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7KH� SUREOHP� RI� PLQLQJ� DVVRFLDWLRQ� UXOHV� KDV� DWWUDFWHG� D� ORW� RI� DWWHQWLRQ� LQ� WKH�UHVHDUFK� FRPPXQLW\�� 6HYHUDO� WHFKQLTXHV� IRU� HIILFLHQW� GLVFRYHU\� RI DVVRFLDWLRQ� UXOHV�KDYH� DSSHDUHG��+RZHYHU�� LW� LV� QRQWULYLDO� WR�SHUIRUP� LQFUHPHQWDO�PLQLQJ� RU� HIILFLHQW�PLQLQJ� RI� FRQVWUDLQHG� DVVRFLDWLRQ� 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�RI�FRQVWUDLQHG�UXOHV�ZLOO�EH�QHFHVVDU\��,Q�WKLV�SDSHU��D�QHZ�DOJRULWKP��,&$3��IRU�LQFUHPHQWDO�PLQLQJ�RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHV�LV�LQWURGXFHG��7KH�FRQFHSW�RI�FRQVWUDLQHG� QHJDWLYH� ERUGHU� LV� DOVR� LQWURGXFHG�DQG� LWV�XVDJH� IRU� WKH�PDLQWHQDQFH�RI�FRQVWUDLQHG� DVVRFLDWLRQ� UXOHV�ZKHQ� QHZ� WUDQVDFWLRQ� GDWD� LV� DGGHG� WR� D� WUDQVDFWLRQDO�GDWDEDVH� LV� SURSRVHG�� 7KLV� IDVW� LQFUHPHQWDO� 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� WKH� RULJLQDO� GDWDEDVH� RQO\� LI� WKH�GDWDEDVH�LQVHUWLRQV�FDXVH�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�WR�H[SDQG��7KXV�WKH�VSHHG�XS RI� LQFUHPHQWDO� PLQLQJ� LV� FRPELQHG� ZLWK� WKH� IOH[LELOLW\� RI� WKH� IUDPHZRUN� RI�FRQVWUDLQHG� IUHTXHQW�VHW� TXHULHV��&)4V�� XVHG� IRU� VSHFLI\LQJ� XVHU� FRQVWUDLQWV� RQ� WKH�
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SURGXFHG�DVVRFLDWLRQ�UXOHV��7KH�FRUUHFWQHVV�RI�WKH�SURSRVHG�DOJRULWKP�LV�VWXGLHG�DQG�D�SURRI�RI�LW�LV�JLYHQ��6HYHUDO� H[SHULPHQWV�ZHUH� FRQGXFWHG� WR�PHDVXUH� WKH� UHODWLYH�SHUIRUPDQFH�RI� WKH�QHZ�DOJRULWKP�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�D�VLJQLILFDQW�LPSURYHPHQW�RYHU�UHUXQQLQJ�&$3 LQ�DOPRVW�DOO�RI�WKH�FDVHV�.H\� ZRUGV�� 'DWD� PLQLQJ�� DVVRFLDWLRQ� UXOHV�� LQFUHPHQWDO� PLQLQJ�� FRQVWUDLQHG�IUHTXHQW�VHW�TXHULHV�
�� ,QWURGXFWLRQ
6LQFH�LWV�ILUVW�LQWURGXFWLRQ�LQ�>�@��PLQLQJ�DVVRFLDWLRQ�UXOHV�KDV�EHHQ�D�KRW�WRSLF�LQ�WKH�GDWD�PLQLQJ�UHVHDUFK�FRPPXQLW\��6HYHUDO�DOJRULWKPV�ZHUH�LQWURGXFHG�WR�VROYH�WKH�SUREOHP� >��� �� ��� ���� ���� ���� ���� ���� ��@�� +RZHYHU�� LW� ZDV� QRW� XQWLO� LWV� ILUVW�LQWURGXFWLRQ� LQ� >��@� WKDW� WKH�SUREOHP�RI� LQFUHPHQWDOO\�PLQLQJ� DVVRFLDWLRQV�EHJDQ� WR�DWWUDFW�DWWHQWLRQ��6LQFH�WKHQ��VHYHUDO�SURSRVDOV�WR�VROYH�WKH�SUREOHP�DSSHDUHG�>����������� ���� ��@�� 7KRVH� SURSRVDOV� VHUYH� WR� RSWLPL]H� WKH� GLVFRYHU\� RI� WKH� QHZ� IUHTXHQW�LWHPVHWV� DIWHU� D� QRQ�WULYLDO� XSGDWH� RI� WKH� GDWDEDVH�� 3DUDOOHO� WR� WKRVH� HIIRUWV��FRQVWUDLQHG�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV�ZDV�DOVR�LQYHVWLJDWHG�RQ�VHYHUDO�OHYHOV��6XFK�LQYHVWLJDWLRQV� FDQ� EH� IRXQG� LQ� >��� ���� ���� ���� ��@�� ,Q� DQ� LQWHUDFWLYH� PLQLQJ�HQYLURQPHQW�� LW� EHFRPHV� D� QHFHVVLW\� WR� HQDEOH� WKH� XVHU� WR� H[SUHVV� KLV� LQWHUHVWV�WKURXJK� FRQVWUDLQWV� RQ� WKH� GLVFRYHUHG� UXOHV�� DQG� WR� FKDQJH� WKHVH� LQWHUHVWV�LQWHUDFWLYHO\�� ,Q� >��@�� 1J� HW� DO�� SUHVHQWHG� D� QHZ� PRGHO� IRU� H[SORUDWRU\� PLQLQJ� RI�DVVRFLDWLRQ�UXOHV�WR�HQDEOH�WUXH�LQWHUDFWLYH�PLQLQJ�WKURXJK�DG�KRF�TXHULHV�WKDW�VSHFLI\�VHYHUDO�FRQVWUDLQWV�RI�GLIIHUHQW�W\SHV��7KH�SUREOHP�RI�FRQVWUDLQHG�UXOH�PLQLQJ�LV�KRZ�WR� LQWHJUDWH� WKH� FRQVWUDLQWV� LQWR� WKH� FRUH� RI� UXOH� JHQHUDWLRQ� WR� DYRLG� JHQHUDWLRQ� RI�XQQHFHVVDU\�UXOHV�HDUOLHU��,Q�WKH�VDPH�SDSHU��1J��HW�DO��LQWURGXFHG�WKH�QRWLRQ�RI�DQWL�PRQRWRQLFLW\�DQG�VXFFLQFWQHVV�RI�D�FRQVWUDLQW�E\�ZKLFK�WKH�FRQVWUDLQW�FDQ�EH�SXVKHG�GHHSO\ LQWR� WKH� DOJRULWKP� RI� PLQLQJ� DVVRFLDWLRQ� UXOHV�� 7KH\� DOVR� LQWURGXFHG� WKH�FRQFHSW�RI�FRQVWUDLQHG�IUHTXHQW�VHW�TXHULHV��&)4V��,W�FDQ�EH�VHHQ�WKDW�WKH�UHVHDUFK�FRPPXQLW\�KDV�SURSRVHG�VHSDUDWH�VROXWLRQV�IRU�WKH�LQFUHPHQWDO� PLQLQJ� DQG� WKH� FRQVWUDLQHG� PLQLQJ� SUREOHPV�� +RZHYHU�� LQFUHPHQWDO�PLQLQJ�RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHV�LV�PRWLYDWHG�E\�WKH�IDFW�WKDW�VRRQ��FRQVWUDLQHG�PLQLQJ�RI�DVVRFLDWLRQV�ZLOO�EH� WKH�VWDQGDUG�DQG�PHWKRGV�ZLOO�EH�QHHGHG� WR�PDLQWDLQ�WKH� GLVFRYHUHG� UXOHV� DIWHU� GDWDEDVH� XSGDWHV� >�@�� ,Q� WKLV� SDSHU�� ZH� SUHVHQW� D� QHZ�DOJRULWKP�FDOOHG� ,&$3 �,QFUHPHQWDO�&RQVWUDLQHG�$3ULRUL�� IRU� LQFUHPHQWDO�PLQLQJ�RI�FRQVWUDLQHG� DVVRFLDWLRQ� UXOHV�� 7KLV� DOJRULWKP� LQFRUSRUDWHV� WKH� EHQHILWV� RI� IDVW�LQFUHPHQWDO�PLQLQJ� LQWR WKH� IUDPHZRUN� RI� FRQVWUDLQHG� IUHTXHQW�VHW� TXHULHV� �&)4V���:H�LQWURGXFH�WKH�FRQFHSW�RI�FRQVWUDLQHG�QHJDWLYH�ERUGHU�DQG�DSSO\�LW�LQ�WKH�FRQWH[W�RI�&)4V��7KH�SURSRVHG�DOJRULWKP�UHTXLUHV�D�IXOO�VFDQ�RI� WKH�ZKROH�GDWDEDVH�RQO\�LI�WKH� FRQVWUDLQHG� QHJDWLYH� ERUGHU� H[SDQGV�� 7KH� QHZ� DOJRULWKP� LV� EDVHG� RQ� WKH� IDVW�LQFUHPHQWDO�PLQLQJ� DOJRULWKP� LQ� >��@� DQG� WKH�FRQVWUDLQHG�PLQLQJ� DOJRULWKP�&$3� LQ�>��@��7KXV��LW�FRPELQHV�WKH�VSHHG�XS�RI�IDVW�LQFUHPHQWDO�PLQLQJ�ZLWK�WKH�IOH[LELOLW\�RI�WKH�IUDPHZRUN�RI�&)4V�7KH� UHVW� RI� WKH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� VHFWLRQ� �� SUHVHQWV� WKH� EDVHV� RQ�ZKLFK� WKH� SURSRVHG� DOJRULWKP� LV� EXLOW�� 6HFWLRQ� �� JLYHV� D� IRUPDO� GHVFULSWLRQ� RI� WKH�SUREOHP��,W�GHILQHV�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�DQG�SURYHV�WKDW�WKLV�ERUGHU�LV�DQ�LQGLFDWRU� IRU� WKH�QHFHVVLW\� RI� FKHFNLQJ� WKH�RULJLQDO�GDWDEDVH��6HFWLRQ���SUHVHQWV� WKH�QHZ� DOJRULWKP� LQ� GHWDLO� DQG� JLYHV� D� GHVFULSWLYH� H[DPSOH�� 6HFWLRQ� �� GHDOV� ZLWK� WKH�PHWKRG� E\�ZKLFK� WKH� FRQVWUDLQHG� QHJDWLYH� ERDUGHU� LV� FDOFXODWHG�� 6HFWLRQ� �� JLYHV� D�
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GHWDLOHG�SHUIRUPDQFH�VWXG\� IRU� WKH�SURSRVHG�DOJRULWKP��)LQDOO\��VHFWLRQ���FRQFOXGHV�WKH�SDSHU�
�� )RXQGDWLRQV�RI�7KH�3URSRVHG�$OJRULWKP
7KLV� VHFWLRQ� SUHVHQWV� WKH� SUHYLRXV� WKHRUHWLFDO� IRXQGDWLRQV�ZKLFK� IRUP� WKH�EDVHV�RQ� ZKLFK� RXU� SURSRVHG� DOJRULWKP� LV� EXLOW�� 7KHVH� EDVHV� LQFOXGH� WKH� WKHRUHWLFDO�IRXQGDWLRQV� RI� WKH� WZR� SUREOHPV� RI� FRQVWUDLQHG� DQG� LQFUHPHQWDO� PLQLQJ� RI�DVVRFLDWLRQ�UXOHV��:H�EHJLQ�E\�IRUPDOO\�GHILQLQJ�DVVRFLDWLRQ�UXOHV��7KHQ�ZH�PRYH�RQ�WR�D�EULHI�GLVFXVVLRQ�RI�FRQVWUDLQHG�PLQLQJ�RI�DVVRFLDWLRQ� UXOHV� LQ�ZKLFK�ZH�SUHVHQW�WKH� FRQFHSW� RI� FRQVWUDLQHG� IUHTXHQW�VHW� TXHULHV� �&)4V��� WKH� DQWL�PRQRWRQLFLW\� DQG�VXFFLQFWQHVV� SURSHUWLHV� RI� FRQVWUDLQWV� DQG� WKH� RSWLPL]DWLRQV� XVLQJ� WKHVH� SURSHUWLHV��)LQDOO\�� D� GHVFULSWLRQ� RI� WKH� LQFUHPHQWDO�PLQLQJ� SUREOHP�DQG�D� IRUPDO� GHILQLWLRQ�RI�WKH�FRQFHSW�RI�WKH�QHJDWLYH�ERUGHU�DUH�JLYHQ���� $VVRFLDWLRQ�UXOHV/HW� ^ `PLLL,WHP ������ �� EH� D� VHW� RI� OLWHUDOV� FDOOHG� LWHPV��'% EH� D� GDWDEDVH� RI�WUDQVDFWLRQV� ZKHUH� HDFK� WUDQVDFWLRQ� ,WHP7 � DQG� KDV� D� XQLTXH� LGHQWLILHU�� 7,'��*LYHQ�DQ�LWHPVHW� ,WHP; � ��; LV�FRQWDLQHG�LQ�7 LII� 7; � ��$Q�DVVRFLDWLRQ�UXOH�LV�DQ�LPSOLFDWLRQ� RI� WKH� IRUP� 6D � 6F�� ZKHUH� ERWK� 6D �UXOH� DQWHFHGHQW�� DQG� 6F �UXOH�FRQVHTXHQW�� DUH� LWHPVHWV� DQG� ) � FD 66 �� $� UXOH� KDV� VXSSRUW� V LII� V� RI� WKH�WUDQVDFWLRQV� LQ� '% FRQWDLQ� FD 66 � �� $� UXOH� KDV� FRQILGHQFH� F LII� F� RI� WKH�WUDQVDFWLRQV�FRQWDLQLQJ�6D DOVR�FRQWDLQ� FD 66 � ��$Q�LWHPVHW�LV�IUHTXHQW LII�LWV�VXSSRUW�H[FHHGV�D�FHUWDLQ�VXSSRUW�WKUHVKROG�PLQVXS���� &RQVWUDLQHG�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV

����� &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�FRQVHTXHQW UHVSHFWLYHO\���7KH�V\QWD[�RI�FRQVWUDLQW�FRQVWUXFWV�LV�GHWDLOHG�LQ�>��@��$VVXPLQJ� WKDW� WKH� PLQDEOH� YLHZ� FRQVLVWV� RI� WKH� UHODWLRQV� WUDQV�7,'��,WHPVHW� DQG�LWHP,QIR�,WHP��7\SH� 3ULFH��� VRPH� H[DPSOHV� RI�&)4VDUH�DV� IROORZV��7KH�TXHU\� � � � � � �^ �̀	�� ����   6FRXQW6FRXQW66 DVNV�IRU� DOO�SDLUV�RI� VLQJOH� LWHPV� VDWLVI\LQJ� IUHTXHQF\� FRQVWUDLQWV�� 7KH� TXHU\�� � ^ `^ `���	��� ���� t� SULFH6VRGDVVQDFNV7\SH666 DVNV� IRU� LWHPVHWV� LQ� WKH�DQWHFHGHQW�RI�WKH�UXOH��ZKLFK�FRQWDLQ�DW�OHDVW�RQH�VQDFN�LWHP�DQG�RQH�VRGD�LWHP��WKDW�DUH� DVVRFLDWHG�ZLWK� LWHPVHWV� WKDW� FRQWDLQ� LWHPV�ZLWK� D�SULFH�RI� DW� OHDVW������)LQDOO\��� � ^ ` ^ ` � � � �^ `SULFHSULFHEHYHUDJHV7\SH6VQDFNV7\SH666 �6PLQ�6PD[	�	�� ������ d��ILQGV�SDLUV�RI�VHWV�RI�FKHDSHU�VQDFN�LWHPV�DQG�VHWV�RI�PRUH�H[SHQVLYH�EHYHUDJH�LWHPV��,Q�DOO�WKH�H[DPSOHV��WKH�GRPDLQ�DQG�IUHTXHQF\�FRQVWUDLQWV��WKRVH�VWDWLQJ�WKDW�LWHPVHWV�VKRXOG�EHORQJ�WR�WKH�XQLYHUVDO�VHW�,WHP DQG�WKDW�WKH\�VKRXOG�EH�IUHTXHQW��DUH�RPLWWHG�IRU�EUHYLW\�DQG�DUH�DVVXPHG�WR�H[LVW�E\�GHIDXOW�&RQVWUDLQWV LQ� >��@� ZHUH� GLYLGHG� LQWR� ��YDULDEOH� FRQVWUDLQWV� �WKRVH� FRQVWUDLQWV�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�SDSHU��KRZHYHU��IRFXV�LV�RQO\�RQ���YDULDEOH�FRQVWUDLQWV�
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����� $QWL�PRQRWRQH�DQG�VXFFLQFW�FRQVWUDLQWV7KH�FRQVWUDLQWV�ZHUH�DOVR�FODVVLILHG�DFFRUGLQJ�WR�WZR�RUWKRJRQDO�SURSHUWLHV��DQWL�PRQRWRQLFLW\� DQG� VXFFLQFWQHVV�� ,QIRUPDOO\�� DQ� DQWL�PRQRWRQH� FRQVWUDLQW� LV� D�IUHTXHQF\�OLNH� FRQVWUDLQW��PHDQLQJ� WKDW� LW� VDWLVILHV� WKH� VDPH� FORVXUH� SURSHUW\� RI� WKH�VXSSRUW�FRQVWUDLQW��ZKLFK� VWDWHV� WKDW� LI�DQ� LWHPVHW�VDWLVILHV� WKH�FRQVWUDLQW�� WKHQ�DOO� LWV�VXEVHWV�ZLOO�GR��$Q�H[DPSOH�ZRXOG�EH�WR�UHTXLUH�WKDW�WKH�PLQLPXP�SULFH�RI�DQ\�LWHP�LQ� WKH� LWHPVHW� H[FHHGV������$�VXFFLQFW� FRQVWUDLQW�� RQ� WKH�RWKHU�KDQG�� LV�D�FRQVWUDLQW�KDYLQJ� WKH� SURSHUW\� WKDW� DOO� LWHPVHWV� IROORZLQJ� LW� FDQ� EH� JHQHUDWHG�� XVLQJ� VRPH�PHPEHU�JHQHUDWLQJ�IXQFWLRQ��0*)���RQFH�DQG�IRU�DOO�EHIRUH�DQ\�LWHUDWLRQV�WDNH�SODFH��$Q� H[DPSOH� RI� D� VXFFLQFW� FRQVWUDLQW� ZRXOG� EH� WR� UHTXLUH� WKDW� WKH� LWHPVHW� VKRXOG�FRQWDLQ�DW� OHDVW�RQH�µVRGD¶ LWHP��&OHDUO\��RQH�FDQ�JHQHUDWH�DOO�VXFK� LWHPVHWV�ZLWKRXW�DQ\�FRXQWLQJ�RI� WKH�WUDQVDFWLRQDO�GDWDEDVH��7KH�LPSRUWDQFH�RI� WKLV�FODVVLILFDWLRQ�OLHV�LQ� WKDW� RQH� FDQ� H[SORLW� ERWK� SURSHUWLHV� ZKLOH� WU\LQJ� WR� GLVFRYHU� IUHTXHQW� VHWV� WKDW�IROORZ� WKH� FRQVWUDLQWV�� 7KLV� JLYHV� D� JUHDW� DGYDQWDJH� RYHU� WKH� QDwYH� DSSURDFK� RI�FRXQWLQJ� WKH� IUHTXHQW� VHWV� ILUVW� DQG� WKHQ� ILOWHULQJ�RXW� WKRVH�ZKLFK� GR�QRW� IROORZ� WKHFRQVWUDLQWV��7KH�RSWLPL]DWLRQ�VWUDWHJ\�IRU�DQWL�PRQRWRQH�FRQVWUDLQWV�LQ�&$3�>��@�LV�VLPLODU�WR�WKDW� XVHG� LQ�$SULRUL >�@� IRU� WKH� VXSSRUW� FRQVWUDLQW� �ZKLFK� LV� DOVR� DQ� DQWL�PRQRWRQH�FRQVWUDLQW���7KLV�PHDQV�WKDW�WKH�FDQGLGDWH�LWHPVHWV�DUH�JHQHUDWHG�LQ�WKH�VDPH�ZD\�DV�LQ�$SULRUL�� L�H��� LI� D� FDQGLGDWH�VHW� GRHV�QRW� VDWLVI\� WKH�DQWL�PRQRWRQH�FRQVWUDLQW� LW� LV�GLVFDUGHG� IURP� IXUWKHU� FRXQWLQJ� DQG� JHQHUDWLRQ� RI� FDQGLGDWHV�� )RU� VXFFLQFW�FRQVWUDLQWV��&$3 XVHG� WKH�PHPEHU� JHQHUDWLQJ� IXQFWLRQV� WR� DYRLG� WKH� JHQHUDWH�DQG�WHVW�HQYLURQPHQW�RI�RWKHU�W\SHV�RI�FRQVWUDLQWV��7KH�0*) HQVXUHV�WKDW�DOO�WKH�LWHPVHWV�JHQHUDWHG�DUH�NQRZQ�WR�VDWLVI\�WKH�FRQVWUDLQW�)RU� D� FRPSOHWH�GHVFULSWLRQ� RI� WKH�&$3 DOJRULWKP�DQG� LWV�RSWLPL]DWLRQ� VWUDWHJLHV�WKH�UHDGHU�LV�UHIHUUHG�WR�>��@���� ,QFUHPHQWDO�0LQLQJ�RI�$VVRFLDWLRQ�5XOHV,Q�WKHLU�SDSHU�>��@��&KHXQJ�HW�DO��LQWURGXFHG�WKH�SUREOHP�RI�LQFUHPHQWDOO\�PLQLQJ�DVVRFLDWLRQ�UXOHV�DFFRUGLQJ�WR�WKH�VXSSRUW�FRQILGHQFH�IUDPHZRUN��&KHXQJ�HW�DO��VWDWHG�WKDW�PDLQWHQDQFH�RI�IUHTXHQW�LWHPVHWV�LQYROYHV�VHDUFKLQJ�IRU�WZR�NLQGV�RI�LWHPVHWV�D� /RVHUV�� IUHTXHQW� LWHPVHWV� WKDW�EHFDPH�LQIUHTXHQW�DIWHU�DGGLQJ�WKH�LQFUHPHQW�GDWD�WR�WKH�GDWDEDVH�E� :LQQHUV��LQIUHTXHQW�LWHPVHWV�WKDW�EHFDPH�IUHTXHQW�DIWHU�DGGLQJ�WKH�LQFUHPHQW�GDWD�WR�WKH�GDWDEDVH�&KHXQJ�HW�DO���SURSRVHG�WKH�)83��)DVW�83GDWH� DOJRULWKP�WR�VROYH�WKH�SUREOHP��,W�LV�EDVHG�RQ�WKH�$SULRUL DOJRULWKP�DQG�UHTXLUHV�2�Q� SDVVHV�RYHU�WKH�GDWDEDVH��ZKHUH�Q�LV� WKH� VL]H� RI� WKH�PD[LPDO� IUHTXHQW� LWHPVHW��6LQFH� WKH� LQWURGXFWLRQ� RI�)83�� VHYHUDO�SURSRVDOV�WR�VROYH�WKH�SUREOHP�DSSHDUHG��H�J��>���������������������@��:H�ZLOO�LQFOXGH��ZLWKRXW�SURRI��WKH�LPSRUWDQW�OHPPDV�FLWHG�LQ�>��@�XSRQ�ZKLFK�)83DQG�YLUWXDOO\�DOO�RWKHU�LQFUHPHQWDO�PLQLQJ�DOJRULWKPV�DUH�EDVHG��7DEOH���VXPPDUL]HV�WKH�QRWDWLRQV�XVHG�KHQFHIRUWK�/HPPD��$Q�LQIUHTXHQW� LWHPVHW�6 LQ�'%�FDQ�EHFRPH�D�ZLQQHU LQ�WKH�XSGDWHG�GDWDEDVH��'%���RQO\�LI�LW�LV�IUHTXHQW�LQ�WKH�LQFUHPHQW�GDWDEDVH�GE �L�H��RQO\�LI�6 � /GE�� T/HPPD��/HW�6 EH�DQ�LWHPVHW��,I�6 � /'% DQG�6 � /GE WKHQ�6 � /'%�� T
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7DEOH����/LVW�RI�XVHG�QRWDWLRQV7KH�ILUVW�OHPPD�LV�WKH�PRVW�LPSRUWDQW�RQH�VLQFH�LW�JUHDWO\�UHVWULFWV�WKH�QXPEHU�RI�WKH� FDQGLGDWHV� WKDW� QHHG� WR� EH� FKHFNHG� DJDLQVW� WKH� RULJLQDO� GDWDEDVH�� ZKLFK� LV� WKH�PRVW�GHPDQGLQJ�WDVN�RI�WKH�ZKROH�SURFHVV�ZLWK�UHVSHFW�WR�WLPH�DQG�UHVRXUFHV�7KH�%25'(56 DOJRULWKP� >���� ��@�� GHYHORSHG� VLPXOWDQHRXVO\� E\�7KRPDV� HW� DO��DQG� )HOGPDQ� HW� DO��� LV� D� QRYHO� DQG� FUHDWLYH� DOJRULWKP� WKDW� XVHV� WKH� FRQFHSW� RI� WKH�QHJDWLYH�ERUGHU�LQWURGXFHG�E\�7RLYRQHQ�LQ�>��@ WR�LQGLFDWH�ZKHWKHU�LW�LV�QHFHVVDU\�RU�QRW�WR�FKHFN�DQ\�FDQGLGDWH�DJDLQVW�WKH�RULJLQDO�GDWDEDVH��7KH�FRQWULEXWLRQ LV�WKDW�WKH�DOJRULWKP� LQWURGXFHG� QHHGV� DW�PRVW� RQH� VFDQ� RI� WKH�RULJLQDO� GDWDEDVH� WR� XSGDWH� WKH�IUHTXHQW�LWHPVHWV� 6LQFH�WKLV�LV�FORVHO\�UHODWHG�WR�RXU�ZRUN��ZH�LQFOXGH�WKH�GHILQLWLRQ�RI�WKH�QHJDWLYH�ERUGHU�>������@�'HILQLWLRQ����1HJDWLYH�ERUGHU��1%G�/���RI�D�VHW�RI�IUHTXHQW�LWHPVHWV�/*LYHQ�D�FROOHFWLRQ�/�� 3�5��RI� VHWV��ZKHUH�3�5�� LV� WKH�SRZHU�VHW�RI�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
7KH� DOJRULWKP� LQ� >���� ��@ PDLQWDLQV� LQIRUPDWLRQ� DERXW� WKH� VXSSRUW� RI� IUHTXHQW�LWHPVHWV� LQ�WKH�RULJLQDO�GDWDEDVH�DORQJ�ZLWK� WKH�VXSSRUW�RI�WKHLU�QHJDWLYH�ERUGHU��$Q�LPSRUWDQW� UHVXOW� FLWHG� LQ� >��@� LV� WKDW� LI� DQ\� LWHPVHW� LV� WR� EHFRPH� D� ZLQQHU� LQ� WKH�XSGDWHG� GDWDEDVH�� LW� IROORZV� WKDW� VRPH� LWHPVHW� IRUPHUO\� LQ� WKH�QHJDWLYH� ERUGHU�ZLOO�DOVR�EHFRPH�D�ZLQQHU��7KLV�PHDQV�WKDW�WKH�QHJDWLYH�ERUGHU�EHFRPHV�DQ�LQGLFDWRU�IRU�WKH�QHFHVVLW\�RI�ORRNLQJ�IRU�ZLQQHUV�LQ�WKH�RULJLQDO�GDWDEDVH��,I�QR�H[SDQVLRQ�KDSSHQV�WR� WKH� ERUGHU�� WKHQ� ZH� GR� QRW� QHHG� WR� VFDQ� WKH� RULJLQDO� GDWDEDVH�� 7KLV� UHVXOW� LV�IRUPXODWHG�LQ�WKH�QH[W�WKHRUHP�>��@��ZKLFK�ZH�LQFOXGH�ZLWKRXW�SURRI�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�/'%�� T

'% 7KH�RULJLQDO�GDWDEDVH'E 7KH�LQFUHPHQW�GDWDEDVH'%� 7KH�XSGDWHG�GDWDEDVH_$_ 1XPEHU�RI�WUDQVDFWLRQV�LQ�GDWDEDVH�$PLQVXS 0LQLPXP�VXSSRUW�WKUHVKROG& $�FRQVWUDLQW�RQ�DVVRFLDWLRQ�UXOHVFN& 7KH�FDQGLGDWH�VHW�RI�VL]H�N��7KH�VXSHUVFULSW�F �LI�SUHVHQW��UHSUHVHQWV�D�FRQVWUDLQW�&&IUHT�� &DP��&VXFF��&VDP 7KH� IUHTXHQF\�� DQWL�PRQRWRQH�� VXFFLQFW� DQG� VXFFLQFW�DQWL�PRQRWRQH�FRPSRQHQWV�RI�WKH�FRQVWUDLQW�&�UHVSHFWLYHO\&�&[ 7KH� FRPSRQHQWV� RI� WKH� FRQVWUDLQW� & H[FOXGLQJ� WKH� FRPSRQHQW� [��ZKHUH�[ VWDQGV�IRU�VXFF��DP�RU�IUHT�$F/ 7KH� VHW� RI� IUHTXHQW� LWHPVHWV� LQ� GDWDEDVH� $�� 7KH� VXEVFULSW� F �LI�SUHVHQW��UHSUHVHQWV�D�FRQVWUDLQW�&� �VW$ 6XSSRUW�FRXQW�RI�LWHPVHW�V LQ�GDWDEDVH�$
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�� ,QFUHPHQWDO�0LQLQJ�RI�&RQVWUDLQHG�$VVRFLDWLRQ�5XOHV
,Q� WKLV� VHFWLRQ�� WKH� UHTXLUHG� IRUPDO� GHVFULSWLRQ� RI� WKH� WDFNOHG� SUREOHP� LV� VHW��6HFWLRQ� ��� GHILQHV� WKH� SUREOHP� RI� LQFUHPHQWDO� PLQLQJ� RI� FRQVWUDLQHG� DVVRFLDWLRQ�UXOHV� LQ� WKH� FRQWH[W� RI� &)4V�� 1H[W�� VHFWLRQ� ��� GHILQHV� WKH� SURSRVHG� FRQVWUDLQHG�QHJDWLYH� ERUGHU� WR�EH�XVHG� LQ� WKLV� FRQWH[W��7KHQ� WKH�SURRI� WKDW� WKH�QHZ�FRQVWUDLQHG�ERUGHU� LV� D� YDOLG� LQGLFDWRU� IRU� WKH� QHFHVVLW\� RI� FKHFNLQJ� WKH� RULJLQDO� GDWDEDVH� DIWHU�DGGLQJ�WUDQVDFWLRQV�LV�JLYHQ���� )RUPDO�SUREOHP�GHILQLWLRQ,Q� WKH� FRQWH[W� RI� FRQVWUDLQHG� IUHTXHQW�VHW� TXHULHV�� WKH� SUREOHP� RI� LQFUHPHQWDO�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV�FDQ�EH� UHVWDWHG�DV� IROORZV�� OHW� '%F/ EH�D�VHW�RI� IUHTXHQW�LWHPVHWV�LQ�D�GDWDEDVH�'% WKDW�VDWLVILHV�D�FHUWDLQ�FRQVWUDLQW�& GHILQHG�E\�VRPH�&)4��$IWHU� VRPH�XSGDWH�RI� WKH�GDWDEDVH��DQRWKHU� VHW�RI� WUDQVDFWLRQV�GE LV�DGGHG�WR�'% WR�JHW� WKH� XSGDWHG� GDWDEDVH� '%��� ,W� LV� UHTXLUHG� WR� GLVFRYHU� WKH� QHZ� VHW� �'%F/ RI�IUHTXHQW�LWHPVHWV�WKDW�VDWLVILHV�WKH�VDPH�FRQVWUDLQW�&�LQ�WKH�XSGDWHG�GDWDEDVH�$V� PHQWLRQHG� EHIRUH�� WKH� FRQFHSW� RI� WKH� QHJDWLYH� ERUGHU� SURYHG� XVHIXO� LQ� WKH�SUREOHP�RI� LQFUHPHQWDO�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV��7KH�FKDOOHQJH�LV� WR� WU\� WR�DGDSW�WKH�FRQFHSW�RI�QHJDWLYH�ERUGHU�IRU�&)4V��,W�FDQ�EH�QRWLFHG�WKDW�WKH�QHJDWLYH�ERUGHU�DV�GHILQHG� EHIRUH� UHSUHVHQWV� WKH� FDQGLGDWH� LWHPVHWV� FRXQWHG� E\� WKH� $SULRUL DOJRULWKP�WKDW�WXUQHG�WR�EH�QRW�IUHTXHQW��7KLV�PD\�JLYH�DQ�LQVLJKW�WR�XVH�WKH�VDPH�VHWV�FRXQWHG�E\�WKH�&$3 DOJRULWKP�EXW�IRXQG�VPDOO��DV�WKH�QHZ�QHJDWLYH�ERUGHU��7KLV�OHDGV�WR�WKH�IROORZLQJ� GHILQLWLRQ� RI� WKH� QHZ� QHJDWLYH� ERUGHU�� ZKLFK� LV� QDPHG� WKH� FRQVWUDLQHG�QHJDWLYH�ERUGHU����� 7KH�FRQVWUDLQHG�QHJDWLYH�ERUGHU'HILQLWLRQ����&RQVWUDLQHG�1HJDWLYH�%RUGHU�&1%G�/F��RI�D�VHW�RI�FRQVWUDLQHG�IUHTXHQW�LWHPVHWV�/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�IUHTXHQW�EXW�KDYH� DOO� WKHLU� VXEVHWV� �RI�ZKLFK� WKHLU� IUHTXHQFLHV�DUH�NQRZQ�� IUHTXHQW��7KH�UHDVRQ� IRU�RXU�XQFHUWDLQW\� LV� WKH�JHQHUDWH�RQO\�SDUDGLJP�RI�VXFFLQFW�FRQVWUDLQWV�ZKLFK�OHDYHV�XV�ZLWK�QR�NQRZOHGJH�RI�WKH�IUHTXHQF\�RI�LWHPVHWV�ZKLFK�GR�QRW�VDWLVI\�WKH�FRQVWUDLQW�VLQFH�WKH\�DUH�QRW�JHQHUDWHG�IURP�WKH�ILUVW�SODFH��-XVW�OLNH�VWUDWHJ\�,,�RI�WKH�&$3 DOJRULWKP��LI�DQ�LWHPVHW�LQ�WKH�ERUGHU�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� WKH� RULJLQDO� GDWDEDVH� IRU� ZLQQHUV�� LW� VHHPV� QDWXUDO� IRU� WKH� FRQVWUDLQHG�QHJDWLYH� ERUGHU� WR� SOD\� WKH� VDPH� UROH�� 7KH� RULJLQDO� QHJDWLYH� ERUGHU� SRVVHVVHG� WKH�SURSHUW\� RI� KDYLQJ� DOO� LWV� PHPEHUV� PLQLPDOO\� VPDOO�� PHDQLQJ� WKDW� DOO� WKHLU� SURSHUVXEVHWV�DUH�IUHTXHQW��,Q�WKH�FRQWH[W�RI�&)4V��WKH�VDPH�FRQFHSW�FDQ�EH�JHQHUDOL]HG�WR�LQFOXGH�DOO�DQWL�PRQRWRQH�FRQVWUDLQWV��%XW�VLQFH�VXFFLQFW�FRQVWUDLQWV�GR�QRW�SRVVHV�WKH�VDPH� FORVXUH� SURSHUW\�� LW� LV� QRW� JXDUDQWHHG� WKDW� DOO� SURSHU� VXEVHWV� VDWLVI\� WKH�FRQVWUDLQW�� 7KH� IROORZLQJ� OHPPDV�� ZKLFK� ZH� LQFOXGH� ZLWKRXW� SURRI� IRU� WKH� ODFN� RI�VSDFH�� KHOS� EHWWHU� XQGHUVWDQG� WKH� VXFFLQFW� FRQVWUDLQWV�� 7KH\� FOHDU� WKH� ZD\� IRU� WKH�SURRI� RI� WKH� QH[W� WKHRUHP��ZKLFK� VWDWHV� WKDW� WKH� FRQVWUDLQHG� QHJDWLYH� ERUGHU� LV� VWLOO�
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LQGHHG� DQ� LQGLFDWRU� IRU� FKHFNLQJ� WKH� RULJLQDO� GDWDEDVH�� 7KH�SURRI� RI� WKH� IROORZLQJ�OHPPDV�DQG�7KHRUHP���FDQ�EH�IRXQG�LQ�>�@�/HPPD��/HW� & EH� D� VXFFLQFW� FRQVWUDLQW� ZLWK� DQ� 0*)� 0� GHILQHG� DV� IROORZV��� �^ `NM;QNQL,WHP;;;0 MSLQ L ddzd�dd��� ���	������ IV �� ,W� LV�DVVXPHG��ZLWKRXW�ORVV�RI�JHQHUDOLW\��WKDW�WKH�VDWLVI\LQJ�VHWV�RI�WKH�VHOHFWLRQ�SUHGLFDWHV�� VLS 
V ��RI�0 DUH�DOO�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�� T,Q�RWKHU�ZRUGV��N� LV� WKH� ORZHU�ERXQG�RI� WKH� VL]H�RI�DQ\� LWHPVHW� WKDW� VDWLVILHV� WKH�VXFFLQFW� FRQVWUDLQW�� ,I� WKH�;M¶V�ZHUH� QRW� GLVMRLQW�� WKLV�PHDQV� WKDW� WKHUH�PLJKW� EH� DQ�LWHP�LQFOXGHG�LQ�WKH�VDWLVI\LQJ�VHW�RI�WZR�RU�PRUH�VHOHFWLRQ�SUHGLFDWHV��:H�WKHQ�KDYH�D�ORZHU�ERXQG�WKDQ�N IRU� WKH�VL]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� WKH� H[DPSOH� GDWDEDVH� RI� )LJXUH� ��� OHW� & EH� WKH� VXFFLQFW� FRQVWUDLQW�^ `VRGDVQDFN7\SH6 �� � �� 7KH� 0*) RI� WKLV� FRQVWUDLQW� LV��� �^ `IIV zz��� ����� ��_ ;;,WHP;;;;0 LSL ZKHUH� � �

� 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�FRQVWUDLQW�VKRXOG�KDYH�DW� OHDVW �� LWHPV��7KLV�LV�FOHDU�VLQFH�D�VDWLVI\LQJ� LWHPVHW�PXVW� FRQWDLQ�ERWK�D� µVQDFN¶�DQG D� µVRGD¶� LWHP��WKLV� LV�RI�FRXUVH�DVVXPLQJ�QR�VLQJOH� LWHP�LV�ERWK D�µVQDFN¶�DQG�D�µVRGD¶� LWHP� DW� WKH� VDPH� WLPH��� )RU� WKH� H[DPSOH� GDWDEDVH�� WKRVH� PLQLPXP� VL]HG�LWHPVHWV�VDWLVI\LQJ�WKH�FRQVWUDLQW�DUH�WKH�LWHPVHWV�%& DQG�%)�
LWHP,QIR,WHP 7\SH 3ULFH$ 'DLU\ ��% 6RGD ��& 6QDFN ��' -XLFH ��( &DQG\ ��) 6QDFN ��

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

� %� $ % & )� $ (GE �� $ % & ' (
)LJXUH����$Q�H[DPSOH�GDWDEDVH/HPPD��$VVXPLQJ�N LV� DV�GHILQHG� LQ� WKH�0*) RI�/HPPD � DQG�D�JHQHUDO� FRQVWUDLQW�&��$OO�LWHPVHWV�RI�VL]H�N VDWLVI\LQJ�&�&IUHT DUH� LQ�/F � &1%G�/F���)XUWKHUPRUH��DOO� LWHPVHWV�RI�VL]H�N�� VDWLVI\LQJ�&�&IUHT DQG�KDYLQJ�DOO� WKHLU�N�VL]HG�VXEVHWV�ZKLFK� VDWLVI\�&VXFFLQ�/F DUH�LQ�/F � &1%G�/F�� T

7R�VHH�WKLV�E\�H[DPSOH��FRQVLGHU�WKH�VDPH�FRQVWUDLQW� ^ `VRGDVQDFN7\SH6 �� � ��$V�GLVFXVVHG�DIWHU�/HPPD � WKH�VHW�RI�LWHPVHWV�RI�VL]H���VDWLVI\LQJ�WKH�FRQVWUDLQW�LV�^%&��%)`�� ,W� LV� FOHDU� WKDW� ERWK� LWHPVHWV� VKRXOG� EH� LQ�/F � &1%G�/F���1RZ��FRQVLGHU� WKH�LWHPVHW�$%&��,W�VXUH�VDWLVILHV�WKH�FRQVWUDLQW��KRZHYHU��DOO�LWV�SURSHU�VXEVHWV�H[FHSW�%&GR�QRW�VDWLVI\�WKH�FRQVWUDLQW��$VVXPLQJ�%& LV�LQ�/F��LI�$%& LV�IUHTXHQW�WKHQ�LW�LV�LQ�/F��
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2WKHUZLVH�� LW� ZRXOG� EH� LQ� &1%G�/F� E\� GHILQLWLRQ� VLQFH� LWV� RQO\� SURSHU� VXEVHW�VDWLVI\LQJ�WKH�VXFFLQFW�FRQVWUDLQW�LV�LQ�/F� +HQFH��$%&�LV�LQ�/F � &1%G�/F��7KH� SUHYLRXV� OHPPD� VHWV� D� ORZHU� ERXQG� RQ� WKH� VL]H� RI� LWHPVHWV� LQ� WKH� FRQVWUDLQHG�QHJDWLYH�ERUGHU��/HPPD��/HW�& EH�D�VXFFLQFW�FRQVWUDLQW�ZLWK�DQ�0*)�0�VLPLODU� WR� WKDW�GHILQHG�LQ�/HPPD � ��DQG�OHW�6 EH�DQ�LWHPVHW�VDWLVI\LQJ�&� ,I�_6_�!�N��ZKHUH�N LV�DV�GHILQHG�LQ�0��WKHQ�� W � 6VXFK�WKDW�W�VDWLVILHV�&� T,QIRUPDOO\�� WKH� SUHYLRXV� OHPPD� VWDWHV� WKDW� DQ\� LWHPVHW� VDWLVI\LQJ� WKH� VXFFLQFW�FRQVWUDLQW�ZLWK� D� JUHDWHU� FDUGLQDOLW\� WKDQ� WKH�PLQLPXP� FDUGLQDOLW\� VHW� E\�/HPPD �ZLOO�KDYH�D�SURSHU VXEVHW�RI�LW�WKDW�DOVR�VDWLVILHV�WKH�FRQVWUDLQW�7R�VHH�WKLV�E\�H[DPSOH��FRQVLGHU� WKH�VDPH�FRQVWUDLQW�DQG�H[DPSOH�GDWDEDVH��:H�NQRZ� WKDW� WKH� PLQLPXP� VL]HG� LWHPVHWV� VDWLVI\LQJ� & DUH� ^%&�� %)`�� &RQVLGHU� WKH�LWHPVHW�$%&��LW�KDV�H[DFWO\�RQH�VRGD�LWHP��µ%¶��DQG�RQH�VQDFN�LWHP��µ&¶��7KHQ��LW�KDV�WKH� LWHPVHW� VHW� %& DV� WKH� UHTXLUHG� SURSHU� VXEVHW� VDWLVI\LQJ� WKH� FRQVWUDLQW��)XUWKHUPRUH��FRQVLGHU�WKH�LWHPVHW�%&) ZKLFK�DOVR�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�VXFK�WKDW� � � ���� '%F'%F /WDQG/&1%GW6W � � T7KH�SUHYLRXV�WKHRUHP�SURYHG� WKDW� WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�LV�SOD\LQJ�WKH�VDPH�UROH�SOD\HG�E\�WKH�QRUPDO�QHJDWLYH�ERUGHU�LQ�>��@��7KLV�UHVXOW�ZLOO�EH�HPSOR\HG�LQ�WKH�SURSRVHG�DOJRULWKP�,&$3��,&$3 XVHV�WKH�&$3 DOJRULWKP�WR�GLVFRYHU�WKH�LQLWLDO�VHW� RI� FRQVWUDLQHG� IUHTXHQW� LWHPVHWV� DORQJ�ZLWK� LWV� FRQVWUDLQHG� QHJDWLYH� ERUGHU� DQG�DVVXPHV�WKDW�WKH�VXSSRUW�FRXQW�RI�HDFK�LWHPVHW�LQ�ERWK�VHWV�LV�NHSW�LQ�WKH�GDWDEDVH��
�� 7KH� 3URSRVHG� $OJRULWKP� ,&$3� �,QFUHPHQWDO� &RQVWUDLQHG$3ULRUL�
%HIRUH� SURFHHGLQJ�ZLWK� WKH� GHVFULSWLRQ� RI� WKH� DOJRULWKP� LW� VKRXOG� EH� QRWHG� WKDW�RQO\�XSGDWHV�RI�WKH�WUDQVDFWLRQDO�GDWDEDVH�LV�WDNHQ�LQWR�FRQVLGHUDWLRQ��L�H��QR�FKDQJHV�RFFXU�LQ�WKH�GDWD�GHVFULELQJ�WKH�LWHPV���7KHUHIRUH��LW�VKRXOG�EH�FOHDU�WKDW�DGGLQJ�DQG�UHPRYLQJ�WUDQVDFWLRQV�FDQ�RQO\�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\�&�&IUHT�DIWHU�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�XVLQJ�WKH�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�WKH�LQFUHPHQW�GDWDEDVH�GE��� &RXQW�WKH�IUHTXHQFLHV�RI�WKH�LWHPVHWV�LQ�WKH�SUHYLRXVO\�GLVFRYHUHG�VHW� '%F/ DORQJ�ZLWK� WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU� � �'%F/&1%G LQ� WKH� LQFUHPHQW�GDWDEDVH�GEWR�GLVFRYHU�WKH�ORVHUV�DQG�WKRVH�LWHPVHWV�ZKLFK ZLOO�UHPDLQ�IUHTXHQW��� ,I� QR� QHZ� LWHPVHWV� TXDOLI\� DV� FDQGLGDWH� IUHTXHQW� LWHPVHWV� �L�H��� WKH� ERUGHU�H[SDQGHG��� WKHQ� WKHUH� LV� QR� QHHG� WR� UHVFDQ� WKH� RULJLQDO� GDWDEDVH�� 7KH� QHZ�
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QHJDWLYH�ERUGHU�FDQ�EH�UHFRPSXWHG�LQ�D�VLPLODU�PDQQHU�DV�LQ�>��@�RQO\�LI�ORVHUV�H[LVW��VHH�VHFWLRQ���IRU�WKH�PHWKRG�RI�JHQHUDWLQJ�DQG�PDLQWDLQLQJ�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU���� ,I� WKHUH� DUH� QHZ�TXDOLI\LQJ�FDQGLGDWHV�� JHQHUDWH� WKH� FRQVWUDLQHG�QHJDWLYH�ERUGHU�FORVXUH� LQ� WKH� VDPH�PDQQHU� 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�RULJLQDO�GDWDEDVH��GRQH�LQ�VWHS����RQO\�LI�WKH�GDWDEDVH�LQVHUWLRQV�FDXVH�WKH�FRQVWUDLQHG�QHJDWLYH� ERUGHU� WR� H[SDQG�� ([SDQVLRQ� RI� WKH� ERUGHU�PHDQV� WKDW� WKHUH� DUH� SRWHQWLDO�LWHPVHWV�WKDW�FDQ�EHFRPH�ZLQQHUV�RWKHU�WKDQ�WKRVH�LQ�/F � &1%G�/F���7KLV�KDSSHQV�LI�WKHUH�H[LVW�ZLQQHUV� WKDW�FDQ�EH� MRLQHG�ZLWK�RWKHU�IUHTXHQW� LWHPVHWV�RU� WKDW�FDQ�DOORZ�RWKHU�LWHPVHWV�WR�EH�FDQGLGDWHV�IRU�WHVWLQJ��7KH�IDFW� WKDW�,&$3�FDQ�H[SORLW�DQG�XVH�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�PDNHV� LW�VXSHULRU�FRPSDUHG�WR�WKH�FODVVLFDO�OHYHO�ZLVH�DOJRULWKPV��$�KLJK�OHYHO�GHVFULSWLRQ�RI�WKH� SURSRVHG� DOJRULWKP� ,&$3 LV� VKRZQ� LQ� )LJXUH� ��� 7KH� IROORZLQJ� WKHRUHP�HVWDEOLVKHV�WKH�FRUUHFWQHVV�RI�,&$3��$�GHWDLOHG�SURRI�IRU�LW�FDQ�EH�IRXQG�LQ�DSSHQGL[�$�7KHRUHP��$OJRULWKP� ,&$3 LV� VRXQG� DQG� FRPSOHWH� ZLWK� UHVSHFW� WR� FRXQWLQJ� DOO� FRQVWUDLQHG�IUHTXHQW�LWHPVHWV�LQ�WKH�XSGDWHG�GDWDEDVH�'%�� T
F/ � �'%F/&1%G

GEF/
� �
�

�

'%

)LJXUH����7KH�SRVVLEOH�LQWHUVHFWLRQV�RI '%F/ �� � �'%F/&1%G ��DQG� GEF/([DPSOH�&RQVLGHU� D� WUDQVDFWLRQDO� GDWDEDVH� DV� GHSLFWHG� LQ� )LJXUH� ��� /HW� WKH� ILUVW� ��WUDQVDFWLRQV�EH�WKH�RULJLQDO�GDWDEDVH�'% DQG�WKH�ODVW���WUDQVDFWLRQV�EH�WKH�LQFUHPHQW�GDWDEDVH�GE��&RQVLGHU�WKH�IROORZLQJ�&)4�^ ` � �^ `��VXSPLQ��PLQ	�� �	;�SULFHVQDFNVRGD7\SH;;  t�7KH� DOJRULWKP� ,&$3 LV� QRZ� DSSOLHG� RQ� WKH� GDWDEDVH� WR� ILQG� WKH� XSGDWHG�FRQVWUDLQHG� IUHTXHQW�VHWV�� ,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��� LV�HPSW\�VLQFH�WKH� RQO\� IUHTXHQW� LWHPVHW� LQ�'%� LV� DOVR� IUHTXHQW� LQ�GE��1RZ��%&� LV� IUHTXHQW� LQ� WKH�XSGDWHG�GDWDEDVH��&KHFNLQJ�LWHPV�LQ�WKH�QHJDWLYH�ERUGHU��ZH�KDYH�%&(�RQO\�PRYLQJ�IURP�WKH�QHJDWLYH�ERUGHU�WR�WKH�XSGDWHG�VHW�RI�IUHTXHQW�LWHPVHWV��%HIRUH�FKHFNLQJ�IRU�WKH�LWHPVHWV�LQ�UHJLRQ����ZH�FKHFN�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�H[SDQVLRQ��6LQFH��PRYLQJ�%&( LQWR�WKH�IUHTXHQW�VHWV�GRHV�QRW�H[SDQG�WKH�QHJDWLYH�ERUGHU��ZH�FRQFOXGH�WKDW�WKHUH�LV�QR�QHHG�WR�FRXQW�WKH�VXSSRUW�RI�WKH�FDQGLGDWHV�RI�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�RULJLQDO�GDWDEDVH��7KLV�LV�D�JUHDW�LPSURYHPHQW�RYHU�UHUXQQLQJ�WKH�&$3 DOJRULWKP�RQ�WKH�RULJLQDO�GDWDEDVH�LQ�WHUPV�RI�WKH�QXPEHU�RI�WUDQVDFWLRQV�UHDG��,W�ZRXOG�EH�QDWXUDO�WR�DVVXPH�WKDW�D�PRUH�GUDVWLF�LPSURYHPHQW�JDLQ�ZLOO�EH�REWDLQHG�IRU�W\SLFDO�VL]HV�RI�GDWDEDVHV�DQG�GDWDEDVH�LQFUHPHQWV�RU�XSGDWHV�7KH�RSHUDWLRQV�RI�FRPSXWLQJ�DQG�PDLQWDLQLQJ�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�DUH�QRW� DV� VWUDLJKWIRUZDUG� DV� WKRVH� IRU� WKH� QHJDWLYH� ERUGHU� LQ� >��@�� 7KH� QH[W� VHFWLRQ�GHVFULEHV�WKH�SUREOHPV�IDFHG�ZKHQ�WU\LQJ�WR�FRPSXWH�WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU�DQG�H[SODLQV�KRZ�LW�FDQ�EH�JHQHUDWHG�
)XQFWLRQ ,&$3� '%F/ � � �'%F/&1%G ��GE�� &RPSXWH GEF/ XVLQJ�&$3� &RXQW�VXSSRUW�RI�DOO�LWHPV�RI� '%F/ DQG� � �'%F/&1%G LQ�GE�� ) �'%F/� )RU�HDFK�LWHPVHW�V LQ� GEF'%F // � GR ��LWHPVHWV�VWLOO�IUHTXHQW� � � � � � �VWVWVW GE'%'% � � ��FDOFXODWH�QHZ�VXSSRUW�FRXQW� ^ `V// '%F'%F � ��� )RU�HDFK�LWHPVHW�V LQ� � � GEF'%F //&1%G � GR ��FDQG��RI�WKH�ERUGHU� W'%��V� W'%�V��WGE�V� ��FDOFXODWH�QHZ�VXSSRUW�FRXQW� ,I�W'%��V��t PLQVXS�
�_'%�_�WKHQ�� ^ `V// '%F'%F � ���� )RU�HDFK�LWHPVHW�V LQ� � �GEF'%F // � GR�� ,I�WGE�V����W'%�V��t PLQVXS�
�_'%�_�WKHQ�� ^ `V// '%F'%F � ���� ,I� '%F'%F // z� WKHQ�� � � � �&/JHQUGHUQHJDWLYHERGFRQVWUDLQH/&1%G '%F'%F ��� �� �� (OVH� � � � �'%F'%F /&1%G/&1%G  ��� ,I� � � � ��� �z� '%F'%F'%F'%F /&1%G//&1%G/ WKHQ ��VFDQ��QHFHVVDU\"�� � '%F/6�� 5HSHDW�� � �&6JHQUGHUQHJDWLYHERGFRQVWUDLQH66 ���� �� 8QWLO�6 GRHV�QRW�JURZ�� )RU�HDFK LWHPVHW�V LQ� �� '%F/6�� ��FRXQW�FDQGLGDWH�LWHPVHWV�DJDLQVW�WKH�XSGDWHG�GDWDEDVH�� ,I�W'%��V��t PLQVXS�
�_'%�_�WKHQ�� ^ `V// '%F'%F � ���� � � � �&/JHQUGHUQHJDWLYHERGFRQVWUDLQH/&1%G '%F'%F ��� �� �� 5HWXUQ � ��� � '%F'%F /&1%G/)LJXUH����$�KLJK�OHYHO�GHVFULSWLRQ�RI�WKH�DOJRULWKP�,&$3
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�� &RPSXWLQJ�7KH�&RQVWUDLQHG�1HJDWLYH�%RUGHU
7KH�RULJLQDO�ERUGHU�LQ�>��@�ZDV�HDVLO\�SURGXFHG�DQG�PDLQWDLQHG�DV�D�E\�SURGXFW�RI�WKH�$SULRUL�DOJRULWKP�VLQFH� LW� UHSUHVHQWV�DOO� FDQGLGDWH� LWHPVHWV� WKDW�GLG�QRW�SDVV� WKH�FRXQWLQJ�WHVW��ZKLFK�PHDQV�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\�&�&IUHTVKRXOG�EH�LQ�WKH�FRQVWUDLQHG�ERUGHU� &$3��KRZHYHU��GRHV�QRW�SURGXFH�DQG�KHQFH�GRHV�QRW� FRXQW�DOO� WKRVH� LWHPVHWV� VLQFH� LW�JXDUDQWHHV� WKDW�DOO�JHQHUDWHG� LWHPVHWV�VDWLVI\LQJ�&�&IUHT RI�PLQLPXP�VL]H�ZLOO�KDYH�DOO�WKHLU�VXEVHWV�VDWLVI\LQJ�&�&VXFF >��@��,W�FDQ�DOVR�EH� QRWLFHG� WKDW�� 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�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� LWHPVHW�VKRXOG�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�� $VVXPH� WKDW� WKH� VHW� RI� IUHTXHQW� LWHPV� ZDV� ^$�� %�� &`��$FFRUGLQJ�WR�VWUDWHJ\�,,�RI�&$3��RQO\�WKH�LWHPVHWV�%& DQG�$%& ZLOO�EH�JHQHUDWHG�DQG�FRXQWHG��+RZHYHU��%)� %&'��%&(�DQG�%&) VKRXOG�DOVR�EH�FRXQWHG�� VLQFH� WKH\�DUH�E\�GHILQLWLRQ�LQ�WKH�FRQVWUDLQHG�ERUGHU��/HPPD ����7R�ZRUN�DURXQG�WKLV�SUREOHP��&$3�VKRXOG�EH�PRGLILHG�WR�JHQHUDWH�DQG�FRXQW�DOO�WKH� FDQGLGDWHV� EHORQJLQJ� WR� WKH� FRQVWUDLQHG� QHJDWLYH� ERUGHU�� 7KLV� FDQ� EH� GRQH� DV�IROORZV�$VVXPLQJ�&VXFF LV� DV�GHILQHG� LQ�VWUDWHJ\� ,,�RI�&$3 >��@�DQG�REVHUYLQJ� WKDW� VXFK�GHILQLWLRQ�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�

)XQFWLRQ &RQVWUDLQHG�QHJDWLYHERUGHU�JHQ�/F� &�� 6SOLW� /F LQWR� /P�� /P���� «� �� /Q ZKHUH� /N LV� WKH� VHW� RI� FRQVWUDLQHG� IUHTXHQW�LWHPVHWV� LQ�/ RI� VL]H�N��P�DQG�Q�DUH� WKH�VL]H�RI� WKH�VPDOOHVW�DQG� WKH� ODUJHVW�VHWV�RI�IUHTXHQW�LWHPVHWV�LQ�/F UHVSHFWLYHO\�� 8VH�WKH�PRGLILHG�VWUDWHJ\�,,�LQ�VHFWLRQ���WR�JHQHUDWH�DOO�FDQGLGDWHV�RI�VL]H�P��&P �XVLQJ� VWHS� D�� DQG� DOO� FDQGLGDWHV� RI� VL]H� P���� &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
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7KH� SURFHVV� RI� UH�FRPSXWLQJ� WKH� FRQVWUDLQHG� QHJDWLYH� ERUGHU�� JLYHQ� D� VHW� RI�FRQVWUDLQHG� IUHTXHQW�VHWV� /F DQG� D� FRQVWUDLQW� &�� LV� GRQH� E\� WKH� IXQFWLRQ�FRQVWUDLQHG�QHJDWLYHERUGHU�JHQ�/F��&���)LJXUH�� JLYHV�D�KLJK�OHYHO�GHVFULSWLRQ�RI�WKLV�IXQFWLRQ�
�� 3HUIRUPDQFH�6WXG\
��� 7KH�H[SHULPHQWDO�HQYLURQPHQW�DQG�SHUIRUPDQFH�SDUDPHWHUV7KH� DOJRULWKP� ZDV� LPSOHPHQWHG� DQG� WHVWHG� RQ� DQ� ,%0� FRPSDWLEOH� 3&� ZLWK� D�3HQWLXP� ,,� � ���� SURFHVVRU� DQG� ��� 0%� RI� PDLQ� PHPRU\� UXQQLQJ� WKH� 0LFURVRIW�:LQGRZV���� RSHUDWLQJ�V\VWHP��7KH�SURJUDP�ZDV�WKH RQO\�PDMRU�MRE�UXQQLQJ�RQ�WKH�PDFKLQH� WKURXJKRXW� DOO� WKH� H[SHULPHQWV� WR� DFKLHYH� D� IDLU� HQYLURQPHQW� IRU�FRPSDULVRQ��$V� IRU� WKH� WHVW�GDWD�� WKH�SURJUDP�GHYHORSHG� LQ� ,%0�$OPDGHQ� UHVHDUFK�FHQWHU�ZDV� XVHG� WR�JHQHUDWH� WKH� WHVW�GDWD��DYDLODEOH�IURP� WKH�,%0�48(67�ZHE� VLWH�KWWS���ZZZ�DOPDGHQ�LEP�FRP�FV�TXHVW��
1XPEHU�RI�7UDQVDFWLRQV�LQ�WKH�XSGDWHG�GDWDEDVH �������� �LQ� WKH� EDVLF� VHW� RI�H[SHULPHQWV�1XPEHU�RI�,WHPV ����$YHUDJH�7UDQVDFWLRQ�6L]H ��$YHUDJH�VL]H�RI�PD[LPDO�SRWHQWLDOO\�ODUJH�LWHPVHWV �7DEOH����3DUDPHWHU�6HWWLQJV7KH�SDUDPHWHU� VHWWLQJV�XVHG� IRU� WKH�H[SHULPHQWDO�GDWDEDVH�DUH� OLVWHG� LQ�7DEOH����6XFK�SDUDPHWHUV�DUH�DVVXPHG�WR�PLPLF�D�UHDVRQDEOH�UHWDLOLQJ�HQYLURQPHQW��7KH\�DOVR�JLYH� WKH� FKDQFH� WR� H[SORUH� WKH� UHODWLYH� PHULWV� RI� WKH� LQFUHPHQWDO� DOJRULWKP��:KHQ�JHQHUDWLQJ� WKH� LQFUHPHQW� GDWDEDVH�� WKH� PHWKRG� LQ� >���� ���� ��@� ZDV� XVHG�� ,Q� WKLV�PHWKRG�� WKH� LQFUHPHQW�GDWDEDVH� LV� WDNHQ�DV�D�FRQWLJXRXV�EORFN�IURP�D�JHQHUDWHG�VHW�UHSUHVHQWLQJ� 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���� 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�VHW�RI�ILJXUHV�)LJXUH � WR�)LJXUH � UHSUHVHQW�WKH�VSHHGXS�RI�,&$3 IRU�WKHVH�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� WKH� VRGD LWHPV� DQG� VQDFN LWHPV� ZHUH� ��� HDFK� WKURXJKRXW� DOO�H[SHULPHQWV�� 7KH� SUHYLRXV� FRQVWUDLQWV� PLPLF� WKRVH� UHSRUWHG� LQ� >��@� IRU� ZKLFK� WKH�&$3 DOJRULWKP�SHUIRUPHG�ZHOO�
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6HYHUDO�REVHUYDWLRQV�DSSO\�JHQHUDOO\� WR�DOO� WKH�UHVXOWV�RI� WKLV�VHW�RI�H[SHULPHQWV���7KH�UHVXOWV�VKRZ�WKDW�,&$3 LV�VXSHULRU�WR�&$3�LQ�DOPRVW�DOO�RI�WKH�FDVHV��7KH�VSHHGXS�DOVR�H[KLELWV�D� VLPLODU�SDWWHUQ�DV� UHSRUWHG� LQ� >��@� IRU� WKH�%25'(56�DOJRULWKP��7KH�MXVWLILFDWLRQ� LV�DOVR� WKH�VDPH��)RU�KLJK�VXSSRUW� WKUHVKROGV�� LW� LV� OHVV�FRVWO\�WR�UH�UXP�&$3� $W�ORZ�VXSSRUW�WKUHVKROGV��KRZHYHU��WKHUH�LV�D�JUHDWHU�SRVVLELOLW\�IRU�WKH�ERUGHU�WR H[SDQG�DQG�IRU� ,&$3 WR�VFDQ� WKH�GDWDEDVH��7KLV�LV�ZK\� WKH�VSHHGXS�KDV�D�JOREDO�PLQLPXP�DURXQG�WKH�VXSSRUW�YDOXH�RI������LQ�DOO�FDVHV��7KH�VSHHGXS�DOVR�LQFUHDVHV�IRU�VPDOOHU�LQFUHPHQW�VL]HV�VLQFH�WKHUH�LV�OHVV�GDWD�IRU�,&$3 WR�SURFHVV��6HYHUDO� JOLWFKHV� DSSHDU� LQ� WKH� ILJXUHV� WKDW� GLVREH\� WKH� JHQHUDO� WUHQG� GLVFXVVHG�DERYH��H�J��WKH�FDVH�RI������PLQVXS LQ�)LJXUH ����6XFK�DEQRUPDOLWLHV�DUH�GXH�WR�WKH�ORFDO� FKDUDFWHULVWLFV� RI� WKH� WUDQVDFWLRQV� LQ� WKH� LQFUHPHQW��ZKLFK� FDXVH� WKH�ERUGHU� WR�H[SDQG�� 7R� HOLPLQDWH� WKH� HIIHFW� RI� WKH� ORFDO� FKDUDFWHULVWLFV� RI� WKH� GDWD� LQ� WKH�LQFUHPHQW�GDWDEDVH�� WKH� H[SHULPHQW� IRU� WKH�K\EULG� FRQVWUDLQW�ZDV� UHSHDWHG���� WLPHV�IRU�����DQG����LQFUHPHQW�VL]HV� WDNLQJ�WKH�LQFUHPHQW�EORFN�IURP�D�GLIIHUHQW�SDUW�RI�WKH�GDWDEDVH�HDFK�WLPH��$YHUDJH�VSHHGXS�LV�WDNHQ�IRU�DOO�FDVHV��7KH�UHVXOWV�DUH�VKRZQ�LQ� )LJXUH ��� )URP� WKH� ILJXUH�� LW� FDQ� EH� QRWLFHG� WKDW� VSHHGXS� VWLOO� REH\V� WKH� VDPH�JHQHUDO�WUHQG�6RPH� SDUWLFXODU� REVHUYDWLRQV� FDQ� EH� GHGXFHG� IRU� HYHU\� FDVH�� )RU� WKH� K\EULG�FRQVWUDLQW�� GXH� WR� WKH� KLJK� VHOHFWLYH� SRZHU� RI� WKH� FRQVWUDLQW�� WKH� SHUIRUPDQFH� JDLQ�ZDV�PRUH�GUDVWLF� WKDQ�DOO� WKH�RWKHU�FDVHV��)RU�WKH�DQWL�PRQRWRQH�FRQVWUDLQW�DQG�WKH�VXFFLQFW�DQWL�PRQRWRQH�FRQVWUDLQW�� ,&$3 H[KLELWV�D�VLPLODU�EHKDYLRU�ZLWK� UHVSHFW� WR�&$3 DV� WKDW� UHSRUWHG� LQ� >��@�� ,Q� ERWK� FDVHV�� WKH� EHKDYLRU� RI�&$3 GHJHQHUDWHV� WR�$SULRUL�� )LQDOO\�� IRU� WKH� QRQ�VXFFLQFW� QRQ�DQWL�PRQRWRQH� FRQVWUDLQW�� LW� VKRXOG� EH�QRWHG� WKDW� WKH� FRQVWUDLQW� 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�ERWK�FRQVWUDLQWV�KDYH�WKH�VDPH�VHOHFWLYLW\� 7KH�H[WUD�SDVV�UHTXLUHG�WR�ILOWHU� RXW� WKH� H[WUD� LWHPVHWV� QRW� VDWLVI\LQJ� WKH� RULJLQDO� FRQVWUDLQW� DFFRXQWHG� IRU� D�QHJOLJLEOH� DPRXQW� RI� WLPH�ZLWK� UHVSHFW� WR� WKH� RWKHU� WDVNV�� 7KLV�PDGH� WKH� UHVXOWV� RI�)LJXUH � DSSO\�DOVR�WR�WKLV�FDVH���� 0HDVXULQJ�VFDODELOLW\�ZLWK�GDWDEDVH�VL]H7KH�VHFRQG�H[SHULPHQW� LQWHQGHG� WR� WHVW�KRZ� ,&$3�VFDOHV�XS�ZKHQ� FKDQJLQJ� WKH�GDWDEDVH� VL]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� WR� WHVW� ,&$3 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�LQ�GDWDEDVH�VL]H�VLQFH�WKLV� LQFUHDVHV�PRUH� WKH�,�2�FRVW�RI�WKH�QRQ�LQFUHPHQWDO�DOJRULWKP��7KH�UHVXOWV�RI�WKH�H[SHULPHQW��DV�VHHQ�IURP�WKH�ILJXUH��ZDV�QRW�TXLWH�ZKDW�ZDV�H[SHFWHG��,Q�VSLWH�RI�WKH�JHQHUDO� WUHQG� ZKLFK� VKRZV� WKDW� SHUIRUPDQFH� JDLQ� LQFUHDVHV�ZLWK� WKH� GDWDEDVH� VL]H��WKH�UHFRUGHG� LQFUHDVH�ZDV� QRW� WKDW� VLJQLILFDQW��7KH�UHDVRQ�IRU� WKLV� LV� WKDW� WKH�VL]H�RI�WKH�GDWDEDVH�ILOH�LV�VPDOO�����0%�LQ�WKH�FDVH�RI���������WUDQVDFWLRQV��FRPSDUHG�WR�WKH�VL]H� RI� WKH�PDLQ�PHPRU\�� 7KLV�SUREDEO\� HQDEOHV� WKH� RSHUDWLQJ� V\VWHP� WR� FDFKH� WKH�ZKROH� GDWDEDVH� ILOH� LQWR� PDLQ� PHPRU\� DIWHU� WKH� ILUVW� SDVV�� 7KH� LQFUHDVH� 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�� QR� PDWWHU� ZKDW�� WKH� QRQ�LQFUHPHQWDO� DOJRULWKP� ZDVWHV� WRR� PXFK� WLPH�VHTXHQWLDOO\� SDVVLQJ� RQ� WKH� GDWDEDVH� PDQ\� WLPHV�� 0RUH� GUDVWLF� LQFUHDVH� LQ�SHUIRUPDQFH�LV�H[SHFWHG�IRU�ODUJHU�SUDFWLFDO�GDWDEDVHV���� 0HDVXULQJ�VHQVLWLYLW\�WR�LWHP�VHOHFWLYLW\,Q� FDVH� RI� VXFFLQFW� FRQVWUDLQWV�� DQG� IURP� /HPPD� ��� WKH� FRQVWUDLQHG� QHJDWLYH�ERUGHU� UHTXLUHV� WKH� JHQHUDWLRQ� DQG� FRXQWLQJ� RI� VHYHUDO� LWHPVHWV� WKDW� DUH� NQRZQ�
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EHIRUHKDQG� WR� EH� QRW� IUHTXHQW�� )URP� VHFWLRQ� ��� WR� JHQHUDWH� WKH� PLQLPXP� VL]HG�LWHPVHWV�VDWLVI\LQJ�KH�VXFFLQFW�FRQVWUDLQW��LW�LV�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�VHWV�LQYROYHG�LQ�WKH�FURVV�SURGXFW�LV�KLJK��7KLV�SODFHV�D�EXUGHQ�RQ�,&$3 WKDW�GRHV�QRW�H[LVW�IRU�&$3 DQG�UDLVHV�D�QDWXUDO�TXHVWLRQ��GRHV�WKH�SHUIRUPDQFH�JDLQ�GLVDSSHDU�IRU�KLJKHU�QXPEHU�RI�ERUGHU�LWHPV"7KH�IROORZLQJ�H[SHULPHQW�ZDV� GHVLJQHG� WR�DQVZHU� WKLV�TXHVWLRQ��7KH�DOJRULWKPV�DUH�FRPSDUHG�IRU�WKH�VDPH�VXFFLQFW�FRQVWUDLQW�RI�)LJXUH � DQG�IRU�����LQFUHPHQW�VL]H��DJDLQ� WR�EH�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� VHW� RI� 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�>��@��WKH�SHUIRUPDQFH�RI�&$3 LWVHOI�DOVR�GURSV�ZLWK�LWHP�VHOHFWLYLW\�EHFDXVH�LW�KDV�WR�FRXQW�PRUH� LWHPVHWV� WKDW�VDWLVI\�WKH�FRQVWUDLQW��DQG�PRUH� LPSRUWDQWO\�WKH�SUREDELOLW\�WKDW� WKH� OHQJWK� RI� WKH� IUHTXHQW� LWHPVHWV� LQFUHDVHV� LV� KLJKO\� FRVWLQJ� LW� H[WUD� SUHFLRXV�SDVVHV�RYHU� WKH�GDWDEDVH��7KLV�EDODQFHV� WKH�GHWHULRUDWLRQ� LQ�WLPH�LQ�,&$3 QHHGHG� WR�PDLQWDLQ�WKH�ODUJH�QXPEHU�RI�ERUGHU�LWHPVHWV�
�� &RQFOXVLRQ�DQG�)XWXUH�H[WHQVLRQV�
,Q� WKLV� SDSHU�� D� QHZ� DOJRULWKP� �,QFUHPHQWDO� &RQVWUDLQHG� $3ULRUL� ,&$3�� IRU�LQFUHPHQWDO� PLQLQJ� RI� FRQVWUDLQHG� DVVRFLDWLRQ� UXOHV� LV� SURSRVHG�� 7KH� DOJRULWKP�DSSOLHV� WKH� WHFKQLTXHV� RI� LQFUHPHQWDO� PLQLQJ� LQ� WKH� %25'(56 DOJRULWKP� RQ� WKH�FRQVWUDLQHG� PLQLQJ� DOJRULWKP�&$3� WR� SURGXFH� WKH� QHZ� VHW� RI� XSGDWHG� FRQVWUDLQHG�IUHTXHQW�VHWV� DIWHU� WKH� XSGDWH� RI� WKH� RULJLQDO� WUDQVDFWLRQDO� GDWDEDVH� E\� DGGLQJ� QHZ�WUDQVDFWLRQV�� ,Q� WKH�FRXUVH�RI�GHYHORSLQJ�WKH�SURSRVHG�DOJRULWKP��WKH�FRQFHSW�RI� WKH�FRQVWUDLQHG�QHJDWLYH�ERUGHU LV�LQWURGXFHG�DV�WKH�FRXQWHUSDUW�RI�WKH�FODVVLFDO�FRQFHSW�RI�WKH�QHJDWLYH�ERUGHU��7KH�FRQVWUDLQHG�ERUGHU�LV�SURYHG�WR�KDYH�WKH�VDPH�SURSHUW\�DV� WKH� QRUPDO� ERUGHU�� QDPHO\� EHLQJ� DQ� LQGLFDWRU� IRU� WKH� QHFHVVLW\� RI� FKHFNLQJ� WKH�RULJLQDO� GDWDEDVH�� ZKLFK� LV� WKH� PRVW� FRVWO\� RSHUDWLRQ� LQ� LQFUHPHQWDO� PLQLQJ�� 7KH�SURSRVHG�DOJRULWKP�XWLOL]HV� WKH�FRQVWUDLQHG�ERUGHU HIILFLHQWO\� WR�PDLQWDLQ� WKH�VHW�RI�FRQVWUDLQHG� IUHTXHQW�VHWV��$V� D� GLUHFW� FRQVHTXHQFH� RI� WKLV� XVDJH�� ,&$3 SHUIRUPV�DW�PRVW�RQH 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�DOJRULWKP�FRPSDUHG�WR�UHUXQQLQJ�WKH�&$3 DOJRULWKP�IURP�VFUDWFK�RQ�WKH�ZKROH�XSGDWHG�GDWDEDVH��7KH�WHVW�UHVXOWV�VKRZ�WKDW�,&$3 H[KLELWV�D�VSHHGXS�JDLQ�LQ�YLUWXDOO\�DOO�VLWXDWLRQV��7KH�VHQVLWLYLW\�RI�WKH�DOJRULWKP�LV�WHVWHG�IRU�VHYHUDO�LQFUHPHQW�VL]HV�DQG�VXSSRUW�WKUHVKROGV�$� QDWXUDO� H[WHQVLRQ� WR� WKH� SUHVHQWHG� SUREOHP� ZRXOG� EH� WR� KDQGOH� WKH� FDVH� RI�GHOHWHG� WUDQVDFWLRQV�DQG� WKH�H[SORUDWLRQ�RI� WKH�EHQHILWV�RI� LQFUHPHQWDO�PLQLQJ�RQ���YDULDEOH� FRQVWUDLQWV�� $QRWKHU� KDUGHU� SUREOHP� LV� WR� WU\� WR� KDQGOH� WKH� FDVH�ZKHQ� WKH�GDWDEDVH�XSGDWHV�LQFOXGHV�XSGDWLQJ�WKH�FKDUDFWHULVWLF�GDWD�RI�WKH�LWHPV��H�J��FKDQJLQJ�WKH�SULFH�RI�VRPH�LWHPV�RU�FKDQJLQJ�WKH�LWHP�W\SH��5HFHQWO\�� D� QXPEHU� RI� VWXGLHV� DSSHDUHG� >��� ���� ��@� WKDW� XWLOL]H� FOHYHU� WUHH�VWUXFWXUHV�WR�FRPSDFWO\�UHSUHVHQW�WKH�WUDQVDFWLRQ�GDWDEDVH�DQG�IUHTXHQF\�LQIRUPDWLRQ��7KHVH� VWUXFWXUH� DOORZ� YHU\� HIILFLHQW� LPSOHPHQWDWLRQV� RI� DOJRULWKPV� IRU� GLVFRYHULQJ�DVVRFLDWLRQ� UXOHV� HVSHFLDOO\� IRU� GHQVH�GDWDEDVHV�ZLWK� YHU\� ORQJ� IUHTXHQW� LWHPVHWV�� ,W�UHPDLQV� WR� EH� VHHQ� KRZ� VXFK� WHFKQLTXHV� FRXOG� EH� XWLOL]HG� IRU� WKH� LQFUHPHQWDO�GLVFRYHU\�RI�FRQVWUDLQHG�DVVRFLDWLRQ�UXOHV��
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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
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)LJXUH����6SHHGXS�IRU�VXFFLQFW�DQWL�PRQRWRQH�FRQVWUDLQW
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