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7KLV� SDSHU� FRQWDLQV� VRPH� UHIOHFWLRQV� DERXW� XVLQJ� �'� WRSRORJ\��
DQG� VRPH� PRUH� JHQHUDO� �'� FRQFHSWV� UHODWHG� WR� �'� FDGDVWUH��
)LUVWO\��ZH�GHYHORS�VRPH�DEVWUDFW�YLHZV�DERXW��'�PRGHOOLQJ�DQG�
PRUH� VSHFLILFDOO\� DERXW� WKH� GHILQLWLRQ� RI� �'� VSDWLDO� REMHFWV��
6HFRQGO\�� ZH� UHSRUW� D� QHZ� IUDPHZRUN� IRU� UHSUHVHQWLQJ� VSDWLDO�
UHODWLRQVKLSV�� 7KH� IUDPHZRUN� KDV� GLIIHUHQW� ´FRPSOH[LW\µ� OHYHOV�
DQG� DOORZV� PL[LQJ� VLPSOH� DQG� FRPSOH[� VSDWLDO� UHODWLRQVKLSV��
7KHUHIRUH�� LW� LV� SRVVLEOH� WR� FRQVLGHU� GLIIHUHQW� GHWDLOV� ZKHQ�
TXHU\LQJ�VSDWLDO�REMHFWV��)LQDOO\��VRPH�H[DPSOHV�DUH�SUHVHQWHG�LQ�
5

�

� WKDW� GHPRQVWUDWH� WKH� DSSOLFDELOLW\� RI� WKH� IUDPHZRUN� IRU�
FDGDVWUDO�REMHFWV��
�

�� ,1752'8&7,21���7+(�(92/87,21�72��'�

)RU�PDQ\�\HDUV��DFTXLVLWLRQ�WHFKQLTXHV�DQG�FRPSXWDWLRQDO�SURFHVVHV�HYROYH�
FRQWLQXDOO\� DQG� WKH� SUDFWLFDO� OLPLWDWLRQV� RI� WKH� XVH� RI� �'� LQIRUPDWLRQ�
GHFUHDVH�� %XW� LQ� PRVW� RI� WKH� FDVHV� DQG� HVSHFLDOO\� LQ� XUEDQ� FRQWH[WV�� WKH�
HYROXWLRQ�WR�UHDO��'�JHR�REMHFWV�LV�UDWKHU�VORZ��7KLV�FRXOG�EH�H[SODLQHG�E\�D�
VWURQJ� LQKLELWRU�IDFWRU�� L�H�� WKH� LQKHULWDQFH�RI�WKH��'�ZD\�RI�WKLQNLQJ��7KH�
SULPDU\� UHIOH[� ZKHQ� XSJUDGLQJ� D� �'� PRGHO�� IRU� H[DPSOH� WKH� FDGDVWUDO�
PRGHO�� PD\� EH� WR� NHHS� WKH� �'� REMHFW·V� GHILQLWLRQ� DQG� DGG� VRPH� �'�
H[WHQVLRQV��(YHQ�LI�WKH�UHVXOW�LV�VDWLVIDFWRU\��WKH�DSSURDFK�LV�LQFRPSOHWH�DQG�
OLPLWDWLYH��7KH�RSSRUWXQLW\�RI�ZRUNLQJ�ZLWK��'�GDWD�DOORZV�XV�WR�FRQVLGHU�
WKH��'�ZRUOG�ZKHUH�PDQ\�REMHFWV�FDQ�VLJQLILFDQWO\�HYROYH��,I�DQ�REMHFW�KDV�D�
QHZ�GHILQLWLRQ�VWURQJO\�UHODWHG�WR��'��QRWH��WKDW�LW�FDQ�EH�WKHUHIRUH�VHHQ�OLNH�
D�QHZ�REMHFW���WKH�XVH�RI�D��'�PRGHO�ZLOO�EH�LPSHUDWLYH�E\�LWVHOI��7R�UHDFK�



WKLV�REMHFWLYH��DGHTXDWH�DEVWUDFWLRQV�DQG�PDQLSXODWLRQ�WRROV�VKRXOG�EH�XVHG��
$PRQJ�DOO��VXSSRUW�RI�WKH��'�VSDWLDO�DQDO\VLV�LV�PRVW�FULWLFDO��,Q�WKLV�RUGHU�RI�
LGHDV��ZH�ZLOO�SUHVHQW�D�QHZ��'�FRQFHSWXDO�PRGHO��WKH�'LPHQVLRQDO�0RGHO��IRU�
GHVFULELQJ� UHDO� ZRUOG� DQG� D� QHZ� IUDPHZRUN� IRU� UHSUHVHQWLQJ� VSDWLDO�
UHODWLRQVKLSV�LQ�5
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7UDGLWLRQDOO\��WKH�REMHFWV�RI�LQWHUHVW�LQ�D�*,6�DUH�VSDWLDO�REMHFWV��L�H��REMHFWV�
WKDW�KDYH�WKHPDWLF�DQG�JHRPHWULF�FKDUDFWHULVWLFV��&RQVHTXHQWO\��WKH�ZRUG�LV�
DERXW� �'� *,6� ZKHQ� WKH� REMHFWV� DUH� JHRPHWULFDOO\� UHSUHVHQWHG� LQ� WKUHH�
GLPHQVLRQV��6HYHUDO�H[WHQGHG�VWXGLHV�KDYH�EHHQ�FRPSOHWHG�LQYHVWLJDWLQJ��'�
REMHFWV� RI� LQWHUHVW� LQ� XUEDQ� HQYLURQPHQWV��7KH� FRPPRQ�XQGHUVWDQGLQJ� LV�
WKDW� WKH�PRVW� LPSRUWDQW� �'� UHDO� REMHFWV� LQ� XUEDQ� DUHDV� DUH� EXLOGLQJV� DQG�
WHUUDLQ� REMHFWV� �*U�Q� DQG�'DQ� ������/HEHUO� DQG�*UXEHU� ������ 7HPSIOL� �������
)XFK������SUHVHQWV� D� VWXG\�RQ� UHDO�REMHFWV�RI� LQWHUHVW� IRU��'�FLW\�PRGHOV��
7KH�LQYHVWLJDWLRQV�LQ�ILYH�JURXSV�RI�REMHFWV��L�H��EXLOGLQJV��YHJHWDWLRQ��WUDIILF�
QHWZRUN�� SXEOLF� XWLOLWLHV� DQG� WHOHFRPPXQLFDWLRQV�� KDYH� FOHDUO\� VKRZQ� WKH�
SUHYDOHQW� XVDJH� RI� �QHHG� IRU�� EXLOGLQJV�� WUDIILF� QHWZRUN� DQG� YHJHWDWLRQ��
5D]LQJHU� DQG� *OHL[QHU� ����� SUHVHQW� D� YLUWXDO� PRGHO� RI� D� VTXDUH� LQ� *UD]��
$XVWULD� �FUHDWHG� XSRQ� PXQLFLSDO� UHTXHVW��� FRQWDLQLQJ� EXLOGLQJV�� WUDIILF�
QHWZRUN��ODPS�SRVWV�DQG�WUHHV��'DKDQ\������VXJJHVWV�WKUHH�JURXSV�RI�REMHFWV�
WR� EH� FRQVLGHUHG�� WHUUDLQ�� YHJHWDWLRQ� DQG� EXLOW� IRUP�� &OHDUO\��PRVW� RI� WKH�
DXWKRUV�DGGUHVV�UHDO�REMHFWV�ZLWK�VSDWLDO�H[WHQW��2SHUDWLRQDO�GDWD�QHHGHG�IRU�
XUEDQ�SODQQLQJ�DQG�HVSHFLDOO\�FDGDVWUH��KRZHYHU��JRHV�RIWHQ�IDU�EH\RQG�WKH�
UHDO� REMHFWV� RI� LQWHUHVW� GLVFXVVHG� VR� IDU�� )RU� H[DPSOH�� FDGDVWUDO� RIILFHV�
PDLQWDLQ�MXULGLFDO�ERXQGDULHV�DQG�OHJDO�VWDWXV�RI�WKH�UHDO�HVWDWH��L�H��LWHPV�WKDW�
FDQQRW�EH�FODVVLILHG�DV��'�VSDWLDO�REMHFWV��=ODWDQRYD������SURSRVHV�REMHFWV�DV�
SHRSOH�� FRPSDQLHV�� WD[HV�� HWF�� WR� EH� LQFOXGHG� LQ� WKH� VFRSH� RI� REMHFWV�
RUJDQLVHG� LQ� D� *,6�� )RXU� EDVLF� JURXSV� WR� GLVWLQJXLVKLQJ� UHDO� REMHFWV� DUH�
LQWURGXFHG�� L�H�� MXULGLFDO� REMHFWV� �H�J�� LQGLYLGXDOV�� LQVWLWXWLRQV�� FRPSDQLHV���
WRSRJUDSKLF� REMHFWV� �H�J�� EXLOGLQJV�� VWUHHWV�� XWLOLWLHV��� ILFWLRQDO� REMHFWV� �H�J��
DGPLQLVWUDWLYH�ERXQGDULHV��DQG�DEVWUDFW�REMHFWV��H�J��WD[HV��GHHGV��LQFRPHV���
6LQFH�DOO�WKH�REMHFWV�KDYH�VHPDQWLF�FKDUDFWHULVWLFV��JHRPHWULF�FKDUDFWHULVWLFV�
RI� UHDO�REMHFWV�DUH� WKH� OHDGLQJ�FULWHULRQ�RI� WKH�JURXSLQJ��7KHUH�DUH�REMHFWV�
ZLWK�HLWKHU�����QRQ�FRPSOHWH�JHRPHWULF�FKDUDFWHULVWLFV��L�H��RQO\�ORFDWLRQ������
FRPSOHWH� JHRPHWULF� FKDUDFWHULVWLFV� DQG� H[LVWHQFH� LQ� WKH� UHDO� ZRUOG�� ���
FRPSOHWH� JHRPHWULF� FKDUDFWHULVWLFV� DQG� ILFWLYH� H[LVWHQFH�� DQG� ��� ZLWKRXW�
JHRPHWULF�FKDUDFWHULVWLFV���
�
$FFRUGLQJ�WR�WKLV�FODVVLILFDWLRQ��WKH��'�WRSRJUDSKLF�REMHFWV�DUH�EDVLFDOO\�WKH�
�'�VSDWLDO�REMHFWV�FXUUHQWO\�PDLQWDLQHG��RU� LQWHQGHG�IRU�PDLQWHQDQFH�� LQ�D�
YDULHW\�RI�LQIRUPDWLRQ�V\VWHPV��7KH�QHHG�IRU��'�ILFWLRQDO�REMHFWV�LV�XVXDOO\�
QRW� WKDW� WUDQVSDUHQW�� :KLOH� LW� VHHPV� QRUPDO� WR� HYROYH� IURP� D� �'�
UHSUHVHQWDWLRQ�RI�EXLOGLQJ�WR�D��'�UHSUHVHQWDWLRQ��EHFDXVH�WKLV�LV�WKH�UHDOLW\���



WKLV�LV�QRW�WKH�FDVH�IRU�ILFWLRQDO�REMHFW��PXQLFLSDOLW\�XQLW��VWDWLVWLFDO�XQLW��RU�
RWKHU�ILFWLRQDO�SKHQRPHQD����
�
7KH�FKDOOHQJH�RI��'�*,6�LV�WR�VXSSRUW�DQDO\VLV�EHWZHHQ�DOO�GLIIHUHQW�W\SHV�RI�
UHDO� REMHFWV�� ,I� �'�*,6� LQFRUSRUDWHV�RQO\� �'� WRSRJUDSKLF�REMHFWV� DQG�QR�
�'�ILFWLRQDO�REMHFWV�� VRPH�DQDO\VLV�ZRXOG�EH�VLPSOLILHG�RU�HYHQ�WUXQFDWHG��
6XFK� VLPSOLILFDWLRQ� PD\� DOVR� KDYH� WKH� HIIHFW� RI� D� VWURQJ� EUDNH� WR� WKH�
HYROXWLRQ� RI� �'� *,6�� 7KHUHIRUH�� LQ� WKLV� SDSHU�� ZH� ZLOO� FRQVLGHU� ERWK�
WRSRJUDSKLF�DQG�ILFWLRQDO�REMHFWV�DV�D�SDUW�RI�RXU�VSDWLDO�UHODWLRQVKLS�PRGHO��

�� 7+(�',0(16,21$/�02'(/��

7KH� GHYHORSPHQW� RI� D�PDWKHPDWLFDO� WKHRU\� WR� FDWHJRULVH� UHODWLRQV� DPRQJ�
VSDWLDO� REMHFWV� KDV� EHHQ� LGHQWLILHG� LQ� HDUO\� ���WLHV� DV� DQ� HVVHQWLDO� WDVN� WR�
RYHUFRPH�WKH�GLYHUVLW\�DQG� LQFRPSOHWHQHVV�RI�VSDWLDO�UHODWLRQVKLSV�UHDOLVHG�
LQ�GLIIHUHQW�LQIRUPDWLRQ�V\VWHPV��7KH�LQWHQVLYH�UHVHDUFK�LQ�WKLV�DUHD�KDV�OHG�
WR� WKH� GHYHORSPHQW� RI� D� IUDPHZRUN� EDVHG� XSRQ� VHW� WKHRU\� DQG� JHQHUDO�
WRSRORJ\�SULQFLSOHV�DQG�QRWLRQV��3XOODU�DQG�(JHQKRIHU��������7KH�IUDPHZRUN�
XWLOLVHV� WKH� IXQGDPHQWDO� QRWLRQV� RI� JHQHUDO� WRSRORJ\� IRU� WRSRORJLFDO�
SULPLWLYHV� WR� LQYHVWLJDWH� WKH� LQWHUDFWLRQV� RI� VSDWLDO� REMHFWV�� 7KH� EDVLF�
FULWHULRQ�WR�GLVWLQJXLVK�EHWZHHQ�GLIIHUHQW�UHODWLRQV�LV�WKH�GHWHFWLRQ�RI�HPSW\�
DQG�QRQ�HPSW\�LQWHUVHFWLRQV�EHWZHHQ�WRSRORJLFDO�SULPLWLYHV��'HSHQGLQJ�RQ�
WKH� QXPEHU� RI� WKH� WRSRORJLFDO� SULPLWLYHV� FRQVLGHUHG�� WZR� LQWHUVHFWLRQ�PRGHOV�
ZHUH� SUHVHQWHG� LQ� WKH� OLWHUDWXUH�� 7KH� ILUVW� LGHD� LV� WR� LQYHVWLJDWH� WKH�
LQWHUVHFWLRQ�RI�LQWHULRUV�DQG�ERXQGDULHV�RI�WZR�REMHFWV��7KLV�UHVXOWV�LQ��

�

 ���
UHODWLRQV� EHWZHHQ� WZR� REMHFWV�� $SSDUHQWO\�� PDQ\� UHODWLRQV� FDQQRW� EH�
GLVWLQJXLVKHG�RQ�WKH�EDVLV�RI�RQO\�WZR�WRSRORJLFDO�SULPLWLYHV��7KHUHIRUH�WKH�
HYDOXDWLRQ�RI�WKH�H[WHULRU�LV�DGRSWHG��WKH���LQWHUVHFWLRQ�PRGHO��(JHQKRIHU�DQG�
+HUUULQJ��������7KH�QXPEHU�RI�GHWHFWDEOH�UHODWLRQV�EHWZHHQ�WZR�REMHFWV�WKXV�
LQFUHDVHV� WR��

�

 �����7KH�FULWLFLVP�LV�PRVWO\�DERXW� WKH�IDFW� WKDW�QRW�DOO� WKH�
UHODWLRQV�DUH�SRVVLEOH�LQ�UHDOLW\��WKH�LQWHUVHFWLRQV�DUH�QRW�IXUWKHU�LQYHVWLJDWHG��
DQG�PDQ\�REMHFW�LQWHUVHFWLRQV�DUH�WRSRORJLFDOO\�HTXLYDOHQW���
�
$�VOLJKWO\�GLIIHUHQW�DSSURDFK�LV�IROORZHG�E\�&OHPHQWLQL�HW�DO�������$JDLQ��WKH�
WKUHH� WRSRORJLFDO� SULPLWLYHV� DUH� XVHG� EXW� ILUVW� WKH� W\SH� RI� LQWHUVHFWLRQ� LV�
FODULILHG�DQG�WKHQ�D�GHWDLOHG�HYDOXDWLRQ�RI�DOO�WKH�FHOOV�FRPSRVLQJ�DQ�REMHFW�LV�
SHUIRUPHG��7KH�DSSURDFK�FODLPV�D�GHWHFWLRQ�RI�D�ODUJHU�QXPEHU�RI�UHODWLRQV��
KRZHYHU��DW�D�KLJK�FRPSXWDWLRQDO�SULFH��
�
7KLV� VHFWLRQ�SUHVHQWV�D�QHZ�IUDPHZRUN�� L�H�� WKH�'LPHQVLRQDO�0RGHO� �'0�� IRU�
GHVFULELQJ�UHDO�ZRUOG�DQG�UHSUHVHQWLQJ�VSDWLDO�UHODWLRQVKLSV�LQ�5

�

��7KH�EDVLF�
PRWLYDWLRQ�� ZKLFK� JDYH� ELUWK� WR� WKLV� PRGHO�� ZDV� WR� H[WHQG� WKH� �'�
&21*22�IRUPDOLVP��3DQWD]LV�DQG�'RQQD\������� WR�FRSH�ZLWK��'�REMHFWV�
DQG�VSDWLDO�UHODWLRQVKLSV���



���� 6SDWLDO�REMHFWV�

$OWKRXJK�ZH�FDQ�GHILQH�FRPSOH[�REMHFWV��WKLV�WH[W�ZLOO�UHIHU�WR�RQO\�VLPSOH�
VSDWLDO�REMHFW�� ,Q�WKH�'0��VLPSOH�VSDWLDO�REMHFWV�FRUUHVSRQG�WR�WRSRORJLFDO�
PDQLIROGV�� ,Q�5ò�� WKH�PRVW�HQFRXQWHUHG�VLPSOH�VSDWLDO�REMHFWV� LQ�JUDSKLFDO�
UHSUHVHQWDWLRQV�DUH�SRLQW�� OLQH��SRO\JRQ�DQG�SRO\KHGURQ��)LJXUH���SRUWUD\V�
H[DPSOHV�RI�VLPSOH�VSDWLDO�REMHFWV���

���� 'LPHQVLRQDO�HOHPHQWV�

7KH�'0�LV�GHILQHG�XWLOLVLQJ�RUGHU�RI�SRLQWV��ZKLFK�LV�UHODWHG�WR�WKH�VWXG\�RI�
VXSSRUWLQJ�K\SHUSODQHV�RI�FORVHG�FRQYH[�VHWV��7KH�IRUPDO�GHILQLWLRQ�RI�WKH�
PRGHO�FDQ�EH�IRXQG�LQ�%LOOHQ�HW�DO�������:H�LOOXVWUDWH�WKLV�FRQFHSW�E\�D�YHU\�
VLPSOH�H[DPSOH��,I�RQH�ORRNV�DW�D�WULDQJOH�LQ�5ñ��WKH�SRLQWV�RI�RUGHU���DUH�WKH�
YHUWLFHV��WKH�SRLQWV�RQ�WKH�HGJH�KDYH�RUGHU���DQG�WKH�SRLQWV�RI�RUGHU���DUH�DOO�
WKH�SRLQWV�WKDW�DUH�´LQVLGHµ�WKH�WULDQJOH��$SSO\LQJ�WKLV�IRUPDOLVP��ZH�GHILQH�
D�IUDPHZRUN�WR�GHVFULEH�VSDWLDO�REMHFWV�DQG�GLVWLQJXLVK�EHWZHHQ�WKHLU�VSDWLDO�
UHODWLRQVKLSV��7KH�IXQGDPHQW�RI�WKH�'0�LV�WKH�GLPHQVLRQDO�HOHPHQW��
�

'HILQLWLRQ����$�GLPHQVLRQDO�HOHPHQW�RI�GLPHQVLRQ�α (α'�HOHPHQW��RI�D�VSDWLDO�REMHFW�&�

�ZKLFK�KDV�DW�OHDVW�GLPHQVLRQ�α���FRUUHVSRQGV�WR�WKH�VHW�RI�DOO�WKH�SRLQWV��RU�SDUWV��RI�&�
ZKLFK�KDYH�RUGHU�IRUP���WR�α��
�
,W� VKRXOG�EH�QRWHG� WKDW� WKHUH� LV�RQH�DQG�RQO\�RQH�Q'�HOHPHQW�SHU�REMHFW��
7KLV� LPSOLHV� WKDW� VRPH� Q'� HOHPHQWV� FDQ� EH� GLVFRQQHFWHG�� ,Q� WKH� �'�
(XFOLGHDQ� VSDFH� �5

�

��� IRXU� W\SHV� RI� GLPHQVLRQDO� HOHPHQWV� DUH� DOORZHG�� L�H��
�'���'���'�DQG��'�HOHPHQWV��)LJXUH���LOOXVWUDWHV�WKH�GLPHQVLRQDO�HOHPHQWV�
RI�D�SRO\JRQ�DV�WKH�RUGHU�RI�DOO�WKH�SRLQWV�LQ�WKH�SRO\JRQ�LV�VSHFLILHG��7KLV�
SRO\JRQ� KDV� D� �'�HOHPHQW�� D� �'�HOHPHQW� DQG� D� �'�HOHPHQW�� 7KH� �'�
HOHPHQW�FRLQFLGHV�ZLWK�WKH�VSDWLDO�REMHFW��L�H��WKH�SRO\JRQ���
�
'HILQLWLRQ����7KH�Q'�HOHPHQW�RI�D�VSDWLDO�REMHFW�&�KDV�DQ�H[WHQVLRQ�DQG�PD\�KDYH�D�
OLPLW��7KH�H[WHQVLRQ�LV�WKH�VXEVHW�RI�&�IRUPHG�E\�LWV�SRLQWV�RI�RUGHU�Q��DQG�WKH�OLPLW�LV�
WKH�VXEVHW�RI�&�IRUPHG�E\�LWV�SRLQWV�RI�RUGHU���WR�RUGHU��Q�����
�
7KXV��LI�D�Q'�HOHPHQW�KDV�D�OLPLW��WKLV�OLPLW�FRUUHVSRQGV�WR�D�ORZHU��Q���'�
HOHPHQW��7KH��'�HOHPHQW�GRHV�QRW�KDYH�D�OLPLW�E\�GHILQLWLRQ��1RWH��WKDW�LQ�
WKH�FDVH�RI�DQ�HOOLSVH�� WKH��'�HOHPHQW�GRHV�QRW�KDYH�D� OLPLW� �)LJXUH����� ,Q�
FRQWUDVW�WR�WKH�WRSRORJLFDO�ERXQGDU\��WKH�OLPLW�GRHV�QRW�QHFHVVDULO\�HQFORVH�
WKH�H[WHQVLRQ��)LJXUH�����'�HOHPHQW·V�OLPLW�DQG�H[WHQVLRQ����

���� )UDPHZRUN�IRU�UHSUHVHQWLQJ�VSDWLDO�UHODWLRQVKLSV�

:H�XVH�WKH�GLPHQVLRQDO�HOHPHQWV�WR�GHVFULEH�VSDWLDO�UHODWLRQVKLSV��:H�GHILQH�
GLPHQVLRQDO� UHODWLRQVKLSV� DV� UHODWLRQVKLSV� WKDW� H[LVW� EHWZHHQ� GLPHQVLRQDO�
HOHPHQWV��7KH�GLPHQVLRQDO� UHODWLRQVKLSV� DUH�RULHQWHG�� L�H�� WKH�RUGHU�RI� WKH�



GLPHQVLRQDO�HOHPHQWV� LV�FULWLFDO� IRU� WKH�W\SH�RI�WKH�UHODWLRQVKLS��:H�GHILQH�
WKUHH�W\SHV�RI�GLPHQVLRQDO�UHODWLRQVKLSV��L�H��WRWDO��W���SDUWLDO��S��DQG�QRQ�H[LVWHQW�
�Q�H����)LJXUH������
�
'HILQLWLRQ� ���$� GLPHQVLRQDO� HOHPHQW� LV� LQ� WRWDO� UHODWLRQ� ZLWK� DQRWKHU� GLPHQVLRQDO�
HOHPHQW�LI�WKHLU�LQWHUVHFWLRQ�LV�HTXDO�WR�WKH�ILUVW�HOHPHQW��DQG�WKH�LQWHUVHFWLRQ�EHWZHHQ�WKHLU�
H[WHQVLRQV�LV�QRW�HPSW\���
'HILQLWLRQ����$�GLPHQVLRQDO�HOHPHQW�LV� LQ�SDUWLDO�UHODWLRQ�ZLWK�DQRWKHU�GLPHQVLRQDO�
HOHPHQW� LI� WKHLU� LQWHUVHFWLRQ�LV�QRW�HTXDO�WR�WKH� ILUVW�HOHPHQW��DQG�WKH�LQWHUVHFWLRQ�EHWZHHQ�
WKHLU�H[WHQVLRQV�LV�QRW�HPSW\��
'HILQLWLRQ����$�GLPHQVLRQDO�HOHPHQW�LV�LQ�QR�UHODWLRQ��QRQ�H[LVWHQW��ZLWK�DQRWKHU�
GLPHQVLRQDO�HOHPHQW�LI�WKH�LQWHUVHFWLRQ�EHWZHHQ�WKHLU�H[WHQVLRQV�LV�HPSW\��
�
7KHUH�DUH�WKUHH�JURXSV�RI�GLPHQVLRQDO�UHODWLRQVKLSV�� L�H��VLPSOLILHG��EDVLF�DQG�
H[WHQGHG��7KH�EDVLF�UHODWLRQVKLSV�DUH�WKH�UHODWLRQVKLSV�WKDW�H[LVW�EHWZHHQ�HYHU\�
SRVVLEOH�FRPELQDWLRQ�RI�GLPHQVLRQDO�HOHPHQWV�RI�ERWK�VSDWLDO�REMHFWV��7KH�
H[WHQGHG� UHODWLRQVKLSV� FRQVLGHU� WKH� GLPHQVLRQ� RI� WKH� LQWHUVHFWLRQ� �ZKHQ� LW�
H[LVWV��EHWZHHQ�WKH�GLPHQVLRQDO�HOHPHQWV��)LQDOO\��WKH�VLPSOLILHG�UHODWLRQVKLSV�
DUH� DJJUHJDWLRQ�RI� WKH�EDVLF�RQHV��7KH\� WDNH� LQWR�DFFRXQW� WKH�GLPHQVLRQDO�
HOHPHQWV�RI�RQO\�RQH�RI�WKH�REMHFWV��,Q�5

�

��ZH�KDYH�LGHQWLILHG����VLPSOLILHG��
���EDVLF�DQG����H[WHQGHG�SRVVLEOH�GLPHQVLRQDO�UHODWLRQVKLSV��
�
7R�UHSUHVHQW�WKH�EDVLF�GLPHQVLRQDO�UHODWLRQVKLSV��RQH�KDV�WR�FRQVLGHU�DOO�WKH�
GLPHQVLRQDO�HOHPHQWV��)RU�H[DPSOH��WKH�GLPHQVLRQDO�UHODWLRQVKLSV�EHWZHHQ�
WZR�VLPSOH�VSDWLDO�REMHFWV�RI�GLPHQVLRQ����L�H��SRO\JRQV�$�DQG�%���)LJXUH����
FDQ� EH� GHILQHG� LQ� WKH� IROORZLQJ� RUGHU�� ILUVW�� FKHFN� WKH� GLPHQVLRQDO�
UHODWLRQVKLS�EHWZHHQ��'�HOHPHQW�RI�$�DQG�DOO�WKH�GLPHQVLRQDO�HOHPHQWV�RI�
VSDWLDO� REMHFW� %�� WKHQ�� FKHFN� WKH� GLPHQVLRQDO� UHODWLRQVKLS� EHWZHHQ� �'�
HOHPHQW�RI�$�DQG�DOO�WKH�GLPHQVLRQDO�HOHPHQWV�RI�VSDWLDO�REMHFW�%��HWF��:H�
GHQRWH�ZLWK�5�²�UHODWLRQVKLSV��['�²�GLPHQVLRQDO�HOHPHQW�RI�WKH�ILUVW�REMHFW��
DQG� \� ²� GLPHQVLRQDO� HOHPHQW� RI� WKH� VHFRQG� REMHFW�� )RU� H[DPSOH�� WKH�
QRWDWLRQ�5�'��UHSUHVHQWV� WKH�EDVLF�GLPHQVLRQDO� UHODWLRQVKLSV�EHWZHHQ�WKH�
�'�HOHPHQW�RI�WKH�ILUVW�REMHFW�DQG�WKH��'�HOHPHQW�RI�WKH�VHFRQG�REMHFW��
�
6RPH�GLPHQVLRQDO�HOHPHQWV�PLJKW�EH�VRPHWLPHV�LUUHOHYDQW�LQ�D�JHRJUDSKLFDO�
SRLQW� RI� YLHZ�� ,PDJLQH� WKDW� RQH� ZDQWV� WR� NQRZ� LI� RQH� FDGDVWUDO� SDUFHO�
´WRXFKHVµ� DQRWKHU� RQH�� QR� PDWWHU� ZKDW� LV� WKH� FRPPRQ� SDUW� ��'� RU� �'�
HOHPHQW��� 7KHQ�� LW� ZLOO� EH� VXIILFLHQW� WR� FRQVLGHU� WKH� �'� HOHPHQW� �ZLWKRXW�
OLPLW��DQG�LQYHVWLJDWH�RQO\�5�'��UHODWLRQVKLSV���
�
:H� GHPRQVWUDWH� WKH� EDVLF�� H[WHQGHG� DQG� VLPSOLILHG� UHODWLRQVKLSV� E\� XVLQJ�
WKH�FRQILJXUDWLRQ�EHWZHHQ�D� FXEH�DQG�D�SRO\JRQ�VKRZQ� LQ�)LJXUH��D��7KH�
EDVLF�UHODWLRQVKLSV�DUH�REWDLQHG�E\�ORRNLQJ�DW�DOO�WKH�GLPHQVLRQDO�HOHPHQWV�RI�



WKH�REMHFW��8VLQJ���IRU�QRQ�H[LVWHQW�UHODWLRQ����IRU� WRWDO� UHODWLRQ�DQG���IRU�
SDUWLDO�UHODWLRQ��ZH�KDYH��
�
%DVLF�UHODWLRQVKLSV�
5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'��
�� �� �� �� �� �� �� �� �� �� �� ��

�
7R�REWDLQ�WKH�H[WHQGHG�UHODWLRQVKLSV��ZH�ORRN�DW�WKH�LQWHUVHFWLRQV��:H�FDQ�
VHH� WKDW� WKH� UHODWLRQ�5�'�� �L�H�� EHWZHHQ� �'� HOHPHQW� RI� WKH� FXEH� DQG� �'�
HOHPHQW�RI�WKH�SRO\JRQ��LV�SDUWLDO��EXW�WKHLU�LQWHUVHFWLRQ�LV�D�OLQH�VHJPHQW�DQG�
KDV� GLPHQVLRQ� ��� )LJXUH� �E� VKRZV� DQ� H[DPSOH� RI� D�5�'�� SDUWLDO�� L�H�� WKH�
LQWHUVHFWLRQ�KDV�GLPHQVLRQ����1RWH�� WKDW� LI�QRQ�SODQDU�SRO\JRQ� LV�DOORZHG��
ZH�PD\�KDYH�DQ� LQWHUVHFWLRQ�RI�GLPHQVLRQ����:H�NHHS� WKH�FRGH��� IRU� WKH�
SDUWLDO� UHODWLRQ�� LQ� ZKLFK� WKH� GLPHQVLRQ� RI� WKH� LQWHUVHFWLRQ� LV� HTXDO� WR�
GLPHQVLRQ� RI� WKH� ORZHVW� GLPHQVLRQDO� HOHPHQW� FRQVLGHUHG� LQ� WKH� VSDWLDO�
REMHFWV� �L�H�� D� �'� LQWHUVHFWLRQ� IRU� D�5�'��� D� �'� LQWHUVHFWLRQ� IRU� D�5�'���
HWF����:H�JLYH�FRGH���ZKHQ�WKH�GLPHQVLRQ�RI�WKH�LQWHUVHFWLRQ�LV�VPDOOHU��L�H��D�
�'�LQWHUVHFWLRQ�IRU�D�5�'���D��'�LQWHUVHFWLRQ�IRU�D�5�'���HWF����DQG�D�FRGH�
��LQ�WKH�FDVH�RI�D��'�LQWHUVHFWLRQ�IRU�D�5�'���7KXV�WKH�QRWDWLRQV�EHFRPH��
�
([WHQGHG�UHODWLRQVKLSV�
5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'��
�� �� �� �� �� �� �� �� �� �� �� ��

�
)LQDOO\�� WR�XVH� WKH� VLPSOLILHG� UHODWLRQVKLSV��ZH�ZLOO� KDYH� DQ� DJJUHJDWLRQ�RI�
5�'��DQ�5�'���5�'��DQG�5�'���DQG�5�'��DQG�5�'���L�H��
�
5�'� 5�'� 5�'� 5�'� �
�� �� �� �� 6LPSOLILHG�UHODWLRQVKLSV�

�
,I� RQH�RI� WKH� GLPHQVLRQDO� HOHPHQWV� LV� QRW� JHRJUDSKLFDOO\� UHOHYDQW��ZH� FDQ�
UHPRYH� LW� IURP� WKH� DQDO\VLV�� ,Q� WKLV� FDVH�� ZH� REWDLQ� GLIIHUHQW� JURXSV� RI�
VHOHFWHG�UHODWLRQVKLSV��)RU�H[DPSOH��LI��'�HOHPHQW�LV�QRW�FRQVLGHUHG��WKH�EDVLF�
UHODWLRQVKLSV�ZLOO�EHFRPH��
�
5�'�� 5�'�� 5�'�� 5�'�� 5�'�� 5�'�� �
�� �� �� �� �� �� 6HOHFWHG�EDVLF�UHODWLRQVKLSV�

�
7KH�SUHVHQWHG�IUDPHZRUN�RIIHUV�DQ�HOHJDQW�DQG�IOH[LEOH�ZD\�RI�UHSUHVHQWLQJ�
D� ODUJH�JURXS�RI�VSDWLDO�UHODWLRQVKLSV� LQ��'�VSDFH��7KH�FRPELQDWLRQ�RI�WKH�
IUHHGRP�LQ�FKRRVLQJ�JHRJUDSKLFDOO\�UHOHYDQW�GLPHQVLRQDO�HOHPHQWV�DQG�WKH�
WKUHH�JURXSV�RI�GLPHQVLRQDO�UHODWLRQVKLSV�DOORZV�RQH�WR�GHFLGH�RQ�ZRUNLQJ�
ZLWK�D�YHU\�VLPSOH�VHW�RI�VSDWLDO�UHODWLRQVKLS�RU�RQ�YHU\�FRPSOH[��PRUH�WKDQ�
IHZ� KXQGUHG�� RQHV�� 7KH� '0� GHWHFWV� DOO� WKH� WRSRORJLFDO� UHODWLRQVKLSV�



SUHVHQWHG�E\�(JHQKRIHU�DQG�+HUULQJ�������$�FRPSDULVRQ�EHWZHHQ�ERWK�PRGHOV�
FDQ�EH�IRXQG�LQ�%LOOHQ�HW�DO�������

�� $33/,&$7,21�72��'�&$'$675(�

7KH� �'�PRGHO� LV� RIWHQ� UHODWHG� WR� RQO\� �'�YLVXDOLVDWLRQ� DV� WKH� �'� VSDWLDO�
TXHU\LQJ�� L�H�� RQH� RI� WKH� NH\� LVVXHV� RI� D� IXQFWLRQDO� �'�*,6�� LV� IUHTXHQWO\�
XQGHUHVWLPDWHG��:H�SUHVHQW�KHUH�WKH�SRWHQWLDO�RI��'�TXHULHV�DQG�FRQFHSWV�
ZLWK�UHVSHFW�WR�WKH��'�FDGDVWUDO�PRGHO��

���� ,QIOXHQFH�RI�WKH�REMHFW·V�UHSUHVHQWDWLRQ���'����'��RQ�WKH�VSDWLDO�
TXHU\LQJ�

2QH�TXLWH�FRPPRQ�TXHU\�LQ�XUEDQ�SODQQLQJ�LV�WR�GHWHUPLQH�DOO�WKH�RZQHUV�
WKDW� DUH� DIIHFWHG� E\� JHRJUDSKLFDO� SKHQRPHQD� �SLSH�� URDG�� QRLVH� SROOXWLRQ��
HWF����7KH��'�VROXWLRQ�LV�VHOHFWLQJ�DOO�WKH�FDGDVWUDO�SDUFHOV�WKDW�DUH�FURVVHG�RU�
WRXFKHG�E\�WKH�JLYHQ�SKHQRPHQD��7KH��'�UHSUHVHQWDWLRQ�RI�WKH�SKHQRPHQD�
�H�J�� URDG�SURMHFW�� LV� VXSHULPSRVHG�RQWR� WKH�FDGDVWUDO�REMHFW��7KH�TXHU\� LV�
´VHOHFW�DOO�WKH�REMHFWV�WKDW�KDYH�FRPPRQ�SDUWVµ��$FWXDOO\��WKLV�LV�D�VHOHFWLRQ�
RI�SDUFHOV�EDVHG�RQ�D�WRSRORJLFDO�FULWHULRQ��:KDW�LV�WKH�HYROXWLRQ�RI�VXFK�D�
TXHU\�LQ�D��'�PRGHO"�2QH�VROXWLRQ�RI�H[WHQGLQJ�WKH�QRWLRQ�LQ��'�LV�WR�NHHS�
WKH� VDPH� NLQG� RI� GHILQLWLRQ�� L�H�� WKH� �'� FDGDVWUDO� SDUFHO� �XQLW��� 7KLV� LV�
SRVVLEOH�EHFDXVH� WKH��'�PRGHO�GRHV�QRW� LPSRVH�PDLQWHQDQFH�RI�RQO\��'�
VSDWLDO�REMHFWV��H�J��D�SRO\JRQ��L�H���'�REMHFW��HPEHGGHG�LQ��'��L�H��KDYLQJ�
�'�FRRUGLQDWHV��KDV�VWLOO�GLPHQVLRQ�WZR��6XSSRVH�RQH�ZDQWV�WR�H[SUHVV�WKH�
UHODWLRQVKLSV�WR�RWKHU�REMHFWV�XQGHU�RU�DERYH�WKH�JURXQG��7KHQ�LW�ZRXOG�EH�
QHFHVVDU\� WR� HLWKHU�� ��� DVVRFLDWH� WKH� GLVWDQFH� WR� WKH� RWKHU� REMHFW� DV� DQ�
DWWULEXWH�WR�WKH�FDGDVWUDO�XQLW�RU����WR�FRPSXWH�WKH�GLVWDQFH�EHWZHHQ�WKH�WZR�
REMHFWV��1RWH�� WKDW� WKH�GLUHFWLRQ�RI� WKH�GLVWDQFH�KDV� WR�EH�DOVR�GHILQHG��,Q�
WKH� ILUVW�FDVH��H[WUD�DWWULEXWH� LQIRUPDWLRQ� LV� VWRUHG�� LQ� WKH�VHFRQG�FDVH�� WKH�
VSDWLDO�TXHU\�UHTXLUHV�PHWULF�FRPSXWDWLRQV��L�H��LW�LV�QRW�D�WRSRORJLFDO�TXHU\���
)LJXUH���VKRZV�DQ�H[DPSOH�RI�D��'�FDGDVWUDO�XQLW�DQG�DQ�XQGHUJURXQG�SLSH��
7KH�TXHU\�FDQ�EH�IRUPXODWHG�DV��´,V� WKH�SLSH�DW�D�SDUWLFXODU�GLVWDQFH�IURP�
WKH��'�FDGDVWUDO�XQLWµ���
�
$QRWKHU�VROXWLRQ�LV�WR�FUHDWH�D�QHZ��'�REMHFW�� L�H��D��'�FDGDVWUDO�XQLW�WKDW�
FRXOG� EH� UHSUHVHQWHG� E\� D� SRO\KHGURQ�� ,Q� WKDW� FDVH�� WKH� TXHU\� EHFRPHV��
´'RHV�WKH�SLSH�LQWHUVHFW��RU�LV�LQFOXGHG�LQ��WKH��'�FDGDVWUDO�XQLW��VHH�)LJXUH�
����'�µ��7KH�VSDWLDO�TXHU\� WKHQ�KDV� WKH�VDPH�QDWXUH�DV� WKH� LQLWLDO�TXHU\� LQ�
�'�� L�H�� LW� LV� D� WRSRORJLFDO� RQH��7KH� LQWXLWLYH� FRQFOXVLRQ� LV� WKDW� �'� VSDWLDO�
TXHULHV� DUH� VLJQLILFDQWO\� LPSRUWDQW� IRU� WKH� WKLUG� GLPHQVLRQ�� 7KLV� LV� WUXH�
UHJDUGOHVV�RI� WKH�FKRLFH�EHWZHHQ��'�RU��'�FDGDVWUDO�XQLW��%XW� LI�FDGDVWUDO�
XQLW�LV�GHILQHG�DV��'�REMHFW���'�WRSRORJLFDO��RU�PRUH�JHQHUDO�GLPHQVLRQDO��
UHODWLRQVKLSV�PXVW�EH�VXSSRUWHG��7KHUHIRUH��D��'�WRSRORJLFDO�GDWD�VWUXFWXUH�
PXVW�EH�FRQWHPSODWHG�DV�DQ�RSWLRQ��6RPH�RI�RXU�GHYHORSPHQWV�WRZDUG�WKLV�
GLUHFWLRQ�DUH�SUHVHQWHG�EHORZ��



���� �'�VHJPHQWDWLRQ�RI�VSDFH�

7KH� �'� FDGDVWUDO� XQLW� FRQFHSW� PD\� OHDG� WR� D� QHZ� DSSURDFK� DQG� D� QHZ�
GLYLVLRQ� RI� SURSHUW\� VSDFH�� )LJXUH� �� LOOXVWUDWHV� D� FDGDVWUDO� VSDFH� SDUWLWLRQ��
7KH�EXLOGLQJ� LV�EXLOW�RQ��RU� LQ���D�SULYDWH�FDGDVWUDO�SURSHUW\� �FRPSRVHG�E\�
FDGDVWUDO� XQLWV�$��%��&��(�� )� DQG�*�� DQG� D� URDG� VHFWLRQ�� L�H��PXQLFLSDOLW\�
SURSHUW\��XQLW�'���7KLV�NLQG�RI�SDUWLWLRQV�ZRXOG�EH�DOVR�YHU\�LQWHUHVWLQJ�IRU�
XWLOLW\�PDQDJHPHQW�DV�VHZHU��SLSHV��HWF��2EYLRXVO\��WKHVH�DSSURDFKHV�UHTXLUH�
VXSSRUW�RI��'�VSDWLDO�UHODWLRQVKLSV�DQG��'�VSDWLDO�REMHFWV��

���� 7KH�'LPHQVLRQDO�PRGHO�DQG�VSDWLDO�DQDO\VLV��

$V� SUHVHQWHG� LQ� VHFWLRQ� ����� WKH� GLPHQVLRQDO� UHODWLRQVKLSV� DOORZ� ZRUNLQJ�
ZLWK�D�YHU\�VLPSOH�RU�YHU\�FRPSOH[�VHW�RI�VSDWLDO�UHODWLRQVKLSV��,Q�WKH�FDVHV�
RI� VSDWLDO� TXHULHV�PHQWLRQHG� DERYH�� WKHVH� GLIIHUHQW� FRPSOH[LW\� OHYHOV�PD\�
OHDG� WR� HLWKHU� VLPSOLILHG� RU� YHU\� SUHFLVH� GHVFULSWLRQV� RI� WKH� UHODWLRQVKLSV�
EHWZHHQ� VSDWLDO� REMHFWV�� )RU� VRPH�TXHULHV�� WKH� VLPSOLILHG� UHODWLRQVKLSV� DUH�
VXIILFLHQW��/HW�XV�FRQVLGHU�WKH�LPSDFW�RI�D�QRLVH�SROOXWLRQ�RQ�FDGDVWUDO�XQLWV�
�)LJXUH� �D��� ,I� D� �'� VSDWLDO� REMHFW� �H�J�� D� SRO\JRQ�� UHSUHVHQWV� WKH� QRLVH�
SROOXWLRQ��WKH�RQO\�GLPHQVLRQDO�UHODWLRQVKLS�RI�LQWHUHVW�LV�5�'���,QGHHG��LW�LV�
LUUHOHYDQW�WR�UHILQH�WKH�VSDWLDO�UHODWLRQVKLSV�DW�WKH�OHYHO�RI��'�RU��'�HOHPHQW��
7KH�TXHVWLRQ�LV�ZKHWKHU�WKH�FDGDVWUDO�XQLW�LV�DIIHFWHG�E\�WKH�QRLVH�SROOXWLRQ��
DV�WKH�H[DFW�UHODWLRQVKLSV�EHWZHHQ�WKH�ERUGHUV��HGJHV�DQG�FRUQHUV��DUH�QRW�RI�
LQWHUHVW�� ,Q� DGGLWLRQ�� WKH� REMHFW� ´SROOXWLRQµ� KDV� UDWKHU� DSSUR[LPDWH�
H[WHQVLRQ��+RZHYHU��VRPH�FRPSOH[�VSDWLDO�TXHULHV�FRXOG�EH�QHFHVVDU\�ZKHQ�
DOO�WKH�GLPHQVLRQDO�HOHPHQWV�SOD\�D�UROH��H�J����

- )LQG�DOO� WKH�EXLOGLQJV� WKDW� OD\� RQ�DW� OHDVW� RQH� HGJH� RI� WKH� FDGDVWUDO�XQLW��7KLV�
TXHU\� UHTXLUHV� WR� GHWHUPLQH� LI� WKH�5�'�� LV� WRWDO�� 5�'�� SDUWLDO� DQG�
5�'��SDUWLDO��)LJXUH�����'�H[DPSOH���

- )LQG�DOO�WKH�EXLOGLQJV�WKDW�H[FHHG�WKH�FDGDVWUDO�OLPLW�DQG�GHWHUPLQH�WKH�H[FHHGHG�
SDUW��([SUHVVHG�E\�5�'��SDUWLDO��H[DPSOH�JLYHQ�LQ��'���7KH�H[FHHGHG�
SDUW�FDQ�EH�UHWULHYH�E\�DQDO\VLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�ORZHU�
GLPHQVLRQDO� HOHPHQWV� RI� ERWK� REMHFWV� ��'�� �'� DQG� �'� HOHPHQW��
�)LJXUH������

,Q�ERWK�FDVHV��7KH�'LPHQVLRQDO�PRGHO�SURYLGHV�DQ�DSSURSULDWH�DQVZHU� WR�
WKH� TXHVWLRQ�� 6HH� 6HFWLRQ� �� IRU� VRPH� TXHULHV� SHUIRUPHG� LQ� WKH� 2UDFOH�
GDWDEDVH���

���� 'DWD�FRQVLVWHQF\�

2QH� RI� WKH�PDMRU� FKDOOHQJHV� IRU� FDGDVWUDO� DGPLQLVWUDWLRQ�KDV� DOZD\V� EHHQ�
TXDOLW\� DQG� FRQVLVWHQF\� RI� GDWD�� 7KH� FRQVLVWHQF\� RI� WKH� WRSRORJLFDO�
UHODWLRQVKLSV�EHWZHHQ�REMHFWV�LV�RIWHQ�FRQVLGHUHG�WKH�PDMRU�FULWHULRQ�IRU�WKH�
TXDOLW\� RI� WKH� PRGHO�� 7KH� H[DPSOHV� GLVFXVVHG� DERYH� UHIHUUHG� WR� WKH�
LQWHUDFWLRQ� EHWZHHQ� FDGDVWUDO� REMHFWV� DQG� RWKHU� REMHFWV� �WRSRJUDSKLF� RU�
ILFWLRQDO���%XW�VSDWLDO�UHODWLRQVKLSV�H[LVW�DOVR�EHWZHHQ�FDGDVWUDO�REMHFWV��)RU�
H[DPSOH�� DQ� LPSRUWDQW� WDVN� RI� FDGDVWUH� LV� WR� FODVVLI\� WKH� ODQG� IROORZLQJ� D�



SURSHUW\� FULWHULRQ��%\� GHILQLWLRQ�� D�SLHFH�RI� ODQG�PD\�QRW�EHORQJ� WR�PRUH�
WKDQ� RQH� FDGDVWUDO� XQLW� DQG� HDFK� SDUWV� RI� WKH� PRGHOOHG� VSDFH� EHORQJ� WR�
H[DFWO\�RQH�FDGDVWUDO�XQLW��RU�DUH�RQ�WKH�ERUGHU���7KLV�FRXOG�EH�FRQWUROOHG�E\�
WRSRORJLFDO�UHODWLRQVKLSV�EHWZHHQ�DOO�WKH�FDGDVWUDO�XQLWV��L�H��D�FDGDVWUDO�XQLW�
PD\� QRW� LQWHUVHFW� DQRWKHU� RQH�� 7KLV� TXHU\� FDQ� EH� HDVLO\� H[SUHVVHG� LQ�
GLPHQVLRQDO�WHUPV��L�H��GLPHQVLRQDO�UHODWLRQVKLS�EHWZHHQ�KLJKHU�GLPHQVLRQDO�
HOHPHQWV�RI�WZR�FDGDVWUDO�XQLWV���'�RU��'��PXVW�EH�QRQ�H[LVWHQW��,Q�FDVH�RI�
D��'�FDGDVWUDO�XQLW��WKH�UHODWLRQVKLS�ZLOO�EH�5�'���Q�H���DQG�LQ�FDVH�RI�D��'�
FDGDVWUDO�XQLW�5�'���Q�H�����
�
,W�LV�HYLGHQW�WKDW�LI��'�FDGDVWUDO�PRGHOV�DUH�HQYLVDJHG��DGDSWHG��'�WRSRORJ\�
VWUXFWXUHV��DQG�E\�H[WHQVLRQ��'�GLPHQVLRQDO�VWUXFWXUHV��KDYH�WR�EH�DGRSWHG��
)XUWKHUPRUH��WKHUH�DUH�GLIIHUHQW�W\SHV�RI�LQFRQVLVWHQF\�LQ�VSDWLDO�GDWD��,Q�WKLV�
UHVHDUFK��ZH�DUH�RQO\�LQWHUHVWHG�LQ�WKH�WRSR�VHPDQWLF�RQHV��ZKLFK�FRQFHUQV�
WRSRORJLFDO� UHODWLRQVKLSV� EHWZHHQ� REMHFWV� DFFRUGLQJ� WR� WKHLU� VHPDQWLF�
GHILQLWLRQ�� )LJXUH� ��� SRUWUD\V� H[DPSOHV� RI� �'� DQG� �'� WRSR�VHPDQWLF�
FRQVLVWHQF\���

�� ,03/(0(17$7,21�$1'�7(676�

7R� EH� DEOH� WR� WHVW� WKH� SUHVHQWHG� 'LPHQVLRQDO� PRGHO� LQ� GHWHFWLQJ� VSDWLDO�
UHODWLRQVKLSV��ZH�KDYH�VHOHFWHG�D�VSDWLDO�PRGHO�WR�GHVFULEH�VSDWLDO�REMHFWV��$�
ODUJH� QXPEHU� RI� VSDWLDO� PRGHOV� DUH� GHYHORSHG� DQG� LPSOHPHQWHG� LQ� *,6��
&RPSXWHU�*UDSKLFV�DQG�&$'�V\VWHPV�EDVHG�RQ�LUUHJXODU�PXOWLGLPHQVLRQDO�
FHOOV� �(JHQKRIHU� HW� DO� ������ 0lQW\Ol� ������ 0ROHQDDU� ������ 3LJRW� ������ 3LORXN�
������=ODWDQRYD��������7KH�QDPHV�DQG�FRQVWUXFWLRQ�UXOHV�RI�WKH�FHOOV�LQ�WKH�
GLIIHUHQW�PRGHOV�XVXDOO\�YDU\��7KH�VLPSOHVW�VHW�RI�FHOOV�LV�WKH�VHW�RI�VLPSOH[HV��
L�H����VLPSOH[��QRGH�����VLPSOH[��DUF�����VLPSOH[��WULDQJOH��DQG���VLPSOH[��WHWUDKHGURQ���
0RVW�RI� WKH�PRGHOV� DOORZ�������FHOOV�ZLWK� DQ� DUELWUDU\� VKDSH� WKDW� LPSRVHV�
VRPH� VXSSOHPHQWDU\� FRQVWUDLQWV�� H�J�� SODQDULW\� RI� IDFHV�� FRQYH[� VKDSH�
�0ROHQDDU�������3LJRW�������=ODWDQRYD��������7KH�QDPHV�QRGH��YHUWH[��SRLQW���HGJH��
IDFH��SRO\JRQ��DQG�ERG\��VROLG��SRO\KHGURQ��DUH�WKHQ�XVHG�LQ�WKH�OLWHUDWXUH�WR�GHQRWH�
��������FHOO�� )XUWKHUPRUH�� WKH�PRGHOV� FDQ�EH� FODVVLILHG� LQWR� VSDWLDO�PRGHOV�
ZLWK� H[SOLFLW� UHSUHVHQWDWLRQ� RI� REMHFWV� DQG� VSDWLDO� PRGHOV� ZLWK� H[SOLFLW�
UHSUHVHQWDWLRQ� RI� VSDWLDO� UHODWLRQVKLSV� �WRSRORJ\���(DFK�RI� WKH�PRGHOV� KDV�
DGYDQWDJHV� DQG� GLVDGYDQWDJHV� WKDW� DUH� QRW� WR� EH� GLVFXVVHG�KHUH��:H�KDYH�
FRQFHQWUDWHG�RQ�WKH�6LPSOLILHG�6SDWLDO�0RGHO��666��=ODWDQRYD�������EDVLFDOO\�
GXH� WR� IRXU� UHDVRQV�� )LUVW�� WKH� PRGHO� LV� D� W\SLFDO� H[DPSOH� RI� DQ� H[SOLFLW�
UHSUHVHQWDWLRQ� RI� REMHFWV�� ZKLFK� VXLWV� RXU� FRQFHSWXDO�PRGHO�� 6HFRQG�� WKH�
PRGHO�KDV�EHHQ� WHVWHG�ZLWK� WKH� IUDPHZRUN�RI�(JHQKRIHU� IRU� UHSUHVHQWLQJ�
VSDWLDO� UHODWLRQVKLSV� WKDW�SURYLGHV�D�EDVLV�IRU�FRPSDULVRQ�EHWZHHQ�WKH�WZR�
IUDPHZRUNV�� 7KLUG�� WKH�PRGHO�PDLQWDLQV�PLQLPDO� HOHPHQWV� �L�H�� QRGH� DQG�
IDFH��IRU�GHVFULELQJ�VSDWLDO�REMHFWV�DQG�WKXV�VLPSOLILHV�WKH�UHFRQVWUXFWLRQ�RI�
�'� REMHFWV�� )RXUWK�� WKH� PRGHO� KDV� EHHQ� VXFFHVVIXOO\� WHVWHG� IRU� ODUJH� �'�
PRGHOV��RI�VL]H�WKDQ�FDQ�EH�H[SHFWHG�IRU�XUEDQ�PRGHOV���



:H�KDYH�LPSOHPHQWHG�WKH�FRQFHSWV�RI�'LPHQVLRQDO�PRGHO�DV�RSHUDWRUV�LQ�
2UDFOH� GDWDEDVH� DQG� KDYH� WHVWHG� WKHVH� RSHUDWRUV� ZLWK� WZR� GDWD� VHWV�
RUJDQLVHG� DFFRUGLQJ� WR� WKH� FRQVWUXFWLRQ� UXOHV� RI� 666�� 7KH� RSHUDWLRQV� DUH�
GHYHORSHG�ZLWK�WKH�KLJK�OHYHO�SURJUDPPLQJ�ODQJXDJH��DQ�H[WHQVLRQ�RI�64/��
SURYLGHG� E\� 2UDFOH�� L�H�� 3/�64/�� 7R� EH� DEOH� WR� YLVXDOLVH� UHVXOWV� RI� WKH�
TXHULHV��D�950/�ILOH�LV�FUHDWHG�RQ�WKH�IO\�ZLWK�WKH�REMHFWV�RI�LQWHUHVW�DQG�WKH�
LQWHUVHFWLQJ�SDUWV��

:LWK�WKHVH�GLPHQVLRQDO�RSHUDWRUV�� LW� LV�SUDFWLFDOO\�SRVVLEOH�WR�UHWULHYH�EDVLF�
GLPHQVLRQDO�UHODWLRQVKLSV�EHWZHHQ�ERG\�DQG�ERG\��ERG\�DQG�IDFH��ERG\�DQG�
SRLQW��IDFH�DQG�IDFH��OLQH�DQG�OLQH��7KH�GLPHQVLRQDO�TXHU\�UHWXUQV�DQ�DQVZHU�
LQ� D� IRUP� RI� UHODWLRQDO� WDEOH� WKDW� FRQWDLQV� DOO� WKH� H[LVWLQJ� GLPHQVLRQDO�
UHODWLRQVKLSV��2WKHU� RSHUDWRUV� KDYH� EHHQ�GHYHORSHG� WR� H[WUDFW� WKH� SUHFLVH�
JHRPHWU\�RI� WKH�´SRWHQWLDOµ� LQWHUVHFWLRQ�EHWZHHQ�VSDWLDO�REMHFWV��7KXV��ZH�
FDQ�REWDLQ�WKH�FRPSOHWH�GHVFULSWLRQ�RI�WKH�VSDWLDO�UHODWLRQVKLS�EHWZHHQ�WZR�
VSDWLDO� REMHFWV� DQG� DOVR� LWV� FRUUHFW� �'� JHRPHWULF� UHSUHVHQWDWLRQ�� 7KH� �'�
YLVXDOLVDWLRQ�LV�DFKLHYHG�YLD�D�-DYD�SURJUDP�WKDW�WUDQVODWHV�WKH�2UDFOH�WDEOH�
LQWR�D�950/�ILOH��

7KH� WHVWHG� TXHULHV� DUH�� ��� ZKDW� LV� WKH� VSDWLDO� UHODWLRQVKLS� EHWZHHQ� WZR� ERGLHV"�
�)LJXUH� ���� DQG� ���ZKDW� LV� WKH� VSDWLDO� UHODWLRQVKLS� EHWZHHQ� D� ERG\� DQG� D� SRO\JRQ"�
�)LJXUH������,Q�WKH�SURJUDP��QXPEHUV�GHFRGHV�WKH�W\SHV�RI�UHODWLRQVKLSV��L�H��
��²�QRQ�H[LVWHQW����²�WRWDO��DQG���²�SDUWLDO��

�� &21&/86,21�$1'�)8785(�'(9(/230(176�

7KH�ILQDO�REMHFWLYH�RI��'�*,6�LV�WR�KDYH�D�FRPSOHWH��'�PRGHO�RI�WKH�UHDOLW\�
IRU�WRSRJUDSKLF�DQG�ILFWLRQDO�REMHFWV��,W�VHHPV�MXGLFLRXV�WR�HQYLVDJH�UHDO��'�
FRQFHSWV�IRU�WKH�FDGDVWUH�E\�WKH�HYROXWLRQ�RI�WKH�QRWLRQ�RI�FDGDVWUDO�SDUFHO�
��'�VSDFH�SDUWLWLRQ��WR�WKH�H[WHQGHG�QRWLRQ�RI�D��'�FDGDVWUDO�XQLW��:KDWHYHU�
�'�RU��'�FDGDVWUDO�REMHFWV�ZLOO�EH�SUDFWLFDOO\�VHOHFWHG��D�FHUWDLQ�OHYHO�RI��'�
VSDWLDO�DQDO\VLV�PXVW�EH�UHDFKHG��(LWKHU�WRSRORJLFDO�GDWD�VWUXFWXUHV�VKRXOG�EH�
XVHG�RU��'�VSDWLDO�RSHUDWRUV�IRU�QRQ�WRSRORJLFDO�GDWD�VWUXFWXUHV�KDYH�WR�EH�
GHYHORSHG�� ,Q� ERWK� FDVHV�� WKH� 'LPHQVLRQDO� PRGHO� FDQ� EH� XVHG� DV� D�
IUDPHZRUN�IRU�WKH�PDQDJHPHQW�RI��'�VSDWLDO�UHODWLRQVKLSV��,Q�QHDU�IXWXUH��
ZH� ZLOO� FRQWLQXH� H[SHULPHQWV� ZLWK� 666� DQG� RWKHU� GDWD� VWUXFWXUHV� WRZDUG�
GHYHORSPHQW�RI�PRUH�HODERUDWHG��'�VSDWLDO�TXHULHV��
�
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%LOOHQ� 5��� 6�� =ODWDQRYD�� 3��0DWKRQHW� DQG� )�� %RQLYHU� �������� 7KH�'LPHQVLRQDO�
0RGHO�� D� IUDPHZRUN� WR�GLVWLQJXLVK�VSDWLDO� UHODWLRQVKLSV�� LQ��3URFHHGLQJV�RI�
6SDWLDO�'DWD�+DQGOLQJ�������-XO\��2WWDZD��&DQDGD���WR�EH�SXEOLVKHG���
&OHPHQWLQL� (��� 3�� GL� )HOLFH� DQG� 3�� YDQ�2RVWHURP� ��������$� VPDOO� VHW� RI� IRUPDO�
WRSRORJLFDO�UHODWLRQV�VXLWDEOH�IRU�HQG�XVHU�LQWHUDFWLRQ��LQ��3URFHHGLQJV�RI�WKH�
�WK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� ODUJH� VSDWLDO� GDWDEDVHV�� 6SULQJHU�9HUODJ��
%HUOLQ��SS����������



'DQDK\� -�� ��������$�VHW�RI�YLVXDOLVDWLRQ�GDWD�QHHGV� LQ�XUEDQ�HQYLURQPHQWDO�
SODQQLQJ	GHVLJQ�IRU�SKRWRJUDPPHWULF�GDWD�� LQ��3URFHHGLQJV�RI�WKH�$VFRQD�
:RUNVKRS� 
����$XWRPDWLF�H[WUDFWLRQ�RI�PDQ�PDGH�REMHFWV�IURP�DHULDO�DQG�
VSDFH�LPDJHV��0RQWH�9HULWD��6ZLW]HUODQG��SS����������
(JHQKRIHU��0��-���$�8��)UDQN�DQG�-�3�-DFNVRQ����������$�WRSRORJLFDO�GDWD�PRGHO�
IRU�VSDWLDO�GDWDEDVHV��1&*,$�7HFKQLFDO�UHSRUW��1R������ � �
(JHQKRIHU��0��-��DQG�-��5��+HUULQJ� ��������$�PDWKHPDWLFDO�IUDPHZRUN�IRU�WKH�
GHILQLWLRQ� RI� WRSRORJLFDO� UHODWLRQVKLSV�� LQ�� 3URFHHGLQJV� RI� )RXUWK�
,QWHUQDWLRQDO�6\PSRVLXP�RQ�6'+��=XULFK��6ZLW]HUODQG��SS����������
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*U�Q�� $� DQG� +�� 'DQ� �������� 72%$*2� �� D� WRSRORJ\� EXLOGHU� IRU� WKH�
DXWRPDWHG� JHQHUDWLRQ� RI� EXLOGLQJ� PRGHOV�� LQ�� 3URFHHGLQJV� RI� WKH� $VFRQD�
:RUNVKRS� 
����$XWRPDWLF�H[WUDFWLRQ�RI�0DQ�PDGH�REMHFWV�IURP�DHULDO�DQG�
VSDFH�LPDJHV��0RQWH�9HULWD��6ZLW]HUODQG��SS���������
/HEHUO��)�� DQG�0��*UXEHU� ��������0RGHOOLQJ�D�)UHQFK�YLOODJH� LQ� WKH�$OSV�� LQ��
3URFHHGLQJV�RI�WKH���WK�6SULQJ�&RQIHUHQFH��%XGPHULFH��6ORYDN�5HSXEOLF�
0lQW\Ol��0�� ��������$Q� LQWURGXFWLRQ� WR� VROLG�PRGHOOLQJ��&RPSXWHU�6FLHQFH�
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3DQWD]LV�� '� DQG� 'RQQD\�� -�3�� �������� /D� FRQFHSWLRQ� GH� 6,*�� PpWKRGH� HW�
IRUPDOLVPH��+HUPqV��3DULV��)UDQFH�
3LJRW��6����������$�WRSRORJLFDO�PRGHO�IRU�D���GLPHQVLRQDO�6SDWLDO�,QIRUPDWLRQ�
6\VWHP��3K'�WKHVLV��8QLYHUVLW\�RI�7DVPDQLD��$XVWUDOLD��
3LORXN��0�� �������� ,QWHJUDWHG�PRGHOOLQJ�IRU��'�*,6��3K'�WKHVLV��,7&��7KH�
1HWKHUODQGV�
3XOODU�� '�9�� DQG� 0�-�� (JHQKRIHU� �������� 7RZDUG� IRUPDO� GHILQLWLRQ� RI�
WRSRORJLFDO� UHODWLRQV� DPRQJ� VSDWLDO� REMHFWV�� LQ�� 3URFHHGLQJV� RI� WKH� 7KLUG�
,QWHUQDWLRQDO�V\PSRVLXP�RQ�6'+��6\GQH\��$XVWUDOLD��SS����������
5DQ]LQJHU�� 0�� DQG� *�� *OHL[QHU� �������� &KDQJLQJ� WKH� FLW\�� GDWD� VHWV� DQG�
DSSOLFDWLRQV�IRU��'�XUEDQ�SODQQLQJ��LQ��*,6�(XURSH��0DUFK��SS��������
7HPSIOL�� .�� �������� 8UEDQ� �'� WRSRORJLF� GDWD� DQG� WH[WXUH� E\� GLJLWDO�
SKRWRJUDPPHWU\�� LQ�3URFHHGLQJ� RI� ,6356�� 0DUFK�$SULO�� 7HPSD�� )ORULGD��
86$��&'�520�
=ODWDQRYD��6�����������'�*,6�IRU�8UEDQ�GHYHORSPHQW��3K'�WKHVLV��,7&��WKH�
1HWKHUODQGV������S��
�
�
&2�25',1$7(6�
$VSLUDQW�)156��5RODQG�%LOOHQ�
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'HSDUWPHQW�RI�*HRGHV\��'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��
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5RODQG� %LOOHQ� LV� D� 3K'� FDQGLGDWH� DW� WKH� )156� �)RQGV� 1DWLRQDO� GH� OD�
5HFKHUFKH� 6FLHQWLILTXH� �� 1DWLRQDO� 6FLHQWLILF� 5HVHDUFK� )XQGV��� $IWHU� KLV�
OLFHQFH� LQ� *HRJUDSK\� �6XUYH\�� DW� WKH� 8QLYHUVLW\� RI� /LHJH� DQG� WKH�0DVWHU�
'HJUHH�LQ�&DUWRJUDSK\�DQG�5HPRWH�6HQVLQJ��8QLYHUVLWLHV�RI�/LHJH��%UXVVHOV�
DQG� /RXYDLQ�OD�QHXYH�� %HOJLXP��� KH� LV� SUHSDULQJ� KLV� GRFWRUDO� WKHVLV�� +LV�
UHVHDUFK�FRQFHUQV��'�*,6�DQG�PRUH�HVSHFLDOO\��'�VSDWLDO�UHODWLRQVKLSV��+LV�
EDVLF�ILHOGV�RI�UHVHDUFK�DUH�VSDWLDO�FRQFHSWXDO�GHVLJQ�DQG�SKRWRJUDPPHWU\��
�
'U��6\ND�=ODWDQRYD�LV�UHVHDUFKHU�DW�WKH�'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��7KH�
1HWKHUODQGV�� 6KH� KDV� JUDGXDWHG� DW� WKH� 8QLYHUVLW\� RI� $UFKLWHFWXUH�� &LYLO�
(QJLQHHULQJ�DQG�*HRGHV\��6RILD��%XOJDULD�DQG�KDV�REWDLQHG�KHU�3K'�GHJUHH�
DW�WKH�*UD]�8QLYHUVLW\�RI�7HFKQRORJ\��$XVWULD��+HU�LQWHUHVWV�DUH�LQ��'�*,6��
�'�REMHFW� UHFRQVWUXFWLRQ���'�GDWD�VWUXFWXUHV���'�VSDWLDO� UHODWLRQVKLSV�DQG�
�'� YLVXDOLVDWLRQ�� &XUUHQWO\�� VKH� LV� LQYROYHG� LQ� WKH� 8EL&RP� PRELOH�
DXJPHQWHG�UHDOLW\�SURMHFW��
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