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GHYHORSPHQW� LQ� ILHOG� WKHRU\� D� GLIIHUHQW� LQWHUQDO� V\PPHWU\� JURXS� LV� QHHGHG�� RQH� ZKLFK� DOORZV� D
FRPPXWDWRU�VXFK�DV�$���$� WR�EH�QRQ�]HUR��5HFHQWO\�D�FRQVLGHUDEOH�DPRXQW�RI�GHYHORSPHQW�KDV
WDNHQ�SODFH�>����@�RI�D�JDXJH�ILHOG�WKHRU\�ZLWK�DQ�2����LQWHUQDO�V\PPHWU\�DSSOLHG�WR�HOHFWURG\QDP�
LFV�ERWK�RQ� WKH�FODVVLFDO�DQG�RQ� WKH�TXDQWXP�HOHFWURG\QDPLFDO� OHYHOV��7KLV�PHDQV� WKDW� WKH�IXQGD�
PHQWDO�ILHOG�HTXDWLRQV�EHFRPH�QRQ�$EHOLDQ�LQ�QDWXUH��ZLWK�FRYDULDQW�GHULYDWLYHV��7KH�KRPRJHQHRXV
ILHOG�HTXDWLRQ�IRU�H[DPSOH�LV�D�)H\QPDQ�-DFREL�LGHQWLW\�>��@��7KH�LQWHJUDO�IRUP�RI�WKHVH�ILHOG�HTXD�
WLRQV�JLYH�D�6WRNHV�7KHRUHP�ZKLFK�LV�LQ�JHQHUDO�D�QRQ�$EHOLDQ�6WRNHV�7KHRUHP��DQG�WKH�SXUSRVH�RI
WKLV� VKRUW� SDSHU� LV� WR�GHULYH� D� VLPSOH� H[DPSOH�RI� D� QRQ�$EHOLDQ�6WRNHV�7KHRUHP� IURP� WKH�EDVLF
HTXDWLRQ�GHILQLQJ�D�QRQ�]HUR�$���$� �$������$����LQ�WKLV�2����V\PPHWU\�JDXJH�WKHRU\��)RU�FRQYHQ�
LHQFH��ZH�UHIHU�WR�WKLV�WKHRU\�DV�³2����HOHFWURG\QDPLFV´�>����@�

,Q�2����HOHFWURG\QDPLFV�WKH�ILHOG�TXDQWLWLHV�DUH�WHQVRUV�LQ�0LQNRZVNL�VSDFHWLPH�DQG�YHFWRUV�LQ
WKH�LQWHUQDO�JDXJH�VSDFH������������������>����@��7KH�IXQGDPHQWDO�GHILQLWLRQ�RI�WKH�ILHOG�WHQVRU�>��@�LQ
2����HOHFWURG\QDPLFV�FRQWDLQV�TXDQWLWLHV�VXFK�DV�
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ZKHUH�WKHUH�RFFXUV�D�ILQLWH�FRQMXJDWH�SURGXFW�RI�FRPSOH[�SRWHQWLDOV�LQ�DGGLWLRQ�WR�WKH�IDPLOLDU�IRXU�
FXUO� RI� 8���� HOHFWURG\QDPLFV�� 7KH� *UHHN� LQGLFHV� REH\� WKH� 0LQNRZVNL� DOJHEUD� �FRQWUDYDULDQW�
FRYDULDQW�UXOHV��DQG�WKH�VXSHUVFULSWV����������DQG�����UHIHU�WR�WKH�EDVLV�EHLQJ�XVHG�>����@��RQH�EDVHG
RQ�WKH�HPSLULFDO�H[LVWHQFH�RI�FLUFXODU�SRODUL]DWLRQ��2QH�RI�WKH�FRPSRQHQWV�RI�VXFK�D�ILHOG�WHQVRU�LV�D
PDJQHWLF�ILHOG��%�����ZKLFK�LV�RULHQWHG�DORQJ�WKH�GLUHFWLRQ�RI�SURSDJDWLRQ��DQG�LV�VRPHWLPHV�UHIHUUHG
WR�DV�WKH�³(YDQV�9LJLHU´�ILHOG��,W�LV�GHILQHG�E\�
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FRXORPEV�DQG�WKH�'LUDF�FRQVWDQW��7KLV�UHODWLRQ�LV�VRPHWLPHV�NQRZQ�>����@�DV�WKH�%�&\FOLF�7KHRUHP�
7KH�VWUXFWXUH�RI�2����HOHFWURG\QDPLFV�LV�VLPLODU�WR�WKDW�RI�<DQJ�0LOOV�WKHRU\��EXW�WKH�LQWHUQDO�JDXJH
VSDFH�RI�2���� V\PPHWU\� LV�GHILQHG� LQ� WKH�FRPSOH[�EDVLV� ������ ����� ����� >����@��QRW�FRQVLGHUHG�E\
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7KH�%����ILHOG�WKHUHIRUH�VHOI�FRQVLVWHQWO\�GHILQHV�FLUFXODU�SRODUL]DWLRQ��EHFDXVH�LW�LV�SURSRUWLRQDO
WR�WKH�WKLUG�6WRNHV�SDUDPHWHU��DQG�DQG�GHILQHV�PDJQHWR�RSWLFDO�HIIHFWV�VXFK�DV�WKH�LQYHUVH�)DUDGD\
HIIHFW�>��@�IURP�WKH�ILUVW�SULQFLSOHV�RI�JDXJH�ILHOG�WKHRU\��,Q�WKH�FRQYHQWLRQDO�DSSURDFK�WR�HOHFWURG\�
QDPLFV��EDVHG�RQ�D�8����JDXJH�� WKH� LQYHUVH�)DUDGD\�HIIHFW� LV�GHVFULEHG�E\� WKH�SKHQRPHQRORJLFDO
LQWURGXFWLRQ�RI�$���$��ZKLFK�LV�VHOI�LQFRQVLVWHQW�EHFDXVH�LQ�8�����$���$�LV�]HUR�E\�GHILQLWLRQ��7KH
VDPH�FDQ�EH�VDLG�RI�WKH�WKLUG�6WRNHV�SDUDPHWHU��,Q�RUGHU�WR�LQWURGXFH�$���$�VHOI�FRQVLVWHQWO\�LQWR
JDXJH�ILHOG�WKHRU\�WKH�ILHOG�HTXDWLRQV�EHFRPH�>����@�
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ZKHUH� m' �DUH�2����FRYDULDQW�GHULYDWLYHV��DQG�ZKHUH�*% �LV�WKH�IXQGDPHQWDO�ILHOG�WHQVRU��7KH�ILUVW

HTXDWLRQ�LV�WKH�)H\QPDQ�-DFREL�LGHQWLW\�>��@�FRUUHVSRQGLQJ�WR�WKH�KRPRJHQHRXV�0D[ZHOO�HTXDWLRQ
LQ�8����HOHFWURG\QDPLFV��DQG�WKH�VHFRQG�HTXDWLRQ�DERYH�LV�WKH�2����HTXLYDOHQW�RI�WKH�LQKRPRJHQH�
RXV�0D[ZHOO�HTXDWLRQ�LQ�8����ZKHUH�WKH�V\PEROV� + mn �DQG� -n �KDYH�WKH�VDPH�PHDQLQJ��5HFHQW
ZRUN� >����@� KDV� DQDO\]HG� DQG� FRQVLGHUDEO\� GHYHORSHG� WKHVH� ILHOG� HTXDWLRQV��7KH� SXUSRVH� RI� WKH
SUHVHQW�VKRUW�SDSHU�LV�WR�VKRZ�WKDW�WKH�LQWHJUDO�IRUP�RI�WKHVH�GLIIHUHQWLDO�HTXDWLRQV�PXVW�DOVR�EH�QRQ�
$EHOLDQ��L�H���QRQ�$EHOLDQ�6WRNHV�7KHRUHPV��$�ULJRURXV�WUHDWPHQW�RI�WKH�QRQ�$EHOLDQ�6WRNHV�7KHR�
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UHP�UHTXLUHV�DGYDQFHG�WRSRORJ\�>��@�VR�WKH�WUHDWPHQW�LQ�WKLV�SDSHU�LV�NHSW�DW�WKH�VLPSOHVW�SRVVLEOH
OHYHO��$Q\�DWWHPSW�>��@�WR�GHYHORS�RU�DQDO\]H�WKH�%����FRPSRQHQW�ZLWK�D�FRQYHQWLRQDO�6WRNHV�7KHR�
UHP�LV�LQFRUUHFW�EHFDXVH�%����LV�GHILQHG�ZLWKLQ�D�QRQ�$EHOLDQ�JDXJH�ILHOG�WKHRU\�

7KH�%����ILHOG�RI�UDGLDWLRQ�LV�WKHUHIRUH�SDUW�RI�DQ�2����V\PPHWU\�JDXJH�ILHOG�WKHRU\�DQG�LV�WKXV�D
FRPSRQHQW�RI�D�QRQ�$EHOLDQ�ILHOG�WKHRU\�DSSOLHG�WR�HOHFWURG\QDPLFV�V\VWHPDWLFDOO\��$SSOLFDWLRQ�RI
6WRNHV¶� 7KHRUHP�PXVW� WKHUHIRUH� EH�PDGH�ZLWKLQ� WKH� VDPH� QRQ�$EHOLDQ� IUDPHZRUN� ,Q� WKLV� VKRUW
SDSHU�D�VLPSOH�LOOXVWUDWLRQ�RI�WKLV�SURFHGXUH�LV�PDGH�E\�VWDUWLQJ�IURP�WKH�EDVLF�GHILQLWLRQ�RI�%����LQ
2����JDXJH�WKHRU\�
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7KH�OLQH�LQWHJUDO�PXVW�EH�HYDOXDWHG�DORQJ�D�FORVHG�SDWK�DV�LQ�����

$�FORVHG�FXUYH�LV�WKHUHIRUH�IRUPHG�IURP�D�FLUFOH�E\�GUDZLQJ�LW�RXW�LQWR�D�KHOL[�DORQJ�WKH�SURSD�
JDWLRQ�D[LV��=�D[LV���7KH�FLUFXPIHUHQFH�RI�WKH�FLUFOH�UHPDLQV� � 5p ��7KH�OLQH�LQWHJUDO�VWDUWV�DW� WKH
RULJLQ�2�DQG�SURFHHGV�DURXQG�WKH�KHOL[�EDFN�DORQJ�WKH�SURSDJDWLRQ�D[LV�IURP�$�WR�2��2II�WKH�=�D[LV
WKH�OLQH�LQWHJUDO�LV�]HUR��,QWHJUDWLRQ�DURXQG�D�FLUFOH�IRU�H[DPSOH�JLYHV
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DQG�LW�LV�WKHVH�OLQH�LQWHJUDOV�WKDW�DUH�UHVSRQVLEOH�IRU�LQWHUIHURPHWU\��IRU�H[DPSOH�>����@��$V�VRRQ�DV
WKH� FRQFHSW� RI� OLQH� LQWHJUDO� LV� LQWURGXFHG�� WKH� DUHD� LQWHJUDO� IROORZV�� DQG� WKH� QRQ�$EHOLDQ� 6WRNHV
7KHRUHP�OLQNV�WRJHWKHU�WKH�G\QDPLFDO�DQG�WRSRORJLFDO�SKDVHV��,Q�WHUPV�RI�WKH�YHFWRU�SRWHQWLDO�
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DQG�DV�WKH�KHOLFDO�SDWK�FORVHV�WR�D�FLUFOH�
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DQG�VR�WKH�OLQH�LQWHJUDO�EHFRPHV�LQWHWHUPLQDWH��7KH�VLWXDWLRQ�LV�WKHQ�WKDW�RI�WKH�6DJQDF�LQWHUIHURPHWHU
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'LVFXVVLRQ

)URP�WKH�EDVLF�GHILQLWLRQ�RI�%���� LQ�QRQ�$EHOLDQ�HOHFWURG\QDPLFV� WKH�6WRNHV�7KHRUHP�FDQ�EH
FRQVWUXFWHG�LQ�D�VLPSOH�ZD\�DQG�LV�REYLRXVO\�DOVR�QRQ�$EHOLDQ�LQ�QDWXUH��7KH�SKDVH�LQ�HTQ�������IRU
H[DPSOH�OLQNV�WZR�TXDQWLWLHV��$����DQG�%�����ZKLFK�DUH�QRW�GHILQHG�LQ�$EHOLDQ�HOHFWURG\QDPLFV��<HW
%����LV�DQ�REVHUYDEOH�WKURXJK�WKH�REVHUYDEOH�RSWLFDO�FRQMXJDWH�SURGXFW�$������$�����ZKLFK�DOVR�GHILQHV
WKH� WKLUG� 6WRNHV� SDUDPHWHU�� ,Q� $EHOLDQ� HOHFWURG\QDPLFV�� ZKRVH� JDXJH� JURXS� V\PPHWU\� LV� 8����
QHLWKHU�$����QRU�%����DUH�GHILQHG��7KHUHIRUH�LW�LV�HUURQHRXV�>��@�WR�DSSO\�WKH�$EHOLDQ�6WRNHV�7KHRUHP
WR�WKH�%����ILHOG��7KLV�VKRUW�QRWH�KDV�JLYHQ�D�VLPSOH�H[DPSOH�RI�D�QRQ�$EHOLDQ�6WRNHV�7KHRUHP��HTQ�
������FRQVWUXFWHG�IURP�WKH�EDVLF�GHILQLWLRQ�RI�%����LQ�2����JDXJH�WKHRU\�

,W�LV�FOHDU�WKDW�WKH�6WRNHV�7KHRUHP������KDV�EHHQ�EXLOW�XS�IURP�DQ�LQLWLDOO\�QRQ�$EHOLDQ�UHODWLRQ�
WKH�GHILQLWLRQ�RI�%���� LQ�HTQ�� �����0RUH�JHQHUDOO\� WKH�6WRNHV�7KHRUHP�UHOHYDQW� WR�2����HOHFWURG\�
QDPLFV�LV�WKH�LQWHJUDO�IRUP�RI�HTQV������DQG������DQG�LQ�LW�PRVW�JHQHUDO�WRSRORJLFDO�IRUP�LV�JLYHQ�E\�
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LQ�DGYDQFHG�WRSRORJ\�>��@��,I�/LH�YDOXHG�IRUPV�DUH�XVHG��SDWK�RUGHULQJ�RI�D�WUDFH�PXVW�EH�XVHG�LQ
RUGHU� WR�FRQQHFW� WKH�H[SRQHQWLDO�RI� WKH�:LOVRQ� ORRS� WR� WKH�FXUYDWXUH�RU� ILHOG� VWUHQJWK� )mn ��7KLV

SURFHGXUH�LV�TXLWH�GLIIHUHQW�IURP�WKDW�XVHG�LQ�8����HOHFWURG\QDPLFV��ZKHUH�WKH�8����6WRNHV�7KHRUHP
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