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1)$�EDVHG�)LOWHULQJ�IRU�(IILFLHQW�DQG�6FDODEOH�;0/�5RXWLQJ�

<DQOHL�'LDR��+DR�=KDQJ��0LFKDHO�-��)UDQNOLQ�

&RPSXWHU�6FLHQFH�'LYLVLRQ�

8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\�

^GLDR\O��QK]��IUDQNOLQ`#FV�EHUNHOH\�HGX�

$EVWUDFW�

6RRQ�� PXFK� RI� WKH� GDWD� H[FKDQJHG� RYHU� WKH� ,QWHUQHW� ZLOO� EH� HQFRGHG� LQ� ;0/�� � 7KLV�

HQFRGLQJ� FDQ�EH�XVHG� DV� WKH�EDVLV� IRU� VRSKLVWLFDWHG� ILOWHULQJ� DQG� FRQWHQW�EDVHG� URXWLQJ�RI�

GDWD�XVLQJ�;0/�TXHULHV���)LOWHULQJ�V\VWHPV�VXFK�DV�;)LOWHU�UHSUHVHQW�;0/�SDWK�H[SUHVVLRQV�

DV�)LQLWH�6WDWH�0DFKLQHV�DQG�LQGH[�WKHP��,Q�FRQWUDVW��ZRUN�RQ�FRQWLQXRXV�TXHU\�SURFHVVLQJ�IRU�

GDWDEDVH� V\VWHPV�KDV� IRFXVHG� RQ� JURXSLQJ� FRPPRQ�SDUWV� RI� UHODWLRQDO�VW\OH� TXHULHV�� � ,W� LV�

FOHDU�WKDW�IRU�VFDODEOH�DQG�HIILFLHQW�;0/�ILOWHULQJ�DQG�URXWLQJ�ERWK�W\SHV�RI�WHFKQLTXHV�ZLOO�

EH�QHHGHG��:H�SURSRVH�D�QHZ�DSSURDFK�EDVHG�RQ�1RQGHWHUPLQLVWLF�)LQLWH�$XWRPDWD��1)$��WKDW�

LQGH[HV�SDWK�H[SUHVVLRQV�DQG�FDSWXUHV�WKH�RYHUODS�EHWZHHQ�TXHULHV�QDWXUDOO\���7KH�DSSURDFK�

DOVR� KDV� WKH� SRWHQWLDO� RI� JUDFHIXOO\� KDQGOLQJ� RWKHU� SUREOHPV� LQ� WKLV� HQYLURQPHQW� VXFK� DV�

FRQFXUUHQW�ILOWHULQJ�DQG�RQOLQH�XSGDWHV��3UHOLPLQDU\�H[SHULPHQWDO�UHVXOWV�VKRZ�WKDW�WKH�1)$�

DSSURDFK�FDQ�GUDPDWLFDOO\�LPSURYH�ILOWHULQJ�SHUIRUPDQFH��

�� ,QWURGXFWLRQ�
7KH�YDVW�UDQJH�RI�LQIRUPDWLRQ�DYDLODEOH�RQ�WKH�,QWHUQHW�KDV�VSDZQHG�WUHPHQGRXV�LQWHUHVW�LQ�

WHFKQLTXHV�IRU�ILOWHULQJ�DQG�URXWLQJ�RI�GDWD�EDVHG�RQ�XVHU�SUHIHUHQFHV���6\VWHPV�WKDW�SHUIRUP�

WKLV� IXQFWLRQ� DUH� NQRZQ� DV� 3XEOLVK�6XEVFULEH� V\VWHPV�� 7KH� DELOLW\� WR� DXJPHQW� GDWD� ZLWK�

VHPDQWLF� DQG� VWUXFWXUDO� LQIRUPDWLRQ� XVLQJ� ;0/�EDVHG� ODQJXDJHV� UDLVHV� WKH� SRWHQWLDO� IRU�

PXFK� PRUH� DFFXUDWH� DQG� XVHIXO� GHOLYHU\� RI� GDWD�� � ,Q� DQ� ;0/�EDVHG� SXEOLVK�VXEVFULEH�

V\VWHP�� XVHUV� H[SUHVV� WKHLU� LQWHUHVWV� DV� TXHULHV� RYHU� ;0/� GRFXPHQWV�� � � 7\SLFDOO\� WKHVH�

TXHULHV� LQYROYH� SDWK� H[SUHVVLRQV�� � &RQWLQXRXVO\� DUULYLQJ� VWUHDPV� RI� ;0/� GRFXPHQWV� DUH�

ILOWHUHG�DQG�URXWHG�EDVHG�RQ� WKHVH�TXHULHV�� �)RU� V\VWHPV� WKDW� VXSSRUW�PDQ\�XVHUV�� ILOWHULQJ�

HIILFLHQF\�DQG�V\VWHP�VFDODELOLW\�DUH�RI�SDUDPRXQW�FRQFHUQ��
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3XEOLVK�VXEVFULEH� V\VWHPV� KDYH� ORQJ� EHHQ� GHYHORSHG� XVLQJ� ,QIRUPDWLRQ� 5HWULHYDO�

WHFKQLTXHV� EDVHG� RQ� ERWK� WKH� %RROHDQ� DQG� WKH� ´EDJ�RI�ZRUGVµ� PRGHOV�� � 0RUH� UHFHQWO\�

GDWDEDVH� UHVHDUFKHUV� KDYH� EHHQ� GHYHORSLQJ�&RQWLQXRXV�4XHU\� V\VWHPV� VXFK� DV�1LDJDUD&4�

>&'7��@�� 2SHQ&4� >/37��@� DQG� 7ULJJHU0DQ� >+&+��@�� WKDW� DLP� WR� SURYLGH� VLPLODU�

IXQFWLRQDOLW\� XVLQJ� PRGHOV� EDVHG� RQ� UHODWLRQDO� DQG� ;0/� TXHU\� ODQJXDJHV�� � $� NH\�

RSWLPL]DWLRQ�XVHG�E\� VRPH�RI� WKHVH� V\VWHPV� LV� WKH�JURXSLQJ�RI� VLPLODU�TXHULHV� LQ�RUGHU� WR�

LPSURYH� SHUIRUPDQFH� DQG� VFDODELOLW\� E\�PLQLPL]LQJ� UHGXQGDQW� ZRUN�� � � $W� WKH� VDPH� WLPH��

RWKHU� SURMHFWV� KDYH� LQYHVWLJDWHG� TXHU\�EDVHG� ILOWHULQJ� RYHU� VWUHDPV� RI�;0/� HQFRGHG�GDWD�

>$)����,/:��@���7KLV�ODWWHU�ZRUN�KDV�IRFXVHG�RQ�WKH�HIILFLHQW�HYDOXDWLRQ�RI�SDWK�H[SUHVVLRQV�

RYHU�VWUHDPLQJ�GDWD��XVLQJ�VRPH�IRUP�RI�D�)LQLWH�6WDWH�0DFKLQH� �)60��WR�UHSUHVHQW�WKH�SDWK�

H[SUHVVLRQV����

)60V�DUH�D�QDWXUDO�DQG�HIIHFWLYH�ZD\�WR�UHSUHVHQW�DQG�SURFHVV�SDWK�H[SUHVVLRQ�TXHULHV���

(DFK� HOHPHQW� RI� D� SDWK� H[SUHVVLRQ� LV� PDSSHG� WR� D� VWDWH�� � $� WUDQVLWLRQ� LV� ILUHG� ZKHQ� DQ�

HOHPHQW� LV� IRXQG� LQ� WKH� GRFXPHQW� WKDW� PDWFKHV� WKDW� WUDQVLWLRQ� IURP� WKH� FXUUHQWO\� DFWLYH�

VWDWH���,I�DQ�´DFFHSWµ�VWDWH�LV�UHDFKHG��WKHQ�WKH�GRFXPHQW�LV�VDLG�WR�VDWLVI\�WKH�TXHU\���:KHQ�

DQ�;0/�GRFXPHQW�DUULYHV�WR�EH�ILOWHUHG�� LW�FDQ�EH�SDUVHG�ZLWK�DQ�HYHQW�EDVHG�SDUVHU��HDFK�

WLPH� D� QHZ� HOHPHQW� RU� WKH� HQG� RI� DQ� HOHPHQW� LV� HQFRXQWHUHG�� DQ� HYHQW� LV� UDLVHG�� � 7KHVH�

HYHQWV�WULJJHU�WUDQVLWLRQV�LQ�WKH�TXHU\�)60V��

7KH� RULJLQDO� ZRUN� RQ� ;)LOWHU� >$)��@� IRFXVHG� RQ� WHFKQLTXHV� WR� DOORZ� PDQ\� TXHULHV�

�)60V�� WR� EH� SURFHVVHG� VLPXOWDQHRXVO\�� � � ;)LOWHU� LPSOHPHQWV� D� VSHFLDO� LQGH[� DQG� UHODWHG�

RSWLPL]DWLRQV�VR�WKDW�ZKHQ�DQ�;0/�GRFXPHQW�DUULYHV�WR�EH�ILOWHUHG��WKH�)60V�WKDW�UHSUHVHQW�

SRWHQWLDO�PDWFKLQJ�TXHULHV�FDQ�EH�TXLFNO\� LGHQWLILHG�DQG�H[HFXWHG��� � �6XFK�WHFKQLTXHV�ZHUH�

LQGHHG� VKRZQ� WR� EH� HIIHFWLYH�� EXW� XQOLNH� WKH� ZRUN� RQ� GDWDEDVH� FRQWLQXRXV� TXHULHV�� QR�

DWWHPSW�ZDV�PDGH� WR� HOLPLQDWH� UHGXQGDQW� SURFHVVLQJ� E\� FRPELQLQJ� VLPLODU� TXHULHV�� � � )RU�

ODUJH�VFDOH� V\VWHPV�� KRZHYHU�� LW� LV� OLNHO\� WKDW� VLJQLILFDQW� FRPPRQDOLW\� DPRQJ� XVHU� LQWHUHVWV�

ZLOO� H[LVW�� � 7KXV�� ZH� KDYH� GHYHORSHG� DQ� DOWHUQDWLYH� DSSURDFK� WR� VXSSRUWLQJ� ;0/�EDVHG�

SXEOLVK�VXEVFULEH� V\VWHPV�� �5DWKHU� WKDQ� UHSUHVHQWLQJ� HDFK�TXHU\� DV� D� VHSDUDWH�'HWHUPLQLVWLF�

)LQLWH� $XWRPDWRQ� �')$��� WKH� DSSURDFK� ZH� GHVFULEH� KHUH� FRPELQHV� PXOWLSOH� TXHULHV� LQWR� D�

VLQJOH�1RQGHWHUPLQLVWLF� )LQLWH� $XWRPDWRQ� �1)$��� � 7KH� XVH� RI� DQ� 1)$� LQKHUHQWO\� DOORZV� D�

GUDPDWLF�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�VWDWHV�QHHGHG�WR�UHSUHVHQW�WKH�VHW�RI�XVHU�TXHULHV�DQG�

DOVR�JUHDWO\� VLPSOLILHV� WKH�ERRNNHHSLQJ� WKDW�PXVW�EH�GRQH�ZKLOH� VLPXOWDQHRXVO\�SURFHVVLQJ�

ODUJH� QXPEHUV� RI� TXHULHV�� � ,Q� DGGLWLRQ�� WKH� DSSURDFK� DOVR� KDV� WKH� SRWHQWLDO� RI� JUDFHIXOO\�
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KDQGOLQJ� RWKHU� SUREOHPV� LQ� WKLV� HQYLURQPHQW� VXFK� DV� FRQFXUUHQW� ILOWHULQJ�� RQOLQH� XSGDWHV��

DQG�GLVN�UHVLGHQW�LQGH[�VWUXFWXUHV���

7KH� UHPDLQGHU� RI� WKH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ,Q� 6HFWLRQ� �� ZH� LQWURGXFH� DQG�

GLVFXVV� WKH� 1)$�EDVHG� PRGHO�� ,Q� 6HFWLRQ� �� ZH� SUHVHQW� WKH� WHFKQLTXHV� RI� FRQVWUXFWLQJ� D�

FRPELQHG�1)$��EXLOGLQJ�DQ�LQGH[��DQG�H[HFXWLQJ�WKH�1)$��3UHOLPLQDU\�H[SHULPHQWDO�UHVXOWV�

DUH�VKRZQ�LQ�6HFWLRQ����6HFWLRQ���FRQFOXGHV�WKH�SDSHU�ZLWK�D�GLVFXVVLRQ�RQ�IXWXUH�ZRUN��

�� $Q�1)$�EDVHG�0RGHO�
)ROORZLQJ�;)LOWHU��RXU�FXUUHQW�ZRUN�LV�EDVHG�RQ�;3DWK�>&'��@��ZKLFK�DOORZV�SDUWV�RI�;0/�

GRFXPHQWV�WR�EH�DGGUHVVHG�DFFRUGLQJ�WR�WKHLU� ORJLFDO�VWUXFWXUH��$�TXHU\�SDWK�H[SUHVVLRQ�LQ�

;3DWK� LV�FRPSRVHG�RI�D�VHTXHQFH�RI� ORFDWLRQ� VWHSV��(DFK� ORFDWLRQ�VWHS�FRQVLVWV�RI�DQ�D[LV�� D�

QRGH�WHVW�DQG�]HUR�RU�PRUH�SUHGLFDWHV��$Q�D[LV�VSHFLILHV�WKH�KLHUDUFKLFDO�UHODWLRQVKLS�EHWZHHQ�WKH�

QRGHV�� 7KH� PRVW� FRPPRQ� D[HV� XVH� D� SDUHQW�FKLOG� RSHUDWRU� ¶�·� RU� D� GHVFHQGHQW�RU�VHOI�

RSHUDWRU� ´��µ�� � $� QRGH� WHVW� FDQ� EH� DQ� HOHPHQW� QDPH� RU� D� ZLOGFDUG� RSHUDWRU� ¶·�� ZKLFK�

PDWFKHV� DQ\� HOHPHQW� QDPH�� � 3UHGLFDWHV� FDQ� EH� DSSOLHG� WR� DWWULEXWHV� RI� DQ� HOHPHQW�� WR� WKH�

FRQWHQWV�RI�DQ�HOHPHQW��RU�PD\�FRQWDLQ� UHIHUHQFHV�WR�RWKHU�HOHPHQWV� LQ� WKH�GRFXPHQW�� � ,Q�

RXU�FXUUHQW�1)$�EDVHG�LPSOHPHQWDWLRQ��VXFK�SUHGLFDWHV�DUH�QRW�\HW�VXSSRUWHG��VR�WKH\�DUH�

QRW�GLVFXVVHG�IXUWKHU�LQ�WKLV�SDSHU��

7KH�GHVFHQGHQW�RU�VHOI�RSHUDWRU�´��µ�PHDQV�WKH�DVVRFLDWHG�QRGH�WHVW�FDQ�EH�VDWLVILHG�DW�

DQ\� OHYHO� DW� RU� EHORZ� WKH� FXUUHQW� GRFXPHQW� OHYHO�� � 7KHVH� RSHUDWRUV� LQWURGXFH� QRQ�

GHWHUPLQLVP�LQWR�WKH�PRGHO���:KHQ�TXHU\�HYDOXDWLRQ�LV�DW�VXFK�D�QRGH��LI�D�PDWFKLQJ�HOHPHQW�

DUULYHV�� WKH�SURFHVVLQJ�PD\�HLWKHU�WUDQVLWLRQ�WR�WKH�QH[W�VWDWH��RU�FDQ�UHPDLQ� LQ�WKH�FXUUHQW�

VWDWH�DZDLWLQJ�IXUWKHU�LQSXW�����

7KH� ERRNNHHSLQJ�

PHFKDQLVPV� XVHG� WR�

PDQDJH� WKLV� QRQ�

GHWHUPLQLVP� FDQ� DOVR� EH�

H[SORLWHG� ZKHQ� FRPELQLQJ�

PXOWLSOH� GLVWLQFW� TXHULHV�

LQWR�D�VLQJOH�PDFKLQH����

�)LJXUH� �� VKRZV� DQ�

4� �D�E�
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4� �D��E�F�
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)LJXUH����;3DWK�4XHULHV�DQG�$�&RUUHVSRQGLQJ�1)$�
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H[DPSOH�RI�DQ�1)$�WKDW� UHSUHVHQWV�HLJKW�TXHULHV��$�FLUFOH�GHQRWHV�D� VWDWH��D�GLUHFWHG�HGJH�

UHSUHVHQWV�D�WUDQVLWLRQ��DQG�WKH�V\PERO�RQ�WKH�HGJH�UHSUHVHQWV�WKH�LQSXW�V\PERO�WKDW�WULJJHUV�

WKH� WUDQVLWLRQ�� 6KDGHG� FLUFOHV� UHSUHVHQW� VWDWHV� VKDUHG� E\� TXHULHV�� :H� XVH� WZR� FRQFHQWULF�

FLUFOHV�WR�UHSUHVHQW�DQ�DFFHSW�VWDWH�DQG�PDUN�LW�ZLWK�WKH�,'V�RI�WKH�FRUUHVSRQGLQJ�TXHULHV���

,Q�WKH�ILJXUH��QRWH�WKDW�WKH�FRPPRQ�SUHIL[HV�RI�DOO�WKH�TXHULHV�DUH�VKDUHG��1RWH�DOVR��WKDW�

WKH�1)$�FRQWDLQV�PXOWLSOH�DFFHSW�VWDWHV��FRUUHVSRQGLQJ�WR�WKH�DFFHSW�VWDWHV�RI�WKH�LQGLYLGXDO�

TXHULHV���,I�PXOWLSOH�TXHULHV�VKDUH�WKH�VDPH�DFFHSW�VWDWH��WKHQ�WKH\�DUH�LGHQWLFDO�TXHULHV��UHFDOO�

WKDW�SUHGLFDWHV�DUH�QRW�KDQGOHG�LQ�WKLV�LPSOHPHQWDWLRQ�����

$Q�DUULYLQJ�GRFXPHQW�LV�SDUVHG�DQG�WKH�HYHQWV�UDLVHG�E\�WKH�SDUVHU�GULYH�WKH�WUDQVLWLRQV�

LQ�WKH�1)$���6LQFH�LW�LV�DQ�1)$��PDQ\�VWDWHV�FDQ�EH�DFWLYH�VLPXOWDQHRXVO\����:KHQ�DQ�´HQG�

RI�HOHPHQWµ� HYHQW� LV� UDLVHG� WKH� H[HFXWLRQ�PXVW� EDFNWUDFN� WR� SUHYLRXV� VWDWHV�� � �$� UXQ�WLPH�

VWDFN� VWUXFWXUH� �GHVFULEHG� LQ� WKH� QH[W� VHFWLRQ�� LV� XVHG� WR� WUDFN� WKH� DFWLYH� DQG� SUHYLRXVO\�

SURFHVVHG�VWDWHV���)LQDOO\��LW�LV�LPSRUWDQW�WR�QRWH�WKDW��XQOLNH�DQ�1)$�XVHG�WR�FKHFN�D�UHJXODU�

ODQJXDJH�� WKH� ILOWHULQJ� WDVN� KHUH� UHTXLUHV� WKDW� SURFHVVLQJ� FRQWLQXH� XQWLO� DOO� SRVVLEOH� DFFHSW�

VWDWHV�KDYH�EHHQ�UHDFKHG�� �7KH�TXHULHV�FRUUHVSRQGLQJ�WR�WKH�VHW�RI�DFFHSW�VWDWHV�XOWLPDWHO\�

UHDFKHG�DUH�WKRVH�WKDW�PDWFK�WKH�LQSXW�GRFXPHQW���

�� ,PSOHPHQWDWLRQ�

���� &RQVWUXFWLQJ�D�&RPELQHG�1)$�

$V� GHVFULEHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� WZR�

FRPPRQ�UHODWLRQVKLSV�VSHFLILHG�LQ�WKH�D[LV�RI�D�

ORFDWLRQ� VWHS� DUH� JLYHQ� E\� WKH� SDUHQW�FKLOG�

RSHUDWRU�¶�·�DQG�WKH�GHVFHQGHQW�RU�VHOI�RSHUDWRU�

´��µ�� 7KH� ZLOGFDUG� RSHUDWRU� ¶·� LV� DOVR�

VXSSRUWHG� LQ� ;3DWK� WR� UHSUHVHQW� DQ\� HOHPHQW�

QDPH�LQ�D�QRGH�WHVW���7KXV��WKH�WKUHH�EDVLF�ORFDWLRQ�VWHSV�DUH�´�Dµ��´��Dµ��DQG�´�µ��ZKHUH�¶D·�

LV�DQ�DUELWUDU\�HOHPHQW�QDPH���)LJXUH���VKRZV�WKH�GLUHFWHG�JUDSKV��FDOOHG�1)$�IUDJPHQWV��EXLOW�

IRU�WKHVH�EDVLF�ORFDWLRQ�VWHSV��,Q�WKH�1)$�IUDJPHQW�IRU�ORFDWLRQ�VWHS�´��Dµ��ZH�LQWURGXFH�D�

QXOO� WUDQVLWLRQ�PDUNHG�E\� WKH� V\PERO� ¶ε·� WR� D� VWDWH�ZLWK� D� VHOI�ORRS��7KLV�QXOO� WUDQVLWLRQ� LV�

������������������������������ �����������������������������
��;3DWK�DOORZV�SDWK�H[SUHVVLRQV�WR�EHJLQ�ZLWK�DQ�HOHPHQW�QDPH���7KLV�LV�VHPDQWLFDOO\�HTXLYDOHQW�WR�SODFLQJ�D�
´��µ�RSHUDWRU�DW�WKH�EHJLQQLQJ�RI�WKH�SDWK��DQG�LV�WUHDWHG�DV�VXFK�E\�WKH�DOJRULWKP��
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� � � �
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)LJXUH����7KUHH�%DVLF�/RFDWLRQ�6WHSV�DQG�

WKHLU�1)$�)UDJPHQWV�
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QHHGHG� VR� WKDW� ZKHQ� FRPELQLQJ� 1)$� IUDJPHQWV� UHSUHVHQWLQJ� ´��µ� DQG� ´�µ� VWHSV�� WKH�

UHVXOWLQJ�1)$�DFFXUDWHO\�PDLQWDLQV�WKH�GLIIHUHQW�VHPDQWLFV�RI�ERWK�VWHSV��VHH�WKH�H[DPSOH�LQ�

)LJXUH���F��EHORZ�����

7KH�1)$�IRU�D�SDWK�H[SUHVVLRQ�FDQ�EH�EXLOW�E\�FRQFDWHQDWLQJ�DOO�WKH�1)$�IUDJPHQWV�IRU�

LWV� ORFDWLRQ�VWHSV�� � �7KH�ILQDO�VWHS�RI�WKH�1)$�IRU�D�SDWK�H[SUHVVLRQ�LV�WKH�DFFHSW�VWDWH�IRU�

WKDW� H[SUHVVLRQ��2QFH�1)$V�KDYH�EHHQ�FRQVWUXFWHG� IRU� DOO� WKH�TXHULHV�� WKH�QH[W� WDVN� LV� WR�

FRPELQH�WKHP�LQWR�D�VLQJOH�1)$��7KLV�LV�GRQH�E\�LQVHUWLQJ�RQH�TXHU\�DW�D�WLPH���$OO�TXHU\�

1)$V�VKDUH�WKH�VDPH�LQLWLDO�VWDWH�� �7R� LQVHUW�D�QHZ�TXHU\��ZH�WUDYHUVH�WKH�FRPELQHG�1)$�

XQWLO� HLWKHU�� ��� WKH� DFFHSW� VWDWH� RI� WKH� LQSXW� TXHU\� LV� UHDFKHG�� RU� ��� D� VWDWH� LV� UHDFKHG� IRU�

ZKLFK�WKHUH�LV�QR�WUDQVLWLRQ�WKDW�PDWFKHV�WKH�FRUUHVSRQGLQJ�WUDQVLWLRQ�RI�WKH�LQSXW�TXHU\��,Q�

WKH�ILUVW�FDVH��ZH�PDNH�WKDW�ILQDO�VWDWH�DQ�DFFHSW�VWDWH��LI� LW� LV�QRW�DOUHDG\�RQH��DQG�DGG�WKH�

TXHU\�,'�WR�WKH�TXHU\�VHW�DVVRFLDWHG�ZLWK�WKH�DFFHSW�VWDWH�� �,Q�WKH�VHFRQG�FDVH�ZH�FUHDWH�D�

QHZ� EUDQFK� IURP� WKH� ODVW� VWDWH� UHDFKHG� LQ� WKH� FRPELQHG� 1)$� WKDW� FRQVLVWV� RI� WKH�

PLVPDWFKHG�WUDQVLWLRQ�DQG�WKH�UHPDLQGHU�RI�WKH�TXHU\�1)$���)LJXUH���VKRZV�IRXU�H[DPSOHV�

RI�WKLV�SURFHVV��

)LJXUH���D��VKRZV�WKH�SURFHVV�RI�PHUJLQJ�D�IUDJPHQW�FRQVLVWLQJ�RI�´�Dµ�ZLWK�D�VWDWH�LQ�

WKH�FRPELQHG�1)$�WKDW�UHSUHVHQWV�D�´�Eµ�VWHS���)LJXUH���E��VKRZV�WKDW�WKLV�SURFHVV�WUHDWV�

WKH�¶·�V\PERO�LQ�WKH�VDPH�ZD\�WKDW�LW�WUHDWV�WKH�RWKHU�V\PEROV�LQ�WKH�DOSKDEHW���)LJXUH���F��

VKRZV�WKH�SURFHVV�RI�PHUJLQJ�D�´��Dµ�VWHS�ZLWK�D��´�Eµ�VWHS��ZKLOH�)LJXUH���G��VKRZV�WKH�

PHUJLQJ�RI�D�´��Dµ�VWHS�ZLWK�D�´��Eµ�VWHS���1RWH�WKDW�LQ�DOO�FDVHV��WKH�VLPSOH�UXOH�VSHFLILHG�

DERYH�LV�IROORZHG��

)LJXUH����&RPELQLQJ�1)$V��
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7KH�VKDUHG�1)$�VKRZQ�LQ�)LJXUH���ZDV�WKH�UHVXOW�RI�DSSO\LQJ�WKLV�SURFHVV�WR�WKH�HLJKW�

TXHULHV�VKRZQ�LQ�WKDW�ILJXUH���1RWH�WKDW�WKH�SURFHVV�FDQ�DOVR�EH�DSSOLHG�LQFUHPHQWDOO\��VR�WKDW�

QHZ�TXHULHV�FDQ�HDVLO\�EH�DGGHG�WR�DQ�H[LVWLQJ�V\VWHP������

���� %XLOGLQJ�DQ�,QGH[�

$IWHU� FUHDWLQJ� D� FRPELQHG�1)$�� WKH�1)$� LV� WUDQVODWHG� LQWR� D� WUHH� VWUXFWXUH� IRU� HIILFLHQW�

HYDOXDWLRQ���,Q�WKLV�LQGH[��D�GDWD�VWUXFWXUH�LV�FUHDWHG�IRU�HDFK�VWDWH���7KH�VWDWH�GDWD�VWUXFWXUH�

FRQWDLQV�����7KH�,'�RI� WKH�VWDWH����� W\SH� LQIRUPDWLRQ�DERXW� WKH�VWDWH� �L�H��� LI� LW� LV�DQ�DFFHSW�

VWDWH� RU� D� ���FKLOG� DV� GHVFULEHG� EHORZ��� � ��� D� VPDOO� KDVK� WDEOH� WKDW� FRQWDLQV� DOO� WKH� OHJDO�

WUDQVLWLRQV�IURP�WKDW�VWDWH��DQG����IRU�DFFHSW�VWDWHV��D�OLVW�RI�WKH�FRUUHVSRQGLQJ�TXHULHV�LV�DOVR�

PDLQWDLQHG����7KH�WUDQVLWLRQ�KDVK�WDEOH�FRQWDLQV�>V\PERO��VWDWH,'@�SDLUV�ZKHUH�WKH�V\PERO��ZKLFK�

LV�WKH�NH\��LQGLFDWHV�WKH�ODEHO�RI�WKH�WUDQVLWLRQ��DQG�WKH�VWDWH,'�LV�D�SRLQWHU�WR�WKH�VWDWH�WKDW�WKH�

WUDQVLWLRQ�OHDGV�WR����

1RWH� WKDW� LQ� DGGLWLRQ� WR� HOHPHQW�QDPHV�� WZR� VSHFLDO� V\PEROV� FDQ�EH�XVHG� LQ� WKH�KDVK�

WDEOH���)LUVW�LV�WKH�ZLOGFDUG�V\PERO�¶·��ZKLFK�PDWFKHV�DQ\�HOHPHQW�QDPH���6HFRQG�LV�D�VSHFLDO�

V\PERO�IRU�´��µ�VWHSV���5DWKHU�WKDQ�FUHDWLQJ�KDVK�WDEOH�HQWULHV�IRU�WKH�QXOO�WUDQVLWLRQV�WR�VHOI�

ORRS�VWDWHV�XVHG�WR�UHSUHVHQW�´��µ�VWHSV�LQ�WKH�1)$��WKH�QXOO�WUDQVLWLRQ�LV�UHSUHVHQWHG�XVLQJ�

WKH�VSHFLDO�´��µ�V\PERO�DQG�LWV�KDVK�WDEOH�HQWU\�LV�VHW�WR�SRLQW�WR�WKH�FKLOG��VHOI�ORRS��VWDWH���

$V�GHVFULEHG� LQ� WKH�QH[W�VHFWLRQ�� WUDQVLWLRQV�PDUNHG�ZLWK�´��µ�DUH� WUHDWHG� VSHFLDOO\�E\� WKH�

HYDOXDWLRQ�PHFKDQLVP�� �7KLV� VSHFLDO� WUHDWPHQW� DOORZV�XV� WR� UHPRYH� WKH� VHOI�ORRS� IURP� WKH�

FKLOG�VWDWH���:H�UHIHU�WR�VXFK�D�FKLOG�VWDWH�DV�D�´���FKLOGµ��

%HFDXVH�HDFK�VWDWH�KDV�LWV�RZQ�KDVK�WDEOH��LQ�HIIHFW��WKH�1)$�LV�WUDQVODWHG�LQWR�D�WUHH�RI�

KDVK� WDEOHV�� �7KH� LPSOHPHQWDWLRQ� LV� WKXV� D� YDULDQW�RI� D�KDVK� WDEOH�EDVHG�1)$��ZKLFK�KDV�

EHHQ�VKRZQ�WR�SURYLGH�VPDOO�WLPH�FRPSOH[LW\�IRU�LQVHUWLQJ�GHOHWLQJ�VWDWHV��LQVHUWLQJ�GHOHWLQJ�

WUDQVLWLRQV��DQG�DFWXDOO\�SHUIRUPLQJ�WKH�WUDQVLWLRQV�>:DW��@��7KLV�LV�LPSRUWDQW�IRU�ODUJH�1)$�

V\VWHPV�� DV� VWXGLHV� KDYH� VKRZQ� WKDW� WKH� SHUIRUPDQFH� ERWWOHQHFN� IRU�PDQ\� SUDFWLFDO�1)$�

V\VWHPV�LV�WUDQVLWLRQ��LQFOXGLQJ�ERWK�WKH�WLPH�VSHQW�LQ�SHUIRUPLQJ�ORRN�XSV�RQ�WKH�WUDQVLWLRQ�

WDEOH�DQG�WKH�WLPH�WR�GR�WKH�DFWXDO�WUDQVLWLRQ�>0DR��@���

���� ([HFXWLQJ�WKH�1)$�

:KHQ�DQ�;0/�GRFXPHQW�DUULYHV��WKH�H[HFXWLRQ�RI�WKH�1)$�VWDUWV�DW�WKH�LQLWLDO�VWDWH��:KHQ�D�

QHZ� HOHPHQW� QDPH� LV� UHDG� IURP� WKH� ;0/� GRFXPHQW�� WKH� H[HFXWLRQ� HQJLQH� IROORZV� DOO�

�

�

�
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PDWFKLQJ� WUDQVLWLRQV� IURP� DOO� FXUUHQWO\� DFWLYH� VWDWHV�� � � � � 7KH� WUDQVLWLRQV� DUH� SHUIRUPHG� DV�

IROORZV�� � � )RU� HDFK� DFWLYH� VWDWH�� IRXU� FKHFNV� DUH� SHUIRUPHG�� � )LUVW�� WKH� LQFRPLQJ� HOHPHQW�

QDPH� LV� ORRNHG� XS� LQ� WKH� VWDWH·V� KDVK� WDEOH�� � ,I� LW� LV� SUHVHQW�� WKH� FRUUHVSRQGLQJ� VWDWH,'� LV�

DGGHG�WR�WKH�OLVW�RI�WDUJHW�VWDWHV�����6HFRQG��WKH�KDVK�WDEOH�LV�FKHFNHG�IRU�D�¶·�V\PERO��DQG�LI�

RQH�LV�SUHVHQW��LWV�FRUUHVSRQGLQJ�VWDWH,'�LV�DGGHG�WR�WKH�OLVW���7KLUG��WKH�W\SH�LQIRUPDWLRQ�RI�

WKH�VWDWH�LV�FKHFNHG��DQG�LI�WKH�VWDWH�LWVHOI�LV�D�´���FKLOGµ�VWDWH��WKHQ�LWV�RZQ�VWDWH,'�LV�DGGHG�

WR�WKH�OLVW����)LQDOO\��WKH�KDVK�WDEOH�LV�FKHFNHG�IRU�WKH�´��µ�V\PERO��DQG�LI�RQH�LV�SUHVHQW��WKH�

���FKLOG�VWDWH�LQGLFDWHG�E\�WKH�FRUUHVSRQGLQJ�VWDWH,'�LV�SURFHVVHG�LPPHGLDWHO\��DFFRUGLQJ�WR�

WKHVH� VDPH� UXOHV��� � � 1RWH� WKDW� WKH� SURFHVVLQJ� GRQH� E\� WKH� ODVW� WZR� FKHFNV� HIIHFWLYHO\�

LPSOHPHQWV�D�´VHOI�ORRSµ�IURP�WKH�FRPELQHG�1)$��DV�VWDWHG� LQ� WKH�SUHYLRXV�VHFWLRQ�� VXFK�

VHOI�ORRSV�DUH�UHPRYHG�ZKHQ�WUDQVODWLQJ�WKH�FRPELQHG�1)$�LQWR�LWV�WUHH�UHSUHVHQWDWLRQ����

$IWHU�DOO� WKH�FXUUHQWO\�DFWLYH�VWDWHV�KDYH�EHHQ�FKHFNHG� LQ�WKLV�PDQQHU�� WKH� OLVW�RI� WDUJHW�

VWDWHV� LV� SXVKHG� RQWR� WKH� WRS� RI� WKH� UXQ�WLPH� VWDFN�� � 7KH� WDUJHW� VWDWHV� WKHQ� EHFRPH� WKH�

´DFWLYHµ�VWDWHV�IRU�WKH�QH[W�HYHQW�� �:KHQ�DQ�HQG�RI�WKH�HOHPHQW� LV�HQFRXQWHUHG�GXULQJ�WKH�

;0/�GRFXPHQW�SDUVH���WKH�DOJRULWKP�QHHGV�WR�EDFNWUDFN�WR�SUHYLRXVO\�DFWLYH�VWDWHV��,Q�RXU�

LPSOHPHQWDWLRQ��WKLV�EDFNWUDFNLQJ�LV� LPSOHPHQWHG�E\�SRSSLQJ�WKH�UXQ�WLPH�VWDFN��:KHQ�DQ�

������������������������������ �����������������������������
��1RWH�WKDW�ZH�FROODSVH�DQ\�LQVWDQFHV�RI�PXOWLSOH�DGMDFHQW�´��µ�RSHUDWRUV�LQ�WR�D�VLQJOH�´��µ�RSHUDWRU��ZKLFK�LV�
VHPDQWLFDOO\�HTXLYDOHQW���,Q�WKLV�ZD\��ZH�HQVXUH�WKDW�WKH�SURFHVV�GRHV�QRW�WUDYHUVH�PRUH�WKDQ�RQH�DGGLWLRQDO�
OHYHO�LQ�WKH�WUHH��VLQFH����FKLOG�QRGHV�GR�QRW�WKHPVHOYHV�FRQWDLQ�D�´��µ�V\PERO��

)LJXUH����$Q�([DPSOH�RI�WKH�1)$�([HFXWLRQ��,Q�WKH�LQGH[��WKH�QXPEHU�RQ�WKH�WRS�OHIW�RI

HDFK�KDVK�WDEOH�LV�D�VWDWH�,'�DQG�KDVK�WDEOHV�ZLWK�D�EROG�ERUGHU�UHSUHVHQW�DFFHSW�VWDWHV��,Q

$Q�;0/�'RFXPHQW��D�E�F��F��E��F�
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DFFHSW�VWDWH�LV�UHDFKHG�GXULQJ�WKLV�SURFHVVLQJ��DOO�RI�WKH�TXHULHV�DVVRFLDWHG�ZLWK�WKH�VWDWH�DUH�

DGGHG�WR�WKH�OLVW�RI�PDWFKLQJ�TXHULHV��

$Q�H[DPSOH�RI�WKLV�H[HFXWLRQ�PRGHO�LV�VKRZQ�LQ�)LJXUH�����2Q�WKH�OHIW�RI�WKH�ILJXUH�LV�WKH�

LQGH[�FUHDWHG�IRU�WKH�1)$�RI�WKH�HLJKW�TXHULHV�VKRZQ�LQ�)LJXUH���� �7KH�ULJKW�RI�WKH�ILJXUH�

VKRZV�WKH�HYROXWLRQ�RI�WKH�FRQWHQWV�RI�WKH�UXQWLPH�VWDFN�DV�DQ�H[DPSOH�;0/�GRFXPHQW�LV�

SDUVHG���

�� ,QLWLDO�3HUIRUPDQFH�5HVXOWV�
,Q� RUGHU� WR� H[DPLQH� WKH� SRWHQWLDO� SHUIRUPDQFH� EHQHILWV� RI� WKH�1)$�EDVHG� DSSURDFK�� ZH�

LPSOHPHQWHG�LW�DQG�FRPSDUHG�LW�WR�DQ�LPSOHPHQWDWLRQ�RI�WKH�;)LOWHU�DSSURDFK���%RWK�RI�WKH�

LPSOHPHQWDWLRQV�ZHUH�ZULWWHQ� LQ� -DYD�� �)RU� WKH�H[SHULPHQWV��ZH�IROORZHG� WKH�H[SHULPHQWDO�

VHW�XS�WKDW�ZDV�XVHG�LQ�WKH�RULJLQDO�;)LOWHU�VWXG\�>$)��@���'XH�WR�VSDFH�FRQVLGHUDWLRQV��ZH�

RQO\� VXPPDUL]H� WKH�NH\�DVSHFWV�RI� WKDW� VHW�XS�KHUH�� �7KH� UHDGHU� LV� UHIHUUHG� WR� >$)��@� IRU�

DGGLWLRQDO� GHWDLOV�� � 8VHU� TXHULHV� DQG� ;0/� GRFXPHQWV� ZHUH� FUHDWHG� EDVHG� RQ� WKH� 1,7)�

�1HZV�,QGXVWU\�7H[W�)RUPDW��'7'�>&RY��@��;0/�GRFXPHQWV�ZHUH�JHQHUDWHG�XVLQJ�,%0·V�

;0/�*HQHUDWRU�WRRO�>,%0��@��:H�UH�ZURWH�WKH�TXHU\�JHQHUDWRU�RI�;)LOWHU�LQ�-DYD�WKDW�WDNHV�

D� '7'� DV� LQSXW� DQG� FUHDWHV� D� VHW� RI� ;3DWK� TXHULHV� EDVHG� RQ� LQSXW� SDUDPHWHUV�� � :H�

GHYHORSHG�DQ�HYHQW�EDVHG�SDUVHU�XVLQJ�WKH�;HUFHV�WRRONLW�>$SD��@�WKDW�FRQWDLQV�D�YDOLGDWLQJ�

;0/�SDUVHU�VXSSRUWLQJ�6$;������D�VWDQGDUG�LQWHUIDFH�IRU�HYHQW�EDVHG�;0/�SDUVLQJ�>0HJ��@��

7KH� H[SHULPHQWV� ZHUH� SHUIRUPHG� RQ� D� 6XQ� 8OWUD��� ZRUNVWDWLRQ� ZLWK� ���0%� PHPRU\�

UXQQLQJ�-90�Y��������$OO�GDWD�VWUXFWXUHV�ZHUH�NHSW�LQ�PHPRU\�LQ�WKH�H[SHULPHQWV��

:H�VWXGLHG�WKH�SHUIRUPDQFH�RI�ERWK�DSSURDFKHV�XQGHU�GLIIHUHQW�ZRUNORDGV���:RUNORDGV�

ZHUH� JHQHUDWHG� E\� FKDQJLQJ� WKH� SDUDPHWHUV� RI� ;0/� GRFXPHQWV� DQG� XVHU� TXHULHV�� 7ZR�

ZRUNORDG�SDUDPHWHUV�XVHG�ZHUH�WKH�QXPEHU�RI�TXHULHV��4��DQG�WKH�PD[LPXP�GHSWK�RI�;0/�

GRFXPHQWV�DQG�;3DWK�TXHULHV��'���'�WRRN�D�YDOXH�RI�^��������������`��:H�JHQHUDWHG�D�VHW�RI�

;0/� GRFXPHQWV� IRU� HDFK� YDOXH� RI� '� LQ� DGYDQFH�� $W� WKH� EHJLQQLQJ� RI� HDFK� VHW� RI�

H[SHULPHQWV��ZH�VHW�'�WR�D�SDUWLFXODU�YDOXH�DQG�YDULHG�4��)RU�HDFK�4�YDOXH��ZH�JHQHUDWHG�D�

VHW�RI�TXHULHV�ZLWK�WKH�IL[HG�'�DQG�4�DV�LQSXW�SDUDPHWHUV��ORDGHG�WKHP�LQWR�HLWKHU�DQ�;)LOWHU�

TXHU\� LQGH[�RU�DQ�1)$�VWUXFWXUH�� �,Q�WKHVH�H[SHULPHQWV��DV� LQ� >$)��@�� WKH�VWUXFWXUHV�ZHUH�

NHSW�LQ�PHPRU\����7KHQ�D�VHW�RI�GRFXPHQWV�JHQHUDWHG�XVLQJ�WKH�VDPH�PD[LPXP�GHSWK�YDOXH�

�'��ZHUH�UHDG�DQG�PDWFKHG�DJDLQVW�WKH�TXHULHV��:H�PHDVXUHG�´ILOWHU�WLPHµ�DV�WKH�WLPH�WR�ILQG�

DOO�TXHULHV�WKDW�PDWFK�RQH�;0/�GRFXPHQW�²�WKH�FRVW�RI�JHQHUDWLQJ�GRFXPHQWV�DQG�TXHULHV�
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ZHUH�QRW�LQFOXGHG�LQ�WKLV�PHWULF��7KH�DYHUDJH�ILOWHU�WLPH�SHU�GRFXPHQW�RYHU�D�VHW�RI����;0/�

GRFXPHQWV�ZHUH�XVHG�IRU�WKH�JUDSKV�VKRZQ�EHORZ��

6LPLODU� UHVXOWV� ZHUH� IRXQG� IRU� VHWV� RI� H[SHULPHQWV� ZLWK� GLIIHUHQW� YDOXHV� RI�'�� ,Q� WKH�

LQWHUHVW�RI�VSDFH��ZH�RQO\�VKRZ�WKH�UHVXOWV�ZLWK�'�VHW�WR�����)LJXUH���VKRZV�WKH�LQFUHDVH�RI�

ILOWHU�WLPH�DV�WKH�QXPEHU�RI�TXHULHV�LV�LQFUHDVHG��,W�FDQ�EH�REVHUYHG�WKDW�WKH�1)$�DSSURDFK�

UXQV�PXFK�IDVWHU� WKDQ�;)LOWHU� LQ� WKLV�FDVH��:KHQ�WKH�QXPEHU�RI�TXHULHV� LV� ODUJH�� WKH�1)$�

UXQV� �� WR� �� WLPHV� IDVWHU�� 7KH� SHUIRUPDQFH� JDLQ� FRPHV� SDUWO\� IURP� JURXSLQJ� TXHULHV� DQG�

SDUWO\�IURP�IDVW�WUDQVLWLRQV�LQ�WKH�H[HFXWLRQ�E\�XVLQJ�WKH�QHZ�LQGH[����

7R� LQYHVWLJDWH� WKH� JURXSLQJ� EHQHILWV� RI� WKH� 1)$� DSSURDFK�� ZH� DOVR� H[DPLQHG� WKH�

QXPEHU�RI�VWDWHV�UHTXLUHG�LQ�WKH�;)LOWHU�DQG�1)$�DSSURDFKHV�WR�VWRUH�WKH�TXHU\�VHW���)LJXUH�

�� VKRZV� WKH� UHVXOWV� RI� WKHVH�PHDVXUHPHQWV� IRU� WKH� H[SHULPHQW� MXVW� GHVFULEHG� �L�H���' �����

7KH� QXPEHU� RI� TXHULHV� LV� DOVR� LQFOXGHG� LQ� LW� IRU� FRPSDULVRQ�� ,W� FDQ� EH� REVHUYHG� WKDW� DV�

H[SHFWHG��WKH�QXPEHU�RI�VWDWHV�LQ�1)$�LQFUHDVHV�DW�D�PXFK�VORZHU�UDWH�WKDQ�WKH�QXPEHU�RI�

VWDWHV� LQ� ;)LOWHU� EHFDXVH� WKH� ODWWHU� GRHV� QRW� JURXS� TXHULHV�� 7KXV�� ZH� ZRXOG� H[SHFW� WKH�

SHUIRUPDQFH� RI� WKH� 1)$� DSSURDFK� WR� VFDOH� PXFK� EHWWHU� WKH� ;)LOWHU� LQ� ODUJH�VFDOH�

DSSOLFDWLRQV���

�� &RQFOXVLRQV�
7KH�YDVW�UDQJH�RI�LQIRUPDWLRQ�DYDLODEOH�RQ�WKH�,QWHUQHW�DQG�WKH�H[SHFWHG�SRSXODULW\�RI�;0/�

IRU�GDWD�WUDQVIHU�KDV�UDLVHG�LQWHUHVW�LQ�WHFKQLTXHV�IRU�ODUJH�VFDOH�ILOWHULQJ�DQG�URXWLQJ�RI�GDWD�

EDVHG� RQ� XVHU� SUHIHUHQFHV�� � ,Q� WKLV� SDSHU�� ZH� SURSRVHG� DQ� 1)$�EDVHG� DSSURDFK� IRU�

UHSUHVHQWLQJ� TXHULHV� LQ� DQ�;0/�EDVHG� SXEOLVK�VXEVFULEH� V\VWHP�� � 7KH� DGYDQWDJHV� RI� WKLV�

DSSURDFK�DUH�WKDW�LW�HIIHFWLYHO\�LQGH[HV�TXHULHV�ZKLOH�DOVR�JURXSLQJ�WKHP�WR�DYRLG�UHGXQGDQW�

VWRUDJH�DQG�SURFHVVLQJ���:H�GHVFULEHG�WKH�LPSOHPHQWDWLRQ�RI�WKH�LQGH[�DQG�D�FRUUHVSRQGLQJ�
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H[HFXWLRQ� DOJRULWKP�� 3UHOLPLQDU\� H[SHULPHQWDO� UHVXOWV� VKRZ� XVLQJ� WKLV� DSSURDFK� JUHDWO\�

LPSURYHV�ILOWHULQJ�SHUIRUPDQFH��

,Q�D�SXEOLVK�DQG�VXEVFULEH�V\VWHP��WKHUH�DUH�PDQ\�RWKHU�LVVXHV�WR�EH�VROYHG��:H�EHOLHYH�

WKDW�WKH�1)$�EDVHG�DSSURDFK�KDV�WKH�SRWHQWLDO�RI�JUDFHIXOO\�VROYLQJ�PRVW�SUREOHPV��2QH�LV�

FRQFXUUHQW�ILOWHULQJ��6LQFH�RXU�LQGH[�GRHV�QRW�FKDQJH�ZKHQ�WKH�FRPELQHG�1)$�LV�H[HFXWHG�

DQG�DOO�WKH�ILOWHULQJ�SURFHVVHV�DUH�UHDG�EDVHG�SURFHVVHV��WKH\�FDQ�EH�SHUIRUPHG�FRQFXUUHQWO\��

$QRWKHU� SUREOHP� LV� RQOLQH� XSGDWHV�� $� ORFNLQJ� PHFKDQLVP� FDQ� EH� DSSOLHG� WR� WKH� WUHH�

VWUXFWXUHG� LQGH[�� �$�JRRG� VFKHGXOH�RI� XSGDWHV�EDVHG�RQ� WKH�SULYLOHJH�RI� WKH�XVHU� DQG� WKH�

XUJHQF\�RI� WKH�XSGDWHV�ZLOO�SURYLGH�EHWWHU�FRQFXUUHQF\��<HW�DQRWKHU�SUREOHP� LV� WKDW�ZKHQ�

WKH� QXPEHU� RI� XVHU� TXHULHV� LV� ODUJH�� WKH� LQGH[� GRHV� QRW� ILW� LQ�PHPRU\� DQ\�PRUH�� 3DUDOOHO�

FRPSXWLQJ� EDVHG� RQ� KDVK� WDEOH� SDUWLWLRQLQJ� LV� QDWXUDOO\� VXSSRUWHG� E\� RXU� 1)$�EDVHG�

DSSURDFK���

5HIHUHQFHV�
>$SD��@� $SDFKH�;0/�SURMHFW��;HUFHV� -DYD� 3DUVHU� ������5HOHDVH�� KWWS���[PO�DSDFKH�RUJ�[HUFHV�

M�LQGH[�KWPO��������
>$)��@� 0�� $OWLQHO�� 0�� -�� )UDQNOLQ�� (IILFLHQW� )LOWHULQJ� RI� ;0/� 'RFXPHQWV� IRU� 6HOHFWLYH�

'LVVHPLQDWLRQ�RI�,QIRUPDWLRQ��,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�9HU\�/DUJH�
'DWD�%DVHV��6HS��������

>&'7��@� -�� &KHQ��'��'HZLWW�� )�� 7LDQ� DQG�<��:DQJ��1LDJDUD&4��$� 6FDODEOH� &RQWLQXRXV�4XHU\�
6\VWHP� IRU� ,QWHUQHW� 'DWDEDVHV�� ,Q� 3URFHHGLQJV� RI� ����� $&0� 6,*02'� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�0DQDJHPHQW�RI�'DWD��0D\�������

>&RY��@� 5��&RYHU��7KH�6*0/�;0/�:HE�3DJH��KWWS���ZZZ�Z��RUJ�75�[VOW��1RY��������
>+&+��@� (��1��+DQVRQ��&��&DUQHV��/��+XDQJ��0��.RQ\DOD��/��1RURQKD��6��3DUWKDVDUDWK\��-��%��3DUN�
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