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5RXWLQJ�LV�DQ�LPSRUWDQW�SUREOHP�LQ�WKH�SURFHVV�RI�GHVLJQ�FUHDWLRQ�,Q�WKLV�SDSHU��ZH�IRFXV�RQ�WKH�SUREOHP�RI�GHVLJQLQJ�D�GDWDEDVH�IRUWKH� QRQ�SDUWLWLRQHG� URXWLQJ� SUREOHP�� 1HZ� WHFKQRORJ\� OLEUDULHVGHVFULEH� FRQVWUDLQWV� WKDW� DUH� KDUG� WR� PDQDJH� LQ� JULG�EDVHGDSSURDFKHV� WR� WKH� URXWLQJ� GDWDEDVH��:KLOH� JHQHUDO� UHJLRQ� TXHU\EDVHG� GDWD�VWUXFWXUHV� KDYH� EHHQ� SURSRVHG�� WKH\� W\SLFDOO\� VXIIHUIURP�VSHHG�SUREOHPV�ZKHQ�DSSOLHG�WR�ODUJH�EORFNV��:H�LQWURGXFHDQ LQWHUYDO�EDVHG�DSSURDFK��,W�SURYLGHV�PRUH�IOH[LELOLW\�WKDQ�JULG�EDVHG�WHFKQLTXHV��,W�H[SORLWV�WKH�QRWLRQ�RI�SUHIHUUHG�GLUHFWLRQ�IRUPHWDO� OD\HUV� WR� PDQDJH� WKH� PHPRU\� HIILFLHQWO\�� ,W� VXSSRUWVHIILFLHQW�UHJLRQ�TXHULHV��:H�ILQDOO\�SUHVHQW�D�FRPSDULVRQ�VWXG\�IRUUHDO�LQGXVWULDO�GHVLJQV�RQ�WKLV�GDWDEDVH�
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0DQDJLQJ�GDWD�LQ�DQ\�VRIWZDUH�WRRO�LV�D�FKDOOHQJH�ZKHQ�WKH�GDWDVL]HV� EHFRPH� ODUJH�� 7KLV� LV� SDUWLFXODUO\� WUXH� LQ� WKH� URXWLQJSUREOHP�� 5RXWLQJ� KDV� EHHQ� D� VXEMHFW� RI� IHUWLOH� UHVHDUFK�SDUWLFXODUO\�IURP�WKH�DOJRULWKPLF�SRLQW�RI�YLHZ��/HVV�HPSKDVLV�RQWKH� GDWDEDVH� KDV� EHHQ� IRXQG� LQ� WKH� UHVHDUFK� FRPPXQLW\�� ,Q� WKLVSDSHU��ZH� LQYHVWLJDWH� WKH� NH\� LVVXHV� WKDW� DULVH� LQ� WKH� GHVLJQ� DQGPDQDJHPHQW�RI�D�URXWLQJ�GDWDEDVH��:H�SURSRVH�DQ�HIILFLHQW�GDWD�VWUXFWXUH�WKDW�PHHWV�WKH�GHPDQGV�RI�QHZ�WHFKQRORJLHV��,Q�WKH�UHVWRI�6HFWLRQ���ZH�GLVFXVV�WKH�PRWLYDWLRQ��UHTXLUHPHQWV�DQG�SUHYLRXVZRUN� LQ� WKLV� ILHOG�� ,Q� 6HFWLRQ� ��� ZH� SUHVHQW� RXU� DSSURDFK� DQGGLVFXVV� UHOHYDQW� LVVXHV� WKDW� D� URXWLQJ� GDWDEDVH� PXVW� DGGUHVV�6HFWLRQ���GHDOV�ZLWK� H[SHULPHQWDO� GDWD� WKDW� VKRZV� WKH�PHULWV� RIRXU�DSSURDFK��6HFWLRQ���SURYLGHV�VRPH�FRQFOXGLQJ�UHPDUNV�

���� 0RWLYDWLRQ DQG�SUHYLRXV�ZRUN
:H� EHOLHYH� WKDW� WKH� GHVLJQ� DQG� LPSOHPHQWDWLRQ� RI� DQ� HIILFLHQWURXWLQJ�GDWDEDVH�LV�DQ�LQWHUHVWLQJ�DQG�FKDOOHQJLQJ�SUREOHP�IRU�WKHIROORZLQJ� UHDVRQV�� :LWK� WKH� UHFHQW� DGYDQFHV� LQ� FRPELQLQJSODFHPHQW�DQG�V\QWKHVLV>��@>��@��WKH�QH[W�IRFXV�RQ�GHVLJQ�FORVXUHZLOO�EH�LQ�WKH�DUHD�RI�URXWLQJ��,Q�UHFHQW�WHFKQRORJLHV��FDSDFLWDQFHSUHGLFWLRQ� XVLQJ� URXWLQJ� WRSRORJ\� �ZKLFK� LV� GRQH� GXULQJSODFHPHQW�WRGD\��LV�LQVXIILFLHQW��3RVW�URXWH�WLPLQJ�UHVXOWV�ZLOO�EHOHVV�SUHGLFWDEOH�XQOHVV�D�IHHGEDFN�ORRS�WR�D�WLPHU�DQG�H[WUDFWRU�LVSUHVHQW� GXULQJ� URXWLQJ�� 7KLV� PHDQV� �DVVXPLQJ� D� VLQJOH� SURFHVV�WKDW� WKH� PHPRU\� DYDLODEOH� IRU� URXWLQJ� ZLOO� EH� UHGXFHG�� $� IODWGDWDEDVH� ZLOO� PDNH� WKLV� VLPSOH� WR� PDQDJH�� $QRWKHU� FRPSHOOLQJUHDVRQ� WR� LQYHVWLJDWH�QHZ� URXWLQJ�GDWDEDVH� UHSUHVHQWDWLRQV� LV� WKHODFN� RI� IOH[LELOLW\� LQ� JULG�EDVHG� VFKHPHV�� 1HZHU� WHFKQRORJ\OLEUDULHV� GHVFULEH� FRPSOH[� SLQ� DQG� REVWUXFWLRQ� JHRPHWU\�$EVWUDFWLQJ�VXFK�VWUXFWXUHV�RQWR�D�IL[HG�JULG�UHSUHVHQWDWLRQ�PHDQVWKDW� D� FHUWDLQ� SDUW� RI� WKH� VROXWLRQ� VSDFH� LV� ORVW�� )LQDOO\�� UHFHQWWHFKQRORJ\�FRQVWUDLQWV�VXFK�DV�ZLUH�ZLGWKV�DQG�ZLUH�VSDFLQJ�YDU\DFURVV�OD\HUV��*ULG�EDVHG�VFKHPHV�RIWHQ�UHTXLUH�WKHVH�QXPEHUV�WREH� PXOWLSOHV� RI� D� IL[HG� QXPEHU� VR� WKDW� D� FRPPRQ� JULG� FDQ� EHFUHDWHG� IRU� DOO� OD\HUV�� 7KLV� FDQ� OHDG� WR� LQHIILFLHQW� XVH� RI� URXWLQJUHVRXUFHV�� $�URXWLQJ�GDWDEDVH� UHTXLUHV� WKH� IROORZLQJ�HVVHQWLDO� LQJUHGLHQWVWR�EH�VXFFHVVIXO��,W�VKRXOG�VXSSRUW�IDVW�UHJLRQ�TXHU\��DV�WKH�VHDUFKHQJLQH� ZLOO� PDNH� PLOOLRQV� RI� TXHULHV�� $� FODVVLF� VHDUFK� VXFK� DV'LMNVWUD¶V�>�@�DSSURDFK�RU�YDULDQWV�VXFK�DV�/HH¶V�>�@>�@�DSSURDFKRSHUDWHV�LQ�WKH�IROORZLQJ�IDVKLRQ��$�KHDS�LV�XVHG�WR�PDLQWDLQ� WKHFXUUHQW� IURQWLHU�RI� WKH� VHDUFK��7KH� OHDVW� FRVW� SRLQW� LV� SRSSHG�RIIWKH�KHDS�DQG�LWV�QHLJKERUV�DUH�H[DPLQHG�IRU�SRVVLEOH�H[SDQVLRQ��,WLV� WKLV� VWHS� WKDW�QHHGV� IDVW� DFFHVV� WR� WKH� GDWDEDVH��$Q� H[SDQVLRQFDQ�EH�SURKLELWHG�GXH�WR�PHWDO�JHRPHWU\�RU�REVWUXFWLRQV�DW�RU�QHDUWKH�H[SDQVLRQ�SRLQW�� ,Q�DGGLWLRQ� LW� VKRXOG�EH�HDV\� WR�PRGLI\�DQGPDQLSXODWH� WKH� GDWDEDVH� GXULQJ� URXWLQJ�� ,W� VKRXOG� EH� PHPRU\HIILFLHQW��7KH�VLPSOHVW�URXWLQJ�GDWDEDVH�LV�WKH�JULG�SRLQW�GDWDEDVH�7KH�DUHD�XQGHU�FRQFHUQ�LV�SRSXODWHG�E\�D�VHW�RI�JULG�SRLQWV��(DFKSRLQW� VWRUHV� WKH� LQIRUPDWLRQ� UHTXLUHG� WR� UHVSRQG� WR� WKH� TXHULHVPDGH� GXULQJ� H[SDQVLRQ�� (DFK� SRLQW� DOVR� VWRUHV� PHPRU\� IRU� WKHFRVW�RI�WKH�VHDUFK�DQG�IRU�EDFNWUDFNLQJ�� $Q�DOWHUQDWLYH�URXWLQJ�GDWDEDVH�UHOLHV�RQ�GDWD�VWUXFWXUHV�WDLORUHGIRU�HIILFLHQW�UHJLRQ�TXHULHV��7KHUH� LV�D� ODUJH�ERG\�RI� OLWHUDWXUH� LQWKLV� DUHD>�@>�@>�@>�@>�@>�@>��@>��@>��@�� � )LQNHO� DQG� %HQWOH\>�@GHYHORS� TXDG�WUHHV� DV� D� GDWD� VWUXFWXUH� IRU� KLJKHU� GLPHQVLRQDOTXHU\��/DWHU�%HQWOH\>�@�SURSRVHV� WKH� NG�WUHH� DV� DQ� LPSURYHPHQWRYHU� WKH� TXDG�WUHHV�� 7KH� ERRN� E\� GH%HUJ� HW� DO�>��@� SURYLGHV� DQH[FHOOHQW� UHIHUHQFH� WR� WKLV� OLWHUDWXUH��.HGHP>�@�GHVFULEHV� WKH�XVHRI� TXDG�WUHHV� ZLWK� ELVHFWRU� OLVWV� IRU� VWRULQJ�UHWULHYLQJ� REMHFWV
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RWKHUZLVH�� RU� UHSXEOLVK�� WR� SRVW� RQ� VHUYHUV� RU� WR� UHGLVWULEXWH� WR� OLVWV�
UHTXLUHV�SULRU�VSHFLILF�SHUPLVVLRQ�DQG�RU�D�IHH�
'$&�������-XQH��������������1HZ�2UOHDQV��/RXLVLDQD��86$�

&RS\ULJKW������$&0����������������������«�����



XVLQJ�PLQLPDO�ERXQGLQJ�ER[HV��2XVWHUKRXW>�@�GHVLJQV�WKH�FRUQHU�VWLWFKLQJ� WHFKQLTXH� IRU� IDVW� LQFUHPHQWDO� ORFDO� RSHUDWLRQV�5RVHQEHUJ>�@� FRQGXFWV� D� GHWDLOHG� VWXG\� RI� GDWD� VWUXFWXUHV� WKDWVXSSRUW� DUHD� TXHU\� LQ� WZR� GLPHQVLRQV�� /DWHU� ZRUN� E\�%URZQ>�@HOLPLQDWHV� ELVHFWRU� OLVWV� LQ� WKH� TXDG�WUHHV�� )RQWD\QH� DQG%RZPDQ>��@�GHVFULEH�D�UDGL[�KDVK�WUHH�IRU� UHJLRQ�TXHU\��0DUSOHHW DO�>��@�H[WHQG�FRUQHU�VWLWFKLQJ�WR�PDQDJH�WUDSH]RLGDO�REMHFWV�LQWKH� GDWDEDVH�� /DL� HW� DO�>��@� � LQWURGXFH� 9+�+9�WUHHV� IRU� UHJLRQTXHULHV���,I�ZH�FKRRVH�WR�GHVLJQ�D�GDWDEDVH�UHO\LQJ�RQ�DQ\�RI�WKHVHVWUXFWXUHV��WKH�IROORZLQJ�LVVXHV�QHHG�WR�EH�NHSW�LQ�PLQG�� 'DWD�VWUXFWXUHV� WKDW� UHO\� RQ� WUHHV� FDQ� EHFRPH� TXLFNO\XQEDODQFHG� DV� REMHFWV� DUH� LQVHUWHG�� ([SOLFLW� EDODQFLQJ� VFKHPHVQHHG�WR�EH�GHVLJQHG�DQG�LPSOHPHQWHG���7KLV�FDQ�DGG�D�VLJQLILFDQWOHYHO�RI�FRPSOH[LW\�WR�WKH�LPSOHPHQWDWLRQ�� $� URXWLQJ� GDWDEDVH� ZLOO� FRQWDLQ� PLOOLRQV� RI� UHFWDQJOHV�� $Q\VWUXFWXUH�ZKRVH�PHPRU\�JURZWK�LV�QRW�OLQHDU�LQ�WKH�LQSXW�VL]H�ZLOOEH�KDUG�SUHVVHG� WR� KDQGOH� ODUJH� GHVLJQV��'DWD� VWUXFWXUHV� VXFK� DVFRUQHU�VWLWFKLQJ�FDQ�FDXVH�VHYHUH�IUDJPHQWDWLRQ�DUH�DOVR�LOO�VXLWHG�� $�FRPPRQ�DSSURDFK�WR�VSHHG�XS�TXHULHV�LV�WR�PDLQWDLQ�VKDGRZV�UHJLRQV� RI� HIIHFW� LQ� WKH� QHLJKERUKRRG�� RI� PHWDO� REMHFWV� DORQJZLWK�WKH�RULJLQDO�JHRPHWU\�VR�WKDW�DOO�UHJLRQ�TXHU\�FDQ�EH�UHGXFHGWR�D�VLPSOH�SRLQW�TXHU\�� 7KH�DELOLW\�WR�LPSOHPHQW�HIILFLHQW�DUHD�EDVHG�VHDUFK�DOJRULWKPVRQ� WKH� GDWDEDVH� LV� DOVR� LPSRUWDQW�� ,Q� WKLV� FRQWH[W�� ZH� FDQ� ILQGYDULRXV� DSSURDFKHV� LQ� >�@>�@>��@>��@>��@�� /HH¶V� DSSURDFK� DQG5XELQ¶V�YDULDQW�>�@>�@�LPSOHPHQW�D�VHDUFK�RQ�D�JULG�JUDSK��7KHVHRIWHQ� UHTXLUH� WKH� URXWLQJ� SUREOHP� WR� EH� SDUWLWLRQHG�� :H� GR� QRWIDYRU�WKH�SDUWLWLRQLQJ�DSSURDFK�EHFDXVH�LW�OHDGV�WR�D�ORFDO�YLHZ�RIURXWLQJ��PDNLQJ�JOREDO�SURSHUWLHV�RI�D�GHVLJQ�VXFK�DV�WLPLQJ��DQGDQWHQQD�UXOHV�KDUGHU�WR�GHWHUPLQH��/LQH�VHDUFK�WHFKQLTXHV>��@>��@SURYLGH�D�PHFKDQLVP�WR�VSHHG�XS�WKH�VHDUFK�DW�WKH�H[SHQVH�RI�VXE�RSWLPDO�VROXWLRQV��%RWK�WKHVH�WHFKQLTXHV�UHO\�RQ�D�JULG�JUDSK�WKDWUHVWULFWV� WKH� VHDUFK� VSDFH� IRU� D� URXWHU�� 7KH� JULG�JUDSK� FRLQFLGHVZLWK� WKH� JULG�SRLQW� GDWDEDVH�� 7KLV� FDQ� EH� H[SHQVLYH� LQ� WHUPV� RIPHPRU\� DV� VKRZQ� E\� &RQJ� HW� DO�>��@� DQG� +HW]HO� >��@�� 2QHDSSURDFK� WR� VROYH� WKLV� LV� WR� LJQRUH� WKH� JULG� DQG� EXLOG� WKH� VHDUFKJUDSK� RQ� WKH� IO\>��@>��@>��@�� 0HPRU\� LV� VDYHG� EXW� WLPH� LVFRQVXPHG� WR� FRQVWUXFW� WKH� JUDSK� IRU� HYHU\� VHDUFK�� +HW]HO>��@SURSRVHV� D� GDWD�VWUXFWXUH� UHO\LQJ� RQ� LQWHUYDOV� IRU� URXWLQJ�� +HGHVFULEHV�D�IDVW�VHDUFK�HQJLQH�WKDW�FDQ�GHDO�ZLWK�ODUJH�JUDSK�VL]HV�6LQFH� ZH� DUH� VHHNLQJ� D� EDODQFH� EHWZHHQ� SHUIRUPDQFH�� FDSDFLW\DQG�PRUH� IOH[LELOLW\� WKDQ� D� JULG� EDVHG� VROXWLRQ�� RXU� DSSURDFK� LVVWURQJO\�PRWLYDWHG�E\�KLV�ZRUN�� ,Q� >��@� WKH� DXWKRU� IRFXVHV� RQ� DQHZ�VHDUFK�DOJRULWKP�IRU�ODUJH�JULG�JUDSKV��:H�GHVLJQ�D�GDWDEDVHWKDW� FRLQFLGHV�ZLWK� WKH� VHDUFK� JUDSK� UHTXLUHG� E\� KLP��2XU�PDLQFRQWULEXWLRQ�LV�WR�H[WHQG�WKH�JUDSK�RQ�ZKLFK�+HW]HO�GHVFULEHV�KLVVHDUFK�WR�VXSSRUW�DOO�WKH�UHTXLUHPHQWV�RI�D�URXWLQJ�GDWDEDVH�
���� 7HUPLQRORJ\
7KH�URXWLQJ�SUREOHP�LV�GHILQHG�RQ�D�VHW�RI�SODQHV��QXPEHUHG�IURP]HUR� �OD\HU� ]HUR� UHIHUULQJ� WR� WKH� PHWDO� OD\HU� FORVHVW� WR� WKHVXEVWUDWH���(DFK�SODQH�KDV�D�SUHIHUUHG�GLUHFWLRQ�RI� URXWLQJ�ZKLFKDOWHUQDWHV�EHWZHHQ�KRUL]RQWDO�DQG�YHUWLFDO�GLUHFWLRQV��$�OD\HU�N KDVD GHIDXOW�PHWDO�ZLGWK�GHQRWHG�E\�PZN� 7KH�VSDFLQJ�EHWZHHQ�DQ\WZR� PHWDO� JHRPHWULHV� LV� UHTXLUHG� WR� EH� DW� OHDVW� VSN XQLWV� DSDUW�2IWHQ PHWDO� REMHFWV� ZLWK� ODUJH� JHRPHWULHV� PD\� UHTXLUH� RWKHUREMHFWV�WR�EH�PRUH�WKDQ�VSN XQLWV�DSDUW��ZLGWK�EDVHG�VSDFLQJ���6RWKH� VSDFLQJ� UXOH� FDQ� DFWXDOO\� EH� D� IXQFWLRQ� RI� WKH� VL]H� RI� WKHREMHFWV��(DFK�DGMDFHQW� OD\HU�SDLU�ZLOO�KDYH�D� VHW�RI�YLDV�XVHG� IRUFRQQHFWLRQ��7KH�JHRPHWULHV�RI�WKH�YLDV�FDQ�EH�RIWHQ�FRPSOH[�ZLWKPHWDO�RYHUKDQJV�DQG�FDQ�DOVR�EH�DV\PPHWULF��(DFK�DGMDFHQW�OD\HU

SDLU� KDV� D� VHW� RI� GHIDXOW� YLDV�� 7KHVH� DUH� XVHG� WR� FRQQHFW� GHIDXOWPHWDO�RQ�DGMDFHQW�OD\HUV��9LDV�FDQ�EH�SODFHG�RQ�WRS�RI�RQH�DQRWKHUWR MXPS� DFURVV� PXOWLSOH� OD\HUV�� 7KH� DFWXDO� YLD� LQYRNHG� WRLPSOHPHQW�WKLV�LV�FDOOHG�D�VWDFN�YLD�ZKRVH�JHRPHWU\�QHHG�QRW�EHWKH� VDPH� DV� D� FRPELQDWLRQ� RI� GHIDXOW� YLDV�� )RU� WKH� VDNH� RI� WKHGLVFXVVLRQ�ZH�ZLOO�DVVXPH�WKDW�D�GHIDXOW�YLD�KDV�WKH�VDPH�VKDSH�DVD VTXDUH�SLHFH�RI�GHIDXOW�PHWDO�RQ�WKH�DSSURSULDWH�OD\HU��([WHQGLQJWKH� GDWDEDVH� WR� RWKHU� YLDV� LV� FRQFHSWXDOO\� VWUDLJKWIRUZDUG�� EXWUHTXLUHV�D�IDLU�DPRXQW�RI�ERRN�NHHSLQJ�� 7KH�URXWLQJ�GDWDEDVH�LV�SRSXODWHG�E\�WKUHH�NLQGV�RI�REMHFWV���� 2EMHFWV�VXFK�DV�SLQV�DQG�SUH�URXWHV�WKDW�QHHG�WR�EH�FRQQHFWHGE\�WKH�URXWHU��)RU�VDNH�RI�GLVFXVVLRQ��ZH�RQO\�FRQVLGHU�SLQV���� 2EMHFWV�WKDW�DSSHDU�DV�REVWUXFWLRQV�WR�WKH�URXWHU��7KH�URXWHUQHHGV� WR� VDWLVI\� VSDFLQJ� FRQVWUDLQWV� ZLWK� UHVSHFW� WR� WKHVHREMHFWV���� ,Q�DGGLWLRQ�ZH�KDYH�WR�EH�DEOH� WR�DQQRWDWH�URXWH�JHRPHWU\�7KLV�LQFOXGHV�URXWHV�ZLWK�GLIIHUHQW�ZLGWKV�DQG�GLIIHUHQW�YLDV�3LQV�DQG�REVWUXFWLRQV�DUH� LQSXW�FRQVWUDLQWV�DQG�KHQFH� IL[HG� IRU�DURXWLQJ� SUREOHP� LQVWDQFH�� 5RXWH� JHRPHWU\� LV� FRQVWUXFWHG� E\� WKHURXWHU� DQG� KHQFH� LV� FKDQJHDEOH�� :H� FDOO� D� URXWH� LQ� WKH� QRQ�SUHIHUUHG�GLUHFWLRQ�RI�D�SODQH�DV�D�MRJ�
� 285�$3352$&+
:H� KDYH� PHQWLRQHG� WKH� IDFW� WKDW� JULG�SRLQW� EDVHG� VFKHPHV� DUHH[SHQVLYH� LQ� WHUPV� RI� PHPRU\� UHTXLULQJ� D� SDUWLWLRQLQJ� RI� WKHGHVLJQ��*HQHUDO�SRLQW�TXHU\�VWUXFWXUHV�DUH�WRR�H[SHQVLYH�LQ�WHUPVRI� VSHHG�� :H� VKDOO� GHPRQVWUDWH� ERWK� WKHVH� IDFWV� LQ� WKHH[SHULPHQWDO� VHFWLRQ�� :H� QDWXUDOO\� ORRN� IRU� DQ� DSSURDFK� WKDWSURYLGHV�WKH�PLGGOH�JURXQG��:H�GHILQH�D�GDWD�UHSUHVHQWDWLRQ�WKDWGHSHQGV�RQ�LQWHUYDOV��)URP�DQ�LQWXLWLYH�VHQVH��DQ�LQWHUYDO�FDSWXUHVPRUH�WKDQ�D�JULG�SRLQW�EXW�OHVV�WKDQ�D�UHFWDQJOH�WKDW�GHVFULEHV�WKHWUXH�JHRPHWU\�� &RQVLGHU� WKH� GDWD� RQ� D� JLYHQ� SODQH� IRU� URXWLQJ�� 0RVWWHFKQRORJLHV�GHILQH�D�SUHIHUUHG�GLUHFWLRQ� IRU� URXWLQJ��7KLV�PHDQVWKDW�D�ODUJH�VHW�RI�PHWDO�JHRPHWU\�ZLOO�UXQ�SDUDOOHO�WR�WKH�SUHIHUUHGGLUHFWLRQ��H[FHSW�LQ�WKH�FDVH�RI�ORZHU�OD\HUV�VXFK�DV�OD\HU�]HUR�DQGOD\HU�RQH�SRVVLEO\���7KH�GDWDEDVH�LV�GHVLJQHG�WR�PDNH�XVH�RI�WKLVQDWXUDO�ELDV��:H�FRQVWUXFW� D� VHW�RI� JULGOLQHV� WKDW� UXQ� WKH� VSDQ�RIWKH� FKLS� LQ� WKH� SUHIHUUHG� GLUHFWLRQ�� 7KH� VSDFLQJ� EHWZHHQ� WKHJULGOLQHV�FDQ�EH�QRQ�XQLIRUP��6LQFH�DQ� LQWHUYDO� LV�FRQVWUDLQHG� WROLH� RQ� D� JULGOLQH�� LWV� FR�RUGLQDWHV� LQ� WKH�GLUHFWLRQ� RI� WKH� JULGOLQHFDQ�WDNH�RQ�DQ\�YDOXH��L�H��DUH�QRW�UHVWULFWHG�WR�EH�JULG�SRLQWV�DV�LQWKH�FDVH�RI�D�JULG�EDVHG�V\VWHP��
���� ,QWHUYDO�GDWDEDVH
&RQVLGHU�D�SODQH�LQ�WKH�URXWLQJ�GDWDEDVH�ZLWK�D�SUHIHUUHG�URXWLQJGLUHFWLRQ��:H�XVH�WKH�WHUP�³[\´�WR�GHQRWH�WKH�D[LV�RI�WKH�SUHIHUUHGGLUHFWLRQ� DQG� ³\[´� WR� GHQRWH� WKH� D[LV� RI� WKH� QRQ�SUHIHUUHGGLUHFWLRQ� IRU� D�SODQH��:H�FUHDWH� D� VHW� RI� JULGOLQHV�SDUDOOHO� WR� WKH³[\´�D[LV��ZKRVH�³\[´�FR�RUGLQDWHV�DUH�GHVFULEHG�E\�WKH�XVHU��7KHJULGOLQHV� DV� PDQDJHG� DV� DQ� DUUD\�� (DFK� JULGOLQH� KROGV� D� VHW� RILQWHUYDOV��7KHUH�DUH�WZR�ZD\V�WR�VWRUH�WKH�LQWHUYDOV�� ,I�ZH�FKRRVH�WR�GLVWLQJXLVK�EHWZHHQ�WKH�LPSDFW�RI�GLIIHUHQW�PHWDOJHRPHWULHV�DW�D�SRLQW��ZH�FDQ�XVH�DQ�LQWHUYDO�WUHH�WR�UHSUHVHQW�WKHVHW� RI� LQWHUYDOV�� � $Q� LQWHUYDO� WUHH� UHTXLUHV� OLQHDU� PHPRU\� DQGSURYLGHV�ORJDULWKPLF�UHVSRQVH�WR�TXHU\��+RZHYHU�WKH�WUHH�UHTXLUHVH[SOLFLW�EDODQFLQJ�� ,I�ZH�FKRRVH�QRW� WR�GLVWLQJXLVK�EHWZHHQ�WKH� LPSDFW�RI�GLIIHUHQWPHWDO�JHRPHWULHV�DW�D�SRLQW��ZH�FDQ�XVH�D�VLPSOHU�UHSUHVHQWDWLRQ�,Q�WKH�FDVH�RI�WKH�URXWLQJ�SUREOHP�WKLV�GLVWLQFWLRQ�LV�QRW�QHFHVVDU\DQG�ZH�SUHIHU�WKLV�DSSURDFK��6HH�6HFWLRQ�����IRU�IXUWKHU�GHWDLOV�



7KH� LQWHUYDOV� DUH� QRQ�RYHUODSSLQJ� DQG� PDLQWDLQHG� LQ� D� WUHHVXFK� DV� D� VNLS�OLVW>��@� RU� D� UHG� EODFN� WUHH>�@�� 6NLS�OLVWV� DUH� DQLQWHUHVWLQJ� DOWHUQDWLYH� WR� EDODQFHG� WUHHV�� DV� WKH\� GR� QRW� UHTXLUHH[SOLFLW� EDODQFLQJ�� 3UHOLPLQDU\� H[SHULPHQWV� VKRZ� WKDW� UHG�EODFNWUHHV�DUH�EHWWHU�WKDQ�VNLS�OLVWV�E\�D�FRQVWDQW��7KH�PDLQ�DGYDQWDJHRI� D� VNLS�OLVW� LV� WKDW� \RX� JHW� D� SRLQWHU� WR� WKH� ³QH[W´� LQWHUYDO� IRUIUHH��+HQFH�VNLS�OLVWV�DUH�PRUH�HIILFLHQW�IRU�QHLJKERUKRRG�TXHU\�DWD SRLQW�� 6NLS�OLVWV� XVH� UDQGRPL]DWLRQ� WR� SURYLGH� DPRUWL]HG2�ORJ�Q���LQVHUWLRQ��GHOHWLRQ�DQG�TXHU\��ZKHUH�Q LV WKH�QXPEHU�RILQWHUYDOV� LQ� WKH�VNLS�OLVW�� �7KH�LQWHUYDOV�KDYH�D�QH[W�DQG�SUHYLRXVSRLQWHU��ZKLFK�PDNH�WUDYHUVDO�DORQJ�D�JULGOLQH�YHU\�HIILFLHQW�� /HW� XV� QRZ� IRFXV� RQ� WKH� TXHU\� UHVSRQVH� WLPH��0DQDJLQJ� WKHJULGOLQHV�DV�D�VWDWLF�DUUD\�RI�VL]H�1 SURYLGHV�2�ORJ�1���DFFHVV�IRU�DJULGOLQH� ZLWK� D� UHODWLRQVKLS� �HTXDO�� OHVV� WKDQ�� JUHDWHU� WKDQ�� WR� DJLYHQ�³\[´�YDOXH��4XHU\LQJ�IRU�WKH�REMHFW�DW�D�SRLQW� LQ�D�SODQH�SWDNHV� 2�ORJ�1� �� ORJ�Q���� 2EWDLQLQJ� DOO� WKH� REMHFWV� LQ� D� UHJLRQUHTXLUHV� D� VHULHV� RI� ORJDULWKPLF� TXHULHV�� ,I� Q LV WKH� PD[LPXPQXPEHU�RI�LQWHUYDOV�LQ�DQ\�JULGOLQH��DQG�WKH�TXHU\�UDQJH�LQWHUVHFWV* JULGOLQHV�� DQG� WKH� QXPEHU� RI� LQWHUYDOV� LQ� WKH� UHJLRQ� LV� N� LW� LVHDV\�WR�VKRZ�WKDW�WKH�FRPSOH[LW\�RI�D�TXHU\�LV�2�ORJ�1 � * ORJ�Q� N���1HLJKERUKRRG�TXHULHV�RI�D�SRLQW��S��S[\� S\[���ZKHUH�S LV WKHSODQH��S[\�DQG�S\[� DUH� WKH� FR�RUGLQDWHV� LQ� WKH� ³[\´� DQG� ³\[´� D[LVUHVSHFWLYHO\��DUH�DFFRPSOLVKHG�DV�IROORZV��/HW�J EH�WKH� LQGH[�IRUWKH�JULGOLQH�DW�S\[�RQ�SODQH�S� 7KH�QH[W�DQG�SUHYLRXV�LQWHUYDOV�FDQEH�HIILFLHQWO\�REWDLQHG��7KH�LQWHUYDO�LQ�WKH�JULGOLQH�LQ�WKH�SRVLWLYH\[� GLUHFWLRQ� LV� REWDLQHG� E\� TXHU\LQJ� � WKH� JULGOLQH� DW� J��� ZLWKORFDWLRQ� S[\� 6LPLODUO\� WKH� QHLJKERU� LQ� WKH� ORZHU� JULGOLQH� LVREWDLQHG� E\� TXHU\LQJ� WKH� JULGOLQH� DW� J��� ZLWK� ORFDWLRQ� S[\� 7KHQHLJKERU� LQ� WKH� DERYH�EHORZ�� SODQH� LV� REWDLQHG� DV� IROORZV�� :HTXHU\�IRU�WKH�JULGOLQH�RQ�S����S��� ZLWK�D�\[�YDOXH�RI�S[\� :H�WKHQTXHU\� WKDW� JULGOLQH� IRU� WKH� LQWHUYDO� DW�S\[� 7KXV� QHLJKERU�TXHULHVUHTXLUH�2�ORJ�1 � ORJ�Q���1RWH� WKDW� LW� LV�SRVVLEOH� WKDW� WKHUH� LV�QRJULGOLQH�RQ�S���S����ZLWK�D�\[ YDOXH�RI�S[\�/HW XV�QRZ�FRPSDUH�WKH�PHPRU\�FRQVXPSWLRQ�RI�WKH�SURSRVHGURXWLQJ� GDWDEDVH� ZLWK� WKDW� RI� D� XQLIRUP� JULG�� $VVXPH� WKDW� ZHUHVHUYH� RQH� ZRUG� IRU� GDWDEDVH� DQQRWDWLRQ�� &RQVLGHU� D� URZ� RI� QJULG�SRLQWV��7KLV�UHTXLUHV�Q ZRUGV��$�VNLS�OLVW�UHTXLUHV�WKUHH�ZRUGVRQ�DQ�DYHUDJH�SHU�REMHFW�IRU�LWV�PDQLSXODWLRQ��DNLQ�WR�HDFK�QRGH�LQD ELQDU\�WUHH�KDYLQJ�D�SRLQWHU�WR�LWV�SDUHQW�DQG�WKH�WZR�FKLOGUHQ��(DFK� LQWHUYDO� DOVR� KDV� D� SRLQWHU� WR� WKH� SUHYLRXV� LQWHUYDO�� WKH� [\YDOXH� RI� WKH� KLJK� HQG� SRLQW� RI� WKH� LQWHUYDO� DQG� D� SRLQWHU� WR� WKHJULGOLQH� WKDW� FRQWDLQV� LW�� +HQFH� WKH� WRWDO� PHPRU\� UHTXLUHG� SHULQWHUYDO� LV� VHYHQ�ZRUGV�� IRU�N LQWHUYDOV� WKH�PHPRU\�XVHG�ZLOO� EH�N� +RZHYHU�ZH�NQRZ�WKDW�WKH�VXP�RI�WKH�OHQJWKV�RI�WKH�LQWHUYDOVLQ JULG�XQLWV�PXVW�EH�Q �DV�WKH�LQWHUYDOV�DUH�FRQWLJXRXV���+HQFH�DVORQJ� DV� WKH� DYHUDJH� OHQJWK� RI� WKH� LQWHUYDO� �Q�N� H[FHHGV� �� JULGXQLWV�� WKH�PHPRU\� LQ� WKH� VNLS�OLVW� ZLOO� EH� OHVV� WKDQ� WKH� XQLIRUPJULG��7KLV� UHTXLUHPHQW� LV� HDVLO\�PHW� LQ� WKH�KLJKHU� OD\HUV��2Q� WKHORZHU�OD\HUV��WKH�PHWDO�SLQV�DQG�REVWUXFWLRQV�LQ�WKH�VWDQGDUG�FHOOVFDXVH� D� IDLU� DPRXQW� RI� IUDJPHQWDWLRQ� RI� WKH� JULGOLQH� DQG� WKLVUHTXLUHPHQW�PD\�QRW�EH�PHW�
���� 0DQLSXODWLQJ�WKH�GDWDEDVH
,Q�RXU�LPSOHPHQWDWLRQ��ZH�UHVHUYH�WZR�ZRUGV�RQ�HDFK�LQWHUYDO�IRUDQQRWDWLQJ� WKH�GDWDEDVH��(DFK�REMHFW� WKDW� LV� WR�EH� LQVHUWHG� LQ� WKHGDWDEDVH� KDV� D� GHVFULSWRU� WKDW� GHVFULEHV� LW�� 2QH� ZRUG� RQ� WKHLQWHUYDO�LV�UHVHUYHG�WR�VWRUH�D�SRLQWHU� WR� WKLV�GHVFULSWRU��FDOOHG�LWV³RZQHU´��7KHUH� DUH� WZR�QRWLRQV�RI� RZQLQJ� DQ� LQWHUYDO�� 7KH� ILUVWRQH�LV�WKH�GXH�WR�DFWXDO�PHWDO�EHORQJLQJ�WR�DQ�REMHFW� LQWHUVHFWLQJWKH�LQWHUYDO��7KH�VHFRQG�QRWLRQ�LV�D�ZHDNHU�RQH��ZKLFK�H[SUHVVHV�DGHVLJQ� UXOH� WR� WKH� LQWHUYDO� LQ� TXHVWLRQ� ZLWKRXW� DFWXDO� PHWDO

RYHUOD\LQJ� LW�� 7KH� VHFRQG�ZRUG� LV� XVHG� WR� HQFRGH� WKH� QDWXUH� RI³RZQHUVKLS´�� 7KXV� WKH� HIIHFW� RI� HDFK� REMHFW� LQ� WKH� URXWLQJGDWDEDVH�LV�PDSSHG�RQWR�WKH�VHW�RI�JULGOLQHV��:H�WHUP�WKH�LQWHQW�RIDQ REMHFW� WR� H[SUHVV� LQWHUHVW� RQ� DQ� LQWHUYDO� DV� WKH� ³FRORU´� RI� DQREMHFW��:H�HQFRGH�WKH�IROORZLQJ�³RZQHUVKLS´�UXOHV�XVLQJ�GLIIHUHQWELWV���� ,QWHUYDO�RZQHU�LV�SHUPDQHQW�PHWDO��FDQQRW�EH�ULSSHG�XS����� ,QWHUYDO�RZQHU�LV�WHPSRUDU\�PHWDO��FDQ�EH�ULSSHG�XS����� ,QWHUYDO� RZQHU� SHUPDQHQWO\� EORFNV� LQWHUYDO� IRU� RWKHU� URXWHPHWDO���� ,QWHUYDO� RZQHU� WHPSRUDULO\� EORFNV� LQWHUYDO� IRU� RWKHU� URXWHPHWDO�7KHVH�FRQVXPH�IRXU�ELWV�RQ�WKH�VHFRQG�ZRUG��7KH�GLIIHUHQWLDWLRQEHWZHHQ� WHPSRUDU\� DQG� SHUPDQHQW� JHRPHWU\� LV� UHTXLUHG� WRIDFLOLWDWH�VHDUFK�GXULQJ�WKH�ULS�XS�SKDVH��7KH�PHWDO�EORFN�VKDGRZZLOO� LQFOXGH� WKH� RULJLQDO� JHRPHWU\� RU� SRO\JRQ� H[SDQGHG� E\� WKHVSDFLQJ�UXOH��VSN�IRU� OD\HU�N� SOXV�KDOI�RI� WKH�GHIDXOW�PHWDO�ZLGWK�PZN�����7KLV�DVVXPHV�D�GHIDXOW�PHWDO�URXWLQJ�ZLGWK�SHU�OD\HU�DQGD GHIDXOW� YLD� IRU� HDFK� SDLU� RI� URXWLQJ� OD\HUV�� 7KLV� VFKHPH� RIPDUNLQJ� WKH� VKDGRZ� RI� WKH� EORFNDJH�� ZLOO� DOORZ� XV� WR�PDUN� WKHLPSDFW� RI� DQ� REMHFW� LQ� WKH� GDWDEDVH� RQFH��'XULQJ� WKH� H[SDQVLRQVWHS�RI�D�VHDUFK��WKH�UHJLRQ�TXHU\�LV�UHSODFHG�E\�D�SRLQW�TXHU\�� :H�QRZ�GHVFULEH� WKH�PHFKDQLVP� WR� DQQRWDWH� WKH� GDWDEDVH� IRUWKH�WKUHH�NLQGV�RI�REMHFWV� WKDW�SRSXODWH� WKH� URXWLQJ�GDWDEDVH��3LQJHRPHWU\� PDUNLQJ� PDUNV� DOO� LQWHUYDOV� LQ� WKH� UHJLRQ� WKDW� LWRFFXSLHV��,Q�)LJXUH����ZH�VKRZ�DQ�/�VKDSHG�SLQ�RYHU�WKH�JULGOLQHVLQ�WKH�GDWDEDVH��D���,Q��E���WKH�LPSDFW�RI�WKH�SLQ�LV�PDUNHG�LQ� WKHGDWDEDVH��(DFK�LQWHUYDO�WKDW�RYHUODSV�WKH�UHFWDQJOH�LV�PDUNHG�ZLWKWKH�SLQ�DV�WKH�RZQHU��,Q�DGGLWLRQ�WKHUH�LV�D�PHWDO�EORFN�GXH�WR�WKHSLQ�LQ�WKH�VDPH�UHJLRQ��7KH�PHWDO�EORFN�UHJLRQ�H[WHQGV�RXWVLGH�WKHSLQ��2IWHQ�YLD�JHRPHWU\�LV�ODUJHU�WKDQ�PHWDO�KDOI�ZLGWK�DQG�KHQFHYLD�EORFN�UHJLRQV�FDQ�H[WHQG�RXWVLGH�WKH�PHWDO�EORFN�UHJLRQ�

� 2EVWUXFWLRQ� JHRPHWU\� PDUNLQJ� LV� WKH� VDPH� DV� SLQ� JHRPHWU\H[FHSW�IRU� WZR�SRLQWV�RI�QRWH��:H�VHW� WKH�RZQHUVKLS�SRLQWHU� WR�DYDOXH�� ZKLFK� ZLOO� QRW� EH� D� OHJDO� SRLQWHU� DQG� XVH� LW� IRU� DOOREVWUXFWLRQ� JHRPHWU\�� 6HFRQGO\� WKHUH� LV� QR� QHHG� WR� PDUN� WKHSHUPDQHQW�PHWDO� FRORU�� LQVWHDG�ZH� VLPSO\�PDUN� WKH�PHWDO� EORFNVSDFH�� 7KLV� UHGXFHV� IUDJPHQWDWLRQ� ZLWKRXW� DIIHFWLQJ� WKHLQIRUPDWLRQ� UHTXLUHG� IRU� URXWLQJ��)LJXUH��� VKRZV� WKH�PDUNLQJ�RIDQ� /� VKDSHG� SRO\JRQDO� REVWUXFWLRQ�� 6R� IDU� ZH� KDYH� SUHVHQWHG� DYHU\� VLPSOLVWLF�YLHZ�RI�SLQ� DQG�REVWUXFWLRQ�PDUNLQJ��([WHQVLRQVWR� SLQ� PDUNLQJ� WKDW� HQDEOH� FHQWHUOLQH� PDUNLQJ� RI� URXWHV� DQG� WREORFN� PDUNLQJ� IRU� (XFOLGHDQ� VSDFLQJ� UXOHV� DQG� WR� SHUPLWREVWUXFWLRQV� WR� OLH� EHWZHHQ� JULGOLQHV� KDYH� EHHQ� RPLWWHG� GXH� WRVSDFH�FRQVWUDLQWV�� 5RXWHV� DUH�PDLQWDLQHG�DV� FHQWHUOLQH�REMHFWV��ZKHUH� HDFK� URXWHVHJPHQW� LV� DQ� LQWHUYDO� RQ� WKH� JULGOLQH�� 7KHVH� LQWHUYDOV� KDYH� WKHRZQHUVKLS�SRLQWHU�VHW�WR�WKH�GHVFULSWRU�RI�WKH�URXWH��7KH�WHPSRUDU\
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PHWDO�ELW�LV�VHW��$SSURSULDWH�HQFRGLQJ�RQ�WKH�VHFRQG�ZRUG�RI� WKHLQWHUYDO� UHSUHVHQWV� YLDV� DQG� MRJV�� 7R� EHWWHU� H[SODLQ� WKLV�� OHW� XVH[DPLQH� WKH�SRVVLEOH�QHLJKERUV�RI� DQ� LQWHUYDO�� �$� URXWH� VHJPHQWFDQ�KDYH�XS�WR�WHQ�QHLJKERUV�DV�VKRZQ�LQ�)LJXUH����:H�HQXPHUDWHWKH�QHLJKERUV� DW� WKH�SRVLWLYH� HQG�DV� �LQGH[� UHIHUV� WR� QHLJKERU� LQ)LJXUH������� 9LD�XS�DW�SRVLWLYH�HQG�RI�LQWHUYDO��SRV�YLD�SRV���� 9LD�GRZQ�DW�SRVLWLYH�HQG�RI�LQWHUYDO��SRV�YLD�QHJ���� -RJ� �ZURQJ� ZD\� VHJPHQW�� LQ� WKH� QHJDWLYH� GLUHFWLRQ� DWSRVLWLYH�HQG�RI�LQWHUYDO��SRV�MRJ�QHJ���� -RJ�LQ�SRVLWLYH�GLUHFWLRQ�DW�SRVLWLYH�HQG�RI�LQWHUYDO��SRV�MRJ�SRV���� 1H[W�LQWHUYDO�DW�SRVLWLYH�HQG�RI�LQWHUYDO

,QGLFHV� ����� DUH� VLPLODUO\� QHLJKERUV� DW� WKH� QHJDWLYH� HQG� RI� WKHVHJPHQW��7KHVH�FRQVXPH�WHQ�ELWV�RQ�WKH�VHFRQG�ZRUG��7KLV�DOORZVXV� WR� GR� WZR� WKLQJV� HIILFLHQWO\�� *LYHQ� DQ� LQWHUYDO� ZH� FDQHQXPHUDWH�DOO�QHLJKERUV�WR�WKH�LQWHUYDO�RQ�WKH�VDPH�QHW�RU��URXWH�HIILFLHQWO\�� ,Q� DGGLWLRQ� LW� LV� SRVVLEOH� WR� JHQHUDWH� D� URXWLQJ� SDWKJLYHQ�D�SRLQW�RQ� LW��7KH�PDUNLQJ�RI� URXWH�JHRPHWU\�GLIIHUV� IURPSLQV�DQG�REVWUXFWLRQV��7KH�FHQWHUOLQH�RI� WKH�SDWK� LV�DQQRWDWHG�RQWKH� LQWHUYDOV�� 7R� REWDLQ� WKH� PHWDO� JHRPHWU\� IRU� DQ� LQWHUYDOVHJPHQW� LQ� SODQH� N� ZH� VLPSO\� EORDW� WKH� VHJPHQW� E\�PZN��� 7RFRPSXWH�WKH�JHRPHWU\�GXH�WR�D�YLD��ZH�ORRN�DW�WKH�QHLJKERU�ELWV�WRGHFLGH�WKH�GLUHFWLRQ�RI�D�YLD��6LQFH�ZH�RQO\�VXSSRUW�D�GHIDXOW�YLDSHU�DGMDFHQW�OD\HU�SDLU��WKH�YLD�JHRPHWU\�FDQ�EH�HDVLO\�UHFRYHUHG�7R� PDUN� WKH� PHWDO� EORFNDJH� GXH� URXWH� REMHFWV�� ZH� IROORZ� WKHSURFHGXUH�RI�EORDWLQJ�WKH�JHRPHWU\��RI�D�URXWH�VHJPHQW�RU�YLD��E\WKH� VSDFLQJ� UXOH� �VSN� IRU� OD\HU� N� SOXV� KDOI� RI� WKH� GHIDXOW� PHWDOZLGWK��PZN����� :H�SUHVHQW� D� VLPSOH� H[DPSOH� LQ� )LJXUH� ���:H�KDYH� D� YHUWLFDOURXWH� RQ� OD\HU� WZR�ZLWK� D� YLD� XS� DW� WKH� KLJK� HQG�� 7KH� URXWH� RQOD\HU� WKUHH� LV� D� KRUL]RQWDO� VHJPHQW� ZLWK� D� MRJ� LQ� WKH� SRVLWLYHGLUHFWLRQ� DW� WKH�KLJK� HQG��7KH� FHQWHUOLQH�PDUNLQJV� DQG� QHLJKERUPDUNLQJV�IRU�WKHVH�FRQQHFWLRQV�DUH�VKRZQ�LQ�WKH�)LJXUH��1RWH�WKDWWKH� MRJ� RQ� WKH� FHQWHU� JULGOLQH� RQ� OD\HU� WKUHH� FDXVHV� D� VLQJOHWRQLQWHUYDO��$OVR�REVHUYH�WKDW�WKH�MRJ�RQ�OD\HU�WKUHH�FDQ�DSSHDU�DW�DQ\; FR�RUGLQDWH� DQG� LV� QRW� FRQVWUDLQHG� WR� KDSSHQ� DW� D� JULG�SRLQW�7KH� KDWFKHG� VHJPHQWV� LQGLFDWH� WKH� PHWDO� EORFNDJH� �VRPHEORFNDJH�LQWHUYDOV�DQG�JULGOLQHV�KDYH�EHHQ�RPLWWHG�IRU�FODULW\��

� 2IWHQ�PXOWLSOH�REMHFWV� LQ� D�QHLJKERUKRRG�ZLOO� H[SUHVV� LQWHUHVWRQ�D�FRPPRQ�LQWHUYDO��7KH�LQWHUYDOV�LQ�WKH�FRPPRQ�QHLJKERUKRRGZLOO�LQKHULW�WKH�³WLQWHG´�FRORU�RI�WKHVH�SLQV��7LQWLQJ�LV�WKH�SURFHVVRI� UHVROYLQJ� WKH� UHVXOWDQW� FRORU� ZKHQ� PXOWLSOH� REMHFWV� H[SUHVVLQWHUHVW� LQ� DQ� LQWHUYDO� ZLWK� WKHLU� RZQ� FRORUV�� :KHQ� PXOWLSOHREMHFWV�GR�LQWHUDFW��WKH�RZQHU�ZRUG�RI�WKH�LQWHUYDO�LV�VHW�WR�D�YDOXHWKDW�LV�QRW�D�OHJDO�SRLQWHU��XQOHVV�WKH�PXOWLSOH�REMHFWV�EHORQJ�WR�WKHVDPH�QHW��,Q�WKLV�FDVH�DQ\�RQH�RI�WKH�RZQHUV�LV�PDLQWDLQHG��,Q�WKHILUVW�FDVH�WKH�LQWHUYDO�LV�RUSKDQHG��7KH�QDWXUH�RI�RZQHUVKLS�ZRUGRQ�WKH�LQWHUYDO�LV�VHW�WR�EH�WKH�XQLRQ�RI�WKH�ELWV��2QFH�DQ�LQWHUYDO�LVRUSKDQHG�� LW� ZLOO� FRQWLQXH� WR� UHPDLQ� VR� IRU� DOO� IXWXUH� WLQWV�&RQVLGHU� WKH� H[DPSOH� LQ� )LJXUH� ��� :H� KDYH� WZR� SLQV� ZKRVHEORFNDJH�PDUNLQJV� LQWHUDFW� LQ� WKH� UHJLRQ� EHWZHHQ� WKHP�� &OHDUO\QR�QHW��QHLWKHU�WKH�QHW�WKDW�RZQV�SLQ���QRU�WKH�QHW�WKDW�RZQV�SLQ���QRU� DQ\� RWKHU� QHW�� FDQ� RFFXS\� WKH� FRPPRQ� LQWHUYDO� �PDUNHG� DVWLQWHG�EORFN��ZLWKRXW�FDXVLQJ� D�GHVLJQ� UXOH�YLRODWLRQ��6KRXOG�ZHVHHN� WR� SUHVHUYH� WKH� RULJLQDO� LQWHUDFWLRQV�� WKHQ� LQVWHDG� RIPDLQWDLQLQJ� WKH� LQWHUYDOV� DV� QRQ�RYHUODSSLQJ� �RU� FRQWLJXRXV�REMHFWV��ZH�XVH�D�VHJPHQW�WUHH�� $Q� LQWHUHVWLQJ� SUREOHP� DULVHV� ZKHQ� URXWH� JHRPHWU\� LQWHUDFWVZLWK�RWKHU�JHRPHWU\��SLQ��REVWUXFWLRQ�RU�URXWH�JHRPHWU\�� OHDGLQJWR RUSKDQHG� LQWHUYDOV�� 'XULQJ� WKH� ULS�XS� SKDVH�� LI� VXFK� URXWHJHRPHWU\� LV� GHOHWHG�� WKHQ� ZH� PXVW� FOHDU� WKH� HIIHFW� RI� EORFNDJHPDUNLQJV�GXH�WR�WKH�GHOHWHG�REMHFW��7KLV�LV�HDVLO\�DFFRPSOLVKHG�LQRXU� V\VWHP� E\� D� VLPSOH� WZR� VWHS� DSSURDFK�� )LUVW�� ZH� HUDVH� DOOEORFNDJH�PDUNLQJV� LQ� D� UHJLRQ�ZKHUH� WKH�GHOHWHG�REMHFWHG� FRXOGKDYH�KDG�DQ�LPSDFW��1H[W��ZH�UHEXLOG�DOO�EORFNDJHV�LQ�WKLV�UHJLRQ�,Q�RUGHU� WR�GR� WKLV�ZH� QHHG� WKH� JHRPHWULHV� RI� SLQV�� REVWUXFWLRQVDQG� URXWHV� WKDW� LPSDFW� WKLV� UHJLRQ�� 7KH� URXWH� JHRPHWULHV� DUHFDOFXODWHG�E\�UHJLRQ�TXHULHV�LQ�WKH�LQWHUYDO�GDWDEDVH��7KH�SLQ�DQGREVWUXFWLRQ� JHRPHWULHV� DUH� REWDLQHG� E\� TXHU\LQJ� DQ� RQ�GLVNYHUVLRQ�RI�NG�WUHHV�

� :H� DUH� QRZ� LQ� D� SRVLWLRQ� WR� GLVFXVV� VRPH� RI� WKH� QDWXUDO

)LJXUH����,QWHUYDO�DQG�LWV�QHLJKERUV
�

��

�
��

�

��

��

)LJXUH����5RXWH�JHRPHWU\�PDUNLQJ�LQ�WKH�LQWHUYDOGDWDEDVH

5RXWH�JHRPHWU\

OD\HU��

OD\HU�� 5RXWH�EORFN

)LJXUH����,QWHUDFWLRQ�RI�FRORUV

7LQWHG�EORFN0HWDO�EORFN

3LQ�� 3LQ��
�D�

�E�

0HWDO�JHRPHWU\

)LJXUH����2EVWUXFWLRQ�PDUNLQJ�LQ�LQWHUYDO�GDWDEDVH

�D�

�E�
0HWDO�EORFN



DGYDQWDJHV�RI�WKH�LQWHUYDO�GDWDEDVH�RYHU�WKH�WUDGLWLRQDO�JULG�EDVHGVFKHPHV�� 7KH� LQWHUYDO� GDWDEDVH� SURYLGHV� WKH� VHDUFK� HQJLQH� ZLWKWKH� IOH[LELOLW\� RI� PDNLQJ� MRJV� WKDW� QHHG� QRW� EH� RQ� D� JULG� SRLQW�7KLV� LV� H[WUHPHO\� XVHIXO� LQ� ILQGLQJ� FRQQHFWLRQV� WR� SLQV� WKDW� DUHKDUG�WR�UHDFK�RQ�FRQJHVWHG�OD\HUV�VXFK�DV�OD\HU�]HUR�DQG�OD\HU�RQH�6LQFH� ZH� RQO\� QHHG� WR� GHWHUPLQH� WKH� ³\[´� FR�RUGLQDWHV� IRU� WKHJULG�OLQHV�RQ�D�OD\HU��ZH�FDQ�VXSSRUW�URXWLQJ�RI�GHIDXOW�ZLGWKV�DQGVSDFLQJ� WKDW� YDU\� DFURVV� OD\HUV� HDVLO\�� 7UDGLWLRQDO� JULG�EDVHGVFKHPHV� UHTXLUH� WKH� JULG�SRLQWV� RQ� DGMDFHQW� OD\HUV� WR� DOLJQ� XS�7KLV� PHDQV� WKDW� LI� WKH� JULG� VHSDUDWLRQV� DUH� UHODWLYHO\� SULPHQXPEHUV��RQO\�D�VPDOO�VXEVHW�RI�IHDVLEOH�YLD�ORFDWLRQV�LV�FDSWXUHG�
� (;3(5,0(17$/�5(68/76
:H�QRZ�SUHVHQW�H[SHULPHQWDO�UHVXOWV�WKDW�MXVWLI\�WKH�HIILFLHQF\�RIWKH� LQWHUYDO� GDWDEDVH�� ,Q� 7DEOH� �� ZH� GHVFULEH� FKDUDFWHULVWLFV� RIVRPH�LQGXVWULDO�SUREOHPV�IRU�URXWLQJ��7KHVH�SUREOHPV�XVH�D�IL[HGDUHD�VWDQGDUG�FHOO�PHWKRGRORJ\��$OO�GHVLJQV�LQFOXGH�PDFURV�DORQJZLWK�VWDQGDUG�FHOOV��3RZHU�URXWLQJ�LV�DOVR�GRQH��VR�WKHVH�DSSHDU�DVFRQVWUDLQWV� WR� WKH� URXWLQJ�SUREOHP��&ROXPQV�����JLYH� WKH�GHVLJQQDPH�� QXPEHU� RI� QHWV� WR� EH� URXWHG� �.� EHLQJ� XVHG� WR� UHSUHVHQW������DQG�QXPEHU�RI�OD\HUV��&ROXPQV���DQG���GHVFULEH�OD\HUV�ZLWKWKH�VDPH�PHWDO�ZLGWK�DQG�VSDFLQJ�DV�WKH�OD\HUV�ZLWKLQ�EUDFHV��)RUH[DPSOH�� LQ� WKH� FDVH� RI� '��� WKH� PHWDO� ZLGWKV� DUH� ���� IRU� OD\HU]HUR������ IRU� OD\HU�RQH�DQG����� IRU� OD\HUV� WZR� WR� ILYH��6LPLODUO\WKH�VSDFLQJ�UXOHV�DUH�����IRU�OD\HU�RQH������IRU�OD\HU�WZR��DQG����IRU�WKH�UHVW��2EVHUYH�WKDW�GHVLJQ�UXOHV�YDU\�DFURVV�OD\HUV�IRU�DOO�EXWRQH�GHVLJQ��7KH� WHFKQRORJ\� OLEUDULHV� IRU�DOO� GHVLJQV� DUH�GLIIHUHQWDQG�DUH�DW� OHDVW�����P�RU�EHORZ��7KH� WHFKQRORJLHV�GHVFULEH�YLDV�ZKLFK�KDYH�PHWDO�RYHUKDQJV�DQG�DUH�QRW�LQOLQH�ZLWK�WKH�URXWHV�
7DEOH����([SHULPHQWDO�GHVLJQV
'HVLJQ ��QHWV �OD\HUV 0HWDO� ZLGWKUXOHV 0HWDO� VSDFLQJUXOHV
'� ���. � ^�`^���`^�` ^�`^���`^�`
'� ���. � ^���` ^���`
'� ���. � ^���`^���` ^���`^���`
'� ���. � ^�`^���`^�` ^�`^���`^�`
'� ���. � ^�`^�`^���` ^�`^�`^���`
'� ���. � ^�`^���`^�` ^�`^�`^���`

,Q� 7DEOH� �� ZH� FRQVLGHU� WKH� PHPRU\� LPSDFW� IRU� WKUHH� GLIIHUHQWGDWDEDVH�VFKHPHV���� *ULG�SRLQW�GDWDEDVH��:H�FDOFXODWH�WKH�QXPEHU�RI�JULG�SRLQWVLPSOLHG�E\� WKH� LQWHUVHFWLRQ�RI� WKH�XVHU�GHILQHG� WUDFNV�RQ� DOOWKH�OD\HUV��:H�DVVXPH�WKDW���ZRUG����E\WHV��SHU�JULG�SRLQW�LVD UHDVRQDEOH�PHPRU\�FRVW���� ,QWHUYDO�GDWDEDVH��:H�WDNH�WKH�IXOO\�URXWHG�GHVLJQV��DOPRVW�±VHH�7DEOH����DQG�FDOFXODWH�WKH�WRWDO�QXPEHU�RI�LQWHUYDOV�LQ�WKHGDWDEDVH�� 1RWH� WKDW� WKLV� LQFOXGHV� IUDJPHQWDWLRQ� GXH� WR� YLDEORFNDJHV�DV�ZHOO��:H�FDOFXODWH�WKH�PHPRU\�DV���ZRUGV����E\WHV��SHU�LQWHUYDO���� 7UHH�GDWDEDVH��:H�FRXQW� WKH� WRWDO�QXPEHU�RI� UHFWDQJOHV�GXHWR SLQV�� SUH�URXWHV� DQG�PHWDO� URXWHV��:H� XVH� ��� ZRUGV� ���E\WHV��SHU� UHFWDQJOH�DV� WKH� FRVW�RI� DQ�REMHFW��:H� LJQRUH� WKHLPSDFW�RI�FRPSOH[�YLD�JHRPHWU\�WR�EH�FRQVHUYDWLYH�
7DEOH�����&RPSDULVRQ�RI�PHPRU\�FRQVXPSWLRQ

*ULG�SRLQWGDWDEDVH ,QWHUYDOGDWDEDVH 7UHH�GDWDEDVH'HVLJQ
&RXQW 0% &RXQW 0% &RXQW 0%

'� ���� ��� ���� ��� ��� ���

'� ����� ��� ��� ��� ��� ���
'� ����� ��� ���� ��� ��� ���
'� ���� ��� ���� ��� ��� ���
'� ����� ���� ���� ���� ���� ���
'� ����� ���� ���� ��� ���� ���

,Q�7DEOH��WKH�FROXPQV�ODEHOHG�³&RXQW´��FROXPQV������DQG����FRXQWWKH� QXPEHU� RI� REMHFWV� �JULG�SRLQWV� LQ� FROXPQ� ��� LQWHUYDOV� LQFROXPQ��� DQG� UHFWDQJOHV� LQ� FROXPQ����� 7KH�REMHFW� FRXQWV� DUH� LQPLOOLRQV��7KH�PHPRU\�UHTXLUHG�WR�PDQDJH�WKHVH�LV�SURYLGHG�LQ�WKHFROXPQV� GHQRWHG� E\� ³0%´� �LQ�PHJDE\WHV���:H� REVHUYH� WKDW� WKHJULG�SRLQW� V\VWHP� LV� PRVW� H[SHQVLYH� LQ� PHPRU\�� WKH� WUHH�EDVHGV\VWHP�FRQVXPHV�OHDVW�PHPRU\�DQG�WKH�LQWHUYDO�GDWDEDVH�LV�LQ�WKHPLGGOH�� $� SRLQW� WR� QRWH�� WKH� VHDUFK� DOJRULWKP� FDQ� EH� GLUHFWO\LPSOHPHQWHG� RQ� WKH� JULG�SRLQW� GDWDEDVH� RU� RQ� WKH� LQWHUYDOGDWDEDVH�� +RZHYHU� DQ\� VHDUFK� RQ� D� WUHH�EDVHG� V\VWHP� W\SLFDOO\UHTXLUHV�WKH�FRQVWUXFWLRQ�RI�D�VHDUFK�JUDSK�RQ�WKH�IO\��RU�UHSHDWHGTXHULHV� LQWR� WKH� WUHH� GDWDEDVH�� 7KH� ODWWHU� LV� FRPSXWDWLRQDOO\H[SHQVLYH� �DV� VKRZQ� LQ� WKH� QH[W� SDUDJUDSK��� 6R� WKH� FRPSDULVRQZLWK�D� WUHH�EDVHG�V\VWHP�PXVW�EH�GRQH��NHHSLQJ� LQ�PLQG� WKDW� DQDGMRLQLQJ�VWUXFWXUH�IRU�WKH�VHDUFK�QHHGV�WR�EH�EXLOW��$OVR�QRWH�WKDWWKH�LQWHUYDO�GDWDEDVH�LV�VHQVLWLYH�WR�WKH�DFWXDO�JHRPHWULHV�DQG�WKHVSDFLQJ� UXOHV�� 6R� IRU� D� WHVWFDVH� OLNH� '�� DOWKRXJK� WKH� JULG�SRLQWGDWDEDVH�LV�VPDOOHU�WKDQ�WKDW�IRU�'���WKH�LQWHUYDO�GDWDEDVH�LV�ODUJHU�� :H� QRZ� VWXG\� WKH� &38� WLPH� IRU� SRLQW� TXHULHV�� DV� WKHVH� DUHLQGLFDWLYH�RI�WKH�VSHHG�RI�D�VHDUFK��2QFH�DJDLQ�ZH�FRPSDUH�WKUHHGLIIHUHQW� GDWDEDVH� VFKHPHV� SRSXODWHG� ZLWK� WKH� REMHFWV� DIWHU� IXOOGHWDLOHG�URXWLQJ���� *ULG�SRLQW� GDWDEDVH�� :H� LPSOHPHQW� WKLV� DV� D� VLPSOH� WZR�GLPHQVLRQDO�DUUD\�SHU�OD\HU��*LYHQ�DQ��[��\���ZH�QHHG�WR�ILQGWKH� LQGLFHV� ZKLFK� GHILQH� WKDW� JULG� SRLQW�� 7KH� TXHU\� VLPSO\UHWXUQV�WKH�DSSURSULDWH�HQWU\�LQ�WKH�DUUD\���� ,QWHUYDO� GDWDEDVH�� 7KH� LPSOHPHQWDWLRQ� LV� DV� GHVFULEHG� LQ6HFWLRQ� ��� ,W� LQFOXGHV� DOO� WKH� H[WHQVLRQV� WR� KDQGOH� YLDVFRUUHFWO\��$�TXHU\�WR�DW�D�SRLQW��[��\���UHWXUQV�WKH�LQWHUYDO�LQWKH�GDWDEDVH�WKDW�FRQWDLQV�WKH�SRLQW���� 7UHH� GDWDEDVH��:H�EXLOG� D� NG�WUHH� RQ� D� SHU� OD\HU� EDVLV�� $OOSLQ� JHRPHWU\�� REVWUXFWLRQ� JHRPHWU\� DQG� URXWH� JHRPHWU\DULVLQJ�IURP�VHJPHQWV�DUH�DGGHG�WR�WKH�DSSURSULDWH�WUHHV��:HEDODQFH� WKH� NG�WUHHV� EHIRUH� DQ\� TXHU\�� 1RWH� WKDW� WKHJHRPHWU\� IRU� YLDV� LV� QRW� DGGHG� WR� WKH� NG�WUHHV��:H� EHOLHYHWKHVH�VKRXOG�EH�KDQGOHG�VHSDUDWHO\�IRU�WKH�IROORZLQJ�UHDVRQV�)LUVW�D�GHVLJQ�VXFK�DV�'��KDV�����PLOOLRQ�YLDV�DW�WKH�HQG��7KLVFRUUHVSRQGV� WR� URXJKO\� D� ILIWK� RI� WKH� UHVW� RI� WKH� JHRPHWU\�6HFRQG���YLD�JHRPHWU\�FDQ�EH�LQIHUUHG�IURP�D�SRLQW�TXHU\�LQ�DWZR�GLPHQVLRQDO�NG�WUHH��ZKHUH�SRLQWV�DUH�LQVHUWHG�LQVWHDG�RIUHFWDQJOHV����7KLV�ZLOO�FRQVXPH�OHVV�PHPRU\�:H� TXHU\� HDFK� JULG�SRLQW� �GHILQHG� E\� WKH� LQWHUVHFWLRQ� RIKRUL]RQWDO� DQG� YHUWLFDO� WUDFNV� RQ� D� SODQH�� RQ� DOO� WKH� OD\HUV�� :HUHSRUW�WKH�WRWDO�&38�WLPH�UHTXLUHG�WR�TXHU\�DOO�WKH�JULG�SRLQWV�RQ�D681 ���0=���*�PDFKLQH�
7DEOH����&RPSDULVRQ�RI�TXHU\�WLPHV
'HVLJQ *ULG�SRLQWGDWDEDVH�VHFRQGV�

,QWHUYDOGDWDEDVH�VHFRQGV�
7UHHGDWDEDVH�VHFRQGV�

'� ��� ��� ���
'� ��� ��� ���
'� ��� ��� ���
'� �� ��� ���
'� ��� ���� ����
'� ��� ���� ����



:H�REVHUYH�WKDW�WKH�JULG�SRLQW�GDWDEDVH�LV�WKH�PRVW�HIILFLHQW��7KHWUHH�GDWDEDVH�LV�WKH�OHDVW�HIILFLHQW��ZKLOH�WKH�LQWHUYDO�GDWDEDVH�LV�LQEHWZHHQ�� 4XLWH� FOHDUO\� LW� ZRXOG� EH� LPSUDFWLFDO� WR� KDYH� D� URXWHUWKDW� RSHUDWHV� RQ� WKH� WUHHV� DORQH� DQG� FDSDEOH� RI� KDQGOLQJ� ODUJHVHDUFK� UHJLRQV�� $OVR� UHFDOO� WKDW� YLD� JHRPHWU\� ZLOO� QHHG� WR� EHTXHULHG� LQ� DGGLWLRQ�� ,Q� DGGLWLRQ�� WKH� WUHHV� KDYH� EHHQ� EDODQFHGVWDWLFDOO\�ZLWK�DOO�WKH�URXWH�JHRPHWULHV�DGGHG��,Q�UHDOLW\�WKH�URXWHJHRPHWULHV�ZLOO�EH�DGGHG�DV�WKH�URXWLQJ�SURFHHGV�DQG�WKH�WUHHV�ZLOOQRW� EH� DV� ZHOO� EDODQFHG�� 6R� WKH� WLPHV� LQ� FROXPQ� �� DUH� PRUHJHQHURXV�WKDQ�UHDOLW\�SHUPLWV�� )LQDOO\� ZH� SUHVHQW� SUHOLPLQDU\� UHVXOWV� IRU� D� URXWLQJ� V\VWHPEDVHG�RQ�WKH�LQWHUYDO�GDWDEDVH��7KLV�GHPRQVWUDWHV�WKH�YLDELOLW\�RIWKH�LQWHUYDO�GDWDEDVH�IRU�URXWLQJ��$OO�URXWHV�KDYH�EHHQ�YHULILHG�WREH� GHVLJQ� UXOH� FOHDQ� IRU� VSDFLQJ� DQG� ZLGWK� UXOHV� XVLQJ� DQLQGHSHQGHQW�GHVLJQ�UXOH�FKHFNHU��:H�KDYH�D�IHZ�RSHQV�DV�ZH�DUHVWLOO�UHILQLQJ�RXU�ULS�XS�VWUDWHJ\�
7DEOH����5RXWLQJ�V\VWHP�ZLWK�LQWHUYDOV
'HVLJQ 2SHQ�QHWV�7RWDO�QHWV 7LPH�VHFRQGV�
'� �����. ����
'� �����. ����
'� �����. ����
'� �����. ����
'� �����. �����
'� ������. �����
7KH� UXQ� WLPH� LV� IRU� WKH� WRWDO� UXQ� DQG� LQFOXGHV� WLPH� WR� EXLOG� WKHGDWDEDVH�� GR� JOREDO� URXWLQJ� DQG� GHWDLO� URXWLQJ�� �:H� XVH� D� VLQJOH&38�IRU�DOO�H[DPSOHV��%XON�RI� WKH� WLPH�LV�VSHQW� LQ�GHWDLO� URXWLQJDQG�ULS�XS�URXWLQJ�
� &21&/86,216
:H�KDYH�SURSRVHG�D�URXWLQJ�GDWDEDVH�XVLQJ�LQWHUYDOV�DV�WKH�EDVLFVWUXFWXUH�LQVWHDG�RI�JULG�SRLQWV�RU�UHFWDQJOHV��:H�KDYH�VKRZQ�WKDWLW� LV� IOH[LEOH� WR� VXSSRUW� UHFHQW� WUHQGV� LQ� GHVLJQ� UXOHV� IRU� VSDFLQJDQG� ZLGWKV�� 2XU� DSSURDFK� LV� PRUH� HIILFLHQW� LQ� PHPRU\PDQDJHPHQW�WKDQ�WKH�JULG�SRLQW�EDVHG�DSSURDFK��,WV�SHUIRUPDQFHLV� VXSHULRU� WR� D� NG�WUHH� EDVHG� DSSURDFK��:H� DUH� TXLWH� FRQILGHQWWKDW� WKH�LQWHUYDO�EDVHG�VFKHPH�ZLOO�RXWSHUIRUP�UHJLRQ�TXHULHV�RQDQ\� WUHH�EDVHG� DSSURDFK�� 2XU� GDWDEDVH� KDV� KDQGOHG� GHVLJQV� DVODUJH�DV����.�QHWV�LQ�D�IODW�PDQQHU�
� 5()(5(1&(6
>�@� 7��&RUPHQ��&��(��/HLVHUVRQ�DQG�5��/��5LYHVW��,QWURGXFWLRQ�WR$OJRULWKPV��0,7�3UHVV�DQG�0F*UDZ�+LOO��1HZ�<RUN�������>�@� &�� <�� /HH�� ³$Q� DOJRULWKP� IRU� SDWK� FRQQHFWLRQ� DQG� LWVDSSOLFDWLRQV´�� ,5(� 7UDQVDFWLRQV� RQ� (OHFWURQLF� &RPSXWHUV�(&������������������>�@� )��5XELQ��³7KH�/HH�SDWK�FRQQHFWLRQ�DOJRULWKP´��7UDQVDFWLRQVRQ�&RPSXWHUV��&������������������>�@� 5��$��)LQNHO�DQG�-��/��%HQWOH\��³4XDG�WUHHV��D�GDWD�VWUXFWXUHIRU�UHWULHYDO�RQ�FRPSRVLWH�NH\V´��$FWD�,QIRUP��������������>�@� -��/��%HQWOH\��³0XOWLGLPHQVLRQDO�ELQDU\�VHDUFK�WUHHV�XVHG�IRUDVVRFLDWLYH�VHDUFKLQJ´��&RPPXQ��$&0������������������>�@� *�� .HGHP�� ³7KH� 4XDG�&,)� WUHH�� D� GDWD� VWUXFWXUH� IRUKLHUDUFKLFDO� RQ�OLQH� DOJRULWKPV´�� 3URFHHGLQJV� RI� WKH� ��WK

'HVLJQ�$XWRPDWLRQ�&RQIHUHQFH��SDJHV���������������>�@� -�� .�� 2XVWHUKRXW�� ³&RUQHU� 6WLWFKLQJ�� D� GDWD� VWUXFWXULQJWHFKQLTXH�IRU�9/6,�OD\RXW�WRROV´��,(((�7UDQV��2Q�&RPSXWHU�$LGHG�'HVLJQ��9RO����1R����-DQXDU\������>�@� -��%��5RVHQEHUJ�� ³*HRJUDSKLFDO� GDWD� VWUXFWXUHV� FRPSDUHG�� DVWXG\� RI� GDWD� VWUXFWXUHV� VXSSRUWLQJ� UHJLRQ� TXHULHV´�� ,(((7UDQV��2Q�&RPSXWHU�$LGHG�'HVLJQ��9RO�����1R�����SDJHV��������-DQXDU\������>�@� 5��/��%URZQ�� ³0XOWLSOH� VWRUDJH� TXDG� WUHHV�� D� VLPSOHU� IDVWHUDOWHUQDWLYH�WR�ELVHFWRU�OLVW�TXDG�WUHHV´��,(((�7UDQVDFWLRQV�RQ&RPSXWHU�$LGHG�'HVLJQ��9RO����1R�����-XO\������>��@�<�� '�� )RQWD\QH� DQG� 5�� -�� %RZPDQ�� ³7KH�0XOWLSOH� 6WRUDJH5DGL[� +DVK� 7UHH�� $Q� ,PSURYHG� 5HJLRQ� 4XHU\� 'DWD6WUXFWXUH´�� � ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU�$LGHG'HVLJQ��SDJHV���������������>��@�'�� 0DUSOH�� 0�� 6PXOGHUV� DQG� +�� +HJHQ�� ³7DLORU�� $� OD\RXWV\VWHP� EDVHG� RQ� WUDSH]RLGDO� FRUQHU� VWLWFKLQJ´�� ,(((� 7UDQV�2Q� &RPSXWHU�$LGHG� 'HVLJQ�� 9RO�� ��� 1R�� ��� SDJHV� ������-DQXDU\������>��@�*�� *�� /DL�� '�� )XVVHO�� '�� )�� :RQJ�� ³+9�9+� 7UHHV�� $� 1HZ6SDWLDO�'DWD�6WUXFWXUH�IRU�)DVW�5HJLRQ�4XHULHV´���3URFHHGLQJVRI� WKH� ��WK� $&0�,(((� 'HVLJQ� $XWRPDWLRQ� &RQIHUHQFH�SDJHV��������-XQH������>��@�0��GH�%HUJ��0��YDQ�.UHYHOG��0��2YHUPDUV��2��6FKZDU]NRSI�³&RPSXWDWLRQDO� *HRPHWU\� $OJRULWKPV� DQG� $SSOLFDWLRQV´�6SULQJHU�9HUODJ������>��@�$�� +HW]HO�� ³$� 6HTXHQWLDO� 'HWDLOHG� 5RXWHU� IRU� +XJH� *ULG*UDSKV´�� (XURSHDQ� 'HVLJQ� $XWRPDWLRQ� &RQIHUHQFH�� SDJHV��������������>��@�'��:��+LJKWRZHU��³$�VROXWLRQ�WR�OLQH�URXWLQJ�SUREOHP�RQ�WKHFRQWLQXRXV�SODQH´��3URFHHGLQJV�RI�WKH��WK�'HVLJQ�$XWRPDWLRQ:RUNVKRS��SDJHV������������>��@�:�� +H\QV�� :�� � 6DQVHQ�� DQG� +�� %HNH�� ³$� OLQH� H[SDQVLRQDOJRULWKP�IRU�WKH�JHQHUDO�URXWLQJ�SUREOHP�ZLWK�D�JXDUDQWHHGVROXWLRQ´�� 3URFHHGLQJV� RI� WKH� ��WK� 'HVLJQ� $XWRPDWLRQ&RQIHUHQFH��SDJHV���������������>��@�-��&RQJ�� -��)DQJ�� DQG�.��<��.KRR�� ³$Q� ,PSOLFLW�&RQQHFWLRQ*UDSK� 0D]H� 5RXWLQJ� $OJRULWKP� IRU� (&2� 5RXWLQJ´�3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU�$LGHG�'HVLJQ��SDJHV���������������>��@�.� /�� &ODUNVRQ�� 6�� .DSRRU�� DQG� 3�� 0�� 9DLG\D�� ³5HFWLOLQHDUVKRUWHVW� SDWKV� WKURXJK� SRO\JRQDO� REVWDFOHV� LQ� 2�Q� �ORJ� Q���WLPH´�� 3URFHHGLQJV� RI� WKH� �UG� $QQXDO� 6\PSRVLXP� RQ&RPSXWDWLRQDO�*HRPHWU\��SDJHV���������������>��@�6� 4��=KHQJ��-��6��/LP�DQG�6��6��,\HQJDU��³)LQGLQJ�2EVWDFOH�$YRLGLQJ�6KRUWHVW�3DWKV�8VLQJ�,PSOLFLW�&RQQHFWLRQ�*UDSKV´�,(((�7UDQVDFWLRQV�RQ�&RPSXWHU�$LGHG�'HVLJQ�RI�,QWHJUDWHG&LUFXLWV�DQG�6\VWHPV��9RO������1R�����-DQ�������>��@�:��3XJK��³6NLS�/LVWV��$�3UREDEOLVWLF�$OWHUQDWLYH�WR�%DODQFHG7UHHV´�� &RPPXQLFDWLRQV� RI� WKH�$&0�� SDJHV� ��������� -XQH������9ROXPH�����1XPEHU���>��@�6� +RMDW� DQG� 3�� 9LOODUXELD�� ³$Q� ,QWHJUDWHG� 3ODFHPHQW6\QWKHVLV� $SSURDFK� IRU� 7LPLQJ� &ORVXUH� RI� 3RZHU3&0LFURSURFHVVRU´�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO&RQIHUHQFH�RQ�&RPSXWHU�'HVLJQ��SDJHV���������������>��@�1�� 6KHQR\� HW�� DO�� ³$� 5REXVW� 6ROXWLRQ� WR� WKH� 7LPLQJ&RQYHUJHQFH� 3UREOHP� LQ� +LJK�3HUIRUPDQFH� 'HVLJQ´�3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU'HVLJQ�� SDJHV� ��������� �����
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