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$EVWUDFW�� 7KLV� SDSHU� GHVFULEHV� WKH� GHYHORSPHQW� RI� WKUHH�GLPHQVLRQDO�PRGHOV��
SURGXFHG� XVLQJ�GLJLWDO� IDEULFDWLRQ� WHFKQLTXHV� ZLWK� WKH� JRDO� RI� SURYLGLQJ�
D�KDSWLF� H[SHULHQFH�RI�DUFKLWHFWXUDO� KHULWDJH�� 7KHVH� PRGHOV� ZHUH� SURGXFHG� LQ�
WKUHH� GLIIHUHQW� UHSUHVHQWDWLRQV�� WKH� EXLOGLQJ� DV� D� ZKROH�� HOHPHQWV� DQG�
GHWDLOV��7KLV� VWXG\� ILUVW� XQGHUWDNHV� D� SURFHVV� RI� DQDO\VLV� DQG� WKH� IRUPDO�
GHFRPSRVLWLRQ� RI� DUFKLWHFWXUDO� FRPSRQHQWV� WR� LGHQWLI\� EDVLF� RU� VLPSOLILHG�
HOHPHQWV�ZKLFK�PDNH�LW�HDVLHU�WR�XQGHUVWDQG�WKH�UHSUHVHQWHG�REMHFW�E\�WRXFKLQJ��
7KH� UHVXOWV� REWDLQHG� FRPH� IURP� DVVHVVPHQW� WHVWV� RI� WKH� WDFWLOH� PRGHOV� DV�
H[SHULHQFHG� E\�PDLQO\� EOLQG� LQGLYLGXDOV�� 6HFRQGO\�� DV� SDUW� RI� WKLV� SURFHVV�� D�
PHWKRG�RI�FRQVWUXFWLQJ�VXFK�PRGHOV�LV�GHILQHG��7KLV�VWXG\�IDFLOLWDWHV�D�JUHDWHU�
XQGHUVWDQGLQJ� RI� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� UHSUHVHQWHG� REMHFWV� �KLVWRULF�
EXLOGLQJV��DQG� WKH� WDFWLOH�PRGHOV��DQG�SURYLGHV�D� WHFKQRORJLFDO�DQG�GLVFXUVLYH�
EDVLV�IRU�IXWXUH�LPSOHPHQWDWLRQ�RI�WDFWLOH�PRGHOV�LQ�D�VSHFLILF�FRQWH[W��

.H\ZRUGV�� WDFWLOH� PRGHOV�� DUFKLWHFWXUDO� KHULWDJH�� GLJLWDO� IDEULFDWLRQ�� KDSWLF���
H[SHULHQFH��

� ,QWURGXFWLRQ�

7KLV� SDSHU� GHVFULEHV� WKH� SURGXFWLRQ� RI� WDFWLOH� PRGHOV�� XVLQJ� GLJLWDO� IDEULFDWLRQ�
WHFKQLTXHV�� DLPHG� DW� SURPRWLQJ� D� KDSWLF� H[SHULHQFH� RI� WKH� DUFKLWHFWXUDO� KHULWDJH� RI�
3HORWDV�&LW\�� ,W� LV� WKH� JRDO� RI� WKLV� VWXG\� WR� GHPRQVWUDWH� WKDW� WKHVH�PRGHOV� FRXOG� EH�
PDGH�DYDLODEOH�RQ�VLWH��LQ�WKH�EXLOGLQJV�WKH\�UHSUHVHQW��IRU�WKH�SXUSRVHV�RI�HGXFDWLRQDO�
WRXULVP�� )XUWKHUPRUH�� LW� ZLOO� VKRZ� WKDW� WKH� PRGHOV� FRXOG� DOVR� EH� XVHG� LQ� VSHFLILF�
HGXFDWLRQDO�FRQWH[WV�LQ�VFKRROV��IDLUV�DQG�H[KLELWLRQV��7KH�SURGXFWLRQ�RI�WKHVH�PRGHOV�
LV� GHVLJQHG� VSHFLILFDOO\� IRU� XVH� ZLWK� WKH� EOLQG�� EXW� VLJKWHG� LQGLYLGXDOV� FRXOG� DOVR�
EURDGHQ�WKHLU�H[SHULHQFH�EH\RQG�WKH�YLVXDO�XVLQJ�WKH�PRGHOV��

$Q�HDUOLHU�VWXG\�>�@��GHVFULEHG�WKH�XVH�RI�WDFWLOH�PRGHOV�WR�HQKDQFH�DFFHVVLELOLW\�WR�
DQ�H[KLELWLRQ�RI�SKRWRJUDSKV�VKRZLQJ�D�EXLOGLQJ�RI�KHULWDJH�LQWHUHVW��7KH�UHIHUHQFHV�
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XVHG�LQ�WKDW�FDVH�ZHUH�PRVWO\�IURP�WKH�DUHD�RI�PXVHRORJ\��VRPH�RI�ZKLFK�KLJKOLJKW�
WKH�LPSRUWDQFH�RI�WRXFKLQJ��

1HYHV� >�@�� IRU� H[DPSOH�� SRLQWV� RXW� WKDW� WKH� EUDLQ� LQWHUSUHWV� ZKDW� ZH� VHH�� DQG�
WKHUHIRUH� ZKDW� RXU� EUDLQ� ³VHHV´� GRHV� QRW� QHFHVVDULO\� UHIOHFW� DFFXUDWHO\� WKH� LPDJH�
ZKLFK� FDPH� LQ� WKURXJK� WKH� UHWLQD�� 7KXV�� WKLV� DXWKRU� FRQVLGHUV� WKH� SRVVLELOLW\� RI�
³VHHLQJ´��PHDQLQJ�XQGHUVWDQGLQJ�LPDJHV��WKURXJK�RWKHU�VHQVHV�E\�DGGLQJ�YHUEDO�DQG�
WDFWLOH�PHDQV�RI�LQWHUSUHWDWLRQ��

7HVKLPD�>�@�GHVFULEHV�WKH�GHYHORSPHQW�RI�GLGDFWLF�WKUHH�GLPHQVLRQDO�PDWHULDOV�IRU�
EOLQG�LQGLYLGXDOV��$FFRUGLQJ�WR�KLP��WKH�NH\�IRU�GHYHORSLQJ�PDWHULDOV�WKDW�FDQ�HQULFK�
WKH� XQLYHUVH� RI� REVHUYDWLRQ� WKURXJK� WRXFK� LV� WR� SURGXFH� PRGHOV� WKDW� WKH� YLVXDOO\�
LPSDLUHG� KDYH� QHYHU� WRXFKHG� EHIRUH�� 7KH� DXWKRU� GLYLGHV� WKHVH� PRGHOV� LQWR� WZR�
FDWHJRULHV�� �L�� REMHFWV� WKDW� ZH� FDQQRW� WRXFK� LQ� DFWXDO� VL]H�� KXJH� RU� PLFURVFRSLF�
REMHFWV���LL��REMHFWV�WKDW�FDQQRW�H[LVW�QDWXUDOO\��WKH\�DUH�EDVHG�RQ�DQ�DEVWUDFW�LGHD�OLNH�
PDWKHPDWLFV��FXUYHG�VXUIDFHV�IRU�H[DPSOH��

$OWKRXJK� GLJLWDO� IDEULFDWLRQ� WHFKQRORJLHV� PDNH� WKH� SURGXFWLRQ� RI� WKHVH� PRGHOV�
HDVLHU�� LW� LV� LPSRUWDQW� IRU� WKH� REMHFWV� WR� EH� XQGHUVWDQGDEOH� E\� WRXFKLQJ�� 7KHUHIRUH��
VRPH�JXLGHOLQHV�QHHG� WR�EH�FRQVLGHUHG� LQ� WKH�GHVLJQ�RI� WKLV� WDFWLOH� LQWHUIDFH�� �7KHVH�
LQFOXGH�PDNLQJ�WKH�REMHFWெV�IRUP�VLPSOH�RU�EUDNLQJ�LW�XS�LQWR�SDUWV�WKDW�FDQ�EH�ILWWHG�
WRJHWKHU��$FFRUGLQJ�WR�7HVKLPD�>�@��LW�LV�QRW�HQRXJK�WR�PDNH�WKH��G�PRGHOV��³ZH�QHHG�
WR�XVH�RXU�EUDLQV�WR�PDNH�PRGHOV�ZKLFK�DUH�VXLWDEOH�IRU�YLVXDOO\�KDQGLFDSSHG�SHUVRQV�
WR�WRXFK´��

3K\VLFDO�PRGHOV�SOD\�WKH�UROH�RI�WDFWLOH�PHGLD��DQG�RIWHQ�PRUH�WKDQ�RQH�PRGHO�RI�
WKH�VDPH�REMHFW�LV�QHFHVVDU\�IRU�D�WDFWLOH�FRPSUHKHQVLRQ�RI�LW��7KHUHIRUH��WKH�LGHD�RI�
GUDZLQJ� IURP�WKH�FLQHPDWRJUDSKLF�VFHQHV�GHVFULEHG�E\�%HUQDUGHW� >�@� LV� UHYLHZHG�LQ�
DQ�DWWHPSW�WR�DFKLHYH�D�IOXLG�FRPPXQLFDWLRQ�EHWZHHQ�WKH�GLIIHUHQW�PRGHOV�WKDW�EXLOG�
XS�D�VSHFLILF�REMHFW���

6DUUDI�>�@�FRQVLGHUV�WKDW�YLVXDO�FRPPXQLFDWLRQ�LV�ORVLQJ�LWV�FDSDFLW\�RI�VHGXFWLRQ��
WKXV��KH�GHYHORSHG�D�FRPPXQLFDWLRQ� WKHRU\�XVLQJ� WKH� ILYH�VHQVHV� LQ�FXOWXUDO�VSDFHV��
)RU� WKLV� DXWKRU�� VHQVRULDO� FRPPXQLFDWLRQ� LV� NH\� IRU� WKH� GHPRFUDWL]DWLRQ� RI� FXOWXUDO�
DQG�DUWLVWLF�KHULWDJH��

�,Q� WKH� FRQWH[W� RI� DUFKLWHFWXUDO� KHULWDJH�� ZH� FDQ� FRQVLGHU� WKH� FLW\� DV� D� FXOWXUDO�
VSDFH� ZKLFK� SUHVHUYHV� KLVWRULFDOO\� UHOHYDQW� EXLOGLQJV� IRU� ZKLFK� SXEOLF� DFFHVV� DQG�
DZDUHQHVV� PXVW� EH� PDGH� PRUH� GHPRFUDWLF�� &RQVLGHULQJ� WKH� FDVHV� RXWOLQHG� E\�
7HVKLPD� >�@�� WKHVH�KLVWRULF�EXLOGLQJV�FDQ�EH� VRUWHG� LQWR� WKH� ILUVW� FDVH�� KXJH�REMHFWV��
$OWKRXJK� WKH�EXLOGLQJV�FDQ�EH� WRXFKHG�� WKHLU� IRUP�FDQQRW�EH�SHUFHLYHG�E\� WRXFKLQJ�
WKH�REMHFW�LQ�DFWXDO�VL]H��7KXV��WKH�SURGXFWLRQ�RI�PRGHOV�RI�WKHVH�EXLOGLQJV�LQ�UHGXFHG�
VFDOH� FDQ� SURYLGH� D� PRUH� FRPSUHKHQVLYH� WDFWLOH� H[SHULHQFH�� )XUWKHUPRUH�� WKH�
IDVFLQDWLRQ�SURGXFHG�E\� WKHVH�PRGHOV� LV�HYLGHQW� LQ�SHRSOH�RI�DOO�DJHV�� WKXV�EULQJLQJ�
YDOXDEOH�DWWHQWLRQ�WR�WKH�DUFKLWHFWXUDO�KHULWDJH�RI�WKH�FLW\��

7KH� LPSRUWDQFH� RI� WKH� WDFWLOH� H[SHULHQFH� LV� FXUUHQWO\� KLJKOLJKWHG� LQ� WKH� ILHOG� RI�
DUFKLWHFWXUDO� UHVHDUFK�� UHLQIRUFLQJ� WKH� YDOXH� RI� WKH� PXOWL�VHQVRULDO� H[SHULHQFH��
+HUVVHQV�DQG�+H\OLJKHQ�>�@�VWDWH�WKDW�RXU�H[SHULHQFH�ZLWK�DUFKLWHFWXUH�LV�RI�D�PXOWL�
VHQVRU\� QDWXUH�� WKDW� LWV� DSSHDUDQFH� LV� LPSRUWDQW�� EXW� LWV� IHHO�� VPHOO� DQG� VRXQG� DOVR�
FRQWULEXWH� WR� RXU� H[SHULHQFH�� +RZHYHU�� WRXFKLQJ� LQ� RUGHU� WR� DFKLHYH� JUHDWHU�



����� 7DFWLOH�PRGHOV�RI�HOHPHQWV�RI�DUFKLWHFWXUDO�KHULWDJH��IURP�WKH�EXLOGLQJ�VFDOH�WR�WKH�GHWDLO�
�

XQGHUVWDQGLQJ�RI�WKH�HOHPHQWV�RI�DQ�H[HPSODU\�SLHFH�RI�DUFKLWHFWXUDO�KHULWDJH�LV�RIWHQ�
QRW�SRVVLEOH�GXH�WR�WKH�VFDOH�RI�WKH�VWUXFWXUH��WKH�LQDFFHVVLELOLW\�RI�LWV�ORFDWLRQ�RU�E\�LWV�
IUDJLOLW\��7KHVH�DXWKRUV�FRQVLGHU�WKDW��LQ�WKH�FRQWH[W�RI�DUFKLWHFWXUH��WKH�WHUP�³KDSWLF´�
KDV� D� EURDGHU� PHDQLQJ� WKDQ� ³WDFWLOH´� EHFDXVH� LW� LQYROYHV� QRW� RQO\� FXWDQHRXV�
SHUFHSWLRQ�EXW�DOVR�WKH�SHUFHSWLRQ�RI�SRVLWLRQLQJ��EDODQFH�DQG�PRYHPHQW�LQ�WKH�EXLOW�
VSDFH��

�9HUPHHUVFK�DQG�+H\OLJKHQ�>�@�FRQVLGHU�KDSWLF�SHUFHSWLRQ�WR�EH�D�FRPELQDWLRQ�RI�
WDFWLOH� DQG� NLQDHVWKHWLF� SHUFHSWLRQV�� 7DFWLOH� SHUFHSWLRQ� LQWHUSUHWV� WKH� YDULDWLRQ� LQ�
VWLPXOL� WR� WKH� VNLQ� DOORZLQJ� XV� WR� SHUFHLYH�� IRU� H[DPSOH�� WKH� WH[WXUH� RI� PDWHULDOV��
.LQDHVWKHWLF� SHUFHSWLRQ� LQIRUPV� WKURXJK� VWDWLF� DQG� G\QDPLF� ERG\� SRVWXUHV�� IRU�
H[DPSOH�� DQ� LPSUHVVLRQ� RI� OHQJWK� SHUFHLYHG� WKURXJK� WKH� UHODWLYH� GLVWDQFH� EHWZHHQ�
ILQJHUV��+DSWLF� WRROV�� DFFRUGLQJ� WR� WKHVH�DXWKRUV�� DUH� WRROV�GHYHORSHG� WR�SURYLGH� WKH�
EUDLQ�ZLWK�LQIRUPDWLRQ�WKURXJK�WKH�VNLQ�DQG�PXVFOHV�RI�WKH�KDQGV��

$QRWKHU� LPSRUWDQW� DVSHFW� RI� WKLV� SDSHU� UHIHUV� WR� WHFKQRORJLFDO�PDWWHUV��0DQ\� RI�
WKH�GLJLWDO�PRGHOV�RI�DUFKLWHFWXUDO�KHULWDJH�SURGXFHG�WR�GDWH�LQ�WKLV�FRQWH[W�ZHUH�PDGH�
IRU�XVH�LQ�YLUWXDO�UHDOLW\�DQG�ZHE�YLHZLQJ�DV�VWDWLF�LPDJHV�RU�DQLPDWLRQV��7KHUHIRUH��
WKHVH�PRGHOV�FRQVLGHUHG�WKH�SRVVLELOLWLHV�RI�RSWLPL]LQJ�WKH�UHSUHVHQWDWLRQ�RI�WH[WXUHV�
WKURXJK� WKH� XVH� RI� LPDJHV�� 7KH\� GR� QRW� KDYH� D� FRUUHVSRQGLQJ� JHRPHWU\� WKDW� FDQ�
SURPRWH� FRPSUHKHQVLRQ� RI� DQ� REMHFW� WKURXJK� WRXFKLQJ�� 7KH� LQLWLDO� SURFHVVHV�
UHJDUGLQJ�WKH�XVH�RI��'�SULQWLQJ�WHFKQLTXHV�DYDLODEOH�LQ�WKLV�FRQWH[W��DGGLWLYH�SURFHVV�
RI� SODVWLF� OD\HU� GHSRVLWLRQ�� DUH� GHVFULEHG� LQ� >�@�� /DWHU�� ODVHU� FXWWLQJ� DOVR� EHFDPH�
DYDLODEOH� LQ� WKLV� FRQWH[W� RI� VWXG\�� EURDGHQLQJ� WKH�SRVVLELOLWLHV�RI� GLJLWDO� IDEULFDWLRQ��
7KLV�OHG�WR�D�FRPSDULVRQ�EHWZHHQ�WKH�WZR�WHFKQLTXHV�IRU�WKH�SURGXFWLRQ�RI�PRGHOV�RI�
VHYHUDO�HOHPHQWV�RI�DUFKLWHFWXUDO�KHULWDJH��LQ�SDUWLFXODU�PHWDO�UDLOLQJV��7KXV��WKLV�VWXG\�
KDV� DV� D� VWDUWLQJ� SRLQW� D� UHFRJQLWLRQ� RI� WKH� WHFKQRORJLFDO� OLPLWV� VXFK� DV� GLPHQVLRQV�
LPSRVHG�E\�WKH�PDFKLQHV�DYDLODEOH�DQG�WKH�OLPLWDWLRQV�RI�WKH�WHFKQLTXHV�WKHPVHOYHV��
LGHQWLILHG�LQ�WKHVH�LQLWLDO�VWXGLHV��

7KH� DUFKLWHFWXUDO� KHULWDJH� UHSUHVHQWHG� LV� RI� HFOHFWLF� VW\OH�� ULFK� LQ� FRPSOH[�
RUQDPHQWDWLRQ��6HYHUDO�DXWKRUV�VXFK�DV�>�@��>��@�DQG�>��@�ZULWH�DERXW�WKHVH�EXLOGLQJV�
DQG� VWULYH� WR� XQGHUVWDQG� DQG� H[SODLQ� WKH� PHDQLQJ� RI� HDFK� HOHPHQW�� +RZHYHU�� YHU\�
OLWWOH�DSSHDUV�LQ�WKHLU�ZRUNV�UHJDUGLQJ�D�PRUH�GHWDLOHG�VWXG\�RI�WKH�JHRPHWULFDO�DVSHFWV�
RI� WKLV� DUFKLWHFWXUH�� HVSHFLDOO\� FRQVLGHULQJ� WKHRULHV�ZKLFK�PDNH� LW� SRVVLEOH� WR� UHODWH�
HDFK�RQH�RI�WKH�SDUWV�LQ�D�FRPSRVLWLRQ�WR�WKH�ZKROH��6XFK�WKHRULHV�FRXOG�H[SODLQ�WKH�
ORJLF�RI�WKH�IDFDGHV�DQG�PDNH�WKH�SURFHVV�RI�UHSUHVHQWDWLRQ�HDVLHU��

� 0DWHULDOV�DQG�0HWKRGV�

7KLV�UHVHDUFK�ZDV�GLYLGHG�LQWR�IRXU�VWDJHV��
6WDJH����%LEOLRJUDSKLFDO�UHYLHZ��LGHQWLI\LQJ�DQ�LQWHUGLVFLSOLQDU\�ILHOG�DFFRUGLQJ�WR�WKH�
UHVHDUFK�H[DPLQHG�LQ�WKH�SUHYLRXV�VHFWLRQ��
6WDJH����(VWDEOLVKPHQW�RI�D�WULDO�WKHRU\�IRU�WKH�SURGXFWLRQ�RI�WKH�WDFWLOH�PRGHOV��7KLV�
WULDO�WKHRU\�ZDV�EDVHG�RQ�WKH�ELEOLRJUDSKLF�UHYLHZ�DQG�RQ�WKH�SUHYLRXV�H[SHULHQFH�RI�
WKH� DXWKRUV� >�@�� ,Q� WKLV� SUHYLRXV� H[SHULPHQW� D� PHWKRG� ZDV� GHYHORSHG� IRU� WKH�
SURGXFWLRQ�RI�WDFWLOH�PRGHOV�VSHFLILFDOO\�WR�HQKDQFH�WKH�DFFHVVLELOLW\�RI�DQ�H[KLELWLRQ�
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RI�SKRWRJUDSKV�RI�DQ�LQGXVWULDO�EXLOGLQJ��7KLV�PHWKRG�HPSOR\HG�WKH�³JUDGXDO�DGGLWLRQ�
RI� LQIRUPDWLRQ´�� 7KHUHIRUH�� WKH� VHFRQG� VWDJH� RI� WKLV� VWXG\� LQYROYHV� WUDQVSRVLQJ� RXU�
PHWKRG�� QRW� IURP�SKRWRJUDSKV�EXW� WKURXJK� WKH� WDFWLOH�PRGHOV� UHODWHG�GLUHFWO\� WR� WKH�
WKUHH�GLPHQVLRQDO�REMHFW��7KLV�VWDJH�LQFOXGHV�WKH�JHRPHWULF�DQDO\VLV�RI�WKH�EXLOGLQJV��
WDNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� PHDQLQJ� RI� HDFK� RI� WKHLU� HOHPHQWV� LQ� WKH� FRQWH[W� RI�
DUFKLWHFWXUDO� KLVWRU\�� 7KH� WUDQVSRVLWLRQ� RI� WKH� PHWKRG� UHTXLUHG� SODQQLQJ� RI� WKH�
GHFRPSRVLWLRQ� DQG� UHFRPSRVLWLRQ� RI� WKH� UHSUHVHQWHG� HOHPHQW� DQG� WKH� SURGXFWLRQ� RI�
PRGHOV� LQ� VHYHUDO� VFDOHV�� 7KLV� SURFHVV� LV� GHVFULEHG� IRU� HDFK� REMHFW� LQFOXGHG� LQ� WKLV�
VWXG\�LQ�VHFWLRQ����

7KH� VHOHFWLRQ� RI� WKH� HOHPHQWV� RI� DUFKLWHFWXUDO� KHULWDJH� WR� EH� UHSUHVHQWHG� LQ� WKLV�
VWXG\�ZDV�LQIOXHQFHG�E\�WKUHH�PDLQ�IDFWRUV��WKH�SRWHQWLDO�RI�WKH�REMHFW�WR�EURDGHQ�WKH�
JURXSெV� XQGHUVWDQGLQJ� RI� WKH� IDEULFDWLRQ� WHFKQLTXHV� DYDLODEOH� LQ� WKLV� VWXG\� FRQWH[W��
WKH�H[LVWHQFH�RI�D�SUHYLRXV�GLJLWDO�PRGHO�RI�WKH�REMHFW�SURGXFHG�IRU�YLUWXDO�UHDOLW\��DQG�
WKH�LQWHUHVW� LQ�JHQHUDWLQJ�LQIRUPDWLRQ�DERXW�EXLOGLQJV�EHORQJLQJ�WR�WKH�8QLYHUVLW\� LQ�
ZKLFK�WKLV�VWXG\�WDNHV�SODFH��

)LJXUH� �� VKRZV� WKH� EXLOGLQJV� FKRVHQ� IRU� WKLV� VWXG\� QDPHG� DV� &DVH� ��� �� DQG� ����
2QO\� WKH� EXLOGLQJ� LQ� &DVH� �� GRHV� QRW� EHORQJ� WR� WKH� 8QLYHUVLW\�� � EXW� UDWKHU� WR� WKH�
PXQLFLSDOLW\��+RZHYHU��LW�ZDV�FKRVHQ�IRU�WKLV�VWXG\�GXH�WR�LWV�LPSRUWDQFH�WR�WKH�FLW\�
DQG� D� UHFHQW� SDUWQHUVKLS� EHWZHHQ� WKH� PXQLFLSDOLW\� DQG� WKH� 8QLYHUVLW\� DLPHG� DW�
SURPRWLQJ� WKH� DUFKLWHFWXUDO� KHULWDJH� RI� WKH� FLW\� WKURXJK� WRXULVP�� HGXFDWLRQ� DQG�
FXOWXUDO�LQLWLDWLYHV��

�
)LJ������7KH�WKUHH�EXLOGLQJV�FKRVHQ�IRU�WKH�VWXG\�

6WDJH���� ,Q� WKLV� VWDJH� WKH�H[SHULPHQW�ZDV�FDUULHG�RXW�E\�D� WHDP�RI�SURIHVVLRQDOV�
IURP� D� UDQJH� RI� GLVFLSOLQHV� LQFOXGLQJ� RFFXSDWLRQDO� WKHUDS\�� DUFKLWHFWXUH� DQG�
EURDGFDVWLQJ��

$IWHU�WKH�DQDO\VLV�RI�WKH�GDWD�FROOHFWHG�LQ�WKH�H[SHULPHQWV�ZLWK�WKH�WDFWLOH�PRGHOV�
IRU�WKH�SKRWRJUDSKV��D�EUDLQVWRUP�H[HUFLVH�ZDV�FDUULHG�RXW�LQ�RUGHU�WR�WUDQVSRVH��LQ�D�
FULWLFDO�PDQQHU��WKH�JUDGXDO�DGGLWLRQ�RI�LQIRUPDWLRQ��,Q�WKLV�SURFHVV��WKH�QHHG�WR�KDYH�
D�PRUH�IOXLG�WUDQVLWLRQ�EHWZHHQ�WKH�OD\HUV�RI�LQIRUPDWLRQ�ZDV�LGHQWLILHG��ZKLFK�OHG�WR�
D� VHDUFK� IRU� QHZ� UHIHUHQFHV� DQG� WR� WKH� K\SRWKHVLV� WKDW� FLQHPDWRJUDSKLF� ODQJXDJH�
FRXOG�FRQWULEXWH�WR�WKLV�SURFHVV��7KXV��WKH�PHWKRG�RI�JUDGXDO�DGGLWLRQ�RI�LQIRUPDWLRQ�
ZDV� UH�LQWHUSUHWHG�� 7KH� IUDPLQJ� RI� WKH� FDPHUD� GHILQHV� HDFK� RQH� RI� WKH� WKUHH�
GLPHQVLRQDO�PRGHOV�DV�WKH�VFHQH�RI�D�OD\HU�RI�LQIRUPDWLRQ��ZKLOH�WKH�]RRP�PRYHPHQW�
RI�WKH�OHQV�GHILQHV�WKH�GHWDLO�RI�WKLV�LQIRUPDWLRQ��GHWHUPLQLQJ�WKH�VFDOH�RI�WKH�PRGHO��



����� 7DFWLOH�PRGHOV�RI�HOHPHQWV�RI�DUFKLWHFWXUDO�KHULWDJH��IURP�WKH�EXLOGLQJ�VFDOH�WR�WKH�GHWDLO�
�

HLWKHU� WR� H[SODLQ� WKH� ORFDWLRQ�� WKH� RYHUDOO� IRUP� RI� WKH� EXLOGLQJ� RU� HDFK� RQH� RI� LWV�
FRPSRQHQWV��

3HUVRQDO�SHUFHSWLRQ�ZDV�DOVR�H[DPLQHG�GXULQJ�WKLV�EUDLQVWRUP�SURFHVV��DV�D�IDFWRU�
WKDW�ZRXOG�DIIHFW�KRZ�DFFXUDWHO\� WKH�PRGHOV�ZRXOG�EH�GHFRGHG��7HVWLQJ� WKH�PRGHOV�
ZLWK�D�EOLQGIROGHG�VLJKWHG�SHUVRQ�ZDV�VXJJHVWHG�DV�D�SRVVLEOH�PHDQV�WR�PHDVXUH�WKH�
SUHFLVLRQ�RI�WKH�GHYHORSPHQW�RI�WKH�PRGHOV��)LUVW�WKH�H[SHULPHQW�ZRXOG�EH�FDUULHG�RXW�
EOLQGIROGHG��DQG�WKHQ�WKH�EOLQGIROG�ZRXOG�EH�WDNHQ�RII��7KLV�ZRXOG�PDNH�LW�SRVVLEOH�WR�
GHWHUPLQH�ZKHWKHU� WKH�PHQWDO� LPDJH� FUHDWHG� E\� WKH�PRGHOV�PDWFKHG� WKH� DFWXDO� �'�
PRGHO���

6WDJH����,Q�WKLV�VWDJH�FRQFOXVLRQV�DUH�GUDZQ�DERXW�WKH�UHVXOWV�RI�WKH�H[SHULPHQWV��
DQG�SURSRVDOV�PDGH�WR�V\VWHPL]H�WKH�SURGXFWLRQ�RI�PRGHOV�DV�D�PHDQV�WR�FRQWLQXH�WKH�
UHSUHVHQWDWLRQ�RI�WKH�DUFKLWHFWXUDO�KHULWDJH�LQ�TXHVWLRQ��

� 7KH�3URGXFWLRQ�RI�7DFWLOH�0RGHOV��$QDO\VLV��)RUPDO���
'HFRPSRVLWLRQ�DQG�5HFRPSRVLWLRQ�

7KH�DUFKLWHFWXUDO�HOHPHQWV�UHSUHVHQWHG�IRU�HDFK�FDVH�RI�WKLV�VWXG\��D�GRPH��D�EDOFRQ\�
DQG�PHWDO�UDLOLQJV��KDG�EHHQ�SUHYLRXVO\�PRGHOHG�IRU�WKH�SURGXFWLRQ�RI�SKRWRUHDOLVWLF�
LPDJHV�� DQLPDWLRQV�� UHDO� WLPH� YLHZLQJ� DQG� DQDPRUSKLF� LPDJHV� >��@�� 7KHVH� PRGHOV�
ZHUH�WDNHQ�DV�D�VWDUWLQJ�SRLQW�IRU�WKH�SURGXFWLRQ�RI�WKH�WDFWLOH�PRGHOV��

�����&DVH����)URP�WKH�5HSUHVHQWDWLRQ�RI�WKH�'RPH�WR�WKH�%XLOGLQJ�

7KH�GRPH�RI� WKH�EXLOGLQJ� �)LJXUH����� FKDUDFWHUL]HG� DV�&DVH��� LQ� WKH� FRQWH[W� RI� WKLV�
VWXG\��LV�RQH�RI�WKH�PRVW�SRSXODU�HOHPHQWV�RI�DUFKLWHFWXUDO�KHULWDJH�LQ�3HORWDV�� �7KLV�
EXLOGLQJ��FDOOHG�*UDQGH�+RWHO��LV�FKDUDFWHUL]HG�E\�LWV�HFOHFWLF�VW\OH�ZLWK�$UW�1RXYHDX�
LQIOXHQFH��,W�ZDV�GHVLJQHG�E\�WKH�FLYLO�HQJLQHHU�7KHySKLOR�%RUJHV�GH�%DUURV�DQG�EXLOW�
EHWZHHQ������DQG������ >�@�� LW�ZDV�D� KRWHO�DQG� DOVR�D�FDVLQR�DQG� LV�FXUUHQWO\� EHLQJ�
UHVWRUHG�WR�EH�D�WHDFKLQJ�KRWHO��

7KH� GLJLWDO� PRGHO� RI� WKH� GRPH�� ZKLFK� ZDV� LQLWLDOO\� XVHG� LQ� WKLV� VWXG\�� ZDV�
SURGXFHG�DV�D�GLGDFWLF�DFWLYLW\� LQ�D�JUDGXDWH�FRXUVH� �LPDJH�RQ� WKH� OHIW� LQ�)LJXUH�����
7KH� ILUVW�PRGHO� LQ� �'�SULQWLQJ� RI� WKLV� HOHPHQW�ZDV� SURGXFHG� GXULQJ� WKH� SURFHVV� RI�
DQDO\VLV� RI� WKH� FRPSDWLELOLW\� RI� WKH� H[LVWLQJ� PRGHO� ZLWK� WKH� GLJLWDO� IDEULFDWLRQ�
WHFKQRORJ\�DYDLODEOH���
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�
)LJ�����'LJLWDO�UHSUHVHQWDWLRQV�DQG��'�SULQWHG�PRGHO�RI�WKH�GRPH��

7KH� PRGHO� KDG� EHHQ� PDGH� PDLQO\� IRU� REWDLQLQJ� VWDWLF� LPDJHV� DQG�� WKHUHIRUH��
SUHVHQWHG�VHYHUDO�SUREOHPV�IRU�XVH�ZLWK��'�SULQWLQJ�VXFK�DV�RYHUODSSLQJ�HOHPHQWV�DQG�
D� YHU\� KLJK� QXPEHU� RI� SRO\JRQV�� 7KHVH� SUREOHPV�ZHUH� IL[HG� DQG� VRPH� SDUWV� ZHUH�
HYHQ�UH�PRGHOHG�WR�DOORZ�WKH��'�SULQWLQJ�RI�WKH�GRPH�VKRZQ�LQ�WKH�PLGGOH�LPDJH�RI�
)LJXUH����,W�LV�SRVVLEOH�WR�REVHUYH�WKDW�WKHUH�ZHUH�VRPH�SUREOHPV�ZLWK�WKH�SULQWLQJ�RI�
VRPH�FRPSOH[�HOHPHQWV�GXH�WR�WKH�UHGXFWLRQ�LQ�VFDOH��7KH�VWXGLHV��DW�WKLV�SRLQW��ZHUH�
DLPHG� DW� XQGHUVWDQGLQJ� WKH� OLPLWV� RI� WKH� WHFKQRORJ\� DYDLODEOH� FRQVLGHULQJ� FRPSOH[�
JHRPHWULHV� DQG� FRPSDWLEOH� VFDOH��$W� WKLV� SRLQW� WKH� VWXGLHV� GLG� QRW� \HW� FRQVLGHU� WKH�
QHHG� WR� XQGHUVWDQG� WKH� PRGHO� E\� WRXFKLQJ�� 7KH� LPDJH� RQ� WKH� ULJKW� LQ� )LJXUH� ��
GHPRQVWUDWHV�WKH�VROXWLRQ�RI�EUHDNLQJ�XS�WKH�GLJLWDO�PRGHO�IRU�SULQWLQJ��ZKLFK�VRXJKW�
RQO\� WR� VROYH� WKH� SUREOHP�RI� UHVROXWLRQ� RI� WKH�PRGHO�� DQG� QRW� WKH� TXDOLW\� RI� WDFWLOH�
LQIRUPDWLRQ�WKDW�LW�FRXOG�RIIHU��

,Q� RUGHU� WR� DSSO\� WKH� PHWKRG� RI� JUDGXDO� DGGLWLRQ� RI� LQIRUPDWLRQ�� WKH� PRGHOLQJ�
SURFHVV� ZDV� DQDO\]HG�� GHFRPSRVLQJ� WKH� IRUP� DQG� LGHQWLI\LQJ� LWV� EDVLF� HOHPHQWV��
)LJXUH� �� LOOXVWUDWHV� WKH�PRGHOLQJ� SURFHVV�� KLJKOLJKWLQJ� WKH� UXOH� RI� F\FOLF� V\PPHWU\��
ZKLFK�KHOSV�LQ�XQGHUVWDQGLQJ�WKH�IRUP�RI�WKH�GRPH���

�
)LJ�����'HFRPSRVLWLRQ�DQG�UHFRPSRVLWLRQ�RI�WKH�GRPH��

*LYHQ�WKH�QHHG�WR�SURGXFH�PRGHOV�RI�WKH�EXLOGLQJ�DV�D�ZKROH�� DQG�LQ�SDUWLFXODU�WR�
IRFXV�RQ�WKH�UHODWLYH�SRVLWLRQ�RI�WKH�HOHPHQWV�RQ�WKH�IDFDGH��DQ�DQDO\WLFDO�VWXG\�ZDV�
FDUULHG� RXW� RI� WKH� JHRPHWULF� DVSHFW� RI� WKH� H[WHULRU� IRUP� RI� WKH� EXLOGLQJ�� )LJXUH� ��
VKRZV� DQ� H[DPSOH� RI� WKH� NLQG� RI� DQDO\VLV� FDUULHG� RXW� VKRZLQJ� LPSOLFLW� JHRPHWULF�
ILJXUHV� VXFK� DV� UHFWDQJOHV� ZLWK� WKH� JROGHQ� UDWLR� DQG� VTXDUH� URRW� UDWLR�� ERWK� YHU\�
FRPPRQ�LQ�EXLOGLQJV�RI�WKDW�HUD��7KLV�DQDO\VLV�DOVR�FRQWULEXWHG�WR�WKH�GHVFULSWLRQ�RI�
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WKHVH� IDFDGHV� UHJDUGLQJ� WKH� SRVLWLRQ� RI� HDFK� HOHPHQW�� DQG� VXJJHVWHG� D� ORJLFDO�
VHTXHQFH�IRU�WKH�DGGLWLRQ�RI�LQIRUPDWLRQ��

�
)LJ�����*HRPHWULF�VWXGLHV�RI�WKH�PDLQ�IDFDGH�RI�WKH�EXLOGLQJ�RI�FDVH�����

)LJXUH���VKRZV��LQ�WKH�ILUVW�OLQH��SDUW�RI�WKH�SODQ�IRU�SURGXFLQJ�WKH�PRGHOV�RI�&DVH���
WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�VFDOH�DQG�KRZ�PXFK�GHWDLO�WR�LQFOXGH�LQ�HDFK�PRGHO��7KH�
VHFRQG� OLQH� LQ� )LJXUH� �� VKRZV� WKH� WDFWLOH� PRGHOV� SURGXFHG�� IURP� OHIW� WR� ULJKW�� WKH�
ORFDWLRQ�RI�WKH�EXLOGLQJV�RI�&DVHV���DQG����D�VLPSOLILHG�PRGHO�RI�WKH�EXLOGLQJ��ZKLFK�
DOORZV� ZKRHYHU� LV� WRXFKLQJ� LW� WR� XQGHUVWDQG� WKH� RYHUDOO� VKDSH� RI� WKH� EXLOGLQJ�� WKH�
QXPEHU� RI� IORRUV�� WKH� SRVLWLRQ� RI� WKH� GRPH�� DQG� WKH� VKDSHV� DQG� QXPEHU� RI� WKH�
ZLQGRZV��WKH�GRPH�LQ�D�ODUJHU�VFDOH�ZLWK�DOO�LWV�RUQDPHQWV��WKLV�PRGHO�OHWV�XV�LGHQWLI\��
E\� WRXFKLQJ�� WKH� UHODWLYH� SRVLWLRQ� EHWZHHQ� WKH� HOHPHQWV� RI� WKH� GRPH� DV� ZHOO� DV� LWV�
VKDSH��7KH� IRXUWK�PRGHO� LV� RI� RQH�RI� WKH�ZLQGRZV�RI� WKH� GRPH� LQ� D� ODUJHU� VFDOH� WR�
DOORZ�D�EHWWHU�XQGHUVWDQGLQJ�RI�LWV�IRUP�DQG�KRZ�LW�ILWV�RQWR�WKH�ERG\�RI�WKH�GRPH��WKH�
ILIWK� PRGHO� LV� RI� WKH� FURZQ� RI� WKH� GRPH� LQ� D� ODUJHU� VFDOH� DOORZLQJ� D� EHWWHU�
XQGHUVWDQGLQJ� RI� HDFK� RQH� RI� LWV� HOHPHQWV�� 7KLV� PRGHO� ZDV� DOVR� SURGXFHG� LQ� WZR�
IRUPDWV� RI� VHSDUDWH� SLHFHV� IRU� DVVHPEOLQJ� �VL[WK� DQG� VHYHQWK� LPDJHV�� LQ� RUGHU� WR�
H[SODLQ�WKH�XQGHUO\LQJ�UXOHV�RI�WKH�JHRPHWULF�IRUP��

�
)LJ�����3ODQQLQJ�RI�WKH�PRGHOV�DQG�PRGHOV�PDGH�IRU�FDVH����

�����&DVH����)URP�WKH�5HSUHVHQWDWLRQ�RI�D�%DOFRQ\�WR�WKH�%XLOGLQJ�

7KH� EXLOGLQJ� LQ� &DVH� �� LV� RI� D� FODVVLF� HFOHFWLF� VW\OH� ZLWK� FRORQLDO� DQG� EDURTXH�
LQIOXHQFHV�>�@��,W�ZDV�EXLOW�EHIRUH������LQ�FRORQLDO�VW\OH�DQG�ZDV�UHQRYDWHG�EHWZHHQ�
�����DQG������ZKHQ� -RVp�$QWRQLR�0RUHLUD�� WKH�%DURQ�RI�%XWXt�� KLUHG� WKH� DUFKLWHFW�
,VHOOD� 0HURWH� WR� UHQRYDWH� WKH� KRXVH� LQ� WKH� HFOHFWLF� VW\OH� DOUHDG\� SUHVHQW� LQ� WKH�
QHLJKERULQJ�KRXVHV��&XUUHQWO\��LW�KDV�RQ�LWV�JURXQG�IORRU�WKH�+RXVH�RI�&XOWXUH�$GDLO�
%HQWR�&RVWD�DQG�WKH�FLW\ெV�2IILFH�RI�&XOWXUH�RQ�WKH�VHFRQG�IORRU��
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�
)LJ�����3KRWRJUDSKV�RI�WKH�EXLOGLQJ�RI�FDVH���DQG�GLJLWDO�PRGHOV�RI�WKH�EDOFRQ\���

7KH�GLJLWDO�PRGHO�RI�WKLV�HOHPHQW��LPDJH�RQ�WKH�ULJKW�LQ�)LJXUH����� LQLWLDOO\�XVHG�
IRU� WKLV� VWXG\�� UHVXOWHG� IURP� DQ� H[HUFLVH� GHYHORSHG� LQ� WKH� VDPH� FRQWH[W� DV� WKH� ILUVW�
PRGHO� RI� &DVH� ��� 7KH� WKLUG� LPDJH� LQ� )LJXUH� �� LOOXVWUDWHV� RQH� RI� WKH� VWHSV� LQ� WKH�
PRGHOLQJ� SURFHVV�� ZKLFK� VKRZV� WKH� VWXG\� RI� HDFK� HOHPHQW�� LGHQWLI\LQJ� WKH� ORJLF� LQ�
FRPSRVLWLRQ�E\�XVLQJ�V\PPHWU\�SURFHGXUHV��WUDQVODWLRQ��UHIOHFWLRQ�DQG�URWDWLRQ��

)RU�WKH��'�SULQWLQJ�RI�WKLV�PRGHO�LW�ZDV�DOVR�QHFHVVDU\�WR�FRUUHFW�VHYHUDO�SUREOHPV�
DV�LQ�&DVH����,Q�RUGHU�WR�GR�VR��PRVW�RI�LW�KDG�WR�EH�PRGHOHG�DJDLQ��7KH�WKLQQHVV�RI�LWV�
FRPSRQHQWV� ����FP� LQ�QDWXUDO� VFDOH��DQG� WKH� IDFW� WKDW� WKH\�SUHVHQW�D�FXUYHG�VXUIDFH�
FDXVHG�SUREOHPV�IRU�SULQWLQJ�WKH�EDOFRQ\�LQ�D�FRQYHQLHQW�VFDOH�DV�VKRZQ�LQ�)LJXUH����
7R�DFKLHYH�WKH�VKDSH�RI�WKH�EDOFRQ\�VKRZQ�RQ�WKH�LPDJH�RQ�WKH�ULJKW��LW�ZDV�QHFHVVDU\�
WR�DOVR�XVH�PDQXDO� WHFKQLTXHV�DQG� WKH�PRGHO�ZDV�VWLOO� WRR�IUDJLOH��&XUUHQWO\�� IXUWKHU�
H[SHULPHQWV�DUH�EHLQJ�FDUULHG�RXW�WR�ILQG�DOWHUQDWLYHV�XVLQJ�WKLV�VDPH�WHFKQRORJ\��DQG�
IXUWKHU�H[SHULPHQWV�DUH�EHLQJ�SODQQHG�IRU�WKH�XVH�RI�ODVHU�FXWWLQJ��WDNLQJ�DGYDQWDJH�RI�
WKH�H[SHULHQFH�DFTXLUHG�ZLWK�&DVH����

�
��)LJ�����3UREOHPV�IDFHG�LQ��'�SULQWLQJ�WKH�EDOFRQ\�>�@��

$V�LQ�&DVH����DQ�DQDO\WLFDO�VWXG\�ZDV�FDUULHG�RXW�UHJDUGLQJ�WKH�JHRPHWULF�DVSHFWV�
RI�WKH�H[WHULRU�IRUP�RI�WKH�EXLOGLQJ��WDNLQJ�LQWR�DFFRXQW�WKH�QHHG�WR�SURGXFH�PRGHOV�RI�
WKH�ZKROH�EXLOGLQJ��7KH�DLP�RI�WKLV�DQDO\VLV�ZDV�WR�JXLGH�WKH�SURFHVV�RI�SURGXFWLRQ�RI�
WKH�WDFWLOH�PRGHOV�XVLQJ�WKH�PHWKRG�RI�JUDGXDO�DGGLWLRQ�RI�LQIRUPDWLRQ��

����&DVH����)URP�WKH�5HSUHVHQWDWLRQ�RI�5DLOLQJV�WR�WKH�%XLOGLQJ��

7KH�EXLOGLQJ�LQ�FDVH���LV�RI�FODVVLF�HFOHFWLF�VW\OH�ZLWK�FRORQLDO�DQG�%DURTXH�HOHPHQWV��
,W�ZDV�EXLOW�EHWZHHQ������DQG������DQG�EHORQJHG�WR�WKH�VHQDWRU�-RDTXLP�$VVXPSomR��
,W�ZDV�JUDGXDOO\�FKDQJHG�DFFRUGLQJ�WR�WKH�IDPLO\ெV�ILQDQFLDO�FRQGLWLRQ�>�@��0HPEHUV�
RI� WKLV� IDPLO\� OLYHG� WKHUH�XQWLO������ZKHQ� LW�ZDV�VROG� WR� WKH�XQLYHUVLW\��8)3HO��DQG�
EHFDPH�DQ�DGPLQLVWUDWLYH�EXLOGLQJ���
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�
)LJ�����%XLOGLQJ�DQG�HOHPHQWV�UHSUHVHQWHG�IRU�FDVH�����

�)LJXUH���VKRZV�WKH�PDLQ�IDFDGH�RI�WKH�EXLOGLQJ�DQG� WKH�WZR�UDLOLQJV�XVHG�LQ�WKLV�
VWXG\�� 7KHVH� HOHPHQWV� KDG� EHHQ� SUHYLRXVO\� DQDO\]HG� DQG� GLJLWDOO\� PRGHOHG� LQ� DQ�
XQGHUJUDGXDWH�FRQWH[W��

7KH� UDLOLQJV� RQ� WKH� ZRRGHQ� GRRU� ZDV� SULQWHG� VHYHUDO� WLPHV� WR� HYDOXDWH� WKH�
SDUDPHWHUV�ERWK�IRU�PRGHOLQJ�DQG�IRU�SULQWLQJ��FRQVLGHULQJ�WKH�QHHG�IRU�WKH�PRGHO�WR�
KDYH� KDQGOLQJ� UHVLVWDQFH�� KRZHYHU�� D� VXLWDEOH� PRGHO� FRXOG� QRW� EH� DFKLHYHG�� 7KH�
VHDUFK�IRU�DOWHUQDWLYHV�OHG�WR�WKH�K\SRWKHVLV�WKDW�ODVHU�FXWWLQJ�ZRXOG�EH�VXLWDEOH�IRU�WKH�
SURGXFWLRQ�RI�WKHVH�PRGHOV�LQ�RUGHU�WR�DFKLHYH�KDQGOLQJ�UHVLVWDQFH��

)LJXUH���VKRZV�WKH�UDLOLQJ�IURP�WKH�ZRRGHQ�GRRU�UHSUHVHQWHG�LQ�D�VLQJOH�PRGHO�DQG�
DOVR�LQ�VHSDUDWH�SRUWLRQV��7KHVH�SDUWV�RI�WKH�UDLOLQJ�DUH�XVHG�DV�SX]]OH�WR�GHPRQVWUDWH�
WKH� LPSOLFLW� JHRPHWU\� VXFK� DV� UHJXODWLQJ� UHFWDQJOHV�� 7KHVH� UHFWDQJOHV� RI� VSHFLILF�
SURSRUWLRQV�DUH� ODVHU�PDUNHG�VR� WKDW�HDFK�RQH�FDQ�EH�UHFRJQL]HG�E\� WRXFKLQJ��$V� LQ�
WKH�SUHYLRXV�FDVHV�� D�JHRPHWULF�DQDO\VLV�RI� WKH� IDFDGHV�ZDV�FDUULHG�RXW� WR�JXLGH� WKH�
VWXG\�RI�WKH�EXLOGLQJ�DV�D�ZKROH��

�
)LJ�����0RGHOV�SURGXFHG�E\�ODVHU�FXWWLQJ�WR�H[SODLQ�WKH�IRUP�IRU�FDVH����

� ([SHULPHQWDWLRQ�:LWK�WKH�7DFWLOH�0RGHOV�3URGXFHG��

8S� WR� WKLV�PRPHQW�� WKH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�ZLWK� WKH�PRGHOV�SURGXFHG� IRU�
FDVH� ��� ,Q� WKH� FXUUHQW� VWDJH� RI� LQYHVWLJDWLRQ�� WKH� H[SHULPHQWV� ZHUH� IRFXVHG� RQO\� LQ�
REVHUYLQJ�WKH�FDSDFLW\�RI�WKH�PRGHOV�SURGXFHG�LQ�LQIRUPLQJ�VSHFLILFDOO\�WKH�JHRPHWULF�
IRUP�RI�WKH�DUFKLWHFWXUDO�KHULWDJH�UHSUHVHQWHG��,W�ZDV�WKH�JRDO�RI�WKHVH�H[SHULPHQWV�WR�
HYDOXDWH�WKH�UHOHYDQFH�RI�HDFK�OD\HU�RI�LQIRUPDWLRQ�ZLWK�LWV�SURSRVHG�³IUDPLQJ´�DQG�
OHYHO�RI�³]RRP´��7ZR�YROXQWHHUV�WRRN�SDUW�LQ�WKH�H[SHULPHQWV��WKH�ILUVW��H[SHULPHQW����
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ZDV�FDUULHG�RXW�ZLWK�D�EOLQG�LQGLYLGXDO�DQG�WKH�VHFRQG��H[SHULPHQW����ZDV�FDUULHG�RXW�
ZLWK�D�VLJKWHG�LQGLYLGXDO��DFFRUGLQJ�WR�ZKDW�ZDV�SURSRVHG�DQG�H[SODLQHG�LQ�VHFWLRQ����

����([SHULPHQW���

7KH�ILUVW�H[SHULPHQW��ZDV�FDUULHG�RXW�ZLWK�D�EOLQG�YROXQWHHU�RI����\HDUV�RI�DJH�ZKR�
VWDUWHG� ORVLQJ� KLV� VLJKW� DW� WKH� DJH� RI� ��� DQG� ZDV� FRPSOHWHO\� EOLQG� E\� ���� 7KLV�
YROXQWHHU� KDV� D� YLVXDO� PHPRU\�� KRZHYHU�� KH� RQO\� UHFHQWO\� PRYHG� WR� WKLV� FLW\� DQG��
WKHUHIRUH��KDV�QHYHU�VHHQ�WKH�EXLOGLQJ�RI�FDVH����

7KH�ILUVW�PRGHO�H[SHULHQFHG�E\�WKH�YROXQWHHU�ZDV�WKDW�RI�WKH�EXLOGLQJ�DV�D�ZKROH�
ZLWK�VLPSOLILHG�VKDSHV�RQ�WKH�IDFDGHV��VHFRQG�LPDJH�RQ�WKH�VHFRQG�OLQH�LQ�ILJXUH�����
$V�KH�H[SORUHG�WKH�PRGHO�ZLWK�KLV�KDQGV�KH�VWDUWHG�VD\LQJ�WKDW�KH�FRXOG�XQGHUVWDQG�LW�
ZHOO�� +H� LGHQWLILHG� WKH� QXPEHU� RI� IORRUV� LQ� WKH� EXLOGLQJ�� WKH� GLIIHUHQFH� LQ� VKDSH�
EHWZHHQ�WKH�ZLQGRZV��KH�LGHQWLILHG�WKH�ORFDWLRQ�RI�WKH�GRPH�DQG�LWV�ZLQGRZV�VD\LQJ�
WKDW�KH�FRXOG�PDNH�D�JRRG�PHQWDO�LPDJH�RI�ZKDW�WKH�EXLOGLQJ�LV�OLNH���

7KH�PRGHOV� WRXFKHG�QH[W�ZHUH� WKRVH�RI� WKH�FURZQ�RI� WKH�GRPH� LQ�D� ODUJHU� VFDOH��
ERWK�WKH�RQH�RI�WKH�ZKROH�FURZQ�DV�ZHOO�DV�WKH�RQHV�PHDQW�IRU�DVVHPEOLQJ�WKH�FURZQ�
�WKH�ODVW�WKUHH�LPDJHV�LQ�ILJXUH�����,Q�KLV�RSLQLRQ��RQO\�WKH�FURZQ�DV�D�ZKROH�LV�DOUHDG\�
HQRXJK�WR�SHUFHLYH�WKH�VKDSHV�WKDW�EXLOG�LW�XS��7KH�PRGHO�PDGH�XS�RI�VHYHUDO�SLHFHV�
RI�WKH�HOHPHQWV�RI�WKH�FURZQ��ODVW�LPDJH�LQ�ILJXUH�����ZDV�YHU\�FRQIXVLQJ��7KH�PRGHO�
LQ�ZKLFK�D�VOLFH�RI�WKH�FURZQ�ILWV�LQ�ZLWK�DOO�WKH�UHVW�RI�WKH�FURZQ�KHOSHG�WR�QRWLFH�KRZ�
WKH�VKDSHV�UHSHDW�WKHPVHOYHV��

7KH�QH[W�PRGHO� WR�EH�KDQGOHG�ZDV� WKH�RQH�RI� WKH�GRPH��7KH�YROXQWHHU� LQGLFDWHG�
WKDW�KH�KDG�DOUHDG\�QRWLFHG�WKH�QXPEHU�RI�ZLQGRZV�DQG�WKHLU�SRVLWLRQ�LQ�WKH�PRGHO�RI�
WKH� EXLOGLQJ�� LQGLFDWLQJ� D� UHGXQGDQF\� LQ� WKH� LQIRUPDWLRQ��+RZHYHU�� WKLV�PRGHO�ZDV�
LPSRUWDQW� WR� SURYRNH� WKH� SHUFHSWLRQ� RI�PRUH� GHWDLOV� LQ� WKH� ZLQGRZV� DQG� FURZQ�� WR�
FRPSOHPHQW�WKH�FRQQHFWLRQ�ZLWK�WKH�ODUJHU�PRGHOV�RI�WKHVH�HOHPHQWV��,Q�WKH�VHTXHQFH��
ZKLOH�KDQGOLQJ�WKH�ODUJHU�PRGHO�RI�WKH�GRPHெV�ZLQGRZ�KH�QRWLFHG�WKH�VTXDUH�VKDSHV�
IRUPHG�E\�WKH�UDLOLQJV�RQ�WKH�ZLQGRZ�DQG�DVNHG�LI�WKH�RWKHU�ZLQGRZV�LQ�WKH�EXLOGLQJ�
ZHUH�DOVR�OLNH�WKLV��WKH\�DUH�QRW���,Q�WKLV�FDVH��WKH�QHHG�RI�RWKHU�IUDPLQJV�ZDV�QRWLFHG��
VXFK�DV�WKH�RQH�SODQQHG�WR�VKRZ�D�VHFWLRQ�RI�WKH�IDFDGH���

/DVWO\��WKH�PRGHO�RI�WKH�ORFDWLRQ�RI�WKH�EXLOGLQJ�ZLWK�LWV�VXUURXQGLQJV�VKRZHG�WR�EH�
SUREOHPDWLF��7KH�YROXQWHHU�FRQVLGHUHG�WKDW�LW�ZRXOG�EH�EHWWHU�WR�LGHQWLI\�WKH�VWUHHWV�E\�
D�VLQJOH�FRQWLQXRXV�OLQH��LQWHUUXSWHG�RQO\�E\�WKH�QDPH�LQ�EUDLOOH��

����([SHULPHQW���

,Q�WKLV�VHFRQG�H[SHULPHQW�WKHUH�ZDV�WKH�SXUSRVH�RI�REVHUYLQJ�WKH�SHUIRUPDQFH�RI�WKH�
VDPH� PRGHOV� XVHG� LQ� H[SHULPHQW� ��� KRZHYHU�� ZLWK� D� VLJKWHG� SHUVRQ�� LQLWLDOO\�
EOLQGIROGHG��7KLV�YROXQWHHU�LV�D����\HDU�ROG�ZRPDQ�ZKR�ZDV�ERUQ�DQG�FXUUHQWO\�OLYHV�
LQ�3HORWDV� DQG�RIWHQ�ZDONV�SDVW� WKH�EXLOGLQJ��%HIRUH� WKH� H[SHULHQFH� VWDUWHG� VKH�ZDV�
LQIRUPHG�DERXW�ZKLFK�EXLOGLQJ�WKH�UHSUHVHQWDWLRQV�ZHUH�RI����
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7KH�ILUVW�PRGHO�KDQGOHG�ZDV�RQH�RI� WKH� VHYHQ�YROXWHV�RI� WKH�GRPHெV�FURZQ��ZLWK�
WKH� LQWHQWLRQ� RI� VWDUWLQJ� IURP� WKH� EDVLF� HOHPHQWV� RI� LQIRUPDWLRQ� WR� H[SODLQ� WKH�
FRPSRVLWLRQ��+HU�UHDFWLRQ�ZDV�DQ�DWWHPSW�WR�DVVRFLDWH�WKH�HOHPHQW�WR�WKH�JHRPHWU\�RI�
PHWDO� UDLOLQJV��$V� VKH� WRXFKHG� WKH� IROORZLQJ�PRGHO� �FURZQ�ZLWK� D� UHPRYDEOH� VOLFH��
WKH�YROXQWHHU� VWDWHG� WKDW�VKH�FRXOG�XQGHUVWDQG�KRZ� WKH�FURZQ�LV�FRPSRVHG��6KH�SXW�
ERWK�SLHFHV�WRJHWKHU�DQG�LGHQWLILHG�WKH�REMHFW��7KH�WKLUG�PRGHO��RI�WKH�FURZQ�LQ�RQH�
SLHFH�� GLGQெW� DGG� DQ\� UHOHYDQW� LQIRUPDWLRQ�� VLQFH� WKH� IRUP� KDG� DOUHDG\� EHHQ�
FRPSUHKHQGHG�WKURXJK�WKH�SUHYLRXV�PRGHOV��

7KH�QH[W�PRGHO�SUHVHQWHG�ZDV�WKH�PRGHO�RI�WKH�GRPH�ZKLFK�DOORZHG�WKH�YROXQWHHU�
WR�QRWLFH�KRZ�WKH�ZLQGRZV�ZHUH�SRVLWLRQHG��$V�VKH�KDQGOHG�WKH�PRGHO�RI�WKH�GRPHெV�
ZLQGRZ�VKH�VWDWHG�QHYHU�KDYLQJ�QRWLFHG�WKDW�KH�WRS�RI�WKH�ZLQGRZ�ZDV�WKLFNHU�WKDQ�
WKH�ERWWRP��EXW�WKDW�WKLV�PDGH�VHQVH�JLYHQ�WKH�FXUYHG�VXUIDFH�RI�WKH�GRPH��,Q�KDQGOLQJ�
WKH� QH[W� PRGHO�� RI� WKH� EXLOGLQJ�� WKH� YROXQWHHU� ZDV� VXUSULVHG� WR� QRWLFH� WKDW� WKH�
ZLQGRZV�KDG�GLIIHUHQW�VKDSHV��VKH�KDG�QHYHU�QRWLFHG�WKLV�GLIIHUHQFH��

7KH� ODVW�PRGHO�ZDV� WKH�RQH�RI� WKH� ORFDWLRQ�DQG�� LQ� WKLV�FDVH�� LW�ZDV�QHFHVVDU\� WR�
JXLGH� WKH� YROXQWHHUெV� ILQJHUV� H[SODLQLQJ� WKDW� WKH� OLQHV� UHSUHVHQWHG� WKH� FXUE� RI� WKH�
VWUHHWV��6KH�DVNHG�WKH�QDPH�RI�WKH�VWUHHWV�DQG�UHFRJQL]HG�WKH�ORFDWLRQ��

)ROORZLQJ� WKLV�� WKH� EOLQGIROG� ZDV� UHPRYHG� DQG� WKH� YROXQWHHU� H[SUHVVHG� D� JUHDW�
IDVFLQDWLRQ� E\� WKH� PRGHOV�� FRQWLQXLQJ� ZLWK� WKH� KDSWLF� H[SHULHQFH�� UHDOL]LQJ� WKH�
SOHDVXUH� LQ�KDQGOLQJ� WKH�PRGHOV�� LQFUHPHQWHG�E\� WKH�YLVXDO�H[SHULHQFH��)RU�KHU�� WKH�
PHQWDO�LPDJH�FUHDWHG�RI�WKH�PRGHOV�ZDV�YHU\�FORVH�WR�WKH�YLVLRQ�VKH�KDG�RI�WKH�PRGHOV�
DIWHU�WDNLQJ�RII�WKH�EOLQGIROG��

� 5HVXOWV�DQG�'LVFXVVLRQ��

7KH� UHVXOWV� KDYH� HQFRXUDJHG� XV� WR� FRQWLQXH� DQG� LQWHQVLI\� WKH� LQYHVWPHQW� LQ� WKH�
SURGXFWLRQ�RI�WKH�PRGHOV��3DUWQHUVKLSV�DUH�EHLQJ�HVWDEOLVKHG�ZLWK�SXEOLF�DQG�PXVHXP�
LQVWLWXWLRQV�WR�XVH�WKH�UHSUHVHQWDWLRQV�SURGXFHG�VR�IDU���

7KH� PHWKRG� EDVHG� RQ� DQDO\VLV�� GHFRQVWUXFWLRQ� DQG� UHFRQVWUXFWLRQ� RI� WKH� IRUP��
DOORZHG� WKH� LQIRUPDWLRQ� WR� EH�PDGH� DYDLODEOH� E\� OD\HUV�� EURDGHQLQJ� WKH� NQRZOHGJH�
DERXW� WKH� DUFKLWHFWXUDO� KHULWDJH� UHSUHVHQWHG� ERWK� IRU� VLJKWHG� DQG� EOLQG� LQGLYLGXDOV��
7KH�IRUPDO�UHODWLRQV�RI�WKH�EXLOGLQJV�VKRXOG�EH�EURDGHQHG�ZLWK�WKH�XVH�RI�WKH�PRGHOV�
IURP�FDVH���PDNLQJ�WKH�PDWWHUV�RI�SURSRUWLRQ�PRUH�H[SOLFLW��

(YHQ�ZKHQ� WKH� YLVXDO� H[SHULHQFH� LV� SRVVLEOH�� WKH� KDSWLF� H[SHULHQFH� SURYHG� WR� EH�
YHU\� SRVLWLYH� LQ� EULQJLQJ� FORVHU� HOHPHQWV� WKDW� DUH� WRR� IDU� WR� EH� QRWLFHG� DV� ZHOO� DV�
DOORZLQJ� D� GLIIHUHQW� SHUFHSWLRQ� IURP� WKH� XVXDO� YLVXDO� RQ� VLWH� H[SHULHQFH�� 7RXFKLQJ�
KLJKOLJKWHG� FHUWDLQ� DVSHFWV� RI� WKH� DUFKLWHFWXUDO� KHULWDJH� LQYROYHG� ZKLFK� RIWHQ� JR�
XQQRWLFHG��

7KH�DEVHQFH�RI�WKH�SODQQHG�PRGHO�RI�D�VHFWLRQ�RI�WKH�IDFDGH�RI�FDVH���ZKLFK�VKRXOG�
EULQJ�WKH�RUQDPHQWV��SURYHG�WR�EH�UHOHYDQW�VLQFH�VXFK�PRGHO�FRXOG�KDYH�KHOSHG�LQ�WKH�
SHUFHSWLRQ�RI�WKH�KLVWRULF�SHULRG�RI�WKH�EXLOGLQJ�HVSHFLDOO\�E\�EOLQG�LQGLYLGXDOV��,W�ZDV�
DOVR�QRWLFHG� WKDW� WKH�RUGHU� LQ�ZKLFK� WKH�PRGHOV�ZHUH� KDQGOHG�GLG�QRW� LQIOXHQFH� WKH�
FRPSUHKHQVLRQ� DERXW� WKH� DUFKLWHFWXUDO� HOHPHQWV� UHSUHVHQWHG� DV� ORQJ� DV� WKH� PRGHOV�
ZHUH�DFFRPSDQLHG�E\�WKH�GHVFULSWLRQ�RI�HDFK�PRGHO��
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)RU� WKH� FRPSUHKHQVLRQ� RI� WKH� RYHUDOO� VKDSH� RI� WKH� EXLOGLQJ�� WKH� SODFH� RI� WKH�
HOHPHQWV� LQ� WKH�EXLOGLQJ�DV�ZHOO�DV� LWV� IRUPDO�DVSHFWV�� WKH�PRGHOV� LQ��'�SULQWLQJ�E\�
SODVWLF�GHSRVLWLRQ�VKRZHG�WR�EH�DGHTXDWH��+RZHYHU��IRU�YHU\�WKLQ�HOHPHQWV�VXFK�DV�WKH�
PHWDO� UDLOLQJV�� D� VWURQJHU� PDWHULDO� LV� QHFHVVDU\� DQG�� WKXV�� WKH� ODVHU� FXWWLQJ� DOORZHG�
WKHVH�PRGHOV�WR�KDYH�KDQGOLQJ�UHVLVWDQFH��

2Q� D� WHFKQRORJLFDO� SRLQW� RI� YLHZ�� IRU� WKH� VSHFLILF� FRQWH[W� LQ�ZKLFK� WKLV� VWXG\� LV�
LQVHUWHG�� WKH� H[SHULPHQWV� RI� SURGXFWLRQ� RI� VXFK� PRGHOV� IURP� GLJLWDO� IDEULFDWLRQ�
WHFKQLTXHV�KDV�SURPRWHG�WKH�GLIIXVLRQ�DQG�DFNQRZOHGJHPHQW�RI�WKLV�WHFKQRORJ\���

� )LQDO�&RQVLGHUDWLRQV�

,W� LV�FRQVLGHUHG�WKDW� WKH�VWXG\�DFKLHYHG�LWV�JRDO�RI�SURGXFLQJ�WDFWLOH�PRGHOV�WKDW�FDQ�
JLYH�LQIRUPDWLRQ�DERXW�WKH�DUFKLWHFWXUDO�KHULWDJH�LQYROYHG�WR�EOLQG�LQGLYLGXDOV�DQG�DGG�
LQIRUPDWLRQ�WR�VLJKWHG�LQGLYLGXDOV��+RZHYHU�� LW� LV� LPSRUWDQW�WR�FRQVLGHU�WKDW� LW� LV� WKH�
LQWHQWLRQ� RI� WKLV� VWXG\� WR� DGG� IXUWKHU� JHRPHWULFDO� DQG� KLVWRULF� LQIRUPDWLRQ�ZLWK� WKH�
PRGHOV�WKDW�DUH�VWLOO�WR�EH�WHVWHG��

7KH�H[SHULPHQWV�FDUULHG�RXW�VR�IDU�KDYH�SURYHG�WR�EH�YHU\�XVHIXO�LQGLFDWLQJ�VHYHUDO�
LPSURYHPHQWV� WR� EH� PDGH� RQ� WKH� PRGHOV�� )XUWKHU� WHVWLQJ� ZLWK� LQGLYLGXDOV� ZLWK�
GLIIHUHQW� FXOWXUDO� OHYHOV� UHJDUGLQJ� WKH� KHULWDJH� LQYROYHG� DQG� ZLWK� GLIIHUHQW� YLVXDO�
DELOLWLHV� �LQGLYLGXDOV� ERUQ� EOLQG� IRU� H[DPSOH�� ZLOO� PDNH� LW� SRVVLEOH� WR� SURGXFH� WKH�
PRGHOV�WR�UHDFK�WKH�ZLGHVW�YDULHW\�RI�SURILOHV�SRVVLEOH��

�
$FNQRZOHGJHPHQWV���
7KH� PRGHOV� SURGXFHG� IRU� FDVH� �� ZHUH� SULQWHG� LQ� SDUWQHUVKLS� ZLWK� 0DVVLYD�
&RPXQLFDomR�6yOLGD��
7KLV�UHVHDUFK�KDG�IXQGLQJ�IURP�&13T��&DSHV�DQG�$/I$�SURJUDP��

5HIHUHQFHV�

��� 9HLJD�� 0�� 0LFKHORQ�� )��� /HEHGHII�� 7�� $WULEXLomR� GH� DFHVVLELOLGDGH� j� IRWRJUDILD� DWUDYpV� GD�
UHVWLWXLomR� H� GHVFRQVWUXomR� GD� WULGLPHQVLRQDOLGDGH�� ,Q��;9,,� &RQJUHVVR� GD� 6RFLHGDGH� ,EHUR�
$PHULFDQD� GH� *UiILFD� 'LJLWDO�� 9DOSDUDLVR�� .QRZOHGJH�EDVHG� 'HVLJQ�� 9DOSDUDLVR�� (GLWRULDO�
8QLYHUVLGDG�7pFQLFD�)UHGHULFR�6DQWD�0DULD��Y�����������������������

��� 1HYHV��-��&RPXQLFDomR�0XOWL�VHQVRULDO�HP�&RQWH[WR�0XVHROyJLFR����������
��� 7HVKLPD�� <��� ,NHPDJL�� <��� <DPD]DZD�� .��� :DWDQDEH�� <��� )XML\RVKL�� 0��� .DQHNR�� 7�� DQG�

2RXFKL��6���Ä*HRPHWULFDO�WHDFKLQJ�PDWHULDOV�IRU�YLVXDOO\�KDQGLFDSSHG�SHUVRQ��WKH\�VHH�IRUPV�E\�
WRXFKLQJெ��,Q��)RUP�DQG�6\PPHWU\��$UW�DQG�6FLHQFH���������

��� %HUQDUGHW�� -��&�� $� OXWD� SHOD� /LQJXDJHP�� ,Q�� %HUQDUGHW�� -��&�� �(G����2� TXH� p� FLQHPD"�� ��� HG��
%UDVLO��%UDVLOLHQVH���������
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