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7KLV�QRWH�ZLOO�SUHVHQW�VWUDQJH�EXW�TXLWH�HOHPHQWDU\�SURRIV�RI�WZR�FODVVLFDO�WKHRUHPV�RI�WRSRORJ\��
EDVHG�RQ�D�YROXPH�FRPSXWDWLRQ�LQ�(XFOLGHDQ�VSDFH�DQG�WKH�REVHUYDWLRQ�WKDW�WKH�IXQFWLRQ������W�����LV�
QRW�D�SRO\QRPLDO�ZKHQ�Q�LV�RGG��7KH�DUJXPHQW�ZDV�VXJJHVWHG�E\�WKH�PHWKRGV�RI�$VLPRY�>�@��)DPLOLDU�
SURRIV�RI�WKHVH�WKHRUHPV�DOO�XVH�HLWKHU�FRPELQDWRULDO�DUJXPHQWV��KRPRORJ\�WKHRU\��GLIIHUHQWLDO�IRUPV��
RU�PHWKRGV�IURP�JHRPHWULF�WRSRORJ\��&RPSDUH�>�@��>�@��>�@��>����>�@��

+HUH�LV�D�SUHOLPLQDU\�YHUVLRQ�RI�WKH�ILUVW�RQH��

7+(25(0����$Q�HYHQ�GLPHQVLRQDO�VSKHUH�GRHV�QRW�SRVVHVV�DQ\�FRQWLQXRXVO\�GLIIHUHQWLDEOH�ILHOG�RI�XQLW�
WDQJHQW�YHFWRUV��

%\�GHILQLWLRQ��WKH�VSKHUH�6
�� ��LV�WKH�VHW�RI�DOO�YHFWRUV�X� ��XO���������XQ��LQ�WKH�(XFOLGHDQ�VSDFH�5��VXFK�
WKDW�WKH�(XFOLGHDQ�OHQJWK�,,X,,�HTXDOV����$�YHFWRU�Y�X��LQ�5Q�LV�WDQJHQW�WR�VQ����DW�X�LI�WKH�(XFOLGHDQ�
LQQHU�SURGXFW�X�
�Y�X��LV�]HUR��

X���W�X����

),*����

7KH�K\SRWKHVLV�WKDW�WKH�GLPHQVLRQ�Q���� LV�HYHQ�LV�HVVHQWLDO��)RU�LI�Q���,�LV�RGG�WKHQ�WKH�IRUPXOD�

9�XL���������XQ�� � �8����XO��
�
���8Q���8Q����
GHILQHV�D�GLIIHUHQWLDEOH�ILHOG�RI�XQLW�WDQJHQW�YHFWRUV�RQ�VQ����

7KH�SURRI�RI�7KHRUHP���ZLOO�GHSHQG�RQ�WZR�OHPPDV��7KH�ILUVW�LQYROYHV�D�YROXPH�FRPSXWDWLRQ��/HW�
$�EH�D�FRPSDFW�UHJLRQ�LQ�5���DQG�OHW�[L�!�Y�[��EH�D�FRQWLQXRXVO\�GLIIHUHQWLDEOH�YHFWRU�ILHOG�ZKLFK�LV�
GHILQHG�WKURXJKRXW�D�QHLJKERUKRRG�RI�$��7KH�YDOXHV�Y�[��FDQ�EH�DUELWUDU\�YHFWRUV�LQ�5:��)RU�HDFK�UHDO�
QXPEHU�W��FRQVLGHU�WKH�IXQFWLRQ�

I4�[�� � [���WY�[��

ZKLFK�LV�GHILQHG�IRU�DOO�[�LQ�$��

-RKQ�0LOQRU�UHFHLYHG�KLV�3K�'��IURP�3ULQFHWRQ�DQG�WDXJKW�WKHUH�XQWLO�������$IWHU�WZR�\HDUV�DW�0�,�7���KH�
MRLQHG�WKH�,QVWLWXWH�IRU�$GYDQFHG�6WXG\��KH�KDV�DOVR�EHHQ�D�YLVLWLQJ�SURIHVVRU�DW�%HUNHOH\�DQG�DW�8&/$��+H�ZDV�
DZDUGHG�D�)LHOGV�0HGDO�LQ������DQG�WKH�1DWLRQDO�0HGDO�RI�6FLHQFH�LQ�������KH�LV�D�PHPEHU�RI�WKH�1DWLRQDO�
$FDGHP\�RI�6FLHQFHV��+LV�SULQFLSDO�UHVHDUFK�KDV�EHHQ�LQ�WKH�WRSRORJ\�RI�PDQLIROGV��(GLWRUV�
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/(00$����,I�WKH�SDUDPHWHU�W�LV�VXIILFLHQWO\�VPDOO��WKHQ�WKLV�PRDSSLQJ�I��LV�RQH�WR�RQH�DQG�WUDQVIRUPV�
WKH�UHJLRQ�$�RQWR�D�QHDUE\�UHJLRQ�I��$��ZKRVH�YROXPH�FDQ�EH�H[SUHVVHG�DV�D�SRO\QRPLDO�IXQFWLRQ�RI�W��

3URRI��6LQFH�$�LV�FRPSDFW��DQG�VLQFH�WKH�IXQFWLRQ�[��
�Y�[��LV�FRQWLQXRXVO\�GLIIHUHQWLDEOH��WKHUH�
H[LVWV�D�/LSVFKLW]�FRQVWDQW�F�VR�WKDW�
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IRU�DOO�[�DQG�\�LQ�$��>7KLV�LV�SURYHG�DV�IROORZV��)LUVW�FRQVLGHU�WKH�VSHFLDO�FDVH�ZKHUH�$�LV�D�FXEH�ZLWK�
HGJHV�SDUDOOHO�WR�WKH�FRRUGLQDWH�D[HV��3DVVLQJ�IURP�[�WR�\�LQ�Q�VWHSV�E\�FKDQJLQJ�RQH�FRRUGLQDWH�DW�D�
WLPH��DQG�DSSO\LQJ�WKH�0HDQ�9DOXH�7KHRUHP�RI�GLIIHUHQWLDO�FDOFXOXV��RQH�VHHV�WKDW�OYL�[���� YL�\�M���
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DV�UHTXLUHG��1RZ�DQ�DUELWUDU\�FRPSDFW�VHW�$�LQ�5:�FDQ�EH�FRYHUHG�E\�ILQLWHO\�PDQ\�RSHQ�FXEHV�,��
FKRVHQ�VR�WKDW�D�/LSVFKLW]�FRQGLWLRQ��
��KROGV�ZKHQHYHU�[�DQG�\�EHORQJ�WR�WKH�VDPH�FXEH��%XW�LI�[�DQG�
\�LQ�$�GR�QRW�EHORQJ�WR�DQ\�FRPPRQ�FXEH�,�� WKHQ�WKH�GLVWDQFH�OO[���\OO�LV�ERXQGHG�DZD\�IURP�]HUR��,Q�
IDFW�WKLV�H[SUHVVLRQ�OL[�\OO�FDQ�EH�WKRXJKW�RI�DV�D�FRQWLQXRXV�DQG�QRZKHUH�]HUR�IXQFWLRQ�RQ�WKH�
FRPSDFW�VHW�$�[�$��8� ,� [�,���,W�LV�QRZ�HDV\�WR�FKRRVH�D�FRQVWDQW�F�VR�WKDW�WKH�/LSVFKLW]�FRQGLWLRQ��
��
KROGV�XQLIRUPO\�IRU�DOO�[�DQG�\�LQ�$�@�

&KRRVH�DQ\�W�ZLWK�,WM��F��� 7KHQ�I��LV�RQH�WR�RQH��IRU�LI�IM�[�� I�\��WKHQ�[��\ �W�Y�\���Y�[����
KHQFH�WKH�LQHTXDOLW\�OO[�\OO���LWOFOO[�\OO�LPSOLHV�WKDW�[ \��

7KH�PDWUL[�RI�ILUVW�GHULYDWLYHV�RI�I��FDQ�EH�ZULWWHQ�DV�,��W>DYO��[M���ZKHUH�,�LV�WKH�LGHQWLW\�PDWUL[��
+HQFH�LWV�GHWHUPLQDQW�LV�D�SRO\QRPLDO�IXQFWLRQ�RI�W��RI�WKH�IRUP�,��WDO�[���� ��WD���[���WKH�
FRHIILFLHQWV�EHLQJ�FRQWLQXRXV�IXQFWLRQV�RI�[��7KLV�GHWHUPLQDQW�LV�VWULFWO\�SRVLWLYH�IRU�,WO�VXIILFLHQWO\�
VPDOO��,QWHJUDWLQJ�RYHU�$��ZH�VHH�WKDW�WKH�YROXPH�RI�WKH�LPDJH�UHJLRQ�FDQ�EH�H[SUHVVHG�DV�D�
SRO\QRPLDO�IXQFWLRQ�RI�W��

YROXPH�I��$� DR�DOW��D�
W���D��� W
�

ZLWK�FRHIILFLHQWV�DN � I����� $DN�;�G[U� �� G[$��
1RZ�VXSSRVH�WKDW�WKH�VSKHUH�6C
� KDV�D�FRQWLQXRXVO\�GLIIHUHQWLDEOH�ILHOG�X)
�Y�X��RI�XQLW�WDQJHQW�
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/(00$����,I�WKH�SDUDPHWHU�W�LV�VXIILFLHQWO\�VPDOO��WKHQ�WKH�WUDQVIRUPDWLRQ�XO���X��WY�X��PDSV�WKH�XQLW�
VSKHUH�LQ�5Q�RQWR�WKH�VSKHUH�RI�UDGLXV�$������W����

$VVXPLQJ�WKLV�/HPPD�IRU�WKH�PRPHQW��ZH�FDQ�QRZ�SURYH�7KHRUHP����$V�UHJLRQ�$�ZH�WDNH�WKH�
UHJLRQ�EHWZHHQ�WZR�FRQFHQWULF�VSKHUHV��GHILQHG�E\�WKH�LQHTXDOLWLHV�D���OO[OO�6�E��:H�H[WHQG�WKH�YHFWRU�
ILHOG�Y�WKURXJKRXW�WKLV�UHJLRQ�E\�VHWWLQJ�Y�UX�� �UY�X��IRU�D���U� E��,W�IROORZV�WKDW�WKH�PDSSLQJ�
I4�[�� [�� WY�[��LV�GHILQHG�WKURXJKRXW�WKH�UHJLRQ�$��DQG�PDSV�WKH�VSKHUH�RI�UDGLXV�U�RQWR�WKH�VSKHUH�RI�
UDGLXV�U�9O���W��SURYLGLQJ�WKDW�W�LV�VXIILFLHQWO\�VPDOO���1RWH�WKDW�I��UX�� �UI�X����+HQFH�LW�PDSV�$�
RQWR�WKH�UHJLRQ�EHWZHHQ�VSKHUHV�RI�UDGLXV�D� ����W��DQG�E� �O��W���(YLGHQWO\�

YROXPH�I4�$�� � �� ���W���I�YROXPH��$���

7KXV��LI�Q�LV�RGG��WKLV�YROXPH�LV�QRW�D�SRO\QRPLDO�IXQFWLRQ�RI�W��&RPSDULQJ�/HPPD����ZH�REWDLQ�D�
FRQWUDGLFWLRQ�ZKLFK�SURYHV�7KHRUHP����

1RZ�ZH�PXVW�SURYH�/HPPD����+HUH�DUH�WZR�DOWHPDWLYH�DUJXPHQWV��WKH�ILUVW�EDVHG�RQ�WKH�
�6KULQNLQJ�/HPPD���VHH�>�@���DQG�WKH�VHFRQG�EDVHG�RQ�HOHPHQWDU\�SRLQW�VHW�WRSRORJ\��
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)LUVW�3URRI��/HW�WKH�UHJLRQ�$�FRQVLGHUHG�DERYH�EH�GHILQHG�E\�WKH�LQHTXDOLWLHV������� O,[LL��������
&KRRVH�W�VPDOO�HQRXJK�VR�WKDW�,W,��� ����DQG�,WM���F� ���ZKHUH�F�LV�D�/LSVFKLW]�FRQVWDQW�IRU�Y��7KHQ�IRU�
HDFK�IL[HG�XR�LQ�VQ����WKH�DX[LOOLDU\�PDSSLQJ�
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X2��WY�[��
FDUULHV�WKH�FRPSOHWH�PHWULF�VSDFH�$�LQWR�LWVHOI��VLQFH�,WY�[�O���������DQG�VDWLVILHV�D�/LSVFKLW]�FRQGLWLRQ�
ZLWK�/LSVFKLW]�FRQVWDQW�OHVV�WKDQ����+HQFH��E\�WKH�6KULQNLQJ�/HPPD��WKLV�DX[LOLDU\�PDS�KDV�D�XQLTXH�
IL[HG�SRLQW��,Q�RWKHU�ZRUGV��WKH�HTXDWLRQ�IW�[�� XR�KDV�D�XQLTXH�VROXWLRQ�[��0XOWLSO\LQJ�[�DQG�XR�E\�
?��� W����/HPPD���IROORZV��

6HFRQG�3URRI��:H�PD\�DVVXPH�WKDW�Q�!��� ,I�W�LV�VXIILFLHQWO\�VPDOO��WKHQ�WKH�PDWUL[�RI�ILUVW�
GHULYDWLYHV�RI�I��LV�QRQ�VLQJXODU�WKURXJKRXW�WKH�FRPSDFW�UHJLRQ�$���&RPSDUH�WKH�SURRI�RI�/HPPD�����
8VLQJ�WKH�,QYHUVH�)XQFWLRQ�7KHRUHP��LW�IROORZV�WKDW�I��PDSV�RSHQ�VHWV�LQ�WKH�LQWHULRU�RI�$�WR�RSHQ�
VHWV��+HQFH�WKH�LPDJH�I��6Q�����LV�D�UHODWLYHO\�RSHQ�VXEVHW�RI�WKH�VSKHUH�RI�UDGLXV� ���W����%XW�WKLV�
LPDJH�IW�6Q�����LV�DOVR�FRPSDFW�DQG�KHQFH�FORVHG��6LQFH�VQ����LV�FRQQHFWHG��DQ�RSHQ�DQG�FORVHG�VXEVHW�
PXVW�EH�WKH�HQWLUH�VSKHUH��DQG�WKH�FRQFOXVLRQ�IROORZV��8�

$�VOLJKWO\�VKDUSHU�YHUVLRQ�RI�7KHRUHP����ZKLFK�GRHV�QRW�PHQWLRQ�GLIIHUHQWLDELOLW\�RU�XQLW�YHFWRUV��
IROORZV�DV�DQ�LPPHGLDWH�FRUROODU\��

7+(25(0��
��$Q�HYHQ�GLPHQVLRQDO�VSKHUH�GRHV�QRW�DGPLW�DQ\�FRQWLQXRXV�ILHOG�RI�QRQ�]HUR�WDQJHQW�
YHFWRUV��

3URRI��6XSSRVH�WKDW�WKH�VSKHUH�VQ��,�SRVVHVVHV�D�FRQWLQXRXV�ILHOG�RI�QRQ�]HUR�WDQJHQW�YHFWRUV�Y�X���
/HW�P!��EH�WKH�PLQLPXP�RI�LMY�X�MM��%\�WKH�:HLHUVWUDVV�$SSUR[LPDWLRQ�7KHRUHP�>�@��WKHUH�H[LVWV�D�
SRO\QRPLDO�PDSSLQJ�S�IURP�6��� WR�5:�VDWLVI\LQJ�

LLS�X���Y�X�LL���P���
IRU�DOO�X��'HILQLQJ�D�GLIIHUHQWLDEOH�YHFWRU�ILHOG�Z�X��E\�WKH�IRUPXOD�

Z S�� �S�X�X�

IRU�HYHU\�X��WKH�FRPSXWDWLRQ�Z�X� ���VKRZV�WKDW�Z�X��LV�WDQJHQW�WR�6Q�,�DW�X��ZKLOH�WKH�FRPSXWDWLRQ�

OOZ�SKO� �,S�XO���P����
WRJHWKHU�ZLWK�WKH�WULDQJOH�LQHTXDOLW\��VKRZV�WKDW�Z�2��7KHUHIRUH��WKH�TXRWLHQW�Z�X���LZ�X�MO�LV�DQ�
LQILQLWHO\�GLIIHUHQWLDEOH�ILHOG�RI�XQLW�WDQJHQW�YHFWRUV�RQ�WKH�VSKHUH�6IOQ�� ,I�Q��� LV�HYHQ��WKLV�LV�
LPSRVVLEOH�E\�7KHRUHP����Q�

6WDUWLQJ�ZLWK�7KHRUHP��
��LW�LV�TXLWH�HDV\�WR�SURYH�WKH�%URXZHU�)L[HG�3RLQW�7KHRUHP��

7+(25(0� ���(YHU\�FRQWLQXRXV�PDSSLQJ�I�IURP�WKH�GLVN�'Q�WR�LWVHOI�SRVVHVVHV�DW�OHDVW�RQH�IL[HG�SRLQW��

+HUH�'Q�LV�GHILQHG�WR�EH�WKH�VHW�RI�DOO�YHFWRUV�[�LQ�5Q�ZLWK�O[[L�,� ���

3URRI��,I�I�[�� L�[�IRU�DOO�[�LQ�'����WKHQ�WKH�IRUPXOD�Y�[�� [�I�[�� ZRXOG�GHILQH�D�QRQ�]HUR�YHFWRU�
ILHOG�Y�RQ�'Q�ZKLFK�SRLQWV�RXWZDUG�HYHU\ZKHUH�RQ�WKH�ERXQGDU\��LQ�WKH�VHQVH�WKDW�X�Y�X��!��IRU�HYHU\�
SRLQW�X�LQ�VQ�����

:LWK�D�OLWWOH�FDUH��ZH�FDQ�PRGLI\�WKLV�GHILQLWLRQ�WR�REWDLQ�D�QRQ�]HUR�YHFWRU�ILHOG�Z�RQ�'Q�ZKLFK�
SRLQWV�GLUHFWO\�RXWZDUG�RQ�WKH�ERXQGDU\��LQ�WKH�VHQVH�WKDW�Z�X�� �X�IRU�HYHU\�X�LQ�6�QL� )RU�H[DPSOH��
VHW�

Z�[� [�\�O� �[
;���O� �[�\���

ZKHUH�\� �I�[���[��(YLGHQWO\�Z�[�� �[�ZKHQHYHU�[�[ ����7KLV�H[SUHVVLRQ�GHSHQGV�FRQWLQXRXVO\�RQ�[��
VLQFH�WKH�GHQRPLQDWRU�QHYHU�YDQLVKHV��,W�LV�FOHDUO\�QRQ�]HUR�ZKHQHYHU�[�DQG�\�DUH�OLQHDUO\�LQGHSHQ��
GHQW��ZKLOH�LI�[� DQG�\� DUH�OLQHDUO\�GHSHQGHQW�WKH�LGHQWLW\��[�
�[�\� ��[�
�\�[�LPSOLHV�WKDW�
Z�[��  � �[�\���O� �[� 
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/HW�XV�WUDQVSODQW�WKLV�K\SRWKHWLFDO�YHFWRU�ILHOG�Z�[��WR�WKH�VRXWKHUQ�KHPLVSKHUH�RI�WKH�XQLW�VSKHUH�
6Q�LQ�5������,GHQWLI\LQJ�5:�ZLWK�WKH�K\SHUSODQH�[����,� ���ZKLFK�SDVVHV�WKURXJK�WKH��HTXDWRU��RI�6Q��ZH�
ZLOO�XVH�VWHUHRJUDSKLF�SURMHFWLRQ�IURP�WKH�QRUWK�SROH���������������WR�PDS�HDFK�SRLQW�[�RI�'�Q�WR�D�SRLQW�
V�[�� �X�RI�WKH�VRXWKHUQ�KHPLVSKHUH�XQ���������7KH�SUHFLVH�IRUPXOD�LV�

V�[� � ��[������ �[��[�Q[[�O���[� [�� ����

$SSO\LQJ�WKH�GHULYDWLYH�RI�WKH�PDSSLQJ�V�DW�[�WR�WKH�YHFWRU�Z�[���ZH�REWDLQ�D�FRUUHVSRQGLQJ�WDQJHQW�
YHFWRU�:�X��WR�6���DW�WKH�LPDJH�SRLQW�V�[�� �X���7KH�YHFWRU�:�X��FDQ�EH�GHVFULEHG�DV�WKH�YHORFLW\�YHFWRU�
GV�[���WZ�[���GW�RI�WKH�VSKHULFDO�FXUYH�W,�V�[��WZ�[����HYDOXDWHG�DW�W� ����,Q�WKLV�ZD\��ZH�REWDLQ�D�
QRQ�]HUR�WDQJHQW�YHFWRU�ILHOG�:�RQ�WKH�VRXWKHUQ�KHPLVSKHUH��$W�HYHU\�SRLQW�X� �V�X��RI�WKH�HTXDWRU��
VLQFH�Z�X�� �X�SRLQWV�GLUHFWO\�RXWZDUG��FRPSXWDWLRQ�VKRZV�WKDW�WKH�FRUUHVSRQGLQJ�YHFWRU�:�X� �
�������������SRLQWV�GXH�QRUWK��L�H���DZD\�IURP�WKH�VRXWKHUQ�KHPLVSKHUH���

),*����

6LPLODUO\��XVLQJ�VWHUHRJUDSKLF�SURMHFWLRQ�IURP�WKH�VRXWK�SROH��WKH�YHFWRU�ILHOG��Z�[�� FRUUHVSRQGV�
WR�D�YHFWRU�ILHOG�RQ�WKH�QRUWKHUQ�KHPLVSKHUH�ZKLFK�DOVR�SRLQWV�GXH�QRUWK�RQ�WKH�HTXDWRU��3LHFLQJ�WKHVH�
WZR�YHFWRU�ILHOGV�WRJHWKHU��ZH�REWDLQ�D�QRQ�]HUR�WDQJHQW�YHFWRU�ILHOG�:�ZKLFK�LV�GHILQHG�DQG�
FRQWLQXRXV�HYHU\ZKHUH�RQ�6Q��,I�Q�LV�HYHQ��WKLV�LV�LPSRVVLEOH�E\�7KHRUHP��
��

7KLV�FRQWUDGLFWLRQ�SURYHV�WKH�%URXZHU�)L[HG�3RLQW�7KHRUHP�IRU�HYHQ�YDOXHV�RI�Q��%XW�WKLV�VXIILFHV�
WR�SURYH�WKH�7KHRUHP�IRU�DQ�RGG�YDOXH�Q� ��N��� ,�DOVR��)RU�DQ\�PDS�I�IURP�'��N��,� WR�LWVHOI�ZLWKRXW�
IL[HG�SRLQW�ZRXOG�JLYH�ULVH�WR�D�PDS�)�[�������;�N��  � �I�[������[�N� ������ IURP�'�N�WR�LWVHOI�ZLWKRXW�
IL[HG�SRLQW��
�

5HIHUHQFHV�

���'��$VLPRY��$YHUDJH�*DXVVLDQ�FXUYDWXUH�RI�OHDYHV�RI�IROLDWLRQV��SUHSULQW��������%XOO��$PHU��0DWK��6RF�����
����������������

���:��0��%RRWKE\��2Q�WZR�FODVVLFDO�WKHRUHPV�RI�DOJHEUDLF�WRSRORJ\��WKLV�0217+/<���������������������
���3��+LOWRQ�DQG�6��:\OLH��+RPRORJ\�7KHRU\��&DPEULGJH�8QLYHUVLW\�3UHVV��1HZ�<RUN�����������������
���0��+LUVFK��'LIIHUHQWLDO�7RSRORJ\��6SULQJHU�9HUODJ��1HZ�<RUN�����������������
���6��/DQJ��$QDO\VLV�,,��$GGLVRQ�:HVOH\��5HDGLQJ��0DVV������������������
���-��0LOQRU��7RSRORJ\�IURP�WKH�'LIIHUHQWLDEOH�9LHZSRLQW��8QLY��3UHVV�RI�9D���&KDUORWWHVYLOOH����������������
���(��6SDQLHU��$OJHEUDLF�7RSRORJ\��0F*UDZ�+LOO��1HZ�<RUN������������������
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