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³*ROG'ULYH´� LV� DQ� LQILQLWH� YDULDEOH� �EL�GLUHFWLRQDO� GULYH
FRQVLVWLQJ� RI� K\GUDXOLF� IL[HG� GLVSODFHPHQW� SXPSV� DQG
PRWRUV��$V�D�PDWWHU�RI� IDFW� ³*ROG'ULYH´� LV� WKH�K\GUDXOLF
HTXLYDOHQW� RI� WKH� PHFKDQLFDO� GLIIHUHQWLDO� �� 7KH� LGHD
EHKLQG� WKH� GHYHORSPHQW�RI� ³*ROG'ULYH´� LV� WR� RYHUFRPH
WKH� � OLPLWDWLRQ� RI� VWDUWLQJ� WRUTXH� �� $FFRUGLQJ� WR� WKH
WUDGLWLRQDO�HTXDWLRQ���WRUTXH�LV�HTXDO�WR�SRZHU�RYHU�VSHHG
DQG�DV�D�UHVXOW���ZH�QHHG�DQ�LQILQLWH�DPRXQW�RI�WRUTXH�WR
VWDUW� D� ORDG� DW� ]HUR� RXWSXW� VSHHG� �� 7KH� VROXWLRQ� LV
6OLSSDJH���VOLSSDJH�RI�HOHFWULFDO� ��PHFKDQLFDO� ��K\GUDXOLF
DQG�SQHXPDWLF�WUDQVPLVVLRQV��³*ROG'ULYH´�HQDEOHV�XV�WR
DFKLHYH�PD[LPXP�HIILFLHQF\�DQG�VWDUWLQJ� WRUTXH�DW� ]HUR
RXWSXW�VSHHG�ZLWKRXW�VOLSSDJH��

,1752'8&7,21

³*ROG'ULYH´�ZDV�GHYHORSHG�E\�1DKXP�*ROGHQEHUJ�ZLWK
UHVXOW� RI� WKH� DVVXPSWLRQ� WKDW� DOO� IRXU� WUDGLWLRQDO� GULYHV�
HOHFWULFDO� �� � PHFKDQLF� �� K\GUDXOLF� DQG� SQHXPDWLF� KDYH
VLPLODULWLHV� DQG� RQO\� KLVWRULFDO� UHDVRQV� OHDG� XV� WR
VHSDUDWH� WKH� GLIIHUHQW� GULYHV� LQVWHDG� RI� XQLI\LQJ� XQLWV�
%HORZ�RQH�FDQ�VHH��WKH�VLPLODULWLHV�
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$V�D�FRQFOXVLRQ�,�XQGHUVWRRG�WKDW���OLNH�HOHFWULF�JHQHUDWRU
ZH�KDYH�Y�EHOW�JHQHUDWRU� �GULYH�ZKHHO�� ��JHDU�JHQHUDWRU
�GULYLQJ�JHDU����IOXLG�JHQHUDWRU��K\GUDXOLF�SXPS��DQG�JDV
JHQHUDWRU� �DLU� DQG� JDV� FRPSUHVVRU�� �� 6DPH� DUH� WKH
HOHFWULF� ��PHFKDQLF�� K\GUDXOLF�DQG�SQHXPDWLF�PRWRUV�� ,Q
WKH� VDPH�PDQQHU� ZH� KDYH� WKH� FRQWUROV� RI� YROWDJH� DQG
FXUUHQW���IRUFH�DQG�VSHHG���SUHVVXUH�DQG�IORZ�HWF¶�

&RPLQJ� WR� WKH� DFFHVVRULHV� OLNH� VHDOLQJ� �� FRROLQJ� �
ILOWUDWLRQ���LVRODWLRQ���DFFXPXODWRUV�DQG�PRUH���,�DUULYHG�WR
WKH� PHFKDQLFDO� �� HOHFWULFDO� �� K\GUDXOLF� DQG� SQHXPDWLF
GLIIHUHQWLDOV� �� %DVLFDOO\� WKH� PHFKDQLFDO� GLIIHUHQWLDO� LV
FKDUDFWHUL]HG�E\�KDYLQJ�RQH� LQSXW�DQG� WZR�RXWSXWV� WKDW
WKH���PDWKHPDWLFDO���UHODWLRQ��EHWZHHQ��WKHP��LV���

Q�LQ� �.���Q�����Q�����ZKHUH�N�LV�WKH�JHDU�UDWLR�DQG�Q�LQ��
Q���DQG�Q���DUH�WKH�RXWSXW�VSHHGV�UHVSHFWLYHO\��$V�IORZ
4�� �Q�[�T��ZH�FDQ�H[SUHVV�WKH�K\GUDXOLF�GLIIHUHQWLDO�DV
4�LQ� �Q��[�T����Q��[�T�� � �� ,Q�FDVH� �ZH�VHOHFW�T�� �T�
WKHQ�WKH�DERYH�HTXDWLRQ�EHFRPHV��4�LQ� �T���Q����Q�����
7KLV�HTXDWLRQ�LV�EHKLQG�WKH�GHYHORSPHQW�RI�³*ROG'ULYH´�
7KH� VDPH� FDQ� EH� FRQVLGHUHG� IRU� OLQHDU� DV� ZHOO� DV� IRU
URWDU\� PRWLRQ� �� ,Q� ERWK� FDVHV� ZH� FDQ� DFKLHYH� LQILQLWH
YDULDEOH�VSHHG���EL�GLUHFWLRQDO���XVLQJ�IL[HG�GLVSODFHPHQW
SXPSV���PRWRUV�DQG�DFWXDWRUV�ZKLOH�VWDUWLQJ�WRUTXHV�DQG
IRUFHV� DUH� DW� WKHLU� PD[LPXP� HIILFLHQF\� DQG� QHDUO\
ZLWKRXW�VOLSSDJH�
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�%DVLFDOO\�³*ROG'ULYH´��H[SUHVVHV�WKH�UHODWLYH�PRYHPHQW
DQG� VSHHG� EHWZHHQ� WZR� K\GUDXOLF� PRWRUV� RU� DFWXDWRUV�
%HORZ�\RX�FDQ�VHH���)LJXUH�±���� �WKH�FRQFHSWXDO�GHVLJQ
RI�WZR�OLQHDU�DFWXDWRUV�
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,Q�)LJXUH�±����WKH�IRUFH�)�DFWV�RQ�ERWK�DFWXDWRUV�DQG�E\
FDXVLQJ�DFWXDWRU���WR�PRYH�����GLUHFWLRQ�ZKLOH�DFWXDWRU��
WR�����GLUHFWLRQ�DW�VDPH�VSHHG���WKH�WRWDO�UHVXOWDQW�VSHHG
ZLOO� EH� ]HUR� ���� DW� FRQVWDQW� IRUFH� )�� � � 6DPH� ZLOO� EH
DFKLHYHG� LQ� FDVH� RI� URWDU\�PRWLRQ� DV� LW� FDQ� EH� VHHQ� LQ
)LJXUH�±���EHORZ��
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,Q�)LJXUH�±����WKH�WRUTXH�7�DFWV�RQ�ERWK�K\GUDXOLF�PRWRUV
DQG�E\�FDXVLQJ�PRWRU���WR�UXQ�&:�����DQG�PRWRU���&&:
����DW�VDPH�VSHHG���WKH�WRWDO�UHVXOWDQW�VSHHG�DW�FRQVWDQW
WRUTXH� ZLOO� EH� ]HUR� ���� �� 7KH� PDLQ� DGYDQWDJH� RI� XVLQJ
VXFK�D� �GLIIHUHQWLDO�GULYH� LV�E\�KDYLQJ� WKH�DELOLW\� WR�VWDUW
OLQHDU� DQG� � �� RU� URWDU\� PRWLRQ� ZLWKRXW� VOLSSDJH� �
5HPHPEHULQJ� WKDW� � WRUTXH�7� WRUTXH� � �3�SRZHU� ��Q� VSHHG
DQG� ZKHQ� VSHHG� LV� � ]HUR� �� ZH� QHHG� LQILQLWH� DPRXQW� RI
IRUFH�RU� WRUTXH� WR� VWDUW�PRYLQJ�D� ORDG�XVLQJ� � WUDGLWLRQDO
HTXDWLRQ�FRPSDUHG�WR�WKH�GLIIHUHQWLDO�GULYH�ZKHUH�ZH�JHW
FRQVWDQW�IRUFH�DQG���RU�WRUTXH�DW�]HUR�RXWSXW�VSHHG�

���+RZ�ZH�YDU\�WKH�UHODWLYH�VSHHGV�

,Q� OLQHDU�PRWLRQ�)� S�� [� $�� DQG�)� S�� [� $��� $V�$�� LV
HTXDO� WR� $�� E\� FRQVWUXFWLRQ� DQG� )� )�� E\� SK\VLFDO
PHDQV���WKHQ��S�� �S����,Q�URWDU\�PRWLRQ�7� S��[�T��DQG
7� S�� [� T�� �� $V� ZH� VHOHFW� T�� WR� EH� HTXDO� WR� T�� DQG
7� 7���WKHQ�S�� �S����,Q�ERWK�PRWLRQV�S�� �S��QHJOHFWLQJ
IORZ� SUHVVXUH� GURSV�� %\� XVLQJ� WKH� HTXDWLRQ� RI� IORZ
WKURXJK�RULILFHV�4 &G�[�$�[�����J����J������[���'�S��������ZH
FDQ� FRQFOXGH� WKDW� ZH� FDQ� GLYLGH� LQSXW� IORZ� WR� D� VSRRO
YDOYH�DQG�E\�FKDQJLQJ�WKH�DUHD�UDWLR��ZH�FDQ�GLYLGH�WKH
IORZ�SURSRUWLRQDO� WR� WKH�DUHD�UDWLR� ��7KLV�IORZ�VSOLWWHU�ZLOO
GLUHFW� IORZ� DW� �������� WR� ERWK� DFWXDWRUV� RU� PRWRUV
UHVXOWLQJ� ]HUR� RXWSXW� VSHHG� �� &RQFHSWXDO� FRQVWUXFWLRQ
FDQ�EH� VHHQ� LQ�)LJXUH� ±�� RQ� WRS� ULJKW� VLGH�� %\�PRYLQJ
WKH�KDQGOH���LQ�FDVH�RI�D�PDQXDO�FRQWURO���ZH�FKDQJH�WKH
DUHD� UDWLR� EHWZHHQ� RLO� SDVVDJHV� DQG� E\� WKDW� WKH� IORZ
SURSRUWLRQDOO\� WR�HDFK�DFWXDWRU�DQG���RU�K\GUDXOLF�PRWRU�
,Q�WKH�IROORZLQJ�UHODWLRQV��
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RQH�GLUHFWLRQ�RU� WR� WKH� RWKHU�ZH�GLYLGH� WKH� IORZ�DW� � DQ\
UHTXLUHG�UDWLR�
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6HFRQG� DGYDQWDJH� LV� E\� QRW� KDYLQJ� VOLSSDJH� DW� ]HUR
RXWSXW� VSHHG� DQG� � WKLUG� DGYDQWDJH� LV� WKH� � DELOLW\� � WR
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