
(&$6����� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 6WUXFWXUDO� DQG� (DUWKTXDNH� (QJLQHHULQJ�� 2FWREHU� ���� ������0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��$QNDUD��7XUNH\

6HLVPLF�$QDO\VHV�RI�6RLO�6WUXFWXUH�,QWHUDFWLRQ�6\VWHPV�E\&RXSOLQJ�WKH�)LQLWH�(OHPHQW�DQG�WKH�6FDOHG�%RXQGDU\�)LQLWH(OHPHQW�0HWKRGV
0��&��*HQHV0XVWDID�.HPDO�8QLYHUVLW\��'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ�+DWD\��������7XUNH\6��.RFDN&XNXURYD�8QLYHUVLW\��'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ�$GDQD��������7XUNH\

$%675$&7� $� FRXSOHG�PRGHO�� EDVHG� RQ� WKH� ILQLWH� HOHPHQW�PHWKRG� �)(0�� DQG� WKH�VFDOHG� ERXQGDU\�ILQLWH� HOHPHQW�PHWKRG� �6%)(0�� LV� SUHVHQWHG� IRU� VHLVPLF� DQDO\VHV� RI�VRLO�VWUXFWXUH�LQWHUDFWLRQ��66,��V\VWHPV��7KH�)(0�LV�XVHG�IRU�PRGHOLQJ�WKH�ILQLWH�UHJLRQ�DQG� WKH� VWUXFWXUH�� DQG� WKH� 6%)(0� LV� XVHG� IRU� PRGHOLQJ� WKH� XQERXQGHG� PHGLXP�H[WHQGLQJ� WR� LQILQLW\��7KHVH� WZR�PHWKRG� DUH� FRPELQHG� E\� XVLQJ� VXEVWUXFWXUH�PHWKRG��7KH�VWUXFWXUHV�FRQVLGHUHG�DUH�DVVXPHG�WR�EH�UHVWLQJ�RQ�WKH�VXUIDFH�RI�WKH�VHPL�LQILQLWH�VRLO� PHGLXP�� 7KH� DQDO\VHV� DUH� GRQH� LQ� IUHTXHQF\� VSDFH�� DQG� )DVW� )RXULHU 7UDQVIRUP�DOJRULWKP� LV� XVHG� IRU� WUDQVIRUPDWLRQ�� 6LPSOH� SUREOHPV� DUH� FRQVLGHUHG� WR� YHULI\� WKH�SURSRVHG�66,�PRGHO��7KH�UHVXOWV�REWDLQHG�E\�WKH�SURSRVHG�PRGHO�DUH�FRPSDUHG�ZLWK�WKH�66,� VRIWZDUH� UHVXOWV� QDPHO\� 6$66,� DQG� WKH� OLWHUDWXUH�� ,W� LV� IRXQG� WKDW� WKH� SURSRVHG�PRGHO�FDQ�EH�XVHG�UHOLDEO\�DQG�HIIHFWLYHO\�LQ�VHLVPLF�UHVSRQVH�RI�66,�SUREOHPV�
.H\ZRUGV� VRLO�VWUXFWXUH� LQWHUDFWLRQ�� VHLVPLF� DQDO\VHV�� ILQLWH� HOHPHQW�� LPSHGDQFH��VFDOHG�ERXQGDU\�ILQLWH�HOHPHQW�PHWKRG
g=(7� <DSÕ�]HPLQ�HWNLOHúLPL��<=(��VLVWHPOHULQLQ��VRQOX�HOHPDQ�PHWRGXQD��6(0��YH�|OoHNOHQGLULOPLú�VÕQÕU�VRQOX�HOHPDQ�PHWRGXQD��g66(0��GD\DOÕ�ELU�ELUOHúWLULOPLú�PRGHO�NXOODQÕODUDN�VLVPLN�DQDOL]L�VXQXOPXúWXU��6(0��\DNÕQ�E|OJH�YH�\DSÕQÕQ��g66(0�VRQVX]D�X]DQDQ�VÕQÕUODQGÕUÕOPDPÕú�RUWDPÕQ�PRGHOOHQPHVLQGH�NXOODQÕOPÕúWÕU��%X�LNL�PHWRW��DOW\DSÕ�PHWRGX�NXOODQÕODUDN�ELUOHúWLULOPLúWLU��(OH�DOÕQDQ�\DSÕODUÕQ��\DUÕ�VRQVX]�]HPLQLQ�\�]H\LQH�RWXUGX÷X� G�ú�Q�OP�úW�U�� $QDOL]OHU� IUHNDQV� X]D\ÕQGD� \DSÕOPÕú� YH� WUDQVIRUPDV\RQ� LoLQ�+Õ]OÕ� )RXULHU� 7UDQVIRUPDV\RQ� DOJRULWPDVÕ� NXOODQÕOPÕúWÕU�� gQHULOHQ� PRGHOL� WHVW� HWPHN�LoLQ�EDVLW�|UQHNOHU�o|]�OP�úW�U��gQHULOHQ�PRGHO� LOH�HOGH�HGLOHQ�VRQXoODU��6$66,�LVLPOL�<=(�SURJUDPÕ� VRQXoODUÕ� YH� OLWHUDW�UOH� NDUúÕODúWÕUÕOPÕúWÕU��gQHULOHQ�PRGHOLQ� VLVPLN� HWNL�DOWÕQGD�<=(�SUREOHPOHULQLQ�DQDOL]LQGH�J�YHQOL�ELU�úHNLOGH�NXOODQÕODELOHFH÷L�J|U�OP�úW�U�
� 3UHVHQW� DGGUHVV�� 6FLHQWLILF�&RPSXWDWLRQ�5HVHDUFK�&HQWHU��5HQVVHODHU�3RO\WHFKQLF� ,QVWLWXWH��&,,� ������7UR\��1<�������������86$�



,QWURGXFWLRQ
7KH�G\QDPLF�UHVSRQVH�RI�PDVVLYH�VWUXFWXUHV�VXFK�DV�QXFOHDU�SRZHU�SODQWV��GDPV��OLTXLG�VWRUDJH�WDQNV�DQG�KLJK�ULVH�EXLOGLQJV�PD\�EH�DIIHFWHG�E\�WKH�66,�DV�ZHOO�DV�WKH�G\QDPLF�FKDUDFWHULVWLFV� RI� WKH� H[FLWLQJ� ORDGV� �L�H�� HDUWKTXDNH�� ZLQG�� H[SORVLRQ�� PDFKLQHU\�YLEUDWLRQV��DQG�WKH�VWUXFWXUHV��7KH�HIIHFW�RI�WKH�66,�PD\�EH�YHU\�LPSRUWDQW�HVSHFLDOO\�IRU�VWLII�� ULJLG� DQG�PDVVLYH� VWUXFWXUHV� UHVWLQJ�RQ� UHODWLYHO\� VRIW� VRLO��7KH� HIIHFW� RI� WKH�66,�PD\�DOWHU�WKH�G\QDPLF�FKDUDFWHULVWLFV�RI�WKH�VWUXFWXUDO�UHVSRQVH�VLJQLILFDQWO\��7KXV��WKH�LQWHUDFWLRQ�HIIHFWV�KDYH�WR�EH�FRQVLGHUHG�LQ�WKH�G\QDPLF�DQDO\VHV�RI�WKH�VWUXFWXUHV�LQ�D�VHPL�LQILQLWH�PHGLXP� �%HWWHVV�� ������:ROI� DQG� 6RQJ�� ������9RQ�(VWRUII� DQG�.DXVHO��������<HUOL�HW�DO���������.LP�DQG�<XQ��������*HQHV�DQG�.RFDN���������
'\QDPLF� 66,� DQDO\VHV� RI� VWUXFWXUHV� LQ� D� VHPL�LQILQLWH� PHGLXP� FDQ� EH� FRQGXFWHG� E\�XVLQJ�WKH�GLUHFW�PHWKRG��'0��DQG�WKH�VXEVWUXFWXUH�PHWKRG��60���,Q�WKH�60��WKH�ZKROH�RU� D� SDUW� RI� WKH� VRLO� UHJLRQ� LV� UHSUHVHQWHG� E\� LPSHGDQFH� �G\QDPLF�VWLIIQHVV�� RU�FRPSOLDQFH�FRHIILFLHQWV�RU�PDWULFHV��7KH�FDOFXODWHG�LPSHGDQFH�FRHIILFLHQWV�RU�PDWULFHV�RI�WKH�VRLO�PHGLXP�DUH�DGGHG�WR�WKH�G\QDPLF�VWLIIQHVV�PDWUL[�RI�WKH�ILQLWH�UHJLRQ�RU�WKH�VWUXFWXUH� VDWLVI\LQJ� WKH� HTXLOLEULXP�DQG�FRQWLQXLW\� FRQGLWLRQV��'0�DQG�60�KDYH� WKHLU�DGYDQWDJHV�GHSHQGLQJ�XSRQ�WKH�SUREOHP�WR�ZKLFK�WKH\�DUH�DSSOLHG���,Q�WKH�OLWHUDWXUH�RQH�FDQ�ILQG�QXPHURXV�ZRUN�UHODWHG�WR�ERWK�RI�WKHVH�PHWKRGV�
,Q�66,�DQDO\VHV�WKH�PDLQ�FKDOOHQJH�LV�WR�PRGHO�WKH�VRLO�PHGLXP�H[WHQGLQJ�WR�LQILQLW\��,Q�RUGHU�WR�FRQVLGHU�WKH�HIIHFW�RI�DQ�XQERXQGHG�VRLO�PHGLXP��VHYHUDO�PHWKRGV�DUH�SURSRVHG�H�J��WUDQVPLWWLQJ�ERXQGDU\�PHWKRG��/\VPHU�HW�DO��������/\VPHU�DQG�.XKOHPH\HU��������:KLWH� HW� DO��� ������� ERXQGDU\� HOHPHQW� PHWKRG� �%(0�� �.DUDEDOLV� DQG� %HVNRV�� ������$KPDG�DQG�%DQHUMHH��������0HQJL�HW�DO���������� LQILQLWH�HOHPHQW�PHWKRG��<HUOL�HW�DO���������0HGLQD�DQG�3HQ]LHQ��������<XQ�HW�DO����������WKH�VFDOHG�ERXQGDU\�ILQLWH�HOHPHQW�PHWKRG �6%)(0���:ROI�DQG�6RQJ�������������*HQHV�DQG�.RFDN��������*HQHV��������6RQJ�DQG�:ROI��������������WKH�FRXSOHG�ILQLWH�HOHPHQW�ERXQGDU\ HOHPHQW�PHWKRG��4LDQ�HW�DO���������9RQ�(VWRUII�DQG�)LUX]LDDQ���������DQG�GDPSLQJ�VROYHQW�H[WUDFWLRQ�PHWKRG��6RQJ�DQG�:ROI��������
,Q� 60V� WKH� HIIHFW� RI� WKH� XQERXQGHG� VRLO� PHGLXP� LV� FRQVLGHUHG� E\� FDOFXODWLQJ� WKH�LPSHGDQFH� FRHIILFLHQWV� RU� WKH� LPSHGDQFH� PDWULFHV� RI� WKH� VRLO�� 7KHVH� FRHIILFLHQWV� RU�PDWULFHV�� LQ� JHQHUDO�� GHSHQG� RQ� WKH� JHRPHWU\� RI� WKH� IRRWLQJ� �L�H�� FLUFXODU�� UHFWDQJXODU��VWULS��DV�DW�WKH�VXUIDFH�RU�HPEHGGHG��DQG�HODVWLF�SURSHUWLHV�RI�WKH�PHGLXP��L�H��XQLIRUP�DQG� OD\HUHG� VRLO�� ZLWK� RU� ZLWKRXW� K\VWHUHWLF� GDPSLQJ��� ,Q� RUGHU� WR� FDOFXODWH� WKH�LPSHGDQFH� FRHIILFLHQWV� RU� PDWULFHV� RI� YDULRXV� W\SHV� RI� VRLO� PHGLXPV� IRU� GLIIHUHQW�IRXQGDWLRQV��RQH�RI�WKH�PRGHOV�QDPHO\�6%)(0�ZDV�SURSRVHG�E\�:ROI�DQG�6RQJ�������DQG�������DQG�6RQJ�DQG�:ROI�������DQG��������,Q�WKHVH�VWXGLHV��WKH�IRUPXODWLRQ�RI�WKH�6%)(0� KDG� EHHQ� JLYHQ� DQG� WKH� PHWKRG� YHULILHG� E\� FDOFXODWLQJ� WKH� LPSHGDQFH�FRHIILFLHQWV�RI�GLIIHUHQW�W\SHV�RI�ULJLG�IRRWLQJV�IRU�XQLIRUP�DQG�OD\HUHG�VRLO�PHGLXPV�LQ�WLPH�DQG�IUHTXHQF\�VSDFHV��,Q�WKH�VWXG\�RI�*HQHV�DQG�.RFDN���������6%)(0�DOVR�KDG�EHHQ� DSSOLHG� WR� WKH� HPEHGGHG� DQG� VXUIDFH� VWUXFWXUHV� ZLWK� XQLIRUP� DQG� OD\HUHG� VRLO�PHGLXPV�XQGHU�KDUPRQLF�DQG�WUDQVLHQW�ORDGLQJV��$OVR��LQ�WKH�VWXG\�RI�*HQHV�DQG�.RFDN��������� WKH� FDOFXODWLRQ� RI� WKH� LPSHGDQFH�PDWULFHV� RI� WKH� VRLO� PHGLXP� IRU� ODUJH�VFDOH�SUREOHPV�KDG�EHHQ�GRQH�RQ�WKH�SDUDOOHO�SODWIRUPV��,Q�WKDW�VWXG\��VLJQLILFDQW�FRPSXWDWLRQ�WLPH�ZDV�VDYHG�E\�XVLQJ�PXOWLSOH�SURFHVVRUV�FRQFXUUHQWO\��



7R� RXU� NQRZOHGJH�� WKH� 6%)(0� KDV� QRW� EHHQ� DSSOLHG� WR� HDUWKTXDNH� DQDO\VLV� LQ� WKH�OLWHUDWXUH�\HW�� 7KH�REMHFWLYH�RI� WKLV� VWXG\� LV� WR�GHYHORS�D�PRGHO�E\�FRXSOLQJ� WKH�)(0�ZLWK�WKH�6%)(0�WR�DQDO\VHV�WZR� DQG�WKUHH�GLPHQVLRQDO���'�DQG��'��VWUXFWXUHV�XQGHU�VHLVPLF�H[FLWDWLRQ��,Q�WKH�OLWHUDWXUH��YDULRXV�PRGHOV�DUH�SURSRVHG�IRU�WKH�DQDO\VHV�RI�66,�SUREOHPV�XQGHU�VHLVPLF�H[FLWDWLRQ��H�J��/XFR�DQG�:RQJ��������&DQHU�DQG�0HQJL��������DQG�&KRL��HW�DO��������
,Q� WKLV� VWXG\�� WKH� DQDO\VHV� DUH�GRQH� LQ� IUHTXHQF\�GRPDLQ�� DQG�)DVW�)RXULHU�7UDQVIRUP��))7��LV�XVHG�IRU�WKH�WUDQVIRUPDWLRQ�EHWZHHQ�IUHTXHQF\�DQG�WLPH�VSDFH���&RROH\��HW�DO����������7R�DVVHVV�WKH�SURSRVHG�66,�PRGHO��VLPSOH�SUREOHPV�DUH�FKRVHQ��L�H��D�VLQJOH�SODWH�UHVWLQJ�RQ�D�ULJLG�VWULS�IRXQGDWLRQ�DQG�D�VLQJOH�FROXPQ�UHVWLQJ�RQ�D�VTXDUH�IRXQGDWLRQ��7KH�UHVXOWV�REWDLQHG�E\�WKH�SURSRVHG�PRGHO�DUH�FRPSDUHG�ZLWK�WKH�66,�VRIWZDUH��6$66,��/\VPHU��HW�DO����������DQG�WKH�OLWHUDWXUH��,W�LV�IRXQG�WKDW�WKH�SURSRVHG�PRGHO�FDQ�EH�XVHG�UHOLDEO\�LQ�VHLVPLF�UHVSRQVH�RI�66,�SUREOHPV�
(TXDWLRQ�RI�0RWLRQ
7KH�PHWKRGV�XVHG�IRU�WKH�FRXSOHG�PRGHO�WR�UHSUHVHQW�WKH�VRLO�DQG�WKH VWUXFWXUH�DV�ZHOO�DV�WKH�VROYHG�V\VWHPV�RI�HTXDWLRQV�DUH�EULHIO\�GHVFULEHG�LQ�WKH�IROORZLQJ��
6%)(0�� SURSRVHG� E\� :ROI� DQG� 6RQJ� ������� ������� LV� EDVHG� RQ� WKH� FDOFXODWLRQ� RI�LPSHGDQFH�PDWUL[� GHILQHG� RQ� WKH� WUXQFDWHG� VRLO� UHJLRQ�ZKLFK� H[WHQGV� WR� LQILQLW\��7KH�FRPSXWHU�SURJUDP��6,0,/$5�� LV�DOVR�DYDLODEOH�WR�FDOFXODWH�RQO\�WKH�LPSHGDQFH�PDWUL[�RQ�WKH�LQWHUIDFH�RI�WKH�QHDU� DQG�WKH�IDU�ILHOG�IRU�HODVWLF�VRLO�PHGLXP��,Q�D�SUHYLRXV�ZRUN�E\�*HQHV�DQG�.RFDN���������D�FRPSXWHU�SURJUDP�EDVHG�RQ�6%)(0�ZDV�SUHVHQWHG�IRU�WKH� DQDO\VHV� RI� 66,� V\VWHPV� XQGHU� KDUPRQLF� DQG� WUDQVLHQW� ORDGLQJV� IRU� HODVWLF� DQG�YLVFRHODVWLF�VRLO�PHGLXP��+HUH��RXU�PDLQ�IRFXV�LV�WKH�LQFOXVLRQ�RI�VHLVPLF�HIIHFWV�LQ�WKH�PRGHO�
,Q� RUGHU� WR� DQDO\VH� VWUXFWXUHV�XQGHU� VHLVPLF� H[FLWDWLRQ�� WKH� LPSHGDQFH�PDWULFHV�RI� WKH�VRLO� H[WHQGLQJ� WR� LQILQLW\�PXVW�EH�FDOFXODWHG�� ,Q� WKLV�VWXG\� WKH� LPSHGDQFH�PDWULFHV�DUH�FDOFXODWHG�E\�LQWHJUDWLQJ�WKH�ILUVW�RUGHU�QRQ�OLQHDU�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQ��2'(��UHVXOWLQJ� IURP� 6%)(0� IRUPXODWLRQ� �:ROI� DQG� 6RQJ�� ������ ������� 7KH 6%)(0� FDQ�FDOFXODWH�WKH�LPSHGDQFH�PDWUL[�DW�WKH�VWUXFWXUH�PHGLXP�LQWHUIDFH�ZLWKRXW�UHTXLULQJ�DQ\�GLVFUHWL]DWLRQ�RI� WKH�VRLO�SDUW�E\�ILQLWH�HOHPHQWV��)(V��IRU�HPEHGGHG�VWUXFWXUHV��'XH�WR�WKH�GHILQLWLRQ�RI� WKH�6%)(0��IRU�VXUIDFH�VWUXFWXUHV�WKH�LQWHUIDFH�EHWZHHQ�WKH�VWUXFWXUH�DQG�WKH�VRLO�PHGLXP�FDQ�QRW�EH�PRGHOHG�H[SOLFLWO\�E\�6%)(0��7KHUHIRUH��DQ�LPSHGDQFH�DQDO\VLV�LV�UHTXLUHG�IRU�WKH�FDOFXODWLRQ�RI�WKH�LPSHGDQFH�PDWUL[�DW�WKH�VWUXFWXUH�PHGLXP�LQWHUIDFH�� 7KXV�� WKH� VRLO� LV� GLVFUHWL]HG� E\� RQH� URZ�RI�)(V� DV� VKRZQ� LQ�)LJ�� �� DQG� WKH�LQWHUIDFH� EHWZHHQ� WKH� QHDU� DQG� IDU�ILHOG� LV� GLVFUHWL]HG� DQG� PRGHOHG� E\� 6%)(0� IRU�XQLIRUP�KDOI�VSDFH��7KH� LPSHGDQFH�PDWUL[�FDOFXODWHG�E\�6%)(0�LV� WKHQ�DGGHG� WR� WKH�VRLO�VDWLVI\LQJ�WKH�HTXLOLEULXP�DQG�FRQWLQXLW\�FRQGLWLRQV��7KH�UHVXOWLQJ�HTXDWLRQ�FDQ�EH�ZULWWHQ�DV�
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ZKHUH�� )�� 8 DQG� 6 GHVLJQDWH� WKH� V\VWHP� ORDG�� GLVSODFHPHQW� YHFWRUV�� DQG� G\QDPLF�VWLIIQHVV�PDWULFHV�RI�WKH�VRLO��QHDU�ILHOG�PRGHOHG�E\�)(0��VHH�)LJ������UHVSHFWLYHO\��7KH�VXEVFULSWV� D DQG� E GHVLJQDWH� WKH� LQWHUIDFH� DQG� QRQ�LQWHUIDFH� QRGHV� RI� WKH� )(� PHVK�UHSUHVHQWLQJ�WKH�VRLO�� fV6 LV�WKH�LPSHGDQFH�PDWUL[�RI�WKH�IDU�ILHOG�FDOFXODWHG�E\�6%)(0��7KH� LQWHUDFWLRQ� QRGHV� RQ� WKH� KDOI�VSDFH� �VHH� )LJ�� ��� DUH� ORDGHG� E\� XQLW� ORDG� IRU� DOO�GHJUHHV� RI� IUHHGRPV� VHTXHQWLDOO\� LQ� IUHTXHQF\� VSDFH� WR� FDOFXODWH� WKH� FROXPQV� RI� WKH�FRPSOLDQFH�PDWUL[�IRU�HDFK�IUHTXHQF\��)RU�H[DPSOH��IRU�DQ�LQWHUIDFH�ZLWK�1�QXPEHUV�RI�LQWHUDFWLRQ�QRGHV��(T�����KDYH�WR�EH�VROYHG��1�WLPHV�IRU�D�FRPSOLDQFH�PDWUL[�RI�D�WZR�GLPHQVLRQDO� SUREOHP� IRU� D� VSHFLILF� IUHTXHQF\�� 7KH� LQYHUVH� RI� WKH� FRPSOLDQFH�PDWUL[�UHVXOWV� LQ� LPSHGDQFH� PDWUL[� �6f�� RI� WKH� VHPL�LQILQLWH� VRLO� PHGLXP� DW� WKH� LQWHUDFWLRQ�QRGHV�� ,Q� WKLV� VWXG\�� WKH� LPSHGDQFH� PDWULFHV� RI� WKH� VRLO� PHGLXP� IRU� WKH� IUHTXHQFLHV�EHWZHHQ� WKH� LQWHUYDO� IURP� ]HUR� WR FXWRII� IUHTXHQF\� DUH� FDOFXODWHG� ILUVW� DQG� VWRUHG� IRU�ODWHU� FDOFXODWLRQV� XVLQJ� 60�� 7KHQ�� WKH� VWUXFWXUH� LV� DQDO\VHG� DV� PHQWLRQHG� LQ� WKH�IROORZLQJ�SDUDJUDSKV�

7KH� G\QDPLF�VWLIIQHVV� PDWUL[� RI� WKH� VWUXFWXUH� FDQ� EH� FDOFXODWHG� E\� VWDQGDUG� )(�IRUPXODWLRQ��7KH�HTXDWLRQ�RI�PRWLRQ�RI�WKH�VWUXFWXUH�FDQ�EH�ZULWWHQ�DV�LQ�(T����
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ZKHUH�� WKH� VXEFULSWV�V DQG� L GHVLJQDWH� WKH� LQWHUDFWLRQ�DQG�QRQ�LQWHUDFWLRQ�QRGHV�RI� WKH�VWUXFWXUH��:KHQ�WKHUH�LV�QR�VHLVPLF H[FLWDWLRQ��)L LV�JLYHQ�DV�LQ�(T�����
LL 86) f� 

6XEVWLWXWLQJ�(T�����LQWR�(T�����UHVXOWV�DQ�HTXDWLRQ�VLPLODU�WR�(T�����RQO\�LQ�WKH�FKDQJH�RI�VXEVFULSWV� D DQG� E WR� L� DQG� V IRU� LQWHUIDFH� DQG� QRQ�LQWHUIDFH� QRGHV� RI� WKH� VWUXFWXUH��UHVSHFWLYHO\��VHH�)LJ������DQG�DOVR�WKH�UHSODFHPHQW�RI� fV6 E\�6f��:KHQ�WKHUH�LV�VHLVPLF�H[FLWDWLRQ�� (T����� VKRXOG� EH� PRGLILHG� VR� WKDW� ZH� VDWLVI\� WKH� FRQGLWLRQ� WKDW� ZKHQ� WKH�VWUXFWXUH� LV� UHPRYHG�� WKH� UHVXOWLQJ� IRUFHV� DQG� GLVSODFHPHQWV� DORQJ� WKH� LQWHUDFWLRQ�

���

���

LQWHUDFWLRQ�QRGHV

XQLIRUP�IDU�ILHOG

QHDU�ILHOG�PRGHOHG�E\�)(0

ERXQGDU\�PRGHOHG�E\�6%)(0

2

VWUXFWXUH
V
L E D

LQWHUIDFH�QRGHV

)LJXUH��� &RQFHSW�RI�)(0�ZLWK�6%)(0�IRU�66,�DQDO\VLV�XQGHU�VHLVPLF�UHVSRQVH



VXUIDFH� PXVW� EH� WKH� VDPH� DV� WKRVH� RI� IUHH� ILHOG�� 7KLV� FRQGLWLRQ FDQ� EH� VDWLVILHG� E\�PRGLI\LQJ�(T�����DV� � �IILLL 886) �� f
,Q�(T����� IIL8 LV�WKH�GLVSODFHPHQW�YHFWRU�GHVFULELQJ�WKH�WUDQVODWLRQV�DQG�UHODWLRQV�RI�WKH�IRRWLQJ�XQGHU�WKH�LQIOXHQFH�RI�VHLVPLF�LQSXW�DQG�LV�UHODWHG�WR�WKH�FRQWURO�SRLQW�PRWLRQ�E\�DQ�HTXDWLRQ�RI� IIFIIL 788  ��ZKHUH� IIF8 LV�D�YHFWRU�LQFOXGLQJ�WKH�IUHH�ILHOG�GLVSODFHPHQWV�UHFRUGHG�DW�WKH�FRQWURO�SRLQW��DQG�7�LV�D�WUDQVIHU�PDWUL[�FDOOHG�HDUWKTXDNH�LQSXW�PRWLRQ�PDWUL[��:RQJ�DQG�/XFR����������7KH�VXSHUVFULSW�II GHVLJQDWHV�WKH�IUHH�ILHOG��7KH�UHVXOWV�LQ�)RXULHU�WUDQVIRUP�VSDFH�PD\�EH�LQYHUWHG�WKURXJK�WKH�XVH�RI�))7��&RROH\�HW�DO���������DOJRULWKP� WR� ILQG� WKH� FRUUHVSRQGLQJ� VROXWLRQ� LQ� WLPH� VSDFH��%\� LQVHUWLQJ� (T����� LQWR�(T������DQG�E\�HTXDWLQJ�VXE�ORDG�YHFWRU�RI�WKH�QRQ�LQWHUDFWLRQ�QRGHV�RI�WKH�VWUXFWXUH��)V��WR�]HUR�UHVXOWV� LQ�(T������(T����� UHSUHVHQWV� WKH�HTXDWLRQ�RI�PRWLRQ�RI�D�VWUXFWXUH�XQGHU�WKH�HIIHFW�RI�VHLVPLF�H[FLWDWLRQ���
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7KH�DERYH�FDOFXODWHG�DQG�XVHG�LPSHGDQFH�PDWULFHV�RI�WKH�VRLO�PLJKW�QRW�EH�FDOFXODWHG�DW�WKH� )RXULHU� IUHTXHQFLHV�� 7KLV� VLWXDWLRQ� UHVXOWV� IURP� WKH� LQWHJUDWLRQ� RI� WKH� 2'(� RI�6%)(0� ZLWK� %XOLUVFK�6WRHU� LQWHJUDWLRQ� DOJRULWKP� �%XOLUVFK� DQG� 6WRHU�� ������� 7KH�DOJRULWKP�VHOI�FRQWUROV� WKH�VWHSV�RI�WKH�LQGHSHQGHQW�IUHTXHQF\�DXWRPDWLFDOO\��7KXV��WKH�UHVXOWLQJ�LQGHSHQGHQW�IUHTXHQFLHV�PLJKW�QRW�EH�RYHUODSSHG�ZLWK�WKH�)RXULHU�IUHTXHQFLHV��7KHUHIRUH��WKH�XVHG�LPSHGDQFH�PDWULFHV�DUH�VHOHFWHG�DFFRUGLQJ�WR�WKH�IUHTXHQFLHV�ZKLFK�DUH�QHDUHVW�WR�WKH�)RXULHU�IUHTXHQFLHV��
1XPHULFDO�5HVXOWV�DQG�'LVFXVVLRQV
,Q�WKLV�VHFWLRQ��VRPH�H[DPSOH�SUREOHPV�DUH�VROYHG�XQGHU�WKH�HIIHFW�RI�VHLVPLF�H[FLWDWLRQ�E\� WKH� SUHVHQW� 66,�PRGHO��7KH� UHVXOWV� DUH�SUHVHQWHG�DQG� FRPSDUHG�ZLWK� WKH� FRPSXWHU�SURJUDP�6$66,�DQG�WKH�OLWHUDWXUH��,Q�WKH�SUHVHQW�PRGHO��LQILQLWH�VRLO�UHJLRQ�LV�GHILQHG�E\�WKUHH�QRGH OLQH�DQG�HLJKW�QRGH�VXUIDFH�HOHPHQWV�LQ��'�DQG��'�FDVHV��UHVSHFWLYHO\��$OVR��WKH� ILQLWH� UHJLRQ� LV� GHILQHG� E\� HLJKW�QRGH� VXUIDFH� HOHPHQWV� DQG� WZHQW\�QRGH�SULVPDWLF�HOHPHQWV� LQ� �'� DQG� �'� FDVHV�� UHVSHFWLYHO\�� ,Q� DOO� RI� WKH� H[DPSOHV�� WKH� FRQWURO� SRLQW�PRWLRQ� SUHVFULEHG� LV� WKH� DFFHOHUDWLRQ� UHFRUG� RI� 6��(� FRPSRQHQW� RI� 6DQ� )HUQDQGR�(DUWKTXDNH�UHFRUGHG�DW�3DFRLPD�'DP��&DO��LQ�������7KH�WLPH�LQFUHPHQW�RI�WKLV�UHFRUG�LV�'W �����VHF��,Q�DOO�RI�WKH�FRPSXWDWLRQV��QRQ�GLPHQVLRQDO��1'��VSDFH�LV�XVHG��7KXV��WKH�DGMXVWHG�1'�WLPH�LQFUHPHQW�LV�FKRVHQ�WR�EH� � 'W ��7KH�WUDQVIRUPDWLRQ�WR�1'�VSDFH�LV�REWDLQHG�E\�FKRRVLQJ�WKH�IROORZLQJ�FKDUDFWHULVWLF�TXDQWLWLHV��IRU�WKH�IRUFH�� �*DI  � IRU�WKH�WLPH�� VFD � W ��DQG�IRU�WKH�OHQJWK��O D� ZKHUH�*�LV�VKHDU�PRGXOXV�RI�WKH�VRLO��FV LV�VKHDU�ZDYH�YHORFLW\ LQ�WKH�VRLO�DQG�D�LV�KDOI�ZLGWK�RI�WKH�IRXQGDWLRQV��
(ODVWLF�3ODWH�5HVWLQJ�RQ�D�5LJLG�6WULS�)RXQGDWLRQ
$�VLPSOLILHG�V\VWHP�ZKLFK�LV�SUHVHQWHG�DV�D�PDVVOHVV�ULJLG�VWULS��IRXQGDWLRQ�DQG��D��SODWH
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UHVWLQJ�RQ�LW�ZLWK�OXPSHG�PDVV��VHH�)LJ�����LV�DQDO\VHG��7KH�VWULS�IRXQGDWLRQ�RI�ZLGWK��D�LV�DVVXPHG�WR�EH�UHVWLQJ�RQ�DQ�HODVWLF�OD\HU�RI�WKLFNQHVV�G ��D��7KH�1'�TXDQWLWLHV�RI�WKH�V\VWHP�DUH�FRQVLGHUHG�DV� � D �� � / �� �� G �� � P �� � * �� � U DQG� ��� Q ZKHUH�/��P��U DQG�Q DUH� WKH� OHQJWK� RI� WKH� SODWH��PDVV� RI� WKH� OXPSHG�PDVV�� XQLW�ZHLJKW� DQG�3RLVVRQ
V�UDWLR�RI�WKH�VRLO��UHVSHFWLYHO\��7KLV�V\VWHP�LV�WUHDWHG�DV�D�SODQH�VWUDLQ�SUREOHP��7KH� VHLVPLF� LQSXW� LV� JHQHUDWHG� E\� YHUWLFDO� 69�ZDYHV� RI� 3DFRLPD� (DUWKTXDNH�� ZKRVH�PRWLRQ� LV� SRODUL]HG� LQ� WKH� KRUL]RQWDO� GLUHFWLRQ�� ZKLFK� LPSOLHV� WKDW� WKH� IUHH� ILHOG�GLVSODFHPHQWV�RQ�SODQHV�SDUDOOHO�WR�WKH�WRS�VXUIDFH�DUH�XQLIRUP��7KXV��WKH�RQO\�IUHH�ILHOG�GLVSODFHPHQW�LV�WUDQVODWLRQ�RQ�WKH�IUHH�VXUIDFH�RI�WKH�OD\HU��7KH�FRQWURO�SRLQW�LV�ORFDWHG�LQ�WKH�VLWH�RI�WKH�IRXQGDWLRQ���:KHQ�WKH�FRQWURO�SRLQW�LV�LQ�WKH�VLWH� WKH�IUHH�ILHOG�PRWLRQ�LQ�KRUL]RQWDO�GLUHFWLRQ�VLPSO\�HTXDOV�WR�WKH�FRQWURO�SRLQW�PRWLRQ�
,Q�WKH�DQDO\VHV�WKH�VRLO� OD\HU� LV� WUXQFDWHG�LQ� WKH�KRUL]RQWDO�GLUHFWLRQ�DQG�WKH�UHPDLQLQJ�PHGLXP�H[WHQGLQJ�WR�LQILQLW\�LV�PRGHOHG�E\�6%)(0��7KH�ILQLWH�UHJLRQ�ERXQGHG E\�WKH�6%)(0�VXUIDFHV�� ULJLG�EHGURFN� DQG� VRLO� VXUIDFH� LV� GLVFUHWL]HG�E\� HLJKW�QRGH�)(V� �VHH�)LJ������$V�PHQWLRQHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WZR�PHWKRGV�DUH�FRPELQHG��VHH�(T������IRU�WKH�LPSHGDQFH�DQDO\VLV�WR�FDOFXODWH�WKH�LPSHGDQFH�PDWULFHV�DW�WKH�LQWHUIDFH EHWZHHQ�WKH�VWULS� IRXQGDWLRQ� DQG� WKH� VRLO� OD\HU�� 7KH� FDOFXODWHG� LPSHGDQFH�PDWULFHV� DUH� VWRUHG� IRU�ODWHU�XVDJH��7KHQ��WKH�VWUXFWXUH�LV�PRGHOHG�E\�WKH�)(V�DQG�DQDO\VHG�WR�FDOFXODWH�WKH�1'�PD[LPXP�VKHDU�IRUFH�DW�WKH�ORZHU�HQG�RI�WKH�SODWH�IRU�GLIIHUHQW�EHQGLQJ�ULJLGLWLHV��7KH�1'� VKHDU� IRUFH� LV� FDOFXODWHG� DV� �*D99  ��7KH� VDPH�SUREOHP� LV� VROYHG�E\� WKH�66,�DQDO\VLV� SURJUDP� 6$66,�� 7KH� UHVXOWV� DUH� FRPSDUHG� ZLWK� WKH� UHVXOWV� FRPSXWHG� E\�7DQULNXOX� DQG�<HUOL� �������� 7DQULNXOX� DQG�<HUOL� ������� VROYHG� WKH� SUREOHP�E\� XVLQJ�%(0 IRU�WKH�FDOFXODWLRQ�RI�LPSHGDQFH�FRHIILFLHQWV��6WXG\LQJ�WKH�)LJ�����RQH�FDQ�VHH�WKDW�WKH�SUHVHQW�PRGHO�JLYHV�YHU\�FORVH�UHVXOWV�WR�WKH�RWKHUV��$OVR��IURP�WKH�H[DPLQDWLRQ�RI�)LJ�����WKH�PD[LPXP�VKHDU�IRUFH�LV�KLJK�IRU�ORZ�EHQGLQJ�ULJLGLWLHV�RI�WKH�SODWH��,Q�KLJK�EHQGLQJ�ULJLGLWLHV��WKH�FKDQJH�LQ�PD[LPXP�VKHDU�IRUFH�GRHV�QRW�FKDQJH�VLJQLILFDQWO\�
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� P �� � * �� � U DQG� ��� Q ��7KH�VHLVPLF�LQSXW�LV�JHQHUDWHG�E\�YHUWLFDO�69�ZDYHV�RI� 3DFRLPD� (DUWKTXDNH��ZKRVH�PRWLRQ� LV� SRODUL]HG� LQ� WKH� [�GLUHFWLRQ� DQG� WKH� FRQWURO�SRLQW� LV� ORFDWHG� DW� WKH� RULJLQ� RI� WKH� FRRUGLQDWH� V\VWHP� VKRZQ� LQ� )LJ�� ��� $V� LQ� WKH�SUHYLRXV�H[DPSOH�� WKH�RQO\�IUHH�ILHOG�GLVSODFHPHQW� LV� WUDQVODWLRQ�RQ�WKH�IUHH�VXUIDFH�RI�WKH�KDOI�VSDFH��DQG�WKH�IUHH�ILHOG�PRWLRQ�LQ�[�GLUHFWLRQ�VLPSO\�HTXDOV�WR�WKH�FRQWURO�SRLQW�PRWLRQ�
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)RUFH 3UHVHQW�0RGHO6$66,

)LUVW�� WKH� KDOI�VSDFH� LV� GLVFUHWL]HG� ZLWK� RQH� OD\HU� WZHQW\�QRGH� SULVPDWLF� )(V� DQG� WKH�UHPDLQLQJ�PHGLXP�H[WHQGLQJ�WR� LQILQLW\� LV�PRGHOHG�E\�6%)(0��FRQVLGHU�WKH�)LJ����LQ�WKUHH�GLPHQVLRQV���$V�PHQWLRQHG�LQ�WKH�SUHYLRXV�VHFWLRQ��WZR�PHWKRGV�DUH�FRPELQHG�IRU�WKH�LPSHGDQFH�DQDO\VLV�WR�FDOFXODWH�WKH�LPSHGDQFH�PDWULFHV�DW�WKH�LQWHUIDFH�EHWZHHQ�WKH�VTXDUH� IRXQGDWLRQ� DQG� WKH� VRLO�PHGLXP�E\� XVLQJ�(T������%\� IROORZLQJ� WKH� VDPH� VWHSV�GHVFULEHG� LQ� WKH� SUHYLRXV� H[DPSOH�� WKH�1'�PD[LPXP� VKHDU� IRUFH�YDOXHV� DW� WKH� ORZHU�HQG�RI�WKH�FROXPQ�DUH�FDOFXODWHG�IRU�GLIIHUHQW�EHQGLQJ�ULJLGLWLHV��7KH�1'�VKHDU�IRUFH�LV�FDOFXODWHG�DV� �*D99  ��$OVR��WKH�1'�DFFHOHUDWLRQV�DUH�FDOFXODWHG�DW�WKH�XSSHU�HQG�RI�WKH� FROXPQ� IRU�1'� EHQGLQJ� ULJLGLWLHV� IRU� � ,( DQG� � ,( �� � 7KH� VDPH� SUREOHP� LV�VROYHG�E\� WKH�66,�DQDO\VLV�SURJUDP�6$66,��7KH�UHVXOWV�DUH�FRPSDUHG�LQ�)LJ����IRU� WKH�PD[LPXP�VKHDU�IRUFHV��7KH�DFFHOHUDWLRQV�FDOFXODWHG�DW�WKH�XSSHU�HQG�RI�WKH�FROXPQ�DUH�FRPSDUHG�LQ�)LJ����
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6WXG\LQJ� )LJ�� ��� RQH� FDQ� VHH� WKDW� WKH� SUHVHQW�PRGHO� JLYHV� UHVXOWV� FORVH� WR�6$66,��%\�H[DPLQLQJ�)LJ�� ��� VLPLODU� REVHUYDWLRQ� FDQ� EH�PDGH� IRU� WKH� YDULDWLRQ� RI� WKH�PD[LPXP�VKHDU�IRUFH��DW�WKH�ORZHU�HQG�RI�WKH�FROXPQ��YHUVXV�EHQGLQJ�ULJLGLW\��)URP�)LJ����D��DQG���E���RQH�FDQ�VHH�WKDW�WKH�FDOFXODWHG�DFFHOHUDWLRQV�E\�WKH�SUHVHQW�PRGHO�DW�WKH�XSSHU�HQG�RI�WKH�FROXPQ�DUH�YHU\�FORVH�WR�WKH�DFFHOHUDWLRQV�FDOFXODWHG�E\�6$66,�
&RQFOXVLRQV
$�&RXSOHG�)(0�6%)(0�66,�PRGHO�IRU�VHLVPLF�H[FLWDWLRQ�LV�SUHVHQWHG��,Q�WKH�FRXSOHG�PRGHO��6%)(0�LV�XVHG�IRU�LQILQLWH�VRLO�UHJLRQ��DQG�ILQLWH�VRLO�UHJLRQ��ZKLFK�LV�PRGHOHG�E\�)(0�� LV�DGGHG�RQ� WRS�� �7KH�VWUXFWXUHV�FRQVLGHUHG�DUH�DVVXPHG�WR�EH�UHVWLQJ�RQ�WKH�VXUIDFH� RI� WKH� VHPL�LQILQLWH� VRLO� PHGLXP�� 7KXV�� IRU� VXUIDFH� VWUXFWXUHV�� LPSHGDQFH�DQDO\VLV�LV�UHTXLUHG��7ZR�H[DPSOH�SUREOHPV�DUH�SUHVHQWHG�WR�YDOLGDWH�DQG�LQYHVWLJDWH�WKH�DSSOLFDELOLW\�DQG�UHOLDELOLW\�RI�WKH�PRGHO�WR�WKH�VWUXFWXUHV�XQGHU�VHLVPLF�H[FLWDWLRQ��7KH�UHVXOWV�RI�WKH�SUHVHQW�PRGHO�DUH�FRPSDUHG�ZLWK�WKH�OLWHUDWXUH�DQG�66,�DQDO\VLV�SURJUDP�6$66,��DQG�D�JRRG�PDWFK�LV�QRWHG��

5HIHUHQFHV
$KPDG��6���%DQHUMHH��3�.���������7LPH�'RPDLQ�7UDQVLHQW�(ODVWRG\QDPLF�$QDO\VLV�RI�� �'�6ROLG�E\�%(0��,QWHUQDWLRQDO�-RXUQDO�IRU�1XPHULFDO�0HWKRGV�LQ�(QJLQHHULQJ ��9RO������SS������������%HWWHVV�� 3��� ������ ,QILQLWH� (OHPHQWV�� ,QWHUQDWLRQDO� -RXUQDO� IRU� 1XPHULFDO� 0HWKRGV� LQ�(QJLQHHULQJ��9RO������SS��������%XOLUVFK�� 5��� 6WRHU�� -��� ������ 1XPHULFDO� 7UHDWPHQW� RI� 2UGLQDU\� 'LIIHUHQWLDO� (TXD WLRQV� E\�([WUDSRODWLRQ�0HWKRGV��1XPHULVFKH�0DWKHPDWLN ��9RO�����SS�������&DQHU��)�&���0HQJL��<���������5HVSRQVH�RI� �6WUXFWXUHV� WR�9DULRXV�6HLVPLF�(QYLURQPHQWV�DQG�6XSSRUWLQJ�0HGLD��-RXUQDO�RI�(DUWKTXDNH�(QJLQHHULQJ ��9RO�����1R�����SS����������&KRL�� -�6��� <XQ�� &�%���.LP�� -�0��� ������ (DUWKTXDNH�5HVSRQVH�$QDO\VLV� RI� WKH�+DXOLHQ� 6RLO �6WUXFWXUH� ,QWHUDFWLRQ� 6\VWHP�%DVHG� RQ�8SGDWHG� 6RLO� 3URSHUWLHV�8VLQJ�)RUFHG�9LEUDWLRQ�7HVW�'DWD��(DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV �9RO������SS�������&RROH\�� -�:��� /HZLV�� 3�$�:��� :HOFK�� 3�'��� ������ 7KH� )DVW� )RXULHU� 7UDQVIRUP� DQG� ,WV�$SSOLFDWLRQV��,(((�7UDQVDFWLRQV�RQ�(GXFDWLRQ ��9RO������SS��������*HQHV�� 0�&��� ������ 6RLO� 6WUXFWXUH� ,QWHUDFWLRQ� 0RGHOV� IRU� � �'� DQG� ��'� 3UREOHPV� DQG�$SSOLFDWLRQV�RQ�3DUDOOHO�3ODWIRUPV�� 3K��'� 'LVVHUWDWLRQ��&XNXURYD�8QLYHUVLW\��'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��$GDQD��7XUNH\�*HQHV��0�&���.RFDN�� 6��� ������$�&RPELQHG� )LQLWH� (OHPHQW�%DVHG� 6RLO �6WUXFWXUH� ,QWHUDFWLRQ�0RGHO� IRU� /DUJH�6FDOH� 6\VWHPV� DQG� $SSOLFDWLRQV� RQ� 3DUDOOHO� 3ODWIRUPV�� (QJLQHHULQJ�6WUXFWXUHV��9RO�������������������*XWLHUUH]�� -�$��� &KRSUD�� $�.��� ������ $� 6XEVWUXFWXULQJ� 0HWKRG� IRU� (DUWKTXDNH� $QDO\VLV� RI�6WUXFWXUHV� ,QFOXGLQJ� 6WUXFWXUH�6RLO� ,QWHUDFWLRQ�� -RXUQDO� RI (DUWKTXDNH� (QJLQHHULQJ� DQG�6WUXFWXUDO�'\QDPLFV ��9RO�����SS��������



.DUDEDOLV��'�/���%HVNRV��'�(���������'\QDPLF�5HVSRQVH�RI�� �'�5LJLG�6XUIDFH�)RXQGDWLRQV�E\�7LPH�'RPDLQ�%RXQGDU\�(OHPHQW�0HWKRG�� (DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV ��9RO������SS��������.LP�� '�.��� <XQ�� &�%��� ������ 7LPH�'RPDLQ� 6RLO�6WUXFWXUH� ,QWHUDFWLRQ� $QDO\VLV� LQ� 7ZR�'LPHQVLRQDO� 0HGLXP� %DVHG� RQ� $QDO\WLFDO� )UHTXHQF\ �'HSHQGHQW� ,QILQLWH� (OHPHQWV��,QWHUQDWLRQDO�-RXUQDO�IRU�1XPHULFDO�0HWKRG�LQ�(QJLQHHULQJ ��9RO������SS������������/XFR��-�(���:RQJ��+�/���������6HLVPLF�5HVSRQVH�RI�)RXQGDWLRQV�(PEHGGHG�LQ�D�/D\H UHG�+DOI�6SDFH��(DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV ��9RO������SS����������/\VPHU�� -��� .XKOHPH\HU�� 5�/��� ������ � )LQLWH� '\QDPLF�0RGHO� IRU� ,QILQLWH�0HGLD�� -RXUQDO� RI�(QJLQHHULQJ�0HFKDQLFV � $6&(��9RO������1R��(0���SS������������/\VPHU�� -���7DEDWDEDLH��0���9DKGDQL��6���2VWDGDQ��)��� ������6$66, �D�6\VWHP� IRU�$QDO\VLV� RI�6RLO�6WUXFWXUH�,QWHUDFWLRQ��5HSRUW�8&%�*7��������8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��0HGLQD�� )��� 3HQ]LHQ�� -��� ������ ,QILQLWH� HOHPHQWV� IRU� HODVWRG\QDPLFV�� (DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV ��9RO������SS�����������0HQJL�� <��� 7DQULNXOX�� $�+��� 7DQULNXOX�� $�.��� ������ %RXQGDU\� (OHPHQW� 0HWKRG� IRU� (ODVWLF�0HGLD�DQ�,QWURGXFWLRQ��0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\�3UHVV ��$QNDUD�4LDQ�� -���7KDP��/�*��� DQG�&KHXQJ��<�.��� ������'\QDPLF�&U RVV�,QWHUDFWLRQ�%HWZHHQ�)OH[LEOH�6XUIDFH� )RRWLQJV� E\� &RPELQHG� %(0� DQG� )(0�� (DUWKTXDNH� (QJLQHHULQJ� DQG� 6WUXFWXUDO�'\QDPLFV��9RO������SS�����������6RQJ�� &��� :ROI�� -�3��� ������ '\QDPLF� 6WLIIQHVV� RI� 8QERXQGHG�0HGLXP� %DVHG� RQ� 'DPSLQJ �6ROYHQW�([WUDFWLRQ��(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV ��9RO������SS����������6RQJ�� &��� :ROI�� -�3��� ������ 7KH� 6FDOHG� %RXQGDU\� )LQLWH �(OHPHQW� 0HWKRG�DOLDV� &RQVLVWHQW�,QILQLWHVLPDO� )LQLWH�(OHPHQW�&HOO�0HWKRG� IRU�(ODVWRG\QDPLFV�� &RPSXWHU�0HWKRGV� LQ�$SSOLHG�0HFKDQLFV�DQG�(QJLQHHULQJ ��9RO�������SS����������6RQJ��&���:ROI�� -�3���������7KH�6FDOHG�%RXQGDU\�)LQLWH �(OHPHQW�0HWKRG�$�3ULPHU��6ROXWLRQ�3URFHGXUHV��&RPSXWHUV�DQG�6WUXFWXUHV ��9RO������SS����������7DQULNXOX�� $�+�� DQG� <HUOL�� 5�<��� ������ 6RLO �6WUXFWXUH� ,QWHUDFWLRQ� $QDO\VLV� IRU� 6WUXFW XUHV�6XEMHFWHG� WR� (DUWKTXDNH�([FLWDWLRQ�� &XNXURYD�8QLYHUVLW\� -RXUQDO� RI� )DFXOW\� RI� (QJLQHHULQJ�DQG�$UFKLWHFWXUH ��9RO������1R������SS��������9RQ� (VWRUII�� 2��� )LUX]LDDQ�� 0��� ������ &RXSOHG� %(0�)(0� $SSURDFK� IRU� 1RQ �/LQHDU� 6RLO�6WUXFWXUH�,QWHUDFWLRQ��(QJLQHHULQJ�$QDO\VLV�ZLWK�%RXQGDU\�(OHPHQWV ��9RO������SS���������9RQ�(VWRUII��2���.DXVHO��(���������&RXSOLQJ�RI�%RXQGDU\�DQG�)LQLWH�(OHPHQWV�IRU�6RLO �6WUXFWXUH�,QWHUDFWLRQ� 3UREOHPV�� (DUWKTXDNH� (QJLQHHULQJ� DQG� 6WUXFWXUDO� '\QDPLFV �� 9RO�� ���� SS�� ����������:KLWH�� :�� 9DOOLDSSDQ�� 6��� /HH�� ,�.��� ������ 8QLILHG� %RXQGDU\� IRU� )LQLWH� '\QDPLF� 0RGHOV ���-RXUQDO�RI�(QJLQHHULQJ�0HFKDQLFV � $6&(��9RO�������1R�����SS����������:ROI��-�3���������'\QDPLF�6RLO �6WUXFWXUH�,QWHUDFWLRQ��3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1-��:ROI�� -�3��� 6RQJ�� &��� ������ 7KH� 6FDOHG� %RXQGDU\� )LQLWH �(OHPHQW� 0HWKRG�$� 3ULPHU��'HULYDWLRQV��&RPSXWHUV�DQG�6WUXFWXUHV ��9RO������SS�����������
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