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7KH�FRQFHSW�RI�FRQWHQW�EDVHG�LPDJH�FRPSUHVVLRQ��&%,&��KDV�IDU�UHDFKLQJ�HIIHFWV�LQ�WKH�DUHDV

RI�DUFKLYLQJ�DQG�WHOHFRPPXQLFDWLRQV�� �7KH�SXUSRVH�RI�WKLV�SDSHU�LV� WR�SUHVHQW�VRPH�SLORW� VWXG\
UHVXOWV� IURP� WKH� DSSOLFDWLRQ� RI� &%,&� WR� PDPPRJUDSK\�� � 8QOLNH� WUDGLWLRQDO� FRPSUHVVLRQ
DSSURDFKHV��&%,&�ILUVW�DQDO\]HV�WKH�FRQWHQW�RI�WKH�GDWD�EHIRUH�FRPSUHVVLRQ�WDNHV�SODFH��,Q�WKLV
DSSURDFK�� SULRU� WR� FRPSUHVVLRQ�� WKH� GDWD� LV� SUHSURFHVVHG� DQG� LV� VHJPHQWHG� LQWR� WZR� QRQ�
RYHUODSSLQJ� UHJLRQV�� ���� IRFXV�RI�DWWHQWLRQ� UHJLRQV� �)$5V�� WKDW� FRQWDLQ� WKH� ³LPSRUWDQW´
VHJPHQWV� RI� WKH� GDWD�� DQG� ���� EDFNJURXQG� UHJLRQV�� 6XEVHTXHQWO\�� WKH� IRUPHU� UHJLRQV� DUH
FRPSUHVVHG�XVLQJ�D�ORVVOHVV�FRPSUHVVLRQ�WHFKQLTXH��PDLQWDLQLQJ�ILGHOLW\���ZKLOH�WKH�ODWWHU�UHJLRQV
DUH� FRPSUHVVHG� ZLWK� WKH� DLG� RI� D� ORVV\� WHFKQLTXH� �DWWDLQLQJ� ODUJH� UHGXFWLRQV� LQ� GDWD��� � 7KH
LQWHQGHG� UHVXOW� LV� DQ� RSWLPDO� EDODQFH� EHWZHHQ� GDWD� UHGXFWLRQ� DQG� GDWD� ILGHOLW\�� � ,Q� WKLV� FDVH�
FRPSUHVVLRQ� UDWLRV� ���� WLPHV� JUHDWHU� WKDQ� WKDW� RI� ORVVOHVV� FRPSUHVVLRQ� DORQH� FDQ� EH� UHDFKHG
ZKLOH�SUHVHUYLQJ�WKH�LPSRUWDQW�LQIRUPDWLRQ�

���%DFNJURXQG

7KH�WHFKQRORJLFDO�DGYDQFHV�LQ�GLJLWDO� LQIRUPDWLRQ�WUDQVPLVVLRQ�DQG�DUFKLYLQJ��DV�VLJQLILFDQW
DV�WKH\�KDYH�EHHQ�LQ�WKH�UHFHQW�\HDUV��FDQQRW�ULYDO�WKH�SHUSHWXDO�JURZWK�LQ�WKH�DPRXQW�RI�SURGXFHG
GDWD��,Q�WKH�FRPLQJ�\HDUV��WKLV�ZLOO�HVSHFLDOO\�EH�WUXH�LQ�WKH�PHGLFDO�ILHOG��ZKHUH�WKHUH�LV�D�XQLILHG
PRYHPHQW� WRZDUG� WKH�GLJLWDO� DJH��:KLOH� WKLV�PRYHPHQW� LV� H[SHFWHG� WR� HQKDQFH� SDWLHQW� FDUH�� LW
IDFHV� SDUWLFXODUO\� GLIILFXOW� FKDOOHQJHV� LQ� WKH� DUHDV� RI� GDWD� WUDQVPLVVLRQ� DQG� DUFKLYLQJ� IRU
WHOHPHGLFLQH�DSSOLFDWLRQV��$V�D�VSHFLILF�H[DPSOH��FRQVLGHU�WKDW�RYHU�WKH�QH[W������\HDUV�WKHUH�ZLOO
EH� D� PRYHPHQW� WRZDUG� IXOO�ILHOG�� GLJLWDO� PDPPRJUDSK\�� ZKLFK� LV� SULPDULO\� PRWLYDWHG� E\� WKH
LPSURYHG�LPDJH�TXDOLW\�RYHU�WKH�WUDGLWLRQDO�ILOP�EDVHG�DSSURDFK�

,Q� WKLV� ZRUN�� ZH� LQWURGXFH� D� QRYHO� DSSURDFK� WR� LQIRUPDWLRQ� FRPSUHVVLRQ�� QDPHO\� &%,&�
ZKLFK� DLPV� WR� DFKLHYH� DQ� RSWLPDO� EDODQFH� EHWZHHQ� GDWD� UHGXFWLRQ� DQG� GDWD� ILGHOLW\�� 8QOLNH
H[LVWLQJ�WHFKQLTXHV�>���@��LQ�WKLV�DSSURDFK��SULRU�WR�FRPSUHVVLRQ��WKH�GDWD�LV�SUHSURFHVVHG�DQG�LV
VHJPHQWHG�LQWR�WZR�QRQ�RYHUODSSLQJ�UHJLRQV������)$5V�WKDW�FRQWDLQ�WKH�³LPSRUWDQW´�VHJPHQWV�RI
WKH�GDWD��DQG�����EDFNJURXQG�UHJLRQV��6XEVHTXHQWO\�� WKH�IRUPHU�UHJLRQV�DUH�FRPSUHVVHG�XVLQJ�D
ORVVOHVV� FRPSUHVVLRQ� WHFKQLTXH� �PDLQWDLQLQJ� ILGHOLW\��� ZKLOH� WKH� ODWWHU� UHJLRQV� DUH� FRPSUHVVHG
ZLWK�WKH�DLG�RI�D�ORVV\�WHFKQLTXH��DWWDLQLQJ�ODUJH�UHGXFWLRQV�LQ�GDWD��

���6HJPHQWDWLRQ�RI�GLJLWL]HG�PDPPRJUDPV�IRU�&%,&

,Q� VFUHHQLQJ� PDPPRJUDSK\� WKH� ³LPSRUWDQW´� LPDJH� LQIRUPDWLRQ� VRXJKW� E\� UDGLRORJLVWV
LQFOXGHV� PDVVHV�� PLFURFDOFLILFDWLRQV�� GXFWV�� DQG� WKH� EUHDVW� ERXQGDU\�� 7KHVH� UHJLRQV� RIWHQ
FRQVWLWXWH� OHVV� WKDQ� ���� RI� WKH� PDPPRJUDP�� 7KHUHIRUH�� D� VXFFHVVIXO� VHJPHQWDWLRQ� RI� WKHVH
HYHQWV�IURP�WKH�EDFNJURXQG�UHJLRQV��L�H���UHJLRQV�FRUUHVSRQGLQJ�WR�FRQQHFWLYH�WLVVXH�SOXV�WKH�QRQ�
EUHDVW� UHJLRQV� RI� WKH� LPDJH�� ZLOO� PDNH� WKLV� D� SULPH� WDUJHW� IRU� &%,&�� 5HFDOO� WKDW� DIWHU� WKLV
������������������������������������������������
*�&RUUHVSRQGLQJ�$XWKRU�±�EJULQVWHDG#WWX�HGX



VHJPHQWDWLRQ� VWHS�� D� FRPELQDWLRQ� RI� ORVV\� �IRU� EDFNJURXQG� UHJLRQV�� DQG� ORVVOHVV� �IRU� )$5V�
FRPSUHVVLRQ� WHFKQLTXHV�FDQ�EH�HPSOR\HG� WR�DFKLHYH� ODUJH�UHGXFWLRQV� LQ�GDWD�ZKLOH�PDLQWDLQLQJ
WKH�RULJLQDO�LPDJH�TXDOLW\��2XU�DSSURDFK�WR�DFFRPSOLVKLQJ�WKLV�VHJPHQWDWLRQ�VWHS�HPSOR\V�IUDFWDO
HQFRGLQJ�

7KH� SULPDU\�PRWLYDWLRQ� IRU� SXUVXLQJ� D� IUDFWDO�EDVHG� DSSURDFK� LV� WKDW� IUDFWDO� HQFRGLQJ� DQG
LWHUDWHG� IXQFWLRQ� V\VWHPV�� LQ� JHQHUDO�� DUH� LGHDO� IRU� FKDUDFWHUL]LQJ� WKH� FORXG�OLNH� WH[WXUH� WKDW
UHSUHVHQWV�WKH�QRUPDO�EDFNJURXQG�WLVVXH�LQ�PDPPRJUDPV��7KLV�VFKHPH�FDQ�WKHUHIRUH�EH�XVHG�WR
IODJ�DOO�VWUXFWXUHV�WKDW�DSSHDU�WR�EH�GLIIHUHQW�IURP�WKH�QRUPDO�EDFNJURXQG�WLVVXH��)UDFWDO�HQFRGLQJ
H[SORLWV�WKH�SURSHUW\�RI�SDUWLWLRQHG�VHOI�VLPLODULW\�RI�LPDJHV�>�@��7KLV�PHDQV�WKDW�LQVWHDG�RI�EHLQJ
IRUPHG�RI�FRSLHV�RI�LWV�ZKROH�VHOI��DV�LV�WKH�FDVH�LQ�H[DFW�VHOI�VLPLODULW\��WKH�LPDJH�LV�FRPSRVHG�RI
WUDQVIRUPHG� SDUWV� RI� LWVHOI�� ,Q� FRPSXWLQJ� WKH� FRHIILFLHQWV� RI� WKLV� WUDQVIRUPDWLRQ� RU� PDS�� LW� LV
DVVXPHG�WKDW��EHFDXVH�RI�WKH�QRWLRQ�RI�SDUWLWLRQHG�VHOI�VLPLODULW\��HDFK�VXEUHJLRQ�RI�WKH�LPDJH�FDQ
EH�GHVFULEHG� �LQ� WKH� VHQVH�RI�PLQLPL]LQJ�D�GLVVLPLODULW\�PHWULF�� LQ� WHUPV�RI� DQRWKHU� VXEUHJLRQ�
7KH�IRUPHU�VXEUHJLRQ�EHORQJV�WR�WKH�UDQJH�SRRO��5��ZKLOH�WKH�ODWWHU�EHORQJV�WR�WKH�GRPDLQ�SRRO�
'��RI�WKH�PDS��,I�D�JLYHQ�VXEUHJLRQ�LQ�'�FDQQRW�EH�PDSSHG�WR�DQ\�UHJLRQ�LQ�5��L�H���WKHLU�PHDVXUH
RI� GLVVLPLODULW\� LV� DERYH� D� VSHFLILHG� WKUHVKROG��� WKHQ� 5� LV� IXUWKHU� SDUWLWLRQHG� LQWR� VPDOOHU
VXEUHJLRQV��7KLV�SURFHVV�FRQWLQXHV�UHFXUVLYHO\�XQWLO�HLWKHU�D�VLPLODU�VXEUHJLRQ�IURP�'�LV�IRXQG�RU
D�VSHFLILHG�PD[LPXP�OHYHO�RI�SDUWLWLRQLQJ��/PD[��LV�UHDFKHG�
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)LJXUH���� �D��$�VXEUHJLRQ�RI�D�GLJLWL]HG�PDPPRJUDP�ZLWK� FOXVWHUHG�PLFURFDOFLILFDWLRQV� LQ� WKH
ORZHU� SRUWLRQ� RI� WKH� LPDJH�� �E��4XDGWUHH� SDUWLWLRQLQJ� DV� D� UHVXOW� RI� IUDFWDO� HQFRGLQJ�� �F�� 7KRVH
VXEUHJLRQV� DQG� WKHLU� ��QHLJKERUV� LQ� �E�� WKDW� QHYHU� VDWLVILHG� WKH� VLPLODULW\� FRQGLWLRQ�� �G�� ,QSXW
PDPPRJUDP�VHJPHQWHG�LQWR�)$5V�DQG�EDFNJURXQG�UHJLRQV��EODFN�DUHDV��

,Q�WKH�ILUVW�RI�WZR�SLORW�VWXGLHV�FRQGXFWHG�WKXV�IDU�>���@��LW�ZDV�VKRZQ�WKDW�GXULQJ�WKH�IUDFWDO
HQFRGLQJ�SURFHVV��IRU�VXEUHJLRQV�LQ�5�WKDW�FRQWDLQ�³LPSRUWDQW´�LQIRUPDWLRQ��/PD[�LV�UHDFKHG��7KH
UHDVRQ�LV�WKDW�WKH�YLVXDO�DSSHDUDQFH�RI�VXFK�HYHQWV��H�J���PLFURFDOFLILFDWLRQV��LV�GLIIHUHQW�IURP�WKDW
RI�WKH�FRH[LVWLQJ�EDFNJURXQG�VWUXFWXUHV��7KHUHIRUH��VXEUHJLRQV�LQ�'�WKDW�FDQ�EH�PDSSHG�WR�WKRVH



DUHDV� LQ� WKH� LPDJH�ZLWK�PLFURFDOFLILFDWLRQV�DUH�H[SHFWHG� WR�EH�QRQH[LVWHQW� >)LJXUHV����D�� �� �E�@�
6XEUHJLRQV� IRU�ZKLFK�/PD[� LV� UHDFKHG�DORQJ�ZLWK� WKHLU���QHLJKERUV�PDNH�XS� WKH�)$5V��)LJXUHV
��F���DQG��G���7KLV�K\SRWKHVLV�ZDV�IXUWKHU�WHVWHG�WKURXJK�D�VHFRQG�SLORW�VWXG\�>�@�� WKH�UHVXOWV�RI
ZKLFK�DUH�VXPPDUL]HG�QH[W�

(LJKW\�����ELW�����PLFURQ�SL[HO�PDPPRJUDSKLF�LPDJHV�ZHUH�REWDLQHG�IURP�WKH�8QLYHUVLW\�RI
&KLFDJR¶V�GDWDEDVH�DQG�ZHUH�XVHG�WR�FDUU\�RXW�WKLV�SLORW�VWXG\��7KHVH�LQFOXGHG����DEQRUPDO�DQG
���QRUPDO�FDVHV��7KH�LPDJHV�ZHUH�FROOHFWHG�IURP���GLIIHUHQW�KRVSLWDOV��&DVHV�FRQWDLQLQJ�ELRSV\�
SURYHQ�FOXVWHUHG�PLFURFDOFLILFDWLRQV�ZHUH�FKRVHQ�UDQGRPO\�DQG�WKH�FOXVWHU�ORFDWLRQV�ZHUH�PDUNHG
E\�H[SHULHQFHG�UDGLRORJLVWV�DW�HDFK�VLWH��7R�PLWLJDWH�SUREOHPV�FDXVHG�E\�JOREDO�QRQXQLIRUPLWLHV�
HDFK�PDPPRJUDP�ZDV� GLYLGHG� LQWR� ���[����� QRQRYHUODSSLQJ� VXELPDJHV�� (DFK� VXELPDJH� ZDV
WKHQ� SURFHVVHG� LQGHSHQGHQWO\�� � 6XEVHTXHQW� DQDO\VLV� RI� WKH� GDWD� VKRZHG� WKDW� RQ� DYHUDJH� )$5V
FRQVWLWXWHG�RQO\�����RI�WKH�LQSXW�GDWD�EXW��DW� WKH�VDPH�WLPH��WKHVH�)$5V�FRQWDLQHG�����RI�WKH
³LPSRUWDQW´�LQIRUPDWLRQ��LQ�WKLV�FDVH��PLFURFDOFLILFDWLRQV��LQ�WKH�GDWD�

���&RPSUHVVLRQ�6WUDWHJLHV�DQG�SUHOLPLQDU\�UHVXOWV

1RWLFH�WKH�LUUHJXODU�VKDSHV�RI�WKH�)$5V�LQ�)LJXUH���G����,Q�RUGHU�WR�GHFUHDVH�WKH�GLIILFXOW\�LQ
HQFRGLQJ� VXFK� LUUHJXODU� VKDSHV�� ERXQGLQJ� ER[HV� FDQ� EH� SODFHG� DURXQG� WKH� )$5V�� � 8VLQJ� WKLV
PHWKRG� WR� LGHQWLI\� WKH� ORFDWLRQ� RI� WKH�)$5V�PDNHV� WKH� HQFRGLQJ� SURFHVV� HDVLHU�� DW� WKH� FRVW� RI
ORZHULQJ� WKH� RYHUDOO� FRPSUHVVLRQ� UDWLR� EHFDXVH� WKH� ERXQGLQJ� ER[HV� DUH� XVXDOO\� ODUJHU� WKDQ� WKH
)$5V� WKH\� HQFRPSDVV�� � 7KH� SUHOLPLQDU\� UHVXOWV� SUHVHQWHG� LQ� WKLV� SDSHU� ZHUH� REWDLQHG� ZLWK
ERXQGLQJ�ER[HV�PDQXDOO\�SODFHG�DURXQG�WKH�)$5V�� �2QFH�WKH�ORFDWLRQV�RI�WKH�)$5V�KDYH�EHHQ
GHWHUPLQHG��WKHUH�DUH�VHYHUDO�FRPSUHVVLRQ�VWUDWHJLHV�WKDW�FDQ�EH�HPSOR\HG�

)LUVW��NQRZLQJ�WKDW�WKH�)$5V�FRPSULVH��RQ�DYHUDJH��DERXW�����RI�WKH�LPDJH��D�FRPSUHVVLRQ
UDWLR�RI�DSSUR[LPDWHO\�����FDQ�EH�DFKLHYHG�E\�VLPSO\�VHWWLQJ�WKH�EDFNJURXQG�WR�]HUR��OHDYLQJ�RQO\
WKH�)$5V���8VLQJ�D�VWDQGDUG�ORVVOHVV�FRGLQJ�WHFKQLTXH�RQ�WKH�UHVXOW�FRXOG�EULQJ�WKDW�UDWLR�XS�WR
������ 7KLV�� KRZHYHU�� GRHV� QRW� DOORZ� WKH� EDFNJURXQG� VWUXFWXUHV� ±� ZKLFK� DUH� UHTXLUHG� E\
UDGLRORJLVWV�IRU�FRQWH[W�±�WR�EH�VHHQ�

7KH� VHFRQG� VWUDWHJ\� LV� WR� XVH� D� FRPELQDWLRQ� RI� ORVV\� DQG� ORVVOHVV� FRGLQJ� WR� SUHVHUYH� WKH
FRQWH[WXDO� VWUXFWXUHV� ZKLOH� SUHVHUYLQJ� WKH� LPDJH� ILGHOLW\� LQ� WKH� DUHDV� RI� LQWHUHVW�� %\� XVLQJ� D
VWDQGDUG� ORVV\� FRPSUHVVLRQ� >����@� RQ� WKH� EDFNJURXQG� DUHDV�� WKH� FRQWH[WXDO� VWUXFWXUHV� FDQ� EH
UHWDLQHG�� � 7KH� ORVVOHVV� FRGHG� )$5V� FDQ� WKHQ� EH� VXSHULPSRVHG� RYHU� WKH� ORVV\� FRPSUHVVHG
EDFNJURXQG��SUHVHUYLQJ�WKH�ILGHOLW\�RI�WKH�DUHDV�RI�LQWHUHVW���7KH�FRVW�IRU�UHWDLQLQJ�WKHVH�VWUXFWXUHV
FRPHV�RXW�RI�WKH�FRPSUHVVLRQ�UDWLR�

:KHQ�SHUIRUPLQJ�ORVV\�FRPSUHVVLRQ�RQ�WKH�EDFNJURXQG��WKHUH�DUH�D�IHZ�GLUHFWLRQV�WKDW�FDQ�EH
WDNHQ�� � 7KH� ILUVW� LV� WR� WDNH� WKH� RULJLQDO� VXELPDJH� >)LJXUH� ��D�@� DQG� VHJPHQW� RXW� WKH� )$5V� DV
VKRZQ�LQ�)LJXUH���E��� �7KHQ�� ORVV\�FRPSUHVVLRQ� LV�SHUIRUPHG�RQ� WKH�UHVXOWDQW� LPDJH��+RZHYHU�
WKLV� LV� QRW� D� YHU\� JRRG� VROXWLRQ� EHFDXVH� FHUWDLQ� WUDQVIRUP�EDVHG� ORVV\� FRPSUHVVLRQ� WHFKQLTXHV
�H�J��(PEHGGHG�=HURWUHH�:DYHOHWV�>�@��FDXVH�ULQJLQJ�WR�DSSHDU�DURXQG�KDUG�HGJHV�DQG�WUDQVLWLRQV
DV�VHHQ�LQ�)LJXUH���F����)LJXUH���G��VKRZV�WKH�DUWLIDFWV�WKDW�FDQ�RFFXU�ZKHQ�ORVVOHVV�HQFRGLQJ�LV
SHUIRUPHG� RQ� WKH� )$5V� DQG� WKH� UHVXOWLQJ� LPDJHV� DUH� DGGHG� WRJHWKHU�� � � +RZHYHU�� LI� LW� FDQ� EH
DFFHSWHG� WKDW� WKH� RYHUKHDG� RI� HQFRGLQJ� WKH� HQWLUH� VXELPDJH� ORVVLO\� LV� WULYLDO� FRPSDUHG� WR� WKH
DPRXQW�RI�GDWD�JHQHUDWHG�E\�WKH�ORVVOHVV�FRGLQJ�RI�WKH�)$5V��WKHQ�ORVVOHVV�FRGLQJ�FDQ�VLPSO\�EH
VXSHULPSRVHG�RYHU�WKH�HQWLUH�ORVV\�FRPSUHVVHG�VXELPDJH��DFKLHYLQJ�WKH�UHVXOWV�VKRZQ�LQ�)LJXUH
��H����7KH�UHVXOWV�SUHVHQWHG�LQ�WKLV�SDSHU�DUH�EDVHG�RQ�WKLV�ODVW�DSSURDFK�
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)LJXUH���� �D��$� VXELPDJH� RI� D� GLJLWL]HG�PDPPRJUDP�� �E�� 6XELPDJH�ZLWK� WKH� )$5V� UHPRYHG�
�F��5HVXOWV�RI�ORVV\�FRGLQJ�RQ��E��WKH�VHJPHQWHG�LPDJH����G��7KH�ORVVOHVVO\�HQFRGHG�)$5V�DGGHG
WR��F�� WKH� ORVV\�FRGHG�VHJPHQWHG� LPDJH�� � �H��5HVXOWV�RI� ORVVLO\�FRPSUHVVLQJ� WKH�HQWLUH� VXELPDJH
DQG�WKHQ�VXSHULPSRVLQJ�WKH�ORVVOHVVO\�HQFRGHG�)$5V�



)RU�WKH�SUHOLPLQDU\�UHVXOWV�SUHVHQWHG�LQ�WKLV�SDSHU��WZHOYH�����[�����VXELPDJHV�RI�GLJLWL]HG
PDPPRJUDPV� ZHUH� SURFHVVHG�� � 7KH� )$5V� UHVXOWLQJ� IURP� WKH� IUDFWDO� HQFRGLQJ� SURFHVV� ZHUH
PDQXDOO\� HQFDVHG� LQ� ERXQGLQJ� ER[HV� IRU� FRPSUHVVLRQ�� � 7KH� LQIRUPDWLRQ� FRQWDLQHG� LQ� WKH
ERXQGLQJ�ER[HV�ZDV�WKHQ�ORVVOHVVO\�FRPSUHVVHG��ZKLOH�WKH�HQWLUH�VXELPDJH�ZDV�FRPSUHVVHG�ZLWK
D�ORVV\�WHFKQLTXH���7DEOH�,�VKRZV�WKH�SUHOLPLQDU\�UHVXOWV�RI�FRPELQLQJ�WKH�WZR���1RWLFH�WKDW�WKH
VPDOOHU�SHUFHQWDJH�RI�WKH�LPDJH�FRQWDLQHG�LQ�WKH�)$5V��WKH�KLJKHU�WKH�FRPSUHVVLRQ�UDWLR�

7DEOH�,���&RPSUHVVLRQ�UHVXOWV�RQ�����[�����VXELPDJHV�RI�WKH�EUHDVW�WLVVXH

����[����
6XELPDJH

��RI�,PDJH
&RQWDLQHG�LQ�)$5V

��RI�,PDJH�&RQWDLQHG
LQ�%RXQGLQJ�%R[HV

&RPSUHVVLRQ�5DWLR�ZLWK�WKH
%DFNJURXQG�&RPSUHVVHG�DW�����
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7KH�H[SUHVVLRQ�IRU�HVWLPDWLQJ�WKH�FRPSUHVVLRQ�RQ�D�VLQJOH�VXELPDJH�LV�
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ZKHUH�%�LV�WKH�SHUFHQWDJH�RI�WKH�LPDJH�FRQWDLQHG�LQ�WKH�ERXQGLQJ�ER[HV�HQFRPSDVVLQJ�WKH�)$5V�
//&5�LV�WKH�ORVVOHVV�FRPSUHVVLRQ�UDWLR�XVHG�RQ�WKH�)$5V��DQG�/&5�LV�WKH�ORVV\�FRPSUHVVLRQ�UDWLR
XVHG�RQ�WKH�EDFNJURXQG�

,W� FDQ� EH� VHHQ� IURP� WKH� GDWD� LQ� 7DEOH� ,� WKDW� WKH� SHUFHQWDJH� RI� WKH� LPDJH� LQFOXGHG� LQ� WKH
ERXQGLQJ�ER[HV�LV��RQ�DYHUDJH������WLPHV�JUHDWHU�WKDQ�WKDW�LQFOXGHG�LQ�WKH�)$5V���$OVR�JDWKHUHG
IURP� WKH� 7DEOH� ,� WULDOV� LV� WKH� IDFW� WKDW� WKH� DYHUDJH� FRPSUHVVLRQ� RI� WKH� ORVVOHVV� FRGLQJ� ZDV
DSSUR[LPDWHO\�������8VLQJ�WKLV�NQRZOHGJH�DQG�HTXDWLRQ������VRPH�HVWLPDWHV�RI�WKH�FRPSUHVVLRQ�RI
HQWLUH� PDPPRJUDPV� FDQ� EH� PDGH�� � 7KH� )$5V� IRU� WZHOYH� PDPPRJUDPV� ZHUH� JHQHUDWHG� DQG
HVWLPDWHG� FRPSUHVVLRQ� UDWLRV� ZHUH� GHWHUPLQHG�� � 7KH� DYHUDJH� FRPSUHVVLRQ� RI� DQ� HQWLUH
PDPPRJUDP�ZDV�IRXQG�WR�EH�DERXW��������7KH�PLQLPXP�DQG�PD[LPXP�FRPSUHVVLRQ�UDWLRV�ZHUH
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