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(YHU�VLQFH�-HDQ�/HUD\�DQG�+HQUL�&DUWDQ�LQ������IRUPDOO\�LQWURGXFHG�WKH�
FRQFHSW�RI�D�VKHDI��WKH�YDULRXV�H[DPSOHV�DQG�DSSOLFDWLRQV�RI�VKHDYHV�KDYH�FRPH�
WR�SOD\�D�PDMRU�UROH�LQ�VXFK�GLYHUVH�ILHOGV�DV�VHYHUDO�FRPSOH[�YDULDEOHV��DOJHEUDLF�
JHRPHWU\��DQG�GLIIHUHQWLDO�DQG�DOJHEUDLF�WRSRORJ\��<HW� QHDUO\�DOO�PRQRJUDSKV�
ZKLFK�XVH�RU�LQWURGXFH�VKHDYHV�DVVXPH�WKH�VRSKLVWLFDWLRQ�RI�JUDGXDWH�OHYHO�
DOJHEUDLF�WRSRORJ\��6R�LW�LV�YHU\�GLIILFXOW�IRU�DQ�XQGHUJUDGXDWH�WR�DFTXLUH�IURP�
WKH�DYDLODEOH�OLWHUDWXUH�D�UHDO�XQGHUVWDQGLQJ�RI�VKHDYHV�DQG�WKHLU�DSSOLFDWLRQV��
,W�LV�WKH�SXUSRVH�RI�WKLV�DUWLFOH�WR�LQWURGXFH�WKH�WKHRU\�RI�VKHDYHV�DW�DQ�HOH��
PHQWDU\�OHYHO�ZLWK�WKH�KRSH�WKDW�WKH�LQWHUHVWHG�UHDGHU�ZLOO�WKHQ�EH�DEOH�WR�
DSSURDFK�DQ\�RI�WKH�VWDQGDUG�WUHDWLVHV��H�J���>�@�� >�@�� >�@�� >��@��RU�>��@��ZLWK�
VLJQLILFDQW�LQVLJKW��

2XU�DYHQXH�RI�DSSURDFK�WR�WKH�WKHRU\�RI�VKHDYHV�ZLOO�EH�WKURXJK�H[DPSOHV�
GUDZQ�IURP�WKUHH�PDMRU�DUHDV�RI�PDWKHPDWLFV��IURP�DQDO\VLV��WKH�VKHDI�RI�JHUPV�
RI�KRORPRUSKLF�IXQFWLRQV��IURP�DOJHEUD��WKH�VKHDI�RI�ORFDO�ULQJV��DQG�IURP�JHRPH��
WU\��WKH�VKHDI�RI�GLIIHUHQWLDO�IRUPV��:H�ZLOO�GHYHORS�HDFK�RI�WKHVH�SDUWLFXODU�
VKHDYHV�LQ�FRQVLGHUDEOH�GHWDLO��IRU�WKH�GLIIHUHQW�SHUVSHFWLYHV�WKXV�UHYHDOHG�ZLOO�
PRUH�UHDGLO\�PDNH�WUDQVSDUHQW�WKH�VXEVHTXHQW�GLVFXVVLRQ�RI�WKH�JHQHUDO�WKHRU\�
RI�VKHDYHV��

���7KH�VKHDI�RI�JHUPV�RI�KRORPRUSKLF�IXQFWLRQV��$�KRORPRUSKLF��RU�DQDO\WLF��
IXQFWLRQ�RQ�DQ�RSHQ�VXEVHW�'�RI�FRPSOH[�Q�VSDFH�&��LV�GHILQHG�WR�EH�D�FRPSOH[�
YDOXHG�IXQFWLRQ�RQ�'� ZKLFK�KDV�D� ORFDO�SRZHU�VHULHV�UHSUHVHQWDWLRQ�DW�HDFK�
SRLQW�RI�'�� 2VJRRG
V�OHPPD� >���S���@� DVVHUWV�WKDW�D� FRQWLQXRXV�IXQFWLRQ�RQ�
'&� &��LV�KRORPRUSKLF�LI�DQG�RQO\�LI�LW�LV�KRORPRUSKLF�LQ�HDFK�YDULDEOH�VHSDUDWHO\��

$� YHU\�LPSRUWDQW�SURSHUW\�RI�KRORPRUSKLF�IXQFWLRQV�LV� WKDW�WKH\�DUH�
XQLTXHO\�GHWHUPLQHG�E\�WKHLU�EHKDYLRU�RQ�RSHQ�VHWV��LI�I�DQG�J�DUH�KRORPRUSKLF�
RQ�D�GRPDLQ�'� �D�GRPDLQ�LV�D�FRQQHFWHG�RSHQ�VHW���DQG�LI�I�HTXDOV�J�RQ�D�QRQ��
HPSW\�RSHQ�VXEVHW�RI�'��WKHQ�I�HTXDOV�J�RQ�DOO�RI�'��7R�VHH�WKLV��ZH�QHHG�RQO\�
REVHUYH�WKDW�WKH�ODUJHVW�RSHQ�VXEVHW�RI�'�RQ�ZKLFK�I� �J�LV�DOVR�FORVHG��UHODWLYH�
WR�'��� VLQFH�WKH�SDUWLDO�GHULYDWLYHV�ZKLFK�GHWHUPLQH�WKH�SRZHU�VHULHV�H[SDQVLRQ�
DUH�FRQWLQXRXV��6LQFH�'� LV�FRQQHFWHG��WKLV�VHW�PXVW�EH�'��

1RZ�LI�6]� &�� ZH�VD\�WKDWI�LV�KRORPRUSKLF�DW�]�LI�LW�LV�KRORPRUSKLF�RQ�VRPH�
QHLJKERUKRRG�RI�]��7KH�FROOHFWLRQ�$��RI�IXQFWLRQV�KRORPRUSKLF�DW�]�IRUPV�DQ�
DOJHEUD�RYHU�WKH�ILHOG�RI�FRPSOH[�QXPEHUV�LQ�ZKLFK�WKH�RSHUDWLRQV�RI�VXP�DQG�

3URIHVVRU�6WHHQ�UHFHLYHG�KLV�3K�'��LQ������XQGHU�.HQQHWK�+RIIPDQ�DW�0�,�7���3URIHVVRU�6HH��
EDFK�UHFHLYHG�KLV�3K�'��LQ������XQGHU�$��,��:HLQ]ZHLJ�DW�1RUWKZHVWHUQ��KLV�ZLIH�/LQGD�6HHEDFK�
LV�D�3K�'��FDQGLGDWH�XQGHU�'DQLHO�=HOLQVN\��DOVR�DW�1RUWKZYHVWHUQ��3URIHVVRUV�6WHHQ�DQG�6HHEDFK�
DUH�WKH�DXWKRUV�RI�WKH�UHFHQWO\�SXEOLVKHG�&RXQWHUH[DPQSOHV�LQ�7RSRORJ\��

7KH�SDSHU�SULQWHG�KHUH�ZDV�GHULYHG�IURP�D�VHULHV�RI�OHFWXUHV�SUHVHQWHG�E\�WKH�DXWKRUV�DW�D�
ZHHNO\�MRLQW�FROORTXLXP�RI�WKH�PDWKHPDWLFV�VWDIIV�RI�6W��2ODI�DQG�&DUOHWRQ�&ROOHJHV��ERWK�ORFDWHG�
LQ�1RUWKILHOG��0LQQHVRWD��(GLWRU��

����
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SURGXFW�LQYROYH�LQWHUVHFWLRQ�RI�GRPDLQ��LI�I��8�!&� DQG�J��9�&��WKHQ�I�J��
8Q�9�!&� DQG�IJ��8Q�9�!�&��:H�OHW�,K�EH�WKH�LGHDO�LQ�$��FRQVLVWLQJ�RI�WKRVH�
IXQFWLRQV�LQ�$��ZKLFK�YDQLVK�LGHQWLFDOO\�RQ�VRPH�QHLJKERUKRRG�RI�=��

7KH�DOJHEUD�RI�JHUPV�RI�KRORPRUSKLF�IXQFWLRQV�DW�]�LV�WKHQ�GHILQHG�WR�EH�WKH�
TXRWLHQW�ULQJ��DOJHEUD��$��,���DQG�LV�GHQRWHG�E\�2]��6R�D�JHUP�RI�D�KRORPRUSKLF�
IXQFWLRQ�LV�DQ�HOHPHQW�I�,�� RI�2���ZKHUH�I�LV�KRORPRUSKLF�DW�]��:H�ZLOO�XVXDOO\�
GHQRWH�WKLV�JHUP�E\� I�@;��)ROORZLQJ�WKH�XVXDO�SUDFWLFH��ZH�VKDOO�RIWHQ�LGHQWLI\��RU�
IDLO�WR�GLVWLQJXLVK�EHWZHHQ��WZR�IXQFWLRQV�ZKLFK�EHORQJ�WR�WKH�VDPH�JHUP��7KLV�
VORSSLQHVV�LV�VRPHZKDW�MXVWLILHG�E\�WKH�XQLTXHQHVV�SURSHUW\�VWDWHG�DERYH��IRU�
WZR�IXQFWLRQV�ZKLFK�EHORQJ�WR�WKH�VDPH�JHUP�DQG�DUH�GHILQHG�RQ�WKH�VDPH�GR��
PDLQ�'�PXVW�GLIIHU�E\�D�IXQFWLRQ�LQ�,���ZKLFK�PHDQV�WKDW�WKH\�DJUHH�RQ�VRPH�
QHLJKERUKRRG�RI�]��DQG�WKXV�PXVW�DJUHH�RQ�'��

:H�PD\�QRZ�GHILQH�WKH�VWDON�VSDFH��HVSDFH�HWDOH��RI�JHUPV�RI�KRORPRUSKLF�
IXQFWLRQV�WR�EH�WKH�VHW�6� �̂ ��]��>I@���LI�LV�KRORPRUSKLF�DW�]�(�&��̀�WRJHWKHU�ZLWK�
WKH�QDWXUDO�PDSSLQJ�S�IURP�6�WR�&��GHILQHG�E\�S��]�� I@��� ]��:H�FDOO�S�
�]�� WKH�
VWDON�DW�WKH�SRLQW�](&��� LW�LV�VLPSO\�D�FRS\�RI�2��WKH�DOJHEUD�RI�JHUPV�RI�KROR��
PRUSKLF�IXQFWLRQV�DW�]��7KH�VWDON�VSDFH�6�LV�WKXV�WKH�GLVMRLQW�XQLRQ�RI�WKH�VWDONV��
,QWXLWLYHO\��ZH�VKDOO�SLFWXUH�6�DV�D�VSDFH�RI�LQWHUSHQHWUDWLQJ�VKHHWV�O\LQJ�RYHU�
&Q��ZLWK�S�SURMHFWLQJ�6�RQWR�&���)LJ������

6� 6�

U� aaaa]�

),*����

7R�PDNH�WKLV�LQWXLWLYH�SLFWXUH�PRUH�SUHFLVH��ZH�OLIW�WKH�WRSRORJ\�RI�&��EDFN�
WR�6��WR�PDNH�6�LQWR�D�WRSRORJLFDO�VSDFH��)RU�HDFK�RSHQ�VHW�8�LQ�&Q�DQG�HDFK�
IXQFWLRQ�I�ZKLFK�LV�KRORPRUSKLF�RQ�8��ZH�GHILQH�9�I��8�� ^��]��>I@���,�]� 8�̀��(DFK�
VXFK�9�I��8��LV�FRQWDLQHG�LQ�6��DQG�WKH�FROOHFWLRQ�RI�DOO�VXFK�VHWV�FRYHUV�6��IRU�
LI��]�� >IR�@,��&6�� IR�PXVW�EH�KRORPRUSKLF�RQ�VRPH�QHLJKERUKRRG�8R�RI�]�DQG�]��
>IR@]��&�9�IR��8R���)XUWKHUPRUH��9�IL��8��IO�9�I���8��� �9�I��8��ZKHUH�8 �^](� 8V�
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U�8�M� >IL@= � >I�@=`� DQG�I IL�,X I�O�X��7KXV�WKH�VHWV�9�I��8��IRUP�D�EDVLV�IRU�D�
WRSRORJ\�RQ�6��DQG�UHODWLYH�WR�WKLV�WRSRORJ\��WKH�SURMHFWLRQ�S�LV�D�ORFDO�KRPHR��
PRUSKLVP��7KDW�LV��IRU�HDFK�EDVLV�QHLJKERUKRRG�9�I��8��LQ�6��WKH�RQH�WR�RQH�PDS�
3,�Y8�8��LV�D�KRPHRPRUSKLVP�RQWR�8��)RU�LI�ZH�OHW�SI�X�GHQRWH�3,�Y8�8���DQG�LI�1�
LV�DQ�RSHQ�VXEVHW�RI�8��WKHQ�S�M�1� � 9�I��1�� ZKLFK�LV�RSHQ�LQ�6��ZKLOH�LI�
9�I��8
��&�9�I��8���WKHQ�SI�X��9�I��8
��� 8
��7KH�WRSRORJ\�RQ�6�LV�XQLTXHO\�GHWHU��
PLQHG�E\�WKH�UHTXLUHPHQW�WKDW�WKH�SURMHFWLRQ�S�EH�D� ORFDO�KRPHRPRUSKLVP��

7KLV�WRSRORJLFDO�VSDFH�6��WRJHWKHU�ZLWK�WKH�ORFDO�KRPHRPRUSKLVP�S�ZKLFK�
SURMHFWV�6�RQWR�&���LV�FDOOHG�WKH�VKHDI�RI�JHUPV�RI�KRORPRUSKLF�IXQFWLRQV�RYHU�WKH�
EDVH�VSDFH�&���$V�WKH�DJULFXOWXUDO�WHUPLQRORJ\�LPSOLHV��ZH�WKLQN�RI�WKH�VKHDI�DV�
D�EXQGOH�RI�VWDONV��)LJ������HDFK�ZLWK�D�IXOO�KHDG�RI�JHUPV��RU��LI�\RX�ZLVK��VHHGV��
RU�JUDLQ���

��

,� '�

),*�� ��

:H�FDQ�VKRZ�WKDW�WKH�VWDON�VSDFH�6�LV�+DXVGRUII�DV�IROORZV��SRLQWV�RI�6�PD\�
GLIIHU�HLWKHU�EHFDXVH�WKH\�DUH�RQ�GLIIHUHQW�VWDONV��RU�EHFDXVH�WKH\�DUH�RQ�GLIIHUHQW�
OHYHOV�RI�WKH�VDPH�VWDON��,Q�WKH�ILUVW�FDVH��WKH�SURMHFWLRQV�RI�WZR�SRLQWV�S��T(6�
GLIIHU�LQ�&���VR��VLQFH�&��LV�+DXVGRUII��WKHUH�DUH�GLVMRLQW�QHLJKERUKRRGV�RI�S�S��
DQG�S�T��ZKLFK�PD\�EH�OLIWHG�EDFN�WR�6��7R�EH�VSHFLILF��LI�S� ��]��>I�@��DQG�T� ��Z��
>J@Z��ZKHUH�]2Z��WKHQ�WKHUH�H[LVW�GLVMRLQW�RSHQ�QHLJKERUKRRGV�8]��8Z�RI�]�DQG�
Z�UHVSHFWLYHO\�DQG�RQ�WKHP�KRORPRUSKLF�IXQFWLRQV�I� >I@]�DQG�J*(�>J�EZ��UHVSHF��
WLYHO\��VR�WKDW�9�I��8���DQG�9�J��8���DUH�GLVMRLQW�QHLJKERUKRRGV�RI�S�DQG�T��

7KH�VHFRQG�FDVH�LV�D�ELW�PRUH�FRPSOH[��VLQFH�LW�GHSHQGV�RQ�WKH�XQLTXHQHVV�
SURSHUW\�RI�KRORPRUSKLF�IXQFWLRQV��,I�S� ��]��>II@��DQG�T� ��]��>J@���DUH�GLIIHUHQW�
SRLQWV�RQ�WKH�VDPH�VWDON��WKHQ�>I�@=��� >J�@���VR�WKHUH�PXVW�H[LVW�GLIIHUHQW�KROR��
PRUSKLF�IXQFWLRQV�I(�>I@��DQG�J(� >J@��ZKLFK�DUH�ERWK�GHILQHG�RQ�VRPH�QHLJKERU��
KRRG�8�RI�]��:H�FODLP�WKDW�9�I��8��DQG�9�J��8��DUH�WKHQ�GLVMRLQW�QHLJKERU��
KRRGV�RI�S�DQG�T��IRU�LI��Z��IK@Z��((�9�I��8�IO�9�J��8���WKHQ�Z&�8DQG� >I@� �>K@Z��
 �>J@��� %XW�DV�ZH�REVHUYHG�DERYH��WKH�XQLTXHQHVV�SURSHUW\�RI�KRORPRUSKLF�
IXQFWLRQV�LPSOLHV�WKDW�WKH�WZR�IXQFWLRQVI�DQG�J�ZLWK�WKH�VDPH�GRPDLQ�8�ZKLFK�
EHORQJ�WR�WKH�VDPH�JHUP�>K@� PXVW�EH�LGHQWLFDO�RQ�8��%XW�WKH\�DUH�QRW�LGHQWLFDO�
RQ� 8��VLQFH�>I@����>J@���6R� 9�I��8�&� 9�J��8�� ���� DQG�WKXV�6� LV�+DXVGRUII��
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7KHUH�LV�VWLOO�DQRWKHU�FRQVHTXHQFH�RI�WKH�XQLTXHQHVV�SURSHUW\�RI�KRORPRUSKLF�
IXQFWLRQV�WKDW�FDQ�EH�XVHG�WR�IXUWKHU�LOOXPLQDWH�WKH�VKHDI�RI�JHUPV�RI�KROR��
PRUSKLF�IXQFWLRQV��7KH� XQLTXHQHVV�SURSHUW\�PD\�EH�URXJKO\�LQWHUSUHWHG�DV�
VD\LQJ�WKDW�WKH�JOREDO�EHKDYLRU�RI�D�KRORPRUSKLF�IXQFWLRQ�LV�XQLTXHO\�GHWHU��
PLQHG�E\�LWV�EHKDYLRU�RQ�DQ\�RSHQ�VHW��7KLV�PDNHV�PHDQLQJIXO�WKH�YDJXH�TXHV��
WLRQ�RI�LGHQWLI\LQJ�WKH�ODUJHVW�GRPDLQ�WR�ZKLFK�D�JLYHQ�KRORPRUSKLF�IXQFWLRQ�
FDQ�EH�H[WHQGHG��,Q�WKH�FODVVLFDO�VWXG\�RI�DQDO\WLF�IXQFWLRQV�WKLV�TXHVWLRQ�OHG�
WR�WKH�FRQFHSW�RI�D� 5LHPDQQ�VXUIDFH��RU�PRUH�JHQHUDOO\�WR�FRPSOH[�DQDO\WLF�
PDQLIROGV��

&��

Baaa�

),*����

$�PDQLIROG�LV��HVVHQWLDOO\��D�WRSRORJLFDO�VSDFH�ZKLFK�LV�ORFDOO\�KRPHRPRUSKLF�
WR�FRPSOH[�(XFOLGHDQ�Q�VSDFH�&���7R�EH�PRUH�SUHFLVH��ZH�ZLOO�FDOO�D�WRSRORJLFDO�
VSDFH�;�ORFDOO\�(XFOLGHDQ��RI�GLPHQVLRQ�Q��LI�HYHU\�[�];�LV�FRQWDLQHG�LQ�DQ�RSHQ�
VHW�8��ZKLFK�LV�KRPHRPRUSKLF�XQGHU�D�PDSSLQJ��U��WR�VRPH�VXEVHW�RI�&���ZKHUH��
IXUWKHUPRUH��WKH�FRRUGLQDWH�SDWFKHV�8��DUH�FRKHUHQW�LQ�WKH�VHQVH�WKDW�IRU�HDFK�
[��\�(;�� �U�R�U��
�LV�D�KRPHRPRUSKLVP�EHWZHHQ��U\��8�&Q�8���DQG��U��8�&Q�8����7KH�
ILUVW�KDOI�RI�WKLV�GHILQLWLRQ�JXDUDQWHHV�WKDW�;�LV�ORFDOO\�OLNH�&���ZKLOH�WKH�VHFRQG�
FRQGLWLRQ�UHTXLUHV�WKDW�WKH�ORFDOO\�(XFOLGHDQ�SDWFKHV�RYHUODS�VR�DV�WR�IRUP�D�
FRKHUHQW�(XFOLGHDQ�VWUXFWXUH�RQ�DOO�RI�;��:H�VKDOO�FDOO�HDFK�SDLU��8����U��� D�ORFDO�
FRRUGLQDWH�V\VWHP��VLQFH��U���OLIWV�WKH�FRRUGLQDWH�V\VWHP�RI�&��EDFN�WR�8��)LJ������

6LQFH�WKH�VDPH�WRSRORJLFDO�VSDFH�PD\�EH�FRYHUHG�E\�VHYHUDO�GLIIHUHQW�FRO��
OHFWLRQV�RI�FRRUGLQDWH�V\VWHPV��8V���UV���DQG�VLQFH�ZH�GR�QRW�ZLVK�WR�GLVWLQJXLVK�
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EHWZHHQ�WZR�FRYHUV�ZKLFK�SURYLGH�HVVHQWLDOO\�WKH�VDPH�FRRUGLQDWH�VWUXFWXUH�RQ�
;��ZH�GHILQH�D�PDQLIROG�WR�EH�D�ORFDOO\�(XFOLGHDQ�WRSRORJLFDO�VSDFH�LQ�ZKLFK�WKH�
FROOHFWLRQ�RI�FRRUGLQDWH�V\VWHPV��8����U���LV�PD[LPDO�ZLWK�UHVSHFW�WR�WKH�GHILQLQJ�
SURSHUWLHV�IRU�D� ORFDOO\�(XFOLGHDQ� VSDFH�� 6LQFH�HDFK�ORFDOO\�(XFOLGHDQ� VSDFH�
JHQHUDWHV�D�XQLTXH�PDQLIROG��ZH�VKDOO�RIWHQ�UHIHU�WR�ORFDOO\�(XFOLGHDQ�VSDFHV�DV�
PDQLIROGV�HYHQ�LI�WKH�FROOHFWLRQ�RI�ORFDO�FRRUGLQDWH�V\VWHPV�LV�QRW�PD[LPDO��2WKHU�
W\SHV�RI�PDQLIROGV�PD\�EH�SURGXFHG�E\�SURMHFWLQJ�WR�UHDO�(XFOLGHDQ�VSDFH�5Q�
LQVWHDG�RI�WR�&��RU�E\�UHTXLULQJ�WKDW�WKH�KRPHRPRUSKLVPV��[Z�R�Z;
��EH�DQDO\WLF�
RU�&RR��LQILQLWHO\�GLIIHUHQWLDEOH���VXFK�PDQLIROGV�DUH�QDWXUDOO\�FDOOHG�DQDO\WLF�
PDQLIROGV�RU�&,2�PDQLIROGV��

$�IXQFWLRQ�I��;��<�IURP�RQH�DQDO\WLF�PDQLIROG�WR�DQRWKHU�LV�FDOOHG�KROR��
PRUSKLF�LI�IRU�HDFK�[�DQG�\���UQ��RI�R��U��,�LV�KRORPRUSKLF�RQ�LWV�GRPDLQ��ZKLFK�LV�
�U�8I���8\���� ,Q�WKH�VSHFLDO�FDVH��ZKHUH�< � &���WKH�LGHQWLW\�PDS�L��<�&
�
LV�XVHG�WR�GHILQH�WKH�ORFDO�FRRUGLQDWH�V\VWHPV��6R�D�KRORPRUSKLF�IXQFWLRQI�IURP�
WKH�DQDO\WLF�PDQLIROG�;� WR�&
�LV�FKDUDFWHUL]HG�E\�WKH�SURSHUW\�WKDW�I�R��U���LV�
KRORPRUSKLF�RQ�[���8]���

,W�VKRXOG�EH�FOHDU�IURP�WKLV�GHVFULSWLRQ�WKDW�WKH�VKHDI�RI�JHUPV�RI�KROR��
PRUSKLF�IXQFWLRQV�FDQ�EH�UHJDUGHG�DV�DQ�DQDO\WLF�PDQLIROG��XVLQJ�WKH�SURMHFWLRQ�
S�WR�GHILQH�WKH�ORFDO�FRRUGLQDWH�V\VWHPV��,W�LV�D�SDUWLFXODUO\�LPSRUWDQW�PDQLIROG��
VLQFH�RQ�LW�ZH�FDQ�GHILQH�ZKDW�LV�NQRZQ�DV�WKH�XQLYHUVDO�KRORPRUSKLF�IXQFWLRQ��
7KLV�LV�WKH�PDSSLQJ�)��6�� &�GHILQHG�E\�)��]�� >I8@��� I�]��� )�LV�FOHDUO\�KROR��
PRUSKLF�VLQFH�IRU�HDFK�ORFDO�FRRUGLQDWH�V\VWHP��8��S�X���ZH�KDYH�)R� �S�X����
 I�S�X��ZKHUHI��S�8��!&LV� KRORPRUSKLF��

��

'� JR��&�
I�

),*����

)�LV�XQLYHUVDO�LQ�WKH�VHQVH�WKDW�WKH�EHKDYLRU�RI�DOO�KRORPRUSKLF�IXQFWLRQV�RQ�
&Q�LV�VXEVXPHG�LQ�WKDW�RI�)�� ,Q�SDUWLFXODU��ZKHQHYHU�I�'�"!&�LV�KRORPRUSKLF�
�ZKHUH�'� LV�D�GRPDLQ�LQ�&����ZH�FDQ�IDFWRU�I�WKURXJK�WKH�VKHDI�6�DV�IROORZV��
WKHUH�H[LVWV�D�XQLTXH�IXQFWLRQ�I��'�!6� VXFK�WKDW�)�R�@� I��&OHDUO\@� LV�GHILQHG�E\�
��]�� ��]��>I@]���VR�WKH�DVVRFLDWHG�GLDJUDP��)LJ�����LV�FRPPXWDWLYH�-�LV�FRQWLQXRXV�
VLQFH�����9�I��8��� �8��

:LWK�WKLV�VWUXFWXUH��ZH�FDQ�QRZ�GHVFULEH�WKH�GRPDLQ�RI�KRORPRUSK\�RI�D�
JLYHQ�KRORPRUSKLF�IXQFWLRQ�I�WKDW� LV��WKH�ODUJHVW�GRPDLQ�WR�ZKLFK�I�FDQ�EH�
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XQLTXHO\�H[WHQGHG��,W�LV�WKH�FRQQHFWHG�FRPSRQHQW�(�RI�6�ZKLFK�FRQWDLQV�-�'���
�2I�FRXUVH�I�'�� LV�FRQQHFWHG�VLQFH�LW�LV�WKH�FRQWLQXRXV�LPDJH�RI�D�FRQQHFWHG�VHW���
$OWKRXJK�'�LV�QRW�OLWHUDOO\�D�VXEVHW�RI�(��LW�LV�LPEHGGHG�E\�ILQ�(��DQG�WKXV�WKH�
XQLYHUVDO�KRORPRUSKLF�IXQFWLRQ�)�LV�WKH�H[WHQVLRQ�WR�(�RI�WKH�IXQFWLRQI��

���7KH�VKHDI�RI�ORFDO�ULQJV��/HW�$�EH�D�FRPPXWDWLYH�ULQJ�ZLWK����DQG�6� D�
PXOWLSOLFDWLYHO\�FORVHG�QRQHPSW\�VXEVHW�RI�$�ZLWK��T�6��:H�FRQVWUXFW�IURP�$�
DQG�6�D�ULQJ�$V�FDOOHG�D�ULQJ�RI�TXRWLHQWV�RI�$��LQ�ZKLFK�WKH�HOHPHQWV�RI�6�KDYH�
PXOWLSOLFDWLYH�LQYHUVHV��2Q�WKH�VHW�

$�;6�  � ^�D�V�_� D(� $�V� 6`�

ZH�GHILQH�DQ�HTXLYDOHQFH�UHODWLRQ��D��V�U���E��W��LI�DQG�RQO\�LI�WKHUH�H[LVWV�U((6�
VXFK�WKDW��DW�EV�U� ����:H�DOVR�GHILQH�WZR�RSHUDWLRQV��

�D��V���� �E��W�� � �DW��� EV��VW�� DQG� �D��V��E��W�� � �DE��VW���

ZKLFK�DUH�FRPSDWLEOH�ZLWK�WKH�UHODWLRQ��:H�GHQRWH�E\�$V�WKH�ULQJ�RI�HTXLYDOHQFH�
FODVVHV�ZLWK�WKH�LQGXFHG�RSHUDWLRQV��$V�LQ�WKH�ULQJ�RI�LQWHJHUV�ZLWK�WKH�VHW�RI�
QRQ]HUR�HOHPHQWV�DV�6��WKH�HTXLYDOHQFH�FODVV�RI��D��V��LV�GHQRWHG�E\�D�V��WKXV�ZH�
FDOO�6�WKH�VHW�RI�GHQRPLQDWRUV��

7KH���RI�$V�LV���V��DQ\�V�LQ�6��� WKH�LGHQWLW\�LV�V�V��DQG�LI�V(6�� V
� ��V��
7KHUH�LV�D�KRPRPRUSKLVP�D�$��$V� GHILQHG�E\�D�D��  � DV�V��ZKLFK�LV�LQGHSHQ��
GHQW�RI�WKH�FKRLFH�RI�V��2I�FRXUVH�LI�$�LV�DQ�LQWHJUDO�GRPDLQ��D�LV�RQH�WR�RQH�EH��
FDXVH�.HU�D� � MDL�VD �� IRU�VRPH�V&(6`���

,I�,�LV�DQ�LGHDO�RI�$��WKH�LGHDO�D�,�� LQ�$V�FDQ�EH�UHSUHVHQWHG�E\�

D�,��  � ^D�VD� ,��V�(�6`��

DQG�ZH�VKDOO�ZULWH�,$V� IRU�D�,��� 7KLV�IXQFWLRQ�D�RQ�WKH�VHW�RI�LGHDOV�RI�$�GHILQHV�
D�RQH�WR�RQH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�VHW�RI�SULPH�LGHDOV�LQ�$V�DQG�WKH�VHW�RI�
SULPH�LGHDOV�LQ�$�ZKRVH�LQWHUVHFWLRQ�ZLWK�6�LV�HPSW\�>����S������@��

6LQFH�ZH�PD\�GHVFULEH�D�SULPH�LGHDO�3� LQ�$�DV�RQH�ZKRVH�FRPSOHPHQW�LV�
PXOWLSOLFDWLYHO\�FORVHG��ZH�PD\�IRUP�WKH�ULQJ�RI�TXRWLHQWV�RI�$�ZKRVH�VHW�RI�
GHQRPLQDWRUV�LV�WKH�FRPSOHPHQW�RI�3��:H�VKDOO�GHQRWH�WKLV�ULQJ�RI�TXRWLHQWV�E\�
$S��DQG�FDOO�LW�WKH�ORFDO�ULQJ�RI�$�DW�3��7KH�ULQJ�$S�KDV�RQO\�RQH�PD[LPDO�LGHDO��
3$S��VLQFH�FOHDUO\�3� LV�WKH�ODUJHVW�SULPH�LGHDO�RI�$�ZLWK�WKH�SURSHUW\�WKDW�LWV�
LQWHUVHFWLRQ�ZLWK�WKH�FRPSOHPHQW�RI�3� LV�HPSW\��

7KHVH�ORFDO�ULQJV�ZLOO�EH�WKH�VWDONV�IRU�WKH�VKHDI�RI�ORFDO�ULQJV�DQG�WKH�VHW�RI�
SULPH�LGHDOV�RI�$�ZLOO�IRUP�WKH�EDVH�VSDFH��7KLV�VSDFH�LV�FDOOHG�WKH�VSHFWUXP�RI�
$��GHQRWHG�E\�6SHF�$��DQG�LV�WRSRORJL]HG�E\�WDNLQJ�DV�D�EDVLV�IRU�WKH�WRSRORJ\�
DOO�VHWV�9� �̂ 3(6SHF� $,[�%3`� ZKHUH�[&$�� 7KHQ�9� 6SHF� $��9� ��� DQG�
9Q� 99�� �9������WKXV�^�9;`,�H$�LV�D� EDVLV��6LQFH�8;H0�98� �^3� �[�[H0�W3�`� ZKHUH�
�;�;(0�LV�WKH�LGHDO�JHQHUDWHG�E\�WKH�VXEVHW�0�RI�$��DQ\�LGHDO�,�RI�$�GHILQHV�DQ�
RSHQ�VHW�9,� � ,�3,�,G"3�`��DQG�HYHU\�RSHQ�VHW�8�LV�RI�WKLV�IRUP�DOWKRXJK�,�LV�QRW�
XQLTXHO\�GHWHUPLQHG�E\�8��$�FORVHG�VHW��WKHQ��LV�D�VHW�RI�SULPHV�FRQWDLQLQJ�VRPH�
IL[HG�LGHDO��VR�WKDW�D�SRLQW�3� LQ�6SHF�$�LV�FORVHG�LI�DQG�RQO\�LI�LW�LV�D�PD[LPDO�
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LGHDO��)RU�PRVW�ULQJV��WKHUHIRUH��WKH�EDVH�VSDFH�LV�QRW�HYHQ�7���KRZHYHU��6SHF�$�
LV�DOZD\V�7R��

,W�LV�SRVVLEOH�WR�GHILQH�D�ULQJ�RI�TXRWLHQWV�ZLWK�UHVSHFW�WR�WKH�FRPSOHPHQW�RI�
D�SULPH�3� EHFDXVH�LW�LV�PXOWLSOLFDWLYHO\�FORVHG��EXW�WKH�FRPSOHPHQW�RI�D�XQLRQ�
RI�SULPHV�LV�DOVR�PXOWLSOLFDWLYHO\�FORVHG��+HQFH��ZLWK�HDFK�QRQHPSW\�RSHQ�VHW�
8�LQ�6SHF�$�ZH�PD\�DVVRFLDWH�WKH�ULQJ�RI�TXRWLHQWV�$X� � ^�D�V�,3((�8 V� (U�3�̀ �
ZKRVH�VHW�RI�GHQRPLQDWRUV�LV�WKH�FRPSOHPHQW�RI�WKH�XQLRQ�RI�DOO�WKH�SULPHV�LQ�
8��,I�8�DQG�9�DUH�RSHQ�VHWV�LQ�6SHF�$�VXFK�WKDW�8&�9��ZH�PD\�GHILQH�UHVWULFWLRQ�
KRPRPRUSKLVPV�SX�Y�$Y�"$X� DV�IROORZV��LI�D�V*$Y��V�LV�QRW�DQ�HOHPHQW�RI�DQ\�
SULPH�LGHDO�3� LQ�9��DQG�VR�D�IRUWLRUL�QRW�DQ�HOHPHQW�RI�DQ\�SULPH�LGHDO�3� LQ�8��
+HQFH�D�V�LV�DOVR�DQ�HOHPHQW�RI�$X��:H�GHILQH�SX�Y�D�V�� �D�V��EXW�WKLV�PDS�LV�
QRW�WKH�LGHQWLW\��RU�HYHQ�RQH�WR�RQH��VLQFH�WKH�HTXLYDOHQFH�FODVVHV�ZKLFK�DUH�
XVHG�WR�GHILQH�WKH�ULQJ�$X�DUH�ODUJHU�WKDQ�WKRVH�XVHG�WR�GHILQH�$Y��7KH�NHUQHO�RI�
3X�Y�FRQVLVWV�RI�WKRVH�HOHPHQWV�D�V�VXFK�WKDW�D�LV�D�]HUR�GLYLVRU�ZLWK�UHVSHFW�WR�DQ�
HOHPHQW�LQ�RQH�RI�WKH�SULPH�LGHDOV�RI�9�ZKLFK�LV�QRW�LQ�DQ\�HOHPHQW�RI�8��

$Q�LPSRUWDQW�SURSHUW\�RI�SX�Y�LV�WKH�FRPPXWDWLYLW\�RI�WKH�GLDJUDP�LQ�)LJ��
���ZKHUH�DX�$�!$X� WDNHV�D�WR�D�L�� 1RZ�SX�� LV�XQLTXHO\�GHWHUPLQHG�E\�WKLV�
SURSHUW\�DQG�IURP�WKLV�LW�IROORZV�WKDW�SX�X�LV�WKH�LGHQWLW\�PDS�DQG�WKDW�LI�
8&�9&�:��WKHQ�SX�Z� SX�Y�R�SY�Z��7KLV�V\VWHP��FRQVLVWLQJ�RI�6SHF�$��WKH�ULQJV�
$X��DQG�PDSV�SX�Y�$Y�!$X�ZKHQ�8&�9��LV�FDOOHG�D� SUHVKHDI�RYHU�6SHF� $��
%HVLGHV�WKH�PDSV�SXMY�FRUUHVSRQGLQJ�WR�SDLUV�RI�RSHQ�VHWV�IRU�ZKLFK�8&�9��ZH�

$Y\$�

$� 3X�Y� $�39�

$� a�a� aaa$�

),*�� 6� ),*�� ��

FDQ�GHILQH�PDSV�S3�9�$Y��$S�ZKHQ�3*� 9��,I�9�LV�RSHQ�DQG�3*� 9��ZH�GHILQH�
SS�Y�$Y��$S��E\�SS�Y�D�V�� D�V��ZKLFK�LV�SRVVLEOH�VLQFH�D�V&($Y�LPSOLHV�V(3��
7KH�PDS�S3�Y�LV�WKH�XQLTXH�PDS�ZKLFK�PDNHV�WKH�DVVRFLDWHG�GLDJUDP�FRPPXWH�
�)LJ������$V�EHIRUH��LW�IROORZV�IURP�WKH�XQLTXHQHVV�RI�S3�9�WKDW�

33�:� 3:X�  � S3�8� LI�3�(� :�&� 8��

,I�8�LV�RSHQ�LQ�6SHF�$��DQG�X�LV�DQ\�HOHPHQW�RI�$X��ZH�PD\�WUHDW�X�DV�D�
IXQFWLRQ�IURP�8�WR�WKH�VWDON�VSDFH�6 
8� ^$S,3(6SHF� $�,� E\�GHILQLQJ�X�3��
�SS�X�X�� *$S�IRU�3(� 8��,I�9&�8��ZH�FDOO�SY�X�X��WKH�UHVWULFWLRQ�RI�X�WR�9��,I�
X&$X� DQG�Y&$Y�� DQG� LI�WKHUH�LV�DQ�RSHQ�VHW�:&�8��� 9�VXFK�WKDW�SZ�X�X��
�3Z�Y�X���ZH�VD\�X�DQG�Y�DJUHH�RQ�WKH�RSHQ�VHW�:��IRU�LI�3(� :��WKHQ�

X�3��  � S3�8�X�� 33�:�R�S08�X��  � 33�:�R�SZ��9�9�� � SSY�Y��  � Y�3���

This content downloaded from 130.71.96.21 on Wed, 20 Mar 2013 17:23:29 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


���� -��$57+85� 6((%$&+�� -5���/,1'$� $�� 6((%$&+�� $1'� /<11� $�� 67((1� >6HSWHPEHU�

,I�X($X�� HLWKHU�WKH�IXQFWLRQ�X�RU�LWV�LPDJH�X�8�� LQ�6�LV�FDOOHG�D�VHFWLRQ�RI�WKH�
SUHVKHDI��7KH�VHW�RI�VHFWLRQV�X�8�� FRYHUV�6��IRU�LI�D�V($S� WKHQ�V�LV�D�GHQRPLQD��
WRU�LQ�$Y��ZKHUH�9� ^4,V�(I4`��DQG�D�V($Y�LV�D�VHFWLRQ�RYHU�9�ZKRVH�LPDJH�
DW�3� LV�D�V��

7KH�FROOHFWLRQ�RI�DOO�WKHVH�VHFWLRQV�X�8�� LV�D�EDVLV�IRU�D�WRSRORJ\�RQ�6��VLQFH�
WKH�LQWHUVHFWLRQ�RI�WZR�VHFWLRQV�LV�D� XQLRQ�RI�VHFWLRQV��)RU��VXSSRVH�X($X�
DQG�Y($Y�DUH�VHFWLRQV�RYHU�WKH�RSHQ�VHWV�8�DQG�9��,I�X�8�&Y�9��  ��� WKHUH�LV�
QRWKLQJ�WR�VKRZ��,I�[(X�� 8�IOY�9���[� S3�X�Y�� S3�Y�Y��($S�IRU�VRPH�3(� 81�9��
7KHQ�X� D�V��ZKHUH�V�LV�QRW�DQ�HOHPHQW�RI�DQ\�HOHPHQW�RI�8��DQG�Y� �D
�V
��ZKHUH�
V
�LV�QRW�DQ�HOHPHQW�RI�DQ\�HOHPHQW�RI�9��6LQFH�D�V� D
�V
� LQ�$S��WKHUH�H[LVWV�
W(3�VXFK�WKDW�W�DV
�D
V��  ����/HW�:� �4,�WG�4�̀��7KHQ�D�V� �D
�V
�LQ�$�ZX�Y�
DQG��VLQFH�WKH�GLDJUDP�LQ�)LJ����FRPPXWHV��WKH�VHFWLRQ�RYHU�:Q�81�9�GHILQHG�
E\�D�V D
�V
� LV�D�VXEVHW�RI�X�8�� DQG�RI�Y�9�� DQG�LW�LV�D�QHLJKERUKRRG�RI�[��

$9�

$ZQ�XQY� B� $S�

$X�

),*����

,Q�WKLV�WRSRORJ\�WKH�SURMHFWLRQ�S�LV�D� ORFDO�KRPHRPRUSKLVP��IRU�LI�[($S�
WKHUH�LV�D�VHFWLRQ�Y�RYHU�9�WKURXJK�[�IRU�VRPH�9��DQG�WKH�UHVWULFWLRQ�RI�S�WR�WKH�
VHFWLRQ�Y�9��LV�RQH�WR�RQH�DQG�RQWR��,I�8&�9�LV�RSHQ�DQG�[(� 8��WKH�UHVWULFWLRQ�
RI�Y�WR�8�LV�DOVR�D�VHFWLRQ�WKURXJK�[��DQG�WKXV�X�8��� ZKHUH�X� SX�Y�Y���LV�RSHQ�LQ�
X�9��� VR�S�LV�FRQWLQXRXV��,I�1�LV�DQ�RSHQ�VXEVHW�RI�Y�9��LW�LV�D�XQLRQ�RI�VHFWLRQV�
RYHU�RSHQ�VXEVHWV�RI�9�DQG�S�1��LV�WKH�XQLRQ�RI�WKHVH�RSHQ�VXEVHWV��

7KH�WRSRORJLFDO�VSDFH�6��WRJHWKHU�ZLWK�WKH�SURMHFWLRQ�S��6�!6SHF�$��LV�FDOOHG�
WKH�VKHDI�RI�ORFDO�ULQJV�RYHU�6SHF�$��,I�8�LV�DQ�RSHQ�VXEVHW�RI�6SHF�$��DQ\�FRQ��
WLQXRXV�IXQFWLRQ�I��8�6� VXFK�WKDW�S�R�I�LV�WKH�LGHQWLW\�RQ�8�LV�FDOOHG�D�VHFWLRQ�
RI�WKH�VKHDI�6��WKH�VHW�RI�DOO�VHFWLRQV�RYHU�WKH�RSHQ�VHW�8�LV�GHQRWHG�E\�U��8��6���
7KH�UHODWLRQ�EHWZHHQ�WKH�VHFWLRQV�RI�WKH�VKHDI�6�DQG�WKH�VHFWLRQV�RI�WKH�SUHVKHDI�
�WKDW�LV��WKH�HOHPHQWV�X($X�� LV�UDWKHU�VXEWOH��IRU�HYHQ�WKRXJK�HDFK�SUHVKHDI�
VHFWLRQ�PD\�EH�WKRXJKW�RI�DV�D� �FRQWLQXRXV��IXQFWLRQ�RQ�8�ZKLFK�LV�D�ORFDO�LQ��
YHUVH�IRU�S��WZR�DQRPDOLHV�PD\�RFFXU��,W�PD\�EH�WKDW�WZR�GLIIHUHQW�HOHPHQWV�
X� �D�V�DQG�Y� �E�W�RI�WKH�ULQJ�$X�\LHOG�WKH�VDPH�IXQFWLRQ�XQGHU�WKH�LQWHUSUHWD��
WLRQ�RXWOLQHG�DERYH��RU�WKHUH�PD\�EH�IXQFWLRQV�LQ�U�8�� 6��ZKLFK�FDQQRW�EH�GH��
ULYHG�IURP�DQ\�VHFWLRQ�X($X�� 7KXV�WKH�LQWHUSUHWDWLRQ�PDS�IURP�$X�WR�3�8�� 6��
QHHG�QRW�EH�HLWKHU�RQH�WR�RQH�RU�RQWR��WKRXJK�LI�8�LV�D�EDVLV�VHW��WKDW�LV��RQH�RI�
WKH�IRUP�9��IRU�VRPH�[&$�� WKLV�PDS�LV�DQ�LVRPRUSKLVP�>���1R�����S����@��)RU�
WKLV�UHDVRQ��WKH�RSHQ�VHWV�RI�WKH�IRUP�9��DUH�RIWHQ�FDOOHG�GLVWLQJXLVKHG�RSHQ�VHWV��

,I�WKH�EDVH�VSDFH�6SHF�$�LV�QRW�+DXVGRUII��FHUWDLQO\�WKH�VKHDI�6�FDQQRW�EH�
+DXVGRUII��%XW�HYHQ�LI�6SHF�$�LV�7��LW�PD\�ZHOO�KDSSHQ��DOWKRXJK�LW�LV�GLIILFXOW�
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WR�YLVXDOL]H�LW�RQ�+DXVGRUII�SDSHU��WKDW�WZR�GLVWLQFW�VHFWLRQV�RYHU�8��X�DQG�X
��
PD\�DJUHH�RQ�D�SURSHU�RSHQ�VXEVHW�9�RI�8��)LJ������,I�3� LV�LQ�WKH�FORVXUH�RI�9�
EXW�QRW�LQ�9��X�3�� DQG�X
�3�� DUH�GLVWLQFW�SRLQWV�RI�WKH�VKHDI�EXW�FDQQRW�EH�
VHSDUDWHG�EHFDXVH�HYHU\�QHLJKERUKRRG�RI�3� FRQWDLQV�SRLQWV�RI�9�RQ�ZKLFK�X�
DQG�X
�DJUHH��

L�8��

ZIRA"�� �9�� 8
�9��

^� ?� J�Eaaaaa�3����$�

,0�

),*�� ��

$�VSHFLDO�FDVH�� ,Q�RUGHU�WR�SURYLGH�D�PRUH�JHRPHWULF�LQWHUSUHWDWLRQ�RI�WKH�
VKHDI�RI�ORFDO�ULQJV�DV�ZHOO�DV�D�JOLPSVH�RI�WKH�RULJLQ�RI�WKH�VXEMHFW��ZH�VKDOO�ORRN�
DW�VRPH�VSHFLDO�ULQJV��/HW�4�EH�WKH�ILHOG�RI�UDWLRQDO�QXPEHUV��4>[L�� �� ��� �� [Q-�
WKH�ULQJ�RI�SRO\QRPLDOV�LQ�Q�YDULDEOHV�ZLWK�UDWLRQDO�FRHIILFLHQWV��DQG�,� DQ�LGHDO�
RI�4>[��� ��� ���;QM��/HW�$�EH�WKH�TXRWLHQW�ULQJ�4>[L�� �����[QM�,��ZKLFK�ZH�PD\�
ZULWH�4>VLF�� �� �� �� ,� [Q�� ZKHUH�[L [L�,�� L���� ��� �� Q��,I�( � ^�[��� ����[,Q��
�&QS�[,�� ����� ��[Q�� �� IRU�DOO�S(,`�� L�H���(� LV�WKH�LQWHUVHFWLRQ�RI�WKH�]HUR�VHWV�
RI�DOO�SRO\QRPLDOV�LQ�WKH�LGHDO�,��ZH�PD\�LQWHUSUHW�$�DV�D�ULQJ�RI�FRPSOH[�YDOXHG�
IXQFWLRQV�RQ�(�� )RU�VLQFH�S��[���3��[��*,�� ZKHQHYHU�SL���  S������ 3,�;�� 3��;��
LPSOLHV�S��[�� S��[�� LI�[ �[O�� ������ [��&(��

:H�PD\�DOVR�FRQVWUXFW��IURP�WKH�SDLULQJ�ZKLFK�WDNHV�S($� DQG�[((� WR�
S�[�&(&��D�RQH�WR�RQH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�SRLQWV�LQ�(� DQG�KRPRPRU��
SKLVPV� IURP�$� WR� &�� ,I�[ � �[L�� ������[Q��&(� WKH�IXQFWLRQ�ZKLFK� WDNHV� S� WR�
S�[��LV�D�KRPRPRUSKLVP�IURP�$�WR�&��DQG�FRQYHUVHO\��LI�����$��&LV� D�KRPRPRU��
SKLVP��[� �����OL���� ���� �[&��� (�� VLQFH�LI�S�(�,��

S�;��  � S#I�W'��� �� I�WQ���  � ���S�L����L���� �� S�Q��� T
20�  ����
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6LQFH�&�LV�DQ�LQWHJUDO�GRPDLQ��WKH�NHUQHO�RI�WKH�KRPRPRUSKLVP�GHILQHG�E\�
[H(� LV�D�SULPH�LGHDO�LQ�$��&RQYHUVHO\��LW�PD\�EH�VKRZQ�WKDW�LI�3�LV�DQ�HOHPHQW�
RI�6SHF�$�LW�LV�WKH�NHUQHO�RI�VRPH�KRPRPRUSKLVP�IURP�$�WR�&� >����S�����@��6R�
ZH�PD\�UHJDUG�6SHF�$�DV�D�VHW�RI�HTXLYDOHQFH�FODVVHV�RI�(� XQGHU�WKH�UHODWLRQ�
[�B�[
�LI�DQG�RQO\�LI�[�DQG�[
�DUH�]HURV�RI�WKH�VDPH�SRO\QRPLDOV�S($�� 7KXV�LI�
[�[
�� S�[�� S�[
�� IRU�DOO�S�LQ�$��VR�$�PD\�DOVR�EH�LQWHUSUHWHG�DV�D�ULQJ�RI�IXQF��
WLRQV�RQ�6SHF�$��

7KDW�DQ�HOHPHQW�S�RI�$�QRW�EH�LQ�D�SULPH�3�PHDQV�WKDW�S�LV�QRW�LQ�WKH�NHUQHO�
RI�WKH�PDS�$�"$�3�� RU�WKDW�S�LV�QRW�]HUR�RQ�DQ\�SRLQW�[�LQ�(� IRU�ZKLFK�WKH�
NHUQHO�RI�WKH�FRUUHVSRQGLQJ�KRPRPRUSKLVP�LV�FRQWDLQHG�LQ�3�� 7KXV��WKH�ORFDO�
ULQJ�$S�DW�3��ZKLFK�FRQWDLQV�WKH�LQYHUVHV�IRU�DOO�S(,3��LV�WKH�ULQJ�RI�DOO�UDWLRQDO�
IXQFWLRQV�GHILQHG�ORFDOO\��L�H���LQ�VRPH�QHLJKERUKRRG�RI�3� LQ�6SHF�$��7KH�VHW�RI�
VXFK�IXQFWLRQV�ZKLFK�YDQLVK�DW�3� LV�WKH�RQO\�PD[LPDO�LGHDO�LQ�WKLV�ULQJ��7KH�
ULQJ�$X�RI�SUHVKHDI�VHFWLRQV�RYHU�DQ�RSHQ�VHW�8&6SHF� $�LV�D�ULQJ�RI�IXQFWLRQV�
GHILQHG�DW�HYHU\�SRLQW�RI�8���,I�8�LV�D�GLVWLQJXLVKHG�RSHQ�VHW��$X�LV�WKH�ULQJ�RI�
DOO�VXFK�IXQFWLRQV���7KH�NHUQHO�RI�D�UHVWULFWLRQ�PDS�SX�Y�$Y��$X��ZKHUH�8&�9��
LV�WKH�VHW�RI�IXQFWLRQV�ZKLFK�YDQLVK�DW�HYHU\�SRLQW�RI�8��WKRXJK�WKH\�PD\�QRW�
YDQLVK�RQ�DOO�RI�9��7KH�HOHPHQWV�RI�$X�ZKLFK�DUH�QRW�UHVWULFWLRQV�RI�IXQFWLRQV�
LQ�$9�DUH�LQYHUVHV�RI�IXQFWLRQV�ZKLFK�KDYH�]HURV�LQ�9� 8��

7KH�WRSRORJ\�RI�6SHF�$�LQGXFHV�D�WRSRORJ\�LQ�(��WKH�ZHDNHVW�RQH�LQ�ZKLFK�
WKH�LGHQWLILFDWLRQ�PDS�IURP�(� WR�6SHF�$�LV�FRQWLQXRXV��,Q�WKLV�WRSRORJ\��WKH�
FORVXUH�RI�D�SRLQW�[*(� LV�WKH�VHW�RI�DOO�SRLQWV�LQ�(�ZKLFK�VDWLVI\�WKH�VDPH�SRO\��
QRPLDOV�DV�[��

:H�FKRRVH�D�SDUWLFXODU�ULQJ�$�WR�VWXG\�LQ�PRUH�GHWDLO��,Q�4>[��\@��OHW�,�
�� �[\���DQG�

$� � 4>[��\@��[\��4>;��\@��
ZKHUH�[\ [\���[\�� ��[\�� ����7KHQ�

(� ^�=�:�(&��L=:� `�  � ,�]���,]F8`
-^��RZ�,� Z� F`��

WKH�XQLRQ�RI�WKH�FRPSOH[�FRRUGLQDWH�D[HV��SODQHV��LQ�&���
7KH�LGHDOV��[W��DQG��\��LQ�$�DUH�SULPH�EXW�QRW�PD[LPDO��VLQFH�4>[��\��O���

 4�>\@� 4�>\@��ZKLFK�LV�QRW�D�ILHOG��7KH�SRLQWV��]��Z��LQ�(�ZKRVH�FRUUHVSRQGLQJ�
LGHDO�LV��[��DUH�WKRVH�RI�WKH�IRUP�����Z��ZKHUH�Z�LV�WUDQVFHQGHQWDO�RYHU�4��DQG�
�LPLODUO\��WKH�SRLQWV�FRUUHVSRQGLQJ�WR�WKH�LGHDO� �\��DUH�RI�WKH�IRUP��]����� IRU�
WUDQVFHQGHQWDO�]��VLQFH�WKH�KRPRPRUSKLVP�RI�4>W��\@�!&�JLYHQ�E\�;����� \�!Z�
KDV�NHUQHO��[��LI�DQG�RQO\�LI�Z�LV�WUDQVFHQGHQWDO��)XUWKHU���[�IQ��\�� ����� LQ�$��
DQ\�SULPH�LGHDO�FRQWDLQV�HLWKHU��[��RU��\���DQG�WKH�VHW�RI�]HUR�GLYLVRUV�LQ�$�LV�
�[�?-�\���

7KH�PD[LPDO�SULPH�LGHDOV�LQ�$�DUH�NHUQHOV�RI�KRPRPRUSKLVPV����W����
��&�IRU�ZKLFK�WKH�LPDJH�LV�D�ILHOG��VR�WKDW�2�;��DQG���\�� PXVW�EH�DOJHEUDLF��
DQG�VLQFH���[�T��\�� *�[\�� ����RQH�RI����[��DQG�"��\��PXVW�EH�]HUR��DQG�WKH�RWKHU�
DOJHEUDLF��6XFK�SRLQWV����[�����\��� LQ�(� DUH�HLWKHU�RI�WKH�IRUP��]�����ZLWK�]�
DOJHEUDLF��RU�����Z��ZLWK�Z�DOJHEUDLF��7KH�NHUQHOV�RI�WKH�KRPRPRUSKLVPV�WR�
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�]�����DQG�����Z��DUH�WKH�LGHDOV��S�[���\��DQG���[���T�\���ZKHUH�S�LV�WKH�PLQLPDO�
SRO\QRPLDO�RI�]��DQG�T�RI�Z���7KHVH�LGHDOV�WRJHWKHU�ZLWK��[��DQG��\��DUH�SUH��
FLVHO\�WKH�SRLQWV�RI�6SHF�$��

7KH�SRLQWV�RI�(&&�� DUH�GLYLGHG�LQWR�HTXLYDOHQFH�FODVVHV�FRUUHVSRQGLQJ�WR�
WKH�LGHDOV�LQ�6SHF�$�� WR�HDFK�RI��[��DQG��\��WKHUH�FRUUHVSRQGV�D�FODVV�RI�WUDQ��
VFHQGHQWDO�SRLQWV��ZKLOH�WR�HDFK�PD[LPDO�LGHDO��S�[F���\���ZKHUH�S�LV�LUUHGXFLEOH��
WKHUH�FRUUHVSRQGV�WKH�VHW�RI�DOJHEUDLF�SRLQWV�,��]�����̀ �ZKHUH�]�LV�D�URRW�RI�S��

,Q�WKH�WRSRORJ\�LQGXFHG�RQ�(� E\�6SHF�$��WKH�FORVXUH�RI�D� WUDQVFHQGHQWDO�
SRLQW��]�����LV�WKH�]�D[LV�DQG�WKH�FORVXUH�RI�DQ�DOJHEUDLF�SRLQW��]�����LV�DOO��]
�����
ZKHUH�]
�LV�DOVR�D�URRW�RI�WKH�PLQLPDO�SRO\QRPLDO�RI�]��$�EDVLV�IRU�WKH�RSHQ�VHWV�
LQ�6SHF�$�LV�WKH�FROOHFWLRQ�RI�DOO�VHWV�RI�WKH�IRUP�9� 3�̂3(6SHF� $�,�S(3� ��,Q�
WKH�VSHFLDO�FDVH�S �

9W� �^�3�&6SHF� $�,� (T33�`� ����S�[���,�S�&$� LV�LUUHGXFLEOH�RU�]HUR��
7KH�RSHQ�VHW�9J�&6SHF� $�FRUUHVSRQGV�LQ�(� WR�WKH�FRPSOHPHQW�RI�WKH�Z�D[LV��
6LPLODUO\��9��PD\�EH�UHJDUGHG�DV�WKH�FRPSOHPHQW�RI�WKH�]�D[LV��7KH�FRPSOHPHQW�
RI�D�ILQLWH�VHW�RI�DOJHEUDLF�SRLQWV�FRUUHVSRQGLQJ�WR�WKH�PD[LPDO�LGHDOV�

�;[�SO�\���� �����;���� SN��<��M� �SN
������� <�L� ���� �3Q�����L<��

LV�9YO���Q�������Q�9SI�[�� 6LQFH�HYHU\�SRO\QRPLDO�S�($�  �4�>���\�-�FDQ�EH�ZULWWHQ�DV�
S� �S�[�� �3��\�� �F��ZKHUH�S,����  � 3�����  S���� ��� �&��WKH�SRLQWV�LQ�9S�DUH��]�����
ZKHUH�S��]�� ����DQG�����Z��ZKHUH�S��:�� ����

*HRPHWULFDOO\��WKH�ULQJ�$� �4�>[��\@�LV�WKH�ULQJ�RI�SRO\QRPLDOV�GHILQHG�HYHU\��
ZKHUH�RQ�(��WKH�XQLRQ�RI�WKH�FRPSOH[�D[HV��$W�D�SRLQW��]��Z��LQ�(� �ZKHUH�HLWKHU�
]�RU�Z�LV���� FRUUHVSRQGLQJ�WR�D� SULPH�LGHDO�3�� WKH�ORFDO�ULQJ�$S�FRQWDLQV�DOO�
UDWLRQDO�IXQFWLRQV�ZKRVH�GHQRPLQDWRUV�GR�QRW�YDQLVK�DW��]��Z���7KH�ORFDO�ULQJ�
$;�LV�WKH�ORFDO�ULQJ�DW�DQ\�����Z��ZKHUH�Z�LV�WUDQVFHQGHQWDO��$OJHEUDLFDOO\��ZH�
KDYH� WKH�VHW� RI�GHQRPLQDWRUV�6 $� �� �;�� � ^3M�3��<������ ZKHUH��DV� DERYH��
S S,� �� S��F�� 7KH�NHUQHO�,� RI�WKH�KRPRPRUSKLVP�D��$���$� LV�^�T($��I�S�(6�
VXFK�WKDW�ST� ���̀� ,I�3,�S��F� LV�D�]HUR�GLYLVRU��F� ����LI�VXFK�D�SRLQW�LV�DOVR�LQ�6��
ZH�KDYH�3��\�����DQG�S����� ��� 62� LW�LV�DQ� HOHPHQW�RI��\���� ^��`�� 7KHUHIRUH�
, �[��� 7KXV�$�, 4>[�� \@��[� 4>\@� DQG�WKH�LPDJH�RI�6� LQ�4>\@�LV�4>\@�
�� ^��̀ �� VR�$J�LV�LVRPRUSKLF�WR�WKH�ILHOG�RI�UDWLRQDO�IXQFWLRQV�LQ�\��6LPLODUO\�
$\� �4�[���

)RU�WKH�ORFDO�ULQJ�DW�D�PD[LPDO�SULPH�RWKHU�WKDQ��["��\���IRU�LQVWDQFH�3 � �[��
\������D�VLPLODU�DUJXPHQW�ZLOO�OHDG�WR�WKH�ULQJ�$S �̂ S�T(4�\�,��\����� GRHV�
QRW�GLYLGH�T�̀��7KDW�LV��$3�FRQWDLQV�LQYHUVHV�IRU�DOO�IXQFWLRQV�WKDW�GR�QRW�YDQLVK�
DW�����9�����ZKLOH�WZR�SRO\QRPLDOV�LQ�[�DQG�\�ZKLFK�DJUHH�RQ�DQ�RSHQ�VHW�FRQ��
WDLQLQJ�����9����DUH�LGHQWLILHG�LQ�$S��7KXV�WKH�PDS�D�$��$S� LV�QHLWKHU�RQH�WR��
RQH�QRU�RQWR��1RZ�LI�3� ��[��\���WKH�VHW�RI�GHQRPLQDWRUV�IRU�$S�LV�H[DFWO\�WKH�
VHW�RI�SRO\QRPLDOV�SO��S��&� IRU�F������6R�LQ�WKLV�FDVH�WKH�PDS�D��$��$S� LV�DQ�
LQFOXVLRQ�ZKLFK�LV�QRW�RQWR��

)LQDOO\��ZH�GHVFULEH�WKH�ULQJV�RI�SUHVKHDI�VHFWLRQV�$X��IRU�RSHQ�VHWV�8��,I�8�
LV�WKH�FRPSOHPHQW�RI�D� ILQLWH�FORVHG�VHW�RI�PD[LPDO�SULPHV��[��SL�\���� ��
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�[��3N�\�����3N�L�[��� \��� �� ���SQ�[���\��WKH�VHW�RI�GHQRPLQDWRUV�IRU�$X� LV�
^S($� ,�S(;(8SHX3�`��ZYKLFK�LV�WKH�VHW�RI�DOO�SURGXFWV�S
O� �� �� �� SFQ�ZLWK�QRQ]HUR�
FRQVWDQW�WHUP��7KH� PDS�IURP�$X�!$S� ZKHQ�3(&8� ZLOO�KDYH�NHUQHO��[�� LI�
3� ��[��S�\��� �ZKHUH�S�LV�DQ\�LUUHGXFLEOH�SRO\QRPLDO�H[FHSW�\����\��LI�3� � �\��RU�
�\��S�[����ZKHUH�S�[��2�[���DQG��2��LI�3� ��[��\���

,I�8 � 9[�LV�WKH�FRPSOHPHQW�RI�WKH�Z�D[LV��WKH�VHW�RI�GHQRPLQDWRUV�IRU�$X�
LV�WKH�VHW�RI�SRO\QRPLDOV�\S�\���&WQ�IRU�S(4� >\@�DQG�Q"�2��7KXV�

$X� � ^S�[��[Q�,�S�(� 4>[@`��

6LQFH�$����4�[��� WKH�PDS�S����8�$8�$�\�� IURP�WKH�ULQJ�RI�VHFWLRQV�WR�WKH�VWDON�
DW��\��LV�RQH�WR�RQH�EXW�QRW�RQWR��)RU�D�PD[LPDO�SULPH��\��S��(�9J��ZKHUH�S��[��2�[��
S�\�S���X�$X���$�\�S��LV�DQ�LQFOXVLRQ�VLQFH�[�GRHV�QRW�GLYLGH�S��,I�8�LV�WKH�FRPSOH��
PHQW�RI�WKH�FORVHG�VHW��[��SL�\���� � ��� SN�\���� WKHQ�9J&�8��DQG�WKH�UH��
VWULFWLRQ�PDS�SYJ�X��$X��$YJ�KDV�NHUQHO��\���

7KH�ULQJ�RI�VHFWLRQV�RYHU�6SHF�$�LV�$��IRU�HYHU\�HOHPHQW�RI�$�YDQLVKHV�DW�
VRPH�SRLQW�LQ�6SHF�$��7KXV�IRU�HYHU\�NLQG�RI�RSHQ�VHW�8�LQ�6SHF�$��WKH�HOH��
PHQWV�RI�WKH�ULQJV�$X�DUH�WKH�UDWLRQDO�IXQFWLRQV�GHILQHG�DW�HYHU\�SRLQW�RI�8��

,Q�SDUWLFXODU�WKH�IXQFWLRQV�[�DQG�[�\� DUH�VHFWLRQV�RQ�WKH�RSHQ�VHW�6SHF�$��
7KH\�DJUHH�RQ�WKH�SURSHU�RSHQ�VXEVHW�9J��IRU��\��LV�WKH�NHUQHO�RI�WKH�UHVWULFWLRQ�
PDS�SYJ��6SHF�$��EXW�GR�QRW�DJUHH�RQ��[��\���ZKLFK�LV�LQ�WKH�FORVXUH�RI�9J��7KXV�WKH�
SRLQWV�[�DQG�[�\� LQ�$�J�\�WKRXJK�GLVWLQFW��FDQQRW�EH�VHSDUDWHG�E\�VHFWLRQV�
VLQFH�DQ\�RSHQ�VHW�FRQWDLQLQJ��[��\��PXVW�LQWHUVHFW�9J��7KXV�WKLV�VKHDI�IDLOV�WR�
EH�+DXVGRUII�ERWK�YHUWLFDOO\�DV�ZHOO�DV�KRUL]RQWDOO\��

���7KH�VKHDI�RI�GLIIHUHQWLDO�IRUPV��/HW�S�(;� ZKHUH�;�LV�D�&F"�PDQLIROG�RYHU�
5Q��:H�GHQRWH�E\�&�
�WKH�VHW�RI�DOO�IXQFWLRQV�IURP�;�WR�WKH�UHDO�OLQH�5,�ZKLFK�DUH�
&F"�LQ�VRPH�QHLJKERUKRRG�RI�S��&OHDUO\�&S��LV�D�YHFWRU�VSDFH�RYHU�5�LQ�ZKLFK�WKH�
VXPI�J�LV�GHILQHG�RQ�WKH�LQWHUVHFWLRQ�RI�WKH�GRPDLQV�RII�DQG�J��

$�WDQJHQW�WR�;�DW�S�LV�D�OLQHDU�IXQFWLRQ�W��&S��!5� VXFK�WKDW�

W�IJ�� � W�J���J�S����I�S���W�J�� ZKHQHYHU�I��J�(� &SL��

7KH�VHW�RI�DOO�WDQJHQWV�WR�;�DW�S�IRUPV�D�YHFWRU�VSDFH�RYHU�5�ZKLFK�ZH�FDOO�;S��
WKH�WDQJHQW�VSDFH�WR�;�DW�S��,I�
\��>����@�!;�LV�D�&F"�IXQFWLRQ�VXFK�WKDW��\�WR�� S��
DQG�LI�I(�&S��WKHQ�I�R�\��>�����@;5�� ,I��I�R�\�
�LV�WKH�GHULYDWLYH�RI�I�R���
WKH�IXQFWLRQ���&S��5O� GHILQHG�E\�\�I�� �I�R\�
�WR�� LV�D�WDQJHQW��7R�LQWHUSUHW�
WKLV�JHRPHWULFDOO\��ZH�FRQVLGHU�D�SDUWLFXODU�ORFDO�FRRUGLQDWH�V\VWHP��88S���US��ZKHUH�
WUS��8S���5Q��,I����5Q��!5��LV�WKH�SURMHFWLRQ�IXQFWLRQ�GHILQHG�E\��UL�WL������WQ��
 WL�� ZH� ZULWH� [L LUL� R��US��WKHQ� �US�S� �[L�S��� ���� [��S��&5Q�� ,I� HV�
 �������������������2�(5Q�� ZH�WKLQN�RI�WKH�FXUYH�\�W�� Z�U����US�S��WHL��DV�
WKH�LWK�FRRUGLQDWH�D[LV�LQ�8S�VLQFH��G�GW���US�R�\��R� �HL��7KHQ�WKH�WDQJHQW�\�
VDWLVILHV�

G�
<�I�  � �IR�"�\�
����  � ��I� R� �U
R����� �US�R�<��

GO� ��
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���I��IR� U���� D�IR� U���� H� D�IR� U���
D�G�W�� DWQ� -� ����S�� W� S��3��

7KXV�\�I��LV�XVXDOO\�GHQRWHG�E\��D�R[	�I��WKH�WDQJHQWV��R�2[L����� ���2��[���
IRUP�D�EDVLV�IRU�WKH�YHFWRU�VSDFH�;S� >���S���@��:H�WKLQN�RI�;�� DV�DQ�Q�GLPHQ��
VLRQDO�K\SHUSODQH�WDQJHQW�WR�;�DW�S��)LJ������,I�


<�a� DL�
2[��

WKHQ�
\�I��LV�D�
JUDG�I��WKDW�LV��WKH�GHULYDWLYH�RI�I�LQ�WKH�GLUHFWLRQ�D� �DO��
DQ��(5Q��

;S�

),*����

,I�T� ;��<�LV�D�&""�PDSSLQJ�RI�PDQLIROGV�ZH�GHILQH�WKH�GLIIHUHQWLDO�RI��� WR�EH�
WKH�OLQHDU�PDS�GN��;����<2�S��GHILQHG�DV� IROORZV��LI�W�(;S� DQG�I((�&��&��WKHQ�
>G��W��@�I�� �W�I�R�
N���,I��88S��U�US��LV�D� ORFDO�FRRUGLQDWH�V\VWHP�DW�S�(;� WKHQ�[L�
 ��U�R�ZU�GHILQHV�D�&22�PDS�IURP�WKH�VXEPDQLIROG�8S�WR�WKH�PDQLIROG�5���+HQFH�
WKH�GLIIHUHQWLDO�G[L�RI�[L�LV�D�OLQHDU�WUDQVIRUPDWLRQ�IURP�;S�WR�5�������6LQFH�5
� LV�
LVRPRUSKLF�WR�5
� IRU�DQ\�W65���ZH�PD\�FRQVLGHU�G[L�DV�DQ�HOHPHQW�RI�WKH�GXDO�
YHFWRU�VSDFH�;�RI�;S��6LQFH�G[L��D�D[��� �ELM� �ZKHUH��TL� ���LI�L�LM�� DQG���LI�L� M���
WKH�GLIIHUHQWLDOV�G[L�� �� G[Q�IRUP�D� EDVLV�RI�;� GXDO� WR�WKH�EDVLV� DOGU[��
�� ��D�D[��RI�;���
:KHUHDV�HDFK�GLIIHUHQWLDO�G[L�LV�D�IXQFWLRQ�RI�MXVW�RQH�YDULDEOH��D�GLIIHUHQWLDO�

IRUP�LQ�JHQHUDO�LV�D�IXQFWLRQ�RI�VHYHUDO�YDULDEOHV��7R�EH�SUHFLVH��D�GLIIHUHQWLDO��N��
IRUP���RQ�;S�LV�DQ�DOWHUQDWLQJ�N�OLQHDU�IXQFWLRQ�IURP�N�WXSOHV�RI�HOHPHQWV�RI�;S�
WR�5������LV�N�OLQHDU�LI�LW�LV�OLQHDU�LQ�HDFK�YDULDEOH�VHSDUDWHO\��DQG�DOWHUQDWLQJ�LI�
I�W�� �� �� �� WN�� �VJQRD�I�WR�O�� �� �� ��WN��� ZKHUH�D�� ^����� �� ��N�̀�� ^�� ��� N�̀� LV�D�SHUPX��
WDWLRQ�DQG�VJQ�D
�LV�����LI�D��LV�HYHQ��DQG���� LI�D
�LV�RGG���:H�GHQRWH�E\�WKH�ZHGJH�
SURGXFW�G[L��$� �� �� �� $G[L��WKH�XQLTXH�N�OLQHDU�IRUP�RQ�;��GHILQHG�RQ�D�EDVLV�IRU�
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WKH�VHW�RI�N�WXSOHV�E\�

G[L��$� ������$�G[��

ZKHUH�� �� LI��L��� ��LN�� �ML�� ��MN�� DQG���RWKHUZLVH��7KH� VHW�RI�DOO�N��
OLQHDU�IRUPV�RQ�;�� LV�DQ�QQN�GLPHQVLRQDO�YHFWRU�VSDFH�RYHU�5�DQG�WKH�QN� IRUPV�
G[L�$����$G[L���ZKHUH�LMH� ^,��� �� Q�̀��IRUP�D�EDVLV�IRU�WKLV�YHFWRU�VSDFH��
7KH�VHW�RI�GLIIHUHQWLDO�N�IRUPV�LV�D�VXEVSDFH�RI�WKH�VHW�RI�DOO�N�OLQHDU�IRUPV�DQG�LW�
KDV�DV�D�EDVLV�WKH�N�OLQHDU�IRUPV�G[LO$���� �� $G[LN�ZKHUH�LM��L��� ���� �LN�� :H�
FDOO�VXFK�D�VHTXHQFH�RI�LQGLFHV�DQ�LQFUHDVLQJ�N�WXSOH��7KXV�WKH�GLPHQVLRQ�RI�WKH�
VSDFH�RI�GLIIHUHQWLDO�N�IRUPV�LV�W��LI�N�"Q� DQG���LI�N!Q��

/HW�6N�GHQRWH�WKH�VHW�RI�DOO�LQFUHDVLQJ�N�WXSOHV�RI�SRVLWLYH�LQWHJHUV�OHVV�WKDQ�
RU�HTXDO�WR�Q��)RU�[H6N� ZH�GHQRWH�E\�G[��WKH�N�IRUP�G[L�$��� �� �� $G[L���ZKHUH�
V� ��L�������L���1RZ�OHW�8&;� EH�DQ�RSHQ�VHW�DQG���D�IXQFWLRQ�ZKLFK�DVVLJQV�WR�
HDFK�S(� 8�D�GLIIHUHQWLDO�N�IRUP�DW�S����S��� 7KXV��RQFH�KDYLQJ�FKRVHQ�D� ORFDO�
FRRUGLQDWH�V\VWHP�DW�S��VR�WKH�IRUPV�G[O��G[������� �� G[Q�DUH�GHILQHG��ZH�PD\�
ZULWH�

2�S�� � (� D��S�G[���
H6N�

ZKHUH�HDFK�D��S�� LV�WKH�FRHIILFLHQW�LQ�WKH�H[SDQVLRQ�RI���S��LQ�WHUPV�RI�WKH�EDVLV�
^�G[V�`OV(�N� 7KXV�DV�PD\�EH�FRQVLGHUHG�DV�D�IXQFWLRQ�IURP�8�WR�5,��6LQFH�HDFK�
��S��LV�D�GLIIHUHQWLDO�N�IRUP�DW�S��ZH�FDOO���D�&
� N�IRUP�RQ�8�LI�HDFK�IXQFWLRQ�D��LV�
&RR��ZH�GHQRWH�E\�4N�8�� WKH�UHDO�YHFWRU�VSDFH�RI�DOO�&,2�N�IRUPV�RQ�8��,I�8&�9�
WKHQ�WKHUH�LV�D�OLQHDU�WUDQVIRUPDWLRQ�S8�9��N�9��� !4N�8�� GHILQHG�E\�UHVWULFWLRQ�
RI�WKH�GRPDLQV�RI��� �N�9��� 7KH�FROOHFWLRQ�̂ 4N�8��̀ �IRU�8�RSHQ�LQ�;�WRJHWKHU�
ZLWK�WKH�OLQHDU�WUDQVIRUPDWLRQV�SX�Y�LV�FDOOHG�WKH�SUHVKHDI�RI�GLIIHUHQWLDO�N�IRUPV��

6LQFH�HYHU\�SDUDFRPSDFW�PDQLIROG�KDV�D�&;�SDUWLWLRQ�RI�XQLW\�VXERUGLQDWH�
WR�DQ\�RSHQ�FRYHULQJ�̂�8�P�`�>���S�����@��SUHVKHDYHV�RYHU�VXFK�PDQLIROGV�VDWLVI\�WKH�
IROORZLQJ�VSHFLDO�SURSHUW\��,I�8 �8�8���ZKHUH�8D�LV�RSHQ�LQ�;��DQG�LI��D\(��N��8D��
DUH�FRKHUHQW�LQ�WKH�VHQVH�WKDW�WKH�UHVWULFWLRQV�WR�8D&Q�8S�RI��DW�DQG�2S�DJUHH�
�ZKHQHYHU�8DQ�8S����� WKHQ�WKHUH�H[LVWV�D�XQLTXH��((4N�8��ZKRVH�UHVWULFWLRQ�
WR�HDFK�8D�LV��D��&HUWDLQO\�LI�̂ ID�`�LV�D�&�SDUWLWLRQ�RI�XQLW\�IRU�̂�8���`�VR�WKDW�
�I���8�"�5
��I*��YDQLVKHV�RII�8D��DQG�(I��� ���� VR�ZH�PD\�GHILQH���WR�EH�(�IDRD��

$Q\�VXFK�SUHVKHDI�LV�FDOOHG�D�VKHDI��VR�ZKHQ�;�LV�SDUDFRPSDFW��ZH�ZLOO�FDOO�
WKH�V\VWHP�̂,�N�8���S8�9�̀�WKH�VKHDI�RI�GLIIHUHQWLDO�N�IRUPV��,I�4N� �S�� LV�WKH�VHW�RI�
GLIIHUHQWLDO�N�IRUPV�DW�S��ZH�PD\�WKLQN�RI�4N� �S�� DV�WKH�VWDONV�RI�WKH�VKHDI�6��
6� �8��([(N�S��� 7KH� SURMHFWLRQ�S��6��;�DVVLJQV�WR�HDFK�GLIIHUHQWLDO�IRUP�DW�S�
WKH�SRLQW�S��7KH� &� N�IRUP��(4N�8�� LV� D� VHFWLRQ�RI�6�� DQG�WKH�FROOHFWLRQ�
^���8��&6,�8�LV�RSHQ�LQ�;�̀ �IRUPV�D�EDVLV�IRU�WKH�WRSRORJ\�RQ�6��

��� 6KHDYHV�� *HQHUDO� GHILQLWLRQ��(DFK� RI�WKH�WKUHH�SUHYLRXV�H[DPSOHV�UH��
IOHFWV�D� GLIIHUHQW�IDFHW�RI�WKH�JHQHUDO�FRQFHSW�RI�D� VKHDI��7R� HPSKDVL]H�WKLV�
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6KHDI�RI�*HUPV� 6KHDI�RI�
RI�+RORPRUSKLF� 6KHDI�RI�/RFDO�5LQLJV� 'LIIHUHQWLDO�

)XQFWLRQV� )RUPV�

*HUPQ� 8@W� D�V($S�
6WDON�6SDFH� 6� � �;,�>I,W��,� 6B8^$-3,�36SHF� $,�
3URMHFWLRQ� 3��6���S�� 6��6SHF�$�
6WDON� ,��]��>I@���-�I�(�$�� $S�ORFDO�ULQJ��
%D�VH�6SDFH� FR� 6SHF�$� ^�,3,3LV� SULPH�; ]��&
PLDQLIROG�

LGHDO�LQ�$�
3UHVKHDI�6HFWLRQ� DOV�($X� ��(�Q/��8��
5HVWULFWLRQ�+RPRPRUSKLVP� SX�Y���$Y��a$X� SX�Y����N�9���I���8��

)L*�����

YDULHW\�DQG�WR�SURYLGH�D�FRKHUHQW�IUDPHZRUN�IRU�WKH�VXEVHTXHQW�JHQHUDO�GHILQL��
WLRQ��ZH�VXPPDUL]H�LQ�)LJ�����WKH�WKUHH�VKHDYHV�DOUHDG\�GLVFXVVHG��

7KH�VKHDI�RI�JHUPV�RI�KRORPRUSKLF�IXQFWLRQV�ZDV�GHILQHG�WR�EH�WKH�VWDON�
VSDFH�6�WRJHWKHU�ZLWK�D�WRSRORJ\�DQG�D�ORFDO�KRPHRPRUSKLVP�S�RQWR�&Q��7KH�
VKHDI�RI�ORFDO�ULQJV�ZDV�GHILQHG�VLPLOODUO\��WKRXJK�LQ�WKLV�FDVH�ZH�DOVR�
,GHQWLILHG�
WKH�V\VWHP�FRQVLVWLQJ�RI�WKH�ULQJV�$X�DQG�WKH�UHVWULFWLRQ�KRPRPRUSKLVPV�
SX�Y�$Y�"�$X�DV�D�SUHVKHDI�RI�ULQJV��,Q�WKH�WKLUG�FDVH��WKH�VKHDI�RI�GLIIHUHQWLDO�
N�IRUPV�ZDV�VLPQSO\�WKH�SUHVKHDI�RI�GLIIHUHQWLDO�N�IRUPV�ZKHQHYHU�WKH�EDVH�VSDFH�
;�ZDV�SDUDFRPSDFW��7KH�UHFRJQLWLRQ�RI�WKH�HTXLYDOHQFH�RI�WKHVH�WZR�GHVFULS��
WLRQV�FRQVWLWXWHV�WKH�EHJLQQLQJ�RI�VKHDI�WKHRU\��:H�QRZ�LQWURGXFH�GHILQLWLRQV�
WR�IRUPDOL]H�WKHVH�WZR�DSSURDFKHV�DQG�SURYH�WKH�GHILQLWLRQV�HTXLYDOHQW��

'(),1,7,21�,��/HW��;��U��EH�D�WRSRORJLFDO�VSDFH��DQG�OHW�&��EH�D�FODVV�RI�VLPL��
ODU�PDWKHPDWLFDO�REMHFWV��H�J���DEHOLDQ�JURXSV��PRGXOHV��ULQJV���/HW�)�EH�D�
IXQFWLRQ�IURP�U�WR�&�DQG�VXSSRVH�IRU�HDFK�SDLU�8��9HU�IRU�ZKLFK�8&��9�WKHUH�
LV�D�PDS��H�J���D�KRPQRPRUSKLVP��PRGXOH�KRPRPRUSKLVP��RU�LVRPRUSKLVP��
SX�Y��)��9���!)��8��ZKLFK�SUHVHUYHV�WKH�VWUXFWXUH�RI�WKH�REMHFWV�RI�H��,I�SX�Y�R�SY�Z�
��SX�Z�ZKHQHYHU�8&�9�&:��DQG�LI�SX�X�LV�WKH�LGHQWLW\�IXQFWLRQ�RQ�)8�ZH� GH��
ILQH�WKH�IXQFWLRQ�)�WRJHWKHU�ZLWK�WKH�UHVWULFWLRQ�PDSV�SX�Y�WR�EH�D�SUHVKHDI�RYHU�;��
7KH�HOHPHQWV�RI�)�8��DU�H�FDOOHG�VHFWLRQV�RI�)�RYHU�8���,Q�WKH�ODQJXDJH�RI�FDWH��
JRU\�WKHRU\��D�SUHV�KHDI�LV�D�FRQWUDYDULDQW�IXQFWRU�IURP�WKH�FDWHJRU\�RI�RSHQ�
VHWV�DQG�LQFOXVLRQ�PDSV�RI�;�WR�VRPLH�FDWHJRU\��RI�REMHFWV�DQG�QLRUSKLVPQV���$�
VKHDI�LV�D�SUHVKHDI�ZKLFK�VDWLVILHV�WKH�IROORZLQJ�WZR�FRKHUHQFH�D[LRPV��

���,I� ,�8��`�LV�D�IDPLO\�RI�RSHQ�VHWV�LQ�;��LI�8� �88����DQG�LI�WKaH�VHFWLRQ�V��
W�(()�8��DJUHH�RQ�HDWFK�8�����L�H���LI�SX��X��V�� �SX��X��W��IRU�HDFK�D����WKHQ�V� �W��

���,I�,�8���̀�,WV�D�IDPLO\�RI�RSHQ�VHWV�LQ�;��LI�8� �8�8����DQG�
LI�WKH�VHFWLRQV�
VD�(�)��8����DUH�FRKHUHQW�LQ�WKH�VHQVH�WKDW�WKH�UHVWULFWLRQV�RI�V���DQG�VS�WR�8D&?Q�8��
DJUHH��L�H���LI�SX�X�X��8�V���� �SX���X��X��V���ZKHQHYHU��8D&?�8������� WKHQ�WKHUH�H[LVWV�
D�VHFWLRQ�V�&��)��8��VXFK�WKDW�IRU�HDFK�D�� SXD�X� �V��  �6I���
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'(),1,7,21� ,,�� /HW� �;��U��EH�D�WRSRORJLFDO�VSDFH��DQG�OHW�H'�EH�D� FODVV�RI�
VLPLODU�PDWKHPDWLFDO�REMHFWV��H�J���DEHOLDQ�JURXSV��PRGXOHV��ULQJV���$�VKHDI�RYHU�
;� LV�D�WULSOH�̂ 6��LU��;`�� ZKHUH�6�LV�D�WRSRORJLFDO�VSDFH�DQG��U��6�;� LV�D� ORFDO�
KRPHRPRUSKLVP��L�H���D�PDS�VXFK�WKDW�HDFK�SRLQW�S(76�KDV�D�QHLJKERUKRRG�8�
RQ�ZKLFK�U�,X�LV�D�KRPHRPRUSKLVP��VXFK�WKDW�HDFK�VWDON��U�
�[��((���DQG�HDFK�
RSHUDWLRQ�LV�FRQWLQXRXV�DV� D� IXQFWLRQ�IURP�8�[��U�1�[�;.U���[����ZLWK�WKH�
WRSRORJ\�LQGXFHG�IURP�6;6�� WR�8�U [U��[�� 6��

:H�VKDOO�FDOO�D�VKHDI�RI�W\SH�,�D�VKHDI�RI�VHFWLRQV��DQG�D�VKHDI�RI�W\SH�,,� D�
VKHDI�RI�JHUPV��7KH�UHODWLRQVKLS�EHWZHHQ�WKHVH�WZR�W\SHV�RI�VKHDYHV�LV�SUHFLVHO\�
DV�LOOXVWUDWHG�E\�WKH�SUHFHGLQJ�H[DPSOHV��

7R� EH�VSHFLILF��VXSSRVH�)�LV�D�SUHVKHDI��RI�VHFWLRQV��RYHU�:��ZH�FRQVWUXFW�
WKH�FRUUHVSRQGLQJ�VKHDI�RI�JHUPV�E\�GHILQLQJ�D�JHUP�DW�[&;� WR�EH�DQ�HTXLYD��
OHQFH�FODVV�RI�$[ 8;HX)�8�� XQGHU�WKH�UHODWLRQ�V )�8��W*)�9�� LI�SZ�X�V��
�3Z��W�� IRU�VRPH�:&�8U��9��7KXV�WKH�JHUP�RI�D�VHFWLRQ�V()�8�� DW�D�SRLQW�
[�(� 8�LV�WKH�FROOHFWLRQ�RI�DOO�VHFWLRQV�W�& �)��9��ZKLFK�DJUHH�ZLWK�V�RQ�VRPH�QHLJK��
ERUKRRG�9�RI�[��:H�GHQRWH��DV�XVXDO��WKH�JHUP�RI�V�DW�[�E\�>V-���DQG�OHW�WKH�VWDON�
VSDFH�6�EH� ^��[��>V�@����,V� )�8��� ZKHUH�[� 8�̀�� 7KH�WRSRORJ\�RQ�6� LV�JHQHUDWHG�
E\�QHLJKERUKRRGV�RI�WKH�IRUP�9�V�� 8�� ^��[�� >V@M� [&(�8`�� VR�WKH�SURMHFWLRQ�
�U��6�!;� EHFRPHV�D� ORFDO� KRPHRPRUSKLVP��%\� LQWHUSUHWLQJ�WKH�VHFWLRQV�DV�
IXQFWLRQV��WKH�VR�FDOOHG�UHVWULFWLRQ�PDSV�3X�Y�UHDOO\�DUH�UHVWULFWLRQV�DQG� WKH�
WRSRORJ\�RQ�6� LV�WKH�VWURQJHVW�UHODWLYH�WR�ZKLFK�WKH�VHFWLRQV�DUH�FRQWLQXRXV��
�7KH�WRSRORJ\�RQ�6�FDQ�DOVR�EH�FKDUDFWHUL]HG�DV�WKH�TXRWLHQW�RI�WKH�WRSRORJ\�
RQ�8XH ��8;�)�8��� XQGHU�WKH�HTXLYDOHQFH�UHODWLRQ�LQGXFHG�E\� �� ZKHUH�HDFK�
8�FDUULHV�WKH�VXEVSDFH�WRSRORJ\�DQG�)�8�� LV�GLVFUHWH���

(DFK�VWDON��U�
�[��FOHDUO\�LQKHULWV�WKH�RSHUDWLRQV�RI�WKH�)�8�� DQG�HDFK�VXFK�
RSHUDWLRQ�LV�FRQWLQXRXV��)RU�H[DPSOH��LI�HDFK�)�8�� LV�DQ�DEHOLDQ�JURXS�XQGHU�
DGGLWLRQ�DQG�LI�>V@��DQG� >W@U(�U�
�[��� WKHQ�>V@]�� >W@��LV�GHILQHG�WR�EH�>V�W@[�� ,I�
9�V�W�� 8��LV�D�QHLJKERUKRRG�RI�>V�W@��� WKHQ�WKH�LQYHUVH�LPDJH�RI�9�V�W�� 8��
XQGHU��� FRQWDLQV�^��U��T��,�U(�9�V��8���T(� 9�W��8���LU�U�� U�T�� `��DQ�RSHQ�VHW�LQ�
8([��U���[��;�U���[����7KXV� ^6���U��;`� LV�LQGHHG�D�VKHDI�RI�JHUPV��

&RQYHUVHO\��VXSSRVH�^�6���U��;�̀ �LV�D�VKHDI�RI�JHUPV��SHUKDSV�RQH�FRQVWUXFWHG�
DV�DERYH�IURP�VRPH�SUHVKHDI���,I�8�LV�RSHQ�LQ�;��OHW�)�8�� EH�WKH�FROOHFWLRQ�RI�
FRQWLQXRXV�IXQFWLRQV�V��8�)�VXFK�WKDW�LU�R�V�LV�WKH�LGHQWLW\�RQ�8��)��8��LQKHULWV�
WKH�DOJHEUDLF�VWUXFWXUH�IURP�WKH�VWDONV�E\�SRLQWZLVH�GHILQLWLRQV��DQG�WKH�UH��
VWULFWLRQ�PDSV�3X�Y�DUH�MXVW�WKDW�WKH� UHVWULFWLRQ�RI�V�IURP�9�WR�WKH�VXEVHW�8��
7KH�ILUVW�FRKHUHQFH�D[LRP�IRU�VKHDYHV�LV�VDWLVILHG�WULYLDOO\�VLQFH�WKH�VHFWLRQV�DUH�
IXQFWLRQV��DQG�WKH�VHFRQG�LV�VDWLVILHG�VLQFH�WKH�)�8�� FRQWDLQ�DOO�FRQWLQXRXV�IXQF��
WLRQV�IURP�8�WR�)�ZKLFK�DUH�LQYHUVHV�RI�LU��

1RZ�LI�̂ �)��[U��;`� LV�D�VKHDI�RI�JHUPV��WKH�VKHDI�GHULYHG�IURP�LWV��SUH�VKHDI�
RI�VHFWLRQV�LV�FDQRQLFDOO\�LVRPRUSKLF�WR�)��+RZHYHU��LI�6�LV�D�SUHVKHDI�RI�VHFWLRQV��
WKH�SUHVKHDI�RI�VHFWLRQV�6
� DVVRFLDWHG�ZLWK�WKH�VKHDI�RI�JHUPV�GHULYHG�IURP�6�LV�
JHQHUDOO\�GLIIHUHQW�IURP�6��IRU�VLQFH�6
�LV�D�VKHDI��LW�PD\�KDYH�PRUH�VHFWLRQV�WKDQ�
6� �LQ�RUGHU�WR�VDWLVI\�WKH�VHFRQG�FRKHUHQFH�D[LRP���ZKLOH�VRPH�VHFWLRQV�ZKLFK�
ZHUH�GLVWLQFW�LQ�6�PD\�EH�LGHQWLILHG�LQ�6
� �EHFDXVH�RI�WKH�ILUVW�D[LRP���2I�FRXUVH��
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LI�6�LV�D�VKHDI��WKHQ�6
�LV�QDWXUDOO\�LVRPRUSKLF�WR�6��VR�LQ�WKLV�VHQVH�WKH�WZR�GHILQL��
WLRQV�RI�D�VKHDI�DUH�HVVHQWLDOO\�HTXLYDOHQW��

$�FRPPRQ�DQG�FRQYHQLHQW�DOWHUQDWLYH�WR�WKH�FRQVWUXFWLRQ�RI�HTXLYDOHQFH�
FODVVHV�LV�WKH�XVH�RI�GLUHFW�OLPLWV��,I�)�LV�D�SUHVKHDI�RI�VHFWLRQV�RYHU�;��DQG�LI�
[(�;�� WKH�UHVWULFWLRQ�RI�)� WR�WKH�QHLJKERUKRRGV�RI�[�IRUPV�D�GLUHFWHG�V\VWHP�
�^)�8�`]HX�� ^SX�Y`[HXFY�� VLQFH�3X�Y�RSY�Z�SX�Z��ZKHQHYHU�[&8&9&:��
$�IHZ�HOHPHQWV�RI�VXFK�D�V\VWHP�PD\�EH�UHSUHVHQWHG�E\�WKH�FRPPXWDWLYH�GLD��
JUDP�RI�)LJ������

3X�ZL�

)�:,�� PR)�8��

3�9��:-� a� )�9L�� 38�9�

�B� )�:��� B�
��

)�9�Q9���

39��:�� 3Y��9��9��

),*�� ���

7KH�GLUHFW�OLPLW�RI�WKLV�V\VWHP�LV��URXJKO\�VSHDNLQJ��WKH�ILUVW�REMHFW�ZKLFK�
FDQ�DSSHDU�WR�WKH�ULJKW�RI�WKH�GLDJUDP��6SHFLILFDOO\��DQ� REMHFW�)�� WRJHWKHU�
ZLWK�PDSV�SX�)�8��)[� IRU�HDFK�)�8�� LV�FDOOHG�D�GLUHFW�OLPLW�RI�WKH�V\VWHP�
�^�)�8�� `[HX��̂ ,SX�Y�̀[XFY�� SURYLGHG�WKDW�

�L�� ZKHQHYHU�8&�9�WKH�GLDJUDP�LQ�)LJ�����FRPPXWHV��
�LL�� )�� LV�XQLYHUVDO�ZLWK�UHVSHFW�WR�SURSHUW\��L��WKDW� LV��LI��*[��̂ ,R��̀�� DOVR�

VDWLVILHV�SURSHUW\��L���WKHQ�WKHUH�H[LVWV�D�XQLTXH�PDS�T��)���*�� VXFK�WKDW�IRU�
HDFK� X��)��8�!*[�� �X O� R�SX��

3Y�
)�9�� �� V� )��

)�8��

),*�� ���

&RQGLWLRQ��L��PDNHV�H[SOLFLW�WKH�LGHD�RI��DSSHDULQJ�RQ�WKH�ULJKW�RI�WKH�GLD��
JUDP��ZKLOH�FRQGLWLRQ��LL�� DVVHUWV�WKDW�)��LV�WKH�ILUVW�VXFK�REMHFW��,W�IROORZV�
WULYLDOO\�IURP�WKHVH�FRQGLWLRQV�WKDW�WKH�GLUHFW�OLPLW�LV�XQLTXH��XS�WR�LVRPRU��
SKLVP���VR�ZH�GHQRWH�LW�E\�/LP[HX)�8���

&RQVLGHU�QRZ�WKH�VWDON�RI�JHUPV�DW�[�GHULYHG�IURP�WKH�SUHVKHDI�)�� ,I�3X�
GHQRWHV�WKH�PDS�IURP�)�8�� WR�WKH�VWDON��U�
�[��GHILQHG�E\�SX�V� �[�� >V@[��
�ZKHUH�[(� 8���WKHQ��U�
�[�� 
];HX)�8�� VLQFH�ZKHQHYHU�[(� 8&�9��SY� 3X���SX�Y�
DQG��U�
�[��LV�XQLYHUVDO�ZLWK�UHVSHFW�WR�WKDW�SURSHUW\��7R�SURYH�WKLV�ODVW�DVVHU��
WLRQ�ZH�DVVXPH�WKDW��*��^DX`�� LV�DQRWKHU�GLUHFW�OLPLW�DQG�REVHUYH�WKDW�LI�ERWK�
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W�H�()�8��� DQG�W��(�)��8���DUH�LQ�WKH�VDPH�JHUP�>V�@���WKHQ�D28��WL�� � D8��W����IRU�E\�
WKH�GHILQLWLRQ�RI�>V@���WKHUH�H[LVWV�VRPH�9&�8OQ�8��VXFK�WKDW�SY�X��W�� SY�X��W����
7KHQ�E\�WKH�FRPPXWDWLYLW\�RI�WKH�GLDJUDP�LQ�)LJ������ZH�KDYH�

D8��W���  � DY� 2�3Y�8��WO��  � 2�9���39�8��W���  � 68��W���

)�80�� 33H�

)�9��

)�8��� ���
3X��

),*�����

7KXV�HDFK�HOHPHQW�>V@U�RI�LU�
�[��LV�PDSSHG�WR�VRPH�SRLQW�RI�*�E\�WKH�DSSURSUL��
DWH�DX�R�SXO��ZH�FDOO�WKLV�SRLQW���[�� >V@���DQG�WKHUHE\�GHILQH�WKH�UHTXLUHG�XQLTXH�
PDS�IURP��U�
�[��WR�*��

6R�ZH�PD\�VXPPDUL]H�DOO�WKUHH�DSSURDFKHV�LQ�RQH�VZHHSLQJ�JHQHUDOL]DWLRQ��
IRU�HDFK�[(;�� WKH�VWDON�RYHU�[�RI�WKH�VKHDI�RI�JHUPV�LV�WKH�GLUHFW�OLPLW�RI�WKH�
UHVWULFWLRQ�RI�WKH�SUHVKHDI�WR�WKH�QHLJKERUKRRGV�RI�[��

:H�FORVH�WKLV�VHFWLRQ�ZLWK�D�IRXUWK�FKDUDFWHUL]DWLRQ�RI�VKHDYHV��WKLV�RQH�DOVR�
EDVHG�RQ�D�XQLYHUVDO�SURSHUW\��DQG�LOOXVWUDWHG�WR�VRPH�H[WHQW�LQ�WKH�SUHYLRXV�
H[DPSOHV��6XSSRVH����LV�D�FODVV�RI�IXQFWLRQV�GHILQHG�RQ�RSHQ�VXEVHWV�RI�D�WRSRORJL��
FDO�VSDFH�;�� ,I�)�8�� LV�WKH�FROOHFWLRQ�RI�DOO�I�(�� ZKRVH�GRPDLQ�LV�8��DQG�LI�
SX�Y�LV�WKH�UHVWULFWLRQ�PDS��L�H���SX\Y�I�� I�,�X�ZKHQHYHU�8&�9�DQG�I� )�9���� WKH�
FROOHFWLRQ�̂ �)��8���3X�Y�̀�LV�D�SUHVKHDI��,I�WKLV�SUHVKHDI�LV�D�VKHDI�6��DV�LW�ZLOO�EH�LI�
I�LV�WKH�VHW�RI�KRORPRUSKLF�IXQFWLRQV�RQ�RSHQ�VXEVHWV�RI�&Q��RU�WKH�VHW�RI�GLIIHU��
HQWLDO�IRUPV�RQ�RSHQ�VXEVHWV�RI�D�SDUDFRPSDFW�PDQLIROG�;�� WKHQ�ZH�FDQ�GHILQH�D�
XQLYHUVDO�FRQWLQXRXV�IXQFWLRQ����6�5� RI�W\SH�II�VR�WKDW�HDFK�I�()�8�� IDFWRUV�
XQLTXHO\�WKURXJK�WKH�VKHDI�6�� WKDW�LV��WKHUH�H[LVWV�D�XQLTXH����8�6� VXFK�WKDW�
- �3RI��

,Q�JHQHUDO��DQ\�REMHFW�6�DQG�PDS�,E��6�5�ZLWK�WKH�SURSHUW\�WKDW�HDFK�IXQF��
WLRQ�I��8�5�IDFWRUV�XQLTXHO\�WKURXJK�6�YLD��'�LV�FDOOHG�XQLYHUVDO�ZLWK�UHVSHFW�
WR�WKH�FKDUDFWHUL]LQJ�SURSHUWLHV�RI�WKH�IXQFWLRQV�I��7KH�SDLU��6��E�� LV�XQLTXHO\�
GHWHUPLQHG��XS�WR�LVRPRUSKLVP��E\�WKLV�SURSHUW\��7KXV��IRU�LQVWDQFH��WKH�VKHDI�
RI�KRORPRUSKLF�IXQFWLRQV�LV�FKDUDFWHUL]HG�E\�EHLQJ�WKH�XQLTXH�XQLYHUVDO�REMHFW�
IRU�WKH�IDPLO\�RI�KRORPRUSKLF�IXQFWLRQV��

6LQFH�,�
�9�I�� 8��� � 8��-�LV�FRQWLQXRXV��7KXV�VKHDYHV�WUDQVIRUP�D�FRPSOL��
FDWHG�SURSHUW\�RI�IXQFWLRQV��VXFK�DV�DQDO\WLFLW\��LQWR�WKH�VLPSOHU�RQH�RI�FRQWLQX��
LW\��IRU�WKH�WRSRORJ\�RQ�WKH�VKHDI�LV�FKRVHQ�SUHFLVHO\�VR�WKDW�D�FRQWLQXRXV�VHFWLRQ�
RQ� 8� �L�H���DQ�HOHPHQW�RI�)�8��� FRUUHVSRQGV�WR�RQH�RI�WKH�VSHFLDOL]HG��H�J���
DQDO\WLF��GLIIHUHQWLDEOH��IXQFWLRQV�RI�)�8���
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���+LVWRU\�DQG�DSSOLFDWLRQV��6KHDI�WKHRU\�LV�D�SDUWLFXODUO\�HIIHFWLYH�WRRO�LQ�
WKRVH�DUHDV�ZKLFK�DVN�IRU�JOREDO�VROXWLRQV�WR�SUREOHPV�ZKRVH�K\SRWKHVHV�DUH�
ORFDO��$PRQJ�WKH�HDUO\�SDSHUV�ZKLFK�LQWURGXFHG�WKH�LGHDV��WKRXJK�QRW�WKH�ODQ��
JXDJH��RI�VKHDI�WKHRU\��PDQ\�ZHUH�FRQFHUQHG�ZLWK�WKH�&RXVLQ�SUREOHPV�IURP�
WKH�WKHRU\�RI�IXQFWLRQV�RI�VHYHUDO�FRPSOH[�YDULDEOHV��WKH�ILUVW��RU�DGGLWLYH��DQG�
VHFRQG�&RXVLQ�SUREOHPV�DVN�UHVSHFWLYHO\�DERXW�WKH�H[LVWHQFH�RI�D�PHURPRUSKLF�
IXQFWLRQ�ZLWK�VSHFLILHG�SROHV�DQG�WKH�H[LVWHQFH�RI�D�KRORPRUSKLF�IXQFWLRQ�ZLWK�
VSHFLILHG�]HURV��+HQUL�&DUWDQ�DQG� .L\RVKL�2ND� LQGHSHQGHQWO\�VROYHG�WKHVH�
SUREOHPV��ZRUNLQJ�LQ�WKH�ULQJ�RI�JHUPV�RI�KRORPRUSKLF�IXQFWLRQV�LQWURGXFHG�LQ�
RXU�ILUVW�H[DPSOH��ZKHUH�WKH�RSHUDWLRQV�WDNH�LQWR�DFFRXQW�WKH�GRPDLQV�RI�WKH�
IXQFWLRQV��2ND� >����@�FLWHV�&DUWDQ�>����@�DV�WKH�VRXUFH�RI�WKH�QRWLRQ�RI��LG�DO�
KRORPRUSKH�GH�GRPDLQHV�LQGHWHUPLQHV��LQ�WKLV�ULQJ��DQG�ERWK�2ND� >����@�DQG�
&DUWDQ�>����@�UHIHU�WR�WKH�DUWLFOH�RI�:��5XFNHUW�>����@�ZKLFK�WRRN�WKH�FRQFHSW�
RI�LGHDO�IURP�SRO\QRPLDO�ULQJV�DQG�LQWHUSUHWHG�LW�LQ�WKH�ULQJ�RI�IXQFWLRQV�RQ�D�
IL[HG�GRPDLQ��&DUWDQ�>����@�FDUULHG�RQ�WKH�LQYHVWLJDWLRQ�RI�WKH�VKHDI�RI�JHUPV��
VWLOO�LQ�WKH�HDUOLHU�WHUPLQRORJ\��FODULI\LQJ�WKH�UHODWLRQV�DPRQJ�WKH�SUREOHPV�ZLWK��
RXW�DFKLHYLQJ�VROXWLRQV��

,QGHSHQGHQWO\��2ND�LQ������ZURWH�D�SDSHU�>�������VHYHQWK�LQ�D�VHULHV�SXE��
OLVKHG�IURP������WR������DQG�FROOHFWHG�LQ�D�VLQJOH�YROXPH�>����@��ZKLFK�GH��
YHORSHG�WKH�VDPH�PDWHULDO�LQ�D�PRUH�FRPSOHWH�IRUP��DQG�FDUULHG�LW�WKURXJK�WR�D�
VROXWLRQ�RI�WKH�ILUVW�&RXVLQ�SUREOHP��%XLOGLQJ�RQ�2ND
V�SDSHU��&DUWDQ�ZDV�DEOH�
WR�VROYH�WKH�VHFRQG�SUREOHP�DV�ZHOO�DV�WR�VLPSOLI\�2ND
V� VROXWLRQ�WR�WKH�ILUVW��
DQG�KLV�SDSHU�>����@�DQG�2ND
V�ZHUH�SXEOLVKHG�WRJHWKHU��$�IRRWQRWH�DFNQRZO��
HGJHV�2ND
V�VROXWLRQ�RI�WKH�VHFRQG�SUREOHP�LQ�WKH�PHDQWLPH�>����@��

7KH������&DUWDQ�SDSHU�IRU�WKH�ILUVW�WLPH�SKUDVHV�WKH�TXHVWLRQV�LQ�WKH�VKHDI�
WKHRUHWLF�WHUPV�ZKLFK�KDG�EHHQ�GHYHORSHG�LQ�WKH�6HPLQDLUH�&DUWDQ�LQ����������
$Q�DQDO\WLF�VKHDI��WKDW�LV�D�VKHDI�RI�PRGXOHV�RYHU�WKH�VKHDI�RI�JHUPV�RI�KROR��
PRUSKLF�IXQFWLRQV��LV�FDOOHG�FRKHUHQW�RYHU�DQ�RSHQ�VHW�8�LI�IRU�HYHU\�[�*�8�WKHUH�
LV�DQ�RSHQ�VHW�8��VXFK�WKDW�WKH�VHFWLRQV�RYHU�8��JHQHUDWH�WKH�VWDON�DW�\�IRU�DOO�\�
LQ�D�VXIILFLHQWO\�VPDOO�QHLJKERUKRRG�RI�[��,I�IL�������IN�DUH�IXQFWLRQV�KRORPRUSKLF�
RQ�D�GRPDLQ�'��ZH�PD\�GHILQH�WKH�VKHDI�5�RI�UHODWLRQV�DPRQJ�WKH�IL�E\�WDNLQJ�
WKH�VHFWLRQV�5X�RI�5�RYHU�8�RSHQ�LQ�'� WR�EH�WKH�VHW�RI�N�WXSOHV�RI�KRORPRUSKLF�
IXQFWLRQV��JD������JN�� IRU�ZKLFK�(- I-JL ��RQ�8��,Q�WKLV�YRFDEXODU\�WKH�ILUVW�
&RXVLQ�SUREOHP�LV�WR�VKRZ�WKDW�5�LV�FRKHUHQW��ZKLOH�WKH�VHFRQG�SUREOHP�VLPL��
ODUO\�DVNV�ZKHWKHU�WKH�VKHDI�RYHU�DQ�DQDO\WLF�YDULHW\�LV�FRKHUHQW��ZKHUH�D�YDUL��
HW\�LV�WKH�VHW�RI�FRPPRQ�]HURV�RI�D�VHW�RI�KRORPRUSKLF�IXQFWLRQV��DQG�WKH�LGHDO�
RI�VHFWLRQV�RYHU�DQ�RSHQ�VHW�LV�WKH�LGHDO�RI�IXQFWLRQV�RQ�WKH�YDULHW\�ZKLFK�YDQLVK�
RQ�WKDW�RSHQ�VHW��

&DUWDQ�ERUURZHG�WKH�WHUP��IDLVFHDX�� �VKHDI��IURP�/HUD\� >������ ����@��
/HUD\
V�FRQFHSW�ZDV�FORVHU�WR�WKDW�RI�D��SUHVKHDI���&DUWDQ�>������DWWULEXWHV�WKH�
WRSRORJLFDO�GHILQLWLRQ�WR�DQ� H[SRVLWLRQ�E\�/D]DUG� LQ�WKH� 6HPLQDLUH�&DUWDQ�
>����@��,Q�HDFK�FDVH��WKH�NH\�FRQFHSW�ZDV�WKDW�RI�D�V\VWHP�RI�ORFDO�FRHIILFLHQWV��
6WXG\LQJ�VHWV�RI�LQYDULDQWV�IRU�DQ�REMHFW��EDVH�VSDFH�� E\�LQYHVWLJDWLQJ�ZKDW�
IXQFWLRQV�FDQ�EH�GHILQHG�IURP�LW�WR�VRPH�FRQYHQLHQW�REMHFW�FDOOHG�D�VHW�RI�FR��
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HIILFLHQWV��DV�LV�GRQH�LQ�FRKRPRORJ\��OHDGV�YHU\�QDWXUDOO\�WR�D�VKHDI�RI�FRHIILFLHQWV�
VLQFH�WKH�SUHVKHDI�VWUXFWXUH�DOORZV�FRHIILFLHQWV�WR�EH�DVVLJQHG�ORFDOO\��WKDW�LV��
WR�HDFK�RSHQ�VXEVHW�RI�WKH�EDVH�VSDFH��)RUPDOO\��WKH�SULQFLSDO�FRQVWUXFWLRQ�RI�
FRKRPRORJ\�ZLWK�FRHIILFLHQWV�LQ�D� �SUH�VKHDI�IROORZV�WKH�&HFK�FRQVWUXFWLRQ�RI�
FRKRPRORJ\�ZLWK�IL[HG�FRHIILFLHQWV��

/HW�;�EH�D�WRSRORJLFDO�VSDFH�DQG�6�D�VKHDI�RYHU�;��VD\�RI�DEHOLDQ�JURXSV��
)RU�DQ\�RSHQ�FRYHU�FO�RI�;��D�T�FRFKDLQ��T�EHLQJ�D�QRQQHJDWLYH�LQWHJHU��LV�DQ�
DOWHUQDWLQJ�IXQFWLRQ�ZKLFK�DVVLJQV�WR�HYHU\�T���WXSOH� RI�VHWV�LQ�WKH�FRYHU�TO�
D�VHFWLRQ�RYHU�WKH�LQWHUVHFWLRQ�RI�WKHVH�VHWV��WKH�]HUR�VHFWLRQ�LI�WKH�LQWHUVHFWLRQ�
LV�HPSW\���&T�F8��6�� GHQRWHV�WKH�JURXS�RI�T�FRFKDLQV��)RU�HDFK�T�D�FRERXQGDU\�
RSHUDWRU�DT���
��&T�F,/��6��	&T���F/��6�� LV�GHILQHG�E\�

T���

:I�8L2������� 8����  � (� ����LI�8LR�� ����� 2LM�� ����� 8LT�O���
M R�

ZKHUH�WKH�FDUHW�RYHU�8L��PHDQV�WKDW�8LM��LV�WR�EH�RPLWWHG�IURP�WKH�DUJXPHQWV�RI�
I��DQG�HDFK�RI�WKH�VHFWLRQV�RQ�WKH�ULJKW�LV�WR�EH�LQWHUSUHWHG�DV�UHVWULFWHG�WR�WKH�
LQWHUVHFWLRQ�RI�DOO�WKH�8L���%\�FRQYHQWLRQ�ZH�ZULWH�D� IRU�DOO�$T�6LQFH�I�LV�DO��
WHUQDWLQJ��� � ���VR� WKH�LPDJH���&�����F��6���� ZKRVH�HOHPHQWV�DUH�FDOOHG�FR��
ERXQGDULHV��LV�FRQWDLQHG�QRW�PHUHO\�LQ�&��FX��6��� EXW�LQ�WKH�VHW�RI�FRF\FOHV�
=T�F8��6���WKH�NHUQHO�RI�

%��&4��&XOV��&4-��U���&XO����

7KH�TWK�FRKRPRORJ\�JURXS�+4��O��6�� RI�WKH�FRYHU�F8�ZLWK�FRHIILFLHQWV�LQ�6�LV�WKH�
TXRWLHQW�JURXS�=4�XO��6����&T�O4�8�� 6���� $OWKRXJK�WKH� FRQVWUXFWLRQ�RI�WKH�
FRKRPRORJ\�JURXS�XVHV�RQO\�WKH�SUHVKHDI�RI�VHFWLRQV�RI�6��WKH�VKHDI�SURSHUW\�
DOORZV�XV�WR�LQWHUSUHW�+R�F/��6���,Q�RUGHU�IRU���FRFKDLQ�WR�EH�D�FRF\FOH��

DI�8R��8��� � 38�8��8�M�I�8������3X2QX��XR�I�82���

PXVW�EH�]HUR��DQG�LQ�DQ\�VKHDI��D� FROOHFWLRQ�RI�VHFWLRQV�VR�UHODWHG�GHILQHV�D�
XQLTXH�JOREDO�VHFWLRQ��7KXV�+2�FO��6�� LV�6[�LQGHSHQGHQW� RI�WKH�FRYHU��/��)RU�
DOO�T��LI�$O�LV�D�FRYHULQJ�ZKLFK�UHILQHV�D�FRYHULQJ�98��WKH�UHVWULFWLRQ�PDSV�FDQ�EH�
XVHG�WR�GHILQH�D�FDQRQLFDO�PDS�+T�8��6���+T���� 6��� 7KH�GLUHFW�OLPLW��RYHU�DOO�
FRYHULQJV�FO�RI�;��RI�WKH�JURXSV�+4�F/��6��ZLWK�WKHVH�PDSV��LV�WKH�TWK�FRKRPRORJ\�
JURXS�RI�;�ZLWK�FRHIILFLHQWV�LQ�WKH�VKHDI�6�DQG�LV�GHQRWHG�E\�+��;��6���

2QH�SURSHUW\�IUHTXHQWO\�WDNHQ�DV�D[LRPDWLF�IRU�FRKRPRORJ\�WKHRULHV�KROGV�
DOVR�IRU�WKLV�RQH��,I����)��**�+�����LV�DQ�H[DFW�VHTXHQFH�RI�VKHDYHV�RYHU�;��
WKHUH�LV�D�ORQJ�H[DFW�VHTXHQFH�RI�FRKRPRORJ\�

2� "�;��)���!�+2�;��*����+2�;��+���� +
�;�� )�����
�!� +T�O�;��+���!� +,�;��)���!�+T�;��*���!� +T�;��+���!�+T�,�;��)�� �

>���S����@��$V�XVXDO��D�SDLU�RI�KRPRPRUSKLVPV�$-��%&� LV�H[DFW�DW�%�LI�,P�I�
�� .HU�J��VR�WKH�H[DFWQHVV�RI����)��*$+��2�PHDQV�WKDW�)� LV�D�VXEVKHDI�RI�*�
�WKLV�UHTXLUHV�I�WR�EH�DQ�RSHQ�PDSSLQJ���J�LV�RQWR��DQG�+� LV�LVRPRUSKLF�WR�WKH�
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TXRWLHQW�VKHDI�*�)��7KH�H[LVWHQFH�RI�WKH�ORQJ�H[DFW�VHTXHQFH�LV�WKH�PDMRU�UHD��
VRQ�IRU�WKH�XVHIXOQHVV�RI�FRKRPRORJ\��IRU�WKH���GLPHQVLRQDO�JURXSV�ZKLFK�EHJLQ�
WKH�VHTXHQFH�DUH�WKH�JURXSV�RI�JOREDO�VHFWLRQV��ZKLOH�WKH�KLJKHU�JURXSV�E\�WKHLU�
FRQVWUXFWLRQ�UHIOHFW�WKH�ORFDO�SURSHUWLHV�RI�;��

)RU�LQVWDQFH��LI�ZH�WDNH�)�WR�EH�WKH�VKHDI�RI�JHUPV�RI�KRORPRUSKLF�IXQFWLRQV�
RQ�D� FRPSOH[�PDQLIROG�;�� DQG�*�WR�EH�WKH�VKHDI�RI�JHUPV�RI�PHURPRUSKLF�
IXQFWLRQV��WKHQ�)�LV�D�VXEVKHDI�RI�*��DQG�WKH�JOREDO�VHFWLRQV�RI�WKH�TXRWLHQW�
VKHDI�*�)�FDQ�EH�LQWHUSUHWHG�DV�WKH�GDWD�RI�WKH�ILUVW�&RXVLQ�SUREOHP��VLQFH�HDFK�
VHFWLRQ�GHVFULEHV�WKH�EHKDYLRU�RI�D�IXQFWLRQ�QHDU�LWV�SROHV� >���S�� ���@��7KXV��
VLQFH�WKLV�SUREOHP�DVNV�ZKHWKHU�WKHUH�H[LVWV�D�IXQFWLRQ�PHURPRUSKLF�RQ�;�ZLWK�
VXFK�SROHV��WKH�ILUVW�&RXVLQ�SUREOHP�PD\�EH�LQWHUSUHWHG�DV�DVNLQJ�ZKHWKHU�WKH�
ODVW�PDS�LQ�WKH�VHTXHQFH���")[���!*[��!�*�)�[�LV�RQWR��7KLV�VHTXHQFH�LV�WKH�
EHJLQQLQJ�RI�WKH�ORQJ�H[DFW�FRKRPRORJ\�VHTXHQFH��DQG�WKH�QH[W�JURXS�LQ�WKDW�
VHTXHQFH�LV�+
��;��)��� 7KH�&DUWDQ�2ND�UHVXOW�LV�WKDW�+T�;�� )�� �� IRU�DOO�T�"��
LI�;� LV�D� 6WHLQ�PDQLIROG��D� FODVV�RI�PDQLIROGV�ZLWK��VXIILFLHQWO\�PDQ\��KROR��
PRUSKLF�IXQFWLRQV��ZKLFK�LQFOXGHV�DOO�5LHPDQQ�VXUIDFHV�ZKLFK�DUH�FRQQHFWHG�
DQG�QRQ�FRPSDFW��,Q�DGGLWLRQ�WR�SURYLQJ�WKLV�UHVXOW��&DUWDQ� >����@�DQG�6HUUH�
>����@�JLYH�RWKHU�DSSOLFDWLRQV�RI�WKH�IXQGDPHQWDO�WKHRUHPV�IRU�D�6WHLQ�PDQLIROG�
;��

7+(25(0�$�� )RU�HYHU\�FRKHUHQW�DQDO\WLF�VKHDI�6�RYHU�;��+2�;��6���ZKLFK�LV�
WKH�PRGXOH�RI�JOREDO�FURVV�VHFWLRQV�6[��JHQHUDWHV�WKH�VWDON�6 IRU�HYHU\�[�*;��

7+(25(0�%��)RU�HYHU\�FRKHUHQW�DQDO\WLF�VKHDI�6�RYHU�;�DQG�T�"����

+T�;�� 6��  � ���

3URSHUWLHV�$�DQG�%�FKDUDFWHUL]H�6WHLQ�PDQLIROGV��
7KH�SURFHHGLQJV�RI�WKH������$06� VXPPHU�LQVWLWXWH�>����@�LOOXVWUDWH�WKDW�

E\�WKHQ�WKH�EDVLF�FRQFHSWV�RI�VKHDI�WKHRU\�KDG�EHHQ�FODULILHG�DSDUW�IURP�WKH�
RULJLQDO�H[DPSOH��DQG�WKH�ELEOLRJUDSKLHV�LQGLFDWH�WKDW�DSSOLFDWLRQV�KDG�EHJXQ�
WR�GLYHUVLI\��SDUWLFXODUO\�LQWR�DOJHEUDLF�JHRPHWU\��)RU�H[DPSOH��.RGDLUD� DQG�
6SHQFHU�VKRZHG�WKH�HTXLYDOHQFH�RI�VHYHUDO�GLIIHUHQW�GHILQLWLRQV�RI�WKH�DULWKPHWLF�
JHQXV�RI�DQ� DOJHEUDLF�YDULHW\�DQG�SURYLGHG�D� FODVVLILFDWLRQ�RI�FRPSOH[�OLQH�
EXQGOHV�>����@��+LU]HEUXFK�JDYH�D�VKHDI�WKHRUHWLF�VWDWHPHQW�DQG�SURRI�RI�WKH�
5LHPDQQ�5RFK�WKHRUHP�>����������@��DQG�:HLO�RI�WKH�GH5KDP�WKHRUHP�>����@��

2QH�VHPLQDU�DW�WKH������LQVWLWXWH�ZDV�EDVHG�RQ�DQ�HDUO\�YHUVLRQ�RI�6HUUH
V�
PDMRU�DUWLFOH�)$&� >����@��WKH�ILUVW�HQWLUHO\�DOJHEUDLF�GHYHORSPHQW�RI�VKHDI�
WKHRU\��7KH� DSSOLFDWLRQV�WR�FRPSOH[�YDULDEOHV�KDG� IUHTXHQWO\�PDGH�XVH�RI�
FRPSOH[�LQWHJUDWLRQ��DQG� WKLV�WRRO�ZDV� QRW�DYDLODEOH� LQ�DEVWUDFW�DOJHEUDLF�
JHRPHWU\���)DLVFHDX[� DOJHEULTXHV�FRKHUHQWV��DUH�FRKHUHQW�VKHDYHV�ZKLFK�DUH�
VKHDYHV�RI�PRGXOHV�RYHU�WKH�VKHDI�RI�ORFDO�ULQJV�RQ�DQ�DOJHEUDLF�YDULHW\��6HUUH�
VKRZHG�WKDW�LI�WKH�EDVH�ILHOG�LV�WKH�ILHOG�RI�FRPSOH[�QXPEHUV��WKH�WKHRU\�RI�
DOJHEUDLF�FRKHUHQW�VKHDYHV�LV�LVRPRUSKLF�WR�WKH�WKHRU\�RI�DQDO\WLF�FRKHUHQW�
VKHDYHV��*RLQJ�IXUWKHU�LQ�WKH�GLUHFWLRQ�RI�DQ�DOJHEUDLF�WUHDWPHQW��*URWKHQGLHFN�
GHDOW�ZLWK�VKHDYHV�LQ�WKH�FRQWH[W�RI�FRKRPRORJ\�LQ�DQ�DEHOLDQ�FDWHJRU\�>����@��
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7KH�SXEOLFDWLRQ�RI�*RGHPHQW
V�ERRN�>����@�VLJQDOV�WKH�DSSHDUDQFH�RI�VKHDI�
WKHRU\�DV�DQ�LQGHSHQGHQW�GLVFLSOLQH��7KH�ELEOLRJUDSK\�ZKLFK�IROORZV�OLVWV�ERWK�
UHFHQW�WUHDWPHQWV�RI�VKHDI�WKHRU\�DQG�ERRNV�RQ�RWKHU�VXEMHFWV�ZKLFK�PDNH�XVH�
RI�VKHDYHV��

+LVWRULFDO�%LEOLRJUDSK\�
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