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�� ,QWURGXFWLRQ

���� 3XUSRVH�	�6FRSH�RI�'HOLYHUDEOH���

'HOLYHUDEOH���FRYHUV�WKH�IROORZLQJ�ZRUNSDFNDJHV�

�� ����0HWD�,QIRUPDWLRQ�DQG�$GYDQFHG�,QGH[LQJ
:3�/HDGHU��7HFKQLFDO�8QLYHUVLW\�'HOIW

�� ����$GYDQFHG�,QIRUPDWLRQ�5HWULHYDO
:3�/HDGHU��3KLOLSV�,WDO\

�� ����3HUVRQDOLVHG�6HUYLFH�$FFHVV��XVHU�LQWHUHVW�SURILOHV�
:3�/HDGHU��3KLOLSV�1/

7KH�REMHFWLYH�IRU�WKH�GHOLYHUDEOH�LV�WR�µVHW�UHTXLUHPHQWV�DQG�SURSRVH�D�VXLWDEOH�GDWDEDVH�VWUXFWXUH�IRU
VWDQGDUGLVDWLRQ�RI�FRQWHQW�GHVFULSWRUV�LQ�WKH�DUHD�RI�KRPH�VWRUDJH�DSSOLFDWLRQV�¶

7KH�UHSRUW�ZLOO�

��� $QDO\VH�WKH�REMHFWLYHV�RI�WKH�FRQWHQW�µLQGH[LQJ¶�V\VWHP
��� $QDO\VH�WKH�XVHU
V�UHTXLUHPHQWV�IRU�PHWD�LQIRUPDWLRQ��DWWUDFWRUV�	�GHVFULSWRUV�
��� 'HILQH�DQ�LQWHUIDFH�IRU�WKH�PDQLSXODWLRQ�RI�PHWD�LQIRUPDWLRQ
��� 'HVFULEH�IUDPHZRUN�IRU�PDQDJHPHQW�RI�PHWD�LQIRUPDWLRQ�WKURXJKRXW�WKH�GHOLYHU\�FKDLQ
��� &RQVLGHU�XVHU�DQG�V\VWHP�UHTXLUHPHQWV�IRU�FRQWHQW�FDSWXUH�EDVHG�RQ�µXVHU�LQWHUHVW�SURILOHV¶
��� 5HSRUW� RQ� XVH� RI� H[LVWLQJ� VWDQGDUGV� DQG� ZD\V� LQ� ZKLFK� 6725LW� FDQ� SURYLGH� LQSXW� WR� FXUUHQW

VWDQGDUGLVDWLRQ�LQLWLDWLYHV

���� 6WUXFWXUH�RI�'HOLYHUDEOH���

7KH�GRFXPHQW�ZLOO�EH�VSOLW�LQWR�WKH�IROORZLQJ�ILYH�PDLQ�VHFWLRQV�

��� ,QWURGXFWLRQ��7KLV�VHFWLRQ�ZLOO�H[SODLQ�WKH�SXUSRVH�RI�WKH�ZKROH�GRFXPHQW�DQG�LW
V�UHODWLRQ�WR�WKH
SURMHFW��7KLV�VHFWLRQ�ZLOO�DOVR�RXWOLQH�WKH�DLPV�RI�WKH�GRFXPHQW��VHFWLRQ����

��� 'HVFULSWLRQ�RI�D�6725LW�V\VWHP��'HVFULSWLRQ�RI�DSSOLFDWLRQ�DUHQDV�DQG�V\VWHP�RXWOLQH�

��� 5HTXLUHPHQWV��7KLV�ZLOO�RXWOLQH�WKH� LQGLYLGXDO�FRPSRQHQWV�� WHFKQRORJLHV�DQG�DOJRULWKPV�WKDW�DUH
UHTXLUHG� WR� SURGXFH� VXFK� D� V\VWHP�� 7KLV� ZLOO� DOVR� ORRN� DW� WKH� IXQFWLRQDO� UHTXLUHPHQWV� RI� WKHVH
FRPSRQHQWV�

�� )XOILOPHQW��FDSWXUH�RU�GHOLYHU\�RI�UHTXLUHG�FRQWHQW�
�� 5HWULHYDO��IURP�ORFDO�VWRUDJH�
�� 1DYLJDWLRQ�ZLWKLQ�FRQWHQW
�� 1DYLJDWLRQ�WR�RWKHU�FRQWHQW
�� 8VHU�LQWHUIDFH�LVVXHV���KRZ�GR�ZH�SUHVHQW�WKHVH�IXQFWLRQV�WR�XVHU"

��� ([LVWLQJ�VWDQGDUGV�	� WHFKQRORJ\��+RZ�ZH� DUH� XVLQJ� RU� LPSOHPHQWLQJ� H[LVWLQJ� VWDQGDUGV� DQG
WHFKQRORJLHV��+RZ�ZH�DUH�SURYLGLQJ�LQSXW�WR�VWDQGDUGLVDWLRQ�HIIRUWV�

��� 3URSRVDOV��:KDW�ZH�ZLOO�GR�
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�� 'HVFULSWLRQ�RI�D�6725LW�V\VWHP

���� 7KH�6725LW�DSSOLFDWLRQV

7KH� 6725LW� V\VWHP� VXSSRUWV� WZR� DSSOLFDWLRQV� µ'9%�,QWHUQHW¶� DQG� µ3HUVRQDOLVHG� 5HPRWH� /HDUQLQJ�¶
7KHVH� DUH� GHVFULEHG� H[WHQVLYHO\� LQ� GHOLYHUDEOH����� EXW� D� EULHI� VXPPDU\� LV� JLYHQ� EHORZ�� %RWK�
HVVHQWLDOO\��FRQFHUQ�WKH�LQWHURSHUDELOLW\�RI�'9%��WKH�,QWHUQHW��DQG�ORFDO�VWRUDJH��&RPELQHG�XVH�RI�WKHVH
WKUHH�PHGLD�ZLOO�UHVXOW�LQ�DGGLWLRQDO�XVHU�EHQHILWV�

������ '9%���,QWHUQHW�DSSOLFDWLRQ

,Q�WKH�'9%�,QWHUQHW�DSSOLFDWLRQ��ZH�DLP�WR�FRPELQH�WKH�SRVVLELOLWLHV�RI�'9%��,QWHUQHW�DQG�ORFDO�VWRUDJH�
JLYLQJ�WKH�YLHZHU�DQ�HQWLUHO\�QHZ�ZD\�RI�VHOHFWLQJ�DQG�ZDWFKLQJ�WHOHYLVLRQ�SURJUDPV��QRZ�UHIHUUHG�WR
LQ�'$9,&�DV�79�$Q\WLPH���7KLV�LV�EDVHG�RQ�VHYHUDO�IHDWXUHV��VXFK�DV�WKH�DELOLW\�WR�UHIHU�WR�D�79�VHULHV
IURP�D�ZHE�VLWH��+HUH��VLPSO\� µFOLFNLQJ¶�RQ� WKH� OLQN� WR� D� VHULHV�HQVXUHV� WKDW� WKH�HQWLUH� VHULHV�ZLOO� EH
FDSWXUHG�RQ�ORFDO�VWRUDJH��6LPLODUO\��FOLFNLQJ�D�EXWWRQ�ZKLOH�ZDWFKLQJ�D�SURJUDP�WUDLOHU�ZLOO�JXDUDQWHH
WKDW� WKH�SURJUDP�DGYHUWLVHG�ZLOO�EH� UHFRUGHG�E\� WKH�6725LW�V\VWHP��$QRWKHU� LPSRUWDQW� LQJUHGLHQW� LV
WKH�LQFOXVLRQ�RI�DGGLWLRQDO�GDWD�LQ�WKH�EURDGFDVW�VWUHDP�WR�VXSSRUW�WKH�79�SURJUDPV��7KLV�UDQJHV�IURP
WUDGLWLRQDO�PHWD�GDWD�GHVFULELQJ�WKH�SURJUDPV��WH[WXDO�GHVFULSWLRQV��FDWHJRULHV��JHQUHV��LPDJHV�HWF���WR
UHOHYDQW�VHFWLRQV�RI�WKH�EURDGFDVWHUV�ZHE�VLWH��7KLV�PHWD�GDWD�ZLOO�DOVR�EH�XVHG�E\�DJHQWV�LQ�RUGHU�WR
VHOHFW� LQWHUHVWLQJ� FRQWHQW� RQ� EHKDOI� RI� WKH� XVHU�� WKXV� PDLQWDLQLQJ� D� VXIILFLHQW� VXSSO\� RI� LQWHUHVWLQJ
PDWHULDO�RQ�WKH� ORFDO�VWRUDJH�PHGLD��)RU�H[DPSOH��DOZD\V� WKH� ODWHVW�QHZV�DQG�ZHDWKHU� IRUHFDVW�� WKH
WZR�ODWHVW�HSLVRGHV�RI�µ(DVWHQGHUV¶�DQG�D�IHZ�JRRG�PRYLHV��$�SDUDOOHO�FDQ�EH�GUDZQ�WR�D�UHIULJHUDWRU�
ZKHUH�RQH�FDQ�DOZD\V� ILQG�VRPH�IUHVK� IRRG��7KH�DJHQW� LV� WKH�KRXVHNHHSHU�PRQLWRULQJ� WKH�VXSSOLHV�
5HPRYDEOH�PHGLD� O\LQJ� RQ� D� VKHOI� DUH� WKH� HTXLYDOHQW� RI� D� IUHH]HU�� D� KXJH� VXSSO\�� EXW� QRW� LQVWDQWO\
DYDLODEOH�

������ 3HUVRQDOLVHG�5HPRWH�/HDUQLQJ

,Q� WKH� µ3HUVRQDOLVHG� 5HPRWH� /HDUQLQJ¶� DSSOLFDWLRQ� �DOVR� UHIHUUHG� WR� DV� µ3HUVRQDOLVHG� /HDUQLQJ
$VVLVWDQW¶���FRPSXWHU�EDVHG�WUDLQLQJ�DQG�WHOHYLVLRQ�HGXFDWLRQ��2SHQ�8QLYHUVLW\��DUH�FRPELQHG��XWLOLVLQJ
WKH�RSWLRQV�RIIHUHG�E\�79�$Q\WLPH��/LQNV�EHWZHHQ�WKH�FRPSXWHU�EDVHG�WUDLQLQJ��FRPSRQHQWV�DQG�WKH
HGXFDWLRQDO� WHOHYLVLRQ� SURJUDPV� ZLOO� VWUHQJWKHQ� WKH� FRKHUHQFH� EHWZHHQ� WKH� WZR�� 7KXV�� YLHZHUV
ZDWFKLQJ�DQ�HGXFDWLRQDO�SURJUDP�ZLOO�EH� OHG� WR� WKH�ZHE�EDVHG�FRXUVHZDUH��ZKLOH�VWXGHQWV� IROORZLQJ
WKH�FRXUVH�YLD�ZHE�RU� ORFDO�VWRUDJH�ZLOO�DW�DSSURSULDWH�VWDJHV�EH�UHIHUUHG�WR�WKH�UHOHYDQW�SDUWV�RI� WKH
DFFRPSDQ\LQJ� 79� SURJUDPPHV�� ZKLFK� KDYH� EHHQ� DXWRPDWLFDOO\� FDSWXUHG� RQ� WKH� 6725LW� ER[�� 7KLV
DSSOLFDWLRQ� ZLOO� LOOXVWUDWH� KRZ� WKH� 79�$Q\WLPH� IUDPHZRUN�� SULPDULO\� GHVLJQHG� ZLWK� WHOHYLVLRQ
HQWHUWDLQPHQW�LQ�PLQG��LV�LQ�IDFW�SHUIHFWO\�VXLWHG�IRU�HGXFDWLRQDO�SXUSRVHV�DV�ZHOO�

���� 6\VWHP�RXWOLQH

)URP�WKH�DSSOLFDWLRQ�GHVFULSWLRQV�DERYH��LW�LV�FOHDU�WKDW�RXU�V\VWHP�ZLOO�QHHG�WR�
�� 6XSSRUW�'9%�DQG�LQWHUQHW�DFFHVV�
�� +DYH�WKH�DELOLW\�WR�LQVHUW��DW�WKH�EURDGFDVWHU¶V�HQG��DQG�H[WUDFW��DW�WKH�XVHU¶V�HQG��DGGLWLRQDO�GDWD

LQ�'9%�
�� +DYH�KXJH�ORFDO�VWRUDJH�FDSDFLW\��ERWK�IRU�YLGHR�DQG�RWKHU�GDWD�
�� $OORZ�UHJXODU�3&�XVH��HVS��,QWHUQHW�EURZVLQJ�DQG�FRPPHUFLDOO\�DYDLODEOH�FRPSXWHU�EDVHG�WUDLQLQJ�
7KLV� VXJJHVWV� D� JRRG� DSSURDFK� ZRXOG� EH� WR� VHSDUDWH� WKH� IXQFWLRQDOLW\� LQ� WZR� µER[HV¶� LQ� WKH� XVHU
HQYLURQPHQW��$�UHJXODU�3&�WR�FDUU\�RXW�FRPSXWLQJ�WDVNV�DQG�D�µ6725LW�ER[¶�WKDW�JLYHV�DFFHVV�WR�'9%�
WKH�,QWHUQHW�DQG�ORFDO�VWRUDJH��,Q�DGGLWLRQ�WR�WKDW��WKH�EURDGFDVWHU�ZLOO�QHHG�VRPH�WRROV�WR�JHQHUDWH�DQG
LQVHUW�WKH�DSSURSULDWH�PHWD�GDWD�LQWR�WKH�EURDGFDVW�VWUHDP��7KLV�LV�UHIOHFWHG�LQ
)LJXUH���EHORZ��ZKHUH�WKH�6725LW�ER[�LV�WKH�JDWHZD\�FRQQHFWLQJ�WKH�LQ�KRPH�GLJLWDO�QHWZRUN��,+'1�
WR�'9%��LQWHUQHW�DQG�ORFDO�VWRUDJH��WR�EH�XVHG�E\�DOO�3&V�DQG��GLJLWDO��WHOHYLVLRQV�LQ�WKH�QHWZRUN�
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)LJXUH�������7KH�6725LW�ER[�SURYLGHV�DFFHVV�WR�'9%��,QWHUQHW�DQG�ORFDO�VWRUDJH��WR�EH�XVHG�E\�3&V
DQG��GLJLWDO��WHOHYLVLRQV�FRQQHFWHG�WR�DQ�LQ�KRPH�GLJLWDO�QHWZRUN�
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�� 5HTXLUHPHQWV

���� �5HTXLUHPHQWV�IRU�DXWRPDWLF�UHFRUGLQJ�FRPSRQHQW

������ %DVLF�WHFKQRORJ\�RXWOLQH

7KH� 3HUVRQDO� 6HUYLFH� $FFHVV� FRPSRQHQW� �36$��� ZKLFK� LV� FXUUHQWO\� EHLQJ� GHYHORSHG� LQ� ZS����
HQDEOHV� WKH� DXWRPDWLF� UHFRUGLQJ� RI� SRWHQWLDOO\� LQWHUHVWLQJ� PHGLD� FRQWHQW� �L�H�� 79�SURJUDPV��� 7KH
XQGHUO\LQJ�VHOHFWLRQ�PHFKDQLVP�LV�EDVHG�RQ�WKH�QRWLRQ�RI�FRQWHQW�ILOWHULQJ�YLD�SURILOH�LQIRUPDWLRQ��7KLV
SURILOH�LQIRUPDWLRQ�H[SUHVVHV�WKH�LQWHUHVWV�RI�D�XVHU�LQ�DQ�DEVWUDFW�ZD\�

)LJXUH������7KH�EDVLF�SULQFLSOH�RI�FRQWHQW�ILOWHULQJ

7KH� EDVLF� SULQFLSOH� RI� SURILOH� EDVHG� ILOWHULQJ� LV� GHSLFWHG� LQ� ILJXUH� ����� &RQWHQW� GHVFULSWRUV� LQ� WH[WXDO
IRUPDW��L�H��PHWD�GDWD��DUH�FRPSDUHG��PDWFKLQJ��ZLWK�LQIRUPDWLRQ�KHOG�LQ�WKH�LQWHUHVW�SURILOH��7KH�OHYHO
RI�VLPLODULW\�EHWZHHQ�SURILOH�DQG�GHVFULSWLRQ�LV�H[SUHVVHG�LQ�D�PDWFKLQJ�VFRUH��7KLV�VFRUH�ZLOO�EH�XVHG
WR�GHWHUPLQH�ZKHWKHU�D�SURJUDP�VKRXOG�EH�VHOHFWHG�IRU�UHFRUGLQJ�

������ 8VHU�UHTXLUHPHQWV�IRU�SURILOH�EDVHG�UHFRUGLQJ

,Q�WKH�XVHU�UHTXLUHPHQWV��DV�GHILQHG�LQ�E\�ZS����DQG�ZS����LQ�6725LW�'HOLYHUDEOH�����ZH�ILQG�VHYHUDO
UHTXLUHPHQWV� UHOHYDQW� IRU� WKH� IXQFWLRQDOLW\�RI� WKH�SURILOH�EDVHG� UHFRUGLQJ�FRPSRQHQW�� ,Q�JHQHUDO�� WKH
XVHU�UHTXLUHPHQWV�GHILQH�WKUHH�W\SHV�RI�XVHU�LQWHUDFWLRQV�

�� 1DYLJDWLQJ�WKURXJK�FRQWHQW�GHVFULSWLRQV
YLD�GHVFULSWLRQV�RI�IXWXUH�DQG�SDVW�FRQWHQW�DQG�OLQNV�WR�ZHE�SDJHV��HWF�

�� 1DYLJDWLQJ�WKURXJK�WKH�FRQWHQW�LWVHOI
�� OLYH�EURDGFDVW�DV�ZHOO�DV�VWRUHG�FRQWHQW
�� 0DQDJHPHQW

LPSRUWLQJ��H[SRUWLQJ��DQG�UHPRYDO�RI�FRQWHQW��DXWRPDWLF�DQG�PDQXDO�ILOWHULQJ��RI�FRQWHQW

7KH� UHTXLUHPHQWV� IRU�ZS���� IDOO� LQWR� WKH� µ0DQDJHPHQW¶�FDWHJRU\��DQG�DUH�GHSLFWHG�EHORZ��1RWH� WKDW
WKH�ZRUG�µILOWHU¶�UHIOHFWV�WKH�XVHU¶V�YLHZ�RI�WKH�DXWRPDWLF�UHFRUGLQJ�IXQFWLRQDOLW\�

3URJUDP
GHVFULSWLRQV

0DWFKLQJ

'LVFDUGHG
SURJUDPV

3URILOH�V�

6HOHFWHG
SURJUDPV

0HWD�GDWD�RI�DOO
SURJUDPV
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������ $XWRPDWLF�ILOWHULQJ

*HWWLQJ�GHVFULSWLRQV
7KH�XVHU�VKRXOG�EH�DEOH�WR�UHGXFH�WKH�QXPEHU�RI�GHVFULSWLRQV�LQ�WKH�LQIRUPDWLRQ�VSDFH��L�H��DOO
WKH�DYDLODEOH�FRQWHQW��

*HWWLQJ�FRQWHQW
7KH� XVHU� VKRXOG� EH� DEOH� WR� GHOLPLW� WKH� LQIRUPDWLRQ� VSDFH� IURP�ZKLFK� WR� UHFRUG� �L�H�� D� ILOWHU
VKRXOG�RQO\�UHFRUG�WKH�SURJUDPV�WKDW�KDYH�DQ�H[SHFWHG�KLJK�SUREDELOLW\�RI�WKH�XVHU¶V�LQWHUHVW��

$OWHU�ILOWHU�SURSHUWLHV
7KH�XVHU�VKRXOG�EH�DEOH�WR�VHW�DQG�FKDQJH�ILOWHU�SURSHUWLHV��7KHVH�DUH�

�� %URDGFDVWHU
�� 6WDUW�WLPH
�� /DQJXDJH
�� /DQJXDJH�RI�VXE�WLWOLQJ
�� &RXQWU\�RI�RULJLQ
�� 7LPH�RI�RULJLQ
�� *HQUH�	�VXE�JHQUH
�� .H\ZRUGV��IURP�D�IL[HG�OLVW�

7KHVH�SURSHUWLHV�FDQ�EH�XVHG�IRU�JHWWLQJ�DQG�EORFNLQJ�FRQWHQW��)XUWKHU��LW�VKRXOG�EH�SRVVLEOH
WR�DOWHU�WKH�ILOWHUV�IURP�D�KLJKHU�OHYHO�

�� $XWRPDWLF�UHFRUGLQJ�RQ�RII
�� ,QGLYLGXDO�ILOWHUV�RQ�RII���XVLQJ�DQ�RYHUYLHZ�RI�ILOWHUV�
�� ,PSRUW�H[SRUW�ILOWHUV
�� &UHDWLQJ�D�QHZ�ILOWHU
�� 5HPRYLQJ�DQ�H[LVWLQJ�ILOWHU

������ 0DQXDO�ILOWHULQJ

*HWWLQJ�FRQWHQW�DQG�FRQWHQW�GHVFULSWLRQV
7KH� XVHU� VKRXOG� EH� DEOH� WR� UHGXFH� WKH� QXPEHU� RI� GHVFULSWLRQV� DQG� VHOHFW� FRQWHQW� WR� EH
UHFRUGHG��7KLV�FRQWHQW�FDQ�EH�IXWXUH�FRQWHQW�RU�FRQWHQW�WKDW�LV�SUHVHQWO\�EHLQJ�EURDGFDVW��7KH
XVHU�VKRXOG�EH�DEOH�WR�FKDQJH�WKH�VHOHFWLRQ��LQ�FDVH�RI�UHVRXUFH�VKRUWDJHV��

2YHUUXOLQJ�DXWRPDWLF�ILOWHULQJ
7KH�XVHU�PXVW�EH�DEOH�WR�µRYHUUXOH¶�WKH�ILOWHU��)RU�H[DPSOH�

�� 7KH�ILOWHU�VHWV�D�SURJUDP�IRU�UHFRUGLQJ��EXW�WKH�XVHU�LV�QRW�LQWHUHVWHG�DQG�UHVHWV�LW�
�� 7KH� ILOWHU� KDV� QRW� VHW� D� SURJUDP� IRU� UHFRUGLQJ�� EXW� WKH� XVHU� LV� LQWHUHVWHG� DQG� VHWV� LW

DQ\ZD\�

������ 6\VWHP�UHTXLUHPHQWV�IRU�SURILOH�EDVHG�UHFRUGLQJ

&RQWHQW� GHVFULSWRUV� DQG� SURILOH� LQIRUPDWLRQ� SOD\� D� FUXFLDO� UROH� LQ� WKH� SURILOH� EDVHG� UHFRUGLQJ
FRPSRQHQW��,Q�RUGHU�WR�PHHW�LWV�XVHU�UHTXLUHPHQWV�VDWLVIDFWRULO\��WKH�FRPSRQHQW�PDNHV�VRPH�VSHFLILF
GHPDQGV�RQ�WKH�V\QWD[�DQG�VHPDQWLFV�RI�ERWK�GHVFULSWRUV�DQG�SURILOH�

7KH� SURILOH� EDVHG� UHFRUGLQJ� FRPSRQHQW� GHULYHV� GLVWLQJXLVKLQJ� SURJUDP� FKDUDFWHULVWLFV� IURP� WKH
FRQWHQW�GHVFULSWRUV��7KHUHIRUH��WKH�UHOHYDQW�FRQWHQW�GHVFULSWRUV�PXVW�EH�

�� 6WDQGDUGLVHG��WR�DYRLG�ERWK�DPELJXLW\�DQG�WKH�QHHG�IRU�FRPSOH[�QDWXUDO�ODQJXDJH�LQWHUSUHWDWLRQ�
�� 'LVFULPLQDWLQJ�� LQ� VXFK� D� ZD\� WKDW� SRWHQWLDO� LQWHUHVWLQJ� SURJUDPV� FDQ� EH� GLVWLQJXLVKHG

�DXWRPDWLFDOO\��IURP�RWKHU�SURJUDPV�
�� 5HOLDEOH��LQ�VXFK�D�ZD\�WKDW�WKH\�DUH�DOZD\V�DYDLODEOH�DQG�GHVFULEH�WKH�FRQWHQW�FRUUHFWO\�
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�� $YDLODEOH�SULRU�WR�WKH�DFWXDO�EURDGFDVW��WR�HQDEOH�WLPHO\�HYDOXDWLRQ�DQG�V\VWHP�SUHSDUDWLRQ

$OWRJHWKHU��WKLV�PHDQV�WKDW�DW�OHDVW�VRPH�FUXFLDO�DWWULEXWHV�VKRXOG�EH�DYDLODEOH��VXFK�DV�WLWOH��ODQJXDJH�
FKDQQHO��IRUPDW��JHQUH��DQG�NH\ZRUGV�

7KH� SURILOH� UHIOHFWV� WKH� V\VWHP¶V� NQRZOHGJH� DERXW� WKH� WDVWHV� DQG� SUHIHUHQFHV� RI� WKH� XVHU�� ,W� LV
DFFHVVLEOH�IRU�ERWK�IRU�V\VWHP�DQG�XVHU��7KHUHIRUH�

�� $W�OHDVW�D�SDUW�RI�WKH�SURILOH�VKRXOG�EH�H[SUHVVHG�LQ�WKH�VDPH�DWWULEXWHV�DV�WKH�FRQWHQW�LWVHOI�

7KLV�KDV�WZR�DGYDQWDJHV��)LUVW��WKH�UHOHYDQW�SDUW�RI�WKH�SURILOH�FDQ�EH�PDQLSXODWHG�GLUHFWO\�YLD�WKH�XVHU
LQWHUIDFH��1RWH�WKDW��VLQFH�WKHUH�LV�QR�VWULQJHQW�UHTXLUHPHQW�WR�H[SUHVV�WKH�HQWLUH�SURILOH�NQRZOHGJH�LQ
WKLV� IRUPDW�� WKH�XVH�RI�QRQ�HGLWDEOH�SURILOHV� �H�J��EDVHG�RQ�QHXUDO�QHWV�� LV�VWLOO�SRVVLEOH��6HFRQGO\�� LW
VLPSOLILHV�WKH�PDWFKLQJ�SURFHVV��1H[W�WR�WKLV��VWXG\�VKRXOG�FODULI\�ZKHWKHU�WKH�XVH�RI�ZHLJKWLQJ�IDFWRUV
DQG�ORJLFDO�FRPSRVLWLRQV�HQKDQFH�WKH�HIIHFWLYHQHVV�RI�WKH�SURILOHV�

6RPH�DGGLWLRQDO�V\VWHP�UHTXLUHPHQWV�IRU�WKLV�FRPSRQHQW�DUH�

�� 7KH�VRIWZDUH�VKRXOG�UXQ�RQ�WKH�VDPH�3&�DV�WKH�HQG�XVHU�DSSOLFDWLRQ��GHYHORSHG�LQ�:3���
�� 7KH�VRIWZDUH�VKRXOG�XVH�WKH�VDPH�RSHUDWLQJ�V\VWHP�DV�WKH�HQG�XVHU�DSSOLFDWLRQ��:LQ�17�
�� 7KH�VRIWZDUH�VKRXOG�EH�LPSOHPHQWHG�LQ�WKH�-DYD�SURJUDPPLQJ�ODQJXDJH�

���� )XOILOPHQW

,Q� RUGHU� WR� HQDEOH� 6725LW� DSSOLFDWLRQV� VXFK� DV� ILOWHULQJ�� VHDUFK� DQG� UHWULHYDO� RI� EURDGFDVW� FRQWHQW�
GHVFULSWLYH�LQIRUPDWLRQ�PXVW�EH�GHOLYHUHG�WR�UHFHLYHUV��'HVFULSWRUV�PXVW�EH�FRGHG�LQ�D�VWDQGDUG�ZD\�
VR�WKDW�HYHU\�VHW�WRS�ER[�FDQ�SDUVH�WKHP�DQG�XVH�WKH�LQIRUPDWLRQ�WKH\�FDUU\�

)XUWKHUPRUH��VLQFH�WKH�SURMHFW�DOVR�WDNHV�LQWR�DFFRXQW�LQWHURSHUDELOLW\�ZLWK�WKH�,QWHUQHW�ZRUOG��FRGLQJ�RI
VXFK�PHWD�GDWD�FRXOG�EH�GRQH�XVLQJ�PDUN�XS� ODQJXDJHV� WKDW�DUH�FXUUHQWO\�XVHG�RQ� WKH�:HE��:KLOH
WKLV� VROXWLRQ� KDV� WKH� DGYDQWDJH� RI� SURYLGLQJ� D� WH[W�EDVHG� UHSUHVHQWDWLRQ� RI� GHVFULSWRUV� �KXPDQ
UHDGDEOH�DQG�HDVLO\�HGLWDEOH���SURSHU�FRGLQJ�PXVW�EH�SHUIRUPHG�EHIRUH�WUDQVPLVVLRQ�LQ�D�'9%�VWUHDP
LQ�RUGHU�QRW�WR�ZDVWH�EDQGZLGWK�

+DYLQJ�VDLG�WKLV��DQ�LQLWLDO�DQDO\VLV�RI�WKH�LQGLYLGXDO�FRPSRQHQWV�RI�WKH�V\VWHP�WKDW� LV�UHVSRQVLEOH�IRU
FUHDWLQJ��GHOLYHULQJ�DQG�XVLQJ�GHVFULSWRUV�LQ�D�6725LW�IUDPHZRUN�FDQ�EH�SHUIRUPHG�

���� &UHDWLRQ�RI�PHWD�GDWD

7KH� GHVFULSWRUV� WKDW� PXVW� EH� VHQW� DORQJ� ZLWK� WKH� FRQWHQW� LWVHOI� FDQ� EH� GLYLGHG� LQWR� �DW� OHDVW�� IRXU
FDWHJRULHV�

>$@� 5HVROXWLRQ�GDWD
>%@� 'HVFULSWLYH�LQIRUPDWLRQ�IRU�SURJUDPV
>&@� 6HJPHQWDWLRQ�GDWD��IRU�VHDUFK�DQG�UHWULHYDO�
>'@� 7UDLOHUV�DQG�EDFNJURXQG�LQIRUPDWLRQ�

&ODVV� >$@� LV� XVHG� WR� UHVROYH� SURJUDP� LGHQWLILHUV� LQWR� SURJUDP� ORFDWLRQV� �85/V�� DQG� SURJUDP� JURXS
LGHQWLILHUV�LQWR�SURJUDP�FRPSRQHQWV�

&ODVV�>%@�FRQWDLQV�WKH�GHVFULSWLRQ�RI�HDFK�SURJUDP�VXFK�DV�WLWOH��DFWRUV��VFRUHV�DQG�SRLQWHUV�WR�H[WUD
LQIRUPDWLRQ�VRXUFHV�

&ODVV� >&@� LV� WKH� VHW� RI� LWHPV� VXFK� DV� NH\IUDPHV�� WH[WXDO� DQQRWDWLRQV� RU� RWKHU� NLQGV� RI� PHWD�GDWD�
VSHFLILF�IRU�HDFK�SURJUDP��WKDW�FDQ�EH�XVHG�WR�DOORZ�QDYLJDWLRQ�ZLWKLQ�FRQWHQW�
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)LQDOO\�� FODVV� >'@� FDUULHV� DOO� WKH� PXOWLPHGLD� ILOHV� WKDW� FDQ� EH� XVHG� WR� DWWUDFW� YLHZHUV� WR� D� FHUWDLQ
SURJUDP��H�J��WUDLOHUV���,Q�DGGLWLRQ��SURJUDP�LQIRUPDWLRQ�LQ�WKH�IRUP�RI�:HE�SDJHV��(DFK�RI�WKH�DERYH
FODVVHV�FDQ�EH�SUHSDUHG�VHSDUDWHO\�EHIRUH� WUDQVPLVVLRQ��SRVVLEO\�ZLWK� WKH�KHOS�RI�DQ�DXWKRULQJ� WRRO
VSHFLILF�IRU�WKH�GHVFULSWRU�FODVV�

)RU�H[DPSOH��LQ�FDVHV�>$@�DQG�>%@��WKH�DXWKRULQJ�WRRO�VKRXOG�UHWULHYH�LQIRUPDWLRQ�IURP�WKH�EURDGFDVWHU¶V
GDWDEDVH�DQG�FRGH�LW�IRU�WUDQVPLVVLRQ��XVLQJ�D�PDUN�XS�ODQJXDJH�DV�GHVFULEHG�LQ�VHFWLRQ����

&ODVV�>&@�GHVFULSWRUV�PD\�VRPHWLPHV�EH�JHQHUDWHG�E\�PHDQV�RI�DQDO\VLV�DOJRULWKPV�WKDW�DXWRPDWLFDOO\
JHQHUDWH� VHJPHQWDWLRQ� PHWD�GDWD�� 7KLV� VHJPHQWDWLRQ� GDWD� PD\� DOVR� EH� PDQXDOO\� NH\HG� E\� WKH
EURDGFDVWHU� LQ�� IRU�H[DPSOH�� OLYH�EURDGFDVWV��0HWD�GDWD�EHORQJLQJ� WR� WKLV�FODVV�PD\�EH�JHQHUDWHG� LQ
UHDO�WLPH� GXULQJ� WKH� WUDQVPLVVLRQ� RI� SURJUDPV� �IRU� H[DPSOH�� D� NH\�IUDPH� H[WUDFWRU�� LQFUHPHQWDOO\
EXLOGLQJ�D�YLVXDO�VXPPDU\�RI�WKH�WUDQVPLWWHG�SURJUDP��

���� 'HOLYHU\�RI�PHWD�GDWD�LQ�D�EURDGFDVW�FKDQQHO

2QFH� GHVFULSWRUV� KDYH� EHHQ� SUHSDUHG�� WKH\� FDQ� EH� EURDGFDVW� LQ� D� '9%� VWUHDP� DV� ILOHV� LQ� D� GDWD
FDURXVHO��7KLV�PHFKDQLVP�LPSOHPHQWV�D�µSXVK¶�VHUYLFH��LQ�ZKLFK�PHWD�GDWD�LV�FRQWLQXRXVO\�VHQW�WR�WKH
UHFHLYHU�XQGHU�FRQWURO�RI�WKH�VHUYLFH�SURYLGHU�

)LJXUH�����VKRZV�KRZ�HDFK�GHVFULSWRU�FODVV� LV�JHQHUDWHG�E\�D�VHSDUDWH�SURFHVV��WKH�DXWKRULQJ� WRRO�
XVLQJ�D�PDUN�XS� ODQJXDJH��$� IHHGHU� LV� WKHQ� UHVSRQVLEOH� IRU�FRGLQJ�PHWD�GDWD� LQ�DQ�HIILFLHQW�ZD\� IRU
WUDQVPLVVLRQ�

7KH� SURFHVV� RI� PHWD�GDWD� LQVHUWLRQ� FDQ� EH� SHUIRUPHG� E\� D� UHPXOWLSOH[RU� XVLQJ� QXOO� SDFNHWV� RI� DQ
H[LVWLQJ�7UDQVSRUW�6WUHDP��76��� WKLV�VROXWLRQ� LPSOLHV�WKDW�QR�PRGLILFDWLRQV�DUH�QHHGHG�LQ�WKH�H[LVWLQJ
PXOWLSOH[RUV�

)LJXUH�������,QVHUWLRQ�RI�PHWD�GDWD�LQWR�D�76�E\�FODVV

)LJXUH�������0XOWLSOH[�VWUXFWXUH

$ % & '

)HHGHU )HHGHU )HHGHU )HHGHU

08;�	�VFKHGXOHU76 76


76¶
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,I�ZH� LQGLFDWH� WKH� DQQRWDWHG�7UDQVSRUW� 6WUHDP�ZLWK� 76¶�� WKHQ� WKH� GHVLUHG� FRQILJXUDWLRQ� LV� VKRZQ� LQ
ILJXUH�����

+HUH��$L�LQGLFDWHV�WKH�DXGLR�VWUHDP�RI�WKH�L�WK�SURJUDP��9L�UHSUHVHQWV�WKH�YLGHR�VWUHDP�DQG�'L�WKH�GDWD
VWUHDP�FDUU\LQJ�GHVFULSWRUV�IRU�WKH�VDPH�SURJUDP�

$V�LW�FDQ�EH�REVHUYHG��D�QHZ�SURJUDP�KDV�EHHQ�FUHDWHG�LQ�WKH�PXOWLSOH[��'����FRQWDLQLQJ�GHVFULSWRUV
IRU� WKH� ZKROH� WUDQVSRUW� VWUHDP� VXFK� DV� UHVROXWLRQ� GDWD�� SURJUDP� PHWD�GDWD� DQG� WUDLOHUV�� 6HSDUDWH
GHVFULSWRU�HOHPHQWDU\�VWUHDPV�DUH�DOVR�DGGHG�WR�H[LVWLQJ�SURJUDPV��LQ�RUGHU�WR�FDUU\�PHWD�GDWD�UHODWHG
WR�WKDW�SURJUDP��VXFK�DV�VHJPHQWDWLRQ�GDWD�DQG�EDFNJURXQG�LQIRUPDWLRQ�

)RU� EDFNZDUG� FRPSDWLELOLW\�� '9%�6,� WDEOHV� DUH� VWLOO� LQFOXGHG� LQ� WKH� 7UDQVSRUW� 6WUHDP�� UHVXOWLQJ� LQ� D
VOLJKW�LQIRUPDWLRQ�UHGXQGDQF\�

���� &RQVXPSWLRQ�RI�PHWD�GDWD�LQ�WKH�UHFHLYHU

0HWD�GDWD�WUDQVPLWWHG�YLD�'9%�PXVW�EH�H[WUDFWHG�LQ�WKH�UHFHLYHU�DQG�PDGH�DYDLODEOH�WR�WKH�YLHZHU�DQG
DJHQW�DSSOLFDWLRQV�

7R�DFKLHYH�WKLV� IXQFWLRQDOLW\�� WKH�GHPXOWLSOH[RU�PXVW�EH�DEOH�WR�PRQLWRU� WKH�GDWD�FDURXVHOV�LQ�WKH�76
DQG�FKHFN�IRU�QHZ�YHUVLRQV�RI�GHVFULSWRUV��7KHQ��LW�PXVW�QRWLI\�LQWHUHVWHG�DSSOLFDWLRQV�DQG�SDVV�PHWD�
GDWD�WR�WKHP�

6LQFH�PHWD�GDWD�ZLOO�EH� WUDQVPLWWHG�XVLQJ� ILOHV� LQ�D�'60�&&�2EMHFW�&DURXVHO�� WKH� ILOH�FRQWDLQLQJ�DQ
XSGDWHG��RU�QHZ��YHUVLRQ�RI�VRPH�GHVFULSWRU�ZLOO�EH�VHQW�WR�WKH�UHFHLYHU�&RQWHQW�0DQDJHU�IRU�SDUVLQJ�
VWRULQJ� RU� RWKHU� SURFHVVLQJ�� ,Q� WHUPV� RI� -DYD� LPSOHPHQWDWLRQ�� WKLV� FDQ� EH� DFKLHYHG� ZLWK� D� VLPSOH
PHFKDQLVP�OLNH�WKH�RQH�GHSLFWHG�EHORZ�

8SRQ� DUULYDO� RI� D� QHZ� ILOH�� WKH� GHPX[� ZULWHV� WR� D� 3LSHG2XWSXW6WUHDP�� WKHQ� QRWLILHV� WKH� &RQWHQW
0DQDJHU� WKDW�� LQ� WXUQ� UHDGV� IURP� WKH� FRQQHFWHG� 3LSHG,QSXW6WUHDP�� 7KLV� VHTXHQFH� RI� HYHQWV� LV
GHSLFWHG�LQ�ILJXUH�����

)LJXUH�������&RQQHFWLRQ�RI�PRGXOHV�LQ�WKH�UHFHLYHU

'HPX[ &RQWHQW
0DQDJHU

Java.io.Piped
InputStream

Java.io.Piped
OutputStream
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)LJXUH�������;0/�H[WUDFWLRQ�VHTXHQFH�GLDJUDP
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�� ([LVWLQJ�6WDQGDUGV�	�7HFKQRORJ\

���� &RQWHQW�GHVFULSWLRQV

7KH�DOJRULWKPV�IRU� WKH�SURILOH�EDVHG�UHFRUGLQJ�FRPSRQHQW�DVVXPH�WKH�FODVVLILFDWLRQ�RI�FRQWHQW� WR�EH
FRPSOLDQW�ZLWK�D� IL[HG� IRUPDW��(DUO\� H[SHULPHQWV�ZLWK� VXFK�D�FRPSRQHQW� XVHG� FRQWHQW� GHVFULSWLRQV�
FRPSOLDQW�ZLWK�'9%�6,��8VHU�WHVWV�KRZHYHU��UHYHDOHG�VRPH�VKRUWFRPLQJV�RI� WKLV� IRUPDW�� ,Q�SDUWLFXODU
WKH�GHILQLWLRQ�RI�SURJUDP�JHQUHV�DQG�VXE�JHQUHV�ZDV�QRW�VDWLVI\LQJ�IRU�PRVW�XVHUV��7KH�FODVVLILFDWLRQ�
GHVFULEHG�LQ�WKH�GRFXPHQW�HQWLWOHG�³0HWD�GDWD�IRU�79�FRQWHQW´��LV�SDUWO\�EDVHG�RQ�WKH�UHVXOWV�RI�WKHVH
WHVWV�

���� 8VHU�SURILOH�V\QWD[

7KH�XVHU¶V�LQWHUHVW�SURILOH�ZLOO�EH�SDUWO\�H[SUHVVHG�ZLWK�WKH�VDPH�DWWULEXWHV�DV�XVHG�IRU�WKH�GHVFULSWLRQV
RI�WKH�FRQWHQW��,Q�DGGLWLRQ��ZH�FRQVLGHU�WKH�XVH�RI�ORJLFDO�FRQVWUXFWLRQV�DQG�ZHLJKWLQJ�IDFWRUV�LQ�RUGHU
WR�HQULFK�WKH�VHPDQWLFV�RI�WKH�XVHU�SURILOH�

7R�VXSSRUW� LPSRUWLQJ�RI�XVHU�SURILOH�SDUWV�IURP�WKH�H[WHUQDO�ZRUOG��ZH�VKDOO�VWDQGDUGLVH�WKH�V\QWD[�RI
WKH� XVHU� SURILOH�� :H� DUH� FRQVLGHULQJ� WKH� XVH� RI� WKH� .QRZOHGJH� ,QWHUFKDQJH� )RUPDW� �.,)�� DV
VWDQGDUGLVHG�V\QWD[�IRU�WKH�SURILOH�

���� 'HVFULSWRUV�5HSUHVHQWDWLRQ

$V�IDU�DV�GHVFULSWRU�FRGLQJ�LV�FRQFHUQHG��WKH�XVH�RI�D�PDUN�XS�ODQJXDJH�SURYLGHV�D�KXPDQ�UHDGDEOH
ZD\�RI�UHSUHVHQWLQJ�PHWD�GDWD��;0/��WKH�H;WHQVLEOH�0DUN�XS�/DQJXDJH��LV�IOH[LEOH�HQRXJK�WR�EH�XVHG
LQ�D�6725LW�V\VWHP��GXH�WR�LWV�HDV\�FXVWRPLVDWLRQ�PHFKDQLVP��,QGHHG��;0/�LV�D�GHFODUDWLYH�ODQJXDJH
LQ�ZKLFK�WKH�VWUXFWXUH�RI�D�GRFXPHQW�LV�VSHFLILHG� LQ�D�VWDQGDUG�ZD\�E\�PHDQV�RI�D��'RFXPHQW�7\SH
'HILQLWLRQ�� �'7'�� ILOH�� HDFK� ;0/� GRFXPHQW� PXVW� UHIHUHQFH� LWV� DFFRPSDQ\LQJ� '7'� RU� KDYH� LW
HPEHGGHG��7KH�'7'�FRQWDLQV� WKH�UXOHV� IRU�EXLOGLQJ�DQ�;0/�GRFXPHQW�DQG�SDUVLQJ� LW� WR� UHWULHYH� WKH
LQIRUPDWLRQ�LW�FDUULHV��7KHUHIRUH��FRGLQJ�6725LW�GHVFULSWRUV�LQ�;0/�PHDQV�GHILQLQJ�D�6725LW�'7'�

6RPH�H[LVWLQJ�;0/�QRWDWLRQV�ZLOO�EH�EULHIO\�DQDO\VHG�LQ�WKH�UHVW�RI�WKLV�VHFWLRQ�

������ 5')

5')�VWDQGV�IRU�5HVRXUFH�'HVFULSWLRQ�)UDPHZRUN�DQG�UHSUHVHQWV�DQ�;0/�QRWDWLRQ�WR�GHVFULEH�PHWD�
GDWD�RQ�WKH�:HE��,W�SURYLGHV�PHFKDQLVPV�IRU�UHVRXUFH�GLVFRYHU\��FDWDORJXLQJ��UDWLQJ�RI�FRQWHQW��DQG
SULYDF\�SROLFLHV�

5')� LV� H[WHQVLEOH� VLQFH� LW� LV� EDVHG� RQ� VR�FDOOHG� �6FKHPDV��� WKDW� DUH� VHWV� RI� UXOHV� IRU� PHWD�GDWD
UHSUHVHQWDWLRQ�LQ�D�VSHFLILF�GRPDLQ��7KHVH�FDQ�EH�VXFFHVVIXOO\�H[SORLWHG�E\�LQWHOOLJHQW�VRIWZDUH�DJHQWV
IRU�DXWRPDWLF�ILOWHULQJ�DQG�UHWULHYDO�

7KH�5')�EDVLF�GDWD�PRGHO�FRQVLVWV�RI�5HVRXUFHV��3URSHUWLHV�DQG�6WDWHPHQWV�WKDW�FDQ�EH�FRPELQHG�WR
EXLOG� D� YHU\� FRPSOHWH� GHVFULSWLRQ� RI� WKH� FRQWHQW��� 6FKHPDV� SURYLGH� GLFWLRQDULHV� WKDW� FDQ� EH
DXJPHQWHG�LQ�WLPH��EHLQJ�WKHUHIRUH�VFDODEOH�

����������������������������������������������������������
�� ([DPSOH� RI� D�5')� VWDWHPHQW�� �7KH� SURJUDPV� WKDW�PDNH� XS� WKH� 6WDU� 7UHN� 6HULHV� IRU� ����� DUH�� (SLVRGH� ���
(SLVRGH�����(SLVRGH����� WKH\�DUH�PDLQWDLQHG�E\�%%&�DQG� WKHLU�GHVFULSWLRQ�FDQ�EH� IRXQG�DW�ZZZ�EEF�FRP�RU
ZZZ�VWDUWUHN�RUJ��
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������ ;+70/

;+70/� LV�DQRWKHU�PDUN�XS� ODQJXDJH�VSHFLILFDOO\� WDLORUHG� IRU� EURDGFDVW�DSSOLFDWLRQV�� ,W� LV� D� VFDODEOH
ODQJXDJH� LQ� WKDW� LW� SURYLGHV� VXSSRUW� IRU� DSSOLFDWLRQV� WKDW� UXQ� RQ� GLIIHUHQW� KDUGZDUH� SODWIRUPV�� )URP
VPDOO� 3'$V� WR� 6HW�7RS� %R[HV� DQG� 3&V� �FRPSDFW�� EURDGFDVW� DQG� ZZZ� SURILOHV��� 7KH� GLIIHUHQW
FDSDELOLWLHV�DUH�PDQDJHG�E\�KDYLQJ�GLIIHUHQW�'7'V�IRU�HDFK�KDUGZDUH�SURILOH��;+70/�DOVR�GHILQHV�DQ
HYHQW�PRGHO�WKDW�LV�LQWHQGHG�WR�VXSSRUW�DFWLRQV�WDNHQ�E\�WKH�HQG�XVHU�

������ 60,/

6KRUW� IRU�6\QFKURQLVHG�0XOWLPHGLD� ,QWHJUDWLRQ�/DQJXDJH��D�QHZ�PDUN�XS� ODQJXDJH�EHLQJ�GHYHORSHG
E\� WKH�:RUOG�:LGH�:HE�&RQVRUWLXP��:�&�� WKDW�ZRXOG�HQDEOH�:HE�GHYHORSHUV� WR�GLYLGH�PXOWLPHGLD
FRQWHQW�LQWR�VHSDUDWH�ILOHV�DQG�VWUHDPV��$XGLR��YLGHR��WH[W��DQG�LPDJHV�DUH�VHQW�WR�WKH�XVHU¶V�FRPSXWHU
LQGLYLGXDOO\��DQG�DUH�WKHQ�GLVSOD\HG�WRJHWKHU�DV�LI�WKH\�ZHUH�D�VLQJOH�PXOWLPHGLD�VWUHDP��7KH�DELOLW\�WR
VHSDUDWH�RXW� WKH�VWDWLF� WH[W�DQG� LPDJHV�VKRXOG�PDNH�WKH�PXOWLPHGLD�FRQWHQW�PXFK�VPDOOHU�VR� WKDW� LW
GRHVQ¶W�WDNH�DV�ORQJ�WR�WUDYHO�RYHU�WKH�,QWHUQHW�
60,/� LV�EDVHG�RQ� WKH�H;WHQVLEOH�0DUN�XS�/DQJXDJH��;0/���5DWKHU� WKDQ�GHILQLQJ� WKH�DFWXDO� IRUPDWV
XVHG� WR� UHSUHVHQW� PXOWLPHGLD� GDWD�� LW� GHILQHV� WKH� FRPPDQGV� WKDW� VSHFLI\� ZKHWKHU� WKH� YDULRXV
PXOWLPHGLD�FRPSRQHQWV�VKRXOG�EH�SOD\HG�WRJHWKHU�RU�LQ�VHTXHQFH�

������ &')

&')��&KDQQHO�'HILQLWLRQ�)RUPDW�� LV� WKH� IRUPDW� WKDW� LV�FXUUHQWO\� LQ�XVH�RQ� WKH�:HE� WR�HQDEOH� WKH�VR�
FDOOHG� µSXVK¶� VHUYLFHV� VXSSRUWHG� E\� D� YDULHW\� RI� EURZVHUV�� 7KH� &')� IRUPDW� GHILQHV� ZKLFK� LWHPV
�UHVRXUFHV��EHORQJ�WR�D�FKDQQHO��KRZ�RIWHQ�WKH\�DUH�XSGDWHG��IRU�KRZ�ORQJ�WKHLU�FRQWHQW�LV�YDOLG�
,Q� WKLV�ZD\��D�SXEOLVKHU�FDQ�RIIHU�D�YDULHW\�RI�FRQWLQXDOO\�XSGDWHG� LQIRUPDWLRQ�VHUYLFHV� WR�FOLHQWV� WKDW
KDYH�VXEVFULEHG�WR�WKH�FKDQQHO�
$W�SUHVHQW��VHYHUDO�WRROV�H[LVW�IRU�ZULWLQJ�DQG�SDUVLQJ�;0/�ILOHV��WKHVH�SURFHVVHV�RIWHQ�PDNH�XVH�RI�WKH
'20��'RFXPHQW�2EMHFW�0RGHO��$3,��VSHFLILHG�E\�WKH�:�&�FRQVRUWLXP�
7KH� '20� $3,� GHILQHV� LQWHUIDFHV� WR� DFFHVV� GRFXPHQW� HOHPHQWV� DQG� JHW�� RU� VHW�� DWWULEXWH� YDOXHV�
,PSOHPHQWDWLRQV� RI� WKH� '20� $3,� DUH� DYDLODEOH� E\� VHYHUDO� YHQGRUV� IRU� GLIIHUHQW� SURJUDPPLQJ
ODQJXDJHV��LQFOXGLQJ�-DYD�

���� 'HVFULSWRUV�7UDQVSRUW

7KH�6725LW� FRQWHQW� GHVFULSWLRQ� VFKHPH� LV� IDU�PRUH� FRPSOLFDWHG� DQG� H[KDXVWLYH� WKDQ� WKH� VWDQGDUG
'9%�6,�WDEOHV��7KHUHIRUH��DQ�H[WHQVLRQ�WR�WKH�WDEOHV�WKHPVHOYHV�GRHV�QRW�VHHP�D�YLDEOH�VROXWLRQ�
0HFKDQLVPV� IRU� WUDQVSRUWLQJ� GDWD� VWUHDPV� LQ� D� '9%� FKDQQHO� DOUHDG\� H[LVW� VXFK� DV� 0XOWLSURWRFRO
(QFDSVXODWLRQ�DQG�WKH�'60�&&�2EMHFW�&DURXVHO�

7KH�ODWWHU��LQ�SDUWLFXODU��DOORZV�WKH�F\FOLF�GHOLYHU\�RI�D�VWUXFWXUHG�JURXS�RI�ILOHV��GLUHFWRULHV�DQG�VWUHDPV
WR� WKH� UHFHLYHU��$FFHVV� WR�REMHFWV� FDUULHG� LQ� WKH�FDURXVHO� LV�HQDEOHG� WKURXJK�D�6HUYLFH�*DWHZD\�E\
PHDQV�RI�REMHFW�LGHQWLILHUV��,QWHURSHUDEOH�2EMHFW�5HIHUHQFHV��,25��GHILQHG�LQ�&25%$��2EMHFW�GDWD�LV
WUDQVPLWWHG� LQ� %,23� �%URDGFDVW� ,QWHU� 25%� 3URWRFRO�� PHVVDJHV� WKDW� DUH�� LQ� WXUQ�� VHJPHQWHG� DQG
LQVHUWHG�LQWR�03(*���SULYDWH�VHFWLRQV�

,25V� FRQWDLQ� LQIRUPDWLRQ� DERXW� WKH� ORFDWLRQ� RI� DVVRFLDWHG� REMHFWV�� 7KH� '60�&&� 2EMHFW� &DURXVHO
GHILQHV� LQWHUIDFHV� IRU� WKH�PDQLSXODWLRQ�RI�)LOH��6WUHDP��'LUHFWRU\��6HUYLFH*DWHZD\�DQG�6WUHDP(YHQW
REMHFWV��'60�&&�LV�OLQNHG�WR�D�'9%�VHUYLFH�E\�PHDQV�RI�DQ�HQWU\�LQ�WKH�3URJUDP�0DS�7DEOH�

2Q�WKH�RWKHU�KDQG��0XOWLSURWRFRO�(QFDSVXODWLRQ�FDQ�EH�XVHG�WR�WUDQVPLW�GDWDJUDPV�LQ�'9%�QHWZRUNV�
HQFDSVXODWLRQ� LV�SHUIRUPHG�E\�PHDQV�RI�'60�&&�VHFWLRQV� WKDW� DUH�FRPSOLDQW�ZLWK�03(*���SULYDWH
VHFWLRQV�

,Q�HLWKHU�FDVH��WKH�WUDQVSRUW�RI�GHVFULSWRUV�FRGHG�XVLQJ�D�PDUN�XS�ODQJXDJH��DQG�WKHUHIRUH�LQ�WH[WXDO
IRUP��FRXOG�EH�VSHFLILFDOO\�RSWLPLVHG�WR�VDYH�EDQGZLGWK�
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�� 3URSRVDOV

���� 3URSRVDO�IRU�DXWRPDWLF�UHFRUGLQJ�RI�79�FRQWHQW

7KLV�SDUDJUDSK�RXWOLQHV�WKH�LPSOHPHQWDWLRQ�DSSURDFK�IRU�D�SURILOH�EDVHG�UHFRUGLQJ�FRPSRQHQW��ZKLFK
PHHWV� WKH� UHTXLUHPHQWV� VWDWHG� LQ� VHFWLRQ� ��� $V� ZH� VKDOO� VHH�� D� GLUHFW� LPSOHPHQWDWLRQ� RI� WKH� EDVLF
ILOWHULQJ�SULQFLSOHV� LV� QRW� GHVLUDEOH�� XVHU� WDVWHV�DUH� VLPSO\� WRR� FRPSOH[� DQG� WRR� YDULDEOH� WR� GHVFULEH
WKHP�LQ�RQH�VLQJOH�SURILOH��,Q�D�VKRUW�RYHUYLHZ��ZH�SUHVHQW�D�PRUH�VRSKLVWLFDWHG�ILOWHULQJ�IUDPHZRUN�LQ
ZKLFK�WKH�SURILOH�LV�VSOLW� LQ�PXOWLSOH�VXE�SURILOHV��7KLV�UHGXFHV�WKH�FRPSOH[LW\�RI� WKH�SURILOH�DV�ZHOO�DV
WKH�PDWFKLQJ�DOJRULWKPV�ZKLOH�LQFUHDVLQJ�WKH�IOH[LELOLW\�

������ 3RVLWLRQ�RI�WKH�SURILOH�EDVHG�UHFRUGLQJ�FRPSRQHQW

7KH�SRVLWLRQ�RI�WKH�SURILOH�EDVHG�UHFRUGLQJ�FRPSRQHQW�LQ�WKH�6725LW�HQYLURQPHQW�LV�GHSLFWHG�LQ�ILJXUH
����

)LJXUH������7KH�SRVLWLRQ�RI�WKH�SURILOH�EDVHG�UHFRUGLQJ�FRPSRQHQW�LQ�WKH�6725LW�HQYLURQPHQW

$W� WKH� OHIW�KDQG�VLGH��FRQWHQW�GHVFULSWLRQV�HQWHU� WKH�KRPH��6LPLODU� WR� WKH�EDVLF� ILOWHULQJ�SULQFLSOH�� WKH
SURILOH�EDVHG� UHFRUGLQJ�FRPSRQHQW�FRPSDUHV�DOO�GHVFULSWLRQV�ZLWK� LWV�XVHU�SURILOH�� ,I� WKH�PDWFK� IRU�D
SURJUDP�LV�VWURQJ�HQRXJK��DQG�VXIILFLHQW�V\VWHP�UHVRXUFHV�DUH�DYDLODEOH��WKH�SURJUDP�LV�VFKHGXOHG�IRU
UHFRUGLQJ��7KLV�UHFRUGLQJ�VFKHGXOH�LV�YLVLEOH�IRU� WKH�XVHU��ZKR�PD\�DGG�SURJUDPV�E\�KDQG��DQG�PD\
GHOHWH�DXWRPDWLF�VHOHFWHG�SURJUDPV��µRYHUUXOLQJ¶��

������ $JHQW�IUDPHZRUN�IRU�SURILOH�EDVHG�UHFRUGLQJ

8VHUV�PD\�ILQG�LW�GLIILFXOW�WR�GHVFULEH�DQG�IRUPXODWH�WKHLU�RZQ�WDVWH��LUUHVSHFWLYH�RI�WKH�IRUPDW�LQ�ZKLFK
WKH\�GR� WKLV��7KHUHIRUH�� GHIDXOW� SURILOHV� FDQ�EH� LPSRUWHG��DQG�PD\�EH� HGLWHG� YLD� WKH� XVHU� LQWHUIDFH�
+RZHYHU��HYHQ� IRU� LPSRUWHG�SURILOHV� WKH�GHVFULSWLRQ�RI�D�EURDG� µVSHFWUXP¶�RI� WDVWHV�DQG�SUHIHUHQFHV
PLJKW�EHFRPH�WRR�FRPSOH[��)RU�UHDVRQV�RI�IOH[LELOLW\�ZH�DOORZ�WKH�VSOLWWLQJ�RI�D�XVHU�SURILOH�LQ�VHYHUDO
SDUWLDO�SURILOHV��HDFK�ZLWK�WKHLU�RZQ�VSHFLDOLW\��VSRUWV�SURILOH��PRYLH�SURILOH��RU�FKDUDFWHULVWLFV��0LFKDHO
-DFNVRQ¶V�SURILOH��

:H�GHILQHG�D�PXOWLSOH�DJHQW�V\VWHP� �0$6�� LQ�ZKLFK�HDFK�SDUWLDO�SURILOH� LV� LPSOHPHQWHG�DV�DQ�DJHQW
�µMXURU�DJHQW¶���$�MXURU�DJHQW�FRQVLVWV�RI�D�SDUWLDO�SURILOH�DQG�LWV�SULYDWH�PDWFKLQJ�LQWHOOLJHQFH��(DFK�MXURU
DJHQW� HYDOXDWHV�DQ� LQFRPLQJ�SURJUDP�� DIWHU�ZKLFK� D�ZHLJKWHG� DYHUDJH�PDWFKLQJ� VFRUH� RYHU� DOO� WKH
MXURUV� LV� FDOFXODWHG�� (DFK� ZHLJKWLQJ� IDFWRU�� LQGLFDWLQJ� WKH� MXURU¶V� LQIOXHQFH� LQ� WKH� RYHUDOO� ILOWHULQJ
SURFHVV��LV�EDVHG�RQ�WKH�MXURU¶V�VXFFHVV�LQ�WKH�SDVW�

'HVFULSWLRQV
RI�XSFRPLQJ
SURJUDPV

0DQXDO
UHFRUGLQJ
VHOHFWLRQ

'HVFULSWLRQV
RI�WR�EH�
UHFRUGHG
SURJUDPV

'HVFULSWLRQV
RI�UHFRUGHG
SURJUDPV

79�VHW

3URILOH�V�

$XWRPDWLF
UHFRUGLQJ
VHOHFWLRQ

6725LW�VWRUDJH
GHYLFH
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7KH�DGYDQWDJH�RI�LPSOHPHQWLQJ�WKH�FRPSRQHQW�LQ�D�0$6�LV�WZRIROG�

�� 7KH�RYHUDOO�FRPSOH[LW\�LV�PLQLPLVHG��E\�SODFLQJ�WKH�LQWHOOLJHQFH�ZKHUH�LW�EHORQJV��LQ�WKH�MXURU��QHDU
LWV�FRUUHVSRQGLQJ�SDUWLDO�SURILOH�

�� 1HZ�SDUWLDO�SURILOHV��WRJHWKHU�ZLWK�WKHLU�RSWLPLVHG�PDWFKLQJ�LQWHOOLJHQFH��FDQ�EH�DGGHG�RU�GHOHWHG
HDVLO\��DV�ORQJ�DV�WKH\�DUH�FRPSOLDQW�ZLWK�WKH�LQWHUQDO�DJHQW�FRPPXQLFDWLRQ�SURWRFROV�

$�VLPSOLILHG�RYHUYLHZ�RI� WKH�0$6�LV�GHSLFWHG� LQ� ILJXUH������7KH�OLVW�DW� WKH� OHIW�KDQG�VLGH�FRQWDLQV� WKH
LQFRPLQJ� SURJUDPV�� ZLWK� WKHLU� GHVFULSWLRQV� LQ� WKH� ER[� DERYH� LW�� 3URJUDPV�� ZLWK� DYHUDJH� VFRUHV
H[FHHGLQJ�D�WKUHVKROG�OHYHO�ZLOO�HQWHU�WKH�UHFRUGLQJ�OLVW�DW�WKH�ULJKW�KDQG�VLGH�

)LJXUH������6LPSOLILHG�RYHUYLHZ�RI�WKH�0$6�IRU�SURILOH�EDVHG�UHFRUGLQJ�RI�79�FRQWHQW

���� 9LVXDO�'HVFULSWRUV�DQG�,QGH[LQJ

7R� FUHDWH� DQ� HQKDQFHG� FRQVXPHU� V\VWHP� WKDW� KHOSV� D� XVHU� GHDO� ZLWK� WKH� LQIRUPDWLRQ� RYHUORDG� RI
KXQGUHGV�RI� WHOHYLVLRQ�FKDQQHOV�DGGLWLRQDO� LQIRUPDWLRQ� LV�QHFHVVDU\��PHWD�GDWD�� �0HWD�GDWD�FDQ�KHOS
WKH� XVHU� VHOHFW�PDWHULDO� ZRUWK� YLHZLQJ�� ,QWHOOLJHQW� DJHQWV� FDQ� DFWLYHO\� ILOWHU� WKLV�PHWD�GDWD� DQG� RQO\
VKRZ� WKH� SURJUDPV� D� XVHU�PLJKW� EH� LQWHUHVWHG� LQ�� WKH\� FRXOG� VXJJHVW� SURJUDPV�ZRUWK�ZDWFKLQJ�� RU
HYHQ� ILOO� DQ� HQWLUH� HYHQLQJ� ZLWK� HQWHUWDLQLQJ� SURJUDPV�� 7R� HQDEOH� WKH� XVHUV� DQG� DJHQWV� WR� PDNH
LQIRUPHG�GHFLVLRQV��WKH�PHWD�GDWD�VKRXOG�UHIOHFW�WKH�FRQWHQW�RI�WKH�SURJUDPV��0RVW�RI�WKLV�GDWD�KDV�WR
FRPH�IURP�WKH�EURDGFDVWHU�RU�FRQWHQW�SURYLGHU��VLQFH�PRVW�RI�LW�FDQ�QRW�EH�JHQHUDWHG�DW�WKH�KRPH�

7ZR� W\SHV� RI�PHWD�GDWD� KDYH� EHHQ� LGHQWLILHG�� WH[WXDO� GHVFULSWRUV� DQG� YLVXDO� GHVFULSWRUV�� 7KH� EDVLF
HOHPHQWV�RI�WH[WXDO�GHVFULSWRUV�DUH�ZRUGV��ZKHUHDV�WKH�EDVLF�HOHPHQWV�RI�YLVXDO�GHVFULSWRUV�DUH�NH\�
IUDPHV��,Q�WKLV�FKDSWHU��ZH�ZLOO�ILUVW�IRFXV�LQ�GHWDLO�RQ�WKH�VWUXFWXUH�RI�WKH�YLVXDO�GHVFULSWRUV��6HFRQGO\�
ZH� ZLOO� IRFXV� RQ� WKH� UHTXLUHPHQWV� RI� WKH� LQGH[LQJ� SURFHVV�� ZKLFK� JHQHUDWHV� WKH� WH[WXDO� DQG� YLVXDO
GHVFULSWRUV�

������ 9LVXDO�GHVFULSWRUV

7KHUH�DUH�PDQ\�ZD\V�RI�GHVFULELQJ�WKH�YLVXDO�FRQWHQW�RI�D�FHUWDLQ�YLGHR�VHJPHQW��DQG�QRW�DOO�DVSHFWV
FDQ�EH�UHSUHVHQWHG�LQ�D�OLPLWHG�VHW�RI�WH[WXDO�RU�YLVXDO�GHVFULSWRUV��,Q�RWKHU�ZRUGV��ZH�GR�QRW�EHOLHYH�LQ
D�VFKHPH�WKDW�FRPSOHWHO\�GHVFULEHV�WKH�YLGHR�FRQWHQW��RWKHU�WKDQ�WKH�YLGHR�LWVHOI��+RZHYHU��WXUQLQJ�WR
WKH�VSHFLILF�IXQFWLRQDO�UHTXLUHPHQWV�RI�WKH�DSSOLFDWLRQ��ZH�ILQG�WKDW�ZH�KDYH�WKH�IROORZLQJ�UHTXLUHPHQWV
IRU�WKH�YLVXDO�GHVFULSWRUV��7KH\�VKRXOG�DOORZ�IRU�DXWRPDWLF�FUHDWLRQ�RI�SURJUDP�VXPPDULHV�
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��� DOORZ�IRU�EURZVLQJ�YLGHR�GDWDEDVHV�RQ�GLIIHUHQW�OHYHOV�RI�GHWDLO�
��� DOORZ�IRU�YLGHR�ILOWHULQJ�DQG�UHWULHYDO�RQ�WKH�EDVLV�RI�H[DPSOHV�

$OWKRXJK�DOO�RI� WKH�DERYH� IXQFWLRQDO� UHTXLUHPHQWV�FDQ�EH� LPSOHPHQWHG��WR�VRPH�H[WHQW��XVLQJ�VROHO\
WH[WXDO� GHVFULSWRUV�� D�PRUH� DGYDQFHG� �DQG� SRVVLEO\�PRUH� HIILFLHQW�� IXOILOPHQW� RI� WKH� UHTXLUHPHQWV� LV
EDVHG� RQ� YLVXDO� GHVFULSWRUV�� %URZVLQJ� D� YLGHR� GDWDEDVH� PD\� RIWHQ� UHTXLUH� VRPHWKLQJ� PRUH� WKDQ
YLHZLQJ�D�QXPEHU�RI�IUDPHV�IURP�D�YLGHR�SURJUDP��DV�LW�LV�QRZ�LQ�WKH�µ6PDVK¶�SURMHFW���)RU�H[DPSOH��D
TXHU\��EDVHG�RQ�WH[WXDO�GHVFULSWRUV��FDQ�EH�UHILQHG�E\�PHDQV�RI�XVHU�IHHGEDFN�DQG�YLVXDO�EURZVLQJ�RI
WKH�TXHU\� UHVXOWV��$V�DQRWKHU�H[DPSOH�� WKH�XVHU�PLJKW�ZDQW� WR�EURZVH�SDUWV�RI� WKH�YLGHR�GDWDEDVH�
DFURVV�SURJUDPV��ZKLFK�FRQWDLQ�YLVXDOO\�VLPLODU�VFHQHV�VKRWV�HWF��)RU�WKHVH�PRUH�DGYDQFHG�IXQFWLRQV�
YLVXDO�GHVFULSWRUV�VKRXOG�EH�DYDLODEOH�ZKLFK�IRUP�D�YLVXDOO\�UHSUHVHQWDWLYH�VXPPDU\�RI�D�SURJUDP�

:H� FRQVLGHU� D� YLVXDO� VXPPDU\� DV� D� FROOHFWLRQ� RI� WKH� PRVW� UHSUHVHQWDWLYH� NH\�IUDPHV�� 6LQFH� WKH
FRQFHSW� RI� �UHSUHVHQWLYLW\�� GRHV� QRW� KDYH� D� IRUPDO� GHILQLWLRQ�� QRU� GRHV� LW� EHQHILW� IURP� D� SUHFLVH
PHDVXUH�� ZH� DOORZ� WKH� VXPPDU\� WR� EH� FRQVWUXFWHG� DW� GLIIHUHQW� OHYHOV� RI� GHWDLO�� 7KH� ILQDO� JRDO� LV� WR
DFKLHYH�D�KLHUDUFKLFDO�VWUXFWXUH�RI�NH\�IUDPHV��ZKLFK�EHVW�UHSUHVHQWV�YLGHR�FRQWHQW�

�������� 6WUXFWXUH�IRU�YLVXDO�GHVFULSWRUV

7KH�YLVXDO�GHVFULSWRUV�DUH�RUJDQLVHG�LQ�D�KLHUDUFK\�RI�NH\�IUDPHV��8VHU�VWXGLHV�KDYH�LQGLFDWHG�WKDW�DW
OHDVW�WKUHH�OHYHOV�VKRXOG�EH�DYDLODEOH�LQ�VXFK�D�KLHUDUFK\��$W�WKH�ORZHVW�OHYHO�WKH�NH\�IUDPHV�UHSUHVHQW
SURJUDP� VKRWV� �GHWDLOHG��� DW� WKH� LQWHUPHGLDWH� OHYHO� WKH� NH\�IUDPHV� HVVHQWLDOO\� UHSUHVHQW� SURJUDP
VFHQHV� �FRDUVH���$W� WKH�WRS� OHYHO�� WKH�NH\�IUDPHV�UHSUHVHQW�D�SURJUDP�VHJPHQW� �JOREDO���)LJXUH����
VKRZV�WKLV�KLHUDUFK\�

6HJPHQWV

6FHQHV

6KRWV

)UDPHV

)LJXUH������.H\�IUDPHV�KLHUDUFK\�

7KH�SURJUDP�VKRW�KDV�EHHQ�GHILQHG�LQ�WKH�µ6PDVK¶�SURMHFW��7KH�VFHQH�LV�DQ�LQWHUPHGLDWH�OHYHO��D�VHW
RI� VKRWV� WKDW� VKRZ�D� YLVXDO� VLPLODULW\�� 7KH�VHJPHQW� LV� D� FROOHFWLRQ�RI� VFHQHV�DQG�VKRXOG� LGHDOO\� EH
HTXDO� WR� DQ� LWHP��ZKLFK� LV� WKH� ORZHVW� OHYHO� RI� GHWDLO� IRU� WKH� WH[WXDO� GHVFULSWRUV�� 7KH� DGYDQWDJH� RI
KDYLQJ�ERWK�YLVXDO�DQG�WH[WXDO�GHVFULSWRUV�RQ�WKH�VDPH�KLHUDUFKLFDO�OHYHO�LV�WKDW�UHWULHYDO�FDQ�EH�EDVHG
RQ� ERWK� W\SHV� RI� PHWD�GDWD�� )RU� H[DPSOH�� UHILQLQJ� D� WH[WXDO� VHDUFK� E\� XVLQJ� LWHP�OHYHO� NH\�IUDPHV
�DOVR�FURVV�FRQWHQW�EURZVLQJ�FDQ�EH�LPSOHPHQWHG�LQ�WKLV�ZD\��

,W� LV� LPSRUWDQW� WR�QRWH� WKDW� WKH�SURJUDP�VHJPHQW��ZKLFK� LV� WR� EH�GHVFULEHG�E\� WKH�KLHUDUFK\�RI� NH\�
IUDPHV�� LV�QRW�QHFHVVDULO\� WKH�SURJUDP� LWHP�� ,Q�SULQFLSOH�� WKH�ZKROH�SURJUDP�FDQ�EH� UHSUHVHQWHG�E\
VXFK�D�VHW�RI�RUJDQLVHG�NH\�IUDPHV��+RZHYHU��ZH�SUHIHU� WR�YLVXDOO\�UHSUHVHQW� WKH� ORZHVW� OHYHO�RI� WKH
SURJUDP�WKDW�LV�GHVFULEHG�E\�WH[WXDO�GHVFULSWRUV�LQ�RUGHU�WR�EHQHILW� IURP�ERWK�W\SHV�RI�PHWD�GDWD�DQG
KDYH� D� PHDQLQJIXO� XSSHU� OHYHO� RI� WKH� KLHUDUFK\�� $V� VXFK�� WKH� YLVXDO� GHVFULSWRUV� FDQ� EH� VHHQ� DV
DGGLWLRQDO�DQG�FRPSOHPHQWDU\�WR�WKH�WH[WXDO�GHVFULSWRUV�
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,W�VKRXOG�EH�QRWHG�WKDW�IRU�D�XVHU�DW� OHDVW� WKUHH� OD\HUV� LQ�WKH�KLHUDUFK\�VKRXOG�EH�DYDLODEOH��KRZHYHU
PRUH�OD\HUV�DUH�SRVVLEOH�DQG�HYHQ�QHFHVVDU\��7KH�UHDVRQ�IRU�KDYLQJ�D�KLHUDUFK\�FRQVLVWLQJ�RI�PRUH
OD\HUV�LV�WKDW�QRW�HYHU\�XVHU�KDV�WKH�VDPH�SHUFHSWLRQ�RI�JOREDO��FRDUVH�DQG�GHWDLOHG��:LWK�PRUH�WKDQ
WKUHH�OD\HUV��LW�LV�SRVVLEOH�WR�DGDSW�WR�WKH�XVHU�QHHGV�E\�DOORZLQJ�KLP�WR�VHOHFW�KLV�RZQ�IDYRXULWH�WKUHH
OD\HUV�

������ ,QGH[LQJ

7KH�SURFHVV�RI�DVVRFLDWLQJ�PHWD�GDWD�ZLWK�YLGHR�FRQWHQW�LV�FDOOHG�YLGHR�LQGH[LQJ��RU�LQGH[LQJ�IRU�VKRUW�
9DULRXV�ZD\V�RI� YLGHR� LQGH[LQJ�FDQ�EH�HQYLVDJHG��GHSHQGLQJ�RQ� WKH� IXQFWLRQDO� UHTXLUHPHQWV�RI� WKH
V\VWHP�� )RU� WKH� 6725LW� VHUYLFH� DQG� WKH� DVVRFLDWHG� UHFRUGLQJ�ILOWHULQJ�SOD\LQJ�EDFN� GHYLFH�� LW� ZDV
GHFLGHG�WKDW�WKH�LQGH[LQJ�VFKHPH�VKRXOG�LQFOXGH�WH[WXDO��DV�ZHOO�DV�YLVXDO�GHVFULSWRUV��HDFK�RI�ZKLFK
HQDEOHV�GLIIHUHQW�FRPSRQHQWV�RI�WKH�RYHUDOO�IXQFWLRQDOLW\��:KLOH�WH[WXDO�GHVFULSWRUV�DUH�DSSURSULDWH�IRU
GHVFULELQJ� WKH� FRQWHQW� RI� ODUJH� YLGHR� VHJPHQWV� �SURJUDP� JURXSV�� SURJUDPV�� DQG� SURJUDP� LWHPV� �
DFFRUGLQJ�WR�WKH�SURSRVHG�KLHUDUFK\�RI�WH[WXDO�GHVFULSWRUV���YLVXDO�GHVFULSWRUV�DUH�PRUH�DSSURSULDWH�IRU
GHWDLOHG�FRQWHQW�

�������� ,QGH[LQJ�WH[WXDO�GHVFULSWRUV

5HVHDUFK� FRQGXFWHG� LQ� WKH� SDVW� \HDU� KDV� LQGLFDWHG� WKDW� DW� WKH� FXUUHQW� OHYHO� RI� WHFKQRORJ\�� WH[WXDO
GHVFULSWRUV� FDQQRW� EH� HQWHUHG� DXWRPDWLFDOO\�� 7KHUHIRUH�� LQGH[LQJ� WH[WXDO� GHVFULSWRUV� ZLOO� UHO\� RQ� D
PDQXDO�LQGH[LQJ�SURFHVV�RQ�WKH�FRQWHQW�SURYLGHU¶V�VLGH�

6WXG\� RI� WKH� LQGH[LQJ� SURFHVV� DW� WKH� SURYLGHU¶V� VLGH� KDV� UHYHDOHG� WKDW� LQGH[LQJ� FDQ� EHVW� EH� GRQH
GXULQJ� WKH�SURGXFWLRQ�RI� WKH�FRQWHQW��'XULQJ�SURGXFWLRQ��PDQ\�GRFXPHQWV�DUH�JHQHUDWHG� WKDW� UHFRUG
GHWDLOV� VXFK� DV�� VKRWV�� VFHQHV�� LWHPV�� DFWRUV�� DQG� WKH� GLUHFWRU�� 7KH� SUREOHP� IRU� PDQ\� SURGXFWLRQ
FRPSDQLHV�DQG�FRQWHQW�SURYLGHUV� LV� WKDW�VXFK�GRFXPHQWDWLRQ� LV�QRW�VWDQGDUGLVHG�� ,QGH[LQJ� UHVHDUFK
FDQ�FRQWULEXWH� WR�VWDQGDUGLVDWLRQ�RI� WKLV� IRUP�RI�SURGXFWLRQ�GRFXPHQWDWLRQ��)XUWKHUPRUH�� LQGH[LQJ� LV
QRW�VLPSO\�D�FRQFHUQ�GXULQJ�SRVW�SURGXFWLRQ�EXW�VKRXOG�WDNH�SODFH�GXULQJ�SURGXFWLRQ�

7KH� EHVW� IRUP� RI� LQGH[LQJ� LV� HQWHULQJ� WKH� WH[WXDO� GHVFULSWRUV� E\� DOORZLQJ� VHOHFWLRQ� IURP� D� OLVW� RI
NH\ZRUGV��7KLV�ZLOO�PLQLPLVH�WKH�FKDQFH�RI�W\SLQJ�HUURUV��(YHQ�IRU�NH\ZRUGV��ZH�SURSRVH�D�ODUJH�EXW
OLPLWHG�VHW��+RZHYHU��SURYLVLRQV�KDYH�WR�EH�PDGH�WR�DOORZ�IRU�DOWHUDWLRQ�RI�WKH�NH\ZRUG�OLVW��,W�VKRXOG�EH
SRVVLEOH� WR�DGG�DQG� UHPRYH�NH\ZRUGV�� VLQFH�QHZ�NH\ZRUGV�ZLOO� HPHUJH�DQG� VRPH�NH\ZRUGV�PLJKW
EHFRPH�RXWGDWHG�

�������� ,QGH[LQJ�YLVXDO�GHVFULSWRUV

,Q� RUGHU� WR� VROYH� WKH� SDUWLFXODU� SUREOHP� RI� DXWRPDWLF� YLVXDO� LQGH[LQJ� �UHSUHVHQWDWLRQ� RI� D� YLGHR
VHJPHQW�E\�XVLQJ�D�KLHUDUFK\�RI�NH\�IUDPHV��D�PRUH�JHQHUDO�SUREOHP�KDV�WR�EH�DGGUHVVHG�ILUVW��YLVXDO
VLPLODULW\�� 7KH� IXQGDPHQWDO� TXHVWLRQ� LV� ZKHWKHU� YLVXDO� VLPLODULW\� VKRXOG� EH� REWDLQHG� EHIRUH
LQWHUSUHWDWLRQ� RI� DQ� LPDJH� �IUDPH�� RU� DIWHU� LQWHUSUHWDWLRQ�� � $IWHU� LQWHUSUHWLQJ� DQ� LPDJH�� D� FRQFHSWXDO
VLPLODULW\�FDQ�EH�REWDLQHG��)RU�LQVWDQFH��WKH�LPDJH�RI�D�µ)RUPXOD�2QH¶�UDFLQJ�FDU�LV�VRPHZKDW�VLPLODU
WR�DQ�LPDJH�RI�DQ�RII�URDG�UDFLQJ�FDU��%HIRUH�LQWHUSUHWDWLRQ��VLPLODULW\�FDQ�EH�REWDLQHG�E\�XVLQJ�YLVXDO
LQIRUPDWLRQ�VXFK�DV��FRORXU��WH[WXUH��DQG�VKDSH�

6LQFH� LW� FDQQRW� EH� H[SHFWHG� WKDW� LQ� WKH� QHDU� IXWXUH� WKH� JHQHUDO� SUREOHP� RI� LPDJH� DQG� YLGHR
LQWHUSUHWDWLRQ� ZLOO� EH� VROYHG�� ZH� KDYH� WR� DGGUHVV� WKH� SUREOHP� RI� YLVXDO� VLPLODULW\� E\� XVLQJ� YLVXDO
LQIRUPDWLRQ��IHDWXUHV���$OWKRXJK�WKHUH�KDV�EHHQ�D�ODUJH�DPRXQW�RI�ZRUN�LQ�WKH�DUHD�RI�LPDJH�DQDO\VLV�
LW� LV�QRW�\HW�NQRZQ�ZKDW�YLVXDO� LQIRUPDWLRQ�VXIILFLHQWO\�UHSUHVHQWV�DQ� LPDJH�LQ�RUGHU�WR�GHWHUPLQH�WKH
VLPLODULW\�ZLWK�RWKHU�LPDJHV��03(*���PD\�SURYLGH�VRPH�DQVZHUV�KHUH�DV�µVLPLODULW\�EDVHG�UHWULHYDO¶�RI
LPDJHV�DQG�YLGHR�LV�RQH�RI�WKH�PDLQ�DSSOLFDWLRQV�DGGUHVVHG�

���������� 9LVXDO�VLPLODULW\

7KH� SUREOHP� RI� YLVXDO� FRQWHQW� VLPLODULW\� KDV� EHHQ� DGGUHVVHG� LQ� WKH� FRQWH[W� RI� LPDJH� DQG� YLGHR
VHDUFKLQJ� DQG� UHWULHYDO� IURP� PXOWLPHGLD� GDWDEDVHV�� 0RVW� FXUUHQW� WHFKQLTXHV� UHO\� RQ� ORZ�OHYHO
LQIRUPDWLRQ�� OLNH� FRORXU� KLVWRJUDPV�� %\� FRPSDULQJ� VXFK� GDWD� IURP� RQH� IUDPH� ZLWK� WKH� RWKHU�� WKH
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VLPLODULW\�EHWZHHQ� WKH� IUDPHV�FDQ�EH�REWDLQHG��7KH�PDLQ�DGYDQWDJH�RI�VXFK� WHFKQLTXHV� OLHV� LQ� WKHLU
ORZ� FRPSXWDWLRQDO� FRPSOH[LW\�� 7KH� HIIHFWLYHQHVV� RI� WKHVH� WHFKQLTXHV� KDV� EHHQ� SURYHG� IRU� VRPH
SDUWLFXODU� FDVHV�� LQ� ZKLFK� WKH� YLVXDO� FRQWHQW� FDQ� EH� DFFXUDWHO\� FKDUDFWHULVHG� LQ� WHUPV� RI� GRPLQDQW
FRORXU��OLNH��VXQVHW����VXPPHU�ODQGVFDSH���HWF���

,W�LV�ZLGHO\�EHOLHYHG�WKDW�UHSUHVHQWLQJ�LPDJHV�E\�JOREDO�LQIRUPDWLRQ�VXFK�DV�FRORXU�KLVWRJUDPV�LV�QRW�D
JHQHUDO� VROXWLRQ� WR� WKH� SUREOHP� RI� YLVXDO� VLPLODULW\� EHWZHHQ� LPDJHV�� 8VLQJ� FRORXU� KLVWRJUDPV� IRU
UHJLRQV� LQ� LPDJHV� LV� D� PXFK� EHWWHU� DSSURDFK� VLQFH� WKLV� DOORZV� IRU� FRPSDULVRQV� EHWZHHQ� LPDJHV
KDYLQJ�D�PRUH�FRPSOH[�FRPSRVLWLRQ�DQG�DOORZV�SDUWLDO�PDWFKLQJ��7KH�PDLQ�SUREOHP�KHUH�LV�WKH�ODFN�RI
VWUXFWXUDO� LQIRUPDWLRQ��:KDW� KRPRJHQHRXV� UHJLRQV� DUH� ZKHUH� LQ� WKH� LPDJH"� � ,Q� RWKHU� ZRUGV�� KRZ
VKRXOG�WKH�LPDJH�LWVHOI�EH�VHJPHQWHG�DQG�UHSUHVHQWHG"�$OWKRXJK�LQ�WKH�DUHDV�RI�LPDJH�UHWULHYDO�DQG
YLGHR� FRGLQJ� �H�J�� 03(*� ��� VWUXFWXUDO� LQIRUPDWLRQ� EHFRPHV� LQFUHDVLQJO\� LPSRUWDQW� �EORWFK
UHSUHVHQWDWLRQV��REMHFW�EDVHG�FRGLQJ���WKHUH�GRHV�QRW�\HW�H[LVW�D�VWDQGDUG�IRU�WKH�VHJPHQWDWLRQ�RI�WKH
LPDJH� LWVHOI�� 0RVW� VHJPHQWDWLRQ� DOJRULWKPV� IRFXV� RQ� ILQGLQJ� ³H[DFW´� �REMHFW�� UHJLRQV� �IRU� LPDJH
LQWHUSUHWDWLRQ� RU� HIILFLHQW� FRGLQJ��� DUH� UDWKHU� WLPH� FRQVXPLQJ�� DQG� QRW� VXFFHVVIXO� IRU� DOO� NLQGV� RI
LPDJHV��7KH�IRXU�UHTXLUHPHQWV�IRU�DQ�LGHDO�VHJPHQWDWLRQ�DUH�

�� LW�VKRXOG�LQFRUSRUDWH�VWUXFWXUDO�LQIRUPDWLRQ��UHSUHVHQW�WKH�REMHFWV�LQ�WKH�LPDJH��
�� LW�VKRXOG�EH�DSSOLFDEOH�WR�DQ\�NLQG�RI�LPDJH�
�� LW� VKRXOG� DOORZ� IRU� D� �SDUWLDO�� LPDJH� VLPLODULW\� PHDVXUH� WKDW� LV� VFDOH�� WUDQVODWLRQ�� DQG� URWDWLRQ

LQYDULDQW�
�� LW�VKRXOG�EH�FRPSXWDWLRQDOO\�IDVW�

$� UHSUHVHQWDWLRQ� WKDW� H[DFWO\� VDWLVILHV� WKHVH� UHTXLUHPHQWV� GRHV� QRW� H[LVW�� +RZHYHU�� DQ� LPDJH
VHJPHQWDWLRQ� PHWKRG� XVHG� IRU� GHWHUPLQLQJ� LPDJH� VLPLODULW\� GRHV� QRW� KDYH� WR� VDWLVI\� WKHVH
UHTXLUHPHQWV�H[DFWO\��7KLV�LV�EHFDXVH�WKH�VLPLODULW\�ZLOO�EH�XVHG�IRU�RUGHULQJ�WKH�NH\�IUDPHV�RQO\�DQG
QRW� IRU� PRUH� GHPDQGLQJ� WDVNV� OLNH� REMHFW� UHFRJQLWLRQ� RU� LPDJH� LQWHUSUHWDWLRQ�� 7KHUHIRUH�� D� EDVLF�
URXJK��VHJPHQWDWLRQ�DOJRULWKP�FDQ�EH�XVHG� WKDW� UHVXOWV� LQ� UHJLRQV�ZKRVH�VL]HV�GHSHQG�RQ� WKH� ORFDO
VWUXFWXUH� RI� WKH� LPDJH�� $� VLPSOH� DQG� HIILFLHQW� ZD\� RI� GRLQJ� WKLV� LV� E\� XVLQJ� WKH� TXDG�WUHH�VSOLWWLQJ
DOJRULWKP�LQ�ZKLFK�WKH�KRPRJHQHLW\�FULWHULRQ�LV�FRQQHFWHG�WR�WKH�ORFDO�VWUXFWXUH�RI�WKH�LPDJH��$OWKRXJK
ZH� GR� QRW� H[SHFW� D� SHUIHFW�PDWFK� RI� WZR� VXE�WUHHV� UHSUHVHQWLQJ� WKH� VDPH� �REMHFW�� LQ� WZR� GLIIHUHQW
LPDJHV��VRPH�LQYDULDQFH�RQ�VFDOLQJ��WUDQVODWLRQ�DQG�URWDWLRQ�FDQ�EH�DFKLHYHG�

���������� 4XDG�7UHH�VSOLWWLQJ�DOJRULWKP

7KH�DOJRULWKP�ZH�XVHG�LV�WKH�ZHOO�NQRZQ�UHFXUVLRQ�LQ�ZKLFK��DW�HDFK�VWHS�D�KRPRJHQHLW\�FULWHULRQ� LV
WHVWHG�

��� /HW�WKH�ZKROH�LPDJH�EH�WKH�URRW�RI�WKH�WUHH�
��� 'LYLGH� WKH� LPDJH� LQWR� IRXU�TXDGUDQWV��$VVLJQ� WR�HDFK�TXDGUDQW�D� ODEHO�[L� �� L�³^���������`�

DFFRUGLQJ� WR� DQ� DUELWUDU\� UXOH� �H�J�� EHJLQ� ZLWK� WKH� XSSHU�OHIW� TXDGUDQW� DQG� FRQWLQXH� LQ
FORFNZLVH�PDQQHU���XVLQJ�DV�SUHIL[�WKH�ODEHO�RI�WKH�SDUHQW�QRGH�

��� 7HVW� WKH� KRPRJHQHLW\� FULWHULRQ� IRU� HDFK� TXDGUDQW�� ,I� D� FHOO� LV� KRPRJHQHRXV� RU� WKH� FHOO
GLPHQVLRQV�DUH�ORZHU�WKDQ�D�JLYHQ�YDOXH��6723��2WKHUZLVH�*272�6WHS���

$V�ZH�VDLG�EHIRUH��ZH�XVH�KRPRJHQHLW\�FULWHULD�WKDW�FDSWXUH�WKH�ORFDO�VWUXFWXUH�RI�WKH�LPDJH��6RPH�RI
WKHVH�DUH�

��� 3L[HO�YDOXH�YDULDQFH��/HW�WKH�FXUUHQW�QRGH�4S�UHSUHVHQW�D�UHFWDQJXODU�DUHD�RI�0S�;�1S
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��� (GJH�GHQVLW\��)RU�WKH�FXUUHQW�QRGH�ZH�ILUVW�GHWHFW�WKH�GLVFRQWLQXLW\�SRLQWV�XVLQJ�D�ILUVW
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F ��LV�DERYH�D�JLYHQ�YDOXH��)XUWKHU�RQ��LI�WKH

SHUFHQWDJH�RI�GLVFRQWLQXLW\�SRLQWV�ZLWKLQ�WKH�FXUUHQW�QRGH�4S�LV�VPDOOHU�WKDQ�D�JLYHQ
WKUHVKROG��WKHQ�WKH�QRGH�LV�FRQVLGHUHG�KRPRJHQHRXV�

��� '&7�FRHIILFLHQWV�YDULDQFH��7KLV�FULWHULRQ�DLPV�WR�GHWHFW�ORFDO�KRPRJHQHLW\�ZLWK�UHVSHFW�WR
VSHFWUDO� FRPSRQHQWV��7KH�EDVLF� LGHD� LV� WR� FRPSXWH� WKH�'&7�FRHIILFLHQWV� IRU� HDFK�QRGH
DQG�WR�DSSO\�FULWHULRQ���IRU�WKHVH�YDOXHV

%DVHG�RQ�WKHVH�FULWHULD��D�TXDG�WUHH�FDQ�EH�FRQVWUXFWHG�WKDW�IRUPV�D�VWUXFWXUDO�GHVFULSWLRQ�RI�DQ�LPDJH
�IUDPH��� *LYHQ� D� VWUXFWXUDO� UHSUHVHQWDWLRQ� RI� WKH� IUDPHV� XVLQJ� 4XDG�7UHHV�� WKH� VLPLODULW\� EHWZHHQ
LPDJHV�LV�GHWHUPLQHG�E\�FRPSDULQJ�WKHLU�LQGLYLGXDO�4XDG�7UHHV��7KH�DGYDQWDJHV�RI�XVLQJ�4XDG�7UHHV
IRU�VLPLODULW\�DUH�

�� 7KH� XVH� RI� D� TXDG�WUHH� GLYLVLRQ� RI� LPDJHV� LQGXFHV� VRPH� LQYDULDQFH� SURSHUWLHV�� ZKLFK
DOORZ� D� UHOLDEOH� FRPSDULVRQ� RI� VLPLODU� UHJLRQV� DW� GLIIHUHQW� VFDOHV� DQG� SRVLWLRQV�� $W� WKH
VDPH�WLPH��LW�HQVXUHV�WKDW�WKH�RSWLPDO�QXPEHU�RI�UHJLRQV�LV�XVHG�

�� 7KH� KRPRJHQHLW\� FULWHULD� XVHG� LQ� WKH� VSOLWWLQJ� DOJRULWKP� �SL[HO� YDOXH� YDULDQFH�� HGJH
GHQVLW\�� DQG� '&7� FRHIILFLHQWV� YDULDQFH�� OHDG� WR� D� TXDG�WUHH� WKDW� FDSWXUHV� VWUXFWXUDO
LQIRUPDWLRQ��DOWKRXJK�RQO\�FRORXU�LQIRUPDWLRQ�LV�H[SOLFLWO\�XVHG�IXUWKHU�

�� &RPSDULQJ� JURXSV� RI� DGMDFHQW� UHJLRQV�PLQLPLVHV� WKH� SRVVLELOLW\� RI� IDOVH�PDWFKLQJ�� 7KH
DYHUDJH� UHJLRQ� VL]HV� WRJHWKHU� ZLWK� WKH� QXPEHU� RI� VLPLODU� UHJLRQV� JLYH� D� PRUH� UHOLDEOH
PHDVXUH�RI�VLPLODULW\�WKDQ�D�VLPSOH�GLVWDQFH�IXQFWLRQ�

7KH� GUDZEDFN� RI� WKH� 4XDG�7UHH� DSSURDFK� OLHV� LQ� WKH� FRPSDULVRQ� RI� WKH� WUHHV�� ZKLFK� FDQ� EH
FRPSXWDWLRQDOO\�H[SHQVLYH� LI�DFFXUDWH� UHVXOWV�DUH� UHTXLUHG��7R�GHWHUPLQH� WKHVH� UHTXLUHPHQWV�DQG� WR
GHVLJQ�DQ�RSWLPDO�FRPSDULVRQ��H[WHQVLYH�XVHU�VWXGLHV�DUH�QHFHVVDU\�

���������� $XWRPDWLF�9LVXDO�,QGH[LQJ

7KH�ILQDO�RUJDQLVDWLRQ�RI�WKH�NH\�IUDPHV�LQ�GLVWLQFWLYH�OHYHOV�RI�GHWDLO�LV�REWDLQHG�E\�XVLQJ�D�KLHUDUFKLFDO
FOXVWHULQJ�SURFHGXUH��,Q�KLHUDUFKLFDO�FOXVWHULQJ��WKH�OHYHOV�DUH�DXWRPDWLFDOO\�REWDLQHG��DQG�WKH�QXPEHU
RI�OHYHOV�KHDYLO\�GHSHQGV�RQ�WKH�FRPSOH[LW\�RI�WKH�SURJUDP��'XULQJ�FOXVWHULQJ��D�JURXS�RI�VLPLODU�NH\�
IUDPHV�LV�UHSUHVHQWHG�E\�WKH�NH\�IUDPH�EHLQJ�WKH�PRVW�VLPLODU�WR�HDFK�RI�WKH�NH\�IUDPHV�LQ�WKH�JURXS�
%\�MRLQLQJ�JURXSV�RI�NH\�IUDPHV��QHZ�OHYHOV�DUH�IRUPHG�ZKLFK�QHHG�OHVV�UHSUHVHQWDWLYH�NH\�IUDPHV��$W
HDFK�KLJKHU�OHYHO��WKH�VLPLODULW\�EHWZHHQ�WKH�JURXSV�EHFRPHV�VPDOOHU�VXFK�WKDW��DW�WKH�KLJKHVW�OHYHO��D
VLQJOH�NH\�IUDPH�UHSUHVHQWV�WKH�FRPSOHWH�SURJUDP�VHJPHQW��$�SURJUDP�FRQWDLQLQJ�PDQ\�VLPLODU�NH\�
IUDPHV�FDQ�WKHUHIRUH�EH�RUJDQLVHG�LQ�IHZHU�OHYHOV�WKDQ�D�SURJUDP�KDYLQJ�PDQ\�GLVVLPLODU�NH\�IUDPHV�

:LWK� WKLV�DSSURDFK��DXWRPDWLF� LQGH[LQJ�RI� WKH�YLVXDO�GHVFULSWRUV� LV�SRVVLEOH� IRU�D�SURJUDP�VHJPHQW�
+RZHYHU��WKH�UHSUHVHQWLYLW\�RI�WKH�YLVXDO�GHVFULSWRUV�IRU�WKDW�VHJPHQW�DV�SHUFHLYHG�E\�WKH�XVHUV�VKRXOG
EH�FDUHIXOO\�VWXGLHG�DQG�HYDOXDWHG�

,W�ZLOO�EH�WKH�IRFXV�RI�IXUWKHU�UHVHDUFK�WR�GHWHUPLQH�ZKHWKHU�D�VHJPHQW��VXFK�DV�D�SURJUDP�LWHP��FDQ
EH�GHWHUPLQHG�DXWRPDWLFDOO\�EDVHG�RQ�NH\�IUDPH�KLHUDUFK\�
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���� 6725LW��;0/

,Q� WKH� 6725LW� SURMHFW�� ZH¶OO� EH� VHQGLQJ� GDWD� VWUHDPV� DORQJ� ZLWK� WKH� GLJLWDO� YLGHR� VWUHDPV� RQ� '9%
FKDQQHOV�

�� /RFDWLRQ�5HVROXWLRQ�GDWD��JLYLQJ�ZKHUH�DQG�ZKHQ�SURJUDPV�ZLOO�EH�EURDGFDVW�

�� *URXS�5HVROXWLRQ�GDWD��JLYLQJ�LQIRUPDWLRQ�RQ�WKH�FRPSRVLWLRQ�RI�SURJUDP�JURXSV�

�� 6HJPHQWDWLRQ�GDWD��JLYLQJ�LQIRUPDWLRQ�RQ�WKH�VHJPHQWDWLRQ���LWHPLVDWLRQ�

�� 0HWD�GDWD��GHVFULELQJ�SURJUDPV��a�JURXSV��LQ�RUGHU�WR�DWWUDFW�YLHZHUV�

7KH�UHVROXWLRQ�LQIRUPDWLRQ�ZLOO�SUREDEO\�EH�VHQW�PRUH�IUHTXHQWO\�WKDQ�WKH�RWKHU�GDWD��7KH�NH\�WR�DOO�WKLV
LQIRUPDWLRQ� LV� WKH�83,��8QLIRUP�3URJUDP� ,GHQWLILHU�� FRQQHFWHG� WR� HDFK�SURJUDP� �RU� SURJUDP�JURXS��
3URJUDPV�ZLOO�KDYH� WR�EH�DEOH� WR� µLGHQWLI\� WKHPVHOYHV�¶� L�H��\RX�ZLOO� UHTXLUH�DFFHVV� WR� WKH�83,� IRU� WKH
SURJUDP�FXUUHQWO\�RQ�DLU��7R�DOORZ�IRU�DFFXUDWH�UHFRUGLQJ�RI�SURJUDPV�\RX�ZLOO�QHHG�WR�NQRZ�

��� 7KH�83,�RI�D�SURJUDP�µFRPLQJ�XS�QH[W¶�VR�WKDW�WKH�VWDUW�LV�QRW�PLVVHG

��� $�IUDPH�DFFXUDWH�PHDQV�RI�ILQGLQJ�WKH�VWDUW�DQG�HQG�RI�D�SURJUDP

,Q�RUGHU� WR�EH�PRGHUQ�DQG� IOH[LEOH��ZH�VKRXOG�XVH�;0/�QRWDWLRQ� IRU� WKHVH�GDWD�VWUHDPV�� WKRXJK� WKH
GDWD�DFWXDOO\�WUDQVPLWWHG�PD\�ZHOO�EH�FRPSUHVVHG�LQ�VRPH�ZD\�

������ /RFDWLRQ�5HVROXWLRQ�7DEOH

%HORZ� LV�D�VDPSOH�;0/�FRGH��SURSRVHG� IRU�XVH� LQ� WKH� ORFDWLRQ� UHVROXWLRQ� WDEOHV��$� IRUPDO�GHILQLWLRQ
FDQ�EH�PDGH�RQFH�ZH�DJUHH�RQ�WKH�IRUPDW�

�/2&$7,21B5(62/87,21B7$%/(!

�����KHUH
V�DQ�H[DPSOH�RI�D�SURJUDP�WKDW�ZLOO�EH�EURDGFDVW�WZLFH
��!

����352*/2&�,' �XSL�EEF���������7,7/( �6WDU�7UHN��6SRFN�LQ�WURXEOH��!

����������������GYE���EEF��EEF���D���I#��������7����'����

����������������GYE���EEF��EEF���D���I#��������7����'����

�����352*/2&!

��/2&$7,21B5(62/87,21B7$%/(!

7KLV� UHVROXWLRQ� WDEOH� FRQWDLQV� RQH� HQWU\� UHYHDOLQJ� UHVROXWLRQ� LQIRUPDWLRQ� IRU� RQH� HSLVRGH�� ZKLFK� LV
EURDGFDVW�WZLFH�

7KH�WDEOH�PD\�FRQWDLQ�PRUH�VXFK�HQWULHV��EXW�QHHG�QRW�DOZD\V�FRQVWLWXWH�D�FRPSOHWH�VFKHGXOH� IRU�D
JLYHQ�WHOHYLVLRQ�VHUYLFH�� ,Q�RWKHU�ZRUGV�� WKH�UHVROXWLRQ� LQIRUPDWLRQ�IRU�D�JLYHQ�VFKHGXOH�PD\�EH�VHQW
SLHFH�E\�SLHFH�LQ�DQ\�QXPEHU�RI�ILOHV��,W�ZLOO�EH�XS�WR�WKH�6725LW�ER[�WR�DVVLPLODWH�DOO�WKHVH�ILOHV�LQWR�D
VLQJOH�µUHVROXWLRQ�GDWDEDVH�¶�7KLV�DOORZV�IRU�ODVW�PLQXWH�VFKHGXOLQJ�FKDQJHV�DQG�WKH�6725LW�ER[�PXVW
EH�DEOH�WR�XSGDWH�WKH�UHVROXWLRQ�GDWDEDVH�DFFRUGLQJO\�
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������ *URXS�5HVROXWLRQ�7DEOH

%HORZ�LV�D�VDPSOH�;0/�FRGH��SURSRVHG�IRU�XVH�LQ�WKH�JURXS�UHVROXWLRQ�WDEOHV�

�*5283B5(62/87,21B7$%/(!

����� KHUH
V� DQ� H[DPSOH� RI� D� JURXS� ZKLFK� LV� QRW� FRPSOHWH�� L�H�� KDV� PRUH
HSLVRGHV� WKDQ� WKH� WKUHH� OLVWHG�� 7KH� 
5(3/$&(
� DWWULEXWH� VXJJHVWV� KRZ� WKH
DFWXDO�UHFRUGLQJV�RI�WKH�SURJUDPV�PLJKW�EH�PDQDJHG�E\�WKH�67%��$�YDOXH�RI

758(
� VXJJHVWV� WKDW� HDFK� VXFFHVVLYH� UHFRUGLQJ� ZLOO� UHSODFH� WKH� ODVW�

)$/6(
�VXJJHVWV�WKH\�GR�QRW�UHSODFH�RQH�DQRWKHU�
��!

���������*5283�,' �XSL�EEF��������7,7/( �6WDU�7UHN������VHULHV�

����������������&203/(7( )$/6(��25'(5(' 758(��5(3/$&( )$/6(!

����������������XSL�EEF�������

����������������XSL�EEF�������

����������������XSL�EEF�������

����������*5283!

��*5283B5(62/87,21B7$%/(!

7KLV� UHVROXWLRQ� WDEOH� FRQWDLQV�RQH�JURXS�HQWU\�� LGHQWLI\LQJ� WKH� QH[W� IHZ� HSLVRGHV� RI� WKLV� \HDU¶V�6WDU
7UHN� VHULHV�� LQGLFDWLQJ� WKH� OLVW� LV� QRW� FRPSOHWH�� LV� RUGHUHG�� DQG� WKH� HSLVRGHV� GR� QRW� UHSODFH� RQH
DQRWKHU�

������ 0HWD�'DWD�7DEOH

%HORZ�LV�D�VDPSOH�;0/�FRGH��SURSRVHG�IRU�XVH�LQ�WKH�PHWD�GDWD�WDEOHV�

�0(7$B'$7$B7$%/(!

����

��!

����352*0'�,' �XSL�EEF���������7,7/( �6WDU�7UHN��6SRFN�LQ�WURXEOH��!

����'(6&5,37,21!
������<HW�DQRWKHU�HSLVRGH�RI�WKLV�JUHDW�VHULHV�IURP�WKH�VL[WLHV�
�����'(6&5,37,21!

����6<1236,6!
������$IWHU�UHDFWLQJ�WR�D�GLVWUHVV�VLJQDO��WKH
������(QWHUSULVH�JHWV�WUDSSHG�LQ�D�PRUSKRJHQHWLF�IRUFH
������ILHOG��6SRFN�GHFLGHV�WR�LQYHVWLJDWH���
�����6<1236,6!

����*(15(!��6FLHQFH�)LFWLRQ���*(15(!

����)250$7!�79�GUDPD���)250$7!
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�������00B/,1.�7<3( ,0$*(�7,7/( �6SRFN�
������85/ KWWS���ZZZ�EEF�FR�XN�6WDUWUHN�LPJ����MSJ��!

�������00B/,1.�7<3( 6281'�7,7/( �+HDU�WKH�(QWHUSULVH�
������85/ KWWS���ZZZ�EEF�FR�XN�6WDUWUHN�(QWHUSULVH�ZDY��!

�������00B/,1.�7<3( :(%�7,7/( �6WDU�7UHN�KRPH�SDJH�
������85/ KWWS���ZZZ�VWDUWUHN�FRP�LQGH[�KWPO��!

����75$,/(5!�XSL�EEF�������W���75$,/(5!

����3(56211(/!
�������3(5621�52/( �&DPHUD��1$0( �-RH�%ORJJV��?!
�������3(5621�52/( �'U��6SRFN��1$0( �/HRQDUG�1LPPR\��?!
�����3(56211(/!

����.(<:25'6!
������SKDVHU��WUDQVSRUWHU�URRP��VSDFH
�����.(<:25'6!

����352*B/,1.�7,7/( �6SDFH������!�XSL�EEF��������352*B/,1.!

����/$1*8$*(�6281'75$&. (QJOLVK�68%7,7/(6 758(�68%B/$1*8$*( (QJOLVK�!

��0(7$B'$7$B7$%/(!

7KLV� WDEOH�FRQWDLQV�RQH�HQWU\��VLPLODU�HQWULHV�ZRXOG�H[LVW� IRU�HDFK�SURJUDP�RU�SURJUDP�JURXS� WKDW� LV
UHOHYDQW�IRU��VD\��WKH�QH[W�WZR�GD\V�

������ 6HJPHQWDWLRQ�7DEOH

%HORZ�LV�D�VDPSOH�;0/�FRGH��SURSRVHG�IRU�LQGLFDWLQJ�WKH�VHJPHQWDWLRQ�RI�SURJUDPV�

�6(*0(17$7,21B7$%/(!

����352*6(*�,' �XSL�EEF���������7,7/( �0DWFK�RI�WKH�'D\��*ODVJRZ
���5DQJHUV���&HOWLF��!

�������6(*0(17�180%(5 ��7,7/( �)LUVW�JRDO��7,0(&2'( ����������!

�������6(*0(17�180%(5 ��7,7/( �5HG�FDUG��7,0(&2'( ���������!

�������6(*0(17�180%(5 ��7,7/( �6HFRQG�JRDO��7,0(&2'( ����������!

�����352*6(*!

��6(*0(17$7,21B7$%/(!

7KLV�WDEOH�ZRXOG�EH�H[SDQGHG�DV�WKH�SURJUDP�SURJUHVVHV�DQG�PRUH�JRDOV�DUH�VFRUHG�

���� &KDQQHO�'HILQLWLRQ�)RUPDW

,I�GHVFULSWRUV�DUH�WR�EH�FDUULHG�YLD� WKH�'60�&&�2EMHFW�&DURXVHO�� WKHQ�ZH�QHHG�D�ZD\�RI�RUJDQLVLQJ
WKH�;0/�ILOHV�WKDW�FRQWDLQ�WKH�PHWD�GDWD��$�SRVVLEOH�VROXWLRQ�LV�XVLQJ�&')��&KDQQHO�'HILQLWLRQ�)RUPDW
±�VHH�VHFWLRQ����DV�D�7DEOH�RI�&RQWHQWV�IRU�RXU�GHVFULSWRU�ILOHV��+HUH��ZH�SURSRVH�WR�XVH�&')�WR�
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�� LQGLFDWH�WKH�;0/�ILOHV�WKDW�PXVW�EH�SDUVHG�E\�WKH�UHFHLYHU�ZKHQ�ORRNLQJ�IRU�D�SDUWLFXODU�GHVFULSWRU
FODVV��H�J��UHVROXWLRQ�WDEOHV��

�� PDLQWDLQ�VFKHGXOH�LQIRUPDWLRQ�VR�WKDW�ILOH�XSGDWHV�DUH�FKHFNHG�RQO\�ZKHQ�DSSURSULDWH�

�� SURYLGH�DQ�LQGLFDWLRQ�IRU�WKH�H[SLUDWLRQ�RI�WKH�YDOLGLW\�RI�WKH�LQIRUPDWLRQ�FRQWDLQHG�

2YHUOHDI��D�&')�ILOH�LV�JLYHQ�DV�DQ�H[DPSOH�

��'2&7<3(�&KDQQHO�6<67(0��GYE���EEF��EEF��'60���EEF�GWGV�FGI�GWG�!

����� 7KLV� LV� D� GHVFULSWLRQ� RI� DQ� LQIRUPDWLRQ� FKDQQHO� WKDW� FDUULHV
GLIIHUHQW� NLQGV� RI� PHWD�GDWD� IRU� 6725LW� SXUSRVHV�� XVLQJ� :�&� VWDQGDUG� &')
�&KDQQHO�'HILQLWLRQ�)RUPDW��QRWDWLRQ�

7KH�PDLQ�FKDQQHO�KDV�WKUHH�VXEFKDQQHOV�DV�IROORZV�

���UHVROXWLRQ�GDWD�FKDQQHO�
���PHWDGDWD�FKDQQHO�
���WUDLOHU�FKDQQHO�

%RWK� FKDQQHO� GHILQLWLRQV� LQ� &')� IRUPDW� DQG� UHIHUHQFHG� ;0/� GRFXPHQWV� DUH
DVVXPHG WR�EH�FDUULHG�LQ�D�'60�&&�2EMHFW�&DURXVHO��LQVLGH�D�'9%�VWUHDP�
DV�ILOHV�

1RWLFH�WKDW�WKH�GHILQLWLRQ�RI�WKH�&')�IRUPDW�XVHG�LQ�WKLV�GRFXPHQW�LV�DOVR
FDUULHG� LQ� WKH� REMHFW� FDURXVHO� DV� WKH� :�&� 'RFXPHQW� 7\SH� 'HILQLWLRQ� �'7'�
ILOH��FGI�GWG���DV�VWDWHG�LQ�WKH��VW�OLQH�RI�WKLV�GRFXPHQW�

7KH�QRWDWLRQ�IRU�UHIHUHQFHV�WR�ILOHV�LQ�DQ�'60�&&�2EMHFW�&DURXVHO�IROORZV
'$9,&����VSHFLILFDWLRQV��SDUW����FKDSW�������
��!

�&KDQQHO�+5() �GYE���EEF��EEF��'60���FKDQQHOV�EEF3URJUDPV�FGI�
,V&ORQDEOH <(6�!
�/DVW0RG�9$/8( ���������7������������!
�7LWOH�9$/8( �%%&�3URJUDPV�'HFHPEHU�VFKHGXOH��!
�$EVWUDFW�9$/8( �$OO�WKH�SURJUDPV�RI�%%&���%%&��DQG�%%&����!
�$XWKRU�9$/8( �'�0HOSLJQDQR��!
�6FKHGXOH!

�(QG'DWH�9$/8( ���������7�����������!
�,QWHUYDO7LPH�+285 ���!
�(DUOLHVW7LPH�+285 ���!
�/DWHVW7LPH�+285 ����!

��6FKHGXOH!
�/RJR�+5() �GYE���EEF��EEF��a�ORJRV�EEF��SQJ���!

�����)LUVW�VXEFKDQQHO��5HVROXWLRQ�GDWD���!

�&KDQQHO�+5() �GYE���EEF��EEF��a�FKDQQHOV�UHVROXWLRQ'DWD�FGI�
,V&ORQDEOH 12�!
�/DVW0RG�9$/8( ���������7������������!
�7LWOH�9$/8( �5HVROXWLRQ�'DWD�&KDQQHO���!
�$EVWUDFW�9$/8( �&KDQQHO�FDUU\LQJ�WDEOHV�WR�UHVROYH�83,V
LQWR�85/V�!
�6FKHGXOH!

�(QG'DWH�9$/8( ���������7������������!
�,QWHUYDO7LPH�+285 ���!
�(DUOLHVW7LPH�+285 ���!
�/DWHVW7LPH�+285 ����!
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��6FKHGXOH!

�����+HUH�ZH�DVVXPH�WKDW�UHVROXWLRQ�GDWD�LV�FDUULHG�LQ�VHSDUDWH�;0/�ILOHV�
LQ�RUGHU�WR�EH�PRUH�PDLQWDLQDEOH��HDFK�ILOH�IROORZV�WKH�V\QWD[�GHILQHG�LQ
WKH��6725LW�;0/��GRFXPHQW�GUDIW������E\�(��0RQWLH����!
�6((�6(&7,21�����

�,WHP�+5() �GYE���EEF��EEF��a�FKDQQHOV�WDEOHV�QH[WZHHN�[PO���!
�,WHP�+5() �GYE���EEF��EEF��a�FKDQQHOV�WDEOHV�QH[WPRQWK�[PO���!
�,WHP�+5() �GYE���EEF��EEF��a�FKDQQHOV�WDEOHV�EEF��[PO���!
�,WHP�+5() �GYE���EEF��EEF��a�FKDQQHOV�WDEOHV�EEF��[PO���!
��&KDQQHO!

�����6HFRQG�VXEFKDQQHO��3URJUDP�0HWDGDWD���!

�&KDQQHO�+5() �GYE���EEF��EEF��a�PHWDGDWD�PHWDGDWD�FGI�
,VFORQDEOH 12�!
�/DVW0RG�9$/8( ���������7������������!
�7LWOH�9$/8( �0HWDGDWD�&KDQQHO���!
�$EVWUDFW�9$/8( �&KDQQHO�FDUU\LQJ�GHVFULSWLYH�SURJUDP
LQIRUPDWLRQ�!
�6FKHGXOH!

�(QG'DWH�9$/8( ���������7������������!
�,QWHUYDO7LPH�+285 ���!

��6FKHGXOH!

�����1RWLFH�WKDW�FDWHJRULHV�DV�IRUPDW��JHQUH�DQG�VXEJHQUH�DUH�GHILQHG�LQ�D
VHSDUDWH�ILOH�QDPHG��VWRULW&DWHJRU\�[PO��DV�&DWHJRU\'HI�HOHPHQWV�DFFRUGLQJ
WR�WKH�:�&�&')�VSHF����!

�,WHP�+5() �GYE���EEF��EEF��a�PHWDGDWD�VHULHV0'�[PO��!
�7LWOH�9$/8( �,QIRUPDWLRQ�RQ�VHULHV��VHULDOV�HWF��!

�&DWHJRU\+5() �GYE���EEF��EEF��a�PHWDGDWD�
VWRULW&DWHJRU\�[PO�VHULHV���!
��,WHP!

� �,WHP�+5() �GYE���EEF��EEF��a�PHWDGDWD�PRYLHV0'�[PO��!
�7LWOH�9$/8( �,QIRUPDWLRQ�RQ�PRYLHV����!
�&DWHJRU\�+5() �GYE���EEF��EEF��a�PHWDGDWD�
VWRULW&DWHJRU\�[PO�PRYLHV���!

��,WHP!
�����$GG�DQ\�RWKHU�UHIHUHQFHV�WR�PHWDGDWD�UHVRXUFHV����!

��&KDQQHO!

�����7KLUG�VXEFKDQQHO��7UDLOHUV���!

�&KDQQHO�+5() �GYE���EEF��EEF��a�WUDLOHUV�WUDLOHU�FGI�
,V&ORQDEOH 12�!
�/DVW0RG�9$/8( ���������7������������!
�7LWOH�9$/8( �%%&�7UDLOHUV�&KDQQHO���!
�$EVWUDFW�9$/8( �3URJUDPV�XQWLO�'HF����WK���!
�6FKHGXOH!

�(QG'DWH�9$/8( ���������7������������!

�,QWHUYDO7LPH�+285 ���!
��6FKHGXOH!

����� ;0/� ILOHV� FRQWDLQLQJ� WUDLOHUV� FDQ� UHIHUHQFH� -DYD� DSSOLFDWLRQV
FRQWDLQHG�LQ�WKH�REMHFW�FDURXVHO����!

�,WHP�+5() �GYE���EEF��EEF��a�WUDLOHUV�PRYLHV75�[PO��!
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�/DVW0RG�9$/8( ���������7������������!
�7LWOH�9$/8( �0RYLHV���!
�$EVWUDFW�9$/8( �6RPH�FRPPHQWDU\�WH[W���!

��,WHP!
�,WHP�+5() �GYE���EEF��EEF��a�WUDLOHUV�VSRUWV75�[PO��!

�/DVW0RG�9$/8( ���������7������������!
�7LWOH�9$/8( �8SFRPLQJ�VSRUWV�HYHQWV���!
�$EVWUDFW�9$/8( �6RPH�FRPPHQWDU\�WH[W���!

��,WHP!
��&KDQQHO!

��&KDQQHO!
�����(QG�RI�PDLQ�FKDQQHO�GHILQLWLRQ�GRFXPHQW����!

������ 0HWD�'DWD�$3,

,Q�RUGHU�WR�KDQGOH�GHVFULSWRUV��D�PHWD�GDWD�$3,�KDV�WR�EH�GHILQHG�WKDW�DOORZV�DSSOLFDWLRQV�WR�

��� EXLOG�D�GHVFULSWRU�WUHH��DGG�FKLOG�GHVFULSWRUV���DOORZ�QDYLJDWLRQ�
��� JHW�VHW�GHVFULSWRU�SURSHUWLHV
��� ZULWH�WKH�GHVFULSWRUV�WUHH�FRQWHQW�LQWR�;0/
��� SDUVH�DQ�;0/�ILOH�WR�UHWULHYH�WKH�GHVFULSWRUV�WUHH
��� SDVV�GHVFULSWRU�GDWD�IURP�RQH�PRGXOH�WR�DQRWKHU�

$�VHW�RI�LQWHUIDFHV�PXVW�EH�GHILQHG�IRU�WKH�REMHFWV�WKDW�PDQLSXODWH�GHVFULSWRUV�DQG�IRU�WKH�GHVFULSWRUV
WKHPVHOYHV��+HUH�DQ�LQWHUIDFH�LV�SURSRVHG�FRQWDLQLQJ�PHWKRGV�WR�KDQGOH�WKH�PRVW�FRPPRQ�RSHUDWLRQV
RQ�PHWD�GDWD�

7KH� IROORZLQJ� LQWHUIDFH� GHILQHV� JHQHULF� RSHUDWLRQV� WR� GHDO� ZLWK� SURJUDP� FRPSRQHQWV� DQG
FRPSRVLWLRQV��LQFOXGLQJ�LWHPV�DQG�JURXSV�

3XEOLF�2SHUDWLRQV�

JHW&RPSRVLWH������0HWD'DWD
5HWXUQV�WKH�REMHFW�UHIHUHQFH�LI�WKH�REMHFW�LV�FRPSRVLWH��QXOO�RWKHUZLVH��

DGG��FRPSRQHQW���0HWD'DWD����ERROHDQ
$GGV�FKLOG�PHWDGDWD�

GHOHWH��FRPSRQHQW���0HWD'DWD����ERROHDQ
'HOHWHV�FKLOG�PHWDGDWD�

DFFHSW��YLVLWRU���9LVLWRU����ERROHDQ
$FFHSW�D�YLVLWRU�WR�EH�XVHG�IRU�QDYLJDWLRQ�LQ�WKH�PHWDGDWD�WUHH�

VHW3URSHUW\�����
6HWV�D�SURSHUW\�RQ�WKH�PHWDGDWD�REMHFW��8VHV�UHIOHFWLRQ�

JHW3URSHUW\������2EMHFW
*HWV�D�SURSHUW\�IURP�WKH�PHWDGDWD�REMHFW�XVLQJ�UHIOHFWLRQ�

WR6WULQJ�����
:ULWHV� WKH�PHWDGDWD� REMHFW� DV� D� 6WULQJ�� GHSHQGLQJ� RQ� WKH� LPSOHPHQWDWLRQ�� FDQ� EH� XVHG� WR
SURGXFH�DQ�;0/�RXWSXW�

,W� LV�SURSRVHG�KHUH�� WKDW�3URJUDP�*URXSV��3URJUDPV�DQG�3URJUDP� ,WHPV� �WKH� WKUHH�PDLQ�GHVFULSWRU
FODVVHV��DOO�LPSOHPHQW�WKH�VDPH�PHWD�GDWD�LQWHUIDFH��7KLV�LV�VKRZQ�LQ�WKH�FODVV�GLDJUDP�RI�ILJXUH�����
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