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IRUPDWLRQ�RI�DOWHUQDWLYH�FLWLHV�FHQWHUV�DQG�HQODUJHPHQW�RI�WKH�FLWLHV�OLPLWV��7KH�PRGHO�DOVR�SUHGLFWV�RWKHU�XUEDQ�LQWHUHVWLQJ�SKHQRPHQD��VXFK�DV�FLWLHV�µ¶FROOLVLRQ¶¶��7KH�SDSHU�LV�VWUXFWXUHG�DV�IROORZV��6HFWLRQV���DQG���FRQVWLWXWH�SUHOLPLQDULHV�UHYLHZV�RI�WKH�H[LVWLQJ�OLWHUDWXUH�LQ�WKH�XUEDQ�VSDWLDO�VWUXFWXUH�DQG�SRSXODWLRQ�JURZWK�WKHRU\��7KH�UHYLHZ�LV�FHQWHUHG�RQ�WKH�SDUW�RI�WKH�OLWHUDWXUH�WKDW�ZLOO�EH�RI�LQWHUHVW�LQ�WKH�QH[W�VHFWLRQV��,W�DOVR�SRLQWHG�RXW�WKH�GHSHQGHQFLHV�RI�XUEDQ�SRSXODWLRQ�GHQVLW\�IXQFWLRQ�RQ�GLVWDQFH�IURP�WKH�FLW\�FHQWHU��DQG�RQ�WLPH�UHVSHFWLYHO\��6HFWLRQ���LV�GHVLJQHG�WR�V\QWKHVL]HG WKH�WZR�GHSHQGHQFLHV�XUEDQ�SRSXODWLRQ�GHQVLW\�LV�SHUIRUP��LQ�D�XQLTXH�IXQFWLRQ�RI�WZR�YDULDEOHV�RI�XUEDQ�SRSXODWLRQ�GHQVLW\��7KH�SUHGLFWLRQV�WKH�FLW\�PRGHO�EDVHG�RQ�WKH�WZR�YDULDEOHV�IXQFWLRQ�FDQ�PDGH�DUH�SUHVHQWHG�DQG�SKHQRPHQRQ�UHODWHG�WR�HYROXWLRQ�RI� XUEDQ�VSDWLDO�VWUXFWXUH�DUH�H[SODLQHG�LQ�VHFWLRQ���,Q�VHFWLRQ���D�OLPLWHG��XQUHDOLVWLF�EXW�VWLOO�LQWHUHVWLQJ�FDVH�LV�EULHIO\�WDNHQ�LQWR�DFFRXQW��&RQFOXVLRQV�RI�WKH�SUHVHQW�SDSHU�DUH�VXPPDUL]HG�LQ�WKH�ODVW�VHFWLRQ���
���8UEDQ�6SDWLDO�6WUXFWXUH� 0RQRFHQWULF�&LW\�0RGHO�

([WHQVLYHO\�GRFXPHQWHG�IRU�PDQ\�\HDUV��XUEDQ�VSDWLDO�VWUXFWXUH�FRQVWLWXWHV�DQ�LPSRUWDQW�UHVHDUFK�REMHFW�LQ�XUEDQ�DQDO\VLV�DQG�SODQQLQJ��,Q�PRGHO�WKH�XUEDQ�VSDWLDO�SDWWHUQV��PRQRFHQWULF�FLW\�PRGHO�VWLOO�RFFXS\�D�FHQWUDO�SODFH��7KHRUHW LFDO�EDVLV�IRU�PRQRFHQWULF�PRGHO�FRXOG�EH�IRXQG�LQ�WKH�ZRUN�RI�YRQ�7KXQHQ��RQ�ODQG�XVHV��7KH�PRGHUQ�DSSURDFK�RI�XUEDQ�DQDO\VLV�FDQ�EH�FRQVLGHUHG�DV�VWDUWHG�ZLWK�WKH�ZRUN�RI�&ODUN��$ORQVR��0XWK�DQG�0LOOV�&HQWUDO�LQ�PRQRFHQWULF�FLW\�PRGHO�LV�WKH�IXQFWLRQ�WK DW�UHODWHV�XUEDQ�SRSXODWLRQ�GHQVLW\�WR�GLVWDQFH�IURP�WKH�FLW\�FHQWHU��)LUVW�IRUPXODWHG�LQ�WKH�FODVVLF�VWXG\�XQGHUWDNHQ�E\�&ODUN��WKH�SRSXODWLRQ�GHQVLW\�IXQFWLRQ�LV�VWLOO�GRPLQDQW�LQ�PRGHOLQJ�XUEDQ�VSDWLDO�VWUXFWXUH��7KH�IXQFWLRQ�KDV�QHJDWLYH�H[SRQHQWLDO�SD WWHUQV�DQG�LWV�FHQWUDO�SUHGLFWLRQ�LV�WKDW�SRSXODWLRQ�GHQVLW\�DQG�UHODWHG��ODQG�XVHV��KRXVH�SULFHV�DQG�HPSOR\PHQW�GHQVLW\�IDOOV�H[SRQHQWLDOO\�ZLWK�WKH�GLVWDQFH�IURP�WKH�FLW\�FHQWHU�7R�VXPPDULHV��WKH�&ODUN¶V�FODVVLFDO�IXQFWLRQ�RI�SRSXODWLRQ�GHQVLW\�FDQ�EH�Z ULWWHQ�PDWKHPDWLFDOO\�LQ�WKH�IRUP�
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:KHUH� ��[' VWDQGV�IRU�GHQVLW\�RI�SRSXODWLRQ�DW�D�GLVWDQFH�[�IURP�WKH�FLW\�FHQWHU��
���' LV�WKH�SRSXODWLRQ�GHQVLW\�LQ�WKH�FLW\�FHQWHU�DQG� � UHSUHVHQW�WKH�UDWH�RI�GHQVLW\�GHFUHDVH�RU�GHQVLW\�JUDGLHQW��7KH�GHQVLW\�JUDGLHQW�PHDVXUHV�WKH�SURSRUWLRQDO�GHFOLQH�LQ�UHVLGHQWLDO�GHQVLW\�SHU�XQLW�RI�GLVWDQFH�,Q�D�JUDSKLFDO�PDQQHU�WKH�GLVWDQF H�IURP�WKH�FLW\�FHQWHU�GHSHQGHQFH�RI�SRSXODWLRQ�GHQVLW\�LV�GURZQ�LQ�WKH�ILJXUH����

>)LJXUH���DERXW�KHUH@
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,Q�UHVSRQVH�WR�WKH�0DOWKXVLDQ��LQGHILQLWHO\�JURZWK�RI�SRSXODWLRQ�PRGHO��9HUKXOVW�GHYHORSHG�D�VHOI�OLPLWHG�PRGHO��NQRZQ�LQ�WKH�OLWHUDWXUH�DV�ORJLVWLF�JURZWK�PRGHO��)LUVW�IRUPXODWHG�LQ�WKH�ZRUN�RI�9HUKX OVW��DQG�UHSUHVHQWLQJ�WKH�EDVLV�RI�WKH�PRGHO��ORJLVWLF�IXQFWLRQ�ZDV�ODWHO\�UHGLVFRYHUHG�E\�3HDUO�DQG�5HHG�>�����@��DQG�SURPRWHG�WR�WKH�VWDWXV�RI�SUHGLFWLYH�ODZ�RI�SRSXODWLRQ�JURZWK�LQ�ZULWLQJV�E\�3HDUO�>��@�7KH�9HUKXOVW�PRGHO�RI�SRSXODWLRQ�JURZWK�LV�ZLGHO \�XVHG�WR�HYDOXDWH�WKH�G\QDPLF�RI�SRSXODWLRQ�DW�WKH�OHYHO�RI�WKH�ZRUOG��UHJLRQV�RU�XUEDQ�VHWWOHPHQWV��/RJLVWLF�IXQFWLRQ�RI�SRSXODWLRQ�JURZWK�FDQ�EH�ZULWWHQ�DV�
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:KHUH� ��W1 VWDQGV�IRU�SRSXODWLRQ�VL]H�DW�D�WLPH�W�� ���1 LV�WKH�LQLWLDO�VL]H�RI�SRSXODWLRQ��U�UHSUHVHQW�WKH�JURZWK�UDWH�DQG�.�VWDQGV�IRU� FDUU\LQJ�FDSDFLW\�7KH�JURZWK�UDWH�LV�WKH�GLIIHUHQFH�EHWZHHQ�ELUWK�DQG�GHDWK�RI�LQGLYLGXDOV�VLW XDWHG�LQ�WKH�FLW\�OLPLWV��7KH�FDUU\LQJ�FDSDFLW\�SDUDPHWHU�LQ�WKH�ORJLVWLF�PRGHO�LV�D�PHDVXUH�RI�WKH�DYDLODEOH�UHVRXUFHV�DQG�UHSUHVHQWV�WKH�PD[LPXP�RI�SRSXODWLRQ�WKDW�D�FLW\�FDQ�VXVWDLQ��:KHQ�SRSXODWLRQ�UHDFKHV�WKH�VL]H�.��DOO�UHVRXUFHV�DUH�XVHG�WR�NHHS�WK H�SRSXODWLRQ�DW�WKLV�OHYHO��DQG�QR�IXUWKHU�JURZWK�LV�SRVVLEOH��7KH�FDUU\LQJ�FDSDFLW\�YDOXH�LV�LQIOXHQFHG�E\�IDFWRUV�RI�HFRQRPLFDO��SROLWLFDO�RU�WHFKQRORJLFDO�QDWXUH��$V�D�UHVXOW�RI�FKDQJHV�RI�DERYH�IDFWRUV��WKH�YDOXH�RI�FDUU\LQJ�FDSDFLW\�FRXOG�FKDQJH�DOVR� LQ�WLPH���7KH�JUDSK�LQ�ILJXUH���VKRZV�WKH�HYROXWLRQ�RI�SRSXODWLRQ�G\QDPLF�LQ�WKH�ORJLVWLF�PRGHO�DVVXPSWLRQ��

>)LJXUH���DERXW�KHUH@
7KH�µ¶6�VKDSH¶¶�RI�WKH�JUDSK�LV�W\SLFDO�IRU�WKH�ORJLVWLF�IXQFWLRQ���)RU�D�VPDOO�VL]H�RI�SRSXODWLRQ��FRPSDULQJ�ZL WK�FDUU\LQJ�FDSDFLW\�WKH�LQFUHDVH�LV�H[SRQHQWLDOO\��7KH�JURZWK�RI�SRSXODWLRQ�EHJDQ�WR�VORZ�LQ�WKH�QHLJKERUKRRG�RI�FDUU\LQJ�FDSDFLW\�DQG�ZKHQ�WKH�.�VL]H�LV�UHDFKHG��QR�IXUWKHU�JURZWK�LV�SRVVLEOH��%HFDXVH�RI�WKH�FDUU\LQJ�FDSDFLW\�DSSHDUDQFH�DV�D�SDUDPHWHU�� ORJLVWLF�IXQFWLRQ�LV�DOVR�NQRZQ�LQ�OLWHUDWXUH�EHLQJ�GHQVLW\�GHSHQGHQW��7KH�GHSHQGHQF\�RQ�GHQVLW\�PDNHV�WKH�ORJLVWLF�PRGHO�RI�SRSXODWLRQ�JURZWK�WR�EH�D�XVHIXO�WRRO�LQ�HYDOXDWLQJ�WKH�G\QDPLFV�RI�SRSXODWLRQ�GHQVLW\��7R�UHIHU�WR�XUEDQ�DUHD�LV�PRUH�FRQYHQLHQW�W R�FRQVLGHU�LQ�UHODWLRQ������SRSXODWLRQ�GHQVLW\�LQVWHDG�RI�SRSXODWLRQ�VL]H��5HSRUWLQJ�SRSXODWLRQ�VL]H�WR�WKH�XUEDQ�DUHD�LQ�ORJLVWLF�IXQFWLRQ�\LHOGV�WR�
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ZKHUH� ��W' LV�WKH�SUHGLFWHG�SRSXODWLRQ�GHQVLW\�DW�D�WLPH�W�DQG� ���' UHSUHVHQW�WKH�LQLWLDO�SRSXODWLRQ�GHQVLW\��/RJLVWLF�IXQFWLRQ�IRU�GHQVLW\��DSSOLHG�DW�XUEDQ�OHYHO��VKRZV�WKH�XUEDQ�SRSXODWLRQ�GHQVLW\�HYROXWLRQ�LQ�WLPH�
���7KH�)XQFWLRQ�RI�7ZR�9DULDEOHV�RI�8UEDQ�3RSXODWLRQ�'HQVLW\
&RQFOXVLRQ�ODVW�WZR�VHFWLRQV�GURZQ�LV�WKDW�XUEDQ�SRSXODWLRQ�GHQVLW\�LV�GHSHQGHQW�RQ�WKH�RQH�KDQG�RQ�GLVWDQFH�IURP�WKH�FLW\�FHQWHU�DQG�RQ�WKH�RWKHU�KDQG�RQ�WLPH�GXH�WR�WKH�SRSXODWLRQ�JURZWK�LQ�XUEDQ�DUHD��7KH�PDW KHPDWLFDO�PHDQLQJ�LV�WKDW�SRSXODWLRQ�GHQVLW\�IXQFWLRQ�LV��LQ�WKH�VDPH�WLPH��GHSHQGHQW�RQ�WZR�YDULDEOHV��D�IDFW�WKDW�OHDGV�WR�WKH�QHFHVVLW\�RI�PRGHOLQJ�XUEDQ�VSDWLDO�VWUXFWXUHV�E\�D�IXQFWLRQ�RI�WZR�YDULDEOHV�7KH�FRQVWUXFWLRQ�RI�WKH�SRSXODWLRQ�GHQVLW\�IXQFW LRQ�RI�WZR�YDULDEOHV�LV�QRW�GLIILFXOW�WDNLQJ�LQWR�DFFRXQW�WKH�IDFW�WKDW�HYROXWLRQ�WHQGHQFLHV�VHSDUDWHO\��ZLWK�GLVWDQFH�DQG�LQ�WLPH��DUH�NQRZQ��,W�LV�WKHRUL]HG��DV�VHFWLRQ���VKRZV��WKDW�LQ�XUEDQ�DUHD�SRSXODWLRQ�GHQVLW\�JURZV�DFFRUGLQJ�WR�WKH�ORJLVWLF�PRGHO ��7KH�PRGHO�DVVXPHV�DQ�LQLWLDO�GHQVLW\� ���' KDYLQJ�WKH�VDPH�YDOXH�IRU�WKH�HQWLUH�XUEDQ�DUHD��$OWKRXJK��SRSXODWLRQ�LW�LV�QRW�VSUHDG�HTXDOO\�LQ�WKH�XUEDQ�OLPLWV��$FFRUGLQJ�WR�&ODUN¶V�IXQFWLRQ�WKH�FHQWHU�RI�WKH�FLW\�KDV�D�KLJK�GHQVLW\�RI�SRSXODWLRQ��GHQVLW\�WKDW�IDOOV�H[SRQHQWLDOO\�ZLWK�WKH�GLVWDQFH�IURP�WKH�FHQWHU�RI�WKH�FLW\��7KLV�IDFW�OHDGV�WR�GLIIHUHQW�OHYHOV�RI�JURZWK�IRU�SRSXODWLRQ�GHQVLW\��GHSHQGLQJ�RQ�WKH�GLVWDQFH�IURP�WKH�FHQWHU�RI�WKH�FLW\�)RU�WKH�FLW\�FHQWHU�ORJLVWLF�IXQFWLRQ��WD NH�WKH�IRUP�
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)RU�DQ�LQLWLDO�SRSXODWLRQ�GHQVLW\�VLWXDWHG�DW�D�GLVWDQFH�[�IURP�WKH�FHQWHU�RI�WKH�FLW\�ORJLVWLF�IXQFWLRQ�FDQ�EH�ZULWWHQ�
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$W�WKH�GLVWDQFH�[�IURP�WKH�FHQWHU�RI�WKH�FLW\�WKH�SRSXODWLRQ�GHQVLW\ ��[' ��IROORZLQJ�WKH�&ODUN¶V�IXQFWLRQ�LV��
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6XEVWLWXWLQJ�UHODWLRQ�����LQ�WKH�ORJLVWLF�IXQFWLRQ������\LHOG�WR�
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