH�PDGH�
V\QWKHWLFDOO\�

5HVHDUFK�DQG�GLVSOD\�WKH�SURSHUWLHV�RI�SHUIXPHV� 5HFDOO�WKH�QHFHVVDU\�SK\VLFDO�SURSHUWLHV�RI�SHUIXPHV�
�� HYDSRUDWHV�HDVLO\
�� QRQ�WR[LF
�� GRHV�QRW�UHDFW�ZLWK�ZDWHU
�� GRHV�QRW�LUULWDWH�WKH�VNLQ
�� LQVROXEOH�LQ�ZDWHU�

,QYHVWLJDWH�WKH�UHPRYDO�RI�FRORXUHG�QDLO�YDUQLVK�ZLWK�
GLIIHUHQW�VROYHQWV�

8QGHUVWDQG�WKDW�QDLO�YDUQLVK�UHPRYHU�GLVVROYHV�QDLO�
YDUQLVK�FRORXUV�
8QGHUVWDQG�WKH�WHUPV�VROYHQW��VROXWH��VROXWLRQ��
VROXEOH�DQG�LQVROXEOH�

'HEDWH��³,V�WHVWLQJ�RI�FRVPHWLFV�RQ�DQLPDOV�HYHU�
MXVWL¿HG"´

5HFDOO�WKDW�WHVWLQJ�RI�FRVPHWLFV�RQ�DQLPDOV�LV�EDQQHG�
LQ�WKH�(8�
([SODLQ�ZK\�QHZ�FRVPHWLF�SURGXFWV�QHHG�WR�EH�
WKRURXJKO\�WHVWHG�EHIRUH�WKH\�DUH�SHUPLWWHG�WR�EH�
XVHG�
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0RGXOH�&���&DUERQ�&KHPLVWU\
,WHP�&�J��6PHOOV

/LQNV�WR�RWKHU�LWHPV��&�J��1DWXUDO�IDWV�DQG�RLOV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�DOFRKROV�UHDFW�ZLWK�DFLGV�WR�PDNH�DQ�HVWHU�
DQG�ZDWHU�
'HVFULEH�KRZ�WR�FDUU\�RXW�D�VLPSOH�H[SHULPHQW�WR�
PDNH�DQ�HVWHU�

([SODLQ�ZK\�D�SHUIXPH�QHHGV�FHUWDLQ�SURSHUWLHV�
�� HDVLO\�HYDSRUDWHV�VR�WKDW�WKH�SHUIXPH�SDUWLFOHV�

FDQ�HDVLO\�UHDFK�WKH�QRVH
�� QRQ�WR[LF�VR�LW�GRHV�QRW�SRLVRQ�\RX
�� GRHV�QRW�UHDFW�ZLWK�ZDWHU�EHFDXVH�RWKHUZLVH�WKH�

SHUIXPH�ZRXOG�UHDFW�ZLWK�SHUVSLUDWLRQ
�� GRHV�QRW�LUULWDWH�WKH�VNLQ�RWKHUZLVH�WKH�SHUIXPH�

FRXOG�QRW�EH�SXW�GLUHFWO\�RQ�WKH�VNLQ
�� LQVROXEOH�LQ�ZDWHU�VR�LW�FDQQRW�EH�ZDVKHG�RII�

HDVLO\�

([SODLQ�WKH�YRODWLOLW\��HDVH�RI�HYDSRUDWLRQ��RI�
SHUIXPHV�LQ�WHUPV�RI�NLQHWLF�WKHRU\�
�� LQ�RUGHU�WR�HYDSRUDWH�SDUWLFOHV�QHHG�VXI¿FLHQW�

HQHUJ\�WR�RYHUFRPH�WKH�DWWUDFWLRQ�WR�RWKHU�
PROHFXOHV�LQ�WKH�OLTXLG

�� RQO\�ZHDN�DWWUDFWLRQ�H[LVWV�EHWZHHQ�SDUWLFOHV�LQ�
WKH�OLTXLG�SHUIXPH�VR�LW�LV�HDV\�WR�RYHUFRPH�WKLV�
DWWUDFWLRQ�

5HFDOO�WKDW�HVWHUV�FDQ�EH�XVHG�DV�VROYHQWV�

'HVFULEH�D�VROXWLRQ�DV�D�PL[WXUH�RI�VROYHQW�DQG�VROXWH�
WKDW�GRHV�QRW�VHSDUDWH�RXW�

,QWHUSUHW�LQIRUPDWLRQ�RQ�WKH�HIIHFWLYHQHVV�RI�VROYHQWV�
�QR�UHFDOO�H[SHFWHG��

([SODLQ�ZK\�ZDWHU�ZLOO�QRW�GLVVROYH�QDLO�YDUQLVK�
FRORXUV�
�� DWWUDFWLRQ�EHWZHHQ�ZDWHU�PROHFXOHV�LV�VWURQJHU�

WKDQ�DWWUDFWLRQ�EHWZHHQ�ZDWHU�PROHFXOHV�DQG�
SDUWLFOHV�LQ�QDLO�YDUQLVK

�� DWWUDFWLRQ�EHWZHHQ�SDUWLFOHV�LQ�QDLO�YDUQLVK�LV�
VWURQJHU�WKDQ�DWWUDFWLRQ�EHWZHHQ�ZDWHU�PROHFXOHV�
DQG�SDUWLFOHV�LQ�QDLO�YDUQLVK�

([SODLQ�ZK\�WHVWLQJ�RI�FRVPHWLFV�RQ�DQLPDOV�KDV�
EHHQ�EDQQHG�LQ�WKH�(8�

([SODLQ�ZK\�SHRSOH�KDYH�GLIIHUHQW�RSLQLRQV�DERXW�
ZKHWKHU�WKH�WHVWLQJ�RI�FRVPHWLFV�RQ�DQLPDOV�LV�HYHU�
MXVWL¿HG�
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0RGXOH�&���&DUERQ�&KHPLVWU\
,WHP�&�K��3DLQWV�DQG�SLJPHQWV

6XPPDU\��3LJPHQWV�DQG�SDLQWV�SOD\�DQ�LPSRUWDQW�SDUW�LQ�RXU�PRGHUQ�OLYHV��2XU�FORWKHV��KRXVHV�DQG�RXU�ORFDO�
HQYLURQPHQW�DUH�DOO�PDGH�PXFK�PRUH�LQWHUHVWLQJ�DQG�SOHDVLQJ�WR�WKH�H\H�E\�WKH�XVH�RI�FRORXU�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

0DNLQJ�FRORXUHG�VXEVWDQFHV�E\�PL[LQJ�WRJHWKHU�
VROXWLRQV�
'DWD�VHDUFK�YLD�LQWHUQHW�DERXW�SDLQWV�DQG�WKH�
LQJUHGLHQWV�LQ�SDLQWV�
0DNH�D�VLPSOH�SDLQW�

5HODWH�WKH�LQJUHGLHQWV�RI�D�SDLQW�WR�WKHLU�IXQFWLRQ�
�� VROYHQW�WKLQV�WKH�SDLQW�DQG�PDNHV�LW�HDVLHU�WR�

VSUHDG
�� ELQGLQJ�PHGLXP�VWLFNV�WKH�SLJPHQW�LQ�WKH�SDLQW�WR�

WKH�VXUIDFH
�� SLJPHQW�LV�WKH�VXEVWDQFH�WKDW�JLYHV�WKH�SDLQW�LWV�

FRORXU�
5HFDOO�WKDW�RLO�SDLQWV�
�� KDYH�WKH�SLJPHQW�GLVSHUVHG�LQ�DQ�RLO
�� DQG�RIWHQ�D�VROYHQW�WKDW�GLVVROYHV�RLO�

6XUYH\�VRPH�DGYHUWLVHPHQW�OHDÀHWV�DERXW�GLIIHUHQW�
W\SHV�RI�SDLQWV�

([SODLQ�ZK\�SDLQW�LV�XVHG��LQ�D�JLYHQ�FRQWH[W��

,QYHVWLJDWH�WKHUPRFKURPLF�SLJPHQWV�XVLQJ�PDWHULDOV�
H�J��PDWHULDO�IURP�0LGGOHVH[�8QLYHUVLW\�7HDFKLQJ�
5HVRXUFHV��
'HPRQVWUDWH�VRPH�REMHFWV�WKDW�FRQWDLQ�
WKHUPRFKURPLF�SLJPHQWV�

5HFDOO�WKDW�WKHUPRFKURPLF�SLJPHQWV�FKDQJH�FRORXU�
ZKHQ�KHDWHG�RU�FRROHG�
5HFDOO�XVHV�RI�WKHUPRFKURPLF�SLJPHQWV�

,QYHVWLJDWH�SKRVSKRUHVFHQW�SLJPHQWV�XVLQJ�PDWHULDO�
H�J��PDWHULDO�IURP�0LGGOHVH[�8QLYHUVLW\�7HDFKLQJ�
5HVRXUFHV�

5HFDOO�WKDW�SKRVSKRUHVFHQW�SLJPHQWV�FDQ�JORZ�LQ�WKH�
GDUN�



��� ��2&5������*&6(�&KHPLVWU\�%

�

0RGXOH�&���&DUERQ�&KHPLVWU\
,WHP�&�K��3DLQWV�DQG�SLJPHQWV

/LQNV�WR�RWKHU�LWHPV��&�F��5HGR[�UHDFWLRQV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�SDLQW�DV�D�FROORLG�ZKHUH�WKH�SDUWLFOHV�DUH�
PL[HG�DQG�GLVSHUVHG�ZLWK�SDUWLFOHV�RI�D�OLTXLG�EXW�DUH�
QRW�GLVVROYHG�

([SODLQ�ZK\�WKH�FRPSRQHQWV�RI�D�FROORLG�ZLOO�QRW�
VHSDUDWH�

'HVFULEH�KRZ�PRVW�SDLQWV�GU\�
�� SDLQWV�DUH�DSSOLHG�DV�D�WKLQ�OD\HU�
�� WKH�VROYHQW�HYDSRUDWHV�
'HVFULEH�HPXOVLRQ�SDLQWV�DV�ZDWHU�EDVHG�SDLQWV�WKDW�
GU\�ZKHQ�WKH�VROYHQW�HYDSRUDWHV�

([SODLQ�KRZ�RLO�SDLQWV�GU\�
�� WKH�VROYHQW�HYDSRUDWHV�
�� WKH�RLO�LV�R[LGLVHG�E\�DWPRVSKHULF�R[\JHQ�

([SODLQ�ZK\�WKHUPRFKURPLF�SLJPHQWV�DUH�VXLWHG�WR�D�
JLYHQ�XVH��

([SODLQ�KRZ�DFU\OLF�SDLQWV�FDQ�EH�DGGHG�WR�
WKHUPRFKURPLF�SLJPHQWV�WR�PDNH�HYHQ�PRUH�FRORXU�
FKDQJHV�

([SODLQ�ZK\�SKRVSKRUHVFHQW�SLJPHQWV�JORZ�LQ�WKH�
GDUN�
�� WKH\�DEVRUE�DQG�VWRUH�HQHUJ\
�� WKHQ�UHOHDVH�LW�DV�OLJKW�RYHU�D�SHULRG�RI�WLPH�

5HFDOO�WKDW�SKRVSKRUHVFHQW�SLJPHQWV�DUH�PXFK�VDIHU�
WKDQ�WKH�DOWHUQDWLYH�UDGLRDFWLYH�VXEVWDQFHV�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

6XPPDU\��7KURXJKRXW�WKH�VWXG\�RI�FKHPLVWU\�LQ�*&6(�VFLHQFH�WKHUH�DUH�D�QXPEHU�RI�LGHDV�DQG�FRQFHSWV�
WKDW�DUH�IXQGDPHQWDO��7KHVH�LGHDV�DQG�FRQFHSWV�KDYH�QRW�EHHQ�SXW�LQWR�D�SDUWLFXODU�LWHP�EXW�VKRXOG�SHUPHDWH�
WKURXJK�DOO�WKH�*&6(�&KHPLVWU\�0RGXOHV�&��WR�&���

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�LQ�D�FKHPLFDO�UHDFWLRQ�UHDFWDQWV�DUH�
FKDQJHG�LQWR�SURGXFWV�
5HFRJQLVH�WKH�UHDFWDQWV�DQG�SURGXFWV�LQ�D�ZRUG�
HTXDWLRQ�
&RQVWUXFW�ZRUG�HTXDWLRQV�JLYHQ�WKH�UHDFWDQWV�DQG�
SURGXFWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�WKH�UHDFWDQWV�DQG�WKH�SURGXFWV�LQ�D�
V\PERO�HTXDWLRQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

'HGXFH�WKH�QXPEHU�RI�HOHPHQWV�LQ�D�FRPSRXQG�JLYHQ�
LWV�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�QR�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�IRUPXOD�ZLWK�QR�EUDFNHWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�VXEVWDQFH�LV�DQ�HOHPHQW�RU�D�
FRPSRXQG�IURP�LWV�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�D�PROHFXOH�LV�PDGH�XS�RI�PRUH�WKDQ�
RQH�DWRP�MRLQHG�WRJHWKHU�
8QGHUVWDQG�WKDW�D�PROHFXODU�IRUPXOD�VKRZV�WKH�
QXPEHUV�DQG�W\SHV�RI�DWRP�LQ�D�PROHFXOH�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�GLVSOD\HG�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�SDUWLFOH�LV�DQ�DWRP��PROHFXOH�RU�
LRQ�JLYHQ�LWV�IRUPXOD�
8QGHUVWDQG�WKDW�DWRPV�FRQWDLQ�VPDOOHU�SDUWLFOHV�RQH�
RI�ZKLFK�LV�D�QHJDWLYH�HOHFWURQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFDOO�WKDW�WZR�W\SHV�RI�FKHPLFDO�ERQG�KROGLQJ�DWRPV�
WRJHWKHU�DUH�
�� LRQLF�ERQGV
�� FRYDOHQW�ERQGV�

���� 0RGXOH�&���&KHPLFDO�5HVRXUFHV
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

/LQNV�WR�RWKHU�PRGXOHV��&��WR�&�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

&RQVWUXFW�ZRUG�HTXDWLRQV��QRW�DOO�UHDFWDQWV�DQG�
SURGXFWV�JLYHQ��

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��QR�EUDFNHWV��RI�WKH�UHDFWDQWV�DQG�SURGXFWV�
([SODLQ�ZK\�D�V\PERO�HTXDWLRQ�LV�EDODQFHG�

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��VRPH�RU�DOO�ZLWK�EUDFNHWV��RI�WKH�UHDFWDQWV�
DQG�SURGXFWV�
&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV��OLPLWHG�WR�WKH�
OHDUQLQJ�RXWFRPHV�LQ�&���

'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�W\SH�RI�GLIIHUHQW�DWRP�LQ�
D�IRUPXOD�ZLWK�EUDFNHWV�
5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� FDOFLXP�FDUERQDWH�DQG�FDOFLXP�R[LGH
�� FDUERQ�GLR[LGH��K\GURJHQ�DQG�ZDWHU
�� VRGLXP�FKORULGH�DQG�SRWDVVLXP�FKORULGH
�� DPPRQLD�DQG�QLWURJHQ
�� K\GURFKORULF�DFLG�

5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� QLWULF�DFLG�DQG�VXOIXULF�DFLG
�� FRSSHU�R[LGH��VRGLXP�K\GUR[LGH��SRWDVVLXP�

K\GUR[LGH�DQG�VRGLXP�FDUERQDWH
�� SRWDVVLXP�VXOIDWH��VRGLXP�VXOIDWH�DQG�DPPRQLXP�

VXOIDWH
�� FDOFLXP�FKORULGH��PDJQHVLXP�FKORULGH�

PDJQHVLXP�VXOIDWH�DQG�FRSSHU�,,��VXOIDWH�

8QGHUVWDQG�WKDW�D�GLVSOD\HG�IRUPXOD�VKRZV�ERWK�WKH�
DWRPV�DQG�WKH�ERQGV�LQ�D�PROHFXOH�
:ULWH�WKH�PROHFXODU�IRUPXOD�RI�D�FRPSRXQG�JLYHQ�LWV�
GLVSOD\HG�IRUPXOD�

&RQVWUXFW�EDODQFHG�HTXDWLRQV�XVLQJ�GLVSOD\HG�
IRUPXODH�

8QGHUVWDQG�WKDW�SRVLWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�ORVW�IURP�DWRPV�

8QGHUVWDQG�WKDW�QHJDWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�JDLQHG�E\�DWRPV�

8QGHUVWDQG�WKDW�DQ�LRQLF�ERQG�LV�WKH�DWWUDFWLRQ�
EHWZHHQ�D�SRVLWLYH�LRQ�DQG�D�QHJDWLYH�LRQ�
8QGHUVWDQG�WKDW�D�FRYDOHQW�ERQG�LV�D�VKDUHG�SDLU�RI�
HOHFWURQV��

([SODLQ�KRZ�DQ�LRQLF�ERQG�LV�IRUPHG�
([SODLQ�KRZ�D�FRYDOHQW�ERQG�LV�IRUPHG�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�D��7KH�VWUXFWXUH�RI�WKH�(DUWK

6XPPDU\��:H�RIWHQ�UHDG�RU�KHDU�QHZV�LWHPV�RQ�HDUWKTXDNHV�DQG�YROFDQRHV��7KLV�LWHP�EXLOGV�RQ�WKH�
LQWHUHVW�\RXQJ�SHRSOH�VKRZ�WRZDUGV�WKHVH�HYHQWV��0RGHOV�DUH�XVHG�WR�KHOS�H[SODLQ�YROFDQLF�HUXSWLRQV��
7KH�GHYHORSPHQW�RI�WKH�WKHRU\�RI�SODWH�WHFWRQLFV�LOOXVWUDWHV�VFLHQFH�DV�DQ�HYLGHQFH�EDVHG�GLVFLSOLQH��WKH�
FROODERUDWLYH�QDWXUH�RI�VFLHQFH�DQG�KRZ�VFLHQWL¿F�WKHRULHV�GHYHORS�DQG�DUH�YDOLGDWHG��,W�DOVR�FRYHUV�KRZ�WKH�
(DUWK¶V�VXUIDFH�KDV�FKDQJHG�RYHU�WLPH�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&UHDWH�D�VFDOH�PRGHO�RI�WKH�(DUWK¶V�VWUXFWXUH�
8VH�,&7�DQG�RU�RWKHU�PDWHULDO�WR�FRQVWUXFW�D�PDS�
RI�ZKHUH�YROFDQRHV�DQG�HDUWKTXDNHV�RFFXU�RQ�WKH�
(DUWK¶V�VXUIDFH�
µ:HJHQHU�DQG�FRQWLQHQWDO�GULIW¶�H[DPSOH�WDNHQ�IURP�
WKH�&ROOLQV�,GHDV�DQG�(YLGHQFH�&'�

'HVFULEH�WKH�VWUXFWXUH�RI�WKH�(DUWK�DV�D�VSKHUH�ZLWK�D�
WKLQ�URFN\�FUXVW��D�PDQWOH�DQG�DQ�LURQ�FRUH�
8QGHUVWDQG�KRZ�WKH�PRYHPHQW�RI�WHFWRQLF�SODWHV�
UHVXOWV�LQ�YROFDQLF�DFWLYLW\�DQG�HDUWKTXDNHV�
5HFDOO�WKDW�WKH�PRYHPHQW�RI�WHFWRQLF�SODWHV�LV�YHU\�
VORZ��DERXW����FP�SHU�\HDU��
8QGHUVWDQG�WKH�WLPHVFDOHV�LQYROYHG�LQ�WKH�PRYHPHQW�
RI�FRQWLQHQWV�

5HFRJQLVH�WKDW�
�� PDQ\�WKHRULHV�KDYH�EHHQ�SXW�IRUZDUG�WR�H[SODLQ�

WKH�QDWXUH�RI�WKH�(DUWK¶V�VXUIDFH
�� (DUWK�VFLHQWLVWV�DFFHSW�WKH�WKHRU\�RI�SODWH�

WHFWRQLFV�

0RGHO�D�YROFDQR�XVLQJ�WKH�FDQGOH�ZD[�H[SHULPHQW�
/RRN�IRU�FOXHV�FRQWDLQHG�LQ�YROFDQLF�URFNV�WKDW�VKRZ�
KRZ�WKH\�IRUPHG��
9LGHR�FOLSV�RI�YROFDQR�W\SHV�
7UHDFOH�LQYHVWLJDWLRQ�

([SODLQ�KRZ�WKH�VL]H�RI�FU\VWDOV�LQ�DQ�LJQHRXV�URFN�LV�
UHODWHG�WR�WKH�UDWH�RI�FRROLQJ�RI�PROWHQ�URFN�
'HVFULEH�PDJPD�DV�PROWHQ�URFN�EHQHDWK�WKH�VXUIDFH�
RI�WKH�(DUWK�DQG�ODYD�DV�PROWHQ�URFN�DW�WKH�(DUWK¶V�
VXUIDFH�
5HFDOO�WKDW�VRPH�YROFDQRHV�HUXSW�UXQQ\�ODYD��ZKLOH�
VRPH�HUXSW�WKLFN�ODYD�YLROHQWO\�DQG�FDWDVWURSKLFDOO\�

5HVHDUFK�H[DPSOHV�RI�SHRSOH�ZKR�OLYH�QHDU�
YROFDQRHV�DQG�WKH�UHDVRQV�ZK\�

([SODLQ�ZK\�VRPH�SHRSOH�FKRRVH�WR�OLYH�QHDU�
YROFDQRHV�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�D��7KH�VWUXFWXUH�RI�WKH�(DUWK

/LQNV�WR�RWKHU�LWHPV��&�E��&RQVWUXFWLRQ�PDWHULDOV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�OLWKRVSKHUH�DV�WKH��UHODWLYHO\��FROG�ULJLG�
RXWHU�SDUW�RI�WKH�(DUWK�WKDW�LQFOXGHV�WKH�FUXVW�DQG�SDUW�
RI�WKH�PDQWOH�
'HVFULEH�WKH�OLWKRVSKHUH�DV�PDGH�RI�WHFWRQLF�SODWHV�
WKDW�DUH�OHVV�GHQVH�WKDQ�WKH�PDQWOH�EHORZ��
([SODLQ�WKH�SUREOHPV�DVVRFLDWHG�ZLWK�VWXG\LQJ�WKH�
VWUXFWXUH�RI�WKH�(DUWK�
�� FUXVW�LV�WRR�WKLFN�WR�GULOO�WKURXJK
�� WKH�QHHG�WR�XVH�VHLVPLF�ZDYHV�SURGXFHG�E\�

HDUWKTXDNHV�RU�PDQ�PDGH�H[SORVLRQV�

([SODLQ�ZK\�WKH�WKHRU\�RI�SODWH�WHFWRQLFV�LV�QRZ�
ZLGHO\�DFFHSWHG�
�� LW�H[SODLQV�D�ZLGH�UDQJH�RI�HYLGHQFH
�� LW�KDV�EHHQ�GLVFXVVHG�DQG�WHVWHG�E\�D�ZLGH�UDQJH�

RI�VFLHQWLVWV�

'HVFULEH�WKH�PDQWOH�DV�WKH�]RQH�EHWZHHQ�WKH�FUXVW�
DQG�WKH�FRUH�ZKLFK�LV�
�� FROG�DQG�ULJLG�MXVW�EHORZ�WKH�FUXVW
�� KRW�DQG�QRQ�ULJLG�DW�JUHDWHU�GHSWKV�DQG�WKHUHIRUH�

DEOH�WR�PRYH�
'HVFULEH�WKH�WKHRU\�RI�SODWH�WHFWRQLFV�
�� HQHUJ\�WUDQVIHU�LQYROYLQJ�FRQYHFWLRQ�FXUUHQWV�LQ�

WKH�VHPL�ULJLG�PDQWOH�FDXVLQJ�WKH�SODWHV�WR�PRYH�
VORZO\

�� RFHDQLF�FUXVW�PRUH�GHQVH�WKDQ�FRQWLQHQWDO�FUXVW�
�� FROOLVLRQ�EHWZHHQ�RFHDQLF�SODWH�DQG�FRQWLQHQWDO�

SODWH�OHDGV�WR�VXEGXFWLRQ�DQG�SDUWLDO�PHOWLQJ
�� SODWHV�FRROHU�DW�RFHDQ�PDUJLQV�VR�VLQN�DQG�SXOO�

SODWHV�GRZQ�
'HVFULEH�LQ�VLPSOH�WHUPV�WKH�GHYHORSPHQW�RI�WKH�
WKHRU\�RI�SODWH�WHFWRQLFV�
�� :HJHQHU¶V�FRQWLQHQWDO�GULIW�WKHRU\�������
�� FRQWLQHQWDO�GULIW�WKHRU\�QRW�DFFHSWHG�E\�VFLHQWLVWV�

DW�WKH�WLPH
�� QHZ�HYLGHQFH�LQ�����V�±�VHD�ÀRRU�VSUHDGLQJ
�� WKHRU\�RI�SODWH�WHFWRQLFV�VORZO\�DFFHSWHG�E\�WKH�

VFLHQWL¿F�FRPPXQLW\�DV�VXEVHTXHQW�UHVHDUFK�KDV�
VXSSRUWHG�WKH�WKHRU\��

8QGHUVWDQG�WKDW�WKH�W\SH�RI�YROFDQLF�HUXSWLRQ�
GHSHQGV�RQ�WKH�FRPSRVLWLRQ�RI�WKH�PDJPD�

'HVFULEH�GLIIHUHQW�W\SHV�RI�LJQHRXV�URFNV�WKDW�DUH�
IRUPHG�IURP�ODYD�
�� LURQ�ULFK�EDVDOW�LV�IRUPHG�IURP�UXQQ\�ODYD�IURP�D�

IDLUO\�VDIH�YROFDQLF�HUXSWLRQ
�� VLOLFD�ULFK�UK\ROLWH�LV�IRUPHG�IURP�WKLFN�ODYD�IURP�

DQ�H[SORVLYH�HUXSWLRQ�

([SODLQ�ZK\�JHRORJLVWV�VWXG\�YROFDQRHV��
�� WR�EH�DEOH�WR�IRUHFDVW�IXWXUH�HUXSWLRQV
�� WR�UHYHDO�LQIRUPDWLRQ�DERXW�WKH�VWUXFWXUH�RI�WKH�

(DUWK��

([SODLQ�ZK\�JHRORJLVWV�DUH�QRZ�DEOH�WR�EHWWHU�
IRUHFDVW�YROFDQLF�HUXSWLRQV�EXW�QRW�ZLWK������
FHUWDLQW\�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�E��&RQVWUXFWLRQ�PDWHULDOV

6XPPDU\��0RVW�ODQGVFDSHV�LQFOXGH�EXLOGLQJV�VXFK�DV�KRXVHV��IDFWRULHV��ÀDWV�RU�VN\VFUDSHUV��0DQ\�RI�WKHVH�
EXLOGLQJV�DUH�PDGH�IURP�UDZ�PDWHULDOV�IRXQG�LQ�WKH�(DUWK�RU�RQ�WKH�(DUWK¶V�VXUIDFH��7KH�UHPRYDO�RI�WKH�UDZ�
PDWHULDOV�DQG�WKHLU�XVH�KDV�DQ�HQRUPRXV�LPSDFW�RQ�WKH�HQYLURQPHQW��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'DWD�VHDUFK�DERXW�FRQVWUXFWLRQ�PDWHULDOV�DQG�WKHLU�
VRXUFHV�

5HFDOO�WKDW�VRPH�URFNV�DUH�XVHG�LQ�FRQVWUXFWLRQ�RI�
EXLOGLQJV�DQG�URDGV�
�� JUDQLWH��OLPHVWRQH��PDUEOH�DQG�DJJUHJDWHV�

/RRN�DW�VDPSOHV�RI�PDUEOH��OLPHVWRQH�DQG�JUDQLWH�
9LGHR�FOLSV�RI�PLQLQJ�DQG�TXDUU\LQJ�

([SODLQ�ZK\�WKHUH�DUH�HQYLURQPHQWDO�SUREOHPV�ZKHQ�
URFNV�DUH�TXDUULHG�RU�PLQHG�IURP�WKH�JURXQG�
�� ODQGVFDSH�GHVWUR\HG�DQG�KDV�WR�EH�UHFRQVWUXFWHG�

ZKHQ�WKH�PLQLQJ�RU�TXDUU\LQJ�KDV�¿QLVKHG
�� LQFUHDVHG�QRLVH��WUDI¿F�DQG�GXVW�

([SHULPHQWDO�LQYHVWLJDWLRQ�RI�WKH�GHFRPSRVLWLRQ�RI�
FDOFLXP�FDUERQDWH�

5HFDOO�WKDW�OLPHVWRQH�DQG�PDUEOH�DUH�ERWK�IRUPV�RI�
FDOFLXP�FDUERQDWH�
5HFDOO�WKDW�OLPHVWRQH�WKHUPDOO\�GHFRPSRVHV�WR�PDNH�
FDOFLXP�R[LGH�DQG�FDUERQ�GLR[LGH�

0DNLQJ�D�VDPSOH�RI�FRQFUHWH� 'HVFULEH�KRZ�FRQFUHWH�LV�PDGH�
�� FHPHQW��VDQG��DJJUHJDWH�DQG�ZDWHU�DUH�PL[HG�

WRJHWKHU
�� PL[WXUH�WKHQ�DOORZHG�WR�VHW�

,QYHVWLJDWLQJ�WKH�VWUHQJWK�RI�FRQFUHWH�EHDPV� 'HVFULEH�KRZ�FRQFUHWH�FDQ�EH�UHLQIRUFHG�XVLQJ�D�
VWHHO�VXSSRUW�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�E��&RQVWUXFWLRQ�PDWHULDOV

/LQNV�WR�RWKHU�LWHPV��&�D��7KH�VWUXFWXUH�RI�WKH�(DUWK��&�G��0DNLQJ�FDUV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HODWH�VRPH�FRQVWUXFWLRQ�PDWHULDOV�WR�WKH�VXEVWDQFHV�
IRXQG�LQ�WKH�(DUWK¶V�FUXVW�IURP�ZKLFK�WKH\�DUH�
PDQXIDFWXUHG�
�� DOXPLQLXP�DQG�LURQ�IURP�RUHV
�� EULFN�IURP�FOD\
�� JODVV�IURP�VDQG�

&RPSDUH�WKH�KDUGQHVV�RI�OLPHVWRQH��PDUEOH�DQG�
JUDQLWH�

([SODLQ�ZK\�JUDQLWH��PDUEOH�DQG�OLPHVWRQH�KDYH�
GLIIHUHQW�KDUGQHVV�
�� OLPHVWRQH�LV�D�VHGLPHQWDU\�URFN
�� PDUEOH�LV�D�PHWDPRUSKLF�URFN�PDGH�E\�WKH�DFWLRQ�

RI�KLJK�SUHVVXUHV�DQG�WHPSHUDWXUHV�RQ�OLPHVWRQH
�� JUDQLWH�LV�DQ�LJQHRXV�URFN�

&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�GHFRPSRVLWLRQ�RI�
OLPHVWRQH��SURGXFWV�QRW�JLYHQ�
FDOFLXP�FDUERQDWH�ĺ�FDOFLXP�R[LGH���FDUERQ�GLR[LGH
&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
GHFRPSRVLWLRQ�RI�OLPHVWRQH��JLYHQ�VRPH�IRUPXODH��

&D&2��ĺ�&D2���&2�

'HVFULEH�WKHUPDO�GHFRPSRVLWLRQ�DV�D�UHDFWLRQ�LQ�
ZKLFK��ZKHQ�KHDWHG��RQH�VXEVWDQFH�LV�FKHPLFDOO\�
FKDQJHG�LQWR�DW�OHDVW�WZR�QHZ�VXEVWDQFHV�

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
GHFRPSRVLWLRQ�RI�OLPHVWRQH��IRUPXODH�QRW�JLYHQ��

&D&2��ĺ�&D2���&2�

5HFDOO�WKDW�FHPHQW�LV�PDGH�ZKHQ�OLPHVWRQH�DQG�FOD\�
DUH�KHDWHG�WRJHWKHU�

5HFDOO�WKDW�UHLQIRUFHG�FRQFUHWH�LV�D�FRPSRVLWH�
PDWHULDO�

([SODLQ�ZK\�UHLQIRUFHG�FRQFUHWH�LV�D�EHWWHU�
FRQVWUXFWLRQ�PDWHULDO�WKDQ�QRQ�UHLQIRUFHG�FRQFUHWH�LQ�
WHUPV�RI��
�� KDUGQHVV�RI�WKH�FRQFUHWH
�� ÀH[LELOLW\�DQG�VWUHQJWK�RI�WKH�VWHHO�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�F��0HWDOV�DQG�DOOR\V

6XPPDU\��0HWDOOLF�HOHPHQWV�DQG�DOOR\V�KDYH�PDQ\�XVHV�LQ�RXU�VRFLHW\��7KLV�LWHP�H[DPLQHV�KRZ�PHWDOV�DUH�
H[WUDFWHG�IURP�WKHLU�RUHV��,W�DOVR�GHVFULEHV�VRPH�RI�WKH�XVHV�RI�VRPH�LPSRUWDQW�DOOR\V�LQFOXGLQJ�VPDUW�DOOR\V�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([WUDFWLRQ�RI�FRSSHU�E\�KHDWLQJ�PDODFKLWH�DQG�
FDUERQ�
([SHULPHQWDO�SXUL¿FDWLRQ�RI�FRSSHU�E\�HOHFWURO\VLV�

8QGHUVWDQG�KRZ�FRSSHU�FDQ�EH�H[WUDFWHG�E\�KHDWLQJ�
LWV�RUH�ZLWK�FDUERQ�
'HVFULEH�UHGXFWLRQ�DV�WKH�UHPRYDO�RI�R[\JHQ�IURP�D�
VXEVWDQFH�
5HFDOO�WKDW�FRSSHU�FDQ�EH�SXUL¿HG�E\�HOHFWURO\VLV�
([SODLQ�ZK\�UHF\FOLQJ�FRSSHU�LV�FKHDSHU�WKDQ�
H[WUDFWLQJ�FRSSHU�IURP�LWV�RUH�
�� VDYHV�UHVRXUFHV
�� XVHV�OHVV�HQHUJ\�

5HVHDUFK�DERXW�DOOR\V�±�WKHLU�XVHV�DQG�FRPSRVLWLRQ�
'DWD�VHDUFK�RU�H[SHULPHQWDO�LQYHVWLJDWLRQ�LQWR�WKH�
SURSHUWLHV�RI�DOOR\V�
0RGHOOLQJ�DOOR\V�ZLWK�SODVWLFLQH�±�VHH�56&�ZHEVLWH�
ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�
0DNLQJ�VROGHU�DQG�FRPSDULQJ�LWV�SURSHUWLHV�ZLWK�OHDG�
DQG�WLQ�±�VHH�56&�ZHEVLWH��
ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

5HFDOO�WKDW�DOOR\V�DUH�PL[WXUHV�FRQWDLQLQJ�RQH�RU�
PRUH�PHWDO�HOHPHQWV�
5HFRJQLVH�WKDW�EUDVV��EURQ]H��VROGHU��VWHHO��DQG�
DPDOJDP�DUH�DOOR\V�
5HFDOO�RQH�LPSRUWDQW�ODUJH�VFDOH�XVH�IRU�HDFK�RI�WKH�
IROORZLQJ�DOOR\V�
�� DPDOJDP�XVHG�LQ�WRRWK�¿OOLQJV
�� EUDVV�XVHG�LQ�PXVLFDO�LQVWUXPHQWV��FRLQV�DQG�

GRRU�GHFRUDWLRQV�H�J��GRRU�NQRFNHUV
�� VROGHU�XVHG�WR�MRLQ�HOHFWULFDO�ZLUHV�

,QWHUQHW�UHVHDUFK�DERXW�VPDUW�DOOR\V�DQG�WKHLU�XVHV�
,QYHVWLJDWH�QLWLQRO��0LGGOHVH[�8QLYHUVLW\�7HDFKLQJ�
5HVRXUFHV��

5HFRJQLVH�WKDW�WKH�SURSHUWLHV�RI�DQ�DOOR\�DUH�GLIIHUHQW�
IURP�WKH�SURSHUWLHV�RI�WKH�PHWDOV�IURP�ZKLFK�LW�LV�
PDGH�
,QWHUSUHW�GDWD�DERXW�WKH�SURSHUWLHV�RI�PHWDOV��
LQFOXGLQJ�DOOR\V�H�J��KDUGQHVV��GHQVLW\��ERLOLQJ�SRLQW�
DQG�VWUHQJWK�
6XJJHVW�SURSHUWLHV�QHHGHG�E\�D�PHWDO�RU�DOOR\�IRU�D�
SDUWLFXODU�JLYHQ�XVH�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�F��0HWDOV�DQG�DOOR\V

/LQNV�WR�RWKHU�LWHPV��&�G��0DNLQJ�FDUV��&�I��7UDQVLWLRQ�HOHPHQWV��&�J��0HWDO�VWUXFWXUH�DQG�SURSHUWLHV��
&�D��(OHFWURO\VLV��&�F��5HGR[�UHDFWLRQV�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

/DEHO�WKH�DSSDUDWXV�QHHGHG�WR�SXULI\�FRSSHU�E\�
HOHFWURO\VLV�
([SODLQ�VRPH�RI�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�
RI�UHF\FOLQJ�FRSSHU�

'HVFULEH�WKH�XVH�RI�HOHFWURO\VLV�LQ�WKH�SXUL¿FDWLRQ�RI�
FRSSHU�
�� LPSXUH�FRSSHU�DV�DQRGH
�� SXUH�FRSSHU�DV�FDWKRGH
�� FRSSHU�,,��VXOIDWH�VROXWLRQ�DV�HOHFWURO\WH
�� FDWKRGH�JDLQV�PDVV�EHFDXVH�FRSSHU�LV�GHSRVLWHG
�� DQRGH�ORVHV�PDVV�DV�FRSSHU�GLVVROYHV�
([SODLQ�ZK\�WKH�HOHFWURO\WLF�SXUL¿FDWLRQ�RI�FRSSHU�
LQYROYHV�ERWK�R[LGDWLRQ�DQG�UHGXFWLRQ�
�� &X������H±�ĺ�&X�DV�DQ�H[DPSOH�RI�UHGXFWLRQ�

EHFDXVH�HOHFWURQV�DUH�JDLQHG
�� &X�±��H±�ĺ�&X���DV�DQ�H[DPSOH�RI�R[LGDWLRQ�

EHFDXVH�HOHFWURQV�DUH�ORVW�

5HFDOO�WKH�PDLQ�PHWDOV�LQ�HDFK�RI�WKH�IROORZLQJ�DOOR\V�
�� DPDOJDP�±�PHUFXU\
�� EUDVV�±�FRSSHU�DQG�]LQF
�� VROGHU�±�OHDG�DQG�WLQ�

([SODLQ�ZK\�PHWDOV��LQFOXGLQJ�DOOR\V�DUH�VXLWHG�WR�D�
JLYHQ�XVH�JLYHQ�DSSURSULDWH�GDWD��QR�UHFDOO�H[SHFWHG��

(YDOXDWH�WKH�VXLWDELOLW\�RI�PHWDOV�IRU�D�JLYHQ�XVH�JLYHQ�
DSSURSULDWH�GDWD�
([SODLQ�KRZ�WKH�XVH�RI�µVPDUW�DOOR\V¶�VXFK�DV�WKRVH�
ZLWK�D�VKDSH�PHPRU\�SURSHUW\�KDYH�LQFUHDVHG�WKH�
QXPEHU�RI�DSSOLFDWLRQV�RI�DOOR\V�
�� QLWLQRO��QLFNHO�DQG�WLWDQLXP��XVHG�WR�PDNH�

VSHFWDFOH�IUDPHV�DV�WKH�IUDPHV�ZLOO�UHWXUQ�WR�WKHLU�
RULJLQDO�VKDSH�DIWHU�EHQGLQJ�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�G��0DNLQJ�FDUV

6XPPDU\��<RXQJ�SHRSOH�WDNH�WKH�XVH�RI�FDUV�IRU�JUDQWHG��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�WKH�SUREOHP�RI�
GLVSRVLQJ�RI�FDUV�DQG�WKH�UHF\FOLQJ�RI�PHWDOV��5XVWLQJ�DQG�FRUURVLRQ�DUH�DOVR�FRQVLGHUHG��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

,QYHVWLJDWH�WKH�FRUURVLRQ�RI�DOXPLQLXP�DQG�LURQ�XVLQJ�
GLIIHUHQW�FRQGLWLRQV��H�J��VDOW�ZDWHU��DFLG�UDLQ��PRLVW�
DLU���
&RPSDULQJ�UDWH�RI�FRUURVLRQ�RI�FDUV�LQ�WKH�8.�ZLWK�
WKDW�RI�0HGLWHUUDQHDQ�FRXQWULHV�

5HFDOO�WKDW�UXVWLQJ�QHHGV�LURQ��ZDWHU�DQG�R[\JHQ�
5HFDOO�WKDW�DOXPLQLXP�GRHV�QRW�FRUURGH�LQ�PRLVW�
FRQGLWLRQV�
'HVFULEH�R[LGDWLRQ�DV�WKH�DGGLWLRQ�RI�R[\JHQ�RU�WKH�
UHDFWLRQ�RI�D�VXEVWDQFH�ZLWK�R[\JHQ�
,QWHUSUHW�VLPSOH�GDWD�DERXW�WKH�UDWH�RI�FRUURVLRQ�RI�
GLIIHUHQW�PHWDOV�LQ�GLIIHUHQW�FRQGLWLRQV��QR�UHFDOO�LV�
H[SHFWHG��

&RPSDUH�WKH�SK\VLFDO�SURSHUWLHV�RI�LURQ�DQG�
DOXPLQLXP�DQG�WKHLU�DOOR\V�ERWK�E\�GDWD�VHDUFK�DQG�
E\�H[SHULPHQW��GHQVLW\��PDJQHWLF�SURSHUW\��HOHFWULFDO�
FRQGXFWLYLW\��ÀH[LELOLW\��KDUGQHVV�DQG�VWUHQJWK��
:ULWH�D�SURPRWLRQDO�OHDÀHW�IRU�D�FDU�PDGH�IURP�
DOXPLQLXP�LOOXVWUDWLQJ�WKH�DGYDQWDJHV�RI�VXFK�D�FDU�
RYHU�RQH�PDGH�IURP�LURQ�RU�VWHHO�

&RPSDUH�WKH�SURSHUWLHV�RI�LURQ�DQG�DOXPLQLXP�
�� LURQ�LV�PRUH�GHQVH�WKDQ�DOXPLQLXP
�� LURQ�LV�PDJQHWLF�DQG�DOXPLQLXP�LV�QRW
�� LURQ�FRUURGHV��UXVWV��HDVLO\�DQG�DOXPLQLXP�GRHV�

QRW
�� LURQ�DQG�DOXPLQLXP�DUH�ERWK�PDOOHDEOH
�� LURQ�DQG�DOXPLQLXP�DUH�ERWK�JRRG�HOHFWULFDO�

FRQGXFWRUV�

5HVHDUFK�DOO�WKH�PDWHULDOV�WKDW�DUH�XVHG�WR�
PDQXIDFWXUH�FDUV��H�J��SODVWLFV��¿EUHV��JODVV��FRSSHU��
LURQ��DOXPLQLXP��

5HFDOO�WKH�PDMRU�PDWHULDOV�QHHGHG�WR�EXLOG�D�FDU�
�� VWHHO��FRSSHU�DQG�DOXPLQLXP
�� JODVV��SODVWLFV�DQG�¿EUHV�

'LVFXVV�WKH�SUREOHPV�RI�GLVSRVLQJ�RI�FDUV��
9LVLW�D�FDU�VFUDS�\DUG�

'HVFULEH�WKH�DGYDQWDJHV�RI�UHF\FOLQJ�PDWHULDOV�
�� VDYHV�QDWXUDO�UHVRXUFHV
�� UHGXFHV�GLVSRVDO�SUREOHPV�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�G��0DNLQJ�FDUV

/LQNV�WR�RWKHU�LWHPV��&�E��&RQVWUXFWLRQ�PDWHULDOV��&�F��0HWDOV�DQG�DOOR\V��&�J��0HWDO�VWUXFWXUH�DQG�
SURSHUWLHV��&�F��5HGR[�UHDFWLRQV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�KRZ�VDOW�ZDWHU�DQG�DFLG�UDLQ�DIIHFW�
UXVWLQJ�
8QGHUVWDQG�WKDW�UXVWLQJ�LV�DQ�R[LGDWLRQ�UHDFWLRQ��LURQ�
UHDFWV�ZLWK�R[\JHQ�IRUPLQJ�DQ�R[LGH���
&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�UXVWLQJ�
LURQ���R[\JHQ���ZDWHU�ĺ�K\GUDWHG�LURQ�,,,��R[LGH
([SODLQ�ZK\�DOXPLQLXP�GRHV�QRW�FRUURGH�LQ�PRLVW�
FRQGLWLRQV�
,QWHUSUHW�GDWD�DERXW�WKH�UDWH�RI�FRUURVLRQ�RI�GLIIHUHQW�
PHWDOV�LQ�GLIIHUHQW�FRQGLWLRQV��QR�UHFDOO�LV�H[SHFWHG��

8QGHUVWDQG�WKDW�DOOR\V�RIWHQ�KDYH�SURSHUWLHV�WKDW�DUH�
GLIIHUHQW�IURP�WKH�PHWDOV�WKH\�DUH�PDGH�IURP�DQG�WKDW�
WKHVH�SURSHUWLHV�PD\�PDNH�WKH�DOOR\�PRUH�XVHIXO�WKDQ�
WKH�SXUH�PHWDO��WR�LQFOXGH�
�� VWHHO�LV�KDUGHU�DQG�VWURQJHU�WKDQ�LURQ
�� VWHHO�LV�OHVV�OLNHO\�WR�FRUURGH�WKDQ�LURQ�
'HVFULEH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�EXLOGLQJ�
FDU�ERGLHV�IURP�DOXPLQLXP�RU�IURP�VWHHO�
�� FDU�ERG\�RI�WKH�VDPH�FDU�ZLOO�EH�OLJKWHU�ZLWK�

DOXPLQLXP
�� FDU�ERG\�ZLWK�DOXPLQLXP�ZLOO�FRUURGH�OHVV
�� FDU�ERG\�RI�WKH�VDPH�FDU�ZLOO�EH�PRUH�H[SHQVLYH�

PDGH�IURP�DOXPLQLXP�

([SODLQ�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�EXLOGLQJ�
FDU�ERGLHV�IURP�DOXPLQLXP�RU�IURP�VWHHO�
�� JHW�EHWWHU�IXHO�HFRQRP\�EHFDXVH�WKH�FDU�ERG\�RI�

WKH�VDPH�FDU�ZLOO�EH�OLJKWHU�ZLWK�DOXPLQLXP�
�� ORQJHU�OLIHWLPH�EHFDXVH�WKH�FDU�ERG\�ZLWK�

DOXPLQLXP�ZLOO�FRUURGH�OHVV��

6XJJHVW�SURSHUWLHV�QHHGHG�E\�D�PDWHULDO�IRU�D�
SDUWLFXODU�XVH�LQ�D�FDU�
([SODLQ�ZK\�D�PDWHULDO�XVHG�LQ�D�FDU�LV�VXLWHG�WR�
D�SDUWLFXODU�XVH�JLYHQ�DSSURSULDWH�GDWD��QR�UHFDOO�
H[SHFWHG��

([SODLQ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
UHF\FOLQJ�WKH�PDWHULDOV�XVHG�WR�PDNH�FDUV�
([SODLQ�ZK\�QHZ�ODZV�VSHFLI\�WKDW�D�PLQLPXP�
SHUFHQWDJH�RI�DOO�PDWHULDOV�XVHG�WR�PDQXIDFWXUH�FDUV�
PXVW�EH�UHF\FODEOH�

(YDOXDWH�LQIRUPDWLRQ�RQ�PDWHULDOV�XVHG�WR�
PDQXIDFWXUH�FDUV��QR�UHFDOO�H[SHFWHG��
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�H��0DQXIDFWXULQJ�FKHPLFDOV��PDNLQJ�DPPRQLD

6XPPDU\��7KLV�LWHP�LV�LQWURGXFHG�XVLQJ�WKH�FRQWH[W�RI�WKH�LQGXVWULDO�SUHSDUDWLRQ�RI�DPPRQLD�XVLQJ�FKHPLFDOV�
IURP�WKH�DLU�DQG�LWV�OLQN�ZLWK�WKH�IHUWLOLVHU�LQGXVWU\��7KH�FRQFHSW�RI�UHYHUVLEOH�UHDFWLRQV�LV�LQWURGXFHG�ZLWK�
UHIHUHQFH�EHLQJ�PDGH�WR�WKH�SURGXFWLRQ�RI�DPPRQLD��,Q�UHYHUVLEOH�UHDFWLRQV�WKH�IDFW�WKDW�D�EDODQFH�KDV�WR�EH�
VWUXFN�EHWZHHQ�UDWH�DQG�SHUFHQWDJH�FRQYHUVLRQ�LV�H[SORUHG�PRUH�JHQHUDOO\��,QGXVWULDO�FDVH�VWXGLHV�SURYLGH�
WKH�RSSRUWXQLW\�WR�H[DPLQH�KRZ�VFLHQWL¿F�NQRZOHGJH�DQG�LGHDV�FKDQJH�RYHU�WLPH��7KH�IDFWRUV�DIIHFWLQJ�WKH�
FRVW�RI�PDNLQJ�D�QHZ�VXEVWDQFH�SURYLGH�RSSRUWXQLWLHV�WR�SUHVHQW�LQIRUPDWLRQ�XVLQJ�WHFKQLFDO��VFLHQWL¿F�DQG�
PDWKHPDWLFDO�ODQJXDJH�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�KLVWRULFDO��VRFLDO��PRUDO�RU�HFRQRPLF�UHDVRQV�
OHDGLQJ�WR�WKH�QHHG�WR�SURGXFH�DPPRQLD�DV�D�VWDUWLQJ�
SRLQW�IRU�IHUWLOLVHU�SURGXFWLRQ�
3URGXFH�D�SRVWHU�RQ�DPPRQLD�PDQXIDFWXUH�
&RPSXWHU�DQLPDWLRQ�WR�LOOXVWUDWH�KRZ�WHPSHUDWXUH�
DQG�SUHVVXUH�DIIHFW�\LHOG�LQ�WKH�+DEHU�SURFHVV�H�J��
0XOWLPHGLD�6FLHQFH�6FKRRO�������RU�%RDUGZRUNV�
,QGXVWULDO�FDVH�VWXG\�
:DWFK�YLGHR�RI�+DEHU�SURFHVV�ZLWK�SUH�SUHSDUHG�
TXHVWLRQV�

5HFDOO�WKDW�LQ�WKH�+DEHU�SURFHVV�DPPRQLD�LV�PDGH�
IURP�QLWURJHQ�IURP�WKH�DLU�DQG�K\GURJHQ�WKDW�FRPHV�
IURP�WKH�FUDFNLQJ�RI�RLO�IUDFWLRQV�RU�IURP�QDWXUDO�JDV�

5HVHDUFK�PDQXIDFWXULQJ�FRVWV��YLD�LQWHUQHW��DQG�
FODVV�GLVFXVVLRQ�

'HVFULEH�WKDW�WKH�FRVW�RI�PDNLQJ�D�QHZ�VXEVWDQFH�
GHSHQGV�RQ�
�� SULFH�RI�HQHUJ\��JDV�DQG�HOHFWULFLW\�
�� FRVW�RI�VWDUWLQJ�PDWHULDOV
�� ZDJHV��ODERXU�FRVWV�
�� HTXLSPHQW��SODQW�
�� KRZ�TXLFNO\�WKH�QHZ�VXEVWDQFH�FDQ�EH�PDGH�

�FRVW�RI�FDWDO\VW��

,QGXVWULDO�FDVH�VWXGLHV� 5HFRJQLVH�WKDW� �LV�XVHG�WR�UHSUHVHQW�D�UHYHUVLEOH�
UHDFWLRQ��
8QGHUVWDQG�WKDW�D�UHYHUVLEOH�UHDFWLRQ�SURFHHGV�LQ�
ERWK�GLUHFWLRQV�

6XUYH\�RI�KRXVHKROG�FKHPLFDOV�FRQWDLQLQJ�DPPRQLD�
DQG�WKHLU�XVHV�

5HFDOO�VRPH�RI�WKH�XVHV�RI�DPPRQLD�
�� PDQXIDFWXUH�RI�IHUWLOLVHUV
�� PDQXIDFWXUH�RI�QLWULF�DFLG�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�H��0DQXIDFWXULQJ�FKHPLFDOV��PDNLQJ�DPPRQLD

/LQNV�WR�RWKHU�LWHPV��&�J��)HUWLOLVHUV�DQG�FURS�\LHOGV��&�D��5DWH�RI�UHDFWLRQ������&�E��5DWH�RI�UHDFWLRQ������
&�F��5DWH�RI�UHDFWLRQ������&�I��(TXLOLEULD�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�KRZ�DPPRQLD�LV�PDGH�LQ�WKH�+DEHU�
SURFHVV�

�� QLWURJHQ���K\GURJHQ� �DPPRQLD
�� LURQ�FDWDO\VW
�� KLJK�SUHVVXUH
�� WHPSHUDWXUH�LQ�WKH�UHJLRQ�RI�����&
�� XQUHDFWHG�QLWURJHQ�DQG�K\GURJHQ�DUH�UHF\FOHG�

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
PDQXIDFWXUH�RI�DPPRQLD�LQ�WKH�+DEHU�SURFHVV��JLYHQ�
VRPH�RU�DOO�RI�WKH�IRUPXODH��

1�����+�� ��1+�

([SODLQ�WKH�FRQGLWLRQV�XVHG�LQ�WKH�+DEHU�SURFHVV�
�� KLJK�SUHVVXUH�LQFUHDVHV�WKH�SHUFHQWDJH�\LHOG�RI�

DPPRQLD
�� KLJK�WHPSHUDWXUH�GHFUHDVHV�WKH�SHUFHQWDJH�\LHOG�

RI�DPPRQLD
�� KLJK�WHPSHUDWXUH�JLYHV�D�KLJK�UDWH�RI�UHDFWLRQ
�� ����&�LV�DQ�RSWLPXP�WHPSHUDWXUH�WR�JLYH�D�IDVW�

UHDFWLRQ�ZLWK�D�VXI¿FLHQWO\�KLJK�SHUFHQWDJH�\LHOG
�� FDWDO\VW�LQFUHDVHV�WKH�UDWH�RI�UHDFWLRQ�EXW�GRHV�

QRW�FKDQJH�WKH�SHUFHQWDJH�\LHOG�
&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
PDQXIDFWXUH�RI�DPPRQLD�LQ�WKH�+DEHU�SURFHVV�
�IRUPXODH�QRW�JLYHQ��

1�����+�� ��1+�

'HVFULEH�KRZ�GLIIHUHQW�IDFWRUV�DIIHFW�WKH�FRVW�RI�
PDNLQJ�D�QHZ�VXEVWDQFH�
�� WKH�KLJKHU�WKH�SUHVVXUH�WKH�KLJKHU�WKH�SODQW�FRVW
�� WKH�KLJKHU�WKH�WHPSHUDWXUH�WKH�KLJKHU�WKH�HQHUJ\�

FRVW
�� FDWDO\VWV�UHGXFH�FRVWV�E\�LQFUHDVLQJ�WKH�UDWH�RI�

UHDFWLRQ
�� ZKHQ�XQUHDFWHG�VWDUWLQJ�PDWHULDOV�DUH�UHF\FOHG�

FRVWV�DUH�UHGXFHG
�� DXWRPDWLRQ�UHGXFHV�WKH�ZDJHV�ELOO�

([SODLQ�KRZ�HFRQRPLF�FRQVLGHUDWLRQV�GHWHUPLQH�WKH�
FRQGLWLRQV�XVHG�LQ�WKH�PDQXIDFWXUH�RI�FKHPLFDOV�
�� UDWH�PXVW�EH�KLJK�HQRXJK�WR�JLYH�D�VXI¿FLHQW�GDLO\�

\LHOG�RI�SURGXFW
�� SHUFHQWDJH�\LHOG�PXVW�EH�KLJK�HQRXJK�WR�JLYH�D�

VXI¿FLHQW�GDLO\�\LHOG�RI�SURGXFW
�� D�ORZ�SHUFHQWDJH�\LHOG�FDQ�EH�DFFHSWHG�LI�WKH�

UHDFWLRQ�FDQ�EH�UHSHDWHG�PDQ\�WLPHV�ZLWK�
UHF\FOHG�VWDUWLQJ�PDWHULDOV

�� RSWLPXP�FRQGLWLRQV�XVHG�WKDW�JLYH�WKH�ORZHVW�
FRVW�UDWKHU�WKDQ�WKH�IDVWHVW�UHDFWLRQ�RU�KLJKHVW�
SHUFHQWDJH�\LHOG�

,QWHUSUHW�GDWD�LQ�WDEXODU�DQG�JUDSKLFDO�IRUP�UHODWLQJ�WR�
SHUFHQWDJH�\LHOG�LQ�UHYHUVLEOH�UHDFWLRQV�DQG�FKDQJHV�
LQ�FRQGLWLRQV��QR�UHFDOO�UHTXLUHG��

,QWHUSUHW�GDWD�DERXW�UDWH��SHUFHQWDJH�\LHOG�DQG�
FRVWV�IRU�DOWHUQDWLYH�LQGXVWULDO�SURFHVVHV��QR�UHFDOO�
UHTXLUHG��

5HFRJQLVH�WKH�LPSRUWDQFH�RI�DPPRQLD�LQ�UHODWLRQ�WR�
ZRUOG�IRRG�SURGXFWLRQ�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�I��$FLGV�DQG�EDVHV

6XPPDU\��<RXQJ�SHRSOH�DUH�IDPLOLDU�ZLWK�DFLGV�DQG�DONDOLV��7KH\�DUH�H[FLWHG�E\�WKH�RSSRUWXQLW\�WR�XVH�
WKHVH�µGDQJHURXV¶�FKHPLFDOV��7KLV�LWHP�UHYLVHV�SUHYLRXV�NQRZOHGJH�DQG�XQGHUVWDQGLQJ�DQG�JLYHV�WKHP�WKH�
RSSRUWXQLW\�WR�SUDFWLFH�ZRUG�DQG�V\PEROLF�HTXDWLRQV�LQ�UHODWLRQ�WR�QHXWUDOLVDWLRQ�UHDFWLRQV��7KH�WHVWLQJ�RI�S+�
SURYLGHV�WKH�RSSRUWXQLW\�WR�XVH�,&7�DV�SDUW�RI�WHDFKLQJ�DQG�OHDUQLQJ�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�DQ�H[SHULPHQW�WR�WHVW�D�YDULHW\�RI�VROXWLRQV�
WR�¿QG�S+�
�� UHDFWLRQV�EHWZHHQ�DFLGV�DQG�DONDOLV
�� UHDFWLRQV�EHWZHHQ�DFLGV�DQG�EDVHV�
�2SSRUWXQLW\�WR�XVH�GDWD�ORJJHU��
7HVW�HYHU\GD\�KRXVHKROG�VXEVWDQFHV�

'HVFULEH�KRZ�XQLYHUVDO�LQGLFDWRU�FDQ�EH�XVHG�WR�
HVWLPDWH�WKH�S+�RI�D�VROXWLRQ�
5HFDOO�WKH�FRORXU�FKDQJHV�ZLWK�OLWPXV�

6LPSOH�LQYHVWLJDWLRQ�LQWR�WKH�FKDQJH�LQ�S+�GXULQJ�
QHXWUDOLVDWLRQ��QRW�S+�WLWUDWLRQ�FXUYHV��

5HFDOO�WKDW�DQ�DONDOL�LV�D�VROXEOH�EDVH�

,QYHVWLJDWH�WKH�UHDFWLRQV�RI�DFLGV�ZLWK�EDVHV�DQG�
FDUERQDWHV�H�J��K\GURFKORULF�DFLG�ZLWK�PHWDO�R[LGHV��
K\GUR[LGHV�DQG�FDUERQDWHV�

8QGHUVWDQG�WKDW�DQ�DFLG�FDQ�EH�QHXWUDOLVHG�E\�D�EDVH�
RU�DONDOL��RU�YLFH�YHUVD�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�I��$FLGV�DQG�EDVHV

/LQNV�WR�RWKHU�LWHPV��&�J��)HUWLOLVHUV�DQG�FURS�\LHOGV��&�D��5DWH�RI�UHDFWLRQ������&�E��5DWH�RI�UHDFWLRQ�����
&�F��5DWH�RI�UHDFWLRQ������&�G��7LWUDWLRQV��&�J��6WURQJ�DQG�ZHDN�DFLGV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�LQGLFDWRUV�XVH�FRORXU�FKDQJH�WR�
VKRZ�FKDQJHV�LQ�S+��LQFOXGLQJ�
�� VXGGHQ�RU�JUDGXDO�FKDQJHV
�� FRORXU�FKDQJHV�RYHU�GLIIHUHQW�S+�UDQJHV�

5HFDOO�WKDW�LQ�QHXWUDOLVDWLRQ�
DFLG���EDVH�ĺ�VDOW���ZDWHU�
5HFDOO�WKDW�LQ�VROXWLRQ�DOO�DFLGV�FRQWDLQ�+��LRQV��
8QGHUVWDQG�WKDW�WKH�S+�RI�DQ�DFLG�LV�GHWHUPLQHG�E\�
WKH�FRQFHQWUDWLRQ�RI�+��LRQV�

([SODLQ�ZK\�DQ�DFLG�LV�QHXWUDOLVHG�E\�DQ�DONDOL�LQ�
WHUPV�RI�WKH�LRQV�SUHVHQW�
�� DFLGV�FRQWDLQ�+�

�� DONDOLV�FRQWDLQ�2+±

�� QHXWUDOLVDWLRQ�LQYROYHV�WKH�UHDFWLRQ�
+����2+±� �+�2

([SODLQ�ZK\�PHWDO�R[LGHV�DQG�PHWDO�K\GUR[LGHV�
QHXWUDOLVH�DFLGV�
5HFDOO�WKDW�FDUERQDWHV�QHXWUDOLVH�DFLGV�WR�JLYH�ZDWHU��
D�VDOW�DQG�FDUERQ�GLR[LGH��
&RQVWUXFW�ZRUG�HTXDWLRQV�WR�VKRZ�WKH�QHXWUDOLVDWLRQ�
RI�DFLGV�E\�EDVHV�DQG�FDUERQDWHV��QDPHV�RI�WKH�
SURGXFWV�QRW�JLYHQ��
3UHGLFW�WKH�QDPH�RI�WKH�VDOW�SURGXFHG�ZKHQ�D�QDPHG�
EDVH�RU�FDUERQDWH�LV�QHXWUDOLVHG�E\�D�ODERUDWRU\�DFLG�
OLPLWHG�WR�
�� VXOIXULF�DFLG
�� QLWULF�DFLG
�� K\GURFKORULF�DFLG
�� SKRVSKRULF�DFLG�

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�IRU�WKH�
QHXWUDOLVDWLRQ�RI�DFLGV�E\�EDVHV�DQG�FDUERQDWHV�
OLPLWHG�WR�
�� VXOIXULF�DFLG��QLWULF�DFLG�DQG�K\GURFKORULF�DFLG
�� DPPRQLD��SRWDVVLXP�K\GUR[LGH��VRGLXP�

K\GUR[LGH�DQG�FRSSHU�R[LGH
�� VRGLXP�FDUERQDWH�DQG�FDOFLXP�FDUERQDWH�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�J��)HUWLOLVHUV�DQG�FURS�\LHOGV

6XPPDU\��1HZV�LWHPV�UHJXODUO\�IHDWXUH�VWRULHV�RI�IDPLQH�LQ�YDULRXV�SDUWV�RI�WKH�ZRUOG��,Q�WKLV�LWHP�ZH�H[SORUH�
WKH�UROH�RI�IHUWLOLVHUV�LQ�LQFUHDVLQJ�SODQW�JURZWK�DQG�FURS�\LHOG��7KLV�LWHP�ORRNV�DW�WKH�XVH�RI�FRQWHPSRUDU\�
VFLHQWL¿F�DQG�WHFKQRORJLFDO�GHYHORSPHQWV�DQG�WKHLU�EHQH¿WV��ULVNV�DQG�GUDZEDFNV��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

6XUYH\�RI�IHUWLOLVHUV�DYDLODEOH�DW�JDUGHQ�FHQWUHV�DQG�
FRPPHUFLDOO\��YLD�LQWHUQHW�VHDUFKHV��
5HVHDUFK�WKH�PDLQ�SURFHVVHV�LQYROYHG�LQ�
HXWURSKLFDWLRQ�
(XWURSKLFDWLRQ�DQLPDWLRQ�RU�FDVH�VWXG\�

5HFDOO�WKDW�IHUWLOLVHUV�LQFUHDVH�FURS�\LHOG�
5HFDOO�WKDW�SODQWV�DEVRUE�PLQHUDOV�WKURXJK�WKHLU�URRWV�
'HVFULEH�IHUWLOLVHUV�DV�FKHPLFDOV�WKDW�SURYLGH�SODQWV�
ZLWK�HVVHQWLDO�FKHPLFDO�HOHPHQWV�
5HFDOO�WKDW�QLWURJHQ��SKRVSKRUXV�DQG�SRWDVVLXP�DUH�
WKUHH�HVVHQWLDO�HOHPHQWV�QHHGHG�IRU�SODQW�JURZWK�
5HFRJQLVH�WKH�HVVHQWLDO�HOHPHQWV�JLYHQ�WKH�IRUPXOD�
RI�D�IHUWLOLVHU�

8QGHUVWDQG�WKDW�WKH�XVH�RI�IHUWLOLVHUV�FDQ�EH�EHQH¿FLDO�
�LQFUHDVLQJ�IRRG�VXSSO\��DQG�DOVR�FDXVH�SUREOHPV�
H�J��GHDWK�RI�DTXDWLF�RUJDQLVPV��HXWURSKLFDWLRQ��

3UHSDUDWLRQ�RI�D�IHUWLOLVHU�E\�WKH�QHXWUDOLVDWLRQ�RI�
DQ�DFLG�E\�DQ�DONDOL�XVLQJ�D�EXUHWWH��H�J��SRWDVVLXP�
QLWUDWH�RU�DPPRQLXP�VXOIDWH��

,GHQWLI\�WKH�DSSDUDWXV�QHHGHG�WR�SUHSDUH�D�IHUWLOLVHU�
E\�WKH�QHXWUDOLVDWLRQ�RI�DQ�DFLG�ZLWK�DQ�DONDOL�
�� EXUHWWH�DQG�PHDVXULQJ�F\OLQGHU
�� ¿OWHU�IXQQHO�
5HFDOO�WKH�QDPHV�RI�WZR�QLWURJHQRXV�IHUWLOLVHUV�
PDQXIDFWXUHG�IURP�DPPRQLD�H�J��
�� DPPRQLXP�QLWUDWH
�� DPPRQLXP�SKRVSKDWH
�� DPPRQLXP�VXOIDWH
�� XUHD�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�J��)HUWLOLVHUV�DQG�FURS�\LHOGV

/LQNV�WR�RWKHU�LWHPV��&�H��0DQXIDFWXULQJ�FKHPLFDOV��PDNLQJ�DPPRQLD��&�I��$FLGV�DQG�EDVHV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�IHUWLOLVHUV�PXVW�EH�GLVVROYHG�LQ�ZDWHU�
EHIRUH�WKH\�FDQ�EH�DEVRUEHG�E\�SODQWV�

,GHQWLI\�DUJXPHQWV�IRU�DQG�DJDLQVW�WKH�XVH�RI�
IHUWLOLVHUV�
�� ZRUOG�SRSXODWLRQ�LV�ULVLQJ�VR�QHHG�WR�SURGXFH�

PRUH�IRRG
�� HXWURSKLFDWLRQ�DQG�SROOXWLRQ�RI�ZDWHU�VXSSOLHV�FDQ�

UHVXOW�IURP�H[FHVVLYH�XVH�RI�IHUWLOLVHUV�

([SODLQ�KRZ�WKH�XVH�RI�IHUWLOLVHUV�LQFUHDVHV�FURS�\LHOG�
�� UHSODFHV�HVVHQWLDO�HOHPHQWV�XVHG�E\�D�SUHYLRXV�

FURS�RU�SURYLGHV�H[WUD�HVVHQWLDO�HOHPHQWV
�� PRUH�QLWURJHQ�JHWV�LQFRUSRUDWHG�LQWR�SODQW�SURWHLQ�

VR�LQFUHDVHG�JURZWK�
([SODLQ�WKH�SURFHVV�RI�HXWURSKLFDWLRQ�
�� UXQ�RII�RI�IHUWLOLVHU
�� LQFUHDVH�RI�QLWUDWH�RU�SKRVSKDWH�LQ�ULYHU�ZDWHU
�� DOJDO�EORRP
�� EORFNV�RII�VXQOLJKW�WR�RWKHU�SODQWV�ZKLFK�GLH
�� DHURELF�EDFWHULD�XVH�XS�R[\JHQ
�� PRVW�OLYLQJ�RUJDQLVPV�GLH�

3UHGLFW�WKH�QDPH�RI�WKH�DFLG�DQG�WKH�DONDOL�QHHGHG�WR�
PDNH�D�QDPHG�IHUWLOLVHU�IRU�H[DPSOH�
�� DPPRQLXP�QLWUDWH�

'HVFULEH�WKH�SUHSDUDWLRQ�RI�D�QDPHG�V\QWKHWLF�
IHUWLOLVHU�E\�WKH�UHDFWLRQ�RI�DQ�DFLG�DQG�DQ�DONDOL�
�� QDPHV�RI�UHDFWDQWV
�� H[SHULPHQWDO�PHWKRG
�� KRZ�D�QHXWUDO�VROXWLRQ�LV�REWDLQHG
�� KRZ�VROLG�IHUWLOLVHU�LV�REWDLQHG�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�K��&KHPLFDOV�IURP�WKH�VHD��WKH�FKHPLVWU\�RI�VRGLXP�FKORULGH

6XPPDU\��7KH�VHD�LV�D�PDMRU�VRXUFH�RI�VDOW��3URGXFLQJ�FKHPLFDOV�IURP�VDOW�RQ�D�ODUJH�VFDOH�LQ�WKH�8.�
KDV�EHHQ�FDUULHG�RXW�IRU�KXQGUHGV�RI�\HDUV��6DOW�LV�VWLOO�DQ�LPSRUWDQW�UDZ�PDWHULDO�LQ�WKH�SURGXFWLRQ�RI�EXON�
FKHPLFDOV�WRGD\��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�VDOW�PLQLQJ� 5HFDOO�WKDW�VRGLXP�FKORULGH��VDOW��FDQ�EH�REWDLQHG�
IURP�WKH�VHD�RU�IURP�VDOW�GHSRVLWV�

&DUU\�RXW�DQ�H[SHULPHQW�WR�HOHFWURO\VH�VRGLXP�
FKORULGH�VROXWLRQ��WHVW�WKH�SURGXFWV�K\GURJHQ�DQG�
FKORULQH�DQG�VKRZ��XVLQJ�8QLYHUVDO�,QGLFDWRU��WKDW�WKH�
VROXWLRQ�EHFRPHV�DONDOLQH�

5HFDOO�WKDW�WKH�HOHFWURO\VLV�RI�FRQFHQWUDWHG�VRGLXP�
FKORULGH�JLYHV�FKORULQH�DQG�K\GURJHQ�
5HFDOO�WKDW�WKH�FKHPLFDO�WHVW�IRU�FKORULQH�LV�WKDW�LW�
EOHDFKHV�PRLVW�OLWPXV�SDSHU�

6XUYH\�WKH�UDQJH�RI�SURGXFWV�IRUPHG�IURP�VDOW� 5HFDOO�WKDW�VRGLXP�FKORULGH�LV�XVHG�
�� DV�D�SUHVHUYDWLYH
�� DV�D�ÀDYRXULQJ�
8QGHUVWDQG�WKDW�VRGLXP�FKORULGH�LV�DQ�LPSRUWDQW�UDZ�
PDWHULDO�LQ�WKH�FKHPLFDO�LQGXVWU\��LQFOXGLQJ�XVH�DV�D�
VRXUFH�RI�FKORULQH�DQG�VRGLXP�K\GUR[LGH�
5HFDOO�WKDW�KRXVHKROG�EOHDFK��39&�DQG�VROYHQWV�DUH�
PDGH�IURP�VXEVWDQFHV�GHULYHG�IURP�VDOW�
5HFDOO�WKDW�FKORULQH�LV�XVHG�WR�VWHULOLVH�ZDWHU�DQG�WR�
PDNH�VROYHQWV��KRXVHKROG�EOHDFK�DQG�SODVWLFV�
5HFDOO�WKDW�K\GURJHQ�LV�XVHG�LQ�WKH�PDQXIDFWXUH�RI�
PDUJDULQH�
5HFDOO�WKDW�VRGLXP�K\GUR[LGH�LV�XVHG�WR�PDNH�VRDS�
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0RGXOH�&���&KHPLFDO�5HVRXUFHV
,WHP�&�K��&KHPLFDOV�IURP�WKH�VHD��WKH�FKHPLVWU\�RI�VRGLXP�FKORULGH

/LQNV�WR�RWKHU�LWHPV��&�E��,RQLF�ERQGLQJ��&�H��7KH�*URXS���HOHPHQWV��&�K��3XULI\LQJ�DQG�WHVWLQJ�ZDWHU

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�KRZ�VDOW�FDQ�DOVR�EH�PLQHG�DV�URFN�VDOW�DQG�
E\�VROXWLRQ�PLQLQJ�LQ�&KHVKLUH�
([SODLQ�KRZ�PLQLQJ�IRU�VDOW�FDQ�OHDG�WR�VXEVLGHQFH�

5HFDOO�WKH�SURGXFWV�RI�WKH�HOHFWURO\VLV�RI�FRQFHQWUDWHG�
VRGLXP�FKORULGH�VROXWLRQ��EULQH��
�� K\GURJHQ�PDGH�DW�WKH�FDWKRGH
�� FKORULQH�PDGH�DW�WKH�DQRGH
�� VRGLXP�K\GUR[LGH�LV�DOVR�PDGH�
([SODLQ�ZK\�LW�LV�LPSRUWDQW�WR�XVH�LQHUW�HOHFWURGHV�LQ�
WKH�HOHFWURO\VLV�RI�VRGLXP�FKORULGH�VROXWLRQ�

([SODLQ�KRZ�WKH�HOHFWURO\VLV�RI�VRGLXP�FKORULGH�
VROXWLRQ��EULQH��SURGXFHV�VRGLXP�K\GUR[LGH��K\GURJHQ�
DQG�FKORULQH�
�� 1D&O �DT��FRQWDLQV�1D���2+í��&Oí��+�

�� FDWKRGH��+�����Hí�ĺ�+�

�� DQRGH��&Oí�±��Hí�ĺ�&O�
�� LRQV�QRW�GLVFKDUJHG�PDNH�VRGLXP�K\GUR[LGH�
([SODLQ�ZK\�WKH�HOHFWURO\VLV�RI�VRGLXP�FKORULGH�
LQYROYHV�ERWK�UHGXFWLRQ�DQG�R[LGDWLRQ�

'HVFULEH�KRZ�VRGLXP�K\GUR[LGH�DQG�FKORULQH�DUH�
XVHG�WR�PDNH�KRXVHKROG�EOHDFK�

([SODLQ�WKH�HFRQRPLF�LPSRUWDQFH�RI�WKH�FKORU�DONDOL�
LQGXVWU\�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

6XPPDU\��7KURXJKRXW�WKH�VWXG\�RI�FKHPLVWU\�LQ�*&6(�VFLHQFH�WKHUH�DUH�D�QXPEHU�RI�LGHDV�DQG�FRQFHSWV�
WKDW�DUH�IXQGDPHQWDO��7KHVH�LGHDV�DQG�FRQFHSWV�KDYH�QRW�EHHQ�SXW�LQWR�D�SDUWLFXODU�LWHP�EXW�VKRXOG�SHUPHDWH�
WKURXJK�DOO�WKH�*&6(�&KHPLVWU\�0RGXOHV�&��WR�&���

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�LQ�D�FKHPLFDO�UHDFWLRQ�UHDFWDQWV�DUH�
FKDQJHG�LQWR�SURGXFWV�
5HFRJQLVH�WKH�UHDFWDQWV�DQG�SURGXFWV�LQ�D�ZRUG�
HTXDWLRQ�
&RQVWUXFW�ZRUG�HTXDWLRQV�JLYHQ�WKH�UHDFWDQWV�DQG�
SURGXFWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�WKH�UHDFWDQWV�DQG�WKH�SURGXFWV�LQ�D�
V\PERO�HTXDWLRQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

'HGXFH�WKH�QXPEHU�RI�HOHPHQWV�LQ�D�FRPSRXQG�JLYHQ�
LWV�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�QR�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�IRUPXOD�ZLWK�QR�EUDFNHWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�VXEVWDQFH�LV�DQ�HOHPHQW�RU�D�
FRPSRXQG�IURP�LWV�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�D�PROHFXOH�LV�PDGH�XS�RI�PRUH�WKDQ�
RQH�DWRP�MRLQHG�WRJHWKHU�
8QGHUVWDQG�WKDW�D�PROHFXODU�IRUPXOD�VKRZV�WKH�
QXPEHUV�DQG�W\SHV�RI�DWRP�LQ�D�PROHFXOH�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�GLVSOD\HG�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�SDUWLFOH�LV�DQ�DWRP��PROHFXOH�RU�
LRQ�JLYHQ�LWV�IRUPXOD�
8QGHUVWDQG�WKDW�DWRPV�FRQWDLQ�VPDOOHU�SDUWLFOHV�RQH�
RI�ZKLFK�LV�D�QHJDWLYH�HOHFWURQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFDOO�WKDW�WZR�W\SHV�RI�FKHPLFDO�ERQG�KROGLQJ�DWRPV�
WRJHWKHU�DUH�
�� LRQLF�ERQGV
�� FRYDOHQW�ERQGV�

���� 0RGXOH�&���&KHPLFDO�(FRQRPLFV
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

/LQNV�WR�RWKHU�PRGXOHV��&��WR�&��

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

&RQVWUXFW�ZRUG�HTXDWLRQV��QRW�DOO�UHDFWDQWV�DQG�
SURGXFWV�JLYHQ��

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��QR�EUDFNHWV��RI�WKH�UHDFWDQWV�DQG�SURGXFWV�
([SODLQ�ZK\�D�V\PERO�HTXDWLRQ�LV�EDODQFHG�

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��VRPH�RU�DOO�ZLWK�EUDFNHWV��RI�WKH�UHDFWDQWV�
DQG�SURGXFWV�
&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV��OLPLWHG�WR�WKH�
OHDUQLQJ�RXWFRPHV�LQ�&���

'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�W\SH�RI�GLIIHUHQW�DWRP�LQ�
D�IRUPXOD�ZLWK�EUDFNHWV�
5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� FDOFLXP�FDUERQDWH
�� FDUERQ�GLR[LGH��K\GURJHQ�DQG�ZDWHU�
�� K\GURFKORULF�DFLG�

5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� VXOIXULF�DFLG
�� FDOFLXP�FKORULGH��PDJQHVLXP�FKORULGH�DQG�

PDJQHVLXP�VXOIDWH�

8QGHUVWDQG�WKDW�D�GLVSOD\HG�IRUPXOD�VKRZV�ERWK�WKH�
DWRPV�DQG�WKH�ERQGV�LQ�D�PROHFXOH�
:ULWH�WKH�PROHFXODU�IRUPXOD�RI�D�FRPSRXQG�JLYHQ�LWV�
GLVSOD\HG�IRUPXOD�

&RQVWUXFW�EDODQFHG�HTXDWLRQV�XVLQJ�GLVSOD\HG�
IRUPXODH�

8QGHUVWDQG�WKDW�SRVLWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�ORVW�IURP�DWRPV�
8QGHUVWDQG�WKDW�QHJDWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�JDLQHG�E\�DWRPV�

8QGHUVWDQG�WKDW�DQ�LRQLF�ERQG�LV�WKH�DWWUDFWLRQ�
EHWZHHQ�D�SRVLWLYH�LRQ�DQG�D�QHJDWLYH�LRQ�
8QGHUVWDQG�WKDW�D�FRYDOHQW�ERQG�LV�D�VKDUHG�SDLU�RI�
HOHFWURQV��

([SODLQ�KRZ�DQ�LRQLF�ERQG�LV�IRUPHG�
([SODLQ�KRZ�D�FRYDOHQW�ERQG�LV�IRUPHG�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�D��5DWH�RI�UHDFWLRQ�����

6XPPDU\��([SORVLRQV�DUH�LPSUHVVLYH�H[DPSOHV�RI�YHU\�IDVW�UHDFWLRQV��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�KRZ�
WKH�UDWH�RI�D�UHDFWLRQ�FDQ�EH�GHWHUPLQHG�WKURXJK�SUDFWLFDO�ZRUN�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

9LGHR�FOLSV�RI�¿UHV��UXVWLQJ�DQG�H[SORVLRQV�WR�LOOXVWUDWH�
GLIIHUHQW�UDWHV�RI�UHDFWLRQ�

5HFRJQLVH�WKDW�VRPH�UHDFWLRQV�FDQ�EH�IDVW�DQG�
RWKHUV�YHU\�VORZ�
�� UXVWLQJ�LV�D�VORZ�UHDFWLRQ
�� EXUQLQJ�DQG�H[SORVLRQV�DUH�YHU\�IDVW�UHDFWLRQV�

,QYHVWLJDWH�WKH�UDWH�RI�UHDFWLRQ�RI�PDJQHVLXP�ULEERQ�
DQG�GLOXWH�K\GURFKORULF�DFLG�E\�PHDVXULQJ�UHDFWLRQ�
WLPH�
,QYHVWLJDWH�WKH�UDWH�RI�WKH�UHDFWLRQ�RI�VRGLXP�
WKLRVXOIDWH�DQG�GLOXWH�K\GURFKORULF�DFLG�E\�PHDVXULQJ�
UHDFWLRQ�WLPH�

,QYHVWLJDWH�WKH�UDWH�RI�UHDFWLRQ�RI�PDJQHVLXP�ULEERQ�
RU�FDOFLXP�FDUERQDWH�DQG�GLOXWH�K\GURFKORULF�DFLG�
XVLQJ�D�JDV�V\ULQJH�WR�FROOHFW�JDV�
,QYHVWLJDWH�WKH�UDWH�RI�UHDFWLRQ�RI�FDOFLXP�FDUERQDWH�
DQG�GLOXWH�K\GURFKORULF�DFLG�XVLQJ�PDVV�ORVV�

/DEHO�WKH�ODERUDWRU\�DSSDUDWXV�QHHGHG�WR�PHDVXUH�
WKH�UDWH�RI�UHDFWLRQ�SURGXFLQJ�D�JDV�
�� JDV�V\ULQJH
�� ÀDVN�
3ORW�H[SHULPHQWDO�UHVXOWV�LQYROYLQJ�JDV�YROXPHV�RU�
PDVV�ORVV�RQ�D�JUDSK�
3ORW�H[SHULPHQWDO�UHVXOWV�LQYROYLQJ�UHDFWLRQ�WLPHV�RQ�
D�JUDSK�
,QWHUSUHW�GDWD�LQ�WDEXODU��JUDSKLFDO�DQG�ZULWWHQ�
IRUP�DERXW�WKH�UDWH�RI�UHDFWLRQ�RU�UHDFWLRQ�WLPH�IRU�
H[DPSOH�
�� UHDGLQJ�RII�YDOXHV�IURP�D�JUDSK
�� FRPSDULQJ�UDWHV�RI�UHDFWLRQ�E\�FRPSDULQJ�

JUDGLHQWV�RI�JUDSKV
�� FRPSDULQJ�UDWHV�RI�UHDFWLRQ�XVLQJ�UHDFWLRQ�WLPHV�

([SODLQ�ZK\�D�UHDFWLRQ�VWRSV�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�D��5DWH�RI�UHDFWLRQ�����

/LQNV�WR�RWKHU�LWHPV��&�H��0DQXIDFWXULQJ�FKHPLFDOV��PDNLQJ�DPPRQLD��&�I��$FLGV�DQG�EDVHV��&�E��5DWH�RI�
UHDFWLRQ������&�F��5DWH�RI�UHDFWLRQ������&�G��7KH�*URXS���HOHPHQWV��&�H��*DV�YROXPHV��&�I��(TXLOLEULD���
&�J��6WURQJ�DQG�ZHDN�DFLGV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�WKH�UDWH�RI�D�UHDFWLRQ�PHDVXUHV�KRZ�
PXFK�SURGXFW�LV�IRUPHG�LQ�D�¿[HG�WLPH�SHULRG�
8QGHUVWDQG�FRPPRQ�XQLWV�IRU�WKH�UDWH�RI�UHDFWLRQ�
�� J�V�RU�J�PLQ
�� FP��V�RU�FP��PLQ�

,QWHUSUHW�GDWD�LQ�WDEXODU��JUDSKLFDO�DQG�ZULWWHQ�
IRUP�DERXW�WKH�UDWH�RI�UHDFWLRQ�RU�UHDFWLRQ�WLPH�IRU�
H[DPSOH�
�� FRPSDULQJ�WKH�UDWH�RI�UHDFWLRQ�GXULQJ�D�UHDFWLRQ�

,QWHUSUHW�GDWD�IURP�WDEXODU��JUDSKLFDO�DQG�ZULWWHQ�
IRUP�DERXW�WKH�UDWH�RI�UHDFWLRQ�RU�UHDFWLRQ�WLPH�IRU�
H[DPSOH�
�� FDOFXODWLQJ�WKH�UDWH�RI�UHDFWLRQ�IURP�WKH�VORSH�RI�

DQ�DSSURSULDWH�JUDSK�LQFOXGLQJ�GHWHUPLQLQJ�XQLWV
�� H[WUDSRODWLRQ
�� LQWHUSRODWLRQ�

5HFRJQLVH�DQG�XVH�WKH�LGHD�WKDW�WKH�DPRXQW�RI�
SURGXFW�IRUPHG�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�DPRXQW�
RI�OLPLWLQJ�UHDFWDQW�XVHG�
5HFDOO�WKDW�WKH�OLPLWLQJ�UHDFWDQW�LV�WKH�UHDFWDQW�QRW�LQ�
H[FHVV�WKDW�LV�DOO�XVHG�XS�DW�WKH�HQG�RI�WKH�UHDFWLRQ�

([SODLQ��LQ�WHUPV�RI�UHDFWLQJ�SDUWLFOHV��ZK\�WKH�
DPRXQW�RI�SURGXFW�IRUPHG�LV�GLUHFWO\�SURSRUWLRQDO�WR�
WKH�DPRXQW�RI�OLPLWLQJ�UHDFWDQW�XVHG�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�E��5DWH�RI�UHDFWLRQ�����

6XPPDU\��7KLV�LWHP�GHYHORSV�WKH�LGHDV�RI�UDWH�RI�UHDFWLRQ�LQFOXGLQJ�WKH�FROOLVLRQ�WKHRU\�PRGHO��7KH�HIIHFW�
RI�FKDQJLQJ�WHPSHUDWXUH��FRQFHQWUDWLRQ�DQG�SUHVVXUH�RQ�WKH�UDWH�RI�UHDFWLRQ�DUH�FRQVLGHUHG�E\�PHDQV�RI�
SUDFWLFDO�ZRUN�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

,&7�VLPXODWLRQV�LQYROYLQJ�FROOLVLRQV�EHWZHHQ�SDUWLFOHV� 5HFRJQLVH�WKDW�FKHPLFDO�UHDFWLRQV�WDNH�SODFH�ZKHQ�
SDUWLFOHV�FROOLGH�

,QYHVWLJDWH�WKH�UDWH�RI�UHDFWLRQ�XVLQJ�PDJQHVLXP�
ULEERQ�RU�FDOFLXP�FDUERQDWH�DQG�GLIIHUHQW�
WHPSHUDWXUHV�RI�GLOXWH�K\GURFKORULF�DFLG�

'HVFULEH�WKH�HIIHFW�RI�FKDQJLQJ�WHPSHUDWXUH�RQ�WKH�
UDWH�RI�D�FKHPLFDO�UHDFWLRQ�

,QYHVWLJDWH�WKH�UDWH�RI�UHDFWLRQ�XVLQJ�PDJQHVLXP�
ULEERQ�RU�FDOFLXP�FDUERQDWH�DQG�ZLWK�GLIIHUHQW�
FRQFHQWUDWLRQV�RI�K\GURFKORULF�DFLG�
,QYHVWLJDWH�WKH�UDWH�RI�UHDFWLRQ�RI�VRGLXP�WKLRVXOIDWH�
ZLWK�GLOXWH�K\GURFKORULF�DFLG��GLVDSSHDULQJ�FURVV�
H[SHULPHQW��

'HVFULEH�WKH�HIIHFW�RI�FKDQJLQJ�WKH�FRQFHQWUDWLRQ�RQ�
WKH�UDWH�RI�D�FKHPLFDO�UHDFWLRQ�

/RRN�DW�WKH�DSSOLFDWLRQ�RI�UDWH�RI�UHDFWLRQ�LQ�HYHU\GD\�
OLIH��H�J��VSHHG�RI�FRRNLQJ�ZLWK�SUHVVXUH�FRRNHU��
WKH�UXVWLQJ�RI�PHWDOV��UDWH�RI�GLVVROYLQJ�WDEOHWV�IRU�
PHGLFLQDO�XVH��

'HVFULEH�WKH�HIIHFW�RI�FKDQJLQJ�WKH�SUHVVXUH�RQ�WKH�
UDWH�RI�D�FKHPLFDO�UHDFWLRQ�RI�JDVHV�

,QYHVWLJDWH�WKH�UDWH�RI�UHDFWLRQ�XVLQJ�PDJQHVLXP�
ULEERQ�RU�FDOFLXP�FDUERQDWH�DQG�GLOXWH�K\GURFKORULF�
DFLG�XVLQJ�D�JDV�V\ULQJH�WR�FROOHFW�JDV�

,QWHUSUHW�GDWD�LQ�WDEXODU��JUDSKLFDO�DQG�ZULWWHQ�IRUP�
DERXW�WKH�HIIHFW�RI�WHPSHUDWXUH��FRQFHQWUDWLRQ�DQG�
SUHVVXUH�RQ�WKH�UDWH�RI�UHDFWLRQ�IRU�H[DPSOH�
�� UHDGLQJ�RII�YDOXHV�IURP�D�JUDSK
�� FRPSDULQJ�UDWHV�RI�UHDFWLRQ�E\�FRPSDULQJ�

JUDGLHQWV�RI�JUDSKV
�� FRPSDULQJ�UDWHV�RI�UHDFWLRQ�XVLQJ�UHDFWLRQ�WLPHV�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�E��5DWH�RI�UHDFWLRQ�����

/LQNV�WR�RWKHU�LWHPV��&�H��0DQXIDFWXULQJ�FKHPLFDOV��PDNLQJ�DPPRQLD��&�I��$FLGV�DQG�EDVHV��&�D��5DWH�RI�
UHDFWLRQ������&�F��5DWH�RI�UHDFWLRQ������&�G��7KH�*URXS���HOHPHQWV��&�H��*DV�YROXPHV��&�I��(TXLOLEULD���
&�J��6WURQJ�DQG�ZHDN�DFLGV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�WKH�UDWH�RI�UHDFWLRQ�GHSHQGV�RQ�WKH�
QXPEHU�RI�FROOLVLRQV�EHWZHHQ�UHDFWLQJ�SDUWLFOHV�

8QGHUVWDQG�WKDW�WKH�UDWH�RI�UHDFWLRQ�GHSHQGV�RQ�WKH�
�� FROOLVLRQ�IUHTXHQF\�RI�UHDFWLQJ�SDUWLFOHV
�� HQHUJ\�WUDQVIHUUHG�GXULQJ�WKH�FROOLVLRQ��ZKHWKHU�

WKH�FROOLVLRQ�LV�VXFFHVVIXO�RU�HIIHFWLYH��

([SODLQ��LQ�WHUPV�RI�WKH�UHDFWLQJ�SDUWLFOH�PRGHO��ZK\�
FKDQJHV�LQ�WHPSHUDWXUH�FKDQJH�WKH�UDWH�RI�UHDFWLRQ�

([SODLQ��XVLQJ�WKH�UHDFWLQJ�SDUWLFOH�PRGHO��ZK\�
FKDQJHV�LQ�WHPSHUDWXUH�FKDQJH�WKH�UDWH�RI�UHDFWLRQ�LQ�
WHUPV�RI�VXFFHVVIXO�FROOLVLRQV�EHWZHHQ�SDUWLFOHV�

([SODLQ��LQ�WHUPV�RI�WKH�UHDFWLQJ�SDUWLFOH�PRGHO��ZK\�
FKDQJHV�LQ�FRQFHQWUDWLRQ�FKDQJH�WKH�UDWH�RI�UHDFWLRQ�

([SODLQ��XVLQJ�WKH�UHDFWLQJ�SDUWLFOH�PRGHO��ZK\�
FKDQJHV�LQ�FRQFHQWUDWLRQ�FKDQJH�WKH�UDWH�RI�UHDFWLRQ�
LQ�WHUPV�RI�VXFFHVVIXO�FROOLVLRQV�EHWZHHQ�SDUWLFOHV�

([SODLQ��LQ�WHUPV�RI�WKH�UHDFWLQJ�SDUWLFOH�PRGHO��ZK\�
FKDQJHV�LQ�SUHVVXUH�FKDQJH�WKH�UDWH�RI�UHDFWLRQ�

([SODLQ��XVLQJ�WKH�UHDFWLQJ�SDUWLFOH�PRGHO��ZK\�
FKDQJHV�LQ�SUHVVXUH�FKDQJH�WKH�UDWH�RI�UHDFWLRQ�LQ�
WHUPV�RI�VXFFHVVIXO�FROOLVLRQV�EHWZHHQ�SDUWLFOHV�

,QWHUSUHW�GDWD�LQ�WDEXODU��JUDSKLFDO�DQG�ZULWWHQ�IRUP�
DERXW�WKH�HIIHFW�RI�WHPSHUDWXUH�DQG�FRQFHQWUDWLRQ�RQ�
WKH�UDWH�RI�UHDFWLRQ�IRU�H[DPSOH�
�� GHFLGLQJ�ZKHQ�D�UHDFWLRQ�KDV�¿QLVKHG
�� FRPSDULQJ�WKH�UDWH�RI�UHDFWLRQ�GXULQJ�D�UHDFWLRQ�
'UDZ�VNHWFK�JUDSKV�WR�VKRZ�WKH�HIIHFW�RI�FKDQJLQJ�
WHPSHUDWXUH��FRQFHQWUDWLRQ�RU�SUHVVXUH�RQ�
�� UDWH�RI�UHDFWLRQ
�� DPRXQW�RI�SURGXFW�IRUPHG�LQ�D�UHDFWLRQ�

,QWHUSUHW�GDWD�IURP�WDEXODU��JUDSKLFDO�DQG�ZULWWHQ�IRUP�
DERXW�WKH�HIIHFW�RI�WHPSHUDWXUH�DQG�FRQFHQWUDWLRQ�RQ�
WKH�UDWH�RI�UHDFWLRQ�IRU�H[DPSOH�
�� FDOFXODWLQJ�WKH�UDWH�RI�UHDFWLRQ�IURP�WKH�VORSH�RI�

DQ�DSSURSULDWH�JUDSK
�� H[WUDSRODWLRQ
�� LQWHUSRODWLRQ�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�F��5DWH�RI�UHDFWLRQ�����

6XPPDU\��([SORVLRQV�DUH�LPSUHVVLYH�H[DPSOHV�RI�YHU\�IDVW�UHDFWLRQV��7KLV�LWHP�GHYHORSV�WKH�LGHDV�RI�UDWH�RI�
UHDFWLRQ�LQFOXGLQJ�FROOLVLRQ�IUHTXHQF\��7KH�HIIHFW�RI�FKDQJLQJ�VXUIDFH�DUHD�DQG�FDWDO\VWV�RQ�WKH�UDWH�RI�UHDFWLRQ�
DUH�FRQVLGHUHG�E\�PHDQV�RI�SUDFWLFDO�ZRUN�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&ODVV�SUDFWLFDO�WR�LQYHVWLJDWH�FDWDO\VLV�XVLQJ�
K\GURJHQ�SHUR[LGH�DQG�PHWDO�R[LGH�FDWDO\VWV�RU�]LQF�
DQG�GLOXWH�K\GURFKORULF�DFLG�ZLWK�D�YDULHW\�RI�SRVVLEOH�
FDWDO\VWV�LQFOXGLQJ�FRSSHU�DQG�FRSSHU�FRPSRXQGV�

5HFDOO�WKDW�WKH�UDWH�RI�D�UHDFWLRQ�FDQ�EH�LQFUHDVHG�E\�
WKH�DGGLWLRQ�RI�D�FDWDO\VW�

,QYHVWLJDWH�VXUIDFH�DUHD�XVLQJ�PDJQHVLXP�SRZGHU�
DQG�ULEERQ�ZLWK�DFLG��RU�PDUEOH�FKLSV�DQG�SRZGHU�
ZLWK�DFLG�

5HFDOO�WKDW�WKH�UDWH�RI�D�UHDFWLRQ�FDQ�EH�LQFUHDVHG�E\�
XVLQJ�SRZGHUHG�UHDFWDQW�UDWKHU�WKDQ�D�OXPS��RU�YLFH�
YHUVD��

:DWFK�D�YLGHR�RQ�ÀRXU�O\FRSRGLXP�H[SORVLRQV�
9LGHR�FOLSV�RI�RWKHU�H[SORVLRQV�H�J��NQRFNLQJ�GRZQ�D�
EXLOGLQJ��H[SORVLRQ�LQ�D�TXDUU\�
'HPRQVWUDWH�H[SORVLYH�UHDFWLRQV��FRUQÀRXU�RU�FXVWDUG�
SRZGHU��

'HVFULEH�DQ�H[SORVLRQ�DV�D�YHU\�IDVW�UHDFWLRQ�ZKLFK�
UHOHDVHV�D�ODUJH�YROXPH�RI�JDVHRXV�SURGXFWV�

/RRN�DW�WKH�DSSOLFDWLRQ�RI�UDWH�RI�UHDFWLRQ�LQ�HYHU\GD\�
OLIH��H�J��UHVLQ�DQG�KDUGHQHU�LQ�FDU�ERG\�¿OOHU��FDWDO\WLF�
FRQYHUWHUV��

,QWHUSUHW�GDWD�LQ�WDEXODU��JUDSKLFDO�DQG�ZULWWHQ�IRUP�
DERXW�WKH�HIIHFW�RI�VXUIDFH�DUHD�DQG�WKH�DGGLWLRQ�RI�D�
FDWDO\VW�RQ�WKH�UDWH�RI�UHDFWLRQ��IRU�H[DPSOH�
�� UHDGLQJ�RII�YDOXHV�IURP�D�JUDSK
�� FRPSDULQJ�UDWHV�RI�UHDFWLRQ�E\�FRPSDULQJ�

JUDGLHQWV�RI�JUDSKV
�� FRPSDULQJ�UDWHV�RI�UHDFWLRQ�XVLQJ�UHDFWLRQ�WLPHV�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�F��5DWH�RI�UHDFWLRQ�����

/LQNV�WR�RWKHU�LWHPV��&�H��0DQXIDFWXULQJ�FKHPLFDOV��PDNLQJ�DPPRQLD��&�I��$FLGV�DQG�EDVHV��&�D��5DWH�RI�
UHDFWLRQ������&�E��5DWH�RI�UHDFWLRQ������&�G��7KH�*URXS���HOHPHQWV��&�H��*DV�YROXPHV��&�I��(TXLOLEULD���
&�J��6WURQJ�DQG�ZHDN�DFLGV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�D�FDWDO\VW�DV�D�VXEVWDQFH�ZKLFK�FKDQJHV�
WKH�UDWH�RI�UHDFWLRQ�DQG�LV�XQFKDQJHG�DW�WKH�HQG�RI�
WKH�UHDFWLRQ�
8QGHUVWDQG�ZK\�RQO\�D�VPDOO�DPRXQW�RI�D�FDWDO\VW�LV�
QHHGHG�WR�FDWDO\VH�ODUJH�DPRXQWV�RI�UHDFWDQWV�DQG�
WKDW�D�FDWDO\VW�LV�VSHFL¿F�WR�D�SDUWLFXODU�UHDFWLRQ�

([SODLQ��LQ�WHUPV�RI�UHDFWLQJ�SDUWLFOHV�DQG�VXUIDFH�
DUHD��WKH�GLIIHUHQFH�LQ�UDWH�RI�UHDFWLRQ�EHWZHHQ�D�
OXPS�DQG�SRZGHUHG�UHDFWDQW�

([SODLQ��LQ�WHUPV�RI�FROOLVLRQV�EHWZHHQ�UHDFWLQJ�
SDUWLFOHV��WKH�GLIIHUHQFH�LQ�UDWH�RI�UHDFWLRQ�EHWZHHQ�D�
OXPS�DQG�SRZGHUHG�UHDFWDQW�

([SODLQ�WKH�GDQJHUV�RI�¿QH�FRPEXVWLEOH�SRZGHUV�LQ�
IDFWRULHV��H�J��FXVWDUG�SRZGHU��ÀRXU�RU�VXOIXU��

,QWHUSUHW�GDWD�LQ�WDEXODU��JUDSKLFDO�DQG�ZULWWHQ�IRUP�
DERXW�WKH�HIIHFW�RI�VXUIDFH�DUHD�DQG�WKH�DGGLWLRQ�RI�D�
FDWDO\VW�RQ�WKH�UDWH�RI�UHDFWLRQ�
�� GHFLGLQJ�ZKHQ�D�UHDFWLRQ�KDV�¿QLVKHG
�� FRPSDULQJ�WKH�UDWH�RI�UHDFWLRQ�GXULQJ�D�UHDFWLRQ�
'UDZ�VNHWFK�JUDSKV�WR�VKRZ�WKH�HIIHFW�RI�FKDQJLQJ�
VXUIDFH�DUHD�DQG�WKH�DGGLWLRQ�RI�D�FDWDO\VW�RQ�WKH�
�� UDWH�RI�UHDFWLRQ
�� DPRXQW�RI�SURGXFW�IRUPHG�LQ�D�UHDFWLRQ�

,QWHUSUHW�GDWD�IURP�WDEXODU��JUDSKLFDO�DQG�ZULWWHQ�IRUP�
DERXW�WKH�HIIHFW�RI�VXUIDFH�DUHD�DQG�WKH�DGGLWLRQ�RI�D�
FDWDO\VW�RQ�WKH�UDWH�RI�UHDFWLRQ�
�� FDOFXODWLQJ�WKH�UDWH�RI�UHDFWLRQ�IURP�WKH�VORSH�RI�

DQ�DSSURSULDWH�JUDSK
�� H[WUDSRODWLRQ
�� LQWHUSRODWLRQ��
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�G��5HDFWLQJ�PDVVHV

6XPPDU\��4XDQWLWDWLYH�DVSHFWV�RI�FKHPLVWU\�LQYROYLQJ�UHODWLYH�DWRPLF�PDVV�DUH�LQWURGXFHG��5HODWLYH�DWRPLF�
PDVVHV�DUH�XVHG�WR�FDOFXODWH�UHODWLYH�IRUPXOD�PDVVHV��%DODQFHG�V\PERO�HTXDWLRQV�DUH�XVHG�TXDQWLWDWLYHO\�WR�
FDOFXODWH�UHDFWLQJ�PDVVHV�DQG�WR�SUHGLFW�WKH�PDVV�RI�SURGXFW�WKDW�VKRXOG�EH�IRUPHG�LQ�D�UHDFWLRQ��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

/RRNLQJ�DW�WKH�SHULRGLF�WDEOH�WR�¿QG�UHODWLYH�DWRPLF�
PDVVHV�
5HODWLYH�IRUPXOD�PDVV��0U��FDOFXODWLRQV�

&DOFXODWH�WKH�UHODWLYH�IRUPXOD�PDVV�RI�D�VXEVWDQFH�
IURP�LWV�IRUPXOD��QR�EUDFNHWV��JLYHQ�WKH�DSSURSULDWH�
UHODWLYH�DWRPLF�PDVVHV�

&ODVV�H[SHULPHQW�WR�FRQ¿UP�WKH�SULQFLSOH�RI�
FRQVHUYDWLRQ�RI�PDVV�XVLQJ�SUHFLSLWDWLRQ�UHDFWLRQV�
VXFK�DV�VRGLXP�K\GUR[LGH�VROXWLRQ�ZLWK�FRSSHU�,,��
VXOIDWH�VROXWLRQ�

8QGHUVWDQG�WKDW�WKH�WRWDO�PDVV�RI�UHDFWDQWV�DW�
WKH�VWDUW�RI�D�UHDFWLRQ�LV�HTXDO�WR�WKH�WRWDO�PDVV�RI�
SURGXFWV�PDGH�DQG�WKDW�WKLV�LV�FDOOHG�WKH�SULQFLSOH�RI�
FRQVHUYDWLRQ�RI�PDVV�
8VH�WKH�SULQFLSOH�RI�FRQVHUYDWLRQ�RI�PDVV�WR�FDOFXODWH�
PDVV�RI�UHDFWDQW�RU�SURGXFW�IRU�H[DPSOH�
�� PDVV�RI�JDVHRXV�SURGXFW�IRUPHG�GXULQJ�

GHFRPSRVLWLRQ
�� PDVV�RI�R[\JHQ�WKDW�UHDFWV�ZLWK�D�NQRZQ�PDVV�RI�

PDJQHVLXP�WR�PDNH�PDJQHVLXP�R[LGH�

&ODVV�H[SHULPHQW�WR�¿QG�RXW�WKH�UHODWLRQVKLS�EHWZHHQ�
PDVV�RI�PDODFKLWH�DQG�PDVV�RI�FRSSHU�R[LGH�WKDW�FDQ�
EH�REWDLQHG�IURP�LW�±�RSSRUWXQLW\�WR�XVH�VSUHDGVKHHWV�
IRU�DQDO\VLV�RI�UHVXOWV�

8VH�VLPSOH�UDWLRV�WR�FDOFXODWH�UHDFWLQJ�PDVVHV�DQG�
SURGXFW�PDVVHV�JLYHQ�WKH�PDVV�RI�D�UHDFWDQW�DQG�D�
SURGXFW�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�G��5HDFWLQJ�PDVVHV

/LQNV�WR�RWKHU�LWHPV��&�H��3HUFHQWDJH�\LHOG�DQG�DWRP�HFRQRP\��&�D��0ROHV�DQG�PRODU�PDVV��&�E��
3HUFHQWDJH�FRPSRVLWLRQ�DQG�HPSLULFDO�IRUPXOD

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

&DOFXODWH�WKH�UHODWLYH�IRUPXOD�PDVV�RI�D�VXEVWDQFH�
IURP�LWV�IRUPXOD��ZLWK�EUDFNHWV��JLYHQ�DSSURSULDWH�
UHODWLYH�DWRPLF�PDVVHV�

8VH�SURYLGHG�UHODWLYH�IRUPXOD�PDVVHV�DQG�D�V\PERO�
HTXDWLRQ������PRODU�UDWLR��WR�VKRZ�WKDW�PDVV�LV�
FRQVHUYHG�GXULQJ�D�UHDFWLRQ�
([SODLQ�ZK\�PDVV�LV�FRQVHUYHG�LQ�FKHPLFDO�UHDFWLRQV�

8VH�UHODWLYH�IRUPXOD�PDVVHV�DQG�D�SURYLGHG�V\PERO�
HTXDWLRQ�WR�VKRZ�WKDW�PDVV�LV�FRQVHUYHG�GXULQJ�D�
UHDFWLRQ�

5HFRJQLVH�DQG�XVH�WKH�LGHD�WKDW�WKH�PDVV�RI�SURGXFW�
IRUPHG�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�PDVV�RI�OLPLWLQJ�
UHDFWDQW�XVHG�

,QWHUSUHW�FKHPLFDO�HTXDWLRQV�TXDQWLWDWLYHO\�
&DOFXODWH�PDVVHV�RI�SURGXFWV�RU�UHDFWDQWV�IURP�
EDODQFHG�V\PERO�HTXDWLRQV�XVLQJ�UHODWLYH�IRUPXOD�
PDVVHV�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�H��3HUFHQWDJH�\LHOG�DQG�DWRP�HFRQRP\

6XPPDU\��3HUFHQWDJH�\LHOG�DQG�DWRP�HFRQRP\�DUH�WZR�LPSRUWDQW�FRQFHSWV�WKDW�KHOS�WKH�FKHPLFDO�LQGXVWU\�
PDNH�WKHLU�SURFHVVHV�PRUH�VXVWDLQDEOH�DQG�JUHHQ��7KLV�LWHP�VKRZV�KRZ�WR�FDOFXODWH�WKHVH�WZR�TXDQWLWLHV�DQG�
VKRZV�WKHLU�LPSRUWDQFH�WR�WKH�FKHPLFDO�LQGXVWU\��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

3UHSDUDWLRQ�RI�DPPRQLXP�VXOIDWH�RU�RWKHU�VDOWV� 8QGHUVWDQG�SHUFHQWDJH�\LHOG�DV�D�ZD\�RI�FRPSDULQJ�
DPRXQW�RI�SURGXFW�PDGH��DFWXDO�\LHOG��WR�DPRXQW�
H[SHFWHG��SUHGLFWHG�\LHOG��
�� �����\LHOG�PHDQV�WKDW�QR�SURGXFW�KDV�EHHQ�ORVW
�� ���\LHOG�PHDQV�WKDW�QR�SURGXFW�KDV�EHHQ�PDGH�

5HFRJQLVH�SRVVLEOH�UHDVRQV��JLYHQ�H[SHULPHQWDO�
GHWDLOV��ZK\�WKH�SHUFHQWDJH�\LHOG�RI�D�SURGXFW�LV�OHVV�
WKDQ������IRU�H[DPSOH�
�� ORVV�LQ�¿OWUDWLRQ
�� ORVV�LQ�HYDSRUDWLRQ
�� ORVV�LQ�WUDQVIHUULQJ�OLTXLGV
�� QRW�DOO�UHDFWDQWV�UHDFW�WR�PDNH�SURGXFW�

&ODVV�SUDFWLFDO�LQYROYLQJ�WKH�SUHSDUDWLRQ�RI�
PDJQHVLXP�VXOIDWH�IURP�D�YDULHW\�RI�VWDUWLQJ�PDWHULDOV�
�PDJQHVLXP��PDJQHVLXP�R[LGH��PDJQHVLXP�
K\GUR[LGH�RU�PDJQHVLXP�FDUERQDWH��±�FRPSDULVRQ�RI�
SHUFHQWDJH�\LHOG�DQG�DWRP�HFRQRP\�

8QGHUVWDQG�DWRP�HFRQRP\�DV�D�ZD\�RI�PHDVXULQJ�
WKH�DPRXQW�RI�DWRPV�WKDW�DUH�ZDVWHG�ZKHQ�
PDQXIDFWXULQJ�D�FKHPLFDO�
�� �����DWRP�HFRQRP\�PHDQV�WKDW�DOO�DWRPV�LQ�

WKH�UHDFWDQW�KDYH�EHHQ�FRQYHUWHG�WR�WKH�GHVLUHG�
SURGXFW

�� WKH�KLJKHU�WKH�DWRP�HFRQRP\�WKH�µJUHHQHU¶�WKH�
SURFHVV�

,QWHUSUHWDWLRQ�RI�VLPSOH�SHUFHQWDJH�\LHOG�DQG�DWRP�
HFRQRP\�GDWD�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�H��3HUFHQWDJH�\LHOG�DQG�DWRP�HFRQRP\

/LQNV�WR�RWKHU�LWHPV��&�G��5HDFWLQJ�PDVVHV��&�E��3HUFHQWDJH�FRPSRVLWLRQ�DQG�HPSLULFDO�IRUPXOD�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�DQG�XVH�WKH�IRUPXOD�

SHUFHQWDJH�\LHOG� �
DFWXDO�\LHOG

SUHGLFWHG�\LHOG �
î����

([SODLQ�ZK\�DQ�LQGXVWULDO�SURFHVV�ZDQWV�DV�KLJK�D�
SHUFHQWDJH�\LHOG�DV�SRVVLEOH��WR�LQFOXGH�
�� UHGXFLQJ�WKH�UHDFWDQWV�ZDVWHG
�� UHGXFLQJ�FRVW�

5HFDOO�DQG�XVH�WKH�IRUPXOD�

DWRP�HFRQRP\� �
0U�RI�GHVLUHG�SURGXFWV
VXP�RI�0U�RI�DOO�SURGXFWV �î����

&DOFXODWH�DWRP�HFRQRP\�ZKHQ�JLYHQ�EDODQFHG�
V\PERO�HTXDWLRQ������PRODU�UDWLR��DQG�DSSURSULDWH�
UHODWLYH�IRUPXOD�PDVVHV�

&DOFXODWH�DWRP�HFRQRP\�ZKHQ�JLYHQ�EDODQFHG�
V\PERO�HTXDWLRQ�DQG�DSSURSULDWH�UHODWLYH�IRUPXOD�
PDVVHV�
([SODLQ�ZK\�DQ�LQGXVWULDO�SURFHVV�ZDQWV�DV�KLJK�DQ�
DWRP�HFRQRP\�DV�SRVVLEOH�
�� WR�UHGXFH�WKH�SURGXFWLRQ�RI�XQZDQWHG�SURGXFWV
�� WR�PDNH�WKH�SURFHVV�PRUH�VXVWDLQDEOH�

,QWHUSUHWDWLRQ�RI�FRPSOH[�SHUFHQWDJH�\LHOG�DQG�DWRP�
HFRQRP\�GDWD�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�I��(QHUJ\

6XPPDU\��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�KRZ�WKH�DPRXQW�RI�HQHUJ\�UHOHDVHG�GXULQJ�FKHPLFDO�UHDFWLRQV�
VXFK�DV�FRPEXVWLRQ�FDQ�EH�PHDVXUHG��,GHDV�DERXW�ERQG�IRUPLQJ�DQG�ERQG�EUHDNLQJ�DUH�XVHG�WR�H[SODLQ�ZK\�
UHDFWLRQV�DUH�H[RWKHUPLF�RU�HQGRWKHUPLF�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�H[SHULPHQWV�WR�¿QG�RXW�DERXW�H[RWKHUPLF�
DQG�HQGRWKHUPLF�UHDFWLRQV��ZLWK�WKH�RSWLRQ�RI�XVLQJ�
GDWD�ORJJHUV��

5HFDOO�WKDW�DQ�H[RWKHUPLF�UHDFWLRQ�LV�RQH�LQ�ZKLFK�
HQHUJ\�LV�WUDQVIHUUHG�LQWR�WKH�VXUURXQGLQJV��UHOHDVHV�
HQHUJ\��
5HFDOO�WKDW�DQ�HQGRWKHUPLF�UHDFWLRQ�LV�RQH�LQ�ZKLFK�
HQHUJ\�LV�WDNHQ�IURP�WKH�VXUURXQGLQJV��DEVRUEV�
HQHUJ\��
5HFRJQLVH�H[RWKHUPLF�DQG�HQGRWKHUPLF�UHDFWLRQV�
XVLQJ�WHPSHUDWXUH�FKDQJHV�

&RPSDUH�WKH�HQHUJ\�RXWSXW�IURP�D�EOXH�DQG�IURP�D�
\HOORZ�%XQVHQ�ÀDPH�

0HDVXUH�WKH�HQHUJ\�UHOHDVHG�SHU�JUDP�GXULQJ�WKH�
FRPEXVWLRQ�RI�EXWDQH�DQG�WKH�FRPEXVWLRQ�RI�VRPH�
OLTXLG�IXHOV�±�SRVVLEOH�XVH�RI�VSUHDGVKHHWV�WR�DQDO\VH�
UHVXOWV�

'HVFULEH��XVLQJ�D�GLDJUDP��D�VLPSOH�FDORULPHWULF�
PHWKRG�IRU�FRPSDULQJ�WKH�HQHUJ\�WUDQVIHUUHG�LQ�
FRPEXVWLRQ�UHDFWLRQV�
�� XVH�RI�VSLULW�EXUQHU�RU�D�ERWWOHG�JDV�EXUQHU
�� KHDWLQJ�ZDWHU�LQ�D�FRSSHU�FDORULPHWHU
�� PHDVXULQJ�WKH�WHPSHUDWXUH�FKDQJH
�� IDLU�WHVWV�
,QWHUSUHW�DQG�XVH�GDWD�IURP�VLPSOH�FDORULPHWULF�
H[SHULPHQWV�UHODWHG�WR�WKH�FRPEXVWLRQ�RI�IXHOV�WR�
FRPSDUH�ZKLFK�IXHO�UHOHDVHV�WKH�PRVW�HQHUJ\�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�I��(QHUJ\

/LQNV�WR�RWKHU�LWHPV��&�D��0DNLQJ�FUXGH�RLO�XVHIXO��&�E��8VLQJ�FDUERQ�IXHOV��&�E��(QHUJ\�WUDQVIHUV�±�IXHO�
FHOOV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�ERQG�PDNLQJ�DV�DQ�H[RWKHUPLF�SURFHVV�DQG�
ERQG�EUHDNLQJ�DV�DQ�HQGRWKHUPLF�SURFHVV�

([SODLQ�ZK\�D�UHDFWLRQ�LV�H[RWKHUPLF�RU�HQGRWKHUPLF�
XVLQJ�WKH�HQHUJ\�FKDQJHV�WKDW�RFFXU�GXULQJ�ERQG�
EUHDNLQJ�DQG�ERQG�PDNLQJ�

'HVFULEH�D�VLPSOH�FDORULPHWULF�PHWKRG�IRU�FRPSDULQJ�
WKH�HQHUJ\�WUDQVIHUUHG�SHU�JUDP�RI�IXHO�FRPEXVWHG�
�� XVH�RI�VSLULW�EXUQHU�RU�D�ERWWOHG�JDV�EXUQHU
�� KHDWLQJ�ZDWHU�LQ�D�FRSSHU�FDORULPHWHU
�� PHDVXULQJ�PDVV�RI�IXHO�EXUQW
�� PHDVXULQJ�WHPSHUDWXUH�FKDQJH
�� IDLU�DQG�YDOLG�WHVWV�

&DOFXODWH�WKH�HQHUJ\�WUDQVIHUUHG�E\�XVLQJ�WKH�IRUPXOD�
�QR�UHFDOO�QHHGHG��
�� HQHUJ\�WUDQVIHUUHG��LQ�-�� �P�×�F�×�¨7
�� ZKHUH�P� �PDVV�RI�ZDWHU�KHDWHG
�� F� �VSHFL¿F�KHDW�FDSDFLW\������-�J��&�
�� ¨7� �WHPSHUDWXUH�FKDQJH�

8VH�WKH�IRUPXOD�
HQHUJ\�WUDQVIHUUHG��LQ�-�� �P�×�F�×�¨7�WR�FDOFXODWH�
�� P� �PDVV�RI�ZDWHU�KHDWHG
�� ¨7� �WHPSHUDWXUH�FKDQJH�

&DOFXODWH�WKH�HQHUJ\�RXWSXW�RI�D�IXHO�LQ�-�J�E\�
UHFDOOLQJ�DQG�XVLQJ�WKH�IRUPXOD�

HQHUJ\�SHU�JUDP� �
HQHUJ\�UHOHDVHG��LQ�-�
PDVV�RI�IXHO�EXUQW��LQ�J�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�J��%DWFK�RU�FRQWLQXRXV"

6XPPDU\��6SHFLDOLW\�FKHPLFDOV�VXFK�DV�SKDUPDFHXWLFDO�GUXJV�DUH�ZLGHO\�XVHG�LQ�RXU�VRFLHW\��7KLV�LWHP�ORRNV�
DW�KRZ�VSHFLDOLW\�FKHPLFDOV�DUH�GHYHORSHG��WHVWHG�DQG�PDUNHWHG��,W�DOVR�GHVFULEHV�WKH�GLIIHUHQFHV�EHWZHHQ�
EDWFK�PDQXIDFWXUH�XVHG�IRU�VSHFLDOLW\�FKHPLFDOV�DQG�FRQWLQXRXV�PDQXIDFWXUH�XVHG�IRU�PDNLQJ�VXEVWDQFHV�
VXFK�DV�DPPRQLD�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

,QGXVWULDO�FDVH�VWXGLHV�
6HH�ZZZ�DWZRUNZLWKVFLHQFH�FRP�

'HVFULEH�WKH�GLIIHUHQFHV�EHWZHHQ�D�EDWFK�DQG�D�
FRQWLQXRXV�SURFHVV�

,QGXVWULDO�FDVH�VWXGLHV� /LVW�WKH�IDFWRUV�WKDW�DIIHFW�WKH�FRVW�RI�PDNLQJ�DQG�
GHYHORSLQJ�D�SKDUPDFHXWLFDO�GUXJ�
�� UHVHDUFK�DQG�WHVWLQJ
�� ODERXU�FRVWV
�� HQHUJ\�FRVWV
�� UDZ�PDWHULDOV
�� WLPH�WDNHQ�IRU�GHYHORSPHQW
�� PDUNHWLQJ�
([SODLQ�ZK\�SKDUPDFHXWLFDO�GUXJV�QHHG�WR�EH�
WKRURXJKO\�WHVWHG�EHIRUH�WKH\�FDQ�EH�OLFHQVHG�IRU�XVH�

3UDFWLFDO�H[WUDFWLRQ�RI�D�QDWXUDO�RLO�IURP�D�SODQW�
5HVHDUFK�SODQWV�DQG�DQLPDOV�XVHG�DV�VRXUFHV�RI�
GUXJV�

5HFDOO�WKDW�WKH�UDZ�PDWHULDOV�IRU�VSHFLDOLW\�FKHPLFDOV�
VXFK�DV�SKDUPDFHXWLFDOV�FDQ�EH�HLWKHU�PDGH�
V\QWKHWLFDOO\�RU�H[WUDFWHG�IURP�SODQWV�

([SODLQ�ZK\�LW�LV�LPSRUWDQW�WR�PDQXIDFWXUH�
SKDUPDFHXWLFDO�GUXJV�WR�EH�DV�SXUH�DV�SRVVLEOH�
'HVFULEH�KRZ�PHOWLQJ�SRLQW��ERLOLQJ�SRLQW�DQG�WKLQ�
OD\HU�FKURPDWRJUDSK\�FDQ�EH�XVHG�WR�HVWDEOLVK�WKH�
SXULW\�RI�D�FRPSRXQG�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�J��%DWFK�RU�FRQWLQXRXV"

/LQNV�WR�RWKHU�LWHPV��&�H��0DQXIDFWXULQJ�FKHPLFDOV��PDNLQJ�DPPRQLD��&�G��$OFRKROV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�EDWFK�SURFHVVHV�DUH�RIWHQ�XVHG�IRU�WKH�
SURGXFWLRQ�RI�SKDUPDFHXWLFDO�GUXJV�EXW�FRQWLQXRXV�
SURFHVVHV�DUH�XVHG�WR�SURGXFH�FKHPLFDOV�VXFK�DV�
DPPRQLD�

(YDOXDWH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�EDWFK�
DQG�FRQWLQXRXV�PDQXIDFWXULQJ�SURFHVVHV�JLYHQ�
UHOHYDQW�GDWD�DQG�LQIRUPDWLRQ�

([SODLQ�ZK\�LW�LV�RIWHQ�H[SHQVLYH�WR�PDNH�DQG�
GHYHORS�QHZ�SKDUPDFHXWLFDO�GUXJV�

([SODLQ�ZK\�LW�LV�GLI¿FXOW�WR�WHVW�DQG�GHYHORS�QHZ�
SKDUPDFHXWLFDO�GUXJV�WKDW�DUH�VDIH�WR�XVH�

'HVFULEH�KRZ�FKHPLFDOV�DUH�H[WUDFWHG�IURP�SODQW�
VRXUFHV�
�� FUXVKLQJ
�� ERLOLQJ�DQG�GLVVROYLQJ�LQ�VXLWDEOH�VROYHQW
�� FKURPDWRJUDSK\�

,QWHUSUHW�PHOWLQJ�SRLQW��ERLOLQJ�SRLQW�DQG�
FKURPDWRJUDSKLF�GDWD�UHODWLQJ�WR�WKH�SXULW\�RI�D�
VXEVWDQFH�
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�K��$OORWURSHV�RI�FDUERQ�DQG�QDQRFKHPLVWU\

6XPPDU\��(OHFWURQLF�GHYLFHV�DUH�EHFRPLQJ�VPDOOHU�HDFK�\HDU�GXH�WR�WKH�LQWURGXFWLRQ�RI�QDQRWHFKQRORJ\��
1DQRWXEHV�FDQ�EH�PDGH�IURP�)XOOHUHQHV�ZKLFK�DUH�DOORWURSHV�RI�FDUERQ��7KLV�LWHP�GHVFULEHV�WKH�VWUXFWXUH��
SURSHUWLHV�DQG�XVHV�RI�WKUHH�DOORWURSHV�RI�FDUERQ�DQG�VRPH�RI�WKH�QHZ�DSSOLFDWLRQV�RI�QDQRWXEHV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�DQG�FRPSDUH�WKH�VWUXFWXUHV�RI�GLDPRQG��
JUDSKLWH�DQG�%XFNPLQVWHU�IXOOHUHQH�
5HVHDUFK�WKH�GLVFRYHU\�RI�%XFNPLQVWHU�IXOOHUHQH�

([SODLQ�ZK\�GLDPRQG��JUDSKLWH�DQG�%XFNPLQVWHU�
IXOOHUHQH�DUH�DOO�IRUPV�RI�FDUERQ��
5HFRJQLVH�WKH�VWUXFWXUHV�RI�GLDPRQG��JUDSKLWH�DQG�
%XFNPLQVWHU�IXOOHUHQH�

/LVW�WKH�SK\VLFDO�SURSHUWLHV�RI�GLDPRQG�
�� OXVWURXV��FRORXUOHVV�DQG�FOHDU��WUDQVSDUHQW�
�� KDUG�DQG�KDV�D�KLJK�PHOWLQJ�SRLQW
�� LQVROXEOH�LQ�ZDWHU
�� GRHV�QRW�FRQGXFW�HOHFWULFLW\�

([DPLQH�VDPSOHV�RI�JUDSKLWH� /LVW�WKH�SK\VLFDO�SURSHUWLHV�RI�JUDSKLWH�
�� EODFN��OXVWURXV�DQG�RSDTXH
�� VOLSSHU\
�� LQVROXEOH�LQ�ZDWHU
�� FRQGXFWV�HOHFWULFLW\�

%XLOG�PRGHOV�RI�IXOOHUHQHV�DQG�QDQRWXEHV�
�56&�±�FRQWHPSRUDU\�FKHPLVWU\�IRU�VFKRROV�DQG�
FROOHJHV�KDV�XVHIXO�ZRUNVKHHWV�HWF��
6XUYH\�RI�XVHV�RI�IXOOHUHQHV��YLD�LQWHUQHW��

5HFDOO�WKDW�QDQRWXEHV�DUH�XVHG�WR�UHLQIRUFH�JUDSKLWH�
LQ�WHQQLV�UDFNHWV�EHFDXVH�QDQRWXEHV�DUH�YHU\�VWURQJ��
5HFDOO�WKDW�QDQRWXEHV�DUH�XVHG�DV�VHPLFRQGXFWRUV�LQ�
HOHFWULFDO�FLUFXLWV��
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0RGXOH�&���&KHPLFDO�(FRQRPLFV
,WHP�&�K��$OORWURSHV�RI�FDUERQ�DQG�QDQRFKHPLVWU\

/LQNV�WR�RWKHU�LWHPV��&�F��7KH�3HULRGLF�7DEOH�DQG�FRYDOHQW�ERQGLQJ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�GLDPRQG��JUDSKLWH�DQG�IXOOHUHQHV�DUH�
DOORWURSHV�RI�FDUERQ�

([SODLQ��LQ�WHUPV�RI�SURSHUWLHV��ZK\�GLDPRQG�LV�XVHG�
LQ�FXWWLQJ�WRROV�DQG�MHZHOOHU\�

([SODLQ��LQ�WHUPV�RI�VWUXFWXUH�DQG�ERQGLQJ��ZK\�
GLDPRQG�
�� GRHV�QRW�FRQGXFW�HOHFWULFLW\�
�� LV�KDUG�DQG�KDV�D�KLJK�PHOWLQJ�SRLQW�

([SODLQ��LQ�WHUPV�RI�SURSHUWLHV��ZK\�JUDSKLWH�LV�XVHG�
�� LQ�SHQFLO�OHDGV
�� LQ�OXEULFDQWV�

([SODLQ��LQ�WHUPV�RI�VWUXFWXUH�DQG�ERQGLQJ��ZK\�
JUDSKLWH�
�� FRQGXFWV�HOHFWULFLW\�
�� LV�VOLSSHU\
�� KDV�D�KLJK�PHOWLQJ�SRLQW�

([SODLQ�ZK\�GLDPRQG�DQG�JUDSKLWH�KDYH�D�JLDQW�
PROHFXODU�VWUXFWXUH�

3UHGLFW�DQG�H[SODLQ�WKH�SURSHUWLHV�RI�VXEVWDQFHV�WKDW�
KDYH�D�JLDQW�PROHFXODU�VWUXFWXUH�

([SODLQ�ZK\�IXOOHUHQHV�FDQ�EH�XVHG�LQ�QHZ�GUXJ�
GHOLYHU\�V\VWHPV�

([SODLQ�KRZ�WKH�VWUXFWXUH�RI�QDQRWXEHV�HQDEOHV�WKHP�
WR�EH�XVHG�DV�FDWDO\VWV�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

6XPPDU\��7KURXJKRXW�WKH�VWXG\�RI�FKHPLVWU\�LQ�*&6(�VFLHQFH�WKHUH�DUH�D�QXPEHU�RI�LGHDV�DQG�FRQFHSWV�
WKDW�DUH�IXQGDPHQWDO��7KHVH�LGHDV�DQG�FRQFHSWV�KDYH�QRW�EHHQ�SXW�LQWR�D�SDUWLFXODU�LWHP�EXW�VKRXOG�SHUPHDWH�
WKURXJK�DOO�WKH�*&6(�&KHPLVWU\�0RGXOHV�&��WR�&���

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�LQ�D�FKHPLFDO�UHDFWLRQ�UHDFWDQWV�DUH�
FKDQJHG�LQWR�SURGXFWV�
5HFRJQLVH�WKH�UHDFWDQWV�DQG�SURGXFWV�LQ�D�ZRUG�
HTXDWLRQ�
&RQVWUXFW�ZRUG�HTXDWLRQV�JLYHQ�WKH�UHDFWDQWV�DQG�
SURGXFWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�WKH�UHDFWDQWV�DQG�WKH�SURGXFWV�LQ�D�
V\PERO�HTXDWLRQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

'HGXFH�WKH�QXPEHU�RI�HOHPHQWV�LQ�D�FRPSRXQG�JLYHQ�
LWV�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�QR�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�IRUPXOD�ZLWK�QR�EUDFNHWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�VXEVWDQFH�LV�DQ�HOHPHQW�RU�D�
FRPSRXQG�IURP�LWV�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�D�PROHFXOH�LV�PDGH�XS�RI�PRUH�WKDQ�
RQH�DWRP�MRLQHG�WRJHWKHU�
8QGHUVWDQG�WKDW�D�PROHFXODU�IRUPXOD�VKRZV�WKH�
QXPEHUV�DQG�W\SHV�RI�DWRP�LQ�D�PROHFXOH�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�GLVSOD\HG�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�SDUWLFOH�LV�DQ�DWRP��PROHFXOH�RU�
LRQ�JLYHQ�LWV�IRUPXOD�
8QGHUVWDQG�WKDW�DWRPV�FRQWDLQ�VPDOOHU�SDUWLFOHV�RQH�
RI�ZKLFK�LV�D�QHJDWLYH�HOHFWURQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFDOO�WKDW�WZR�W\SHV�RI�FKHPLFDO�ERQG�KROGLQJ�DWRPV�
WRJHWKHU�DUH�
�� LRQLF�ERQGV
�� FRYDOHQW�ERQGV�

���� 0RGXOH�&���7KH�3HULRGLF�7DEOH
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

/LQNV�WR�RWKHU�PRGXOHV��&��WR�&��

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

&RQVWUXFW�ZRUG�HTXDWLRQV��QRW�DOO�UHDFWDQWV�DQG�
SURGXFWV�JLYHQ��

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��QR�EUDFNHWV��RI�WKH�UHDFWDQWV�DQG�SURGXFWV�
([SODLQ�ZK\�D�V\PERO�HTXDWLRQ�LV�EDODQFHG�

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��VRPH�RU�DOO�ZLWK�EUDFNHWV��RI�WKH�UHDFWDQWV�
DQG�SURGXFWV�
&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV��OLPLWHG�WR�WKH�
OHDUQLQJ�RXWFRPHV�LQ�&���

'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�W\SH�RI�GLIIHUHQW�DWRP�LQ�
D�IRUPXOD�ZLWK�EUDFNHWV�
5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� VRGLXP�FKORULGH�DQG�SRWDVVLXP�FKORULGH
�� FKORULQH��EURPLQH�DQG�LRGLQH
�� ZDWHU��FDUERQ�GLR[LGH�DQG�K\GURJHQ�

5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� WKH�R[LGHV�RI�VRGLXP��PDJQHVLXP��]LQF��

FRSSHU�,,���LURQ�,,��DQG�PDQJDQHVH
�� PDJQHVLXP�FKORULGH�DQG�EDULXP�FKORULGH
�� WKH�FDUERQDWHV�RI�FRSSHU�,,���LURQ�,,���]LQF�DQG�

PDQJDQHVH
�� WKH�K\GUR[LGHV�RI�VRGLXP��SRWDVVLXP��OLWKLXP��

FRSSHU�,,���LURQ�,,��DQG�LURQ�,,,�
�� VLOYHU�QLWUDWH�

8QGHUVWDQG�WKDW�D�GLVSOD\HG�IRUPXOD�VKRZV�ERWK�WKH�
DWRPV�DQG�WKH�ERQGV�LQ�D�PROHFXOH�
:ULWH�WKH�PROHFXODU�IRUPXOD�RI�D�FRPSRXQG�JLYHQ�LWV�
GLVSOD\HG�IRUPXOD�

&RQVWUXFW�EDODQFHG�HTXDWLRQV�XVLQJ�GLVSOD\HG�
IRUPXODH�

8QGHUVWDQG�WKDW�SRVLWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�ORVW�IURP�DWRPV�
8QGHUVWDQG�WKDW�QHJDWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�JDLQHG�E\�DWRPV�

8QGHUVWDQG�WKDW�DQ�LRQLF�ERQG�LV�WKH�DWWUDFWLRQ�
EHWZHHQ�D�SRVLWLYH�LRQ�DQG�D�QHJDWLYH�LRQ�
8QGHUVWDQG�WKDW�D�FRYDOHQW�ERQG�LV�D�VKDUHG�SDLU�RI�
HOHFWURQV��

([SODLQ�KRZ�DQ�LRQLF�ERQG�LV�IRUPHG�
([SODLQ�KRZ�D�FRYDOHQW�ERQG�LV�IRUPHG�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�D��$WRPLF�VWUXFWXUH

6XPPDU\��$WRPLF�VWUXFWXUH�LV�IXQGDPHQWDO�WR�WKH�VWXG\�RI�FKHPLVWU\��7KLV�LWHP�FRQVLGHUV�WKH�VXE�DWRPLF�
SDUWLFOHV�DQG�HOHFWURQLF�VWUXFWXUHV��7KLV�LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�GHYHORS�DQG�XVH�VFLHQWL¿F�WKHRULHV��
PRGHOV�DQG�LGHDV��7KH�LWHP�DOVR�LQFOXGHV�KRZ�D�VFLHQWL¿F�WKHRU\�KDV�GHYHORSHG�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�WKH�PRGHOV�GHYHORSHG�IRU�WKH�VWUXFWXUH�RI�
DQ�DWRP�

5HFDOO�WKDW�DQ�DWRP�KDV�D�QXFOHXV�VXUURXQGHG�E\�
HOHFWURQV�
5HFDOO�WKDW�D�QXFOHXV�LV�SRVLWLYHO\�FKDUJHG��DQ�
HOHFWURQ�LV�QHJDWLYHO\�FKDUJHG�DQG�DQ�DWRP�LV�QHXWUDO�
8QGHUVWDQG�WKDW�DWRPV�KDYH�D�YHU\�VPDOO�PDVV�DQG�D�
YHU\�VPDOO�VL]H�

'HGXFH�WKH�QXPEHUV�RI�SURWRQV��HOHFWURQV�DQG�
QHXWURQV�IURP�DWRPLF�QXPEHUV�DQG�PDVV�QXPEHUV�

,GHQWLI\�WKH�DWRPLF�QXPEHU�RI�DQ�HOHPHQW�RU�YLFH�
YHUVD�E\�XVLQJ�D�3HULRGLF�7DEOH�
5HFDOO�WKDW�DWRPLF�QXPEHU�LV�WKH�QXPEHU�RI�SURWRQV�LQ�
DQ�DWRP�
5HFDOO�WKDW�PDVV�QXPEHU�LV�WKH�WRWDO�QXPEHU�RI�
SURWRQV�DQG�QHXWURQV�LQ�DQ�DWRP�

,GHQWLI\�HOHPHQWV�DQG�QXPEHUV�RI�DWRPV�RI�HDFK�
HOHPHQW�IURP�IRUPXODH�

([SODLQ�ZK\�D�VXEVWDQFH�LV�DQ�HOHPHQW�RU�D�
FRPSRXQG�JLYHQ�LWV�IRUPXOD�

'UDZ�HOHFWURQLF�VWUXFWXUHV�JLYHQ�DWRPLF�QXPEHUV� 'HGXFH�WKH�QXPEHU�RI�RFFXSLHG�VKHOOV�RU�WKH�QXPEHU�
RI�HOHFWURQV�IURP�WKH�HOHFWURQLF�VWUXFWXUH�RI�DQ�
HOHPHQW��

5HVHDUFK�RU�SURGXFH�D�SRVWHU�RI�WKH�ZRUN�RI�'DOWRQ��
-�-��7KRPVRQ��5XWKHUIRUG�DQG�RU�%RKU�
3URGXFH�D�WLPHOLQH�RI�HYHQWV�IRU�WKH�GHYHORSPHQW�RI�
WKH�WKHRU\�RI�DWRPLF�VWUXFWXUH�

'HVFULEH�WKH�PDLQ�VWDJHV�LQ�WKH�GHYHORSPHQW�RI�
DWRPLF�VWUXFWXUH�LOOXVWUDWLQJ�WKH�SURYLVLRQDO�QDWXUH�RI�
HYLGHQFH�
�� 'DOWRQ¶V�DWRPLF�WKHRU\��GHWDLO�QRW�UHTXLUHG�
�� -�-��7KRPVRQ��GLVFRYHU\�RI�WKH�HOHFWURQ�
�� 5XWKHUIRUG��QXFOHDU�DWRP�
�� %RKU��HOHFWURQ�RUELWV��
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�D��$WRPLF�VWUXFWXUH

/LQNV�WR�RWKHU�LWHPV��&�E��,RQLF�ERQGLQJ��&�F��7KH�3HULRGLF�7DEOH�DQG�FRYDOHQW�ERQGLQJ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�WKH�QXFOHXV�LV�PDGH�XS�RI�SURWRQV�DQG�
QHXWURQV�
5HFDOO�WKH�UHODWLYH�FKDUJH�DQG�UHODWLYH�PDVV�RI�DQ�
HOHFWURQ��D�SURWRQ�DQG�D�QHXWURQ�
�� HOHFWURQ�FKDUJH�±��DQG�PDVV���������]HUR�
�� SURWRQ�FKDUJH����DQG�PDVV��
�� QHXWURQ�FKDUJH���DQG�PDVV���

([SODLQ�ZK\�DQ�DWRP�LV�QHXWUDO�LQ�WHUPV�RI�LWV�VXE�
DWRPLF�SDUWLFOHV�
8QGHUVWDQG�WKDW�DWRPV�KDYH�D�UDGLXV�RI�DERXW���±��P�
DQG�D�PDVV�RI�DERXW���±��J�

'HVFULEH�LVRWRSHV�DV�YDULHWLHV�RI�DQ�HOHPHQW�WKDW�
KDYH�WKH�VDPH�DWRPLF�QXPEHU�EXW�GLIIHUHQW�PDVV�
QXPEHUV�
'HGXFH�WKH�QXPEHU�RI�SURWRQV��HOHFWURQV�DQG�
QHXWURQV�LQ�D�SDUWLFOH�JLYHQ�LWV�DWRPLF�QXPEHU�DQG�
PDVV�QXPEHU�
�� XVLQJ�GDWD�LQ�D�WDEOH
�� XVLQJ�WKH�FRQYHQWLRQDO�V\PEROLVP�H�J���

FDUERQ����RU���
�
&�

'HGXFH�WKH�QXPEHU�RI�SURWRQV��HOHFWURQV�DQG�
QHXWURQV�LQ�D�FKDUJHG�SDUWLFOH�JLYHQ�LWV�DWRPLF�
QXPEHU��PDVV�QXPEHU�DQG�WKH�FKDUJH�RQ�WKH�SDUWLFOH�
�� XVLQJ�GDWD�LQ�D�WDEOH

�� XVLQJ�WKH�FRQYHQWLRQDO�V\PEROLVP�H�J���
FDUERQ����RU���

�
&�

,GHQWLI\�LVRWRSHV�IURP�GDWD�DERXW�WKH�QXPEHU�RI�
HOHFWURQV��SURWRQV�DQG�QHXWURQV�LQ�SDUWLFOHV�

'HVFULEH�WKH�DUUDQJHPHQW�RI�HOHPHQWV�LQ�WKH�3HULRGLF�
7DEOH�

([SODLQ�KRZ�WKH�LGHQWLW\�RI�DQ�HOHPHQW�FDQ�EH�
GHGXFHG�IURP�LWV�HOHFWURQLF�VWUXFWXUH�

'HGXFH�WKH�HOHFWURQLF�VWUXFWXUH�RI�WKH�¿UVW����
HOHPHQWV�LQ�WKH�SHULRGLF�WDEOH�H�J��FDOFLXP�LV���������

'HVFULEH�'DOWRQ¶V�DWRPLF�WKHRU\�DQG�KRZ�WKH�ZRUN�RI�
-�-��7KRPVRQ��5XWKHUIRUG�DQG�%RKU�FRQWULEXWHG�WR�WKH�
GHYHORSPHQW�RI�WKH�WKHRU\�RI�DWRPLF�VWUXFWXUH�
�� WKH�WKHRU\�FKDQJHG�DV�QHZ�HYLGHQFH�ZDV�IRXQG
�� VFLHQFH�H[SODQDWLRQV�DUH�SURYLVLRQDO�EXW�PRUH�

FRQYLQFLQJ�ZKHQ�SUHGLFWLRQV�DUH�ODWHU�FRQ¿UPHG�

([SODLQ�WKH�VLJQL¿FDQFH�RI�WKH�ZRUN�RI�'DOWRQ���
-�-��7KRPVRQ��5XWKHUIRUG�DQG�%RKU�LQ�WKH�
GHYHORSPHQW�RI�WKH�WKHRU\�RI�DWRPLF�VWUXFWXUH�
�� XQH[SHFWHG�UHVXOWV��H�J��*HLJHU�DQG�0DUVGHQ¶V�

H[SHULPHQW��OHG�WR�WKH�WKHRU\�RI�D�QXFOHDU�DWRP�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�E��,RQLF�ERQGLQJ

6XPPDU\��7KLV�LWHP�H[WHQGV�WKH�LGHDV�DERXW�DWRPLF�VWUXFWXUH�LQWR�LRQLF�ERQGLQJ�DQG�WKH�SURSHUWLHV�RI�LRQLF�
FRPSRXQGV��7KH�H[SHULPHQWDO�LQYHVWLJDWLRQ�RI�VROXELOLW\�DQG�HOHFWULFDO�FRQGXFWLYLW\�DOORZV�WKH�RSSRUWXQLW\�WR�
FROOHFW�SULPDU\�GDWD�VDIHO\�DQG�DFFXUDWHO\��DQG�WR�DQDO\VH�LW�XVLQJ�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�PHWKRGV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'UDZ�³GRW�DQG�FURVV´�GLDJUDPV�WR�PRGHO�LRQLF�
ERQGLQJ�

5HFDOO�WKDW�DQ�LRQ�LV�D�FKDUJHG�DWRP�RU�JURXS�RI�
DWRPV�
5HFRJQLVH�DQ�LRQ��DQ�DWRP�DQG�D�PROHFXOH�IURP�
JLYHQ�IRUPXODH�

5HVHDUFK�PHOWLQJ�SRLQWV�DQG�ERLOLQJ�SRLQWV�RI�VRGLXP�
FKORULGH�DQG�PDJQHVLXP�R[LGH�
([SHULPHQWDO�LQYHVWLJDWLRQ�RI�VROXELOLW\�DQG�HOHFWULFDO�
FRQGXFWLYLW\�RI�VROLGV�DQG�VROXWLRQV�

&RPSDUH�WKH�HOHFWULFDO�FRQGXFWLYLW\�RI�VRGLXP�
FKORULGH�LQ�VROLG��PROWHQ�OLTXLG�DQG�VROXWLRQ�
&RPSDUH�WKH�PHOWLQJ�SRLQWV�RI�VRGLXP�FKORULGH�DQG�
PDJQHVLXP�R[LGH�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�E��,RQLF�ERQGLQJ

/LQNV�WR�RWKHU�LWHPV��&�K��&KHPLFDOV�IURP�WKH�VHD��WKH�FKHPLVWU\�RI�VRGLXP�FKORULGH��&�D��$WRPLF�VWUXFWXUH��
&�G��7KH�*URXS���HOHPHQWV��&�H��7KH�*URXS���HOHPHQWV��&�I��7UDQVLWLRQ�HOHPHQWV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�DWRPV�ZLWK�DQ�RXWHU�VKHOO�RI���
HOHFWURQV�KDYH�D�VWDEOH�HOHFWURQLF�VWUXFWXUH�
([SODLQ�KRZ�DQG�ZK\�PHWDO�DWRPV�IRUP�SRVLWLYH�LRQV��
([SODLQ�KRZ�DQG�ZK\�QRQ�PHWDO�DWRPV�IRUP�QHJDWLYH�
LRQV��
8QGHUVWDQG�WKDW��LQ�LRQLF�ERQGLQJ��D�PHWDO�DQG�QRQ�
PHWDO�FRPELQH�E\�WUDQVIHUULQJ�HOHFWURQV�WR�IRUP�
SRVLWLYH�LRQV�DQG�QHJDWLYH�LRQV�ZKLFK�WKHQ�DWWUDFW�RQH�
DQRWKHU�
'HGXFH�WKH�IRUPXOD�RI�DQ�LRQLF�FRPSRXQG�IURP�WKH�
IRUPXOD�RI�WKH�SRVLWLYH�DQG�QHJDWLYH�LRQV�

([SODLQ��XVLQJ�WKH�³GRW�DQG�FURVV´�PRGHO��WKH�LRQLF�
ERQGLQJ�LQ�VLPSOH�ELQDU\�FRPSRXQGV�

5HFDOO�WKDW�VRGLXP�FKORULGH�VROXWLRQ�FRQGXFWV�
HOHFWULFLW\�
5HFDOO�WKDW�PDJQHVLXP�R[LGH�DQG�VRGLXP�FKORULGH�
FRQGXFW�HOHFWULFLW\�ZKHQ�PROWHQ�
'HVFULEH�WKH�VWUXFWXUH�RI�VRGLXP�FKORULGH�RU�
PDJQHVLXP�R[LGH�DV�D�JLDQW�LRQLF�ODWWLFH�LQ�ZKLFK�
SRVLWLYH�LRQV�DUH�VWURQJO\�DWWUDFWHG�WR�QHJDWLYH�LRQV�

([SODLQ��LQ�WHUPV�RI�VWUXFWXUH�DQG�ERQGLQJ��VRPH�RI�
WKH�SK\VLFDO�SURSHUWLHV�RI�VRGLXP�FKORULGH�
�� KLJK�PHOWLQJ�SRLQWV�
�� HOHFWULFDO�FRQGXFWLYLW\�RI�VROLG��PROWHQ�OLTXLG�DQG�

VROXWLRQ�
([SODLQ��LQ�WHUPV�RI�VWUXFWXUH�DQG�ERQGLQJ��ZK\�WKH�
PHOWLQJ�SRLQW�RI�VRGLXP�FKORULGH�LV�ORZHU�WKDQ�WKDW�RI�
PDJQHVLXP�R[LGH�
3UHGLFW�DQG�H[SODLQ�WKH�SURSHUWLHV�RI�VXEVWDQFHV�WKDW�
KDYH�D�JLDQW�LRQLF�VWUXFWXUH�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�F��7KH�3HULRGLF�7DEOH�DQG�FRYDOHQW�ERQGLQJ

6XPPDU\��7KLV�LWHP�LQWURGXFHV�FRYDOHQW�ERQGLQJ��,W�DOVR�SURYLGHV�DQ�LQWURGXFWLRQ�WR�WKH�3HULRGLF�7DEOH��7KLV�
LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�GHYHORS�DQG�XVH�VFLHQWL¿F�WKHRULHV��PRGHOV�DQG�LGHDV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'UDZ�HOHFWURQLF�VWUXFWXUHV�RI�FRYDOHQW�PROHFXOHV�
&RQVWUXFW�PROHFXODU�PRGHOV�RI�FRYDOHQW�FRPSRXQGV�

5HFDOO�WKDW�WKHUH�DUH�WZR�W\SHV�RI�ERQGLQJ�
�� LRQLF�ERQGLQJ�EHWZHHQ�PHWDOV�DQG�QRQ�PHWDOV
�� FRYDOHQW�ERQGLQJ�EHWZHHQ�QRQ�PHWDOV�

5HVHDUFK�PHOWLQJ�SRLQW��ERLOLQJ�SRLQW�DQG�HOHFWULFDO�
FRQGXFWLYLW\�RI�FDUERQ�GLR[LGH�DQG�ZDWHU�

5HFDOO�WKDW�FDUERQ�GLR[LGH�DQG�ZDWHU�GR�QRW�FRQGXFW�
HOHFWULFLW\�

4XL]�WR�LGHQWLI\�GLIIHUHQW�HOHPHQWV��V\PEROV��JURXSV��
SHULRGV�HWF�

'HGXFH��XVLQJ�D�3HULRGLF�7DEOH��HOHPHQWV�WKDW�DUH�LQ�
WKH�VDPH�JURXS�
'HVFULEH�D�JURXS�RI�HOHPHQWV�DV�DOO�WKH�HOHPHQWV�LQ�
D�YHUWLFDO�FROXPQ�RI�WKH�3HULRGLF�7DEOH�DQG�WKDW�WKH�
HOHPHQWV�KDYH�VLPLODU�FKHPLFDO�SURSHUWLHV�

4XL]�WR�LGHQWLI\�GLIIHUHQW�HOHPHQWV��V\PEROV��JURXSV��
SHULRGV�HWF�

'HGXFH��XVLQJ�D�SHULRGLF�WDEOH��HOHPHQWV�WKDW�DUH�LQ�
WKH�VDPH�SHULRG�
'HVFULEH�D�SHULRG�RI�HOHPHQWV�DV�DOO�WKH�HOHPHQWV�LQ�D�
KRUL]RQWDO�URZ�RI�WKH�3HULRGLF�7DEOH�

5HVHDUFK�RU�SURGXFH�D�SRVWHU�RI�WKH�ZRUN�RI�
'REHUHLQHU��1HZODQGV�DQG�RU�0HQGHOHHY�
3URGXFH�D�WLPHOLQH�RI�HYHQWV�IRU�WKH�GHYHORSPHQW�RI�
WKH�3HULRGLF�7DEOH�DQG�LWV�ODWHU�FRQ¿UPDWLRQ�

'HVFULEH�WKH�PDLQ�VWDJHV�LQ�WKH�GHYHORSPHQW�RI�WKH�
FODVVL¿FDWLRQ�RI�HOHPHQWV�
�� 'REHUHLQHU
�� 1HZODQGV
�� 0HQGHOHHY�
8QGHUVWDQG�WKDW�FODVVL¿FDWLRQ�RI�HOHPHQWV�ZDV�
SURYLVLRQDO��EDVHG�RQ�HYLGHQFH�JDWKHUHG�DW�WKH�WLPH�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�F��7KH�3HULRGLF�7DEOH�DQG�FRYDOHQW�ERQGLQJ

/LQNV�WR�RWKHU�LWHPV��&�K��$OORWURSHV�RI�FDUERQ�DQG�QDQRFKHPLVWU\��&�D��$WRPLF�VWUXFWXUH

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�QRQ�PHWDOV�FRPELQH�WRJHWKHU�E\�VKDULQJ�
HOHFWURQ�SDLUV�DQG�WKLV�LV�FDOOHG�FRYDOHQW�ERQGLQJ�

([SODLQ��XVLQJ�WKH�³GRW�DQG�FURVV´�PRGHO��WKH�FRYDOHQW�
ERQGLQJ�LQ�VLPSOH�ELQDU\�FRPSRXQGV�RU�PROHFXOHV�
FRQWDLQLQJ�VLQJOH�DQG�GRXEOH�FRYDOHQW�ERQGV�

'HVFULEH�FDUERQ�GLR[LGH�DQG�ZDWHU�DV�VLPSOH�
PROHFXOHV�ZLWK�ZHDN�LQWHUPROHFXODU�IRUFHV�EHWZHHQ�
PROHFXOHV�

([SODLQ��LQ�WHUPV�RI�VWUXFWXUH�DQG�ERQGLQJ��VRPH�RI�
WKH�SK\VLFDO�SURSHUWLHV�RI�FDUERQ�GLR[LGH�DQG�ZDWHU�
�� ORZ�PHOWLQJ�SRLQWV�
�� GR�QRW�FRQGXFW�HOHFWULFLW\�
3UHGLFW�DQG�H[SODLQ�WKH�SURSHUWLHV�RI�VXEVWDQFHV�WKDW�
KDYH�D�VLPSOH�PROHFXODU�VWUXFWXUH�

5HFRJQLVH�WKDW�WKH�JURXS�QXPEHU�LV�WKH�VDPH�DV�WKH�
QXPEHU�RI�HOHFWURQV�LQ�WKH�RXWHU�VKHOO�
'HGXFH�WKH�JURXS�WR�ZKLFK�DQ�HOHPHQW�EHORQJV�IURP�
LWV�HOHFWURQLF�VWUXFWXUH��OLPLWHG�WR�WKH�V�DQG�S�EORFNV��

5HFRJQLVH�WKDW�WKH�SHULRG�WR�ZKLFK�WKH�HOHPHQW�
EHORQJV�FRUUHVSRQGV�WR�WKH�QXPEHU�RI�RFFXSLHG�
VKHOOV�LQ�WKH�HOHFWURQLF�VWUXFWXUH�
'HGXFH�WKH�SHULRG�WR�ZKLFK�WKH�HOHPHQW�EHORQJV�IURP�
LWV�HOHFWURQLF�VWUXFWXUH�

'HVFULEH�WKH�HYLGHQFH�RU�REVHUYDWLRQV�WKDW�FDXVHG�
1HZODQGV�DQG�0HQGHOHHY�WR�GHYHORS�QHZ�PRGHOV�RI�
SHULRGLF�FODVVL¿FDWLRQ�RI�HOHPHQWV�

([SODLQ�KRZ�IXUWKHU�HYLGHQFH�FRQ¿UPHG�0HQGHOHHY¶V�
LGHDV�DERXW�WKH�3HULRGLF�7DEOH�
�� FRQ¿UPDWLRQ�RI�KLV�SUHGLFWLRQV�DERXW�XQNQRZQ�

HOHPHQWV
�� KRZ�LQYHVWLJDWLRQV�RQ�DWRPLF�VWUXFWXUH��PDVV�

QXPEHU�DQG�HOHFWURQLF�VWUXFWXUH��DJUHHG�ZLWK�KLV�
LGHDV�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�G��7KH�*URXS���HOHPHQWV

6XPPDU\��7KLV�LWHP�VWXGLHV�WKH�SURSHUWLHV�RI�WKH�*URXS���HOHPHQWV��7KH�LWHP�OLQNV�WKH�VLPLODULW\�RI�WKHLU�
SURSHUWLHV�WR�WKH�SRVLWLRQ�RI�WKH�HOHPHQWV�LQ�WKH�3HULRGLF�7DEOH��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�SURSHUWLHV�RI�DONDOL�PHWDOV�H�J��XVLQJ�WKH�
LQWHUQHW�
'HPRQVWUDWH�UHDFWLRQV�RI�VRGLXP��OLWKLXP�DQG�
SRWDVVLXP�ZLWK�ZDWHU�
6KRZ�YLGHR�RI�UHDFWLRQV�RI�UXELGLXP�DQG�FDHVLXP�
ZLWK�ZDWHU�

([SODLQ�ZK\�WKH�*URXS���HOHPHQWV�DUH�NQRZQ�DV�WKH�
DONDOL�PHWDOV�
([SODLQ�ZK\�*URXS���HOHPHQWV�DUH�VWRUHG�XQGHU�RLO�
'HVFULEH�WKH�UHDFWLRQ�RI�OLWKLXP��VRGLXP�DQG�
SRWDVVLXP�ZLWK�ZDWHU�
�� K\GURJHQ�LV�IRUPHG
�� DQ�DONDOL�LV�IRUPHG�ZKLFK�LV�WKH�K\GUR[LGH�RI�WKH�

PHWDO
�� WKH�UHDFWLYLW\�ZLWK�ZDWHU�LQFUHDVHV�GRZQ�*URXS��
�� SRWDVVLXP�JLYHV�D�OLODF�ÀDPH�
&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�UHDFWLRQ�RI�D�
*URXS���HOHPHQW�ZLWK�ZDWHU�

5HFRJQLVH�VRGLXP��OLWKLXP�DQG�SRWDVVLXP�DV�*URXS���
HOHPHQWV�

&DQGLGDWHV�FDUU\�RXW�ÀDPH�WHVWV�RQ�DONDOL�PHWDO�
FKORULGHV�

5HFDOO�WKH�ÀDPH�WHVW�FRORXUV�IRU�OLWKLXP��VRGLXP�DQG�
SRWDVVLXP�FRPSRXQGV�
,QWHUSUHW�LQIRUPDWLRQ�DERXW�ÀDPH�WHVWV�H�J��GHGXFH�
WKH�DONDOL�PHWDO�SUHVHQW�IURP�ÀDPH�FRORXUV�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�G��7KH�*URXS���HOHPHQWV

/LQNV�WR�RWKHU�LWHPV��&�D��5DWH�RI�UHDFWLRQ������&�E��5DWH�RI�UHDFWLRQ������&�F��5DWH�RI�UHDFWLRQ������&�E��
,RQLF�ERQGLQJ��&�H��7KH�*URXS���HOHPHQWV��&�F��5HGR[�UHDFWLRQV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

3UHGLFW�WKH�SURSHUWLHV�RI�*URXS���HOHPHQWV�UXELGLXP�
DQG�RU�FDHVLXP�ZLWK�ZDWHU�

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
UHDFWLRQ�RI�D�*URXS���HOHPHQW�ZLWK�ZDWHU��JLYHQ�DOO�RU�
VRPH�IRUPXODH��H�J��

�1D����+�2�ĺ��1D2+���+�

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
UHDFWLRQ�RI�D�*URXS���HOHPHQW�ZLWK�ZDWHU��IRUPXODH�
QRW�JLYHQ��H�J��

�1D����+�2�ĺ��1D2+���+�

3UHGLFW�WKH�SK\VLFDO�SURSHUWLHV�RI�UXELGLXP�DQG�RU�
FDHVLXP�JLYHQ�LQIRUPDWLRQ�DERXW�WKH�RWKHU�*URXS���
HOHPHQWV�

([SODLQ�ZK\�*URXS���HOHPHQWV�KDYH�VLPLODU�
SURSHUWLHV�

([SODLQ�ZK\�*URXS���HOHPHQWV�KDYH�VLPLODU�
SURSHUWLHV��LQ�WHUPV�RI�IRUPLQJ�SRVLWLYH�LRQV�ZLWK�
VWDEOH�HOHFWURQLF�VWUXFWXUHV�
&RQVWUXFW�D�EDODQFHG�V\PERO�HTXDWLRQ�WR�VKRZ�WKH�
IRUPDWLRQ�RI�DQ�LRQ�RI�D�*URXS���HOHPHQW�IURP�LWV�
DWRP�
([SODLQ��LQ�WHUPV�RI�HOHFWURQ�ORVV��WKH�WUHQG�LQ�
UHDFWLYLW\�RI�WKH�*URXS���HOHPHQWV�ZLWK�ZDWHU��
5HFDOO�WKH�ORVV�RI�HOHFWURQV�DV�R[LGDWLRQ�
([SODLQ�ZK\�D�SURFHVV�LV�R[LGDWLRQ�IURP�LWV�LRQLF�
HTXDWLRQ�

'HVFULEH�KRZ�WR�XVH�D�ÀDPH�WHVW�WR�LGHQWLI\�
WKH�SUHVHQFH�RI�OLWKLXP��VRGLXP�DQG�SRWDVVLXP�
FRPSRXQGV�
�� XVH�RI�PRLVWHQHG�ÀDPH�WHVW�ZLUH
�� ÀDPH�WHVW�ZLUH�GLSSHG�LQWR�VROLG�VDPSOH
�� ÀDPH�WHVW�ZLUH�SXW�LQWR�EOXH�%XQVHQ�ÀDPH
�� FRORXUV�RI�WKH�ÀDPHV�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�H��7KH�*URXS���HOHPHQWV

6XPPDU\��7KLV�LWHP�VWXGLHV�WKH�SURSHUWLHV�RI�WKH�*URXS���HOHPHQWV��7KH�LWHP�OLQNV�WKH�VLPLODULW\�RI�WKHLU�
SURSHUWLHV�WR�WKH�SRVLWLRQ�RI�WKH�HOHPHQWV�LQ�WKH�3HULRGLF�7DEOH��5HVHDUFKLQJ�WKH�SURSHUWLHV�RI�WKH�KDORJHQV�
DOORZV�WKH�XVH�RI�,&7�DV�D�WHDFKLQJ�DQG�OHDUQLQJ�WRRO�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�WKH�SK\VLFDO�SURSHUWLHV�DQG�XVHV�RI�WKH�
KDORJHQV�

5HFDOO�WKDW�WKH�*URXS���HOHPHQWV�DUH�NQRZQ�DV�WKH�
KDORJHQV�
5HFRJQLVH�ÀXRULQH��FKORULQH��EURPLQH�DQG�LRGLQH�DV�
*URXS���HOHPHQWV�
'HVFULEH�WKH�XVHV�RI�VRPH�*URXS���HOHPHQWV�
�� FKORULQH�LV�XVHG�WR�VWHULOLVH�ZDWHU
�� FKORULQH�LV�XVHG�WR�PDNH�SHVWLFLGHV�DQG�SODVWLFV
�� LRGLQH�LV�XVHG�WR�VWHULOLVH�ZRXQGV�

'HPRQVWUDWH�RU�VKRZ�YLGHR�RI�UHDFWLRQ�RI�VRGLXP�
ZLWK�FKORULQH��$OVR�VHH�56&�ZHEVLWH���
ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

5HFRJQLVH�WKDW�*URXS���HOHPHQWV�UHDFW�YLJRURXVO\�
ZLWK�*URXS���HOHPHQWV�
&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�UHDFWLRQ�EHWZHHQ�
D�*URXS���HOHPHQW�DQG�D�*URXS���HOHPHQW��SURGXFW�
JLYHQ��

,QYHVWLJDWLRQ�RI�GLVSODFHPHQW�UHDFWLRQV�RI�WKH�
KDORJHQV��JRRG�RSSRUWXQLW\�IRU�SUHGLFWLQJ�
K\SRWKHVLVLQJ��

5HFDOO�WKDW�WKH�UHDFWLYLW\�RI�WKH�*URXS���HOHPHQWV�
GHFUHDVHV�GRZQ�WKH�JURXS�
&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�UHDFWLRQ�EHWZHHQ�
D�*URXS���HOHPHQW�DQG�D�PHWDO�KDOLGH��UHDFWDQWV�DQG�
SURGXFWV�JLYHQ��
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�H��7KH�*URXS���HOHPHQWV

/LQNV�WR�RWKHU�LWHPV��&�K��&KHPLFDOV�IURP�WKH�VHD��WKH�FKHPLVWU\�RI�VRGLXP�FKORULGH��&�E��,RQLF�ERQGLQJ��
&�G��7KH�*URXS���HOHPHQWV��&�K��3XULI\LQJ�DQG�WHVWLQJ�ZDWHU��&�K��,RQLF�HTXDWLRQV�DQG�SUHFLSLWDWLRQ��&�F��
5HGR[�UHDFWLRQV��&�H��'HSOHWLRQ�RI�WKH�R]RQH�OD\HU

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�SK\VLFDO�DSSHDUDQFH�RI�WKH�*URXS���
HOHPHQWV�DW�URRP�WHPSHUDWXUH�
�� FKORULQH�LV�D�JUHHQ�JDV
�� EURPLQH�LV�DQ�RUDQJH�OLTXLG
�� LRGLQH�LV�D�JUH\�VROLG�

3UHGLFW�WKH�SURSHUWLHV�RI�ÀXRULQH�RU�DVWDWLQH�JLYHQ�WKH�
SURSHUWLHV�RI�WKH�RWKHU�*URXS���HOHPHQWV�H�J��
�� SK\VLFDO�SURSHUWLHV
�� PHOWLQJ�SRLQW
�� ERLOLQJ�SRLQW
�� GLVSODFHPHQW�UHDFWLRQV�

,GHQWLI\�WKH�PHWDO�KDOLGH�IRUPHG�ZKHQ�D�*URXS���
HOHPHQW�UHDFWV�ZLWK�D�*URXS���HOHPHQW�
&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�UHDFWLRQ�EHWZHHQ�
D�*URXS���HOHPHQW�DQG�D�*URXS���HOHPHQW��SURGXFW�
QRW�JLYHQ��
&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
UHDFWLRQ�RI�D�*URXS���HOHPHQW�ZLWK�D�*URXS���HOHPHQW�
�VRPH�RU�DOO�IRUPXODH�JLYHQ��

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
UHDFWLRQ�RI�D�*URXS���HOHPHQW�ZLWK�D�*URXS���HOHPHQW�
�IRUPXODH�QRW�JLYHQ��

'HVFULEH�WKH�GLVSODFHPHQW�UHDFWLRQV�RI�*URXS���
HOHPHQWV�ZLWK�VROXWLRQV�RI�PHWDO�KDOLGHV�
�� FKORULQH�GLVSODFHV�EURPLGHV�DQG�LRGLGHV
�� EURPLQH�GLVSODFHV�LRGLGHV�
&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�UHDFWLRQ�EHWZHHQ�
D�*URXS���HOHPHQW�DQG�D�PHWDO�KDOLGH��QRW�DOO�
UHDFWDQWV�DQG�SURGXFWV�JLYHQ��
&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�IRU�WKH�
UHDFWLRQV�EHWZHHQ�*URXS���HOHPHQWV�DQG�PHWDO�
KDOLGHV��VRPH�RU�DOO�IRUPXODH�JLYHQ��

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�IRU�WKH�
UHDFWLRQV�EHWZHHQ�*URXS���HOHPHQWV�DQG�PHWDO�
KDOLGHV��IRUPXODH�QRW�JLYHQ��
3UHGLFW�WKH�IHDVLELOLW\�RI�GLVSODFHPHQW�UHDFWLRQV�H�J��
ZLOO�EURPLQH�UHDFW�ZLWK�VRGLXP�DVWLWLGH�VROXWLRQ��

([SODLQ�ZK\�*URXS���HOHPHQWV�KDYH�VLPLODU�
SURSHUWLHV�

([SODLQ�ZK\�*URXS���HOHPHQWV�KDYH�VLPLODU�
SURSHUWLHV��LQ�WHUPV�RI�IRUPLQJ�QHJDWLYH�LRQV�ZLWK�
VWDEOH�HOHFWURQLF�VWUXFWXUHV�
&RQVWUXFW�DQ�HTXDWLRQ�WR�VKRZ�WKH�IRUPDWLRQ�RI�D�
KDOLGH�LRQ�IURP�D�KDORJHQ�PROHFXOH�
([SODLQ��LQ�WHUPV�RI�HOHFWURQ�JDLQ��WKH�WUHQG�LQ�
UHDFWLYLW\�RI�WKH�*URXS���HOHPHQWV��
5HFDOO�WKH�JDLQ�RI�HOHFWURQV�DV�UHGXFWLRQ�
([SODLQ�ZK\�D�SURFHVV�LV�UHGXFWLRQ�IURP�LWV�LRQLF�
HTXDWLRQ�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�I��7UDQVLWLRQ�HOHPHQWV

6XPPDU\��7KLV�LWHP�FRYHUV�VRPH�SURSHUWLHV�DQG�FKHPLVWU\�RI�WKH�WUDQVLWLRQ�HOHPHQWV�DQG�LQWURGXFHV�WKHUPDO�
GHFRPSRVLWLRQ�DQG�SUHFLSLWDWLRQ��7KH�H[SHULPHQWV�RQ�WKHUPDO�GHFRPSRVLWLRQ�DOORZ�RSSRUWXQLWLHV�WR�FROOHFW�DQG�
DQDO\VH�VFLHQFH�GDWD��ZRUNLQJ�DV�DQ�LQGLYLGXDO�RU�LQ�D�JURXS��WR�DQDO\VH�UHVXOWV�DQG�SUHVHQW�WKH�LQIRUPDWLRQ�
XVLQJ�VFLHQWL¿F�FRQYHQWLRQV�DQG�V\PEROV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

6KRZ�D�ODUJH�QXPEHU�RI�WUDQVLWLRQ�HOHPHQWV�DQG�DVN�
SXSLOV�WR�GHGXFH�RU�UHVHDUFK�WKHLU�SURSHUWLHV�

,GHQWLI\�ZKHWKHU�DQ�HOHPHQW�LV�D�WUDQVLWLRQ�HOHPHQW�
IURP�LWV�SRVLWLRQ�LQ�WKH�3HULRGLF�7DEOH�
5HFRJQLVH�WKDW�DOO�WUDQVLWLRQ�HOHPHQWV�DUH�PHWDOV�DQG�
KDYH�W\SLFDO�PHWDOOLF�SURSHUWLHV�
'HGXFH�WKH�QDPH�RU�V\PERO�RI�D�WUDQVLWLRQ�HOHPHQW�
XVLQJ�WKH�3HULRGLF�7DEOH�
5HFDOO�WKDW�FRSSHU�DQG�LURQ�DUH�WUDQVLWLRQ�HOHPHQWV�

,QYHVWLJDWLRQ�RI�WKHUPDO�GHFRPSRVLWLRQ�RI�WUDQVLWLRQ�
PHWDO�FDUERQDWHV�LQFOXGLQJ�WHVW�IRU�FDUERQ�GLR[LGH�

'HVFULEH�WKHUPDO�GHFRPSRVLWLRQ�DV�D�UHDFWLRQ�LQ�
ZKLFK�D�VXEVWDQFH�LV�EURNHQ�GRZQ�LQWR�DW�OHDVW�WZR�
RWKHU�VXEVWDQFHV�E\�KHDW�
&RQVWUXFW�ZRUG�HTXDWLRQV�IRU�WKHUPDO�GHFRPSRVLWLRQ�
UHDFWLRQV��DOO�UHDFWDQWV�DQG�SURGXFWV�JLYHQ��
5HFDOO�WKDW�WKH�WHVW�IRU�FDUERQ�GLR[LGH�LV�WKDW�LW�WXUQV�
OLPHZDWHU�PLON\�

,QYHVWLJDWLRQ�RI�SUHFLSLWDWLRQ�UHDFWLRQV�RI�WUDQVLWLRQ�
PHWDO�LRQV�ZLWK�VRGLXP�K\GUR[LGH�

'HVFULEH�SUHFLSLWDWLRQ�DV�D�UHDFWLRQ�EHWZHHQ�
VROXWLRQV�WKDW�PDNHV�DQ�LQVROXEOH�VROLG�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�I��7UDQVLWLRQ�HOHPHQWV

/LQNV�WR�RWKHU�LWHPV��&�F��0HWDOV�DQG�DOOR\V��&�E��,RQLF�ERQGLQJ��&�J��0HWDO�VWUXFWXUH�DQG�SURSHUWLHV��&�K��
,RQLF�HTXDWLRQV�DQG�SUHFLSLWDWLRQ��&�F��5HGR[�UHDFWLRQV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�FRPSRXQGV�RI�WUDQVLWLRQ�HOHPHQWV�DUH�
RIWHQ�FRORXUHG�
�� FRSSHU�FRPSRXQGV�DUH�RIWHQ�EOXH
�� LURQ�,,��FRPSRXQGV�DUH�RIWHQ�OLJKW�JUHHQ
�� LURQ�,,,��FRPSRXQGV�DUH�RIWHQ�RUDQJH�EURZQ�

5HFDOO�WKDW�WUDQVLWLRQ�HOHPHQWV�DQG�WKHLU�FRPSRXQGV�
DUH�RIWHQ�XVHG�DV�FDWDO\VWV�
�� LURQ�LQ�WKH�+DEHU�SURFHVV
�� QLFNHO�LQ�WKH�PDQXIDFWXUH�RI�PDUJDULQH�

'HVFULEH�WKH�WKHUPDO�GHFRPSRVLWLRQ�RI�FDUERQDWHV�RI�
WUDQVLWLRQ�HOHPHQWV�LQFOXGLQJ�)H&2���&X&2���0Q&2��
DQG�=Q&2��
�� PHWDO�R[LGH�DQG�FDUERQ�GLR[LGH�IRUPHG
�� ZRUG�HTXDWLRQV��QRW�DOO�SURGXFWV�JLYHQ�
�� FRORXU�FKDQJH�RFFXUV��FRORXUV�QRW�QHHGHG��

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQV�IRU�WKH�
WKHUPDO�GHFRPSRVLWLRQ�RI�
�� )H&2�

�� &X&2�

�� 0Q&2�

�� =Q&2�

'HVFULEH�WKH�XVH�RI�VRGLXP�K\GUR[LGH�VROXWLRQ�WR�
LGHQWLI\�WKH�SUHVHQFH�RI�WUDQVLWLRQ�PHWDO�LRQV�LQ�
VROXWLRQ�
�� &X���JLYHV�D�EOXH�VROLG
�� )H���JLYHV�D�JUH\�JUHHQ�VROLG
�� )H���JLYHV�DQ�RUDQJH�EURZQ�VROLG
�� WKH�VROLGV�DUH�FDOOHG�SUHFLSLWDWHV�

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�IRU�WKH�
UHDFWLRQV�EHWZHHQ�&X����)H���DQG�)H���ZLWK�2+±�
�ZLWKRXW�VWDWH�V\PEROV��JLYHQ�WKH�IRUPXODH�RI�WKH�
LRQV�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�J��0HWDO�VWUXFWXUH�DQG�SURSHUWLHV

6XPPDU\��0HWDOV�DUH�D�YHU\�LPSRUWDQW�FODVV�RI�PDWHULDOV��7KLV�LWHP�UHODWHV�WKH�SURSHUWLHV�RI�PHWDOV�WR�WKHLU�
VWUXFWXUH��7KH�LWHP�DOVR�LQFOXGHV�LQIRUPDWLRQ�RQ�VXSHUFRQGXFWRUV��7KH�UHVHDUFK�DQG�GDWD�LQWHUSUHWDWLRQ�
DFWLYLWLHV�DOORZ�WKH�DQDO\VLQJ�DQG�LQWHUSUHWDWLRQ�RI�VFLHQWL¿F�LQIRUPDWLRQ�DQG�WKH�FROOHFWLRQ�RI�VHFRQGDU\�GDWD�
XVLQJ�,&7�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�XVHV�RI�VRPH�PHWDOV�DQG�UHODWH�WR�
SURSHUWLHV�±�D�SRVWHU�FRXOG�EH�SURGXFHG�

([SODLQ�ZK\�LURQ�LV�XVHG�WR�PDNH�FDUV�DQG�EULGJHV�
([SODLQ�ZK\�FRSSHU�LV�XVHG�WR�PDNH�HOHFWULFDO�ZLULQJ�

'DWD�VHDUFK�RU�H[SHULPHQWDO�FRPSDULVRQ�RI�GLIIHUHQW�
PHWDO�SURSHUWLHV�
'DWD�LQWHUSUHWDWLRQ�DFWLYLW\�

/LVW�WKH�SK\VLFDO�SURSHUWLHV�RI�PHWDOV�
�� OXVWURXV��KDUG�DQG�KLJK�GHQVLW\
�� KLJK�WHQVLOH�VWUHQJWK
�� KLJK�PHOWLQJ�DQG�ERLOLQJ�SRLQWV
�� JRRG�FRQGXFWRUV�RI�KHDW�DQG�HOHFWULFLW\�
,QWHUSUHW�GDWD�DERXW�WKH�SURSHUWLHV�RI�PHWDOV�H�J��
KDUGQHVV��GHQVLW\�DQG�HOHFWULFDO�FRQGXFWLYLW\�
([SODLQ�ZK\�PHWDOV�DUH�VXLWHG�WR�D�JLYHQ�XVH��GDWD�
ZLOO�EH�SURYLGHG��
6XJJHVW�SURSHUWLHV�QHHGHG�E\�D�PHWDO�IRU�D�SDUWLFXODU�
JLYHQ�XVH�H�J��VDXFHSDQ�EDVHV�QHHG�WR�EH�JRRG�
FRQGXFWRUV�RI�KHDW�

5HFRJQLVH�WKDW�WKH�SDUWLFOHV�LQ�D�PHWDO�DUH�KHOG�
WRJHWKHU�E\�PHWDOOLF�ERQGV�

,QWHUQHW�UHVHDUFK�LQWR�VXSHUFRQGXFWRUV�
'LVSODFHPHQW�UHDFWLRQV�WR�VKRZ�PHWDO�FU\VWDOV�H�J��
FRSSHU�LQ�DTXHRXV�VLOYHU�QLWUDWH�
3URGXFH�D�SRVWHU�RQ�VXSHUFRQGXFWRUV�
%XEEOH�UDIW�GHPRQVWUDWLRQ�

5HFDOO�WKDW�DW�ORZ�WHPSHUDWXUHV�VRPH�PHWDOV�FDQ�EH�
VXSHUFRQGXFWRUV�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�J��0HWDO�VWUXFWXUH�DQG�SURSHUWLHV

/LQNV�WR�RWKHU�LWHPV��&�F��0HWDOV�DQG�DOOR\V��&�G��0DNLQJ�FDUV��&�I��7UDQVLWLRQ�HOHPHQWV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�PHWDOV�DUH�VXLWHG�WR�D�JLYHQ�XVH��GDWD�
ZLOO�EH�SURYLGHG��

8QGHUVWDQG�WKDW�PHWDOV�KDYH�KLJK�PHOWLQJ�SRLQWV�DQG�
ERLOLQJ�SRLQWV�GXH�WR�VWURQJ�PHWDOOLF�ERQGV�
'HVFULEH�KRZ�PHWDOV�FRQGXFW�HOHFWULFLW\�

'HVFULEH�PHWDOOLF�ERQGLQJ�DV�WKH�VWURQJ�DWWUDFWLRQ�
EHWZHHQ�D�VHD�RI�GHORFDOLVHG�HOHFWURQV�DQG�FORVH�
SDFNHG�SRVLWLYH�PHWDO�LRQV�
([SODLQ��LQ�WHUPV�RI�VWUXFWXUH��ZK\�PHWDOV�KDYH�
�� KLJK�PHOWLQJ�SRLQWV�DQG�ERLOLQJ�SRLQWV�
�� FRQGXFW�HOHFWULFLW\�

'HVFULEH�ZKDW�LV�PHDQW�E\�WKH�WHUP�VXSHUFRQGXFWRU�
'HVFULEH�WKH�SRWHQWLDO�EHQH¿WV�RI�VXSHUFRQGXFWRUV�
�� ORVV�IUHH�SRZHU�WUDQVPLVVLRQ
�� VXSHU�IDVW�HOHFWURQLF�FLUFXLWV
�� SRZHUIXO�HOHFWURPDJQHWV�

([SODLQ�VRPH�RI�WKH�GUDZEDFNV�RI�VXSHUFRQGXFWRUV�
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�K��3XULI\LQJ�DQG�WHVWLQJ�ZDWHU�

6XPPDU\��<RXQJ�SHRSOH�VHH�PDQ\�H[DPSOHV�RI�IDPLQH�DQG�GLVDVWHU�LQ�WKH�ZRUOG��2IWHQ�D�ODFN�RI�SXUH�ZDWHU�
LV�DVVRFLDWHG�ZLWK�WKH�GLVDVWHU��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�WKH�LPSRUWDQFH�RI�FOHDQ�ZDWHU�ERWK�LQ�WKH�
8QLWHG�.LQJGRP�DQG�LQ�WKH�GHYHORSLQJ�QDWLRQV�RI�WKH�ZRUOG��7KH�SXUL¿FDWLRQ�RI�ZDWHU�LV�FRQVLGHUHG�DV�ZHOO�DV�
VLPSOH�ZD\V�WR�WHVW�IRU�GLVVROYHG�VXEVWDQFHV�LQ�ZDWHU��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

8VH�WH[W�ERRNV��YLGHR�DQG�RU�LQWHUQHW�DQG�LQIRUPDWLRQ�
IURP�ORFDO�ZDWHU�FRPSDQLHV�WR�¿QG�RXW�DERXW�WKH�
ZDWHU�UHVRXUFHV�LQ�WKH�8QLWHG�.LQJGRP�DQG�WKH�QHHG�
WR�FRQVHUYH�ZDWHU�

,QWHUSUHW�VLPSOH�GDWD�DERXW�ZDWHU�UHVRXUFHV�LQ�WKH�
8QLWHG�.LQJGRP��QR�UHFDOO�LV�H[SHFWHG��
5HFDOO�GLIIHUHQW�W\SHV�RI�ZDWHU�UHVRXUFHV�IRXQG�LQ�WKH�
8QLWHG�.LQJGRP�
�� ODNHV
�� ULYHUV
�� DTXLIHUV
�� UHVHUYRLUV�
([SODLQ�ZK\�ZDWHU�LV�DQ�LPSRUWDQW�UHVRXUFH�IRU�PDQ\�
LPSRUWDQW�LQGXVWULDO�FKHPLFDO�SURFHVVHV�

5HVHDUFK�WKH�SROOXWDQWV�IRXQG�LQ�ZDWHU� /LVW�VRPH�RI�WKH�SROOXWDQWV�WKDW�PD\�EH�IRXQG�LQ�
GRPHVWLF�ZDWHU�VXSSOLHV�
�� QLWUDWH�UHVLGXHV
�� OHDG�FRPSRXQGV
�� SHVWLFLGH�UHVLGXHV�

9LVLW�D�ZDWHU�SXUL¿FDWLRQ�SODQW�
'HVLJQ�D�SRVWHU�WR�GHVFULEH�WKH�SXUL¿FDWLRQ�RI�
GRPHVWLF�ZDWHU�

/LVW�WKH�W\SHV�RI�VXEVWDQFHV�SUHVHQW�LQ�ZDWHU�EHIRUH�LW�
LV�SXUL¿HG�
�� GLVVROYHG�VDOWV�DQG�PLQHUDOV
�� PLFUREHV
�� SROOXWDQWV
�� LQVROXEOH�PDWHULDOV�
5HFDOO�WKDW�FKORULQDWLRQ�NLOOV�PLFUREHV�LQ�ZDWHU�

,QYHVWLJDWH�WKH�VROXWLRQ�FKHPLVWU\�RI�VRPH�GLVVROYHG�
LRQV�
3UHSDUDWLRQ�RI�DQ�LQVROXEOH�VDOW�H�J��EDULXP�VXOIDWH��
E\�SUHFLSLWDWLRQ��¿OWUDWLRQ��ZDVKLQJ�DQG�GU\LQJ�

5HFDOO�WKDW�EDULXP�FKORULGH�VROXWLRQ�LV�XVHG�WR�WHVW�IRU�
VXOIDWH�LRQV�
�� JLYHV�D�ZKLWH�SUHFLSLWDWH�
5HFDOO�WKDW�VLOYHU�QLWUDWH�VROXWLRQ�LV�XVHG�WR�WHVW�IRU�
KDOLGH�LRQV�
�� FKORULGH�LRQV�JLYH�D�ZKLWH�SUHFLSLWDWH
�� EURPLGH�LRQV�JLYH�D�FUHDP�SUHFLSLWDWH
�� LRGLGH�LRQV�JLYH�D�SDOH�\HOORZ�SUHFLSLWDWH�
&RQVWUXFW�ZRUG�HTXDWLRQV�IRU�WKH�UHDFWLRQV�RI�EDULXP�
FKORULGH�ZLWK�VXOIDWHV�DQG�VLOYHU�QLWUDWH�ZLWK�KDOLGHV�
�DOO�UHDFWDQWV�DQG�SURGXFWV�JLYHQ��
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0RGXOH�&���7KH�3HULRGLF�7DEOH
,WHP�&�K��3XULI\LQJ�DQG�WHVWLQJ�ZDWHU�

/LQNV�WR�RWKHU�LWHPV��&�K��&KHPLFDOV�IURP�WKH�VHD��WKH�FKHPLVWU\�RI�VRGLXP�FKORULGH��&�H��7KH�*URXS���
HOHPHQWV��&�K��,RQLF�HTXDWLRQV�DQG�SUHFLSLWDWLRQ��&�I��+DUGQHVV�RI�ZDWHU

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

,QWHUSUHW�GDWD�DERXW�ZDWHU�UHVRXUFHV�LQ�WKH�8QLWHG�
.LQJGRP��QR�UHFDOO�LV�H[SHFWHG��
([SODLQ�ZK\�LW�LV�LPSRUWDQW�WR�FRQVHUYH�ZDWHU�

([SODLQ�ZK\�GULQNLQJ�ZDWHU�PD\�FRQWDLQ�VRPH�RI�WKH�
SROOXWDQWV�OLVWHG�EHORZ�
�� QLWUDWH�
�� OHDG�FRPSRXQGV�
�� SHVWLFLGH�

'HVFULEH�WKH�ZDWHU�SXUL¿FDWLRQ�SURFHVV�WR�LQFOXGH�
¿OWUDWLRQ��VHGLPHQWDWLRQ�DQG�FKORULQDWLRQ�

([SODLQ�ZK\�VRPH�VROXEOH�VXEVWDQFHV�DUH�QRW�
UHPRYHG�IURP�ZDWHU�GXULQJ�SXUL¿FDWLRQ�
([SODLQ�WKH�GLVDGYDQWDJHV�RI�XVLQJ�GLVWLOODWLRQ�RI�VHD�
ZDWHU�WR�PDNH�ODUJH�TXDQWLWLHV�RI�IUHVK�ZDWHU�

,QWHUSUHW�GDWD�DERXW�WKH�WHVWLQJ�RI�ZDWHU�ZLWK�DTXHRXV�
VLOYHU�QLWUDWH�DQG�EDULXP�FKORULGH�VROXWLRQV�
&RQVWUXFW�ZRUG�HTXDWLRQV�IRU�WKH�UHDFWLRQV�RI�EDULXP�
FKORULGH�ZLWK�VXOIDWHV�DQG�VLOYHU�QLWUDWH�ZLWK�KDOLGHV�
�QRW�DOO�UHDFWDQWV�DQG�SURGXFWV�JLYHQ��
8QGHUVWDQG�WKDW�WKH�UHDFWLRQV�RI�EDULXP�FKORULGH�ZLWK�
VXOIDWHV�DQG�VLOYHU�QLWUDWH�ZLWK�KDOLGHV�DUH�H[DPSOHV�
RI�SUHFLSLWDWLRQ�UHDFWLRQV�

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�IRU�WKH�
UHDFWLRQV�RI�EDULXP�FKORULGH�ZLWK�VXOIDWHV�DQG�VLOYHU�
QLWUDWH�ZLWK�KDOLGHV�JLYHQ�WKH�DSSURSULDWH�IRUPXODH�
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0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

6XPPDU\��7KURXJKRXW�WKH�VWXG\�RI�FKHPLVWU\�LQ�*&6(�VFLHQFH�WKHUH�DUH�D�QXPEHU�RI�LGHDV�DQG�FRQFHSWV�
WKDW�DUH�IXQGDPHQWDO��7KHVH�LGHDV�DQG�FRQFHSWV�KDYH�QRW�EHHQ�SXW�LQWR�D�SDUWLFXODU�LWHP�EXW�VKRXOG�SHUPHDWH�
WKURXJK�DOO�WKH�*&6(�&KHPLVWU\�0RGXOHV�&��WR�&���

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�LQ�D�FKHPLFDO�UHDFWLRQ�UHDFWDQWV�DUH�
FKDQJHG�LQWR�SURGXFWV�
5HFRJQLVH�WKH�UHDFWDQWV�DQG�SURGXFWV�LQ�D�ZRUG�
HTXDWLRQ�
&RQVWUXFW�ZRUG�HTXDWLRQV�JLYHQ�WKH�UHDFWDQWV�DQG�
SURGXFWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�WKH�UHDFWDQWV�DQG�WKH�SURGXFWV�LQ�D�
V\PERO�HTXDWLRQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

'HGXFH�WKH�QXPEHU�RI�HOHPHQWV�LQ�D�FRPSRXQG�JLYHQ�
LWV�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�QR�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�IRUPXOD�ZLWK�QR�EUDFNHWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�VXEVWDQFH�LV�DQ�HOHPHQW�RU�D�
FRPSRXQG�IURP�LWV�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�D�PROHFXOH�LV�PDGH�XS�RI�PRUH�WKDQ�
RQH�DWRP�MRLQHG�WRJHWKHU�
8QGHUVWDQG�WKDW�D�PROHFXODU�IRUPXOD�VKRZV�WKH�
QXPEHUV�DQG�W\SHV�RI�DWRP�LQ�D�PROHFXOH�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�GLVSOD\HG�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�SDUWLFOH�LV�DQ�DWRP��PROHFXOH�RU�
LRQ�JLYHQ�LWV�IRUPXOD�
8QGHUVWDQG�WKDW�DWRPV�FRQWDLQ�VPDOOHU�SDUWLFOHV�RQH�
RI�ZKLFK�LV�D�QHJDWLYH�HOHFWURQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFDOO�WKDW�WZR�W\SHV�RI�FKHPLFDO�ERQG�KROGLQJ�DWRPV�
WRJHWKHU�DUH�
�� LRQLF�ERQGV
�� FRYDOHQW�ERQGV�

���� 0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
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0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

/LQNV�WR�RWKHU�PRGXOHV��&��WR�&��

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

&RQVWUXFW�ZRUG�HTXDWLRQV��QRW�DOO�UHDFWDQWV�DQG�
SURGXFWV�JLYHQ��

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��QR�EUDFNHWV��RI�WKH�UHDFWDQWV�DQG�SURGXFWV�
([SODLQ�ZK\�D�V\PERO�HTXDWLRQ�LV�EDODQFHG�

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��VRPH�RU�DOO�ZLWK�EUDFNHWV��RI�WKH�UHDFWDQWV�
DQG�SURGXFWV�
&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV��OLPLWHG�WR�WKH�
OHDUQLQJ�RXWFRPHV�LQ�&���

'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�W\SH�RI�GLIIHUHQW�DWRP�LQ�
D�IRUPXOD�ZLWK�EUDFNHWV�
5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� K\GURFKORULF�DFLG�DQG�HWKDQRLF�DFLG
�� FDUERQ�GLR[LGH��K\GURJHQ�DQG�ZDWHU
�� VRGLXP�FKORULGH�DQG�SRWDVVLXP�FKORULGH
�� DPPRQLD�DQG�FDOFLXP�FDUERQDWH�

5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� VXOIXULF�DFLG�DQG�QLWULF�DFLG
�� VRGLXP�K\GUR[LGH��SRWDVVLXP�K\GUR[LGH�DQG�

PDJQHVLXP�FDUERQDWH
�� VRGLXP�VXOIDWH��SRWDVVLXP�VXOIDWH��PDJQHVLXP�

VXOIDWH�DQG�EDULXP�VXOIDWH
�� OHDG�,,��QLWUDWH�DQG�OHDG�LRGLGH
�� SRWDVVLXP�LRGLGH�DQG�SRWDVVLXP�QLWUDWH�

8QGHUVWDQG�WKDW�D�GLVSOD\HG�IRUPXOD�VKRZV�ERWK�WKH�
DWRPV�DQG�WKH�ERQGV�LQ�D�PROHFXOH�
:ULWH�WKH�PROHFXODU�IRUPXOD�RI�D�FRPSRXQG�JLYHQ�LWV�
GLVSOD\HG�IRUPXOD�

&RQVWUXFW�EDODQFHG�HTXDWLRQV�XVLQJ�GLVSOD\HG�
IRUPXODH�

8QGHUVWDQG�WKDW�SRVLWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�ORVW�IURP�DWRPV�
8QGHUVWDQG�WKDW�QHJDWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�JDLQHG�E\�DWRPV�
8QGHUVWDQG�WKDW�DQ�LRQLF�ERQG�LV�WKH�DWWUDFWLRQ�
EHWZHHQ�D�SRVLWLYH�LRQ�DQG�D�QHJDWLYH�LRQ�
8QGHUVWDQG�WKDW�D�FRYDOHQW�ERQG�LV�D�VKDUHG�SDLU�RI�
HOHFWURQV��

([SODLQ�KRZ�DQ�LRQLF�ERQG�LV�IRUPHG�
([SODLQ�KRZ�D�FRYDOHQW�ERQG�LV�IRUPHG�



�� ��2&5������*&6(�&KHPLVWU\�%

�

0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
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6XPPDU\��7KLV�LWHP�GHYHORSV�WKH�FRQFHSW�RI�UHODWLYH�IRUPXOD�PDVV�LQWR�WKH�VFLHQWL¿F�PHDVXUH�IRU�WKH�DPRXQW�
RI�D�VXEVWDQFH��PROHV��7KH�PROH�FRQFHSW�ZLOO�EH�XVHG�DV�DQ�DOWHUQDWLYH�ZD\�WR�FDOFXODWH�UHDFWLQJ�PDVVHV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HYLHZ�UHODWLYH�IRUPXOD�PDVV�FDOFXODWLRQV�
0RODU�PDVV�FDOFXODWLRQV�

5HFDOO�WKDW�WKH�XQLW�IRU�WKH�DPRXQW�RI�D�VXEVWDQFH�LV�
WKH�PROH�
5HFDOO�WKDW�WKH�XQLW�IRU�PRODU�PDVV�LV�J�PRO�
8QGHUVWDQG�WKDW�WKH�WHUP�PRODU�PDVV�RI�D�VXEVWDQFH�
UHIHUV�WR�LWV�UHODWLYH�IRUPXOD�PDVV�LQ�JUDPV�
&DOFXODWH�WKH�PRODU�PDVV�RI�D�VXEVWDQFH�IURP�LWV�
IRUPXOD��ZLWKRXW�EUDFNHWV��XVLQJ�WKH�DSSURSULDWH�
UHODWLYH�DWRPLF�PDVVHV�

&DUU\�RXW�DQ�H[SHULPHQW�WR�PHDVXUH�WKH�LQFUHDVH�LQ�
PDVV�RQ�FRPSOHWH�R[LGDWLRQ�RI�PDJQHVLXP�ULEERQ�LQ�
D�FUXFLEOH�
&ODVV�SUDFWLFDO�LQYROYLQJ�WKH�PDVV�FKDQJHV�ZKHQ�
FDUERQDWHV�DUH�KHDWHG�

8QGHUVWDQG�WKDW�PDVV�LV�FRQVHUYHG�GXULQJ�D�FKHPLFDO�
UHDFWLRQ�
,QWHUSUHW�H[SHULPHQWDO�UHVXOWV�LQYROYLQJ�PDVV�FKDQJHV�
GXULQJ�FKHPLFDO�UHDFWLRQV�
8VH�XQGHUVWDQGLQJ�RI�FRQVHUYDWLRQ�RI�PDVV�WR�FDUU\�
RXW�YHU\�VLPSOH�FDOFXODWLRQV�
�� PDVV�RI�JDV�RU�ZDWHU�ORVW�GXULQJ�WKHUPDO�

GHFRPSRVLWLRQ
�� PDVV�RI�JDV�JDLQHG�GXULQJ�UHDFWLRQ
�� GHWHUPLQH�D�UHDFWLQJ�DPRXQW�IRU�D�VLPSOH�UHDFWLRQ�

JLYHQ�DOO�WKH�RWKHU�UHDFWLQJ�DPRXQWV�
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/LQNV�WR�RWKHU�LWHPV��&�G��5HDFWLQJ�PDVVHV��&�F��4XDQWLWDWLYH�DQDO\VLV��&�H��*DV�YROXPHV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

&DOFXODWH�WKH�PRODU�PDVV�RI�D�VXEVWDQFH�IURP�LWV�
IRUPXOD��ZLWK�EUDFNHWV��XVLQJ�WKH�DSSURSULDWH�UHODWLYH�
DWRPLF�PDVVHV�

5HFDOO�DQG�XVH�WKH�UHODWLRQVKLS�EHWZHHQ�PRODU�PDVV��
QXPEHU�RI�PROHV�DQG�PDVV�
�� QXPEHU�RI�PROHV� �PDVV�·�PRODU�PDVV
�� GHWHUPLQH�WKH�QXPEHU�RI�PROHV�RI�DQ�HOHPHQW�

IURP�WKH�PDVV�RI�WKDW�HOHPHQW
�� GHWHUPLQH�WKH�QXPEHU�RI�PROHV�RI�D�FRPSRXQG�

IURP�WKH�PDVV�RI�WKDW�FRPSRXQG
�� GHWHUPLQH�WKH�PDVVHV�RI�WKH�GLIIHUHQW�HOHPHQWV�

SUHVHQW�LQ�D�JLYHQ�QXPEHU�RI�PROHV�RI�D�
FRPSRXQG�

5HFDOO�WKDW�WKH�UHODWLYH�DWRPLF�PDVV�RI�DQ�HOHPHQW�
LV�WKH�DYHUDJH�PDVV�RI�DQ�DWRP�RI�WKH�HOHPHQW�
FRPSDUHG�WR�WKH�PDVV�RI�����WK�RI�DQ�DWRP�RI�
FDUERQ����

*LYHQ�D�VHW�RI�UHDFWLQJ�PDVVHV��FDOFXODWH�IXUWKHU�
UHDFWLQJ�DPRXQWV�E\�VLPSOH�UDWLR�

&DOFXODWH�PDVV�RI�SURGXFWV�DQG�RU�UHDFWDQWV�XVLQJ�
WKH�PROH�FRQFHSW�IURP�D�JLYHQ�EDODQFHG�HTXDWLRQ�DQG�
WKH�DSSURSULDWH�UHODWLYH�DWRPLF�PDVVHV�
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,WHP�&�E��3HUFHQWDJH�FRPSRVLWLRQ�DQG�HPSLULFDO�IRUPXOD

6XPPDU\��(YHU\�FRPSRXQG�KDV�D�¿[HG�SHUFHQWDJH�FRPSRVLWLRQ�E\�PDVV�DQG�WKLV�FRPSRVLWLRQ�FDQ�EH�XVHG�
WR�LGHQWLI\�DQ�XQNQRZQ�VDPSOH��7KLV�LWHP�VKRZV�KRZ�WKH�PROH�FRQFHSW�DQG�SHUFHQWDJH�FRPSRVLWLRQ�FDQ�EH�
XVHG�WR�GHWHUPLQH�WKH�HPSLULFDO�IRUPXOD�RI�D�FRPSRXQG�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�DQ�H[SHULPHQW�WR�PHDVXUH�WKH�LQFUHDVH�LQ�
PDVV�RQ�FRPSOHWH�R[LGDWLRQ�RI�PDJQHVLXP�ULEERQ�LQ�
D�FUXFLEOH��$OVR�VHH�ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�
&DUU\�RXW�DQ�H[SHULPHQW�WR�PHDVXUH�WKH�GHFUHDVH��
LQ�PDVV�RQ�UHGXFWLRQ�RI�FRSSHU�R[LGH�H�J���
UHGXFWLRQ�ZLWK�PHWKDQH�JDV��$OVR�VHH��
ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

'HWHUPLQH�WKH�PDVV�RI�DQ�HOHPHQW�LQ�D�NQRZQ�PDVV�
RI�FRPSRXQG�JLYHQ�WKH�PDVVHV�RI�WKH�RWKHU�HOHPHQWV�
SUHVHQW�

&DUU\�RXW�DQ�H[SHULPHQW�WR�GHWHUPLQH�WKH�SHUFHQWDJH�
RI�ZDWHU�RI�FU\VWDOOLVDWLRQ�LQ�D�VDPSOH�RI�K\GUDWHG�VDOW�
5HVHDUFK�WKH�SHUFHQWDJH�E\�PDVV�RI�HVVHQWLDO�
HOHPHQWV�LQ�IHUWLOLVHUV�

&DOFXODWH�WKH�PRODU�PDVV�RI�D�VXEVWDQFH�IURP�LWV�
IRUPXOD��ZLWKRXW�EUDFNHWV��XVLQJ�WKH�DSSURSULDWH�
UHODWLYH�DWRPLF�PDVVHV�
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0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&�E��3HUFHQWDJH�FRPSRVLWLRQ�DQG�HPSLULFDO�IRUPXOD

/LQNV�WR�RWKHU�LWHPV��&�G��5HDFWLQJ�PDVVHV��&�H��3HUFHQWDJH�\LHOG�DQG�DWRP�HFRQRP\��
&�F��4XDQWLWDWLYH�DQDO\VLV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�DQ�HPSLULFDO�IRUPXOD�JLYHV�WKH�
VLPSOHVW�ZKROH�QXPEHU�UDWLR�RI�HDFK�W\SH�RI�DWRP�LQ�D�
FRPSRXQG�
'HGXFH�WKH�HPSLULFDO�IRUPXOD�RI�D�FRPSRXQG�JLYHQ�
LWV�FKHPLFDO�IRUPXOD�

&DOFXODWH�WKH�SHUFHQWDJH�E\�PDVV�RI�DQ�HOHPHQW�LQ�
D�FRPSRXQG�JLYHQ�DSSURSULDWH�H[SHULPHQWDO�GDWD�
DERXW�WKH�PDVV�RI�WKH�HOHPHQW�DQG�WKH�PDVV�RI�WKH�
FRPSRXQG�

5HFDOO�DQG�XVH�WKH�UHODWLRQVKLS�EHWZHHQ�PRODU�PDVV��
QXPEHU�RI�PROHV�DQG�PDVV�
�� QXPEHU�RI�PROHV� �PDVV�·�PRODU�PDVV�
'HWHUPLQH�WKH�QXPEHU�RI�PROHV�RI�DQ�HOHPHQW�IURP�
WKH�PDVV�RI�WKDW�HOHPHQW�
&DOFXODWH�HPSLULFDO�IRUPXOD�RI�D�FRPSRXQG�IURP�WKH�
�� SHUFHQWDJH�FRPSRVLWLRQ�E\�PDVV
�� PDVV�RI�HDFK�HOHPHQW�LQ�D�VDPSOH�RI�WKH�

FRPSRXQG�

&DOFXODWH�WKH�PRODU�PDVV�RI�D�VXEVWDQFH�IURP�LWV�
IRUPXOD��ZLWK�EUDFNHWV��XVLQJ�WKH�DSSURSULDWH�UHODWLYH�
DWRPLF�PDVVHV�

&DOFXODWH�WKH�SHUFHQWDJH�E\�PDVV�RI�DQ�HOHPHQW�LQ�
D�FRPSRXQG�JLYHQ�LWV�IRUPXOD�DQG�WKH�DSSURSULDWH�
DWRPLF�PDVVHV�
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6XPPDU\��$Q�XQGHUVWDQGLQJ�RI�TXDQWLWLHV�DQG�FRQFHQWUDWLRQV�LV�LPSRUWDQW�IRU�HYHU\GD\�WDVNV�LQ�WKH�KRPH�
DV�ZHOO�DV�EHLQJ�YLWDO�IRU�PHGLFDO�DQG�RWKHU�WHFKQRORJLFDO�DSSOLFDWLRQV��3HUIRUPLQJ�FDOFXODWLRQV�LQYROYLQJ�
FRQFHQWUDWLRQ�GHYHORSV�WKH�VNLOO�RI�DQDO\VLQJ�VFLHQWL¿F�LQIRUPDWLRQ�TXDQWLWDWLYHO\�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

,&7�VLPXODWLRQV�DERXW�FRQFHQWUDWLRQ� 5HFDOO�WKDW�FRQFHQWUDWLRQ�RI�VROXWLRQV�PD\�EH�
PHDVXUHG�LQ�J�GP���J�SHU�GP���
5HFDOO�WKDW�FRQFHQWUDWLRQ�RI�VROXWLRQV�PD\�EH�
PHDVXUHG�LQ�PRO�GP���PRO�SHU�GP���
5HFDOO�WKDW�YROXPH�LV�PHDVXUHG�LQ�GP��RU�FP��
5HFDOO�WKDW������FP��HTXDOV���GP��

)ROORZ�VLPSOH�LQVWUXFWLRQ�WR�GLOXWH�VROXWLRQV�E\�
VSHFL¿HG�DPRXQWV�

'HVFULEH�KRZ�WR�GLOXWH�D�FRQFHQWUDWHG�VROXWLRQ�

6XUYH\�HYHU\GD\�H[DPSOHV�RI�GLOXWLRQ�H�J��
�� GLOXWLRQ�RI�FRQFHQWUDWHG�RUDQJH�MXLFH
�� GLOXWLRQ�RI�ZLQGVFUHHQ�ZDVK�ÀXLG�IRU�GLIIHUHQW�

WHPSHUDWXUHV
�� GLOXWLRQ�RI�OLTXLG�PHGLFLQHV�

([SODLQ�WKH�QHHG�IRU�GLOXWLRQ�LQ�DUHDV�VXFK�DV�IRRG�
SUHSDUDWLRQ��PHGLFLQH�DQG�EDE\�PLON�
�� FRQFHQWUDWHG�RUDQJH�FRUGLDO�QHHGV�WR�EH�GLOXWHG�

WR�PDNH�VXUH�WKH�WDVWH�LV�QRW�WRR�VWURQJ
�� PHGLFLQHV�PD\�QHHG�WR�EH�GLOXWHG�WR�DYRLG�JLYLQJ�

RYHUGRVHV
�� EDE\�PLON�PXVW�EH�RI�WKH�FRUUHFW�FRQFHQWUDWLRQ�VR�

DV�QRW�WR�KDUP�WKH�EDE\�

6XUYH\�LQIRUPDWLRQ�RQ�IRRG�SDFNDJLQJ�ZLWK�SDUWLFXODU�
UHJDUG�WR�JXLGHOLQH�GDLO\�DPRXQWV��*'$��YDOXHV�

,QWHUSUHW�LQIRUPDWLRQ�RQ�IRRG�SDFNDJLQJ�DERXW�
JXLGHOLQH�GDLO\�DPRXQWV��*'$��IRU�H[DPSOH�
�� WKH�VPDOOHVW�RU�ODUJHVW�DPRXQW�RI�D�SDUWLFXODU�

VXEVWDQFH�
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,WHP�&�F��4XDQWLWDWLYH�DQDO\VLV

/LQNV�WR�RWKHU�LWHPV��&�I��&RRNLQJ�DQG�IRRG�DGGLWLYHV��&�D��0ROHV�DQG�PRODU�PDVV��&�E��3HUFHQWDJH�
FRPSRVLWLRQ�DQG�HPSLULFDO�IRUPXOD

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�WKH�PRUH�FRQFHQWUDWHG�D�VROXWLRQ�WKH�
PRUH�VROXWH�SDUWLFOHV�WKHUH�DUH�LQ�D�JLYHQ�YROXPH��WKH�
PRUH�FURZGHG�WKH�VROXWH�SDUWLFOHV��
&RQYHUW�YROXPH�LQ�FP��LQWR�GP��RU�YLFH�YHUVD�

5HFDOO�DQG�XVH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�DPRXQW�
LQ�PROHV��FRQFHQWUDWLRQ�LQ�PRO�GP��DQG�YROXPH�LQ�
GP��
�� DPRXQW�LQ�PROHV� �FRQFHQWUDWLRQ�×�YROXPH
�� FRQFHQWUDWLRQ� �DPRXQW�LQ�PROHV�·�YROXPH
�� YROXPH� �DPRXQW�LQ�PROHV�·�FRQFHQWUDWLRQ�

3HUIRUP�FDOFXODWLRQV�LQYROYLQJ�FRQFHQWUDWLRQ�IRU�
VLPSOH�GLOXWLRQV�RI�VROXWLRQV�H�J��KRZ�WR�GLOXWH�D��
����PRO�GP��VROXWLRQ�LQWR�D�����PRO�GP��VROXWLRQ�RU�
KRZ�WR�SHUIRUP�D���LQ����GLOXWLRQ�

,QWHUSUHW�LQIRUPDWLRQ�RQ�IRRG�SDFNDJLQJ�DERXW�
JXLGHOLQH�GDLO\�DPRXQWV��*'$��IRU�H[DPSOH�
�� SHUFHQWDJH�RI�*'$�LQ�D�SRUWLRQ�

,QWHUSUHW�PRUH�FRPSOH[�IRRG�SDFNDJLQJ�LQIRUPDWLRQ�
DQG�LWV�OLPLWDWLRQV�IRU�H[DPSOH�
�� FRQYHUW�DPRXQWV�RI�VRGLXP�WR�DPRXQWV�RI�VDOW�
([SODLQ�ZK\�WKH�DERYH�FRQYHUVLRQ�PD\�EH�LQDFFXUDWH��
WR�LQFOXGH�VRGLXP�LRQV�FRPLQJ�IURP�RWKHU�VRXUFHV�
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6XPPDU\��7LWUDWLRQV�DUH�WKH�KLVWRULFDO�EDFNERQH�RI�VR�PDQ\�DQDO\WLFDO�SURFHGXUHV��:KLOVW�LQVWUXPHQWDO�
WHFKQLTXHV�KDYH�QRZ�UHPRYHG�PXFK�RI�WKH�QHHG�IRU�UHSHWLWLYH�WLWUDWLRQV��LW�LV�WKH�WHFKQLTXH�WKDW�FKHPLVWV�RIWHQ�
IDOO�EDFN�RQ�IRU�µRQH�RII¶�DQDO\VLV��7KLV�LWHP�ZLOO�HQDEOH�VWXGHQWV�WR�SHUIRUP�DFLG�EDVH�WLWUDWLRQV�DQG�XVH�WKH�
UHVXOWV�IRU�YROXPHWULF�DQDO\VLV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'HPRQVWUDWH�RU�FDUU\�RXW�DQ�LQYHVWLJDWLRQ�WR�¿QG�RXW�
KRZ�S+�FKDQJHV�GXULQJ�WKH�QHXWUDOLVDWLRQ�RI�DQ�DONDOL�
ZLWK�DQ�DFLG��S+�WLWUDWLRQ�FXUYH��XVLQJ�D�VWURQJ�DFLG�
DQG�XVLQJ�D�S+�PHWHU�

,QWHUSUHW�D�VLPSOH�S+�FXUYH�WR�LQFOXGH�
�� GHWHUPLQH�WKH�S+�DW�D�SDUWLFXODU�YROXPH�DGGHG�RU�

YLFH�YHUVD��PDMRU�JULG�OLQHV��
([SODLQ�KRZ�XQLYHUVDO�LQGLFDWRU�FDQ�EH�XVHG�WR�
HVWLPDWH�WKH�S+�YDOXH�RI�D�VROXWLRQ�

&DUU\�RXW�D�VLPSOH�DFLG�DONDOL�WLWUDWLRQ�XVLQJ�DQ�
LQGLFDWRU�VXFK�DV�OLWPXV�RU�SKHQROSKWKDOHLQ�
0LFURVFDOH�WLWUDWLRQV�GHWDLOV�IURP�56&�ZHEVLWH��
ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

,GHQWLI\�WKH�DSSDUDWXV�XVHG�LQ�DQ�DFLG�EDVH�WLWUDWLRQ�
�� EXUHWWH�DQG�FRQLFDO�ÀDVN
�� SLSHWWH�DQG�SLSHWWH�¿OOHU�
'HVFULEH�WKH�SURFHGXUH�IRU�FDUU\LQJ�RXW�D�VLPSOH�DFLG�
EDVH�WLWUDWLRQ�
�� DFLG�LQ�EXUHWWH��DONDOL�LQ�FRQLFDO�ÀDVN��RU�YLFH�

YHUVD�
�� DFLG�VORZO\�DGGHG�WR�DONDOL��RU�YLFH�YHUVD��XQWLO�

HQG�SRLQW�LV�UHDFKHG
�� HQG�SRLQW�GHWHFWHG�E\�WKH�VXGGHQ�FKDQJH�LQ�

FRORXU�RI�DQ�LQGLFDWRU�
([SODLQ�ZK\�LW�LV�LPSRUWDQW�WR�XVH�D�SLSHWWH�¿OOHU�ZKHQ�
XVLQJ�D�SLSHWWH�LQ�DQ�DFLG�EDVH�WLWUDWLRQ�
&DOFXODWH�WKH�WLWUH�JLYHQ�DSSURSULDWH�LQIRUPDWLRQ�IURP�
WDEOHV�RU�GLDJUDPV�
8QGHUVWDQG�WKDW�WKH�WLWUH�GHSHQGV�RQ�WKH�
FRQFHQWUDWLRQ�RI�WKH�DFLG�RU�DONDOL�

6LPSOH�LQYHVWLJDWLRQ�RI�WKH�FRORXU�FKDQJHV�
RI�LQGLFDWRUV�OLPLWHG�WR�XQLYHUVDO�LQGLFDWRU��
SKHQROSKWKDOHLQ�DQG�OLWPXV�GXULQJ�QHXWUDOLVDWLRQ�
8QLYHUVDO�LQGLFDWRU�UDLQERZ�VHH�GHWDLOV�IURP�56&�
ZHEVLWH�ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

'HVFULEH�WKH�FRORXUV�RI�WKH�IROORZLQJ�LQGLFDWRUV�LQ�
DFLGV�DQG�DONDOLV�
�� XQLYHUVDO�LQGLFDWRU��OLWPXV�DQG�SKHQROSKWKDOHLQ�
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/LQNV�WR�RWKHU�LWHPV��&�I��$FLGV�DQG�EDVHV��&�F��4XDQWLWDWLYH�DQDO\VLV��&�J��6WURQJ�DQG�ZHDN�DFLGV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

,QWHUSUHW�D�VLPSOH�S+�FXUYH�WR�LQFOXGH�
�� GHWHUPLQH�WKH�YROXPH�RI�DFLG�RU�DONDOL�DW�

QHXWUDOLVDWLRQ
�� GHWHUPLQH�WKH�S+�DW�D�SDUWLFXODU�YROXPH�DGGHG�RU�

YLFH�YHUVD��QRW�PDMRU�JULG�OLQHV��

6NHWFK�D�S+�WLWUDWLRQ�FXUYH�IRU�WKH�WLWUDWLRQ�RI�DQ�DFLG�
RU�DQ�DONDOL�

([SODLQ�WKH�QHHG�IRU�VHYHUDO�FRQVLVWHQW�WLWUH�UHDGLQJV�
LQ�WLWUDWLRQV�

&DOFXODWH�WKH�FRQFHQWUDWLRQ�RI�DQ�DFLG�RU�DONDOL�IURP�
WLWUDWLRQ�UHVXOWV��OLPLWHG�WR�H[DPSOHV�LQYROYLQJ�D�RQH�WR�
RQH�PRODU�UDWLR��DFLG�DONDOL��
5HFDOO�DQG�XVH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�DPRXQW�
LQ�PROHV��FRQFHQWUDWLRQ�LQ�PRO�GP��DQG�YROXPH�LQ�
GP��
�� DPRXQW�LQ�PROHV� �FRQFHQWUDWLRQ�î�YROXPH
�� FRQFHQWUDWLRQ� �DPRXQW�LQ�PROHV�·�YROXPH
�� YROXPH� �DPRXQW�LQ�PROHV�·�FRQFHQWUDWLRQ�

'HVFULEH�WKH�GLIIHUHQFH�LQ�FRORXU�FKDQJH�GXULQJ�D�
WLWUDWLRQ�XVLQJ�D�VLQJOH�LQGLFDWRU��VXFK�DV�OLWPXV�RU�
SKHQROSKWKDOHLQ��FRPSDUHG�WR�D�PL[HG�LQGLFDWRU��VXFK�
DV�XQLYHUVDO�

([SODLQ�ZK\�DQ�DFLG�EDVH�WLWUDWLRQ�VKRXOG�XVH�D�VLQJOH�
LQGLFDWRU�UDWKHU�WKDQ�D�PL[HG�LQGLFDWRU�
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0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&�H��*DV�YROXPHV

6XPPDU\��0DQ\�UHDFWLRQV�LQYROYH�JDVHV�HLWKHU�DV�UHDFWDQWV�RU�DV�SURGXFWV��,W�LV�RIWHQ�HDVLHU�WR�PHDVXUH�
WKH�YROXPH�RI�D�JDV�UDWKHU�WKDQ�WKH�PDVV��7KH�FRXUVH�RI�D�UHDFWLRQ�FDQ�EH�PRQLWRUHG�E\�PHDVXULQJ�KRZ�WKH�
YROXPH�RI�JDV�FROOHFWHG�FKDQJHV�ZLWK�WLPH��7KLV�LWHP�GHVFULEHV�D�IHZ�ZD\V�LQ�ZKLFK�WKH�YROXPH�RI�D�JDV�FDQ�
EH�PHDVXUHG�DQG�KRZ�WKLV�FDQ�EH�XVHG�WR�IROORZ�WKH�FRXUVH�RI�D�UHDFWLRQ��7KH�LWHP�DOVR�GHVFULEHV�KRZ�WKH�
YROXPH�RI�JDV�SURGXFHG�FDQ�EH�SUHGLFWHG�E\�FDOFXODWLRQ�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�VLPSOH�H[SHULPHQWV�WR�VKRZ�KRZ�WKH�
YROXPH�RI�D�JDV�SURGXFHG�LQ�D�UHDFWLRQ�FDQ�EH�
PHDVXUHG�H�J��GLVSODFHPHQW�RI�ZDWHU�LQ�D�EXUHWWH�RU�
PHDVXULQJ�F\OLQGHU��XVH�RI�D�JDV�V\ULQJH�

,GHQWLI\�DSSDUDWXV�XVHG�WR�FROOHFW�WKH�YROXPH�RI�D�JDV�
SURGXFHG�LQ�D�UHDFWLRQ�
�� JDV�V\ULQJH
�� XSWXUQHG�PHDVXULQJ�F\OLQGHU
�� XSWXUQHG�EXUHWWH�

&DUU\�RXW�H[SHULPHQWV�WR�PHDVXUH�WKH�PDVV�RI�D�JDV�
EHLQJ�SURGXFHG�GXULQJ�D�UHDFWLRQ�H�J��PDUEOH�DQG�
DFLG�DQG�RU�WKHUPDO�GHFRPSRVLWLRQ�RI�]LQF�FDUERQDWH�

5HFDOO�WKDW�PHDVXUHPHQW�RI�FKDQJH�RI�PDVV�PD\�
EH�XVHG�WR�PRQLWRU�WKH�DPRXQW�RI�JDV�PDGH�LQ�D�
UHDFWLRQ�

&DUU\�RXW�VLPSOH�H[SHULPHQWV�WR�PHDVXUH�WKH�YROXPH�
RI�JDV�HYROYHG�DV�WKH�DPRXQWV�RI�UHDFWDQWV�DUH�
FKDQJHG�H�J��PDJQHVLXP�DQG�GLOXWH�K\GURFKORULF�
DFLG��PDUEOH�FKLSV�DQG�DFLG�

([SODLQ�ZK\�D�UHDFWLRQ�VWRSV�

,&7�VLPXODWLRQ�RI�WKH�SURJUHVV�RI�D�UHDFWLRQ�VKRZLQJ�
KRZ�WKH�DPRXQW�RI�UHDFWDQW�DQG�RU�DPRXQW�RI�SURGXFW�
SUHVHQW�FKDQJHV�ZLWK�WLPH�

,QWHUSUHW�GDWD�LQ�WDEOH��JUDSKLFDO�DQG�ZULWWHQ�IRUP�
DERXW�WKH�YROXPH�RI�JDV�SURGXFHG�GXULQJ�WKH�FRXUVH�
RI�D�UHDFWLRQ��OLPLWHG�WR�PDMRU�JULG�OLQHV�RQ�JUDSKV��IRU�
H[DPSOH�
�� GHGXFH�WRWDO�YROXPH�RI�JDV�SURGXFHG
�� GHGXFH�ZKHQ�WKH�UHDFWLRQ�KDV�VWRSSHG
�� GHGXFH�YROXPH�RI�JDV�DW�D�SDUWLFXODU�WLPH�DQG�

YLFH�YHUVD
�� FRPSDUH�UDWHV�RI�UHDFWLRQ�XVLQJ�JUDGLHQWV�RI�

JUDSKV�
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0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&�H��*DV�YROXPHV

/LQNV�WR�RWKHU�LWHPV��&�D��5DWH�RI�UHDFWLRQ������&�E��5DWH�RI�UHDFWLRQ������&�F��5DWH�RI�UHDFWLRQ������&�D��
0ROHV�DQG�PRODU�PDVV��&�F��4XDQWLWDWLYH�DQDO\VLV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�DQ�H[SHULPHQWDO�PHWKRG�WR�PHDVXUH�
WKH�YROXPH�RI�JDV�SURGXFHG�LQ�D�UHDFWLRQ�JLYHQ�
DSSURSULDWH�GHWDLOV�DERXW�WKH�UHDFWLRQ�

'HVFULEH�DQ�H[SHULPHQWDO�PHWKRG�WR�PHDVXUH�WKH�
PDVV�RI�JDV�SURGXFHG�LQ�D�UHDFWLRQ�JLYHQ�DSSURSULDWH�
GHWDLOV�DERXW�WKH�UHDFWLRQ�

8QGHUVWDQG�KRZ�WKH�DPRXQW�RI�SURGXFW�IRUPHG�YDULHV�
ZLWK�WKH�DPRXQW�RI�OLPLWLQJ�UHDFWDQW�XVHG�
5HFDOO�WKDW�WKH�OLPLWLQJ�UHDFWDQW�LV�WKH�UHDFWDQW�QRW�LQ�
H[FHVV�WKDW�LV�DOO�XVHG�XS�DW�WKH�HQG�RI�WKH�UHDFWLRQ�
([SODLQ�ZK\�D�UHDFWLRQ�VWRSV�LQ�WHUPV�RI�WKH�OLPLWLQJ�
UHDFWDQW�SUHVHQW�JLYHQ�DSSURSULDWH�TXDOLWDWLYH�
LQIRUPDWLRQ�DERXW�WKH�UHDFWLRQ�

([SODLQ�LQ�WHUPV�RI�UHDFWLQJ�SDUWLFOHV�ZK\�WKH�DPRXQW�
RI�SURGXFW�IRUPHG�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�
DPRXQW�RI�OLPLWLQJ�UHDFWDQW�XVHG��
&DOFXODWH�WKH�YROXPH�RI�D�NQRZQ�QXPEHU�RI�PROHV�RI�
JDV�JLYHQ�WKH�PRODU�JDV�YROXPH�RI����GP��DW�URRP�
WHPSHUDWXUH�DQG�SUHVVXUH��UWS��
&DOFXODWH�WKH�DPRXQW�LQ�PROHV�RI�D�YROXPH�RI�JDV�DW�
UWS�JLYHQ�WKH�PRODU�JDV�YROXPH�DW�UWS�

,QWHUSUHW�GDWD�LQ�WDEOH��JUDSKLFDO�DQG�ZULWWHQ�IRUP�
DERXW�WKH�YROXPH�RI�JDV�SURGXFHG�GXULQJ�WKH�FRXUVH�
RI�D�UHDFWLRQ��QRW�PDMRU�JULG�OLQHV��IRU�H[DPSOH�
�� GHGXFH�WRWDO�YROXPH�RI�JDV�SURGXFHG
�� GHGXFH�ZKHQ�WKH�UHDFWLRQ�KDV�VWRSSHG
�� GHGXFH�YROXPH�RI�JDV�DW�D�SDUWLFXODU�WLPH�DQG�

YLFH�YHUVD
�� GHGXFH�WKH�YROXPH�RI�JDV�SURGXFHG�ZLWK�GLIIHUHQW�

DPRXQWV�RI�OLPLWLQJ�UHDFWDQW�

6NHWFK�D�JUDSK�WR�VKRZ�KRZ�WKH�YROXPH�RI�JDV�
SURGXFHG�GXULQJ�WKH�FRXUVH�RI�D�UHDFWLRQ�FKDQJHV��
JLYHQ�DSSURSULDWH�GHWDLOV�DERXW�WKH�UHDFWLRQ�



�� ��2&5������*&6(�&KHPLVWU\�%

�

0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&�I��(TXLOLEULD

6XPPDU\��0DQ\�LPSRUWDQW�LQGXVWULDO�FKHPLFDO�SURFHVVHV�UHO\�RQ�UHYHUVLEOH�UHDFWLRQV�WKDW�FDQ�UHDFK�D�
FKHPLFDO�HTXLOLEULXP��7KLV�LWHP�IRFXVHV�RQ�WKH�HTXLOLEULXP�EHWZHHQ�WKH�WZR�GLUHFWLRQV�RI�D�UHYHUVLEOH�UHDFWLRQ�
DQG�RQ�WKH�QDWXUH�RI�WKH�HTXLOLEULXP�SRVLWLRQ�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HYHUVLEOH�UHDFWLRQV�EHWZHHQ�DFLGV�DQG�DONDOLV�XVLQJ�
DQ�LQGLFDWRU�
5HYHUVLEOH�UHDFWLRQV�EHWZHHQ�FKURPDWH�DQG�
GLFKURPDWH�
'HPRQVWUDWLRQ�RI�WKH�UHDFWLRQ�RI�%L&O��LQ�
FRQFHQWUDWHG�+&O�ZLWK�ZDWHU�

8QGHUVWDQG�WKDW�D�UHYHUVLEOH�UHDFWLRQ�FDQ�SURFHHG�LQ�
ERWK�GLUHFWLRQV��ERWK�IRUZDUGV�DQG�EDFNZDUGV�

5HFDOO�WKDW�WKH�V\PERO� �LV�XVHG�WR�VKRZ�WKDW�D�
UHDFWLRQ�LV�UHYHUVLEOH�
5HFRJQLVH��JLYHQ�WKH�ZRUG�RU�EDODQFHG�V\PERO�
HTXDWLRQV��UHDFWLRQV�WKDW�DUH�UHYHUVLEOH�

,QWHUSUHW�GDWD�LQ�WKH�IRUP�RI�WDEOHV�RU�JUDSKV��XVLQJ�
PDMRU�JULG�OLQHV��DERXW�WKH�HTXLOLEULXP�FRPSRVLWLRQ��
IRU�H[DPSOH�
�� FRPSRVLWLRQ�DW�SDUWLFXODU�WHPSHUDWXUHV
�� FRPSRVLWLRQ�DW�SDUWLFXODU�SUHVVXUHV
�� HIIHFW�RI�WHPSHUDWXUH�DQG�SUHVVXUH�RQ�

FRPSRVLWLRQ�

6KRZ�D�YLGHR�DERXW�&RQWDFW�3URFHVV� 5HFDOO�WKH�UDZ�PDWHULDOV�XVHG�WR�PDNH�VXOIXULF�DFLG�
E\�WKH�&RQWDFW�3URFHVV�
�� VXOIXU
�� DLU
�� ZDWHU�
'HVFULEH�WKH�PDQXIDFWXUH�RI�VXOIXULF�DFLG�
�� VXOIXU�LV�EXUQW�WR�SURGXFH�VXOIXU�GLR[LGH
�� VXOIXU�GLR[LGH�UHDFWV�ZLWK�R[\JHQ�WR�SURGXFH�

VXOIXU�WULR[LGH
�� VXOIXU�WULR[LGH�UHDFWV�ZLWK�ZDWHU�WR�SURGXFH�

VXOIXULF�DFLG�
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0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&�I��(TXLOLEULD

/LQNV�WR�RWKHU�LWHPV��&�H��0DQXIDFWXULQJ�FKHPLFDOV��PDNLQJ�DPPRQLD��&�D��5DWH�RI�UHDFWLRQ������&�E��5DWH�
RI�UHDFWLRQ������&�F��5DWH�RI�UHDFWLRQ����

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�LQ�D�UHYHUVLEOH�UHDFWLRQ�DW�HTXLOLEULXP�
�� WKH�UDWH�RI�WKH�IRUZDUG�UHDFWLRQ�HTXDOV�WKH�UDWH�RI�

WKH�EDFNZDUG�UHDFWLRQ
�� WKH�FRQFHQWUDWLRQV�RI�WKH�UHDFWDQWV�DQG�WKH�

SURGXFWV�GR�QRW�FKDQJH�
8QGHUVWDQG�KRZ�WKH�SRVLWLRQ�RI�HTXLOLEULXP�LV�UHODWHG�
WR�WKH�UDWLR�RI�WKH�FRQFHQWUDWLRQ�RI�WKH�SURGXFWV�WR�WKH�
FRQFHQWUDWLRQ�RI�WKH�UHDFWDQWV�

([SODLQ�ZK\�D�UHYHUVLEOH�UHDFWLRQ�PD\�UHDFK�DQ�
HTXLOLEULXP�
�� LPSRUWDQFH�RI�D�FORVHG�V\VWHP
�� LQLWLDOO\�UDWH�RI�IRUZDUG�UHDFWLRQ�GHFUHDVHV
�� LQLWLDOO\�UDWH�RI�EDFNZDUG�UHDFWLRQ�LQFUHDVHV
�� HYHQWXDOO\�UDWH�RI�IRUZDUG�HTXDOV�UDWH�RI�EDFNZDUG�

UHDFWLRQ�

5HFDOO�WKDW�D�FKDQJH�LQ�WHPSHUDWXUH��SUHVVXUH�RU�
FRQFHQWUDWLRQ�RI�UHDFWDQW�RU�SURGXFW�PD\�FKDQJH�WKH�
SRVLWLRQ�RI�HTXLOLEULXP�
,QWHUSUHW�GDWD�LQ�WKH�IRUP�RI�WDEOHV�RU�JUDSKV�DERXW�
WKH�HTXLOLEULXP�FRPSRVLWLRQ��IRU�H[DPSOH�
�� FRPSRVLWLRQ�DW�SDUWLFXODU�WHPSHUDWXUHV
�� FRPSRVLWLRQ�DW�SDUWLFXODU�SUHVVXUHV
�� HIIHFW�RI�WHPSHUDWXUH�DQG�SUHVVXUH�RQ�

FRPSRVLWLRQ�

8QGHUVWDQG�LQ�VLPSOH�TXDOLWDWLYH�WHUPV�IDFWRUV�WKDW�
DIIHFW�WKH�SRVLWLRQ�RI�HTXLOLEULXP�
�� UHPRYLQJ�D�SURGXFW�PRYHV�WKH�SRVLWLRQ�RI�

HTXLOLEULXP�WR�WKH�ULJKW�RU�YLFH�YHUVD
�� DGGLQJ�H[WUD�UHDFWDQW�PRYHV�WKH�SRVLWLRQ�RI�

HTXLOLEULXP�WR�WKH�ULJKW�RU�YLFH�YHUVD
�� LQFUHDVLQJ�WKH�WHPSHUDWXUH�PRYHV�WKH�SRVLWLRQ�

RI�HTXLOLEULXP�LQ�WKH�GLUHFWLRQ�RI�WKH�HQGRWKHUPLF�
UHDFWLRQ�RU�YLFH�YHUVD

�� LQFUHDVLQJ�WKH�SUHVVXUH�PRYHV�WKH�SRVLWLRQ�RI�
HTXLOLEULXP�WR�WKH�VLGH�ZLWK�WKH�OHDVW�QXPEHU�RI�
PROHV�RI�JDV�PROHFXOHV�RU�YLFH�YHUVD�

([SODLQ�WKH�HIIHFW�RI�FKDQJLQJ�SURGXFW�FRQFHQWUDWLRQ��
UHDFWDQW�FRQFHQWUDWLRQ��WHPSHUDWXUH�RU�SUHVVXUH�RQ�
WKH�SRVLWLRQ�RI�HTXLOLEULXP�JLYHQ�DSSURSULDWH�GHWDLOV�
DERXW�D�UHDFWLRQ�

8QGHUVWDQG�WKDW�WKH�UHDFWLRQ�EHWZHHQ�VXOIXU�GLR[LGH�
DQG�R[\JHQ�LV�UHYHUVLEOH�

�� VXOIXU�GLR[LGH���R[\JHQ� �VXOIXU�WULR[LGH
�� �62��J����2��J�� ��62��J�
'HVFULEH�WKH�FRQGLWLRQV�XVHG�LQ�WKH�&RQWDFW�3URFHVV�
�� 9�2��FDWDO\VW
�� DURXQG�����&
�� DWPRVSKHULF�SUHVVXUH�

([SODLQ�WKH�FRQGLWLRQV�XVHG�LQ�WKH�&RQWDFW�3URFHVV�
�� LQFUHDVLQJ�WKH�WHPSHUDWXUH�PRYHV�WKH�SRVLWLRQ�

RI�HTXLOLEULXP�WR�WKH�OHIW�DQG�LQFUHDVHV�UDWH�RI�
UHDFWLRQ�VR�D�FRPSURPLVH�WHPSHUDWXUH�LV�XVHG

�� DGGLWLRQ�RI�FDWDO\VW�LQFUHDVHV�UDWH�EXW�GRHV�QRW�
FKDQJH�SRVLWLRQ�RI�HTXLOLEULXP

�� HYHQ�DW�ORZ�SUHVVXUH��WKH�SRVLWLRQ�RI�HTXLOLEULXP�
LV�DOUHDG\�RQ�ULJKW�VR�H[SHQVLYH�KLJK�SUHVVXUH�LV�
QRW�QHHGHG�
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0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&�J��6WURQJ�DQG�ZHDN�DFLGV

6XPPDU\��:HDN�DFLGV�DUH�RI�HQRUPRXV�LPSRUWDQFH�LQ�VLWXDWLRQV�ZKHUH�ZH�ZDQW�DQ�DFLG�UHDFWLRQ�ZLWKRXW�WKH�
DJJUHVVLYH�HIIHFWV�RI�D�YHU\�ORZ�S+��7KLV�LWHP�FRPSDUHV�WKH�UHDFWLRQV�DQG�SURSHUWLHV�RI�HWKDQRLF�DFLG��D�ZHDN�
DFLG�ZLWK�K\GURFKORULF�DFLG�D�VWURQJ�DFLG�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

0HDVXUH�WKH�S+�YDOXHV�RI�VWURQJ�DQG�ZHDN�DFLGV�RI�
WKH�VDPH�FRQFHQWUDWLRQV�

5HFDOO�WKDW�HWKDQRLF�DFLG�LV�D�ZHDN�DFLG�
5HFDOO�WKDW�K\GURFKORULF��QLWULF�DQG�VXOIXULF�DFLGV�DUH�
VWURQJ�DFLGV�
8QGHUVWDQG�WKDW�VWURQJ�DFLGV�KDYH�D�ORZHU�S+�WKDQ�
ZHDN�DFLGV�RI�WKH�VDPH�FRQFHQWUDWLRQ�

&RPSDUH�WKH�UDWH�RI�UHDFWLRQ�RI�����PRO�GP��
K\GURFKORULF�DFLG�DQG�����PRO�GP��HWKDQRLF�DFLG�ZLWK�
FDOFLXP�FDUERQDWH�DQG�PDJQHVLXP�

5HFDOO�WKDW�ERWK�HWKDQRLF�DFLG�DQG�K\GURFKORULF�DFLG�
UHDFW�ZLWK�PDJQHVLXP�WR�JLYH�K\GURJHQ�DQG�ZLWK�
FDOFLXP�FDUERQDWH�WR�JLYH�FDUERQ�GLR[LGH�
5HFDOO�WKDW�PDJQHVLXP�DQG�FDOFLXP�FDUERQDWH�UHDFW�
VORZHU�ZLWK�HWKDQRLF�DFLG�WKDQ�ZLWK�K\GURFKORULF�DFLG�
RI�WKH�VDPH�FRQFHQWUDWLRQ�EHFDXVH�HWKDQRLF�DFLG�LV�D�
ZHDN�DFLG�

,QYHVWLJDWH�WKH�YROXPHV�RI�JDV�SURGXFHG�ZKHQ�
HTXDO�DPRXQWV�RI�VWURQJ�DQG�ZHDN�DFLGV�UHDFW�ZLWK�D�
VXEVWDQFH�VXFK�DV�PDJQHVLXP�RU�ZLWK�PDUEOH�FKLSV�

8QGHUVWDQG�WKDW�WKH�VDPH�DPRXQW�RI�K\GURFKORULF�
DQG�RI�HWKDQRLF�DFLG�SURGXFH�WKH�VDPH�YROXPH�RI�
JDVHRXV�SURGXFWV�LQ�WKHLU�UHDFWLRQ�ZLWK�PDJQHVLXP�
DQG�FDOFLXP�FDUERQDWH�

&RPSDULVRQ�RI�WKH�HOHFWULFDO�FRQGXFWLYLWLHV�DQG�
HOHFWURO\VLV�RI�VWURQJ�DQG�ZHDN�DFLGV�

8QGHUVWDQG�WKDW�HWKDQRLF�DFLG�KDV�D�ORZHU�HOHFWULFDO�
FRQGXFWLYLW\�WKDQ�K\GURFKORULF�DFLG�RI�WKH�VDPH�
FRQFHQWUDWLRQ�
5HFDOO�WKDW�HOHFWURO\VLV�RI�ERWK�HWKDQRLF�DFLG�DQG�
K\GURFKORULF�DFLG�PDNHV�K\GURJHQ�DW�WKH�QHJDWLYH�
HOHFWURGH�
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0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&�J��6WURQJ�DQG�ZHDN�DFLGV

/LQNV�WR�RWKHU�LWHPV��&�I��$FLGV�DQG�EDVHV��&�D��5DWH�RI�UHDFWLRQ������&�E��5DWH�RI�UHDFWLRQ������&�F��5DWH�RI�
UHDFWLRQ����

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�DQ�DFLG�LRQLVHV�LQ�ZDWHU�WR�SURGXFH�
+��LRQV�
8QGHUVWDQG�WKDW�D�VWURQJ�DFLG�FRPSOHWHO\�LRQLVHV�LQ�
ZDWHU�DQG�D�ZHDN�DFLG�GRHV�QRW�IXOO\�LRQLVH�DQG�IRUPV�
DQ�HTXLOLEULXP�PL[WXUH�

([SODLQ�ZK\�WKH�S+�RI�D�ZHDN�DFLG�LV�PXFK�
KLJKHU�WKDQ�WKH�S+�RI�D�VWURQJ�DFLG�RI�WKH�VDPH�
FRQFHQWUDWLRQ�
([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�DFLG�VWUHQJWK�DQG�DFLG�
FRQFHQWUDWLRQ�
�� DFLG�VWUHQJWK��VWURQJ�RU�ZHDN��LV�D�PHDVXUH�RI�WKH�

GHJUHH�RI�LRQLVDWLRQ�RI�WKH�DFLG
�� DFLG�FRQFHQWUDWLRQ�LV�D�PHDVXUH�RI�WKH�QXPEHU�RI�

PROHV�RI�DFLG�LQ�RQH�GP��
&RQVWUXFW�HTXDWLRQV�IRU�WKH�LRQLVDWLRQ�RI�ZHDN�DQG�
VWURQJ�DFLGV�JLYHQ�WKH�IRUPXOD�RI�WKH�PRQR�EDVLF�
DFLG��

([SODLQ�ZK\�HWKDQRLF�DFLG�UHDFWV�VORZHU�WKDQ�
K\GURFKORULF�DFLG�RI�WKH�VDPH�FRQFHQWUDWLRQ��
�� WKHUH�DUH�IHZHU�K\GURJHQ�LRQV�LQ�HWKDQRLF�DFLG
�� LQ�HWKDQRLF�DFLG�WKHUH�DUH�IHZHU�FROOLVLRQV�

EHWZHHQ�K\GURJHQ�LRQV�DQG�UHDFWDQW�SDUWLFOHV��

([SODLQ�ZK\�HWKDQRLF�DFLG�UHDFWV�VORZHU�WKDQ�
K\GURFKORULF�DFLG�RI�WKH�VDPH�FRQFHQWUDWLRQ�
�� HWKDQRLF�DFLG�KDV�D�ORZHU�FRQFHQWUDWLRQ�RI�

K\GURJHQ�LRQV
�� LQ�HWKDQRLF�DFLG�WKH�K\GURJHQ�LRQV�KDYH�D�ORZHU�

FROOLVLRQ�IUHTXHQF\�ZLWK�UHDFWDQW�SDUWLFOHV�

([SODLQ�ZK\�WKH�YROXPH�RI�JDVHRXV�SURGXFWV�RI�WKH�
UHDFWLRQV�RI�DFLGV�LV�GHWHUPLQHG�E\�WKH�DPRXQWV�RI�
UHDFWDQWV�SUHVHQW�QRW�WKH�DFLG�VWUHQJWK�

([SODLQ�ZK\�HWKDQRLF�DFLG�LV�OHVV�FRQGXFWLYH�WKDQ�
K\GURFKORULF�DFLG�RI�WKH�VDPH�FRQFHQWUDWLRQ�
�� WKHUH�DUH�IHZHU�K\GURJHQ�LRQV�DYDLODEOH�WR�PRYH�
([SODLQ�ZK\�K\GURJHQ�LV�SURGXFHG�GXULQJ�WKH�
HOHFWURO\VLV�RI�HWKDQRLF�DFLG�DQG�RI�K\GURFKORULF�DFLG�

([SODLQ�ZK\�HWKDQRLF�DFLG�LV�OHVV�FRQGXFWLYH�WKDQ�
K\GURFKORULF�DFLG�RI�WKH�VDPH�FRQFHQWUDWLRQ�
�� ORZHU�FRQFHQWUDWLRQ�RI�K\GURJHQ�LRQV�WR�FDUU\�WKH�

FKDUJH�LQ�HWKDQRLF�DFLG�



��� ��2&5������*&6(�&KHPLVWU\�%

�

0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&�K��,RQLF�HTXDWLRQV�DQG�SUHFLSLWDWLRQ

6XPPDU\��3UHFLSLWDWLRQ�LV�D�SURFHVV�XVHG�WR�WHVW�IRU�LRQV�LQ�VROXWLRQV��,Q�WKLV�LWHP�ZH�H[SORUH�VHYHUDO�
SUHFLSLWDWLRQ�UHDFWLRQV�DQG�WKH�DVVRFLDWHG�FRQFHSW�RI�LRQLF�HTXDWLRQV��7KLV�SURYLGHV�WKH�RSSRUWXQLW\�WR�DSSO\�
VFLHQWL¿F�LQIRUPDWLRQ�XVLQJ�TXDQWLWDWLYH�DSSURDFKHV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�VLPSOH�SUHFLSLWDWLRQ�UHDFWLRQV�
�� &O±��%U±�DQG�,±�ZLWK�3E�12����DT�
�� 62�

�±�ZLWK�%D&O��DT��

'HVFULEH�D�SUHFLSLWDWLRQ�UHDFWLRQ�
8QGHUVWDQG�WKDW�PRVW�SUHFLSLWDWLRQ�UHDFWLRQV�LQYROYH�
LRQV�IURP�RQH�VROXWLRQ�UHDFWLQJ�ZLWK�LRQV�IURP�DQRWKHU�
VROXWLRQ�

'HVFULEH�KRZ�OHDG�QLWUDWH�VROXWLRQ�FDQ�EH�XVHG�WR�WHVW�
IRU�KDOLGH�LRQV�
�� ZKLWH�SUHFLSLWDWH�ZLWK�&O±

�� FUHDP�SUHFLSLWDWH�ZLWK�%U±

�� EULJKW�\HOORZ�SUHFLSLWDWH�ZLWK�,±�
'HVFULEH�KRZ�EDULXP�FKORULGH�VROXWLRQ�FDQ�EH�XVHG�WR�
WHVW�IRU�VXOIDWH�LRQV��IRUP�D�ZKLWH�SUHFLSLWDWH��

,GHQWLI\�WKH�UHDFWDQWV�DQG�WKH�SURGXFWV�IURP�DQ�LRQLF�
HTXDWLRQ�
5HFRJQLVH�DQG�XVH�WKH�VWDWH�V\PEROV��DT����V����J��
DQG��O��

3UHSDUDWLRQ�RI�DQ�LQVROXEOH�VDOW�XVLQJ�SUHFLSLWDWLRQ��
H�J��OHDG�,,��LRGLGH�RU�PDJQHVLXP�FDUERQDWH�

/DEHO�WKH�DSSDUDWXV�XVHG�GXULQJ�WKH�SUHSDUDWLRQ�RI�
DQ�LQVROXEOH�FRPSRXQG�E\�SUHFLSLWDWLRQ�
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0RGXOH�&���+RZ�0XFK"��4XDQWLWDWLYH�$QDO\VLV�
,WHP�&�K��,RQLF�HTXDWLRQV�DQG�SUHFLSLWDWLRQ

/LQNV�WR�RWKHU�LWHPV��&�H��7KH�*URXS���HOHPHQWV��&�I��7UDQVLWLRQ�HOHPHQWV��&�K��3XULI\LQJ�DQG�WHVWLQJ�ZDWHU��
&�D��(OHFWURO\VLV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�LRQLF�VXEVWDQFHV�FRQWDLQ�LRQV�ZKLFK�
DUH�LQ�¿[HG�SRVLWLRQV�LQ�WKH�VROLG�EXW�FDQ�PRYH�LQ�
VROXWLRQ�
8QGHUVWDQG�WKDW�LQ�D�SUHFLSLWDWLRQ�UHDFWLRQ�LRQV�PXVW�
FROOLGH�ZLWK�RWKHU�LRQV�WR�UHDFW�WR�IRUP�D�SUHFLSLWDWH�

([SODLQ��LQ�WHUPV�RI�FROOLVLRQV�EHWZHHQ�LRQV��ZK\�PRVW�
SUHFLSLWDWLRQ�UHDFWLRQV�DUH�H[WUHPHO\�IDVW�

,QWHUSUHW�H[SHULPHQWDO�GDWD�DERXW�WKH�WHVWLQJ�RI�
VROXWLRQV�XVLQJ�DTXHRXV�EDULXP�FKORULGH�DQG�
DTXHRXV�OHDG�QLWUDWH�

&RQVWUXFW�ZRUG�HTXDWLRQV�IRU�VLPSOH�SUHFLSLWDWLRQ�
UHDFWLRQV�H�J��IRU�WKH�UHDFWLRQ�EHWZHHQ�VROXWLRQV�RI�
EDULXP�FKORULGH�DQG�VRGLXP�VXOIDWH��SURGXFWV�QRW�
JLYHQ��

&RQVWUXFW�LRQLF�HTXDWLRQV��ZLWK�VWDWH�V\PEROV��IRU�
VLPSOH�SUHFLSLWDWLRQ�UHDFWLRQV��JLYHQ�WKH�IRUPXODH�RI�
WKH�LRQV�WKDW�UHDFW�
([SODLQ�WKH�FRQFHSW�RI�µVSHFWDWRU�LRQV¶�

'HVFULEH�WKH�VWDJHV�LQYROYHG�LQ�WKH�SUHSDUDWLRQ�RI�D�
GU\�VDPSOH�RI�DQ�LQVROXEOH�FRPSRXQG�E\�SUHFLSLWDWLRQ�
JLYHQ�WKH�QDPHV�RI�WKH�UHDFWDQWV�
�� PL[�VROXWLRQV�RI�UHDFWDQWV
�� ¿OWUDWLRQ
�� ZDVK�DQG�GU\�UHVLGXH�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

6XPPDU\��7KURXJKRXW�WKH�VWXG\�RI�FKHPLVWU\�LQ�*&6(�VFLHQFH�WKHUH�DUH�D�QXPEHU�RI�LGHDV�DQG�FRQFHSWV�
WKDW�DUH�IXQGDPHQWDO��7KHVH�LGHDV�DQG�FRQFHSWV�KDYH�QRW�EHHQ�SXW�LQWR�D�SDUWLFXODU�LWHP�EXW�VKRXOG�SHUPHDWH�
WKURXJK�DOO�WKH�*&6(�&KHPLVWU\�0RGXOHV�&��WR�&���

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�LQ�D�FKHPLFDO�UHDFWLRQ�UHDFWDQWV�DUH�
FKDQJHG�LQWR�SURGXFWV�
5HFRJQLVH�WKH�UHDFWDQWV�DQG�SURGXFWV�LQ�D�ZRUG�
HTXDWLRQ�
&RQVWUXFW�ZRUG�HTXDWLRQV�JLYHQ�WKH�UHDFWDQWV�DQG�
SURGXFWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�WKH�UHDFWDQWV�DQG�WKH�SURGXFWV�LQ�D�
V\PERO�HTXDWLRQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

'HGXFH�WKH�QXPEHU�RI�HOHPHQWV�LQ�D�FRPSRXQG�JLYHQ�
LWV�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�QR�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�IRUPXOD�ZLWK�QR�EUDFNHWV�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�VXEVWDQFH�LV�DQ�HOHPHQW�RU�D�
FRPSRXQG�IURP�LWV�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

8QGHUVWDQG�WKDW�D�PROHFXOH�LV�PDGH�XS�RI�PRUH�WKDQ�
RQH�DWRP�MRLQHG�WRJHWKHU�
8QGHUVWDQG�WKDW�D�PROHFXODU�IRUPXOD�VKRZV�WKH�
QXPEHUV�DQG�W\SHV�RI�DWRP�LQ�D�PROHFXOH�
'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QDPHV�RI�WKH�GLIIHUHQW�HOHPHQWV�LQ�D�
FRPSRXQG�JLYHQ�LWV�GLVSOD\HG�IRUPXOD�
'HGXFH�WKH�QXPEHU�RI�HDFK�GLIIHUHQW�W\SH�RI�DWRP�LQ�
D�GLVSOD\HG�IRUPXOD�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFRJQLVH�ZKHWKHU�D�SDUWLFOH�LV�DQ�DWRP��PROHFXOH�RU�
LRQ�JLYHQ�LWV�IRUPXOD�
8QGHUVWDQG�WKDW�DWRPV�FRQWDLQ�VPDOOHU�SDUWLFOHV�RQH�
RI�ZKLFK�LV�D�QHJDWLYH�HOHFWURQ�

7KHVH�OHDUQLQJ�RXWFRPHV�DUH�LQWHQGHG�WR�EH�WDXJKW�
WKURXJKRXW�WKLV�VSHFL¿FDWLRQ�

5HFDOO�WKDW�WZR�W\SHV�RI�FKHPLFDO�ERQG�KROGLQJ�DWRPV�
WRJHWKHU�DUH�
�� LRQLF�ERQGV
�� FRYDOHQW�ERQGV�

���� 0RGXOH�&���&KHPLVWU\�2XW�7KHUH
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&���)XQGDPHQWDO�&KHPLFDO�&RQFHSWV

/LQNV�WR�RWKHU�PRGXOHV��&��WR�&��

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

&RQVWUXFW�ZRUG�HTXDWLRQV��QRW�DOO�UHDFWDQWV�DQG�
SURGXFWV�JLYHQ��

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��QR�EUDFNHWV��RI�WKH�UHDFWDQWV�DQG�SURGXFWV�
([SODLQ�ZK\�D�V\PERO�HTXDWLRQ�LV�EDODQFHG�

&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
IRUPXODH��VRPH�RU�DOO�ZLWK�EUDFNHWV��RI�WKH�UHDFWDQWV�
DQG�SURGXFWV�
&RQVWUXFW�EDODQFHG�V\PERO�HTXDWLRQV�JLYHQ�WKH�
QDPHV�RI�WKH�UHDFWDQWV�DQG�SURGXFWV��OLPLWHG�WR�WKH�
OHDUQLQJ�RXWFRPHV�LQ�&���

'HGXFH�WKH�QXPEHU�RI�DWRPV�LQ�D�IRUPXOD�ZLWK�
EUDFNHWV�
'HGXFH�WKH�QXPEHU�RI�HDFK�W\SH�RI�GLIIHUHQW�DWRP�LQ�
D�IRUPXOD�ZLWK�EUDFNHWV�
5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� FKORULQH��K\GURJHQ��R[\JHQ�DQG�ZDWHU
�� FDOFLXP�FDUERQDWH�DQG�FDUERQ�GLR[LGH
�� HWKDQRLF�DFLG�

5HFDOO�WKH�IRUPXOD�RI�WKH�IROORZLQJ�VXEVWDQFHV�
�� VXOIDWHV�DQG�FKORULGHV�RI�FDOFLXP��LURQ�,,���

PDJQHVLXP��WLQ�,,��DQG�]LQF
�� FDOFLXP�K\GURJHQFDUERQDWH�DQG�VRGLXP�

FDUERQDWH
�� HWKDQRO�DQG�JOXFRVH�

8QGHUVWDQG�WKDW�D�GLVSOD\HG�IRUPXOD�VKRZV�ERWK�WKH�
DWRPV�DQG�WKH�ERQGV�LQ�D�PROHFXOH�
:ULWH�WKH�PROHFXODU�IRUPXOD�RI�D�FRPSRXQG�JLYHQ�LWV�
GLVSOD\HG�IRUPXOD�

&RQVWUXFW�EDODQFHG�HTXDWLRQV�XVLQJ�GLVSOD\HG�
IRUPXODH�

8QGHUVWDQG�WKDW�SRVLWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�ORVW�IURP�DWRPV�
8QGHUVWDQG�WKDW�QHJDWLYH�LRQV�DUH�IRUPHG�ZKHQ�
HOHFWURQV�DUH�JDLQHG�E\�DWRPV�
8QGHUVWDQG�WKDW�DQ�LRQLF�ERQG�LV�WKH�DWWUDFWLRQ�
EHWZHHQ�D�SRVLWLYH�LRQ�DQG�D�QHJDWLYH�LRQ�
8QGHUVWDQG�WKDW�D�FRYDOHQW�ERQG�LV�D�VKDUHG�SDLU�RI�
HOHFWURQV��

([SODLQ�KRZ�DQ�LRQLF�ERQG�LV�IRUPHG�
([SODLQ�KRZ�D�FRYDOHQW�ERQG�LV�IRUPHG�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�D��(OHFWURO\VLV

6XPPDU\��6RPH�LQGXVWULDO�SURFHVVHV�LQYROYH�HOHFWURO\VLV��7KLV�LWHP�GHVFULEHV�KRZ�LW�LV�SRVVLEOH�WR�SUHGLFW�
WKH�SURGXFWV�RI�HOHFWURO\VLV��,W�H[SODLQV�KRZ�LW�LV�SRVVLEOH�WR�SUHGLFW�WKH�DPRXQW�RI�SURGXFW�IRUPHG�GXULQJ�
HOHFWURO\VLV�DQG�SURYLGHV�WKH�RSSRUWXQLW\�WR�SODQ�WR�WHVW�D�VFLHQWL¿F�LGHD��3UHGLFWLQJ�WKH�RXWFRPH�RI�WKH�
HOHFWURO\VLV�RI�PROWHQ�OHDG�EURPLGH�LOOXVWUDWHV�WKH�XVH�RI�VFLHQWL¿F�PRGHOOLQJ�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'HVFULEH�HOHFWURO\VLV�DV�WKH�GHFRPSRVLWLRQ�RI�D�OLTXLG�
E\�SDVVLQJ�DQ�HOHFWULF�FXUUHQW�WKURXJK�LW�
5HFDOO�WKH�DQRGH�LV�WKH�SRVLWLYH�HOHFWURGH�DQG�WKH�
FDWKRGH�LV�WKH�QHJDWLYH�HOHFWURGH�
5HFDOO�WKDW�FDWLRQV�DUH�SRVLWLYHO\�FKDUJHG�DQG�DQLRQV�
DUH�QHJDWLYHO\�FKDUJHG�
'HVFULEH�WKH�HOHFWURO\WH�DV�WKH�OLTXLG�ZKLFK�FRQGXFWV�
HOHFWULFLW\�DQG�LV�GHFRPSRVHG�GXULQJ�HOHFWURO\VLV�
5HFRJQLVH�DQLRQV�DQG�FDWLRQV�IURP�WKHLU�IRUPXOD�

&ODVV�LQYHVWLJDWLRQ�WR�LGHQWLI\�WKH�SURGXFWV�RI�
HOHFWURO\VLV�RI�DTXHRXV�VROXWLRQV�VXFK�DV�
1D2+�DT��DQG�+�62��DT��

,GHQWLI\�WKH�DSSDUDWXV�QHHGHG�WR�HOHFWURO\VH�DTXHRXV�
VROXWLRQV�LQ�D�VFKRRO�ODERUDWRU\�
�� DQRGH��FDWKRGH��G�F��SRZHU�VXSSO\�
5HFRJQLVH�WKDW�SRVLWLYH�LRQV�GLVFKDUJH�DW�WKH�
QHJDWLYH�HOHFWURGH�DQG�QHJDWLYH�LRQV�DW�WKH�SRVLWLYH�
HOHFWURGH�
'HVFULEH�WKH�FKHPLFDO�WHVWV�IRU�K\GURJHQ�DQG�R[\JHQ�
�� K\GURJHQ�EXUQV�ZLWK�D�µSRS¶�ZKHQ�OLW�XVLQJ�D�

OLJKWHG�VSOLQW
�� R[\JHQ�UHOLJKWV�D�JORZLQJ�VSOLQW�

&ODVV�SUDFWLFDO�±�WKH�HOHFWURO\VLV�RI�FRSSHU�,,��
VXOIDWH�XVLQJ�FDUERQ�HOHFWURGHV�HLWKHU�TXDOLWDWLYH�RU�
TXDQWLWDWLYH�
8VH�RI�+RIIPDQQ�YROWDPHWHU�WR�LQYHVWLJDWH�WKH�HIIHFW�
RI�FXUUHQW�DQG�WLPH�RQ�WKH�YROXPH�RI�R[\JHQ�DQG�RU�
K\GURJHQ�SURGXFHG�

'HVFULEH�WKH�REVHUYDWLRQV�RI�WKH�HOHFWURO\VLV�RI�
FRSSHU�,,��VXOIDWH�VROXWLRQ�XVLQJ�FDUERQ�HOHFWURGHV�
�� WKH�FDWKRGH�JHWV�SODWHG�ZLWK�FRSSHU�DQG�EXEEOHV�

DUH�IRUPHG�DW�WKH�DQRGH
�� EOXH�FRORXU�ZLOO�VORZO\�GLVDSSHDU�
5HFDOO�WKH�IDFWRUV�WKDW�DIIHFW�WKH�DPRXQW�RI�VXEVWDQFH�
SURGXFHG�GXULQJ�HOHFWURO\VLV�
�� WLPH
�� FXUUHQW�

)XPH�FXSERDUG�GHPRQVWUDWLRQ�RI�WKH�HOHFWURO\VLV�RI�
PROWHQ�3E%U��RU�3E,��

3UHGLFW�WKH�SURGXFWV�RI�HOHFWURO\WLF�GHFRPSRVLWLRQ�RI�
WKH�PROWHQ�HOHFWURO\WHV�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�D��(OHFWURO\VLV

/LQNV�WR�RWKHU�LWHPV��&�F��0HWDOV�DQG�DOOR\V��&�K��,RQLF�HTXDWLRQV�DQG�SUHFLSLWDWLRQ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�HOHFWURO\VLV�LQ�WHUPV�RI�ÀRZ�RI�FKDUJH�
E\�PRYLQJ�LRQV�DQG�WKH�GLVFKDUJH�RI�LRQV�DW�WKH�
HOHFWURGHV�

5HFDOO�WKH�SURGXFWV�RI�WKH�HOHFWURO\VLV�RI�
�� 1D2+�DT��±�K\GURJHQ�DW�FDWKRGH�DQG�R[\JHQ�DW�

DQRGH
�� +�62��DT��±�K\GURJHQ�DW�FDWKRGH�DQG�R[\JHQ�DW�

DQRGH�

&RQVWUXFW�WKH�KDOI�HTXDWLRQV�IRU�WKH�HOHFWURGH�
SURFHVVHV�WKDW�KDSSHQ�GXULQJ�WKH�HOHFWURO\VLV�RI�
1D2+�DT��RU�+�62��DT��JLYHQ�WKH�IRUPXOD�RI�WKH�LRQV�
SUHVHQW�LQ�WKH�HOHFWURO\WH�
�� FDWKRGH�±��+�����H±�ĺ�+�

�� DQRGH�±��2+±�±��H±�ĺ�2�����+�2
([SODLQ�ZK\�WKH�HOHFWURO\VLV�RI�1D2+�DT��PDNHV�+��
UDWKHU�WKDQ�1D�DW�WKH�FDWKRGH��

5HFDOO�WKH�SURGXFWV�RI�WKH�HOHFWURO\VLV�RI�
&X62��DT��ZLWK�FDUERQ�HOHFWURGHV�
�� FRSSHU�LV�IRUPHG�DW�WKH�FDWKRGH�DQG�R[\JHQ�DW�

WKH�DQRGH�
8QGHUVWDQG�KRZ�WKH�DPRXQW�RI�VXEVWDQFH�SURGXFHG�
GXULQJ�HOHFWURO\VLV�YDULHV�ZLWK�WLPH�DQG�FXUUHQW�

&RQVWUXFW�WKH�KDOI�HTXDWLRQV�IRU�HOHFWURGH�SURFHVVHV�
WKDW�KDSSHQ�GXULQJ�WKH�HOHFWURO\VLV�RI�&X62��DT��
XVLQJ�FDUERQ�HOHFWURGHV�
�� FDWKRGH�±�&X������H±�ĺ�&X�
�� DQRGH�±��2+±�±��H±�ĺ�2�����+�2
3HUIRUP�FDOFXODWLRQV�EDVHG�RQ�FXUUHQW��WLPH�DQG�WKH�
DPRXQW�RI�VXEVWDQFH�SURGXFHG�LQ�HOHFWURO\VLV�

([SODLQ�ZK\�DQ�LRQLF�VROLG�FDQQRW�EH�HOHFWURO\VHG�EXW�
WKH�PROWHQ�OLTXLG�FDQ�EH�HOHFWURO\VHG�
�� LRQLF�VROLG�KDV�LRQV�ZKLFK�DUH�LQ�¿[HG�SRVLWLRQV�

DQG�FDQQRW�PRYH
�� LRQV�LQ�WKH�PROWHQ�OLTXLG�FDQ�PRYH�

&RQVWUXFW�WKH�KDOI�HTXDWLRQV�IRU�WKH�HOHFWURGH�
SURFHVVHV�WKDW�KDSSHQ�GXULQJ�WKH�HOHFWURO\VLV�RI�
PROWHQ�ELQDU\�LRQLF�FRPSRXQGV�JLYHQ�WKH�IRUPXODH�RI�
WKH�LRQV�SUHVHQW�LQ�WKH�HOHFWURO\WH�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�E��(QHUJ\�WUDQVIHUV�±�IXHO�FHOOV

6XPPDU\��7KLV�LWHP�GHVFULEHV�WKH�XVH�RI�K\GURJHQ�LQ�IXHO�FHOOV��7KH�LWHP�DOVR�FRQVLGHUV�WKH�DGYDQWDJHV�RI�
IXHO�FHOOV�RYHU�WKH�XVH�RI�PRUH�FRQYHQWLRQDO�IRVVLO�IXHOV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�DQ�H[SHULPHQW�EORZLQJ�DLU�WKURXJK�D�VWUDZ�
QH[W�WR�RQH�RI�D�SDLU�RI�FRSSHU�HOHFWURGHV�GLSSHG�LQ�
EULQH�WR�SURGXFH�D�PHDVXUDEOH�SRWHQWLDO�GLIIHUHQFH�

5HFDOO�WKDW�WKH�UHDFWLRQ�EHWZHHQ�K\GURJHQ�DQG�
R[\JHQ�LV�H[RWKHUPLF�
8QGHUVWDQG�ZK\�IXHO�FHOOV�XVH�H[RWKHUPLF�UHDFWLRQV�
&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�UHDFWLRQ�EHWZHHQ�
K\GURJHQ�DQG�R[\JHQ�

&DUU\�RXW�DQ�H[SHULPHQW�WR�HOHFWURO\VH�VRGLXP�
K\GUR[LGH�DQG�WKHQ�PHDVXUH�D�SRWHQWLDO�GLIIHUHQFH�
EHWZHHQ�WKH�HOHFWURGHV��VHH�1XI¿HOG�6DPSOH�6FKHPH�
7HDFKHUV�*XLGH�,,�S�����
,QWHUQHW�UHVHDUFK�DERXW�IXHO�FHOOV�

'HVFULEH�D�IXHO�FHOO�DV�D�FHOO�VXSSOLHG�ZLWK�IXHO�DQG�
R[\JHQ�WKDW�XVHV�WKH�HQHUJ\�UHOHDVHG�IURP�WKH�
UHDFWLRQ�EHWZHHQ�WKH�IXHO�DQG�R[\JHQ�WR�SURGXFH�
HOHFWULFDO�HQHUJ\�HI¿FLHQWO\��
5HFDOO�WKDW�K\GURJHQ�LV�WKH�IXHO�LQ�D�K\GURJHQ�R[\JHQ�
IXHO�FHOO�

5HFDOO�WKDW�RQH�LPSRUWDQW�XVH�RI�IXHO�FHOOV�LV�WR�
SURYLGH�HOHFWULFDO�SRZHU�LQ�VSDFHFUDIW�

([SODLQ�ZK\�D�K\GURJHQ�R[\JHQ�IXHO�FHOO�GRHV�QRW�
IRUP�D�SROOXWLQJ�ZDVWH�SURGXFW�
5HFDOO�WKDW�WKH�FRPEXVWLRQ�RI�IRVVLO�IXHOV��VXFK�DV�
SHWURO��SURGXFH�FDUERQ�GLR[LGH�ZKLFK�KDV�EHHQ�OLQNHG�
WR�FOLPDWH�FKDQJH�DQG�JOREDO�ZDUPLQJ�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�E��(QHUJ\�WUDQVIHUV�±�IXHO�FHOOV

/LQNV�WR�RWKHU�LWHPV��&�E��8VLQJ�FDUERQ�IXHOV��&�I��(QHUJ\�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
UHDFWLRQ�EHWZHHQ�K\GURJHQ�DQG�R[\JHQ�

'UDZ�DQG�LQWHUSUHW�DQ�HQHUJ\�OHYHO�GLDJUDP�IRU�WKH�
UHDFWLRQ�EHWZHHQ�K\GURJHQ�DQG�R[\JHQ�
'UDZ�DQG�LQWHUSUHW�HQHUJ\�OHYHO�GLDJUDPV�IRU�RWKHU�
UHDFWLRQV�JLYHQ�DSSURSULDWH�LQIRUPDWLRQ�

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
RYHUDOO�UHDFWLRQ�LQ�D�K\GURJHQ�R[\JHQ�IXHO�FHOO�

([SODLQ�WKH�FKDQJHV�WKDW�WDNH�SODFH�DW�HDFK�HOHFWURGH�
LQ�D�K\GURJHQ�R[\JHQ�IXHO�FHOO�
�� FRQVWUXFW�WKH�HTXDWLRQV�IRU�WKH�HOHFWURGH�

UHDFWLRQV�JLYHQ�WKH�IRUPXOD�RI�WKH�LRQV�SUHVHQW�
DQG�WKH�SURGXFWV

�� UHGR[�UHDFWLRQV�DW�HDFK�HOHFWURGH�

/LVW�VRPH�DGYDQWDJHV�RI�XVLQJ�D�K\GURJHQ�R[\JHQ�
IXHO�FHOO�WR�SURYLGH�HOHFWULFDO�SRZHU�LQ�D�VSDFHFUDIW�
�� SURYLGHV�ZDWHU�WKDW�FDQ�EH�XVHG�E\�DVWURQDXWV
�� OLJKWZHLJKW
�� FRPSDFW
�� QR�PRYLQJ�SDUWV�

([SODLQ�WKH�DGYDQWDJHV�RI�D�K\GURJHQ�R[\JHQ�
IXHO�FHOO�RYHU�FRQYHQWLRQDO�PHWKRGV�RI�JHQHUDWLQJ�
HOHFWULFLW\�

([SODLQ�ZK\�WKH�FDU�LQGXVWU\�LV�GHYHORSLQJ�IXHO�FHOOV�
�� QR�FDUERQ�GLR[LGH�HPLVVLRQV�IURP�WKH�FDU
�� IRVVLO�IXHOV�VXFK�DV�SHWURO�DUH�QRQ�UHQHZDEOH
�� ODUJH�VRXUFH�RI�K\GURJHQ�DYDLODEOH�E\�

GHFRPSRVLQJ�ZDWHU�

([SODLQ�ZK\�WKH�XVH�RI�K\GURJHQ�R[\JHQ�IXHO�FHOOV�
ZLOO�VWLOO�SURGXFH�SROOXWLRQ�
�� IXHO�FHOOV�RIWHQ�FRQWDLQ�SRLVRQRXV�FDWDO\VWV�WKDW�

KDYH�WR�EH�GLVSRVHG�RI�DW�WKH�HQG�RI�WKH�OLIHWLPH�
RI�WKH�IXHO�FHOO

�� SURGXFWLRQ�RI�WKH�K\GURJHQ�DQG�R[\JHQ�ZLOO�
LQYROYH�WKH�XVH�RI�HQHUJ\�ZKLFK�PD\�KDYH�FRPH�
IURP�WKH�EXUQLQJ�RI�IRVVLO�IXHOV�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�F��5HGR[�UHDFWLRQV

6XPPDU\��5HGR[�LV�DQ�LPSRUWDQW�W\SH�RI�FKHPLFDO�UHDFWLRQ��([DPSOHV�RI�UHGR[�UHDFWLRQV�LQFOXGH�FRUURVLRQ�RI�
PHWDOV�DQG�HOHFWURO\VLV��7KLV�LWHP�ZLOO�GHVFULEH�UHGR[�UHDFWLRQV�XVLQJ�DQ�HOHFWURQ�WUDQVIHU�PRGHO��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

7HDFKHU�H[SRVLWLRQ�DERXW�UHGR[�UHDFWLRQV� 'HVFULEH�R[LGDWLRQ�DV�WKH�DGGLWLRQ�RI�R[\JHQ�RU�WKH�
UHDFWLRQ�RI�D�VXEVWDQFH�ZLWK�R[\JHQ�
'HVFULEH�UHGXFWLRQ�DV�WKH�UHPRYDO�RI�R[\JHQ�IURP�D�
VXEVWDQFH�

&DUU\�RXW�H[SHULPHQWV�WR�¿QG�WKH�FRQGLWLRQV�
QHFHVVDU\�IRU�UXVWLQJ�RI�LURQ�DQG�VWHHO�WR�WDNH�SODFH�

5HFDOO�WKDW�UXVWLQJ�RI�LURQ�DQG�VWHHO�UHTXLUHV�ERWK�
R[\JHQ��RU�DLU��DQG�ZDWHU�

5HVHDUFK�ZD\V�RI�UXVW�SURWHFWLRQ�
3UHYHQWLQJ�UXVWLQJ�DV�GHPRQVWUDWLRQ�RU�FODVV�SUDFWLFDO�
±�VHH�ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

/LVW�PHWKRGV�RI�SUHYHQWLQJ�UXVW�OLPLWHG�WR�
�� RLO�DQG�JUHDVH
�� SDLQW
�� JDOYDQLVLQJ
�� VDFUL¿FLDO�SURWHFWLRQ
�� DOOR\LQJ
�� WLQ�SODWH�
8QGHUVWDQG�KRZ�RLO��JUHDVH�DQG�SDLQW�SUHYHQW�LURQ�
IURP�UXVWLQJ�EHFDXVH�WKH\�VWRS�R[\JHQ�RU�ZDWHU�
UHDFKLQJ�WKH�VXUIDFH�RI�WKH�LURQ�

&DUU\�RXW�GLVSODFHPHQW�UHDFWLRQV�EHWZHHQ�PHWDOV�
DQG�PHWDO�VDOW�VROXWLRQV�OLPLWHG�WR�]LQF��PDJQHVLXP��
LURQ�DQG�WLQ�
([RWKHUPLF�PHWDO�GLVSODFHPHQW�UHDFWLRQV�±�VHH�56&�
ZHEVLWH�ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

,QWHUSUHW�REVHUYDWLRQV�PDGH�GXULQJ�GLVSODFHPHQW�
UHDFWLRQV�LQFOXGLQJ�WHPSHUDWXUH�FKDQJHV�
5HFDOO�WKH�IROORZLQJ�RUGHU�RI�UHDFWLYLW\��PRVW�WR�OHDVW��
�� PDJQHVLXP��]LQF��LURQ�DQG�WLQ�
3UHGLFW��ZLWK�D�UHDVRQ��ZKHWKHU�D�GLVSODFHPHQW�
UHDFWLRQ�ZLOO�WDNH�SODFH�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�F��5HGR[�UHDFWLRQV

/LQNV�WR�RWKHU�LWHPV��&�K��3DLQWV�DQG�SLJPHQWV��&�F��0HWDOV�DQG�DOOR\V��&�G��0DNLQJ�FDUV��&�G��7KH�
*URXS���HOHPHQWV��&�H��7KH�*URXS���HOHPHQWV��&�I��7UDQVLWLRQ�HOHPHQWV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�UHGR[�UHDFWLRQV�LQYROYH�ERWK�
R[LGDWLRQ�DQG�UHGXFWLRQ�

8QGHUVWDQG�WKDW�R[LGDWLRQ�LQYROYHV�ORVV�RI�HOHFWURQV�
DQG�UHGXFWLRQ�LQYROYHV�WKH�JDLQ�RI�HOHFWURQV�
5HFRJQLVH�DQG�XVH�WKH�WHUPV�
�� R[LGDWLRQ�DQG�UHGXFWLRQ
�� R[LGLVLQJ�DJHQW�DQG�UHGXFLQJ�DJHQW�
([SODLQ��LQ�WHUPV�RI�R[LGDWLRQ�DQG�UHGXFWLRQ��WKH�
LQWHUFRQYHUVLRQ�RI�WKH�IROORZLQJ�W\SHV�RI�V\VWHPV�
�� )H�DQG�)H��

�� )H���DQG�)H��

�� &O��DQG�&O
±

�� HOHFWURGH�UHDFWLRQV�

8QGHUVWDQG�WKDW�UXVWLQJ�RI�LURQ�LV�D�UHGR[�UHDFWLRQ�
&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�UXVWLQJ�RI�LURQ�
LURQ���R[\JHQ���ZDWHU�ĺ�K\GUDWHG�LURQ�,,,��R[LGH�

([SODLQ�ZK\�UXVWLQJ�LV�D�UHGR[�UHDFWLRQ�
�� LURQ�ORVHV�HOHFWURQV
�� R[\JHQ�JDLQV�HOHFWURQV�

([SODLQ�KRZ�JDOYDQLVLQJ�SURWHFWV�LURQ�IURP�UXVWLQJ�
�� JDOYDQLVHG�LURQ�LV�FRYHUHG�ZLWK�D�OD\HU�RI�]LQF
�� OD\HU�RI�]LQF�VWRSV�ZDWHU�DQG�R[\JHQ�IURP�

UHDFKLQJ�WKH�VXUIDFH�RI�WKH�LURQ
�� ]LQF�DOVR�DFWV�DV�D�VDFUL¿FLDO�PHWDO�

([SODLQ�KRZ�VDFUL¿FLDO�SURWHFWLRQ�SURWHFWV�LURQ�IURP�
UXVWLQJ�
�� XVH�RI�D�PHWDO�VXFK�DV�PDJQHVLXP�RU�]LQF
�� VDFUL¿FLDO�PHWDO�LV�PRUH�UHDFWLYH�WKDQ�LURQ
�� VDFUL¿FLDO�PHWDO�ZLOO�ORVH�HOHFWURQV�LQ�SUHIHUHQFH�

WR�LURQ�
([SODLQ�WKH�GLVDGYDQWDJH�RI�XVLQJ�WLQ�SODWH�DV�D�
PHDQV�RI�SURWHFWLQJ�LURQ�IURP�UXVWLQJ�
�� WLQ�RQO\�DFWV�DV�D�EDUULHU�VWRSSLQJ�ZDWHU�DQG�DLU�

UHDFKLQJ�WKH�VXUIDFH�RI�WKH�LURQ
�� ZKHQ�WKH�WLQ�OD\HU�LV�VFUDWFKHG�WKH�LURQ�ZLOO�ORVH�

HOHFWURQV�LQ�SUHIHUHQFH�WR�WLQ�DQG�VR�WKH�LURQ�UXVWV�
HYHQ�IDVWHU�WKDQ�RQ�LWV�RZQ�

(YDOXDWH�GLIIHUHQW�ZD\V�RI�UXVW�SUHYHQWLRQ�

&RQVWUXFW�ZRUG�HTXDWLRQV�IRU�GLVSODFHPHQW�UHDFWLRQV�
EHWZHHQ�PHWDOV�DQG�PHWDO�VDOW�VROXWLRQV�

&RQVWUXFW�V\PERO�HTXDWLRQV�IRU�GLVSODFHPHQW�
UHDFWLRQV�EHWZHHQ�PHWDOV�DQG�PHWDO�VDOW�VROXWLRQV�
([SODLQ�GLVSODFHPHQW�UHDFWLRQV�LQ�WHUPV�RI�R[LGDWLRQ�
DQG�UHGXFWLRQ�
�� PHWDO�LRQ�LV�UHGXFHG�E\�JDLQLQJ�HOHFWURQV
�� PHWDO�DWRP�LV�R[LGLVHG�E\�ORVLQJ�HOHFWURQV�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�G��$OFRKROV

6XPPDU\��7KHUH�LV�D�ODUJH�JURXS�RI�FRPSRXQGV�FDOOHG�DOFRKROV��(WKDQRO�LV�DQ�H[DPSOH�RI�DQ�DOFRKRO��
(WKDQRO��ZKLFK�LV�UHQHZDEOH��FDQ�SURYLGH�DQ�DOWHUQDWLYH�WR�FUXGH�RLO�DV�D�VRXUFH�RI�IXHO�DQG�RUJDQLF�
FRPSRXQGV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

8VH�RI�PROHFXODU�PRGHOV� ([SODLQ�ZK\�DOFRKROV�DUH�QRW�K\GURFDUERQV�

&DUU\�RXW�DQ�H[SHULPHQW�WR�SURGXFH�HWKDQRO�E\�
IHUPHQWDWLRQ�

5HFDOO�WKH�FRQGLWLRQV�QHHGHG�IRU�IHUPHQWDWLRQ�
�� ���±����&
�� SUHVHQFH�RI�ZDWHU
�� \HDVW�

7KH�µ:KRRVK¶�ERWWOH�GHPRQVWUDWLRQ�±�GHWDLOV�IURP�
56&�ZHEVLWH�ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

5HFDOO�WKH�PDLQ�XVHV�RI�HWKDQRO�
�� DOFRKROLF�EHYHUDJHV
�� VROYHQW��LQGXVWULDO�PHWK\ODWHG�VSLULWV�
�� IXHO�IRU�FDUV�

,&7�VLPXODWLRQ� 5HFDOO�WKDW�K\GUDWLRQ�RI�HWKHQH�SURGXFHV�HWKDQRO�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�G��$OFRKROV

/LQNV�WR�RWKHU�LWHPV��&�D��0DNLQJ�FUXGH�RLO�XVHIXO��&�E��8VLQJ�FDUERQ�IXHOV��&�J��%DWFK�RU�FRQWLQXRXV"

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKH�PROHFXODU�IRUPXOD�DQG�GLVSOD\HG�IRUPXOD�
RI�HWKDQRO�

5HFDOO�WKH�JHQHUDO�IRUPXOD�RI�DQ�DOFRKRO�
8VH�WKH�JHQHUDO�IRUPXOD�RI�DOFRKROV�WR�ZULWH�WKH�
PROHFXODU�IRUPXOD�RI�DQ�DOFRKRO�JLYHQ�WKH�QXPEHU�RI�
FDUERQ�DWRPV�LQ�RQH�PROHFXOH�RI�WKH�DOFRKRO�
'UDZ�WKH�GLVSOD\HG�IRUPXODH�RI�DOFRKROV�FRQWDLQLQJ�
XS�WR�¿YH�FDUERQ�DWRPV�

5HFDOO�WKH�ZRUG�HTXDWLRQ�IRU�IHUPHQWDWLRQ�
�� JOXFRVH�ĺ�FDUERQ�GLR[LGH���HWKDQRO

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�
IHUPHQWDWLRQ��JLYHQ�DOO�WKH�IRUPXODH��

&�+��2��ĺ��&2�����&�+�2+

'HVFULEH�KRZ�HWKDQRO�FDQ�EH�PDGH�E\�IHUPHQWDWLRQ�
�� JOXFRVH�VROXWLRQ
�� UHDFWLRQ�FDWDO\VHG�E\�HQ]\PHV�LQ�\HDVW
�� DEVHQFH�RI�R[\JHQ
�� IUDFWLRQDO�GLVWLOODWLRQ�WR�JHW�HWKDQRO�

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�
IHUPHQWDWLRQ��VRPH�RU�QR�IRUPXODH�JLYHQ��

&�+��2��ĺ��&2�����&�+�2+
([SODLQ�WKH�FRQGLWLRQV�XVHG�LQ�IHUPHQWDWLRQ�
�� WHPSHUDWXUH�WRR�ORZ�\HDVW�LQDFWLYH
�� WHPSHUDWXUH�WRR�KLJK�HQ]\PHV�LQ�\HDVW�GHQDWXUHG
�� DEVHQFH�RI�DLU�WR�SUHYHQW�IRUPDWLRQ�RI�HWKDQRLF�

DFLG�

([SODLQ�ZK\�HWKDQRO�PDGH�E\�IHUPHQWDWLRQ�LV�D�
UHQHZDEOH�IXHO�
([SODLQ�ZK\�HWKDQRO�PDGH�E\�K\GUDWLRQ�RI�HWKHQH�LV�D�
QRQ�UHQHZDEOH�IXHO�

(YDOXDWH�WKH�PHULWV�RI�WKH�WZR�PHWKRGV�RI�PDNLQJ�
HWKDQRO��IHUPHQWDWLRQ�DQG�K\GUDWLRQ��LQ�WHUPV�RI�
�� FRQGLWLRQV�XVHG
�� EDWFK�YHUVXV�FRQWLQXRXV
�� VXVWDLQDELOLW\
�� SXUL¿FDWLRQ
�� SHUFHQWDJH�\LHOG�DQG�DWRP�HFRQRP\�

'HVFULEH�KRZ�HWKDQRO�LV�SURGXFHG�IRU�LQGXVWULDO�
XVH�E\�SDVVLQJ�HWKHQH�DQG�VWHDP�RYHU�D�KHDWHG�
SKRVSKRULF�DFLG�FDWDO\VW�

&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�K\GUDWLRQ�RI�
HWKHQH�

HWKHQH���ZDWHU�ĺ�HWKDQRO

&RQVWUXFW�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�WKH�
K\GUDWLRQ�RI�HWKHQH�

&�+����+�2�ĺ�&�+�2+
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�H��'HSOHWLRQ�RI�WKH�R]RQH�OD\HU

6XPPDU\��7KLV�LWHP�GHVFULEHV�WKH�HQYLURQPHQWDO�SUREOHP�RI�WKH�GHSOHWLRQ�RI�WKH�R]RQH�OD\HU�DQG�KRZ�
&KHPLVWU\�FDQ�SURYLGH�VDIHU�DOWHUQDWLYHV�WR�&)&V�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'LVFXVVLRQ�RQ�WKH�XVH�RI�FKORURÀXRURFDUERQV��&)&V�� 5HFDOO�WKDW�D�FKORURÀXRURFDUERQ��&)&��LV�DQ�RUJDQLF�
PROHFXOH�FRQWDLQLQJ�FKORULQH��ÀXRULQH�DQG�FDUERQ�
DWRPV�
5HFDOO�WKH�XVH�RI�&)&V�DV�UHIULJHUDQWV�DQG�DHURVRO�
SURSHOODQWV�

'DWD�VHDUFK�RQ�&)&V�DQG�R]RQH�GHSOHWLRQ�H�J��XVH�
RI�VDWHOOLWH�GDWD�

5HFDOO�WKDW�R]RQH�LV�D�IRUP�RI�R[\JHQ�ZLWK�WKH�IRUPXOD�
2��
'HVFULEH�VRPH�SURSHUWLHV�RI�&)&V�
�� FKHPLFDOO\�LQHUW
�� ORZ�ERLOLQJ�SRLQW
�� LQVROXEOH�LQ�ZDWHU�

'DWD�VHDUFK�RQ�&)&V�DQG�R]RQH�GHSOHWLRQ� 'HVFULEH�WKDW�LQFUHDVHG�OHYHOV�RI�XOWUDYLROHW�OLJKW�FDQ�
OHDG�WR�PHGLFDO�SUREOHPV�VXFK�DV�
�� LQFUHDVHG�ULVN�RI�VXQEXUQ
�� DFFHOHUDWHG�DJHLQJ�RI�VNLQ
�� VNLQ�FDQFHU
�� LQFUHDVHG�ULVN�RI�FDWDUDFWV�

6XUYH\�RI�VDIHU�DOWHUQDWLYHV�WR�&)&V� 5HFDOO�WKDW�K\GURFDUERQV�FDQ�SURYLGH�VDIHU�
DOWHUQDWLYHV�WR�&)&V�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�H��'HSOHWLRQ�RI�WKH�R]RQH�OD\HU

/LQNV�WR�RWKHU�LWHPV��&�F��&OHDQ�DLU��&�H��7KH�*URXS���HOHPHQWV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�WKH�XVH�RI�&)&V�KDV�EHHQ�EDQQHG�LQ�WKH�
8.�
�� VRFLHW\�KDV�DJUHHG�ZLWK�VFLHQWLVWV¶�YLHZV�WKDW�

&)&V�GHSOHWH�WKH�R]RQH�OD\HU�

'HVFULEH�DQG�H[SODLQ�KRZ�VFLHQWLVWV¶�DWWLWXGH�WR�&)&V�
KDV�FKDQJHG�
�� LQLWLDO�HQWKXVLDVP�IRU�WKH�XVH�RI�&)&V�EDVHG�XSRQ�

WKHLU�LQHUWQHVV
�� ODWHU�GLVFRYHU\�RI�R]RQH�GHSOHWLRQ�DQG�OLQN�WR�

SUHVHQFH�RI�&)&V
�� DFFHSWDQFH�E\�VFLHQWLVWV�DQG�WKH�UHVW�RI�WKH�

ZRUOG�FRPPXQLW\�WKDW�WKH�XVH�RI�&)&V�VKRXOG�EH�
EDQQHG�

'HVFULEH�KRZ�&)&V�GHSOHWH�WKH�R]RQH�OD\HU�
�� &)&�PROHFXOHV�DUH�EURNHQ�GRZQ�LQ�WKH�

VWUDWRVSKHUH�E\�XOWUDYLROHW�OLJKW�WR�JLYH�KLJKO\�
UHDFWLYH�FKORULQH�DWRPV

�� FKORULQH�DWRPV�UHDFW�ZLWK�R]RQH�PROHFXOHV
�� FKORULQH�DWRPV�DUH�UHJHQHUDWHG�VR�FDQ�UHDFW�ZLWK�

PRUH�R]RQH�PROHFXOHV�
&RQVWUXFW�DQ�HTXDWLRQ�WR�VKRZ�WKH�IRUPDWLRQ�RI�
FKORULQH�DWRPV�IURP�&)&V�
5HFDOO�WKDW�D�FKORULQH�UDGLFDO�LV�D�FKORULQH�DWRP�
([SODLQ�ZK\�&)&V�DUH�RQO\�UHPRYHG�VORZO\�IURP�WKH�
VWUDWRVSKHUH�

([SODLQ�LQ�WHUPV�RI�HOHFWURQV�KRZ�D�FDUERQ�FKORULQH�
ERQG�FDQ�EUHDN�WR�IRUP�KLJKO\�UHDFWLYH�FKORULQH�
DWRPV�
([SODLQ�ZK\�RQO\�D�VPDOO�QXPEHU�RI�FKORULQH�DWRPV�
ZLOO�GHVWUR\�D�ODUJH�QXPEHU�RI�R]RQH�PROHFXOHV��
,QWHUSUHW�WKH�V\PERO�HTXDWLRQV�IRU�WKH�UHDFWLRQV�WKDW�
WDNH�SODFH�ZKHQ�FKORULQH�DWRPV�DQG�R]RQH�UHDFW�
([SODLQ�ZK\�&)&V�ZLOO�FRQWLQXH�WR�GHSOHWH�R]RQH�D�
ORQJ�WLPH�DIWHU�WKHLU�XVH�KDV�EHHQ�EDQQHG�

'HVFULEH�KRZ�GHSOHWLRQ�RI�WKH�R]RQH�OD\HU�DOORZV�
PRUH�XOWUDYLROHW�OLJKW�WR�UHDFK�WKH�VXUIDFH�RI�WKH�(DUWK�

([SODLQ�KRZ�R]RQH�DEVRUEV�XOWUDYLROHW�OLJKW�LQ�WKH�
VWUDWRVSKHUH�

5HFDOO�WKDW�&)&V�FDQ�EH�UHSODFHG�ZLWK�DONDQHV�RU�
+)&V�DQG�WKDW�WKHVH�ZLOO�QRW�GDPDJH�WKH�R]RQH�OD\HU�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�I��+DUGQHVV�RI�ZDWHU

6XPPDU\��+DUGQHVV�RI�ZDWHU�LV�D�SUREOHP�LQ�PDQ\�DUHDV�IRU�SURFHVVHV�ZKHUH�ZDWHU�KDV�WR�EH�KHDWHG�RU�
ZKHUH�VRDS�LV�XVHG��7KH�VXUYH\�RQ�ZD\V�RI�UHPRYLQJ�ZDWHU�KDUGQHVV�DOORZV�WKH�XVH�RI�,&7�WRROV�WR�ORRN�DW�WKH�
EHQH¿WV�DQG�GUDZEDFNV�RI�WHFKQRORJLFDO�GHYHORSPHQWV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&RPSDUH�KDUG�DQG�VRIW�ZDWHU�XVLQJ�VRDS�
&RPSDUH�KDUG�DQG�VRIW�ZDWHU�XVLQJ�VRDSOHVV�
GHWHUJHQWV�

5HFDOO�WKDW�KDUG�ZDWHU�GRHV�QRW�ODWKHU�ZHOO�ZLWK�VRDS�
EXW�VRIW�ZDWHU�GRHV�
5HFDOO�WKDW�ERWK�KDUG�DQG�VRIW�ZDWHU�ODWKHU�ZHOO�ZLWK�
VRDSOHVV�GHWHUJHQWV�

:KLFK�LRQV�FDXVH�KDUGQHVV�LQ�ZDWHU"��
&ODVV�SUDFWLFDO�±�GHWDLOV�IURP�56&�ZHEVLWH��
ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

5HFDOO�WKDW�KDUGQHVV�LV�FDXVHG�E\�GLVVROYHG�FDOFLXP�
DQG�PDJQHVLXP�LRQV�LQ�ZDWHU�
5HFDOO�WKDW�ERLOLQJ�GHVWUR\V�WHPSRUDU\�KDUGQHVV�LQ�
ZDWHU�EXW�QRW�SHUPDQHQW�KDUGQHVV�LQ�ZDWHU��

6XUYH\�ZD\V�RI�UHPRYLQJ�KDUGQHVV�E\�XVLQJ�ZDWHU�
VRIWHQHUV�

'HVFULEH�KRZ�KDUGQHVV�LQ�ZDWHU�FDQ�EH�UHPRYHG�
�� SDVVLQJ�WKH�ZDWHU�WKURXJK�DQ�LRQ�H[FKDQJH�

FROXPQ
�� DGGLQJ�ZDVKLQJ�VRGD��VRGLXP�FDUERQDWH��

&DUU\�RXW�DQ�H[SHULPHQW�WR�FRPSDUH�WKH�KDUGQHVV�RI�
ZDWHU�VDPSOHV�XVLQJ�VRDS�VROXWLRQ�

,QWHUSUHW�GDWD�DERXW�ZDWHU�KDUGQHVV�H[SHULPHQWV�IRU�
H[DPSOH�
�� FKRRVLQJ�WKH�VRIWHVW�RU�KDUGHVW�ZDWHU�VDPSOH�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�I��+DUGQHVV�RI�ZDWHU

/LQNV�WR�RWKHU�LWHPV��&�K��3XULI\LQJ�DQG�WHVWLQJ�ZDWHU

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�RULJLQ�RI�WHPSRUDU\�KDUGQHVV�LQ�ZDWHU�
�� FDOFLXP�FDUERQDWH�LQ�URFNV�UHDFWV�ZLWK�GLVVROYHG�

FDUERQ�GLR[LGH�DQG�ZDWHU�WR�IRUP�VROXEOH�FDOFLXP�
K\GURJHQFDUERQDWH�

&RQVWUXFW�WKH�ZRUG�HTXDWLRQ�IRU�WKH�UHDFWLRQ�EHWZHHQ�
FDOFLXP�FDUERQDWH��ZDWHU�DQG�FDUERQ�GLR[LGH�
� FDOFLXP� �� ZDWHU� �� FDUERQ� ĺ������FDOFLXP
�FDUERQDWH� � � � GLR[LGH� �K\GURJHQFDUERQDWH

5HFDOO�WKDW�WHPSRUDU\�KDUGQHVV�LV�FDXVHG�E\�
GLVVROYHG�FDOFLXP�K\GURJHQFDUERQDWH��
5HFDOO�WKDW�SHUPDQHQW�KDUGQHVV�LV�FDXVHG�E\�
GLVVROYHG�FDOFLXP�VXOIDWH�

'HVFULEH�KRZ�ERLOLQJ�UHPRYHV�WHPSRUDU\�KDUGQHVV�
�� GHFRPSRVLWLRQ�RI�FDOFLXP�K\GURJHQFDUERQDWH�

WR�JLYH�LQVROXEOH�FDOFLXP�FDUERQDWH��OLPHVFDOH���
ZDWHU�DQG�FDUERQ�GLR[LGH

�� VROXEOH�FDOFLXP�LRQV�DUH�FKDQJHG�LQWR�LQVROXEOH�
FRPSRXQGV�

([SODLQ�KRZ�DQ�LRQ�H[FKDQJH�UHVLQ�FDQ�VRIWHQ�ZDWHU�

&RQVWUXFW�WKH�V\PERO�HTXDWLRQ�IRU�WKH�GHFRPSRVLWLRQ�
RI�FDOFLXP�K\GURJHQFDUERQDWH�RFFXUULQJ�ZKHQ�ZDWHU�
FRQWDLQLQJ�WHPSRUDU\�KDUGQHVV�LV�ERLOHG��IRUPXODH�
QRW�JLYHQ��

&D�+&2����ĺ�&D&2����+�2���&2�

([SODLQ�KRZ�ZDVKLQJ�VRGD��VRGLXP�FDUERQDWH��FDQ�
VRIWHQ�KDUG�ZDWHU�

,QWHUSUHW�GDWD�DERXW�ZDWHU�KDUGQHVV�H[SHULPHQWV�IRU�
H[DPSOH�
�� H[SODLQLQJ�ZK\�D�VDPSOH�RI�ZDWHU�FRQWDLQV�

SHUPDQHQW�DQG�WHPSRUDU\�KDUGQHVV�
3ODQ�H[SHULPHQWV�WR�FRPSDUH�WKH�KDUGQHVV�LQ�
VDPSOHV�RI�GLIIHUHQW�VRXUFHV�RI�ZDWHU�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�J��1DWXUDO�IDWV�DQG�RLOV

6XPPDU\��3ODQWV�DUH�JURZQ�IRU�WKH�QDWXUDO�IDWV�DQG�RLOV�WKDW�WKH\�FRQWDLQ��7KHVH�IDWV�DQG�RLOV�KDYH�D�ODUJH�
QXPEHU�RI�LQGXVWULDO�XVHV��7KH\�FDQ�SURYLGH�DOWHUQDWLYHV�WR�FKHPLFDOV�PDGH�IURP�FUXGH�RLO�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�WKH�FRPSRVLWLRQ�RI�YDULRXV�SODQW�RLOV�DQG�
DQLPDO�IDWV�
&RPSDULQJ�WKH�DPRXQW�RI�XQVDWXUDWHG�IDWV�LQ�IRRG�
VWXIIV�E\�WLWUDWLRQ�DJDLQVW�EURPLQH�±�VHH�56&�ZHEVLWH�
ZZZ�SUDFWLFDOFKHPLVWU\�RUJ�

8QGHUVWDQG�WKDW�QDWXUDO�IDWV�DQG�RLOV�DUH�LPSRUWDQW�
UDZ�PDWHULDOV�IRU�WKH�FKHPLFDO�LQGXVWU\�
5HFDOO�WKDW�YHJHWDEOH�RLOV�FDQ�EH�XVHG�WR�PDNH�ELR�
GLHVHO��DQ�DOWHUQDWLYH�WR�WKH�IXHO�GLHVHO�IURP�FUXGH�RLO�
5HFDOO�WKDW��DW�URRP�WHPSHUDWXUH�
�� RLOV�DUH�OLTXLGV
�� IDWV�DUH�VROLGV�

([DPLQH�PLON�DQG�EXWWHU�XQGHU�D�PLFURVFRSH��$OVR�
H[DPLQH�DIWHU�DGGLQJ�ZDWHU�RU�RLO�EDVHG�G\HV�
3UHSDUH�D�VDPSOH�RI�DQ�HPXOVLRQ�H�J��D�FROG�FUHDP�

'HVFULEH�DQ�HPXOVLRQ�
5HFDOO�WKDW�PLON�LV�DQ�RLO±LQ�ZDWHU�HPXOVLRQ�DQG�EXWWHU�
LV�D�ZDWHU±LQ�RLO�HPXOVLRQ�

3UHSDUH�D�VDPSOH�RI�D�VRDS�XVLQJ�D�YHJHWDEOH�RLO� 5HFDOO�WKDW�D�YHJHWDEOH�RLO�UHDFWV�ZLWK�VRGLXP�
K\GUR[LGH�WR�SURGXFH�D�VRDS�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�J��1DWXUDO�IDWV�DQG�RLOV

/LQNV�WR�RWKHU�LWHPV��&�D��0DNLQJ�FUXGH�RLO�XVHIXO��&�I��&RRNLQJ�DQG�IRRG�DGGLWLYHV��&�J��6PHOOV��
&�K��'HWHUJHQWV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�DQLPDO�DQG�YHJHWDEOH�IDWV�DQG�RLOV�DUH�
HVWHUV�
([SODLQ�ZKHWKHU�D�IDW�RU�RLO�LV�VDWXUDWHG�RU�
XQVDWXUDWHG�JLYHQ�LWV�GLVSOD\HG�IRUPXOD�
'HVFULEH�KRZ�XQVDWXUDWLRQ�LQ�IDWV�DQG�RLOV�FDQ�EH�
VKRZQ�XVLQJ�EURPLQH�ZDWHU�
�� ZLWK�VDWXUDWHG�IDWV�WKH�EURPLQH�ZDWHU�VWD\V�

RUDQJH
�� ZLWK�XQVDWXUDWHG�IDWV�WKH�EURPLQH�ZDWHU�JRHV�

FRORXUOHVV�
'HVFULEH�KRZ�PDUJDULQH�LV�PDQXIDFWXUHG�IURP�
YHJHWDEOH�RLOV�

([SODLQ�ZK\�XQVDWXUDWHG�IDWV�DUH�KHDOWKLHU�DV�SDUW�RI�
D�EDODQFHG�GLHW�
([SODLQ�ZK\�EURPLQH�FDQ�EH�XVHG�WR�WHVW�IRU�
XQVDWXUDWHG�IDWV�DQG�RLOV�
�� DGGLWLRQ�UHDFWLRQ�WDNHV�SODFH�DW�WKH�FDUERQ�

FDUERQ�GRXEOH�ERQG
�� D�FRORXUOHVV�GLEURPR�FRPSRXQG�LV�IRUPHG
�� VDWXUDWHG�FRPSRXQGV�FDQQRW�UHDFW�ZLWK�EURPLQH�

VLQFH�WKH\�GR�QRW�KDYH�D�FDUERQ�FDUERQ�GRXEOH�
ERQG�

'HVFULEH�KRZ�LPPLVFLEOH�OLTXLGV��VXFK�DV�YHJHWDEOH�
RLO�DQG�ZDWHU��FDQ�IRUP�DQ�HPXOVLRQ�
'HVFULEH�DQ�RLO�LQ�ZDWHU�HPXOVLRQ�DQG�D�ZDWHU�LQ�RLO�
HPXOVLRQ�

'HVFULEH�KRZ�QDWXUDO�IDWV�DQG�RLOV�FDQ�EH�VSOLW�XS�E\�
KRW�VRGLXP�K\GUR[LGH�VROXWLRQ�WR�SURGXFH�VRDS�DQG�
JO\FHURO�
5HFDOO�WKDW�WKLV�SURFHVV�RI�VSOLWWLQJ�XS�QDWXUDO�IDWV�
DQG�RLOV�XVLQJ�VRGLXP�K\GUR[LGH�VROXWLRQ�LV�FDOOHG�
VDSRQL¿FDWLRQ�

([SODLQ�WKH�VDSRQL¿FDWLRQ�RI�IDWV�DQG�RLOV�
�� IDW���VRGLXP�K\GUR[LGH�ĺ�VRDS���JO\FHURO
�� K\GURO\VLV�UHDFWLRQ�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�K��'HWHUJHQWV

6XPPDU\��0DQ\�FRQVXPHUV�DUH�ORRNLQJ�DW�HIIHFWLYH�DQG�HI¿FLHQW�FOHDQLQJ�DJHQWV�WKDW�WDNH�OHVV�WLPH�DQG�FDQ�
ZRUN�DW�ORZ�WHPSHUDWXUHV��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�WKH�XVH�RI�FOHDQLQJ�DJHQWV�VXFK�DV�GHWHUJHQWV�DQG�
VROYHQWV��$�VLPSOH�H[SODQDWLRQ�RI�WKH�DFWLRQ�RI�GHWHUJHQWV�DQG�VROYHQWV�LV�FRQVLGHUHG�DV�ZHOO�DV�WKH�VFLHQWL¿F�
DFFXUDF\�RI�VRPH�DGYHUWLVHPHQWV�IRU�GHWHUJHQWV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

/RRN�DW�WKH�FRQVWLWXHQWV�RI�ZDVKLQJ�SRZGHUV� 5HODWH�HDFK�LQJUHGLHQW�LQ�D�ZDVKLQJ�SRZGHU�WR�LWV�
IXQFWLRQ�
�� DFWLYH�GHWHUJHQW�GRHV�WKH�FOHDQLQJ
�� ZDWHU�VRIWHQHU�WR�VRIWHQ�KDUG�ZDWHU
�� EOHDFKHV�WR�UHPRYH�FRORXUHG�VWDLQV
�� RSWLFDO�EULJKWHQHUV�WR�JLYH�WKH�ZKLWHU�WKDQ�ZKLWH�

DSSHDUDQFH
�� HQ]\PHV�XVHG�LQ�ORZ�WHPSHUDWXUH�ZDVKHV�WR�

UHPRYH�IRRG�VWDLQV�

,QYHVWLJDWH�WKH�DFWLRQ�RI�VRPH�VROYHQWV�WR�UHPRYH�
VWDLQV��SDLQWV��YDUQLVKHV��ZD[�DQG�JUHDVH�

8QGHUVWDQG�WKH�WHUPV�VROYHQW��VROXWH��VROXWLRQ��
VROXEOH�DQG�LQVROXEOH�
5HFRJQLVH�WKDW�GLIIHUHQW�VROYHQWV�ZLOO�GLVVROYH�
GLIIHUHQW�VXEVWDQFHV�
,GHQWLI\�WKH�FRUUHFW�VROYHQW�WR�UHPRYH�D�VWDLQ�JLYHQ�
WKH�DSSURSULDWH�LQIRUPDWLRQ�

6XUYH\�RI�FRQVWLWXHQWV�RI�GLIIHUHQW�EUDQGV�RI�ZDVKLQJ�
XS�OLTXLGV�

5HODWH�HDFK�LQJUHGLHQW�LQ�D�ZDVKLQJ�XS�OLTXLG�WR�LWV�
IXQFWLRQ�
�� DFWLYH�GHWHUJHQW�GRHV�WKH�FOHDQLQJ
�� ZDWHU�WR�WKLQ�RXW�GHWHUJHQW�VR�LW�FDQ�EH�GLVSHQVHG�

HDVLO\
�� FRORXULQJ�DJHQW�DQG�IUDJUDQFH�WR�LPSURYH�

DWWUDFWLYHQHVV�RI�SURGXFW
�� ULQVH�DJHQW�WR�KHOS�ZDWHU�GUDLQ�RII�FURFNHU\�

&ULWLFDO�DQDO\VLV�RI�DGYHUWLVHPHQWV�IRU�ZDVKLQJ�XS�
OLTXLGV�DQG�ZDVKLQJ�SRZGHUV�

,QWHUSUHW�GDWD�IURP�H[SHULPHQWV�RQ�WKH�HIIHFWLYHQHVV�
RI�ZDVKLQJ�XS�OLTXLGV�DQG�ZDVKLQJ�SRZGHUV�IRU�
H[DPSOH�
�� ZKLFK�GHWHUJHQW�ZDVKHG�WKH�PRVW�SODWHV
�� GHVFULSWLRQ�RI�D�VLPSOH�WUHQG�
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0RGXOH�&���&KHPLVWU\�2XW�7KHUH
,WHP�&�K��'HWHUJHQWV

/LQNV�WR�RWKHU�LWHPV��&�J��1DWXUDO�IDWV�DQG�RLOV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�WKH�DGYDQWDJHV�RI�XVLQJ�ORZ�WHPSHUDWXUH�
ZDVKHV�LQ�WHUPV�RI�HQHUJ\�VDYLQJ�DQG�WKH�W\SH�RI�
FORWKHV�WKDW�FDQ�EH�ZDVKHG�
'HVFULEH�GHWHUJHQWV�DV�PROHFXOHV�WKDW�KDYH�D�
K\GURSKLOLF�KHDG�DQG�D�K\GURSKRELF�WDLO�

([SODLQ�KRZ�GHWHUJHQWV�FDQ�UHPRYH�IDW�RU�RLO�VWDLQV�
�� K\GURSKLOLF�HQG�RI�GHWHUJHQW�PROHFXOH�IRUPV�

VWURQJ�LQWHUPROHFXODU�IRUFHV�ZLWK�ZDWHU�PROHFXOHV
�� K\GURSKRELF�HQG�RI�GHWHUJHQW�IRUPV�VWURQJ�

LQWHUPROHFXODU�IRUFHV�ZLWK�PROHFXOHV�RI�RLO�DQG�
IDW�

'HVFULEH�GU\�FOHDQLQJ�DV�D�SURFHVV�XVHG�WR�FOHDQ�
FORWKHV�WKDW�GRHV�QRW�LQYROYH�ZDWHU�
�� VROYHQW�WKDW�LV�QRW�ZDWHU
�� VWDLQ�ZLOO�QRW�GLVVROYH�LQ�ZDWHU�

([SODLQ��LQ�WHUPV�RI�LQWHUPROHFXODU�IRUFHV��KRZ�D�GU\�
FOHDQLQJ�VROYHQW�UHPRYHV�VWDLQV�
�� WKHUH�DUH�ZHDN�LQWHUPROHFXODU�IRUFHV�EHWZHHQ�

PROHFXOHV�RI�JUHDVH
�� WKHUH�DUH�ZHDN�LQWHUPROHFXODU�IRUFHV�EHWZHHQ�

VROYHQW�PROHFXOHV
�� VROYHQW�PROHFXOHV�IRUP�LQWHUPROHFXODU�IRUFHV�ZLWK�

PROHFXOHV�RI�JUHDVH�DQG�VR�VROYHQW�PROHFXOHV�
FDQ�VXUURXQG�PROHFXOHV�RI�JUHDVH�

,QWHUSUHW�GDWD�IURP�H[SHULPHQWV�RQ�WKH�HIIHFWLYHQHVV�
RI�ZDVKLQJ�XS�OLTXLGV�DQG�ZDVKLQJ�SRZGHUV�IRU�
H[DPSOH�
�� PDNLQJ�VLPSOH�FRQFOXVLRQV�IURP�GDWD��

,QWHUSUHW�GDWD�IURP�H[SHULPHQWV�RQ�WKH�HIIHFWLYHQHVV�
RI�ZDVKLQJ�XS�OLTXLGV�DQG�ZDVKLQJ�SRZGHUV�IRU�
H[DPSOH�
�� GHGXFLQJ�ZKLFK�GHWHUJHQW�FRQWDLQV�DQ�HQ]\PH��


