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�� ,1752'8&7,21
7KH�DXWRPDWLRQ�RI�WKH�JHQHUDOL]DWLRQ�SURFHVV�UHTXLUHV�YHU\�IOH[LEOH�DGDSWLYH�PHWKRGRORJ\�WKDW�VKRXOG�PDNH� GHFLVLRQV� EDVHG� RQ� JHRVSDWLDO� VHPDQWLFV� DQG� VWUXFWXUH�� DQG� QRW� VLPSO\� WKH� JHRPHWU\� RI� WKH�REMHFW�� �7KLV� UHTXLUHV�ERWK�GHWDLOHG� VSDWLDO� DQDO\WLFDO� WHFKQLTXHV� DQG�FRQVWUDLQW� DQDO\VLV� LQ�RUGHU� WR�VHOHFW� DQG� SULRULWLVH� GLIIHUHQW� JHQHUDOL]DWLRQ� PHWKRGV�� DQG� WR� VHOHFW� DPRQJ� UHVXOWLQJ� FDQGLGDWH�VROXWLRQV�>5XDV������@�
(IILFLHQWO\� PRGHOOLQJ� RI� JHRVSDWLDO� LQIRUPDWLRQ� LV� YHU\� LPSRUWDQW� IRU� FRQYH\LQJ� WKLV� LQIRUPDWLRQ�FRQVLVWHQWO\� WR� QH[W� UHVROXWLRQ�VFDOH� OHYHOV�� � *HRVSDWLDO� �JHRJUDSKLF�� LQIRUPDWLRQ� LV� XVXDOO\� LQ� DQ�LPSOLFLW�IRUP�DQG�KDV�WR�EH�H[WUDFWHG�IURP�FRPSOH[�SURSHUWLHV�RI�REMHFWV�DQG�RUJDQL]DWLRQV�RI�JURXSV�RI�REMHFWV���%HVLGHV��LW�LV�GLIILFXOW�WR�IRUPDOL]H�WKLV�LQIRUPDWLRQ�
)RUPDOL]DWLRQ�RI�JHRVSDWLDO�LQIRUPDWLRQ�HQFRPSDVVHV�WKUHH�GLIIHUHQW�LVVXHV�>5XDV������@�
x :LWK�UHVSHFW� WR�DSSOLFDWLRQ��ZKDW�DUH�WKH�VLJQLILFDQW�UHODWLRQV�DQG�PHDQLQJ�WKDW�H[LVW�DPRQJ�WKH�REMHFWV"�L�H��ZKDW�QHHGV�WR�EH�FKDUDFWHULVHG��PHDVXUHG�"x +RZ� GR� ZH� LGHQWLI\� DQG� RUJDQLVH� VXFK� LQIRUPDWLRQ� LQ� D� *,6� LQ� RUGHU� WR� VXSSRUW� HIIHFWLYH�JHQHUDOL]DWLRQ�RI�JHRVSDWLDO�GDWDEDVHV"x +RZ�GR�ZH�XVH�WKH�UHVXOWV�RI�FKDUDFWHULVDWLRQ��FRPSXWHG�PHDVXUHV�"
*HRJUDSK\� UHOLHV� QRW� RQO\� RQ� WKH� ORFDWLRQ� RI� IHDWXUHV�EXW� DOVR�RQ� WKHLU�GHILQLQJ�FKDUDFWHULVWLFV� DQG�UHODWLRQVKLSV�� � :KHQ� D� FDUWRJUDSKHU JHQHUDOL]HV� D� PDS�� �V�KH� DQDO\VHV� REMHFW� VKDSH�� RULHQWDWLRQ��SUR[LPLW\�EHWZHHQ� WZR�REMHFWV��DOLJQPHQW��JOREDO�VSDWLDO�GLVWULEXWLRQ�DQG�DOVR�VHPDQWLF� LQIRUPDWLRQ�VXFK�DV�ULYHUV��RU�XUEDQ�FHQWUH�DUHD�HWF����6�KH�DOVR�FRPSDUHV�EHWZHHQ�DOO�JHRVSDWLDO�SKHQRPHQD�VXFK�DV� WRZQV� WR� HQVXUH� KRPRJHQRXV� WUHDWPHQW�� � �6�KH� QHYHU� UHVWULFWV� KLV�KHU� YLHZ� DQG� DQDO\VLV� WR� WKH�SRVLWLRQ�RI�REMHFW���,I�ZH�ZDQW�WR�DXWRPDWH�WKH�JHQHUDOL]DWLRQ�SURFHVV�ZH�QHHG�WR�UHSUHVHQW�GLIIHUHQW�YLHZV�RI�JHRJUDSKLF�VSDFH�>5XDV������@�
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*HRVSDWLDO�GDWD�JHQHUDOO\�FRQVLVWV�RI�JHRPHWULF��VHPDQWLF�DQG��LPSOLFLW��VWUXFWXUDO�GDWD��WHPSRUDO�GDWD�LV�RXW�RI�VFRSH�RI�WKLV�SDSHU����5HODWLRQV�DPRQJ�JHRVSDWLDO�REMHFWV�FDQ�EH�JHRPHWULF�UHODWLRQV��VHPDQWLF�UHODWLRQV� DQG� VWUXFWXUDO� UHODWLRQV�� � 6WUXFWXUH� KHUH�PHDQV� VSHFLILF� RUJDQL]DWLRQ� RI� JHRVSDWLDO� REMHFWV�LQGLYLGXDOO\�RU�DV�D�JURXS�DQG�FRPSULVHV�ERWK�JHRPHWULF�DQG�VHPDQWLF�SURSHUWLHV���*HRVSDWLDO�REMHFWV�DUH�GHILQHG�ZLWK� WKHLU�JHRPHWULF�� VHPDQWLF�DQG�VWUXFWXUDO�SURSHUWLHV�DQG�UHODWLRQV�DPRQJ�WKHP�IRUP�YDULRXV�JHRVSDWLDO�SKHQRPHQD���*HRVSDWLDO�REMHFWV�RI�FRPPRQ�SURSHUWLHV�DQG�EHKDYLRXUV�IRUP�FODVVHV�DQG�FODVVHV�IRUP�GDWD�VFKHPD�
'LIIHUHQW�FRQFHSWXDO�OHYHOV�FDQ�EH�IRUPHG�LQ�D�JHRVSDWLDO�PRGHO�E\�PDNLQJ�XVH�RI�WKH�GHILQLWLRQV�JLYHQ�DERYH� �)LJXUH����� �2EMHFW� OHYHO LV�FRQFHUQHG�ZLWK� LQGLYLGXDO�REMHFWV��H�J��D�EXLOGLQJ��D� URDG�� � ,QWHU�REMHFW OHYHO�LV�FRQFHUQHG�ZLWK�WKH�UHODWLRQV�DPRQJ�REMHFWV�IRUPLQJ�D�SKHQRPHQRQ��H�J��EXLOGLQJV�LQ�D�EXLOGLQJ�EORFN�RU�LQ�D�EXLOW�XS�DUHD���&ODVV�DQG�GDWD�VFKHPD�OHYHO LV�FRQFHUQHG�ZLWK�REMHFW�FODVVHV�DQG�OLQNV�DPRQJ�WKHP��H�J��EXLOGLQJ�DQG�URDG�FODVVHV�DQG�WKHLU�VXSHU�DQG�VXE�FODVVHV�
)RU� JHQHUDOL]DWLRQ� RI� EXLOGLQJV� DQG� EXLOW�XS� DUHDV�� DQDO\VLV� RI� FKDUDFWHULVWLFV� VXFK� DV� GHQVLW\��SUR[LPLW\�� REMHFW� VL]HV� DUH�QHFHVVDU\� WR� WDNH� DSSURSULDWH�JHQHUDOL]DWLRQ�GHFLVLRQ�� � ,W�PHDQV� WKDW� WKH�DUHD�FRPSRVHG�RI�EXLOGLQJV�DQG�VXUURXQGLQJ�E\�VWUHHWV� LV�D�VSHFLILF�YLHZ�RI� WKH�JHRJUDSKLFDO�VSDFH�ZKLFK�LV�FDOOHG�VLWXDWLRQ��FRQWH[W��>5XDV������@�
,Q�RUGHU�WR�GHVLJQ�DQG�GHYHORS�JRRG�DOJRULWKPV�WKDW�FDQ�DFWXDOO\�PHHW�WKH�SXUSRVH�IRU�ZKLFK�WKH\�ZHUH�FRQFHLYHG�LW�LV�QHFHVVDU\�WR�FDUHIXOO\�DQG�FRPSOHWHO\�GHILQH�WKH�UHTXLUHPHQWV�DQG�FULWHULD�WKDW�JRYHUQ�WKH� JHQHUDOL]DWLRQ� SUREOHP� DW� KDQG�� � 7KLV� KDV� OHDG� WR� WKH� QRWLRQ� RI� JHQHUDOL]DWLRQ� FRQVWUDLQWV DQG�FRQVWUDLQW�EDVHG�JHQHUDOL]DWLRQ�DOJRULWKPV�>:HLEHO�DQG�'XWWRQ������@�
�� &21675$,176�,1�*(1(5$/,=$7,21
&RQVWUDLQWV�DUH�UHJDUGHG�DV�GHVLJQ�VSHFLILFDWLRQV�WR�ZKLFK�VROXWLRQV�VKRXOG�DGKHUH��KHOSLQJ�WR�VSHFLI\�WKH� QDWXUH� RI� FDUWRJUDSKLF� RU� JHRVSDWLDO� GDWD� SURGXFWV�� DV� ZHOO� DV� UHODWLRQV� DPRQJ� WHFKQLTXHV��DOJRULWKPV��VWUDWHJLHV��HWF��� WKDW�DUH�QHFHVVDU\�WR�GHULYH�WKHP�>:HLEHO�DQG�'XWWRQ������@���,W�FDQ�EH�XVHG� DV� WULJJHULQJ� DQG� HYDOXDWLQJ� PHFKDQLVP� IRU� JHQHUDOL]DWLRQ�� � $� FRQVWUDLQW� GHVFULEHV� H[SOLFLWO\�HLWKHU ZKLFK�LQIRUPDWLRQ�GRHV�QRW�PHHW�WKH�JHQHUDOL]DWLRQ�VSHFLILFDWLRQV�RU�ZKLFK�LQIRUPDWLRQ�VKRXOG�EH�PDLQWDLQHG�LQ�WHUPV�RI�WKH�FRQWHQW�GXULQJ�WKH�JHQHUDOL]DWLRQ�SURFHVV�>5XDV������@�
'LIIHUHQW�DSSURDFKHV�DUH�SURSRVHG�IRU�FRQVWUDLQWV� LQ�>%HDUG��������:HLEHO�DQG�'XWWRQ��������5XDV������@���5XDV >����@�KDV�SURSRVHG�PLFUR��ORFDO���PHVR��LQWHUPHGLDWH��DQG�PDFUR��JOREDO��FRQVWUDLQWV��ZKLFK� DUH� XVXDOO\� LQWHUSUHWHG� GLIIHUHQWO\� GHSHQGLQJ� RQ� WKH� FODVV�� �%HORZ� LV�JLYHQ�D�JHQHUDO� OLVW� IRU�SRVVLEOH�FRQVWUDLQWV�LQ�YLHZ�RI JHRVSDWLDO�GDWDEDVHV�ZLWKRXW�FODLPLQJ�WKDW�LW�LV�FRPSOHWH�DQG�FDQ�IXOO\�EH�LPSOHPHQWHG�
0LFUR�FRQVWUDLQWV RFFXU�DW�LQGLYLGXDO�REMHFW�OHYHO��7KHVH�PLJKW�EH�
x *HRPHWULF� FRQVWUDLQWV �ORFDWLRQDO� FRQVWUDLQW�� JUDQXODULW\� FRQVWUDLQW�� VL]H� FRQVWUDLQW�� RULHQWDWLRQ�FRQVWUDLQW�x 6HPDQWLF�FRQVWUDLQWV �TXDOLWDWLYH�SURSHUW\�FRQVWUDLQW�V���TXDQWLWDWLYH�SURSHUW\�FRQVWUDLQW�V��x 6WUXFWXUDO�FRQVWUDLQWV �VKDSH�FRQVWUDLQWV�
0HVR�FRQVWUDLQWV RFFXU�ZLWKLQ�D�VHW�RI�REMHFWV�ZKLFK�FROOHFWLYHO\�UHSUHVHQW�D�JHRVSDWLDO�SKHQRPHQRQ���)RU�H[DPSOH�D�VWUHHW�QHWZRUN��DQ�XUEDQ�GLVWULFW��D�JURXS�RI�EXLOGLQJV�>5XDV������@���7KHVH�PLJKW�EH�
x *HRPHWULF� UHODWLRQ� FRQVWUDLQWV �PHWULF� UHODWLRQ� FRQVWUDLQWV� �SUR[LPLW\� UHODWLRQ� FRQVWUDLQW��RULHQWDWLRQ�UHODWLRQ�FRQVWUDLQW���WRSRORJLF�UHODWLRQ�FRQVWUDLQWV�
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x 6HPDQWLF� UHODWLRQ� FRQVWUDLQWV �FODVVLILFDWLRQ� KLHUDUFK\� FRQVWUDLQWV�� DJJUHJDWLRQ� KLHUDUFK\�FRQVWUDLQWV��DVVRFLDWLRQ�KLHUDUFK\�FRQVWUDLQWV�x 6WUXFWXUDO� UHODWLRQ� FRQVWUDLQWV �GHQVLW\� UHODWLRQ�� GLVWULEXWLRQ� UHODWLRQ�� VLPLODULW\� UHODWLRQ�� VL]H�UHODWLRQ�
0DFUR� FRQVWUDLQWV RFFXU� DW� FODVV� DQG� GDWD� VFKHPD� OHYHOV�� � 7KHVH� DUH� WKH� FRQVWUDLQWV� PDLQO\� IRU�TXDQWLW\�FRQWURO�DQG�FRQVLVWHQF\�RI�DOO�REMHFWV�ZKLFK�EHORQJ�WR�RQH�W\SH��H�J��DOO�EXLOGLQJV��DOO�URDGV���7KHVH�PLJKW�EH�
x &ODVV�FRQVWUDLQWV �TXDQWLW\�FRQVWUDLQWV� RUGHULQJ�FRQVWUDLQWV�x 'DWD�VFKHPD�FRQVWUDLQWV �FRQVLVWHQF\�FRQVWUDLQWV�
�� &21675$,176�)25�%8,/',1*6�$1'�%8,/7�83�$5($6
0LFUR�� PHVR� DQG� PDFUR� FRQVWUDLQWV� IRU� EXLOGLQJV� DQG� EXLOW�XS� DUHDV� LQ� WRSRJUDSKLF� JHRVSDWLDO�GDWDEDVHV�PLJKW�EH�DV�IROORZV�>$*(17�&RQVRUWLXP��������5XDV��������:HLEHO�DQG�'XWWRQ������@�
����0LFUR�FRQVWUDLQWV
x /RFDWLRQ%XLOGLQJV�VKRXOG�SUHVHUYH�WKHLU�LQLWLDO�SRVLWLRQ�x *HRPHWU\�W\SH*HRPHWU\�W\SHV�RI�EXLOGLQJV�FDQ�EH�DUHD�RU�SRLQW�GHSHQGLQJ�RQ�FRQFHSWXDO�PRGHO�x *UDQXODULW\
,QWHUQDO�RXWOLQH�VHJPHQWV�VKRXOG�EH�RI�GLVWLQJXLVKDEOH�GLPHQVLRQV�x 6L]H
D� %XLOGLQJ�VL]H�VKRXOG�QRW�EH�VPDOOHU�WKDQ�WKH�PLQLPXP�DUHD�WKUHVKROG�E� %XLOGLQJ�ZLGWK�VKRXOG�EH�ODUJH�HQRXJK�WR�EH�GLVWLQJXLVKDEOH�x 2ULHQWDWLRQ
$�EXLOGLQJ�VKRXOG�SUHVHUYH�LWV�LQLWLDO�PDLQ�RULHQWDWLRQ�x )XQFWLRQDOLW\D� ,PSRUWDQW�EXLOGLQJV��DFFRUGLQJ�WR�GDWDEDVH�SXUSRVHV��VKRXOG�EH�PDLQWDLQHG�E� ,VRODWHG�EXLOGLQJV�FDQ�EH�LPSRUWDQW�EXLOGLQJV�DV�UHIHUHQFH�REMHFWV�x 6KDSH
D� %XLOGLQJV�VKRXOG�SUHVHUYH�WKHLU�PDLQ�RUWKRJRQDOLW\�E� %XLOGLQJV�VKRXOG�PDLQWDLQ�WKHLU�HORQJDWLRQ WR�EH�UHFRJQLVDEOH�F� ,I�EXLOGLQJV�KDYH�XQXVXDO�VKDSHV VXFK�DV�FXUYHV��WKHVH�VKDSHV�VKRXOG�EH�PDLQWDLQHG�
����0HVR�&RQVWUDLQWVx 3UR[LPLW\D� 6PDOOHVW�GLVWDQFH�EHWZHHQ�WZR�EXLOGLQJV�PXVW�QRW�EH�VPDOOHU�WKDQ�VHSDUDWLRQ�GLVWDQFH�E� 5HODWLYH�GLVWDQFH�EHWZHHQ�WZR�EXLOGLQJV�VKRXOG�EH�PDLQWDLQHG�F� 5HODWLYH�GLVWDQFHV�EHWZHHQ�D�VHW�RI�JHQHUDOL]HG�EXLOGLQJV�VKRXOG�SUHVHQW�WKH�VDPH�FOXVWHULQJ�HIIHFW�DV�ZDV�LQLWLDOO\�PHDVXUHG�G� 6SHFLILF�SDWWHUQV�DQG�DOLJQPHQWV��H�J���DORQJ�FXUYHV��VKRXOG�EH�PDLQWDLQHG�H� 1R�VSHFLILF�GLVWULEXWLRQ�VKRXOG�EH�FUHDWHG�LI�LW�GRHV�QRW�H[LVW�LQLWLDOO\��H�J���LI�EXLOGLQJV�DUH�QRW�RUJDQLVHG�DORQJ�D�JULG��WKH\�VKRXOG�QRW�EH�DIWHU�JHQHUDOL]DWLRQ��
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x 7RSRORJ\([LVWLQJ� FRQQHFWLYLW\�� DGMDFHQW� DQG� LQFOXVLRQ� UHODWLRQVKLSV�PXVW� EH�PDLQWDLQHG� LI� EXLOGLQJV� DUH�PDLQWDLQHG�x 2ULHQWDWLRQ
1HDU��QHLJKERXULQJ�EXLOGLQJV�VKRXOG�WU\�WR�SUHVHUYH�WKHLU�UHODWLYH�PDLQ�RULHQWDWLRQ�x 'HQVLW\D� *URXSV�RI�EXLOGLQJV�VKRXOG�QRW�KDYH�WRR�JUHDW�GHQVLW\�E� $�JURXS�RI�EXLOGLQJV�KDYLQJ�WRR�JUHDW�GHQVLW\�FDQ�EH�DJJUHJDWHG�DPDOJDPDWHG�RU�FROODSVHG�DV�D�EXLOW�XS�DUHD�LI�LW�FRUUHVSRQGV�WR�WKH�VSDWLDO�SDWWHUQ�RI�WKDW�SRUWLRQ�RI�D�WRZQ�x 6L]H�GLVWULEXWLRQ
D� 5HODWLYH�VL]H�RUGHU�RI�EXLOGLQJV�VKRXOG�EH�SUHVHUYHG�ZKHQHYHU�WKHLU�PHDQLQJ�LV�WKH�VDPH�E� 7ZR�EXLOGLQJV�ZKLFK�KDYH�QHDUO\�WKH�VDPH�VL]HV�FDQ�KDYH�HTXDO�ILQDO�VL]H�DIWHU�VLPSOLILFDWLRQ�x 6KDSH�GLVWULEXWLRQ
:LWKLQ�D�JURXS�RI�EXLOGLQJV��LI�VRPH�DUH�UHPRYHG��VXEVHW�RI�EXLOGLQJV�VKRXOG�SUHVHUYH�EXLOGLQJV�ZKLFK� KDYH� UHPDUNDEOH� VKDSHV� �UHPDUNDEOH� LQVLGH� WKH� JURXS��� WKLV� LPSOLHV� FKRRVLQJ� GLIIHUHQW�IRUPV�RI�VLPSOLILFDWLRQ�x 6HPDQWLFVD� 7ZR� EXLOGLQJV� FDQ� EH� DPDOJDPDWHG� WRJHWKHU� LI� WKH\� GR� QRW� KDYH� FRQWUDVWLQJ� VHPDQWLF�SURSHUWLHV�E� 7KH�GLVWULEXWLRQ�RI�GLIIHUHQW�VXE�FODVVHV�RI�EXLOGLQJV�ZLWKLQ�DQ�DUHD�FDQ�FKDQJH�EXW�SURSRUWLRQ�VKRXOG� WU\� WR�EH�PDLQWDLQHG�� �6RPH�LQGLFDWLRQ�RI�VHPDQWLF�H[FHSWLRQV�VKRXOG�EH�PDLQWDLQHG��H�J��D�FRPPHUFLDO�DUHD�ZLWKLQ�D�QHLJKERXUKRRG�RI�GHWDFKHG�KRXVHV��
����0DFUR�&RQVWUDLQWV
x 4XDQWLW\$FFRUGLQJ�WR�GDWDEDVH�SXUSRVHV��WKH�DUHD�RFFXSLHG�E\�VSHFLILF�EXLOGLQJV�FDQ�EH�PDLQWDLQHG�x 'HQVLW\�GLVWULEXWLRQD� 7KH�RUGHULQJ�RI�GHQVLW\�YDOXHV�DPRQJ�PHVR�REMHFWV�SULRU� WR�DQG�DIWHU�JHQHUDOL]DWLRQ�VKRXOG�QRW�JUHDWO\�FKDQJH�E� 'LIIHUHQWLDWLRQ�RI�GHQVLWLHV�VKRXOG�EH�VWLOO�VDPH�DIWHU�JHQHUDOL]DWLRQ�x 6KDSH�RI�GLVWULFWV*OREDOO\��GLVWULFWV�VKRXOG�KDYH�WKH�VDPH�NLQG�RI�VKDSHV��HORQJDWLRQ��FRQYH[LW\��DV�WKH\�LQLWLDOO\�GLG�HYHQ�LI�WKHLU�VL]HV�LQFUHDVH��H�J���UHVXOWLQJ�IURP�VWUHHW�UHPRYDO��x 6L]H�RI�GLVWULFWV*OREDOO\��GLVWULFWV� VKRXOG�PDLQWDLQ� D�GLIIHUHQFH�RI� VL]HV�DFFRUGLQJ� WR� LQLWLDO�FRQGLWLRQV��7KDW� LV��DPDOJDPDWLRQ�VKRXOG�QRW�DOWHU�WKH�UHODWLYH�VL]HV�RXW�RI�SURSRUWLRQ�x 6HPDQWLF�GLVWULEXWLRQ,I�D� WRZQ�KDV�D� VSHFLILF�GLVWULEXWLRQ�RI�VHPDQWLF�GLVWULFWV�� LW�VKRXOG�EH�PDLQWDLQHG��WRZQ�FHQWUH��GHWDFKHG�KRXVHV�DUHDV��FRPPHUFLDO�DUHD��ORQJ�EXLOGLQJ�DUHD�«��
����0HVR�FRQVWUDLQWV �6WUHHW�EXLOGLQJV�
x 7RSRORJ\([LVWLQJ�LQFOXVLRQ�UHODWLRQVKLSV�EHWZHHQ�D�EXLOGLQJ�DQG�D�VWUHHW�SDUWLWLRQ�PXVW�EH�PDLQWDLQHG��L�H���EXLOGLQJV�PXVW�QRW�PRYH�DFURVV�VWUHHWV��x 2ULHQWDWLRQ&ORVH�VWUHHW�DQG�EXLOGLQJV�VKRXOG�WU\�WR�SUHVHUYH�WKHLU�UHODWLYH�PDLQ�RULHQWDWLRQ�


�RQO\�IRU�EXLOGLQJV�RI�DUHD�JHRPHWU\�W\SH
�RQO\�IRU�EXLOGLQJV�RI�DUHD�JHRPHWU\�W\SH



,QWHUQDWLRQDO�6\PSRVLXP�RQ�*,6��6HSWHPEHU��������������,VWDQEXO�785.(<

x 3UR[LPLW\D� 5HODWLYH� GLVWDQFH� EHWZHHQ� D� VWUHHW� DQG� D� EXLOGLQJ�PXVW� EH� JUHDWHU� WKDQ� VHSDUDWLRQ� GLVWDQFH�XQOHVV�VSHFLILFDOO\�DXWKRULVHG�E� 5HODWLYH�GLVWDQFH�EHWZHHQ�D�VWUHHW�DQG�D�EXLOGLQJ�PXVW�EH�DV�FORVH�DV�LW�ZDV�LQLWLDOO\x )XQFWLRQDO�GHSHQGHQF\�� %XLOGLQJV�VKRXOG�EH�UHPRYHG�DPDOJDPDWHG�LI�WKHLU�VWUHHWV�DUH�HOLPLQDWHG��� *HQHUDOL]DWLRQ�RI�VWUHHW�QHWZRUNV�VKRXOG�DOORZ�IRU�DFFHVV�WR�µLPSRUWDQW¶�EXLOGLQJV�
�� *(1(5$/,=$7,21� 2)� %8,/',1*6� $1'� %8,/7�83� $5($6� ,1� 7232*5$3+,&�*(263$7,$/�'$7$%$6(6
0RGHO��GDWDEDVH��JHQHUDOL]DWLRQ�FUHDWHV�D�GDWDVHW�DW�ORZHU�UHVROXWLRQ�IURP�KLJKHU�RQH���,Q�WKH�SURFHVV�WKH�DPRXQW�RI�GDWD�LV�UHGXFHG�EXW�WKH�WUXH�SRVLWLRQ�RI�JHRPHWU\�LV�NHSW�>,OOHUW������@���7KH�UHTXLUHPHQW�DQG� VRPH� HIIRUWV� IRU�PRGHO� JHQHUDOL]DWLRQ� RI� EXLOGLQJV� DQG� EXLOW�XS� DUHDV� LQ� GHULYLQJ� OHVV� GHWDLOHG�WRSRJUDSKLF�JHRVSDWLDO�GDWDVHWV�DUH�JLYHQ�LQ�>.LOSHODLQHQ��������$QGHUV�HW�DO�������@���
0�OOHU >����@� DQDO\VHG� WRSRJUDSKLF�PDS� VHULHV� DQG� IRXQG� VRPH� IDFWV� DERXW� EXLOGLQJV� DQG�EXLOW�XS�DUHDV��JLYHQ�LQ�7DEOH���DQG�7DEOH���

7DEOH����6L]H�FKDQJHV�IRU�VRPH�REMHFWV�>0�OOHU������@�
6FDOH 6WUHHWV %XLOGLQJ %XLOW�XS�DUHDV��������� QR�FKDQJH QR�FKDQJH QR�FKDQJH���������� u ��� u � OLWWOH�FKDQJH QR�FKDQJH���������� u ��� u � u ����� u � u �������������� u ��� u �� u ��� u � u �������������� u �� u ��� u � u �

7DEOH����&KDQJHV�LQ�QXPEHU�RI�REMHFWV�LQ�EXLOW�XS�DUHDV�>0�OOHU������@�
6FDOH 'HQVH�EXLOW�XS�DUHDV 6FDWWHUHG�EXLOW�XS�DUHDV��������� 1R�FKDQJH QR�FKDQJH���������� ��������SUHVHUYHG QR�FKDQJH���������� ��������SUHVHUYHG �����SUHVHUYHG����������� �����DPDOJDPDWHG�LQ�EORFNV ��������SUHVHUYHG����������� ������DPDOJDPDWHG�LQ�EORFNV �������SUHVHUYHG

7KHVH�WDEOHV�VKRZ�WKDW�DW�PHGLXP�VFDOH�PDSV�VL]HV�RI�REMHFWV�DUH�LQFUHDVHG��ZKLOH�WKHLU�DPRXQWV�DUH�GHFUHDVHG���+RZHYHU��LQ�PRGHO�JHQHUDOL]DWLRQ��VL]HV�RI�REMHFWV�DUH�QRW�LQFUHDVHG�ZKLOH�WKHLU�DPRXQWV�DUH� GHFUHDVHG�� � 1DPHO\�� H[DJJHUDWLRQ� DQG� GLVSODFHPHQW� DUH� QRW� XVHG� WR� EH� DEOH� WR� SUHVHUYH� WKH�ORFDWLRQV�RI�REMHFWV�������
$FFRUGLQJ� WR�>.LOSHODLQHQ������@��REMHFWV�KDYH�QR�RYHUODSSLQJ�FRQIOLFWV�LQ�WKH�PRGHO�JHQHUDOL]DWLRQ�SKDVH��VLQFH�WKH\�KDYH�UHDO�JHRVSDWLDO��JHRJUDSKLF��H[WHQW�DQG�GR�QRW�DSSHDU�LQ�JUDSKLF�VSDFH���2EMHFWV�GR� QRW� KDYH� WR� ILJKW� IRU� VSDFH�� � 7KH� GLIIHUHQFH� EHWZHHQ� D� JHRVSDWLDO� GDWDEDVH DQG� D� FDUWRJUDSKLF�GDWDEDVH�RU�D�PDS�LV�VFKHPDWLFDOO\�VKRZQ�LQ�)LJXUH�����$�EXLOGLQJ�DQG�D�URDG�LQ�D�JHRVSDWLDO�GDWDEDVH�DW� D� FHUWDLQ� UHVROXWLRQ� DUH� UHSUHVHQWHG� E\� D� SRLQW� DQG� D� OLQH� UHVSHFWLYHO\�� ZKHUHDV� LQ� FDUWRJUDSKLF�GDWDEDVH� DW� FRUUHVSRQGLQJ� VFDOH� E\ D� UHFWDQJXODU� SRLQW� V\PERO� DQG� D� OLQH� V\PERO�� � 7R� UHQGHU� WKH�FDUWRJUDSKLF� UHSUHVHQWDWLRQ� VDWLVIDFWRU\�� VLPSOLILFDWLRQ�� VPRRWKLQJ�� H[DJJHUDWLRQ� DQG� GLVSODFHPHQW�RSHUDWLRQV�PXVW�EH�SHUIRUPHG��ZKLFK�ZLOO�YLRODWH�ORFDWLRQDO�DFFXUDF\�WR�VRPH�H[WHQW�



,QWHUQDWLRQDO�6\PSRVLXP�RQ�*,6��6HSWHPEHU��������������,VWDQEXO�785.(<

)LJXUH����'LIIHUHQFH�EHWZHHQ�D�JHRVSDWLDO�GDWDEDVH�DQG�D�FDUWRJUDSKLF�GDWDEDVH>6OLJKWO\�PRGLILHG�IURP�.LOSHODLQHQ������@�
*HRVSDWLDO�REMHFWV�KDYH�PD[LPDO�GHWDLO�DW�WKH�EDVH�OHYHO�DQG�WKHLU�UHSUHVHQWDWLRQ�FKDQJHV�IURP�OHYHO�WR�OHYHO��)LJXUH����

5HVROXWLRQ�/HYHOV 6HPDQWLFV $EVWUDFWLRQ�SURFHVVHV *HRVSDWLDO�GDWDEDVH�UHSUHVHQWDWLRQ *HRPHWU\
/HYHO�� %XLOW�XS�DUHD $JJUHJDWH���DPDOJDPDWH�WKH�EXLOGLQJV�IURP�OHYHO��

3RO\JRQ
/HYHO�� %XLOGLQJ &ROODSVH�WKH�EXLOGLQJ�DW�OHYHO���WR�SRLQW 3RLQW
/HYHO�� %XLOGLQJ 6LPSOLI\�WKH�RXWOLQH�RI�D�EXLOGLQJ�DW�OHYHO�� 6LPSOH3RO\JRQ
/HYHO���%DVH�/HYHO� %XLOGLQJ 8VH�WKH�EDVH�OHYHO�UHSUHVHQWDWLRQ &RPSOH[3RO\JRQ

)LJXUH����$�EXLOGLQJ�REMHFW�DW�GLIIHUHQW�UHVROXWLRQ�OHYHOV�LQ�D�JHRVSDWLDO�GDWDEDVH>6OLJKWO\�PRGLILHG�IURP�.LOSHODLQHQ������@�
�� &21675$,17�%$6('�*(1(5$/,=$7,21�2)�%8,/',1*6�$1'�%8,/7�83�$5($6
&RQVWUDLQW�EDVHG� VWUDWHJ\� KDV� SDUWLFXODUO\� JDLQHG� LPSRUWDQFH� DIWHU� $*(17� SURMHFW� >$*(17�&RQVRUWLXP������@���$�JHQHUDO�IUDPHZRUN�IRU�PRGHO��GDWDEDVH��JHQHUDOL]DWLRQ�EDVHG�RQ�FRQVWUDLQWV�LV�JLYHQ�LQ�>%DúDUDQHU������@�

FDUWRJUDSKLF�GDWDEDVHDIWHU�FDUWRJUDSKLF�JHQHUDOL]DWLRQ

ZDWHUILHOG

JHRVSDWLDO�GDWDEDVH FDUWRJUDSKLF�GDWDEDVH



,QWHUQDWLRQDO�6\PSRVLXP�RQ�*,6��6HSWHPEHU��������������,VWDQEXO�785.(<

)RU�FRQWH[WXDO�JHQHUDOL]DWLRQ�RSHUDWLRQV�ZH�QHHG�REMHFWV�DW�GLIIHUHQW�OHYHOV���PLFUR�REMHFWV��LQGLYLGXDO�REMHFWV���PHVR�REMHFWV� �JURXSV�RI�REMHFWV�� DQG�PDFUR�REMHFWV� �SRSXODWLRQ�RI�REMHFWV��� �7KH\�GR�QRW�SHUIRUP�WKH�VDPH�UROH�GXULQJ�WKH�JHQHUDOLVDWLRQ�SURFHVV��EXW�DOO�DUH�FRQVWUDLQHG�>5XDV������@�
x 0LFUR� REMHFWV� JHQHUDOLVH� WKHPVHOYHV�ZKHQ� WKH\� DUH� DXWRQRPRXV� RU� DFFRPSOLVK� RUGHUV�JLYHQ�E\�PHVR�REMHFWV�IRU�FRQWH[WXDO�RSHUDWLRQV�x 0HVR� REMHFWV� JHQHUDOLVH� WKHPVHOYHV�ZKHQ� WKH\� SHUIRUP� FRQWH[WXDO� RSHUDWLRQV�� � 7KH\� DOVR� JLYH�LQIRUPDWLRQ�WR�WKHLU�FRPSRQHQW�REMHFWV�LQ�RUGHU�WR�PDLQWDLQ�VRPH�JURXS�SURSHUWLHV��x 0DFUR�REMHFWV�JLYH�LQIRUPDWLRQ�WR�PHVR�DQG�PLFUR�REMHFWV�WR�FRQWURO�TXDQWLW\�HYROXWLRQ�
5XDV >����@�JLYHV� WKH�DWWULEXWHV�HQULFKLQJ� WKH�GDWDEDVH IRU�PRUH� LQWHOOLJHQW�JHQHUDOL]DWLRQ�GHFLVLRQV�EDVHG�RQ�FRQVWUDLQWV��7DEOH����
7DEOH����1HFHVVDU\�DWWULEXWHV�WR�JRYHUQ�FRQVWUDLQWV�ZLWKLQ�WKH�JHQHUDOL]DWLRQ�SURFHVV�>5XDV������@�

$WWULEXWHV 8VHV,QLWLDO�DQG�RQ�JRLQJ�YDOXHV &KDUDFWHULVDWLRQ�RI�FRQVWUDLQWV�DQG�LWV�HYROXWLRQ7KUHVKROG�YDOXHV 9DOXHV�XQGHU�RU�RYHU�ZKLFK�D�FRQIOLFW�RFFXU6HYHULW\��1RQ�VDWLVIDFWLRQ� (YDOXDWLRQ�RI�FRQVWUDLQW�VHYHULW\�DFFRUGLQJ�WR�WKUHVKROGV3ULRULW\ /HYHO�RI�SULRULW\�DFFRUGLQJ�WR�FRQVWUDLQW�W\SH�DQG�VHYHULW\3ULRULWLVHG�VROYLQJ�PHWKRG�OLVW /LVW�RI�DGYLVHG�JHQHUDOL]DWLRQ�PHWKRGV�WR�VROYH�WKH�FRQIOLFWV5HVWULFWLYH�PHWKRGV�OLVW /LVW�RI�QRQ�DGYLVHG�JHQHUDOL]DWLRQ�PHWKRGV�WR�PDLQWDLQ�D�VSHFLILF�LQIRUPDWLRQ
:KHQHYHU� D� SKHQRPHQRQ� VWXGLHG�� D� VHW� RI� FRQVWUDLQW� REMHFWV� LV� FUHDWHG�� (DFK� FRQVWUDLQW� REMHFW�DVVHVVHV�LWV�VHYHULW\��QRQ�VDWLVIDFWLRQ��DFFRUGLQJ�WR���LWV�JHQHULF�WKHUHVKROG�YDOXHV�����LWV�DWWULEXWHV��E\�PHDQV�RI�HYDOXDWLRQ�PHWKRG�DQG�SURSRVHV�D�VHW�RI�SULRULWLVHG�VROYLQJ�PHWKRGV���7KXV�WKH�SKHQRPHQRQ�RU� WKH�JHRVSDWLDO�REMHFW UHFHLYHV�D�VHW�RI�SURSRVDOV�DQG�FKRRVHV� WKH�EHVW�DFFRUGLQJ� WR����FRQVWUDLQWV�SULRULW\�����VRPH�FRKHUHQFH�DQG�SURFHGXUDO�UXOHV���7KHQ�WKH�SKHQRPHQRQ�WULHV�WKH�EHVW�JHQHUDOL]DWLRQ�PHWKRG� DQG� DVVHVVHV� KRZ� WKH� VHYHULW\� RI� FRQVWUDLQWV� FKDQJHV�� � ,I� WKH� FRQVWUDLQWV� DUH� UHOD[HG�� WKHQ�IXUWKHU�WHFKQLTXHV�DUH�DSSOLHG��LI�QRW�WKH�V\VWHP�EDFNWUDFNV�DQG�WKH�SKHQRPHQRQ�WULHV�DQRWKHU�VROYLQJ�PHWKRG�� �7KH�DLP�RI�D�SKHQRPHQRQ�LV� WR�ILQG�D� ORFDO�PLQLPXP�RI�FRQVWUDLQW�VHYHULW\�YDOXHV�>5XDV������@�
$�JHQHUDO� VWUDWHJ\�PLJKW�EH�DV�IROORZV�IRU�FRQVWUDLQW�EDVHG�JHQHUDOL]DWLRQ�RI�EXLOGLQJV�DQG�EXLOW�XS�DUHDV�>5XDV��������5XDV������@��
0DFUR�REMHFWV�DUH�ILUVW�FUHDWHG�WR�FRQWURO�TXDQWLW\���6RPH�PHDVXUHV�OLNH�5DGLFDO�/DZ�PLJKW�EH�XVHG�WR�HYDOXDWH� FKDQJHV� LQ� TXDQWLW\� RI� REMHFWV� LQ� FODVVHV� GXULQJ� JHQHUDOL]DWLRQ�� � 0HVR� REMHFWV� DUH� VPDOO�GLVWULFWV� VXUURXQGHG� E\� VWUHHWV�� DQG� FRPSRVHG� RI� EXLOW�XS� DUHD� LQIRUPDWLRQ�� PDLQO\� EXLOGLQJV��DGPLQLVWUDWLYH�� LQGXVWULDO�� KRXVLQJ� HWF���� � 0LFUR� REMHFWV� DUH� LQGLYLGXDO� REMHFWV�� L�H�� EXLOGLQJ� DQG�VXUURXQGLQJ�VWUHHWV�FRQVWLWXWLQJ�D�EXLOW�XS�DUHD�VLWXDWLRQ�
:KHQHYHU�D�EXLOW�XS�DUHD�VLWXDWLRQ�LV�FUHDWHG��LW�FUHDWHV�VRPH�PHVR�FRQVWUDLQW�REMHFWV�UHODWHG�WR�EXLOW�XS�DUHD�VLWXDWLRQ��)LJXUH������,W�PHDQV�WKDW�EXLOW�XS�DUHD�VLWXDWLRQ�FODVV�RZQV�D�EXLOW�XS�DUHD�FRQVWUDLQW�FUHDWLRQ�PHWKRG�



,QWHUQDWLRQDO�6\PSRVLXP�RQ�*,6��6HSWHPEHU��������������,VWDQEXO�785.(<

)LJXUH����$Q�H[DPSOH�RI�REMHFW�RULHQWHG�FRQVWUDLQW�PRGHOOLQJ�DSSOLHG�WR�EXLOW�XS�DUHD�VLWXDWLRQ>0RGLILHG�IURP�5XDV������@�
:KHQ�D�PHVR�VLWXDWLRQ�KDV�UHDFKHG�D�VWDWH�WKDW�LW�FRQVLGHUV�DV�EHLQJ�FRUUHFW��WKH�PLFUR�JHQHUDOL]DWLRQ�FDQ�EHJLQ�� �7KHQ��PLFUR�FRQVWUDLQW�REMHFWV�FDQ�EH�FUHDWHG�� �7KUHH�FDVHV�RFFXU�����7KH�PLFUR�REMHFWV�KDYH� SRZHUIXO� LQWHUDFWLRQ� FDSDFLW\� WR� QHJRWLDWH� WKHLU� RUGHU�� ��� 7KH� GHSHQGHQF\� EHWZHHQ� PLFUR�VLWXDWLRQV�LV ORZ��VR�WKH�RUGHU�RI�DXWRQRP\�KDV�QR�HIIHFW�RQ�WKH�UHVXOW�����7KH�PLFUR�REMHFWV�FDQ�QRW�FRPPXQLFDWH� HDVLO\� DQG� WKHLU� GHSHQGHQF\� LV� LPSRUWDQW�� ,Q� VXFK� D� FDVH�� WKH�PHVR� VLWXDWLRQ� XVHV� LWV�RYHUYLHZ�WR�ORRN�IRU�DQ�DSSURSULDWH�RUGHU�RI�DXWRQRP\��LW�FRRUGLQDWHV WKH�DXWRQRP\�RI�LWV�FRPSRQHQWV�
7KH�UROH�RI�D�PHVR�VLWXDWLRQ�LV�WR�DQDO\VH�ZKHWKHU�DQ�DXWRQRP\�RUGHU�FDQ�EH�IRXQG��7KLV�RUGHU�VKRXOG�EH�D�IXQFWLRQ�RI����REMHFW� LPSRUWDQFH�DQG����REMHFW� IOH[LELOLW\� WR�VXSSRUW�RWKHUV�JHQHUDOLVDWLRQ�� �)RU�H[DPSOH�DQ�LPSRUWDQW�EXLOGLQJ�VXUURXQGHG�E\�RWKHU�EXLOGLQJV�VKRXOG�EH�JHQHUDOLVHG�ILUVW���%\�VHHNLQJ�IRU�DQ�RUGHU�RI�DXWRQRP\��WKH�PHVR�VLWXDWLRQ�FRRUGLQDWHV�LWV�FRPSRQHQWV�JHQHUDOLVDWLRQ���$IWHU�PLFUR�

VHPDQWLF�F

SUR[LPLW\�F

JHRPHWU\

SKHQRPHQRQ

DUF�OLQH

EXLOW�XS�DUHD��ED�
EXLOGLQJ
URDG

GHQVLW\�F

VL]H�GLVWU��F

ED�GHQVLW\�F
ED�SUR[LPLW\�F
ED�VL]H�GLVWU��F
ED�VHPDQWLF�F

FRQVWUDLQW PHVR�F

'HODXQD\�WULDQJ�JHRVSDWLDO�REMHFW

IDFH�DUHD FRPSXWHG�RQ�WRS�RI
FRPSXWHG�E\�PHDQV�

FRPSXWHG�E\�PHDQV�
GHVFULEHG�E\

VKDSH�GLVWU��F
WRSRORJ\�F
RULHQWDWLRQ�F ED�RULHQWDWLRQ�F

ED�WRSRORJ\�F
ED�VKDSH�GLVWU��F

QRGH�SRLQW
DX[��GDWD�VWUXFWXUH

VHPDQWLFV TXDOLWDWLYH�DWWULE�
TXDQWLWDYH�DWWULE�
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VLWXDWLRQ�JHQHUDOLVDWLRQV�� WKH�PHVR�VLWXDWLRQ�FRQWUROV�WKDW�LWV�FRQVWUDLQWV�DUH�VWLOO�UHVSHFWHG�DQG�HYHU\�PLFUR�VLWXDWLRQ�IRXQG�LWV�RZQ�VROXWLRQ���,I�WKH�PHVR�VLWXDWLRQ�LV�XQVDWLVILHG��LW�FDQ�����FDUU\�RQ�LWV�RZQ�JHQHUDOLVDWLRQ�����FKDQJH� WKH�DXWRQRP\�RUGHU�����SURSRVH�VROXWLRQV�VXFK�DV�FRQVWUDLQW� UHOD[DWLRQ�IRU�OHVV�LPSRUWDQW FKDUDFWHULVWLFV�
���&21&/86,216
,Q�WKLV�SDSHU��D�FRQVWUDLQW�EDVHG�VWUDWHJ\�LV�SURSRVHG�IRU�PRGHO��GDWDEDVH��JHQHUDOL]DWLRQ�RI�EXLOGLQJV�DQG� EXLOW�XS� DUHDV�� � &RQVWUDLQWV� FDQ� EH� XVHG� LQ� PRGHO� JHQHUDOL]DWLRQ� IRU� PHHWLQJ� WKH� GDWD� PRGHO�VSHFLILFDWLRQV�� $� IUDPHZRUN� LV� HVWDEOLVKHG� IRU� HDVLHU� XQGHUVWDQGLQJ� DQG� PRUH� FRPSUHKHQVLYH�GHILQLWLRQ�RI�WKH�FRQVWUDLQWV���7KHQ��D�OLVW�RI�FRQVWUDLQWV�DQG�SRVVLEOH�VWUDWHJ\�DUH�JLYHQ�IRU�EXLOGLQJV�DQG� EXLOW�XS� DUHDV� FRQVLGHULQJ� FKDUDFWHULVWLFV� RI� JHRVSDWLDO� GDWDEDVHV�� � 7RSRJUDSKLF� JHRVSDWLDO�GDWDEDVHV� LQYROYH�GLIIHUHQW� VWUDWHJLHV� LQ� WKHLU�JHQHUDOL]DWLRQ�� �6LQFH� WKH\�DUH� ILUVW�XVHG� IRU�DQDO\VLV��JHRVSDWLDO� LQIRUPDWLRQ� VKRXOG� EH� SUHVHUYHG� DW� GLIIHUHQW� UHVROXWLRQ� OHYHOV� WR� DEOH� WR� REWDLQ� FRUUHFW�DQDO\VLV�UHVXOWV���5HJDUGLQJ�WKHVH�LVVXHV�DQG��XVHU�DQG�DSSOLFDWLRQ�UHTXLUHPHQWV��QH[W�VWDJH�ZLOO�EH�WKH�GHYHORSPHQW� RI� D� FRQFHSWXDO�PRGHO� IRU� WKHVH� REMHFWV� DW� YDULRXV� UHVROXWLRQ� OHYHOV�� � 7KHQ� LW� FDQ� EH�LPSOHPHQWHG� LQ� DQ� REMHFW�RULHQWHG� GDWDEDVH� HQYLURQPHQW�� � $IWHU� WKDW� FRQVWUDLQW�EDVHG� PRGHO�JHQHUDOL]DWLRQ� VWUDWHJ\� ZLOO� EH� WULHG� WR� GHULYH� ORZHU� UHVROXWLRQ� GDWDVHWV�� � $IWHU� WHVWV�� WKHRULWLFDO�IUDPHZRUN�ZLOO�EH�FOHDUHU���)XUWKHU�VWXGLHV�DUH�QHHGHG�WR�ILQG�HIIHFWLYH�VROXWLRQV�IRU�IRUPDOL]DWLRQ�RI�JHRVSDWLDO�LQIRUPDWLRQ�DQG�WKHLU�XVH�LQ�JHQHUDOL]DWLRQ�RI�JHRVSDWLDO�GDWDEDVHV�����������
$FNQRZOHGJHPHQWV
7KLV� UHVHDUFK� KDV� EHHQ� VXSSRUWHG� E\� <LOGL]� 7HFKQLFDO� 8QLYHUVLW\� 6FLHQWLILF� 3URMHFWV� &RRUGLQDWLRQ�'HSDUWPHQW���3URMHFW�1XPEHU� ������������
5()(5(1&(6
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