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*HRUJH� +XQW� :LOOLDPVRQ� VHUYHG� ZLWK� WKH� $UP\� $LU� &RUSV� GXULQJ�:RUOG� :DU� ,,� DV� 5DGLR
'LUHFWRU� IRU� WKH�$UP\�$LU� )RUFHV�7HFKQLFDO� 7UDLQLQJ�&RPPDQG��+H�ZDV� D�PHPEHU�RI� WKH
$$)77&�+HDGTXDUWHUV�6WDII��+H�UHFHLYHG�WKH�$UP\�&RPPHQGDWLRQ�$ZDUG�IURP�%ULJ��*HQ��&�
:��/DZUHQFH�IRU�KLV�RXWVWDQGLQJ�UHFRUG�RI�VHUYLFH�WR�WKH�$LU�)RUFH�LQ�3XEOLF�5HODWLRQV��+H
VHUYHG�DV�DQ�LQVWUXFWRU� LQ�$QWKURSRORJ\�IRU�WKH�8QLWHG�6WDWHV�$UPHG�)RUFHV�,QVWLWXWH��DQG
ZDV�ODWHU�DSSRLQWHG�/LHXWHQDQW�LQ�WKH�8��6��,QIDQWU\�
+H�DWWHQGHG�&RUQHOO�&ROOHJH��(DVWHUQ�1HZ�0H[LFR�8QLYHUVLW\��WKH�8QLYHUVLW\�RI�$UL]RQD��DQG
WRRN�D�VSHFLDO�FRXUVH�DW�WKH�8QLYHUVLW\�RI�'HQYHU��+H�PDMRUHG� LQ�DQWKURSRORJ\�ZLWK�PDQ\
FRXUVHV�LQ�VRFLRORJ\��ELRORJ\��SKLORVRSK\�DQG�JHRORJ\�
,Q������KH�ZDV�DZDUGHG� WKH�FRYHWHG�*ROG�.H\� IRU�RXWVWDQGLQJ�VFLHQWLILF� UHVHDUFK�E\� WKH
,OOLQRLV�6WDWH�$UFKDHRORJLFDO�6RFLHW\��+H�KDV�VSHQW�D�JUHDW�GHDO�RI�WLPH�GRLQJ�ILHOG�ZRUN�LQ
6RFLDO�$QWKURSRORJ\�LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�8QLWHG�6WDWHV��0H[LFR�DQG�&DQDGD��+H�LV�DQ
DXWKRULW\�RQ�,QGLDQ�GDQFHV��PXVLF�DQG�FHUHPRQLDO�FRVWXPLQJ��6HYHUDO�RI�KLV�DUWLFOHV�KDYH
DSSHDUHG�LQ�VFLHQWLILF�MRXUQDOV�
+H� LV� OLVWHG� LQ� WKH� -XO\�� ����� 6XSSOHPHQW� WR� �:KR
V� :KR� ,Q� $PHULFD��� DQG� KLV� QDPH
DSSHDUV� LQ�WKH� ODWHVW�HGLWLRQV�RI��:KR�.QRZV��$QG�:KDW���DQG��:KR
V�:KR�LQ�WKH�:HVW��
+H�LV�LQFOXGHG�LQ�9ROXPH�7ZHQW\�1LQH�RI��:KR
V�:KR�,Q�$PHULFD���DQG�DOVR�LQ��$PHULFDQ�
0HQ�RI�6FLHQFH��
+H� LV� FR�DXWKRU� RI� 7KH� 6DXFHUV� 6SHDN�� �$� 'RFXPHQWDU\� 5HSRUW� 2I� ,QWHUVWHOODU
&RPPXQLFDWLRQ�%\�5DGLRWHOHJUDSK\��
0UV��:LOOLDPVRQ��WKH�IRUPHU�%HWW\�-DQH�+HWWOHU��LV�D�FKHPLVW�DQG�DQ�DQWKURSRORJLVW��KROGLQJ
DQ�$�6��GHJUHH�IURP�*UDQG�5DSLGV�-XQLRU�&ROOHJH��D�%�6��GHJUHH�IURP�(DVWHUQ�1HZ�0H[LFR
8QLYHUVLW\�� DQG� D� %�$�� GHJUHH� IURP� WKH� 8QLYHUVLW\� RI� $UL]RQD�� %RWK� DUH�PHPEHUV� RI� WKH
$PHULFDQ�$QWKURSRORJLFDO�$VVRFLDWLRQ��DQG�WKH�$PHULFDQ�$VVRFLDWLRQ� IRU� WKH�$GYDQFHPHQW
RI�6FLHQFH�
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%HIRUH� WKH�H\HV�RI�0LOWRQ
V�6DWDQ�SHHULQJ� LQWR�&KDRV�DSSHDUHG� D�QHZ�H[SDQVH�� DQRWKHU
YDVW� LOOLPLWDEOH� RFHDQ� ZLWKRXW� ERXQGV��WKH� GLVWDQFHV� RI� LQWHUVWHOODU� VSDFH�� DQG� IRU� D
PRPHQW� 6DWDQ� ZDV� DSSDOOHG� E\� &KDRV� DQG� E\� VSDFH�� 6R� LW� LV� ZLWK�PRGHUQ�PDQ� DV� KH
GLVFRYHUV�QHZ�ZRUOGV�OLNH�KLV�RZQ�LQ�WKH�KHDYHQV�DERXW�KLP��������
7KH�ZRUOG� KDV�QRW� OHW� WKH� WKHPH� RI� FRVPLF� YR\DJH�ZLOOLQJO\� GLH��ZKHWKHU� LQ� SRHWU\� DQG
IDQWDV\��LQ�VDWLUH�RU�VHULRXVQHVV��LQ�WKH�SXOSV�RU�LQ�WKH�FRPLFV��7KHUH�KDV�EHHQ�WKH�JURZLQJ
UHDOL]DWLRQ� RI� WKH�SRVVLELOLW\� RI� RWKHU� XQLYHUVHV� WKDQ�RXUV�� D�� �SOXUDOLW\� RI�ZRUOGV�� HYHQ� DQ
LQILQLW\� RI� ZRUOGV�� :H� KDYH� EHFRPH�PRUH� IXOO\� DZDUH� RI� WKH� LQVLJQLILFDQFH� RI� ERWK� RXU
VDWHOOLWH��WKH�0RRQ��DQG�WKLV�UDWKHU�VPDOO�SODQHW��WKH�(DUWK��0DQ�EHJDQ�WR�WKLQN�WKDW�LI�/LIH
SRVVLEO\�GLG�QRW�H[LVW�RQ�RWKHU�SODQHWV� LQ�WKLV�V\VWHP�SHUKDSV�LW�ZRXOG�EH�IRXQG� LQ�RWKHU
XQLYHUVHV�
7KH�LGHD�WKDW�HDUWKERXQG�PDQ�PD\�VRPHGD\�MRXUQH\�LQWR�WKH�KHDYHQV�WR�GLVFRYHU�RWKHU
PHQ�DQG�ZRPHQ�� OLNH� RU�XQOLNH�KLPVHOI�� VHHPV� WR� EH�D� FRQFHSWLRQ� WKH�ZRUOG� SHUVLVWV� LQ
HQWHUWDLQLQJ��)URP�WKH�WLPH�RI�/XFLDQ�LW�KDV�H[LVWHG�LQ�(XURSHDQ�OLWHUDWXUH��:K\�WKH�DSSHDO
RI�WKLV�SHUHQQLDO�WKHPH"�,V�LW�FXULRVLW\"�,V�LW�KXPLOLW\"�,V�LW�SHUKDSV�D�UHVXOW�RI�WKH�HVVHQWLDO
ORQHOLQHVV� RI� PDQ"� ,V� LW� EHFDXVH� ZLWKLQ�PDQ
V� VRXO� OLHV� WKH� WUXWK��WKDW� PRUWDOV� H[LVW� RQ
RWKHU�VSKHUHV"
)URP�D�IDQFLIXO�YLVLRQ�RI�RWKHU�ZRUOGV�ZKHUH�DOO� LV�EHDXWLIXO�DQG�JRRG�DQG�MXVW��ZH�FRPH
EDFN�LQ�VRPEHU�PRRG�WR�(DUWK�ZKLFK�VHHPV�LQGHHG�D�VDG�DQG�VLOHQW�SODQHW��0DQ�RQ�(DUWK
NQRZV�LQ�KLV�KHDUW�WKDW�RWKHU�ZRUOGV�DUH�DOVR�LQKDELWHG��EXW�KH�LV�UHOXFWDQW�WR�DGPLW�HYHQ
WR�KLPVHOI�WKDW�(DUWK�LV�RQO\�RQH�VPDOO�KRXVH�RI�WKH�PDQ\�PDQVLRQV�LQ�WKH�)DWKHU
V�+RXVH�
DQG�ZRUVH��WKDW�VKH�LV�D�IDOOHQ�KRXVH��D�GLVREHGLHQW�KRXVH��D�ZD\ZDUG�KRXVH�
,Q�������0DWWKHZ�$UQROG� GHVFULEHG� WKH�(DUWK�ZHOO�ZKHQ�KH� VDLG�� ��� �� �� D� GDUNOLQJ�SODLQ�
VZHSW�ZLWK�FRQ�IXVHG�DODUPV�RI�VWUXJJOH�DQG�IOLJKW��ZKHUH�LJQRUDQW�DUPLHV�FODVK�E\�QLJKW��
7KH�SHRSOH�RI�(DUWK�WRGD\�DUH�HLWKHU�FRQIXVHG��DPXVHG��RU�VLPSO\�WHUULILHG�E\�WKH�UHSRUWV
RI�8QLGHQWLILHG�)O\LQJ�2EMHFWV�DQG�YDULRXV�W\SHV�RI�H[WUDWHUUHVWULDO�VSDFH�FUDIW�VHHQ�LQ�WKH
VNLHV� DQG� GHWHFWHG� XQGHU� WKH� VHDV�� ,I� WKH\� DFFHSW� WKH� WKHRU\� WKDW� OLIH� H[LVWV� RQ� RWKHU
ZRUOGV� EHVLGHV� RXU� RZQ�� WKH\� FDQQRW� EHOLHYH� DQ\WKLQJ� EXW� VWRULHV� RI� PRQVWHUV�� URERWV�
VLQLVWHU�YHJHWDEOHV��RU�DUPLHV�RI�HYLO��LQYDGLQJ��PHFKDQLFDO�)UDQNHQVWHLQV�
0DQ\�SHRSOH� WRGD\�DUH�DVNLQJ�� �,I�VSDFHPHQ�DUH�KHUH��ZK\�GRQ
W� WKH\� ODQG�DQG�FRQWDFW
RXU�OHDGHUV"�:K\�GRQ
W� WKH\�H[SODLQ�WKHLU�PLVVLRQ"��'LG�WKHVH�VDPH�LQGLYLGXDOV�HYHU�VWRS
WR�WKLQN�WKDW�QR�VDQH�(DUWKPDQ�ZRXOG�GHVFHQG�LQWR�D�SLW�RI�FUDZOLQJ�UDWWOHVQDNHV"�:LWK�DOO
(DUWK
V� VWULIH�� ZLWK� EORRG\� ZDUV� WKDW� FDUU\� WKRXVDQGV� RI� PHQ�� ZRPHQ� DQG� FKLOGUHQ� WR
VODXJKWHU� ZRUVH� WKDQ� DQ\� &LUFXV� RI� 1HUR� RU� 0HGLHYDO� ,QTXLVLWLRQ�� LV� LW� DQ\� ZRQGHU� WKDW
VSDFHPHQ�KDYH�QRW�ODQGHG�KHUH"
+RZHYHU�� WKHVH� EURWKHUV� IURP� RXWHU� VSDFH�� �KDYH� ODQGHG� KHUH�� DQG� WKH\�� �KDYH� FRQWDFWHG
WKRVH�ZKRP�WKH\�NQHZ�ZRXOG�UHFHLYH�WKHP�LQ�WKH�VSLULW�RI�EURWKHUO\� ORYH�DQG�WUXWK��,W�LV
QRZ�UHOLDEO\�UHSRUWHG�WKDW�RYHU�RQH�KXQGUHG�SHUVRQDO�FRQWDFWV�KDYH�EHHQ�PDGH�EHWZHHQ
(DUWKPHQ�DQG�6DXFHU�RFFXSDQWV��7KH\�VRXJKW�DQG�VHHN�WKRVH�ZKR�KDYH�EHHQ�ORRNLQJ�IRU
WKHP��7KLV�LV�ZKDW�WKH\�PHDQ�ZKHQ�WKH\�VD\���:H�GR�QRW�FKRRVH�\RX��\RX�FKRRVH�XV��
:RXOG�WKHVH�KLJKO\�GHYHORSHG�EHLQJV�FDUH�WR�FRQWDFW� WKRVH�ZKR�KDYH�KHOG�WKH�SHRSOH� LQ



VODYHU\�IRU�FHQWXULHV"�1R��EHFDXVH�WKHLU�FRPLQJ�WR�(DUWK�ZLOO�HOLPLQDWH�DOO�IRUPV�RI�JUHHG
DQG� VHOILVKQHVV�� 7KH� DFWXDO� �RZQHUV�� RI� WKH� (DUWK� DUH� RQ� WKH� VLGH� RI� WKH� QHJDWLYH�GDUN
IRUFHV��ZKLOH�WKH��6RQV�RI�/LJKW��RI�WKH�6SDFH�&RQIHGHUDWLRQ�DUH�RI�D���KLJKHU�DXWKRULW\��$QG
EHLQJ�RI�D�KLJKHU�DXWKRULW\�� WKH\�VHHN�RXW� WKRVH�ZKR� ORYH�7587+�DQG�7UXWK�DORQH��/LNH
'LRJHQHV�� WKH\� VHDUFK� ORQJ�DQG�XQFHDVLQJO\��EXW�XQOLNH�'LRJHQHV�� WKH\� ILQG�D�PDQ�KHUH
DQG�D�PDQ�WKHUH��QRW�PDQ\��EXW�VRPH�
7KH� SHRSOH� RI� (DUWK� OLNH� WR� SLFWXUH� WKHPVHOYHV� DV� /RUGV� RI� &UHDWLRQ�� 2QH� ZHOO�NQRZQ
DQWKURSRORJLVW� EHOLHYHV� WKDW� IDU�RII� ZRUOGV� PD\� FRQWDLQ� �JHODWLQRXV� PDVVHV� WKDW� FRQWURO
GLDEROLF�PDFKLQHV��� EXW� RI�PHQ� HOVHZKHUH�� KH� SRVLWLYHO\� VWDWHV�� �1HYHU��� 7KRVH�ZKR� GR
DFFHSW�OLIH�DV�H[LVWLQJ�RQ�RWKHU�ZRUOGV�EHOLHYH�WKLV�OLIH�ZLOO�EH�PXFK�DV�LW�LV�RQ�(DUWK��YDLQ�
IXOO�RI�SULGH��OXVW��JUHHG��OLIH�WKDW�LV�ZDUOLNH�DQG�DJJUHVVLYH�DV�LW�LV�KHUH�
:KLOH� RQH� KDQG� WXUQV� WKXPEV�GRZQ� RQ� WKH� LGHD� RI� RWKHU� SODQHWV� EHLQJ� LQKDELWHG�� WKH
RWKHU�KDQG�ZULWHV�RQ�DQG�RQ�DERXW�WKH�LQKDELWDWLRQ�RI�RWKHU�ZRUOGV�EH\RQG�(DUWK��3HRSOH
KDYH�EHHQ�EURXJKW�XS�RQ�%XFN�5RJHUV��)ODVK�*RUGRQ��6XSHUPDQ��DQG�PDQ\�RWKHU�ILFWLRQDO
KHURHV�RI�RXWHU�VSDFH��7KH\�KDYH�OLYHG�LQ�D�ZRUOG�RI�IDQWDV\�DQG�PDNH�EHOLHYH�IRU�VR�ORQJ
WKH\�GRQ
W�UHFRJQL]H�WKH�WUXWK�ZKHQ�LW�LV�SUHVHQWHG�WR�WKHP��<HW��RXU�ZRUOG�RI�IDQWDV\�KDV
LWV�SXUSRVH�
0DQ\�JD]H�DW�WKH�VWDUU\�KHDYHQV�DQG�DVN���,V�LW�DOO�SDUW�RI�VRPH�JLJDQWLF�VFKHPH��LV�WKHUH
UHDOO\�D�&UHDWRU"�2U�KDYH�ZH�HYROYHG�IURP�D�VLQJOH�FHOO�WKDW�RULJLQDOO\�GHYHORSHG�EHFDXVH
RI�D�IUHDN�DFFLGHQW�LQ�QDWXUH"�$UH�ZH�DORQH�LQ�WKH�8QLYHUVH"��5HDVRQ�WHOOV�WKHP�WKDW�RXW�RI
ELOOLRQV�DQG�TXDGULOOLRQV�RI�ZRUOGV� OLIH�PXVW�H[LVW�RQ�PDQ\�RI� WKHP��$QG�WKRVH�ZKR�KDYH
FRPSOHWH�IDLWK�LQ�WKHLU�&UHDWRU�UHDOL]H�+H�ZRXOGQ
W�FUHDWH�0DQ�DQG�SODFH�KLP�RQ�RQH�SODQHW
DORQH��7KH\�NQRZ�+H�ZRXOGQ
W�FUHDWH�RWKHU�ZRUOGV�WR�EH�PHUHO\�IORDWLQJ�EDOOV�RI�SRLVRQRXV
JDV�RU�YDSRU��)LUVW�FDPH�LQKDELWDEOH�ZRUOGV��WKHQ�FDPH�0DQ�
0HQ�RQ�(DUWK�DUH�DIUDLG� WKDW� LI�VXGGHQO\�RWKHU�PHQ�RQ�RWKHU�ZRUOGV�DUH�PDGH�NQRZQ�WR
WKHP��WKH\�ZLOO�IDFH�DZIXO�UHWULEXWLRQ��WKDW�WKHLU�KRUULEOH�FULPHV�DJDLQVW�KXPDQLW\�DQG�WKH
&UHDWRU
V� /DZV�ZLOO� QRW� JR� XQSXQLVKHG�� $QG� OLNH� QDXJKW\� FKLOGUHQ�� WKH\� DUH� UHOXFWDQW� WR
JLYH�XS�WKHLU�GDQJHURXV�WR\V�DQG�WKHLU�GHVWUXFWLYH�ZD\V��6R��QRZ�WKDW�WKHLU�EURWKHUV�IURP
RXWHU� VSDFH� DUH� KHUH�� WKH\� DUH� JRLQJ� WR� KLGH� LQ� D� �FORVHW�� XQWLO� WKHVH� ROGHU� EURWKHUV� JR
KRPH�� 7KHQ� WKH\� FDQ� FRPH� RXW� DQG� VWDUW� WKHLU� IRXO� SOD\� DOO� RYHU� DJDLQ�� 2QH� ZRUG� RI
DFFHSWDQFH�RQ� WKH�SDUW�RI�(DUWK�PHQ�DQG� WKHVH�EURWKHUV�DUH� OLDEOH� WR�VWHS� LQ�DQG� WHDFK
WKHP� VRPHWKLQJ�� DQG� FKLOGUHQ� QHYHU� OLNH� WR� JR� WR� VFKRRO��HVSHFLDOO\� LI� WKH\� KDYH� WR� EH
REHGLHQW�DQG�JRRG�
<HV��WKHUH�DUH�EURWKHUV�RI�RXUV�LQ�WKH�VNLHV�RYHU�KHDG��7KH\�DUH�QRW�WR�EH�ZRUVKLSSHG�DV
JRGV��EXW� WKH\�DUH�WR�EH� OLVWHQHG�WR�DV�RQH� OLVWHQV� WR�DQ�ROGHU�EURWKHU�ZKR�KDV�WUDYHOHG
PXFK�DQG�ZKR�NQRZV� WKH�SLWIDOOV� RI� OLIH�DQG�ZKR�KDV�NQRZOHGJH� WHPSHUHG�ZLWK� ORYH�RI
IHOORZPDQ�DQG�WKH�&UHDWRU��7KLV�EURWKHU�RI�RXUV�LV�DWWDLQDEOH�IRU�KH�LV�KHUH�RQ�(DUWK�WRGD\�
:LOO�WKH�PHQ�RI�(DUWK�DFFHSW�KLP"�:KHWKHU�WKH\�GR�RU�QRW��LW�LV�WKHLU�ULJKW�WR�GHFLGH�
6LQFH�PDQ�RQ�(DUWK�KDV�DUULYHG�DW�D�SODFH�ZKHUH�RQO\�7UXWK�ZLOO�EH�DEOH� WR�VXUYLYH�� LW� LV
QHFHVVDU\�WR�UHDIILUP�DQG�HVWDEOLVK�WKUHH�WUXWKV��1DPHO\�
����6FLHQFH�DQG�UHOLJLRQ�DUH�RQH�DQG�WKH�VDPH�WKLQJ���*RG�3URYLGHG��0DQ�'LYLGHG���7KHUH
LV�QR�UHOLJLRQ�KLJKHU�WKDQ�7UXWK�DQG�WUXWK�FDQQRW�FRQWUDGLFW�WUXWK�
����7KH�HQWLUH�2PQLYHUVH�LV�PDJQHWLF�LQ�QDWXUH�DQG�HYHQ���FXOWXUH�LV�LQIOXHQFHG�E\�WKH�ODZV



RI�PDJQHWLVP�
����6SDFH�YLVLWRUV��FRPLQJ�WR�(DUWK�LQ�VSDFH�FUDIW��DUH�PHQWLRQHG�LQ�WKH�+RO\�%LEOH��DQFLHQW
P\WKRORJ\�� DQG� LQ� RWKHU� GRFXPHQWV� WKRXVDQGV� RI� \HDUV� ROG�� 7KHVH� YLVLWRUV� KDYH� EHHQ
FRPLQJ�WR�(DUWK�IRU�VHYHUDO�PLOOLRQ�\HDUV��7KH\�DUH�QRZ�PDNLQJ�WKHPVHOYHV�NQRZQ�WR�WKH
ZRUOG�DV�D�ZKROH�WR� OHDG�PDQNLQG�WKHUHE\� LQWR�D�1HZ�$JH�DV�WKH�(DUWK�HQWHUV�WKH�PRUH
LQWHQVH�YLEUDWLRQV�RI�$TXDULXV�
'XULQJ�WKH�QLQHWHHQWK�FHQWXU\�RQ�(DUWK�WKHUH�ZDV�D���*UHDW�,QIOX[�RI�8QLYHUVDO�7UXWK��0DQ\
ILQH� ZULWLQJV� DSSHDUHG�� HVSHFLDOO\� LQ� WKH� ODWH� ����
V�� 7KHVH� VFDWWHUHG� UHSRUWV� DQG� LGHDV
KDYH� D� GHILQLWH� UHODWLRQVKLS� WR� HDFK� RWKHU� DQG� WLH� LQWR� WKH� SDWWHUQ� RI� SUHVHQW� GD\
KDSSHQLQJV��$OWKRXJK�WKHVH�YDULRXV�ZULWHUV�XVH�GLIIHUHQW�WHUPLQRORJ\��WKH\�DUH�HVVHQWLDOO\
VD\LQJ�WKH�VDPH�WKLQJ��7KH\�DUH�WHOOLQJ�0DQ�WKDW�KH�LV�WUXO\�D�JRG� LQ�KLV�RZQ�ULJKW��7KLV
NQRZOHGJH� FDPH� WR� D� VHOHFWHG� IHZ� VR� WKDW� WKH\� FRXOG� RSHQ� WKH� ZD\� IRU� WKH� ZRUOG� WR
DZDNHQ�WR�D�1HZ�$JH��DQ�$LU�$JH�WR�UHSODFH�WKH�DQFLHQW�)LVK�RU�:DWHU�$JH��:KDW�LV�WKH
JUDQG� JRDO� RI� LW� DOO"� 7KHUH� LV� QR� JRDO�� IRU�ZH�DUH�KHDGLQJ� IRU� $OO� 3HUIHFWLRQ�EXW�ZH�ZLOO
QHYHU�JHW�WKHUH��,W�LV�HYHU�PRYLQJ�DKHDG�RI�XV�DV�ZH�SURJUHVV��:KDW�WKHQ�LV�WKH�SXUSRVH
RI� DOO� RXU� SOHDVXUH�SDLQ� H[SHULHQFHV"� :H� DUH� WR� NQRZ� SHUSHWXDO�� �H[SDQGLQJ� JUDQGHXU�
WKHUHE\�6SLULW�ZLOO�FRPH�WR�NQRZ�LWVHOI�
,Q�WKLV�ERRN��PDQ\�UHIHUHQFHV�DQG�TXRWDWLRQV�DUH�JLYHQ�IURP�WKH�ODWHVW��DXWKHQWLF�UHSRUWV
RQ�WKH�6DXFHU�SKHQRPHQD��%HFDXVH�PDQ\�EHOLHYH�WKDW�WKHUH�DUH�FRQWUDGLFWLRQV�LQ�VRPH�RI
WKH�UHSRUWHG�KDSSHQLQJV�LW�KDV�EHHQ�QHFHVVDU\�WR�VKRZ�WKDW�WKHUH�LV�D���JUHDW�VWRU\�DQG�D
SXUSRVH� EHKLQG� DOO� RI� WKHVH�H[SHULHQFHV�� 7KHVH� VDPH� WKLQJV�KDYH�EHHQ� WDNLQJ�SODFH� IRU
HRQV��6RPH�PD\�ZRQGHU�ZK\�,�UHIHU�WR�WKH�+RO\�%LEOH�VR�RIWHQ�LQ�WKLV�ERRN��,W�LV�WUXH�WKDW
WKH� %LEOH� LV� LQDFFXUDWH�� EXW� QRW� WRWDOO\� VR�� )RU� WKH�PRVW� SDUW� LW� LV� WKH� WUXH� KLVWRU\� RI� D
SDUWLFXODU�WLPH�DQG�SHRSOH���,Q�RUGHU�WR�JHW�DQ�DFFXUDWH�SLFWXUH�RI�WKH�6DXFHU�SKHQRPHQD
HYHU\�SRVVLEOH�DYHQXH�RI�LQYHVWLJDWLRQ�LQWR�WKH�SDVW�DQG�SUHVHQW�PXVW�EH�XWLOL]HG�
7KH� DXWKRU� ZLVKHV� WR� DFNQRZOHGJH� WKH� NLQG� KHOS� DQG� HQFRXUDJHPHQW� RI� RWKHUV�� IRU
ZLWKRXW�WKHP��WKLV�ERRN�ZRXOG�QHYHU�EHHQ�ZULWWHQ�
0DQ\� WKDQNV� WR� 7KRPDV� 0�� &RUQHOLD� IRU� VXJJHVWLRQV� SHUWDLQLQJ� WR�� �0DJQHWLVP�� 7KH
8QLYHUVDO�
,�$P
��WR�1HYD�'HOO�+XQWHU�IRU�LGHDV�DERXW���7KH�5HPQDQW��WR�*HRUJH�+��/DUN�IRU
OLEUDU\� UHVHDUFK� RQ� FHUWDLQ� VHFWLRQV� RI� WKH� 'LYLQH� 7HWUDG�� WR� /LOOLDQ� /DXJKHDG� IRU� KHU
FRQWULEXWLRQ�RI� WKH�/HPXULDQ� LQWHUSUHWDWLRQ�RI� WKH� WUDFNV�RQ� WKH�GHVHUW�� WR�'U��5REHUW�7�
/XVWLJ� IRU� LGHDV�RQ� WKH�HOHFWUR�FKHPLVWU\�RI�WKH�EORRG�� WR�:LQFKHVWHU�0DF�'RZHOO� IRU� WKH
WZR�LOOXVWUDWLRQV�RI�WKH�HOHFWURQLF�PRWLRQ�LQ�WKH�DWRP��WR�P\�ZLIH��%HWW\�-��:LOOLDPVRQ��IRU
UHVHDUFK�RQ�WKH�PLFURFRVP�PDFURFRVP��DQG���0DJQHWLVP��7KH�8QLYHUVDO�
,�$P
��WR�)UDQN�$�
:LQJ�IRU�KLV�LGHDV�DERXW���7KH�3URSKHWV��DQG�VLQFHUH�WKDQNV�WR�PDQ\�RWKHUV�
7KLV�ERRN�\RX�DUH�DERXW� WR� UHDG� LV�QRW�DQ�XOWLPDWH��� �� ��QR�ERRN� LV��,W�PHUHO\�SRLQWV�WKH
SDWK�� D� VLJQSRVW� DORQJ� WKH�� �*UHDW� :D\� WKDW� OHDGV� WR� RXU� ,QILQLWH� )DWKHU�� 7KLV� ZRUN� LV
GHGLFDWHG�WR�DOO�PHQ�HYHU\ZKHUH��ZLWK�WKH�KRSH�WKDW�WKH\�VKDOO�NQRZ�WKH�7587+�DQG�WKH
7UXWK�VKDOO�PDNH�WKHP�IUHH��7KURXJK���2WKHU�7RQJXHV��2WKHU�)OHVK��PD\�ZH�OHDUQ�WR�SUD\�
�)DWKHU�RI�XV�DOO��JLYH�XV�H\HV�WR�VHH��HDUV�WR�KHDU��DQG�KHDUWV�WR�XQGHUVWDQG��

,Q�EURWKHUO\�ORYH��,�KXPEO\�VXEPLW�WKLV�ZRUN�WR�\RX�
*HRUJH�+XQW�:LOOLDPVRQ
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�
6SDFH�YLVLWRUV�SXW�DQ� LQWHQVLILFDWLRQ�RI�WKH�&RVPLF�SURJUDP� LQWR�HIIHFW� LQ�WKH�ODWH�����
V�
7KH�����
V�DQG�����
V�VDZ�WKH�SURJUDP�PDQLIHVW� LWVHOI� LQ�VWUDQJH�SKHQRPHQD�DQG�PDQ\
QHZ�LQYHQWLRQV�DQG�WKHRULHV�ZHUH�VXGGHQO\�SXW�EHIRUH�WKH�SXEOLF��7KH�*UHDW�3ODQ�IRU�WKH
SODQHW�(DUWK�PRYHV�DORQJ�RQ� OHYHOV�RI� ULVHV�DQG�SODWHDXV��:H�DUH�DW�SUHVHQW�RQ�D�ULVLQJ
OHYHO��7KH�����
V�H[SHULHQFHG�D�ULVH��DQG�WKH�IROORZLQJ�ILIW\�\HDUV�ZDV�D�SODWHDX�RU�OHYHOLQJ
RII� WLPH��7KH�PRYHPHQW�EHJDQ�EHIRUH� WKH�QLQHWHHQWK� FHQWXU\��RI� FRXUVH��EXW� LQ�D�VPDOO
ZD\�� (PDQXHO� 6ZHGHQERUJ�� VFLHQWLVW� DQG� P\VWLF�� EURXJKW� JUHDW� QHZ� WUXWKV� WR� WKH
VSLULWXDOO\�KXQJU\�ZRUOG�LQ�WKH�����
V�����DQG�WKHUH�ZHUH�RWKHU�PHQ��OLNH�:HVOH\�DQG�EHIRUH
KLP� 6SLQR]D�� KRZHYHU� WKH� JUHDW�P\VWLF�� )DWKHU� -DNRE� /RUEHU��ZDV� ERUQ� LQ� ������1LNROD
7HVOD��LQYHQWRU��ZDV�ERUQ�LQ�������6WHLQPHW]��HOHFWULFDO�ZL]DUG��ZDV�ERUQ�LQ�������&KDUOHV
+D\�)RUW��ZULWHU�DQG�UHVHDUFKHU��ZDV�ERUQ�LQ�������&KDUOHV�)LOOPRUH�RI�8QLW\��ZDV�ERUQ�LQ
������ +�� 3�� %ODYDWVN\� EURXJKW� WKH� JUHDW� NQRZOHGJH� RI� 7KHRVRSK\� WR� WKH� ZRUOG� LQ� WKH
����
V��+��:��3HUFLYDO�JDYH�WKH�ZRUOG�KLV�NQRZOHGJH��DQG�ODWHU�
7KLQNLQJ�$QG�'HVWLQ\��'U�� -RKQ�%��1HZEURXJK�� LQ������� UHOHDVHG�KLV�PRQXPHQWDO�ZRUN�
2DKVSH�� &DPLOOH� )ODPPDULRQ�� JUHDW� )UHQFK� DVWURQRPHU�� ZDV� ERUQ� LQ� ������ DQG� DPRQJ
PDQ\�RWKHUV��3��'��2XVSHQVN\��/HFRPWH�GX�1RX\��HWF�
7KXV��LQ�WKH�ODVW�KDOI�RI�WKH�QLQHWHHQWK�FHQWXU\��8QLYHUVDO�7UXWK�PDGH�D�YDOLDQW�DWWHPSW�WR
SHQHWUDWH�WKH�PLQG�RI�0DQ�EHIRUH�WKH�*UHDW�$JH�RI�0DWHULDOLVP�VHW�LQ�ZLWK�WKH�DGYHQW�RI
WKH�FRORVVDO�0DFKLQH�$JH��0HQ�OLNH�%URZQ�/DQGRQH��DQG�)ORXUQR\��ZKR�ZURWH�)URP�,QGLD
7R�7KH�3ODQHW�0DUV��FRQWULEXWHG�JUHDWO\�WR�WKLV�H[SDQGLQJ�SURJUDP�XQGHU�WKH�LQIOXHQFH�RI
VSDFH� LQWHOOLJHQFHV�� (YHQ� -RKQ� -DFRE�$VWRU� JRW� LQ� WKH�SODQ�DQG�ZURWH� DERXW� WKH� FRLQLQJ
HOHFWULFDOO\�JRYHUQHG�ZRUOG�DQG�LQWHUSODQHWDU\�WUDYHO�LQ������
%HVLGHV�D�*UHDW�,QIOX[�RI�8QLYHUVDO�7UXWK�FRPLQJ�WR�WKH�PLQGV�RI�0DQ��WKHUH�ZDV�D�GHILQLWH
SUR�JUDLQ�LQVWLWXWHG�RQ�WKH�SK\VLFDO�SODQH�DQG�RQ�WKH�VXUIDFH�RI�(DUWK��LWVHOI��6SDFH�YLVLWRUV
ZHUH�DFWXDOO\�GHSRVLWHG�DQG�OHIW�RQ�RXU�ZRUOG�WR�PL[��PDWH��DQG�PDUU\�ZLWK�XV��7KH�QHZ
LGHDV�DQG�WKHRULHV�ILUVW�FDPH�RXW�LQ�����IRUP��DQG�WKLV�ZDV�WKH�SUHOXGH�WR�WKH�DSSHDUDQFH
RI� VSDFHFUDIW� LQ� WKH�VNLHV�RI�(DUWK�� ,Q�RXU�SUHVHQW� FHQWXU\�� ILUVW� FDPH� WKH�VFLHQFH�ILFWLRQ
WDOHV�RI�VSDFH�WUDYHO��WKHQ�FDPH�WKH�DFWXDO�VSDFH�YLVLWDWLRQ�
,Q�3DULV��)UDQFH��LQ�������)ODPPDULRQ�VDLG���:H�GDUH�WR�KRSH�WKDW�WKH�GD\�ZLOO�FRPH�ZKHQ
VFLHQWLILF�PHWKRGV�\HW�XQNQRZQ�WR�XV�ZLOO�JLYH�XV�GLUHFW�HYLGHQFH�RI�WKH�H[LVWHQFH�RI� WKH
LQKDELWDQWV�RI�RWKHU�ZRUOGV��DQG�DW�WKH�VDPH�WLPH��DOVR��ZLOO�SXW�XV�LQ�FRPPXQLFDWLRQ�ZLWK
RXU�EURWKHUV� LQ� VSDFH��:KDW�PDUYHOV�GRHV�QRW� WKH� VFLHQFH�RI� WKH� IXWXUH� UHVHUYH� IRU� RXU



VXFFHVVRUV�� DQG� ZKR� ZRXOG� GDUH� WR� VD\� WKDW� 0DUWLDQ� KXPDQLW\� DQG� WHUUHVWULDO� �(DUWK�
KXPDQLW\�ZLOO� QRW� VRPH� GD\� HQWHU� LQWR� FRPPXQLFDWLRQ�ZLWK� HDFK� RWKHU"�� 7KHQ� LQ� �����
)ODPPDULRQ�ZURWH�8UDQLH��DQG�LQ������WKLQJV�UHDOO\�EHJDQ�WR�KDSSHQ��+HUH
V�WKH�UHSRUW�DV
WDNHQ�GLUHFWO\�IURP�WKH�ROG�UHFRUGV�
&KLFDJR� 5HFRUG�� )ULGD\�� $SULO� ��� ������ �6HH� *UHDW� $LUVKLS�� .DQVDV� &LW\�� 0LVVRXUL� SHRSOH
H[FLWHG� ����P\VWLFDO�EODFN�REMHFW�FDVWLQJ�EHIRUH� LW�UHG� OLJKW�VWDUWOHG�ZKROH�FLW\� IRU�WKH� ODVW
WZR�ZHHNV��$W� ODVW�GHVFHQGHG�����WHQ�WKRXVDQG�SHRSOH�VZHDU�WKH\�KDYH�QR�KDOOXFLQDWLRQV�
6FRIIHUV� DQG� GLVEHOLHYHUV� FODLP� WKH� SHRSOH� KDYH� EHHQ� VHHLQJ� WKH� SODQHW� 9HQXV� RU� WKH
(YHQLQJ�6WDU��HYHQ�WKRXJK�DFFRUGLQJ�WR�WKH�DOPDQDF�WKLV�SODQHW�VKRXOG�KDYH�VHW�EHORZ�WKH
KRUL]RQ�DW�OHDVW�DQ�KRXU�EHIRUH��2EMHFW�DSSHDUHG�YHU\�VZLIWO\��WKHQ�DSSHDUHG�WR�VWRS�DQG
KRYHU�RYHU�WKH�FLW\�IRU�WHQ�PLQXWHV�DW�D�WLPH��WKHQ�DIWHU�IODVKLQJ�LWV�JUHHQ�EOXH�DQG�ZKLWH
OLJKWV��VKRW�XSZDUGV�LQWR�VSDFH�����OLJKW�JUDGXDOO\�WZLQNOLQJ�DZD\�DQG�ORRNLQJ�OLNH�D�EULJKW
VWDU��7LPH�������S��P�
�(YHUHVW��.DQVDV�KDV�VLJKWHG�D�VWUDQJH�DLUVKLS��&RPSHWHQW� UHSRUWHUV�VWDWH�WKDW� WKLV�PXVW
EH� WKH� DLU�VKLS� WKDW�ZDV�EXLOW� LQ�2DNODQG��&DOLIRUQLD�DQG�ZKLFK�EURNH� DZD\� DW� ODXQFKLQJ
WLPH� ���� WKLV� JLDQW� DLU�VKLS� KRYHUHG� RQH� KDOI� KRXU� DW� D� WLPH� DQG� GHVFHQGHG� DW� UHJXODU
LQWHUYDOV�YHU\�FORVH�WR�WKH�(DUWK��$�JLDQW�VHDUFKOLJKW�IORRGHG�WKH�ZKROH�FLW\�ZLWK�OLJKW�IURP
WKLV�DHULDO�PRQVWHU�ZKLFK�ZLWK�WKH�YHORFLW\�RI�DQ�HDJOH�GDUWHG�XS�DQG�DZD\��3RZHU�VRXUFH
PXVW�KDYH�EHHQ�DWWDFKHG� WR� WKH� OLJKW� IRU� LW� GLPPHG�DV� WKH� VKLS�ZHQW�XS� DQG�DZD\��2Q
REVHUYHU� VWDWHV� WKDW� WKHUH� VHHPHG� WR� EH� D� EDVNHW� RU� FDU� EHQHDWK� D� JUHDW� GDUN� REMHFW
WKRXJKW�WR�EH�D�JDVEDJ�RYHUKHDG�����FDU�ZDV�VKDSHG�OLNH�D�FDQRH�DQG�KDG�IRXU�ZLQJV��WZR
RQ�HDFK�VLGH��IRUH�DQG�DIW�����OLJKW�ZDV�JUHHQLVK�RU�EOXH�DJDLQVW�WKH�OLJKW�RI�D�ORFRPRWLYH�LQ
WKH�UDLO�\DUG�WKDW�ZDV�\HOORZLVK��&RORUHG�OLJKWV�VHHPHG�WR�EH�DOO�DURXQG�WKH�FDU��
7KLV�XQXVXDO�FUDIW�VKRZHG�XS� ODWHU� LQ�0LFKLJDQ��EXW�EHIRUH�TXRWLQJ�IURP�WKH�UHFRUG��OHW
V
DQDO\VH� WKH� DERYH� UHSRUW�� )LUVW� RI� DOO�� WKH� DXWKRULWLHV� SDVVHG� RII� WKH� HQWLUH� LQFLGHQW� E\
FDOOLQJ� WKH� VSDFHFUDIW� WKH� SODQHW� 9HQXV�� 7KDW� VDPH� WKLQJ� KDV� KDSSHQHG� LQ� RXU� SUHVHQW
6DXFHU�VDJD��7KH\�FDOOHG�WKH�REMHFW�&DSWDLQ�0DQWHOO�ZDV�FKDVLQJ�9HQXV��ZKHQ�LW�FRXOGQ
W
SRVVLEO\�KDYH�EHHQ�WKDW�SODQHW��7KLV�FUDIW�RYHU�.DQVDV�&LW\�IODVKHG�EOXH�JUHHQ� OLJKWV�DQG
WKLV�FRORU�FRPELQDWLRQ�LV�QRZ�SUHGRPLQDQW�LQ�6DXFHU�VLJKWLQJV�RI�WR�GD\��7KH�UHSRUW�JRHV
RQ�WR�VWDWH�WKDW�WKH�SRZHU�VRXUFH�PXVW�KDYH�EHHQ�DWWDFKHG�WR�WKH�OLJKW�IRU�LW�GLPPHG�DV
WKH�VKLS�ZHQW�XS�DQG�DZD\��,W�LV�NQRZQ�WRGD\�WKDW�WKH�VSHHG�RI�6DXFHUV�KDV�D�JUHDW�GHDO
WR�GR�ZLWK�WKH�FRORU�FKDQJHV�
&KLFDJR�5HFRUG��$SULO�����������)O\LQJ�0DFKLQH�1RZ�LQ�0LFKLJDQ��3HRSOH�RI�*DOHVEXUJ�VDZ
D� EULOOLDQW�ZKLWH� OLJKW� DSSURDFK� IURP� WKH� 6:� ���� REMHFW� DSSHDUHG� ODUJH� DQG� EODFN�ZLWK� D
FUDFNOLQJ�� VKDUS� VRXQG�� ,W� KRYHUHG� FORVH� WR� WKH� (DUWK�� 5HSRUWHUV� VWDWH� WKDW� WKH\� KHDUG
KXPDQ� YRLFHV� IURP� DORIW� ���� IURP� WKH� DLUVKLS��:KHQ� WKH� VKLS�ZHQW� RII�� LW� VHHPHG� WR� EH
WLSSHG�ZLWK�IODPH���/RFDO�FRPPHQW�ZDV�WKDW� WKH�DLUVKLS�KDG�FDXJKW�ILUH���7LPH��������S�
P��
&KLFDJR�5HFRUG��$SULO�����������$LUVKLS�1RZ�,QWR�,OOLQRLV��6HHQ�ILUVW�DW������S��P��LQ�1:���
ODUJH� UHG� OLJKW�� 6XJJHVWLRQV� RI� EDOORRQ� DUH� UHIXWHG� EHFDXVH� DLUVKLS� IOHZ� DW� WUHPHQGRXV
VSHHG�LQWR�D�KLJK�ZLQG��
&KLFDJR�5HFRUG��$SULO�����������$LUVKLS�VHHQ�PDQ\�WLPHV�ODVW�IHZ�ZHHNV��/DUJH�QXPEHUV�RI
SHRSOH�ILUVW�KDQG�ZLWQHVVHV��2QH�WLPH��D�PRWRUPDQ�RI�D�WUROOH\�DFWXDOO\�VWRSSHG�KLV�YHKLFOH
VR�KH�DQG�SDVVHQJHUV�FRXOG� ORRN�DW� WKH�ZRQGHUIXO�VLJKW� ���� MXVW� DKHDG�RI�KLV� WUROOH\�� WKH



VKLS�VHHPHG�DERXW�VL[�KXQGUHG�IHHW�XS�DQG�DERXW�RQH�KXQGUHG�IHHW�ORQJ��7KH�PRWRUPDQ�
0U��1HZYLOOH��VD\V�LW�ZDV�HOOLSVRLG�ZLWK� ODUJH�SURMHFWLRQV�IRUH�DQG�DIW��7KHUH�ZDV�D�EULJKW
KHDGOLJKW�LQ�IURQW�DQG�D�UHG�OLJKW�LQ�WKH�UHDU��
)URP� +DVWLQJV�� 1HEUDVND�� FDPH� WKH� UHSRUW� WKDW� WKH� �DLUVKLS�� KDG� EHHQ� VHHQ� LQ� *UDQG
,VODQG��2[IRUG��<RUN�DQG�.HDUQH\��6FRIIHUV�FODLPHG�WKHVH�SHRSOH�KDG�VHHQ�9HQXV��\HW�DOO
WKH�UHSRUWHUV�ZHUH�SHRSOH�RI�VXEVWDQFH�DQG�QRW�JLYHQ�WR�UHSRUWLQJ�VSXULRXV�VWRULHV��7KLV�DOO
KDSSHQHG� LQ�������EXW�ZH�FRXOG�GDWH� LW������DQG� LW�ZRXOG�EH�ULJKW�XS� WR�GDWH��7R�GD\�
RIILFLDOGRP�WULHV�WR�H[SODLQ�PXFK�RI�LW�DZD\�DV��QDWXUDO��SKHQRPHQD��$LUSODQHV�KDGQ
W�EHHQ
LQYHQWHG� LQ� ����� VR� WKH\� H[SODLQHG� LW� DZD\� DV� EDOORRQV� RU� 9HQXV� ���� WRGD\� WKH\� VD\� LW
V
EDOORRQV�� 9HQXV�� RU� DLUSODQHV� ���� WZR�WKRXVDQG� \HDUV� DJR� WKH\� PLJKW� KDYH� FDOOHG� LW
�$SROOR���RU��FKDULRWV�RI�ILUH���RU��ZKHHOV�ZLWKLQ�ZKHHOV��
&KLFDJR�5HFRUG�� $SULO� ��� ������ �$LUVKLS� 6HHQ� ,Q� ,RZD��%HWZHHQ�:HVW� /LEHUW\�DQG�&HGDU
5DSLGV�DSSHDUHG�D�EULJKW�OLJKW�����JLDQW�DLUVKLS�����VWHHO�ERG\��:KHQ�OHDYLQJ�LW�DSSHDUHG�WR
EH�D�ODUJH�VWDU�ZHDYLQJ�DERXW�DQG�VWDUV�GR�QRW�ZHDYH�DURXQG�WKH�KHDYHQV��
&KLFDJR�5HFRUG��$SULO������������$LUVKLS�6LJKWHG�2YHU�&KLFDJR�$QG�(YDQVWRQ��3HRSOH�DUH
WULSSLQJ� RYHU� WKHPVHOYHV� WKHVH� GD\V� WU\LQJ� WR� JHW� WKH� EHVW� ORRN� DW� WKLV� JUHHQ� DQG
ZKLWH�OLJKWHG� JLDQW� DLU�VKLS� WKDW� KDV� KDG� WKH� SHRSOH� DOO� RYHU� WKH� PLG�ZHVW� LQ� D� GLWKHU�
6RPH� SHRSOH� WKLQN� WKH� HQG� RI� WKH�ZRUOG� LV� QHDU� ���� 6FLHQWLILF�PLQGV� KDYH� H[SODLQHG� WKH
ZKROH�WKLQJ�DZD\�E\�QRZ��7KH�P\VWHU\�ZLOO�VXUHO\�EH�FOHDUHG�XS�LQ�D�IHZ�GD\V��0U��&DUU�
DQ�DHURQDXW��KDV�EXLOW�DQ�H[SHULPHQWDO�EDOORRQ�DQG� LV� ILQDQFHG�E\�D�1HZ�<RUN� WKHDWULFDO
ZLJ�PDQXIDFWXULQJ�FRPSDQ\�����0U��&DUU�VWDWHV�KLV�PDFKLQH�ZRUNV�PDUYHORXVO\��EXW�FDQQRW
JR� DJDLQVW� WKH� ZLQG� ���� SRZHU� LV� VWRUDJH� EDWWHU\� ZLWK� SURSHOOHU�� 3URIHVVRU� +RXJK� RI
1RUWKZHVWHUQ�8QLYHUVLW\� DQG�KHDG� DVWURQRPHU� RI� WKH� REVHUYDWRU\� VWDWHG�ZKHQ� DVNHG� WR
WUDLQ�KLV� WHOHVFRSH�RQ� WKH�REMHFW�� 
,� DP�EXV\�ZLWK� VLJKWV�RQ�-XSLWHU�DQG� LW�ZRXOG�EH� WRR
WURXEOHVRPH� WR� FKDQJH� WR� ORRN� DW� WKLV� QHZ� WKLQJ�
� 7KH� QH[W� GD\�� +RXJK� VDLG�� 
7KH
WKRXVDQGV�RI�SHRSOH�WKDW�DUH�UHSRUWLQJ�WKLV�VR�FDOOHG�VWUDQJH�DLUVKLS�DUH�LQ�UHDOLW\�ORRNLQJ
DW�$OSKD�2ULRQLV�LQ�WKH�&RQVWHOODWLRQ�2ULRQ��
7KLV�JUHDW�VFLHQWLVW�ZDV�WRR��EXV\�ZLWK�VLJKWV�RQ�-XSLWHU�����LW�ZRXOG�EH�WRR�WURXEOHVRPH����
7RR�WURXEOHVRPH�WR�YLHZ�IRU�WKH�ILUVW�WLPH�D�VKLS�IURP�DQRWKHU�ZRUOG��$OWKRXJK�KH�UHIXVHG
WR� ORRN� DW� WKH� REMHFW� KH� VHHPHG� WR� NQRZ� H[DFWO\�ZKDW� WKRXVDQGV� RI� RWKHU� SHRSOH�ZHUH
VHHLQJ��+RZ�ZRXOG�KH�NQRZ�VLQFH�KH�RQO\�KDG�WKH�DGYDQWDJH�RI�WRWDO�LJQRUDQFH"
&KLFDJR� 5HFRUG�� $SULO� ���� ������ �*LDQW� $LUVKLS� &RQWLQXHV� 2YHU� &KLFDJR� $QG� (QYLURQV�
3HRSOH�DOO�RYHU�WKH�FLW\�DUH�LQ�DQ�XSURDU��DQG�ZKLOH�HYHU\RQH�LV�YLHZLQJ�WKLV�JUDQG�VLJKW�RQ
WKH�VRXWK�VLGH��WZR�DPDWHXU�SKRWRJUDSKHUV�ZKR�DUH�QHZV�GHDOHUV�LQ�5RJHUV�3DUN��ORRNHG
RXW�DQG�VDZ�WKH�DLUVKLS��7KHLU�SKRWR�VKRZV�WKH�QRUWK�:HVWHUQ�5DLOZD\�VWDWLRQ�DQG�DERYH
LW�WKH�SXUSRUWHG�DLUVKLS��7KH�SKRWRJUDSKHUV�DUH�:DOWHU�0F&DQQ�DQG�*��$��2YHURFNHU��7KLV
DLUVKLS�ZDV�VHHQ�WR�FRPH�LQ�RYHU�WKH�ODNH�DQG�WUDYHUVH�WKH�ZKROH�FLW\�IRU�VHYHUDO�GD\V��
7KH�VDPH�UHSRUW�ZLWK�DQ�2PDKD�GDWH�OLQH�RI�$SULO���WK�VD\V���$�JHQWOHPDQ�EUDJV�KH�KDV
P\VWHU\� DLUVKLS� SUREOHP� VROYHG�� +H� LV� DQ� LQYHQWRU� DQG� GHVLUHV� WKDW� KH� EH� DOORZHG
WKLUW\�ILYH� DFUHV� WR� GHPRQVWUDWH� KLV� DLUVKLS� IRU� WKH� 7UDQV�0LVVLVVLSSL� ([SRVLWLRQ�� 7KH
JHQWOHPDQ�GLGQ
W�VLJQ�KLV�QDPH��EXW�WKH�UHSRUWHU�KRSHV�WKH�GLOHPPD�ZLOO�EH�VHWWOHG�E\�KLV
SURPLVHV��
7KH�VDPH�UHSRUW�DJDLQ��ZLWK�D�)RUW�'RGJH��,RZD�GDWH�OLQH�RI�$SULO���WK�VD\V���2OG�*HUPDQ



UHVLGHQWV�VD\�WKDW�WKLV�YHU\�VDPH�W\SH�DLUVKLS�FDPH�RYHU�*HUPDQ\�WKLUW\�\HDUV�EHIRUH�DQG
WKH�SHRSOH�ZHUH�VFDUHG�WR�GHDWK�����VDLG�WKH�GHYLO
V�DUP\�ZDV�DSSURDFKLQJ�DQG�WKHVH�ZHUH
KLV�YHKLFOHV��
7KH� VDPH� UHSRUW� DJDLQ��ZLWK� D�0LOZDXNHH��:LVFRQVLQ� GDWH� OLQH� RI� $SULO� ��WK� VD\V�� �7KH
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LV�RQ�ERDUG� WRR�DQG� ,�ZLOO� LQWURGXFH�DOO�RI�\RX�WR�KLP�ZKHQ�KH�DUULYHV�
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7KH� ����� HSLVRGH� LV� YHU\� LPSRUWDQW�� PDQ\� VSDFH� SHRSOH� ZHUH� ODQGHG� RQ� (DUWK� DW� WKDW
WLPH��7KH�:ULJKW�%URWKHUV�EURXJKW� LQ�WKH�$LU�$JH�D�IHZ�PLOHV�DZD\�DW�.LWW\�+DZN��1RUWK
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FRQWURYHUVLDO� DLUFUDIW� RQO\�D� IHZ�\HDUV� UHPRYHG�DQG� D� IHZ�VKRUW�PLOHV� IURP� WKH� ORFDWLRQ
ZKHUH�WKH�JLDQW��OLJKWHG��DLUVKLS��RI������KDG�PDGH�RQH�RI�LWV�ILQDO�DSSHDUDQFHV"
$IWHU������PDQ�SURJUHVVHG�PRUH�LQ�WKH�FRPLQJ�KDOI�FHQWXU\�WKDQ�KH�KDG�LQ�WKH�SUHYLRXV
WHQ�WKRXVDQG�\HDUV��2XU�SURJUHVVLRQ�LV�GXH�� LQ�SDUW��WR� LQWHOOHFWV�FRPLQJ�KHUH�IURP�RXWHU
VSDFH�� *UHDW� PHQ� KHOSHG� SXVK� PHQ
V� SURJUHVV� DKHDG� KXQGUHGV� RI� \HDUV� LQ� WHUPV� RI
DGYDQFHPHQW��:KHUH�LW�KDG�WDNHQ�WKRXVDQGV�RI�\HDUV�WR�HODSVH�EHWZHHQ�WKH�GLVFRYHU\�RI
WKH�ZKHHO�DQG� WKH�ERZ�� WKH�JUHDWHVW�GLVFRYHULHV� WKH�ZRUOG�KDG�HYHU�VHHQ� IROORZHG�HDFK
RWKHU� LQ� UDSLG� VXFFHVVLRQ�� 7KH� WHOHSKRQH�� HOHFWULF� OLJKWV�� WKH� UDGLR�� ZLUHOHVV�� WKH
DXWRPRELOH��WKH�DLUSODQH��HWF�
:KDW� DFWXDOO\� WRRN� SODFH� LQ� WKH� ����
V� ZDV� WKH� ILUVW� ODUJH� SXEOLF� GHPRQVWUDWLRQ� RI
VSDFHFUDIW�LQ�WKH�PRGHUQ��LQGXVWULDO�DJH��$IWHU�WKH�,QGXVWULDO�5HYROXWLRQ�WKHUH�KDG�WR�EH�DQ
LQIOX[�RI�FHUWDLQ�8QLYHUVDO�WUXWKV�LQ�RUGHU�WR�FUHDWH�D�VHPEODQFH�EHWZHHQ�KLJKO\�DGYDQFHG



WHFKQLFDO�VNLOO�DQG�XQGHYHORSHG�VSLULWXDOO\��7KH�VSDFH�VKLSV�RU��DLUVKLSV��RI�WKH�QLQHWHHQWK
FHQWXU\�ZHUH�WKH�SK\VLFDO�PDQLIHVWDWLRQ�RI�WKDW�*UHDW�,QIOX[�
&RPPXQLFDWLRQ�ZLWK�H[WUDWHUUHVWULDO�LQWHOOLJHQFHV�DOVR�EHJDQ�DW�WKH�VDPH�WLPH��7KH�IDWKHU
RI�ZLUHOHVV��0DUFRQL�� LQ� �����EHOLHYHG�KH�KDG� LQWHUFHSWHG�PHVVDJHV� IURP�0DUV� RU� VRPH
SRLQW�LQ�RXWHU�VSDFH��7KH�WKHRU\�WKDW�WKH�ZDYHV�ZHUH�SURGXFHG�E\�HOHFWULFDO�GLVWXUEDQFHV
ZDV�GLVSURYHG�E\�WKH�UHJXODULW\�RI�WKH�LPSXOVHV�
0DUFRQL�FRQGXFWHG�KLJKO\�VHFUHW�H[SHULPHQWV�EHIRUH������DQG�NQHZ�EH\RQG�WKH�VKDGRZ
RI�D�GRXEW�WKDW�KH�ZDV�LQ�GLUHFW�FRQWDFW�ZLWK�EHLQJV�RI�RWKHU�ZRUOGV��$�ZRPDQ�LQ�&DOLIRUQLD
ZULWHV�� �'XULQJ� :RUOG� :DU� ,,� ZDV� WHDFKLQJ� LQ� 6FRWODQG�� ,Q� ������ KHDGTXDUWHUV� RI� WKH
<�:�&�$�� LQ� /RQGRQ� ZURWH� RIIHULQJ� PH� WKH� SRVLWLRQ� RI� KHDG� RI� WKHLU� EUDQFK� RIILFH� LQ
&KHOPVIRUG�QHDU�/RQGRQ��7KH�PDLQ�VWDWLRQ�RI�WKH�0DUFRQL�:RUOG�:LGH�:LUHOHVV�ZDV�DOVR
WKHUH��0DQ\�PHQ�IURP�%ULWDLQ�GLHG�LQ�:RUOG�:DU�,�DQG�LW�ZDV�P\�MRE�WR�ORRN�RXW�IRU�PDQ\
\RXQJ�JLUOV�DZD\�IURP�KRPH��,�WRRN�URRP�DQG�ERDUG�ZLWK�D�FRXSOH�VRPHZKDW�ROGHU�WKDQ�,�
7KH�KXVEDQG�ZDV�D�YHU\�LQWHOOLJHQW�SHUVRQ�DQG�KDG�D�UHVSRQVLEOH�SRVLWLRQ�ZLWK�WKH�0DUFRQL
:LUHOHVV� &RPSDQ\�� 2QH� GD\�� KH� DVNHG� PH� LI� ,� ZRXOG� OLNH� WR� JR� WKURXJK� WKH� 0DUFRQL
6WDWLRQ��,�ZDV�GHOLJKWHG�WR�JR��'XULQJ�P\�WRXU�WKURXJK�WKH�ODERUDWRULHV�,�ZDV�VWDUWOHG�DQG
DOPRVW� SHWULILHG� ZKHQ� ZH� DUULYHG� LQ� IURQW� RI� D� KXJH�� WHQ�IRRW� VTXDUH�� WUDQVSDUHQW� FDVH
LQVLGH�RI�ZKLFK�VHHPHG�WR�EH�D�IODPLQJ�PDVV�����IODPHV�UHYROYLQJ�OLNH�D�ZKHHO��,�DVNHG�P\
IULHQG� ZKDW� WKLV� ZDV� DQG� KH� VDLG� WKDW� WKH\� KDG� EHHQ� UHFHLYLQJ� ZLUHOHVV� PHVVDJHV
VRPHZKHUH�RXWVLGH�RI�(DUWK��,�DVNHG�KLP�WR�EH�PRUH�VSHFLILF��$QG�KH�VDLG��
0\�GHDU�JLUO�
ZH�KDYH�VWDWLRQV�DOO�RYHU�WKH�(DUWK��EXW�FHUWDLQ�FRGH�LV�QRW�FRPLQJ�IURP�DQ\�RI�WKHP��:H
DUH�UHFHLYLQJ�VLJQDOV�IURP�LQWHOOLJHQW�EHLQJV�RQ�RWKHU�LQKDELWHG�ZRUOGV�
�0\�IULHQG�WKHQ�WROG
PH� WKDW� 0DUFRQL� DW� WKDW�PRPHQW� ZDV� LQ� $XVWUDOLD� FRQGXFWLQJ� H[SHULPHQW� DQG� WU\LQJ� WR
GLVFRYHU�PRUH�DERXW� WKLV�PRPHQWRXV�KDSSHQLQJ��7KH\�EHOLHYHG�WKH�VLJQDOV�ZHUH�FRPLQJ
IURP� WKH� SODQHW� 0DUV�� ,� KDYH� QHYHU� PHQWLRQHG� WKLV� H[SHULHQFH� EHIRUH�� DQG� ,� EHOLHYH
0DUFRQL�NHSW�KLV�ZRUN�VHFUHW�EHFDXVH�KH�NQHZ�ZKDW�WKH�ZRUOG�ZRXOG�VD\��
7KH� ODG\� ZKR� KDG� WKH� DERYH� H[SHULHQFH� OLYHV� LQ� 6DQWD� %DUEDUD�� &DOLIRUQLD� DQG� LV� D
UHVSHFWDEOH�FLWL]HQ�RI�WKDW�FLW\�
/DWHU� LQ� WKH� ����
V� DQG� ����
V� PRUH� VWUDQJH� PHVVDJHV� ZHUH� UHFHLYHG� WKURXJKRXW� WKH
ZRUOG� DV� UDGLR� ZDV� GHYHORSHG�� $QG� UDGLRWHOHJUDSKLF� PHVVDJHV� IURP� 6DXFHUV� DUH� EHLQJ
UHFHLYHG� WRGD\�� 7KH� ILUVW� UDGLR� FRQWDFW�ZLWK� VSDFH�YLVLWRUV�ZDV� UHSRUWHG�E\� RXU� UHVHDUFK
JURXS� LQ� $UL]RQD� LQ� ������ DQG� QRZ� FRQWDFW� LV� EHLQJ� PDGH� LQ� 2KLR�� ,RZD�� &DQDGD�
&DOLIRUQLD��'HWURLW��0LFKLJDQ��DQG�RWKHU�SODFHV��7KH�FRQWDFW�LV�LQ�ERWK�FRGH�DQG�YRLFH�
6SDFH�LQWHOOLJHQFHV�KDYH�VDLG���*RG�SURYLGHG��0DQ�GLYLGHG��0DQ�KDV�WDNHQ�WKLV�WUXH�WKLQJ
DQG�DGGHG�WR�LW�KLV�RZQ�ULQJ��
$IWHU�WKH�SHULRG�RI�7KH�*UHDW� ,QIOX[��VFLHQFH�ZHQW�D� ORQJ�ZD\�WRZDUG�DEROLVKLQJ�DJH�ROG
WKHRORJLFDO�GRJPD��EXW�LW�ZHQW�WRR�IDU�WR�WKH�H[WUHPH�DQG�PDQ�EHFDPH�EDWKHG�LQ�WKH�QHZ
JORULHV�RI�WKH�PDWHULDOLVWLF�VFLHQWLILF�ZRUOG��0DQ�RQ�(DUWK�KDG�DOZD\V�GH�OLJKWHG�LQ�GLYLGLQJ
HYHU\WKLQJ�� WKHUH� DUH� FRQWLQHQWV�� QDWLRQV�� VWDWHV� DQG� FRPPRQZHDOWKV�� FRXQWLHV� DQG
WRZQVKLSV��FLWLHV�DQG�YLOODJHV��ZDUGV�DQG�EORFNV��FKXUFKHV��FXOWV��VHFWV�DQG�LVPV��UDFHV�DQG
FUHHGV��FODVVHV�DQG�FOXEV�� VRFLHWLHV�DQG�VKULQHV�� FDWKHGUDOV�DQG�WHPSOHV��%XW� WKH� ,QILQLWH
)DWKHU�LV�21(�
(DUWK�KDV�EHHQ�GLYLGHG�XS�VR�WKDW�LQVWHDG�RI�PDQ�EHLQJ�D�EURWKHU�WR�KLV�IHOORZPDQ��KH�KDV



VHW�XS�DUWLILFLDO� OLQHV� WR�VHSDUDWH�DQG�VHJUHJDWH�RWKHUV�GLIIHUHQW� WKDQ�KLPVHOI��0DQ�PDGH
ERXQGDULHV��PDQ�PDGH�FUHHGV�DQG�LGHDOV��PDQ�PDGH�UHOLJLRXV�JURXSV��PDQ�PDGH�GRFWULQH
DQG�GRJPD��PDQ�PDGH��PDQ�PDGH��7KHUH� LV�QRWKLQJ�ZURQJ�ZLWK� UHOLJLRQ�� LW
V�ZKDW�PDQ
KDV� GRQH� WR� DQG� ZLWK� LW� WKDW
V� VR� SLWLIXO�� 6FLHQFH� LV� WKH� WZLQ�VLVWHU� RI� UHOLJLRQ� ���� WUXWK
FDQQRW� FRQWUDGLFW� WUXWK�� DQG� WKHUH� LV� QR� UHOLJLRQ� KLJKHU� WKDQ� 7UXWK�� 7KH�ZRUVKLS� RI� WKH
&UHDWRU� DQG� WKH� VWXG\� RI� +LV� ODZV�� FDXVHV� DQG� HIIHFWV�� RI� QDWXUH� DQG� WKH� JUHDW� SRZHUV
ZDLWLQJ� IRU�GLVFRYHU\�ZLWKLQ�KHU�ERVRP� ���� DOO� WKHVH� VKRXOG�EH�PDVVHG� LQWR�21(��+HQFH�
VFLHQFH�DQG�UHOLJLRQ�DUH�RQH��MXVW�DV�HYHU\WKLQJ�LQ�WKH�2PQLYHUVH�LV�21(�
:KHQ� 9DQ� 7DVVHO� VDLG�� �:H� PXVW� SUHVHQW� WR� VFLHQFH�� WKH� UHOLJLRQ� RI� VFLHQFH�� DQG� WR
UHOLJLRQ��WKH�VFLHQFH�RI�UHOLJLRQ���KH�JDYH�WKH�NH\�IRU�XQGHUVWDQGLQJ�EHWZHHQ�WKH�WZR�JUHDW
ILHOGV�RI�KXPDQ�HQGHDYRXU�
7R�PDQ\�SHRSOH�WRGD\��VFLHQFH�LV�WKH�PRGHUQ�VDYLRU�RU��PHVVLDK���7KH\�ORRN�WR�VFLHQWLVWV
DQG�WKHLU�GLVFRYHULHV�IRU�WKH�DQVZHU�WR�DOO�RI�PDQNLQG
V�LOOV��5HFHQWO\�UHSRUWV�VDLG�WKDW�VRRQ
ZH�FRXOG�OLYH�IRUHYHU�WKURXJK�WKH�ODWHVW�GLVFRYHULHV�LQ�ELRORJLFDO�VFLHQFH���:KDW�IRROV�WKHVH
PRUWDOV�EH���LQGHHG��:H�DOUHDG\�SRVVHVV�LPPRUWDO�OLIH�
7KRXVDQGV�RI�VSLULWXDOO\�KXQJU\�SHRSOH�KDYH�FRPH�WR�UHDOL]H�WKDW�WKH�IDFWV�XQHDUWKHG�E\
VFLHQFH� KDYH� QRW� WKXV� IDU� EHHQ� DGHTXDWH� WR� VDWLVI\� WKH� QHHGV� RI� KXPDQLW\�� DQG� PDQ\
WRGD\� DUH� VHDUFKLQJ� IRU� VRPHWKLQJ� ���� RUWKRGR[� WKHRORJ\� KDV� IDLOHG� DOVR� WR� VDWLVI\� WKHLU
GHHS�ORQJLQJV��DQG�RUWKRGR[�VFLHQFH�SUHVHQWV�RQO\�FROG��EDUH�PDWHULDOLVP�WR�WKHP��7KHUH
DUH�� RI� FRXUVH�� PDQ\� VFLHQWLVWV� DQG� WKHRORJLDQV� ZKR� DUH� VLQFHUH�� KRQHVW� PHQ�� ZRUNLQJ
WLUHOHVVO\� WR� DLG�PHQ�RQ� WKLV� SODQHW�� %XW�� DW� WKH� VDPH� WLPH��ZH�PXVW� UHPHPEHU� WKDW� DOO
VFLHQWLVWV�DUH�QRW��PHQ�RI�VFLHQFH���DQG�DOO�WKHRORJLDQV�DUH�QRW��PHQ�RI�*RG��
0HQ�DUH�PRVW� UHOXFWDQW� WR� JLYH� XS� WKHLU� VHFXUH�� FRPIRUWDEOH� SRVLWLRQV� DQG� SHW� WKHRULHV�
'HVPRQG� /HVOLH� RQFH� VDLG�� �,
P� FRQYLQFHG� WKDW� WKH� RUWKRGR[� VFLHQWLVWV� RI� WRGD\� DUH� WKH
FRXQWHUSDUW�RI�WKH�RUWKRGR[�WKHRORJLDQV�RI�WKH�0LGGOH�$JHV���%H�WKDW�DV�LW�PD\��RUWKRGR[\
LV�WKH�VDPH�WKLQJ�ZKHUHYHU�LW�LV�IRXQG��DQG�LW�GRHVQ
W�PDWWHU�E\�ZKDW�QDPH�\RX�SUHIHU�WR
FDOO� LW�� 2QFH� LQ� D� JUHDW� ZKLOH� D� PDQ� FRPHV� DORQJ�� RU� D� ZRPDQ�� DQG� DOWKRXJK� XVXDOO\
GHVSLVHG�E\� WKHLU�FRQWHPSRUDULHV�� WKH\�PDQDJH�VRPHKRZ��E\�VXSUHPH�HIIRUW�� WR�KDXO�DOO
WKH� UHVW� RI� ODJJLQJ� KXPDQLW\� EHKLQG� WKHP� DQG� ZKDW� ZH� FDOO� ZRUOGO\� DGYDQFHPHQW� RU
SURJUHVVLRQ�WDNHV�SODFH�
,Q� 2I� )OLJKW� $QG� /LIH� &KDUOHV� $�� /LQGEHUJK� VD\V�� �7R� PH� LQ� \RXWK� VFLHQFH� ZDV� PRUH
LPSRUWDQW�WKDQ�HLWKHU�PDQ�RU�*RG��,�ZRUVKLSSHG�VFLHQFH��,�ZDV�DZHG�E\�LWV�NQRZOHGJH��,WV
DGYDQFHV�KDG�VXUSDVVHG�PDQ
V�ZLOGHVW�GUHDPV��,Q�LWV�OHDUQLQJ�VHHPHG�WR�OLH�WKH�NH\�WR�DOO
P\VWHULHV�RI�OLIH�
�,W� WRRN�PDQ\� \HDUV� IRU�PH� WR� GLVFRYHU� WKDW� VFLHQFH��ZLWK� DOO� LWV� EULOOLDQFH�� OLJKWV� RQO\� D
PLGGOH� FKDSWHU� RI� FUHDWLRQ�� ,� VDZ� WKH� VFLHQFH� ,� ZRUVKLSSHG�� DQG� WKH� DLUFUDIW� ,� ORYHG�
GHVWUR\LQJ�WKH�FLYLOL]DWLRQ�,�H[SHFWHG�WKHP�WR�VHUYH��DQG�ZKLFK�,�WKRXJKW�DV�SHUPDQHQW�DV
WKH�HDUWK�LWVHOI�
�1RZ� ,� UHDOL]H� WKDW� WR� VXUYLYH�� RQH�PXVW� ORRN� EH\RQG� WKH� VSHHG� DQG� SRZHU� RI� DLUFUDIW�
EH\RQG�WKH�PDWHULDO�VWUHQJWK�RI�VFLHQFH��$QG��WKRXJK�*RG�FDQQRW�EH�VHHQ�DV�WDQJLEO\�DV�,
KDG�GHPDQGHG�DV�D�FKLOG��+LV�SUHVHQFH�FDQ�EH�VHQVHG�LQ�HYHU\�VLJKW�DQG�DFW�DQG�LQFLGHQW�
1RZ�,�NQRZ�WKDW�ZKHQ�PDQ�ORVHV�WKLV�VHQVH��KH�PLVVHV�WKH�WUXH�TXDOLW\�RI�OLIH��WKH�EHDXW\
RI�HDUWK��LWV�VHDVRQV�DQG�LWV�VNLHV��WKH�EURWKHUKRRG�RI�PHQ��WKH�MR\�RI�ZLIH�DQG�FKLOGUHQ�



+H�ORVHV�WKH�LQILQLWH�VWUHQJWK�ZLWKRXW�ZKLFK�QR�SHRSOH�FDQ�VXUYLYH��WKH�HOHPHQW�ZKLFK�ZDU
FDQQRW�GHIHDW�RU�SHDFH�FRUUXSW�
�1RZ�,�XQGHUVWDQG�WKDW�VSLULWXDO�WUXWK�LV�PRUH�HVVHQWLDO�WR�D�QDWLRQ�WKDQ�WKH�PRUWDU�LQ�LWV
FLWLHV
�ZDOOV��)RU�ZKHQ� WKH�DFWLRQV�RI�D�SHRSOH�DUH�XQJXLGHG�E\� WKHVH� WUXWKV�� LW� LV�RQO\�D
PDWWHU�RI�WLPH�EHIRUH�WKH�ZDOOV�WKHPVHOYHV�FROODSVH�
�7KH�PRVW�XUJHQW�PLVVLRQ�RI�RXU�WLPH�LV�WR�XQGHUVWDQG�WKHVH�WUXWKV��DQG�WR�DSSO\�WKHP�WR
RXU� ZD\� RI� PRGHUQ� OLIH�� :H� PXVW� GUDZ� VWUHQJWK� IURP� WKH� DOPRVW� IRUJRWWHQ� YLUWXHV� RI
VLPSOLFLW\�� KXPLOLW\�� FRQWHPSODWLRQ�� SUD\HU�� ,W� UHTXLUHV� D� GHGLFDWLRQ� EH\RQG� VFLHQFH�
EH\RQG�VHOI��EXW�WKH�UHZDUGV�DUH�JUHDW�DQG�LW�LV�RXU�RQO\�KRSH��
$OO� WKHRORJ\� DQG� VFLHQFH� ZLOO� QRW� EH� GRQH� DZD\� ZLWK� LQ� WKH� 1HZ� $JH�� %XW� XQGHU� WKH
LQFRPLQJ��*ROGHQ�'DZQ��0DQ�ZLOO�DFTXLUH�D�JUHDWHU�FRQFHSW�RI�&UHDWLRQ�� IUHH�RI�DQFLHQW
ULWXDOLVP�DQG�WKH�FDUULHG�RYHU�SDJDQ� LGHDV��/LNHZLVH��PDQ�ZLOO�HQMR\�PRUH�UDGLDQW�KHDOWK
GXH�WR�WKH�KDELW�RI� ULJKW� OLYLQJ�DQG�ULJKW� WKLQNLQJ��(YHU\�PDQ�ZLOO�EH�D�VFLHQWLVW��HYHQ�DV
VSDFH�YLVLWRUV�DUH�WUXH�VFLHQWLVWV��XWLOL]LQJ�WKH�)RUFHV�RI�WKH�8QLYHUVH�LQ�WKH�HYHU�XSZDUG�
VSLUDOLQJ�FOLPE�WRZDUG�GLYLQLW\�DQG�WKH�)DWKHU�
7KH�(OGHU�%URWKHU��-HVXV��VDLG���.QRZ�\H�QRW�WKDW�\H�DUH�*RGV"��0DQ�ZLOO�ZDNH�XS�WR�WKLV
IDFW��DQG�ZLOO�OHDYH�WKH�SXSD�RI�LJQRUDQFH�VXSHUVWLWLRQ���GRJPD��RUWKRGR[\��HWF���WR�HPHUJH
DV� D� �6RQ� RI� *RG��� FODLPLQJ� KLV� ULJKWIXO� SODFH� LQ� WKH� GLYLQH� VFKHPH� RI� WKLQJV��0DQ� LV� D
FR�FUHDWRU�ZLWK�WKH�)DWKHU��EXW�KH�IDLOV�WR�UHFRJQL]H�WKLV�JUHDW�WUXWK�
7KH�JUHDW�VFLHQWLVWV�RI�&ROXPEXV
�WLPH�ZHUH�QR�OHVV�JUHDW�EHFDXVH�WKH\�EHOLHYHG�&ROXPEXV
WR�EH�D�IDQDWLF�IRU�WKLQNLQJ�WKH�(DUWK�ZDV�URXQG��7KH�PLVWDNHV�RI�\HVWHUGD\�RU�WRGD\�RQO\
SRLQW� WKH� ZD\� WR� WKH� JUHDWHU� WUXWK� RI� WRPRUURZ�� ZLWK� HDFK� QHZ� GLVFRYHU\� ZH� JDLQ� D
JUHDWHU�FRPSUHKHQVLRQ�RI�WKH�ZKROH�
(YHU\WKLQJ�FKDQJHV��EXW�FKDQJH�LWVHOI��/HW�WKDW�FKDQJH�FRPH��WKH�(DUWK�KDV�EHHQ�ZDLWLQJ
D�ORQJ��ORQJ�WLPH��)RXU�WKRXVDQG�\HDUV�DJR��-RE�DVNHG���,I�D�PDQ�GLH��VKDOO�KH�OLYH�DJDLQ"�
7KLV� TXHVWLRQ� KDV� EHHQ� UHSHDWHG� LQ� YDLQ� E\� HYHU\� JHQHUDWLRQ� RI� PHQ� ZKR� KDYH� VLQFH
LQKDELWHG� WKH�(DUWK�� 1RZ�� VSDFH� LQWHOOLJHQFHV� EULQJ�SURRI� RI� OLIH� HYHUODVWLQJ�� DQG� HWHUQDO
SURJUHVVLRQ�
,Q�&RQTXHVW�2I�)HDU��%DVLO�.LQJ�JLYHV�XV�D�YLHZ�RI�WKH�IXWXUH�ZRUOG�ZKHQ�KH�VD\V���7DNLQJ
-HVXV� DV� RXU� VWDQGDUG�ZH� VKDOO� ZRUN� RXW�� ,� YHQWXUH� WR� WKLQN�� WR� WKH� IROORZLQJ� SRLQWV� RI
SURJUHVV�
�7KH�FRQWURO�RI�PDWWHU� LQ�IXUQLVKLQJ�RXUVHOYHV�ZLWK�IRRG�DQG�GULQN�E\�PHDQV�PRUH�GLUHFW
WKDQ�DW�SUHVHQW�HPSOR\HG��DV�+H�WXUQHG�ZDWHU�LQWR�ZLQH�DQG�IHG�WKH�PXOWLWXGHV�ZLWK�WKH
ORDYHV�DQG�ILVKHV�
�7KH�FRQWURO�RI�PDWWHU�E\�SXWWLQJ�DZD\� IURP�RXUVHOYHV��E\�PHWKRGV�PRUH�VXUH�DQG� OHVV
URXQGDERXW�WKDQ�WKRVH�RI�WRGD\��VLFNQHVV��EOLQGQHVV��LQILUPLW\�DQG�GHIRUPLW\�
�7KH�FRQWURO�RI�PDWWHU�E\�UHJXODWLQJ�RXU�DWPRVSKHULF�FRQGLWLRQV�DV�+H�VWLOOHG�WKH�WHPSHVW�
�7KH�FRQWURO�RI�PDWWHU�E\�UHVWRULQJ�WR�WKLV�SKDVH�RI�H[LVWHQFH�WKRVH�ZKR�KDYH�SDVVHG�RXW
RI�LW�EHIRUH�WKHLU�WLPH��RU�ZKR�FDQ�LOO�EH�VSDUHG�IURP�LW��DV�+H�
UDLVHG
�WKUHH�\RXQJ�SHRSOH



IURP�
WKH�GHDG
�DQG�3HWHU�DQG�3DXO�IROORZHG�+LV�H[DPSOH�
�7KH�FRQWURO�RI�PDWWHU�LQ�SXWWLQJ�LW�RII�DQG�RQ�DW�ZLOO��DV�+H�LQ�+LV�GHDWK�DQG�UHVXUUHFWLRQ�
�7KH�FRQWURO�RI�PDWWHU�LQ�SDVVLQJ�DOWRJHWKHU�RXW�RI�LW��DV�+H�LQ�ZKDW�ZH�FDOO�+LV�$VFHQVLRQ
LQWR�+HDYHQ�
<HV�� LW� LV�WUXH�WKDW��*RG�3URYLGHG��0DQ�'LYLGHG���EXW�PDQ�RQ�(DUWK�PXVW�JR�EDFN�WR�WKH
ZKROH�ZKLFK�WKH�&UHDWRU�PDGH�PDQLIHVW�XQWR�+LV�FUHDWLRQ��5HPHPEHU�WKH�ZRUGV�RI�3DXO�
�2� 7LPRWK\�� NHHS� WKDW� ZKLFK� LV� FRPPLWWHG� WR� WK\� WUXVW�� DYRLGLQJ� SURIDQH� DQG� YDLQ
EDEEOLQJV��DQG�RSSRVLWLRQV�RI�VFLHQFH�IDOVHO\�VR�FDOOHG����,�7LPRWK\�������
7KH�7UXWK�DORQH�VKDOO�PDNH�PDQ�IUHH��DQG�DV�%DFRQ�VDLG��
7UXWK�LV�WKH�GDXJKWHU�RI�WLPH�
QRW�RI�DXWKRULW\��
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,Q�WKH�8QLYHUVH�RI� LQILQLWH�HQWLWLHV�DQG� LQILQLWH�YDULHW\��0DQ� LV� IRXQG�PDQLIHVWLQJ� LQ�PDQ\
GHJUHHV� IURP�0LFURFRVP�WR�0DFURFRVP��,Q� WKH� WKHRU\�RI�3DUDFHOVXV�� WKH�0LFURFRVP�ZDV
PDQ��DV� LI� FRPELQLQJ� LQ� KLPVHOI� DOO� WKH�HOHPHQWV�RI� WKH�0DFURFRVP�RU� JUHDW�ZRUOG�� 7KLV
WKHRU\�LQ�WXUQ�UHPLQGV�XV�RI�6ZHGHQERUJ�ZKR�VSRNH�DQG�ZURWH�VR�RIWHQ�DERXW�WKH�&UHDWRU
DV�7KH�*UDQG�0DQ�RI�WKH�2PQLYHUVH�FRQWDLQLQJ�DOO�WKH�HOHPHQWV�RI�WKH�0LFURFRVPLF�ZRUOG�
)URP� WKH� VPDOOHVW� XQLW� RI� &UHDWLRQ� WR� WKH� PRVW� JLJDQWLF�� WKHUH� LV� D� VSLUDOLQJ�� FLUFXODU
SURJUHVVLRQ��(DUO\�H[SORUHUV�ZHQW�:HVW�WR�JHW�(DVW��DQG�VR�LQ�WKH�0LFURFRVPLF�ZRUOG� OLHV
WKH�DQVZHU�WR�ZKDW�WKH�0DFURFRVPRV�LV�OLNH�
'DUZLQ� VDLG�� �$Q� RUJDQLF� EHLQJ� LV� D� 0LFURFRVP�� D� OLWWOH� 8QLYHUVH�� IRUPHG� RI� D� KRVW� RI
VHOI�SURSDJDWLQJ�RUJDQLVPV��LQFRQFHLYDEO\�PLQXWH�DQG�QXPHURXV�DV�WKH�VWDUV�LQ�KHDYHQ��
$��%URQVRQ�$OFRWW�� LQ������ VDLG�� �0DWWHU� LQ�SDUWLFOH�DQG�SODQHW��PLQG�DQG�PDFURFRVP�� LV
TXLFN�ZLWK�VSLULW��
6R��ZH� ILQG�PDWWHU�PDQLIHVWLQJ�DQG�YLEUDWLQJ� IURP�PLQXWH� WR� WKH�PRQXPHQWDO� LQ�YDULRXV
GHJUHHV��EXW�63,5,7�SHUPHDWHV� WKURXJK�DOO�� ,Q� WKH�JUHDW�ZRUOG�RI�WKH�0DFURFRVPRV� LV� LW
QRW� ORJLFDO�DQG�HQWLUHO\�SRVVLEOH� WKDW� WKHUH�PD\�H[LVW�ZRUOGV�VR� ODUJH� LQ�FRPSDULVRQ�ZLWK
RXUV�WKDW�WKHLU�LQGLYLGXDO�WRWDO�PDVVHV�PD\�EH�PLOOLRQV�XSRQ�PLOOLRQV�RI�WLPHV�WKDW�RI�(DUWK"
$QG�� LI� ZH� JUDQW� WKDW�� LV� LW� QRW� UHDVRQDEOH� WR� VD\� WKDW� LQ� WKH� VPDOO� ZRUOG� RI� WKH
0LFURFRVPRV�ZH�ZLOO� ILQG� WKH� GLUHFW� RSSRVLWH"� ,Q� RWKHU�ZRUGV�� DWRPLF�ZRUOGV� FRQWDLQLQJ
UHDO�LQWHOOLJHQW�EHLQJV�ZKR�OLYH��ZRUN�DQG�ORYH�HYHQ�DV�ZH"
)RU�VRPH� WLPH�QRZ�VFLHQWLVWV�KDYH�EHHQ�ZHOO�DZDUH�RI� WKH� IDFW� WKDW� WKHUH� LV�D�8QLYHUVDO
SDWWHUQ�RI�IRUP�LQ�WKH�PLQXWH�WKDW�LV�GXSOLFDWHG�H[DFWO\�LQ�WKH�FRORVVDO�RI�&UHDWLRQ�
6SDFH�YLVLWRUV�KDYH�VDLG���,W� LV�QRW� ULJKW� WKDW�PDQ�VKRXOG�GHVWUR\�KLV�EURWKHU�E\�XWLOL]LQJ
WKH�SRZHUIXO� IRUFHV�RI� DWRPLF� HQHUJ\�� EXW� WKH�GHVWUXFWLRQ� \RX�ZLWQHVV� LV�PLQRU�� LQGHHG�
FRPSDUHG� WR� WKH� HQRUPLW\� RI� FKDRV� FUHDWHG� LQ� WKH�0LFURFRVPRV� E\� WKH� UHOHDVH� RI� VXFK
HQHUJ\���:KHQ�DQ�DWRPLF�ERPE�LV�GHWRQDWHG��OLWHUDO�0LFURFRVPLF�ZRUOGV�FRQWDLQLQJ�FUHDWHG
OLIH� DUH� GHVWUR\HG�� 2I� FRXUVH�� WKHVH�ZRUOGV� DUH� LQ� RWKHU� GLPHQVLRQV� RI� WLPH� DQG� VSDFH�
ZKDW�ZH� WKLQN�RI� DV�D�PLQXWH�PD\�EH� WKH�SDVVLQJ�RI� D�PLOOLRQ�\HDUV� WR� WKH�0LFURFRVPLF
FLWL]HQ�
,QILQLW\�FRYHUV�D� ORW�RI��WHUULWRU\���DQG�ZH�FDQ�HDVLO\�KDYH�ZRUOGV�DQG� OLIH�VR�PLQXWH�WKDW
ZH� DYHUDJH� ILYH�IRRW� HLJKWHUV� FDQQRW� SRVVLEO\� VHH� WKHP�ZLWK� RXU� RUJDQV� RI� VLJKW�� ,I� ZH
DFFHSW� WKLV� IDFW�� ZH�PXVW� DOVR� DJUHH� WKDW� WKHUH� PXVW� EH� ELJJHU� ZRUOGV� DQG� ELJJHU� OLIH
IRUPV�� ,Q� IDFW�� WKHVH� IRUPV�FRXOG�EH�VR� ODUJH� WKDW�ZH�FRXOGQ
W�SRVVLEO\�VHH� WKHP�����DQG
WKDW�EULQJV�XV�EDFN�WR�WKH�0LFURFRVPRV�
,Q� FRQVLGHULQJ� WKH� SUHVHQW� VSDFH� YLVLWDWLRQV� WR� (DUWK�� ZH� HQFRXQWHU� 6DXFHU� RFFXSDQWV
VLPLODU� WR� RXUVHOYHV� LQ� VL]H� DQG� IRUP�� :H� GR� QRW� ILQG� VSDFHPHQ� FRPLQJ� LQWR� (DUWK
V
DWPRVSKHUH�ODQGLQJ�WKHLU�FUDIW�RQ�D�SLQ�KHDG�RU�6DXFHU�SLORWV�VR�ODUJH�WKDW�WKH\�GLVSODFH�DOO



WKH�ZDWHU� LQ� WKH� $WODQWLF� 2FHDQ� LI� WKH\� GHFLGH� WR� WDNH� D� GLS�� 7KH� UHDVRQ� FHUWDLQ� VSDFH
SHRSOH� DUH�KHUH� DQG� QRW� RWKHU� LQKDELWDQWV� RI� WKH�&RVPRV� LV� EHFDXVH�RXU� ,QILQLWH�)DWKHU
KDV�VHQW�WKRVH�EURWKHUV�WR�XV�ZKR�DUH�PRVW�QHDUO\�OLNH�RXUVHOYHV�LQ�DSSHDUDQFH�DQG�ERGLO\
VL]H�� $IWHU� DOO�� FRQWDFW� LV� GLIILFXOW� HQRXJK� LQ� D� FRUSRUHDO� ZRUOG� ZLWKRXW� DGGLQJ� WR� WKH
SUREOHP�E\�VHQGLQJ�D�KLJKO\�GHYHORSHG�EHLQJ�ZKR�ZRXOG�KDYH�WR�DQQRXQFH�WKH�8QLYHUVDO
GRFWULQH� WR� XV� IURP� WKDW� SLQ�KHDG� RU� ORYLQJO\� OHDG� XV� OLNH� D� 6ZLIW� LQ� /LOOLSXW�� 7KH� VSDFH
IULHQGV�KHUH�QRZ�PD\�EH�IDU�DKHDG�RI�XV�LQ�VSLULWXDO�GHYHORSPHQW��EXW�WKH\�DUH�SUREDEO\
PRUH�QHDUO\�OLNH�XV�WKDQ�RWKHU�GZHOOHUV�LQ�WKH�&RVPRV�
%HIRUH� WKH� FRQVLGHUDWLRQ� RI� VLPLODULWLHV� H[LVWLQJ� EHWZHHQ� PDWWHU� DQG� HQHUJ\� IURP� WKH
VXE�DWRPLF��PLFURFRVPLF��WKURXJK�WKH�DVWURQRPLFDO� �PDFUR�FRVPLF�� OHYHOV� LV�GLVFXVVHG�� LW
LV�LPSRUWDQW�WR�FRQFHLYH�RI�ZKDW�PDWWHU�DQG�HQHUJ\�DUH��9HU\�UHFHQWO\��LW�ZDV�WDXJKW�LQ�RXU
XQLYHUVLWLHV�WKDW�PRVW�RI�WKH�DWRP�DV�ZHOO�DV�PRVW�RI�WKH�VWDUU\�8QLYHUVH�ZDV�HPSW\�VSDFH�
1RZ�� ILQDOO\�� SK\VLFLVWV�DUH�XQFRYHULQJ� WKH� IDFWV� WKDW� VKRZ�PDWWHU�DQG�HQHUJ\� WR�EH� WKH
VDPH� WKLQJ�� WKRXJK� WKH\�FDQQRW� UHDOO\�XQGHUVWDQG�KRZ�VXFK�D� VLWXDWLRQ� FDQ�H[LVW��7KHLU
IDFWV� FRQIXVH� WKHLU� WKHRULHV�DQG� WKH\� ILQG� WKHPVHOYHV� IRUFHG� LQWR� UHWDLQLQJ� WKHRULHV� WKH\
QRZ�NQRZ�WR�EH�LQFRQVLVWHQW�ZLWK�WKH�IDFWV��IRU�ODFN�RI�DQ\�EHWWHU�WKHRULHV�

(PSW\� VSDFH� LV� D� GHDG� FRQFHSW�� IRU� ZKHUH� LV� WKHUH� QR� VWDUOLJKW"� <HV�� HYHQ� VWDUOLJKW� LV
PDWWHU�DQG�H[HUWV�SUHVVXUH��6FLHQFH�KDV�GLVFRYHUHG�WKDW�WKH�IDPRXV�OLWWOH�SDUWLFOH�FDOOHG�DQ
HOHFWURQ�VRPHWLPHV�H[KLELWV�LWVHOI�PRUH�DV�D�SDUWLFOH�DQG�VRPHWLPHV�PRUH�DV�D�ZDYH��7KLV
LV�WUXH�DOVR�RI�WKH�RWKHU�VR�FDOOHG�SDUWLFOHV�RI�WKH�DWRP�DQG�RI�WKH�8QLYHUVH�
$�SDUWLFOH�FDQ�EH�DQ�HOHFWURQ��RWKHU�DWRPLF�SDUWLFOHV��DQ�DWRP��D�PRRQ��D�SODQHW��D�VXQ��D
VRODU�V\VWHP��D�JDOD[\��D�VXSHU�JDOD[\��DQG�VR�RQ��DG�LQILQLWXP��$OO�FUHDWLRQV��SDUWLFOHV��LQ
WKH�8QLYHUVH�DUH�VLPLODU�EHFDXVH�
����$OO�RI�WKHP�GLVFKDUJH�HQHUJ\��7KLV�PLJKW�EH�FRQVLGHUHG�DV�UHIHUHQFH�WR�ILHOGV�RI�IRUFH�
HPLVVLRQ� RI� UD\V�� ZDYHV�� IUHTXHQFLHV�� YLEUDWLRQV� DQG� IRUFHV�� %ULHIO\� WKHQ�� KRZ� FDQ� RQH
SLFWXUH�VRPHWKLQJ�KDYLQJ�ERWK�SDUWLFOH�DQG�ZDYH�SURSHUWLHV�DW�WKH�VDPH�WLPH"�,W� LV�GRQH
E\�WKLQNLQJ�RI�WKHP�DV�VKHOOV�ZLWKLQ�VKHOOV��6RPH�RI�WKHVH�VKHOOV�DUH�YLVLEOH�WR�WKH�H\H�DV
WKH� (DUWK
V� FUXVW�� WKH� OD\HUV� RI� DQ� RQLRQ�� WKH� VNLQ� RI� WKH� ERG\�� RU� WKH� �ZKHHOV� ZLWKLQ
ZKHHOV��RI�6DXFHUV��6RPH�DUH�YLVLEOH�ZLWK� LQVWUXPHQWV�ZKLFK�KDYH�GHWHUPLQHG� WKH�ZDYH
QDWXUH�RI�HOHFWURQV�DQG�RWKHU�SDUWLFOHV�ZKLFK�HPLW�TXDQWD�RI�HQHUJ\��6RPH�DUH�GHWHFWHG
E\�VSHFLDO�SKRWRJUDSK\�DV�WKH�IRXU�NQRZQ�ILHOGV�RI�YLEUDWLRQ�DURXQG�WKH�KXPDQ�ERG\�DQG
WKH�DWRPLF�DQG�PROHFXODU�VWUXFWXUHV�RI�YDULRXV�FU\VWDOOLQH�ERGLHV�DV�REWDLQHG�E\�WKH�%ULWLVK
SK\VLFLVW��:��/��%UDJJ��7KH�NLQG�RI�PRWLRQ�WKDW�WKHVH�VKHOOV�H[KLELW��GHWHUPLQHV�ZKDW�WKH
HIIHFW�RI�WKDW�HQHUJ\�LV�WR�EH��+HDW��IRU�H[DPSOH��LV�D�ZDYH�SDWWHUQ�PDGH�XS�RI�D�VHULHV�RI
SDUWLFOHV�JLYHQ�RII�LQ�TXDQWD�E\�DQ�HOHFWURQ��,W�PLJKW�EH�FDOOHG�SXUH�HQHUJ\�PRYLQJ�ZLWK�D
SHFXOLDU�NLQG�RI�PRWLRQ��7KH�QDWXUH�RI�WKH�PRWLRQ�GHWHUPLQHV�WKH�HIIHFW�SURGXFHG��ZKLFK
FDQ�EH�DQ\�RI�WKH�IROORZLQJ��1RQYLVLEOH�OLJKW��YLVLEOH�OLJKW�PHDVXUHG�DV�KHDW��RU�FROG�OLJKW�
5HPHPEHU� WKDW� YLVLELOLW\� DQG� LQYLVLELOLW\� DQG� WKH� VHQVDWLRQV� RI� KHDW� DQG� FROG� DUH� RQO\
VHQVDWLRQV�RI�WKH�SK\VLFDO�VWUXFWXUH��7KXV�WKH�UHDO�PHDQLQJ�RI�WKH�WHUP�OLJKW�LV�IDU�EH\RQG
ZKDW� LV� YLVLEOH� WR� WKH� H\HV�� 7KH� WHUP� OLJKW� LV� XVHG� WR� GHVLJQDWH� WKH� ZDYH� QDWXUH� RI� DOO
PDWWHU��LWV�HQHUJ\�DQG�LWV�PRWLRQ�
����,Q�RUGHU�IRU�ERGLHV�FRQWLQXDOO\�WR�GLVFKDUJH�HQHUJ\�WKH\�PXVW�FRQWLQXDOO\�DEVRUE�D�QHZ
VXSSO\�RI�HQHUJ\��7KXV�WKH�8QLYHUVH�FRQVLVWV�RI�FRQVWDQW� LQWHUFKDQJH�RI�HQHUJ\�UHVXOWLQJ
LQ�



����$�SHUSHWXDO� UK\WKPLF�H[SDQVLRQ�DQG� FRQWUDFWLRQ�� )RU� H[DPSOH�� LW� LV� RQO\�SRVVLEOH� IRU
FRPHWV� WR� WUDYHO� DW� WKHLU� WHUULILF� VSHHGV� IRU� ORQJ� SHULRGV� RI� WLPH� EHFDXVH� WKH\� DUH
FRQVWDQWO\�UHSOHQLVKLQJ�WKHLU�HQHUJ\�WKURXJK�WKHLU�WDLO��DQG�WKLV�HQHUJ\�LV�IURP�D�VXQ�
1RZ�OHW�XV�FRQVLGHU�WKH�WUHPHQGRXV�OLNHQHVVHV�H[KLELWHG�E\�SULPDU\�ERGLHV�EHJLQQLQJ�ZLWK
WKH�VPDOOHVW�ZH�FDQ�GHWHFW��WKH�VXE�DWRPLF�
6XE�DWRPLF� SDUWLFOHV� �DQG�ZKHQ�ZH� VD\�SDUWLFOH��ZH�PXVW� WKLQN� RI� SDUWLFOH�ZDYH� IRU� WKH
WZR�FRQFHSWV�DUH� LQVHSDUDEOH� LQ�VSHDNLQJ�RI�EDVLF�VWUXFWXUH��DUH�WR�EH�FRQVLGHUHG� LQ�WKLV
GLVFXVVLRQ�DV�SDUWLFOHV�WKDW�VFLHQFH�FDQ�NQRZ�RQO\�LQGLUHFWO\�E\�WKHLU�EHKDYLRXU�7KXV��KHDW
HQHUJ\�JLYHQ�RII�E\�DQ�HOHFWURQ�PLJKW�EH�FRPSDUDEOH�WR�VDWHOOLWHV�RI�WKH�HOHFWURQ��7KXV�WKH
HOHFWURQ�JLYHV�RII�HOHFWUR�PDJQHWLF�UDGLDWLRQ��ZKLFK�SURGXFHV�HIIHFWV�RQ�YDU\LQJ�SRUWLRQV�RI
WKH�VSHFWUXP�GHSHQGLQJ�RQ�WKH�NLQG�RI�PRWLRQ�
3HUKDSV� WKHVH� SDUWLFOHV� DUH� WKRVH� TXDQWD� RI� HOHFWURPDJQHWLF� UDGLDWLRQ�ZKLFK� KDYH� EHHQ
FDOOHG� SKRWRQV� DQG�RU� JDPPD� UD\V�� 7KHVH� UD\V�� OLNH� ;�UD\V�� DUH� ZLWKRXW� DQ� HOHFWULFDO
FKDUJH� DQG� DUH� WKHUHIRUH� QRW� GHIOHFWHG� LQ� HOHFWULF� RU� PDJQHWLF� ILHOGV�� *DPPD� UD\V� DUH
HOHFWUR�PDJQHWLF�UDGLDWLRQ�RI�YHU\�VKRUW�ZDYH�OHQJWK��DQG�KLJK�HQHUJ\��3KRWRQV�RU�HQHUJ\
YDU\� LQ� WKHLU� YHORFLW\� DQG� WKXV� HQHUJ\� DFFRUGLQJ� WR� WKH� NLQG� RI� UDGLDWLRQ� WR� ZKLFK� WKH
PDWWHU�HPLWWLQJ�WKH�SKRWRQV�LV�VXEMHFWHG�
,I�WKH�UDGLDWLRQ�LV�LQ�WKH�KLJK�IUHTXHQF\�HQG�RI�WKH�VSHFWUXP��WKHQ�WKH�SKRWRQV�ZLOO�KDYH�D
KLJKHU� HQHUJ\�� ,Q� RWKHU� ZRUGV�� WKH� HQHUJ\� RI� WKH� SKRWRQV� HPLWWHG� E\� DQ� HOHFWURQ
VXEMHFWHG� WR� HOHFWURPDJQHWLF� UDGLDWLRQ� LV� UHODWHG� WR� WKH� HQHUJ\� RI� WKH� UDGLDWLRQ�� EXW� WKH
HQHUJ\�LV�HPLWWHG�LQ�GLVWLQFW�TXDQWD��3KRWRQV�DUH�WRR�VPDOO�WR�GHWHFW�H[SHULPHQWDOO\�LQ�WKH
KLJK� IUHTXHQF\� SRUWLRQ� RI� WKH� VSHFWUXP�� 7KH\� DUH� RQO\� GHWHFWHG� LQ� WKDW� SDUW� RI� WKH
VSHFWUXP�EHORZ�YLVLEOH�OLJKW�
3KRWRQV�RU�JDPPD�UD\V�E\�LQWHUDFWLRQ�ZLWK�DWRPLF�QXFOHL�KDYH�EHHQ�FRQYHUWHG� LQWR�SDLUV
RI� HOHFWURQV� DQG� SRVLWURQV� �SRVLWLYHO\� FKDUJHG� HOHFWURQV��� 7KLV� PDWHULDOL]DWLRQ� LV� D� JRRG
H[DPSOH�RI�WKH�HTXLYDOHQFH�RI�PDWWHU��PDVV��DQG�HQHUJ\�
6FLHQWLVWV�KDYH�GLYLGHG�WKH�VXE�DWRPLF�SDUWLFOHV�LQWR�WZR�FODVVHV��7KH�ILUVW�FODVV�FRQVLVWV�RI
SDUWLFOHV�ZKLFK�FDQQRW�RFFXS\� WKH�VDPH�VKHOO�RU�HQHUJ\� OHYHO��7KHVH� LQFOXGH� WKH�SURWRQ�
HOHFWURQ�� SRVLWURQ�� QHXWURQ�� QHXWULQR� DQG� PX� PHVRQV�� 7KH� VHFRQG� FODVV� FRQVLVWV� RI
SDUWLFOHV� ZKLFK� FDQ� RFFXS\� WKH� VDPH� HQHUJ\� OHYHO�� 3KRWRQV�� JUDYLWRQV�� DQG� SL� PHVRQV
EH�ORQJ� WR� WKLV� FODVV�� 7KH� JUDYLWRQ� LV� WKH� XQLW� RI� JUDYLWDWLRQDO� HQHUJ\�� $FFRUGLQJ� WR� WKH
8QLILHG� )LHOG� 7KHRU\�� JUDYLW\� LV� MXVW� DQRWKHU� DVSHFW� RI� HOHFWURPDJQHWLVP� OLNH� OLJKW�� UDGLR
ZDYHV�DQG�RWKHU�IRUPV�RI�HOHFWUR�PDJQHWLF�UDGLDWLRQ�
3URIHVVRU�9DFODY�+ODYDW\�RI�,QGLDQD�8QLYHUVLW\�*UDGXDWH�,QVWLWXWH�RI�$SSOLHG�0DWKHPDWLFV
UHFHQWO\� DFKLHYHG� VROXWLRQV� WR� PDWKHPDWLFDO� HTXDWLRQV� LQ� (LQVWHLQ
V� ODWHVW� 8QLILHG� )LHOG
7KHRU\�WKDW�UHYROXWLRQL]H�RXU�FRQFHSWV�RI�HQHUJ\��PRWLRQ�DQG�PDWWHU�
'U��+ODYDW\
V�VROXWLRQV�WR�WKH�(LQVWHLQ�HTXDWLRQV�UHYHDO�WKDW�HOHFWUR�PDJQHWLVP�LV�WKH�EDVLV
RI� WKH� 8QLYHUVH� ���� ZKLFK� JRHV� EH\RQG� (LQVWHLQ
V� DWWHPSW� WR� XQLI\� JUDYLWDWLRQ� DQG
HOHFWUR�PDJQHWLVP�����WKH�WZLQ�IRUFHV�LQ�ZKLFK�KH�EHOLHYHV�WKH�8QLYHUVH�PDQLIHVWV�LWVHOI��,I
'U��+ODYDW\
V�VROXWLRQ�LV�FRUUHFW��WKH�EDVLV�RI�DOO�FRVPLF�IRUFHV��JUDYLWDWLRQ�DV�ZHOO�DV�PDWWHU
DQG�HQHUJ\��LV�EXLOW�XS�RI�DQ�DOO�SHUYDGLQJ��DOO�HPEUDFLQJ�PDWKHPDWLFDO�ILHOG�



7KHVH� WKHRULHV� ZLOO� OHDG� WR� WKH� GLVFRYHU\� RI� FRVPLF� IRUFHV� QRW� HYHQ� VXVSHFWHG� WRGD\�
*UDYLWDWLRQ�LV�QRW�WKH�EDVLV�RI�HYHU\WKLQJ��EXW�HOHFWUR�PDJQHWLVP�LV��(YHU\WKLQJ�� LQFOXGLQJ
PDQ��RZHV�LWV�H[LVWHQFH�WR�LWV�HOHFWUR�PDJQHWLF�IRUFH�ILHOG�
6R�FDOOHG�JUDYLW\�LV�FUHDWHG�E\�WKH�YRUWH[�RI�WKH�SDUWLFOH�LWVHOI�DQG�LV�UHODWHG�WR�WKH�GHQVLW\
DQG�DOVR�WKH�VL]H�RI�WKH�YRUWH[�RU�HOHFWUR�PDJQHWLF� ILHOG��7KXV�WKH�JUDYLW\�H[KLELWHG�E\�D
VXE�DWRPLF�SDUWLFOH�PD\�EH�JUHDWHU� WKDQ� VXVSHFWHG�DW� WKH�SUHVHQW� WLPH�� ,W� LV�SUHVHQW�DV
SUHVVXUH� WRZDUG� WKH� FHQWHU� RI� WKH� ILHOG�� 7KHUHIRUH�� RQH�PLJKW� WKLQN� RI� JUDYLW\� DV� DFWLQJ
LQZDUG�DW�ULJKW�DQJOHV�WR�WKH�HQHUJ\�OHYHOV�RU�VKHOOV��$QG�WR�PDNH�D�EURDGHU�VWDWHPHQW��ZH
PLJKW� VD\� WKDW� DOO� RI� WKH� SDUWLFOHV� RI� WKH� VHFRQG� FODVV� DUH� DFWLQJ� DW� ULJKW� DQJOHV� WR� WKH
VSKHULFDO�HQHUJ\�OHYHOV�RU�VKHOOV��EXW�WKH�SKRWRQV�DFW�RXWZDUG�DQG�DUH�JLYHQ�RII�DV�YDULRXV
IRUPV�RI�HOHFWUR�PDJQHWLF�HQHUJ\��%RWK�SKRWRQV�DQG�JUDYLWRQV�PRGLI\�WKH�PRWLRQ�RI�WKHLU
UHVSHFWLYH�QXFOHDU�ERG\�LQ�LWV�UROH�DV�D�VDWHOOLWH�WR�VRPH�ODUJHU�ERG\�
$V� HOHFWURQV� UHYROYH� DERXW� DWRPLF� QXFOHL� LQ� HQHUJ\� OHYHOV�� VR� SKRWRQV� UHYROYH� DURXQG
HOHFWURQLF� QXFOHL�� DQG� ZKHQ� WKH\� DUH� VXEMHFWHG� WR� HQHUJ\� WKH\� DUH� HPLWWHG� DV
HOHFWUR�PDJQHWLF� HQHUJ\� LQ�ZDYHV�� WKH� HIIHFW� RI�ZKLFK�GHSHQGV� RI� WKHLU�PRWLRQ�� )RU� WKH
SRVVLEOH�HIIHFWV�JODQFH�DW� D�FKDUW�RI� WKH�HOHFWUR�PDJQHWLF� VSHFWUXP��7KH�HIIHFWV�PD\�EH
DQ\ZKHUH�IURP�KHDW�RQ�WKH�IDU�OHIW��WKURXJK�UDGLR�ZDYHV��LQIUDUHG��YLVLEOH�OLJKW��XOWUDYLROHW�
DQG� ;�UD\V�� WR� WKH� KLJK� HQHUJ\� JDPPD� UD\V� MXVW� EHIRUH� WKH� VHFWLRQ� RI� WKH� VSHFWUXP
GHVLJQDWHG�VHFRQGDU\�FRVPLF�UD\V�
*UDYLWRQV�DUH��SDUWLFOHV��DFWLQJ�LQZDUG�SXOOLQJ�IURP�WKH�FHQWHU�GXH�WR�WKH�SUHVVXUH�WKHUHLQ
UHVXOWLQJ� IURP� WKH� H[SDQVLRQ� DQG� FRQWUDFWLRQ� RI� WKH� PDJQHWLF� ILHOG� ZKLFK� LV� D� ILHOG� RI
HOHFWULFDOO\� FKDUJHG�PRWLRQ�� 'XH� WR� WKH� SDUWLFXODU� NLQG� RI� PRWLRQ� RI� WKH� HOHFWURQ� LQ� WKH
PDJQHWLF� ILHOG�� QR� VHQVDWLRQ� RI� HOHFWULFLW\� LV� IHOW�� 7KH� ODWWHU� UHVXOWV� ZKHQ� WKH� QHJDWLYHO\
FKDUJHG�HOHFWURQV�PRYH�WKURXJK�WKH�SRVLWLYHO\�FKDUJHG�VROXWLRQ�FDOOHG�DWPRVSKHUH�ZLWK�D
IULFWLRQDO�PRWLRQ��$WPRVSKHUH�DV�XVHG�KHUH�� UHIHUV� WR� WKH�HOHFWUR�PDJQHWLF� ILHOG��QRW� MXVW
�DLU��
�����7KH�SDUWLFOHV�WKDW�JR� WR�PDNH�XS�WKH�HWKHUV�FDQ�EH�WKRXJKW�RI� ����DV�VXE�VXE�DWRPLF
PDWWHU�����DQG�DV�\RX�
VXE
� ORZHU�WKDQ�WKDW�ZH�JR�RXW�RI�H[LVWHQFH�DV�IDU�DV�WKH�ZRUOG�RI
PDWWHU�PHDVXUDEOH�LV�FRQFHUQHG�������%�6�5�$��6SHFLDO�5HSRUW�����&�����
1RZ�OHW�XV�FRQVLGHU�DWRPLF�VWUXFWXUH�
$OWKRXJK� ZH� FRXOG� SUREDEO\� EH� PRUH� QHDUO\� FRUUHFW� LI� ZH� UHJDUGHG� DOO� WKH� VR�FDOOHG
SDUWLFOHV� DV�PRWLRQ� UDWKHU� WKDQ� VXEVWDQFH��ZH� UHWDLQ� WKH�SK\VLFLVWV� WHUPLQRORJ\� LQ� RUGHU
WKDW� WKRVH�ZKR�DUH�DFTXDLQWHG� VRPHZKDW�ZLWK�DWRPLF�SK\VLFV� FDQ� MXGJH� IRU� WKHPVHOYHV
ZKDW�LV�VWDWHG�
7KH� ROG� FODVVLFDO� LGHD� RI� DQ� DWRP� FRQVLVWLQJ� VLPSO\� RI� D� SRVLWLYH� QXFOHXV� ZLWK� QHJDWLYH
SRLQW�OLNH�HOHFWURQV�UHYROYLQJ�UDSLGO\�DURXQG�LW�LV�QRZ�IRXQG�WR�EH�TXLWH�LQDGHTXDWH��$OVR�
ZH�DUH�QRW�VR�FHUWDLQ�WKDW�WKHUH�LV�D�WUHPHQGRXV�DPRXQW�RI�HPSW\�VSDFH�EHWZHHQ�WKHVH
HQWLWLHV��)RU�VXE�VXE�DWRPLF�PDWWHU�ZRXOG�LQGLFDWH�VDWHOOLWHV�RI�VDWHOOLWHV�WR�D�PLFUR�LQILQLW\
VHSDUDWHG�E\�WKH�,QILQLWH�/LJKW�RI�WKH�&UHDWRU��NQRZQ�WR�WKH�4DEEDOLVWV�DV�$LQ�6RSK�$XU�
WKH�/LPLWOHVV�/LJKW�
7KH� QHZHU� WKHRU\� RI� ZDYH� PHFKDQLFV� HQYLVLRQV� WKH� HOHFWURQ� DV� D� VWDQGLQJ� ZDYH



XQGXODWLQJ� WR� DQG� IUR�� :KHQ� WKH� HOHFWURQ� HPLWV� HQHUJ\� LWV� HQHUJ\� OHYHO� RU� VKHOO� LV
FRQWUDFWHG�DFFRUGLQJO\��:KHQ�LW�DEVRUEV�HQHUJ\�WKH�VKHOO�LV�H[SDQGHG��7KH�DSSDUHQW�PDVV
GHSHQGV�RQ�LWV�VSHHG��6LQFH�WKH�HOHFWURQ�URWDWHV��ZH�PXVW�QRZ�FRQFHLYH�RI�WKLV�XQGXODWLQJ
PRUH� RU� OHVV� VSKHULFDO� VKHOO� URWDWLQJ� RU� VSLQQLQJ�� 7KLV� URWDWLRQ� LV� EURXJKW� DERXW� E\� WKH
HIIHFW�RI�IOX[�VHW�XS�E\�WKH�FKDUJHG�VROXWLRQ�LQ�ZKLFK�WKH�HOHFWURQ�LV�IRXQG��7KH�URWDWLRQ
EULQJV�DERXW�SRODULW\��PDJQHWLVP��JUDYLW\��HOHFWULFLW\��HWF�
1RZ��EHIRUH�ZH� OHDYH� WKLV�GLVFXVVLRQ�RI�ZKDW�DQ�HOHFWURQ� LV�� OHW
V� LQFOXGH� LQ�RXU�FRQFHSW
ZKDW�ZRXOG�JLYH�ULVH�WR�WKLV�PRUH�RU�OHVV�FLUFXODU�VWDQGLQJ�ZDYH�XQGXODWLQJ�WR�DQG�IUR��7KLV
FDQ� DOVR� EH� WKRXJKW� RI� DV� D�PDQLIHVWDWLRQ� RI� WKH� YRUWH[� RU� HOHFWUR�PDJQHWLF� ILHOG�� 7KLV
HIIHFW�FDQ�EH�SLFWXUHG�E\�LPDJLQLQJ�WKH�ZDYH�HIIHFW�RI� WZR�VHULHV�RI�YHUWLFDO�URZV�RI� ILVK
SDVVLQJ� XQLIRUPO\� EHWZHHQ� HDFK� RWKHU� DW� D� QLQHW\�GHJUHH� DQJOH� DQG� WKHQ� EDFNLQJ� XS�
:RXOG�QRW� WKLV�PRWLRQ� LQ� UK\WKP�JLYH� WKH�HIIHFW�RI� D� VSKHULFDO�XQGXODWLQJ�ZDYH"� ,Q� WKH
FDVH� RI� WKH� DWRP� WKHVH� ZDYHV� DUH� SURGXFHG� E\� SDUDOOHO� OLQHV� RI� IRUFH� SDVVLQJ� EHWZHHQ
HDFK�RWKHU�DW�ULJKW�DQJOHV�ZLWK�D�UK\WKPLF��EUHDWKLQJ��UHVXOWLQJ�IURP�WKH�SRVLWLYH�QHJDWLYH
VWUDLQ�� 7KH� SRVLWLYH� OLQHV� RI� IRUFH� DUH� FRPSRVHG� RI� SRVLWLYHO\� FKDUJHG� SDUWLFOHV�� DQG� WKH
QHJDWLYH� OLQHV�RI� IRUFH�RI�QHJDWLYH�SDUWLFOHV� LQWHUVHFW� WKHP�DW�ULJKW�DQJOHV� IRUPLQJ�D� IOX[
HIIHFW��7KLV�LQWHUVHFWLRQ��ZKHQ�WKH�OLQHV�DUH�RI�HTXDO�GHQVLW\�DQG�YLEUDWLRQ��IRUPV�DQ�DWRP
FRQVLVWLQJ�RI�SURWRQV�DQG�HOHFWURQV�DQG�DQ�HOHFWUR�PDJQHWLF�ILHOG��,W�LV�EHFDXVH�WKHVH�WZR
NLQGV�RI� OLQHV�RI� IRUFH�KDYH�GLIIHUHQW�VSHHGV�WKDW�VFLHQWLVWV�KDYH�UHFHQWO\�GLVFRYHUHG�WKDW
WKH�VSHHG�RI�OLJKW�LV�QRW�FRQVWDQW�DW���������PLOHV�SHU�VHFRQG�
6HYHUDO�PRQWKV�DJR��D�QDYDO�UHVHDUFK�HQJLQHHU�VDLG�KH�DQG�IRXU�DVVRFLDWHV�SKRWRJUDSKHG
D�VSRW�RI�OLJKW�PRYLQJ�DFURVV�D�FDWKRGH�UD\�WXEH�DW���������PLOHV�SHU�VHFRQG��IDVWHU�WKDQ
WKH�UHFRJQL]HG�VSHHG�RI�OLJKW�
3HUSHQGLFXODU� WR� WKHVH� LQWHUVHFWLQJ� OLQHV� RI� IRUFH� DUH� RWKHU� SDUDOOHO� OLQHV� RI� IRUFH� ZKLFK
H[WHQG�LQILQLWHO\�WKURXJKRXW�DOO�VSDFH��7KHVH�KDYH�DQ�H[WUHPHO\�KLJK�UDWH�RI�YLEUDWLRQ�EXW
QR�PRWLRQ� DV� WR� GLUHFWLRQ�� 7KLV� LV�ZKDW� LV�PHDQW� E\� VSDFH� LQWHOOLJHQFHV�ZKHQ� WKH\� VD\�
�/LJKW�GRHV�QRW�WUDYHO�����OLJKW�,6���7KHVH�OLQHV�RI�IRUFH�HVWDEOLVK�SRODULW\�DQG�WKH�UHVXOWLQJ
HIIHFWV�� 7KH\� DUH� WKH� FUHDWLYH� FDXVDWLRQ� IRUFH� RI� WKH� &UHDWLYH� ,QWHOOLJHQFH�� DQG� WKH
LQVXODWLQJ� IRUFH� EHWZHHQ� VXFFHVVLYH� HOHFWURQ� VKHOOV�� 7KH\�PDNH�SRVVLEOH� FUHDWLRQ� RI� QHZ
SDUWLFOHV�DQG�DGG�WR�WKH�URWDWLRQ�RI�SDUWLFOHV�DOUHDG\�H[LVWLQJ�E\�VSLUDO�LQGXFWLRQ�DQG�SDUWLDO
SHQHWUDWLRQ�
,W� LV� WKLV� IRUFH�ZKLFK� FRQGHQVHV� DQG� HVFDSHV� LQYLVLEO\� DV� D� �QHXWULQR��ZKHQ� DQ� DWRP� LV
�VSOLW���,W� LV� WKH�SDUW�RI� WKH�DWRP�ZKLFK�XQGHUJRHV�D��UHVXUUHFWLRQ���3K\VLFLVWV�GLVFRYHUHG
WKH�QHXWULQR��ZKLFK�WKH\�EHOLHYH�WR�KDYH�D�PDVV�RI� OHVV�WKDQ�RQH�WZR�WKRXVDQGWK�RI�WKH
PDVV� RI� DQ� HOHFWURQ�� IURP� WKH� IDFW� WKDW� LQ� WKH� QXFOHDU� SURFHVV� RI� D� QHXWURQ� EHLQJ
FRQYHUWHG� LQWR� D� SURWRQ� DQG� DQ� HOHFWURQ� WKHUH� ZDV� VRPH� PLVVLQJ� VSLQ� HQHUJ\�� 7KH
QHXWULQR�ZDV�SRVWXODWHG�DV�WKH�FDUULHU�RI�WKLV�HQHUJ\�
,W�FDUULHV�QR�HOHFWULF�FKDUJH��EXW�DQ�LGHD�RI�LWV�FKDUDFWHU�PLJKW�EH�PRUH�HDVLO\�JUDVSHG�E\
UHDOL]LQJ� WKDW�D�EHDP�RI�QHXWULQRV�ZRXOG� WUDYHO� WKURXJK� OHDG�RI� DOPRVW� LQILQLWH� WKLFNQHVV
ZLWK� QR� GHFUHDVH� LQ� LQWHQVLW\�� ,QGHHG�� WKH� QHXWULQR�� ZKLFK� SK\VLFLVWV� FDQ
W� VHH� DV� WKH\
KDYH� VHHQ� WUDFNV� RI� RWKHU� QXFOHDU� SDUWLFOHV� RQ� SKRWRJUDSKLF� ILOP�� DSSHDUV� WR� EH� WKH
FUHDWLYH�OLJKW�IRUFH�RI�WKH�,QILQLWH�)DWKHU��7KH�/LPLWOHVV�/LJKW�����WKH�/LJKW�WKDW�,6��,W�LV�WKH
EDODQFLQJ�IRUFH�RI�WKH�2PQLYHUVH�
,Q�UHJDUG�WR�WKH�QXFOHXV�RI�WKH�DWRP��SK\VLFLVWV�DUH�FRQVLGHULQJ�YDULRXV�WKHRULHV��WU\LQJ�WR



XQGHUVWDQG�ZKDW�KROGV�LWV�SURWRQV�DQG�QHXWURQV�WRJHWKHU� LQ�WKH�QXFOHXV�VLQFH�HOHFWULFDOO\
OLNH�IRUFHV�UHSHO��$�TXDOLWDWLYH�DQVZHU�LV�JLYHQ�E\�FHUWDLQ�RI�WKH�PHVRQV��EXW�TXDQWLWDWLYH
PHDVXUHPHQWV� DZDLW� IXUWKHU� GHYHORSPHQW�� EHFDXVH� WKH� IRUFHV� DFWLQJ� EHWZHHQ� D�PHVRQ
DQG�SURWRQ�RU�QHXWURQ�DUH�VDLG�WR�EH�DSSUR[LPDWHO\�RQH�WKRXVDQG�WLPHV�VWURQJHU�WKDQ�WKH
IRUFHV�DFWLQJ�EHWZHHQ�DQ�HOHFWURQ�DQG�HOHFWULF�ILHOG�
+RZHYHU�� LQ� NHHSLQJ�ZLWK� WKH� GLIIHUHQFHV� LQ� WKH� VSHHG� RI� SKHQRPHQD�ZLWKLQ� WKH� DWRP�
FRXOG�ZH� QRW� VD\� WKDW� WKH� YRUWLFDO� FXUUHQWV�ZHUH� VXIILFLHQWO\� VWURQJ� WR� NHHS� WKH� QXFOHDU
PDWWHU� FRQFHQWUDWHG� LQ� D� FRPSDUDWLYHO\� VPDOO� DUHD� UHJDUGOHVV� RI� LWV� DSSDUHQW� PDVV
UHODWLRQVKLSV"�,Q�RWKHU�ZRUGV��LI�JUDYLW\�LV�UHFRJQL]HG�DV�D�IRUFH�DFWLQJ�LQZDUG�DV�D�UHVXOW
RI� YRUWLFDO� FXUUHQWV� RI� WKH� DWRP�� WKH� ZHLJKWV� DQG� PHDVXUHV� GHYHORSHG� LQ� WKH� YRUWLFDO
FXUUHQWV�RI� WKH�(DUWK� KDYH�QR� LQWULQVLF� YDOXH�RI� WKHPVHOYHV�ZKHQ� UHIHUULQJ� WR� WKH�DWRP�
,QIRUPDWLRQ� UHFHLYHG� E\� WKH� %�6�5�$�� VWDWHV� LI� RQH� DWRP�ZHUH� HYHU� WUXO\� VPDVKHG�� \RXU
ZKROH�V\VWHP�ZRXOG�EH� WXUQHG� LQWR�D�VXSHU�VRODU� ����QRWKLQJ�EXW� OLJKW� UDGLDWLRQ� ����PDQ\
PLOOLRQV�RI�WLPHV�EULJKWHU�WKDQ�\RXU�VXQ���1R�ZRQGHU�VSDFH�YLVLWRUV�DUH�FRQFHUQHG�RYHU�RXU
DWRPLF�H[SHULPHQWV�
%HIRUH�ZH� OHDYH� WKH� VXEMHFW� RI� DWRPLF� VWUXFWXUH�� OHW
V�JODQFH�DW� WKH� LGHD�RI� WKH� LQYHUWHG
DWRP�� 3K\VLFLVWV� KDYH� IRXQG� VKRUW�OLYHG� SDUWLFOHV� LQ� DOO� FDVHV� WKDW� DUH� WKH� HOHFWULFDO
RSSRVLWHV�RI�WKH�SUHYDOHQW�SDUWLFOHV� LQ�RXU�DWRPLF�VWUXFWXUH��6RPH�RI�WKHVH�� LQFOXGLQJ�WKH
QHZO\�IRXQG�DQWL�SURWRQ�KDYH�EHHQ�IRXQG�LQ�FRVPLF�UD\V��7KHVH�DUH�HYLGHQWO\�WKH�SDUWLFOHV
WKDW�IRUP�DWRPV�EXLOW�ZLWK�QHJDWLYH�QXFOHL�DQG�SRVLWLYH�VDWHOOLWHV��6XEVWDQFHV�FRQVWUXFWHG
RI� VXFK� DWRPV� ZRXOG� EH� LGHQWLFDO� H[FHSW� WKDW� WKH\� ZRXOG� EH� LQYLVLEOH� WR� RXU� SK\VLFDO
VHQVHV��ZKLFK�ZHUH�FRQVWUXFWHG� WR� UHFRJQL]H�VXEVWDQFH� IRUPHG�RI�DWRPV�KDYLQJ�SRVLWLYH
QXFOHL� DQG� QHJDWLYH� VDWHOOLWHV�� 3K\VLFDO� YLVLRQ� LV� VHQVLWLYH� RQO\� WR� SRVLWLYH� OLJKW� UHIOHFWLQJ
IURP�QHJDWLYH�VXEVWDQFH�RQ�D�QHJDWLYH�SODQHW��,QQHU�SHUFHSWLRQV�VHH�FRORUV�UHVXOWLQJ�IURP
QHJDWLYH� OLJKW�� 1HLWKHU� UHIOHFWLRQV� IURP� QHJDWLYH� VXEVWDQFH� RU� UHIOHFWLRQV� IURP� SRVLWLYH
VXEVWDQFH�DUH�UHDOLW\��DQG�QHLWKHU�DUH�WKH\�YLVLRQV�����WKH\�DUH�RQO\�UHIOHFWLRQV�IURP�UHDOLW\�
1RZ�OHW�XV�FRQVLGHU�PROHFXODU�VWUXFWXUH�
7KH� VWUXFWXUH� RI� D� PROHFXOH� LV� GHSHQGHQW� RQ� WKH� VWUXFWXUH� RI� WKH� DWRPV� RI� ZKLFK� LW� LV
FRPSRVHG�� 6FLHQFH� KDV� UHFHQWO\� IRXQG� WKDW� LQ� RUGHU� IRU� WZR� DWRPV� RI� K\GURJHQ� WR
DVVRFLDWH� WKHPVHOYHV�DV�D�PROHFXOH�� WKHLU� UHVSHFWLYH�VLQJOH�HOHFWURQV�PXVW�KDYH�RSSRVLWH
GLUHFWLRQV�RI�URWDWLRQ�RU�VSLQ��7KXV�ZH�VHH�WKH�SRVLWLYH�QHJDWLYH�DVVRFLDWLRQ� LQWR�RQHQHVV
UHIOHFWHG�HYHQ�LQ�WKH�PROHFXOH�
/LNH�SODQHWV��VRPH�PROHFXOHV�SRVVHVV�URWDWLRQDO�HQHUJ\�DQG�RWKHUV��VXFK�DV�WKH�GLDWRPLF
V\PPHWULFDO�PROHFXOHV�RI�K\GURJHQ��QLWURJHQ�DQG�R[\JHQ��GR�QRW�
:KHQ�DWRPV�RU�PROHFXOHV�DUH�DUUDQJHG�LQ�SHUIHFW�RUGHU��WKH�UHVXOW�LV�NQRZQ�DV�D�FU\VWDO�
,UUHJXODULW\�RI�DWRPLF�RU�PROHFXODU�RUGHU�UHVXOWV�LQ�D�IOXLG��$�WUXH�VROLG�VWDWH�LV�DOZD\V�LQ�D
GHILQLWH� FU\VWDOOLQH� IRUP�� &U\VWDOV� RI� SXUH�PHWDOV� KDYH� UHFHQWO\� EHHQ� VWXGLHG� DQG� LW� KDV
EHHQ�IRXQG�WKDW�GLIIHUHQW�FU\VWDO�IDFHV�RI�D�PHWDO�EHKDYH�DV�LI�WKH\�ZHUH�HQWLUHO\�GLIIHUHQW
PHWDOV�� (YLGHQWO\�� WKH� FU\VWDOOLQH� JHRPHWULFDO� IRUPV� GHWHUPLQHG� E\� WKH� HOHFWUR�PDJQHWLF
ILHOG�RI�WKH�DWRPV�SURGXFH�D�GLIIHULQJ�ILHOG�RQ�HDFK�IDFH�
&U\VWDOV�ZKLFK�GR�QRW�KDYH� LGHQWLFDO�FKDUDFWHULVWLFV� LQ�DOO�GLUHFWLRQV��QRW�FXELF��DUH�FDOOHG
DQLVRWURSLF� FU\VWDOV��:KHQ� D� UD\� RI� OLJKW� HQWHUV� DQ� DQLVRWURSLF� FU\VWDO� LW� LV� VSOLW� LQWR� WZR
FRPSRQHQWV�ZKLFK� WUDYHO�ZLWK�GLIIHUHQW�YHORFLWLHV�DQG� IROORZ�GLIIHUHQW�SDWKV��3HUKDSV� WKH



FU\VWDO�LV�KHUH�GLYLGLQJ�WKH�SRVLWLYH�DQG�QHJDWLYH�OLJKW�OLQHV�RI�IRUFH�
$QRWKHU�LQWHUHVWLQJ�IDFW�RI�PROHFXODU�VWUXFWXUH�WKDW�KDV�UHFHQWO\�EHHQ�UHYHDOHG�LV�WKDW�WKH
WKRXVDQGV� RI� DWRPV� LQ� ILEURXV� SURWHLQ� PROHFXOHV� VXFK� DV� WKRVH� FRPSRVLQJ� KDLU�� KRUQ�
ILQJHUQDLO�� PXVFOH� DQG� SRUFXSLQH� TXLOO�� DUH� DUUDQJHG� LQ� WKH� IRUP� RI� D� KHOL[�� 7KLV� IRUP
UHVXOWV�ZKHQ�DV\PPHWULF�REMHFWV��WKH�DPLQR�DFLGV��DUH�MRLQHG�WRJHWKHU�LQ�VXFK�D�ZD\�WKDW
HDFK� RQH� KDV� WKH� VDPH� JHRPHWULFDO� UHODWLRQVKLS� WR� LWV� QHLJKERXUV�� 6RPH� RI� WKHVH
PROHFXOHV�WKHQ�IRUP�D�FRPSRXQG�KHOL[�RU�D�FRLO�RI�FRLOV��HWF��7KXV�VFLHQFH� LV�GLVFRYHULQJ
WKH�OLQNLQJ�IRUPV�EHWZHHQ�WKH�DWRP�DQG�WKH�ELRORJLFDO�VWUXFWXUHV�
$Q�HOHFWURQ�PLFURJUDSK�RI�D�EDFWHULDO�IODJHOOXP�KDV�VKRZQ�D�WKUHH�VWUDQG�FDEOH�ZKLFK�E\
LWV�GLDPHWHU�VXJJHVWV�LW�LV�D�VHYHQ�VWUDQG�FDEOH�RI�VHYHQ�VWUDQG�FDEOHV�
7KH�VSDFH�SHRSOH�KDYH�VDLG�WKDW�WKH�IRUPV�RI�FU\VWDOV�ZLWKLQ�WKH�EORRG�DUH�WKH�VRXUFH�RI
HQHUJ\� IRU� PDQ
V� HYHU\� PRWLRQ�� 7KH� FU\VWDOV� LQ� WKH� EORRG�� E\� GLIIXVLQJ�� UHIUDFWLQJ� DQG
UHIOHFWLQJ� WKH� SRVLWLYH� DQG� QHJDWLYH� OLJKW� OLQHV� RI� IRUFH�� DQG� E\� RSSRVLQJ� SRODUL]HG
FRQGLWLRQV�� EULQJ� DERXW� WKH� IORZ� RI� WKH� EORRG� E\� OLJKW� HQHUJ\� DQG� DV� D� UHVXOW�� WKH
IXQFWLRQLQJ�RI�WKH�KHDUW�
7KH�IDFW�WKDW�WKHUH�DUH�FU\VWDOV�ZLWKLQ�WKH�EORRG�VWUHDP�LV�VLJQLILFDQW�LQ�UHODWLRQ�WR�WKH�XVH
RI� WKH� FU\VWDOOLQH� IRUP� LQ� WKH� 7\SH� �� �ILUHEDOO��� )RU�PRUH� LQIRUPDWLRQ� RQ� WKHP� VHH� 7KH
+DUYHVWHUV�LQ�WKLV�ERRN�LQ�WKH�VHFWLRQ�FDOOHG��2WKHU�)OHVK�
0DQ�� LQWHUPHGLDWH� EHWZHHQ� WKH� 0LFURFRVP� DQG� WKH� 0DFURFRVP�� VKRZV� VLPLODULW\� WR� WKH
DWRPLF�VWUXFWXUH�LQ�WKH�H[SDQVLRQ�DQG�FRQWUDFWLRQ�RI�KLV�PXVFOHV��LQ�KLV�UK\WKPLF�EUHDWKLQJ
WR�VXVWDLQ�OLIH��DQG�KLV�VKHOO�OLNH�ILHOGV�RI�YLEUDWLRQ�VXUURXQGLQJ�WKH�YLVLEOH�ERG\�
'U�� &HFLO� %RZLE\� RI� /RV� $QJHOHV�� &DOLIRUQLD�� UHFHQWO\� UHSRUWHG� WKDW� KH� KDV� VXFFHHGHG� LQ
SKRWRJUDSKLQJ�IRXU�GLVWLQFW�ILHOGV�RI�YLEUDWLRQ�DURXQG�WKH�KXPDQ�ERG\�ZKLFK�DUH�LQ�YDULRXV
FRORUV� LQYLVLEOH� WR� WKH�QDNHG�H\H��7KH\�DUH��UHVSHFWLYHO\��DERXW�RQH�KDOI� LQFK��VL[� LQFKHV�
WKUHH� IHHW�� DQG� QLQH� IHHW� DQG� RYHU� IURP� WKH� VNLQ�� +H� EHOLHYHV� WKH� IRXUWK� ILHOG� LV� WKH
VWURQJHVW��WKDW�LV��PRVW�H[WHQVLYH�ZKHQ�SHUVRQV�UDGLDWH�VWURQJ�IHHOLQJV��HVSHFLDOO\�WKRVH�RI
ORYH�DQG�SHDFH�
1RZ�OHW�XV�FRQVLGHU�RXU�RZQ�6RODU�6\VWHP�
,Q�2QH�7ZR�7KUHH�����,QILQLW\��'U��*HRUJH�*DPRZ�VD\V���7KH�SLFWXUH�RI�DQ�DWRP�EHJDQ�WR
ORRN�PRUH�OLNH�D�PLQLDWXUH�VRODU�V\VWHP�ZLWK�DQ�DWRPLF�QXFOHXV�IRU�WKH�VXQ��DQG�HOHFWURQV
IRU�SODQHWV��7KH�DQDORJ\�ZLWK�WKH�SODQHWDU\�V\VWHP�FDQ�EH�IXUWKHU�VWUHQJWKHQHG�E\�WKHVH
IDFWV�� WKH�DWRPLF�QXFOHXV�FRQWDLQV�������SHU�FHQW�RI� WKH� WRWDO�DWRPLF�PDVV�DV�FRPSDUHG
ZLWK� ������ SHU� FHQW� RI� WKH� VRODU� V\VWHP� FRQFHQWUDWHG� LQ� WKH� VXQ�� DQG� WKH� GLVWDQFHV
EHWZHHQ�WKH�SODQHWDU\�HOHFWURQV�H[FHHG�WKHLU�GLDPHWHUV�E\�DERXW�WKH�VDPH�IDFWRU��VHYHUDO
WKRXVDQG� WLPHV�� ZKLFK� ZH� ILQG� ZKHQ� FRPSDULQJ� LQWHUSODQHWDU\� GLVWDQFHV� ZLWK� WKH
GLDPHWHUV�RI�WKH�SODQHWV��7KH�PRUH� LPSRUWDQW�DQDORJ\� OLHV��KRZHYHU�� LQ�WKH�IDFW�WKDW�WKH
HOHFWULF� DWWUDFWLRQ�IRUFHV� EHWZHHQ� WKH� DWRPLF� QXFOHXV� DQG� WKH� HOHFWURQV� REH\� WKH� VDPH
PDWKHPDWLFDO�ODZ�RI�LQYHUVH�VTXDUH��WKDW� LV��WKH�IRUFHV�DUH�LQYHUVHO\�SURSRUWLRQDWH�WR�WKH
VTXDUH�RI�WKH�GLVWDQFH�EHWZHHQ�WZR�ERGLHV��DV�WKH�JUDYLW\�IRUFHV�DFWLQJ�EHWZHHQ�WKH�VXQ
DQG� WKH� SODQHWV�� 7KLV� PDNHV� WKH� HOHFWURQV� GHVFULEH� WKH� FLUFXODU� DQG� HOOLSWLF� WUDMHFWRULHV
DURXQG�WKH�QXFOHXV��VLPLODU�WR�WKRVH�DORQJ�ZKLFK�WKH�SODQHWV�DQG�FRPHWV�PRYH�LQ�WKH�VRODU
V\VWHP��



+RZHYHU��SK\VLFLVWV�KDYH�VWUHVVHG�WKH�IDFW�WKDW��DQ�DWRP�GLIIHUV�IURP�WKH�VRODU�V\VWHP�E\
WKH� IDFW� WKDW� LW� LV� QRW� JUDYLWDWLRQ� WKDW� PDNHV� HOHFWURQV� JR� URXQG� WKH� QXFOHXV�� EXW
HOHFWULFLW\����+��1��5XVVHOO���%XW�ZKDW�GLIIHUHQFH�GRHV�LW�PDNH��VLQFH�JUDYLW\�DQG�HOHFWULFLW\
DUH� ERWK� PDQLIHVWDWLRQV� RI� HOHFWURPDJQHWLVP�� 7KLV� LV� DQ� H[DPSOH� RI� VFLHQWLVWV� FDOOLQJ
HIIHFW�� FDXVH���� LI� WKH\� ORRNHG�EH\RQG�JUDYLWDWLRQDO�DQG�HOHFWULFDO�SKHQRPHQD� WKH\�ZRXOG
ILQG�WKH�FDXVH�RI�ERWK��ZKLFK�LV�HOHFWUR�PDJQHWLVP�
$QRWKHU�GLIIHUHQFH�ZDV�DOVR�GLVFRYHUHG��$Q�HOHFWURQ�LQ�DQ�DWRP��RQ�DEVRUELQJ�WKH�HQHUJ\
RI�D�SKRWRQ��OLJKW��� MXPSV�WR�DQRWKHU�RUELW��DQG�DJDLQ�WR�DQRWKHU�ZKHQ�LW�HPLWV�OLJKW�DQG
UHOHDVHV�WKH�HQHUJ\�RI�D�SKRWRQ��%HFDXVH�RI�WKLV�SKHQRPHQRQ��FRPSDULVRQ�ZLWK�WKH�VRODU
V\VWHP�GLG�QRW�VHHP�YDOLG��$�FULWLF�VDLG���:H�GR�QRW�UHDG�LQ�WKH�PRUQLQJ�QHZVSDSHUV�WKDW
0DUV�OHDSHG�WR�WKH�RUELW�RI�6DWXUQ��RU�6DWXUQ�WR�WKH�RUELW�RI�0DUV���7KLV�LV�WUXH��ZH�GR�QRW
UHDG�LW� LQ�WKH�QHZVSDSHUV��EXW�WKH�DWRP�ZLWK�LWV�V\VWHP�RI�HOHFWURQV�URWDWLQJ�DURXQG�WKH
FHQWUDO�QXFOHXV�UHVHPEOHV�WKH�SODQHWDU\�V\VWHP��,Q�FRQVLGHULQJ�WKH�DWRP��WKH�MXPSLQJ�RI
HOHFWURQV� IURP� RQH� RUELW� WR� DQRWKHU�� ZKHQ� KLW� E\� WKH� HQHUJ\� RI� D� SKRWRQ�� WDNHV� SODFH
PDQ\�WLPHV�D�VHFRQG��ZKHUHDV�LQ�DFFRUG�ZLWK�WKH�YDVWQHVV�RI�WKH�VRODU�V\VWHP��D�VLPLODU
SKHQRPHQRQ� RFFXUV� WKHUH� RQFH� LQ� WKRXVDQGV� RI� \HDUV�� 2XU� RZQ� 6RODU� 6\VWHP� KDV
H[SHULHQFHG�GLVSODFHPHQWV�LQ�LWV�SODQHWDU\�PHPEHUV�RYHU�WKH�FHQWXULHV�DQG�WKLV�LV�VLPLODU
WR�WKH��RUELW�MXPSLQJ��RI�DQ�HOHFWURQ�
7KH�FLUFXODU�PRWLRQ�RI�DQ�HOHFWURQ�DURXQG�WKH�QXFOHXV�RI�DQ�DWRP��RU�D�SODQHW�DURXQG�WKH
VXQ� RI� D� VRODU� V\VWHP�� JLYHV� ULVH� WR� DQ� LQWHQVLYH� HOHFWUR�PDJQHWLF� UDGLDWLRQ�� DQG� LQ� WKLV
DFWLRQ�WKH\�DUH�LGHQWLFDO��7KH�FLUFXODU�PRWLRQ�UHIHUUHG�WR�LV�DQ�HIIHFW�RI�LQWHUVHFWLQJ�OLQHV�RI
IRUFH�
1RZ�OHW�XV�FRQVLGHU�WKH�*DODFWLF�6\VWHP�
7RZDUG�WKH�FHQWHU�RI� WKH�*DODFWLF�6\VWHP�LV� IRXQG�WKH�QXFOHDU�UHJLRQ�ZKLFK�FRUUHVSRQGV
WR� WKH� VXQ� RI� D� VRODU� V\VWHP� DQG� WKH� QXFOHXV� RI� DQ� DWRP�� 7KH� PDQ\� VRODU� V\VWHPV
UHYROYLQJ� DERXW� WKH�QXFOHXV� UHJLRQ�RI� D� JDOD[\� FRUUHVSRQG� WR� SODQHWV� UHYROYLQJ� DERXW� D
VXQ�DQG�HOHFWURQV�UHYROYLQJ�DERXW�DQ�DWRPLF�QXFOHXV�
$W�SUHVHQW�DVWURQRPHUV�DUH�ZRQGHULQJ�ZKHWKHU�PDJQHWLF�ILHOGV�H[LVW�LQ�WKH�JDOD[\��&RVPLF
UDGLDWLRQ� VXJJHVWV� DQ� DQVZHU�� 7KH� LQWHQVLW\� RI� FRVPLF� UDGLDWLRQ� LV� DOPRVW� WKH� VDPH
DQ\ZKHUH�RQ� WKH�JOREH��7KLV� LQGLFDWHV� WKDW�PDJQHWLF� ILHOGV�DUH�EULQJLQJ�DERXW�D� UDQGRP
GLVWULEXWLRQ� RI� FRVPLF� UD\V� LQ� VSDFH�� &RVPLF� UD\� HYLGHQFH� LV� FRQVLGHUHG� WKH� VWURQJHVW
DUJXPHQW� IRU� WKH�H[LVWHQFH�RI� WKHVH� ILHOGV�� ,I�DQ�DWRP�DQG�D�VRODU�V\VWHP�RSHUDWH� LQ�DQ
HOHFWURPDJQHWLF�ILHOG��ZH�ZRXOG�H[SHFW�WR�ILQG�D�JDOD[\�DOVR�RSHUDWLQJ�LQ�VXFK�D�ILHOG��7KH
URWDWLRQ�DW� WKH�HGJHV�RI�D�VSLUDO�JDOD[\� LV�VORZHU�WKDQ�QHDU�WKH�FHQWHU�� MXVW�DV�WKH�RXWHU
SODQHWV�LQ�WKH�VRODU�V\VWHP�WUDYHO�VORZHU�WKDQ�WKRVH�QHDU�WKH�VXQ�
7KH�QHZ�ZRUG� LQ� DVWURQRP\� LV� �PDJQHWR�K\GURG\QDPLFV���6FLHQWLVWV� VD\� WKDW� LQWHUVWHOODU
VSDFH�LV�QRZ�NQRZQ�WR�EH�SHUYDGHG�E\�PDJQHWLF�ILHOGV��3UHVXPDEO\�WKH\�DUH�SURGXFHG�E\
HOHFWULF� FXUUHQWV� FLUFXODWLQJ� LQ� VSDFH�� VD\� WKH� DVWURQRPHUV�� 0RGHUQ� WKHRU\� EHJLQV� WR
YLVXDOL]H�D�JDOD[\�DV�D�WUHPHQGRXV�HOHFWUR�PDJQHW��ZLWK�FXUUHQWV�RI�HOHFWURQV�IORZLQJ�QRW
WKURXJK�ZLUHV�EXW�WKURXJK�WKH�YLVFRXV�� WXUEXOHQW�HGGLHV�RI�JDV�VZLUOLQJ�DERXW� LWV�FHQWHU�
(OHFWURPDJQHWLF� IRUFHV� VHHP� FRPSHWHQW� WR� GR� ZKDW� WXUEXOHQFH� DORQH� FDQQRW� GR�� WKH\
PLJKW� IRUP�GLVFUHWH�DUPV�DQG�HYHQ� OHDG� WR� WKH� IRUPDWLRQ�RI� VWDUV�DQG� FOXVWHUV�RI� VWDUV�
7KH�PRGHUQ�WKHRU\�RI�D�JDOD[\��DFFRUGLQJ�WR�DVWURQRPHUV��SURPLVHV�WR�EH�DV�LQWULFDWH�DV



WKH� QRZ� ULFKO\� REVHUYHG� VWUXFWXUDO� GHWDLOV�� 7HQ� \HDUV� DJR� LQ� WKHLU� K\SRWKHVHV� RI� FRVPLF
HYROXWLRQ� WKH\� ZHUH� WKLQNLQJ� LQ� WHUPV� RI� JUDYLWDWLRQ� DQG� OLJKW� SUHVVXUH�� 2QO\� \HVWHUGD\
WKH\� UHDOL]HG� WKH\�PD\� FRQWHPSODWH� D� JDOD[\� WKDW� LV� HVVHQWLDOO\� D� JUDYLWDWLQJ�� WXUEXOHQW
HOHFWUR�PDJQHW�
1RZ�OHW�XV�FRQVLGHU�WKH�6XSHUJDOD[\�
5HFHQW� HYLGHQFH� REWDLQHG� E\� SKRWRJUDSKLF� DQG� UDGLR� DVWURQRP\� LQGLFDWHV� WKDW� RXU
GLVN�VKDSHG�JDOD[\�ZH�FDOO� WKH�0LON\�:D\� LV� LWVHOI�D�PHPEHU�RI� D�GLVN�VKDSHG�JDOD[\�RU
VXSHUJDOD[\��7KH�VXSHUJDOD[\�RI�ZKLFK�ZH�DUH�D�PHPEHU�PD\�KDYH�D�SRSXODWLRQ�RI�WHQV
RI� WKRXVDQGV� RI� JDOD[LHV�� ,WV� QXFOHXV� LV� PDUNHG� E\� WKH� FOXVWHU� RI� JDOD[LHV� LQ� WKH
FRQVWHOODWLRQ� 9LUJR�� 5DGLR� ZDYHV� DUH� SLFNHG� XS� IURP� WKH� VXSHU�JDOD[\� MXVW� DV� WKH\� DUH
SLFNHG� XS� IURP�QHDU� JDOD[LHV� DQG� WKH�0LON\�:D\�� )URP� VWXG\� RI� WKH� UDGLDO� YHORFLWLHV� RI
JDOD[LHV�� WKH� LQGLFDWLRQ� LV� WKDW� WKH� �LQQHU� PHWDJDOD[\�� �WKDW� LV� WKH� QHDUHVW� UHJLRQV� RI
H[WUD�JDODFWLF� VSDFH�� LV� URWDWLQJ�� 7KLV� URWDWLRQ� LV� EHOLHYHG� WR� EH� D� SURSHUW\� RI� WKH� ORFDO
VXSHUJDOD[\�� 6HYHUDO� RWKHU� VXSHUJDOD[LHV� KDYH� EHHQ� IRXQG� LQGLFDWLQJ� WKH� SRVVLELOLW\� RU
UDWKHU� SUREDELOLW\� RI� D� KLHUDUFK\� RI� V\VWHPV� RI� HYHU� JUHDWHU� VL]H� DG� LQILQLWXP�� $OVR�
VFLHQWLVWV�KDYH�FRPH�WR�WKH�FRQFOXVLRQ�WKDW�WKH�8QLYHUVH�KDV�EHHQ�H[SDQGLQJ�VLQFH�DERXW
ILYH�ELOOLRQ�\HDUV�DJR�EHIRUH�ZKLFK�LW�ZDV�FRQWUDFWLQJ��(YHQ�WKH�8QLYHUVH�LV��EUHDWKLQJ��DV
GR�WKH�OLQHV�RI�IRUFH�WKDW�EULQJ�DERXW�WKH�DWRP�
6SDFH� LQWHOOLJHQFHV� KDYH� VDLG�� �3URJUHVVLRQ� LV� RQO\� UHFRUGHG� E\� FKDQJH� DQG� RQH� ZKR
XQGHUVWDQGV�HYHQ�KLV�SUHVHQW�HQYLURQPHQW�LV�LQGHHG�D�PDVWHU��
,Q�������6��+DUULV�VDLG���6XQV�DQG�SODQHWV�DQG�FRVPLF�IRUFHV�DUH�WKH�ZRUGV�LQ�ZKLFK�+LV
WKRXJKWV�DUH�ZULWWHQ��
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,Q� WKH� GLVFXVVLRQ� RI�� �7KH� *UDQG� 0DQ� RI� WKH� 8QLYHUVH�� ZH� KDYH� VKRZQ� WKH� VLPLODULW\�� RU
RQHQHVV�RI�DOO�&UHDWLRQ�IURP�0LFURFRVP�WR�0DFURFRVP�
:KHQ�ZH�SUHYLRXVO\�PHQWLRQHG�DQ�HOHFWURPDJQHWLF�ILHOG�RU�YRUWH[��ZH�ZHUH�UHIHUULQJ�WR�WKH
)RXUWK�*UHDW�3ULPDU\�)RUFH��RU�WKH���5HVRQDWLQJ�(OHFWURPDJQHWLF�)LHOG��50)��ZKLFK�SUHVHQW
GD\�VFLHQFH�NQRZV�QRWKLQJ�DERXW�DOWKRXJK�WKH\�VXVSHFW�LWV�H[LVWHQFH�
7KH� )RXU� )RUFHV� DUH�� 6WDWLF�0DJQHWLF� )LHOG� �60��� DV� LQ� D� EDU�PDJQHW�� (OHFWUR�6WDWLF� )LHOG
�(6���DV� LQ�D�FKDUJHG�FDSDFLWRU��(OHFWUR�0DJQHWLF�:DYH��(0���DV� UDGLR�ZDYHV�� OLJKW��KHDW�
HWF���5HVRQDWLQJ�(OHFWURPDJQHWLF�)LHOG��50)���OLNH�WKDW�RI�DOO�FHOHVWLDO�ERGLHV��RSHUDWLQJ�LQ�D
YRUWH[���VSDFH�FUDIW�SURSXOVLRQ�ILHOG��WKH�EDVLV�RI�OLIH��WKH�HOHPHQWDO�OLIH�
7KURXJKRXW� VSDFH� DUH� SRVLWLYH� DQG� QHJDWLYH� SDUDOOHO� OLJKW� OLQHV� RI� IRUFH� UXQQLQJ� EHWZHHQ
HDFK� RWKHU� DW� ULJKW� DQJOHV� DQG� FRQVLVWLQJ� RI� FKDUJHG� SDUWLFOHV� YLEUDWLQJ� DW� YDU\LQJ� UDWHV
SURGXFLQJ�D�UK\WKPLF�ZDYH�HIIHFW�RI�EDQGV��7KHVH�OLQHV�RI�IRUFH�DOVR�YDU\�LQ�WKH�QXPEHU�RI
SDUWLFOHV�WKH\�FRQWDLQ�LQ�D�JLYHQ�GLVWDQFH��WKDW�LV��WKH\�YDU\�LQ�WKHLU�GHQVLW\��:KHQ�QHJDWLYH
DQG� SRVLWLYH� OLQHV� RU� EDQGV� �� HTXDO� WR� WKH� GLDPHWHU� RI� WKH� SDUWLFOH� WR� EH�� ZLWK� HTXDO
GHQVLWLHV�DQG�YLEUDWLRQV�FURVV��D�YRUWH[�LV�VHW�XS�ZKLFK�FRQGHQVHV�WKH���SRVLWLYH�SDUWLFOHV�DQG
WKHVH�EHFRPH���VXEVWDQFH��DV�QXFOHL�����HLWKHU�D�SURWRQ��DWRPLF�QXFOHXV���RU�D�FRPHW��HDUO\
HYROXWLRQDU\�IRUP�RI�D�SODQHW���RU�D�VXQ��QXFOHXV�RI�D�VRODU�V\VWHP���7KH���QHJDWLYH�SDUWLFOHV
DUH�FRQGHQVHG�DV�WKH���5HVRQDWLQJ�(OHFWUR�PDJQHWLF�)LHOG��YRUWH[��RI�DQ�DWRP��D�SODQHW��RU�D
VXQ�
:KHQ� WKH� SRVLWLYH� SDUWLFOHV� KDYH� FRQGHQVHG� VXIILFLHQWO\�� DQG� WKH� VXUURXQGLQJ� QHJDWLYH
YRUWH[�KDV�JDLQHG�VXIILFLHQW�VWUHQJWK��WKH�LQVXODWLQJ�IRUFH�RI�SXUH�OLJKW�EHWZHHQ�DQG�DURXQG
WKH�SRVLWLYH�DQG�QHJDWLYH�IRUFHV� LV� UHGXFHG�DQG�SRODULW\� LV�VHW�XS�IURP�WKH�IOX[�PRWLRQ�RI
WKH�SRVLWLYH�DQG�QHJDWLYH��$�VWURQJ�YRUWH[�LV�LQGLFDWHG�E\�IODWWHQHG�SROHV��REODWHQHVV��DQG
HTXDWRULDO� EXOJLQJ� LQ� WKH� SDUWLFOH�� ,I� WKH� YRUWH[� EUHDNV� WKH� VXEVWDQFH� GLVDSSHDUV� DV� LW
UHWXUQV� LQWR� WKH� VROXWLRQ� RI� WKH� OLJKW� OLQHV� RI� IRUFH�� NQRZQ� DV� WKH� HWKHU� RU� VSDFH�� �7KH
YRUWH[� RI� WKH� SODQHW� /XFLIHU�� WKH� SODQHW� QRZ� NQRZQ� DV� WKH� DVWHURLG� EHOW�� EURNH� WKURXJK
K\GURJHQ�H[SHULPHQWDWLRQ���:KHQ�WKH�SDUWLFOH�LV�VXIILFLHQWO\�SRODUL]HG��URWDWLRQ�UHVXOWV�IURP
WKH�FRQVWDQW�DSSOLFDWLRQ�RI�WKH�SRVLWLYH�DQG�QHJDWLYH�OLJKW�IRUFHV�WR�WKH�YRUWH[�
$�FRPHW�WUDYHOV�LQ�WKH�FXUUHQWV�RI�WKH�VXQ
V�YRUWH[��50)��XQWLO�LWV�RZQ�YRUWH[��50)��EUHDNV
�7KH� $QGURPHGHV�� RU� %LHOLG� PHWHRUV� PRYH� LQ� WKH� SDWK� RI� WKH� ORVW� %LHOD
V� FRPHW� ZKLFK
GLVLQWHJUDWHG� DQG�ZDV� ODVW� VHHQ� LQ� ������ RU� LW� EHFRPHV� VXIILFLHQWO\� SRZHUIXO� WR� DWWDLQ� DQ
RUELW�RI�LWV�RZQ��LQ�ZKLFK�FDVH�LW�EHFRPHV�D�SODQHW�
1RZ�OHW�XV�FRQVLGHU�WKUHH�ERGLHV�ZKLFK�RSHUDWH� LQ�D�5HVRQDWLQJ�(OHFWUR�PDJQHWLF�)LHOG�RI
)RUFH�� ���� 7KH�6XQ� �DFWLQJ� DV� D� QXFOHXV���2QH�KXQGUHG� \HDUV�DJR�� LQ������� WKH�HPLQHQW
DVWURQRPHU� 6LU�:LOOLDP� +HUVFKHO� VXJJHVWHG� WKDW� WKH� 6XQ�PD\� EH� LQKDELWHG� DQG� WKDW� WKH
LQKDELWDQWV� PD\� QR� PRUH� VXIIHU� IURP� LQWHQVH� KHDW� WKDQ� WKRVH� ZKR� OLYH� LQ� WKH� WURSLFDO
UHJLRQV�RI�(DUWK��+H�EHOLHYHG�WKH�6XQ�WR�EH�D�FRRO�ERG\��QRW�D�KRW��IODPLQJ�JDV�EDOO�



6LQFH�LW�KDV�EHHQ�VKRZQ�WKDW�WKH�VDWHOOLWH�SODQHWV�DUH�PDJQHWLF�LQ�QDWXUH��LW�LV�RQO\�ULJKW�WR
DVVXPH�WKDW�WKH�JRYHUQLQJ�ERG\�WKDW�UXOHV�WKRVH�SODQHWV�LV�DOVR�PDJQHWLF�LQ�QDWXUH��6R��ZH
PLJKW�VD\�WKDW�WKH�6XQ�LV�WKH�PDJQHWLF��EUDLQ��RU�JDQJOLRQ�RI�RXU�HQWLUH�6RODU�6\VWHP��,WV
IRUFHV�DUH�WKH�GLUHFWLQJ�LQWHOOLJHQFH�RI�DOO�WKH�IXQFWLRQV�RI�RXU�6\VWHP��,W�LV�IURP�WKLV�JUHDW
FHQWUDO��QXFOHDU�ERG\� WKDW�WKH�SODQHWV�GUDZ� WKHLU�PDJQHWLF�HQHUJ\�VR�WKDW�WKH\�� WRR��PD\
JHQHUDWH�IRUFHV�
7KH�6XQ
V�YRUWH[� LV�YHU\� LQWHQVH�DV�ZRXOG�EH�H[SHFWHG�RI�VXFK�D�KXJH�ERG\��DQG� LW�PXVW
H[WHQG� WR� WKH�YHU\�RXWHU� OLPLWV�RI� WKH�6\VWHP��,WV�DWPRVSKHUH�KDV� WKUHH�PDLQ� OD\HUV�� WKH
FKURPRVSKHUH�� WKH� UHYHUVLQJ� OD\HU�� DQG� WKH� SKRWRVSKHUH�� &RPSOHWHO\� HQYHORSLQJ� WKHVH
OD\HUV� LV� WKH�FRURQD��:KHQ�SKRWRJUDSKHG� LQ�K\GURJHQ� OLJKW� WKH�6XQ�GLVSOD\V� LWV�PDJQHWLF
VWUXFWXUH�YHU\�ZHOO��6XFK�D�SKRWRJUDSK�VKRZV�D�JUDLQ\�HIIHFW�YHU\�VLPLODU�WR�WKDW�SURGXFHG
ZKHQ�LURQ�ILOLQJV�DUH�VSULQNOHG�LQ�D�PDJQHWLF�ILHOG�
6FLHQWLVWV� WRGD\� VWDWH� WKDW� WKH� 6XQ� LV� D� JLJDQWLF� DWRPLF� IXUQDFH� UDGLDWLQJ� D� WUHPHQGRXV
DPRXQW�RI�KHDW�WR�WKH�VDWHOOLWH�SODQHWV�HDFK�VHFRQG��7KH�WHPSHUDWXUH�DW�LWV�VXUIDFH�LV�VDLG
WR�EH� WKRXVDQGV�RI�GHJUHHV�DQG� WKH� LQWHUQDO� WHPSHUDWXUH� LV� VXSSRVHGO\� LQ� WKH�PLOOLRQV�RI
GHJUHHV��+RZHYHU��LW�LV�XQH[SODLQDEOH�KRZ�VXSHU�KHDWHG�JDVVHV�FDQ�DFW�PDJQHWLFDOO\��)RU��LW
LV�DQ�HOHPHQWDU\�IDFW�RI�SK\VLFV�WKDW�D�VXEVWDQFH�ORVHV�LWV�PDJQHWLVP�ZKHQ�KHDWHG��6LQFH
DVWURQRPHUV� KDYH� GHILQLWHO\� UHFRUGHG� PDJQHWLF� HIIHFWV� XSRQ� WKH� 6XQ�� ZH� KDYH� D� GLUHFW
FRQIOLFW�EHWZHHQ� WKH�6XQ
V� WUXH�QDWXUH�DQG� WKH�VXJJHVWHG� WHPSHUDWXUH��7KLV� FRQIOLFW� RQO\
LQGLFDWHV�WKDW�WKH�6XQ�LV�QRW�WKH�VXSHU�KHDWHG�PDVV�RI�JDVHV�WKDW�VFLHQWLVWV�WKLQN�LW�LV��EXW
UDWKHU��D�FRRO�ERG\�DV�+HUVFKHO�VDLG�LW�ZDV�
7KHUH� LV� PXFK� HYLGHQFH� WR� SURYH� WKDW� WKH� 6XQ� LW�� LQGHHG�� D� FRRO� ERG\�� 7KH� SURFHVV� RI
GHWHUPLQLQJ� WKH� 6XQ
V� WHPSHUDWXUH� LV� YHU\� FRPSOH[� DQG� LQYROYHV� WKH� UDGLDWLRQ� ODZV� RI
SK\VLFV�� )XQGDPHQWDOO\�� KHUH� LV� KRZ� VXFK� WHPSHUDWXUHV� DUH� GHWHUPLQHG�� WKH� UDGLDWLRQ� RI
WKH� ERG\� SHU� VTXDUH� FHQWLPHWUH� SHU� VHFRQG�� WLPHV� WKH� ERG\
V� HIIHFWLYH� WHPSHUDWXUH
TXDGUXSOHG��HTXDOV�WKH�UDWH�RI�UDGLDWLRQ�TXDGUXSOHG�WLPHV�WKH�ERG\
V�OXPLQRVLW\�GLYLGHG�E\
LWV� GLDPHWHU� VTXDUHG�� ,Q� VROYLQJ� IRU� WKH� 6XQ�� RQH� FRPHV� XS� ZLWK� DQ� DYHUDJH� RI� ����
DEVROXWH� GHJUHHV�� 7KH� PDWKHPDWLFV� LQYROYHG� LV� DJUHHDEOH�� EXW� DVWURQRPHUV� EDVH� WKHLU
FDOFXODWLRQV�RQ�WKHVH�WZR�DVVXPSWLRQV�
)LUVW�� WKH\�DVVXPH�WKH�6XQ� LV�D�SHUIHFW� UDGLDWLQJ�ERG\��VHFRQG��DQG�PRVW� LPSRUWDQW�� WKH\
DVVXPH�WKDW�WKH�6XQ�LV�UDGLDWLQJ�KHDW��7KLV�LV�EHFDXVH�WKH\�EHOLHYH�WKDW�KHDW�RQ�(DUWK��DV
ZHOO�DV�KHDW�RQ�RWKHU�SODQHWDU\�ERGLHV��FRPHV�GLUHFWO\�IURP�WKH�6XQ��3HRSOH�IHHO�WKH�KHDW
ZKHQ�WKH\�VWDQG� LQ�VXQOLJKW�� VR� WKH\�VD\� WKH�6XQ�PXVW�EH�D�EXUQLQJ�PDVV�UDGLDWLQJ� WKDW
KHDW��7KDW�LV�OLNH�VD\LQJ�D�UDGLR�WUDQVPLWWHU�UDGLDWHV�VRXQG�ZDYHV�EHFDXVH�ZKHQ�ZH�WXUQ�RQ
RXU�UDGLRV��ZH�KHDU�VRXQG��%XW�ZH�NQRZ�WKDW�VXFK�D�WUDQVPLWWHU�UDGLDWHV�UDGLR�ZDYHV��DQG
WKDW�WKHVH�ZDYHV�DUH�WXUQHG�LQWR�VRXQG�LQVLGH�WKH�UDGLR�
,Q�������D�JUHDW�FRPHW�FDPH�FORVHU�WR�WKH�6XQ�WKDQ�DQ\�SUHYLRXV�FRPHW�KDG�DQG�WKLV�ZDV
UHSHDWHG� E\� DQRWKHU� FRPHW� LQ� ������ 7KH\� DFWXDOO\� HQWHUHG� WKH� 6XQ
V� FRURQD� ZKLFK
VXSSRVHGO\�KDV�D�WHPSHUDWXUH�RI�RQH�PLOOLRQ�GHJUHHV�DEVROXWH��7KHVH�FRPHWV�WUDYHOHG�RYHU
RQH�PLOOLRQ� NLORPHWUHV� WKURXJK� WKLV� EOD]LQJ� FRURQD� DQG� HPHUJHG� XQVFDWKHG� DQG� ZLWK� QR
FKDQJH� LQ� YHORFLW\� RU� GLUHFWLRQ�� ,I� WKH� 6XQ� LV� UDGLDWLQJ� KHDW�� ZK\� ZHUHQ
W� WKHVH� FRPHWV
LQVWDQWO\�GLVLQWHJUDWHG�XSRQ�HQWHULQJ�D� WUHPHQGRXV�KHDW�RI�RQH�PLOOLRQ�DEVROXWH�GHJUHHV"
6XUHO\�QRWKLQJ�FRXOG�VXUYLYH�VXFK�D�WUHDWPHQW�
$VWURQRPHUV� KDYH� WROG� XV� WKDW� WKH� SODQHW� 0HUFXU\� LV� GHYRLG� RI� OLIH� EHFDXVH� LW� LV� RQO\
WKLUW\�VL[�PLOOLRQ�PLOHV� IURP� WKH�6XQ��7KH\�KDYH� WROG�XV� WKDW� LI�0HUFXU\�ZDV�DQ\�FORVHU�� LW
ZRXOG� KDYH� WXUQHG� LQWR� �QRWKLQJQHVV�� ORQJ� DJR�� +RZ� WKHQ� GLG� WKH� WZR� FRPHWV� VXUYLYH
ZLWKRXW�DW�OHDVW�VKRZLQJ�VRPH�HIIHFWV�RI�WKHLU�MRXUQH\�WKURXJK�WKH�6XQ
V�FRURQD"�:H�PXVW



FRQFOXGH� WKDW� WKH� DQVZHU� LV� WKDW� WKH� 6XQ� GRHV� QRW� UDGLDWH� KHDW�� DV� VXFK�� 7KHUHIRUH�� LW
FDQQRW�EH�DQ\�NLQG�RI�D�VXSHU�KRW�ERG\�
7KH� SURPLQHQFHV� VXSSO\� XV� ZLWK� VRPH� PRUH� SURRI� RI� WKH� DERYH� FRQFOXVLRQ�� 7KHVH
SURPLQHQFHV� DUH� VDLG� WR� EH� K\GURJHQ� JDV� H[SORVLRQV� DQG� ILUVW� DSSHDU� LQ� WKH� 6XQ
V
SKRWRVSKHUH�� 7KHUH� DUH�PDQ\� WKHRULHV�� EXW� DV� \HW� DVWURQRPHUV� KDYH� EHHQ� SX]]OHG� RYHU
WKHLU�RULJLQ��7KH�EHKDYLRXU�RI� WKHVH�VR�FDOOHG��K\GURJHQ�FORXGV�RI�JDV��FRQWUDGLFWV�RQH�RI
WKH�ROGHVW��DQG�VXSSRVHGO\��PRVW�VWDEOH�ODZ�RI�SK\VLFV�����WKH�ODZ�RI�JUDYLW\�RI�1HZWRQ�
6RPH�SURPLQHQFHV�WUDYHO�DW�WKH�XQEHOLHYDEOH�VSHHG�RI�����P�S�V��DQG�UHDFK�DQ�DOWLWXGH�RI
RQH�PLOOLRQ� PLOHV�� WKDW
V� RQH�KXQGUHG� QLQHW\�RQH� WKRXVDQG� PLOHV� PRUH� WKDQ� WKH� 6XQ
V
GLDPHWHU��7R�DGG�WR�WKH�RGGLW\�RI�WKLV�SKHQRPHQRQ��LV�WKH�IDFW�WKDW�WKHVH�SURPLQHQFHV�ULVH
WR�IDQWDVWLF�KHLJKWV��DQG�WKHQ�MXVW��KDQJ��LQ�PLG�DLU��XQVXSSRUWHG��LQ�FRPSOHWH�GHILDQFH�RI
1HZWRQ
V� ODZ� RI� JUDYLW\�� 2WKHUV� DSSHDU� WR� �PDWHULDOL]H�� IURP� QRZKHUH�� DQG� KDQJ
PRWLRQOHVV��6XUHO\� WKH�6XQ�ZLWK� DOO� LWV� WUHPHQGRXV�PDVV� DQG� �SXOOLQJ�� SRZHU� FRXOG� EULQJ
WKHVH�SURPLQHQFHV�GRZQ�DJDLQ� LI� WKH\�ZHUH�FRPSRVHG�RI�K\GURJHQ�JDV��$VWURQRPHUV�VD\
WKH\�DUH�FRPSRVHG�RI�VXFK�JDV�EHFDXVH�WKH�VSHFWURVFRSH�KDV�ODEHOHG�WKHP�VXFK��%XW�WKH
VSHFWURVFRSH� LV� YHU\� LQDFFXUDWH� EHFDXVH� EHWZHHQ� WKH� 6XQ
V� DWPRVSKHUH� DQG� WKLV
LQVWUXPHQW�� WKH� DWPRVSKHUH� RI� WKH� (DUWK� LQWHUYHQHV�� DQG� WKH� XSSHU� DWPRVSKHUH� RI� RXU
SODQHW�FRQWDLQV�DOPRVW�SXUH�K\GURJHQ��7KLV�FRXOG�EH�WKH�K\GURJHQ�WKDW�DVWURQRPHUV�VD\�LV
RQ�WKH�6XQ�
6XQVSRWV�DQG�SURPLQHQFHV�KDYH�SX]]OHG�VFLHQWLVWV�IRU�\HDUV��\HW�WKH\�DUH�SDUW�RI�WKH�VDPH
SKHQRPHQRQ��6XQVSRWV�DQG�SURPLQHQFHV�DUH�PDQLIHVWDWLRQV�RI�WKH�6XQ
V�DXURUDO�DFWLYLW\�DV
YLHZHG�IURP�GLIIHUHQW�DQJOHV��7KH\�KDYH�QHYHU�SKRWRJUDSKHG�WKH�VRODU�SURPLQHQFHV�H[FHSW
DW�WKH�HGJH�RI�WKH�6XQ��3URPLQHQFHV�WDNH�WKH�IRUP��RU�DSSHDU�DV�VXQVSRWV�ZKHQ�VHHQ�RQ
WKH� IDFH� RI� WKH� 6XQ�� 7KH� VKDSH� DQG� SDUWLFXODUV� RI� WKH� SURPLQHQFHV� FDQQRW� EH� REVHUYHG
XQOHVV� WKH� OLJKW� RI� WKH� 6XQ� LV� EORWWHG� RXW�� 7KHVH� SURPLQHQFHV� DUH� QRW� VXSHU�KHDWHG
K\GURJHQ�JDV�EHFDXVH�WKHLU�YHU\�EHKDYLRXU�SURYHV�RWKHUZLVH��7KH\�EHKDYH�DV���IRUFHV��QRW
DV���HOHPHQWV��JDV��HWF���
7KH�SURPLQHQFH�IRUFH�RI� WKH�6XQ� LV�VLPLODU�WR�WKH�DXURUDO� IRUFH�HPDQDWLQJ�IURP�WKH�SRODU
YHQWV� RI� WKH� (DUWK�� 7KLV� DXURUDO� IRUFH� LV� NQRZQ� DV� WKH� DXURUD� ERUHDOLV� LQ� WKH� 1RUWKHUQ
+HPLVSKHUH��DQG�WKH�DXURUD�DXVWUDOLV�LQ�WKH�6RXWKHUQ�+HPLVSKHUH��7KH�QDPHV���QRUWKHUQ�
DQG� �VRXWKHUQ�� OLJKWV�� DUH� DOVR� JLYHQ� WR� WKLV� SKHQRPHQRQ�� 7KLV� (DUWK� IRUFH� ZKLFK� LV
FRQWLQXDOO\�EHLQJ�VHQW�LQWR�WKH�DWPRVSKHUH��KDV�WKH�H[DFW�FKDUDFWHULVWLFV�RI�WKH�SURPLQHQFH
IRUFH� RI� WKH� 6XQ�� $OWKRXJK� LW� LV� FRQWLQXDOO\� HPDQDWLQJ� IURP� WKH� (DUWK�� LW� LV� RQO\� VHHQ� DW
FHUWDLQ�WLPHV�ZKHQ�DWPRVSKHULF�FRQGLWLRQV�DUH�ULJKW�
7KH�DXURUDO� DQG�SURPLQHQFH� IRUFHV�DUH�� �LGHQWLFDO��8QGHU� WKH� WKLFN�DWPRVSKHUH�RI� WKH�6XQ
DUH� KLGGHQ� SODQHWDU\� ERGLHV� ZKLFK� DUH� HPDQDWLQJ� DXURUD� IRUFHV� NQRZQ� RQ� WKH� 6XQ� DV
SURPLQHQFH� IRUFHV�� 7KH� IDFW� WKDW� WKHUH� DUH� SODQHWV� XQGHU� WKH� 6XQ
V� SKRWRVSKHUH� LV� DOVR
HYLGHQW� IURP� WKH� IDFW� WKDW� LQ� DWRPLF� VWUXFWXUH� WKH� HOHFWURQV� DUH� EDODQFHG� E\� DQ� HTXDO
QXPEHU�RI�SURWRQV�ZLWKLQ�WKH�QXFOHXV��7KLV�PDNHV�D�EDODQFHG�V\VWHP�
7KH�SURPLQHQFH� IRUFHV�PDQLIHVW� LQ� WKH� DWPRVSKHUH� RI� WKH�KLGGHQ�� RU� LQQHU� SODQHWV�� SDVV
WKURXJK� WKHLU� HOHFWUR�PDJQHWLF� ILHOG�� WKHQ�PDQLIHVW� RQFH� DJDLQ� LQ� WKH� DWPRVSKHUH� RI� WKH
6XQ�� 7KHQ� ZKDW� DERXW� WKH� VR�FDOOHG� �KDQJLQJ� SURPLQHQFHV�� ZKLFK� �PDWHULDOL]H�� IURP
QRZKHUH�LQ�WKH�XSSHU�DWPRVSKHUH�RI�WKH�6XQ"�7KH�VROXWLRQ�WR�WKLV�EDIIOLQJ�TXHVWLRQ�FDQ�EH
IRXQG�HDVLO\��:KHQ�WKH�DXURUDO�IRUFHV�RI�WKH�RXWHU�SODQHWV��(DUWK��0DUV��HWF���SDVV�WKURXJK
WKHLU� YRUWH[� RU� HOHFWUR�PDJQHWLF� ILHOG�� WKH\� DUH� XOWLPDWHO\� GUDZQ� LQWR� WKH�JUHDW� 6XQ�ERG\
ZKHUH�WKH\�PDQLIHVW��$W�WKLV�VWDJH��DVWURQRPHUV�REVHUYH�WKH��KDQJLQJ�SURPLQHQFHV��ZKLFK
�PDWHULDOL]H��IURP���QRZKHUH�



$QRWKHU� SX]]OH� WKDW� KDV� FRQIURQWHG� DVWURQRPHUV�� LV� WKDW� VRPH� VXQVSRWV� DSSHDU� WR� KDYH
SRODULW\�� DQG� WKDW� VRPH� SURPLQHQFHV� DUH� SXOOHG� P\VWHULRXVO\� WRZDUG� FHUWDLQ� VXQVSRWV�
3URPLQHQFHV� DQG� VXQVSRWV� KDYH� DOUHDG\� EHHQ� VKRZQ� WR� EH�PDQLIHVWDWLRQV� RI� WKH� DXURUDO
DFWLYLW\�RI�WKH�KLGGHQ�RU�LQQHU�SODQHWV�XQGHU�WKH�6XQ
V�SKRWRVSKHUH��7KHUH�DUH�WZHOYH�LQQHU
SODQHWV�DQG�WZHOYH�RXWHU�SODQHWV�
$VWURQRPHUV�DVN�ZK\�VXQVSRWV�DULVH�DW�WKH�PRUH�RU�OHVV�LUUHJXODU�LQWHUYDOV�RI�HOHYHQ�\HDUV�
DQG�ZK\�GR� ILUVW�VSRWV�RI�D�QHZ�VHULHV�DSSHDU� LQ�KLJK� ODWLWXGHV��DQG�ZK\� LV� WKHUH�D�VORZ
SURJUHVVLRQ�RI�WKH�VSRWV�WRZDUG�WKH�VRODU�HTXDWRU�DV�WKH�VXQVSRW�F\FOH�DGYDQFHV��DQG�ZK\
LV� WKHUH� D� FKDQJH� LQ� SRODULW\� RI� VXQVSRWV� LQ� DOWHUQDWH� F\FOHV"� 7KH� DQVZHUV� WR� WKHVH
TXHVWLRQV�ZLOO�JLYH�DQ�DFFXUDWH�DQG�FRPSOHWH�WKHRU\�RI�VXQVSRWV��DQG�WKH�DQVZHUV�OLH�LQ�WKH
IDFW�WKDW�WKH�LQQHU�RU�KLGGHQ�SODQHWV�FUHDWH�WKHVH�FRQGLWLRQV�E\�WKHLU�SHULRGV�RI�URWDWLRQ�DQG
UHYROXWLRQ�
+HDW�DQG�OLJKW�DUH�HIIHFWV�RI�WKH�SRVLWLYH�UD\V�RI�WKH�6XQ��+HDW�LV�IHOW�RQ�WKH�(DUWK�EHFDXVH
WKH�6XQ
V�SRVLWLYH�UD\V�LQWHUVHFW�ZLWK�LWV�QHJDWLYH�DWPRVSKHUH�DQG�FUXVW�FDXVLQJ�D�IULFWLRQ�RU
FKDQJH�LQ�WKH�TXDOLW\�RI�PRWLRQ�RI�WKH�SDUWLFOHV�JLYHQ�RII�DV�KHDW�UDGLDWLRQ�LQ�FRQVHTXHQFH
RI� WKLV� IULFWLRQ��7KH�HIIHFW�RI� WKH�6XQ
V�UD\V�RQ�WKH�(DUWK
V�DWPRVSKHUH� LV�DOVR�UHVSRQVLEOH
IRU� WKH� SKHQRPHQRQ� RI� YLVLEOH� OLJKW�ZKLFK� UHVXOWV� IURP� D� GLIIHUHQW� NLQG� RI�PRWLRQ� RI� WKH
SDUWLFOHV�
7KH�H\HV�DUH� RQO\� VHQVLWLYH� WR� SRVLWLYH� OLJKW� UD\V� UHIOHFWHG� IURP�QHJDWLYH� VXEVWDQFH�� WKXV
OLJKW� LV�DQ�LQWHUDFWLRQ�RI�QHJDWLYH�DQG�SRVLWLYH�IRUFHV��7KH�6XQ�GRHV�QRW�VHQG�XV�KHDW�DQG
OLJKW��DOWKRXJK� LW� LV�UHVSRQVLEOH�IRU� LWV�PDQLIHVWDWLRQ�RQ�(DUWK��WKH�6XQ�VHQGV�RQO\�SRVLWLYH
OLQHV� RI� IRUFH� ZKLFK� LQWHUDFW� ZLWK� WKH� QHJDWLYH� FUXVW� DQG� DWPRVSKHUH� RI� WKH� (DUWK� WR
SURGXFH�WKH�SKHQRPHQD�RI�WKH�HOHFWUR�PDJQHWLF�VSHFWUXP�ZKLFK�LQFOXGHV�KHDW�DQG�OLJKW�
6FLHQFH�KDV�H[SORUHG�WKH�XSSHU�DWPRVSKHUH�RI�WKH�(DUWK�DQG�IRXQG�WKDW�VL[W\�PLOHV�DERYH
WKH�(DUWK�DUWLILFLDO� OLJKW� LV�QHHGHG��DQG�QLQHW\�PLOHV�DERYH� WKH�(DUWK� LW� LV�GDUN�DV� �SLWFK��
7KH�KLJKHU�ZH�JR� WKH�FROGHU� LW� JHWV�� VR�ZH� VHH�HYHQ�E\� ORJLF� WKDW�KHDW�DQG� OLJKW�GR�QRW
FRPH�IURP�WKH�6XQ��2QO\�OLQHV�RI�IRUFH�FRPH�IURP�WKH�JUHDW�VXQ�ERG\�
6LQFH� GLVWDQFH� DQG� QHDUQHVV� WR� WKH� 6XQ� KDYH� QRWKLQJ� WR� GR� ZLWK� ZKHWKHU� D� SODQHW� LV
�ERLOLQJ��RU��IULJLG���ZH�FDQ�LPPHGLDWHO\�VHH�WKDW�DOO�SODQHWV�LQ�RXU�6RODU�6\VWHP�KDYH�QHDUO\
WKH� VDPH� FOLPDWH�� 7KH� (DUWK� GRHV� QRW� HQMR\� SHUIHFW� FOLPDWH� EHFDXVH� LW� LV� XQEDODQFHG
PDJQHWLFDOO\�
:KDW�KDV�EHHQ� OHDUQHG�IURP�VSDFH�YLVLWRUV�DERXW�RXU�6XQ� LV�QRW� UHDOO\�DQ\WKLQJ�QHZ��EXW
RQO\�D� UHWXUQ� WR� WKH�DJHOHVV�ZLVGRP�SRVVHVVHG�E\� WKH�(DUWK
V�PRVW�DQFLHQW� UDFHV��7KHVH
VWXGHQWV�RI�WKH�ORQJ�DJR�VDLG�WKDW�WKH�WUXH�FRORU�RI�WKH�6XQ�ZDV�EOXH��DQG�LW�LV�LQWHUHVWLQJ
WR�QRWH�WKDW�WKH�PXVLFDO�QRWH�RI�EOXH�LV�6RO��D�QDPH�IRU�WKH�6XQ��LWVHOI�
���� 7KH� SODQHW� (DUWK� �DFWLQJ� DV� DQ� HOHFWURQ��� $V� DOUHDG\� VWDWHG�� D� FRPHW� LV� DQ� HDUO\
HYROXWLRQDU\�IRUP�RI�D�SODQHW��%XW�WKH�EHKDYLRXU�RI�D�YRUWH[�LQ�WKH�IRUPDWLRQ�RI�D�SDUWLFOH
VXFK�DV�WKH�(DUWK�KDV�DOUHDG\�EHHQ�GLVFXVVHG�
+�� 7�� 6WDWVRQ�� UHVHDUFK� DVVRFLDWH�� 0�,�7��� VD\V�� �7KH� VRXUFH� DQG� QDWXUH� RI� WKH� HDUWK
V
PDJQHWLVP�LV�VWLOO�RQH�RI�WKH�JUHDW�P\VWHULHV�RI�VFLHQFH���,W�LV�VWLOO�D�JUHDW�P\VWHU\�EHFDXVH
WKH�)RXUWK�*UHDW�3ULPDU\�)RUFH��50)�� LV�QRW�XQGHUVWRRG��ZKHQ�LW� LV�XQGHUVWRRG�D�NH\�ZLOO
EH�IRXQG�WR�PDQ\�RI�WKH�SUHVHQW�GD\�SUREOHPV�RI�VFLHQFH�
:H�FDQQRW�WKLQN�RI�WKH�RUELW�RI�WKH�(DUWK�DV�EHLQJ�PHUHO\�D�FLUFOH�RU�HOOLSVH��EHFDXVH�LW�LV�D
VSLUDO�DOVR��7KLV�LV�EHFDXVH�WKH�6XQ�LV�PRYLQJ�WKURXJK�VSDFH�DW�PDQ\�PLOHV�D�VHFRQG��7KH
(DUWK
V�RUELW�FRXOG�RQO\�EH�DQ�HOOLSVH�RU�FLUFOH�LI�WKH�6XQ�ZHUH�VWDQGLQJ�VWLOO��5HPHPEHU��WKH



(DUWK�LV�FDUULHG�DORQJ�ZLWKLQ�WKH�VRODU�YRUWH[��50)���LQ�DGGLWLRQ�WR�IROORZLQJ�LWV�RZQ�RUELW�
7KH�(DUWK
V�DXURUDO�IRUFH�HPDQDWHV�IURP�WKH�SRODU�YHQWV�DW�ERWK�QRUWK�DQG�VRXWK�SROHV��7KH
SRVLWLYH� OLJKW� OLQHV� RI� IRUFH� OHDYH� DW� WKH� QRUWK� SRODU� YHQW�� DQG� WKH� QHJDWLYH� OLJKW� OLQHV� RI
IRUFH� OHDYH� DW� WKH� VRXWK� SRODU� YHQW�� 7KH�EHQGLQJ�RI� WKHVH� OLJKW� OLQHV� RI� IRUFH�ZKHQ� WKH\
OHDYH� WKH� SRODU� YHQWV�PDQLIHVWV� DV� WKH� DXURUD� XQGHU� SURSHU� DWPRVSKHULF� FRQGLWLRQV�� DQG
WKH\�IROORZ�WKH�JHQHUDO�IRUP�RI�WKH�50)�
5HSRUWV� VWDWH� WKDW� UHFHQW� SRODU�H[SHGLWLRQV�KDYH�GLVFRYHUHG� WKH�DFWXDO� YHQWV�RU� RSHQLQJV
WKDW� OHDG� LQWR� WKH� LQWHULRU� RI� WKH� (DUWK� DW� WKH� 1RUWK� DQG� 6RXWK� 3ROHV�� $QFLHQW� WUDGLWLRQ
DVVHUWV�WKH�H[LVWHQFH�RI�D�IRXQWDLQ�RI�OLIH�LQ�WKH�ERZHOV�RI�WKH�(DUWK�DQG�LQ�WKH�1RUWK�3ROH�
,W�LV�WKH��EORRG��RI�WKH�(DUWK��WKH�HOHFWUR�PDJQHWLF�FXUUHQW��ZKLFK�FLUFXODWHV�WKURXJK�DOO�WKH
DUWHULHV��DQG�ZKLFK�LV�VDLG�WR�EH�IRXQG�VWRUHG�LQ�WKH��QDYHO��RI�WKH�(DUWK�
7VFKHUPDN�QRWHG�WKH�UHVHPEODQFH�RI�VWUXFWXUH�EHWZHHQ�PHWHRULWHV�DQG�YROFDQLF�SURGXFWV�
7KLV�LV�EHFDXVH�ERWK�PHWHRULWHV�DQG�PDWWHU�RU��ERPEV��HMHFWHG�E\�YROFDQRHV�DUH�FUHDWHG�LQ
D�YRUWH[��7KH��ERPEV��HMHFWHG�IURP�YROFDQRHV�GR�QRW�FRPH�IURP�WKH�ERZHOV�RI�WKH�(DUWK�
EXW������DUH�DFWXDOO\�FUHDWHG�ZLWKLQ�WKH�YROFDQLF�YRUWH[�ZKLFK�LV�D�VXE�YRUWH[�RI�WKH�(DUWK
V
50)�
+XUULFDQHV�� NQRZQ� DOVR� DV� F\FORQHV� DQG� W\SKRRQV�� DUH� WKH� PRVW� GDQJHURXV� VWRUPV� RQ
(DUWK��7KHLU�YRUWH[�PD\�FRYHU�KDOI�D�PLOOLRQ�VTXDUH�PLOHV��6RPHWLPHV�D�KXUULFDQH�JHQHUDWHV
D� QXPEHU� RI� WRUQDGRHV� RQ� LWV� IULQJHV��+XUULFDQHV� VRPHWLPHV� VSHQG� HQHUJ\� HTXLYDOHQW� WR
WKDW�RI�VHYHUDO�WKRXVDQG�DWRPLF�ERPEV�SHU�VHFRQG��7KHUHIRUH��ZH�FDQ�VHH�WKH�WUHPHQGRXV
SRZHU� RI� D� YRUWH[�� 7KH� KHDY\� UDLQV� FDUULHG� E\� D� KXUULFDQH� DUH� FRQFHQWUDWHG� LQ� JUHDW
VSLUDOLQJ� OLQHV� ZKLFK� UXQ� LQZDUG�� VKRZLQJ� DJDLQ� WKH� 8QLYHUVDO� VSLUDO� IRUP�� 7RUQDGRHV�
ZKLUOSRROV��HWF���DUH�VXE�YRUWLFHV�ZLWKLQ�WKH�(DUWK
V�YRUWH[�� ��

� ��
3ODWH� ,� VKRZV� WZR� YLHZV� RI� WKH� 50)� RI� D
QXFOHDU� SDUWLFOH�� )LJ�� �� VKRZV� D� VLGH� YLHZ� RI
WKH�50)�VXUURXQGLQJ�D�QXFOHDU�SDUWLFOH��)LJ���
VKRZV�WKH�VDPH�50)�YLHZHG�IURP�DERYH��DQG
ORRNLQJ�GRZQ�WRZDUG�WKH�SRODU�YHQW�DUHD�
,Q� WKHVH� LOOXVWUDWLRQV� WKH� QXFOHDU� SDUWLFOH� LV
VKRZQ� DV� D� EODFN� VSKHUH�� 7KLV� VSKHUH� FDQ����
6DXFHU��D�PRRQ��D� SODQHW�� D� VXQ�� WKH�QXFOHDU
DUHD� RI� D� JDOD[\�� RU� WKH� QXFOHDU� DUHD� RI� D
VXSHUJDOD[\�� LQ� WKHLU� UHVSHFWLYH� 5HVRQDWLQJ
(OHFWUR�PDJQHWLF�)LHOGV�
7KH� VKDSH� RI� JDOD[LHV� �VSLUDO� QHEXODH�� DV
REVHUYHG�WKURXJK�WKH�WHOHVFRSH�LV�WKH�SHUIHFW
VKDSH� RI� DQ� 50)�� 7KLV� VKDSH� LV� VHHQ
WKURXJKRXW� WKH� &UHDWLRQ� IURP� 0LFURFRVP� WR
0DFURFRVP�� DQG� WKH� IRUP� LV� 8QLYHUVDO�� 2WKHU
H[DPSOHV�ZRXOG�EH�WKH�IRUP�RI�6DWXUQ�ZLWK�LWV
ULQJV�� DQG� WKH� VKDSH� RI� VHYHUDO� W\SHV� RI
VSDFHFUDIW� �6DXFHUV��� &HOHVWLDO� ERGLHV� DQG
6DXFHUV� WDNH� WKH� VKDSH� RI� WKHLU� UHVSHFWLYH
50)��WKDW
V�ZK\�WKHUH�LV�VR�PXFK�VLPLODULW\�



6SLUDO� QHEXODH� ZKHQ� DSSHDULQJ� HGJHZLVH� ORRN� OLNH� )LJ�� ��� DQG� ZKHQ� WKH\� DSSHDU� PRUH
QHDUO\�FLUFXODU��EHFDXVH�WKHLU�HTXDWRULDO�SODQHV�DUH�SHUSHQGLFXODU�WR� WKH�OLQH�RI�VLJKW�� WKH\
ORRN�OLNH�)LJ����
����$�6DXFHU��DFWLQJ�LQ�DQ�DUWLILFLDO�DQG�FRQWUROOHG�50)���7KH�VWDWHPHQW�KDV�EHHQ�PDGH�WKDW
D� 6DXFHU� FDQ� HQWHU� WKH� (DUWK
V� YRUWH[� �50)�� EHFDXVH� LW� KDV� DQ� 50)� LWVHOI�� WKHUHIRUH�� D
URFNHW� VKLS� FDQQRW� SHQHWUDWH� WKH� FOHDYDJH� OD\HU� RI� WKH� (DUWK
V� 50)� DQG� LV� GLVLQWHJUDWHG
EHFDXVH� LW�GRHV�QRW�RSHUDWH� LQ�VXFK�DQ�50)��7KH�URFNHW�FUDIW�KDV�D�PDJQHWLF� ILHOG� WR�EH
VXUH��RU�HOVH�LI�FRXOGQ
W�H[LVW��EXW�LW�GRHV�QRW�KDYH�D�UHVRQDWLQJ�IRUFH�ILHOG�DERXW�LW�
6LQFH� 5HVRQDWLQJ� (OHFWUR�PDJQHWLF� )LHOGV� DUH� IRXQG� WKURXJKRXW� WKH� 2PQLYHUVH�� WKH\� DUH
LQWHUDFWLQJ�DQG�RQO\�D�6DXFHU�RU�VSDFHFUDIW�ZLWK�DQ���DUWLILFLDO�DQG���FRQWUROOHG�50)�FDQ�WUDYHO
LQ�DQ�LQWHUVWHOODU�PDQQHU�
0HWHRULWHV� GR� QRW� KDYH� 50)�� DQG� WKHUHIRUH�� VRPH� ZLOO� VD\� WKH\� FDQQRW� SHQHWUDWH� WKH
(DUWK
V�ILHOG�RU�YRUWH[��)LUVW�RI�DOO��PDQ\�PHWHRULWHV�DQG�WHNWLWHV�DUH�IRUPHG���ZLWKLQ�WKH�50)
RI� WKH�(DUWK� LWVHOI�E\�D�SURFHVV�RI�JDWKHULQJ� WRJHWKHU�DW�D�YRUWH[�FHQWHU�RI�SULPDO�PDWWHU
SUHVHQW� HYHU\ZKHUH� LQ� VR�FDOOHG� VSDFH�� :KHQ� WKHVH� PHWHRULWHV� DQG� WHNWLWHV� JHW� ODUJH
HQRXJK�� OLNH� UDLQGURSV�� WKH\� IDOO� E\� WKH� LQZDUG� IRUFH� RI� WKH� YRUWH[� �VFLHQWLVWV� ZRXOG� VD\
�JUDYLW\��DQG�(LQVWHLQ�LQ�KLV�8QLILHG�)LHOG�7KHRU\�VD\V��PDJQHWLVP���
7KH�(DUWK�ZDV�RULJLQDOO\�FUHDWHG�LQ�WKLV�PDQQHU��DQG�FRVPLF�GHEULV�ZDV�JDWKHUHG�WRZDUG�LWV
YRUWH[� FHQWHU� XQWLO� LW� ZDV� ELJ� HQRXJK� DQG� KDG� D� ILHOG� LQWHQVLYH� HQRXJK� WR� JR� IURP� WKH
FRPHW�WR�WKH�RUELWLQJ�SODQHW�SKDVH��7KH�(DUWK�LV�VWLOO�JDWKHULQJ�PDWHULDO�GDLO\�DQG�DGGLQJ�WR
LWV�PDVV�E\�WKH�IRUPDWLRQ�RI�PHWHRULWHV�ZLWKLQ�LWV�RZQ�50)��7KHVH�PHWHRULWHV�GURS�WR�WKH
VXUIDFH�RI�WKH�SODQHW�
7KH� VWRQH� PHWHRULWHV� DUH� FUHDWHG� ZLWKLQ� WKH� (DUWK
V� YRUWH[�� DV� DUH� WKH� WHNWLWHV�� 7KHVH
WHNWLWHV� GR� QRW� FRPH� IURP� WKH� 0RRQ� DV� KDV� EHHQ� VXJJHVWHG�� 7KH� LURQ� PHWHRULWHV� DUH
FUHDWHG�E\�YRUWLFDO�DFWLRQ�ZLWKLQ�WKH�VRODU�YRUWH[��50)��
$Q� REMHFW� WKDW� GRHVQ
W� KDYH� DQ� 50)� ZLOO� EH� GLVLQWHJUDWHG� ZKHQ� LW� HQWHUV� D� YRUWH[� LQ
SURSRUWLRQ�QRW�RQO\�WR�WKH�LQWHQVLW\�RI�WKH�50)��EXW�DOVR�LQ�SURSRUWLRQ�WR�LWV�HQHUJ\�ZKLFK
GHSHQGV� RQ� PDVV� DQG� YHORFLW\�� 7KXV�� D� GHQVH�� IDVW�PRYLQJ� REMHFW� ZRXOG� QRW� EH
GLVLQWHJUDWHG� WR� SXUH� HQHUJ\��ZKLOH� D� OHVV� GHQVH�� VORZ�ERG\�ZRXOG� EH� LI� JLYHQ� WKH� VDPH
H[SR�VXUH�WLPH�LQ�WKH�VDPH�ILHOG�
)RU� H[DPSOH�� &DSW�� 0DQWHOO
V� SODQH�ZDV� WRUQ� WR� SLHFHV�ZKHQ� LW� FDPH� LQ� FRQWDFW�ZLWK� WKH
50)� RI� WKH� 6DXFHU�� ZKHUHDV� LW� ZRXOG� KDYH� GLVLQWHJUDWHG� LQWR� SXUH� HQHUJ\� LI� LW� KDG
DWWHPSWHG�WR�HQWHU�WKH�(DUWK
V�50)�
$QRWKHU�H[DPSOH� LV� IRXQG�ZKHQ�ZH�FRQVLGHU� WKH�DVWHURLG�EHOW�EHWZHHQ�0DUV�DQG�-XSLWHU�
7KHVH� DVWHURLGV� DUH� IUDJPHQWV� RI� D� SODQHW� RQFH� NQRZQ� DV� /XFLIHU�� 7KH� TXHVWLRQ� DULVHV�
�+RZ�FRXOG�WKH�IUDJPHQWV�IURP�WKLV�GHVWUR\HG�SODQHW�KDYH�HQWHUHG�WKH�(DUWK
V�YRUWH[�VLQFH
WKH\�GLG�QRW�KDYH�DQ�50)�WKHPVHOYHV"��7KH�UHDVRQ�LV�WKDW�WKH�DVWHURLG�IUDJPHQWV��RU�DQ\
RWKHU� IUDJPHQWV� EH\RQG� RXU� SODQHW
V� 50)��� �FDQ� HQWHU� WKH� (DUWK
V� ILHOG� ���� EXW� WKH\
GLVLQWHJUDWH�E\�VR�GRLQJ��7KH�ODZ�LV�127���1RWKLQJ�FDQ�HQWHU�WKH�ILHOG�XQOHVV�LW�DOVR�KDV�DQ
50)�� ���� EXW� WKH� ODZ� ,6�� �$Q\WKLQJ� FDQ� HQWHU� WKH� ILHOG�� EXW� LW� ZLOO� EH� GLVLQWHJUDWHG� LQ
SURSRUWLRQ�WR�LWV�HQHUJ\��PDVV�WLPHV�YHORFLW\�VTXDUHG��DQG�WKH�LQWHQVLW\�RI�WKH�ILHOG��50)��LW
LV�HQWHULQJ�
)LUVW��D�ILQH�GXVW�FDPH�IURP�H[SORGHG�/XFLIHU�DQG�VWUXFN�WKH�(DUWK�WXUQLQJ�HYHU\WKLQJ�UHG�
WKHQ�D�ILQH�VDQG�FDPH��WKHQ�FRDUVHU�VDQG��WKHQ�JUDYHO��WKHQ�PHWHRULWHV�GHVWUR\HG�YLOODJHV�
:KHQ�/XFLIHU�ZDV�GHVWUR\HG��DQG� LWV�YRUWH[�EURNH��WKH�VPDOOHVW�SDUWLFOHV�KDG�WKH�JUHDWHVW



YHORFLW\��WKHUHIRUH��WKH�ODUJHU�IUDJPHQWV�FDPH�ODVW��)RU�PRUH�LQIRUPDWLRQ�RQ�/XFLIHU�0DOGHN
VHH���0DOGHN�DQG�0DORQD�LQ�WKLV�ERRN�LQ�WKH�VHFWLRQ�FDOOHG����2WKHU�7RQJXHV�
6RPH� UHVHDUFKHUV� VD\� WKDW� 6DXFHUV� RSHUDWH� LQ� D�� �VWDWLF� ILHOG�� EXW� WKLV� LV� QRW� WKH� FDVH��1R
LQWHUSODQHWDU\� FUDIW� FRXOG� WUDYHO� DV� LW� GRHV� LQ� D� VWDWLF� ILHOG�� 2QO\� XWLOL]DWLRQ� RI� WKH� )RXUWK
)RUFH��RU�50)�ZLOO�HQDEOH�DQ\�NLQG�RI�D�FUDIW�WR�JR�IURP�RQH�ZRUOG�WR�DQRWKHU�
6DXFHUV�DQG�DOO�VSDFHFUDIW�FRQWDLQ�WKHLU�RZQ�DWPRVSKHUH�DURXQG�WKHP�OLNH�D�FHOHVWLDO�ERG\�
7KH\�FDQ�JR�XQGHU�ZDWHU�DQG�WKH�50)�ZLOO�NHHS�WKH� OLTXLG�IURP�WRXFKLQJ� WKH�FUDIW��5HIHU
RQFH�DJDLQ�WR�3ODWH�,���,Q�)LJ�����WKH�EODFN�VSKHUH�FDQ�UHSUHVHQW�D�6DXFHU�LQ�LWV�50)��7KH
SHUIHFW� VKDSH� RI� D� VSDFHVKLS� LV� D� JOREH� RU� EDOO�� DQG� SODQHWV� WKDW� KDYH� RQO\� UHFHQWO\
VXFFHHGHG� LQ�GHYHORSLQJ� LQWHUSODQHWDU\� FUDIW�XVH� VXFK�GHYLFHV��&HOHVWLDO� ERGLHV�DUH� URXQG
DQG�JOREH�OLNH� IRU� WKH� VDPH� UHDVRQ��$V�D�SODQHW�DGYDQFHV�VFLHQWLILFDOO\� LWV� WHFKQLFLDQV�DUH
DEOH�WR� LQWHQVLI\�WKH�50)��DQG�WKH�6DXFHU� WDNHV�RQ�WKH�VKDSH�RI� LWV�RQ� ILHOG��7KDW� LV�ZK\
YHU\�IODW��GLVFXV�VKDSHG�6DXFHUV�KDYH�EHHQ�VHHQ�DQG�DOVR��JOREHV�KDYH�EHHQ�REVHUYHG��7KH
PRUH� KLJKO\� DGYDQFHG� WKH� ZRUOG�� WKH� IODWWHU� WKH� FUDIW�� (YHQWXDOO\�� QR� FUDIW� LV� QHHGHG� WR
WUDYHO� WKH� LQWHUVWHOODU� GLVWDQFHV�� DQG� EHLQJV� DUH� SURMHFWHG�� WR� RWKHU� ZRUOGV� E\� WKRXJKW
DORQH��7KH�UHDVRQ�6DXFHUV�VRPHWLPHV�KDYH�EOLQNLQJ�OLJKWV�RQ� WKH�WRS�DQG�ERWWRP�RI�WKHLU
FUDIW�LV�EHFDXVH�WKHVH�DUH�WKH�SRODU�YHQW�DUHDV�RI�WKH�VKLS��MXVW�OLNH�WKH�SRODU�YHQW�DUHD�RI
(DUWK� ZKLFK� HPLW� WKH� DXURUDO� IRUFH�� &URVVHG� OLQHV� RI� IRUFH� H[LVW� DW� WKH� YHQWV�� WKHUHIRUH
REVHUYHUV� VHH� EOLQNLQJ� RI� SXOVDWLQJ� OLJKWV� RI� YDULRXV� FRORUV�� 1RUWK�6RXWK� DQG� (DVW�:HVW
SURSXOVLRQ�RSHUDWHV�RQ�GLIIHUHQW�IRUFH��$OVR��D�GLIIHUHQW�IRUFH�LV�XVHG�LI�WKH�6DXFHU�JRHV�XS
RU�GRZQ�
7KH�KXPDQ�EHLQJ�KDV�D�YHU\�FRPSOH[�ILHOG�ZLWK�D�PD]H�RI�YRUWLFHV��7KHUHIRUH�D�6DXFHU�SLORW
FDQ�OHDYH�WKH�50)�RI�KLV�FUDIW�E\�WZR�PHWKRGV��)LUVW�RI�DOO��DV�WKH�6DXFHU�ORZHUV�(DUWKZDUG�
LWV�50)�LV�UHGXFHG�DQG�GUDZQ�LQWR�WKH�ULP�RI�WKH�FUDIW��2WKHUZLVH��LWV�RZQ�ILHOG�ZRXOG�NHHS
LW�RII�WKH�JURXQG��,I�WKH�VKLS�LV�WR�EH�ORZHUHG�DOO�WKH�ZD\�WR�(DUWK��WKHQ�WKH�50)�PXVW�EH
FRPSOHWHO\� GUDZQ� LQWR� WKH� ULP� DUHD�� 7KLV� DFWLRQ� HQDEOHV� DQ\� RFFXSDQW� RI� WKH� 6DXFHU� WR
HPHUJH�XQKDUPHG��6HFRQGO\��LI�DGYDQFHG�HQRXJK��D�6DXFHU�SLORW�FDQ�FRQWURO�KLV�RZQ�ILHOG
FRPSRVHG� RI� QXPHURXV� YRUWLFHV� DQG� WKHUHE\� JR� WKURXJK� DQRWKHU� 50)� RI� ORZ� LQWHQVLW\�
:KHQ�&KULVW�ZDONHG�RQ�WKH�ZDWHU�DQG�SHUIRUPHG�RWKHU�VR�FDOOHG�PLUDFOHV��KH�XWLOL]HG�VXFK
NQRZOHGJH�
,I�WKH�UHDGHU�ZLOO�UHIHU�WR�SKRWRJUDSKV�RI�WKH�FUHVFHQW�VKDSHG�DUURZ�FUDIW�RU�PDVWHUFUDIW�LQ
7KH� &RPLQJ� 2I� 7KH� 6DXFHUV�� E\� $UQROG� DQG� 3DOPHU�� WKH� FUDIW
V� IORZLQJ� FHQWHU� FDQ� EH
REVHUYHG��7KLV�FHQWHU�LV�WKH�SRODU�YHQW�DUHD�ZKHUH�OLQHV�RI�IRUFH�DUH�FURVVLQJ��,Q�WKH�VDPH
ERRN��PHQWLRQ�ZDV�PDGH�RI� WKH�6DXFHU� WKDW�H[SORGHG�RYHU�0DXU\� ,VODQG��6RPHWLPHV� WKH
FUDIW� DUH� QRW� FRQVWUXFWHG� SHUIHFWO\�� DQG� WKHLU� RZQ� 50)� EHJLQV� WR� WHDU� WKHP� DSDUW�� 7KH
DQJOH� RI� LQFLGHQFH� RI� D� 6DXFHU� GHWHUPLQHV� ZKHWKHU� LW� KDV� D� KLJK� RU� ORZ� LQWHQVLW\� ILHOG�
/LNHZLVH��WKH�PRUH�WKH�SROHV�DUH�IODWWHQHG�RQ�D�SODQHW��WKH�PRUH�LQWHQVH�LV�LWV�50)�
)URP� WKH� 'HODZDUU� /DERUDWRULHV�� 2[IRUG�� (QJODQG�� FRPHV� WKH� IROORZLQJ� LQIRUPDWLRQ�� �:H
KDYH� EHHQ� DEOH� WR� PDWHULDOL]H� HQHUJ\� SDUWLFOHV� LQ� D� FRQWUROOHG� PDJQHWLF� ILHOG� DQG� ZRXOG
DJUHH�WKDW�WKH�PDWHULDOL]DWLRQ�RI�
VDXFHUV
�DW�FHUWDLQ�SRVLWLRQV�LQ�WKH�HDUWK
V�PDJQHWLF�ILHOG�LV
HQWLUHO\�SRVVLEOH����%�6�5�$���&4&�%����$SULO����������
0DQ\�DVN���+RZ�DUH�6DXFHUV�FRQVWUXFWHG"�7KH\�GRQ
W�H[KLELW� ULYHWV��EROWV��VFUHZV����� WKHLU
VXUIDFHV�DUH�H[WUDRUGLQDULO\�VPRRWK�DQG�WKHLU�RSHQLQJV�GRQ
W�VKRZ�ZKHQ�FORVHG���1HHGOHVV
WR� VD\�� D� 6DXFHU� LV� QRW� �EXLOW�� DV� ZH� RQ� (DUWK� FRQVWUXFW� DQ\WKLQJ�� )LUVW� RI� DOO�� DQ
HOHFWUR�PDJQHWLF� ILHOG� LV�VHW�XS��DQG�ZLWKLQ�WKLV�ILHOG��D�WHFKQLFLDQ�FRQVWUXFWV�VHFWLRQV�RI�D
6DXFHU� E\� KLV� RZQ� SRZHUV� RI� WKRXJKW�� 7KLV� LV� VLPLODU� WR� WKH� YRUWH[� ZLWKLQ� WKH� YROFDQR
FUHDWLQJ� WKH� HMHFWHG� �ERPEV��� RU� WKH� (DUWK
V� YRUWH[�� LWVHOI�� RULJLQDOO\� FUHDWLQJ� WKH� (DUWK�



$IWHU�WKH�YDULRXV�VPDOO�VHFWLRQV�DUH�FRPSOHWHG��WKH\�DUH�MRLQHG�E\�SLQV�WKDW�DUH�KLGGHQ�IURP
YLHZ��7KHUHIRUH��QR�REYLRXV�MRLQLQJ�WRJHWKHU�VKRZV�IURP�WKH�H[WHULRU�RI�WKH�FUDIW��3HRSOH�RI
RWKHU� SODQHWV� GR� QRW� KDPPHU� DQG� SRXQG�� FXW� DQG� VDZ�� WKH\� XWLOL]H� WKHLU� RZQ� FUHDWLYH
DELOLWLHV� �VXFK� DV� ZH� DOO� SRVVHVV�� WR� FRQVWUXFW� WKHLU� FUDIW� DQG�PDQ\� RWKHU� REMHFWV�� 7KHLU
FORWKHV�KDYH�QR�VHDPV��DQG�WKLV� LV�DOVR�EHFDXVH� WKH\�DUH��ZRYHQ�� LQ�DQ�HQWLUHO\�GLIIHUHQW
PDQQHU�WKDQ�RXUV�
,Q�� �7KH� 6HFUHW� 2I� 7KH� $JHV�� 5REHUW� &ROOLHU� VD\V�� �$OO� DERXW� \RX� LV� HQHUJ\� ���� HOHFWURQLF
HQHUJ\� ���� H[DFWO\� OLNH� WKDW� ZKLFK� PDNHV� XS� WKH� VROLG� REMHFWV� \RX� SRVVHVV�� 7KH� RQO\
GLIIHUHQFH� LV�WKDW�WKH� ORRVH�HQHUJ\�URXQG�DERXW� LV�XQDSSURSULDWHG��,W� LV�VWLOO�YLUJLQ�JROG� ���
XQGLVFRYHUHG��XQFODLPHG����<RX�FDQ�WKLQN�LW�LQWR�DQ\WKLQJ�\RX�ZLVK�����LQWR�JROG�RU�GURVV��LQWR
KHDOWK� RU� VLFNQHVV�� LQWR� VWUHQJWK� RU� ZHDNQHVV�� LQWR� VXFFHVV� RU� IDLOXUH��:KLFK� VKDOO� LW� EH"

7KHUH� LV� QRWKLQJ� HLWKHU� JRRG� RU� EDG�
� VDLG� 6KDNHVSHDUH�� 
EXW�� �WKLQNLQJ�PDNHV� LW� VR�
� 7KH
XQGHUVWDQGLQJ�RI�WKDW�ODZ�ZLOO�HQDEOH�\RX�WR�FRQWURO�HYHU\�RWKHU�ODZ�WKDW�H[LVWV��,Q�LW�LV�WR
EH�IRXQG�WKH�SDQDFHD�IRU�DOO�LOOV��WKH�VDWLVIDFWLRQ�RI�DOO�ZDQW��DOO�GHVLUH��,W�LV�&UHDWLYH�0LQG
V
RZQ�SURYLVLRQ�IRU�PDQ
V�IUHHGRP��$QG�QRZ�PDQ�LV�EHJLQQLQJ�WR�JHW�D�JOLPSVH�RI�WKH�ILQDO
IUHHGRP� WKDW� VKDOO� EH� KLV� IURP� DOO� PDWHULDO� FDXVHV� ZKHQ� KH� VKDOO� DFTXLUH� WKH� FRPSOHWH
XQGHUVWDQGLQJ�WKDW�PLQG� LV�WKH�RQO\���FDXVH�DQG�WKDW���HIIHFWV�DUH�ZKDW�KH�VHHV��7KHUH�LV�QR
LQWHOOLJHQFH� LQ�PDWWHU� ����ZKHWKHU� LW�EH� VWRQH�RU� LURQ��ZRRG�RU� IOHVK��0DWWHU� LV�9LWDO� )RUFH
FU\VWDOOL]HG� LQWR� WKH� SDWWHUQ�ZH� KDYH� JLYHQ� LW�� 0LQG� LV� WKH� RQO\� LQWHOOLJHQFH� ���� LW� DORQH� LV
HWHUQDO����� LW�DORQH�LV�VXSUHPH�LQ�WKH�8QLYHUVH��7KHUHIRUH��DOO�9LWDO�)RUFH�LV�JRRG��,W�LV�RQO\
RXU�SDWWHUQV�WKDW�DUH�DW�IDXOW��
%HIRUH�OHDYLQJ���0DJQHWLVP��7KH�8QLYHUVDO�
,�$P
�LW�LV�RQO\�SURSHU�WR�GLVFXVV�ZKDW�,�EHOLHYH�WR
EH�WKH�JUHDWHVW�GLVFRYHU\�SHUWDLQLQJ�WR�WKH�ILHOG�RI�DQWKURSRORJLFDO�VFLHQFH��6FLHQWLVWV�KDYH
ORQJ�SRQGHUHG�WKH�TXHVWLRQ�RI�ZKDW�LV�FXOWXUH"�:KDW�FRQVWLWXWHV�FXOWXUH"�:K\�FXOWXUH"
&RVPHWRORJ\� LV�FDOOHG� WKH�VFLHQFH�GHDOLQJ�ZLWK� WKH�HIIHFW�RI�FRVPLF�SKHQRPHQD�RQ� OLIH��,I
ZH�FRQVLGHU�LW�IURP�WKH�VWDQGSRLQW�RI�PDJQHWLVP�DQG�LWV�HIIHFWV�RQ�KXPDQLW\�DQG�FXOWXUH��LW
EHFRPHV�VRUW�RI�D�VFLHQFH�RI���FXOWXUDO�PDJQHWLVP�
,Q�� �7KH� 6DXFHUV� 6SHDN�� D� VSDFH� LQWHOOLJHQFH� VDLG�� �2Q� \RXU� (DUWK� WKHUH� DUH� PDJQHWLF
DQRPDOLHV��<RXU�VFLHQWLVWV�ZRQGHU�ZK\�PHWHRULWHV�IDOO�LQ�D�SDWWHUQ�LQ�FHUWDLQ�ORFDWLRQV�RYHU
WKH�ZRUOG��7KH\�DOVR�ZRQGHU�ZK\�JUHDW�FLYLOL]DWLRQV�DUH�IRXQG�ZKHUH�PHWHRULWHV�DUH�IRXQG�
7KH� DQVZHU� LV� VLPSOH�� 7KH� DQRPDOLHV� DWWUDFW� WKH� PHWHRULWHV�� DQG� WKHVH� VDPH� DQRPDOLHV
DPSOLI\�8QLYHUVDO� LQIOX[�IURP�RXWHU�VSDFH��7KHUHIRUH��\RX�ZLOO� ILQG�EHWWHU� OLYLQJ�FRQGLWLRQV�
ILQHU�DUW�DQG�PXVLF�DQG�VR�RQ�LQ�WKH�VDPH�SODFH�\RX�ILQG�WKH�PHWHRULWHV��
,Q�JHRORJ\��DQRPDO\�LV�D�GHSDUWXUH�IURP�WKH�QRUPDO�SXOO�RI��JUDYLW\��DV�FDOFXODWHG�IRU�DQ\
SDUWLFXODU� SODFH� RQ� WKH� (DUWK
V� VXUIDFH�� 6FLHQWLVWV� VD\� WKDW� ZKHQ� SRVLWLYH�� WKH� DQRPDO\
LQGLFDWHV� YHU\� KHDY\� PDWHULDO� EHQHDWK� WKH� VXUIDFH�� ZKHQ� QHJDWLYH�� YHU\� OLJKW� PDWHULDO�
([DPSOHV�RI�VXFK�PDJQHWLF�DQRPDOLHV�DUH�WKH�2UHJRQ�9RUWH[��0\VWHU\�6SRWV�DW�6DQWD�&UX]�
6DQ�-RVH��*XHUQHYLOOH��DQG�/RV�*DWRV��&DOLIRUQLD��0\VWHU\�VSRW�DW�6W��$XJXVWLQH��)ORULGD��DQG
RWKHU� ORFDWLRQV� DUH� NQRZQ� WR� H[LVW� LQ� VHYHUDO� SODFHV� LQ� WKH� 8QLWHG� 6WDWHV�� 7KHUH� DUH� D
QXPEHU� RI� YRUWLFHV� LQ� WKH�2MDL� 9DOOH\�� RWKHUV� LQ� &DQDGD�� RWKHUV� LQ�0H[LFR�� HWF�� 6FLHQWLVWV
ZKR� KDYH� LQYHVWLJDWHG� WKH� VWUDQJH� DQRPDOLHV� KDYH� RQO\� FRQFOXGHG� WKDW� WKH\� NQRZ
DEVROXWHO\�QRWKLQJ�DERXW�WKH�FDXVHV�IRU�VWUDQJH�YLVXDO�HIIHFWV�DQG�RWKHU�GLVWRUWLRQV� LQ�WKH
YDULRXV�DQRPDOLHV�
$Q�DQRPDO\�KDV�LWV�RZQ�YRUWH[�ZKLFK�LV�D�VXE�YRUWH[�RI�WKH�(DUWK
V�50)��7KH�DQRPDO\�DFWV
DV� D� 8QLYHUVDO� UDGLR� EHFDXVH� LW� DPSOLILHV� HYHU\WKLQJ� FRPLQJ� LQ� IURP� RXWHU� VSDFH�� +LJKO\
VHQVLWLYH� LQGLYLGXDOV� KDYH� VWUDQJH� H[SHULHQFHV� ZKHQ� WKH\� HQWHU� DQ� DQRPDO\� DUHD�� 7KHLU
DELOLW\� DW� UHFHSWLRQ� LV� LQFUHDVHG� WR� D� IDQWDVWLF� GHJUHH�� ,I� PDQ� RQ� (DUWK� ZDQWV� WR



FRPPXQLFDWH�ZLWK�RWKHU�SODQHWV�KH�VKRXOG�VHW�XS�KLV�HTXLSPHQW�LQ�RQH�RI�WKHVH�YRUWLFHV�
2QH� RI� WKH� LQWHUHVWLQJ� SKDVHV� RI� WKH� VWXG\� RI� PHWHRULWHV� LV� WKHLU� GLVWULEXWLRQ� RYHU� WKH
VXUIDFH�RI�WKH�(DUWK��,I�RQH�ZRXOG� ORRN�DW�D�ZRUOG�PDS�WKDW�VKRZV�WKH�GLVWULEXWLRQ�RI�WKH
LURQ�PHWHRULWHV��LW�ZRXOG�EH�LPPHGLDWHO\�VHHQ�WKDW�ZKHUH�WKH�PHWHRULWHV�IDOO�WKHUH�LV�JUHDW
FLYLOL]DWLRQ� RU� KLJKO\� FLYLOL]HG� SHRSOHV�� 7KLV�� DV� VWDWHG� EHIRUH�� LV� EHFDXVH� PHWHRULWHV� DUH
DWWUDFWHG� WR� WKH� DQRPDOLHV�� DQG� WKH� DQRPDOLHV� DUH� DPSOLILHUV� RI� 8QLYHUVDO� NQRZOHGJH
FRQVWDQWO\�SHUPHDWLQJ�DOO� VSDFH�DV� WKH� �PXVLF�RI� WKH� VSKHUHV���*UHDW� FXOWXUDO� FHQWUHV�DUH
IRXQG�RYHU�DQG�QHDU�VXFK�DQRPDOLHV��7KH� LQGLYLGXDOV� OLYLQJ� LQ�VXFK�DUHDV�DUH�UHFHLYHUV�RI
WKLV� 8QLYHUVDO� NQRZOHGJH� DQG� LW� PDQLIHVWV� LWVHOI� LQ� JUHDW� ZRUNV� RI� DUW�� PXVLF�� OLWHUDWXUH�
VFLHQWLILF� DFKLHYHPHQW�� DUFKLWHFWXUH�� SKLORVRSK\�� HWF�� 'HSHQGLQJ� RQ� ZKDW� YLEUDWLRQ� DQ
LQGLYLGXDO�LV�RSHUDWLQJ�LQ��KH�ZLOO�FUHDWH�LQ�RQH�RI�WKHVH�ILHOGV�
+HUH�DW�ODVW�LV�WKH�DQVZHU�WR��:K\�FXOWXUH"�&DUHIXO�VWXGLHV�RI�JHRORJLFDO�PDSV�LQ�FRQQHFWLRQ
ZLWK�WKH�QXPEHU�RI�FDQFHU�FDVHV�LQ�GLIIHUHQW�DUHDV�VKRZHG�%UXQOHU�WKDW�WKH�UDGLDWLRQ� ��

�YRUWLFDO�DFWLRQ"��RI� WKH�(DUWK�PXVW�KDYH�DQ� LPSRUWDQW�EHDULQJ�RQ� WKLV�GLVHDVH��7KHUHIRUH
HYHU\WKLQJ�PDQ�GRHV��WKLQNV��VD\V��FUHDWHV��HWF�� LV���PDJQHWLF� LQ�QDWXUH��0DJQHWLVP�LV�WUXO\
WKH�8QLYHUVDO����,�$P
�
$�VWXG\�RI�WKH�PDMRU�IDXOW�OLQHV�RI�(DUWK�DOVR�VKRZV�WKDW�FXOWXUH�IROORZV�WKHVH�OLQHV�EHFDXVH
PDJQHWLF�DQRPDOLHV�DUH�IRXQG�DORQJ�WKHP�DV�ZHOO�DV�YROFDQRHV��7UDFH�WKH�IDXOW�OLQHV�RQ�WKH
ZRUOG� PDS� RI� 3ODWH� ,,� DQG� VHH� ZKHUH� WKH\� FURVV� DUHDV� RI� JUHDW� FXOWXUDO� DGYDQFHPHQW�
5HPHPEHU�� WKLV�GRHV�QRW� QHFHVVDULO\�PHDQ�FLYLOL]HG� FHQWUHV��1DWLYH�SHRSOHV� KDYH� FUHDWHG
PDQ\�ZRQGHUIXO�FXOWXUDO�LWHPV�WKDW�KDYH�QHYHU�EHHQ�HTXDOOHG�LQ�PRGHUQ�FLYLOL]DWLRQ�
7KH�PDQ\�FRPSOH[�TXHVWLRQV�DULVLQJ�ZKHQ�RULJLQ�RI�FHUWDLQ�FXOWXUDO�WUDLWV�DUH�GLVFXVVHG�FDQ
EH�DQVZHUHG�E\�LQYHVWLJDWLRQ�RI�DQRPDO\�DUHDV�DV�WKH\�IROORZ�WKH�IDXOW�]RQHV�RI�(DUWK��,W�LV
LQWHUHVWLQJ�WR�QRWH�KHUH�WKDW�WKH�6HYHQ�6KDQJUL�/DV�RU�6HYHQ�*UHDW�+LGGHQ�FLWLHV�PHQWLRQHG
E\�%URZQ�/DQGRQH�DUH�IRXQG�GLUHFWO\�RYHU�PDMRU�IDXOW�OLQHV�RI�(DUWK��$Q\�FHQWHU�RI�FRVPLF



WUXWK� SUHVHUYLQJ� WKH� DQFLHQW� ZLVGRP� ZRXOG� KDYH� WR� EH� ORFDWHG� LQ� VXFK� DQ� DUHD�� ,WV
LQKDELWDQWV�ZRXOG�UHTXLUH�WKH�DPSOLI\LQJ�TXDOLWLHV�RI�WKH�DQRPDO\�LQ�RUGHU�WR�FRQWLQXH�WKHLU
KLJKHU�PHWDSK\VLFDO�UHVHDUFK�DV�PDVWHUV�
7UXO\����*RG�3URYLGHG��0DQ�'LYLGHG���)RU�DOO�LV�PDJQHWLF��DOO�LV�RQH��DOO�LV�*RG�
6SLQR]D� VDLG�� �7KH� 8QLYHUVH� LV� 21(�� 7KHUH� LV� QR� VXSHUQDWXUDO�� DOO� LV� UHODWHG�� FDXVH� DQG
VHTXHQFH��1RWKLQJ�H[LVWV�EXW�VXEVWDQFH�DQG�LWV�PRGHV�RI�PRWLRQ��
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,Q� WKH� 6ROH[�0DO�� WKLV� LV� WKH� V\PERO� IRU� WKH� �$OO�6HHLQJ� (\H��� WKH

�/LJKW�RI�&UHDWLRQ��� WKH� IRXU�SRLQWHG�VWDU� VWDQGV� IRU� WKH�)RXU�*UHDW

3ULPDU\� )RUFHV� RI�&UHDWLRQ�� WKH� IORZHU� RI� WZHOYH� SHWDOV� UHSUHVHQWV

WKH�WZHOYH�SODQHWV�
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7KLV�LV�WKH�V\PERO�RI�WKH�6ROH[�0DO��WKH�6RODU�RU�0RWKHU�7RQJXH��WKH�XQLYHUVDO�ODQJXDJH�RI
DOO�PDQNLQG��7KLV�ODQJXDJH�ZDV�WKH�RULJLQDO�WRQJXH�RQFH�VSRNHQ�RQ�(DUWK�E\�DOO�SHRSOH�DQG
LV�VWLOO�XVHG�E\�WKH�LQKDELWDQWV�RI�RWKHU�ZRUOGV�LQ�RXWHU�VSDFH��,W�LV�D�V\PEROLF��SLFWRJUDSKLF
ODQJXDJH�
6ROH[�PHDQV�6RODU��DQG�0DO�PHDQV�7RQJXH��,Q�6SDQLVK��WKH�ZRUG�0DO�PHDQV�EDG��VLQ��HYLO�
KXUW��LQMXU\��LOOQHVV��,Q�WKH�GUDZLQJ�KHDGLQJ�WKLV�FKDSWHU��ZH�VHH�WKH�6RODU�'LVF�RU�&LUFOH�RQ
WKH�OHIW��([WHQGLQJ�RXW�IURP�WKLV�GLVF��WR�WKH�ULJKW��LV�D�FXUYHG�RU�FXUOHG�WRQJXH��7KHUHIRUH�
LW�LV�OLWHUDOO\�D�WRQJXH�DV�ZHOO�DV�D�ODQJXDJH�UHIHUULQJ�WR�D�WRQJXH�
+RZ�GLG�WKH�ZRUG�0DO�PHDQLQJ�WRQJXH�FRPH�WR�VLJQLI\�HYLO�DQG�RWKHU�QHJDWLYH�FRQGLWLRQV"
-DPHV� ������ VD\V�� �(YHQ� VR� WKH� WRQJXH� LV� D� OLWWOH� PHPEHU�� DQG� ERDVWHWK� JUHDW� WKLQJV�
%HKROG�� KRZ� JUHDW� D� PDWWHU� D� OLWWOH� ILUH� NLQGOHWK�� $QG� WKH� WRQJXH� LV� D� ILUH�� D� ZRUOG� RI
LQLTXLW\��VR�LV�WKH�WRQJXH�DPRQJ�RXU�PHPEHUV��WKDW�LW�GHILOHWK�WKH�ZKROH�ERG\��DQG�VHWWHWK
RQ�ILUH�WKH�FRXUVH�RI�QDWXUH��DQG�LW� LV�VHW�RQ�ILUH�RI�KHOO��)RU�HYHU\�NLQG�RI�EHDVWV��DQG�RI
ELUGV�� DQG� RI� VHUSHQWV�� DQG� RI� WKLQJV� LQ� WKH� VHD�� LV� WDPHG�� DQG� KDWK� EHHQ� WDPHG� RI
PDQNLQG��%XW�WKH�WRQJXH�FDQ�QR�PDQ�WDPH��LW�LV�DQ�XQUXO\�HYLO��IXOO�RI�GHDGO\�SRLVRQ�
-RE��������7KRX�VKDOW�EH�KLG�IURP�WKH�VFRXUJH�RI�WKH�WRQJXH��QHLWKHU�VKDOW�WKRX�EH�DIUDLG
RI�GHVWUXFWLRQ�ZKHQ�LW�FRPHWK��
,�3HWHU��������)RU�KH�WKDW�ZLOO�ORYH�OLIH��DQG�VHH�JRRG�GD\V��OHW�KLP�UHIUDLQ�KLV�WRQJXH�IURP
HYLO��DQG�KLV�OLSV�WKDW�WKH\�VSHDN�QR�JXLOH��
3URYHUEV���������7KH�WRQJXH�RI�WKH�MXVW�LV�DV�FKRLFH�VLOYHU��WKH�KHDUW�RI�WKH�ZLFNHG�LV�OLWWOH
ZRUWK��
3URYHUEV���������7KHUH�LV�WKDW�VSHDNHWK�OLNH�WKH�SLHUFLQJV�RI�D�VZRUG��EXW�WKH�WRQJXH�RI�WKH
ZLVH�LV�KHDOWK��
3URYHUEV���������7KH�OLS�RI�WUXWK�VKDOO�EH�HVWDEOLVKHG�IRU�HYHU��EXW�D�O\LQJ�WRQJXH�LV�EXW�IRU
D�PRPHQW��
3URYHUEV��������$�ZKROHVRPH�WRQJXH�LV�D�WUHH�RI�OLIH��EXW�SHUYHUVHQHVV�WKHUHLQ�LV�D�EUHDFK
LQ�WKH�VSLULW��
3URYHUEV���������'HDWK�DQG�OLIH�DUH�LQ�WKH�SRZHU�RI�WKH�WRQJXH��DQG�WKH\�WKDW�ORYH�LW�VKDOO
HDW�WKH�IUXLW�WKHUHRI��
3URYHUEV���������:KRVR�NHHSHWK�KLV�PRXWK�DQG�KLV�WRQJXH�NHHSHWK�KLV�VRXO�IURP�WURXEOHV��
-HUHPLDK�������$QG�WKH\�ZLOO�GHFHLYH�HYHU\�RQH�KLV�QHLJKERXU��DQG�ZLOO�QRW�VSHDN�WKH�WUXWK�
WKH\�KDYH�WDXJKW�WKHLU�WRQJXH�WR�VSHDN�OLHV��DQG�ZHDU\�WKHPVHOYHV�WR�FRPPLW�LQLTXLW\��



-HUHPLDK������� �0\� OLWWOH�FKLOGUHQ�� OHW�XV�QRW� ORYH� LQ�ZRUG��QHLWKHU� LQ� WRQJXH��EXW� LQ�GHHG
DQG�LQ�WUXWK��
$JDLQ� LQ� -DPHV�������� �,I�DQ\�PDQ�DPRQJ�\RX�VHHP�WR�EH� UHOLJLRXV��DQG�EULGOHWK�QRW�KLV
WRQJXH��EXW�GHFHLYHWK�KLV�RZQ�KHDUW��WKLV�PDQ
V�UHOLJLRQ�LV�YDLQ��
,Q�D�3VDOP�RI�'DYLG��3VDOP�������ZH�ILQG���,�VDLG��,�ZLOO�WDNH�KHHG�WR�P\�ZD\V��WKDW�,�VLQ
QRW�ZLWK�P\�WRQJXH��,�ZLOO�NHHS�P\�PRXWK�ZLWK�D�EULGOH��ZKLOH�WKH�ZLFNHG�LV�EHIRUH�PH��
7KHUH�DUH�PDQ\�RWKHU�UHIHUHQFHV�WR�WKH�WRQJXH�RI�PDQ�LQ�WKH�%LEOH��EXW�WKRVH�UHIHUUHG�WR
ZLOO�EH�VXIILFLHQW�WR�VKRZ�KRZ�WKH�ZRUG�IRU�WRQJXH�LQ�WKH�RULJLQDO�0RWKHU�/DQJXDJH�FDPH�WR
EH�XVHG�LQ�ODWHU�ODQJXDJHV�DQG�PHDQW�EDG�RU�HYLO�
6W��0DWWKHZ���������1RW�WKDW�ZKLFK�JRHWK�LQWR�WKH�PRXWK�GHILOHWK�D�PDQ��EXW�WKDW�ZKLFK
FRPHWK�RXW�RI�WKH�PRXWK��WKLV�GHILOHWK�D�PDQ��
$QG� LQ� 6W�� 0DWWKHZ� ���������� -HVXV� VDLG�� �'R� QRW� \H� \HW� XQGHUVWDQG�� WKDW� ZKDWVRHYHU
HQWHUHWK�LQ�DW�WKH�PRXWK�JRHWK�LQWR�WKH�EHOO\��DQG�LV�FDVW�RXW�LQWR�WKH�GUDXJKW"�%XW�WKRVH
WKLQJV�ZKLFK�SURFHHG�RXW�RI�WKH�PRXWK�FRPH�IRUWK�IURP�WKH�KHDUW��DQG�WKH\�GHILOH�WKH�PDQ�
)RU�RXW�RI� WKH�KHDUW�SURFHHG�HYLO� WKRXJKWV��PXUGHUV��DGXOWHULHV�� IRUQLFDWLRQV�� WKHIWV�� IDOVH
ZLWQHVV��EODVSKHPLHV��7KHVH�DUH�WKH�WKLQJV�ZKLFK�GHILOH�D�PDQ��EXW�WR�HDW�ZLWK�XQZDVKHQ
KDQGV�GHILOHWK�QRW�D�PDQ��
7KHUHIRUH��HYLO�FRPHV�IURP�WKH�KHDUW�RI�PDQ�DQG�WKH�WRQJXH�LV�WKH�FRQYH\RU�RI�WKDW�HYLO�WR
RWKHU�PHQ���:H�PXVW�QRW�WUDQVODWH�6ROH[�0DO�WR�PHDQ�6RODU�%DG�RU�6RODU�(YLO��)RU�RULJLQDOO\
WKHUH� ZDVQ
W� DQ\� HYLO� LQ� RXU� 6RODU� 6\VWHP�� 7KHUHIRUH�� 6ROH[�0DO� PHDQV�� VLPSO\�� 6RODU
7RQJXH��7KH�ZRUG�0DO�KDV�FRPH�GRZQ�WR�XV�IURP�WKH�GLP�SDVW�DQG�LV�VWLOO�XVHG�LQ�FHUWDLQ
ODQJXDJHV�RI�RXU�(DUWK�
7KH� LQKDELWDQWV� RI� WKH� (DUWK� DW� RQH� WLPH� VSRNH� DQG� XVHG� WKH� 6RODU� 7RQJXH�� $OO
DQWKURSRORJLVWV�DQG�OLQJXLVWV�DJUHH�WKDW�DW�RQH�WLPH�WKHUH�ZDV�RQO\�RQH�ODQJXDJH��DQG�WKDW
IURP�WKDW�RQH�ODQJXDJH�DOO�WKRVH�H[LVWLQJ�WRGD\�FDPH�LQWR�EHLQJ��7KH�FRXQWOHVV�ODQJXDJHV
RI�(DUWK�DUH�OLNHQHG�XQWR�D�WUHH�ZLWK�PDQ\�EUDQFKHV��$V�ZH�JR�IURP�WKH�WRS�RI�WKH�WUHH�ZH
VHH�WKH�EUDQFKHV�WKLQQLQJ�RXW��VXGGHQO\�WKHUH�DUH�RQO\�WZR�RU�WKUHH�ODUJH�EUDQFKHV��WKHQ
ZH�DUULYH�DW�WKH�VLQJOH�WUXQN��6FLHQFH�NQRZV�ZKDW�ODQJXDJHV�DUH�UHSUHVHQWHG�E\�WKH�WZR�RU
WKUHH�ODUJH�EUDQFKHV��EXW�WKH\�KDYH�QHYHU�\HW�GLVFRYHUHG�WKH�RULJLQDO��SDUHQW� ODQJXDJH�RI
(DUWK��$OO�ODQJXDJHV�RI�WRGD\�DUH�UHODWHG�WR�LW�
2XU�+RO\�%LEOH�ZKROO\�DJUHHV�ZLWK�WKLV�WKHRU\��DQG�WHOOV�XV�KRZ�PDQ\�ODQJXDJHV�FDPH�RXW
RI�RQH��,Q�*HQHVLV���������ZH�UHDG���$QG�WKH�ZKROH�HDUWK�ZDV�RI�RQH�ODQJXDJH��DQG�RI�RQH
VSHHFK��$QG� LW�FDPH�WR�SDVV��DV�WKH\�MRXUQH\HG� IURP�WKH�HDVW�� WKDW� WKH\�IRXQG�D�SODLQ� LQ
WKH�ODQG�RI�6KLQDU��DQG�WKH\�GZHOW�WKHUH��$QG�WKH\�VDLG�RQH�WR�DQRWKHU��*R�WR��OHW�XV�PDNH
EULFN�� DQG� EXUQ� WKHP� WKRURXJKO\�� $QG� WKH\� KDG� EULFN� IRU� VWRQH�� DQG� VOLPH� KDG� WKH\� IRU
PRUWDU��$QG�WKH\�VDLG��*R�WR��OHW�XV�EXLOG�XV�D�FLW\�DQG�D�WRZHU��ZKRVH�WRS�PD\�UHDFK�XQWR
KHDYHQ�� DQG� OHW� XV�PDNH� XV� D� QDPH�� OHVW�ZH� EH� VFDWWHUHG� DEURDG� XSRQ� WKH� IDFH� RI� WKH
ZKROH�HDUWK��$QG�WKH�/RUG�FDPH�GRZQ�WR�VHH�WKH�FLW\�DQG�WKH�WRZHU��ZKLFK�WKH�FKLOGUHQ�RI
PHQ�EXLOGHG��$QG�WKH�/RUG�VDLG��%HKROG��WKH�SHRSOH�LV�RQH��DQG�WKH\�KDYH�DOO�RQH�ODQJXDJH�
DQG�WKLV�WKH\�EHJLQ�WR�GR��DQG�QRZ�QRWKLQJ�ZLOO�EH�UHVWUDLQHG�IURP�WKHP��ZKLFK�WKH\�KDYH
LPDJLQHG�WR�GR��*R�WR��OHW�XV�JR�GRZQ��DQG�WKHUH�FRQIRXQG�WKHLU�ODQJXDJH��WKDW�WKH\�PD\
QRW� XQGHUVWDQG� RQH� DQRWKHU
V� VSHHFK�� 6R� WKH� /RUG� VFDWWHUHG� WKHP� DEURDG� IURP� WKHQFH
XSRQ�WKH�IDFH�RI�DOO�WKH�HDUWK��DQG�WKH\�OHIW�RII�WR�EXLOG�WKH�FLW\��7KHUHIRUH�LV�WKH�QDPH�RI�LW
FDOOHG�%DEHO��EHFDXVH�WKH�/RUG�GLG�WKHUH�FRQIRXQG�WKH�ODQJXDJH�RI�DOO�WKH�HDUWK��DQG�IURP



WKHQFH�GLG�WKH�/RUG�VFDWWHU�WKHP�DEURDG�XSRQ�WKH�IDFH�RI�DOO�WKH�HDUWK��
7KH�7RZHU�RI�%DEHO�ZDV�EXLOW�E\�1LPURG�DQG�LQWHQGHG�WR�UHDFK�WR�KHDYHQ��1LPURG��NLQJ�RI
%DE\ORQ��ZLVKHG�IRU�JUHDWHU�SRZHU�DQG�GHFLGHG�WR�ZDU�RQ�*RG��+LV�WRZHU�RI�EULFNV�LQ�6KLQDU
ZDV�EXLOW�E\�VL[�KXQGUHG�WKRXVDQG�PHQ�DQG�ZDV�VR�WDOO�WKDW�LW�WRRN�D�\HDU�WR�UHDFK�WKH�WRS�
)URP�LW�VRPH�PHQ�VKRW�DUURZV�DW�WKH�VN\��DQG�WKH\�FDPH�EDFN�EORRGLHG��:KHQ�WKH�WRZHU
ZDV�QRW�TXLWH�ILQLVKHG��*RG�VHQW�VHYHQW\�DQJHOV�WR�FRQIXVH�WKH�WRQJXHV�RI� WKH�ZRUNPHQ�
2QH� GLG� QRW� XQGHUVWDQG� WKH� QH[W�� WKH\� IRXJKW�� VRPH� ZHUH� WUDQVIRUPHG� LQWR� DSHV� DQG
GHPRQV��DQG�WKH�VXUYLYRUV�ZHUH�VFDWWHUHG�DV�WKH�VHYHQW\�QDWLRQV�RQ�WKH�IDFH�RI�WKH�HDUWK�
2QH� WKLUG� RI� WKH� WRZHU� VDQN� LQWR� WKH� HDUWK�� RQH� WKLUG� ZDV� EXUQHG�� RQH� WKLUG� UHPDLQHG�
:KRHYHU�SDVVHV� WKH�SODFH�ZKHUH� WKH� WRZHU�VWRRG� ORVHV�KLV�PHPRU\�FRPSOHWHO\��7UDGLWLRQ
QDPHV� WKH� WRZHU� RI� %LUV�1LPUXG� DW� %RUVLSSD� DV� WKH� RULJLQDO�� 7KH� VWRU\� PD\� KDYH� EHHQ
LQVSLUHG�LQ�WKH�QRPDGLF�SHRSOH�E\�WKH�]LJJXUDWV�DQG�WKH�VZDUPLQJ�FRVPRSROLWDQ�OLIH�RI�WKH
ODUJH�%DE\ORQLDQ�FLWLHV��6RPHZKDW�VLPLODU�OHJHQGV�DFFRXQWLQJ�IRU�WKH�GLYHUVLW\�RI�ODQJXDJHV
DUH�IRXQG�LQ�$IULFD��HDVWHUQ�$VLD��DQG�0H[LFR�
$QFLHQW�PDQXVFULSWV�WHOO�XV�WKDW�DW�RQH�WLPH�PDQ�RQ�(DUWK�OLYHG�LQ�D�*ROGHQ�$JH�DQG��VSRNH
ZLWK�DQJHOV���7KLV�VLPSO\�PHDQV�WKDW�LQ�$WODQWLV�DQG�/HPXULD�DQG�EHIRUH��(DUWK�SHRSOH�ZHUH
LQ�FRQVWDQW�FRQWDFW�ZLWK�EHLQJV�IURP�RXWHU�VSDFH�RU��DQJHOV���7KURXJK�HYLO�DQG�JUHHG�DQG
OXVW�� WKH� *ROGHQ� $JH� SDVVHG� IURP� WKH� (DUWK� DQG� ZLWK� LW� ZHQW� WKH� DELOLW\� WR� VSHDN� WKH
6ROH[�0DO��:H�ZLOO�DJDLQ�VSHDN�WKLV��ODQJXDJH�RI�DQJHOV���LQ�WKH�1HZ�$JH�QRZ�GDZQLQJ�
$OUHDG\�ZH�FDQ�VHH�WKH�HYLGHQFH�PRXQWLQJ�WKDW�PDQ�QHHGV�D�FRPPRQ��XQLYHUVDO�ODQJXDJH�
7KH�QHZ� ODQJXDJH�RI� VFLHQFH� LV� �,QWHUOLQJXD��� $�JUDPPDU� DQG�D� GLFWLRQDU\�RI� ,QWHUOLQJXD
KDV�EHHQ�SXEOLVKHG��7KLV�SXEOLFDWLRQ�FOLPD[HG�WZHQW\�ILYH�\HDUV�RI�ZRUN�E\�H[SHUW�OLQJXLVWV
ZKR�GHYHORSHG� WKH�QHZ� ODQJXDJH�� ,W� FRPHV� IURP� VRPH�RI� WKH� ODQJXDJHV�RI� WKH�ZHVWHUQ
ZRUOG�DQG� LQ� LWV�ZULWWHQ� IRUP�PRUH�FORVHO\� UHVHPEOHV�6SDQLVK� WKDQ�DQ\�RWKHU��DOWKRXJK� LW
DOVR� KDV� )UHQFK�� ,WDOLDQ� DQG� (QJOLVK� ZRUGV�� ,W� KDV� D� WZHQW\�VHYHQ� WKRXVDQG� ZRUG
YRFDEXODU\��LQFOXGLQJ�VHYHQWHHQ�WKRXVDQG�VFLHQWLILF�DQG�WHFKQLFDO�WHUPV�ZKLFK�DOUHDG\�KDYH
ZLGH� LQWHUQDWLRQDO� XVDJH�� 7KH� JUDPPDU� LV� VLPSOHU� WKDQ� WKDW� RI� DQ\� RI� WKH� QDWLRQDO
ODQJXDJHV�DQG�FDQ�EH�OHDUQHG�LQ�D�VKRUW�WLPH�
7KH� IROORZLQJ� LV� ZULWWHQ� LQ� ,QWHUOLQJXD�� �(QHUJLD� HV� QHFHVVDUL� SUR� WRWR� TXH� RFFXUH� LQ� OH
PXQGR��,Q�WHPSRUDV�SDVVDWH�OH�SOXV�JUDQGH�SDUJH�GHO�HQHUJLD�DSSOLFDWH�HVVHYD�IRUQLWH�SHU
OH�IRUWLD�PXVFXODU�GHO�KRPLHV�H�GHO�DQLPDOHV�GRPHVWLF���7KH�(QJOLVK�WUDQVODWLRQ�RI�WKH�DERYH
LV���(QHUJ\�LV�QHFHVVDU\�IRU�DOO�WKDW�RFFXUV�LQ�WKH�ZRUOG��,Q�SDVW�WLPHV�WKH�JUHDWHVW�SDUW�RI
WKH�DSSOLHG�HQHUJ\�ZDV�IXUQLVKHG�E\�WKH�PXVFXODU�VWUHQJWK�RI�PHQ�DQG�GRPHVWLF�DQLPDOV��
,QWHUOLQJXD� LV� QRZ� D� VFLHQWLILF� ODQJXDJH�� EXW� LW� FRXOG� EHFRPH� D� PHDQV� RI� LQWHUQDWLRQDO
FRPPXQLFDWLRQ� LQ�RWKHU� ILHOGV��)RU� WKH�JUHDWHVW�SRVVLEOH�SURJUHVV� LQ�VFLHQFH� LW� LV�HVVHQWLDO
WKDW�UHVHDUFK�ZRUNHUV�NQRZ�WKH�UHVXOWV�RI�ZRUN�DORQJ�VLPLODU�OLQHV�E\�LQYHVWLJDWRUV�LQ�RWKHU
FRXQWULHV�� 7KHUH� VKRXOG� EH� D� FRQWLQXDO� H[FKDQJH� RI� LGHDV� DQG� UHVXOWV�� :RXOGQ
W� LW� EH
ZRQGHUIXO� LI�DQ\�SHUVRQ�FRXOG�WUDYHO�WKURXJK�WKH�ZRUOG�DQG�FRQYHUVH�XQGHUVWDQGDEO\�ZLWK
DQ\�OLWHUDWH�SHUVRQ�LQ�DQ\�QDWLRQ"
7KH�QHZ�ZRUOG�LQWHU�ODQJXDJH�LV�(VSHUDQWR��,W� LV�VWHDGLO\�JURZLQJ�LQ�SUDFWLFDO�XVH�LQ�HYHU\
FLYLOL]HG� ODQG��7KH�SURQXQFLDWLRQ� LV�VLPSOH�� WKHUH�DUH�QR� LUUHJXODU�YHUEV��DQG� WKHUH�DUH�QR
H[FHSWLRQV� WR� WKH� IHZ�JUDPPDWLFDO� UXOHV�� ,W� LV� VR�FRQVWUXFWHG� WKDW�D�YRFDEXODU\� LV�TXLFNO\
DFTXLUHG��(VSHUDQWR�VKRUW�ZDYH�EURDGFDVWV�DYHUDJH�RQH�KXQGUHG�ILIW\�ILYH�D�PRQWK�DQG�LW�LV
WDXJKW�LQ�ILYH�KXQGUHG�DQG�ILIW\�VFKRROV�DQG�FROOHJHV��VRPH�LQ�WKH�8QLWHG�6WDWHV��,W�LV�EHLQJ
LQFUHDVLQJO\� XVHG� E\� EXVLQHVV�� DQG� SDUWLFXODUO\� E\� WUDYHO� RUJDQL]DWLRQV� WR� VROYH� ODQJXDJH
EDUULHUV�



7KH�IROORZLQJ�LV�ZULWWHQ�LQ�(VSHUDQWR��VHH�KRZ�HDV\�LW�UHDOO\�LV���,QWHOLJHQWD�SHUVRQR�OHUQDV
OD�LQWHUOLQJYRQ��(VSHUDQWR�UDSLGH�NDM�IDFLOH��(VSHURQWR�HVWDV�OD�PRGHUQD��NXOWXUD�OLQJYR�SRU
OD� LQWHUQDFLD� PRQGD�� 6LPSOD�� IOHNVHEOD�� SUDNWLND� VROYR� GH� OD� SUREOHPR� GH� JHQHUDOD
LQWHUNRPSUHQR��(VSHUDQWR�PHULWDV�VHULR]DQ�NRQVLGHURQ��
%LOO�&XQQLQJKDP�� LQ��7KH�%RVWRQ�+HUDOG���VDLG���7KHUH�FDQ�QHYHU�UHDOO\�EH�RQH�ZRUOG�XQWLO
WKHUH
V� RQH� ODQJXDJH� �� �� �� RQH�ZRUNLQJ� ODQJXDJH� WKDW� WKH�SHRSOH� UXQQLQJ� WKDW�ZRUOG� FDQ
VSHDN��ZULWH�DQG�XQGHUVWDQG�������
8QGRXEWHGO\�ZH� QHHG� VRPH� VRUW� RI� LQWHUQDWLRQDO� ODQJXDJH� WR� VXUPRXQW� WKH� EDUULHUV� WKDW
GLYHUVH�ODQJXDJHV�KDYH�FUHDWHG�HYHU�VLQFH�WKH�EXLOGLQJ�RI�WKH�7RZHU�RI�%DEHO��7KH�GLIILFXOW\
OLHV� LQ� JHWWLQJ� SHRSOH� WR� OHDUQ� D� WRQJXH� GLIIHUHQW� IURP� WKHLU� RZQ��:K\� OHDUQ� DQ� DUWLILFLDO
ODQJXDJH��VD\�WKH�(QJOLVK�VSHDNLQJ�QDWLRQV��ZKHQ�(QJOLVK�LV�VR�HPLQHQWO\�VXLWDEOH"�2Q�WKH
RWKHU�KDQG��WKH�)UHQFK�DQG�WKH�*HUPDQV�DQG�WKH�,WDOLDQV�VWXEERUQO\� LQVLVW� WKDW�)UHQFK�RU
*HUPDQ�RU� ,WDOLDQ� LV� WKH�EHVW�PHDQV� RI� FRPPXQLFDWLRQ��+RZHYHU� LOORJLFDO� VXFK�D� SRVLWLRQ
PLJKW�DSSHDU��RQH�UHDOO\�FDQ
W�EODPH�WKHP��6R�ZH�QHHG�DQ�LQWHUQDWLRQDO�ODQJXDJH�
7KH�PHHWLQJV� RI� WKH� 8QLWHG� 1DWLRQV� 6HFXULW\� &RXQFLO� EHDU� RXW� WKLV� QHHG�� (YHU\WKLQJ� WKH
5XVVLDQ�GHOHJDWH�VD\V�KDV�WR�EH�WUDQVODWHG�LQWR�(QJOLVK�DQG�)UHQFK��1RW�RQO\�LV�WKLV�D�ZDVWH
RI�SUHFLRXV�WLPH��EXW� LW� LV�DOVR�D�EXUGHQ�RQ�WKRVH�ZKR�XQGHUVWDQG�5XVVLDQ�DQG�)UHQFK�DV
ZHOO� DV� (QJOLVK�� 7KH\� KDYH� WR� OLVWHQ� WR� WKH� GHOHJDWH
V� ZRUGV� WKUHH� WLPHV� UXQQLQJ�� ,I� WKH
GHOHJDWH�FRXOG�VSHDN� LQ�VRPH� LQWHUQDWLRQDO� ODQJXDJH��PXFK�WLPH�ZRXOG�EH�VDYHG�DQG�KLV
VSHHFKHV�ZRXOG�KDYH�WR�EH�KHDUG�RQO\�RQFH�
0DQ\�RI�WKH�ROG�ZD\V�ZLOO�EH�HOLPLQDWHG�LQ�WKH�1HZ�$JH��(YHQ�QRZ�ZH�FDQ�VHH�WKH�WUHQG�
:H� DUH� QRZ� LQ� D� WUDQVLWLRQDO� VWDJH� WR� WKH�*ROGHQ�'DZQ� MXVW� DKHDG� RI� XV��:H�ZLOO� DJDLQ
�VSHDN� ZLWK� DQJHOV��� IRU� ZH� ZLOO� XQGHUVWDQG� DQG� VSHDN� WKH� 6ROH[�0DO�� WKH� RULJLQDO�� DQG
8QLYHUVDO�0RWKHU�7RQJXH�RI�&UHDWLRQ�
7KH�LQKDELWDQWV�RI�RWKHU�ZRUOGV�FDOO�RXU�(DUWK�6DUDV�RU�6DURV��6DURV�LV�D�%DE\ORQLDQ�QXPHUDO
UHSUHVHQWLQJ� VL[W\� VL[WLHV� RU� WKUHH�WKRXVDQG� VL[� KXQGUHG�� ,W� LV� DOVR� WKH� &KDOGHDQ� F\FOH� RI
\HDUV��DQG�LQ�DQFLHQW�&KDOGHDQ�LW�PHDQW��UHSHWLWLRQ���RU��UHSHWLWLRQ�RI�FDWDFO\VPV���$�ILWWLQJ
ZRUG�IRU�WKH�(DUWK�SODQHW��2XU�ZRUOG�LV�DOVR�FDOOHG�&KDQ�RU�6KDQ��7KLV�ZRUG�DOVR�GHVFULEHV
RXU�(DUWK�YHU\�ZHOO��LQGHHG��2XU�ZRUOG�KDV�EHHQ�WHUPHG�WKH��VRUURZIXO�SODQHW���3HUKDSV�WKH
ZRUG�VRUURZ�FDPH�IURP�VDURV��DW�OHDVW��LW�VRXQGV�OLNH�LW�FRXOG�KDYH�
(YHQWXDOO\��GLFWLRQDULHV�ZLOO�QRW�HYHQ�EH�XVHG��IRU�WKH�6ROH[�0DO�LV�D�V\PEROLF��SLFWRJUDSKLF
ODQJXDJH�� :KHQ� UHDGLQJ� LW� LQ� ZULWWHQ� IRUP�� RQH� LQWHUSUHWV� V\PEROV� LQVWHDG� RI� UHDGLQJ
ZRUGV�� 7KHUHIRUH�� D� V\PERO� ZLOO� EH� XQGHUVWRRG� E\� DOO� ZKHWKHU� WKH\� KDYH� HYHU� VHHQ� WKH
SDUWLFXODU�V\PERO�EHIRUH�RU�QRW�
7KH�IROORZLQJ�V\PEROLF�ZULWLQJ�ZDV�UHFHLYHG�E\�RXU� UHVHDUFK�JURXS� LQ�QRUWKHUQ�$UL]RQD� LQ
������,W�LV�EHOLHYHG�WR�EH�ZULWWHQ�LQ�6ROH[�0DO��,W�KDV�QRW�EHHQ�WUDQVODWHG�DV�\HW��6RPH�RI�LW
LV�$WODQWHDQ�LQ�FKDUDFWHU�DQG�WKH�VLJQDWXUHV�RI�SURPLQHQW�SHUVRQDJHV�DUH�LQ�HYLGHQFH��,W�LV
HYLGHQWO\�D�FRPSOHWH�PHVVDJH�LQ�LWVHOI�



   



   



   



   



   



   

0XFK�RI�WKH�IRUHJRLQJ�V\PEROLVP�LV�VLPLODU�WR� WKH�DQFLHQW�VFUROO�ZULWLQJ�RI�WKH�$WODQWHDQV�
(YHU\�ZULWWHQ�WKRXJKW�LQ�$WODQWLV�ZDV�D�FKDOOHQJH�WR�WKH�UHDGHU
V�PHQWDO�GHYHORSPHQW�DQG�D
JUHDW�YDULHW\�RI�WUDQVODWLRQV�FRXOG�EH�JLYHQ�WR�WKH�VDPH�VFUROOHG�FRS\��7KH�VFUROO�IRUP�ZDV
XVHG�EHFDXVH�LW�LV�V\PEROLF�RI�HYROXWLRQ��LW�LV�HYHU�H[SDQGLQJ�
$WODQWLV��KRZHYHU��XVHG�D�PRGLILHG�IRUP�RI�WKH�RULJLQDO�6ROH[�0DO��6R�ZH�ZRXOG�H[SHFW� WR
ILQG�JUHDW�VLPLODULWLHV�LI�QRW�H[DFW�GXSOLFDWLRQV�LQ�VRPH�FDVHV�
$FWXDOO\�� WKHUH� LV� QRWKLQJ� QHZ� XQGHU� WKH� VXQ�� WKH� 1HZ� $JH� ZLOO� QRW� UHDOO\� EH� �QHZ�� DW
DOO��ZH�DUH�RQO\�UHWXUQLQJ�WR�WKDW�VWDWXV�ZKLFK�ZH�ORVW�PLOOHQQLD�DJR�
,Q�6W��-DPHV�������ZH�ILQG���2XW�RI�WKH�VDPH�PRXWK�SURFHHGHWK�EOHVVLQJ�DQG�FXUVLQJ��0\
EUHWKUHQ��WKHVH�WKLQJV�RXJKW�QRW�VR�WR�EH��
3RLVRQRXV� LQVHFWV�ZHUH�RIWHQ�XVHG� LQ�DQFLHQW� WLPHV� WR�V\PEROL]H� WKH�GHDGO\�SRZHU�RI� WKH
KXPDQ� WRQJXH��DQG� LW� ZDV� DQ� DFFXUDWH� SRUWUD\DO�� %XW� LQ� WKH� QHDU� IXWXUH� EOHVVLQJ� DQG
FXUVLQJ�ZLOO�QRW�SURFHHG�RXW�RI�WKH�VDPH�PRXWK��WKH�PRXWK�WKDW� LQVLVWV�RQ�FXUVLQJ�ZLOO�EH
VHDOHG�XS��EXW�WKH�PRXWK�ZKLFK�EOHVVHV�ZLOO�EH�WKH�PRXWK�WKDW�WDVWHV�RI�WKH�IUXLW�RI�WKLQJV
SURPLVHG�



$SKRULVPLF� VWDWHPHQW� ZDV� RQH� RI� WKH� IDYRXULWH� PHWKRGV� RI� LQVWUXFWLRQ� XVHG� LQ� WKH
3\WKDJRUHDQ� XQLYHUVLW\� RI� &URWRQD�� 2QH� DSKRULVP� VD\V�� �*RYHUQ� \RXU� WRQJXH� EHIRUH� DOO
RWKHU�WKLQJV��IROORZLQJ�WKH�JRGV��
-XVW� DV� VFLHQFH� DQG� UHOLJLRQ� ZLOO� EH� RQH�� VR� ZLOO� DOO� ODQJXDJH� EH� RQH� ODQJXDJH�� WKH� HYLO
WRQJXH�ZLOO�EH�VLOHQW�DQG�WKH�ZLVH�WRQJXH�ZLOO�UHMRLFH��ZH�VKDOO��IROORZ�WKH�JRGV���IRU�WKLV�LV
WKH�SURPLVH�RI�27+(5�721*8(6�
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