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$%675$&77KH� SUREOHP� RI� PLQLQJ� DVVRFLDWLRQ� UXOHV� KDV� DWWUDFWHG� D� ORW� RI� DWWHQWLRQ� LQ�WKH�UHVHDUFKFRPPXQLW\�� 6HYHUDO� WHFKQLTXHV� IRU� HIILFLHQW� GLVFRYHU\� RI�DVVRFLDWLRQ�UXOHV�KDYH�DSSHDUHG�+RZHYHU�� LW� LV� QRQWULYLDO� WR� SHUIRUP� LQFUHPHQWDO�PLQLQJ�RU�HIILFLHQW�PLQLQJ�RI�FRQVWUDLQHGDVVRFLDWLRQ� UXOHV�� LQ� VSLWH� RI� WKHLU� SUDFWLFDO� EHQHILWV��7KH�UHVHDUFK�FRPPXQLW\�KDV�UHFHQWO\IRFXVHG�RQ�SURYLGLQJ�VHSDUDWH�VROXWLRQV�IRU�WKHVH�WZR�SUREOHPV�6LQFH� PDQ\� EHOLHYH� WKDW� FRQVWUDLQHG� PLQLQJ� ZLOO� EH� WKH� VWDQGDUG�� LQFUHPHQWDO�PLQLQJ�RIFRQVWUDLQHG� UXOHV� ZLOO� EH� QHFHVVDU\�� ,Q� WKLV� WKHVLV��D�QHZ�DOJRULWKP��,&$3��IRU�LQFUHPHQWDOPLQLQJ� RI� FRQVWUDLQHG� DVVRFLDWLRQ� UXOHV� LV� LQWURGXFHG��7KH�FRQFHSW�RI�FRQVWUDLQHG�QHJDWLYHERUGHU� LV� DOVR� LQWURGXFHG� DQG� LWV�XVDJH�IRU�WKH�PDLQWHQDQFH�RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHVZKHQ� QHZ� WUDQVDFWLRQ� GDWD� LV� DGGHG� WR� D� WUDQVDFWLRQDO� GDWDEDVH� LV� SURSRVHG�� 7KLV� IDVWLQFUHPHQWDO� PLQLQJ� WHFKQLTXH� LV� DSSOLHG� WR� WKH� FRQVWUDLQHG� DVVRFLDWLRQ� PLQLQJ�DOJRULWKP&$3�� $� NH\� IHDWXUH� RI� WKH� SURSRVHG� DOJRULWKP� LV� WKDW� LW� UHTXLUHV�DW�PRVW�RQH�VFDQ�RI�WKHRULJLQDO� GDWDEDVH� RQO\� LI� WKH� GDWDEDVH� LQVHUWLRQV� FDXVH� WKH� FRQVWUDLQHG�QHJDWLYH�ERUGHU�WRH[SDQG�� 7KXV� WKH� VSHHG�XS� RI� LQFUHPHQWDO� PLQLQJ� LV� FRPELQHG� ZLWK�WKH�IOH[LELOLW\�RI�WKHIUDPHZRUN� RI�FRQVWUDLQHG�IUHTXHQW�VHW TXHULHV��&)4V��XVHG�IRU�VSHFLI\LQJ�XVHU�FRQVWUDLQWV�RQWKH� SURGXFHG� DVVRFLDWLRQ� UXOHV�� 7KH� FRUUHFWQHVV� RI�WKH�SURSRVHG�DOJRULWKP�LV�VWXGLHG�DQG�DSURRI�RI�LW�LV�JLYHQ�6HYHUDO� H[SHULPHQWV� ZHUH� FRQGXFWHG� WR� PHDVXUH� WKH� UHODWLYH� SHUIRUPDQFH� RI� WKH� QHZDOJRULWKP� FRPSDUHG�WR�WKH�VLQJOH�DOWHUQDWLYH�DSSURDFK�DYDLODEOH�VR�IDU��ZKLFK�LV�UHUXQQLQJ�WKH&$3 DOJRULWKP� RQ� WKH� ZKROH� XSGDWHG� GDWDEDVH�� 7KH� UHVXOWV� RI� WKH� H[SHULPHQWV� VKRZ� DVLJQLILFDQW�LPSURYHPHQW�RYHU�UHUXQQLQJ�&$3�LQ�DOPRVW�DOO�RI�WKH�FDVHV�
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$&.12:/('*0(176
7KDQNV� *2'�EHIRUH�HYHU\WKLQJ�DQG�DIWHU�HYHU\WKLQJ�IRU�JLYLQJ�PH�WKH�NQRZOHGJH�DQG�DELOLW\WR�FRPSOHWH�WKLV�ZRUN�LQ�WKLV�ILQDO�IRUP�
,� DP� YHU\� JUDWHIXO� DQG� LQGHEWHG� WR� 3URI�� 'U�� 1DJZD� 0�� (O�0DNN\� IRU�KHU�YDOXDEOH�DQGWKRURXJK� VXSHUYLVLRQ� WKURXJKRXW� DOO�SKDVHV�RI�WKLV�ZRUN��ZLWKRXW�ZKLFK�LW�ZRXOG�KDYH�QHYHUEHHQ� FRPSOHWH�� +HU� FRQWLQXRXV� DQG� VWURQJ� VXSSRUW� DQG� HQFRXUDJHPHQW� KDG� VRPH� YHU\SURIRXQG�HIIHFWV�RQ�PH�WKDW�ZHQW�EH\RQG�VFLHQWLILF�VXSHUYLVLRQ�
,� ZRXOG� OLNH� WR� H[SUHVV� P\� VSHFLDO� WKDQNV� DQG� JUDWLWXGH� WR� 'U�� <RXVU\� 7DKD� IRU� KLVVXSHUYLVLRQ�� +LV� XQOLPLWHG� KHOS� DQG� JHQXLQH� VXSSRUW� DQG� HQFRXUDJHPHQW� DUH� JUHDWO\DSSUHFLDWHG�
$FNQRZOHGJLQJ� P\� EHORYHG� ZLIH� IRU�KHU�XQOLPLWHG�VXSSRUW�DQG�HQFRXUDJHPHQW�WKURXJK�WKHKDUG� WLPHV�� KHU� XQGHUVWDQGLQJ�DQG�DSSUHFLDWLRQ�RI�P\�ZRUN�DQG�KHU�LQGLVSHQVDEOH�DVVLVWDQFHPDNHV�PH�IHHO�PXFK�OLNH�,�DP�DFNQRZOHGJLQJ�P\VHOI�
,� DP� IRUHYHU� LQGHEWHG� WR� P\� IDPLO\�HVSHFLDOO\�P\�PRWKHU�DQG�IDWKHU�IRU�DOO�WKHLU�KHOS�ERWKPDWHULDOO\� DQG� PRUDOO\�� ,� ZRXOG�OLNH�WR�WKDQN�P\�PRWKHU�IRU�FRQVWDQWO\�LQFOXGLQJ�PH�LQ�KHUSUD\HUV�
,� ZRXOG� OLNH� WR� WKDQN� DOO� WKH� KRQRUDEOH� IDFXOW\� PHPEHUV� RI� WKH�GHSDUWPHQW�DQG�P\�GHDUIULHQGV� DQG�FROOHDJXHV�IRU�WKHLU�KHOS��0\�VSHFLDO�WKDQNV�JR�WR�P\�GHDU�IULHQG�,VODP�0DKPRXGIRU�KLV�-,7 VXSSRUW��+H�SURYHG WKDW�KH�LV�P\�IULHQG�IRUHYHU��HVSHFLDOO\�LQ�QHHG�
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�����*HQHUDO ������������������������������������������������������������������������������������������������������������������������ �
�����0RWLYDWLRQ�RI�WKH�ZRUN����������������������������������������������������������������������������������������������� �
�����6FRSH�RI�WKH�ZRUN������������������������������������������������������������������������������������������������������ ��
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���%DFNJURXQG ����������������������������������������������������������������������������������� ��
���� .QRZOHGJH�GLVFRYHU\�,Q�GDWDEDVHV ������������������������������������������������������������������������� ��

����� 1HFHVVLWLHV�RI�.'' �����������������������������������������������������������������������������������������������
����� .''�RU�GDWD�PLQLQJ"���������������������������������������������������������������������������������������������
����� 'DWD�PLQLQJ�WDVNV������������������������������������������������������������������������������������������������� ��

���� $VVRFLDWLRQ�UXOH�PLQLQJ �������������������������������������������������������������������������������������������� ��
����� 3UREOHP�GHILQLWLRQ �������������������������������������������������������������������������������������������������
����� %HQHILWV�DQG�DSSOLFDWLRQV ���������������������������������������������������������������������������������������

���� &ODVVLFDO�DOJRULWKPV�)RU�ILQGLQJ�IUHTXHQW�LWHPVHWV ����������������������������������������������� ��
����� $,6�DQG�6HW0������������������������������������������������������������������������������������������������������� ��
������� 7KH�$,6�DOJRULWKP ������������������������������������������������������������������������������������������ ��
������� 7KH�6HW0�DOJRULWKP ��������������������������������������������������������������������������������

����� 7KH�$SULRUL�DOJRULWKP��������������������������������������������������������������������������������������������
���� ,PSURYHPHQWV�RQ�WKH�FODVVLFDO�DOJRULWKPV ������������������������������������������������������������� ��

����� 7UDQVDFWLRQ�DQG�LWHP�3UXQLQJ ��������������������������������������������������������������������������������
������� $SULRUL7,'�DQG�$SULRUL+\EULG ���������������������������������������������������������������������� ��
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������� '+3���������������������������������������������������������������������������������������������������������������� ��
����� 5HGXFLQJ�WKH�QXPEHU�RI�GDWDEDVH�SDVVHV���������������������������������������������������������������
������� 'DWDEDVH�SDUWLWLRQLQJ ������������������������������������������������������������������������������������ ��
������� '\QDPLF�LWHPVHW�FRXQWLQJ ������������������������������������������������������������������������������ ��
������� 8VLQJ�VDPSOLQJ�WHFKQLTXHV����������������������������������������������������������������������������� ��

����� +DQGOLQJ�WKH�SUREOHP�RI�ORQJ�IUHTXHQW�LWHPVHWV ���������������������������������������������������
������� )LQGLQJ�PD[LPDO�IUHTXHQW�VHWV����������������������������������������������������������������������� ��
������� )3�JURZWK�DQG�7UHH3URMHFWLRQ ���������������������������������������������������������������������� ��

�����([WHQVLRQV�DQG�YDULDWLRQV�RI�WKH�SUREOHP�RI�PLQLQJ�DVVRFLDWLRQ�UXOHV ���������������� ��
���� &RQVWUDLQHG�DVVRFLDWLRQ�UXOH�PLQLQJ ���������������������������������������������������������������������� ��

����� 7\SHV�RI�UXOH�FRQVWUDLQWV����������������������������������������������������������������������������������������
����� &RQVWUDLQHG�IUHTXHQW�VHW�TXHULHV ������������������������������������������������������������������������� ��

���� ,QFUHPHQWDO�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV ����������������������������������������������������������������� ��
����� )83�DQG�)83������������������������������������������������������������������������������������������������������� ������� 8VLQJ�VDPSOLQJ�WHFKQLTXHV�WR�WULJJHU�XSGDWH���������������������������������������������������������
����� 8VLQJ�HDUO\�SUXQLQJ �����������������������������������������������������������������������������������������������
����� 8VLQJ�WKH�QHJDWLYH�ERUGHU ��������������������������������������������������������������������������������������
����� (&87�DQG�(&87� �������������������������������������������������������������������������������������������������&KDSWHU�� ������������������������������������������������������������������������������������������� ��

���)RXQGDWLRQV�RI�WKH�SURSRVHG�DOJRULWKP�,&$3 ���������������������������� ��
���� 7KH�SUREOHP �������������������������������������������������������������������������������������������������������������� ��
���� &RQVWUDLQHG�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV ����������������������������������������������������������������� ��

����� 7KH�IUDPHZRUN�RI�FRQVWUDLQHG�IUHTXHQW�VHW�TXHULHV ����������������������������������������������
������� GHILQLWLRQ�RI�FRQVWUDLQHG�IUHTXHQW�VHW�TXHULHV������������������������������������������������ ��
������� $QWL�PRQRWRQLFLW\�DQG�VXFFLQFWQHVV ��������������������������������������������������������������� ��
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����� 7KH�&RQVWUDLQHG�$3ULRUL��&$3��DOJRULWKP������������������������������������������������������������
���� ,QFUHPHQWDO�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV ����������������������������������������������������������������� ��

����� 3UREOHP�GHILQLWLRQ �������������������������������������������������������������������������������������������������
����� 'HILQLWLRQ�RI�WKH�QHJDWLYH�ERUGHU������������������������������������������������������������������������� ��

���� ,QFUHPHQWDO�PLQLQJ�RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHV �������������������������������������������� ��
����� )RUPDO�SUREOHP�GHILQLWLRQ�������������������������������������������������������������������������������������
����� 7KH�FRQVWUDLQHG�QHJDWLYH�ERUGHU����������������������������������������������������������������������������&KDSWHU�� ������������������������������������������������������������������������������������������� ��

���7KH�SURSRVHG�DOJRULWKP�,&$3������������������������������������������������������ ��
�����$OJRULWKP�GHVFULSWLRQ ���������������������������������������������������������������������������������������������� ��
�����&RPSXWLQJ�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU ��������������������������������������������������������� ��
�����&RUUHFWQHVV�SURRI ����������������������������������������������������������������������������������������������������� ��
��� :KHQ�WR�XVH�,&$3"���������������������������������������������������������������������������������������������������� ��
�����,PSOHPHQWDWLRQ�GHWDLOV ��������������������������������������������������������������������������������������������� ��

����� &KRLFH�RI�GDWD�VWUXFWXUHV����������������������������������������������������������������������������������������
����� 1RWHV�RQ�WKH�LPSOHPHQWDWLRQ�RI�FDS �������������������������������������������������������������������� ��&KDSWHU�� ������������������������������������������������������������������������������������������� ��

���3HUIRUPDQFH�VWXG\������������������������������������������������������������������������ ��
���� 7KH�H[SHULPHQWDO�HQYLURQPHQW�DQG�SHUIRUPDQFH�SDUDPHWHUV ���������������������������� ��
���� 0HDVXULQJ�SHUIRUPDQFH�IRU�GLIIHUHQW�LQFUHPHQW�VL]HV��DQG��GLIIHUHQW��TXHU\
W\SHV ���������������������������������������������������������������������������������������������������������������������������������� ��
���� 0HDVXULQJ�VFDODELOLW\�ZLWK�GDWDEDVH�VL]H ��������������������������������������������������������������� ��
���� 0HDVXULQJ�VHQVLWLYLW\�WR�LWHP�VHOHFWLYLW\ ����������������������������������������������������������������� ��
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&KDSWHU�� ������������������������������������������������������������������������������������������� ��
���&RQFOXVLRQ�DQG�VXJJHVWLRQV�IRU�IXWXUH�:RUN����������������������������� ��

�����&RQFOXVLRQ ����������������������������������������������������������������������������������������������������������������� ��
���� 6XJJHVWLRQV�IRU�IXWXUH�ZRUN ������������������������������������������������������������������������������������ �����5HIHUHQFHV������������������������������������������������������������������������������������� ��
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7$%/(�2)�),*85(6
)LJXUH �����$Q�RYHUYLHZ�RI�WKH�VWHSV�FRPSULVLQJ�WKH�.''�SURFHVV���������������������������������������� ��
)LJXUH ���� $OJRULWKP $SULRUL�������������������������������������������������������������������������������������������������� ��
)LJXUH �����6\QWD[�RI�&RQVWUDLQW�&RQVWUXFWV ���������������������������������������������������������������������������� ��
)LJXUH ���� $�GDWDEDVH H[DPSOH ����������������������������������������������������������������������������������������������� ��
)LJXUH ���� +LJK�OHYHO�GHVFULSWLRQ�RI�WKH &$3 DOJRULWKP �������������������������������������������������������� ��
)LJXUH ���� 7KH�VHW�RI�IUHTXHQW�LWHPVHWV�ZLWK�WKHLU�QHJDWLYH�ERUGHU��VKDGHG��������������������������� ��
)LJXUH ���� $�KLJK�OHYHO�GHVFULSWLRQ�RI�WKH�DOJRULWKP ,&$3 ���������������������������������������������������� ��
)LJXUH �����$�KLJK�OHYHO�GHVFULSWLRQ�RI�WKH�IXQFWLRQ FRQVWUDLQHG�QHJDWLYHERUGHU�JHQ������������ ��
)LJXUH �����$�9HQQ�GLDJUDP�RI�WKH�SRVVLEOH�LQWHUVHFWLRQV�RI '%F/ � � �'%F/&1%G ��DQG GEF/ ������ ��
)LJXUH �����$�SUHIL[�WUHH ����������������������������������������������������������������������������������������������������������� ��
)LJXUH �����7KH�LPSOHPHQWDWLRQ�RI�SUHIL[�WUHH ������������������������������������������������������������������������� ��
)LJXUH �����6SHHG�XS�IRU�VXFFLQFW�RQO\�DQG�QRQ�VXFFLQFW�QRQ�DQWL�PRQRWRQH�FRQVWUDLQWV������� ��
)LJXUH ���� 6SHHGXS�IRU�VXFFLQFW�DQWL�PRQRWRQH�FRQVWUDLQW����������������������������������������������������� ��
)LJXUH �����6SHHGXS�IRU�DQWL�PRQRWRQH�FRQVWUDLQW ������������������������������������������������������������������� ��
)LJXUH �����6SHHGXS�IRU�D�K\EULG�FRQVWUDLQW ����������������������������������������������������������������������������� ��
)LJXUH �����$YHUDJH�6SHHGXS�IRU�WKH�K\EULG�FRQVWUDLQW� ���������������������������������������������������������� ��
)LJXUH �����0HDVXULQJ�SHUIRUPDQFH�IRU�GLIIHUHQW�GDWDEDVH�VL]HV ��������������������������������������������� ��
)LJXUH �����0HDVXULQJ�SHUIRUPDQFH�ZLWK�LWHP�VHOHFWLYLW\�������������������������������������������������������� ��
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&KDSWHU��
��,1752'8&7,21

���� *HQHUDO
)ROORZLQJ� WKH� H[SORVLYH� JURZWK� RI� WKH�DPRXQW�RI�GDWD�JDWKHUHG�E\�WUDQVDFWLRQDO�V\VWHPV��DFKDOOHQJH� IRU� ILQGLQJ� QHZ� WHFKQLTXHV�WR�H[WUDFW�XVHIXO�SDWWHUQV�IURP�VXFK�D�KXJH�DPRXQW�RIGDWD� DURVH�� 'DWD� PLQLQJ� HPHUJHG�DV�WKH�QHZ�UHVHDUFK�DUHD�WR�PHHW�WKLV�FKDOOHQJH��5HFHQWO\�GDWD�PLQLQJ�DWWUDFWHG�D�ORW�RI�UHVHDUFK�DWWHQWLRQ�7ZR� LPSRUWDQW� LVVXHV� GHPRQVWUDWH� WKHPVHOYHV� LQ� WKH�GDWD�PLQLQJ�ILHOG��QDPHO\�LQWHUDFWLYHPLQLQJ� DQG� LQFUHPHQWDO� PLQLQJ�� 7KH� ILUVW� RQH� LV� GXH� WR� WKH�KXJH�DPRXQW�RI�WLPH�LW�WDNHVYLUWXDOO\� DOO� PLQLQJ� WDVNV� WR� FRPSOHWH�� %HVLGHV�� LI� WKRVH� WDVNV�DUH�OHIW�XQJXLGHG��WKH\�FDQSURGXFH� D� JUHDW� QXPEHU�RI�SDWWHUQV�OHDYLQJ�WKH�XVHU�FRQIXVHG�WU\LQJ�WR�H[WUDFW�ZKDW�LV�UHDOO\LQWHUHVWLQJ� IRU� KLP� 7KXV�� LQWHUDFWLYH� PLQLQJ� WKURXJK� XVHU�GHILQHG� FRQVWUDLQHG�TXHULHV�LQZKLFK� WKH� XVHU�VSHFLILHV�KLV�LQWHUHVWV��FRQVWUDLQHG�PLQLQJ��LV�HVVHQWLDO�WR�SUHYHQW�GDWD�PLQLQJIURP�EHFRPLQJ�LWVHOI�D�NQRZOHGJH�SUREOHP >���������������������������������@�7KH� VHFRQG� LVVXH�� LQFUHPHQWDO�PLQLQJ��GHPRQVWUDWHV�LWVHOI�LQ�QRUPDO�ZRUNLQJ�HQYLURQPHQWV�$IWHU� LQLWLDO� LQYHVWLJDWLRQ� RI�WKH�VWRUHG�GDWD��GDWD�VWDUWV�WR DFFXPXODWH�LQ�VPDOO�LQFUHPHQWV��,WZRXOG� EH� QDWXUDO� WR� WU\� WR� DGDSW�WKH�PLQLQJ�WDVNV�WR�KDQGOH�WKRVH�LQFUHPHQWV�LQ�DQ�HIILFLHQWPDQQHU� XVLQJ�SUHYLRXVO\�GLVFRYHUHG�SDWWHUQV�UDWKHU�WKDQ�PLQLQJ�IURP�VFUDWFK�>���������������������������������@�0LQLQJ� DVVRFLDWLRQ� UXOHV�� DV� RQH�RI�WKH�VHYHUDO�GDWD�PLQLQJ�WDVNV��KDV�D�ELJ�VKDUH�LQ�WKH�GDWDPLQLQJ�UHVHDUFK��7KLV�LV�DWWULEXWHG�WR�LWV�ZLGH�DUHD�RI�DSSOLFDWLRQV��$SSOLFDWLRQV�RI�DVVRFLDWLRQUXOH� PLQLQJ� VSDQ� D� ZLGH� DUHD� RI� EXVLQHVV� IURP� PDUNHW� EDVNHW� DQDO\VLV�� WR� DQDO\VLV� RISURPRWLRQV� DQG� FDWDORJ� GHVLJQ� DQG� IURP� GHVLJQLQJ� VWRUH�OD\RXW�WR�FXVWRPHU�VHJPHQWDWLRQEDVHG� RQ� EX\LQJ� SDWWHUQV�� 2WKHU�DSSOLFDWLRQV�LQFOXGH�KHDOWK�LQVXUDQFH��IUDXGXOHQW�GLVFRYHU\DQG�ORVV�OHDGHU�DQDO\VLV >����@�0LQLQJ� DVVRFLDWLRQ� UXOHV� KDV� WKH� VDPH� FKDOOHQJHV� IDFLQJ� GDWD�PLQLQJ�LQ�JHQHUDO��,W�LV�QRQWULYLDO� WR� SHUIRUP� LQFUHPHQWDO� RU� FRQVWUDLQHG� PLQLQJ� RI� DVVRFLDWLRQ� UXOHV�LQ�VSLWH�RI�WKHLUREYLRXV� SUDFWLFDO� EHQHILWV��0DQ\�UHVHDUFK�HIIRUWV�WULHG�WR�SUHVHQW�VHSDUDWH�VROXWLRQV�IRU�WKHVHWZR� SUREOHPV�� )XUWKHUPRUH�� WKH� IXWXUH� LV�IRU�FRQVWUDLQHG�DVVRFLDWLRQ�UXOH�PLQLQJ�DQG�PDQ\
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VHH� WKDW� LW�VKRXOG�EHFRPH�WKH�VWDQGDUG >��������������@� $ FKDOOHQJH�OLHV�LQ�KRZ�WR�HIILFLHQWO\PDLQWDLQ� WKH� GLVFRYHUHG�UXOHV�WKDW�VDWLVI\�FHUWDLQ�FRQVWUDLQWV�LQFUHPHQWDOO\�ZLWKRXW�KDYLQJ�WRUHGR�WKH�ZKROH�WDVN�IURP�VFUDWFK�
���� 0RWLYDWLRQ�2I�7KH�:RUN
7KH� JUHDW�SUDFWLFDO�EHQHILWV�RI�PLQLQJ�DVVRFLDWLRQ�UXOHV�DQG�LWV�ZLGH�DUHD�RI�DSSOLFDWLRQV�KDYHOHG� WR� VHYHUDO� SURSRVDOV� IRU� IDVW� PLQLQJ� RI� DVVRFLDWLRQ� UXOHV�� 7KRVH� SURSRVDOV�� DOWKRXJKFRQWULEXWHG� WRZDUGV�PDNLQJ�WKH�SURFHVV�PRUH�DSSOLFDEOH�LQ�SUDFWLFDO V\VWHPV��VWLOO�VXIIHU�IURPWKH� SUREOHP� RI� WKH� KXJH� DPRXQW� RI�JHQHUDWHG�UXOHV�WKDW�DUH�ERWK�FRQIXVLQJ�DQG�PRVW�RI�WKHWLPH� QRW� XVHIXO� WR�WKH�XVHU��7KDW¶V�ZK\�FRQVWUDLQHG�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV�LV�D�QHFHVVLW\IRU� LQWHUDFWLYH� PLQLQJ�� 7KLV� LV� EHVW� GHVFULEHG�LQ�ZKDW�LV�TXRWHG IURP�>��@��³'DWD�PLQLQJ�LVPRVW� HIIHFWLYH� ZKHQ� WKH� FRPSXWHU�GRHV�ZKDW�LW�GRHV�EHVW���OLNH�VHDUFKLQJ�ODUJH�GDWDEDVHV�RUFRXQWLQJ� �� DQG�XVHUV�GR�ZKDW�WKH\�GR�EHVW��OLNH�VSHFLI\LQJ�WKH�FXUUHQW�PLQLQJ�VHVVLRQ©V�IRFXV�7KLV� GLYLVLRQ� RI� ODERU� LV� EHVW� DFKLHYHG�WKURXJK�FRQVWUDLQW�EDVHG�PLQLQJ��LQ�ZKLFK�WKH�XVHUSURYLGHV�UHVWUDLQWV�WKDW�JXLGH�D�VHDUFK�´,QFUHPHQWDO� PLQLQJ� LV� DOVR� D�QHFHVVLW\�LI�ZH�DUH�HYHU�JRLQJ�WR�LPSOHPHQW�WUXH�SUDFWLFDO�GDWDPLQLQJ� V\VWHPV�� 6HYHUDO� UHVHDUFK� HIIRUWV� VKRZHG� WKDW� ZH� FRXOG� EHQHILW� JUHDWO\� IURPSUHYLRXVO\� GLVFRYHUHG� DVVRFLDWLRQ� UXOHV� WR�VSHHG�XS�WKH�SURFHVV�RI�SURGXFLQJ�WKH�QHZ�VHW�RIUXOHV�DIWHU�XSGDWHV�WR�WKH�GDWDEDVH��7KLV�JLYHV�D�JUHDW�LPSURYHPHQW RYHU�WKH�QDwYH�DSSURDFK�RIUXQQLQJ� D� WUDGLWLRQDO� DOJRULWKP� RYHU� WKH� QHZ� VHW� RI� GDWD� QR� PDWWHU� KRZ� JRRG� VXFK� DQDOJRULWKP�7KH� UHVHDUFK� FRPPXQLW\� IRFXVHG� RQ� SURYLGLQJ� VROXWLRQV� IRU�WKH�WZR�SUREOHPV�VHSDUDWHO\�,QFUHPHQWDO� DVVRFLDWLRQ� PLQLQJ� DOJRULWKPV�IRFXVHG RQ�PDLQWDLQLQJ�WKH�GLVFRYHUHG�UXOHV�WKDWKDYH� WKH� VDPH� VXSSRUW� FRQVWUDLQWV�� QDPHO\� WKRVH� ZKLFK� TXDOLI\� IRU� WKH� VDPH� VHWWLQJ� RIPLQLPXP� VXSSRUW DV� WKH�RULJLQDO�GDWDEDVH�EHIRUH�XSGDWHV��2Q�WKH�RWKHU�KDQG��WKH�IUDPHZRUNLQWURGXFHG� LQ� >��@� DQG�WKH�LQWURGXFWLRQ�RI�RWKHU�NLQGV�RI�FRQVWUDLQWV�WRJHWKHU�ZLWK�WKH�QRWLRQRI� DQWL�PRQRWRQLFLW\� DQG� VXFFLQFWQHVV� RI� FRQVWUDLQWV VHUYHG� WKH�SXUSRVH�RI�RSWLPL]LQJ�WKHH[HFXWLRQ�RI�WKH�PLQLQJ�DOJRULWKP�IRU�D�VHW�RI�XVHU�GHILQHG�FRQVWUDLQWV�7KH� SUHYLRXV� SRLQWV� FDQ�EH�VXPPDUL]HG�E\�VD\LQJ�WKDW�WKH�LPSRUWDQFH�RI�PLQLQJ�DVVRFLDWLRQUXOHV� DQG� WKH� QHFHVVLW\� RI� LQWHUDFWLYH� DQG� DG�KRF� PLQLQJ� WRJHWKHU� ZLWK� WKH� QHHG� IRULQFUHPHQWDO� PLQLQJ� RI� DVVRFLDWLRQV� KLJKO\� PRWLYDWH� WKH� QHHG� IRU� HIIHFWLYH� WHFKQLTXHV� WRLQFUHPHQWDOO\� PLQH� DVVRFLDWLRQ� UXOHV� ZLWK� FRQVWUDLQWV� RWKHU� WKDQ� WKH�WUDGLWLRQDO�PLQLPXPVXSSRUW�FRQVWUDLQW >��@� 6R�IDU��QR�VXFK�WHFKQLTXHV�KDYH�EHHQ�SURSRVHG�LQ�WKH�OLWHUDWXUH�
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���� 6FRSH�2I�7KH�:RUN
,Q WKLV� WKHVLV�� D� QHZ DOJRULWKP� IRU� LQFUHPHQWDO� PLQLQJ� RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHV�LVSURSRVHG�� 7KH� SURSRVHG� DOJRULWKP� ILOOV� WKH� H[LVWLQJ� JDS� EHWZHHQ� LQFUHPHQWDO� PLQLQJUHVHDUFKHV� DQG� FRQVWUDLQHG� PLQLQJ� UHVHDUFKHV�� 7KH� DOJRULWKP� LQFUHPHQWDOO\�PDLQWDLQV�WKHFRQVWUDLQHG� IUHTXHQW�VHWV� DIWHU� D� GDWDEDVH� XSGDWH�� 7KHVH� IUHTXHQW�VHWV� ZHUH� JHQHUDWHGDFFRUGLQJ� WR� D� XVHU�GHILQHG� FRQVWUDLQHG� IUHTXHQW�VHW�TXHU\�DQG�RULJLQDOO\�GLVFRYHUHG�XVLQJWKH� FRQVWUDLQHG� DVVRFLDWLRQ� UXOH� PLQLQJ� DOJRULWKP� &$3� �&RQVWUDLQHG� $3ULRUL�� >��@�� 7KHRXWSXW� RI� WKH� DOJRULWKP� LV� WKH IUHTXHQW�VHWV� LQ� WKH�XSGDWHG�GDWDEDVH�WKDW�REH\�WKH�RULJLQDOFRQVWUDLQWV�VSHFLILHG�LQ�WKH�TXHU\�)RU� WKH� SXUSRVH� RI� GHYHORSLQJ� WKH�DOJRULWKP��WKH�FRQFHSW�RI�FRQVWUDLQHG�QHJDWLYH�ERUGHU LVLQWURGXFHG�� ,W LV� WKH� FRXQWHUSDUW� RI� WKH�RULJLQDO�QHJDWLYH�ERUGHU�LQWURGXFHG�LQ�>��@� 3URRI�LVSURYLGHG�WKDW�LW�LV�DQ�LQGLFDWRU�IRU�WKH�QHFHVVLW\�RI�FKHFNLQJ�WKH�RULJLQDO�GDWDEDVH�7KH� NH\� EHQHILW� RI�WKH�SURSRVHG�DOJRULWKP�LV�WKDW�LW�UHTXLUHV�DW�PRVW�RQH�VFDQ�RI�WKH�RULJLQDOGDWDEDVH�RQO\�ZKHQ�GDWDEDVH�XSGDWHV�FDXVH�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�WR�H[SDQG�6HYHUDO� H[SHULPHQWV�ZHUH�FRQGXFWHG�WR�H[SORUH�WKH�UHODWLYH�PHULWV�RI�WKH�QHZ�DOJRULWKP�ZKHQFRPSDUHG�WR�UHUXQQLQJ�WKH�&$3 DOJRULWKP�RQ�WKH�ZKROH�XSGDWHG�GDWDEDVH�IURP�VFUDWFK�
���� 7KHVLV�2UJDQL]DWLRQ
7KLV WKHVLV�LV�RUJDQL]HG�DV�IROORZV�&KDSWHU� � SUHVHQWV� WKH� QHFHVVDU\�EDFNJURXQG�IRU�WKH�WKHVLV��,W�SUHVHQWV�WKH�IRUPDO�GHILQLWLRQRI� WKH� SUREOHP�RI�PLQLQJ�DVVRFLDWLRQ�UXOHV�DQG�WKH�FODVVLFDO�DSSURDFKHV�WR�WKH�VROXWLRQ�RI�WKHSUREOHP�� ,W� DOVR�SUHVHQWV�WKH�UHFHQW LPSURYHPHQWV�WR�WKH�FODVVLFDO�DSSURDFKHV�DQG�H[WHQVLRQVWR�WKH�RULJLQDO�SUREOHP�&KDSWHU� � LQFOXGHV� WKH� QHFHVVDU\� WKHRUHWLFDO� IRXQGDWLRQV�IRU�WKH�SURSRVHG�DOJRULWKP��)LUVW�DWWHQWLRQ� LV� GHYRWHG� WR� WKH� SUREOHPV� RI� LQFUHPHQWDO�DQG�FRQVWUDLQHG�PLQLQJ�RI�DVVRFLDWLRQUXOHV� VLQFH� WKH\� SHUIRUP� WKH� JURXQGZRUN�XSRQ�ZKLFK�WKH�SURSRVHG�DOJRULWKP�LV�EXLOW��%RWKSUREOHPV� DUH� IRUPDOO\� GHILQHG� DQG� WKH� IUDPHZRUN� RI� FRQVWUDLQHG� IUHTXHQW�VHW� TXHULHV�LVSUHVHQWHG� 7KH� LPSRUWDQW� WKHRUHWLFDO� EDVHV� RI� ERWK�SUREOHPV�DUH�DOVR�JLYHQ��7KH�QHFHVVDU\IRUPDO� GHILQLWLRQ� RI� WKH� SUREOHP� RI� LQFUHPHQWDO� PLQLQJ�RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHV�LVWKHQ� JLYHQ��7KH�FRQFHSW�RI�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�LV�LQWURGXFHG�DQG�LW�LV�SURYHG�WKDWLW� LV� DQ� LQGLFDWRU� IRU� WKH�QHFHVVLW\�RI�FKHFNLQJ�WKH�RULJLQDO�GDWDEDVH��&KDSWHU�� SUHVHQWV�WKHSURSRVHG� DOJRULWKP� LQ�GHWDLOV�DQG�SURYHV�LWV�FRUUHFWQHVV��7KH�FKDSWHU�DOVR�GLVFXVVHG�ZKHQ�WR
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XVH� WKH�DOJRULWKP�DQG�JLYHV�VRPH�RI�WKH�LPSRUWDQW�LPSOHPHQWDWLRQ�GHWDLOV��&KDSWHU�� SUHVHQWVWKH� SHUIRUPDQFH� VWXG\� FRQGXFWHG� RQ�WKH�SURSRVHG�DOJRULWKP��(DFK�FRQGXFWHG�H[SHULPHQW�LVGLVFXVVHG� DQG� GHWDLOHG� FRPPHQWV� RQ� WKH�UHVXOWV�DUH�JLYHQ��)LQDOO\��&KDSWHU�� FRQFOXGHV�WKHWKHVLV�DQG�JLYHV�VRPH�VXJJHVWLRQV IRU�IXWXUH�ZRUN�
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&KDSWHU��
��%$&.*5281'

7KLV�FKDSWHU�VXUYH\V�WKH�EDFNJURXQG�QHFHVVDU\�IRU�WKH�UHVW�RI�WKH�WKHVLV��,W�VWDUWV�LQ�VHFWLRQ����E\� D� GLVFXVVLRQ� RI� WKH� LPSRUWDQFH� RI� WKH�UHFHQWO\�HPHUJLQJ�ILHOG��NQRZOHGJH�GLVFRYHU\�LQGDWDEDVHV�� �.''��� ,W� GLIIHUHQWLDWHV� EHWZHHQ� WKH�WZR�WHUPV�.''�DQG�'DWD�0LQLQJ�DQG�WKHQSUHVHQWV� WKH� GLIIHUHQW� GDWD� PLQLQJ�WDVNV��)RFXV�LV�UDSLGO\�PRYHG�LQ�VHFWLRQ���� WR�WKH�WDVN�RIPLQLQJ� DVVRFLDWLRQ� UXOHV�� 7KH� VHFWLRQ� IRUPDOO\� SUHVHQWV� WKH� SUREOHP� DQG� GLVFXVVHV� WKHGLIIHUHQW� DSSOLFDWLRQV� RI� DVVRFLDWLRQ� UXOH�PLQLQJ��,Q�VHFWLRQ������WKH�FODVVLFDO�DOJRULWKPV�IRU
ILQGLQJ� IUHTXHQW�LWHPVHWV�DUH�SUHVHQWHG��6HFWLRQ���� VXUYH\V�WKH�GLIIHUHQW RSWLPL]DWLRQV�WR�WKH
FODVVLFDO� PHWKRGV�� 6HFWLRQ� ��� GLVFXVVHV� WKH� PDQ\� QDWXUDO� H[WHQVLRQV� WR� WKH� DVVRFLDWLRQ
PLQLQJ� SUREOHP� WKDW� ZHUH�GLVFXVVHG�LQ�WKH�OLWHUDWXUH��6HFWLRQV���� DQG���� DUH�GHYRWHG�WR�WKHGLVFXVVLRQ� RI�WZR�RI�WKH�PDLQ�H[WHQVLRQV�WR�WKH�SUREOHP��QDPHO\�FRQVWUDLQHG�DQG�LQFUHPHQWDOPLQLQJ� RI� DVVRFLDWLRQ�UXOHV��'XH�WR�WKH�VSHFLILF�UHOHYDQFH�RI�WKHVH�WZR�DUHDV�WR�WKH�VXEMHFW�RIWKH� WKHVLV�� ERWK� VHFWLRQV� VXUYH\� WKH� UHVHDUFK� GRQH� LQ� WKH� WZR�DUHDV�DQG�VHW�WKH�QHFHVVDU\EDFNJURXQG�EHIRUH�IRUPDOO\�GLVFXVVLQJ�WKH�WZR�SUREOHPV�LQ�PRUH�GHWDLO�LQ�&KDSWHU���
���� .QRZOHGJH�'LVFRYHU\�LQ�'DWDEDVHV
7KLV� VHFWLRQ�EULHIO\�LQWURGXFHV�WKH�JHQHUDO�DUHD�RI�.QRZOHGJH�'LVFRYHU\�LQ�'DWDEDVHV��.''�WR� ZKLFK�WKLV�WKHVLV�EHORQJV��6HFWLRQ������ SUHVHQWV�WKH�PRWLYDWLRQV�RI�WKLV�LPSRUWDQW�UHVHDUFK
DUHD� LQ�EULHI��6HFWLRQ������ GLIIHUHQWLDWHV�EHWZHHQ�WKH�JHQHUDO�WHUP�.'' DQG�WKH�VSHFLILF�VWHS
RI� 'DWD�0LQLQJ E\�IRUPDOO\�GHILQLQJ�ERWK�WHUPV��DQG�ILQDOO\�VHFWLRQ������ VNLPV�RQ�WKH�UDWKHUGLYHUVH�WDVNV�RI�GDWD�PLQLQJ�
����� 1HFHVVLWLHV�RI�.''5HFHQWO\��RXU�FDSDELOLWLHV�RI�ERWK�JHQHUDWLQJ�DQG�FROOHFWLQJ�GDWD�KDYH�EHHQ�LQFUHDVLQJ�UDSLGO\�7KH� ZLGHVSUHDG�XVH�RI�EDU�FRGHV�IRU�PRVW�FRPPHUFLDO�SURGXFWV��WKH�FRPSXWHUL]DWLRQ�RI�PDQ\EXVLQHVV� DQG� JRYHUQPHQW� WUDQVDFWLRQV�� DQG� WKH� DGYDQFHV� LQ� GDWD� FROOHFWLRQ� WRROV� KDYHSURYLGHG� XV� ZLWK� KXJH� DPRXQWV� RI� GDWD�� 0LOOLRQV�RI�GDWDEDVHV�KDYH�EHHQ�XVHG�LQ�EXVLQHVV
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PDQDJHPHQW�� JRYHUQPHQW� DGPLQLVWUDWLRQ�� VFLHQWLILF� DQG�HQJLQHHULQJ�GDWD�PDQDJHPHQW��DQGPDQ\� RWKHU� DSSOLFDWLRQV��,W�LV�QRWHG�WKDW�WKH�QXPEHU�RI�VXFK�GDWDEDVHV�NHHSV�JURZLQJ�UDSLGO\EHFDXVH� RI� WKH� DYDLODELOLW\� RI� SRZHUIXO� DQG� DIIRUGDEOH� GDWDEDVH� V\VWHPV�� 7KLV�H[SORVLYHJURZWK� LQ� GDWD�DQG�GDWDEDVHV�KDV�JHQHUDWHG�DQ�XUJHQW�QHHG�IRU�QHZ�WHFKQLTXHV�DQG�WRROV�WKDWFDQ� LQWHOOLJHQWO\� DQG� DXWRPDWLFDOO\�WUDQVIRUP�WKH�SURFHVVHG�GDWD�LQWR�XVHIXO�LQIRUPDWLRQ�DQGNQRZOHGJH�� &RQVHTXHQWO\�� GDWD� PLQLQJ� KDV� EHFRPH� D� UHVHDUFK� DUHD� ZLWK� LQFUHDVLQJLPSRUWDQFH�>��@,Q�>��@��WKUHH�TXHVWLRQV�ZHUH�SRVHG��LQ�ZKLFK�'DWD�0LQLQJ�ZRXOG�PDNH�D�JRRG�DQVZHU�D� 7KH� TXHU\� IRUPXODWLRQ� SUREOHP�� KRZ� FDQ� ZH� SURYLGH�DFFHVV�WR�GDWD�ZKHQ�WKH�XVHUGRHV�QRW�NQRZ�KRZ�WR�GHVFULEH�WKH�JRDO�LQ�WHUPV�RI�D�VSHFLILF�TXHU\"E� +RZ�FDQ ZH�YLVXDOL]H�DQG�XQGHUVWDQG�D�ODUJH�GDWD�VHW"F� +RZ�FDQ�ZH�FRSH�ZLWK�WKH�LQFUHDVLQJ�YROXPH�RI�GDWD�ZLWK�WLPH",Q� WKH� ILUVW� SUREOHP�� D� JRRG� ±� DQG�D�UDWKHU�QDWXUDO�±�DQVZHU�ZRXOG�EH�WR�VWDWH�WKH�TXHU\�E\H[DPSOH�� ,Q� WKLV� FDVH�� WKH� DQDO\VW� ZRXOG� ODEHO� D� WUDLQLQJ� VHW� RI�FDVHV�RI�RQH�FODVV�YHUVXVDQRWKHU� DQG� OHW� WKH� GDWD� PLQLQJ� V\VWHP� EXLOG� D� PRGHO� IRU� GLVWLQJXLVKLQJ� RQH�FODVV�IURPDQRWKHU� $�W\SLFDO�H[DPSOH�RI�VXFK�WDVN�LV�FODVVLILFDWLRQ�$V� IRU� WKH� VHFRQG� TXHVWLRQ�� WKH� SUREOHP� LV�WKDW�GDWD�LQFUHDVHV�LQ�ERWK�WKH QXPEHU�RI�ILHOGV�GLPHQVLRQV�� DQG� WKH� QXPEHU� RI� FDVHV� �WXSOHV��� $� VROXWLRQ� RI� WKH� QXPEHU� RI�GLPHQVLRQLQFUHDVH� LV� WR� SURMHFW� WKH� GDWD� VHW� DORQJ� D� IHZHU�GLPHQVLRQ� VSDFH�� +RZHYHU�� WKLV� ERWKLQFUHDVHV� WKH� GLIILFXOW\� LQ� PRGHOLQJ� WKH� GDWD� VHW� IRU� DQDO\VLV�DQG�LQFUHDVHV�WKH�QXPEHU�RISRVVLEOH� FRPELQDWLRQ� IRU� GLPHQVLRQ� UHGXFWLRQ�IRU�KLJKHU�QXPEHUV�RI�GLPHQVLRQV��7KH�'DWD0LQLQJ� VROXWLRQ� LV� WR� KHOS� SHUIRUP� WKH�DSSURSULDWH�UHGXFWLRQV�E\�H[SORULQJ�DOO�SRVVLELOLWLHVDQG� VHOHFWLQJ� WKH�ULJKW�VDPSOHV�DQG�DWWULEXWHV��WKHQ�LW�PD\�SURFHHG�WR�YLVXDOL]H�WKH�UHVXOWV�IRUWKH�XVHU�RU�DQDO\VW�&RQFHUQLQJ� WKH� IDVW� LQFUHDVH� LQ� WKH� UDWH� RI� GDWD� YROXPH� JURZWK�� GDWD�PLQLQJ�FDQ�KHOS�LQHPSOR\LQJ� DOO�DYDLODEOH�GDWD�LQ�WKH�DQDO\VLV�E\�XWLOL]LQJ�WKH�UHVXOWV�SHUIRUPHG�RQ�WKH�SUHYLRXVRQH� DQ� DGGLQJ� WKH� UHVXOWV� RI� WKH� QHZ� VHW� LQ� DQ�LQFUHPHQWDO�PDQQHU�LQ�VXFK�D ZD\�WKDW�QRPDQXDO� WHFKQLTXHV FRXOG�FRSH�ZLWK� 7KLV�LV�DFWXDOO\�WKH�GLVWLQJXLVKLQJ�JRDO�RI�.''��GHDOLQJZLWK�D�KXJH�DPRXQW�RI�GDWD�
����� .''�RU�GDWD�PLQLQJ"0DQ\� SXEOLFDWLRQV� XVH� WKH� WHUP�.QRZOHGJH�'LVFRYHU\�LQ�'DWDEDVHV�DV�D�V\QRQ\P�IRU�'DWD0LQLQJ�� $PRQJ� WKH� GHILQLWLRQV� IRU� 'DWD�0LQLQJ�DUH��¦7KH� HIILFLHQW�GLVFRYHU\�RI�SUHYLRXVO\XQNQRZQ� SDWWHUQV� LQ� ODUJH� GDWDEDVHV�§� >�@� DQG� ¦7KH� QRQ�WULYLDO� H[WUDFWLRQ� RI� LPSOLFLW�
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SUHYLRXVO\ XQNQRZQ� DQG� SRWHQWLDOO\� XVHIXO� LQIRUPDWLRQ� �VXFK� DV� UXOHV�� FRQVWUDLQWV� DQGUHJXODULWLHV�� IURP� GDWD�LQ�GDWDEDVHV�§�>��@��+RZHYHU�LQ�>��@�WKHUH�LV�D�SUHIHUDEOH�GLVWLQFWLRQEHWZHHQ�WKH�WZR�WHUPV�ZKLFK�ZLOO�EH�FKRVHQ�DV�WKHLU�IRUPDO�GHILQLWLRQ�
'HILQLWLRQ������.QRZOHGJH�'LVFRYHU\�LQ�'DWDEDVHV��.''�
,W� LV� WKH�SURFHVV�RI�LGHQWLI\LQJ�YDOLG��QRYHO��SRWHQWLDOO\�XVHIXO��DQG�XOWLPDWHO\�XQGHUVWDQGDEOHVWUXFWXUH�LQ�GDWD� T
'HILQLWLRQ������'DWD�0LQLQJ
,W� LV� D� VWHS� LQ� WKH�.''�SURFHVV�WKDW��XQGHU�DFFHSWDEOH�FRPSXWDWLRQDO�HIILFLHQF\�OLPLWDWLRQV�HQXPHUDWHV�VWUXFWXUHV��SDWWHUQV�RU�PRGHOV��RYHU�WKH�GDWD� T
'DWD� 0LQLQJ� UHIHUV� WR� D� SDUWLFXODU� VWHS� LQ� WKH�SURFHVV�RI�.''��7KH�DGGLWLRQDO�VWHSV�LQ�WKH.''� SURFHVV�� VXFK� DV� GDWD� SUHSDUDWLRQ�� GDWD� VHOHFWLRQ�� GDWD� FOHDQLQJ�� LQFRUSRUDWLQJDSSURSULDWH� SULRU� NQRZOHGJH�� DQG�SURSHU�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV�RI�PLQLQJ��DUH�HVVHQWLDOWR� HQVXUH� WKDW�XVHIXO�NQRZOHGJH�LV�GHULYHG�IURP�WKH�GDWD��7KH�IROORZLQJ�ILJXUH�UHSUHVHQWV�WKHUHTXLUHG�SURFHVVHV�IRU�HIIHFWLYH�NQRZOHGJH�GLVFRYHU\�

)LJXUH������$Q�RYHUYLHZ�RI�WKH�VWHSV�FRPSULVLQJ�WKH�.''�SURFHVV�> ��@
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����� 'DWD�PLQLQJ�WDVNV
6HYHUDO� GDWD� PLQLQJ� WDVNV� H[LVW�� 7KHUH� DUH� PDQ\� DWWHPSWV� WRZDUGV� FODVVLI\LQJ� DQGHQXPHUDWLQJ� WKHP� �H�J�� >���� ��@��� +RZHYHU�� WKH�ILHOG�LV�H[SHULHQFLQJ�TXLWH�DQ�H[SORVLRQ�LQUHVHDUFK� GLUHFWLRQV�DQG�H[WHQVLRQV�WKDW�PLJKW�GHHP�DQ\�DWWHPSW�WR�HQXPHUDWH�WKRVH�WDVNV�DQGWKHLU� YDULDWLRQV� DQG� H[WHQVLRQV� LQFRPSOHWH�� ,Q� WKH� IROORZLQJ�� WKH�PRVW�IDPRXV�DQG�DJUHHGXSRQ�WDVNV�DUH�HQXPHUDWHG�$VVRFLDWLRQ�5XOH�0LQLQJ� ,W�LV�WKH�WDVN�RI�LQIHUULQJ�UXOHV�ZKLFK�VWDWHV�WKDW�FHUWDLQ�YDOXHV�RFFXUZLWK� RWKHU�YDOXHV�DERYH�D�FHUWDLQ�IUHTXHQF\�LQ�GDWD�ZLWK�VRPH�SUH�VSHFLILHG�FHUWDLQW\��,W�LV�WKHIRFXV�RI�WKLV�WKHVLV�DQG�WKXV�ZLOO�EH�JLYHQ�PRUH�DWWHQWLRQ�VKRUWO\�
&ODVVLILFDWLRQ� ,W LV�WKH�SURFHVV�ZKLFK�ILQGV�WKH�FRPPRQ�SURSHUWLHV�DPRQJ�D�VHW�RI�REMHFWV�LQD� GDWDEDVH� DQG�FODVVLILHV�WKHP�LQWR�GLIIHUHQW�FODVVHV��DFFRUGLQJ�WR�D�FODVVLILFDWLRQ�PRGHO��7KHREMHFWLYH� RI� WKH� FODVVLILFDWLRQ� LV� WR� ILUVW� DQDO\]H� WKH�WUDLQLQJ�GDWD�DQG�GHYHORS�DQ�DFFXUDWHGHVFULSWLRQ� RU� D� PRGHO� IRU� HDFK� FODVV� XVLQJ� WKH� IHDWXUHV� DYDLODEOH�LQ�WKH�GDWD��6XFK�FODVVGHVFULSWLRQV� DUH� WKHQ� XVHG� WR� FODVVLI\� IXWXUH� WHVW�GDWD�LQ�WKH�GDWDEDVH�RU�WR�GHYHORS�D�EHWWHUGHVFULSWLRQ��FDOOHG�FODVVLILFDWLRQ�UXOHV��IRU�HDFK�FODVV�LQ�WKH�GDWDEDVH�
&OXVWHULQJ� ,W� LV� WKH� SURFHVV� RI� JURXSLQJ�SK\VLFDO�RU�DEVWUDFW�REMHFWV�LQWR�FODVVHV�RI�VLPLODUREMHFWV�� 7KH� WHUP� XQVXSHUYLVHG� FODVVLILFDWLRQ LV DOVR� RIWHQ�XVHG��7KH�WHUP�FRPHV�IURP�WKHGLIIHUHQWLDWLRQ� EHWZHHQ� &OXVWHULQJ� DQG� FODVVLILFDWLRQ�� 7KH� GLIIHUHQFH� LV�WKDW�±�WKRXJK�ERWKPHWKRGV� SURGXFH� D� VHW� RI�FOXVWHUV�ZLWK�VLPLODU�SURSHUWLHV�±�LQ�FOXVWHULQJ��ZH�GRQ¶W�NQRZ�WKHQXPEHU� RI� RXWSXW� FODVVHV� LQ� DGYDQFH�� &OXVWHULQJ� DQDO\VLV� KHOSV� FRQVWUXFW� PHDQLQJIXOSDUWLWLRQLQJ� RI� D� ODUJH� VHW� RI� REMHFWV� EDVHG�RQ�D�³GLYLGH�DQG�FRQTXHU´�PHWKRGRORJ\�ZKLFKGHFRPSRVHV� D� ODUJH� VFDOH� V\VWHP� LQWR� VPDOOHU� FRPSRQHQWV� WR� VLPSOLI\� GHVLJQ� DQGLPSOHPHQWDWLRQ�
0LQLQJ� 'LVFULPLQDQW�5XOHV� $�GLVFULPLQDQW�UXOH�LV�DQ�DVVHUWLRQ�ZKLFK�GLVFULPLQDWHV�FRQFHSWVRI� WKH� FODVV�EHLQJ�H[DPLQHG��WKH�WDUJHW�FODVV��IURP�RWKHU�FODVVHV��FDOOHG�FRQWUDVWLQJ�FODVVHV��)RU� H[DPSOH�� WR� GLVWLQJXLVK� RQH� GLVHDVH�IURP�RWKHUV��D�GLVFULPLQDQW�UXOH�VKRXOG�VXPPDUL]HWKH�V\PSWRPV�WKDW�GLVFULPLQDWH�WKLV�GLVHDVH IURP�RWKHUV�
0LQLQJ� 6HTXHQWLDO� 3DWWHUQV� ,W�FDQ�EH�VWDWHG�LQIRUPDOO\�DV�IROORZV��7KH�LQSXW�GDWD�LV�D�VHW�RIVHTXHQFHV�� FDOOHG� GDWD�VHTXHQFHV�� (DFK� GDWD� VHTXHQFH� LV� D�OLVW�RI�WUDQVDFWLRQV��ZKHUH�HDFKWUDQVDFWLRQ� LV� D� VHWV� RI� LWHPV��OLWHUDOV���7\SLFDOO\�WKHUH�LV�D�WUDQVDFWLRQ�WLPH�DVVRFLDWHG�ZLWKHDFK� WUDQVDFWLRQ�� $� VHTXHQWLDO� SDWWHUQ FRQVLVWV� RI� D�OLVW�RI�VHWV�RI�LWHPV��7KH�SUREOHP�LV�WR
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ILQG� DOO� VHTXHQWLDO� SDWWHUQV� ZLWK� D� XVHU�VSHFLILHG�PLQLPXP�VXSSRUW��ZKHUH�WKH�VXSSRUW�RI�DVHTXHQWLDO�SDWWHUQ�LV�WKH�SHUFHQWDJH�RI�GDWD�VHTXHQFHV�WKDW�FRQWDLQ�WKH�SDWWHUQ�
3DWWHUQ�%DVHG� 6LPLODULW\� 6HDUFK� 7KLV�LV�FORVHO\�UHODWHG�WR�PLQLQJ�VHTXHQWLDO�SDWWHUQV��+HUH�KRZHYHU�� LW� LV� UHTXLUHG� WR� LGHQWLI\� SDWWHUQV� LQ� WKH� GDWD�WKDW�DUH�VLPLODU�WR�HDFK�RWKHU��7KLVVLPLODULW\� VHDUFK FDQ�EH�GHILQHG�DV�UHODWLYH�WR�D�FHUWDLQ�REMHFW�RU�ZLWKLQ�D�VSHFLILHG�UDQJH�RI�DXVHU�VSHFLILHG� PHWULF�� RU� HOVH� WKH� WDVN� PLJKW�EH�WR�ILQG�DOO�SDLUV�RI�VLPLODU�SDWWHUQV�ZLWKLQ�DSUH�VSHFLILHG�UDQJH�RI�WKH�PHWULF�IXQFWLRQ�
&KDQJH�DQG�'HYLDWLRQ�'HWHFWLRQ� 'HYLDWLRQV�KDYH�EHHQ�FRQVLGHUHG�LQ�PDQ\�DSSOLFDWLRQV��H�J�$,�� DV� RXWOLHUV� RU� QRLVH�LQ�WKH�GDWD��+RZHYHU��WKH\�DUH�WKH�PDLQ�IRFXV�RI�GHYLDWLRQ�GHWHFWLRQVFKHPHV�� 7KH� UROH� RI� WKHVH� VFKHPHV� LV� WR� VSRW� DQG� LVRODWH� GHYLDWLRQV� LQ� WKH� GDWD�� �7KHGHYLDWLRQ� GHWHFWLRQ SUREOHP� FDQ� EH� FRQVLGHUHG� D� VSHFLDO�FDVH�RI�WKH�FOXVWHULQJ�SUREOHP�DVUHTXLULQJ� WR� FOXVWHU� GDWD� LQWR� GHYLDWLRQV� DQG� QRQ�GHYLDWLRQV� FOXVWHUV�� 'HYLDWLRQ�GHWHFWLRQWHFKQLTXHV� UHO\� RQ� WKH� � UHGXQGDQF\� SUHVHQW� LQ� WKH� GDWD� WR� VSRW� GHYLDWLRQV�DV�RSSRVHG�WRH[SOLFLW� LQIRUPDWLRQ�VRXUFHV�WKDW�UHVLGHV�RXWVLGH�WKH�GDWD�DV�LQWHJULW\�FRQVWUDLQWV�RU�SUHGHILQHGHUURU�QRQ�HUURU�SDWWHUQV�
���� $VVRFLDWLRQ�UXOH�PLQLQJ
����� 3UREOHP�GHILQLWLRQ
7KH� SUREOHP� RI� ILQGLQJ� DVVRFLDWLRQ�UXOHV�FDQ�EH�VWDWHG�DV�IROORZV >��@� JLYHQ�D�GDWDEDVH�RIVDOHV� WUDQVDFWLRQV��LW�LV�GHVLUDEOH�WR�GLVFRYHU�WKH�LPSRUWDQW�DVVRFLDWLRQV�DPRQJ�LWHPV�VXFK�WKDWWKH� SUHVHQFH�RI�VRPH�LWHPV�LQ�D�WUDQVDFWLRQ�ZLOO�LPSO\�WKH�SUHVHQFH�RI�RWKHU�LWHPV�LQ�WKH�VDPHWUDQVDFWLRQ� $Q� H[DPSOH� RI�DQ�DVVRFLDWLRQ�UXOH�LV� ����RI�WUDQVDFWLRQV�WKDW�FRQWDLQ�EHHU�DOVRFRQWDLQ� GLDSHUV�� ��� RI� DOO� WUDQVDFWLRQV� FRQWDLQ�ERWK�RI�WKHVH�LWHPV��+HUH�����LV�FDOOHG�WKHFRQILGHQFH RI� WKH� UXOH��DQG����WKH�VXSSRUW RI�WKH�UXOH��7KH�SUREOHP�LV�WR�ILQG�DOO�DVVRFLDWLRQUXOHV�WKDW�VDWLVI\�XVHU�VSHFLILHG�PLQLPXP�VXSSRUW�DQG�PLQLPXP�FRQILGHQFH�FRQVWUDLQWV >�@�7KH� SUREOHP� RI�PLQLQJ�DVVRFLDWLRQ�UXOHV�ZDV�ILUVW�LQWURGXFHG�LQ�>�@�DQG�WKH�IROORZLQJ�IRUPDOGHILQLWLRQ�ZDV�SURSRVHG�LQ�>�@ WR�DGGUHVV�WKH�SUREOHP�
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'HILQLWLRQ������$VVRFLDWLRQ�5XOHV
/HW� ^ `PLLL,WHP ������ �� EH�D�VHW�RI�OLWHUDOV�FDOOHG�LWHPV��'% EH�D�GDWDEDVH�RI�WUDQVDFWLRQV�ZKHUHHDFK� WUDQVDFWLRQ� ,WHP7 � DQG�KDV D�XQLTXH�LGHQWLILHU��7,'��*LYHQ�DQ�LWHPVHW� ,WHP; � ��; LVFRQWDLQHG� LQ� 7 LII� 7; � �� $Q�DVVRFLDWLRQ�UXOH�LV�DQ�LPSOLFDWLRQ�RI�WKH�IRUP�6D � 6F��ZKHUHERWK� 6D �UXOH� DQWHFHGHQW��DQG�6F �UXOH�FRQVHTXHQW��DUH�LWHPVHWV�DQG� ) � FD 66 ��$�UXOH�KDVVXSSRUW� V LII�V� RI�WKH�WUDQVDFWLRQV�LQ�'% FRQWDLQ� FD 66 � ��$�UXOH�KDV�FRQILGHQFH�F LII�F� RIWKH� WUDQVDFWLRQV FRQWDLQLQJ� 6D DOVR� FRQWDLQ� FD 66 � �� $Q� LWHPVHW�LV�IUHTXHQW LII�LWV�VXSSRUWH[FHHGV D�FHUWDLQ�VXSSRUW�WKUHVKROG�PLQVXS� T
7KH� SUREOHP� RI� GLVFRYHULQJ� DOO� DVVRFLDWLRQ� UXOHV� FDQ� EH� GHFRPSRVHG� LQWR� WZR� VXE�SUREOHPV >�@�D� )LQG� DOO� VHWV� RI� LWHPV� �LWHPVHWV�� WKDW� KDYH� WUDQVDFWLRQ�VXSSRUW�DERYH�WKH�PLQLPXPVXSSRUW��7KHVH�DUH�WKH�IUHTXHQW LWHPVHWV��2WKHU�LWHPVHW�FDOOHG�LQIUHTXHQW�LWHPVHWV�E� 8VH�WKH�IUHTXHQW�LWHPVHWV�WR�JHQHUDWH�WKH�GHVLUHG�UXOHV�7KHUH� LV� D� ZLGH� DJUHHPHQW� DPRQJ� WKH� OLWHUDWXUH� WKDW� WKH� ILUVW� VXE�SUREOHP� LV� WKH� PRVWLPSRUWDQW� RI�WKH�WZR��7KLV�LV�EHFDXVH�LW�LV�PRUH�WLPH FRQVXPLQJ�GXH�WR�WKH�KXJH�VHDUFK�VSDFH�WKH� SRZHU� VHW� RI� WKH� VHW� RI� DOO� LWHPV�� DQG� WKH�UXOH�JHQHUDWLRQ�SKDVH�FDQ�EH�GRQH�LQ�PDLQPHPRU\� LQ� D� VWUDLJKWIRUZDUG PDQQHU� RQFH� WKH� IUHTXHQW�LWHPVHWV�DUH�IRXQG >�@��7KDW�LV�WKHUHDVRQ� IRU� WKH� JUHDW� DWWHQWLRQ� UHVHDUFKHUV SDLG� WR�WKLV�SUREOHP�LQ�WKH�UHFHQW�\HDUV��$QRWKHUUHDVRQ� IRU�VXFK�DWWHQWLRQ�PD\�EH�GXH�WR�WKH�GLVSXWH�DPRQJ�WKH�UHVHDUFK�FRPPXQLW\�DERXW�WKHFRQILGHQFH DV� D� PHDVXUH� RI� UXOH� LPSRUWDQFH� RU� LQWHUHVWLQJQHVV�� &RQWUDU\� WR� VXSSRUW�FRQILGHQFH� UHFHLYHG� PXFK� FULWLFLVP� DQG� PDQ\� DOWHUQDWLYHV� KDYH� EHHQ� VXJJHVWHG�ZLWK��QRJOREDO�DFFHSWDQFH�RI�RQH�PHDVXUH �H�J��>������@��
����� %HQHILWV�DQG�DSSOLFDWLRQV7KH� PRVW� IDPRXV� DSSOLFDWLRQ� RI� DVVRFLDWLRQ� UXOHV� LV�LWV�XVH�IRU�PDUNHW EDVNHW�DQDO\VLV >�@�&RQVLGHU� D� VXSHUPDUNHW�VHWWLQJ�ZKHUH�WKH�GDWDEDVH�UHFRUGV�LWHPV�SXUFKDVHG�E\�D�FXVWRPHU�DWD� VLQJOH� WLPH� DV� D� WUDQVDFWLRQ�� 7KH� SODQQLQJ� GHSDUWPHQW� PD\� EH� LQWHUHVWHG� LQ� ILQGLQJ³DVVRFLDWLRQV´� EHWZHHQ� VHWV� RI� LWHPV� ZLWK� VRPH� PLQLPXP� VSHFLILHG� FRQILGHQFH� 6XFKDVVRFLDWLRQV�PLJKW�EH�KHOSIXO�LQ�GHVLJQLQJ�SURPRWLRQV�DQG�GLVFRXQWV�RU�VKHOI�RUJDQL]DWLRQ�DQGVWRUH�OD\RXW�
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+RZHYHU�� DVVRFLDWLRQ�UXOHV�KDYH�PDQ\�RWKHU�ILHOGV�LQ�ZKLFK�LW�KDYH�EHHQ�KHOSIXO��,Q�>��@��WZRVXFFHVVIXO� H[DPSOHV� IRU� WKH� DSSOLFDWLRQ� RI�DVVRFLDWLRQ�UXOHV�LQ�WKH�WHOHFRPPXQLFDWLRQV�DQGPHGLFDO� ILHOGV� IRU� SHUIRUPLQJ� SDUWLDO�FODVVLILFDWLRQ LV�UHSRUWHG��$VVRFLDWLRQ�UXOH�PLQLQJ�KDVEHHQ� DOVR� XVHG� RQ� RWKHU� W\SHV�RI�GDWD�VHWV��,W�KDV�EHHQ�XVHG�WR�PLQH�ZHE�VHUYHUV�ORJ�ILOHV�WRGLVFRYHU� WKH� SDWWHUQV� WKDW� DFFHVV� GLIIHUHQW� UHVRXUFHV� FRQVLVWHQWO\�DQG�RFFXU�WRJHWKHU�RU�WKHDFFHVV� RI�D�SDUWLFXODU�SODFH�RFFXUULQJ�DW�UHJXODU�WLPHV��2WKHU�W\SHV�RI�GDWD�LQFOXGH�FHQVXV�GDWDDQG� WH[W� GRFXPHQWV� DV� LQ� >��@� IRU� H[DPSOH�� 2WKHU�H[DPSOHV�RI�DSSOLFDWLRQV�RI�DVVRFLDWLRQUXOHV� LQFOXGH� FDWDORJ� GHVLJQ�� FXVWRPHU� VHJPHQWDWLRQ� EDVHG� RQ�EX\LQJ�SDWWHUQV��IUDXGXOHQWGLVFRYHU\�DQG�KHDOWK�LQVXUDQFH�
���� &ODVVLFDO�DOJRULWKPV�IRU�ILQGLQJ�IUHTXHQW�LWHPVHWV
$OO� FODVVLFDO� DSSURDFKHV� WR� WKH� SUREOHP� EHQHILW� IURP� WKH� GRZQZDUG� FORVXUH� SURSHUW\�RIIUHTXHQW� LWHPVHWV� ZLWK� UHVSHFW�WR�VHW�LQFOXVLRQ��,W�LV�SURYHG�WKDW�LI�DQ�LWHPVHW�LV�IUHTXHQW�WKHQVR� PXVW� EH� DOO� LWV� VXEVHWV� >�@��8VLQJ�WKLV�SURSHUW\��DOO�FODVVLFDO�DSSURDFKHV��OHVW�IRU�WKH�ILUVWWZR� DOJRULWKPV� $,6 DQG� 6(70� VWDUW� E\� ILQGLQJ� IUHTXHQW� LWHPVHWV� RI�VL]H�� DQG�FRQWLQXHH[WHQGLQJ� WKH� VHDUFK� WR� WKHLU� VXSHUVHWV�RI�VL]H�� DV�FDQGLGDWHV�RI�ZKLFK�ODUJH���LWHPVHWV�DUHJHQHUDWHG� DQG� VR� RQ��7KLV�LV�ZK\�VXFK�DSSURDFK�LV�RIWHQ�FDOOHG�WKH�OHYHO�ZLVH�RU�WKH�ERWWRP�XS�DSSURDFK�EHFDXVH�RI�WKH�ZD\�WKH\�VHDUFK�WKH�ODWWLFH�RI�VXEVHWV�
����� $,6�DQG�6(70
������� 7KH�$,6�DOJRULWKP�>����@
&DQGLGDWH� LWHPVHWV� DUH� JHQHUDWHG� DQG� FRXQWHG� RQ�WKH�IO\� DV�WKH�GDWDEDVH�LV�VFDQQHG��$IWHUUHDGLQJ� D�WUDQVDFWLRQ��LW�LV�GHWHUPLQHG�ZKLFK�RI�WKH�LWHPVHWV�WKDW�ZHUH�IRXQG�WR�EH�ODUJH�LQ�WKHSUHYLRXV� SDVV� DUH� FRQWDLQHG� LQ� WKLV� WUDQVDFWLRQ�� 1HZ� FDQGLGDWH� LWHPVHWV�DUH�JHQHUDWHG�E\H[WHQGLQJ� WKHVH� ODUJH� LWHPVHWV� ZLWK� RWKHU� LWHPV� LQ� WKH� WUDQVDFWLRQ�� $� ODUJH� LWHPVHW� O� LVH[WHQGHG� ZLWK� RQO\�WKRVH�LWHPV�WKDW�DUH�ODUJH�DQG�RFFXU�ODWHU�LQ�WKH�OH[LFRJUDSKLF�RUGHULQJ�RILWHPV� WKDQ�DQ\�RI�WKH�LWHPV�LQ�O��7KH�FDQGLGDWHV�JHQHUDWHG�IURP�D�WUDQVDFWLRQ�DUH�DGGHG�WR�WKHVHW� RI� FDQGLGDWH� LWHPVHWV� PDLQWDLQHG�IRU�WKH�SDVV��RU�WKH�FRXQWV�RI�WKH�FRUUHVSRQGLQJ�HQWULHVDUH�LQFUHDVHG�LI�WKH\�ZHUH�FUHDWHG�E\�DQ�HDUOLHU�WUDQVDFWLRQ�
������� 7KH�6(70�DOJRULWKP�>�@
7KH�6(70�DOJRULWKP�ZDV�PRWLYDWHG�E\�WKH�GHVLUH�WR�XVH�64/�WR�FRPSXWH�ODUJH�LWHPVHWV��/LNH$,6�� WKH� 6(70� DOJRULWKP� DOVR� JHQHUDWHV� FDQGLGDWHV� RQ�WKH�IO\�EDVHG�RQ�WUDQVDFWLRQV�UHDG



��

IURP� WKH� GDWDEDVH�� ,W� WKXV� JHQHUDWHV� DQG� FRXQWV� HYHU\� FDQGLGDWH� LWHPVHW� WKDW� WKH� $,6DOJRULWKP� JHQHUDWHV�� +RZHYHU�� WR� XVH� WKH� VWDQGDUG� 64/� MRLQ� RSHUDWLRQ� IRU� FDQGLGDWHJHQHUDWLRQ�� 6(70� VHSDUDWHV� FDQGLGDWH� JHQHUDWLRQ� IURP� FRXQWLQJ�� ,W� VDYHV� D� FRS\� RI�WKHFDQGLGDWH� LWHPVHW� WRJHWKHU� ZLWK�WKH�WUDQVDFWLRQ�LGHQWLILHU��7,'��RI�WKH�JHQHUDWLQJ�WUDQVDFWLRQLQ� D� VHTXHQWLDO� VWUXFWXUH�� $W� WKH� HQG� RI�WKH�SDVV��WKH�VXSSRUW�FRXQW�RI�FDQGLGDWH�LWHPVHWV�LVGHWHUPLQHG�E\�VRUWLQJ�DQG�DJJUHJDWLQJ�WKLV�VHTXHQWLDO�VWUXFWXUH�7KH� SUREOHP�ZLWK�WKHVH�WZR�DOJRULWKPV�ZDV�WKH�VL]H�RI�WKH�FDQGLGDWH�VHWV�JHQHUDWHG�RI�ZKLFKPDQ\� ZLOO� EH� IRXQG� LQIUHTXHQW�� +RZHYHU�� WKRVH� DOJRULWKPV� UHPDLQ� LPSRUWDQW� DV�WKH�ILUVWDWWHPSWV�WR�JHQHUDWH�DVVRFLDWLRQ�UXOHV�
����� 7KH�$SULRUL�DOJRULWKP7KLV� SLRQHHULQJ� ZRUN� DSSHDUHG� ILUVW� LQ� ���� >�@�DQG�UHPDLQHG�WKH�VWDQGDUG�UHIHUHQFH�RI�DOODOJRULWKPV� IRU� ILQGLQJ� DVVRFLDWLRQ� UXOHV��,W�RXWSHUIRUPHG�WKH�SUHYLRXV�DOJRULWKPV�E\�D�JUHDWPDUJLQ�� 7KH� PDMRU� GLIIHUHQFH� LQ� $SULRUL ZDV� WKH� PXFK� OHVV� FDQGLGDWH� VHW� RI� LWHPVHWV�LWJHQHUDWHV� IRU� WHVWLQJ� LQ� HYHU\� GDWDEDVH� SDVV�� +HUH� FRPHV� WKH� WLPH�VDYLQJ��7KH�DOJRULWKPEHQHILWHG�RI�WKH�IDFW�WKDW�IRU�DQ�LWHPVHW�WR�EH�IUHTXHQW��DOO�LWV�VXEVHWV�PXVW�EH�IUHTXHQW�7KH� DOJRULWKP� VWDUWV� E\�FROOHFWLQJ�DOO�WKH�IUHTXHQW���LWHPVHWV�LQ�WKH�ILUVW�SDVV��,W�XVHV�WKLV�VHW�FDOOHG� /���WR�JHQHUDWH�WKH�FDQGLGDWH�VHWV�WR�EH�IUHTXHQW�LQ�WKH�QH[W�SDVV��FDOOHG�&���E\�MRLQLQJ/� ZLWK�LWVHOI��7KH�WULFN�KHUH�LV�WKDW�WKH�DOJRULWKP�HOLPLQDWHV�IURP�&� DQ\�VHW�WKDW�KDV�D�VXEVHWQRW� LQ� /��� EHFDXVH� LW� NQRZV� D�SULRUL WKDW� LW� FDQ¶W� EH� IUHTXHQW�� KHQFH� UHGXFLQJ� LWV� VL]HGUDPDWLFDOO\�� 7KH� DOJRULWKP�SURFHHGV�LQ�WKH�VDPH�PDQQHU�JHQHUDWLQJ�WKH�FDQGLGDWHV�RI�VL]H�NIURP� WKH� ODUJH� LWHPVHWV� RI� VL]H� N���� WKHQ�UHGXFHV�WKH�FDQGLGDWH�VHW�E\�HOLPLQDWLQJ�DOO�WKRVHZKLFK�KDYH�LQIUHTXHQW�N�� VXEVHWV��WKHQ�FRXQWV�RFFXUUHQFHV�RI�WKH�UHPDLQLQJ�FDQGLGDWHV�LQ�WKHQH[W� SDVV� WR� ILQG� WKH� IUHTXHQW� N LWHPVHWV�� 7KH� DOJRULWKP� WHUPLQDWHV� ZKHQ� WKHUH� DUH� QRFDQGLGDWHV� WR� EH� FRXQWHG� LQ� WKH�QH[W�SDVV��)LJXUH ��� JLYHV�WKH�KLJK�OHYHO�GHVFULSWLRQ�RI�WKH$SULRUL DOJRULWKP�)URP� WKH� DERYH�� LW� FDQ�EH�VHHQ�WKDW�WKH�DOJRULWKP�PDNHV�N SDVVHV�RQ�WKH�GDWDEDVH�ZKHUH�N LVWKH� VL]H�RI�WKH�ODUJHVW�IUHTXHQW�LWHPVHW��7KLV�LV�WKH�PDLQ�GUDZEDFN�RI�WKH�DOJRULWKP��HVSHFLDOO\LI� WKLV� N LV� ODUJH� HQRXJK�� 'HVSLWH� WKLV� GUDZEDFN�� WKH� DOJRULWKP� LQVSLUHG� WKH� UHVHDUFKFRPPXQLW\� WR� IXUWKHU� LQYHVWLJDWH� WKH� SUREOHP�� DQG� WKLV� OHDG� WR�VHYHUDO�RSWLPL]DWLRQV�DQGH[WHQVLRQV� WR� WKH�DOJRULWKP�DQG�RWKHU�DSSURDFKHV�WR�WKH�SUREOHP�WKDW�GLIIHUHG�IURP�WKH�OHYHO�ZLVH�DSSURDFK��7KHVH�H[WHQVLRQV�ZLOO�EH�VXUYH\HG�LQ�WKH�QH[W�VHFWLRQV�



��

3URFHGXUH $SULRUL$OJ���� %HJLQ� /�  �^IUHTXHQW���LWHPVHWV`�� IRU �N  ����/N�� z I ��N�� ��GR�^� &N  �DSULRUL�JHQ��/N�� ������1HZ�FDQGLGDWHV� IRUDOO WUDQVDFWLRQV�W LQ�WKH�GDWDVHW�GR�^� IRUDOO FDQGLGDWHV�F � &N FRQWDLQHG�LQ�W GR� F�FRXQW���� `� /N  �^F � &N _�F�FRXQW�t PLQ�VXSSRUW`�� `�� $QVZHU� � NN /� ��� (QG )LJXUH �����$OJRULWKP�$SULRUL >�@
���� ,PSURYHPHQWV�RQ�WKH�FODVVLFDO�DOJRULWKPV
)ROORZLQJ� WKH�SUHVHQWDWLRQ�RI�WKH�$SULRUL DOJRULWKP��ZKLFK�JUHDWO\�LPSURYHG�WKH�SHUIRUPDQFHRI� GLVFRYHULQJ� DVVRFLDWLRQ� UXOHV�� PDNLQJ� LW� PRUH� SUDFWLFDO� DQG� DSSHDOLQJ�� WKH� UHVHDUFKOLWHUDWXUH� ZDV� IORRGHG� E\�VHYHUDO�HIIRUWV�WU\LQJ�WR�LPSURYH�RQ�LW��7KHVH�HIIRUWV�FDPH�LQ�PDQ\IRUPV�DQG�DUH�WKH�VXEMHFW�RI�WKLV�VHFWLRQ�
����� 7UDQVDFWLRQ�DQG�LWHP�SUXQLQJ7KLV� LV� RQH�RI�WKH�PDLQ�RSWLPL]DWLRQV�RI�WKH�$SULRUL DOJRULWKP��,W�LV�QRW�QHHGHG�WR�LQVSHFW�WKHZKROH� GDWDEDVH� HDFK� WLPH� LW� LV� QHHGHG�WR�FRXQW�RFFXUUHQFHV�RI�WKH�FDQGLGDWH�LWHPVHWV��7KLVRSWLPL]DWLRQ� UHGXFHV� GUDVWLFDOO\� WKH� WLPH� QHHGHG�WR�FRXQW�WKH�VXSSRUW�IRU�WKH�FDQGLGDWH�VHWVDQG� HQKDQFHV� SHUIRUPDQFH�� 7UDQVDFWLRQ� SUXQLQJ� ZDV�SUHVHQW�LQ�WZR�DOJRULWKPV��$SULRUL7LG>�@�DQG�'+3 >��@�
������� $SULRUL7LG�DQG�$SULRUL+\EULG
$SULRUL7LG ZDV� SURSRVHG� LQ� WKH� VDPH� SDSHU� ZLWK� $SULRUL >�@�� 7KRXJK� LW�GRHV�QRW�VWDWH�LWH[SOLFLWO\�� LW�XVHV�WUDQVDFWLRQ�SUXQLQJ�WR�LPSURYH�$SULRUL©V SHUIRUPDQFH��7KH�PDLQ�GLIIHUHQFHIURP� $SULRUL LV� WKDW� LW� GRHV� QRW�XVH�WKH�ZKROH�GDWDEDVH�WR�FRXQW�VXSSRUW�IRU�FDQGLGDWH�VHWV�UDWKHU�� LW� XVHV�DQRWKHU�VHW�LW�FDOOHG�&N© LQ�ZKLFK�HYHU\�PHPEHU�LV�LQ�WKH�IRUP�RI��7,'��^;N`!�ZKHUH� HDFK� ;N LV� D� SRWHQWLDOO\�ODUJH�N�LWHPVHW�SUHVHQW�LQ�WKH�WUDQVDFWLRQ�ZLWK�LGHQWLILHU�7,'�



��

7KXV�� LI� D�WUDQVDFWLRQ�GRHV�QRW�FRQWDLQ�DQ\�ODUJH�N�LWHPVHW��LW�ZLOO�QRW�EH�SUHVHQW�LQ�&N© KHQFHGURSSHG� RXW� RI� FRQVLGHUDWLRQ�� 7KLV� UHGXFHV� WKH� GDWDEDVH�VL]H�GUDVWLFDOO\�HVSHFLDOO\�LQ�ODWHUSKDVHV� ZKHQ� N LQFUHDVHV�� 7KH�UDWLRQDOH�EHKLQG�WKH�RSHUDWLRQ�RI�$SULRUL7LG LV�REYLRXV��VLQFHIRU� D�WUDQVDFWLRQ�WR�FRQWDLQ�DQ\�IUHTXHQW�N���LWHPVHW��LW�PXVW�FRQWDLQ�DOO�LWV�VXEVHWV�ZKLFK�DUHDOVR�IUHTXHQW��KHQFH�LW�PXVW FRQWDLQ�DW�OHDVW�RQH�IUHTXHQW�N�LWHPVHW�7KH� PDLQ� GUDZEDFN� RI�WKLV�DOJRULWKP�LV�WKDW�WKH�VL]H�RI�WKH�DOWHUQDWLYH�VHW�&N¶�WKDW�UHSUHVHQWVWKH� GDWDEDVH� PD\� H[FHHG� WKH�VL]H�RI�WKH�DFWXDO�GDWDEDVH�LQ�HDUO\�VWDJHV�WKXV�ORRVLQJ�LWV�HGJHRQ� $SULRUL�� 7KLV� PRWLYDWHG� WKH� DXWKRUV� RI� WKH� DOJRULWKP� WR� SURSRVH� DQRWKHU� DOJRULWKP�$SULRUL+\EULG�� WKDW� XVHV� $SULRUL DW� WKH� ILUVW� VWDJHV� DQG� WKHQ�VZLWFKHV�WR�$SULRUL7LG ZKHQWUDQVDFWLRQ� SUXQLQJ� EHFRPHV� PRUH� HIIHFWLYH�� :KHQ�WR�VZLWFK�EHWZHHQ�WKH�DOJRULWKPV�LV�QRWFOHDU��KRZHYHU� DQG�WKH�DXWKRUV�VKRZHG�WKDW�LW�FDQ�EH�GHWHUPLQHG�KHXULVWLFDOO\�
������� '+3,Q� ������3DUN�HW�DO��>��@�SURSRVHG�'+3��ZKLFK�VWDQGV�IRU�'LUHFW�+DVKLQJ�DQG�3UXQLQJ��7KH\REVHUYHG� WKDW� WKH�ERWWOHQHFN�RI�$SULRUL LV�LQ�WKH�HDUO\�VWDJHV��WKXV�WKH\�SURSRVHG DQ�HIIHFWLYHKDVKLQJ� WHFKQLTXH� WR�IXUWKHU�UHGXFH�WKH�VL]H�RI�WKH�FDQGLGDWH���LWHPVHWV��7KH�UHGXFWLRQ�RI�WKHQXPEHU� RI� FDQGLGDWH� VHWV�JLYHV�WKH�RSSRUWXQLW\�IRU�HIIHFWLYHO\�UHGXFLQJ�WKH�GDWDEDVH�VL]H�IRUWKH� QH[W� FRXQWLQJ�SDVV��7KH�DXWKRUV�REVHUYHG�WKDW�IRU D�WUDQVDFWLRQ�WR�FRQWDLQ�D�IUHTXHQW�N���LWHPVHW�� LW� PXVW� FRQWDLQ� DW� OHDVW� N�� IUHTXHQW� N�LWHPVHWV�� 7KH� DOJRULWKP� WKHQ� FRXQWV�WKHQXPEHU� RI� FDQGLGDWH�N�LWHPVHWV�D�WUDQVDFWLRQ�FRQWDLQV�ZKLOH�FRXQWLQJ�VXSSRUW�IRU�FDQGLGDWHV�,I� WKH� WUDQVDFWLRQ� GRHV� QRW� PHHW� WKH� UHTXLUHG� WKUHVKROG�� LW� FDQ� EH� HOLPLQDWHG� IURPFRQVLGHUDWLRQ�LQ�WKH�QH[W�SDVV�$QRWKHU� RSWLPL]DWLRQ�� LWHP� SUXQLQJ�� LQ�ZKLFK�WKH�WUDQVDFWLRQ�VL]H�LV�UHGXFHG�E\�HOLPLQDWLQJFHUWDLQ� LWHPV� IURP�FRQVLGHUDWLRQ�ZDV�DOVR�SURSRVHG��7KH�DXWKRUV�REVHUYHG�WKDW�IRU�DQ�LWHP�WRDSSHDU� LQ� D� IUHTXHQW� N���LWHPVHW�� LW� VKRXOG� DSSHDU� LQ� DW� OHDVW� N IUHTXHQW� N�LWHPVHWV��WKHSRVVLEOH� N VXEVHWV�RI�VL]H�N RI�WKH�IUHTXHQW�N���LWHPVHW�WKDW�LQFOXGHV�LW���7KXV�ZKLOH�FRXQWLQJVXSSRUW� IRU� FDQGLGDWH� N�LWHPVHWV��DQ�LWHP�LV�SUXQHG�RII�WKH WUDQVDFWLRQ�LI�LW�LV�IRXQG�WR�DSSHDULQ�OHVV�WKDQ�N FDQGLGDWHV�'+3�� ZLWK� LWV� RSWLPL]DWLRQV�� HIIHFWLYHO\� LPSURYHG�RQ�$SULRUL DQG�WXUQHG�DWWHQWLRQ�WRZDUGVPHWKRGV� WR�GHFUHDVH�WKH�,�2�RYHUKHDG��+RZHYHU��LW�VWLOO�UHTXLUHG�WKH�VDPH�QXPEHU�RI�GDWDEDVHSDVVHV� DV�$SULRUL OHDYLQJ�WKLV�SUREOHP�VWLOO�XQVROYHG��$QRWKHU�FULWLTXH�WR�WKH�SUXQLQJ�PHWKRGVSUHVHQWHG� LQ�'+3��FLWHG�LQ�>��@��LV�WKDW�WR�H[SORLW�WKHLU�EHQHILWV��WKH�ZKROH�GDWDEDVH�VKRXOG�EHUHZULWWHQ�VHYHUDO�WLPHV�ZKLFK�LV�REYLRXVO\�ZRUVH�WKDQ�MXVW�UHDGLQJ�LW��2WKHUZLVH��VXFK�SUXQLQJPHWKRGV�FDQ�EH�GRQH�ORJLFDOO\�E\�ILOWHULQJ�WKH�WUDQVDFWLRQV�



��

����� 5HGXFLQJ�WKH�QXPEHU�RI�GDWDEDVH�SDVVHV
$V�PHQWLRQHG�EHIRUH��WKH�PDLQ�GUDZEDFN�RI�WKH�FODVVLFDO�$SULRUL LV�WKH�VHYHUDO�SDVVHV�LW�KDV�WRGR� RQ WKH�GDWDEDVH�WKH�QXPEHU�RI�ZKLFK�LV�HTXDO�WR�WKH�OHQJWK�RI�WKH�ORQJHVW�IUHTXHQW�LWHPVHW�SDWWHUQ� SUHVHQW� LQ� WKH� GDWDEDVH�� 0DQ\� RSWLPL]DWLRQ� HIIRUWV� IRFXVHG� RQ� HOLPLQDWLQJ�WKHQXPEHU� RI� GDWDEDVH�SDVVHV��7KH\�GLIIHUHG��KRZHYHU��LQ�KRZ�WKH�QXPEHU�RI�SDVVHV�LV�UHGXFHG�7KLV�LV�WKH�IRFXV�RI�WKLV�VHFWLRQ�
������� 'DWDEDVH�SDUWLWLRQLQJ
7KLV� WHFKQLTXH� ZDV� H[SORLWHG� LQ� WKH� 3DUWLWLRQ DOJRULWKP�� SURSRVHG� E\� 6DYDVHUH� HW�DO��LQ���� >��@�� 7KH� DOJRULWKP�UHGXFHV�WKH�GDWDEDVH�DFWLYLW\�E\�FRPSXWLQJ�DOO�IUHTXHQW�VHWV�LQ�WZRSDVVHV RYHU� WKH�GDWDEDVH��7KH�DOJRULWKP�ZRUNV�DOVR�LQ�D�OHYHO�ZLVH�PDQQHU��EXW�WKH�LGHD�LV�WRSDUWLWLRQ� WKH� GDWDEDVH� LQWR� VHFWLRQV� VPDOO�HQRXJK�WR�EH�KDQGOHG�LQ�PDLQ�PHPRU\��7KDW�LV��DSDUW� LV� UHDG� RQFH� IURP� WKH� GLVN��DQG�OHYHO�ZLVH�JHQHUDWLRQ�DQG�HYDOXDWLRQ�RI�FDQGLGDWHV�IRUWKDW� SDUW� DUH�SHUIRUPHG�LQ�PDLQ�PHPRU\�ZLWKRXW�IXUWKHU�GDWDEDVH�DFWLYLW\��7KH�ILUVW�GDWDEDVHSDVV� FRQVLVWV� RI� LGHQWLI\LQJ� WKH� FROOHFWLRQ� RI�DOO�ORFDOO\�IUHTXHQW VHWV�LQ�HDFK�GDWDEDVH�SDUW�)RU� WKH� VHFRQG� SDVV�� WKH� XQLRQ� RI� WKH� FROOHFWLRQV� RI ORFDOO\� IUHTXHQW� VHWV� LV�XVHG�DV�WKHFDQGLGDWH� VHW�� 7KH� ILUVW� SDVV� LV� JXDUDQWHHG�WR�ORFDWH�D�VXSHUVHW�RI�WKH�FROOHFWLRQ�RI�IUHTXHQWLWHPVHWV�� WKH� VHFRQG� SDVV� LV�QHHGHG�WR�PHUHO\�FRPSXWH�WKH�IUHTXHQFLHV�RI�WKH�VHWV�WR�H[WUDFWWKH�JOREDO�IUHTXHQW�VHWV�7KH�PDLQ�DFKLHYHPHQW�RI�3DUWLWLRQ LV�WKH�UHGXFWLRQ�RI�WKH�GDWDEDVH�DFWLYLW\��,W�ZDV�VKRZQ�WKDWWKLV� UHGXFWLRQ� ZDV� QRW� REWDLQHG� DW� WKH� H[SHQVH� RI�PRUH�&38�XWLOL]DWLRQ��ZKLFK�LV�DQRWKHUDFKLHYHPHQW�� ,W� ZDV� VKRZQ�� KRZHYHU�� WKDW� WKH� QXPEHU� RI� SDUWLWLRQV� JUHDWO\� DIIHFWV� WKHSHUIRUPDQFH� RI�WKH�DOJRULWKP�E\�DIIHFWLQJ�WKH�QXPEHU�RI�ORFDOO\�IUHTXHQW LWHPVHWV�WKDW�WXUQ�WREH� JOREDOO\� LQIUHTXHQW� 7KH� DOJRULWKP� ZDV� DOVR� VKRZQ� WR� EH� YXOQHUDEOH� WR� GDWD� VNHZ�+RZHYHU��D�UHPHG\�ZDV�SURSRVHG�IRU�WKLV�SUREOHP�LQ�WKH�VDPH�SXEOLFDWLRQ�
������� '\QDPLF�LWHPVHW�FRXQWLQJ$QRWKHU� DOJRULWKP� FDOOHG� ',& �'\QDPLF� ,WHPVHW� &RXQWLQJ��ZDV�SURSRVHG�E\�%ULQ�HW�DO��LQ���� >��@�� ,W� WULHV�WR�UHGXFH�WKH�GDWDEDVH�DFWLYLW\�E\�FRXQWLQJ�FDQGLGDWH�LWHPVHWV�HDUOLHU�WKDQ$SULRUL GRHV�� ,Q� $SULRUL�� FDQGLGDWH� N���LWHPVHWV� DUH�QRW�FRXQWHG�XQWLO�WKH�N��VW SDVV�RQ�WKHGDWDEDVH� �DOWKRXJK� DQ� RSWLPL]DWLRQ�FDOOHG�SDVV�EXQGOLQJ�>�����@�SHUPLWV�FRXQWLQJ�FDQGLGDWHV
 7KH�WHUP�IUHTXHQW�SDWWHUQ KDV�EHHQ�XVHG�IUHHO\�LQ�WKH�OLWHUDWXUH�WR�PHDQ�IUHTXHQW�LWHPVHW��%RWK�UHIHU�WR�D�VXEVHWRI�WKH�XQLYHUVDO�VHW�RI�LWHPV�



��

RI� GLIIHUHQW� VL]HV� LQ� WKH� VDPH� SDVV� LI� PHPRU\� LV� DYDLODEOH��� ,Q� ',&�� RQ� WKH�RWKHU�KDQG�FDQGLGDWH� N���LWHPVHWV� DUH� FRXQWHG� DV�VRRQ�DV�WKH�DOJRULWKP�GLVFRYHUV�WKDW�DOO�LWV�VXEVHWV�RIVL]H� N KDYH� H[FHHGHG�WKH�VXSSRUW�WKUHVKROG�DQG�ZLOO�EH�IUHTXHQW��7KLV�LV�GRQH�E\�VWRSSLQJ�DWYDULRXV� SRLQWV� LQ� WKH� GDWDEDVH� WR� H[DPLQH� WKH�SRVVLELOLW\�RI�LQFOXGLQJ�RWKHU�LWHPVHWV�LQ�WKHFRXQWLQJ� SURFHGXUH�� ,W� KDV� EHHQ� IRXQG� WKDW� VXFK� WHFKQLTXH��ZLWK�UHDVRQDEOH�VHWWLQJ�RI�WKHQXPEHU� RI� WUDQVDFWLRQV� SDVVHG� EHIRUH� VWRSSLQJ� IRU�UHFDOFXODWLRQ��FDQ�UHGXFH�WKH�QXPEHU�RIGDWDEDVH� SDVVHV� GUDPDWLFDOO\� ZKLOH�PDLQWDLQLQJ�WKH�QXPEHU�RI�FDQGLGDWH�VHWV�WKDW�QHHG�WR�EHFRXQWHG�UHODWLYHO\�ORZ�FRPSDUHG�WR�RWKHU�SURSRVHG�WHFKQLTXHV�7KH� DOJRULWKP�� WKRXJK� PRUH� HIILFLHQW� WKDQ� $SULRUL�� ZDV� IRXQG� WR� EH� YXOQHUDEOH� WR� GDWDFKDUDFWHULVWLFV�� $� UHPHG\� ZDV� VXJJHVWHG�IRU�WKLV�SUREOHP�ZLWK�H[SHULPHQWDO�VXFFHVV��,W�ZDVDOVR� VKRZQ� WKDW� E\� FKDQJLQJ� WKH� ORJLFDO� RUGHU� RI� LWHPV� DFFRUGLQJ� WR�FHUWDLQ�FULWHULD��WKHSHUIRUPDQFH� RI� WKH�DOJRULWKP�LQFUHDVHV�GUDPDWLFDOO\��+RZHYHU��WKLV�LWHP�UHRUGHULQJ VWUDWHJ\LQFXUV�D�ORW�RI�RYHUKHDG�
������� 8VLQJ�VDPSOLQJ�WHFKQLTXHV,Q� ������+��7RLYRQQHQ�>��@�SURSRVHG�DQ�DOJRULWKP�WKDW�XVHV�VDPSOLQJ�WR�SURGXFH�DVVRFLDWLRQUXOHV��7KH�DOJRULWKP�FDQ�SURGXFH�H[DFW�DVVRFLDWLRQ�UXOHV�LQ�RQH�IXOO�SDVV�DQG�WZR�SDVVHV�LQ�WKHZRUVW� FDVH�� 7KH� LGHD� RI� WKH� DOJRULWKP� LV� WR� SLFN�D�UDQGRP�VDPSOH�RI�WKH�GDWD��ILQG�DOO�WKHIUHTXHQW� LWHPVHWV� LQ� WKH� VDPSOH�DQG�WKHQ�YHULI\�WKH�UHVXOW�RQ�WKH�GDWDEDVH��7KH�FKRLFH�RI�WKHVL]H� RI� WKH� VDPSOH� DQG� WKH� VXSSRUW� WKUHVKROG�LV�GRQH�E\�VWDWLVWLFDO�PHWKRGV��7KH�VXSSRUW�LVVODFNHQ� VXFK�WKDW�WKH�IUHTXHQW�LWHPVHWV�IRXQG�LQ�WKH�VDPSOH�DUH�JXDUDQWHHG�WR�EH�D�VXSHUVHW�RIWKH� WUXH�IUHTXHQW�LWHPVHWV��7KH�DOJRULWKP�XVHV�WKH�FRQFHSW�RI�WKH�QHJDWLYH�ERUGHU��VHH�VHFWLRQ������� WR� DVFHUWDLQ� WKDW� WKH� LWHPVHWV� IRXQG� DUH�WUXO\�WKH�ZKROH�VHW�RI�IUHTXHQW�LWHPVHWV��,I�DPLVV� LV� UHSRUWHG�LQ�WKH�ILUVW�SDVV��D�VHFRQG�SDVV�LV�QHHGHG�WR�JDWKHU�LQIRUPDWLRQ�RQ�WKH�PLVVHGLWHPVHWV�� $� PLVV� PHDQV�DQ�LWHPVHW�LQ�WKH�QHJDWLYH�ERUGHU�RI�WKH GLVFRYHUHG�VHW�RI�LWHPVHWV�LQWKH� VDPSOH� ZKLFK� ZDV� IRXQG�WR�EH�IUHTXHQW��WKLV�LQGLFDWHV�WKDW�LW�PD\�KDYH�D�VXSHUVHW�WKDW�LVDOVR� IUHTXHQW��6XFK�VXSHUVHWV�DUH�WKH�RQHV�WKDW�QHHG�WR�EH�WHVWHG�LQ�WKH�VHFRQG�SDVV��+RZHYHU�WKLV� KDSSHQV� UDUHO\� LI� WKH� VDPSOH� VL]H� LV� ZHOO� FKRVHQ� DFFRUGLQJ� WR� WKH� UHTXLUHG�VXSSRUWWKUHVKROG�7KH� DOJRULWKP�ZDV�VKRZQ�WR�SHUIRUP�ZHOO�FRPSDUHG�WR�RWKHU�OHYHO�ZLVH�DOJRULWKPV�DQG�WR�WKH3DUWLWLRQ DOJRULWKP�� 7KH� GDWDEDVH� DFWLYLW\� LV� UHGXFHG� HIIHFWLYHO\� WR� RQH� SDVV�� 7KH� RQO\GUDZEDFN� RI�WKH�DOJRULWKP��KRZHYHU��LV�WKDW�LW�KDV�WR�WHVW�PDQ\�VSXULRXV�FDQGLGDWHV�GXH�WR�WKHUHGXFHG�VXSSRUW�WKUHVKROG�DQG�WR�JXDUDQWHH�D�VXSHUVHW�RI�WKH�DFWXDO�IUHTXHQW�LWHPVHWV�
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����� +DQGOLQJ�WKH�SUREOHP�RI�ORQJ�IUHTXHQW�LWHPVHWV
7KH� SUHYLRXV� DOJRULWKPV�� ZHUH� SURYHG�WR�VFDOH�DOPRVW�OLQHDUO\�ZLWK�WKH�VL]H�RI�WKH�GDWDEDVH�7KLV� ZDV� VXSSRUWHG� WKHRUHWLFDOO\� LQ� � >��@�� +RZHYHU�� DOO� VXFK� DOJRULWKPV� GHWHULRUDWHH[SRQHQWLDOO\� ZLWK� WKH� OHQJWK� RI� WKH� ORQJHVW� IUHTXHQW� LWHPVHW� >���� ���� ��� ��@��7KLV�LV�DQLQKHUHQW� SUREOHP� GXH� WR� WKH� FORVXUH� SURSHUW\� RI� IUHTXHQW� LWHPVHWV� ZLWK� UHVSHFW� WR� VHWLQFOXVLRQ�� 7KXV��LI�D�ORQJ�IUHTXHQW�SDWWHUQ�H[LVWV��LW�LV�DFFRPSDQLHG�E\�DQ�H[SRQHQWLDO�QXPEHURI� RWKHU� IUHTXHQW� SDWWHUQV� ZKLFK� UHSUHVHQW� LWV� SRZHUVHW�� 7KLV�WULJJHUHG�UHVHDUFK�DLPLQJ�DWLPSURYLQJ� WKH� SHUIRUPDQFH� RI� WKH�FODVVLFDO�DOJRULWKPV�ERWK�LQ�WHUPV�RI�WKH�H[HFXWLRQ�VSHHGDQG� WKH� VL]H�RI�WKH�GDWD�VWUXFWXUHV�QHHGHG�WR�KROG�WKH�UHTXLUHG�FDQGLGDWHV�WR�EH�FRXQWHG�ZKHQWKH� GDWDEDVH� LQFOXGHV� YHU\� ORQJ� IUHTXHQW� LWHPVHWV��7KHVH�HIIRUWV�DUH�WKH�VXEMHFW�RI�WKH�QH[WWZR�VXEVHFWLRQV�
������� )LQGLQJ�PD[LPDO�IUHTXHQW�VHWV7KLV� QHZ� DSSURDFK� WR� WKH� SUREOHP� REVHUYHV� WKDW� ZH� QHHG� QRW� SURGXFH� WKH� ZKROH�VHW�RIIUHTXHQW� LWHPVHWV�� LQVWHDG� ZH� FDQ� SURGXFH WKH� VHW� RI� PD[LPDO� IUHTXHQW� VHWV� $�PD[LPDOIUHTXHQW� VHW�LV�WKH�RQH�WKDW�KDV�QR�SURSHU�IUHTXHQW�VXSHUVHW��7KXV��WKH�VHW�RI�PD[LPDO�IUHTXHQWVHWV� GHVFULEHV� FRQFLVHO\�WKH�ZKROH�VHW�RI�IUHTXHQW�LWHPVHWV�DQG�KHQFH�LW�LV�HQRXJK�WR�SURGXFHWKHP� DV� DQ� RXWSXW�� 7KH� VHDUFK� IRU� WKH� PD[LPDO� IUHTXHQW�LWHPVHWV�GRHV�QRW�SURFHHG�LQ�WKHRUGLQDU\� ERWWRP�XS� IDVKLRQ� RI� WKH� OHYHO�ZLVH� DOJRULWKPV� DQG�WKHLU�YDULDQWV��5DWKHU��LW�PD\VWDUW� VHDUFKLQJ� IRU� PD[LPDO� IUHTXHQW� VHWV� HLWKHU� E\� WUDYHUVLQJ� XS� WKH�ODWWLFH�RI�VXEVHWV�LQHDUOLHU� VWDJHV� ORRNLQJ� DKHDG IRU� FDQGLGDWHV� �WKLV� DSSURDFK� LV� SUHVHQWHG� LQ� WKH�DOJRULWKP0D[0LQHU E\� %D\DUGR� >��@��RU�E\�VWDUWLQJ�D�WRS�GRZQ�VHDUFK�RI�WKH�ODWWLFH�WRJHWKHU�ZLWK�WKHQRUPDO� ERWWRP�XS� VHDUFK� �DV�SUHVHQWHG�LQ�PDQ\�DOJRULWKPV��H�J��3LQFHU�6HDUFK E\�/LQ�HW�DO�>��@�DQG�0D[(FODW DQG�0D[&OLTXH E\�=DNL�HW�DO��>�����@��7KH� DERYH� DOJRULWKPV�SHUIRUP�DQ�RUGHU�RI�PDJQLWXGH�IDVWHU�WKDQ�WKH�EHVW�LPSOHPHQWDWLRQV�RIRUGLQDU\�OHYHO�ZLVH�DOJRULWKPV�WKDW�SURGXFH�WKH�ZKROH�VHW�RI�IUHTXHQW�LWHPVHWV�
������� )3�JURZWK�DQG�7UHH3URMHFWLRQ7ZR� YHU\�UHFHQW�VWXGLHV�>�����@�WDFNOHG�WKH�SUREOHP�RI�ORQJ�IUHTXHQW�SDWWHUQV��,Q�>��@��D�QRYHOGDWD� VWUXFWXUH� FDOOHG� WKH� )3�WUHH �)UHTXHQW� 3DWWHUQ� WUHH��� ZKLFK�LV�DQ�H[WHQGHG�SUHIL[�WUHHVWUXFWXUH� >��@�� WR� FRPSDFWO\� VWRUH� WKH� VHW� RI� IUHTXHQW� SDWWHUQV�� 7KH� EHQHILW� RI� WKLV� GDWDVWUXFWXUH� LV� WKDW� LW� FDQ� EH� HIILFLHQWO\�FRQVWUXFWHG�IURP�WKH�GDWDEDVH�DQG�WKHQ�PLQLQJ�FDQ�EHGRQH� RQ� LW� � ZLWKRXW� IXUWKHU� UHIHUHQFH�WR�WKH�RULJLQDO�GDWDEDVH��)XUWKHUPRUH��WKH�UDWLR�RI�WKHVL]H� RI� WKH� )3�WUHH� WR�WKH�VL]H�RI�WKH�GDWDEDVH�LW�UHSUHVHQWV�FDQ�EH�XS�WR������ >��@��7KLV�LV�D
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WUHPHQGRXV� JDLQ�VLQFH�WKH�VWUXFWXUH�KROGV�DOO�WKH�QHFHVVDU\�LQIRUPDWLRQ�QHHGHG�WR�SHUIRUP�WKHPLQLQJ� SURFHVV�� 7KH� UHDVRQ� WKLV� GDWD� VWUXFWXUH� FDQ� DFKLHYH� VXFK� YHU\� KLJK� UHGXFWLRQ�LQGDWDEDVH� VL]H� LV� WKDW� LW�EHQHILWV�IURP�WKH�IDFW�WKDW�ORQJ�IUHTXHQW�SDWWHUQV�VKDUH�ORQJ�SUHIL[HV�WKLV� VWUXFWXUH� VWRUHV� WKH� VKDUHG SUHIL[� RQO\� RQFH�� $Q� HIILFLHQW� DOJRULWKP� )3�JURZWK ZDVSUHVHQWHG� WR� ILQG�DOO�WKH�IUHTXHQW�LWHPVHWV�IURP�VXFK�GDWD�VWUXFWXUH�LQ�D�UHFXUVLYH�PDQQHU�DQGZDV� VKRZQ� WR� EH� DQ� RUGHU� RI� PDJQLWXGH� EHWWHU� WKDQ� WKH� FODVVLFDO� $SULRUL��,W�DOVR�KDV�WKHGHVLUHG� SURSHUW\ RI� OLQHDU� JURZWK� LQ� WHUPV� RI� PHPRU\� UHTXLUHPHQW�ZLWK�WKH�OHQJWK�RI�WKHORQJHVW� IUHTXHQW� SDWWHUQ�DQG�GDWDEDVH�VL]H��7KH�SUHYLRXV�GDWD�VWUXFWXUH�DQG�WHFKQLTXH�DUH�WKHVXEMHFW� RI� IXUWKHU� LQYHVWLJDWLRQV� WR� � EH� DGDSWHG�IRU�WKH�GLIIHUHQW�YDULDWLRQV�RI�WKH�SUREOHP�LQFOXGLQJ� WKH� JHQHUDWLRQ� RI� WKH� PD[LPDO� IUHTXHQW�LWHPVHWV�GLVFXVVHG�DERYH� 7KH�YDLUDULRQVZLOO�EH�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ�$�VLPLODU�UHFHQW�ZRUN�>�@�SUHVHQWHG�DQRWKHU�DOJRULWKP�FDOOHG�7UHH3URMHFWLRQ WKDW XVHV�DQRWKHUFRPSDFW� WUHH�VWUXFWXUH�DQG�SHUIRUPV�PLQLQJ�UHFXUVLYHO\�RQ�VPDOOHU�SRUWLRQV�RI�WKH�GDWDEDVH�WRDFKLHYH�EHWWHU�SHUIRUPDQFH�JDLQ�RYHU�WKH�FODVVLFDO�PHWKRGV�
���� ([WHQVLRQV� DQG� YDULDWLRQV� RI� WKH� SUREOHP� RI� PLQLQJ

DVVRFLDWLRQ�UXOHV
6LQFH� WKH� LQWURGXFWLRQ� RI� WKH� EDVLF�SUREOHP�RI PLQLQJ�DVVRFLDWLRQ�UXOHV��VHYHUDO�H[WHQVLRQVDQG�YDULDWLRQV�RI�WKH�SUREOHP�ZHUH�SUHVHQWHG��,Q�WKLV�VHFWLRQ�ZH�VNLP�RQ�WKHVH�H[WHQVLRQV�DQGYDULDWLRQV�IRU�WKH�VDNH�RI�FRPSOHWHQHVV�LQ�VXUYH\LQJ�WKH�UHVHDUFK�ZRUN�UHODWHG�WR�WKH�SUREOHP�7ZR� QDWXUDO� YDULDWLRQV� RU�H[WHQVLRQV�WR�WKH�SUREOHP�DUH�WKH�SUREOHPV�RI�PLQLQJ�FRQVWUDLQHGDVVRFLDWLRQ� UXOHV� DQG� LQFUHPHQWDO� PLQLQJ�RI�DVVRFLDWLRQ�UXOHV��6LQFH�SURSRVLQJ�D�VROXWLRQ�WRERWK� LV�WKH�VXEMHFW�RI�WKLV�WKHVLV��WKH\�ZLOO�EH�VXUYH\HG�LQ�PRUH�GHWDLO�LQ�WKH�QH[W�WZR�VHFWLRQVDQG�ZLOO�EH�IRUPDOO\�GHILQHG�LQ�WKH�QH[W�FKDSWHU�$QRWKHU� QDWXUDO� H[WHQVLRQ� WR� WKH� SUREOHP� LV� SDUDOOHO� PLQLQJ� RI�DVVRFLDWLRQ�UXOHV��6HYHUDODOJRULWKPV� ZHUH�SURSRVHG��YLUWXDOO\�DOO�RI�WKHP�DUH�SDUDOOHO�YHUVLRQV�RI�WKH�H[LVWLQJ�VHTXHQWLDODOJRULWKPV�� $� YHU\�JRRG�VXUYH\�DQG�D�FODVVLILFDWLRQ�RI�DOO�SDUDOOHO�DQG�GLVWULEXWHG�DOJRULWKPVIRU�PLQLQJ�DVVRFLDWLRQ�UXOHV�H[LVW�LQ�>��@�,Q� PDQ\� DSSOLFDWLRQV�� LQWHUHVWLQJ� DVVRFLDWLRQV� DPRQJ� GDWD�LWHPV�RIWHQ�RFFXU�DW�D�UHODWLYHO\KLJK� FRQFHSW� OHYHO�� )RU H[DPSOH�� WKH� SXUFKDVH� SDWWHUQV� LQ� D�WUDQVDFWLRQ�GDWDEDVH�PD\�QRWVKRZ� DQ\� VXEVWDQWLDO�UHJXODULWLHV�DW�WKH�SULPLWLYH�GDWD�OHYHO��VXFK�DV�DW�WKH�EDU�FRGH�OHYHO��EXWPD\�VKRZ�VRPH�LQWHUHVWLQJ�UHJXODULWLHV�DW�VRPH�KLJK�FRQFHSW�OHYHO�V���VXFK�DV�PLON�DQG�EUHDG�
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7KHUHIRUH�� LW� LV�LPSRUWDQW�WR�VWXG\�PLQLQJ�DVVRFLDWLRQ�UXOHV�DW�D�JHQHUDOL]HG�DEVWUDFWLRQ�OHYHO�7KLV�LQLWLDWHG�WKH�VWXG\�RI�PLQLQJ�JHQHUDOL]HG�DVVRFLDWLRQ�UXOHV�>������@,QWHUDFWLYH� PLQLQJ�KDV�DOZD\V�EHHQ�D�KRW�VXEMHFW��DQG�HIIRUWV�WR�DGDSW�WKH�SUREOHP�WR�EH�PRUHRQ�OLQH� H[LVWHG�� $PRQJ� WKH� HIIRUWV� LV� WKH� ZRUN� LQ� >��@� ZKLFK�SUHVHQWHG�DQ�DOJRULWKP�IRUGLVFRYHULQJ� DVVRFLDWLRQ� UXOHV� LQ� WZR� SKDVHV� ZKHUH� WKH� XVHU� FDQ� LQWHUDFWLYHO\�PRQLWRU�WKHGLVFRYHUHG� IUHTXHQW� SDWWHUQV� LQ�WKH�ILUVW�SKDVH�DQG�FKDQJH�WKH�VXSSRUW�WKUHVKROG�DFFRUGLQJO\XQWLO� WKH� ILUVW� IXOO� SDVV�RQ�WKH�GDWDEDVH��WKHQ�D�VHFRQG�SDVV�RXWSXWV�WKH�IUHTXHQW�SDWWHUQV�DQGDVVRFLDWLRQ� UXOHV�DFFRUGLQJ�WR�WKH�ODVW�VHWWLQJ�E\�WKH�XVHU��,Q�>��@��WKH�DXWKRUV�VXJJHVWHG�XVLQJD�NQRZOHGJH�FDFKH�IRU�WKH�GLVFRYHUHG�SDWWHUQV�WR�VSHHG�XS�WKH�UHVSRQVH�WLPH�RI�WKH�DOJRULWKP�$QRWKHU� LQKHUHQW� SUREOHP� LQ� WKH� FODVVLFDO� GHILQLWLRQ� RI�DVVRFLDWLRQ�UXOHV�LV�WKDW�VRPHWLPHVLWHPV� WKDW� UDUHO\� H[LVW� LQ� WKH�GDWDEDVH�DUH RI�LQWHUHVW�WR�WKH�XVHU��+RZHYHU��IRU�VXFK�LWHPV�WRSDUWLFLSDWH� LQ� WKH� GLVFRYHUHG� UXOHV�� WKH� VXSSRUW� WKUHVKROG� VKRXOG� EH�VHW�DW�D�UHODWLYHO\�ORZYDOXH�� 6XFK� D� VHWWLQJ� UHVXOWV� LQ�PDQ\�RWKHU�QRQ�LQWHUHVWLQJ�UXOHV��2Q�WKH�RWKHU�KDQG��UDLVLQJWKH� VXSSRUW� WKUHVKROG� EORFNV�DQ\�NQRZOHGJH�DERXW�WKH�LQWHUHVWLQJ�LWHP��7KLV�SUREOHP��FDOOHGWKH� UDUH� LWHP SUREOHP�� ZDV� SUHVHQWHG� LQ� � >��@� DQG� DQ� DOJRULWKP� WKDW�HQDEOHV�WKH�XVHU�WRVSHFLI\� VHYHUDO� PLQLPXP� VXSSRUWV� WR� UHIOHFW� WKH� QDWXUH� RI� WKH� LWHPV� DQG� WKHLU� YDULHGIUHTXHQFLHV� LQ�WKH�GDWDEDVH�ZDV�SURSRVHG��,Q�UXOH�PLQLQJ��GLIIHUHQW�UXOHV�PLJKW�QHHG�WR�VDWLVI\GLIIHUHQW�PLQLPXP�VXSSRUWV�GHSHQGLQJ�RQ�ZKDW�LWHPV�DUH�LQ�WKH�UXOHV�0LQLQJ� LQWHU�WUDQVDFWLRQ� DVVRFLDWLRQ� UXOHV� >��@� DQG� PLQLQJ� VHTXHQWLDO� SDWWHUQV� >�@� DGG� DWHPSRUDO� FRPSRQHQW�WR�WKH�SUREOHP�LQ�GLIIHUHQW�PDQQHUV��,Q�WKHVH�SUREOHPV��WKH�REMHFW�RI�WKHPLQLQJ� SURFHVV� LV� WR� GLVFRYHU� IUHTXHQW� SDWWHUQV� WKDW� RFFXU� RUGHUHG�ZLWKLQ�VRPH�VSHFLILHGSHULRG�RI�WLPH�$QRWKHU� YDULDWLRQ� RI� WKH� RULJLQDO� SUREOHP� LV� PLQLQJ� IRU� QHJDWLYH� DVVRFLDWLRQ� UXOHV�� 7KHLQWXLWLRQ� EHKLQG� WKLV� LV� WKDW� VRPHWLPHV� LW� LV�LQIRUPDWLYH�WR�NQRZ�ZKLFK�LWHPV�GR�QRW RFFXUWRJHWKHU�� 7KH� GLUHFW� DSSURDFK� WR� WKH� SUREOHP�VXJJHVWV�FRQVLGHULQJ�WKH�GLVDSSHDUDQFH�RI�DQLWHP� IURP� D� WUDQVDFWLRQ�DQRWKHU�YLUWXDO�LWHP�DQG�DSSO\�WKH�VDPH�FODVVLFDO�WHFKQLTXHV��7KLV�LVFOHDUO\� LQHIILFLHQW�DQG�SURGXFHV�D�KRUUHQGRXV�DPRXQW�RI�XQQHFHVVDU\�DQG�XQLQWHUHVWLQJ�UXOHV�(IILFLHQW�VROXWLRQV�WR�WKH�SUREOHP�DUH�SUHVHQW�LQ�>��@�
���� &RQVWUDLQHG�DVVRFLDWLRQ�UXOH�PLQLQJ
$IWHU� WKH� ILUVW� LQWURGXFWLRQ� RI� WKH� SUREOHP� RI�PLQLQJ�DVVRFLDWLRQV�LQ�WKH�FRQWH[W�RI�PDUNHWEDVNHW� DQDO\VLV�� LW� KDV� EHHQ� WHVWHG� RQ�RWKHU�W\SHV�RI�GDWD�>��@��'RPDLQV�RWKHU�WKDQ�PDUNHW�EDVNHW� GDWD� WHQG� WR� EH� GHQVH�� 3URSHUWLHV�RI�GHQVH�GDWD�VHWV�DUH�IRXQG�LQ�>��@��0LQLQJ�GHQVH



��

GDWD� FDXVH� DQ� H[SRQHQWLDO� EORZ� XS� LQ�WKH�VL]H�RI�WKH�JHQHUDWHG�UXOHV�LI�ZH�RQO\�XVH�VXSSRUWDQG� FRQILGHQFH� FRQVWUDLQWV� >��@��3DUDGR[LFDOO\��GDWD�PLQLQJ�SURGXFHV�VXFK�JUHDW�DPRXQWV�RIGDWD�WKDW�WKHUH�LV�D�QHZ�NQRZOHGJH�PDQDJHPHQW�SUREOHP�>������@�$QRWKHU� REVHUYDWLRQ� WKDW� IROORZV� LPPHGLDWHO\�IURP�WKH�SUHYLRXV�REVHUYDWLRQ�LV�WKDW�GHVSLWHWKH� KXJH� YROXPH� RI� SURGXFHG� UXOHV��D�VPDOO IUDFWLRQ�RI�ZKLFK�PD\�EH�XVHIXO�RU�RI�SUDFWLFDOLQWHUHVW� WR� WKH�XVHU��7KLV�LV�EHFDXVH�WKH�XVHU�PD\�EH�LQWHUHVWHG�LQ�RQO\�D�VXEVHW�RI�LWHPV��RU�LQWKH� SUHVHQFH� RU� DEVHQFH�RI�D�FHUWDLQ�LWHP�LQ�HLWKHU�WKH�UXOH�DQWHFHGHQW�RU�FRQVHTXHQW�RU�ERWK�,Q� DQ�LQWHUDFWLYH�PLQLQJ�HQYLURQPHQW��LW�EHFRPHV�D�QHFHVVLW\�WR�HQDEOH�WKH�XVHU�WR�H[SUHVV�KLVLQWHUHVWV� WKURXJK� FRQVWUDLQWV� RQ� WKH� GLVFRYHUHG� UXOHV�� DQG� WR� FKDQJH� WKHVH� LQWHUHVWVLQWHUDFWLYHO\�7KH� SUHYLRXV� UHDVRQV� PRWLYDWHG� WKH� HPHUJLQJ� RI� WKH� SUREOHP� RI�GLVFRYHULQJ�FRQVWUDLQHGDVVRFLDWLRQ�UXOHV�ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�WKH�QH[W�VXEVHFWLRQV�
����� 7\SHV�RI�UXOH�FRQVWUDLQWV
7KH� PRVW� IDPRXV� UXOH� FRQVWUDLQWV� DUH� LWHP� FRQVWUDLQWV�� ZKLFK� DUH� WKRVH� WKDW� LPSRVHUHVWULFWLRQV� RQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�LWHPV�LQ�D�UXOH��7KHVH�FRQVWUDLQWV�FDQ�EH�LQ�WKH�IRUPRI� D� FRQMXQFWLRQ�RU�D�GLVMXQFWLRQ��6XFK�FRQVWUDLQWV�KDYH�EHHQ�LQWURGXFHG�ILUVW�LQ�>��@�ZKHUH�DQHZ� PHWKRG�� IRU� LQFRUSRUDWLQJ� WKH� FRQVWUDLQWV� LQWR� WKH� FDQGLGDWH� JHQHUDWLRQ�SKDVH�RI�WKH$SULRUL DOJRULWKP�� ZDV� SURSRVHG�� ,Q� WKLV� ZD\�� FDQGLGDWHV� DUH� DVVXUHG� WR� REH\� WKH� LWHPFRQVWUDLQWV� EHVLGHV� WKH� RULJLQDO� VXSSRUW� DQG� FRQILGHQFH� FRQVWUDLQWV�� 7KH� GHILQLWLRQ�JLYHQLQ >��@� DOVR� H[WHQGV� WR� FRQVWUDLQWV� IRU� LWHPV� ZLWK� D� GHILQHG� LV�D KLHUDUFK\�� ,Q� >��@� DIUDPHZRUN� RI� PLQLQJ� VXFK� FRQVWUDLQWV� XVLQJ� XVHU�GHILQHG� WHPSODWHV� WKDW�FDQ�EH�DFTXLUHGWKURXJK� DQ� DSSURSULDWH� LQWHUIDFH� LV� LQYHVWLJDWHG� WRJHWKHU�ZLWK�D�WRRO�IRU�UXOH�YLVXDOLVDWLRQ�2WKHU�IDPRXV�W\SHV�RI�LWHP�FRQVWUDLQWV�DUH�UXOHV�ZLWK�IL[HG�FRQVHTXHQW�RU�ZLWK�RQH�LWHP�LQ�WKHFRQVHTXHQW�>��@�
����� &RQVWUDLQHG�IUHTXHQW�VHW�TXHULHV,WHP� FRQVWUDLQWV� DUH� QRW� WKH�RQO\�SRVVLEOH�W\SH�RI�UXOH�FRQVWUDLQWV��1J�HW�DO��>��@ SUHVHQWHG�DZLGH� UDQJH� RI� FRQVWUDLQWV� RQ� UXOHV� WKDW� H[WHQGV� IURP�UHODWLRQDO�RSHUDWRUV�RQ�YDOXHV�RI�WKHLWHPV� WR� FRQVWUDLQWV� RQ� WKH� YDOXH� RI�VRPH�DJJUHJDWH�IXQFWLRQV�FDOFXODWHG�RQ�WKH�UXOH�LWHPV�7KH\� GHILQHG� ZKDW� LV�FDOOHG�&RQVWUDLQHG�$VVRFLDWLRQ�4XHULHV �&$4V� �ODWWHU�UHQDPHG�WR�WKHPRUH� DSSURSULDWH� QDPH� &RQVWUDLQHG�)UHTXHQW�VHW 4XHULHV �&)4V��LQ�>��@��DQG�SUHVHQWHG�DQH[FHOOHQW� FODVVLILFDWLRQ� RI� FRQVWUDLQW�FRQVWUXFWV�WKDW�FDQ�EH�H[SORLWHG�LQ�WKHP E\�LQWURGXFLQJWKH� QRWLRQV RI� VXFFLQFW� DQG� DQWL�PRQRWRQH� FRQVWUDLQWV� 7KH� &$3 �&RQVWUDLQHG� $3ULRUL�
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DOJRULWKP� ZDV� SUHVHQWHG� IRU�HIILFLHQW�GLVFRYHU\�RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHV��6HH�VHFWLRQ��� IRU�D�GHWDLOHG�IRUPDO�GLVFXVVLRQ�RI�WKH�SUREOHP�DQG�SUHVHQWDWLRQ�RI�WKH�&$3 DOJRULWKP�
���� ,QFUHPHQWDO�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV
$V� PHQWLRQHG� LQ� FKDSWHU� � DQG� LQ� VHFWLRQ������LQFUHPHQWDO�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV�LV�DQDWXUDO� H[WHQVLRQ�WR�WKH�FODVVLFDO�SUREOHP��,WV�LPSRUWDQFH�VWHPV�IURP�LWV�SUDFWLFDOLW\�DQG�IURPWKH� QDWXUH�RI�UHDO�GDWD�ZKLFK�WHQG�WR�DFFXPXODWH�LQFUHPHQWDOO\��6HYHUDO�SURSRVDOV�WR�VROYH�WKHSUREOHP� ZHUH� LQWURGXFHG�� ,W� LV� WKH� DLP� RI� WKLV� VHFWLRQ�WR�EULHIO\�VXUYH\�VXFK�ZRUN�EHIRUHIRUPDOO\�LQWURGXFLQJ�WKH�SUREOHP�LQ�VHFWLRQ�����
����� )83�DQG�)83�7KH�ZRUN�LQ�>��@�LV�FUHGLWHG�IRU�EHLQJ�WKH�ILUVW�WR�GUDZ�DWWHQWLRQ�WR�WKH�SUREOHP�RI�LQFUHPHQWDOPLQLQJ� RI� DVVRFLDWLRQ�UXOHV��,Q�WKHLU�SDSHU��LQ�ZKLFK�WKH\�SUHVHQWHG�DQ�LQFUHPHQWDO�DOJRULWKPIRU� PDLQWDLQLQJ� DVVRFLDWLRQ� UXOHV� FDOOHG� )83 �)DVW� 83GDWH���&KHXQJ�HW�DO��>��@�VWDWHG�WKDWPDLQWHQDQFH�RI�DVVRFLDWLRQ�UXOHV�LQYROYH�VHDUFKLQJ�IRU�WZR�WKLQJV�D� /RVHUV�� IUHTXHQW� LWHPVHWV� WKDW� EHFDPH� LQIUHTXHQW�DIWHU�DGGLQJ�WKH�LQFUHPHQW�GDWD�WR�WKHGDWDEDVH�E� :LQQHUV�� LQIUHTXHQW� LWHPVHWV� WKDW�EHFDPH�IUHTXHQW�DIWHU�DGGLQJ�WKH�LQFUHPHQW�GDWD�WR�WKHGDWDEDVH�7KH� VHFRQG� SUREOHP� LV� KDUGHU�WR�VROYH��)83�WULHV�WR�EHQHILW�IURP�WKH�SUHYLRXVO\�GLVFRYHUHGUXOHV� WR� JHQHUDWH� D� UHODWLYHO\�VPDOO�FDQGLGDWH�VHW�WR�EH�FKHFNHG�DJDLQVW�WKH�RULJLQDO�GDWDEDVHE\� HOLPLQDWLQJ� HDUOLHU� LWHPVHWV� WKDW� DUH� HLWKHU� NQRZQ� WR� EH� VWLOO� IUHTXHQW� RU� DUH�GHHPHGLQIUHTXHQW� MXVW� E\�FKHFNLQJ�WKH�LQFUHPHQW��7KLV�ZD\��)83 LPSURYHV�SHUIRUPDQFH�GUDVWLFDOO\FRPSDUHG� WR� XVLQJ�WKH�VWUDLJKWIRUZDUG�PDQQHU�RI�UHUXQQLQJ�WKH�PLQLQJ DOJRULWKP�DJDLQVW�WKHZKROH�XSGDWHG�GDWDEDVH�IURP�VFUDWFK�)83� GHDOV� ZLWK� WKH� VLWXDWLRQ� LQ�ZKLFK�WKH�FKDQJH�LQ�WKH�GDWDEDVH�LV�LQ�WKH�IRUP�RI�LQVHUWLQJQHZ� WUDQVDFWLRQV�� +RZHYHU�� D� GDWDEDVH� FDQ� EH� FKDQJHG� E\� HLWKHU� LQVHUWLQJ�� GHOHWLQJ� RUPRGLI\LQJ� WUDQVDFWLRQV�� )83� >��@�� ZDV� LQWURGXFHG� WR� KDQGOH�WKH�JHQHUDO�FDVH�RI�GDWDEDVHXSGDWH� E\�KDQGOLQJ�ERWK�LQVHUWLRQV�DQG�GHOHWLRQV��QRWH�WKDW�D�PRGLILFDWLRQ�FDQ�EH�YLHZHG�DV�DGHOHWLRQ� IROORZHG� E\� DQ� LQVHUWLRQ��� 7KH� DOJRULWKP� GHJHQHUDWHV� WR� )83 LQ� FDVH� RI� RQO\LQVHUWLRQV��,Q�FDVH�RI�RQO\�GHOHWLRQV�WKH�DOJRULWKP�VKRZV�H[FHOOHQW�SHUIRUPDQFH��HVSHFLDOO\�IRUVPDOO� GHOHWHG� VHWV� ZLWK� UHVSHFW� WR� WKH� RULJLQDO� RQH� �ZKLFK� LV� QRUPDOO\�WKH�FDVH�VLQFH�WKHRULJLQDO� GDWDEDVH� WHQGV�WR�EH�KXJH�LQ�VL]H���,Q�WKH�JHQHUDO�FDVH��WKH�DOJRULWKP�SHUIRUPV�EHWWHU



��

WKDQ� UHUXQQLQJ� WUDGLWLRQDO� DOJRULWKPV�IURP�VFUDWFK��+RZHYHU��WKH�SHUIRUPDQFH�RI�)83� ZDVIRXQG� WR� GHJUDGH� ZLWK� WKH� LQFUHDVH� LQ� WKH� GLIIHUHQFH� EHWZHHQ� WKH� ROG� DQG� QHZ� VHWV� RIWUDQVDFWLRQV� �ZKLFK� LV�TXLWH�LQWXLWLYH�DQG�XQGHUVWDQGDEOH���,W�ZDV�IRXQG�WKDW�ZKHQ�WKH�VL]H�RIWKH� GLIIHUHQFH�UHDFKHV�DURXQG�����RI�WKH�RULJLQDO�GDWDEDVH��WKH�LQFUHPHQWDO�XSGDWH�DOJRULWKPORRVHV�LWV�HGJH�
����� 8VLQJ�VDPSOLQJ�WHFKQLTXHV�WR�WULJJHU�XSGDWH$� FHUWDLQ� GUDZEDFN� RI� DQ� LQFUHPHQWDO�DOJRULWKP�LV�WKDW�LW�LQFXUV�D�ODUJH�RYHUKHDG�LI�DSSOLHGWRR� IUHTXHQWO\� �WKH� H[WUHPH�FDVH�LV�ZLWK�HYHU\�QHZ�XSGDWH��ZLWK�QR�SUDFWLFDO�EHQHILW��2Q�WKHRWKHU� KDQG�� LI� LW� LV�DSSOLHG�DW�ORQJ�LQWHUYDOV��HLWKHU�ZH�PD\�PLVV�VHYHUDO�LPSRUWDQW�QHZ�UXOHVRU�� LI� WKH�LQWHUYDO�LV�WRR ORQJ�RU�WKH�XSGDWHV�DUH�WRR�IUHTXHQW��WKH�VL]H�RI�WKH�XSGDWH�PDNHV�LW�DEDG� FKRLFH�FRPSDUHG�WR�UXQQLQJ�D�WUDGLWLRQDO�DOJRULWKP�WR�JHW�WKH�QHZ�UXOHV�IURP�VFUDWFK��7KHTXHVWLRQ� LV�ZKHQ�LW�LV�HIILFLHQW�WR�XVH�DQ�LQFUHPHQWDO�DOJRULWKP"�'(/,��'LIIHUHQFH�(VWLPDWLRQRI� /DUJH� ,WHPVHWV��>��@�LV�DQ�DOJRULWKP�WKDW�XVHV�VDPSOLQJ�WR�HVWLPDWH�WKH�GLIIHUHQFH�EHWZHHQWKH� ROG� DQG� WKH�QHZ�VHWV�RI�UXOHV��,I�WKH�GLIIHUHQFH�LV�ODUJH�HQRXJK�WR�MXVWLI\�WKH�RYHUKHDG��DQLQFUHPHQWDO� DOJRULWKP�LV�XVHG��,I�QRW��WKH�ROG�VHW�RI�UXOHV�FDQ�EH�XVHG�DV�D�JRRG�DSSUR[LPDWLRQRI� WKH� FXUUHQW� VLWXDWLRQ�� &OHDUO\�� ZH� QHHG� D�PHDVXUH�WR�WHOO�ZKHQ�LW�LV�QHFHVVDU\�WR�XSGDWH�'(/,� XVHV� WKH� VHW� V\PPHWULF�GLIIHUHQFH EHWZHHQ�WKH�ROG�VHW�RI�ODUJH�LWHPVHWV�/ DQG�WKH�QHZRQH� /© �� GHQRWHG� E\� // c4 �� WR�PHDVXUH�WKH�GLIIHUHQFH�EHWZHHQ�WKHP��,WV�VL]H�FDQ�YDU\�IURP
]HUR� WR� // c� �� 6R�WKH�UDWLR� // // c� c4 LV�LQWXLWLYHO\�D�JRRG�FDQGLGDWH�WR�LQGLFDWH�WKH�QHHG�IRU
DQ�XSGDWH��+RZHYHU��VLQFH�ZH�QHHG� /c WR�FDOFXODWH�WKH�PHDVXUH��DQG�RXU�DLP�LV�WR�HVWLPDWH�LW�
WKH� UDWLR� /// c4 LV�XVHG�LQVWHDG�DQG�WKH�DLP�RI�WKH�DOJRULWKP�LV�WR�JHW�D�JRRG�HVWLPDWH�RI�WKLV
PHDVXUH�WKURXJK�VDPSOLQJ�
����� 8VLQJ�HDUO\�SUXQLQJ
$� UHFHQW�VWXG\�>��@ SURSRVHG�DQ HIILFLHQW DOJRULWKP��8:(3 �8SGDWH�:LWK�(DUO\�3UXQLQJ���IRUVROYLQJ� WKH� LQFUHPHQWDO� PLQLQJ� SUREOHP�� 7KH� DOJRULWKP EHQHILWV� IURP�WKH�DQWL�PRQRWRQHSURSHUW\� RI� VXSSRUW� >��@ WR� SUXQH� HDUO\� FDQGLGDWHV� WKDW� QHHG� WR� EH� FKHFNHG� DJDLQVW� WKHGDWDEDVH�� ,W� ZDV� SURYHG� WKDW�WKH�QXPEHU�RI�FDQGLGDWHV�JHQHUDWHG�E\�8:(3 LV�WKH�PLQLPXPSRVVLEOH�� +RZHYHU�� LQ�VSLWH�RI�ZKDW�ZDV�VWDWHG�LQ�WKH�SDSHU�WKDW�WKH�DOJRULWKP�QHHGV�RQO\�RQHVFDQ� RQ� WKH� XSGDWHG�GDWDEDVH��8:(3 DFWXDOO\�SDVVHV�RQ�WKH�XSGDWHG�GDWDEDVH�VHYHUDO�WLPHV�EXW� LQVWHDG�RI�DFWXDOO\�UHDGLQJ�WKH�GDWDEDVH�WUDQVDFWLRQV�LW�XVHV�7,'/LVWV DV�LQ�>��@��+RZHYHU�
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ZH FDQ�DUJXH�WKDW�FUHDWLQJ�DQG�PDLQWDLQLQJ�VXFK�OLVWV�LQ�WKH�ZD\�SUHVHQWHG�LQ�>��@�PD\�LQFXU�DFRPSDUDEOH� RYHUKHDG� ZLWK DFWXDO� SDVVLQJ� RQ� WKH� GDWDEDVH� HVSHFLDOO\�LQ�WKH�ILUVW�FRXSOH�RISDVVHV�
����� 8VLQJ�WKH�QHJDWLYH�ERUGHU7KH� PDMRU� GUDZEDFN� RI� )83 DQG� DOO� LWV� PRGLILFDWLRQV� LV� WKDW� WKH\� EXLOG� RQ�WKH�$SULRULDOJRULWKP� DQG� LWV� PRGLILFDWLRQV��7KLV�PHDQV�UHTXLULQJ�DV�PDQ\�SDVVHV�RQ�WKH�GDWDEDVH�DV�WKHOHQJWK� RI� WKH� ODUJHVW� IUHTXHQW� LWHPVHW�LQ�WKH�XSGDWHG�GDWDEDVH��7R�UHPHG\�WKLV�SUREOHP��WKHWZR� UHVHDUFK�SDSHUV�>������@�VLPXOWDQHRXVO\�SURSRVHG�D�PDUYHORXV�DOJRULWKP�IRU�LQFUHPHQWDOPLQLQJ� WKDW� XVHV� WKH�FRQFHSW�RI�WKH�QHJDWLYH�ERUGHU LQWURGXFHG�E\�7RLYRQHQ�>��@�WR�LQGLFDWHWKH� QHHG�IRU�DQ�XSGDWH�RI�UXOHV��,W�ZDV�SURYHG�WKDW�IRU�DQ�LWHPVHW�WR�EHFRPH�D�ZLQQHU�LW�VKRXOGKDYH� D� VXEVHW� LQ� WKH� QHJDWLYH�ERUGHU�WKDW�LV�DOVR�D�ZLQQHU��+HQFH��LI�QR�ZLQQHUV�DSSHDUHG�LQWKH� QHJDWLYH� ERUGHU�� WKHUH� LV� QR� QHHG� IRU� FKHFNLQJ� IRU� PRUH�LQ�WKH�RULJLQDO�GDWDEDVH��VHHVHFWLRQ� ����� IRU� D�SURRI�RI�WKLV�UHVXOW���7KH�SURSRVHG�DOJRULWKP�PDQDJHG�WR�JHW�WKH�UHTXLUHGXSGDWH� LQ� RQO\� RQH� VFDQ� RI� WKH� RULJLQDO�GDWDEDVH��ZKLFK�LV�W\SLFDOO\�DQ�RUGHU�RI�PDJQLWXGHPRUH� WKDQ� WKH� LQFUHPHQW� GDWDEDVH��� $� VLPLODU� VWXG\�>��@�XVHV�DOVR�WKH�FRQFHSW�RI�QHJDWLYHERUGHUV� WR�VLJQDO�WKH�QHHG�IRU�XSGDWLQJ�WKH�GDWDEDVH��7KH�PDLQ�SRZHU�RI�WKHVH�DOJRULWKPV�UHO\LQ� WKDW� QR� VFDQQLQJ� RI� WKH� RULJLQDO� GDWDEDVH� LV� GRQH�XQOHVV�LW�LV�DEVROXWHO\ QHFHVVDU\��7KHSURSRVHG�DOJRULWKP�LQ�>��@�UHTXLUHV�UH�FRPSXWDWLRQ�RI�WKH�QHJDWLYH�ERUGHU�ZKHQHYHU�D�FKDQJHLV�GHWHFWHG�7KH� DOJRULWKPV� LQ� >���� ��@� �WKH� %25'(56�DOJRULWKP��DUH�FRQVLGHUHG�WKH�EHVW�LQFUHPHQWDODOJRULWKPV� IRU� PLQLQJ� FODVVLFDO�DVVRFLDWLRQ�UXOHV�>��@��,Q�IDFW��WKH�SURSRVHG�DOJRULWKP�RI�WKLVWKHVLV� DSSOLHV�H[DFWO\�WKH�VDPH�FRQFHSW�EXW�RQ�WKH�SUREOHP�RI�PLQLQJ�FRQVWUDLQHG�DVVRFLDWLRQUXOHV�
����� (&87�DQG�(&87�
7KH� YHU\� UHFHQW� ZRUN� LQ� >��@� DUJXHV� WKDW�� W\SLFDOO\�� GDWD� HYROYHV� G\QDPLFDOO\�ZLWK�WLPHWKURXJK� DGGLWLRQV� DQG� GHOHWLRQV� RI��EORFNV�RI�GDWD��,W�LQWURGXFHV�D�QHZ�GLPHQVLRQ�FDOOHG�WKHGDWD� VSDQ GLPHQVLRQ�� ZKLFK� DOORZV� XVHU�GHILQHG� VHOHFWLRQV� RI� D� WHPSRUDO� VXEVHW� RI� WKHGDWDEDVH�� $V� D�UHVXOW�RI�WKH�H[WUD�GHJUHH�RI�IUHHGRP��HIILFLHQW�PRGHO�PDLQWHQDQFH�DOJRULWKPVIRU�IUHTXHQW�LWHPVHWV�DQG�FOXVWHUV�DUH�SUHVHQWHG�(&87� DQG� (&87� �(IILFLHQW� &RXQWLQJ� 8VLQJ� 7,'/LVWV�� DUH� WKH� SURSRVHG�DOJRULWKPV�IRUPDLQWDLQLQJ IUHTXHQW�SDWWHUQV��7KH\�SURFHHG�H[DFWO\�OLNH�WKH�%25'(56�DOJRULWKP�LQ�>������@LQ� WKH� GHWHFWLRQ� SKDVH� RI� QHZ� FDQGLGDWHV� IRU� FRXQWLQJ� DJDLQVW� WKH�XSGDWHG�GDWDEDVH��7KH



��

LPSURYHPHQW� LV� LQ� WKH� PHWKRG� XVHG� IRU� FRXQWLQJ�WKHVH�FDQGLGDWHV��7KH�(&87 DQG�(&87�DOJRULWKPV�FOHYHUO\�VHOHFWV WKH�UHOHYDQW�SRUWLRQV RI�WKH�GDWDEDVH�ZKLFK�DUH�QHHGHG�WR�FRXQW�WKHVXSSRUW� RI� WKH� QHZ� FDQGLGDWHV� �PXFK�OLNH�DQ�LQGH[�VWUXFWXUH�HIILFLHQWO\�VHOHFWV�WKH�UHOHYDQWSRUWLRQV� RI� GDWD� IURP� WKH� GDWDEDVH���7KLV�LV�DFKLHYHG�WKURXJK�PDLQWDLQLQJ�WKH�GDWDEDVH�LQ�D7,'/LVW IRUPDW� >��@�� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� DOJRULWKPV� UHO\� LQ� WKH� PHWKRG� RIFRQVWUXFWLQJ�WKH�7,'/LVWV�



��

&KDSWHU��
��)281'$7,216�2)�7+(�352326('�$/*25,7+0�,&$3

7KLV� FKDSWHU� SUHVHQWV� WKH� WKHRUHWLFDO�IRXQGDWLRQV�XSRQ�ZKLFK�WKH�SURSRVHG�DOJRULWKP��,&$3�,QFUHPHQWDO�&RQVWUDLQHG�$3ULRUL���LV�EXLOW��7KHVH�IRXQGDWLRQV�LQFOXGH�WKH�WKHRUHWLFDO�EDVHV�RILQFUHPHQWDO� DQG� FRQVWUDLQHG� PLQLQJ�RI�DVVRFLDWLRQ�UXOHV�DQG�WKH�&$3 �&RQVWUDLQHG�$3ULRUL�DOJRULWKP�RQ�ZKLFK�WKH�SURSRVHG�DOJRULWKP�LV�EDVHG�7KH� FKDSWHU� LV� RUJDQL]HG� DV� IROORZV�� VHFWLRQ� ��� LQIRUPDOO\�GLVFXVVHV�WKH�SUREOHP�DQG�WKH
VHYHUDO� FKDOOHQJHV� WKDW� LV� IDFHG� ZKHQ� WU\LQJ� WR� WDFNOH�LW��VHFWLRQ���� GLVFXVVHV�FRQVWUDLQHGPLQLQJ�RI�DVVRFLDWLRQ�UXOHV��,W�EHJLQV�E\�SUHVHQWLQJ�WKH�IUDPHZRUN�RI�FRQVWUDLQHG�IUHTXHQW�VHWTXHULHV� DQG�WKHQ�LW�SUHVHQWV�WKH�FRQVWUDLQHG�DVVRFLDWLRQ�UXOH�PLQLQJ�DOJRULWKP�&$3 LQ�GHWDLOV�6HFWLRQ� ��� LV� GHYRWHG� WR� LQFUHPHQWDO� PLQLQJ�RI�DVVRFLDWLRQ�UXOHV��7KH�IRUPDO�GHILQLWLRQ�RIWKLV� SUREOHP�LV�JLYHQ��6LQFH�WKH�QHJDWLYH�ERUGHU�KDV�DQ�LPSRUWDQW�UROH�LQ�VROYLQJ�WKH�SUREOHP�WKH� � IRUPDO� GHILQLWLRQ� RI�WKH�QHJDWLYH�ERUGHU�LV�DOVR�JLYHQ��6HFWLRQ���� IRUPDOO\�SUHVHQWV�WKHQHZ� SUREOHP� RI� LQFUHPHQWDO� PLQLQJ� RI� FRQVWUDLQHG� DVVRFLDWLRQ� UXOHV�� 7KH� FRQVWUDLQHGQHJDWLYH� ERUGHU� LV�SURSRVHG�DQG�SURYHG�WR�KDYH�WKH�VDPH�LPSRUWDQFH�DV�WKH�RULJLQDO�QHJDWLYHERUGHU�� QDPHO\� EHLQJ� DQ� LQGLFDWRU� IRU� WULJJHULQJ� WKH� VFDQ�RI�WKH�RULJLQDO�GDWDEDVH�DIWHU�DQXSGDWH�
���� 7KH�SUREOHP
7KLV� WKHVLV� SURSRVHV� DQ� DOJRULWKP�WR�HIILFLHQWO\�VROYH�WKH�SUREOHP�RI�LQFUHPHQWDO�PLQLQJ�RIFRQVWUDLQHG� DVVRFLDWLRQ� UXOHV�� 7KLV� SUREOHP�� DV�GHVFULEHG�LQ�WKH�SUHYLRXV�FKDSWHUV��KDV�WZRVHSDUDWH� IRXQGDWLRQV�� QDPHO\� WKH� SUREOHPV� RI� LQFUHPHQWDO� DQG� FRQVWUDLQHG� PLQLQJ� RIDVVRFLDWLRQ� UXOHV�� ,Q� WKH� SUHYLRXV� FKDSWHU�� WKH� JHQHUDO� PRWLYDWLRQ�RI�WKHVH�SUREOHPV�ZHUHGLVFXVVHG� DQG� SUHYLRXV� ZRUN� ZDV� VXUYH\HG�� ,W� ZRXOG� EH� DSSURSULDWH�� KRZHYHU�� EHIRUHSURFHHGLQJ� ZLWK� WKH� WKHRUHWLFDO� �IRXQGDWLRQV�XSRQ�ZKLFK�WKH�SURSRVHG�DOJRULWKP�LV�EDVHG�WRLQIRUPDOO\�GLVFXVV�WKH�WHFKQLFDO�FKDOOHQJHV�IDFHG�ZKHQ�WU\LQJ�WR�WDFNOH�WKHVH�SUREOHPV�7KH� PDLQ� WHFKQLFDO� FKDOOHQJHV� � WKDW� IDFHG� UHVHDUFKHUV� VHHNLQJ� D�VROXWLRQ�IRU�LQFUHPHQWDOPLQLQJ�RI�DVVRFLDWLRQ�UXOHV�ZHUH�



��

D� +RZ� WR� HIILFLHQWO\� XVH� WKH�LQIRUPDWLRQ�SUHYLRXVO\�FROOHFWHG�DERXW�WKH�RULJLQDO�GDWDEDVH�7KLV� LQIRUPDWLRQ� ZDV�XVHG�ERWK�WR�UHGXFH�WKH�QXPEHU�RI�FDQGLGDWHV�WKDW�QHHGHG�FRXQWLQJ>��������������@�DQG�WR�PLQLPL]H�WKH�QXPEHU�RI�GDWDEDVH�SDVVHV�E� +RZ� WR� XVH� WKLV� LQIRUPDWLRQ� WR� HIIHFWLYHO\� GLVFRYHU� WKH� QHFHVVLW\� IRU� XSGDWLQJ� WKHGLVFRYHUHG�DVVRFLDWLRQ�UXOHV�>��������������@��/DWWHU�RQ��WKH�FRQFHSW�RI�WKH�QHJDWLYH�ERUGHUSURYHG� XVHIXO� WR� UHGXFH� WKH� QXPEHU� RI� SDVVHV� WR� D� VLQJOH� SDVV� DQG� RQO\� ZKHQ� LW�LVDEVROXWHO\ QHFHVVDU\�>����������@�2Q� WKH� RWKHU� KDQG�� FRQVWUDLQHG� PLQLQJ� RI� DVVRFLDWLRQ� UXOHV� LV� IDFHG� ZLWK� VHYHUDO� RWKHUFKDOOHQJHV��IRU�H[DPSOH�D� +RZ� WR�SURYLGH�WKH�XVHU�ZLWK�D�ULFK�WRRO�WR�H[SORUH�DQG�H[SORLW�WKH�VHPDQWLFV�RI�GDWD�PRUHHIIHFWLYHO\"E� 7KH� PDLQ� FKDOOHQJH� LV� KRZ� WR� LQWHJUDWH� WKH�FRQVWUDLQWV�HDUOLHU�LQ�WKH�PLQLQJ�SURFHGXUH�SXVK� WKH� FRQVWUDLQWV� GHHSO\�LQWR�WKH�UXOH�JHQHUDWLRQ�SURFHVV��UDWKHU�WKDQ�XVLQJ�WKH�QDwYHDSSURDFK� RI� UXQQLQJ�D�WUDGLWLRQDO�DOJRULWKP�WKHQ�XVLQJ�D�SRVW�SURFHVVLQJ�SDVV�WR�ILOWHU�WKHJHQHUDWHG�UXOHV�>������@�8SRQ� H[DPLQDWLRQ� RI�WKH�DERYH�FKDOOHQJHV�DQG�VHHLQJ�WKH SURSRVHG�VROXWLRQV��LW�ZRXOG�VHHPQDWXUDO� WKHQ��WR�WU\�WR�IXUWKHU�LQFUHDVH�WKH�SHUIRUPDQFH�JDLQ�DFKLHYHG�LQ�FRQVWUDLQHG�PLQLQJ�RIDVVRFLDWLRQ� UXOHV� E\� DSSO\LQJ� WKH�WHFKQLTXHV�RI�LQFUHPHQWDO�PLQLQJ��7KH�PRWLYDWLRQV�LQ�WKLVFDVH� DUH� VLPLODU� WR� WKH� RULJLQDO� PRWLYDWLRQV� RI� WKH� SUREOHP� RI� LQFUHPHQWDO� PLQLQJ� RIDVVRFLDWLRQ� UXOHV�� 7KLV�� KRZHYHU��LV�QRW�DW�DOO�WULYLDO�>����������@��6HYHUDO�TXHVWLRQV�VWLOO�QHHGDQVZHUV�D� +RZ� FDQ� ZH� EHQHILW� IURP� WKH� SURSHUWLHV� RI� WKH� FRQVWUDLQWV� �HLWKHU� VXFFLQFWQHVV� RUDQWL�PRQRWRQLFLW\� RU� ERWK�� LQ� UHGXFLQJ� WKH� QXPEHU�RI�FDQGLGDWHV�WKDW�QHHG�WR�EH�WHVWHGDJDLQVW� WKH� RULJLQDO� GDWDEDVH"� ,W� LV� WR� EH�QRWHG�WKDW�WKLV�LV�WKH�SULPDU\�FKDOOHQJH�IRU�DQLQFUHPHQWDO�PLQLQJ�DOJRULWKP�E� :KDW� LV�WKH�HIIHFW�RI�WKH�VXFFLQFWQHVV�RU�DQWL�PRQRWRQLFLW\�SURSHUWLHV�RI�FRQVWUDLQWV�RQ�WKHQRWLRQ� RI� WKH� QHJDWLYH� ERUGHU"� ,W� LV� WR� EH� QRWHG�WKDW�QHJDWLYH�ERUGHUV�ZHUH�H[WUHPHO\XVHIXO�LQ�VLJQDOLQJ�WKH�QHHG�IRU�VFDQQLQJ�WKH�RULJLQDO�GDWDEDVH�F� :KDW� GDWD� DERXW� WKH� GLVFRYHUHG� IUHTXHQW� LWHPVHWV� VKRXOG� EH� NHSW�EHVLGHV�WKH�VXSSRUWFRXQW"G� :KDW� KDSSHQV� LI� D�GDWDEDVH�XSGDWH�LQWURGXFHG�FKDQJHV�LQ�WKH�FKDUDFWHULVWLFV�RI�WKH�LWHPV�H�J��D�FKDQJH�LQ�WKH�LWHPV¶�SULFH�RU�D�FKDQJH�LQ�WKH�LWHPV¶�LV�D�KLHUDUFK\�"$QVZHUV� WR� VRPH� RI� WKH� DERYH� TXHVWLRQV� DUH� WKH� FRQFHUQ�RI�WKLV�WKHVLV��7KH�QH[W�VHFWLRQVSUHVHQW�WKH�WKHRUHWLFDO�EDVLV�RQ�ZKLFK�WKH�SURSRVHG�ZRUN�LV�EDVHG�



��

���� &RQVWUDLQHG�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV
$V� GLVFXVVHG� LQ� WKH�SUHYLRXV�FKDSWHU��DVVRFLDWLRQ�UXOH�PLQLQJ�FDQ�SURGXFH�D�KXJH�DPRXQW�RISDWWHUQV� WKDW� DUH� PRVW� RI� WKH� WLPH� QRW� XVHIXO� WR� WKH�XVHU��7KLV�ODFN�RI�IRFXV SUREOHP�>��@QHFHVVLWDWHV� QHZ� PHDQV� RI� H[SUHVVLQJ� WKH� XVHU� QHHGV� XVLQJ� FRQYHQLHQW� PHWKRGV�� 7KHIUDPHZRUN� RI� &RQVWUDLQHG� )UHTXHQW�VHW� 4XHULHV�� &)4V�� ZDV� LQWURGXFHG� LQ� >��@�WR�JLYH�DVROXWLRQ� WR�WKH�SUREOHP��7KH�TXHULHV�ZHUH�XVHG�DV�D�PHDQV�RI�VSHFLI\LQJ�WKH�FRQVWUDLQWV�WR�EHVDWLVILHG� E\� WKH� DQWHFHGHQW� DQG� FRQVHTXHQW� RI� D� PLQHG� DVVRFLDWLRQ�� ,Q� WKLV� VHFWLRQ�� WKLVIUDPHZRUN� LV� IRUPDOO\� SUHVHQWHG�� IRFXV� LV� WKHQ� PRYHG� WR� GHILQLQJ� WKH� QRWLRQ� RI� DQWL�PRQRWRQLFLW\� DQG�VXFFLQFWQHVV��7KH�VHFWLRQ�FRQFOXGHV�ZLWK�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�&$3>��@� DOJRULWKP� ZKLFK� PDNHV� XVH� RI� DQWL�PRQRWRQLFLW\� DQG� VXFFLQFWQHVV� WR� VSHHG� XS� WKHSURFHVV�RI�GLVFRYHULQJ�WKH�FRQVWUDLQHG�IUHTXHQW�VHWV�
����� 7KH�IUDPHZRUN�RI�FRQVWUDLQHG�IUHTXHQW�VHW�TXHULHV,Q� >��@�� DQ� DUFKLWHFWXUH� IRU� H[SORUDWRU\� PLQLQJ� RI� DVVRFLDWLRQ� UXOHV� ZDV� SUHVHQWHG��7KLVDUFKLWHFWXUH� ZDV� GLYLGHG� LQWR� WZR� SKDVHV��3KDVH�,�FRQFHUQHG�VSHFLI\LQJ�WKH�UHOHYDQW�SDUW�RIWKH� WUDQVDFWLRQDO� GDWDEDVH� �PLQDEOH� YLHZ�� DQG� WKHQ� LWHUDWLYHO\� FRQVWUDLQLQJ� WKH� UHTXLUHGIUHTXHQW�VHWV� WKURXJK� D� VHULHV� RI� XVHU� GHFLVLRQV�� 3KDVH� ,,� ZDV� GHYRWHG�WR�OHWWLQJ�WKH�XVHUFKRRVH� WKH� UHTXLUHG� PHWULF� WR� PHDVXUH� UXOH�LQWHUHVWLQJQHVV�DQG�VSHFLI\�WKH�UHTXLUHG�PHWULFWKUHVKROG�DPRQJ�VHYHUDO�PHWULFV��H�J��LQWHUHVW��FRUUHODWLRQ�DQG�FRQILGHQFH��7KH� FRUQHU� VWRQH� RI� 3KDVH� ,� RI�WKLV�DUFKLWHFWXUH�ZDV�WKH�&)4V��ZKLFK�UHSUHVHQW�WKH�WRRO�E\ZKLFK�WKH�XVHU�H[SUHVVHV�KLV�LQWHUHVW�DQG�QDUURZV�WKH�IRFXV�RI�WKH�VHDUFK�IRU�LQWHUHVWLQJ�UXOHV�
������� 'HILQLWLRQ�RI�&RQVWUDLQHG�)UHTXHQW�VHW�4XHULHV
'HILQLWLRQ������&RQVWUDLQHG�)UHTXHQW�VHW�4XHULHV��&)4V�
)ROORZLQJ� WKH� GHILQLWLRQ� LQ� >��@�� D� &)4 LV�GHILQHG�WR�EH�D�TXHU\�RI�WKH�IRUP�� � �^ `&66 FD � �ZKHUH� & LV� D� VHW� RI� FRQVWUDLQWV� RQ� 6D DQG� 6F �UXOH� DQWHFHGHQW DQG� UXOH� FRQVHTXHQWUHVSHFWLYHO\��� 7KH�V\QWD[�RI�FRQVWUDLQW�FRQVWUXFWV�LV�DV�GHVFULEHG�LQ�)LJXUH������$�VHW�YDULDEOHLV� HLWKHU�DQ�LGHQWLILHU�RI�WKH�IRUP�6 RU�DQ�H[SUHVVLRQ�RI�WKH�IRUP�6�$��ZKHUH�$ LV�DQ DWWULEXWH�LQWKH� PLQDEOH� YLHZ�� $GGHG� WR� WKH� WKHVH� FRQVWUXFWV� LV� WKH� IUHTXHQF\� FRQVWUDLQW�RI�WKH�IRUPIUHT�6���VD\LQJ�WKDW�WKH�VXSSRUW�RI�6 VKRXOG�H[FHHG�D�FHUWDLQ�WKUHVKROG� T



��

)LJXUH������6\QWD[�RI�&RQVWUDLQW�&RQVWUXFWV�>��@
$VVXPLQJ� WKDW� WKH� PLQDEOH� YLHZ� FRQVLVWV� RI�WKH�UHODWLRQV�WUDQV�7,'��,WHPVHW� DQGLWHP,QIR�,WHP�� 7\SH� 3ULFH���VRPH�H[DPSOHV�RI�&)4V DUH�DV�IROORZV��7KH�TXHU\� � � � � � � � � �^ `�������� 		�	�		� 6IUHT6IUHT6FRXQW6FRXQW,WHP6,WHP666   �� DVNVIRU� DOO� SDLUV� RI� VLQJOH� LWHPV� VDWLVI\LQJ� IUHTXHQF\� FRQVWUDLQWV�� 7KH� TXHU\� � ^ `^ `���	��� ���� t� SULFH6VRGDVVQDFNV7\SH666 DVNV�IRU�LWHPVHWV�LQ�WKH�DQWHFHGHQW�RI�WKHUXOH�� ZKLFK� FRQWDLQ� DW� OHDVW� RQH� VQDFN� LWHP� DQG� RQH� VRGD� LWHP�� WKDW� DUH�DVVRFLDWHG�ZLWKLWHPVHWV� WKDW� FRQWDLQ� LWHPV� ZLWK� D� SULFH� RI� DW� OHDVW� ����� )LQDOO\�� WKH� TXHU\� � ^ ` ^ ` � � � �^ `SULFH6PLQSULFH6PD[EHYHUDJHV7\SH6VQDFNV7\SH666 �� ��	�	�� ���� d�� ILQGVSDLUV� RI� VHWV� RI� FKHDSHU� VQDFN� LWHPV�DQG�VHWV�RI�PRUH�H[SHQVLYH�EHYHUDJH�LWHPV��,Q�WKH�ODVW

�� 6LQJOH� 9DULDEOH� &RQVWUDLQWV� $� VLQJOH�YDULDEOH����YDU��FRQVWUDLQW�LV�RI�RQH�RI�WKH�IROORZLQJIRUPV�
�D� &ODVV� &RQVWUDLQW�� ,W� LV� RI� WKH� IRUP� 6� � $��ZKHUH�6 LV�D�VHW�YDULDEOH�DQG�$�LV�DQDWWULEXWH��,W�VD\V�6 LV�D�VHW�RI�YDOXHV�IURP�WKH�GRPDLQ�RI�DWWULEXWH�$��E� 'RPDLQ�&RQVWUDLQW��,W�LV�RQH�RI�WKH�IROORZLQJ�IRUPV�L� 6� T Y�� ZKHUH� 6 LV�D�VHW�YDULDEOH��Y LV�D�FRQVWDQW�IURP�WKH�GRPDLQ�WKDW�6 FRPHVIURP�� DQG� T LV� RQH� RI� WKH� ERROHDQ� RSHUDWRUV�  �� z�� ���d��!��t��,W�VD\V�HYHU\HOHPHQW�RI�6 VWDQGV�LQ�UHODWLRQVKLS�T ZLWK�WKH�FRQVWDQW�YDOXH�Y�LL� Y� T 6� �� ZKHUH� 6�� Y DUH�DV�DERYH��DQG�T LV�RQH�RI�WKH�ERROHDQ�RSHUDWRUV������7KLV�VLPSO\�VD\V�WKH�HOHPHQW�Y EHORQJV��RU�QRW��WR�WKH�VHW�6�LLL� 9� T 6�� RU� 6� T 9�� ZKHUH� 6 LV� D�VHW�YDULDEOH��9 LV�D�VHW�RI�FRQVWDQWV�IURP�WKHGRPDLQ�6 UDQJHV�RYHU��DQG�T LV�RQH�RI���������� ��z�
�F� $JJUHJDWH�&RQVWUDLQW� ,W� LV� RI� WKH�IRUP�DJJ�6��T Y��ZKHUH�DJJ LV�RQH�RI�WKHDJJUHJDWH�IXQFWLRQV�PLQ��PD[��VXP��FRXQW��DYJ DQG�T LV�RQH�RI�WKH�ERROHDQ�RSHUDWRUV �� z�� ��� d�� !�� t�� ,W� VD\V� WKH�DJJUHJDWH�RI�WKH�VHW�RI�QXPHULF�YDOXHV LQ�6 VWDQGV�LQUHODWLRQVKLS�T WR�Y��� 7ZR�9DULDEOH�&RQVWUDLQWV�$ WZR�YDULDEOH�FRQVWUDLQW����YDU��LV�RI�RQH�RI�WKH�IROORZLQJ�IRUPV�
�D� 6� T 6���ZKHUH�6L LV�D�VHW�YDULDEOH�DQG�T LV�RQH�RI����������E� �6� ¡ 6�� T 9��ZKHUH�6� DQG 6� DUH�VHW�YDULDEOHV��9 LV�D�VHW�RI�FRQVWDQWV�RU�I��¡ LV�RQHRI�������DQG�T LV�RQH�RI���������� ��z�
�F� DJJ��6��� T DJJ��6���� ZKHUH� DJJ��� DJJ� DUH�DJJUHJDWH�IXQFWLRQV�DQG�T LV�RQH�RI�WKHERROHDQ�RSHUDWRUV� ��z�����d��!��t�



��

WZR� H[DPSOHV�� WKH� GRPDLQ� DQG� IUHTXHQF\� FRQVWUDLQWV� �WKRVH� VWDWLQJ� WKDW� LWHPVHWV� VKRXOGEHORQJ�WR�WKH�XQLYHUVDO�VHW�,WHP DQG�WKDW�WKH\�VKRXOG�EH�IUHTXHQW��DUH�RPLWWHG�IRU�EUHYLW\�$V� VKRZQ� LQ� )LJXUH� ����� FRQVWUDLQWV� LQ�>��@�ZHUH�GLYLGHG�LQWR���YDULDEOH�FRQVWUDLQWV��WKRVHFRQVWUDLQWV� FRQFHUQLQJ� RQO\� RQH� VHW� YDULDEOH�� DV� LQ� WKH� ILUVW�DQG�VHFRQG�H[DPSOHV��DQG���YDULDEOH� FRQVWUDLQWV� �WKRVH� UHODWLQJ�WZR�VHW�YDULDEOHV��DV�LQ�WKH�WKLUG�H[DPSOH���,Q�WKLV�WKHVLV�KRZHYHU��IRFXV�LV�RQO\�RQ���YDULDEOH�FRQVWUDLQWV�7KH� FRQVWUDLQWV� LQ� >��@� ZHUH� FODVVLILHG� DFFRUGLQJ� WR� WZR� RUWKRJRQDO� SURSHUWLHV�� DQWL�PRQRWRQLFLW\� DQG� VXFFLQFWQHVV�� ,QIRUPDOO\�� DQ� DQWL�PRQRWRQH�FRQVWUDLQW�LV�D�IUHTXHQF\�OLNHFRQVWUDLQW�� PHDQLQJ�WKDW�LW�VDWLVILHV�WKH�VDPH�FORVXUH�SURSHUW\�RI�WKH�VXSSRUW�FRQVWUDLQW��ZKLFKVWDWHV� WKDW� LI� DQ� LWHPVHW� VDWLVILHV� WKH� FRQVWUDLQW�� WKHQ� DOO� LWV� VXEVHWV� ZLOO� GR�� $�VXFFLQFWFRQVWUDLQW�� RQ� WKH�RWKHU�KDQG��LV�D�FRQVWUDLQW�KDYLQJ�WKH�SURSHUW\�WKDW�DOO�LWHPVHWV�IROORZLQJ�LWFDQ� EH� JHQHUDWHG�� XVLQJ� VRPH� PHPEHU� JHQHUDWLQJ�IXQFWLRQ��0*)���RQFH�DQG�IRU�DOO�EHIRUHDQ\� LWHUDWLRQV� WDNH� SODFH�� 7KH� LPSRUWDQFH�RI�WKLV�FODVVLILFDWLRQ�UHOLHV�LQ�WKDW�RQH�FDQ�H[SORLWERWK� SURSHUWLHV�ZKLOH�WU\LQJ�WR�GLVFRYHU�IUHTXHQW�VHWV�WKDW�IROORZ�WKH�FRQVWUDLQWV��7KLV�JLYHV�DJUHDW� DGYDQWDJH� RYHU� WKH�QDwYH�DSSURDFK�RI�FRXQWLQJ�WKH�IUHTXHQW�VHWV�ILUVW�DQG�WKHQ�ILOWHULQJRXW� WKRVH� ZKLFK� GR� QRW� IROORZ� WKH� FRQVWUDLQWV�� 7KH� QH[W� VXEVHFWLRQ� LQFOXGHV� WKH�IRUPDOGHILQLWLRQV� RI� ERWK� SURSHUWLHV�� 7KH� &$3 DOJRULWKP� >��@�� ZKLFK� XVHV� ERWK� SURSHUWLHV� WRRSWLPL]H� WKH� SURFHVV� RI� GLVFRYHULQJ� FRQVWUDLQHG�IUHTXHQW�VHWV��ZLOO�EH�GLVFXVVHG�LQ�WKH�QH[WVHFWLRQ�
������� $QWL�PRQRWRQLFLW\�DQG�VXFFLQFWQHVV
%HIRUH� SURFHHGLQJ� ZLWK� WKH� SUHVHQWDWLRQ� RI� WKH� PHDQLQJ� RI� DQWL�PRQRWRQLFLW\� DQGVXFFLQFWQHVV�� LW� ZRXOG�EH�FRQYHQLHQW�WR�OLVW�WKH�QRWDWLRQV�XVHG�KHQFHIRUWK�LQ�WKH�WKHVLV��7DEOH��� VXPPDUL]HV�WKHVH�QRWDWLRQV�



��

'% 7KH�RULJLQDO�GDWDEDVH'E 7KH�LQFUHPHQW�GDWDEDVH'%� 7KH�XSGDWHG�GDWDEDVH_$_ 1XPEHU�RI�WUDQVDFWLRQV�LQ�GDWDEDVH�$0LQVXS 0LQLPXP�VXSSRUW�WKUHVKROG& $�FRQVWUDLQW�RQ�DVVRFLDWLRQ�UXOHV
FN& 7KH�FDQGLGDWH�VHW�RI�VL]H�N��7KH�VXSHUVFULSW�F �LI�SUHVHQW��UHSUHVHQWV�D�FRQVWUDLQW�&

&IUHT��&DP��&VXFF��&VDP 7KH�IUHTXHQF\��DQWL�PRQRWRQH��VXFFLQFW�DQG�VXFFLQFW�DQWL�PRQRWRQH�FRPSRQHQWVRI�WKH�FRQVWUDLQW�&�UHVSHFWLYHO\&�&[ 7KH�FRPSRQHQWV�RI�WKH�FRQVWUDLQW�& H[FOXGLQJ�WKH�FRPSRQHQW�[��ZKHUH�[ VWDQGVIRU�VXFF��DP�RU�IUHT�
$F/ 7KH�VHW�RI�IUHTXHQW�LWHPVHWV�LQ�GDWDEDVH�$��7KH�VXEVFULSW�F �LI�SUHVHQW��UHSUHVHQWVD�FRQVWUDLQW�&� �VW $ 6XSSRUW�FRXQW�RI�LWHPVHW�V LQ�GDWDEDVH�$

7DEOH������/LVW�RI�XVHG�QRWDWLRQV
'HILQLWLRQ������DQWL�PRQRWRQLFLW\
$� ��YDULDEOH� FRQVWUDLQW� & LV� DQWL�PRQRWRQH LII� IRU� DQ\� VHW� 6�� 6 GRHV� QRW� VDWLVI\� & �666 c�c� � GRHV�QRW�VDWLVI\�&� T
$Q� H[DPSOH� RI� DQ� DQWL�PRQRWRQH� FRQVWUDLQW� LV� WKH� FRQVWUDLQW� ��� tSULFH6 LQ�WKH�VHFRQGH[DPSOH� RI� VXEVHFWLRQ� ���������7KLV�FRQVWUDLQW�HQIRUFHV�HYHU\�LWHP�LQ�WKH�UHVXOWLQJ�LWHPVHW�6WR� KDYH� LWV� SULFH� JUHDWHU� WKDQ� RU� HTXDO�WR������7KLV�LV�FOHDUO\�DQWL�PRQRWRQH��VLQFH�D�VLQJOHLWHP� LQ� 6 WKDW� KDV� D�SULFH�ORZHU�WKDQ���� ZLOO�EH�LQFOXGHG�LQ�DOO�VXSHUVHWV�6© RI�6 DQG�KHQFHYLRODWLQJ� WKH�FRQVWUDLQW��5HIHUULQJ�WR�WKH�H[DPSOH�GDWDEDVH�RI�)LJXUH������WKH�LWHPVHW�6�  &'�VDWLVILHV� WKH� FRQVWUDLQW�� ZKLOH� 6�  � &'(� DQG DOO� LWV� VXSHUVHWV� ZLOO� YLRODWH� WKH�FRQVWUDLQWEHFDXVH� RI� WKH� LQFOXVLRQ� RI� ( ZKLFK� KDV� D� SULFH� RI� ��� �� ����� $QRWKHU�H[DPSOH�LV�WKHFRQVWUDLQW� ^ `VRGDVQDFNV7\SH6 �� � ZKLFK� LV� DOVR� REYLRXVO\� DQWL�PRQRWRQH� E\� D� VLPLODUDUJXPHQW��$V�PHQWLRQHG�EHIRUH��WKHVH�W\SHV�RI�FRQVWUDLQWV�DUH�IUHTXHQF\�OLNH��ZKLFK�PD\�OHDG

� )URP�QRZ�RQ��LWHPVHWV�ZLOO�EH�ZULWWHQ�DV�D�VHULHV�RI�FRQWLQXRXV�LWHP�LGHQWLILHUV�IRU�VLPSOLFLW\��)RU�H[DPSOH�WKHLWHPVHW�^&��'`�ZLOO�EH�ZULWWHQ�DV�&'�DQG�WKH�LWHPVHW�^$��%��&`�ZLOO�EH�ZULWWHQ�DV�$%&�



��

WR� WKH� EHOLHI� WKDW� WHFKQLTXHV� VLPLODU� WR� WKRVH�XVHG�WR�SUXQH�QRQ�IUHTXHQW�LWHPVHWV�PLJKW�EHXVHG�
LWHP,QIR,WHP 7\SH 3ULFH$ 'DLU\ ��% 6RGD ��& 6QDFN ��' -XLFH ��( &DQG\ ��) 6QDFN ��

WUDQV7,' ,WHPVHW� $ %� $ % &� % & (� & ' )� % (� $
'%

� %� $ % & )� $ (GE �� $ % & ' (
)LJXUH������$�GDWDEDVH�H[DPSOH

'HILQLWLRQ������6XFFLQFWQHVV
�� ,�� ,WHP�LV�D�VXFFLQFW VHW�LI�LW�FDQ�EH�H[SUHVVHG�DV�VS�,WHP��IRU�VRPH�VHOHFWLRQ�SUHGLFDWH�S��� 63 � �,WHP LV� D VXFFLQFW� SRZHUVHW LI� WKHUH� LV� D� IL[HG� QXPEHU� RI� VXFFLQFW� VHWV,WHP�� �þ ,WHPN � ,WHP VXFK� WKDW� 63 FDQ� EH�H[SUHVVHG�LQ�WHUPV�RI�WKH�VWULFW�SRZHUVHW�RI

,WHP�� �þ ,WHPN XVLQJ�XQLRQ�DQG�PLQXV��� $���YDULDEOH�FRQVWUDLQW�& LV�VXFFLQFW SURYLGHG�6$7&�,WHP��LV�D�VXFFLQFW�SRZHUVHW�� T
:KHUH� 6$7&�,WHP��LV�WKH�VHW�FRQVLVWLQJ�RI�DOO�WKH�VXEVHWV�RI�,WHP WKDW�VDWLVI\�&��DQG��,WHP LV�WKHVWULFW�SRZHUVHW�RI�,WHP� L�H��WKH�VHW�RI�DOO�VXEVHWV�RI�,WHP H[FHSW�WKH�HPSW\�VHW�)RU�H[DPSOH��WKH�FRQVWUDLQW� � � ���d6�3ULFHPLQ LV�VXFFLQFW�EHFDXVH�ZH�FDQ�SUHFLVHO\�JHQHUDWHDOO�WKH�VHW�RI�LWHPV�VDWLVI\LQJ�WKH�FRQVWUDLQW�ZLWKRXW�UHFRXUVH�WR�D�JHQHUDWH�HYHU\WKLQJ�DQG�WHVWDSSURDFK�� ,Q� FRQWUDVW�� WKH�FRQVWUDLQW� � � ���d6�3ULFHYJD LV�QRW�VXFFLQFW�EHFDXVH�WKH�DYHUDJHLV� LQKHUHQWO\� GHSHQGDQW� RQ�DOO�WKH�LWHPV�LQ�DQ�LWHPVHW�DQG�WKLV�FDQQRW�EH�UHGXFHG�WR�D�VLPSOHVHOHFWLRQ�RQ�LQGLYLGXDO�LWHPV�RI�WKH�HQWLUH�VHW�$Q� LPSRUWDQW� SURSHUW\� RI� D� VXFFLQFW� FRQVWUDLQW� LV� WKDW� LWV�VROXWLRQ�VSDFH�FDQ�EH�H[SUHVVHGXVLQJ� ZKDW� ZDV� FDOOHG� PHPEHU� JHQHUDWLQJ� IXQFWLRQ� LQ >��@��8VLQJ�WKH�PHPEHU�JHQHUDWLQJIXQFWLRQ�� RQH� FDQ�DYRLG�WKH�JHQHUDWH�DQG�WHVW�HQYLURQPHQW�RI�RWKHU�W\SHV�RI�FRQVWUDLQWV��7KLV



��

SURSHUW\� ZDV� XVHG� IRU� RSWLPL]LQJ�&$3�>��@� 7KH�GHILQLWLRQ�RI�PHPEHU�JHQHUDWLQJ�IXQFWLRQVIURP�>��@�LV�LQFOXGHG�IRU�WKH�VDNH�RI�FRPSOHWHQHVV�
'HILQLWLRQ������0HPEHU�*HQHUDWLQJ�)XQFWLRQV��0*)V�
�� :H� VD\ WKDW� 63 � �,WHP KDV� D� PHPEHU� JHQHUDWLQJ� IXQFWLRQ��0*)� SURYLGHG�WKHUH�LV�DIXQFWLRQ� WKDW� FDQ�HQXPHUDWH�DOO�DQG�RQO\�HOHPHQWV�RI�63��DQG�WKDW�FDQ�EH�H[SUHVVHG�LQ�WKHIRUP� � �^ `NM;QNQL,WHP;;; MSLQ L ddIzd�ddV��� ���	������ �� IRU�VRPH�Q�t �DQG�VRPH�VHOHFWLRQ�SUHGLFDWHV�S������SQ��� $���YDULDEOH�FRQVWUDLQW�& LV�SUH�FRXQWLQJ�SUXQDEOH SURYLGHG�6$7&�,WHP��KDV�DQ�0*)� T
,W� ZDV� SURYHG�LQ�>��@�WKDW�DQ\�VXFFLQFW�FRQVWUDLQW�& LV�SUH�FRXQWLQJ�SUXQDEOH��PHDQLQJ�WKDW�LWKDV�DQ�0*) DVVRFLDWHG�ZLWK�LW�$Q� H[DPSOH� RI� D� VXFFLQFW� FRQVWUDLQW� LV�WKH�FRQVWUDLQW� ^ `VQDFN7\SH6 �� ZKLFK�HQIRUFHV�DOOLWHPVHWV� WR� KDYH� DW� OHDVW� RQH� VQDFN� LWHP�� 7KH� FRUUHVSRQGLQJ�0*) RI� WKLV� FRQVWUDLQW� LV� � � �^ `IzV�V�� z �

�

��� �� ;,WHP;,WHP;;; VQDFN7\SHVQDFN7\SH �� 7R� VHH� WKH�LQWXLWLRQ�EHKLQGWKLV�� RQH�VKRXOG�QRWLFH�WKDW�DOO�LWHPVHWV�IROORZLQJ�WKH�FRQVWUDLQW�VKRXOG�KDYH�DQ�LWHP�IURP�WKHVHW� RI� LWHPV� ZKLFK� DUH� RI� W\SH� ¨VQDFN©�� 7KLV� LV� H[SUHVVHG� XVLQJ� WKH� PHPEHU�JHQHUDWLQJIXQFWLRQ� E\� VWDWLQJ� WKDW� WKH�UHTXLUHG�LWHPVHWV�FDQ�EH�JHQHUDWHG�E\�FRPELQLQJ�LWHPV�IURP�;��VQDFN�LWHPV��DQG�LWHPV�IURP�;� �QRQ�VQDFN�LWHPV���7KH�ODVW�FRQGLWLRQ� Iz�; ��HQVXUHV�WKDW�DWOHDVW�RQH�VQDFN�LWHP�LV�VHOHFWHG�$SSO\LQJ� WKH� FRQVWUDLQW� RQ�RXU�H[DPSOH�GDWDEDVH�RI�)LJXUH������LW�FDQ�EH�VHHQ�WKDW�;� � &)�;� � $%'(� VXFK� WKDW� WKH� LWHPVHWV�&��$&��DQG�&') IRU�H[DPSOH�VDWLVI\�WKH�FRQVWUDLQW�VLQFHWKHLU�LQWHUVHFWLRQ�ZLWK�&) LV�QRW�WKH�HPSW\�VHW��:KLOH�WKH�LWHPVHWV�$��%'��DQG�'( IRU�H[DPSOHGR�QRW�VDWLVI\�WKH�FRQVWUDLQW�IRU�WKH�RSSRVLWH�UHDVRQ�7KH� SUHYLRXV� GHILQLWLRQV� RSHQ� WKH� GRRU� IRU� WKH� JHQHUDWH�RQO\� RSWLPL]DWLRQ� VWUDWHJ\� IRUVXFFLQFW� FRQVWUDLQWV�XVHG�E\�&$3 LQ�ZKLFK�DOO�JHQHUDWHG�LWHPVHWV�IRU�FRXQWLQJ�DUH�JXDUDQWHHGWR�VDWLVI\�WKH�FRQVWUDLQW�ZLWKRXW�WKH�QHHG�RI�IXUWKHU�WHVWLQJ�
����� 7KH�&RQVWUDLQHG�$3ULRUL��&$3��DOJRULWKP,Q� WKLV� VHFWLRQ� WKH� &$3 DOJRULWKP�>��@�LV�SUHVHQWHG�LQ�GHWDLO��7KH�RSWLPL]DWLRQ�VWUDWHJLHV�IRUHYHU\� W\SH� RI� FRQVWUDLQW� DUH� SUHVHQWHG� DQG�WKHQ�D�KLJK�OHYHO�GHVFULSWLRQ�RI�WKH�DOJRULWKP�LVJLYHQ�LQ�)LJXUH�����



��

&$3 LV� EDVHG� RQ� FODVVLI\LQJ� WKH� FRQVWUDLQWV� DFFRUGLQJ� WR� WKH� DQWL�PRQRWRQLFLW\� DQGVXFFLQFWQHVV�SURSHUWLHV��6LQFH�WKH\�DUH�RUWKRJRQDO��WKHUH�DUH�� GLVWLQFW�FDVHV�,� &RQVWUDLQWV�WKDW�DUH�ERWK�DQWL�PRQRWRQH�DQG�VXFFLQFW�,,� &RQVWUDLQWV�WKDW�DUH�VXFFLQFW�EXW�QRW�DQWL�PRQRWRQH�,,,� &RQVWUDLQWV�WKDW�DUH�DQWL�PRQRWRQH�EXW�QRW�VXFFLQFW�,9� &RQVWUDLQWV�WKDW�DUH�QHLWKHU�VXFFLQFW�QRU�DQWL�PRQRWRQH�7KH� &$3 DOJRULWKP� GHDOV� ZLWK� HDFK� FDVH� ZLWK� D� GLIIHUHQW�VWUDWHJ\�IRU�RSWLPL]DWLRQ��(DFKVWUDWHJ\� ZLOO� EH� GLVFXVVHG� EULHIO\� EHIRUH� GHVFULELQJ� WKH� DOJRULWKP� LWVHOI�� 6LQFH� WKH� &$3DOJRULWKP� LV� EDVHG� RQ� WKH�$SULRUL DOJRULWKP��WKH�VWUDWHJLHV�DUH�SUHVHQWHG�DV�RSWLPL]DWLRQV�WRWKH�$SULRUL DOJRULWKP��VHH�VHFWLRQ������ IRU�WKH�GLVFXVVLRQ�RI�$SULRUL��
&DVH�,��6XFFLQFW�DQG�DQWL�PRQRWRQH�FRQVWUDLQWV
,W� LV� SURYHG� LQ� >��@� WKDW� WKH� 0*)V RI� VXFK� FRQVWUDLQWV� DUH� LQ� WKH� IRUP� RI� �^ `IzV� ;,WHP;; S 	 �� 7KXV�� WKH� VHW� &� RI� FDQGLGDWHV� RI�VL]H�� LV�UHSODFHG�E\�WKH�VHW� �^ `,WHPH&HH& SF V�� 	�� LQ� WKH�$SULRUL DOJRULWKP��6LQFH�WKLV�W\SH�RI�FRQVWUDLQWV�LV�DOVRDQWL�PRQRWRQH�� QR�LWHPV�RWKHU�WKDQ�WKRVH�LQ�WKH�PRGLILHG�FDQGLGDWH�VHW�QHHG�WR�EH�FRQVLGHUHG�7KLV�OHDGV�WR�WKH�IROORZLQJ�VWUDWHJ\�
6WUDWHJ\�,�
5HSODFH�&� LQ�WKH�$SULRUL DOJRULWKP�E\� F&� DV�GHILQHG�DERYH�� T7KH� LQWXLWLRQ� EHKLQG� WKLV� VWUDWHJ\� LV� WKDW�� VLQFH� WKH� PHPEHU� JHQHUDWLQJ� IXQFWLRQ�RI�VXFKFRQVWUDLQWV� UHVWULFWV� WKH� LWHPV� LQ� WKH� LWHPVHWV�WR�RQO\�WKRVH�FRPLQJ�IURP� � �,WHPSV ��WKLV�VHWVLPSO\�UHSODFHV�WKH�XQLYHUVDO�,WHP VHW�
&DVH�,,��6XFFLQFW�EXW�QRQ�DQWL�PRQRWRQH�FRQVWUDLQWV
&$3� XVHV�WKH�VWUXFWXUH�JLYHQ�E\�WKH�0*)�IRU�VXFK�FRQVWUDLQWV��)ROORZLQJ�>��@��WKH�VWUDWHJ\�LVGHVFULEHG�DVVXPLQJ�WKH�VXFFLQFW�FRQVWUDLQW�KDV�DQ�0*) GHILQHG DV�IROORZV�� � � �^ `,WHP66,WHP6660 SS �� ����� 		 V�IzV�� �
6WUDWHJ\�,,�
�� 'HILQH� � �,WHP& SF �� V DQG� � �,WHP& SF �� V � ��'HILQH�FRUUHVSRQGLQJ�VHWV�RI�IUHTXHQW�VHWV

RI�VL]H���� � �^ `HIUHT&HH/ FF 	�� � ��DQG� � �^ `HIUHT&HH/ FF 	�� �� � �



��

�� 'HILQH� ^ ` � �^ `FFF //I/HIH& ���� ���� 	� ��DQG�/� DV�WKH�VHW�RI�IUHTXHQW�VHWV�LQ�&���� ,Q� JHQHUDO��&N�� FDQ�EH�REWDLQHG�IURP�/N LQ�H[DFWO\�WKH�VDPH�ZD\�DV�LQ�$SULRUL ±�ZLWK�RQHPRGLILFDWLRQ��,Q�WKH�FODVVLFDO�FDVH��D�VHW�6 LV�LQ�&N����LI�DOO�LWV�VXEVHWV�RI�VL]H�N DUH�IUHTXHQW�,Q� WKLV� FDVH�� VLQFH�D�VXEVHW�RI�VL]H�N PD\�FRQWDLQ�LWHPV�IURP�RQO\� F/�� ��L�H��QRW�VDWLVI\LQJWKH� FRQVWUDLQW��DQG�VLQFH�VXFK�VXEVHWV�DUH�QRW�JHQHUDWHG��KHQFH�WKHUH�LV�QR�LGHD�DERXW�WKHLUVXSSRUW�� WKH\� DUH� JLYHQ� WKH� PHULW� RI� GRXEW��7KLV�PHDQV�WKDW�WKH�FRQGLWLRQ�RI�$SULRUL LVUHVWULFWHG�WR�LQFOXGH�RQO\�WKRVH�VXEVHWV�RI�VL]H�N WKDW�DUH�WKHPVHOYHV�VDWLVI\LQJ�WKH�VXFFLQFWFRQVWUDLQW��)RUPDOO\��D�VHW�6 LV�LQ�&N�� LI�
NF /6/6DQGN6DQG666 �c�Iz�c c�cc� �� T([WHQVLRQV� WR� WKH� DERYH� VWUDWHJ\� IRU� PHPEHU� JHQHUDWLQJ� IXQFWLRQV� RI�WKH�JHQHUDO�IRUP�LVVWUDLJKWIRUZDUG�>��@�)URP� WKH� GHILQLWLRQ� RI� PHPEHU� JHQHUDWLQJ� IXQFWLRQV�� LW� FDQ� EH� QRWLFHG� WKDW� IRU�VXFFLQFWFRQVWUDLQWV�� WKHUH�LV�D�PLQLPXP�FDUGLQDOLW\�IRU�LWHPVHWV�IROORZLQJ�WKH�FRQVWUDLQW��WKLV�SURSHUW\ZLOO� EH�IRUPDOO\�SURYHG�LQ�VXEVHFWLRQ���������7KH�DERYH�VWUDWHJ\�JXDUDQWHHV�WKDW�HYHU\�VWHS�RIFDQGLGDWH� JHQHUDWLRQ��EHIRUH�UHDFKLQJ�WKLV�PLQLPXP�FDUGLQDOLW\��ZLOO�FRQVLVW�RI�RQO\�IUHTXHQWVHWV�� ,W�LV�WR�EH�QRWHG�WKDW��LQ�WKH�DERYH�VWUDWHJ\��LW�ZDV�SRVVLEOH�WR�VWDUW�IURP�WKH�EHJLQQLQJ�E\

��� &&& F u DQG� SURFHHG� ZLWK� FRXQWLQJ� WR� JHW�/���+RZHYHU��VXFK�WHFKQLTXH�ZLOO�JHQHUDWHXQQHHGHG� FDQGLGDWHV� WKDW� DUH� NQRZQ�WR�EH�QRW�IUHTXHQW��7KXV��WKH�DERYH�VWUDWHJ\�PLQLPL]HVWKH�QXPEHU�RI�JHQHUDWHG�FDQGLGDWHV�
&DVH�,,,��$QWL�PRQRWRQH�EXW�QRW�VXFFLQFW�FRQVWUDLQWV
6XFK� FRQVWUDLQWV� DUH� IUHTXHQF\�OLNH� FRQVWUDLQWV� KDYLQJ� WKH� VDPH� FORVXUH� SURSHUW\� RI� WKHIUHTXHQF\� FRQVWUDLQW�� 7KLV� VXJJHVWV� XVLQJ� WKH� VDPH� WHFKQLTXH� DV�LQ�WKH�$SULRUL�DOJRULWKP�,WHPVHWV�DUH�JHQHUDWHG�DQG�WHVWHG�IRU�VDWLVIDFWLRQ�RI�WKH�DQWL�PRQRWRQH�FRQVWUDLQW�EHIRUH EHLQJFRXQWHG�
6WUDWHJ\�,,,�
'HILQH� &N DV� LQ� WKH�FODVVLFDO�$SULRUL�DOJRULWKP��'URS�D�VHW�6�� &N IURP�FRXQWLQJ�LI�6 IDLOV�WRVDWLVI\�WKH�FRQVWUDLQW�&� T



��

&DVH�,9��1RQ�VXFFLQFW�DQG�QRQ�DQWL�PRQRWRQH�FRQVWUDLQWV
6XFK� FRQVWUDLQWV� GR� QRW� KDYH� D� VWUDWHJ\� RI� RSWLPL]DWLRQ��+RZHYHU��ZKDW�FDQ�EH�GRQH�LV�WRLQGXFH� D� ZHDNHU� FRQVWUDLQW� VXFK� WKDW�DOO�LWHPVHWV�VDWLVI\LQJ�WKH�RULJLQDO�FRQVWUDLQW�ZLOO�DOVRVDWLVI\� WKH� ZHDNHU� FRQVWUDLQW�� 8VLQJ� WKH� ZHDNHU� FRQVWUDLQW� ZLOO� UHVWULFW� WKH� LWHPVHWV�WR�DVPDOOHU� VXSHUVHW� RI� WKRVH� VDWLVI\LQJ�WKH�RULJLQDO�FRQVWUDLQW��7KHQ��WKH�JHQHUDWHG�LWHPVHWV�DUHFKHFNHG�LQ�D�ILQDO�URXQG�IRU�VDWLVIDFWLRQ�RI�WKH�RULJLQDO�FRQVWUDLQW�
6WUDWHJ\ ,9�
�� ,QGXFH� DQ\�ZHDNHU�FRQVWUDLQW�&© IURP�WKH�RULJLQDO�FRQVWUDLQW�&��'HSHQGLQJ�RQ�WKH�W\SHRI�&©��XVH�RQH�RI�WKH�SUHYLRXV�RSWLPL]DWLRQ�VWUDWHJLHV�IRU�RSWLPL]DWLRQ�RI�WKH�JHQHUDWLRQ�RIIUHTXHQW�VHWV��� 7HVW�WKH�JHQHUDWHG�IUHTXHQW�LWHPVHWV�IRU�WKH�VDWLVIDFWLRQ�RI�&� T

$OJRULWKP�&$3
� ,I QRQHVXFFVDP &&& �� LV�QRQ�HPSW\�WKHQ� 3UHSDUH�&� DV�LQGLFDWHG�LQ�VWUDWHJLHV�,��,,�DQG�,9��N �� ,I� VXFF& LV�QRQ�HPSW\�WKHQ� &RQGXFW�D�GDWDEDVH�VFDQ�WR�IRUP�/� DV�LQGLFDWHG�LQ�VWUDWHJ\�,,� )RUP�&� DV�LQGLFDWHG�LQ�VWUDWHJ\����N �� :KLOH�&N QRW�HPSW\� &RQGXFW�D�GDWDEDVH�VFDQ�WR�IRUP�/N IURP�&N�� )RUP� &N�� IURP�/N EDVHG�RQ�VWUDWHJ\�,,�LI VXFF& LV�QRQ�HPSW\��DQGVWUDWHJ\�,,,�IRU�FRQVWUDLQWV�LQ�&DP� ,I� &QRQH LV�HPSW\�WKHQ�� NN /$QV � �� (OVH�DQ�LWHPVHW�6�LV�LQ�$QV LII�6 VDWLVILHV�&QRQH�)LJXUH������+LJK�OHYHO�GHVFULSWLRQ�RI�WKH�&$3 DOJRULWKP
$V� DQ� H[DPSOH� IRU� VXFK�D�VWUDWHJ\��FRQVLGHU�WKH�FRQVWUDLQW�DYJ�6�SULFH��d Y ZKLFK�LV�QHLWKHUVXFFLQFW� QRU� DQWL�PRQRWRQH�� +RZHYHU��LW�FDQ�EH�HDVLO\�VHHQ�WKDW HYHU\�LWHPVHW�VDWLVI\LQJ�WKLVFRQVWUDLQW� ZLOO� DOVR� VDWLVI\� WKH� VXFFLQFW�QRQ�DQWL�PRQRWRQH�FRQVWUDLQW�PLQ�6�SULFH��d Y��7KHDERYH� VWUDWHJ\� VXJJHVWV�XVLQJ�WKH�VHFRQG�FRQVWUDLQW�WR�WU\�WR�UHVWULFW�WKH�VL]H�RI�WKH�JHQHUDWHGVHW� E\� VWUDWHJ\� ,,� DQG� WKHQ�WHVW�WKH�JHQHUDWHG�LWHPVHWV�IRU�VDWLVIDFWLRQ�RI�WKH�ILUVW�FRQVWUDLQW�)LJXUH���� JLYHV�D�KLJK�OHYHO�GHVFULSWLRQ�RI�WKH�&$3 DOJRULWKP�



��

���� ,QFUHPHQWDO�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV
7KLV� VHFWLRQ� LV� GHYRWHG� WR� WKH� VHFRQG� FRUQHU� SRLQW� RI� WKH� SURSRVHG� DOJRULWKP�� QDPHO\LQFUHPHQWDO� PLQLQJ� RI� DVVRFLDWLRQ� UXOHV�� )LUVW� WKH� SUREOHP� LV� IRUPDOO\� GHILQHG� DQG� WKHLPSRUWDQW� WKHRUHWLFDO� UHVXOWV� DUH� SUHVHQWHG�� 1H[W��WKH�QHJDWLYH�ERUGHU�LQWURGXFHG�LQ�>��@�E\7RLYRQHQ� LV�IRUPDOO\�SUHVHQWHG�ZLWK�WKH�SURRI�WKDW�LW�LV�DQ�LQGLFDWRU�IRU�WKH�QHFHVVLW\�WR�FKHFNWKH�RULJLQDO�GDWDEDVH�DIWHU�D�GDWDEDVH�XSGDWH�
����� 3UREOHP�GHILQLWLRQ
,Q� LWV� ILUVW� LQWURGXFWLRQ� >��@�� WKH�SUREOHP�RI�LQFUHPHQWDO�PLQLQJ�ZDV�GHILQHG�DV�IROORZV��OHW/'% EH� D� VHW� RI� IUHTXHQW� LWHPVHWV� LQ�D�WUDQVDFWLRQDO�GDWDEDVH�'%��$IWHU�VRPH�XSGDWH�RI�WKHGDWDEDVH�� DQRWKHU� VHW� RI� WUDQVDFWLRQV� GE LV�DGGHG�WR�'%��WKH�JHQHUDO�SUREOHP�DOVR��LQFOXGHVGHOHWLRQ�� WR� JHW� WKH� XSGDWHG� GDWDEDVH�'%���:LWK�UHVSHFW�WR�WKH�VDPH�PLQVXS WKUHVKROG��LW�LVUHTXLUHG�WR�GLVFRYHU /'%� ��WKH�QHZ�VHW�RI�IUHTXHQW�LWHPVHWV�IRU�WKH�XSGDWHG�GDWDEDVH�,Q� >��@��&KHXQJ�HW�DO��DOVR�VWDWHG�WKDW�PDLQWHQDQFH�RI�IUHTXHQW�LWHPVHWV�LQYROYHV�VHDUFKLQJ�IRUWZR�NLQGV�RI�LWHPVHWV�D� /RVHUV�� IUHTXHQW� LWHPVHWV� WKDW� EHFDPH� LQIUHTXHQW�DIWHU�DGGLQJ�WKH�LQFUHPHQW�GDWD WR�WKHGDWDEDVH�E� :LQQHUV�� LQIUHTXHQW� LWHPVHWV�WKDW�EHFDPH�IUHTXHQW�DIWHU�DGGLQJ�WKH�LQFUHPHQW�GDWD�WR�WKHGDWDEDVH�6HDUFKLQJ� IRU� ZLQQHUV� LV� WKH� PRVW�GLIILFXOW�RI�WKH�WZR�SUREOHPV�VLQFH�LW�UHTXLUHV�UHVFDQQLQJWKH� RULJLQDO� GDWDEDVH� �ZKLFK� LV� W\SLFDOO\� RUGHUV� RI� PDJQLWXGH� ODUJHU� WKDQ� WKH� LQFUHPHQWGDWDEDVH�� WR� FRXQW� WKH� VXSSRUW� RI�ZLQQHUV��6HYHUDO�UHVXOWV�ZHUH�SUHVHQWHG�LQ�WKH�VDPH�ZRUNWKDW�EHFDPH�WKH�JURXQG�XSRQ�ZKLFK�YLUWXDOO\�DOO�DSSURDFKHV�WR�WKH�SUREOHP�UHO\��7KHVH�UHVXOWVVHUYH� WR� OLPLW� WKH� VHDUFK� VSDFH� IRU� WKH� ZLQQHUV� WR� WKH� PLQLPXP� SRVVLEOH�� ,Q� WKH� QH[WSDUDJUDSKV�WKHVH�UHVXOWV�DUH�SUHVHQWHG�ZLWKRXW�SURRI�
/HPPD��
$Q� LQIUHTXHQW� LWHPVHW�6 LQ�'%�FDQ�EHFRPH�D�ZLQQHU LQ�WKH�XSGDWHG�GDWDEDVH��'%���RQO\�LI�LWLV�IUHTXHQW�LQ�WKH�LQFUHPHQW�GDWDEDVH�GE �L�H��RQO\�LI�6 � /GE��
/HPPD��
/HW�6 EH�DQ�LWHPVHW��,I�6 � /'% DQG�6 � /GE WKHQ�6 � /'%��



��

7KH� ILUVW� OHPPD� LV� WKH� PRVW� LPSRUWDQW� RQH� VLQFH� LW� JUHDWO\� UHVWULFWV� WKH� QXPEHU� RI� WKHFDQGLGDWHV� WKDW� QHHG� WR EH� FKHFNHG� DJDLQVW� WKH� RULJLQDO� GDWDEDVH�� ZKLFK� LV� WKH� PRVWGHPDQGLQJ�WDVN�RI�WKH�ZKROH�SURFHVV�ZLWK�UHVSHFW�WR�WLPH�DQG�UHVRXUFHV�
����� 'HILQLWLRQ�RI�WKH�QHJDWLYH�ERUGHU7KH� FRQFHSW� RI� WKH� QHJDWLYH�ERUGHU��DV�PHQWLRQHG�HDUOLHU��ZDV�LQWURGXFHG�E\�7RLYRQHQ�>��@IRU� WKH� SXUSRVH� RI� XVLQJ� VDPSOLQJ�WR�JHQHUDWH�WKH�IUHTXHQW�LWHPVHWV��7KH�VDPH�FRQFHSW�ZDVXVHG� HIIHFWLYHO\� LQ� WKH� FRQWH[W� RI� LQFUHPHQWDO� PLQLQJ� LQ� >���� ��@�WR�JUHDWO\�VSHHG�XS WKHSURFHVV� RI� PDLQWDLQLQJ� IUHTXHQW� VHWV� DIWHU�D�GDWDEDVH�XSGDWH��7KH�PDLQ�FRQWULEXWLRQ�LQ�>�����@� ZDV� WKH� SURRI� WKDW� WKH� QHJDWLYH� ERUGHU� KDV� WKH� SURSHUW\�RI�EHLQJ�DQ�LQGLFDWRU�IRU�WKHQHFHVVLW\� RI�FKHFNLQJ WKH�RULJLQDO�GDWDEDVH�IRU�ZLQQHUV��1H[W��WKH�QHJDWLYH�ERUGHU�LV�IRUPDOO\GHILQHG�DQG�WKH�SURRI�RI�LWV�SURSHUW\�LV�JLYHQ�
'HILQLWLRQ������1HJDWLYH�ERUGHU��1%G�/���RI�D�VHW�RI�IUHTXHQW�LWHPVHWV�/
*LYHQ� D� FROOHFWLRQ� /� � 3�5�� RI� VHWV� �ZKHUH� 3�5��LV�WKH�SRZHUVHW�RI�VRPH�XQLYHUVDO�VHW�RILWHPV� 5��� FORVHG� ZLWK� UHVSHFW� WR� WKH�VHW�LQFOXVLRQ�UHODWLRQ��WKH�QHJDWLYH�ERUGHU�1%G�/��RI�/FRQVLVWV�RI�WKH�VHW�RI�PLQLPDO�LWHPVHWV�;�� 5 QRW�LQ�/� T
,QIRUPDOO\�� WKH�QHJDWLYH�ERUGHU�RI�D�VHW�RI�IUHTXHQW�LWHPVHWV�/ FRQVLVWV�RI�DOO�WKH�LWHPVHWV�WKDWDUH� QRW� LQ� / EXW� KDYH� DOO� WKHLU� VXEVHWV� LQ� /�� 7KH� LQWXLWLRQ� EHKLQG�WKH�FRQFHSW�LV�WKDW�WKHLWHPVHWV�LQ�WKH�QHJDWLYH�ERUGHU�DUH�WKH�FORVHVW LWHPVHWV�WKDW�FRXOG�EH�IUHTXHQW��WRR�>��@�

)LJXUH������7KH�VHW�RI�IUHTXHQW�LWHPVHWV�ZLWK�WKHLU�QHJDWLYH�ERUGHU��VKDGHG�
:LWK� UHVSHFW� WR� WKH� H[DPSOH� GDWDEDVH� RI� )LJXUH� ����� DQG�FRQVLGHULQJ�D�PLQLPXP�VXSSRUW
WKUHVKROG� RI���� �� WUDQVDFWLRQV�LQ�WKLV�FDVH���)LJXUH���� LOOXVWUDWHV�WKH�VHW�RI�IUHTXHQW�LWHPVHWVDQG�WKHLU�QHJDWLYH�ERUGHU�DFFRUGLQJ�WR�WKH�SUHYLRXV�GHILQLWLRQ�
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/HPPD��
$OO���LWHPVHWV�VKRXOG�EH�SUHVHQW�LQ�/�� 1%G�/��
3URRI
6LQFH� WKH� HPSW\� VHW� LV� IUHTXHQW� E\� GHILQLWLRQ�� WKHQ� LI�D���LWHPVHW�LV�QRW�LQ�/��DOO�LWV�SURSHUVXEVHWV� �RQO\� WKH� HPSW\� VHW� LQ� WKLV� FDVH�� DUH� IUHTXHQW�� KHQFH� LW� VKRXOG� EH�LQ�1%G�/��E\GHILQLWLRQ�RI�WKH�QHJDWLYH�ERUGHU� T
7KHRUHP��
/HW� 6� EH�DQ�LWHPVHW�� � �'%'%'% /1%G/6/6 ��� � 	 ��WKHQ�WKHUH�H[LVWV�DQ�LWHPVHW�W�VXFK�WKDW� � ���� '%'% /W/1%GW6W 	� ��7KDW�LV�VRPH�LWHPVHW�KDV�PRYHG�IURP�1%G�/'%��WR�/'%��
3URRI
6LQFH� 6 � /'%��� DOO� SRVVLEOH� VXEVHWV� RI� 6 VKRXOG� DOVR� EH�LQ�/'%���%XW�DOO�WKH�VXEVHWV�RI�6FDQQRW� EH� LQ� /'% EHFDXVH�LI�WKDW�ZDV�WKH�FDVH��WKHQ�6 VKRXOG�EH�SUHVHQW�LQ�DW�OHDVW�1%G�/'%��%\� DVVXPSWLRQ�� 6� � /'%�� 1%G�/'%���7KHUHIRUH��WKHUH�H[LVWV�DQ�LWHPVHW�W VXFK�WKDW�W � 6 DQGW � /'%��1RZ��WKHUH�DUH�WZR�FDVHV�
&DVH� L�� W�� 1%G�/'%���7KXV�W � /'%� DQG LV�WKH�UHTXLUHG�VXEVHW�ZKLFK�PRYHG�IURP�1%G�/'%�WR�/'%� DQG�WKH�WKHRUHP�LV�SURYHG�
&DVH� LL�� W�� 1%G�/'%��ZKLFK�PHDQV�W�� /'%�� 1%G�/'%��DQG�W � /'%���7KXV�WKH�WKHRUHP�FDQEH� UHFXUVLYHO\� DSSOLHG� RQ� W�� 1RWH� WKDW� WKH� VL]H�RI�W LV�OHVV�WKDQ�WKDW�RI�6��(YHQWXDOO\��HLWKHUFDVH L� ZLOO�EH�UHDFKHG�RU�W ZLOO�EH�D���LWHPVHW��%\�/HPPD ���DOO�VXFK�LWHPVHWV�DUH�LQ�1%G�/'%�LI�QRW�LQ�/��7KXV�WKH�WKHRUHP�LV�SURYHG� T
7KH� LPSRUWDQFH� RI� WKH� SUHYLRXV� WKHRUHP� LV� WKDW� LW� VKRZV� WKDW�LW�LV�QHFHVVDU\�IRU�D�ZLQQHULWHPVHW� WR� KDYH� RQH�RI�LWV�VXEVHWV�LQ�1%G�/'%��PRYLQJ�WR�/'%� �L�H��VRPH�ERUGHU�LWHPVHW�ZLOODOVR� EHFRPH� D� ZLQQHU��� 7DNLQJ� WKH�FRQWUDSRVLWLYH�RI�WKH�WKHRUHP��RQH�FDQ�GHGXFH�WKDW�LI�QRLWHPVHWV�LQ�1%G�/'%��PRYH�WR�/'%� WKHQ�WKHUH�H[LVW�QR�ZLQQHUV��+HQFH��LW�VXIILFHV�WR�FKHFN�IRUWKH� LWHPVHWV� LQ�WKH�QHJDWLYH�ERUGHU�WR�VHH�LI�D�VFDQ�RI�WKH�RULJLQDO�GDWDEDVH�LV�UHDOO\�QHHGHG�WRILQG�DQ\�QHZ�ZLQQHUV�



��

���� ,QFUHPHQWDO�PLQLQJ�RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHV
,Q� WKLV� VHFWLRQ�� WKH� UHTXLUHG� IRUPDO� GHVFULSWLRQ� RI�WKH�WDFNOHG�SUREOHP�LV�VHW��6HFWLRQ������GHILQHV� WKH� SUREOHP� RI�LQFUHPHQWDO�PLQLQJ�RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHV�LQ�WKH�FRQWH[W�RI&)4V�� 1H[W��VHFWLRQ������ GHILQHV�WKH�SURSRVHG�FRQVWUDLQHG�QHJDWLYH�ERUGHU�WR�EH�XVHG�LQ�WKLVFRQWH[W�� 7KHQ� WKH� SURRI�WKDW�WKH�QHZ�FRQVWUDLQHG�ERUGHU�LV�D�YDOLG�LQGLFDWRU�IRU�WKH�QHFHVVLW\RI�FKHFNLQJ�WKH�RULJLQDO�GDWDEDVH�DIWHU�DGGLQJ�WUDQVDFWLRQV�LV�JLYHQ�
����� )RUPDO�SUREOHP�GHILQLWLRQ,Q� WKH� FRQWH[W� RI� FRQVWUDLQHG� IUHTXHQW�VHW� TXHULHV�� WKH� SUREOHP� RI�LQFUHPHQWDO�PLQLQJ�RIDVVRFLDWLRQ� UXOHV�FDQ�EH�UHVWDWHG�DV�IROORZV��OHW� '%F/ EH�D�VHW�RI�IUHTXHQW�LWHPVHWV�LQ�D�GDWDEDVH'% WKDW� VDWLVILHV�D�FHUWDLQ�FRQVWUDLQW�& GHILQHG�WKURXJK�VRPH�&)4 � �^ `&66 FD � ��$IWHU�VRPHXSGDWH� RI� WKH� GDWDEDVH�� DQRWKHU� VHW� RI� WUDQVDFWLRQV� GE LV� DGGHG� WR�'% WR�JHW�WKH�XSGDWHGGDWDEDVH� '%��� ,W� LV� UHTXLUHG�WR�GLVFRYHU�WKH�QHZ�VHW� �'%F/ RI�IUHTXHQW�LWHPVHWV�WKDW�VDWLVILHVWKH�VDPH�FRQVWUDLQW�&�LQ�WKH�XSGDWHG�GDWDEDVH�$V� PHQWLRQHG� EHIRUH�� WKH� FRQFHSW� RI� WKH� QHJDWLYH� ERUGHU�SURYHG�XVHIXO�LQ�WKH�SUREOHP�RILQFUHPHQWDO� PLQLQJ� RI� DVVRFLDWLRQ� UXOHV�� 7KH� FKDOOHQJH� LV� WR� WU\� WR� DGDSW� WKH�FRQFHSW�RIQHJDWLYH� ERUGHU� IRU� &)4V�� ,W� FDQ� EH� QRWLFHG� WKDW� WKH� QHJDWLYH� ERUGHU� DV� GHILQHG�EHIRUHUHSUHVHQWV� WKH� FDQGLGDWH� LWHPVHWV� FRXQWHG� E\� WKH� $SULRUL DOJRULWKP� WKDW� WXUQHG�WR�EH�QRWIUHTXHQW�� 7KLV� PD\� JLYH� DQ� LQVLJKW� WR� XVH�WKH�VDPH�VHWV�FRXQWHG�E\�WKH�&$3 DOJRULWKP�EXWIRXQG� VPDOO�� DV� WKH� QHZ� QHJDWLYH� ERUGHU�� 7KLV�OHDGV�WR�WKH�IROORZLQJ�GHILQLWLRQ�RI�WKH�QHZQHJDWLYH�ERUGHU�ZKLFK�LV�QDPHG�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�
����� 7KH�FRQVWUDLQHG�QHJDWLYH�ERUGHU
'HILQLWLRQ� ����� &RQVWUDLQHG� 1HJDWLYH� %RUGHU� &1%G�/F�� RI� D� VHW� RI� FRQVWUDLQHG�IUHTXHQWLWHPVHWV�/F7KH� FRQVWUDLQHG� QHJDWLYH� ERUGHU� RI� D� VHW� RI�IUHTXHQW�LWHPVHWV�/F��VDWLVI\LQJ�D�FRQVWUDLQW�&�KHQFHIRUWK�UHIHUUHG�WR�DV�&1%G�/F� LV�GHILQHG�DV�IROORZV�� � ^ `VXFFF

IUHTF &VDWLVI\QRWGRHV6RU/666 &&RQO\VDWLVI\LQJLWHPVHWDQLV66/&1%G c�c��c � 	 T



��

,QIRUPDOO\�� WKH� FRQVWUDLQHG� QHJDWLYH� ERUGHU�FRQVLVWV�RI�DOO�WKH�LWHPVHWV�WKDW�DUH�QRW�IUHTXHQWEXW� KDYH�DOO�WKHLU�VXEVHWV��RI�ZKLFK�WKHLU�IUHTXHQFLHV�DUH�NQRZQ��IUHTXHQW��7KH�UHDVRQ�IRU�RXUXQFHUWDLQW\� LV� WKH� JHQHUDWH�RQO\� SDUDGLJP� RI� VXFFLQFW� FRQVWUDLQWV�ZKLFK�OHDYHV�XV�ZLWK�QRNQRZOHGJH� RI� WKH�IUHTXHQF\�RI�LWHPVHWV�ZKLFK�GR�QRW�VDWLVI\�WKH�FRQVWUDLQW�VLQFH�WKH\�DUH�QRWJHQHUDWHG� IURP� WKH� ILUVW�SODFH��-XVW�OLNH�VWUDWHJ\�,,�RI�WKH�&$3 DOJRULWKP��LI�DQ�LWHPVHW�LQ�WKHERUGHU�KDV�VXFK�D�VXEVHW��LW�LV�JLYHQ�WKH�PHULW�RI�GRXEW�E\�DVVXPLQJ�LW�WR�EH�IUHTXHQW�*LYHQ� WKDW� WKH� QRUPDO� QHJDWLYH� ERUGHU� ZDV� DQ� LQGLFDWRU� IRU�WKH�QHFHVVLW\�RI�FKHFNLQJ�WKHRULJLQDO� GDWDEDVH�IRU�ZLQQHUV��LW�ZRXOG��VHHP�QDWXUDO�LI�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�ZRXOGSOD\� WKH� VDPH� UROH�� 7KH� RULJLQDO� QHJDWLYH� ERUGHU� SRVVHVVHG� WKH� SURSHUW\�RI�KDYLQJ�DOO�LWVPHPEHUV� PLQLPDOO\� VPDOO�� PHDQLQJ� WKDW�DOO�WKHLU�SURSHU VXEVHWV�DUH�ODUJH��,Q�WKH�FRQWH[W�RI&)4V�� WKH� VDPH� FRQFHSW� FDQ� EH� JHQHUDOL]HG� WR� LQFOXGH�DOO�DQWL�PRQRWRQH�FRQVWUDLQWV��%XWVLQFH� VXFFLQFW�FRQVWUDLQWV�GR�QRW�SRVVHV�WKH�VDPH�FORVXUH�SURSHUW\��LW�LV�QRW�JXDUDQWHHG�WKDW�DOOSURSHU� VXEVHWV� VDWLVI\� WKH� FRQVWUDLQW�� 7KH�IROORZLQJ�OHPPDV�KHOS�LQ�EHWWHU�XQGHUVWDQGLQJ�RIWKH� VXFFLQFW� FRQVWUDLQWV�� 7KH\� FOHDU� WKH� ZD\�IRU�WKH�SURRI�RI�WKH�QH[W�WKHRUHP�ZKLFK�VWDWHVWKDW� WKH� FRQVWUDLQHG� QHJDWLYH� ERUGHU� LV� VWLOO� LQGHHG� DQ� LQGLFDWRU� IRU�FKHFNLQJ�WKH�RULJLQDOGDWDEDVH�
/HPPD��
/HW� & EH� D� VXFFLQFW� FRQVWUDLQW� ZLWK� DQ� 0*)� 0� GHILQHG� DV� IROORZV�� �^ `NM;QNQL,WHP;;;0 MSLQ L ddIzd�ddV��� ���	������ �� ,W� LV� � DVVXPHG�ZLWKRXW� ORVV�RI�JHQHUDOLW\��WKDW�WKH�VDWLVI\LQJ�VHWV�RI�WKH�VHOHFWLRQ�SUHGLFDWHV�� VLS 
V ��RI�0 DUHDOO�GLVMRLQW�IRU�� d M d N�/HW�6 EH�DQ�LWHPVHW�VDWLVI\LQJ�&��,W�IROORZV�WKDW� N6 t ZKHUH�N LV�DV�GHILQHG�LQ�0�
3URRI
6LQFH� 6 VDWLVILHV� &�� 6 LV� JHQHUDWHG� E\�0��WKHQ� � � NM;,WHP6 MS M ddIz V� �� ��6LQFH�DOO
;M©V DUH� QRQ�HPSW\� DQG� GLVMRLQW��WKHQ� N;;WZKHUH6WNW �� �t ����	 � ��7KLV�LPSOLHVRXU�UHVXOW�DQG�FRPSOHWHV�WKH�SURRI�� T,Q� RWKHU� ZRUGV�� N� LV� WKH� ORZHU� ERXQG� RI� WKH� VL]H�RI�DQ\�LWHPVHW�WKDW�VDWLVILHV�WKH�VXFFLQFWFRQVWUDLQW�� ,I�WKH�;M©V�ZHUH�QRW�GLVMRLQW��WKLV�PHDQV�WKDW�WKHUH�PLJKW�EH�DQ�LWHP�LQFOXGHG�LQ�WKHVDWLVI\LQJ� VHW�RI�WZR�RU�PRUH�VHOHFWLRQ�SUHGLFDWHV��:H�WKHQ�KDYH�D�ORZHU�ERXQG WKDQ��N IRU�WKHVL]H� RI� DQ� LWHPVHW� VDWLVI\LQJ�D�VXFFLQFW�FRQVWUDLQW��7KLV�ORZHU�ERXQG��P��LV�EHWZHHQ�� DQG�N�7KLV�ZLOO�QRW�DIIHFW�WKH�UHVXOW�RI�WKH�OHPPD�



��

7R� VHH� WKH� UHVXOW� RI� WKLV� OHPPD�� FRQVLGHU� WKH� IROORZLQJ�VLPSOH�H[DPSOH��5HIHUULQJ�WR�WKHH[DPSOH� GDWDEDVH�RI�)LJXUH������OHW�& EH�WKH�VXFFLQFW�FRQVWUDLQW� ^ `VRGDVQDFN7\SH6 �� � ��7KH0*) RI�WKLV�FRQVWUDLQW�LV� � � � � � �^ `IzIzV�V�V��� �������� ����_ ��� ;;,WHP;,WHP;,WHP;;;;0 SSSZKHUH� � �

� VRGD7\SHS   �� � �

� VQDFN7\SHS   �� DQG� � �



� VQDFN7\SHVRGD7\SHS z�z �7KH� YDOXH� RI� N KHUH� LV����7KH�OHPPD�VLPSO\�VWDWHV�WKDW�DQ\�LWHPVHW�VDWLVI\LQJ�WKH�FRQVWUDLQWVKRXOG� KDYH� DW� OHDVW � LWHPV�� 7KLV� LV� FOHDU� VLQFH� D�VDWLVI\LQJ�LWHPVHW�PXVW�FRQWDLQ�ERWK�DµVQDFN¶� DQG� D� µVRGD¶� LWHP� �WKLV�LV�RI�FRXUVH�DVVXPLQJ�QR�VLQJOH�LWHP�LV�ERWK D�µVQDFN¶�DQG�DµVRGD¶� LWHP� DW� WKH� VDPH� WLPH��� )RU� WKH� H[DPSOH� GDWDEDVH�� WKRVH�PLQLPXP�VL]HG�LWHPVHWVVDWLVI\LQJ�WKH�FRQVWUDLQW�DUH�WKH�LWHPVHWV�%& DQG�%)�
/HPPD��
$VVXPLQJ� N LV�DV�GHILQHG�LQ�WKH�0*) RI�/HPPD ���DOO�LWHPVHWV�RI�VL]H�N VDWLVI\LQJ�&�&IUHT DUHLQ� /F � &1%G�/F��� )XUWKHUPRUH�� DOO� LWHPVHWV� RI� VL]H� N�� KDYLQJ�DOO�WKHLU�N�VL]HG�VXEVHWVZKLFK�VDWLVI\�&VXFF LQ�/F DUH�LQ�/F � &1%G�/F��3URRI
$VVXPH� 6 LV�DQ�LWHPVHW�RI�VL]H N VDWLVI\LQJ�&�&IUHT��,I�6 VDWLVILHV�&IUHT WKHQ�6 � /F��HOVH�6 � /FDQG� E\� /HPPD � QR� SURSHU� VXEVHW� RI� 6 VDWLVI\� &VXFF ZKLFK�LPSOLHV�WKDW�6�� &1%G�/F� E\GHILQLWLRQ�6LPLODUO\�� DVVXPLQJ� 6 LV� DQ� LWHPVHW�RI�VL]H N�� VDWLVI\LQJ�&�&IUHT DQG�DOO LWV�N�VL]HG�VXEVHWVZKLFK� VDWLVI\� &VXFF DUH� LQ� /F �QRWLFH� WKDW� E\�/HPPD ���DOO�RWKHU�SURSHU�VXEVHWV�RI�6 GR�QRWVDWLVI\� &VXFF���,I�6 VDWLVILHV�&IUHT WKHQ�6 � /F��HOVH�6 � /F DQG�IRU�DOO�6©�� 6�	�6©�VDWLVILHV�&VXFF�6© � /F ZKLFK�LPSOLHV�WKDW�6 � &1%G�/F� E\�GHILQLWLRQ��7KLV�FRPSOHWHV�WKH�SURRI� T7R� VHH� WKLV� E\� H[DPSOH��FRQVLGHU�WKH�VDPH�FRQVWUDLQW� ^ `VRGDVQDFN7\SH6 �� � ��$V�GLVFXVVHGDIWHU� /HPPD � WKH� VHW� RI� LWHPVHWV�RI�VL]H�� VDWLVI\LQJ�WKH�FRQVWUDLQW�LV�^%&��%)`��,W�LV�FOHDUWKDW� ERWK� LWHPVHWV� VKRXOG� EH� LQ� /F � &1%G�/F��� 1RZ�� FRQVLGHU� WKH�LWHPVHW�$%&��,W�VXUHVDWLVILHV� WKH�FRQVWUDLQW��KRZHYHU��DOO�LWV�SURSHU�VXEVHWV�H[FHSW�%& GR�QRW�VDWLVI\�WKH�FRQVWUDLQW�+HQFH�� LI� %& LV�LQ�/F DQG�$%& LV�QRW�IUHTXHQW��WKHQ�WKH�GHILQLWLRQ�RI�WKH�FRQVWUDLQHG�QHJDWLYHERUGHU�ZLOO�DSSO\�WR�LW��+HQFH��$%&�LV�LQ�/F � &1%G�/F��7KH� SUHYLRXV� OHPPD� VHWV� D� ORZHU� ERXQG�RQ�WKH�VL]H�RI�LWHPVHWV�LQ�WKH�FRQVWUDLQHG�QHJDWLYHERUGHU��PXFK�DV�/HPPD � VHWV�D�ORZHU�ERXQG�IRU�WKH�VL]H�RI�LWHPVHWV�LQ�WKH�QHJDWLYH�ERUGHU�



��

/HPPD��
/HW� & EH� D� VXFFLQFW�FRQVWUDLQW�ZLWK�DQ�0*)�0�VLPLODU�WR�WKDW�GHILQHG�LQ�/HPPD ���DQG�OHW�6EH� DQ� LWHPVHW� VDWLVI\LQJ� &� ,I� _6_� !� N�� ZKHUH� N LV�DV�GHILQHG�LQ�0��WKHQ�� W � 6 VXFK�WKDW�WVDWLVILHV�&�
3URRI
.HHSLQJ� WKH�VDPH�DVVXPSWLRQ��WKDW�WKH�VDWLVI\LQJ�VHWV�RI�WKH�VHOHFWLRQ�SUHGLFDWHV�� VLS 
V ��RI�0DUH� DOO� GLVMRLQW� IRU� � d M d N� OHW� � � NM,WHP6; MSM ddV� �� ��)URP�WKH�DERYH�DVVXPSWLRQDQG� VLQFH� 6 VDWLVILHV�&��LW�IROORZV�WKDW�DOO�WKH�;M©V DUH�QRQ�HPSW\�DQG�GLVMRLQW��1RZ��WKHUH�DUHWZR�FDVHV��� �;M�� _;M_�  � � �L�H�� 6 FRQWDLQV� RQO\� RQH� LWHP� IURP� HYHU\� PDQGDWRU\� VHW��� /HWW  ;� �þ � ;N�� :H� KDYH� _W_�  � N DQG� W � 6�� &OHDUO\�� W LV� JHQHUDWHG�E\�0 DQG�KHQFH

VDWLVILHV� WKH� FRQVWUDLQW� & DQG� VLQFH� _6_�! N WKHQ�W � 6��7KLV�JLYHV�WKH�VWDWHG�UHVXOW�LQ�WKHOHPPD��� �;P VXFK� WKDW� _;P_� !� ���� d P d N��1RZ��OHW�;P
�EH�D�SURSHU�VXEVHW�RI�;P VXFK�WKDW�;P
�LVQRQ�HPSW\��FOHDUO\�VXFK�D�SURSHU�VXEVHW�H[LVWV��/HW�W  ;� �«�� ;P
��« � ;N��:H�KDYH� � � � Iz V�zddIz V� 
;,WHPWPMDQGNM;,WHPW PSMS PM ��� WKHQ� W LV� JHQHUDWHG
E\�0 DQG�W VDWLVILHV�&��$OVR��VLQFH�W � 6  �W DQG�;P � 6 DQG�;P � W WKHQ�W � 6�7KLV�FRPSOHWHV�WKH�SURRI�� T,QIRUPDOO\�� WKH� SUHYLRXV�OHPPD�VWDWHV�WKDW�DQ\�LWHPVHW�VDWLVI\LQJ�WKH�VXFFLQFW�FRQVWUDLQW�ZLWKD� JUHDWHU� FDUGLQDOLW\�WKDQ�WKH�PLQLPXP�FDUGLQDOLW\�VHW�E\�/HPPD � ZLOO�KDYH�D�SURSHU VXEVHWRI�LW�WKDW�DOVR�VDWLVILHV�WKH�FRQVWUDLQW�7R� VHH� WKLV� E\� H[DPSOH�� FRQVLGHU�WKH�VDPH�FRQVWUDLQW�DQG�H[DPSOH�GDWDEDVH��:H�NQRZ�WKDWWKH� PLQLPXP� VL]HG� LWHPVHWV� VDWLVI\LQJ� & DUH� ^%&�� %)`��&RQVLGHU�WKH�LWHPVHW�$%&��LW�KDVH[DFWO\� RQH� VRGD� LWHP�� µ%¶�� DQG� RQH� VQDFN�LWHP��µ&¶��7KHQ��LW�KDV�WKH�LWHPVHW�VHW�%& DV�WKHUHTXLUHG�SURSHU�VXEVHW�VDWLVI\LQJ�WKH�FRQVWUDLQW��)XUWKHUPRUH��FRQVLGHU�WKH�LWHPVHW�%&) ZKLFKDOVR� VDWLVILHV� WKH� FRQVWUDLQW�� +HUH��WKHUH�DUH�PRUH�WKDQ�RQH�LWHP�RI�W\SH�µVQDFN¶��QDPHO\�µ&¶DQG�µ)¶��7KLV�PDNHV�ERWK�%& DQG�%) TXDOLI\�DV�WKH�UHTXLUHG�SURSHU�VXEVHWV�7KH�SUHYLRXV�UHVXOWV�FOHDU�WKH�URDG�IRU�SURYLQJ�WKH�QH[W�WKHRUHP�



��

7KHRUHP��
/HW� 6� EH� DQ� LWHPVHW�� � �'%F'%F'%F /&1%G/6DQG/6 ��� � ��WKHQ�WKHUH�H[LVWV�DQ�LWHPVHW�W�VXFKWKDW� � �'%F/&1%GWDQG6W �� �
3URRI
/HW� WKH� 0*)� RI� &VXFF EH� DV�GHILQHG�LQ�/HPPD ���/HW�W�EH�DQ�LWHPVHW�VXFK�WKDW� 6W � ��6LQFH

�� '%F/6 ZH� NQRZ�WKDW�W PXVW�VDWLVI\�&IUHT DQG�&DP RI�&�LQ�WKH�XSGDWHG�GDWDEDVH��E\�GHILQLWLRQRI� DQWL�PRQRWRQLFLW\��� %\� /HPPD � DQG� /HPPD � ZH� NQRZ� WKDW�WKHUH�H[LVWV�DW�OHDVW�RQHVXEVHW� W� RI� 6 WKDW� VDWLVILHV� &VXFF RI� &� �VLQFH� 6 VDWLVILHV�&VXFF DQG � �'%F'%F /&1%G/6 �� LWIROORZV� WKDW� LWV� FDUGLQDOLW\� LV� JUHDWHU�WKDQ�WKH�PLQLPXP�FDUGLQDOLW\���/HW�W EH�VXFK�D�VXEVHW�WKHQ� W VDWLVILHV� & DQG� KHQFH� �� '%F/W ��%\�DVVXPLQJ�WKDW� � �'%F'%F /&1%G/6 �� ��WKHQ�WKHUHH[LVWV�D�SURSHU�VXEVHW�W RI�6 VXFK�WKDW�W VDWLVILHV�&VXFF DQG� '%F/W� ��RWKHUZLVH��LI�DOO�VXEVHWV�RI�6VDWLVI\LQJ� &VXFF ZHUH� LQ� '%F/ �� WKHQ� 6 VKRXOG� KDYH� EHHQ� LQ� � �'%F/&1%G E\�GHILQLWLRQ��:HFKRRVH� W DOVR� WR�EH�VXFK�D�VXEVHW��1RZ�ZH�KDYH� 6W � �� �� '%F/W ��DQG� '%F/W� ��7KHUH�DUH�WZRFDVHV�&DVH�L�� � �'%F/&1%GW� ��ZKLFK�PHDQV�WKDW�RXU�WKHRUHP�LV�SURYHG�&DVH� LL�� � �'%F/&1%GW� ��7KHUHIRUH��ZH�KDYH� �� '%F/W DQG� � �'%F'%F /&1%G/W �� DQG�ZH�FDQUHFXUVLYHO\� DSSO\� WKH� WKHRUHP�� (YHQWXDOO\� ZH� ZLOO� HLWKHU�HQFRXQWHU�FDVH�L�RU�ZH�ZLOO�KDYHNW  �� ,Q� WKH� ODWHU� FDVH�� E\�/HPPD ���DOO�VXFK�LWHPVHWV�DUH�LQ�WKH�FRQVWUDLQHG�ERUGHU�LI�WKH\DUH�QRW�IUHTXHQW��7KLV�FRPSOHWHV�WKH�SURRI�� T
7KH� SUHYLRXV� WKHRUHP� SURYHG� WKDW� WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�LV�SOD\LQJ�WKH�VDPH�UROHSOD\HG� E\� WKH� QRUPDO� QHJDWLYH� ERUGHU�LQ�>��@��7KLV�UHVXOW�ZLOO�EH�HPSOR\HG�LQ�WKH�SURSRVHGDOJRULWKP� ,&$3�� ,&$3 XVHV� WKH� &$3 DOJRULWKP� WR� GLVFRYHU� WKH� LQLWLDO� VHW�RI�FRQVWUDLQHGIUHTXHQW� LWHPVHWV� DORQJ� ZLWK� LWV� FRQVWUDLQHG� QHJDWLYH� ERUGHU�DQG�DVVXPHV�WKDW�WKH�VXSSRUWFRXQW� RI� HDFK� LWHPVHW�LQ�ERWK�VHWV�LV�NHSW�LQ�WKH�GDWDEDVH��7KH�QH[W�FKDSWHU�LV�GHYRWHG�IRU�WKHGHWDLOHG�SUHVHQWDWLRQ�RI�,&$3�



��

&KDSWHU��
��7+(�352326('�$/*25,7+0�,&$3

7KLV� FKDSWHU� LV� GHYRWHG� IRU� WKH�SUHVHQWDWLRQ�RI�WKH�SURSRVHG�DOJRULWKP�,&$3��,&$3 LV�EXLOWXSRQ� WKH� IRXQGDWLRQV� DQG� UHVXOWV� GLVFXVVHG� LQ�WKH�SUHYLRXV�FKDSWHU��,W�XVHV�WKH�FRQVWUDLQHGQHJDWLYH� ERUGHU� WR� GHFLGH� ZKHQ�WR FKHFN�WKH�RULJLQDO�GDWDEDVH�DIWHU�D�GDWDEDVH�XSGDWH��$V�DUHVXOW�� ,&$3 SHUIRUPV� DW� PRVW� RQH� VFDQ� RI� WKH� RULJLQDO� GDWDEDVH� RQO\� LI� LW�LV�DEVROXWHO\QHFHVVDU\�7KH� UHVW� RI� WKH� FKDSWHU� LV�RUJDQL]HG�DV�IROORZV��VHFWLRQ���� JLYHV�D�KLJK�OHYHO�GHVFULSWLRQ�RIWKH� DOJRULWKP�� &RPSXWLQJ� WKH� FRQVWUDLQHG� QHJDWLYH� ERUGHU� WXUQV� RXW� WR� EH� QRW� DVVWUDLJKWIRUZDUG� DV� LW� ZDV� LQ� WKH� FDVH� RI� WKH� RULJLQDO� QHJDWLYH� ERUGHU�� WKXV�� VHFWLRQ� ���
GLVFXVVHV� KRZ� WR� FRPSXWH� LW�� 6HFWLRQ� ��� IRUPDOO\�SURYHV�WKH�FRUUHFWQHVV�RI�WKH�DOJRULWKP�1H[W�� D� GHVFULSWLYH� H[DPSOH� LV� JLYHQ� WR� GHPRQVWUDWH� WKH� UHODWLYH� PHULWV� RI�WKH�SURSRVHGDOJRULWKP� DJDLQVW� WKH� QDwYH� DOWHUQDWLYH� RI� UHUXQQLQJ� WKH� DOJRULWKP� &$3 RQ� WKH� XSGDWHGGDWDEDVH� IURP� VFUDWFK�� 6HFWLRQ� ��� GLVFXVVHV� WKH� TXHVWLRQ� RI� ZKHQ� WR�XVH�,&$3� )LQDOO\�
VHFWLRQ���� WRXFKHV�XSRQ�VRPH�RI�WKH�LPSRUWDQW�LPSOHPHQWDWLRQ�GHWDLOV�
���� $OJRULWKP�GHVFULSWLRQ
%HIRUH� SURFHHGLQJ� ZLWK� WKH�GHVFULSWLRQ�RI�WKH�DOJRULWKP�LW�VKRXOG�EH�QRWHG�WKDW�RQO\�XSGDWHVRI� WKH� WUDQVDFWLRQDO� GDWDEDVH� LV� WDNHQ� LQWR� FRQVLGHUDWLRQ� �L�H��QR�FKDQJHV�RFFXU�LQ�WKH�GDWDGHVFULELQJ� WKH�LWHPV���7KHUHIRUH��LW�VKRXOG�EH�FOHDU�WKDW�DGGLQJ�DQG�UHPRYLQJ�WUDQVDFWLRQV�FDQRQO\� DIIHFW� WKH� VXSSRUW� RI� DQ� LWHPVHW� DQG� KDV� QR� HIIHFW� RQ� WKH� VDWLVILDELOLW\� RI� &�&IUHT�)RUPDOO\�� LI� DQ� LWHPVHW� 6 VDWLVILHG�&�&IUHT��EHIRUH�WKH�GDWDEDVH�XSGDWH��6 ZLOO�VDWLVI\�&�&IUHTDIWHU� WKH�GDWDEDVH�XSGDWH��7KH�DOJRULWKP�XVHV�DV�LQSXW�WKH�VHW�RI�FRQVWUDLQHG�IUHTXHQW�VHWV� '%F/RI�WKH�RULJLQDO�GDWDEDVH�'% DQG�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU� � �'%F/&1%G GLVFRYHUHG�XVLQJWKH�DOJRULWKP�&$3 DORQJ�ZLWK�WKH�IUHTXHQFLHV�RI�WKH�LWHPVHWV�LQ�ERWK�VHWV�7KH�SURSRVHG�DOJRULWKP�FDQ�EH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�VWHSV��� 8VH� DOJRULWKP� &$3 WR� GLVFRYHU� DOO� IUHTXHQW� LWHPVHWV� IROORZLQJ� WKH� FRQVWUDLQW� LQ�WKHLQFUHPHQW�GDWDEDVH�GE��VHH�VHFWLRQ������ IRU�D�GHVFULSWLRQ�RI�WKH�&$3 DOJRULWKP��



��

�� &RXQW� WKH�IUHTXHQFLHV�RI�WKH�LWHPVHWV�LQ�WKH�SUHYLRXVO\�GLVFRYHUHG�VHW� '%F/ DORQJ�ZLWK�WKHFRQVWUDLQHG� QHJDWLYH� ERUGHU� � �'%F/&1%G LQ� WKH� LQFUHPHQW� GDWDEDVH� GE WR�GLVFRYHU�WKHORVHUV�DQG�WKRVH�LWHPVHWV�ZKLFK�ZLOO�UHPDLQ�IUHTXHQW��� ,I� QR� QHZ� LWHPVHWV� TXDOLI\ DV�FDQGLGDWH�IUHTXHQW�LWHPVHWV��L�H���QR�QHZ�IUHTXHQW�LWHPVHWVDUH� GLVFRYHUHG�LQ�WKH�LQFUHPHQW�GDWDEDVH�GE DQG FDQGLGDWHV�LQ�WKH�QHJDWLYH�ERUGHU�UHPDLQLQIUHTXHQW���WKHQ�WKHUH LV�QR�QHHG�WR�UHVFDQ�WKH�RULJLQDO�GDWDEDVH��7KH�QHZ�QHJDWLYH�ERUGHUFDQ�EH�UHFRPSXWHG�DV�LQ�>��@��RQO\�LI�ORVHUV�H[LVW���� ,I� WKHUH� DUH� QHZ� TXDOLI\LQJ�FDQGLGDWHV��JHQHUDWH�WKH�QHJDWLYH�ERUGHU�FORVXUH�LQ�WKH�VDPHPDQQHU�DV�LQ�>��@�DQG�FRXQW�WKH�FDQGLGDWHV�LQ�WKLV�FORVXUH�DJDLQVW�WKH�RULJLQDO�GDWDEDVH�
,W� LV� FOHDU� IURP� WKH� GHVFULSWLRQ� RI� ,&$3 WKDW� LW� UHTXLUHV� DW� PRVW�RQH�VFDQ�RI�WKH�RULJLQDOGDWDEDVH� �GRQH�LQ�VWHS����RQO\�LI�WKH�GDWDEDVH�LQVHUWLRQV�FDXVH�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHUWR� H[SDQG�� ([SDQVLRQ� RI� WKH� ERUGHU�PHDQV�WKDW�WKHUH�DUH�SRWHQWLDO�LWHPVHWV�WKDW�FDQ�EHFRPHZLQQHUV� RWKHU� WKDQ� WKRVH� LQ� /F � &1%G�/F���7KLV�KDSSHQV�LI�WKHUH�H[LVW�ZLQQHUV�WKDW�FDQ�EHMRLQHG� ZLWK� RWKHU� IUHTXHQW� LWHPVHWV� RU� WKDW� FDQ� DOORZ� RWKHU� LWHPVHWV� WR�EH�FDQGLGDWHV�IRUWHVWLQJ�� 7R� VHH� WKLV�� FRQVLGHU�WKH�IROORZLQJ�H[DPSOH��$VVXPLQJ�WKH�VHW�RI�LWHPV�LV�^$��%��&�'`�� $IWHU�LQLWLDO�LQYHVWLJDWLRQ�RI�'%��LWHPVHWV�$%��$&��%& ZHUH�IRXQG�IUHTXHQW�DQG�$%& ZDVIRXQG� LQIUHTXHQW DQG�KHQFH�ZDV�LQ�WKH�FRQVWUDLQHG�ERUGHU��$IWHU�DGGLQJ�GE��DVVXPH�WKDW�$%&EHFDPH� D� ZLQQHU�� $OWKRXJK� VXFK� D� PRYHPHQW� PLJKW� VHHP� WR� QHFHVVLWDWH�D�FKHFN�IRU�WKHRULJLQDO� GDWDEDVH� '%�� DQRWKHU� ORRN� ZLOO� UHYHDO� WKDW� WKLV� LV� QRW�LPSRUWDQW��7KLV�LV�EHFDXVHPRYLQJ $%& IURP�WKH�QHJDWLYH�ERUGHU�WR�WKH�VHW�RI�IUHTXHQW�LWHPVHWV�FDQQRW�LQGXFH�DQ\�PRUHLWHPVHWV� VLQFH� LW� ZRXOG� EH�WKH�RQO\�IUHTXHQW�LWHPVHW�RI��VL]H�� �WKH�ERUGHU�GRHV�QRW�H[SDQG��2Q� WKH� RWKHU� KDQG�� LI� %& ZDV�QRW�IUHTXHQW�DQG�EHFDPH�IUHTXHQW�DIWHU�DGGLQJ�GE��WKLV�PLJKWLQGLFDWH�WKDW�$%& LV�DOVR�D�ZLQQHU��WKH�ERUGHU�H[SDQGV��7KH� IDFW� WKDW� ,&$3� FDQ� H[SORLW� DQG� XVH� WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�PDNHV�LW�VXSHULRUFRPSDUHG� WR� WKH� FODVVLFDO� OHYHO�ZLVH� DOJRULWKPV�� $� KLJK�OHYHO�GHVFULSWLRQ�RI�WKH�SURSRVHGDOJRULWKP�,&$3 LV�VKRZQ�LQ�)LJXUH�����7KH� RSHUDWLRQV� RI� FRPSXWLQJ� DQG� PDLQWDLQLQJ� WKH� FRQVWUDLQHG� QHJDWLYH� ERUGHU�DUH�QRW�DVVWUDLJKWIRUZDUG� DV� WKRVH� IRU� WKH� QHJDWLYH� ERUGHU� LQ� >��@�� 7KH� QH[W� VHFWLRQ� GHVFULEHV�WKHSUREOHPV� IDFHG� ZKHQ� WU\LQJ�WR�FRPSXWH�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�DQG�H[SODLQV�KRZ�LWFDQ�EH�JHQHUDWHG�
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)XQFWLRQ ,&$3� '%F/ � � �'%F/&1%G ��GE�
� &RPSXWH GEF/ XVLQJ�&$3
� &RXQW�VXSSRUW�RI�DOO�LWHPV�RI� '%F/ DQG� � �'%F/&1%G LQ�GE�
� ) �'%F/� )RU�HDFK�LWHPVHW�V LQ� GEF'%F // � GR ��LWHPVHWV�VWLOO�IUHTXHQW
� � � � � � �VWVWVW GE'%'% � � ��FDOFXODWH�QHZ�VXSSRUW�FRXQW
� ^ `V// '%F'%F � ��
� )RU�HDFK�LWHPVHW�V LQ� � � GEF'%F //&1%G � GR ��FDQG��RI�WKH�ERUGHU� W'%��V� W'%�V��WGE�V� ��FDOFXODWH�QHZ�VXSSRUW�FRXQW� ,I�W'%��V��t PLQVXS� _'%�_�WKHQ�� ^ `V// '%F'%F � ��
�� )RU�HDFK�LWHPVHW�V LQ� � �GEF'%F // � GR�� ,I�WGE�V����W'%�V��t PLQVXS� _'%�_�WKHQ�� ^ `V// '%F'%F � ��
�� ,I� '%F'%F // z� WKHQ
�� � � � �&/JHQUGHUQHJDWLYHERGFRQVWUDLQH/&1%G '%F'%F ��� �� 
�� (OVH� � � � �'%F'%F /&1%G/&1%G  �
�� ,I� � � � ��� �z� '%F'%F'%F'%F /&1%G//&1%G/ WKHQ ��LV�D�VFDQ�RI�'%�QHFHVVDU\"
�� � '%F/6�� 5HSHDW�� � �&6JHQUGHUQHJDWLYHERGFRQVWUDLQH66 ���� �� 8QWLO�6 GRHV�QRW�JURZ�� )RU�HDFK LWHPVHW�V LQ� �� '%F/6�� ��FRXQW�FDQGLGDWH�LWHPVHWV�DJDLQVW�WKH�XSGDWHG�GDWDEDVH�� ,I�W'%��V��t PLQVXS��_'%�_�WKHQ�� ^ `V// '%F'%F � ��
�� � � � �&/JHQUGHUQHJDWLYHERGFRQVWUDLQH/&1%G '%F'%F ��� �� 
�� 5HWXUQ � ��� � '%F'%F /&1%G/

)LJXUH������$�KLJK�OHYHO�GHVFULSWLRQ�RI�WKH�DOJRULWKP� ,&$3
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���� &RPSXWLQJ�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU
7KH�RULJLQDO�ERUGHU�LQ�>��@�ZDV�HDVLO\�SURGXFHG�DQG�PDLQWDLQHG�DV�D�E\�SURGXFW�RI�WKH�$SULRULDOJRULWKP� VLQFH� LW� UHSUHVHQWV�DOO�FDQGLGDWH�LWHPVHWV�WKDW�GLG�QRW�SDVV�WKH�FRXQWLQJ�WHVW��ZKLFKPHDQV�WKDW�WKRVH�LWHPVHWV�DUH�FRXQWHG�E\�WKH�DOJRULWKP�DQ\ZD\�7KH� FRQVWUDLQHG� QHJDWLYH� ERUGHU�� RQ� WKH� RWKHU� KDQG�� GRHV� QRW� SRVVHV� WKH�VDPH�SURSHUW\�$FFRUGLQJ� WR� /HPPD ��� DOO� LWHPVHWV� RI� PLQLPXP� VL]H�WKDW�VDWLVI\�&�&IUHT VKRXOG�EH�LQ�WKHFRQVWUDLQHG� ERUGHU�� &$3�� KRZHYHU�� GRHV� QRW� SURGXFH�� DQG� KHQFH�GRHV�QRW�FRXQW��DOO�WKRVHLWHPVHWV� VLQFH� LW� JXDUDQWHHV� WKDW� DOO� JHQHUDWHG�LWHPVHWV�VDWLVI\LQJ�&�&IUHT RI�PLQLPXP�VL]H�ZLOO� KDYH� DOO�WKHLU�VXEVHWV�VDWLVI\LQJ�&�&VXFF �VWUDWHJ\�,,��VHFWLRQ���������,W�FDQ�DOVR�EH�QRWLFHGWKDW�� DVVXPLQJ� WKH� PLQLPXP� VL]H�RI�LWHPVHWV�VDWLVI\LQJ�&�&IUHT LV�N��DOO�LWHPVHWV�RI�VL]H�N���KDYLQJ� DOO� WKHLU� N�VL]H�VXEVHWV�VDWLVI\LQJ�&VXFF��LQ�/F VKRXOG�DOVR�EH�LQ�WKH�FRQVWUDLQHG�ERUGHU�&$3��RQ�WKH�RWKHU�KDQG��RQO\�FRXQWV�D�VXEVHW�RI�VXFK�LWHPVHWV��VWUDWHJ\�,,��VHFWLRQ��������
7R� VHH� WKLV�� FRQVLGHU� WKH� H[DPSOH� GDWDEDVH� RI� )LJXUH� ��� DQG� WKH� VXFFLQFW� FRQVWUDLQW^ `VRGDVQDFN7\SH6 �� � ��)URP�WKH�SUHYLRXV�GLVFXVVLRQV�LW�LV�NQRZQ�WKDW�DQ\�JHQHUDWHG�LWHPVHWVKRXOG� FRQWDLQ� DW� OHDVW� RQH� LWHP� IURP�WKH�VHW�^%`�DQG�DW�OHDVW�RQH�LWHP�IURP�WKH�VHW�^&��)`DQG� RSWLRQDOO\� RQH� RU� PRUH� RWKHU�LWHPV�IURP�WKH�ZKROH�XQLYHUVDO�VHW�RI�LWHPV��$VVXPH�WKDWWKH� VHW� RI� IUHTXHQW� LWHPV�ZDV�^$��%��&`��$FFRUGLQJ�WR�VWUDWHJ\�,,�RI�&$3��RQO\�WKH�LWHPVHWV%& DQG� $%& ZLOO�EH�JHQHUDWHG�DQG�FRXQWHG��+RZHYHU��%)� %&'��%&(�DQG�%&) VKRXOG�DOVREH�FRXQWHG��VLQFH�WKH\�DUH�E\�GHILQLWLRQ�LQ�WKH�FRQVWUDLQHG�ERUGHU��/HPPD ���7R� ZRUN� DURXQG� WKLV� SUREOHP�� &$3� VKRXOG� EH PRGLILHG� WR� JHQHUDWH� DQG� FRXQW� DOO� WKHFDQGLGDWHV�EHORQJLQJ�WR�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU��7KLV�FDQ�EH�GRQH�DV�IROORZV�$VVXPLQJ� &VXFF LV� DV� GHILQHG� LQ� VWUDWHJ\� ,,�RI�&$3 �VHFWLRQ��������DQG�REVHUYLQJ�WKDW�VXFKGHILQLWLRQ� PDNHV� WKH� PLQLPXP� VL]H� RI� DQ� LWHPVHW�� VDWLVI\LQJ�&�&IUHT��HTXDO�RQH��L�H��N ���VWUDWHJ\�,,�VKRXOG�EH�DV�IROORZV�D� 'HILQH� � �,WHP& SF �� V DQG� � �,WHP& SF �� V � ��'HILQH�FRUUHVSRQGLQJ�VHWV�RI�IUHTXHQW�VHWV

RI�VL]H���� � �^ `HIUHT&HH/ FF 	�� � ��DQG� � �^ `HIUHT&HH/ FF 	�� �� � �
E� $GG� FF /& �� � WR� � �F/&1%G �F� 'HILQH� FFF &//& ��u ���� ��DQG�/� WKH�VHW�RI�IUHTXHQW�LWHPVHWV�LQ�&��G� $GG� �� /& � WR� � �F/&1%G �H� 'R�VWHS�� RI�VWUDWHJ\�,,�ZLWK�QR�PRGLILFDWLRQ�
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7KH� SURFHVV� RI� UH�FRPSXWLQJ� WKH� FRQVWUDLQHG� QHJDWLYH� ERUGHU�� JLYHQ� D� VHW�RI�FRQVWUDLQHGIUHTXHQW�VHWV� /F DQG� D� FRQVWUDLQW� &�� LV� GRQH� E\� WKH�IXQFWLRQ�FRQVWUDLQHG�QHJDWLYHERUGHU�JHQ�/F��&���)LJXUH���� JLYHV�D�KLJK�OHYHO�GHVFULSWLRQ�RI�WKLV�IXQFWLRQ�
)XQFWLRQ &RQVWUDLQHG�QHJDWLYHERUGHU�JHQ�/F� &�
� 6SOLW� /F LQWR� /P�� /P���� � ��/Q ZKHUH�/N LV�WKH�VHW�RI�FRQVWUDLQHGIUHTXHQW� LWHPVHWV� LQ� / RI� VL]H�N��Q�DQG�P�DUH�WKH�VL]H�RI�WKHVPDOOHVW� DQG� WKH� ODUJHVW VHWV� RI� IUHTXHQW� LWHPVHWV� LQ� /FUHVSHFWLYHO\�� 8VH� WKH� PRGLILHG� VWUDWHJ\� ,,� LQ� VHFWLRQ� ��� WR� JHQHUDWH DOOFDQGLGDWHV� RI� VL]H P��&P �XVLQJ�VWHS�D��DQG�DOO�FDQGLGDWHV�RI�VL]HP����&P�� �XVLQJ�VWHS�F���DFFRUGLQJ�WR�WKH�FRQVWUDLQW�&�� &1%G�/F� ��/P ��&P���/P�� ��&P���� )RU�N  �P�� WR�Q�� GR� 8VH�&$3�WR�JHQHUDWH�&N�� IURP�/N� &1%G�/F�� �&1%G�/F���&N�� ¤�/N���� 5HWXUQ�&1%G�/F�)LJXUH������$�KLJK�OHYHO�GHVFULSWLRQ�RI�WKH�IXQFWLRQ�FRQVWUDLQHG�QHJDWLYHERUGHU�JHQ
���� &RUUHFWQHVV�SURRI

F/ � �'%F/&1%G

GEF/
� �
�

�

'%

)LJXUH������$�9HQQ�GLDJUDP�RI�WKH�SRVVLEOH�LQWHUVHFWLRQV�RI '%F/ �� � �'%F/&1%G ��DQG� GEF/
,Q� WKLV�VHFWLRQ��ZH�ZLOO�SURYH�WKDW�,&$3 LV�VRXQG DQG�FRPSOHWH��LW�GLVFRYHUV�DOO�DQG�RQO\�WKRVHLWHPVHWV� WKDW�DUH�IUHTXHQW�LQ�'%� DQG�VDWLVI\LQJ�WKH�&)4��:H�UHO\�RQ�WKH�FRUUHFWQHVV�RI�&$3SURYHG�LQ�>��@�



��

7KHRUHP��
$OJRULWKP� ,&$3 LV� VRXQG� DQG FRPSOHWH� ZLWK� UHVSHFW� WR�FRXQWLQJ�DOO�FRQVWUDLQHG�IUHTXHQWLWHPVHWV�LQ�WKH�XSGDWHG�GDWDEDVH�'%��
3URRI
,Q� )LJXUH� ��� ��ZKLFK�UHSUHVHQWV�DOO�WKH�SRVVLEOH�LQWHUVHFWLRQV�RI� '%F/ �� � �'%F/&1%G ��DQG� GEF/ �
ZH� KDYH� IRXU� VKDGHG� UHJLRQV�� UHSUHVHQWLQJ�DOO�WKH�SRVVLEOH�FDQGLGDWHV�IRU�LQFOXVLRQ�LQ� �'%F/�/HPPD �� VHFWLRQ���������5HJDUGLQJ�WKH�VWHSV�RI�DOJRULWKP�,&$3 VKRZQ�LQ�)LJXUH������VWHS��
FRPSXWHV� GEF/ XVLQJ� &$3 DQG� VKRXOG� EH� FRUUHFW� E\� WKH� FRUUHFWQHVV RI�&$3��6WHSV���� DGGLWHPVHWV� LQ�UHJLRQ�� RI�)LJXUH���� WR� �'%F/ DIWHU�XSGDWLQJ�WKHLU�VXSSRUW�FRXQW��%\�/HPPD � ZH
NQRZ� WKDW� DOO� WKRVH� LWHPVHWV�DUH�LQ� �'%F/ ��6WHSV����� FKHFN�FDQGLGDWHV�LQ�UHJLRQ����WKRVH�DUHFDQGLGDWHV� RI� WKH�QHJDWLYH�ERUGHU��,I��DQ�LWHPVHW�LV�IRXQG�WR�EH�IUHTXHQW�LQ�'%���LW�LV�GLUHFWO\FRQVLGHUHG� IUHTXHQW�� 6WHSV������ FKHFN�WKH�FDQGLGDWHV�LQ�UHJLRQ�� E\�VFDQQLQJ�WKH�LQFUHPHQWGDWDEDVH�� 1RZ� ZH�KDYH�RQO\�UHJLRQ�� UHPDLQLQJ�WR�FKHFN��%\�7KHRUHP � ZH�NQRZ�WKDW�WKHUHLV� QR� QHHG� WR� GR� WKDW� LI� WKH� FRQVWUDLQHG�ERUGHU�GRHV�QRW�H[SDQG��6WHSV������ FKHFN�IRU�WKHQHJDWLYH� ERUGHU� H[SDQVLRQ� E\� REVHUYLQJ� WKH� FKDQJH�LQ� � �'%F'%F /&1%G/ � ��,I�DQ�H[SDQVLRQRFFXUV�� WKHQ� ZH� QHHG� WR� VFDQ� '% IRU� FDQGLGDWHV� LQ� UHJLRQ� ��� 6WHSV� ����� JHQHUDWH� WKHFRQVWUDLQHG� QHJDWLYH�ERUGHU�FORVXUH�RI�LWHPV�LQ� �'%F/ GLVFRYHUHG�VR�IDU��6WHSV������ FRXQW�WKHFDQGLGDWHV� DJDLQVW� '% WR� GLVFRYHU� ZLQQHUV�� )LQDOO\�� VWHS� �� JHQHUDWHV� WKH� FRQVWUDLQHGQHJDWLYH� ERUGHU� RI�WKH�FRPSOHWH �'%F/ ��6LQFH�WKH�FDQGLGDWHV�FRXQWHG�E\�WKH�VWHSV�RI�,&$3 DUHDOO�DQG�RQO\�WKRVH�FDQGLGDWHV�WKDW�QHHG�FRXQWLQJ��LW�IROORZV�WKDW�,&$3 LV�VRXQG�DQG�FRPSOHWH��T
([DPSOH�
&RQVLGHU� D� WUDQVDFWLRQDO�GDWDEDVH�DV�GHSLFWHG�LQ�)LJXUH������/HW�WKH�ILUVW�� WUDQVDFWLRQV�EH�WKHRULJLQDO� GDWDEDVH� '% DQG� WKH�ODVW�� WUDQVDFWLRQV�EH�WKH�LQFUHPHQW�GDWDEDVH�GE��&RQVLGHU�WKHIROORZLQJ�&)4� ^ ` � �^ `���	��	��  t� PLQVXS;�SULFHPLQVQDFNVRGD7\SH;;7KH� DOJRULWKP� ,&$3 LV�QRZ�DSSOLHG�RQ�WKH�GDWDEDVH�WR�ILQG�WKH�XSGDWHG�FRQVWUDLQHG�IUHTXHQWVHWV�� ,W�LV�DVVXPHG�WKDW�WKH�&$3 DOJRULWKP�KDV�EHHQ�DSSOLHG�RQ�WKH�RULJLQDO�GDWDEDVH�'%��7KXV



��

WKH� VHW� RI� FRQVWUDLQHG� ODUJH� IUHTXHQW� VHW� ^ `%&/'%F  DQG� WKH� FRQVWUDLQHG QHJDWLYH�ERUGHU� � ^ `%&(%&'%)/&1%G '%F �� �� ,QLWLDOO\�� &$3 LV� UXQ� RQ� GE WR� JHW� WKH� VHW^ `%&'(%&(%&'%&)%)%&/GEF ����� �� 5HIHUULQJ�WR�)LJXUH������WKH�VHWV�RI�LWHPVHWV�^ `%& �^ `%&(%&'%) �� �� DQG� ^ `%&'(%&) � FRUUHVSRQG�WR�WKRVH�LQ�UHJLRQV�������DQG����5HJLRQ�� LVHPSW\� VLQFH�WKH�RQO\�IUHTXHQW�LWHPVHW�LQ�'%�LV�DOVR�IUHTXHQW�LQ�GE��1RZ��%&�LV�IUHTXHQW�LQ�WKHXSGDWHG�GDWDEDVH��&KHFNLQJ�LWHPV�LQ�WKH�QHJDWLYH�ERUGHU��ZH�KDYH�%&(�RQO\�PRYLQJ�IURP�WKHQHJDWLYH� ERUGHU� WR� WKH� XSGDWHG� VHW�RI�IUHTXHQW�LWHPVHWV��%HIRUH�FKHFNLQJ�IRU�WKH�LWHPVHWV�LQUHJLRQ� ��� ZH� FKHFN� WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�H[SDQVLRQ��6LQFH��PRYLQJ�%&( LQWR�WKHIUHTXHQW� VHWV�GRHV�QRW�H[SDQG�WKH�QHJDWLYH�ERUGHU��ZH�FRQFOXGH�WKDW�WKHUH�LV�QR�QHHG�WR FRXQWWKH� FDQGLGDWHV� LQ� UHJLRQ� � LQ� '%�� 7KXV�� WKH� ILQDO� XSGDWHG� FRQVWUDLQHG� IUHTXHQW�LWHPVHWV^ `%&(%&/'%F � � DQG�WKH�QHZ�FRQVWUDLQHG�QHJDWLYH�ERUGHU� � � ^ `%&'%)/&1%G '%F � � � T$V� FDQ� EH� VHHQ� IURP� WKH� SUHYLRXV� H[DPSOH�� ,&$3 GLG�QRW�QHHG�D�VFDQQLQJ RI�WKH�RULJLQDOGDWDEDVH�� 7KLV� LV� D� JUHDW� LPSURYHPHQW� RYHU� UHUXQQLQJ� WKH� &$3 DOJRULWKP�RQ�WKH�RULJLQDOGDWDEDVH� LQ� WHUPV� RI� WKH� QXPEHU� RI� WUDQVDFWLRQV�UHDG��,W�ZRXOG�EH�QDWXUDO�WR�DVVXPH�WKDW�DPRUH� GUDVWLF� LPSURYHPHQW� JDLQ� ZLOO� EH�REWDLQHG�IRU�W\SLFDO�VL]HV�RI�GDWDEDVHV�DQG�GDWDEDVHLQFUHPHQWV�RU�XSGDWHV�
���� :KHQ�WR�XVH�,&$3"
$W� WKLV� SRLQW�� LW� LV�XVHIXO�WR�VWRS�WR�DQVZHU�WKH�TXHVWLRQ�RI�ZKHWKHU�LW�LV�DOZD\V�XVHIXO�WR�UXQWKH� LQFUHPHQWDO�DOJRULWKP��7KLV�KDV�EHHQ�WKH�VXEMHFW�RI�VRPH�SUHYLRXV�UHVHDUFK��H�J��>��@��DQGLW�LV�VWLOO�YDOLG�LQ�WKH�FRQWH[W�RI�WKLV�ZRUN�WR�DVN�WKH�VDPH�TXHVWLRQ�8VLQJ� WKH�QHJDWLYH�ERUGHU�FDQ�EH�FRQVLGHUHG�LWVHOI�DV�D�PHDVXUH�RI�WKH�QHFHVVLW\�WR�XSGDWH�WKHVHW� RI� IUHTXHQW� LWHPVHWV�� +RZHYHU��D�FRXSOH�RI�ZLQQHU LWHPVHWV�ZLOO�WULJJHU�WKH�H[SDQVLRQ�RIWKH� ERUGHU�� ,Q� SUDFWLFDO�FDVHV��VXFK�FRXSOH�RI�ZLQQHUV�PD\�QRW�UHSUHVHQW�D�JUHDW�VLJQLILFDQFHWR� WKH�XVHU�WKDW�ZDUUDQW�WKH�WLPH�VSHQW�LQ�WKH�DOJRULWKP��0RUH�PHWKRGV�DUH�QHHGHG�WR�PHDVXUHVXFK� VLJQLILFDQFH�� $QRWKHU� DVSHFW� RI� WKLV LVVXH�LV�WKDW�VRPHWLPHV�WKH�LQFUHPHQWDO�DOJRULWKPPD\� GR� DQ�XQQHFHVVDU\�HIIRUW�DV�ZKHQ�LW�GRHV�ZKHQ�PDQ\�LWHPVHWV�DUH�ODUJH�LQ�WKH�LQFUHPHQWEXW� WKHUH� DUH� QR� ZLQQHUV�� 7KLV� LV� EHVW� GHPRQVWUDWHG� LI� ZH� DVVXPH� WKDW� WKH� LQFUHPHQWDODOJRULWKP� LV� XVHG� ZLWK� HYHU\ WUDQVDFWLRQ�XSGDWH�DQG�WKH�QH[W�DGGHG�WUDQVDFWLRQ�KDV��� LWHPVLQ� LW�� )RU� DQ\� VXSSRUW� WKUHVKROG� ZKDWVRHYHU�� DOO� VXEVHWV� RI� WKH� VHW� RI� LWHPVHWV� LQ� WKLVWUDQVDFWLRQ� ZLOO� EH� IUHTXHQW� LQ� WKH� LQFUHPHQW� ZKLFK�UHVXOWV�LQ�WKH�WUHPHQGRXV���� IUHTXHQWLWHPVHWV� LQ� WKH� LQFUHPHQW��� 6LQFH�DGGLQJ�RQO\�RQH�WUDQVDFWLRQ�WR�WKH�RULJLQDO�GDWDEDVH�LV�QRW



��

OLNHO\� WR� PRGLI\� WKH� IUHTXHQW� LWHPVHWV� DQG�KHQFH�H[SDQG�WKH�ERUGHU��WKH�HIIRUW�GRQH�E\�WKHDOJRULWKP�ZLOO�EH�XQQHFHVVDULO\�ZDVWHG�6RPH� DOWHUQDWLYHV� H[LVW�WR�PHDVXUH�WKH�VLJQLILFDQFH�RI�WKH�FKDQJH�LQ�WKH�IUHTXHQW�LWHPVHWV��LIRQH�H[LVWV��DQG�ZKHQ�WR�XVH�WKH�LQFUHPHQWDO�DOJRULWKP�D� 8VH� WKH� VDPSOLQJ� WHFKQLTXH� UHSRUWHG� LQ� >��@� WR� DSSUR[LPDWHO\ PHDVXUH�WKH�GLIIHUHQFHEHWZHHQ� WKH� QHZ� DQG� WKH� ROG� VHW� RI� IUHTXHQW�LWHPVHWV��,I�WKH�GLIIHUHQFH�H[FHHGV�D�XVHUGHILQHG� WKUHVKROG��LW�ZRXOG�ZDUUDQW�XVLQJ�WKH�LQFUHPHQWDO�DOJRULWKP��7KH�GLVDGYDQWDJH�RIXVLQJ� WKLV� WHFKQLTXH� LV� WKDW� GUDZLQJ� WKH� VDPSOH� ZRXOG� UHTXLUH� D� SDVV�RQ�WKH�RULJLQDOGDWDEDVH� DQG� WKLV� SDVV� LV� WKH�PD[LPXP�SULFH�WKDW�WKH�LQFUHPHQWDO�DOJRULWKP�SD\V�WR�JHWWKH� H[DFW VHW� RI�QHZ�IUHTXHQW�LWHPVHWV��$OWKRXJK�RQH�FRXOG�DUJXH�WKDW�WKH�FRPSXWDWLRQDOHIIRUW� LQ� WKH� SDVV�WR�FRPSXWH�WKH�H[DFW�VHW�LV�IDU�PRUH�WKDQ�WKDW�QHHGHG�WR�GUDZ�D�UDQGRPVDPSOH�E� ,W� PLJKW� EH� PRUH� XVHIXO� WR�JHW�VRPH�LQVLJKW�DERXW�WKH�GLIIHUHQFH�LQ�IUHTXHQW�LWHPVHWV�E\ORRNLQJ�PRUH�FORVHO\�DW�WKH�QXPEHU�RI�ZLQQHUV�DPRQJ�WKH�ERUGHU�LWHPVHWV�DQG�WKH�UHODWLRQRI� WKRVH� ZLQQHUV� ZLWK�WKH�QXPEHU�RI�IUHTXHQW�LWHPVHWV�LQ�WKH�LQFUHPHQW��$�JUHDW�QXPEHURI� ZLQQLQJ� ERUGHU� LWHPVHWV�PLJKW�LQGLFDWH�D�JUHDW�FKDQJH�LQ�WKH�QXPEHU�RI�QHZ�IUHTXHQWLWHPVHWV�� $OVR�� D� ERUGHU� LWHPVHW�WKDW�KDV�PDQ\�VXSHUVHWV�DPRQJ�WKH�IUHTXHQW�LWHPVHWV�LQWKH�LQFUHPHQW�PLJKW�DOVR�LQGLFDWH�D�JUHDW�FKDQJH�LQ�WKH�QXPEHU�RI�QHZ�IUHTXHQW�LWHPVHWV�F� $V� IRU� DYRLGLQJ� WKH� XQQHFHVVDU\� HIIRUW� GRQH� E\�WKH�LQFUHPHQWDO�DOJRULWKP��LW�PLJKW�EHXVHIXO� WR� VWDUW� LQFUHPHQWDOO\� PLQLQJ� ZKHQ� WKH� VL]H� RI� WKH�LQFUHPHQW�H[FHHGV�D�FHUWDLQSHUFHQWDJH� RI�WKH�RULJLQDO�GDWDEDVH��RU�LI�WKH�GLPHQVLRQ�RI�GDWD�VSDQ >��@�LV�XVHG��ZKHQ�DQHZ� EORFN RI� GDWD� LV� DGGHG��� 7KLV��KRZHYHU��KDV�WKH�GLVDGYDQWDJH�WKDW�LI�WKH�GDWD�LQ�WKHLQFUHPHQW� KDV�WKH�VDPH�FKDUDFWHULVWLFV�DV�WKH�GDWD�LQ�WKH�RULJLQDO�GDWDEDVH��WKH�GLVFRYHUHGSDWWHUQV�ZLOO�UHPDLQ�DOPRVW�XQFKDQJHG�UHJDUGOHVV�RI�WKH�VL]H�RI WKH�LQFUHPHQW�
���� ,PSOHPHQWDWLRQ�GHWDLOV
7KLV�VHFWLRQ�GLVFXVVHV�VRPH�RI�WKH�LPSOHPHQWDWLRQ�GHWDLOV�WKDW�DUH�ZRUWK�QRWLQJ��,Q�VXEVHFWLRQ������� WKH� FKRLFH� RI� WKH�PDLQ�GDWD�VWUXFWXUHV�XVHG�LQ�WKH�LPSOHPHQWDWLRQ�RI�,&$3 LV�MXVWLILHG
DQG� LQ� VXEVHFWLRQ� ������� VRPH� RI� WKH� LPSRUWDQW� QRWHV� RQ� WKH� LPSOHPHQWDWLRQ�RI�WKH�&$3DOJRULWKP�LV�PHQWLRQHG�
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����� &KRLFH�RI�GDWD�VWUXFWXUHV
$Q� LPSRUWDQW� GHFLVLRQ� LQ� LPSOHPHQWLQJ� ,&$3 ZDV� WKH�FKRLFH�RI�WKH�GDWD�VWUXFWXUH�XVHG�WRUHSUHVHQW� WKH� VHW� RI� LWHPVHWV��,W�VKRXOG�EH�ZHOO�QRWHG�WKDW�WUHPHQGRXV�SHUIRUPDQFH�JDLQV�DUHDFKLHYHG� E\� D� ZHOO� FKRLFH� RI� WKLV� GDWD� VWUXFWXUH� >����������������@��7ZR�GLIIHUHQW�FODVVLFDOVWUXFWXUHV� DUH� VXJJHVWHG�LQ�WKH�OLWHUDWXUH�WR�UHSUHVHQW�WKH�VHW�RI�LWHPVHWV��WKH�KDVK�WUHH >�@�DQGWKH� SUHIL[� WUHH >���� ��@� WKDW� DUH� VXLWDEOH�IRU�WKH�OHYHO�ZLVH�PHWKRG�RI�WKH�$SULRUL DQG�&$3DOJRULWKPV�� 7KH� ODWHU��SUHIL[�WUHH��ZDV�FKRVHQ��7KH�SUHIL[�WUHH�LV�D�WULH WKDW�KROGV�WKH�LWHPVHWVLQ� DQ� LPSOLFLW� IRUP��$Q�LWHPVHW�LV�PHUHO\�D�WUDYHUVDO�DORQJ�WKH�HGJHV�RI�WKH�WUHH��7KH�QRGH�RIWKH� WUHH� WKDW� LV� UHDFKHG� DIWHU� WKLV� WUDYHUVDO� LWHPVHW� KROGV�WKH�QHHGHG�DX[LOLDU\�LQIRUPDWLRQDERXW� WKH� LWHPVHW� �H�J�� WKH� IUHTXHQF\� FRXQW��� )LJXUH� ��� 5HSUHVHQWV� D� SUHIL[� WUHH�IRU�WKHSRZHUVHW� RI� WKH� VHW� RI� LWHPVHWV�^$��%��&��'`��7KH�SUHIL[�WUHH�KDV�WKH�VDPH�DGYDQWDJH�RI�WKHKDVK� WUHH GDWD� VWUXFWXUH�LQ�FRXQWLQJ�WKH�FDQGLGDWH�LWHPVHWV�IRXQG�LQ�D�WUDQVDFWLRQ��7KH�SUHIL[WUHH� KDV�� KRZHYHU�� WKH� DGYDQWDJH� RI� EHLQJ� DEOH� WR� KROG� ERWK� WKH� FDQGLGDWH�DQG�IUHTXHQWLWHPVHWV� LQ� RQH� VWUXFWXUH�ZLWKRXW�WKH�QHHG�WR�UHVRUW�WR�RWKHU�GDWD�VWUXFWXUHV��0RUHRYHU��LW�KDVDQ� REYLRXV� SHUIRUPDQFH� JDLQ� ZKHQ� SHUIRUPLQJ� WKH�FDQGLGDWH�JHQHUDWLRQ�SKDVH��SUHIL[�MRLQ>�� ��@��RI�WKH�OHYHO�ZLVH�PHWKRG�ZKLFK�LV�RQH�RI�WKH�PRVW�GHPDQGLQJ�RSHUDWLRQV�LQ�WKH�ZKROHPLQLQJ�SURFHVV�

)LJXUH������$�SUHIL[�WUHH
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7KH�LPSOHPHQWDWLRQ�XVHG�IRU�WKH�SUHIL[�WUHH�VWUXFWXUH�LV�IROORZLQJ�WKH�RQH�UHSRUWHG�LQ>��@�
)LJXUH� ��� UHSUHVHQWV� WKLV� LPSOHPHQWDWLRQ�� $� KDVK� WDEOH� LV� XVHG�WR�IDFLOLWDWH�DFFHVV�WR�WKHHGJHV�HPDQDWLQJ�IURP�D�QRGH�LQ�WKH�WUHH�

)LJXUH������7KH�LPSOHPHQWDWLRQ�RI�SUHIL[�WUHH�>��@
����� 1RWHV�RQ�WKH�LPSOHPHQWDWLRQ�RI�&$3
,Q� WKH�FRXUVH�RI�LPSOHPHQWLQJ�,&$3� LW�ZDV�PDQGDWRU\�WR�LPSOHPHQW�WKH�&$3 DOJRULWKP�LQ�LWVRULJLQDO� IRUP� UHSRUWHG�LQ�>��@�DQG�ZLWK�WKH�PRGLILHG�VWUDWHJ\�WR�JHQHUDWH�WKH�QHJDWLYH�ERUGHU�VHH�VHFWLRQ������$Q� LPSRUWDQW� QRWH� ZDV� IRXQG� GXULQJ� WKH� LPSOHPHQWDWLRQ� RI� &$3 WKDW� LV� ZRUWK\� RIPHQWLRQLQJ�)ROORZLQJ� VWUDWHJ\� ,,�RI�&$3 �VHFWLRQ��������ZLOO�GHVWUR\�WKH�QDWXUDO�RUGHULQJ�RI�WKH�LWHPVHWVWKDW� LV� EDVHG� RQ� WKH� LWHP� LGHQWLILHU��7KLV�RUGHULQJ�LV�YHU\�LPSRUWDQW�ZLWK�UHJDUG�WR�ERWK WKHFRQVWUXFWLRQ� RI� WKH� WUHH�VWUXFWXUH�KROGLQJ�WKH�LWHPVHWV�DQG�WKH�VXEVHW�FRXQWLQJ�IXQFWLRQ��7KLVLV�EHVW�LOOXVWUDWHG�E\�WKH�IROORZLQJ�H[DPSOH�([DPSOH�



��

$VVXPH� WKH�VXFFLQFW�FRQVWUDLQW�LQ�>��@��6�7\SH�� ^VRGD��VQDFN`��ZKLFK�LV�WKH�VDPH�FRQVWUDLQWGHVFULEHG�DIWHU�/HPPD ���7KHQ�WKH�VHWV�;���;���DQG�;� ZLOO�EH�DV�GHILQHG�LQ�WKH�H[DPSOH�$VVXPH�WKH�VHW�LWHPV�DUH�^$��%��&��'��(��)`�DQG�DVVXPH�
��;&  �^$��&��(`��VRGD��� ��;&  �^%��)`��VQDFN��DQG� ��;&  �^'`��QRW�VQDFN�RU�VRGD�)XUWKHUPRUH��DVVXPH�DOO�LWHPV�DUH�IUHTXHQW��PHDQLQJ�WKDW�

��;/  � ��;& �� ��;/  � ��;& DQG� ��;/  � ��;&1RZ�� &�  � ��;/ u ��;/  � ^$%��$)��&%��&)��(%��()`��$VVXPH�DOO�RI�WKHP�DUH�DOVR�IUHTXHQWIRU�WKH�VDNH�RI�GHPRQVWUDWLRQ��PHDQLQJ�WKDW�/�  �&��1RZ�� JHQHUDWLQJ� &�  � /� u � ��;/ � ��;/ � ��;/ �� DV� UHSRUWHG�LQ�>��@�ZLOO�\LHOG�VHYHUDOVSXULRXV LWHPVHWV�DV�IROORZV�&�  � ^$%&�� $%'��$%(��$%)��$)%��$)&��$)'��$)(��&%$��&%(��&%)��&)$��&)%��&)'�&)(��(%$��(%&��(%'��(%)��()$��()%��()&��()'`$V� FDQ� EH� VHHQ��DOO�WKH�GRXEOH�XQGHUOLQHG�LWHPVHWV�DUH�PHUHO\�UHSHWLWLRQV��VR�WKHUH�PXVW�EH�DPHWKRG� WR� FKHFN� IRU� WKHP� �EHVLGHV� FKHFNLQJ� IRU� UHSHDWLQJ� DQ� LWHP� LQ� DQ� LWHPVHW���7KLVPDQGDWHV�XVLQJ�D�VHSDUDWH�VWUXFWXUH�IRU�VWRULQJ�WKH�FDQGLGDWH�LWHPVHWV�XSRQ�JHQHUDWLRQ�LQ�WKHLUQDWXUDO� RUGHU��DFFRUGLQJ�WR�WKHLU�,'V��RU�LQ�DQ\�RWKHU�IL[HG�RUGHULQJ�WKDW�LV�XVHG�DV�D�UHIHUHQFHIRU�SUXQLQJ�WKHVH�VSXULRXV�LWHPVHWV�)XUWKHUPRUH�� ZKHQ� FKHFNLQJ� WR�VHH�LI�WKH�LWHPVHW�$%( IRU�H[DPSOH�LV�IUHTXHQW�LQ WKH�UHJXODUPHWKRG��LW�FDQ�EH�VHHQ�WKDW�LWV���VL]HG�VXEVHW�%( VDWLVILHV�WKH�FRQVWUDLQW�EXW�FDQQRW�EH�IRXQG�LQ/� VLQFH�LW�LV�VWRUHG�DV�(%�,I� LW� LV� DVVXPHG� WKDW�RUGHU�ZLOO�EH�SUHVHUYHG��DQRWKHU�VHYHUH�SUREOHP�ULVHV��6XFK�DVVXPSWLRQZLOO� FRQIOLFW� ZLWK� WKH� FDQGLGDWH� JHQHUDWLRQ� SKDVH� RI� WKH� $SULRUL DOJRULWKP� ZKLFK� LV�WKHSURSRVHG� PHWKRG� IRU� FDQGLGDWH� JHQHUDWLRQ�LQ�WKH�&$3 DOJRULWKP�IRU�ODWHU�VWHSV��7R�VHH�WKDW�VXSSRVH� WKDW� WKH�WZR�LWHPVHWV�LQ�&���^(%)��(%'`�WXUQHG�RXW�WR�EH�IUHTXHQW��,Q�JHQHUDWLQJ�&�ERWK� LWHPVHWV�VKRXOG�EH�MRLQHG�WR�JHW�WKH�LWHPVHW�(%)'�VLQFH�WKH\�ERWK�KDYH�WKH�VDPH�SUHIL[�(%�� 6WRULQJ� LWHPVHWV�RUGHUHG�ZLOO�SUHYHQW�WKLV�VLQFH�WKH�WZR�JHQHUDWLQJ�LWHPVHWV�ZLOO�EHFRPH^%()�� %'(`� DQG�WKH\�GR�QRW�KDYH�WKH�VDPH���SUHIL[��VR�WKH�FDQGLGDWH�JHQHUDWLRQ�SKDVH�ZLOOQRW�JHQHUDWH�WKHP� T7R� DYRLG� WKLV� SUREOHP� LQ� WKH� SURSRVHG�DOJRULWKP��LWHPVHWV�ZHUH�JHQHUDWHG�QRQ�RUGHUHG��DVLPSOLHG� E\� WKH� VWUDWHJLHV� RI� &$3�� DQG� D�VHSDUDWH�VWUXFWXUH�RI�RUGHUHG�LWHPVHWV�ZDV�XVHG�WRSUXQH�WKH�VSXULRXV�FDQGLGDWHV�



��

&KDSWHU��
��3(5)250$1&(�678'<

7KLV� FKDSWHU� LV�GHYRWHG�IRU�WKH�GLVFXVVLRQ�RI�WKH�GLIIHUHQW�H[SHULPHQWV�FRQGXFWHG�WR�PHDVXUHWKH� UHODWLYH�SHUIRUPDQFH�RI�WKH�SURSRVHG�LQFUHPHQWDO�DOJRULWKP�,&$3 IRU�PLQLQJ�FRQVWUDLQHGDVVRFLDWLRQ� UXOHV� FRPSDUHG� WR� WKH� VLQJOH� DOWHUQDWLYH� DSSURDFK� DYDLODEOH� VR� IDU�� ZKLFK� LVUHUXQQLQJ�WKH�&$3 DOJRULWKP�IURP�VFUDWFK�RQ�WKH�XSGDWHG�GDWDEDVH�6HFWLRQ� ��� VWDUWV�E\�GHVFULELQJ�WKH�HQYLURQPHQW�LQ�ZKLFK�WKH�SHUIRUPDQFH�H[SHULPHQWV�ZHUHFRQGXFWHG� LQFOXGLQJ� WKH� WHVWLQJ� PDFKLQH� DQG�WKH�GDWD�VHW��,W�DOVR�GLVFXVVHV�WKH�SHUIRUPDQFHPHDVXUHV� DQG� SDUDPHWHUV� DQG� MXVWLILHV� WKHLU� XVDJH�� 6HFWLRQ� ��� GHVFULEHV� WKH�EDVLF�VHW�RIH[SHULPHQWV� ZKLFK� PHDVXUH� WKH� SHUIRUPDQFH�RI�SURSRVHG�WKH�DOJRULWKP�UHODWLYH�WR�&$3 IRUGLIIHUHQW� LQFUHPHQW�VL]HV�DQG�IRU�GLIIHUHQW�W\SHV�RI�TXHULHV��6HFWLRQ���� SUHVHQWV�WKH�UHVXOWV�RIWKH� H[SHULPHQWV�PHDVXULQJ�WKH�VHQVLWLYLW\�RI�WKH�DOJRULWKP�WR�WKH�FKDQJH�LQ�WKH�GDWDEDVH�VL]H�)LQDOO\�� VHFWLRQ� ��� FRPPHQWV�RQ�WKH�H[SHULPHQWV�PHDVXULQJ�WKH�VHQVLWLYLW\�RI�WKH�DOJRULWKPXSRQ�FKDQJLQJ�WKH�LWHP�VHOHFWLYLW\�
���� 7KH�H[SHULPHQWDO�HQYLURQPHQW�DQG�SHUIRUPDQFH�SDUDPHWHUV
7KH� DOJRULWKP� ZDV� LPSOHPHQWHG� DQG� WHVWHG� RQ�DQ�,%0�FRPSDWLEOH�3&�ZLWK�D�3HQWLXP�,,����� SURFHVVRU� DQG� �� 0%� RI�PDLQ�PHPRU\�UXQQLQJ�WKH�0LFURVRIW�:LQGRZV���� RSHUDWLQJV\VWHP�� 7KH� SURJUDP� ZDV� WKH RQO\� PDMRU� MRE� UXQQLQJ� RQ� WKH�PDFKLQH�WKURXJKRXW�DOO�WKHH[SHULPHQWV�WR�DFKLHYH�D�IDLU�HQYLURQPHQW�IRU�FRPSDULVRQ�$V� IRU� WKH� WHVW� GDWD�� WKH� SURJUDP� GHYHORSHG� LQ�,%0�$OPDGHQ�UHVHDUFK�FHQWHU�ZDV�XVHG�WRJHQHUDWH� WKH� WHVW� GDWD�� 7KLV� LV� DYDLODEOH� IURP� WKH� ,%0� 48(67� ZHE� VLWH�KWWS���ZZZ�DOPDGHQ�LEP�FRP�FV�TXHVW��� 7KH� SURJUDP� JHQHUDWHV� D� V\QWKHWLF� WUDQVDFWLRQDOGDWDEDVH� XVLQJ� VHYHUDO� SDUDPHWHUV� �VHH� >�@� IRU� DQ� H[SODQDWLRQ� RI�HYHU\�SDUDPHWHU�DQG�WKHUDWLRQDOH� EHKLQG� WKH� PHWKRG� RI� JHQHUDWLQJ� WKH�GDWDEDVH���6LQFH�LWV�LQWURGXFWLRQ��WKLV�VRXUFHKDV�EHHQ�XVHG�LQ�YLUWXDOO\�HYHU\�SXEOLFDWLRQ�RQ�PLQLQJ��DVVRFLDWLRQ�UXOHV�



��

1XPEHU�RI�7UDQVDFWLRQV�LQ�WKH�XSGDWHG�GDWDEDVH ������� �LQ�WKH�EDVLF�VHW�RIH[SHULPHQWV�1XPEHU�RI�,WHPV ����$YHUDJH�7UDQVDFWLRQ�6L]H ��$YHUDJH�VL]H�RI�PD[LPDO�SRWHQWLDOO\�ODUJH�LWHPVHWV �
7DEOH������3DUDPHWHU�6HWWLQJV

7KH� SDUDPHWHU� VHWWLQJV� XVHG� IRU� WKH� H[SHULPHQWDO� GDWDEDVH� DUH� OLVWHG� LQ� 7DEOH������6XFKSDUDPHWHUV� DUH� DVVXPHG� WR� PLPLF� D� UHDVRQDEOH� UHWDLOLQJ� HQYLURQPHQW�� 7KH\�DOVR�JLYH�WKHFKDQFH� WR� H[SORUH� WKH� UHODWLYH� PHULWV� RI� WKH�LQFUHPHQWDO�DOJRULWKP��7KH�VWDQGDUG�HQFRGLQJXVHG� WR� QDPH� D� FHUWDLQ� GDWDEDVH� WKDW� LV� XVHG� LQ�>�@�LV�DOVR�XVHG�KHUH��,Q�WKLV�HQFRGLQJ��WKHQDPH� 7[�,\�'].� LV� XVHG� WR� QDPH� D�WUDQVDFWLRQDO�GDWDEDVH�IRU�ZKLFK�LWV�DYHUDJH�WUDQVDFWLRQVL]H� LV� [�� LWV� DYHUDJH� VL]H�RI�IUHTXHQW�LWHPVHW�LQ�D�WUDQVDFWLRQ�LV�\��DQG�WKH�GDWDEDVH�VL]H�LV�]WKRXVDQGV� RI� WUDQVDFWLRQV��$V�IRU�WKH�GHVFULSWLYH�GDWD�DERXW�WKH�LWHPV��WKH�,WHP,QIR WDEOH���DQLQWHJHU� LGHQWLILHU� UDQJLQJ� IURP� � WR� ��� LV�XVHG�WR�UHSUHVHQW�WKH�LWHPV��7KH�LWHP�7\SH ZDVFKRVHQ� DPRQJ� IRXU� GLIIHUHQW� W\SHV��VRGD��VQDFN��MXLFH��GDLU\��E\�WRVVLQJ�D�ZHLJKWHG���VLGHGFRLQ�� (DFK� VLGH� UHSUHVHQWV� DQ� LWHP�W\SH�DQG�WKH�ZHLJKW�DVVRFLDWHG�ZLWK�HDFK�VLGH�UHSUHVHQWVWKH� SHUFHQWDJH� RI� LWHPV� KDYLQJ� WKLV�W\SH��7KH�LWHP�SULFH�ZDV�XQLIRUPO\�FKRVHQ�EHWZHHQ���DQG� ����� :KHQ� JHQHUDWLQJ� WKH� LQFUHPHQW� GDWDEDVH��WKH�PHWKRG�LQ�>����������@�ZDV�XVHG��,QWKLV� PHWKRG�� WKH� LQFUHPHQW� GDWDEDVH� LV� WDNHQ� DV� D� FRQWLJXRXV� EORFN�IURP�D�JHQHUDWHG�VHWUHSUHVHQWLQJ� WKH� ZKROH� XSGDWHG� GDWDEDVH� '%��� 7KH� LQFUHPHQW� VL]H� [�� PHDQV� WKDW�_'%�_�[��� RI� WKH� GDWDEDVH� LV� FRQVLGHUHG�DV�'% DQG�WKH�UHPDLQLQJ�[��LV�FRQVLGHUHG�DV�GE�7KH�LQFUHPHQW�GDWDEDVH�ZDV�WDNHQ�IURP�WKH�ILUVW�[��WUDQVDFWLRQV�RI�WKH�GDWDEDVH�7KH�SHUIRUPDQFH�PHDVXUH�WKDW�LV�XVHG�WKURXJKRXW�DOO�WKH�H[SHULPHQWV�LV�WKH�VSHHGXS��6SHHGXSLV� PHDVXUHG� DV� WKH� UDWLR�EHWZHHQ�WKH�UXQQLQJ�WLPH�RI�WKH�&$3 DOJRULWKP�WR�WKDW�RI�WKH�,&$3DOJRULWKP�IRU�WKH�VDPH�VHWWLQJ�RI�SDUDPHWHUV��7KH�XVH�RI�WKLV�PHDVXUH�KDV�EHHQ�WKH�VWDQGDUG�LQWKH� OLWHUDWXUH� RI� LQFUHPHQWDO�PLQLQJ�DOJRULWKPV�>��������������@��6SHHGXS�LV�PRUH�VLJQLILFDQWWKDQ� UHSRUWLQJ� WKH� UXQQLQJ� WLPH� RI� WKH� DOJRULWKPV� VLQFH� VXFK� WLPHV�DUH�GHSHQGHQW�RQ�WKHGLIIHUHQW�LPSOHPHQWDWLRQV�DQG�WHVW�EHGV�)RU� WKH� V\VWHP� SDUDPHWHUV�� WKH� PDLQ�REVHUYHG�SDUDPHWHUV�DUH�WKH�GLIIHUHQW�TXHU\�W\SHV��WKHLQFUHPHQW� VL]H� DV� D�UDWLR�RI�WKH�RULJLQDO�GDWDEDVH�VL]H�DQG�WKH�VXSSRUW�WKUHVKROG��7KH�ILUVW�VHWRI� H[SHULPHQWV� PHDVXUH� WKH� UHODWLYH� SHUIRUPDQFH� RI� WKH�DOJRULWKP�IRU�GLIIHUHQW�LQFUHPHQWVL]HV� DQG�LWV�VFDODELOLW\�ZKHQ�GHFUHDVLQJ�WKH�VXSSRUW�WKUHVKROG��6XFK�PHDVXUHPHQW�LV�GRQH�IRUHYHU\� W\SH� RI� FRQVWUDLQW�� 7KH� H[SHULPHQWV�DOVR�WHVW�WKH�VFDODELOLW\�RI�WKH�DOJRULWKP�ZLWK�WKH



��

VL]H� RI� WKH�XSGDWHG�GDWDEDVH��)LQDOO\��LW�LV�H[SHFWHG�WKDW�WKH�JHQHUDWLRQ�RI�WKH�QHJDWLYH�ERUGHULQFXUV� DQ� RYHUKHDG� ZKHQ� VXFFLQFW� FRQVWUDLQWV� H[LVW�� HVSHFLDOO\� ZKHQ�WKH�VHOHFWLYLW\�RI�WKHVXFFLQFW� FRQVWUDLQW� LQFUHDVHV�� 7KHUHIRUH�� DQRWKHU�VHW�RI�H[SHULPHQWV�LV�SHUIRUPHG�WR�WHVW�WKHVHQVLWLYLW\�RI�,&$3 WR�WKH�LQFUHDVH�LQ�LWHP�VHOHFWLYLW\�ZKHQ�D�VXFFLQFW�FRQVWUDLQW�LV�XVHG�
���� 0HDVXULQJ� SHUIRUPDQFH� IRU� GLIIHUHQW� LQFUHPHQW� VL]HV� DQG

GLIIHUHQW�TXHU\�W\SHV
$V� GLVFXVVHG� LQ�>��@��WKHUH�DUH�IRXU�GLIIHUHQW�FDWHJRULHV�RI�FRQVWUDLQWV��QDPHO\�VXFFLQFW�RQO\�DQWL�PRQRWRQH�RQO\��VXFFLQFW�DQWL�PRQRWRQH�DQG�QRQ�VXFFLQFW�QRQ�DQWL�PRQRWRQH�FRQVWUDLQWV�5HSUHVHQWDWLYH� TXHULHV�RI�HDFK�RI�WKH�IRXU�FDWHJRULHV�ZHUH�XVHG�LQ�WKH�ILUVW�VHW�RI�H[SHULPHQWV�7KH� IROORZLQJ� VHW� RI� ILJXUHV� �)LJXUH� ��� WR� )LJXUH������UHSUHVHQW�WKH�VSHHGXS�RI�,&$3 IRUWKHVH� GLIIHUHQW� W\SHV� RI� FRQVWUDLQWV�� WKH� VSHHGXS� LV� PHDVXUHG�IRU�GLIIHUHQW�LQFUHPHQW�VL]HV�PHDVXUHG� DV� D� SHUFHQWDJH� IURP� WKH� VL]H� RI� WKH� RULJLQDO� GDWDEDVH��� )LJXUH���� VKRZV�WKH
UHVXOWV� ZKHQ�XVLQJ�WKH�VXFFLQFW�RQO\�FRQVWUDLQW�6�7\SH�� ^VRGD`��)LJXUH���� VKRZV�WKH�UHVXOWV
ZKHQ� XVLQJ�WKH�VXFFLQFW�DQWL�PRQRWRQH�FRQVWUDLQW�PLQ�6�3ULFH� t ����)LJXUH���� XVHV�WKH�DQWL�
PRQRWRQH� FRQVWUDLQW�VXP�6�3ULFH� d ����7R�WHVW�WKH�QRQ�VXFFLQFW�QRQ�DQWL�PRQRWRQH�FDWHJRU\RI�FRQVWUDLQWV��WKH�FRQVWUDLQW�DYJ�6�3ULFH��d��� ZDV�XVHG��)LQDOO\��)LJXUH���� WHVWV�WKH�VSHHGXS
ZKHQ� XVLQJ� D� K\EULG� FRQVWUDLQW� � FRPELQLQJ� ERWK� WKH� VXFFLQFW� FRQVWUDLQW�6�7\SH�� ^VRGD�VQDFN`� DQG� WKH� VXFFLQFW� DQWL�PRQRWRQH� FRQVWUDLQW� PLQ�6�3ULFH� t ����7KH�VHOHFWLYLW\�RI�WKHVRGD LWHPV� DQG� VQDFN LWHPV� ZHUH� ��� HDFK� WKURXJKRXW� DOO� H[SHULPHQWV�� 7KH� SUHYLRXVFRQVWUDLQWV�PLPLF�WKRVH�UHSRUWHG�LQ�>��@�IRU�ZKLFK�WKH�&$3 DOJRULWKP�SHUIRUPHG�ZHOO�7KH� UDQJH� RI� PLQLPXP� VXSSRUW� XVHG� LV�IURP����WR�������ZKLFK�LV�WKH�VWDQGDUG�VLJQLILFDQWUDQJH� IRU� WKLV� W\SH� RI� GDWDEDVH�� %HORZ� WKLV� UDQJH��WKH�QXPEHU�RI�IUHTXHQW�LWHPVHWV�LV�YHU\VPDOO� WR� JLYH� DQ\� PHDQLQJIXO� FRPSDULVRQ� DQG� DERYH� WKLV� UDQJH� WKH� QXPEHU� RI�IUHTXHQWLWHPVHWV�LQFUHDVHV�UDSLGO\�
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6XFFLQFW�RQO\�&)4��7���,��'���.
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)LJXUH������6SHHG�XS�IRU�VXFFLQFW�RQO\�DQG�QRQ�VXFFLQFW�QRQ�DQWL�PRQRWRQH�FRQVWUDLQWV
6XFFLQFW�$QWL�PRQRWRQH�RQO\�&)4��7���,��'���.
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)LJXUH������6SHHGXS�IRU�VXFFLQFW�DQWL�PRQRWRQH�FRQVWUDLQW
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6HYHUDO� REVHUYDWLRQV� DSSO\� JHQHUDOO\� WR� DOO� WKH� UHVXOWV� RI� WKLV� VHW� RI� H[SHULPHQWV��7KHVHREVHUYDWLRQV�DUH�D� 7KH� VSHHGXS� H[KLELWV� D� JOREDO� PD[LPXP� DURXQG�WKH�VXSSRUW�YDOXH�RI�������7KLV�LVVLPLODU� WR� WKH� UHVXOWV� UHSRUWHG� LQ� >��@� IRU� WKH� SHUIRUPDQFH� JDLQ� RI� WKH�%25'(56DOJRULWKPV� RYHU�WR�WKH�$SULRUL DOJRULWKP��$�MXVWLILFDWLRQ�IRU�WKLV��VLPLODU�WR�WKDW�LQ�>��@�LV� DSSOLFDEOH� KHUH�� ZKHQ� WKH� VXSSRUW� WKUHVKROG� LQFUHDVHV�� WKH� QXPEHU� RI� IUHTXHQWLWHPVHWV� GHFUHDVH� WRJHWKHU� ZLWK� LWV� VL]H�� 7KLV� UHGXFHV� WKH� WLPH� WDNHQ� E\� WKH�QRQ�LQFUHPHQWDO� DOJRULWKP� &$3�� :KHQ�GHFUHDVLQJ�WKH�VXSSRUW�WKUHVKROG�WKH�WLPH�WDNHQ�E\&$3 LQFUHDVHV�ZLWK�D�IDVWHU�UDWH�WKDQ�,&$3 IRU�ZKLFK�WKH�H[HFXWLRQ�WLPH�LQFUHDVHV�ZLWKD� PXFK� VORZHU� UDWH�� +HQFH�WKH�VSHHGXS�LQFUHDVHV�XQWLO�ZH UHDFK�WKH�PD[LPXP�YDOXH�%H\RQG� WKLV�� WKH� QXPEHU� RI� IUHTXHQW� LWHPVHWV� LQFUHDVHV�UDSLGO\�ZKLFK�LQFUHDVHV�WKHEXUGHQ� RI� ,&$3 WU\LQJ� WR� PDLQWDLQ�WKHP�DQG�WKH�SUREDELOLW\�RI�WKH�ERUGHU�H[SDQVLRQLQFUHDVHV�� &$3�� KRZHYHU��VXVWDLQV�LWV�UDWH�RI�LQFUHDVH�LQ�WLPH��7KLV�ORZHUV�WKH�VSHHGXSDJDLQ�� 7KH�H[DFW�YDOXH�RI�PLQVXS IRU�ZKLFK�WKLV�PD[LPXP�RFFXUV�LV�IRU�VXUH�GHSHQGHQWRQ� WKH� FKDUDFWHULVWLFV� RI� WKH�GDWDEDVH��7KLV�PHDQV�ZH�VKRXOG�H[SHFW�D�WUHQG�VLPLODU�WRWKH� RQH�LQ�WKH�ILJXUHV�EXW�VKLIWHG�HLWKHU�WR�WKH�OHIW�RU�WR�WKH�ULJKW�RQ�WKH�[�D[LV�DFFRUGLQJWR�WKH�GDWD�FKDUDFWHULVWLFV�
$QWL�PRQRWRQH�RQO\�&)4��7���,��'���.
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)LJXUH������6SHHGXS�IRU�DQWL�PRQRWRQH�FRQVWUDLQW
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E� 7KH� VHFRQG� REVHUYDWLRQ��ZKLFK�LV�YHU\�PXFK�H[SHFWHG��LV�WKDW��JHQHUDOO\��WKH�VSHHGXSLQFUHDVHV� ZLWK� WKH� GHFUHDVH� LQ� WKH� LQFUHPHQW� VL]H� WR� UHDFK� LWV� PD[LPXP� IRU� ��LQFUHPHQW� VL]H�� 7KLV�LV�HDVLO\�MXVWLILHG�E\�QRWLFLQJ�WKDW�WKH�PDLQ�SUREOHP�RI�,&$3 LV�WRGLVFRYHU� WKH� VHW� RI� FRQVWUDLQHG� IUHTXHQW� LWHPVHWV� LQ� WKH� LQFUHPHQW�� 'HFUHDVLQJ�WKHLQFUHPHQW� VL]H� ZRXOG� UHOLHI�LW�RI�VRPH�RI�LWV�EXUGHQV��NHHSLQJ�LQ�PLQG�WKDW�&$3 WDNHVWKH� VDPH� WLPH� WR� SURGXFH� WKH� VHW� RI� FRQVWUDLQHG� IUHTXHQW� LWHPVHWV� IRU� WKH� ZKROHGDWDEDVH��F� 6HYHUDO� JOLWFKHV�DSSHDU�LQ�WKH�ILJXUHV�WKDW�VHHP�WR�GLVREH\�WKH�JHQHUDO�WUHQG�GLVFXVVHGDERYH� �H�J�� WKH�FDVH�RI������PLQVXS LQ�)LJXUH�������7KH�UHDVRQ�IRU�WKHVH�DEQRUPDOLWLHVFDQ� EH� H[SODLQHG� NQRZLQJ� WKDW� WKH� ERUGHU� H[SDQGHG� LQ� DOO� WKHVH� FDVHV�� 6XFKDEQRUPDOLWLHV� DUH� GXH� WR� WKH�ORFDO�FKDUDFWHULVWLFV�RI�WKH�WUDQVDFWLRQV�LQ�WKH�LQFUHPHQW�7KLV� PHDQV� WKDW� LI� WKH� LQFUHPHQW� GDWDEDVH�ZDV�WDNHQ�IURP�DQRWKHU�SDUW�RI�WKH�ZKROHGDWDEDVH�� WKH�ERUGHU�PLJKW�QRW�H[SDQG��7R�HOLPLQDWH�VXFK�JOLWFKHV��LW�LV�HVVHQWLDO�WR�UXQWKH� VDPH�H[SHULPHQW�VHYHUDO�WLPHV�IRU�WKH�VDPH�LQFUHPHQW�VL]HV�DQG�VXSSRUW�YDOXHV�EXWWKLV� WLPH�FKDQJLQJ�WKH�SODFH�IURP�ZKLFK�WKH�LQFUHPHQW�GDWDEDVH�LV�WDNHQ�DQG�WKHQ�WDNHQWKH� PHDQ� VSHHGXS� IRU� DOO� WKH� FDVHV�� 7KLV�ZRXOG�VPRRWK�WKH�FXUYHV�DQG�JLYH�D�PXFKEHWWHU� WUHQG�� ,W� LV� ZRUWK\� WR� PHQWLRQ��KRZHYHU��WKDW�WKH�VSHHGXS�LV�DOZD\V�RYHU�� �LWVPLQLPXP� YDOXH� LV� ��� LQ� WKH� FDVH� RI�����LQFUHPHQW�VL]H�DQG����PLQLPXP�VXSSRUWWKUHVKROG� LQ� )LJXUH� ����� LQGLFDWLQJ� D� SHUIRUPDQFH�JDLQ�LQ�DOO�FDVHV��HYHQ�WKRVH�FDVHVZKHQ� SHUIRUPDQFH� GURSV� GXH� WR� ERUGHU�H[SDQVLRQ��,W�FDQ�EH�VHHQ�DOVR�WKDW��DVVXPLQJWKH� ERUGHU� H[SDQGV� IRU� DOO� WKH� FDVHV��WKH�SHUIRUPDQFH�JDLQ�ULVHV�ZLWK�WKH�GHFUHDVH�LQPLQLPXP� VXSSRUW�� 7KLV� LV� LOOXVWUDWHG� LQ� )LJXUH� ��� IRU� WKH� FDVH�RI������DQG�����PLQLPXP� VXSSRUW�� ,Q� ERWK� WKHVH� FDVHV�� WKH� ERUGHU�H[SDQGHG�IRU�DOO�LQFUHPHQW�VL]HV�KRZHYHU� VSHHGXS� UHDFKHG� XS� WR� ��� LQ�WKH�ODWWHU�FDVH�������PLQVXS��DOWKRXJK�LW�ZDVFRQILQHG�DURXQG�� IRU�WKH�IRUPHU�FDVH�������PLQVXS��G� 7R� HOLPLQDWH� WKH� HIIHFW� RI� WKH� ORFDO� FKDUDFWHULVWLFV� RI� WKH� GDWD� LQ� WKH� LQFUHPHQWGDWDEDVH�� WKH� H[SHULPHQW� IRU� WKH� K\EULG� FRQVWUDLQW� ZDV� UHSHDWHG� IRU� ���� DQG���LQFUHPHQW� VL]HV�� 7KLV� WLPH�� WKH� LQFUHPHQW� GDWDEDVH� ZDV�WDNHQ�DV�D�FRQWLJXRXV�EORFNIURP� �� GLIIHUHQW� SODFHV� QRW� MXVW�IURP�WKH�EHJLQQLQJ�EORFN��7KH�VSHHGXS�LV�WHVWHG�IRUHDFK� FDVH� DQG� WKHQ� LWV�DYHUDJH�LV�WDNHQ��7KLV�KDV�WKH�HIIHFW�RI�VPRRWKLQJ WKH�JOLWFKHV�7KH� UHVXOWV� DUH� VKRZQ� LQ� )LJXUH� ����� )URP�WKH�ILJXUH��LW�FDQ�EH�QRWLFHG�WKDW�VSHHGXSVWLOO�REH\V�WKH�VDPH�JHQHUDO�WUHQG�
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+\EULG�&)4��7���,��'���.
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)LJXUH������6SHHGXS�IRU�D�K\EULG�FRQVWUDLQW
+\EULG�&)4��7��,�'���.
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)LJXUH������$YHUDJH�6SHHGXS�IRU�WKH�K\EULG�FRQVWUDLQW
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6RPH�SDUWLFXODU�REVHUYDWLRQV�FDQ�EH�GHGXFHG�IRU�HYHU\�FDVH�D� )RU� WKH� K\EULG�FRQVWUDLQW��ZH�FDQ�FRPPHQW�WKDW�WKH�SHUIRUPDQFH�JDLQ�LV�PRUH�GUDVWLFWKDQ� LQ� WKH� RWKHU� FDVHV� �)LJXUH�������7KLV�LV�DWWULEXWHG�WR�WZR�WKLQJV��ILUVW��FRPELQLQJERWK� WKH�VXFFLQFW�DQG�VXFFLQFW�DQWL�PRQRWRQH�FRQVWUDLQWV�LQFUHDVHG�WKH�VHOHFWLYH SRZHURI� WKH� K\EULG� FRQVWUDLQW� DQG� WKHUHIRUH� ORZHUHG� WKH� QXPEHU� RI� IUHTXHQW� LWHPVHWVVDWLVI\LQJ� LW�� 7KLV� LQFUHDVHV� WKH� SHUIRUPDQFH� RI� ,&$3 VLQFH�WKH�QXPEHU�RI�IUHTXHQWSDWWHUQV� LW� KDV� WR� JHQHUDWH�LQ�WKH�LQFUHPHQW�GDWDEDVH�LV�ORZHUHG�DQG�WKH�SUREDELOLW\�RIERUGHU� H[SDQVLRQ� LV� DOVR� ORZHUHG�� 7KH� VHFRQG� UHDVRQ� LV�WKDW�WKH�VXFFLQFW�FRQVWUDLQWFRPSRQHQW� LQFOXGHG� LQ� WKH� FRQVWUDLQW� LV�PRUH�VHOHFWLYH�WKDQ�WKDW�RI�WKH�VXFFLQFW�RQO\FRQVWUDLQW� RI� )LJXUH� ��� IRU� H[DPSOH�� 7KLV�LV�D�JRRG�VLJQ�IRU�,&$3 VLQFH�LW�LQGLFDWHVEHWWHU� SHUIRUPDQFH� JDLQV� ZKHQ� FRQVWUDLQWV� WHQG� WR� EH� PRUH� FRQVWUDLQLQJ��7KLV�ZLOOQRUPDOO\�EH�WKH�FDVH�LQ�D�SUDFWLFDO�HQYLURQPHQW�E� )RU� WKH�DQWL�PRQRWRQH�FRQVWUDLQW�DQG�WKH�VXFFLQFW�DQWL�PRQRWRQH�FRQVWUDLQW��LW�VKRXOGEH� QRWHG� WKDW� LQ� WKH� ODWHU� FDVH�� &$3 GHJHQHUDWHV� WR� $SULRUL EXW� RQ� D�VPDOOHU�RU�DUHVWULFWHG� VXEVHW� RI� WKH� LWHPV�� 6LPLODUO\�� IRU� WKH� IRUPHU� FDVH�� WKH� RQO\� GLIIHUHQFHEHWZHHQ� &$3 DQG� $SULRUL LV�WKDW�&$3 SUXQHV�VRPH�LWHPVHWV��WKRVH�QRW�VDWLVI\LQJ�WKHDQWL�PRQRWRQH� FRQVWUDLQW�� HDUO\� EHIRUH� FRXQWLQJ� WKHP�� ,W�VKRXOG�EH�H[SHFWHG�WKHQ�WRKDYH� VLPLODU� UHVXOWV� RI� WUHQGV� RI� VSHHGXS� EHWZHHQ�&$3 DQG�,&$3 DV�WKRVH�EHWZHHQ%25'(56 DQG�$SULRUL UHSRUWHG�LQ�>��@�F� )RU� WKH� QRQ�VXFFLQFW� QRQ�DQWL�PRQRWRQH� FRQVWUDLQW�� LW� VKRXOG� EH� QRWHG� WKDW� WKHFRQVWUDLQW� XVHG� ZLOO�LQGXFH�WKH�ZHDNHU�FRQVWUDLQW�PLQ�6�3ULFH��d �� ZKLFK�KDV�H[DFWO\WKH�VDPH�FRQVWUDLQLQJ�FDSDELOLW\�DV�WKH�VXFFLQFW�RQO\�FRQVWUDLQW�RI�)LJXUH���� VLQFH�ERWKFRQVWUDLQWV� KDYH� WKH� VDPH� VHOHFWLYLW\�� 7KH� H[WUD� SDVV� UHTXLUHG�WR�ILOWHU�RXW�WKH�H[WUDLWHPVHWV�QRW�VDWLVI\LQJ�WKH�RULJLQDO�FRQVWUDLQW�DFFRXQWHG�IRU�D�QHJOLJLEOH�DPRXQW�RI�WLPHZLWK� UHVSHFW� WR� WKH� RWKHU� WDVNV�� 7KLV�PDGH�WKH�UHVXOWV�RI�)LJXUH���� DSSO\�DOVR�WR�WKLVFDVH�
���� 0HDVXULQJ�VFDODELOLW\�ZLWK�GDWDEDVH�VL]H
7KH� VHFRQG� H[SHULPHQW� LQWHQGHG� WR� WHVW� KRZ� ,&$3� VFDOHV�XS�ZKHQ�FKDQJLQJ�WKH�GDWDEDVHVL]H�� 7KH� GDWDEDVH� VL]H� ZDV� FKDQJHG� LQ� ������� WUDQVDFWLRQV� LQFUHPHQWV� VWDUWLQJ� IURP������� WUDQVDFWLRQV� XQWLO� ������� WUDQVDFWLRQV��7KH�H[SHULPHQW�ZDV�FRQGXFWHG�IRU�WKH����LQFUHPHQW� GDWDEDVH� VL]H�� 7KH� UHDVRQ� IRU� WKLV�FKRLFH�LV�WR�WU\�WR�EH�KDUVK�RQ�WKH�LQFUHPHQWDO
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DOJRULWKP�� E\�WHVWLQJ�LW�LQ�LWV�ZRUVW�FDVHV��7KH�UHVXOWV�RI�WKH�H[SHULPHQW�FDQ�EH�VHHQ LQ�)LJXUH����� ,W�ZDV�H[SHFWHG�WKDW�WKH�SHUIRUPDQFH�JDLQ�VKRXOG�LQFUHDVH�GUDVWLFDOO\�ZLWK�WKH�LQFUHDVH�LQGDWDEDVH� VL]H� VLQFH� WKLV� LQFUHDVHV� PRUH� WKH�,�2�FRVW�RI�WKH�QRQ�LQFUHPHQWDO�DOJRULWKP��7KHUHVXOWV� RI� WKH� H[SHULPHQW��DV�VHHQ�IURP�WKH�ILJXUH��ZDV�QRW�TXLWH�ZKDW�ZDV�H[SHFWHG��,Q�VSLWHRI� WKH� LQFUHDVH�LQ�WKH�SHUIRUPDQFH�JDLQ�ZLWK�WKH�GDWDEDVH�VL]H��WKH�UHFRUGHG�LQFUHDVH�ZDV�QRWWKDW� VLJQLILFDQW�� 7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�VL]H�RI�WKH�GDWDEDVH�ILOH�LV�VPDOO���� 0%�LQ�WKHFDVH� RI� ������� WUDQVDFWLRQV�� FRPSDUHG� WR� WKH� VL]H� RI�WKH�PDLQ�PHPRU\��7KLV�HQDEOHV�WKHRSHUDWLQJ� V\VWHP� WR�FDFKH�WKH�ZKROH�GDWDEDVH�ILOH�LQWR�PDLQ�PHPRU\�DIWHU�WKH�ILUVW�SDVV��7KHLQFUHDVH� LQ� WKH�GDWDEDVH�VL]H�LQ�WKLV�FDVH�GLG�QRW�LPSRVH�D�GUDVWLF�GLIIHUHQFH�RQ�SHUIRUPDQFH�$Q� LQWHUHVWLQJ�TXHVWLRQ�DULVHV�KHUH�ZKLFK�LV��LI�WKH ZKROH�GDWDEDVH�FDQ�EH�FDFKHG�LQ�PHPRU\�IURP� ZKHUH� GRHV� WKH� LQFUHPHQWDO� DOJRULWKP� REWDLQ�LWV�HGJH"�7KH�DQVZHU�LV�WKDW�HYHQ�LI�WKHGDWDEDVH� LV� IXOO\� DFFRPPRGDWHG�LQ�PDLQ�PHPRU\��WKH�QRQ�LQFUHPHQWDO�DOJRULWKP�ZDVWHV�WRRPXFK� WLPH� VHTXHQWLDOO\� SDVVLQJ� RQ� LW��7KLV�JLYHV�WKH�LQFUHPHQWDO�DOJRULWKP�LWV�SHUIRUPDQFHJDLQ��0RUH�GUDVWLF�LQFUHDVH�LQ�SHUIRUPDQFH�VKRXOG�EH�QRWHG�WKHQ�LI�WKH�GDWDEDVH�VL]H�H[FHHGHGWKH�VL]H�RI�WKH�PDLQ�PHPRU\�
+\EULG�&)4��7���,��';.������LQFUHPHQW�VL]H
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���� ���� ����0LQLPXP�6XSSRUW

6SHH
GXS ���.���.���.���.

)LJXUH������0HDVXULQJ�SHUIRUPDQFH�IRU�GLIIHUHQW�GDWDEDVH�VL]HV
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$QRWKHU� REVHUYDWLRQ� RQ� )LJXUH� ��� LV� WKDW� WKH�SHUIRUPDQFH�JDLQ�LQFUHDVHV��WKRXJK�VORZO\�ZLWK� GHFUHDVLQJ� VXSSRUW� WKUHVKROG�� 7KLV� LV� H[SHFWHG� VLQFH� WKH� QRQ�LQFUHPHQWDO�DOJRULWKPSDVVHV�PRUH�RQ�WKH�GDWDEDVH�LQ�FDVH�PRUH�LWHPVHWV�DUH�IUHTXHQW�
���� 0HDVXULQJ�VHQVLWLYLW\�WR�LWHP�VHOHFWLYLW\
,Q� FDVH� RI� VXFFLQFW�FRQVWUDLQWV��DQG�IURP�/HPPD����WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�UHTXLUHVWKH� JHQHUDWLRQ�DQG�FRXQWLQJ�RI�VHYHUDO�LWHPVHWV�WKDW�DUH�NQRZQ�EHIRUHKDQG�WR�EH�QRW�IUHTXHQW�)URP� VHFWLRQ������WR�JHQHUDWH�WKH�PLQLPXP�VL]HG�LWHPVHWV�VDWLVI\LQJ�KH�VXFFLQFW�FRQVWUDLQW��LWLV� UHTXLUHG� WR� JHQHUDWH�WKH�FURVV�SURGXFW�RI�WKH�PDQGDWRU\�VHWV�LQ�WKH�0*) RI�WKH�FRQVWUDLQW�7KH�QXPEHU�RI�LWHPVHWV�LQ�WKH�ERUGHU�FDQ�EH�YHU\�ODUJH��HVSHFLDOO\�LI�WKH�FDUGLQDOLW\�RI�WKH�VHWVLQYROYHG� LQ� WKH� FURVV� SURGXFW� LV� KLJK��7KLV�SODFHV�D�EXUGHQ�RQ�,&$3 WKDW�LV�QRW�H[LVWLQJ�IRU&$3 DQG�UDLVHV�D�QDWXUDO�TXHVWLRQ��GRHV�WKH�SHUIRUPDQFH�JDLQ�GLVDSSHDU�IRU�KLJKHU�QXPEHU�RIERUGHU�LWHPV"

6XFFLQFW�RQO\�&)4��7���,��'���.������LQFUHPHQW�VL]H
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���� ���� ���� ���� ����0LQLPXP�6XSSRUW

6SHH
G�8S

���VHO�����VHO�����VHO�����VHO�����VHO�

)LJXUH������0HDVXULQJ�SHUIRUPDQFH�ZLWK�LWHP�VHOHFWLYLW\
7KH� IROORZLQJ� H[SHULPHQW� ZDV� GHVLJQHG� WR� DQVZHU� WKLV� TXHVWLRQ�� 7KH� DOJRULWKPV� DUHFRPSDUHG� IRU�WKH�VDPH�VXFFLQFW�FRQVWUDLQW�RI�)LJXUH���� DQG�IRU�����LQFUHPHQW�VL]H��DJDLQ�WREH� KDUVK�RQ�,&$3��DQG�WKH�GLIIHUHQW�VXSSRUW�VHWWLQJV��7KH�LWHP�VHOHFWLYLW\�ZDV�LQFUHDVHG�IURP



��

��� WR� �����L�H��WKH�QXPEHU�RI�VRGD�LWHPV�LQ�WKLV�FDVH�ZDV�FKDQJHG�IURP����RI�WKH�ZKROH�VHWRI�LWHPV�WR�������7KLV�LQFUHDVHG�WKH�QXPEHU�RI�ERUGHU�LWHPVHWV�7KH� UHVXOWV� RI� WKH� H[SHULPHQW� FDQ� EH� VHHQ� LQ� )LJXUH������7KH�LQWHUHVWLQJ�GLVFRYHU\�LV�WKDW,&$3 VWLOO� KDV� LWV� SHUIRUPDQFH� HGJH�� 7KLV� LV� GXH� WR� WKH� IDFW�WKDW��DV�UHSRUWHG�LQ�>��@��WKHSHUIRUPDQFH� RI� &$3 LWVHOI� DOVR� GURSV� ZLWK� LWHP� VHOHFWLYLW\� EHFDXVH� LW�KDV�WR�FRXQW�PRUHLWHPVHWV� WKDW�VDWLVI\�WKH�FRQVWUDLQW��DQG�PRUH�LPSRUWDQWO\�WKH�SUREDELOLW\�WKDW�WKH�OHQJWK�RI�WKHIUHTXHQW� LWHPVHWV� LQFUHDVHV� LV� KLJKO\�FRVWLQJ�LW�H[WUD�SUHFLRXV�SDVVHV�RYHU�WKH�GDWDEDVH��7KLVEDODQFHV� WKH� GHWHULRUDWLRQ� LQ� WLPH� LQ� ,&$3 QHHGHG�WR�PDLQWDLQ�WKH�ODUJH�QXPEHU�RI�ERUGHULWHPVHWV�



��

&KDSWHU��
��&21&/86,21�$1'�68**(67,216�)25�)8785(�:25.

���� &RQFOXVLRQ
,Q� WKLV� WKHVLV�� D� QHZ� DOJRULWKP� �,QFUHPHQWDO� &RQVWUDLQHG� $3ULRUL� ,&$3�� IRU�LQFUHPHQWDOPLQLQJ� RI� FRQVWUDLQHG� DVVRFLDWLRQ�UXOHV�LV�SURSRVHG��7KH�DOJRULWKP�DSSOLHV�WKH�WHFKQLTXHV�RILQFUHPHQWDO PLQLQJ� RQ� WKH� FRQVWUDLQHG� PLQLQJ� DOJRULWKP� &$3 �&RQVWUDLQHG� $3ULRUL�� WRSURGXFH� WKH� QHZ� VHW� RI� XSGDWHG� FRQVWUDLQHG� IUHTXHQW�VHWV� DIWHU� WKH�XSGDWH�RI�WKH�RULJLQDOWUDQVDFWLRQDO� GDWDEDVH� E\� DGGLQJ�QHZ�WUDQVDFWLRQV��7KH�SURSRVHG�DOJRULWKP�ILOOV�WKH�H[LVWLQJJDS� EHWZHHQ� WKH� WZR� VHSDUDWH� SDUDGLJPV� RI� LQFUHPHQWDO� DQG� FRQVWUDLQHG� PLQLQJ� RIDVVRFLDWLRQ�UXOHV�,Q� WKH� FRXUVH� RI�GHYHORSLQJ�WKH�SURSRVHG�DOJRULWKP��WKH�FRQFHSW�RI�WKH�FRQVWUDLQHG�QHJDWLYHERUGHU LV� LQWURGXFHG� DV� WKH� FRXQWHUSDUW�RI�WKH�FODVVLFDO�FRQFHSW�RI�WKH�QHJDWLYH�ERUGHU��7KHFRQVWUDLQHG� ERUGHU� LV� SURYHG�WR�KDYH�WKH�VDPH�SURSHUW\�DV�WKH�QRUPDO�ERUGHU��QDPHO\�EHLQJDQ� LQGLFDWRU� IRU� WKH� QHFHVVLW\� RI� FKHFNLQJ� WKH� RULJLQDO� GDWDEDVH��ZKLFK�LV�WKH�PRVW�FRVWO\RSHUDWLRQ�LQ�LQFUHPHQWDO�PLQLQJ�7KH� SURSRVHG� DOJRULWKP� ,&$3 XWLOL]HV�WKH�FRQVWUDLQHG�ERUGHU HIILFLHQWO\�WR�PDLQWDLQ�WKH�VHWRI� FRQVWUDLQHG� IUHTXHQW�VHWV�� $V� D� GLUHFW�FRQVHTXHQFH�RI�WKLV�XVDJH��,&$3 SHUIRUPV�DW�PRVWRQH SDVV�RQ�WKH�RULJLQDO�GDWDEDVH�DQG�RQO\�ZKHQ�LW�LV�DEVROXWHO\ QHFHVVDU\�6HYHUDO� H[SHULPHQWV�DUH�FRQGXFWHG�WR�PHDVXUH�WKH�UHODWLYH�SHUIRUPDQFH�RI�WKH�QHZ�DOJRULWKPFRPSDUHG� WR� UHUXQQLQJ� WKH�&$3 DOJRULWKP�IURP�VFUDWFK�RQ�WKH�ZKROH�XSGDWHG�GDWDEDVH��7KHWHVW� UHVXOWV� VKRZ� WKDW�,&$3 H[KLELWV�D�VSHHGXS�JDLQ�LQ�YLUWXDOO\�DOO�VLWXDWLRQV��7KH�VHQVLWLYLW\RI�WKH�DOJRULWKP�LV�WHVWHG�IRU�VHYHUDO�LQFUHPHQW�VL]HV�DQG�VXSSRUW�WKUHVKROGV�
���� 6XJJHVWLRQV�IRU�IXWXUH�ZRUN
6HYHUDO�TXHVWLRQV�UHPDLQ�XQDQVZHUHG�DQG�DUH�DSSURSULDWH�GLUHFWLRQV�IRU�IXWXUH�UHVHDUFK�ZRUN�x ,Q� WHUPV� RI��PDUNHW�EDVNHW�DQDO\VLV��ZKHQ�WUDQVDFWLRQDO�GDWDEDVHV�UHSUHVHQW�UHWDLO�GDWD��LWLV� FRQYHQLHQW� WR� H[SHFW� WKH� GDWD� WR�EH�RI�WKH�DGG�RQO\�W\SH��7KLV�MXVWLILHV�WKDW�WKLV�ZRUNGHDOV� RQO\�ZLWK�XSGDWHV�LQ�WKH�IRUP�RI�GDWDEDVH�LQVHUWLRQV��+RZHYHU��WKH�JHQHUDO�SUREOHPRI� XSGDWLQJ� WKH� WUDQVDFWLRQ� GDWDEDVH� LQFOXGHV�DOVR�WKH�GHOHWLRQ�RI�WUDQVDFWLRQV��7KXV��DQ



��

LPPHGLDWH� H[WHQVLRQ� LV� WR� VWXG\� WKH�JHQHUDO�SUREOHP��+DQGOLQJ�GHOHWLRQ�RI�WUDQVDFWLRQVVKRXOG� SUHVHQW� QR� SUREOHP� XVLQJ� WKH� VDPH� WHFKQLTXHV� LQ�WKLV�ZRUN��+RZHYHU��VHYHUDOSDUDPHWHUV� VKRXOG� EH� VWXGLHG�� WKH�PRVW�LPSRUWDQW�RI�ZKLFK�LV�ZKHQ�LW�EHFRPHV�FRVWO\�WRXVH� WKH�LQFUHPHQWDO�WHFKQLTXH��7KLV�LV�EHFDXVH�GHOHWLQJ�WUDQVDFWLRQ�UHGXFHV WKH�VL]H�RI�WKHXSGDWHG� GDWDEDVH�� ZKLFK� PLJKW� LQWURGXFH� VLWXDWLRQV� LQ� ZKLFK� XVLQJ� DQ� LQFUHPHQWDOWHFKQLTXH�LV�QRW�ZRUWKZKLOH�x $V� PHQWLRQHG� LQ�VHFWLRQ������VHYHUDO�DOWHUQDWLYHV�H[LVW�WR�PHDVXUH�WKH�DSSURSULDWH�WLPH�WRUXQ� WKH� LQFUHPHQWDO� DOJRULWKP��7KLV�WKHVLV�GRHV�QRW�JR�EH\RQG�VXJJHVWLQJ�VXFK�PHWKRGV�(YHU\� DOWHUQDWLYH� VKRXOG�EH�PRUH�LQYHVWLJDWHG�WR�GLVFRYHU�WKH�FLUFXPVWDQFHV�LQ�ZKLFK�WKHXVH� RI� RQH� DOWHUQDWLYH�ZLOO�EH�PRUH�DSSURSULDWH�WKDQ�WKH�RWKHU��,W�PLJKW�EH�WKH�FDVH�WKDW�DFRPELQDWLRQ�RI�VXFK�DOWHUQDWLYHV�LV�PRUH�DSSURSULDWH�x 7KHUH� LV� DQ� H[SHFWHG� VXUJH�LQ�WKH�UHVHDUFK�HIIRUWV�WU\LQJ�WR�DGDSW�WKH�QHZ�WHFKQLTXHV�IRUPLQLQJ� IUHTXHQW� SDWWHUQV�LQ�JHQHUDO�WR�WKH�FODVVLFDO�SUREOHPV�RI�PLQLQJ�DVVRFLDWLRQ�UXOHV�$OVR� D� YHU\� UHFHQW� SXEOLFDWLRQ� IRUPDOO\� UHVWDWHG� WKH� SUREOHP� RI� PLQLQJ� FRQVWUDLQHGIUHTXHQW�VHWV� >��@� DQG� LQWURGXFHG� RWKHU SURSHUWLHV� RI� FRQVWUDLQWV� �PRQRWRQH DQGFRQYHUWLEOH FRQVWUDLQWV��� 7KLV� SXEOLFDWLRQ�LV�D�VWDUWLQJ�VWHS�LQ�WKH�HIIRUWV�WU\LQJ�WR�XVH�WKHQHZ� YHU\�HIILFLHQW�WHFKQLTXHV�WR�PLQH�FRQVWUDLQHG�IUHTXHQW�VHWV��6LPLODU�HIIRUWV�VKRXOG�EHGRQH� WR� WU\� WR� FRPELQH�WKH�EHQHILWV�RI�WKHVH�WHFKQLTXHV�ZLWK�WKDW�RI�LQFUHPHQWDO�PLQLQJ�DQG�QHHGOHVV�WR�VD\��ZLWK�LQFUHPHQWDO�PLQLQJ�RI�FRQVWUDLQHG�UXOHV >��@�x $QRWKHU� TXHVWLRQ� LV� VWLOO�RSHQ��:KDW�ZLOO�EH�WKH�FDVH�LI�WKH�GDWDEDVH�XSGDWH�PRGLILHG�QRWRQO\� WKH� WUDQVDFWLRQDO� SDUW�EXW�DOVR�WKH�FKDUDFWHULVWLF�GDWD�RI�WKH�LWHPV��H�J��FKDQJLQJ�WKHSULFH� RI� VRPH� LWHPV�RU�FKDQJLQJ�WKH�LWHP�W\SH�"�,W�LV�WR�EH�QRWHG�WKDW�WKLV�WKHVLV�DVVXPHGRQO\� PRGLILFDWLRQV� LQ� WKH� WUDQVDFWLRQDO�SDUW��7KLV�DVVXPSWLRQ�HDVHV�WKH�VLWXDWLRQ�VLQFH�LWJXDUDQWHHV� WKDW� VDWLVIDFWLRQ� RI� FRQVWUDLQWV� RWKHU� WKDQ� WKH�VXSSRUW�FRQVWUDLQW�ZLOO�QRW�EHDIIHFWHG�� +RZHYHU�� D� PRGLILFDWLRQ� LQ� WKH� FKDUDFWHULVWLF� SDUW� RI� WKH� GDWDEDVH� ZRXOGLQYDOLGDWH� WKLV� IDFW�� $FWXDOO\�� WKH� DERYH� TXHVWLRQ� LV� D� WRXJK� TXHVWLRQ� WR�DQVZHU��7KHUHDVRQ� IRU� WKLV� UHOLHV� LQ�WKDW�WKH�FRQFHSW�RI�ZLQQHUV�DQG�ORVHUV ZLOO�QRW�EH�DV�VLPSOH�DV�LWZDV�� 7KH� GLIILFXOW\� RI� WKLV� SUREOHP� LV� RQ� SDU� ZLWK� DQRWKHU�LQWHUHVWLQJ�TXHVWLRQ�LQ�WKHFODVVLFDO� SUREOHP� RI� LQFUHPHQWDO� PLQLQJ� RI� DVVRFLDWLRQV�� ZKLFK� LV� ZKDW�LI�ZH�QHHG�WRGLVFRYHU� WKH� QHZ� VHW� RI� IUHTXHQW� LWHPVHWV� DIWHU� FKDQJLQJ� WKH� VXSSRUW�WKUHVKROG" 7KHOLWHUDWXUH� KDV� QR� DQVZHU� WR� WKLV� TXHVWLRQ�� OHVW� WKH� ZRUN�LQ�>��@�ZKLFK�WULHG�WR�VROYH�DQLQWHUHVWLQJO\�VLPLODU�SUREOHP�



��

��5()(5(1&(6
>�@�$JUDZDO��&��&���DQG�<X��3��+��$�1HZ�)UDPHZRUN�)RU�,WHPVHW�*HQHUDWLRQ��,Q�3URFHHGLQJVRI� WKH� 6HYHQWHHQWK� $&0� 6,*$&7�6,*02'�6,*$57� 6\PSRVLXP� RQ� 3ULQFLSOHV� RI'DWDEDVH�6\VWHPV��-XQH������������6HDWWOH��:DVKLQJWRQ��$&0�3UHVV������>�@� $JDUZDO� 5��� $JJDUZDO�� &�� DQG� 3UDVDG�� 9�� 9�� 9�� $� 7UHH� 3URMHFWLRQ� $OJRULWKP�IRU*HQHUDWLRQ� RI� )UHTXHQW� ,WHPVHWV�� ,Q -RXUQDO� RI� 3DUDOOHO�DQG�'LVWULEXWHG�&RPSXWLQJ�6SHFLDO�,VVXH�RQ�+LJK�3HUIRUPDQFH�'DWD�0LQLQJ����WR�DSSHDU��������>�@� $JUDZDO�� 5��� $UQLQJ�� $���%ROOLQJHU��7���0HKWD��0���6KDIHU��-��DQG�6ULNDQW��5��7KH�4XHVW'DWD� 0LQLQJ� 6\VWHP�� 3URF�� RI� WKH� �QG� ,QW
O�&RQIHUHQFH�RQ�.QRZOHGJH�'LVFRYHU\�LQ'DWDEDVHV�DQG�'DWD�0LQLQJ��3RUWODQG��2UHJRQ��$XJXVW������>�@�$JUDZDO��5���,PLHOLQVNL��7�� DQG�6ZDPL��$� 'DWDEDVH�0LQLQJ��$�3HUIRUPDQFH�3HUVSHFWLYH�,(((� 7UDQVDFWLRQV� RQ� .QRZOHGJH� DQG� 'DWD� (QJLQHHULQJ��6SHFLDO�LVVXH�RQ�/HDUQLQJDQG�'LVFRYHU\�LQ�.QRZOHGJH�%DVHG�'DWDEDVHV�����������������'HFHPEHU������>�@� $JUDZDO��5���,PLHOLQVNL��7�� DQG�6ZDPL��$� 0LQLQJ�$VVRFLDWLRQV�EHWZHHQ�6HWV�RI�,WHPV�LQ0DVVLYH� 'DWDEDVHV�� 3URF�� RI� WKH� $&0� 6,*02'�,QW
O�&RQIHUHQFH�RQ�0DQDJHPHQW�RI'DWD��SS�����������:DVKLQJWRQ�'�&���0D\������>�@� $JUDZDO�� 5�� DQG� 3VDLOD�� *�� $FWLYH� 'DWD� 0LQLQJ�� 3URF�� RI�WKH��VW�,QW
O�&RQIHUHQFH�RQ.QRZOHGJH�'LVFRYHU\�DQG�'DWD�0LQLQJ��0RQWUHDO��$XJXVW������>�@� $JUDZDO� 5��� 6KDIHU�� -�&�� 3DUDOOHO� 0LQLQJ�RI�$VVRFLDWLRQ�5XOHV��,(((�7UDQVDFWLRQV�RQ.QRZOHGJH�DQG�'DWD�(QJLQHHULQJ��9RO�����1R�����'HFHPEHU������>�@� $JUDZDO�� 5�� DQG�6ULNDQW��5� )DVW�$OJRULWKPV�IRU�0LQLQJ�$VVRFLDWLRQ�5XOHV��3URF��RI�WKH��WK ,QW
O�&RQIHUHQFH�RQ�9HU\�/DUJH�'DWDEDVHV��6DQWLDJR��&KLOH��6HSW�������>�@� $JUDZDO�� 5�� DQG� 6ULNDQW�� 5� 0LQLQJ�VHTXHQWLDO�SDWWHUQV��,Q�3URF������ ,QW��&RQI��'DWD(QJLQHHULQJ��7DLSHL��7DLZDQ��0DUFK������>��@� $KPHG��.KDOLO�0���(O�0DNNL��1DJZD�0���DQG�7DKD��<RXVU\��$�QRWH�RQ��%H\RQG�0DUNHW%DVNHWV�� *HQHUDOL]LQJ� DVVRFLDWLRQ� UXOHV� WR� FRUUHODWLRQV��� ,Q� 6,*.''� H[SORUDWLRQV�1HZVOHWWHU RI� 7KH� 6SHFLDO� ,QWHUHVW� *URXS� �6,*�� RQ� .QRZOHGJH� 'LVFRYHU\� 	�'DWD0LQLQJ��9RO��� ,VVXH����-DQXDU\������>��@�$OL��.���0DQJDQDULV��6���DQG�6ULNDQW��5��3DUWLDO�&ODVVLILFDWLRQ XVLQJ�$VVRFLDWLRQ�5XOHV��,Q3URF�� RI� WKH� �UG� ,QW
O� &RQIHUHQFH RQ� .QRZOHGJH� 'LVFRYHU\� LQ� 'DWDEDVHV�DQG�'DWD0LQLQJ� $XJXVW������
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>��@�$\DQ� 1� )�� 7DQVHO��$� 8�� DQG�$UNXQ��(��$Q�HIILFLHQW�DOJRULWKP�WR�XSGDWH�ODUJH�LWHPVHWVZLWK HDUO\�SUXQLQJ��3URFHHGLQJV�RI�WKH�ILIWK�$&0�6,*.''�LQWHUQDWLRQDO�FRQIHUHQFH�RQ.QRZOHGJH�GLVFRYHU\�DQG�GDWD�PLQLQJ��.''©����$XJXVW�������6DQ�'LHJR��&$�86$�>��@� %D\DUGR�� 5�� -�� (IILFLHQWO\� 0LQLQJ�/RQJ�3DWWHUQV�IURP 'DWDEDVHV��,Q�3URF��RI�WKH�����$&0�6,*02'�,QW©O�&RQI��RQ�0DQDJHPHQW�RI�'DWD��SS��������>��@� %D\DUGR�� 5�� -�� DQG�$JUDZDO��5��0LQLQJ�WKH�0RVW�,QWHUHVWLQJ�5XOHV��3URFHHGLQJV�RI�WKHILIWK� $&0�6,*.''�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�.QRZOHGJH�GLVFRYHU\�DQG�GDWD�PLQLQJ�.''©����$XJXVW�������6DQ�'LHJR��&$�86$�>��@� %D\DUGR��5��-���$JUDZDO��5���DQG�*XQRSXORV��'��&RQVWUDLQW�%DVHG�5XOH�0LQLQJ�LQ�/DUJH�'HQVH� 'DWDEDVHV�� ,Q� 3URF�� RI�WKH���WK�,QW©O�&RQI��RQ�'DWD�(QJLQHHULQJ���SS���������������>��@� %UDGOH\� 3�� )D\\DG� 8�� DQG�0DQJDVDULDQ��2��'DWD�0LQLQJ��2YHUYLHZ�DQG�2SWLPL]DWLRQ2SSRUWXQLWLHV��0LFURVRIW�5HVHDUFK�5HSRUW�065�75��������-DQXDU\�����>��@� %ULQ�� 6��� 0RWZDQL�� 5��� DQG� 6LOYHUVWHLQ�� &� %H\RQG� 0DUNHW� %DVNHWV�� *HQHUDOL]LQJ$VVRFLDWLRQ� 5XOHV� WR� &RUUHODWLRQV�� ,Q� 3URF� RI� WKH� ���� 6,*02'� &RQI�� RQ� WKH0DQDJHPHQW�RI�'DWD��SS����������>��@� %ULQ�� 6��� 0RWZDQL�� 5��� 8OOPDQ�� -��� DQG� 7VXU�� 6�� '\QDPLF� ,WHPVHW� &RXQWLQJ� DQG,PSOLFDWLRQ� 5XOHV� IRU�0DUNHW�%DVNHW�'DWD��,Q�3URF��RI�WKH����� 6,*02'�&RQI��RQ�WKH0DQDJHPHQW�RI�'DWD��SS����������>��@� &KHQ�� 0�� 6��� +DQ�� -��� DQG� <X�� 3�6�� 'DWD� 0LQLQJ�� $Q� 2YHUYLHZ� IURP� D� 'DWDEDVH3HUVSHFWLYH�� ,(((� 7UDQVDFWLRQV� RQ� .QRZOHGJH�DQG�'DWD�(QJLQHHULQJ���������������������>��@� &KHXQJ�� '��� +DQ�� -���1J��9���DQG�:RQJ��&�<��0DLQWHQDQFH�RI�'LVFRYHUHG�$VVRFLDWLRQ5XOHV� LQ� /DUJH� 'DWDEDVHV�� $Q� ,QFUHPHQWDO� 8SGDWLQJ� 7HFKQLTXH�� 3URF��RI����� ,QW
O&RQI��RQ�'DWD�(QJLQHHULQJ��,&'(
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