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WKDW� GLPHQVLRQ�D� LV� DOZD\V� WZR� WLPHV�JUHDWHU� WKDQ�GLPHQVLRQ� E�� D�IRUPXOD� D �
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)LJXUH��� %ORFN�GLDJUDP�RI�D�VHOI�OHDUQLQJ�SDUDPHWULF�PRGHOHU�
7KH� SULQFLSDO� GLIIHUHQFH� LQ� WKLV� DSSURDFK� LV� WKH� SUHVHQFH� RI� WZR�DGGLWLRQDO�FRPSRQHQWV�� WKH�GDWDEDVH� WKDW�VWRUHV�VHWV�RI�SDUDPHWHUV��DQG� WKH� UHODWLRQV
� JHQHUDWLRQ� DQG� FRUUHFWLRQ� EORFN�� 7KH� V\VWHP�ZRUNV� LQ� WKH� IROORZLQJ�PDQQHU��$W� WKH� OHDUQLQJ� VWDJH� WKH�GHVLJQHU�FUHDWHV� VHYHUDO� GHVLJQ� VROXWLRQV�� )RU� HDFK� VROXWLRQ� WKH� VHW� RI� LWV�GLPHQVLRQDO� SDUDPHWHUV� LV� VWRUHG� ZLWKLQ� WKH� GDWDEDVH��:LWKLQ� WKH�GDWDEDVH��WKH�GHVLJQHU�DGGLWLRQDOO\�VSHFLILHV�ZKDW�ZH�ZRXOG�WHUP�D�³GHILQLQJ�GLPHQVLRQ´�
$IWHU� WKH� GDWDEDVH� LV� ILOOHG�� D� FXUUHQW� YHUVLRQ� RI� WKH� UHODWLRQV�IXQFWLRQDO�5 LV�JHQHUDWHG�ZLWK�WKH�WUDQVIRUPDWLRQV�GHVFULEHG�EHORZ��7KH�IXQFWLRQDO�LV�D�VHW�RI�IXQFWLRQV� LU RI�WKH�NLQG�ZKHUH'6 LV�WKH�
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ZKHUH'6 LV� WKH� GHILQLQJ� GLPHQVLRQ�� GHILQLQJ� GLPHQVLRQ� L6 LV�WKH�LWK�GLPHQVLRQ�
7KHQ�� DV� WKH� QHZ� GHVLJQ� VROXWLRQ� LV� GHYHORSHG� DIWHU� WKH� GHILQLQJ�GLPHQVLRQ�LV�VSHFLILHG�E\�WKH�GHVLJQHU��DOO�WKH�RWKHU�GLPHQVLRQV� L6DUH�FDOFXODWHG�ZLWK� WKH�JHQHUDWHG�UHODWLRQV��2I�FRXUVH� WKH�GHVLJQHU�PD\� GLVFDUG� WKH� SURSRVHG� YDULDQW� DQG� FKDQJH� WKH� SDUDPHWHUV�PDQXDOO\�� 6KRXOG� WKLV KDSSHQ�� WKH� QHZ� GHVLJQ� LV� VWRUHG� LQ� WKH�GDWDEDVH�DV�ZHOO�DQG�WKH�UHODWLRQV�WKDW�KDYH�EHHQ�UHJHQHUDWHG��,W� LV�WKH�HVVHQFH�RI�WKH�V\VWHP
V�SHUPDQHQW�VHOI�OHDUQLQJ���� *(1(5$7,21� 2)� $1$/<7,&$/�5(/$7,216�%(7:((1�3$5$0(7(56�7KH�SUREOHP�RI�REWDLQLQJ�SDUDPHWHUV�RI�DQ�DQDO\WLFDO�UHODWLRQ�IURP�H[SHULPHQWDO�GDWD�KDV�EHHQ�VWXGLHG�ZHOO�>���SS�������@�DQG�WKHUH�DUH�PDQ\� SRVVLEOH� ZD\V� WR� VROYH� LW�� ,Q� DQ\� HYHQW�� ZH� QHHG� DQ� LQLWLDO�K\SRWKHVLV� FRQFHUQLQJ� WKH� UHODWLRQ� XQGHU� FRQVLGHUDWLRQ�� WKDW� LV��ZKHWKHU� LW� LV� OLQHDU��QRQ�OLQHDU��RU�SHULRGLFDO��7R�FRQVLGHU� WKLV��ZH�KDYH� VWXGLHG� UHODWLRQV� EHWZHHQ� GLPHQVLRQV� RI� PDQXIDFWXULQJ�DWWDFKPHQWV� DYDLODEOH� LQ� WKH� GDWDEDVHV� RI� VHYHUDO� LQGXVWULDO�FRPSDQLHV�VLWXDWHG�LQ�7XOD��5XVVLD�
7KH� DQDO\VLV� LQFOXGHG� RYHU� ��� SDUWV� ZKLFK� LQFOXGHG� PHDVXULQJ�JDXJHV��FDOLEHUV���DQG�SDUWV�RI�D� URWRU�WUDQVIHU�OLQH��MDZV��FDSWXUHV��UHFHLYHUV��� (DFK� SDUW� H[LVWV� DV� D� VHW� RI� ��� WR� ��� YHUVLRQV� ZLWK�GLIIHUHQW�GLPHQVLRQV��7KH�GDWD�SURFHVVLQJ�KDV�EHHQ�SHUIRUPHG�ZLWK�6WDWLVWLFD��7KH� UHODWLRQV�REWDLQHG� LQ� WKLV�ZD\� DUH� VKRZQ� LQ�)LJV����DQG����DOO�GLPHQVLRQV�DUH�JLYHQ�LQ�PLOOLPHWHUV��
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)LJXUH���&RUUHODWLRQ�EHWZHHQ�WKH�OHQJWK�RI�WKH�MDZ
V�VWUDLJKW�VHJPHQW�DQG�WKH�GLDPHWHU�RI�WKH�ELOOHW�EHLQJ�FDSWXUHG�

&RUUHODWLRQ�DQDO\VLV�RI� WKH�GLPHQVLRQDO� UHODWLRQV�KDV� UHYHDOHG� WKDW�WKH\� DUH� OLQHDU� RI� WKH� N[�E NLQG�� DQG�GHYLDWLRQV� IURP� OLQHDULW\� GR�QRW� H[FHHG� ���� 6R� WKH� FRQFOXVLRQ� LV� WKDW� ZH� DUH� GHDOLQJ� ZLWK� D�JHQHUDWLRQ�RI�OLQHDU�UHODWLRQV�RI�WKH�\ N[�E NLQG��� *(1(5$7,21� $1'� &255(&7,21� 2)�5(/$7,21
6�3$5$0(7(567KLV�SURFHGXUH�LV�UDWKHU�VLPSOH�GXH�WR�WKH�OLQHDU�QDWXUH�RI�UHODWLRQV��,I�ZH�KDYH�Q GHVLJQ�VROXWLRQV�ZLWK�WKH�GHILQLQJ�GLPHQVLRQ� L[ ��DQG�ZH�ZDQW�WR�ILQG WKH�E DQG�N SDUDPHWHUV�RI�WKH�UHODWLRQ�EHWZHHQ�WKH�GHILQLQJ�GLPHQVLRQ�DQG�D�FHUWDLQ�JHRPHWULF�SDUDPHWHU� L[ ��LW�FDQ�EH�GRQH�ZLWK�WKH�IROORZLQJ�V\VWHP�RI�HTXDWLRQV�
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7KH� V\VWHP� ���� LV� VROYHG� HYHU\� WLPH� D� QHZ� GHVLJQ� VROXWLRQ� LV�FRPSOHWHG�WR�FRUUHFW�WKH�YDOXHV�RI�N DQG�E�
7KH� UHVXOWV� RI� FDOFXODWLQJ� GLPHQVLRQV� IURP� VXFK� UHODWLRQV� DUH��JHQHUDOO\� VSHDNLQJ�� LQILQLWH� QRQ�SHULRGLFDO� IUDFWLRQV� WKDW� DUH�XQVXLWDEOH�DV�UHDO�YDOXHV�RI�WKH�SDUW
V�GLPHQVLRQV��6HYHUDO�SRVVLEOH�ZD\V�RI�LPSOHPHQWLQJ�VXFK�D�IHDWXUH�PLJKW�LQFOXGH�ORFDWLRQ�RI�WKH�FORVHVW� VWDQGDUG� YDOXH�� RU� WKH� PDQXDO� FKRLFH� EHWZHHQ� WKH� WZR�FORVHVW� YDOXHV� IURP� WKH� VHULHV�� HWF�� 7KH� SURSRVHG� VHOI�OHDUQLQJ�FRQFHSW�LV�HTXDOO\�ILW�IRU�ERWK��'�DQG �'�PRGHOLQJ�5HIHUHQFHV
>�@ 7URLWVN\� '�,��� ,QR]HPWVHY� $�1��� %DQQDW\QH� 0�:�0F.�3DUDPHWULF� 0RGHOOLQJ�� &RQFHSW� DQG� ,PSOHPHQWDWLRQ� ��3URFHHGLQJV� RI� WKH� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�,QIRUPDWLRQ�9LVXDOLVDWLRQ��-XO\��������������/RQGRQ��(QJODQG��SS����������>�@ 5DNLWLQ� 9�,��� 3HUYXVKLQ� 9�(�� 3UDFWLFDO� *XLGH� RQ�&RPSXWDWLRQDO�0HWKRGV�± 0RVFRZ��9\VVKD\D�6KNROD�������>�@ ,YDNKQHQNR� $�*�� 6HOI�OHDUQLQJ� 6\VWHPV� ZLWK� 3RVLWLYH�)HHGEDFNV�± .LHY��8NUDLQLDQ�$FDGHP\�RI�6FLHQFH�3XEOLVKLQJ�������>�@ 7URLWVN\� '�,�� *HRPHWULF� 0RGHOLQJ� LQ� 3URGXFWLRQ� 3ODQQLQJ�3URFHGXUHV���&RPSXWHU�6FLHQFH�IRU�'HVLJQ�DQG�0DQXIDFWXULQJ�� ������3URFHHGLQJV�RI�WKH�,9WK�,QWHUQDWLRQDO�&RQJUHVV��9RO����0RVFRZ��67$1.,1�3XEOLVKLQJ�������� SS����������>�@ 7URLWVN\�'�,���*ULJRULHYD�1�6��6HOI�OHDUQLQJ�6\VWHPV�LQ�3XQFK�'HVLJQ� �� 6ROLG� 0HGLXP� 0HFKDQLFV� DQG� 1RQ�FKLS� 0HWDO�7UHDWPHQW�� &ROOHFWLRQV�� � 7XOD�� 7XOD� 6WDWH� 8QLYHUVLW\� 3UHVV�������� S����>�@ *HOIRQG�0�9���*ULJRULHYD�1�6���7URLWVN\�'�,���&RPSXWHU�DLGHG�'HVLJQ�RI�5RWRU�/LQH�&DSWXUHV� ��&RPSXWHUV�DQG�7HFKQRORJ\��0RGHUQ� ,VVXHV�� 3URFHHGLQJV� RI� WKH� 9WK� ,QWHUQDWLRQDO�&RQIHUHQFH��9RURQH]K������� S�����
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