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$EVWUDFW²7KH�YDULDQFHV� LQ� WKH� FKDQQHO� HVWLPDWHV� HUURUV� LV�
WKH�IDFWRU�WKDW�DIIHFWHG�WKH�FKDQQHO�UHOLDELOLW\�IDFWRU�LQ�LWHUDWLYH�
WXUER�GHFRGLQJ��GXH�WR�WKH�IODZHG�LQ�WKH�HVWLPDWHV�RI�WKH�VLJQDO�
WR�QRLVH� UDWLR� �615��� �+RZHYHU��PRVW� RI� WKH� VWRSSLQJ� FULWHULD�
DSSURDFKHV� LQ� WXUER�GHFRGLQJ�DVVXPHG� WKH� FKDQQHO� UHOLDELOLW\�
DW� WKH� UHFHLYHU� LV� NQRZQ�ZLWK� UHVSHFW� WR� WKH� WKUHVKROG��8QGHU�
DGGLWLYH�ZKLWH�*DXVVLDQ�QRLVH��$:*1��FKDQQHO��WKUHH�VWRSSLQJ�
FULWHULD� IRU� LWHUDWLYH�GHFRGLQJ�DUH� DQDO\]HG� LQ� WKLV�SDSHU��7KH�
&URVV�HQWURS\� �&(��� +DUG� 'HFLVLRQ� $LGHG� �+'$�� DQG� 6LJQ�
&KDQJH�5DWLR��6&5��DUH�XWLOL]HG�IRU�WKH�VLPXODWLRQ�SURFHVV�E\�
FRPSDULQJ�WKH�UHOLDELOLW\�FKDQQHO�VWRSSLQJ�FULWHULD��,W�LV�IXUWKHU�
HQKDQFHG� E\� H[SDQGLQJ� SXQFWXULQJ� PHWKRG� WKH� UDWH� RI� WKH�
V\VWHP�IRU�$,1��$W�KLJK�615��WKH�VFDOHG�UHFHLYHG�GDWD�UHVXOWV�
LQ� WKH� VWRSSLQJ� FULWHULD� WR� VWRS� LWHUDWLRQ� VRRQHU�ZKLOH�NHHSLQJ�
XS�WKH�%(5�SHUIRUPDQFH��KRZHYHU�PRUH�UHJUHWWDEOH�DW�FHUWDLQ�
IUDPH� VL]H�� &RQVHTXHQWO\�� WKH� GLIIHUHQW� IUDPH� VL]H� GRHV� QRW�
LQIOXHQFH� WKH� %(5� SHUIRUPDQFH� HLWKHU� LQ� XQVFDOHG� RU� VFDOH�
FRQGLWLRQ�

.H\ZRUGV²WXUER� FRGHV�� LWHUDWLYH� GHFRGLQJ�� VWRSSLQJ�
FULWHULRQ��FKDQQHO�UHOLDELOLW\��

,� ,1752'8&7,21

7KHVH�GD\V�� GLJLWDO� FRPPXQLFDWLRQ� V\VWHPV�DUH�ZLQGLQJ�
XS� PRUH� DSSHDOLQJ� LQ� OLJKW� RI� WKH� IDFW� WKDW� GLJLWDO�
WUDQVPLVVLRQ� RIIHUV� GDWD� SURFHVVLQJ� RSWLRQV� DQG� WKH�
DGDSWDELOLWLHV� DUH� QRW� DFFHVVLEOH�ZLWK� DQDORJXH� WUDQVPLVVLRQ�
DQG� IXUWKHUPRUH�� LW� UHJXODUO\� GHYHORSLQJ� LQWHUHVW� IRU� GDWD�
FRPPXQLFDWLRQ��7KHUH�DUH�D�IHZ�NLQGV�RI�GLJLWDO�VLJQDOV��IRU�
H[DPSOH�� LQIRUPDWLRQ�� EURDGFDVW�� WHOHYLVLRQ� DQG� WHOHSKRQH�
FDQ� EH� GHDOW� ZLWK� DV� LGHQWLFDO� VLJQDOV� LQ� WUDQVPLVVLRQ� DQG�
H[FKDQJLQJ�ZKHUH�D�ELW� LV�D�ELW��2QH�RI� WKH�HUURU�FRUUHFWLQJ�
FRGHV� XVHG� LQ� FRGLQJ� WKHRU\� LV� 7XUER� FRGHV� LQ� ZKLFK�
PHVVDJHV� DUH� SDVVHG� LWHUDWLYHO\� EHWZHHQ� WZR� FRQFDWHQDWHG�
GHFRGHUV��7XUER�FRGHV�DUH�XWLOL]HG�DV�D�SDUW�RI��*��*�PRELOH�
FRPPXQLFDWLRQV�ZKHUH�LW�KDV�EHHQ�DEXVHG�LQ�WKH�IUHVKHVW�DQG�
PRVW� DGYDQFHG� V\VWHPV�� IRU� H[DPSOH�� 'LJLWDO� 9LGHR�
%URDGFDVWLQJ� �'9%�� DQG� WKH� 8QLYHUVDO� 0RELOH�
7HOHFRPPXQLFDWLRQ� 6\VWHP� �8076�� IRU� WKH� 7KLUG�
*HQHUDWLRQ� 3DUWQHUVKLS� 3URMHFW� ��*33�� >�@>�@�� 7KH�
0D[LPXP� $�3RVWHULRUL� 3UREDELOLW\� �0$3��� /RJDULWKPLF�
0$3��/RJ�0$3�� DQG� WKH�0D[LPXP�/RJ�0$3� �0D[�/RJ�
0$3��DUH�SURPLQHQW�DOJRULWKPV�WKDW�EHHQ�XVHG�IRU�WKH�7XUER�
GHFRGLQJ�>�@���

�,WHUDWLYH� 7XUER� GHFRGLQJ� PDNH� XVHG� WKH� LQIRUPDWLRQ�
JHQHUDWHG� IURP� WKH� FRQYHQWLRQDO� IRUZDUG� HUURU� FRUUHFWLRQ�
FRGHV� �)(&��� IRU� LQVWDQFH� WKH� UHYLVHG� )(&� YHUVLRQ� FDOOHG�
5HHG�6RORPRQ�� GHVSLWH� WKH� IDFW� WKDW� WKHVH� V\VWHPV� DUH�
H[FHVVLYHO\� XQSUHGLFWDEOH� IRU� SUDFWLFDO� LPSOHPHQWDWLRQV� RI�
LWHUDWLYH�GHFRGHUV�>�@��7KH�H[WULQVLF�LQIRUPDWLRQ�JHQHUDWHG�E\�
WZR�FRQVWLWXHQW�GHFRGHUV�RI�WKH�7XUER�GHFRGHU�DUH�SDVVHG�WR�
HDFK�RWKHU� LQ�DQ� LWHUDWLYH�PDQQHU��7KLV�RXWZDUG�GDWD� WUDGHG�

EHWZHHQ� WKHVH� GHFRGHUV� LV� WKH� UHDVRQV� WR� LWV� RXWVWDQGLQJ�
SHUIRUPDQFH>�@�� 7KH� SHUIRUPDQFH� LV� LQFUHDVHG� ZKHQ� LWV�
LWHUDWH�PRUH�� DV� H[SHFWHG� LQ�PRVW� FDVHV��+RZHYHU�� WKLV�ZLOO�
LQFUHDVH� WKH� FRPSXWDWLRQDO� ODWHQF\� DV� ZHOO� DV� LWV� SRZHU�
FRQVXPSWLRQ��$�GHVLJQ�WUDGH�RII��LQ�ZKLFK��RQFH�WKH�GHFRGHU�
FRQYHUJHG�� WKH�LWHUDWLRQ� LV�VWRSSHG�HYHQ�EHIRUH�UHDFKLQJ� WKH�
PD[LPXP� LWHUDWLRQV� F\FOH� �NPD[�� >�@�� � 1XPHURXV� VWRSSLQJ�
FULWHULD�SUHVHQWHG�E\� UHVHDUFKHUV�DLP� WR� VWRS� WKH� LWHUDWLRQ� LQ�
WKH�GHFRGLQJ�SURFHVV�WR�UHGXFH�WKH�FRPSXWDWLRQDO�FRPSOH[LW\�
DQG� KDUGZDUH� UHVRXUFHV� VR� WKDW� WKH� SRZHU� FRQVXPSWLRQ� LV�
NHSW�DW�PLQLPXP��

7KLV� SDSHU� LQYHVWLJDWHV� WKH� SHUIRUPDQFH� DQDO\VLV� RI� WKH�
FKDQQHO� UHOLDELOLW\� IDFWRU� LQ� LWHUDWLYH� WXUER� GHFRGLQJ� XQGHU�
WKH� DGGLWLYH� ZKLWH� *DXVVLDQ� QRLVH� �$:*1�� FKDQQHO�� ,WV�
SHUIRUPDQFH� IRU� GLIIHUHQW� FRGH� UDWH� LV� LQYHVWLJDWH�� WKHQ�
DQDO\VH� WKH� SHUIRUPDQFH� RI� WKH� WKUHVKROG� &(� VWRSSLQJ�
FULWHULRQ� IRU� YDULRXV� IUDPH� VL]H� DQG� ILQDOO\� FRPSDUH� LWV�
SHUIRUPDQFH� LQ� WHUPV� RI� ELW� HUURU� UDWH� �%(5�� DQG� DYHUDJH�
LWHUDWLRQ�QXPEHU� �$,1���&URVV�HQWURS\��&(���+DUG�'HFLVLRQ�
$LGHG��+'$��DQG�6LJQ�&KDQJH�5DWLR��6&5��DUH�VHOHFWHG�IRU�
WKH� LWHUDWLYH� 7XUER� VWRSSLQJ� FULWHULD�� $� IL[HG�LWHUDWLRQ�
VWRSSLQJ� FULWHULD� LV� XVHG� DV� WKH�EHQFKPDUN��7KH� UHVW� RI� WKLV�
SDSHU� LV� VRUWHG� RXW� DV� IROORZV�� 6HFWLRQ� ,,� SURYLGHV� DQ�
RYHUYLHZ�RI�7XUER�FRGHV�DQG�LWV�VWRSSLQJ�FULWHULD��6HFWLRQ�,,,�
GLVFXVVHV�WKH�RYHUDOO�SURFHVV�IRU�VLPXODWLRQ�RI�&(��6&5�DQG�
+'$�VWRSSLQJ�FULWHULD��7KH�SHUIRUPDQFH�DQDO\VLV�RI�VWRSSLQJ�
FULWHULD� LV� DQDO\VHG� DQG� FRPSDUHG� LQ� 6HFWLRQ� ,9��6HFWLRQ�9�
FRQFOXGHG�WKH�ZRUNV��
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$� ,WHUDWLYH�7XUER�'HFRGLQJ�

,Q� ������ %HUURX�� *ODYLHX[� DQG� 7KLWLPDMVKLPD� >�@�
SUHVHQWHG�7XUER�&RGHV��ZKLFK�KDV�VKRZQ�D�UHPDUNDEOH�HUURU�
FRUUHFWLRQ� FDSDELOLW\�� )RU� LQVWDQFH�� WKH� FRGHV� DFFRPSOLVKHG�
SHUIRUPDQFHV�MXVW�����G%�RII�WKH�6KDQQRQ¶V�FKDQQHO�FDSDFLW\�
RQ�$:*1�FKDQQHO��7KH� LWHUDWLYH�EHKDYLRU�PDGH� WKH�7XUER�
GHFRGLQJ� VKRZQ� VLJQLILFDQW� LPSURYHPHQW� RQ� ELW� HUURU� UDWH�
�%(5��LQ�$:*1��7KH�WXUER�LWHUDWLYH�GHFRGLQJ�HVWLPDWHV�LWV�
RXWSXW�� E\� XWLOL]LQJ� WKH� WZR� FRQVWLWXHQW� GHFRGHUV� WKDW�
SURGXFHG�PXWXDO� LQIRUPDWLRQ��DW�HDFK� LWHUDWLRQ��DV�VKRZQ�LQ�
)LJXUH���� /HW� WKH� UHFHLYHG� VLJQDO� DW� WKH� UHFHLYHU� DV� \�  � �\���
\��«�\1��WKDW�XQGHUJR�WKH�$:*1��Y�>�@��WKHQ��\� �X���Y��DQG�
X�LV�WKH�LQIRUPDWLRQ�ELWV��7KH�H[WULQVLF�LQIRUPDWLRQ��/H��RI�WKH�
WZR� GHFRGHU� LV� H[FKDQJHG� DW� L�WK� LWHUDWLRQ�� /HW� WXÖ �LV� WKH�
HVWLPDWH�RI�WKH�GDWD�ELW��XW��DW�WLPH�W��KHQFH��WKH�ORJ�OLNHOLKRRG�
UDWLR��/U�� LV� UHODWHG� WR� WKH�RXWSXW�RI�\W� ��\W����\W����«��\W�Q��DW�
HYHU\�GHFRGHU��DV�IROORZV��
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