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5RDG�QHWZRUN¶V�GDWHEDVH�ZKLFK�XVHG�QHWZRUN�DQDO\VLV�LQFOXGH�QRQJUDSKLF�LQIRUPDWLRQV�VXFK�DV�URDG�ZLGWK�� URDG� FRYHU� W\SH�� URDG� QDPH�� URDG� W\SH�� GULYHWLPH�� URDG� VWDUWLQJ� EXLOGLQJ� QXPEHU� DQG� URDG�HQGLQJ� EXLOGLQJ� QXPEHU�� ,Q� DGGDWLRQ� WR� WKLV�� DOWKRXJK� WXUQ� LQIRUPDWLRQV� LV� QRW� UHSUHVHQW� LQ� WKH� DUF�DWWULEXWH�WDEOH��WXUQ�WDEOHV�ZHUH�FRQVWLWXWHG�IRU�WKLV�LQIRUPDWLRQV�DQG�UHODWHG�WR�GDWDEDVHV�

7DEOH����1RQJUDSKLFV�LQIRUPDWLRQV�ZKHUH�URDG�QHWZRUN¶V�GDWDEDVH
)52012'( 7212'( /(1*7+ /B)B$'' /B7B$'' 5B)B$'' 5B7B$'' 1$0( 7<3( 0(7(56 63((' 0,187( '5,9(7,0( 21(:$< .$3/$0$
�� �� ������� �� �� �� �� '(9/(7B6$+ø/B<2/8 &$''( ������� �� ����� ����� $VIDOW
�� �� ������ �� �� �� �� '(9/(7B6$+ø/B<2/8 &$''( ������ �� ����� ����� $VIDOW
�� �� ������� �� �� �� �� '(9/(7B6$+ø/B<2/8 &$''( ������� �� ����� ����� $VIDOW
�� �� ������ � � � � &80+85ø<(7 &$''( ������ �� ����� ����� 1 %HWRQ
�� �� ������ �� �� �� �� .$=$1&,/$5 62.$. ������ �� ����� ����� 3DUNH



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

�� 62&,(7,(6�$1'�25*$1ø=$7,216�:+,&+�1(('('�326,7,21�,1)250$7,21
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$Q\�V\VWHP�RI�LQWHUFRQQHFWHG�OLQHDU�IHDWXUHV��VHWV�RI�URDGV��UDLOZD\��ULYHUV��SLSHOLQHV��WHOHSKRQH�DQG�HOHFWULF� OLQHV�� LV�D�QHWZRUN��4XHULHV�DQG�DQDO\VLVV�GRQH�RQ� WKHVH�V\VWHPV�IRU�RSWLPXP�GHFLVLRQV�DUH�QDPHG�DV�QHWZRUN�DQDO\VLV�LQ�*,6��6SHFLDOO\�LQ�XUJHQW�FDVHV��OLNH�DUULYLQJ�WR�WDUJHW�DUHD�LQ�PLQLPXP�WLPH�RI�DPEXODQFH��ILUH�EULJDGH�DQG�SROLFH�YHKLFOHV��GHFLGLQJ�ILUH�EULJDGHV�FHQWUH¶V�ORFDWLRQ��GHFLGLQJ�ZKLFK�KRXVHV¶V�HOHFWULFDOV�DUH�FXW�RII�LQ�EUHDNGRZQ�FDVHV��QHWZRUN�DQDO\VLVV�DUH�XVHG�><RPUDOÕR÷OX��7�������@��7KHVH�TXHULHV�DQG�DQDO\VLVV�DUH�WKH�PRVW�HIIHFWLYH�PHWKRGV�IRU�RSWLPXP�GHFLGLQJ���
��� )LQGLQJ�7KH�%HVW�5RXWH
,W� LV�VSHFLILHG�VKRUWHVW�URDG�EHWZHHQ�WZR�SRLQWV�ZKLFK�DUH�GHWHUPLQHG�YLD�WKHLU�DGGUHVVHV�RU�PDUNHG�WKHLU�DSSUR[LPDWH�ORFDWLRQV�RQ�URDG�QHWZRUN��)RU�H[DPSOH��EHWZHHQ�WZR�SRLQWV��DFFRUGLQJ�WR�ZDQWHG�FULWHULRQ��FRVW��OHQJWK��WLPH�DQG�GULYHWLPH���WKH�VKRUWHVW�URXWH�LV�VSHFLILHG�E\�WKLV�DQDO\VLV�



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

)LJXUH����6SHFLILQJ�WKH�VKRUWHVW�URXWH�IURP�ILUH�EULJDGH�FHQWUH�RI�7UDE]RQ�&LW\�WR�WKH�ILUH�DUHD
��� )LQGLQJ�7KH�&ORVHVW�)DFLOW\
&ORVHVW�IDFLOW\�UHIHUV�WR�DQ\WKLQJ�SURYLGLQJ�D�FHUWDLQ�W\SH�RI�VHUYLFH�WKDW�LV�FORVHVW�WR�D�JLYHQ�ORFDWLRQ��NQRZQ�DV�DQ�HYHQW��,W�FDQ�EH�WKH�FORVHWV�ILUH�K\GUDQW�WR�D�ILUH��RU�WKH�FORVHVW�GUXJ�VWRUH�WR�\RXU�KRXVH��
��� )LQGLQJ�D�6HUYLFH�$UHD
)LQGLQJ� D� VHUYLFH� DUHD� LV� VSHFLILQJ� RI� WKH� EHVW� FRQYHQLHQW� ORFDWLRQ�� GRLQJ� DQDO\VLV� RI�*HRJUDSKLFDO�HQWLWHV�LQ�QHWZRUN�VWUXFWXUH��)RU�H[DPSOH��D�PRYLH�WKHDWHU�PLJKW�KDYH������FXVWRPHUV�OLYLQJ�ZLWKLQ�D����PLQXWH�GULYH��$�FRQYHQLHQFH�VWRUH�PLJKW�KDYH�����FXVWRPHUV�OLYLQJ�ZLWKLQ�D�KDOI�NLORPHWHU�ZDON�>(65,�$UF9LHZ�1HWZRUN�$QDO\VW������DQG�(65,�$UF,QIR�1HWZRUN�$QDO\VW������@��
��� $GGUHVV�0DWFKLQJ
%\�WKLV�IHDWXUH��DGGUHVVHV�DUH�VKRZHG�RQ�WKH�PDS��³/RFDWH�DGGUHVV´ FRPPDQG�LV�XVHG�IRU�WKLV�IXUWXUH��1RWLFH�WKDW�GHILQDWLRQ�DGGUHVV�IRUPDW�LV�LPSRUWDQW��2SHUDWRU�VKRZHG�DQ\�FHQWUH�WKDW�NQRZ�LWV�DGGUHVV�DQG� VSHFLILHG� WKH� VKRUWHVW� URXWH�� � 6RFLWLHV� DQG� RUJDQL]DWLRQV� LQ� 7UDE]RQ� &LW\� DUH� VKRZHG� RQ� URDG�QHWZRUN�YLD�WKLV�IXWXUH >(65,�8VLQJ�$UF9LHZ�*,6������@�
��� $GGUHVV�*HRFRGLQJ
*HRFRGLQJ�LV�WKH�SURFHVV�E\�ZKLFK�\RX�DGG�SRLQW�ORFDWLRQV�GHILQHG�E\�VWUHHW�DGGUHVV��RU�RWKHU�DGGUHVV�LQIRUPDWLRQ��WR�\RXU�PDS��,W¶V�WKH�FRPSXWHU�HTXLYDOHQW�RI�SXVKLQJ�SLQV�LQWR�D�VWUHHW�PDS�RQ�\RXU�ZDOO��:KHQ�\RX�JHRFRGH�WDEXODU�GDWD�FRQWDLQLQJ�DGGUHVVHV��VRIWZDUH�UHDGV�WKH�DGGUHVV��ILQGV�ZKHUH�WKH\�DUH�ORFDWHG�RQ�\RXU�PDS��DQ�FUHDWHV�D�QHZ�WKHPH�FRQWDLQLQJ�D�SRLQW�IRU�HDFK�DGGUHVV�LW�ZDV�DEOH�WR�ILQG��



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

$GUHVV�DUH�SUREDEO\�WKH�PRVW�FRPPRQO\�XVHG�IRUP�RI�JHRJUDSKLF�GDWD��%\�JHRFRGLQJ�DGGUHVV�GDWD�\RX�FDQ� SHUIRUP� D� ZLGH� UDQJH� RI� DSSOLFDWLRQV�� IURP� VKRZLQJ� ZKHUH� VWXGHQWV� OLYH� LQ� UHODWLRQ� WR� WKHLU�VFKRROV�� WR� PDSSLQJ� \RXU� FXVWRPHUV� WR� KHOS� \RX� GHFLGH� ZKHUH� WR� ORFDWH� QHZ� EUDQFK� RIILFHV�� WR�DQDO\]LQJ�D�FLW\¶V�FULPH�SDWWHUQV�>(65,�$UF,QIR�$GGUHVV�*HRFRGLQJ�����@��6RFLWLHV�DQG�RUJDQL]DWLRQV�LQ�7UDE]RQ�FLW\�ZHUH�FRGHG�RQ�WKH�URDG�QHWZRUN�YLD�WKHLU�DGGUHVVHV�DQG�WKHQ�HOLPLQDWHG�HUURUV��
�� &21&/86,216
1XPHUDWLQJ�VWXGLHV�DUH�FRQVWLWXWH�WKH�EDVH�RI�DGGUHVV�LQIRUPDWLRQ�V\VWHPV�LQ�7XUNH\��7KH�LQVWUXFWLRQ�UHJXODWH� WKHVH� VWXGLHV� LV� QRW� HQRXJK� IRU� LQIRUPDWLRQ� V\VWHP� UHTXLUHPHQWV�� 6R�� WKHUH� LV� D� QHHG� IRU�QXPHUDWLQJ� LQVWUXFWLRQ� ZKLFK� LV� FRQVLVW� RI� JUDSKLF� DQG� QRQJUDSKLF� LQIRUPDWLRQ� UHODWLRQVKLSV� IRU�PHHWLQJ� LQIRUPDWLRQ� V\VWHP� UHTXLUHPHQWV��2Q� WKH�RWKHU�KDQG�� LQ� WKLV�SURFHVV��PXQLFLSDOLWLHV� VKRXOG�DFTXLUH�QHHGHG�LQIRUPDWLRQ�IRU�DGGUHVV�LQIRUPDWLRQ�V\VWHP��
1RZDGD\V�7XUNH\� LV� OLYLQJ�DQ�DGDSWLQJ�SURFHVV� IRU�(8�� ,Q� WKLV�SURFHVV�� WKH� DGGUHVV� IRUPDW�XVHG� LQ�(8¶V�FRXQWULHV�VKRXOG�EH�DGDSWHG�WR�7XUNH\��,Q�WKLV�VWXG\��WKH�DGGUHVV�IRUPDWV�XVHG�LQ�(8¶V�FRXQWULHV�ZHUH�H[DPLQHG�DQG�WKH�EHVW�FRQYHQLHQW�DGGUHVV�IRUPDW�ZHUH�VSHFLILHG�IRU�7XUNH\�
1HWZRUN�DQDO\VLV�XVHG�LQ�YDULRXV�DUHDV�OLNH�KHDOWK��VHFXULW\��HGXFDWLRQ��HWF��KDYH�VRPH�EHQHILWV�ZLWK�UHVSHFW� WR� WLPH� DQG� FRVW�� )RU� DSSO\LQJ� RI� WKHVH� DQDO\VLV� LQ� 7XUNH\�� UHTXLUHG� EDVH�PDSV� VKRXOG� EH�IRUPHG� DQG� GDWDEDVHV� VKRXOG� EH� GHVLJQHG�� ,Q� XUEDQ� LQIRUPDWLRQ� V\VWHP� DSSOLFDWLRQV� DUH� QHHGHG� WR�QHWZRUN�DQDO\VLV�IRU�YDULRXV�DQDO\VLV�OLNH�GHWHUPLQLQJ�RI�WKH�EHVW�URXWH�IRU�DPEXODQFH��ILUH�EULJDGH��SROLFH� YHKLFOH� DQG� WUDFNLQJ� VFKRRO� EXVHV�� VXEZD\�� JDUEDJH� WUXFN� HWF�� 3UHSDULQJ� RI� YHKLFOH� WUDFNLQJ�V\VWHPV�DQG�GDWDEDVHV�LV�LPSRUWDQW�IRU�VXFFHVVIXO�QHWZRUN�DQDO\VLV�DSSOLFDWLRQV��
�� 5()(5(1&(6
(QYLURPHQWDO� 6\VWHPV 5HVHDUFK� ,QVWLWXWH� ³8VLQJ� $UF9LHZ� *,6´�� $GGLQJ� VWUHHW� DGGUHVV� DQG� RWKHU�ORFDWLRQV�WR�PDSV��9RO����SS���������8QLWHG�6WDWHV�RI�$PHULFD�������(QYLURPHQWDO� 6\VWHPV�5HVHDUFK� ,QVWLWXWH�� ³8VLQJ� WKH�$UF9LHZ�1HWZRUN�$QDO\VW´��8QLWHG�6WDWHV�RI�$PHULFD�������(QYLURPHQWDO�6\VWHPV�5HVHDUFK�,QVWLWXWH��$UF�,QIR�8VHU¶V�*XLGH��³1HWZRUN�$QDO\VLV´��8QLWHG�6WDWHV�RI�$PHULFD��������(QYLURPHQWDO�6\VWHPV�5HVHDUFK�,QVWLWXWH�$UF�,QIR�8VHU¶V�*XLGH��³$GGUHVV�*HRFRGLQJ´��8QLWHG�6WDWHV�RI�$PHULFD��������%LQDODUÕQ�1XPDUDODQPDVÕ�YH�6RNDNODUD�øVLP�9HULOPHVL�+DNNÕQGD�.DQXQ�1R������7DULKL��������������5��*�7DULKL��������������5�*��6D\Õ������.|NW�UN��(���³7DúÕQPD]ODUD�(ULúLP�6RUXQX�\DGD�$GUHV�%LOJL�6LVWHPL´��øVWDQEXO�������1XPDUDODPD�<|QHWPHOL÷L����0DUW������J�Q�YH�������VD\ÕOÕ�5HVPL�.DQXQ�<ÕOGÕUÕP��9���<RPUDOÕR÷OX��7���³$GUHV�%LOJL�6LVWHPL�YH�$÷�$QDOL]L�X\JXODPDODUÕ´��7�UNL\H�6HNL]LQFL�(VUL�YH�(UGDV�.XOODQÕFÕODUÕ�*UXEX�7RSODQWÕVÕ��$QNDUD�������<RPUDOÕR÷OX��7���³*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHPV´��LQ�7XUNLVK�������7UDE]RQ
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