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���� 0RGXOH�3���(QHUJ\�)RU�7KH�+RPH

0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�D���+HDWLQJ�KRXVHV

6XPPDU\���:KHQ�D�ERG\�LV�KHDWHG��LW�JHWV�KRWWHU��$�FRPPRQ�PLVFRQFHSWLRQ�LV�WKDW�KHDW�DQG�WHPSHUDWXUH�DUH�
WKH�VDPH�WKLQJ��7KLV�LWHP�GHYHORSV�LGHDV�WR�VKRZ�WKDW�KHDW�DQG�WHPSHUDWXUH�DUH�GLIIHUHQW�DQG�WKDW�KHDW�JDLQ�
RU�ORVV�GRHV�QRW�DOZD\V�UHVXOW�LQ�D�WHPSHUDWXUH�ULVH�EXW�FDQ�EULQJ�DERXW�D�FKDQJH�RI�VWDWH��%HFDXVH�RI�D�KLJK�
VSHFL¿F�KHDW�FDSDFLW\�ZDWHU�QHHGV�ORWV�RI�HQHUJ\�WR�LQFUHDVH�LWV�WHPSHUDWXUH��%HFDXVH�RI�WKLV�LW�DOVR�VWRUHV�ORWV�
RI�HQHUJ\�DQG�VR�LV�XVHIXO�IRU�WUDQVSRUWLQJ�DQG�WUDQVIHUULQJ�HQHUJ\�DURXQG�KRPHV�

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

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

&DUU\�RXW�DQ�H[SHULPHQW�WR�PHDVXUH�WKH�IDOO�LQ�
WHPSHUDWXUH�RI�KRW�ZDWHU�

&DUU\�RXW�DQ�H[SHULPHQW�WR�PHDVXUH�WKH�LQFUHDVH�LQ�
WHPSHUDWXUH�RI�ZDWHU�DV�LW�LV�KHDWHG�

([DPLQH�WKHUPRJUDPV�WR�VHH�ZKHUH�KRW�VSRWV�RFFXU�

8QGHUVWDQG�WKDW�IRU�ZDUP�ERGLHV�WKH�UDWH�RI�FRROLQJ�
GHSHQGV�RQ�WKH�WHPSHUDWXUH�GLIIHUHQFH�FRPSDUHG�WR�
WKH�VXUURXQGLQJV�

8QGHUVWDQG�WKDW�WHPSHUDWXUH�LV�UHSUHVHQWHG�E\�FRORXU�
LQ�D�WKHUPRJUDP�

&DUU\�RXW�DQ�H[SHULPHQW�WR�PHDVXUH�WKH�HQHUJ\�
UHTXLUHG�WR�FKDQJH�WKH�WHPSHUDWXUH�RI�GLIIHUHQW�
ERGLHV�E\�GLIIHUHQW�DPRXQWV�

5HFDOO�WKDW�KHDW�LV�D�PHDVXUHPHQW�RI�HQHUJ\�DQG�LV�
PHDVXUHG�LQ�-RXOHV��-��

'HVFULEH�KRZ�WKH�HQHUJ\�QHHGHG�WR�FKDQJH�WKH�
WHPSHUDWXUH�RI�D�ERG\�GHSHQGV�RQ�
�� PDVV
�� WKH�PDWHULDO�IURP�ZKLFK�LW�LV�PDGH
�� WKH�WHPSHUDWXUH�FKDQJH�

'HVFULEH�DQ�H[SHULPHQW�WR�PHDVXUH�WKH�HQHUJ\�
UHTXLUHG�WR�FKDQJH�WKH�WHPSHUDWXUH�RI�D�ERG\�

6KRZ�WKDW�HQHUJ\�LV�QHHGHG�WR�FKDQJH�VWDWH�E\�
SODFLQJ�D�VPDOO�SLHFH�RI�FKRFRODWH�RQ�WKH�WRQJXH�DQG�
DOORZLQJ�LW�WR�PHOW�

&DUU\�RXW�DQ�H[SHULPHQW�KROGLQJ�D�OXPS�RI�LFH�WR�
H[SODLQ�ZK\�WKH�LFH�PHOWV�DQG�ZK\�WKH�KDQG�KROGLQJ�LW�
JHWV�FROG�

&DUU\�RXW�DQ�H[SHULPHQW�RU�XVH�D�FRPSXWHU�VLPXODWLRQ�
WR�SORW�D�FRROLQJ�FXUYH�IRU�VWHDULF�DFLG�DV�LW�FRROV�

,QWHUSUHW�GDWD�ZKLFK�VKRZV�WKDW�WKHUH�LV�QR�
WHPSHUDWXUH�FKDQJH�ZKHQ�PDWHULDOV�DUH�
�� ERLOLQJ
�� PHOWLQJ�RU�IUHH]LQJ�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�D���+HDWLQJ�KRXVHV

/LQNV�WR�RWKHU�LWHPV���3�E��.HHSLQJ�KRPHV�ZDUP

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

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

5HFRJQLVH��DQG�XQGHUVWDQG�WKH�FRQVHTXHQFHV�RI��WKH�
GLUHFWLRQ�RI�HQHUJ\�ÀRZ�EHWZHHQ�ERGLHV�RI�GLIIHUHQW�
WHPSHUDWXUHV�

,QWHUSUHW�GDWD�RQ�UDWH�RI�FRROLQJ�

([SODLQ�KRZ�WHPSHUDWXUHV�FDQ�EH�UHSUHVHQWHG�E\�D�
UDQJH�RI�FRORXUV�LQ�D�WKHUPRJUDP�
�� KRWWHVW�SDUWV��ZKLWH�\HOORZ�UHG
�� FROGHVW�SDUWV��EODFN�GDUN�EOXH�SXUSOH�

'HVFULEH�WHPSHUDWXUH�DV�D�PHDVXUHPHQW�RI�KRWQHVV�
RQ�DQ�DUELWUDU\�RU�FKRVHQ�VFDOH�

8QGHUVWDQG�WKDW�WHPSHUDWXUH�LV�D�PHDVXUHPHQW�RI�WKH�
DYHUDJH�NLQHWLF�HQHUJ\�RI�SDUWLFOHV�

8QGHUVWDQG�TXDOLWDWLYHO\�DQG�TXDQWLWDWLYHO\�WKH�
FRQFHSW�RI�WKH�VSHFL¿F�KHDW�FDSDFLW\�RI�D�PDWHULDO�

8VH�WKH�HTXDWLRQ�

HQHUJ\� �PDVV�×� VSHFL¿F�KHDWFDSDFLW\ �×�
WHPSHUDWXUH
FKDQJH

'HVFULEH�KHDW�DV�D�PHDVXUHPHQW�RI�HQHUJ\�RQ�DQ�
DEVROXWH�VFDOH�

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

HQHUJ\� �PDVV�×� VSHFL¿F�KHDWFDSDFLW\ �×�
WHPSHUDWXUH
FKDQJH

$Q�LQLWLDO�FDOFXODWLRQ�RI�WHPSHUDWXUH�FKDQJH�PD\�EH�
UHTXLUHG�

8QGHUVWDQG�TXDOLWDWLYHO\�DQG�TXDQWLWDWLYHO\�WKH�
FRQFHSW�RI�WKH�VSHFL¿F�ODWHQW�KHDW�RI�D�PDWHULDO��

8VH�WKH�HTXDWLRQ�

HQHUJ\� �PDVV�×�VSHFL¿F�ODWHQW�KHDW

'HVFULEH�KRZ��HYHQ�WKRXJK�HQHUJ\�LV�VWLOO�EHLQJ�
WUDQVIHUUHG��WKHUH�LV�QR�WHPSHUDWXUH�FKDQJH�ZKHQ�
PDWHULDOV�DUH�
�� ERLOLQJ
�� PHOWLQJ�RU�IUHH]LQJ�

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

HQHUJ\� �PDVV�×�VSHFL¿F�ODWHQW�KHDW

([SODLQ�ZK\�WKH�WHPSHUDWXUH�GRHV�QRW�FKDQJH�GXULQJ�
D�FKDQJH�RI�VWDWH�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�E���.HHSLQJ�KRPHV�ZDUP

6XPPDU\���7KH�WHUP�LQVXODWLRQ�LV�XVHG�LQ�WKH�ZLGHU�FRQWH[W�RI�HQHUJ\�VDYLQJ�WHFKQLTXHV�LQ�WKH�KRPH��7KLV�
LWHP�GHYHORSV�LGHDV�DERXW�WKH�PHFKDQLVPV�RI�HQHUJ\�WUDQVIHU�E\�FRQGXFWLRQ��FRQYHFWLRQ�DQG�UDGLDWLRQ�DQG�
WKH�UROH�WKH\�SOD\�LQ�KHDW�ORVV�IURP�KRPHV��$�SRRUO\�LQVXODWHG�KRPH�PHDQV�WKDW�KHDW�LV�EHLQJ�ORVW�WR�WKH�
RXWVLGH�HQYLURQPHQW�DQG�PRUH�HQHUJ\�LV�QHHGHG�WR�NHHS�WKH�KRPH�ZDUP��1RW�RQO\�DUH�HQHUJ\�UHVRXUFHV�
EHLQJ�ZDVWHG�EXW�WKH�KRPHRZQHU�LV�DOVR�SD\LQJ�IRU�HQHUJ\�WKDW�LV�ORVW�WR�WKH�RXWVLGH�HQYLURQPHQW���7KLV�LWHP�
GHYHORSV�LGHDV�DERXW�XVLQJ�HQHUJ\�HI¿FLHQWO\�DQG�UHGXFLQJ�HQHUJ\�ORVVHV�IURP�KRPHV��

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

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

8VH�D�GDWD�ORJJHU�RU�RWKHU�DSSDUDWXV�WR�FDUU\�RXW�DQ�
H[SHULPHQW�WR�WHVW�WKH�UHODWLYH�SHUIRUPDQFH�RI�YDULRXV�
LQVXODWLQJ�PDWHULDOV�

8VH�D�GDWD�ORJJHU�RU�RWKHU�DSSDUDWXV�WR�FDUU\�RXW�
DQ�H[SHULPHQW�WR�WHVW�WKH�WUDQVIHU�RI�HQHUJ\�WKURXJK�
PRGHOV��H�J��WHVW�WXEHV�RU�EHDNHUV��RI�VLQJOH��GRXEOH�
DQG�WULSOH�JOD]HG�ZLQGRZV�

8VH�D�GDWD�ORJJHU�RU�RWKHU�DSSDUDWXV�WR�FDUU\�RXW�
DQ�H[SHULPHQW�WR�WHVW�WKH�UHÀHFWLRQ�RI�HQHUJ\�IURP�D�
VLOYHUHG�VXUIDFH�

8VH�D�GDWD�ORJJHU�RU�RWKHU�DSSDUDWXV�WR�FDUU\�RXW�
DQ�H[SHULPHQW�WR�WHVW�WKH�DEVRUSWLRQ�RI�HQHUJ\�E\�D�
EODFNHQHG�GXOO�VXUIDFH�

3HUIRUP�RU�ZDWFK�GHPRQVWUDWLRQ�H[SHULPHQWV�WR�VKRZ�
FRQYHFWLRQ�FXUUHQWV�LQ�DLU�DQG�ZDWHU�

([SODLQ�ZK\�WUDSSHG�DLU�LQ�D�PDWHULDO�LV�D�YHU\�JRRG�
LQVXODWRU�

5HFDOO�WKDW�LQIUDUHG�UDGLDWLRQ�LV�
�� UHÀHFWHG�IURP�D�VKLQ\�VXUIDFH
�� DEVRUEHG�E\�D�GXOO�RU�URXJK�VXUIDFH�

8QGHUVWDQG�KRZ�DEVRUSWLRQ�DQG�UHÀHFWLRQ�RI�LQIUDUHG�
UDGLDWLRQ�FDQ�EH�DSSOLHG�LQ�HYHU\GD\�VLWXDWLRQV�

([DPLQH�WKHUPRJUDPV�VKRZLQJ�ZKHUH�HQHUJ\�LV�ORVW�
IURP�SRRUO\�LQVXODWHG�KRXVHV�DQG�IURP�ZHOO�LQVXODWHG�
KRXVHV��

([DPLQH�GDWD�VKRZLQJ�SHUFHQWDJH�RI�HQHUJ\�ORVW�
IURP�GLIIHUHQW�DUHDV�RI�D�SRRUO\�LQVXODWHG�KRXVH�DQG�
IURP�D�ZHOO�LQVXODWHG�KRXVH�

6XUYH\�RI�IXHO�FRVWV�LQ�WKH�ORFDO�DUHD�

6XUYH\�WR�FRPSDUH�WKH�HIIHFWLYHQHVV�RI�GLIIHUHQW�
EXLOGLQJ�PDWHULDOV�XVLQJ�LQIRUPDWLRQ�IURP�WKH�LQWHUQHW�
DQG�EXLOGHUV¶�PHUFKDQWV�

8VH�LQIRUPDWLRQ��HLWKHU�LQ�SDSHU�IRUP�RU�IURP�ZHEVLWHV�
LQFOXGLQJ�IURP�ORFDO�DXWKRULWLHV�DQG�JRYHUQPHQW��WR�
FRPSDUH�FRVWV�RI�HQHUJ\�VDYLQJ�PHDVXUHV��

0DNH�D�EURFKXUH�RU�3RZHU3RLQW�SUHVHQWDWLRQ�WR�
FRQYLQFH�SHRSOH�WR�LQYHVW�LQ�HQHUJ\�VDYLQJ�PHDVXUHV�

'HVFULEH�HYHU\GD\�H[DPSOHV�RI�HQHUJ\�VDYLQJ�
PHWKRGV�LQ�WKH�KRPH�

([SODLQ�KRZ�WKH�SURSHUW\�WKDW�DLU�LV�D�YHU\�JRRG�
LQVXODWRU�LV�XVHG�WR�NHHS�KRPHV�ZDUP�
�� ¿EUHJODVV��PLQHUDO�RU�URFN�ZRRO�LQ�ORIW�LQVXODWLRQ
�� GRXEOH�JOD]LQJ�LQ�ZLQGRZV
�� LQVXODWLRQ�IRDP�RU�¿EUHJODVV�LQ�FDYLW\�ZDOOV
�� FXUWDLQV�DW�ZLQGRZV�

'HVFULEH�RWKHU�HQHUJ\�VDYLQJ�PHDVXUHV�
�� UHÀHFWLYH�IRLO�LQ�RU�RQ�ZDOOV
�� GUDXJKW�SURR¿QJ�

8VH�WKH�HTXDWLRQ�

HI¿FLHQF\� �
XVHIXO�HQHUJ\�RXWSXW��×�����±±±±±±±±±±±±±±±±±±±±±±±±

WRWDO�HQHUJ\�LQSXW

JLYHQ�WKH�XVHIXO�HQHUJ\�RXWSXW�DQG�WKH�WRWDO�HQHUJ\�
LQSXW��HI¿FLHQF\�FDQ�EH�H[SUHVVHG�LQ�UDWLR�RU�
SHUFHQWDJH�WHUPV�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�E���.HHSLQJ�KRPHV�ZDUP

/LQNV�WR�RWKHU�LWHPV���3�D��+HDWLQJ�KRXVHV��3�F��$�VSHFWUXP�RI�ZDYHV

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

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

([SODLQ�KRZ�HQHUJ\�LV�WUDQVIHUUHG�LQ�WHUPV�RI�
�� FRQGXFWLRQ
�� FRQYHFWLRQ
�� UDGLDWLRQ

DQG�KRZ�VXFK�ORVVHV�FDQ�EH�UHGXFHG�LQ�KRPHV�E\�
HQHUJ\�VDYLQJ�PHDVXUHV�WR�LQFOXGH�

�� ORIW�LQVXODWLRQ
�� GRXEOH�JOD]LQJ
�� FDYLW\�ZDOO�LQVXODWLRQ�

8QGHUVWDQG�DQG�XVH�WKH�WHUPV�VRXUFH�DQG�VLQN�LQ�WKH�
FRQWH[W�RI�HQHUJ\�ORVW�IURP�KRXVHV�

'HVFULEH�KRZ�HQHUJ\�LV�WUDQVIHUUHG�E\�
�� FRQGXFWLRQ���WUDQVIHU�RI�.(�EHWZHHQ�SDUWLFOHV��WR�

LQFOXGH�WKH�UROH�SOD\HG�E\�IUHH�HOHFWURQV
�� FRQYHFWLRQ�±�KRZ�H[SDQVLRQ�ZKHQ�D�OLTXLG�RU�

JDV�LV�KHDWHG�FDXVHV�D�FKDQJH�RI�GHQVLW\�ZKLFK�
UHVXOWV�LQ��EXON��ÀXLG�ÀRZ

�� UDGLDWLRQ�±�LQIUDUHG�UDGLDWLRQ�LV�DQ�HOHFWURPDJQHWLF�
ZDYH�DQG�QHHGV�QR�PHGLXP�

([SODLQ�KRZ�WKHUH�ZLOO�EH�HQHUJ\�ORVV�LQ�D�FDYLW\�ZDOO�
DQG�ZKDW�IXUWKHU�PHDVXUHV�FRXOG�EH�WDNHQ�WR�OLPLW�WKLV�
ORVV�

,QWHUSUHW�GDWD�IRU�GLIIHUHQW�HQHUJ\�VDYLQJ�VWUDWHJLHV�WR�
LQFOXGH�FDOFXODWLRQV�LQYROYLQJ�
�� LQLWLDO�FRVW�
�� DQQXDO�VDYLQJ�RQ�HQHUJ\�ELOOV
�� SD\EDFN�WLPH�

8VH�WKH�HTXDWLRQ�

HI¿FLHQF\� �
XVHIXO�HQHUJ\�RXWSXW��×�����±±±±±±±±±±±±±±±±±±±±±±±±

WRWDO�HQHUJ\�LQSXW

JLYHQ�WKH�ZDVWHG�HQHUJ\�DQG�WRWDO�HQHUJ\�LQSXW��
HI¿FLHQF\�FDQ�EH�H[SUHVVHG�LQ�UDWLR�RU�SHUFHQWDJH�
WHUPV�

,QWHUSUHW�DQG�FRPSOHWH�LQIRUPDWLRQ�SUHVHQWHG�LQ�
6DQNH\�GLDJUDPV��WR�VKRZ�XQGHUVWDQGLQJ�WKDW�HQHUJ\�
LV�FRQVHUYHG�

([SODLQ��LQ�WKH�FRQWH[W�RI�WKH�KRPH��WKH�FRQFHSWV�RI�
FRQGXFWLRQ��FRQYHFWLRQ�DQG�UDGLDWLRQ��DEVRUSWLRQ�DQG�
HPLVVLRQ��LQ�WHUPV�RI�
�� WKH�GHVLJQ�IHDWXUHV�RI�WKH�KRPH
�� WKH�GHVLJQ�DQG�XVH�RI�HYHU\GD\�DSSOLDQFHV�LQ�WKH�

KRPH
�� HQHUJ\�VDYLQJ�VWUDWHJLHV�

8VH�WKH�HTXDWLRQ�

HI¿FLHQF\� �
XVHIXO�HQHUJ\�RXWSXW��×�����±±±±±±±±±±±±±±±±±±±±±±±±

WRWDO�HQHUJ\�LQSXW

WR�FDOFXODWH�WKH�XVHIXO�HQHUJ\�RXWSXW��WRWDO�HQHUJ\�
LQSXW�RU�ZDVWHG�HQHUJ\��ZKLFK�PD\�EH�XVHG�WR�
FRPSOHWH�D�6DQNH\�GLDJUDP�

(I¿FLHQF\�FDQ�EH�H[SUHVVHG�LQ�UDWLR�RU�SHUFHQWDJH�
WHUPV�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�F���$�VSHFWUXP�RI�ZDYHV

6XPPDU\���,QIUDUHG�UDGLDWLRQ�KDV�EHHQ�LQWURGXFHG�LQ�WKH�FRQWH[W�RI�KHDW�WUDQVIHU��EXW�EHIRUH�IXUWKHU�XVHV�
RI�HOHFWURPDJQHWLF��H�P��ZDYHV�DUH�FRQVLGHUHG��WKH�SURSHUWLHV�RI�WUDQVYHUVH�ZDYHV�DUH�LQWURGXFHG��7KH�
HOHFWURPDJQHWLF�VSHFWUXP�LV�RXWOLQHG��ZLWK�D�IRFXV�RQ�WKH�FRPPXQLFDWLRQ�XVHV�RI�QRQ�LRQLVLQJ�H�P�ZDYHV��
6RPH�RI�WKH�SUDFWLFDO�OLPLWDWLRQV�RI�XVLQJ�ZDYHV�DUH�UHODWHG�WR�ZDYHOHQJWK��

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

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

/RRNLQJ�DW�DQG�PHDVXULQJ�ZDYHV�
�� LQ�ULSSOH�WDQNV
�� LQ�3RZHU3RLQW�VLPXODWLRQV
�� XVLQJ�D�&52
�� XVLQJ�D�µVOLQN\¶�

,GHQWLI\�DQG�QDPH�WKH�PDLQ�IHDWXUHV�RI�D�WUDQVYHUVH�
ZDYH�
�� WURXJK�DQG�FUHVW
�� DPSOLWXGH
�� ZDYHOHQJWK�

5HFDOO�WKDW�DOO�HOHFWURPDJQHWLF�ZDYHV�WUDYHO�DW�WKH�
VDPH�KLJK�VSHHG�LQ�VSDFH�RU�D�YDFXXP�
8VH�WKH�HTXDWLRQ�

ZDYH�VSHHG� �IUHTXHQF\�×�ZDYHOHQJWK

&DUU\�RXW�UD\ER[��PLUURU�DQG�SULVP�H[SHULPHQWV�WR�
GHPRQVWUDWH�UD\�WUDFLQJ�WHFKQLTXHV�IRU�UHÀHFWLRQ�DQG�
UHIUDFWLRQ�

5HFDOO�WKDW�HOHFWURPDJQHWLF�ZDYHV�WUDYHO�LQ�VWUDLJKW�
OLQHV�WKURXJK�D�SDUWLFXODU�PHGLXP�

8VH�UD\�GLDJUDPV�WR�GHVFULEH�UHÀHFWLRQ�DW�VLQJOH�
SODQH��ÀDW��ERXQGDULHV�

5HFRJQLVH�WKDW�UHIUDFWLRQ�LQYROYHV�D�FKDQJH�LQ�
GLUHFWLRQ�RI�D�ZDYH�GXH�WR�WKH�ZDYH�SDVVLQJ�IURP�RQH�
PHGLXP�LQWR�DQRWKHU��

'LVSHUVH�ZKLWH�OLJKW�ZLWK�D�SULVP�

5HFUHDWH�:LOOLDP�+HUVFKHO¶V�H[SHULPHQW�WR�GLVFRYHU�
LQIUDUHG�UDGLDWLRQ�DQG�LWV�OLQN�WR�WKH�YLVLEOH�VSHFWUXP�

6RUW�DQG�PDWFK�DFWLYLWLHV�WR�ORRN�DW�WKH�SURSHUWLHV�
DQG�XVHV�RI�WKH�GLIIHUHQW�SDUWV�RI�WKH�HOHFWURPDJQHWLF�
VSHFWUXP�

,GHQWLI\�WKH�VHYHQ�W\SHV�RI�HOHFWURPDJQHWLF�ZDYHV�
WKDW�FRPSULVH�WKH�VSHFWUXP�DQG�SODFH�WKHP�LQ�
DVFHQGLQJ�RUGHU�RI�IUHTXHQF\�

'HVFULEH�DQ�H[DPSOH�RI�D�FRPPXQLFDWLRQV�XVH�IRU�
UDGLR��PLFURZDYH��LQIUDUHG�DQG�YLVLEOH�OLJKW�



��� ��2&5������*&6(�3K\VLFV�%

�

0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�F���$�VSHFWUXP�RI�ZDYHV

/LQNV�WR�RWKHU�LWHPV���3�E��.HHSLQJ�KRPHV�ZDUP��3�G��/LJKW�DQG�ODVHUV��3�H��&RRNLQJ�DQG�FRPPXQLFDWLQJ�
XVLQJ�ZDYHV��3�I��'DWD�WUDQVPLVVLRQ��3�J��:LUHOHVV�VLJQDOV��3�K��6WDEOH�(DUWK��3�F��*OREDO�ZDUPLQJ���
3�G��8OWUDVRXQG��3�J��7UHDWPHQW��3�H��6DWHOOLWH�FRPPXQLFDWLRQ��3�I��1DWXUH�RI�ZDYHV��3�J��5HIUDFWLRQ�RI�
ZDYHV��3�K��2SWLFV

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

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

'HVFULEH�WKH�PDLQ�IHDWXUHV�RI�D�WUDQVYHUVH�ZDYH�
�� WURXJK�DQG�FUHVW
�� DPSOLWXGH
�� ZDYHOHQJWK
�� IUHTXHQF\�±�DV�WKH�QXPEHU�RI�FRPSOHWH�ZDYHV��

F\FOHV��RU�RVFLOODWLRQV�SHU�VHFRQG�

'HWHUPLQH�WKH�YDOXH�RI�WKH�ZDYHOHQJWK�RU�WKH�
IUHTXHQF\�RI�D�ZDYH�IURP�D�GLDJUDP�DQG�EH�DEOH�WR�
XVH�WKH�YDOXH�LQ�WKH�HTXDWLRQ�

ZDYH�VSHHG� �IUHTXHQF\�×�ZDYHOHQJWK

8VH�WKH�HTXDWLRQ�LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�DQG�
RU�XVH�RI�VWDQGDUG�IRUP��RU�WKH�XVH�RI�D�VFLHQWL¿F�
QRWDWLRQ�FDOFXODWRU��

ZDYH�VSHHG� �IUHTXHQF\�×�ZDYHOHQJWK

8VH�EDVLF�UD\�GLDJUDPV�WR�GHPRQVWUDWH�UHÀHFWLRQ�DW�
PXOWLSOH�SODQH��ÀDW��ERXQGDULHV�

8QGHUVWDQG�ZK\�UHIUDFWLRQ�RFFXUV�DW�WKH�ERXQGDU\�
EHWZHHQ�PHGLXPV�

'HVFULEH�GLIIUDFWLRQ�RI�ZDYHV�DW�DQ�RSHQLQJ� 'HVFULEH�D�GLIIUDFWLRQ�SDWWHUQ�IRU�ZDYHV��LQFOXGLQJ�
WKH�VLJQL¿FDQFH�RI�WKH�VL]H�RI�WKH�RSHQLQJ�RU�EDUULHU�
UHODWLYH�WR�WKH�ZDYHOHQJWK�

,GHQWLI\�WKH�VHYHQ�W\SHV�RI�HOHFWURPDJQHWLF�ZDYHV�
WKDW�FRPSULVH�WKH�VSHFWUXP�DQG�SODFH�WKHP�LQ�RUGHU�
RI�IUHTXHQF\�RU�ZDYHOHQJWK�

5HODWH�WKH�VL]H�RI�D�FRPPXQLFDWLRQV�UHFHLYHU�WR�WKH�
ZDYHOHQJWK�IRU�UDGLR��PLFURZDYH��LQIUDUHG�DQG�YLVLEOH�
OLJKW�

'HVFULEH�DQG�H[SODLQ�WKH�OLPLWLQJ�HIIHFWV�RI�GLIIUDFWLRQ�
RQ�ZDYH�EDVHG�VHQVRUV��WR�LQFOXGH��
�� WHOHVFRSHV
�� RSWLFDO�PLFURVFRSHV�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�G���/LJKW�DQG�ODVHUV

6XPPDU\���7KH�XVH�RI�OLJKW�DV�D�VRXUFH�RI�GLJLWDO�FRPPXQLFDWLRQ��IURP�0RUVH�VLJQDOOLQJ�WR�SUHVHQW�GD\�ODVHU�
WHFKQRORJ\��KDV�PDGH�UDSLG�FRPPXQLFDWLRQ�SRVVLEOH��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�FRPPXQLFDWLRQ�DW�WKH�
VSHHG�RI�OLJKW��LQFOXGLQJ�DSSOLFDWLRQV�RI�7RWDO�,QWHUQDO�5HÀHFWLRQ�

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

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

6KRZ�WKDW�D�PHVVDJH�FDQ�EH�WUDQVPLWWHG�XVLQJ�D�
VLJQDO�ODPS�

5HODWH�WKH�ÀDVKLQJ�VLJQDO�OLJKW�PHVVDJHV�WR�WKH�XVH�
RI�0RUVH�FRGH�

'HVFULEH�KRZ��KLVWRULFDOO\��WKH�XVH�RI�OLJKW�JUHDWO\�
LQFUHDVHG�WKH�VSHHG�RI�FRPPXQLFDWLRQ�EXW�WKDW�LW�
UHTXLUHV�WKH�XVH�RI�D�FRGH�

&DUU\�RXW�DQ�H[SHULPHQW�WR�PHDVXUH�WKH�FULWLFDO�DQJOH�
IRU�SHUVSH[�RU�JODVV�

6KRZ�WKDW�OHQJWKV�RI�RSWLFDO�¿EUH�DQG�D�SHQFLO�WRUFK�
FDQ�PDNH�D�PRGHO�RI�D�¿EUH�RSWLF�ODPS�

6KRZ�WKDW�LQIUDUHG�UDGLDWLRQ�FDQ�EH�WUDQVPLWWHG�DORQJ�
D�OHQJWK�RI�RSWLFDO�¿EUH�

6KRZ�WKDW�RSWLFDO�¿EUHV�FDQ�WUDQVPLW�D�VLJQDO�IURP�
WDSH�UHFRUGHU�RU�&'�SOD\HU�WR�DQ�DPSOL¿HU��DQG�
ORXGVSHDNHU��RU�VHQG�D�SURJUDP�IURP�RQH�FRPSXWHU�
WR�DQRWKHU�

5HFRJQLVH��LQ�WKH�FRQWH[W�RI�RSWLFDO�¿EUHV��ZKHUH�
7RWDO�,QWHUQDO�5HÀHFWLRQ��7,5��KDSSHQV�
�� JODVV�DLU�ERXQGDU\�
�� ZDWHU�DLU�ERXQGDU\�
�� SHUVSH[�DLU�ERXQGDU\�

8QGHUVWDQG�KRZ�OLJKW�DQG�LQIUDUHG�UDGLDWLRQ�FDQ�WUDYHO�
DORQJ�DQ�RSWLFDO�¿EUH�IURP�RQH�HQG�WR�DQRWKHU�E\�
UHÀHFWLRQ�IURP�WKH�VLGHV�RI�WKH�¿EUH�

([DPLQH�WKH�VXUIDFH�RI�D�&'�XQGHU�D�ODERUDWRU\�
PLFURVFRSH�DQG�WKHQ�ORRN�DW�LPDJHV�IURP�WKH�LQWHUQHW�
RU�RWKHU�UHVRXUFH�VKRZLQJ��������×�PDJQL¿FDWLRQ�

8QGHUVWDQG�KRZ�WKH�SURSHUWLHV�RI�OLJKW�SURGXFHG�E\�
ODVHUV�DOORZV�WKHP�WR�EH�XVHG�IRU�
�� VXUJHU\�DQG�GHQWDO�WUHDWPHQW
�� FXWWLQJ�PDWHULDOV�LQ�LQGXVWU\
�� ZHDSRQ�JXLGDQFH
�� ODVHU�OLJKW�VKRZV�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�G���/LJKW�DQG�ODVHUV

/LQNV�WR�RWKHU�LWHPV���3�G��8OWUDVRXQG��3�I��1DWXUH�RI�ZDYHV��3�J��5HIUDFWLRQ�RI�ZDYHV��3�K��2SWLFV

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

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

'HVFULEH�KRZ�OLJKW�ZDV�XVHG�DV�D�PHDQV�RI�
FRPPXQLFDWLRQ�
�� VLJQDOV�VHQW�LQ�WKH�IRUP�RI�0RUVH�FRGH�ZKLFK�LV�D�

VHULHV�RI�RQ�RII�VLJQDOV
�� VLJQDOV�UHOD\HG�EHWZHHQ�VWDWLRQV�WR�FRYHU�ODUJHU�

GLVWDQFHV�

'HVFULEH�ZK\�0RUVH�FRGH�LV�D�GLJLWDO�VLJQDO��

([SODLQ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�XVLQJ�
OLJKW��UDGLR�DQG�HOHFWULFDO�VLJQDOV�IRU�FRPPXQLFDWLRQ�

'HVFULEH�ZKDW�KDSSHQV�WR�OLJKW�LQFLGHQW�RQ�D�
ERXQGDU\��H�J��JODVV�DLU��ZDWHU�DLU�RU�SHUVSH[�DLU�
ERXQGDU\��EHORZ��DW�DQG�DERYH�WKH�FULWLFDO�DQJOH�

8QGHUVWDQG�KRZ�WUDQVIHU�RI�OLJKW�DORQJ�DQ�RSWLFDO�¿EUH�
GHSHQGV�RQ�WKH�FULWLFDO�DQJOH�RI�WKH�LQFLGHQW�OLJKW�

'HVFULEH�DSSOLFDWLRQV�RI�7RWDO�,QWHUQDO�5HÀHFWLRQ�
�7,5��LQ�¿EUH�RSWLFV�

5HFDOO�WKDW�D�ODVHU�SURGXFHV�D�QDUURZ�EHDP�RI�OLJKW�RI�
D�VLQJOH�FRORXU��PRQRFKURPDWLF��

([SODLQ�ZK\�PRVW�ODVHUV�SURGXFH�DQ�LQWHQVH�FRKHUHQW�
EHDP�RI�OLJKW�
�� ZDYHV�KDYH�WKH�VDPH�IUHTXHQF\
�� ZDYHV�DUH�LQ�SKDVH�ZLWK�HDFK�RWKHU
�� ZDYHV�KDYH�ORZ�GLYHUJHQFH�

([SODLQ�KRZ�D�ODVHU�EHDP�LV�XVHG�LQ�D�&'�SOD\HU�E\�
UHÀHFWLRQ�IURP�WKH�VKLQ\�VXUIDFH�
�� LQIRUPDWLRQ�LV�VWRUHG�RQ�WKH�ERWWRP�VXUIDFH
�� LQIRUPDWLRQ�LV�VWRUHG�GLJLWDOO\
�� LQIRUPDWLRQ�LQ�WKH�IRUP�RI�SDWWHUQV�RI�EXPSV�

�NQRZQ�DV�SLWV�
�� D�&'�ZLOO�FRQWDLQ�ELOOLRQV�RI�SLWV�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�H���&RRNLQJ�DQG�FRPPXQLFDWLQJ�XVLQJ�ZDYHV�

6XPPDU\���$OO�UDGLDWLRQV�LQ�WKH�HOHFWURPDJQHWLF�VSHFWUXP�FDQ�EH�GDQJHURXV�EXW�WKH\�DOVR�KDYH�PDQ\�XVHV��
,QIUDUHG�UDGLDWLRQ�DQG�PLFURZDYHV�DUH�XVHIXO�IRU�FRRNLQJ�VLQFH�WKH\�FDXVH�KHDWLQJ�LQ�REMHFWV�WKDW�DEVRUE�WKHP��
0LFURZDYHV�DUH�XVHG�IRU�PRELOH�SKRQH�FRPPXQLFDWLRQV��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�WKH�SURSHUWLHV�RI�
LQIUDUHG�DQG�PLFURZDYH�UDGLDWLRQ�DQG�H[DPLQHV�WKHLU�GDQJHUV�DQG�XVHV�

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

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

([DPLQH�KRXVHKROG�REMHFWV�WKDW�ZRUN�E\�LQIUDUHG�
UDGLDWLRQ�
�� UDGLDWRU��GRHV�QRW�JORZ�UHG��
�� WRDVWHU��GRHV�JORZ�UHG�
�� UHPRWH�FRQWUROV�XVH�D�¿QH�EHDP�RI�LQIUDUHG�

UDGLDWLRQ�

&DUU\�RXW�DQ�H[SHULPHQW�WR�PHDVXUH�WKH�WHPSHUDWXUH�
LQFUHDVH�QHDU�DQ�REMHFW�HPLWWLQJ�LQIUDUHG�UDGLDWLRQ�

,QWHUSUHW�LQIRUPDWLRQ�RQ�WKH�HOHFWURPDJQHWLF�VSHFWUXP�
WR�LQFOXGH�PLFURZDYHV�DQG�LQIUDUHG�UDGLDWLRQ�

8QGHUVWDQG�KRZ�WKH�HPLVVLRQ�DQG�DEVRUSWLRQ�RI�
LQIUDUHG�UDGLDWLRQ�LV�DIIHFWHG�E\�WKH�SURSHUWLHV�RI�WKH�
VXUIDFH�RI�DQ�REMHFW��3URSHUWLHV�WR�LQFOXGH�
�� VXUIDFH�WHPSHUDWXUH
�� FRORXU��EODFN�RU�ZKLWH�
�� WH[WXUH��VKLQ\�RU�GXOO��

5HFRJQLVH�WKDW�PLFURZDYHV�FDXVH�KHDWLQJ�ZKHQ�
DEVRUEHG�E\�ZDWHU�RU�IDW�DQG�WKDW�WKLV�LV�WKH�EDVLV�RI�
PLFURZDYH�FRRNLQJ�

&DUU\�RXW�DQ�H[SHULPHQW�WR�VKRZ�WKDW�ROGHU�PRELOH�
SKRQHV�RU�D�PLFURZDYH�RYHQ�LQ�XVH�HPLW�UDGLDWLRQ�
WKDW�FDXVHV�LQWHUIHUHQFH�ZLWK�D�UDGLR�VLJQDO�

5HFDOO�WKDW�PRELOH�SKRQHV�XVH�PLFURZDYH�VLJQDOV�

,QWHUSUHW�LQIRUPDWLRQ�DERXW�WKH�XVH�DQG�VDIHW\�RI�
PRELOH�SKRQH�WHFKQRORJ\��H�J��XVLQJ�LQWHUQHW�VHDUFK�

6XUYH\�RSLQLRQV�DERXW�WKH�SRVLWLRQLQJ�RI�PRELOH�
SKRQH�PDVWV�

5HVHDUFK�WKH�HYLGHQFH�IRU�DQG�DJDLQVW�WKH�SRVVLEOH�
GDPDJH�WR�KXPDQV�ZKHQ�XVLQJ�PRELOH�SKRQHV�DQG�
SUHVHQW�WKH�¿QGLQJV�LQ�WKH�IRUP�RI�D�OHDÀHW�

'HVFULEH�VRPH�FRQFHUQV�DERXW�FKLOGUHQ�XVLQJ�PRELOH�
SKRQHV�

5HFDOO�WKDW�GLIIHUHQW�VWXGLHV�LQWR�WKH�HIIHFWV�RI�PRELOH�
SKRQH�XVH�KDYH�UHDFKHG�FRQÀLFWLQJ�FRQFOXVLRQV�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�H���&RRNLQJ�DQG�FRPPXQLFDWLQJ�XVLQJ�ZDYHV�

/LQNV�WR�RWKHU�LWHPV���3�E��.HHSLQJ�KRPHV�ZDUP��3�F��$�VSHFWUXP�RI�ZDYHV��3�I��'DWD�WUDQVPLVVLRQ��3�J��
:LUHOHVV�VLJQDOV

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

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

'HVFULEH�SURSHUWLHV�RI�LQIUDUHG�UDGLDWLRQ�
�� KHDWV�WKH�VXUIDFH�RI�WKH�IRRG
�� LV�UHÀHFWHG�E\�VKLQ\�VXUIDFHV�

'HVFULEH�SURSHUWLHV�RI�PLFURZDYHV�
�� SHQHWUDWH��DERXW��FP��LQWR�IRRG
�� DUH�UHÀHFWHG�E\�VKLQ\�PHWDO�VXUIDFHV
�� FDQ�FDXVH�EXUQV�ZKHQ�DEVRUEHG�E\�ERG\�WLVVXH
�� SDVV�WKURXJK�JODVV�DQG�SODVWLFV�

([SODLQ�KRZ�PLFURZDYHV�DQG�LQIUDUHG�WUDQVIHU�HQHUJ\�
WR�PDWHULDOV�
�� LQIUDUHG�LV�DEVRUEHG�RQO\�E\�SDUWLFOHV�RQ�WKH�

VXUIDFH�RI�WKH�IRRG�LQFUHDVLQJ�WKHLU�.(
�� .(�LV�WUDQVIHUUHG�WR�WKH�FHQWUH�RI�WKH�IRRG�E\�

FRQGXFWLRQ�RU�FRQYHFWLRQ
�� PLFURZDYHV�DUH�DEVRUEHG�RQO\�E\�ZDWHU�RU�IDW�

SDUWLFOHV�LQ�RXWHU�OD\HUV�RI�WKH�IRRG�LQFUHDVLQJ�
WKHLU�.(�

'HVFULEH�KRZ�WKH�HQHUJ\�DVVRFLDWHG�ZLWK�PLFURZDYHV�
DQG�LQIUDUHG�GHSHQG�RQ�WKHLU�IUHTXHQF\�DQG�UHODWH�WKLV�
WR�WKHLU�SRWHQWLDO�GDQJHUV�

'HVFULEH�IDFWRUV�WKDW�OLPLW�WKH�WUDQVPLVVLRQ�RI�
LQIRUPDWLRQ�RYHU�ODUJH�GLVWDQFHV�XVLQJ�PLFURZDYHV�

([SODLQ�KRZ�VLJQDO�ORVV�ZLWK�PLFURZDYHV�KDSSHQV�
EHFDXVH�RI�
�� DGYHUVH�ZHDWKHU�DQG�ODUJH�DUHDV�RI�VXUIDFH�ZDWHU�

VFDWWHU�VLJQDOV
�� ORVV�RI�OLQH�RI�VLJKW�GXH�WR�FXUYDWXUH�RI�WKH�(DUWK
�� QR�GLIIUDFWLRQ�RI�PLFURZDYHV�DURXQG�ODUJH�REMHFWV
�� LQWHUIHUHQFH�EHWZHHQ�VLJQDOV�

'HVFULEH�KRZ�WKH�SUREOHPV�RI�VLJQDO�ORVV�DUH�UHGXFHG�
E\�
�� OLPLWLQJ�WKH�GLVWDQFH�EHWZHHQ�WUDQVPLWWHUV
�� KLJK�SRVLWLRQLQJ�RI�WUDQVPLWWHUV�

'HVFULEH�ZK\�WKHUH�PD\�RU�PD\�QRW�EH�GDQJHUV�
�� WR�UHVLGHQWV�QHDU�WKH�VLWH�RI�D�PRELOH�SKRQH�

WUDQVPLWWHU�PDVW
�� WR�XVHUV�RI�PRELOH�SKRQHV�

'HVFULEH�KRZ�SRWHQWLDO�GDQJHUV�PD\�EH�LQFUHDVHG�E\�
IUHTXHQW�XVH�

([SODLQ�KRZ�SXEOLVKLQJ�VFLHQWL¿F�VWXGLHV�LQWR�WKH�
HIIHFWV�RI�PRELOH�SKRQH�PLFURZDYH�UDGLDWLRQ�HQDEOHV�
UHVXOWV�WR�EH�FKHFNHG�

8QGHUVWDQG�WKDW�LQ�WKH�SUHVHQFH�RI�FRQÀLFWLQJ�
HYLGHQFH�LQGLYLGXDOV�DQG�VRFLHW\�PXVW�PDNH�FKRLFHV�
DERXW�PRELOH�SKRQH�XVDJH�DQG�ORFDWLRQ�RI�PDVWV�LQ�
WHUPV�RI�EDODQFLQJ�ULVN�DQG�EHQH¿W�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�I���'DWD�WUDQVPLVVLRQ

6XPPDU\���,QIUDUHG�UDGLDWLRQ�LV�QRW�RQO\�XVHIXO�IRU�FRRNLQJ�DQG�KHDWLQJ��,W�LV�XVHG�LQ�UHPRWH�FRQWUROV�WR�PDNH�
OLIH�HDVLHU��ZKHWKHU�LW�LV�FKDQJLQJ�FKDQQHOV�RQ�WKH�WHOHYLVLRQ��RSHQLQJ�FDU�GRRUV�RU�RSHQLQJ�WKH�JDUDJH�GRRU�
ZKHQ�ZH�JHW�KRPH�RQ�D�FROG��ZHW�HYHQLQJ��,QIUDUHG�UDGLDWLRQ�LV�DOVR�XVHG�WR�FDUU\�LQIRUPDWLRQ�LQ�VLJQDOV�WKDW�
FDQ�EH�WUDQVPLWWHG�RYHU�ORQJ�GLVWDQFHV�XVLQJ�RSWLFDO�¿EUHV��7KLV�LWHP�FRQVLGHUV�KRZ�ZH�XVH�LQIUDUHG�UDGLDWLRQ�

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

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

([DPLQH�WKH�SURSHUWLHV�RI�LQIUDUHG�UDGLDWLRQ�H�J��
UHÀHFWLQJ�WKH�EHDP�IURP�D�UHPRWH�FRQWURO�WR�D�
WHOHYLVLRQ�DQG�VKRZLQJ�LW�WR�EH�DEVRUEHG�

'HVFULEH�HYHU\GD\�XVHV�RI�LQIUDUHG�UDGLDWLRQ�WR�
LQFOXGH�
�� LQ�UHPRWH�FRQWUROV��79��YLGHR�DQG�'9'�SOD\HUV��

DXWRPDWLF�GRRUV�
�� VKRUW�GLVWDQFH�GDWD�OLQNV�IRU�FRPSXWHUV�RU�PRELOH�

SKRQHV�

([DPLQH�D�SDVVLYH�LQIUDUHG�VHQVRU�DQG�LPDJHV�
FDSWXUHG�E\�LQIUDUHG�FDPHUDV�

8QGHUVWDQG�KRZ�SDVVLYH�LQIUDUHG�VHQVRUV�DQG�
WKHUPDO�LPDJLQJ�FDPHUDV�ZRUN�
�� LQIUDUHG�VHQVRUV�GHWHFW�ERG\�KHDW�

([DPLQH�ZDYHIRUPV�RI�DQDORJXH�DQG�GLJLWDO�VLJQDOV�
XVLQJ�DQ�RVFLOORVFRSH�

&DUU\�RXW�UHVHDUFK�XVLQJ�WKH�LQWHUQHW��WR�HYDOXDWH�
WKH�UHDVRQV�IRU��DQG�WLPH�VFDOH�RI��WKH�VZLWFKLQJ�IURP�
DQDORJXH�WR�GLJLWDO�EURDGFDVWV��&RQVWUXFW�D�WLPH�OLQH�
�SDSHU�RU�XVLQJ�,7��WR�VKRZ�WKH�SURJUHVVLRQ�IURP�WKH�
¿UVW�UDGLR�DQG�79�EURDGFDVWV�WR�WKH�XVH�RI�GLJLWDO�
WUDQVPLVVLRQV��

'HVFULEH�WKH�GLIIHUHQFHV�EHWZHHQ�DQDORJXH�DQG�
GLJLWDO�VLJQDOV�
�� DQDORJXH�VLJQDOV�KDYH�D�FRQWLQXRXVO\�YDULDEOH�

YDOXH
�� GLJLWDO�VLJQDOV�DUH�HLWKHU�RQ�����RU�RII�����
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�I���'DWD�WUDQVPLVVLRQ

/LQNV�WR�RWKHU�LWHPV���3�F��$�VSHFWUXP�RI�ZDYHV��3�G��/LJKW�DQG�ODVHUV��3�J��5HIUDFWLRQ�RI�ZDYHV

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

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

'HVFULEH�KRZ�LQIUDUHG�VLJQDOV�FDQ�FDUU\�LQIRUPDWLRQ�
WR�FRQWURO�HOHFWULFDO�RU�HOHFWURQLF�GHYLFHV�

([SODLQ�KRZ�WKH�VLJQDO�IURP�DQ�LQIUDUHG�UHPRWH�
FRQWURO�XVHV�D�VHW�RI�GLJLWDO�VLJQDOV��RU�FRGHV��WR�
FRQWURO�GLIIHUHQW�IXQFWLRQV�RI�HOHFWULFDO�RU�HOHFWURQLF�
GHYLFHV�

8QGHUVWDQG�ZK\�LW�LV�HDVLHU�WR�UHPRYH�QRLVH�IURP�
GLJLWDO�VLJQDOV�

([SODLQ�KRZ�WKH�SURSHUWLHV�RI�GLJLWDO�VLJQDOV�SOD\HG�D�
SDUW�LQ�WKH�VZLWFK�WR�GLJLWDO�79�DQG�UDGLR�EURDGFDVWV��
WR�LQFOXGH�XVH�RI�PXOWLSOH[LQJ�

'HVFULEH�WKH�WUDQVPLVVLRQ�RI�OLJKW�LQ�RSWLFDO�¿EUHV�
�� RSWLFDO�¿EUHV�DOORZ�WKH�UDSLG�WUDQVPLVVLRQ�RI�GDWD
�� RSWLFDO�¿EUHV�DOORZ�WKH�WUDQVPLVVLRQ�RI�GDWD�

SXOVHV�XVLQJ�OLJKW�

'HVFULEH�DGYDQWDJHV�RI�XVLQJ�RSWLFDO�¿EUHV�WR�DOORZ�
PRUH�LQIRUPDWLRQ�WR�EH�WUDQVPLWWHG�
�� PXOWLSOH[LQJ
�� ODFN�RI�LQWHUIHUHQFH�LQ�WKH�¿QDO�VLJQDO�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�J���:LUHOHVV�VLJQDOV

6XPPDU\���7RGD\¶V�KL�WHFK�ZRUOG�GHPDQGV�WKDW�SHRSOH�FDQ�DOZD\V�UHFHLYH�ERWK�SKRQH�FDOOV�DQG�HPDLO�YHU\�
UDSLGO\��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�JOREDO�FRPPXQLFDWLRQ��WKH�EHQH¿WV�RI�ZLUHOHVV�WUDQVPLVVLRQ��DQG�WKH�
LPSDFW�RI�WKLV�FXOWXUH�RQ�PRGHUQ�VRFLHW\��7KH�H[SDQGLQJ�XVH�RI�GLJLWDO�VLJQDOV�LV�H[DPLQHG��

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

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

6XUYH\�RI�XVH�RI�ZLUHOHVV�WHFKQRORJ\�ZLWKLQ�WKH�FODVV�

0DNH�D�ZDOO�FKDUW�RU�3RZHU3RLQW�SUHVHQWDWLRQ�WR�
LOOXVWUDWH�WKH�PDQ\�XVHV�RI�ZLUHOHVV�WHFKQRORJ\�

'HVFULEH�KRZ�UDGLDWLRQ�XVHG�IRU�FRPPXQLFDWLRQ�FDQ�
EH�UHÀHFWHG�

5HFRJQLVH�WKDW�ZLUHOHVV�WHFKQRORJ\�XVHV�
HOHFWURPDJQHWLF�UDGLDWLRQ�IRU�FRPPXQLFDWLRQ�

'HVFULEH�WKH�DGYDQWDJHV�RI�ZLUHOHVV�WHFKQRORJ\�
�� QR�H[WHUQDO�GLUHFW�FRQQHFWLRQ�WR�D�WHOHSKRQH�OLQH�

QHHGHG
�� SRUWDEOH�DQG�FRQYHQLHQW
�� DOORZV�DFFHVV�ZKHQ�RQ�WKH�PRYH

EXW�DQ�DHULDO�LV�QHHGHG�WR�SLFN�XS�WKH�VLJQDOV�

8VH�UDGLR�RU�SURJUDPPH�JXLGHV�WR�PDNH�D�FKDUW�RI�
UDGLR�VWDWLRQV�DQG�IUHTXHQFLHV�

([DPLQH�WKH�TXDOLW\�RI�UDGLR�DQG�PRELOH�SKRQH�
UHFHSWLRQ�LQ�WKH�DUHD�

6KRZ�WKDW�WKH�TXDOLW\�RI�GLJLWDO�UDGLR�UHFHSWLRQ�LV�
VXSHULRU�WR�DQDORJXH�UHFHSWLRQ�

5HVHDUFK�WKH�H[SDQVLRQ�RI�'LJLWDO�$XGLR�%DQG��'$%��
EURDGFDVWLQJ�

&RQVWUXFW�D�WLPHOLQH�WR�VKRZ�WKH�HYHQWV�IURP�WKH�¿UVW�
WUDQVPLVVLRQ�RI�UDGLR�VLJQDOV�WR�WKH�GLJLWDO�VZLWFK�RYHU�

,QWHUSUHW�GDWD��LQFOXGLQJ�LQIRUPDWLRQ�JLYHQ�LQ�GLDJUDP�
IRUP��RQ�GLJLWDO�DQG�DQDORJXH�VLJQDOV�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�J���:LUHOHVV�VLJQDOV

/LQNV�WR�RWKHU�LWHPV���3�F��$�VSHFWUXP�RI�ZDYHV��3�H��6DWHOOLWH�FRPPXQLFDWLRQ��3�I��1DWXUH�RI�ZDYHV��
3�J��5HIUDFWLRQ�RI�ZDYHV

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

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

5HFDOO�KRZ�UDGLDWLRQ�XVHG�IRU�FRPPXQLFDWLRQ�FDQ�
EH�UHIUDFWHG�DQG�UHÀHFWHG�DQG�KRZ�WKLV�FDQ�EH�DQ�
DGYDQWDJH�RU�GLVDGYDQWDJH�IRU�JRRG�VLJQDO�UHFHSWLRQ�

'HVFULEH�FRPPRQ�XVHV�RI�ZLUHOHVV�WHFKQRORJ\�
�� 79�DQG�UDGLR
�� PRELOH�SKRQHV
�� ODSWRS�FRPSXWHUV�

([SODLQ�KRZ�ORQJ�GLVWDQFH�FRPPXQLFDWLRQ�GHSHQGV�
RQ�
�� WKH�UHIUDFWLRQ�DQG�UHVXOWLQJ�UHÀHFWLRQ�RI�ZDYHV�

IURP�WKH�LRQRVSKHUH�
�� EHLQJ�UHFHLYHG�E\�DQG�UH�WUDQVPLWWHG�IURP�

VDWHOOLWHV��

5HFDOO�WKDW�WKH�UHIUDFWLRQ�DQG�UHÀHFWLRQ�LQ�WKH�
LRQRVSKHUH�LV�VLPLODU�WR�7,5�IRU�OLJKW�

8QGHUVWDQG�ZK\�QHDUE\�UDGLR�VWDWLRQV�XVH�GLIIHUHQW�
WUDQVPLVVLRQ�IUHTXHQFLHV�

'HVFULEH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�'$%�
EURDGFDVWV��
�� PRUH�VWDWLRQV�DYDLODEOH
�� OHVV�LQWHUIHUHQFH�ZLWK�RWKHU�EURDGFDVWV
�� PD\�JLYH�SRRUHU�DXGLR�TXDOLW\�FRPSDUHG�WR�)0
�� QRW�DOO�DUHDV�FRYHUHG�

([SODLQ�KRZ�WKH�UHIUDFWLRQ�DQG�GLIIUDFWLRQ�RI�UDGLDWLRQ�
FDQ�DIIHFW�FRPPXQLFDWLRQV�
�� UHIUDFWLRQ�DW�WKH�LQWHUIDFHV�RI�GLIIHUHQW�OD\HUV�RI�

(DUWK¶V�DWPRVSKHUH
�� GLIIUDFWLRQ�E\�WUDQVPLVVLRQ�GLVKHV�UHVXOWV�LQ�VLJQDO�

ORVV�

([SODLQ�WKH�DGYDQWDJH�RI�GLJLWDO�UDGLR��LQ�WHUPV�RI�
ODFN�RI�LQWHUIHUHQFH��LQFOXGLQJ�WKDW�EHWZHHQ�RWKHU�
EURDGFDVWV�VWDWLRQV�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�K���6WDEOH�(DUWK

6XPPDU\���:DYHV�FDUU\�LQIRUPDWLRQ��7KH�LQIRUPDWLRQ�FDQ�EH�H[WUDFWHG�HYHQ�IURP�QDWXUDOO\�RFFXUULQJ�ZDYHV��
VXFK�DV�VHLVPLF�ZDYHV�JHQHUDWHG�ZLWKLQ�WKH�(DUWK��6RPH�ZDYHV�DUH�SRWHQWLDOO\�KDUPIXO�WR�OLYLQJ�RUJDQLVPV��
7KH�LQFLGHQWV�RI�VNLQ�FDQFHU�DUH�ULVLQJ��HYHQ�LQ�WKH�8.��7KLV�LWHP�GHYHORSV�LGHDV�VXUURXQGLQJ�WKHVH�DQG�RWKHU�
REVHUYDWLRQV��,W�DOVR�H[DPLQHV�KRZ�FOLPDWH�LV�EHLQJ�DIIHFWHG�E\�QDWXUDO�DQG�KXPDQ�DFWLYLW\�

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

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

([DPLQH�VHLVPRJUDSKLF�WUDFHV�RI�UHFHQW�HDUWKTXDNHV�

0DNH�D�VHLVPLF�WUDFH�XVLQJ�D�SHQ�VXVSHQGHG�IURP�D�
UHWRUW�VWDQG�DQG�VWULNLQJ�WKH�EHQFK�

7HVW�VHLVPRPHWHU�DSSOLFDWLRQV�LQ�PRGHUQ�VPDUW�
SKRQHV�

'HVFULEH�HDUWKTXDNHV�DV�SURGXFLQJ�VKRFN�ZDYHV�
ZKLFK�FDQ�
�� EH�GHWHFWHG�E\�VHLVPRPHWHUV
�� EH�UHFRUGHG�RQ�D�VHLVPRJUDSK
�� FDXVH�GDPDJH�WR�EXLOGLQJV�DQG�WKH�(DUWK¶V�

VXUIDFH
�� FDXVH�D�WVXQDPL�

([DPLQH�GDWD�WKDW�VKRZV�WKH�LQFUHDVH�LQ�FDVHV�RI�
VNLQ�FDQFHU�OLQNHG�WR�PRUH�IUHTXHQW�H[SRVXUH�WR�89�

3URGXFH�D�ZDOO�FKDUW�RU�3RZHU3RLQW�SUHVHQWDWLRQ�
VKRZLQJ�WKH�GDQJHUV�RI�H[SRVXUH�WR�89�DQG�RU�
SURWHFWLRQ�PHDVXUHV�DJDLQVW�RYHU�H[SRVXUH�

0DNH�D�OHDÀHW�WR�VKRZ�SHRSOH�WKH�GDQJHUV�RI�XVLQJ�
VXQ�EHGV�

&RQVWUXFW�D�FKDUW�VKRZLQJ�D�UDQJH�RI�VXQ�SURWHFWLRQ�
IDFWRUV��63)V��DQG�WKH�FRUUHVSRQGLQJ�VDIH�H[SRVXUH�
WLPHV�

5HFDOO�WKDW�H[SRVXUH�WR�XOWUDYLROHW�UDGLDWLRQ�FDQ�
FDXVH�
�� VXQWDQ
�� VXQEXUQ
�� VNLQ�FDQFHU
�� FDWDUDFWV
�� SUHPDWXUH�VNLQ�DJLQJ�

5HFRJQLVH�WKDW�VXQVFUHHQV��H�J��VXQ�EORFN�RU�VXQ�
FUHDP��FDQ�UHGXFH�GDPDJH�FDXVHG�E\�XOWUDYLROHW�
UDGLDWLRQ�
�� OHVV�GDPDJH�ZKHQ�KLJKHU�IDFWRUV�DUH�XVHG
�� KLJK�IDFWRUV�DOORZ�ORQJHU�H[SRVXUH�ZLWKRXW�

EXUQLQJ�

3URGXFH�D�ZDOO�FKDUW�VKRZLQJ�KRZ�SROOXWLRQ�IURP�
&)&V�KDV�HQODUJHG�WKH�KROH�LQ�WKH�R]RQH�OD\HU�RYHU�
$QWDUFWLFD�DQG�WKH�UHVXOWLQJ�LQFUHDVHG�WKUHDW�RI�
H[SRVXUH�WR�PRUH�89�LQ�WKDW�DUHD�

5HFDOO�WKDW�WKH�GLVFRYHU\�RI�WKH�UHGXFWLRQ�RI�R]RQH�
OHYHOV�RYHU�$QWDUFWLFD�ZDV�XQH[SHFWHG�

'HVFULEH�KRZ�VFLHQWLVWV�XVHG�H[LVWLQJ�VFLHQWL¿F�LGHDV�
WR�H[SODLQ�WKHLU�PHDVXUHPHQWV�
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0RGXOH�3����(QHUJ\�)RU�7KH�+RPH
,WHP�3�K���6WDEOH�(DUWK

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

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

5HFDOO�WKDW�WZR�W\SHV�RI�VHLVPLF�ZDYHV�DUH�
�� ORQJLWXGLQDO�3�ZDYHV�ZKLFK�WUDYHO�WKURXJK�ERWK�

VROLGV�DQG�OLTXLGV�DQG�WUDYHO�IDVWHU�WKDQ�6�ZDYHV
�� WUDQVYHUVH�6�ZDYHV�ZKLFK�WUDYHO�WKURXJK�VROLGV�

EXW�QRW�WKURXJK�OLTXLGV�DQG�WUDYHO�VORZHU�WKDQ�3�
ZDYHV�

'HVFULEH�KRZ�GDWD�RQ�VHLVPLF�ZDYHV�WUDQVPLWWHG�
WKURXJK�WKH�(DUWK�FDQ�EH�XVHG�WR�SURYLGH�HYLGHQFH�
IRU�LWV�VWUXFWXUH�
�� 3�ZDYHV�WUDYHO�WKURXJK�VROLG�DQG�OLTXLG�URFN��L�H��

DOO�OD\HUV�RI�WKH�(DUWK�
�� 6�ZDYHV�FDQQRW�WUDYHO�WKURXJK�OLTXLG�URFN��L�H��WKH�

RXWHU�FRUH��

([SODLQ�KRZ�GDUNHU�VNLQV�UHGXFH�FDQFHU�ULVN�
�� DEVRUE�PRUH�XOWUDYLROHW�UDGLDWLRQ
�� OHVV�XOWUDYLROHW�UDGLDWLRQ�UHDFKHV�XQGHUO\LQJ�ERG\�

WLVVXHV�

,QWHUSUHW�GDWD�DERXW�VXQ�SURWHFWLRQ�IDFWRU��QR�UHFDOO�LV�
H[SHFWHG��

&DOFXODWH�KRZ�ORQJ�D�SHUVRQ�FDQ�VSHQG�LQ�WKH�6XQ�
ZLWKRXW�EXUQLQJ�IURP�NQRZOHGJH�RI�WKH�VXQ�SURWHFWLRQ�
IDFWRU��63)��RI�VXQVFUHHQV��H�J��VXQ�EORFN�RU�VXQ�
FUHDP��

'HVFULEH�KRZ�SHRSOH�KDYH�EHHQ�LQIRUPHG�RI�WKH�ULVN�
RI�H[SRVXUH�WR�XOWUDYLROHW�UDGLDWLRQ��LQFOXGLQJ�IURP�WKH�
XVH�RI�VXQ�EHGV��LQ�RUGHU�WR�LPSURYH�SXEOLF�KHDOWK��

([SODLQ�KRZ�WKH�R]RQH�OD\HU�SURWHFWV�WKH�(DUWK�IURP�
XOWUDYLROHW�UDGLDWLRQ�

'HVFULEH�KRZ�
�� HQYLURQPHQWDO�SROOXWLRQ�IURP�&)&V�KDV�GHSOHWHG�

WKH�R]RQH�OD\HU
�� WKLV�DOORZV�PRUH�XOWUDYLROHW�UDGLDWLRQ�WR�UHDFK�

(DUWK�
�� WKH�SRWHQWLDO�GDQJHU�WR�KXPDQ�KHDOWK�LQFUHDVHV�

EHFDXVH�RI�WKLV��

'HVFULEH�KRZ�VFLHQWLVWV�YHUL¿HG�WKHLU�PHDVXUHPHQWV�
RI�R]RQH�UHGXFWLRQ��DQG�WKH�VWHSV�WKH\�WRRN�WR�
LQFUHDVH�FRQ¿GHQFH�LQ�WKHLU�H[SODQDWLRQ�
�� PHDVXUHPHQWV�UHSHDWHG�ZLWK�QHZ�HTXLSPHQW
�� PHDVXUHPHQWV�UHSHDWHG�E\�GLIIHUHQW�VFLHQWLVWV
�� SUHGLFWLRQV�WHVWHG�EDVHG�RQ�WKH�H[SODQDWLRQ�

'HVFULEH�KRZ�WKH�GLVFRYHU\�RI�WKH�KROH�LQ�WKH�R]RQH�
OD\HU�RYHU�$QWDUFWLFD�FKDQJHG�WKH�EHKDYLRXU�RI�
VRFLHW\�DW�DQ�LQWHUQDWLRQDO�OHYHO�
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���� 0RGXOH�3���/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�

0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�D��&ROOHFWLQJ�HQHUJ\�IURP�WKH�6XQ

6XPPDU\��7KH�6XQ�KDV�VXSSOLHG�RXU�SODQHW�ZLWK�HQHUJ\�IRU�D�ORQJ�WLPH��7KLV�LWHP�VKRZV�KRZ�VRODU�HQHUJ\�
FDQ�EH�XVHG��LQ�D�VXVWDLQDEOH�ZD\��WR�SURYLGH�XV�ZLWK�VRPH�RI�RXU�HQHUJ\�QHHGV�

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

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

,QYHVWLJDWH�KRZ�WKH�YROWDJH�DQG�FXUUHQW�IURP�D�
SKRWRFHOO�YDULHV�ZLWK�GLVWDQFH�IURP�WKH�OLJKW�VRXUFH�

5HVHDUFK�WKH�XVH�RI�SKRWRFHOOV�IRU�SURYLGLQJ�
HOHFWULFLW\�LQ�UHPRWH�ORFDWLRQV�

,QYHVWLJDWH�KRZ�WKH�SRZHU�RI�D�SKRWRFHOO�GHSHQGV�RQ�
LWV�VXUIDFH�DUHD�DQG�LWV�GLVWDQFH�IURP�WKH�OLJKW�VRXUFH�

,QYHVWLJDWH�KRZ�SKRWRFHOOV�FDQ�EH�FRQQHFWHG�WR�
LQFUHDVH�WKHLU�YROWDJH�

5HFDOO�WKDW�SKRWRFHOOV�
�� WUDQVIHU�OLJKW�LQWR�HOHFWULFLW\
�� SURGXFH�GLUHFW�FXUUHQW��'&�
�� FDQ�RSHUDWH�LQ�UHPRWH�ORFDWLRQV
�� KDYH�D�SRZHU�RU�FXUUHQW�WKDW�GHSHQGV�RQ�WKH�

VXUIDFH�DUHD�H[SRVHG�WR�VXQOLJKW�

5HFDOO�WKDW�'&�HOHFWULFLW\�LV�FXUUHQW�LQ�WKH�VDPH�
GLUHFWLRQ�DOO�WKH�WLPH�

%XLOG�D�VRODU�FROOHFWRU�H�J��IURP�DOXPLQLXP�IRLO�DQG�DQ�
XPEUHOOD�

,QYHVWLJDWH�D�PRGHO�JODVVKRXVH�

6XUYH\�DQG�UHVHDUFK�WKH�XVH�RI�SDVVLYH�VRODU�KHDWLQJ�
RI�EXLOGLQJV�

6XUYH\�DQG�UHVHDUFK�WKH�XVH�DQG�GLVWULEXWLRQ�RI�ZLQG�
WXUELQHV�LQ�WKH�8.�

5HVHDUFK�DQG�GHEDWH�WR�ZKDW�H[WHQW�VRODU�HQHUJ\�FDQ�
KHOS�HQVXUH�WKH�8.¶V�IXWXUH�HQHUJ\�VHFXULW\�

'HVFULEH�KRZ�WKH�6XQ¶V�HQHUJ\�FDQ�EH�KDUQHVVHG�
�� UDGLDWLRQ�IURP�WKH�6XQ�FDQ�EH�DEVRUEHG�E\�D�

VXUIDFH�DQG�WUDQVIHUUHG�LQWR�KHDW�HQHUJ\
�� SURGXFHV�FRQYHFWLRQ�FXUUHQWV��ZLQG��WR�GULYH�

WXUELQHV
�� KRZ�JODVV�FDQ�EH�XVHG�WR�SURYLGH�SDVVLYH�VRODU�

KHDWLQJ�IRU�EXLOGLQJV
�� OLJKW�FDQ�EH�UHÀHFWHG�WR�D�IRFXV�E\�D�FXUYHG�

PLUURU�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�D��&ROOHFWLQJ�HQHUJ\�IURP�WKH�6XQ

/LQNV�WR�RWKHU�LWHPV���3�F��*OREDO�ZDUPLQJ��3�H��(QHUJ\�RQ�WKH�PRYH

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

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

'HVFULEH�VRPH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
XVLQJ�SKRWRFHOOV�WR�SURYLGH�HOHFWULFLW\�
�� ORZ�PDLQWHQDQFH
�� QR�QHHG�IRU�SRZHU�FDEOHV
�� QR�QHHG�IRU�IXHO
�� ORQJ�OLIH
�� UHQHZDEOH�HQHUJ\�UHVRXUFH
�� QR�SROOXWLQJ�ZDVWH
�� QR�SRZHU�DW�QLJKW�RU�LQ�EDG�ZHDWKHU�

'HVFULEH�KRZ�OLJKW�SURGXFHV�HOHFWULFLW\�LQ�D�SKRWRFHOO�
�� HQHUJ\�DEVRUEHG�E\�SKRWRFHOO
�� HOHFWURQV�DUH�NQRFNHG�ORRVH�IURP�WKH�VLOLFRQ�

DWRPV�LQ�WKH�FU\VWDO
�� HOHFWURQV�ÀRZ�IUHHO\�

8QGHUVWDQG�KRZ�WKH�FXUUHQW�DQG�SRZHU�SURGXFHG�LQ�D�
SKRWRFHOO�GHSHQGV�RQ�
�� OLJKW�LQWHQVLW\
�� VXUIDFH�DUHD�H[SRVHG
�� GLVWDQFH�IURP�WKH�OLJKW�VRXUFH�

'HVFULEH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�ZLQG�
WXUELQHV�
�� UHQHZDEOH
�� QR�SROOXWLQJ�ZDVWH
�� YLVXDO�SROOXWLRQ
�� GHSHQGHQF\�RQ�ZLQG�VSHHG
�� DSSURSULDWH�VSDFH�DQG�SRVLWLRQ�QHHGHG�

([SODLQ�ZK\�SDVVLYH�VRODU�KHDWLQJ�ZRUNV�
�� JODVV�LV�WUDQVSDUHQW�WR�6XQ¶V�UDGLDWLRQ
�� KHDWHG�VXUIDFHV�HPLW�LQIUDUHG�UDGLDWLRQ�RI�ORQJHU�

ZDYHOHQJWK
�� JODVV�UHÀHFWV�WKLV�ORQJHU�ZDYHOHQJWK�LQIUDUHG�

5HFDOO�WKDW�DQ�HI¿FLHQW�VRODU�FROOHFWRU�PXVW�WUDFN�WKH�
SRVLWLRQ�RI�WKH�6XQ�LQ�WKH�VN\�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�E��*HQHUDWLQJ�HOHFWULFLW\

6XPPDU\��0RVW�RI�RXU�HOHFWULFLW\�LV�JHQHUDWHG�LQ�SRZHU�VWDWLRQV�E\�EXUQLQJ�IXHOV��7KLV�LWHP�VKRZV�KRZ�SRZHU�
VWDWLRQV�ZRUN�DQG�KRZ�HQHUJ\�LV�WUDQVSRUWHG�WR�RXU�KRPHV�DQG�IDFWRULHV�

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

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

%XLOG�D�PRGHO�JHQHUDWRU�ZLWK�PDJQHWV�DQG�FRLOV�WR�
SURGXFH�HOHFWULFLW\�

([DPLQH�WKH�GLIIHUHQFH�EHWZHHQ�D�PRGHO�JHQHUDWRU�
DQG�WKH�JHQHUDWRU�LQ�D�SRZHU�VWDWLRQ�

([DPLQH�ZD\V�LQ�ZKLFK�WKH�FXUUHQW�RI�D�JHQHUDWRU�FDQ�
EH�LQFUHDVHG�

([DPLQH�WKH�RXWSXW�RI�D�JHQHUDWRU�ZLWK�DQ�
RVFLOORVFRSH�

'HVFULEH�KRZ�WR�JHQHUDWH�HOHFWULFLW\�XVLQJ�WKH�
G\QDPR�HIIHFW��E\�PRYLQJ�WKH�FRLO�RU�WKH�PDJQHW��

5HFDOO�WKDW�D�JHQHUDWRU�SURGXFHV�DOWHUQDWLQJ�FXUUHQW�
�$&��

5HFDOO�WKDW�D�EDWWHU\�SURGXFHV�GLUHFW�FXUUHQW��'&��

)LQG�RXW�DERXW�WKH�FRQVWUXFWLRQ�RI�SRZHU�VWDWLRQV�

'HPRQVWUDWH�D�VWHDP�HQJLQH�WUDQVIHUULQJ�FKHPLFDO�
HQHUJ\�RI�D�IXHO�LQWR�NLQHWLF�HQHUJ\�

'HVFULEH�WKH�PDLQ�VWDJHV�LQ�WKH�SURGXFWLRQ�DQG�
GLVWULEXWLRQ�RI�HOHFWULFLW\�
�� VRXUFH�RI�HQHUJ\
�� SRZHU�VWDWLRQ�SURGXFHV�HOHFWULFLW\
�� QDWLRQDO�JULG�RI�SRZHU�OLQHV�FRQQHFWLQJ�VWDWLRQ�WR�

FRQVXPHUV
�� FRQVXPHUV�DUH�KRPHV��IDFWRULHV��RI¿FHV�DQG�

IDUPV�

5HFRJQLVH�WKDW�WKHUH�LV�VLJQL¿FDQW�ZDVWH�RI�HQHUJ\�LQ�
D�FRQYHQWLRQDO�SRZHU�VWDWLRQ�

8VH�WKH�HTXDWLRQ�LQ�WKH�FRQWH[W�RI�D�SRZHU�VWDWLRQ�

HI¿FLHQF\� �
XVHIXO�HQHUJ\�RXWSXW��×������
±±±±±±±±±±±±±±±±±±±±±±±±±

WRWDO�HQHUJ\�LQSXW
JLYHQ�WKH�XVHIXO�HQHUJ\�RXWSXW�DQG�WKH�WRWDO�HQHUJ\�
LQSXW��(I¿FLHQF\�FDQ�EH�H[SUHVVHG�LQ�UDWLR�RU�
SHUFHQWDJH�WHUPV�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�E��*HQHUDWLQJ�HOHFWULFLW\

/LQNV�WR�RWKHU�LWHPV���3�F��*OREDO�ZDUPLQJ��3�G��)XHOV�IRU�SRZHU��3�K��)LVVLRQ�DQG�IXVLRQ��3�I��*HQHUDWLQJ

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

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

'HVFULEH�DQG�UHFRJQLVH�WKH�ZD\V�WKDW�WKH�G\QDPR�
HIIHFW�FDQ�EH�LQFUHDVHG��WR�JLYH�PRUH�FXUUHQW��

'HVFULEH�DQG�LQWHUSUHW�$&�XVLQJ�D�YROWDJH�WLPH�JUDSK�

'HVFULEH�KRZ�VLPSOH�$&�JHQHUDWRUV�ZRUN�
�� FRLO�RI�ZLUH
�� PDJQHWLF�¿HOG
�� FRLO�DQG�¿HOG�FORVH
�� UHODWLYH�PRWLRQ�EHWZHHQ�FRLO�DQG�¿HOG�

'HVFULEH�KRZ�HOHFWULFLW\�LV�JHQHUDWHG�DW�D�
FRQYHQWLRQDO�SRZHU�VWDWLRQ�
�� EXUQLQJ�IXHO�
�� SURGXFLQJ�VWHDP
�� VSLQQLQJ�D�WXUELQH
�� WXUELQH�WXUQV�JHQHUDWRU�

8VH�WKH�HTXDWLRQ�LQ�WKH�FRQWH[W�RI�D�SRZHU�VWDWLRQ�

HI¿FLHQF\� �
XVHIXO�HQHUJ\�RXWSXW��×������
±±±±±±±±±±±±±±±±±±±±±±±±±

WRWDO�HQHUJ\�LQSXW
JLYHQ�WKH�XVHIXO�HQHUJ\�RXWSXW��ZDVWHG�HQHUJ\�DQG�
WKH�WRWDO�HQHUJ\�LQSXW��(I¿FLHQF\�FDQ�EH�H[SUHVVHG�LQ�
UDWLR�RU�SHUFHQWDJH�WHUPV�

8VH�WKH�HTXDWLRQ�LQ�WKH�FRQWH[W�RI�D�SRZHU�VWDWLRQ�WR�
FDOFXODWH�XVHIXO�HQHUJ\�RXWSXW��WRWDO�HQHUJ\�LQSXW�RU�
ZDVWHG�HQHUJ\�

HI¿FLHQF\� �
XVHIXO�HQHUJ\�RXWSXW��×������
±±±±±±±±±±±±±±±±±±±±±±±±±

WRWDO�HQHUJ\�LQSXW

(I¿FLHQF\�FDQ�EH�H[SUHVVHG�LQ�UDWLR�RU�SHUFHQWDJH�
WHUPV�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�F��*OREDO�ZDUPLQJ

6XPPDU\��7KHUH�LV�D�ODUJH�DPRXQW�RI�GLVFXVVLRQ�DPRQJVW�VFLHQWLVWV��SROLWLFLDQV�DQG�WKH�JHQHUDO�SXEOLF�DERXW�
WKH�UHDVRQV�IRU�LQFUHDVHG�JOREDO�ZDUPLQJ��7KH�JUHHQKRXVH�HIIHFW�LV�FRQVLGHUHG�WR�EH�D�SURYHQ�VFLHQWL¿F�
H[SODQDWLRQ��EXW�WKHUH�DUH�RQJRLQJ�DUJXPHQWV�DERXW�ZKHWKHU�JOREDO�ZDUPLQJ�LV�KDSSHQLQJ�DW�DOO��DQG�LI�LW�LV�
KDSSHQLQJ��ZKHWKHU�KXPDQ�DFWLYLW\�LV�VLJQL¿FDQWO\�LQÀXHQFLQJ�WKH�SURFHVV��7KLV�LWHP�SURYLGHV�D�ULFK�FRQWH[W�LQ�
ZKLFK�WR�H[SORUH�WKH�LPSRUWDQFH�RI�ULJRURXV��HYLGHQFH�EDVHG�VFLHQWL¿F�SURFHVVHV��DQG�WKH�QHHG�WR�HIIHFWLYHO\�
FRPPXQLFDWH�FRPSOH[�VFLHQWL¿F�LVVXHV�WR�WKH�ZLGHU�SRSXODWLRQ��

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

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

&RPSDUH�WHPSHUDWXUH�FKDQJHV�LQVLGH�VHDOHG�
WUDQVSDUHQW�FRQWDLQHUV�ZLWK�GLIIHUHQW�JDVHV�LQVLGH�

8QGHUVWDQG�WKDW�VRPH�JDVHV�LQ�WKH�(DUWK¶V�
DWPRVSKHUH�SUHYHQW�KHDW�IURP�UDGLDWLQJ�LQWR�VSDFH�

5HFDOO�DQG�UHFRJQLVH�WKDW�WKLV�LV�NQRZQ�DV�WKH�
JUHHQKRXVH�HIIHFW��

5HFDOO�DQG�LGHQWLI\�H[DPSOHV�RI�JUHHQKRXVH�JDVHV�WR�
LQFOXGH�
�� FDUERQ�GLR[LGH
�� ZDWHU�YDSRXU
�� PHWKDQH�

'LVFXVV�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�XVLQJ�
IRVVLO�IXHOV�IRU�PDNLQJ�HOHFWULFLW\�

'LVFXVV�WKH�SRVVLEOH�FRQVHTXHQFHV�RI�JOREDO�
ZDUPLQJ�

'HVFULEH�UHDVRQV�IRU�FOLPDWH�FKDQJH�FDXVHG�E\�
LQFUHDVHG�JOREDO�ZDUPLQJ�
�� LQFUHDVHG�HQHUJ\�XVH
�� LQFUHDVHG�&2��HPLVVLRQV
�� GHIRUHVWDWLRQ�

)LQG�RXW�DERXW�WKH�HYLGHQFH�IRU�JOREDO�ZDUPLQJ�LQ�WKH�
ODVW�����\HDUV�

'HVFULEH�WKH�GLI¿FXOWLHV�RI�PHDVXULQJ�JOREDO�ZDUPLQJ��

([SODLQ�ZK\�VFLHQWLVWV�ZRUNLQJ�RQ�JOREDO�ZDUPLQJ�
VKRXOG�DOORZ�RWKHU�VFLHQWLVWV�WR�XVH�WKHLU�GDWD�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�F��*OREDO�ZDUPLQJ

/LQNV�WR�RWKHU�LWHPV���3�D��&ROOHFWLQJ�HQHUJ\�IURP�WKH�6XQ��3�E��*HQHUDWLQJ�HOHFWULFLW\��3�H��1XFOHDU�
UDGLDWLRQV��3�K��)LVVLRQ�DQG�IXVLRQ

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

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

'HVFULEH�KRZ�HOHFWURPDJQHWLF�UDGLDWLRQ�DW�
PRVW�ZDYHOHQJWKV�FDQ�SDVV�WKURXJK�WKH�(DUWK¶V�
DWPRVSKHUH��EXW�FHUWDLQ�ZDYHOHQJWKV��SDUWLFXODUO\�
LQIUDUHG��DUH�DEVRUEHG�E\�VRPH�JDVHV�LQ�WKH�
DWPRVSKHUH�

5HFDOO�DQG�LGHQWLI\�QDWXUDO�DQG�PDQ�PDGH�VRXUFHV�RI�
JUHHQKRXVH�JDVHV��OLPLWHG�WR�ZDWHU�YDSRXU��FDUERQ�
GLR[LGH�DQG�PHWKDQH��

([SODLQ�WKH�JUHHQKRXVH�HIIHFW�LQ�WHUPV�RI�
�� VKRUW�ZDYHOHQJWK�H�P�UDGLDWLRQ�IURP�WKH�6XQ�LV�

DEVRUEHG�E\�DQG�KHDWV�WKH�(DUWK
�� WKH�(DUWK�UDGLDWHV�KHDW�DV�ORQJHU�ZDYHOHQJWK�

LQIUDUHG�UDGLDWLRQ
�� JUHHQKRXVH�JDVHV�DEVRUE�VRPH�LQIUDUHG�

UDGLDWLRQ��ZDUPLQJ�WKH�DWPRVSKHUH�

,QWHUSUHW�GDWD�DERXW�WKH�DEXQGDQFH�DQG�UHODWLYH�
LPSDFW�RI�JUHHQKRXVH�JDVHV��OLPLWHG�WR�ZDWHU�YDSRXU��
FDUERQ�GLR[LGH�DQG�PHWKDQH��

([SODLQ�KRZ�KXPDQ�DFWLYLW\�DQG�QDWXUDO�SKHQRPHQD�
ERWK�KDYH�HIIHFWV�RQ�ZHDWKHU�SDWWHUQV�LQFOXGLQJ�GXVW�
LQ�WKH�DWPRVSKHUH�
�� IURP�IDFWRULHV�UHÀHFWLQJ�UDGLDWLRQ�IURP�WKH�FLW\�

EDFN�WR�(DUWK�FDXVLQJ�ZDUPLQJ
�� IURP�YROFDQLF�DVK�DQG�JDVHV�UHÀHFWLQJ�UDGLDWLRQ�

IURP�WKH�6XQ�EDFN�LQWR�VSDFH�FDXVLQJ�FRROLQJ�

,QWHUSUHW�GDWD�DERXW�LQFUHDVHG�JOREDO�ZDUPLQJ�DQG�
FOLPDWH�FKDQJH�DV�D�UHVXOW�RI�QDWXUDO�RU�KXPDQ�
DFWLYLW\��QR�UHFDOO�LV�H[SHFWHG��

'HVFULEH�VFLHQWL¿F�HYLGHQFH�ZKLFK�VXSSRUWV�RU�UHIXWHV�
WKH�LGHD�RI�PDQ�PDGH�JOREDO�ZDUPLQJ�

'LVWLQJXLVK�EHWZHHQ�RSLQLRQ�DQG�HYLGHQFH�EDVHG�
VWDWHPHQWV�LQ�WKH�FRQWH[W�RI�WKH�JOREDO�ZDUPLQJ�
GHEDWH�

([SODLQ�KRZ�LW�LV�SRVVLEOH�WR�KDYH�JRRG�DJUHHPHQW�
EHWZHHQ�VFLHQWLVWV�DERXW�WKH�JUHHQKRXVH�HIIHFW��
EXW�GLVDJUHHPHQW�DERXW�ZKHWKHU�KXPDQ�DFWLYLW\�LV�
DIIHFWLQJ�JOREDO�ZDUPLQJ�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�G��)XHOV�IRU�SRZHU

6XPPDU\��7KH�KHDW�HQHUJ\�IRU�RXU�SRZHU�VWDWLRQV�FRPHV�IURP�D�YDULHW\�RI�VRXUFHV��7KLV�XQLW�FRQVLGHUV�WKH�
HFRQRPLF�DQG�HQYLURQPHQWDO�FRVWV�RI�WKH�GLIIHUHQW�VRXUFHV�ZH�XVH�WRGD\�

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

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

0HDVXUH�WKH�HQHUJ\�UHOHDVHG�E\�D�IRVVLO�IXHO�E\�XVLQJ�
D�FDQGOH�WR�KHDW�ZDWHU�

%XLOG�D�PRGHO�GLJHVWHU�WR�JHQHUDWH�PHWKDQH�IURP�
ELRPDVV�

8VH�VRIWZDUH�WR�¿QG�RXW�RU�PRGHO�KRZ�D�QXFOHDU�
SRZHU�VWDWLRQ�RSHUDWHV�

5HFDOO�WKDW�IXHOV�UHOHDVH�HQHUJ\�DV�KHDW�

5HFDOO�WKH�FRPPRQ�IXHOV�XVHG�LQ�SRZHU�VWDWLRQV�
�� IRVVLO�IXHOV
�� UHQHZDEOH�ELRPDVV�±�ZRRG��VWUDZ�DQG�PDQXUH
�� QXFOHDU�IXHOV�±�XUDQLXP�DQG�VRPHWLPHV�

SOXWRQLXP�

([DPLQH�WKH�XVH�RI�DQ�HOHFWULFLW\�PHWHU�RU�MRXOH�PHWHU�
WR�PHDVXUH�HQHUJ\�WUDQVIHU�

)LQG�RXW�DERXW�WKH�FRVW�RI�HOHFWULFLW\�DW�GLIIHUHQW�WLPHV�
RI�WKH�GD\�

)LQG�RXW�DERXW�WKH�SRZHU�RI�GLIIHUHQW�HOHFWULFDO�
DSSOLDQFHV�

5HVHDUFK�WKH�XVH�RI�HOHFWULFLW\�LQ�WKHLU�RZQ�KRPH�H�J��
XQLWV�XVHG�DQG�SRZHU�UDWLQJV�

5HVHDUFK�WKH�HI¿FLHQF\�UDWLQJ�RI�IULGJHV��IUHH]HUV�
ZDVKLQJ�PDFKLQHV�DQG�OLJKW�EXOEV�

5HVHDUFK�DQG�H[SORUH�KRZ�WKH�GHPDQG�IRU�HOHFWULFLW\�
LV�PDQDJHG�LQ�WKH�1DWLRQDO�*ULG�QRZ�DQG�KRZ�WKLV�
PD\�FKDQJH�LQ�WKH�IXWXUH�

5HFDOO�WKDW�WKH�XQLW�RI�SRZHU�LV�WKH�ZDWW�RU�NLORZDWW�

,QWHUSUHW�GDWD�WR�VKRZ�WKDW�WKH�FRVW�RI�XVLQJ�
H[SHQVLYH�HOHFWULFDO�DSSOLDQFHV�GHSHQGV�RQ�
�� SRZHU�UDWLQJ�LQ�ZDWWV�DQG�NLORZDWWV
�� WKH�OHQJWK�RI�WLPH�LW�LV�VZLWFKHG�RQ�

&DOFXODWH�WKH�SRZHU�UDWLQJ�RI�DQ�DSSOLDQFH�XVLQJ�WKH�
HTXDWLRQ�

SRZHU� �YROWDJH�×�FXUUHQW

5HVHDUFK�WKH�1DWLRQDO�*ULG�

'HPRQVWUDWH�D�PRGHO�WUDQVPLVVLRQ�OLQH�V\VWHP�ZLWK�
UHVLVWDQFH�ZLUHV�DQG�D�SDLU�RI�WUDQVIRUPHUV�

5HFDOO�WKDW�WUDQVIRUPHUV�FDQ�EH�XVHG�WR�LQFUHDVH�RU�
GHFUHDVH�YROWDJH�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�G��)XHOV�IRU�SRZHU

/LQNV�WR�RWKHU�LWHPV���3�E��*HQHUDWLQJ�HOHFWULFLW\��3�H��1XFOHDU�UDGLDWLRQV��3�K��)LVVLRQ�DQG�IXVLRQ

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

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

'HVFULEH�DQG�HYDOXDWH�WKH�DGYDQWDJHV�DQG�
GLVDGYDQWDJHV�RI�GLIIHUHQW�HQHUJ\�VRXUFHV��IDFWRUV�WR�
LQFOXGH�DYDLODELOLW\��ULVNV�DQG�HQYLURQPHQWDO�LPSDFW�

&DOFXODWH�WKH�SRZHU�UDWLQJ�RI�DQ�DSSOLDQFH�XVLQJ�WKH�
HTXDWLRQ��LQFOXGLQJ�FRQYHUVLRQ�RI�SRZHU�EHWZHHQ�
ZDWWV�DQG�NLORZDWWV�

SRZHU� �YROWDJH�×�FXUUHQW

6WDWH�WKDW�WKH�XQLW�RI�HOHFWULFDO�HQHUJ\�VXSSOLHG�LV�WKH�
NLORZDWW�KRXU�

&DOFXODWH�WKH�QXPEHU�RI�NLORZDWW�KRXUV�JLYHQ�WKH�
�� SRZHU�LQ�NLORZDWWV
�� WLPH�LQ�KRXUV�

8VH�WKH�HTXDWLRQ�

HQHUJ\�VXSSOLHG� �SRZHU�×�WLPH

&DOFXODWH�WKH�FRVW�RI�HQHUJ\�VXSSOLHG�

8VH�DQG�PDQLSXODWH�WKH�HTXDWLRQ�

SRZHU� �YROWDJH�×�FXUUHQW

8VH�WKH�NLORZDWW�KRXU�DV�D�PHDVXUH�RI�WKH�HQHUJ\�
VXSSOLHG�

8VH�WKH�HTXDWLRQ�

HQHUJ\�VXSSOLHG� �SRZHU�×�WLPH

WR�FDOFXODWH�
�� SRZHU�LQ�N:�RU�:
�� WLPH�LQ�KRXUV�

'HVFULEH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�
�IRU�FRQVXPHUV�DQG�SURGXFHUV��RI�XVLQJ�RII�SHDN�
HOHFWULFLW\�LQ�WKH�KRPH�

([SODLQ�ZK\�WUDQVIRUPHUV�DUH�XVHG�LQ�WKH�1DWLRQDO�
*ULG�WR�LQFUHDVH�WKH�YROWDJH�
�� HOHFWULFDO�HQHUJ\�LV�WUDQVPLWWHG�DW�KLJK�YROWDJH�WR�

UHGXFH�HQHUJ\�ZDVWH�DQG�FRVWV�

([SODLQ�KRZ�IRU�D�JLYHQ�SRZHU�WUDQVPLVVLRQ��DQ�
LQFUHDVHG�YROWDJH�UHGXFHV�FXUUHQW��VR�GHFUHDVLQJ�
HQHUJ\�ZDVWH�E\�UHGXFLQJ�KHDWLQJ�RI�FDEOHV�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�H��1XFOHDU�UDGLDWLRQV

6XPPDU\��0RVW�SHRSOH�NQRZ�WKDW�UDGLRDFWLYLW\�FDQ�EH�GDQJHURXV��EXW�GR�QRW�XQGHUVWDQG�ZK\��7KLV�LWHP�
GHYHORSV�LGHDV�DERXW�WKH�XVHV�RI�UDGLRDFWLYLW\��WKH�QDWXUH�RI�LRQLVLQJ�UDGLDWLRQV�DQG�KRZ�WR�KDQGOH�WKHLU�
VRXUFHV�VDIHO\�

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

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

5HFRJQLVH�H[DPSOHV�ZKHUH�QXFOHDU�UDGLDWLRQ�FDQ�EH�
EHQH¿FLDO�RU�KDUPIXO�
�� VWDWH�RQH�H[DPSOH�RI�D�EHQH¿FLDO�XVH
�� KDUPIXO�HIIHFW��GDPDJHV�OLYLQJ�FHOOV�FDXVHV�

FDQFHU�

8QGHUVWDQG�WKDW�UDGLRDFWLYH�PDWHULDOV�JLYH�RXW�
QXFOHDU�UDGLDWLRQ�RYHU�WLPH�

7HDFKHU�WR�XVH�UDGLDWLRQ�GHWHFWRUV�WR�VKRZ�WKH�
LRQLVLQJ�SURSHUWLHV�RI�QXFOHDU�UDGLDWLRQ�

6KRZ�WKH�GLIIHULQJ�UDQJHV�DQG�SHQHWUDWLQJ�SRZHU�RI�
DOSKD��EHWD�DQG�JDPPD�UDGLDWLRQ�

5HVHDUFK�KRZ�WR�KDQGOH�UDGLRDFWLYH�VRXUFHV�VDIHO\�

5HVHDUFK�KRZ�QXFOHDU�UDGLDWLRQ�FDQ�GDPDJH�ZRUNHUV�
LI�SURSHU�VDIHW\�SUHFDXWLRQV�DUH�QRW�WDNHQ��

'HEDWH�WKH�ULVNV�DQG�EHQH¿WV�RI�XVLQJ�UDGLRDFWLYH�
PDWHULDOV�

5HFDOO�WKH�WKUHH�W\SHV�RI�QXFOHDU�UDGLDWLRQ�
�� DOSKD
�� EHWD
�� JDPPD�

8QGHUVWDQG�WKDW�QXFOHDU�UDGLDWLRQ�FDXVHV�LRQLVDWLRQ�
DQG�WKLV�LV�SRWHQWLDOO\�KDUPIXO�

'HPRQVWUDWH�WKH�VDIHW\�PHDVXUHV�WR�EH�WDNHQ�
ZKHQ�KDQGOLQJ�UDGLRDFWLYH�VRXUFHV�DIWHU�LGHQWLI\LQJ�
DSSURSULDWH�ULVN�DQG�KD]DUG�DVVHVVPHQWV�

'R�UHVHDUFK�WR�¿QG�RXW�KRZ�UDGLRDFWLYH�ZDVWH�IURP�
QXFOHDU�SRZHU�VWDWLRQV�LV�GLVSRVHG�RI�

'HVFULEH�KRZ�WR�KDQGOH�UDGLRDFWLYH�PDWHULDOV�VDIHO\�
�� SURWHFWLYH�FORWKLQJ
�� WRQJV���NHHS�\RXU�GLVWDQFH
�� VKRUW�H[SRVXUH�WLPH
�� VKLHOGHG�DQG�ODEHOOHG�VWRUDJH�

'HVFULEH�ZDVWH�IURP�QXFOHDU�SRZHU�DV�
�� UDGLRDFWLYH
�� KDUPIXO
�� QRW�FDXVLQJ�JOREDO�ZDUPLQJ�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�H��1XFOHDU�UDGLDWLRQV

/LQNV�WR�RWKHU�LWHPV���3�G��)XHOV�IRU�SRZHU��3�H��:KDW�LV�UDGLRDFWLYLW\"�3�I��8VHV�RI�UDGLRLVRWRSHV��
3�J��7UHDWPHQW

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

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

'HVFULEH�H[DPSOHV�RI�EHQH¿FLDO�XVHV�RI�UDGLDWLRQ�
�� DOSKD�±�VPRNH�GHWHFWRUV
�� EHWD�±�VRPH�WUDFHUV�DQG�SDSHU�WKLFNQHVV�JDXJHV
�� JDPPD�±�WUHDWLQJ�FDQFHU��QRQ�GHVWUXFWLYH�WHVWLQJ��

WUDFHUV�DQG�VWHULOLVLQJ�HTXLSPHQW�

'HVFULEH�WKH�UHODWLYH�SHQHWUDWLQJ�SRZHU�RI�DOSKD��EHWD�
DQG�JDPPD�
�� DOSKD�VWRSSHG�E\�D�IHZ�VKHHWV�RI�SDSHU
�� EHWD�VWRSSHG�E\�D�IHZ�PP�RI�DOXPLQLXP
�� JDPPD�PRVWO\�VWRSSHG�E\�D�IHZ�FP�RI�OHDG�

8QGHUVWDQG�WKDW�QXFOHDU�UDGLDWLRQ�FDQ�IRUP�SRVLWLYH�
LRQV�ZKHQ�HOHFWURQV�DUH�ORVW�IURP�DWRPV�

8QGHUVWDQG�WKDW�QXFOHDU�UDGLDWLRQ�FDQ�IRUP�QHJDWLYH�
LRQV�ZKHQ�HOHFWURQV�DUH�JDLQHG�E\�DWRPV�

,QWHUSUHW�GDWD�DQG�GHVFULEH�H[SHULPHQWV�WKDW�VKRZ�
KRZ�DOSKD��EHWD�DQG�JDPPD�FDQ�EH�LGHQWL¿HG�E\�WKHLU�
UHODWLYH�SHQHWUDWLQJ�SRZHUV�

8QGHUVWDQG�WKDW�LRQLVDWLRQ�FDQ�LQLWLDWH�FKHPLFDO�
UHDFWLRQV�

([SODLQ�KRZ�LRQLVDWLRQ�FDQ�GDPDJH�KXPDQ�FHOOV�

5HFDOO�WKDW�XUDQLXP�LV�D�QRQ�UHQHZDEOH�UHVRXUFH�
5HFDOO�WKDW�SOXWRQLXP�
�� LV�D�ZDVWH�SURGXFW�IURP�QXFOHDU�UHDFWRUV
�� FDQ�EH�XVHG�WR�PDNH�QXFOHDU�ERPEV��

'HVFULEH�VRPH�ZD\V�RI�GLVSRVLQJ�RI�UDGLRDFWLYH�
ZDVWH�H�J��
�� ORZ�OHYHO�ZDVWH�LQ�ODQG�¿OO�VLWHV
�� HQFDVHG�LQ�JODVV�DQG�OHIW�XQGHUJURXQG
�� UHSURFHVVHG�

'HVFULEH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
QXFOHDU�SRZHU�

([SODLQ�WKH�SUREOHPV�RI�GHDOLQJ�ZLWK�UDGLRDFWLYH�
ZDVWH�
�� UHPDLQV�UDGLRDFWLYH�IRU�D�ORQJ�WLPH
�� WHUURULVW�ULVN
�� PXVW�EH�NHSW�RXW�RI�JURXQGZDWHU
�� DFFHSWDEOH�UDGLRDFWLYLW\�OHYHO�PD\�FKDQJH�RYHU�

WLPH�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�I��([SORULQJ�RXU�6RODU�6\VWHP

6XPPDU\��:KHQ�ZH�ORRN�DW�WKH�QLJKW�VN\��ZH�FDQ�VRPHWLPHV�VHH�WKH�0RRQ��DUWL¿FLDO�VDWHOOLWHV��SODQHWV�LQ�RXU�
6RODU�6\VWHP�DQG�WKH�ELOOLRQV�RI�VWDUV�ZKLFK�PDNH�XS�WKH�8QLYHUVH��7KLV�LWHP�GLVFXVVHV�WKH�SUREOHPV�LQYROYHG�
LQ�YLVLWLQJ�RWKHU�SDUWV�RI�WKH�6RODU�6\VWHP�

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

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

%XLOG�RU�PDNH�D�VFDOH�PRGHO�RI�WKH�6RODU�6\VWHP�DQG�
WKHQ�ZRUN�RXW�ZKHUH�WKH�QHDUHVW�VWDU�ZRXOG�EH�RQ�WKH�
VDPH�VFDOH�

<RX�DUH�D�WUDYHO�DJHQW��3URGXFH�D�EURFKXUH�IRU�DOLHQV�
ZKR�PLJKW�YLVLW�RXU�6RODU�6\VWHP�

,GHQWLI\�WKH�UHODWLYH�SRVLWLRQV�RI�WKH�(DUWK��6XQ�DQG�
SODQHWV��LQFOXGHV�WKH�RUGHU�RI�WKH�SODQHWV��

5HFDOO�WKDW�WKH�8QLYHUVH�FRQVLVWV�RI�
�� VWDUV�DQG�SODQHWV
�� FRPHWV�DQG�PHWHRUV
�� EODFN�KROHV
�� ODUJH�JURXSV�RI�VWDUV�FDOOHG�JDOD[LHV�

([SODLQ�ZK\�VWDUV�JLYH�RII�WKHLU�RZQ�OLJKW�DQG�FDQ�EH�
VHHQ�RU�GHWHFWHG�HYHQ�WKRXJK�WKH\�DUH�IDU�DZD\��

5HVHDUFK�WKH�H[SORUDWLRQ�RI�WKH�0RRQ�E\�WKH�$SROOR�
PLVVLRQV�

5HVHDUFK�WKH�SUREOHPV�RI�PDQQHG�VSDFH�WUDYHO�

'HVLJQ�D�PDQQHG�PLVVLRQ�WR�0DUV�

5HVHDUFK�DQG�GHEDWH�WKH�DGYDQWDJHV�DQG�
GLVDGYDQWDJHV�RI�VSDFH�H[SORUDWLRQ��ZKLFK�LV�YHU\�
FRVWO\�WR�VHYHUDO�QDWLRQV��

5HFDOO�WKDW�UDGLR�VLJQDOV�WDNH�D�ORQJ�WLPH�WR�WUDYHO�
WKURXJK�WKH�6RODU�6\VWHP�

5HVHDUFK�WKH�H[SORUDWLRQ�RI�RXU�6RODU�6\VWHP�E\�
URERW�VSDFHFUDIW�

(YDOXDWH�UHDVRQV�ZK\�ZH�PLJKW�QHHG�WR�H[SORUH�RXU�
6RODU�6\VWHP�

'HEDWH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�XVLQJ�
URERW�VSDFHFUDIW�WR�H[SORUH�WKH�6RODU�6\VWHP�

&RPSDUH�WKH�UHVRXUFHV�QHHGHG�E\�PDQQHG�DQG�
XQPDQQHG�VSDFHFUDIW�

'HVFULEH�ZK\�XQPDQQHG�VSDFHFUDIW�DUH�VHQW�LQWR�
VSDFH�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�UHVRXUFHV�
,WHP�3�I��([SORULQJ�RXU�6RODU�6\VWHP

/LQNV�WR�RWKHU�LWHPV���3�J��7KUHDWV�WR�(DUWK

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

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

5HFDOO�WKH�UHODWLYH�VL]HV�DQG�QDWXUH�RI�SODQHWV��VWDUV��
FRPHWV��PHWHRUV��JDOD[LHV�DQG�EODFN�KROHV�

5HFDOO�WKDW�FLUFXODU�PRWLRQ�UHTXLUHV�D�FHQWULSHWDO�
IRUFH�

8QGHUVWDQG�WKDW�JUDYLWDWLRQDO�DWWUDFWLRQ�SURYLGHV�WKH�
FHQWULSHWDO�IRUFH�IRU�RUELWDO�PRWLRQ�

'HVFULEH�D�OLJKW�\HDU�DV�WKH�GLVWDQFH�OLJKW�WUDYHOV�LQ�D�
\HDU�

'HVFULEH�VRPH�RI�WKH�GLI¿FXOWLHV�RI�PDQQHG�VSDFH�
WUDYHO�EHWZHHQ�SODQHWV�

([SODLQ�ZK\�D�OLJKW�\HDU�LV�D�XVHIXO�XQLW�IRU�PHDVXULQJ�
YHU\�ODUJH�GLVWDQFHV�LQ�VSDFH�

5HFDOO�WKDW�XQPDQQHG�VSDFHFUDIW�FDQ�ZLWKVWDQG�
FRQGLWLRQV�WKDW�DUH�OHWKDO�WR�KXPDQV�

&RPSDUH�KRZ�LQIRUPDWLRQ�IURP�VSDFH�LV�UHWXUQHG�WR�
(DUWK�IURP�GLIIHUHQW�GLVWDQFHV�
�� GLVWDQW�SODQHWV�UHTXLUH�GDWD�WR�EH�VHQW�EDFN
�� QHDUE\�VDPSOHV�FDQ�EH�EURXJKW�EDFN�WR�(DUWK�IRU�

DQDO\VLV�

([SODLQ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�XVLQJ�
XQPDQQHG�VSDFHFUDIW�WR�H[SORUH�WKH�6RODU�6\VWHP�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�J��7KUHDWV�WR�(DUWK

6XPPDU\��0RVW�SHRSOH�LJQRUH�WKH�WKUHDW�RI�DVWHURLG�FROOLVLRQ�WR�WKH�(DUWK��7KLV�LWHP�VKRZV�WKDW�WKH�WKUHDW�
LV�UHDO�DQG�KDV�SURYHG�WR�EH�OHWKDO�PDQ\�WLPHV�LQ�WKH�SDVW��6WUDWHJLHV�IRU�DYRLGLQJ�VXFK�FDWDVWURSKHV�DUH�
H[SORUHG�

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

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

'LVFXVV�WKH�HYLGHQFH�IRU�WKH�SUHVHQFH�RI�WKH�0RRQ�
DV�WKH�UHVXOW�RI�D�FROOLVLRQ�EHWZHHQ�WKH�(DUWK�DQG�
DQRWKHU�SODQHW�

8QGHUVWDQG�WKDW�WKH�0RRQ�PD\�EH�WKH�UHPDLQV�RI�D�
SODQHW�ZKLFK�FROOLGHG�ZLWK�WKH�(DUWK�ELOOLRQV�RI�\HDUV�
DJR�

5HVHDUFK�WKH�HYLGHQFH�IRU�WKH�H[WLQFWLRQ�RI�WKH�
GLQRVDXUV�E\�DQ�DVWHURLG�

5HVHDUFK�DQG�GHEDWH�RWKHU�WKHRULHV�IRU�WKH�H[WLQFWLRQ�
RI�GLQRVDXUV�

'LVFXVV�KRZ�WKH�VXUIDFH�RI�WKH�0RRQ�SURYLGHV�
HYLGHQFH�IRU�WKH�FRQWLQXDO�ERPEDUGPHQW�RI�WKH�(DUWK�
E\�DVWHURLGV�

5HFDOO�WKDW�ODUJH�DVWHURLGV�KDYH�FROOLGHG�ZLWK�WKH�
(DUWK�LQ�WKH�SDVW�

5HFDOO�WKDW�DVWHURLGV�DUH�URFNV�

'HVFULEH�VRPH�RI�WKH�FRQVHTXHQFHV�RI�D�FROOLVLRQ�
ZLWK�D�ODUJH�DVWHURLG�
�� FUDWHU
�� HMHFWLRQ�RI�KRW�URFNV
�� ZLGHVSUHDG�¿UHV
�� VXQOLJKW�EORFNHG�E\�GXVW
�� FOLPDWH�FKDQJH
�� VSHFLHV�H[WLQFWLRQ�

5HVHDUFK�WKH�KLVWRU\�RI�+DOOH\
V�FRPHW�

5HVHDUFK�WKH�H[SORUDWLRQ�RI�FRPHWV�E\�URERW�
VSDFHFUDIW�

'LVFXVV�WKH�FROOLVLRQ�RI�D�FRPHW�ZLWK�-XSLWHU�

'HVFULEH�WKH�PDNH�XS�RI�D�FRPHW�
�� PDGH�IURP�LFH�DQG�GXVW
�� KDV�D�WDLO�IRUPHG�IURP�D�WUDLO�RI�GHEULV�

'HEDWH�WKH�LPSRUWDQFH�RI�IXQGLQJ�WHOHVFRSHV�WR�
VHDUFK�IRU�1HDU�(DUWK�2EMHFWV�

'HVLJQ�D�SODQ�WR�GHDO�ZLWK�WKH�WKUHDW�RI�DQ�DVWHURLG�
FROOLVLRQ�

'HVFULEH�D�1HDU�(DUWK�2EMHFW��1(2��DV�DQ�DVWHURLG�
RU�FRPHW�RQ�D�SRVVLEOH�FROOLVLRQ�FRXUVH�ZLWK�(DUWK�

'HVFULEH�KRZ�1(2V�PD\�EH�VHHQ��
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�5HVRXUFHV�
,WHP�3�J��7KUHDWV�WR�(DUWK

/LQNV�WR�RWKHU�LWHPV���3�I��([SORULQJ�RXU�6RODU�6\VWHP

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

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

'HVFULEH�KRZ�D�FROOLVLRQ�EHWZHHQ�WZR�SODQHWV�FDQ�
UHVXOW�LQ�DQ�(DUWK�0RRQ�V\VWHP�
�� WKH�SODQHWV�FROOLGH
�� WKHLU�LURQ�FRUHV�PHUJH�WR�IRUP�WKH�FRUH�RI�WKH�

(DUWK
�� OHVV�GHQVH�PDWHULDO�RUELWV�DV�WKH�0RRQ�

'LVFXVV�WKH�HYLGHQFH�IRU�WKH�(DUWK�0RRQ�V\VWHP�DV�
WKH�UHVXOW�RI�D�FROOLVLRQ�EHWZHHQ�WZR�SODQHWV�

'HVFULEH�DVWHURLGV�
�� DV�EHLQJ�OHIW�RYHU�IURP�WKH�IRUPDWLRQ�RI�WKH�6RODU�

6\VWHP
�� DV�EHLQJ�LQ�RUELW�EHWZHHQ�0DUV�DQG�-XSLWHU�

'HVFULEH�VRPH�RI�WKH�HYLGHQFH�IRU�SDVW�DVWHURLG�
FROOLVLRQV�
�� OD\HUV�RI�XQXVXDO�HOHPHQWV�LQ�URFNV
�� VXGGHQ�FKDQJHV�LQ�IRVVLO�QXPEHUV�EHWZHHQ�

DGMDFHQW�OD\HUV�RI�URFN�

([SODLQ�ZK\�WKH�DVWHURLG�EHOW�LV�EHWZHHQ�0DUV�DQG�
-XSLWHU�
�� WKH�JUDYLWDWLRQDO�DWWUDFWLRQ�RI�-XSLWHU�GLVUXSWV�WKH�

IRUPDWLRQ�RI�D�SODQHW�

'HVFULEH�FRPHWV�
�� DV�KDYLQJ�KLJKO\�HOOLSWLFDO�RUELWV
�� DV�FRPLQJ�IURP�REMHFWV�RUELWLQJ�WKH�6XQ�IDU�

EH\RQG�WKH�SODQHWV�

'HVFULEH�KRZ�WKH�VSHHG�RI�D�FRPHW�FKDQJHV�DV�LW�
DSSURDFKHV�D�VWDU�

([SODLQ�LQ�WHUPV�RI�FKDQJLQJ�JUDYLWDWLRQDO�DWWUDFWLRQ��
ZK\�WKH�VSHHG�RI�D�FRPHW�FKDQJHV�DV�LW�DSSURDFKHV�
D�VWDU�

'HVFULEH�KRZ�REVHUYDWLRQV�RI�1(2V�FDQ�EH�XVHG�WR�
GHWHUPLQH�WKHLU�WUDMHFWRULHV�

([SODLQ�ZK\�LW�LV�GLI¿FXOW�WR�REVHUYH�1(2V�

6XJJHVW�DQG�GLVFXVV�SRVVLEOH�DFWLRQV�ZKLFK�FRXOG�EH�
WDNHQ�WR�UHGXFH�WKH�WKUHDW�RI�1(2V�
�� VXUYH\V�E\�WHOHVFRSH
�� PRQLWRULQJ�E\�VDWHOOLWHV
�� GHÀHFWLRQ�E\�H[SORVLRQV��ZKHQ�WKH\�DUH�GLVWDQW�

HQRXJK�IURP�(DUWK��
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�UHVRXUFHV�
,WHP�3�K��7KH�%LJ�%DQJ

6XPPDU\��7KHUH�DUH�D�QXPEHU�RI�WKHRULHV�DERXW�KRZ�WKH�8QLYHUVH�ZDV�IRUPHG�DQG�KRZ�LW�ZLOO�FRQWLQXH�WR�
HYROYH��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�WKH�HYROXWLRQ�RI�WKH�8QLYHUVH�DQG�LWV�SRVVLEOH�IXWXUH��7KH�%LJ�%DQJ�
WKHRU\�LV�FRQVLGHUHG�

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

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

([SORUH�H[DPSOHV�RI�WKH�'RSSOHU�HIIHFW�H�J��SDVVLQJ�
SROLFH�VLUHQ��ZKLUOLQJ�D�EX]]HU�URXQG�RQ�D�VWULQJ�

5HVHDUFK�'RSSOHU�VLPXODWLRQV�RQ�3RZHU3RLQW�

%XLOG�D�PRGHO�RI�WKH�H[SDQGLQJ�8QLYHUVH�ZLWK�D�
EDOORRQ�WR�VKRZ�WKDW�VSRWV�RQ�WKH�VXUIDFH�DUH�PRYLQJ�
IDVWHU�DQG�IXUWKHU�DZD\�IURP�HDFK�RWKHU�DV�WKH�
EDOORRQ�LV�LQÀDWHG�

'UDZ�D�WLPH�OLQH�IRU�WKH�DJH�RI�WKH�8QLYHUVH�

'LVFXVV�LGHDV�DERXW�WKH�RULJLQ�RI�WKH�8QLYHUVH�

'HVFULEH�VRPH�LGHDV�DERXW�WKH�%LJ�%DQJ�WKHRU\�IRU�
WKH�RULJLQ�RI�WKH�8QLYHUVH�
�� VWDUWHG�ZLWK�DQ�H[SORVLRQ
�� WKH�8QLYHUVH�LV�VWLOO�H[SDQGLQJ�

'LVFXVV�LGHDV�DERXW�WKH�ELUWK�DQG�GHDWK�RI�VWDUV�
5HVHDUFK�WKH�HYLGHQFH�IRU�WKH�EODFN�KROH�DW�WKH�
FHQWUH�RI�WKH�0LON\�:D\�

5HVHDUFK�DQG�GHEDWH�GLIIHUHQW�PRGHOV��VFLHQWL¿F�DQG�
QRQ�VFLHQWL¿F��ZKLFK�DWWHPSW�WR�H[SODLQ�WKH�VWDUW�RI�
WKH�8QLYHUVH�

5HFDOO�WKDW�VWDUV�
�� KDYH�D�¿QLWH�µOLIH¶
�� VWDUW�DV�D�KXJH�JDV�FORXG
�� DUH�GLIIHUHQW�VL]HV�

8QGHUVWDQG�ZK\�QRW�HYHQ�OLJKW�FDQ�HVFDSH�IURP�EODFN�
KROHV�

3URGXFH�D�WLPHOLQH�IRU�FKDQJLQJ�PRGHOV�RI�WKH�
8QLYHUVH�

5HFRJQLVH�WKDW�WKH�DFFHSWHG�PRGHOV�RI�WKH�VL]H�DQG�
VKDSH�RI�WKH�8QLYHUVH�KDYH�FKDQJHG�RYHU�WLPH�

'HVFULEH�DQG�UHFRJQLVH�WKH�3WROHPDLF�DQG�
&RSHUQLFDQ�PRGHOV�RI�WKH�8QLYHUVH��DQG�GHVFULEH�
KRZ�WKH\�GLIIHU�IURP�HDFK�RWKHU�DQG�WKH�PRGHUQ�GD\�
PRGHO�
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0RGXOH�3����/LYLQJ�)RU�7KH�)XWXUH��(QHUJ\�UHVRXUFHV�
,WHP�3�K��7KH�%LJ�%DQJ

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

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

5HFDOO�WKDW�
�� PRVW�JDOD[LHV�DUH�PRYLQJ�DZD\�IURP�XV
�� GLVWDQW�JDOD[LHV�DUH�PRYLQJ�DZD\�PRUH�TXLFNO\
�� PLFURZDYH�UDGLDWLRQ�LV�UHFHLYHG�IURP�DOO�SDUWV�RI�

WKH�8QLYHUVH�

([SODLQ�KRZ�WKH�%LJ�%DQJ�WKHRU\�DFFRXQWV�IRU�
�� OLJKW�IURP�RWKHU�JDOD[LHV�VKLIWLQJ�WR�WKH�UHG�HQG�RI�

WKH�VSHFWUXP
�� PRUH�GLVWDQW�JDOD[LHV�JHQHUDOO\�VKRZLQJ�JUHDWHU�

UHG�VKLIW�
�� HVWLPDWLQJ�WKH�DJH�DQG�VWDUWLQJ�SRLQW�RI�WKH�

8QLYHUVH�

'HVFULEH�WKH�HQG�RI�WKH�µOLIH�F\FOH¶�RI�D�VPDOO�VWDU�
�� UHG�JLDQW
�� SODQHWDU\�QHEXOD
�� ZKLWH�GZDUI�

'HVFULEH�WKH�HQG�RI�WKH�µOLIH�F\FOH¶�RI�D�ODUJH�VWDU�
�� UHG�VXSHUJLDQW
�� VXSHUQRYD
�� QHXWURQ�VWDU�RU�EODFN�KROH��IRU�PDVVLYH�VWDUV��

'HVFULEH�WKH�OLIH�KLVWRU\�RI�D�VWDU�
�� LQWHUVWHOODU�JDV�FORXG
�� JUDYLWDWLRQDO�FROODSVH�SURGXFLQJ�D�SURWR�VWDU
�� WKHUPRQXFOHDU�IXVLRQ
�� ORQJ�SHULRG�RI�QRUPDO�OLIH��PDLQ�VHTXHQFH�
�� HQG�GHSHQGV�RQ�PDVV�RI�VWDU�

([SODLQ�WKH�SURSHUWLHV�RI�D�EODFN�KROH�
�� ODUJH�PDVV��VPDOO�YROXPH�DQG�KLJK�GHQVLW\
�� VWURQJ�JUDYLWDWLRQDO�DWWUDFWLRQ�GXH�WR�WKH�ODUJH�

PDVV�

'HVFULEH�WKH�HYLGHQFH�RU�REVHUYDWLRQV�WKDW�
FDXVHG�&RSHUQLFXV�DQG�*DOLOHR�WR�GHYHORS�QHZ�
VFLHQWL¿F�PRGHOV�RI�WKH�8QLYHUVH��DQG�H[SODLQ�KRZ�
WHFKQRORJLFDO�DGYDQFHV�FRQWULEXWHG�WR�WKH�QHZ�
PRGHOV�

([SODLQ�ZK\�WKH�WKHRULHV�RI�WKH�&RSHUQLFXV�DQG�
*DOLOHR�PRGHOV�ZHUH�FRQVLGHUHG�FRQWURYHUVLDO�ZKHQ�
WKH\�ZHUH�DQQRXQFHG��DQG�ZHUH�QRW�ZLGHO\�DGRSWHG�
XQWLO�PDQ\�\HDUV�KDG�SDVVHG�
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���� 0RGXOH�3���)RUFHV�)RU�7UDQVSRUW

0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�D��6SHHG

6XPPDU\��7UDQVSRUW�DQG�URDG�VDIHW\�SURYLGH�WKH�FRQWH[W�IRU�WKLV�PRGXOH��7KH�DELOLWLHV�WR�GHVFULEH�DQG�
PHDVXUH�PRWLRQ�DUH�XVHG�LQ�WKH�WUHDWPHQW�RI�LVVXHV�LQYROYLQJ�HYHU\GD\�WUDQVSRUW��6SHHG�LV�VWXGLHG�LQ�WKLV�
LWHP��KRZ�LW�FDQ�EH�PHDVXUHG�DQG�FDOFXODWHG�DQG�KRZ�GLVWDQFH�DQG�WLPH�FDQ�EH�JUDSKLFDOO\�UHSUHVHQWHG��7KH�
DFWLYLWLHV�RQ�YHKLFOH�VSHHGV�DOORZ�WKH�RSSRUWXQLW\�WR�FROOHFW�DQG�DQDO\VH�VFLHQWL¿F�GDWD��8VLQJ�,&7�WR�LQWHUSUHW�
WKH�GDWD�DQG�XVLQJ�FUHDWLYH�WKRXJKW�FDQ�WKHQ�OHDG�WR�WKH�GHYHORSPHQW�RI�WKHRULHV�DQG�PRGHOV�

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

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

&DOFXODWLQJ�VSHHGV�IURP�PHDVXUHPHQWV�RI�WLPH�DQG�
GLVWDQFH��H�J��SXSLOV�UXQQLQJ�DQG�ZDONLQJ��YHKLFOHV��
SXSLO�ULGLQJ�D�ELNH��UHPRWH�FRQWUROOHG�WR\�FDUV��

3UDFWLFDO�H[SHULPHQW�WR�LQYHVWLJDWH�WKH�VSHHGV�RI�
YHKLFOHV�QHDU�VFKRRO�

�� DUH�PDOH�GULYHUV�IDVWHU�WKDQ�IHPDOH"
�� KDYH�WKH�VSHHG�EXPSV�PDGH�DQ\�GLIIHUHQFH"

3UDFWLFDO�H[SHULPHQW�WR�LQYHVWLJDWH�WKH�VSHHGV�RI�WR\�
FDUV�RQ�UDPSV�

�� KRZ�GRHV�WKH�VORSH�DQJOH�RU�KHLJKW�DIIHFW�WKH�
VSHHG"

�� ZKLFK�FDUV�DUH�IDVWHVW"

)LQG�RXW�KRZ�GLIIHUHQW�VSHHG�FDPHUDV�ZRUN�

([SORUDWLRQ�RI�VSHHG�UHFRUGV��FDUV��DQLPDOV��SODQHV��
SHRSOH�HWF���0DNH�D�ZDOO�FKDUW�RU�3RZHU3RLQW�
SUHVHQWDWLRQ�WR�VKRZ�WKH�UDQJH�RI�VSHHG�IRU�ODQG�
DQLPDOV�

8VH�WKH�HTXDWLRQ�

DYHUDJH�VSHHG� �
GLVWDQFH
±±±±±±±
WLPH

WR�LQFOXGH�FKDQJH�RI�XQLWV�IURP�NP�WR�P�

8QGHUVWDQG�ZK\�RQH�W\SH�RI�VSHHG�FDPHUD�WDNHV�WZR�
SKRWRJUDSKV�
�� D�FHUWDLQ�WLPH�DSDUW
�� ZKHQ�WKH�YHKLFOH�PRYHV�RYHU�PDUNHG�OLQHV�D�

NQRZQ�GLVWDQFH�DSDUW�RQ�WKH�URDG�

8QGHUVWDQG�KRZ�DYHUDJH�VSHHG�FDPHUDV�ZRUN�

/RRNLQJ�DW�GDWD�IURP�FDUV��VSRUW�DQG�DQLPDOV�WKHQ�
WUDQVIHUULQJ�LW�WR�JUDSKLFDO�IRUP�IRU�DQDO\VLV��GLVWDQFH�
WLPH�JUDSKV��

'UDZ�DQG�LQWHUSUHW�TXDOLWDWLYHO\�JUDSKV�RI�GLVWDQFH�
DJDLQVW�WLPH�
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0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�D��6SHHG

/LQNV�WR�RWKHU�LWHPV���3�E��&KDQJLQJ�VSHHG��3�F��)RUFHV�DQG�PRWLRQ��3�E��9HFWRUV�DQG�HTXDWLRQV�RI�PRWLRQ

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

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

,QWHUSUHW�WKH�UHODWLRQVKLS�EHWZHHQ�VSHHG��GLVWDQFH�
DQG�WLPH�LQFOXGLQJ�
�� LQFUHDVLQJ�WKH�VSHHG��ZKLFK�LQFUHDVHV�WKH�

GLVWDQFH�WUDYHOOHG�LQ�WKH�VDPH�WLPH
�� LQFUHDVLQJ�WKH�VSHHG�UHGXFHV�WKH�WLPH�QHHGHG�WR�

FRYHU�WKH�VDPH�GLVWDQFH�
8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

� GLVWDQFH�� ��DYHUDJH�VSHHG��×��WLPH

� ���������������� ��
�X���Y�±±±±±
� ��×��W

,QWHUSUHW�WKH�UHODWLRQVKLS�EHWZHHQ�VSHHG��GLVWDQFH�
DQG�WLPH�WR�LQFOXGH�WKH�HIIHFW�RI�FKDQJLQJ�DQ\�RQH�RU�
ERWK�RI�WKH�TXDQWLWLHV�

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�DQG�
RU�XQLWV�

� GLVWDQFH�� ��DYHUDJH�VSHHG��×��WLPH

� ���������������� ��
�X���Y�±±±±±
� ��×��W

'HVFULEH�DQG�LQWHUSUHW�WKH�JUDGLHQW��VWHHSQHVV��RI�D�
GLVWDQFH�WLPH�JUDSK�DV�VSHHG��KLJKHU�VSHHG�JLYHV�
VWHHSHU�JUDGLHQW��

'UDZ�DQG�LQWHUSUHW�JUDSKV�RI�GLVWDQFH�DJDLQVW�WLPH�
�� TXDOLWDWLYHO\�IRU�QRQ�XQLIRUP�VSHHG
�� FDOFXODWLRQV�RI�VSHHG�IURP�WKH�JUDGLHQW�RI�

GLVWDQFH�WLPH�JUDSK�IRU�XQLIRUP�VSHHG�



�� ��2&5������*&6(�3K\VLFV�%

�

0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�E��&KDQJLQJ�VSHHG

6XPPDU\��,Q�WKLV�LWHP�WKH�LGHD�RI�DFFHOHUDWLRQ�LV�GHYHORSHG��7KH�FRQFHSW�RI�YHORFLW\�LV�LQWURGXFHG�KHUH��DQG�
LV�GHYHORSHG�IXUWKHU�LQ�3���$FFHOHUDWLRQV��LQYROYLQJ�WKH�FKDQJH�LQ�VSHHG��RI�FDUV�FDQ�EH�XVHG�DQG�JUDSKLFDOO\�
LOOXVWUDWHG�DQG�VWXGLHG��3UDFWLFDO�PHDVXUHPHQWV�RI�ELF\FOHV�DQG�VSULQW�VWDUWV�FDQ�EH�GRQH�WR�FROOHFW�DQG�
DQDO\VH�GDWD��7KH�H[SHULPHQWV�RQ�DFFHOHUDWLRQ�DOORZ�WKH�RSSRUWXQLW\�WR�FROOHFW�DQG�DQDO\VH�VFLHQFH�GDWD�XVLQJ�
,&7�WRROV�DQG�WKH�LQWHUSUHWDWLRQ�RI�WKH�GDWD�XVLQJ�FUHDWLYH�WKRXJKW�WR�GHYHORS�WKHRULHV�

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

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

3UDFWLFDO�PHDVXUHPHQWV�RI�ELF\FOHV��VSULQW�VWDUWV��
IDOOLQJ�REMHFWV�FDQ�EH�GRQH��XVLQJ�PDQXDO�RU�
HOHFWURQLF�PHDVXUHPHQW��WR�FROOHFW�DQG�DQDO\VH�UHDO�
GDWD�IRU�FDOFXODWLQJ�DFFHOHUDWLRQ�

'HVFULEH�WKH�WUHQGV�LQ�VSHHG�DQG�WLPH�IURP�D�VLPSOH�
VSHHG�WLPH�JUDSK�
�� KRUL]RQWDO�OLQH�±�FRQVWDQW�VSHHG
�� VWUDLJKW�OLQH�SRVLWLYH�JUDGLHQW�±�LQFUHDVLQJ�VSHHG
�� VWUDLJKW�OLQH�QHJDWLYH�JUDGLHQW�±�GHFUHDVLQJ�

VSHHG�

8VH�RI�UHDO�FDU�GDWD�IURP�ZHEVLWHV�RU�PDJD]LQHV�WR�
LOOXVWUDWH�DQG�GHYHORS�IXUWKHU�WKH�FRQFHSWV�RI�
�� VSHHG
�� DFFHOHUDWLRQ�

5HFRJQLVH�WKDW�DFFHOHUDWLRQ�LQYROYHV�D�FKDQJH�LQ�
VSHHG��OLPLWHG�WR�PRWLRQ�LQ�D�VWUDLJKW�OLQH��
�� VSHHGLQJ�XS�LQYROYHV�DQ�DFFHOHUDWLRQ
�� VORZLQJ�GRZQ�LQYROYHV�D�GHFHOHUDWLRQ
�� JUHDWHU�FKDQJH�LQ�VSHHG��LQ�D�JLYHQ�WLPH��UHVXOWV�

LQ�KLJKHU�DFFHOHUDWLRQ�

5HFDOO�WKDW�DFFHOHUDWLRQ�LV�PHDVXUHG�LQ�PHWUHV�SHU�
VHFRQG�VTXDUHG��P�V���

8VH�WKH�HTXDWLRQ�

DFFHOHUDWLRQ� �
FKDQJH�LQ�VSHHG
±±±±±±±±±±±±±±

WLPH�WDNHQ

ZKHQ�JLYHQ�WKH�FKDQJH�LQ�VSHHG�

5HFRJQLVH�WKDW�GLUHFWLRQ�LV�LPSRUWDQW�ZKHQ�GHVFULELQJ�
WKH�PRWLRQ�RI�DQ�REMHFW�

8QGHUVWDQG�WKDW�WKH�YHORFLW\�RI�DQ�REMHFW�LV�LWV�VSHHG�
FRPELQHG�ZLWK�LWV�GLUHFWLRQ�
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0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�E��&KDQJLQJ�VSHHG

/LQNV�WR�RWKHU�LWHPV���3�D��6SHHG��3�F��)RUFHV�DQG�PRWLRQ��3�E��9HFWRUV�DQG�HTXDWLRQV�RI�PRWLRQ

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

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

'HVFULEH��GUDZ�DQG�LQWHUSUHW�TXDOLWDWLYHO\��JUDSKV�
RI�VSHHG�DJDLQVW�WLPH�IRU�XQLIRUP�DFFHOHUDWLRQ�WR�
LQFOXGH�
�� JUHDWHU�DFFHOHUDWLRQ�VKRZQ�E\�D�KLJKHU�JUDGLHQW
�� WKH�VLJQL¿FDQFH�RI�D�SRVLWLYH�RU�QHJDWLYH�JUDGLHQW
�� FDOFXODWLRQV�RI�GLVWDQFH�WUDYHOOHG�IURP�D�VLPSOH�

VSHHG�WLPH�JUDSK�IRU�XQLIRUP�DFFHOHUDWLRQ�

'HVFULEH��GUDZ�DQG�LQWHUSUHW�JUDSKV�RI�VSHHG�DJDLQVW�
WLPH�LQFOXGLQJ�
�� TXDQWLWDWLYHO\�IRU�XQLIRUP�DFFHOHUDWLRQ
�� FDOFXODWLRQV�RI�GLVWDQFH�WUDYHOOHG�IURP�D�VSHHG�

WLPH�JUDSK�IRU�XQLIRUP�DFFHOHUDWLRQ
�� FDOFXODWLRQV�RI�DFFHOHUDWLRQ�IURP�D�VSHHG�WLPH�

JUDSK�IRU�XQLIRUP�DFFHOHUDWLRQ�
�� TXDOLWDWLYH�LQWHUSUHWDWLRQ�RI�VSHHG�WLPH�JUDSKV�IRU�

QRQ�XQLIRUP�DFFHOHUDWLRQ�

'HVFULEH�DFFHOHUDWLRQ�DV�FKDQJH�LQ�VSHHG�SHU�XQLW�
WLPH�DQG�WKDW�
�� LQFUHDVH�LQ�VSHHG�UHVXOWV�IURP�D�SRVLWLYH�

DFFHOHUDWLRQ
�� GHFUHDVH�LQ�VSHHG�UHVXOWV�IURP�D�QHJDWLYH�

DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�

8VH�WKH�HTXDWLRQ�LQFOXGLQJ�SULRU�FDOFXODWLRQ�RI�WKH�
FKDQJH�LQ�VSHHG�

DFFHOHUDWLRQ� �
FKDQJH�LQ�VSHHG
±±±±±±±±±±±±±±

WLPH�WDNHQ

([SODLQ�KRZ�DFFHOHUDWLRQ�FDQ�LQYROYH�HLWKHU�D�
FKDQJH�
�� LQ�VSHHG
�� LQ�GLUHFWLRQ
�� LQ�ERWK�VSHHG�DQG�GLUHFWLRQ�

,QWHUSUHW�WKH�UHODWLRQVKLS�EHWZHHQ�DFFHOHUDWLRQ��
FKDQJH�RI�VSHHG�DQG�WLPH�WR�LQFOXGH�WKH�HIIHFW�RI�
FKDQJLQJ�DQ\�RQH�RU�WZR�RI�WKH�TXDQWLWLHV�

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

DFFHOHUDWLRQ� �
FKDQJH�LQ�VSHHG
±±±±±±±±±±±±±±

WLPH�WDNHQ

5HFRJQLVH�WKDW�IRU�WZR�REMHFWV�PRYLQJ�LQ�RSSRVLWH�
GLUHFWLRQV�DW�WKH�VDPH�VSHHG��WKHLU�YHORFLWLHV�ZLOO�KDYH�
LGHQWLFDO�PDJQLWXGH�EXW�RSSRVLWH�VLJQV�

&DOFXODWH�WKH�UHODWLYH�YHORFLW\�RI�REMHFWV�PRYLQJ�LQ�
SDUDOOHO�
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0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�F��)RUFHV�DQG�PRWLRQ

6XPPDU\��%HIRUH�WDNLQJ�\RXU�GULYLQJ�WHVW�\RX�QHHG�WR�SDVV�D�WKHRU\�WHVW��3DUW�RI�WKLV�LQYROYHV�GULYLQJ�VDIHO\�
DQG�NQRZOHGJH�RI�FDU�VWRSSLQJ�GLVWDQFHV��'ULYLQJ�IDVW�PD\�EH�WHPSWLQJ�EXW�VWRSSLQJ�VDIHO\�LV�PRUH�LPSRUWDQW��
,Q�WKLV�LWHP�ZH�VWDUW�WR�XQGHUVWDQG�WKH�HIIHFWV�RI�IRUFHV�RQ�EUDNLQJ�DQG�WKH�IDFWRUV�ZKLFK�DIIHFW�VWRSSLQJ�
GLVWDQFHV��7KH�H[SHULPHQWV�XVLQJ�HODVWLFV��OLJKW�JDWHV�DQG�WUROOH\V�DOORZ�WKH�RSSRUWXQLW\�WR�FROOHFW�DQG�DQDO\VH�
VFLHQWL¿F�GDWD�XVLQJ�,&7�WRROV�DQG�WKH�LQWHUSUHWDWLRQ�RI�WKH�GDWD�XVLQJ�FUHDWLYH�WKRXJKW�WR�GHYHORS�WKHRULHV��
:RUN�RQ�VWRSSLQJ�GLVWDQFHV�SURYLGHV�WKH�RSSRUWXQLW\�WR�GLVFXVV�KRZ�DQG�ZK\�GHFLVLRQV�DERXW�VFLHQFH�DQG�
WHFKQRORJ\�DUH�PDGH��LQFOXGLQJ�HWKLFDO�LVVXHV�DQG�WKH�VRFLDO��HFRQRPLF�DQG�HQYLURQPHQWDO�HIIHFWV�RI�VXFK�
GHFLVLRQV��

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

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

8VH�RI�HODVWLFV��OLJKW�JDWHV�DQG�WUROOH\V�WR�H[SORUH�
DFFHOHUDWLRQ�

5HFRJQLVH�VLWXDWLRQV�ZKHUH�IRUFHV�FDXVH�WKLQJV�WR�
�� VSHHG�XS
�� VORZ�GRZQ
�� VWD\�DW�WKH�VDPH�VSHHG�

8VH�WKH�HTXDWLRQ�

IRUFH� �PDVV�ð�DFFHOHUDWLRQ

ZKHQ�JLYHQ�PDVV�DQG�DFFHOHUDWLRQ�

0RGHOOLQJ�VWRSSLQJ�GLVWDQFHV�XVLQJ�D�ELF\FOH�

8VH�RI�UHDO�FDU�GDWD�IURP�WKH�+LJKZD\�&RGH�DQG�
ZHEVLWHV�RU�PDJD]LQHV�WR�LOOXVWUDWH�WKH�VFLHQFH�RI�
VWRSSLQJ�GLVWDQFHV�

0DNH�D�ZDOO�FKDUW��3RZHU3RLQW�SUHVHQWDWLRQ�RU�
D�OHDÀHW�WR�VKRZ�VWRSSLQJ�GLVWDQFHV�IRU�GLIIHUHQW�
VSHHGV�

'HVFULEH�WKLQNLQJ�GLVWDQFH�DV�

�� WKH�GLVWDQFH�WUDYHOOHG�EHWZHHQ�WKH�QHHG�IRU�
EUDNLQJ�RFFXUULQJ�DQG�WKH�EUDNHV�VWDUWLQJ�WR�DFW�

'HVFULEH�EUDNLQJ�GLVWDQFH�DV�
�� WKH�GLVWDQFH�WDNHQ�WR�VWRS�RQFH�WKH�EUDNHV�KDYH�

EHHQ�DSSOLHG�

'HVFULEH�VWRSSLQJ�GLVWDQFH�DV�
�� WKLQNLQJ�GLVWDQFH���EUDNLQJ�GLVWDQFH�

&DOFXODWH�VWRSSLQJ�GLVWDQFH�JLYHQ�YDOXHV�IRU�WKLQNLQJ�
GLVWDQFH�DQG�EUDNLQJ�GLVWDQFH�

([SODLQ�ZK\�WKLQNLQJ��EUDNLQJ�DQG�VWRSSLQJ�GLVWDQFHV�
DUH�VLJQL¿FDQW�IRU�URDG�VDIHW\�
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0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�F��)RUFHV�DQG�PRWLRQ

/LQNV�WR�RWKHU�LWHPV���3�D��6SHHG��3�E��&KDQJLQJ�VSHHG��3�G��:RUN�DQG�SRZHU��3�H��(QHUJ\�RQ�WKH�PRYH��
3�I��&UXPSOH�]RQHV��3�G��$FWLRQ�DQG�UHDFWLRQ

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

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

'HVFULEH�DQG�LQWHUSUHW�WKH�UHODWLRQVKLS�EHWZHHQ�IRUFH��
PDVV�DQG�DFFHOHUDWLRQ�LQ�HYHU\GD\�H[DPSOHV�

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

IRUFH� �PDVV�ð�DFFHOHUDWLRQ

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�DQG�
WKH�QHHG�WR�SUHYLRXVO\�FDOFXODWH�WKH�DFFHOHUDWLQJ�
IRUFH�

IRUFH� �PDVV�ð�DFFHOHUDWLRQ

([SODLQ�KRZ�FHUWDLQ�IDFWRUV�PD\�LQFUHDVH�WKLQNLQJ�
GLVWDQFH�
�� GULYHU�WLUHGQHVV
�� LQÀXHQFH�RI�DOFRKRO�RU�RWKHU�GUXJV�
�� JUHDWHU�VSHHG
�� GLVWUDFWLRQV�RU�ODFN�RI�FRQFHQWUDWLRQ�

([SODLQ�KRZ�FHUWDLQ�IDFWRUV�PD\�LQFUHDVH�EUDNLQJ�
GLVWDQFH�
�� URDG�FRQGLWLRQV
�� FDU�FRQGLWLRQV
�� JUHDWHU�VSHHG�

,QWHUSUHW�GDWD�DERXW�WKLQNLQJ�GLVWDQFHV�DQG�EUDNLQJ�
GLVWDQFHV�

([SODLQ�WKH�LPSOLFDWLRQV�RI�VWRSSLQJ�GLVWDQFHV�LQ�URDG�
VDIHW\�
�� GULYLQJ�WRR�FORVH�WR�WKH�FDU�LQ�IURQW��L�H��LQVLGH�

WKLQNLQJ�GLVWDQFH�
�� VSHHG�OLPLWV
�� URDG�FRQGLWLRQV�

([SODLQ�TXDOLWDWLYHO\�HYHU\GD\�VLWXDWLRQV�ZKHUH�
EUDNLQJ�GLVWDQFH�LV�FKDQJHG�LQFOXGLQJ�
�� IULFWLRQ
�� PDVV
�� VSHHG
�� EUDNLQJ�IRUFH�

'UDZ�DQG�LQWHUSUHW�WKH�VKDSHV�RI�JUDSKV�IRU�WKLQNLQJ�
DQG�EUDNLQJ�GLVWDQFH�DJDLQVW�VSHHG�

([SODLQ�WKH�HIIHFWV�RI�LQFUHDVHG�VSHHG�RQ�
�� WKLQNLQJ�GLVWDQFH�±�LQFUHDVHV�OLQHDUO\
�� EUDNLQJ�GLVWDQFH�±�LQFUHDVHV�DV�D�VTXDUHG�

UHODWLRQVKLS�H�J��LI�VSHHG�GRXEOHV�EUDNLQJ�
GLVWDQFH�LQFUHDVHV�E\�D�IDFWRU�RI�IRXU��LI�VSHHG�
WUHEOHV�EUDNLQJ�GLVWDQFH�LQFUHDVHV�E\�D�IDFWRU�RI�
QLQH�
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0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�G��:RUN�DQG�SRZHU

6XPPDU\��:RUN�LV�GRQH�ZKHQHYHU�D�IRUFH�PRYHV�VRPHWKLQJ��7UDQVSRUW��E\�LWV�QDWXUH��LV�DOZD\V�PRYLQJ�
DQG�HQHUJ\�LV�EHLQJ�WUDQVIHUUHG�DOO�WKH�WLPH��,Q�WKLV�LWHP�ZH�ZLOO�OHDUQ�DERXW�SRZHU�DQG�WKH�HQHUJ\�ZH�XVH�
WR�SURYLGH�LW��'LIIHUHQW�SRZHU�UDWLQJV��IXHO�FRQVXPSWLRQ��HQJLQH�VL]H�FRVWV�DQG�DVVRFLDWHG�HQYLURQPHQWDO�
LVVXHV�DERXW�FDU�XVH�FDQ�EH�XVHG�WR�GHYHORS�WKH�VNLOOV�RI�SUHVHQWLQJ�LQIRUPDWLRQ��GHYHORSLQJ�DQ�DUJXPHQW�
DQG�GUDZLQJ�D�FRQFOXVLRQ�XVLQJ�VFLHQWL¿F�WHUPV��7KLV�DOVR�SURYLGHV�WKH�RSSRUWXQLW\�WR�GLVFXVV�KRZ�VFLHQWL¿F�
NQRZOHGJH�DQG�LGHDV�FKDQJH�RYHU�WLPH�

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

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

&RQVWUXFW�D�WDEOH�RI�H[DPSOHV�ZKHQ�ZRUN�LV��DQG�LV�
QRW��GRQH�

5HFDOO�HYHU\GD\�H[DPSOHV�LQ�ZKLFK�ZRUN�LV�GRQH�DQG�
SRZHU�LV�GHYHORSHG�WR�LQFOXGH�
�� OLIWLQJ�ZHLJKWV
�� FOLPELQJ�VWDLUV
�� SXOOLQJ�D�VOHGJH
�� SXVKLQJ�D�VKRSSLQJ�WUROOH\�

0HDVXULQJ�ZRUN�GRQH�E\�FDQGLGDWHV�OLIWLQJ�ZHLJKWV��
ZDONLQJ�XS�VWDLUV�RU�GRLQJ�µVWHS�XSV¶�

'HVFULEH�KRZ�HQHUJ\�LV�WUDQVIHUUHG�ZKHQ�ZRUN�LV�
GRQH�

8QGHUVWDQG�WKDW�WKH�DPRXQW�RI�ZRUN�GRQH�GHSHQGV�
RQ�
�� WKH�VL]H�RI�WKH�IRUFH�LQ�QHZWRQV��1�
�� WKH�GLVWDQFH�WUDYHOOHG�LQ�PHWUHV��P��

5HFDOO�WKDW�WKH�MRXOH�LV�WKH�XQLW�IRU�ERWK�ZRUN�DQG�
HQHUJ\�

8VH�WKH�HTXDWLRQ�

ZRUN�GRQH� �IRUFH�ð�GLVWDQFH

0HDVXULQJ�SRZHU�GHYHORSHG�E\�FDQGLGDWHV�OLIWLQJ�
NQRZQ�ZHLJKWV�RU�WKHLU�ERG\�ZHLJKW��XS�VWDLUV�IRU�
H[DPSOH��7KH�SOHQDU\�FRXOG�IRFXV�RQ�KRZ�HI¿FLHQW�
WKH�KXPDQ�ERG\�LV�DV�D�PDFKLQH�

'HVFULEH�SRZHU�DV�D�PHDVXUHPHQW�RI�KRZ�TXLFNO\�
ZRUN�LV�EHLQJ�GRQH�

5HFDOO�WKDW�SRZHU�LV�PHDVXUHG�LQ�ZDWWV��:��

5HFRJQLVH�WKDW�FDUV�
�� KDYH�GLIIHUHQW�SRZHU�UDWLQJV
�� KDYH�GLIIHUHQW�HQJLQH�VL]HV

DQG�WKHVH�UHODWH�WR�IXHO�FRQVXPSWLRQ�
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0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�G��:RUN�DQG�SRZHU

/LQNV�WR�RWKHU�LWHPV���3�D��6SHHG��3�F��)RUFHV�DQG�PRWLRQ��3�H��(QHUJ\�RQ�WKH�PRYH��3�I��&UXPSOH�]RQHV��
3�G��$FWLRQ�DQG�UHDFWLRQ

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

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

8VH�WKH�HTXDWLRQ�

ZHLJKW� �PDVV�ð�JUDYLWDWLRQDO�¿HOG�VWUHQJWK

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

ZHLJKW� �PDVV�ð�JUDYLWDWLRQDO�¿HOG�VWUHQJWK

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

ZRUN�GRQH� �IRUFH�ð�GLVWDQFH

8VH�WKH�HTXDWLRQ�

ZRUN�GRQH� �IRUFH�ð�GLVWDQFH

WKHQ�XVH�WKH�YDOXH�IRU�ZRUN�GRQH�LQ�WKH�SRZHU�
HTXDWLRQ�EHORZ�

8VH�WKH�HTXDWLRQ��

SRZHU� �
ZRUN�GRQH
±±±±±±±±±

WLPH

,QWHUSUHW�IXHO�FRQVXPSWLRQ�¿JXUHV�IURP�GDWD�RQ�FDUV�
WR�LQFOXGH�
�� HQYLURQPHQWDO�LVVXHV
�� FRVWV�

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

SRZHU� �
ZRUN�GRQH
±±±±±±±±±

WLPH
ZKHQ�ZRUN�KDV�EHHQ�FDOFXODWHG�

8VH�DQG�XQGHUVWDQG�WKH�GHULYDWLRQ�RI�WKH�SRZHU�
HTXDWLRQ�LQ�WKH�IRUP�

SRZHU� �IRUFH�ð�VSHHG
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,WHP�3�H��(QHUJ\�RQ�WKH�PRYH

6XPPDU\��7UDQVSRUW�LV�HVVHQWLDO�WR�PRGHUQ�OLIH�ZKHWKHU�LW�EH�EXV��WUDLQ��WUDP��ELF\FOH��ZDONLQJ�RU�FDU��$OO�WKHVH�
QHHG�D�VRXUFH�RI�HQHUJ\�ZKLFK�LV�WUDQVIHUUHG�WR�NLQHWLF�HQHUJ\��6RPH�YHKLFOHV�XVH�PRUH�IRVVLO�IXHOV�WKDQ�
RWKHUV�DQG�WKLV�KDV�LPSOLFDWLRQV�IRU�FRVW��SROOXWLRQ�LQ�RXU�FLWLHV�DQG�IXWXUH�HQHUJ\�UHVHUYHV��2WKHU�YHKLFOHV�PD\�
XVH�ELR�IXHOV�RU�VRODU�SRZHU�ZKLFK�DUH�UHQHZDEOH�HQHUJ\�VRXUFHV�

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

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

([SORULQJ�WKH�VLJQL¿FDQFH�RI�.(�LQ�EUDNLQJ�GLVWDQFHV�
DSSOLHG�WR�VWRSSLQJ�GLVWDQFH�FKDUWV��

8QGHUVWDQG�WKDW�NLQHWLF�HQHUJ\��.(��GHSHQGV�RQ�WKH�
PDVV�DQG�VSHHG�RI�DQ�REMHFW�

&DUU\�RXW�UHVHDUFK�WR�¿QG�RXW�ZKLFK�HQHUJ\�VRXUFHV�
FDQ�EH�XVHG�WR�PRYH�PRWRU�YHKLFOHV��DQG�GLVFRYHU�
ZKDW�SURSRUWLRQ�RI�YHKLFOHV�XVH�HDFK�VRXUFH�

5HFRJQLVH�DQG�GHVFULEH��GHULYDWLYHV�RI��IRVVLO�IXHOV�
DV�WKH�PDLQ�IXHOV�LQ�URDG�WUDQVSRUW�
�� SHWURO
�� GLHVHO�

5HFDOO�WKDW�ELR�IXHOV�DQG�VRODU�HQHUJ\�DUH�SRVVLEOH�
DOWHUQDWLYHV�WR�IRVVLO�IXHOV�

'HVFULEH�KRZ�HOHFWULFLW\�FDQ�EH�XVHG�IRU�URDG�
WUDQVSRUW��DQG�KRZ�LWV�XVH�FRXOG�DIIHFW�GLIIHUHQW�
JURXSV�RI�SHRSOH�DQG�WKH�HQYLURQPHQW�
�� EDWWHU\�GULYHQ�FDUV
�� VRODU�SRZHU�FDUV�ZLWK�VRODU�SDQHOV�

(YDOXDWLQJ�GDWD�IURP�IXHO�FRQVXPSWLRQ�¿JXUHV�IRU�
FDUV��&RQVWUXFW�D�ZDOO�FKDUW��PDNH�D�3RZHU3RLQW�
SUHVHQWDWLRQ�RU�D�OHDÀHW�WKDW�LOOXVWUDWHV�WKH�SUREOHPV�
RI�ODUJH�HQJLQH�FDUV�DQG�WKH�PHULWV�RI�VRODU�SRZHU�
DQG�ELR�IXHOV�

'UDZ�FRQFOXVLRQV�IURP�EDVLF�GDWD�DERXW�IXHO�
FRQVXPSWLRQ��LQFOXGLQJ�HPLVVLRQV��QR�UHFDOO�UHTXLUHG��

5HFRJQLVH�WKDW�WKH�VKDSH�RI�D�PRYLQJ�REMHFW�FDQ�
LQÀXHQFH�LWV�WRS�VSHHG�DQG�IXHO�FRQVXPSWLRQ�
�� ZHGJH�VKDSH�RI�VSRUWV�FDU
�� GHÀHFWRUV�RQ�ORUULHV�DQG�FDUDYDQV
�� URRI�ER[HV�RQ�FDUV
�� GULYLQJ�ZLWK�FDU�ZLQGRZV�RSHQ�
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/LQNV�WR�RWKHU�LWHPV���3�D��&ROOHFWLQJ�HQHUJ\�IURP�WKH�6XQ��3�I��&UXPSOH�]RQHV��
3�K��7KH�HQHUJ\�RI�JDPHV�DQG�WKHPH�ULGHV�

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

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

8VH�DQG�DSSO\�WKH�HTXDWLRQ�

.(� ��±� �PY
�

8VH�DQG�DSSO\�WKH�HTXDWLRQ�

.(� ��±� �PY
�

LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

$SSO\�WKH�LGHDV�RI�NLQHWLF�HQHUJ\�WR�
�� UHODWLRQVKLS�EHWZHHQ�EUDNLQJ�GLVWDQFHV�DQG�

VSHHG
�� HYHU\GD\�VLWXDWLRQV�LQYROYLQJ�REMHFWV�PRYLQJ�

'HVFULEH�DUJXPHQWV�IRU�DQG�DJDLQVW�WKH�XVH�RI�
EDWWHU\�SRZHUHG�FDUV�

([SODLQ�ZK\�HOHFWULFDOO\�SRZHUHG�FDUV�GR�QRW�SROOXWH�
DW�WKH�SRLQW�RI�XVH�ZKHUHDV�IRVVLO�IXHO�FDUV�GR�
5HFRJQLVH�WKDW�EDWWHU\�GULYHQ�FDUV�QHHG�WR�KDYH�WKH�
EDWWHU\�UHFKDUJHG�
�� WKLV�XVHV�HOHFWULFLW\�SURGXFHG�IURP�D�SRZHU�

VWDWLRQ
�� SRZHU�VWDWLRQV�FDXVH�SROOXWLRQ�

([SODLQ�ZK\�ZH�PD\�KDYH�WR�UHO\�RQ�ELR�IXHOOHG�DQG�
VRODU�SRZHUHG�YHKLFOHV�LQ�WKH�IXWXUH�

([SODLQ�KRZ�ELR�IXHOOHG�DQG�VRODU�SRZHUHG�YHKLFOHV�
�� UHGXFH�SROOXWLRQ�DW�WKH�SRLQW�RI�XVH
�� SURGXFH�SROOXWLRQ�LQ�WKHLU�SURGXFWLRQ
�� PD\�OHDG�WR�DQ�RYHUDOO�UHGXFWLRQ�LQ�&2��

HPLVVLRQV�

,QWHUSUHW�GDWD�DERXW�IXHO�FRQVXPSWLRQ��LQFOXGLQJ�
HPLVVLRQV�

([SODLQ�KRZ�FDU�IXHO�FRQVXPSWLRQ�¿JXUHV�GHSHQG�RQ�
�� HQHUJ\�UHTXLUHG�WR�LQFUHDVH�.(
�� HQHUJ\�UHTXLUHG�WR�GR�ZRUN�DJDLQVW�IULFWLRQ
�� GULYLQJ�VW\OHV�DQG�VSHHGV
�� URDG�FRQGLWLRQV�

(YDOXDWH�DQG�FRPSDUH�GDWD�DERXW�IXHO�FRQVXPSWLRQ�
DQG�HPLVVLRQV�
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,WHP�3�I��&UXPSOH�]RQHV

6XPPDU\��:KHQ�FDUV�VWRS�HQHUJ\�LV�DEVRUEHG��7KLV�KDSSHQV�GXULQJ�EUDNLQJ�DQG�LQ�FROOLVLRQV��,QMXULHV�LQ�
FROOLVLRQV�FDQ�EH�UHGXFHG�E\�FOHYHU�FDU�GHVLJQ�DQG�WKLV�XQLW�H[SORUHV�WKH�VFLHQFH�EHKLQG�WKH�VDIHW\�IHDWXUHV�RI�
PRGHUQ�YHKLFOHV��&ROOLVLRQV�DUH�VWXGLHG�KHUH�LQ�WHUPV�RI�HQHUJ\��DFFHOHUDWLRQ��IRUFH�DQG�PRPHQWXP��

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

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

8VH�WKH�HTXDWLRQ�

� PRPHQWXP� �PDVV�ð�YHORFLW\

WR�FDOFXODWH�PRPHQWXP�

6KRZ�YLGHRV�RQ�URDG�VDIHW\�DQG�GHVFULEH�KRZ�
VHDWEHOWV�UHGXFH�WKH�UDWH�DW�ZKLFK�PRPHQWXP�
FKDQJHV�

5HFDOO�WKDW�D�VXGGHQ�FKDQJH�LQ�PRPHQWXP�LQ�D�
FROOLVLRQ��UHVXOWV�LQ�D�ODUJH�IRUFH�WKDW�FDQ�FDXVH�LQMXU\�

'HVLJQ��EXLOG�DQG�WHVW�PRGHO�FUXPSOH�]RQHV�ZLWK�
WUROOH\V��HJJ�ER[HV��SDSHU�DQG�VWUDZV�

8VH�URDG�VDIHW\�ZHEVLWHV�DQG�ERRNOHWV�WR�¿QG�RXW�
DERXW�VDIHW\�IHDWXUHV�RI�FDUV�DQG�KRZ�WKH\�DUH�
WHVWHG��FRPSDUHG��DQG�UHSRUWHG�WR�WKH�SXEOLF�

7HVW�VHDWEHOW�PDWHULDOV�IRU�VWUHWFKLQJ�

5HVHDUFK�VDIHW\�IHDWXUHV�LQ�PRGHUQ�FDUV�

'UDZ�D�WLPH�OLQH�VKRZLQJ�ZKHQ�GLIIHUHQW�VDIHW\�
IHDWXUHV�EHFDPH�VWDQGDUG�RQ�PRVW�FDUV�

'HVFULEH�WKH�W\SLFDO�VDIHW\�IHDWXUHV�RI�PRGHUQ�FDUV�
WKDW�UHTXLUH�HQHUJ\�WR�EH�DEVRUEHG�ZKHQ�YHKLFOHV�
VWRS�
�� KHDWLQJ�LQ�EUDNHV��FUXPSOH�]RQHV��VHDWEHOWV��

DLUEDJV�

([SODLQ�ZK\�VHDWEHOWV�KDYH�WR�EH�UHSODFHG�DIWHU�D�
FUDVK�

5HFRJQLVH�WKH�ULVNV�DQG�EHQH¿WV�DULVLQJ�IURP�WKH�XVH�
RI�VHDWEHOWV�

5HFDOO�DQG�GLVWLQJXLVK�EHWZHHQ�W\SLFDO�VDIHW\�IHDWXUHV�
RI�FDUV�ZKLFK�
�� DUH�LQWHQGHG�WR�SUHYHQW�DFFLGHQWV��RU
�� DUH�LQWHQGHG�WR�SURWHFW�RFFXSDQWV�LQ�WKH�HYHQW�RI�

DQ�DFFLGHQW�
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/LQNV�WR�RWKHU�LWHPV���3�F��)RUFHV�DQG�PRWLRQ��3�G��$FWLRQ�DQG�UHDFWLRQ

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

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

8VH�WKH�HTXDWLRQ�LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

PRPHQWXP� �PDVV�ð�YHORFLW\

'HVFULEH�ZK\�WKH�JUHDWHU�WKH�PDVV�RI�DQ�REMHFW�DQG�
RU�WKH�JUHDWHU�WKH�YHORFLW\��WKH�PRUH�PRPHQWXP�WKH�
REMHFW�KDV�LQ�WKH�GLUHFWLRQ�RI�PRWLRQ�

8VH�WKH�HTXDWLRQ�

IRUFH� �
FKDQJH�LQ�PRPHQWXP
±±±±±±±±±±±±±±±±±±

WLPH

WR�FDOFXODWH�IRUFH�

8VH�DQG�DSSO\�WKH�HTXDWLRQ�LQFOXGLQJ�D�FKDQJH�RI�
VXEMHFW�

IRUFH� �
FKDQJH�LQ�PRPHQWXP
±±±±±±±±±±±±±±±±±±

WLPH

8VH�1HZWRQ¶V�VHFRQG�ODZ�RI�PRWLRQ�WR�H[SODLQ�WKH�
DERYH�SRLQWV�

)� �PD

([SODLQ�KRZ�VSUHDGLQJ�WKH�FKDQJH�LQ�PRPHQWXP�
RYHU�D�ORQJHU�WLPH�UHGXFHV�WKH�OLNHOLKRRG�RI�LQMXU\�

([SODLQ��XVLQJ�WKH�LGHDV�DERXW�PRPHQWXP��WKH�XVH�RI�
FUXPSOH�]RQHV��VHDWEHOWV�DQG�DLUEDJV�LQ�FDUV�

([SODLQ�ZK\�IRUFHV�FDQ�EH�UHGXFHG�ZKHQ�VWRSSLQJ�
�H�J��FUXPSOH�]RQHV��EUDNLQJ�GLVWDQFHV��HVFDSH�
ODQHV��FUDVK�EDUULHUV��VHDWEHOWV�DQG�DLUEDJV��E\�
�� LQFUHDVLQJ�VWRSSLQJ�RU�FROOLVLRQ�WLPH
�� LQFUHDVLQJ�VWRSSLQJ�RU�FROOLVLRQ�GLVWDQFH
�� GHFUHDVLQJ�DFFHOHUDWLRQ�

'HVFULEH�KRZ�VHDWEHOWV��FUXPSOH�]RQHV�DQG�DLUEDJV�
DUH�XVHIXO�LQ�D�FUDVK�EHFDXVH�WKH\�
�� FKDQJH�VKDSH�
�� DEVRUE�HQHUJ\
�� UHGXFH�LQMXULHV��

'HVFULEH�KRZ�WHVW�GDWD�PD\�EH�JDWKHUHG�DQG�XVHG�WR�
LGHQWLI\�DQG�GHYHORS�VDIHW\�IHDWXUHV�IRU�FDUV�

(YDOXDWH�WKH�HIIHFWLYHQHVV�RI�JLYHQ�VDIHW\�IHDWXUHV�LQ�
WHUPV�RI�VDYLQJ�OLYHV�DQG�UHGXFLQJ�LQMXULHV�

'HVFULEH�KRZ�$%6�EUDNHV��
�� PDNH�LW�SRVVLEOH�WR�NHHS�FRQWURO�RI�WKH�VWHHULQJ�

RI�D�YHKLFOH�LQ�KD]DUGRXV�VLWXDWLRQV��H�J��ZKHQ�
EUDNLQJ�KDUG�RU�JRLQJ�LQWR�D�VNLG��

�� ZRUN�E\�WKH�EUDNHV�DXWRPDWLFDOO\�SXPSLQJ�RQ�DQG�
RII�WR�DYRLG�VNLGGLQJ�

�� VRPHWLPHV�UHGXFH�EUDNLQJ�GLVWDQFHV�

$QDO\VH�SHUVRQDO�DQG�VRFLDO�FKRLFHV�LQ�WHUPV�RI�ULVN�
DQG�EHQH¿WV�RI�ZHDULQJ�VHDWEHOWV�
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6XPPDU\��)DOOLQJ�REMHFWV�DUH�XVXDOO\�VXEMHFW�WR�DW�OHDVW�WZR�IRUFHV���ZHLJKW�DQG�GUDJ��6RPH�FDUV�KDYH�VLPLODU�
HQJLQHV�WR�RWKHUV�\HW�KDYH�YHU\�GLIIHUHQW�WRS�VSHHGV��7KLV�LV�WR�GR�ZLWK�SDLUV�RI�IRUFHV�ZKLFK�PD\�RU�PD\�QRW�
EDODQFH��7KHVH�LGHDV�DUH�RI�YLWDO�LPSRUWDQFH�WR�WKH�SDUDFKXWLVW�DQG�GUDJ�UDFHU�ZKR�ZDQW�WR�VORZ�GRZQ�LQ�
WLPH���VDIHO\��,QYHVWLJDWLQJ�IDOOLQJ�ZKLUOLJLJ��SDUDFKXWHV�RU�SODVWLFLQH�VKDSHV�SURYLGHV�WKH�RSSRUWXQLW\�WR�H[SODLQ�
SKHQRPHQD�E\�GHYHORSLQJ�DQG�XVLQJ�VFLHQWL¿F�WKHRULHV��:RUN�RQ�WKH�EDODQFH�RI�IRUFHV�LOOXVWUDWHV�WKH�XVH�RI�
PRGHOOLQJ�LQ�GHYHORSLQJ�VFLHQWL¿F�XQGHUVWDQGLQJ�

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

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

,QYHVWLJDWH�IDFWRUV�DIIHFWLQJ�WKH�VSHHG�RI�D�IDOOLQJ�
ZKLUOLJLJ�RU�SDUDFKXWH�

,QYHVWLJDWH�IDFWRUV�DIIHFWLQJ�WKH�VSHHG�RI�SODVWLFLQH�
VKDSHV�DV�WKH\�IDOO�WKURXJK�ZDOO�SDSHU�SDVWH�

8VH�DQ�HOHFWURQLF�WLPH�GHYLFH��H�J��OLJKW�JDWHV�OLQNHG�
WR�D�3&��WR�LQYHVWLJDWH�IDOOLQJ�REMHFWV��

0DNH�D�ZDOO�FKDUW�E\�GUDZLQJ�D�VHULHV�RI�SLFWXUHV�RI�
D�IDOOLQJ�SDUDFKXWLVW�WR�VKRZ�WKH�VWDJHV�RI�ÀLJKW�IRU�D�
VN\�GLYHU�

5HFRJQLVH�WKDW�IULFWLRQDO�IRUFHV��GUDJ��IULFWLRQ��DLU�
UHVLVWDQFH��
�� DFW�DJDLQVW�WKH�PRYHPHQW
�� OHDG�WR�HQHUJ\�ORVV�DQG�LQHI¿FLHQF\
�� FDQ�EH�UHGXFHG��VKDSH��OXEULFDQW��

([SODLQ�KRZ�REMHFWV�IDOOLQJ�WKURXJK�WKH�(DUWK¶V�
DWPRVSKHUH�UHDFK�D�WHUPLQDO�VSHHG�

8QGHUVWDQG�ZK\�IDOOLQJ�REMHFWV�GR�QRW�H[SHULHQFH�
GUDJ�ZKHQ�WKHUH�LV�QR�DWPRVSKHUH�
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/LQNV�WR�RWKHU�LWHPV���3�K��7KH�HQHUJ\�RI�JDPHV�DQG�WKHPH�ULGHV��3�F��3URMHFWLOH�PRWLRQ

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

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

([SODLQ�LQ�WHUPV�RI�WKH�EDODQFH�RI�IRUFHV�KRZ�PRYLQJ�
REMHFWV�
�� LQFUHDVH�VSHHG
�� GHFUHDVH�VSHHG
�� PDLQWDLQ�VWHDG\�VSHHG�

([SODLQ��LQ�WHUPV�RI�EDODQFH�RI�IRUFHV��ZK\�REMHFWV�
UHDFK�D�WHUPLQDO�VSHHG�
�� KLJKHU�VSHHG� �PRUH�GUDJ
�� ODUJHU�DUHD� �PRUH�GUDJ
�� ZHLJKW��IDOOLQJ�REMHFW��RU�GULYLQJ�IRUFH��H�J��D�FDU���

 �GUDJ�ZKHQ�WUDYHOOLQJ�DW�WHUPLQDO�VSHHG�

5HFRJQLVH�WKDW�DFFHOHUDWLRQ�GXH�WR�JUDYLW\��J��LV�WKH�
VDPH�IRU�DQ\�REMHFW�DW�D�JLYHQ�SRLQW�RQ�WKH�(DUWK¶V�
VXUIDFH�

8QGHUVWDQG�WKDW�JUDYLWDWLRQDO�¿HOG�VWUHQJWK�RU�
DFFHOHUDWLRQ�GXH�WR�JUDYLW\�
�� LV�XQDIIHFWHG�E\�DWPRVSKHULF�FKDQJHV
�� YDULHV�VOLJKWO\�DW�GLIIHUHQW�SRLQWV�RQ�WKH�(DUWK¶V�

VXUIDFH
�� ZLOO�EH�VOLJKWO\�GLIIHUHQW�RQ�WKH�WRS�RI�D�PRXQWDLQ�

RU�GRZQ�D�PLQHVKDIW�
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0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�K��7KH�HQHUJ\�RI�JDPHV�DQG�WKHPH�ULGHV

6XPPDU\��5LGHV�DW�WKHPH�SDUNV�DUH�GHVLJQHG�WR�WKULOO�DQG�IULJKWHQ�\RX�LQ�D�VDIH�ZD\��:H�SD\�JRRG�PRQH\�
WR�KDYH�RXU�µJUDYLW\¶�GLVWRUWHG��7KHPH�ULGH�GHVLJQHUV�DUH�H[SHUWV�RQ�HQHUJ\�DQG�IRUFHV��7KHLU�VLPSOH�WULFN�LV�WR�
XVH�JUDYLW\�DQG�SRWHQWLDO�HQHUJ\�DV�WKH�VRXUFH�RI�PRYHPHQW��7KLV�LWHP�ZLOO�KHOS�\RX�XQGHUVWDQG�WKH�VFLHQFH�RI�
WKHPH�ULGHV�DQG�KRZ�VFLHQWL¿F�XQGHUVWDQGLQJ�FDQ�EH�DSSOLHG�E\�VRFLHW\�

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

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

,QYHVWLJDWH�ERXQFLQJ�EDOOV��RU�D�EDOO�RQ�D�FXUYHG�
FXUWDLQ�WUDFN��DV�DQ�HQHUJ\�V\VWHP�ZKRVH�HI¿FLHQF\�
FDQ�EH�PHDVXUHG�������ð�ERXQFH�KHLJKW��RU�KHLJKW�
UDLVHG��GURS��RU�IDOO��KHLJKW��

5HFRJQLVH�WKDW�REMHFWV�KDYH�JUDYLWDWLRQDO�SRWHQWLDO�
HQHUJ\��*3(��EHFDXVH�RI�WKHLU�PDVV�DQG�SRVLWLRQ�LQ�
(DUWK¶V�JUDYLWDWLRQDO�¿HOG�

,QYHVWLJDWH�PRGHOV��WR\�FDUV�RQ�SODVWLF�WUDFN��RU�UHDO�
UROOHU�FRDVWHUV�DV�DQ�HQHUJ\�V\VWHP�ZKRVH�HI¿FLHQF\�
FDQ�EH�PHDVXUHG�������ð�FOLPE�KHLJKW�IDOO�KHLJKW��

5HFRJQLVH�HYHU\GD\�H[DPSOHV�LQ�ZKLFK�REMHFWV�XVH�
JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\��*3(��
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0RGXOH�3����)RUFHV�)RU�7UDQVSRUW
,WHP�3�K��7KH�HQHUJ\�RI�JDPHV�DQG�WKHPH�ULGHV

/LQNV�WR�RWKHU�LWHPV���3�H��(QHUJ\�RQ�WKH�PRYH��3�J��)DOOLQJ�VDIHO\

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

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

'HVFULEH�HYHU\GD\�H[DPSOHV�LQ�ZKLFK�REMHFWV�KDYH�
JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\��*3(��

8VH�WKH�HTXDWLRQ�

*3(� �PJK

5HFRJQLVH�DQG�LQWHUSUHW�H[DPSOHV�RI�HQHUJ\�WUDQVIHU�
EHWZHHQ�JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\��*3(��DQG�
NLQHWLF�HQHUJ\��.(��

8QGHUVWDQG�WKDW�IRU�D�ERG\�IDOOLQJ�WKURXJK�WKH�
DWPRVSKHUH�DW�WHUPLQDO�VSHHG�
�� NLQHWLF�HQHUJ\��.(��GRHV�QRW�LQFUHDVH
�� JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\��*3(��LV�WUDQVIHUUHG�

WR�LQFUHDVHG�LQWHUQDO�RU�WKHUPDO�HQHUJ\�RI�WKH�
VXUURXQGLQJ�DLU�SDUWLFOHV�WKURXJK�WKH�PHFKDQLVP�
RI�IULFWLRQ�

8VH�DQG�DSSO\�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�
VXEMHFW�

*3(� �PJK

,QWHUSUHW�D�JUDYLW\�ULGH��UROOHU�FRDVWHU��LQ�WHUPV�RI�
�� NLQHWLF�HQHUJ\��.(�
�� JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\��*3(�
�� HQHUJ\�WUDQVIHU�

'HVFULEH�WKH�HIIHFW�RI�FKDQJLQJ�PDVV�DQG�VSHHG�RQ�
NLQHWLF�HQHUJ\��.(��
�� GRXEOLQJ�PDVV�GRXEOHV�.(
�� GRXEOLQJ�VSHHG�TXDGUXSOHV�.(�

8VH�DQG�DSSO\�WKH�UHODWLRQVKLS

PJK� ��±� �PY
�

6KRZ�WKDW�IRU�D�JLYHQ�REMHFW�IDOOLQJ�WR�(DUWK��WKLV�
UHODWLRQVKLS�FDQ�EH�H[SUHVVHG�DV�

K� �Y��·��J

DQG�JLYH�DQ�H[DPSOH�RI�KRZ�WKLV�IRUPXOD�FRXOG�EH�
XVHG�
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���� 0RGXOH�3���5DGLDWLRQ�)RU�/LIH

0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�D��6SDUNV

6XPPDU\��7KH�FRQFHSW�RI�PHGLFDO�SK\VLFV�UXQV�WKURXJK�WKLV�LWHP��(OHFWURVWDWLFV�SOD\V�DQ�LPSRUWDQW�SDUW�LQ�RXU�
OLYHV��:H�LQYHVWLJDWH�VRPH�RI�WKH�LGHDV�RI�HOHFWURVWDWLFV�DQG�ORRN�DW�WKH�SUREOHPV�FDXVHG�

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

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

&DUU\�RXW�H[SHULPHQWV�WR�FRPSDUH�KRZ�HIIHFWLYH�
GLIIHUHQW�W\SHV�RI�GXVWHU�DUH�

5HFRJQLVH�WKDW�ZKHQ�VRPH�PDWHULDOV�DUH�UXEEHG�WKH\�
DWWUDFW�RWKHU�REMHFWV�
�� FHUWDLQ�W\SHV�RI�GXVWLQJ�EUXVKHV�EHFRPH�FKDUJHG�

DQG�DWWUDFW�GXVW�DV�WKH\�SDVV�RYHU�LW�

,QYHVWLJDWH�WKH�HIIHFW�RI�FKDUJHG�LQVXODWRUV�RQ�VPDOO�
XQFKDUJHG�REMHFWV�

&DUU\�RXW�H[SHULPHQWV�WR�GHPRQVWUDWH�WKH�IRUFHV�
EHWZHHQ�FKDUJHV�

5HFRJQLVH�WKDW�LQVXODWLQJ�PDWHULDOV�FDQ�EHFRPH�
FKDUJHG�ZKHQ�UXEEHG�ZLWK�DQRWKHU�LQVXODWLQJ�
PDWHULDO�

6WDWH�WKDW�WKHUH�DUH�WZR�NLQGV�RI�FKDUJH�
�� SRVLWLYH
�� QHJDWLYH�

&DUU\�RXW�H[SHULPHQWV�WR�FUHDWH�VWDWLF�FKDUJHV��DQG�
LQYHVWLJDWH�WKH�HIIHFWV�WKDW�UHVXOW�

'HVFULEH�KRZ�\RX�FDQ�JHW�DQ�HOHFWURVWDWLF�VKRFN�IURP�
FKDUJHG�REMHFWV�
�� V\QWKHWLF�FORWKLQJ�

'HVFULEH�KRZ�\RX�FDQ�JHW�DQ�HOHFWURVWDWLF�VKRFN�LI�
\RX�EHFRPH�FKDUJHG�DQG�WKHQ�EHFRPH�HDUWKHG�
�� WRXFKLQJ�ZDWHU�SLSHV�DIWHU�ZDONLQJ�RQ�D�ÀRRU�

FRYHUHG�ZLWK�DQ�LQVXODWLQJ�PDWHULDO�H�J��V\QWKHWLF�
FDUSHW�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�D��6SDUNV

/LQNV�WR�RWKHU�LWHPV���3�E��8VHV�RI�HOHFWURVWDWLFV�

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

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

5HFRJQLVH�WKDW�OLNH�FKDUJHV�UHSHO�DQG�XQOLNH�FKDUJHV�
DWWUDFW�

8QGHUVWDQG�WKDW�HOHFWURVWDWLF�SKHQRPHQD�DUH�FDXVHG�
E\�WKH�WUDQVIHU�RI�HOHFWURQV��ZKLFK�KDYH�D�QHJDWLYH�
FKDUJH�

'HVFULEH�VWDWLF�HOHFWULFLW\�LQ�WHUPV�RI�WKH�PRYHPHQW�RI�
HOHFWURQV�
�� D�SRVLWLYH�FKDUJH�GXH�WR�ODFN�RI�HOHFWURQV
�� D�QHJDWLYH�FKDUJH�GXH�WR�DQ�H[FHVV�RI�HOHFWURQV�

5HFRJQLVH�WKDW�DWRPV�RU�PROHFXOHV�WKDW�KDYH�
EHFRPH�FKDUJHG�DUH�LRQV�

([SODLQ�KRZ�VWDWLF�HOHFWULFLW\�FDQ�EH�GDQJHURXV�ZKHQ�
�� LQ�DWPRVSKHUHV�ZKHUH�H[SORVLRQV�FRXOG�RFFXU�

H�J��LQÀDPPDEOH�JDVHV�RU�YDSRXUV�RU�ZLWK�KLJK�
FRQFHQWUDWLRQV�RI�R[\JHQ

�� LQ�VLWXDWLRQV�ZKHUH�ODUJH�TXDQWLWLHV�RI�FKDUJH�
FRXOG�ÀRZ�WKURXJK�WKH�ERG\�WR�HDUWK�

([SODLQ�KRZ�VWDWLF�HOHFWULFLW\�FDQ�EH�D�QXLVDQFH�
�� GLUW�DQG�GXVW�DWWUDFWHG�WR�LQVXODWRUV��SODVWLF�

FRQWDLQHUV��79�PRQLWRUV�HWF��
�� FDXVLQJ�FORWKLQJ�WR�³FOLQJ´�

([SODLQ�KRZ�WKH�FKDQFH�RI�UHFHLYLQJ�DQ�HOHFWULF�VKRFN�
FDQ�EH�UHGXFHG�E\�
�� FRUUHFW�HDUWKLQJ
�� XVH�RI�LQVXODWLQJ�PDWV
�� XVLQJ�VKRHV�ZLWK�LQVXODWLQJ�VROHV
�� ERQGLQJ�IXHO�WDQNHU�WR�DLUFUDIW�

([SODLQ�KRZ�DQWL�VWDWLF�VSUD\V��OLTXLGV�DQG�FORWKV�KHOS�
UHGXFH�WKH�SUREOHPV�RI�VWDWLF�HOHFWULFLW\�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�E��8VHV�RI�HOHFWURVWDWLFV

6XPPDU\��(OHFWURVWDWLFV�KDV�PDQ\�XVHV��7KLV�LWHP�ORRNV�DW�VRPH�RI�WKH�XVHV�ERWK�LQ�PHGLFLQH�DQG�HYHU\GD\�
OLIH�DQG�LOOXVWUDWHV�WKH�XVH�RI�FRQWHPSRUDU\�VFLHQWL¿F�DQG�WHFKQRORJLFDO�GHYHORSPHQWV�DQG�WKHLU�EHQH¿WV��
GUDZEDFNV�DQG�ULVNV�

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

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

5HVHDUFK�KRZ�HOHFWURVWDWLF�SUHFLSLWDWRUV�ZRUN�DQG�
KRZ�HIIHFWLYH�WKH\�DUH�DW�UHGXFLQJ�VRPH�SROOXWLRQ�

5HFDOO�WKDW�HOHFWURVWDWLFV�FDQ�EH�XVHIXO�IRU�
HOHFWURVWDWLF�SUHFLSLWDWRUV�
�� UHPRYH�WKH�GXVW�RU�VRRW�LQ�VPRNH
�� XVHG�LQ�FKLPQH\V�

5HFDOO�WKDW�HOHFWURVWDWLFV�FDQ�EH�XVHIXO�IRU�VSUD\LQJ�
�� VSUD\�SDLQWLQJ
�� FURS�VSUD\LQJ�

5HVHDUFK�KRZ�GH¿EULOODWRUV�DUH�XVHG�E\�PHGLFDO�VWDII�
LQ�HPHUJHQFLHV�

5HFDOO�WKDW�HOHFWURVWDWLFV�FDQ�EH�XVHIXO�IRU�UHVWDUWLQJ�
WKH�KHDUW�ZKHQ�LW�KDV�VWRSSHG��GH¿EULOODWRU��

5HFDOO�WKDW�GH¿EULOODWRUV�ZRUN�E\�GLVFKDUJLQJ�FKDUJH�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�E��8VHV�RI�HOHFWURVWDWLFV

/LQNV�WR�RWKHU�LWHPV���3�D��6SDUNV

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

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

([SODLQ�KRZ�VWDWLF�HOHFWULFLW\�FDQ�EH�XVHIXO�IRU�
HOHFWURVWDWLF�GXVW�SUHFLSLWDWRUV�WR�UHPRYH�VPRNH�
SDUWLFOHV�HWF�IURP�FKLPQH\V�
�� GXVW�SDVVHV�WKURXJK�FKDUJHG�PHWDO�JULG�RU�SDVW�

FKDUJHG�URGV
�� GXVW�SDUWLFOHV�EHFRPH�FKDUJHG
�� SODWHV�DUH�HDUWKHG�RU�FKDUJHG�RSSRVLWH�WR�JULG
�� GXVW�SDUWLFOHV�DWWUDFWHG�WR�SODWHV
�� SODWHV�VWUXFN�DQG�GXVW�IDOOV�WR�FROOHFWRU�

([SODLQ�KRZ�VWDWLF�HOHFWULFLW\�LV�XVHG�LQ�HOHFWURVWDWLF�
GXVW�SUHFLSLWDWRUV�WR�UHPRYH�VPRNH�SDUWLFOHV�HWF�IURP�
FKLPQH\V�
�� KLJK�YROWDJH�PHWDO�JULGV�SXW�LQWR�FKLPQH\V�WR�

SURGXFH�D�FKDUJH�RQ�WKH�GXVW
�� GXVW�SDUWLFOHV�JDLQ�RU�ORVH�HOHFWURQV
�� GXVW�SDUWLFOHV�LQGXFH�D�FKDUJH�RQ�WKH�HDUWKHG�

PHWDO�SODWH
�� GXVW�SDUWLFOHV�DUH�DWWUDFWHG�WR�WKH�SODWHV�

([SODLQ�KRZ�VWDWLF�HOHFWULFLW\�FDQ�EH�XVHIXO�IRU�SDLQW�
VSUD\LQJ�
�� VSUD\�JXQ�FKDUJHG
�� SDLQW�SDUWLFOHV�FKDUJHG�WKH�VDPH�VR�UHSHO�JLYLQJ�D�

¿QH�VSUD\�DQG�FRDW
�� REMHFW�FKDUJHG�RSSRVLWHO\�WR�SDLQW�VR�DWWUDFWV�

SDLQW�LQWR�WKH�µVKDGRZV¶�RI�WKH�REMHFW�JLYLQJ�DQ�
HYHQ�FRDW�ZLWK�OHVV�ZDVWH�

([SODLQ�KRZ�VWDWLF�HOHFWULFLW\�LV�XVHG�LQ�SDLQW�VSUD\LQJ��
LQ�WHUPV�RI�SDLQW�DQG�FDU�JDLQLQJ�DQG�ORVLQJ�HOHFWURQV�
DQG�WKH�UHVXOWLQJ�HIIHFWV�

([SODLQ�KRZ�VWDWLF�HOHFWULFLW\�FDQ�EH�XVHIXO�IRU�
UHVWDUWLQJ�WKH�KHDUW�ZKHQ�LW�KDV�VWRSSHG��GH¿EULOODWRU���
�� SDGGOHV�FKDUJHG
�� JRRG�HOHFWULFDO�FRQWDFW�ZLWK�SDWLHQW¶V�FKHVW
�� FKDUJH�SDVVHG�WKURXJK�SDWLHQW�WR�PDNH�KHDUW�

FRQWUDFW
�� FDUH�WDNHQ�QRW�WR�VKRFN�RSHUDWRU�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�F��6DIH�HOHFWULFDOV

6XPPDU\��7KLV�LWHP�LQYHVWLJDWHV�HOHFWULFLW\��6DIHW\�LV�D�PDMRU�UHTXLUHPHQW�ZKHQ�HOHFWULFLW\�LV�XVHG�LQ�D�
PHGLFDO�VLWXDWLRQ��+HUH�WKH�SULQFLSOHV�RI�IXVHV�DQG�HDUWKLQJ�DUH�VWXGLHG�

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

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

&DUU\�RXW�H[SHULPHQWV�WR�LQYHVWLJDWH�FLUFXLWV�DQG�
WKH�HIIHFWV�RI�UHVLVWRUV�DQG�YDULDEOH�UHVLVWRUV�RQ�
FXUUHQW��$OVR�WKH�HIIHFWV�RI�OHQJWK�DQG�WKLFNQHVVHV�
RI�UHVLVWDQFH�ZLUH�RQ�FXUUHQW�DQG�UHVLVWDQFH�FDQ�EH�
LQYHVWLJDWHG�

([SODLQ�WKH�EHKDYLRXU�RI�VLPSOH�FLUFXLWV�LQ�WHUPV�RI�
WKH�ÀRZ�RI�HOHFWULF�FKDUJH�

'HVFULEH�DQG�UHFRJQLVH�KRZ�UHVLVWRUV�FDQ�EH�XVHG�WR�
FKDQJH�WKH�FXUUHQW�LQ�D�FLUFXLW�

'HVFULEH�KRZ�YDULDEOH�UHVLVWRUV�FDQ�EH�XVHG�WR�
FKDQJH�WKH�FXUUHQW�LQ�D�FLUFXLW�

�� ORQJHU�ZLUHV�JLYH�OHVV�FXUUHQW
�� WKLQQHU�ZLUHV�JLYH�OHVV�FXUUHQW

�UKHRVWDW�FRQ¿JXUHG�DV�D�YDULDEOH�UHVLVWRU�RQO\��

5HFDOO�WKDW�UHVLVWDQFH�LV�PHDVXUHG�LQ�RKPV�

5HVHDUFK�KRXVH�ZLULQJ�IHDWXUHV�VXFK�DV�SOXJV�DQG�
ULQJ�PDLQV�

5HFDOO�WKH�FRORXU�FRGLQJ�IRU�OLYH��QHXWUDO�DQG�HDUWK�
ZLUHV�
�� OLYH�±�EURZQ
�� QHXWUDO�±�EOXH
�� HDUWK�±�JUHHQ�\HOORZ�

6WDWH�WKDW�DQ�HDUWKHG�FRQGXFWRU�FDQQRW�EHFRPH�OLYH�

,QYHVWLJDWH�IXVHV�DQG�UHVLGXDO�FXUUHQW�GHYLFHV�
�5&'V��DQG�UHVHDUFK�KRZ�WKH\�DUH�XVHG�LQ�WKH�KRPH�

&RPSDUH�D�UDQJH�RI�DSSOLDQFHV�WR�LGHQWLI\�ZKLFK�DUH�
GRXEOH�LQVXODWHG�DQG�ZKDW�WKH\�KDYH�LQ�FRPPRQ�

5HVHDUFK�DQG�FRPSDUH�SRZHU�DQG�IXVH�UDWLQJV�LQ�
FRPPRQ�KRXVHKROG�DSSOLDQFHV�

$�FLUFXV�RI�DSSOLDQFHV�ZLWK�SOXJV�RSHQ�DQG�
FRPSDULVRQ�RI�DSSOLDQFH�FRYHULQJV�

'HVFULEH�UHDVRQV�IRU�WKH�XVH�RI�IXVHV�DQG�FLUFXLW�
EUHDNHUV��DV�UH�VHWWDEOH�IXVHV���

5HFRJQLVH�WKDW�³GRXEOH�LQVXODWHG´�DSSOLDQFHV�GR�QRW�
QHHG�HDUWKLQJ�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�F��6DIH�HOHFWULFDOV

/LQNV�WR�RWKHU�LWHPV���3�D��5HVLVWLQJ

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

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

([SODLQ�KRZ�YDULDEOH�UHVLVWRUV�FDQ�EH�XVHG�WR�FKDQJH�
WKH�FXUUHQW�LQ�D�FLUFXLW�
�� ORQJHU�ZLUHV�KDYH�PRUH�UHVLVWDQFH
�� WKLQQHU�ZLUHV�KDYH�PRUH�UHVLVWDQFH

�UKHRVWDW�FRQ¿JXUHG�DV�D�YDULDEOH�UHVLVWRU�RQO\��

'HVFULEH�WKH�UHODWLRQVKLSV�EHWZHHQ�FXUUHQW��YROWDJH�
�SG��DQG�UHVLVWDQFH�
�� IRU�D�JLYHQ�UHVLVWRU��FXUUHQW�LQFUHDVHV�DV�YROWDJH�

LQFUHDVHV�DQG�YLFH�YHUVD
�� IRU�D�¿[HG�YROWDJH��FXUUHQW�GHFUHDVHV�DV�

UHVLVWDQFH�LQFUHDVHV�DQG�YLFH�YHUVD�

8VH�WKH�HTXDWLRQ�

UHVLVWDQFH� �
YROWDJH
±±±±±±±
FXUUHQW

8VH�DQG�DSSO\�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�
VXEMHFW�

UHVLVWDQFH� �
YROWDJH
±±±±±±±
FXUUHQW

'HVFULEH�WKH�IXQFWLRQV�RI�WKH�OLYH��QHXWUDO�DQG�HDUWK�
ZLUHV�
�� OLYH�±�FDUULHV�WKH�KLJK�YROWDJH
�� QHXWUDO�±�FRPSOHWHV�WKH�FLUFXLW
�� HDUWK�±�D�VDIHW\�ZLUH�WR�VWRS�WKH�DSSOLDQFH�

EHFRPLQJ�OLYH�

([SODLQ�KRZ�D�ZLUH�IXVH�UHGXFHV�WKH�ULVN�RI�¿UH��LI�WKH�
DSSOLDQFH�GHYHORSV�D�IDXOW�

�� WRR�ODUJH�D�FXUUHQW�FDXVHV�WKH�IXVH�WR�PHOW
�� SUHYHQWLQJ�ÀRZ�RI�FXUUHQW
�� SUHYHQWV�ÀH[�RYHUKHDWLQJ�DQG�FDXVLQJ�¿UH
�� SUHYHQWV�IXUWKHU�GDPDJH�WR�DSSOLDQFH�

8VH�WKH�HTXDWLRQ�

SRZHU� �YROWDJH�ð�FXUUHQW

([SODLQ�ZK\�³GRXEOH�LQVXODWHG´�DSSOLDQFHV�GR�QRW�
QHHG�HDUWKLQJ�
�� WKH�DSSOLDQFH�LV�D�QRQ�FRQGXFWRU�DQG�FDQQRW�

EHFRPH�OLYH�

([SODLQ�WKH�UHDVRQV�IRU�WKH�XVH�RI�IXVHV�DQG�FLUFXLW�
EUHDNHUV�DV�UH�VHWWDEOH�IXVHV��VWUXFWXUH�DQG�PRGH�RI�
RSHUDWLRQ�QRW�UHTXLUHG��

([SODLQ�KRZ�WKH�FRPELQDWLRQ�RI�D�ZLUH�IXVH�DQG�
HDUWKLQJ�SURWHFWV�SHRSOH�

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

SRZHU� �YROWDJH�ð�FXUUHQW

WR�VHOHFW�D�VXLWDEOH�IXVH�IRU�DQ�DSSOLDQFH�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�G��8OWUDVRXQG

6XPPDU\��7KH�FRQFHSW�RI�PHGLFDO�SK\VLFV�UXQV�WKURXJK�WKLV�LWHP��8OWUDVRXQG�LV�DQ�LPSRUWDQW�PHGLFDO�
GLDJQRVWLF�DQG�WKHUDSHXWLF�WRRO��7KLV�LWHP�ORRNV�DW�WKH�SURSHUWLHV�RI�ORQJLWXGLQDO�ZDYHV��DQG�LQYHVWLJDWHV�VRPH�
RI�WKH�PHGLFDO�XVHV�RI�XOWUDVRXQG�

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

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

/RRN�DW�XOWUDVRXQG�SLFWXUHV�DQG�LQYHVWLJDWH�WKH�
KHDULQJ�UDQJH�RI�SXSLOV�LQ�WKH�FODVV�

,QYHVWLJDWH�WKH�SURSHUWLHV�RI�ORQJLWXGLQDO�ZDYHV�

8VH�D�VOLQN\�DQG�RU�URSH�WR�GHPRQVWUDWH�ZDYH�
EHKDYLRXUV�

5HFDOO�WKDW�XOWUDVRXQG�LV�D�ORQJLWXGLQDO�ZDYH�
5HFRJQLVH�IHDWXUHV�RI�D�ORQJLWXGLQDO�ZDYH�
�� ZDYHOHQJWK
�� FRPSUHVVLRQ
�� UDUHIDFWLRQ�

8VH�HFKRHV�IURP�KDUG�VXUIDFHV�WR�GHYHORS�WKH�LGHD�RI�
UHÀHFWLRQ�RI�VRXQG��DQG�FDOFXODWLRQ�RI�GLVWDQFH�WR�WKH�
VXUIDFH��XVLQJ�WKH�HFKR�WLPH�DQG�VSHHG�RI�VRXQG��

5HFRJQLVH�WKDW�XOWUDVRXQG�FDQ�EH�XVHG�LQ�PHGLFLQH�
IRU�GLDJQRVWLF�SXUSRVHV�
�� WR�ORRN�LQVLGH�SHRSOH�E\�VFDQQLQJ�WKH�ERG\
�� WR�PHDVXUH�WKH�VSHHG�RI�EORRG�ÀRZ�LQ�WKH�ERG\�

�FDQGLGDWHV�DUH�QRW�H[SHFWHG�WR�GHVFULEH�WKH�
'RSSOHU�HIIHFW��
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�G��8OWUDVRXQG

/LQNV�WR�RWKHU�LWHPV���3�G��/LJKW�DQG�ODVHUV

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

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

'HVFULEH�IHDWXUHV�RI�ORQJLWXGLQDO�ZDYHV�
�� ZDYHOHQJWK
�� IUHTXHQF\
�� FRPSUHVVLRQ��D�UHJLRQ�RI�KLJKHU�SUHVVXUH�
�� UDUHIDFWLRQ��D�UHJLRQ�RI�ORZHU�SUHVVXUH��

5HFDOO�WKDW�WKH�IUHTXHQF\�RI�XOWUDVRXQG�LV�KLJKHU�WKDQ�
WKH�XSSHU�WKUHVKROG�RI�KXPDQ�KHDULQJ���������+]��
EHFDXVH�WKH�HDU�FDQQRW�GHWHFW�WKHVH�YHU\�KLJK�
IUHTXHQFLHV�

'HVFULEH�DQG�FRPSDUH�WKH�PRWLRQ�DQG�DUUDQJHPHQW�
RI�SDUWLFOHV�LQ�ORQJLWXGLQDO�DQG�WUDQVYHUVH�SK\VLFDO�
ZDYHV�
�� ZDYHOHQJWK
�� IUHTXHQF\
�� FRPSUHVVLRQ
�� UDUHIDFWLRQ
�� DPSOLWXGH�

5HFRJQLVH�WKDW�XOWUDVRXQG�FDQ�EH�XVHG�LQ�PHGLFLQH�
IRU�QRQ�LQYDVLYH�WKHUDSHXWLF�SXUSRVHV�VXFK�DV�WR�
EUHDN�GRZQ�NLGQH\�DQG�RWKHU�VWRQHV�

([SODLQ�KRZ�XOWUDVRXQG�LV�XVHG�LQ�
�� ERG\�VFDQV��UHÀHFWLRQV�IURP�GLIIHUHQW�OD\HUV�

UHWXUQLQJ�DW�GLIIHUHQW�WLPHV�IURP�GLIIHUHQW�GHSWKV�
�� EUHDNLQJ�GRZQ�DFFXPXODWLRQV�LQ�WKH�ERG\�VXFK�

DV�NLGQH\�VWRQHV�

([SODLQ�WKH�UHDVRQV�IRU�XVLQJ�XOWUDVRXQG�UDWKHU�WKDQ�
;�UD\V�IRU�FHUWDLQ�VFDQV�
�� DEOH�WR�SURGXFH�LPDJHV�RI�VRIW�WLVVXH
�� GRHV�QRW�GDPDJH�OLYLQJ�FHOOV�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�H��:KDW�LV�UDGLRDFWLYLW\"

6XPPDU\��1XFOHDU�UDGLDWLRQ�LV�RIWHQ�PLVXQGHUVWRRG�DQG�IULJKWHQLQJ��0DQ\�SHRSOH�ZLOO�FRPH�DFURVV�QXFOHDU�
UDGLDWLRQV�LQ�HYHU\GD\�OLIH��7KLV�LWHP�H[SORUHV�WKH�SURSHUWLHV�DQG�XVHV�RI�QXFOHDU�UDGLDWLRQ�

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

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

,QYHVWLJDWH�WKH�UHDOLW\�RI�ORQJ�KDOI�OLYHV�DQG�WKH�
GDQJHUV�RI�QXFOHDU�ZDVWH�

([SORUH�WKH�LGHD�RI�KDOI�OLIH�DQG�KRZ�LW�LV�XVHG�WR�
GDWH�DUWHIDFWV�LQ�DUFKDHRORJ\�DQG�URFNV�FRQWDLQLQJ�
UDGLRDFWLYH�PLQHUDOV�

0RGHO�UDGLRDFWLYH�GHFD\�ZLWK�GLFH�RU�FRPSXWHU�
VLPXODWLRQV�

5HFRJQLVH�WKDW�WKH�UDGLRDFWLYLW\�RU�DFWLYLW\�RI�DQ�
REMHFW�LV�PHDVXUHG�E\�WKH�QXPEHU�RI�QXFOHDU�GHFD\V�
HPLWWHG�SHU�VHFRQG�

8QGHUVWDQG�WKDW�UDGLRDFWLYLW\�GHFUHDVHV�ZLWK�WLPH�

5HFDOO�WKDW�QXFOHDU�UDGLDWLRQ�LRQLVHV�PDWHULDOV�

8VH�WKH�3HULRGLF�7DEOH�WR�FRQVWUXFW�D�JUDSK�RI�SURWRQ�
QXPEHU�DJDLQVW�QHXWURQ�QXPEHU�WR�VKRZ�OLQH�RI�
VWDELOLW\�

5HFDOO�WKDW�UDGLDWLRQ�FRPHV�IURP�WKH�QXFOHXV�RI�WKH�
DWRP�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�H��:KDW�LV�UDGLRDFWLYLW\"

/LQNV�WR�RWKHU�LWHPV���3�H��1XFOHDU�UDGLDWLRQV��3�I��8VHV�RI�UDGLRLVRWRSHV��3�J��7UHDWPHQW��3�K��)LVVLRQ�DQG�
IXVLRQ

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

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

'HVFULEH�UDGLRDFWLYH�VXEVWDQFHV�DV�GHFD\LQJ�
QDWXUDOO\�DQG�JLYLQJ�RXW�QXFOHDU�UDGLDWLRQ�LQ�WKH�IRUP�
RI�DOSKD��EHWD�DQG�JDPPD�

([SODLQ�DQG�XVH�WKH�FRQFHSW�RI�KDOI�OLIH�

,QWHUSUHW�JUDSKLFDO�GDWD�RI�UDGLRDFWLYH�GHFD\�WR�
LQFOXGH�D�TXDOLWDWLYH�GHVFULSWLRQ�RI�KDOI�OLIH�

([SODLQ�LRQLVDWLRQ�LQ�WHUPV�RI�
�� UHPRYDO�RI�HOHFWURQV�IURP�SDUWLFOHV
�� JDLQ�RI�HOHFWURQV�E\�SDUWLFOHV�

,QWHUSUHW�JUDSKLFDO�RU�QXPHULFDO�GDWD�RI�UDGLRDFWLYH�
GHFD\�WR�LQFOXGH�FDOFXODWLRQ�RI�KDOI�OLIH�

([SODLQ�ZK\�DOSKD�SDUWLFOHV�DUH�VXFK�JRRG�LRQLVHUV�

'HVFULEH�UDGLRDFWLYLW\�DV�FRPLQJ�IURP�WKH�QXFOHXV�RI�
DQ�DWRP�WKDW�LV�XQVWDEOH�

5HFDOO�WKDW�DQ�DOSKD�SDUWLFOH�LV�D�KHOLXP�QXFOHXV�

5HFDOO�WKDW�D�EHWD�SDUWLFOH�LV�D�IDVW�PRYLQJ�HOHFWURQ�

'HVFULEH�ZKDW�KDSSHQV�WR�D�QXFOHXV�ZKHQ�DQ�DOSKD�
SDUWLFOH�LV�HPLWWHG�
�� PDVV�QXPEHU�GHFUHDVHV�E\��
�� QXFOHXV�KDV�WZR�IHZHU�QHXWURQV
�� QXFOHXV�KDV�WZR�IHZHU�SURWRQV
�� DWRPLF�QXPEHU�GHFUHDVHV�E\��
�� QHZ�HOHPHQW�IRUPHG�

'HVFULEH�ZKDW�KDSSHQV�WR�D�QXFOHXV�ZKHQ�D�EHWD�
SDUWLFOH�LV�HPLWWHG�
�� PDVV�QXPEHU�LV�XQFKDQJHG
�� QXFOHXV�KDV�RQH�OHVV�QHXWURQ
�� QXFOHXV�KDV�RQH�PRUH�SURWRQ
�� DWRPLF�QXPEHU�LQFUHDVHV�E\�RQH
�� QHZ�HOHPHQW�IRUPHG�

&RQVWUXFW�DQG�EDODQFH�QXFOHDU�HTXDWLRQV�LQ�WHUPV�
RI�PDVV�QXPEHUV�DQG�DWRPLF�QXPEHUV�WR�UHSUHVHQW�
DOSKD�DQG�EHWD�GHFD\�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�I��8VHV�RI�UDGLRLVRWRSHV

6XPPDU\��7KH�XVHV�RI�UDGLRLVRWRSHV�LQFOXGH�WUDFHUV��VPRNH�DODUPV��FDQFHU�WUHDWPHQW�DQG�UDGLRDFWLYH�GDWLQJ��
7KLV�LWHP�LOOXVWUDWHV�WKH�XVH�RI�FRQWHPSRUDU\�VFLHQWL¿F�DQG�WHFKQRORJLFDO�GHYHORSPHQWV�DQG�WKHLU�EHQH¿WV��
GUDZEDFN�DQG�ULVNV��,W�DOVR�SURYLGHV�WKH�RSSRUWXQLW\�WR�XVH�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ��ZKLOH�ZRUN�RQ�GDWLQJ�
URFNV�LOOXVWUDWHV�KRZ�,&7�LV�XVHG�E\�VFLHQWLVWV�

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

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

5HVHDUFK�DQG�GHEDWH�WKH�LVVXHV�VXUURXQGLQJ�WKH�
VWRUDJH�DQG�GLVSRVDO�RI�UDGLRDFWLYH�ZDVWH�

8VH�WKH�LQWHUQHW�WR�UHVHDUFK�OHYHOV�RI�EDFNJURXQG�
UDGLDWLRQ�LQ�GLIIHUHQW�SDUWV�RI�WKH�8.�

,QYHVWLJDWH�WKH�YDULDWLRQ�RI�EDFNJURXQG�UDGLDWLRQ�ZLWK�
ORFDWLRQ�DQG�SRVVLEOH�KHDOWK�ULVNV�

8QGHUVWDQG�ZK\�EDFNJURXQG�UDGLDWLRQ�FDQ�YDU\�

5HFDOO�WKDW�EDFNJURXQG�UDGLDWLRQ�PDLQO\�FRPHV�IURP�
URFNV�DQG�FRVPLF�UD\V�

5HVHDUFK�WKH�XVH�RI�UDGLRLVRWRSHV�LQ�LQGXVWU\� 5HFDOO�LQGXVWULDO�H[DPSOHV�RI�WKH�XVH�RI�WUDFHUV�
�� WR�WUDFN�GLVSHUVDO�RI�ZDVWH
�� WR�¿QG�OHDNV�EORFNDJHV�LQ�XQGHUJURXQG�SLSHV
�� WR�¿QG�WKH�URXWH�RI�XQGHUJURXQG�SLSHV�

/RRN�LQVLGH�LRQLVDWLRQ�EDVHG�VPRNH�GHWHFWRUV�DQG�
LGHQWLI\�WKH�UHOHYDQW�SDUWV�

5HFDOO�WKDW�DOSKD�VRXUFHV�DUH�XVHG�LQ�VRPH�VPRNH�
GHWHFWRUV�

5HFDOO�WKDW�UDGLRDFWLYLW\�FDQ�EH�XVHG�WR�GDWH�URFNV�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�I��8VHV�RI�UDGLRLVRWRSHV

/LQNV�WR�RWKHU�LWHPV���3�H��1XFOHDU�UDGLDWLRQV��3�H��:KDW�LV�UDGLRDFWLYLW\"��3�K��)LVVLRQ�DQG�IXVLRQ

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

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

5HFDOO�WKDW�VRPH�EDFNJURXQG�UDGLDWLRQ�FRPHV�IURP�
ZDVWH�SURGXFWV�DQG�PDQ�PDGH�VRXUFHV�H�J��ZDVWH�
IURP�
�� LQGXVWU\
�� KRVSLWDOV�

(YDOXDWH�WKH�UHODWLYH�VLJQL¿FDQFH�RI�VRXUFHV�RI�
EDFNJURXQG�UDGLDWLRQ�

'HVFULEH�KRZ�WUDFHUV�DUH�XVHG�LQ�LQGXVWU\�
�� UDGLRDFWLYH�PDWHULDO�SXW�LQWR�SLSH
�� SURJUHVV�WUDFNHG�ZLWK�GHWHFWRU�DERYH�JURXQG�

RXWVLGH�SLSH
�� OHDN�EORFNDJH�VKRZQ�E\�UHGXFWLRQ�QR�UDGLRDFWLYLW\�

DIWHU�WKH�SRLQW�RI�EORFNDJH�

([SODLQ�ZK\�JDPPD�UDGLDWLRQ�LV�XVHG�DV�DQ�LQGXVWULDO�
WUDFHU�

([SODLQ�KRZ�D�VPRNH�GHWHFWRU�ZLWK�DQ�DOSKD�VRXUFH�
ZRUNV�
�� VPRNH�SDUWLFOHV�KLW�E\�DOSKD�UDGLDWLRQ
�� OHVV�LRQLVDWLRQ�RI�DLU�SDUWLFOHV
�� FXUUHQW�LV�UHGXFHG�FDXVLQJ�DODUP�WR�VRXQG�

([SODLQ�KRZ�WKH�UDGLRDFWLYH�GDWLQJ�RI�URFNV�GHSHQGV�
RQ�WKH�FDOFXODWLRQ�RI�WKH�XUDQLXP�OHDG�UDWLR�

5HFDOO�WKDW�PHDVXUHPHQWV�IURP�UDGLRDFWLYH�FDUERQ�
FDQ�EH�XVHG�WR�¿QG�WKH�GDWH�RI�ROG�PDWHULDOV��

([SODLQ�KRZ�PHDVXUHPHQWV�RI�WKH�DFWLYLW\�RI�
UDGLRDFWLYH�FDUERQ�FDQ�OHDG�WR�DQ�DSSUR[LPDWH�DJH�
IRU�GLIIHUHQW�PDWHULDOV�
�� WKH�DPRXQW�RI�&DUERQ����LQ�WKH�DLU�KDV�QRW�

FKDQJHG�IRU�WKRXVDQGV�RI�\HDUV
�� ZKHQ�DQ�REMHFW�GLHV��H�J��ZRRG��JDVHRXV�

H[FKDQJH�ZLWK�WKH�DLU�VWRSV
�� DV�WKH�&DUERQ����LQ�WKH�ZRRG�GHFD\V�WKH�DFWLYLW\�

RI�WKH�VDPSOH�GHFUHDVHV
�� WKH�UDWLR�RI�FXUUHQW�DFWLYLW\�IURP�OLYLQJ�PDWWHU�WR�

WKH�DFWLYLW\�RI�WKH�VDPSOH�LV�XVHG�WR�FDOFXODWH�WKH�
DJH�ZLWKLQ�NQRZQ�OLPLWV�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�J��7UHDWPHQW

6XPPDU\��7KH�FRQFHSW�RI�PHGLFDO�SK\VLFV�UXQV�WKURXJK�WKLV�LWHP��5DGLDWLRQV�DUH�LPSRUWDQW�PHGLFLQDO�WRROV��
7KLV�LWHP�ORRNV�DW�WKH�XVH�RI�UDGLDWLRQV�DQG�WKH�SUHFDXWLRQV�WDNHQ�WR�UHGXFH�WKH�SRWHQWLDO�ULVNV�

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

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

/RRN�DW�;�UD\�LPDJHV�DQG�UHVHDUFK�KRZ�WKH\�DUH�
SURGXFHG�

'HVFULEH�VRPH�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�
;�UD\V�DQG�JDPPD�UD\V�
�� ERWK�DUH�LRQLVLQJ�HOHFWURPDJQHWLF�ZDYHV
�� KDYH�VLPLODU�ZDYHOHQJWKV
�� DUH�SURGXFHG�LQ�GLIIHUHQW�ZD\V�

5HVHDUFK�WKH�SURGXFWLRQ�RI�PHGLFDO�UDGLRLVRWRSHV� 5HFDOO�WKDW�PHGLFDO�UDGLRLVRWRSHV�DUH�SURGXFHG�E\�
SODFLQJ�PDWHULDOV�LQWR�D�QXFOHDU�UHDFWRU�

'HPRQVWUDWH�DQG�PRGHO�WKH�WUDFHU�LGHD�ZLWK�D�
UDGLRDFWLYH�VRXUFH��ORZ�OHYHO�VDPSOH��H�J��URFN��RQO\��
KLGGHQ�LQ�VFKRRO�VNHOHWRQ�DQG�GHWHFWHG�RXWVLGH�

,QYHVWLJDWH�WKH�EDODQFH�RI�ULVNV�IRU�VWDII�DQG�SDWLHQWV�
GXULQJ�UDGLRWKHUDS\�ZKLFK�NLOOV�ERWK�KHDOWK\�DQG�
FDQFHURXV�FHOOV�

'HVFULEH�XVHV�RI�QXFOHDU�UDGLDWLRQ�LQ�PHGLFLQH��WR�
LQFOXGH�
�� GLDJQRVLV
�� WUHDWPHQW�RI�FDQFHU�XVLQJ�JDPPD�UD\V
�� VWHULOLVDWLRQ�RI�HTXLSPHQW�

5HFDOO�WKDW�RQO\�EHWD�DQG�JDPPD�UDGLDWLRQ�FDQ�SDVV�
WKURXJK�VNLQ�

5HFDOO�WKDW�QXFOHDU�UDGLDWLRQ�FDQ�GDPDJH�FHOOV�

'HVFULEH�WKH�UROH�RI�D�UDGLRJUDSKHU�DQG�WKH�VDIHW\�
SUHFDXWLRQV�WKH\�PXVW�WDNH�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�J��7UHDWPHQW

/LQNV�WR�RWKHU�LWHPV���3�H��1XFOHDU�UDGLDWLRQV��3�H��:KDW�LV�UDGLRDFWLYLW\"

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

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

5HFDOO�WKDW�PDWHULDOV�DEVRUE�VRPH�LRQLVLQJ�UDGLDWLRQ�

8QGHUVWDQG�KRZ�WKH�LPDJH�SURGXFHG�E\�WKH�
DEVRUSWLRQ�RI�;�UD\V�GHSHQGV�RQ�WKH�WKLFNQHVV�DQG�
GHQVLW\�RI�WKH�DEVRUELQJ�PDWHULDOV�

([SODLQ�KRZ�
�� JDPPD�UD\V�DUH�JLYHQ�RXW��IURP�WKH�QXFOHXV�RI�

FHUWDLQ�UDGLRDFWLYH�PDWHULDOV
�� ;�UD\V�DUH�PDGH��E\�¿ULQJ�KLJK�VSHHG�HOHFWURQV�

DW�PHWDO�WDUJHWV
�� ;�UD\V�DUH�HDVLHU�WR�FRQWURO�WKDQ�JDPPD�UD\V�

'HVFULEH�KRZ�PDWHULDOV�FDQ�EHFRPH�UDGLRDFWLYH�DV�D�
UHVXOW�RI�DEVRUELQJ�H[WUD�QHXWURQV�

([SODLQ�ZK\�JDPPD��DQG�VRPHWLPHV�EHWD��HPLWWHUV�
FDQ�EH�XVHG�DV�WUDFHUV�LQ�WKH�ERG\�

8QGHUVWDQG�ZK\�PHGLFDO�WUDFHUV�VKRXOG�QRW�UHPDLQ�
DFWLYH�LQ�WKH�ERG\�IRU�ORQJ�SHULRGV�

([SODLQ�KRZ�UDGLRDFWLYH�VRXUFHV�DUH�XVHG�LQ�
PHGLFLQH�

��� WR�WUHDW�FDQFHU�
�� JDPPD�UD\V�IRFXVHG�RQ�WXPRXU
�� ZLGH�EHDP�XVHG
�� URWDWHG�URXQG�WKH�SDWLHQW�ZLWK�WXPRXU�DW�FHQWUH
�� OLPLWLQJ�GDPDJH�WR�QRQ�FDQFHURXV�WLVVXH�

��� DV�D�WUDFHU�
�� EHWD�RU�JDPPD�HPLWWHU�ZLWK�D�VKRUW�KDOI�OLIH
�� GUXQN�HDWHQ�LQJHVWHG�LQMHFWHG�LQWR�WKH�ERG\
�� DOORZHG�WR�VSUHDG�WKURXJK�WKH�ERG\
�� IROORZHG�RQ�WKH�RXWVLGH�E\�D�UDGLDWLRQ�GHWHFWRU�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�K��)LVVLRQ�DQG�IXVLRQ

6XPPDU\��7KLV�LWHP�GHDOV�ZLWK�ZRUN�RQ�WKH�SURFHVVHV�RI�QXFOHDU�¿VVLRQ�DQG�IXVLRQ��1XFOHDU�¿VVLRQ�LV�D�PDMRU�
VRXUFH�RI�HQHUJ\�DQG�FDQ�EH�XVHG�WR�SURGXFH�HOHFWULFLW\��2LO�DQG�JDV�ZLOO�EHFRPH�OHVV�LPSRUWDQW�DV�VXSSOLHV�
GHFUHDVH�DQG�DOWHUQDWLYH�IRUPV�RI�HQHUJ\�ZLOO�EH�QHHGHG��7KLV�LWHP�H[SODLQV�WKH�SURFHVV�RI�QXFOHDU�¿VVLRQ�DQG�
KRZ�WKH�HQHUJ\�SURGXFHG�FDQ�EH�KDUQHVVHG�WR�SURGXFH�HOHFWULFLW\��7KH�SURVSHFW�RI�KDUQHVVLQJ�QXFOHDU�IXVLRQ�
IRU�SRZHU�JHQHUDWLRQ�LV�DOVR�FRQVLGHUHG�

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

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

8VH�,&7�VLPXODWLRQV�RI�FKDLQ�UHDFWLRQV�DQG�QXFOHDU�
UHDFWRUV�

5HFRJQLVH�WKDW�QXFOHDU�SRZHU�VWDWLRQV�XVH�XUDQLXP�
DV�D�IXHO�

'HVFULEH�WKH�PDLQ�VWDJHV�LQ�WKH�SURGXFWLRQ�RI�
HOHFWULFLW\�
�� VRXUFH�RI�HQHUJ\
�� XVHG�WR�SURGXFH�VWHDP
�� XVHG�WR�SURGXFH�HOHFWULFLW\�

5HVHDUFK�QXFOHDU�DFFLGHQWV�LQ�SRZHU�SODQWV�

'HEDWH�WKH�LVVXHV�VXUURXQGLQJ�QXFOHDU�
SRZHU�DV�D�VROXWLRQ�WR�IXWXUH�8.�QHHGV�

'HVFULEH�WKH�SURFHVV�WKDW�JLYHV�RXW�HQHUJ\�LQ�D�
QXFOHDU�UHDFWRU�DV�QXFOHDU�¿VVLRQ��DQG�WKDW�LW�LV�NHSW�
XQGHU�FRQWURO�

5HFDOO�WKDW�QXFOHDU�¿VVLRQ�SURGXFHV�UDGLRDFWLYH�
ZDVWH�

,QYHVWLJDWH�SRWHQWLDO�EHQH¿WV�DQG�GLI¿FXOWLHV�RI�
GHYHORSLQJ�IXVLRQ�EDVHG�QXFOHDU�UHDFWRUV�

'HVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�¿VVLRQ�DQG�IXVLRQ�
�� ¿VVLRQ�LV�WKH�VSOLWWLQJ�RI�QXFOHL
�� IXVLRQ�LV�WKH�MRLQLQJ�RI�QXFOHL�

,QYHVWLJDWH�µ&ROG�)XVLRQ¶�FRQWURYHUV\��)OHLVFKPDQQ±
3RQV�FODLPV��DV�DQ�H[DPSOH�RI�WKH�GHYHORSPHQW�RI�
WKHRULHV�DQG�WKH�SHHU�UHYLHZ�SURFHVV�

5HFDOO�WKDW�RQH�JURXS�RI�VFLHQWLVWV�KDYH�FODLPHG�WR�
VXFFHVVIXOO\�DFKLHYH�µFROG�IXVLRQ¶�

([SODLQ�ZK\�WKH�FODLPV�DUH�GLVSXWHG��RWKHU�VFLHQWLVWV�
FRXOG�QRW�UHSHDW�WKHLU�¿QGLQJV�
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0RGXOH�3����5DGLDWLRQ�)RU�/LIH
,WHP�3�K��)LVVLRQ�DQG�IXVLRQ

/LQNV�WR�RWKHU�LWHPV���3�E��*HQHUDWLQJ�HOHFWULFLW\��3�G��)XHOV�IRU�SRZHU��3�H��:KDW�LV�UDGLRDFWLYLW\"��
3�I��8VHV�RI�UDGLRLVRWRSHV

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

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

'HVFULEH�KRZ�GRPHVWLF�HOHFWULFLW\�LV�JHQHUDWHG�DW�D�
QXFOHDU�SRZHU�VWDWLRQ�
�� QXFOHDU�UHDFWLRQ
�� SURGXFLQJ�KHDW
�� KHDWLQJ�ZDWHU�WR�SURGXFH�VWHDP
�� VSLQQLQJ�D�WXUELQH
�� GULYLQJ�D�JHQHUDWRU�

'HVFULEH�ZKDW�KDSSHQV�WR�DOORZ�XUDQLXP�WR�UHOHDVH�
HQHUJ\�
�� XUDQLXP�QXFOHXV�KLW�E\�QHXWURQ
�� FDXVHV�QXFOHXV�WR�VSOLW
�� HQHUJ\�UHOHDVHG
�� PRUH�QHXWURQV�UHOHDVHG�

8QGHUVWDQG�KRZ�WKH�GHFD\�RI�XUDQLXP�VWDUWV�D�FKDLQ�
UHDFWLRQ�

'HVFULEH�D�QXFOHDU�ERPE�DV�D�FKDLQ�UHDFWLRQ�WKDW�KDV�
JRQH�RXW�RI�FRQWURO�

([SODLQ�ZKDW�LV�PHDQW�E\�D�FKDLQ�UHDFWLRQ�
�� ZKHQ�HDFK�XUDQLXP�QXFOHXV�VSOLWV�PRUH�WKDQ�RQH�

QHXWURQ�LV�JLYHQ�RXW
�� WKHVH�QHXWURQV�FDQ�FDXVH�IXUWKHU�XUDQLXP�QXFOHL�

WR�VSOLW�

([SODLQ�KRZ�VFLHQWLVWV�VWRS�QXFOHDU�UHDFWLRQV�JRLQJ�
RXW�RI�FRQWURO�
�� URGV�SODFHG�LQ�WKH�UHDFWRU
�� WR�DEVRUE�VRPH�RI�WKH�QHXWURQV
�� DOORZLQJ�HQRXJK�QHXWURQV�WR�UHPDLQ�WR�NHHS�WKH�

SURFHVV�RSHUDWLQJ�

'HVFULEH�KRZ�QXFOHDU�IXVLRQ�UHOHDVHV�HQHUJ\��
�� IXVLRQ�KDSSHQV�ZKHQ�WZR�QXFOHL�MRLQ�WRJHWKHU�
�� IXVLRQ�SURGXFHV�ODUJH�DPRXQWV�RI�KHDW�HQHUJ\
�� IXVLRQ�KDSSHQV�DW�H[WUHPHO\�KLJK�WHPSHUDWXUHV�

'HVFULEH�ZK\�IXVLRQ�IRU�SRZHU�JHQHUDWLRQ�LV�GLI¿FXOW�
�� UHTXLUHV�H[WUHPHO\�KLJK�WHPSHUDWXUHV�
�� KLJK�WHPSHUDWXUHV�KDYH�WR�EH�VDIHO\�PDQDJHG�

8QGHUVWDQG�ZK\�IXVLRQ�SRZHU�UHVHDUFK�LV�FDUULHG�RXW�
DV�DQ�LQWHUQDWLRQDO�MRLQW�YHQWXUH�

([SODLQ�KRZ�GLIIHUHQW�LVRWRSHV�RI�K\GURJHQ�FDQ�
XQGHUJR�IXVLRQ�WR�IRUP�KHOLXP�

�
�+���

�
�+�¤�

�
�+H

8QGHUVWDQG�WKH�FRQGLWLRQV�QHHGHG�IRU�IXVLRQ�WR�WDNH�
SODFH��WR�LQFOXGH��
�� LQ�VWDUV��IXVLRQ�KDSSHQV�XQGHU�H[WUHPHO\�KLJK�

WHPSHUDWXUHV�DQG�SUHVVXUHV
�� IXVLRQ�ERPEV�DUH�VWDUWHG�ZLWK�D�¿VVLRQ�UHDFWLRQ�

ZKLFK�FUHDWHV�H[FHSWLRQDOO\�KLJK�WHPSHUDWXUHV
�� IRU�SRZHU�JHQHUDWLRQ�H[FHSWLRQDOO\�KLJK�

WHPSHUDWXUHV�DQG�RU�SUHVVXUHV�DUH�UHTXLUHG�
DQG�WKLV�FRPELQDWLRQ�RIIHUV��WR�GDWH��VDIHW\�DQG�
SUDFWLFDO�FKDOOHQJHV�

([SODLQ�ZK\�WKH�µFROG�IXVLRQ¶�H[SHULPHQWV�DQG�GDWD�
KDYH�EHHQ�VKDUHG�EHWZHHQ�VFLHQWLVWV�

([SODLQ�ZK\�µFROG�IXVLRQ¶�LV�VWLOO�QRW�DFFHSWHG�DV�D�
UHDOLVWLF�PHWKRG�RI�HQHUJ\�SURGXFWLRQ�
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���� 0RGXOH�3���6SDFH�)RU�5HÁHFWLRQ

0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�D��6DWHOOLWHV��JUDYLW\�DQG�FLUFXODU�PRWLRQ

6XPPDU\��6DWHOOLWHV�KDYH�SOD\HG�D�PDMRU�SDUW�LQ�WKH�JOREDO�FRPPXQLFDWLRQV�UHYROXWLRQ��:H�FDQ�FDOO�VRPHRQH�
RQ�WKH�RWKHU�VLGH�RI�WKH�ZRUOG�XVLQJ�D�PRELOH�SKRQH�RU�ZDWFK�HYHQWV�DURXQG�WKH�ZRUOG��DV�WKH\�KDSSHQ��LQ�WKH�
FRPIRUW�RI�RXU�RZQ�KRPHV��7KLV�LWHP�ORRNV�DW�ZKDW�VDWHOOLWHV�DUH��WKHLU�XVHV��LQFOXGLQJ�FRPPXQLFDWLRQV�DQG�
VDWHOOLWH�79��DQG�WKH�SK\VLFV�EHKLQG�ZKDW�NHHSV�WKHP�LQ�WKH�FRUUHFW�RUELW��1HZWRQ¶V�H[SHULPHQW�LOOXVWUDWHV�KRZ�
XQFHUWDLQWLHV�DERXW�VFLHQFH�LGHDV�FKDQJH�RYHU�WLPH��DQG�WKH�XVH�RI�PRGHOV�WR�H[SODLQ�SKHQRPHQD�

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

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

2EVHUYH�WKH�,QWHUQDWLRQDO�6SDFH�6WDWLRQ�PRYLQJ�
DFURVV�WKH�VN\��8VH�WKH�LQWHUQHW��H�J��1$6$�ZHEVLWH��
IRU�LQIRUPDWLRQ�RQ�WKH�,QWHUQDWLRQDO�6SDFH�6WDWLRQ�DQG�
6SDFH�6KXWWOH�

5HFDOO�WKDW�JUDYLW\�LV�WKH�XQLYHUVDO�IRUFH�RI�DWWUDFWLRQ�
EHWZHHQ�PDVVHV�

5HFRJQLVH�WKDW�D�VDWHOOLWH�LV�DQ�REMHFW�WKDW�RUELWV�D�
ODUJHU�REMHFW�LQ�VSDFH��

'HVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�DUWL¿FLDO�DQG�QDWXUDO�
VDWHOOLWHV�

8VH�WKH�LQWHUQHW�WR�¿QG�LPDJHV�RI�WKH�(DUWK�WDNHQ�E\�
VDWHOOLWHV���8VH�LPDJHV�UHFRUGHG�LQ�RWKHU�ZDYHOHQJWKV�
DV�ZHOO�DV�YLVLEOH�OLJKW��

'HPRQVWUDWLRQ�RI�FLUFXODU�PRWLRQ�E\�VZLQJLQJ�D�EXQJ�
DURXQG�ZLWK�PDVVHV�SXOOLQJ�LW�GRZQ��$�JODVV�WXEH�LV�
QHHGHG�WR�WKUHDG�WKH�ZLUH�WKURXJK�DQG�WR�KROG�DV�\RX�
URWDWH�WKH�EXQJ�

'HPRQVWUDWLRQ�RI�XQEDODQFHG�IRUFH�XVLQJ�D�UHFRUG��
SOD\HU�WR�VKRZ�REMHFWV�µÀ\LQJ�RII¶�ZKHQ�WKH�VSHHG�LV�
KLJK�HQRXJK�

'HVFULEH�KRZ�WKH�KHLJKW�DERYH�WKH�(DUWK¶V�VXUIDFH�
DIIHFWV�WKH�RUELW�RI�DQ�DUWL¿FLDO�VDWHOOLWH�

5HFDOO�KRZ�WKH�KHLJKW�RI�RUELW�RI�DQ�DUWL¿FLDO�VDWHOOLWH�
GHWHUPLQHV�LWV�XVH�

'HVFULEH�1HZWRQ¶V�WKRXJKW�H[SHULPHQW�UHJDUGLQJ�D�
FDQQRQEDOO�¿UHG�IURP�D�KLJK�PRXQWDLQ�ZKLFK��DW�D�
KLJK�HQRXJK�VSHHG��ZLOO�RUELW�WKH�(DUWK�

5HFDOO�VRPH�RI�WKH�DSSOLFDWLRQV�RI�DUWL¿FLDO�VDWHOOLWHV�
WR�LQFOXGH�
�� FRPPXQLFDWLRQV
�� ZHDWKHU�IRUHFDVWLQJ
�� PLOLWDU\�XVHV
�� VFLHQWL¿F�UHVHDUFK
�� *36
�� LPDJLQJ�WKH�HDUWK�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�D��6DWHOOLWHV��JUDYLW\�DQG�FLUFXODU�PRWLRQ

/LQNV�WR�RWKHU�LWHPV���3�E��&KDQJLQJ�VSHHG��3�F��)RUFHV�DQG�PRWLRQ

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

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

([SODLQ�ZK\�WKH�0RRQ�UHPDLQV�LQ�RUELW�DURXQG�WKH�
(DUWK�DQG�WKH�(DUWK�DQG�RWKHU�SODQHWV�LQ�RUELW�DURXQG�
WKH�6XQ�

'HVFULEH�WKH�YDULDWLRQ�RI�JUDYLWDWLRQDO�IRUFH�ZLWK�
GLVWDQFH��LGHD�RI�LQYHUVH�VTXDUH�ODZ��

([SODLQ�WKH�YDULDWLRQ�LQ�VSHHG�RI�D�SHULRGLF�FRPHW�
GXULQJ�LWV�RUELW�DURXQG�WKH�6XQ�WR�LQFOXGH�
�� LQÀXHQFH�RI�KLJKO\�HOOLSWLFDO�RUELW
�� YDULDWLRQ�LQ�JUDYLWDWLRQDO�IRUFH�RI�DWWUDFWLRQ�

([SODLQ�KRZ�WKH�RUELWDO�SHULRG�RI�D�SODQHW�GHSHQGV�
XSRQ�LWV�GLVWDQFH�IURP�WKH�6XQ�

'HVFULEH�WKH�RUELW�RI�D�JHRVWDWLRQDU\�DUWL¿FLDO�VDWHOOLWH�
�� RUELWV�WKH�(DUWK�RQFH�LQ����KRXUV�DURXQG�WKH�

HTXDWRU
�� UHPDLQV�LQ�D�¿[HG�SRVLWLRQ�DERYH�WKH�(DUWK¶V�

VXUIDFH
�� RUELWV�DERYH�WKH�(DUWK¶V�HTXDWRU�

8QGHUVWDQG�WKDW�FLUFXODU�PRWLRQ�UHTXLUHV�
�� D�FHQWULSHWDO�IRUFH
�� JUDYLW\�SURYLGHV�WKH�FHQWULSHWDO�IRUFH�IRU�RUELWDO�

PRWLRQ�

8QGHUVWDQG�WKDW�DUWL¿FLDO�VDWHOOLWHV�DUH�FRQWLQXDOO\�
DFFHOHUDWLQJ�WRZDUGV�WKH�(DUWK�GXH�WR�WKH�(DUWK¶V�
JUDYLWDWLRQDO�SXOO��EXW�WKDW�WKHLU�WDQJHQWLDO�PRWLRQ�
NHHSV�WKHP�PRYLQJ�LQ�DQ�DSSUR[LPDWHO\�FLUFXODU�RUELW�

([SODLQ�ZK\�GLIIHUHQW�VDWHOOLWH�DSSOLFDWLRQV�UHTXLUH�
GLIIHUHQW�RUELWV��WR�LQFOXGH�WKH�RUELW¶V�
�� KHLJKW
�� SHULRG
�� WUDMHFWRU\��LQFOXGLQJ�SRODU�RUELW��

([SODLQ�ZK\�DUWL¿FLDO�VDWHOOLWHV�LQ�ORZHU�RUELWV�WUDYHO�
IDVWHU�WKDQ�WKRVH�LQ�KLJKHU�RUELWV�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�E��9HFWRUV�DQG�HTXDWLRQV�RI�PRWLRQ

6XPPDU\��:KHQ�DQDO\VLQJ�WKH�PRWLRQ�RI�REMHFWV��NQRZLQJ�KRZ�IDVW�WKH\�DUH�WUDYHOOLQJ�LV�RQO\�KDOI�WKH�
LQIRUPDWLRQ��:H�DOVR�QHHG�WR�NQRZ�WKH�GLUHFWLRQ�WKDW�WKH\�DUH�WUDYHOOLQJ�LQ��7ZR�FDUV�WUDYHOOLQJ�WRZDUGV�HDFK�
RWKHU�DW�KLJK�VSHHG�LV�HQWLUHO\�GLIIHUHQW�IURP�WKH�VDPH�FDUV�WUDYHOOLQJ�DW�WKH�VDPH�VSHHG�LQ�WKH�VDPH�GLUHFWLRQ�

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

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

5HFDOO�WKDW�GLUHFWLRQ�LV�LPSRUWDQW�ZKHQ�GHVFULELQJ�WKH�
PRWLRQ�RI�DQ�REMHFW�

8QGHUVWDQG�KRZ�UHODWLYH�VSHHG�GHSHQGV�RQ�WKH�
GLUHFWLRQ�RI�PRYHPHQW��LQ�FRQWH[W�RI�WZR�FDUV�
WUDYHOOLQJ�RQ�D�VWUDLJKW�URDG��

0HDVXUH�WKH�DYHUDJH�VSHHG�RI�DQ�REMHFW�PRYLQJ�LQ�D�
VWUDLJKW�OLQH��KRUL]RQWDOO\�RU�IDOOLQJ�XQGHU�JUDYLW\�

8VH�HOHFWURQLF�HTXLSPHQW��OLJKW�JDWHV�LQWHUIDFHG�ZLWK�
D�3&��WR�PHDVXUH�VSHHG�DQG�DFFHOHUDWLRQ�

8VH�DQ�HOHFWURQLF�RU�HOHFWULFDO�PHWKRG�WRJHWKHU�ZLWK�
DQ�HTXDWLRQ�RI�PRWLRQ�WR�FDOFXODWH�WKH�DFFHOHUDWLRQ�
GXH�WR�JUDYLW\�

5HFDOO�WKDW�
�� GLUHFWLRQ�LV�QRW�LPSRUWDQW�ZKHQ�PHDVXULQJ�VSHHG
�� VSHHG�LV�D�VFDODU�TXDQWLW\�

5HFRJQLVH�WKDW�IRU�DQ\�MRXUQH\��
�� GLVWDQFH�WUDYHOOHG�FDQ�EH�FDOFXODWHG�XVLQJ�WKH�

HTXDWLRQ�

� GLVWDQFH� �DYHUDJH�VSHHG�ð�WLPH

�� ������V�������� �
�X���Y�
±±±±±
�

�ð�W

8VH�WKH�HTXDWLRQ�

Y� �X���DW

WR�FDOFXODWH�¿QDO�VSHHG�RQO\�



��� ��2&5������*&6(�3K\VLFV�%

�

0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�E��9HFWRUV�DQG�HTXDWLRQV�RI�PRWLRQ

/LQNV�WR�RWKHU�LWHPV���3�D��6SHHG��3�E��&KDQJLQJ�VSHHG

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

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

'HVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�VFDODU�DQG�YHFWRU�
TXDQWLWLHV�
�� VRPH�TXDQWLWLHV���H�J��PDVV��WLPH���GLUHFWLRQ�LV�QRW�

UHOHYDQW��VFDODU�
�� VRPH�TXDQWLWLHV���H�J��IRUFH��YHORFLW\��DFFHOHUDWLRQ��

GLUHFWLRQ�LV�LPSRUWDQW��YHFWRU��

&DOFXODWH�WKH�YHFWRU�VXP�IURP�YHFWRU�GLDJUDPV�RI�
SDUDOOHO�YHFWRUV��OLPLWHG�WR�IRUFH�DQG�YHORFLW\�LQ�WKH�
VDPH�RU�RSSRVLWH�GLUHFWLRQV��

&DOFXODWH�WKH�UHVXOWDQW�RI�WZR�YHFWRUV�WKDW�DUH�DW�ULJKW�
DQJOHV�WR�HDFK�RWKHU�

�$QVZHUV�FDQ�EH�E\�FDOFXODWLRQ�RU�VFDOH�GLDJUDP��

8VH�WKH�HTXDWLRQ�

Y� �X���DW

WR�FDOFXODWH�Y�RU�X�

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

V� �
�X���Y�
±±±±±
�

�ð�W

8VH�WKH�HTXDWLRQV��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

Y�� �X�����DV

V� �XW����±��DW
�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�F��3URMHFWLOH�PRWLRQ

6XPPDU\��0DQ\�VSRUWV�LQYROYH�WKURZLQJ��VWULNLQJ�RU�NLFNLQJ�D�EDOO��:H�DUH�PRUH�WKDQ�IDPLOLDU�ZLWK�WKH�SDWK�
WDNHQ�E\�D�EDOO�WKDW�LV�WKURZQ�WR�XV��\HW�WR�KDYH�RXU�KDQGV�LQ�WKH�ULJKW�SRVLWLRQ�WR�FDWFK�LW��UHTXLUHV�RXU�EUDLQ�WR�
DQDO\VH�WKH�VLWXDWLRQ�YHU\�TXLFNO\��7KH�VKDSH�RI�WKH�SDWK�RU�µWUDMHFWRU\¶�WRJHWKHU�ZLWK�WKH�FDOFXODWLRQV�EHKLQG�
WKLV�DUH�FRQVLGHUHG�KHUH��7UDMHFWRULHV�WDNHQ�E\�JROI�EDOOV�DQG�FULFNHW�EDOOV�FDQ�EH�LOOXVWUDWHG�E\�XVLQJ�,&7�IRU�
WHDFKLQJ�DQG�OHDUQLQJ��7KH�µSHDUOV�LQ�WKH�DLU¶�GHPRQVWUDWLRQ�SURYLGHV�H[SHULHQFH�RI�VFLHQWL¿F�PRGHOV�

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

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

8VH�79�LPDJHV�RI�JROIHUV�RU�IRRWEDOOHUV�WR�VKRZ�WKDW�
WKH�WUDMHFWRULHV�WDNHQ�E\�JROI�EDOOV�DQG�IRRWEDOOV�DUH�
SDUDEROLF��PDQ\�EURDGFDVWV�QRZ�VKRZ�WKH�WUDMHFWRU\�
RI�WKH�EDOO���

6KRZ�³SHDUOV�LQ�DLU´�GHPRQVWUDWLRQ�WR�VKRZ�SDUDEROLF�
WUDMHFWRU\�

5HFDOO�DQG�LGHQWLI\�WKDW�WKH�SDWK�RI�DQ�REMHFW�SURMHFWHG�
KRUL]RQWDOO\�LQ�WKH�(DUWK¶V�JUDYLWDWLRQDO�¿HOG�LV�FXUYHG��

5HFDOO�WKDW�WKH�SDWK�RI�D�SURMHFWLOH�LV�FDOOHG�WKH�
WUDMHFWRU\�

8VH�µKRUL]RQWDO�DQG�YHUWLFDO¶�SURMHFWLOH�DSSDUDWXV�WR�
VKRZ�WKH�LQGHSHQGHQFH�RI�WKH�WZR�

6KRZ�YLGHR�FOLSV�RI�VWURERVFRSLF�PRWLRQ�RI�IDOOLQJ�
REMHFWV�DQG�ERXQFLQJ�EDOOV�

5HFRJQLVH�H[DPSOHV�RI�SURMHFWLOH�PRWLRQ�LQ�D�UDQJH�RI�
FRQWH[WV�

&ROOHFW�LQIRUPDWLRQ�IURP�WKH�LQWHUQHW�DQG�PDNH�D�
3RZHU3RLQW�SUHVHQWDWLRQ�DERXW�KRZ�WKH�ODXQFK�DQJOH�
FDQ�DIIHFW�WKH�UDQJH�RI�D�EDOO�

5HFDOO�WKDW�WKH�UDQJH�RI�D�EDOO�VWUXFN�LQ�VSRUW�GHSHQGV�
RQ�WKH�ODXQFK�DQJOH��ZLWK�DQ�RSWLPXP�DQJOH�RI�����
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�F��3URMHFWLOH�PRWLRQ

/LQNV�WR�RWKHU�LWHPV���3�J��)DOOLQJ�VDIHO\

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

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

'HVFULEH�WKH�WUDMHFWRU\�RI�DQ�REMHFW�SURMHFWHG�LQ�WKH�
(DUWK¶V�JUDYLWDWLRQDO�¿HOG�DV�SDUDEROLF�

5HFDOO�WKDW�WKH�KRUL]RQWDO�DQG�YHUWLFDO�YHORFLWLHV�RI�D�
SURMHFWLOH�DUH�YHFWRUV�

8QGHUVWDQG�WKDW�WKH�UHVXOWDQW�YHORFLW\�RI�D�SURMHFWLOH�
LV�WKH�YHFWRU�VXP�RI�WKH�KRUL]RQWDO�DQG�YHUWLFDO�
YHORFLWLHV�

5HFDOO�WKDW�IRU�D�SURMHFWLOH�LQ�(DUWK
V�JUDYLWDWLRQDO�¿HOG��
LJQRULQJ�DLU�UHVLVWDQFH
�� WKHUH�LV�QR�DFFHOHUDWLRQ�LQ�WKH�KRUL]RQWDO�GLUHFWLRQ�

�D�FRQVWDQW�KRUL]RQWDO�YHORFLW\�
�� WKH�DFFHOHUDWLRQ�GXH�WR�JUDYLW\�DFWV�LQ�WKH�YHUWLFDO�

GLUHFWLRQ��VWHDGLO\�LQFUHDVLQJ�YHUWLFDO�YHORFLW\��

8VH�WKH�HTXDWLRQV�RI�PRWLRQ��LQ�,WHP�3�E��IRU�DQ�
REMHFW�SURMHFWHG�KRUL]RQWDOO\�DERYH�WKH�(DUWK
V�
VXUIDFH�ZKHUH�WKH�JUDYLWDWLRQDO�¿HOG�LV�VWLOO�XQLIRUP�

5HFDOO�WKDW��RWKHU�WKDQ�DLU�UHVLVWDQFH��WKH�RQO\�IRUFH�
DFWLQJ�RQ�D�EDOO�GXULQJ�ÀLJKW�LV�JUDYLW\�

8QGHUVWDQG�WKDW�SURMHFWLOHV�KDYH�D�GRZQZDUG�
DFFHOHUDWLRQ�DQG�WKDW�WKLV�RQO\�DIIHFWV�WKH�YHUWLFDO�
YHORFLW\�

,QWHUSUHW�GDWD�RQ�WKH�UDQJH�RI�SURMHFWLOHV�DW�GLIIHUHQW�
ODXQFK�DQJOHV�

([SODLQ�KRZ�IRU�DQ�REMHFW�SURMHFWHG�KRUL]RQWDOO\�
�� WKH�KRUL]RQWDO�YHORFLW\�LV�XQDIIHFWHG�E\�JUDYLW\
�� WKHUHIRUH�WKH�KRUL]RQWDO�YHORFLW\�LV�FRQVWDQW
�� JUDYLW\�FDXVHV�WKH�YHUWLFDO�YHORFLW\�WR�FKDQJH�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�G��$FWLRQ�DQG�UHDFWLRQ

6XPPDU\��&RPLQJ�WR�D�VXGGHQ�VWRS�LV�IDU�PRUH�SDLQIXO�DQG�GDQJHURXV�WKDQ�VWRSSLQJ�JHQWO\��6HDWEHOWV�DQG�
FUXPSOH�]RQHV�LQ�FDUV�DUH�GHVLJQHG�WR�EULQJ�SHRSOH�DQG�PRYLQJ�REMHFWV�WR�UHVW�VORZO\�DQG�VDIHO\��3HRSOH�
IDOOLQJ�IURP�D�EXUQLQJ�EXLOGLQJ�DUH�FDXJKW�LQ�D�µ)LUHPDQ¶V�%ODQNHW¶�IRU�WKH�VDPH�UHDVRQV��(YHQ�REMHFWV�ZLWK�
D�VPDOO�PDVV�FDQ�KDYH�D�ORW�RI�PRPHQWXP�ZKHQ�VWUXFN�KDUG�DQG�JLYHQ�D�KLJK�YHORFLW\��DQG�HYHQ�LQGLYLGXDO�
DWRPV�FDQ�FRQWULEXWH�PRPHQWXP�WR�ODXQFK�D�SRZHUIXO�URFNHW��LI�WKHUH�DUH�D�ODUJH�HQRXJK�QXPEHU�RI�DWRPV�
LQYROYHG�

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

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

8VH�VNDWHERDUGV��FKDLUV�RQ�ZKHHOV��G\QDPLFV�WUROOH\V�
RU�PDJQHWV�WR�VKRZ�WKH�HIIHFW�RI�HTXDO�DQG�RSSRVLWH�
IRUFHV�

&DUU\�RXW�D�GHPRQVWUDWLRQ�XVLQJ�DLU�WUDFNV�RU�WUROOH\V�
WR�LOOXVWUDWH�WKH�FRQVHUYDWLRQ�RI�PRPHQWXP�

'HVFULEH�DQG�UHFRJQLVH�WKDW�HYHU\�DFWLRQ�KDV�DQ�
HTXDO�DQG�RSSRVLWH�UHDFWLRQ�

'LVFXVV�H[DPSOHV�RI�FROOLVLRQV�LQ�VSRUW��H�J��VWULNLQJ�D�
EDOO�ZLWK�D�EDW�

'HVFULEH�DQG�UHFRJQLVH�WKH�RSSRVLWH�UHDFWLRQV�LQ�D�
SDUDOOHO�FROOLVLRQ��L�H��YHORFLWLHV�SDUDOOHO��

5HFDOO�HYHU\GD\�H[DPSOHV�RI�FROOLVLRQV��WR�LQFOXGH�
VSRUWLQJ�H[DPSOHV�DQG�FDU�FROOLVLRQV�

([SODLQ��XVLQJ�D�SDUWLFOH�PRGHO��KRZ�D�JDV�H[HUWV�D�
SUHVVXUH�RQ�WKH�ZDOOV�RI�LWV�FRQWDLQHU��

/DXQFK�D�ZDWHU�URFNHW�WR�GHPRQVWUDWH�WKDW�WKH�
H[SORVLRQ�SURSHOV�WKH�ZDWHU�GRZQ�ZLWK�WKH�VDPH�
PRPHQWXP�DV�WKH�URFNHW�VKRRWV�XS��

&RPSDUH�PDVV�RI�IXHO�DQG�PDVV�RI�URFNHWV�IRU�
FRPPHUFLDO�URFNHW�V\VWHPV�

5HVHDUFK�WKH�XVH�RI�LRQ�PRWRUV�IRU�GHHS�VSDFH�
SUREHV�

5HFDOO�WKDW�LQ�D�URFNHW��WKH�IRUFH�SXVKLQJ�WKH�SDUWLFOHV�
EDFNZDUGV�HTXDOV�WKH�IRUFH�SXVKLQJ�WKH�URFNHW�
IRUZDUGV��
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�G��$FWLRQ�DQG�UHDFWLRQ

/LQNV�WR�RWKHU�LWHPV���3�I��&UXPSOH�]RQHV

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

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

8QGHUVWDQG�WKDW�ZKHQ�DQ�REMHFW�FROOLGHV�ZLWK�DQRWKHU�
REMHFW�RU�WZR�ERGLHV�LQWHUDFW��WKH�WZR�REMHFWV�H[HUW�DQ�
HTXDO�DQG�RSSRVLWH�IRUFH�RQ�HDFK�RWKHU�

�1HZWRQ¶V�WKLUG�ODZ�RI�PRWLRQ��

'HVFULEH�WKH�RSSRVLWH�UHDFWLRQV�LQ�D�QXPEHU�RI�VWDWLF�
VLWXDWLRQV�LQFOXGLQJ�H[DPSOHV�LQYROYLQJ�JUDYLW\��

8QGHUVWDQG�WKDW�HTXDO�EXW�RSSRVLWH�IRUFHV�DFW�LQ�D�
FROOLVLRQ�DQG�XVH�WKLV�WR�H[SODLQ�WKH�FKDQJH�LQ�PRWLRQ�
RI�WKH�REMHFWV��WR�LQFOXGH�UHFRLO�

8QGHUVWDQG�WKDW�PRPHQWXP�LV�D�SURSHUW\�WKDW�LV�
DOZD\V�FRQVHUYHG�DQG�XVH�WKDW�WR�H[SODLQ�
�� H[SORVLRQV
�� UHFRLO
�� URFNHW�SURSXOVLRQ�

$SSO\�WKH�SULQFLSOH�RI�FRQVHUYDWLRQ�RI�PRPHQWXP�WR�
FROOLVLRQV�RI�WZR�REMHFWV�PRYLQJ�LQ�WKH�VDPH�GLUHFWLRQ�
�LQFOXGLQJ�FDOFXODWLRQ�RI�PDVV��VSHHG�RU�PRPHQWXP�
RQO\��IRU�FROOLVLRQV�ZKHQ�WKH�FROOLGLQJ�REMHFWV�
FRDOHVFH�XVLQJ�WKH�HTXDWLRQ

P��X����P��X�� ��P����P���Y

([SODLQ��XVLQJ�D�SDUWLFOH�PRGHO��KRZ�D�FKDQJH�
LQ�YROXPH�RU�WHPSHUDWXUH�SURGXFHV�D�FKDQJH�LQ�
SUHVVXUH��

([SODLQ�SUHVVXUH�LQ�WHUPV�RI�
�� WKH�FKDQJH�RI�PRPHQWXP�RI�WKH�SDUWLFOHV�VWULNLQJ�

WKH�ZDOOV�FUHDWLQJ�D�IRUFH
�� WKH�IUHTXHQF\�RI�FROOLVLRQV�

([SODLQ��XVLQJ�NLQHWLF�WKHRU\��URFNHW�SURSXOVLRQ�LQ�
WHUPV�RI�IDVW�PRYLQJ�SDUWLFOHV�FROOLGLQJ�ZLWK�URFNHW�
ZDOOV�FUHDWLQJ�D�IRUFH�

([SODLQ�KRZ��IRU�ODUJH�VFDOH�URFNHWV�XVHG�WR�OLIW�
VDWHOOLWHV�LQWR�WKH�(DUWK¶V�RUELW��VXI¿FLHQW�IRUFH�LV�
FUHDWHG�WR�OLIW�WKH�URFNHW�
�� D�ODUJH�QXPEHU�RI�SDUWLFOHV�RI�H[KDXVW�JDV�DUH�

QHHGHG
�� WKH�SDUWLFOHV�PXVW�EH�PRYLQJ�DW�KLJK�VSHHGV�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�H��6DWHOOLWH�FRPPXQLFDWLRQ

6XPPDU\��8VLQJ�PLFURZDYH�DQG�VDWHOOLWH�WHFKQRORJ\��\RX�FDQ�FDOO�DQ\RQH�IURP�DQ\ZKHUH�RQ�WKH�SODQHW��RU�
UHFHLYH�D�79�VLJQDO�YLD�D�VDWHOOLWH�GLVK��7KLV�WHFKQRORJ\�KDV�PRYHG�DW�D�UDSLG�SDFH��%XW�KRZ�GRHV�WKH�VLJQDO�
IURP�RXU�PRELOH�SKRQHV�JHW�WR�WKH�SHUVRQ�UHFHLYLQJ�WKH�FDOO�DQG�KRZ�GR�79�DQG�UDGLR�EURDGFDVWV�UHDFK�WKH�
YLHZHU�DQG�OLVWHQHU"��7KLV�LWHP�ORRNV�DW�ZK\�ZH�XVH�PLFURZDYHV�WR�WUDQVPLW�LQIRUPDWLRQ�DQG�WKH�SK\VLFV�
EHKLQG�WKH�FRPPXQLFDWLRQV�LQGXVWU\�

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

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

8VH�WKH�LQWHUQHW�WR�UHVHDUFK�WKH�SDUWV�RI�WKH�(DUWK¶V�
DWPRVSKHUH�DQG�WKHLU�HIIHFWV�RQ�DEVRUELQJ�RU�
WUDQVPLWWLQJ�HOHFWURPDJQHWLF�UDGLDWLRQ�

3UHGLFW�WKH�ORFDWLRQ�RI�D�VDWHOOLWH�VHQGLQJ�GLJLWDO�79�
VLJQDOV�WR�(DUWK�E\�ORRNLQJ�DW�ZKLFK�GLUHFWLRQ�WKH�
VDWHOOLWH�GLVKHV�DUH�DOO�SRLQWLQJ�LQ�D�VWUHHW�RI�KRXVHV�

5HFDOO�WKDW�GLIIHUHQW�IUHTXHQFLHV�DUH�XVHG�IRU�ORZ�
RUELW�VDWHOOLWHV��UHODWLYHO\�ORZHU�IUHTXHQF\��DQG�
JHRVWDWLRQDU\�VDWHOOLWHV��UHODWLYHO\�KLJKHU�IUHTXHQF\���

6KRZ�WKDW�PRELOH�SKRQHV�JLYH�RII�HOHFWURPDJQHWLF�
ZDYHV�E\�SODFLQJ�WKHP�QHDU�ORXGVSHDNHUV�DQG�
OLVWHQLQJ�IRU�WKH�FUDFNOH�

([DPLQH�SLFWXUHV�RI�ZDYHV�FRPLQJ�LQWR�KDUERXUV�

5HFDOO�WKDW�VRPH�UDGLR�ZDYHV��H�J��ORQJ�ZDYHOHQJWK��
DUH�UHÀHFWHG�E\�SDUW�RI�WKH�(DUWK¶V�XSSHU�DWPRVSKHUH�

5HFDOO�WKDW�VRPH�UDGLR�ZDYHV��H�J��VKRUW�ZDYHOHQJWK��
DQG�PLFURZDYHV�SDVV�WKURXJK�WKH�(DUWK¶V�
DWPRVSKHUH�

8VH�ULSSOH�WDQNV�RU�PLFURZDYH�NLWV�WR�VKRZ�WKDW�
ZDYHV�VSUHDG�RXW�IURP�D�JDS�

'HPRQVWUDWLRQ�RI�VLQJOH�HGJH�GLIIUDFWLRQ�XVLQJ�D�ODVHU�
EHDP�

5HFDOO�WKDW�UDGLR�ZDYHV�KDYH�D�YHU\�ORQJ�ZDYHOHQJWK�

5HFRJQLVH�WKDW�UDGLR�ZDYHV�FDQ�µVSUHDG¶�DURXQG�ODUJH�
REMHFWV�

'HVFULEH�D�SUDFWLFDO�H[DPSOH�RI�ZDYHV�VSUHDGLQJ�RXW�
IURP�D�JDS�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�H��6DWHOOLWH�FRPPXQLFDWLRQ

/LQNV�WR�RWKHU�LWHPV���3�F��$�VSHFWUXP�RI�ZDYHV��3�J��:LUHOHVV�VLJQDOV

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

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

'HVFULEH�KRZ�LQIRUPDWLRQ�FDQ�EH�WUDQVPLWWHG�XVLQJ�
PLFURZDYHV�WR�RUELWLQJ�DUWL¿FLDO�VDWHOOLWHV�DQG�WKHQ�
UHWUDQVPLWWHG�EDFN�WR�(DUWK�RU�WR�RWKHU�VDWHOOLWHV�

([SODLQ�ZK\�VDWHOOLWH�FRPPXQLFDWLRQ�XVHV�GLJLWDO�
VLJQDOV�

([SODLQ�ZK\�VDWHOOLWH�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�
GLVKHV�QHHG�YHU\�FDUHIXO�DOLJQPHQW�
�� WKH�VL]H�RI�D�VDWHOOLWH�FRPPXQLFDWLRQ�GLVK�LV�PDQ\�

WLPHV�WKH�PLFURZDYH�ZDYHOHQJWK
�� WKLV�SURGXFHV�OLWWOH�GLIIUDFWLRQ�KHQFH�D�QDUURZ�

EHDP�WKDW�GRHV�QRW�VSUHDG�RXW
�� WKLV�PHDQV�WKH�UHFHLYLQJ�GLVK�DQG�VDWHOOLWH�GLVK�

QHHG�H[DFW�DOLJQPHQW�

'HVFULEH�KRZ�HOHFWURPDJQHWLF�ZDYHV�ZLWK�GLIIHUHQW�
IUHTXHQFLHV�EHKDYH�LQ�WKH�DWPRVSKHUH�
�� EHORZ����0+]�DUH�UHÀHFWHG�E\�WKH�LRQRVSKHUH
�� DERYH����*+]��UDLQ��GXVW�DQG�RWKHU�DWPRVSKHULF�

HIIHFWV�UHGXFH�WKH�VWUHQJWK�RI�WKH�VLJQDO�GXH�WR�
DEVRUSWLRQ�DQG�VFDWWHULQJ

�� EHWZHHQ����0+]�DQG����*+]�FDQ�SDVV�WKURXJK�
WKH�(DUWK¶V�DWPRVSKHUH�

5HFDOO�WKH�ZDYH�SDWWHUQV�SURGXFHG�E\�D�SODQH�ZDYH�
SDVVLQJ�WKURXJK�GLIIHUHQW�VL]HG�JDSV�

([SODLQ�ZK\�ORQJ�ZDYH�UDGLR�ZDYHV�KDYH�D�YHU\�ORQJ�
UDQJH�

'HVFULEH�KRZ�WKH�DPRXQW�RI�GLIIUDFWLRQ�GHSHQGV�XSRQ�
WKH�VL]H�RI�WKH�JDS�DQG�WKH�ZDYHOHQJWK�RI�WKH�ZDYH��
LQFOXGLQJ�WKH�FRQGLWLRQV�IRU�PD[LPXP�GLIIUDFWLRQ�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�I��1DWXUH�RI�ZDYHV

6XPPDU\��3DUWLFOHV�FDQ�EHKDYH�OLNH�ZDYHV��$W�RWKHU�WLPHV�ZDYHV�EHKDYH�OLNH�SDUWLFOHV��7KH�QDWXUH�RI�ZDYHV�
DQG�WKH�LQWHUDFWLRQ�RI�SDUWLFOHV�LV�IXQGDPHQWDO�WR�RXU�XQGHUVWDQGLQJ�RI�WKH�ZRUOG�DURXQG�XV��7KLV�LWHP�ORRNV�
DW�WKH�PRVW�LPSRUWDQW�RI�DOO�ZDYH�SURSHUWLHV�±�LQWHUIHUHQFH��:KHQ�SHRSOH�WDON�DERXW�LQWHUIHUHQFH�WKH\�XVXDOO\�
PHDQ�µQRLVH¶�LQ�DQ�HOHFWURQLF�V\VWHP�RU�µFUDFNOH¶�LQ�D�UDGLR�UHFHLYHU��,Q�WKH�WRSLF�RI�ZDYHV��LQWHUIHUHQFH�PHDQV�
WKH�HIIHFW�SURGXFHG�ZKHQ�WZR�ZDYHV�PHHW�DQG�LQWHUDFW�ZLWK�HDFK�RWKHU�

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

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

&DUU\�RXW�D�GHPRQVWUDWLRQ�WR�VKRZ�WKH�LQWHUIHUHQFH�RI�
ZDYHV�XVLQJ�D�ULSSOH�WDQN�

/LVWHQ�WR�LQWHUIHUHQFH�E\�SODFLQJ�WZR�VSHDNHUV��P�
DSDUW�DQG�SOD\LQJ�WKH�VDPH�QRWH��3XSLOV�ZLOO�QRWLFH�
WKH�ORXG�DQG�TXLHW�VSRWV�

/RRN�DW�ZDYHV�GRZQ�D�VOLQN\�DQG�VHH�ZKDW�KDSSHQV�
ZKHQ�WZR�ZDYHV�WUDYHOOLQJ�LQ�RSSRVLWH�GLUHFWLRQV�
LQWHUIHUH�ZLWK�HDFK�RWKHU�

'HVFULEH�LQWHUIHUHQFH�DV�DQ�HIIHFW�UHVXOWLQJ�IURP�WZR�
ZDYHV�WKDW�RYHUODS�

5HFRJQLVH�WKDW�ZKHQ�ZDYHV�RYHUODS�WKHUH�DUH�
�� DUHDV�ZKHUH�WKH�ZDYHV�DGG�WRJHWKHU
�� DUHDV�ZKHUH�WKH�ZDYHV�VXEWUDFW�IURP�HDFK�RWKHU�

'HVFULEH�WKH�HIIHFW�RI�LQWHUIHUHQFH�RQ�ZDYHV�LQ�
GLIIHUHQW�FRQWH[WV��WR�LQFOXGH�
�� VRXQG
�� OLJKW
�� ZDWHU�

([DPLQH�WKH�SDWWHUQ�RI�OLJKW�PDGH�E\�D�ODVHU�SDVVLQJ�
WKURXJK�WZR�VOLWV�

8VH�2+3�ZDYH�SODWHV�WR�VKRZ�LQWHUIHUHQFH�SDWWHUQV�

8VH�3RODURLG�OHQVHV�RU�¿OWHUV�WR�EORFN�RXW�UD\V�RI�OLJKW��

8VH�3RODURLG�OHQVHV�RU�¿OWHUV�WR�VKRZ�WKDW�OLJKW�
UHÀHFWHG�RII�ZDWHU�LV�SRODULVHG�

5HFDOO�WKDW�OLJKW�WUDYHOV�LQ�VWUDLJKW�OLQHV��WR�LQFOXGH�
UHFDOO�RI�HYLGHQFH�WR�VXSSRUW�WKLV�WKHRU\��H�J��
VKDGRZV�DQG�HFOLSVHV��

5HFRJQLVH�WKDW�XQGHU�FHUWDLQ�FLUFXPVWDQFHV�OLJKW�FDQ�
µEHQG¶�

5HFDOO�WKDW�DOO�HOHFWURPDJQHWLF�ZDYHV�DUH�WUDQVYHUVH�

&RPSDUH�WKH�FRQÀLFWLQJ�OLJKW�WKHRULHV�RI�+X\JHQV�
�ZDYHV��DQG�1HZWRQ��SDUWLFOHV��DQG�KRZ�DFFHSWDQFH�
RI�WKH�WKHRULHV�FKDQJHG�RYHU�WLPH��

5HFDOO�WKDW�H[SODQDWLRQV�RI�WKH�QDWXUH�RI�OLJKW�KDYH�
FKDQJHG�RYHU�WLPH��ZLWK�VRPH�VFLHQWLVWV�GHVFULELQJ�
OLJKW�DV�ZDYHV��DQG�VRPH�VFLHQWLVWV�GHVFULELQJ�OLJKW�
DV�SDUWLFOHV�

'HVFULEH�UHÀHFWLRQ�RI�OLJKW�LQ�WHUPV�RI�D�SDUWLFOH�
PRGHO�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�I��1DWXUH�RI�ZDYHV

/LQNV�WR�RWKHU�LWHPV���3�F��$�VSHFWUXP�RI�ZDYHV��3�H��&RRNLQJ�DQG�FRPPXQLFDWLQJ�XVLQJ�ZDYHV��
3�J��:LUHOHVV�VLJQDOV��3�J��5HIUDFWLRQ�RI�ZDYHV

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

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

'HVFULEH�WKH�LQWHUIHUHQFH�RI�WZR�ZDYHV�LQ�WHUPV�RI�
UHLQIRUFHPHQW�DQG�FDQFHOODWLRQ�RI�WKH�ZDYHV�

$SSO\�XQGHUVWDQGLQJ�RI�LQWHUIHUHQFH�WR�GHVFULEH�
SUDFWLFDO�H[DPSOHV�RI�LQWHUIHUHQFH�HIIHFWV�XVLQJ�VRXQG�
ZDYHV��VXUIDFH�ZDWHU�ZDYHV�RU�PLFURZDYHV�

5HFDOO�WKDW�FRKHUHQW�ZDYH�VRXUFHV�DUH�QHHGHG�WR�
SURGXFH�D�VWDEOH�LQWHUIHUHQFH�SDWWHUQ�

5HFDOO�WKDW�IRU�OLJKW�WKH�FRKHUHQW�VRXUFHV�DUH�
PRQRFKURPDWLF�OLJKW�

([SODLQ�LQWHUIHUHQFH�SDWWHUQV�LQ�WHUPV�RI�FRQVWUXFWLYH�
DQG�GHVWUXFWLYH�LQWHUIHUHQFH�

([SODLQ�KRZ�WKH�QXPEHU�RI�KDOI�ZDYHOHQJWKV�LQ�WKH�
SDWK�GLIIHUHQFH�IRU�WZR�ZDYHV�IURP�WKH�VDPH�VRXUFH�
UHODWHV�WR�WKH�W\SH�RI�LQWHUIHUHQFH�XVHG�

'HVFULEH�WKH�SURSHUWLHV�RI�FRKHUHQW�ZDYH�VRXUFHV�
�� VDPH�IUHTXHQF\
�� LQ�SKDVH
�� VDPH�DPSOLWXGH�

'HVFULEH�GLIIUDFWLRQ�RI�OLJKW�IRU�
�� D�VLQJOH�VOLW
�� GRXEOH�VOLWV

DQG�WKDW�WKH�LQWHUIHUHQFH�SDWWHUQV�SURGXFHG�DUH�
HYLGHQFH�IRU�WKH�ZDYH�QDWXUH�RI�OLJKW�

([SODLQ�ZKDW�LV�PHDQW�E\�SODQH�SRODULVHG�OLJKW�

8QGHUVWDQG�WKDW�DOO�HOHFWURPDJQHWLF�ZDYHV�DUH�
WUDQVYHUVH�ZDYHV�DQG�VR�FDQ�EH�SODQH�SRODULVHG�

([SODLQ�D�GLIIUDFWLRQ�SDWWHUQ�IRU�OLJKW�WR�LQFOXGH�
�� WKH�VL]H�RI�WKH�JDS�PXVW�EH�RI�WKH�RUGHU�RI�WKH�

ZDYHOHQJWK�RI�OLJKW
�� KRZ�WKH�GLIIUDFWHG�ZDYHV�LQWHUIHUH�WR�SURGXFH�WKH�

SDWWHUQ�

([SODLQ�KRZ�SRODULVDWLRQ�LV�XVHG�LQ�WKH�DSSOLFDWLRQ�RI�
3RODURLG�¿OWHUV�DQG�VXQJODVVHV�LQFOXGLQJ�
�� OLJKW�IURP�VRPH�VXEVWDQFHV��H�J��ZDWHU��LV�SDUWO\�

SODQH�SRODULVHG
�� ZKDW�WKH�3RODURLG�¿OWHU�GRHV�WR�WKLV�SODQH�

SRODULVHG�OLJKW�

([SODLQ�ZK\�WKH�SDUWLFOH�WKHRU\�RI�OLJKW�LV�QRW�
XQLYHUVDOO\�DFFHSWHG�

([SODLQ�KRZ�WKH�ZDYH�WKHRU\�RI�OLJKW�KDV�VXSSODQWHG�
WKH�SDUWLFOH�WKHRU\��DV�WKH�HYLGHQFH�EDVH�KDV�
FKDQJHG�RYHU�WLPH�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�J��5HIUDFWLRQ�RI�ZDYHV

6XPPDU\��'ULYH�DORQJ�D�URDG�RQ�D�KRW�GD\�DQG�\RX�PD\�VHH�ZDWHU�DSSHDU�WR�EH�RQ�WKH�VXUIDFH�RI�WKH�URDG��
(YHQ�PRUH�VWUDQJHO\��KRZHYHU��LV�WKDW�WKLV�SXGGOH�LV�QRW�DFWXDOO\�WKHUH�ZKHQ�\RX�JHW�WKHUH��6XFK�RSWLFDO�
LOOXVLRQV�DUH�FRPPRQ�SODFH�DQG�LQYROYH�WKH�SDVVDJH�RI�OLJKW�DV�LW�HQWHUV�DQG�OHDYHV�GLIIHUHQW�PHGLXPV��7KLV�
LWHP�LOOXVWUDWHV�KRZ�SKHQRPHQD�FDQ�EH�H[SODLQHG�E\�XVLQJ�VFLHQWL¿F�WKHRULHV��PRGHOV�DQG�LGHDV�

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

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

&DUU\�RXW�DQ�H[SHULPHQW�WR�FRPSDUH�WKH�UHIUDFWLYH�
LQGLFHV�RI�JODVV�DQG�SHUVSH[�

6XUYH\�HIIHFWV�GXH�WR�UHIUDFWLRQ�VXFK�DV�PLUDJHV�DQG�
DSSDUHQW�GHSWK��

'HVFULEH�DQG�UHFRJQLVH�WKDW�UHIUDFWLRQ�LQYROYHV�
D�FKDQJH�LQ�GLUHFWLRQ�RI�D�ZDYH�GXH�WR�WKH�ZDYH�
SDVVLQJ�IURP�RQH�PHGLXP�LQWR�DQRWKHU��

([SODLQ�ZK\�D�UD\�RI�OLJKW�WUDYHOOLQJ�IURP�DLU�LQWR�JODVV�
KDV�DQ�DQJOH�RI�LQFLGHQFH�XVXDOO\�JUHDWHU�WKDQ�WKH�
DQJOH�RI�UHIUDFWLRQ�

&DUU\�RXW�H[SHULPHQWV�
�� WR�SURGXFH�D�YLVLEOH�VSHFWUXP�XVLQJ�D�SULVP
�� UHFRPELQH�WKH�VSHFWUDO�FRORXUV�XVLQJ�WZR�SULVPV
�� XVH�WZR�SULVPV�DQG�D�VOLW�WR�VKRZ�WKDW�WKHUH�LV�QR�

IXUWKHU�GLVSHUVLRQ�RI�D�VSHFWUDO�FRORXU�

'HVFULEH�DQG�UHFRJQLVH�WKDW�GLVSHUVLRQ�KDSSHQV�
ZKHQ�OLJKW�LV�UHIUDFWHG��

5HFDOO�WKH�RUGHU�RI�WKH�VSHFWUDO�FRORXUV�DQG�UHODWH�WKLV�
WR�WKH�RUGHU�RI�WKH�ZDYHOHQJWKV�

/RRN�LQ�GHWDLO�DW�ELF\FOH�UHÀHFWRUV�DQG�FDW¶V�H\HV�WR�
VKRZ�WKDW�WKH\�DUH�SULVPV�

8VH�SULVPV�WR�LQYHVWLJDWH�7,5�

6KRZ�¿EUH�RSWLF�FDEOHV�LQ�DFWLRQ��)LEUH�RSWLF�
&KULVWPDV�WUHH�OLJKWV�DUH�D�JRRG�VRXUFH�RI�WKHVH�

0DNH�D�ZDOO�FKDUW��OHDÀHW�RU�3RZHU3RLQW�SUHVHQWDWLRQ�
RI�WKH�PDQ\�XVHV�RI�7,5�LQFOXGLQJ�RSWLFDO�¿EUHV�WR�
LOOXVWUDWH�WKH�GHYHORSPHQW�RI�XVHIXO�SURGXFWV�IURP�
VFLHQWL¿F�LGHDV�

&DUU\�RXW�DQ�H[SHULPHQW�WR�FRPSDUH�WKH�FULWLFDO�
LQFLGHQW�DQJOH�RI�JODVV�RU�SHUVSH[�

'HVFULEH�DQG�UHFRJQLVH�WKDW�VRPH��RU�DOO��RI�D�OLJKW�
UD\�FDQ�EH�UHÀHFWHG�ZKHQ�WUDYHOOLQJ�IURP�JODVV��RU�
ZDWHU��WR�DLU�

5HFDOO�WKH�PDQ\�XVHV�RI�7,5��LQFOXGLQJ�
�� RSWLFDO�¿EUHV
�� ELQRFXODUV
�� UHÀHFWRUV�DQG�FDW¶V�H\HV�RQ�WKH�URDG�DQG�URDG�

VLJQV��
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�J��5HIUDFWLRQ�RI�ZDYHV

/LQNV�WR�RWKHU�LWHPV���3�F��$�VSHFWUXP�RI�ZDYHV��3�H��&RRNLQJ�DQG�FRPPXQLFDWLQJ�XVLQJ�ZDYHV��3�J��
:LUHOHVV�VLJQDOV��3�I��1DWXUH�RI�ZDYHV��3�K��2SWLFV

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

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

([SODLQ�ZK\�UHIUDFWLRQ�RFFXUV�DW�WKH�ERXQGDU\�
EHWZHHQ�WZR�PHGLD�
�� ZKHQ�WKH�ZDYH�VSHHG�GHFUHDVHV�WKH�ZDYH�EHQGV�

WRZDUGV�WKH�QRUPDO
�� ZKHQ�WKH�ZDYH�VSHHG�LQFUHDVHV�WKH�ZDYH�EHQGV�

DZD\�IURP�WKH�QRUPDO�

'HVFULEH�UHIUDFWLYH�LQGH[�DV�D�PHDVXUH�RI�WKH�DPRXQW�
RI�EHQGLQJ�DIWHU�D�ERXQGDU\�

8VH�WKH�HTXDWLRQ�

UHIUDFWLYH�LQGH[� �
VSHHG�RI�OLJKW�LQ�YDFXXP
±±±±±±±±±±±±±±±±±±±±
VSHHG�RI�OLJKW�LQ�PHGLXP

,QWHUSUHW�GDWD�RQ�UHIUDFWLYH�LQGLFHV�DQG�VSHHG�RI�OLJKW�
WR�SUHGLFW�WKH�GLUHFWLRQ�RI�UHIUDFWLRQ��6QHOO¶V�ODZ�QRW�
UHTXLUHG��

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

UHIUDFWLYH�LQGH[� �
VSHHG�RI�OLJKW�LQ�YDFXXP
±±±±±±±±±±±±±±±±±±±±
VSHHG�RI�OLJKW�LQ�PHGLXP

7KLV�ZLOO�UHTXLUH�WKH�XVH�RI�VWDQGDUG�IRUP�QRWDWLRQ�
DQG�RU�D�VFLHQWL¿F�QRWDWLRQ�FDOFXODWRU�

5HFDOO�WKDW�WKH�DPRXQW�RI�EHQGLQJ�LQFUHDVHV�ZLWK�
JUHDWHU�FKDQJH�RI�ZDYH�VSHHG�DQG�UHIUDFWLYH�LQGH[�

([SODLQ�GLVSHUVLRQ�LQ�WHUPV�RI�VSHFWUDO�FRORXUV�KDYLQJ�
GLIIHUHQW�ZDYH�VSHHGV�LQ�GLIIHUHQW�PHGLD�EXW�WKH�VDPH�
VSHHGV�LQ�D�YDFXXP�

([SODLQ�GLVSHUVLRQ�LQ�WHUPV�RI�VSHFWUDO�FRORXUV�
KDYLQJ�
�� D�GLIIHUHQW�VSHHG�LQ�JODVV
�� GLIIHUHQW�UHIUDFWLYH�LQGLFHV
�� EOXH�OLJKW�KDYLQJ�D�JUHDWHU�UHIUDFWLYH�LQGH[�WKDQ�

UHG�OLJKW�

'HVFULEH�ZKDW�KDSSHQV�WR�OLJKW�LQFLGHQW�RQ�D�JODVV�
DLU�VXUIDFH�ZKHQ�WKH�DQJOH�RI�LQFLGHQFH�LV�OHVV�WKDQ��
HTXDO�WR�RU�DERYH�WKH�FULWLFDO�DQJOH�

'HVFULEH�WKH�RSWLFDO�SDWK�LQ�GHYLFHV�XVLQJ�7,5��
LQFOXGLQJ�
�� RSWLFDO�¿EUHV
�� ELQRFXODUV
�� UHÀHFWRUV�DQG�FDW¶V�H\HV�RQ�WKH�URDG�DQG�URDG�

VLJQV��

5HFRJQLVH�WKDW�GLIIHUHQW�PHGLD�KDYH�GLIIHUHQW�FULWLFDO�
DQJOHV�

([SODLQ�WKH�FRQGLWLRQV�XQGHU�ZKLFK�WRWDO�LQWHUQDO�
UHÀHFWLRQ��7,5��FDQ�RFFXU�

([SODLQ�KRZ�WKH�UHIUDFWLYH�LQGH[�RI�D�PHGLXP�UHODWHV�
WR�LWV�FULWLFDO�DQJOH�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�K��2SWLFV

6XPPDU\��3URMHFWLQJ�DQ�LPDJH�RQWR�D�VFUHHQ�LV�D�ODUJH�LQGXVWU\�DQG�LQYROYHV�ELJ�PRQH\��HVSHFLDOO\�LI�LW¶V�\RX�
WKH\�DUH�SURMHFWLQJ��7KH�FDPHUDV�XVHG�WR�¿OP�WKH�PRYLHV�XVH�D�FRPSOH[�DUUDQJHPHQW�RI�OHQVHV�WR�]RRP�LQ�
DQG�IRFXV�RQ�WKH�DFWRUV��DQG�WKH�LPDJHV�WKH\�IRUP�DUH�UHDO�EXW�LQYHUWHG��
2Q�D�PRUH�PRGHVW�WKHPH�PDQ\�SHRSOH�ZRXOG�VWUXJJOH�ZLWK�GD\�WR�GD\�OLIH�RU�EH�XQDEOH�WR�UHDG�FOHDUO\�ZLWKRXW�
VSHFWDFOHV��7KLV�LWHP�WDNHV�D�ORRN�DW�WKH�PDQ\�XVHV�RI�RSWLFDO�GHYLFHV�

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

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

&DUU\�RXW�DQ�H[SHULPHQW�ZLWK�D�FRQYH[�OHQV�WR�IRFXV�
WKH�LPDJH�RI�D�GLVWDQW�REMHFW�RQ�WKH�ODE�ZDOO��H�J��
ZLQGRZ�RI�ODE�RU�LQVLGH�RI�ODE�ZLQGRZ�

2EVHUYH�KRZ�WKH�GLVWDQFH�EHWZHHQ�WKH�OHQV�DQG�
VFUHHQ�YDULHV�ZLWK�IRFDO�OHQJWK���)RFXVLQJ�LPDJH�RI�D�
GLVWDQW�REMHFW�RQ�D�VFUHHQ��

&RQVWUXFW�D�VLPSOH�WHOHVFRSH�ZLWK�RQH�VKRUW�IRFDO�
OHQJWK�OHQV�DQG�RQH�ORQJ�IRFDO�OHQJWK�OHQV�

5HFDOO�DQG�LGHQWLI\�WKH�VKDSH�RI�D�FRQYH[�OHQV�

5HFDOO�WKDW�FRQYH[�OHQVHV�DUH�DOVR�FDOOHG�FRQYHUJLQJ�
OHQVHV�

'HVFULEH�ZKDW�KDSSHQV�WR�OLJKW�LQFLGHQW�RQ�D�FRQYH[�
OHQV�SDUDOOHO�WR�WKH�D[LV�

'HVFULEH�WKH�IRFDO�OHQJWK�RI�D�FRQYH[�OHQV�DV�EHLQJ�
PHDVXUHG�IURP�WKH�FHQWUH�RI�WKH�OHQV�WR�IRFDO�SRLQW�
�IRFXV��

5HFRJQLVH�DQG�UHFDOO�WKDW�µIDW¶�OHQVHV�KDYH�VKRUW�IRFDO�
OHQJWKV�DQG�µWKLQ¶�OHQVHV�KDYH�ORQJ�IRFDO�OHQJWKV�

&DUU\�RXW�DQ�H[SHULPHQW�ZLWK�FRQYH[�OHQVHV�WR�VHH�
KRZ�WKH�LPDJH�RI�D�OLJKW�EXOE�YDULHV�ZLWK�WKH�GLVWDQFH�
RI�WKH�EXOE�IURP�WKH�OHQV�

5HFRJQLVH�DQG�UHFDOO�WKDW�FRQYH[�OHQVHV�SURGXFH�UHDO�
LPDJHV�RQ�D�VFUHHQ�

8VH�SLQ�KROH�FDPHUDV�WR�H[SORUH�KRZ�WKH�VL]H�RI�
WKH�DSHUWXUH��RSHQLQJ��DIIHFWV�ERWK�WKH�VKDUSQHVV�
DQG�EULJKWQHVV�RI�WKH�LPDJH�DQG�KRZ�IRFXVVLQJ�LV�
DFKLHYHG�ZLWK�D�OHQV�

([DPLQH�GLIIHUHQW�OHQVHV�IURP�ROG�VSHFWDFOHV�WR�VHH�
WKH�GLIIHUHQW�VKDSHV�DQG�WKLFNQHVVHV�

&DUU\�RXW�DQ�H[SHULPHQW�ZLWK�D�FRQYH[�OHQV�WR�
PHDVXUH�PDJQL¿FDWLRQ�

([DPLQH�DQ�RSWLFDO�LQVWUXPHQW��,W�PD\�EH�D�WHOHVFRSH��
PLFURVFRSH�RU�D�FDPHUD��/RRN�DW�WKH�DUUDQJHPHQW�
DQG�QXPEHU�RI�OHQVHV��/RRN�LQ�SDUWLFXODU�DW�WKHLU�
GLIIHULQJ�VL]H�DQG�IRFDO�OHQJWKV�

5HFDOO�WKDW�FRQYH[�OHQVHV�DUH�XVHG�
�� LQ�FDPHUDV
�� LQ�SURMHFWRUV
�� LQ�VRPH�VSHFWDFOHV
�� DV�D�PDJQLI\LQJ�JODVV�
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0RGXOH�3����6SDFH�)RU�5HÀHFWLRQ
,WHP�3�K��2SWLFV

/LQNV�WR�RWKHU�LWHPV���3�J��5HIUDFWLRQ�RI�ZDYHV

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

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

'HVFULEH�WKH�HIIHFW�RI�D�FRQYH[�OHQV�RQ�
�� D�GLYHUJLQJ�EHDP�RI�OLJKW
�� D�SDUDOOHO�EHDP�RI�OLJKW�

)RU�D�FRQYH[�OHQV�UHFDOO�DQG�UHFRJQLVH�
�� SULQFLSDO�D[LV
�� IRFDO�OHQJWK�
�� IRFDO�SRLQW
�� RSWLFDO�FHQWUH�RI�OHQV�

([SODLQ�WKH�UHIUDFWLRQ�E\�D�FRQYH[�OHQV�RI�
�� D�UD\�WUDYHOOLQJ�SDUDOOHO�WR�WKH�SULQFLSDO�D[LV�EHIRUH�

LW�LV�LQFLGHQW�RQ�WKH�OHQV
�� D�UD\�WUDYHOOLQJ�WKURXJK�WKH�IRFDO�SRLQW�RI�WKH�OHQV�

EHIRUH�LW�LV�LQFLGHQW�RQ�WKH�OHQV
�� D�UD\�LQFLGHQW�RQ�WKH�FHQWUH�RI�WKH�OHQV�

'HVFULEH�KRZ�D�FRQYH[�OHQV�SURGXFHV�D�UHDO�LPDJH�
RQ�¿OP�DQG�VFUHHQ�UHVSHFWLYHO\�

�$�VXLWDEOH�GLDJUDP�PD\�EH�UHTXLUHG�RU�JLYHQ��

([SODLQ�KRZ�WR�¿QG�WKH�SRVLWLRQ�DQG�VL]H�RI�WKH�UHDO�
LPDJH�IRUPHG�E\�D�FRQYH[�OHQV�E\�GUDZLQJ�VXLWDEOH�
UD\�GLDJUDPV�

'HVFULEH�WKH�XVH�RI�D�FRQYH[�OHQV�
�� LQ�D�FDPHUD
�� LQ�D�SURMHFWRU
�� DV�D�PDJQLI\LQJ�JODVV�

([SODLQ�KRZ�WKH�LPDJHV�SURGXFHG�E\�FDPHUDV�DQG�
SURMHFWRUV�DUH�IRFXVVHG�

8VH�WKH�HTXDWLRQ�

PDJQL¿FDWLRQ� �
LPDJH�VL]H
±±±±±±±±±
REMHFW�VL]H

'HVFULEH�WKH�SURSHUWLHV�RI�UHDO�DQG�YLUWXDO�LPDJHV��

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

PDJQL¿FDWLRQ� �
LPDJH�VL]H
±±±±±±±±±
REMHFW�VL]H
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���� 0RGXOH�3���(OHFWULFLW\�)RU�*DGJHWV

0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�D��5HVLVWLQJ

6XPPDU\��0RVW�HOHFWULFDO�GHYLFHV�KDYH�VRPH�IRUP�RI�FRQWURO�EXLOW�LQWR�WKHLU�FLUFXLWV��7KHVH�LQFUHDVH�RU�
GHFUHDVH�FXUUHQW�DFFRUGLQJ�WR�DQ�LQSXW��6LPSOH�H[DPSOHV�DUH�WKH�YROXPH�RI�D�SHUVRQDO�&'�SOD\HU�RU�WKH�
VSHHG�RI�D�IRRG�SURFHVVRU��0RUH�VRSKLVWLFDWHG�H[DPSOHV�LQFOXGH�WKH�DELOLW\�WR�SURJUDP�GHYLFHV�VXFK�DV�
PLFURZDYH�FRRNHUV�RU�'9'�SOD\HUV��7KH�ODWWHU�LV�FRYHUHG�PRUH�LQ�WKH�ODVW�WZR�LWHPV�RI�WKLV�PRGXOH�

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

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

&DUU\�RXW�DQ�H[SHULPHQW�XVLQJ�D�YDULDEOH�UHVLVWRU�DV�
D�GLPPHU�XQLW�WR�FRQWURO�WKH�EULJKWQHVV�RI�D�EXOE�DQG�
PHDVXUH�WKH�FXUUHQW�LQ�WKH�FLUFXLW�

5HFRJQLVH�DQG�GUDZ�WKH�FLUFXLW�V\PEROV�IRU�D�UHVLVWRU��
YDULDEOH�UHVLVWRU��UKHRVWDW���EXOE��FHOO��EDWWHU\��VZLWFK�
DQG�SRZHU�VXSSO\�

'HVFULEH�DQG�UHFRJQLVH�WKDW�D�YDULDEOH�UHVLVWRU�
�UKHRVWDW��FDQ�EH�XVHG�WR�YDU\�WKH�EULJKWQHVV�RI�D�
ODPS�

&DUU\�RXW�DQ�H[SHULPHQW�WR�LQYHVWLJDWH�WKH�YROWDJH�
FXUUHQW�FKDUDFWHULVWLFV�RI�RKPLF�FRQGXFWRUV�

5HFDOO�WKH�XQLWV�RI�YROWDJH��FXUUHQW�DQG�UHVLVWDQFH�
8VH�WKH�HTXDWLRQ�

UHVLVWDQFH� �
YROWDJH
±±±±±±±
FXUUHQW

5HFDOO�DQG�LGHQWLI\�WKDW�IRU�D�JLYHQ�RKPLF�FRQGXFWRU�
WKH�FXUUHQW�LQFUHDVHV�DV�WKH�YROWDJH�LQFUHDVHV�

&DUU\�RXW�DQ�H[SHULPHQW�WR�LQYHVWLJDWH�WKH�YROWDJH�
FXUUHQW�FKDUDFWHULVWLFV�RI�D�QRQ�RKPLF�GHYLFH��VXFK�
DV�D�EXOE�

8QGHUVWDQG�WKDW�FXUUHQW�LQ�D�ZLUH�LV�D�ÀRZ�RI�FKDUJH�
FDUULHUV�FDOOHG�HOHFWURQV�

8VH�PRGHOV�RI�DWRPLF�VWUXFWXUH�WR�H[SODLQ�HOHFWULFDO�
UHVLVWDQFH�LQ�D�PHWDO�FRQGXFWRU�LQ�WHUPV�RI�FKDUJH�
FDUULHUV��HOHFWURQV��FROOLGLQJ�ZLWK�DWRPV��LRQV��LQ�WKH�
FRQGXFWRU�

5HFDOO�DQG�LGHQWLI\�KRZ�WKH�UHVLVWDQFH�FKDQJHV�DV�D�
ZLUH�EHFRPHV�KRW�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�D��5HVLVWLQJ

/LQNV�WR�RWKHU�LWHPV���3�F��6DIH�HOHFWULFDOV��3�E��6KDULQJ

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

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

([SODLQ�WKH�HIIHFW�RI�D�YDULDEOH�UHVLVWRU��UKHRVWDW��LQ�D�
FLUFXLW�LQ�WHUPV�RI�
�� FRQWURO�RI�WKH�FXUUHQW
�� YDU\LQJ�WKH�EULJKWQHVV�RI�D�EXOE�RU�VSHHG�RI�D�

PRWRU�

([SODLQ�WKH�HIIHFW�RI�FKDQJLQJ�WKH�OHQJWK�RI�
UHVLVWDQFH�ZLUH�LQ�D�YDULDEOH�UHVLVWRU��UKHRVWDW��RQ�WKH�
UHVLVWDQFH�

8VH�WKH�HTXDWLRQ��LQFOXGLQJ�D�FKDQJH�RI�VXEMHFW�

UHVLVWDQFH� �
YROWDJH
±±±±±±±
FXUUHQW

8VH�D�YROWDJH�FXUUHQW�JUDSK�TXDOLWDWLYHO\�WR�FRPSDUH�
WKH�UHVLVWDQFHV�RI�RKPLF�FRQGXFWRUV�

&DOFXODWH�WKH�UHVLVWDQFH�RI�DQ�RKPLF�FRQGXFWRU�IURP�
D�YROWDJH�FXUUHQW�JUDSK�

8VH�NLQHWLF�WKHRU\�WR�H[SODLQ�WKDW�IRU�PHWDOOLF�
FRQGXFWRUV��WKH�FROOLVLRQ�RI�FKDUJH�FDUULHUV�ZLWK�DWRPV�
PDNHV�WKH�DWRPV�YLEUDWH�PRUH��7KLV�LQFUHDVHG�DWRPLF�
YLEUDWLRQ�
�� FDXVHV�DQ�LQFUHDVH�LQ�FROOLVLRQV��LQFUHDVHG�

UHVLVWDQFH��
�� LQFUHDVHV�WKH�WHPSHUDWXUH�RI�WKH�FRQGXFWRU�

'HVFULEH�DQG�UHFRJQLVH�KRZ�D�YROWDJH�FXUUHQW�JUDSK�
VKRZV�WKH�FKDQJLQJ�UHVLVWDQFH�RI�D�QRQ�RKPLF�
GHYLFH��VXFK�DV�D�EXOE�

([SODLQ�WKH�VKDSH�RI�D�YROWDJH�FXUUHQW�JUDSK�IRU�D�
QRQ�RKPLF�FRQGXFWRU��VXFK�DV�WKH�¿ODPHQW�LQ�D�ODPS��
LQ�WHUPV�RI�LQFUHDVLQJ�UHVLVWDQFH�DQG�WHPSHUDWXUH�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�E��6KDULQJ

6XPPDU\��(OHFWURQLF�FLUFXLWV�UHO\�RQ�VXSSO\�YROWDJH��SG��EHLQJ�VSOLW�LQWR�WZR�VPDOOHU�YROWDJHV��6RPHWLPHV��
WKHVH�RXWSXW�YROWDJHV�DOVR�QHHG�WR�EH�DGMXVWHG�WR�D�WKUHVKROG�OHYHO�WR�JLYH�WKH�UHTXLUHG�RXWSXW�YROWDJH��
7KLV�LWHP�GHYHORSV�LGHDV�DERXW�KRZ�ERWK�¿[HG�DQG�YDULDEOH�UHVLVWRUV�DUH�XVHG��WRJHWKHU�ZLWK�/'5V�DQG�
WKHUPLVWRUV��WR�DFKLHYH�WKH�GHVLUHG�RXWSXW�YROWDJH�

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

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

([DPLQH�D�SRWHQWLDO�GLYLGHU�FLUFXLW�LQ�DQ�HOHFWURQLF�
GHYLFH�

8VH�D�UKHRVWDW�DV�D�SRWHQWLDO�GLYLGHU�WR�FRQWURO�WKH�
EULJKWQHVV�RI�WZR�EXOEV�LQ�VHULHV�

5HFDOO�WKDW�D�SRWHQWLDO�GLYLGHU�LV�XVHG�WR�SURGXFH�D�
UHTXLUHG�YROWDJH�LQ�D�FLUFXLW�

8QGHUVWDQG�WKDW�WZR�RU�PRUH�UHVLVWRUV�LQ�VHULHV�
LQFUHDVH�WKH�UHVLVWDQFH�RI�WKH�FLUFXLW�

&DOFXODWH�WKH�WRWDO�UHVLVWDQFH�IRU�UHVLVWRUV�LQ�VHULHV

H�J��57� �5����5����5�

8VH�PXOWLPHWHUV�WR�VKRZ�KRZ�WKH�UHVLVWDQFH�RI�/'5V�
DQG�WKHUPLVWRUV�DUH�DIIHFWHG�E\�H[WHUQDO�FRQGLWLRQV�

([DPLQH�FLUFXLWV�ZKLFK�XVH�/'5V�WR�FRQWURO�RXWSXW�
H�J��OLJKWV�ZKLFK�FRPH�RQ�DW�QLJKW�

([DPLQH�FLUFXLWV�ZKLFK�XVH�WKHUPLVWRUV�WR�FRQWURO�
RXWSXW�

,QYHVWLJDWH�KRZ�WKH�¿[HG�UHVLVWRU�LQ�D�SRWHQWLDO�GLYLGHU�
FDQ�DIIHFW�WKH�RXWSXW�YROWDJH�LQ�WHPSHUDWXUH�VHQVRUV�
DQG�OLJKW�VHQVRUV�

5HFRJQLVH�DQG�GUDZ�WKH�V\PERO�IRU�D�OLJKW�GHSHQGDQW�
UHVLVWRU��/'5��DQG�D�WKHUPLVWRU�

5HFDOO�DQG�LGHQWLI\�WKDW�DQ�/'5�UHVSRQGV�WR�D�FKDQJH�
LQ�OLJKW�OHYHO�

5HFDOO�DQG�LGHQWLI\�WKDW�D�WKHUPLVWRU�UHVSRQGV�WR�
FKDQJHV�LQ�WHPSHUDWXUH�

8VH�PXOWLPHWHUV�WR�PHDVXUH�WKH�UHVLVWDQFH�RI�
UHVLVWRUV�LQGLYLGXDOO\��LQ�VHULHV�DQG�LQ�SDUDOOHO�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�E��6KDULQJ

/LQNV�WR�RWKHU�LWHPV���3�D��5HVLVWLQJ

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

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

([SODLQ�KRZ�WZR�¿[HG�UHVLVWRUV�FDQ�EH�XVHG�DV�D�
SRWHQWLDO�GLYLGHU�

8QGHUVWDQG�WKDW�WKH�RXWSXW�YROWDJH�GHSHQGV�RQ�WKH�
UHODWLYH�YDOXHV�RI�WKH�UHVLVWRUV�5��DQG�5�

([SODLQ�KRZ�RQH�¿[HG�UHVLVWRU�DQG�RQH�YDULDEOH�
UHVLVWRU�LQ�D�SRWHQWLDO�GLYLGHU�DOORZV�YDULDWLRQ�RI�WKH�
RXWSXW�YROWDJH�

&DOFXODWH�WKH�YDOXH�RI�9RXW�ZKHQ�5��DQG�5��DUH�LQ�D�
VLPSOH�UDWLR�

9LQ

5�

5�

9RXW

�9 �9

8QGHUVWDQG�WKDW�ZKHQ�5��LV�YHU\�PXFK�JUHDWHU�WKDQ�
5���WKH�YDOXH�RI�9RXW�LV�DSSUR[LPDWHO\�9LQ�

8QGHUVWDQG�WKDW�ZKHQ�5��LV�YHU\�PXFK�OHVV�WKDQ�5���
WKH�YDOXH�RI�9RXW�LV�DSSUR[LPDWHO\�]HUR�

([SODLQ�KRZ�WZR�YDULDEOH�UHVLVWRUV�FDQ�EH�XVHG�LQ�
SODFH�RI�WKH�WZR�¿[HG�UHVLVWRUV�WR�SURYLGH�DQ�RXWSXW�
YROWDJH�ZLWK�DQ�DGMXVWDEOH�WKUHVKROG�

'HVFULEH�KRZ�WKH�UHVLVWDQFH�RI�DQ�/'5�YDULHV�ZLWK�
OLJKW�OHYHO�

'HVFULEH�KRZ�WKH�UHVLVWDQFH�RI�D�WKHUPLVWRU��QWF�RQO\��
YDULHV�ZLWK�WHPSHUDWXUH�

([SODLQ�ZK\�DQ�/'5�RU�D�WKHUPLVWRU�FDQ�EH�XVHG�LQ�
SODFH�RI�5��LQ�D�SRWHQWLDO�GLYLGHU�ZLWK�D�¿[HG�UHVLVWRU�
WR�SURYLGH�DQ�RXWSXW�VLJQDO�ZKLFK�GHSHQGV�RQ�OLJKW�RU�
WHPSHUDWXUH�FRQGLWLRQV�

8QGHUVWDQG�WKDW�SODFLQJ�UHVLVWRUV�LQ�SDUDOOHO�UDWKHU�
WKDQ�LQ�VHULHV�ZLOO�UHGXFH�WKH�WRWDO�UHVLVWDQFH�RI�WKH�
FLUFXLW�

&DOFXODWH�WKH�WRWDO�UHVLVWDQFH�IRU�UHVLVWRUV�LQ�SDUDOOHO

H�J��� �±±
57

� � �±±
5�

��� �±±
5�

��� �±±
5�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�F��,W¶V�ORJLFDO

6XPPDU\��0DQ\�HOHFWURQLF�GHYLFHV�UHO\�RQ�VRPH�IRUP�RI�ORJLF�FLUFXLW��7KH�SHUVRQDO�FRPSXWHU�LV�SUREDEO\�WKH�
EHVW�NQRZQ�H[DPSOH��EXW�ZDVKLQJ�PDFKLQHV�DQG�FDU�LJQLWLRQV�DOVR�FRQWDLQ�WKH�VLOLFRQ�FKLS��7KLV�LWHP�GHYHORSV�
LGHDV�DERXW�ORJLF�FLUFXLWV�DQG�WKH�JDWHV�ZKLFK�DUH�XVHG�

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

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

([DPLQH�D�VLPSOH�131�WUDQVLVWRU�FLUFXLW�XVHG�DV�D�
VZLWFK�

9LHZ�D�PLFURSURFHVVRU�FKLS�ZLWK�FDVLQJ�UHPRYHG�
XVLQJ�D�PLFURVFRSH�

5HFDOO�WKDW�WKH�WUDQVLVWRU�LV�WKH�EDVLF�EXLOGLQJ�EORFN�
RI�HOHFWURQLF�FRPSRQHQWV�DQG�WKDW�WKH�DYHUDJH�
FRPSXWHU�PD\�KDYH�PLOOLRQV�ELOOLRQV�RI�WKHP�ZLWKLQ�LWV�
FLUFXLWV�

5HFDOO�WKDW�WKH�WUDQVLVWRU�LV�DQ�HOHFWURQLF�VZLWFK�

5HFRJQLVH�DQG�GUDZ�WKH�V\PERO�IRU�DQ�131�WUDQVLVWRU�
DQG�ODEHO�LWV�WHUPLQDOV�

([DPLQH�D�FRPELQDWLRQ�RI�WUDQVLVWRUV�XVHG�DV�DQ�
$1'�JDWH�

5HFDOO�WKDW�WUDQVLVWRUV�FDQ�EH�FRQQHFWHG�WRJHWKHU�WR�
PDNH�ORJLF�JDWHV�

5HFDOO�WKDW�WKH�LQSXW�VLJQDO�IRU�D�ORJLF�JDWH�LV�HLWKHU�D�
KLJK�YROWDJH��DERXW���9��RU�D�ORZ�YROWDJH�
�DERXW���9��

6KRZ�WKDW�VHWWLQJ�FRQGLWLRQV��VXFK�DV�HLWKHU�GULYHU¶V�
GRRU�25�SDVVHQJHU¶V�GRRU�25�ERWK�GRRUV�QHHG�WR�EH�
RSHQ�EHIRUH�WKH�FRXUWHV\�OLJKW�LQ�D�FDU�VZLWFKHV�RQ��
OHDGV�WR�D�WUXWK�WDEOH�

&DUU\�RXW�H[SHULPHQWV�WR�VKRZ�WKH�DFWLRQV�RI�127��
$1'�DQG�25��KLJKHU�WLHU�1$1'�DQG�125��ORJLF�
JDWHV�

%XLOG�ORJLF�JDWH�FLUFXLWV�WR�VROYH�SUREOHPV�

'HVFULEH�WKH�WUXWK�WDEOH�IRU�D�127�ORJLF�JDWH�LQ�WHUPV�
RI�KLJK�DQG�ORZ�VLJQDOV�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�F��,W¶V�ORJLFDO

/LQNV�WR�RWKHU�LWHPV���3�G��(YHQ�PRUH�ORJLFDO

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

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

'HVFULEH�WKH�EHQH¿WV�DQG�GUDZEDFNV�RI�LQFUHDVLQJ�
PLQLDWXULVDWLRQ�RI�HOHFWURQLF�FRPSRQHQWV�WR�
PDQXIDFWXUHUV�DQG�WR�XVHUV�RI�WKH�SURGXFWV��

8QGHUVWDQG�KRZ�D�VPDOO�EDVH�FXUUHQW��,E��LV�QHHGHG�
WR�VZLWFK�D�JUHDWHU�FXUUHQW�ÀRZLQJ�WKURXJK�WKH�
FROOHFWRU��,F��DQG�HPLWWHU��,H��

8VH�WKH�HTXDWLRQ�
,H� �,E���,F

([SODLQ�KRZ�LQFUHDVLQJ�DYDLODELOLW\�RI�FRPSXWHU�SRZHU�
UHTXLUHV�VRFLHW\�WR�PDNH�FKRLFHV�DERXW�DFFHSWDEOH�
XVHV�RI�QHZ�WHFKQRORJLHV�

&RPSOHWH�D�ODEHOOHG�FLUFXLW�GLDJUDP�WR�VKRZ�KRZ�DQ�
131�WUDQVLVWRU�FDQ�EH�XVHG�DV�D�VZLWFK�IRU�D�OLJKW�
HPLWWLQJ�GLRGH��/('��

�9

�9

([SODLQ�ZK\�D�KLJK�UHVLVWRU�LV�SODFHG�LQ�WKH�EDVH�
FLUFXLW�

5HFRJQLVH�WKH�FLUFXLW�GLDJUDP�IRU�DQ�$1'�JDWH�DV�WZR�
WUDQVLVWRUV�FRQQHFWHG�WRJHWKHU��

$

%

��9

2XW

5HFDOO�WKDW�RWKHU�ORJLF�JDWHV�FDQ�EH�PDGH�IURP�D�
FRPELQDWLRQ�RI�WZR�WUDQVLVWRUV�

&RPSOHWH�D�ODEHOOHG�GLDJUDP�WR�VKRZ�KRZ�WZR�
WUDQVLVWRUV�DUH�FRQQHFWHG�WR�PDNH�DQ�$1'�JDWH�

'HVFULEH�WKH�WUXWK�WDEOHV�IRU�$1'�DQG�25�ORJLF�JDWHV�
LQ�WHUPV�RI�KLJK�DQG�ORZ�VLJQDOV�

'HVFULEH�WKH�WUXWK�WDEOH�IRU�1$1'�DQG�125�ORJLF�
JDWHV�LQ�WHUPV�RI�KLJK�DQG�ORZ�VLJQDOV�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�G��(YHQ�PRUH�ORJLFDO

6XPPDU\��,Q�SUDFWLFH��PRVW�HOHFWURQLF�GHYLFHV�UHTXLUH�PDQ\�ORJLF�JDWHV�FRPELQHG�WR�JLYH�WKH�QHFHVVDU\�
RXWSXW�XQGHU�D�YDULHW\�RI�FRQGLWLRQV��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�KRZ�WUXWK�WDEOHV�DUH�XVHG�WR�VKRZ�KRZ�
ORJLF�JDWHV�FDQ�EH�FRPELQHG�

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

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

([DPLQH�FRPPRQ�GHYLFHV�ZKLFK�XVH�PRUH�WKDQ�RQH�
ORJLF�JDWH�

5HFDOO�DQG�LGHQWLI\�WKH�LQSXW�DQG�RXWSXW�VLJQDOV�LQ�DQ�
HOHFWURQLF�V\VWHP�ZLWK�D�FRPELQDWLRQ�RI�ORJLF�JDWHV�

&DUU\�RXW�LQYHVWLJDWLRQV�WR�VROYH�SUREOHPV�XVLQJ�WZR�
RU�PRUH�ORJLF�JDWHV�FRPELQHG�WRJHWKHU�

,QYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�UHOD\�

5HFRJQLVH�WKDW�WKH�RXWSXW�FXUUHQW�IURP�D�ORJLF�JDWH�LV�
DEOH�WR�OLJKW�DQ�/('�

5HFRJQLVH�DQG�GUDZ�WKH�V\PEROV�IRU�DQ�/('�DQG�D�
UHOD\�

5HFDOO�WKDW�D�UHOD\�FDQ�EH�XVHG�DV�D�VZLWFK�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�G��(YHQ�PRUH�ORJLFDO

/LQNV�WR�RWKHU�LWHPV���3�F��,W¶V�ORJLFDO

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

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

&RPSOHWH�D�WUXWK�WDEOH�RI�D�ORJLF�V\VWHP�ZLWK�XS�WR�
WKUHH�LQSXWV�PDGH�IURP�ORJLF�JDWHV�

&RPSOHWH�D�WUXWK�WDEOH�RI�D�ORJLF�V\VWHP�ZLWK�XS�WR�
IRXU�LQSXWV�PDGH�IURP�ORJLF�JDWHV�

'HVFULEH�KRZ�WR�XVH�VZLWFKHV��/'5V�DQG�WKHUPLVWRUV�
LQ�VHULHV�ZLWK�¿[HG�UHVLVWRUV�WR�SURYLGH�LQSXW�VLJQDOV�
IRU�ORJLF�JDWHV�

([SODLQ�KRZ�D�WKHUPLVWRU�RU�DQ�/'5�FDQ�EH�XVHG�ZLWK�
D�¿[HG�UHVLVWRU�WR�JHQHUDWH�D�VLJQDO�IRU�D�ORJLF�JDWH�
ZKLFK�GHSHQGV�RQ�WHPSHUDWXUH�RU�OLJKW�FRQGLWLRQV�

([SODLQ�KRZ�D�WKHUPLVWRU�RU�DQ�/'5�FDQ�EH�XVHG�
ZLWK�D�YDULDEOH�UHVLVWRU�WR�SURYLGH�D�VLJQDO�ZLWK�DQ�
DGMXVWDEOH�WKUHVKROG�YROWDJH�IRU�D�ORJLF�JDWH�

([SODLQ�KRZ�DQ�/('�DQG�VHULHV�UHVLVWRU�FDQ�EH�XVHG�
WR�LQGLFDWH�WKH�RXWSXW�RI�D�ORJLF�JDWH�

'HVFULEH�KRZ�D�UHOD\�XVHV�D�VPDOO�FXUUHQW�LQ�WKH�UHOD\�
FRLO�WR�VZLWFK�RQ�D�FLUFXLW�LQ�ZKLFK�D�ODUJHU�FXUUHQW�
ÀRZV�

([SODLQ�ZK\�D�UHOD\�LV�QHHGHG�IRU�D�ORJLF�JDWH�WR�
VZLWFK�D�FXUUHQW�LQ�D�PDLQV�FLUFXLW�

�� D�ORJLF�JDWH�LV�D�ORZ�SRZHU�GHYLFH�WKDW�ZRXOG�EH�
GDPDJHG�LI�H[SRVHG�GLUHFWO\�WR�PDLQV�SRZHU

�� WKH�UHOD\�LVRODWHV�WKH�ORZ�YROWDJH�LQ�WKH�VHQVLQJ�
FLUFXLW�IURP�WKH�KLJK�YROWDJH�PDLQV�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�H��0RWRULQJ

6XPPDU\��0DQ\�RI�WKH�HOHFWULFDO�GHYLFHV�ZH�XVH�HYHU\�GD\�FRQWDLQ�HOHFWULF�PRWRUV��7KH\�FDQ�EH�YHU\�VPDOO�
VXFK�DV�LQ�D�&'�SOD\HU�RU�PXFK�ODUJHU�LQ�GHYLFHV�VXFK�DV�ZDVKLQJ�PDFKLQHV��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�
WKH�PDJQHWLF�HIIHFW�RI�DQ�HOHFWULF�FXUUHQW�DQG�KRZ�PDJQHWLF�¿HOGV�LQWHUDFW�WR�SURGXFH�WKH�PRYHPHQW�QHHGHG�
IRU�D�PRWRU�

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

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

([DPLQH�WKH�PDJQHWLF�¿HOG�DURXQG�D�FXUUHQW�FDUU\LQJ�
ZLUH�DQG�D�FRLO�

6KRZ�WKDW�D�FXUUHQW�FDUU\LQJ�ZLUH�SODFHG�LQ�D�
PDJQHWLF�¿HOG�KDV�D�IRUFH�DFWLQJ�RQ�LW�

5HFDOO�WKDW�D�FXUUHQW�FDUU\LQJ�ZLUH�KDV�D�FLUFXODU�
PDJQHWLF�¿HOG�DURXQG�LW�

'HVFULEH�DQG�UHFRJQLVH�WKDW�WKLV�¿HOG�LV�PDGH�XS�RI�
FRQFHQWULF�FLUFOHV��

([SODLQ�ZK\�D�FXUUHQW�FDUU\LQJ�VWUDLJKW�ZLUH�SODFHG�LQ�
D�PDJQHWLF�¿HOG�FDQ�PRYH�

([DPLQH�WKH�FRQVWUXFWLRQ�RI�ERWK�VLPSOH�DQG�SUDFWLFDO�
PRWRUV�

5HVHDUFK�HOHFWULF�PRWRUV�

%XLOG�D�'&�PRWRU�

5HFDOO�WKDW�PRWRUV�DUH�IRXQG�LQ�D�YDULHW\�RI�HYHU\GD\�
DSSOLFDWLRQV�H�J��ZDVKLQJ�PDFKLQH��&'�SOD\HU��IRRG�
SURFHVVRU��HOHFWULF�GULOO��IDQ��ZLQGVFUHHQ�ZLSHU�

5HFDOO�WKDW�HOHFWULF�PRWRUV�WUDQVIHU�HQHUJ\�WR�WKH�ORDG�
�DV�XVHIXO�ZRUN��DQG�WR�WKH�VXUURXQGLQJV��DV�ZDVWH�
KHDW��
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�H��0RWRULQJ

/LQNV�WR�RWKHU�LWHPV���3�I��*HQHUDWLQJ

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

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

'HVFULEH�WKH�VKDSH�RI�WKH�PDJQHWLF�¿HOG�DURXQG�D�
VWUDLJKW�ZLUH��D�UHFWDQJXODU�FRLO�DQG�D�VROHQRLG�

8QGHUVWDQG�WKDW�D�FXUUHQW�FDUU\LQJ�ZLUH�DW�ULJKW�
DQJOHV�WR�D�PDJQHWLF�¿HOG�H[SHULHQFHV�D�IRUFH�

'HVFULEH�WKH�HIIHFW�RI�UHYHUVLQJ�WKH�FXUUHQW�DQG�RU�WKH�
GLUHFWLRQ�RI�WKH�PDJQHWLF�¿HOG�

([SODLQ�KRZ�)OHPLQJ¶V�/HIW�+DQG�5XOH�LV�XVHG�WR�
SUHGLFW�WKH�GLUHFWLRQ�RI�WKH�IRUFH�RQ�D�FXUUHQW�FDUU\LQJ�
ZLUH�

([SODLQ�KRZ�WKH�IRUFHV�RQ�D�FXUUHQW�FDUU\LQJ�FRLO�LQ�D�
PDJQHWLF�¿HOG�SURGXFH�D�WXUQLQJ�HIIHFW�RQ�WKH�FRLO�

([SODLQ�KRZ�WKLV�HIIHFW�LV�XVHG�LQ�D�VLPSOH�'&�HOHFWULF�
PRWRU�

'HVFULEH�WKH�HIIHFW�RI�FKDQJLQJ�
�� WKH�VL]H�RI�WKH�HOHFWULF�FXUUHQW
�� WKH�QXPEHU�RI�WXUQV�RQ�WKH�FRLO
�� WKH�VWUHQJWK�RI�WKH�PDJQHWLF�¿HOG�

([SODLQ�KRZ�WKH�GLUHFWLRQ�RI�WKH�IRUFH�RQ�WKH�FRLO�LQ�
D�'&�HOHFWULF�PRWRU�LV�PDLQWDLQHG�LQ�WHUPV�RI�WKH�
FKDQJH�RI�FXUUHQW�GLUHFWLRQ�HYHU\�KDOI�WXUQ��

'HVFULEH�KRZ�WKLV�LV�DFKLHYHG�XVLQJ�D�VSOLW�ULQJ�
FRPPXWDWRU�LQ�D�VLPSOH�'&�HOHFWULF�PRWRU�

([SODLQ�ZK\�SUDFWLFDO�PRWRUV�KDYH�D�UDGLDO�¿HOG�
SURGXFHG�E\�FXUYHG�SROH�SLHFHV�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�I��*HQHUDWLQJ

6XPPDU\��(OHFWULFLW\�LV�D�YHU\�FRQYHQLHQW�HQHUJ\�VRXUFH�ZKLFK�DOORZV�XV�WR�XVH�WKH�HYHU\GD\�DSSOLDQFHV�DW�
KRPH��VFKRRO�DQG�ZRUN��$V�ZHOO�DV�EHLQJ�FRQYHQLHQW�LW�LV�UHDGLO\�DYDLODEOH��HDV\�WR�XVH��YHUVDWLOH�DQG�FOHDQ�DW�
WKH�SRLQW�RI�XVH��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�KRZ�HOHFWULFLW\�LV�JHQHUDWHG�

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

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

'HPRQVWUDWH�WKH�LQGXFWLRQ�HIIHFW�XVLQJ�D�VWURQJ�
PDJQHW�DQG�D�ZLUH�

8VLQJ�D�FRLO�DQG�D�VWURQJ�PDJQHW��VKRZ�WKH�HIIHFW�
RI�LQFUHDVLQJ�WKH�QXPEHU�RI�WXUQV�DQG�FKDQJLQJ�WKH�
UHODWLYH�PRWLRQ�RI�WKH�PDJQHW�DQG�FRLO�

%XLOG�D�PRGHO�JHQHUDWRU�

([DPLQH�DQG�UHVHDUFK�WKH�GLIIHUHQFHV�EHWZHHQ�D�
PRGHO�JHQHUDWRU�DQG�D�JHQHUDWRU�LQ�D�SRZHU�VWDWLRQ�

'HVFULEH�DQG�UHFRJQLVH�WKH�G\QDPR�HIIHFW�

HOHFWULFLW\�FDQ�EH�JHQHUDWHG�E\�
�� PRYLQJ�D�ZLUH�QHDU�D�PDJQHW
�� PRYLQJ�D�PDJQHW�QHDU�D�ZLUH�

/DEHO�D�GLDJUDP�RI�DQ�$&�JHQHUDWRU�WR�VKRZ�WKH�FRLO��
PDJQHWV��VOLS�ULQJV�DQG�EUXVKHV�

([DPLQH�ZD\V�LQ�ZKLFK�WKH�HOHFWULFDO�RXWSXW�IURP�D�
JHQHUDWRU�FDQ�EH�LQFUHDVHG�

&RPSDUH�WKH�YROWDJH�RXWSXW�RI�$&�DQG�'&�JHQHUDWRUV�
XVLQJ�D�FDWKRGH�UD\�RVFLOORVFRSH��&52��DQG�
LQYHVWLJDWH�KRZ�URWDWLRQ�VSHHG�DIIHFWV�WKH�RXWSXW�

'HVFULEH�D�JHQHUDWRU�DV�D�PRWRU�ZRUNLQJ�LQ�UHYHUVH�

([SODLQ�ZK\�HOHFWULFLW\�LV�XVHIXO�
�� HQDEOHV�HQHUJ\�WR�EH�HDVLO\�WUDQVPLWWHG�RYHU�ORQJ�

GLVWDQFHV
�� HQDEOHV�HQHUJ\�WR�EH�VWRUHG�IRU�IXWXUH�XVH�

5HFDOO�WKDW�LQ�WKH�8.��PDLQV�HOHFWULFLW\�LV�VXSSOLHG�DW�
���+]�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�I��*HQHUDWLQJ

/LQNV�WR�RWKHU�LWHPV���3�E��*HQHUDWLQJ�HOHFWULFLW\��3�H��0RWRULQJ

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

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

8QGHUVWDQG�WKDW�D�YROWDJH�LV�LQGXFHG�DFURVV�D�ZLUH�
ZKHQ�WKH�ZLUH�PRYHV�UHODWLYH�WR�D�PDJQHWLF�¿HOG�

8QGHUVWDQG�WKDW�D�YROWDJH�LV�LQGXFHG�DFURVV�D�FRLO�
ZKHQ�WKH�PDJQHWLF�¿HOG�ZLWKLQ�LW�FKDQJHV�

'HVFULEH�WKH�HIIHFW�RI�UHYHUVLQJ�WKH�GLUHFWLRQ�RI�WKH�
FKDQJLQJ�PDJQHWLF�¿HOG�

([SODLQ�KRZ�WKH�VL]H�RI�WKH�LQGXFHG�YROWDJH�GHSHQGV�
RQ�WKH�UDWH�DW�ZKLFK�WKH�PDJQHWLF�¿HOG�FKDQJHV�

([SODLQ�ZK\�WKH�URWDWLRQ�RI�D�PDJQHW�LQVLGH�D�FRLO�RI�
ZLUH�LQGXFHV�DQ�DOWHUQDWLQJ�FXUUHQW�

5HFDOO�WKDW�HOHFWULFLW\�LV�JHQHUDWHG�LQ�D�SRZHU�VWDWLRQ�
ZKHQ�DQ�HOHFWURPDJQHW�URWDWHV�LQVLGH�FRLOV�RI�ZLUH�

'HVFULEH�KRZ�FKDQJLQJ�WKH�VSHHG�RI�URWDWLRQ�RI�WKH�
HOHFWURPDJQHW¶V�FRLO�V��DIIHFWV�WKH�VL]H�DQG�IUHTXHQF\�
RI�WKH�YROWDJH�JHQHUDWHG�

'HVFULEH�KRZ�FKDQJLQJ�WKH�QXPEHU�RI�WXUQV�RQ�WKH�
HOHFWURPDJQHW¶V�FRLO�V��DIIHFWV�WKH�VL]H�RI�WKH�YROWDJH�
JHQHUDWHG�

:KHQ�SURYLGHG�ZLWK�D�GLDJUDP��H[SODLQ�KRZ�DQ�$&�
JHQHUDWRU�ZRUNV�LQFOXGLQJ�WKH�DFWLRQ�RI�WKH�VOLS�ULQJV�
DQG�EUXVKHV�
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�

0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�J��7UDQVIRUPLQJ

6XPPDU\��7KHUH�DUH�PDQ\�HOHFWULFDO�DQG�HOHFWURQLF�GHYLFHV�ZKLFK�ZRUN�RQ�YROWDJHV�PXFK�ORZHU�WKDQ�PDLQV�
YROWDJH��(OHFWULFLW\�LV�WUDQVPLWWHG�DURXQG�WKH�FRXQWU\�DW�YROWDJHV�YHU\�PXFK�KLJKHU�WKDQ�PDLQV�YROWDJH��
7KLV�PHDQV�WKDW�WKH�FXUUHQW�LV�ORZHU��WKHUHIRUH��OHVV�HQHUJ\�LV�ZDVWHG�KHDWLQJ�XS�WKH�SRZHU�OLQHV��7KLV�LWHP�
GHYHORSV�LGHDV�DERXW�WUDQVIRUPHUV�DV�GHYLFHV�ZKLFK�FKDQJH�YROWDJH�RU�LVRODWH�D�VXSSO\��7KH�UHVHDUFK�RQ�WKH�
GLIIHUHQW�YROWDJHV�LQ�WKH�1DWLRQDO�*ULG�DOORZ�WKH�XVH�RI�,&7�DV�D�WHDFKLQJ�DQG�OHDUQLQJ�UHVRXUFH�

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

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

([DPLQH�KRXVHKROG�GHYLFHV�WKDW�FRQWDLQ�
WUDQVIRUPHUV�

'HPRQVWUDWH�VWHS�XS�DQG�VWHS�GRZQ�WUDQVIRUPHUV�

5HFDOO�WKDW�WUDQVIRUPHUV�DUH�GHYLFHV�WKDW�
�� ZRUN�ZLWK�$&�DQG�GR�QRW�ZRUN�ZLWK�'&
�� GR�QRW�FKDQJH�$&�LQWR�'&�

8QGHUVWDQG�DQG�XVH�WKH�WHUPV�VWHS�XS�WUDQVIRUPHU�
DQG�VWHS�GRZQ�WUDQVIRUPHU�

5HFDOO�WKDW�VWHS�GRZQ�WUDQVIRUPHUV�DUH�XVHG�LQ�D�
YDULHW\�RI�HYHU\GD\�DSSOLFDWLRQV�H�J��SKRQH�FKDUJHUV��
UDGLRV��ODSWRSV�

5HFRJQLVH�DQG�GUDZ�WKH�V\PERO�IRU�D�WUDQVIRUPHU�

5HFDOO�WKDW�DQ�LVRODWLQJ�WUDQVIRUPHU�LV�XVHG�LQ�D�
EDWKURRP�VKDYHU�VRFNHW�

5HVHDUFK�KRZ�GLIIHUHQW�YROWDJHV�DUH�XVHG�LQ�WKH�
1DWLRQDO�*ULG�

5HVHDUFK�KRZ�UHDO�WUDQVIRUPHUV�LQ�WKH�1DWLRQDO�*ULG�
ZRUN�

'HPRQVWUDWH�PRGHO�SRZHU�OLQHV�WR�VKRZ�SRZHU�
ORVVHV�

5HFDOO�WKDW�VWHS�XS�WUDQVIRUPHUV�DUH�XVHG�WR�LQFUHDVH�
WKH�YROWDJH�IURP�WKH�JHQHUDWRU�DW�D�SRZHU�VWDWLRQ�WR�
VXSSO\�WKH�1DWLRQDO�*ULG�

5HFDOO�WKDW�VWHS�GRZQ�WUDQVIRUPHUV�DUH�XVHG�LQ�
VXE�VWDWLRQV�WR�UHGXFH�WKH�YROWDJH�IRU�GRPHVWLF�DQG�
FRPPHUFLDO�XVH�
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�

0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�J��7UDQVIRUPLQJ

/LQNV�WR�RWKHU�LWHPV���3�E��*HQHUDWLQJ�HOHFWULFLW\

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

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

'HVFULEH�WKH�FRQVWUXFWLRQ�RI�D�WUDQVIRUPHU�DV�WZR�
FRLOV�RI�ZLUH�ZRXQG�RQ�DQ�LURQ�FRUH�

'HVFULEH�WKH�GLIIHUHQFH�LQ�FRQVWUXFWLRQ�RI�D�VWHS�
XS�DQG�D�VWHS�GRZQ�WUDQVIRUPHU�DQG�KRZ�WKLV�
FRQVWUXFWLRQ�FKDQJHV�WKH�VL]H�RI�WKH�RXWSXW��

([SODLQ�ZK\�WKH�XVH�RI�WUDQVIRUPHUV�UHTXLUHV�WKH�XVH�
RI�DOWHUQDWLQJ�FXUUHQW�

'HVFULEH�KRZ�WKH�FKDQJLQJ�¿HOG�LQ�WKH�SULPDU\�FRLO�
RI�D�WUDQVIRUPHU�LQGXFHV�DQ�RXWSXW�YROWDJH�LQ�WKH�
VHFRQGDU\�FRLO�

8VH�DQG�PDQLSXODWH�WKH�HTXDWLRQ�

YROWDJH�DFURVV�SULPDU\�FRLO
±±±±±±±±±±±±±±±±±±±±±±±±
YROWDJH�DFURVV�VHFRQGDU\�FRLO

� �
QR�SULPDU\�WXUQV

±±±±±±±±±±±±±±±±
QR�VHFRQGDU\�WXUQV

�

([SODLQ�ZK\�DQ�LVRODWLQJ�WUDQVIRUPHU�LV�XVHG�LQ�VRPH�
PDLQV�FLUFXLWV��H�J��EDWKURRP�VKDYHU�VRFNHW��

([SODLQ�ZK\�LVRODWLQJ�WUDQVIRUPHUV�
�� KDYH�HTXDO�QXPEHUV�RI�WXUQV�LQ�WKH�SULPDU\�DQG�

VHFRQGDU\�FRLOV
�� LPSURYH�VDIHW\�LQ�VRPH�PDLQV�FLUFXLWV�

5HFDOO�DQG�LGHQWLI\�WKDW�VRPH�SRZHU�LV�ORVW�WKURXJK�
KHDW�LQ�WKH�WUDQVPLVVLRQ�RI�HOHFWULFDO�SRZHU�LQ�FDEOHV�
DQG�WUDQVIRUPHUV�

8QGHUVWDQG�KRZ�SRZHU�ORVV�LQ�WKH�WUDQVPLVVLRQ�RI�
HOHFWULFDO�SRZHU�LV�UHODWHG�WR�WKH�FXUUHQW�ÀRZLQJ�LQ�WKH�
WUDQVPLVVLRQ�OLQHV�

8VH�WKH�HTXDWLRQ�

SRZHU�ORVV� �FXUUHQW��ð�UHVLVWDQFH

8VH�DQG�PDQLSXODWH�WKH�HTXDWLRQ�

9S,S� �9V,V
DSSOLHG�WR�D�������HI¿FLHQW��WUDQVIRUPHU�

8VH�WKHVH�UHODWLRQVKLSV�WR�H[SODLQ�ZK\�SRZHU�LV�
WUDQVPLWWHG�DW�KLJK�YROWDJHV�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�K��&KDUJLQJ

6XPPDU\��$V�ZHOO�DV�FKDQJLQJ�WKH�YROWDJH��XVLQJ�D�WUDQVIRUPHU��LW�LV�RIWHQ�QHFHVVDU\�WR�FKDQJH�WKH�FXUUHQW�
IURP�$&�WR�'&��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�WKH�XVH�RI�GLRGHV�DQG�FDSDFLWRUV�WR�REWDLQ�D�FRQVWDQW�'&�
RXWSXW��7KLV�LV�EHFDXVH�PDQ\�WKLQJV��VXFK�DV�PLFUR�FKLSV�QHHG�D�'&�VXSSO\�WR�ZRUN��7KLV�LWHP�SURYLGHV�WKH�
RSSRUWXQLW\�WR�GLVFXVV�FRQWHPSRUDU\�VFLHQWL¿F�DQG�WHFKQRORJLFDO�GHYHORSPHQWV�

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

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

([DPLQH�WKH�FXUUHQW�YROWDJH�FKDUDFWHULVWLFV�RI�D�
GLRGH�

5HFRJQLVH�DQG�GUDZ�WKH�V\PERO�IRU�D�GLRGH�
5HFDOO�WKDW�D�GLRGH�RQO\�DOORZV�D�FXUUHQW�WR�SDVV�LQ�
RQH�GLUHFWLRQ�

8QGHUVWDQG�WKH�GLUHFWLRQ�RI�FXUUHQW�ÀRZ�IURP�WKH�
GLRGH�V\PERO�

5HFRJQLVH�KDOI�ZDYH�UHFWL¿FDWLRQ�IURP�D�YROWDJH�WLPH�
JUDSK�

&DUU\�RXW�DQ�H[SHULPHQW�WR�VKRZ�WKH�GLIIHUHQFH�
EHWZHHQ�KDOI�ZDYH�DQG�IXOO�ZDYH�UHFWL¿FDWLRQ�

5HFRJQLVH�IXOO�ZDYH�UHFWL¿FDWLRQ�IURP�D�YROWDJH�WLPH�
JUDSK�

6KRZ�WKDW�D�FDSDFLWRU�FDQ�VWRUH�FKDUJH�

6KRZ�VWXGHQWV�PDLQV�YROWDJH�WLPH�KLVWRU\�IURP�DQ�
XQLQWHUUXSWDEOH�SRZHU�VXSSO\�

5HFRJQLVH�DQG�GUDZ�WKH�V\PERO�IRU�D�FDSDFLWRU�

'HVFULEH�WKH�IXQFWLRQ�RI�D�FDSDFLWRU�

5HFDOO�DQG�LGHQWLI\�WKDW�D�FDSDFLWRU�ZLOO�SURGXFH�D�
PRUH�FRQVWDQW��VPRRWKHG��RXWSXW�

([SODLQ�ZK\�PDQ\�GHYLFHV�QHHG�D�PRUH�FRQVWDQW�
YROWDJH�VXSSO\�
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0RGXOH�3����(OHFWULFLW\�)RU�*DGJHWV
,WHP�3�K��&KDUJLQJ

/LQNV�WR�RWKHU�LWHPV���3�E��*HQHUDWLQJ�HOHFWULFLW\

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

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

5HFRJQLVH�WKH�FXUUHQW�YROWDJH�FKDUDFWHULVWLFV�IRU�D�
VLOLFRQ�GLRGH�

8VH�WKLV�JUDSK�WR�H[SODLQ�WKDW�D�GLRGH�RQO\�DOORZV�
FXUUHQW�WR�ÀRZ�LQ�RQH�GLUHFWLRQ�

5HFDOO�DQG�LGHQWLI\�WKDW�D�VLQJOH�GLRGH�SURGXFHV�KDOI�
ZDYH�UHFWL¿FDWLRQ�

([SODLQ�WKH�FXUUHQW�YROWDJH�JUDSK�IRU�D�VLOLFRQ�GLRGH�
LQ�WHUPV�RI�KLJK�UHVLVWDQFH�LQ�UHYHUVH�GLUHFWLRQ�DQG�
ORZ�UHVLVWDQFH�LQ�IRUZDUG�GLUHFWLRQV�

'HVFULEH�WKH�DFWLRQ�RI�D�VLOLFRQ�GLRGH�LQ�WHUPV�RI�WKH�
PRYHPHQW�RI�KROHV�DQG�HOHFWURQV�

5HFDOO�WKDW�IRXU�GLRGHV�FDQ�EH�XVHG�LQ�WKH�
FRQVWUXFWLRQ�RI�D�EULGJH�FLUFXLW�WR�REWDLQ�IXOO�ZDYH�
UHFWL¿FDWLRQ�

([SODLQ�KRZ�IRXU�GLRGHV�LQ�D�EULGJH�FLUFXLW�FDQ�
SURGXFH�IXOO�ZDYH�UHFWL¿FDWLRQ�

'HVFULEH�WKH�UHVXOW�RI�D�FXUUHQW�ÀRZLQJ�LQ�D�FLUFXLW�
FRQWDLQLQJ�DQ�XQFKDUJHG�FDSDFLWRU��
�� FKDUJH�LV�VWRUHG�
�� WKH�YROWDJH�DFURVV�WKH�FDSDFLWRU�LQFUHDVHV�

8QGHUVWDQG�KRZ�WKH�ÀRZ�RI�FXUUHQW�FKDQJHV�ZLWK�WLPH�
ZKHQ�D�FRQGXFWRU�LV�FRQQHFWHG�DFURVV�D�FKDUJHG�
FDSDFLWRU�

'HVFULEH�WKH�ÀRZ�RI�FXUUHQW�DQG�UHGXFWLRQ�LQ�YROWDJH�
DFURVV�D�FDSDFLWRU�ZKHQ�D�FRQGXFWRU�LV�FRQQHFWHG�
DFURVV�LW�

([SODLQ�WKH�DFWLRQ�RI�D�FDSDFLWRU�LQ�D�VLPSOH�
VPRRWKLQJ�FLUFXLW�


