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�,QVWLWXWH RI�)XQGDPHQWDO�7HFKQRORJLFDO�5HVHDUFK��3ROLVK�$FDGHP\�RI�6FLHQFHV� :DUVDZ��3RODQG
�%XGDSHVW�8QLYHUVLW\�RI�7HFKQRORJ\�DQG�(FRQRPLFV��%XGDSHVW��+XQJDU\

H�PDLO��SWDX]RZ#LSSW�SDQ�SO

���3UREOHP�VWDWHPHQW

7KH�VXEMHFW�RI�WKLV�VWXG\�LV�DQ HIILFLHQW�DSSURDFK�WR�WKH GHYHORSPHQW�RI�D ILQLWH�HOHPHQW�IUDPHZRUN��ZKLFK�LV�
LQWHQGHG� WR� EH XVHG� IRU� VROYLQJ� D� YDULHW\� RI� SUREOHPV� LQ� FRPSXWDWLRQDO� VROLG� PHFKDQLFV�� 2QH� RI� VXFK�
SUREOHPV�� UHFHQWO\� EHFRPLQJ� DQ� DFWLYH� ILHOG� RI� UHVHDUFK�� LV� WRSRORJ\� RSWLPL]DWLRQ� RI� VWUXFWXUHV� PDGH� RI�
HODVWLF�SODVWLF� PDWHULDOV�� )RU� ILQGLQJ� WKH� RSWLPDO� WRSRORJ\� RI� UHDO�� SUDFWLFDO� DQG� FRPSOH[� VWUXFWXUHV WKH�
NQRZOHGJH�RI D�QXPEHU�RI�QXPHULFDO�DOJRULWKPV�LV�UHTXLUHG��WR�PHQWLRQ�D�IHZ��PRGLILFDWLRQ�RI�ILQLWH�HOHPHQW�
PHVKHV��DJJUHJDWLRQ�RI�WDQJHQW�VWLIIQHVV�PDWULFHV��RU�GLUHFW�DQG�LWHUDWLYH�VROYHUV��
7KH� FODVVLFDO� FRPSXWHU� LPSOHPHQWDWLRQ�RI� WKH�RULJLQDO�&ODVVLFDO�2SWLPDOLW\�&ULWHULD�PHWKRG� �&2&�� RI� WKH�
WRSRORJ\�RSWLPL]DWLRQ�SUREOHP�JLYHQ�E\�%HQGVRH�DQG�6LJPXQG >�@�LV�UHODWLYHO\�VLPSOH DQG�FRQWDLQV����OLQHV�
RI�FRGH�LQ�WKH�0$7/$%�ODQJXDJH��+RZHYHU��LW DVVXPHV�WKDW�WKHUH�H[LVWV RQO\�D�VLQJOH�ORDGLQJ�FDVH��VLQJOH
GLVSODFHPHQW��FRPSOLDQFH��FRQVWUDLQW��WKH�PDWHULDO�LV�OLQHDUO\�HODVWLF DQG�WKH�RSWLPDO�WRSRORJ\�FDQ�EH�IRXQG�
XVLQJ� WKH� VR�FDOOHG� 6ROLG� ,VRWURSLF� 0DWHULDO� ZLWK� 3HQDOL]DWLRQ� �6,03� DOJRULWKP�� ZKLFK� LV� EDVHG� RQ� WKH�
RULJLQDO�&2& PHWKRG��,Q�UHDOLW\� HQJLQHHUV�IDFH D�VOLJKWO\�GLIIHUHQW�SUREOHP��7KH\�QHHG�WR�ILQG�WKH WRSRORJ\�
RI�D�PLQLPXP�ZHLJKW�VWUXFWXUH�VXEMHFWHG�WR�PXOWLSOH�ORDGLQJ�FDVHV��PDGH�RI�DQ�HODVWR�SODVWLF�PDWHULDO��DQG�
ZLWK�D OLPLW RQ VWUHVVHV��7KH�DERYH�PHQWLRQHG�6,03�DSSURDFK�PD\�QRW�OHDG�WR�DQ�RSWLPDO�VROXWLRQ�>�@��
7R�DYRLG�WKLV�REVWDFOH�LQ�WKLV�VWXG\�ZH�UHIRUPXODWH�WKH�PLQLPXP�FRPSOLDQFH�SUREOHP�VR�WKDW�ZH�ORRN�IRU D�
PLQLPXP�ZHLJKW�VWUXFWXUH�VXEMHFWHG�WR�PXOWLSOH�ORDGLQJ�XQGHU VWUHVV�FRQVWUDLQWV LQVWHDG�RI�YROXPH�IUDFWLRQ�
FRQVWUDLQW��,Q�WKLV�ZD\�VHYHUDO�ORFDO�FRQVWUDLQWV DUH�XVHG�LQVWHDG�RI�D�VLQJOH�JOREDO�RQH�
0DWKHPDWLFDOO\��ZH�FDQ�H[SUHVV�RXU�DSSURDFK�IRU�WRSRORJ\�RSWLPL]DWLRQ�LQ�WKH�IROORZLQJ�IRUP
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ZKHUH ܸ LV�WKH�YROXPH�RI�WKH�VWUXFWXUHߪ��௜௝ LV�WKH�VWUHVV�WHQVRU� ௜௝ߝߜ LV�WKH�YLUWXDO�VWUDLQ�� ௜݂ UHSUHVHQWV�VXUIDFH�

ORDGLQJݑߜ��௜ LV WKH YLUWXDO�GLVSODFHPHQWߪ��௥௘ௗ LV�WKH�YRQ�0LVHV�VWUHVVߪ��଴ GHQRWHV�WKH�\LHOG�OLPLW�DQG�ILQDOO\ߩ�
UHSUHVHQWV�WKH�GHQVLW\�RI�WKH�PDWHULDO�GLVWULEXWLRQ�
,Q� FRPSXWDWLRQDO�PHFKDQLFV� WKH� DERYH� IRUPXODWLRQ� LV� XVXDOO\� GLVFUHWL]HG�XVLQJ� WKH� ILQLWH� HOHPHQW�PHWKRG��
7KHQ� WKH�VWUXFWXUDO�WRSRORJ\�RSWLPL]DWLRQ�LQYHVWLJDWHG�LQ�WKLV�VWXG\�FDQ�EH�H[SUHVVHG LQ�WKH IROORZLQJ�IRUP
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ZKHUH� ۹ LV� WKH� WDQJHQW� VWLIIQHVV� PDWUL[�� ܝ LV� WKH� YHFWRU� RI� GLVSODFHPHQW�� ૉ LV� WKH� YHFWRU� RI� PDWHULDO�

GLVWULEXWLRQ�GHQVLW\��DQG�۷஡ LV�WKH�LGHQWLW\�YHFWRU�

7R�ILQG�WKH�RSWLPDO�VWUXFWXUDO�WRSRORJ\�XVLQJ�WKH�DERYH IRUPXODWLRQ�D�ODUJH QXPEHU�RI�LWHUDWLRQV�DQG�ILQLWH�
HOHPHQW� DQDO\VHV DUH UHTXLUHG��7R� FRPSHQVDWH� WKLV� JUHDW GHPDQG� RQ FRPSXWDWLRQDO� SRZHU ZH� SURSRVH� DQ�
HIIHFWLYH�DUFKLWHFWXUH�RI�RXU�)(�FRGH��ZKLFK�LV�EDVHG�RQ�WKH�IXQFWRU�RULHQWHG�SURJUDPPLQJ�SDUDGLJP >�@�



���)XQFWRU�EDVHG�ILQLWH�HOHPHQW�SURJUDPPLQJ

7KH� FODVVLFDO� IRUPXODWLRQ� RI� ILQLWH� HOHPHQWV�
XVXDOO\� FRQWDLQV� D FODVV� FDOOHG� ILQLWH� HOHPHQW�
ZKRVH�SXUSRVH LV�QRW�RQO\� WR�DSSUR[LPDWH�VRPH�
ILHOGV� �GLVSODFHPHQWV�� WHPSHUDWXUH� RU� RZQ�
JHRPHWU\�� EXW� DOVR� WR� GHILQH PDWULFHV� QHFHVVDU\�
IRU�D�SDUWLFXODU�DQDO\VLV��/LVWLQJ�����,W�RIWHQ�OHDGV�
WR� D� VRSKLVWLFDWHG� FODVV� KLHUDUFK\� RI� ILQLWH�
HOHPHQWV�
,Q� RXU� DSSURDFK� PDWULFHV� QHFHVVDU\� IRU� DQ�
DQDO\VLV� �WDQJHQW� PDWUL[�� PDVV� PDWUL[�� DUH� LQ�
VHSDUDWH� FODVVHV�� 7KH� KLHUDUFK\� RI� WKHVH FODVVHV
FDQ� EH� GHYHORSHG� DOPRVW� VHSDUDWHO\� IURP� ILQLWH�
HOHPHQWV�� $OVR� WKH� ILQLWH� HOHPHQWV� KLHUDUFK\� LV�
PXFK�VPDOOHU� %HFDXVH�HDFK�FODVV�UHSUHVHQWV RQH�
NLQG�RI�PDWUL[�FRPSXWHG�LQ�WKH�DQDO\VLV��WKH EHVW�
�LQ�RXU�RSLQLRQ��NLQG�RI�REMHFW�WR�XVH�LQ�WKLV�FDVH�
LV�D� IXQFWRU��$�IXQFWRU�UHSUHVHQWV�RQH�VXEURXWLQH�
DQG LW� FDQ� DOVR� EH� FDOOHG� DV D IXQFWLRQ��
IXQFWRU�)LQLWH(OHPHQW��� �/LVWLQJ� ���� %\�
FRQWUDVW� LQ� WKH� FODVVLFDO� DSSURDFK� HDFK� PDWUL[�
IXQFWLRQ� LQ� D� ILQLWH� HOHPHQW� KDV� LWV� RZQ� XQLTXH�
QDPH��,W�PDNHV�DJJUHJDWLRQ�SURFHVV�PRUH�FRPSOH[��7KH�FRQQHFWLRQ�RI�WKH�IXQFWRU�ZLWK�WKH�ILQLWH�HOHPHQW�LV�
RQO\�DFFRPSOLVKHG�WKURXJK�WKH�FDOO�SDUDPHWHU��,Q�WKH�RWKHU�ZRUGV��WKH ILQLWH�HOHPHQW�LV�WKH�SDUDPHWHU�RI�WKH�
IXQFWRU��$QRWKHU� DGYDQWDJH�RI�RXU� DSSURDFK� LV� WKH�XVH�RI� WHPSODWHV��7KLV� DOORZV�XV� WR� DYRLG� WKH�RYHUKHDG�
DVVRFLDWHG� ZLWK� YLUWXDO� IXQFWLRQ FDOO� LQ� WKRVH� SODFHV� RI� WKH� FRGH�� ZKHUH� LW� LV� HVSHFLDOO\� LPSRUWDQW� �H�J�
FDOFXODWLRQV�DW�*DXVV�SRLQWV��

���7RSRORJ\�RSWLPL]DWLRQ�XQGHU�VWUHVV�FRQVWUDLQWV

7KH� HIIHFWLYHQHVV� RI IXQFWRU�RULHQWHG� SURJUDPPLQJ� LQ� RSWLPDO� GHVLJQ� KDV� EHHQ� GHPRQVWUDWHG� RQ� VHYHUDO�
H[DPSOHV�LQFOXGLQJ�EHQFKPDUN�SUREOHPV�OLNH�FDQWLOHYHU�RU�VLPSO\�VXSSRUWHG�EHDP��)LJXUH�����

D� 'HVLJQ�GRPDLQ E� 2SWLPDO�VROXWLRQ

)LJXUH����2SWLPDO�WRSRORJ\�RI�WKH�VLPSOH�VXSSRUWHG�EHDP�

$FNQRZOHGJPHQWV 7KH�$XWKRUV�DUH�JUDWHIXO�IRU�ILQDQFLDO�VXSSRUW�SURYLGHG�E\�WKH�1DWLRQDO�5HVHDUFK��'HYHORSPHQW�DQG�
,QQRYDWLRQ�2IILFH��JUDQW�.���������� -RLQW�JUDQW�RI�WKH�+XQJDULDQ�DQG�WKH�3ROLVK�$FDGHP\�RI�6FLHQFHV�

5HIHUHQFHV

>�@�0� 3� %HQGVRH��2� 6LJPXQG��7RSRORJ\�2SWLPL]DWLRQ��7KHRU\��0HWKRGV��DQG�$SSOLFDWLRQV��6SULQJHU�9HUODJ�������
>�@�.��0HOD��-��.RVNL��2Q�WKH�HTXLYDOHQFH�RI�PLQLPXP�FRPSOLDQFH�DQG�VWUHVV�FRQVWUDLQHG�PLQLPXP�ZHLJKW�GHVLJQ�RI�
WUXVVHV�XQGHU�PXOWLSOH�ORDGLQJ�FRQGLWLRQV��6WUXFW�0XOWLGLVF�2SWLP� ��������������
>�@�'��9DQGHYRRUGH��1��0��-RVXWWLV��'��*UHJRU��&���7HPSODWHV�� 7KH�&RPSOHWH�*XLGH���QG HG���$GGLVRQ�:HVOH\�������
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FODVV 7(OHP)XQFWRU
^
SXEOLF�
7(OHP)XQFWRU��FRQVW '7YHF�	GY��PBGRIV��GY�^�`
YLUWXDO 7(OHP)XQFWRU
�&ORQH���FRQVW  ���
FRQVW 7	�*HW9DOXH���FRQVW ^�UHWXUQ PBYDOXH��`
YLUWXDO FRQVW 7	�RSHUDWRU��

�� FRQVW &)(,QVWDQFH�	LHOHP���� ���
SURWHFWHG�
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