
+HDUW�)XQFWLRQDO�6WDWH�'LDJQRVWLF�8VLQJ�3DWWHUQ��
5HFRJQLWLRQ�RI�3KDVH�6SDFH�(&*�,PDJHV�

'U��/HRQLG�6��)DLQ]LOEHUJ�+HDG RI�'HSDUWPHQW�
,QWHUQDWLRQDO�5HVHDUFK�	�(GXFDWLRQDO�&HQWHU�IRU�,QIRUPDWLRQ��

7HFKQRORJLHV�DQG�6\VWHPV�1$6�DQG�(0�RI�8NUDLQH�
�3URVSHFW�$NDGHPLND�*OXVKNRYD�����.LHY�����8.5$,1(���������

3KRQH��������������������)D[�������������������
(�PDLO�OHRQ#IDQ�FDUULHU�NLHY�XD�

�$%675$&7� 7KH�PRGHUQ�WR�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�RI� �(&*�GDWD�EDVHG�RQ�WKHP��SUHVHQWDWLRQ�LQ�SKDVH�VSDFH��LV�
FRQVLGHUHG�� 7KLV� SUHVHQWDWLRQ� DOORZV� WR� REWDLQ� VRPH� QHZ� IHDWXUHV� RI� UHDO� (&*� ZKLFK� PD\� EH� XVHG� WR� LQFUHDVH� WKH�
VHQVLELOLW\� RI� (&*� DQDO\VLV�� )RU� VHOHFWLRQ� RI� VXLWDEOH� GLDJQRVWLF� IHDWXUHV�ZH� XVHG� REWDLQHG� HDUOLHU� WKHRUHWLFDO� UHVXOWV�
ZKLFK�JXDUDQWHH�XVHIXOQHVV�RI�DQ\�IHDWXUH�ZKHQ�WKH�SUREOHP�RI�SDWWHUQ�UHFRJQLWLRQ�RI�WZR�FODVVHV�LQ�VWDWLVWLFDO�VWDWHPHQW�
KDYH� WR�EH� VROYHG��'HFLVLRQ� UXOHV� IRU� � UHFRJQL]LQJ� � WKH�QRUPDO�DQG�DEQRUPDO�KHDUW� IXQFWLRQDO� VWDWH�EDVHG�RQ� VHOHFWHG�
IHDWXUHV�ZDV�FRQVWUXFWHG�DQG�MXVWLILHG��7KH�H[SHULPHQWDO�UHVXOWV�RI�FOLQLFDO�WHVWLQJ�DUH�JLYHQ��
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�
$Q� LPSRUWDQW� XVH� RI� SDWWHUQ� UHFRJQLWLRQ� DQG� LPDJH� SURFHVVLQJ� LV� WKH� GHYHORSPHQW� RI� � LQWHOOLJHQW� WHFKQRORJLHV� � LQ�
PHGLFLQH�DQG�ELRPHGLFDO�DSSOLFDWLRQ�>6WUDXVV��%XUJHU��������6KL��5RELQVRQ��'XQFDQ�������+XL�+XDQJ���3ULQFLSR�����@���
,W�LV�NQRZQ�WKDW�WKH�SUREOHP�RI�KHDUW�VWDWH��GLDJQRVWLFV�LV�RI�D�JUHDW�LPSRUWDQFH��7KH�GLIIHUHQW�LQVWUXPHQWDO�V\VWHPV�IRU�
DQDO\VLV� RI� HOHFWURFDUGLRJUDPV�� � UHRJUDPV�� SXOVHJUDPV� DQG� RWKHUV� DUH� WUDGLWLRQDOO\� XVLQJ� � IRU� WKLV� SXUSRVH� LQ� DOO� GD\�
PHGLFLQH��

$W� WKH� VDPH� WLPH�� ZKHQ� WKH� SUREOHPV� RI� FRPSXWHU� DQDO\VLV� � RI� HOHFWURFDUGLRJUDPV� �(&*�� DUH� VROYLQJ�� WKH�
WUDGLWLRQDO� UHSUHVHQWDWLRQ� RI� � (&*� LQ� WLPH� GRPDLQ� X�  � X�W�� OHDGV� WR� HUURUV� LQ� UHFRJQLWLRQ� RI� LW
V� UHOHYDQW� VHJPHQWV�
�FRPSOH[��DQG�ZDYHV���)LUVW�RI�DOO�WKLV�VLWXDWLRQ�LV�FDXVHG�E\�FRPSOH[LW\�RI�DQDO\WLF�GHVFULSWLRQ�RI�(&*���0RUHRYHU�LW�LV�
NQRZQ� WKDW� � WKH� ERXQGDULHV� RI� UHOHYDQW� VHJPHQWV� RI� UHDO� (&*� XVXDOO\� DUH� IX]]\�� ,Q� WKLV� FRQQHFWLRQ� � WKH� DOWHUQDWLYH�
DSSURDFKHV�WR�WKH�SUREOHP�RI�(&*�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�KDYH�WR�EH�VWXGLHG��

,Q������ZH�KDG�VXJJHVWHG�WKH�QHZ�PHWKRG�RI�FUHDWLRQ�RI�SKDVH�VSDFH�(&*�LPDJH�ZDV�FRQVLGHUHG�>)DLQ]LOEHUJ��
3RWDSRYD�����@�� ,Q� WKLV� SDSHU�ZH�GHVFULEH� WKH�SRVVLELOLW\�RI�XVLQJ� WKHVH� LPDJHV� WR� VROYH� WKH�SUREOHP�RI� �KHDUW� VWDWH��
GLDJQRVWLFV���

�3$57����3+$6(�63$6(�(&*�,0$*(6�
�

7KH�PDLQ�LGHD�RI�SKDVH�VSDFH�(&*�LPDJHV�FRQVWUXFWLRQ�LV�WR�WUDQVIRUP��WKH�VFDODU�VLJQDO�X�W� RI�DQ\�WUDGLWLRQ�OHDGV�LQ�
HDFK�PRPHQW�W WR�YHFWRU��[�W���\�W��]�W���XVLQJ�VSHFLDO�FRPSXWDWLRQ�SURFHGXUHV�>)DLQ]LOEHUJ��3RWDSRYD�����@��,Q�WKLV�FDVH�
WKH�VLJQDO¶V�YDOXHV�LQ�HDFK�GLVFUHWH�WLPH�PRPHQW����������. ZKLFK�LV�F\FOLFDO�LQ�WLPH�GRPDLQ�DUH�DVVLJQHG�WR�WKH�VHTXHQFH��
^�[��\��]����[��\��]��������[.�\.�].��`�RI�VXFK�YHFWRUV�DQG��FUHDWH�D�ORFXV�LQ�SKDVH�VSDFH�;�<�=�DV�D�VSHFLILF���'�FXUYH���)LJXUHV���DQG���VKRZ�WKH�H[DPSOH�RI�UHDO�(&*�IURP����WUDGLWLRQDO�OHDGV�LQ�WLPH�GRPDLQ���)LJXUH����DQG�RQH�RI�
WKH�RUWKRJRQDO�SURMHFWLRQ�FRUUHVSRQGLQJ�SKDVH�VSDFH�LPDJHV���VHH�)LJXUH�����

�

)LJXUH����([DPSOH�RI�UHDO�WLPH�GRPDLQ�(&*��������������������������������)LJXUH����&RUUHVSRQGLQJ��SKDVH�VSDFH�LPDJHV��
�



$Q\�RI� WKHVH� LPDJHV� LV� H[SRVHG� WR� WKH�DGGLWLRQDO�FRPSXWDWLRQ�SURFHGXUH�ZKLFK�DOORZV� WR�HVWLPDWH� WKH�DYHUDJH�
FXUYH�LQ�SKDVH�VSDFH��7KLV�SURFHGXUH�JLYHV�XV�DOVR�WKH�YDOXHV��RI�LQLWLDO�IHDWXUHV�RI�SKDVH�VSDFH�(&*�LPDJHV�LQFOXGLQJ�
WKH�GLVSHUVH�' RI�SKDVH�VSDFH�LPDJH�SRLQWV�UHJDUGLQJ�WR�WKH�DYHUDJH�FXUYH�VHH�)LJXUH�����WKH�RULHQWDWLRQ�DQJOH�$ DV�ZHOO�
DV�WKH�DUHD��6�RI��LQQHU�ORRS�RI�WKH�DYHUDJH�FXUYH�LQ�SKDVH�VSDFH�VHH�)LJXUH�����DQG�VRPH�RWKHU�IHDWXUHV���
�

)LJXUH����7KH�GLVSHUVH�'�RI�SKDVH�VSDFH�LPDJH����������������������������)LJXUH����7KH�RULHQWDWLRQ�DQJOH�$ DQG�DUHD�6
RI�LQQHU�ORRS�RI���WKH�DYHUDJH�FXUYH�������������

�
,W� JRHV�ZLWKRXW� VD\LQJ� WKDW� WR� LQLWLDO� VHW� RI� IHDWXUHV�ZH� LQFOXGH�RQO\� VLPSOHVW� FDOFXODWLQJ�SDUDPHWHUV� RI� SKDVH�

VSDFH� (&*�LPDJHV�� 8VLQJ� WKLV� IHDWXUHV� LW� LV� YHU\� DWWUDFWLYH� WR� VROYH� WKH� LPSRUWDQW� DSSOLFDWLRQ� SUREOHP� RI� KXPDQ�
IXQFWLRQDO�VWDWH�GLDJQRVWLF��%XW�ZH�PD\�WR�VROYH�WKLV�SUREOHP�RQO\�LI�WKHVH�IHDWXUHV�DUH�XVHIXO�UHDOO\���

�3$57����',$*1267,&�)($785(6�2)�3+$6(�63$&(�(&*�,0$*(6�
�
7R�VROYH�WKH�SUREOHP�RI�IHDWXUH�VHOHFWLRQ�IRU�KXPDQ�IXQFWLRQDO�VWDWH�GLDJQRVWLF���OHW�XV��XVH��RXU�SUHYLRXV�WKHRUHWLFDO�
UHVXOWV� UHJDUGLQJ� WR� SUREOHP� RI� IHDWXUH� VHOHFWLRQ� LQ� VWDWLVWLFDO� SDWWHUQ� UHFRJQLWLRQ� RI� WZR� FODVVHV� >)DLQ]LOEHUJ� ������
����@��7KLV� UHVXOWV�HVWDEOLVK� WKH�VXIILFLHQW�FRQGLWLRQV�RI� IHDWXUH�XVHIXOQHVV� LQ�FRPELQDWLRQ�ZLWK�RWKHU� IHDWXUHV� �XQGHU�
LQFRPSOHWH�D SULRUL�LQIRUPDWLRQ�DERXW�IHDWXUH�GLVWULEXWLRQV���

/HW�9  ^9��9�` EH� VHW�RI� WZR�FODVVHV�� �[�1�  ��[�� �����[1��� LV� LQLWLDO�VHW�RI�1 IHDWXUHV�[������[1� /HW� IXUWKHU�3�9N��N ����GHQRWHV�D SULRU�SUREDELOLW\� IRU�FODVV�9N� � DQG� OHW�3�[_9N� LV� WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�SUREDELOLW\�RI� IHDWXUH�YDOXHV�LQ�FODVV�9N� ��,Q�>)DLQ]LOEHUJ�����@�WKH�IROORZLQJ�WZR�WKHRUHPV��ZKLFK�ZLOO�EH�XWLOL]HG�ODWWHU��DUH�LQWURGXFHG��
� 7KHRUHP�� � $Q\� IHDWXUH�[Q �� d Q d 1� LV�XVHIXO� LQ�FRPELQDWLRQ�ZLWK�RWKHU� �1��� IHDWXUHV�� L�H�� WKH�DYHUDJH�
SUREDELOLW\�RI�HUURU�3�H� LV�LQFUHDVLQJ�DV�D�UHVXOW�RI�WUDQVIRUPDWLRQ�RI�IXOO�YHFWRU�[�1�  �[������[1� WR�WKH�UHGXFHG�YHFWRU�[�1��� ZKLFK�GRHVQ
W�FRQWDLQ�WKLV�IHDWXUH�[Q � LI��IROORZLQJ�FRQGLWLRQV�DUH�IXOILOOHG���� IHDWXUH�[Q LV�GLIIHUHQWO\�GLVWULEXWHG�LQ�FODVVHV��L�H��WKHUH�H[LVW�VXFK�YDOXHV�RI��[Q��ZKHQ�

3 �[Q�_ 9��� z 3 � [Q�_ 9�������������������������������������������������������������������������������������
�� IHDWXUH�[Q DQG�RWKHU�1���IHDWXUHV�DUH�FRQGLWLRQDOO\�LQGHSHQGHQW�LQ�ERWK�FODVVHV��L�H���

� 3��[Q�_ [�1����9N� { 3 �[Q�_ 9N�� N ���� ����
�

�� 7KH�FRQGLWLRQDO�GLVWULEXWLRQV�3 � [�1���_ 9N� DUH�FRQWLQXRXV�IXQFWLRQV�RI�[�1��� DQG�VHWV� ;N
�1���  

^[�1����� 3 � [�1����_ 9N� z � `� N� �����DUH�FRQQHFWHG�GRPDLQV��
� 7KHRUHP�� � $Q\� IHDWXUH�[Q �� d Q d 1� LV�XVHIXO� LQ�FRPELQDWLRQ�ZLWK�RWKHU� �1��� IHDWXUHV�� L�H�� WKH�DYHUDJH�
SUREDELOLW\�RI�HUURU�3�H� LV�LQFUHDVLQJ�DV�D�UHVXOW�RI�WUDQVIRUPDWLRQ�RI�IXOO�YHFWRU�[�1�  �[������[1� WR�WKH�UHGXFHG�YHFWRU�[�1��� ZKLFK�GRHVQ
W�FRQWDLQ�WKLV�IHDWXUH�[Q � LI�IROORZLQJ�FRQGLWLRQV�DUH�IXOILOOHG��� �� IHDWXUH�[Q��LV�LGHQWLFDOO\�GLVWULEXWHG�LQ�FODVVHV��L�H��

3 � [Q�_ 9��� { 3 � [Q�_ 9�����������������������������������������������������������������������������������
�� IHDWXUH�[Q DQG�RWKHU�1���IHDWXUHV�DUH�FRQGLWLRQDOO\�LQGHSHQGHQW�LQ�RQH�RI�FODVVHV�DQG�FRQGLWLRQDOO\�GHSHQGHQW�LQ�WKH�RWKHU�FODVV���L�H��

� 3�� [Q�_ [�1����9��� { 3 � [Q�_9���� ����
3 � [Q�_ [�1����9��� z 3 � [Q�_9����� ����

�
�� WKH�FRQGLWLRQDO�GLVWULEXWLRQV�S�[�1���_9N� DUH�FRQWLQXRXV�IXQFWLRQV�RI�[�1��� DQG�VHWV�;N

�1���  ^[�1����� 3 �[ �1����_ 9N�� z �`� N ����DUH�FRQQHFWHG�GRPDLQV��



:H�KDYH�VWXGLHG� UHDO�REVHUYDWLRQV� �RI�SKDVH� VSDFH�(&*�LPDJHV�FRUUHVSRQGLQJ� WR� WZR�JURXSV�RI�SHUVRQV��ZLWK�
QRUPDO��IXQFWLRQDO�VWDWH�RI�KHDUW��FODVV�9�� DQG�ZLWK�DEQRUPDO�IXQFWLRQDO�VWDWH�RI�KHDUW��FODVV�9����7KLV�REVHUYDQFHV�KDYH�VKRZQ�IROORZLQJ�SURSHUWLHV�RI�WKH�DERYH�PHQWLRQ�IHDWXUHV��

7KH�YDOXHV�RI�WKH�GLVSHUVLRQ�' RI�WKH�SKDVH�VSDFH�(&*�LPDJHV��IURP�WKH�FODVV�9� ZDV�ODUJHU��WKDQ�WKH�YDOXHV�RI�WKH�GLVSHUVLRQ�' IURP�WKH�FODVV�9� � 2I�FRXUVH�WKLV�SURSHUW\�ZDV�QRW�YDOLG�IRU�VRPH��SHUVRQ��0HDQZKLOH�WKH�REVHUYDQFHV�
KDYH�VKRZQ��WKDW�3�9�_'� !� 3�9�_'� LI��' WDNHV�VPDOO�YDOXHV�DQG�3�9�_'� �� 3�9�_'� LI��' WDNHV�ODUJH�YDOXHV��7KHUHIRUH�
IHDWXUH�' LV� XVHIXO� LWVHOI� DQG� DOORZV� WR� GLVFULPLQDWH� QRUPDO� DQG� DEQRUPDO� KXPDQ� IXQFWLRQDO� VWDWH� � XVLQJ� IROORZLQJ�
VLPSOHVW�GHFLVLRQ�UXOH��

QRUPDO���IXQFWLRQDO�VWDWH� LI���' � '� �DEQRUPDO��IXQFWLRQDO�VWDWH� LI���' ! '� � ����
�

ZKHUH�'���LV�WKH�WKUHVKROG�ZKLFK�VDWLVILHV��WKH�IROORZLQJ�HTXDWLRQ����
3�' _9�� ��3�' _�9��  �3�9�� ��3�9���������������������������������������������������������������������

ZKHUH�3�' _9�� DQG�3�' _�9�� DUH� WKH�FRQGLWLRQDO�GLVWULEXWLRQV�RI� IHDWXUH�' LQ�FODVVHV� �DQG�3�9�� DQG�3�9�� DUH�WKH�DSULRU�SUREDELOLWLHV�RI�WKLV�FODVVHV��
,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKHUH�H[LVWV�VXFK�GRPDLQ�RI�YDOXHV�' ZKHUH�WKH�FRQGLWLRQDO�GLVWULEXWLRQV�3�' _9�� DQG�3�' _�9�� DUH�FURVVLQJ��L�H��FRQFUHWH�SHUVRQ�PD\�EH�LQ�QRUPDO�RU�DEQRUPDO�IXQFWLRQDO�VWDWH��XQGHU�LGHQWLFDO�YDOXHV�RI�'�7KHUHIRUH�WKH�UHFRJQLWLRQ�RI�WKH�SKDVH�VSDFH�(&*�LPDJHV�ZLWKRXW�HUURU�XVLQJ�RQO\�WKLV�IHDWXUH�' LV�QRW�SRVVLEOH��L�H��WKH�

DYHUDJH�HUURU�SUREDELOLW\�3'��H� VDWLVILHV�WKH�IROORZ�LQHTXDOLW\��
� ��3'��H� ��3���H������������������������������������������������������������������������������������������

�ZKHUH�3���H�� �PLQ�^3�9���3�9��`�LV�WKH�LQLWLDO�SUREDELOLW\�RI�HUURU��EDVHG�RQO\�RQ��D SULRUL�SUREDELOLWLHV���+HQFH� WKH�TXHVWLRQ�FRPHV� LQWR�EHLQJ�� �KRZ�WR�GHFUHDVH�WKH�DYHUDJH�HUURU�SUREDELOLW\�LQ�KXPDQ�IXQFWLRQDO�VWDWH�
GLDJQRVWLF�XVLQJ�UHFRJQLWLRQ��RI�WKH�FRUUHVSRQGLQJ��SKDVH�VSDFH�(&*�LPDJHV�"�

7KH�PDLQ�JRDO�RI�IROORZLQJ�UHVHDUFKHV��LV��WKH�DQVZHULQJ�RQ�DERYH�TXHVWLRQ��
7KH�YDOXHV�RI�WKH�LQQHU�ORRS�DUHD�6 RI�WKH�DYHUDJH�FXUYH�LQ�SKDVH�VSDFH�LV�LQFUHDVHV�ZKHQ�WKH�IXQFWLRQDO�VWDWH�RI�

WHVWLQJ�SHUVRQ�LV�GHWHULRUDWLQJ��7KLV�IDFW�FDXVHV�E\�FKDQJLQJ�WKH�ORFDWLRQ�RI�WKH�67�7�FRPSOH[�RQ�(&*�UHJDUGLQJ�WR�WKH�
EDVHOLQH��VHH�)LJ������+HQFH��IRU�DQ\�WZR�QRW�HTXDO�YDOXHV��RI��6 WKH�IROORZLQJ�FRQGLWLRQ�LV�YDOLG��

�
3 �9��_ 6L�� !� 3��9��_ 6M�� IRU�HYHU\�6L��� 6M � ����

�
+RZHYHU�IRU�HYHU\�6 WKH�FRQGLWLRQDO�SUREDELOLW\�RI�WKH�FODVV�9���ZDV�ODUJHU�WKDQ�WKH�FRQGLWLRQDO�SUREDELOLW\�RI�WKH�FODVV�9�� L�H��

�3 �9��_ 6�� !� 3��9��_ 6�� IRU�HYHU\�6� �����
�

)URP������IROORZV�LPPHGLDWHO\�WKDW��LQ�FRQWUDVW�WR�WKH�IHDWXUH�' � WKH�IHDWXUH��6 LV�XQXVHIXO�DV�VXFK�EHFDXVH��WKH�
DYHUDJH�SUREDELOLW\�RI�HUURU�GHFLVLRQV�36��H���EDVHG�RQ�WHVWLQJ�RI�WKLV�IHDWXUH�RQO\���LV�HTXDO�WR�WKH�LQLWLDO�SUREDELOLW\�RI�HUURU��,Q�RWKHU�ZRUGV��WKH�IROORZLQJ�HTXDWLRQ�LV�YDOLG�

36��H�  �3���H�������������������������������������������������������������������������������������

)LJXUH����7KH�FKDQJLQJ�RI�WKH�LQQHU�ORRS�DUHD�RI�SKDVH�VSDFH�(&*�LPDJHV�
D��QRUPDO�(&*���E��(&*�ZLWK�67��GHSUHVVLRQ���F��(&*�ZLWK�67�HOHYDWLRQ��

�
7KH� REVHUYDQFHV� KDYH� DOVR� VKRZQ� WKDW� WKH� YDOXH�RI�6 IRU� FRQFUHWH� SHUVRQ� GRHV� QRW� FKDQJH�ZKHQ� XQGHU� VRPH�

SK\VLFDO�RU�HPRWLRQ�ORDGV�WKH�YDOXH�RI�' FKDQJHV��7KLV�SURSHUW\�WDNHV�SODFH�ERWK�IRU�FODVV�9��DQG�9� � +HQFH��ZH�PD\�VXSSRVH�WKDW�IHDWXUH�6 DQG�' DUH��FRQGLWLRQDOO\�LQGHSHQGHQW�LQ�ERWK�FODVVHV��L�H��
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�

7KHQ�WDNLQJ�LQWR�DFFRXQW�WKDW�IRU�YDOXHV�RI�' WKH�FRQGLWLRQ�����RI�7KHRUHP���LV�YDOLG�FHUWDLQO\�DQG��LQ�DFFRUGDQFH�
WR� ����DQG������ WKH�RWKHU�FRQGLWLRQV���� ���RI WKLV�WKHRUHP�DUH�VDWLVILHG�DOVR�� �ZH�PD\�DIILUP�WKDW�IHDWXUH�6 LV�XVHIXO� LQ�
FRPELQDWLRQ�ZLWK�IHDWXUH�'� ,Q�RWKHU�ZRUG�WKH�IROORZLQJ�LQHTXDOLW\�WDNHV�SODFH��

�
36�'��H� ��3'���H� ���3���H����������������������������������������������������������������������������

ZKHUH�36�'�H� LV�WKH��DYHUDJH�SUREDELOLW\�RI�HUURU�GHFLVLRQV�EDVHG�RQ�WHVWLQJ��ERWK�IHDWXUHV�6 DQG�'��:H�PD\�UHFRJQL]H��WKH�QRUPDO�DQG�DEQRUPDO�KXPDQ�IXQFWLRQDO�VWDWH��XVLQJ�IROORZLQJ��GHFLVLRQ�UXOH��
�

QRUPDO�IXQFWLRQDO�VWDWH� LI���' � '� �6� ��� DEQRUPDO�IXQFWLRQDO�VWDWH� LI���' ! '� �6��������������������������������������������������������
ZKHUH�'���6� �LV�WKH�WKUHVKROG�FRUUHVSRQGLQJ�WR�FRQFUHWH�YDOXHV�RI�IHDWXUH�6 RI�WKH�DYHUDJH�SKDVH�VSDFH�(&*�LPDJH��7KH�RSWLPXP�YDOXHV�RI�WKUHVKROG�'���6� LV�WKH�GHFLVLRQ�RI�WKH�IROORZLQJ�HTXDWLRQ����

3�' _9��3�6 _9��>�3�' _�9�� 3�6 _�9��@���  �3�9�� ��3�9���������������������������������������������������
,Q�DFFRUGDQFH� WR� >)DLQ]LOEHUJ��3RWDSRYD�����@� WKH�RULHQWDWLRQ�DQJOH�D RI� WKH�DYHUDJH�FXUYH� LQ�SKDVH�VSDFH� LV�

VSHFLILF�WR�WKH�FRQFUHWH�SHUVRQ��7KH�REVHUYDQFHV�KDYH�VKRZQ�WKDW�WKH�FRQGLWLRQDO�GLVWULEXWLRQV�RI�WKLV�IHDWXUH�IRU�FODVVHV�
9��DQG�9� DUH�LGHQWLFDO��L�H�� 3 �$ _�9��  �3 � $_�9�������������������������������������������������������������������������������

)URP� ����� IROORZV� LPPHGLDWHO\� WKDW� WKH� IHDWXUH�$ LV� XQXVHIXO� DV� VXFK�EHFDXVH� WKH�DYHUDJH�SUREDELOLW\�RI�HUURU�
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