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0RVW�FXUUHQW�$PHULFDQ�WH[WERRNV�LQ�DGYDQFHG�FDOFXOXV�GHYRWH�VHYHUDO�VHFWLRQV�WR�WKH�
WKHRUHPV�RI�*UHHQ��*DXVV��DQG�6WRNHV��8QIRUWXQDWHO\��WKH�WKHRUHPV�UHIHUUHG�WR�ZHUH�QRW�RULJLQDO�
WR�WKHVH�PHQ��,W�LV�WKH�SXUSRVH�RI�WKLV�SDSHU�WR�SUHVHQW�D�GHWDLOHG�KLVWRU\�RI�WKHVH�UHVXOWV�IURP�
WKHLU�RULJLQV�WR�WKHLU�JHQHUDOL]DWLRQ�DQG�XQLILFDWLRQ�LQWR�ZKDW�LV�WRGD\�FDOOHG�WKH�JHQHUDOL]HG�
6WRNHV
�WKHRUHP��

2ULJLQV�RI�WKH�WKHRUHPV�

7KH�WKUHH�WKHRUHPV�LQ�TXHVWLRQ�HDFK�UHODWH�D�N�GLPHQVLRQDO�LQWHJUDO�WR�D�N��� ��GLPHQVLRQDO�
LQWHJUDO��VLQFH�WKH�SURRI�RI�HDFK�GHSHQGV�RQ�WKH�IXQGDPHQWDO�WKHRUHP�RI�FDOFXOXV��LW�LV�FOHDU�WKDW�
WKHLU�RULJLQV�FDQ�EH�WUDFHG�EDFN�WR�WKH�ODWH���WK�FHQWXU\��7RZDUG�WKH�HQG�RI�WKH���WK�FHQWXU\��
ERWK�/DJUDQJH�DQG�/DSODFH�DFWXDOO\�XVHG�WKH�IXQGDPHQWDO�WKHRUHP�DQG�LWHUDWLRQ�WR�UHGXFH�
N�GLPHQVLRQDO�LQWHJUDOV�WR�WKRVH�RI�RQH�GLPHQVLRQ�OHVV��+RZHYHU��WKH�WKHRUHPV�DV�ZH�NQRZ�WKHP�
WRGD\�GLG�QRW�DSSHDU�H[SOLFLWO\�XQWLO�WKH���WK�FHQWXU\��

7KH�ILUVW�RI�WKHVH�WKHRUHPV�WR�EH�VWDWHG�DQG�SURYHG�LQ�HVVHQWLDOO\�LWV�SUHVHQW�IRUP�ZDV�WKH�RQH�
NQRZQ�WRGD\�DV�*DXVV
�WKHRUHP�RU�WKH�GLYHUJHQFH�WKHRUHP��,Q�WKUHH�VSHFLDO�FDVHV�LW�RFFXUV�LQ�DQ�
�����SDSHU�RI�*DXVV�>�@��*DXVV�FRQVLGHUV�D�VXUIDFH��VXSHUILFLHV��LQ�VSDFH�ERXQGLQJ�D�VROLG�ERG\�
�FRUSXV���+H�GHQRWHV�E\�34� WKH�H[WHULRU�QRUPDO�YHFWRU�WR�WKH�VXUIDFH�DW�D�SRLQW�3� LQ�DQ�
LQILQLWHVLPDO�HOHPHQW�RI�VXUIDFH�GV�DQG�E\�4;�4<�4=� WKH�DQJOHV�WKLV�YHFWRU�PDNHV�ZLWK�WKH�
SRVLWLYH�[�D[LV��\�D[LV��DQG�]�D[LV�UHVSHFWLYHO\��*DXVV�WKHQ�GHQRWHV�E\�GO� DQ�LQILQLWHVLPDO�
HOHPHQW�RI�WKH�\���]�SODQH�DQG�HUHFWV�D�F\OLQGHU�DERYH�LW��WKLV�F\OLQGHU�LQWHUVHFWLQJ�WKH�VXUIDFH�LQ�
DQ�HYHQ�QXPEHU�RI�LQILQLWHVLPDO�VXUIDFH�HOHPHQWV�GVO�GV���������G6����)RU�HDFKM�� G�� � ��GV�FRV� 4;�
ZKHUH�WKH�SRVLWLYH�VLJQ�LV�XVHG�ZKHQ�WKH�DQJOH�LV�DFXWH��WKH�QHJDWLYH�ZKHQ�WKH�DQJOH�LV�REWXVH��
6LQFH�LI�WKH�F\OLQGHU�HQWHUV�WKH�VXUIDFH�ZKHUH�4;�LV�REWXVH��LW�ZLOO�H[LW�ZKHUH�4;�LV�DFXWH��VHH�
),*85(� ����*DXVV� REWDLQV�GO �� GV�FRV�4;�  � GV�FRV�4;� ���� DQG�FRQFOXGHV�E\�VXPPDWLRQ�
WKDW��7KH�LQWHJUDO�I�GV�FRV�4;�H[WHQGHG�WR�WKH�HQWLUH�VXUIDFH�RI�WKH�ERG\�LV�����

+H�QRWHV�IXUWKHU�WKDW�LI�7��8��9�DUH�UDWLRQDO�IXQFWLRQV�RI�RQO\�\��]��RQO\�[��]��DQG�RQO\�[�\�
UHVSHFWLYHO\��WKHQ���I��7FRV�4;���8FRV�4<���9FRV�4=�GV� �2���*DXVV�WKHQ�DSSUR[LPDWHV�WKH�
YROXPH�RI�WKH�ERG\�E\�WDNLQJ�F\OLQGHUV�RI�OHQJWK�[�DQG�FURVV�VHFWLRQDO�DUHD�G<��DQG�FRQFOXGHV�LQ�
D�VLPLODU�ZD\�KLV�QH[W�WKHRUHP���7KH�HQWLUH�YROXPH�RI�WKH�ERG\�LV�H[SUHVVHG�E\�WKH�LQWHJUDO�
I�GV�[�FRV�4;��H[WHQGHG�WR�WKH�HQWLUH�VXUIDFH���:H�ZLOO�VHH�EHORZ�KRZ�WKHVH�UHVXOWV�DUH�VSHFLDO�
FDVHV�RI�WKH�GLYHUJHQFH�WKHRUHP��
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,Q������DQG������*DXVV�SXEOLVKHG�RWKHU�VSHFLDO�FDVHV�RI�WKLV�WKHRUHP��EXW�E\�WKDW�WLPH�WKH�
JHQHUDO�WKHRUHP�KDG�DOUHDG\�EHHQ�VWDWHG�DQG�SURYHG�E\�0LFKDHO�2VWURJUDGVN\��7KLV�5XVVLDQ�
PDWKHPDWLFLDQ��ZKR�ZDV�LQ�3DULV�LQ�WKH�ODWH�����
V��SUHVHQWHG�D�SDSHU�>��@�WR�WKH�3DULV�$FDGHP\�
RI�6FLHQFHV�RQ�)HEUXDU\�����������HQWLWOHG��3URRI�RI�D�WKHRUHP�LQ�,QWHJUDO�&DOFXOXV���,Q�WKLV�
SDSHU�2VWURJUDGVN\�LQWURGXFHV�D�VXUIDFH�ZLWK�HOHPHQW�RI�VXUIDFH�DUHD�H�ERXQGLQJ�D�VROLG�ZLWK�
HOHPHQW�RI�YROXPH�Z��+H�GHQRWHV�E\�D����\�WKH�VDPH�DQJOHV�ZKLFK�*DXVV�FDOOHG�4;��4<��4=��
DQG�E\�S��T��U�WKUHH�GLIIHUHQWLDEOH�IXQFWLRQV�RI�[�\��]��+H�VWDWHV�WKH�GLYHUJHQFH�WKHRUHP�LQ�WKH�
IRUP��

-��D� D)[�EDT\��F� D���Z I�DSFRVD�ETFRV�I�FUFRV\�H�

ZKHUH�D��E��F�DUH�FRQVWDQWV�DQG�ZKHUH�WKH�OHIW�KDQG�LQWHJUDO�LV�WDNHQ�RYHU�D�VROLG��WKH�ULJKW�KDQG�
LQWHJUDO�RYHU�WKH�ERXQGDU\�VXUIDFH��

:H�QRWH�WKDW�*DXVV
�UHVXOWV�DUH�DOO�VSHFLDO�FDVHV�RI�2VWURJUDGVN\
V�WKHRUHP��,Q�HDFK�FDVH�
D� �E� �F� ���*DXVV
�ILUVW�UHVXOW�KDV�S� ����T� �U� ����KLV�VHFRQG�KDV�

DS� DT� � DU� ��
D[� D\� D]�

DQG�KLV�WKLUG�KDV�S� �[��T� �U� ���:H�DOVR�ZLOO�VHH�WKDW�*DXVV
�SURRI�LV�D�VSHFLDO�FDVH�RI�WKDW�RI�
2VWURJUDGVN\��

2VWURJUDGVN\�SURYHV�KLV�UHVXOW�E\�ILUVW�FRQVLGHULQJ�D�3�Z��+H�LQWHJUDWHV�WKLV�RYHU�D��QDUURZ�
F\OLQGHU��JRLQJ�WKURXJK�WKH�VROLG�LQ�WKH�[�GLUHFWLRQ�ZLWK�FURVV�VHFWLRQDO�DUHD�)�-��XVLQJ�WKH�
IXQGDPHQWDO�WKHRUHP�RI�FDOFXOXV�WR�H[SUHVV�WKLV�LQWHJUDO�DV�

DS�:�-D[� �SL��32�]M�
ZKHUH�SR�DQG�3L�DUH�WKH�YDOXHV�RI�S�RQ�WKH�SLHFHV�RI�VXUIDFH�ZKHUH�WKH�F\OLQGHU�LQWHUVHFWV�WKH�
VROLG��6LQFH��� �H�,FRVD�,�RQ�RQH�VHFWLRQ�RI�VXUIDFH�DQG�

��
 � �� F�FRV�D��RQ�WKH�RWKHU��D�,�DQG�D��

EHLQJ�WKH�DSSURSULDWH�DQJOHV�PDGH�E\�WKH�QRUPDO��F� DQG�RR�EHLQJ�WKH�UHVSHFWLYH�VXUIDFH�
HOHPHQWV��ZH�JHW�
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ZKHUH�WKH�OHIW�LQWHJUDO�LV�RYHU�WKH�F\OLQGHU�DQG�WKH�ULJKW�RQHV�RYHU�WKH�WZR�SLHFHV�RI�VXUIDFH�
�),*85(�����$GGLQJ�XS�WKH�LQWHJUDOV�RYHU�DOO�VXFK�F\OLQGHUV�JLYHV�RQH�WKLUG�RI�WKH�ILQDO�UHVXOW��WKH�
RWKHU�WZR�WKLUGV�EHLQJ�GRQH�VLPLODUO\��:H�QRWH�WKDW�WKLV�SURRI�FDQ�HDVLO\�EH�PRGLILHG�WR�VXLW�
PRGHUQ�VWDQGDUGV��DQG�LV�LQ�IDFW�XVHG�WRGD\��H�J���LQ�7D\ORU�DQG�0DQQ�>��@��

),*XP8���

7KRXJK�WKH�DERYH�SURRI�DSSOLHV�WR�DUELWUDU\�GLIIHUHQWLDEOH�IXQFWLRQV�S��T��U��ZH�ZLOO�QRWH�IRU�
IXWXUH�UHIHUHQFH�WKDW�2VWURJUDGVN\�XVHV�WKH�UHVXOW�RQO\�LQ�WKH�VSHFLDO�FDVH�ZKHUH�

DX� DY� DX� DY� DX� DY�

3����� ��� T � �� X)�U ,��

D[� D[� 98\� ]�

ZLWK�X�DQG�Y�DOVR�EHLQJ�GLIIHUHQWLDEOH�IXQFWLRQV�RI�WKUHH�YDULDEOHV��
2VWURJUDGVN\�SUHVHQWHG�WKLV�WKHRUHP�DJDLQ�LQ�D�SDSHU�LQ�3DULV�RQ�$XJXVW����������DQG�ILQDOO\�

LQ�6W��3HWHUVEXUJ�RQ�1RYHPEHU����������7KH�ODWWHU�SUHVHQWDWLRQ�ZDV�WKH�RQO\�RQH�SXEOLVKHG�E\�
2VWURJUDGVN\��DSSHDULQJ�LQ������LQ�>��@��7KH�WZR�HDUOLHU�SUHVHQWDWLRQV�KDYH�VXUYLYHG�RQO\�LQ�
PDQXVFULSW�IRUP��WKRXJK�WKH\�KDYH�EHHQ�SXEOLVKHG�LQ�5XVVLDQ�WUDQVODWLRQ��

,Q�WKH�PHDQWLPH��WKH�WKHRUHP�DQG�UHODWHG�RQHV�DSSHDUHG�LQ�SXEOLFDWLRQV�RI�WKUHH�RWKHU�
PDWKHPDWLFLDQV��6LPHRQ�'HQLV�3RLVVRQ��LQ�D� SDSHU�SUHVHQWHG�LQ�3DULV�RQ�$SULO����������
�SXEOLVKHG�LQ�������VWDWHG�DQG�SURYHG�DQ�LGHQWLFDO�UHVXOW�>��@��$FFRUGLQJ�WR�<XVKNHYLFK�LQ�>��@��
3RLVVRQ�KDG�UHIHUHHG�2VWURJUDGVN\
V������SDSHU�DQG�WKHUHIRUH�SUHVXPDEO\�OHDUQHG�RI�WKH�UH��
VXOW��3RLVVRQ�QHLWKHU�FODLPHG�LW�DV�RULJLQDO�QRU�FLWHG�2VWURJUDGVN\��EXW�LW�PXVW�EH�UHDOL]HG�WKDW�
UHIHUHQFHV�ZHUH�QRW�PDGH�WKHQ�ZLWK�WKH�IUHTXHQF\�WKDW�WKH\�DUH�WRGD\��

$QRWKHU�)UHQFK�PDWKHPDWLFLDQ��)UHGHULF�6DUUXV��SXEOLVKHG�D�VLPLODU�UHVXOW�LQ������LQ�>��@��
EXW�KLV�QRWDWLRQ�DQG�LGHDV�DUH�QRW�QHDUO\�VR�FOHDU�DV�WKRVH�RI�2VWURJUDGVN\�DQG�3RLVVRQ��)LQDOO\��
*HRUJH�*UHHQ��DQ�(QJOLVK�PDWKHPDWLFLDQ��LQ�D�SULYDWH�SXEOLFDWLRQ�RI�WKH�VDPH�\HDU�>�@��VWDWHG�
DQG�SURYHG�WKH�IROORZLQJ��

IX$YG[G\G]�� X�G�GR �-Y$XG[G\G]�-Y� G�GX�
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ZKHUH�X��Y�DUH�IXQFWLRQV�RI�WKUHH�YDULDEOHV�LQ�D�VROLG�ERG\��RI�DQ\�IRUP�ZKDWHYHU���$�LV�WKH�
V\PERO�IRU�WKH�/DSODFLDQ��DQG�G�GZ�PHDQV�WKH�QRUPDO�GHULYDWLYH��WKH�ILUVW�LQWHJUDOV�RQ�HDFK�VLGH�
DUH�WDNHQ�RYHU�WKH�VROLG�DQG�WKH�VHFRQG�RYHU�WKH�ERXQGDU\�VXUIDFH��*UHHQ�SURYHG�KLV�WKHRUHP�
XVLQJ�WKH�VDPH�EDVLF�LGHDV�DV�GLG�2VWURJUDGVN\��,Q�DGGLWLRQ��LI�ZH�XVH�DJDLQ�WKH�VSHFLDO�FDVH�
ZKHUH�

DX� DY� DX� DY� DX� DY�
S Y[�X� [�� T Y� \�X� <�� U Y7D]� D]
�

ZH�FDQ�FRQFOXGH�E\�D�VKRUW�FDOFXODWLRQ�WKDW�WKH�WZR�WKHRUHPV�DUH�HTXLYDOHQW��1HYHUWKHOHVV��
*UHHQ�GLG�QRW�VR�FRQFOXGH��KH�ZDV�LQWHUHVWHG�LQ�WKH�WKHRUHP�LQ�WKH�IRUP�LQ�ZKLFK�KH�JDYH�LW��,W�
ZRXOG�WKXV�EH�GLIILFXOW�WR�DWWULEXWH�WKH�GLYHUJHQFH�WKHRUHP�WR�KLP��

$OO�RI�WKH�PDWKHPDWLFLDQV�ZKR�VWDWHG�DQG�SURYHG�YHUVLRQV�RI�WKLV�WKHRUHP�ZHUH�LQWHUHVWHG�LQ�
LW�IRU�VSHFLILF�SK\VLFDO�UHDVRQV��*DXVV�ZDV�LQWHUHVWHG�LQ�WKH�WKHRU\�RI�PDJQHWLF�DWWUDFWLRQ��
2VWURJUDGVN\�LQ�WKH�WKHRU\�RI�KHDW��*UHHQ�LQ�HOHFWULFLW\�DQG�PDJQHWLVP��3RLVVRQ�LQ�HODVWLF�ERGLHV��
DQG�6DUUXV�LQ�IORDWLQJ�ERGLHV��,Q�QHDUO\�DOO�FDVHV��WKH�WKHRUHPV�LQYROYHG�RFFXUUHG�LQ�WKH�PLGGOH�
RI�ORQJ�SDSHUV�DQG�ZHUH�RQO\�WKRXJKW�RI�DV�WRROV�WRZDUG�VRPH�SK\VLFDO�HQG��,Q�IDFW��IRU�ERWK�
*UHHQ�DQG�2VWURJUDGVN\�WKH�IXQFWLRQV�X�DQG�Y�PHQWLRQHG�DERYH�ZHUH�RIWHQ�VROXWLRQV�RI�
/DSODFH�W\SH�HTXDWLRQV�DQG�ZHUH�XVHG�LQ�ERXQGDU\�YDOXH�SUREOHPV��

7KH�WKHRUHP�JHQHUDOO\�NQRZQ�DV�*UHHQ
V�WKHRUHP�LV�D�WZR�GLPHQVLRQDO�UHVXOW�ZKLFK�ZDV�DOVR�
QRW�FRQVLGHUHG�E\�*UHHQ��2I�FRXUVH��RQH�FDQ�GHULYH�WKLV�WKHRUHP�IURP�*UHHQ
V�YHUVLRQ�E\�
UHGXFLQJ�LW�WR�WZR�GLPHQVLRQV�DQG�PDNLQJ�D�EULHI�FDOFXODWLRQ��%XW�WKHUH�LV�QR�HYLGHQFH�WKDW�
*UHHQ�KLPVHOI�HYHU�GLG�WKLV��

2Q�WKH�RWKHU�KDQG��VLQFH�*UHHQ
V�WKHRUHP�LV�FUXFLDO�LQ�WKH�HOHPHQWDU\�WKHRU\�RI�FRPSOH[�
YDULDEOHV��LW�LV�QRW�VXUSULVLQJ�WKDW�LW�ILUVW�RFFXUV��ZLWKRXW�SURRI��LQ�DQ������QRWH�RI�$XJXVWLQ�
&DXFK\�>�-��LQ�ZKLFK�KH�SURFHHGV�WR�XVH�LW�WR�SURYH��&DXFK\
V�WKHRUHP��RQ�WKH�LQWHJUDO�RI�D�
FRPSOH[�IXQFWLRQ�DURXQG�D�FORVHG�FXUYH��&DXFK\�SUHVHQWV�WKH�UHVXOW�LQ�WKH�IRUP��

�S� ��T�
<�

GV �--D�� DT� G[�G\�

ZKHUH�S�DQG�T�DUH�IXQFWLRQV�RI�[�DQG\��DQG�ZKHUH�WKH�VLJQ�RI�WKH�VHFRQG�LQWHJUDO�GHSHQGV�RQ�WKH�
RULHQWDWLRQ�RI�WKH�FXUYH�ZKLFK�ERXQGV�WKH�UHJLRQ�RYHU�ZKLFK�WKH�LQWHJUDO�LV�WDNHQ��&DXFK\�
SURPLVHG�D�SURRI�LQ�KLV�SULYDWH�MRXUQDO�([HUFLVHV�G
DQDO\VH�HW�GH�SK\VLTXH�PDWKHPDWLTXH��EXW�KH�
DSSDUHQWO\�QHYHU�SXEOLVKHG�RQH��

)LYH�\HDUV�ODWHU��%HUQKDUG�5LHPDQQ�SUHVHQWHG�WKH�VDPH�WKHRUHP�LQ�KLV�LQDXJXUDO�GLVVHUWDWLRQ�
>��@��WKLV�WLPH�ZLWK�SURRI�DQG�LQ�VHYHUDO�UHODWHG�YHUVLRQV��DJDLQ�KH�XVHV�WKH�WKHRUHP�LQ�
FRQQHFWLRQ�ZLWK�WKH�WKHRU\�RI�FRPSOH[�YDULDEOHV��5LHPDQQ
V�SURRI�LV�TXLWH�VLPLODU�WR�WKH�SURRI�
FRPPRQO\�LQ�XVH�WRGD\��HVVHQWLDOO\�KH�XVHV�WKH�IXQGDPHQWDO�WKHRUHP�WR�LQWHJUDWH�DT�D[� DORQJ�
OLQHV�SDUDOOHO�WR�WKH�[�D[LV��JHWWLQJ�YDOXHV�RI�T�ZKHUH�WKH�OLQHV�FURVV�WKH�ERXQGDU\�RI�WKH�UHJLRQ��
WKHQ�KH�LQWHJUDWHV�ZLWK�UHVSHFW�WR�\�WR�JHW�

->-�G[�G\ � �T� G �� T� GV��

7KH�RWKHU�KDOI�RI�WKH�IRUPXOD�LV�SURYHG�VLPLODUO\��
7KH�ILQDO�WKHRUHP�RI�RXU�WULDG��6WRNHV
�WKHRUHP��ILUVW�DSSHDUHG�LQ�SULQW�LQ�������*HRUJH�6WRNHV�

KDG�IRU�VHYHUDO�\HDUV�EHHQ�VHWWLQJ�WKH�6PLWK
V�3UL]H�([DP�DW�&DPEULGJH��DQG�LQ�WKH�)HEUXDU\��
������H[DPLQDWLRQ��TXHVWLRQ����LV�WKH�IROORZLQJ�>�����VHH�),*85(�����

,I�;��<��=�EH�IXQFWLRQV�RI�WKH�UHFWDQJXODU�FRRUGLQDWHV�[�\��]��G6�DQ�HOHPHQW�RI�DQ\�OLPLWHG�
VXUIDFH�����P��Q�WKH�FRVLQHV�RI�WKH�LQFOLQDWLRQV�RI�WKH�QRUPDO�DW�G6�WR�WKH�D[HV��GV�DQ�HOHPHQW�RI�
WKH�ERXQGDU\�OLQH��VKHZ�WKDW�

II� D\� D]� D]��� [� ��D� G� G� GV�

����WKH�VLQJOH�LQWHJUDO�EHLQJ�WDNHQ�DOO�DURXQG�WKH�SHULPHWHU�RI�WKH�VXUIDFH��
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,W�GRHV�QRW�VHHP�WR�EH�NQRZQ�LI�DQ\�RI�WKH�VWXGHQWV�SURYHG�WKH�WKHRUHP��+RZHYHU��WKH�
WKHRUHP�KDG�DOUHDG\�DSSHDUHG�LQ�D�OHWWHU�RI�:LOOLDP�7KRPVRQ��/RUG�.HOYLQ��WR�6WRNHV�RQ�-XO\����
������DQG�WKH�OHIW�KDQG�H[SUHVVLRQ�RI�WKH�WKHRUHP�KDG�DSSHDUHG�LQ�WZR�HDUOLHU�ZRUNV�RI�6WRNHV��
7
KH�ILUVW�SXEOLVKHG�SURRI�RI�WKH�WKHRUHP�VHHPV�WR�KDYH�EHHQ�LQ�D�PRQRJUDSK�RI�+HUPDQQ�
+DQNHO�LQ������>��@��+DQNHO�JLYHV�QR�FUHGLW�IRU�WKH�WKHRUHP��RQO\�D�UHIHUHQFH�WR�5LHPDQQ�ZLWK�
UHJDUG�WR�*UHHQ
�V�WKHRUHP��ZKLFK�WKHRUHP�KH�FDOOV�ZHOO�NQRZQ�DQG�PDNHV�XVH�RI�LQ�KLV�RZQ�
SURRI�RI�6WRNHV
�UHVXOW��

,Q�KLV�SURRI�+DQNHO�FRQVLGHUV�WKH�LQWHJUDO�I�;�G[���<G\���=�G]�RYHU�D�FXUYH�ERXQGLQJ�D�
VXUIDFH�JLYHQ�H[SOLFLWO\�E\�]� �]�[�\���7KHQ�

D]� D]�
G]� �G[� �\G\��D[� D�

VR�WKH�JLYHQ�LQWHJUDO�EHFRPHV�

��B� ]� �� D�

I�;��\�=�� G[��� <���D=]G\��D[�D\�
%\�*UHHQ
V�WKHRUHP��WKLV�LQWHJUDO�LQ�WXUQ�EHFRPHV�

D��D]� D�<� D]�D[� aaD\�a� G[�G\��

[a� aaaaa\D�

$Q�H[SOLFLW�HYDOXDWLRQ�RI�WKH�GHULYDWLYHV�WKHQ�OHDGV�WR�WKH�UHVXOW��

W� ;G[� <a�DOG� D� UG]� D[�OH�D\W� D]�:OD\� D]�7� PD[� D]�.Y� G[�G\�I�;G;�<QG�<�=HOIWKD�G��[SUHVVLRQII^D\�D[� D\� D]� D[� D]� D[� D\�

6LQFH�D�QRUPDO�YHFWRU�WR�WKH�VXUIDFH�LV�JLYHQ�E\� HD]�UD[���� D]�D\�����DQG�VLQFH�WKH�FRPSRQHQWV�
RI�WKH�XQLW�QRUPDO�YHFWRU�DUH�WKH�FRVLQHV�RI�WKH�DQJOHV�ZKLFK�WKDW�YHFWRU�PDNHV�ZLWK�WKH�
FRRUGLQDWH�D[HV��LW�IROORZV�WKDW�D]��D[ � ,���Q��D]��D\ ��� U�Q��DQG�G6� G[�G\��Q��+HQFH�E\�
VXEVWLWXWLRQ��+DQNHO�REWDLQV�WKH�GHVLUHG�UHVXOW��
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2I�FRXUVH��WKLV�SURRI�UHTXLUHV�WKH�VXUIDFH�WR�EH�JLYHQ�H[SOLFLWO\�DV�]� �]�[�\���$�VRPHZKDW�
GLIIHUHQW�SURRI��ZLWKRXW�WKDW�UHTXLUHPHQW��LV�VNHWFKHG�LQ�7KRPVRQ�DQG�7DLW
V�7UHDWLVH�RQ�1DWXUDO�
3KLORVRSK\��������ZLWKRXW�UHIHUHQFH�>��@��,Q������&OHUN�0D[ZHOO�ZURWH�WR�6WRNHV�DVNLQJ�DERXW�
WKH�KLVWRU\�RI�WKH�WKHRUHP�>��@��(YLGHQWO\�6WRNHV�DQVZHUHG�KLP��VLQFH�LQ�0D[ZHOO
V������7UHDWLVH�
RQ�(OHFWULFLW\�DQG�0DJQHWLVP�WKHUH�DSSHDUV�WKH�WKHRUHP�ZLWK�WKH�UHIHUHQFH�WR�WKH�6PLWK
V�3UL]H�
([DP�>��@��0D[ZHOO�DOVR�VWDWHV�DQG�SURYHV�WKH�GLYHUJHQFH�WKHRUHP��

9HFWRU�IRUPV�RI�WKH�WKHRUHPV�

$OO�WKUHH�WKHRUHPV�ILUVW�DSSHDUHG��DV�ZH�KDYH�VHHQ��LQ�WKHLU�FRRUGLQDWH�IRUPV��%XW�VLQFH�WKH�
WKHRU\�RI�TXDWHUQLRQV�ZDV�EHLQJ�GHYHORSHG�LQ�WKH�PLG�QLQHWHHQWK�FHQWXU\�E\�+DPLOWRQ�DQG�ODWHU�
E\�7DLW��LW�ZDV�WR�EH�H[SHFWHG�WKDW�WKH�WKHRUHPV�ZRXOG�EH�WUDQVODWHG�LQWR�WKHLU�TXDWHUQLRQ�IRUPV��
)LUVW�ZH�PXVW�QRWH�WKDW�+DPLOWRQ
V�SURGXFW�RI�WZR�TXDWHUPLRQV�

S [2�[OL�[�M�� [�N�DQG�T \R��<L��<�M��\�N�

PD\�EH�ZULWWHQ�DV�

ST� ��[�\���[�\���;�<���[�\������[�\���\�[��L����[�<,��\�[,�M����[,�<���;�<��N��
7KH�VFDODU�SDUW�LV�GHQRWHG�6�ST�DQG�WKH�YHFWRU�SDUW�9�ST��6HFRQGO\��DSSO\LQJ�+DPLOWRQ
V�
9�RSHUDWRU�LD�D[�MD�D\�ND�D]� WR�D�YHFWRU�IXQFWLRQ�D L;�M<�N=� ZH�JHW�D�TXDWHUQLRQ�

�D[� D\� D]��L��D]� D\?�� ;�D[D]� ?��ND\� D[�

$JDLQ�ZH�GHQRWH�WKH�VFDODU�SDUW�E\�69D� DQG�WKH�YHFWRU�SDUW�E\�99D��
7DLW��WKHQ��LQ�DQ������SDSHU�>��@�ZDV�DEOH�WR�VWDWH�WKH�GLYHUJHQFH�WKHRUHP�LQ�WKH�IRUP�

I_IIV��9JG�  �II6� F8SGV�

ZKHUH�GW�LV�DQ�HOHPHQW�RI�YROXPH��GV�DQ�HOHPHQW�RI�VXUIDFH��DQG�8S�D�XQLW�QRUPDO�YHFWRU�WR�WKH�
VXUIDFH��)XUWKHUPRUH��6WRNHV
�WKHRUHP�WRRN�WKH�IRUP�

I�6FDGS� �IIV�� 99D�8SG�

ZKHUH�GS�LV�DQ�HOHPHQW�RI�OHQJWK�RI�WKH�FXUYH�ERXQGLQJ�WKH�VXUIDFH��
0D[ZHOO��LQ�KLV�WUHDWLVH�RI�WKUHH�\HDUV�ODWHU��UHSHDWHG�7DLW
V�IRUPXODV��EXW�DOVR�FDPH�RQH�VWHS�

FORVHU�WR�RXU�FXUUHQW�WHUPLQRORJ\��+H�SURSRVHG�WR�FDOO�69D� WKH�FRQYHUJHQFH�RI�D�DQG�99D�WKH�
FXUO�RI�D��2I�FRXUVH��0D[ZHOO
V�FRQYHUJHQFH�LV�WKH�QHJDWLYH�RI�ZKDW�ZH�FDOO�WKH�GLYHUJHQFH��
)XUWKHUPRUH��ZH�QRWH�WKDW�ZKHQ�WZR�TXDWHUQLRQV�S�DQG�T�DUH�SXUH�YHFWRUV��+DPLOWRQ
V�6�ST�LV�
SUHFLVHO\�WKH�QHJDWLYH�RI�WKH�LQQHU�SURGXFW�S��T���7KLV�SDUWLFXODU�LGHD�ZDV�ILUVW�GHYHORSHG�E\�
*LEEV�DQG�+HDYLVLGH�DERXW�WZHQW\�\HDUV�ODWHU���

3XWWLQJ�WKHVH�QRWLRQV�WRJHWKHU��ZH�JHW�WKH�PRGHP�YHFWRU�IRUP�RI�WKH�GLYHUJHQFH�WKHRUHP�

ILO�
II�GLYD�G9 � D�QG$�

ZKHUH�D�LV�D�YHFWRU�ILHOG�;L��<M���=N��G9�LV�DQ�HOHPHQW�RI�YROXPH��G$�LV�DQ�HOHPHQW�RI�VXUIDFH�
DUHD�RI�WKH�VXUIDFH�6�ERXQGLQJ�WKH�VROLG�0�DQG�Q�LV�WKH�XQLW�RXWZDUG�QRUPDO�WR�WKLV�VXUIDFH��
6WRNHV
�WKHRUHP�WKHQ�WDNHV�WKH�IRUP�

__�FXUODF��Q�G�� F�_� D� W��GV�

ZKHUH�GV�LV�WKH�HOHPHQW�RI�OHQJWK�RI�WKH�ERXQGDU\�FXUYH�)�RI�WKH�VXUIDFH�6�DQG�W�LV�WKH�XQLW�
WDQJHQW�YHFWRU�WR�U��2EYLRXVO\��D�VLPLODU�UHVXOW�FDQ�EH�JLYHQ�IRU�*UHHQ
V�WKHRUHP��
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*HQHUDOL]DWLRQ�DQG�XQLILFDWLRQ�

7KH�JHQHUDOL]DWLRQ�DQG�XQLILFDWLRQ�RI�RXU�WKUHH�WKHRUHPV�WRRN�SODFH�LQ�VHYHUDO�VWDJHV��)LUVW�RI�
DOO��2VWURJUDGVN\�KLPVHOI�LQ�DQ������SDSHU�LQ�&UHOOH�>��@�JHQHUDOL]HG�KLV�RZQ�WKHRUHP�WR�WKH�
IROORZLQJ��

��D/��4D/��5D/�
D[� D\� D]� �� D� ��W�3�� D4���W��MG[G<G]����  LVBBBBBBBBBBBB�D/� �� B� G6��

+HUH�2VWURJUDGVN\�OHWV�/�[�\�]������EH��D�IXQFWLRQ�RI�DV�PDQ\�TXDQWLWLHV�DV�RQH�ZDQWV���9�EH�
WKH�VHW�RI�YDOXHV�[�\�]�����ZLWK�/�[�\�]����!�� DQG�6�EH�WKH�VHW�RI�YDOXHV�ZLWK�/�[�\�]����� 2��
,Q�PRGHUQ�WHUPLQRORJ\��LI�WKHUH�DUH�Q�YDOXHV��6�ZRXOG�EH�DQ�Q�����GLPHQVLRQDO�K\SHUVXUIDFH�
ERXQGLQJ�WKH�Q�GLPHQVLRQDO�YROXPH�9��

2VWURJUDGVN\
V�SURRI�KHUH�LV�VLPLODU�WR�KLV�ILUVW�RQH��+H�LQWHJUDWHV�D3�D[�ZLWK�UHVSHFW�WR�[�
DQG�DIWHU�D�VKRUW�PDQLSXODWLRQ�JHWV�

��D/���_aaaG�Da�G[\]��� � DG\G]�����
D[� �aaD[�

ZLWK��RI� FRXUVH� D� VLPLODU�H[SUHVVLRQ�IRU�HYHU\�RWKHU�WHUP��7KHQ�� SXWWLQJ�G6 �
9GG\�G=������G;�G����� �G;��\��� �


� �KH� VKRZV�WKDW�

G\�G]���� G[�G]����� G6�

$W� �:� �Y����D/��D��
DQG�FRQFOXGHV�WKH�UHVXOW�E\�VXPPDWLRQ��

�7R�XQGHUVWDQG�KRZ�2VWURJUDGVN\�JHWV�KLV�H[SUHVVLRQ�IRU�G6��ZH�QRWH�WKDW�IRU�D�SDUDPHWUL]HG�
VXUIDFH�LQ�WKUHH�VSDFH��

G6 $GXGY � ?� D�\�Y=��
���� D�X�Y[����� D�X�Y��

��
GXGY�

DQG�

D�<� ]��GXGY� G]� D�]�[��GXGY� G]G[�� D�[�\��GXGY� �G[G\��D�X��9�� D�X��9�� D�X��9��
+HQFH�

G6 � 9G\�G]��G]�G[��G[�G\��
)RU�PRUH�GHWDLOV��VHH�>�@���

,I�ZH�IXUWKHU�QRWH�WKDW�

�ND/� �� D/�?��� �D/� ��� D/� D/� D/� $�
?�D[� 9�D� �� D]�

�� D[
�D\
�D]
� -�

LV�WKH�XQLW�RXWZDUG�QRUPDO�Q�WR�6�DQG�LI�ZH�OHW�D�GHQRWH�WKH�YHFWRU�IXQFWLRQ��3��4�5�������WKHQ�
2VWURJUDGVN\
V�UHVXOW�EHFRPHV�

I�GLYD�G9 �IU�QG6��
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D�GLUHFW�JHQHUDOL]DWLRQ�RI�WKH�RULJLQDO�GLYHUJHQFH�WKHRUHP��
7KH�ILUVW�PDWKHPDWLFLDQ�WR�LQFOXGH�DOO�WKUHH�WKHRUHPV�XQGHU�RQH�JHQHUDO�UHVXOW�ZDV�9LWR�

9ROWHUUD�LQ������LQ�>��@��%HIRUH�TXRWLQJ�WKH�WKHRUHP��ZH�QHHG�WR�XQGHUVWDQG�KLV�WHUPLQRORJ\��$Q�
U�GLPHQVLRQDO�K\SHUVSDFH�LQ�Q�GLPHQVLRQDO�VSDFH�LV�JLYHQ�SDUDPHWULFDOO\�E\�WKH�Q�IXQFWLRQV�
;L� � ;L�8� ��8���8�� ����� 8U���L� � �������Q��9ROWHUUD�FRQVLGHUV�WKH�Q�E\�U�PDWUL[�-� ��D[L�DXM��DQG�GHQRWHV�E\�
�?L�������� WKH�GHWHUPLQDQW�RI�WKH�U�E\�U�VXEPDWUL[�RI�-�FRQVLVWLQJ�RI�WKH�URZV�QXPEHUHG�L,��L����� LU��
/HWWLQJ�

$ � �� (� $LO�L�����L��
LO� �� �� �� �� LW�

KH�FDOOV�$GX,GX�����GXU�DQ��HOHPHQW�RI�K\SHUVSDFH��DQG�DM��� �� ���LU�$��D�GLUHFWLRQ�FRVLQH�RI�
WKH�K\SHUVSDFH���7KH�D
V�DUH��RI�FRXUVH��IXQFWLRQV�RI�WKH�X
V���)RU�WKH�FDVH�ZKHUH�U ���DQG�Q� ���
ZH�KDYH�DOUHDG\�FDOFXODWHG�$�DERYH�LQ�RXU�GLVFXVVLRQ�RI�2VWURJUDGVN\
V�WKHRUHP��6LQFH�WKH�
GHWHUPLQDQWV�D�[L�� [���D�8��� X��� DUH�SUHFLVHO\�WKH�FRPSRQHQWV�RI�WKH�QRUPDO�YHFWRU�WR�WKH�VXUIDFH��
WKH�DS�DUH�WKHQ�WKH�FRPSRQHQWV�RI�WKH�XQLW�QRUPDO�YHFWRU��KHQFH�DUH�WKH�FRVLQHV�RI�WKH�DQJOHV�
ZKLFK�WKDW�YHFWRU�PDNHV�ZLWK�WKH�DSSURSULDWH�FRRUGLQDWH�D[HV��

:H�QRZ�TXRWH�9ROWHUUD
V�WKHRUHP��WUDQVODWHG�IURP�WKH�,WDOLDQ��

/HW�/�L�� L� EH�IXQFWLRQV�RI�SRLQWV�LQ�D�K\SHUVSDFH�6���GHILQHG�DQG�FRQWLQXRXV�LQ�DOO�WKHLU�
ILUVW�GHULYDWLYHV�DQG�VXFK�WKDW�DQ\�WUDQVSRVLWLRQ�RI�LQGLFHV�FKDQJHV�RQO\�WKH�VLJQ��/HW�WKH�
IRUPV�

U�,��L� �� �O�� �,� 2/�LOO�� ���B�
��

�����,���� 
LU��,�

:H�GHQRWH�E\�6U�WKH�ERXQGDU\�RI�D�K\SHUVSDFH�6U����RI�U����GLPHQVLRQV�RSHQ�DQG�LPPHUVHG�
LQ�6���E\�D��L������ WKH�GLUHFWLRQ�FRVLQHV�RI�6U��,�DQG�E\�$�L������� WKRVH�RI�6U��7KH�H[WHQVLRQ�RI�
WKH�WKHRUHP�RI�6WRNHV�FRQVLVWV�RI�WKH�IROORZLQJ�IRUPXOD��

I� 0LOL�� �LD�ODLOL����L��OG6U� �� I(��/���� $OL����LG6U��V���,a�
/HW�XV�FKHFN�WKH�FDVH�ZKHUH�U� ���DQG�Q� ���WR�VHH�KRZ�WKLV�UHVXOW�JHQHUDOL]HV�6WRNHV
�WKHRUHP��

,Q�WKDW�FDVH�ZH�KDYH�WKUHH�IXQFWLRQV�/��/��/��RI�SRLQWV�LQ�WKUHH�GLPHQVLRQDO�VSDFH��7KH�0�
IXQFWLRQV�DUH�WKHQ�JLYHQ�DV�IROORZV��

D/�� D/� 0D/,�D/�� D/�� D/��
BBB� BB� BB� BB� �� �D� D[�D[�� D�D[�� D[�� ��B0�BBD�

6LQFH�U ����6U�LV�D�FXUYH�JLYHQ�E\���IXQFWLRQV�[O�X���[��X���DQG�;��8��� 6R�

G[��� �G;���� �G;�?��
 ��GX�� ��� GX�� ��� GX��

DQG�GV� $�GX��7KHQ�
G[L�

% � GX� IRU�L ������ DQGI�$GV �GLGV��

7KH�D����D����DQG�D��� DUH�WKH�DSSURSULDWH�FRVLQHV�DV�PHQWLRQHG�DERYH��+HQFH�WKH�WKHRUHP�ZLOO�
UHDG��

���D/�� D/��
D� ^��� /0� D/�� ��� D/�� D/O� 6�

6�D[�� D;��D����D;��D[����O�D[�� �� D;��

I�/,� G[O��/� G[���/�G;���G�
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WKH�UHVXOW�EHLQJ�H[DFWO\�6WRNHV
�WKHRUHP��$�VLPLODU�FDOFXODWLRQ�ZLOO�VKRZ�WKDW�WKH�FDVH�U� ���Q� ���
ZLOO�JLYH�WKH�GLYHUJHQFH�WKHRUHP��WKH�FDVH�U� ����Q� �� ZLOO�JLYH�*UHHQ
V�WKHRUHP��DQG�WKH�FDVH�
U� �Q�����LV�SUHFLVHO\�2VWURJUDGVN\
V�RZQ�JHQHUDOL]DWLRQ��

:H� QRWH�IXUWKHU�WKDW�LI�ZH� UHSODFH�D��E\��D�[L�[M��D�X�Y���$��G6��E\�$GX�GY��DQG�
�D�[��[M��D�X�Y��GXGY�E\�G[�G[M��DQG�LI�ZH�VHW�[,� �[��[�� \��;�� ]�� ZH�JHW�DQRWKHU�IDPLOLDU�IRUP�
RI�6WRNHV
�WKHRUHP��

I0��G\�G]���0�G]G[���0�G[G\ I� /OG[�/�G\���/�G]��

6LPLODUO\��WKH�GLYHUJHQFH�WKHRUHP�EHFRPHV�

_K/��G<XG=�/��G]G[�/�G;G<� D/����� �� G[��� <�

$OWKRXJK�9ROWHUUD�XVHG�KLV�WKHRUHP�LQ�VHYHUDO�SDSHUV�LQ�KLV�VWXG\�RI�GLIIHUHQWLDO�HTXDWLRQV��KH�
GLG�QRW�JLYH�D�SURRI�RI�WKH�UHVXOW��KH�RQO\�VDLG�WKDW�LW��LV�REWDLQHG�ZLWKRXW�GLIILFXOW\���

,I�RQH�VWXGLHV�9ROWHUUD
V�ZRUN��LW�EHFRPHV�FOHDU�WKDW�LW�ZRXOG�EH�TXLWH�XVHIXO�WR�VLPSOLI\�WKH�
QRWDWLRQ��7KLV�ZDV�GRQH�E\�VHYHUDO�PDWKHPDWLFLDQV�DURXQG�WKH�WXUQ�RI�WKH�FHQWXU\��+HQUL�
3RLQFDUH��LQ�KLV������ZRUN�/HV�0HWKRGHV�1RXYHOOHV�GH�OD�0HFDQLTXH�&HOHVWH�>��@��VWDWHV�WKH�VDPH�
JHQHUDOL]DWLRQ�DV�9ROWHUUD��EXW�LQ�D�PXFK�EULHIHU�IRUP��

ID�$GZ I_��G� "� G[�MNR��

+HUH�WKH�OHIW�KDQG�LQWHJUDO�LV�WDNHQ�RYHU�WKH�U�O�GLPHQVLRQDO�ERXQGDU\�RI�DQ�U�GLPHQVLRQDO�
YDULHW\�LQ�Q�VSDFH�ZKLOH�WKH�ULJKW�KDQG�LQWHJUDO�LV�RYHU�WKH�HQWLUH�YDULHW\��+HQFH�$�LV�D�IXQFWLRQ�
RI�Q�YDULDEOHV�DQG�GZ�LV�D�SURGXFW�RI�U���� RI�WKH�G[�
V��WKH�VXP�EHLQJ�WDNHQ�RYHU�DOO�VXFK�GLVWLQFW�
SURGXFWV��3RLQFDUH
V�IRUP�RI�WKH�WKHRUHP�LV�PRUH�FRPSDFW�WKDQ�WKDW�RI�9ROWHUUD�LQ�SDUW�EHFDXVH�
WKH�GLUHFWLRQ�FRVLQHV�DUH�DEVRUEHG�LQWR�WKH�H[SUHVVLRQV�GZ���6HH�>�@�IRU�PRUH�GHWDLOV���3RLQFDUH��
OLNH�9ROWHUUD��LQ�WKLV�DQG�RWKHU�ZRUNV�RI�WKH�VDPH�SHULRG��ZDV�FKLHIO\�LQWHUHVWHG�LQ�LQWHJUDELOLW\�
FRQGLWLRQV�RI�ZKDW�ZH�QRZ�FDOO�GLIIHUHQWLDO�IRUPV��L�H���LQ�ZKHQ�D�IRUP�Z�LV�DQ�H[DFW�GLIIHUHQWLDO��

7KH�PDWKHPDWLFLDQ�FKLHIO\�UHVSRQVLEOH�IRU�FODULI\LQJ�WKH�LGHD�RI�D�GLIIHUHQWLDO�IRUP�ZDV�(OLH�
&DUWDQ��,Q�KLV�IXQGDPHQWDO�SDSHU�RI������>�@��KH�ILUVW�GHILQHV�DQ��H[SUHVVLRQ�GLIIHUHQWLHOOH��DV�D�
V\PEROLF�H[SUHVVLRQ�JLYHQ�E\�D� ILQLWH�QXPEHU�RI�VXPV�DQG�SURGXFWV�RI�WKH�Q�GLIIHUHQWLDOV�
G[O�G[������G[��DQG�FHUWDLQ�FRHIILFLHQW�IXQFWLRQV�RI�WKH�YDULDEOHV�[��[������[����$�GLIIHUHQWLDO�
H[SUHVVLRQ�RI�WKH�ILUVW�GHJUHH��$��G[O���$�G[���� 
� ��$
� G[���KH�FDOOV�DQ��H[SUHVVLRQ�GH�3IDII���

&DUWDQ�VWDWHV�FHUWDLQ�UXOHV�RI�FDOFXODWLRQ�ZLWK�WKHVH�H[SUHVVLRQV��,Q�SDUWLFXODU��KLV�UXOH�IRU�
�HYDOXDWLQJ��D�GLIIHUHQWLDO�H[SUHVVLRQ�UHTXLUHV�WKDW�WKH�YDOXH�RI�$�G[P��G[P�������G[P�EH�WKH�SURGXFW�
RI�$�ZLWK�WKH�GHWHUPLQDQW�OD[P��DDLO�ZKHUH�WKH�[
V�DUH�IXQFWLRQV�RI�WKH�SDUDPHWHUV�D[��7KH�
VWDQGDUG�UXOHV�IRU�GHWHUPLQDQWV�WKHQ�UHTXLUH�WKDW�LI�DQ\�G[��LV�UHSHDWHG��WKH�YDOXH�LV���DQG�WKDW�
DQ\�SHUPXWDWLRQ�RI�WKH�G[L
V�UHTXLUHV�D�VLJQ�FKDQJH�LI�WKH�SHUPXWDWLRQ�LV�RGG��)RU�LQVWDQFH��
&DUWDQ�FRQFOXGHV�WKDW�$�G[O�G[�G[�� �$� G[�G[O�G[���RU�MXVW�WKDW�G[,�G[� ��� G[�G[��

&DUWDQ�IXUWKHU�GLVFXVVHV�FKDQJHV�RI�YDULDEOH��LI�[O��[��������[��DUH�IXQFWLRQV�RI�<���<��� �<Q��WKHQ�

D[�� D[�� ����D[� L ��������Q��

7KHQ��IRU�LQVWDQFH��LQ�WKH�FDVH�Q� ���ZH�JHW�

G[O�G[� � D�[O\[��;�� 
����

2QH�PLJKW�QRWH��RQ�WKH�RWKHU�KDQG��WKDW�LI�RQH�DVVXPHV�D�FKDQJH�RI�YDULDEOH�IRUPXOD�RI�WKLV�
W\SH��WKHQ�RQH�LV�IRUFHG�WR�WKH�JHQHUDO�UXOH�G[L�G[M� �G[M� G[���
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)LQDOO\��&DUWDQ�GHILQHV�WKH��GHULYHG�H[SUHVVLRQ��RI�D� ILUVW�GHJUHH�GLIIHUHQWLDO�H[SUHVVLRQ�
Z $OG[O�$�G[��


��$�G[�� WR�EH� WKH�VHFRQG�GHJUHH�H[SUHVVLRQ�Z
 G$,G[,�G$�G[��
�


� �G$QG[Q��ZKHUH��RI�FRXUVH��

D$
�
G$ ���(M� G[��

)RU�WKH�FDVH�Q� �� RQH�FDQ�FDOFXODWH�E\�XVLQJ�WKH�DERYH�UXOHV�WKDW�LI�Z� �$,�G[���$�G\���$�G]��
WKHQ�

�D$�� D$�D�G=��� D$O��� D$���G]G[����� D[� D$�G��� DG�
D\� D]� D]� D[� D[�

&RPSDULQJ�WKLV�ZLWK�WKH�H[DPSOH�ZH�JDYH�LQ�GLVFXVVLQJ�9ROWHUUD
V�ZRUN��LW�LV�FOHDU�WKDW�9ROWHUUD
V�
0����0����DQG�0���DUH�SUHFLVHO\�WKH�FRHIILFLHQWV�RI�&DUWDQ
V�Z
��

&DUWDQ�LQ�>�@�GLG�QRW�GLVFXVV�WKH�UHODWLRQVKLS�RI�KLV�GLIIHUHQWLDO�H[SUHVVLRQV�WR�6WRNHV
�
WKHRUHP��QHYHUWKHOHVV��E\�WKH�HDUO\�\HDUV�RI�WKH�WZHQWLHWK�FHQWXU\�WKH�JHQHUDOL]HG�6WRNHV
�
WKHRUHP�LQ�HVVHQWLDOO\�WKH�IRUP�JLYHQ�E\�3RLQFDUH�ZDV�NQRZQ�DQG�XVHG�E\�PDQ\�DXWKRUV��
DOWKRXJK�SURRIV�VHHP�QRW�WR�KDYH�EHHQ�SXEOLVKHG��

%\�������&DUWDQ�KDG�H[WHQGHG�KLV�ZRUN�RQ�GLIIHUHQWLDO�H[SUHVVLRQV�LQ�>�@��,W�LV�KHUH�WKDW�KH�
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