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+RZ�FDQ�SDUDPHWULF�GHVLJQ�SURFHVV EH�XVHG� LQ�GHVLJQ�DQG�DSSO\� LW� WR�VSDWLDO�

SODQQLQJ�WR�EXLOGLQJV�ZLWK�D�VHW�FRQVWUDLQW�DQG�DXWRPDWH�PRGHOOLQJ�SURFHVV�LV�WKH�

UHVHDUFK�TXHVWLRQ�WKLV�SURMHFW�ZRXOG�SURYH�WR�DQVZHU�

,Q� WRGD\¶V� KLJKO\� DGYDQFHG� ZRUOG� ZKHUH� WHFKQRORJ\� DQG� DXWRPDWLRQ� KDV�

EHFRPH D�ELJ�SDUW�RI�RXU� OLYHV�DQG�PDQ\�GLႇHUHQW� ILHOGV�RI�ZRUN��ZH�DUFKLWHFWV�

KDYH�EHHQ�VORZ�WR�DGRSW�DQG�DGDSW�WKLV�LQWR�RXU�ILHOG�

µ:H�PD\� KDYH� FRPH� DZD\� IURP�GUDIWLQJ� HDFK� DQG� HYHU\� OLQH� RQ� SDSHU� WR� D�

GLJLWDO�ZRUOG�EXW�DERXW����SHUFHQW�RI�DUFKLWHFWXUH�ILUPV VWLOO�GUDIW�HDFK�OLQH�LQ�$XWR�

&$'�� $OVR�� WKH� SURFHVV� RI� GHVLJQ� IURP� FOLHQWV� WR� DUFKLWHFWV� DQG� HQJLQHHUV� WR�

FRQWUDFWRUV�LV�QRW�YHU\�ZHOO�FRRUGLQDWHG�DQG�WDNHV�WRR�ORQJ��WKHUH�DOZD\V�VHHPV�

WR�EH�D�EUHDN�RU�OHDN�LQ�WKH�LQIRUPDWLRQ�EHLQJ�WUDQVIHUUHG�IURP�RQH�PDMRU�SDUW\�WR�

DQRWKHU��$OWKRXJK�%,0�KDV�EURXJKW�DERXW�VLJQLILFDQW�FKDQJHV�DQG�LPSURYHPHQWV�

WKH�SURFHVV�RI�PRGHOOLQJ�DQG�GHVLJQLQJ�FDQ�XVH�DQ�XSJUDGH�WKDW�FDQ�ERRVW� WKH�

SURFHVV��7KLV�XSJUDGH�FRXOG�SRVVLEO\�EH�UHDOLVHG�E\�XVLQJ�SDUDPHWULF�WRROV�WKDW�

FDQ�DOWHU�HQWLUH�GHVLJQV�LQ�D�PDWWHU�RI�PLQXWHV�YHU\�HႈFLHQWO\�

6R� WKURXJK� WKLV� UHVHDUFK� ,�ZDQWHG� WR� SURYH�DQG�H[SHULPHQW� WKDW�PRVW� RI� WKH�

PXQ�GDQH� WDVNV� ZKLOH� PRGHOOLQJ� D� EXLOGLQJ� FDQ� EH� DXWRPDWHG� DQG� WKLV�

DXWRPDWLRQ�FRXOG�EH�H[WHQGHG�WR�DXWRPDWH�HQWLUH�SURMHFWV��$QG�SRVVLEO\�DOVR�WHVW�

LWV�OLPLWDWLRQ�L�H���KRZ�IDU�FDQ�ZH�DXWRPDWH�WKH�GLႇHUHQW�W\SHV�RI�SURMHFWV�DQG�ZK\�
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),*85(������6LHPHQV�%XLOGLQJ�PDVV�DXWRPDWLRQ�YDULDWLRQV ��
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�(YHU\� JRRG� GHVLJQ� KDV� WR� EH� EDVHG� Rႇ� RI� JHRPHWULF� SDWWHUQV� DQG� VHW�

FRQVWUDLQWV���9LWUXYLXV� �ZKR� ZDV� ORRVHO\� WHUPHG� DV� WKH� ILUVW� DUFKLWHFW��� ZKLFK� LV�

YHU\� FORVH� WR�ZKDW� �/RJLF�2I�$UFKLWHFWXUH��KDV� WR� VD\� RQ� FRPSXWDWLRQDO� GHVLJQ�

DQG�VKDSH�JUDPPDU��0LWFKHOO� ILUVW�FRQVLGHUV�KRZ�EXLOGLQJV�PD\�EH�GHVFULEHG� LQ�

ZRUGV� DQG� VKRZV� KRZ� VXFK� GHVFULSWLRQV�PD\� EH� IRUPDOL]HG�E\� WKH� QRWDWLRQ� RI�

ILUVW� RUGHU� SUHGLFDWH� FDOFXOXV�� 7KLV� OHDGV� WR� WKH� LGHD� RI� D� FULWLFDO� ODQJXDJH� IRU�

VSHDNLQJ�DERXW� WKH TXDOLWLHV�RI�EXLOGLQJV��7KLV� ODQJXDJH�DQG�JUDPPDU�FRXOG�EH�

XVHG�DV�D�VHW�RI�UXOHV�DQG�FRQVWUDLQWV�IRU�WKH�PRGHO�DXWRPDWLRQ�SURFHVV�

6LPLODUO\�LI�ZH�ZHUH�WR�GHFRQVWUXFW�EXLOGLQJV�DQG�VSDFHV�LQWR�D�ODQJXDJH�RU�D�VHW�

RI� DOJHEUDLF� H[SUHVVLRQV� IRU� RXU� FRPSXWHUV� WR� XQGHUVWDQG�� ZH� FRXOG� SRVVLEO\� MXVW�

�DVN��WKH�FRPSXWHU�IRU�D�EXLOGLQJ�EDVHG�RQ�D�VHW�RI��SDUDPHWHUV��OLNH�W\SH�VL]H�KHLJKW�

HWF��� DQG� WKH� FRPSXWHU�ZRXOG�XVH� WKH� FRGH� WKDW�ZH�KDG� GHILQHG�SUHYLRXVO\� DV� WKH�

VWDQGDUG�H[SUHVVLRQ�RU� ODQJXDJH� IRU� WKDW�SDUWLFXODU�VHW�RI�SDUDPHWHUV�RU�XVH� WKRVH�

SDUDPHWHUV� WR� UHSODFH� WKH� YDULDEOHV� LQ� WKH� HTXDWLRQ� WR� DUULYH� DW� D� VROXWLRQ� WKDW�

DQVZHUV�DOO�WKH�SDUDPHWHUV�ZH¶YH�VHW�DQG�SURYLGHV�XV�ZLWK�D�%,0�PRGHO�

$XWRGHVN�RQFH�DGYHUWLVHG�D�WRRO�ZKLFK�FDQ�PRGHO�HQWLUH�KRXVHV�ZLWK�MXVW�RQH�FOLFN�IRU�

D� SHUSHWXDO� OLFHQVH� IHH� RI� ������� GROODUV�� 7KLV�ZDV� DQ� $SULO� IRROV� WULFN�ZKHUH� WKH� OLQN�

WUDQVIHUUHG�WKH�XVHU�WR�:LNLSHGLD¶V�$SULO�IRROV�SDJH��%XW�WRGD\�ZH�PD\�EH�DEOH�WR�UHDOLVH�

WKLV� WULFN� LQWR� UHDOLW\�ZLWK�3DUDPHWULF� WRROV� OLNH� JUDVVKRSSHU� DQG�G\QDPR��7KH�SURFHVV�

PLJKW�WDNH�PRUH�WKDQ�RQH�FOLFN�EXW�ZLWK�FRQVLGHUDEOH�DPRXQW�RI�DXWRPDWLRQ�LW�VKRXOG�EH�

DEOH� WR�SURGXFH�DQ�HQWLUH�EXLOGLQJ�PRGHO��:KHUH�ZH�FDQ�VHW� WKH�EDVH�FRQVWUDLQWV�DQG�

KLJKOLJKW� WKH� PDLQ� YDULDEOHV� ZH� ZRXOG� ZDQW� WR� FRQWURO� RU� WKH� RQHV� WKDW� DUH� SURQH� WR�

FRQVWDQW�FKDQJH�ZH�FRXOG�FUHDWH��G�SDUDPHWULF�PRGHOV��,Q�DGGLWLRQ�WR
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YLVXDOLVLQJ�WKH�IXWXUH�KRWHO�EXLOGLQJ�ZLWK�WKHVH�WRROV�ZH�FRXOG�SRWHQWLDOO\�XVH�WKH�VDPH

PRGHO�RU�WKH�LQIRUPDWLRQ�IURP�WKLV�FRQFHSWXDO�PRGHO�LQWR�WKH�SUDFWLFH�DV�ZHOO��,�H��

WKH�FRPSXWHU�JHQHUDWHG�PRGHO�FRXOG�GLUHFWO\�EH�XVHG�LQ�DQ�DUFKLWHFWXUH�HQJLQHHULQJ

ILUP�UDWKHU�WKDQ�KDYLQJ�WR�VLW�DQG�PRGHO�HDFK�ZDOO�HYHU\�WLPH�WKHUH�LV�D�FKDQJH�LQ

GHVLJQ�

7KH� LGHD� EHKLQG� LQWHJUDWLQJ� FRPSXWHUV� LQWR� WKH� DUFKLWHFWXUDO ILHOG� LV� WR� QRW� UHSODFH�

DUFKLWHFWV� EXW� PDNH� WKHP� PRUH� HႈFLHQW� GHVLJQHUV� E\� OHWWLQJ� WKH� PDFKLQH� WDNH� RYHU�

PXQGDQH� UHSHWLWLYH� WDVNV� DQG� DOORZ� DUFKLWHFWV� WR� FRQFHQWUDWH� PRUH� RQ� WKH� k'HVLJQk�

DVSHFW�RI� WKH�SURMHFW��/RWV�RI�UHVHDUFK�KDV�EHHQ�GRQH�WU\LQJ� WR� LQWHJUDWH� WKHVH�WRROV� LQ�

WKH�GHVLJQ�DQG�PRGHOOLQJ�SURFHVV�RI�PDQ\�GLႇHUHQW�SURMHFW�W\SHV�EXW�ZKDW�PRVW�RI�WKHVH�

GHVLJQ� DXWRPDWLRQ� V\VWHPV� VHHP� WR� ODFN� LV� WKH� DELOLW\� WR� WUDQVIHU� WKH� LQIRUPDWLRQ� LQWR�

FRQVWUXFWLRQ�GRFXPHQWV�EXW�UDWKHU�MXVW�VHUYHV�DV�LQIRUPDWLRQ�WR�FUHDWH�DQRWKHU�PRGHO�IRU�

WKH�FRQVWUXFWLRQ�GRFXPHQW�VHW��2QH�SDUWLFXODU�SURMHFW�GHVLJQ�W\SH�WKDW�LV�VXLWDEOH�WR�WHVW�

WKH�*HQHUDWLYH�3DUDPHWULF�GHVLJQ�SURFHVV�ZRXOG�EH�WKH�KRWHOV��6LQFH�PRVW�KRWHOV�KDYH�

D� SUH� SUHVFULEHG� SURJUDP� DQG� VSDFH� UHTXLUHPHQW�� ZKLFK� FDQ� EH� WUDQVODWHG� RU�

SURJUDPPHG�DV�FRQVWUDLQWV� WKDW�FDQ�EH�XVHG�WR�JHQHUDWH�PXOWLSOH�PRGHO�VROXWLRQV�DQG�

RSWLRQV�WR�SURYLGH�XV�ZLWK�WKH�EHVW�SRVVLEOH�PDWKHPDWLFDO�VROXWLRQ�

7KH�ORQJHVW�DQG�WKH�KDUGHVW�SDUW�RI�DQ\�DUFKLWHFWXUDO�KRWHO�GHVLJQ�SURMHFW�LV�DW

WKH� LQLWLDO� VWDJHV��ZKHUH�DUFKLWHFWV�QHHG� WR�GLVFXVV�QHJRWLDWH�ZLWK� WKH�FOLHQWV�RI�

WKH�SURJUDP�DQG�GHFLGH�RQ�WKH�QXPEHUV�OLNH�WKH�WRWDO�FRVW��WKH�GLႇHUHQW�W\SHV�RI�

JXHVW� URRPV�� WKH� SHUFHQWDJH� RI� WKH� GLႇHUHQW� W\SHV� RI� JXHVW� URRPV� WR� XVH�� WKH�

WRWDO�QXPEHU�RI�URRPV��WKH�QXPEHU�RI�IORRUV��SORW�DUHD�DQG�VR�RQkâ�JHWWLQJ�WKHVH�

QXPEHUV�LV�QRW�HDV\�DQG�PRVW�RIWHQ�WKH�DUFKLWHFWV�PRGHO�WKH�HQWLUH�EXLOGLQJ�DQG�

ILQG�WKHPVHOYHV�UHGHVLJQLQJ�DQG�KHQFH�FUHDWH�DQRWKHU�PRGHO�IURP�VFUDWFK�VLQFH�

WKH� QXPEHUV� GRQ¶W� DGG� XS� RU� WKH FOLHQW� KDV� GHFLGHG� WR� FKDQJH� WKH� QXPEHU� RI�

URRPV�FDXVH�WKH�EXGJHW�VHHPV�WR�EH�WRR�KLJK��6R�LW�FHUWDLQO\�LVQ¶W�HDV\�FKDQJLQJ�

WKRVH�QXPEHUV�RQFH�ZH�EHJLQ�PRGHOOLQJ�WKH�KRWHO�LQ�%,0�
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7KH�PDLQ�LGHD�RI�WKLV�WKHVLV�LV�WR�FUHDWH�D�WRRO�WKDW�KDV�SUHVHW�SDUDPHWHUV�DQG

FRQVWUDLQWV�RI�D�KRWHO�DQG�OHDYH�NH\�YDULDEOHV�WR�EH�FKDQJHG�DQG�PDQLSXODWHG�E\�WKH

GHVLJQHU�RZQHU�WR�JR�WKURXJK�PDQ\�GLႇHUHQW�PRGHOV�LQ�D�PXFK�OHVVHU�WLPH�IUDPH

DQG�REWDLQ�WKH�PRVW�RSWLPLVHG�GHVLJQ�DQG�IXUWKHU�GHYHORS�LW�LQWR�WKH�''�DQG�ODWHU

&'�SKDVHV��7R�FUHDWH�D�WRRO�ZLWK�D�XVHU�8,�WKDW�FDQ�WDNH�GLႇHUHQW�LQSXWV�OLNH�VLWH�

SURJUDP�SURJUDP�SHUFHQWDJHV��FRVW�DQG�FUHDWH�D�YDULHW\�RI�RSWLRQV�EDVHG�Rႇ�RI�WKH

DERYH�PHQWLRQHG�YDULDEOHV�ZKLOH�SURYLGLQJ�RXWSXWV�OLNH�SURILW�PDUJLQ��YLVXDO�PRGHO

LQ�DGGLWLRQ�WR�WKH�GLႇHUHQW�GHVLJQ�RSWLRQV�E\�FRPSDULQJ�FRVW�ZLWK�SURILW�WR�JHW�WKH

PRVW�RSWLPLVHG�UHVXOW�ZLWK�WKH�OHDVW�FRVW�DQG�PD[LPXP�SURILW�
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��� 5DPEROO�6LWH6ROYH�$QG�+LJK�5LVH�([SORUHU

2YHUYLHZ���5DPEROO�LV�D�8.�EDVHG�FRQVWUXFWLRQ�FRPSDQ\�WKDW�XVHV�KHDY\�FRP�

SXWDWLRQDO�PHWKRGV� LQ� WKHLU� GHVLJQ� DQG� FRQVWUXFWLRQ��6LWH6ROYH� LV� DQ� LQYDOXDEOH�

WRRO� IRU� ODQGRZQHUV� DQG� SURSHUW\� SURIHVVLRQDOV� ORRNLQJ� IRU� ZD\V� WR� XQORFN� WKH�

SRWHQWLDO� RI� DYDLODEOH� ODQG�� LQFUHDVH� FRVW� FHUWDLQW\ DQG� UHWXUQ� RQ� LQYHVWPHQW��

6LWH6ROYH�IXOO\�H[SORUHV�DQG�HYDOXDWHV�EXLOGLQJ�GHYHORSPHQW�RSWLRQV�DW�WKH�HDUO\�

VWDJHV� RI� GHFLVLRQ� PDNLQJ�� PD[LPLVLQJ� VLWH� SRWHQWLDO� DQG� PLQLPLVLQJ� WHFKQLFDO�

ULVNV��:KDW� UDPEROO� WULHV� WR� DFFRPSOLVK� LV� WR� WU\� DQG� EULQJ� DOO� WKH� FRQVWUXFWLRQ�

VHFWRUV� WRJHWKHU� DV� RQH� LQ� WKH� YHU\� EHJLQQLQJ� WR� FDOFXODWH� DOO� WKH� SRWHQWLDO�

HUURUV�KD]DUGV� DQG� ORVHV�� YHU\� HDUO\� LQ� WKH�JDPH� WR� DYRLG�FRXQWHU� WKRVH�HUURUV�

DQG�SRVVLEO\�SODQ�IRU�D�EHWWHU�GHVLJQ��7KH�WRRO�HYHQ�VKRZV�XV�KRZ�WUDႈF�SDWWHUQV�

DQG�FUDQH�SODFHPHQW�WR�SODFH�WKH�SUHFDVW�EORFNV�IRU�WKH�EXLOGLQJ�GHVLJQ�

3URV���7KLV�KDV�D�YHU\�JRRG�8,�IRU�WKH�FOLHQWV�WR�PDQLSXODWH�HDVLO\�DQG�UHDO�WLPH�

GDWD�DV� WKH�PRGHO� LV�EHLQJ�FKDQJHG�VR� WKH�FOLHQW�FDQ�PDNH� LQIRUPHG�GHFLVLRQV�

EHIRUH� HYHQ� GHFLGLQJ� WR� LQYHVW� LQ� VXFK� D� SURMHFW� DQG� LI� WKH\� GLG� ZKDW� NLQG� RI�

VWUXFWXUH�ZRXOG�EH�EHVW�

&RQV� �� $OWKRXJK� WKHVHV� VWXGLHV� DUH� DPD]LQJ� DQG� KHOS� WR� D� JUHDW� H[WHQW� LQ� PDNLQJ�

FUXFLDO�GHFLVLRQV�LQ�WKH�HDUO\�VWDJHV�RI�D�EXLOGLQJ��LW�GRHV�QRW�DGGUHVV�DQ\�NLQG�RI�EXLOGLQJ�

SURJUDP�VR� WKLV�ZRXOG�QRW� SURYH� WR�EH� YHU\�XVHIXO� DIWHU� WKH� LQLWLDO� UXQ� IRU� DQ\�EXLOGLQJ�

ZKLFK�LV�QRW�D�KLJK�ULVH��$OVR�WKHVH�ZRXOG�RQO\�SURYH�WR�EH�KHOSIXO�IRU�SUHOLPLQDU\�VWXGLHV�

DQG�KHQFH�WKH�GHVLJQHUV�ZRXOG�KDYH�WR�PRGHO�WKH�HQWLUH�VWUXFWXUH�IURP�VFUDWFK�LQ�D�%,0�

VRIWZDUH� WR� EH� DEOH� WR� JHQHUDWH� FRQVWUXFWLRQ� GUDZLQJV�� :KLFK� WKLV� WKHVLV� LV� WU\LQJ� WR�

FRPELQH�LQWR�RQH�SURFHVV�ZKHUH�ZH�FDQ�REWDLQ�WKH�SUHOLPLQDU\
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VWXGLHV�DQG�FUHDWH�D�%,0�PRGHO�DV�ZHOO�

�D��*UDVVKRSSHU�XVLQJ�*DODSDJRV�WR�ILQG�RSWLPDO�FUDQH�SRVLWLRQV

)LJXUH������5DPEROO¶V�6LWH�VROYHU�WRRO�LQ�DFWLRQ

�D��5DPEROO¶V�+LJK�5LVH�([SORUHU

)LJXUH������5DPEROO¶V�+LJK�5LVH�([SORUHU
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��� *HQHUDWLYH�8UEDQ�'HVLJQ

2YHUYLHZ� ��$QGUH�DJL�KDV�GHYHORSHG�PXOWLSOH�DOJRULWKPV�DQG�VFULSWV� WR�DXWRPDWH�

GLႇHUHQW�RႈFH� OD\RXWV� �IHDVLELOLW\� FKHFNHU� ��DQG�HYHQ�GLႇHUHQW� OD\RXWV�RQ�DQ�XUEDQ�

VFDOH�$GDSWLYH�XUEDQ�SODQQLQJ�EDVHG�RQ�GLႇHUHQW�FLUFXODWLRQ�SDWWHUQV���+H�XVHG�PXO�

WLSOH�YDULDEOHV�DQG�FUHDWHG�D�GDVKERDUG�IRU�GDWD�YLVXDOLVDWLRQ�WKDW�RXWSXWV�UHDO�WLPH�

GDWD�RXWSXW�RI�WKH�GLႇHUHQW�YDULDWLRQV�RI�WKH�PRGHO��+H�XVHV�D�ZKROH�VHW�RI�UXOHV�DQG�

FRQVWUDLQWV�LQ�JUDVVKRSSHU�WKDW�DUH�OLQNHG�WR�YDULDEOHV�VXFK�DV�WUDႈF�URXWHV�DQG�URDG�

SDWWHUQV�� 6R� KH� JHQHUDWHV� D� ZKROH� EXQFK� RI� YDULDWLRQV� RU� XUEDQ� GHVLJQ� GHVLJQV�

EDVHG�RQ�WKH�URXWHV�DQG�RFFXSDQF\�

3URV���+LV�SURMHFW�KDV�D�YHU\�JRRG�8,�IRU�WKH�FRPPRQ�FOLHQW�WR�EH�DEOH�WR�XVH�KL�

FRPSOLFDWHG� WRRO� DQG�DOVR� KDV�PXOWLSOH� GDVKERDUG� RSWLRQV� WR� VHH� WKH� RXWSXW� LQ�

UHDO� WLPH��+LV� VFULSWV� DUH� ERWK JHQHUDWLYH�DQG�SDUDPHWULF� LQ� QDWXUH�PDNLQJ� LW� D�

YHU\�SRZHUIXO�WRRO�

&RQV� ��$OWKRXJK� WKLV� LV� D� YHU\� LQWHUDFWLYH� WRRO� WKDW� LV� YHU\� DFFXUDWH� DQG�XVHU�

IULHQGO\� LW� LV� VWLOO� FRQFHSWXDO� DQG� FRXOG� kKHOSk� WKH� GHVLJQHUV� PDNH� EHWWHU�

GHFLVLRQV� ZKLOH� GHVLJQLQJ� EXW� GRHV� QRW� JHQHUDWH� D� PRGHO� ZLWK� SURJUDP� LQ� LW�

QHLWKHU�FDQ�LW�EH�XVHG�IRU�FRQVWUXFWLRQ�



�

�D��$QGUHDV�$JL�8UEDQ�3ODQQHU

)LJXUH������/D\RXW�HYROYHV�DV�WKH�URDG�SDWK�NHHS�FKDQJLQJ

�D��$QGUHDV�$JL�5HVLGHQFH�3ODQQHU

)LJXUH������/D\RXW�HYROYHV�DV�WKH�UHTXLUHPHQWV�NHHS�FKDQJLQJ

��� )LQFK��'�� 7KH�$GDSWLYH�3ODQ

2YHUYLHZ���-HVSHU�ZDOJUHQ�XVHV�JUDVVKRSSHU�WR�FUHDWH�WKH�DGDSWLYH�SODQ�ZKHUH�

WKH�IXUQLWXUH�DQG�WKH�IXUQLWXUH�OD\RXW�FKDQJH�DV�WKH�IORRU�IRRWSULQW�FKDQJHV��7KLV



�

FRXOG�SURYH�WR�EH�YHU\�XVHIXO�LQ�D�SDUDPHWULF�EXLOGLQJ�ZKHUH�WKHUH�FRXOG�EH�PXOWLSOH

VL]HG�URRPV�DQG�WKH�IXUQLWXUH�OD\RXW�FRXOG�DGDSW�LWVHOI�WR�WKH�URRP�VL]H��7KH\�XVHG

JUDVVKRSSHU�WR�SURJUDP�WKLV�DQG�XVHG�VSDFH�FRQVWUDLQWV�WR�KDYH�IXUQLWXUH�DSSHDU�DQG

GLVDSSHDU�EDVHG�RQ�WKH�VL]H�RI�WKH�VDLG�URRP��:H�FDQ�VHH�WKDW�DV�WKH�OHQJWK�LQFUHDVHV

QHZ�URRP�W\SHV�DSSHDU�ZLWK�QHZ�IXUQLWXUH�FRQILJXUDWLRQ�

3URV���,W� LV�YHU\�LPSUHVVLYH�WR�VHH�KRZ�WKH��G�IXUQLWXUH�OD\RXW�FKDQJHV�DV�WKH�

DUHD�RI�WKH�IORRU�SODQ�FKDQJHV�L�H���WKH�VFULSW�HYHQ�DGGV�DQG�WDNHV�DZD\�IXUQLWXUH�

FRPSRQHQW�DV�WKH�VL]H�LQFUHDVHV�DQG�GHFUHDVHV�

&RQV��$OWKRXJK�WKH�DQLPDWLRQ�LV�YHU\�LQWHUHVWLQJ�WR�VHH�LW�LV�VWLOO�XQFOHDU�KRZ�ZH�

ZRXOG�XVH�LW�LQ�D�SURMHFW�L�H���WKHUH�LV�QR�FOHDU�HQG�XVHU�8,�WR�PDNH�WKH�LGHD�ZRUN�

LQ�$1<�GHVLJQ�DQG�WKLV�LV�YHU\�VSHFLILF�DQG�OLPLWHG�RQO\�WR�WKH�IXUQLWXUH�OD\RXW�LQ�D�

URRP� EXW� ZLWK� QR� RSWLPLVDWLRQ�� $JDLQ� WKLV� WRRO� KDV� EHHQ� GHYHORSHG� LQ�

JUDVVKRSSHU� ZKLFK� LV� D� YHU\� XVHIXO� SDUDPHWULF� GHVLJQ� VRIWZDUH� EXW� GRHV� QRW�

SURYLGH�XV�ZLWK�WKH�QHFHVVDU\�LQIRUPDWLRQ�WR�FUHDWH�FRQVWUXFWLRQ�GUDZLQJV�

�D��)LQFK��G�3OXJLQ

)LJXUH������/D\RXW�HYROYHV�DV�WKH�VSDFH�NHHSV�FKDQJLQJ



�

�D��)LQFK��G�3OXJLQ

)LJXUH������/D\RXW�HYROYHV�DV�WKH�UHTXLUHPHQWV�NHHS�FKDQJLQJ

��� 3DUDPHWULF�6LHPHQV�%XLOGLQJ�ZLWK�*HQHUDWLYH�'HVLJQ

2YHUYLHZ���7KLV�LV�D�0DVWHUkV�WKHVLV�RI�D�FLYLO�HQJLQHHULQJ�VWXGHQW�-DFTXHOLQH�

5RKUPDQQ� LQ�JHUPDQ\��7KLV� YLGHR�ZDV�SRVWHG�RQ������������VR� LWkV� YHU\�QHZ�

DQG� WKH� WKHVLV� KDVQkW� EHHQ� SXEOLVKHG� \HW�� 6KH� KDG� DVVLJQHG� SDUDPHWHUV� WR� D�

EXQFK� RI� UXOHV� IRU� WKH� RႈFH� EXLOGLQJ� DQG� UDQ� LW� WKURXJK� UHILQHU\� �HYROXWLRQDU\�

VRIWZDUH�� WR� JHW� WKH� PRVW� IDYRUDEOH� GHVLJQ� RXWSXW� E\� SULRULWLVLQJ�IDYRULQJ� RQH�

YDULDEOH�RXWSXW�RYHU� WKH�RWKHU�RU�E\� WU\LQJ� WR�PD[LPLVH�RQH�RI� WKH�RXWSXWV��6KH�

KDV� XVHG� WKH� FRQVWUDLQWV� LQ� WKH� VSDFHV� RI� D� VLHPHQV� SODQ� WKDW� DUH� IDLUO\�

UHFWDQJXODU�DQG�OLQHDU��VKH�XVHG�RFFXSDQF\�DV�RQH�RI� WKH�FRQVWUDLQWV�WKDW�QHHG�

WR� EH� PD[LPLVHG� E\� XVLQJ� WKH� HYROXWLRQDU\� VROYHU�� 6R� QRZ� WKH� GHVLJQ� LV�

PDLQWDLQHG�EXW�RQO\�WKH�VSDFHV�FKDQJH�LQ�OHQJWK�RU�EUHDGWK�DQG�UHPDLQ�ZLWKLQ�LWV�

ERXQGDULHV��%\�PD[LPLVLQJ�WKH�RFFXSDQF\�DQG�OLPLWLQJ�WKH�FRVW�ERXQGDU\�

3URV���6KH�DFWXDOO\�SDUDPHWHULVHG�WKH�HQWLUH�EXLOGLQJ�DORQJ�ZLWK�LWkV�SURJUDP�LQWR



��

RQH�G\QDPR�JUDSK�DQG�WKHQ�UDQ�WKH�HYROXWLRQDU\�VRIWZDUH�WR�JHW�WKH�EHVW�VHW�RI�GHVLJQ

RSWLRQV�IRU�WKH�GHVLJQHUV�WR�SLFN�DQG�FKRRVH�IURP��ZKLFK�LV�YHU\�FORVH�WR�ZKDW�,�DP

WU\LQJ�WR�DFKLHYH�

&RQV���$OWKRXJK�VKH�KDG�D�SDUDPHWULF�EXLOGLQJ�DQG�XVHG�WKH�HYROXWLRQDU\�VRIW�

ZDUH�7KH�SURJUDP�LV�YHU\�EDVLF��RQO\���GLႇHUHQW�W\SHV��DQG�LW�LV�RQO\�FRQFHSWXDO��

0HDQLQJ�WKH�DUFKLWHFW�KDV�WR�FKRRVH�WKH�EHVW�RSWLRQ�DQG�VWLOO�FUHDWH�D�%,0�PRGHO�

IURP�VFUDWFK��7KLV�DOVR�ODFNV�D�8,�IRU�DQ\RQH�ZKR�LV�QRW�SURILFLHQW�ZLWK�G\QDPR�WR

XVH�

�D��8VLQJ�'\QDPR�WR�ILQG�WKH�PRVW�RSWLPXP�RUJDQLVDWLRQ

)LJXUH������/D\RXW�HYROYHV�DV�WKH�UHTXLUHPHQWV�NHHS�FKDQJLQJ

��� %,0�IRU�+RWHOV��5HYLW�$XWRPDWLRQ�IRU�5XOH�%DVHG�6SDFHV

2YHUYLHZ��� ,Q� WKLV� OHFWXUH�IURP�DXWRGHVN�XQLYHUVLW\� WKH\�WDON�DERXW�XVLQJ�G\QDPR�

DQG� IOX[� WR� JHW� LQSXW� IURP� FOLHQWV� DQG� DXWRPDWH� WKH� VWDQGDUG� HOHPHQWV� LQ� D� KRWHO�

SURMHFW�OLNH�WKH�IXUQLWXUH�LQ�WKH�URRP�DQG�WKH�VKRZHU�VWDOOV�LQ�WKH�EDWKURRPV�HWF���7KLV�

ZDV�D�ZRUNIORZ�WR�FUHDWH�D�OLEUDU\�RI�DOO�WKDW�LV�FRQVWDQW�IRU�D�VSHFLILF�SURMHFW�OLNH�IRU�

H[DPSOH�WKH\�VKRZ�XV�KRZ�ZH�FDQ�DXWRPDWH�DOO�WKH�WRLOHW�DFFHVVRULHV�IRU�D�VSHFLILF�

W\SH�RI�JXHVW�URRP��6LQFH�D�KRWHO�KDV�DOO�LWV�IXUQLWXUH�DQG�DFFHVVRULHV�LQ�SUHVFULEHG



��

VSDFHV��VR�ZH�NQRZ�ZKHUH�HYHU\WKLQJ�LV�JRLQJ�WR�EH�DW��$QG�E\�XVLQJ�G\QDPR�ZH�FDQ

SUHVHW�DOO�WKHVH�DFFHVVRULHV�WR�SODFH�WKHPVHOYHV�LQ�WKH�ULJKW�SRVLWLRQV�

3URV���7KH�PDLQ�DGYDQWDJH�RI� WKLV� OHFWXUH� LV�WKDW� LW� LV�VLPSOH��VWUDLJKWIRUZDUG�DQG�

UHODWLYHO\�HDV\�WR�SHUIRUP�DV�KRWHO�FRQILJXUDWLRQV�EDUHO\�FKDQJH�VR�DXWRPDWLRQ�ZRXOG�

EH�IDLUO\�HDV\�OLNH�DXWRPDWLFDOO\�SODFLQJ�IXUQLWXUH�LQVLGH�D�URRP�HWF��

&RQV���$OWKRXJK�WKH\�URXJKO\�KDYH�WKH�VDPH�LGHD�DV�P\�UHVHDUFK�SURMHFW��WKLV�

SURMHFW� LV�RQO\�D� IUDJPHQW�RI�ZKDW� FRXOG�EH�DFKLHYHG� LI�ZH�ZHUH� WR� LQFRUSRUDWH�

ODUJHU� SDUWV� RI� D� EXLOGLQJ� VLPXOWDQHRXVO\� LQ� GLႇHUHQW� YDULDWLRQV� E\� XVLQJ�

JHQHUDWLYH� GHVLJQ�� +HUH� WKH\� KDYH� FUHDWHG� PDQ\� GLႇHUHQW� G\QDPR� JUDSKV� WR�

DXWRPDWH�FHUWDLQ�3$576�RI�WKH�HQWLUH�EXLOGLQJ��ZKLFK�LV�TXLWH�VLPSOH�DV�RQH�SDUW�

RI�DXWRPDWLRQ�GRHV�QRW�QHHG� WR�FRPPXQLFDWH�ZLWK� WKH�QH[W�SDUW�RI� WKH�EXLOGLQJ�

GHVLJQ�L�H���ZKHQ�SDUDPHWHUV�DUH�FKDQJHG�RQO\�D�SDUW�RI�WKH�EXLOGLQJ�ZRXOG�UHDFW�

WR� LW� DQG� WKH� UHVW� ZRXOG� QRW�� 7KXV� FUHDWLQJ� D� PRGHO� WKDW� LV� HLWKHU� EURNHQ� RU�

GLႇHUHQW� LQ� GLႇHUHQW� SDUWV� RI� WKH� EXLOGLQJ�� 7KLV LV� MXVW� D� VKRZFDVH� RI� D� WRRO�

DXWRPDWLQJ�VRPH�RI�WKH�ODERULRXV�ZRUN�ZKLOH�PRGHOOLQJ�D�EXLOGLQJ�



��

�D��8VLQJ�'\QDPR�WR�DXWRPDWH�EHGURRP�IXUQLWXUH

)LJXUH������/D\RXW�FKDQJHV�DV�EHGURRP�W\SH�FKDQJHV

�D��8VLQJ�'\QDPR�WR�DXWRPDWH�WRLOHW�DFFHVVRULHV

)LJXUH������/D\RXW�FKDQJHV�DV�EHGURRP�W\SH�FKDQJHV
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�D��8VLQJ�'\QDPR�WR�DXWRPDWH�D�SDUNLQJ�GHFN�JLYHQ�D�VHW�RI�SDUDPHWHUV

)LJXUH������3DUNLQJ�GHFN�FKDQJHV�VL]H�DQG�KHLJKW�DV�UHTXLUHG

�D��8VLQJ�'\QDPR�WR�DXWRPDWH�D�FRPSOHWH�SDUNLQJ�GHFN

)LJXUH������&RPSOHWHG�SDUNLQJ�GHFN�ZLWK�ZDOO



��

$V�D�SUHOLPLQDU\�UHVHDUFK�WHVW�IRU�WKH�WKHVLV�ZLWK�DXWRPDWLRQ�RI�GHVLJQ��,�VWDUWHG

Rႇ�ZLWK�D�YHU\�VLPSOH�GHVLJQ�L�H���D�SDUNLQJ�GHFN���6LQFH�D�SDUNLQJ�GHFN�KDV�OLWWOH

WR�QR�SURJUDP�LQ�GHVLJQ�WKHUH�LV�QRW�PXFK�YDULDWLRQ�LQ�WKH�GHVLJQ�RI�WKH�SDUNLQJ

GHFN�IURP�RQH�WR�DQRWKHU��6R�LW�RQO\�QHHGV�WR�VDWLVI\�WKH�VWDQGDUGV�DQG�FRGH�VHW�E\

WKH�VWDWH��ZKLFK�LV�SUH�FRQILJXUHG�LQ�WKH�FRGH�DQG�XVHUV�DUH�DOORZHG�WR�XVH�WKLV�WRRO

WR�FUHDWH�SDUNLQJ�GHFNV�WKDW�VXLW�WKHLU�QHHGV��$�XVHU�LQWHUIDFH�DVNLQJ�WKH�XVHUV�WR

HQWHU�WKH�YDOXHV�IRU�GLႇHUHQW�SDUWV�RI�WKH�SDUNLQJ�GHFN�ZKLFK�LV�HQWLUHO\�SDUDPHWULF�

/LNH�WKH�KHLJKW�RI�WKH�EXLOGLQJ�RU�WKH�QXPEHU�RI�IORRUV�HWF�FDQ�EH�FXVWRPLVHG�WR

VXLW�WKH�QHHGV�RI�WKH�XVHU��7KH�XVHU�FDQ�ODWHU�GHFLGH�WR�DGG�LQ�DSDUWPHQWV�RQ�WKH

ERUGHU�RI�WKH�SDUNLQJ�GHFN�LWVHOI��$QG�OLNH�HYHU\WKLQJ�SDUDPHWULF�WKH�XVHU�LV�DEOH�WR

VSHFLI\�WKH�ZLGWK�DQG�OHQJWK�RI�WKH�DSDUWPHQW�XQLWV��)LJ�����VKRZV�WKH�IORRU�V\VWHP

DORQJ�ZLWK�WKH�SDUNLQJ�VSRWV�IRU�WKH�SURYLGHG�VLWH��VKRZLQJ�WKH�PD[LPXP�QXPEHU�RI

SDUNLQJ�VSRWV�DQG�WKH�JHQHUDO�GHVLJQ��:KLOH�)LJ�����VKRZV�WKH�HQWLUH�SDUNLQJ�GHFN

PRGHO�FRPSOHWH�ZLWK�ZDOOV��IORRUV�VWDLU�WRZHUV��OHYHOV�HWF���DIWHU�VXFFHVVIXOO\�UXQQLQJ

WKH�SDUNLQJ�GHFN�WRRO�

�D��8VLQJ�'\QDPR�WR�DXWRPDWH�D�FRPSOHWH�SDUNLQJ�GHFN

)LJXUH������3DUNLQJ�GHFN�WRRO¶V�8VHU�,QWHUIDFH



��

�D��8VLQJ�'\QDPR�WR�DXWRPDWH�D�FRPSOHWH�SDUNLQJ�GHFN�ZLWK�DSDUWPHQW�XQLWV

)LJXUH������3DUNLQJ�GHFN�WRRO�ZLWK�DSDUWPHQW�XQLWV

��� :K\�5HYLW"

0DQ\� RI� WKH� FDVH� VWXGLHV� WKDW� KDYH� EHHQ� PHQWLRQHG� DERYH� SULPDULO\� XVH�

JUDVVKRSSHU�DQG� WRROV�RWKHU� WKDQ� UHYLW�DQG�KDYH�DFFRPSOLVKHG� IDLUO\�PRUH� WKDQ�

ZKDW�L�VWULYH�WR�DFKLHYH�LQ�WKH�FRQFHSWXDO�DUHD�

3DUDPHWULF�WRROV�OLNH�JUDVVKRSSHU�LQ�UKLQR�DUH�DEOH�WR�EHQG�DQ\�VKDSH�DQG�WDNH�

DQ\�IRUP�WKDW�FDQ�EH�FRQFHLYHG�E\�WKH�KXPDQ�PLQG��EXW�LQ�UHYLW�WR�FUHDWH�D�IRUP�D�

ZKROH�VHW�RI�FRQVWUDLQWV�QHHG�WR�EH�VHW��(YHQ�WR�FUHDWH�D�UHFWDQJXODU� IRUP�UHYLW�

GHPDQGV�DQ�H[RUELWDQW� DPRXQW�RI� GDWD�DQG�KHQFH�ZH�GR�QRW� ILQG� WKH� IOH[LELOLW\�

PDQ\�GHVLJQHUV�ZRXOG�SUHIHU�

%XW�5HYLW�PLPLFV�UHDO�ZRUOG�RXWFRPHV�DQG�KHQFH�FDQ�EH�GLUHFWO\�XVHG�WR�FUHDWH�

FRQVWUXFWLRQ� GRFXPHQWV�� WUDFN� D� OLYH� SURMHFW� DQG� LQFUHDVH� FRPPXQLFDWLRQ�

EHWZHHQ�WKH�VHFWRUV�RI�WKH�FRQVWUXFWLRQ�LQGXVWU\�E\�WLHLQJ�WKHP�DOO�WRJHWKHU�XQGHU�

RQH�JLDQW�URRI�RI�%,0�



��

�D��5HYLW�6WDWLVWLFV

)LJXUH������5HYLW�6WDWLVWLFV

,Q�D�IUHH�FRPPHQWV�VHFWLRQ��VRPH�RI� WKHP�PHQWLRQ�WKH� LPSRUWDQFH�RI�GLVSOD\�

GHYLFHV��H�J��

)RU�KDYLQJ�D�FRPPRQ�YLVXDO�VXSSRUW�GXULQJ�GLVFXVVLRQV

)RU�UDSLGO\�XQGHUVWDQGLQJ�WKH�LVVXH�EHLQJ�GLVFXVVHG

)RU�WKH�FDSDELOLW\�WR�LQWHUDFW�ZLWK�GDWDVHWV���'�YLVXDOL]DWLRQV��OLQNHG�GDWD�HWF���

)RU� WKH� LPPHUVLYH�GLPHQVLRQ��HQDEOLQJ� WR�EHWWHU� LQYROYH� WKH�SDUWLFLSDQWV� LQ� WKH�GLV�

FXVVLRQ��$V�ZHOO�DV�IRU�GLUHFW�DQQRWDWLRQ�DQG�FROODERUDWLYH�WUDFNLQJ�RI�GHFLVLRQV�

)LQDOO\�� WKH� UHVSRQGHQWV�ZHUH�DVNHG�DERXW� WKH�%,0�VRIWZDUH�V\VWHPV� WKH\�XVH�

GXULQJ� WKH� FR�ORFDWHG� PHHWLQJV�� 6RIWZDUH� HQDEOLQJ� WKH� GLUHFW� YLVXDOL]DWLRQ� RI�

EXLOGLQJ� PRG�HOV� DUH� UHIHUUHG� KHUH�� 7KH� DERYH� LPDJH� VKRZV� WKDW� PRVW� RI� WKH�

UHVSRQGHQWV� WR� WKLV� TXHVWLRQQDLUH� DUH� XVLQJ� 1DYLVZRUNV� ���� DQVZHUV�� DQG�RU�

5HYLW� ���� DQVZHUV�� V\VWHPV� IURP� $XWRGHVN�� 7HNOD� %,0VLJKW� ���� DQVZHUV�� DQG�

6ROLEUL�0RGHO�9LHZHU����DQVZHUV��DUH�DOVR�ZHOO�XVHG����UHVSRQGHQWV�RXW�RI�WKH����

PHQWLRQHG�QRW�XVLQJ�DQ\�VRIWZDUH�V\VWHP�



��

��� 0HWKRGRORJ\

7KH�VHPHVWHU�EHJDQ�ZLWK�WKH�VHDUFK�RI�ILQGLQJ�ZD\V�WR�PDNH�DQ�DUFKLWHFWV�OLIH�

HDVLHU�E\�FUHDWLQJ�WRROV�DQG�DGG�LQV�WKDW�DXWRPDWH�WKH�PXQGDQH�WDVNV�WKDW�QHHG�

WR�EH�SHUIRUPHG�ZKLOH�FUHDWLQJ�GUDZLQJV�WKDW�JR�WRZDUG�SHUPLW�

6R�,�VWDUWHG�WKLV�SXUVXLW�WRZDUG�DXWRPDWLRQ�E\�UHVHDUFKLQJ�DQG�PDNLQJ�QRWHV�RI�

DOO� WKH� PXQGDQH� WDVNV� WKDW� DUH� WR� EH� SHUIRUPHG� LQ� WKH� HYHU\GD\� OLIH� RI� DQ�

DUFKLWHFW�� $V� ,� VWDUWHG� PDNLQJ� D� OLVW� RI� WKH� WDVN� DQG� VWDQGDUGV� WKDW� FRXOG�

SRWHQWLDOO\�EH�SUH�FRQILJXUHG�LQ�D�VFULSW��,�UHDOLVHG�WKDW�,�FRXOG�SRWHQWLDOO\�ZULWH�D�

VFULSW� WKDW� FRXOG� DXWRPDWH� DQG� GHVLJQ� DQ� HQWLUH� EXLOGLQJ� FRQWUROOHG� E\� D� VHW� RI�

SDUDPHWHUV�WKDW�ZRXOG�FKDQQHO�WKH�GHVLJQ�UHTXLUHPHQWV�

6R�DV�D�SUHOLPLQDU\�UHVHDUFK�RI�DXWRPDWLRQ� LQ�GHVLJQ�DQG�EXLOG� ,�GHFLGHG�WR� WHVW�RXW�

SDUNLQJ�GHFNV��6LQFH�D�SDUNLQJ�GHFN KDV�D�YHU\�VLPSOH�DQG�ZHOO�GHILQHG�SURJUDP��DOO�WKDW�

ZDV�QHHGHG� WR� FUHDWH� WKH�DOJHEUDLF�H[SUHVVLRQV� IRU� WKH�SURJUDPPLQJ�ZDV� WKH�VWDWHkV�

PLQLPXP�FRGH� UHTXLUHPHQW� DQG� WKH� VWDQGDUGV� IURP�1HXIHUWV��6R� DIWHU� TXLFNO\� UHDGLQJ�

WKURXJK�DOO� WKH�GLႇHUHQW� W\SHV�RI�SDUNLQJ�GHFNV�� WKH�RQH�GHVLJQ� WKDW� LV�PRVW�FRPPRQO\�

XVHG� ZDV� FKRVHQ�� 7KHQ� XVLQJ� 1HXIHUWV� DQG� 1&� VWDWHkV� FRGH� IRU� PXOWL� OHYHO� SDUNLQJ�

GHFNV�WR�GHVLJQ�WKH�SDUNLQJ�GHFNkV�ERWK�VORSHG�DQG�QRQ�VORSHG�KRUL]RQWDO�SODWHV�ZKLFK�

KDYH� PLQLPXP� ZLGWK� UHTXLUHPHQWV�� WKH� VWDLUFDVHV� RQ� HLWKHU� VLGH� ZLWK� PLQLPXP�

GLPHQVLRQV�DOUHDG\�VHW�ZLWKLQ�WKH�FRGH��:LWK�PRVW�RI�WKH�GHVLJQ�DOUHDG\�SUH�FRQILJXUHG�

ZLWKLQ�WKH�FRGH�ZH�GR�DOORZ�VRPH�IOH[LELOLW\�ZLWK�ZKDW�WKH�XVHU�QHHGV�

7KLV� WRRO� KDV� D� XVHU� LQWHUIDFH� WKDW� DOORZV� WKH� XVHU� WR� FKRRVH� ZKDW� W\SH� RI�

SDUNLQJ�GHFN�WKH\�QHHG�DQG�FDQ�FRQILJXUH�HYHU\�DVSHFW�RI�WKH�EXLOGLQJ�EDVHG�RQ�

WKHLU�XQLTXH�VLWH�DQG�UHTXLUHPHQWV�

��� 3URJUDPPLQJ�:RUNIORZ

7KH�ILUVW�SDUW�RI�WKH�FRGH�LV�IRFXVHG�RQ�FUHDWLQJ�D�XVHU�LQWHUIDFH�ZKHUH�WKH�XVHUV�DUH�

DEOH�WR�LQSXW�WKH�YDOXHV�WKDW�WKH\�QHHG�VR�WKDW�WKH�SDUNLQJ�GHFN�LV�FXVWRPLVHG�WR�WKHLU



��

YHU\�VSHFLILF�QHHGV�

7KH�XVHU� LQWHUIDFH�VWRUHV� WKHVH�YDOXHV��ZKHUH�RQH�RI� WKHP�LV� WKH�VLWH�ERXQGDU\�

WKDW�GLUHFWV�WKH�UHVW�RI�WKH�FRGH�

2QFH� ZH� KDYH� WKH� ERXQGDU\� WKH� FRGH� WKHQ� VSOLWV� WKH� DUHD� LQWR� �� SDUWV� DV�

GHVFULEHG� E\� WKH� FKRVHQ� W\SH� RI� SDUNLQJ� GHFN�� ZKLFK� DUH� WKHQ� FRQYHUWHG� LQWR�

IORRUV�DQG� WKH�KHLJKWV�DUH�JXLGHG�E\� WKH�XVHU� LQSXW��7KHQ� LW� LV�DUUD\HG� LQ� WKH�]�

D[LV�GHSHQGLQJ�RQ�WKH�QXPEHU�RI�IORRUV�UHTXLUHG�

1RZ�WKDW�ZH�KDYH�D�IORRU�EDVH�IRU�WKH�SDUNLQJ�GHFN�ZH�QHHG�WKH�ZDOOV�WR�FRYHU�LW�

XS� DQG� SURYLGH� VDIHW\� VNLQ� WR� WKH� GHFN�� 6R� WKH� FRGH� FUHDWHV� ZDOOV� XVLQJ� WKH�

ERXQGDU\� LQSXW� WKDW� ZDV� SURYLGHG� ZLWK� EUHDNV� LQ� KHLJKW� �WKH� RSHQLQJV� IRU�

YHQWLODWLRQ��WKHVH�EUHDNV�DUH�LQIOXHQFHG�E\�WKH�KHLJKW�WKDW�WKH�XVHU�SURYLGHG�DQG�

FKDQJH�DFFRUGLQJO\�ZKLOH�NHHSLQJ�WKH�PLQLPXP�VWDQGDUG�

1RZ�WKDW�ZH�KDYH�D�VNLQ�DQG�D�EDVH�IRU� WKH�SDUNLQJ�GHFN�ZH�ZLOO�QRZ�ZRUN�RQ�

VWUXFWXUDO�VXSSRUW��6R�ZH�XVH�WKH�ERXQGDU\�WR�PDS�RXW�JULG�OLQHV�WKDW�DUH�VSDFHG�

ZLWK� WKH�PLQLPXP� UHTXLUHG�GLVWDQFH� IRU� D� VWDQGDUG� VWUXFWXUDO� FROXPQ��7KHQ�ZH�

SODFH�FROXPQV�DW�HYHU\�LQWHUVHFWLRQ�

:H� QRZ� QHHG�PHDQV� RI� HJUHVV� IRU� WKH� SHRSOH� WR� H[LW� DQG� WKH� FKRVHQ� SDUNLQJ�

GHFN�W\SH�KDV�JRW�WZR�VWDLUZHOOV�DQG�RQH�RI�WKHP�QHHGV�WR�KDYH�DQ�HOHYDWRU��6R�

ZH�XVH�WKH�XVHUkV�LQSXW�WR�GLUHFW�WKH�GLPHQVLRQV�RI�WKHVH�VWDLUZHOOV�WKDW�DUH�FXW�

LQWR�WKH�EDVH�SDUNLQJ�GHFN�

)RU� WKH� SDUNLQJ� VSDFHV� ZH� KDYH� UHYLW� UHDG� WKH� ZLGWK� RI� WKH� SDUNLQJ� VSRW� DQG�

SODFH�LWVHOI� LQ�DQ�DUUD\�DORQJ�WKH�IORRUV�RI� WKH�SDUNLQJ�GHFN��6R�QRZ�ZH�FDQ�JHW�

WKH�PD[LPXP�QXPEHU�RI�SDUNLQJ�VSRWV�LPPHGLDWHO\�

:H� DUH� DOVR� DEOH� WR� ILQG� WKH� IDUWKHVW� VSRW� DQG� FDOFXODWH� WKH� GLVWDQFH� WR� WKH�

HQWUDQFH�E\�XVLQJ�WKH�OHQJWK�RI�HDFK�RI�WKH�IORRUV�IURP�WKH�WRS�IORRU�



��

:H�FDQ�DOVR�ZUDS�WKH�SDUNLQJ�GHFN�ZLWK�DSDUWPHQWV�DURXQG�WKH�VLGHV��:H�XVH�WKH

GLPHQVLRQV�WKDW�WKH�XVHU�SURYLGHG�WR�FUHDWH�WKH�ZDOOV�LQVLGH��:H�VWLOO�XVH�WKH�KHLJKWV

RI�WKH�SDUNLQJ�GHFN�WR�FUHDWH�WKH�DSDUWPHQW�XQLWV�
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��� ,QWURGXFWLRQ

$IWHU� WHVWLQJ�RXW� WKH�SDUNLQJ�GHFN�WRRO�DQG� LWV�DXWRPDWLRQ�FDSDELOLWLHV�� OLPLWDWLRQV��

WKH�QH[W�VWHS�ZDV�WR�DXWRPDWH�D�SURMHFW�W\SH�ZLWK�D�OLWWOH�PRUH�IXQFWLRQ�DQG�IORZ�LQ�

YROYHG�� $QG� WKH� KRVSLWDOLW\� VHFWRU� VHHPHG� WR� KDYH� GHWDLOHG� VWDQGDUGV� DQG� VHW� RI�

UXOHV� WKDW� LV� DGKHUHG� ZKLOH� GHVLJQLQJ� D� KRWHO� RI� WKH� VDPH� W\SH�� 6R� ,� VWDUWHG�

UHVHDUFKLQJ� +R�WHO� VWDQGDUGV� WR� GHVLJQ� D� SURJUDP� DQG� DXWRPDWH� WKH� PRGHOOLQJ�

SURFHVV��7KLV�3URFHVV�EHJDQ�E\�XQGHUVWDQGLQJ�DQG�GHFRQVWUXFWLQJ� WKH�UXOHV�RI� WKH�

GHVLJQ� RI� WKH� KRWHO� E\� WDONLQJ� WR� �� GLႇHUHQW� DUFKLWHFWV� DERXW� WKH� EDVH� UXOHV� RI�

GHVLJQLQJ� DQ\� KRWHO�� OLNH� WKH� FKLHI� FRQVWUDLQWV� WKDW� ZRXOG� EH� FRQVLGHUHG� EHIRUH�

EXLOGLQJ�GHVLJQLQJ�� 8VH� DQG� HYDOX�DWH� GLႇHUHQW� DUFKLWHFWV� YLHZV� DQG� RSLQLRQV� RQ�

GHVLJQLQJ�D�KRWHO�DQG�H[WUDFW�WKH�UXOHV�IURP�WKLV�WUDQVFULSW� ,�H���GHILQH�WKH�FRQVWUDLQWV�

WKDW� ZRXOG� OLNHO\� FKDQJH�WKH� YDULDEOHV� LQ� DQ� DOJHEUDLF� H[SUHVVLRQ�� DV� WKH� PDLQ�

SDUDPHWHUV�DURXQG�ZKLFK�WKH�VWDQGDUGV�RU�WKH�SDUDPHWHUV�WKDW�GRQW�FKDQJH�LV�EXLOW�

DURXQG�WR�FUHDWH�WKH�ORJLFDO�H[SUHVVLRQ�IRU�WKH�SURJUDPPLQJ��7KH�YDULDEOHV�ZLOO�EH�D�

SDUW�RI� WKH�XVHU� LQWHUIDFH� IRU� WKH�XVHU� WR� LQSXW� LWV� YDOXHV� WR�JHW� WKH�GHVLUHG�RXWSXW��

7KLV�SURFHVV�WDNHV�SODFH�LQ�G\QDPR�IRU�UHYLW��ZKLFK�FUHDWHV�WKLV�DXWRPDWLRQ�SURFHVV�

RI�GHVLJQLQJ�DQ�HQWLUH�SURWRW\SLFDO�KRWHO�EDVHG�RQ�WKH�FUHDWHG�DOJHEUDLF�H[SUHVVLRQ�



��

�D��0HWKRGRORJ\�)ORZ�GLDJUDP

)LJXUH������0HWKRGRORJ\�IORZ�GLDJUDP



��

5HYLW�LV�D�VRIWZDUH�ZLGHO\�XVHG�LQ�WKH�FRQVWUXFWLRQ�ILHOG�E\�DUFKLWHFWV��FRQWUDFWRUV

DQG�HQJLQHHUV�GXH�WR�LWV�%,0�FDSDELOLWLHV�DQG�IXQFWLRQDOLWLHV��7KH�GHYHORSHUV�RI�UHYLW

UHOHDVHG�'\QDPR�IRU�UHYLW�ZKLFK�LV�D�JUDSKLFDO�SURJUDPPLQJ�LQWHUIDFH�WKDW�DOORZV

XV�WR�FXVWRPL]H�RXU�EXLOGLQJ�LQIRUPDWLRQ�ZRUNIORZ��'\QDPR�DOVR�DOORZV�XV�WR�KDFN

LQWR�5HYLWkV�$3, WR�DXWRPDWH�PDQ\�RI�WKH�PXQGDQH�UHSHWLWLYH�WDVNV�UHTXLUHG�WR�EH

SHUIRUPHG�ZKLOH�PRGHOOLQJ�D�SURMHFW�

%\� XVLQJ� G\QDPRkV� DELOLW\� WR� KDFN� LQWR� UHYLWkV� $3,� DQG� LWV� IXQFWLRQDOLW\� WR�

JUDSK�LFDOO\� FRGH� LQ�PDQ\� H[SUHVVLRQV� DQG� IRUPXODV� EDVHG� RQ� WKH� FRQVWUDLQWV�

WKDW� DUH� VHW� LQ� UHYLW�� ,W� LV� SRVVLEOH� WR�GHULYH� WKH�EDVH�k)RUPXODk�RI� D� SDUWLFXODU�

EXLOGLQJ� W\SH� DQG� WXUQ� LW� LQWR� D� SDUDPHWULF� VHW� RI� UXOHV� DQG� FRGHV� WKDW� FDQ� EH�

WUDQVIRUPHG� LQWR� D� EXLOGLQJ� LQIRUPDWLRQ�PRGHO� WKDW� FDQ� EH� ODWHU� XVHG� WR� FUHDWH�

FRQVWUXFWLRQ�GRFXPHQWV�GLUHFWO\�IURP�

��� 7KH�3URJUDP�6WUXFWXUH

7KH�GHVLJQ�RI�WKH�FRGH�ZLOO�IROORZ�YHU\�FORVHO\�WR�WKH�SDUNLQJ�GHFN�EXW�WKH�LQLWLDO�

XVHU� VWXG\� UHYHDOV� DOO� WKH� FRQVWUDLQWV� WKDW� D� XVHU�ZRXOG�ZDQW� WR�PDQLSXODWH� RU�

FKDQJH�IURP�RQH�SURWRW\SLFDO�KRWHO�WR�DQRWKHU�

��6R�MXVW�DV�ZH�EHJDQ�FRGLQJ�WKH�SDUNLQJ�GHFN�ZH�ZRXOG�KDYH�WR�FUHDWH�WKH�FRGH�

IRU� D� XVHU� LQWHUIDFH� WKDW� LV� DEOH� WR� UHWULHYH� WKH� VLWH� ERXQGDU\� DQG� DOO� WKH� RWKHU�

YDOXHV�WKDW�ZLOO�EH�XVHG�WR�GHVLJQ�WKH�KRWHO�SURWRW\SH�

��7KH�FRGH�QHHGV�WR�KDYH�WKH�SURWRW\SHV�SODQ�SUH�FRQILJXUHG�VR�L�ZLOO�EH�XVLQJ�D�

SURWRW\SLFDO�SODQ�WR�KDYH�WKH�EDVH�SODQ�ODLG�RXW�EXW�KDYH�WKH�OHQJWK�DQG�ZLGWK�RI�

WKH�URRP�DV�D�YDULDEOH�VR�WKDW�LW�FDQ�EH�FKDQJHG�WKLV�LV�IRU�WKH�JURXQG�IORRU�

��7KH�XSSHU�IORRUV�MXVW�KDYH�JXHVWURRPV�RQ�HLWKHU�VLGH�RI�D�FHQWUDO�FRUULGRU��EXW�ZH�

QHHG�WR�JLYH�WKH�XVHUV�WKH�RSWLRQ�WR�FRQILJXUH�WKH�W\SH�RI�WKHVH�JXHVWURRPV�LQ�HDFK�

IORRU� RU� SURYLGH� WKHP� WKH� RSWLRQ� WR�PDNH� LW� D� W\SLFDO� JXHVWURRP��6R�ZH� GLYLGH� WKH�

SDUDOOHO�VLGHV�RI�WKH�ERXQGDU\�LQWR�SRLQWV�WKDW�DUH�DUUD\HG�ZLWK�WKH�GLVWDQFH�WKDW�LV



��

WKH�ZLGWK�RI�WKDW�SDUWLFXODU�JXHVWURRP�W\SH�

��6R� WKH�XVHU�KDV� WR�JLYH�XV� DQ� LQSXW� WKDW� ORRN� OLNH� D�PDWUL[�ZKLFK� VD\� IRU� HJ��

ORRNV�OLNH���NLQJ����TXHHQ����NLQJ�VXLWH�HWF���RU�FDQ�HYHQ�SURYLGH�XV�ZLWK�DQ�H[FHO�

VKHHW��8VLQJ�ZKLFK�ZH�FDQ�GHVLJQ�WKH�XSSHU�IORRUV�

��7KH� SURWRW\SH� GLFWDWHV� ZKHUH� WKH� HOHYDWRU� JRHV� DQG� VR� GR� WKH� VWDLUV� EXW� LI� WKH� VLWH�

H[FHHGV�D�FHUWDLQ�PLQLPXP�WKH�FRGH�VKRXOG�DXWRPDWLFDOO\�DGG�LQ�DQRWKHU�VHW�RI�HJUHVV�

��7KLV�IORRU�SODQ�LV�WKHQ�DUUD\HG�LQ WKH�]�D[LV�GHSHQGLQJ�RQ�WKH�QXPEHU�RI�IORRUV�

WKH� XVHU� QHHGHG�� 6LQFH� WKH� IXUQLWXUH� LQ� D� JXHVWURRP� UHPDLQV� IDLUO\� FRQVWDQW�

WKURXJKRXW�D�SDUWLFXODU�GHVLJQ�RI�KRWHOV��ZH�FDQ�SURJUDP� WKH� IXUQLWXUH� IRU�HDFK�

JXHVWURRP�W\SH�EHIRUH�HYHQ�SODFLQJ� WKH�JXHVWURRPV��6R�QRZ�ZH�KDYH�IXUQLWXUH�

DQG�ILQLVK�SODQV�DORQJ�ZLWK�WKH�IORRU�SODQV�FRPSOHWHG�

��:H�QRZ�KDYH�D�YHU\�VWURQJ�IRXQGDWLRQDO�PRGHO��ZH�QRZ�QHHG�WR�SURJUDP�HDFK�

URRP�WR�KDYH�D�ZLQGRZ�RQ�WKH�H[WHULRU�ZDOO�DQG�D�GRRU�RQ�WKH�LQWHULRU�ZDOO�

��:H�DJDLQ�XVH�WKH�ERXQGDU\�WR�SURJUDP�UHYLW�WR�FUHDWH�IORRUV�WKDW�DUH�DUUD\HG�XS�

LQ�KHLJKW�EDVHG�RQ�WKH�XVHUV�QHHGV�

��:H�ZRXOG�QRZ�KDYH�D�FRPSOHWH�%XLOGLQJ�,1)250$7,21�0RGHO�WKDW�PHHWV�DOO�

UHTXLUHPHQWV�IRU�D�VFKHPDWLF�GHVLJQ�SKDVH�RI�VXEPLVVLRQ�

���7KLV�DXWRPDWLRQ�ZLOO�EH�FRPSOHWHG�LQ�OHVV�WKDQ���PLQXWHV�DQG�ZLWKRXW�WKH�FRGH�

ZH�ZLOO�KDYH�WR�ZDLW�IRU�D�PLQLPXP�RI���ZHHNV�WR�ILQG�RXW�DOO�WKH�LQIRUPDWLRQ�RI�WKH�

GHVLJQHG�EXLOGLQJ�WKDW�FRXOG�EH�FUXFLDO�LQ�WKH�HDUO\�GHFLVLRQ�PDNLQJ�VWDJHV�

$IWHU� FUHDWLQJ� WKH� VDLG� WRRO� IURP� WKH� FRQVWUDLQWV� JDWKHUHG� IURP� WKH�DUFKLWHFWV�

DQG� P\� RZQ� H[SHULHQFH�� LW� ZDV� WHVWHG� LQ� WKH� DUFKLWHFWXUH� ILUP� WR� FROOHFW� WKHLU�

YDOXDEOH�FULWLTXHV�DQG�JHW�WKHLU�RSLQLRQV�WR�PDNH�D�EHWWHU�YHUVLRQ�RI�WKH�WRRO�IURP�

WKH�XVHU�H[SHULHQFHV�
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�D� 7KH�EDVLF�FRGH�VWUXFWXUH

)LJXUH������7KH�FRQVWDQWV�LQ�WKH�JURXQG�IORRU

�D��7KH�EDVLF�FRGH�FRPSRQHQWV

)LJXUH������7KH�FRQVWDQWV�LQ�WKH�ILUVW�IORRU
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�D��3URWRW\SLFDO�KRWHO�FDOFXODWLRQ�'LDJUDP

)LJXUH������'LDJUDPPDWLF�H[SUHVVLRQ�RI�WKH�FRGHV�VWUXFWXUH�IRU�WKH�PRGHO

�D��7KH�LQSXW�IRU�WKH�JXHVW�URRP�W\SHV

)LJXUH������7KH�8,�WR�HQWHU�*5�W\SHV�GDWD



��

��� 'DWD�&ROOHFWLRQ��'HVLJQ�6WXGLHV

$IWHU�FRQVLGHULQJ�PDQ\�GLႇHUHQW�EXLOGLQJ�SURJUDPV�DQG�W\SHV��,�KDYH�FRPH�WR�

WKH� FRQFOXVLRQ� WKDW� XVLQJ� D� KRVSLWDOLW\� EXLOGLQJ� DV� D� EDVH� WR� FUHDWH� WKH� ILUVW�

SDUDPHWULF�EXLOGLQJ�PRGHO��6LQFH��

7KH�EXLOGLQJ�GHVLJQ�IRU�D�SDUWLFXODU�KRWHO�EUDQG�UHPDLQV�WKH�VDPH�QR�PDWWHU�WKH�

VLWH�ORFDWLRQ�RU�EXGJHW���:LWK�RQO\�PLQRU�FKDQJHV�OLNH�FKDQJHV�LQ�VL]H�RI�SURJUDP�

VSDFHV�RU�QXPEHU�RI�IORRU�HWF���

$FFHVV�WR�DOO�WKH�SURWRW\SH�GUDZLQJV�DQG�UHTXLUHPHQWV�IURP�PDQ\�GLႇHUHQW�+RWHO�

%UDQGV� WR� EH� DEOH� WR� IRUPXODWH� D� VHW� RI� UXOHV�FRQVWUDLQWV� EDVHG� Rႇ� RI� WKHLU�

PLQLPXP�UHTXLUHPHQW

3HUIRUP� D� FDVH� VWXG\� RI� WKH� GHVLJQ� SURFHVV� DQG� FRQVWUXFWLRQ� RI� DQ� RQJRLQJ�

+DPSWRQ�,QQ�SURMHFW�LQ�JUHHU�

8VH� KLVWRULFDO� GDWD� DQG� PRGHOV� IURP� SDVW� KRVSLWDOLW\� SURMHFWV� WR� VWXG\� WKH�

XQGHUO\LQJ�SULQFLSOH�DQG�ZRUNLQJ�RI�D�VXFFHVVIXO�KRWHO�
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7KH�ILUVW�SDUW�RI�GHVLJQLQJ�WKH�SURJUDPPLQJ�SDUW�ZDV�LQWHUYLHZLQJ�WKUHH�DUFKLWHFWV�ZKR�

DUH� VSHFLDOLVHG� LQ�GHVLJQLQJ�KRWHOV��7KHVH�DUFKLWHFWV�ZHUH� WKH�SULQFLSDOV� LQ�D� ILUP� WKDW�

SULPDULO\�GHVLJQHG�FXVWRP��XQLTXH�DQG�GLႇHUHQW�IURP�DOO�RWKHUV��DQG�SURWRW\SLFDO��IROORZ�

D� VWDQGDUG� VHW� RI� GUDZLQJV�� KRWHOV�� 7KH� LQWHUYLHZ� EHJDQ� ZLWK� WKH� SUHVHQWDWLRQ� RI� P\�

WKHVLV�JRDOV�DQG�ZKDW�LW�ORRNV�WR�DFKLHYH�DQG�KRZ�WKHLU�DQVZHUV�ZRXOG�EH�D�PDMRU�SDUW�RI�

FUHDWLQJ�WKH�DXWRPDWLRQ�SURJUDP��$IWHU ZKLFK�WKHVH�SURIHVVLRQDOV�ZHUH�DVNHG�D�FRXSOH�

TXHVWLRQV�RQ�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�ZKLOH�FRPLQJ�XS�ZLWK�WKH�QXPEHUV�IRU�D�KRWHO�

GHVLJQ� OLNH�ZKDW�ZRXOG�GHWHUPLQH� WKH� KHLJKW� RI� WKH� EXLOGLQJ�� WKH� QXPEHU� RI� IORRUV�� WKH�

QXPEHU�RI�JXHVWURRPV��WKH�GLႇHUHQW�JXHVWURRP�W\SHV�UDWLR�HWF���:KDW�L�OHDUQHG�IURP�WKHLU�

DQVZHUV�ZDV�WKDW�LQ�D�SURWRW\SH�KRWHO�WKH�GLႇHUHQW�SURJUDP�SRVLWLRQV�DQG�WKH�IXUQLWXUH�LQ�

DOO� WKH� SURJUDPV� DUH� FRQVWDQW� EXW� HYHU\WKLQJ� HOVH� NHHSV� FKDQJLQJ� DV� UHTXLUHG� E\� WKH�

VWDWH¶V�ODZ�RU�WKH�RZQHUV�EXGJHW�HWF���VR�WKHVH�YDOXHV�WKDW�DUH�ERXQG�WR�FKDQJH�QRW�MXVW�

IURP�RQH�SURMHFW�WR�DQRWKHU�EXW�DW�GLႇHUHQW�SKDVHV�IRU�WKH�VDPH�SURMHFW�ZRXOG�VHUYH�DV�

WKH�LQSXW�SDUDPHWHUV�IRU�WKH�WRRO�WKDW�WKH�XVHU�FDQ�PDQLSXODWH�DQG�FKDQJH�DW�ZLOO�WR�JHW�

WKH�GHVLUHG�UHVXOW�

6R�LQ�WKH�FDVH�RI�D�SURWRW\SH�+RWHO�EXLOGLQJ��PRVW�RI�WKH�VSDFHV�DOUHDG\�KDYH�D�

SUHGHILQHG�GLPHQVLRQ�WR�ZKLFK�WKH�DUFKLWHFW�ZRXOG�KDYH�WR�VWLFN�WR�DOO�WKH�WLPH��6R�

WKHVH�VL]HV�DQG�GLPHQVLRQV�FDQ�EH�KDUG� FRGHG� LQWR� WKH�VFULSW�DV�D�SDUW� RI� WKH�

PDLQ�ERG\��7KLV�LV�WKH�HDV\�SDUW�RI�DXWRPDWLQJ�DQ�HQWLUH�EXLOGLQJ�

7KH� KDUGHVW� SDUW� RI� DXWRPDWLRQ� LV� WR� LGHQWLI\� ZKHUH� WKH� FKDQJH�PLJKW�ZLOO� RFFXU�

IURP�RQH�SURMHFW�WR�DQRWKHU��6XFK�DV�WKH�VLWH�DUHD�ERXQGDU\�LV�ERXQG�WR�GLႇHU�IURP�

RQH�SURMHFW�WR�DQRWKHU�DQG�ZRXOG�DႇHFW WKH�OHQJWK�RU�ZLGWK�RI�WKH�EXLOGLQJ�PRGHO��VR�

WKDW�QHHGV�WR�EH�SDUDPHWHULVHG�RU�LQ�RWKHU�ZRUGV�ZH�QHHG�WR�FRGH�WKH�PRGHO
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DXWRPDWLRQ�WR�ILW�WKH�VLWH�SURYLGHG�E\�WKH�XVHU�DQG�LW�VKRXOG�KDYH�WKH�DELOLW\�WR

FKDQJH�UHVL]H�LWVHOI�WR�ILW�WKH�QHZ�GLPHQVLRQV��0DQ\�PRUH�EDVLF�LQSXW�SDUDPHWHUV

FDQ�EH�GHULYHG�E\�GHIDXOW�DQG�FRXOG�EH�VHW�EHIRUH�VWDUWLQJ�DQ\�SURMHFW�W\SH��VXFK�DV

WKH�IORRU�WR�IORRU�KHLJKW�RU�WKH�QXPEHU�RI�IORRUV�RU�WKH�FRUULGRU�ZLGWK�HWF��

)URP� WKH� GLVFXVVLRQV� ,� KDG� ZLWK� WKH� KRVSLWDOLW\� DUFKLWHFWV�� ,� GHWHUPLQHG� WKH�

PDLQ� FKDQJHV� WKH\�ZRXOG�XVXDOO\�PDNH� WR�D� SURWRW\SH�EXLOGLQJ�ZHUH� WKH�JXHVW�

URRP�W\SHV��7KH\�FODLPHG�HDFK�VLWH�ORFDWLRQ�GHPDQGHG�D�GLႇHUHQW�FRPSRVLWLRQ�RI�

WKH�JXHVW� URRP� W\SHV�XVXDOO\�.LQJ�� GEO�4XHHQ��.LQJ�6XLWH��4XHHQ�6XLWHV��.LQJ�

$'$�� 4XHHQ� $'$�$'$� IRU� WKH� 6XLWH� URRPV��� $IWHU� WDNLQJ� D� FORVHU� ORRN� DW� WKH�

SURWRW\SHV�DQG�GHWHU�PLQLQJ�WKH�IDFWRUV�IRU�DXWRPDWLQJ�WKLV�SURFHVV��,�ILJXUHG�RXW�

WKDW� WKH� JXHVWURRPV�� (JUHVV�� %2+�/DXQGU\�7UDVK�� HWF��� DOZD\V� VKDUHG� WKH�

FRUULGRU��0DNLQJ�WKH�FRUULGRU�WKH�SHUIHFW�KRVW�WR�EXLOG�WKLV�EXLOGLQJ�W\SH�IURP�

7KH�FRUULGRU� IRU�D� W\SLFDO�SURWRW\SH�VHHPHG� WR�ELVHFW� WKH�EXLOGLQJ� LQWR� WZR�HTXDO�

KDOYHV�DQG�VR�E\�UHYHUVH�HQJLQHHULQJ� WKH�HQWLUH�SURFHVV� ,�VWDUWHG�E\�DVVLJQLQJ� WKH�

FRUULGRU�VSDFH�WR�WKH�JLYHQ�VLWH�ILUVW�DQG�ODWHU�VWDUWLQJ�WKH�HJUHVV�DQG�WKH�JXHVWURRPV�

IURP�HLWKHU�VLGH�RI�WKH�FRUULGRU��7KH�SDWWHUQ�DOZD\V�KDG�VWDLUV�DW�WKH�WZR�HQGV�RI�WKH�

FRUULGRUV�DV�ZHOO��IROORZHG�E\�ODXQGU\�VSDFHV�RQ�WKH�RSSRVLWH�VLGH��VR�WKHVH�VSDFHV�

DUH�KDUG�FRGHG�WR�IROORZ�ZKHUHYHU�WKH�FRUULGRUV�EHJDQ�DQG�HQGHG�

7KH�VSDFH� LQ�EHWZHHQ� LV� ILOOHG�ZLWK�JXHVWURRPV�DQG� WKH�DUFKLWHFWV�VXJJHVWHG�

KDY�LQJ���GLႇHUHQW�W\SHV�RQ�RQH�VLGH�WR�FUHDWH�VRPH�LQWHUHVWLQJ�XSV�DQG�GRZQV�

RQ�WKH�IDFDGH�VLQFH�DOPRVW�HYHU\�JXHVW�URRP�W\SH�KDV�WKH�VDPH�ZLGWK�EXW� WKH\�

DOO�GLႇHU�LQ�OHQJWK���8VLQJ�WKLV�,�FUHDWHG�D�S\WKRQ�VFULSW�WKDW�FDQ�WDNH�LQ���GLႇHUHQW�

QDPHV� RI� JXHVW� URRP� W\SHV� IROORZLQJ� WKH� QXPEHU� RI� WLPHV� \RX� QHHG� LW� WR� EH�

UHSHDWHG�DORQJ�WKH�FRUULGRU�WR�JHQHUDWH�WKH�JXHVWURRPV�

5HYLW�UHTXLUHV�D�ORW�RI�LQIRUPDWLRQ�WR�FUHDWH�ZDOO�ZLQGRZ�PRGHOV�VR�RQO\�D�OLQH�GLDJUDP�

LV� GUDZQ� LQ� WKH� EHJLQQLQJ� EDVHG� RQ� WKH� RXWOLQH� RI� WKH� ERXQGDU\�� WKH� KDUG� FRGHG�

GLPHQVLRQHG�VSDFHV�DQG�WKH�XVHU�UHTXLUHG�*5�VSDFHV�IRU�WKH�UHTXLUHG�QXPEHU�RI



��

IORRUV�DQG�ZKHQ�WKH�FRPSOHWH�VLQJOH�OLQH�IORRU�SODQ�LV�GUDZQ�UHYLW�LV�JLYHQ�LQVWUXFWLRQV

WR�WXUQ�WKH�RXWHU�OLQHV�LQWR�WKH�RXWHU�ZDOO�W\SH�DQG�WKH�LQQHU�OLQHV�LQWR�WKH�LQQHU

ZDOO�W\SH��:KLOH�WKH�SRLQWV�RQ�WKH�H[WHULRU�ZDOOV�EHFRPH�ZLQGRZV�WKH�SRLQWV�RQ�WKH

LQWHULRU�ZDOOV�DUH�ZKHUH�GRRUV�DUH SODFHG�

2QFH� WKLV� DFWLRQ� ZDV� VXFFHVVIXOO\� FRPSOHWHG� LW� ZDV� HDV\� WR� GHWHUPLQH� WKH�

FHQWUH�RI�WKH�H[WHULRU�ZDOO�RI�HYHU\�JXHVWURRP�WR�FUHDWH�WKH�ZLQGRZV�DQG�WR�KDYH�

DOWHUQDWLQJ� GRRUV� RQ� WKH� LQWHULRU� ZDOO� DV� WR� DOLJQ� WKH� EDWKURRP� VKDIWV�

WRJHWKHU��DGMDFHQW�JXHVW�URRPkV�EDWKURRPV�VKDUH�D�VKDIW�DQG�KHQFH�DOWHUQDWH�LQ�

WKH�SRVLWLRQ�LQVLGH�D�JXHVW�URRP�

7KH� ODVW�DFWLRQ�ZDV�WR�SODFH�WKH�UHOHYDQW� IXUQLWXUH� LWHPV�ZKLFK�DUH�DOO�SUHGHILQHG�

DV� WR�ZKHUH� WKH\�QHHG� WR�JR�DQG�ZKDW� WKH\�VKRXOG�EH� LQ� WKH�SURWRW\SH���6LQFH�ZH�

NQRZ� WKH� QDPH� RI� HDFK� JXHVWURRP�� ,� DVVRFLDWHG� HDFK� IXUQLWXUH� IDPLO\� ZLWK� LWV�

SDUWLFXODU� JXHVW� URRP� W\SH�� 6R� ZKHQ� ZH� FDOO� IRU� D� SDUWLFXODU� IXUQLWXUH� VHW� IRU� WKDW�

SDUWLFXODU�EHGURRP�WKH�ULJKW�RQH�JHWV�SODFHG�LQ�WKH�URRP�



��

�D��3VHXGRFRGH�IORZ�'LDJUDP

)LJXUH������3VHXGRFRGH�ZHE�GLDJUDP
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��� 8VHU�5HVXOWV

6HWXS

7KH� WHVW� XVHUV� ZHUH� DOO� HPSOR\HHV� DW� WKH� DUFKLWHFWXUH� ILUP� WKDW� VSHFLDOL]HV� LQ�

KRWHOV�ZKRVH�SULQFLSDOV�YROXQWHHUHG�WR�LQWHUYLHZ�IRU�WKH�LQLWLDO�VWXG\�IRU�GHVLJQLQJ�

WKH�SUR�JUDPPLQJ�SDUW�RI�WKH�SURMHFW��7KH�VWXG\�ZDV�PDGH�FRPSOHWHO\�YROXQWDU\�

DQG�WKH�XVHUV�SDUWLFLSDWHG�RXW�RI�WKHLU�RZQ�FXULRVLW\�DQG�LQWHUHVW�IRU�WKH�WRSLF�

$� ODSWRS�ZLWK� WKH�FUHDWHG�SURJUDP�DQG�WKH�QHFHVVDU\�KDUGZDUH�UHTXLUHPHQWV�

ZDV�SODFHG�LQ�WKH�PHHWLQJ�URRP��ZKHUH�HYHU\RQH�KDG�JDWKHUHG��$QG�ZHUH�DVNHG�

WR�XVH�WKH�FUHDWHG�WRRO�RQH�E\�RQH��

3DUNLQJ� GHFN� �� 7KH� XVHUV� ZHUH� H[SODLQHG� KRZ� WKH� SDUNLQJ� GHFN� WRRO� ZRUNV� DQG�ZHUH�

JLYHQ� D� GHPRQVWUDWLRQ� RQ� WKH� VDPH� XVLQJ� WKH� ODSWRS�� 7KH� GHPR� ZDV� YHU\� VLPSOH�� D�

UHFWDQJXODU�VLWH�ZDV�GUDZQ�DQG�XVHG�WKDW�DV�P\�ILUVW� LQSXW�DIWHU�WKH�WRRO�ZDV�UXQ��7KHQ�

WKH�SDUDPHWHUV�DUH� ILOOHG�RXW�XVLQJ� WKH�8,�DQG� WKH�FRGH�GRHV� WKH� UHVW��7KH�PRGHO�KDV�

SRSSHG�XS�LQ���PLQXWHV�RU�OHVV�ZLWK�WKH�PD[LPXP�QXPEHU�RI�SDUNLQJ�VSRWV�

+RWHO���7KH�UXOHV�DQG�WKH�OLPLWV�RI�WKH�SURMHFW�ZDV�H[SODLQHG�IROORZHG�E\�D�TXLFN�

GHPRQVWUDWLRQ� ZKLFK� ZDV� YHU\� VLPLODU� WR� WKH� SDUNLQJ� GHFN� EXW� D� OLWWOH� PRUH�

VSHFLILF� ZLWK� WKH� JXHVW� URRP� W\SHV� DQG� WKH� QXPEHU� RI� URRPV� UHTXLUHG� RI� WKDW�

VSHFLILF�*5�W\SH�LQ�D�VHTXHQFH�

7KH�8VHUV�&ULWLTXH��

$OO� RI� WKH� XVHUV� KDG� DQ� DUFKLWHFWXUDO� EDFNJURXQG� VR� WKH\� ZHUH� DEOH� WR� TXLFNO\�

XQGHUVWDQG�WKH�SUHPLVH�RI�WKH�SURMHFW�DQG�VXFFHVVIXOO\�UHFUHDWHG�ZKDW�L�KDG�SHUIRUPHG�

LQ�WKH�GHPR�IRU�ERWK�WKH�SDUNLQJ�GHFN�DQG�WKH�KRWHO�EXW�ZKHQ�WKH\�ZHUH�DVNHG�WR
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H[SORUH�RWKHU�RSWLRQV�RU�WR�DFKLHYH�D�QHZ�JRDO�WKDW�WKH\�FDPH�XS�ZLWK��WKH�FRGH

VHHPHG�YHU\�LQHႈFLHQW�WR�WKHLU�QHHGV��7KH�PRVW�FULWLTXH�,�UHFHLYHG�IRU�WKH�SDUNLQJ

GHFN�ZDV�WKDW�k�,W�VHHPV�WR�GR�WKH�MRE�IRU�WKH�RQH�W\SH�RI�SDUNLQJ�GHFN�RQ�D�UHFWDQJXODU

VLWH�EXW�ZKDW�LI�,�ZDQWHG�D�GLႇHUHQW�W\SH�RI�SDUNLQJ�GHFN�RQ�D�QRQ�UHFWDQJXODU�VLWH"k

7KLV�ZDV�D�YHU\�YDOXHG�SRLQW�DQG�VKRZHG�WKDW�WKH�FRGH�L�KDG�FUHDWHG�ZDV�YHU\�OLPLWHG

WR�ZKDW�LW�FDQ�GR�DQG�DOO�LWV�FRQVWUDLQWV��%XW�LW�LV�GXH�WR�WKH�FRQVWUDLQWV�WKDW�FRPSOHWH

DXWRPDWLRQ�ZDV�SRVVLEOH�

7KH�FULWLTXH�ZDV�YHU\�VLPLODU�IRU�WKH�SDUDPHWULF�KRWHO�DV�ZHOO�EXW�IRU�WKH�KRWHO�WKH\�

ZDQWHG�PRUH�IOH[LELOLW\��EHLQJ�DEOH�WR�FXVWRPL]H�WKH�IXUQLWXUH�RI�WKH�JXHVWURRPV�DQG�

DOVR�EH�DEOH�WR�PDQLSXODWH�WKH�VL]HV�RI�WKH�JXHVWURRPV��2QH�PDMRU�FULWLTXH�WKDW�ZDV�

SRLQWHG�RXW�ZDV�WKDW�WKH�SDUNLQJ�GHFN�DXWRPDWLFDOO\�SODFHV�WKH�PD[LPXP�QXPEHU�RI�

SDUNLQJ� VSRWV� EDVHG� RQ� WKH� VLWH� GLPHQVLRQV� EXW� IRU� WKH� KRWHO� WKH� XVHU� KDV� WR�

PDQXDOO\�HQWHU�WKH�QXPEHU�RI�JXHVWURRPV�UHTXLUHG�IRU�HDFK�*5�W\SH�

7KH�PDLQ�UHDVRQ�IRU�WKLV�OLPLWDWLRQ�LV�WKDW�WKH�SDUNLQJ�VSRWV�LQ�D�SDUNLQJ�GHFN�KDV�

D�VWDQGDUG�VL]H�DQG� LV� UHSHWLWLYHO\�SODFHG�RQH�DIWHU� WKH�RWKHU�RQ� WKH� IORRUV� ULJKW�

DIWHU�WKH�VLWH�LV�GHILQHG�EXW�LQ�D�KRWHO�ZLWK�PXOWLSOH�JXHVWURRP�W\SHV�ZLWK�YDU\LQJ�

OHQJWK�DQG�DUELWUDU\�SRVLWLRQV��7KH�SURJUDP�FDQQRW�H[DFWO\�GHWHUPLQH�WKH�SRVLWLRQ�

RI�WKH�JXHVWURRPV�XQWLO�WKH�XVHU�SURYLGHV�WKH�QXPEHU�RI�JXHVWURRPV�UHTXLUHG�IRU�

HDFK�W\SH�DQG�LWV�ORFDWLRQ�WR�DFWXDOO\�EHJLQ�WKH�PRGHOOLQJ�SURFHVV�

,Q� WKH�HYHQW�ZKHUH� WKH�SRVLWLRQ�DQG�WKH�QXPEHU�RI�JXHVWURRPV�DQG� LWV�GLႇHUHQW�

W\SHV� LV� D� SDUW� RI� WKH� SURJUDP�ZKHUH� WKH�PDFKLQH� GHFLGHV� WKRVH� QXPEHUV� IRU�

RSWLPDO� UHVXOW� WKHQ�ZH�ZRXOGQW�EH�KDYLQJ� WKLV� LVVXH�EXW�ZH�ZRXOG�EH�JLYLQJ�XS�

�RXU�FKRLFH��ZKLFK�LV�WKH�RQH�IHDWXUH�UROH�DUFKLWHFWV�GR�QRW�ZDQW�WR�JLYH�XS�

7R�DGGUHVV�WKLV�LVVXH�DQRWKHU�SURJUDP�ZDV�FUHDWHG�WR�WHVW�ILW�WKH�PD[LPXP�QXPEHU�

RI�JXHVWURRPV�WKH�XVHU�FDQ�KDYH�LQ�WKH�JLYHQ�VLWH��:KLFK�DOORZHG�WKHP�WR�YLVXDOL]H�

WKH�PDVV�DQG�GHFLGH� WKH�SHUFHQWDJHV�RI� WKH�GLႇHUHQW� W\SHV�RI�JXHVWURRPV�WKDW�DUH�

UHTXLUHG�DQG�XVH�WKDW�QXPEHU�DV�LQSXWV�LQ�WKH�FRGH�ZULWWHQ�LQ�UHYLW�WR�ODWH�DXWRPDWH
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WKH�PRGHOOLQJ�SURFHVV��7KHUHIRUH�HOLPLQDWLQJ�WKH�QHHG�IRU�WKH�XVHUV�WR�PDQXDOO\�ILJXUH

RXW�KRZ�PDQ\�VSDFHV�WKHUH�DUH�LQ�WKH�VLWH�WR�EH�ILOOHG�E\�WKHVH�GLႇHUHQW�W\SHV�

7KH�QH[W�YHUVLRQV�RI�WKHVH�WRROV�VKRXOG�EH�DEOH�WR�DFFRPPRGDWH�WKHVH�QHHGV�LQ�RQH�

SUHFLVH�WRRO�WKDW�LV�DEOH�WR�FDOFXODWH�WKH�PD[LPXP�QXPEHU�RI�JXHVWURRPV�WKDW�FDQ�EH�ILW�

LQ�D�VLWH�DQG�DOVR�SURYLGH�WKH�XVHUV�VRPH�IOH[LELOLW\�RQ�WKH�GHVLJQ�RI�WKH�KRWHO�

/LPLWDWLRQV�RI�DXWRPDWLRQ

7KURXJK� WKLV� UHVHDUFK� RI� DXWRPDWLQJ� D� SDUNLQJ� GHFN� GHVLJQ� DQG� D� KRWHO� LW� ZDV�

IRXQG�WKDW�WKH�SDUNLQJ�GHFN�GHVLJQ�VHHPHG�PRUH�IHDVLEOH�WR�WKH�DUFKLWHFWV�WKDQ�WKH�

KRWHO�WKDW�ZDV�DXWRPDWHG��,W�ZDV�DOVR�WKH�FDVH�ZKHQ�GLႇHUHQW�DSDUWPHQW�W\SHV�ZHUH�

DGGHG� WR� WKH�SDUNLQJ�GHFN�� WKH�DUFKLWHFWV�ZDQWHG�PRUH�GHVLJQ� IUHHGRP�DQG�FKRLFH�

DQG� FRPSODLQHG� WKDW� WKH� DXWRPDWLRQ� LQKLELWV� WKHLU� FUHDWLYLW\� IRU� GHVLJQLQJ� WKHVH�

DSDUWPHQWV�� 6R� LQ� &RQFOXVLRQ� LW� ZDV� IRXQG� WKDW� WKH� PRUH� IXQFWLRQ� DQG� GLႇHUHQW�

SURJUDP� W\SHV� WKH�SURMHFW� FRQWDLQV� WKH� OHYHO� RI� DXWRPDWLRQ�QHHGV� WR� SURSRUWLRQDOO\�

GHFUHDVH�DV�ZLWK�PRUH�DXWRPDWLRQ�FRPHV�PRUH�FRQVWUDLQWV�ZKLFK� WKH� WKH�GLႇHUHQW�

IXQFWLRQV�ZRXOG�UHDFW�DJDLQVW�FDXVLQJ WKH�GHVLJQ�WR�FUXPEOH

��� 3RVW�8VHU�&ULWLTXH�'HVLJQ

:KHQ�DUFKLWHFWV�ZHUH�DVNHG�WR�XVH�WKH�WRRO�WKDW�ZDV�FUHDWHG�WR�KHOS�DXWRPDWH�

WKH� SURFHVV� RI� PRGHOOLQJ� WKH� SURWRW\SLFDO� KRWHO� WKH� PRVW� FRPPRQ� FULWLTXH�

UHFHLYHG�ZDV�WKDW�WKH\�QHHGHG�WKH�WRRO�WR�RXWSXW�WKH�PD[LPXP�QXPEHU�RI�URRPV�

WKDW�FDQ�EH�ILW�LQ�D�VLWH�GHILQHG�E\�WKH�XVHU�

$OWKRXJK�WKLV�LV�SRVVLEOH�ZLWK�G\QDPR�LQ�UHYLW�DQG�FRPELQH�LW�ZLWK�WKH�WRRO�WKDW�,�

KDYH� FUHDWHG� WR� DXWRPDWH� WKH� SURWRW\SLFDO� KRWHO� GHVLJQ�� ,� GHFLGHG� WR� XVH� UKLQR�

DQG� LWV� SDUDPHWULF� WRRO� JUDVVKRSSHU� WR� FUHDWH� D� VFULSW� WKDW� FDQ� GHWHUPLQH� WKH�

PD[LPXP� QXPEHU� RI� DSDUWPHQWV� VLQFH� JUDVVKRSSHU� KDV� EHWWHU� FDSDELOLWLHV� WR�

KDQGOH�JHQHUDO�PDVVLQJ�DQG�FRXQW�

7KH�FRGH�SDUW�ZDV�YHU\�VLPSOH�PDWK�WKDW�DFTXLUHV�WKH�VLWH�ERXQGDU\�SURYLGHG�E\�

WKH�XVHU�DQG�GLYLGHV�WKH�RXWOLQH�LQWR�SRLQWV�VSDFHG�RXW�ZLWK�WKH�GLVWDQFH�EHWZHHQ



��

WKHP�EHLQJ�WKH�ZLGWK�RI�WKH�URRP�SURYLGHG�E\�WKH�XVHU�WR�PDVV�WKH�URRPV�LQ�OLQH

ZLWK�WKH�ERXQGDU\�DQG�VLQFH�LW�LV�DOO�SDUDPHWULF�WKH�PDVVLQJ�DGMXVWV�DXWRPDWLFDOO\

DV�WKH�XVHU�FKDQJHV�WKH�SDUDPHWHUV�SURYLGHG�VXFK�DV�WKH�QXPEHU�RI�IORRUV�ZRXOG�YDU\

WKH�QXPEHU�RI�URRPV�WKDW�FRXOG�EH�ILW�DQG�VR�RQ���

�D��3DUDPHWHUV�VHW�WR�KDYH���IORRUV

)LJXUH������*UDVVKRSSHU�PDVVLQJ�*XHVWURRPV�RQ�6LWH

�D��3DUDPHWHUV�VHW�WR�KDYH���IORRUV

)LJXUH������*UDVVKRSSHU�PDVVLQJ�*XHVWURRPV�RQ�6LWH
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�� KWWSV���ZZZ�DXWRGHVN�FRP�DXWRGHVN�XQLYHUVLW\�FODVV�%,0�+RWHOV�5HYLW�$XWRPDWLRQ�

5XOH�%DVHG�6SDFHV�����KDQGRXW

�� KWWS���ILQFK�G�FRP�

�� KWWSV���SDWHQWV�JRRJOH�FRP�SDWHQW�86�������%��HQ

�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"WLPHFRQWLQXH  ��Y  U�=PDOM4O: ���KWWS �

  ZZZ�DQGUHDJL�VH 

�� KWWSV���HPLOSRXOVHQ�FRP�HPX�

�� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"WLPHFRQWLQXH  ���Y  GWX�.8=2-�4��KWWS �

  FRUH�WKRUQWRQWRPDVHWWL�FRP UHPRWH VROYLQJ 

�� KWWSV���PHGLXP�FRP�DXWRGHVN�XQLYHUVLW\�WXUQ�UHYLW�GDWD�LQWR�XVHIXO�LQIRUPDWLRQ�

ZLWK�YLVXDOL]DWLRQ�WHFKQLTXHV�DQG�ZRUNIORZV�D���EG����G�

��� KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6����������������6(&�
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��6DFNV��5DIDHO��&KDUOHV�0��(DVWPDQ��DQG�*KDQJ�/HH���3DUDPHWULF��'�PRGHO�

LQJ�LQ�EXLOGLQJ�FRQVWUXFWLRQ�ZLWK�H[DPSOHV�IURP�SUHFDVW�FRQFUHWH���$XWRPDWLRQ�LQ�

FRQVWUXFWLRQ���������������������

��=HQJ�� ;XGRQJ�� DQG� -LH� 7DQ�� �%XLOGLQJ� LQIRUPDWLRQ� PRGHOLQJ� EDVHG� RQ�

LQWHOOLJHQW�SDUDPHWULF�WHFKQRORJ\���)URQWLHUV�RI�$UFKLWHFWXUH�DQG�&LYLO�(QJLQHHULQJ�

LQ�&KLQD���������������������

��/HH��*KDQJ��5DIDHO�6DFNV��DQG�&KDUOHV�0��(DVWPDQ���6SHFLI\LQJ�SDUDPHWULF�

EXLOGLQJ�REMHFW�EHKDYLRU��%2%��IRU�D�EXLOGLQJ� LQIRUPDWLRQ�PRGHOLQJ�V\VWHP���$X�

WRPDWLRQ�LQ�FRQVWUXFWLRQ����������������������

���#$XWRGHVN8QLYHUVLW\�� $XWRGHVN�� k7XUQ� 5HYLW� 'DWD� LQWR� 8VHIXO� ,QIRUPDWLRQ�

ZLWK�9LVXDOL]DWLRQ�7HFKQLTXHV�DQG�:RUNIORZV�k�0HGLXP��$XWRGHVN�8QLYHUVLW\�� ��

6HSW�� ������ PHGLXP�FRP�DXWRGHVN�XQLYHUVLW\�WXUQ�UHYLW�GDWD�LQWR�XVHIXO�

LQIRUPDWLRQ�ZLWK�YLVXDOL]DWLRQ�WHFKQLTXHV�DQG�ZRUNIORZV�D���EG����G��

��(DVWPDQ��&KXFN��HW�DO��%,0�KDQGERRN��$�JXLGH�WR�EXLOGLQJ�LQIRUPDWLRQ�PRGHOLQJ�IRU�

RZQHUV��PDQDJHUV��GHVLJQHUV��HQJLQHHUV�DQG�FRQWUDFWRUV��-RKQ�:LOH\�6RQV�������

��+DLPHV�� 5REHUW�� DQG� -RKQ� 'DQQHQKRႇHU�� �7KH� HQJLQHHULQJ� VNHWFK� SDG�� $�

VROLG�PRGHOLQJ�� IHDWXUH�EDVHG�� ZHE�HQDEOHG� V\VWHP� IRU� EXLOGLQJ� SDUDPHWULF�

JHRPHWU\�����VW�$,$$�&RPSXWDWLRQDO�)OXLG�'\QDPLFV�&RQIHUHQFH�������

��2FKPDQQ��6HEDVWLDQ� HW�DO���$XWRPDWLF�UHFRQVWUXFWLRQ�RI�SDUDPHWULF�EXLOGLQJ�

PRGHOV�IURP�LQGRRU�SRLQW�FORXGV���&RPSXWHUV�*UDSKLFV�������������������

��6DFNV�� 5DIDHO�� &KDUOHV� (�� (DVWPDQ�� DQG� *KDQJ� /HH�� �3URFHVV�

LPSURYHPHQWV� LQ� SUHFDVW� FRQFUHWH� FRQVWUXFWLRQ� XVLQJ� WRS�GRZQ� SDUDPHWULF� ��'�

FRPSXWHU�PRGHOLQJ���3&,�MRXUQDO��������������������

��%RH\NHQV�� 6WHIDQ�� �%ULGJLQJ� EXLOGLQJ� LQIRUPDWLRQ�PRGHOLQJ� DQG� SDUDPHWULF� GH�

VLJQ���H:RUN�DQG�H%XVLQHVV�LQ�$UFKLWHFWXUH��(QJLQHHULQJ�DQG�&RQVWUXFWLRQ��(&330
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���=KDQJ��6LMLH�� HW� DO�� �%XLOGLQJ� LQIRUPDWLRQ�PRGHOLQJ� �%,0��DQG�VDIHW\��$XWR�

PDWLF� VDIHW\� FKHFNLQJ� RI� FRQVWUXFWLRQ� PRGHOV� DQG� VFKHGXOHV��� $XWRPDWLRQ� LQ�

&RQ�VWUXFWLRQ��������������������
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6FKRRO�RI�$UFKLWHFWXUH

�����8QLYHUVLW\�&LW\�%RXOHYDUG��&KDUORWWH��1&�������

�����&RQVHQW�WR�3DUWLFLSDWH�LQ�D�5HVHDUFK�6WXG\

7LWOH�RI�WKH�3URMHFW��3DUDPHWULF�%,0�$XWRPDWLRQ

3ULQFLSDO�,QYHVWLJDWRU��>1DPH��-DVKZDQWK�/DNVKPDQDQ��8QFF@

)DFXOW\�$GYLVRU��>(ULF�6DXGD��3URIHVVRU��8QFF@

<RX�DUH�LQYLWHG�WR�SDUWLFLSDWH�LQ�D�UHVHDUFK�VWXG\��3DUWLFLSDWLRQ�LQ�WKLV�

UHVHDUFK�VWXG\�LV�YROXQWDU\��7KH�LQIRUPDWLRQ�SURYLGHG�LV�WR�KHOS�\RX�GHFLGH�

ZKHWKHU�WR�SDUWLFLSDWH��,I�\RX�KDYH�DQ\�TXHVWLRQV��SOHDVH�DVN��,PSRUWDQW�

,QIRUPDWLRQ�<RX�1HHG�WR�.QRZ

,I�\RX�FKRRVH�WR�SDUWLFLSDWH�LQ�WKLV�VWXG\��\RX�ZLOO�EH�DVNHG�WR�XVH�WKH�SDUDPHW�

ULF�SDUNLQJ�KRWHO�WRRO�WR�FUHDWH�D�EXLOGLQJ�PRGHO�RI�\RXU�UHTXLUHPHQWV�

<RX� WLPH� FRPPLWPHQW�ZLOO� EH� DERXW�������PLQXWHV� DIWHU�ZKLFK� \RX�ZRXOG�

KDYH�WR�SURYLGH�D�EULHI�RI�WKH�H[SHULHQFH�XVLQJ�WKH�WRRO�

:H�ZLOO�DOVR�FROOHFW�LQIRUPDWLRQ�RQ�KRZ�\RX�XVH�WKH�WRRO�DQG�LWV�UHVXOWV�

:KDW�EHQHILWV�PLJKW�,�H[SHULHQFH"

<RX�PLJKW�OHDUQ�RI�QHZ�WHFKQRORJ\�DQG�WRROV�RXW�WKHUH�WR�LPSURYH�\RXUVHOI�

DV�DQ�DUFKLWHFW

<RX�ZLOO�QRW�EHQHILW�GLUHFWO\�IURP�EHLQJ�LQ�WKLV�VWXG\��+RZHYHU��RWKHUV�PLJKW�

EHQHILW� EHFDXVH� E\� XVLQJ� D�PRUH� DGYDQFHG� YHUVLRQ� RI� WKH� WRRO� EDVHG� RQ�

\RXU�IHHGEDFN�

:KDW�ULVNV�PLJKW�,�H[SHULHQFH"

7KHUH�LV�QR�NQRZQ�ULVN�

+RZ�ZLOO�P\�LQIRUPDWLRQ�EH�SURWHFWHG"

:H�SODQ�WR�SXEOLVK�WKH�UHVXOWV�RI�WKLV�VWXG\��7R SURWHFW�\RXU�SULYDF\��ZH�ZLOO�

QRW�LQFOXGH�DQ\�LQIRUPDWLRQ�WKDW�FRXOG�LGHQWLI\�\RX��:H�ZLOO�SURWHFW�WKH�FRQ�



��

ILGHQWLDOLW\�RI�WKH�UHVHDUFK�GDWD�E\�QRW�UHFRUGLQJ�LW�DV�WKH�UHVHDUFK�GRHV�QRW

IRFXV�RQ�WKH�SDUWLFLSDQWV�EXW�WKH�ZD\�WKH�WRRO�ZRXOG�EH�XVHG�E\�SHRSOH�LQ�WKH

DUFKLWHFWXUH�ILHOG�

+RZ�ZLOO�P\�LQIRUPDWLRQ�EH�XVHG�DIWHU�WKH�VWXG\�LV�RYHU"

$IWHU�WKLV�VWXG\�LV�FRPSOHWH��VWXG\�GDWD�PD\�EH�VKDUHG�ZLWK�RWKHU�

UHVHDUFKHUV�IRU�XVH�LQ�RWKHU�VWXGLHV�RU�DV�PD\�EH�QHHGHG�DV�SDUW�RI�

SXEOLVKLQJ�RXU�UHVXOWV��7KH�GDWD�ZH�VKDUH�ZLOO�127�LQFOXGH�LQIRUPDWLRQ�WKDW�

FRXOG�LGHQWLI\�\RX��:LOO�,�EH�SDLG�IRU�WDNLQJ�SDUW�LQ�WKLV�VWXG\"

<RX�ZLOO�EH�JLYHQ���GROODU�$PD]RQ�JLIW�FDUGV�DW�WKH�FRPSOHWLRQ�RI�SDUWLFLSDWLRQ�

:KDW�DUH�WKH�FRVWV�RI�WDNLQJ�SDUW�LQ�WKLV�VWXG\"

1R�FRVW

:KR�FDQ�SURILW�IURP�WKLV�VWXG\"

7KH�VWXG\�,QYHVWLJDWRU�GHYHORSHG�WKH�VRIWZDUH�DSSOLFDWLRQ�EHLQJ�XVHG�LQ�WKLV�

VWXG\��7KLV�PHDQV�WKH�,QYHVWLJDWRU�PDLQ�JDLQ�ILQDQFLDO��:KDW�DUH�P\�ULJKWV�LI�

,�WDNH�SDUW�LQ�WKLV�VWXG\"

,W� LV� XS� WR� \RX� WR�GHFLGH� WR�EH� LQ� WKLV� UHVHDUFK� VWXG\��3DUWLFLSDWLQJ� LQ� WKLV�

VWXG\�LV�YROXQWDU\��(YHQ�LI�\RX�GHFLGH�WR�EH�SDUW�RI�WKH�VWXG\�QRZ��\RX�PD\�

FKDQJH� \RXU�PLQG�DQG� VWRS�DW� DQ\� WLPH��<RX�GR�QRW� KDYH� WR� DQVZHU� DQ\�

TXHVWLRQV�\RX�GR�QRW�ZDQW�WR�DQVZHU�

:KR�FDQ�DQVZHU�P\�TXHVWLRQV�DERXW WKLV�VWXG\�DQG�P\�ULJKWV�DV�D�SDUWLFLSDQW"

)RU�TXHVWLRQV�DERXW�WKLV�UHVHDUFK��\RX�PD\�FRQWDFW�-DVKZDQWK�/DNVKPDQDQ�DW

MODNVKP�#XQFF�HGX�RU�DW�������������,I�\RX�KDYH�TXHVWLRQV�DERXW�\RXU�ULJKWV

DV�D�UHVHDUFK�SDUWLFLSDQW��RU�ZLVK�WR�REWDLQ�LQIRUPDWLRQ��DVN�TXHVWLRQV��RU�GLV�

FXVV�DQ\�FRQFHUQV�DERXW�WKLV�VWXG\�ZLWK�VRPHRQH�RWKHU�WKDQ�WKH�UHVHDUFKHU�V��

SOHDVH�FRQWDFW�WKH�2ႈFH�RI�5HVHDUFK�&RPSOLDQFH�DW����k���k�����RU�XQF�

FkLUE#XQFF�HGX�

&RQVHQW�WR�3DUWLFLSDWH
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%\�VLJQLQJ�WKLV�GRFXPHQW��\RX�DUH�DJUHHLQJ�WR�EH�LQ�WKLV�VWXG\��0DNH�VXUH�\RX

XQGHUVWDQG�ZKDW�WKH�VWXG\�LV�DERXW�EHIRUH�\RX�VLJQ��<RX�ZLOO�UHFHLYH�D�FRS\�RI

WKLV�GRFXPHQW�IRU�\RXU�UHFRUGV��,I�\RX�KDYH�DQ\�TXHVWLRQV�DERXW�WKH�VWXG\�DIWHU

\RX�VLJQ�WKLV�GRFXPHQW��\RX�FDQ�FRQWDFW�WKH�VWXG\�WHDP�XVLQJ�WKH�LQIRUPDWLRQ

SURYLGHG�DERYH�

,�XQGHUVWDQG�ZKDW�WKH�VWXG\�LV�DERXW�DQG�P\�TXHVWLRQV�VR�IDU�KDYH�EHHQ�

DQ�VZHUHG��,�DJUHH�WR�WDNH�SDUW�LQ�WKLV�VWXG\��1DPH��35,17�
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$33(1',;�%��48(67,211$,5(�)25�$5&+,7(&76

7R�JHW�WKH��$OJHEUDLF�([SUHVVLRQ��RU�WKH�VHW�RI�VWDQGDUGV�WKH�FRPSXWHU�KDV�WR�

JR�WKURXJK�WR�DFKLHYH�WKH�IHDW�RI�PRGHOOLQJ�DQ�HQWLUH�KRWHO���SDUNLQJ�GHFN�PRGHO�

EDVHG�RQ�RXU�FRQVWUDLQWV��$�TXHVWLRQQDLUH�ZDV�FUHDWHG�IRU�H[SHULHQFHG�DUFKLWHFWV�

WR� REWDLQ� WKHVH� VWDQGDUGV� IRU� WKH� FRGHG� IRUPXOD� IRU� D� KRWHO� WKDW� ZRXOG� EH�

FRPSOHWHO\�SDUDPHWULF�

�� :KDW�LV�\RXU�3RVLWLRQ�LQ�WKH�RႈFH�DQG�WKH�UROH�\RX�SOD\�GXULQJ�WKH�LQLWLDO�

VWDJHV�RI�GHVLJQ"

�� :KDW�DUH�WKH�PRVW�FRPPRQ�FRQVWUDLQWV�WKDW�FRQWULEXWH�WR�PDNLQJ�D�GHFLVLRQ�

DERXW�WKH�PD[�KHLJKW�RI�WKH�KRWHO"�

�� ,V�WKH�QXPEHU�RI�JXHVWURRPV�IL[HG�IRU�D�FHUWDLQ�W\SH�RI�KRWHO�SURMHFW�RU�GRHV�

LW�YDU\�EDVHG�RQ�VLWH�H[WHQWV�ORFDWLRQV��EXGJHW�HWF���

�� +RZ�GR�\RX�GHFLGH�RQ�WKH�SHUFHQWDJH�RI�WKH�GLႇHUHQW�W\SHV�RI�JXHVWURRPV�

IRU�WKH�KRWHO"

�� ,I� WKHUH� LV� D� VKRUWDJH� RI� VSDFH� IRU� JXHVWURRPV� KRZ� RU� ZKDW� ZRXOG� EH�

FRPSHQVDWHG�WR�VDWLVI\�WKH�PLQLPXP�UHTXLUHPHQWV�RI�WKH�JXHVWURRPV"�OLNH�

VKRUWHQ�SXEOLF�VSDFHV�RU�LQFUHDVH�SORW�DUHDkâ�

�� ,I� WKH� SXEOLF� DUHDV� OLNH� WKH� ILWQHVV� FHQWHU� RU� WKH� UHFHSWLRQ� ZHUH� WR� EH�

VKRUWHQHG��KRZ�ZRXOG�WKDW�DႇHFW� WKH�RFFXSDQF\�RI� WKH�VSDFH�RU� LV�WKHUH�D�

PLQLPXP�DUHD�UHTXLUHPHQW�IRU�DOO�SXEOLF�VSDFHV�DV�ZHOO"

�� +RZ�GRHV�SDUNLQJ�DႇHFW�WKH�GHVLJQ�RI�WKH�KRWHO�EXLOGLQJ"

�� 7R�DFKLHYH�WKH�GHVLUHG�QXPEHU�RI�JXHVWURRPV�LQ�D�ODUJH�SORW��LV�LW�SUHIHUDEOH�

WR�JR�YHUWLFDO�RU�KRUL]RQWDO�LQ�EXLOGLQJ�FRQVWUXFWLRQ�DQG�ZK\"



��

�� +RZ�ZRXOG�WKDW�DႇHFW�FLUFXODWLRQ�OLNH�WKH�QXPEHU�RI�VWDLUV�HOHYDWRUV"

��� &RQVWUXFWLRQ�PDWHULDOV�DQG�FRVW

��� ,I� WKH�KRWHO�GHVLJQ�ZDV� WR�EH�/(('�FHUWLILHG�RU�HQHUJ\�HႈFLHQW�ZRXOG� WKDW�

DႇHFW�WKH�GHVLJQ�RI�WKH�KRWHO�RU�MXVW�WKH�PDWHULDOV�DQG�HTXLSPHQW�XVHG�ZKLOH�

FRQVWUXFWLQJ�WKH�KRWHO"

��� +RZ�GR�\RX�GHFLGH�RQ�ZKDW�W\SH�RI�FRQVWUXFWLRQ�WKH�KRWHO�ZRXOG�EH"�

�ZRRG�PHWDO�FRQFUHWH�HWF���

��� :RXOG�WKDW�GHFLVLRQ�EH�EDVHG�XSRQ�WKH�GHVLUHG�OLIH�H[SHFWDQF\�RI�WKH�EXLOGLQJ"

��� 7KH�VLWH�FRQGLWLRQV"�VXFK�DV�VRLO�ZHDWKHU�DQG�DYDLODELOLW\�RI�UDZ�PDWHULDOV�

��� ,I� WKHUH� LV� D� SDUDPHWULF� WRRO� WKDW� SURYLGHV� \RX� D� %,0�PRGHO� ZLWK� HQRXJK�

ILGHOLW\� WKDW� LW� FDQ� EH� VXEPLWWHG� DV� DQ� 6'� SKDVH� GUDZLQJ�� :KDW� DUH� WKH�

FRQVWUDLQWV�\RX�ZRXOG�OLNH�WR�EH�LQ�FRQWURO�RI��*HQHUDOO\�VWXႇ�WKDW�\RX�PLJKW�

ZDQW�WR�FKDQJH�IURP�RQH�SURMHFW�WR�DQRWKHU�"

��� $QG�ZKDW�DUH�WKH�VWXႇ�\RX�ZRXOG�OLNH�WKH�WRRO�WR�DXWRPDWH�RU�SHUIRUP�E\�

LWVHOI�ZLWKRXW�DVNLQJ�IRU�\RXU�LQSXW"

��� :KDW�ZRXOG�\RX�UDWH�WKH�RYHUDOO�TXDOLW\�RI�WKH�WRRO"

��� :DV�WKH XVHU�LQWHUIDFH�HDV\�WR�XVH�DQG�LQIRUPDWLRQDO"�'LG�\RX�KDYH�WURXEOH�

QDYLJDWLQJ�WKURXJK�LW�RU�XQGHUVWDQGLQJ�ZKDW�ZDV�EHLQJ�DVNHG"

��� +RZ�YDOXDEOH�GR�\RX�WKLQN�WKLV�WRRO�LV�"�:RXOG�\RX�XVH�LW�RQ�D�GDLO\�EDVLV�RQ�

D�GD\�WR�GD\�EDVLV�RQ�WKH�ILHOG"


