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$EVWUDFW�
$QDO\VLV�RI�WKH�FRUUHODWLRQV�LQFOXGHG�LQ�WKH�H[LVWLQJ�WKHUPRG\QDPLF�SURSHUW\�OLEUDULHV�ZDV�FDUULHG�RXW�LQ�
RUGHU� WR� LGHQWLI\� WKH� DVSHFWV� WKDW� QHHG� WR� EH� LPSURYHG�� ,Q� WKRVH� OLEUDULHV� QR� LQIRUPDWLRQ� LV� SURYLGHG�
UHJDUGLQJ� WKH� DFFXUDF\� DQG� VWDELOLW\� RI� WKH� FRUUHODWLRQV� LQFOXGHG�� ,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW� WKRVH�
FRUUHODWLRQV� DUH� RIWHQ�XQVWDEOH��PHDQLQJ� WKDW� WKHLU� DV\PSWRWLF� EHKDYLRU� DQG�RU� H[WUDSRODWLRQ� HYHQ� LQ� D�
VPDOO� UDQJH� FDQ� EH� FRPSOHWHO\� HUURQHRXV�� DQG� DGGLWLRQ� RU� UHPRYDO� RI� GDWD� SRLQWV� FDQ� FDXVH� GUDPDWLF�
FKDQJH� LQ� WKH� SDUDPHWHU� YDOXHV�� ,Q� RWKHU� FDVHV� WKH� FRUUHODWLRQV� DUH� PXFK� OHVV� DFFXUDWH� WKDQ� WKH�
DFKLHYDEOH� DFFXUDF\� EDVHG� RQ� WKH� SUHFLVLRQ� RI� WKH� GDWD�� 7R� RYHUFRPH� WKHVH� OLPLWDWLRQV�� ZH� KDYH�
GHYHORSHG�D�QHZ��SURWRW\SH� OLEUDU\��ZKHUH� VRPH�RI� WKH�GHILFLHQFLHV� DUH�FRUUHFWHG��$GYDQFHG� VWHSZLVH�
UHJUHVVLRQ� WHFKQLTXHV� �WKH� 6529� SURJUDP�� 6KDFKDP� DQG� %UDXQHU�� ������ DUH� XVHG� WR� ILW� WKH� PRVW�
DFFXUDWH� DQG� VWDEOH� PRGHO� WR� WKH� GDWD�� ,Q� DGGLWLRQ� WR� WKH� FRUUHODWLRQV� DQG� WKH� H[SHULPHQWDO� GDWD�� WKH�
OLEUDU\� FRQWDLQV� LQIRUPDWLRQ� UHJDUGLQJ� WKH� TXDOLW\� DQG� SUHFLVLRQ� RI� WKH� FRUUHODWLRQ�� UHVLGXDO� SORWV��
FRQILGHQFH�LQWHUYDOV�RQ�WKH�SDUDPHWHU�YDOXHV�DQG�WKH�YDULDQFH��7KH�OLEUDU\�FDQ�EH�IRXQG�LQ�WKH�ZHE�VLWH�
KWWS���ZZZ�EJX�DF�LO�FKHPBHQJ�WKHUPRBOLE�WKHUPRBOLE�KWP�

.H\ZRUGV�
&RUUHODWLRQ�OLEUDU\��VWHSZLVH�UHJUHVVLRQ��VWDELOLW\�DQG�SUHFLVLRQ�RI�FRUUHODWLRQV��SURFHVV�PRGHOLQJ�
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��7R�ZKRP�DOO�FRUUHVSRQGHQFH�VKRXOG�EH�DGGUHVVHG�

,QWURGXFWLRQ� �
� &RUUHODWLRQ� HTXDWLRQV� RI� SK\VLFDO� DQG�
WKHUPRG\QDPLF� SURSHUWLHV� DUH� EHLQJ� XVHG�
H[WHQVLYHO\� LQ� SURFHVV� FDOFXODWLRQV� DQG�
FRPSXWDWLRQV�� 7KRVH� FRUUHODWLRQV� SURYLGH� WKH�
SURSHUW\� YDOXHV� DV� IXQFWLRQ� RI� SURFHVV� FRQGLWLRQV��
VXFK�DV� WHPSHUDWXUH��SUHVVXUH�DQG�FRPSRVLWLRQ��7KH�
FRUUHODWLRQV� DUH� XVXDOO\� GHYHORSHG� E\� ILWWLQJ�
UHJUHVVLRQ� PRGHOV� �HTXDWLRQV�� WR� H[SHULPHQWDO� GDWD�
�RU�XVLQJ�HVWLPDWHG�GDWD�ZKHQ�H[SHULPHQWDO�GDWD�DUH�
QRW�DYDLODEOH���7KH\�DUH�FROOHFWHG�WR�IRUP�OLEUDULHV�RI�
SK\VLFDO� DQG� WKHUPRG\QDPLF� SURSHUWLHV�� 7KH�
OLEUDULHV� FRQWDLQ� FRUUHODWLRQV� IRU� PDQ\� GLIIHUHQW�
SURSHUWLHV� IRU� D� ODUJH� QXPEHU� RI� FKHPLFDO�
FRPSRXQGV��2QH�RI� WKH� ILUVW�� EHWWHU� NQRZQ� OLEUDULHV�
ZHUH� SXEOLVKHG� LQ� WKH� ERRN� RI� 5HLG� HW� DO� ��������
/LEUDULHV�WKDW�LQFOXGH�PRUH�SURSHUW\�FRUUHODWLRQV�IRU�
PDQ\�PRUH� FRPSRQHQWV� DUH� DYDLODEOH� QRZ� �VHH�� IRU�
H[DPSOH��'DXEHUW�DQG�'DQQHU���������

� 'HYHORSPHQW� RI� QHZ�� PRUH� DFFXUDWH� DQG� VWDEOH�
UHJUHVVLRQ� PRGHOV� IRU� YDULRXV� SURSHUWLHV� LV� DQ�
RQJRLQJ� FRQWLQXRXV� SURFHVV�� 6XFK� GHYHORSPHQW� LV�
PDGH� SRVVLEOH� E\� DYDLODELOLW\� RI� PRUH� DFFXUDWH�
H[SHULPHQWDO� GDWD�� GHYHORSPHQW� RI� QHZ� VWHSZLVH�
UHJUHVVLRQ� DQG� UHJUHVVLRQ� GLDJQRVWLF� WHFKQLTXHV�
�6KDFKDP� DQG� %UDXQHU�� ����� DQG� ������ DQG�
DYDLODELOLW\�RI�KLJK�VSHHG�KLJK�SUHFLVLRQ�FRPSXWHUV��
ZKHUH� WKH� UHJUHVVLRQ� PRGHO� FRPSOH[LW\� EHFRPHV� D�
VHFRQGDU\�FRQFHUQ� WR� WKH�DFFXUDF\�RI� WKH�FDOFXODWHG�
SURSHUWLHV��
� 8QIRUWXQDWHO\�� WKH� FXUUHQW� FRUUHODWLRQ� OLEUDULHV�
FDQQRW� EH� UHJXODUO\� XSGDWHG� WR� LQFOXGH� WKH� PRVW�
DFFXUDWH� DQG� VWDEOH� FRUUHODWLRQV� IRU� WKH� YDULRXV�
SURSHUWLHV�� 7KH� VWUXFWXUH� RI� WKRVH� OLEUDULHV� LV� VWDWLF��
LQ�WKH�VHQVH�WKDW�WKHUH�LV�RQH�IRUP�RI�FRUUHODWLRQ�IRU�D�
SDUWLFXODU� SURSHUW\� DQG� WKH� OLEUDU\� FDQQRW� DFFHSW� D�
QHZ�FRUUHODWLRQ�LQ�D�GLIIHUHQW�IRUP��HYHQ�LI�LW�LV�PXFK�
PRUH�DFFXUDWH��7KH�OLEUDULHV�UHO\�RQ�ROG�GDWD��ZKLFK�
LV� RIWHQ� QRW� UHDO� H[SHULPHQWDO� GDWD�� EXW� VPRRWKHG��



LQWHUSRODWHG� �RIWHQ� HYHQ� H[WUDSRODWHG�� GDWD�� WKH�
SUHFLVLRQ�RI�ZKLFK�LV�YHU\�GLIILFXOW�WR�DVVHVV��
� ,Q� WKLV� SDSHU� VRPH� RI� WKH� OLPLWDWLRQV� RI� WKH�
H[LVWLQJ� SK\VLFDO� SURSHUWLHV� OLEUDULHV� DUH�
GHPRQVWUDWHG��7KH�:HE�EDVHG�YHUVLRQ�RI�WKH�',335�
OLEUDU\� �KWWS���GLSSU�E\X�HGX�� LV� XVHG� IRU� WKLV�
GHPRQVWUDWLRQ�� $� QHZ� W\SH� RI� ZHE� EDVHG� OLEUDU\�
�KWWS���ZZZ�EJX�DF�LO�FKHPBHQJ�WKHUPRBOLE�WKHUPRB
OLE�KWP�� WKDW�ZH� KDYH� GHYHORSHG�� ZKLFK� RYHUFRPHV�
WKH�OLPLWDWLRQV�RI�WKH�H[LVWLQJ�OLEUDULHV��LV�GHVFULEHG��
7KH� FRUUHODWLRQV� LQFOXGHG� LQ� WKLV� OLEUDU\� ZHUH�
GHYHORSHG� XVLQJ� WKH� 6529� VWHSZLVH� UHJUHVVLRQ�
SURJUDP� �6KDFKDP� DQG� %UDXQHU�� ������ IRU� PXOWL�
OLQHDU� DQG� SRO\QRPLDO� UHJUHVVLRQV� DQG� WKH�
32/<0$7+�� VRIWZDUH� SDFNDJH� IRU� QRQOLQHDU�
UHJUHVVLRQ��
�
6RPH� H[DPSOHV� RI� WKH� OLPLWDWLRQV� RI� WKH� H[LVWLQJ�
OLEUDULHV�
��
� 2QH�RI�WKH�PRVW�VHYHUH�OLPLWDWLRQV�RI�WKH�H[LVWLQJ�
FRUUHODWLRQ� OLEUDULHV� VWHPV� IURP� WKH� QHHG� WR� XVH� WKH�
VDPH� W\SH� RI� FRUUHODWLRQ� IRU� D� SDUWLFXODU� SURSHUW\��
UHJDUGOHVV� RI� WKH� UDQJH�� SUHFLVLRQ� DQG� WUHQG� RI� WKH�
GDWD� DYDLODEOH�� 7KLV� PD\� UHVXOW� LQ� LQFOXVLRQ� RI� WRR�
PDQ\� H[SODQDWRU\� YDULDEOHV� �WKH� LQGHSHQGHQW�
YDULDEOH� DQG� LWV� IXQFWLRQV�� LQ� WKH� FRUUHODWLRQ��ZKLFK�
UHQGHUV� DQ� XQVWDEOH� PRGHO�� 7\SLFDO� LOO� HIIHFWV�
FKDUDFWHUL]H� WKH� LQVWDELOLW\�� ZKHUHE\� DGGLQJ� RU�
UHPRYLQJ� DQ� H[SHULPHQWDO� SRLQW� IURP� WKH� GDWD� VHW�
PD\� GUDVWLFDOO\� FKDQJH� WKH� SDUDPHWHU� YDOXHV�� DQG�
H[WUDSRODWLRQ� HYHQ� LQ� D� YHU\� VKRUW� UDQJH�PD\� \LHOG�
DEVXUG� UHVXOWV�� $Q� LQVXIILFLHQW� QXPEHU� RI�
H[SODQDWRU\�YDULDEOHV��RQ�WKH�RWKHU�KDQG��PD\�UHVXOW�
LQ�DQ�LQDFFXUDWH�PRGHO��ZKHUH�WKH�UHVLGXDO�SORW�GRHV�
QRW�VKRZ�D�UDQGRP�HUURU�GLVWULEXWLRQ��EXW�FOHDU�WUHQG�
ZLWK� VRPH� YHU\� ODUJH� UHVLGXDOV�� 7KHVH� GUDZEDFNV�
ZLOO� EH� GHPRQVWUDWHG� XVLQJ� VRPH� FRUUHODWLRQV� DQG�
GDWD�IRU�HWKDQH�IURP�WKH�',335�OLEUDU\��
�
5HGXQGDQW� IUHH�SDUDPHWHU� LQ� WKH� UHJUHVVLRQ�PRGHO� ����
)RU� FRUUHODWLRQ�RI� WKH� VROLG�KHDW� FDSDFLW\�RI� HWKDQH��
',335�UHFRPPHQGV�XVLQJ�D�IRXUWK�RUGHU�SRO\QRPLDO�
RI� WKH� IRUP� &S�  � $� �� %7� �� &7�� �� '7�� �� (7���
&RQVLGHULQJ� WKH� YDOXH� RI� WKH� DVVRFLDWHG� OLQHDU�
FRUUHODWLRQ�FRHIILFLHQW��5�� ����������WKH�FRUUHODWLRQ�
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��32/<0$7+�LV�FRS\ULJKWHG�E\�0��6KDFKDP��0��
%��&XWOLS�DQG�0��(OO\��KWWS���ZZZ�SRO\PDWK�
VRIWZDUH�FRP���
�

VHHPV� WR� ILW� H[FHOOHQWO\� WKH� H[SHULPHQWDO� GDWD��
+RZHYHU�� WKH� UDWLR� EHWZHHQ� WKH� YDOXH� RI� WKH� IUHH�
SDUDPHWHU� $� � � ��������� DQG� LWV� ���� FRQILGHQFH�
LQWHUYDO�� �������LQGLFDWHV�WKDW�WKH�IUHH�SDUDPHWHU�LV�
SUREDEO\� UHGXQGDQW� DQG� PD\� SRVVLEO\� EH� UHPRYHG�
IURP� WKH� FRUUHODWLRQ�� )XUWKHU� HQIRUFHPHQW� RI� WKLV�
FRQFOXVLRQ�LV�REWDLQHG�E\�ORRNLQJ�DW�)LJXUH����ZKHUH�
WKH� FDOFXODWHG� FXUYH� DQG� WKH� H[SHULPHQWDO� GDWD� IRU�
VROLG� KHDW� FDSDFLW\� DUH� SORWWHG�� ,W� FDQ� EH� VHHQ� WKDW�
ZKHQ� WKH� WHPSHUDWXUH� DSSURDFKHV� WKH� DEVROXWH� ]HUR�
��� .��� WKH� KHDW� FDSDFLW\� LQFUHDVHV� WR� WKH� YDOXH� RI�
�����LQVWHDG�RI�DSSURDFKLQJ�]HUR��DV�H[SHFWHG�IURP�
WKHRUHWLFDO� FRQVLGHUDWLRQV�� 5HPRYLQJ� WKH� IUHH�
SDUDPHWHU� IURP� WKH� FRUUHODWLRQ� GRHV� QRW� DIIHFW�
QRWLFHDEO\�LWV�DFFXUDF\��5�� ����������EXW�UHQGHUV�WKH�
ULJKW� DV\PSWRWLF� EHKDYLRU� ZKHQ� DSSURDFKLQJ� �� .��
DQG�DOO�WKH�����FRQILGHQFH�LQWHUYDOV�DUH�VPDOOHU�WKDQ�
WKH�UHVSHFWLYH�SDUDPHWHU�YDOXHV��
�
7RR�PDQ\�H[SODQDWRU\� WHUPV� LQ� WKH�FRUUHODWLRQ��)RU�
FRUUHODWLRQ�RI�YDSRU�SUHVVXUH�RI�VROLG�HWKDQH��',335�
UHFRPPHQGV� WKH� XVH� RI� WKH� WUXQFDWHG� 5LHGHO¶V�
HTXDWLRQ��OQ�3� �$���%�7���&�OQ�7��ZKHUH�3�LV�YDSRU�
SUHVVXUH� LQ� 3D�� 7KH� FRHIILFLHQW� YDOXHV� �LQFOXGLQJ�
���� FRQILGHQFH� LQWHUYDOV�� REWDLQHG� ZLWK�
32/<0$7+� ZKHQ� XVLQJ� WKH� IRXU� GDWD� SRLQWV�
UHFRPPHQGHG�E\�',335��DUH�$� ������������������%�
 �����������������DQG�&� � ���������������ZLWK�5��
 ����� :KLOH� WKH� FRUUHODWLRQ� FRHIILFLHQW� LQGLFDWHV� D�
SHUIHFW� ILW�� WKH� ZLGH� FRQILGHQFH� LQWHUYDO� RQ� WKH�
SDUDPHWHU� %� PD\� SRLQW� WR� ³RYHU�FRUUHODWLRQ´� ZLWK�
WRR� PDQ\� H[SODQDWRU\� YDULDEOHV� LQFOXGHG� LQ� WKH�
UHJUHVVLRQ�PRGHO�� ,QGHHG��ZKHQ� DQ� DGGLWLRQDO�� ILIWK�
GDWD�SRLQW�LV�DGGHG�WR�WKH�GDWD�VHW��WKLV�GDWD�SRLQW�LV�
DOVR�OLVWHG�LQ�',335��EXW�ZDV�WDNHQ�IURP�D�GLIIHUHQW�
VRXUFH�WKDQ�WKH�ILUVW�IRXU�GDWD�SRLQWV��WKH�IROORZLQJ��
FRPSOHWHO\� GLIIHUHQW� SDUDPHWHU� YDOXHV� DUH� REWDLQHG��
$� �������������������%� ����������������DQG�&� �
������� �� ������� ZLWK� 5��  ������� 7KXV�� WKLV�
FRUUHODWLRQ�LV�H[WUHPHO\�XQVWDEOH��+RZHYHU��LW�FDQ�EH�
VLPSO\� VWDELOL]HG��ZLWKRXW� D� VLJQLILFDQW� UHGXFWLRQ�RI�
WKH� DFFXUDF\�� E\� UHPRYLQJ� WKH� OQ� 7� WHUP� IURP� WKH�
HTXDWLRQ���7KH�SDUDPHWHU�YDOXHV�REWDLQHG�LQ�WKLV�FDVH�
DUH����$� �������������������%� �������������������
DQG�5��  �������ZLWK� WKH� IRXU� GDWD� SRLQWV�� DQG�$�  �
�������� �� �������� %�  � ��������� �� ������� DQG� 5��
 �������ZKHQ�WKH�ILYH�GDWD�SRLQWV�DUH�XVHG��
�
,QVXIILFLHQW�QXPEHU�RI�SDUDPHWHUV�LQ�WKH�PRGHO��)RU�
FRUUHODWLRQ� RI� VROLG� KHDW� FDSDFLW\� RI� HWKDQH� ',335�
UHFRPPHQGV�WKH�XVH�RI�D�IRXU�SDUDPHWHU�FRUUHODWLRQ��



7KH� UHVLGXDO� SORW� RI� WKLV� FRUUHODWLRQ� LV� VKRZQ� LQ� )LJXUH�����,W�FDQ�EH�VHHQ�WKDW�WKH�GLVWULEXWLRQ�RI�WKH��
�
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)LJXUH����5HVLGXDO�SORW�RI�WKH�',335�OLEUDU\�FRUUHODWLRQ�RI�OLTXLG�KHDW�FDSDFLW\�GDWD�
�
UHVLGXDOV� H[KLELWV� D� F\FOLF� SDWWHUQ�� ZKHUH� WKH�
PD[LPDO� DEVROXWH� HUURU� LV� DERXW� ����� 7KH� RSWLPDO�
FRUUHODWLRQ�LGHQWLILHG�E\�6529�IRU�WKLV�SURSHUW\�LV�D�
SRO\QRPLDO� PRGHO� ZLWK� VHYHQ� SDUDPHWHUV�� ZKLFK�
LQFOXGHV�WKH�SRO\QRPLDO�WHUPV�]��]���]���]���]���DQG�]����
ZKHUH� ]� LV� WKH� VWDQGDUGL]HG� WHPSHUDWXUH� ]�  � �7� ±�
������������������� 7KH� UHVLGXDO� SORW� IRU� WKLV�
FRUUHODWLRQ� H[KLELWV� D� UDQGRP� UHVLGXDO� GLVWULEXWLRQ�
ZLWK� D�PD[LPDO� HUURU� OHVV� WKDQ� ���� 7KXV�� XVLQJ� WKH�
DSSURSULDWH� PRGHO�� D� FRUUHODWLRQ� RI� D� PXFK� KLJKHU�
DFFXUDF\� LV� REWDLQHG��ZKHUHE\� WKH�PD[LPDO� HUURU� LV�
UHGXFHG�E\�PRUH�WKDQ�DQ�RUGHU�RI�PDJQLWXGH���
�

6WUXFWXUH�RI�WKH�SURSRVHG�OLEUDU\�
�
� 7KH� EDVLF� XQLW� RI� WKH� SURSRVHG� OLEUDU\� LV� WKH�
FRPSRXQG� ±� SURSHUW\� ZRUNVKHHW�� ,Q� WKH� SURWRW\SH�
OLEUDU\� WKHUH� DUH� DERXW� ���� VXFK� ZRUNVKHHWV�� IRU�
GLIIHUHQW� W\SHV� RI� FRPSRXQGV� DQG� GLIIHUHQW�
SURSHUWLHV�� $� FRPSRXQG�SURSHUW\� ZRUNVKHHW�
FRQWDLQV� WKH� IROORZLQJ� LQIRUPDWLRQ�� QDPH� RI� WKH�
FRPSRXQG��QDPH�RI�WKH�SURSHUW\��OLWHUDWXUH�UHIHUHQFH�
IRU� WKH�GDWD�� WHPSHUDWXUH�UDQJH�RI� WKH�GDWD��UHSRUWHG�
H[SHULPHQWDO� HUURU� LQ� WKH� WHPSHUDWXUH� DQG� SURSHUW\�
GDWD�� WKH� H[SHULPHQWDO� GDWD� DV� UHSRUWHG� LQ� WKH�
UHIHUHQFH�� WKH� RSWLPDO� FRUUHODWLRQ� REWDLQHG�� SORW� RI�



WKH�H[SHULPHQWDO�GDWD�SRLQWV�DQG�WKH�FDOFXODWHG�FXUYH�
YHUVXV� WHPSHUDWXUH� �RU� VWDQGDUGL]HG� WHPSHUDWXUH��
DQG�WKH�UHVLGXDO�SORW��
� ,Q� RUGHU� WR� REWDLQ� DFFXUDWH�� VWDEOH� DQG� UHOLDEOH�
FRUUHODWLRQV�� RQO\� KLJK� SUHFLVLRQ� DQG� FRQVLVWHQW�
H[SHULPHQWDO�GDWD�DUH�XVHG��7KRVH�ZHUH�SXEOLVKHG�LQ�
WKH� -RXUQDO� RI� &KHPLFDO� DQG� (QJLQHHULQJ�'DWD� DQG�
)OXLG�3KDVH�(TXLOLEULD�LQ�UHFHQW�\HDUV��)LUVW�ZH�KDYH�
DWWHPSWHG� WR� ILW� WKH� GDWD� XVLQJ� WKH� FRUUHODWLRQV�
UHFRPPHQGHG� E\� WKH� ',335� �'DXEHUW�� ������� ,I�
WKRVH� FRUUHODWLRQV� GLG� QRW� \LHOG� VDWLVIDFWRU\� ILW� �DV�
LQGLFDWHG� E\� QRQ�UDQGRPQHVV� RI� WKH� UHVLGXDO� SORW���
ZH� KDYH� DWWHPSWHG� ILWWLQJ� RWKHU� W\SHV� RI� PRGHOV��
XVLQJ�WKH�6529�SURJUDP��XQWLO�D�VWDEOH�PRGHO�ZLWK�
UDQGRP�UHVLGXDO�GLVWULEXWLRQ�ZDV�REWDLQHG���
� 3RO\QRPLDO� PRGHOV� ZHUH� XVHG� WR� ILW� KHDW�
FDSDFLW\�� WKHUPDO� FRQGXFWLYLW\�� GHQVLW\� DQG�
NLQHPDWLF� YLVFRVLW\� GDWD�� 7KH� 6529� SURJUDP� ZDV�
XVHG�WR�VHOHFW�WKH�PRVW�DSSURSULDWH��QRQ�FRQVHFXWLYH�
SRO\QRPLDO� WHUPV� WKDW� VKRXOG� EH� LQFOXGHG� LQ� WKH�
FRUUHODWLRQ�� $W� ILUVW�� ILWWLQJ� WKH� GDWD� LQ� SRO\QRPLDO�
WHUPV�RI�WKH�WHPSHUDWXUH�ZDV�DWWHPSWHG��,I�D�QHHG�WR�
LQFOXGH� KLJK� SRZHUV� RI� WHPSHUDWXUH� DURVH� �VXFK� DV�
DERYH� 7���� ZH� VZLWFKHG� WR� WKH� XVH� RI� VWDQGDUGL]HG�
WHPSHUDWXUH� YDOXHV�� ]�  � >7�� PHDQ� �7�@�VWGHY�7��� WR�
DYRLG� WKH� QXPHULFDO� LOO�FRQGLWLRQLQJ� LQWURGXFHG� E\�
WKH� KXJH� QXPEHUV� RI� WKH� KLJK� SRZHUV� RI� WKH�
WHPSHUDWXUH�� 7KH� 6529� SURJUDP� XVHV� WKH� UHSRUWHG�
H[SHULPHQWDO� HUURU�� DQG� VWRSV� DGGLQJ� SRO\QRPLDO�
WHUPV� WR� WKH� FRUUHODWLRQ� ZKHQ� LW� GLDJQRVHV� DQ�
LQVLJQLILFDQW� VLJQDO�WR�QRLVH� UDWLR� LQ� WKH� UHPDLQLQJ�
WHUPV�� ,Q� VXFK� FDVHV�� DGGLQJ� PRUH� WHUPV� DFWXDOO\�
UHVXOWV� LQ� PRGHOLQJ� RI� WKH� H[SHULPHQWDO� HUURU�� ,W� LV�
ZRUWK�QRWLQJ� WKDW� LI� WKH� UHSRUWHG� H[SHULPHQWDO� HUURU�
LV�ODUJHU�WKDQ�WKH�DFWXDO�HUURU�LQ�WKH�GDWD��WKH�6529�
VWRSV� DGGLQJ� WHUPV� SUHPDWXUHO\�� 6XFK� D� VLWXDWLRQ� LV�
DOVR�LQGLFDWHG�E\�D�QRQ�UDQGRP�UHVLGXDO�GLVWULEXWLRQ��
,Q� VXFK� FDVHV� ZH� LQSXWWHG� D� VPDOOHU� H[SHULPHQWDO�
HUURU� HVWLPDWH� WR� 6529� WKDQ� UHSRUWHG� LQ� WKH�
OLWHUDWXUH�VRXUFH�RI�WKH�GDWD��,Q�D�IHZ�FDVHV�WKHUH�ZDV�
DOVR� D� QHHG� WR� FDUU\� RXW� %R[� ±� &R[� �PD[LPXP�
OLNHOLKRRG�� WUDQVIRUPDWLRQ�RI� WKH�PHDVXUHG�SURSHUW\�
LQ� RUGHU� WR� µOLQHDUL]H¶� WKH� UHJUHVVLRQ� HTXDWLRQ��
&RQVHTXHQWO\�� LQ� VRPH� FDVHV� WKH� ORJDULWKP� RI� WKH�
SURSHUW\�ZDV�PRGHOHG�LQVWHDG�RI�WKH�SURSHUW\�LWVHOI��
� )RU� YDSRU� SUHVVXUH�� LQ� PRVW� FDVHV�� YDULRXV�
SRZHUV� RI� �  � ��7�7F� � � ZHUH� VHOHFWHG� WR� PRGHO�
OQ�3�3F���DV�UHFRPPHQGHG�E\�:DJQHU���������XVLQJ�
WKH�6529�SURJUDP��,Q�RWKHU�FDVHV�SRO\QRPLDO�WHUPV�
ZHUH� DGGHG� WR� WKH� &ODSH\URQ� RU� WKH� 5LHGHO
V�
HTXDWLRQV� WR� FRPSHQVDWH� IRU� WKH� GHYLDWLRQ� IURP� WKH�

VWUDLJKW� OLQH� RI� WKH� ORJDULWKP� RI� WKH� YDSRU� SUHVVXUH�
YHUVXV� WKH� UHFLSURFDO� RI� WKH� WHPSHUDWXUH�� 7KLV� QHZ�
W\SH� RI�PRGHO� LV� LQWURGXFHG� KHUH� IRU� WKH� ILUVW� WLPH��
7KH� VDPH� W\SH� RI� FRUUHODWLRQ� ZDV� XVHG� PRVWO\� IRU�
PRGHOLQJ�DOVR�YLVFRVLW\�GDWD��
� ,Q� DOO� WKH� FDVHV� WHVWHG�� VWDEOH� FRUUHODWLRQV� RI�
PLQLPXP� YDULDQFH� ZHUH� LGHQWLILHG�� 7KHVH� DUH�
DVVRFLDWHG� ZLWK� UDQGRP� UHVLGXDO� GLVWULEXWLRQV� DQG�
VWDWLVWLFDOO\�VLJQLILFDQW�SDUDPHWHUV��
�
&RQFOXVLRQV�
�
� ,W�KDV�EHHQ�VKRZQ�WKDW�WKH�FRUUHODWLRQV�SUHVHQWHG�
LQ�WKH�H[LVWLQJ�WKHUPRG\QDPLF�SURSHUW\�OLEUDULHV�DUH�
RIWHQ� XQVWDEOH�� PHDQLQJ� WKDW� WKHLU� DV\PSWRWLF�
EHKDYLRU�DQG�RU�H[WUDSRODWLRQ�HYHQ� LQ�D�VPDOO� UDQJH�
FDQ� EH� FRPSOHWHO\� HUURQHRXV�� DQG� DGGLWLRQ� RU�
UHPRYDO� RI� GDWD� SRLQWV� FDQ� FDXVH� GUDPDWLF� FKDQJHV�
LQ� WKH� SDUDPHWHU� YDOXHV�� ,Q� RWKHU� FDVHV� WKH�
FRUUHODWLRQV� DUH� PXFK� OHVV� DFFXUDWH� WKDQ� WKH�
DFKLHYDEOH� DFFXUDF\� EDVHG� RQ� WKH� SUHFLVLRQ� RI� WKH�
GDWD��7KH�XVHU�RI�WKH�OLEUDU\�LV�QRW�SURYLGHG�ZLWK�DQ\�
LQIRUPDWLRQ� UHJDUGLQJ� WKH� DFFXUDF\� DQG� VWDELOLW\� RI�
WKH�SURSRVHG�FRUUHODWLRQ��
� ,Q� WKH�QHZ�W\SH�RI� OLEUDU\��D�SURWRW\SH�RI�ZKLFK�
ZH� KDYH� GHYHORSHG�� PRVW� DGYDQFHG� VWHSZLVH�
UHJUHVVLRQ� WHFKQLTXHV� DUH� XVHG� WR� ILW� WKH� PRVW�
DFFXUDWH� DQG� VWDEOH� PRGHO� WR� WKH� GDWD�� 7KH� OLEUDU\�
DOVR� FRQWDLQV� LQIRUPDWLRQ� UHJDUGLQJ� WKH� TXDOLW\� DQG�
SUHFLVLRQ� RI� WKH� FRUUHODWLRQV� LQ� IRUPV� RI� UHVLGXDO�
SORWV�� FRQILGHQFH� LQWHUYDOV� RQ� WKH� SDUDPHWHU� YDOXHV�
DQG�WKH�YDULDQFH���
� 7KH� XVH� RI� WKLV� QHZ� W\SH� RI� FRUUHODWLRQ� OLEUDU\�
ZLOO� KHOS� LQ� GHYHORSLQJ� PRUH� DFFXUDWH� DQG� UHOLDEOH�
VLPXODWLRQ�PRGHOV�IRU�FKHPLFDO�SURFHVVHV���
� ��
5HIHUHQFHV�
'DXEHUW�� 7�(�� DQG� 'DQQHU�� 5�3��� 3K\VLFDO� DQG�
7KHUPRG\QDPLF�3URSHUWLHV�RI�3XUH�&KHPLFDOV��'DWD�
&RPSLODWLRQ��+HPLVSKHUH�3XEOLVKLQJ�&R���1HZ�<RUN�
��������
'DXEHUW�� 7�� (��� ,QG�� (QJ�� &KHP�� 5HV�� ���� ������
�������
5HLG��5��&���3UDXVQLW]��-�0��DQG�6KHUZRRG��7�.���7KH�
3URSHUWLHV� RI�*DVHV� DQG� /LTXLGV�� �UG� (G��0F*UDZ�
+LOO��1HZ�<RUN���������
6KDFKDP��0��DQG�1��%UDXQHU��&KHP��(QJ��3URFHVV��
���������������
6KDFKDP�� 0�� DQG� 1�� %UDXQHU�� &RPSXW�� &KHP��
(QJQJ���LQ�SUHVV��������
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