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7,0(�)/,(6�/,.(�$1�$552:���7+(�*5$3+,&$/�5(35(6(17$7,21�2)�63(('�$1'$&&(/(5$7,21
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5RPD�6W
&HQWUDO
%UXQVZLFN�6W%RZHQ�+LOOV
:LQGVRU
:LOVWRQ
1HZPDUNHW$OGHUO\(QRJJHUD*D\WKRUQH0LWFKHOWRQ
2[IRUG�3DUN
*URYHO\.HSHUUD)HUQ\�*URYH

6FKRRO�6SHFLDO
&RPPXWHU�([SUHVV

&LW\�7UDLQ�PDUNHWLQJ�PDQDJHU��SURSRVHV�WR� LQWURGXFH�D�QHZ�VHUYLFH�� WKH�&RPPXWHU�([SUHVV��+H�DW�ILUVWSURSRVHV�WKDW�WKLV�WUDLQ�VKRXOG�OHDYH�)HUQ\�*URYH�DW�����DP���WUDYHO�DW�EHVW�DYHUDJH�VDIH�VSHHG��DQG�VWRS�RQO\DW�5RPD�6W�DIWHU�SDVVLQJ�WKURXJK�&HQWUDO���3ODWIRUP����� � �7KLV�SURSRVDO�LV�VKRZQ�E\�WKH�GRWWHG�OLQH�RQ�WKHFKDUW�+RZHYHU�� WKH�7UDLQ�&RQWUROOHU� QRWLFHV� WKDW�ZKHQ� WKH�&RPPXWHU�([SUHVV� DUULYHV� DW�&HQWUDO�� 3ODWIRUP��ZLOO�EH�RFFXSLHG�E\�WKH�6FKRRO�6SHFLDO���DQG�WKHUH�LV�FHUWDLQ�WR�EH�D�FROOLVLRQ�7KH�7UDLQ�&RQWUROOHU�FDQ�VHH�WKDW� LI�KH�VOLGHV� WR� WKH�OHIW� � WKH�GRWWHG�OLQH�UHSUHVHQWLQJ�WKH�MRXUQH\�RI� WKH([SUHVV��KH�FDQ�HOLPLQDWH� WKH�SUREOHP�� �+H�PRYHV� WKH� OLQH� WR� WKH�SRVLWLRQ� VKRZQ�E\� WKH� VROLG� OLQH�RQ� WKHFKDUW��7KH�([SUHVV�QRZ�OHDYHV�)HUQ\�*URYH�DW�����DP�DQG�FDWFKHV�XS�ZLWK�DQG�SDVVHV�WKH�6FKRRO�6SHFLDO��RQWKH�SDVVLQJ�WUDFN�EHWZHHQ�:LQGVRU�DQG�%RZHQ�+LOOV7KLV�MXVW�RQH�H[DPSOH�RI��KRZ�XVHIXO�LW�LV�WR�EH�DEOH�WR�GUDZ�DQG�LQWHUSUHW�VSHHG�DQG�GLVWDQFH�FKDUWV�
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620(�'(),1,7,216
'LVWDQFH�DQG�'LVSODFHPHQW7KH�GLVWDQFH� WUDYHOOHG�E\� D�PRYLQJ�REMHFW� VLQFH� LW� VWDUWHG� WR�PRYH�� WKDW� LV�� WKH� GLVWDQFH� WKH� REMHFW� KDVWUDYHOOHG�DZD\� IURP� � LWV� VWDUWLQJ�SRLQW�RU�RULJLQ�� LV� FDOOHG� WKH�GLVSODFHPHQW RI� WKH�REMHFW��'LVSODFHPHQW� LVDQRWKHU�ZRUG�IRU�GLVWDQFH�WUDYHOOHG�IURP�WKH�EHJLQQLQJ�'LVSODFHPHQW� LV� PHDVXUHG� LQ� WKH� VDPH� XQLWV� DV� OHQJWK�� WKDW� LV�� WKH� SUHIHUUHG� XQLW� LV� WKH� PHWUH�� 7KHDEEUHYLDWLRQ�IRU�PHWUH�LV��P�:H�FDQ�XVH�GHFLPDO��PXOWLSOHV�DQG�VXE�PXOWLSOHV�RI�WKH�PHWUH�RI�FRXUVH��7KH�SUHIHUUHG�PXOWLSOHV�DQG�VXEPXOWLSOHV�DUH��WKH�vWHUQDU\w�SRZHUV�RI����LQFOXGLQJ���QDQR���PLFUR��PLOOL��DQG�NLOR�
7LPH:KHQ� ZH�PHDVXUH� WLPH� ZH� DUH� UHDOO\� RQO\� PHDVXULQJ� WKH� OHQJWK� RI� D� UHODWLYHO\� VKRUW� SHULRG� RI� WLPHEHWZHHQ�VSHFLILHG�HYHQWV��:H�PHDVXUH�LQWHUYDOV�RI�WLPH�7KH�XQLW�RI�PHDVXUHPHQW�IRU�LQWHUYDOV�RI��WLPH�LV�WKH�VHFRQG��7KH��DEEUHYLDWLRQ�IRU�VHFRQG�LV��V$JDLQ�ZH�FDQ�XVH�GHFLPDO� �PXOWLSOHV�DQG�VXE�PXOWLSOHV�RI� WKH�VHFRQG��7KH�SUHIHUUHG�PXOWLSOHV�DQG�VXEPXOWLSOHV�DUH��RQFH�PRUH�WKH�vWHUQDU\w�SRZHUV�RI����LQFOXGLQJ���QDQR��PLFUR��DQG�PLOOL�2WKHU�XQLWV�IRU� WKH�PHDVXUHPHQW�RI� LQWHUYDOV�RI� WLPH�DUH�DFFHSWDEOH� IRU�VSHFLDO�SXUSRVHV��7KHVH� LQFOXGHWKH�PLQXWH�DQG�WKH�KRXU�7LPH =HUR :KHQ�REVHUYLQJ�KRZ�VRPHWKLQJ�PRYHV�RU�RWKHUZLVH�FKDQJHV�ZLWK�WLPH�LW�LV�RIWHQ�FRQYHQLHQWWR�VD\�WKDW�WKH�REVHUYDWLRQ�EHJDQ��RU�VRPH�LQLWLDO�HYHQW�KDSSHQHG��DW�WLPH�]HUR��WKDW�LV�ZKHQ�WKH�vYDOXHw�RIWLPH�ZDV�]HUR�7KLV�OHDGV�WR�WKH�QRWLRQ�WKDW�WLPH�DIWHU�]HUR�LV�D�SRVLWLYH�YDOXH��DQG�QHJDWLYH�YDOXHV�RI�WLPH�FRUUHVSRQG�WRWLPH�EHIRUH�WLPH�]HUR���7KLV�LV�PHUHO\�D�XVHIXO�PDWKHPDWLFDO�FRQYHQLHQFH�
6SHHG,Q�D�PRWRU�FDU�ZH�WKLQN�RI�VSHHG��DV�KRZ�IDVW�ZH�DUH�JRLQJ��EXW�VFLHQWLILFDOO\�VSHDNLQJ��VSHHG�LV�WKH�UDWH�DWZKLFK��RXU�GLVWDQFH�IURP�VRPH�VSHFLILHG�SODFH�LV�LQFUHDVLQJ��6SHHG�LV�LQFUHDVH�LQ�GLVSODFHPHQW�SHU�XQLW�RIWLPH�6SHHG�LV�PHDVXUHG�LQ�WKH�vGHULYHG�XQLWw�PHWUHV�SHU�VHFRQG���7KH�DEEUHYLDWLRQ�IRU�WKH�XQLW�RI�VSHHG�LV�PV��RU�P�V��:H� FDQ� XVH� GHFLPDO�PXOWLSOHV� DQG� VXEPXOWLSOHV� RI� WKH�P�V�� )RU� H[DPSOH� NLOR�P�V�� RU� �PLOOL�P�V�� 7KHFRUUHFW�ZD\�WR�ZULWH�WKLV�LV�ZLWKRXW�D�VSDFH�EHWZHHQ�WKH�SUHIL[�DQG�WKH�XQLW���6R�WKDW�ZH�VKRXOG�ZULWH�NP�VDQG�PP�V�$�QHJDWLYH�YDOXH�RI�VSHHG�PHDQV�WKDW�WKH�GLVSODFHPHQW�LV�GHFUHDVLQJ�
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$�:25'�$%287�*5$3+67KHUH� DUH� VRPH� XQVDWLVIDFWRU\� DVSHFWV� RI� WKH� WUDLQ� FKDUW� ZH� KDYH� MXVW� VHHQ�� 7KH\� PDNH� LW� GLIILFXOW� WRXQGHUVWDQG�TXLFNO\��)LUVWO\��WKHUH�LV�QR�WLWOH��$OO�FKDUWV�RU�JUDSKV�VKRXOG�KDYH�D�WLWOH�VWDWLQJ�FOHDUO\�ZKDW�WKHFKDUW�LV�LOOXVWUDWLQJ�6HFRQGO\��WKH�D[HV�DUH�QRW�ODEHOOHG���(DFK�D[LV�RQ�D�JUDSK�VKRXOG�EH�FOHDUO\�ODEHOOHG�ZLWK�WKH�QDPH�RI�WKHTXDQWLW\�RU�vYDULDEOHw�VHW�RXW�DORQJ�WKDW�D[LV�� WRJHWKHU�ZLWK�WKH�XQLWV� LQ�ZKLFK�LW� LV�EHLQJ�PHDVXUHG�� �(DFKD[LV�VKRXOG�EH�PDUNHG�LQ��D�VFDOH�WKDW�SHUPLWV�LPSRUWDQW�FKDQJHV�LQ�WKH�YDOXH�RI�WKH�GDWD�WR�EH�FOHDUO\�VHHQ��$KDQG�GUDZQ�JUDSK�VPDOOHU�WKDQ�KDOI�DQ�$��SDJH�LV�VHOGRP�VDWLVIDFWRU\�7KH�REVHUYDWLRQV�RU�UHVXOWV�DUH�FDOOHG�WKH�vGHSHQGHQW�YDULDEOHw��7KH�GHSHQGHQW�YDULDEOH�LV�VHW�RXW�RQ�WKHYHUWLFDO�D[LV�7KH�KRUL]RQWDO� D[LV� VKRXOG�EH�XVHG� IRU� WKH�YDULDEOH�ZKLFK�ZH�FRQWURO� LQ� RXU� H[SHULPHQW� RU� �ZKLFK�ZHWKLQN� LV� UHVSRQVLEOH� IRU� WKH� FKDQJHV� REVHUYH��:H� FDOO� WKLV� WKH� vLQGHSHQGHQW� YDULDEOHw�� 7KH� D[LV�PD\� EHPDUNHG�WR�VKRZ�FDWHJRULHV�RU�LW�PD\�EH�JUDGXDWHG�DV�D�FRQWLQXRXV�QXPEHU�OLQH��� � �8QOHVV�\RX�KDYH�D�YHU\JRRG�UHDVRQ�WR�GR�RWKHUZLVH�� WKH�D[HV�VKRXOG�PHHW�RU�FURVV�DW� WKH� OHIW�KDQG�ERWWRP�FRUQHU� �ZLWK� WKH�YDOXH]HUR�RQ�ERWK�VFDOHV��6HH�ZKDW�RXU�WUDLQ�FKDUW�ORRNV�OLNH�ZKHQ�ZH�DSSO\�WKRVH�UXOHV�
7UDLQ�&KDUW��)HUQ\�*URYH�WR�&LW\��6FKRRO�6SHFLDO
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'LVWD
QFH�I

URP�)
HUQ\�

*URY
H�NP $%

6SHHG:H�FDQ�QRZ�VHH�WKDW�WKLV�LV�D�JUDSK�RI�GLVWDQFH�JRQH��GLVSODFHPHQW��YHUVXV�WLPH���:H�FDQ�VHH�WKDW�LQ�WKHILUVW�WZHOYH�PLQXWHV���WKDW�LV�IURP������WR��������WKH�WUDLQ�KDV�WUDYHOOHG���NP��GLVSODFHPHQW�LQFUHDVHV�IURP]HUR�WR���NP����7KH�DYHUDJH�VSHHG�RI�WKH�WUDLQ�LQ�WKLV�WLPH�PXVW�KDYH�EHHQ����NP���PLQ����WKDW�LV�����P�V�
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:KDW�LV�WKH�DYHUDJH�VSHHG�RYHU�WKH�QH[W����PLQXWHV�"2Q�WKH�UHYLVHG�WUDLQ�FKDUW��GUDZ�LQ�WKH�MRXUQH\�RI�WKH�FRPPXWHU�H[SUHVV��:KDW�LV�LWV�DYHUDJH�VSHHG�IURP)HUQ\�*URYH�WR�5RPD�6W")URP� WKH�JUDSK�GHWHUPLQH� WKH�GLVSODFHPHQW� LQFUHDVH�EHWZHHQ� ��� DQG� ���PLQXWHV�� ,Q� WKUHH�PLQXWHV� WKHWUDLQ�KDV�WUDYHOOHG�WZR�NLORPHWUHV��7KDW�LV�RQO\������P�V���7KH�WUDLQ�KDV�VORZHG�WR�JR�WKURXJK�WKH�WXQQHO��<RXZLOO�QRWLFH� WKDW� WKH�JUDSK�RYHU� WKLV�SRUWLRQ�RI� WKH� MRXUQH\� LV� QRW� DV� VWHHS� DV� HOVHZKHUH�� �7KH� VWHHSQHVV�RUvVORSHw� RI� WKH� JUDSK� RI� GLVSODFHPHQW� YHUVXV� WLPH� UHSUHVHQWV� VSHHG�� �7KH� JUHDWHU� WKH� VORSH� WKH� JUHDWHU� WKHVSHHG�
$FFHOHUDWLRQ$W�SRLQW�$�RQ�WKH�WUDLQ�FKDUW�\RX�FDQ�VHH�WKDW�WKH�VORSH�RI�WKH�JUDSK�LQFUHDVHV��7KLV�UHSUHVHQWV�WKH�WUDLQJDWKHULQJ�VSHHG�RQ�OHDYLQJ�WKH�SODWIRUP���,QFUHDVLQJ�VSHHG�LV�FDOOHG�DFFHOHUDWLQJ�$FFHOHUDWLRQ� LV� WKH� UDWH� DW�ZKLFK� WKH� VSHHG� LQFUHDVHV�� � ,Q� RWKHU�ZRUGV�� DFFHOHUDWLRQ� LV� WKH� LQFUHDVH� LQVSHHG�SHU�XQLW�WLPH�$FFRUGLQJO\��DFFHOHUDWLRQ�LV�PHDVXUHG�DV�WKH�FKDQJH�LQ�WKH�QXPEHU�RI�PHWUHV�SHU�VHFRQG�WKDW�KDSSHQV�LQRQH� VHFRQG�� � 7KDW� LV�� DV� �PHWUHV� SHU� VHFRQG� � SHU� VHFRQG��:H� DEEUHYLDWH� WKLV� DV�P�V�V�� � RU�P�V� ZKLFK� LVPDWKHPDWLFDOO\�HTXLYDOHQW�:H�FDQ�XVH�GHFLPDO�PXOWLSOHV�DQG�VXEPXOWLSOHV�RI�WKH�P�V��)RU�H[DPSOH�NP�V�V�DQG�PP�V�V�$�QHJDWLYH�YDOXH�RI�DFFHOHUDWLRQ�PHDQV�WKDW�WKH�VSHHG��LV�GHFUHDVLQJ��7KH�PRYLQJ�REMHFW�LV�vGHFHOHUDWLQJw7KH�6FKRRO�6SHFLDO�FDQ�EH�VHHQ�GHFHOHUDWLQJ�DW�SRLQW�%�&OHYHU�VWXGHQWV�ZLOO�KDYH�QRWLFHG�WKDW�DW�SRLQWV�$�DQG�%�WKH�WUDLQ�DSSHDUHG�WR�FKDQJH�VSHHG��YHU\�TXLFNO\����LQVWDQWDQHRXVO\�LQ�IDFW���5HDO�WUDLQV�GR�QRW�GR�WKDW�RI�FRXUVH��,I�ZH�KDG�PHDVXUHG�WKH�GLVSODFHPHQW�RI�WKHWUDLQ�DW�VKRUWHU�LQWHUYDOV��WKDW�DUWLILFLDOLW\�ZRXOG�KDYH�SDUWO\�GLVDSSHDUHG�
*5$3+6�2)�63(('�96�7,0(6RPH�WLPHV�LW�LV�FRQYHQLHQW��WR�XVH�D�JUDSK�RI�VSHHG��YHUVXV�WLPH�WR�GHVFULEH�WKH�PRYHPHQW�RI�DQ�REMHFW�,Q�WKLV�W\SH�RI�JUDSK��WLPH�LV�UHSUHVHQWHG�RQ�WKH�KRUL]RQWDO�D[LV�DQG�VSHHG�LV�UHSUHVHQWHG�RQ�WKH�YHUWLFDO�D[LV�7KH�VORSH�RI� WKH� �JUDSK� � UHSUHVHQWV� WKH�DFFHOHUDWLRQ�RI� WKH�REMHFW� �� WKH�DPRXQW� WKH� VSHHG�FKDQJHV� LQ�DJLYHQ�WLPH�7KH�DUHD�XQGHU�WKH�JUDSK�EHWZHHQ�RQH�WLPH�DQG�DQRWKHU�UHSUHVHQWV�WKH�GLVSODFHPHQW�RI�WKH�REMHFW�EHWZHHQWKRVH�WLPHV�7KH� IROORZLQJ� JUDSK� UHSUHVHQWV� WKH� PRWLRQ� RI� DQ� REMHFW� ZKLFK� H[SHULHQFHV� D� FRQVWDQW� DFFHOHUDWLRQ� RI���PHWUHV�VHFRQG�VHFRQG�IRU�ILYH�VHFRQGV�:KHUH�GR�\RX�WKLQN�\RX�PLJKW�REVHUYH�VXFK�D�PRWLRQ"
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:KHUH� X�LV�WKH�LQLWLDO�YHORFLW\�WKDW�LV�WKH�YHORFLW\�DW�WLPH�]HUR�Y LV�WKH�ILQDO�YHORFLW\�WKDW�LV�WKH�YHORFLW\�DW�WLPH�WV�LV�WKH�GLVSODFHPHQW�RU�GLVWDQFH�WUDYHOOHG�EHWZHHQ�WLPH�]HUR�DQG�WLPH�W



��

(1(5*<
:25.�(1(5*<�$1'�32:(5:KHQ�ZH�SXVK�RQ�VRPHWKLQJ�DQG�PRYH�LW��VFLHQWLVWV�DQG�HQJLQHHUV�VD\�ZH�DUH�GRLQJ���PHFKDQLFDO�ZRUN�RU��ZRUN��IRU�VKRUW��0DFKLQHV�ZKLFK�SXVK�RU�SXOO�WKLQJV�DQG�PRYH�WKHP�DUH�DOVR�GRLQJ�ZRUN�7R�GR�ZRUN�\RX�QHHG�HQHUJ\���(QHUJ\�LV�GHILQHG�DV�WKH�DELOLW\�WR�GR�ZRUN��7KLQJV�KDYH�HQHUJ\��DV�D�UHVXOW�RI���D� WKHLU�PDVV�DQG�VSHHG�����NLQHWLF�HQHUJ\���E� WKHLU�KHLJKW�DERYH�WKH�HDUWK���JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\���RU�MXVW��SRWHQWLDO�HQHUJ\w���NLQHWLF�DQG�SRWHQWLDO�HQHUJ\�DUH�RIWHQ�FRQVLGHUHG�WRJHWKHU�DQG��FDOOHG��PHFKDQLFDO�HQHUJ\���F� WKHLU�SRVVLELOLW\�RI��KDYLQJ�FKHPLFDO�UHDFWLRQV���FKHPLFDO�SRWHQWLDO�HQHUJ\���RU�MXVW��FKHPLFDOHQHUJ\w���G� WKHLU�WHPSHUDWXUH�����WKH�HQHUJ\�ZKLFK�UHVXOWV�IURP�EHLQJ�KRW�LV�FDOOHG��KHDW���H� WKHLU�EHLQJ�VWUHWFKHG����VWUDLQ�HQHUJ\���I� WKH�IRUFHV�ZKLFK�KROG�WKHLU�DWRPV�WRJHWKHU����DWRPLF��RU��QXFOHDU�HQHUJ\��'HYLFHV� ZKLFK� VWRUH� � HOHFWULFLW\� FDQ� KDYH� �HOHFWULF� HQHUJ\��� 0DQ\� VXEVWDQFHV� DUH� PDGH� RI� JURXSV� RIDWRPV�� FDOOHG� PROHFXOHV�� 7KHVH� � PROHFXOHV� YLEUDWH� DQG� WKH� DVVRFLDWHG� HQHUJ\� LV� FDOOHG� �LQWHUQDO� HQHUJ\�*DVHV�KDYH�HQHUJ\��GXH�WR�WKHLU�SUHVVXUH�DQG�YROXPH�DV�ZHOO�DV�WKHLU�WHPSHUDWXUH��7KLV�LV�FDOOHG��HQWKDOS\���
8QLWV�RI�0HDVXUHPHQW-XVW�DV�ZH�PHDVXUH�GLVWDQFHV�LQ�PHWUHV�DQG�WLPH�LQ�VHFRQGV��VR�ZH�KDYH�XQLWV�RI�PHDVXUHPHQW�IRU�ZRUNDQG�HQHUJ\���,I�\RX��WDNH��VD\�D�EDJ�RI�VXJDU�WKDW�KDV�D�PDVV�RI�RQH�NLORJUDP�DQG�OLIW�LW�D�KHLJKW�RI���PHWUH\RX�ZLOO�KDYH�GRQH�����MRXOHV�RI�ZRUN���<RX�ZLOO�KDYH�JLYHQ�LW�DQ�H[WUD�����MRXOHV�RI�JUDYLWDWLRQDO�SRWHQWLDOHQHUJ\���7KH�XQWLG\�QXPEHU�����DULVHV�EHFDXVH�WKH��IRUFH��H[HUWHG�RQ�WKH�EDJ�RI�VXJDU�E\�WKH�HDUWK
V�JUDYLW\�LVQRW�D�ZKROH�QXPEHU��7KH�MRXOH�LV�WKH�XQLW�RI�PHDVXUHPHQW�RI�ZRUN�DQG�HQHUJ\��,W�LV�QDPHG�DIWHU�DQ�(QJOLVK�VFLHQWLVW�'U�-RXOHRI�0DQFKHVWHU��ZKR��LQ�WKH�QLQHWHHQWK�FHQWXU\��LQYHVWLJDWHG�WKH�UHODWLRQVKLS�EHWZHHQ�ZRUN�DQG�KHDW�
3RZHU7KH�UDWH�DW�ZKLFK�ZH�GR�ZRUN�LV�FDOOHG��SRZHU���3RZHU�LV�PHDVXUHG�LQ�XQLWV�FDOOHG�ZDWWV��7KH�V\PERO�IRUWKH�XQLW� LV�:�� ,I�\RX�GR��� MRXOH�RI�ZRUN� LQ�RQH� VHFRQG�\RX�KDYH�DSSOLHG�D�SRZHU�RI���ZDWW�� �7KH�ZDWW� LVQDPHG� IRU� -DPHV�:DWW�ZKR� LQ� �����PDGH� FKDQJHV� WR� WKH� VWHDP� HQJLQH� WKDW�ZHUH� WKH� EDVLV� IRU� DOO� IXWXUHGHYHORSPHQW�



��

2QH�ZDWW�LV�QRW�YHU\�PXFK�SRZHU���,W�LV�DERXW�WKH�SRZHU�QHHGHG�WR�OLJKW�RQH�WRUFK�EXOE�7KH� HQJLQH� RI� WKH� 0LWVXELVKL� 0DJQD� KDV� D� PD[LPXP� SRZHU� RXWSXW� RI� �������� ZDWWV�� WKDW� LV�� ���NLORZDWWV��,Q�RWKHU�ZRUGV��LW�FDQ�GHOLYHU�D�PD[LPXP�RI���������MRXOHV�RI�HQHUJ\�LQ�RQH�VHFRQG��7KLV�FDU�KDVD�PDVV�RI�DERXW������NLORJUDPV,I� WKH� HQJLQH� RI� D�0DJQD�ZHUH� WR� GHOLYHU� FRQVWDQWO\� ���� NLORZDWWV�� RI� SRZHU�� WKHQ�� LQ� WKH� DEVHQFH� RIIULFWLRQ��WKH�HQJLQH�ZRXOG�DFFHOHUDWH�WKH�FDU�WR�����NLORPHWUHV�KRXU�LQ�DERXW����VHFRQGV�:H�NQRZ�WKH�0DJQD�FDQQRW�DFFHOHUDWH�WKDW�TXLFNO\��6RPHWKLQJ�HOVH�PXVW�EH�KDSSHQLQJ�WR�WKH�HQHUJ\,Q�IDFW��WKH�HQJLQH�FDQQRW�GHOLYHU����N:��FRQVWDQWO\�GXULQJ�DFFHOHUDWLRQ�IURP�D�VWDQGLQJ�VWDUW��$QG��DV�ZHVKDOO�VHH��VRPH�RI�WKH�HQHUJ\�LV�ZDVWHG�
&216(59$7,21�2)�(1(5*<(QHUJ\�FDQQRW�EH�HLWKHU�FUHDWHG�RU�GHVWUR\HG����,W�FDQ�RQO\�EH�FRQYHUWHG�IURP�RQH�IRUP�WR�DQRWKHU�:KHQ�ZH��GR�PHFKDQLFDO�ZRUN�RQ�VRPHWKLQJ��VD\�D� WUROOH\��E\� �SXVKLQJ� �RQ� � LW�DQG�PRYLQJ�LW��ZH�ZLOOKDYH�FKDQJHG�LWV�VSHHG�RU�LWV�KHLJKW�DERYH�WKH�HDUWK���:H�ZLOO�KDYH�WKHUHIRUH�FKDQJHG�LWV�PHFKDQLFDO�HQHUJ\�7KH�HQHUJ\�ZH��XVHG�KDV�EHHQ�JLYHQ�WR�WKH��WUROOH\��%XW��WKH�WRWDO�DPRXQW�RI�HQHUJ\�LV�XQFKDQJHG�
(QHUJ\�&RQYHUVLRQ���7KH�SULQFLSOH�,OOXVWUDWHG�&RQVLGHU� WKH�JHQHUDWLRQ�RI� HOHFWULFLW\�XVLQJ� D� VWHDP� WXUELQH�� � � )XHO� LQ� WKH� IRUP�RI�� VD\�� RLO� RU� FRDO�� RUQDWXUDO� JDV� LV� EXUQHG� LQ� D� IXUQDFH�� � 7KH� DLU� XVHG� IRU� FRPEXVWLRQ�� WRJHWKHU� ZLWK� WKH� JDVHRXV� FRPEXVWLRQSURGXFWV�� EHFRPH�YHU\�KRW�� �7KH� � IXUQDFH� LV� RSHQ� WR� WKH� DWPRVSKHUH� VR� WKH�JDV�SUHVVXUH� UHPDLQV� FORVH� WRDWPRVSKHULF�SUHVVXUH����&KHPLFDO�HQHUJ\�KDV�EHHQ�FRQYHUWHG�LQWR�KHDW�7R�GR�PHFKDQLFDO�ZRUN�ZH�QHHG�JDV�DW�KLJK�SUHVVXUH��6R��WKHVH�vIOXH�JDVHVw�DUH�SDVVHG�DURXQG�WKH�RXWVLGHRI�D�FRPSOH[�RI� WXEHV�FDUU\LQJ� � WKH�ZRUNLQJ�IOXLG��PRVW�XVXDOO\�ZDWHU��7KH�FRPSOH[�LV�NQRZQ�DV�D�ERLOHU�7KH�ZDWHU�SDVVLQJ�WKURXJK�WKH�ERLOHU�LV�KHDWHG�E\�WKH�JDVHV�DQG�HYDSRUDWHG�WR�IRUP�VWHDP��7KH�ZDWHU�LV�PDGHVR�KRW�WKDW�WKH�VWHDP�DERYH�LW�LV�DW�KLJK�SUHVVXUH��7KH�KHDW�HQHUJ\�IURP�WKH�IOXH�JDVHV�KDV�EHHQ�WUDQVIHUUHGLQWR�WKH�ZDWHU�HQWHULQJ�WKH�ERLOHU�DQG�FRQYHUWHG�WR�KHDW�DQG�SUHVVXUH��WKDW�LV��HQWKDOS\��LQ�WKH�VWHDP�7KH�VWHDP�LWVHOI�LV�WKHQ�GUDZQ�RXW�RI�WKH�ERLOHU�DQG�IXUWKHU�KHDWHG��E\�WKH�IOXH�JDVHV�LQ�D�vVXSHUKHDWHUw�0RUH�KHDW�HQHUJ\�LV�FRQYHUWHG�LQWR�HQWKDOS\�7KH�VWHDP�LV�WKHQ�UHOHDVHG�WR�SDVV�LQWR�WKH�QR]]OHV�RI�WKH�WXUELQH��7KH�YHORFLW\�RI�WKH�VWHDP�LQFUHDVHV�DV�LWSDVVHV�WKURXJK�WKH�QR]]OHV���6RPH�RI�WKH�VWHDPuV�HQWKDOS\�LV�FRQYHUWHG�LQ�NLQHWLF�HQHUJ\�RI�WKH�VWHDP�7KH�SUHVVXUH�DQG�NLQHWLF�HQHUJ\�RI�WKH�VWHDP�FRPLQJ�RXW�RI�WKH�QR]]OHV� WKHQ�IRUFH�WKH�WXUELQH�ZKHHO� WRWXUQ��7KH\�H[HUW�D�WRUTXH���+RZHYHU��WKH�NLQHWLF�HQHUJ\�RI�WKH�WXUELQH�GRHV�QRW�FKDQJH��2QFH�LW�LV�UXQQLQJ�LWVVSHHG�UHPDLQV�FRQVWDQW��7KH�HQHUJ\�RI�WKH�VWHDP�LV�QRW�FRQYHUWHG�WR�WKH�HQHUJ\�RI�WKH�WXUELQH�7KH�WXUELQH�LV�FRQQHFWHG�WR�DQ�HOHFWULF�JHQHUDWRU���D�PDJQHWLF�URWRU�ZKLFK�VSLQV�LQVLGH�D�FRLOHG�FRQGXFWRUVR�DV�WR�JHQHUDWH�HOHFWULF�FXUUHQW�LQ�DQ\�DWWDFKHG�FLUFXLWV���7KLV�UHTXLUHV�HQHUJ\�FRQWLQXRXVO\��7KH�JHQHUDWRUWDNHV�HQHUJ\�GLUHFWO\�IURP�WKH�VWHDP�E\�PHDQV�RI�WKH�WXUELQH���7KH�WHPSHUDWXUH�DQG�SUHVVXUH�DQG�YHORFLW\�RIWKH�VWHDP�GHFUHDVH�DV�WKH\�SDVV�WKURXJK�WKH�WXUELQH���0XFK�RI�WKH�HQWKDOS\�DQG�QHDUO\�DOO�WKH�NLQHWLF�HQHUJ\RI�WKH�VWHDP�DUH�FRQYHUWHG�LQWR�HOHFWULFDO�HQHUJ\�



��

,I�\RX�ZHUH�WR�UHDG�IXUWKHU�RQ�WKLV�VXEMHFW�\RX�PLJKW�GLVFRYHU�ZKDW�KDSSHQV� WR� WKH�KHDW� OHIW� LQ� WKH� IOXHJDVHV�DQG�WKH�HQWKDOS\�OHIW�LQ�WKH�VWHDP��7U\�WR�ILQG�RXW�ZKDW�D�FRQGHQVHU�GRHV�
(QHUJ\�&RQYHUVLRQ���7KH�,QHYLWDELOLW\�RI�/RVVHV,Q�DQ\�UHDO�PDFKLQH��VRPH�HQHUJ\��DOZD\V�OHDNV�RXW�DQG��SDVVHV�IURP�WKH�PDFKLQH�WR�WKH�RXWVLGH�ZRUOG�7KLV�OHDNDJH�LV�FDOOHG��ORVV����7KLV�SULQFLSOH�LV�PRVW�HDVLO\�VHHQ�LQ�PDFKLQHV�ZKLFK�XVH�KHDW�WR�GR�ZRUN��7KDWLV��IRU�PDFKLQHV��VXFK�DV�WKH�DXWRPRELOH�HQJLQH��ZKLFK�FRQYHUW�KHDW�LQWR�PHFKDQLFDO�HQHUJ\�0RVW� IUHTXHQWO\� WKH� ORVW� HQHUJ\� EHFRPHV� KHDW� RU� NLQHWLF� HQHUJ\� LQ� WKH� DWPRVSKHUH�� ,W� PD\� HYHQWXDOO\ZDUP�WKH�HDUWK�RU�OHDN�LQWR�RXWHU�VSDFH��7KH�ORVW�HQHUJ\�LV�QRW�FRQFHQWUDWHG���WKH�LQFUHDVH�RI�WHPSHUDWXUH�RIWKH�DWPRVSKHUH�LV�YHU\�VPDOO��DQG�IRU�WKDW�UHDVRQ�LW�LV�YHU\�GLIILFXOW�WR�UHFRYHU�WKH�ORVW�HQHUJ\�WR�XVH�LW�DJDLQTXLFNO\��,W�LV�ORZ�JUDGH�HQHUJ\��$OWKRXJK�WKH�HQHUJ\�KDV�UHDOO\�EHHQ�FRQYHUWHG�QRW�GHVWUR\HG��LW�DSSHDUV�WRKDYH�EHHQ�FRQVXPHG�
(IILFLHQF\�RU��:KDW�<RX�*HW���YV����:KDW�<RX�3D\�)RU�,W�(QJLQHHUV�DUH�YHU\�FRQFHUQHG�ZLWK�KRZ�PXFK�XVHIXO�RXWSXW�WKH\�FDQ�JHW�IURP�D�PDFKLQH�FRPSDUHG�ZLWKWKH� LQSXW� WR� WKH�PDFKLQH�� � ,Q�FDOFXODWLQJ�HIILFLHQF\� LW� LV�EHVW� LI� LQSXW�DQG�RXWSXW�DUH�ERWK�PHDVXUHG� LQ� WKHVDPH�WHUPV��)RU�H[DPSOH��KRZ�PXFK�XVHIXO�HQHUJ\�FRPHV�RXW�IRU�WKH��WRWDO�HQHUJ\�WKDW�JRHV�LQ��(IILFLHQF\�LVGHILQHG�DV�XVHIXO�RXWSXW�GLYLGHG�E\�LQSXW�DQG�LV�XVXDOO\�H[SUHVVHG�DV�D�SHUFHQWDJH��)RU�H[DPSOH��LI�\RX�KDYHVZLWFKHG�RQ�D����ZDWW�OLJKW�EXOE�LQ�\RXU�KRXVH��WKH�HOHFWULF�SRZHU�VWDWLRQ�ZLOO�GR����MRXOHV�RI�ZRUN�RQ�WKHEXOE�HYHU\�VHFRQG��7KH�EXOE� �ZLOO�JLYH�RXW� ����� MRXOHV�RI� OLJKW�HYHU\�VHFRQG�� �7KH�EXOE
V�HIILFLHQF\� �DV�DQLOOXPLQDWRU�LV����ZDWWV���ZDWWV���� �������RU����:KDW�ZRXOG�EH�WKH�EXOEuV�HIILFLHQF\�DV�D�KHDWHU"
(QHUJ\�&RQVXPSWLRQ�LQ�WKH�$XWRPRELOH7KH�DXWRPRELOH�SURYLGHV�XV�ZLWK�D�JRRG�LOOXVWUDWLRQ�RI�ORVVHV�DQG�HIILFLHQF\�6RPH� HQHUJ\� LV� ZDVWHG� LQVLGH� WKH� DXWRPRELOH� HQJLQH� LWVHOI�� � 7KH� WKHUPRG\QDPLF� HIILFLHQF\� RIFRPEXVWLRQ� DQG� RI� WKH� SUHVVXUH�YROXPH� F\FOH� LQ� WKH� HQJLQH� LV� RQO\� DERXW� ���� RU� ����� 7KH� ORVW� HQHUJ\SDVVHV�RXW� WKURXJK�WKH�H[KDXVW�SLSH�WR�DWPRVSKHUH��RU� WKURXJK�WKH�F\OLQGHU�ZDOOV� WR� WKH�FRROLQJ�ZDWHU�DQGWKHQFH�WR�DWPRVSKHUH�YLD�WKH�UDGLDWRU�$W�WKH�VDPH�WLPH��HQHUJ\�LV�EHLQJ�XVHG�WR�RYHUFRPH�WKH�LQWHUQDO�IULFWLRQ�LQ�WKH�HQJLQH���7KLV�HQHUJ\�LV�DOVRSDVVHG�WR� WKH�DWPRVSKHUH�WKURXJK�WKH�F\OLQGHU�ZDOOV�DQG�DOVR� WKURXJK� WKH�HQJLQH�RLO�DQG� WKH�VXPS�DQG�RLOFRROHU� 1H[W�� VRPH� HQHUJ\� LV� WDNHQ� IRU�ZKDW� DUH� FDOOHG� vDQFLOODULHVw�� 7KHVH� LQFOXGH� EDWWHU\� FKDUJLQJ�� DLU�FRQGLWLRQLQJ��SRZHU�VWHHULQJ��OLJKWV��DQG�HYHQ�WKH�UDGLR�7KH�UHPDLQLQJ�HQHUJ\�LV�DYDLODEOH�WR�GR�PHFKDQLFDO�ZRUN�SURSHOOLQJ�WKH�DXWRPRELOH��7KLV�ZRUN�LV�GRQHDJDLQVW�IULFWLRQ��)ULFWLRQ�DULVHV�IURP�UXEELQJ�VXUIDFHV�LQ�WKH�JHDUER[��FOXWFK�DQG�GLIIHUHQWLDOUROOLQJ�UHVLVWDQFH�RI�W\UHV



��

DHURG\QDPLF�GUDJ7KLV�HQHUJ\�LV�FRQYHUWHG�WR�KHDW�RU�NLQHWLF�HQHUJ\�LQ�WKH�DWPRVSKHUH��,W�EHFRPHV�ORZ�JUDGH�HQHUJ\��,W�LV�ORVW�
7KH�HQHUJ\�XVHG�LQ�RYHUFRPLQJ�IULFWLRQ�GHSHQGV�RQ�WKH�VSHHG�RI�WKH�HQJLQH�DQG�RI�WKH�DXWRPRELOH�,I�WKH�DXWRPRELOH�LV�WUDYHOOLQJ�RQ�D�OHYHO�URDG�DW�FRQVWDQW�VSHHG�WKHVH�SURFHVVHV�ZLOO�KDYH�FRQYHUWHG�DOO�WKHHQHUJ\�DYDLODEOH��IURP�WKH�IXHO�XVHG�,I� WKH� GULYHU� QRZ� SUHVVHV� RQ� WKH� DFFHOHUDWRU� SHGDO� WKH� DPRXQW� RI� IXHO� DQG� DLU� HQWHULQJ� WKH� HQJLQH�ZLOOLQFUHDVH��DQG�WKHUH�ZLOO�EH�HQHUJ\�OHIW�RYHU�DIWHU�WKH�FRQYHUVLRQV�WKURXJK�IULFWLRQ�DQG�DQFLOODULHV��7KLV�ZLOO�EHDYDLODEOH�IRU�FKDQJLQJ�WKH�NLQHWLF�DQG�SRWHQWLDO�HQHUJ\�RI�WKH�FDU���LQFOXGLQJ�WKH�URWDWLRQDO�NLQHWLF�HQHUJ\�RIWKH� HQJLQH�� WUDQVPLVVLRQ� DQG�ZKHHOV���7KLV� LV� FDOOHG� �H[FHVV� HQHUJ\���7KH� H[FHVV� HQHUJ\� DYDLODEOH� LQ� XQLWWLPH�FRXOG�EH�DQ\WKLQJ�IURP�]HUR�WR�����RI�WKH�FKHPLFDO�HQHUJ\�RI�WKH�IXHO�XVHG�LQ�WKDW�WLPH�7KH�H[FHVV�HQHUJ\�DYDLODEOH�LQ�XQLW�WLPH�LV�FRPPRQO\�NQRZQ�DV�WKH��H[FHVV�SRZHU����7KH�VSHHG�RI�WKH�FDUZLOO�LQFUHDVH�XQWLO�DOO�WKH�H[FHVV�SRZHU�LV�XVHG�E\�WKH��LQFUHDVHG�IULFWLRQ�DW�KLJKHU�VSHHG��RU�E\�FOLPELQJ�DKLOO��RU�ERWK�

6285&(6�2)�(1(5*<
%DVLF�6RXUFHV�RI��(QHUJ\7KHUH�DUH��IRXU�VRXUFHV�RI�HQHUJ\�DYDLODEOH�IRU�XV�RQ�HDUWK�WR�XVH��WKH�FKHPLFDO�SRWHQWLDO�HQHUJ\�RI�WKH�YDULRXV�VXEVWDQFHV�RQ�HDUWK�WKH�JUDYLWDWLRQDO�SRWHQWLDO�HQHUJ\�RI�PRYHDEOH�LWHPV�HVSHFLDOO\�ZDWHU��DQGWKH�KHDW�IURP�WKH�VXQ�DQG�WKH�FHQWUH�RI�WKH�HDUWK�QXFOHDU�HQHUJ\�LQ�WKH�VXEVWDQFHV�RQ�HDUWK&KHPLFDO�HQHUJ\�DULVHV�IURP�WKH��SRWHQWLDO�IRU�VXEVWDQFHV�WR�UHDFW�ZLWK�RQH�DQRWKHU�DQG��LQ�VR�GRLQJ��WRSURGXFH�KHDW�RU�HOHFWULFLW\���7KH�FKHPLFDO�SRWHQWLDO�HQHUJ\�LV�FKLHIO\�DYDLODEOH�IURP�WKLQJV�ZKLFK�ZH�EXUQ�WKDW� LV� UHDFW�ZLWK�R[\JHQ�� � VR� WKDW�ZH�FDQ�XVH� WKH�KHDW��7KHVH�DUH�FDOOHG� IXHOV��&KHPLFDO�HQHUJ\�KDV�EHHQDFFXPXODWHG�LQ�WKHP�RYHU�D�SHULRG�RI�WLPH���6RPH�RI�WKHVH�IXHOV�ZH�FDQ�SURGXFH�RXUVHOYHV�VR�WKH\�DUH�FDOOHG�UHQHZDEOH���7KH� UHQHZDEOH� IXHOV� LQFOXGH�� IRU� H[DPSOH�� �ZRRG� IURP� WUHHV�� RWKHU� GHDG� YHJHWDWLRQ�� DOFRKROIURP�WKH�IHUPHQWDWLRQ�RI�JUDLQ��DQG�JDV�IURP�GHFD\LQJ�JDUEDJH�7KHUH�DUH�QRQ�UHQHZDEOH�IXHOV�VXFK�DV�FRDO��SHWUROHXP��DQG�QDWXUDO�JDV��7KHVH�VR�FDOOHG��IRVVLO�IXHOV��WRRNVR�PDQ\�\HDUV� WR�SURGXFH� � WKDW� �ZH�FRXOG�QRW�KRSH� WR� UHQHZ� WKHP��7KH\� DUH�PRVW�YDOXDEOH�EHFDXVH� WKHLUFKHPLFDO�HQHUJ\�LV�YHU\�FRQFHQWUDWHG�DV�D�UHVXOW�RI�WKH�PLOOLRQV�RI�\HDUV�WKH\�WRRN�WR�PDNH��*UDYLWDWLRQDO�SRWHQWLDO�HQHUJ\�LV�FKLHIO\�DYDLODEOH�WR�XV�DV�ZDWHU�VWRUHG�RQ�KLJK�JURXQG���ZKLFK�ZH�FDQ�XVHGLUHFWO\��DV�LQ�D�ZDWHU�ZKHHO��RU�LQGLUHFWO\�E\�WKH�SURGXFWLRQ�RI�HOHFWULFLW\�ZKLFK��LQ�WXUQ�LV�XVHG�IRU�RXU�ILQDOSXUSRVH��*UDYLWDWLRQDO�SRWHQWLDO�HQHUJ\�LV�DOVR���SUHVHQW�LQ�ZDWHU�DW�KLJK�WLGH�DQG�LQ�ZDYHV�+HDW�LV�DYDLODEOH�GLUHFWO\�IURP�WKH�VXQ�DQG�DOVR�IURP�WKH��PROWHQ�PDJPD�LQ�WKH�FHQWUH�RI�WKH�HDUWK���:HFDOO�WKHVH�VRODU�HQHUJ\�DQG�JHRWKHUPDO�HQHUJ\���6RODU�HQHUJ\�LV�DOVR�SUHVHQW�LQ�WKH�IRUP�RI�ZLQG�DQG�LQ�WKH
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KHDW�FRQWDLQHG�E\�WKH�RFHDQV�
7UDQVPLVVLRQ�RI�(QHUJ\%HIRUH�ZH�FDQ�XVH�WKH�HQHUJ\�IURP�WKHVH�VRXUFHV��ZH�PXVW�PRYH�WKH�HQHUJ\�WR�WKH�SODFH�DW�ZKLFK�ZH�ZDQWWR�XVH�LW���7KLV�LV�NQRZQ�DV�HQHUJ\�WUDQVPLVVLRQ��RU�PRUH�XVXDOO\�DV�SRZHU�WUDQVPLVVLRQ��7KHUH�DUH�UHODWLYHO\IHZ�PHWKRGV�RI� �HQHUJ\� WUDQVPLVVLRQ�DQG��EHIRUH� WKH�HQHUJ\�FDQ�EH� WUDQVPLWWHG� IURP�RXU� VRXUFHV� � LW�PXVWXVXDOO\�EH�FRQYHUWHG�LQWR�DQRWKHU�IRUP���RQH�WKDW�LV�VXLWHG�WR�WKH�PHDQV�RI�WUDQVPLVVLRQ�,W�LV�DOVR�XVXDOO\�QHFHVVDU\�WR�KDYH�D�PDFKLQH�RI�VRPH�VRUW�WR�FRQQHFW�RU�vFRXSOHw�WKH�HQHUJ\�VRXUFH�WRWKH�PHDQV�RI� WUDQVPLVVLRQ��(QHUJ\�FRQYHUVLRQ�RIWHQ�KDSSHQ� LQVLGH�VXFK�PDFKLQHV��7KH�DXWRPRELOH�HQJLQHFRXSOHV�WKH�FKHPLFDO�HQHUJ\�RI�WKH�IXHO�WR�WKH�VKDIWV�WKDW�WUDQVPLW�HQHUJ\�WR�WKH�ZKHHOV��7KH�SHGDOV�FRXSOHWKH�FKHPLFDO�HQHUJ\�RI� WKH� ULGHUuV� OHJ�PXVFOHV� WR� WKH� FKDLQ� DQG�EDFN�ZKHHO�RI� WKH�ELF\FOH� �ZKLFK� LQ� WXUQWUDQVPLW� DQG� FRQYHUW� WKLV� HQHUJ\� � WR� WKH� NLQHWLF� HQHUJ\� DQG� SRWHQWLDO� HQHUJ\� RI� WKH� ULGHU� DQG� ELF\FOH� DV� DZKROH�0DQ\�LQJHQLRXV�PHWKRGV�KDYH�EHHQ�SURSRVHG�IRU�FRXSOLQJ�WKH�HQHUJ\�RI�RFHDQ�WLGHV�DQG�ZDYHV�DQG�WKHZLQG�WR�HOHFWULFDO�JHQHUDWRUV�7KH�PHDQV�RI�WUDQVPLWWLQJ�HQHUJ\�LQFOXGH�URWDWLQJ�VKDIWVSXVKLQJ�DQG�SXOOLQJ�RI��URGV�OHYHUV�FKDLQV�EHOWV�DQG�URSHVFRQGXFWLRQ�DQG�FRQYHFWLRQ�RI�KHDWFRQGXFWLRQ�RI�HOHFWULFLW\SUHVVXUH�RI�IOXLGV�LQ�SLSHV�6WXGHQWV�PD\� ILQG� LW� FXULRXV� WR� OHDUQ� WKDW� WKH� OLIWV� LQ�PDQ\�EXLOGLQJV� LQ�/RQGRQ�DQG� WKH� FUDQHV� RQ� WKHZKDUYHV�ZHUH�RQFH�RSHUDWHG�E\�ZDWHU�SUHVVXUH���7KHUH�ZDV�HYHQ�D�UDLOZD\�WKDW�ZDV�SRZHUHG�E\�DLU�SUHVVXUH�+HDW�DQG�HOHFWULFLW\�PD\�DOVR�EH�WUDQVPLWWHG�E\�UDGLDWLRQ�
5DGLDWLRQ,I�\RX�VWDQG�LQ�IURQW�RI�D�ILUH�RU�D�JORZLQJ�HOHFWULF�KHDWHU��\RX�ZLOO�IHHO�\RXUVHOI�EHLQJ�ZDUPHG��(QHUJ\�LVSDVVLQJ�IURP�WKH�ILUH�WR�\RX��HYHQ�WKRXJK�WKH�ILUH�LV�QRW�WRXFKLQJ�\RX���7KH�VDPH�WKLQJ�KDSSHQV�LQ�D�EUHDGWRDVWHU��7KH�EUHDG�LV�KHDWHG�E\�WKH�JORZLQJ�HOHFWULF�HOHPHQW�LQ�WKH�WRDVWHU�HYHQ�WKRXJK�WKH\�DUH�QRW�WRXFKLQJ�:KHQ�HQHUJ\�LV�WUDQVPLWWHG�DFURVV�RSHQ�VSDFH�ZH�FDOO�WKH�SURFHVV�vUDGLDWLRQw��7KH�ILUH�UDGLDWHV��WKH�WRDVWHUHOHPHQW�UDGLDWHV��WKH�HOHFWULF�KHDWHU�UDGLDWHV�7KH�VXQ�UDGLDWHV�KHDW�DQG�OLJKW�WR�WKH�HDUWK��:H�UHFHLYH�WKDW�UDGLDWLRQ�DQG�PDNH�JUHDW�XVH�RI�LW�2I�FRXUVH��UHFHLYLQJ�WRR�PXFK�RI�WKH�VXQuV�UDGLDWLRQ�FDQ�KDUP�XV��:H�PD\�EH�VXQEXUQHG�RU�RXU�H\HV�PD\EH�GDPDJHG��7KH�VXQuV�UDGLDWLRQ�FDQ�KDYH��GHWULPHQWDO�DV�ZHOO�DV�EHQHILFLDO�ELRORJLFDO�HIIHFWV�6RPHWLPHV�WKH�UDGLDWRUV�DUH�FDOOHG�WUDQVPLWWHUV��7HOHYLVLRQ��UDGDU�DQG�UDGLR�WUDQVPLWWHUV��LQFOXGLQJ�PRELOHWHOHSKRQHV��UDGLDWH�DQG�SDVV�LQIRUPDWLRQ�E\�WKH�ZD\�LQ�ZKLFK�WKH\�WUDQVPLW�HQHUJ\�DFURVV�RSHQ�VSDFH��;�UD\
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PDFKLQHV�GR�WKH�VDPH��5HFHLYLQJ�WRR�PXFK�RI� WKLV�VRUW�RI�UDGLDWLRQ�FDQ�DOVR�KDYH�D�GHWULPHQWDO�ELRORJLFDOHIIHFW�6RPHWLPHV�LW�LV�XVHIXO�WR�WKLQN�RI�WKH�HQHUJ\�EHLQJ�WUDQVPLWWHG�DV�D�EHDP�RU�UD\��6RPHWLPHV�LW�LV�XVHIXO�WRWKLQN� RI� WKH� HQHUJ\� DV� EHLQJ� FRQWDLQHG� LQ�ZKDW� VFLHQWLVWV� FDOOHG� DQ� vHOHFWURPDJQHWLF� ILHOGw� VSUHDGLQJ� RXWIURP�WKH�UDGLDWLQJ�REMHFW�
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18&/($5�(1(5*<
$WRPV0RVW�RI�RXU�VFLHQWLILF�WKHRULHV�DERXW�WKH�ZRUOG�ILW�WRJHWKHU�YHU\�ZHOO�LI�ZH�EHOLHYH�WKDW�HYHU\WKLQJ�LQ�WKHZRUOG�LV�PDGH�XS�RI�VPDOO�ELWV�FDOOHG�DWRPV�$Q� DWRP� LV� WKH� VPDOOHVW� ELW� RI�PDWWHU� WKDW� KDV� GLVWLQFWLYH� FKDUDFWHULVWLFV�� 7KHUH� LV� D� GLIIHUHQW� DWRP� IRUHYHU\WKLQJ���6R�ZH�VSHDN�RI�R[\JHQ�DWRPV�DQG��DWRPV�RI�LURQ���0RVW�HYHU\GD\��WKLQJV�DUH�PDGH�XS�RI�DWRPVRI�PRUH�WKDQ�RQH�VRUW��5XVW��IRU�H[DPSOH��LV�D�PL[WXUH�RI�DWRPV�RI�R[\JHQ�DQG�LURQ�DQG�K\GURJHQ�:H�DOVR�VD\�WKDW�DQ�DWRP�LWVHOI�LV�PDGH�XS�RI�VPDOOHU�SDUWLFOHV�FDOOHG�vVXE�DWRPLFw�SDUWLFOHV��7KHVH�KDYHQDPHV�OLNH�QHXWURQ��SURWRQ�DQG�HOHFWURQ��7KH�SURWRQV�QHXWURQV�DQG�HOHFWURQV�LQ�DQ�DWRP�DUH�WKH�VDPH�DV�WKRVHLQ�DQ\�RWKHU�DWRP��3URWRQV�DQG�QHXWURQV�DUH�LQ�D�SDUW�RI�WKH�DWRP�FDOOHG�WKH�QXFOHXV�
5DGLRDFWLYLW\8QGHU�FHUWDLQ�FLUFXPVWDQFHV�DWRPV�GR�EUHDN�XS�RU�vGHFD\w��:KHQ�WKH\�GR��WKH\�HPLW�VXE�DWRPLF�SDUWLFOHVDQG�WKH\�UDGLDWH�VRPH�HQHUJ\�4XLWH� D� IHZ� VXEVWDQFHV� KDYH� DWRPV� WKDW� DUH� D� OLWWOH� XQVWDEOH� �� WKH� DWRPV� DUH� SURQH� WR� EUHDNLQJ� XSVSRQWDQHRXVO\�:KHQ�ILUVW�QRWLFHG�LW�VHHPHG�DV�WKRXJK�WKH�VXEVWDQFHV�ZHUH�QDWXUDOO\�UDGLDWLQJ�HQHUJ\��7KH\�ZHUH�FDOOHGvUDGLRDFWLYHw�6RPH� VXEVWDQFHV� ZHUH� IRXQG� WR� HPLW� vUDGLDWLRQw� ZKHQ� OLJKW� ZDV� VKRQH� RQ� WKHP� �� WKDW� LV� ZKHQ� WKH\DEVRUEHG� UDGLDQW� HQHUJ\�� 6RPH� UH� HPLWWHG� OLJKW�� 7KHVH� ZHUH� FDOOHG� IOXRUHVFHQW� DQG� SKRVSKRUHVFHQW�� � 0�%HFTXHUHO�LQYHVWLJDWHG�WKLV�HIIHFW�LQ�XUDQLXP�LQ������0PH�DQG�0�&XULH�LQYHVWLJDWHG�WKH�PDWWHU�PRUH�GHHSO\�DQG�FRQFOXGHG�WKDW�WKHVH�HIIHFWV�ZHUH�vDWRPLFw�:H�KDYH�VLQFH�GLVFRYHUHG�WKDW�WKHUH�DUH�PDQ\�UDGLRDFWLYH�VXEVWDQFHV��5DGLXP��SOXWRQLXP�DQG�XUDQLXP�DUHRQO\�WKUHH�6XEVWDQFHV�ZHUH�IRXQG�ZKLFK��FRQGXFWHG�RU�HYHQ�JHQHUDWHG�HOHFWULFLW\�ZKHQ�D�OLJKW�ZDV�VKRQH�RQ�WKHP�7KHVH�HIIHFWV�DUH��FDOOHG�vSKRWRFRQGXFWLYHw�DQG�vSKRWRYROWDLFw�RU�VLPSO\�vSKRWR�HOHFWULFw�$WRPV�RI�PRVW�VXEVWDQFHV�ZLOO�EUHDN�XS�LI� WKH\�DUH�KLW�E\�D�VSHHGLQJ�SURWRQ��HOHFWURQ�RU�QHXWURQ��/RUG5XWKHUIRUG�GHPRQVWUDWHG�WKLV�LQ�������+H�EURNH�XS�DWRPV�RI�QLWURJHQ�DQG�WKH\�WXUQHG�LQWR�R[\JHQ��:KHQ�WKH�HDUO\�VFLHQWLVWV�REVHUYHG�UDGLRDFWLYH�GHFD\�� WKH\�FDOOHG� WKH�HPLVVLRQV�DOSKD��EHWD�DQG�JDPPDUD\V�EHFDXVH�WKH\�GLG�QRW�NQRZ�ZKDW�WKH\�ZHUH�:H�QRZ�NQRZ�WKH�SDUWLFOHV�PDLQO\�HPLWWHG�IURP�D�GHFD\LQJ�DWRP�DUH�QHXWURQV�� �QHXWURQV�DQG� �SURWRQVMRLQHG�WRJHWKHU�FDOOHG��vDOSKD�SDUWLFOHVw��DQG�HOHFWURQV�DOVR�NQRZQ�DV�vEHWD�SDUWLFOHVw�7KH�UDGLDQW�HQHUJ\�ZKLFK�LV�HPLWWHG�DW�WKH�VDPH�WLPH�PD\�EH�KHDW�RU�OLJKW�RU�;�UD\V�DQG�VLPLODU�UDGLDWLRQFDOOHG�JDPPD�UDGLDWLRQ�(YHQ�WKRXJK�WKH�HPLVVLRQ�RI�SDUWLFOHV�IURP�D�GHFD\LQJ�DWRP�LV�QRW�H[DFWO\�WKH�VDPH�DV�UDGLDWLRQ�RI�VD\KHDW�DQG� OLJKW��ZH�FRQWLQXH� WR� UHIHU� WR� WKH� HPLWWHG�SDUWLFOHV� DQG� HQHUJ\� DV� vDWRPLF� UDGLDWLRQw�� RU� vQXFOHDU
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UDGLDWLRQw�LI�WKH�SDUWLFOHV�FRPH�IURP�WKH�QXFOHXV�RI�WKH�DWRP�
(IIHFWV�RI�$WRPLF�5DGLDWLRQ7KH� VSHHG�� VL]H� DQG�PDVV� DQG� WKH� HOHFWULFDO� FKDUDFWHULVWLFV� RI� � WKHVH� SDUWLFOHV�� DQG� WKH� LQWHQVLW\� RI� WKHJDPPD�UD\V��GHWHUPLQH�ZKDW�KDSSHQV�ZKHQ�WKH\�KLW�VRPHWKLQJ�$OSKD�SDUWLFOHV�KDYH�D�PDVV�RI�RQO\�DERXW�����[�������NJ��EXW�WKH\�DUH�VWLOO������WLPHV�KHDYLHU�WKDQ�EHWDSDUWLFOHV�DQG�IRXU�WLPHV�KHDYLHU�WKDQ�QHXWURQV��7KH\�DUH�HPLWWHG�IURP�WKH�QXFOHXV�DW�DQ�HQRUPRXV�VSHHG���DERXW�������NLORPHWUHV�VHF��%XW��WKH\�DUH�HDVLO\�VWRSSHG��%HFDXVH�RI�WKHLU�VL]H�DQG�HOHFWULFDO�SURSHUWLHV�WKH\ZLOO�RQO\�WUDYHO�DERXW���PP�WKURXJK�DLU�%HWD�SDUWLFOHV�VRPHWLPHV�KDYH�VSHHGV�HYHQ�KLJKHU�WKDQ�WKH�DOSKD�SDUWLFOHV���DV�PXFK�DV�����RI�WKH�VSHHGRI�OLJKW�IRU�H[DPSOH�7KH�HQHUJ\�RI� WKH�HPLVVLRQV�LV�DEVRUEHG�E\�DQ\�REMHFW�ZKLFK�VWRSV�WKHP��7KLV� WUDQVIHU�RI�HQHUJ\� WR�DQREMHFW�LQYDULDEO\�KHDWV�RU�GDPDJHV�WKH�REMHFW���VRPHWLPHV�PLQXWHO\�VRPHWLPHV�JURVVO\��7R� HVWLPDWH� WKH� OLNHO\� HIIHFW� RI� DEVRUELQJ� DWRPLF� UDGLDWLRQ�� ZH� PHDVXUH� ZKDW� LV� FDOOHG� WKH� UDGLDWLRQvGRVHw�RU�vGRVDJHw���$Q�LQVWUXPHQW�IRU�GRLQJ�WKLV�LV�FDOOHG�D�vGRVLPHWHUw��2IWHQ�LW�WDNHV�WKH�IRUP�RI�D�EDGJHPDGH�RI�SKRWRJUDSKLF�ILOP���<RX�PD\�VHH�VXFK�EDGJHV�EHLQJ�ZRUQ�E\�ODERUDWRU\�SHUVRQQHO�7KH�RYHUDOO�HIIHFW�RI�WKH�QXFOHDU�UDGLDWLRQ�ZLOO�GHSHQG�XSRQ�KRZ�ELJ�DQ�REMHFW�WKH�UDGLDWLRQ�KLWV�6R�ZH�FDOFXODWH�WKH�GRVH�DV�WKH�DPRXQW�RI�UDGLDWLRQ�UHFHLYHG�IRU�HYHU\�NLORJUDP�PDVV�RI�WKH�REMHFW�EHLQJLUUDGLDWHG���:H�VD\�DQ�REMHFW�KDV�UHFHLYHG�D�GRVH�RI�����UDGV�ZKHQ�RQH�MRXOH�RI�HQHUJ\�LV�DEVRUEHG�E\�RQHNLORJUDP�RI�PDVV�(DFK� W\SH�RI� DWRPLF� UDGLDWLRQ� FDXVHV� LWV� RZQ�GHJUHH�RI�GDPDJH� WR� OLYLQJ� WLVVXH��7KH� HIIHFW� DOVR� YDULHVIURP�RQH�W\SH�RI�WLVVXH�WR�DQRWKHU��6R�WKH�QXPEHU�RI�UDGV�DEVRUEHG�GRHV�QRW�WHOO�WKH�IXOO�VWRU\�IRU�ELRORJLFDOHIIHFW��7HQ�UDGV�RI�QHXWURQV�GRHV�QRW�KDYH�WKH�VDPH�HIIHFW�DV� WHQ�UDGV�RI�JDPPD�UD\V�RU� WHQ�UDGV�RI�DOSKDSDUWLFOHV�,I�ZH� WDNH� LQWR� DFFRXQW� WKH� UHODWLYH� ELRORJLFDO� HIIHFW� RI� WKH� W\SH� RI� UDGLDWLRQ��ZH� FDQ� FDOFXODWH� D� vUDGHTXLYDOHQW�IRU�PDQw� �FDOOHG�D�vUHPw�DQG�XVH� WKLV� WR�PHDVXUH�GRVHV�RI� UDGLDWLRQ�DQG� WR�VSHFLI\� WKH�GRVH�RIUDGLDWLRQ�WKDW�LV�VDIH��6XSSRVH�RQH�SLHFH�RI�WLVVXH�DEVRUEHG����UDGV�RI�VORZ�QHXWURQV�DQG�WHQ�UDGV�RI�DOSKDSDUWLFOHV�� �7KH�HIIHFWLYH�GRVH�ZRXOG�EH�DERXW����UHP�IRU� WKH�QHXWURQV�DQG�����UHP�IRU� WKH�DOSKD�SDUWLFOHVWKDW�LV�D�WRWDO�GRVH�RI�����UHP
1XFOHDU�)LVVLRQ:KHQ�WKH�QXFOHXV�RI�YHU\�ODUJH�DWRPV��VXFK�DV�WKRVH�RI�XUDQLXP�DUH�KLW�E\�VSHHGLQJ�QHXWURQV�WKH\�GR�QRWMXVW�HPLW�DOSKD�SDUWLFOHV�DQG�QHXWURQV��7KH�DWRP�DFWXDOO\�VSOLWV�LQWR�WZR�SLHFHV��,W�LV�VDLG�WR�XQGHUJR�vILVVLRQw7KH�WZR�SLHFHV�DUH�HDFK�PXFK�ODUJHU�WKDQ�DQ�DOSKD�SDUWLFOH���7KH\�DUH�LQ�IDFW�DWRPV�RI�RWKHU�VXEVWDQFHV�7KH\�WUDYHO�DW�HQRUPRXV�VSHHGV�DIWHU�ILVVLRQ���:KHQ�D�XUDQLXP�DWRP�XQGHUJRHV�ILVVLRQ�LW�VSOLWV� LQWR�DWRPVOLNH�EDULXP�DQG�NU\SWRQ��7KHVH�DUH�FDOOHG�vILVVLRQ�SURGXFWVw�1RZ�RQH�DWRP�RI�EDULXP�WRJHWKHU�ZLWK�RQH�DWRP�RI�NU\SWRQ�LV�OLJKWHU�WKDQ�RQH�DWRP�RI�XUDQLXP���,W�VHHPVWKDW�WKHUH�LV�VRPH�PDVV�PLVVLQJ�DQG�LQGHHG�WKHUH�LV��7KH�PDVV�KDV�EHHQ�FRQYHUWHG�LQWR�HQHUJ\���7KLV�LV�ZKHUH
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(LQVWHLQuV�IDPRXV�HTXDWLRQ�H PF� DSSOLHV��,W�LV�XVHG�WR�FDOFXODWH�WKH�DPRXQW�RI�HQHUJ\�WKDW�FRUUHVSRQGV�WRWKH�PLVVLQJ�PDVV��7KH�PDVV�LV�FRQYHUWHG�PDLQO\�LQWR�NLQHWLF�HQHUJ\�RI�WKH�ILVVLRQ�SURGXFWV�7KH�DWRPV�LQWR�ZKLFK�XUDQLXP�KDV�EHHQ�VSOLW�DUH�WKHPVHOYHV�UDGLRDFWLYH��7KH\�GHFD\�DQG�JLYH�RII�DERXW���PRUH�HQHUJ\�7KH�NLQHWLF�HQHUJ\�RI�WKH�ILVVLRQ�SURGXFWV�LV�WUDQVIHUUHG�WR�ZKDW�HYHU�REMHFWV�WKH\�UXQ�LQWR�DQG��JHQHUDOO\VSHDNLQJ��ZLOO�KHDW�WKRVH�REMHFWV�
7KH�&KDLQ�5HDFWLRQ:KHQ�D�XUDQLXP�DWRP�LV�KLW�E\�D�VSHHGLQJ�QHXWURQ�DQG�XQGHUJRHV�ILVVLRQ�LW�DOVR�HPLWV�VHYHUDO�QHXWURQV�7KHVH�QHXWURQV�DUH�WKHQ�DEOH�WR�FDXVH�ILVVLRQ�LQ�DGMDFHQW�DWRPV��)LVVLRQ�LQ�WKH�ILUVW�DWRP�ZLOO�OHDG�WR�ILVVLRQLQ�WZR�RU�WKUHH�DGMDFHQW�DWRPV��DQG�HDFK�RI�WKHVH�ZLOO�FDXVH�ILVVLRQ�LQ�WZR�RU�WKUHH�PRUH�DWRPV��6R�WKH�ZKROHSURFHVV�LV�D�VHOI�VXVWDLQLQJ�FKDLQ�UHDFWLRQ��8QOHVV�LW�LV�FRQWUROOHG�LW�ZLOO�JR�IDVWHU�DQG�IDVWHU��0RUH�DQG�PRUHPDVV�ZLOO�EH�WXUQHG�LQWR�HQHUJ\�IDVWHU�DQG�IDVWHU��0RUH�DQG�PRUH�KHDW�ZLOO�EH�JHQHUDWHG�DQG�HYHQWXDOO\�WKHUHZLOO�EH�DQ�H[SORVLRQ��7KLV�LV�WKH�SULQFLSOH�EHKLQG�WKH�DWRPLF�ERPE�
7KH�1XFOHDU�5HDFWRU7KHUH� DUH� VHYHUDO� W\SHV� RI� XUDQLXP� DWRPV��1DWXUDOO\� RFFXUULQJ� XUDQLXP� FRQWDLQV� DERXW� ��� RI� WKH� OHVVVWDEOH�W\SH�8�����ZLWK�WKH�UHPDLQGHU�EHLQJ�PDLQO\�8���� 8��� FDQ�EH�VSOLW�E\�VORZ�PRYLQJ�QHXWURQV��7KH�PRVWDEXQGDQW� W\SH�� 8��� DEVRUEV� VORZ� DQG�PHGLXP� VSHHG� QHXWURQV� DQG� WXUQV� LQWR� 3OXWRQLXP��� ZKLFK� LV� DOVRILVVLRQDEOH� PDWHULDO�� 7KH� ILVVLRQ� FKDLQ� UHDFWLRQ� SURFHHGV� PRUH� TXLFNO\� LI� DOO� WKH� QHXWURQV� HPLWWHG� FDXVHIXUWKHU��ILVVLRQ��7KLV�PHDQV�VRPH�RI�WKH�QHXWURQV�PXVW�EH�VORZHG�GRZQ�VR�DV�WR�EH�VXUH�WKH\�ILQG�DQG�FROOLGHZLWK�WKH�VPDOO�DPRXQW�RI�8���� WKDW� LV�SUHVHQW��$OWHUQDWLYHO\�WKH�QDWXUDO�XUDQLXP�PXVW�EH�vHQULFKHGw�E\� WKHDGGLWLRQ�RI��PRUH�8�����$�QXFOHDU�UHDFWRU� LV�D�PHDQV�RI�DOORZLQJ� WKH�FKDLQ� UHDFWLRQ� WR�SURFHHG� LQ�D�VWHDG\�FRQWUROOHG�ZD\�ZLWKEDODQFHG�SURGXFWLRQ�DQG�DEVRUSWLRQ�RI��IDVW�DQG�VORZ�QHXWURQV���&XULRXV�VWXGHQWV�PD\�OLNH�WR�XVH�WKH�OLEUDU\WR�ILQG�RXW�ZKDW�LV�PHDQW�E\�WKH�WHUPV�vIDVW�UHDFWRUu�DQG�vWKHUPDO�UHDFWRUw���7KH�ILVVLRQDEOH�PDWHULDO�LQ�D�UHDFWRU�LV�FRQWDLQHG�LQ�vIXHO�HOHPHQWVw��7KH�VXEVWDQFH�ZKLFK�VORZV�GRZQWKH� QHXWURQV� LV� FDOOHG� D� vPRGHUDWRUw�� *UDSKLWH�� EHU\OOLXP�� ERURQ�� DQG� KHDY\� ZDWHU� KDYH� EHHQ� XVHG� DVPRGHUDWRUV��$�IOXLG�LV�XVHG�WR�FRQGXFW�DZD\�WKH�KHDW�HQHUJ\�WR�D�SODFH�ZKHUH�LW�FDQ�EH�GLVVLSDWHG�RU�XVHG�:KHQ�WKH�IXHO�HOHPHQWV�DUH�QR�ORQJHU�DEOH�WR�JHQHUDWH�HQHUJ\�IURP�ILVVLRQ�LQ�WKH�UHDFWRU�WKH\�DUH�VDLG�WREH�vVSHQWw��6SHQW�IXHO�URGV�DUH�VWLOO�UDGLRDFWLYH�DQG�SUHVHQW�D�KHDOWK�KD]DUG�XQOHVV�GLVSRVHG�RI�FDUHIXOO\��7KHGLVSRVDO�RI�WKLV�PDWHULDO�LV�VWLOO�D�PDWWHU�RI�FRQWHQWLRQ��HYHQ�WKRXJK�QXFOHDU�UHDFWRUV�KDYH�EHHQ�UXQQLQJ�IRUPDQ\�\HDUV�1XFOHDU�UHDFWRUV�DUH�IRXQG�LQ�VFLHQWLILF�UHVHDUFK�HVWDEOLVKPHQWV�DQG�QXFOHDU�SRZHU�SODQWV��7KH\�DUH�DOVRXVHG� IRU� QXFOHDU�ZHDSRQV� SURGXFWLRQ��5HDFWRUV� XVHG� WR� WXUQ� DEXQGDQW� W\SHV� RI� XUDQLXP� LQWR� � UDUH� KLJKO\DFWLYH�PDWHULDO�VXFK�DV�SOXWRQLXP�DUH�FDOOHG�vEUHHGHU�UHDFWRUVw�,Q�D�QXFOHDU�SRZHU�SODQW��LH�D�QXFOHDU�IXHOOHG�HOHFWULFLW\�JHQHUDWLQJ�VWDWLRQ��ILVVLRQ�KHDWV�WKH�IXHO�HOHPHQWV�WKH� IXHO� HOHPHQWV� KHDW� ZDWHU�� WKH� ZDWHU� WXUQV� WR� VWHDP�� WKH� VWHDP� GULYHV� WXUELQHV� DQG� WKH� WXUELQHV� GULYHDOWHUQDWRUV�WR�SURGXFH�HOHFWULFLW\�
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5HODWLYH�(IILFLHQF\1XFOHDU�UHDFWRUV�ZLWK�VWHDP�ERLOHUV�FRQQHFWHG�WR�VWHDP�WXUELQHV��FRQQHFWHG�WR�DOWHUQDWRUV�DUH�DERXW����HIILFLHQW�� � ,I� WKH� VWHDP� LV� JHQHUDWHG� E\� EXUQLQJ� FRDO�� WKH� HIILFLHQF\� LV� DERXW� ����� 7KLV� GLIIHUHQFH� DULVHVEHFDXVH� RI� GLIILFXOWLHV� H[SHULHQFHG� ZKHQ� RSHUDWLQJ� UHDFWRUV� DW� WKH� KLJK� WHPSHUDWXUHV� QHHGHG� IRU� EHVWHIILFLHQF\�6XSSRVH�WKHUH�DUH���������GZHOOLQJV�LQ�%ULVEDQH��,I�WKH\�DOO��KDG�D�����NLORZDWW�HOHFWULF�NHWWOH�VZLWFKHG�RQDW�EUHDNIDVW�WLPH�WKH\�ZRXOG�EH�GUDZLQJ�D�WRWDO�RI����PHJDZDWWV�IURP�WKH�JHQHUDWLQJ�VWDWLRQ��� MXVW�IRU� WKHNHWWOHV���,I�WKH�NHWWOHV�ZHUH�OHIW�RQ�DOO�GD\��WKH�SRZHU�VWDWLRQ�ZRXOG�XVH��RNJ�RI�XUDQLXP�EDVHG�IXHO��7R�REWDLQWKH�VDPH�HIIHFW�ZLWK�D�FRDO�ILUHG�SRZHU�SODQW�ZRXOG�UHTXLUH�DERXW�������WRQQHV�RU�����PLOOLRQ�NLORJUDPV�RIFRDO�SHU�GD\�2I�FRXUVH��FRDO�LV�YHU\�PXFK�PRUH�DEXQGDQW�WKDQ�XUDQLXP��7KH�FRVW�RI�WKH�FRDO�ZRXOG�RQO\�EH�DERXW����WLPHV�WKH�FRVW�RI�WKH�QXFOHDU�IXHO��%XW��FRQVLGHU��$OO�WKDW�FRDO�PXVW�EH�WUDQVSRUWHG�IURP�WKH�PLQH�WR�WKH�SRZHUVWDWLRQ��XQORDGHG��VWRUHG��DQG� WKHQ� ORDGHG� LQWR� WKH� IXUQDFHV��7KHQ�DOO� WKH�DVK�PXVW�EH�FDUULHG�DZD\�� � �7KHQXFOHDU�SRZHUHG�JHQHUDWRU�ZRXOG�RQO\�QHHG�IXHO� VXSSOLHG� VD\�RQFH�SHU�\HDU��7KH�FRDO� ILUHG� VWDWLRQ�ZRXOGUHTXLUH�D�FRQWLQXRXV�VWUHDP�RI��WUDLQV��DV�ZHOO�DV�EXON�VWRFNSLOHV�DW�WKH�PLQH�DQG�WKH�JHQHUDWLQJ�VWDWLRQ�'RHV�WKLV�VXJJHVW�WKDW��EHIRUH�EHJLQQLQJ�WR�GLVFXVV�HQHUJ\�HFRQRPLFV��RQH�VKRXOG�GHILQH�WKH�ERXQGDULHVRI�WKH�SUREOHP�VR�WKDW�RQH�FRPSDUHV�OLNH�ZLWK�OLNH"�3HUKDSV�RQH�VKRXOG�GUDZ�D�GLDJUDP�RI�WKH�ZKROH�V\VWHPDQG�LGHQWLI\�WKH�FRVWV���LH�SULFH�DQG�ORVVHV�GXH�WR�LQHIILFLHQF\��DW�NH\�SRLQWV�LQ�WKH�GLDJUDP�
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(/(&75,&,7<
(/(&75,&$/�5(6,67$1&(
2KPuV�/DZ 7KH� ��WK� FHQWXU\� H[SHULPHQWHU� *HRUJ� 6LPRQ� 2KP� GLVFRYHUHG� WKDW� LQ� DQ� HOHFWULFDOFLUFXLW� WKH� FXUUHQW� IORZLQJ� WKURXJK� D� FRQGXFWRU� ZDV� GLUHFWO\� SURSRUWLRQDO� � WR� WKH� SRWHQWLDO� GLIIHUHQFHEHWZHHQ� WKH� HQGV� RI� WKH� FRQGXFWRU�� 7KDW� LV�� SRWHQWLDO� GLIIHUHQFH�  � FRQVWDQW� [� FXUUHQW�� 7KLV� UHODWLRQVKLSEHFDPH�NQRZQ�DV�2KPuV�ODZ�8VLQJ�PRGHUQ�V\PEROV��ZH�ZRXOG�ZULWH�WKLV�DV�9 [, ( [,= =FRQVWDQW� RU� FRQVWDQW�

7KH� FRQVWDQW� RI� SURSRUWLRQDOLW\� LV� NQRZQ� DV� v5HVLVWDQFHw� DQG� LW� LV� FXVWRPDU\� WR� JLYH� UHVLVWDQFH� WKHV\PERO�5��3RWHQWLDO�GLIIHUHQFH��DQG�LWV�VSHFLDO�IRUP�vHOHFWURPRWLYH�IRUFHw��DUH�GHVFULEHG�LQ�XQLWV�RI�YROWV�ZLWK�XQLW�V\PERO�9��)RU�H[DPSOH�(� ���9&XUUHQW�LV�GHVFULEHG�LQ�XQLWV�RI�DPSHUHV��FROORTXLDOO\�vDPSVw��ZLWK�XQLW�V\PERO�$��)RU�H[DPSOH�, ��$
5HVLVWDQFH�LV�GHVFULEHG�LQ�XQLWV�RI�RKPV��ZLWK�XQLW�V\PERO�:��)RU�H[DPSOH�5 ���:2QH�RKP�LV�GHILQHG�DV�WKH�UHVLVWDQFH�RI�D�FRQGXFWRU�LQ�ZKLFK�D�SRWHQWLDO�GLIIHUHQFH�RI�RQH�YROW�FDXVHV�DFXUUHQW�RI�RQH�DPSHUH��WR�IORZ�,W�LV�FRPPRQ�WR�VHH�GHFLPDO�PXOWLSOHV�RI�RKPV��DQG�WKHVH�DUH�DOZD\V�ZULWWHQ�XVLQJ�WKH�WHUQDU\�SRZHUV�RIWHQ�VXFK�DV�NLOR�DQG�PHJD��)RU�H[DPSOH�5 ��N:��RU�5 ���0:�&RUUHVSRQGLQJO\��LW�LV�FRPPRQ�WR�VHH�GHFLPDO�VXEPXOWLSOHV�RI��YROWV�DQG�DPSV��VXFK�DV��PLOOLYROWV�P9�DQG��PLFURDPSV��P$�7KH�FRUUHFW�XVH�RI�XSSHU�DQG�ORZHU�FDVH�OHWWHUV�LQ�WKH�XQLW�V\PEROV�LV�PRVW�LPSRUWDQW��8SSHU�FDVH�LV�XVHGZKHQ�WKH�XQLW�V\PERO�LV�GHULYHG�IURP�D�SHUVRQuV�QDPH��/RZHU�FDVH�LV�XVHG�HOVHZKHUH�

� 7HDFKHUV� DQG� VWXGHQWV� PD\� OLNH� WR� UHIOHFW� RQ� KRZ� 2KP� PHDVXUHG� FXUUHQW� DQG� YROWDJH�� � +DG� WKHGu$UVRQYDO�*DOYDQRPHWHU��ZKLFK�IRUPV�WKH�EDVLV�RI�WKH�YROWPHWHU�DQG�WKH�DPPHWHU��EHHQ�LQYHQWHG�DQGGRHV�LWV�SULQFLSOH�GHSHQG�RQ�WKH�YDOLGLW\�RI�RKPV�ODZ"
� ,W�LV�PRUH�XVXDO�WR�XVH�(�DV�D�V\PERO�IRU�SRWHQWLDO�GLIIHUHQFH�EHFDXVH�9�LV�XVHG�DV�WKH�DEEUHYLDWLRQ�IRUWKH�XQLW�RI�PHDVXUHPHQW���7R�ZULWH�9 ��9�ZRXOG�EH�YHU\�FRQIXVLQJ�
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7KH�PRVW�FRPPRQ�IRUP�LQ�ZKLFK�2KPuV�/DZ� LV�H[SUHVVHG�LV��( ,5
7KLV�FDQ�EH�WUDQVIRUPHG��WR , (5= ���RU��5 (,=
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5HVLVWLYLW\7KH� HOHFWULFDO� UHVLVWDQFH� RI� � FRPSRQHQWV� LQ� HOHFWULFDO� FLUFXLWV� GHSHQGV� XSRQ� WKHLU� OHQJWK�� WKHLU� FURVVVHFWLRQDO�DUHD��DQG�XSRQ�D�SURSHUW\�RI�WKH�PDWHULDO�IURP�ZKLFK�WKH\�DUH�PDGH�NQRZQ�DV�WKH�vUHVLVWLYLW\w�RIWKH�PDWHULDO�0DWHULDOV�FRPPRQO\�XVHG�DV�FRQGXFWRUV�W\SLFDOO\�KDYH�UHVLVWLYLW\�RI�DERXW������RKP�PHWUHV�$FFRUGLQJO\��WKH�UHVLVWDQFH�RI�FRQGXFWRUV�LV�XVXDOO\�UHJDUGHG�DV�QHJOLJLEOH�XQOHVV�WKH\�DUH�FRPSDUDWLYHO\ORQJ�0DWHULDOV�XVHG�DV�LQVXODWRUV�W\SLFDOO\�KDYH�UHVLVWLYLW\�RI�DERXW�������RKP�PHWUHV�7KHUH�LV�D�FODVV�RI�PDWHULDOV�NQRZQ�DV�VHPLFRQGXFWRUV�ZKLFK�KDYH�UHVLVWLYLW\�EHWZHHQ���DQG������7KH� UHVLVWLYLW\� RI� PRVW� PDWHULDOV�� ZLWK� WKH� QRWDEOH� H[FHSWLRQ� RI� FDUERQ�� � LQFUHDVHV� DV� WHPSHUDWXUHLQFUHDVHV�DQG�GHFUHDVHV�DV�WHPSHUDWXUH�GHFUHDVHV�� �7KHUH�LV� WKXV�WKH�SURVSHFW� WKDW�]HUR�UHVLVWDQFH�PLJKW�EHDFKLHYHG�DW�YHU\�ORZ�WHPSHUDWXUHV��7KLV�LQ�IDFW�LV�DFKLHYDEOH�ZLWK�OHDG�ZKHQ�FRROHG�WR�EHORZ�����&��7KHVHPDWHULDOV� DUH� NQRZQ� DV� VXSHUFRQGXFWRUV� DQG� WKH� SKHQRPHQRQ� LV� FDOOHG� VXSHUFRQGXFWLYLW\�� ,Q� ������ QHZPDWHULDOV�ZHUH�GLVFRYHUHG�ZKLFK�ZHUH�VXSHUFRQGXFWLYH�DW�����&6WXGHQWV�PLJKW�OLNH�WR�FRQVLGHU�ZKDW�DSSOLFDWLRQV�WKHUH�DUH�IRU�PDWHULDOV�WKDW�KDYH�QR�HOHFWULFDO�UHVLVWDQFH��UHPHPEHULQJ�WKDW�WKH\�DUH�H[SHQVLYH�DQG�PXVW�EH�NHSW�YHU\�FROG���:RXOG�WKH\�EH�XVHIXO��IRU�H[DPSOH��LQ�DWUDLQ�VXSSRUWHG�E\�PDJQHWV�UDWKHU�WKDQ�ZKHHOV���vPDJQHWLFDOO\�OHYLWDWHGw�:KHQ�FXUUHQW�SDVVHV�WKURXJK�D�UHVLVWDQFH��SRZHU�LV�GLVVLSDWHG��7KH�UHVLVWRU�EHFRPHV�KRW�DQG�SDVVHV�KHDWWR�VXUURXQGLQJ�FRPSRQHQWV�DQG�WR�WKH�DWPRVSKHUH��$V�WKH�UHVLVWRU�EHFRPHV�KRW�LWV�UHVLVWLYLW\�DQG�WKHUHIRUHUHVLVWDQFH�LQFUHDVHV�DQG�WKH�FXUUHQW�LW�GUDZV�UHGXFHV�0RVW� VHPLFRQGXFWRUV� DUH� YHU\� VHQVLWLYH� WR� WHPSHUDWXUH�� 7KHLU� XVHV� WKXV� LQFOXGH� PDNLQJ� WHPSHUDWXUHGHSHQGHQW�UHVLVWRUV�FDOOHG�vWKHUPLVWRUVw6HPLFRQGXFWRU�PDWHULDO�FDQ�EH�FKHPLFDOO\�IRUPXODWHG�WR�KDYH�D�KLJK�UHVLVWLYLW\�LQ�RQH�GLUHFWLRQ�DQG�D�ORZUHVLVWLYLW\� LQ� WKH� RWKHU�� DQG� UHVLVWLYLW\� WKDW� FKDQJHV� ZLWK� DSSOLHG� YROWDJH�� � 7KLV� LV� WKH� IRXQGDWLRQ� RIVHPLFRQGXFWRU�HOHFWURQLFV��7KH�ZRUG�vWUDQVLVWRUw�LV�D�FRQWUDFWLRQ�RI�vWUDQVIHU�UHVLVWRUw�7KH�UHVLVWLYLW\�RI�VRPH�VHPLFRQGXFWRUV�FKDQJHV�ZKHQ�WKH\�DUH�H[SRVHG�WR�OLJKW��7KHVH�PDWHULDOV�DUH�XVHGWR�PDNH�vOLJKW��RU�SKRWR��GHSHQGHQW�UHVLVWRUVw�DQG�vSKRWR�WUDQVLVWRUVw��
5HVLVWRUV�DV�&LUFXLW�(OHPHQWV,Q�VRPH�HOHFWULFDO�FLUFXLWV�UHVLVWDQFH�LV�SUHVHQW� LQFLGHQWDOO\� WR� WKH�RSHUDWLRQ�RI� WKH�FLUFXLW� ��XVXDOO\�DV�DQDWXUDO�FRQVHTXHQFH�RI�KDYLQJ�WR�XVH�UHODWLYHO\�ORQJ�OHQJWKV�RI�FRQGXFWRUV��3RZHU�WUDQVPLVVLRQ�OLQHV�DUH�DQH[DPSOH��6R�WRR�LV�WKH�UHVLVWDQFH�RI�WKH�FRLOHG�FRQGXFWRUV�XVHG�WR�PDNH�HOHFWURPDJQHWV�LQ�VROHQRLGV��PRWRUV�DOWHUQDWRUV��DQG�PRYLQJ�FRLO�PHWHUV�,Q� VRPH� FLUFXLWV�� FRQGXFWRUV� DUH� FKRVHQ� SXUSRVHIXOO\� IRU� WKHLU� KLJK� UHVLVWDQFH�� � 7KLV� LV� VR� LQ� KHDWLQJHOHPHQWV��,Q�HOHFWURQLF�FLUFXLWV��FRQGXFWRUV�ZLWK�KLJK�UHVLVWDQFH��FRPSRQHQWV�NQRZQ�DV�vUHVLVWRUVw��DUH�XVHG
� $QG�DOVR�SKRWR�VHQVLWLYH�GLRGHV�
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WR�DGMXVW�YROWDJH�DQG�FXUUHQW�DW�YDULRXV�SRLQWV�LQ�WKH�FLUFXLW�� �,Q�ODWHU�ZRUN��\RX�ZLOO�GLVFRYHU�WKDW�WKH\�DUHXVHG�IRU�SXUSRVHV�VXFK�DV�OLPLWLQJ�WKH�FXUUHQW�IORZ�WKURXJK�OLJKW�HPLWWLQJ�GLRGHV��VHWWLQJ�ELDV�FRQGLWLRQV�IRUWUDQVLVWRUV��DGMXVWLQJ�WKH�FKDUJLQJ�UDWH�RI�FDSDFLWRUV��DQG�DGMXVWLQJ�IHHGEDFN�LQ�DPSOLILHUV�,Q�FKRRVLQJ�D� UHVLVWRU� IRU� WKHVH� ODWWHU�SXUSRVHV��RQH� �PXVW�FRQVLGHU�QRW�RQO\� WKH�YDOXH�RI� WKH� UHVLVWDQFHQHHGHG�WR�GR�WKH�MRE��EXW�DOVR�WKH�DFFXUDF\�QHHGHG��DQG�WKXV�WKH�WROHUDEOH�LQDFFXUDF\�LQ�WKH�UHVLVWRU�,W� LV�DOVR�QHFHVVDU\� WR�HVWLPDWH� WKH�SRZHU�ZKLFK� WKH� UHVLVWRU�ZLOO�EH�DVNHG� WR�GLVVLSDWH�DQG� WR�FKRRVH�DUHVLVWRU�RI�D�VL]H�DQG�PDWHULDO�WKDW�ZLOO�GLVVLSDWH�WKDW�SRZHU�VDIHO\�5HVLVWRUV�XVHG�LQ�HOHFWURQLFV�DUH�PDUNHG�WR�LQGLFDWH�WKHLU�UHVLVWDQFH��WKHLU�WROHUDQFH�JUDGH��W\SLFDOO\����RU����DQG�WKHLU�PD[LPXP�SRZHU�GLVVLSDWLRQ�6RPHWLPHV�LW�LV�XVHIXO�WR�EH�DEOH�WR�FDOFXODWH�WKH�HTXLYDOHQW�WRWDO�UHVLVWDQFH�RI�D�FRPELQDWLRQ�RI�UHVLVWRUV�:KHQ�UHVLVWRUV�DUH�FRQQHFWHG�VR� WKDW� WKH�VDPH�FXUUHQW� LV� IORZLQJ� WKURXJK�DOO�RI� WKHP�� WKH� UHVLVWRUV�DUHVDLG�WR�EH�vLQ�VHULHVw�:KHQ�UHVLVWRUV�DUH�FRQQHFWHG�VR�WKDW�WKH�FXUUHQW�IORZLQJ�LV�GLYLGHG�EHWZHHQ�WKHP�WKH�UHVLVWRUV�DUH�VDLG�WREH�vLQ�SDUDOOHOw�

:KHQ� UHVLVWRUV� DUH� FRPELQHG� LQ� VHULHV�� DV� VKRZQ�� � WKH� WRWDO� UHVLVWDQFH� RI� WKH� FRPELQDWLRQ� LV� JLYHQ� E\�5 5 5 5= + +� � � ��h:KHQ�UHVLVWRUV�DUH�FRQQHFWHG� LQ�SDUDOOHO��DV�VKRZQ�� WKH� WRWDO� UHVLVWDQFH�RI� WKH�FRPELQDWLRQ� LV�JLYHQ�E\�� �� �� ��5 5 5 5= + + ��h
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1RWH�WKDW�ZKHQ�UHVLVWRUV�DUH�FRPELQHG�LQ�SDUDOOHO�WKH�YROWDJH�GURS�DFURVV�HDFK�UHVLVWRU�LV�WKH�VDPH�,W�LV�FRPPRQ�VHQVH�WKDW�LQ�D�FLUFXLW�WKH�DOJHEUDLF�VXP�RI�WKH�FXUUHQWV�IORZLQJ�LQWR�D�MXQFWLRQ�LV�]HUR���$VHFRQG�XVHIXO�UXOH�LV�WKDW�LQ�DQ\�FLUFXLW�ORRS��WKH�DOJHEUDLF�VXP�RI�WKH�HPIV�DQG�SRWHQWLDO�GURSV�LV�]HUR��

,Q�WKH�GLDJUDP�DERYH��2KPuV�ODZ�DQG�WKH�UXOHV�IRU�DGGLQJ�UHVLVWDQFH�FRPELQDWLRQV�WHOO�XV�WKDW�
( , 5 5 5 , 5 5 55 5 5= + + + ×

+ +
� �� �� � � � � �� � �7KH�UXOHV�IRU�FLUFXLW�MXQFWLRQV�DQG�ORRSV�WHOO�XV�WKDW�6XPPLQJ�WKH�FXUUHQWV�DW�WKH�MXQFWLRQ� , , , ,� � � � �− − − = �DQG6XPPLQJ�WKH�YROWDJH�GURSV�DURXQG�WKH�FLUFXLW�

( , 5 , 5 , 5 , 5 , 5 , 5− × − × − × = × = × = ×� � � � � � � � � � � �7KHVH�HTXDWLRQV�PD\�EH�XVHG�WR�ILQG�WKH�YROWDJH�DQG�FXUUHQW�DW�DQ\�SRLQW�LQ�WKH�FLUFXLW<RXU�WHDFKHU��PD\�OLNH�WR�JR�RQ�DQG�GHVFULEH�WKH�XVH�RI�UHVLVWDQFHV�LQ�D�YROWDJH�GLYLGHU�� WKH�FRQFHSW�RIPHDVXULQJ�UHVLVWDQFH�XVLQJ�D�SRWHQWLRPHWHU��DQG�WKH�GHULYDWLRQ�RI�WKH�IRUPXOD�IRU�UHVLVWDQFHV�LQ�SDUDOOHO�

� 7KHVH�DUH�NQRZQ�DV�.LUFKRIIuV��VW�DQG��QG�ODZV�
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(OHFWULFDO�3RZHU%\�H[SHULPHQW��ZH�ILQG�WKDW�LI�D�FXUUHQW�WUDYHOV�DORQJ�D�FRQGXFWRU�EHWZHHQ�SRLQWV�RI�GLIIHUHQW�SRWHQWLDO�HQHUJ\�LV�GLVVLSDWHG�E\�WKH�FRQGXFWRU��,I�D�FXUUHQW�RI�RQH�DPSHUH�LV�IORZLQJ��DQG�HQHUJ\�LV�EHLQJ�GLVVLSDWHG�DWWKH�UDWH�RI�RQH�MRXOH�SHU�VHFRQG��ZH�VD\�WKDW�WKH�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WKH�WZR�SRLQWV�LQ�WKH�FRQGXFWRULV�RQH�YROW�

:H�FDQ�WXUQ�WKLV�LGHD�DURXQG��6XSSRVH�ZH�ORRN�DW�WZR�SRLQWV�LQ�D�FLUFXLW�DQG�LQVWDQWDQHRXVO\�PHDVXUH�WKHFXUUHQW�IORZLQJ�DQG�WKH�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WKH�SRLQWV��,I�WKH�FXUUHQW�LV�RQH�DPSHUH�DQG�WKH�SRWHQWLDOGLIIHUHQFH� LV�RQH�YROW��ZH�NQRZ� WKDW� RQH� MRXOH�RI� HQHUJ\� LV� EHLQJ�GLVVLSDWHG�SHU� VHFRQG��1RZ�� WKH� UDWH� DWZKLFK�HQHUJ\�LV�XVHG�LV�FDOOHG�vSRZHUw�DQG��WKH�XVH�RI�RQH�MRXOH�SHU�VHFRQG�LV�D�SRZHU�RI�RQH�ZDWW���6R�ZHFDQ�ZULWH� 3 (,ZKHUH3� �WKH�SRZHU�LQ�ZDWWV�EHLQJ�XVHG�LQ�WKLV�HOHPHQW�RI�WKH�FLUFXLW(� �WKH�LQVWDQWDQHRXV�SRWHQWLDO�GLIIHUHQFH�FURVV�WKH�HOHPHQW��PHDVXUHG�LQ�YROWV,� ��WKH�LQVWDQWDQHRXV�FXUUHQW�IORZLQJ�WKURXJK�WKH�HOHPHQW�PHDVXUHG�LQ�DPSHUHV8VLQJ�2KPuV�ODZ�ZH�FDQ�ZULWH�3 ,�5ZKHUH�5�LV�WKH�UHVLVWDQFH�RI�WKH�SDUWLFXODU�HOHPHQW�RI�WKH�FLUFXLW�5HPHPEHU 7ZLQNOH�WZLQNOH�OLWWOH�VWDU�3RZHU�HTXDOV�,�VTXDUHG�5
*(1(5$7,21�$1'�5(7,&8/$7,21�2)�(/(&75,&$/�32:(5
(OHFWULFLW\�DQG�0DJQHWLVP���(OHFWURPDJQHWLVP'XULQJ� WKH� ����V�� VFLHQWLVWV� EHJDQ� WR� LQYHVWLJDWH� WKH� UHODWLRQVKLS� EHWZHHQ� HOHFWULFLW\� DQG� PDJQHWLVPZKLFK�KDG�EHHQ�GLVFRYHUHG�E\�+DQV�2HUVWHG�RI�'HQPDUN�LQ��������$Q�(QJOLVKPDQ�0LFKDHO�)DUDGD\�DQG�DQ$PHULFDQ�-RVHSK�+HQU\�GLVFRYHUHG�WKDW�LI�D�PDJQHW�ZDV��FORVH�WR�D�FRLO�RI�ZLUH��WKHQ�ZKHQ�HLWKHU�WKH�FRLO�RUWKH�PDJQHW�ZHUH�PRYHG�DQ�vHOHFWULFDO�SUHVVXUHw�ZDV�FUHDWHG�EHWZHHQ�WKH�HQGV�RI�WKH��ZLUH�:KHQ� HYHU� WKHUH� LV� DQ� HOHFWULFDO� SUHVVXUH� � EHWZHHQ� WZR� SODFHV� ZH� FDOO� WKLV� SUHVVXUH� D� vSRWHQWLDO
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GLIIHUHQFHw��2QH�SODFH��RQH�HQG�RI�WKH�ZLUH�IRU�H[DPSOH��LV�DW�D�KLJKHU�HOHFWULFDO�vSRWHQWLDOw� WKDQ�WKH�RWKHUHQG�6FLHQWLVWV� DOUHDG\� NQHZ� WKDW� LI� D� SODFH� RI� KLJK� HOHFWULFDO� SRWHQWLDO� ZDV� FRQQHFWHG� WR� D� SODFH� RI� ORZHOHFWULFDO�SRWHQWLDO��E\�VD\�D�SLHFH�RI�ZLUH��WKHQ�DQ�HOHFWULF�FXUUHQW�ZRXOG�IORZ�IURP�WKH�KLJK�SRWHQWLDO�SRLQWWR�WKH�ORZ�SRWHQWLDO�SRLQW�6XUH�HQRXJK�WKDW�ZDV�H[DFWO\�ZKDW�KDSSHQHG�ZKHQ�D�ZLUH�ZDV�FRQQHFWHG�WR�WKH�HQGV�RI�WKH�FRLO�QHDU�WKHPRYLQJ�PDJQHW��7KH�SRWHQWLDO�GLIIHUHQFH�IRUFHG�D�FXUUHQW�WKURXJK�WKH�ZLUH�$�SRWHQWLDO�GLIIHUHQFH�FUHDWHG�IRU�WKDW�SXUSRVH�LV�FDOOHG�DQ�vHOHFWURPRWLYH�IRUFHw�RU�vHPIw�7KH�YROW�LV�WKH�XQLW�RI�PHDVXUHPHQW�IRU�SRWHQWLDO�GLIIHUHQFH�DQG�HOHFWURPRWLYH�IRUFH��VR�WKDW�SG�DQG�HPIDUH�YHU\�RIWHQ�FROORTXLDOO\�FDOOHG�vYROWDJHw�� �:H�RXJKW�QRW� WR�XVH�FROORTXLDO� WHUPV� LQ� VFLHQFH��7KH�XQLW� LVQDPHG�LQ�KRQRXU�RI�$OHVVDQGUR��9ROWD��SUREDEO\�WKH��ILUVW�SHUVRQ�WR�PDNH�DQ�HOHFWULF�EDWWHU\�7KH�XQLW�RI�PHDVXUHPHQW�IRU�HOHFWULF�FXUUHQW��WKH�DPS��LV�QDPHG�LQ�KRQRXU�RI�$QGUH�0DULH�$PSHUH��� �D)UHQFK�VFLHQWLVW�ZKR�GHYLVHG�WKHRULHV�RI�HOHFWURPDJQHWLVP��&XUUHQW�LV�VRPH�WLPHV�UHIHUUHG�WR�DV�vDPSHUDJHw�,W�LV�XVHIXO�WR�WKLQN�RI�HOHFWULF�FXUUHQW�DV�D�IORZ�RI�HOHFWULFDOO\�vFKDUJHG�SDUWLFOHVw��7KHVH�SDUWLFOHV�IORZIURP�D�SODFH�RI�KLJKHU�� VD\�SRVLWLYH�� SRWHQWLDO� WR� D�SODFH�RI� ORZHU�� VD\�QHJDWLYH�SRWHQWLDO��7KH�JUHDWHU� WKHSRWHQWLDO�GLIIHUHQFH� WKH�PRUH� WKH�FXUUHQW��7KH�PRUH� WKH�FXUUHQW�� WKH�PRUH� WKH�FKDUJH� WKDW� IORZV� LQ�D�JLYHQWLPH���
(DUWK�3RWHQWLDO7KH�HDUWK�LV�VR�ELJ�WKDW�WR�DOO�LQWHQWV�DQG�SXUSRVHV�LWV�SRWHQWLDO�FDQQRW�EH�UDLVHG�E\�HOHFWULFLW\�IORZLQJ�LQWRLW� DV� D� UHVXOW� RI� RXU� DFWLYLWLHV�� �7KH� HDUWK� LV� UHJDUGHG� DV� D�SODFH�RI� ]HUR�SRWHQWLDO� IRU�PDQ�PDGH� HOHFWULFDOGHYLFHV�,Q�IDFW�WKH�HDUWK�DQG�LWV�DWPRVSKHUH�DUH�D��ODUJH�HOHFWULF�JHQHUDWRU�SRZHUHG�E\�WKH�VXQ�
$OWHUQDWLQJ�&XUUHQW/HW�XV�UHWXUQ�WR�WKH�PDJQHW�DQG�FRLO�PRYLQJ�UHODWLYH�WR�RQH�DQRWKHU��7R�NHHS�WKH�PDJQHW�DQG�WKH�FRLO�FORVHWRJHWKHU� EXW� VWLOO�PRYLQJ� LW� ZDV� QHFHVVDU\� WKDW� WKH�PRWLRQ� EH� URWDWLRQ�� � 6FLHQWLVWV� WKHQ� IRXQG� WKDW� DV� WKHPDJQHW��RU�WKH�FRLO��WXUQHG�WKURXJK�HDFK�IXOO�UHYROXWLRQ��WKH�SRWHQWLDO�DW�WKH�HQGV�RI�WKH�FRLO�ZLUH�VZDSSHGRYHU��(DFK�HQG�ZDV�DOWHUQDWHO\�KLJK�DQG�WKHQ�ORZ�,Q�FRQVHTXHQFH��WKH�FXUUHQW�LQ�WKH�FLUFXLW�IRUPHG�E\�WKH�H[WHUQDO�ORRS�RI�ZLUH��DQG�WKH�FRLOV�WKHPVHOYHV�DOWHUQDWHO\� IORZHG� LQ� RQH� GLUHFWLRQ� WKHQ� WKH� RWKHU�� 7KLV� LV� NQRZQ� DV� vDOWHUQDWLQJ� FXUUHQWw� � RU� $&�� 7KHFKDQJHRYHU�LV�QRW�VXGGHQ�EXW�LV�D�VPRRWK�FKDQJH�IURP�]HUR�XS�WR�PD[LPXP�LQ�RQH�GLUHFWLRQ��GRZQ�WKURXJK]HUR�DJDLQ�DQG�WKHQ�WR�PD[LPXP�LQ�WKH�RSSRVLWH�GLUHFWLRQ�DQG�EDFN�WR�]HUR���7KH�PDFKLQH�ZLWK�PDJQHWV�DQGFRLOV�ZKLFK�SURGXFHV�DOWHUQDWLQJ�HPI�DQG�FXUUHQW�LV�NQRZQ�DV�DQ�vDOWHUQDWRUw�
� 1RWH�ZHOO��LW�LV�FXVWRPDU\�DOZD\V�WR�GHVFULEH�FXUUHQWV�DV�WKRXJK�WKH\�FRQVLVWHG�HQWLUHO\�RI�WKH�PRYHPHQWRI�SRVLWLYH�FKDUJHV��LUUHVSHFWLYH�RI�WKH�VXEDWRPLF�DFWXDOLW\�
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%HFDXVH� WKH� FXUUHQW� DQG� YROWDJH� DUH� FRQWLQXRXVO\� FKDQJLQJ��ZH� XVXDOO\� GHVFULEH� DOWHUQDWLQJ� FXUUHQW� LQWHUPV�RI�WKH�IUHTXHQF\�RI�DOWHUQDWLRQ��WKH�DYHUDJH�FXUUHQW�DQG�WKH�DYHUDJH�YROWDJH��:H�XVH�D�VSHFLDO�W\SH�RIDYHUDJH�FDOOHG�WKH�URRW�PHDQ�VTXDUH�RU�506��)RU�H[DPSOH�RXU�HOHFWULFDO�RXWOHWV�LQ�KRXVHV�LQ�$XVWUDOLD�VXSSO\DERXW����9�506�DW���F\FOHV�SHU�VHFRQG��DOVR�FDOOHG����KHUW]�
,QVWDQWDQHRXV�DQG�506�3RWHQWLDO
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7KH�IRUPXOD�IRU�SRZHU��3 (,��XVHV�LQVWDQWDQHRXV�YROWDJH�DQG�FXUUHQW��,Q�$&��WKH�506�YROWDJH�DQG�WKH506�FXUUHQW��ZKLFK�ZH�XVH�WR�GHVFULEH�$&��DUH�QRW� WKH�LQVWDQWDQHRXV�YDOXHV��:H��FDQQRW�XVH�WKHP�LQ�WKHIRUPXOD���,QVWHDG��ZLWK�506�YDOXHV��ZH�PXVW�XVH�WKH�IRUPXOD�3 (,FRVI������� &RVI LV�FDOOHG�WKH�SRZHU�IDFWRUDQG�LQ�XVXDOO\�EHWZHHQ������DQG�������,W�DOORZV�IRU�FXUUHQW�WKDW�LV�vRXW�RI�SKDVHw�ZLWK�WKH�SRWHQWLDO��7KDW�LVZKHUH�WKH�SHDN�FXUUHQW�RFFXUV�DIWHU�WKH�SHDN�SRWHQWLDO��7KLV�KDSSHQV�LQ�PDQ\�FLUFXLWV�FDUU\LQJ�$&
3RWHQWLDO�DQG�&XUUHQW�2XW�RI�3KDVH�
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ROWV

3RWHQWLDO�YROWV&XUUHQW�DPSV
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'LUHFW�&XUUHQW:H�NQRZ�WKDW�LW�LV�SRVVLEOH�WR�REWDLQ�HOHFWULFDO�HQHUJ\�IURP�FKHPLFDO�HQHUJ\�XVLQJ�WKH�GHYLFH�ZH�FDOO�DEDWWHU\��:KHQ�ZH�GR�WKDW��WKH�FXUUHQW�LQ�DQ\�H[WHUQDO�FLUFXLW�ZH�PD\�DWWDFK�WR�WKH�EDWWHU\�GRHV�QRW�DOWHUQDWHO\IORZ�LQ�RQH�GLUHFWLRQ�WKHQ�WKH�RWKHU��,W�IORZV�DOZD\V�LQ�WKH�RQH�GLUHFWLRQ���RXW�IURP�WKH�SRVLWLYH�WHUPLQDO�RIWKH�EDWWHU\�DQG�EDFN�LQ�DW�WKH�QHJDWLYH�WHUPLQDO�7KLV�LV�FDOOHG�vGLUHFW�FXUUHQWw�RU�'&�,W�LV�SRVVLEOH�WR�JHQHUDWH�'&�HOHFWURPHFKDQLFDOO\�PXFK�LQ�WKH�VDPH�ZD\�DV�$&�LV�JHQHUDWHG��$OO�WKDW�LVQHHGHG�LV�D�VZLWFKLQJ�GHYLFH�ZKLFK�VZDSV� WKH�HQGV�RI� WKH�DOWHUQDWRU�FRLOV�RYHU� MXVW�DV� WKH�GLUHFWLRQ�RI� WKHFXUUHQW� LV�DERXW� WR�FKDQJH�� �7KLV�VZLWFK� LV�FDOOHG�D�FRPPXWDWRU���'&�FDQ�DOVR�EH�PDGH�IURP�$&�XVLQJ� �DGHYLFH�FDOOHG�D�UHFWLILHU�� �7KH�FXUUHQW�SURGXFHG�LQ�WKHVH�ZD\V�LV�QRW�H[DFWO\�FRQVWDQW�'&�EXW�FDQ�EH�PDGHFORVH�HQRXJK�WR�'&�IRU�SUDFWLFDO�SXUSRVHV�
$GYDQFHG�1RWH�RQ�506�3RZHU6RPH�VWXGHQWV�PD\�QRWLFH� WKDW� LQ� WKH�GLDJUDP�VKRZLQJ� LQVWDQWDQHRXV�SRZHU�DQG�506�SRZHU� WKHUH�DUHVPDOO� VHFWRUV� RI� vQHJDWLYH� SRZHUw�� � 7KH� H[SODQDWLRQ� LV� WKDW� WKH� FLUFXLW� HOHPHQW� XQGHU� FRQVLGHUDWLRQ� LVUHWXUQLQJ�HQHUJ\�WR�WKH�UHVW�RI�WKH�FLUFXLW��DV�GLVWLQFW�IURP�DEVRUELQJ�RU�GLVVLSDWLQJ�LW�

7KLV�OHDGV�RQ�WR�D�PRUH�GHWDLOHG�WUHDWPHQW�RI�SRZHU���7KH DYHUDJH�SRZHU�EHLQJ�GLVVLSDWHG�RYHU�D�F\FOH�E\�D�UHVLVWRU�RU�WUDQVGXFHU�VD\��RU�SHUKDSV�EHLQJ�DEVRUEHG�E\�DQ�LQGXFWRU�RU�D�FDSDFLWRU��LV
3 7 (,GW7= ∫

� � ZKHUH�7�LV�WKH�SHULRG�RI�WKH�F\FOH�
,I�ERWK�YROWDJH�DQG�FXUUHQW�DUH�VLQXVRLGDO�ZLWK�IUHTXHQF\�I� ( ( IWP= VLQ �π ��7KHQFH��ZULWLQJ���π θIW =

3 ( , GP P= • −∫
�� ��π

θ θ φ θπ VLQ VLQ� � ZKHUH�VXEVFULSW�P��LQGLFDWHV�SHDNYDOXHV
DQG�I�LV�WKH�SKDVH�DQJOH�E\�ZKLFK�WKH�FXUUHQW�ODJV�EHKLQG�WKH�YROWDJH�

5HFDOOLQJ�WKDW�� VLQ� � VLQ FRV FRV VLQθ φ θ φ θ φ− = − $QG� SURFHHGLQJ�ZLWK� WKH� LQWHJUDWLRQ� �\LHOGV
3 ( ,P P= � FRVφ

5HFDOOLQJ�DOVR�WKDW�IRU�D�VLQXVRLGDO�YDULDEOH��WKH�506�YDOXH�RI�WKH�YDULDEOH�LV� �� WLPHV�WKH�SHDN�YDOXH
DQG�VXEVWLWXWLQJ�DERYH��ZH�VHH�WKDW�WKH�DYHUDJH�SRZHU��EHLQJ�GLVVLSDWHG�RU�DEVRUEHG�LV��3 ( ,UPV UPV= FRVφ



��

*HQHUDWLRQ�DQG�5HWLFXODWLRQ�RI�(OHFWULFLW\)RU� UHDVRQV�ZKLFK�ZLOO�EH�GLVFXVVHG� ODWHU��RXU� LQGXVWULDO� DQG�GRPHVWLF�HOHFWULFLW\� VXSSOLHV�DUH�EDVHG�RQ$&�7KH� DOWHUQDWRUV� ZKLFK� SURYLGH� RXU� LQGXVWULDO� DQG� GRPHVWLF� HOHFWULFLW\� VXSSO\� KDYH� WKUHH� VHWV� RI� FRLOV�7KH\�SURYLGH�ZKDW�LV�NQRZQ�DV�D�vWKUHH�SKDVHw�VXSSO\��7KH�SXUSRVH�LV�SULPDULO\�WR�LQFUHDVH�WKH�HIILFLHQF\�RIWKH�DOWHUQDWRU�7KH�FRLOV�DUH�FRQQHFWHG�OLNH�D�VWDU��7KH�SRLQW�ZKHUH�WKH�WKUHH�FRLOV�DUH�FRQQHFWHG�WR�RQH�DQRWKHU�LV�FDOOHGWKH�QHXWUDO� SRLQW��$W� WKH�SRZHU� VWDWLRQ�� WKH�QHXWUDO� SRLQW� LV� FRQQHFWHG� WR� WKH� HDUWK� DQG� LW� UHPDLQV� DW� HDUWKSRWHQWLDO�7KHUH�LV�D�ODUJH�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WKH�QHXWUDO�SRLQW�DQG�WKH�RWKHU�RU�vDFWLYHw�HQG�RI�HDFK�FRLO�7KLV�LV�DQ�DOWHUQDWLQJ�SRWHQWLDO�GLIIHUHQFH�(YHU\�KRXVH�FRQQHFWHG�WR�WKH�SRZHU�VWDWLRQ�LV�VHUYHG�E\�D�ZLUH�IURP�WKH�DFWLYH�HQG�RI�RQH�FRLO�DQG�D�ZLUHIURP�WKH�QHXWUDO�SRLQW��7KLV�LV�FDOOHG�D�VLQJOH�SKDVH�VXSSO\��6RPH�KRXVHV��DQG�PRVW�IDFWRULHV�DUH�FRQQHFWHG�WR�DOO�WKUHH�SKDVHV��,QVLGH� WKH�KRXVH�� DW� WKH� VZLWFK�ERDUG�� � WKH�QHXWUDO�ZLUH� LV� DW� DERXW� HDUWK�SRWHQWLDO��7KH�SRWHQWLDO� RI� WKHDFWLYH�ZLUH�LV�DQ�DYHUDJH�RI�����YROWV�GLIIHUHQW�IURP�WKH�QHXWUDO�ZLUH�1HXWUDO�DQG�DFWLYH�ZLUHV� UXQ�IURP�WKH�VZLWFK�ERDUG� WR�HYHU\� OLJKW� ILWWLQJ�DQG�SRZHU�SRLQW� LQ� WKH�KRXVH�:KHQ�DQ�DSSOLDQFH�LV�SOXJJHG�LQ�DQG�VZLWFKHG�RQ�LW� LV�FRQQHFWHG�IURP�WKH�DFWLYH�ZLUH�WR� WKH�QHXWUDO�ZLUH�WKXV�FRPSOHWLQJ�D�FLUFXLW�H[WHQGLQJ�IURP�WKH�SRZHU�VWDWLRQ�DQG�WKURXJK�ZKLFK�FXUUHQW�FDQ�IORZ�$V�D�VDIHW\�SUHFDXWLRQ���VZLWFKHV�XVHG�WR�FRQWURO�DSSOLDQFHV�ZRUN�E\�GLVFRQQHFWLQJ�HLWKHU�WKH�DFWLYH�ZLUHRU�ERWK� WKH�DFWLYH�DQG�QHXWUDO�ZLUHV� IURP� WKH�DSSOLDQFH�� �+RZHYHU��EHFDXVH�RI� WKH�ZD\� WKH\�DUH�EXLOW� DQGLQVWDOOHG�� OLJKW�ILWWLQJV�ZKLFK�KDYH�VZLWFKHV�VRPH�GLVWDQFH�DZD\�UHPDLQ�FRQQHFWHG� WR� WKH�DFWLYH�ZLUH�HYHQZKHQ�VZLWFKHG�RII�
(IILFLHQF\�LQ�(OHFWULFLW\�5HWLFXODWLRQ7KH� SRZHU� OLQHV� ZKLFK� FDUU\� HOHFWULFLW\� WR� RXU� IDFWRULHV� DQG� KRXVHV� DUH� PDGH� IURP� PDWHULDOV� ZKLFKFRQGXFW�YHU\�ZHOO���HLWKHU�DOXPLQLXP�RU�FRSSHU��1HYHUWKHOHVV�WKH\�GR�KDYH�UHVLVWDQFH��:KHQ�FXUUHQW�IORZVWKURXJK�WKHP�WKH\�GLVVLSDWH�HQHUJ\����DFFRUGLQJ�WR�WKH�IRUPXOD�3 ,�5��7KHVH�SRZHU�OLQHV�DOVR�KDYH�FKDUDFWHULVWLFV�FDOOHG�LQGXFWDQFH�DQG�FDSDFLWDQFH�WKDW�LQFUHDVH�WKH�GLVVLSDWLRQRI�HQHUJ\�VRPHZKDW�ZKHQ�DOWHUQDWLQJ�FXUUHQW�LV�EHLQJ�WUDQVPLWWHG��0RUHRYHU��$&�SRZHU�JHQHUDWLRQ�UHTXLUHVPRUH�LQVXODWLRQ�WKDQ�'&��7R�VXSSO\�D�JLYHQ�DPRXQW�RI�SRZHU��WKH�PD[LPXP�YROWDJH�ZKLFK�$&�SRZHU�OLQHVDQG�JHQHUDWRUV�PXVW�VWDQG��ZLWKRXW�VSDUNLQJ��LV�DERXW�����WLPHV�WKH�YDOXH�IRU�'&��6R�'&�WUDQVPLVVLRQ�ZRXOGVHHP�WR�EH�PRVW�HIILFLHQW�1H[W�� LI� � WKH� FXVWRPHUV�RI�RXU� HOHFWULF�JHQHUDWLQJ� VWDWLRQ� DUH�JRLQJ� WR� XVH� HQHUJ\� DW� WKH� UDWH� RI� VD\� ��PLOOLRQ�ZDWWV��ZH�KDYH�WKH�RSWLRQ�RI��VXSSO\LQJ�WKHP�SRZHU�DW�VD\��������9�DW����$�RU��������$�DW����9�7KH�KLJKHU� WKH�FXUUHQW� WKH�PRUH� WKH�SRZHU�GLVVLSDWHG�E\� WKH� WUDQVPLVVLRQ� OLQH�� VR�ZH�FKRRVH� WR� UHWLFXODWHHOHFWULFLW\�DW�YHU\�KLJK�YROWDJHV�1RZ�ZKLOH�LW�LV�SRVVLEOH�WR�SURGXFH�KLJK�YROWDJHV�ZLWK�'&��WKLV�KDV�QRW�DOZD\V�EHHQ�VR���2Q��WKH�RWKHU



��

KDQG�� LW�KDV�EHHQ�SRVVLEOH� WR�FUHDWH�KLJK�YROWDJH�$&�IRU�RYHU�RQH�KXQGUHG�\HDUV��7KLV� LV�GRQH�E\�XVLQJ�DGHYLFH�NQRZQ�DV�D�vWUDQVIRUPHUw��7UDQVIRUPHUV�FDQ�EH�XVHG�WR�LQFUHDVH�RU�GHFUHDVH�WKH�YROWDJH�RI�$&�EXW�QRW'&�,W� LV� IRU� WKHVH� UHDVRQV� WKDW�ZH�UHWLFXODWH�HOHFWULFDO�SRZHU�DV�$&�DQG�DW�YHU\�KLJK�YROWDJH��%XW�QRWH� WKDWVRPH�'&�UHWLFXODWLRQ�LV�XVHG�LQ�VSHFLDO�FDVHV�7KH�WUDQVIRUPHU�FRQVLVWV��RI�WZR�FRLOV�RI�ZLUH�ZRXQG�RQ�D�VKDUHG�LURQ�FRUH��7KH\�DUH�HQFORVHG�LQ�RLO�ILOOHGFDVLQJV�VR�WKDW�WKH\�FDQ�EH�PRUH�HDVLO\�FRROHG��7KHUH�ZLOO�EH�RQH�VRPHZKHUH�QHDU�\RXU�VFKRRO���:KDW�LV�LWVIXQFWLRQ"
(/(&75,&$/�6$)(7<
3K\VLRORJLFDO�(IIHFWV�RI�(OHFWULFLW\,I�\RX�VLPXOWDQHRXVO\�WRXFK�D�ZLUH�DW�KLJK�SRWHQWLDO�DQG�HLWKHU�DQRWKHU�ZLUH�DW�ORZ�SRWHQWLDO�RU�WKH�HDUWK��DFXUUHQW�ZLOO�IORZ�WKURXJK�\RXU�ERG\�7KH�KXPDQ�ERG\�LV�YHU\�VHQVLWLYH�WR�H[WHUQDOO\�VXSSOLHG�HOHFWULF�FXUUHQW�EHFDXVH�LW�LQWHUIHUHV�ZLWK�QHUYHSURFHVVHV�HVSHFLDOO\�WKRVH�FRQWUROOLQJ�WKH�KHDUW�&XUUHQWV� EHWZHHQ� ����� DPS� DQG� ���� DPS� FDQ� FDXVH� � FRQYXOVLYH�PXVFOH� DFWLRQ� DQG� FRQVLGHUDEOH� SDLQ�+LJKHU�FXUUHQWV�ZLOO�FDXVH�EXUQLQJ��6PDOOHU�FXUUHQWV�FDQ�FDXVH�KHDUW�WURXEOH�1HYHUWKHOHVV��VRPH�HOHFWULF�FXUUHQWV�FDQ�EH�SK\VLRORJLFDOO\�EHQHILFLDO��7KHVH�DUH�YHU\� VPDOO� FXUUHQWV�DWH[WUHPHO\�KLJK�IUHTXHQF\�RI�DOWHUQDWLRQ�7KH�DFWXDO�FXUUHQW�ZKLFK�IORZV�WKURXJK�WKH�ERG\�ZLOO�GHSHQG�RQ�WKH�SRWHQWLDO�GLIIHUHQFH�H[SHULHQFHG�DQGWKH�UHVLVWDQFH�RI�WKH�SDWK�EHWZHHQ�WKH�SDUWV�RI�WKH�ERG\�WR�ZKLFK�LW�LV�DSSOLHG�6HYHQW\�YROWV�DSSOLHG�EHWZHHQ�WKH�ULJKW�DQG�OHIW�KDQGV�ZLOO�FDXVH�D�VHULRXV�VKRFN�7KH�DYHUDJH�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WKH�QHXWUDO�DQG�WKH�DFWLYH�ZLUHV�LQ�RXU�KRXVHV�LV����YROWV��7KHPD[LPXP�SRWHQWLDO�FDQ�EH�DV�PXFK�DV�����YROWV��7KH�IUHTXHQF\�DW�ZKLFK�WKH�SRWHQWLDO�DOWHUQDWHV�����WLPHVSHU�VHFRQG��FRPELQHV�WR�PDNH�WKLV�D�YHU\�GDQJHURXV�VXSSO\�V\VWHP��(OHFWULF�VKRFNV�FDQ�EH�IDWDO�,V�WKHUH�D�SRVWHU�LQ�\RXU�VFKRRO�VKRZLQJ�KRZ�WR�VDIHO\��KHOS�VRPHRQH�ZKR�KDV�UHFHLYHG�DQ�HOHFWULF�VKRFN":KDW�VRUW�RI�ILUH�H[WLQJXLVKHU�VKRXOG�\RX�XVH�RQ�D�ILUH�FDXVHG�E\�HOHFWULFLW\"
6DIHW\�(DUWK�,I�D�IDXOW�GHYHORSV�LQ�DQ�DSSOLDQFH�DQG�WKH�DFWLYH�ZLUH��RU�VRPHWKLQJ�FRQQHFWHG�WR�WKH�DFWLYH�ZLUH��WRXFKHVWKH�IUDPH�RI�WKH�DSSOLDQFH��WKH�SRWHQWLDO�RI�WKH�IUDPH�ZLOO�EHFRPH�WKH�VDPH�DV�WKH�DFWLYH�ZLUH���FRQVLGHUDEO\GLIIHUHQW� IURP�QHXWUDO�RU�HDUWK�� ,I� WKH� IUDPH� LV�PHWDO�� DQ\�RQH� WRXFKLQJ� LW�ZRXOG� � UHFHLYH�D� VHYHUH� HOHFWULFVKRFN��EXW�IRU�WKH�SUHFDXWLRQV�ZKLFK�VDIHW\�DXWKRULWLHV�LQVLVW�RQ�7KH�SUHFDXWLRQ� LV� WKDW�DQ\�DSSOLDQFH�ZLWK�H[WHUQDO�SDUWV� WKDW�PLJKW�FRQGXFW�HOHFWULFLW\�PXVW�KDYH� WKRVHSDUWV� FRQQHFWHG� WR� D�ZLUH� NQRZQ� DV� D� VDIHW\� HDUWK�� 7KH� VDIHW\� HDUWK� FRQQHFWV� WKH� IUDPH� RI� WKH� DSSOLDQFH�WKURXJK�D�WKUHH�SLQ�SOXJ�DQG�VRFNHW�RQ�WKH�ZDOO���WR�WKH�HDUWK�DW�WKH�VZLWFK�ERDUG�RI�WKH�KRXVH��7KH�HIIHFW�LV�WR



��

OLPLW�WKH�SRWHQWLDO�ZKLFK�WKH�IUDPH�PLJKW�UHDFK�DQG�WR�ZKLFK�WKH�XVHU�PLJKW�EH�H[SRVHG��
)XVHV�DQG�(DUWK�/HDN�'HWHFWRUV,I� DQ� DSSOLDQFH� LV� GDPDJHG� LQWHUQDOO\� LW� PD\� GUDZ� DQ� XQXVXDOO\� KLJK� FXUUHQW�� )RU� H[DPSOH�� SDUWVFRQQHFWHG�WR�WKH�DFWLYH�ZLUH�PLJKW�WRXFK�WKH�QHXWUDO�ZLUH��7KHUH�ZRXOG�EH�DQ�LQWHUQDO�vVKRUW�FLUFXLWw��7KLVZRXOG�DOVR�KDSSHQ�LI�WKH�DFWLYH�ZLUH�WRXFKHG�WKH�IUDPH�RI�WKH�DSSOLDQFH��EHFDXVH�WKH�IUDPH�LV�FRQQHFWHG�WRWKH�HDUWK�]HUR�SRWHQWLDO�WKURXJK�WKH�VDIHW\�HDUWK�ZLUH��8QXVXDOO\�KLJK�FXUUHQWV�FDQ�FDXVH�RYHUKHDWLQJ�DQG�ILUH�$�GHYLFH�WR�EUHDN�WKH�FLUFXLW�LQ�WKH�HYHQW�RI�XQXVXDOO\�KLJK�FXUUHQWV�LV�LQVWDOOHG�LQ�WKH�VZLWFK�ERDUG�IRU�WKHKRXVH��0RVW�FRPPRQO\�WKLV�KDV�EHHQ�D�VKRUW�OHQJWK�RI�ZLUH�ZKLFK�PHOWV��WKDW�LV�IXVHV��ZKHQ�UHTXLUHG�WR�SDVVWRR�PXFK�FXUUHQW��7KH�GHYLFH�LV�FDOOHG�VLPSO\�D�vIXVHw��7KH�VDPH�HIIHFW�FDQ�EH�DFKLHYHG�XVLQJ�D�VPDOO�VZLWFKWKDW�RSHQV�ZKHQ�DVNHG�WR�SDVV�WRR�PXFK�FXUUHQW��7KHVH�DUH�NQRZQ�DV�vFLUFXLW�EUHDNHUVw�&LUFXLW�EUHDNHUV�DQG�IXVHV�KDYH�WKH�WZR�HIIHFWV���7KH\�OLPLW�WKH�FXUUHQW�ZKLFK�IORZV�LQ�WKH�ZLULQJ�DQG�WKH\LPSURYH�XVHU�VDIHW\�E\�GLVFRQQHFWLQJ� WKH� DFWLYH�ZLUH� IURP� WKH�PDLQ� VXSSO\� LI� WKH� DFWLYH�ZLUH� WRXFKHV� WKHIUDPH�RI�WKH�DSSOLDQFH���)XVHV�DQG�FLUFXLW�EUHDNHUV�GR�QRW�DFW�TXLFNO\�HQRXJK�WR�FRPSOHWHO\�SUHYHQW�HOHFWULFVKRFN�WR�XVHUV�
�,W�LV�SRVVLEOH�WR�LQVWDOO�D�GHYLFH�NQRZQ�DV�DQ�vHDUWK�OHDN�GHWHFWRUw�ZKLFK�GLVFRQQHFWV�WKH�DFWLYH�ZLUH�IURPWKH�PDLQ�VXSSO\�VXIILFLHQWO\�TXLFNO\�WR�SUHYHQW�HOHFWULF�VKRFN�



��

)866<�)$&76�$%287�)5,&7,21
5,*,'�%2'<�25�6/,',1*�)5,&7,21

:KHQ� WZR�VROLG�ERGLHV� WKDW�DUH�SUDFWLFDOO\� ULJLG� WRXFK�RQH� DQRWKHU�� WKHUH� LV� DQ� LQWHUDFWLRQ�EHWZHHQ� WKHSDUWV�RI�WKHLU�VXUIDFHV�WKDW�DUH�LQ�FRQWDFW���7KLV�LQWHUDFWLRQ�WHQGV�WR�SUHYHQW�WKH�ERGLHV�IURP�VOLGLQJ�SDVW�RQHDQRWKHU�DQG�LV�NQRZQ�DV�vIULFWLRQw��,W�LV�DOVR�FDOOHG�vVOLGLQJ�IULFWLRQw�RU�v&RXORPE� IULFWLRQw�DIWHU�RQH�RI�WKHVFLHQWLVWV�ZKR��LQYHVWLJDWHG�LW��7KH�LQWHUDFWLRQ�DULVHV�RXW�RI�WKH�ILQH�VWUXFWXUH�RI�WKH�FRQWDFWLQJ��VXUIDFHV�RIWKH�ERGLHV���WKHLU�PROHFXODU�QDWXUH�DQG�WKHLU�WH[WXUH���7KH�VWUHQJWK�RI�WKH�LQWHUDFWLRQ�GHSHQGV�RQ�KRZ�KDUG�WKHVXUIDFHV�DUH�SUHVVHG�DJDLQVW�HDFK�RWKHU�

)ULFWLRQDO�)RUFH,Q�RUGHU�WR�GR�FDOFXODWLRQV�ZKHQ�IULFWLRQ�LV�SUHVHQW�ZH�UHSUHVHQW�WKH�IULFWLRQ�LQWHUDFWLRQ�E\�D�IRUFH�DFWLQJRQ�HDFK�ERG\�ZKLFK�ZH�FDOO�WKH�vIULFWLRQDO�IRUFHw���:H�JLYH�WKLV�IRUFH��VRPH�RGG�FKDUDFWHULVWLFV�,W�LV�RQO\�SUHVHQW�ZKHQ�VRPHWKLQJ�LV�WU\LQJ�WR�FUHDWH�UHODWLYH�PRWLRQ�EHWZHHQ�WKH�WZR�VXUIDFHV�2Q�HDFK�ERG\�x ,W�DFWV�DW�WKH�FRQWDFWLQJ�VXUIDFH�ZKHUH�VOLGLQJ�LV�H[SHFWHGx ,W�DFWV�SDUDOOHO�WR�WKH�FRQWDFW�VXUIDFH�DQG�LQ�ZKDWHYHU�RWKHU�GLUHFWLRQ�LV�QHHGHG�WR�UHVLVW�WKHH[SHFWHG�UHODWLYH�PRWLRQ�EHWZHHQ�WKH�ERGLHV�x ,W�LV�DOZD\V�MXVW�ODUJH�HQRXJK�WR�H[DFWO\�EDODQFH�ZKDWHYHU�IRUFH�LV�WU\LQJ�WR�FUHDWH�UHODWLYHPRWLRQ�EHWZHHQ�WKH�ERGLHV���XS�WR�D�OLPLWLQJ�PD[LPXP�
� &�$��GH�&RXORPE������������

6PDOO�IRUFHOHVV�IULFWLRQ /DUJH�IRUFHPRUH�IULFWLRQ

)ULFWLRQLQ�KHUH
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,I�WKH�IRUFH�WU\LQJ�WR�FUHDWH�UHODWLYH�PRWLRQ�LV�JUHDWHU�WKDQ�WKH�OLPLWLQJ�PD[LPXP�IRU�WKH�IULFWLRQDO�IRUFH�WKH�ERGLHV�VOLGH�DFURVV�RQH�DQRWKHU�7KH�OLPLWLQJ�PD[LPXP�IRU�WKH�IULFWLRQDO�IRUFH�LV�FDOOHG�vOLPLWLQJ�IULFWLRQ�IRUFHw�RU�MXVW�vOLPLWLQJ�IULFWLRQw�

7KH�/DZV�RI�)ULFWLRQ&RXORPE�GLVFRYHUHG�WKDW�x 7KH�OLPLWLQJ�IULFWLRQ�IRUFH�GRHV�QRW�GHSHQG�RQ�WKH�VL]H�RI�WKH�VXUIDFHV�LQ�FRQWDFWx 7KH�OLPLWLQJ�IULFWLRQ�IRUFH�GHSHQGV�RQO\�RQ�WKH�PDJQLWXGH�RI�WKH�IRUFH�SXVKLQJ�WKH�WZRVXUIDFHV�WRJHWKHU�x 7KH�OLPLWLQJ�IULFWLRQ�IRUFH�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�PDJQLWXGH�RI�WKH�IRUFH�SXVKLQJ�WKHWZR�VXUIDFHV�WRJHWKHU�7KHVH�UXOHV�DSSO\�HYHQ�ZKHQ�WKH�ERGLHV�DUH�DFWXDOO\�VOLGLQJ�SDVW�RQH�DQRWKHU�/DWHU�UHVHDUFKHUV�VXFK�DV�5HQQLH�DQG�0RULQ��LQ�DERXW�������GLVFRYHUHG�WKDW�WKHVH�ODZV�FKDQJH�DW�KLJKHUFRQWDFW� IRUFHV� DQG� VOLGLQJ� VSHHGV�� 1HYHUWKHOHVV� ZH� FRQWLQXH� WR� XVH� &RXORPEuV� UXOHV� DV� D� JRRG� ZRUNLQJK\SRWKHVLV�
7KH�&RHIILFLHQW�RI�)ULFWLRQ:H�KDYH�VDLG��WKH�OLPLWLQJ�IULFWLRQ�IRUFH�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�PDJQLWXGH�RI�WKH�IRUFH�SXVKLQJ�WKHWZR�VXUIDFHV�WRJHWKHU��7KH�FRQVWDQW�RI�SURSRUWLRQDOLW\�LV�FDOOHG�vWKH�FRHIILFLHQW�RI�IULFWLRQw�

)RUFHV�WHQGLQJ�WRFDXVH�UHODWLYHPRWLRQ

)RUFH�SUHVVLQJVXUIDFHV�WRJHWKHU
)ULFWLRQDO�IRUFHVRQ�XSSHU�DQGORZHU�ERGLHV



��

:H�XVH�WKH�IRUPXOD��) 1= µ ZKHUH�
)1 =

=
=

WKH�OLPLWLQJ�IULFWLRQDO�IRUFHWKH�IRUFH SUHVVLQJ�WKH�VXUIDFHV�WRJHWKHUWKH�FRHIILFLHQW�RI�IULFWLRQµ

+HUH� DUH� VRPH� FRHIILFLHQWV� RI� IULFWLRQ� \RX�ZLOO� ILQG� OLVWHG� LQ� YDULRXV� UHIHUHQFH� ERRNV�� � &LUFXPVWDQFHVFKDQJH�VR�PXFK�WKDW�LW�LV�RIWHQ�EHVW�WR�DFWXDOO\�PHDVXUH�WKH�IULFWLRQ�FRHIILFLHQW�IRU�\RXUVHOI�
&RQWDFW�6XUIDFHV &RHIILFLHQW�RI�/LPLWLQJ6OLGLQJ�)ULFWLRQEURQ]H�RQ�EURQ]H ����EURQ]H�RQ�FDVW�LURQ ����OHDWKHU�RQ�KDUGZRRG ����ZRRG�RQ�VWRQH ����EUDVV�RQ�KDUGZRRG ����KDUGZRRG�RQ�KDUGZRRG ����FDVW�LURQ�RQ�KDUGZRRG ����FDVW�LURQ�RQ�VWRQH ����OHDWKHU�RQ�FDVW�LURQ ����EULFN�RQ�VWRQH ����

2QFH�WKH�ERGLHV�DFWXDOO\�VWDUW�WR�VOLGH�SDVW�RQH�DQRWKHU��WKH�FRHIILFLHQW�RI�IULFWLRQ�GHFUHDVHV�WR�SHUKDSV�RQHILIWK�RI�WKH�YDOXH�MXVW�EHIRUH�WKH�VWDUW�
)5,&7,21�%(7:((1�121�5,*,'�%2',(67KH�GLVFXVVLRQ�VR�IDU�KDV�EHHQ�DERXW�ERGLHV�WKDW�DUH�SUDFWLFDOO\�ULJLG���WKDW�GR�QRW�GHIRUP��7KDW�LV�WR�VD\��LWKDV�EHHQ�DERXW�VLWXDWLRQV�LQ�ZKLFK�WKH�PDWHULDO�RI�WKH�ERGLHV�KDV�EHHQ�VR�VWLII��RU�WKH�IRUFHV�EHWZHHQ�WKHPKDYH�EHHQ�VR�VPDOO��WKDW�WKH�ERGLHV�KDYH�QRW�QRWLFHDEO\�FKDQJHG�VKDSH�

,I�WKH�ERGLHV�GR�FKDQJH�VKDSH��LI�RQH�LQGHQWV�WKH�RWKHU��&RXORPE�IULFWLRQ�ZLOO�VWLOO�EH�SUHVHQW� �EXW� WKHUHZLOO�EH�D�QHZ�VRXUFH�RI�UHWDUGDWLRQ��7KLV�ZLOO�EH�GXH�WR�WKH�H[WUD�IRUFH�QHHGHG�WR�FOLPE�RXW�RI�WKH�LQGHQWDWLRQRU� WR� IODWWHQ� RXW� WKH� GHIRUPDWLRQ�� 7KLV� LV� QRW� IULFWLRQ�� %XW�� H[SHULPHQWDOO\�� LW� FDQ� EH� KDUG� WR� GLVWLQJXLVKEHWZHHQ�IULFWLRQ�DQG�WKH�IRUFHV�QHHGHG�WR�RYHUFRPH�GHIRUPDWLRQ��2IWHQ�WKH�H[SHULPHQWDO�UHVXOWV�DUH�ZUDSSHGXS�WRJHWKHU�



��

,W�LV�EHWWHU�WR�FDOO�WKH�UHWDUGDWLRQ�UROOLQJ�UHVLVWDQFH�RU�GUDJJLQJ�UHVLVWDQFH�UDWKHU�WKDQ�IULFWLRQ�
)/8,'�)5,&7,21:KHQ�D�JDV�RU�D�OLTXLG�LV�LQ�FRQWDFW�ZLWK�WKH�VXUIDFH�RI�D�VROLG��WKHUH�LV�DQ�LQWHUDFWLRQ�EHWZHHQ�WKH�IOXLGDQG� WKH� VXUIDFH� WKDW� WHQGV� WR� SUHYHQW� WKHP� IURP� VOLGLQJ� SDVW� RQH� DQRWKHU� IUHHO\�� 7KLV� LV� NQRZQ� DV� vVNLQIULFWLRQw��7KH�LQWHUDFWLRQ�DULVHV�RXW�RI�WKH�ILQH�VWUXFWXUH�RI�WKH�VROLG�VXUIDFHV�DQG�RI�WKH�PROHFXODU�QDWXUH�RIWKH�IOXLG�7KLV�UHWDUGDWLRQ�LV�H[SHULHQFHG�ZKHQ��IRU�H[DPSOH��D�IOXLG�IORZV�WKURXJK�D�SLSH��RU�D�WKLQ�IODW�SODWH�VOLGHV

([DPSOHV�RI�'HIRUPDWLRQ

$QRWKHU�H[DPSOH�RI�GHIRUPDWLRQ

7\UHGHIRUPVKHUH
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HGJHZLVH�WKURXJK�D�IOXLG�:H�FDOO�WKH�UHOHYDQW�PROHFXODU�FKDUDFWHULVWLF�RI�WKH�IOXLG�LWV�vYLVFRVLW\w:H�GR�QRW�NQRZ�H[DFWO\�ZKDW�FDXVHV�WKH�LQWHUDFWLRQ�EXW�WKHUH�DUH�ORWV�RI�IRUPXODH�WKDW�KDYH�EHHQ�GHULYHGWR�GHVFULEH�H[SHULPHQWDO�UHVXOWV��:H�PLJKW�FDOO�WKHVH�IRUPXODH�vDOJHEUDLF�PRGHOVw�RI�IOXLG�IULFWLRQ�)OXLG�VNLQ�IULFWLRQ�PXVW�EH�GLVWLQJXLVKHG�IURP�WKH�UHWDUGDWLRQ�FDXVHG�E\�GHIRUPDWLRQ�RI�WKH�IOXLG�)OXLG�IULFWLRQ�LV�YHU\�PXFK�OHVV�WKDQ�WKH�VOLGLQJ�IULFWLRQ�EHWZHHQ�VROLG�VXUIDFHV�
7+(�63(&,$/�&$6(�2)�)5((�52//,1*:KHQ�D�ZKHHO�UROOV�DORQJ�D�VXUIDFH�ZLWKRXW�VNLGGLQJ��WKHUH�LV�QR�UHODWLYH��PRWLRQ�EHWZHHQ�WKH�VXUIDFH�DQGWKH�ZKHHO�DW�WKH�SRLQW�RI�FRQWDFW��$FFRUGLQJO\��WKHUH�LV�QR��IULFWLRQDO�IRUFH�DW�WKH�SRLQW�RI�FRQWDFW���,I�D�IRUFHLV�DSSOLHG�WR�DFFHOHUDWH�WKH�ZKHHO��WKDW�IRUFH�ZLOO�WHQG�WR�FDXVH�VNLGGLQJ��WKDW�LV��UHODWLYH�PRWLRQ�EHWZHHQ�WKHZKHHO�DQG�WKH�VXUIDFH�DW�WKH�SRLQW�RI�FRQWDFW��7KHUH�LV�WKHQ�D�IULFWLRQDO�IRUFH��MXVW�DV�LQ�WKH�FDVH�RI�VOLGLQJ�DWWKH�EHJLQQLQJ�RI�WKLV�QRWH�7KLV� IULFWLRQDO� IRUFH� SURYLGHV� D� WRUTXH� ZKLFK� LQFUHDVHV� WKH� URWDWLRQDO� VSHHG� RI� WKH� ZKHHO� VR� WKDW� WKHVNLGGLQJ�VWRSV���DQG�WKH�IULFWLRQDO�IRUFH�JRHV�DZD\�
29(5&20,1*�)5,&7,217KHUH�DUH�WKUHH�FRPPRQ�ZD\V�RI�RYHUFRPLQJ�VOLGLQJ�IULFWLRQ�:H�PD\�FKDQJH�WKH�QDWXUH�RI�WKH�FRQWDFWLQJ�VXUIDFHV�7KLV�FDQ�EH�GRQH�E\�SROLVKLQJ�RU�E\�DSSO\LQJ�D�OD\HU�RI�ORZ�IULFWLRQ�PDWHULDO��VXFK�DV�7HIORQ��WR�RQH�VXUIDFH��6RPH�FKHPLFDOV�FDQ�DOVR�FKDQJH�WKH�IULFWLRQDO�FKDUDFWHULVWLFV�RI�SDUWLFXODUVXUIDFHV��0RO\EGHQXP�GLVXOSKLGH�LV�VXFK�D�FKHPLFDO�:H�PD\�DUUDQJH�IRU�WKH�VXUIDFHV�WR�EH�NHSW�VOLJKWO\�DSDUW�E\�D�ILOP�RI�IOXLG�VXFK�DV�DQ�RLO�RU�D�JUHDVH��7KLV�LV�FDOOHG�OXEULFDWLRQ�:H�PLJKW�LQVWDOO�F\OLQGULFDO�RU�VSKHULFDO�UROOHUV�EHWZHHQ�WKH�FRQWDFW�VXUIDFHV�

� SRO\WHWUDIOXRURHWK\OHQH
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9,6&26,7<
9LVFRVLW\�LV�WKH�WHUP�XVHG�WR�GHVFULEH�WKH�WHQGHQF\�RI�D�IOXLG�WR�VWLFN�WR�LWVHOI�9LVFRVLW\�LV�H[KLELWHG�E\�ERWK�JDVHV�DQG�OLTXLGV��:DWHU��DOFRKRO��R[\JHQ�DQG�VWHDP�H[KLELW�YLVFRVLW\��DVGR�PL[WXUHV�VXFK�DV�RLOV�DQG�DLU�9LVFRVLW\�DULVHV� IURP� WKH�PROHFXODU�QDWXUH�RI� WKH� IOXLG��+RQH\�KDV�TXLWH�D�KLJK�YLVFRVLW\��ROLYH�RLO� KDVUDWKHU�OHVV��DQG�ZDWHU�LV�FRQVLGHUDEO\�OHVV�YLVFRXV�WKDQ�ERWK�RI�WKRVH�OLTXLG<RX�ZLOO�EH�DZDUH�WKDW�KRQH\��WKH�PRUH�YLVFRXV�OLTXLG��SRXUV�PXFK�OHVV�UHDGLO\�WKDQ�ZDWHU��7KLV�DULVHV�LQWKH� IROORZLQJ�ZD\�� �%HFDXVH�RI�PROHFXODU�DWWUDFWLRQ�DQG�VRPH�PHFKDQLFDO� LQWHUORFNLQJ�� IOXLGV� VWLFN� WR� WKHVROLG�VXUIDFHV��7KH\�VWLFN�WR�WKH�ZDOOV�RI�SLSHV�DQG�FRQWDLQHUV�DQG�WKH\�VWLFN�WR�SODWHV�LPPHUVHG�LQ�WKH�IOXLG��VR�PXFK� VR� WKDW� HQJLQHHUV� IUHTXHQWO\� DQDO\VH� IOXLG�PRWLRQ� LQ� SLSHV� DQG� RYHU� VXUIDFHV� DV� WKRXJK� WKH� IOXLGPROHFXOHV�WRXFKLQJ�WKH�VROLG�VXUIDFH�DUH�ILUPO\�DGKHUHG�WR�LW�1RZ�LI�WKH�IOXLG�LQ�D�SLSH�RU�FRQWDLQHU�LV�PRYLQJ�LQ�EXON��ZKLOH�WKH�RXWVLGH�HGJHV�RI�WKH�IOXLG�DUH�VWXFN�WRWKH�FRQWDLQHU��VRPH�VHYHUH�GLVWRUWLRQ�RI�WKH�IOXLG�PXVW�EH�RFFXUULQJ��9LVFRVLW\��WKH�WHQGHQF\�RI�WKH�IOXLG�WRVWLFN�WR�LWVHOI��GHWHUPLQHV�WKH��UHVLVWDQFH�WR�VXFK�GLVWRUWLRQ��6R�YLVFRVLW\�GHWHUPLQHV�WKH�UHVLVWDQFH�WR�SRXULQJ�9LVFRVLW\�DOVR�FRQWULEXWHV�WR�WKH�GLIILFXOW\�RI�IRUFLQJ�OLTXLGV�WKURXJK�SLSHV��$�YROXPH�RI�KLJKO\�YLVFRXVIOXLG�VXFK�DV�KRQH\�UHTXLUHV�D�ORW�PRUH�SUHVVXUH�WR�IRUFH�LW�WKURXJK�D�SLSH�LQ�JLYHQ�WLPH�WKDQ�D�OHVV�YLVFRXVOLTXLG�VXFK�DV�ZDWHU�,I�ZH�ORRN�DW�WKH�FRQYHUVH�RI�WKLV�GHVFULSWLRQ�RI�IOXLG�IORZ��ZH�FDQ�VHH�WKDW�LI��VD\��D�WKLQ�VROLG�IODW�SODWHPRYHV� LQ�D�YLVFRXV� OLTXLG� WKHUH�ZLOO�EH�D� UHVLVWDQFH� WR� WKH�PRWLRQ� � DQG� WKDW� WKH� DPRXQW�RI� UHVLVWDQFH�ZLOOGHSHQG�XSRQ�WKH�YLVFRVLW\�RI�WKH�IOXLG�7KH�YLVFRVLW\�RI�D�IOXLG�LV�JHQHUDOO\�QRW�WKH�VDPH�LQ�DOO�FRQGLWLRQV��,Q�SDUWLFXODU�WKH�YLVFRVLW\�RI�D�OLTXLGGHFUHDVHV�DV�WKH�WHPSHUDWXUH�RI�WKH�OLTXLG�LQFUHDVHV���+RQH\�LV�PXFK�HDVLHU�WR�SRXU�LI�LW�LV�ZDUP���6RPH�RLOV

'R�\RX�UHFRJQLVH�WKLV�IULFWLRQ�UHGXFLQJ�GHYLFH"



��

FKDQJH�YLVFRVLW\�DERXW�RQH�KXQGUHG�IROG�DV�WKHLU�WHPSHUDWXUH�FKDQJHV�IURP�����&�WR�����&�&RQYHUVHO\��WKH�YLVFRVLW\�RI�D�JDV�LQFUHDVHV�DV�WKH�WHPSHUDWXUH�RI�WKH�JDV�LQFUHDVHV��7KH�YLVFRVLW\�RI�DLULQFUHDVHV�����EHWZHHQ���&�DQG�����&�,Q�VRPH�OLTXLGV�WKH�YLVFRVLW\�DOVR�FKDQJHV�ZLWK�WKH�UDWH�RI�IORZ���%ORRG�LV�RQH�VXFK�OLTXLG��7KH�YLVFRVLW\RI�EORRG�DSSHDUV�WR�GHFUHDVH�DV�IORZ�UDWH�LQFUHDVHV�EHFDXVH�EORRG�LV�D�VXVSHQVLRQ�RI�SODWHOHWV��ZKLFK�DOLJQZLWK�WKH�IORZ�DW�KLJKHU�IORZ�UDWHV�6FLHQWLVWV� DQG� HQJLQHHUV� H[SUHVV� YLVFRVLW\� LQ� WZR� GLIIHUHQW� ZD\�� 7KH� GLIIHUHQFH� LV� SXUHO\� D� PDWWHU� RIDOJHEUDLF�FRQYHQLHQFH�IRU�WKH�RFFDVLRQ���7KH�G\QDPLF�YLVFRVLW\�RI�D�IOXLG�LV�WKH�IRUFH�H[HUWHG�RQ�HDFK�RI�WZRSODWHV��RQH�PHWUH�DSDUW�DQG�HDFK�RI�RQH�VTXDUH�PHWUH�VXUIDFH�DUHD��EHWZHHQ�ZKLFK�WKH�IOXLG�IORZV��DW�D�VSHHGRI�RQH�PHWUH�VHFRQG���'\QDPLF�YLVFRVLW\�LV�H[SUHVVHG�LQ�XQLWV�RI��1HZWRQ VHFRQG SHU PHWUH VTXDUHG���1V�P�6RPHWLPHV�WKH�ROG�XQLW�WKH�vSRLVHw�ZLOO�EH�VHHQ�DORQJ�ZLWK�LWV�VXE�PXOWLSOHV�����1V�P��� ����SRLVH�� �.LQHPDWLF� YLVFRVLW\� LV� G\QDPLF� YLVFRVLW\� GLYLGHG� E\� WKH� GHQVLW\� RI� WKH� IOXLG��.LQHPDWLF� YLVFRVLW\� LVH[SUHVVHG�LQ�PHWUHV�VTXDUHG�SHU�VHFRQG�$V�DQ�H[HUFLVH��SORW�D�JUDSK�VKRZLQJ�WKH�YLVFRVLW\�RI�WZR�GLIIHUHQW�IOXLGV�DW�WHPSHUDWXUHV�EHWZHHQ�VD\���&DQG�����&���&DVWRU�RLO�DQG�ZDWHU�ZRXOG�EH�JRRG�FKRLFHV��8VH�WKH�OLEUDU\�WR�REWDLQ�WKH�GDWD��)RU�FRPSDULVRQ�ILQG�RXW�WKH�YLVFRVLW\�RI�DLU�DW�DERXW����&�DQG�ZULWH�WKH�YDOXH�RQ�WKH�JUDSK�
9LVFRVLW\�DQG�/XEULFDWLRQ0DFKLQHU\�LV�OXEULFDWHG�WR�UHGXFH�IULFWLRQ�DQG�ZHDU�EHWZHHQ�SDUWV�ZKLFK�UXE�WRJHWKHU�DQG�LQ�PDQ\�FDVHVWR�FDUU\�DZD\�KHDW�JHQHUDWHG�E\�WKH�UXEELQJ���2LOV�DQG�JUHDVHV�OXEULFDWH�SDUWV�E\�GHYHORSLQJ�DQG�PDLQWDLQLQJD�YHU\�WKLQ�ILOP�RI�FRPSDUDWLYHO\�VRIW�PDWHULDO�EHWZHHQ�WKH�UXEELQJ�SDUWV��)UHTXHQWO\�LW�LV�RQO\�SRVVLEOH� WRPDLQWDLQ�D�SDUWLDO�ILOP���6RPHWLPHV�JDVHV�DUH�XVHG�WR�SURYLGH�WKLV�ILOP�7KH�ILOP�LV�RIWHQ�PDLQWDLQHG�E\�NHHSLQJ� WKH� IOXLG�XQGHU�SUHVVXUH�� ,W� LV�HDVLHU� WR�JHQHUDWH�DQG�PDLQWDLQWKLV�SUHVVXUH�LQ�WKH�JDS�EHWZHHQ�PRYLQJ�SDUWV�LI�WKH�OXEULFDQW�KDV�D�KLJK�YLVFRVLW\��2Q�WKH�RWKHU�KDQG��D�KLJKYLVFRVLW\�OXEULFDQW�FDQ�PDNH�WKH�PDFKLQH�VWLIIHU�WR�PRYH�WKDQ�D�ORZ�YLVFRVLW\�OXEULFDQW���,W�LV�TXLWH�FRPPRQIRU�OXEULFDQW�WR�OHDN�DZD\�IURP�WKH�UXEELQJ�VXUIDFHV��WKDW�LV�� �DZD\�IURP��WKH�vEHDULQJw��7KLV�PHDQV�WKDW�DIORZ�RI�OXEULFDQW�LQWR�WKH�EHDULQJ�PXVW�EH�PDLQWDLQHG���$�ORZ�YLVFRVLW\�OXEULFDQW�ZLOO�OHDN�DZD\�PRUH�HDVLO\��$�FRPSURPLVH�PXVW�EH�VWUXFN�LQ�WKH�FKRLFH�RI��YLVFRVLW\�IRU�WKH�OXEULFDQW�LQ�D�SDUWLFXODU��DSSOLFDWLRQ��9LVFRVLW\�LV�QRW�WKH�RQO\�GHWHUPLQDQW�RI��WKH�IULFWLRQ�UHGXFLQJ�TXDOLWLHV�RI�D�IOXLG��(QJLQHHUV�DOVR�LGHQWLI\D� TXDQWLW\� WKH\� FDOO� XQFWXRXVQHVV� ZKLFK� GHVFULEHV� WKH� ILOP� IRUPLQJ� SURSHUWLHV� DQG� ILOP� WHQDFLW\� RI� WKHOXEULFDQW��8QFWXRXVQHVV�LV�LPSRUWDQW�ZKHQ�SUHVVXUH�FDQQRW�EH�PDLQWDLQHG�LQ�WKH�OXEULFDWLQJ�IOXLG�
(QJLQH�2LOV7KH�PRWRU� FDU� HQJLQH� UHSUHVHQWV� TXLWH� D� VHYHUH� WHVW� IRU� OXEULFDWLRQ� WHFKQRORJ\�� �:KLOH� WKLV� LV� D� KLJKO\VSHFLDOLVHG�EXVLQHVV��WKHUH�DUH�WKUHH�DVSHFWV�ZKLFK�FDQ�EH�WRXFKHG�XSRQ�KHUH�WR�JLYH�\RX�D�JHQHUDO�LGHD�RI�WKHYHU\�VSHFLDO�QDWXUH�RI�WKH�SURGXFW�\RX�DUH�EX\LQJ�IRU�\RXU�PRWRU�FDU��RIWHQ�ZLWKRXW�D�VHFRQG�WKRXJKW��
� 7KH�SUHVVXUH�PD\�EH�H[WHUQDOO\�DSSOLHG�E\�D�SXPS��RU�PD\�EH�JHQHUDWHG�ZLWKLQ�WKH�EHDULQJ�LWVHOI�E\�DK\GURG\QDPLF�ZHGJLQJ�DFWLRQ�



��

7KH�RSHUDWLQJ�WHPSHUDWXUH�ZLWKLQ�WKH�HQJLQH�YDULHV�IURP�DERXW�����&�WR�DERXW�����&����IURP�D�FROG�VWDUWLQ�6WDQWKRUSH��WR�D�YHU\�KRW�HQJLQH�VWXWWHULQJ�XS�&XQQLQJKDPuV�*DS�EHKLQG�D�VHPL�WUDLOHU���7KH�FROG�HQJLQHQHHGV�RLO�RI�LQLWLDOO\�ORZ�YLVFRVLW\�VR�WKDW�LW�FDQ�TXLFNO\�EH�IORRGHG�ZLWK�OXEULFDQW�DQG�HDVLO\�FUDQNHG�RYHU�E\WKH�VWDUWHU�PRWRU��7KH�KRW�HQJLQH�UHTXLUHV�DQ�RLO�RI�LQLWLDOO\�KLJK�YLVFRVLW\�VR�WKDW�ZKHQ�WKH�YLVFRVLW\�RI�WKHRLO��LV�ORZHUHG�E\�WHPSHUDWXUH�LW�LV�VWLOO�DGHTXDWH�IRU�SUHVVXUH�OXEULFDWLRQ�$XWRPRWLYH�HQJLQHHUV�KDYH�D�JUDGLQJ�V\VWHP�IRU�GHQRWLQJ� WKH�YLVFRVLW\�RI�RLOV��7KH�GHILQLWLRQ�RI� WKHVHJUDGHV� DQG� WKH�PHWKRG� RI�PHDVXULQJ� WKHP�ZDV� VSHFLILHG� E\� WKH� DXWRPRWLYH� VWDQGDUGV� RUJDQLVDWLRQ� RI� WKH6RFLHW\�RI�$XWRPRWLYH�(QJLQHHUV�D�ORQJ�WLPH�DJR�$�PRWRU�FDU�HQJLQH�OLNHV�WR�RSHUDWH�ZLWK�RLO�RI�YLVFRVLW\�FRUUHVSRQGLQJ�WR�DERXW����JUDGH���7KH�PRGHUQvPXOWLJUDGHw�HQJLQH�RLO�KDV�EHHQ�VR�IRUPXODWHG�WKDW�LW�LV�DOPRVW�YLVFRVWDWLF��:KHQ�D���:������RLO�JHWV�KRW��LWEHKDYHV�DV� WKRXJK� LW�ZDV� LQLWLDOO\� D�KLJK�YLVFRVLW\����JUDGH�RLO� � DQG� LWV� YLVFRVLW\� IDOOV� WR� DERXW����JUDGH�:KHQ�LW�LV�FROG�LW�EHKDYHV�DV�WKRXJK�LW�KDG�EHHQ�D����JUDGH�RLO�DQG�LWV�YLVFRVLW\�LQFUHDVHV�WR�DERXW����JUDGH�(QJLQH� RLO� PXVW� EH� GXUDEOH�� ,W� PXVW� UHWDLQ� LWV� OXEULFDWLQJ� TXDOLWLHV� LQ� WKH� SUHVHQFH� RI� FRPEXVWLRQ� E\�SURGXFWV��VHYHUH�FRPSUHVVLYH�DQG�VKHDULQJ�ORDGV��KLJK�WHPSHUDWXUHV��DQG�GLOXWLRQ�E\�VPDOO�DPRXQWV�RI�ZDWHU�7KH�RLO�PXVW�QRW�GU\�RXW�RU�HYDSRUDWH�(QJLQH�RLO�PXVW�KDYH�WKH�DELOLW\�WR�UHWDLQ�ZHDU�GHEULV�LQ�VXVSHQVLRQ�XQWLO�WKH�RLO�UHDFKHV�WKH�ILOWHU�WKDW�FDQVDIHO\� UHPRYH� DQG� VWRUH� WKH� GHEULV�� 7KLV� vGHWHUJHQWw� FDSDELOLW\� � LV� D� GLVDGYDQWDJH� LQ� RLOV� IRU� XQILOWHUHGDSSOLFDWLRQV�VXFK�DV�JHDU�ER[HV�1HZ�HQJLQHV�KDYH�TXLWH�GLIIHUHQW� UHTXLUHPHQWV� WKDQ�ZRUQ�HQJLQHV��2LOV�VXLWDEOH� IRU�RQH�DUH�QRW�DOZD\VVXLWDEOH�IRU�WKH�RWKHU�7KH�DXWRPRWLYH�VWDQGDUGV�RUJDQLVDWLRQV�VSHFLI\�ILWQHVV�IRU�SXUSRVH�UHTXLUHPHQWV�DQG�WHVW�SURFHGXUHV�IRUDOO�WKHVH�DVSHFWV�RI�RLOV��7KH�SHUIRUPDQFH�RI�WKH�RLO�LV�GHQRWHG�E\�WKH�GHVLJQDWLRQ�RI�WKH�VWDQGDUG�ZLWK�ZKLFKLW�FRQIRUPV��7KDW�GHVLJQDWLRQ�LV�PDUNHG�RQ�WKH�FRQWDLQHU�LQ�ZKLFK�\RX�EX\�WKH�RLO��7KH�$PHULFDQ�3HWUROHXP,QGXVWU\�VWDQGDUGV�GHVLJQDWHG�6)�DQG��6*��DQG�&&�DUH�W\SLFDO�PRGHUQ�VSHFLILFDWLRQV�
9,6&26,7<�$1'�)/8,'�)/2:��$'9$1&('�127(6�7KH�LQIOXHQFH�RI�YLVFRVLW\�LQ�IOXLG�IORZ�LV�IDU�IURP�VLPSOH�9LVFRVLW\�ZDV�XQNQRZQ�LQ�WKH�����V�ZKHQ�WKH�FODVVLFDO�HTXDWLRQV�RI�G\QDPLFV�ZHUH�EHLQJ�ZULWWHQ�GRZQE\� WKH� QRZ� OHJHQGDU\� PDWKHPDWLFLDQV�� 7HFKQLFDOO\� DQG� PDWKHPDWLFDOO\� SHUIHFW� HTXDWLRQV� RI� LQYLVFLG�LQFRPSUHVVLEOH��VWHDG\�IOXLG�IORZ�ZHUH�GHYLVHG�LQ�WKH�����V��+RZHYHU��WKH\�SUHGLFWHG�WKDW�WKH�GUDJ�IRUFH�RQD� ERG\� LPPHUVHG� LQ� DQG� PRYLQJ� UHODWLYH� WR� D� IOXLG� ZRXOG� DOZD\V� EH� ]HUR�� 2I� FRXUVH�� WKDW� ZDV� GLUHFWO\FRQWUDU\�WR�H[SHULHQFH���'u$OHPEHUW�ODEHOOHG�WKLV�D�SDUDGR[�LQ�KLV�v2SXVFXOHV�PDWKHPDWLTXHVw�RI�������7KHVHDUFK� IRU� DQ� DQVZHU� � RFFXSLHG�PDQ\� HPLQHQW�PDWKHPDWLFLDQV� IRU� ���� \HDUV�� 8OWLPDWHO\� WKH� DQVZHU�ZDVIRXQG� WR� LQYROYH� WKH� LQWHUUHODWHG� HIIHFWV� RI� YLVFRVLW\� DQG� XQVWHDGLQHVV�� �� ,Q� D� IOXLG� IORZ�� ZKHQ� WKH� IORZSDWWHUQ�DW�DQ\�SRLQW�LV�QRW�SHUPDQHQWO\�WKH�VDPH��� WKH�IORZ�LV�FDOOHG�vXQVWHDG\w�RU�vQRQ�VWDWLRQDU\w��� �7KHDQDO\WLFDOO\� ULJRURXV� UHVXOW� LV� � H[SUHVVHG� LQ� WKH� v1DYLHU� 6WRNHVw� GLIIHUHQWLDO� HTXDWLRQV� RI� FODVVLFDO� � IOXLGG\QDPLFV8QVWHDG\�RU�QRQ�VWDWLRQDU\�IORZV�DUH�QR�SODFH�IRU�WKH�IDLQW�KHDUWHG��7KH\�KDYH�EHHQ��SDUWLFXODUO\�GLIILFXOWIRU� DHURG\QDPLFLVWV� WR� GHDO� ZLWK�� 7KDW� LV� SHUKDSV� PDLQO\� EHFDXVH� WKH\� DUH� QRW� DPHQDEOH� WR� GLUHFWH[SHULPHQWDO�PHDVXUHPHQW�,QGHHG�FODVVLFDO�IOXLG�G\QDPLFV�LV�VR�GLIILFXOW�WKDW�WKHUH�DUH�YHU\��YHU\�IHZ�VLWXDWLRQV�LQ�ZKLFK�DQDO\WLFDO



��

VROXWLRQV� WR� WKH�1DYLHU�6WRNHV� HTXDWLRQV� FDQ� EH� GHULYHG����%HFDXVH� RI� WKHVH� GLIILFXOWLHV�� WKH� HVWLPDWLRQ� RIIOXLG� G\QDPLF� IRUFHV� KDV� DOZD\V� UHVWHG� RQ� H[SHULPHQWDO� PHDVXUHPHQW� DQG� DSSUR[LPDWH� PDWKHPDWLFDOPRGHOOLQJ��8VXDOO\�WKHUH�LV�VRPH�DWWHPSW�WR�YHULI\�WKDW�WKH�PRGHO�LV�FRQVLVWHQW�ZLWK�WKH�FODVVLFDO�WKHRU\��$PRGHO�LV�KHOG�WR�EH�DSSOLFDEOH�DFURVV�D�JHQHUDO�FODVV�RI�IORZ�SDWWHUQV�,Q� ���������2VERXUQH�5H\QROGV� GHYLVHG� D� SDUDPHWHU� LQWHQGHG� DV� D� SUHGLFWRU� RI� WKH� VLPLODULW\� RI� IORZSDWWHUQV�LQ�H[SHULPHQWV�DW�GLIIHUHQW�VFDOHV��,W�LV�D�PHDVXUH�RI�WKH�UDWLR�RI�LQHUWLD�IRUFHV�WR�YLVFRXV�IRUFHV�DQG�DKLJKO\�LPSRUWDQW�PRGHOOLQJ�DQG�IRUFH�HVWLPDWLRQ�WRRO�
5H =

9Oρ
µ ZKHUH��9�LV�WKH�YHORFLW\�RI�WKH�IOXLG�O�LV�D�FKDUDFWHULVWLF�OHQJWKU�LV�WKH�IOXLG�GHQVLW\�DQGP�LV�WKH�IOXLG�G\QDPLF�YLVFRVLW\7KH�SURSRVLWLRQ�LV�WKDW�D�PDWKHPDWLFDO�PRGHO�ZLOO�UHPDLQ�YDOLG��VR�ORQJ�DV�5H\QROGuV�QXPEHU�LV�FRQVWDQW�:H�VKRXOG�REVHUYH�QRZ� WKDW�FODVVLFDO� IOXLG�G\QDPLFV�GRHV�QRW� DSSO\� DW� YHU\� ORZ�SUHVVXUHV��7KDW� LV�� DWGHQVLWLHV�ZKHUH�WKH�GLVWDQFH�EHWZHHQ�PROHFXOHV�RI�IOXLG�LV�RI�WKH�VDPH�RUGHU�DV�WKH�VL]H�RI�REMHFWV�RI�LQWHUHVWLPPHUVHG� LQ� WKH� IOXLG�� �� WKH� PROHFXODU� IORZ� UHJLPH���� &ODVVLFDO� IOXLG� G\QDPLFV� � GHDOV� ZLWK� DQ� HODVWLFFRQWLQXXP���UDWKHU�WKDQ�WKH�PRPHQWXP�RI��LQGLYLGXDO�PROHFXOHV��)RU�D�VLPLODU�UHDVRQ��RQH�PLJKW�DUJXH�WKDW5H��LV�QRW�GHILQHG�DW�VXFK�ORZ�SUHVVXUHV�7R� LOOXVWUDWH� WKH�FRPSOH[LW\�RI� WKH� LQIOXHQFH�RI�YLVFRVLW\�RQ� IOXLG� IORZ� OHW�XV� ORRN�DW� VRPH�FRQFHSWV� LQDHURG\QDPLF� GUDJ�� � 7KH� GUDJ� LV� FODVVLILHG� LQWR� WZR� VRUWV� DFFRUGLQJ� WR� FDXVH��:H� VWDUW� E\� YLVXDOLVLQJ� DLUIORZLQJ�SDVW�D�VWDWLRQDU\�ERG\���7KH�ILUVW�VRUW�RI�GUDJ�LV�GXH�WR�YLVFRVLW\�RU�WKH�WHQGHQF\�RI�WKH�DLU�WR�VWLFN�WR�LWVHOI�DQG�RWKHU�VXEVWDQFHV�7KLV�ZH�XVXDOO\�FDOO�VNLQ�IULFWLRQ��:KHQ�ZH�WKLQN�RI�WKH�DLU�PRYLQJ�RYHU�WKH�ERG\��YLVFRXV�HIIHFWV�OHDG�WR�DORVV�RI�PRPHQWXP��DQG�SHUKDSV�PLFURVFRSLF�WXUEXOHQFH�LQ�D�WKLQ�VKHHW�RU�WXEH�RI�ZDNH��7KH�GUDJ�IRUFH�RQWKH�ERG\�FRUUHVSRQGV�WR�WKH�ORVV�RI�PRPHQWXP�IURP�WKH�DLU�7KH�VHFRQG�VRUW� LV�FDXVHG�E\�vVHSDUDWLRQw�RI� WKH� IOXLG� IURP�WKH�VXUIDFH�RI� WKH�ERG\��7KH� LQHUWLD�RI� WKHIOXLG�RYHUFRPHV�WKH�WHQGHQF\�RI�WKH�YLVFRXV�IOXLG�WR�VWLFN�WR�WKH�ERG\��7KHUH�LV�VHQVLEOH�WXUEXOHQFH�DERXW�SDUW

� %XW�LQ�UHFHQW�WLPHV�WKH\�KDYH�EHHQ�XVHG�DV�WKH�EDVLV�RI�IORZ�PRGHOOLQJ�E\�ILQLWH�HOHPHQW�WHFKQLTXHV�LQKLJK�VSHHG�FRPSXWHUV�
�� $W�URRP�WHPS�DQG����PP�+J�SUHVVXUH�WKH�PHDQ�IUHH�SDWK�RI�DLU�PROHFXOHV�LV�DERXW�����PP��$W��PP+J�WKH�PHDQ�IUHH�SDWK�LV�DERXW�����PP�
�� :LWK�DLUFUDIW��YHKLFOHV�DQG�SURMHFWLOHV�RI�FRXUVH���WKH�DLU�GRHVQuW�PRYH�RYHU�D�VWDWLRQDU\��ERG\���WKH�ERG\PRYHV�WKURXJK�WKH�DLU��7KLV�LV�DQ�LPSRUWDQW�EXW�QRW�ZHOO�UHFRJQLVHG�GLVWLQFWLRQ��,Q�WKHVH�FDVHV��WKH�ERG\SXVKHV�RQ�WKH�DLU�DQG�LQFUHDVHV�LWV�PRPHQWXP��$�G\QDPLF��HTXLYDOHQFH�EHWZHHQ�VWDWLRQDU\�DQG�PRYLQJDLU�FDQ�EH�HVWDEOLVKHG�IRU�VRPH�VRUWV�RI�IORZ��7KLV�LV�GRQH�PDWKHPDWLFDOO\�E\�WKH�(XOHU�WUDQVIRUPDWLRQZKLFK� (XOHUuV� FRQWHPSRUDU\�� WKH� PDWKHPDWLFLDQ� Gu$ODPEHUW� LV� OLNHO\� WR� KDYH� KDG� VRPHWKLQJ� WR� VD\DERXW�FLUFD������



��

RI� WKH�ERG\�DQG� LQ� WKH�ZDNH��DQG�D� ORVV�RI�ZDNH�PRPHQWXP� LQ� WKH�GLUHFWLRQ�RI� WKH�JHQHUDO� VWUHDP�RI�DLU�$JDLQ� WKH� GUDJ� IRUFH� RQ� WKH� ERG\� FRUUHVSRQGV� WR� � WKH� ORVV� RI� PRPHQWXP�� 7KLV� LV� WKH� VRUW� RI� WKLQJ� WKDWKDSSHQV�ZKHQ�WKH�DLU�LV�DVNHG�WR�WXUQ�WRR�VKDUSO\���DW�D�VKDUS�HGJH�IRU�H[DPSOH��:KHQ�VHSDUDWLRQ�RFFXUV��LWFDXVHV�PRUH�GUDJ�WKDQ�YLVFRVLW\�ZRXOG�FDXVH�$W�5H\QROGV�1XPEHUV�DERYH����WR������WKH�G\QDPLF�IRUFHV�VR�H[FHHG�WKH�YLVFRXV�IRUFHV�WKDW�VRPH�IORZVHSDUDWLRQ�KDSSHQV�IRU�DOO�EOXQW�ERGLHV�DQG�VKDUS�HGJHV���(GGLHV�GHYHORS�QHDU�WKH�WUDLOLQJ�HGJH�RI�WKH�ERG\�9RUWH[HV�DUH�VKHG�LQWR�WKH�ZDNH�DOWHUQDWHO\�IURP�RQH�VLGH�RI�WKH�ERG\�DQG�WKH�RWKHU��2QFH�ZHOO�GHYHORSHG�WKH� ZDNH� DGRSWV� D� PDWKHPDWLFDOO\� GHVFULEDEOH� IRUP� FDOOHG� D� v.ÄUPÄQ� YRUWH[� VWUHHWw� DIWHU� 7KHRGRUH� YRQ.ÄUPÄQ��7KH�IUHTXHQF\�RI�VKHGGLQJ�LQFUHDVHV�VWHDGLO\�ZLWK�5H\QROGV�1XPEHU��,W�PDNHV�WHOHJUDSK�ZLUHV��DQGWKH�VWULQJV�RI�.LQJ�'DYLGuV�KDUS��VLQJ�LQ�WKH�ZLQG�7R�PDNH�WKLQJV�HDV\�IRU�WKHPVHOYHV��DHURG\QDPLFLVWV�LQYHQW�D�ERXQGDU\�OD\HU�FORVH�WR�WKH�VXUIDFH�RI�WKHERG\�DQG�VD\�WKDW�DOO� WKH�YLVFRXV�HIIHFWV� WDNH�SODFH�LQ� WKDW� OD\HU��,I� WKLV�ERXQGDU\�OD\HU� IORZV� LQ�D� ODPLQDUIDVKLRQ��RQH�ZKHUH� WKHUH� LV�QR� WUDQVIHU�RI� HQHUJ\� DFURVV� WKH� WKLFNQHVV� IURP�RQH� OD\HU� WR� DQRWKHU�� WKH� VNLQIULFWLRQ�ZLOO�EH� ORZ�EXW� WKHUH�ZLOO� EH� D� WHQGHQF\� IRU� WKH� IORZ� WR� VHSDUDWH� HDVLO\�� � ,I� WKH�ERXQGDU\� OD\HU� LVWXUEXOHQW��VR�WKDW�HQHUJ\�LV�WUDQVIHUUHG�DFURVV�LWV�WKLFNQHVV�E\�WKH�WXUEXOHQFH��VNLQ�IULFWLRQ�ZLOO�DSSHDU�WR�EHJUHDWHU��EXW�WKHUH�ZLOO�EH�OHVV�WHQGHQF\�IRU�WKH�IORZ�WR�VHSDUDWH���6R�D��WXUEXOHQW�ERXQGDU\�OD\HU�PD\�UHVXOW�LQOHVV�GUDJ�RYHU�WKH��UDQJH�RI�FLUFXPVWDQFHV�WKH�ERG\�H[SHULHQFHV�%RXQGDU\�OD\HUV�DUH�DW�ILUVW�ODPLQDU��EXW�WKH\�FKDQJH�IURP�ODPLQDU�WR�WXUEXOHQW��7KH�FKDQJH�KDSSHQV�DW�D5H\QROGV�1XPEHU����RI�DERXW���� ���,QFUHDVLQJ�DLUVSHHG��RU��WKH�VL]H�RI�WKH�LPPHUVHG�ERG\�ZLOO�GR�WKH�WULFN�7KH�WUDQVLWLRQ�QHHGV�WR�EH�WULJJHUHG�DQG�RIWHQ�WKLV�KDSSHQV�EHFDXVH�RI�URXJKQHVV�RQ�WKH�ERG\�RU�WXUEXOHQFHLQ�WKH�IUHH�VWUHDP��8QGHU�VRPH�FLUFXPVWDQFHV��WKH�WUDQVLWLRQ�IURP�D�ODPLQDU�WR�WXUEXOHQW�ERXQGDU\�OD\HU�FDQGHOD\�VHSDUDWLRQ���WKHUHE\�UHGXFLQJ�WKH�GUDJ��7KLV� LV�D�YHU\�ZHOO�NQRZQ�SKHQRPHQRQ��,W� LV�QRW�FRQILQHG�WRF\OLQGHUV�RU�VSKHUHV��WKRXJK�WKH\�DUH�WKH�EHVW��GRFXPHQWHG�VKDSHV��,W�LV�OHVV�OLNHO\�WR�KDSSHQ�LI�VHSDUDWLRQ�LVEHLQJ�WULJJHUHG�E\�D�VKDUS�HGJH�LUUHVSHFWLYH�RI�WKH�VWDWH�RI�WKH�ERXQGDU\�OD\HU�7KH� IROORZLQJ�JUDSK�KDV�EHHQ� WDNHQ� IURP� WKH� LQGXVWU\�ELEOH�v)OXLG�'\QDPLF�'UDJw�E\�)�6�+RHUQHU�� ,WVKRZV� WKH� YDULDWLRQ� RI� � GUDJ� FRHIILFLHQW� ZLWK� 5H\QROGV� 1XPEHU� IRU� F\OLQGHUV� ZLWKRXW� HQGV�� � �'UDJ�   U9�$&'��

�� 7KLV�5H\QROGV�1XPEHU�LV�D�SURSHUW\�QRW�RQO\�RI�WKH�DLU�VWUHDP��EXW�DOVR�RI�WKH�VWUHDP�ZLVH�SRVLWLRQ�RIWKH�REVHUYDWLRQ�SRLQW�RQ�WKH�ERG\���WKH�GLVWDQFH�EDFN�IURP�WKH�OHDGLQJ�HGJH�



��
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