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ZKHUH�Y�LV�WKH�YHORFLW\�RI�WKH�PRYLQJ�SRLQW�
7KH�ILUVW�WHUP�RQ�WKH�ULJKW�JLYHV�WKH�FKDQJH

GXH�WR�WKH�$�ILHOG�LWVHOI��7KH�VHFRQG�WHUP�RQ�WKH
ULJKW� JLYHV� WKH� DSSDUHQW� WLPH� FKDQJH� RI� WKH�$
ILHOG�DW�WKH�SRLQW�GXH�WR�WKH�PRWLRQ�RI�WKH�SRLQW
WKURXJK�D� VSDFH�FKDQJLQJ�$� ILHOG� LQ� WKH�GLUHF�
WLRQ�Y��DQ�HIIHFW�SDUDOOHO�WR�$��7KH�WKLUG�WHUP�RQ
WKH�ULJKW�JLYHV�WKH�DSSDUHQW�WLPH�FKDQJH�RI�WKH
$�ILHOG�DW�WKH�SRLQW�GXH�WR�WKH�SRLQW�FKDQJLQJ�LWV
GLUHFWLRQ� RI�PRWLRQ�� WKHUHE\� SURGXFLQJ� DQ� DS�
SDUHQW�UDWH�RI�FKDQJH� LQ� WKH�GLUHFWLRQ�RI� WKH�$
ILHOG��DQ�HIIHFW�SHUSHQGLFXODU�WR�$�
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DQG�UHSHDWHG�LQGLFHV�DUH�VXPPHG��&DUU\LQJ�RXW
WKH�GLIIHUHQWLDWLRQ�\LHOGV
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6XEVWLWXWLQJ�(TQ�������LQWR�WKH�OHIW�VLGH�RI�(TQ�
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6LQFH� (TQV�� ���� DQG� ����� \LHOG� WKH� LGHQWLFDO
UHVXOW��(TQ������KDV�EHHQ�SURYHG�DV�ZHOO��+HQFH�
WKH�WKHRUHP�LV�SURYHG�

-�3��:HVOH\

:HLKHUGDPPVWUDVVH���

������%OXPEHUJ��*HUPDQ\

%RRN�5HYLHZV

5HODWLYLWp�HW�6XEVWUDWXP�&RVPLTXH�E\�-RVHSK
/HY\������SDJHV��-XO\��������(�0DLO��MR�
VHSKOHY\�#FRPSXVHUYH�FRP���eGLWLRQV�/DYRL�
VLHU�����UXH�GH�3URYLJQ\��������&$&+$1
&HGH[��)UDQFH��HGLWLRQ#/DYRLVLHU�IU��

7KLV�ERRN�FDQ�EH�VHHQ�DV�D�FULWLFDO�VWXG\�RI
WKH� HYROXWLRQ� RI� LGHDV� LQ� SK\VLFV�� QRWDEO\� LQ
ZKDW� FRQFHUQV� UHODWLYLW\� DQG� LWV� UHODWLRQV� ZLWK
TXDQWXP� PHFKDQLFV�� ,W� SURYLGHV� D� UHYLHZ� RI
YHU\�KLVWRULFDOO\�LPSRUWDQW�LGHDV�WKDW�KDYH�LQIOX�
HQFHG� WKH� GHYHORSPHQW� RI� WKH� IXQGDPHQWDO
SULQFLSOHV�LQ�PRGHUQ�SK\VLFV��7KH�ERRN�UHODWHV
VRPH�RI� WKH� DXWKRU¶V� LGHDV�� 7KH� RULJLQDO� LGHDV
UHFDOOHG�LQ�WKLV�ERRN�DUH�QRW�JLYHQ�DV�D�GRFWULQH
WR�EH�IROORZHG��EXW�DV�D�EDVLV� IRU� LQYHVWLJDWLRQ
IRU�IXUWKHU�VWXGLHV�

7KH�ERRN�UHFDOOV� WKH� WKHRU\�RI�)UHVQHO�� WKH
H[SHULPHQWV�RI�%UDGOH\��)L]HDX��RQ�WKH�YHORFLW\
RI� OLJKW� LQ� D� PRYLQJ� PHGLXP��� 0LFKHOVRQ�
0RUOH\�DQG�+X\JHQV��2Q� WKH�SRLQW�RI�YLHZ�RI
WKHRUHWLFDO�H[SODQDWLRQV��KH�GLVFXVVHV�WKH�UHFLS�
URFDO� FRQWUDFWLRQ� RI� (LQVWHLQ�� ZKLFK� DSSHDUV
QRQ�UHFLSURFDO� IRU� /RUHQW]� DQG� WKH� LQWHUSUHWD�
WLRQ�UHODWHG�WR�WKH�DSSDUHQW�DQG�LVRWURSLF�YHORF�
LW\�RI� OLJKW�RI�(LQVWHLQ��7KH�PRGHOV�RI�%XLOGHU
DQG� 3URNRYQLN�� ,YHV� DQG�:HQW]O� DUH� DOVR� GH�
VFULEHG�

,Q� FKDSWHU� WKUHH�� WKH� SUREOHP�RI�(LQVWHLQ¶V
UHODWLYLW\� LV� VSHFLDOO\� GLVFXVVHG�� )RU� H[DPSOH�
WKH�SULQFLSOH�RI�UHODWLYLW\��WKH�WUDQVIRUPDWLRQ�RI
FRRUGLQDWHV��WKH�UHODWLYLW\�RI�WLPH�DQG�RI�VSDFH�
FORFN� V\QFKURQL]DWLRQ�� VLPXOWDQHLW\�� WKH� WZLQ
SDUDGR[�� WKH� LPSOLFDWLRQV� RI� HTXDWLRQ�(� �PF�

DQG� WKH� LQFRPSDWLELOLW\� EHWZHHQ� (LQVWHLQ¶V
UHODWLYLW\�DQG�TXDQWXP�PHFKDQLFV��7KHVH� WKHR�
ULHV� DUH� FRPSDUHG� ZLWK� PDQ\� H[SHULPHQWDO

UHVXOWV� OLNH� WKH� H[SHULPHQWV� RI� ,YHV� DQG� 6WLOO�
ZHOO�� 5RVVL� DQG� +DOO� �RQ� WKH� OLIHWLPH� RI� WKH
PXRQ���WKH�6DGHK��WKH�$OYlJHU��DQG� WKH�+DIHOH
DQG�.HDWLQJ¶V�H[SHULPHQWV�

6RPH� GLIIHUHQW� DSSURDFKHV� DUH� GLVFXVVHG
JLYLQJ� D� WUDQVIRUPDWLRQ� RI� FRRUGLQDWHV�� ZKLFK
GRHV�QRW�LQYROYH�WKH�FRQVWDQF\�RI�WKH�YHORFLW\�RI
OLJKW�� )RU� H[DPSOH�� WKH� DXWKRU� H[DPLQHV� WKH
ZRUN� RI� 7HUOHWVNLL� ZKR� XVHV� IRXU� K\SRWKHVHV�
7KH� SULQFLSOH� RI� UHODWLYLW\�� LVRWURS\� RI� VSDFH�
XQLIRUPLW\�RI�VSDFH�DQG�WLPH��DQG�WKH�YDULDWLRQ
RI�PDVV�� � 6RPH�RWKHU� WUDQVIRUPDWLRQV� DUH� DOVR
GLVFXVVHG�

7KH�ERRN�DOVR�SUHVHQWV�DQ�LQWHUHVWLQJ�ELEOL�
RJUDSK\� LQ�ZKLFK�PDQ\� UHIHUHQFHV� DUH� DFFRP�
SDQLHG�ZLWK�FRPPHQWV��)LQDOO\��WKH�DXWKRU�SUHV�
HQWV� VRPH� RI� KLV� RZQ� SDSHUV� �ZULWWHQ� LQ� (QJ�
OLVK��� VKRZLQJ�KLV�RZQ�RSLQLRQ� DERXW� DOO� WKHVH
SUREOHPV�� +H� JLYHV� D� FULWLFDO� DQDO\VLV� RI� WKH
DVVXPSWLRQV�XQGHUO\LQJ�WKH�WKHRULHV�RI�/RUHQW]
3RLQFDUp�DQG�(LQVWHLQ�DQG�EULQJV�WR�WKH�IRUH�WKH
GLIILFXOWLHV� RI� WKHVH� WKHRULHV�� 7KLV� ERRN� FDQ
FHUWDLQO\� EH� XVHIXO� WR� WKRVH� ZKR� KDYH� RSHQ
PLQGV�� DQG� WR� UHFDOO� H[WHQVLYH� GLVFXVVLRQV� UH�
ODWHG� WR� QXPHURXV� WKHRULHV� DQG� PDQ\� H[SHUL�
PHQWV�LQ�UHODWLYLW\�DQG�LQ�TXDQWXP�PHFKDQLFV��,W
GRHV�QRW�JLYH� D� ILQDO� VROXWLRQ�EXW� LW� VKRZV� WKH
GLVDVWURXV�LQFRPSDWLELOLW\�EHWZHHQ�WKH�FXUUHQWO\
DFFHSWHG� PRGHOV� LQ� UHODWLYLW\� DQG� LQ� TXDQWXP
PHFKDQLFV�� 7KH� ERRN� VKRZV� FOHDUO\� WKDW� ZH
KDYH�QRW�UHDFKHG�WKH�VROXWLRQ�\HW��DQG�WKDW�WKHUH
LV�D�FULWLFDO�QHHG�WR�GR�PRUH�UHVHDUFK�ORRNLQJ�IRU
D�ORJLFDO�VROXWLRQ�

3DXO�0DUPHW

3K\VLFV�'HSDUWPHQW

8QLYHUVLW\�RI�2WWDZD�

L�L�L�L�L
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1XFOHDU�7UDQVPXWDWLRQ�� 7KH�5HDOLW\� RI�&ROG
)XVLRQ�E\�7DGDKLNR�0L]XQR��(QJOLVK�7UDQV�
ODWRU�� � -HG� 5RWKZHOO�� ,QILQLWH� (QHUJ\� 3UHVV�
&RQFRUG�� 1+�� )LUVW� SXEOLVKHG� LQ� -DSDQHVH�
������.RJDNXVKD�&RS\ULJKW��(QJOLVK� WUDQVOD�
WLRQ� ������ ,QWURGXFWLRQ� E\� -HG� 5RWKZHOO�
)RUHZRUG�E\�(��)��0DOORYH��,6%1����������
����������SDJHV�����FRORU�SODWHV����������DYDLO�
DEOH� IURP� ,QILQLWH� (QHUJ\� 3UHVV�� 3�2�� %R[
������ &RQFRUG�� 1+� �����������
KWWS���ZZZ�LQILQLWH�HQHUJ\�FRP�

(DUO\�ZRUNHUV�LQ�FROG�IXVLRQ�� LQ�DWWHPSWLQJ
WR� IROORZ� WKH� HOHFWURO\VLV� UHFLSH� RI� 3RQV�
)OHLVFKPDQQ�� VHOGRP�ERWKHUHG� WR� DQDO\]H� WKHLU
SDOODGLXP� FDWKRGHV� DIWHU� WKHVH� KDG� RU� KDG� QRW
SURGXFHG�³H[FHVV�KHDW�´�7KLV�LV�D�SLW\��EHFDXVH
LQ�KLQGVLJKW�LW�PLJKW�KDYH�FXW�\HDUV�RII�WKH�LQLWLDO
SHULRG� RI� VWXPEOLQJ�LQ�WKH�GDUN� IURP� ZKLFK�
DIWHU�D�GHFDGH��WKLV�QDVFHQW�VFLHQFH�KDV�QRW�\HW
IXOO\�HPHUJHG��$�VWXG\�RI�WKHVH�FDWKRGHV��VXFK
DV� WKH� DXWKRU� RI� WKLV� ERRN� KDV�PDGH�� VXJJHVWV
VHYHUDO� REVHUYDWLRQV� RI� FULWLFDO� LPSRUWDQFH� IRU
WKH�IXWXUH�HYROXWLRQ�RI�WKH�HOHFWURO\WLF�DSSURDFK
�ZKLFK� LV� RQH� RI� VHYHUDO� QRZ� HPHUJLQJ��� )RU
RQH�WKLQJ��LW�VHHPV�KLJKO\�OLNHO\�WKDW�WKH�QXFOHDU
SURFHVVHV� WKDW� DUH� ³FKHPLFDOO\´� VWLPXODWHG
RFFXU�YHU\�QHDU�WKH�VXUIDFH�RI�WKH�FDWKRGH�PDWH�
ULDO��)RU�DQRWKHU��LW� LV�FOHDU� IURP�WKH�YDULHW\�RI
WUDQVPXWDWLRQV� �³DOFKHP\´�� WDNLQJ�SODFH� LQ� WKH
VXUIDFH� OD\HU� WKDW� SHUKDSV� DV� PXFK� ILVVLRQ� DV
IXVLRQ� LV� RFFXUULQJ�� +HQFH� VRPH� SUDFWLWLRQHUV
KDYH�VXJJHVWHG� UHQDPLQJ� WKH� ILHOG� ³FKHPLFDOO\
DVVLVWHG� QXFOHDU� UHDFWLRQV´� �&$15�²QRW� WKDW
DQ\� VXFK� UXVH� ZLOO� UHPRYH� WKH� FXUVH� XQGHU
ZKLFK�WKH�&ROG�)XVLRQ�'XWFKPDQ�IOLHV�

0DQ\�RWKHU�XVHIXO�KLQWV�IRU�URXWHV�RI�SURJ�
UHVV� LQ� WKLV� IDVFLQDWLQJ� QHZ� VFLHQFH� FDQ� EH
JOHDQHG�IURP�WKLV�EULHI�VXPPDU\�RI�WKH�DXWKRU¶V
H[SHULHQFHV� DQG� DFFRPSOLVKPHQWV�� $� 3K�'�� LQ
DSSOLHG� SK\VLFV��0L]XQR� LV� SUHVHQWO\� DQ� DVVLV�
WDQW� SURIHVVRU� RI� QXFOHDU� HQJLQHHULQJ� DW� +RN�
NDLGR�8QLYHUVLW\��+LV�ZRUN�FRYHUV�D�ZLGH�VSHF�
WUXP�� IURP� WKH� ILUVW� -DSDQHVH� UHSRUWV� RI� FROG
IXVLRQ� QHXWURQ�PHDVXUHPHQWV� WHQ� \HDUV� DJR� WR
PRUH� UHFHQW� VWXGLHV� RQ� WUDQVPXWDWLRQ� SURGXFWV

DQG� RQ� FROG� IXVLRQ� DSSOLFDWLRQV� RI� ³SURWRQ
FRQGXFWRUV�´�ZKDWHYHU�WKH\�PD\�EH���'HVSLWH�D
VSOHQGLG� DQG� ODUJHO\� VXFFHVVIXO� HIIRUW� E\� WKH
DXWKRU� WR� ZULWH� IRU� WKH� OD\PDQ�� DQ� RFFDVLRQDO
WHFKQLFDO� WHUP� VOLSV� E\� ZLWKRXW� PXFK� GHILQL�
WLRQ��� +LV� WUDQVODWRU� MXVWO\� UHIHUV� WR� KLP� DV� D
³RQH�PDQ�5	'�FRQVRUWLXP�´�7KLV�LV�WKH�W\SH�RI
PLQG��FRXSOHG�ZLWK�WKH�SDWLHQFH�DQG�HQGXUDQFH
RI�D�0DULH�&XULH��WKDW�LV�QHHGHG�WR�PDNH�ZRUWK�
ZKLOH� FRQWULEXWLRQV� WR� ZKDW� SURYHV� WR� EH� D
XQLTXHO\�UHIUDFWRU\�ILHOG²RQH�LQ�ZKLFK�VFLHQFH
�IRU� ODFN� RI� WKHRU\��PXVW� IROORZ� WHFKQLFDO� GLV�
FRYHU\��QRW�OHDG�LW�

:H�ZKR�OLYH�LQ�WKLV�WLPH�DQG�DUH�LQWHUHVWHG
LQ� VFLHQFH� DUH� SULYLOHJHG� WKXV� WR� EH� SUHVHQW� DW
WKH�ELUWK��DQG�SHUKDSV�WKH�SUHPDWXUH�GHDWK�IURP
VWDUYDWLRQ��RI�D�WUXO\�QHZ�VFLHQFH�«�MXVW�DV�QHZ
DV�ZDV�WKH�VFLHQFH�RI�PHFKDQLFV�LQ�WKH�WLPH�RI
*DOLOHR��$� WUXO\�QHZ�VFLHQFH� LV� VRPHWKLQJ� WKDW
E\�GHILQLWLRQ�DXWRPDWLFDOO\�DIIURQWV� WKH� VFLHQFH
DOUHDG\� HVWDEOLVKHG�� )URP� WLPH� LPPHPRULDO�
ORQJ� EHIRUH� *DOLOHR�� WKH� ROG� VFLHQFH� KDV� EHHQ
DQG� UHPDLQV�DFDGHPLF� VFLHQFH�� ,� DP�QR� KLVWR�
ULDQ� RI� WKH� VXEMHFW�� EXW� KDYH� KHDUG� LW� FODLPHG
WKDW�WKH�&KXUFK�ZDV� LQFLWHG� WR�GR� LWV�QRWRULRXV
KDWFKHW�MRE�RQ�*DOLOHR�E\�DFDGHPLF�VFLHQWLVWV²
WKH�VDPH�RQHV�ZKR�GHFOLQHG�WR�ORRN�WKURXJK�KLV
WHOHVFRSH�

,V� LW� QRW�PDUYHORXV� KRZ� WKURXJK� WKH� VKXG�
GHULQJ� PLOOHQQLD� DFDGHPLD� UXQV� WUXH� WR� IRUP"
:H�ZKR�PLJKW� KDYH� D� VFKRODUO\�ZLVK� WR� OHDUQ
DERXW� *DOLOHR¶V� WULDOV� GR� QRW� KDYH� WR� KXQW
WKURXJK�DUFKLYHV�LQ�WKH�PXVW\�DWWLFV�RI�:LGHQHU�
WKH� /LEUDU\� RI� &RQJUHVV�� RU� WKH� %LEOLRWKqTXH
1DWLRQDOH�� :H� FDQ� UHDG� DERXW� WKHP� �LQ� WKH
SHUVRQV� RI� 3RQV�� )OHLVFKPDQQ�� %RFNULV�� DQG
RWKHU�PRGHUQ�PDUW\UV� WR�VFLHQWLILF�FXULRVLW\�� LQ
RXU� GDLO\� QHZVSDSHUV� DQG� LQ� VXFK� ZLGHO\�
GLVWULEXWHG� ERRNV� DV� PHHW� WKH� SUHUHTXLVLWH� RI
NLFNLQJ� WKH� VWUXJJOLQJ� QHZ� VFLHQFH� ZKLOH� LW� LV
GRZQ��+LVWRU\�SUREDEO\�KDV�IRUJRWWHQ�WKH�QDPHV
RI� WKH� DFDGHPLF� ³DXWKRULWLHV´� ZKR� ULGLFXOHG
*DOLOHR��MXVW�DV�LW�ZLOO�IRUJHW�WKH�QDPHV�RI�WKHLU
PRGHUQ�FRXQWHUSDUWV��%XW�ZH��\RX�DQG�,��GR�QRW
KDYH� WR� IRUJHW� WKH� ODWWHU�� 7KH\� KDYH� VWUXWWHG
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EHIRUH� XV� IRU� \HDUV� QRZ� LQ� WKH� PHGLD�� DLULQJ
WKHLU� KDOI�LQIRUPHG� SRQWLILFDWLRQV� WKDW� FROG
IXVLRQ�LV�GHDG��WKDW�LW�LV�D�VFDP�RU�IUDXG��WKDW�LW�LV
³SDWKRORJLFDO� VFLHQFH�´�HWF�� 6R��ZH� KDYH� D� OHJ
XS�RQ�KLVWRU\��:H�NQRZ�ZLWKRXW�WKH�GUXGJHU\�RI
KLVWRULFDO� UHVHDUFK� WKH� URVWHU� RI� RXU� PRGHUQ
DFDGHPLF� ³DXWKRULWLHV´� ZKRVH� UHDFWLRQV� WR� WKH
WKUHDW�RI�D�QHZ�VFLHQFH��WKDW�PLJKW�VWLFN�D�SLQ�LQ
WKHLU�ROG�VFLHQFH��NQHH�MHUNHG�WKHP�RXW�RI�WKHLU
ODEV�DQG� LQWR� WKH�KHDGOLQHV� DV�TXLFN� DV�%RE¶V�
\RXU�XQFOH�

7KHVH�DXWKRULWLHV��WR�EH�VXUH��ODFN�D�&KXUFK
0LOLWDQW�WR�VQDWFK�WKHLU�FKHVWQXWV�RXW�RI�WKH�ILUH
IRU�WKHP�«�EXW�WKH\�SRVVHVV�VRPHWKLQJ�EHWWHU�LQ
D�*RYHUQPHQW�)ODWXOHQW��ZKLFK�PDNHV�VXUH�WKDW
DOO� IHGHUDO� JUDQWV� IRU� VFLHQFH� JR� RQO\� WR� WKH
GHVHUYLQJ� �WKHPVHOYHV�� DQG� QRW� D� WD[SD\HUV¶
SHQQ\�WR�FROG�IXVLRQ�UHVHDUFKHUV��QRZ�GHVWLWXWH
DQG�PRVWO\�EX\LQJ�WKHLU�LQVWUXPHQWV�RXW�RI�WKHLU
RZQ� SRFNHWV�� 7KDW� ILWV� SHUIHFWO\� WKH� SDWWHUQ
HVWDEOLVKHG�VR�ORQJ�DJR��<HW�«�WU\�KDUG�WR�WKLQN
RI�DQ\�JDPEOH��DQ\�ULVN�LQ�WKH�ZKROH�SURVSHFWXV
RI� PRGHUQ� VFLHQFH� WKDW�� LI� VXFFHVVIXO�� ZRXOG
SURYLGH� D� PRUH� VLJQLILFDQW� EHQHILW� IRU� WKH
JURDQLQJ� WD[SD\HUV� RI� WKH� ZRUOG� WKDQ� FROG� IX�
VLRQ²D� FRPSDUDWLYHO\� FKHDS� DQG� FOHDQ� KHDW
VRXUFH�� ZLWKRXW� OLPLWDWLRQV� RI� FULWLFDO� PDVV�
6WXPSHG"�0H��WRR�

2XU�JRYHUQPHQW�LV�WRR�FDUHIXO�ZLWK�RXU�SHQ�
QLHV�WR�SDUW�ZLWK�D�VLQJOH�RQH�RI�WKHP��RU�HYHQ�WR
DOORZ�SDWHQWV��IRU�FROG�IXVLRQ�VFKHPHV��$UH�\RX
JUDWHIXO� WR� KDYH� \RXU� WD[HV� DGPLQLVWHUHG� ZLWK
VXFK� ULJRURXV� UHFWLWXGH� E\� EXUHDXFUDWV� KXPEO\
HDJHU� WR� WDNH� WKH� ZRUG� RI� DFDGHPLF� NQRZ�LW�
DOOV"� 5HFROOHFW� WKH� EHKDYLRUDO� VWDQGDUG� VHW� E\
WKH� LQWHOOHFWXDO� DQFHVWRUV� RI� WKRVH� NQRZ�LW�DOOV�
LQ�GHFOLQLQJ�WR�ORRN�WKURXJK�*DOLOHR¶V�WHOHVFRSH�
)RU�WKH�VDNH�RI�IRUP��D�IHZ�RI�RXU�FXUUHQW�FURS
RI� DFDGHPLF� $XWKRULWLHV� GLG� LQLWLDOO\� VQDWFK� D
ORRN� DW� FROG� IXVLRQ�� EXW� WKHQ� LQ� WKHLU� UXVK� WR
MXGJPHQW�DOPRVW�EURNH�D�OHJ�JHWWLQJ�RXW�RI� WKH
ODE��,I�\RX�WKLQN�UHDO�UHVHDUFK�LV�GRQH�WKDW�ZD\�
UHDG�WKLV�ERRN�

$QG�NHHS�LQ�WKH�EDFN�RI�\RXU�PLQG�WKDW�WKH
86�JRYHUQPHQW� LV�D� IHGHUDWLRQ�RI� VWDWHV��PDQ\

RI�ZKLFK�HQFRXUDJH� WKHLU�FLWL]HQV� WR�JDPEOH� LQ
VWDWH�UXQ� ORWWHULHV²MXVWLI\LQJ� VXFK� D� WD[� RQ
VWXSLGLW\�DV�D�ILVFDO�PHFKDQLVP�IRU�OHWV�SUHWHQG
UHGXFWLRQ�RI�RWKHU�WD[HV��,I�WKH�WD[SD\HUV�ZHUH�DV
PLQGIXO� RI� WKHLU� LQWHUHVWV� DV� WKHLU� SDWHUQDOLVWLF
JRYHUQPHQWV�FODLP�WR�EH��,�VXJJHVW�WKH\�ZRXOG
WDNH� WKHLU� ORWWHU\� PRQH\� LQ� ZDJRQORDGV� DQG
JDPEOH� LW� RQ� FROG� IXVLRQ� UHVHDUFK�� OHDYLQJ� WKH
EXUHDXFUDWV� DV� WKH�RQO\�SHRSOH� VHOIOHVV� HQRXJK
WR�EX\�ORWWHU\�WLFNHWV��$IWHU�DOO��WKH�ORWWHU\�SD\RII
LV�VHOGRP�PRUH� WKDQ�D� WD[DEOH������PLOOLRQ� LQ
LQIODWHG�SDSHU�PRQH\��7KH�FROG�IXVLRQ�SD\RII�LV
WKH� ORQJ�WHUP� IXWXUH� RI� PDQNLQG�� 7KH� ZKROH
WKHRU\�RI�WD[DWLRQ�DV�D�VXSSRUW� IRU�JRYHUQPHQW
LV� WKDW�JRYHUQPHQW�NQRZV�EHWWHU�KRZ� WR� VSHQG
\RXU�PRQH\�WKDQ�\RX�GR��,Q�YLHZ�RI�WKH�UHFRUG�
KRZ�GR�\RX�IHHO�DERXW�WKDW�SDUWLFXODU�WKHRU\"

:HOO�� GRQ¶W� UXVK� WR� MXGJPHQW� RQ� WKDW� RQH�
)LUVW�� LQIRUP�\RXUVHOI��'LS� LQWR� WKLV� OLWWOH�ERRN�
,W¶V� DQ� HDV\� UHDG�� KLJKO\� DQHFGRWDO�� D� IDFWXDO
DFFRXQW�DQG�D�VLPSOH�WHVWDPHQW�IURP�WKH�KHDUW�
,Q� RQO\� RQH� FKDSWHU� GR� DQ\� HTXDWLRQV� DSSHDU�
DQG� WKH\� DUH� OLNHO\� WR� EH� PRVWO\� IDPLOLDU� WR
UHDGHUV�ZLWK� D� SK\VLFV� EDFNJURXQG�� 7KH� RYHU�
ZKHOPLQJ� LPSUHVVLRQ�RQH�JHWV�RI� WKH�DXWKRU� LV
WKDW� KH� LV� D� UHDO� VFLHQWLVW�� EHKDYLQJ� DV� D� UHDO
VFLHQWLVW�PXVW�ZKHQ�FRQIURQWLQJ�WKH�FKDOOHQJH�RI
D�JHQXLQHO\�QHZ�VFLHQFH��$V�VXFK��KH�LV�D�PRGHO
WR� LQVSLUH� \RXWK� DQG� WR� VZHHWHQ� WKH� VRXU� WDVWH
OHIW� E\� WKRVH� ODWWHU�GD\� VFLHQWLILF� ³SURIHVVLRQV´
WKDW� IODXQW� WKH�QDPH�RI�VFLHQFH�DQG�FORDN� WKHLU
EODWDQW�� VKRUW�WHUP� VHOI�LQWHUHVWV� LQ� LWV� PDQWOH�
+H� LV� DOVR� D� YHU\� OXFN\�PDQ�� OXFN\� LQ� KLV� GH�
SDUWPHQW� KHDG� �DQRWKHU� HOHFWURFKHPLVW��� ZKR
HQFRXUDJHG�KLP� WR�FRQWLQXH�KLV� UHVHDUFK�ZKHQ
KLV� DOO�NQRZLQJ� DFDGHPLF� FROOHDJXHV� WULHG� WR
VWRS�KLP��DQG�OXFN\�LQ�KLV�GLVFRYHULHV��7KRXJK
PRGHVW�� WKHVH� DUH� IXQGDPHQWDO� WR� WKH� QHZ
&$15�VFLHQFH��RI�ZKLFK�KH� LV�RQH�RI� WKH�RXW�
VWDQGLQJ� SLRQHHUV��7R� H[SHULHQFH� VXFK� GLVFRY�
HULHV�LV�D�SULYLOHJH�JUDQWHG�WR�IHZ�SHRSOH��,V�KLV
OXFN�RXU� OXFN"�+DV�KH� VROYHG� WKH�P\VWHULHV�RI
³KHDW� DIWHU� GHDWK�´� RI� XQOLPLWHG� FRQWUROODEOH
SRZHU�� RI� VRPHWKLQJ� IRU� QRWKLQJ"�$ODV�� QR�«
KH�KDV�QRW�EHHQ�WKDW�OXFN\��QRU�KDV�DQ\RQH�HOVH
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«\HW��%XW� KH� LV� VWLOO� ORRNLQJ�� WU\LQJ��ZRUNLQJ�
WKLQNLQJ�

&$15� VFLHQFH� LV� LQ� LWV� LQIDQF\�� LWV� (GLVR�
QLDQ�VWDJH��7KDW�FRPHV�HYHQ�EHIRUH� WD[RQRP\�
,W�LV�WKH�EOXHERWWOH�VWDJH�LQ�ZKLFK�H[SHULPHQWDO�
LVWV� EX]]� DERXW� EOLQGO\�� WU\LQJ� WKLV� DQG� WKDW�
ZLWKRXW� WKH� VOLJKWHVW� KHOS� IURP� WKHRU\�� (YHU\
WUXO\�QHZ� VFLHQFH�PXVW�SDVV� WKURXJK� WKLV�PRVW
WU\LQJ�VWDJH�DQG�RQ�EH\RQG�WR�ZKHUH�WKHRU\�FDQ
ZRUN�ZLWK� H[SHULPHQW� LQVWHDG� RI� DJDLQVW� LW�«
EXW�,�WKLQN�QRQH�RWKHU�LQ�KLVWRU\�KDV�KDG�WR�IDFH
LQ�LWV�LQIDQF\�VXFK�XQDQLPRXV�DQG�FRQFHQWUDWHG
PDOHYROHQFH� RI� RSSRVLWLRQ� IURP� WKH� YHU\
VRXUFHV��WKH�DFDGHPLF�ZRUOG¶V�³EHVW�DQG�EULJKW�
HVW´��WKDW�RXJKW�LQ�SULQFLSOH�WR�FKDPSLRQ�LW��$V�,
VD\��ZH� LQ� RXU� JHQHUDWLRQ� KDSSHQ� WR� EH� SULYL�
OHJHG� WR� ZLWQHVV� KRZ� LW� LV� WKDW� QHZ� VFLHQFH
FRPHV� WR�SDVV��$QG�D� IULJKWHQLQJ� WKLQJ� LW� LV� WR
VHH��LI�,�PD\�VD\�VR��)RU�QRZDGD\V�LW�FRPHV�WR
SDVV� WKURXJK� D� IHZ� LQGLYLGXDOV� FOLPELQJ� ZLWK
EORRG\�ILQJHUQDLOV�D�ZDOO�RI�PDQ�PDGH�RSSRVL�
WLRQ�DQG�RSSUREULXP�WKDW�QR�SXUYH\RU�RI�ILFWLRQ
FRXOG�LPDJLQH�RU�GDUH�WR�K\SRWKHVL]H�

+RZ�IHZ�WKRVH�LQGLYLGXDOV�DUH��KRZ�PRVW�RI
WKHP�DUH�ROG�QRZ�DQG�G\LQJ�RII��ZLWK�QR�VXFFHV�
VRUV� DPRQJ� WKH� VHOI�RULHQWHG� \RXQJ�� ZKDW� D
SDUORXV� QHDU�UXQ� WKLQJ� LW�ZLOO� EH� LI� KXPDQNLQG
DFWXDOO\� EULQJV� RII� WKLV� GHOLEHUDWHO\� PDQPDGH
QHDU�LPSRVVLELOLW\²WKH�IULJKWHQLQJ�VHQVH�RI�DOO

WKDW�LV�ZKDW�WKLV�ERRN�FRQYH\V��WKURXJK�LWV�VLP�
SOH�QDUUDWLRQ�RI�IDFW��+HUH�ZH�VHH�WKH�IOLS�VLGH�RI
.XKQ¶V�DSKRULVP�WKDW�QHZ�LGHDV�SUHYDLO�WKURXJK
WKH�G\LQJ�RII�RI�WKHLU�GHWUDFWRUV��1HZ�LGHDV�FDQ
HTXDOO\�ZHOO� GLH� WKURXJK� WKH� G\LQJ�RII� RI� WKHLU
VXSSRUWHUV�� $QG� LQ� QHLWKHU� FDVH� GRHV� WKH� RXW�
FRPH�QHFHVVDULO\�FRUUHODWH�ZLWK�HLWKHU�VFLHQWLILF
SURJUHVV�RU�KXPDQ�EHQHILW�

7KH�ERRN�PDGH�PH�IHHO�WKDW�FROG�IXVLRQ��RU
VRPH�PRUDOO\�HTXLYDOHQW�SK\VLFDO�SKHQRPHQRQ�
LV�LQGHHG�UHDO��DV�WKH�WLWOH�FODLPV��$QG�LW�PDNHV
PH�DZDUH�RI� WKH�XQSDLG�GHEW� DOO� RI� XV� DOUHDG\
RZH�WR�D�IHZ�KDUG\�LQGLYLGXDOV�ZLWK�WKH�WHQDFLW\�
VWXSLGLW\��VHOI�DEQHJDWLRQ��FDOO� LW�ZKDW�\RX�ZLOO�
WR� SHUVHYHUH� LQ� WKLV� LQWULQVLFDOO\� GLIILFXOW� UH�
VHDUFK�DUHD�VR�EOLJKWHG�LQ�RXU�WLPH�E\�WKH�ZLWFK�
FXUVH�RI�ZLWOHVV��DUURJDQW��DQWL�VFLHQWLILF��SK\VLFV
$XWKRULW\�� ,I� WKHUH� H[LVWV� VRPHZKHUH� D� \RXQJ
SK\VLFLVW� ZKR� FDUHV� QR� PRUH� IRU� KLV� SHUVRQDO
ZHOO�EHLQJ� WKDQ�IRU� WKDW�RI�KLV�JUDQGFKLOGUHQ�� ,
KRSH�KH�ZLOO�UHDG�WKLV�ERRN�DQG�VRPHKRZ�DOORZ
LW�DQG�KLV�FRQVFLHQFH�WR�SHUVXDGH�KLP�WR�MRLQ�WKH
³IHZ�´�+LV� FROOHDJXHV�ZLOO�PDNH� VSRUW� RI� KLP�
KLV� ZLIH� ZLOO� OHDYH� KLP�� KLV� JRYHUQPHQW� ZLOO
XQIXQG�KLP�DQG�EH�SUDLVHZRUWK\�LI�LW�GRHVQ¶W�MDLO
KLP�«�EXW� WKH�JUDQGFKLOGUHQ�RI�DOO� RI� XV�PD\
WKDQN�KLP�

7��(��3KLSSV��-U�

L�L�L�L�L

([WHQGHG� (OHFWURPDJQHWLF� 7KHRU\�6SDFH�
&KDUJH� LQ� 9DFXR� DQG� WKH� 5HVW� 0DVV� RI� WKH
3KRWRQ��%\�%�/HQHUW�DQG�6�5R\��:RUOG�6FLHQ�
WLILF�6HULHV�LQ�&RQWHPSRUDU\�&KHPLFDO�3K\VLFV
YRO����������

0RVW� SK\VLFLVWV� ZRXOG� DVVHUW� WKDW� DOO� WKH
PDMRU� SUREOHPV� DVVRFLDWHG� ZLWK� WKH� HIIHFWV� RI
HOHFWURPDJQHWLF�UDGLDWLRQ�FDQ�EH�VROYHG�ZLWK�WKH
DSSOLFDWLRQ� RI� WKH� FODVVLFDO� HTXDWLRQV� RI�0D[�
ZHOO�� 7KHVH� LQFOXGH� WKH� IDPRXV� GLVSODFHPHQW
FXUUHQW� LQWURGXFHG� E\�0D[ZHOO� KLPVHOI��:KHQ
DSSOLHG�WR�SURSDJDWLRQ�LQ�YDFXR�WKH\�JLYH�ULVH�WR
WKH� ZHOO�� NQRZQ� VROXWLRQV� JLYLQJ� SURSDJDWLQJ
WUDQVYHUVH� �DQG� RQO\� WUDQVYHUVH�� ZDYHV�� ,Q� UH�

FHQW�\HDUV��KRZHYHU��D�QXPEHU�RI�DXWKRUV�KDYH
JLYHQ�VHULRXV�FRQVLGHUDWLRQ�WR�PRGLILFDWLRQV�DQG
UHLQWHUSUHWDWLRQV�RI� WKHVH� FODVVLFDO� HTXDWLRQV� LQ
ZKLFK� ORQJLWXGLQDO� VROXWLRQV� DOVR� DULVH�� 7KHVH
LQFOXGH� (YDQV�� 0XQHUD� DQG� *X]PDQ�
&KXE\NDOR�DQG�6PLUQRY�5XHGD�DQG�WKH�DXWKRUV
RI�WKLV�PRQRJUDSK��/HKQHUW�DQG�5R\�

7KH�DSSURDFK�WDNHQ�LQ�WKLV�ERRN�LV�WR�PRG�
LI\� WKH� FODVVLFDO� HTXDWLRQV� E\� DVVXPLQJ� WKH
H[LVWHQFH� RI� D� QRQ�]HUR� HOHFWULFDO� FRQGXFWLYLW\
IRU� WKH� YDFFXXP�� 7KHVH� JLYHV� ULVH� WR� DQ� H[WUD
WHUP�SURSRUWLRQDO� WR� ( W� � � LQ� WKH�ZDYH�HTXD�

WLRQ�� 7KH� SK\VLFDO� LQWHUSUHWDWLRQ� RI� WKLV� WHUP
OHDGV� WR� D� ORVV� �DQG� QRW� ³ORRVH´� DV� DSSHDUV� LQ
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WKLV� WH[W�� RI� SKRWRQ� HQHUJ\� DV� LW� SURSDJDWHV
WKURXJK� WKH� YDFXXP�� L�H�� LW� JLYHV� ULVH� WR� ³WLUHG
OLJKW´�

,W�DOVR�JLYHV�ULVH�WR�SODQH�DQG�D[LV\PPHWULF
PRGHV� KDYLQJ� ORQJLWXGLQDO� ILHOG� FRPSRQHQWV
DQG� DOVR� WKH� FRQFOXVLRQ� WKDW� SKRWRQV� VKRXOG
KDYH�D�QRQ�]HUR�UHVW�PDVV��7KH�VROXWLRQV�RI�WKHLU
ZDYH�HTXDWLRQ�JLYHV�D[LV\PPHWULF�ZDYHSDFNHWV
VRPH�RI�ZKLFK�JLYH�D�SKRWRQ�OLNH�SDUWLFOH��7KH
DWWUDFWLYH�IHDWXUH�RI� WKHVH�VROXWLRQV� LV� WKDW� WKH\
LPPHGLDWHO\� GLVSHQVH� ZLWK� ZDYH�SDUWLFOH� GXDO�
LVP��7KH�PRGHOHG�SKRWRQ�HPERGLHV�VLPXOWDQH�
RXVO\� ZDYH� DQG� SDUWLFOH� IHDWXUHV�� $QRWKHU� DW�
WUDFWLYH�IHDWXUH�RI�WKHVH�PRGHOV�LV�WKDW�WKH�ILHOG
GLVWULEXWLRQV� DUH� FRQWLQXRXV� RYHU� WKH� HQWLUH
VSDFH� DQG�QR� VLQJXODULWLHV� DULVH��7KHVH�PRGHOV
\LHOG�IHDWXUHV�ZKLFK�DUH�HQWLUHO\�FRQVLVWHQW�ZLWK
WKH� HVWDEOLVKHG� IHDWXUHV� RI� SKRWRQV�� L�H�� D� WRWDO
HOHFWULF�FKDUJH�RI�]HUR��D�WRWDO�PDJQHWLF�PRPHQW
RI�]HUR�EXW�ZLWK�D�QRQ�]HUR�PDJQHWLF�ILHOG�LQ�WKH
YLFLQLW\�RI�WKH�SKRWRQ�

7KH� FRQVHTXHQFHV� RI� WKHVH� FRQVLGHUDWLRQV
DUH� IDU�UHDFKLQJ��7KH\� LQFOXGH�D�QDWXUDO� H[SOD�
QDWLRQ�IRU�WKH�+XEEOH�/DZ�ZLWKRXW�UHTXLULQJ�WKH
%LJ�%DQJ�WKHRU\��,I�WKLV� LV� WR�EH�DFFHSWHG� WKHQ
DOWHUQDWH� DFFRXQWV� RI� WKH� FRVPLF� PLFURZDYH
EDFNJURXQG� UDGLDWLRQ� �&0%5�� DQG� LWV� SURSHU�

WLHV�� 7KHVH� GLIILFXOWLHV� DUH� GLVFXVVHG�� ,Q� SDU�
WLFXODU��WKH�DQLVRWURS\�RI�WKH�&0%5�LV�VKRZQ�WR
EH�FRQVLVWHQW�ZLWK�WKH�DQLVRWURS\�LQ�WKH�YHORFLW\
RI� OLJKW� ZKLFK� DULVHV� RQFH� D� QRQ�]HUR� SKRWRQ
UHVW�PDVV� LV� FRQVLGHUHG��2QH�ZHDNQHVV� LQ� WKLV
ERRN¶V� WUHDWPHQW� RI� WKH� FRVPRORJLFDO� LPSOLFD�
WLRQV�RI�QRQ�]HUR�YDFXXP�FRQGXFWLYLW\�DQG�QRQ�
]HUR�UHVW�PDVV�IRU�WKH�SKRWRQ�LV�WKDW�WKH�FRVPR�
ORJLFDO� DEXQGDQFH� RI� HOHPHQWV� LV� NQRZQ� WR� EH
FRPSOHWHO\� LQ� DJUHHPHQW� ZLWK� WKH� %LJ� %DQJ
PRGHO��7KH�SUREOHP�RI�DFFRXQWLQJ�IRU�WKH�FRV�
PRORJLFDO� DEXQGDQFH� RI� HOHPHQWV� LV� QRW� GLV�
FXVVHG�DW�DOO�LQ�WKLV�ERRN��,W�LV�DOZD\V�SRVVLEOH�LQ
WKLV� DXWKRU¶V� RSLQLRQ� WKDW� VRPH� RI� WKH� FRVPR�
ORJLFDO� UHG�VKLIW�FRXOG�EH�DFFRXQWHG�IRU�RQ� WKH
EDVLV� RI� ³WLUHG� OLJKW´�� DV� DGYRFDWHG� E\� WKHVH
DXWKRUV��ZLWKRXW�KDYLQJ�WR�FRPSOHWHO\�UHMHFW�%LJ
%DQJ�WKHRU\�QRZ�ZLGHO\�DFFHSWHG�E\�WKH�DVWUR�
QRPLFDO�FRPPXQLW\�

7KLV�ERRN�LV�ZHOO�ZULWWHQ�DQG�LW�RIIHUV�VROX�
WLRQV� WR�GLIILFXOW� FRQFHSWXDO� SUREOHPV�ZLWK� WKH
ZLGHO\�DFFHSWHG�YLHZ�RI�HOHFWURPDJQHWLF�UDGLD�
WLRQ� DQG� WKH� QDWXUH� RI� SKRWRQV� ZKLFK� GHVHUYH
VHULRXV�DWWHQWLRQ�

6WDQOH\�-HIIHUV��/RQGRQ��(QJODQG�

7KH�%RRNVKHOI
,QVWDQWDQHRXV�$FWLRQ�DW�D�'LVWDQFH�LQ�0RGHUQ�3K\VLFV��³3UR´�DQG�³&RQWUD´�(GLWHG
E\�$QGUHZ�(��&KXE\NDOR��(G����8QLYHUVLW\�RI�=DFDWHFDV��=DFDWHFDV��0H[LFR���9LY
3RSH��6ZDQVHD��8.��DQG�5RPDQ�6PLUQRY�5XHGD��8QLYHUVLW\�RI�1RUWK�:DOHV�
%DQJRU��8.���,Q�&RQWHPSRUDU\�)XQGDPHQWDO�3K\VLFV��9DOHULH�9��'YRHJOD]RY�
(GLWRU������������SDJHV��,6%1���������������������
3KRWRQ�DQG�3RLQFDUH�*URXS�9DOHUL�'YRHJOD]RY��(G����8QLYHUVLW\�RI�=DFDWHFDV�
=DFDWHFDV��0H[LFR���,Q�&RQWHPSRUDU\�)XQGDPHQWDO�3K\VLFV��9DOHUL�9��'YRHJOD�
]RY��(GLWRU������������SDJHV��,6%1���������������������
7KH�:H\O�'LUDF�7KHRU\�DQG�2XU�8QLYHUVH��0DUN�,VUDHOLW��8QLYHUVLW\�RI�+DLID�
2UDQLP��,65$(/���,Q�&RQWHPSRUDU\�)XQGDPHQWDO�3K\VLFV��9DOHUL�9��'YRHJOD]RY�
(GLWRU������������SDJHV��,6%1��������������������


