
7KH�6LJQLILFDQW�3URSHUWLHV�RI�0RYLQJ�,PDJHV�
�



�

3URMHFW�� -,6&�'LJLWDO�3UHVHUYDWLRQ�3URJUDPPH���
6WXG\ RQ�WKH�6LJQLILFDQW�3URSHUWLHV�RI�0RYLQJ�,PDJHV��

3URMHFW�$FURQ\P� 63�0,
$XWKRUV� 0LNH�&R\QH�

0LNH 6WDSOHWRQ�
&RQWDFW�QDPH�� 0LNH�6WDSOHWRQ�
'RFXPHQW�QDPH� 7KH 6LJQLILFDQW�3URSHUWLHV�RI�0RYLQJ�,PDJHV�
9HUVLRQ�� ����
'DWH�� ���0DUFK������

$FNQRZOHGJHPHQWV�
0DQ\�WKDQNV�WR�WKRVH�ZKR�FRQWULEXWHG�WR�WKLV�6WXG\�E\�SDUWLFLSDWLQJ�LQ�RXU�ZRUNVKRSV�DQG�RQOLQH�GLVFXVVLRQV�DQG�FRPPHQWLQJ�RQ�RXU�YDULRXV�FRQFOXVLRQV��.HYLQ�$VKOH\��'DYLG�&UXLFNVKDQN��'DYLG�'XFH��%RE�+RSJRRG��-DPHV�,QVHOO��$QGUHD .DOODV��*DUHWK�.QLJKW��3LS�/DXUHQVRQ��*HRUJH�0DOOHQ��%ULDQ�0DWWKHZV��& 1LHOVRQ�DQG�1LFN�7RZQHQG��
:H�VKRXOG�HVSHFLDOO\�OLNH�WR�WKDQN�5LFKDUG�:ULJKW�IRU�KLV�SDUWLFXODU�FRQWULEXWLRQ�WR WKH�SURMHFW��
7KH SURMHFW�ZDV�IXQGHG�XQGHU�WKH�-,6&�'LJLWDO�3UHVHUYDWLRQ�3URJUDPPH�DQG�WKH FRS\ULJKW�RI�WKLV�GRFXPHQW�LV�WKH�SURSHUW\�RI�-,6&��7KH�PRUDO�ULJKWV�RI�WKH�VWXG\�UHPDLQ�ZLWK�WKH�DXWKRUV��



�

7DEOH�RI�&RQWHQWV
([HFXWLYH�6XPPDU\ ���������������������������������������������������������������������������������������������
� ,QWURGXFWLRQ ��������������������������������������������������������������������������������������������������
���� 7KH�$LPV�RI�WKH�6WXG\���������������������������������������������������������������������������
���� 7KH�6WUXFWXUH�RI�WKH�6WXG\ ��������������������������������������������������������������������
���� 7KH�'LOHPPD�RI�'LJLWDO�3UHVHUYDWLRQ�����������������������������������������������������
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� 7KH�)UDPHZRUN�IRU�'HWHUPLQLQJ�6LJQLILFDQW�3URSHUWLHV��������������������������������
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������ 3URMHFW�,Q63(&7����������������������������������������������������������������������������
������ 3URMHFW�&('$56����������������������������������������������������������������������������
������ 3URMHFW�&$0L/(21������������������������������������������������������������������������

���� 7KH�&HQWUDO�)HDWXUHV�RI�,Q63(&7 ��������������������������������������������������������
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([HFXWLYH�6XPPDU\�
7KLV�FKDSWHU�QHHGV�UHYLVLRQ�WR�UHIOHFW�WKH�FXUUHQW�YHUVLRQ�RI�WKH�WH[W�
7KLV VWXG\�LV�IXQGHG�E\�WKH�-RLQW�,QIRUPDWLRQ�6\VWHPV�&RPPLWWHH�RI�WKH�8.�+LJKHU (GXFDWLRQ�IXQGLQJ�ERGLHV��-,6&���XQGHU�WKH�'LJLWDO�3UHVHUYDWLRQ�DQG�5HFRUGV�0DQDJHPHQW�3URJUDPPH��DQG�LV�SDUW�RI�D�VHULHV�RI�SDUDOOHO�VWXGLHV�WKDW DUH�DLPLQJ�WR�FRQWULEXWH�WR�D�EURDGHU�VWUDWHJ\�IRU�GLJLWDO�SUHVHUYDWLRQ�E\�FKDUDFWHULVLQJ�WKH�VLJQLILFDQW�SURSHUWLHV�RI�D�VHULHV�RI�GLJLWDO�REMHFWV���
7KH DLP�RI�WKLV�SDUWLFXODU�VWXG\�LV�WR�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�D�FRQVLVWHQW�PHWKRGRORJ\��HVSHFLDOO\�IRU�WKH�SUHVHUYDWLRQ�RI�GLJLWDO�PRYLQJ�LPDJHV�VWRUHG�E\�DUFKLYHV�LQ�WKH�8.�+LJKHU�(GXFDWLRQ�VHFWRU��
7KH VWXG\�LV�UHODWLYHO\�PRGHVW�LQ�LWV�DPELWLRQV��,W�EXLOGV�RQ�D�VXEVWDQWLDO�ERG\�RI�HDUOLHU�ZRUN��QRWDEO\�WKDW�EURXJKW�WRJHWKHU�LQ�WKH������'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\��XQGHUWDNHQ�IRU�-,6&�E\�WKH�$UWV�	�+XPDQLWLHV�'DWD�6HUYLFH��$+'6���DQG�DLPV�WR�FRQWULEXWH�IXUWKHU�WR�WKH�GHYHORSPHQW�RI�SUDFWLFDO�SURFHGXUHV�IRU�SURIHVVLRQDOV�HQJDJHG�LQ�GLJLWDO�SUHVHUYDWLRQ��,Q�SDUWLFXODU��LW�SURSRVHV�D�VFKHPD��EDVHG�RQ�WKH�PRGHO�GHYHORSHG�E\�WKH�,Q63(&7�SURMHFW��IRU�FKDUDFWHULVLQJ�WKH�6LJQLILFDQW�3URSHUWLHV�RI�GLJLWDO�PRYLQJ�LPDJHV��
7KH VXEVWDQFH�RI�WKH�VWXG\�LV�DV�IROORZV��
7KH�'LOHPPD�RI�'LJLWDO�3UHVHUYDWLRQ�
7KHUH LV�QRZ�D�FRQVLGHUDEOH�DPRXQW�RI�PRYLQJ�LPDJH�PDWHULDO�LQ�GLJLWDO�IRUP�±�ERWK�GLJLWLVHG�ILOP�DQG�YLGHR�DQG�ERUQ�GLJLWDO�ILOP�DQG�YLGHR��%XW��HTXLSPHQW�DQG�FRPSXWHU�SURJUDPV�FKDQJH�RYHU�WLPH�DQG�WKH�DELOLW\�WR�UHDG�ROGHU�ILOHV�DQG�GLVSOD\ WKH�LQIRUPDWLRQ�PD\�EH�ORVW��2EVROHVFHQFH�LV�D�PDMRU�SUREOHP�DQG�GLJLWLVDWLRQ�DV�VXFK�GRHV�QRW�VROYH�WKH�SUREOHPV�RI�SUHVHUYDWLRQ��
7KH JHQHUDO�UHVSRQVH�WR�WKHVH�LVVXHV�LV�WR�SODQ�IRU�WKH�ORQJHU�WHUP��WR�GHFLGH�RQ SUHVHUYDWLRQ�IRUPDWV�WKDW�DUH�OLNHO\�WR�EH�UHODWLYHO\�ORQJ�OLYHG��EXW�DOVR�WR�SODQ�IRU�WKH�LQHYLWDEOH�FKDQJHV�RYHU�WLPH��7KLV�FDQ�EH�GRQH�HLWKHU�E\�PLJUDWLQJ�GDWD�
VXFFHVVLYHO\�RQ�WR�QHZ�IRUPDWV�RU�E\�GHYHORSLQJ�VRIWZDUH�DQG�HTXLSPHQW�WKDW�HQDEOH�ROGHU�SURJUDPV�WR�EH�HPXODWHG�LQ IXWXUH�HQYLURQPHQWV���
7KLV LV�ZKHUH�WKH�FRUH�LVVXH�RI�WKLV�VWXG\�DULVHV��,I�WKH�RULJLQDO�REMHFW�QHFHVVDULO\�KDV�WR�EH�FKDQJHG�LQ�WKH�FRXUVH�RI�SURFHVVHV�GHVLJQHG�WR�HQVXUH�LWV�SUHVHUYDWLRQ�RYHU�WKH�ORQJHU�WHUP��ZKLFK�DUH�WKH�FKDUDFWHULVWLFV�DQG�IHDWXUHV�RI WKH�RULJLQDO�WKDW�KDYH�WR�EH�SUHVHUYHG�WKURXJK�WKHVH�FKDQJHV"��7KDW�LV��ZKDW�DUH WKH�6LJQLILFDQW�3URSHUWLHV�RI�WKH�REMHFW"�
7KH QH[W�TXHVWLRQ�LV�KRZ�DUH�WKHVH�6LJQLILFDQW�3URSHUWLHV�WR�EH�SUHVHUYHG"�,I�PLJUDWLRQ�LV�DGRSWHG�DV�D�VWUDWHJ\��WKHUH�LV�D�QHHG�WR�FKHFN�KRZ�IDU�D�SUHVHUYDWLRQ�IRUPDW�FDSWXUHV�WKH�6LJQLILFDQW�3URSHUWLHV�RI�WKH�RULJLQDO��,I�DQ�HPXODWLRQ�VWUDWHJ\�LV�FKRVHQ��WKH�HPXODWLRQ�VRIWZDUH�KDV�WR�EH�FKHFNHG�WR�VHH�LI LW�LV�VXFFHVVIXOO\�UHSURGXFLQJ�WKH�6LJQLILFDQW�3URSHUWLHV�RI�WKH�RULJLQDO��
,I WKH�UHTXLUHG�SURSHUWLHV�DUH�QRW�DOO�FDSWXUHG�LQ�WKH�SUHVHUYDWLRQ�IRUPDW�WKH\�PXVW EH�UHFRUGHG�DV�VXSSOHPHQWDU\�PHWDGDWD�LQ�DQ�DSSURSULDWH�VFKHPD��7KH�PHWDGDWD�VFKHPD�VKRXOG�DOVR�DFFRPPRGDWH�ZLGHU�IDFWRUV�EHDULQJ�RQ�WKH�
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DXWKHQWLF�UHSURGXFWLRQ�RI�GLJLWDO�REMHFWV�DQG�QRWDEO\�WKH�µLQWHQW¶�RI�WKH�RULJLQDO�FUHDWRU���
$ )UDPHZRUN�IRU�'LJLWDO�3UHVHUYDWLRQ�
7KH 2SHQ�$UFKLYDO�,QIRUPDWLRQ�6\VWHP��2$,6��5HIHUHQFH�0RGHO�SURYLGHV�D�JHQHUDO�IUDPHZRUN�IRU�GLJLWDO�SUHVHUYDWLRQ��$UFKLYHV�FRQIRUPLQJ�WR�WKH�2$,6�PRGHO�DFFHSW�WKH�UHVSRQVLELOLW\�WR�SUHVHUYH�LQIRUPDWLRQ�RYHU�WKH�ORQJ�WHUP�DQG�WR PDNH�LW�DYDLODEOH�IRU�D�'HVLJQDWHG�&RPPXQLW\�
2QH RI�WKH�REMHFWLYHV�LQ�GHYHORSLQJ�WKH�5HIHUHQFH�0RGHO�ZDV�WR�IDFLOLWDWH�WKH�HIIHFWLYH�SDUWLFLSDWLRQ�RI�QRQ�DUFKLYDO�RUJDQLVDWLRQV�LQ�WKH�SUHVHUYDWLRQ�SURFHVV��SDUWLFXODUO\�E\�GHYHORSLQJ�D�YRFDEXODU\�WKDW�FDQ�EH�VKDUHG�E\�WKH�UDQJH�RI�VWDNHKROGHUV��)XUWKHU�FODULILFDWLRQ�RI�WHUPLQRORJ\�DQG�XVDJH�LQ�WKH�SUHVHUYDWLRQ�DUHD�LV�SURYLGHG�E\�WKH�35(0,6��35(VHUYDWLRQ�0HWDGDWD��,PSOHPHQWDWLRQ�6WUDWHJLHV��'DWD�'LFWLRQDU\��
7KH FRQFHSW�RI�WKH�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH��$,3��LV�RI�SDUWLFXODU�LQWHUHVW��,WV�SODFH�ZLWKLQ�WKH�5HIHUHQFH�0RGHO�LV�H[SODLQHG�LQ�PRUH�GHWDLO�LQ�WKH�ERG\�RI�WKH 6WXG\��EXW�LQ�DQ�$,3�ZH�ZRXOG�H[SHFW�WR�ILQG���

� WKH GDWD�REMHFW�HQFRGLQJ�WKH�FRQWHQW��D�VHW�RI�ELW�VHTXHQFHV���
� LQIRUPDWLRQ�DERXW�KRZ�WR�PDNH�WKHVH�GDWD�PHDQLQJIXO�WR�XVHUV��
� D IXUWKHU�VHW�RI�LQIRUPDWLRQ�WKDW�LV�QHFHVVDU\�IRU�DGHTXDWH�SUHVHUYDWLRQ�RI�WKH WDUJHW�LQIRUPDWLRQ��SULPDULO\�UHODWLQJ�WR��3URYHQDQFH��5HIHUHQFH��)L[LW\� DQG�&RQWH[W�LQIRUPDWLRQ�

2XU PDLQ�WDVN�LQ�WKLV�VWXG\�LV�WR�GHWHUPLQH�VLJQLILFDQW�SDUWV�RI�WKH�LQIRUPDWLRQ�VHW WKDW�LV�QHFHVVDU\�LQ�RUGHU�WR�PHHW�WKH�VHFRQG�UHTXLUHPHQW�RI�WKH�$,3�DQG�WR�FRQWLQXH�WR�PHHW�WKLV�RYHU�WLPH��
0HHWLQJ�WKH�WKLUG�UHTXLUHPHQW�LV�XVXDOO\�VHHQ�DV�EHLQJ�D�PDWWHU�RI�SURYLGLQJ�DQ�DSSURSULDWH�PHWDGDWD�ZUDSSHU� 0HWDGDWD�DUH�LQIRUPDWLRQ�DERXW�GDWD��7KH�
UHVSHFWLYH�PHULWV�RI�03(*����DQG�0(76�DUH�EULHIO\�FRQVLGHUHG�
,W LV�QRWHG�WKDW�WKH�(8�UHVHDUFK�SURMHFW�&$63$5�LV�FXUUHQWO\�GHYHORSLQJ�ERWK�FRQFHSWXDO�DVSHFWV�RI�WKH�2$,6�UHIHUHQFH�PRGHO�DQG�SUDFWLFDO�WRROV�WR�KHOS�LWV�LPSOHPHQWDWLRQ�SDUWLFXODUO\�LQ�UHODWLRQ�WR�FXOWXUDO�DQG�VFLHQWLILF�KHULWDJH��
$ )UDPHZRUN�IRU�'HWHUPLQLQJ�6LJQLILFDQW�3URSHUWLHV�
7KH LPPHGLDWH�IUDPHZRUN�ZLWKLQ�ZKLFK�ZH�DUH�VHWWLQJ�RXW�WKH�VLJQLILFDQW�SURSHUWLHV�RI�GLJLWDO�PRYLQJ�LPDJHV�LV�WKH�-,6&�IXQGHG�SURMHFW���,QYHVWLJDWLQJ�WKH 6LJQLILFDQW�3URSHUWLHV�RI�(OHFWURQLF�&RQWHQW�2YHU�7LPH��,Q63(&7��
,Q63(&7�DGRSWV�WKH�GLVWLQFWLYH�3HUIRUPDQFH�0RGHO�LQLWLDOO\�GHYHORSHG�E\�WKH�
1DWLRQDO�$UFKLYHV�RI�$XVWUDOLD��7KLV�VHHV�HDFK�LQWHUDFWLRQ�EHWZHHQ�D�GDWD�VRXUFH�DQG�WKH�WHFKQRORJ\�WKDW�SUHVHQWV�LW�DV�D�SHUIRUPDQFH� E\�DQDORJ\�ZLWK�
WKH ZD\�WKDW�D�SOD\�RU�D�SLHFH�RI�PXVLF�LV�SHUIRUPHG��,Q�WKH�3HUIRUPDQFH�0RGHO��WKH UROH�RI�6LJQLILFDQW�3URSHUW\�DQDO\VLV�LV�WR�GHILQH�WKRVH�SURSHUWLHV�WKDW�LW�LV�QHFHVVDU\�WR�UHSURGXFH�LQ�RUGHU�WR�SURYLGH�DQ�µDXWKHQWLF¶�SHUIRUPDQFH��
:LWKLQ�WKLV�IUDPHZRUN�,Q63(&7�WR�SURSRVH�D�WD[RQRP\�RI�SURSHUWLHV�H[SUHVVHG�LQ WHUPV�RI�&RQWHQW��&RQWH[W��5HQGHULQJ��6WUXFWXUH�DQG�%HKDYLRXU�
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:H FDQ�VHH�KHUH�D�IXUWKHU�GHYHORSPHQW�RI�WKH�2$,6�IUDPHZRUN��%HIRUH�EHJLQQLQJ�WR�DSSO\�WKLV�IUDPHZRUN�WR�PRYLQJ�LPDJHV��LW�LV�QRWHG�WKDW�WKH�(XURSHDQ�3/$1(76�SURMHFW���ZLWK�D�VLJQLILFDQW�LQSXW�IURP�7KH�1DWLRQDO�$UFKLYHV��LV�SODQQLQJ�WR�GHYHORS�PHWKRGRORJLHV�DQG�WRROV�IRU�HYDOXDWLQJ�SUHVHUYDWLRQ�DFWLRQV�DQG�WKHLU�DELOLW\�WR�UHFRJQL]H�DQG�UHSURGXFH�6LJQLILFDQW�3URSHUWLHV�DQG�WR�GHYHORS�IXUWKHU�WKH�WRROV�IRU�DXWRPDWLFDOO\�UHFRJQL]LQJ�DQG�SURFHVVLQJ�VSHFLILF�GLJLWDO�REMHFWV��PDGH�DYDLODEOH�E\�WKH�352120�WHFKQLFDO�UHJLVWU\���
7\SHV�RI�0RYLQJ�,PDJHV�	�WKHLU�'LJLWLVDWLRQ�
0RYLQJ�LPDJHV�FRQVLVW�EURDGO\�RI�D�VHTXHQFH�RI�VWLOO�LPDJHV�SURMHFWHG�DW�D�UDWH�WKDW WKH�H\H�DQG�EUDLQ�LQWHUSUHWV�DV�FRQWLQXRXV�PRWLRQ��,Q�WKH�FDVH�RI�YLGHR�WKH�VWRU\ LV�VOLJKWO\�PRUH�FRPSOH[��7KH�VWXG\�SURYLGHV�DQ�RYHUYLHZ�RI�WKH�PDLQ�W\SHV�RI�PRYLQJ�LPDJHV�LQ�DQDORJXH�DQG�GLJLWDO�IRUP�DQG�WKLV�LQIRUPV�WKH�LGHQWLILFDWLRQ�RI�WKHLU�6LJQLILFDQW�3URSHUWLHV��
7KH UHVXOWV�RI�GLJLWLVDWLRQ�DUH�DQ�LPSRUWDQW�FRQVLGHUDWLRQ��,QGHHG��D�PDMRU�FRQFOXVLRQ�RI�WKH�VWXG\�LV�WKDW�D�ODUJH�SURSRUWLRQ�RI�WKH�FRUH��GHILQLQJ��WHFKQLFDO�FKDUDFWHULVWLFV�RI�PRYLQJ�LPDJH�VHTXHQFHV���WKHLU�6LJQLILFDQW�3URSHUWLHV���DUH�DFWXDOO\ FDSWXUHG�LQ�WKH�GLJLWLVDWLRQ�SURFHVV�RU�E\�WKH�IRUPDWV�XVHG�IRU�ERUQ�GLJLWDO�PRYLQJ�LPDJHV��7KLV�LPSOLHV�WKDW�HQVXULQJ�WKDW�WKH�6LJQLILFDQW�3URSHUWLHV�RI PRYLQJ�LPDJHV�DUH�UHSURGXFHG�LV��WR�DQ�LPSRUWDQW�H[WHQW��D�PDWWHU�RI�XVLQJ�WKH ULJKW�IRUPDW��
%ULQJLQJ�WRJHWKHU�HOHPHQWV�IURP�WKH�'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\��WKH�,Q63(&7�PHWKRGRORJLFDO�DSSURDFK�DQG�WKH�UHVXOWV�RI�RXU�RZQ GLVFXVVLRQV�DQG�DQDO\VLV��WKH�VWXG\�SURSRVHV�WKDW�WKH�FRUH�WHFKQLFDO�6LJQLILFDQW�3URSHUWLHV�DUH���
&RQWHQW� 1XPEHU�RI�LPDJH�DQG�DXGLR�VWUHDPV��OHQJWK��
&RQWH[W� 7LWOH��FUHDWRU��GDWH�RI�FUHDWLRQ��SURYHQDQFH��
5HQGHULQJ� )UDPH�ZLGWK�DQG�KHLJKW��ELW�GHSWK��JDPXW��SL[HO�DVSHFW�UDWLR��IUDPH UDWH��FRPSUHVVLRQ�UDWLR��FRGHF�
6WUXFWXUH� 5HODWLRQVKLS�EHWZHHQ�DXGLR�DQG�LPDJH�VWUHDPV��UHODWLRQVKLS�EHWZHHQ�PHWDGDWD�DQG�ELW�VWUHDPV��LQWHUODFH��
7KH FKRLFH�RI�WKH�SUHVHUYDWLRQ�IRUPDW�LV�FULWLFDO�LQ�FDSWXULQJ�DQG�SUHVHUYLQJ�WKHVH 6LJQLILFDQW�3URSHUWLHV��7KHUH�DUH�D�QXPEHU�RI�FULWHULD�IRU�PDNLQJ�WKLV�FKRLFH�DQG�WKRVH�RI�WKH�86�/LEUDU\�RI�&RQJUHVV�DUH�ZLGHO\�XVHG�DV�D�UHIHUHQFH�SRLQW��
7KH /LEUDU\�RI�&RQJUHVV�DOVR�SURSRVHV�D�SDUWLFXODU�VHW�RI�PRYLQJ�LPDJH�ILOH�IRUPDWV�RQ�WKH�EDVLV�WKDW�WKH\�DUH�QRW�FRS\�SURWHFWHG�DQG�WKDW�WKH\�DOORZ�UHODWLYHO\�FRPSOHWH�GHVFULSWLYH�DQG�WHFKQLFDO�PHWDGDWD��,W�GRHV��KRZHYHU��FRPPHQW��µ7KH�IRUPDWV�LQ�WKLV�FDWHJRU\�DUH�HPHUJLQJ��DQG�WKLV�OLVW�RI�DFFHSWDEOH�IRUPDWV�IRU�XQFRPSUHVVHG�RU�ORVVOHVV�FRPSUHVVHG�GDWD VKRXOG�EH�WUHDWHG�DV�
SURYLVLRQDO¶��
7KH FRQFOXVLRQ�DW�WKLV�VWDJH�LV�WKDW�FDSWXULQJ�PRVW�RI�WKH�6LJQLILFDQW�3URSHUWLHV�RI 0RYLQJ�,PDJHV�FDQ�EH�DFKLHYHG�E\�XVLQJ�D�UHODWLYHO\�VPDOO�UDQJH�RI�IRUPDWV�IRU�SUHVHUYDWLRQ�SXUSRVHV�DQG�WKH�DGYDQWDJH�RI�WKH�DSSURDFK�DW�WKLV�OHYHO�LV�
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WKDW PRVW�RI�WKH�FRUH�6LJQLILFDQW�3URSHUWLHV�DUH�FDSWXUHG�DXWRPDWLFDOO\�RU�DW�OHDVW�URXWLQHO\���7KHUH�LV��KRZHYHU��DQRWKHU�OHYHO�DW�ZKLFK�LQIRUPDWLRQ�DERXW�GLJLWDO�REMHFWV�FDQ�EH�UHFRUGHG��DQG�DOWKRXJK�WKLV�XVXDOO\�UHTXLUHV�D�GLUHFW��PDQXDO��LQSXW�RI�GDWD�DW�VRPH�VWDJH�DQG�WKHUHIRUH�JHQHUDWHV�FRUUHVSRQGLQJ�FRVWV� LW�GRHV�DOORZ�D�PXFK�JUHDWHU�UDQJH�RI�LQIRUPDWLRQ�WR�EH�UHFRUGHG���
&RQWHQW�	�,QWHQW�LQ�0RYLQJ�,PDJHV��
$OWKRXJK�WKH�IRFXV�VR�IDU�KDV�EHHQ�HOVHZKHUH��WKH�FLUFXPVWDQFHV�RI�WKH�FUHDWLRQ�RI�PRYLQJ�LPDJHV�DQG�WKH�LQWHQWLRQV�RI�WKH�FUHDWRU�DUH�RI�FRQFHUQ�LQ�WKH GHWHUPLQDWLRQ�RI�6LJQLILFDQW�3URSHUWLHV��2XU�GLVFXVVLRQV�ZLWK�ILOP�DUFKLYLVWV�VXJJHVWHG�WKDW�WKLV�FDQ�EH�DQ�LVVXH�RI�FRQVLGHUDEOH�LPSRUWDQFH�LQ�WKH�SUHVHUYDWLRQ�RI�PRYLQJ�LPDJHV��
7KH ,Q63(&7�FRQFHSW�RI�SHUIRUPDQFH�VXJJHVWV�WKH�DVVRFLDWHG�QRWLRQ�RI�LQWHUSUHWDWLRQ�DQG�WKH�FRQVLGHUDWLRQ�WKDW�GLIIHUHQW�DUW�IRUPV�H[SHFW�DQG�
DFFRPPRGDWH�GLIIHULQJ�GHJUHHV�RI�LQWHUSUHWDWLRQ��
:H WDNH�LW�DV�UHDG�WKDW�D�VLJQLILFDQW�SURSRUWLRQ�RI�PRYLQJ�LPDJH�DUFKLYLVWV�DQG�RI WKH�XVHU�FRPPXQLW\�UHJDUGV�WKH�RULJLQDO�LQWHQWLRQV�RI�WKH�PRYLQJ�LPDJH�FUHDWRUV�DV�LPSRUWDQW�DQG��ZKLOH�PDQ\�IHDWXUHV�RI�DUH�UHGXFLEOH�WR�GLIIHUHQW�WHFKQLFDO FKDUDFWHULVWLFV��WKHUH�DUH�VRPH�FRQWH[WXDO�FRQVLGHUDWLRQV�WKDW�FDQQRW�FDSWXUHG�DXWRPDWLFDOO\�DQG�WKHVH�KDYH�WR�EH�H[SUHVVHG�WKURXJK�DSSURSULDWH�PHWDGDWD���
&RQFOXVLRQV�	�5HFRPPHQGDWLRQV��
7KH PDLQ�WHFKQLFDO�FRQFOXVLRQV�RI�WKH�6WXG\�KDYH�DOUHDG\�EHHQ�VHW�RXW�LQ�WKLV�VXPPDU\��+RZHYHU��D�VHULHV�RI�PRUH�JHQHUDO�FRQFOXVLRQV�KDYH�DOVR�EHHQ�GUDZQ��
2XU IRFXV�KDV�EHHQ�RQ�WKH�PDLQ�W\SHV�RI�GLJLWDO�PRYLQJ�LPDJH��KHOG�LQ�ILOH�IRUPDW��WKDW�RI�LQWHUHVW�WR�GLJLWDO�DUFKLYHV��7KLV�LQFOXGHV�GLJLWLVHG�ILOP��GLJLWDO�FLQHPD�DQG�EURDGFDVW�DQG�RWKHU�RXWSXW�KHOG�LQ�GLJLWDO�YLGHR��8QIRUWXQDWHO\��ZH�ZHUH�QRW�DEOH�WR�JLYH�PXFK�FRQVLGHUDWLRQ�WR�PHGLFDO�DQG�VFLHQWLILF�LPDJLQJ�DQG�RXU�FRQVLGHUDWLRQ�RI�GLJLWDO�YLGHR�KDV�EHHQ�UHVWULFWHG�WR�GHYLFH�LQGHSHQGHQW�YLGHR��7KHVH�H[FOXVLRQV�LQGLFDWH�DUHDV�IRU�IXUWKHU�LQYHVWLJDWLRQ��
:H EHOLHYH�WKDW�RXU�6WXG\�KDV�EXLOW�VXFFHVVIXOO\�RQ�WKH�2$,6�5HIHUHQFH�0RGHO�DQG�LQ�SDUWLFXODU�HODERUDWHG�WKH�FRQFHSW�RI�DQ�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH��$,3��IRU�PRYLQJ�LPDJHV��:H�SRLQW�RXW�WKDW�LW�PD\�DOVR�LQIRUP�WKH�FKRLFH�RI�WKH�'LVVHPLQDWLRQ�,QIRUPDWLRQ�3DFNDJH��',3��±�WKH�SDFNDJH�WKDW�DOORZV�XVHUV�DFFHVV�WR�WKH�GLJLWDO�PRYLQJ�LPDJHV�KHOG�E\�WKH�DUFKLYH��+RZHYHU�FRPSOHPHQWDU\�ZRUN�QHHGV�WR�EH�XQGHUWDNHQ�LQ�UHODWLRQ�WR�WKH�6XEPLVVLRQ�,QIRUPDWLRQ�3DFNDJH��6,3��±�KRZ�REMHFWV�IRU�SUHVHUYDWLRQ�DUH�GHOLYHUHG�WR�WKH�DUFKLYH�E\�WKH�SURGXFHU��7KH�GHYHORSPHQW��LQ�SDUWLFXODU��RI�D�FRPSUHKHQVLYH�PHWDGDWD�VFKHPD�IRU�WKH�DUFKLYLQJ�RI�GLJLWDO�PRYLQJ�LPDJHV�UHTXLUHV�FR�RUGLQDWLRQ�ZLWK�ZRUN�XQGHUWDNHQ�LQ�WKHVH�FRPSOHPHQWDU\�DUHDV���
,Q GHYHORSLQJ�DQ�DSSURSULDWH�PHWDGDWD�VFKHPD��IRU�WKH�H[SOLFLW�UHFRUGLQJ�RI�6LJQLILFDQW�3URSHUWLHV��ZH�KDYH�VXSSRUWHG�WKH�GHYHORSLQJ�XVH�RI�0(76�DQG�VXJJHVWHG�KRZ�0(76�PLJKW�EH�IXUWKHU�GHYHORSHG�WR�DFFRPPRGDWH�WKH�UHTXLUHPHQWV�RI�GLJLWDO�DUFKLYLQJ��DV�ZH�KDYH�RXWOLQHG�WKHP��:H�EHOLHYH�WKDW�D�
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IOH[LEOH�UHJLPH��VXFK�DV�WKDW�SURYLGHG�E\�0(76��LV�QHFHVVDU\�DV�D�ZD\�RI�WDNLQJ�DFFRXQW�RI�WKH�EURDGHU�W\SH�RI�6LJQLILFDQW�3URSHUW\�UHODWLQJ�WR�VW\OLVWLF�DQG�DHVWKHWLF�IHDWXUHV�DQG�HVSHFLDOO\�WKRVH�WKDW�DULVH�IURP�WKH�LQWHQW�RI�WKH�FUHDWRU�RI�WKH�PRYLQJ�LPDJH�VHTXHQFH��
5HFRPPHQGDWLRQV�
7KHUH�DUH�D�VHULHV�RI�RWKHU�UHFRPPHQGDWLRQV�PDGH�RQ�WKH�GHILQLWLRQ�RI�6LJQLILFDQW�3URSHUWLHV�LQ�UHODWHG�DUHDV����

� 'LJLWDO�YLGHR�QRW�VWRUHG�LQ�ILOHV��
� ,QWHUDFWLYHV���
� 0HGLFDO�DQG�VFLHQWLILF�LPDJLQJ��

7KH IXOO�GHYHORSPHQW�RI�WKH�PHWDGDWD�VFKHPD�IRU�WKH�DUFKLYLQJ�RI�GLJLWDO�PRYLQJ�LPDJHV�ZLOO�UHTXLUH�UHVROXWLRQ�RI�LVVXHV�WKDW�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�VWXG\���$ UHFRPPHQGDWLRQ�LV�PDGH�WKDW�D�JHQHUDO�VROXWLRQ�EH�IRXQG����
)LQDOO\�ZH�QRWH�WKDW�LW�LV�LPSRUWDQW�WKDW�GHYHORSPHQWV�LQ�GLJLWDO�SUHVHUYDWLRQ�LQ�WKH 8.�UHODWH�HIIHFWLYHO\�WR�WKRVH�WDNLQJ�SODFH�HOVHZKHUH�DQG�QRW�RQO\�LQ�WKH�(QJOLVK�VSHDNLQJ�ZRUOG��,W�ZLOO�EH�SDUWLFXODUO\�LPSRUWDQW�WR�WDNH�XS�WKH�UHVXOWV�RI�WKH &$3$5�DQG�3/$1(76�SURMHFWV��QRW�OHDVW�WKURXJK�WKH�DJHQF\�RI�WKH�8.�LQVWLWXWLRQV�WKDW�DUH�DFWLYH�LQ�WKHP�DQG�ZH�UHFRPPHQG�WKDW�D�ZDWFKLQJ�EULHI�EH�NHSW�RQ�WKHP��



��

� ,QWURGXFWLRQ��
����7KH�$LPV�RI�WKH�6WXG\�
7KLV�VWXG\�LV�IXQGHG�E\�WKH�-RLQW�,QIRUPDWLRQ�6\VWHPV�&RPPLWWHH�RI�WKH�8.�+LJKHU (GXFDWLRQ�IXQGLQJ�ERGLHV��-,6&��� XQGHU�WKH�'LJLWDO�3UHVHUYDWLRQ�DQG�5HFRUGV�0DQDJHPHQW�3URJUDPPH�� DQG�LV�SDUW�RI�D�VHULHV�RI�SDUDOOHO�VWXGLHV�WKDW�DUH�DLPLQJ�WR�FRQWULEXWH�WR�D�EURDGHU�VWUDWHJ\�IRU�GLJLWDO�SUHVHUYDWLRQ�E\�FKDUDFWHULVLQJ�WKH�VLJQLILFDQW�SURSHUWLHV�RI�D�VHULHV�RI�GLJLWDO�REMHFWV��
7KH DLP�RI�WKLV�SDUWLFXODU�VWXG\�LV�WR�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�D�FRQVLVWHQW�PHWKRGRORJ\�IRU�WKH�SUHVHUYDWLRQ�RI�PRYLQJ�LPDJHV�LQ�GLJLWDO�IRUP��HVSHFLDOO\�GLJLWDO�PRYLQJ�LPDJHV�VWRUHG�E\�DUFKLYHV�LQ�WKH�8.�+LJKHU�(GXFDWLRQ�VHFWRU� EXW�LWV�UHPLW�UHTXLUHV�WKDW�D�ZLGHU�FRQWH[W�EH�WDNHQ�LQWR�DFFRXQW��H[WHQGLQJ�ERWK�WR�ZRUN�RQ�RWKHU�GLJLWDO�REMHFWV�DQG�WR�RWKHU�VLJQLILFDQW�GHYHORSPHQWV�LQ�SUHVHUYDWLRQ�VWUDWHJ\�LQ�WKH�8.��DFURVV�(XURSH�DQG�EH\RQG����
,W�ZLOO�EH�VHHQ�WKDW�WKH�VWXG\�LV�DEOH�WR�EXLOG�RQ�D�VXEVWDQWLDO�ERG\�RI�HDUOLHU�ZRUN� FRYHULQJ�D�ZLGH�UDQJH�RI�LVVXHV��+RZHYHU��WKH�FKDOOHQJHV�DUH�HTXDOO\�ZLGH��7KHUH�LV�D�KXJH�DPRXQW�RI�PRYLQJ�LPDJH�PDWHULDO��PRVWO\�VWLOO�LQ�DQDORJXH�IRUP� WKDW�RXJKW�WR�EH�SUHVHUYHG��$�VHULHV�RI�GLJLWLVDWLRQ�SURJUDPPHV�DUH�XQGHU�ZD\� EXW�RIWHQ�WKH\�DUH�VWUXJJOLQJ�WR�NHHS�XS�ZLWK�WKH�SUREOHP�DQG�RQ�RFFDVLRQV�WKH\�DUH�LQHYLWDEO\�FXWWLQJ�FRUQHUV��7KH�WHFKQRORJ\�FRQWLQXHV�WR�HYROYH�UDSLGO\�DQG��JLYHQ�WKDW�SUHVHUYDWLRQ�UHTXLUHV�WDNLQJ�D�YLHZ�RQ�OLNHO\�GHYHORSPHQWV�RYHU�D�ORQJ�WLPH�VFDOH��MXGJHPHQWV�DERXW�WKH�DSSURSULDWH�IRUPV�DUH LQWULQVLFDOO\�GLIILFXOW�WR�PDNH���(YHQ�WKH�PDWHULDO�WKDW�KDV�EHHQ�GLJLWLVHG�DOUHDG\�RU�LV�ERUQ�GLJLWDO�KDV�D�YDULHW\�RI�IRUPV�DQG�LQ�PRVW�FDVHV�WKH�GLJLWLVDWLRQ�KDV�EHHQ�XQGHUWDNHQ�ZLWK�FXUUHQW�XVH�DQG�DFFHVV�LQ�PLQG�UDWKHU�WKDQ�ZLWK�D�YLHZ�WR�ORQJHU�WHUP�SUHVHUYDWLRQ��3UDFWLFDO�H[SHULHQFH�LQ�WKH�GLJLWDO�SUHVHUYDWLRQ�RI�PRYLQJ�LPDJHV�LV�WKHUHIRUH�OLPLWHG�DQG�ZKHUHDV�DUFKLYHV�DUH�EHJLQQLQJ�WR�GHYHORS�SURIHVVLRQDO�SUDFWLFH�DQG�QRUPV�LQ�WKH�DUHD��PRVW�VHH�WKHPVHOYHV�DV�EHLQJ�DW�WKH�EHJLQQLQJ�RI�WKLV�SURFHVV���
)XUWKHUPRUH��WKHUH�FRQWLQXH�WR�EH�FOHDU�GLIIHUHQFHV�RI�YLHZ�DERXW�WKH�QDWXUH�DQG�IXQFWLRQ�RI�SUHVHUYDWLRQ�LWVHOI��7KHUH�DUH�D�QXPEHU�RI�GLIIHUHQW�SHUVSHFWLYHV�RQ WKH�UHTXLUHPHQWV�RI�IXWXUH�XVHUV�RI�SUHVHUYHG�GLJLWDO�PDWHULDO�DQG�GLIIHUHQFHV�RI YLHZ�DUH�HYLGHQW�FRQFHUQLQJ�WKH�VLJQLILFDQFH�RI�WKH�LQWHQWLRQV�RI�WKH�RULJLQDO�FUHDWRUV��
,Q�WKHVH�FLUFXPVWDQFHV��WKH�FXUUHQW�VWXG\�KDV�WR�EH�UHODWLYHO\�PRGHVW�LQ�LWV�DPELWLRQV��7KH�DLP�LV�WR�FRQWULEXWH�IXUWKHU�WR�WKH�GHYHORSPHQW�RI�SUDFWLFDO�SURFHGXUHV�IRU�SURIHVVLRQDOV�HQJDJHG�LQ�GLJLWDO�SUHVHUYDWLRQ�DQG�VSHFLILFDOO\�WR�SURSRVH�D�VFKHPD�IRU�WKH�FKDUDFWHULVDWLRQ�RI�WKH�VLJQLILFDQW�SURSHUWLHV���IRU�SUHVHUYDWLRQ�SXUSRVHV���RI�GLJLWDO�PRYLQJ�LPDJHV��EXW�LQ�VR�GRLQJ��LW�ZLOO�KDYH�WR�EDVH�LWVHOI�LQ�WKRVH�DUHDV��ZKHUH�D�FRQVHQVXV�LV�HVWDEOLVKHG��RU�DW�OHDVW�FOHDUO\�HPHUJLQJ��DQG�WR�UHVWULFW�LWVHOI�WR�VXJJHVWLQJ�WHQWDWLYH�H[WHQVLRQV�RI�FXUUHQW�WKLQNLQJ�LQ�RWKHU�DUHDV�ZKHUH�WKH�ZD\�IRUZDUG�LV�E\�QR�PHDQV�FOHDU��,W�LV�KRSHG��KRZHYHU��WKDW�WKH�VWXG\�ZLOO�VHUYH�D�SUDFWLFDO�SXUSRVH�LQ�SURYLGLQJ�D�FOHDU�
� KWWS���ZZZ�MLVF�DF�XN��
� KWWS���ZZZ�MLVF�DF�XN�ZKDWZHGR�SURJUDPPHV�SURJUDPPHBSUHVHUYDWLRQ�
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VWDWHPHQW�RQ�WKH�DUHDV�RI�FXUUHQW�FRQVHQVXV�DQG�LQ�GLUHFWLQJ�DWWHQWLRQ�WR�WKH�SUDFWLFDO�VWHSV�WR�EH�WDNHQ�E\�DUFKLYLVWV�LQ�WKHLU�LPSRUWDQW�WDVN�RI�SUHVHUYLQJ�DUWHIDFWV�WKDW�DUH�D�FHQWUDO�FXOWXUDO�IHDWXUH�RI�PRGHUQ�VRFLHWLHV��
7R WKDW�HQG�WKH�VWXG\�ZLOO�VHW�RXW�UDWKHU�VFKHPDWLFDOO\�WKH�LVVXHV�WR�EH�DGGUHVVHG�LQ�WKH�ORQJ�WHUP�SUHVHUYDWLRQ�RI�GLJLWDO�PRYLQJ�LPDJHV��KRSHIXOO\�PDNLQJ�WKH�SUDFWLFDO�LPSOLFDWLRQV�IRU�DUFKLYLVWV�DEXQGDQWO\�FOHDU��:H�DOVR�DLP�WR�PDNH WKH�GRFXPHQW�UHODWLYHO\�DFFHVVLEOH�WR�SHRSOH�ZKR�FRQIURQW�SUHVHUYDWLRQ�LVVXHV��EXW�ZKR�GR�QRW�KDYH�WKH�EHQHILW�RI�H[WHQVLYH�WHFKQLFDO�NQRZOHGJH�LQ�WKH�DUHD��)UHTXHQW�UHIHUHQFH�ZLOO�EH�PDGH�WR�HDUOLHU�DQG�SDUDOOHO�ZRUN��SDUWLFXODUO\�ZKHUH�WKLV�FDQ�SURYLGH�IXUWKHU�H[SODQDWLRQ�RI�WKH�SRVLWLRQ�WDNHQ��1RWDEOH�DPRQJ�WKHVH VRXUFHV�LV�WKH�'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\��XQGHUWDNHQ�IRU�-,6&�E\�WKH�$UWV�	�+XPDQLWLHV�'DWD�6HUYLFH��$+'6��DQG�FRPSOHWHG LQ������� 7KLV�SURYLGHV�DQ�LPPHGLDWH�UHIHUHQFH�SRLQW�IRU�RXU�RZQ�ZRUN��(TXDOO\��ZH�KRSH�ZH�KDYH�EHHQ�DEOH�WR�DGG�IUHVK�LQVLJKWV��QRW�OHDVW�WKRVH�GHULYHG�IURP�WKH�YHU\�KHOSIXO�LQSXWV�WR�D�VHULHV�RI�ZRUNVKRSV�FRQGXFWHG�RYHU�WKH�VXPPHU�DQG�DXWXPQ�RI�����������
����7KH�6WUXFWXUH�RI�WKH�6WXG\��
$IWHU�DQ�LQLWLDO�GHVFULSWLRQ�RI�WKH�LVVXHV�WKDW�WKH�6WXG\�LV�LQWHQGHG�WR�DGGUHVV��WKH GLVFXVVLRQ�ILUVW�VHHNV�WR�HVWDEOLVK�WKH�IUDPHZRUN�ZLWKLQ�ZKLFK�WKH�GHILQLWLRQ�RI WKH�6LJQLILFDQW�3URSHUWLHV�RI�PRYLQJ�LPDJHV�LV�WR�WDNH�SODFH��7KLV�UHTXLUHV�EULHIO\�FRQVLGHULQJ�DVSHFWV�RI�WKH�2$,6�5HIHUHQFH�0RGHO�WKDW�LV�ZLGHO\�UHJDUGHG�DV�SURYLGLQJ�D�JHQHUDO�IUDPHZRUN�IRU�GLJLWDO�DUFKLYHV�DQG��LQ�SDUWLFXODU��DQ�RXWOLQH�RI�WKH�FRQFHSW�RI�DQ�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH��ZKLFK�LV WKH�SULPDU\�SRLQW�RI�IRFXV�IRU�RXU�ODWHU�GLVFXVVLRQ��6LPLODUO\��WKHUH�LV�D�EULHI�UHIHUHQFH�WR�WKH�PHWDGDWD�VFKHPDWD�WKDW�DUH�HPHUJLQJ�DV�WKH�PDLQ�FRQWHQGHUV�LQ GLJLWDO�DUFKLYHV���
7KH 6WXG\�WKHQ�JRHV�RQ�WR�ORRN�VSHFLILFDOO\�DW�WKH�IUDPHZRUN�IRU�GHILQLQJ�6LJQLILFDQW�3URSHUWLHV�SURYLGHG�E\�WKH�PRVW�UHFHQW�ZRUN�XQGHU�WKH�,Q63(&7�SURMHFW��,Q63(&7�LV�GHYHORSLQJ�D�JHQHUDO�DSSURDFK�WR�WKH�FKDUDFWHULVDWLRQ�RI�6LJQLILFDQW�3URSHUWLHV�DQG�WKXV�SURYLGHV�D�EDVLF�RULHQWDWLRQ�IRU�RXU�RZQ�DSSURDFK��
5HIHUHQFH�LV�DOVR�PDGH�WR�ZRUN�EHLQJ�XQGHUWDNHQ�E\�&$63$5�DQG�3/$1(76��SURMHFWV�IXQGHG�E\�WKH�(XURSHDQ�8QLRQ�WKDW�DUH�ERWK�GHYHORSLQJ�H[LVWLQJ�FRQFHSWXDO�IUDPHZRUNV�DQG�PDNLQJ�DYDLODEOH�FHUWDLQ�WRROV�WKDW�ZLOO�EH�RI�SUDFWLFDO�XVH�WR�GLJLWDO�DUFKLYHV���&R�RUGLQDWLRQ�ZLWK�(XURSHDQ�DQG�JOREDO�IUDPHZRUNV�LV�RI�JURZLQJ�LPSRUWDQFH�IRU�WKHVH�LQLWLDWLYHV��
7KLV H[SODQDWLRQ�RI�WKH�IUDPHZRUN�IRU�GHILQLQJ�6LJQLILFDQW�3URSHUWLHV�LV�WKHQ�IROORZHG�E\�DQ�DQDO\VLV�RI�WKH�SURSHUWLHV�RI�PRYLQJ�LPDJHV��7KH�PDLQ�W\SHV�RI�PRYLQJ LPDJH�DUH�HVWDEOLVKHG��DQG�WKLV�LV�IROORZHG�E\�VRPH�REVHUYDWLRQV�RI�WKH�SURFHVV�RI�GLJLWLVDWLRQ�DQG�WKH�FRQVHTXHQFHV�IRU�WKH�VWXG\�RI�WKH�GLJLWDO�IRUPV�WKDW PRYLQJ�LPDJHV�FDQ�DVVXPH��7KLV�WKHQ�DOORZV�WKH�VWXG\�WR�SURFHHG�WR�D�

� µ'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\¶�$+'6�������
� KWWS���ZZZ�MLVF�DF�XN�PHGLD�GRFXPHQWV�SURJUDPPHV�SUHVHUYDWLRQ�PRYLQJBLPDJHVBDQGBVRXQGBDUFKLYLQJBVWXG\��SGI��
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FKDUDFWHULVDWLRQ�RI�WKH�FRUH�6LJQLILFDQW�3URSHUWLHV�RI�PRYLQJ�LPDJHV�DQG�D�GHWHUPLQDWLRQ�RI�WKH�IRUPDWV�WKDW�FDQ�FXUUHQWO\�EH�DGRSWHG�IRU�SUHVHUYDWLRQ�SXUSRVHV���
$IWHU�D�GHWHUPLQDWLRQ�RI�WKHVH�FHQWUDO�LVVXHV��WKHUH�LV�FRQVLGHUDWLRQ�JLYHQ�WR�D�EURDGHU�UDQJH�RI�6LJQLILFDQW�3URSHUWLHV�DQG�HVSHFLDOO\�WR�WKRVH�WKDW�DULVH�IURP�WKH RULJLQDO�LQWHQW�RI�WKH�FUHDWRUV�RI�WKLV�NLQG�RI�GLJLWDO�REMHFW��$�PHWDGDWD�IUDPHZRUN�LV�VXJJHVWHG�WKDW�FDQ�DFFRPPRGDWH�WKLV�W\SH�RI�6LJQLILFDQW�3URSHUW\��
)LQDOO\��WKH�PDLQ�FRQFOXVLRQV�DUH�GUDZQ�WRJHWKHU�DQG�UHFRPPHQGDWLRQV�DUH�PDGH�IRU�IXWXUH�GHYHORSPHQWV��
����7KH�'LOHPPD�RI�'LJLWDO�3UHVHUYDWLRQ��
7KHUH�LV�D�YDVW�DPRXQW�RI�ILOP�DQG�YLGHR�WKDW�LV�ZRUWK�SUHVHUYLQJ�EXW�H[LVWV�RQO\�LQ SK\VLFDO�IRUPDWV�VXFK�DQDORJXH�ILOP�DQG�PDJQHWLF�WDSH��*LYHQ�DQ�DSSURSULDWH�HQYLURQPHQW��ILOP�FDQ�EH�SUHVHUYHG�LQ�WKH�ORQJ�WHUP��KRZHYHU��LQ�VSLWH�RI�VXFK�FDUH��WKH�PDJQHWLF�WDSHV�DUH�GHWHULRUDWLQJ��LQFUHDVLQJO\�WR�WKH�H[WHQW WKDW�HLWKHU�WKH\�FDQ�QR�ORQJHU�EH�XVHG�RU�LW�FDQQRW�EH�XVHG�ZLWKRXW�H[WUDRUGLQDU\�FDUH�DQG�HIIRUW��'LJLWLVDWLRQ�LV�FHQWUDO�WR�SUHVHUYDWLRQ�VWUDWHJLHV�DV�ZHOO DV�WR�SODQV�WR�LQFUHDVH�DFFHVV��,W�KDV�EHFRPH�WKH�PDLQ�IRFXV�RI�SXEOLF�SROLF\�LQ�WKH�DUHD�DQG�D�YHKLFOH�IRU�DFKLHYLQJ�JUHDWHU�SURILOH�LQ�WKH�ZLGHU�SROLF\�DUHQD��7KH�(XURSHDQ�8QLRQ¶V�'LJLWDO�/LEUDULHV�LQLWLDWLYH�SURYLGHV�DQ�LOOXVWUDWLRQ�RI WKLV�GHYHORSLQJ�SROLF\�DJHQGD��,QFUHDVLQJO\�QHZ�FRQWHQW�LV�FUHDWHG�LQ�D�GLJLWDO�PHGLXP��µERUQ�GLJLWDO¶���DGGLQJ�WR�WKH�GHPDQGV�IRU�GLJLWDO�SUHVHUYDWLRQ��
3UHVHUYLQJ�PDWHULDO�LQ�GLJLWDO�IRUP�SRVHV�D�QHZ�VHULHV�RI�SUREOHPV��2QFH�WKH�FRQWHQW�LV�FDSWXUHG�DV�ILOHV�WKDW�FDQ�EH�PDQDJHG�RQ�D�FRPSXWHU�V\VWHP�WKH�SUHVHUYDWLRQ�RI�WKH�ILOHV�WKHPVHOYHV�EHFRPHV�D�PDWWHU�RI�URXWLQH�PDVV�VWRUDJH�PDQDJHPHQW�LQ�FRPPRQ�ZLWK�DOO�RWKHU�GDWD�KHOG�RQ�FRPSXWHU�V\VWHPV��+RZHYHU�VRIWZDUH�LV�QHHGHG�WR�UHDG�WKHVH�ILOHV�DQG�WR�SUHVHQW�RU�µUHQGHU¶�WKH�GLJLWDO�GDWD�RQ�D�FRPSXWHU�VFUHHQ�RU�RWKHU�YLHZLQJ�GHYLFH��7KH�VRIWZDUH�DQG�FRPSXWHU�HTXLSPHQW�QHHGHG�WR�UXQ�WKH�VRIWZDUH�EHFRPHV�REVROHWH�RYHU�WLPH�DQG�WKH�DELOLW\�WR�UHDG�ROGHU�ILOHV�PD\�EH�ORVW��6SHFLDO�DUUDQJHPHQWV�KDYH�WR�EH�PDGH WR�PDLQWDLQ�DFFHVV�WR�WKH�GLJLWDO�FRQWHQW�RU�GLJLWDO�ILOHV�KDYH�WR�EH�SXW�LQWR�QHZ�IRUPV�WKDW�FDQ�EH�UHDG�E\�FXUUHQW�VRIWZDUH�DQG�GLVSOD\HG�RQ�FXUUHQW�HTXLSPHQW��2EVROHVFHQFH�LV�WKHUHIRUH�D�PDMRU�SUREOHP�DQG�GLJLWLVDWLRQ�DV�VXFK�GRHV�QRW�VROYH�WKH�SUREOHPV�RI�SUHVHUYDWLRQ���
%HFDXVH�WKH�GLJLWDO�ILOHV�RI�PRYLQJ�LPDJHV�WHQG�WR�EH�UDWKHU�ODUJHU�WKDQ�WKH�ILOHV�RI WH[W�GRFXPHQWV�DQG�RWKHU�GLJLWDO�REMHFWV�DQG�KHQFH�PRUH�WLPH�FRQVXPLQJ�WR�WUDQVIHU�RYHU�WKH�,QWHUQHW��LW�LV�FRPPRQ�WR�SUHVHQW�PRYLQJ�LPDJH�ILOHV�LQ�D�PRUH�FRQYHQLHQW�IRUP��SULQFLSDOO\�WKURXJK�WKH�XVH�RI�ORVV\�FRPSUHVVLRQ�WHFKQLTXHV��7KHUH LV�D�FRVW�WR�WKLV��VLQFH�DOWKRXJK�DFFHVV�LV�XQGRXEWHGO\�PDGH�HDVLHU��ORVV\�FRPSUHVVLRQ�ORVHV�VRPH�RI�WKH�RULJLQDO�GDWD��7KH�QHW�UHVXOW�LV�WKDW�WKH�QHHGV�RI�DFFHVV DQG�SUHVHUYDWLRQ�GLYHUJH��WR�D�JUHDWHU�H[WHQW�WKDQ�ZLWK�RWKHU�FRPPRQ�IRUP�RI�GLJLWDO�REMHFW��DQG�ILOHV�WKDW�DUH�PDGH�DYDLODEOH�IRU�HDV\�DFFHVV�DUH�QRW�XVXDOO\ WKH�PRVW�DSSURSULDWH�RQHV�IRU�SUHVHUYDWLRQ�SXUSRVHV��
7KH JHQHUDO�UHVSRQVH�WR�WKHVH�LVVXHV�LV�WR�SODQ�IRU�WKH�ORQJHU�WHUP��WR�GHFLGH�RQ SUHVHUYDWLRQ�IRUPDWV�WKDW�DUH�OLNHO\�WR�EH�UHODWLYHO\�ORQJ�OLYHG��EXW�DOVR�WR�SODQ�IRU�FKDQJHV�RYHU�WLPH��7KLV�FDQ�EH�GRQH�HLWKHU�E\�FKDQJLQJ�WKH�GDWD�RU�E\�
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PDNLQJ�DUUDQJHPHQWV�VR�WKDW�QHZ�VRIWZDUH�DQG�HTXLSPHQW�FDQ�FRQWLQXH�WR�DFFHVV�DQG�GLVSOD\�GDWD�LQ�WKH�ROG�IRUPDWV��7KH�IRUPHU�DSSURDFK�LQYROYHV�PRYLQJ�ZLWK�WKH�SUHYDLOLQJ�VRIWZDUH�DQG�HTXLSPHQW�GHYHORSPHQWV�DQG�µPLJUDWLQJ¶�GDWD�VXFFHVVLYHO\�RQ�WR�FXUUHQW�IRUPDWV��7KH�VHFRQG�PHDQV�PDNLQJ�D VHULHV�RI�DUUDQJHPHQWV�DQG�GHYHORSLQJ�VRIWZDUH�DQG�HTXLSPHQW�VR�WKDW�WKH�ROGHU�SURJUDPV�FDQ�EH�µHPXODWHG¶�LQ�IXWXUH�HQYLURQPHQWV��$V�ZH�VKDOO�VHH�WKHUH�DUH�YDULDWLRQV�RQ�WKHVH�WKHPHV�RI�µPLJUDWLRQ¶�DQG�µHPXODWLRQ¶��EXW�ZKDWHYHU�WKH�DSSURDFK��LW�KDV�WR�EH�UHFRJQLVHG�WKDW�FKDQJHV�DUH�LQHYLWDEOH��
,W LV�LQ�WKLV�FRQWH[W�WKDW�WKH�FRUH�LVVXH�RI�WKLV�VWXG\�DULVHV��,I�WKH�RULJLQDO�REMHFW�QHFHVVDULO\�KDV�WR�EH�FKDQJHG�LQ�WKH�FRXUVH�RI�SURFHVVHV�GHVLJQHG�WR�HQVXUH�LWV SUHVHUYDWLRQ�RYHU�WKH�ORQJHU�WHUP��ZKLFK�DUH�WKH�FKDUDFWHULVWLFV�DQG�IHDWXUHV�RI WKH�RULJLQDO�WKDW�KDYH�WR�EH�SUHVHUYHG�WKURXJK�WKHVH�FKDQJHV"��,Q�RWKHU�ZRUGV��ZKDW�LV�WKH�µHVVHQFH¶�RI�WKH�REMHFW�WKDW�FRQVWLWXWHV�LWV�XQLTXH�LGHQWLW\�DQG�DOORZV�XV�WR�VD\�WKDW�D�QHZ�UHSUHVHQWDWLRQ�LV�WKH�VDPH�DV�WKH�SUHYLRXV�RQH"��2U�LQ WKH�WHUPLQRORJ\�WKDW�ZH�XVH��ZKDW�DUH�WKH�µ6LJQLILFDQW�3URSHUWLHV¶�RI�WKH�REMHFW�IRU�SUHVHUYDWLRQ�SXUSRVHV"��
7KH QH[W�TXHVWLRQ�LV�WKHQ��KRZ�DUH�WKHVH�6LJQLILFDQW�3URSHUWLHV�WR�EH�SUHVHUYHG"�,W�WXUQV�RXW�WKDW�WKHUH�DUH�D�QXPEHU�RI�UHVSRQVHV�WR�WKLV��$W�WKH�PRVW EDVLF�OHYHO��ZH�EHOLHYH�WKDW�WKHUH�LV�D�FDVH�IRU�SUHVHUYLQJ�WKH�RULJLQDO�GDWD�LQ WKH�RULJLQDO�IRUPDW��:H�GR�QRW�NQRZ�ZKDW�ZLOO�EH�SRVVLEOH�LQ�WKH�IXWXUH���
+RZHYHU��ZH�KDYH�MXVW�RXWOLQHG�WKH�UHDVRQV�ZK\�VLPSO\�SUHVHUYLQJ�WKH�RULJLQDO�GDWD�LV�QRW�VXIILFLHQW�FXUUHQWO\��6RPH�IRUP�RI�PLJUDWLRQ�RU�SURYLVLRQ�IRU�HPXODWLRQ�LV�QHFHVVDU\�WR�HQVXUH�WKDW�WKH�RULJLQDO�GDWD�FDQ�FRQWLQXH�WR�EH�DFFHVVHG��,I�PLJUDWLRQ�LV�FKRVHQ�DV�WKH�SUHVHUYDWLRQ�VWUDWHJ\��WKHUH�LV�D�QHHG�WR�FKHFN�KRZ�IDU�WKH�QHZ�SUHVHUYDWLRQ�IRUPDW�FDSWXUHV�WKH�6LJQLILFDQW�3URSHUWLHV�RI WKH�RULJLQDO�DQG�LI�WKLV�LV�QRW�FRPSOHWH�KRZ�LQIRUPDWLRQ�DERXW�WKH�PLVVLQJ�SURSHUWLHV�FDQ�EH�FRQYH\HG��6LPLODUO\��LI�DQ�HPXODWLRQ�VWUDWHJ\�LV�FKRVHQ��WKHUH�LV D�QHHG�WR�FKHFN�WKDW�WKH�HPXODWLRQ�VRIWZDUH�LV�VXFFHVVIXOO\�UHSURGXFLQJ�WKH�6LJQLILFDQW�3URSHUWLHV�RI�WKH�RULJLQDO��
&KRRVLQJ�WKH�ULJKW�SUHVHUYDWLRQ�IRUPDW�RU�GHYHORSLQJ�WKH�ULJKW�HPXODWLRQ�VRIWZDUH�LV�QRW�WKH�FRPSOHWH�DQVZHU��WKHQ��H[FHSW�LQ�XQUHDOLVWLFDOO\�LGHDO�FRQGLWLRQV��7KHUH�LV�D�QHHG�IRU�DQRWKHU�OHYHO�DW�ZKLFK�6LJQLILFDQW�3URSHUWLHV�FDQ�EH SUHVHUYHG��7KLV�LV�HVVHQWLDOO\�WKH�PHWDGDWD�OHYHO��0HWDGDWD�DUH�GDWD�DERXW�GDWD��0HWDGDWD�VFKHPHV�DUH�VWUXFWXUHV�RU�V\VWHPV�IRU�RUJDQLVLQJ�LQIRUPDWLRQ�DERXW�GDWD��7KH�TXHVWLRQ�WKHQ�EHFRPHV�ZKLFK�PHWDGDWD�VFKHPHV�KDYH�HOHPHQWV�WKDW�DOORZ�LQIRUPDWLRQ�DERXW�6LJQLILFDQW�3URSHUWLHV�WR�EH�UHFRUGHG�LQ�DQ DSSURSULDWH�ZD\��
7KLV W\SH�RI�TXHVWLRQ�VWDUWV�WR�PRYH�WKH�GLVFXVVLRQ�IURP�WHFKQLFDO�LVVXHV�WR�VRPHWKLQJ�WKDW�LV�PXFK�EURDGHU��7KH�LQVWLQFWV�RI�WKRVH�HQJDJHG�LQ�SUHVHUYDWLRQ�DUH�WR�NHHS�WKH�REMHFW�DV�LW�ZDV�RULJLQDOO\�LQWHQGHG�WR�EH��7KLV�EULQJV�WKH�µLQWHQW¶�RI WKH�RULJLQDO�FUHDWRU�LQWR�WKH�SLFWXUH�DV�ZHOO�DV�WKH�µFRQWHQW¶�RI�WKH�REMHFW�XQGHU�FRQVLGHUDWLRQ���0RUH�JHQHUDOO\��WKH�FRQWH[W�RI�WKH�FUHDWLRQ�RI�WKH�REMHFW�LV�SDUW�RI GHWHUPLQLQJ�ZKDW�LW�LV��DORQJ�ZLWK�WKH�FLUFXPVWDQFHV�RI�LWV�VXEVHTXHQW�KLVWRU\��7KH H[WHQW�RI�WKH�FRQVLGHUDWLRQV�WR�EH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�PHWDGDWD�RI�D�GLJLWDO�REMHFW�UDSLGO\�EHFRPHV�UDWKHU�ODUJH�DQG�D�PHDQV�RI�GLVWLQJXLVKLQJ�EHWZHHQ�WKHP�LV�LPSRUWDQW�IRU�SUDFWLFDO�UHDVRQV��
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7KH GLOHPPD�RI�GLJLWDO�SUHVHUYDWLRQ��WKHQ��DULVHV�IURP�WKH�QHHG�WR�FKDQJH�WKH�RULJLQDO�REMHFW�LQ�RUGHU�WR�SUHVHUYH�LW��RU�UDWKHU�WKH�QHHG�WR�FKDQJH�LW�VXFFHVVLYHO\�DV�WKH�JHQHUDO�WHFKQLFDO�HQYLURQPHQW�FRQWLQXHV�WR�FKDQJH��,W�LV�LQ�WKLV FRQWH[W�WKDW�ZH�KDYH�WR�DGGUHVV�WKH�TXHVWLRQV�RI�ZKDW�WR�SUHVHUYH�DQG�KRZ�WR SUHVHUYH�LW���WKH�FRUH�TXHVWLRQV�ZH�VKDOO�DGGUHVV�LQ�WKH�IROORZLQJ�GLVFXVVLRQ��
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� $�)UDPHZRUN�IRU�'LJLWDO�3UHVHUYDWLRQ��
����'LJLWDO�2EMHFWV�DQG�WKHLU�3UHVHQWDWLRQ�
%HIRUH�SURJUHVVLQJ�WR�ORRN�DW�WKH�JHQHUDO�IUDPHZRUN�IRU�GLJLWDO�DUFKLYLQJ�WKDW�SURYLGHV�WKH�EDVLV�IRU�PXFK�RI�WKH�ZRUN�WKDW�LV�EHLQJ�XQGHUWDNHQ�RQ�GLJLWDO�SUHVHUYDWLRQ��LW�ZLOO�XVHIXO�WR�IROORZ�XS�WKH�GLVFXVVLRQ�LQ�WKH�SUHYLRXV�VHFWLRQ�DQG�VHW�RXW�VRPH�IXQGDPHQWDO�GLVWLQFWLRQV�UHODWLQJ�WR�GLJLWDO�REMHFWV�DQG�WKH�ZD\ WKDW�WKH\�DUH�XVHG��:H�EHJLQ�ZLWK�GLJLWDO�REMHFWV�DW�WKHLU�EDVLF�OHYHO���
'LJLWDO REMHFWV�DUH�IXQGDPHQWDOO\�ELQDU\ GDWD��HQFRGLQJ�WKH�LWHP�RI�LQWHUHVW�DV�D�
VHTXHQFH�RI�ELQDU\�GLJLWV��7KH\�PD\�EH�WUDQVPLWWHG��IRU�LQVWDQFH�RYHU�D�QHWZRUN��DV�D�ELW�VWUHDP�RU�VWRUHG�LQ�D�FRPSXWHU�V\VWHP�DV�D�ILOH� ,W�ZLOO�EH�VHHQ�
WKDW D�ILOH�FRQWDLQLQJ�WKH�GLJLWDO�REMHFW�LV�WKH�PRVW�EDVLF�OHYHO�DW�ZKLFK�D�GLJLWDO�REMHFW�FDQ�EH�SUHVHUYHG��
2QFH�VWRUHG�DV�D�GLJLWDO�ILOH��WKH�GLJLWDO�REMHFW�FDQ�EH�FRSLHG�LQGHILQLWHO\�ZLWKRXW�ORVV� D�ILUVW�VWHS�WRZDUGV�GLJLWDO�SUHVHUYDWLRQ���7KH�ULVN�RI�GHWHULRUDWLRQ�RU�ORVV�RI�WKH PHGLXP�LQ�ZKLFK�WKH�ILOH�LV�VWRUHG�LV�PLWLJDWHG�E\�PDLQWDLQLQJ�PXOWLSOH�FRSLHV�DQG�UHJXODU�FKHFNLQJ��WKH�GLVFLSOLQH�RI�PDVV VWRUDJH�PDQDJHPHQW��
+RZHYHU��LQ�FRQWUDVW�WR�D�SK\VLFDO�REMHFW�LQ�DQ�DUFKLYH��OLEUDU\�RU�PXVHXP��D�GLJLWDO�REMHFW�LV�QRW�DFFHVVLEOH�LQ�LWVHOI��,W�UHTXLUHV�D�SOD\HU�WR�LQWHUSUHW�RU�GHFRGH�WKH ELQDU\�GDWD�DQG�UHQGHU�LW��WUDQVIRUPLQJ�LW�LQWR�D�IRUP�DFFHVVLEOH�WR�WKH�
YLHZHU SUHVHQWHG�RQ�DQ�RXWSXW�GHYLFH��VXFK�DV�D�FRPSXWHU�VFUHHQ�RU�ORXGVSHDNHU����
7KH ILOH�LQ�ZKLFK�WKH�LQIRUPDWLRQ�KDV�EHHQ�HQFRGHG�KDV�WR�EH�LQ�D�UHFRJQL]DEOH�IRUPDW LQ RUGHU�IRU�LW�WR�EH�SUHVHQWHG�VXFFHVVIXOO\�E\�WKH�SOD\HU��7KH�VWUXFWXUH�RI�WKLV ILOH�LV�GHWHUPLQHG�E\�WKH�IRUPDW��7KH�ILOH�PD\�EH�D�ZUDSSHU�RU�SDFNDJH�
IRUPDW��HQFDSVXODWLQJ�PXOWLSOH�ELW�VWHDPV�WRJHWKHU�ZLWK�FRQWURO�LQIRUPDWLRQ�DQG�RWKHU PHWDGDWD�
7KHUH DUH�D�ZLGH�YDULHW\�RI�ILOH�IRUPDWV�XVHG�WR�HQFRGH�GLJLWDO�PRYLQJ�LPDJHV��PDQ\ RI�WKHP�SURSULHWDU\��'LIIHUHQW�IRUPDWV�DQG�HQFRGLQJV�KDYH�GLIIHUHQW�SURSHUWLHV�DQG�DUH�XVHG�IRU�GLIIHUHQW�SXUSRVHV��
,Q WKH�FDVH�RI�GLJLWDO�PRYLQJ�LPDJHV�ZH�KDYH�EHHQ�WKURXJK�D�SHULRG�RI�UDSLG�WHFKQRORJLFDO�FKDQJH��%URDGFDVW�RUJDQLVDWLRQV�DUH�PRYLQJ�WR�FRPSOHWHO\�GLJLWDO�V\VWHPV��FRQVXPHU�FDPFRUGHUV�DUH�QRZ�ODUJHO\�GLJLWDO�DQG�YLGHR�VWUHDPV�DUH�VHHQ�HYHU\ZKHUH�RQ�WKH�,QWHUQHW��7KLV�KDV�JLYHQ�ULVH�WR�UDSLG�GHYHORSPHQWV�DQG�FRQVHTXHQWO\�UDSLG�REVROHVFHQFH���
)RU SUHVHUYDWLRQ�SXUSRVHV�ZH�ZDQW�WR�XVH�IRUPDWV�WKDW�FDQ�EH�UHOLHG�RQ�WR�EH�XVDEOH LQ�WKH�IXWXUH��8QIRUWXQDWHO\�WKLV�LV�QRW�WKH�FDVH��VRPH�IRUPDWV�FRQWLQXH�DQG�RWKHUV�FHDVH�WR�EH�VXSSRUWHG��7KH�SOD\HU�VRIWZDUH�PD\�EH�SUHVHUYHG�EXW�WKH FRPSXWHU�KDUGZDUH�RU�RSHUDWLQJ�HQYLURQPHQW�QHHGHG�WR�UXQ�WKH�VRIWZDUH�PD\ QRW��:H�FDQQRW�DVVXPH�WKDW�DQ\�JLYHQ�IRUPDW�ZLOO�EH�XVDEOH�LQ�WKH�IXWXUH��,Q IDFW��RQ�WKH�FRQWUDU\��ZH�KDYH�WR�DVVXPH�WKDW�DOO�WKHVH�HOHPHQWV�LQ�WKH�SURFHVVHV�WKDW�DOORZ�GLJLWDO�ILOHV�WR�EH�UHQGHUHG�ZLOO�FKDQJH�VLJQLILFDQWO\�RYHU�WLPH��
7KH TXHVWLRQ�WKHUHIRUH�LV�KRZ�GR�RUJDQLVDWLRQV�FRQFHUQHG�ZLWK�SUHVHUYDWLRQ�GHDO�ZLWK�WKH�LVVXH�RI�FKDQJLQJ�IRUPDWV��RSHUDWLQJ�VRIWZDUH��KDUGZDUH�HWF"��$�



��

OLVW�RI�SRVVLEOH�DSSURDFKHV�KDV�EHHQ�SURYLGHG�E\�.HQ�7KLERGHDX�RI�WKH�86�1DWLRQDO�$UFKLYHV�DQG�5HFRUGV�$GPLQLVWUDWLRQ��� ,W�LQFOXGHV��
%LWVWUHDP�SUHVHUYDWLRQ� SUHVHUYLQJ�WKH�RULJLQDO�GDWD�DV�D�VHTXHQFH�RI�
ELQDU\�GLJLWV��HLWKHU�LQ�WKH�RULJLQDO�ILOH�IRUPDW�RU�DV�D�VHTXHQFH�RI�ELWV�FRQWDLQHG�LQVLGH�D�ZUDSSHU��7KH�RULJLQDO�GDWD�DUH�XQLQWHUSUHWHG��
7HFKQRORJ\�SUHVHUYDWLRQ���SUHVHUYLQJ�DQG�PDLQWDLQLQJ�WKH�RULJLQDO�
KDUGZDUH�DQG�VRIWZDUH���LQ�HIIHFW�FUHDWLQJ�DQ�LQIRUPDWLRQ�WHFKQRORJ\�PXVHXP���
0LJUDWLRQ��PRYLQJ�GLJLWDO�REMHFWV�RQWR�QHZ�PHGLD�DQG�RU�LQWR�QHZ�ILOH�
IRUPDWV��7KH�QHZ�ILOH�IRUPDWV�FDQ�HLWKHU�EH�µXS�GDWHV�RI�HDUOLHU�IRUPDWV�RU GLIIHUHQW�IRUPDWV��:KHQ�WKH�PLJUDWLRQ�RI�ILOH�IRUPDWV�LV�WR�D�VWDQGDUGLVHG�IRUPDW�FKRVHQ�WR�HQVXUH�IXWXUH�DFFHVVLELOLW\��WKH�SURFHVV�LV�UHIHUUHG�WR�DV�µQRUPDOLVDWLRQ¶��0LJUDWLRQ�ULVNV�ORVLQJ�VRPH�RI�WKH�DWWULEXWHV�RI�WKH�HDUOLHU�IRUPDW��
(PXODWLRQ��UHSOLFDWLQJ�WKH�RULJLQDO�H[SHULHQFH��LQFOXGLQJ�WKH�RULJLQDO�µORRN�
DQG IHHO¶��RQ�PRGHUQ�KDUGZDUH�DQG�RSHUDWLQJ�V\VWHPV��6XSSRUWHUV�RI�HPXODWLRQ�EHOLHYH�WKDW�SUHVHUYLQJ�WKH�SUHVHQWDWLRQ�RI�LQIRUPDWLRQ�LV�LPSRUWDQW�DV�ZHOO�DV�SUHVHUYLQJ�WKH�FRQWHQW��,Q�WKLV�VHQVH��WKH�SURFHVV�LV�WKH�SXUHVW�IRUP�RI�DUFKLYDO�SUHVHUYDWLRQ��EXW�LW�LV�YHU\�GHPDQGLQJ��,W�UHTXLUHV�WKH�GHYHORSPHQW�RI�VSHFLDO�VRIWZDUH��QRW�RQO\�IRU�HDFK�IRUPDW�WR�EH�SUHVHUYHG��EXW�DOVR�IRU�HDFK�RSHUDWLQJ�HQYLURQPHQW�LQ�ZKLFK�WKH�REMHFWV�FDQ�EH�DFFHVVHG�������
0LJUDWLRQ�RQ�5HTXHVW��SUHVHUYLQJ��GLJLWDO�REMHFWV�LQ�WKHLU�RULJLQDO�IRUPDW��
ZKLOH�GHYHORSLQJ�PLJUDWLRQ�WRROV�WR�UHQGHU�WKH�RULJLQDO�REMHFWV�LQWR�D�FXUUHQW�IRUPDW��ZKHQ�WKLV�LV�UHTXLUHG��:LWK�WKLV�DSSURDFK��D�ZKROH�VHULHV�RI�PLJUDWLRQ�WRROV��RQH�IRU�HDFK�RULJLQDO�IRUPDW��KDYH�WR�EH�PDLQWDLQHG�WR�NHHS�XS�ZLWK�FKDQJLQJ�FRPSXWLQJ�HQYLURQPHQWV��
8QLYHUVDO�9LUWXDO�&RPSXWHU���D ODUJHO\�WKHRUHWLFDO�DSSURDFK��GHYHORSHG�
E\�5D\PRQG�/RULH�DW�,%0�5HVHDUFK� WKDW�FRPELQHV�HPXODWLRQ�ZLWK�PLJUDWLRQ�DQG�FODLPV�WR�GHULYH�PRVW�RI�WKH�EHQHILWV�RI�HDFK�DSSURDFK��ZKLOH�DYRLGLQJ�WKH�PDMRU�GLIILFXOWLHV��$V�WKH�QDPH�VXJJHVWV��D�YLUWXDO�FRPSXWHU�LV�FUHDWHG��ZKLFK�OLHV�EHWZHHQ�UHDO�FRPSXWHU�SODWIRUPV�DQG�WKH�VRIWZDUH�OD\HUV��$�89&�WKXV�RIIHUV�D�SODWIRUP�LQGHSHQGHQW�OD\HU�WKDW�FDQ�SHUVLVW�LQGHILQLWHO\�LQWR�WKH�IXWXUH��,Q�DSSOLFDWLRQ�RI�WKH�LGHD��WKH�RULJLQDO�REMHFW�LV�SUHVHUYHG�DQG�LW�FDQ�EH�UHFRQVWUXFWHG�DW�DQ\�WLPH�DV�LW�RULJLQDOO\�DSSHDUHG��

,Q SUDFWLFH��WKH�PDLQ�FRQWHQGHUV�IRU�DWWHQWLRQ�KDYH�EHHQ�WKH�HPXODWLRQ�DQG�PLJUDWLRQ�VWUDWHJLHV��:H�VKDOO�VHH�WKDW�LQ�WKH�SUHVHQW�6WXG\��WKH�PLJUDWLRQ�URXWH�LV IDYRXUHG��ZLWK�ELW�VWUHDP�SUHVHUYDWLRQ�DV�DQ�DGGLWLRQDO�EDFN�XS���
+RZHYHU��WKHUH�DUH�VWLOO�SURSRQHQWV�RI�DQ�HPXODWLRQ�VWUDWHJ\��,W�ILJXUHG�LQ�HDUOLHU�-,6& SURMHFWV�DQG�DW�D�(XURSHDQ�OHYHO��HPXODWLRQ�LV�VWLOO�YHU\�PXFK�DVVRFLDWHG�
�

�7KLERGHDX��.��������µ2YHUYLHZ�RI�7HFKQRORJLFDO�$SSURDFKHV�WR�'LJLWDO�3UHVHUYDWLRQ�DQG�
&KDOOHQJHV�LQ�&RPLQJ�<HDUV¶�LQ�SURFHHGLQJV�RI�7KH�6WDWH�RI�'LJLWDO�3UHVHUYDWLRQ��$Q�,QWHUQDWLRQDO�
3HUVSHFWLYH� &RQIHUHQFH�3URFHHGLQJV��:DVKLQJWRQ��������
� KWWS���GRPLQR�UHVHDUFK�LEP�FRP�FRPP�SU�QVI�SDJHV�ELR�ORULH�KWPO�



��

ZLWK WKH�.RQLQNOLMNH�%LEOLRWKHHN�DQG�WKH�1DWLRQDDO�$UFKLHI�LQ�WKH�1HWKHUODQGV�DQG�WKHLU�GHYHORSPHQW�RI�WKH�'LRVFXUL�HPXODWRU�� 7KHVH�DUFKLYHV�DUH�DFWLYH�LQ�WKH 3/$1(76�SURMHFW��WR�ZKLFK�WKHUH�LV�IXUWKHU�UHIHUHQFH�EHORZ�DQG�WKH�LVVXH�ZLOO�EH�SLFNHG�XS�DJDLQ�LQ�WKH�GLVFXVVLRQ�RQ�WKH�VHFWLRQ�RQ�&RQWHQW 	�,QWHQW�
����$�*HQHUDO�)UDPHZRUN�IRU�'LJLWDO�3UHVHUYDWLRQ���WKH�2$,6�PRGHO�
7KH�2SHQ�$UFKLYDO�,QIRUPDWLRQ�6\VWHP��2$,6��5HIHUHQFH�0RGHO�SURYLGHV�D�JHQHUDO�IUDPHZRUN�IRU�GLJLWDO�SUHVHUYDWLRQ��7KLV�IUDPHZRUN�ZDV�RULJLQDOO\�GUDZQ�XS E\�WKH�&RQVXOWDWLYH�&RPPLWWHH�IRU�6SDFH�'DWD�6\VWHPV��EXW�LW�LV�ZLGHO\�UHFRJQLVHG�LQWHUQDWLRQDOO\�DV�WKH�EDVLV�IRU�GLJLWDO�DUFKLYLQJ��,W�ZDV�DFFHSWHG�DV�DQ ,62�VWDQGDUG�LQ�������
$UFKLYHV�FRQIRUPLQJ�WR�WKH�PRGHO�DFFHSW�WKH�UHVSRQVLELOLW\�WR�SUHVHUYH�LQIRUPDWLRQ�RYHU�WKH�µORQJ�WHUP¶�DQG�WR�PDNH�LW�DYDLODEOH�IRU�D�µ'HVLJQDWHG��&RPPXQLW\¶��,W�LV�XQGHUVWRRG�WKDW�WKH�FRPPLWPHQW�KDV�WR�EH�WR�FDUU\LQJ�WKH�LQIRUPDWLRQ�LQ�DQ�DFFHVVLEOH�IRUP�RYHU�D�VXIILFLHQWO\�ORQJ�SHULRG�WR�HQFRXQWHU�FKDQJLQJ�WHFKQRORJLHV��LQFOXGLQJ�QHZ�PHGLD�DQG�GDWD�IRUPDWV��DQG�DOVR�WR�DGGUHVVLQJ�WKH�FKDQJLQJ�UHTXLUHPHQWV�RI�WKH�XVHU�FRPPXQLW\��7KH�RWKHU�EDVLF�HOHPHQW�LQ�WKH�REMHFWLYHV�RI�WKH�DUFKLYH��DV�HQYLVDJHG�LQ�WKH�UHIHUHQFH�PRGHO��LV�WKDW�WKH�SURSRVLWLRQ�WKDW�WKH�DUFKLYH�QHHGV�WR�VSHFLI\�WKH�W\SH�DQG�QDWXUH�RI�WKH�FRPPXQLW\�LW�LV�WR�VHUYH�±�WKH�µ'HVLJQDWHG�&RPPXQLW\¶�DQG�HQVXUH�WKDW�DUFKLYHG�PDWHULDO�LV�DFFHVVLEOH�WR�WKDW�FRPPXQLW\�ZLWKRXW�XQGXH�GLIILFXOW\��SDUWLFXODUO\�LQ�WHUPV�RI�EHLQJ�DEOH�WR�XQGHUVWDQG�WKH�LQIRUPDWLRQ�WKDW�LV�EHLQJ�KHOG�E\�WKH�DUFKLYH��
2QH�RI�WKH�JUHDWHVW�FKDOOHQJHV�LQLWLDOO\�IRU�DUFKLYHV�LV�ILQGLQJ�D�VKDUHG�YRFDEXODU\�IRU�D�FRPPRQ�XQGHUVWDQGLQJ�RI�SURFHVVHV�DQG�SURFHGXUHV�E\�WKH�UDQJH�RI�VWDNHKROGHUV�ZLWK�GLIIHULQJ�UHODWLRQVKLSV�WR�WKH�UHWDLQHG�PDWHULDO��,QGHHG�RQH�RI�WKH�REMHFWLYHV�LQ�GHYHORSLQJ�WKH�5HIHUHQFH�0RGHO�ZDV�WR�IDFLOLWDWH�WKH�HIIHFWLYH�SDUWLFLSDWLRQ�RI�QRQ�DUFKLYDO�RUJDQLVDWLRQV�LQ�WKH�SUHVHUYDWLRQ�SURFHVV��&RQVLGHUDEOH�HIIRUW�ZDV�WKHUHIRUH�GHYRWHG�WR�HVWDEOLVKLQJ�FRPPRQ�WHUPV�DQG�FRQFHSWV�DQG�SURYLGLQJ�D�IUDPHZRUN�IRU�VHWWLQJ�RXW�WKH�UROHV�RI�VLJQLILFDQW�SOD\HUV�DQG�WKH�UHODWLRQVKLSV�EHWZHHQ�WKHP��
7KLV DSSURDFK�KHOSHG�WR�FODULI\�WKH�QDWXUH�RI�WKH�SURFHVVHV�LQYROYHG�LQ�DUFKLYLQJ�GLJLWDO�PDWHULDO� DQG��WRJHWKHU�ZLWK�WKH�ORQJ�WHUP�YLHZ�LQKHUHQW�LQ�WKH�PRGHO��OHG�WR�WKH�GHYHORSPHQW�RI�D�OLIH�F\FOH�SHUVSHFWLYH�RQ�SUHVHUYDWLRQ�SURFHVVHV��ZKLFK�KDV�EHHQ�FRQVLGHUDEO\�HODERUDWHG�VXEVHTXHQWO\��(VVHQWLDOO\�WKH�OLIH�RI�D�GLJLWDO�REMHFW�LV�FRQFHLYHG�DV�EHJLQQLQJ�ZLWK�WKH�LQWHQWLRQV�DQG�
� KWWS���GLRVFXUL�VRXUFHIRUJH�QHW��
� ,62������������6SDFH�GDWD�DQG�LQIRUPDWLRQ�WUDQVIHU�V\VWHPV�±�2SHQ�DUFKLYDO�
LQIRUPDWLRQ�V\VWHP�±�5HIHUHQFH�PRGHO�����KWWS���SXEOLF�FFVGV�RUJ�SXEOLFDWLRQV�DUFKLYH����[�E��SGI�
� 1RWH�WKDW�WKH�2$,6�PRGHO�GRHV�HQYLVDJH�WKDW�PDWHULDO�KHOG�LQ�WKH�DUFKLYH�PD\�EH�LQ�QRQ�GLJLWDO�IRUPV��+RZHYHU��WKH�PDLQ�IRFXV�LV�RQ�GLJLWDO�LQIRUPDWLRQ��ERWK�DV�WKH�SULPDU\�IRUP�RI�LQIRUPDWLRQ�KHOG�DQG�DV�VXSSRUWLQJ�LQIRUPDWLRQ�IRU�ERWK�GLJLWDO�DQG�QRQ�GLJLWDO�PDWHULDOV�DQG�WKH�PRGHOLQJ�DQG�SUHVHUYDWLRQ�RI�SULPDU\�LQIRUPDWLRQ�LQ�QRQ�GLJLWDO�IRUP�LV�QRW�DGGUHVVHG�LQ�DQ\�GHWDLO��

http://public.ccsds.org/publications/archive/650x0b1.pdf
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DFWLRQV�RI�LWV�SURGXFHU��FRQWLQXLQJ�ZLWK�PRGLILFDWLRQV�PDGH�WR�LW�E\�YDULRXV�XVHUV��EHLQJ�VXEMHFW�WR�IXUWKHU�PRGLILFDWLRQV�LQ�WKH�FRXUVH�RI�LWV�LQJHVWLRQ�LQWR��DQG�PDQDJHPHQW�ZLWKLQ��DQ�DUFKLYH�DQG�WKHQ�VWLOO�IXUWKHU�PRGLILFDWLRQV�LQ�WKH�VXEVHTXHQW�XVH�RI�WKH�GLJLWDO�REMHFW�E\�D�
FRQVXPHU
��7KH�ILQDO�VWDJH�LQ�WKH�OLIH�F\FOH�RI�WKH�REMHFW�FRPHV�ZLWK�WKH�GHFLVLRQ�±�FRQVFLRXV�RU�E\�GHIDXOW�±�WKDW�WKH�REMHFW�LV�QR�ORQJHU�UHTXLUHG�DQG�FDQ�EH�GHVWUR\HG��
7KHUH�DUH�D�QXPEHU�RI�VWXGLHV�WKDW�H[SORUH�WKLV�OLIH�F\FOH�WKHPH�LQ�FRQVLGHUDEOH�GHSWK��LQFOXGLQJ�WKH�'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\�DQG�RWKHU $+'6�ZRUN�� 7KH�IDFW�WKDW�PRYLQJ�LPDJHV�LQ�SDUWLFXODU�FDQ�HDVLO\�JR�WKURXJK�PDQ\�WUDQVIRUPDWLRQV��RIWHQ�VWDUWLQJ�LQ�QRQ�GLJLWDO�IRUPV�DQG�RQFH�WKHUH�IUHTXHQWO\�EHLQJ�PRGLILHG�DQG�PLJUDWHG�VHYHUDO�WLPHV��VXJJHVWV�WKH�SDUWLFXODU�DSSURSULDWHQHVV�RI�D�OLIH�F\FOH�DSSURDFK�WR�WKH�XQGHUVWDQGLQJ�RI�WKH�SUHVHUYDWLRQ�LVVXHV�IDFLQJ�DUFKLYHV�RI�PRYLQJ�LPDJHV�DQG�FRQVHTXHQWO\�WKH�OLIH�F\FOH�SHUVSHFWLYH�YHU\�PXFK�LQIRUPV�ZKDW�IROORZV��+RZHYHU��ZH�VKRXOG�EH�DZDUH�WKDW�ZLWKLQ�WKLV�RYHUDOO�FRQFHSWLRQ��WKHUH�ZLOO�EH�D�SDUWLFXODU�IRFXV�RQ�WKH�DUFKLYLQJ�SURFHVV�WKDW�ZLOO�OHDYH�D�QXPEHU�RI�WKH�ZLGHU�FRQVLGHUDWLRQV�RI�WKH�OLIH�F\FOH�PRGHO�XQDUWLFXODWHG�LQ�WKH�GHWDLO�ZH�H[DPLQH��
7KH�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH�
7KH�5HIHUHQFH�0RGHO�SURYLGHV�ERWK�D�IXQFWLRQDO�PRGHO�IRU�FRQGXFWLQJ�DQG�PDQDJLQJ�GLJLWDO�SUHVHUYDWLRQ�DQG�DQ�LQIRUPDWLRQ�PRGHO��
7KH�IXQFWLRQDO�PRGHO�KDV�EHHQ�GHYHORSHG�IXUWKHU�E\�D�QXPEHU�RI�RUJDQLVDWLRQV��2I SDUWLFXODU�LQWHUHVW�LV�WKH�PRGHO�IRU�D�µ7UXVWHG�'LJLWDO�5HSRVLWRU\¶��GHYHORSHG�E\�5/*�DQG�2&/&��2QOLQH�&RPSXWHU�/LEUDU\�&HQWHU���� WKURXJK�DQ�LQWHUQDWLRQDO�ZRUNLQJ�JURXS��7KLV�PRGHO�VHWV�RXW�WKH�RUJDQLVDWLRQDO�FULWHULD�IRU�D�UHVSRQVLEOH�GLJLWDO�DUFKLYH��LWV�DWWULEXWHV�DQG�UHVSRQVLELOLWLHV��LWV�IXQFWLRQV��SURFHVVHV�DQG�SURFHGXUHV��
,Q VHWWLQJ�RXW�IXUWKHU�WKH�QDWXUH�RI�WKH�SDUWLFXODU�IRFXV�RI�WKLV�VWXG\��RXU�DWWHQWLRQ�LV PRUH�RQ�WKH�LQIRUPDWLRQ�PRGHO�SUHVHQWHG�E\�2$,6�WKDQ�WKH�IXQFWLRQDO�PRGHO�DQG�KHUH�LW�LV�XVHIXO�WR�EH�DEOH�WR�SLFN�XS�RQ�VRPH�RI�WKH�WHUPLQRORJ\�DQG�FODULILFDWLRQV�WKDW�ZHUH�LQWURGXFHG�E\�2$,6���
7KH LQIRUPDWLRQ�PRGHO�GHILQHV�WKH�EURDG�W\SHV�RI�LQIRUPDWLRQ�UHTXLUHG�WR�SUHVHUYH�DQG�DFFHVV�WKH�GLJLWDO�REMHFWV�VWRUHG�LQ�D�UHSRVLWRU\��,Q�SDUWLFXODU��,W�GLVWLQJXLVKHV�EHWZHHQ��

� WKH�6XEPLVVLRQ�,QIRUPDWLRQ�3DFNDJH��6,3���
� WKH�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH��$,3���
� WKH�'LVVHPLQDWLRQ�,QIRUPDWLRQ�3DFNDJH��',3��

� ,QFOXGLQJ�6�$QGHUVRQ�HW�DO�µ'LJLWDO�,PDJHV�$UFKLYLQJ�6WXG\¶������
��� ��5/*�2&2&�KWWS���ZZZ�RFOF�RUJ�SURJUDPV�RXUZRUN�SDVW�WUXVWHGUHS�GHIDXOW�KWP�7UXVWHG�'LJLWDO�5HSRVLWRULHV���$WWULEXWHV�DQG�5HVSRQVLELOLWLHV�������

http://www.oclc.org/programs/ourwork/past/trustedrep/default.htm
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,Q H[SODLQLQJ�WKHVH�LW�ZLOO�EH�XVHIXO�WR�UHSURGXFH�VRPH�RI�WKH�FRUH�GHILQLWLRQV�RI�WKH 5HIHUHQFH�0RGHO���
�

7HUPV�'HILQHG�LQ�WKH�2$,6�5HIHUHQFH�0RGHO���
,QIRUPDWLRQ��$Q\ W\SH�RI�NQRZOHGJH�WKDW�FDQ�EH�H[FKDQJHG��,Q�DQ�H[FKDQJH��LW�LV�UHSUHVHQWHG�E\�GDWD��$Q�H[DPSOH�LV�D�VWULQJ�RI�ELWV��WKH�GDWD��DFFRPSDQLHG�E\�D�GHVFULSWLRQ�RI�KRZ�WR�LQWHUSUHW�D�VWULQJ�RI�ELWV�DV�QXPEHUV�UHSUHVHQWLQJ�WHPSHUDWXUH�REVHUYDWLRQV�PHDVXUHG�LQ�GHJUHHV�&HOVLXV��WKH�UHSUHVHQWDWLRQ�LQIRUPDWLRQ���
6XEPLVVLRQ�,QIRUPDWLRQ�3DFNDJH��6,3�� $Q�,QIRUPDWLRQ�3DFNDJH�WKDW�LV�
GHOLYHUHG�E\�WKH�3URGXFHU�WR�WKH�2$,6�IRU�XVH�LQ�WKH�FRQVWUXFWLRQ�RI�RQH�RU�PRUH�$,3V�
$UFKLYDO�,QIRUPDWLRQ�3DFNDJH��$,3�� $Q�,QIRUPDWLRQ�3DFNDJH��FRQVLVWLQJ�RI�WKH�&RQWHQW�,QIRUPDWLRQ�DQG�WKH�DVVRFLDWHG�3UHVHUYDWLRQ�'HVFULSWLRQ�,QIRUPDWLRQ��3',�� ZKLFK�LV�SUHVHUYHG�ZLWKLQ�DQ�2$,6��
'LVVHPLQDWLRQ�,QIRUPDWLRQ�3DFNDJH��',3�� 7KH�,QIRUPDWLRQ�3DFNDJH��
GHULYHG�IURP�RQH�RU�PRUH�$,3V��UHFHLYHG�E\�WKH�&RQVXPHU�LQ�UHVSRQVH�WR�D UHTXHVW�WR�WKH�2$,6��
&RQWHQW�,QIRUPDWLRQ� 7KH�VHW�RI�LQIRUPDWLRQ�WKDW�LV�WKH�RULJLQDO�WDUJHW�RI�SUHVHUYDWLRQ��,W�LV�DQ�,QIRUPDWLRQ�2EMHFW�FRPSULVHG�RI�LWV�&RQWHQW�'DWD�2EMHFW�DQG�LWV�5HSUHVHQWDWLRQ�,QIRUPDWLRQ� $Q�H[DPSOH�RI�&RQWHQW�
,QIRUPDWLRQ�FRXOG�EH�D�VLQJOH�WDEOH�RI�QXPEHUV�UHSUHVHQWLQJ��DQG�XQGHUVWDQGDEOH�DV��WHPSHUDWXUHV��EXW�H[FOXGLQJ�WKH�GRFXPHQWDWLRQ�WKDW�ZRXOG�H[SODLQ�LWV�KLVWRU\�DQG�RULJLQ��KRZ�LW�UHODWHV�WR�RWKHU�REVHUYDWLRQV��HWF��
'DWD�2EMHFW��(LWKHU�D�3K\VLFDO�2EMHFW�RU�D�'LJLWDO�2EMHFW�
'LJLWDO�2EMHFW� $Q�REMHFW�FRPSRVHG�RI�D�VHW�RI�ELW�VHTXHQFHV��
5HSUHVHQWDWLRQ�,QIRUPDWLRQ� 7KH�LQIRUPDWLRQ�WKDW�PDSV�D�'DWD 2EMHFW�
LQWR�PRUH�PHDQLQJIXO�FRQFHSWV��$Q�H[DPSOH�LV�WKH�$6&,,�GHILQLWLRQ�WKDW�GHVFULEHV�KRZ�D�VHTXHQFH�RI�ELWV��L�H���D�'DWD�2EMHFW��LV�PDSSHG�LQWR�D�V\PERO��
3UHVHUYDWLRQ�'HVFULSWLRQ�,QIRUPDWLRQ��3',�� 7KH�LQIRUPDWLRQ�ZKLFK�LV�QHFHVVDU\�IRU�DGHTXDWH�SUHVHUYDWLRQ�RI�WKH�&RQWHQW�,QIRUPDWLRQ�DQGZKLFK�FDQ�EH�FDWHJRUL]HG�DV�3URYHQDQFH��5HIHUHQFH��)L[LW\��DQG�&RQWH[W�LQIRUPDWLRQ��
3URYHQDQFH�,QIRUPDWLRQ� 7KH�LQIRUPDWLRQ�WKDW�GRFXPHQWV�WKH�KLVWRU\�RI�WKH�&RQWHQW�,QIRUPDWLRQ� 7KLV�LQIRUPDWLRQ�WHOOV�WKH�RULJLQ�RU�VRXUFH�RI�WKH�&RQWHQW�,QIRUPDWLRQ� DQ\�FKDQJHV�WKDW�PD\�KDYH�WDNHQ�SODFH�VLQFH�LW�ZDV�
RULJLQDWHG��DQG�ZKR�KDV�KDG�FXVWRG\�RI�LW�VLQFH�LW�ZDV�RULJLQDWHG��([DPSOHV�RI�3URYHQDQFH�,QIRUPDWLRQ�DUH�WKH�SULQFLSDO�LQYHVWLJDWRU�ZKR�

��� KWWS���SXEOLF�FFVGV�RUJ�SXEOLFDWLRQV�DUFKLYH����[�E��SGI�
�

http://public.ccsds.org/publications/archive/650x0b1.pdf
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UHFRUGHG�WKH�GDWD��DQG�WKH�LQIRUPDWLRQ�FRQFHUQLQJ�LWV�VWRUDJH��KDQGOLQJ��DQG�PLJUDWLRQ��
5HIHUHQFH�,QIRUPDWLRQ� 7KH�LQIRUPDWLRQ�WKDW�LGHQWLILHV��DQG�LI�QHFHVVDU\�GHVFULEHV��RQH�RU�PRUH�PHFKDQLVPV�XVHG�WR�SURYLGH�DVVLJQHG�LGHQWLILHUV�IRU�WKH�&RQWHQW�,QIRUPDWLRQ��,W�DOVR�SURYLGHV�LGHQWLILHUV�WKDW�DOORZ�RXWVLGH�V\VWHPV�WR�UHIHU��XQDPELJXRXVO\��WR�D�SDUWLFXODU�&RQWHQW�,QIRUPDWLRQ��$Q�H[DPSOH�RI�5HIHUHQFH�,QIRUPDWLRQ�LV�DQ�,6%1��
)L[LW\�,QIRUPDWLRQ� 7KH�LQIRUPDWLRQ�ZKLFK�GRFXPHQWV�WKH�DXWKHQWLFDWLRQ�PHFKDQLVPV�DQG�SURYLGHV�DXWKHQWLFDWLRQ�NH\V�WR�HQVXUH�WKDW�WKH�&RQWHQW�,QIRUPDWLRQ�REMHFW�KDV�QRW�EHHQ�DOWHUHG�LQ�DQ�XQGRFXPHQWHG�PDQQHU��$Q�H[DPSOH�LV�D�&\FOLFDO�5HGXQGDQF\�&KHFN��&5&��FRGH�IRU�D�ILOH��
&RQWH[W�,QIRUPDWLRQ� 7KH�LQIRUPDWLRQ�WKDW�GRFXPHQWV�WKH�UHODWLRQVKLSV�RI�WKH�&RQWHQW,QIRUPDWLRQ�WR LWV�HQYLURQPHQW��7KLV�LQFOXGHV�ZK\�WKH�&RQWHQW�,QIRUPDWLRQ�ZDV FUHDWHG�DQG�KRZ�LW�UHODWHV�WR�RWKHU�&RQWHQW�
,QIRUPDWLRQ�REMHFWV��

,Q�UDWKHU�PRUH�GLUHFW�WHUPV��ZH�FDQ�VD\�WKDW�WKH�6XEPLVVLRQ�,QIRUPDWLRQ�3DFNDJH��6,3��GHVFULEHV�WKH�LQIRUPDWLRQ��LQFOXGLQJ�WKH�UHOHYDQW�GLVFRYHU\�
PHWDGDWD��WKDW�DQ�DUFKLYH�ZLOO�UHTXHVW�D�SURGXFHU�WR�VXEPLW�ZKHQ�SURSRVLQJ�D�GDWD�REMHFW�IRU�SUHVHUYDWLRQ��DQG�VXEVHTXHQW�GLVVHPLQDWLRQ����
7KH $UFKLYDO�,QIRUPDWLRQ�3DFNDJH��$,3��LV�D�GHULYHG�IURP�WKH�6,3�DQG�ZLOO�
FRQVLVW�RI�LQIRUPDWLRQ�WKDW�KDV�EHHQ�PDQLSXODWHG�WR�PDNH�LW�VXLWDEOH�IRU�SUHVHUYDWLRQ��HVSHFLDOO\�RYHU�WKH�ORQJHU�WHUP��,Q�DQ�$,3��ZH�ZRXOG�H[SHFW�WR�ILQG��DFFRUGLQJ�WR�WKH�2$,6�PRGHO���

� WKH�GLJLWDO�REMHFW��D�VHW�RI�ELW�VHTXHQFHV���
� LQIRUPDWLRQ�DERXW�KRZ�WR�PDNH�WKH�GLJLWDO�REMHFW�PHDQLQJIXO�WR�XVHUV��
� D IXUWKHU�VHW�RI�LQIRUPDWLRQ�WKDW�LV�QHFHVVDU\�IRU�DGHTXDWH�SUHVHUYDWLRQ�RI�WKH�WDUJHW�LQIRUPDWLRQ��SULPDULO\�UHODWLQJ�WR��3URYHQDQFH��5HIHUHQFH��)L[LW\��DQG�&RQWH[W�LQIRUPDWLRQ�

7KH 'LVVHPLQDWLRQ�,QIRUPDWLRQ�3DFNDJH��',3��PDNHV�XVH�RI�ZKDW�LV�DYDLODEOH�LQ�
WKH 6,3�DQG�$,3��EXW�DGDSWV�WKH�PDWHULDO�LQ�RUGHU�WR�GHOLYHU�LW�LQ�D�IRUP�WKDW�PHHWV WKH�UHTXLUHPHQWV�RI�D�VSHFLILF�JURXS�RI�XVHUV��
2XU LQWHUHVW�LQFOXGHV�WKH�QDWXUH�RI�WKH�HOHPHQWV�RI�WKH�SDFNDJH�GHOLYHUHG�E\�WKH�SURGXFHU�DQG�ZH�KDYH�WR�NHHS�DQ�H\H�RQ�WKH�UHTXLUHPHQWV�RI�XVHUV�RI�PDWHULDO�KHOG�LQ�WKH�DUFKLYH��EXW�RXU�IRFXV�LV�SULPDULO\�RQ�WKH�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH�DQG�RXU�PDLQ�WDVN�LQ�WKLV�VWXG\�LV�WR�GHWHUPLQH�VLJQLILFDQW�SDUWV�RI�WKH�LQIRUPDWLRQ�VHW�WKDW�LV�QHFHVVDU\�LQ�RUGHU�WR�PHHW�WKH�VHFRQG�UHTXLUHPHQW�RI�WKH�$,3 DQG�WR�FRQWLQXH�WR�PHHW�WKLV�RYHU�WLPH���
:H�KDYH�DOUHDG\�VHHQ��KRZHYHU��WKDW�WKHUH�DUH�HOHPHQWV�RI�WKH�WKLUG�UHTXLUHPHQW��SDUWLFXODUO\�FRQWH[WXDO�LQIRUPDWLRQ�WKDW�LPSLQJH�RQ�WKH�WDVN�RI�PDNLQJ WKH�GDWD�PHDQLQJIXO��VR�ZH�VKDOO�DOVR�EH�SURSRVLQJ�DQ�DSSURDFK�WR�WKH�FRYHUDJH�RI�WKHVH�LVVXHV��,Q�RUGHU�WR�SURYLGH�D�IUDPHZRUN�IRU�WKLV��ZH�VKRXOG�QRWH�DW�WKLV�SRLQW�WKDW�YDULRXV�DSSURDFKHV�KDYH�EHHQ�VXJJHVWHG�WR�HODERUDWLQJ�WKH PDLQ�HOHPHQWV�RI�WKH�UHTXLUHG�3UHVHUYDWLRQ�'HVFULSWLRQ�,QIRUPDWLRQ���0RVW�FRQVLVW�RI�SURSRVLQJ�WKH�GHYHORSPHQW�RI�D�PHWDGDWD�µZUDSSHU¶�DURXQG�WKH�FRUH�
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REMHFW�GDWD��DQG�VSHFLI\LQJ�WKH�VWUXFWXUH�DQG�FRQWHQW�RI�WKHVH�PHWDGDWD��8QVXUSULVLQJO\�PRVW�DOVR�SURSRVH�PDNLQJ�XVH�RI�H[LVWLQJ�PHWDGDWD�VWDQGDUGV�DQG�VWUXFWXUHV����
����35(0,6�DQG�7HUPLQRORJ\�
%HIRUH�PRYLQJ�RQ�WR�ORRN�DW�PHWDGDWD��LW�LV�ZRUWK�PHQWLRQLQJ�WKDW�RQH�RI�WKH�DFKLHYHPHQWV�RI�2$,6�ZDV�WR�KHOS�FODULI\�WHUPLQRORJ\�DQG�XVDJH�LQ�WKH�SUHVHUYDWLRQ�DUHD��7KLV�SURFHVV�KDV�EHHQ�WDNHQ�IXUWKHU�LQ�WKH�ZRUN�RI�WKH�35(0,6��35(VHUYDWLRQ�0HWDGDWD��,PSOHPHQWDWLRQ�6WUDWHJLHV��:RUNLQJ�*URXS���
35(0,6�ZDV�DQ�LQWHUQDWLRQDO�JURXS�RI�H[SHUWV�LQ�GLJLWDO�SUHVHUYDWLRQ�WKDW�ZDV�VHW�XS�WR�GHYHORS�D�FRUH�SUHVHUYDWLRQ�PHWDGDWD�VHW�ZLWK�EURDG�DSSOLFDELOLW\�DFURVV�WKH�GLJLWDO�SUHVHUYDWLRQ�FRPPXQLW\��2QH�RI�LWV�PDLQ�DFKLHYHPHQWV�ZDV�WKH�GHYHORSPHQW�RI�D�'DWD�'LFWLRQDU\���WKDW�KDV�KHOSHG�WR�SURYLGH�DQ�DXWKRULWDWLYH�GHILQLWLRQ�RI�PXFK�RI�WKH�FRUH�FURVV�IRUPDW�WHFKQLFDO�WHUPLQRORJ\�XVHG LQ�WKH�SUHVHUYDWLRQ�FRQWH[W���
����0HWDGDWD�ZUDSSHUV�±�03(*����DQG�0(76�
������0HWDGDWD�
0HWDGDWD�FRPPHQWV�RQ��RU�SURYLGHV�LQIRUPDWLRQ�DERXW�GDWD���LQ�RXU�FDVH��WKH�FRUH�GLJLWDO�REMHFW���DQG�YDULRXV�PHWDGDWD�VFKHPDWD�SURYLGH�VWUXFWXUHV�IRU�SURYLGLQJ�WKLV�LQIRUPDWLRQ�LQ�D�V\VWHPDWLF�ZD\��,Q�RXU�FRQWH[W���

³0HWDGDWD�DFFRPSDQLHV�DQG�PDNHV�UHIHUHQFH�WR�HDFK�GLJLWDO�REMHFW�DQG�SURYLGHV�DVVRFLDWHG�GHVFULSWLYH��VWUXFWXUDO��DGPLQLVWUDWLYH��ULJKWV�PDQDJHPHQW� DQG�RWKHU�NLQGV�RI�LQIRUPDWLRQ�´���
0HWDGDWD�UHODWLQJ�WR�GLJLWDO�REMHFWV�LV�PRUH�H[WHQVLYH�DQG�RI�D�VLJQLILFDQWO\�GLIIHUHQW�NLQG�IURP�WKH�PHWDGDWD�XVHG�IRU�PDQDJLQJ�FROOHFWLRQV�RI�SULQWHG�ZRUNV�RU RWKHU�SK\VLFDO�REMHFWV��7R�SURYLGH�DQ�RULHQWDWLRQ�LQ�WKLV�DUHD��ZH�ZDQW�WR�UHIHU�WR WZR�VWDQGDUGV�WKDW�KDYH�EHHQ�FLWHG�LQ�WKH�FRQWH[W�RI�WKH�SUHVHUYDWLRQ�RI�PRYLQJ�LPDJHV���03(*����DQG�0(76�
%RWK RI�WKHVH�VWDQGDUGV�KDYH�EHHQ�KLJKOLJKWHG�E\�6�:LOVRQ�HW�DO�LQ�'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\�DV VXLWDEOH�µFRQWDLQHU�VFKHPDV¶�
7KH 6WXG\�FRPPHQWV�WKDW�µ0(76�LV�HPHUJLQJ�DV�WKH�PHWDGDWD�RI�FKRLFH�IRU�PDQ\�GLJLWDO�UHSRVLWRULHV¶��ZKLOH�µVSHFLDOLVW�DXGLR�YLVXDO�DUFKLYHV�PD\ EH PRUH�
GLVSRVHG�WR�03(*���¶��,W�WKHQ�DGGV�WKDW�µPRUH�JHQHUDO��H�J��8QLYHUVLW\��UHSRVLWRULHV�WKDW�DUFKLYH�OLPLWHG�DPRXQWV�RI�DXGLR�YLVXDO�GDWD�PLJKW�EH�H[SHFWHG�WR�JUDYLWDWH�PRUH�WRZDUGV�0(76�EHFDXVH�RI�LWV�OLEUDU\�RULJLQV¶��

��� KWWS���ZZZ�RFOF�RUJ�UHVHDUFK�SURMHFWV�SPZJ��
��� KWWS���ZZZ�RFOF�RUJ�UHVHDUFK�SURMHFWV�SPZJ�SUHPLV�GG�SGI�
��� &OLIIRUG�/\QFK��'�/LE�0DJD]LQH��������
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6HFWLRQ�����RI�WKH�6WXG\�GRHV�FRQVLGHU�D�QXPEHU�RI�RWKHU�PHWDGDWD�VWDQGDUGV�UHOHYDQW�WR�PRYLQJ�LPDJH��DQG�DXGLR��SUHVHUYDWLRQ��DORQJ�ZLWK�IXUWKHU�GHWDLO�RQ�03(*��� DQG�0(76��
������03(*����
7KH�03(*����VWDQGDUG�ZDV�GHYHORSHG�E\�IURP�WKH�0RYLQJ�3LFWXUH�([SHUWV�*URXS��WKH�,62�,(&�ZRUNLQJ�JURXS��WKDW�LV�UHVSRQVLEOH�IRU�GHYHORSLQJ�LQWHUQDWLRQDO�VWDQGDUGV�LQ�WKH�YLGHR�DQG�DXGLR�DUHD��,W�LV�D�PDFKLQH�UHDGDEOH��;0/�EDVHG��VWDQGDUG�WKDW�DOORZV�OLFHQVH�LQIRUPDWLRQ�WR�EH�DFFHVVHG�LQ�DQ�µXELTXLWRXV��XQDPELJXRXV�DQG�VHFXUH¶�PDQQHU��
7KH�DLP�ZLWK�WKH�GHYHORSPHQW�RI�03(*����ZDV�WR�FRQWULEXWH�WR�WKH�FRQWURO�RI�WKH�WKH�GLVWULEXWLRQ�RI�PXOWLPHGLD�GLJLWDO�FRQWHQW�DQG�HVSHFLDOO\�WR�KHOS�VWRS�LOOLFLW�ILOH�VKDULQJ��,W�LV�WKHUHIRUH�FRQFHUQHG�WR�D�ODUJH�H[WHQW�ZLWK�H[SUHVVLQJ��RUJDQLVLQJ�DQG�GLVWULEXWLQJ�LQIRUPDWLRQ�DERXW�LQWHOOHFWXDO�SURSHUW\�ULJKWV�±�DQ�LVVXH�RI�VRPH�FRPSOH[LW\�LQ�WKH�FDVH�RI�PRYLQJ�LPDJHV���
$OWKRXJK�WKLV�LV�XQGRXEWHGO\�DQ�LVVXH�WKDW�FRQWLQXHV�WR�DVVXPH�DQ�HYHU�LQFUHDVLQJ�SURILOH��WKH�PDQDJHPHQW�RI�LQWHOOHFWXDO�SURSHUW\�ULJKWV��GRHV�QRW�LQ�LWVHOI�IRUP�SDUW�RI�WKH�WDUJHW�DUHD�RI�RXU�SDUWLFXODU�VWXG\��1RQHWKHOHVV��03(*����LV�RI�LQWHUHVW��VLQFH�LQ�GHILQLQJ�D�IUDPHZRUN�IRU�GLVWULEXWLRQ�RI�GLJLWDO�REMHFWV��VXFK�DV�GLJLWDO�PRYLQJ�LPDJHV��WKH�VWDQGDUG�DGGUHVVHV�WKH�QHHGV�RI�D�ZLGH�UDQJH�RI�DFWRUV��IURP�RULJLQDO�FRQWHQW�FUHDWRUV�DQG�SURGXFHUV�WR�GLVWULEXWRUV�DQG�YDULRXV�RWKHU�µSOD\HUV�LQ�WKH�GHOLYHU\�DQG�FRQVXPSWLRQ�FKDLQ¶��,Q�GRLQJ�VR��LW�UHTXLUHV�D�SDFNDJH�WR�EURXJKW�WRJHWKHU�WKDW�LQFOXGHV�PDQ\�RI�WKH�HOHPHQWV�WKDW�DUH�RI�LQWHUHVW�LQ�WKH�FRQWH[W�RI�WKH�SUHVHUYDWLRQ�RI�VLJQLILFDQW�SURSHUWLHV��
$ FHQWUDO�FRQFHSW�LQ�03(*����LV�WKDW�RI�D�µGLJLWDO�LWHP¶���'LJLWDO�LWHPV�DUH�VWUXFWXUHG�GLJLWDO�REMHFWV�WKDW�FRPELQH�WKH�FRUH�FRPSRQHQWV�RI�WKH�REMHFW�±�LQGLYLGXDOO\�LGHQWLILDEOH�GDWD�VWUHDPV��NQRZQ�DV�µUHVRXUFHV¶��VXFK�DV�YLGHR�VHTXHQFHV��DXGLR�WUDFNV�DQG�VHSDUDWH�LPDJHV���WRJHWKHU�ZLWK�D�VWUXFWXUH�WKDW�GHILQHV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHVRXUFHV�DQG�IDLUO\�H[WHQVLYH�PHWDGDWD��7KH�IUDPHZRUN�FDQ�EH�H[SUHVVHG�DW�YDULRXV�GHJUHHV�RI�JUDQXODULW\�DQG�DOORZV�IRU�FRQVLGHUDEOH�IOH[LELOLW\��LQFOXGLQJ�WKH�LQFRUSRUDWLRQ�RI�SUH�H[LVWLQJ�PHWDGDWD��KHOG��IRU�LQVWDQFH�LQ�D�0(76�IRUPDW��03(*����LV�WKXV�D�ZUDSSHU�WKDW�WLHV�WRJHWKHU�WKH�GLVSDUDWH�HOHPHQWV�QHHGHG�IRU�SURYLGLQJ�ZLGHVSUHDG�DFFHVV��EXW�DOVR�PDQ\�RI�WKH�HOHPHQWV�UHTXLUHG�IRU�SUHVHUYDWLRQ��
7KH PDLQ�SUREOHP�ZLWK�03(*����LV�WKH�DSSDUHQW�FRPSOH[LW\��ZKLFK�LV�WKH�RWKHU�VLGH�RI�LWV�IOH[LEOH�DQG�FRPSUHKHQVLYH�VWUXFWXUH��,W�LV�IRU�WKLV�UHDVRQ�WKDW�LWV�XVH�LV OLNHO\�WR�FRQWLQXH�WR�EH�UHVWULFWHG�WR�VSHFLDOLVW�DXGLR�YLVXDO�DUFKLYHV�RU�RUJDQLVDWLRQV�WKDW�DUH�DFWLYHO\�HQJDJHG�LQ�GLVWULEXWLQJ�DUFKLYHG�PDWHULDO�WR�D�UDQJH RI�GLYHUVH�XVHUV�DQG�FRQVHTXHQWO\�QHHG�WR�PDNH�XVH�RI�WKH�ULJKWV�PDQDJHPHQW�IHDWXUHV�RI�03(*�����
������0(76�
0(76���WKH�0HWDGDWD�(QFRGLQJ�DQG�7UDQVPLVVLRQ�6WDQGDUG�±�WDNHV�XV�EDFN�WR�WKH VOLJKWO\�EURDGHU�FRQWH[W�RI�GLJLWDO�UHSRVLWRULHV��,W�LV�D�VWDQGDUG�WKDW�ZDV�
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GHYHORSHG�SULQFLSDOO\�E\�PDMRU�OLEUDU\�DQG�DUFKLYLQJ�LQVWLWXWLRQV�LQ�WKH�8QLWHG�6WDWHV�WR�SURYLGH�D�FRQVLVWHQW�DSSURDFK�WR�IRUPXODWLQJ�GHVFULSWLYH��DGPLQLVWUDWLYH��DQG�VWUXFWXUDO�PHWDGDWD�GHVFULELQJ�GLJLWDO�REMHFWV�ZLWKLQ�D�GLJLWDO�OLEUDU\�HQYLURQPHQW��$V�VXFK�LW�UHODWHV�WR�WKH�UDQJH�RI�GLJLWDO�REMHFWV�KHOG�E\�VXFK RUJDQLVDWLRQV��EHLQJ�VSHFLILFDOO\�GHVLJQHG�WR�EH�DSSOLFDEOH�WR�DXGLR�DQG�YLGHR�ILOHV�DV�ZHOO�DV�WR�HOHFWURQLF�WH[WV�DQG�VWLOO�LPDJHV��
0(76 VXSSRUWV�ERWK�WKH�PDQDJHPHQW�RI�GLJLWDO�REMHFWV�ZLWKLQ�WKH�UHSRVLWRU\�DQG�WKHLU�H[FKDQJH�DQG�XVH�H[WHUQDOO\��,W�VWUXFWXUHV�WKH�PHWDGDWD�LQ�D�IRUP�WKDW�LV LQWHQGHG�WR�IDFLOLWDWH�VKDULQJ��FURVV�VHDUFKLQJ�DQG�H[FKDQJH�DQG�WR�DOORZ�GLJLWDO�REMHFWV�WR�EH�HDVLO\�UHQGHUHG�IRU�EURZVLQJ�DQG�GLVSOD\�SXUSRVHV���
0(76 LV�H[SUHVVHG�LQ�;0/��ZKLFK�PHDQV�WKDW�LW�FRQIRUPV�WR�D�ZLGHO\�UHFRJQL]HG�VWDQGDUG��GHVLJQHG�WR�IDFLOLWDWH�DFFHVV�WR�GRFXPHQWV��WKHLU�WUDQVIHU�DQG�WKHLU�DXWRPDWLF�SURFHVVLQJ��E\�PHDQV�RI�D�VWDQGDUG�IRU�ODEHOOLQJ�WKH�FRPSRQHQWV�RI�WKHVH�GRFXPHQWV�LQ�D�V\VWHPDWLF�ZD\��WKXV�HQDEOLQJ�WKHVH�FRPSRQHQWV�WR�EH�UHFRJQLVHG�LQ�WHUPV�RI�WKHLU�IXQFWLRQ�ZLWKLQ�WKH�GRFXPHQW���
7KH 0(76�5HIHUHQFH�0DQXDO���GHVFULEHV�VHYHQ�PDMRU�VHFWLRQV�LQ�WKH�0(76�VFKHPD���
�

7KH��PDMRU�VHFWLRQV�RI�WKH�0(76�VFKHPD�
0(76�+HDGHU�± 7KH�0(76�+HDGHU�FRQWDLQV�PHWDGDWD�GHVFULELQJ�WKH�0(76�GRFXPHQW�
LWVHOI��LQFOXGLQJ�VXFK�LQIRUPDWLRQ�DV�FUHDWRU��HGLWRU��HWF���
'HVFULSWLYH� 0HWDGDWD� 6HFWLRQ� ± 7KLV� VHFWLRQ� FRQWDLQV� GHVFULSWLYH� PHWDGDWD� WKDW� LV�H[WHUQDO� WR� WKH� 0(76� GRFXPHQW� �H�J��� D� 0$5&� UHFRUG� LQ� DQ� 23$&��� LQWHUQDOO\�HPEHGGHG�GHVFULSWLYH�PHWDGDWD��RU�ERWK���
$GPLQLVWUDWLYH�0HWDGDWD�6HFWLRQ�± ,QIRUPDWLRQ�DERXW�KRZ�WKH� ILOHV�ZHUH�FUHDWHG�DQG�
VWRUHG�� LQWHOOHFWXDO� SURSHUW\� ULJKWV�� PHWDGDWD� UHJDUGLQJ� WKH� RULJLQDO� VRXUFH� REMHFW� IURP�ZKLFK� WKH� GLJLWDO� REMHFW�ZDV�GHULYHG�� LQIRUPDWLRQ� UHJDUGLQJ� WKH�SURYHQDQFH�RI� WKH� ILOHV�WKDW�FRPSULVH�WKH�REMHFW��$V�ZLWK�GHVFULSWLYH�PHWDGDWD��WKH�DGPLQLVWUDWLYH�PHWDGDWD�FDQ�EH�HLWKHU�H[WHUQDO�WR�WKH�0(76�GRFXPHQW��RU�HQFRGHG�LQWHUQDOO\���
)LOH� 6HFWLRQ� ± $� OLVW� RI� DOO� ILOHV� WKDW� FRQWDLQ� FRQWHQW� ZKLFK� PDNH� XS� WKH� HOHFWURQLF�
YHUVLRQV�RI�WKH�GLJLWDO�REMHFW���
6WUXFWXUDO� 0DS� ± 7KLV� LV� WKH� KHDUW� RI� WKH�0(76� GRFXPHQW�� ,W� RXWOLQHV� D� KLHUDUFKLFDO�
VWUXFWXUH� IRU� WKH� GLJLWDO� REMHFW�� DQG� OLQNV� WKH�HOHPHQWV� RI� WKDW� VWUXFWXUH� WR� FRQWHQW� ILOHV�DQG�PHWDGDWD� WKDW� SHUWDLQ� WR� HDFK� HOHPHQW�� 7KH� VWUXFWXUDO�PDS� LV� WKH� RQH�PDQGDWRU\�VHFWLRQ�LQ�D�0(76�GRFXPHQW���
6WUXFWXUDO�/LQNV�± $OORZV�WKH�FUHDWRU�RI�WKH�0(76�GRFXPHQW�WR�UHFRUG�WKH�H[LVWHQFH�RI�
K\SHUOLQNV�EHWZHHQ�QRGHV�LQ�WKH�KLHUDUFK\�RXWOLQHG�LQ�WKH�6WUXFWXUDO�0DS���
%HKDYLRXU�6HFWLRQ�± $�EHKDYLRXU�VHFWLRQ�FDQ�EH�XVHG�WR�DVVRFLDWH�H[HFXWDEOH�
EHKDYLRXUV�ZLWK�WKH�FRQWHQW�RI�WKH�REMHFW�HQFRGHG�XVLQJ�0(76��

��� �0(76!��0HWDGDWD�(QFRGLQJ�DQG�7UDQVPLVVLRQ�6WDQGDUG��3ULPHU�DQG�5HIHUHQFH�
0DQXDO�KWWS���ZZZ�ORF�JRY�VWDQGDUGV�PHWV�0(76���'RFXPHQWDWLRQ���ILQDO������������PVZ�SGI�
�
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:LWKLQ�WKLV�IUDPHZRUN�KRZHYHU��WKHUH�LV�FRQVLGHUDEOH�IOH[LELOLW\�ZLWK�UHVSHFW�WR�WKH GHWDLO�RI�WKH�PHWDGDWD�WR�EH�SURYLGHG���7KH�LQWHUHVW�RI�WKLV�IRU�XV�LV�WKDW�LW�FDQ EH�PDGH�WR�FRQIRUP�WR�WKH�UHTXLUHPHQWV�RI�WKH�2$,6�PRGHO�DQG�SURYLGH�WKH �PDLQO\�FRPPRQ��HOHPHQWV�QHHGHG�IRU�6XEPLVVLRQ�,QIRUPDWLRQ�3DFNDJHV��$UFKLYDO�,QIRUPDWLRQ�3DFNDJHV�DQG�'LVVHPLQDWLRQ�,QIRUPDWLRQ�3DFNDJHV��,Q�WKH�FDVH RI�$,3V��IRU�LQVWDQFH��LW�FDQ�SURYLGH�D�VWUXFWXUH�IRU�WKH�PHWDGDWD�RQ�3URYHQDQFH��5HIHUHQFH��)L[LW\��DQG�&RQWH[W�LQIRUPDWLRQ�WKDW�PDNH�XS�WKH�QHFHVVDU\�3UHVHUYDWLRQ�'HVFULSWLRQ�,QIRUPDWLRQ���
$Q�LQWHUHVWLQJ�H[HUFLVH�LQ�DVVHVVLQJ�WKH�DSSOLFDELOLW\�RI�ERWK�WKH�2$,6�5HIHUHQFH�0RGHO�DQG��ZLWKLQ�WKLV��WKH�0(76�VFKHPD�LQ�D�8.�FRQWH[W��ZDV�XQGHUWDNHQ�LQ�D�-,6&�IXQGHG�VWXG\���E\�7KH�1DWLRQDO�$UFKLYHV��71$��DQG�WKH�8. 'DWD�$UFKLYH��8.'$��DW�WKH�8QLYHUVLW\�RI�(VVH[�LQ�������7KLV�µ$VVHVVPHQW�RI 8.'$�DQG�71$�&RPSOLDQFH�ZLWK�2$,6�DQG�0(76�6WDQGDUGV¶��QHFHVVDULO\�FRQIURQWHG�WKH�SUDFWLFDO�LVVXHV�WKDW�DULVH�LQ�LPSOHPHQWLQJ�VXFK�D�PRGHO��DQG��LQ�WKHLU�FDVH��LQ�MXGJLQJ�WKH�FRPSOLDQFH�RI�SURFHGXUHV�DQG�V\VWHPV�WKDW�SUH�GDWHG�WKH�GHYHORSPHQW�DQG�SXEOLFDWLRQ�RI�WKH�UHIHUHQFH�PRGHO��,W�WKHUHIRUH�SURYLGHV�D�ZHDOWK�RI�XVHIXO�GHWDLO�RQ�LPSOHPHQWDWLRQ�DQG�SUDFWLFDO�DVVLVWDQFH�IRU�RWKHU�LQVWLWXWLRQV��� DV�ZHOO�DV�PXFK�PRUH�LQIRUPDWLRQ�RQ�WKH�5HIHUHQFH�0RGHO�DQG�0(76�WKDQ�LW�KDV�EHHQ�SRVVLEOH�WR�SUHVHQW�KHUH���
7KH�FRQFOXVLRQV�RI�WKH�UHSRUW�RQ�WKH�SURMHFW�SRLQW�WR�D�VHULHV�RI�GLIILFXOWLHV�LQ�LPSOHPHQWLQJ�WKH�2$,6�PRGHO��LQFOXGLQJ�GLIILFXOWLHV�LQ�RSHUDWLRQDOLVLQJ�WKH�FRQFHSW�RI�D�µ'HVLJQDWHG�&RQVXPHU�&RPPXQLW\¶��DQG�VRPH�GHSDUWXUHV�IURP�LPSOLHG�SUDFWLFH��%RWK�71$�DQG�8.'$�DUH�NHHQ��IRU�LQVWDQFH��WR�PDLQWDLQ�WKH�DUFKLYDO�WUDGLWLRQ�LQ�ZKLFK�RULJLQDO�UHFRUGV�DUH�RIWHQ�FRSLHG�DQG�RQO\�WKH�FRSLHV�DUH�PDGH�DYDLODEOH�WR�XVHUV��ZKHUHDV�WKH�PRGHO�VHHPV�WR�DVVXPH�WKDW�',3V�DUH�FUHDWHG�µRQ�WKH�IO\¶�IURP�WKH�$,3�LQ�VWRUDJH��2I�PRVW�UHOHYDQFH�IRU�RXU�SXUSRVHV��KRZHYHU��LV�WKH�REVHUYDWLRQ����

µ,Q�VRPH�FDVHV��LW�KDV�EHHQ�SRVVLEOH�WR�VHH�ZKHUH�WKH�2$,6�PRGHO�GRHV�QRW SURYLGH�HQRXJK�GHWDLO�WR�PDNH�JRRG�VWDWHPHQWV�DERXW�WKH�DUFKLYH¶V�RSHUDWLRQ��7KLV�LV�SDUWLFXODUO\�VR�LQ�WKH�DUHDV�RI�LQJHVW��DFFHVV�DQG�PLJUDWLRQ��7KLV�LV�QRW�D�ZHDNQHVV�RI�2$,6�DV�LW�LV�DWWHPSWLQJ�WR�EH�YHU\�QHXWUDO�DERXW�WKH�DFWXDO�SUHVHUYDWLRQ�DQG�DFFHVV�LPSOHPHQWDWLRQ�PHWKRGV�EXW�LW�GRHV�PHDQ�WKDW�2$,6�GRHV�QRW�SURYLGH�D�FRQFHSWXDO�PDS�RU D�FRPPRQ�WHUPLQRORJ\�IRU�VRPH�YHU\�LPSRUWDQW�GLJLWDO�SUHVHUYDWLRQ�DUHDV FRPPRQ�WR�ERWK�71$�DQG�8.'$��DQG�WR�PDQ\�RWKHU�DUFKLYHV�¶�
,W LV�LQ�WKLV�DUHD�WKDW�WKH�FXUUHQW�VWXG\�LV�DWWHPSWLQJ�WR�HODERUDWH�RQ�HDUOLHU�ZRUN��
2QH ILQDO�FRPPHQW�RQ�WKH�8.'$�71$�SURMHFW�FRPHV�IURP�WKHLU�UHPDUN�WKDW�RQH�RI�WKH�XQH[SHFWHG�RXWFRPHV�RI�WKH�ZRUN�ZDV�WKH�XWLOLW\�RI�WKH�2$,6�ODQJXDJH�DV�D PHDQV�RI�FRPPXQLFDWLRQ�EHWZHHQ�WKH�VWDII�RI�WKH�LQVWLWXWLRQV�LQYROYHG��:H�IHHO�WKDW�WKLV�UHLQIRUFHV�RXU�EHOLHI�WKDW�FRQWLQXLQJ�WR�VHW�RXW�DQG�FODULI\�D�FRQFHSWXDO�IUDPHZRUN�FRXOG�EH�DV�LPSRUWDQW�DV�DUULYLQJ�DW�WKH�ULJKW�WHFKQLFDO�FRQFOXVLRQV�LQ�D�VWXG\�RI�WKLV�NLQG��

��� �µ$VVHVVPHQW�RI�8.'$�DQG�71$�&RPSOLDQFH�ZLWK�2$,6�DQG�0(76�6WDQGDUGV¶��KWWS���ZZZ�GDWD�DUFKLYH�DF�XN�QHZV�SXEOLFDWLRQV�RDLVPHWV�SGI�
��� �,W�LQFOXGHV��IRU�LQVWDQFH��D�VHW�RI�TXHVWLRQV�IRU�VHOI�WHVWLQJ�IRU�2$,6�VWDQGDUG�FRPSOLDQFH�

http://www.data-archive.ac.uk/news/publications/oaismets.pdf
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����3URMHFW�&$63$5�
6RPH�RI�WKH�PRVW�UHFHQW�GHYHORSPHQWV�LQ�WKLV�DUH�WDNLQJ�SODFH�ZLWKLQ�D�IUDPHZRUN�HVWDEOLVKHG�XQGHU�&$63$5��D�(XURSHDQ�8QLRQ�UHVHDUFK�SURMHFW��&$63$5�± µ&XOWXUDO��$UWLVWLF�DQG�6FLHQWLILF�NQRZOHGJH�IRU�3UHVHUYDWLRQ��$FFHVV�DQG�5HWULHYDO¶���LV�DQ�,QWHJUDWHG�3URMHFW�WKDW�VWDUWHG�RQ���$SULO������DQG�KDV��OLNH�RWKHU�SURMHFWV�RI�WKLV�NLQG�DQG�VFDOH��DQ�REMHFWLYH�RI�EULQJLQJ�DERXW�PXFK�JUHDWHU�FR�RSHUDWLRQ�DQG�FR�RUGLQDWLRQ�RI�UHVHDUFK�DFWLYLW\�LQ�WKLV�DUHD�DW�D�(XURSHDQ�DQG�LQGHHG�D�JOREDO�OHYHO��
7KH DLP�RI�&$63$5�LV�WR�µUHVHDUFK��LPSOHPHQW��DQG�GLVVHPLQDWH�LQQRYDWLYH�VROXWLRQV�IRU�GLJLWDO�SUHVHUYDWLRQ�EDVHG�RQ�WKH�2$,6�UHIHUHQFH�PRGHO¶���7KH�FRUH�IUDPHZRUN�RI�2$,6��DQG�LQ�SDUWLFXODU�WKH�)XQFWLRQDO�0RGHO�DQG�WKH�,QIRUPDWLRQ�0RGHO��LV�DFFHSWHG��EXW�WKH�LQWHQWLRQ�LV�WR�VXSSOHPHQW�DQG�H[WHQW�WKLV IUDPHZRUN��HVSHFLDOO\�LQ�DUHDV�WKDW�DUH�QRW�FRYHUHG�LQ�GHSWK�E\�2$,6��IRU�H[DPSOH��E\�DGGUHVVLQJ�LVVXHV�RI�SUHVHUYDWLRQ�RYHU�WLPH��LQFOXGLQJ�'LJLWDO�5LJKWV 0DQDJHPHQW�DQG�LVVXHV�RI�$XWKHQWLFLW\��&$6$5�LV�PRYLQJ�LQ�WKH�GLUHFWLRQ�RI�WKH�6LJQLILFDQW�3URSHUWLHV�VWXGLHV��ZLWKLQ�WKH�2$,6�IUDPHZRUN��DQG�LQ DGGLWLRQ��LW�LV�ORRNLQJ�DW�EURDGHU�LVVXHV�RI�GLJLWDO�DVVHW�PDQDJHPHQW�DQG�DOVR�DGGUHVVLQJ�LVVXHV�RI�LPSOHPHQWDWLRQ�E\�WHVWLQJ�WKH�2$,6�PRGHO�DJDLQVW�UHDO�FDVH�VWXGLHV��HODERUDWLQJ�PHWDGDWD�IUDPHZRUNV�DQG�GHYHORSLQJ�WRROV�DQG�WHFKQLTXHV�WR�VXSSRUW�WKH�FDSWXUH�DQG�XVH�RI�WKH�UHOHYDQW�LQIRUPDWLRQ���
3URJUHVV�ZLWK�WKLV�SURMHFW�LV�VWLOO�GLIILFXOW�WR�MXGJH�DW�WKLV�VWDJH��EXW�LI�LW�VXFFHHGV�LW ZLOO�FRQWULEXWH�D�PDMRU�QHZ�HOHPHQW�WR�WKH�IUDPHZRUN�DQG�GD\�WR�GD\�FRQWH[W��ZLWKLQ ZKLFK�WKH�GHWHUPLQDWLRQ�RI�6LJQLILFDQW�3URSHUWLHV�KDV�WR�WDNH�SODFH��
,QWHUHVWHG�SDUWLHV�DUH�DEOH�WR�UHJLVWHU�WKHLU�LQWHUHVW�RQ�WKH�&$63$5�ZHE�VLWH��KWWS���ZZZ�FDVSDUSUHVHUYHV�HX�SXEOLFDWLRQV�GHOLYHUDEOHV�
����7KH�5HTXLUHPHQWV�RI�'LJLWDO�3UHVHUYDWLRQ�
,W�ZLOO�EH�XVHIXO��ZH�KRSH��EHIRUH�JRLQJ�RQ�WR�ORRN�PRUH�VSHFLILFDOO\�DW�WKH�FKDUDFWHULVDWLRQ�RI�VLJQLILFDQW�SURSHUWLHV�WR�SURYLGH�D�VHULHV�RI�VXPPDU\�VWDWHPHQWV�WKDW�VHW�RXW�WKH�PDLQ�HOHPHQWV�GHULYHG�IURP�RXU�FRQVLGHUDWLRQ�RI�DUFKLYLQJ�PRGHOV�WKDW�ZH�ZLOO�QHHG�WR�FDUU\�RYHU�LQWR�WKH�UHVW�RI�WKH�VWXG\��7KHVH DUH��

� 7KH SUHVHUYDWLRQ�RI�GLJLWDO�REMHFWV��LQ�WKH�SUHVHQW�FDVH��GLJLWDO�PRYLQJ�LPDJHV� WDNHV�SODFH�ZLWKLQ�WKH�EURDGHU�FRQWH[W�RI�WKH�SURFHVVHV�DQG�SURFHGXUHV�RI�GLJLWDO�DUFKLYLQJ��IRU�ZKLFK�WKH�2SHQ�$UFKLYDO�,QIRUPDWLRQ�6\VWHP 5HIHUHQFH�0RGHO�SURYLGHV�DQ�LQWHUQDWLRQDOO\�UHFRJQL]HG�IUDPHZRUN�DQG�YRFDEXODU\��
� :LWKLQ�WKH�2$,6�PRGHO�RXU�PDLQ�IRFXV�LV�RQ�7KH�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH �$,3��ZKLFK�FRQVLVW�RI���

R WKH GLJLWDO�REMHFW��D�VHW�RI�ELW�VHTXHQFHV���
R LQIRUPDWLRQ�DERXW�KRZ�WR�PDNH�WKH�GLJLWDO�REMHFW�PHDQLQJIXO�WR�XVHUV��



��

R D IXUWKHU�VHW�RI�LQIRUPDWLRQ�WKDW�LV�QHFHVVDU\�IRU�DGHTXDWH�SUHVHUYDWLRQ�RI�WKH�WDUJHW�LQIRUPDWLRQ��SULPDULO\�UHODWLQJ�WR��3URYHQDQFH��5HIHUHQFH��)L[LW\��DQG�&RQWH[W�LQIRUPDWLRQ�
� :H FDQ�ORRN�WR�WKH�0(76�PHWDGDWD�VFKHPD�WR�SURYLGH�XV�ZLWK�D�IUDPHZRUN�WKDW�LV�FRPSDWLEOH�ZLWK�2$,6�DQG�WKDW��DW�WKH�VDPH�WLPH��DOORZV�XV�WR�DVVRFLDWH�ZLWK�WKH�GLJLWDO�REMHFW�LQIRUPDWLRQ�RQ�VRPH�RI�LWV�EURDGHU�SURSHUWLHV��



��

� 7KH�)UDPHZRUN�IRU�'HWHUPLQLQJ�6LJQLILFDQW�3URSHUWLHV�
����&RQWH[W�±�,Q63(&7��&('$56�DQG�&$0L/(21�
������3URMHFW�,Q63(&7�
7KH�LPPHGLDWH�IUDPHZRUN�ZLWKLQ�ZKLFK�ZH�DUH�VHWWLQJ�RXW�WKH�VLJQLILFDQW�SURSHUWLHV�RI�GLJLWDO�PRYLQJ�LPDJHV�LV�WKH�-,6&�IXQGHG�SURMHFW��,QYHVWLJDWLQJ�WKH�6LJQLILFDQW�3URSHUWLHV�RI�(OHFWURQLF�&RQWHQW�2YHU�7LPH��,Q63(&7���� 7KLV�LV�EHLQJ�XQGHUWDNHQ�E\�WKH�$UWV�DQG�+XPDQLWLHV�'DWD�6HUYLFH��$+'6���LQ�DVVRFLDWLRQ�ZLWK�7KH�1DWLRQDO�$UFKLYHV��71$��DQG�DLPV�WR�DUWLFXODWH�WKH�VLJQLILFDQW�SURSHUWLHV�RI�D�VHULHV�RI�GLJLWDO�REMHFWV��UDVWHU�LPDJHV��HPDLOV��VWUXFWXUHG WH[W��GLJLWDO�DXGLR��EXW�DOVR�WR�GHYHORS�WKH�PHWKRGRORJ\�DQG�SURYLGH�D�EDVLV�IRU�WKH�IXUWKHU�SURMHFWV�WKDW�DUH�H[WHQGLQJ�WKH�UDQJH�RI�GLJLWDO�REMHFWV�XQGHU�FRQVLGHUDWLRQ�E\�H[DPLQLQJ�WKH�VLJQLILFDQW�SURSHUWLHV�RI�H�OHDUQLQJ�REMHFWV��VRIWZDUH��YHFWRU�LPDJHV�DQG�LQ�RXU�RZQ�FDVH��PRYLQJ�LPDJHV��,Q63(&7 WKHUHIRUH�SURYLGHV�D�IUDPHZRUN��ZLWKLQ�ZKLFK�WKH�RWKHU�SURMHFWV�KDYH�EHHQ�HQFRXUDJHG�WR�ZRUN�DQG��FHUWDLQO\��RQH�RI�RXU�DLPV�LV�WR�GHYHORS�DQ�DSSURDFK�WKDW�LV�FRQVLVWHQW�ZLWK�WKDW�DGRSWHG�E\�,Q63(&7��
,Q63(&7 EXLOGV�RQ�WZR�HDUOLHU�SURMHFWV�IXQGHG�E\�-,6&��&('$56�DQG�&$0L/(21�
������3URMHFW�&('$56�
&('$56���KDV�EHHQ�D�KLJKO\�LQIOXHQWLDO�SURMHFW�LQ�GHYHORSLQJ�LGHDV�RQ�GLJLWDO�SUHVHUYDWLRQ�DQG�PXFK�RI�ZKDW�LW�KDG�WR�VD\�KDV�EHHQ�UHIOHFWHG�LQ�WKH�SUHYLRXV�VHFWLRQV��6WDUWLQJ�IURP�WKH�2$,6�PRGHO��LW�GHYHORSHG�WKH�LGHD�RI�&RQWHQW�,QIRUPDWLRQ��UHIHUUHG�WR�DV�µUHVRXUFHV¶��EHLQJ�SDFNDJHG�WRJHWKHU�ZLWK�PHWDGDWD�± 3UHVHUYDWLRQ�'HVFULSWLRQ�,QIRUPDWLRQ��3',���&('$56�WKHQ�PDGH�XVH�H[SOLFLWO\�RI�WKH�FRQFHSW�RI�6LJQLILFDQW�3URSHUWLHV�LQ�WHUPV�RI�EULQJLQJ�WRJHWKHU�WKH 5HSUHVHQWDWLRQ�,QIRUPDWLRQ�UHODWLQJ�WR�D�GLJLWDO�REMHFW�DQG�WKH�DVVRFLDWHG�3',�±�µDOO�RI�WKH�RWKHU�VXSSRUWLQJ�PHWDGDWD�WKDW�LV�GHHPHG�QHFHVVDU\�IRU�SXUSRVHV�RI�ORQJ�WHUP�SUHVHUYDWLRQ¶��7KH�5HSUHVHQWDWLRQ�,QIRUPDWLRQ�UHODWHV���LQ�WKH�2$,6�PRGHO��LW�ZLOO�EH�UHFDOOHG���WR�WKH�NH\�HOHPHQW�LQ�GLJLWDO�SUHVHUYDWLRQ�± WKH�LQIRUPDWLRQ�WKDW�VXSSRUWV�WKH�WUDQVIRUPDWLRQ�RI�WKH�3ULPDU\�'LJLWDO�2EMHFW�LQWR�D�XVDEOH�GLJLWDO�REMHFW��&('$56�WKHUHIRUH�VHWWOHG�PXFK�RI�WKH�EDVLF�IUDPHZRUN�IRU�GLVFXVVLQJ�6LJQLILFDQW�3URSHUWLHV��
&('$56�DOVR�DUWLFXODWHG�LQ�FOHDU�IRUP�WKH�IDLUO\�IXQGDPHQWDO�QRWLRQ�LQ�GLJLWDO�SUHVHUYDWLRQ�WKDW�LV�FDUULHG�WKURXJK�LQWR�WKH�,Q63(&7�SURMHFW��QDPHO\�WKDW�LW�LV�QHYHU�SRVVLEOH�WR�HQWLUHO\�UHSURGXFH�DOO�DVSHFWV�RI�WKH�SUHVHQWDWLRQ�RI�WKH�RULJLQDO�REMHFW��$�GHJUHH�RI�FKRLFH�LV�LQHYLWDEOH�ZLWK�UHVSHFW�WR�WKRVH�DVSHFWV�

��� KWWS���ZZZ�MLVF�DF�XN�ZKDWZHGR�SURJUDPPHV�SURJUDPPHBUHSBSUHV�LQVSHFW�DVS[�
��� 7KH�&HGDUV�3URMHFW�5HSRUW��$SULO�����±0DUFK��������-XQH�������S����KWWS���ZZZ�OHHGV�DF�XN�FHGDUV�DGPLQ�&HGDUV3URMHFW5HSRUW7R0DU���SGI�
�

http://www.leeds.ac.uk/cedars/admin/CedarsProjectReportToMar01.pdf
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WKDW DUH�D�PDWWHU�RI�SULRULW\�LQ�WKH�SUHVHUYDWLRQ�SURFHVV��7KHUH�KDV�WR�EH�D�FKRLFH�DERXW�ZKLFK�SURSHUWLHV�DUH�VLJQLILFDQW�DQG�WKLV�LV�SUHFLVHO\�WKH�WDVN�UHTXLUHG�LQ�WKH�FKDUDFWHULVDWLRQ�RI�6LJQLILFDQW�3URSHUWLHV��
)XUWKHU�LQIRUPDWLRQ�RQ�WKH�&('$56�SURMHFW�FDQ�EH�IRXQG�DW���

KWWS���ZZZ�OHHGV�DF�XN�FHGDUV��
������3URMHFW�&$0L/(21�
7KH�&$0L/(21�SURMHFW�IXUWKHU�GHYHORSHG�D�PRGHO�IRU�H[SUHVVLQJ�6LJQLILFDQW�3URSHUWLHV��DJDLQ�ZLWKLQ�WKH�2$,6�IUDPHZRUN��&HQWUDO�WR�WKH�VWXG\�ZDV�D�UHYLHZ�RI SURSHUWLHV�DOUHDG\�KLJKOLJKWHG�LQ�VWDQGDUGV�DQG�IUDPHZRUNV�HVWDEOLVKHG�E\�ERGLHV�VXFK�DV�03(*�DQG�1,62�DV�D�EDVLV�IRU�LGHQWLI\LQJ�6LJQLILFDQW�3URSHUWLHV��6RPH�����SURSHUW\�UHIHUHQFHV�ZHUH�LGHQWLILHG��H[WHQGLQJ�WR�VW\OLVWLF�DQG�DHVWKHWLF�IHDWXUHV��,Q�YLHZ�RI�WKLV�ZLGH�UDQJH��&$0L/(21�UHIUDLQHG�IURP�UHFRPPHQGLQJ�D�VLQJOH�VHW�RI�GHFLVLRQ�PDNLQJ�UXOHV�IRU�GHWHUPLQLQJ�6LJQLILFDQW�3URSHUWLHV��EXW�WKH�SURFHVV�ZDV�VHHQ�WR�EH�KHOSIXO�LQ�DUWLFXODWLQJ�WKH�DYDLODEOH�RSWLRQV�DQG�LQ�GRFXPHQWLQJ�WKH�WUDGH�RIIV�DPRQJ�WKHP���
7ZR SDUWLFXODU�IHDWXUHV�RI�WKH�&$0L/(21�SURMHFW�DUH�RI�SDUWLFXODU�LQWHUHVW�IRU�WKH SUHVHQW�VWXG\���

� )LUVW� WKHUH�LV�WKH�IDFW�WKDW�&$0L/(21�H[SORUHG�WKH�H[WHQW�WR�ZKLFK�SURSHUWLHV�FRXOG�EH�UHJDUGHG�DV�VLJQLILFDQW��JLYLQJ�FRQVLGHUDWLRQ�WR�VW\OLVWLF�DQG�DHVWKHWLF�IHDWXUHV�DQG�FRQFOXGLQJ�WKDW�WKHLU�VLJQLILFDQFH�ZDV�YHU\�PXFK�WLHG�WR�WKH�FRQWH[W�RI�WKHLU�FUHDWLRQ�DQG�XVH��
� 7KH VHFRQG�ZDV�WKDW�WKH�&$0L/(21�SURMHFW�DLPHG�WR�DVVHVV�HPXODWLRQ�DV�D�SUHVHUYDWLRQ�VWUDWHJ\�DQG�GHYRWHG�D�IDLU�DPRXQW�RI�LWV�UHVRXUFHV�WR�DGGUHVVLQJ�WKLV�TXHVWLRQ��,W�FRQFOXGHG�HYHQWXDOO\�WKDW�DOWKRXJK�HPXODWLRQ�LV WHFKQLFDOO\�IHDVLEOH��LW�LV�QRW�DOZD\V�WKH�PRVW�HIIHFWLYH�RU�FRVW�HIIHFWLYH�VWUDWHJ\��

)XUWKHU�LQIRUPDWLRQ�RQ�WKH�SURMHFW��LQFOXGLQJ�SURMHFW�UHSRUWV��FDQ�EH�IRXQG�DW���
KWWS���ZZZ�VL�XPLFK�HGX�&$0,/(21��

$ EULHI�RYHUYLHZ���RI�VRPH�RI�WKH�LVVXHV�LV�WR�EH�IRXQG�DW���
KWWS���ZZZ�LOV�XQF�HGX�FDOOHH�VLJSURSVBGOP�����SGI�

����7KH�&HQWUDO�)HDWXUHV�RI�,Q63(&7��
������7KH�3HUIRUPDQFH�0RGHO�
,Q63(&7�EXLOGV�RQ�WKHVH�&('$56�DQG�&$0L/(21�EXW�DOVR�RZHV�D�ORW�LQ�LWV�RULHQWDWLRQ�WR�ZRUN�E\�WKH�1DWLRQDO�$UFKLYHV�RI�$XVWUDOLD��1$$��DQG�7KH�1DWLRQDO�$UFKLYHV��71$��LQ�WKH�8.��

��� 0DUJDUHW�+HGVWURP��&KULVWRSKHU�$��/HH��6LJQLILFDQW�SURSHUWLHV�RI�GLJLWDO�REMHFWV��GHILQLWLRQV��DSSOLFDWLRQV��LPSOLFDWLRQV� ������

http://www.ils.unc.edu/callee/sigprops_dlm2002.pdf
http://www.si.umich.edu/CAMILEON/
http://www.leeds.ac.uk/cedars/
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,Q SDUWLFXODU�,Q63(&7�DGRSWV�IURP�WKH�1$$�D�GLVWLQFWLYH�YLHZ�RI�WKH�ZD\�WKDW�FRQWHQW�LQIRUPDWLRQ�LQWHUDFWV�ZLWK�WKH�PHGLD�WKDW�VWRUH�LW�DQG�WKH�HTXLSPHQW�WKDW�GLVSOD\V�LW��7KLV�LV�NQRZQ�DV�WKH�µ3HUIRUPDQFH�0RGHO¶���
7KH 3HUIRUPDQFH�0RGHO�VHHV�HDFK�LQWHUDFWLRQ�EHWZHHQ�D�GDWD�VRXUFH��µWKH�VRXUFH¶��DQG�WKH�WHFKQRORJ\�WKDW�SUHVHQWV�LW��µWKH�SURFHVV¶��DV�D�µSHUIRUPDQFH¶��E\ DQDORJ\�ZLWK�WKH�ZD\�WKDW�D�SOD\�RU�D�SLHFH�RI�PXVLF�LV�SHUIRUPHG��
)XUWKHUPRUH�LW�UHFRJQLVHV�WKDW�HDFK�FRPELQDWLRQ�RI�VRXUFH�DQG�VSHFLILF�SURFHVV�SODWIRUP�PD\�SURGXFH�D�VOLJKWO\�GLIIHUHQW�SHUIRUPDQFH�IURP�RWKHU�FRPELQDWLRQV��&KDQJH�LV�VHHQ�DV�LQHYLWDEOH��7KH�QHHG�LQ�D�FKDQJLQJ�HQYLURQPHQW�LV�WR�GHWHUPLQH�ZKDW�LV�HVVHQWLDO�DQG�ZKDW�LV�QRW��&LWLQJ�HDUOLHU�ZRUN�E\�71$��,Q63(&7�DVVHUWV�WKDW��

µD UHFRUG�LV�FRQVLGHUHG�WR�EH�HVVHQWLDOO\�FRPSOHWH�DQG�XQFRUUXSWHG�LI�WKH�PHVVDJH�>LW@�PHDQW�WR�FRPPXQLFDWH�LQ�RUGHU�WR�DFKLHYH�LWV�SXUSRVH�LV�XQDOWHUHG�¶�
7KLV SXWV�WKH�GHILQLWLRQ�RI�6LJQLILFDQW�3URSHUWLHV�LQ�WKH�FHQWUH�RI�WKH�SLFWXUH��EHFDXVH�LW�LV�WKH�UROH�RI�6LJQLILFDQW�3URSHUW\�DQDO\VLV�WR�GHILQH�WKRVH�SURSHUWLHV�WKDW LW�LV�QHFHVVDU\�WR�UHSURGXFH�LQ�RUGHU�WR�SURYLGH�DQ�µDXWKHQWLF¶�SHUIRUPDQFH�± D�SHUIRUPDQFH�WKDW�LV�HVVHQWLDOO\�WKH�VDPH�DV�WKH�RULJLQDO��$�NH\�FKDOOHQJH�LQ�GLJLWDO�SUHVHUYDWLRQ��WKHQ��LV�SUHFLVHO\�WR�GHWHUPLQH�6LJQLILFDQW�3URSHUWLHV��
&RUH�GRFXPHQWV�GHVFULELQJ�WKH�,Q63(&7�DSSURDFK�DUH�$�:LOVRQ�6LJQLILFDQW�3URSHUWLHV�5HSRUW� �������DQG�*�.QLJKW��)UDPHZRUN�IRU�WKH�GHILQLWLRQ�RI�VLJQLILFDQW�SURSHUWLHV� ������
������0LJUDWLRQ�
$FFRPSDQ\LQJ�WKH�µSHUIRUPDQFH¶�FRQFHSWLRQ�LV�WKH�YLHZ�WKDW�WKH�UROH�RI�6LJQLILFDQW�3URSHUW\�DQDO\VLV�LV�WR�GHILQH�WKRVH�SURSHUWLHV�WKDW�LW�LV�QHFHVVDU\�WR�UHSURGXFH�LQ�RUGHU�WR�SURYLGH�DQ�µDXWKHQWLF¶�SHUIRUPDQFH��,W�LV�XQGHUVWRRG�WKDW�ZLWK WKLV�SURFHVV��GLJLWDO�REMHFWV�FDQQRW�EH�IXOO\�SUHVHUYHG�LQ�WKHLU�RULJLQDO�VWDWH��,QGHHG��,Q63(&7�DUJXHV�WKDW�WKLV�LV�QRW�QHFHVVDU\��

µQHLWKHU�WKH�VRXUFH�QRU�WKH�SURFHVV�QHHG�EH�UHWDLQHG�LQ�WKHLU�RULJLQDO�VWDWH�IRU�D�IXWXUH�SHUIRUPDQFH�WR�EH�FRQVLGHUHG�DXWKHQWLF��$V�ORQJ�DV�WKH�HVVHQWLDO�SDUWV�RI�WKH�SHUIRUPDQFH�FDQ�EH�UHSOLFDWHG�RYHU�WLPH��WKH�VRXUFH DQG�SURFHVV�FDQ�EH�UHSODFHG¶�
7KH LVVXH�DJDLQ�EHFRPHV�RQH�RI�GHILQLQJ�WKH�FKDUDFWHULVWLFV�WKDW�QHHG�WR�EH�UHSURGXFHG�LQ�RUGHU�WR�SUHVHUYH�WKH�DXWKHQWLFLW\�RI�WKH�RULJLQDO�REMHFW��
7KLV RSHQV�WKH�ZD\�IRU�D�µQRUPDOLVDWLRQ¶�VWUDWHJ\��7KH�LGHD�LV�WR�VHOHFW�IRU�HDFK�W\SH RI�GLJLWDO�REMHFW�D�YHU\�VPDOO�UDQJH�DW�DQ\�RQH�WLPH�RI�RSHQ��QRQ�SURSULHWDU\�GLJLWDO�IRUPDWV�WKDW�KDYH�WKH�SURVSHFW�RI�UHDVRQDEOH�ORQJHYLW\�DQG�KDYH�ZHOO�NQRZQ�SURSHUWLHV��$�FHQWUDO�SDUW�RI�WKH�SUHVHUYDWLRQ�SURFHVV�WKHQ�LQYROYHV�PLJUDWLQJ�GLJLWDO�REMHFWV�RQWR�WKLV�VWDQGDUG�IRUPDW��RU�IRUPDWV��WKDW�WKHQ EHFRPHV�WKH�FRUH�RI�WKH�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH��LQ�2$,6�WHUPV��2YHU WLPH��DV�WHFKQRORJ\�FRQWLQXHV�WR�FKDQJH��WKHUH�ZLOO�EH�IXUWKHU�PLJUDWLRQV�RQWR�QHZ�VWDQGDUG�IRUPDWV���
���KWWS���ZZZ�VLJQLILFDQWSURSHUWLHV�RUJ�XN�GRFXPHQWV�ZS��BVLJQLILFDQWBSURSHUWLHV�SGI�

http://www.significantproperties.org.uk/documents/wp22_significant_properties.pdf
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7KH UROH�RI�DQ�HVWDEOLVKHG�VHW�RI�6LJQLILFDQW�3URSHUWLHV�LQ�WKLV�FRQWH[W��LV�WR�DFW�DV D�FKHFN�OLVW��E\�ZKLFK�LW�FDQ�EH�DVFHUWDLQHG�WKDW�DOO�WKH�LPSRUWDQW�FKDUDFWHULVWLFV�RI�D�GLJLWDO�REMHFW�KDYH�EHHQ�PLJUDWHG�LQ�WKH�FRXUVH�RI�WKH�PRYH�IURP�RQH�IRUPDW�WR�DQRWKHU��
,Q63(&7�VXJJHVWV�WKDW�PLJUDWLRQ�LV�WKH�VROH�VWUDWHJ\�WR�EH�DGRSWHG��7KLV�LV�D�FRKHUHQW�SRVLWLRQ��EXW�DFWXDOO\�LW�LV�D�YLHZ�WKDW�ZH�ZRXOG�ZLVK�WR�PRGLI\�WR�WKH�H[WHQW�WKDW�ZH�EHOLHYH�WKDW�WKHUH�LV�VRPH�PHULW�LQ�UHWDLQLQJ��ZKHUH�SRVVLEOH��WKH�RULJLQDO�GDWD�LQ�LWV�RULJLQDO�IRUPDW��7KLV�PLJKW�EH�D�PDWWHU�RI�µEHOW�DQG�EUDFHV¶��EXW�LW�LV�DOVR�SRVVLEOH�WR�FRQFHLYH�RI�FLUFXPVWDQFHV�LQ�ZKLFK�WKH�RULJLQDO�GDWD�FRXOG�EH�RI�LQWHUHVW�LQ�WKH�IXWXUH���
����'HYHORSPHQW�RI�WKH�,Q63(&7�0RGHO��
7KH�ZRUN�RI�,Q63(&7�LV�FRQWLQXLQJ��DV�WKLV�UHSRUW�LV�EHLQJ�ZULWWHQ��DQG�WKHUH�KDYH�EHHQ�D�QXPEHU�RI�GHYHORSPHQWV��� EXLOGLQJ�RQ�WKH�IUDPHZRUN�DOUHDG\�RXWOLQHG�WKDW�ZH�KDYH�WR�WDNH�LQWR�DFFRXQW��LI�ZH�DUH�WR�KDYH�D�FRQVLVWHQW�DSSURDFK�DSSOLHG�DFURVV�DOO�WKH�6LJQLILFDQW�3URSHUWLHV�SURMHFWV��
,Q SDUWLFXODU��ZKLOH�FRQWLQXLQJ�WR�PDNH�XVH�RI�WKH�EDVLF�FRQFHSWV�DOUHDG\�RXWOLQHG��LQ�FDUU\LQJ�RXW�GHWDLOHG�ZRUN�RQ�SDUWLFXODU�GLJLWDO�REMHFWV��,Q63(&7�LV�EULQJLQJ�LQ�FRQFHSWV�DQG�SURFHVVHV�GHYHORSHG�LQ�RWKHU�PDMRU�SURMHFWV��LQFOXGLQJ���

� WKH�6HDPOHVV�)ORZ�SURJUDPPH��� ZKLFK�LV�SURYLGLQJ�D�IUDPHZRUN�DW�7KH�1DWLRQDO�$UFKLYHV�IRU�WKH�GLJLWDO�SUHVHUYDWLRQ�RI�SXEOLF�GRFXPHQWV�DQG�RWKHU�PDWHULDO�IURP�DFURVV�8.�JRYHUQPHQW�GHSDUWPHQWV��
� WKH�35(0,6��35(VHUYDWLRQ�0HWDGDWD��,PSOHPHQWDWLRQ�6WUDWHJLHV��:RUNLQJ�*URXS��� DQ�LQWHUQDWLRQDO�JURXS�RI�H[SHUWV�LQ�GLJLWDO�SUHVHUYDWLRQ�WKDW�ZDV�VHW�XS�WR�GHYHORS�D�FRUH�SUHVHUYDWLRQ�PHWDGDWD�VHW�ZLWK�EURDG�DSSOLFDELOLW\�DFURVV�WKH�GLJLWDO�SUHVHUYDWLRQ�FRPPXQLW\��
� WKH�'LJLWDO�3UHVHUYDWLRQ�7HVWEHG�SURMHFW�WKDW�KHOSHG�HVWDEOLVK�WKH��SUHVHUYDWLRQ�VWUDWHJ\�RI�WKH�1DWLRQDDO�$UFKLHI�RI�WKH�1HWKHUODQGV���

3DUW RI�WKH�DLP�LV�WR�DUULYH�DW�SUDFWLFDO�SURFHVVHV�IRU�WKH�GHWHUPLQDWLRQ�RI�6LJQLILFDQW�3URSHUWLHV�WKDW�PDNH�XVH��DV�IDU�DV�SRVVLEOH��RI�H[LVWLQJ�PHWDGDWD��$�VLPSOLILHG�IUDPHZRUN�LV�SURSRVHG�SURYLGLQJ�D�FRPPRQ�VHW�RI�PHWDGDWD�HOHPHQWV�VLPLODU�WR�WKH�'XEOLQ�&RUH�PHWDGDWD�VWDQGDUG��,W�LV�HQYLVDJHG�WKDW�WKH�PHWDGDWD�VHW�FRXOG�EH�XVHG�E\�DQ�LQVWLWXWLRQ�WR�LQGLFDWH�WKH�SURSHUWLHV�WKDW�DUH�FRQVLGHUHG�WR�EH�LPSRUWDQW�E\�WKDW�LQVWLWXWLRQ�DQG�LWV�'HVLJQDWHG�&RPPXQLW\�DQG�WR�LQGLFDWH�WKH�TXDOLW\�WKUHVKROGV�WKDW�PXVW�EH�PHW��
7KLV VLPSOLILHG�IUDPHZRUN�IRU�GHILQLQJ�VLJQLILFDQW�SURSHUWLHV�LV�VDLG�WR�KDYH�WZR�EHQHILWV��

��� 'HVFULEHG�LQ�*DUHWK�.QLJKW��)UDPHZRUN�IRU�WKH�'HILQLWLRQ�RI�6LJQLILFDQW�3URSHUWLHV��$+'6�������
��� KWWS���ZZZ�QDWLRQDODUFKLYHV�JRY�XN�HOHFWURQLFUHFRUGV�VHDPOHVVBIORZ�SURJUDPPH�KWP�
��� KWWS���ZZZ�RFOF�RUJ�UHVHDUFK�SURMHFWV�SPZJ��



��

� 'RFXPHQWDWLRQ�RQ�WKH�VLJQLILFDQW�SURSHUWLHV�RI�D�5HFRUG�PD\�EH�VWRUHG�ZLWK�WKH�GLJLWDO�5HFRUG�LWVHOI�DQG�WUDQVIHUUHG�EHWZHHQ�GLIIHUHQW�GLJLWDO�UHSRVLWRULHV��
� 7KH�VLJQLILFDQW�SURSHUWLHV�PD\�EH�XVHG�WR�TXDQWLWDWLYHO\�PHDVXUH�DXWRPDWHG�FRQYHUVLRQ�SURFHVVHV��

,Q RUGHU�WR�DUULYH�DW�WKLV��WKH�,Q63(&7�WHDP�DJDLQ�UHYLHZHG�IRUPDW�VSHFLILFDWLRQV�DQG�WKHLU�NH\�FRPSRQHQWV��ZKHUH�REMHFWV�FDQ�KDYH�PRUH�WKDQ�RQH�FRQVWLWXHQW�FRPSRQHQW���WH[W��LPDJHV��VRXQG�HWF����UHODWLQJ�WR�WKH�IRXU�REMHFW�W\SHV��EHLQJ�FRQVLGHUHG�GLUHFWO\�E\�WKH�SURMHFW���UDVWHU�LPDJHV��GLJLWDO�DXGLR��VWUXFWXUHG�WH[W�DQG�HPDLOV��$V�D�UHVXOW�RI�WKLV�H[HUFLVH��WKH�WHDP�FRQFOXGHG�WKDW�LW�LV�XVHIXO�WR�UHIHU�WR�WKH�IROORZLQJ�WDVNV�LQ�SURJUHVVLQJ�ZLWK�WKH�DQDO\VLV���
� 'HILQLWLRQ�RI�WKH�LQWHOOHFWXDO�FRPSRQHQWV�WKDW�WKH�DVVHVVRU�EHOLHYHV�

VKRXOG�EH�PDLQWDLQHG��
� ,GHQWLILFDWLRQ�RI�WKH�WHFKQLFDO�SURSHUWLHV�RI HDFK�FRPSRQHQW�WKDW�DUH�

UHTXLUHG�WR�UHFUHDWH�WKH�FRPSRQHQW�V���
� &ODVVLILFDWLRQ�RI�WKH�IXQFWLRQ�SHUIRUPHG�E\�HDFK�SURSHUW\�DQG�DQ�

DVVHVVPHQW�RI�LWV�YDOXH��
� 0HDVXUHPHQW�RI�WKH�WHFKQLFDO�DQG�LQWHOOHFWXDO�SURSHUWLHV�RI�WKH�GLJLWDO�5HFRUG� DV�ZHOO�DV�FRQVLGHUDWLRQ�RI�WKH�UHTXLUHPHQWV�RI�WKH�LQVWLWXWLRQ�DQG�

'HVLJQDWHG�&RPPXQLW\��
,Q UHIHUULQJ�WR�WKH�µLQWHOOHFWXDO�FRPSRQHQWV¶��WKH�WHDP�KDYH�LQ�PLQG�WKH�EURDGHU�FRQWH[W�IRU�XQGHUVWDQGLQJ�ZKDW�DQ�REMHFW�LV�RU�GRHV�DQG�WKH�UHODWLRQVKLS�EHWZHHQ�FRPSRQHQWV��ZKHUH�WKH�REMHFW�KDV�PRUH�WKDQ�RQH�HOHPHQW�±�LPDJHV�DQG�VRXQG�WUDFN��IRU�H[DPSOH��'HILQLQJ�LQWHOOHFWXDO�FRPSRQHQWV�LQYROYHV�WDNLQJ�LQWR�DFFRXQW�WKH�VWDQGDUGV�ZLWK�ZKLFK�WKH�LQVWLWXWLRQ�FRQFHUQHG�LV�UHTXLUHG�WR�FRPSO\ DQG�WKH�UHTXLUHPHQWV�RI�WKH�'HVLJQDWHG�&RPPXQLW\��EXW�RYHUDOO��LW�LQYROYHV�D�GHFLVLRQ�DERXW�µWKH�FRPSRQHQW¶V�FRQWULEXWLRQ�WR�WKH�UHFUHDWLRQ�RI�WKH�UHFRUG�DV�D�µZKROH¶��
:LWK�UHJDUG�WR�WHFKQLFDO�SURSHUWLHV��WKHUH�DUH�WKUHH�ZHOO�HVWDEOLVKHG�SULQFLSOHV�WKDW KDYH�WR�EH�DSSOLHG���

� )XQFWLRQ� ZKDW�LV�WKH�IXQFWLRQ�WKDW�WKH�SURSHUW\�SHUIRUPV�LQ�UHODWLRQ�WR�WKH�
&RPSRQHQW�RU�WKH�REMHFW�LQ�LWV�HQWLUHW\"�

� 8QLTXHQHVV� 'R�RWKHU�SURSHUWLHV�H[LVW�WKDW�SHUIRUP�D�VLPLODU�IXQFWLRQ�DQG�
FRXOG�EH�VXEVWLWXWHG"�

� 5REXVWQHVV� :KDW�HIIHFW�ZLOO�LW�KDYH�RQ�WKH�UHFUHDWLRQ�RI�WKH�REMHFW�LI�WKH�SURSHUW\�LV�GDPDJHG"�
:LWK�WKH�PHDVXUHPHQW�RI�SURSHUWLHV�WKHUH�DUH�WZR�LVVXHV�WKDW�KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW��6SHFLILF�SURSHUWLHV�RI�PRYLQJ�LPDJHV�FDQ�KDYH�GLIIHUHQW�YDOXHV�DQG�WKHVH�YDOXHV�KDYH�WR�EH�HVWDEOLVKHG�DQG�UHFRUGHG��7KDW�LV�FOHDU�DQG�VWUDLJKWIRUZDUG��
7KHUH�LV�D�VHFRQG�LVVXH��KRZHYHU��WR�GR�ZLWK�WKH�PHDVXUHPHQW�RI�WKH�UHODWLYH�VLJQLILFDQFH�RI�SURSHUWLHV��)RU�RWKHU�GLJLWDO�REMHFWV��WKHUH�FDQ�EH�YDU\LQJ�GHJUHHV�RI�VLJQLILFDQFH�LQ�GLIIHUHQW�DSSOLFDWLRQV��,Q�WKH�DUHD�RI�YHFWRU�JUDSKLFV��



��

IRU�LQVWDQFH��WKHUH�DUH�D�ODUJH�QXPEHU�RI�SRWHQWLDO�SURSHUWLHV�DQG�WKHVH�FDQ�RIWHQ�KDYH�GLIIHULQJ�VLJQLILFDQFH�GHSHQGLQJ�RQ�WKH�SDUWLFXODU�DSSOLFDWLRQ��7KH�FRORXU�RI�D�OLQH�PD\�RU�PD\�QRW�EH�VLJQLILFDQW��5HFRJQL]LQJ�WKHVH�GHJUHHV�RI�UHODWLYH�VLJQLILFDQFH��D�SDUDOOHO�VWXG\�RQ�WKH�6LJQLILFDQW�3URSHUWLHV�RI�9HFWRU�,PDJHV��FRQGXFWHG�E\�6\VWHP�6LPXODWLRQ�DQG�FROOHDJXHV�DW�2[IRUG�%URRNHV�8QLYHUVLW\���SURSRVHG�D�PHWULF�FRQVLVWLQJ�RI�D���SRLQW�VFDOH��7KH�,Q63(&7�SURMHFW�DGRSWV�D�VLPLODU�DSSURDFK��
,Q WKH�FDVH�RI�PRYLQJ�LPDJHV�RI�WKH�W\SH�XQGHU�FRQVLGHUDWLRQ��WKLV�PD\�ZHOO�EH�GLIIHUHQW�IRU�PHGLFDO�RU�VFLHQWLILF�PRYLQJ�LPDJHV���WKLV�W\SH�RI�YDULDWLRQ�LQ�VLJQLILFDQFH�GRHV�QRW�DULVH�WR�DQ\WKLQJ�OLNH�WKH�VDPH�H[WHQW��7KH�UHQGHULQJ�RI�PRYLQJ�LPDJHV�±�WKHLU�SURMHFWLRQ�±�GRHV�QRW�DOORZ�WKHLU�SUHVHQWDWLRQ�WR�YDU\�DQ\WKLQJ�OLNH�DV�PXFK�DV�LV�SRVVLEOH�ZLWK��VD\��WKH�UHQGHULQJ�RI�DQ�H�PDLO�PHVVDJH�RU�D�YHFWRU�JUDSKLF��7KH�DSSDUHQW�H[FHSWLRQ�WR�WKLV�LV�DVSHFW�UDWLR��EXW�HYHQ�KHUH�ZH�DUH�QRW�FRQFHUQHG�ZLWK�GHJUHHV�RI�VLJQLILFDQFH��7KH�DVSHFW�UDWLR�LQWHQGHG�E\�WKH�SURGXFHU�LV�WKH�6LJQLILFDQW�3URSHUW\��7KLV�KDV�WR�EH�UHSURGXFHG�LI�WKH�DXWKHQWLFLW\�RI�WKH�FRS\�LV�WR�EH�PDLQWDLQHG��6XEVHTXHQW�PRGLILFDWLRQV�RI�DVSHFW�UDWLR�DUH�GHULYHG�YHUVLRQV�WKDW�PD\�RU�PD\�QRW�EH�RI�LQWHUHVW�LQ�WKHLU�RZQ�ULJKW���
:H ZRXOG�FRQFOXGH�WKDW��ZKLOH�UHFRJQL]LQJ�WKDW�PHDVXUHPHQW�RI��YDU\LQJ�GHJUHHV�RI��VLJQLILFDQFH�LV�SDUW�RI�WKH�RYHUDOO�IUDPHZRUN�GHILQHG�IRU�RXU�SURMHFW�E\�,Q63(&7��LW�LV�DQ�HOHPHQW�WKDW�ZLOO�KDYH�D�GRUPDQW�VWDWXV�LQ�WKH�DSSOLFDWLRQ�RI�WKH�IUDPHZRUN�LQ�WKH�DUHD�RI�PRYLQJ�LPDJHV��
����7KH�7D[RQRP\�RI�3URSHUWLHV�
%ULQJLQJ�WRJHWKHU�WKH�HOHPHQWV�RI�WKH�PRGHO�WKDW�KDV�EHHQ�HODERUDWHG��WKH�,Q63(&7�SURMHFW�WHDP�GUHZ�XS�D�WD[RQRP\�RI�SURSHUWLHV�WKDW�DUH�LQWHQGHG�WR�VHUYH�DV�WKH�EDVLV�IRU�DQ�H[HUFLVH�LQ�DQDO\VLQJ�6LJQLILFDQW�3URSHUWLHV��7KHVH�DUH�GHILQHG�DV�IROORZV��

� &RQWHQW���DQ�DEVWUDFW�WHUP�WR�GHVFULEH�WKH�H[SUHVVLRQ�RI�LQWHOOHFWXDO�ZRUN��
,Q�D�GLJLWDO�HQYLURQPHQW��&RQWHQW�PD\�GHVFULEH�WH[W��VWLOO�DQG�PRYLQJ�LPDJHV��DXGLR��DQG�RWKHU�LQWHOOHFWXDO�SURGXFWLRQV��([DPSOHV��GLJLWDO�DXGLR����'XUDWLRQ��1XPEHU�RI�FKDQQHOV��

� &RQWH[W��LQIRUPDWLRQ�WKDW�GHVFULEHV�WKH�HQYLURQPHQW�LQ�ZKLFK�WKH�&RQWHQW�ZDV�FUHDWHG�RU�WKDW�DIIHFW�LWV�LQWHQGHG�PHDQLQJ��([DPSOHV��DOO���&UHDWRU��&UHDWLRQ�GDWH��7LWOH�
� 5HQGHULQJ� LQIRUPDWLRQ�WKDW�FRQWULEXWHV�WR�WKH�UHFUHDWLRQ�RI�WKH�PHVVDJH��

,W�PD\�EH�DSSOLHG�WR�D�YLVXDO�RU�DXGLEOH�FRPSRQHQW�WKDW�LV�D�SDUW�RI�WKH�PHVVDJH��([DPSOHV��GLJLWDO�PRYLQJ�LPDJHV���5HVROXWLRQ��SL[HO�DVSHFW�UDWLR��IUDPH�UDWH�
� 6WUXFWXUH��LQIRUPDWLRQ�WKDW�GHVFULEHV�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�RU�PRUH�W\SHV�RI�&RQWHQW��DV�UHTXLUHG�WR�UHFRQVWUXFW�WKH�SHUIRUPDQFH��,W�

��� 0 &R\QH�HW�DO��7KH�6LJQLILFDQW�3URSHUWLHV�RI�9HFWRU�,PDJHV��������
�



��

PD\ EH�DSSOLHG�WR�WKH�LQWULQVLF�RU�H[WULQVLF�UHODWLRQVKLSV�FRQWDLQHG�LQ�WKH�PHVVDJH��([DPSOHV��GLJLWDO�DXGLR���&KDQQHO�UHODWLRQVKLS�
� %HKDYLRXU��LQIRUPDWLRQ�WKDW�GHVFULEHV�WKH�PHWKRG�LQ�ZKLFK�WKH�&RQWHQW�

LQWHUDFWV�ZLWK�RWKHU�VWLPXOL��6WLPXOL�PD\�LQFOXGH�WKH�LQWHUDFWLRQ�RI�WKH�XVHU�ZLWK�WKH�VRIWZDUH��RU�LQWHUDFWLRQ�ZLWK�RWKHU�VRXUFHV�RI�LQIRUPDWLRQ��VXFK�DV DQ�H[WHUQDO�UHVRXUFH��WKDW�DIIHFWV�WKH�FRQWH[W��FRQWHQW��VWUXFWXUH��RU�DSSHDUDQFH�RI�WKH�UHVRXUFH��%HKDYLRXU�LV�FRQVLGHUHG�WR�EH�WKH�PRVW�GLIILFXOW�FKDUDFWHULVWLF�WR�SUHVHUYH�±�LW�LV�RIWHQ�WLHG�WR�WKH�FDSDELOLWLHV�RI�SDUWLFXODU�VRIWZDUH�DSSOLFDWLRQV�DQG�PD\�EH�GLIILFXOW�WR�WUDQVODWH��,W�LV�DOVR�GLIILFXOW�WR�GHILQH�DOO�EHKDYLRXUDO�FKDUDFWHULVWLFV�LQ�D�TXDQWLWDWLYH�PDQQHU��([DPSOHV��GLJLWDO�GRFXPHQWV�� K\SHUOLQNV��
:H FDQ�VHH�KHUH�D�IXUWKHU�GHYHORSPHQW�RI�WKH�2$,6�IUDPHZRUN�WKDW�QRW�RQO\�SURYLGHV�PRUH�VWUXFWXUH�IRU�VLJQLILFDQW�SUHVHUYDWLRQ�LQIRUPDWLRQ��EXW�DOVR�WDNHV XV�IXUWKHU�LQ�WKH�GLUHFWLRQ�RI�SUDFWLFDO�LPSOHPHQWDWLRQ��7KLV�PRYH�UHIOHFWV�DQRWKHU�HOHPHQW�LQ�WKH�ODWHVW�IUDPHZRUN�GHYHORSHG�E\�,Q63(&7��LQ�WKDW D�GDWD�PRGHO�LV�SURSRVHG��WR�EH�XVHG�LQ�FDSWXULQJ�WKH�QHFHVVDU\�LQIRUPDWLRQ��7KLV�GDWD�PRGHO�GUDZV�RQ�ZRUN�LQ�WKH�35(0,6�SURMHFW�DQG�PRUH�SDUWLFXODUO\�RQ�WKH�6HDPOHVV�)ORZ�SURJUDPPH��EXW�DJDLQ�DLPV�WR�DFKLHYH�VLPSOLILFDWLRQ��ZKHUH�SRVVLEOH��ZKLOH�DOORZLQJ�HQRXJK�IOH[LELOLW\�WR�DOORZ�GHVFULSWLRQV�RI�D�UDQJH�RI�REMHFW�SURSHUWLHV�DW�GLIIHUHQW�OHYHOV�RI�JUDQXODULW\���

7KH DEVWUDFW�GDWD�PRGHO�LV�SUHVHQWHG�DV�$SSHQGL[�$��DQG�LWV�DSSOLFDWLRQ�WR�GLJLWDO�PRYLQJ�LPDJHV�LQ�$SSHQGL[�%��
,W LV�DOVR�ZRUWK�QRWLQJ�DW�WKLV�SRLQW�WKDW�WKH�,Q63(&7�7D[RQRP\�DOVR�KDV�D�EURDG�FRUUHVSRQGHQFH�WR�0(76�PHWDGDWD�FDWHJRULHV��7KLV�SURYLGHV�VFRSH�IRU�DQ DFFRPPRGDWLRQ�EHWZHHQ�WKH�,Q63(&7�7D[RQRP\�DQG�0(76�IRU�WKRVH�LQVWLWXWLRQV�WKDW�KDYH�D�SROLF\�RI�XVLQJ�D�0(76�IUDPHZRUN��
����352120�±�$�UHJLVWU\�RI�UHVRXUFHV�
352120�LV�D�UHJLVWU\�RI�UHVRXUFHV�UHODWLQJ�WR�GLJLWDO�SUHVHUYDWLRQ�GHYHORSHG�DQG�KRVWHG�E\�7KH�1DWLRQDO�$UFKLYHV��71$���,W�LV�DFFHVVHG�WKURXJK�71$¶V�ZHE�VLWH��KWWS���ZZZ�QDWLRQDODUFKLYHV�JRY�XN�DERXWDSSV�352120�WRROV�KWP�
7KLV DOUHDG\�SURYLGHV�YDULRXV�VHUYLFHV�DQG�WRROV��LQFOXGLQJ�DFFHVV�WR�'52,'��'LJLWDO�5HFRUG�2EMHFW�,GHQWLILFDWLRQ���ZKLFK�SHUIRUPV�DXWRPDWHG�EDWFK�LGHQWLILFDWLRQ�RI�ILOH�IRUPDWV��
7KH 352120�VLWH�DOVR�SURYLGHV�OLQNV�WR�VLPLODU�SURMHFWV�DURXQG�WKH�ZRUOG��LQFOXGLQJ�WKDW�RI�WKH�+DUYDUG�2EMHFW�9DOLGDWLRQ�(QYLURQPHQW��ZKRVH�-+29(�WRRO�DOORZV�WKH�DXWRPDWLF�LGHQWLILFDWLRQ��YDOLGDWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�D�UDQJH�RI�GLJLWDO�REMHFW�W\SHV��VHH�KWWS���KXO�KDUYDUG�HGX�MKRYH�LQGH[�KWPO�
���� �$�(XURSHDQ�FRQWH[W�±�3/$1(76�
%HIRUH�ILQDOO\�VHWWLQJ�RXW�WKH�VSHFLILF�IUDPHZRUN�WKDW�ZLOO�EH�HPSOR\HG�LQ�WKH�GHILQLWLRQ�RI�WKH�6LJQLILFDQW�3URSHUWLHV�RI�PRYLQJ�LPDJHV��WKHUH�LV�RQH�ODVW�FRQVLGHUDWLRQ�WKDW�FDQ�EHVW�EH�H[SODLQHG�LQ�WKH�FRQWH[W�RI�D�(XURSHDQ�SURMHFW�±�3/$1(76��

http://hul.harvard.edu/jhove/index.html
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3/$1(76��3UHVHUYDWLRQ�DQG�/RQJ�WHUP�$FFHVV�WKURXJK�1HWZRUNHG�6HUYLFHV���� LV�D�(XURSHDQ�8QLRQ�,67�SURMHFW�WKDW�DLPV�WR�EXLOG�SUDFWLFDO�VHUYLFHV�DQG�WRROV�WR�UHGXFH�WKH�FRVWV�RI�GLJLWDO�SUHVHUYDWLRQ�DQG�WR�KHOS�HQVXUH�ORQJ�WHUP�DFFHVV�WR�GLJLWDO�FXOWXUDO�DQG�VFLHQWLILF�DVVHWV��,W�VWDUWHG�LQ�-XQH������DQG�RQH�RI�LWV�LQWHUHVWLQJ�IHDWXUHV�LV�WKDW�LW�LV�EULQJLQJ�WRJHWKHU�IRU�IXUWKHU�GHYHORSPHQW�D�QXPEHU�RI�QRWDEOH�HOHPHQWV�WKDW�DOUHDG\�KDYH�D�WUDFN�UHFRUG�DW�D QDWLRQDO�OHYHO��7KHVH�LQFOXGH�WKH�HPXODWLRQ�WRROV�GHYHORSHG�E\�WKH�.RQLQNOLMNH�%LEOLRWKHHN�DQG�1DWLRQDDO�$UFKLHI�LQ�WKH�1HWKHUODQGV�DQG�ZRUN�E\�7KH�1DWLRQDO�$UFKLYHV�IURP�WKH�8.��
3/$1(76�DLPV�WR�GHOLYHU��

� 3UHVHUYDWLRQ�3ODQQLQJ�VHUYLFHV�WKDW�µHPSRZHU�RUJDQLVDWLRQV�WR�GHILQH��HYDOXDWH��DQG�H[HFXWH�SUHVHUYDWLRQ¶���
� 0HWKRGRORJLHV��WRROV�DQG�VHUYLFHV�IRU�WKH�FKDUDFWHULVDWLRQ�RI�GLJLWDO�REMHFWV���
� ,QQRYDWLYH�VROXWLRQV�IRU�3UHVHUYDWLRQ�$FWLRQV�WRROV�ZKLFK�µZLOO�WUDQVIRUP�DQG�HPXODWH�REVROHWH�GLJLWDO�DVVHWV¶��
� $Q ,QWHURSHUDELOLW\�)UDPHZRUN�WR�VHDPOHVVO\�LQWHJUDWH�WRROV�DQG�VHUYLFHV�LQ�D�GLVWULEXWHG�VHUYLFH�QHWZRUN��
� $ 7HVWEHG�WR�SURYLGH�D�FRQVLVWHQW�DQG�FRKHUHQW�HYLGHQFH�EDVH�IRU�WKH REMHFWLYH�HYDOXDWLRQ�RI�GLIIHUHQW�SURWRFROV��WRROV��VHUYLFHV�DQG�FRPSOHWH�SUHVHUYDWLRQ�SODQV��
� $ FRPSUHKHQVLYH�'LVVHPLQDWLRQ�DQG�7DNHXS�SURJUDPPH���

8QGHUVWDQGLQJ�6LJQLILFDQW�3URSHUWLHV�LV�VDLG�WR�EH�DQ�LPSRUWDQW�HOHPHQW�ZLWKLQ�3/$1(76�DQG�SDUW�RI�WKH�DLP�RI�WKH�3UHVHUYDWLRQ�3ODQQLQJ�VXE�SURMHFW�LV�WR�GHYHORS�SUDFWLFDO�PHWKRGRORJLHV�DQG�WRROV�IRU�HYDOXDWLQJ�DOWHUQDWLYH�SUHVHUYDWLRQ�DFWLRQV�DJDLQVW�VWDQGDUG�FULWHULD��LQFOXGLQJ�HYDOXDWLQJ�WKH�DELOLW\�RI�WKHVH�DFWLRQV�WR�UHFRJQL]H�DQG�UHSURGXFH�6LJQLILFDQW�3URSHUWLHV���
7KH�&KDUDFWHULVDWLRQ�VXE�SURMHFW�LV�OHG�E\�7KH�1DWLRQDO�$UFKLYHV��71$��DQG�ZLOO�SURYLGH�D�JHQHULF�IUDPHZRUN�WR�GHSOR\�QHZ�DQG�H[LVWLQJ�FKDUDFWHULVDWLRQ�WRROV�DXWRPDWLFDOO\�DQG�WR�SURFHVV�WKHLU�RXWSXWV�LQ�D�VWDQGDUGLVHG�PDQQHU��7KHVH�FKDUDFWHULVDWLRQ�WRROV�ZLOO�EH�DEOH�WR�EH�XVHG�WR PHDVXUH�WKH�6LJQLILFDQW�3URSHUWLHV�RI�VSHFLILF�GLJLWDO�REMHFWV���
,Q WKLV�UHVSHFW��3/$1(76�ZLOO�EH�GHYHORSLQJ�WKH�WRROV�WKDW�DUH�PDGH�DYDLODEOH�E\�WKH�352120�UHJLVWU\���

��� KWWS���ZZZ�SODQHWV�SURMHFW�HX��
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� 0RYLQJ�,PDJHV�	�7KHLU�'LJLWLVDWLRQ�
����0RYLQJ�,PDJHV�
0RYLQJ�LPDJHV�FRQVLVW�EURDGO\�RI�D�VHTXHQFH�RI�VWLOO�LPDJHV�SURMHFWHG�DW�D�UDWH�WKDW WKH�H\H�DQG�EUDLQ�LQWHUSUHWV�DV�FRQWLQXRXV�PRWLRQ��0RYLQJ�LPDJHV�LQ�WKHLU�RULJLQDO�IRUP�DUH�FDUULHG�E\�D�YDULHW\�RI�PHGLD��7KH�SULQFLSDO�QRQ�GLJLWDO�IRUPV�DUH�

)LOP� PRYLQJ�LPDJHV�UHFRUGHG�E\�D�ILOP�FDPHUD��WRJHWKHU�ZLWK�
DVVRFLDWHG�VRXQG�WUDFNV��)RU�RYHU�D�FHQWXU\��WKH�SUHGRPLQDQW�ZD\�RI�PDNLQJ PRYLQJ�LPDJH�ZRUNV�ZDV�WKURXJK�WKH�H[SRVXUH�RI�D�VHTXHQFH�RI�IUDPHV�RI�FHOOXORLG�ILOP�DQG��DIWHU�SURFHVVLQJ�DQG�HGLWLQJ��WKH�VWRUDJH�RI�WKH�UHVXOWLQJ�LPDJH�VHTXHQFH�RQ�D�UHHO��UHDG\�IRU�SURMHFWLRQ��
%URDGFDVW�WHOHYLVLRQ� PRYLQJ�LPDJHV�DQG�VRXQG�GHOLYHUHG�E\�PHDQV�RI�D�
EURDGFDVW�VLJQDO��SLFNHG�XS�E\�D�UHFHLYHU��%URDGFDVW�WHOHYLVLRQ�LV�D�UHDO�WLPH�WUDQVPLVVLRQ�DQG�PXVW�EH�UHFRUGHG�WR�EH�DUFKLYHG��
9LGHR� WHFKQRORJ\�RULJLQDOO\�GHYHORSHG�IRU�UHFRUGLQJ�EURDGFDVW�WHOHYLVLRQ�
RQ�WDSH��EXW�KDV�VLQFH�EHHQ�XVHG�LQ�YDULRXV�IRUPDWV�IRU�D�EURDGHU�UDQJH�RI�DSSOLFDWLRQV��LQFOXGLQJ�GLUHFW�YLGHR�UHFRUGLQJ���

,QFUHDVLQJO\�WKH�GLJLWDO�FRXQWHUSDUWV�RI�WKH�RULJLQDO�WHFKQRORJ\�DUH�UHSODFLQJ�WKHVH OHJDF\�IRUPDWV��&RQVXPHU�YLGHR�WHFKQRORJ\�LV�QRZ�ODUJHO\�GLJLWDO��WKH�/LEUDU\�RI�&RQJUHVV�QRWHV��
³7KLV�LV�ZULWWHQ�DW�D�WLPH�RI�SURIRXQG�FKDQJH�IRU�WKH�LQGXVWULHV�WKDW�SURGXFH�PRYLQJ�LPDJH�FRQWHQW��%URDGFDVWHUV�DUH�LQ�WKH�WKURHV�RI�WKH�«�VZLWFK WR�$GYDQFHG�7HOHYLVLRQ�6WDQGDUGV�&RPPLWWHH��$76&��GLJLWDO�WUDQVPLVVLRQV��DV�FDEOH�DQG�VDWHOOLWH�GLVWULEXWLRQ�HQWLWLHV�PDNH�SDUDOOHO�FKDQJHV��$W�WKH�VDPH�WLPH��PRYLQJ�LPDJH�SURGXFWLRQ�DQG�SRVW�SURGXFWLRQ��VKRRWLQJ�DQG�HGLWLQJ��LV�PRYLQJ�IURP�ILOP�DQG�WDSH�WR�GLVN��VHUYHU��DQG�ZRUNVWDWLRQ��ZKLOH�GLJLWDO�IRUPDWV�ZLOO�EH�HPSOR\HG�IRU�WKHDWULFDO�GLVWULEXWLRQ�LQ�WKH�IRUHVHHDEOH�IXWXUH�´���

$FFRUGLQJO\�$UFKLYHV�ZLOO�EH�FDOOHG�XSRQ�WR�KDQGOH�GLJLWDO�6,3V�DV�ZHOO�DV�WKRVH�LQ SUH�GLJLWDO�IRUPDWV��
0HGLFDO�DQG�VFLHQWLILF�LPDJLQJ�UHIHUV�WR�D�VHULHV�RI�WHFKQLTXHV�DQG�SURFHVVHV�WKDW SURGXFH�VWLOO�DQG�PRYLQJ�LPDJHV�RI�ELRORJLFDO�DQG�SK\VLFDO�VWUXFWXUHV�DQG�YLVXDOLVDWLRQV�RI�SURFHVVHV��7KH�WHFKQRORJLHV�DQG�HQJLQHHULQJ�UHTXLUHG�WR�SURGXFH�DQG�SUHVHQW�WKHVH�LPDJHV�DUH�GLYHUVH�DQG�FRPSOH[��,Q�PDQ\�FDVHV�WKH�LPDJHV�PD\�EH�UHFRUGHG�XVLQJ�ILOP�RU�YLGHR�RU�GLJLWDO�YLGHR�IRUPDWV��:KHUH�WKH\ HPSOR\�SURSULHWDU\�RU�VSHFLDOL]HG�GLJLWDO�IRUPDWV�WKH\�DUH�UHJDUGHG�DV�EH\RQG�WKH�VFRSH�RI�WKLV�VWXG\��
����$�VHTXHQFH�RI�VWLOO�LPDJHV�
&RQFHSWXDOO\��PRYLQJ�LPDJHV�DUH�UHFRUGHG�DV�D�VHTXHQFH�RI�VWLOO�LPDJHV��RU�IUDPHV� HDFK�FDSWXULQJ�WKH�VFHQH�DW�D�SRLQW�LQ�WLPH��%\�GLVSOD\LQJ�WKH�VHTXHQFH�
���KWWS���ZZZ�GLJLWDOSUHVHUYDWLRQ�JRY�IRUPDWV�FRQWHQW�YLGHRBTXDOLW\�VKWPO�
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RI LPDJHV�DW�WKH�DSSURSULDWH�WKH�LOOXVLRQ�RI�D�PRYLQJ�LPDJH�LV�FUHDWHG��$W�DQ�DEVWUDFW�OHYHO�WKH�PRYLQJ�LPDJH�FDQ�EH�FKDUDFWHULVHG�E\�WKH�SURSHUWLHV�UHODWLQJ�WR D�VLQJOH�IUDPH�WRJHWKHU�ZLWK�WKH�UDWH�DW�ZKLFK�WKH�LPDJHV�DUH�WR�EH�GLVSOD\HG��WKH IUDPH�UDWH��
7KH LPDJHV�PD\�EH�DFFRPSDQLHG�E\�RQH�RU�PRUH�DXGLR�FKDQQHOV�DQG�VXSSOHPHQWHG�E\�DGGLWLRQDO�PHWDGDWD��7KH�ZKROH�PD\�EH�HQFDSVXODWHG�LQ�D�VXLWDEOHZUDSSHU�IRUPDW�DQG�KHOG�LQ�D�ILOH�
����$SSOLFDWLRQ�RI�WKH�3HUIRUPDQFH�0RGHO�
7R�SHUIRUP�D�UHFRUGLQJ�RI�PRYLQJ�LPDJHV�VWRUHG�LQ�D�GLJLWDO�IRUPDW��WKH�ILOH�PXVW�EH GHFRGHG�E\�DSSURSULDWH�VRIWZDUH�WR�SURGXFH�WKH�DXGLR�DQG�LPDJH�ELW�VWUHDPV��7KH�LPDJH�ELW�VWUHDP�LV�SURFHVVHG�WR�JHQHUDWH�D�VHULHV�RI�LPDJHV�RQ�D GLVSOD\�DW�WKH�DSSURSULDWH�IUDPH��7KH�DXGLR�ELW�VWUHDP�LV�SURFHVVHG�E\�D�GLJLWDO�WR�DQDORJXH�FRQYHUWHU�DQG�WKH�UHVXOWLQJ�VLJQDO�SOD\HG�EDFN�WKURXJK�RQH�RU PRUH�ORXGVSHDNHUV���$FFRPSDQ\LQJ�PHWDGDWD�FDQ�DOVR�EH�SUHVHQWHG��
�

PRYLQJ
LPDJH�ILOH

ELW�VWUHDP�WR
IUDPH

FRQYHUVLRQ

ELW�VWUHDP�WR
DQDORJXH
FRQYHUVLRQ

YLGH
R�GD

WD

DXGLR�GDWD

SOD\EDFN�DV
VHTXHQFH�RI

LPDJHV

SOD\EDFN�DV
DQDORJXH
VLJQDO

SURFHVV SHUIRUPDQFHVRXUFH

YLVXDO�UHFHSWLRQ

DXGLR�UHFHSWLRQ

LQWHUSUHWDWLRQ
RI�PHWDGDWD

GLVSOD\�RI
GHVFULSWLYH

WH[W

YLVLE
OH�WH[

W

)LJXUH����$Q�LOOXVWUDWLRQ�RI�WKH�SURFHVV�UHTXLUHG�WR�LQWHUSUHW�PRYLQJ�LPDJH�GDWD�DQG�UHQGHU�LW�IRU�WKH�XVHU��
'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\�SURYLGHV�D�FOHDU�DQG�XVHIXO�
RYHUYLHZ�RI�WKH�WHFKQLFDO�DQG�SK\VLRORJLFDO�SURFHVVHV�EHKLQG�RXU�µVHHLQJ¶�WKH�YDULRXV�IRUPV�RI�PRYLQJ�LPDJH��7KLV�RYHUYLHZ�LV�UHFRPPHQGHG�DV�D�IXOOHU�VWDWHPHQW�RI�WKH�GHVFULSWLRQ�RI�WKH�EDVLF�SURFHVVHV�LQYROYHG�LQ�WKH�FUHDWLRQ�DQG�UHQGLWLRQ�RI�PRYLQJ�LPDJHV��
����7KH�6LJQLILFDQW�3URSHUWLHV�RI�0RYLQJ�,PDJHV�
������2YHUYLHZ�
,W�LV�DSSURSULDWH�DW�WKLV�VWDJH��WR�SXOO�WKH�SUHFHGLQJ�GLVFXVVLRQ�WRJHWKHU�DQG�PRYH WRZDUGV�D�GHILQLWLRQ�RI�WKH�6LJQLILFDQW�3URSHUWLHV�RI�PRYLQJ�LPDJHV�IROORZLQJ�WKH�FODVVLILFDWLRQ�DGRSWHG�E\�WKH�,Q63(&7�SURMHFW��7KHVH�DUH�WKH�SURSHUWLHV�WKDW�QHHG�WR�EH�SUHVHUYHG�WR�HQVXUH�DQ�µDXWKHQWLF¶�SHUIRUPDQFH���
*LYHQ WKDW�PRYLQJ�LPDJHV�FRQVLVW�RI�D�VHULHV�RI�VLQJOH�LPDJHV��WKH�EDVLF�WHFKQLFDO�IHDWXUHV�WKDW�FKDUDFWHULVH�PRYLQJ�LPDJHV�DUH��
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� 7KH�VL]H�DQG�VKDSH�RI�WKH�LQGLYLGXDO�LPDJHV��
� 7KH�GHWDLO�LQ�ZKLFK�WKH�LPDJHV�DUH�UHFRUGHG��
� 7KH�VSHHG�DW�ZKLFK�WKH\�IROORZ�HDFK�RWKHU�LQ�VHTXHQFH��ZKHQ�SUHVHQWHG��
� $Q\ DFFRPSDQ\LQJ�DXGLR��
� 7KH�RYHUDOO�OHQJWK�RI�WKH�VHTXHQFH��

2WKHU�SURSHUWLHV�GHVFULEH�WKH�FRQWH[W�LQ�ZKLFK�D�GLJLWDO�REMHFW�KDV�EHHQ�FUHDWHG�DQG�LWV�VXEVHTXHQW�KLVWRU\��:H�VKDOO�SRVWSRQH�VRPH�RI�WKH�DVSHFWV�RI�LQIRUPDWLRQ�UHODWLQJ�WR�FRQWH[W�WR�WKH�FKDSWHU�EHORZ�RQ�&RQWHQW�	�,QWHQW�LQ�0RYLQJ�,PDJHV� EXW�LW�LV�ZRUWK�QRWLQJ�DW�WKLV�SRLQW�WKDW�DW�D�PLQLPXP��VRPH�
EDVLF�FRQWH[WXDO�LQIRUPDWLRQ�LV�QHFHVVDU\�WR�UHFRUG�WKH�FUHDWLRQ�DQG�SURYHQDQFH�RI�WKH�ZRUN��
������&RQWHQW�
&KDQQHOV��'LJLWDO�PRYLQJ�LPDJHV�FRQVLVW�RI�D�VXFFHVVLRQ�RI�VWLOO�LPDJHV�WKDW�PXVW EH�GLVSOD\HG�DW�D�JLYHQ�UDWH�WR�FUHDWH�WKH�LOOXVLRQ�RI�PRYHPHQW��,Q�VRPH�FDVHV�WKHUH�PD\�EH�PRUH�WKDQ�RQH�VWUHDP�RI�LPDJHV��IRU�LQVWDQFH�WR�RYHUOD\�VXEWLWOHV�RU�WR�DOORZ�WKH�FUHDWLRQ�RI�D��'�LOOXVLRQ�ZLWK�VXLWDEOH�SURMHFWLRQ���7KHUH�PD\ DOVR�EH�RQH�RU�PRUH�DFFRPSDQ\LQJ�DXGLR�FKDQQHOV��
,PDJH�VWUHDPV� QXPEHU�RI�FKDQQHOV� GLPHQVLRQOHVV�
$XGLR�VWUHDPV� QXPEHU�RI�FKDQQHOV� GLPHQVLRQOHVV�

/HQJWK��7KH�OHQJWK�RI�WKH�PRYLQJ�LPDJH�VHTXHQFH�FDQ�EH�PHDVXUHG�DV�WKH�QXPEHU�RI�IUDPHV��
/HQJWK�� QXPEHU�RI�IUDPHV� GLPHQVLRQOHVV�
7KH�OHQJWK�FDQ�DOVR�EH�PHDVXUHG�DV�WKH�GXUDWLRQ�LQ�VHFRQGV��'XUDWLRQ�DQG�WKH�QXPEHU�RI�IUDPHV�DUH�UHODWHG�E\�WKH�IUDPH�UDWH��

GXUDWLRQ� �QXPEHU�RI�IUDPHV�� IUDPH UDWH�
������&RQWH[W�
7KH�ILOH�IRUPDW�XVHG�WR�VWRUH�WKH�GLJLWDO�REMHFW�PD\�VWRUH�PHWDGDWD�WKDW�FDQ�DVVLVW ZLWK�WKH�XQGHUVWDQGLQJ�RI�WKH�PHVVDJH�EXW�DUH�QRW�HVVHQWLDO�WR�LWV�DFFHVV��
,Q GHILQLQJ�WKH�6LJQLILFDQW�3URSHUWLHV�RI�DXGLR�ILOHV��WKH�,Q63(&7�SURMHFW�LGHQWLILHG�&UHDWLRQ GDWH��&UHDWRU�DQG 7LWOH�DV QHFHVVDU\�HOHPHQWV��7KHVH�WKUHH�
SURSHUWLHV�DUH�WDNHQ�IURP�WKH�'XEOLQ�&RUH�0HWDGDWD�(OHPHQW�6HW��'&0(6�����D�ZLGHO\�XVHG�VHW�RI�GHVFULSWLYH�HOHPHQWV�IRU�DLGLQJ�UHVRXUFH�GLVFRYHU\��
2WKHUV��LQFOXGLQJ�WKH�'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\��KDYH�SURSRVHG�XVLQJ�DGGLWLRQDO�HOHPHQWV�IURP�WKH�'&0(6��7KH�6WXG\��LQ�D�VOLJKWO\�

��� ,62�������RU�$16,�1,62�=������±�������KWWS���ZZZ�QLVR�RUJ�VWDQGDUGV�VWDQGDUGBGHWDLO�FIP"VWGBLG ����
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EURDGHU�FRQWH[W��VXJJHVWV�6XEMHFW��,GHQWLILHU��DQ XQDPELJXRXV�UHIHUHQFH�QXPEHU���3URYHQDQFH�DQG 5LJKWV�
3URYHQDQFH�LV�GHILQHG�DV�µ$�VWDWHPHQW�RI�DQ\�FKDQJHV�LQ�RZQHUVKLS�DQG�
FXVWRG\ RI�WKH�UHVRXUFH�VLQFH�LWV�FUHDWLRQ�WKDW�DUH�VLJQLILFDQW�IRU�LWV�DXWKHQWLFLW\��LQWHJULW\�DQG�LQWHUSUHWDWLRQ¶��3URYHQDQFH�LV�RI�SDUWLFXODU�LQWHUHVW�DV�NQRZOHGJH�RI�WKH QDWXUH�RI�WKH�RULJLQDO�VRXUFH�PDWHULDO�PD\�LQIRUP�VXEVHTXHQW�SHUIRUPDQFHV��
:KLOH�,GHQWLILFDWLRQ�DQG�5LJKWV�DUH�XQGRXEWHGO\�LPSRUWDQW�HOHPHQWV�LQ�WKH�RYHUDOO�PDQDJHPHQW�RI�SUHVHUYDWLRQ��LQ�RXU�YLHZ��WKH\�DUH�QRW�D�FRUH�SDUW�RI�WKH�SURFHVV�RI�UHSURGXFLQJ�GLJLWDO�PDWHULDO�DQG�WKHUHIRUH�VKRXOG�QRW�EH�FRQVLGHUHG�D 6LJQLILFDQW�3URSHUW\��
7KH RWKHU�HOHPHQWV�PHQWLRQHG��KRZHYHU��DUH�SDUW�RI�WKDW�SURFHVV�DQG�RXU�FRQFOXVLRQ�LV�WKDW�D�PLQLPDO�VHW�RI�FRQWH[W�SURSHUWLHV�FRQVLVWV�RI��7LWOH� &UHDWRU��6XEMHFW��&UHDWLRQ�GDWH�DQG 3URYHQDQFH��*RLQJ�EH\RQG�WKLV��'&0(6�OHYHO�RI�
PHWDGDWD��WKH�FKRLFH�RI�WKH�PHWDGDWD�WR�UHFRUG�ZLOO�EH�KLJKO\�GHSHQGHQW�RQ�WKH�QDWXUH�RI�WKH�ZRUN��
,I WKH�DUFKLYH�KDV�WKH�UHVRXUFHV�WR�GHYRWH�WR�HQULFKLQJ�WKH�PHWDGDWD�WKH\�FDQ�DGRSW�DGGLWLRQDO�HOHPHQWV�IURP�WKH�'&0(6�WR�GHVFULEH�WKH�ZRUN�DV�D�ZKROH��7KH 03(*���VWDQGDUG���SURYLGHV�D�PHFKDQLVP�IRU�GHVFULELQJ�PXOWLPHGLD�FRQWHQW�PXOWLSOH[HG�ZLWK�WKH�FRQWHQW�LWVHOI��7KLH�HQDEOHV��IRU�LQVWDQFH��WKH�O\ULFV�RI D�VRQJ�WR�EH�OLQNHG�WR�D�YLGHR�RI�DQ�DUWLVW�SHUIRUPLQJ�WKH�VRQJ�RU�WKH�QDPHV�RI DFWRUV�DQG�WKH�FKDUDFWHUV�DSSHDULQJ�LQ�LQGLYLGXDO�VKRWV�LQ�D�ILOP�WR�EH�OLQNHG�WR�WKH�SHUIRUPDQFH�RI�WKH�VKRW�LWVHOI��7KH�3UHVWR6SDFH�SURMHFW�:RUN�$UHD�0HWDGDWD�DQG�'HOLYHU\���GHYHORSHG�WKH�XVH�RI�03(*���LQ�WKH�DXWRPDWHG�
DFTXLVLWLRQ�RI�PHWDGDWD�UHODWLQJ�WR�UHFRUGLQJV�RI�QHZV�EURDGFDVWV��7KH�2SHQ'UDPD�SURMHFW�GHYHORSHG�DQ�03(*���FODVVLILFDWLRQ�VFKHPH�IRU�UHFRUGLQJV�RI RSHUDWLF�SURGXFWLRQV����7KH�XVH�RI�D�V\VWHP�VXFK�DV�03(*���DOORZV�WKH�FRQWHQW�WR�EH�KXJHO\�HQULFKHG�ZLWK�FRQWH[WXDO�LQIRUPDWLRQ��KRZHYHU�WKH�FRVW�RI�SURYLGLQJ�WKLV�ZLOO�EH�VLJQLILFDQW�DQG��LQ�JHQHUDO��QRW�HDVLO\�DXWRPDWHG��
$ PHDVXUHPHQW�RI�WKH�PHWDGDWD�FRQWDLQHG�LQ�D�GLJLWDO�REMHFW�ZLOO��

� ,GHQWLI\�LI�WKH�GLJLWDO�REMHFW�FRQWDLQV�PHWDGDWD�
� ,GHQWLI\�WKH�PHWDGDWD�ILHOGV�DQG�ZKHWKHU�WKH\�DUH�SRSXODWHG�
� 5HFRUG�LQIRUPDWLRQ�RQ�WKH�FRQWHQW�FRQWDLQHG�LQ�HDFK�ILHOG�

������5HQGHULQJ�
5HVROXWLRQ��$Q�LQGLYLGXDO�IUDPH�IURP�WKH�GLJLWDO�PRYLQJ�LPDJH�VHTXHQFH�FDQ�EH FRQVLGHUHG�DV�D�UDVWHU�LPDJH�FRPSRVHG�RI�D�UHFWDQJXODU�DUUD\�RI�SL[HOV�
HDFK�UHSUHVHQWLQJ�D�GLVFUHWH�SRLQW�LQ�D�WZR�GLPHQVLRQDO�VSDFH��7KH�VSDWLDO�UHVROXWLRQ�LV GHWHUPLQHG�E\�WKH�QXPEHU�RI�SL[HOV�PDNLQJ�XS�WKH�IUDPH���

��� 03(*���2YHUYLHZ���,62�,(&�-7&��6&���:*��1�����KWWS���ZZZ�FKLDULJOLRQH�RUJ�PSHJ�VWDQGDUGV�PSHJ���PSHJ���KWP�
��� KWWS���GLJLWDOSUHVHUYDWLRQ�VVO�FR�XN�PHWDGDWD���KWWS���SUHVWRVSDFH�RUJ�WUDLQLQJ�SXEOLFDWLRQV�HQ�KWPO�0$'�
��� KWWS���PWJ�XSI�HGX�RSHQGUDPD�GRFV�PSHJ��2SHQ'UDPDB&ODVVLILFDWLRQ6FKHPHV�KWPO�
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7KH UDQJH�RI�FRORXUV�WKDW�FDQ�EH�GLVWLQJXLVKHG�LQ�WKH�IUDPH�LV�GHWHUPLQHG�E\�WKH PD[LPXP�YDOXH�WKDW�FDQ�EH�KHOG�IRU�HDFK�SL[HO��WKLV�LV�UHIHUUHG�WR�DV�WKH�ELW�GHSWK��WKH�QXPEHU�RI�ELWV�XVHG�WR�UHSUHVHQW�WKH�YDOXH�RI�WKH�SL[HO��
:LGWK�� QXPEHU�RI�SL[HOV� GLPHQVLRQOHVV�
+HLJKW�� QXPEHU�RI�SL[HOV� GLPHQVLRQOHVV�
%LW�GHSWK� QXPEHU�RI�ELWV� GLPHQVLRQOHVV�

*DPXW��7KH DSSHDUDQFH�RI�HDFK�SL[HO��LWV�FRORXU�DQG�EULJKWQHVV��LV�GHWHUPLQHG�E\ WKUHH�YDOXHV��RU�FRPSRQHQWV��LQ�D�FRORXU�PRGHO�WKDW PDS�WR�D�FRORXU�LQ�D�FRORXU�VSDFH��7KH�FRORXU�PRGHO�GHWHUPLQHV�KRZ�WKH�YDOXHV�RI�WKH�FRPSRQHQWV�
DUH HQFRGHG�LQ�WKH�DYDLODEOH�ELW�GHSWK��
&RORXU PRGHO� QDPH� HQXPHUDWHG�VHW�
&RORXU�VSDFH� QDPH� HQXPHUDWHG�VHW�

3L[HO�DVSHFW�UDWLR��7KH�SL[HOV�PD\�QRW�EH�VTXDUH��LW�WKLV�FDVH�WR�UHQGHU�WKH�IUDPH�FRUUHFWO\�WKH�DVSHFW�UDWLR�RI�WKH�SL[HOV�PXVW�EH�WDNHQ�LQWR�DFFRXQW��
3L[HO DVSHFW�UDWLR� UDWLR� GLPHQVLRQOHVV�

)UDPH�UDWH��7KH�UDWH�DW�ZKLFK�WKH�LQGLYLGXDO�IUDPHV�DUH�WR�EH�GLVSOD\HG��
)UDPH UDWH� �YH�QXPEHU� IUDPHV�VHFRQG�

$XGLR�DVSHFWV��2QH RU�PRUH�FKDQQHOV�RI�DXGLR�PDWHULDO�PD\�DFFRPSDQ\�WKH�VHTXHQFH�RI�LPDJHV��7KH�6LJQLILFDQW�3URSHUWLHV�RI�WKHVH�FKDQQHOV�DV�GLJLWDO�DXGLR�REMHFWV�DUH�DVVXPHG�WR�EH�WKH�VDPH�DV�DQ\�RWKHU�GLJLWDO�DXGLR�PDWHULDO��VHH *��.QLJKW��HW�DO��)UDPHZRUN�IRU�WKH�'HILQLWLRQ�RI�6LJQLILFDQW�3URSHUWLHV���
������6WUXFWXUH�
7KH�VWUXFWXUH�RI�D�PRYLQJ�LPDJH�VHTXHQFH�ZLWK�DFFRPSDQ\LQJ�DXGLR�LV�LPSOLFLW�LQ WKH�FRQWHQW��7KH�IROORZLQJ�UHODWLRQVKLSV�FDQ�EH�LGHQWLILHG��

� 7KH UHODWLRQVKLS�EHWZHHQ�WKH�DXGLR�DQG�YLGHR�FKDQQHOV�PXVW�EH�PDLQWDLQHG�WR�HQVXUH�WKDW�WKH�FRQWHQW�FDQ�EH�UHQGHUHG�FRUUHFWO\��
� 7KH UHODWLRQVKLS�EHWZHHQ�WKH�DXGLR�DQG�YLGHR�VWUHDPV�DQG�WKH�PHWDGDWD�PXVW EH�PDLQWDLQHG�WR�SURYLGH�WKH�FRUUHFW�FRQWH[W��

������%HKDYLRXU�
1R�EHKDYLRXUDO�DVSHFWV�RI�GLJLWDO�PRYLQJ�LPDJHV�ZHUH�LGHQWLILHG��6RPH�GLJLWDO�EURDGFDVWV�DQG�'9'�SURGXFWV�KDYH�LQWHUDFWLYH�IHDWXUHV�ZKLFK�ZRXOG�H[KLELW�EHKDYLRXUDO�DVSHFWV��KRZHYHU�WKHVH�IRUPV�RI�PHGLD�DUH�FRQVLGHUHG�RXWVLGH�WKH�VFRSH�RI�WKLV�VWXG\��



��

���� ,QIOXHQFH�RI�WKH�VRXUFH�
������)URP�GLJLWLVDWLRQ�WR�SUHVHUYDWLRQ�
'LJLWLVDWLRQ�LV�PDLQO\�GULYHQ�E\�WKH�GHVLUH�WR�SUHVHUYH�KHULWDJH�ILOP�DQG�YLGHR�VWRFN�WKDW�LV�SHUFHLYHG�WR�EH�XQGHU�WKUHDW�WR�D�JUHDWHU�RU�OHVVHU�H[WHQW�DQG�LQGHHG��WKH�SURFHVV�LV�RIWHQ�DFFRPSDQLHG�E\�GHOLFDWH�UHVWRUDWLRQ�ZRUN��7KH�IRFXV�RI�RXU�LQWHUHVW�LV�VRPHZKDW�GLIIHUHQW��:H�DUH�PRUH�FRQFHUQHG�ZLWK�WKH�SUHVHUYDWLRQ�RI�WKH�UHVXOWLQJ�GLJLWDO�VWRFN�LQWR�WKH�IXWXUH�DQG�HQVXULQJ�WKDW�ZKHQ�GLJLWLVHG�PDWHULDO�LV�GHSRVLWHG�LQ�DUFKLYHV��LW�LV�LQ�D�IRUP��DQG�LV�DFFRPSDQLHG�E\�WKH ULJKW�LQIRUPDWLRQ��WR�DOORZ�LW�WR�FRQWLQXH�WR�EH�DFFHVVHG�DQG�XVHG�DQG�DOVR�WR DOORZ�LW�WR�EH�PLJUDWHG�WR�QHZ�VWRUDJH�IRUPDWV��DV�WHFKQRORJ\�FKDQJHV���$V�ZH KDYH�VHHQ��GHILQLQJ�WKH�SUHVHUYDWLRQ�IRUPDW�DQG�WKH�QHFHVVDU\�DFFRPSDQ\LQJ�LQIRUPDWLRQ�LV�DW�WKH�KHDUW�RI�ZKDW�ZH�PHDQ�ZKHQ�ZH�UHIHU�WR�WKH�GHILQLWLRQ�RI�6LJQLILFDQW�3URSHUWLHV��
$FFRUGLQJO\��WKH�DERYH�DQDO\VLV�SURFHHGHG�IURP�D�FRQVLGHUDWLRQ�RI�ZKDW�LV�QHHGHG�LQ�RUGHU�WR�VWRUH�D�VHTXHQFH�RI�GLJLWDO�PRYLQJ�LPDJHV�IRU�SUHVHUYDWLRQ�SXUSRVHV���,W�GHOLEHUDWHO\�LJQRUHG�DQ\�FRQVLGHUDWLRQ�RI�WKH�VRXUFH�RI�WKH�PRYLQJ�LPDJHV�RWKHU�WKDQ�LQIRUPDWLRQ�UHODWLQJ�WR�SURYHQDQFH��&OHDUO\��KRZHYHU��WKH�WZR�FRQFHUQV�RI�GLJLWLVDWLRQ�DQG�SUHVHUYDWLRQ�DUH�YHU\�FORVHO\�UHODWHG�DQG�LQ�SUDFWLFDO�WHUPV��LW�FRPHV�GRZQ�WR�HQVXULQJ�WKDW�IXWXUH�SUHVHUYDWLRQ�QHHGV�DUH�WDNHQ LQWR�DFFRXQW�DW�WKH�WLPH�RI�GLJLWLVDWLRQ��7KLV�PHDQV�WKDW�VWHSV�KDYH�WR�EH�WDNHQ WR�FDSWXUH�DOO�WKH�UHOHYDQW�SURSHUWLHV�RI�PRYLQJ�LPDJHV�WKDW�ZLOO�DOORZ�XV�WR VD\�WKDW�D�IXWXUH�YLHZLQJ�RI�D�PRYLQJ�LPDJH�VHTXHQFH�LV�HVVHQWLDOO\�WKH�VDPH�DV�WKH�RULJLQDO�H[SHULHQFH��
7KH FRQWH[WXDO�PHWDGDWD�GHVFULEHG�DERYH�DOORZV�XV�WR�GHVFULEH�WKH�VRXUFH�DQG�LWV�SURYHQDQFH�LQFOXGLQJ�DQ\�GLJLWLVDWLRQ�SURFHVV�XQGHUJRQH��7KLV�PD\�KHOS�UHFUHDWH�PRUH�DXWKHQWLF�SHUIRUPDQFHV��+RZHYHU�VXFK�PHWDGDWD�LV�JHQHUDOO\�IRU�KXPDQ�LQWHUSUHWDWLRQ��7KH�IROORZLQJ�VHFWLRQV�H[DPLQH�WKH�TXHVWLRQ�RI�ZKHWKHU�WKHUH LV�DQ\�LQIRUPDWLRQ�UHODWLQJ�WR�WKH�VRXUFH�WKDW�FDQ�EH�VWRUHG�LQ�D�TXDQWLWDWLYH�IDVKLRQ�WR�LPSURYH�WKH�DXWKHQWLFLW\�RI�WKH�SHUIRUPDQFH��
������)LOP�
7KH�SURSHUWLHV�RI�DQ�LPDJH�UHFRUGHG�RQ�ILOP�DUH�GHWHUPLQHG�E\�WKH�ILOP�VWRFN�DQG�FDPHUD�XVHG�DV�ZHOO�DV�WKH�DFWXDO�H[SRVXUH�SURFHVV��7KH�VSDWLDO�UHVROXWLRQ�LV�GHWHUPLQHG�E\�WKH�FKHPLVWU\�RI�WKH�ILOP�DQG�WKH�VL]H�RI�WKH�UHFRUGHG�LPDJH��$�YDULHW\�RI�ILOP�VWRFNV�KDYH�EHHQ�XVHG�VXSSRUWLQJ�D�UDQJH�RI�GLIIHUHQW�IUDPH�VL]HV��7KHVH�FDQ�EH�GLJLWLVHG�IUDPH�E\�IUDPH�E\�D�VFDQQLQJ�GHYLFH��
7KH UDQJH�RI�FRORXU�DQG�WKH�FRORXU�PRGHO�DUH�DOO�GHWHUPLQHG�E\�WKH�FKHPLVWU\�RI�WKH ILOP��7KH�JDPXW�RI WKH�ILOP�PD\�EH�JUHDWHU�WKDQ�WKDW�DIIRUGHG�E\�WKH�GLJLWDO�UHFRUGLQJ��
7KH IUDPH�UDWH�LV�QRW�UHFRUGHG�LQ�WKH�ILOP�LWVHOI��DOWKRXJK�LW�LV�LPSOLFLW�LQ�DQ\�DXGLR�WUDFN��EXW�LV�LQKHUHQW�LQ�WKH�FDPHUD�DQG�SURMHFWLRQ�V\VWHP�XVHG��,W�QHHGV�WR EH�VXSSOLHG�DV�SDUW�RI�WKH�GLJLWLVDWLRQ�SURFHGXUH��
7KH LPDJH�DVSHFW�UDWLR�LV�GHWHUPLQHG�E\�WKH�ILOP�VWRFN��FDPHUD�DQG�OHQV��)LOPV�LQ DQ�DQDPRUSKLF�IRUPDW�DUH�ILOPHG�ZLWK�D�OHQV�ZKLFK�GLVWRUWV�WKH�LPDJH�DVSHFW�



��

UDWLR�WR�UHFRUG�D�ZLGH�VFUHHQ�LPDJH�RQWR�D�VWDQGDUG�IRUPDW�ILOP��:KHQ�GLJLWLVHG��VXFK LPDJHV�FDQ�HLWKHU�EH�UHFRUGHG�DV�KDYLQJ�QRQ�VTXDUH�SL[HOV�RU�FDQ�EH�SURFHVVHG�LQ�DQ�DQDORJRXV�IDVKLRQ�WR�WKH�DQDPRUSKLF�OHQV�WR�XVH�VTXDUH�SL[HOV��
6RPH�ILOP�IRUPDWV��HJ�&LQHUDPD�DQG�VRPH��'�V\VWHPV��UHTXLUH�WKH�XVH�RI�PRUH�WKDQ�RQH�SURMHFWRU��7KHVH�FDQ�EH�UHFRUGHG�DV�VHSDUDWH�LPDJH�VWUHDPV�7KH\ UHTXLUH�WKDW�DWWHQWLRQ�LV�JLYHQ�WR�V\QFKURQLVLQJ�WKHVH�LPDJH�VWUHDPV�
7KH DXGLR�LQIRUPDWLRQ�PD\�EH�UHFRUGHG�DV�DQ�RSWLFDO�RU�PDJQHWLF�WUDFN�RQ�WKH�ILOP��7KLV�FDQ�EH�SOD\HG�EDFN�DQG�GLJLWLVHG�LQ�WKH�VDPH�PDQQHU�DV�RWKHU�DQDORJXH�DXGLR��$WWHQWLRQ�KDV�WR�EH�JLYHQ�WR�HQVXULQJ�WKDW�WKH�DXGLR�FDQ�EH�V\QFKURQLVHG�ZLWK�WKH�LPDJHV��
7KHVH�6LJQLILFDQW�3URSHUWLHV�DUH DOO�SUHVHUYHG�LQ�WKH�SURSRVHG�PRGHO�ZLWKLQ�WKH FRQVWUDLQWV�REVHUYHG�DERYH��
7KH RULJLQDO�SHUIRUPDQFH�RI�WKH�ILOP�PD\�KDYH�EHHQ�GHJUDGHG�E\�LPSHUIHFWLRQV�LQ WKH�FDPHUD�RU�SURMHFWRU��)RU�LQVWDQFH��D�IDLUO\�FRPPRQ�HIIHFW�LV FDXVHG�E\�VXFFHVVLYH�IUDPHV�QRW�EHLQJ�SHUIHFWO\�DOLJQHG�LQ�WKH�YHUWLFDO�GLUHFWLRQ�UHVXOWLQJ�LQ�WKH�LPDJH�µMLWWHULQJ¶�XS�DQG�GRZQ��,I�WKH�HIIHFW�ZDV�SURGXFHG�E\�WKH�SURMHFWRU�LW�ZLOO�QRW�EH�FDSWXUHG�RQ�GLJLWLVDWLRQ��,I�WKH�HIIHFW�ZDV�SURGXFHG�E\�WKH�FDPHUD��LW�FRXOG�EH�FDSWXUHG�LQ�WKH�GLJLWLVHG�LPDJH�LWVHOI�RU�E\�UHFRUGLQJ�PHWDGDWD�GHVFULELQJ�WKH�PLVDOLJQPHQW��:KHWKHU�WKLV�LV�UHJDUGHG�DV�D�6LJQLILFDQW�3URSHUW\�RU�QRW�ZLOO�GHSHQG�RQ�WKH�SROLF\�RI�WKH�DUFKLYH�ZLWK�UHJDUG�WR UHVWRUDWLRQ��
2QFH GLJLWLVHG�RWKHU�LPSHUIHFWLRQV�VXFK�DV�VFUDWFKHV�RU�GLUW�FDQ�EH�UHPRYHG�DXWRPDWLFDOO\��+RZHYHU�WKHVH�ZLOO�UHVXOW�LQ�VRPH�RWKHU�GHJUDGDWLRQ�RI�WKH�LPDJH�VR WKH�SROLF\�PD\�EH�WR�NHHS�WKH�RULJLQDO�GLJLWLVHG�LPDJHV�DV�ZHOO�DV�WKH�UHVWRUHG�YHUVLRQV��0HWDGDWD�DERXW�GHWHFWHG�IDXOWV�DQG�UHVWRUDWLRQ�FDQ�EH�UHFRUGHG�ZLWK�WKH�LPDJHV��7KH�3UHVWR6SDFH�:RUN�$UHD�5HVWRUDWLRQ���DGGUHVVHV�WKHVH�LVVXHV�
������9LGHR�
9LGHR�UHFRUGLQJ�ZDV�GHYHORSHG�DV�D�ZD\�RI�FDSWXULQJ�D�WHOHYLVLRQ�VLJQDO��LWVHOI�DQ HOXVLYH�SKHQRPHQRQ� 7KH�VWUXFWXUH�RI�WKH�YLGHR�VLJQDO�LV�FORVHO\�WLHG�WR�WKH�DYDLODEOH�WHFKQRORJ\�IRU�FDSWXULQJ��SURFHVVLQJ��WUDQVPLWWLQJ�DQG�GLVSOD\LQJ�LPDJHV�LQ�WKH�SUH�GLJLWDO�HUD��
7KH YLGHR�LPDJH�LV�VWUXFWXUHG�DV�D�UHFWDQJXODU�SDWWHUQ�RI�SDUDOOHO�OLQHV��ZKLFK�DUH VFDQQHG�FRQWLQXRXVO\��7KH�UHVXOWLQJ�VLJQDO�UHSUHVHQWV�WKH�EULJKWQHVV�DW�WKDW�SRLQW�RI�WKH�VFDQ�OLQH��7R�UHFRUG�FRORXU��WKUHH�VXFK�VFDQV�DUH�PDGH�VLPXOWDQHRXVO\�WKURXJK�DSSURSULDWH�ILOWHUV�UHFRUGLQJ�WKUHH�YDOXHV�LQ�WKH�FRORXU�PRGHO LQ�XVH��7KH�WKUHH�YDOXHV�PD\�EH�NHSW�DV�VHSDUDWH�FRPSRQHQW�VLJQDOV�RU�FRPELQHG�DV�D�FRPSRVLWH�VLJQDO��
7KH VLWXDWLRQ�LV�IXUWKHU�FRPSOLFDWHG�E\�VWUXFWXULQJ�WKH�LPDJH�DV�D�IUDPH�PDGH�XS RI�WZR�LQWHUODFHG�ILHOGV�RI DOWHUQDWLQJ�VHWV�RI�OLQHV��7KH�RGG�QXPEHUHG�OLQHV�IRUP�WKH�RQH�ILHOG��DQG�WKH�HYHQ�QXPEHUHG�OLQHV�IRUP�WKH�VHFRQG��(DFK�ILHOG�LV�

��� KWWS���GLJLWDOSUHVHUYDWLRQ�VVO�FR�XN�UHVWRUDWLRQ��



��

VKRZQ�DOWHUQDWHO\�ZKHQ�WKH�LPDJH�LV�SUHVHQWHG��7KLV�KDV�WKH�HIIHFW�RI�UHGXFLQJ�WKH SHUFHLYHG�IOLFNHU�LQ�WKH�LPDJH�DV�HDFK�ILHOG�RQO\�UHTXLUHV�KDOI�WKH�EDQGZLGWK�RI WKH�IXOO�IUDPH�DQG�VR�WZLFH�DV�PDQ\�ILHOGV�DV�IUDPHV�FDQ�EH�WUDQVPLWWHG�LQ�D�JLYHQ�WLPH�LQWHUYDO��
7KH TXDOLW\�RI�LPDJH�WKDW�FDQ�EH�FDUULHG�E\�VXFK�YLGHR�VLJQDOV�KDV�EHHQ�FORVHO\�OLQNHG�WR�WKH�EDQGZLGWK�RI�WKH�WHFKQRORJ\�DYDLODEOH�WR�WUDQVPLW�DQG�SURFHVV�WKHP��7KLV�EDQGZLGWK�KDV�WR�EH�VKDUHG�EHWZHHQ�WKH�QXPEHU�RI�VFDQ�OLQHV��WKH�UDWH�DW�ZKLFK�WKH\�DUH�VFDQQHG�DQG�WKH�UDQJH�RI�FKURPLQDQFH��FRORXU��DQG�OXPLQDQFH�PHDVXUHG�DW�HDFK�VDPSOH��7KH�KLVWRULFDO�GHYHORSPHQW�RI�EURDGFDVW�WHOHYLVLRQ�DQG�SURIHVVLRQDO�DQG�FRQVXPHU�YLGHR�KDV�VHHQ�D�VWHDG\�LPSURYHPHQW�LQ�WKH�TXDOLW\�RI�LPDJH�WKDW�FDQ�EH�GHOLYHUHG�WR�WKH�YLHZHU��+RZHYHU��DV�ZH�VHH�EHORZ��WKH�TXDOLW\�RI�YLGHR�LPDJHV�DV�GHOLYHUHG�WR�WKH�JHQHUDO�YLHZHU��ZKHWKHU�E\�EURDGFDVW��YLGHR�UHFRUGLQJ�DQG�HYHQ�'9'��KDV�DOZD\V�EHHQ�TXLWH�KHDYLO\�UHVWULFWHG�E\�WKH�DYDLODEOH�WHFKQRORJ\��
7KH QXPEHU�RI�VFDQ�OLQHV�DQG�WKH�PHFKDQLVPV�IRU�UHFRUGLQJ�FRORXU�ZLWKLQ�WKH�UHVWULFWHG�EDQGZLGWK�DYDLODEOH�KDV�OHG�WR�D�YDULHW\�RI�VWDQGDUGV�XVHG�IRU�DQDORJXH�FRORXU�WHOHYLVLRQ�LQFOXGLQJ�176&��3$/�DQG�6(&$0���
5HFRPPHQGDWLRQ������RU�&&,5������RU ,78�5�%7���������� WR�JLYH�LW�LWV�RIILFLDO�
QDPH��LQWURGXFHG�LQ������E\�WKH�,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ��,78���IRUPHUO\ NQRZQ�DV�&&,5��&RPLWp�&RQVXOWDWLI�,QWHUQDWLRQDO�SRXU�OD�5DGLR����IRUPV WKH�EDVLV�IRU�DOO�PRGHUQ�GLJLWDO�79�VWDQGDUGV��,W�SURSRVHG�DQ�DSSURDFK�WKDW DOORZHG�GLJLWDO�V\VWHPV�WR�EUHDN�IUHH�RI�WKH�FRQVWUDLQWV�LPSRVHG�E\�WKH�OHJDF\�V\VWHPV�IRU�DQDORJXH�FRORXU�79��VXFK�DV�176&��3$/�DQG�6(&$0��DQG�DOORZHG�PDQXIDFWXUHUV�WR�SURGXFH�GLJLWDO�79�HTXLSPHQW�WKDW�ZRXOG�ZRUN�RQ�HLWKHU�����OLQH�RU�����OLQH�VLJQDOV���
,78�5�%7�����GHVFULEHV�PHWKRGV�IRU�VDPSOLQJ�ERWK�OXPLQDQFH���WKH�EULJKWQHVV�LQ WKH�YLGHR�LPDJH���DQG�FKURPLQDQFH���WKH�FRORXU�LQIRUPDWLRQ���DQG�D�FRORXU�HQFRGLQJ�V\VWHP�LQ�ZKLFK�WKH�GDWD�IRU�ERWK�DUH�H[SUHVVHG��,W�DOVR�LQFOXGHV�GDWD�IRU�WKH�KRUL]RQWDO�DQG�YHUWLFDO�V\QF�DQG�IRU�WKH�EODQNLQJ�LQWHUYDOV��,W�GHVFULEHV�ERWK�LQWHUODFHG�DQG�QRQ�LQWHUODFHG��RIWHQ�FDOOHG�SURJUHVVLYH�IRUPDWV�
7KHUH DUH�PDQ\�DQG�GHWDLOHG�GLIIHUHQFHV�EHWZHHQ�WKH�UHDO�WLPH�ZRUOG�RI�YLGHR�VLJQDOV� HYHQ�GLJLWLVHG��DQG�WKH�VLPSOH�PRGHO�RI�GLJLWDO�LPDJH�KDQGOLQJ��$Q�H[WHQVLYH�DQG�VRPHWLPHV�DPXVLQJ�DFFRXQW�IURP�WKH�SRLQW�RI�YLHZ�RI�D�SURJUDPPHU�RI�YLGHR�VRIWZDUH�LV�JLYHQ�LQ�&�3LUD]]L��7KH�/XUNHU¶V�*XLGH�WR�9LGHR���
'LJLWLVLQJ�D�YLGHR�VLJQDO�LQYROYHV�VDPSOLQJ�WKH�VLJQDO�DW�DQ�DSSURSULDWH�UDWH�DQG�ELW�GHSWK��KRZHYHU��WKLV�ZLOO�QRW�SURGXFH�WKH�VLPSOH�UDVWHU�LPDJH�GHVFULEHG�LQ�RXU�PRGHO�RI�GLJLWDO�LPDJHV��8QOLNH�D�ILOP�FDPHUD�RU�D�GLJLWDO�FDPHUD�WKDW�µJUDEV¶�WKH�LPDJH�DW�DQ�LQVWDQW�LQ�WLPH��WKH�YLGHR�VLJQDO�GHVFULEHV�D�SRWHQWLDOO\�PRYLQJ�

��� ,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ�%7�������6WXGLR�HQFRGLQJ�SDUDPHWHUV�RI�GLJLWDO�
WHOHYLVLRQ�IRU�VWDQGDUG�����DQG�ZLGH�VFUHHQ������DVSHFW�UDWLRV� ,78������
��� KWWS���ZZZ�HEX�FK�IU�WHFKQLFDO�WUHY�WUHYB����UHF���BZRRG�SGI�
��� KWWS���OXUNHUWHFK�FRP�OJ��



��

VXEMHFW�RYHU�D�SHULRG�RI�����WK�RI�D�VHFRQG��3$/��6(&$0��RU�����WK�RI�D�VHFRQG��176&���)XUWKHUPRUH��WKH�GLJLWLVHG�YLGHR�VLJQDO�ZLOO�SUHVHUYH�WKH�ILHOG�DQG�IUDPH VWUXFWXUH���
$ GLJLWLVHG�SDLU�RI�ILHOGV�FDQ�EH�FRPELQHG�DV�D�UDVWHU�LPDJH�WR�UHFRUG�D�IUDPH���+RZHYHU�WKLV�ZLOO�UHVXOW�LQ�DGMDFHQW�VFDQ�OLQHV�UHFRUGHG�����WK�RI�D�VHFRQG�DSDUW������WK�VHF�IRU�176&��UHVXOWLQJ�LQ�GLVFRQWLQXLWLHV�LQ�WKH�UHFRUGHG�LPDJH��5HFRUGLQJ�WKH�RULJLQ�RI�WKH�GLJLWDO�LPDJH�DV�D�SDLU�RI�ILHOGV�DOORZV�XV�WKH�SRWHQWLDO�WR�SOD\�EDFN�WKH�LPDJH�DV�D�SDLU�RI�ILHOGV��,I�WKH�LPDJH�ZHUH�GLVSOD\HG�RQ D�&57�PRQLWRU��WKH�UHVXOWLQJ�H[SHULHQFH�ZRXOG�EH�DXWKHQWLF�DW�WKH�ILHOG�OHYHO��+RZHYHU�DV�&57�GLVSOD\V�DUH�UHSODFHG�E\�GLJLWDO�PRQLWRUV�ZKLFK�GLVSOD\�WKH�IUDPH�DOO�DW�RQFH�UDWKHU�WKDQ�E\�D�UDVWHU�VFDQ��LW�ZLOO�EH�LQFUHDVLQJO\�GLIILFXOW�WR�UHFUHDWH�WKH�RULJLQDO�H[SHULHQFH�RI�YLHZLQJ�WKH�YLGHR��%\�SUHVHUYLQJ�DV�PHWDGDWD�WKDW�WKH�LPDJH�ZDV�RULJLQDOO\�LQWHUODFHG�WKH�RSSRUWXQLW\�WR�H[SORLW�VRPH IXWXUH�WHFKQRORJ\�WKDW�FDQ�GHOLYHU�DQ�DXWKHQWLF�H[SHULHQFH�DW�WKH�ILHOG�OHYHO�FDQ�EH�PDLQWDLQHG��
,QWHUODFHG�� ERROHDQ� �

:H�FDQ�DOVR�QRWH�WKDW�ILOP�KDV�DOVR�EHHQ�XVHG�IRU�UHFRUGLQJ�YLGHR�E\�ILOPLQJ�WKH�YLGHR SOD\HG�EDFN�RQ�D�PRQLWRU��7KLV�ZRXOG�EH�UHFRUGHG�DV�SDUW�RI�WKH�3URYHQDQFH�PHWDGDWD�DVVRFLDWHG�ZLWK�WKH�GLJLWDO�REMHFW��%\�SUHVHUYLQJ�WKLV�LQIRUPDWLRQ�WKH�RSSRUWXQLW\�WR�XVH�IXUWKHU�SURFHVVLQJ�WR�UHFUHDWH�D�SHUIRUPDQFH�FORVHU�WR�WKDW�IURP�WKH�RULJLQDO�YLGHR�FDQ�EH�PDLQWDLQHG��
������'LJLWDO�YLGHR�
,QFUHDVLQJO\�DUFKLYHV�DUH�SUHVHQWHG�ZLWK�6XEPLVVLRQ�,QIRUPDWLRQ�3DFNDJHV��6,3V��LQ�GLJLWDO�IRUPDW��)RU�WKH�UHDVRQV�GLVFXVVHG�DERYH��&KDSWHU����WKHVH�DUH�OLNHO\�QRW�WR�EH�HQFRGHG�LQ�VXLWDEOH�SUHVHUYDWLRQ�IRUPDWV��7ZR�SULQFLSDO�LVVXHV�DULVH��
(DUO\ GLJLWDO�YLGHR�ZDV�UHFRUGHG�RQ�WDSHV�LQ�PHGLD�VSHFLILF�IRUPDWV�VXFK�DV�'LJL%HWD��7KHVH�FDQQRW�EH�KHOG�DV�QRUPDO�ILOHV�LQ�D�PDVV�VWRUDJH�V\VWHP�DQG�DUH QRW�FRQVLGHUHG�YLDEOH�SUHVHUYDWLRQ�IRUPDWV��)RU�SUHVHUYDWLRQ�WKHVH�QHHG�WR�EH UH�HQFRGHG�LQ�D�VXLWDEOH�ILOH�IRUPDW��7KLV�JHQHUDOO\�QHHGV�WR�EH�GRQH�DV�D�PDWWHU�RI�XUJHQF\�DV�WKH�HTXLSPHQW�WR�SOD\�WKHP�LV�EHFRPLQJ�REVROHVFHQW�DQG��DV WKH�3UHVWR6SDFH�LQYHVWLJDWLRQV�VKRZHG��WKH�WDSHV�WKHPVHOYHV�KDYH�YHU\�YDULDEOH�OLIH�H[SHFWDQF\�HYHQ�ZKHQ�NHSW�LQ�IDYRXUDEOH�HQYLURQPHQWV��
3URIHVVLRQDO�YLGHR�IRUPDWV�DQG�WKRVH�XVHG�IRU�GLJLWDO�FLQHPD�SRVW�SURGXFWLRQ�SUHVHUYH�IUDPH�LQWHJULW\� ,Q�RUGHU�WR�VXSSRUW�WKH�HGLWLQJ�IXQFWLRQ��HDFK�IUDPH�LV�HQFRGHG�DV�D�VHSDUDWH�HQWLW\�DQG�DQ\�FRPSUHVVLRQ�XVHG�LV�ORVVOHVV��7KLV�PHDQV WKH�HQFRGLQJ�FRQIRUPV�PRVW�FORVHO\�WR�RXU�6LJQLILFDQW�3URSHUWLHV�VHTXHQFH�RI�LPDJHV�PRGHO��6XFK�D�IRUPDW�PD\�ZHOO�EH�D�VXLWDEOH�SUHVHUYDWLRQ�
IRUPDW��8QIRUWXQDWHO\�YLGHR�SURGXFHG�E\�FRQVXPHU�DQG�VHPL�SURIHVVLRQDO�HTXLSPHQW�ZLOO�EH�HQFRGHG�ZLWK�ORVV\�FRPSUHVVLRQ�DQG�KHQFH�QHHGV�UH�HQFRGLQJ�IRU�SUHVHUYDWLRQ��



��

������'9'�
'9'V�DUH�QRW�VLPSOH�GLJLWDO�YLGHR�REMHFWV��7KH\�KDYH�D�VWUXFWXUH�WKDW�FDQ�DFFRPPRGDWH��DV�ZHOO�DV�WKH�YLGHR��XS�WR���WUDFNV�RI�GLJLWDO�DXGLR��HDFK�ZLWK�XS�WR ��FKDQQHOV�DQG�PXOWLSOH�VXEWLWOH�WUDFNV��7KH\�FDQ�DOVR�VXSSRUW�YDULRXV�IHDWXUHV�IRU�LQWHUDFWLRQ�LQFOXGLQJ��

� LQVWDQW�VHDUFK�WR�WLWOH��FKDSWHU��PXVLF�WUDFN��DQG�WLPHFRGH��
� LQVWDQW�UHZLQG�DQG�IDVW�IRUZDUG��
� RQ�VFUHHQ�PHQXV��
� WKH�DELOLW\�WR�VHOHFW�GLIIHUHQW�FDPHUD�DQJOHV�RU�YLHZSRLQWV�GXULQJ�SOD\EDFN��
� DXWRPDWLF�EUDQFKLQJ�RI�YLGHR�IRU�PXOWLSOH�VWRU\�OLQHV��

7KH\ FDQ�DOVR�LQFOXGH�PXOWLOLQJXDO�PHWDGDWD�VXFK�WLWOH�QDPH��DOEXP�QDPH��DQG�FUHDWRU�GHWDLOV��
+RZHYHU�QRW�DOO�GLVFV�VXSSRUW�DOO�IHDWXUHV�DQG�WKHUH�LV�FRQVLGHUDEOH�YDULDWLRQ�LQ�WKH LQWHUSUHWDWLRQ�RI�WKH�YDULRXV�VWDQGDUGV�DSSOLHG�WR�'9'V��7KH�YLGHR�LV�HQFRGHG�LQ�WKH�ORVV\�03(*���HQFRGLQJ��7KH\�DOVR�LQFRUSRUDWH�GLJLWDO�ULJKWV�PDQDJHPHQW�IHDWXUHV�ZKLFK�PD\�LQWHUIHUH�ZLWK�WKH�DUFKLYLQJ�PLVVLRQ��
3UHVHUYDWLRQ�RI�'9'V�DQG�UHODWHG�PHGLD�VSHFLILF�IRUPDWV�LV�FRQVLGHUHG�RXWVLGH�WKH VFRSH�RI�WKLV�VWXG\��
����7KH�LPSDFW�RI�HQFRGLQJV�
������&RGHFV�
0RYLQJ�LPDJH�VHTXHQFHV�KDYH�WR�EH�HQFRGHG�DV�D�ELW�VWUHDP�IRU�WUDQVPLVVLRQ�RU VWRUDJH�E\�GLJLWDO�V\VWHPV��7KH�VWUXFWXUH�RI�WKLV�ELW�VWUHDP�LV�GHWHUPLQHG�E\�WKH FRGHF� WKH�PHWKRG�XVHG�IRU�HQFRGLQJ�DQG�VXEVHTXHQW�GHFRGLQJ�RI�WKH�ELW�
VWUHDP�IRU�GLVSOD\��
:H�VKRXOG�QRWH�WKDW�D�ODUJH�SURSRUWLRQ�RI�WKH�FRUH��GHILQLQJ��WHFKQLFDO�FKDUDFWHULVWLFV�RI�PRYLQJ�LPDJH�VHTXHQFHV���WKHLU�6LJQLILFDQW�3URSHUWLHV���DUH�DFWXDOO\�FDSWXUHG�LQ�WKH�GLJLWLVDWLRQ�SURFHVV�RU�E\�WKH�IRUPDWV�XVHG�IRU�ERUQ�GLJLWDO�PRYLQJ�LPDJHV���$OWKRXJK�WKH�HQFRGLQJV�XVHG�PD\�QRW�EH�VXLWDEOH�IRU�SUHVHUYDWLRQ�SXUSRVHV��WKH�YDOXHV�RI�WKHVH�6LJQLILFDQW�3URSHUWLHV�KDYH�DOUHDG\�EHHQ�HVWDEOLVKHG�DV�D�UHVXOW�RI�WKH�HQFRGLQJ�XVHG���
������7KH�W\UDQQ\�RI�GDWD�UDWHV�
5HFRUGLQJ�GLJLWDO�LPDJHV�DV�D�VHULHV�RI�GLVFUHWH�IUDPHV�ZLWK�D�ORVVOHVV�
HQFRGLQJ�FDQ�UHTXLUH�ODUJH�DPRXQWV�RI�VWRUDJH�DQG�WKH�GDWD�UDWHV�UHTXLUHG�WR�GLVSOD\ WKHP�FDQ�HDVLO\�H[FHHG�ZKDW�LV�DYDLODEOH�LQ�D�JLYHQ�HQYLURQPHQW��3URIHVVLRQDO�YLGHR�DQG�EURDGFDVW�RUJDQLVDWLRQV�XVH�WKH�6HULDO�'LJLWDO�,QWHUIDFH��6',���WR�SURYLGH�VXVWDLQHG�GDWD�UDWHV�LQ�H[FHVV�RI���*ELW�V�QHHGHG�IRU�GLJLWDO�FLQHPD�DSSOLFDWLRQV�DQG�+'79��8QFRPSUHVVHG�6WDQGDUG�'HILQLWLRQ�WHOHYLVLRQ�UHTXLUHV�D�PRUH�PRGHVW�����0ELW�V���



��

&RPPRQO\�DYDLODEOH�µ*LJDELW¶�(WKHUQHW������EDVH�7��FDQ�VXSSRUW�VXVWDLQHG�WKURXJKSXW�XS�WR�����0ELW�V�EXW�DFKLHYLQJ�WKLV�LV�KLJKO\�GHSHQGHQW�RQ�WKH�WUDIILF�DQG�FDQ�HDVLO\�EH�PXFK�OHVV��+L�6SHHG�86%��86%�����VXSSRUWV�����0ELW�V��$�'9' SOD\HU�FDQ�GHOLYHU����0ELW�V��$'6/�SURPLVHV���0ELW�V��GRZQVWUHDP��LH�WR�WKH YLHZHU��EXW�W\SLFDOO\�GHOLYHUV�LQ�WKH�RUGHU�RI���0ELW�V�LQ�WKH�GRPHVWLF�VLWXDWLRQ��'LJLWDO�WHUUHVWULDO�WHOHYLVLRQ�W\SLFDOO\�XVHV���0ELWV�V��
&OHDUO\��JHQHUDO�DFFHVV�WR�GLJLWDO�PRYLQJ�LPDJHV�FDQQRW�PDNH�GLUHFW�XVH�RI�WKH�SURIHVVLRQDO�IRUPDWV��,QGHHG�PRVW�RI�XV�UDUHO\�H[SHULHQFH�YLGHR�LQ�WKLV�IRUP��)RU DQ\�SUDFWLFDO�SXEOLF�DFFHVV�DOWHUQDWLYH�IRUPDWV�UHTXLULQJ�VLJQLILFDQWO\�ORZHU�GDWD�UDWHV�PXVW�EH�SURYLGHG�DQG�VRPH�IRUP�RI�FRPSUHVVLRQ�LV�QHHGHG���
������/RVVOHVV�DQG�ORVV\�FRPSUHVVLRQ�
/RVVOHVV�FRPSUHVVLRQ�FDQ�UHGXFH�WKH�GDWD�UDWH�QHHGHG�EXW�QRW�VXIILFLHQWO\�LQ�PRVW FDVHV��0RUH�VLJQLILFDQW�UHGXFWLRQV�LQ�GDWD�UDWH�LQYROYH�ORVV\�FRPSUHVVLRQ�
WHFKQLTXHV��7KHVH�GLVFDUG�LQIRUPDWLRQ�ZKLOH�WU\LQJ�WR�PLQLPLVH�WKH�YLVXDO�LPSDFW�RI WKH�ORVV��%HLQJ�ORVV\��WKH�FRPSUHVVHG�ELW�VWUHDP�FDQQRW�EH�XVHG�WR�UHJHQHUDWH�WKH�RULJLQDO�ELW�VWUHDP��+RZHYHU�DOO�GLJLWDO�YLGHR�GHOLYHUHG�WR�WKH�SXEOLF�LQYROYHV�RQH�RU�RWKHU�ORVV\�FRPSUHVVLRQ�HQFRGLQJ�WHFKQLTXH��
/RVV\�HQFRGLQJ�LQYROYHV�D�UHGXFWLRQ�LQ�WKH�ILGHOLW\�RI�WKH�UHFRUGHG�LPDJH�DQG�KHQFH�WR�WKH�DXWKHQWLFLW\�RI�WKH�SHUIRUPDQFH��+HQFH��DOWKRXJK�LW�LV�QRW�D�SURSHUW\�RI�WKH�RULJLQDO�VRXUFH�PDWHULDO��LW�LV�DW�WKH�KHDUW�RI�WKH�GLJLWDO�REMHFW�DQG�WKH QDWXUH�RI�WKH�HQFRGLQJ�PXVW�EH�UHJDUGHG�DV�D�6LJQLILFDQW�3URSHUW\��
+RZ WR�FKDUDFWHULVH�WKH�HQFRGLQJ"��

� (QFRGLQJV�PDNLQJ�XVH�RI�ORVVOHVV�FRPSUHVVLRQ�FDQ�VLPSO\�EH�QRWHG�DV�VXFK� 7KH�UHGXFWLRQ�LQ�VL]H�RI�WKH�ELW�VWUHDP��WKH�FRPSUHVVLRQ�UDWLR��FDQ�EH�QRWHG�KRZHYHU��DV�WKH�ILGHOLW\�LV�QRW�LPSDLUHG��LW�LV�QRW�D�6LJQLILFDQW�3URSHUW\��
� (QFRGLQJV�HPSOR\LQJ�ORVV\�FRPSUHVVLRQ�UHVXOW�LQ�D�UHGXFWLRQ�RI�WKH�VL]H�RI�WKH�ELW�VWUHDP�DW�WKH�FRVW�RI�LPSDLUPHQW�LQ�ILGHOLW\��7KH�FRPSUHVVLRQ�UDWLR�FDQ�EH�HDVLO\�PHDVXUHG��

ELW�VWUHDP�VL]H��XQFRPSUHVVHG����ELW�VWUHDP�VL]H��FRPSUHVVHG��
7KH FRPSUHVVLRQ�UDWLRQ�FDQ�SURYLGH�D�PHDVXUH�RI�WKH�GHJUHH�RI�LPSDLUPHQW�RI�ILGHOLW\��KRZHYHU�LW�GRHV�QRW�WHOO�WKH�IXOO�VWRU\��'LIIHUHQW�HQFRGLQJV�SURGXFH�GLIIHUHQW�LPSDLUPHQWV�LQ�ILGHOLW\�IRU�WKH�VDPH�UHGXFWLRQ�LQ�VL]H��7KHUH�DUH�VWDQGDUGLVHG�WHFKQLTXHV���IRU�WKH�VXEMHFWLYH�DVVHVVPHQW�RI�WKH�GHJUHH�RI�LPSDLUPHQW�EXW�WKHVH�DUH�QRW�VXVFHSWLEOH�WR�DXWRPDWLRQ���1RQHWKHOHVV�ZH�FDQ�UHJDUG�WKH�FRPELQDWLRQ�RI�WKH�FRPSUHVVLRQ�UDWLR�DQG�WKH�FRGHF�XVHG�DV�D�VLJQLILFDQW�IDFWRU�KDYLQJ�DQ�LQIOXHQFH�RQ�WKH�ILGHOLW\�RI�WKH�SHUIRUPDQFH��

7KH IROORZLQJ�6LJQLILFDQW�3URSHUWLHV�LQ�WKH�UHQGHULQJ�FDWHJRU\�UHODWH�WR�WKH�HQFRGLQJ��

��� ,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ�%7��������0HWKRGRORJ\�IRU�WKH�VXEMHFWLYH�DVVHVVPHQW�RI�WKH�TXDOLW\�RI�WHOHYLVLRQ�SLFWXUHV� ,78������



��

/RVVOHVV�� ERROHDQ� �
&RPSUHVVLRQ�UDWLR��LI�ORVV\�� UDWLR� GLPHQVLRQOHVV�
&RGHF��LI�ORVV\�� QDPH� HQXPHUDWHG�VHW�

1RWH�WKDW�GDWD�UDWH�RU�ELW�UDWH�LV�RIWHQ�TXRWHG�DV�D�PHDVXUH�RI�FRPSUHVVLRQ��+RZHYHU�RXU�YLHZ�LV�WKDW�WKLV�LV�SURSHUO\�VHHQ�DV�D�VSHFLILFDWLRQ�IRU�WKH�SOD\EDFN�RU�WUDQVPLVVLRQ�FKDQQHO�LQ�RUGHU�WR�HQDEOH�LW�WR�SOD\�WKH�GHFRGHG�ELW�VWUHDP�DW�WKH�FRUUHFW�IUDPH�UDWH��7KH�GDWD�UDWH�QHHGHG�FDQ�EH�FDOFXODWHG�DV��
GDWD�UDWH� �ELW�VWUHDP�VL]H���GXUDWLRQ�

7KH FRPSUHVVLRQ�UDWLR�FDQ�EH�VHHQ�WKHQ�WR�EH�WKH�VDPH�DV�UDWLR�RI�WKH�GDWD�UDWHV RI�WKH�XQFRPSUHVVHG�DQG�FRPSUHVVHG�ELW�VWUHDPV��
FRPSUHVVLRQ�UDWLR� �GDWD�UDWH��XQFRPSUHVVHG����GDWD�UDWH��FRPSUHVVHG��

�
)XUWKHU�LQYHVWLJDWLRQ�E\�VXEMHFWLYH�DVVHVVPHQWV�PD\�HVWDEOLVK�SDUDPHWHUV�DVVRFLDWHG�ZLWK�WKH�HQFRGLQJ�WKDW�FRXOG�EH�FDQGLGDWH�6LJQLILFDQW�3URSHUWLHV��
����6LJQLILFDQFH�
7KH�,Q63HFW�SURMHFW�KDV�SURSRVHG�WKH�XVH�RI�D�VHW�RI�SHUIRUPDQFH�LQGLFDWRUV�LGHQWLI\�WKH�UHODWLYH�VLJQLILFDQFH�RI�WKH�SURSHUWLHV�IURP�D�GLJLWDO�SUHVHUYDWLRQ�SRLQW�RI�YLHZ��
1XPHULF�9DOXH� 6XPPDU\� 'HVFULSWLRQ�
��� (VVHQWLDO�DQG�XQFKDQJHG� 5HPRYDO�RU�GDPDJH�WR�WKH�SURSHUW\�LV�OLNHO\�WR�UHVXOW�LQ�WKH�LQDELOLW\�WR�XVH�RU�UHSURGXFH�WKH�PHVVDJH��
������ (VVHQWLDO��6RPH�YDULDWLRQ�DOORZHG�� 7KH�SURSHUW\�VKRXOG�EH�PDLQWDLQHG�WR�UHFUHDWH�WKH�0HVVDJH��+RZHYHU��WKH�YDOXH�DVVLJQHG�WR�WKH�SURSHUW\�PD\�EH�FKDQJHG�WR�VRPH�GHJUHH��LQWHQWLRQDOO\�RU�XQLQWHQWLRQDOO\�ZLWKRXW�VLJQLILFDQW�HIIHFW�RQ�WKH�UHFUHDWLRQ�RI�WKH�PHVVDJH���
������ %HQHILFLDO� 7KH�SURSHUW\�LV�XVHG�LQ�WKH�0HVVDJH�DQG�PD\�EH�PDLQWDLQHG��+RZHYHU��RWKHU�SURSHUWLHV�H[LVW�WKDW�SHUIRUP�WKH�VDPH�RU�VLPLODU�SXUSRVH��
������ 0LQRU�FRQWULEXWLRQ� 7KH�UHPRYDO�RU�GDPDJH�WR�WKH�SURSHUW\�UHVXOWV�LQ�PLQRU�ORVV�DQG�GRHV�QRW�FRQWULEXWH�WR�WKH�VLJQLILFDQW�ORVV�WR�WKH�0HVVDJH���
� 1RW�$SSOLFDEOH� 7KH�SURSHUW\�LV�XQLPSRUWDQW�IRU�WKH�UHSURGXFWLRQ�RI�WKH�PHVVDJH��GRHV�QRW�FRQWULEXWH�WR�WKH�VHPDQWLF�XQGHUVWDQGLQJ��RU�XVH�RI�WKH�0HVVDJH���

,Q�DWWHPSWLQJ�WR�DSSO\�WKHVH�WR�GLJLWDO�PRYLQJ�LPDJHV�ZH�PDNH�WKH�IROORZLQJ�REVHUYDWLRQV��



��

7KH 6LJQLILFDQW�3URSHUWLHV�LQ�WKH�&RQWHQW�FDWHJRU\��
� 'LIIHUHQW�FKDQQHOV�PD\�EH�RI�GLIIHUHQW�LQWHOOHFWXDO�YDOXH�DQG�RI�GLIIHUHQW�LQWHUHVW�WR�GLIIHUHQW�DXGLHQFHV��7KHLU�VLJQLILFDQFH�ZLOO�YDU\�DFFRUGLQJO\��
� ,I WKH�ZRUN�LV�WUXQFDWHG�LW�ZLOO�QRW�EH�SRVVLEOH�WR�UHSURGXFH�WKH�PHVVDJH�LQ LWV�HQWLUHW\��,Q�WKLV�UHVSHFW�WKH�OHQJWK�LV KLJKO\�VLJQLILFDQW��+RZHYHU�

WKHUH DUH�RWKHU�DSSURDFKHV�WR�HQVXULQJ�WKH�LQWHJULW\�RI�WKH�UHFRUG�VXFK�DV WKH�XVH�RI�FKHFNVXPV��
7KH 6LJQLILFDQW�3URSHUWLHV�LQ�WKH�&RQWH[W�FDWHJRU\�DOO�HQULFK�WKH�XQGHUVWDQGLQJ�RI WKH�PHVVDJH�EXW�DUH�XQOLNHO\�WR�EH�FULWLFDO�WR�LW��
0RVW�RI�WKH�6LJQLILFDQW�3URSHUWLHV�LQ�WKH�5HQGHULQJ�FDWHJRU\�DUH�FDSWXUHG��LQ�WKH GLJLWLVDWLRQ�SURFHVV�RU�E\�WKH�IRUPDWV�XVHG�IRU�ERUQ�GLJLWDO�PRYLQJ�LPDJHV��$VVXPLQJ�WKDW�WKH�HQFRGHG�ELW�VWUHDP�FDQ�EH�GHFRGHG�DQG�SOD\HG�VXFFHVVIXOO\�WKH 0HVVDJH�ZLOO�EH�FRQYH\HG�WR�VRPH�GHJUHH��,Q�VRPH�VHQVH��DQG�LJQRULQJ�IDFWRUV�RI�WKH�DPELDQFH�RI�WKH�3HUIRUPDQFH��WKH�SURFHVV�RI�HQFRGLQJ�WKH�PRYLQJ�LPDJH�VHTXHQFH�KDV�GHWHUPLQHG�WKH�3HUIRUPDQFH��'LIIHUHQW�HQFRGLQJV�UHVXOW�LQ�FKDQJHV�WR�WKH�5HQGHULQJ�SURSHUWLHV��PRVW�RI�ZKLFK�FDQ�WDNH�D�UDQJH�RI YDOXHV��7KLV�LQ�WXUQ�ZLOO�DIIHFW�WKH�ILGHOLW\�RI�WKH�SHUIRUPDQFH��LQ�H[WUHPH�FDVHV�UHQGHULQJ�LW�XQLQWHOOLJLEOH��
0HWKRGV�IRU�VXEMHFWLYH�DVVHVVPHQW�RI�WKH�ILGHOLW\�RI�D�SHUIRUPDQFH�RI�PRYLQJ�LPDJHV�DUH�GHVFULEHG�LQ�WKH�,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ¶V�%7������� 0HWKRGRORJ\�IRU�WKH�VXEMHFWLYH�DVVHVVPHQW�RI�WKH�TXDOLW\�RI�WHOHYLVLRQ�SLFWXUHV� )RU�LQVWDQFH�XVLQJ�WKH�'6,6��'RXEOH�6WLPXOXV�,PSDLUPHQW�6FDOH��
PHWKRG��WKH�VXEMHFW�LV�SUHVHQWHG�ZLWK�DQ�XQLPSDLUHG�UHIHUHQFH�YLGHR��WKHQ�ZLWK�WKH VDPH�YLGHR�LPSDLUHG��7KH\�DUH�DVNHG�WR�UDWH�WKH�GHJUHH�RI�LPSDLUPHQW�RI�WKH VHFRQG�YLGHR�RQ�D�VFDOH�IURP��LPSDLUPHQWV�DUH�LPSHUFHSWLEOH��WR��LPSDLUPHQWV�DUH�YHU\�DQQR\LQJ���
7KH WHFKQLTXHV�RI�%7�����FRPH�IURP�WKH�WHOHYLVLRQ�ZRUOG�DQG�PD\�QHHG�DGDSWDWLRQ�WR�EH�DSSOLFDEOH�WR�WKH�PXFK�ZLGHU�UDQJH�RI�YLHZLQJ�HQYLURQPHQWV�XVHG�IRU�GLJLWDO�PRYLQJ�LPDJHV�LQ�JHQHUDO��$Q�LQYHVWLJDWLRQ�LQWR�WKHVH�DQG�UHODWHG�DSSURDFKHV�IRU�DVVHVVLQJ�WKH�ILGHOLW\�RI�D�SHUIRUPDQFH�FRXOG�SURYLGH�D�PHDQV�RI�DVVLJQLQJ�WKH�UHODWLYH�VLJQLILFDQFH�RI�SURSHUWLHV�IRU�PRYLQJ�LPDJHV��



��

� 7KH�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH��$,3��IRU�0RYLQJ�,PDJHV�
7R�EH�VXSSOLHG�



��

� &RQWHQW�	�,QWHQW�LQ�0RYLQJ�,PDJHV�
����&UHDWLRQ��8VH�DQG�6LJQLILFDQW�3URSHUWLHV��
$ FRPSUHKHQVLYH�DSSURDFK�WR�GLJLWDO�SUHVHUYDWLRQ�UHTXLUHV�D�ZLGHU�UDQJH�RI�FRQVLGHUDWLRQV�WR�EH�WDNHQ�LQWR�DFFRXQW�WKDQ�KDYH�EHHQ�WKH�FRQFHUQ�RI�WKLV�SDUWLFXODU�VWXG\��:H�KDYH�DOUHDG\�SRLQWHG�RXW�WKDW�ZH�KDYH�GHOLEHUDWHO\�IRFXVHG�RQ FHUWDLQ�SDUWV�RI�WKH�OLIH�F\FOH�RI�GLJLWDO�PRYLQJ�LPDJHV�DQG�ZLWKLQ�WKLV�RXU�PDLQ LQWHUHVW�KDV�EHHQ�LQ�DUFKLYLQJ�UHTXLUHPHQWV��&RQVLGHUDWLRQV�UHODWLQJ�HLWKHU�WR WKH�RULJLQDO�FUHDWLRQ�RI�WKH�REMHFWV�RU�WKHLU�IXWXUH�XVH�KDYH�ODUJHO\�UHPDLQHG�LQ WKH�EDFNJURXQG��2QH�SDUWLFXODU�UHDVRQ�IRU�WKLV�LV�WKDW�PRYLQJ�LPDJHV�DUH�PRUH OLNHO\�WR�EH�HGLWHG�DQG�RWKHUZLVH�PRGLILHG�WKDQ�VRPH�RI�WKH�RWKHU�IRUPV�RI�GLJLWDO�REMHFW�DQG��EHFDXVH�RI�WKH�QHHG�IRU�FRPSUHVVLRQ�LQ�GLVWULEXWLRQ��WKHUH�LV�D VKDUSHU�GLVWLQFWLRQ�WKDQ�ZLWK�RWKHU�GLJLWDO�REMHFWV�EHWZHHQ�WKH�DUFKLYLQJ�RU�SUHVHUYDWLRQ�IRUPDW�RI�PRYLQJ�LPDJHV�DQG�WKHLU�XVH�IRUPDWV��:H�KDYH�WKHUHIRUH�IRFXVHG�RQ�WKH�SUHVHUYDWLRQ�RI�FRUH�WHFKQLFDO�IHDWXUHV��+RZHYHU��WKHUH�DUH�FRQVLGHUDWLRQV�UHODWLQJ�HVSHFLDOO\�WR�WKH�FUHDWLRQ�RI�PRYLQJ�LPDJHV�WKDW�DUH�RI�FRQFHUQ�IRU�D�GLVFXVVLRQ�RI�6LJQLILFDQW�3URSHUWLHV��
:H�VDZ�WKDW�HDUOLHU�ZRUN�RQ�6LJQLILFDQW�3URSHUWLHV��DQG�HVSHFLDOO\�WKH�&$0L/(21�SURMHFW��H[WHQGHG�WKH�FRQFHSW�WR�LQFOXGH�VW\OLVWLF�DQG�DHVWKHWLF�IHDWXUHV�DQG�WKDW�WKHVH�ZHUH�VHHQ�WR�EH�WLHG�WR�WKH�FUHDWLRQ�DQG�XVH�RI�WKH�REMHFWV�FRQFHUQHG���
2XU GLVFXVVLRQV�ZLWK�ILOP�DUFKLYLVWV��LQ�SDUWLFXODU��KDV�VXJJHVWHG�WKDW�WKLV�LV�DQ�LVVXH RI�FRQVLGHUDEOH�LPSRUWDQFH�LQ�WKH�SUHVHUYDWLRQ�RI�PRYLQJ�LPDJHV��ZKHUH�WKH LQWHQWLRQV�RI�WKH�RULJLQDO�FUHDWRUV��SDUWLFXODUO\�LQ�UHODWLRQ�WR�WKH�YLVXDO�HIIHFWV�FUHDWHG�DUH�D�PDWWHU�RI�JUHDW�FRQFHUQ��2IWHQ�WKHVH�LVVXHV�DULVH�LQ�WKH�FRQWH[W�RI�ILOP�UHVWRUDWLRQ��ZKHUH�WKHUH�LV�DQ�DWWHPSW�WR�JHW�EDFN�WR�D�VLWXDWLRQ�SULRU�WR�GDPDJH�EHLQJ�LQIOLFWHG�DQG�ZKHUH�RULJLQDO�LQWHQWLRQ�LV�FOHDUO\�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�WKDW�FDQ�SURYLGH�JXLGDQFH�WR�WKH�SHRSOH�XQGHUWDNLQJ�WKH�UHVWRUDWLRQ��0RUH�JHQHUDOO\��KRZHYHU��WKHUH�LV�FOHDUO\�D�UHODWLRQVKLS�EHWZHHQ�FRQWHQW�DQG�WKH�LQWHQW�RI�WKH�FUHDWRU�RI�PRYLQJ�LPDJHV��,W�LV�ZRUWKZKLOH�SXWWLQJ�WKLV LQ�D�EURDGHU�FRQWH[W��
����7KH�,PSOLFDWLRQV�RI�WKH�,Q63(&7�3HUIRUPDQFH�0RGHO�
2QH�RI�WKH�LPSRUWDQW�DVSHFWV�RI�WKH�3HUIRUPDQFH�PRGHO��DGRSWHG�E\�WKH�,Q63(&7�SURMHFW��LV�WKDW�LW�DFFHSWV�WKDW�FKDQJH�LV�LQHYLWDEOH���WKDW�WKH�UHQGHULQJ�RI GLJLWDO�REMHFWV�ZLOO�JLYH�ULVH�WR�GLIIHUHQW�µSHUIRUPDQFHV¶��HVSHFLDOO\�DV�WKH�REMHFW�LV�PLJUDWHG�IURP�RQH�IRUPDW�WR�DQRWKHU�����
7UDGLWLRQDOO\��WKH�FRQFHSW�RI�µSHUIRUPDQFH¶�KDV�EHHQ�IDLUO\�FORVHO\�DVVRFLDWHG�ZLWK WKH�QRWLRQ�RI�µLQWHUSUHWDWLRQ¶��SDUWLFXODUO\�LQ�UHODWLRQ�WR�WKH�SHUIRUPDQFH�RI�SOD\V�RU�PXVLF��,W�LV�LQWHUHVWLQJ�WKDW��RYHU�D�ORQJ�SHULRG��PXVLF�KDV�EHHQ�SUHVHUYHG�LQ�PXVLF�VFRUHV�DQG�SOD\V�DV�D�WH[W�DQG�WKDW�LW�KDV�EHHQ�DFFHSWHG�WKDW WKH�SHUIRUPDQFH�RI�D�SOD\�RU�D�SLHFH�RI�PXVLF�LV�RSHQ�WR�D�FRQVLGHUDEOH�GHJUHH�RI�LQWHUSUHWDWLRQ��1R�ERG\�H[SHFWV�D�SOD\�RU�PXVLF�WR�EH�SHUIRUPHG�LQ�H[DFWO\ WKH�VDPH�ZD\�DV�LW�ZDV�LQ�D�SUHYLRXV�µSURGXFWLRQ¶��2Q�WKH�FRQWUDU\��H[SORULQJ�GLIIHUHQW�LQWHUSUHWDWLRQV�LV�FRQVLGHUHG�WR�EH�WKH�QRUPDO�FRXUVH�RI�



��

HYHQWV�DQG�SDUW�RI�D�OLYLQJ�FXOWXUDO�WUDGLWLRQ��6RPH�DUW�IRUPV�JR�HYHQ�IXUWKHU��:LWK�PXVLF��DW�OHDVW��LW�PD\�EH�VDLG�WKDW�D�PXVLFLDQ�LV�DWWHPSWLQJ�WR�UHGLVFRYHU�WKH RULJLQDO�LQWHQWLRQ�RI�WKH�FRPSRVHU��EXW�VRPH�SRHWV�WDNH�D�FRPSOHWHO\�GLIIHUHQW�YLHZ��DUJXLQJ�WKDW�RQFH�D�SRHP�LV�LQ�SULQW��WKH�LQWHQWLRQV�RI�WKH�ZULWHU�DUH�LUUHOHYDQW��7KH�SRHP�VWDQGV�DV�D�ZRUN�LQ�LWV�RZQ�ULJKW���
7KHUH�LV��WKHQ��LQ�DUWLVWLF�ZRUN��D�VSHFWUXP�RI�RSLQLRQ��RU�UDWKHU�µDWWLWXGH¶��RQ�WKH�LPSRUWDQFH�RI�WKH�LQWHQWLRQV�RI�WKH�RULJLQDO�FUHDWRU�DQG�LW�LV�ZRUWK�DVNLQJ�ZK\��LQ�WKH DUHD�RI�ILOP��LQWHQWLRQV�DUH�UHJDUGHG�DV�EHLQJ�VR�VLJQLILFDQW��,Q�WKH�FRQWH[W�RI�SUHVHUYDWLRQ�DQG�DUFKLYLQJ��RI�FRXUVH��PRVW�RI�WKH�PDWHULDO�LV�QRW�RI�DQ�DUWLVWLF�QDWXUH��EXW�HYHQ�ZLWK�GRFXPHQWDULHV��QHZV�FRYHUDJH�DQG�RWKHU�ILOP�DQG�WHOHYLVLRQ�RXWSXW��WKH�LQWHQW�RI�WKH�FUHDWRU��ZLWK�UHVSHFW�WR�WKH�VW\OH�RI�SUHVHQWDWLRQ��LV�RIWHQ�UHJDUGHG�DV�D�VLJQLILFDQW�SDUW�RI�WKH�PHVVDJH��7KLV�LV�UHLQIRUFHG�E\�WKH�LQVWLQFWV�RI�DUFKLYLVWV�DQG�WKH�LPSOLFLW�PRGHOV�REWDLQLQJ�LQ�WKH�SUHVHUYDWLRQ�RI�GRFXPHQWV�RU�REMHFWV�LQ�FROOHFWLRQV��ZKHUH�DXWKHQWLFLW\�RI�WKH�RULJLQDO�LV�D�PDMRU�FRQVLGHUDWLRQ�DQG�ZKHUH�WKH�FLUFXPVWDQFHV�RI�WKH�REMHFW¶V�FUHDWLRQ��LQFOXGLQJ�WKH�NQRZQ�RU�LQIHUUHG�LQWHQWLRQV�RI�WKH�FUHDWRUV��DUH�JLYHQ�D�ORW�RI�ZHLJKW���:H�RXJKW��KRZHYHU��WR�EH�DZDUH�WKDW�RWKHU�PRGHOV�KDYH�EHHQ�HPSOR\HG�IRU�FHQWXULHV�LQ�SDUDOOHO�DUHDV�DQG�DW�OHDVW�DVN��DV�ZH�KDYH�GRQH��ZK\�WKH FUHDWRU¶V�LQWHQWLRQV�DUH�VR�VLJQLILFDQW�LQ�WKH�FDVH�RI�PRYLQJ�LPDJHV���
2QH RI�WKH�DGYDQWDJHV�RI�SRVLQJ�WKLV�TXHVWLRQ�LV�WKDW�LW�HQDEOHV�XV�WR�KDYH�VRPH SHUVSHFWLYH�RQ�WKH�GHJUHH�RI�VLJQLILFDQFH�WKDW�FDQ�EH�DWWULEXWHG�WR�IDFWRUV�UHODWLQJ�WR�LQWHQWLRQ��:H�WDNH�LW�DV�UHDG�WKDW�D�VLJQLILFDQW�SURSRUWLRQ�RI�PRYLQJ�LPDJH�DUFKLYLVWV�DQG�RI�WKH�XVHU�FRPPXQLW\�UHJDUG�WKH�RULJLQDO�LQWHQWLRQV�RI�WKH�PRYLQJ�LPDJH�FUHDWRUV�DV�LPSRUWDQW�LQ�GHWHUPLQLQJ�VRPH�RI�WKHLU�6LJQLILFDQW�3URSHUWLHV��7KDW�LV�WR�VD\��WKDW�ZH�KDYH�WR�WDNH�WKHVH�LQWHQWLRQV�LQWR�DFFRXQW��ZKHQ PLJUDWLQJ�GLJLWDO�PRYLQJ�LPDJHV�IURP�RQH�SUHVHUYDWLRQ�IRUPDW�WR�DQRWKHU��7KH DUJXPHQW�LV�WKDW��LI�ZH�GR�QRW�GR�WKLV��ZKHQ�WKH�QHZ�YHUVLRQ�LV�UHQGHUHG��LW�ZLOO EH�SHUFHLYHG�WR�EH�GLIIHUHQW�LQ�VRPH�HVVHQWLDO�UHVSHFWV���
7KH IDFW�LV��KRZHYHU��WKDW�WKH�GHJUHH�RI�LQWHUSUHWDWLRQ�RI�PRYLQJ�LPDJH�REMHFWV�LV FRQVLGHUDEO\�PRUH�UHVWULFWHG�WKDQ�LV�SRVVLEOH�ZLWK�D�PXVLFDO�VFRUH�RU�WKH�VFULSW�RI�D�SOD\���XQOHVV�UH�HGLWLQJ�LV�XQGHUWDNHQ��DW�ZKLFK�VWDJH�ZH�DUH�WDONLQJ�DERXW�D�GLIIHUHQW�REMHFW��2QFH�WKH�FRUH�WHFKQLFDO�SURSHUWLHV�KDYH�EHHQ�FDSWXUHG��PRVW�RI�WKH�LQWHQWLRQDO�HOHPHQWV�DUH�DOUHDG\�IL[HG��VLQFH�PRVW�RI�WKH�FKDUDFWHULVWLFV�WKDW�PDNH�D�GLIIHUHQFH�WR�WKH�ORRN�DQG�IHHO�RI�GLIIHUHQW�PRYLQJ�LPDJH�SUHVHQWDWLRQV�DUH�UHGXFLEOH�WR�GLIIHUHQW�WHFKQLFDO�FKDUDFWHULVWLFV��$�����¶V�ILOP�FOHDUO\�ORRNV�DQG�IHHOV�GLIIHUHQW�IURP�D�ILOP�IURP�WKH�����¶V��%XW��LI�ZH OHDYH�DVLGH�WKH�TXHVWLRQ�RI�ZKDW�D�����¶V�GLUHFWRU�PLJKW�KDYH�GRQH�ZLWK�PRGHUQ�WHFKQRORJ\�DQG�DVVXPH�WKDW�WKH�ZD\�WKDW�D�����¶V�ILOP�ORRNHG�ZDV�KRZ�WKH GLUHFWRU�LQWHQGHG�LW�WR�ORRN��PRVW��LI�QRW�DOO��RI�WKH�GLIIHUHQFH�LQ�WKH�ORRN�DQG�IHHO�LV�GRZQ�WR�WKH�WHFKQLFDO�FKDUDFWHULVWLFV�±�LPDJH�UDWH��FRORXU�JDPXW�HWF���,I�ZH GHILQH�WKH�WHFKQLFDO�6LJQLILFDQW�3URSHUWLHV�FRUUHFWO\�DQG�LGHQWLI\�D�IRUPDW�WKDW�FDUULHV�WKHP��ZH�FDSWXUH�PRVW�RI�WKH�LQWHQWLRQDO�HOHPHQWV��
,Q &KDSWHU���ZH�DLUHG�LVVXHV�DERXW�UH�FUHDWLQJ�WKH�FKDUDFWHULVWLFV�RI�FRQWHPSRUDU\�GLVSOD\�GHYLFHV�LQ�RUGHU�WR�UH�FUHDWH�DQ�DXWKHQWLF�H[SHULHQFH��7KH GDWH�RI�FUHDWLRQ�DQG�LQIRUPDWLRQ�DV�WR�SURYHQDQFH�DUH�OLNHO\�WR�SURYLGH�HQRXJK�LQIRUPDWLRQ�WR�HVWDEOLVK�WKH�WHFKQRORJ\�DYDLODEOH�DW�WKH�WLPH��,I�WKHUH�ZHUH�XQXVXDO�FLUFXPVWDQFH�WKHVH�FRXOG�EH�UHFRUGHG�DV�DGGLWLRQDO�PHWDGDWD��



��

7KHUH�LV�VWLOO�URRP�IRU�GHEDWH�DERXW�ZKHWKHU�RU�QRW�SDUWLFXODU�GLJLWDO�IRUPDWV�DUH�JRRG HQRXJK��EXW�RXU�LQWHUHVW�LV�LQ�GHILQLQJ�D�VHW�RI�6LJQLILFDQW�3URSHUWLHV�DQG�WKH FRQVLGHUDWLRQV�MXVW�VHW�RXW�VXJJHVW�WKDW�WKH�VFRSH�IRU�H[WHQVLRQ�RI�RXU�FRUH�VHW LV�UDWKHU�OLPLWHG��
1RQHWKHOHVV��WKHUH�ZLOO�EH�FRQWH[WXDO�FRQVLGHUDWLRQV�WKDW�DUH�QRW�FDSWXUHG�DXWRPDWLFDOO\��7KH�DPELDQFH�RU�HQYLURQPHQW�LQ�ZKLFK�D�ILOP�RU�YLGHR�ZDV�LQWHQGHG�WR�EH�VHHQ�PD\�KDYH�EHHQ�D�VLJQLILFDQW�SDUW�RI�WKH�FUHDWRU¶V�LQWHQWLRQV�DQG�WKLV�ZRXOG�LQFOXGH�VXFK�FRQVLGHUDWLRQV�DV�ZKHWKHU�D�ILOP�ZDV�LQWHQGHG�WR�EH VHHQ�WKURXJK�D�VSHFLDO�SDLU�RI�JODVVHV�RU�RWKHU�GHYLFHV��7KHVH�H[WHUQDO�HOHPHQWV�FDQQRW�EH�FDSWXUHG�DXWRPDWLFDOO\��7KH\�FDQ�RQO\�EH�H[SUHVVHG�WKURXJK�DSSURSULDWH�PHWDGDWD���
)XUWKHUPRUH��DV�ZH�KDYH�VDLG�EHIRUH��WKHUH�LV�VRPH�PHULW��LI�WKH�DYDLODEOH�UHVRXUFHV�DOORZ��LQ�LQFOXGLQJ�DOO�WKH�6LJQLILFDQW�3URSHUWLHV�LQ�WKH�PHWDGDWD�VFKHPD�WR�EH�XVHG�LQ�WKH�SUHVHUYDWLRQ�SDFNDJH��
2XU FRQFOXVLRQV��WKHQ��DUH�WKDW�PXFK�RI�WKH�µVLJQLILFDQW¶�LQWHQW�RI�FUHDWRUV�RI�PRYLQJ�LPDJHV�FDQ�EH�FDSWXUHG�E\�RXU�VWDQGDUG�VHW�RI�6LJQLILFDQW�3URSHUWLHV�DQG�WKH�DSSURSULDWH�IRUPDWV��7KH�6LJQLILFDQW�3URSHUWLHV�DQG�RWKHU�HOHPHQWV�WKDW�FDQQRW�EH�FDSWXUHG�LQ�WKLV�ZD\�KDYH�WR�EH�H[SUHVVHG�LQ�D�PHWDGDWD�VFKHPD����



��

� &RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV���
7KLV�FKDSWHU�QHHGV�UHYLVLRQ�WR�UHIOHFW�WKH�FXUUHQW�YHUVLRQ�RI�WKH�WH[W�
����&RQFOXVLRQV�
,W�LV�ZRUWK�UHSHDWLQJ�WKDW�WKH�VWXG\�VHW�RXW�ZLWK�UHODWLYHO\�PRGHVW�DPELWLRQV��,WV�DLP ZDV�WR�EXLOG�RQ�D�VXEVWDQWLDO�ERG\�RI�HDUOLHU�ZRUN��QRWDEO\�WKDW�EURXJKW�WRJHWKHU�LQ�WKH������'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\��DQG�WR�FRQWULEXWH�IXUWKHU�WR�WKH�GHYHORSPHQW�RI�SUDFWLFDO�SURFHGXUHV�IRU�SURIHVVLRQDOV�HQJDJHG�LQ�GLJLWDO�SUHVHUYDWLRQ��$�SDUWLFXODU�REMHFWLYH�ZDV�WR�GHYHORS�D�VFKHPD�IRU�FKDUDFWHULVLQJ�WKH�6LJQLILFDQW�3URSHUWLHV�RI�GLJLWDO�PRYLQJ�LPDJHV�RQ�WKH�EDVLV�RI�WKH�PRGHO�GHYHORSHG�E\�WKH�,Q63(&7�SURMHFW��
+RZHYHU��DOWKRXJK�WKHVH�DPELWLRQV�KDYH�EHHQ�PRGHVW�LQ�RQH�VHQVH��ZH�EHOLHYH�WKDW�WKH\�DUH�QRQHWKHOHVV�LPSRUWDQW�LQ�FRQWULEXWLQJ�WR�D�ZLGHU�XQGHUVWDQGLQJ�RI�ZKDW�LV�UHTXLUHG�ZLWK�WKH�SUHVHUYDWLRQ�RI�GLJLWDO�PRYLQJ�LPDJHV��$�FRPPRQ�WKHPH�LQ�WKLV�DUHD�LV�WKH�QHHG�WR�IDFLOLWDWH�WKH�HIIHFWLYH�SDUWLFLSDWLRQ�RI�QRQ�DUFKLYDO�RUJDQLVDWLRQV�LQ�WKH�SUHVHUYDWLRQ�SURFHVV��:H�EHOLHYH�WKDW�LQ�RXU�VWXG\�ZH�KDYH�EHHQ�DEOH�WR�FODULI\�D�QXPEHU�RI�LVVXHV�LQ�WHUPV WKDW�FRQWULEXWH�WR�D�FRPPRQ�DQG�PRUH�ZLGHVSUHDG�XQGHUVWDQGLQJ�RI�SURFHVVHV�DQG�SURFHGXUHV�DQG�WKDW�LQ�SDUWLFXODU�ZH�KDYH�GHYHORSHG�D�YRFDEXODU\�DQG�IUDPHZRUN�WKDW�FDQ�EH�VKDUHG�E\�WKH�UDQJH�RI�VWDNHKROGHUV���
7KHUH LV�QRZ�D�FRQVLGHUDEOH�DPRXQW�RI�PRYLQJ�LPDJH�PDWHULDO�LQ�GLJLWDO�IRUP�±�GLJLWLVHG�ILOP�DQG�YLGHR�LQ�D�PRGHUQ�GLJLWDO�IRUPDW�DQG�ERUQ�GLJLWDO�FLQHPD�DQG�YLGHR� %XW��HTXLSPHQW�DQG�FRPSXWHU�SURJUDPV�FKDQJH�RYHU�WLPH�DQG�ORVH�WKHLU�DELOLW\�WR�UHDG�ROGHU�ILOHV�DQG�GLVSOD\�WKH�LQIRUPDWLRQ��2EVROHVFHQFH�LV�WKXV�D�PDMRU SUREOHP�DQG�GLJLWLVDWLRQ�DV�VXFK�GRHV�QRW�VROYH�WKH�SUREOHPV�RI�SUHVHUYDWLRQ��
7KH FRUH�LVVXH�RI�WKH�VWXG\�WKHQ�LV�GHILQLQJ�WKH�FKDUDFWHULVWLFV�DQG�IHDWXUHV�RI�WKH RULJLQDO�VHTXHQFHV�RI�PRYLQJ�LPDJHV�WKDW�KDYH�WR�EH�SUHVHUYHG��DV�WKH\�DUH�PLJUDWHG�WKURXJK�SUHVHUYDWLRQ�IRUPDWV�RYHU�WLPH��7KLV�LV�ZKDW�LV�PHDQW�E\�GHILQLQJ�WKH�µ6LJQLILFDQW�3URSHUWLHV¶�RI�GLJLWDO�PRYLQJ�LPDJHV��
6LJQLILFDQW�3URSHUWLHV�FDQ�EH�µFDSWXUHG�DW�GLIIHUHQW�OHYHOV��,Q�D�VHQVH��WKH\�DUH�FDSWXUHG�LQ�WKH�RULJLQDO�GDWD�REMHFW�DV�D�VHW�RI�ELW�VHTXHQFHV��)RU�WKHP�WR�EH�UHSURGXFHG��KRZHYHU��WKH�GDWD�KDYH�WR�EH�H[SUHVVHG�LQ�DQ�DFFHVVLEOH�IRUPDW��&KRRVLQJ�WKH�ULJKW�IRUPDW�LV�WKHUHIRUH�D�PDMRU�FRQVLGHUDWLRQ�LQ�SUHVHUYLQJ�6LJQLILFDQW�3URSHUWLHV��$W�DQRWKHU�OHYHO��WKHUH�LV�WKHQ�WKH�FDSWXULQJ�RI�6LJQLILFDQW�3URSHUWLHV�LQ�PHWDGDWD�VWUXFWXUHV��7KHVH�QRW�RQO\�DOORZ�IRU�DQ�H[SOLFLW�UHFRUGLQJ�RI WKH�FRUH�WHFKQLFDO�6LJQLILFDQW�3URSHUWLHV��7KH\�DOVR�SHUPLW�IOH[LEOH�H[WHQVLRQV��WR�FRYHU��IRU�H[DPSOH��FRQWH[WXDO�LQIRUPDWLRQ�WKDW�PD\�EH�RI�LPSRUWDQFH�IRU�VSHFLILF�REMHFWV��7KHUH�DUH��RI�FRXUVH��FRVWV�DVVRFLDWHG�ZLWK�WKH�UHFRUGLQJ�RI�PHWDGDWD�WKDW�KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW��
,W LV�LPSRUWDQW�WKDW�PDNLQJ�WKH�SURFHVV�RI�GHILQLQJ�DQG�SUHVHUYLQJ�6LJQLILFDQW�3URSHUWLHV�RSHUDWLRQDO�VKRXOG�EH�DFKLHYHG�E\�EXLOGLQJ�RQ�WKH�SURIHVVLRQDO�SUDFWLFH�RI�GLJLWDO�DUFKLYHV��LQ�SDUWLFXODU��ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�2SHQ�$UFKLYDO�,QIRUPDWLRQ�6\VWHP��2$,6��5HIHUHQFH�0RGHO��$�FRUH�FRQFHSW�ZLWKLQ�WKLV PRGHO�LV�WKDW�RI�WKH�$UFKLYDO�,QIRUPDWLRQ�3DFNDJH��$,3���ZKLFK�GHILQHV�WKH�SUHVHUYDWLRQ�LQIRUPDWLRQ�SDFNDJH�WKDW�LV�WKH�IRFXV�RI�DUFKLYLQJ�VWUDWHJ\��



��

,Q HIIHFW��ZH�EHOLHYH�WKDW�RXU�H[HUFLVH�KDV�EHHQ�RQH�RI�PDNLQJ�D�FRQWULEXWLRQ�WR�WKH GHILQLWLRQ�RI�D�VWDQGDUG�$,3�IRU�PRYLQJ�LPDJHV��
$V�IDU�DV�WKH�PDQDJHPHQW�RI�D�GLJLWDO�DUFKLYH�LV�FRQFHUQHG��WKLV�OHDYHV�FRPSOHPHQWDU\�ZRUN�WR�EH�XQGHUWDNHQ�LQ�UHODWLRQ�ERWK�WR�WKH�6XEPLVVLRQ�,QIRUPDWLRQ�3DFNDJH��6,3��±�KRZ�REMHFWV�IRU�SUHVHUYDWLRQ�DUH�GHOLYHUHG�WR�WKH�DUFKLYH�E\�WKH�SURGXFHU�±�DQG�WKH�'LVVHPLQDWLRQ�,QIRUPDWLRQ�3DFNDJH��',3��±�WKH SDFNDJH�WKDW�DOORZV�XVHUV�DFFHVV�WR�WKH�GLJLWDO�PRYLQJ�LPDJHV�KHOG�E\�WKH�DUFKLYH��,Q�WKH�ILUVW�FDVH�ZH�DUH�RIWHQ�WDONLQJ�DERXW�KRZ�PRYLQJ�LPDJH�VHTXHQFHV�DUH�GHOLYHUHG�WR�WKH�DUFKLYH�RU�LQWHUPHGLDU\�IRU�GLJLWLVDWLRQ�DQG��LQ�WKH VHFRQG��ZH�DUH�UHIHUULQJ�WR�WKH�YDULRXV�IRUPV�LQ�ZKLFK�WKH�DUFKLYH�GLVWULEXWHV�PDWHULDO�WKDW�LW�KROGV��WDNLQJ�LQWR�DFFRXQW�FXUUHQW�GHOLYHU\�FKDQQHOV��
7KH FRQWULEXWLRQ�WKDW�LV�EHLQJ�PDGH�WR�GHILQLQJ�D�VWDQGDUG�$,3�IRU�PRYLQJ�LPDJHV�GHOLEHUDWHO\�PDNHV�XVH�RI�WKH�IUDPHZRUN�SURYLGHG�E\�WKH�,Q63(&7�SURMHFW��,Q63(&7¶V�DSSURDFK�WR�WKH�GHILQLWLRQ�RI�WKH�6LJQLILFDQW�3URSHUWLHV�LV�EHLQJ�RIIHUHG�DV�D�VWDQGDUG�DSSURDFK��HVSHFLDOO\�IRU�WKH�8.�+LJKHU�(GXFDWLRQ�VHFWRU� IRU�D�QXPEHU�RI�GLIIHUHQW�W\SHV�RI�GLJLWDO�REMHFW��,W�GRHV��KRZHYHU��UHTXLUH�WKDW D�IXUWKHU�VHW�RI�FRQYHQWLRQV�DUH�REVHUYHG�LQ�WKH�IRUPXODWLRQ�RI�WKH�6LJQLILFDQW�3URSHUWLHV�RI�PRYLQJ�LPDJHV��
,W LV�LPSRUWDQW�DW�WKLV�SRLQW�WR�VD\�H[SOLFLWO\�ZKLFK�W\SHV�RI�PRYLQJ�LPDJH�KDYH�EHHQ�DGGUHVVHG��2XU�IRFXV�KDV�EHHQ�RQ�WKH�PDLQ�W\SHV�RI�GLJLWDO�PRYLQJ�LPDJH��KHOG�LQ�ILOH�IRUPDW��WKDW�RI�LQWHUHVW�WR�GLJLWDO�DUFKLYHV��7KLV�LQFOXGHV�GLJLWLVHG�ILOP��GLJLWDO�FLQHPD�DQG�EURDGFDVW�DQG�RWKHU�RXWSXW�KHOG�LQ�GLJLWDO�YLGHR��8QIRUWXQDWHO\��ZH�ZHUH�QRW�DEOH�WR�JLYH�PXFK�FRQVLGHUDWLRQ�WR�PHGLFDO�DQG�VFLHQWLILF�LPDJLQJ�DQG�KDYH�QRW�FRPPHQWHG�RQ�LW�DQG�RXU�FRQVLGHUDWLRQ�RI�GLJLWDO�YLGHR�KDV�EHHQ�UHVWULFWHG�WR�GHYLFH�LQGHSHQGHQW�YLGHR�DQG�KDV�H[FOXGHG�YLGHR�LQ SK\VLFDO�IRUPDWV�LQWHQGHG�IRU�FRQVXPHU�HTXLSPHQW��H�J���'9'V��7KHVH�H[FOXVLRQV�LQGLFDWH�DUHDV�IRU�IXUWKHU�LQYHVWLJDWLRQ��
%ULQJLQJ�WKHVH�YDULRXV�IDFWRUV�WRJHWKHU�KDV�OHG�XV�WR�H[SUHVV�WKH�FRUH�6LJQLILFDQW�3URSHUWLHV�RI�PRYLQJ�LPDJHV�DV�IROORZV��
&RQWHQW� 1XPEHU�RI�LPDJH�DQG�DXGLR�VWUHDPV��OHQJWK��
&RQWH[W� 7LWOH��FUHDWRU��GDWH�RI�FUHDWLRQ��SURYHQDQFH��
5HQGHULQJ� )UDPH�ZLGWK�DQG�KHLJKW��ELW�GHSWK��JDPXW��SL[HO�DVSHFW�UDWLR��IUDPH UDWH��FRPSUHVVLRQ�UDWLR��FRGHF�
6WUXFWXUH� 5HODWLRQVKLS�EHWZHHQ�DXGLR�DQG�LPDJH�VWUHDPV��UHODWLRQVKLS�EHWZHHQ�PHWDGDWD�DQG�ELW�VWUHDPV��LQWHUODFH��
6LJQLILFDQW�SURSHUWLHV�GHILQHG�LQ�WKLV�ZD\�WKHQ�EHFRPH�WKH�FULWHULD�IRU�GHWHUPLQLQJ�WKH�SUHVHUYDWLRQ�IRUPDW�WR�EH�XVHG�E\�DUFKLYHV���
:H IRXQG�LW�GLIILFXOW�WR�DVVLJQ�WKH�PHDVXUHPHQWV�RI�VLJQLILFDQFH�VXJJHVWHG�E\�WKH ,Q63(&7�SURMHFW�ZHUH�XVHIXO�LQ�DQDO\VLQJ�WKH�SURSHUWLHV�ZLWK�UHVSHFW�WR�SUHVHUYDWLRQ�RI�WKH�$,3�DQG�DOVR�IRU�GLVFXVVLQJ�DSSURSULDWH�IRUPDWV�IRU�DFFHVV�WR WKH�GLJLWDO�PRYLQJ�LPDJHV��FDQGLGDWH�',3V��
,Q WKH�FRXUVH�RI�H[DPLQLQJ�6LJQLILFDQW�3URSHUWLHV��D�PDMRU�FRQFOXVLRQ�RI�WKH�SURMHFW�ZDV�WKDW�D�ODUJH�SURSRUWLRQ�RI�WKH�FRUH��GHILQLQJ��WHFKQLFDO�FKDUDFWHULVWLFV�RI�PRYLQJ�LPDJH�VHTXHQFHV�DUH�DFWXDOO\�FDSWXUHG�LQ�WKH�GLJLWLVDWLRQ�SURFHVV�RU�E\�WKH�IRUPDWV�XVHG�IRU�ERUQ�GLJLWDO�PRYLQJ�LPDJHV��7KLV�
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LPSOLHV�WKDW�HQVXULQJ�WKDW�WKH�6LJQLILFDQW�3URSHUWLHV�RI�PRYLQJ�LPDJHV�DUH�UHSURGXFHG�LV��WR�DQ�LPSRUWDQW�H[WHQW��D�PDWWHU�RI�XVLQJ�WKH�ULJKW�IRUPDW��
7KH PDLQ�FDQGLGDWH�IRUPDWV�KDYH�DOUHDG\�EHHQ�GHWHUPLQHG�E\�WKH�/LEUDU\�RI�&RQJUHVV��7KH\�DUH�DV�IROORZV��
7R�EH�VXSSOLHG�
,Q GHYHORSLQJ�DQ�DSSURSULDWH�PHWDGDWD�VFKHPD��IRU�WKH�H[SOLFLW�UHFRUGLQJ�RI�6LJQLILFDQW�3URSHUWLHV��ZH�KDYH�VXSSRUWHG�WKH�GHYHORSLQJ�XVH�RI�0(76�DQG�VXJJHVWHG�KRZ�0(76�PLJKW�EH�IXUWKHU�GHYHORSHG�WR�DFFRPPRGDWH�WKH�UHTXLUHPHQWV�RI�GLJLWDO�DUFKLYLQJ��DV�ZH�KDYH�RXWOLQHG�WKHP��:H�EHOLHYH�WKDW�D�IOH[LEOH�UHJLPH��VXFK�DV�WKDW�SURYLGHG�E\�0(76��LV�QHFHVVDU\�DV�D�ZD\�RI�WDNLQJ DFFRXQW�RI�WKH�EURDGHU�W\SH�RI�6LJQLILFDQW�3URSHUW\�UHODWLQJ�WR�VW\OLVWLF�DQG�DHVWKHWLF�IHDWXUHV�DQG�HVSHFLDOO\�WKRVH�WKDW�DULVH�IURP�WKH�LQWHQW�RI�WKH�FUHDWRU�RI�WKH�PRYLQJ�LPDJH�VHTXHQFH��
����5HFRPPHQGDWLRQV�
'HILQLQJ�WKH�6LJQLILFDQW�3URSHUWLHV�RI�PRYLQJ�LPDJHV�LQ�WKLV�VWXG\�KDV�SODFHG�WKH SURFHVV�ZLWKLQ�WKH�JHQHUDO�FRQWH[W�RI�WKH�PDQDJHPHQW�RI�GLJLWDO�DUFKLYHV��7KLV KDV�UHYHDOHG�WKH�QHHG�IRU�SDUDOOHO�GHYHORSPHQWV�LQ�UHODWLRQ�WR�WKH�VSHFLILFDWLRQ�RI�WKH�6XEPLVVLRQ�,QIRUPDWLRQ�3DFNDJH��6,3��DQG�WKH�'LVVHPLQDWLRQ�,QIRUPDWLRQ�3DFNDJH��',3��WKDW�GHWHUPLQH�UHVSHFWLYHO\�KRZ�GLJLWDO�REMHFWV�DUH�VXEPLWWHG�IRU�DFFHSWDQFH�E\�WKH�DUFKLYH��SHUKDSV�LQLWLDOO\�IRU�GLJLWLVDWLRQ��DQG�KRZ�WKH\�DUH�PDGH�DFFHVVLEOH�IRU�XVHUV��)RU�HIIHFWLYH�GLJLWDO�PDQDJHPHQW�IXUWKHU�SURJUHVV�LV�QHHGHG�LQ�UHODWLRQ�WR�WKHVH�PDWWHUV��
2WKHU UHFRPPHQGDWLRQV�WKDW�FDQ�EH�PDGH�WKDW�UHODWH�PRUH�VSHFLILFDOO\�WR�WKH�GHILQLWLRQ�RI�6LJQLILFDQW�3URSHUWLHV���

� 7KH XVH�RI�WKH�,Q63(&7�GDWD�PRGHO�ZRXOG�EHQHILW�IURP�D�MRLQW�HIIRUW�WR�DOLJQ�WKH�GHVFULSWLRQV�RI�6LJQLILFDQW�3URSHUWLHV�XVHG�E\�WKH�GLIIHUHQW�6WXGLHV�LQ�DSSO\LQJ�WKH�PRGHO��
� 7KH GHYHORSPHQW�RI�LQWHUDFWLYH�HOHPHQWV�LQ�EURDGFDVW�PHGLD�DQG�HOVHZKHUH�EHJLQ�WR�EULQJ�LQ�D�GHJUHH�RI�FRPSOH[LW\�WKDW�ZH�EHOLHYH�FDQ�EHVW�EH�DGGUHVVHG�E\�ORRNLQJ�DW�LQWHUDFWLYHV�LQ�JHQHUDO��LQ�D�VLPLODU�H[HUFLVH�WR�WKDW�XQGHUWDNHQ�LQ�WKLV�VWXG\���
� 7KH LVVXH�RI�UHVWRUDWLRQ�WR�UHPRYH�GHIHFWV�LQ�WKH�RULJLQDO�UHFRUGLQJ�WHFKQRORJ\�RU�WR�UHSDLU�GDPDJH�QHHGV�IXUWKHU�LQYHVWLJDWLRQ�WR�HQDEOH�DUFKLYHV�WR�GHYHORS�DQ�LQIRUPHG�SROLF\�RQ�WKH�UHVWRUDWLRQ�WHFKQLTXHV�WKDW�EHFRPH�SRVVLEOH��
� 0HGLFDO�DQG�VFLHQWLILF�LPDJLQJ�UDLVHV�D�IXUWKHU�VHW�RI�LVVXHV��VRPH�RI�ZKLFK UHTXLUH�UHVROXWLRQ�RI�WKH�DSSURDFK�WR�EH�WDNHQ�ZLWK�UHJDUG�WR�LQWHUDFWLYHV��7KH\�DUH��KRZHYHU��RI�SDUWLFXODU�LPSRUWDQFH�LQ�WKH�KLJKHU�DQG�IXUWKHU�HGXFDWLRQ�VHFWRU�DQG�QHHG�WR�EH�DGGUHVVHG�LQ�D�IXUWKHU�VWXG\��

2XU VWXG\�KDV�PDGH�VXJJHVWLRQV�LQ�WHUPV�RI�GHYHORSLQJ�D�FRKHUHQW�PHWDGDWD�VWUXFWXUH�IRU�WKH�IOH[LEOH�UHFRUGLQJ�RI�6LJQLILFDQW�3URSHUWLHV�DQG�RWKHU�NH\�SUHVHUYDWLRQ�LQIRUPDWLRQ��:H�EHOLHYH�WKDW�WKH�IXOO�GHYHORSPHQW�RI�WKH�PHWDGDWD�VFKHPD�ZLOO�UHTXLUH�UHVROXWLRQ�RI�LVVXHV�WKDW�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�VWXG\��
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ZLWK SURYLVLRQ�IRU�DOO�WKH�HOHPHQWV�WKDW�DUH�UHTXLUHG��IRU�LQVWDQFH��WR�SURYLGH�DFFHVV��VXFK�DV�LQWHOOHFWXDO�SURSHUW\�ULJKWV�LQIRUPDWLRQ���$JDLQ�WKH�UHFRPPHQGDWLRQ�LV�WKDW�D�JHQHUDO�VROXWLRQ�EH�IRXQG��LQFRUSRUDWLQJ�WKH�HOHPHQWV�ZH KDYH�KLJKOLJKWHG�LQ�D�IUDPHZRUN�WKDW�FRYHUV�DOO�DVSHFWV�RI�GLJLWDO�PDQDJHPHQW��
,W LV�LPSRUWDQW�WKDW�GHYHORSPHQWV�LQ�GLJLWDO�SUHVHUYDWLRQ�LQ�WKH�8.�UHODWH�HIIHFWLYHO\�WR�WKRVH�WDNLQJ�SODFH�HOVHZKHUH�DQG�QRW�RQO\�LQ�WKH�(QJOLVK�VSHDNLQJ�ZRUOG��:LWK�(XURSHDQ�8QLRQ�SROLFLHV�UHODWLQJ�WR�'LJLWDO�/LEUDULHV�DQG�WKH�GHYHORSPHQW�RI�D�FRPPRQ�(XURSHDQ�5HVHDUFK�$UHD�LQ�GLJLWDO�SUHVHUYDWLRQ�EHJLQQLQJ�WR�VKRZ�FRQFUHWH�UHVXOWV��WKHUH�LV�D�QHHG�WR�HQVXUH�WKDW�8.�GLJLWDO�SUHVHUYDWLRQ�FRQWLQXHV�WR�UHODWH�WR�GHYHORSLQJ�(XURSHDQ�DQG�JOREDO�SUDFWLFH�DQG�WDNHV�DGYDQWDJH�RI�WKH�HFRQRPLHV�RI�VFDOH�DYDLODEOH�LQ�VXFK�LQWHUDFWLRQ��,W�ZLOO EH�SDUWLFXODUO\�LPSRUWDQW�WR�WDNH�XS�WKH�UHVXOWV�RI�WKH�&$63$5�DQG��3/$1(76�SURMHFWV��QRW�OHDVW�WKURXJK�WKH�DJHQF\�RI�WKH�8.�LQVWLWXWLRQV�WKDW�DUH�DFWLYH�LQ�WKHP�DQG�ZH�UHFRPPHQG�WKDW�D�ZDWFKLQJ�EULHI�EH�NHSW�RQ�WKHP��
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� 5HIHUHQFHV��
����&LWDWLRQV�
6 $QGHUVRQ�HW�DO���'LJLWDO�0RYLQJ�,PDJHV�DQG�6RXQG�$UFKLYLQJ�6WXG\� $+'6�
�����
0� &R\QH�HW�DO��7KH 6LJQLILFDQW�3URSHUWLHV�RI�9HFWRU�,PDJHV� -,6&�������
'XEOLQ &RUH��,62�������RU�$16,�1,62�=������±�������KWWS���ZZZ�QLVR�RUJ�VWDQGDUGV�VWDQGDUGBGHWDLO�FIP"VWGBLG ����
0DUJDUHW�+HGVWURP��&KULVWRSKHU�$��/HH��6LJQLILFDQW�3URSHUWLHV�RI�'LJLWDO�2EMHFWV��'HILQLWLRQV��$SSOLFDWLRQV��,PSOLFDWLRQV� ������
*� .QLJKW��HW�DO��)UDPHZRUN�IRU�WKH�'HILQLWLRQ�RI�6LJQLILFDQW�3URSHUWLHV� $+'6�
������
*� .QLJKW��9LGHR�3UHVHUYDWLRQ�+DQGERRN� $+'6������
*� .QLJKW��$XGLR�3UHVHUYDWLRQ�+DQGERRN� $+'6������
,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ�%7��������0HWKRGRORJ\�IRU�WKH�VXEMHFWLYH�DVVHVVPHQW�RI�WKH�TXDOLW\�RI�WHOHYLVLRQ�SLFWXUHV� ,78������
,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ�%7�������6WXGLR�HQFRGLQJ�SDUDPHWHUV�RI GLJLWDO�WHOHYLVLRQ�IRU�VWDQGDUG�����DQG�ZLGH�VFUHHQ������DVSHFW�UDWLRV� ,78�
�����
0(76��7KH�0(76�5HIHUHQFH�0DQXDO��0HWDGDWD�(QFRGLQJ�DQG�7UDQVPLVVLRQ�6WDQGDUG��3ULPHU�DQG�5HIHUHQFH�0DQXDO�
KWWS���ZZZ�ORF�JRY�VWDQGDUGV�PHWV�0(76���'RFXPHQWDWLRQ���ILQDO������������PVZ�SGI�
7KLERGHDX��.��������µ2YHUYLHZ�RI�7HFKQRORJLFDO�$SSURDFKHV�WR�'LJLWDO�3UHVHUYDWLRQ�DQG�&KDOOHQJHV�LQ�&RPLQJ�<HDUV¶�LQ SURFHHGLQJV�RI�7KH�6WDWH�RI�
'LJLWDO 3UHVHUYDWLRQ��$Q�,QWHUQDWLRQDO�3HUVSHFWLYH��&RQIHUHQFH�3URFHHGLQJV��:DVKLQJWRQ��������
2$,6��,62 �����������6SDFH�GDWD�DQG�LQIRUPDWLRQ�WUDQVIHU�V\VWHPV�±�2SHQ�$UFKLYDO�,QIRUPDWLRQ�6\VWHP�±�5HIHUHQFH�0RGHO�
KWWS���SXEOLF�FFVGV�RUJ�SXEOLFDWLRQV�DUFKLYH����[�E��SGI�
&� 3LUD]]L��7KH�/XUNHU¶V�*XLGH�WR�9LGHR�KWWS���OXUNHUWHFK�FRP�OJ��
35(0,6��KWWS���ZZZ�RFOF�RUJ�UHVHDUFK�SURMHFWV�SPZJ�SUHPLV�GG�SGI�
7KH 1DWLRQDO�$UFKLYHV��71$��DQG�WKH�8.�'DWD�$UFKLYH��8.'$���µ$VVHVVPHQW�RI�8.'$ DQG�71$�&RPSOLDQFH�ZLWK�2$,6�DQG�0(76�6WDQGDUGV¶� ������
$QGUHZ :LOVRQ��6LJQLILFDQW�3URSHUWLHV�5HSRUW� ������/LEUDU\�RI�&RQJUHVV���
6XVWDLQDELOLW\�RI�'LJLWDO�)RUPDWV���3ODQQLQJ�IRU�/LEUDU\�RI�&RQJUHVV�&ROOHFWLRQV�KWWS���ZZZ�GLJLWDOSUHVHUYDWLRQ�JRY�IRUPDWV�FRQWHQW�YLGHR���SUHIHUHQFHV�VKWPO�SURI��

http://public.ccsds.org/publications/archive/650x0b1.pdf
http://www.loc.gov/standards/mets/METS%20Documentation%20final%20070930%20msw.pdf
http://www.loc.gov/standards/mets/METS%20Documentation%20final%20070930%20msw.pdf
http://www.niso.org/standards/standard_detail.cfm?std_id=725
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����3URMHFWV�
&HGDUV�KWWS���ZZZ�MLVF�DF�XN�ZKDWZHGR�SURJUDPPHV�SURJUDPPH���UHS���SUHV�LQVSHFW�DVS[�
7KH &HGDUV�3URMHFW�5HSRUW��$SULO�����±0DUFK��������-XQH�������S����KWWS���ZZZ�OHHGV�DF�XN�FHGDUV�DGPLQ�&HGDUV3URMHFW5HSRUW7R0DU���SGI�
&$0L/(21� KWWS���ZZZ�VL�XPLFK�HGX�&$0,/(21��
,Q63(&7� KWWS���ZZZ�VLJQLILFDQWSURSHUWLHV�RUJ�XN��
&$63$5� KWWS���ZZZ�FDVSDUSUHVHUYHV�HX�SXEOLFDWLRQV�GHOLYHUDEOHV�
3/$1(76� KWWS���ZZZ�SODQHWV�SURMHFW�HX��
3UHVWR6SDFH� KWWS���SUHVWRVSDFH�RUJ����KWWS���GLJLWDOSUHVHUYDWLRQ�VVO�FR�XN�
����5HVRXUFHV�
7KH�352120�UHJLVWU\�LV DFFHVVHG�WKURXJK�71$¶V�ZHE�VLWH��KWWS���ZZZ�QDWLRQDODUFKLYHV�JRY�XN�DERXWDSSV�352120�WRROV�KWP�
-+29(� KWWS���KXO�KDUYDUG�HGX�MKRYH�LQGH[�KWPO�
�

http://hul.harvard.edu/jhove/index.html
http://www.nationalarchives.gov.uk/aboutapps/PRONOM/tools.htm
http://prestospace.org/
http://www.planets-project.eu/
http://www.casparpreserves.eu/publications/deliverables
http://www.significantproperties.org.uk/
http://www.si.umich.edu/CAMILEON/
http://www.leeds.ac.uk/cedars/admin/CedarsProjectReportToMar01.pdf
http://www.jisc.ac.uk/whatwedo/programmes/programme
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$SSHQGL[�$��,Q63(&7�'DWD�0RGHO�
SURSHUW\

SURSHUW\�YDOXH

SURSHUW\�GHILQLWLRQ

SURSHUW\�LGHQWLILHU

IXQFWLRQ

IXQFWLRQFODVVLILFDWLRQ

IXQFWLRQ�GHVFULSWLRQ

VLJQLILFDQFH�OHYHO

FRPSRQHQW

SURSHUW\�FRQVWUDLQWV

SURSHUW\�FRQVWUDLQWW\SH

SURSHUW\�FRQVWUDLQWXQLW

SURSHUW\�FRQVWUDLQWYDOXH

SURSHUW\�FRQVWUDLQWUHDVRQ

5 0

15�0

15�2

15�0

15�2

5 0

15�2

15�0

5 2

15�2

5 0

5 0

5 2

15�0

GHVLJQDWHGFRPPXQLW\
5 2

.H\
5  �5HSHDWDEOH
15� �1RQ�UHSHDWDEOH
2  �2SWLRQDO
0  �0DQGDWRU\

�
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7KH�FRQWDLQHUV��VXE�FRQWDLQHUV�DQG�HOHPHQWV�LOOXVWUDWHG�DERYH�SHUIRUP�GLIIHUHQW�IXQFWLRQV�QHFHVVDU\�WR�LGHQWLI\��GHVFULEH�DQG�PHDVXUH�WKH�VLJQLILFDQW�SURSHUWLHV�RI�D�5HFRUG��7KH�IROORZLQJ�GHILQLWLRQV�DUH�XVHG��
� SURSHUW\9DOXH��7KH�WLWOH�RI�WKH�SURSHUW\�WKDW�LQGLFDWHV�LWV�SXUSRVH��7KH�WLWOH�VKRXOG�EH�

XQLTXH�WR�WKH�5HFRUG�RU�&RPSRQHQW�WR�ZKLFK�LW�LV�DSSOLHG�WR�DYRLG�FRQIXVLRQ�DQG��LI�SRVVLEOH�VKRXOG�UHPDLQ�FRQVLVWHQW�DFURVV�VLPLODU�ILOH�W\SHV��
� SURSHUW\'HILQLWLRQ��$�IRUPDO�VWDWHPHQW�WKDW�GHVFULEHV�WKH�SXUSRVH�RI�WKH�SURSHUW\��7KH�GHILQLWLRQ�SURYLGHV�D�KXPDQ�UHDGDEOH�GHVFULSWLRQ�RI�WKH�SURSHUW\��,W�VKRXOG�EH�VWRUHG�E\�DQ�DSSURSULDWH�VHUYLFH�SURYLGHU��VXFK�DV�7KH�1DWLRQDO�$UFKLYHV¶�352120�DQG�LV�QRW�LQWHQGHG�WR�EH�VWRUHG�LQ�WKH�5HFRUG�PHWDGDWD�LWVHOI�
� 3URSHUW\�,GHQWLILHU��$ PDFKLQH�SURFHVVDEOH�LGHQWLILHU�WR�FDWHJRULVH�HDFK�SURSHUW\��
� IXQFWLRQ�

R IXQFWLRQ&ODVVLILFDWLRQ��$�FRQWUROOHG�YRFDEXODU\�WKDW�LQGLFDWHV�WKH�KLJK�OHYHO�
IXQFWLRQ�WKDW�WKH�SURSHUW\�SHUIRUPV�LQ�WKH�5HFRUG��

R IXQFWLRQ'HVFULSWLRQ��$ IUHH�WH[W�GHVFULSWLRQ�RI�WKH�IXQFWLRQ�WKDW�WKH�SURSHUW\�
SHUIRUPV�

� VLJQLILFDQFH/HYHO��$Q�DVVHVVPHQW�RI�WKH�VLJQLILFDQFH�RI�WKH�SURSHUW\�WR�WKH�UHFUHDWLRQ�RI�WKH�5HFRUG�
� FRPSRQHQW��7KH�VXE�FRPSRQHQW�RI�WKH�UHFRUG�ZLWK�ZKLFK�WKH�SURSHUW\�LV�DVVRFLDWHG�
� SURSHUW\&RQVWUDLQWV�

R VLJQLILFDQW3URSHUW\&RQVWUDLQW7\SH��$Q�LQGLFDWRU�RI�WKH�W\SH�RI�FRQVWUDLQW�SODFHG�
RQ�WKH�YDOXH�RI�WKH�SURSHUW\��

R VLJQLILFDQWSURSHUWLHV&RQVWUDLQW8QLW��7KH�XQLW�LQ�ZKLFK�WKH�YDOXH�LV�PHDVXUHG�
R VLJQLILFDQW3URSHUW\&RQVWUDLQW9DOXH��7KH�PHDVXUHG�YDOXH�RI�WKH�FRQVWUDLQW�
R VLJQLILFDQW3URSHUW\&RQVWUDLQW5HDVRQ��$ IUHH�WH[W�ER[�WKDW�PD\�EH�XVHG�WR�

H[SODLQ�WKH�UDWLRQDOH�IRU�WKH�FRQVWUDLQW�
R GHVLJQDWHG&RPPXQLW\��0XOWLSOH�YDOXH�FRQVWUDLQWV�PD\�EH�DSSOLHG�WR�GLIIHUHQW�

XVHU�JURXSV�LQ�WKH�'HVLJQDWHG�&RPPXQLW\��7KH�GHVLJQDWHG&RPPXQLW\�YDOXH�DOORZV�WKH�DUFKLYH�WR�GHFODUH�WKH�DFFHSWDEOH�SURSHUW\�FRQVWUDLQWV�WKDW�PD\�EH�WDLORUHG�IRU�GLIIHUHQW�XVHU�W\SHV��3RVVLEOH�H[DPSOHV�RI�WZR�GHVLJQDWHG�FRPPXQLWLHV�DUH�µDUFKLYH¶�IRU�LQVWLWXWLRQV�SHUIRUPLQJ�SUHVHUYDWLRQ�DQG�µGLVVHPLQDWLRQ¶�IRU�DFDGHPLFV�DQG�RWKHU�XVHUV��
6RXUFH����*DUHWK�.QLJKW��)UDPHZRUN�IRU�WKH�'HILQLWLRQ�RI�6LJQLILFDQW�3URSHUWLHV��$+'6�������
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