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0RGXOH�3���7KH�(DUWK�LQ�WKH�8QLYHUVH

3���� :KDW�GR�ZH�NQRZ�DERXW�WKH�SODFH�RI�WKH�(DUWK�LQ�WKH�8QLYHUVH"

��� UHFDOO�WKDW�WKH�(DUWK�LV�RQH�RI�HLJKW�SODQHWV�PRYLQJ�LQ�DOPRVW�FLUFXODU�SDWKV�URXQG�WKH�6XQ�
ZKLFK��WRJHWKHU�ZLWK�RWKHU�VPDOOHU�REMHFWV�RUELWLQJ�WKH�6XQ��DVWHURLGV��GZDUI�SODQHWV��FRPHWV��
DQG�PRRQV�RUELWLQJ�VHYHUDO�SODQHWV��PDNH�XS�WKH�VRODU�V\VWHP

��� GHVFULEH�WKH�SULQFLSDO�GLIIHUHQFHV�EHWZHHQ�SODQHWV��PRRQV��WKH�6XQ��FRPHWV�DQG�DVWHURLGV��
LQFOXGLQJ�WKHLU�UHODWLYH�VL]HV�DQG�PRWLRQV

��� XQGHUVWDQG�WKDW�WKH�VRODU�V\VWHP�ZDV�IRUPHG�RYHU�YHU\�ORQJ�SHULRGV�IURP�FORXGV�RI�JDVHV�DQG�
GXVW�LQ�VSDFH��DERXW�¿YH�WKRXVDQG�PLOOLRQ�\HDUV�DJR

��� UHFDOO�WKDW�WKH�6XQ�LV�RQH�RI�WKRXVDQGV�RI�PLOOLRQV�RI�VWDUV�LQ�WKH�0LON\�:D\�JDOD[\

��� UHFDOO�WKDW�WKHUH�DUH�WKRXVDQGV�RI�PLOOLRQV�RI�JDOD[LHV��HDFK�FRQWDLQLQJ�WKRXVDQGV�RI�PLOOLRQV�RI�
VWDUV��DQG�WKDW�DOO�RI�WKHVH�JDOD[LHV�PDNH�XS�WKH�8QLYHUVH

��� SXW�LQ�RUGHU�DQG�UHFDOO�WKH�UHODWLYH�VL]HV�RI��WKH�GLDPHWHUV�RI�WKH�(DUWK��WKH�6XQ��WKH�(DUWK¶V�
RUELW��WKH�VRODU�V\VWHP��WKH�0LON\�:D\��WKH�GLVWDQFH�IURP�WKH�6XQ�WR�WKH�QHDUHVW�VWDU��DQG�WKH�
GLVWDQFH�IURP�WKH�0LON\�:D\�WR�WKH�QHDUHVW�JDOD[\

��� XQGHUVWDQG�WKDW�DOO�WKH�HYLGHQFH�ZH�KDYH�DERXW�GLVWDQW�VWDUV�DQG�JDOD[LHV�FRPHV�IURP�WKH�
UDGLDWLRQ�DVWURQRPHUV�FDQ�GHWHFW

��� UHFDOO�WKDW�OLJKW�WUDYHOV�WKURXJK�VSDFH��D�YDFXXP��DW�D�YHU\�KLJK�EXW�¿QLWH�VSHHG����������NP�V

��� UHFDOO�WKDW�D�OLJKW�\HDU�LV�WKH�GLVWDQFH�WUDYHOOHG�E\�OLJKW�LQ�D�\HDU

���� XQGHUVWDQG�WKDW�WKH�¿QLWH�VSHHG�RI�OLJKW�PHDQV�WKDW�YHU\�GLVWDQW�REMHFWV�DUH�REVHUYHG�DV�WKH\�
ZHUH�LQ�WKH�SDVW��ZKHQ�WKH�OLJKW�ZH�QRZ�VHH�OHIW�WKHP

���� XQGHUVWDQG�KRZ�WKH�GLVWDQFH�WR�D�VWDU�FDQ�EH�PHDVXUHG�XVLQJ�SDUDOOD[��TXDOLWDWLYH�LGHD�RQO\�

���� XQGHUVWDQG�KRZ�WKH�GLVWDQFH�WR�D�VWDU�FDQ�EH�HVWLPDWHG�IURP�LWV�UHODWLYH�EULJKWQHVV

���� XQGHUVWDQG�WKDW�OLJKW�SROOXWLRQ�DQG�RWKHU�DWPRVSKHULF�FRQGLWLRQV�LQWHUIHUH�ZLWK�REVHUYDWLRQV�RI�
WKH�QLJKW�VN\

���� H[SODLQ�ZK\�WKHUH�DUH�XQFHUWDLQWLHV�DERXW�WKH�GLVWDQFHV�RI�VWDUV�DQG�JDOD[LHV�ZLWK�UHIHUHQFH�
WR�WKH�QDWXUH�DQG�GLI¿FXOW\�RI�WKH�REVHUYDWLRQV�RQ�ZKLFK�WKHVH�DUH�EDVHG�DQG�WKH�DVVXPSWLRQV�
PDGH�LQ�LQWHUSUHWLQJ�WKHP

���� XQGHUVWDQG�WKDW�WKH�VRXUFH�RI�WKH�6XQ¶V�HQHUJ\�LV�WKH�IXVLRQ�RI�K\GURJHQ�QXFOHL

���� XQGHUVWDQG�WKDW�DOO�FKHPLFDO�HOHPHQWV�ZLWK�DWRPV�KHDYLHU�WKDQ�KHOLXP�ZHUH�PDGH�LQ�VWDUV

���� XQGHUVWDQG�WKDW�WKH�UHGVKLIW�LQ�WKH�OLJKW�FRPLQJ�IURP�WKHP�VXJJHVWV�WKDW�GLVWDQW�JDOD[LHV�
DUH�PRYLQJ�DZD\�IURP�XV

���� XQGHUVWDQG�WKDW��LQ�JHQHUDO��WKH�IXUWKHU�DZD\�D�JDOD[\�LV��WKH�IDVWHU�LW�LV�PRYLQJ�DZD\�
IURP�XV

���� XQGHUVWDQG�KRZ�WKH�PRWLRQV�RI�JDOD[LHV�VXJJHVWV�WKDW�VSDFH�LWVHOI�LV�H[SDQGLQJ

���� UHFDOO�DQG�SXW�LQ�RUGHU�WKH�UHODWLYH�DJHV�RI�WKH�(DUWK��WKH�6XQ��DQG�WKH�8QLYHUVH

���� UHFDOO�WKDW�VFLHQWLVWV�EHOLHYH�WKH�8QLYHUVH�EHJDQ�ZLWK�D�µELJ�EDQJ¶�DERXW����WKRXVDQG�PLOOLRQ�
\HDUV�DJR

���� XQGHUVWDQG�WKDW�WKH�XOWLPDWH�IDWH�RI�WKH�8QLYHUVH�LV�GLI¿FXOW�WR�SUHGLFW�EHFDXVH�RI�GLI¿FXOWLHV�LQ�
PHDVXULQJ�WKH�YHU\�ODUJH�GLVWDQFHV�LQYROYHG�DQG�WKH�PDVV�RI�WKH�8QLYHUVH��DQG�VWXG\LQJ�WKH�
PRWLRQ�RI�YHU\�GLVWDQW�REMHFWV�
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0RGXOH�3���7KH�(DUWK�LQ�WKH�8QLYHUVH

3���� :KDW�GR�ZH�NQRZ�DERXW�WKH�(DUWK�DQG�KRZ�LW�LV�FKDQJLQJ"

��� XQGHUVWDQG�KRZ�URFNV�SURYLGH�HYLGHQFH�IRU�FKDQJHV�LQ�WKH�(DUWK��HURVLRQ�DQG�VHGLPHQWDWLRQ��
IRVVLOV��IROGLQJ�

��� XQGHUVWDQG�WKDW�FRQWLQHQWV�ZRXOG�EH�ZRUQ�GRZQ�WR�VHD�OHYHO�E\�HURVLRQ��LI�PRXQWDLQV�ZHUH�QRW�
EHLQJ�FRQWLQXRXVO\�IRUPHG

��� XQGHUVWDQG�WKDW�WKH�URFN�SURFHVVHV�VHHQ�WRGD\�FDQ�DFFRXQW�IRU�SDVW�FKDQJHV

��� XQGHUVWDQG�WKDW�WKH�DJH�RI�WKH�(DUWK�FDQ�EH�HVWLPDWHG�IURP��DQG�PXVW�EH�JUHDWHU�WKDQ��WKH�
DJH�RI�LWV�ROGHVW�URFNV��ZKLFK�DUH�DERXW�IRXU�WKRXVDQG�PLOOLRQ�\HDUV�ROG

��� XQGHUVWDQG�:HJHQHU¶V�WKHRU\�RI�FRQWLQHQWDO�GULIW�DQG�KLV�HYLGHQFH�IRU�LW��JHRPHWULF�¿W�RI�
FRQWLQHQWV�DQG�WKHLU�PDWFKLQJ�IRVVLOV�DQG�URFN�OD\HUV�

��� XQGHUVWDQG�KRZ�:HJHQHU¶V�WKHRU\�DFFRXQWV�IRU�PRXQWDLQ�EXLOGLQJ

��� XQGHUVWDQG�UHDVRQV�IRU�WKH�UHMHFWLRQ�RI�:HJHQHU¶V�WKHRU\�E\�JHRORJLVWV�RI�KLV�WLPH��PRYHPHQW�
RI�FRQWLQHQWV�QRW�GHWHFWDEOH��WRR�ELJ�DQ�LGHD�IURP�OLPLWHG�HYLGHQFH��VLPSOHU�H[SODQDWLRQV�RI�WKH�
VDPH�HYLGHQFH��:HJHQHU�DQ�RXWVLGHU�WR�WKH�FRPPXQLW\�RI�JHRORJLVWV�

��� XQGHUVWDQG�WKDW�VHDÀRRU�VSUHDGLQJ�LV�D�FRQVHTXHQFH�RI�PRYHPHQW�RI�WKH�PDQWOH��FRQYHFWLRQ�
GXH�WR�KHDWLQJ�E\�WKH�FRUH�

��� UHFDOO�WKDW�VHDÀRRUV�VSUHDG�E\�D�IHZ�FHQWLPHWUHV�D�\HDU

���� XQGHUVWDQG�KRZ�VHDÀRRU�VSUHDGLQJ�DQG�WKH�SHULRGLF�UHYHUVDOV�RI�WKH�(DUWK¶V�PDJQHWLF�
¿HOG�FDQ�H[SODLQ�WKH�SDWWHUQ�LQ�WKH�PDJQHWLVDWLRQ�RI�VHDÀRRU�URFNV�RQ�HLWKHU�VLGH�RI�WKH�
RFHDQLF�ULGJHV

���� XQGHUVWDQG�WKDW�HDUWKTXDNHV��YROFDQRHV�DQG�PRXQWDLQ�EXLOGLQJ�JHQHUDOO\�RFFXU�DW�WKH�HGJHV�
RI�WHFWRQLF�SODWHV

���� XQGHUVWDQG�KRZ�WKH�PRYHPHQW�RI�WHFWRQLF�SODWHV�FDXVHV�HDUWKTXDNHV��YROFDQRHV�DQG�
PRXQWDLQ�EXLOGLQJ��DQG�FRQWULEXWHV�WR�WKH�URFN�F\FOH

���� UHFDOO�WKDW�HDUWKTXDNHV�SURGXFH�ZDYH�PRWLRQV�RQ�WKH�VXUIDFH�DQG�LQVLGH�WKH�(DUWK�ZKLFK�FDQ�
EH�GHWHFWHG�E\�LQVWUXPHQWV�ORFDWHG�RQ�WKH�(DUWK¶V�VXUIDFH

���� UHFDOO�WKDW�HDUWKTXDNHV�SURGXFH�

� D�� 3�ZDYHV��ORQJLWXGLQDO�ZDYHV��ZKLFK�WUDYHO�WKURXJK�VROLGV�DQG�OLTXLGV

� E�� 6�ZDYHV��WUDQVYHUVH�ZDYHV��ZKLFK�WUDYHO�WKURXJK�VROLGV�EXW�QRW�OLTXLGV

���� GHVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�D�WUDQVYHUVH�DQG�ORQJLWXGLQDO�ZDYH

���� XQGHUVWDQG�KRZ�GLIIHUHQFHV�LQ�WKH�ZDYH�VSHHGV�DQG�EHKDYLRXU�RI�3�ZDYHV�DQG�6�ZDYHV�FDQ�
EH�XVHG�WR�JLYH�HYLGHQFH�IRU�WKH�VWUXFWXUH�RI�WKH�(DUWK

���� LQ�UHODWLRQ�WR�ZDYHV��XVH�WKH�HTXDWLRQ�

� � GLVWDQFH�  � ZDYH�VSHHG� î� WLPH�
� �PHWUHV��P�� � �PHWUHV�SHU�VHFRQG��P�V�� � �VHFRQGV��V�

���� GUDZ�DQG�ODEHO�D�GLDJUDP�RI�WKH�(DUWK�WR�VKRZ�LWV�FUXVW��PDQWOH�DQG�FRUH

���� UHFDOO�WKDW�D�ZDYH�LV�D�GLVWXUEDQFH��FDXVHG�E\�D�YLEUDWLQJ�VRXUFH��WKDW�WUDQVIHUV�HQHUJ\�LQ�WKH�
GLUHFWLRQ�WKDW�WKH�ZDYH�WUDYHOV��ZLWKRXW�WUDQVIHUULQJ�PDWWHU
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3���� :KDW�GR�ZH�NQRZ�DERXW�WKH�(DUWK�DQG�KRZ�LW�LV�FKDQJLQJ"

���� UHFDOO�WKDW�WKH�IUHTXHQF\�RI�ZDYHV��LQ�KHUW]��+]���LV�WKH�QXPEHU�RI�ZDYHV�HDFK�VHFRQG�WKDW�DUH�
PDGH�E\�WKH�VRXUFH��RU�WKDW�SDVV�WKURXJK�DQ\�SDUWLFXODU�SRLQW

���� UHFDOO�WKDW�WKH�ZDYHOHQJWK�RI�ZDYHV�LV�WKH�GLVWDQFH�EHWZHHQ�WKH�FRUUHVSRQGLQJ�SRLQWV�RQ�WZR�
DGMDFHQW�F\FOHV

���� UHFDOO�WKDW�WKH�DPSOLWXGH�RI�D�ZDYH�LV�WKH�GLVWDQFH�IURP�WKH�PD[LPXP�GLVSODFHPHQW�WR�WKH�
XQGLVWXUEHG�SRVLWLRQ

���� GUDZ�DQG�LQWHUSUHW�GLDJUDPV�VKRZLQJ�WKH�DPSOLWXGH�DQG�WKH�ZDYHOHQJWK�RI�ZDYHV

���� XVH�WKH�HTXDWLRQ�

� � ZDYH�VSHHG�  � IUHTXHQF\� î� ZDYHOHQJWK�
� �PHWUHV�SHU�VHFRQG��P�V�� � �KHUW]��+]�� � �PHWUHV��P�

���� XQGHUVWDQG�WKDW�IRU�D�FRQVWDQW�ZDYH�VSHHG�WKH�ZDYHOHQJWK�RI�WKH�ZDYH�LV�LQYHUVHO\�
SURSRUWLRQDO�WR�WKH�IUHTXHQF\�
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7KH�SRVVLEOH�KHDOWK�ULVNV�RI�UDGLDWLRQ��ERWK�LQ�QDWXUH�DQG�IURP�WHFKQRORJLFDO�GHYLFHV��DUH�EHFRPLQJ�
RI�LQFUHDVLQJ�FRQFHUQ��,Q�VRPH�FDVHV��PLVXQGHUVWDQGLQJ�WKH�WHUP�µUDGLDWLRQ¶�JHQHUDWHV�XQQHFHVVDU\�
DODUP��%\�FRQVLGHULQJ�WKH�QHHG�WR�SURWHFW�WKH�VNLQ�IURP�VXQOLJKW��FDQGLGDWHV�DUH�LQWURGXFHG�
WR�D�JHQHUDO�PRGHO�RI�UDGLDWLRQ�WUDYHOOLQJ�IURP�WKH�VRXUFH�WR�D�UHFHLYHU��7KH\�OHDUQ�DERXW�WKH�
HOHFWURPDJQHWLF�VSHFWUXP�DQG�WKH�KDUPIXO�HIIHFWV�RI�VRPH�UDGLDWLRQ�

7KH�JUHHQKRXVH�HIIHFW�DQG�SKRWRV\QWKHVLV�LOOXVWUDWH�KRZ�UDGLDWLRQ�IURP�WKH�6XQ�LV�YLWDO�WR�OLIH��ZKLOVW�
WKH�R]RQH�OD\HU�LV�VKRZQ�WR�EH�D�QDWXUDO�SURWHFWLRQ�IURP�KDUPIXO�UDGLDWLRQ��&DQGLGDWHV�VWXG\�HYLGHQFH�
RI�JOREDO�ZDUPLQJ�DQG�LWV�UHODWLRQVKLS�WR�WKH�FDUERQ�F\FOH��3RVVLEOH�FRQVHTXHQFHV�DQG�SUHYHQWDWLYH�
DFWLRQV�DUH�H[SORUHG�

7KH�LPSRUWDQFH�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�IRU�FRPPXQLFDWLRQ�LV�H[SORUHG�ZLWK�D�FRQVLGHUDWLRQ�RI�
KRZ�PRELOH�SKRQHV�DUH�XVHG�WR�VHQG�GLJLWDO�LPDJHV�DQG�VRXQGV��)LQDOO\��WKURXJK�DQ�LQYHVWLJDWLRQ�RI�
HYLGHQFH�FRQFHUQLQJ�WKH�SRVVLEOH�KDUPIXO�HIIHFWV�RI�ORZ�LQWHQVLW\�PLFURZDYH�UDGLDWLRQ�IURP�GHYLFHV�
VXFK�DV�PRELOH�SKRQHV��FDQGLGDWHV�OHDUQ�WR�HYDOXDWH�UHSRUWHG�KHDOWK�VWXGLHV�DQG�LQWHUSUHW�OHYHOV�RI�
ULVN�

:KHQ�FRQVLGHULQJ�WKH�ZKROH�HOHFWURPDJQHWLF�VSHFWUXP��LW�LV�VRPHWLPHV�PRUH�DSSURSULDWH�WR�XVH�D�
SKRWRQ�PRGHO��DW�RWKHU�WLPHV�D�ZDYH�PRGHO�LV�FRQVLGHUHG�

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

:KDW�LV�UDGLDWLRQ"
,V�LW�VDIH�WR�XVH�PRELOH�SKRQHV"
,V�LW�VDIH�WR�VXQEDWKH"
$UH�WKHUH�DQ\�EHQH¿WV�IURP�UDGLDWLRQ"
:KDW�LV�JOREDO�ZDUPLQJ��DQG�ZKDW�FDQ�EH�GRQH�
WR�SUHYHQW�RU�UHGXFH�LW"

:KDW�W\SHV�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�DUH�
WKHUH"
:KDW�KDSSHQV�ZKHQ�UDGLDWLRQ�KLWV�DQ�REMHFW"
:KLFK�W\SHV�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�KDUP�
OLYLQJ�WLVVXHV�DQG�ZK\"
:KDW�LGHDV�DERXW�ULVN�GR�FLWL]HQV�DQG�VFLHQWLVWV�
XVH"
+RZ�GRHV�HOHFWURPDJQHWLF�UDGLDWLRQ�PDNH�OLIH�RQ�
(DUWK�SRVVLEOH"
:KDW�LV�WKH�HYLGHQFH�IRU�JOREDO�ZDUPLQJ��ZK\�
PLJKW�LW�EH�RFFXUULQJ��DQG�KRZ�VHULRXV�D�WKUHDW�LV�
LW"

������ 0RGXOH�3���5DGLDWLRQ�DQG�OLIH

2YHUYLHZ
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7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�GHYHORS�PDWKHPDWLFV�VNLOOV��)RU�H[DPSOH�

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

�� XVH�LGHDV�RI�SURSRUWLRQ�LQ�WKH�FRQWH[W�RI�HQHUJ\�RI�D�SKRWRQ�DQG�WKH�IUHTXHQF\�RI�WKH�UDGLDWLRQ

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

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

�� XVH�LGHDV�DERXW�FRUUHODWLRQ�LQ�WKH�FRQWH[W�RI�LQIRUPDWLRQ�DERXW�WKH�SRVVLEOH�HIIHFWV�RI�
HOHFWURPDJQHWLF�UDGLDWLRQ�RQ�KHDOWK

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

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

�� LQYHVWLJDWH�KRZ�ZHOO�GLIIHUHQW�VXQ�VFUHHQV�¿OWHU�XOWUDYLROHW�UDGLDWLRQ

�� LQYHVWLJDWH�WKH�SURSHUWLHV�RI�PLFURZDYHV�XVLQJ�D�PRELOH�SKRQH

�� LQYHVWLJDWH�FOLPDWH�FKDQJH�PRGHOV�±�ERWK�SK\VLFDO�PRGHOV�DQG�FRPSXWHU�PRGHOV

�� FDUU\�RXW�LPDJH�SURFHVVLQJ�WR�¿QG�RXW�KRZ�WKH�LQIRUPDWLRQ�LQ�DQ�LPDJH�¿OH�UHODWHV�WR�WKH�TXDOLW\�RI�
WKH�LPDJH

�� VKRZ�KRZ�QRLVH�DIIHFWV�DQDORJXH�DQG�GLJLWDO�VLJQDOV�

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

�� FRPSXWHU�FOLPDWH�PRGHOOLQJ

�� GLVSOD\LQJ�GDWD�RQ�VWUDWRVSKHULF�R]RQH�FRQFHQWUDWLRQV�DV�D�IDOVH�FRORXU�PDS

�� SURFHVVLQJ�GLJLWDO�LPDJHV�DQG�VRXQG�¿OHV�

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

�� VOLGHV�WR�LOOXVWUDWH�HYLGHQFH�RI�FOLPDWH�FKDQJH

�� YLGHR�FOLSV�WR�LOOXVWUDWH�LQIUDUHG�LPDJLQJ

�� DQLPDWLRQV�WR�PRGHO�6XQ¶V�UDGLDWLRQ�DQG�JUHHQKRXVH�HIIHFW

�� DQLPDWLRQV�WR�PRGHO�HIIHFW�RI�FDUERQ�GLR[LGH�OHYHOV�RQ�JOREDO�WHPSHUDWXUH

�� VSUHDGVKHHWV�WR�PRGHO�IHDWXUHV�RI�DQDORJXH�DQG�GLJLWDO�FRPPXQLFDWLRQV�V\VWHPV

�� LQYHVWLJDWLQJ�GLJLWDO�LPDJHV�

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

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

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

� OD6�����±���������

� OD6�����±��������������

5LVN

&DXVH�HIIHFW�H[SODQDWLRQV
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0RGXOH�3���5DGLDWLRQ�DQG�OLIH

3���� :KDW�W\SHV�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�DUH�WKHUH"�:KDW�KDSSHQV�ZKHQ�UDGLDWLRQ�KLWV��
DQ�REMHFW"

��� LQWHUSUHW�VLWXDWLRQV�LQ�ZKLFK�RQH�REMHFW�DIIHFWV�DQRWKHU�VRPH�GLVWDQFH�DZD\�LQ�WHUPV�RI�D�
JHQHUDO�PRGHO�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�

� D�� RQH�REMHFW��D�VRXUFH��HPLWV�UDGLDWLRQ

� E�� WKH�UDGLDWLRQ�WUDYHOV�RXWZDUGV�IURP�WKH�VRXUFH�DQG�FDQ�EH�UHÀHFWHG��WUDQVPLWWHG�RU�
DEVRUEHG��RU�D�FRPELQDWLRQ�RI�WKHVH��E\�PDWHULDOV�LW�HQFRXQWHUV

� F�� UDGLDWLRQ�PD\�DIIHFW�DQRWKHU�REMHFW��D�GHWHFWRU��VRPH�GLVWDQFH�DZD\��ZKHQ�LW�LV�DEVRUEHG

��� XQGHUVWDQG�WKDW�OLJKW�LV�RQH�RI�D�IDPLO\�RI�UDGLDWLRQV�FDOOHG�WKH�HOHFWURPDJQHWLF�VSHFWUXP

��� XQGHUVWDQG�WKDW�D�EHDP�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�WUDQVIHUV�HQHUJ\�LQ�µSDFNHWV¶�FDOOHG�
SKRWRQV

��� XQGHUVWDQG�WKDW�WKH�KLJKHU�WKH�IUHTXHQF\�RI�DQ�HOHFWURPDJQHWLF�UDGLDWLRQ��WKH�PRUH�HQHUJ\�LV�
WUDQVIHUUHG�E\�HDFK�SKRWRQ

��� OLVW�WKH�HOHFWURPDJQHWLF�UDGLDWLRQV�LQ�RUGHU�RI�WKH�HQHUJ\�WUDQVIHUUHG�E\�HDFK�SKRWRQ��RU�LQ�RUGHU�
RI�IUHTXHQF\��
UDGLR�ZDYHV��PLFURZDYHV��LQIUDUHG��UHG�YLVLEOH�OLJKW�YLROHW��XOWUDYLROHW��;�UD\V��JDPPD�UD\V

��� UHFDOO�WKDW�DOO�W\SHV�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�WUDYHO�DW�H[DFWO\�WKH�VDPH��YHU\�KLJK�EXW�¿QLWH��
VSHHG�WKURXJK�VSDFH��D�YDFXXP��RI���������NP�V

��� XQGHUVWDQG�WKDW�WKH�HQHUJ\�DUULYLQJ�DW�D�VTXDUH�PHWUH�RI�VXUIDFH�HDFK�VHFRQG�LV�D�XVHIXO�
PHDVXUH�RI�WKH�VWUHQJWK��RU�µLQWHQVLW\¶��RI�D�EHDP�RI�HOHFWURPDJQHWLF�UDGLDWLRQ

��� XQGHUVWDQG�WKDW�WKH�HQHUJ\�WUDQVIHUUHG�WR�DQ�DEVRUEHU�E\�D�EHDP�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�
GHSHQGV�RQ�ERWK�WKH�QXPEHU�RI�SKRWRQV�DUULYLQJ�DQG�WKH�HQHUJ\�RI�HDFK�SKRWRQ

��� XQGHUVWDQG�WKDW�WKH�LQWHQVLW\�RI�D�EHDP�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�GHFUHDVHV�ZLWK�GLVWDQFH�
IURP�WKH�VRXUFH�DQG�H[SODLQ�ZK\��LQ�WHUPV�RI�WKH�HYHU�LQFUHDVLQJ�VXUIDFH�DUHD�LW�UHDFKHV�
DQG�LWV�SDUWLDO�DEVRUSWLRQ�E\�WKH�PHGLXP�LW�WUDYHOV�WKURXJK

���� XQGHUVWDQG�WKDW�VRPH�HOHFWURPDJQHWLF�UDGLDWLRQV��XOWUDYLROHW�UDGLDWLRQ��;�UD\V��JDPPD�UD\V��
KDYH�HQRXJK�HQHUJ\�WR�FKDQJH�DWRPV�RU�PROHFXOHV��ZKLFK�FDQ�LQLWLDWH�FKHPLFDO�UHDFWLRQV

���� UHFDOO�WKDW�KLJK�HQHUJ\�XOWUDYLROHW�UDGLDWLRQ��;�UD\V�DQG�JDPPD�UD\V�FDQ�FDXVH�LRQLVDWLRQ

���� XQGHUVWDQG�WKDW�WKH�HOHFWURPDJQHWLF�UDGLDWLRQV�ZKLFK�DUH�LRQLVLQJ�DUH�WKRVH�ZLWK�KLJK�HQRXJK�
SKRWRQ�HQHUJ\�WR�UHPRYH�DQ�HOHFWURQ�IURP�DQ�DWRP�RU�PROHFXOH��LRQLVDWLRQ��
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0RGXOH�3���5DGLDWLRQ�DQG�OLIH

3���� :KLFK�W\SHV�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�KDUP�OLYLQJ�WLVVXH�DQG�ZK\"

��� XQGHUVWDQG�WKDW�WKH�KHDWLQJ�HIIHFW�RI�DEVRUEHG�UDGLDWLRQ�FDQ�GDPDJH�OLYLQJ�FHOOV

��� UHODWH�WKH�KHDWLQJ�HIIHFW�ZKHQ�UDGLDWLRQ�LV�DEVRUEHG�WR�LWV�LQWHQVLW\�DQG�GXUDWLRQ

��� XQGHUVWDQG�WKDW�VRPH�SHRSOH�KDYH�FRQFHUQV�DERXW�KHDOWK�ULVNV�IURP�ORZ�LQWHQVLW\�PLFURZDYH�
UDGLDWLRQ��IRU�H[DPSOH�IURP�PRELOH�SKRQH�KDQGVHWV�DQG�PDVWV��WKRXJK�WKH�HYLGHQFH�IRU�WKLV�LV�
GLVSXWHG

��� XQGHUVWDQG�WKDW�VRPH�PLFURZDYHV�DUH�VWURQJO\�DEVRUEHG�E\�ZDWHU�PROHFXOHV�DQG�VR�FDQ�EH�
XVHG�WR�KHDW�REMHFWV�FRQWDLQLQJ�ZDWHU

��� XQGHUVWDQG�WKDW�WKH�PHWDO�FDVHV�DQG�GRRU�VFUHHQV�RI�PLFURZDYH�RYHQV�UHÀHFW�RU�DEVRUE�
PLFURZDYH�UDGLDWLRQ�DQG�VR�SURWHFW�XVHUV�IURP�WKH�UDGLDWLRQ

��� UHFDOO�WKDW�VRPH�PDWHULDOV��UDGLRDFWLYH�PDWHULDOV��HPLW�LRQLVLQJ�JDPPD�UDGLDWLRQ�DOO�WKH�WLPH

��� XQGHUVWDQG�WKDW�ZLWK�LQFUHDVHG�H[SRVXUH�WR�LRQLVLQJ�UDGLDWLRQ��GDPDJH�WR�OLYLQJ�FHOOV�LQFUHDVHV�
HYHQWXDOO\�OHDGLQJ�WR�FDQFHU�RU�FHOO�GHDWK

��� XQGHUVWDQG�WKDW�WKH�R]RQH�OD\HU�DEVRUEV�XOWUDYLROHW�UDGLDWLRQ��HPLWWHG�E\�WKH�6XQ��SURGXFLQJ�
FKHPLFDO�FKDQJHV�LQ�WKDW�SDUW�RI�WKH�DWPRVSKHUH

��� XQGHUVWDQG�WKDW�WKH�R]RQH�OD\HU�SURWHFWV�OLYLQJ�RUJDQLVPV�IURP�VRPH�RI�WKH�KDUPIXO�HIIHFWV�RI�
XOWUDYLROHW�UDGLDWLRQ

���� UHFDOO�WKDW�VXQ�VFUHHQV�DQG�FORWKLQJ�FDQ�EH�XVHG�WR�DEVRUE�VRPH�RI�WKH�XOWUDYLROHW�UDGLDWLRQ�
IURP�WKH�6XQ

���� UHFDOO�WKDW�SK\VLFDO�EDUULHUV�DEVRUE�VRPH�LRQLVLQJ�UDGLDWLRQ��IRU�H[DPSOH��;�UD\V�DUH�DEVRUEHG�
E\�GHQVH�PDWHULDOV�VR�FDQ�EH�XVHG�WR�SURGXFH�VKDGRZ�SLFWXUHV�RI�ERQHV�LQ�RXU�ERGLHV�RU�RI�
REMHFWV�LQ�DLUFUDIW�SDVVHQJHUV¶�OXJJDJH��DQG�UDGLRJUDSKHUV�DUH�SURWHFWHG�IURP�UDGLDWLRQ�E\�
GHQVH�PDWHULDOV�VXFK�DV�OHDG�DQG�FRQFUHWH�
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0RGXOH�3���5DGLDWLRQ�DQG�OLIH

3���� :KDW�LV�WKH�HYLGHQFH�IRU�JOREDO�ZDUPLQJ��ZK\�PLJKW�LW�EH�RFFXUULQJ��DQG�KRZ�VHULRXV�D�
WKUHDW�LV�LW"

��� XQGHUVWDQG�WKDW�DOO�REMHFWV�HPLW�HOHFWURPDJQHWLF�UDGLDWLRQ�ZLWK�D�SULQFLSDO�IUHTXHQF\�WKDW�
LQFUHDVHV�ZLWK�WHPSHUDWXUH

��� UHFDOO�WKDW�WKH�(DUWK�LV�VXUURXQGHG�E\�DQ�DWPRVSKHUH�ZKLFK�DOORZV�VRPH�RI�WKH�
HOHFWURPDJQHWLF�UDGLDWLRQ�HPLWWHG�E\�WKH�6XQ�WR�SDVV�WKURXJK

��� UHFDOO�WKDW�WKLV�UDGLDWLRQ�ZDUPV�WKH�(DUWK¶V�VXUIDFH�ZKHQ�LW�LV�DEVRUEHG

��� XQGHUVWDQG�WKDW�WKH�UDGLDWLRQ�HPLWWHG�E\�WKH�(DUWK��ZKLFK�KDV�D�ORZHU�SULQFLSDO�IUHTXHQF\�
WKDQ�WKDW�HPLWWHG�E\�WKH�6XQ��LV�DEVRUEHG�RU�UHÀHFWHG�EDFN�E\�VRPH�JDVHV�LQ�WKH�
DWPRVSKHUH��WKLV�NHHSV�WKH�(DUWK�ZDUPHU�WKDQ�LW�ZRXOG�RWKHUZLVH�EH�DQG�LV�FDOOHG�WKH�
JUHHQKRXVH�HIIHFW

��� UHFDOO�WKDW�RQH�RI�WKH�PDLQ�JUHHQKRXVH�JDVHV�LQ�WKH�(DUWK¶V�DWPRVSKHUH�LV�FDUERQ�GLR[LGH��
ZKLFK�LV�SUHVHQW�LQ�YHU\�VPDOO�DPRXQWV

��� UHFDOO�WKDW�RWKHU�JUHHQKRXVH�JDVHV�LQFOXGH�PHWKDQH��SUHVHQW�LQ�YHU\�VPDOO�DPRXQWV��DQG�
ZDWHU�YDSRXU

��� LQWHUSUHW�VLPSOH�GLDJUDPV�UHSUHVHQWLQJ�WKH�FDUERQ�F\FOH

��� XVH�WKH�FDUERQ�F\FOH�WR�H[SODLQ�

� D�� ZK\��IRU�WKRXVDQGV�RI�\HDUV��WKH�DPRXQW�RI�FDUERQ�GLR[LGH�LQ�WKH�(DUWK¶V�DWPRVSKHUH�
ZDV�DSSUR[LPDWHO\�FRQVWDQW

� E�� WKDW�VRPH�RUJDQLVPV�UHPRYH�FDUERQ�GLR[LGH�IURP�WKH�DWPRVSKHUH�E\�SKRWRV\QWKHVLV�
�H�J��JUHHQ�SODQWV��DQG�PDQ\�RUJDQLVPV�UHWXUQ�FDUERQ�GLR[LGH�WR�WKH�DWPRVSKHUH�E\�
UHVSLUDWLRQ�DV�SDUW�RI�WKH�UHF\FOLQJ�RI�FDUERQ

� F�� ZK\��GXULQJ�WKH�SDVW�WZR�KXQGUHG�\HDUV��WKH�DPRXQW�RI�FDUERQ�GLR[LGH�LQ�WKH�DWPRVSKHUH�
KDV�EHHQ�VWHDGLO\�ULVLQJ

��� UHFDOO�WKDW�WKH�ULVH�LQ�DWPRVSKHULF�FDUERQ�GLR[LGH�LV�ODUJHO\�WKH�UHVXOW�RI�

� D�� EXUQLQJ�LQFUHDVHG�DPRXQWV�RI�IRVVLO�IXHOV�DV�DQ�HQHUJ\�VRXUFH

� E�� FXWWLQJ�GRZQ�RU�EXUQLQJ�IRUHVWV�WR�FOHDU�ODQG

���� XQGHUVWDQG�WKDW�FRPSXWHU�FOLPDWH�PRGHOV�SURYLGH�HYLGHQFH�WKDW�KXPDQ�DFWLYLWLHV�DUH�
FDXVLQJ�JOREDO�ZDUPLQJ

���� XQGHUVWDQG�KRZ�JOREDO�ZDUPLQJ�FRXOG�UHVXOW�LQ�

� D�� LW�EHLQJ�LPSRVVLEOH�WR�FRQWLQXH�JURZLQJ�VRPH�IRRG�FURSV�LQ�SDUWLFXODU�UHJLRQV�EHFDXVH�RI�
FOLPDWH�FKDQJH

� E�� PRUH�H[WUHPH�ZHDWKHU�HYHQWV��GXH�WR�LQFUHDVHG�FRQYHFWLRQ�DQG�ODUJHU�DPRXQWV�RI�
ZDWHU�YDSRXU�LQ�WKH�KRWWHU�DWPRVSKHUH

� F�� ÀRRGLQJ�RI�ORZ�O\LQJ�ODQG�GXH�WR�ULVLQJ�VHD�OHYHOV��FDXVHG�E\�PHOWLQJ�FRQWLQHQWDO�LFH�DQG�
H[SDQVLRQ�RI�ZDWHU�LQ�WKH�RFHDQV�
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0RGXOH�3���5DGLDWLRQ�DQG�OLIH

3���� +RZ�DUH�HOHFWURPDJQHWLF�ZDYHV�XVHG�LQ�FRPPXQLFDWLRQV"

��� XQGHUVWDQG�WKDW�HOHFWURPDJQHWLF�UDGLDWLRQ�RI�VRPH�IUHTXHQFLHV�FDQ�EH�XVHG�IRU�WUDQVPLWWLQJ�
LQIRUPDWLRQ��VLQFH�

� D�� VRPH�UDGLR�ZDYHV�DQG�PLFURZDYHV�DUH�QRW�VWURQJO\�DEVRUEHG�E\�WKH�DWPRVSKHUH�VR�FDQ�
EH�XVHG�WR�FDUU\�LQIRUPDWLRQ�IRU�UDGLR�DQG�79�SURJUDPPHV

� E�� OLJKW�DQG�LQIUDUHG�UDGLDWLRQ�FDQ�EH�XVHG�WR�FDUU\�LQIRUPDWLRQ�DORQJ�RSWLFDO�¿EUHV�EHFDXVH�
WKH�UDGLDWLRQ�WUDYHOV�ODUJH�GLVWDQFHV�WKURXJK�JODVV�ZLWKRXW�EHLQJ�VLJQL¿FDQWO\�DEVRUEHG

��� UHFDOO�WKDW�LQIRUPDWLRQ�FDQ�EH�VXSHULPSRVHG�RQ�WR�DQ�HOHFWURPDJQHWLF�FDUULHU�ZDYH��WR�FUHDWH�D�
VLJQDO

��� UHFDOO�WKDW�D�VLJQDO�ZKLFK�FDQ�YDU\�FRQWLQXRXVO\�LV�FDOOHG�DQ�DQDORJXH�VLJQDO

��� UHFDOO�WKDW�D�VLJQDO�WKDW�FDQ�WDNH�RQO\�D�VPDOO�QXPEHU�RI�GLVFUHWH�YDOXHV��XVXDOO\�WZR��LV�FDOOHG�
D�GLJLWDO�VLJQDO

��� UHFDOO�WKDW�VRXQG�DQG�LPDJHV�FDQ�EH�WUDQVPLWWHG�GLJLWDOO\��DV�D�GLJLWDO�VLJQDO�

��� UHFDOO�WKDW��LQ�GLJLWDO�WUDQVPLVVLRQ��WKH�GLJLWDO�FRGH�LV�PDGH�XS�IURP�MXVW�WZR�V\PEROV��µ�¶�DQG�µ�¶

��� XQGHUVWDQG�WKDW�WKLV�FRGHG�LQIRUPDWLRQ�FDQ�EH�FDUULHG�E\�VZLWFKLQJ�WKH�HOHFWURPDJQHWLF�FDUULHU�
ZDYH�RII�DQG�RQ�WR�FUHDWH�VKRUW�EXUVWV�RI�ZDYHV��SXOVHV��ZKHUH�µ�¶� �QR�SXOVH�DQG�µ�¶� �SXOVH

��� UHFDOO�WKDW�ZKHQ�WKH�ZDYHV�DUH�UHFHLYHG��WKH�SXOVHV�DUH�GHFRGHG�WR�SURGXFH�D�FRS\�RI�WKH�
RULJLQDO�VRXQG�ZDYH�RU�LPDJH

��� XQGHUVWDQG�WKDW�DQ�LPSRUWDQW�DGYDQWDJH�RI�GLJLWDO�VLJQDOV�RYHU�DQDORJXH�VLJQDOV�LV�WKDW�LI�WKH�
RULJLQDO�VLJQDO�KDV�EHHQ�DIIHFWHG�E\�QRLVH�LW�FDQ�EH�UHFRYHUHG�PRUH�HDVLO\�DQG�H[SODLQ�ZK\

���� UHFDOO�WKDW�WKH�DPRXQW�RI�LQIRUPDWLRQ�QHHGHG�WR�VWRUH�DQ�LPDJH�RU�VRXQG�LV�PHDVXUHG�LQ�
E\WHV��%�

���� XQGHUVWDQG�WKDW��JHQHUDOO\��WKH�PRUH�LQIRUPDWLRQ�VWRUHG�WKH�KLJKHU�WKH�TXDOLW\�RI�WKH�VRXQG�RU�
LPDJH

���� XQGHUVWDQG�WKDW�DQ�DGYDQWDJH�RI�XVLQJ�GLJLWDO�VLJQDOV�LV�WKDW�WKH�LQIRUPDWLRQ�FDQ�EH�VWRUHG�DQG�
SURFHVVHG�E\�FRPSXWHUV�
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(QHUJ\�VXSSO\�LV�RQH�RI�WKH�PDMRU�LVVXHV�WKDW�VRFLHW\�PXVW�DGGUHVV�LQ�WKH�LPPHGLDWH�IXWXUH��
&LWL]HQV�DUH�IDFHG�ZLWK�FRPSOH[�FKRLFHV�DQG�D�YDULHW\�RI�PHVVDJHV�IURP�HQHUJ\�VXSSO\�FRPSDQLHV��
HQYLURQPHQWDO�JURXSV��WKH�PHGLD��VFLHQWLVWV�DQG�SROLWLFLDQV��6RPH�PDLQWDLQ�WKDW�UHQHZDEOH�UHVRXUFHV�
DUH�FDSDEOH�RI�PHHWLQJ�RXU�IXWXUH�QHHGV��VRPH�DGYRFDWH�QXFOHDU�SRZHU��DQG�VRPH�DUJXH�WKDW�GUDVWLF�
OLIHVW\OH�FKDQJHV�DUH�UHTXLUHG��'HFLVLRQV�DERXW�HQHUJ\�XVH��ZKHWKHU�DW�D�SHUVRQDO�RU�D�QDWLRQDO�OHYHO��
QHHG�WR�EH�LQIRUPHG�E\�D�TXDQWLWDWLYH�XQGHUVWDQGLQJ�RI�WKH�VLWXDWLRQ��DQG�WKLV�LV�DQ�XQGHUO\LQJ�WKHPH�
RI�WKH�PRGXOH�

&DQGLGDWHV�¿UVW�VXUYH\�WKH�ZD\V�LQ�ZKLFK�LQGLYLGXDOV�DQG�RUJDQLVDWLRQV�XVH�HQHUJ\��DQG�OHDUQ�KRZ�
HQHUJ\�GHPDQG�DQG�XVH�FDQ�EH�PHDVXUHG��7KH\�H[SORUH�WKH�XVH�RI�HQHUJ\�HI¿FLHQW�GHYLFHV��H�J��
OLJKW�EXOEV��DQG�FRQVLGHU�WKH�TXDQWLWDWLYH�FRQVHTXHQFHV�RI�YDULRXV�OLIHVW\OH�FKRLFHV��H�J��UHODWLQJ�WR�
WUDQVSRUW�DQG�WKH�XVH�RI�HOHFWULFDO�HTXLSPHQW���1DWLRQDO�GDWD�RQ�HQHUJ\�VRXUFHV�LQWURGXFH�D�VWXG\�
RI�HOHFWULFLW\�JHQHUDWLRQ�DQG�GLVWULEXWLRQ��QXFOHDU�SRZHU�JHQHUDWLRQ��WKH�EXUQLQJ�RI�IRVVLO�IXHOV��DQG�
UHQHZDEOH�UHVRXUFHV�DUH�FRPSDUHG�DQG�FRQWUDVWHG��)LQDOO\��FDQGLGDWHV�UHYLHZ�WKH�HQHUJ\�FKRLFHV�
DYDLODEOH�WR�LQGLYLGXDOV��RUJDQLVDWLRQV�DQG�VRFLHW\�

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

+RZ�FDQ�ZH�XVH�OHVV�HQHUJ\"
:K\�GR�ZH�QHHG�WR�PDNH�GHFLVLRQV�DERXW�
QXFOHDU�SRZHU"
:KLFK�HQHUJ\�VRXUFHV�VKRXOG�ZH�XVH"

+RZ�LV�HQHUJ\�XVHG"
+RZ�FDQ�HOHFWULFLW\�EH�JHQHUDWHG"
:KDW�DUH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
GLIIHUHQW�ZD\V�RI�JHQHUDWLQJ�HOHFWULFLW\"

������ 0RGXOH�3���6XVWDLQDEOH�HQHUJ\

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

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

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

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�IUDFWLRQV�DQG�SHUFHQWDJHV��SDUWLFXODUO\�LQ�WKH�FRQWH[W�RI�HQHUJ\�
HI¿FLHQF\

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

�� XVH�HTXDWLRQV��LQFOXGLQJ�DSSURSULDWH�XQLWV�IRU�SK\VLFDO�TXDQWLWLHV

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

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

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

�� FRPSDUH�WKH�SRZHU�FRQVXPSWLRQ�RI�D�YDULHW\�RI�GHYLFHV�DQG�UHODWH�LW�WR�WKH�FXUUHQW�SDVVLQJ�
WKURXJK�WKH�GHYLFH

�� LQYHVWLJDWH�IDFWRUV�DIIHFWLQJ�WKH�RXWSXW�IURP�VRODU�SDQHOV�DQG�ZLQG�WXUELQHV

�� PDNH�D�VLPSOH�HOHFWULFLW\�JHQHUDWRU�DQG�LQYHVWLJDWH�WKH�IDFWRUV�WKDW�DIIHFW�WKH�RXWSXW�

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

�� WKH�UROH�RI�FRPSXWHUV�LQ�PDQDJLQJ�HQHUJ\�GHPDQGV�RYHU�WKH�1DWLRQDO�*ULG�

�� WKH�UROH�RI�FRPSXWHUV�LQ�UHPRWH�KDQGOLQJ�RI�KLJKO\�UDGLRDFWLYH�ZDVWH�

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

�� DQLPDWLRQV�WR�LOOXVWUDWH�NH\�SURFHVVHV�LQ�SRZHU�VWDWLRQV

�� LQWHUQHW�UHVHDUFK�IRU�GDWD�DOORZLQJ�WKH�FRPSDULVRQ�RI�GLIIHUHQW�HQHUJ\�VRXUFHV

�� XVH�RI�VSUHDGVKHHWV�WR�SURFHVV�DQG�SUHVHQW�GDWD�FRPSDULQJ�XVH�RI�GLIIHUHQW�HQHUJ\�VRXUFHV�

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

2SSRUWXQLWLHV�IRU�,&7

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

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

� OD6��������������

� OD6�����±��������������

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

5LVN
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0RGXOH�3���6XVWDLQDEOH�HQHUJ\

3���� +RZ�PXFK�HQHUJ\�GR�ZH�XVH"

��� XQGHUVWDQG�WKDW�WKH�GHPDQG�IRU�HQHUJ\�LV�FRQWLQXDOO\�LQFUHDVLQJ�DQG�WKDW�WKLV�UDLVHV�LVVXHV�
DERXW�WKH�DYDLODELOLW\�RI�HQHUJ\�VRXUFHV�DQG�WKH�HQYLURQPHQWDO�HIIHFWV�RI�XVLQJ�WKHVH�VRXUFHV

��� UHFDOO�WKH�PDLQ�SULPDU\�HQHUJ\�VRXUFHV�WKDW�KXPDQV�XVH��IRVVLO�IXHOV��RLO��JDV��FRDO���QXFOHDU�
IXHOV��ELRIXHOV��ZLQG��ZDYHV��DQG�UDGLDWLRQ�IURP�WKH�6XQ

��� XQGHUVWDQG�ZK\�HOHFWULFLW\�LV�FDOOHG�D�VHFRQGDU\�HQHUJ\�VRXUFH

��� XQGHUVWDQG�WKDW�SRZHU�VWDWLRQV�ZKLFK�EXUQ�IRVVLO�IXHOV�SURGXFH�FDUERQ�GLR[LGH�ZKLFK�
FRQWULEXWHV�WR�JOREDO�ZDUPLQJ�DQG�FOLPDWH�FKDQJH

��� XQGHUVWDQG�WKDW�ZKHQ�HOHFWULF�FXUUHQW�SDVVHV�WKURXJK�D�FRPSRQHQW��RU�GHYLFH���HQHUJ\�LV�
WUDQVIHUUHG�IURP�WKH�SRZHU�VXSSO\�WR�WKH�FRPSRQHQW�DQG�RU�WR�WKH�HQYLURQPHQW

��� UHFDOO�WKDW�WKH�SRZHU��LQ�ZDWWV��:��RI�DQ�DSSOLDQFH�RU�GHYLFH�LV�D�PHDVXUH�RI�WKH�DPRXQW�RI�
HQHUJ\�LW�WUDQVIHUV�HDFK�VHFRQG��L�H��WKH�UDWH�DW�ZKLFK�LW�WUDQVIHUV�HQHUJ\

��� XVH�WKH�IROORZLQJ�HTXDWLRQ�WR�FDOFXODWH�WKH�DPRXQW�RI�HQHUJ\�WUDQVIHUUHG�LQ�D�SURFHVV��LQ�MRXOHV�
DQG�LQ�NLORZDWW�KRXUV�

� HQHUJ\�WUDQVIHUUHG�  � SRZHU� î� WLPH�
� �MRXOHV��-�� � �ZDWWV��:�� � �VHFRQGV��V��
� �NLORZDWW�KRXUV��N:K�� � �NLORZDWWV��N:�� � �KRXUV��K�

��� XVH�WKH�IROORZLQJ�HTXDWLRQ�WR�FDOFXODWH�WKH�UDWH�DW�ZKLFK�DQ�HOHFWULFDO�GHYLFH�WUDQVIHUV�HQHUJ\�

� SRZHU�  � YROWDJH� î� FXUUHQW�
� �ZDWWV��:�� � �YROWV��9�� � �DPSHUHV��$�

��� XQGHUVWDQG�WKDW�D�MRXOH�LV�D�YHU\�VPDOO�DPRXQW�RI�HQHUJ\��VR�D�GRPHVWLF�HOHFWULFLW\�PHWHU�
PHDVXUHV�WKH�HQHUJ\�WUDQVIHU�LQ�NLORZDWW�KRXUV

���� FDOFXODWH�WKH�FRVW�RI�HQHUJ\�VXSSOLHG�E\�HOHFWULFLW\�JLYHQ�WKH�SRZHU��WKH�WLPH�DQG�WKH�FRVW�SHU�
NLORZDWW�KRXU

���� LQWHUSUHW�DQG�SURFHVV�GDWD�RQ�HQHUJ\�XVH��SUHVHQWHG�LQ�D�YDULHW\�RI�ZD\V

���� LQWHUSUHW�DQG�FRQVWUXFW�6DQNH\�GLDJUDPV�WR�VKRZ�XQGHUVWDQGLQJ�WKDW�HQHUJ\�LV�FRQVHUYHG

���� XVH�WKH�IROORZLQJ�HTXDWLRQ�LQ�WKH�FRQWH[W�RI�HOHFWULFDO�DSSOLDQFHV�DQG�SRZHU�VWDWLRQV�

� HI¿FLHQF\� 
HQHUJ\�XVHIXOO\�WUDQVIHUUHG

WRWDO�HQHUJ\�VXSSOLHG
î��������25���

SRZHU�XVHIXOO\�WUDQVIHUUHG
WRWDO�SRZHU�VXSSOLHG

î�����

� L� &DQGLGDWHV�ZLOO�EH�H[SHFWHG�WR�FRQVLGHU���FDOFXODWH�HI¿FLHQF\�DV�D�GHFLPDO�UDWLR�DQG�DV�D�
SHUFHQWDJH

���� VXJJHVW�H[DPSOHV�RI�ZD\V�WR�UHGXFH�HQHUJ\�XVDJH�LQ�SHUVRQDO�DQG�QDWLRQDO�FRQWH[WV�
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0RGXOH�3���6XVWDLQDEOH�HQHUJ\�

3���� +RZ�FDQ�HOHFWULFLW\�EH�JHQHUDWHG"

��� XQGHUVWDQG�WKDW�HOHFWULFLW\�LV�FRQYHQLHQW�EHFDXVH�LW�LV�HDVLO\�WUDQVPLWWHG�RYHU�GLVWDQFHV�DQG�
FDQ�EH�XVHG�LQ�PDQ\�ZD\V

��� UHFDOO�WKDW�PDLQV�HOHFWULFLW\�LV�SURGXFHG�E\�JHQHUDWRUV

��� XQGHUVWDQG�WKDW�JHQHUDWRUV�SURGXFH�D�YROWDJH�DFURVV�D�FRLO�RI�ZLUH�E\�VSLQQLQJ�D�PDJQHW�QHDU�
LW

��� XQGHUVWDQG�WKDW�WKH�ELJJHU�WKH�FXUUHQW�VXSSOLHG�E\�D�JHQHUDWRU��WKH�PRUH�SULPDU\�IXHO�LW�XVHV�
HYHU\�VHFRQG

��� XQGHUVWDQG�WKDW�LQ�PDQ\�SRZHU�VWDWLRQV�D�SULPDU\�HQHUJ\�VRXUFH�LV�XVHG�WR�KHDW�ZDWHU��WKH�
VWHDP�SURGXFHG�GULYHV�D�WXUELQH�ZKLFK�LV�FRXSOHG�WR�DQ�HOHFWULFDO�JHQHUDWRU

��� ODEHO�D�EORFN�GLDJUDP�VKRZLQJ�WKH�EDVLF�FRPSRQHQWV�DQG�VWUXFWXUHV�RI�K\GURHOHFWULF��QXFOHDU�
DQG�RWKHU�WKHUPDO�SRZHU�VWDWLRQV

��� XQGHUVWDQG�WKDW�QXFOHDU�SRZHU�VWDWLRQV�SURGXFH�UDGLRDFWLYH�ZDVWH

��� XQGHUVWDQG�WKDW�UDGLRDFWLYH�ZDVWH�HPLWV�LRQLVLQJ�UDGLDWLRQ

��� XQGHUVWDQG�WKDW�ZLWK�LQFUHDVHG�H[SRVXUH�WR�LRQLVLQJ�UDGLDWLRQ��GDPDJH�WR�OLYLQJ�FHOOV�LQFUHDVHV�
HYHQWXDOO\�OHDGLQJ�WR�FDQFHU�RU�FHOO�GHDWK

���� XQGHUVWDQG�WKH�GLVWLQFWLRQ�EHWZHHQ�FRQWDPLQDWLRQ�DQG�LUUDGLDWLRQ�E\�D�UDGLRDFWLYH�PDWHULDO��
DQG�H[SODLQ�ZK\�FRQWDPLQDWLRQ�E\�D�UDGLRDFWLYH�PDWHULDO�LV�PRUH�GDQJHURXV�WKDQ�D�VKRUW�
SHULRG�RI�LUUDGLDWLRQ�IURP�WKH�UDGLRDFWLYH�PDWHULDO

���� XQGHUVWDQG�WKDW�PDQ\�UHQHZDEOH�VRXUFHV�RI�HQHUJ\�GULYH�WKH�WXUELQH�GLUHFWO\�H�J��
K\GURHOHFWULF��ZDYH�DQG�ZLQG

���� LQWHUSUHW�D�6DQNH\�GLDJUDP�IRU�HOHFWULFLW\�JHQHUDWLRQ�DQG�GLVWULEXWLRQ�WKDW�LQFOXGHV�LQIRUPDWLRQ�
RQ�WKH�HI¿FLHQF\�RI�HQHUJ\�WUDQVIHUV

���� UHFDOO�WKDW�WKH�PDLQV�VXSSO\�YROWDJH�WR�RXU�KRPHV�LV�����YROWV

���� XQGHUVWDQG�WKDW�HOHFWULFLW\�LV�GLVWULEXWHG�WKURXJK�WKH�1DWLRQDO�*ULG�DW�KLJK�YROWDJHV�WR�UHGXFH�
HQHUJ\�ORVVHV�
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0RGXOH�3���6XVWDLQDEOH�HQHUJ\�

3���� :KLFK�HQHUJ\�VRXUFHV�VKRXOG�ZH�FKRRVH"

��� GLVFXVV�ERWK�TXDOLWDWLYHO\�DQG�TXDQWLWDWLYHO\��EDVHG�RQ�JLYHQ�GDWD�ZKHUH�DSSURSULDWH���WKH�
HIIHFWLYHQHVV�RI�GLIIHUHQW�FKRLFHV�LQ�UHGXFLQJ�HQHUJ\�GHPDQGV�LQ�

� D�� GRPHVWLF�FRQWH[WV

� E�� ZRUN�SODFH�FRQWH[WV

� F�� QDWLRQDO�FRQWH[WV

��� XQGHUVWDQG�WKDW�WKH�FKRLFH�RI�HQHUJ\�VRXUFH�IRU�D�JLYHQ�VLWXDWLRQ�GHSHQGV�XSRQ�D�QXPEHU�RI�
IDFWRUV�LQFOXGLQJ�

� D�� HQYLURQPHQWDO�LPSDFW

� E�� HFRQRPLFV

� F�� ZDVWH�SURGXFHG

� G�� FDUERQ�GLR[LGH�HPLVVLRQV

��� GHVFULEH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�GLIIHUHQW�HQHUJ\�VRXUFHV��LQFOXGLQJ�
QRQ�UHQHZDEOH�HQHUJ\�VRXUFHV�VXFK�DV�

� D�� IRVVLO�IXHOV

� E�� QXFOHDU

� DQG�UHQHZDEOH�HQHUJ\�VRXUFHV�VXFK�DV�

� F�� ELRIXHO

� G�� VRODU

� H�� ZLQG

� I�� ZDWHU��ZDYHV��WLGHV��K\GURHOHFWULFLW\�

� J�� JHRWKHUPDO

��� LQWHUSUHW�DQG�HYDOXDWH�LQIRUPDWLRQ�DERXW�GLIIHUHQW�HQHUJ\�VRXUFHV�IRU�JHQHUDWLQJ�HOHFWULFLW\��
FRQVLGHULQJ�

� D�� HI¿FLHQF\

� E�� HFRQRPLF�FRVWV

� F�� HQYLURQPHQWDO�LPSDFW

� G�� SRZHU�RXWSXW�DQG�OLIHWLPH

��� XQGHUVWDQG�WKDW�WR�HQVXUH�D�VHFXULW\�RI�HOHFWULFLW\�VXSSO\�QDWLRQDOO\��ZH�QHHG�D�PL[�RI�
HQHUJ\�VRXUFHV�
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8QLW�$����DVVHVVHV�WKH�FRQWHQW�RI�0RGXOHV�3���3��DQG�3��WRJHWKHU�ZLWK�WKH�,GHDV�DERXW�6FLHQFH�

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

���� 6XPPDU\�RI�8QLW�$�����3K\VLFV�$�0RGXOHV�3���3���3�

6LPSOH�EXW�FRXQWHULQWXLWLYH�FRQFHSWV�RI�IRUFHV�DQG�PRWLRQ��GHYHORSHG�E\�*DOLOHR�DQG�1HZWRQ��FDQ�
WUDQVIRUP�\RXQJ�SHRSOH¶V�LQVLJKW�LQWR�HYHU\GD\�SKHQRPHQD��7KHVH�LGHDV�DOVR�XQGHUSLQ�DQ�HQRUPRXV�
UDQJH�RI�PRGHUQ�DSSOLFDWLRQV��LQFOXGLQJ�VSDFHFUDIW��XUEDQ�PDVV�WUDQVLW�V\VWHPV��VSRUWV�HTXLSPHQW�DQG�
ULGHV�DW�WKHPH�SDUNV�

7KLV�PRGXOH�VWDUWV�E\�ORRNLQJ�DW�KRZ�VSHHG�LV�PHDVXUHG�DQG�UHSUHVHQWHG�JUDSKLFDOO\�DQG�WKH�LGHD�RI�
YHORFLW\��DV�GLVWLQFW�IURP�VSHHG��

7KH�VHFRQG�WRSLF�LQWURGXFHV�WKH�LGHD�RI�IRUFHV��LGHQWLI\LQJ��GHVFULELQJ�DQG�XVLQJ�IRUFHV�WR�H[SODLQ�
VLPSOH�VLWXDWLRQV��7KLV�LV�IXUWKHU�GHYHORSHG�LQ�WKH�WKLUG�WRSLF�ZKHUH�UHVXOWDQW�IRUFHV�DQG�FKDQJHV�LQ�
PRPHQWXP�DUH�GHVFULEHG�

7KH�¿QDO�WRSLF�FRQVLGHUV�KRZ�ZH�FDQ�H[SODLQ�PRWLRQ�LQ�WHUPV�RI�HQHUJ\�FKDQJHV�

������ 0RGXOH�3���([SODLQLQJ�PRWLRQ

7RSLFV

3���� +RZ�FDQ�ZH�GHVFULEH�PRWLRQ"

&DOFXODWLRQ�RI�VSHHG
9HORFLW\
$FFHOHUDWLRQ
*UDSKLFDO�UHSUHVHQWDWLRQV�RI�VSHHG�DQG�YHORFLW\

3���� :KDW�DUH�IRUFHV"

7KH�LGHQWL¿FDWLRQ�RI�IRUFHV�DQG�µSDUWQHU¶�IRUFHV

3���� :KDW�LV�WKH�FRQQHFWLRQ�EHWZHHQ�IRUFHV�DQG�PRWLRQ"

5HVXOWDQW�IRUFHV�DQG�FKDQJH�LQ�PRPHQWXP
5HODWLQJ�PRPHQWXP�WR�URDG�VDIHW\�PHDVXUHV

3���� +RZ�FDQ�ZH�GHVFULEH�PRWLRQ�LQ�WHUPV�RI�HQHUJ\�FKDQJHV"

:RUN�GRQH
&KDQJHV�LQ�HQHUJ\
*3(�DQG�.(
/RVVHV�GXH�WR�DLU�UHVLVWDQFH�DQG�IULFWLRQ

2YHUYLHZ
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7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�GHYHORS�PDWKHPDWLFV�VNLOOV��)RU�H[DPSOH�

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

�� XVH�LGHDV�RI�SURSRUWLRQ

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

�� XVH�HTXDWLRQV��LQFOXGLQJ�DSSURSULDWH�XQLWV�IRU�SK\VLFDO�TXDQWLWLHV

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

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

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

�� XVH�GDWD�ORJJLQJ�WR�LQYHVWLJDWH�PRWLRQ

�� LQYHVWLJDWH�WKH�EHKDYLRXU�RI�FROOLGLQJ�DQG�µH[SORGLQJ¶�REMHFWV

�� LQYHVWLJDWH�WKH�HIIHFW�RI�GLIIHUHQW�FRPELQDWLRQV�RI�VXUIDFHV�RQ�WKH�IULFWLRQDO�IRUFHV

�� LQYHVWLJDWH�WKH�PRWLRQ�RI�REMHFWV�LQ�IUHH�IDOO�DQG�WKH�HIIHFWV�RI�DLU�UHVLVWDQFH�

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

�� FRPSXWHU�SURJUDPV�WKDW�FRQWURO�WKH�PRWLRQ�RI�VSDFHFUDIW

�� XVH�RI�FRPSXWHUV�IRU�FROOHFWLQJ��VWRULQJ�DQG�GLVSOD\LQJ�GDWD�RQ�IRUFHV�LQ�VLPXODWHG�YHKLFOH�
FROOLVLRQV

�� FRPSXWHU�HQKDQFHG�XVH�RI�UDGDU�WR�SUHGLFW�ÀLJKW�SDWKV�RI�DLUFUDIW�

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

�� YLGHR�FOLSV�WR�SURYLGH�FRQWH[WV�IRU�OHDUQLQJ�DERXW�IRUFHV�DQG�PRWLRQ

�� DQLPDWLRQV�WR�LOOXVWUDWH�LQWHUDFWLYH�IRUFH�SDLUV�LQ�YDULRXV�VLWXDWLRQV

�� DQLPDWLRQV�WR�VKRZ�WKH�PHDQLQJ�RI�GLVWDQFH�WLPH�DQG�RWKHU�JUDSKV

�� VHQVRUV�DQG�GDWD�ORJJHUV�WR�FROOHFW�PHDVXUHPHQWV�RI�PRYHPHQW�IRU�DQDO\VLV

�� PRGHOOLQJ�VRIWZDUH�WR�DQDO\VH�PRWLRQ�

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

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

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

� OD6�����±����

� OD6�����±���������

� OD6�����±����

&DXVH�HIIHFW�H[SODQDWLRQV

'HYHORSLQJ�VFLHQWLÀF�H[SODQDWLRQV

'DWD�� WKHLU�LPSRUWDQFH�DQG�OLPLWDWLRQV
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0RGXOH�3���([SODLQLQJ�PRWLRQ

3���� +RZ�FDQ�ZH�GHVFULEH�PRWLRQ"

��� DSSO\�WKH�IROORZLQJ�HTXDWLRQ�WR�VLWXDWLRQV�ZKHUH�DQ�DYHUDJH�VSHHG�LV�LQYROYHG�

� � VSHHG��P�V�� 
GLVWDQFH�WUDYHOOHG��P�

WLPH�WDNHQ��V�

��� GLVWLQJXLVK�EHWZHHQ�DYHUDJH�VSHHG�DQG�LQVWDQWDQHRXV�VSHHG��LQ�HIIHFW��DQ�DYHUDJH�RYHU�D�
VKRUW�WLPH�LQWHUYDO��IRU�H[DPSOHV�RI�PRWLRQ�ZKHUH�VSHHG�LV�FKDQJLQJ

��� XQGHUVWDQG�WKDW�WKH�GLVSODFHPHQW�RI�DQ�REMHFW�DW�D�JLYHQ�PRPHQW�LV�LWV�QHW�GLVWDQFH�
IURP�LWV�VWDUWLQJ�SRLQW�WRJHWKHU�ZLWK�DQ�LQGLFDWLRQ�RI�GLUHFWLRQ

��� GUDZ�DQG�LQWHUSUHW�D�GLVWDQFH�WLPH��RU�GLVSODFHPHQW�WLPH��JUDSK�IRU�DQ�REMHFW�WKDW�LV�

� D�� VWDWLRQDU\

� E�� PRYLQJ�DW�FRQVWDQW�VSHHG

� F�� PRYLQJ�ZLWK�LQFUHDVLQJ�RU�GHFUHDVLQJ�VSHHG

��� LQWHUSUHW�D�VWHHSHU�JUDGLHQW�RI�D�GLVWDQFH�WLPH�JUDSK�DV�D�KLJKHU�VSHHG

��� FDOFXODWH�D�VSHHG�IURP�WKH�JUDGLHQW�RI�D�VWUDLJKW�VHFWLRQ�RI�D�GLVWDQFH�WLPH�JUDSK

��� GUDZ�DQG�LQWHUSUHW�D�VSHHG�WLPH�JUDSK�IRU�DQ�REMHFW�WKDW�LV�

� D�� VWDWLRQDU\

� E�� PRYLQJ�LQ�D�VWUDLJKW�OLQH�ZLWK�FRQVWDQW�VSHHG

� F�� PRYLQJ�LQ�D�VWUDLJKW�OLQH�ZLWK�VWHDGLO\�LQFUHDVLQJ�RU�GHFUHDVLQJ�VSHHG��EXW�QR�FKDQJH�RI�
GLUHFWLRQ�

��� XQGHUVWDQG�WKDW�LQ�PDQ\�HYHU\GD\�VLWXDWLRQV��DFFHOHUDWLRQ�LV�XVHG�WR�PHDQ�WKH�FKDQJH�LQ�
VSHHG�RI�DQ�REMHFW�LQ�D�JLYHQ�WLPH�LQWHUYDO

��� UHFDOO�WKDW�WKH�LQVWDQWDQHRXV�YHORFLW\�RI�DQ�REMHFW�LV�LWV�LQVWDQWDQHRXV�VSHHG�WRJHWKHU�ZLWK�DQ�
LQGLFDWLRQ�RI�WKH�GLUHFWLRQ

���� XQGHUVWDQG�WKDW�WKH�YHORFLW\�RI�DQ�REMHFW�PRYLQJ�LQ�D�VWUDLJKW�OLQH�LV�SRVLWLYH�LI�LW�LV�
PRYLQJ�LQ�RQH�GLUHFWLRQ�DQG�QHJDWLYH�LI�LW�LV�PRYLQJ�LQ�WKH�RSSRVLWH�GLUHFWLRQ

���� GUDZ�DQG�LQWHUSUHW�D�YHORFLW\�WLPH�JUDSK�IRU�DQ�REMHFW�WKDW�LV�

� D�� VWDWLRQDU\

� E�� PRYLQJ�LQ�D�VWUDLJKW�OLQH�ZLWK�FRQVWDQW�VSHHG

� F�� PRYLQJ�LQ�D�VWUDLJKW�OLQH�ZLWK�VWHDGLO\�LQFUHDVLQJ�RU�GHFUHDVLQJ�VSHHG��LQFOXGLQJ�
VLWXDWLRQV�LQYROYLQJ�D�FKDQJH�RI�GLUHFWLRQ��

���� FDOFXODWH�WKH�DFFHOHUDWLRQ�IURP�WKH�JUDGLHQW�RI�D�YHORFLW\±WLPH�JUDSK��RU�IURP�D�VSHHG�
WLPH�JUDSK�LQ�VLWXDWLRQV�ZKHUH�GLUHFWLRQ�RI�PRWLRQ�LV�FRQVWDQW�

���� FDOFXODWH�DFFHOHUDWLRQ�XVLQJ�WKH�HTXDWLRQ�

� � DFFHOHUDWLRQ��P�V��� 
FKDQJH�LQ�YHORFLW\��P�V�

WLPH�WDNHQ��V�
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0RGXOH�3���([SODLQLQJ�PRWLRQ

3���� :KDW�DUH�IRUFHV"

��� UHFDOO�WKDW�D�IRUFH�DULVHV�IURP�DQ�LQWHUDFWLRQ�EHWZHHQ�WZR�REMHFWV

��� XQGHUVWDQG�WKDW�ZKHQ�WZR�REMHFWV�LQWHUDFW��ERWK�DOZD\V�H[SHULHQFH�D�IRUFH�DQG�WKDW�WKHVH�WZR�
IRUFHV�IRUP�DQ�LQWHUDFWLRQ�SDLU

��� LQ�VLPSOH�HYHU\GD\�VLWXDWLRQV�

� D�� LGHQWLI\�IRUFHV�DULVLQJ�IURP�DQ�LQWHUDFWLRQ�EHWZHHQ�WZR�REMHFWV

� E�� LGHQWLI\�WKH�µSDUWQHU¶�RI�D�JLYHQ�IRUFH��L�H��WKH�RWKHU�IRUFH�RI�WKH�LQWHUDFWLRQ�SDLU�

� F�� VSHFLI\��IRU�HDFK�IRUFH��WKH�REMHFW�ZKLFK�H[HUWV�LW��DQG�WKH�REMHFW�RQ�ZKLFK�LW�DFWV

� G�� XVH�DUURZV�WR�VKRZ�WKH�VL]HV�DQG�GLUHFWLRQV�RI�IRUFHV�DFWLQJ

��� XQGHUVWDQG�WKDW�WKH�WZR�IRUFHV�LQ�DQ�LQWHUDFWLRQ�SDLU�DUH�HTXDO�LQ�VL]H�DQG�RSSRVLWH�LQ�GLUHFWLRQ��
DQG�WKDW�WKH\�DFW�RQ�GLIIHUHQW�REMHFWV

��� GHVFULEH�WKH�LQWHUDFWLRQ�EHWZHHQ�WZR�VXUIDFHV�ZKLFK�VOLGH��RU�WHQG�WR�VOLGH��UHODWLYH�WR�HDFK�
RWKHU��HDFK�VXUIDFH�H[SHULHQFHV�D�IRUFH�LQ�WKH�GLUHFWLRQ�WKDW�SUHYHQWV��RU�WHQGV�WR�SUHYHQW��
UHODWLYH�PRYHPHQW��WKLV�LQWHUDFWLRQ�LV�FDOOHG�IULFWLRQ

��� GHVFULEH�WKH�LQWHUDFWLRQ�EHWZHHQ�DQ�REMHFW�DQG�D�KRUL]RQWDO�VXUIDFH�LW�LV�UHVWLQJ�RQ��WKH�REMHFW�
SXVKHV�GRZQ�RQ�WKH�VXUIDFH��WKH�VXUIDFH�SXVKHV�XS�RQ�WKH�REMHFW�ZLWK�DQ�HTXDO�IRUFH��DQG�WKLV�
LV�FDOOHG�WKH�UHDFWLRQ�RI�WKH�VXUIDFH

��� UHFDOO�WKDW�IULFWLRQ�DQG�WKH�UHDFWLRQ�RI�D�VXUIDFH�DULVH�LQ�UHVSRQVH�WR�WKH�DFWLRQ�RI�DQ�DSSOLHG�
IRUFH��DQG�WKHLU�VL]H�PDWFKHV�WKH�DSSOLHG�IRUFH�XS�WR�D�OLPLW

��� XVH�WKH�LGHDV�RI�IULFWLRQ�DQG�UHDFWLRQ�WR�H[SODLQ�VLWXDWLRQV�VXFK�DV�WKH�GULYLQJ�IRUFH�RQ�YHKLFOHV�
DQG�ZDONLQJ

��� XVH�WKH�LGHD�RI�D�SDLU�RI�HTXDO�DQG�RSSRVLWH�IRUFHV�WR�H[SODLQ�LQ�RXWOLQH�KRZ�URFNHWV�DQG�MHW�
HQJLQHV�SURGXFH�D�GULYLQJ�IRUFH�
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0RGXOH�3���([SODLQLQJ�PRWLRQ

3���� :KDW�LV�WKH�FRQQHFWLRQ�EHWZHHQ�IRUFHV�DQG�PRWLRQ"

��� LQWHUSUHW�VLWXDWLRQV�LQ�ZKLFK�VHYHUDO�IRUFHV�DFW�RQ�DQ�REMHFW

��� XQGHUVWDQG�WKDW�WKH�UHVXOWDQW�IRUFH�RQ�DQ�REMHFW�LV�WKH�VXP�RI�DOO�WKH�LQGLYLGXDO�IRUFHV�DFWLQJ�RQ�
LW��WDNLQJ�WKHLU�GLUHFWLRQV�LQWR�DFFRXQW

��� XQGHUVWDQG�WKDW�LI�D�UHVXOWDQW�IRUFH�DFWV�RQ�DQ�REMHFW��LW�FDXVHV�D�FKDQJH�RI�PRPHQWXP�LQ�WKH�
GLUHFWLRQ�RI�WKH�IRUFH

��� XVH�WKH�GH¿QLWLRQ�

� � PRPHQWXP�  � PDVV� =� YHORFLW\
� �NJ�P�V�� � �NJ�� � �P�V�

��� XQGHUVWDQG�WKDW�WKH�VL]H�RI�WKH�FKDQJH�RI�PRPHQWXP�RI�DQ�REMHFW�LV�SURSRUWLRQDO�WR�WKH�VL]H�RI�
WKH�UHVXOWDQW�IRUFH�DFWLQJ�RQ�WKH�REMHFW�DQG�WR�WKH�WLPH�IRU�ZKLFK�LW�DFWV�

� � FKDQJH�RI�PRPHQWXP�  � UHVXOWDQW�IRUFH� =� WLPH�IRU�ZKLFK�LW�DFWV
� �NJ�P�V�� � �1�� � �V�

��� XQGHUVWDQG�KRZ�WKH�KRUL]RQWDO�PRWLRQ�RI�REMHFWV��OLNH�FDUV�DQG�ELF\FOHV��FDQ�EH�DQDO\VHG�LQ�
WHUPV�RI�D�GULYLQJ�IRUFH��SURGXFHG�E\�WKH�HQJLQH�RU�WKH�F\FOLVW���DQG�D�FRXQWHU�IRUFH��GXH�WR�
IULFWLRQ�DQG�DLU�UHVLVWDQFH�

��� XQGHUVWDQG�WKDW�IRU�DQ�REMHFW�PRYLQJ�LQ�D�VWUDLJKW�OLQH��LI�WKH�GULYLQJ�IRUFH�LV�

� D�� JUHDWHU�WKDQ�WKH�FRXQWHU�IRUFH��WKH�YHKLFOH�ZLOO�VSHHG�XS

� E�� HTXDO�WR�WKH�FRXQWHU�IRUFH��WKH�YHKLFOH�ZLOO�PRYH�DW�FRQVWDQW�VSHHG�LQ�D�VWUDLJKW�OLQH

� F�� VPDOOHU�WKDQ�WKH�FRXQWHU�IRUFH��WKH�YHKLFOH�ZLOO�VORZ�GRZQ

��� XQGHUVWDQG�WKDW��LQ�VLWXDWLRQV�LQYROYLQJ�D�FKDQJH�LQ�PRPHQWXP��VXFK�DV�D�FROOLVLRQ���WKH�ORQJHU�
WKH�GXUDWLRQ�RI�WKH�LPSDFW��WKH�VPDOOHU�WKH�DYHUDJH�IRUFH�IRU�D�JLYHQ�FKDQJH�LQ�PRPHQWXP

��� XVH�LGHDV�DERXW�IRUFH�DQG�PRPHQWXP�WR�H[SODLQ�URDG�VDIHW\�PHDVXUHV��VXFK�DV�FDU�VHDW�
EHOWV��FUXPSOH�]RQHV��DLU�EDJV��DQG�F\FOH�DQG�PRWRUF\FOH�KHOPHWV

���� XQGHUVWDQG�KRZ�WKH�YHUWLFDO�PRWLRQ�RI�REMHFWV��IDOOLQJ��RU�LQLWLDOO\�WKURZQ�XSZDUGV��FDQ�EH�
DQDO\VHG�LQ�WHUPV�RI�WKH�IRUFHV�DFWLQJ��JUDYLW\��DLU�UHVLVWDQFH�

���� XQGHUVWDQG�WKDW��LI�WKH�UHVXOWDQW�IRUFH�RQ�DQ�REMHFW�LV�]HUR��LWV�PRPHQWXP�GRHV�QRW�FKDQJH��LI�LW�
LV�VWDWLRQDU\��LW�VWD\V�DW�UHVW��LI�LW�LV�DOUHDG\�PRYLQJ��LW�FRQWLQXHV�DW�D�FRQVWDQW�YHORFLW\�>D�VWHDG\�
VSHHG�LQ�D�VWUDLJKW�OLQH@��
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0RGXOH�3���([SODLQLQJ�PRWLRQ

3���� +RZ�FDQ�ZH�GHVFULEH�PRWLRQ�LQ�WHUPV�RI�HQHUJ\�FKDQJHV"

��� UHFDOO�WKDW�WKH�HQHUJ\�RI�D�PRYLQJ�REMHFW�LV�FDOOHG�LWV�NLQHWLF�HQHUJ\

��� UHFDOO�WKDW�DV�DQ�REMHFW�LV�UDLVHG��LWV�JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\�LQFUHDVHV��DQG�DV�LW�IDOOV��LWV�
JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\�GHFUHDVHV

��� UHFDOO�WKDW�ZKHQ�D�IRUFH�PRYHV�DQ�REMHFW��LW�GRHV�ZRUN

��� XVH�WKH�HTXDWLRQ�

� � ZRUN�GRQH�E\�D�IRUFH�  � IRUFH� =� GLVWDQFH�PRYHG�LQ�WKH�GLUHFWLRQ�RI�WKH�IRUFH
� �MRXOHV��-�� � �QHZWRQV��1�� � �PHWUHV��P�

��� XQGHUVWDQG�WKDW�ZKHQ�ZRUN�LV�GRQH�RQ�DQ�REMHFW��HQHUJ\�LV�WUDQVIHUUHG�WR�WKH�REMHFW�DQG�ZKHQ�
ZRUN�LV�GRQH�E\�DQ�REMHFW��HQHUJ\�LV�WUDQVIHUUHG�IURP�WKH�REMHFW�WR�VRPHWKLQJ�HOVH��DFFRUGLQJ�
WR�WKH�UHODWLRQVKLS�

� � DPRXQW�RI�HQHUJ\�WUDQVIHUUHG�  � ZRUN�GRQH�
� �MRXOHV��-�� � �MRXOHV��-�

��� XQGHUVWDQG�WKDW�ZKHQ�DQ�REMHFW�LV�OLIWHG�WR�D�KLJKHU�SRVLWLRQ�DERYH�WKH�JURXQG��ZRUN�LV�GRQH�E\�
WKH�OLIWLQJ�IRUFH��WKLV�LQFUHDVHV�WKH�JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\

��� XVH�WKH�HTXDWLRQ�

� �FKDQJH�LQ�JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\�  � ZHLJKW� =� YHUWLFDO�KHLJKW�GLIIHUHQFH
� �MRXOHV��-�� � �QHZWRQV��1�� � �PHWUHV��P�

��� XQGHUVWDQG�WKDW�ZKHQ�D�IRUFH�DFWLQJ�RQ�DQ�REMHFW�PDNHV�LWV�YHORFLW\�LQFUHDVH��WKH�IRUFH�GRHV�
ZRUN�RQ�WKH�REMHFW�DQG�WKLV�UHVXOWV�LQ�DQ�LQFUHDVH�LQ�LWV�NLQHWLF�HQHUJ\

��� XQGHUVWDQG�WKDW�WKH�JUHDWHU�WKH�PDVV�RI�DQ�REMHFW�DQG�WKH�IDVWHU�LW�LV�PRYLQJ��WKH�JUHDWHU�LWV�
NLQHWLF�HQHUJ\

���� XVH�WKH�HTXDWLRQ�

� � NLQHWLF�HQHUJ\�  � ò� =� PDVV� =� >YHORFLW\@�
� �MRXOHV��-�� � � � �NLORJUDPV��NJ�� � �>PHWUHV�SHU�VHFRQG@���>P�V@��

���� XQGHUVWDQG�WKDW�LI�IULFWLRQ�DQG�DLU�UHVLVWDQFH�FDQ�EH�LJQRUHG��DQ�REMHFW¶V�NLQHWLF�HQHUJ\�
FKDQJHV�E\�DQ�DPRXQW�HTXDO�WR�WKH�ZRUN�GRQH�RQ�LW�E\�DQ�DSSOLHG�IRUFH

���� XQGHUVWDQG�WKDW�DLU�UHVLVWDQFH�RU�IULFWLRQ�ZLOO�FDXVH�WKH�JDLQ�LQ�DQ�REMHFW¶V�NLQHWLF�HQHUJ\�WR�EH�
OHVV�WKDQ�WKH�ZRUN�GRQH�RQ�LW�E\�DQ�DSSOLHG�IRUFH�LQ�WKH�GLUHFWLRQ�RI�PRWLRQ��EHFDXVH�VRPH�
HQHUJ\�LV�GLVVLSDWHG�WKURXJK�KHDWLQJ

���� UHFDOO�WKDW�HQHUJ\�LV�DOZD\V�FRQVHUYHG�LQ�DQ\�HYHQW�RU�SURFHVV

���� FDOFXODWH�WKH�JDLQ�LQ�NLQHWLF�HQHUJ\��DQG�WKH�VSHHG��RI�DQ�REMHFW�WKDW�KDV�IDOOHQ�WKURXJK�D�
JLYHQ�KHLJKW�
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.QRZQ�RQO\�E\�LWV�HIIHFWV��HOHFWULFLW\�SURYLGHV�DQ�LGHDO�YHKLFOH�WR�LOOXVWUDWH�WKH�XVH�DQG�SRZHU�RI�
VFLHQWL¿F�PRGHOV��'XULQJ�WKH�FRXUVH�RI�WKH���WK�FHQWXU\��HOHFWULFDO�HQJLQHHUV�FRPSOHWHO\�FKDQJHG�
ZKROH�VRFLHWLHV��E\�GHVLJQLQJ�V\VWHPV�IRU�HOHFWULFDO�JHQHUDWLRQ�DQG�GLVWULEXWLRQ��DQG�D�ZKROH�UDQJH�RI�
HOHFWULFDO�GHYLFHV�

,Q�WKLV�PRGXOH��FDQGLGDWHV�OHDUQ�KRZ�VFLHQWLVWV�YLVXDOLVH�ZKDW�LV�JRLQJ�RQ�LQVLGH�FLUFXLWV�DQG�SUHGLFW�
FLUFXLW�EHKDYLRXU��7KH�LGHD�RI�FXUUHQW�DV�D�ÀRZ�RI�HOHFWURQV�LV�LQWURGXFHG�LQ�WKH�¿UVW�WRSLF��,Q�WKH�VHFRQG�
WRSLF��XVHIXO�PRGHOV�RI�FKDUJH�PRYLQJ�WKURXJK�FLUFXLWV�GULYHQ�E\�D�YROWDJH�DQG�DJDLQVW�D�UHVLVWDQFH�DUH�
LQWURGXFHG��$�PRUH�JHQHUDO�XQGHUVWDQGLQJ�RI�YROWDJH�DV�SRWHQWLDO�GLIIHUHQFH�LV�GHYHORSHG�LQ�WKH�WKLUG�
WRSLF�

7KH�FRQFHSWV�RI�FXUUHQW�DQG�YROWDJH�DUH�IXUWKHU�GHYHORSHG�LQ�WKH�WRSLF�RQ�JHQHUDWLRQ�RI�HOHFWULFLW\��
7KH�¿QDO�WRSLF�UHODWHV�WKHVH�FRQFHSWV�WR�SRZHU��DQG�LQWURGXFHV�WKH�LGHD�RI�HI¿FLHQF\�RI�HOHFWULFDO�
DSSOLDQFHV�

L� &DQGLGDWHV�ZLOO�RQO\�EH�H[SHFWHG�WR�FRQVLGHU�VLWXDWLRQV�LQ�ZKLFK�WKH�LQWHUQDO�UHVLVWDQFH�RI�
EDWWHULHV�RU�RWKHU�HOHFWULFDO�SRZHU�VXSSOLHV�LV�QHJOLJLEOH�DQG�FDQ�EH�LJQRUHG�

������ 0RGXOH�3���(OHFWULF�FLUFXLWV

2YHUYLHZ

7RSLFV

3���� (OHFWULF�FXUUHQW�±�D�ÀRZ�RI�ZKDW"

(OHFWULF�FXUUHQW�DV�D�ÀRZ�RI�FKDUJH
+RZ�WKH�FKDUJH�PRYHV

3���� :KDW�GHWHUPLQHV�WKH�VL]H�RI�WKH�FXUUHQW�LQ�DQ�HOHFWULF�FLUFXLW�DQG�WKH�HQHUJ\�LW�WUDQVIHUV"

9ROWDJH
&XUUHQW�DQG�UHVLVWDQFH
6HULHV�DQG�SDUDOOHO�FLUFXLWV

3���� +RZ�GR�SDUDOOHO�DQG�VHULHV�FLUFXLWV�ZRUN"

9ROWDJH�DQG�KRZ�LW�EHKDYHV�LQ�D�VHULHV�FLUFXLW
&XUUHQW�DQG�KRZ�LW�EHKDYHV�LQ�D�SDUDOOHO�FLUFXLW

3���� +RZ�LV�PDLQV�HOHFWULFLW\�SURGXFHG"�+RZ�DUH�YROWDJHV�DQG�FXUUHQWV�LQGXFHG"

+RZ�JHQHUDWRUV�ZRUN

7UDQVIRUPHUV
$OWHUQDWLQJ�FXUUHQW�DQG�GLUHFW�FXUUHQW

3���� �+RZ�GR�HOHFWULF�PRWRUV�ZRUN"

+RZ�PRWRUV�ZRUN�DQG�VRPH�XVHV
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2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

2SSRUWXQLWLHV�IRU�,&7

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

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

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

�� XVH�LGHDV�RI�SURSRUWLRQ

�� XVH�LGHDV�RI�UDWLRV�LQ�WKH�FRQWH[W�RI�WUDQVIRUPHUV

�� XVH�HTXDWLRQV��LQFOXGLQJ�DSSURSULDWH�XQLWV�IRU�SK\VLFDO�TXDQWLWLHV

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

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

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

�� LQYHVWLJDWLQJ�WKH�EHKDYLRXU�RI�HOHFWULF�FLUFXLWV

�� PDNLQJ�ERWK�PRGHO�JHQHUDWRUV�DQG�PRWRUV�DQG�LQYHVWLJDWLQJ�IDFWRUV�DIIHFWLQJ�WKHLU�EHKDYLRXU

�� LQYHVWLJDWLQJ�WKH�EHKDYLRXU�RI�WUDQVIRUPHUV�

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

�� VWXG\LQJ�HOHFWULF�¿HOGV�EHWZHHQ�FKDUJHG�SDUWLFOHV�DQG�VXUIDFHV

�� XVLQJ�FRPSXWHU�VLPXODWLRQV�WR�FRQVWUXFW�YLUWXDO�FLUFXLWV�DQG�WHVW�WKHLU�EHKDYLRXU�

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

�� PRGHOOLQJ�VRIWZDUH�WR�H[SORUH�HOHFWULF�FLUFXLW�WKHRU\

�� DQLPDWLRQV�WR�LOOXVWUDWH�PRGHOV�RI�HOHFWULF�FXUUHQW�DV�ÀRZLQJ�FKDUJHV�
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2SSRUWXQLWLHV�IRU�WHDFKLQJ�WKH�,GHDV�DERXW�6FLHQFH

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

� OD6�����±����

� OD6�����±���������

&DXVH�HIIHFW�H[SODQDWLRQV

'DWD�� WKHLU�LPSRUWDQFH�DQG�OLPLWDWLRQV
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0RGXOH�3���(OHFWULF�FLUFXLWV

3���� (OHFWULF�FXUUHQW�±�D�ÀRZ�RI�ZKDW"

��� H[SODLQ�WKDW�ZKHQ�WZR�REMHFWV�DUH�UXEEHG�WRJHWKHU�WKH\�EHFRPH�FKDUJHG��EHFDXVH�HOHFWURQV�
DUH�WUDQVIHUUHG�IURP�RQH�REMHFW�WR�WKH�RWKHU

��� UHFDOO�WKDW�REMHFWV�ZLWK�VLPLODU�FKDUJHV�UHSHO��DQG�REMHFWV�ZLWK�RSSRVLWH�FKDUJHV�DWWUDFW

��� H[SODLQ�VLPSOH�HOHFWURVWDWLF�HIIHFWV�LQ�WHUPV�RI�DWWUDFWLRQ�DQG�UHSXOVLRQ�RI�FKDUJHV

��� UHFDOO�WKDW�HOHFWURQV�DUH�QHJDWLYHO\�FKDUJHG

��� UHFDOO�WKDW�HOHFWULF�FXUUHQW�LV�D�ÀRZ�RI�FKDUJH

��� UHFDOO�WKDW�HOHFWULF�FXUUHQW�LV�PHDVXUHG�LQ�DPSHUHV

��� XQGHUVWDQG�WKDW�LQ�DQ�HOHFWULF�FLUFXLW�WKH�PHWDO�FRQGXFWRUV��WKH�FRPSRQHQWV�DQG�ZLUHV��FRQWDLQ�
PDQ\�FKDUJHV�WKDW�DUH�IUHH�WR�PRYH

��� XQGHUVWDQG�WKDW�ZKHQ�D�FLUFXLW�LV�PDGH��WKH�EDWWHU\�FDXVHV�WKHVH�IUHH�FKDUJHV�WR�PRYH��DQG�
WKDW�WKH\�DUH�QRW�XVHG�XS�EXW�ÀRZ�LQ�D�FRQWLQXRXV�ORRS

��� UHFDOO�WKDW�LQ�PHWDOOLF�FRQGXFWRUV�DQ�HOHFWULF�FXUUHQW�LV�D�PRYHPHQW�RI�IUHH�HOHFWURQV�WKDW�DUH�
SUHVHQW�WKURXJKRXW�VXFK�PDWHULDOV

���� XQGHUVWDQG�WKDW�LQ�PHWDO�FRQGXFWRUV�WKHUH�DUH�ORWV�RI�FKDUJHV�IUHH�WR�PRYH�EXW�LQ�DQ�LQVXODWRU�
WKHUH�DUH�IHZ�FKDUJHV�IUHH�WR�PRYH�

���� GHVFULEH�KRZ�DQ�DPPHWHU�VKRXOG�EH�FRQQHFWHG�LQ�D�FLUFXLW�WR�PHDVXUH�WKH�ÀRZ�RI�FXUUHQW�DW�D�
FKRVHQ�SRLQW�
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0RGXOH�3���(OHFWULF�FLUFXLWV

3���� :KDW�GHWHUPLQHV�WKH�VL]H�RI�WKH�FXUUHQW�LQ�DQ�HOHFWULF�FLUFXLW�DQG�WKH�HQHUJ\�LW�WUDQVIHUV"

��� UHFDOO�WKDW�WKH�ODUJHU�WKH�YROWDJH�RI�WKH�EDWWHU\�LQ�D�JLYHQ�FLUFXLW��WKH�ELJJHU�WKH�FXUUHQW

��� UHFDOO�WKDW�FRPSRQHQWV��IRU�H[DPSOH��UHVLVWRUV��ODPSV��PRWRUV��UHVLVW�WKH�ÀRZ�RI�FKDUJH�
WKURXJK�WKHP

��� UHFDOO�WKDW�WKH�ODUJHU�WKH�UHVLVWDQFH�LQ�D�JLYHQ�FLUFXLW��WKH�VPDOOHU�WKH�FXUUHQW�ZLOO�EH

��� UHFDOO�WKDW�WKH�UHVLVWDQFH�RI�FRQQHFWLQJ�ZLUHV�LV�VR�VPDOO�WKDW�LW�FDQ�XVXDOO\�EH�LJQRUHG

��� XQGHUVWDQG�WKDW�ZKHQ�HOHFWULF�FKDUJH�ÀRZV�WKURXJK�D�FRPSRQHQW��RU�GHYLFH���ZRUN�LV�GRQH�E\�
WKH�SRZHU�VXSSO\��DQG�HQHUJ\�LV�WUDQVIHUUHG�IURP�LW�WR�WKH�FRPSRQHQW�DQG�RU�LWV�VXUURXQGLQJV

��� UHFDOO�WKDW�SRZHU��LQ�ZDWWV��:��LV�D�PHDVXUH�RI�WKH�UDWH�DW�ZKLFK�DQ�HOHFWULFDO�SRZHU�VXSSO\�
WUDQVIHUV�HQHUJ\�WR�DQ�DSSOLDQFH�RU�GHYLFH�DQG�RU�LWV�VXUURXQGLQJV

��� XVH�WKH�HTXDWLRQ�

� � SRZHU�  � YROWDJH� î� FXUUHQW�
� �ZDWWV��:�� � �YROWV��9�� � �DPSHUHV��$�

��� UHFDOO�WKDW�UHVLVWRUV�JHW�KRWWHU�ZKHQ�WKHUH�LV�DQ�HOHFWULF�FXUUHQW�ÀRZLQJ�WKURXJK�WKHP��DQG�
XQGHUVWDQG�WKDW�WKLV�KHDWLQJ�HIIHFW�LV�FDXVHG�E\�FROOLVLRQV�EHWZHHQ�WKH�PRYLQJ�FKDUJHV�
DQG�LRQV�LQ�WKH�ZLUH

��� UHFDOO�WKDW�WKLV�KHDWLQJ�HIIHFW�PDNHV�D�ODPS�¿ODPHQW�KRW�HQRXJK�WR�JORZ

���� GHVFULEH�KRZ�WKH�UHVLVWDQFH�RI�DQ�/'5�YDULHV�ZLWK�OLJKW�LQWHQVLW\

���� GHVFULEH�KRZ�WKH�UHVLVWDQFH�RI�D�WKHUPLVWRU��QWF�RQO\��YDULHV�ZLWK�WHPSHUDWXUH

���� UHFRJQLVH�DQG�XVH�WKH�HOHFWULFDO�V\PEROV�IRU�D�FHOO��SRZHU�VXSSO\��¿ODPHQW�ODPS��VZLWFK��/'5��
¿[HG�DQG�YDULDEOH�UHVLVWRU��WKHUPLVWRU��DPPHWHU�DQG�YROWPHWHU

���� XQGHUVWDQG�WKDW�WZR��RU�PRUH��UHVLVWRUV�LQ�VHULHV�KDYH�PRUH�UHVLVWDQFH�WKDQ�HLWKHU�RQH�RQ�LWV�
RZQ��EHFDXVH�WKH�EDWWHU\�KDV�WR�PRYH�FKDUJHV�WKURXJK�ERWK�RI�WKHP

���� XQGHUVWDQG�WKDW�WZR��RU�PRUH��UHVLVWRUV�LQ�SDUDOOHO�SURYLGH�PRUH�SDWKV�IRU�FKDUJHV�WR�PRYH�
DORQJ�WKDQ�HLWKHU�UHVLVWRU�RQ�LWV�RZQ��VR�WKH�WRWDO�UHVLVWDQFH�LV�OHVV

���� XVH�WKH�HTXDWLRQ�

� � UHVLVWDQFH��RKPV��ȍ�� 
YROWDJH��YROWV��9�

FXUUHQW��DPSHUHV��$�

���� GHVFULEH�LQ�ZRUGV��RU�XVLQJ�D�VNHWFK�JUDSK��KRZ�WKH�FXUUHQW�WKURXJK�D�FRPSRQHQW�YDULHV�ZLWK�
YROWDJH�DFURVV�LW�ZKHQ�WKH�UHVLVWDQFH�VWD\V�FRQVWDQW�
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0RGXOH�3���(OHFWULF�FLUFXLWV

3���� +RZ�GR�SDUDOOHO�DQG�VHULHV�FLUFXLWV�ZRUN"

��� GHVFULEH�KRZ�D�YROWPHWHU�VKRXOG�EH�FRQQHFWHG�WR�PHDVXUH�WKH�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�
DQ\�WZR�FKRVHQ�SRLQWV

��� UHFDOO�WKDW�WKH�YROWDJH�DFURVV�D�EDWWHU\��PHDVXUHG�LQ�9��SURYLGHV�D�PHDVXUH�RI�WKH�µSXVK¶�RI�WKH�
EDWWHU\�RQ�WKH�FKDUJHV�LQ�WKH�FLUFXLW

��� UHFDOO�WKDW�SRWHQWLDO�GLIIHUHQFH�LV�DQRWKHU�WHUP�IRU�YROWDJH

��� UHODWH�WKH�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WZR�SRLQWV�LQ�WKH�FLUFXLW�WR�WKH�ZRUN�GRQH�RQ��RU�E\��D�
JLYHQ�DPRXQW�RI�FKDUJH�DV�LW�PRYHV�EHWZHHQ�WKHVH�SRLQWV

��� GHVFULEH�WKH�HIIHFW�RQ�SRWHQWLDO�GLIIHUHQFH�DQG�FXUUHQW�RI�DGGLQJ�IXUWKHU�LGHQWLFDO�EDWWHULHV�LQ�
VHULHV�DQG�LQ�SDUDOOHO�ZLWK�DQ�RULJLQDO�VLQJOH�RQH

��� XQGHUVWDQG�WKDW�ZKHQ�WZR��RU�PRUH��FRPSRQHQWV�DUH�FRQQHFWHG�LQ�VHULHV�WR�D�EDWWHU\�

� D�� WKH�FXUUHQW�WKURXJK�HDFK�FRPSRQHQW�LV�WKH�VDPH

� E�� WKH�SRWHQWLDO�GLIIHUHQFHV�DFURVV�WKH�FRPSRQHQWV�DGG�XS�WR�WKH�SRWHQWLDO�GLIIHUHQFH�
DFURVV�WKH�EDWWHU\��EHFDXVH�WKH�ZRUN�GRQH�RQ�HDFK�XQLW�RI�FKDUJH�E\�WKH�EDWWHU\�
PXVW�HTXDO�WKH�ZRUN�GRQH�E\�LW�RQ�WKH�FLUFXLW�FRPSRQHQWV�

� F�� WKH�SRWHQWLDO�GLIIHUHQFH�LV�ODUJHVW�DFURVV�WKH�FRPSRQHQW�ZLWK�WKH�JUHDWHVW�UHVLVWDQFH��
EHFDXVH�PRUH�ZRUN�LV�GRQH�E\�WKH�FKDUJH�PRYLQJ�WKURXJK�D�ODUJH�UHVLVWDQFH�WKDQ�
WKURXJK�D�VPDOO�RQH

� G�� D�FKDQJH�LQ�WKH�UHVLVWDQFH�RI�RQH�FRPSRQHQW��YDULDEOH�UHVLVWRU��/'5�RU�WKHUPLVWRU��
ZLOO�UHVXOW�LQ�D�FKDQJH�LQ�WKH�SRWHQWLDO�GLIIHUHQFHV�DFURVV�DOO�WKH�FRPSRQHQWV

��� XQGHUVWDQG�WKDW�ZKHQ�VHYHUDO�FRPSRQHQWV�DUH�FRQQHFWHG�LQ�SDUDOOHO�GLUHFWO\�WR�D�EDWWHU\�

� D�� WKH�SRWHQWLDO�GLIIHUHQFH�DFURVV�HDFK�FRPSRQHQW�LV�HTXDO�WR�WKH�SRWHQWLDO�
GLIIHUHQFH�RI�WKH�EDWWHU\

� E�� WKH�FXUUHQW�WKURXJK�HDFK�FRPSRQHQW�LV�WKH�VDPH�DV�LI�LW�ZHUH�WKH�RQO\�FRPSRQHQW�
SUHVHQW

� F�� WKH�WRWDO�FXUUHQW�IURP��DQG�EDFN�WR��WKH�EDWWHU\�LV�WKH�VXP�RI�WKH�FXUUHQWV�WKURXJK�HDFK�RI�
WKH�SDUDOOHO�FRPSRQHQWV

� G�� WKH�FXUUHQW�LV�ODUJHVW�WKURXJK�WKH�FRPSRQHQW�ZLWK�WKH�VPDOOHVW�UHVLVWDQFH��EHFDXVH�WKH�
VDPH�EDWWHU\�YROWDJH�FDXVHV�D�ODUJHU�FXUUHQW�WR�ÀRZ�WKURXJK�D�VPDOOHU�UHVLVWDQFH�
WKDQ�WKURXJK�D�ELJJHU�RQH�
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0RGXOH�3���(OHFWULF�FLUFXLWV

3���� +RZ�LV�PDLQV�HOHFWULFLW\�SURGXFHG"�+RZ�DUH�YROWDJHV�DQG�FXUUHQWV�LQGXFHG"

��� UHFDOO�WKDW�PDLQV�HOHFWULFLW\�LV�SURGXFHG�E\�JHQHUDWRUV

��� UHFDOO�WKDW�JHQHUDWRUV�SURGXFH�D�YROWDJH�E\�D�SURFHVV�FDOOHG�HOHFWURPDJQHWLF�LQGXFWLRQ

��� XQGHUVWDQG�WKDW�ZKHQ�D�PDJQHW�LV�PRYLQJ�LQWR�D�FRLO�RI�ZLUH�D�YROWDJH�LV�LQGXFHG�DFURVV�WKH�
HQGV�RI�WKH�FRLO

��� XQGHUVWDQG�WKDW�LI�WKH�PDJQHW�LV�PRYLQJ�RXW�RI�WKH�FRLO��RU�WKH�RWKHU�SROH�RI�WKH�PDJQHW�LV�
PRYLQJ�LQWR�LW��WKHUH�LV�D�YROWDJH�LQGXFHG�LQ�WKH�RSSRVLWH�GLUHFWLRQ

��� XQGHUVWDQG�WKDW�LI�WKH�HQGV�RI�WKH�FRLO�DUH�FRQQHFWHG�WR�PDNH�D�FORVHG�FLUFXLW��D�FXUUHQW�ZLOO�
ÀRZ�URXQG�WKH�FLUFXLW

��� XQGHUVWDQG�WKDW�D�FKDQJLQJ�PDJQHWLF�¿HOG�FDXVHG�E\�FKDQJHV�LQ�WKH�FXUUHQW�LQ�RQH�FRLO�RI�ZLUH�
FDQ�LQGXFH�D�YROWDJH�LQ�D�QHLJKERXULQJ�FRLO

��� GHVFULEH�WKH�FRQVWUXFWLRQ�RI�D�WUDQVIRUPHU�DV�WZR�FRLOV�RI�ZLUH�ZRXQG�RQ�DQ�LURQ�FRUH

��� XQGHUVWDQG�WKDW�D�FKDQJLQJ�FXUUHQW�LQ�RQH�FRLO�RI�D�WUDQVIRUPHU�ZLOO�FDXVH�D�FKDQJLQJ�
PDJQHWLF�¿HOG�LQ�WKH�LURQ�FRUH��ZKLFK�LQ�WXUQ�ZLOO�LQGXFH�D�FKDQJLQJ�SRWHQWLDO�GLIIHUHQFH�
DFURVV�WKH�RWKHU�WUDQVIRUPHU�FRLO

��� UHFDOO�WKDW�D�WUDQVIRUPHU�FDQ�FKDQJH�WKH�VL]H�RI�DQ�DOWHUQDWLQJ�YROWDJH

���� XVH�WKH�HTXDWLRQ�

YROWDJH�DFURVV�SULPDU\�FRLO
YROWDJH�DFURVV�VHFRQGDU\�FRLO  

QXPEHU�RI�WXUQV�LQ�SULPDU\�FRLO
QXPEHU�RI�WXUQV�LQ�VHFRQGDU\�FRLO

���� GHVFULEH�KRZ��LQ�D�JHQHUDWRU��D�PDJQHW�RU�HOHFWURPDJQHW�LV�URWDWHG�ZLWKLQ�D�FRLO�RI�ZLUH�WR�
LQGXFH�D�YROWDJH�DFURVV�WKH�HQGV�RI�WKH�FRLO

���� XQGHUVWDQG�WKDW�WKH�VL]H�RI�WKLV�LQGXFHG�YROWDJH�FDQ�EH�LQFUHDVHG�E\�

� D�� LQFUHDVLQJ�WKH�VSHHG�RI�URWDWLRQ�RI�WKH�PDJQHW�RU�HOHFWURPDJQHW

� E�� LQFUHDVLQJ�WKH�VWUHQJWK�RI�LWV�PDJQHWLF�¿HOG

� F�� LQFUHDVLQJ�WKH�QXPEHU�RI�WXUQV�RQ�WKH�FRLO

� G�� SODFLQJ�DQ�LURQ�FRUH�LQVLGH�WKH�FRLO

���� GHVFULEH�KRZ�WKH�LQGXFHG�YROWDJH�DFURVV�WKH�FRLO�RI�DQ�D�F��JHQHUDWRU��DQG�KHQFH�
WKH�FXUUHQW�LQ�DQ�H[WHUQDO�FLUFXLW��FKDQJHV�GXULQJ�HDFK�UHYROXWLRQ�RI�WKH�PDJQHW�RU�
HOHFWURPDJQHW

���� XQGHUVWDQG�WKDW�ZKHQ�WKH�FXUUHQW�LV�DOZD\V�LQ�WKH�VDPH�GLUHFWLRQ��LW�LV�D�GLUHFW�FXUUHQW��G�F����
H�J��WKH�FXUUHQW�IURP�D�EDWWHU\

���� UHFDOO�WKDW�PDLQV�HOHFWULFLW\�LV�DQ�D�F��VXSSO\

���� XQGHUVWDQG�WKDW�D�F��LV�XVHG�EHFDXVH�LW�LV�HDVLHU�WR�JHQHUDWH�WKDQ�G�F���DQG�LV�HDVLHU�DQG�
VLPSOHU�WR�GLVWULEXWH�RYHU�ORQJ�GLVWDQFHV

���� UHFDOO�WKDW�WKH�PDLQV�GRPHVWLF�VXSSO\�LQ�WKH�8.�LV�����YROWV�
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0RGXOH�3���(OHFWULF�FLUFXLWV

3���� +RZ�GR�HOHFWULF�PRWRUV�ZRUN"

��� XQGHUVWDQG�WKDW�D�FXUUHQW�FDUU\LQJ�ZLUH�RU�FRLO�FDQ�H[HUW�D�IRUFH�RQ�D�SHUPDQHQW�PDJQHW��RU�RQ�
DQRWKHU�FXUUHQW�FDUU\LQJ�ZLUH�RU�FRLO�QHDUE\

��� XQGHUVWDQG�WKDW�D�FXUUHQW�FDUU\LQJ�ZLUH��LI�SODFHG�LQ�D�PDJQHWLF�¿HOG�ZKRVH�OLQHV�RI�IRUFH�DUH�
DW�ULJKW�DQJOHV�WR�WKH�ZLUH��H[SHULHQFHV�D�IRUFH�DW�ULJKW�DQJOHV�WR�ERWK�WKH�FXUUHQW�GLUHFWLRQ�DQG�
WKH�OLQHV�RI�IRUFH�RI�WKH�¿HOG

��� UHFDOO�WKDW�D�FXUUHQW�FDUU\LQJ�ZLUH�WKDW�LV�SDUDOOHO�WR�WKH�OLQHV�RI�IRUFH�RI�D�PDJQHWLF�¿HOG�
H[SHULHQFHV�QR�IRUFH

��� H[SODLQ�KRZ�WKH�PRWRU�HIIHFW�FDQ�UHVXOW�LQ�D�WXUQLQJ�IRUFH�RQ�D�UHFWDQJXODU�FXUUHQW�FDUU\LQJ�FRLO�
SODFHG�LQ�D�XQLIRUP�PDJQHWLF�¿HOG

��� XQGHUVWDQG�WKDW�WKH�PRWRU�HIIHFW�FDQ�EH�XVHG�WR�SURGXFH�FRQWLQXRXV�URWDWLRQ�RI�WKH�FRLO��E\�
XVLQJ�D�FRPPXWDWRU�WR�HQVXUH�WKDW�WKH�GLUHFWLRQ�RI�WKH�FXUUHQW�LQ�WKH�FRLO�LV�UHYHUVHG�DW�DQ�
DSSURSULDWH�SRLQW�LQ�HDFK�UHYROXWLRQ

��� H[SODLQ�WKH�UROH�DQG�XVH�RI�PRWRUV�LQ�GHYLFHV�LQFOXGLQJ�GRPHVWLF�DSSOLDQFHV��KDUG�GLVF�GULYHV��
'9'�SOD\HUV�DQG�HOHFWULF�PRWRU�YHKLFOHV�
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7KH�WHUPV�µUDGLDWLRQ¶�DQG�µUDGLRDFWLYLW\¶�DUH�RIWHQ�LQWHUFKDQJHDEOH�LQ�WKH�SXEOLF�PLQG��%HFDXVH�RI�
LWV�LQYLVLELOLW\��UDGLDWLRQ�LV�FRPPRQO\�IHDUHG��$�PRUH�REMHFWLYH�HYDOXDWLRQ�RI�ULVNV�DQG�EHQH¿WV�LV�
HQFRXUDJHG�WKURXJK�GHYHORSLQJ�DQ�XQGHUVWDQGLQJ�RI�WKH�PDQ\�SUDFWLFDO�XVHV�RI�UDGLRDFWLYH�PDWHULDOV�

7KH�PRGXOH�EHJLQV�E\�FRQVLGHULQJ�WKH�HYLGHQFH�RI�D�QXFOHDU�PRGHO�RI�WKH�DWRP��LQFOXGLQJ�5XWKHUIRUG¶V�
DOSKD�SDUWLFOH�VFDWWHULQJ�H[SHULPHQW��7KLV�WRSLF�WKHQ�XVHV�LGHDV�DERXW�IXVLRQ�DQG�QXFOHDU�HQHUJ\�WR�
LQWURGXFH�(LQVWHLQ¶V�HTXDWLRQ��7KH�SURSHUWLHV�RI�DOSKD��EHWD�DQG�JDPPD�UDGLDWLRQ�DUH�LQYHVWLJDWHG�DQG�
LGHDV�DERXW�KDOI�OLIH�DUH�GHYHORSHG�

7KH�SURSHUWLHV�RI�LRQLVLQJ�UDGLDWLRQ�OHDG�WR�D�FRQVLGHUDWLRQ�RI�VRPH�RI�LWV�PDQ\�XVHV�DQG�DOVR�ULVNV��
LQFOXGLQJ�QXFOHDU�¿VVLRQ�

7KURXJK�WKH�XVH�RI�UDGLRDFWLYH�PDWHULDO�LQ�WKH�KHDOWK�VHFWRU��FDQGLGDWHV�OHDUQ�DERXW�LWV�KDUPIXO�
HIIHFW�RQ�OLYLQJ�FHOOV�DQG�KRZ�LW�FDQ�EH�KDQGOHG�VDIHO\��,Q�WKH�FRQWH[W�RI�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK�
LUUDGLDWLRQ�DQG�RU�FRQWDPLQDWLRQ�E\�UDGLRDFWLYH�PDWHULDO��WKH\�DOVR�OHDUQ�DERXW�WKH�LQWHUSUHWDWLRQ�RI�GDWD�
RQ�ULVN�

������ 0RGXOH�3���5DGLRDFWLYH�PDWHULDOV

7RSLFV

3���� :K\�DUH�VRPH�PDWHULDOV�UDGLRDFWLYH"

6WUXFWXUH�RI�WKH�DWRP
1XFOHDU�IXVLRQ
$OSKD��EHWD�DQG�JDPPD�UDGLDWLRQ
+DOI�OLIH

3���� +RZ�FDQ�UDGLRDFWLYH�PDWHULDOV�EH�XVHG�DQG�KDQGOHG�VDIHO\��LQFOXGLQJ�ZDVWHV"

%DFNJURXQG�UDGLDWLRQ
8VHV�RI�UDGLDWLRQ
1XFOHDU�¿VVLRQ�DQG�QXFOHDU�SRZHU�VWDWLRQV

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

�� GHYHORS�D�VHQVH�RI�VFDOH�LQ�WKH�FRQWH[W�RI�WKH�VL]H�RI�WKH�FRQVWLWXHQWV�RI�DQ�DWRP

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

�� FDUU\�RXW�FDOFXODWLRQV�XVLQJ�IUDFWLRQV�LQ�KDOI�OLIH�FDOFXODWLRQV

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

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

2YHUYLHZ

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

�� LQYHVWLJDWLRQV�RI�WKH�SURSHUWLHV�RI�LRQLVLQJ�UDGLDWLRQV

�� KDOI�OLIH�RI�UDGLRDFWLYH�PDWHULDOV

�� PRGHOOLQJ�KDOI�OLIH��XVLQJ�,&7�RU�GLFH�WKURZLQJ�

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

�� FRPSXWHU�WRPRJUDSK\�XVHG�ZLWK�JDPPD�LPDJLQJ

�� WKH�UROH�RI�FRPSXWHUV�LQ�UHPRWH�KDQGOLQJ�RI�KLJKO\�UDGLRDFWLYH�ZDVWH�

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

�� GDWD�ORJJLQJ�WR�VKRZ�GHFD\�RI�SURWDFWLQLXP

�� DQLPDWLRQV�WR�LOOXVWUDWH�DWRPLF�VWUXFWXUH�DQG�GHFD\

�� YLGHR�FOLSV�WR�LOOXVWUDWH�NH\�LGHDV�RI�ULVN�LQ�WKH�FRQWH[W�RI�UDGLRDFWLYH�PDWHULDOV

�� DQLPDWLRQV�WR�LOOXVWUDWH�NH\�SURFHVVHV�LQ�SRZHU�VWDWLRQV�

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

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

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

� OD6�����±����

� OD6�����±���������

� OD6�����±��������������

� OD6��������������

&DXVH�HIIHFW�H[SODQDWLRQV

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

'DWD�� WKHLU�LPSRUWDQFH�DQG�OLPLWDWLRQV

5LVN
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0RGXOH�3���5DGLRDFWLYH�PDWHULDOV

3���� :K\�DUH�VRPH�PDWHULDOV�UDGLRDFWLYH"

��� UHFDOO�WKDW�VRPH�HOHPHQWV�HPLW�LRQLVLQJ�UDGLDWLRQ�DOO�WKH�WLPH�DQG�DUH�FDOOHG�UDGLRDFWLYH

��� XQGHUVWDQG�WKDW�UDGLRDFWLYH�HOHPHQWV�DUH�QDWXUDOO\�IRXQG�LQ�WKH�HQYLURQPHQW��FRQWULEXWLQJ�WR�
EDFNJURXQG�UDGLDWLRQ

��� XQGHUVWDQG�WKDW�DQ�DWRP�KDV�D�QXFOHXV��PDGH�RI�SURWRQV�DQG�QHXWURQV��ZKLFK�LV�VXUURXQGHG�
E\�HOHFWURQV

��� XQGHUVWDQG�WKDW�WKH�UHVXOWV�RI�WKH�5XWKHUIRUG�*HLJHU�0DUVGHQ�DOSKD�SDUWLFOH�VFDWWHULQJ�
H[SHULPHQW�SURYLGHG�HYLGHQFH�WKDW�D�JROG�DWRP�FRQWDLQV�D�VPDOO��PDVVLYH��SRVLWLYH�UHJLRQ��WKH�
QXFOHXV�

��� XQGHUVWDQG�WKDW�SURWRQV�DQG�QHXWURQV�DUH�KHOG�WRJHWKHU�LQ�WKH�QXFOHXV�E\�D�VWURQJ�
IRUFH�ZKLFK�EDODQFHV�WKH�UHSXOVLYH�HOHFWURVWDWLF�IRUFH�EHWZHHQ�WKH�SURWRQV

��� XQGHUVWDQG�WKDW��LI�EURXJKW�FORVH�HQRXJK�WRJHWKHU��K\GURJHQ�QXFOHL�FDQ�IXVH�LQWR�KHOLXP�QXFOHL�
UHOHDVLQJ�HQHUJ\��DQG�WKDW�WKLV�LV�FDOOHG�QXFOHDU�IXVLRQ

��� XQGHUVWDQG�WKDW�(LQVWHLQ¶V�HTXDWLRQ�(� �PF��LV�XVHG�WR�FDOFXODWH�WKH�HQHUJ\�UHOHDVHG�
GXULQJ�QXFOHDU�IXVLRQ�DQG�¿VVLRQ��ZKHUH�(�LV�WKH�HQHUJ\�SURGXFHG��P�LV�WKH�PDVV�ORVW�
DQG�F�LV�WKH�VSHHG�RI�OLJKW�LQ�D�YDFXXP�

� HQHUJ\� �PDVV�î�>VSHHG@�
�MRXOHV��-���NLORJUDPV��NJ���>PHWUHV�SHU�VHFRQG@���>P�V@��

��� XQGHUVWDQG�WKDW�HYHU\�DWRP�RI�DQ\�HOHPHQW�KDV�WKH�VDPH�QXPEHU�RI�SURWRQV�EXW�WKH�
QXPEHU�RI�QHXWURQV�PD\�GLIIHU��DQG�WKDW�IRUPV�RI�WKH�VDPH�HOHPHQW�ZLWK�GLIIHUHQW�
QXPEHUV�RI�QHXWURQV�DUH�FDOOHG�LVRWRSHV

��� XQGHUVWDQG�WKDW�WKH�EHKDYLRXU�RI�UDGLRDFWLYH�PDWHULDOV�FDQQRW�EH�FKDQJHG�E\�FKHPLFDO�RU�
SK\VLFDO�SURFHVVHV

���� UHFDOO�WKDW�WKUHH�W\SHV�RI�LRQLVLQJ�UDGLDWLRQ��DOSKD��EHWD�DQG�JDPPD��DUH�HPLWWHG�E\�UDGLRDFWLYH�
PDWHULDOV�DQG�WKDW�DOSKD�SDUWLFOHV�FRQVLVW�RI�WZR�SURWRQV�DQG�WZR�QHXWURQV��DQG�WKDW�
EHWD�SDUWLFOHV�DUH�LGHQWLFDO�WR�HOHFWURQV

���� UHFDOO�WKH�SHQHWUDWLRQ�SURSHUWLHV�RI�HDFK�W\SH�RI�UDGLDWLRQ

���� GHVFULEH�UDGLRDFWLYH�PDWHULDOV�LQ�WHUPV�RI�WKH�LQVWDELOLW\�RI�WKH�QXFOHXV��UDGLDWLRQ�
HPLWWHG�DQG�WKH�HOHPHQW�OHIW�EHKLQG

���� FRPSOHWH�QXFOHDU�HTXDWLRQV�IRU�DOSKD�DQG�EHWD�GHFD\

���� XQGHUVWDQG�WKDW��RYHU�WLPH��WKH�DFWLYLW\�RI�UDGLRDFWLYH�VRXUFHV�GHFUHDVHV

���� XQGHUVWDQG�WKH�PHDQLQJ�RI�WKH�WHUP�KDOI�OLIH

���� XQGHUVWDQG�WKDW�UDGLRDFWLYH�HOHPHQWV�KDYH�D�ZLGH�UDQJH�RI�KDOI�OLIH�YDOXHV

���� FDUU\�RXW�VLPSOH�FDOFXODWLRQV�LQYROYLQJ�KDOI�OLIH�
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0RGXOH�3���5DGLRDFWLYH�PDWHULDOV

3���� +RZ�FDQ�UDGLRDFWLYH�PDWHULDOV�EH�XVHG�DQG�KDQGOHG�VDIHO\��LQFOXGLQJ�ZDVWHV"

��� XQGHUVWDQG�WKDW�LRQLVLQJ�UDGLDWLRQ�FDQ�GDPDJH�OLYLQJ�FHOOV�DQG�WKHVH�PD\�EH�NLOOHG�RU�PD\�
EHFRPH�FDQFHURXV

��� XQGHUVWDQG�WKDW�LRQLVLQJ�UDGLDWLRQ�LV�DEOH�WR�EUHDN�PROHFXOHV�LQWR�ELWV��FDOOHG�LRQV���ZKLFK�FDQ�
WKHQ�WDNH�SDUW�LQ�RWKHU�FKHPLFDO�UHDFWLRQV

��� UHFDOO�DQG�H[SODLQ�KRZ�LRQLVLQJ�UDGLDWLRQ�FDQ�EH�XVHG�

� D�� WR�WUHDW�FDQFHU

� E�� WR�VWHULOLVH�VXUJLFDO�LQVWUXPHQWV

� F�� WR�VWHULOLVH�IRRG

� G�� DV�D�WUDFHU�LQ�WKH�ERG\

��� UHFDOO�WKDW�UDGLDWLRQ�GRVH��LQ�VLHYHUWV���EDVHG�RQ�ERWK�DPRXQW�DQG�W\SH�RI�UDGLDWLRQ��LV�D�
PHDVXUH�RI�WKH�SRVVLEOH�KDUP�GRQH�WR�\RXU�ERG\

��� LQWHUSUHW�JLYHQ�GDWD�RQ�ULVN�UHODWHG�WR�UDGLDWLRQ�GRVH

��� XQGHUVWDQG�WKDW�UDGLRDFWLYH�PDWHULDOV�H[SRVH�SHRSOH�WR�ULVN�E\�LUUDGLDWLRQ�DQG�FRQWDPLQDWLRQ

��� XQGHUVWDQG�WKDW�ZH�DUH�LUUDGLDWHG�DQG�FRQWDPLQDWHG�E\�UDGLRDFWLYH�PDWHULDOV�DOO�WKH�WLPH�DQG�
UHFDOO�WKH�PDLQ�VRXUFHV�RI�WKLV�EDFNJURXQG�UDGLDWLRQ

��� UHODWH�LGHDV�DERXW�KDOI�OLIH�DQG�EDFNJURXQG�UDGLDWLRQ�WR�WKH�WLPH�WDNHQ�IRU�D�UDGLRDFWLYH�VRXUFH�
WR�EHFRPH�VDIH

��� UHFDOO�FDWHJRULHV�RI�SHRSOH�ZKR�DUH�UHJXODUO\�H[SRVHG�WR�ULVN�RI�UDGLDWLRQ�DQG�WKDW�WKHLU�
H[SRVXUH�LV�FDUHIXOO\�PRQLWRUHG��LQFOXGLQJ�UDGLRJUDSKHUV�DQG�ZRUNHUV�LQ�QXFOHDU�SRZHU�
VWDWLRQV

���� XQGHUVWDQG�WKDW�D�QXFOHDU�IXHO�LV�RQH�LQ�ZKLFK�HQHUJ\�LV�UHOHDVHG�E\�FKDQJHV�LQ�WKH�QXFOHXV

���� NQRZ�WKDW�LQ�QXFOHDU�¿VVLRQ�D�QHXWURQ�VSOLWV�D�ODUJH�DQG�XQVWDEOH�QXFOHXV��OLPLWHG�WR�
XUDQLXP�DQG�SOXWRQLXP��LQWR�WZR�VPDOOHU�SDUWV��URXJKO\�HTXDO�LQ�VL]H��UHOHDVLQJ�PRUH�
QHXWURQV

���� UHFDOO�WKDW�WKH�DPRXQW�RI�HQHUJ\�UHOHDVHG�GXULQJ�QXFOHDU�¿VVLRQ�LV�PXFK�JUHDWHU�WKDQ�WKDW�
UHOHDVHG�LQ�D�FKHPLFDO�UHDFWLRQ�LQYROYLQJ�D�VLPLODU�PDVV�RI�PDWHULDO

���� XQGHUVWDQG�KRZ�WKH�QXFOHDU�¿VVLRQ�SURFHVV�LQ�QXFOHDU�SRZHU�VWDWLRQV�LV�FRQWUROOHG��
DQG�XVH�WKH�WHUPV�FKDLQ�UHDFWLRQ��IXHO�URG��FRQWURO�URG�DQG�FRRODQW

���� XQGHUVWDQG�WKDW�QXFOHDU�SRZHU�VWDWLRQV�SURGXFH�UDGLRDFWLYH�ZDVWH

���� XQGHUVWDQG�WKDW�QXFOHDU�ZDVWHV�DUH�FDWHJRULVHG�DV�KLJK�OHYHO��LQWHUPHGLDWH�OHYHO�DQG�ORZ�OHYHO��
DQG�UHODWH�WKLV�WR�GLVSRVDO�PHWKRGV�



��� ��2&5������*&6(�3K\VLFV�$

�

8QLW�$����DVVHVVHV�WKH�FRQWHQW�RI�0RGXOH�3��WRJHWKHU�ZLWK�WKH�,GHDV�DERXW�6FLHQFH�

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

���� 6XPPDU\�RI�8QLW�$�����3K\VLFV�$�0RGXOH�3�

6LQFH�DQFLHQW�WLPHV�SHRSOH�KDYH�VWXGLHG�µWKH�KHDYHQV¶��¿UVW�ZLWK�WKH�QDNHG�H\H�DQG�ODWHU�WKURXJK�
WHOHVFRSHV��WKH\�KDYH�LGHQWL¿HG��DQG�DWWHPSWHG�WR�H[SODLQ��UHSHDWLQJ�SDWWHUQV�DQG�RQH�RII�HYHQWV��
)URP�DQ�XQGHUVWDQGLQJ�RI�WKH�PRWLRQV�RI�WKH�(DUWK��0RRQ�DQG�SODQHWV��WR�WKH�XQLYHUVDO�H[SDQVLRQ�
GHGXFHG�IURP�REVHUYLQJ�GLVWDQW�JDOD[LHV��DVWURQRP\�KDV�LQIRUPHG�RXU�SHUFHSWLRQ�RI�WKH�8QLYHUVH�DQG�
RXU�SODFH�LQ�LW��

1RZDGD\V�DVWURQRP\�LV�RQH�RI�WKH�PRVW�SXEOLFO\�YLVLEOH�DQG�DSSHDOLQJ�DUHDV�RI�VFLHQWL¿F�UHVHDUFK��,W�
LV�LQH[WULFDEO\�OLQNHG�ZLWK�SK\VLFV��7KH�GHVLJQ�DQG�RSHUDWLRQ�RI�WHOHVFRSHV��WKH�DQDO\VLV�RI�UDGLDWLRQ�
WR�GHGXFH�LQIRUPDWLRQ�DERXW�UHPRWH�REMHFWV��DQG�WKHRULHV�DERXW�VWDU�IRUPDWLRQ�DQG�HYROXWLRQ�DOO�UHO\�
RQ�SK\VLFV�DQG�DOO�IHDWXUH�LQ�WKLV�PRGXOH��0RGHUQ�SURIHVVLRQDO�DVWURQRP\�LV�µELJ�VFLHQFH¶�LQYROYLQJ�
ODUJH��RIWHQ�PXOWLQDWLRQDO��WHDPV�RI�SHRSOH�ZKR�EXLOG�DQG�XVH�H[SHQVLYH�VSHFLDOLVHG�LQVWUXPHQWV��&DVH�
VWXGLHV�LQ�WKLV�PRGXOH�LOOXVWUDWH�KRZ�VFLHQWL¿F�DQG�RWKHU�IDFWRUV�SOD\�D�SDUW�LQ�WKH�ZD\�WKH�DVWURQRP\�
FRPPXQLW\�ZRUNV�

7KH�PRGXOH�EHJLQV�ZLWK�QDNHG�H\H�DVWURQRP\�DQG�H[SODLQV�VRPH�REVHUYDWLRQV�RI�WKH�0RRQ��VWDUV�
DQG�SODQHWV��LQFOXGLQJ�HFOLSVHV��VKDGRZV��DQG�WZLQNOLQJ�VWDUV��UHIUDFWLRQ���$WWHQWLRQ�WKHQ�WXUQV�WR�
WHOHVFRSHV��WR�WKH�IRUPDWLRQ�RI�LPDJHV�E\�D�SLQKROH��E\�OHQVHV�DQG�E\�FXUYHG�PLUURUV��DQG�WR�WKH�XVH�
RI�SULVPV�DQG�JUDWLQJV�WR�SURGXFH�VSHFWUD��$�VWXG\�RI�PRGHUQ�REVHUYDWRULHV�H[SORUHV�WKH�VFLHQWL¿F�
UHDVRQV�IRU�EXLOGLQJ�ODUJH�WHOHVFRSHV��WR�FROOHFW�D�ORW�RI�UDGLDWLRQ�DQG�PLQLPLVH�GLIIUDFWLRQ��DQG�IRU�
SODFLQJ�WKHP�DW�KLJK��UHPRWH�VLWHV��WR�PLQLPLVH�DWPRVSKHULF�DEVRUSWLRQ�DQG�WR�DYRLG�µQRLVH¶�IURP�(DUWK�
EDVHG�VRXUFHV���DQG�KLJKOLJKWV�RWKHU�IDFWRUV�WKDW�LQÀXHQFH�WKH�VLWLQJ�RI�REVHUYDWRULHV�DQG�WKH�ZD\V�
DVWURQRPHUV�ZRUN�

1H[W��WKH�PRGXOH�DGGUHVVHV�WKH�TXHVWLRQ�RI�GLVWDQFH�PHDVXUHPHQW��7ULJRQRPHWULF�SDUDOOD[�LV�
LQWURGXFHG��DQG�WKH�SDUVHF�DV�D�XQLW�RI�GLVWDQFH��7KH�YDULDWLRQ�RI�LQWHQVLW\�ZLWK�GLVWDQFH�LV�WKHQ�
H[SORUHG��ZLWK�SDUWLFXODU�UHIHUHQFH�WR�WKH�XVH�RI�&HSKHLG�YDULDEOH�VWDUV��7KLV�OHDGV�LQWR�D�GLVFXVVLRQ�
RI�WKH�KLVWRULFDO�FRQWURYHUV\�DERXW�WKH�QDWXUH�RI�µVSLUDO�QHEXODH¶�DQG�LWV�UHVROXWLRQ��WKHQ�WR�+XEEOH¶V�
REVHUYDWLRQ�RI�UHFHGLQJ�JDOD[LHV�DQG�LWV�H[SODQDWLRQ�LQ�WHUPV�RI�WKH�H[SDQGLQJ�8QLYHUVH�

4XHVWLRQV�DERXW�WKH�QDWXUH�RI�WKH�6XQ�OHDG�¿UVW�WR�D�VWXG\�RI�WKHUPDO�UDGLDWLRQ�DQG�WHPSHUDWXUH��
WKHQ�WR�OLQH�VSHFWUD�DQG�WKHLU�LQWHUSUHWDWLRQ��7KH�6XQ¶V�HQHUJ\�RXWSXW�LV�H[SODLQHG�LQ�WHUPV�RI�QXFOHDU�
IXVLRQ��7KH�6XQ�LV�WKHQ�FRPSDUHG�ZLWK�RWKHU�VWDUV��XVLQJ�WKH�+HUW]VSUXQJ�5XVVHOO�GLDJUDP�WR�
GLVSOD\�OXPLQRVLW\�DQG�WHPSHUDWXUH�DQG�WR�FKDUDFWHULVH�PDLQ�VHTXHQFH��JLDQW��DQG�ZKLWH�GZDUI�VWDUV��
$Q�RYHUYLHZ�RI�LQWHUVWHOODU�UHJLRQV��JDV�FORXGV��LQWURGXFHV�D�VWXG\�RI�JDVHV��LQFOXGLQJ�WKH�.HOYLQ�
WHPSHUDWXUH�VFDOH��,GHDV�DERXW�JDV�EHKDYLRXU�DUH�WKHQ�XVHG�WR�H[SODLQ�KRZ�VWDUV�DQG�SODQHWV�FDQ�
IRUP�DV�D�FORXG�FROODSVHV�XQGHU�LWV�RZQ�JUDYLW\��7KH�VWRU\�FRQWLQXHV�ZLWK�PDLQ�VHTXHQFH�VWDUV��ZKLFK�
DUH�H[SODLQHG�LQ�WHUPV�RI�QXFOHDU�IXVLRQ�DQG�HQHUJ\�WUDQVSRUW��3RVW�PDLQ�VHTXHQFH�HYROXWLRQ�LQYROYHV�
IXUWKHU�IXVLRQ��HYHQWXDOO\�HQGLQJ�ZLWK�WKH�IRUPDWLRQ�RI�D�ZKLWH�GZDUI��RU�ZLWK�D�VXSHUQRYD�H[SORVLRQ�
DQG�WKH�IRUPDWLRQ�RI�D�QHXWURQ�VWDU�RU�EODFN�KROH�DQG�WKH�HMHFWLRQ�RI�PDWHULDO�WKDW�PLJKW�IRUP�QHZ�VWDUV�
DQG�SODQHWV��)LQDOO\�WKH�PRGXOH�ORRNV�DW�HYLGHQFH�IRU�SODQHWV�DURXQG�RWKHU�VWDUV�DQG�UDLVHV�WKH�DV�\HW�
XQDQVZHUHG�TXHVWLRQ�RI�ZKHWKHU�WKHUH�LV�LQWHOOLJHQW�OLIH�HOVHZKHUH�LQ�WKH�8QLYHUVH�

������ 0RGXOH�3���)XUWKHU�3K\VLFV�²�6WXG\LQJ�WKH�8QLYHUVH

2YHUYLHZ
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7RSLFV

3���� 1DNHG�H\H�DVWURQRP\

2EVHUYDWLRQV�RI�0RRQ��VWDUV��SODQHWV

$QJXODU�VL]H��DQJXODU�FRRUGLQDWHV

7ZLQNOLQJ�VWDUV�UHIUDFWLRQ

3���� /LJKW��WHOHVFRSHV�DQG�LPDJHV

5HDO�LPDJH�IRUPDWLRQ�E\�SLQKROH��OHQV

'LIIUDFWLRQ�E\�DSHUWXUH��LPDJH�EOXUULQJ

$WPRVSKHULF�ZLQGRZV

%DFNJURXQG�µQRLVH¶

0LUURU��VLPSOH�WHOHVFRSH

,PDJH�SURFHVVLQJ

6SHFWUD�IURP�SULVP��JUDWLQJ

3���� 0DSSLQJ�WKH�8QLYHUVH

3DUDOOD[��SDUVHF

%ULJKWQHVV��OXPLQRVLW\�DQG�GLVWDQFH

&HSKHLGV

1HEXODH

5HFHVVLRQ�RI�JDOD[LHV

+XEEOH�FRQVWDQW

3���� 7KH�6XQ��WKH�VWDUV�DQG�WKHLU�VXUURXQGLQJV

7KHUPDO�UDGLDWLRQ�DQG�WHPSHUDWXUH

/LQH�VSHFWUD

1XFOHDU�IXVLRQ

7\SHV�RI�VWDUV

,QWHUVWHOODU�JDV�FORXGV

*DV�ODZV��NLQHWLF�WKHRU\��DEVROXWH�]HUR

6WDU�IRUPDWLRQ��JUDYLW\�DQG�JDV�EHKDYLRXU

0DLQ�VHTXHQFH��QXFOHDU�IXVLRQ��HQHUJ\�WUDQVSRUW

(QG�SRLQWV

([RSODQHWV�DQG�6(7,

3���� 7KH�DVWURQRP\�FRPPXQLW\

2UJDQLVDWLRQ�RI�DVWURQRP\

&KRLFH�RI�REVHUYLQJ�VLWHV

2EVHUYLQJ�IURP�WKH�(DUWK�DQG�LQ�VSDFH
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7KLV�PRGXOH�RIIHUV�RSSRUWXQLWLHV�WR�GHYHORS�PDWKHPDWLFV�VNLOOV��)RU�H[DPSOH�

�� GHYHORS�D�VHQVH�RI�VFDOH�LQ�WKH�FRQWH[W�RI�WKH�VRODU�V\VWHP��JDOD[LHV�DQG�WKH�8QLYHUVH

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

�� XVH�LGHDV�RI�SURSRUWLRQ�LQ�WKH�FRQWH[W�RI�WKH�JDV�ODZV

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

�� XVH�HTXDWLRQV��LQFOXGLQJ�DSSURSULDWH�XQLWV�IRU�SK\VLFDO�TXDQWLWLHV

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

�� XVH�LGHDV�DERXW�FRUUHODWLRQ�LQ�WKH�FRQWH[W�RI�+XEEOH¶V�/DZ�

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

�� UHFRUG�SRVLWLRQV�DQG�DSSHDUDQFH�RI�DVWURQRPLFDO�REMHFWV�RYHU�D�GD\��RU�QLJKW��DQG�RYHU�D�PRQWK�
RU�ORQJHU

�� PHDVXUH�WKH�IRFDO�OHQJWK�RI�OHQVHV�DQG�UHODWH�WKLV�WR�WKHLU�VKDSH

�� EXLOG�VLPSOH�WHOHVFRSHV�DQG�PHDVXUH�WKH�PDJQL¿FDWLRQ

�� LQYHVWLJDWH�GLIIUDFWLRQ�RI�OLJKW�DQG�PLFURZDYHV

�� LQYHVWLJDWH�WKH�XVH�RI�GLIIUDFWLRQ�JUDWLQJV�DQG�SULVPV�WR�SURGXFH�VSHFWUD

�� XVH�SDUDOOD[�PHWKRGV�WR�PHDVXUH�GLVWDQFHV

�� XVH�URERWLF�WHOHVFRSHV�WR�REVHUYH�DVWURQRPLFDO�REMHFWV

�� LQYHVWLJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WHPSHUDWXUH��SUHVVXUH�DQG�YROXPH�RI�D�JDV

�� REVHUYH�WKH�VSHFWUD�RI�D�UDQJH�RI�HOHPHQWV�DQG�OLQN�WKLV�WR�VSHFWUD�RI�VWDUV�

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

�� UHPRWH�FRQWURO�RI�WHOHVFRSHV

�� WKH�FROOHFWLRQ��VWRUDJH�DQG�DQDO\VLV�RI�DVWURQRPLFDO�GDWD�

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

�� XVLQJ�WKH�LQWHUQHW�WR�¿QG�RXW�DERXW�DVWURQRP\�GRQH�DW�WHOHVFRSHV�DURXQG�WKH�ZRUOG��DQG�WR�YLHZ�
DVWURQRPLFDO�LPDJHV

�� SURFHVVLQJ�RI�DVWURQRPLFDO�LPDJHV

�� OHDUQLQJ�IURP�VLPXODWLRQV�DQG�DSSOHWV�VKRZLQJ�VWDU�SURFHVVHV�

2SSRUWXQLWLHV�IRU�PDWKHPDWLFV

2SSRUWXQLWLHV�IRU�SUDFWLFDO�ZRUN

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

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

� OD6�����±����

� OD6����

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

7KH�VFLHQWLÀF�FRPPXQLW\
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0RGXOH�3���)XUWKHU�3K\VLFV�±�6WXG\LQJ�WKH�8QLYHUVH

3���� 1DNHG�H\H�DVWURQRP\

��� UHFDOO�WKDW�WKH�6XQ�DSSHDUV�WR�WUDYHO�HDVW�ZHVW�DFURVV�WKH�VN\�RQFH�HYHU\����KRXUV��WKDW�WKH�
VWDUV�DSSHDU�WR�WUDYHO�HDVW�ZHVW�DFURVV�WKH�VN\�RQFH�LQ�D�YHU\�VOLJKWO\�VKRUWHU�WLPH�SHULRG��DQG�
WKDW�WKH�0RRQ�DSSHDUV�WR�WUDYHO�HDVW�ZHVW�DFURVV�WKH�VN\�RQFH�LQ�D�VOLJKWO\�ORQJHU�WLPH�SHULRG

��� H[SODLQ�ZK\�D�VLGHUHDO�GD\��D�URWDWLRQ�RI������RI�WKH�(DUWK��LV�GLIIHUHQW�IURP�D�VRODU�GD\�
GXH�WR�WKH�RUELWDO�PRYHPHQW�RI�WKH�(DUWK�DQG�WKDW�D�VLGHUHDO�GD\�LV���PLQXWHV�OHVV�WKDQ�
D�VRODU�GD\

��� XQGHUVWDQG�WKDW�WKH�SODQHWV�0HUFXU\��9HQXV��0DUV��-XSLWHU�DQG�6DWXUQ�FDQ�EH�VHHQ�ZLWK�WKH�
QDNHG�H\H�DQG�WKDW�DOO�WKH�SODQHWV�DSSHDU�WR�PRYH�ZLWK�WKH�VWDUV�EXW�DOVR�WR�FKDQJH�WKHLU�
SRVLWLRQ�UHODWLYH�WR�WKH�¿[HG�VWDUV

��� H[SODLQ�WKH�DSSDUHQW�PRWLRQV�RI�WKH�6XQ��VWDUV��0RRQ�DQG�SODQHWV�LQ�WHUPV�RI�URWDWLRQ�RI�WKH�
(DUWK�DQG�WKH�RUELWV�RI�WKH�(DUWK��0RRQ�DQG�SODQHWV

��� H[SODLQ�WKH�SKDVHV�RI�WKH�0RRQ�LQ�WHUPV�RI�WKH�UHODWLYH�SRVLWLRQV�RI�WKH�6XQ��0RRQ�DQG�(DUWK

��� H[SODLQ�ERWK�VRODU�DQG�OXQDU�HFOLSVHV�LQ�WHUPV�RI�WKH�SRVLWLRQV�RI�WKH�6XQ�DQG�0RRQ�DQG�
H[SODLQ�WKH�ORZ�IUHTXHQF\�RI�HFOLSVHV�LQ�WHUPV�RI�WKH�UHODWLYH�WLOW�RI�WKH�RUELWV�RI�WKH�
0RRQ�DERXW�WKH�(DUWK�DQG�WKH�(DUWK�DERXW�WKH�6XQ

��� H[SODLQ�ZK\�GLIIHUHQW�VWDUV�DUH�VHHQ�LQ�WKH�QLJKW�VN\�DW�GLIIHUHQW�WLPHV�RI�WKH�\HDU��LQ�WHUPV�RI�
WKH�PRYHPHQW�RI�WKH�(DUWK�URXQG�WKH�6XQ

��� UHFDOO�WKDW��DQG�H[SODLQ�ZK\��SODQHWV�VRPHWLPHV�DSSHDU�WR�PRYH�ZLWK�UHWURJUDGH�PRWLRQ�
UHODWLYH�WR�WKH�µ¿[HG¶�VWDUV

��� XQGHUVWDQG�WKDW�WKH�SRVLWLRQV�RI�DVWURQRPLFDO�REMHFWV�DUH�GHVFULEHG�LQ�WHUPV�RI�WZR�DQJOHV�
�H�J��ULJKW�DVFHQVLRQ�DQG�GHFOLQDWLRQ��DQG�XQGHUVWDQG�KRZ�WKH�DQJOHV�UHODWH�WR�WKH�
FHOHVWLDO�VSKHUH�
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0RGXOH�3���)XUWKHU�3K\VLFV�±�6WXG\LQJ�WKH�8QLYHUVH

3���� /LJKW��WHOHVFRSHV�DQG�LPDJHV

��� XQGHUVWDQG�WKDW�WKH�VSHHG�RI�ZDYHV�LV�DIIHFWHG�E\�WKH�PHGLXP�WKH\�DUH�WUDYHOOLQJ�WKURXJK�DQG�
WKDW�WKH�ZDYH�VSHHG�ZLOO�FKDQJH�LI�D�ZDYH�PRYHV�IURP�RQH�PHGLXP�LQWR�DQRWKHU

��� XQGHUVWDQG�WKDW�D�FKDQJH�LQ�WKH�VSHHG�RI�D�ZDYH�FDXVHV�D�FKDQJH�LQ�ZDYHOHQJWK�VLQFH�WKH�
IUHTXHQF\�RI�WKH�ZDYHV�FDQQRW�FKDQJH��DQG�WKDW�WKLV�PD\�FDXVH�D�FKDQJH�LQ�GLUHFWLRQ

��� XQGHUVWDQG�WKDW�WKH�UHIUDFWLRQ�RI�OLJKW�ZDYHV�FDQ�EH�H[SODLQHG�E\�D�FKDQJH�LQ�WKHLU�VSHHG�
ZKHQ�WKH\�SDVV�LQWR�D�GLIIHUHQW�PHGLXP

��� GHVFULEH�KRZ�UHIUDFWLRQ�OHDGV�WR�WKH�IRUPDWLRQ�RI�DQ�LPDJH�E\�D�FRQYH[�FRQYHUJLQJ�OHQV

��� XQGHUVWDQG�DQG�GUDZ�GLDJUDPV�WR�VKRZ�KRZ�FRQYH[�FRQYHUJLQJ�OHQVHV�EULQJ�SDUDOOHO�OLJKW�WR�D�
IRFXV

��� GUDZ�DQG�LQWHUSUHW�UD\�GLDJUDPV�IRU�FRQYH[�FRQYHUJLQJ�OHQVHV�JDWKHULQJ�OLJKW�IURP�GLVWDQW�
SRLQW�VRXUFHV��VWDUV���RII�WKH�SULQFLSDO�D[LV�RI�WKH�OHQV�DQG�H[WHQGHG�VRXUFHV��SODQHWV�RU�
PRRQV�LQ�RXU�VRODU�V\VWHP��JDOD[LHV�

��� XQGHUVWDQG�WKDW�D�OHQV�ZLWK�D�PRUH�FXUYHG�VXUIDFH�LV�PRUH�SRZHUIXO�WKDQ�D�OHQV�ZLWK�D�OHVV�
FXUYHG�VXUIDFH�PDGH�RI�WKH�VDPH�PDWHULDO

��� FDOFXODWH�WKH�SRZHU�RI�D�OHQV�IURP�

� �

�
IRFDO�OHQJWK

SRZHU� 

� � �GLRSWUHV�� �PHWUHV±��

��� XQGHUVWDQG�WKDW�DVWURQRPLFDO�REMHFWV�DUH�VR�GLVWDQW�WKDW�OLJKW�IURP�WKHP�UHDFKHV�WKH�(DUWK�DV�
HIIHFWLYHO\�SDUDOOHO�VHWV�RI�UD\V

���� UHFDOO�WKDW�D�VLPSOH�RSWLFDO�WHOHVFRSH�KDV�WZR�FRQYHUJLQJ�OHQVHV�RI�GLIIHUHQW�SRZHUV��ZLWK�WKH�
PRUH�SRZHUIXO�OHQV�DV�WKH�H\HSLHFH

���� XQGHUVWDQG�WKDW�D�WHOHVFRSH�KDV�WZR�RSWLFDO�HOHPHQWV�

� D�� DQ�REMHFWLYH�OHQV�RU�PLUURU�WR�FROOHFW�OLJKW�IURP�WKH�REMHFW�EHLQJ�REVHUYHG�DQG�IRUP�DQ�
LPDJH�RI�LW

� E�� DQ�H\HSLHFH�ZKLFK�SURGXFHV�D�PDJQL¿HG�LPDJH�RI�WKH�LPDJH�IURP�WKH�REMHFWLYH�WKDW�ZH�
FDQ�YLHZ

���� FDOFXODWH�WKH�DQJXODU�PDJQL¿FDWLRQ�RI�D�WHOHVFRSH�IURP�WKH�SRZHUV�RI�WKH�WZR�OHQVHV�
XVLQJ�

� � IRFDO�OHQJWK�RI�REMHFWLYH�OHQV
IRFDO�OHQJWK�RI�H\HSLHFH�OHQV

PDJQL¿FDWLRQ� 

���� H[SODLQ�ZK\�PRVW�DVWURQRPLFDO�WHOHVFRSHV�KDYH�FRQFDYH�PLUURUV��QRW�FRQYHUJLQJ�OHQVHV��DV�
WKHLU�REMHFWLYHV

���� XQGHUVWDQG�KRZ�FRQFDYH�PLUURUV�EULQJ�D�SDUDOOHO�EHDP�RI�OLJKW�WR�D�IRFXV

���� H[SODLQ�ZK\�ODUJH�WHOHVFRSHV�DUH�QHHGHG�WR�FROOHFW�WKH�ZHDN�UDGLDWLRQ�IURP�IDLQW�RU�YHU\�GLVWDQW�
VRXUFHV

���� UHFDOO�WKDW�ZDYHV�FDQ�VSUHDG�RXW�IURP�D�QDUURZ�JDS�DQG�WKDW�WKLV�LV�FDOOHG�GLIIUDFWLRQ

���� GUDZ�DQG�LQWHUSUHW�GLDJUDPV�VKRZLQJ�ZDYH�GLIIUDFWLRQ�WKURXJK�JDSV
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3���� /LJKW��WHOHVFRSHV�DQG�LPDJHV

���� UHFDOO�WKDW�OLJKW�FDQ�EH�GLIIUDFWHG��DQG�WKDW�WKH�HIIHFW�LV�PRVW�QRWLFHDEOH�ZKHQ�OLJKW�WUDYHOV�
WKURXJK�D�YHU\�VPDOO�JDS��FRPSDUDEOH�WR�WKH�ZDYHOHQJWK�RI�WKH�ZDYH

���� XQGHUVWDQG�WKDW�UDGLDWLRQ�LV�GLIIUDFWHG�E\�WKH�DSHUWXUH�RI�D�WHOHVFRSH��DQG�WKDW�WKH�
DSHUWXUH�PXVW�EH�YHU\�PXFK�ODUJHU�WKDQ�WKH�ZDYHOHQJWK�RI�WKH�UDGLDWLRQ�GHWHFWHG�E\�WKH�
WHOHVFRSH�WR�SURGXFH�VKDUS�LPDJHV

���� H[SODLQ�KRZ�D�VSHFWUXP�FDQ�EH�SURGXFHG�E\�UHIUDFWLRQ�LQ�D�SULVP

���� UHFDOO�WKDW�D�VSHFWUXP�FDQ�EH�SURGXFHG�E\�D�GLIIUDFWLRQ�JUDWLQJ�
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0RGXOH�3���)XUWKHU�3K\VLFV�±�6WXG\LQJ�WKH�8QLYHUVH

3���� 0DSSLQJ�WKH�8QLYHUVH

��� H[SODLQ�KRZ�SDUDOOD[�PDNHV�FORVHU�VWDUV�VHHP�WR�PRYH�UHODWLYH�WR�PRUH�GLVWDQW�RQHV�RYHU�WKH�
FRXUVH�RI�D�\HDU

��� GH¿QH�WKH�SDUDOOD[�DQJOH�RI�D�VWDU�DV�KDOI�WKH�DQJOH�PRYHG�DJDLQVW�D�EDFNJURXQG�RI�YHU\�
GLVWDQW�VWDUV�LQ���PRQWKV

��� XQGHUVWDQG�WKDW�D�VPDOOHU�SDUDOOD[�DQJOH�PHDQV�WKDW�WKH�VWDU�LV�IXUWKHU�DZD\

��� GH¿QH�D�SDUVHF��SF��DV�WKH�GLVWDQFH�WR�D�VWDU�ZLWK�D�SDUDOOD[�DQJOH�RI�RQH�VHFRQG�RI�DUF

��� FDOFXODWH�GLVWDQFHV�LQ�SDUVHFV�IRU�VLPSOH�SDUDOOD[�DQJOHV�H[SUHVVHG�DV�IUDFWLRQV�RI�D�VHFRQG�RI�
DUF

��� UHFDOO�WKDW�D�SDUVHF�LV�VLPLODU�LQ�PDJQLWXGH�WR�D�OLJKW�\HDU�DQG�LV�WKH�XQLW�XVHG�E\�DVWURQRPHUV�
WR�PHDVXUH�GLVWDQFH

��� UHFDOO�WKDW�W\SLFDO�LQWHUVWHOODU�GLVWDQFHV�DUH�D�IHZ�SDUVHFV

��� UHFDOO�WKDW�WKH�OXPLQRVLW\�RI�D�VWDU�GHSHQGV�RQ�LWV�WHPSHUDWXUH�DQG�LWV�VL]H

��� H[SODLQ�TXDOLWDWLYHO\�ZK\�WKH�REVHUYHG�LQWHQVLW\�RI�OLJKW�IURP�D�VWDU��DV�VHHQ�RQ�(DUWK��GHSHQGV�
RQ�WKH�VWDU¶V�OXPLQRVLW\�DQG�LWV�GLVWDQFH�IURP�(DUWK

���� UHFDOO�WKDW�&HSKHLG�YDULDEOH�VWDUV�SXOVH�LQ�EULJKWQHVV��ZLWK�D�SHULRG�UHODWHG�WR�WKHLU�OXPLQRVLW\

���� UHFDOO�WKDW�DQG�H[SODLQ�TXDOLWDWLYHO\�KRZ�WKLV�UHODWLRQVKLS�HQDEOHV�DVWURQRPHUV�WR�HVWLPDWH�
WKH�GLVWDQFH�WR�&HSKHLG�YDULDEOH�VWDUV

���� XQGHUVWDQG�WKH�UROH�RI�REVHUYDWLRQV�RI�&HSKHLG�YDULDEOH�VWDUV�LQ�HVWDEOLVKLQJ�WKH�VFDOH�RI�WKH�
8QLYHUVH�DQG�WKH�QDWXUH�RI�PRVW�VSLUDO�QHEXODH�DV�GLVWDQW�JDOD[LHV

���� UHFDOO�WKDW�WHOHVFRSHV�UHYHDOHG�WKDW�WKH�0LON\�:D\�FRQVLVWV�RI�PLOOLRQV�RI�VWDUV�DQG�OHG�WR�WKH�
UHDOLVDWLRQ�WKDW�WKH�6XQ�ZDV�D�VWDU�LQ�WKH�0LON\�:D\�JDOD[\

���� UHFDOO�WKDW�WHOHVFRSHV�UHYHDOHG�WKH�H[LVWHQFH�RI�PDQ\�IX]]\�REMHFWV�LQ�WKH�QLJKW�VN\��DQG�WKDW�
WKHVH�ZHUH�RULJLQDOO\�FDOOHG�QHEXODH

���� UHFDOO�WKH�PDLQ�LVVXH�LQ�WKH�&XUWLV�6KDSOH\�GHEDWH��ZKHWKHU�VSLUDO�QHEXODH�ZHUH�REMHFWV�ZLWKLQ�
WKH�0LON\�:D\�RU�VHSDUDWH�JDOD[LHV�RXWVLGH�LW

���� UHFDOO�WKDW�+XEEOH¶V�REVHUYDWLRQV�RI�&HSKHLG�YDULDEOHV�LQ�RQH�VSLUDO�QHEXOD�LQGLFDWHG�WKDW�LW�
ZDV�PXFK�IXUWKHU�DZD\�WKDQ�DQ\�VWDU�LQ�WKH�0LON\�:D\��DQG�VR�KH�FRQFOXGHG�WKDW�WKLV�QHEXOD�
ZDV�D�VHSDUDWH�JDOD[\

���� UHFDOO�WKDW�LQWHUJDODFWLF�GLVWDQFHV�DUH�W\SLFDOO\�PHDVXUHG�LQ�PHJDSDUVHFV��0SF�

���� UHFDOO�WKDW�GDWD�RQ�&HSKHLG�YDULDEOH�VWDUV�LQ�GLVWDQW�JDOD[LHV�KDV�JLYHQ�EHWWHU�YDOXHV�RI�WKH�
+XEEOH�FRQVWDQW

���� XVH�WKH�IROORZLQJ�HTXDWLRQ�WR�FDOFXODWH��JLYHQ�DSSURSULDWH�GDWD��WKH�VSHHG�RI�UHFHVVLRQ�RI�D�
GLVWDQW�JDOD[\��WKH�+XEEOH�FRQVWDQW�RU�WKH�GLVWDQFH�WR�WKH�JDOD[\�

� VSHHG�RI�UHFHVVLRQ�  � +XEEOH�FRQVWDQW� î� GLVWDQFH�
� �NP�V�� � �V±��� � �NP�
� �NP�V�� � �NP�V�SHU�0SF�� � �0SF�

���� XQGHUVWDQG�KRZ�WKH�PRWLRQV�RI�JDOD[LHV�VXJJHVWV�WKDW�VSDFH�LWVHOI�LV�H[SDQGLQJ

���� UHFDOO�WKDW�VFLHQWLVWV�EHOLHYH�WKH�8QLYHUVH�EHJDQ�ZLWK�D�µELJ�EDQJ¶�DERXW����WKRXVDQG�PLOOLRQ�
\HDUV�DJR�
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0RGXOH�3���)XUWKHU�3K\VLFV�±�6WXG\LQJ�WKH�8QLYHUVH

3���� 7KH�6XQ��WKH�VWDUV�DQG�WKHLU�VXUURXQGLQJV

��� UHFDOO�WKDW�DOO�KRW�REMHFWV��LQFOXGLQJ�VWDUV��HPLW�D�FRQWLQXRXV�UDQJH�RI�HOHFWURPDJQHWLF�
UDGLDWLRQ��ZKRVH�OXPLQRVLW\�DQG�SHDN�IUHTXHQF\�LQFUHDVHV�ZLWK�WHPSHUDWXUH

��� UHFDOO�WKDW�WKH�UHPRYDO�RI�HOHFWURQV�IURP�DWRPV�LV�FDOOHG�LRQLVDWLRQ�DQG�H[SODLQ�KRZ�HOHFWURQ�
HQHUJ\�OHYHOV�ZLWKLQ�DWRPV�JLYH�ULVH�WR�OLQH�VSHFWUD

��� UHFDOO�WKDW�VSHFL¿F�VSHFWUDO�OLQHV�LQ�WKH�VSHFWUXP�RI�D�VWDU�SURYLGH�HYLGHQFH�RI�WKH�FKHPLFDO�
HOHPHQWV�SUHVHQW�LQ�LW

��� XVH�GDWD�RQ�WKH�VSHFWUXP�RI�D�VWDU��WRJHWKHU�ZLWK�GDWD�RQ�WKH�OLQH�VSHFWUD�RI�HOHPHQWV��WR�
LGHQWLI\�HOHPHQWV�SUHVHQW�LQ�LW

��� XQGHUVWDQG�WKDW�WKH�YROXPH�RI�D�JDV�LV�LQYHUVHO\�SURSRUWLRQDO�WR�LWV�SUHVVXUH�DW�D�FRQVWDQW�
WHPSHUDWXUH�DQG�H[SODLQ�WKLV�XVLQJ�D�PROHFXODU�PRGHO

��� H[SODLQ�ZK\�WKH�SUHVVXUH�DQG�YROXPH�RI�D�JDV�YDU\�ZLWK�WHPSHUDWXUH�XVLQJ�D�PROHFXODU�PRGHO

��� XQGHUVWDQG�WKDW�ERWK�WKH�SUHVVXUH�DQG�WKH�YROXPH�RI�D�JDV�DUH�SURSRUWLRQDO�WR�WKH�DEVROXWH�
WHPSHUDWXUH

��� LQWHUSUHW�DEVROXWH�]HUR�XVLQJ�D�PROHFXODU�PRGHO�DQG�NLQHWLF�WKHRU\

��� UHFDOO�WKDW�±����&�LV�WKH�DEVROXWH�]HUR�RI�WHPSHUDWXUH��DQG�FRQYHUW�WHPSHUDWXUHV�LQ�.�WR�
WHPSHUDWXUHV�LQ��&��DQG�YLFH�YHUVD�

���� XVH�WKH�UHODWLRQVKLSV�

� D�� SUHVVXUH�î�YROXPH� �FRQVWDQW

� E�
�

SUHVVXUH
WHPSHUDWXUH�

 �FRQVWDQW

� F��
YROXPH

WHPSHUDWXUH�
 �FRQVWDQW

���� H[SODLQ�WKH�IRUPDWLRQ�RI�D�SURWRVWDU�LQ�WHUPV�RI�WKH�HIIHFWV�RI�JUDYLW\�RQ�D�FORXG�RI�JDV��ZKLFK�LV�
PRVWO\�K\GURJHQ�DQG�KHOLXP

���� XQGHUVWDQG�WKDW�DV�WKH�FORXG�RI�JDV�FROODSVHV�LWV�WHPSHUDWXUH�LQFUHDVHV��DQG�UHODWH�WKLV�WR�WKH�
YROXPH��SUHVVXUH�DQG�EHKDYLRXU�RI�SDUWLFOHV�LQ�D�SURWRVWDU

���� XQGHUVWDQG�WKDW�QXFOHDU�SURFHVVHV�GLVFRYHUHG�LQ�WKH�HDUO\���WK�&HQWXU\�SURYLGHG�D�SRVVLEOH�
H[SODQDWLRQ�RI�WKH�6XQ¶V�HQHUJ\�VRXUFH

���� XQGHUVWDQG�WKDW��LI�EURXJKW�FORVH�HQRXJK�WRJHWKHU��K\GURJHQ�QXFOHL�FDQ�IXVH�LQWR�KHOLXP�QXFOHL�
UHOHDVLQJ�HQHUJ\��DQG�WKDW�WKLV�LV�FDOOHG�QXFOHDU�IXVLRQ

���� FRPSOHWH�DQG�LQWHUSUHW�QXFOHDU�HTXDWLRQV�UHODWLQJ�WR�IXVLRQ�LQ�VWDUV�WR�LQFOXGH�WKH�HPLVVLRQ�RI�
SRVLWURQV�WR�FRQVHUYH�FKDUJH

���� XQGHUVWDQG�WKDW�HQHUJ\�LV�OLEHUDWHG�ZKHQ�OLJKW�QXFOHL�IXVH�WR�PDNH�KHDYLHU�QXFOHL�ZLWK�PDVVHV�
XS�WR�WKDW�RI�WKH�LURQ�QXFOHXV
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���� XQGHUVWDQG�WKDW�(LQVWHLQ¶V�HTXDWLRQ�(� �PF��LV�XVHG�WR�FDOFXODWH�WKH�HQHUJ\�UHOHDVHG�
GXULQJ�QXFOHDU�IXVLRQ�DQG�¿VVLRQ��ZKHUH�(�LV�WKH�HQHUJ\�SURGXFHG��P�LV�WKH�PDVV�ORVW�
DQG�F�LV�WKH�VSHHG�RI�OLJKW�LQ�D�YDFXXP�

���� UHFDOO�WKDW�WKH�PRUH�PDVVLYH�WKH�VWDU��WKH�KRWWHU�LWV�FRUH�DQG�WKH�KHDYLHU�WKH�QXFOHL�LW�FDQ�
FUHDWH�E\�IXVLRQ

���� UHFDOO�WKDW�WKH�FRUH��FHQWUH��RI�D�VWDU�LV�ZKHUH�WKH�WHPSHUDWXUH�DQG�GHQVLW\�DUH�KLJKHVW�DQG�
ZKHUH�PRVW�QXFOHDU�IXVLRQ�WDNHV�SODFH

���� XQGHUVWDQG�WKDW�HQHUJ\�LV�WUDQVSRUWHG�IURP�FRUH�WR�VXUIDFH�E\�SKRWRQV�RI�UDGLDWLRQ�DQG�E\�
FRQYHFWLRQ

���� UHFDOO�WKDW�HQHUJ\�LV�UDGLDWHG�LQWR�VSDFH�IURP�WKH�VWDU¶V�VXUIDFH��SKRWRVSKHUH�

���� UHFDOO�WKDW�WKH�+HUW]VSUXQJ�5XVVHOO�GLDJUDP�LV�D�SORW�RI�WHPSHUDWXUH�DQG�OXPLQRVLW\�DQG�
LGHQWLI\�UHJLRQV�RQ�WKH�JUDSK�ZKHUH�VXSHUJLDQWV��JLDQWV��PDLQ�VHTXHQFH�DQG�ZKLWH�GZDUI�VWDUV�
DUH�ORFDWHG

���� UHFDOO�WKDW�LQ�D�PDLQ�VHTXHQFH�VWDU��K\GURJHQ�IXVLRQ�WR�KHOLXP�WDNHV�SODFH�LQ�WKH�FRUH

���� UHFDOO�WKDW�D�VWDU�OHDYHV�WKH�PDLQ�VHTXHQFH�ZKHQ�LWV�FRUH�K\GURJHQ�UXQV�RXW��LW�VZHOOV�WR�
EHFRPH�D�UHG�JLDQW�RU�VXSHUJLDQW�DQG�LWV�SKRWRVSKHUH�FRROV

���� UHFDOO�WKDW�LQ�D�UHG�JLDQW�RU�VXSHUJLDQW�VWDU��KHOLXP�QXFOHL�IXVH�WR�PDNH�FDUERQ��IROORZHG�E\�
IXUWKHU�UHDFWLRQV�WKDW�SURGXFH�KHDYLHU�QXFOHL�VXFK�DV�QLWURJHQ�DQG�R[\JHQ

���� UHFDOO�WKDW�D�ORZ�PDVV�VWDU��VLPLODU�WR�WKH�6XQ��EHFRPHV�D�UHG�JLDQW��ZKLFK�ODFNV�WKH�PDVV�WR�
FRPSUHVV�WKH�FRUH�IXUWKHU�DW�WKH�HQG�RI�KHOLXP�IXVLRQ��LW�WKHQ�VKULQNV�WR�IRUP�D�ZKLWH�GZDUI

���� UHFDOO�WKDW�LQ�D�ZKLWH�GZDUI�VWDU�WKHUH�LV�QR�QXFOHDU�IXVLRQ��WKH�VWDU�JUDGXDOO\�FRROV�DQG�IDGHV

���� UHFDOO�WKDW�LQ�D�KLJK�PDVV�VWDU��VHYHUDO�WLPHV�WKH�PDVV�RI�WKH�6XQ��QXFOHDU�IXVLRQ�FDQ�
SURGXFH�KHDYLHU�QXFOHL�XS�WR�DQG�LQFOXGLQJ�LURQ��ZKHQ�WKH�FRUH�LV�PRVWO\�LURQ��LW�H[SORGHV�DV�D�
VXSHUQRYD�FUHDWLQJ�QXFOHL�ZLWK�PDVVHV�JUHDWHU�WKDQ�LURQ�DQG�OHDYLQJ�D�GHQVH�QHXWURQ�VWDU�RU�D�
EODFN�KROH�

���� XQGHUVWDQG�WKDW�DVWURQRPHUV�KDYH�IRXQG�FRQYLQFLQJ�HYLGHQFH�RI�SODQHWV�DURXQG�KXQGUHGV�RI�
QHDUE\�VWDUV

���� XQGHUVWDQG�WKDW��LI�HYHQ�D�VPDOO�SURSRUWLRQ�RI�VWDUV�KDYH�SODQHWV��PDQ\�VFLHQWLVWV�WKLQN�WKDW�LW�LV�
OLNHO\�WKDW�OLIH�H[LVWV�HOVHZKHUH�LQ�WKH�8QLYHUVH

���� UHFDOO�WKDW�QR�HYLGHQFH�RI�H[WUDWHUUHVWULDO�OLIH��DW�SUHVHQW�RU�LQ�WKH�SDVW��KDV�VR�IDU�EHHQ�
GHWHFWHG�

3���� 7KH�6XQ��WKH�VWDUV�DQG�WKHLU�VXUURXQGLQJV
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3���� 7KH�DVWURQRP\�FRPPXQLW\

��� UHFDOO�WKDW�PDMRU�RSWLFDO�DQG�LQIUDUHG�DVWURQRPLFDO�REVHUYDWRULHV�RQ�(DUWK�DUH�PRVWO\�VLWXDWHG�
LQ�&KLOH��+DZDLL��$XVWUDOLD�DQG�WKH�&DQDU\�,VODQGV

��� GHVFULEH�IDFWRUV�WKDW�LQÀXHQFH�WKH�FKRLFH�RI�VLWH�IRU�PDMRU�DVWURQRPLFDO�REVHUYDWRULHV�
LQFOXGLQJ�

� D�� KLJK�HOHYDWLRQ

� E�� IUHTXHQW�FORXGOHVV�QLJKWV

� F�� ORZ�DWPRVSKHULF�SROOXWLRQ�DQG�GU\�DLU

� G�� VXI¿FLHQW�GLVWDQFH�IURP�EXLOW�XS�DUHDV�WKDW�FDXVH�OLJKW�SROOXWLRQ

��� GHVFULEH�ZD\V�LQ�ZKLFK�DVWURQRPHUV�ZRUN�ZLWK�ORFDO�RU�UHPRWH�WHOHVFRSHV

��� H[SODLQ�WKH�DGYDQWDJHV�RI�FRPSXWHU�FRQWURO�RI�WHOHVFRSHV�LQFOXGLQJ�

� D�� EHLQJ�DEOH�WR�ZRUN�UHPRWHO\

� E�� FRQWLQXRXV�WUDFNLQJ�RI�REMHFWV

� F�� PRUH�SUHFLVH�SRVLWLRQLQJ�RI�WKH�WHOHVFRSH

� G�� FRPSXWHU�UHFRUGLQJ�DQG�SURFHVVLQJ�RI�GDWD�FROOHFWHG

��� H[SODLQ�WKH�PDLQ�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�XVLQJ�WHOHVFRSHV�RXWVLGH�WKH�(DUWK¶V�
DWPRVSKHUH�LQFOXGLQJ�

� D�� DYRLGV�DEVRUSWLRQ�DQG�UHIUDFWLRQ�HIIHFWV�RI�DWPRVSKHUH

� E�� FDQ�XVH�SDUWV�RI�HOHFWURPDJQHWLF�VSHFWUXP�WKDW�WKH�DWPRVSKHUH�DEVRUEV

� F�� FRVW�RI�VHWWLQJ�XS��PDLQWDLQLQJ�DQG�UHSDLULQJ

� G�� XQFHUWDLQWLHV�RI�VSDFH�SURJUDPPH

��� XQGHUVWDQG�WKH�UHDVRQV�IRU�LQWHUQDWLRQDO�FROODERUDWLRQ�LQ�DVWURQRPLFDO�UHVHDUFK�LQ�WHUPV�RI�
HFRQRP\�DQG�SRROLQJ�RI�H[SHUWLVH

��� GHVFULEH�WZR�H[DPSOHV�VKRZLQJ�KRZ�LQWHUQDWLRQDO�FRRSHUDWLRQ�LV�HVVHQWLDO�IRU�SURJUHVV�LQ�
DVWURQRP\

��� XQGHUVWDQG�WKDW�QRQ�DVWURQRPLFDO�IDFWRUV�DUH�LPSRUWDQW�FRQVLGHUDWLRQV�LQ�SODQQLQJ��EXLOGLQJ��
RSHUDWLQJ��DQG�FORVLQJ�GRZQ�DQ�REVHUYDWRU\�LQFOXGLQJ�

� D�� FRVW

� E�� HQYLURQPHQWDO�DQG�VRFLDO�LPSDFW�QHDU�WKH�REVHUYDWRU\

� F�� ZRUNLQJ�FRQGLWLRQV�IRU�HPSOR\HHV�


