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+��:��%5,1.0$11��6ZDUWKPRUH�&ROOHJH�

���,QWURGXFWLRQ��7KH�ZRUN�WR�EH�GHVFULEHG�LQ�WKLV�SDSHU�ZDV�GRQH�XQGHU�WKH�
DXVSLFHV�RI�WKH�6FKRRO�DQG�&ROOHJH�6WXG\�RI�$GPLVVLRQ�ZLWK�$GYDQFHG�6WDQG��
LQJ��7KLV�6WXG\��ZKLFK�ZDV�LQLWLDWHG�E\�3UHVLGHQW�*RUGRQ�&KDOPHUV�RI�.HQ\RQ�
&ROOHJH��ZDV� XQGHUWDNHQ�E\� WZHOYH�FROOHJHV
�DQG� WZHQW\�VHYHQ�VHFRQGDU\�
VFKRROV��)LQDQFLDO�VXSSRUW�IRU�WKH�6WXG\�ZDV�JLYHQ�E\�7KH�)XQG�IRU�WKH�$G��
YDQFHPHQW�RI�(GXFDWLRQ��DQG�'U��:LOOLDP�+��&RUQRJ��3UHVLGHQW�RI�WKH�&HQWUDO�
+LJK�6FKRRO��3KLODGHOSKLD��3HQQV\OYDQLD��VHUYHG�DV�LWV�([HFXWLYH�'LUHFWRU��7KH�
IXQGDPHQWDO�SULQFLSOH�EHKLQG�WKH�VWXG\�LV�WKDW�FHUWDLQ�EULJKW�VWXGHQWV�DUH�
ZDVWLQJ�WLPH�LQ�WKH�VFKRROV�DV�VHW�XS�DW�SUHVHQW��DQG�WKDW�WKH\�FRXOG�SURILWDEO\�
VSHQG�VRPH�WLPH�LQ�DQWLFLSDWLQJ�WKH�ZRUN�WKH\�ZRXOG�QRUPDOO\�GR�LQ�WKHLU�ILUVW�
\HDU�RI�FROOHJH��,W�ZDV�SURSRVHG�WKDW�WKH�WZHOYH�FROOHJHV�VKRXOG�UHDFK�DJUHHPHQW�
RQ�WKH�FRQWHQW�RI�WKH�FHQWUDO�VXEMHFWV�RI�WKH�FROOHJH�IUHVKPDQ�\HDU��ZLWK�D�YLHZ�WR�
JUDQWLQJ�DGYDQFHG�FUHGLW�LQ�WKHVH�VXEMHFWV�WR�WKRVH�VWXGHQWV�ZKR�TXDOLILHG�LQ�
WKHP��,W�ZDV�LQHYLWDEOH�WKDW�PDWKHPDWLFV�EH�RQH�RI�WKHVH�VXEMHFWV�W�$�FRPPLW��
WHH�ZDV�DSSRLQWHG�WR�GHDO�ZLWK�HDFK�RI�WKHVH�VXEMHFWV�DQG�WR�GHILQH�WKH�VXEMHFW�
PDWWHU�FRQFHUQHG��7KLV�ZDV�GRQH�LQ�FRQVXOWDWLRQ�ZLWK�UHSUHVHQWDWLYHV�RI�WKH�
YDULRXV�LQVWLWXWLRQV��DQG�PDQ\�OHQJWK\�PHHWLQJV�ZHUH�KHOG�E\�HDFK�FRPPLWWHH�
WKURXJKRXW�WKH�\HDU�WR�GLVFXVV�WKH�SUREOHPV�UDLVHG�E\�WKH�VWXG\��7KH�FRPPLWWHH�
IRU�PDWKHPDWLFV�FRQVLVWHG�RI�WKH�IROORZLQJ��-XOLXV�+ODYDW\��%URQ[�+LJK�6FKRRO�
RI�6FLHQFH��1HZ�<RUN�&LW\���(OVLH�3DUNHU�-RKQVRQ��2DN�3DUN�DQG�5LYHU�)RUHVW�
+LJK�6FKRRO��2DN�3DUN��,OO����&KDUOHV�0HUJHQGDKO��1HZWRQ�+LJK�6FKRRO��1HZ��
WRQYLOOH��0DVV���� *HRUJH�%��7KRPDV��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\���

W�3UHVHQWHG�WR�WKH�0DWKHPDWLFDO�$VVRFLDWLRQ�RI�$PHULFD�RQ�'HFHPEHU�����������

�%RZGRLQ�&ROOHJH��%URZQ�8QLYHUVLW\��&DUOHWRQ�&ROOHJH��+DYHUIRUG�&ROOHJH��.HQ\RQ�&ROOHJH��

0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��0LGGOHEXU\�&ROOHJH��2EHUOLQ�&ROOHJH��6ZDUWKPRUH�&RO��
OHJH��:DEDVK�&ROOHJH��:HVOH\DQ�8QLYHUVLW\��:LOOLDPV�&ROOHJH��

W�7KH�RWKHU�VXEMHFWV�ZHUH��(QJOLVK�&RPSRVLWLRQ��/LWHUDWXUH��3K\VLFV��&KHPLVWU\��%LRORJ\��
/DWLQ��)UHQFK��*HUPDQ��6SDQLVK��DQG�+LVWRU\��
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(OEULGJH�3��9DQFH��2EHUOLQ�&ROOHJH���9ROQH\�+��:HOOV��:LOOLDPV�&ROOHJH���ZLWK�
WKH�ZULWHU��6ZDUWKPRUH�&ROOHJH��DV�FKDLUPDQ��7KH�UHSRUWV�RI�DOO�WKH�FRPPLWWHHV�
DUH�DYDLODEOH�DW�WKH�RIILFH�RI�'U��&RUQRJ��WKH�([HFXWLYH�'LUHFWRU�RI�WKH�6WXG\��

,W�VKRXOG�EH�PHQWLRQHG�KHUH�WKDW�WKH�WZHOYH�FROOHJHV�KDYH�DOO�DGRSWHG�WKH�
SURSRVHG�SODQ�WR�JUDQW�DGYDQFHG�FUHGLW�IRU�WKH�ZRUN�DV�RXWOLQHG�E\�WKH�FRPPLW��
WHHV��6LPLODU�FRPPLWWHHV�DUH�QRZ�DW�ZRUN�FRQVWUXFWLQJ�H[DPLQDWLRQV��ZKLFK�
ZLOO�EH�XVHG�WR�WHVW�WKH�FDQGLGDWHV�IRU�VXFK�FUHGLW��)XUWKHUPRUH��VHYHQ�VSHFLDOO\�
VHOHFWHG�VFKRROV
�DUH�WHVWLQJ�RXW�WKHVH�LGHDV�E\�SUHSDULQJ�FDQGLGDWHV�LQ�VHYHUDO�
RI�WKH�VXEMHFWV�PHQWLRQHG��0DQ\�RI�WKH�RWKHU�FRRSHUDWLQJ�VFKRROV�DUH�DOVR�JLYLQJ�
FRXUVHV�RI�WKH�VRUW�SURSRVHG�E\�RXU�FRPPLWWHHV��

7KH�SUREOHP�EHIRUH�RXU�FRPPLWWHH�ZDV�WR�GHILQH�WKH�ZRUN�LQ�PDWKHPDWLFV�
ZKLFK�ZRXOG�EH�DFFHSWDEOH�E\�RXU�WZHOYH�LQVWLWXWLRQV�IRU�FROOHJH�FUHGLW�LQ�SODFH�
RI�D�ILUVW�\HDU�FROOHJH�FRXUVH��2Q�WKH�EDVLV�RI�FRQVXOWDWLRQ�ZLWK�WKH�GHSDUWPHQWV�
RI�PDWKHPDWLFV�RI�WKH�WZHOYH�LQVWLWXWLRQV��RXU�FRPPLWWHH�GHFLGHG�WKDW�VXFK�D�
ILUVW�\HDU�FRXUVH�VKRXOG�FRQVLVW�HVVHQWLDOO\�RI�D�VXEVWDQWLDO�FRXUVH�LQ�FDOFXOXV�ZLWK�
DSSOLFDWLRQV��DORQJ�ZLWK�WKH�DQDO\WLF�JHRPHWU\�WKDW�LV�QHHGHG�IRU�VXFK�D�FRXUVH��
2XU�FRPPLWWHH�GLG�QRW�ZDQW�WR�UHFRPPHQG�WKDW�DGYDQFHG�FUHGLW�EH�JLYHQ�IRU�
FRXUVHV�LQ�FROOHJH�DOJHEUD��VROLG�JHRPHWU\��DQG�WKH�OLNH��HYHQ�WKRXJK�VXFK�FRXUVHV�
DUH�RFFDVLRQDOO\�JLYHQ�LQ�WKH�IUHVKPDQ�\HDU�DW�VRPH�FROOHJHV��:KHQ�ZH�DWWHPSWHG�
WR�LQWHJUDWH�RXU�IUHVKPDQ�FRXUVH�LQWR�WKH�+LJK�6FKRRO�SURJUDP�ZH�IRXQG�WKDW�
LW�ZDV�QHFHVVDU\�WR�JLYH�FRQVLGHUDWLRQ�WR�WKH�ZKROH�SURJUDP�LQ�PDWKHPDWLFV�LQ�
WKH�VHFRQGDU\�VFKRROV��:H�DFFRUGLQJO\�ZRUNHG�RXW�D�GHWDLOHG�SURJUDP�LQ�PDWKH��
PDWLFV�IRU�WKH�ODVW�WKUHH�\HDUV�RI�VHFRQGDU\�VFKRRO��ZKLFK�FXOPLQDWHV�LQ�D�FRXUVH�
WKDW�ZLOO�EH�DFFHSWDEOH�IRU�DGYDQFHG�VWDQGLQJ�LQ�FROOHJH��:KHQ�ZH�JRW�WKURXJK�
ZLWK�WKLV�ZH�IRXQG�WKDW�VXFK�D� SURJUDP�LV�SUHIHUDEOH�LQ�PDQ\�ZD\V�WR�WKH�
VWDQGDUG�SURJUDP�LQ�PDWKHPDWLFV�DV� LW�LV�QRZ�SXUVXHG�LQ�PRVW�VHFRQGDU\�
VFKRROV��DOWKRXJK�ZH�VWDUWHG�RXW�E\�GHYLVLQJ�LW�IRU�WKH�H[FHSWLRQDO�VWXGHQW��

���7KH�SUREOHP��,W�KDV�EHHQ�UHDOL]HG�IRU�PDQ\�\HDUV�WKDW�WKH�PDWKHPDWLFV�
FXUULFXOXP�LQ�WKH�VHFRQGDU\�VFKRROV�ZDV�LQ�IRU�D�GUDVWLF�UHYLVLRQ��)RU�H[DPSOH��
WKH�VHFWLRQ�RQ�PDWKHPDWLFV�LQ�*HQHUDO�HGXFDWLRQ�LQ�VFKRRO�DQG�FROOHJH��UHSULQWHG�
LQ�WKLV�0217+/<�� YRO������������SDJHV����������GHDOV�ZLWK�WKLV�WRSLF��DQG�FHUWDLQ�
JHQHUDO�SURSRVDOV�IRU�UHYLVLQJ�WKH�FXUULFXOXP�DUH�PDGH�WKHUH��,W�ZLOO�EH�VHHQ�WKDW�
WKH�SURJUDP�SODQQHG�E\�RXU�FRPPLWWHH�DJUHHV�LQ�PDQ\�ZD\V�ZLWK�WKHVH�SUR��
SRVDOV��LQ�DGGLWLRQ��ZH�KDYH�JLYHQ�GHWDLOHG�VXJJHVWLRQV�DV�WR�KRZ�VXFK�D�SURJUDP�
FDQ�EH�FDUULHG�RXW��

7KH�PDLQ�LGHDV�EHKLQG�RXU�SODQ�DUH��WR�EUHDN�GRZQ�WKH�VWDQGDUG�FRPSDUW��
PHQWDOL]HG�SURJUDP�IRU�WKHVH�\HDUV��WR�LQWURGXFH�FHUWDLQ�QHZ�VXEMHFW�PDWWHU��
DQG�DW�WKH�VDPH�WLPH�WR�VXJJHVW�WKH�HOLPLQDWLRQ�RI�FHUWDLQ�WUDGLWLRQDO�LWHPV��$V�


�%URQ[�+LJK�6FKRRO�RI�6FLHQFH��1HZ�<RUN�&LW\���&HQWUDO�+LJK�6FKRRO��3KLODGHOSKLD��3D����
(YDQVWRQ�7RZQVKLS�+LJK�6FKRRO��(YDQVWRQ��,OO����*HUPDQWRZQ�)ULHQGV�6FKRRO��3KLODGHOSKLD��3D����
+RUDFH�0DQQ�6FKRRO��1HZ�<RUN�&LW\���1HZWRQ�+LJK�6FKRRO��1HZWRQYLOOH��0DVV����6W��/RXLV�
&RXQWU\�'D\�6FKRRO��6W��/RXLV��0R����
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D� EDFNJURXQG�IRU�WKLV�SURSRVHG�SURJUDP�ZH�DVVXPHG�D� FRXUVH�RI�LQVWUXFWLRQ�
FDUU\LQJ�WKH�VWXGHQW�WKURXJK�WKH�QLQWK�JUDGH��KH�ZRXOG�WKXV�EH�DFTXDLQWHG�ZLWK�
WKH�QXPEHU�V\VWHP��WKH�YRFDEXODU\�DQG�LGHDV�RI�HOHPHQWDU\��LQWXLWLYH�JHRPHWU\��
WKH�EHJLQQLQJV�RI�WKH�XVH�RI�DOJHEUDLF�V\PEROLVP��DQG�WKH�LGHDV�RI�JUDSKLFDO�
UHSUHVHQWDWLRQ��2XU�SURJUDP�IRU�WKH�WKUHH�\HDUV�RI�VHQLRU�+LJK�6FKRRO�ZRXOG�
WKHQ�EH�WKH�IROORZLQJ��

���� $�FRXUVH�LQ���WK�\HDU�PDWKHPDWLFV�VWUHVVLQJ�GHGXFWLYH�WKLQNLQJ��EXW�
GHDOLQJ�ZLWK�YDULRXV�W\SHV�RI�PDWKHPDWLFDO�VXEMHFW�PDWWHU��

���� $� \HDU
V�FRXUVH�FRQVLVWLQJ�RI�D� FRQWLQXDWLRQ�RI�DOJHEUD��RI�DQDO\WLF�
JHRPHWU\��DQG�RI�WULJRQRPHWU\��

���� $�\HDU
V�FRXUVH�PDGH�XS�RI�FHUWDLQ�DGYDQFHG�WRSLFV�LQ�DOJHEUD�DQG�DQD��
O\WLF�JHRPHWU\��ZLWK�D�VXEVWDQWLDO�LQWURGXFWLRQ�WR�FDOFXOXV�DQG�LWV�DSSOLFDWLRQV��

���7HQWK�<HDU�0DWKHPDWLFV��7KH�ZRUN�LQ�WKLV�\HDU�KDV�WUDGLWLRQDOO\�GHDOW�
ZLWK�GHGXFWLYH�JHRPHWU\��2XU�SURSRVDO�ZRXOG�FRQWLQXH�WR�VWUHVV�WKH�GHGXFWLYH�
PHWKRG��EXW�ZRXOG�DSSO\�LW�QRW�PHUHO\�WR�JHRPHWULFDO�VXEMHFW�PDWWHU��EXW�WR�
PDWHULDO�IURP�DOJHEUD�DQG�RWKHU�VXEMHFWV�DV�ZHOO��7R�DFKLHYH�WKLV�LW�LV�QRW�QHFHV��
VDU\�WKDW�DOO�RI�WKH�JHRPHWULF�FRQWHQW�RI�WKH�FRXUVH�EH�RUJDQL]HG�LQWR�RQH�ORJLFDO�
VHTXHQFH��WKH�UROH�RI�XQGHILQHG�WHUPV��GHILQLWLRQV��DVVXPSWLRQV��WKHRUHPV��FDQ�
EH�WDXJKW�E\�H[KLELWLQJ�VHYHUDO�LQVWDQFHV�RI�VKRUW�JURXSV�RI�SURSRVLWLRQV��(DFK�
VXFK�JURXS�ZRXOG�LOOXVWUDWH�WKH�PHDQLQJ�RI�D�GHGXFWLYH�V\VWHP��)XUWKHUPRUH��
LW�LV�GHVLUDEOH�WKDW�QRQ�JHRPHWULF�PDWHULDO�IRU�H[DPSOH��IURP�DOJHEUD�DQG�RWKHU�
VXEMHFWV�EH� RUJDQL]HG�LQ�WKLV�IDVKLRQ��2XU�UHSRUW�JLYHV�VRPH�GHWDLOHG�H[DPSOHV�
DORQJ�WKHVH�OLQHV��,Q�DGGLWLRQ�WR�WKH�JHRPHWULF�FRQWHQW�RI�WKH�\HDU
V�ZRUN�DQG�
ZH�ZRXOG�XUJH�WKDW�WKH�VLPSOHU�FRQFHSWV�RI�WKUHH�GLPHQVLRQDO�JHRPHWU\�EH�FRQ��
VLGHUHG�DORQJ�ZLWK�WKHLU�SODQH�FRXQWHUSDUWV�LW�LV�HVVHQWLDO�WKDW�WKH�VWXG\�DQG�
GHYHORSPHQW�RI�WKH�DOJHEUD�EHJXQ�LQ�WKH��WK�JUDGH�EH�FRQWLQXHG�KHUH��7KLV�LV�
EHVW�GRQH�E\�LQWURGXFLQJ�WKH�VXEMHFW�RI�DQDO\WLF�JHRPHWU\�DW�WKLV�WLPH�DQG�
FDUU\LQJ�LW�WR�D�SRLQW�ZKHUH�WKH�VWXGHQW�LV�DEOH�WR�SURYH�VLPSOH�WKHRUHPV�E\�
DOJHEUDLF�PHWKRGV��7KH�HTXDWLRQV�RI�VLPSOH�FXUYHV��FLUFOH��SDUDEROD��FDQ�DOVR�EH�
LQWURGXFHG��7KH�VWXGHQW�ZLOO�WKXV�FRQWLQXH�KLV�XVH�RI�DOJHEUD�DQG�DW�WKH�VDPH�
WLPH�LQFUHDVH�KLV�JHRPHWULF�LQVLJKW��,Q�WKLV�FRQQHFWLRQ�WKH�VWXG\�RI�WULJRQRPHWU\�
VKRXOG�DOVR�EH�EHJXQ��

���(OHYHQWK�<HDU�0DWKHPDWLFV��7KH�ZRUN�RI�WKLV�\HDU�VKRXOG�VHUYH�DV�DQ�
LQWURGXFWLRQ�WR�DQDO\VLV��6LQFH�WKH�VWXGHQWV�WDNLQJ�PDWKHPDWLFV�DW�WKLV�OHYHO�DUH�
JHQHUDOO\�WKRVH�ZKR�DUH�SODQQLQJ�WR�JR�WR�FROOHJH��WKH�PDWHULDO�VKRXOG�EH�RI�D�
FROOHJH�SUHSDUDWRU\�FKDUDFWHU��7KH�VXEMHFW�PDWWHU�LV�D�FRQWLQXDWLRQ�RI�ZRUN�EH��
JXQ�DW�HDUOLHU�OHYHOV�DQG�LV�HVVHQWLDOO\�DOJHEUD��DQDO\WLF�JHRPHWU\��DQG�WULJR��
QRPHWU\��$PRQJ�WKH�VXEMHFWV�WR�EH�WUHDWHG�LQ�DOJHEUD�DUH�WKH�WKHRU\�RI�SRO\��
QRPLDOV�LQFOXGLQJ�WKH�UHPDLQGHU�WKHRUHP��V\VWHPV�RI�OLQHDU�HTXDWLRQV�LQ��
FOXGLQJ�GHWHUPLQDQWV��FRPSOH[�QXPEHUV��ORJDULWKPV��7KH� ZRUN�LQ�DQDO\WLF�
JHRPHWU\�VKRXOG�FDUU\�WKH�VWXGHQW�WKURXJK�WKH�VWXG\�RI�OLQHDU�JHRPHWU\�DQG�
WKH�HOHPHQWV�RI�FRQLF�VHFWLRQV��7KH� WULJRQRPHWU\�WR�EH�VWXGLHG�LQ�WKLV�\HDU�
VKRXOG�EH�ODUJHO\�DQDO\WLF�WULJRQRPHWU\��WKH�ZRUN�EHLQJ�FHQWHUHG�DURXQG�D�VWXG\�
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RI�WKH�WULJRQRPHWULF�IXQFWLRQV�DV�IXQFWLRQV��ZLWK�D�PLQLPXP�RI�ZRUN�GRQH�LQ�
JHRPHWULF�WULJRQRPHWU\�DQG�FRPSXWDWLRQ��0RUHRYHU��WKH�DSSOLFDWLRQ�RI�WULJR��
QRPHWULF�LGHDV�WR�FRPSOH[�QXPEHUV�VKRXOG�FHUWDLQO\�EH�LQFOXGHG�KHUH��

���7ZHOIWK�<HDU�0DWKHPDWLFV��7KH�SULPDU\�REMHFWLYH�RI�WKH�ZRUN�LQ�WKLV�
\HDU�LV�WR�JLYH�D�VXEVWDQWLDO�LQWURGXFWLRQ�WR�GLIIHUHQWLDO�DQG�LQWHJUDO�FDOFXOXV��
ZLWK�HQRXJK�DSSOLFDWLRQV�WR�EULQJ�RXW�WKH�PHDQLQJ�DQG�WR�LOOXVWUDWH�WKH�IXQGD��
PHQWDO�LPSRUWDQFH�RI�WKLV�VXEMHFW��7KH�ZRUN�WR�EH�GRQH�LQ�WKH�WZR�SUHYLRXV�
\HDUV�ZDV�SODQQHG�VR�DV�WR�OHDG�XS�WR�WKLV�VXEMHFW��DQG�WKH�QHFHVVDU\�SUHUHTXLVLWH�
WRSLFV�IURP�DOJHEUD��DQDO\WLF�JHRPHWU\��DQG�WULJRQRPHWU\�ZHUH�LQFOXGHG��,W�LV�
H[SHFWHG�WKDW�VNLOOV�LQ�WKHVH�VXEMHFWV�ZLOO�EH�IXUWKHU�GHYHORSHG�ZKHQ�WKH\�DUH�
HPSOR\HG�LQ�WKH�FDOFXOXV��DQG�WKDW�WKRVH�WRSLFV�ZKLFK�ZHUH�QRW�FRYHUHG�GXULQJ�
SUHYLRXV�\HDUV�ZLOO�EH�VWXGLHG�QRZ��,Q�SDUWLFXODU��WKH�DQDO\WLF�JHRPHWU\�SUHYL��
RXVO\�VWXGLHG�ZRXOG�EH�XVHG�KHUH�DQG�ZRXOG�EH�HQULFKHG�E\�DSSOLFDWLRQV�RI�WKH�
FDOFXOXV��

���5HPDUNV��,W�ZLOO�EH�VHHQ�WKDW�WKHUH�LV�QRWKLQJ�YHU\�XQFRQYHQWLRQDO�DERXW�
WKH�VXEMHFW�PDWWHU�VXJJHVWHG�LQ�RXU�SURJUDP��,Q�IDFW��LW�LV�TXLWH�GHILQLWHO\�EXLOW�
DURXQG�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQV�RI�DQDO\VLV��,W�VHHPV�WR�WKH�ZULWHU�
WKDW�WKLV�LV�WKH�ZD\�LW�VKRXOG�EH��HVSHFLDOO\�ZKHQ�RQH�NHHSV�LQ�PLQG�WKH�YDULHW\�
RI�VWXGHQWV�IRU�ZKRP�WKLV�ZRUN�LV�SODQQHG��$�VWXGHQW�HQWHULQJ�FROOHJH�SUHSDUHG�
ZLWK�VXFK�D�SURJUDP�ZLOO�KDYH�PDQ\�DGYDQWDJHV��+H�ZLOO�LQ�IDFW�EH�UHDG\�WR�WDNH�
WKH�QRUPDO�VRSKRPRUH�FRXUVH�LQ�PDWKHPDWLFV��7KXV��LI�KH�EHFRPHV�D�PDWKHPD��
WLFLDQ�KH�ZLOO�EH�DEOH�WR�DFFHOHUDWH�KLV�SURJUHVV�LQ�DQDO\VLV�DQG�ZLOO��EHFDXVH�RI�
WKLV�IDFW��EH�DEOH�WR�WDNH�DGGLWLRQDO�ZRUN�LQ�RWKHU�ILHOGV��VXFK�DV�KLJKHU�DOJHEUD��
DGYDQFHG�JHRPHWU\��VWDWLVWLFV��PHFKDQLFV��DQG�VR�IRUWK��DQG�WKXV�URXQG�RXW�KLV�
PDWKHPDWLFDO�EDFNJURXQG��,I�WKH�VWXGHQW�LV�SUHSDULQJ�WR�VWXG\�VFLHQFH�RU�HQJL��
QHHULQJ��KH�ZLOO�EH�JUHDWO\�KHOSHG�E\�KDYLQJ�KDG�D�FRXUVH�LQ�FDOFXOXV�EHIRUH�KH�
HQWHUV�FROOHJH��KLV�ILUVW�FRXUVH�LQ�SK\VLFV��IRU�H[DPSOH��FDQ�WKHQ�EH�D�UHDO�PHDQ��
LQJIXO�LQWURGXFWLRQ�WR�WKH�VXEMHFW��)LQDOO\��WKHUH�ZLOO�EH�FHUWDLQ�VWXGHQWV�ZKR�
ZLOO�QRW�QHHG�WR�VWXG\�PDWKHPDWLFV�LQ�FROOHJH��EHFDXVH�WKH�FRXUVH�KHUH�RXWOLQHG�
ZLOO�JLYH�WKHP�WKH�NLQG�RI�SUHSDUDWLRQ�WKDW�LV�VXIILFLHQW�IRU�WKHLU�QHHGV��6XFK�
VWXGHQWV�ZLOO�WKXV�EH�IUHH�WR�WDNH�ZRUN�LQ�FROOHJH�ZKLFK�ZLOO�SHUKDSV�EH�PRUH�WR�
WKHLU�DGYDQWDJH�HGXFDWLRQDOO\��

$V�VWDWHG�DW�WKH�EHJLQQLQJ��WKH�SURJUDP�KHUH�RXWOLQHG�ZDV�RULJLQDOO\�SUR��
SRVHG�E\�RXU�FRPPLWWHH�IRU�WKRVH�H[FHSWLRQDO�VWXGHQWV�ZKR�ZLVK�WR�SUHVHQW�D�
FHUWDLQ�DPRXQW�RI�PDWKHPDWLFV�IRU�DGYDQFHG�FUHGLW��,W�VHHPV�WR�XV��KRZHYHU��
WKDW�WKH�LGHDV�EHKLQG�LW�FRXOG�EH�HTXDOO\�ZHOO�DSSOLHG�WR�VHFRQGDU\�VFKRRO�
PDWKHPDWLFV�LQ�JHQHUDO��7KXV�LW�PD\�EH�WKDW�ZRUN�DORQJ�WKHVH�OLQHV�ZLOO�EHFRPH�
WKH�VWDQGDUG�SURJUDP�LQ�VHFRQGDU\�VFKRRO�PDWKHPDWLFV��2U��LW�PD\�EH�GHVLUDEOH�
IRU�WKH�OHVV�DEOH�VWXGHQW�WR�VWUHWFK�RXW�RYHU�WKUHH�\HDUV�WKH�ZRUN�WKDW�ZH�KDYH�
ODLG�RXW�IRU�WKH�WHQWK�DQG�HOHYHQWK�\HDUV��$V�D�WKLUG�SRVVLELOLW\��D�VWXGHQW�PD\�
ZLVK�WR�WDNH�WKH�WHQWK�DQG�HOHYHQWK�\HDU�FRXUVHV�SURSRVHG�LQ�RXU�SURJUDP��DQG�
QRW�WDNH�WKH�WZHOIWK�\HDU�FRXUVH��FRXUVHV�LQ�DGYDQFHG�DOJHEUD��VWDWLVWLFV��VROLG�
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JHRPHWU\��DQG�VR�IRUWK�FRXOG�EH�PDGH�DYDLODEOH�IRU�VXFK�D�VWXGHQW�LQ�KLV�WZHOIWK�
\HDU��6XFK�VWXGHQWV�ZRXOG�WKHQ�WDNH�WKH�QRUPDO�IUHVKPDQ�FROOHJH�FRXUVH�ZKHQ�
WKH\�HQWHU�FROOHJH��7KHUH�DUH�DOUHDG\�PDQ\�VFKRROV�LQ�WKLV�FRXQWU\�LQ�ZKLFK�ZRUN�
RI�WKLV�W\SH�LQ�PDWKHPDWLFV�LV�EHLQJ�GRQH��,W�LV�RXU�KRSH�WKDW�WKLV�ZLOO�EH�FRQ��
WLQXHG�DQG�WKDW�RWKHU�VFKRROV�ZLOO�IROORZ��

$/7(51$7,9(�62/87,21�72�7+(� (+5(1)(67� 352%/(0
�
)��*��+(66��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD�

���,QWURGXFWLRQ��([SOLFLW�H[SUHVVLRQV�IRU�WKH�SUREDELOLWLHV�FRQQHFWHG�ZLWK�WKH�
VR�FDOOHG�(KUHQIHVW�PRGHO��VHH�6HFWLRQ���EHORZ��KDYH�EHHQ�REWDLQHG�E\�0��.DF�
>�@��ZKR�KDV�DSSOLHG�WKH�XVXDO�PHWKRG�RI�GHDOLQJ�ZLWK�SUREOHPV�LQYROYLQJ�GLV��
FUHWH�0DUNRY�FKDLQV��,W�LV�WKH�SXUSRVH�RI�WKLV�DUWLFOH�WR�VKRZ�WKDW�WKH�VROXWLRQ�
WR�WKH�SUREOHP�FDQ�EH�REWDLQHG�LQ�D�VLPSOHU�ZD\�LI�WKH�SUREOHP�LV�IRUPXODWHG�LQ�
WHUPV�RI�D�GLUHFW�SURGXFW�UHSUHVHQWDWLRQ�W�6XFK�D�IRUPXODWLRQ�VKRXOG�EH�XVHIXO�
IRU�FDOFXODWLQJ�SUREDELOLWLHV�FRQQHFWHG�ZLWK�GLVFUHWH�0DUNRY�FKDLQV�RI�VLPLODU�
FRPSOH[LW\��

���7KH�(KUHQIHVW�PRGHO��,Q�RUGHU�WR�LOOXVWUDWH�FHUWDLQ�IHDWXUHV�RI�VWDWLVWLFDO�
PHFKDQLFV��3��DQG�7��(KUHQIHVW�>�@�KDYH�FRQVLGHUHG�WKH�IROORZLQJ�VLPSOH�PRGHO��

�5�ODEHOOHG�EDOOV�DUH�SODFHG�LQ���ER[HV��:H�KDYH��5�ODEHOOHG�WLFNHWV��D�RQH��
WR�RQH�FRUUHVSRQGHQFH�H[LVWLQJ�EHWZHHQ�WKH�WLFNHWV�DQG�EDOOV��$�WLFNHW�LV�GUDZQ�
DW�UDQGRP��7KH�EDOO�UHSUHVHQWHG�E\�WKLV�WLFNHW�LV�UHPRYHG�IURP�WKH�ER[�LW�LV�LQ�
DQG�SODFHG�LQ�WKH�RWKHU�ER[��7KH�WLFNHW�LV�UHSODFHG�LQ�WKH�SDFN�ZKLFK�LV�WKHQ�
VKXIIOHG��7KH�SURFHVV�LV�UHSHDWHG��

2QH�RI�WKH�TXHVWLRQV�ZKLFK�DURVH�LQ�FRQQHFWLRQ�ZLWK�WKLV�PRGHO�LV�ZKDW� LV�
WKH�SUREDELOLW\��3�Q_� P��V���WKDW�WKHUH�DUH�5�P� EDOOV�LQ�ER[���DIWHU�V�GUDZV�LI�
WKHUH�DUH�5�Q� EDOOV�LQ�ER[�,�LQLWLDOO\"�7KLV�LV�WKH�SUREOHP�WUHDWHG�KHUH��

��� 3URFHGXUH��$�EULHI�RXWOLQH�RI�WKH�SURFHGXUH�IRU�FDOFXODWLQJ�3� IROORZV��$�
VHW�RI�RUWKRQRUPDO�FROXPQ�YHFWRUV��WL��LV�IRXQG�VXFK�WKDW�HDFK��L�UHSUHVHQWV�D�
SRVVLEOH�VWDWH�RI�WKH�V\VWHP���:H�VKDOO�GHILQH�D�VWDWH�H[SOLFLWO\�EHORZ���$�PDWUL[�
RSHUDWRU�+� LV�WKHQ�IRXQG�VXFK�WKDW�ZKHQ�LW�RSHUDWHV�RQ�D�VWDWH�YHFWRU�� L�� LW�
IRUPV�WKH�VXP�RI�DOO�WKRVH�VWDWH�YHFWRUV�ZKLFK�FDQ�UHVXOW�IURP�WL�LQ�D�VLQJOH�
GUDZ��L�H���


�,�ZLVK�WR�WKDQN�3URIHVVRU�:��2SHFKRZVNL�IRU�KLV�LQWHUHVW�LQ�WKLV�SUREOHP��,�VKRXOG�DOVR�OLNH�
WR�H[SUHVV�P\�LQGHEWHGQHVV�WR�WKH�1DWLRQDO�5HVHDUFK�&RXQFLO�RI�&DQDGD�IRU�D�6WXGHQWVKLS��

W�7KH�UHIHUHH�KDV�NLQGO\�EURXJKW�WR�P\�DWWHQWLRQ�WKH�H[LVWHQFH�RI�D�SDSHU�E\�$��-��)��6LHJHUW�
>�@��LQ�ZKLFK�HVVHQWLDOO\�WKH�VDPH�PHWKRG�LV�XVHG�WR�REWDLQ�WKH�VROXWLRQ�WR�WKH�(KUHQIHVW�SUREOHP��
+RZHYHU��WKH�SUHVHQW�SDSHU�GLIIHUV�FRQVLGHUDEO\�IURP�WKDW�RI�6LHJHUW
V�LQ�WKH�H[SOLFLW�IRUPXODWLRQ�
RI�WKH�PHWKRG��,W�PD\�EH�PHQWLRQHG�WKDW�6LHJHUW�KDV�LQYHVWLJDWHG�RWKHU�SUREOHPV�IRU�ZKLFK�WKH�
VDPH�PHWKRG�RI�VROXWLRQ�DSSOLHV��
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