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)RU�PDQ\�\HDUV�ZH�DW�WKH�8QLYHUVLW\�RI�:LVFRQVLQ�KDYH�EHHQ�H[SHULPHQWLQJ�
ZLWK�RXU�FXUULFXOXP�LQ�DOJHEUD��%RWK�WKH�SUHSDUDWLRQ�RI�WKH�VWXGHQWV�DQG�WKH�
GHYHORSPHQW�RI�WKH�VXEMHFW�LWVHOI�KDYH�FKDQJHG�VR�UDSLGO\�WKDW�LW�KDV�QRW�EHHQ�
SRVVLEOH�WR�GHYHORS�D� FXUULFXOXP�ZKLFK�ZRXOG�UHPDLQ�VDWLVIDFWRU\�IRU�PRUH�
WKDQ�D�IHZ�\HDUV��,W�LV�WKHUHIRUH�ZLWK�D�IHHOLQJ�RI�OLWWOH�FRQILGHQFH�WKDW�,�DS��
SURDFK�WKLV�VXEMHFW��,�FDQ�RQO\�UHODWH�VRPH�RI�RXU�H[SHULHQFHV�DQG�H[SHULPHQWV�
XQGHU�WKH�VXSSRVLWLRQ�WKDW�RWKHU�FROOHJHV�DUH�KDYLQJ�VLPLODU�H[SHULHQFHV��DQG�
VWDWH�D�IHZ�RI�RXU�FRQFOXVLRQV�IRU�ZKDWHYHU�WKH\�PD\�EH�ZRUWK��

7KH�YHU\�VSRWW\�SUHSDUDWLRQ�LQ�DOJHEUD�RI�PRVW�RI�RXU�IUHVKPHQ�LV�D�PDMRU�
LWHP�DPRQJ�RXU�WURXEOHV��(YHQ�DPRQJ�WKRVH�VWXGHQWV�ZKR�HQWHU�WKH�HQJLQHHULQJ�
FROOHJH��WKH�VHFRQG�\HDU�RI�DOJHEUD�LQ�KLJK�VFKRRO�LV�UDSLGO\�GLVDSSHDULQJ��(YHQ�
PRUH�VHULRXV�LV�WKH�ODFN�RI�FRPSHWHQFH�LQ�DULWKPHWLF�DQG�DOJHEUD�RI�WKRVH�ZKR�
FODLP�D� \HDU
V� SUHSDUDWLRQ��8QWLO�IDVKLRQV�LQ�(GXFDWLRQ� VZLQJ�EDFN��WKHUH�
VHHPV�WR�EH�QRWKLQJ�HIIHFWLYH�WKDW�ZH�FDQ�GR�WR�VWHP�WKLV�WUHQG��7R� HQWHULQJ�
HQJLQHHULQJ�VWXGHQWV�ZH�JLYH�DQ�HQWUDQFH�WHVW�RQ�HOHPHQWDU\�VNLOOV��DQG�WKRVH�
VWXGHQWV�ZKR�DUH�FRPSOHWHO\�LQFRPSHWHQW�DUH�UHTXLUHG�WR�VSHQG�D� SUHOLPLQDU\�
VHPHVWHU�LQ�D�QR�FUHGLW�FRXUVH�ZKHUH�WKH\�VWXG\�KLJK�VFKRRO�DOJHEUD��,Q�WKH�
&ROOHJH�RI�/HWWHUV�DQG�6FLHQFH�ZH�JLYH�DQ�HQWUDQFH�WHVW�EXW�KDYH�QR�QRQ�FUHGLW�
FRXUVH��

/HW�XV�DGPLW��WKHQ��WKDW�WKH�ILUVW�VHPHVWHU�RI�FROOHJH�PDWKHPDWLFV�LV�ODUJHO\�
UHPHGLDO�DQG�WKDW�YHU\�OLWWOH�LV�DFWXDOO\�OHDUQHG�EH\RQG�WKH�EDVLF�VNLOOV��7KLV�
FRXUVH�LV�SULPDULO\�DLPHG�DW�SURYLGLQJ�WKH�WRROV�IRU�DQDO\WLF�JHRPHWU\�DQG�WKH�
FDOFXOXV�DQG�D�PLQXWH�H[DPLQDWLRQ�RI�LWV�FRQWHQWV�GRHV�QRW�VHHP�WR�EH�LPSRU��
WDQW��

,W�LV�LQ�WKH�FRXUVHV�LQ�DQDO\WLF�JHRPHWU\�DQG�WKH�FDOFXOXV�WKDW�WKH�VWXGHQW�
EHFRPHV�DGHSW�LQ�DOJHEUDLF�PDQLSXODWLRQV��7KH�JURVVO\�LQFRPSHWHQW�VWXGHQWV�
DUH�QR�ORQJHU�SUHVHQW��DQG�LPSHUFHSWLEO\�WKH�SUREOHPV�KDYH�LQYROYHG�PRUH�DQG�
PRUH�FRPSOH[�DOJHEUDLF�RSHUDWLRQV�VR�WKDW�DW�ORQJ�ODVW�WKH�VWXGHQW�KDV�DFTXLUHG�
VRPH�VNLOO�LQ�DOJHEUDLF�PDQLSXODWLRQ��

7KH�TXHVWLRQ�ZKLFK�ZH�KDYH�FRPH�KHUH�WR�GLVFXVV�LV�WKH�SURSHU�FRQWHQW�RI�D�
FRXUVH�RU�FRXUVHV�LQ�DOJHEUD�IRU�D�VWXGHQW�ZKR�KDV�MXVW�FRPSOHWHG�HOHPHQWDU\�
FDOFXOXV��7KHUH�DUH�PDQ\�SRVVLELOLWLHV��RI�ZKLFK�,�OLVW�WKUHH��EHFDXVH�WKH\�VHHP�
WR�UHSUHVHQW�PRVW�FRPPRQ�SURFHGXUHV��

���$�SUREOHP�VROYLQJ�FRXUVH�LQ�SHUPXWDWLRQV�DQG�FRPELQDWLRQV��SUREDELOLW\�
HWF��ZLWK�DGYDQFHG�VNLOOV�DV�WKH�SULPH�REMHFWLYH��

���$�GHYHORSPHQW�RI�VRPH�RI�WKH�PRUH�HOHJDQW�WRSLFV�LQ�FODVVLFDO�DOJHEUD��D�
FRXUVH�LQ�ZKLFK�VNLOOV�DQG�WKHRU\�DUH�NHSW�LQ�EDODQFH��

���$Q�LQWURGXFWLRQ�WR�DEVWUDFW�DOJHEUD��

�$�OHFWXUH�GHOLYHUHG�DW�WKH�6\PSRVLXP�RQ�7HDFKHU�(GXFDWLRQ�LQ�0DWKHPDWLFV��$XJXVW�����
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%HIRUH�GHFLGLQJ�ZKLFK�RI�WKHVH�SURFHGXUHV�WR�IROORZ��RQH�PXVW�H[DPLQH�FDUH��
IXOO\�WKH�REMHFWLYHV�RI�WKH�FRXUVH��6RPH�VWXGHQWV�DW�WKLV�OHYHO�DUH�DLPLQJ�WR�WDNH�
JUDGXDWH�ZRUN�LQ�PDWKHPDWLFV��EXW�PRUH�RI�WKHP�DUH�QRW��,Q�IDFW��ZH�KDYH�
JUDGXDWH�DQG�XQGHUJUDGXDWH�VWXGHQWV�IURP�DOPRVW�DOO�VFLHQWLILF�GHSDUWPHQWV�LQ�
WKH�XQLYHUVLW\�DQG�ZH�FDQQRW�DIIRUG�WR�LJQRUH�WKHLU�GHPDQGV�IRU�DOJHEUDLF�VNLOOV��
,W�LV�WKLV�GLYHUVLW\�RI�REMHFWLYHV�ZKLFK�PDNHV�WKH�SUREOHP�GLIILFXOW�DQG�FDOOV�IRU�
D�FRPSURPLVH�DQVZHU��

6LQFH�SK\VLFV�KDV�EHFRPH�VXFK�DQ�LPSRUWDQW�VFLHQFH��ERWK�XQGHUJUDGXDWH�
DQG�JUDGXDWH�VWXGHQWV�LQ�SK\VLFV�KDYH�UHDFKHG�D�OHYHO�ZKHUH�WKH\�FDQ�EH�WUHDWHG�
ZLWK�PDWKHPDWLFV�PDMRUV��0RVW�RI�WKHP�QRZ�HQWHU�LQWR�WKH�VSLULW�RI�D�PDWKH��
PDWLFV�FRXUVH�DQG�HQMR\�WKH�WKHRU\�DV�ZHOO�DV�WKH�DSSOLFDWLRQV��7KH\�SUHVHQW�QR�
SDUWLFXODU�SUREOHP��

,W�LV�IUHTXHQWO\�RWKHUZLVH�ZLWK�DGYDQFHG�XQGHUJUDGXDWH�DQG�JUDGXDWH�VWX��
GHQWV�IURP�RWKHU�GHSDUWPHQWV��,�KDYH�VRPH�VXSHULRU�VWXGHQWV�IURP�FKHPLVWU\�
DQG�RWKHUV�ZKR�DUH�VXSHULRU�RQO\�LQ�WKHLU�DWWLWXGH�WRZDUG�WKH�0DWKHPDWLFV�'H��
SDUWPHQW��7KH\�REMHFW�WR�OHDUQLQJ�DQ\WKLQJ�ZKRVH�LPPHGLDWH�DSSOLFDWLRQ�WR�
FKHPLVWU\�LV�QRW�HYLGHQW��,W�LV�GLIILFXOW�WR�VD\�KRZ�IDU�RXU�REOLJDWLRQ�WR�VXFK�
VWXGHQWV�JRHV��

$�IHZ�HQJLQHHULQJ�VWXGHQWV�HOHFW�WKLV�FRXUVH��EXW�E\�DQG�ODUJH�WKHVH�VWXGHQWV�
NHHS�SUHWW\�FORVHO\�WR�WKHLU�GLIIHUHQWLDO�HTXDWLRQV�DQG�PHFKDQLFV��7KHUH�LV�D�
VFDWWHULQJ�RI�VWXGHQWV�IURP�DJULFXOWXUH��ELRORJ\�DQG�WKH�RWKHU�VFLHQFHV�EXW�WKHVH�
VWXGHQWV�DUH�QRW�QXPHURXV�DQG�WKH\�DUH�LQFOLQHG�WR�EH�QRW�YHU\�JRRG��7KHLU�
SULQFLSDO�LQWHUHVW�LQ�DOJHEUD�LV�DV�D�SUHOXGH�WR�VWDWLVWLFV��

$SSUR[LPDWHO\�KDOI�RI�RXU�VWXGHQWV�LQ�MXQLRU�DOJHEUD�DUH�PDWKHPDWLFV�PDMRUV��
7KH\�IDOO�VKDUSO\�LQWR�WZR�JURXSV��JUDGXDWH�VWXGHQWV�ZKR�HQWHU�ZLWK�D�GHILFLHQF\�
LQ�DOJHEUD��DQG�XQGHUJUDGXDWHV�ZRUNLQJ�IRU�D�WHDFKHU
V�FHUWLILFDWH��7KH�ODWWHU�
VRPHWLPHV�ILQG�WKH�FRPSHWLWLRQ�D�OLWWOH�URXJK��

7R�WKLV�OLVW�ZH�PLJKW�DGG�D�IHZ�VWXGHQWV�ZKR�DUH�LQWHUHVWHG�LQ�WKH�DFWXDULDO�
H[DPLQDWLRQV��DQG�D�JURXS�ZKLFK�ELGV�IDLU�WR�LQFUHDVH�LQ�WKH�QH[W�IHZ�\HDUV��
QDPHO\�VWXGHQWV�ZKR�DUH�LQWHUHVWHG�LQ�FRPSXWLQJ�PDFKLQHV��

,I�WKH�8QLYHUVLW\�ZHUH�ODUJH�HQRXJK�VR�WKDW�HDFK�RI�WKHVH�JURXSV�FRXOG�EH�
VHJUHJDWHG�DQG�DQ�DOJHEUD�FRXUVH�WDLORUHG�WR�WKH�LQGLYLGXDO�QHHGV�RI�HDFK�JURXS��
WKH�SUREOHP�RI�WKH�FXUULFXOXP�ZRXOG�EH�D� VPDOO�RQH��+RZHYHU��WKLV�FRXUVH�
XVXDOO\�UXQV�LQ�DW�PRVW�WZR�VHFWLRQV�VR�WKDW�WKLV�FDQQRW�EH�GRQH��

3UREDEO\�YHU\�IHZ�PDWKHPDWLFLDQV�ZRXOG�EH�ZLOOLQJ�WR�JR�DV�IDU�DV�VRPH�RI�
RXU�DSSOLHG�EURWKHUV�VHHP�WR�GHVLUH�DQG�RPLW�DOO�WKHRU\��,Q�IDFW��LI�VXFK�DQ�H[��
SHULPHQW�ZHUH�WULHG��,� DP�VXUH�WKDW�WKH�VWXGHQWV�ZRXOG�EHFRPH�VR�FRQIXVHG�
WKDW�LW�ZRXOG�KDYH�WR�EH�DEDQGRQHG��2Q�WKH�RWKHU�KDQG��D�VWUDLJKW�FRXUVH�LQ�
PDWKHPDWLFDO�WKHRU\�LV�RXW�RI�SODFH�ZLWK�D�JURXS�VXFK�DV�ZH�KDYH�LQ�RXU�FODVVHV��
$�VNLOOIXO�WHDFKHU�ZLOO�NQRZ�KRZ�WR�NHHS�WKHVH�IHDWXUHV�LQ�EDODQFH��

:LWK�VXFK�D�GLYHUVLILHG�FOLHQWHOH�LW�VHHPV�XQGHVLUDEOH�WR�GHYLDWH�WRR�JUHDWO\�
IURP�WKH�WUDGLWLRQDO�FRXUVH��ZKLFK�,�DVVXPH�WR�EH�WKH�WKHRU\�RI�HTXDWLRQV��7KHUH�
DUH�FHUWDLQ�GHILQLWH�DGYDQWDJHV�LQ�WKLV�FRXUVH��,W�HQDEOHV�RQH�WR�WHDFK�VNLOOV�LQ�
FRPSXWLQJ�WKDW�DUH�RI�GHILQLWH�YDOXH�WR�VWXGHQWV�LQ�WKH�VFLHQFHV�DQG�DW�WKH�VDPH�
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WLPH�GHYHORS�HOHJDQW�SURFHVVHV�RI�UHDVRQLQJ�WKDW�ZHUH�QRW�HPSOR\HG�LQ�WKH�
FDOFXOXV��

:KLOH�,�GR�QRW�EHOLHYH�WKDW�WKH�VWXGHQW�VKRXOG�EH�SOXQJHG�LQWR�D�FRXUVH�LQ�
DEVWUDFW�DOJHEUD�DW�WKLV�VWDJH�LQ�KLV�GHYHORSPHQW��,�GR�EHOLHYH�WKDW�WKH�VKDGRZ�RI�
DEVWUDFW�DOJHEUD�IDOOV�XSRQ�WKLV�FRXUVH�DQG�LQGLFDWHV�FHUWDLQ�FKDQJHV�LQ�LWV�RUJDQ��
L]DWLRQ�DQG�GHYHORSPHQW�ZKLFK�VKRXOG�EH�PDGH��

7KH�FRXUVH�ZKLFK�,� KDYH�EHHQ�JLYLQJ�DW�:LVFRQVLQ�IRU�WKH�ODVW�FRXSOH�RI�
\HDUV�LV�VWLOO�HQWLWOHG�WKH�7KHRU\�RI�(TXDWLRQV��EXW�PLJKW�PRUH�SURSHUO\�EH�
FDOOHG�WKH�7KHRU\�RI�3RO\QRPLDOV��7KLV�DSSURDFK�VHHPV�WR�XQLI\�WKH�VRPHZKDW�
VFDWWHUHG�WRSLFV�LQ�WKH�WKHRU\�RI�HTXDWLRQV��DQG�WR�JLYH�D�GHHSHU�LQVLJKW�LQWR�WKH�
VXEMHFW�ZKLFK�LV�SDUWLFXODUO\�YDOXDEOH�WR�WKRVH�ZKR�JR�RQ�LQ�DOJHEUD�DQG�WR�
WKRVH�ZKR�FRQWHPSODWH�WHDFKLQJ�DOJHEUD��

<RX�PD\�QRW�DJUHH�ZLWK�PH�LQ�EULQJLQJ�LQ�DERXW�D�ZHHN�RI�WKH�WKHRU\�RI�
QXPEHUV��EXW�,�KDYH�IRXQG�LW�GHVLUDEOH��DQG�DIWHU�DOO�WKH�RQO\�ZD\�WR�FKHFN�D�
SHGDJRJLFDO�WKHRU\�LV�WR�WU\�LW�RXW��2QO\�D�OLWWOH�RI�WKH�WKHRU\�RI�QXPEHUV�LV�UH��
TXLUHG��WKH�GHILQLWLRQV�RI�SULPHV�DQG�XQLWV��VFDOHV�RI�QRWDWLRQ��WKH�JUHDWHVW�FRP��
PRQ�GLYLVRU�DOJRULWKP��DQG�WKH�XQLTXH�IDFWRUL]DWLRQ�WKHRUHP��7KH�LGHDV�DUH�KHUH�
SUHVHQWHG�LQ�WKHLU�VLPSOHVW�IRUP�IUHH�RI�FRPSXWDWLRQDO�GLIILFXOWLHV��/DWHU�WKH�FRU��
UHVSRQGLQJ�FRQFHSWV�DQG�WKHRUHPV�PXVW�EH�SURYHG�IRU�SRO\QRPLDOV��-XVW�DV�D�
PDWWHU�RI�H[SHULHQFH�,�KDYH�IRXQG�WKDW�VWXGHQWV�KDYH�WURXEOH�ZLWK�WKLV�WRSLF�
LI�LW�LV�ILUVW�SUHVHQWHG�WR�WKHP�E\�ZD\�RI�SRO\QRPLDOV��7KH�LQWURGXFWLRQ�RI�WKLV�
ELW�RI�QXPEHU�WKHRU\�VHHPV�QHFHVVDU\�LQ�RUGHU�WR�WHDFK�WKH�SRO\QRPLDO�WKHRU\�
UHJDUGOHVV�RI�LWV�LQWULQVLF�LQWHUHVW��

$IWHU�WKLV�ELW�RI�QXPEHU�WKHRU\�LW�LV�HDV\�WR�DWWDFN�WKH�SUREOHP�RI�ILQGLQJ�
WKH�LQWHJUDO�VROXWLRQV�RI�DQ�HTXDWLRQ�KDYLQJ�LQWHJUDO�FRHIILFLHQWV��DQG�WKH�UD��
WLRQDO�VROXWLRQV�RI�DQ�HTXDWLRQ�KDYLQJ�UDWLRQDO�FRHIILFLHQWV��/HW�XV�FRQVLGHU�IRU�
D�PRPHQW�WKH�WKHRUHP�WKDW�LI�DQ�HTXDWLRQ�ZLWK�LQWHJUDO�FRHIILFLHQWV�KDV�D�UDWLRQDO�
VROXWLRQ��ZKHQ�WKLV�VROXWLRQ�LV�H[SUHVVHG�LQ�ORZHVW�WHUPV�WKH�QXPHUDWRU�LV�D�
GLYLVRU�RI�WKH�FRQVWDQW�WHUP�RI�WKH�HTXDWLRQ��7KH�SURRI�GHSHQGV�XSRQ�WKH�WKHR��
UHP�LQ�QXPEHU�WKHRU\�WKDW�LI�D�QXPEHU�GLYLGHV�D�SURGXFW�DQG�LV�UHODWLYHO\�SULPH�
WR�RQH�RI�WKH�IDFWRUV��LW�PXVW�GLYLGH�WKH�RWKHU�IDFWRU��7KLV�VWXGHQWV�DUH�RUGLQDULO\�
DVNHG�WR�DFFHSW�DV�REYLRXV��EXW�,�KDYH�VHHQ�VRPH�DEOH�VWXGHQWV�TXLWH�GLVWXUEHG�
E\�LW��,W�LV�SURYHG�LQ�RXU�ELW�RI�QXPEHU�WKHRU\�DQG�VWXGHQWV�KDYLQJ�KDG�WKLV�
ZHHN�RI�QXPEHU�WKHRU\�UHDOO\�VHHP�WR�XQGHUVWDQG�WKH�SURRI��

7KH�SODQ�ZKLFK�,�KDYH�EHHQ�IROORZLQJ�LV�WR�VWDUW�ZLWK�SRO\QRPLDOV�RYHU�WKH�
UDWLRQDO�ILHOG��ODWHU�WDNH�XS�SRO\QRPLDOV�RYHU�WKH�UHDO�ILHOG��DQG�ILQDOO\�SRO\��
QRPLDOV�RYHU�WKH�FRPSOH[�ILHOG��,W�LV�ZHOO�WR�FDOO�DWWHQWLRQ�WR�WKH�SURSHUWLHV�RI�D�
ILHOG��EXW�LW�LV�QRW�QHFHVVDU\�WR�FDOO�WKHP�SRVWXODWHV�RU�WR�LQWURGXFH�WKH�QRWLRQ�
RI�DQ�DEVWUDFW�ILHOG��2WKHU�ILHOGV��LI�LQWURGXFHG�DW�DOO��DUH�SRVWSRQHG�XQWLO�ODWH�LQ�
WKH�FRXUVH��

7KH�KLJK�SRLQWV�LQ�WKH�WKHRU\�RI�SRO\QRPLDOV�DUH�WKH�(XFOLG�DOJRULWKP��WKH�
XQLTXH�IDFWRUL]DWLRQ�WKHRUHP��WKH�UHSUHVHQWDWLRQ�RI�RQH�SRO\QRPLDO�DV�D�SRO\��
QRPLDO�LQ�SRZHUV�RI�D�VHFRQG��DQG�WKH�SURSHUWLHV�RI�WKH�GHULYDWLYH�LQ�UHJDUG�WR�
PXOWLSOH�]HURV��$OO�RI�WKHVH�UHVXOWV�KROG�IRU�HYHU\�FRHIILFLHQW�ILHOG�EXW�FDQ�ILUVW�EH�
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LQWURGXFHG�IRU�SRO\QRPLDOV�RYHU�WKH�UDWLRQDO�ILHOG��$W�WKLV�SRLQW�WKH�GHFRPSRVL��
WLRQ�RI�D�UDWLRQDO�IXQFWLRQ�LQWR�D�VXP�RI�SDUWLDO�IUDFWLRQV�FDQ�EH�ULJRURXVO\�HVWDE��
OLVKHG��7KH�VWXGHQWV�DUH�IDPLOLDU�ZLWK�WKH�SURFHVV�IURP�LQWHJUDO�FDOFXOXV�DQG�
VRPH�RI�WKHP�DUH�DVWRQLVKHG�ZKHQ�\RX�SRLQW�RXW�WKDW�WKH�XQLYHUVDOLW\�RI�WKH�
PHWKRG�KDG�QRW�EHHQ�SURYHG�WR�WKHP��

0RVW�ERRNV�RQ�WKH�WKHRU\�RI�HTXDWLRQV�VFUXSXORXVO\�DYRLG�DVVXPLQJ�DQ\�
NQRZOHGJH�RI�WKH�FDOFXOXV�RQ�WKH�SDUW�RI�WKH�VWXGHQW��7KHUH�PD\�EH�VRPH�KLV��
WRULFDO�UHDVRQ�IRU�WKLV�DVVXPSWLRQ��EXW�LW�LV�QR�ORQJHU�YDOLG�LQ�$PHULFDQ�FROOHJHV��
,W�LV�YHU\�XQXVXDO�IRU�DQ\�VWXGHQW�WR�HOHFW�WKH�WKHRU\�RI�HTXDWLRQV�EHIRUH�KH�KDV�
KDG�KLV�ILUVW�VHPHVWHU�RI�FDOFXOXV��DQG�ZKHQ�LW�LV�GRQH��LW�VKRXOG�QRW�EH��,�DP�
DFFXVWRPHG�WR�XVH�WKH�GHULYDWLYH�IUHHO\�DQG�,�WKXV�DYRLG�WKH�DZNZDUG�VLWXDWLRQ�
RI�KDYLQJ�WR�H[SODLQ�ZK\�WKH�OLPLW�SURFHVV�LV�RXW�RI�ERXQGV�LQ�DQ�DOJHEUD�FRXUVH��

,�KDYH�DOZD\V�PDLQWDLQHG�WKDW�DQ�LQWXLWLYH�DSSURDFK�VKRXOG�SUHFHGH�DQ�DE��
VWUDFW�DSSURDFK��DQG�,�IHHO�WKDW�WKLV�LV�SDUWLFXODUO\�WUXH�LQ�WKH�LQWURGXFWLRQ�RI�WKH�
UHDO�QXPEHUV��$OO�WKH�P\VWHU\�FDQ�EH�WDNHQ�RXW�RI�WKH�UHDO�QXPEHUV�LI�RQH�FDQ�
VKRZ�WKH�VWXGHQW�WKDW�WKH�H[LVWHQFH�RI�DQ�DSSUR[LPDWLRQ�SURFHVV�ZLWK�DUELWUDULO\�
VPDOO�HUURU�HVWDEOLVKHV�WKH�H[LVWHQFH�RI�WKH�UHDO�QXPEHU��7KLV�LV�QR�SODFH�WR�JR�
LQWR�WKH�LQWULFDFLHV�RI�UHDO�YDULDEOH�WKHRU\��EXW�DQ�LQWXLWLYH�JUDVS�RI�WKH�PHDQLQJ�
RI�WKH�UHDO�QXPEHUV�LV�QRW�EH\RQG�WKH�OHJLWLPDWH�REMHFWLYHV�RI�D�FRXUVH�LQ�WKH�
WKHRU\�RI�HTXDWLRQV��

,�ZRXOG�OHDYH�D�FRQVLGHUDWLRQ�RI�WKH�FRPSOH[�ILHOG�XQWLO�WKH�ODVW�LQVWHDG�RI�
LQWURGXFLQJ�LW�DW�WKH�EHJLQQLQJ��DV�KDV�ODWHO\�EHFRPH�IDVKLRQDEOH��7R�GHIODWH�WKH�
FRPSOH[�ILHOG�IURP�LWV�SDUDPRXQW�SRVLWLRQ�LQ�PDWKHPDWLFV�LV�RQH�RI�WKH�REMHF��
WLYHV�RI�DEVWUDFW�DOJHEUD��

2QH�RI�WKH�RGGLWLHV�RI�PRGHUQ�FRQYHQWLRQ�LV�WKH�LQWURGXFWLRQ�E\�PDQ\�ERRNV�
RI�WKH�FRPSOH[�QXPEHUV�E\�PHDQV�RI�+DPLOWRQ
V�QXPEHU�SDLUV��7KLV�LV�FHUWDLQO\�
LQ�WKH�VSLULW�RI�PRGHUQ�DEVWUDFW�DOJHEUD��EXW�LW�LV�VXFK�DQ�LVRODWHG�ELW�RI�DEVWUDF��
WLRQ�WKDW�LW�VHHPV�GHFLGHGO\�RXW�RI�SODFH�LQ�D�ERRN�WKDW�LV�RWKHUZLVH�SXUHO\�LQ��
WXLWLYH��7KH� UHDVRQ�ZK\�WKH�FRPSOH[�QXPEHUV�DUH�IUHTXHQWO\�VR�LQWURGXFHG��
DQG�QRW�WKH�UDWLRQDO�QXPEHUV�QRU�WKH�UHDO�QXPEHUV��LV�VLPSO\�D�PDWWHU�RI�KLVWRU\��
+DPLOWRQ�LQWURGXFHG�WKH�FRPSOH[�QXPEHUV�LQ�WKLV�PDQQHU�LQ�������EXW�WKH�
ZRUN�RI�6WHLQLW]�LQ������LV�VWLOO�SUREDEO\�WRR�QHZ�IRU�VLPLODU�LQFRUSRUDWLRQ��,Q�
IDFW��,�SUHIHU�WR�GR�QHLWKHU��EXW�WR�NHHS�WKH�SUHVHQWDWLRQ�RQ�DQ�LQWXLWLYH�OHYHO�
DW�WKLV�SRLQW��7KH�FRPSOH[�QXPEHUV�FDQ�EH�QLFHO\�LQWURGXFHG�E\�PHDQV�RI�WKHLU�
FRUUHVSRQGHQFH�ZLWK�WKH�SRLQWV�RI�WKH�SODQH��

,�ZRXOG�OLNH�WR�SXW�LQ�D�SOHD�KHUH�IRU�D�IHZ�GD\V�GHYRWHG�WR�V\PPHWULF�IXQF��
WLRQV�RI�WKH�URRWV�RI�DQ�HTXDWLRQ��*UDGXDWH�VWXGHQWV�QHDUO\�DOZD\V�WHOO�PH�WKDW�
LW�ZDV�RPLWWHG�IURP�WKHLU�FRXUVH�LQ�WKH�WKHRU\�RI�HTXDWLRQV�RQ�WKH�JURXQGV�WKDW�
LW�LV�RI�QR�SUDFWLFDO�YDOXH��7KLV�LV�D�SRLQW�ZKLFK�,�DP�XQZLOOLQJ�WR�FRQFHGH��1RW�
RQO\�LV�LW�HVVHQWLDO�IRU�PRUH�DGYDQFHG�ZRUN�LQ�DOJHEUD��EXW�LW�VKRZV�ZLWK�JUHDW�
FODULW\�KRZ�WKH�FRHIILFLHQWV�RI�DQ�HTXDWLRQ�GHWHUPLQH�WKH�URRWV�ZLWKRXW�VKRZLQJ�
IDYRULWLVP�WR�DQ\�RQH�URRW�RU�JURXS�RI�URRWV��

7KH�UHVW�RI�WKH�FRXUVH�LV�SUHWW\�FRQYHQWLRQDO��IHDWXULQJ�WKH�IDFWRUL]DWLRQ�RI�
SRO\QRPLDOV�ZLWK�UHDO�DQG�FRPSOH[�FRHIILFLHQWV��7KLV�OHDGV�WR�WKH�VROXWLRQV�RI�WKH�
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FXELF�DQG�TXDUWLF�HTXDWLRQV�LQ�WHUPV�RI�UDGLFDOV��6LQFH�GHWHUPLQDQWV�DUH�QRW�D�
SDUW�RI�WKLV�FRXUVH��VRPH�WLPH�LV�GHYRWHG�WR�WKH�VROXWLRQ�RI�OLQHDU�V\VWHPV�RI�HTXD��
WLRQV�E\�DSSO\LQJ�HOHPHQWDU\�WUDQVIRUPDWLRQV�WR�WKHP��7KLV�WUHDWPHQW�RI�V\V��
WHPV�RI�HTXDWLRQV�LV�IDVW�JDLQLQJ�LQ�SRSXODULW\��,W�LV�QHYHU�PRUH�ODERULRXV�WKDQ�WR�
XVH�GHWHUPLQDQWV��DQG�LQ�WKH�LUUHJXODU�FDVHV�LW�LV�TXLFNHU�DQG�PRUH�VDWLVIDFWRU\��
$�V\VWHPDWLF�WUHDWPHQW�RI�V\VWHPV�RI�KLJKHU�GHJUHH�LV�DOVR�LQFOXGHG��

,W�LV�SRVVLEOH�WR�PDNH�WKLV�FRXUVH�PRUH�LQWXLWLYH�DQG�OHVV�IRUPDO�WKDQ�LV�
VRPHWLPHV�GRQH��2QH�FDQ�WHDFK�PHWKRGV�UDWKHU�WKDQ�IRUPXODV��DV�LQ�WKH�LQVWDQFH�
RI�ILQGLQJ�ERXQGV�IRU�WKH�URRWV�RI�DQ�HTXDWLRQ��DQG�PHWKRGV�VWD\�ZLWK�D�VWXGHQW�
EHWWHU�WKDQ�D�IRUPXOD��

,Q�WKH�VHYHQWHHQ�\HDUV�WKDW�,�KDYH�EHHQ�DW�:LVFRQVLQ��WKLV�MXQLRU�DOJHEUD�
FRXUVH�KDV�YDFLOODWHG�EHWZHHQ�D�RQH�VHPHVWHU�FRXUVH�DQG�D�WZR�VHPHVWHU�FRXUVH�
VHYHUDO�WLPHV��1RZ�,�WKLQN�LW�KDV�SHUPDQHQWO\�EHFRPH�D�WZR�VHPHVWHU�FRXUVH��
WKH�VHFRQG�VHPHVWHU�EHLQJ�GHYRWHG�WR�PDWULFHV�DQG�GHWHUPLQDQWV��8QWLO�UHFHQWO\�
LW�KDV�EHHQ�GLIILFXOW�WR�ILQG�D�WH[W�ZHOO�VXLWHG�WR�VXFK�D�FRXUVH��EXW�WKH�SXEOLVKHUV�
QRZ�VHHP�WR�EH�HUXSWLQJ�ZLWK�PDQ\�VXFK�ERRNV��7KLV�VHHPV�WR�LQGLFDWH�WKDW�
RWKHU�LQVWLWXWLRQV�WKDQ�:LVFRQVLQ�DUH�SODQQLQJ�FRXUVHV�DORQJ�WKHVH�VDPH�OLQHV��

7KH�UHFHQW�JURZWK�RI�WKH�WKHRU\�RI�PDWULFHV�LQ�SXEOLF�HVWHHP�KDV�EHHQ�UH��
PDUNDEOH��EXW�QRW�DW�DOO�VXUSULVLQJ��0DWULFHV�DUH�QRZ�HPSOR\HG�LQ�VWDWLVWLFV��
GLIIHUHQWLDO�HTXDWLRQV��DQG�LQ�FRPSXWDWLRQDO�PDWKHPDWLFV�RI�YDULRXV�NLQGV��WR�
PHQWLRQ�RQO\�D�IHZ�DSSOLFDWLRQV��6WXGHQWV�IURP�RWKHU�GHSDUWPHQWV�DUH�FRPLQJ�
WR�XV�ZLWK�UHTXHVWV�IRU�ZRUN�LQ�PDWULFHV�DQG�ZH�DUH�KDYLQJ�DERXW�DV�PDQ\�VWX��
GHQWV�LQ�WKLV�VHFRQG�VHPHVWHU�RI�DOJHEUD�DV�LQ�WKH�ILUVW��3UREDEO\�ZHOO�RYHU�KDOI�
RI�RXU�PDWKHPDWLFV�PDMRUV�LQ�(GXFDWLRQ�WDNH�LW�DIWHU�WKH\�KDYH�FRPSOHWHG�WKH�
7KHRU\�RI�(TXDWLRQV�FRXUVH��

$�FRXUVH�LQ�PDWULFHV�DW�WKH�MXQLRU�OHYHO�PXVW�EH�JLYHQ�ZLWK�VRPH�UHVWUDLQW��
7KLV�LV�QRW�WKH�SRLQW�IRU�DQ�LQVWUXFWRU�RU�WH[W�ERRN�ZULWHU�WR�XQORDG�DOO�KH�NQRZV��
7KH�FRQFHSW�RI�PDWUL[�PXVW�EH�PRWLYDWHG�DW�WKH�EHJLQQLQJ�XQWLO�WKH�VWXGHQW�KDV�
JRW�VRPH�LGHD�RI�ZKDW�LW�LV�DOO�DERXW��

$V�,�KDYH�XVXDOO\�JLYHQ�WKH�FRXUVH��WKH�ILUVW�IHZ�ZHHNV�DUH�JLYHQ�RYHU�WR�WKH�
WUHDWPHQW�RI�GHWHUPLQDQWV�RI�PDWULFHV��7KLV�WUHDWPHQW�GLIIHUV�YHU\�OLWWOH�IURP�
WKH�ROG�IDVKLRQHG�GHYHORSPHQW�RI�GHWHUPLQDQWV�H[FHSW�LQ�WKH�VWDWHPHQW�RI�WKH�
WKHRUHPV��$�GHWHUPLQDQW�LV�D�QXPEHU�DQG�GRHV�QRW�KDYH�URZV�RU�FROXPQV��7KH�
PDWUL[�KDV�WKH�URZV�DQG�FROXPQV��EXW�D�PDWUL[�LV�QRW�HTXDO�WR�DQ�RUGLQDU\�QXP��
EHU��7KXV�WKH�DFFXUDWH�VWDWHPHQW�RI�D�ZHOO�NQRZQ�WKHRUHP�LV�WKDW�LI�WZR�URZV�RI�
D�PDWUL[�DUH�SURSRUWLRQDO��WKH�GHWHUPLQDQW�RI�WKH�PDWUL[�LV�]HUR��

,W�VHHPV�TXLWH�QDWXUDO�WR�PRVW�VWXGHQWV�WR�VHW�XS�WKH�GHWDFKHG�FRHIILFLHQWV�
RI�D� OLQHDU�V\VWHP�RI�HTXDWLRQV��DQG�WR�FDOO�WKLV�DUUD\�D�PDWUL[��(OHPHQWDU\�
RSHUDWLRQV�RQ�WKH�HTXDWLRQV��ZKLFK�UHSODFH�WKH�JLYHQ�V\VWHP�RI�HTXDWLRQV�E\�DQ�
HTXLYDOHQW�V\VWHP��FRUUHVSRQG�WR�HOHPHQWDU\�URZ�RSHUDWLRQV�RQ�WKH�PDWUL[�ZKLFK�
UHSODFH�LW�E\�D�URZ�HTXLYDOHQW�PDWUL[��%\�D�VLPSOH�VHTXHQFH�RI�URZ�RSHUDWLRQV�
HYHU\�OLQHDU�V\VWHP�PD\�EH�UHSODFHG�E\�RQH�ZKRVH�PDWUL[�LV�LQ�+HUPLWH�IRUP��
ZKHUHXSRQ�WKH�V\VWHP�RI�HTXDWLRQV�LV�VROYHG��7KH�SURFHVV�LV�DSSOLFDEOH�UHJDUG��
OHVV�RI�WKH�QXPEHU�RI�HTXDWLRQV�RU�RI�XQNQRZQV��RI�ZKHWKHU�WKH�V\VWHP�LV�FRQ��
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VLVWHQW�RU�LQFRQVLVWHQW��RI�ZKHWKHU�WKHUH�LV�RQH�VROXWLRQ�RU�LQILQLWHO\�PDQ\��
:LWKRXW�GRXEW�WKH�QH[W�PRVW�LPSRUWDQW�WRSLF�WR�EH�WUHDWHG�LV�TXDGUDWLF�

IRUP�WKHRU\��7KLV�KDV�IDPLOLDU�JHRPHWULF�PRWLYDWLRQV��DQG�LPSRUWDQW�DSSOLFD��
WLRQV�WR�VWDWLVWLFV��UHODWLYLW\�DQG�RWKHU�ILHOGV��7KHUH�DUH�VRPH�FRPSXWDWLRQDO�
GLIILFXOWLHV��VR�WKDW�WKH�ILUVW�SUREOHPV�WR�EH�ZRUNHG�VKRXOG�EH�FKRVHQ�VR�DV�WR�
PLQLPL]H�WKHVH�GLIILFXOWLHV��7KH�SUREOHP�VKRXOG�EH�IRUPXODWHG�LQ�PDWULF�QRWD��
WLRQ�DV�ZHOO�DV�LQ�WKH�QRWDWLRQ�RI�TXDGUDWLF�IRUPV��DQG�SUHWW\�VRRQ�WKH�VWXGHQW�
ZLOO�EH�GHDOLQJ�ZLWK�PDWULFHV�DV�DEVWUDFW�HQWLWLHV��

7KLV�LV�D�PRVW�H[FHOOHQW�SODFH�WR�SRLQW�RXW�WKH�VLJQLILFDQFH�RI�WKH�FRQFHSW�RI�
ILHOG��DQG�WKH�IXQGDPHQWDO�GLIIHUHQFHV�EHWZHHQ�WKH�UDWLRQDO��UHDO�DQG�FRPSOH[�
ILHOGV��7KH�FRQFHSW�RI�LQYDULDQW�LV�ZHOO�LOOXVWUDWHG�E\�WKH�UDQN�DQG�VLJQDWXUH�RI�D�
TXDGUDWLF�IRUP��

&XVWRP�QRZ�FDOOV�IRU�D�WUHDWPHQW�RI�RUWKRJRQDO�PDWULFHV��DQG�WKH�RUWKRJRQDO�
UHGXFWLRQ�RI�D�UHDO�V\PPHWULF�PDWUL[�WR�GLDJRQDO�IRUP��)RU�WKLUG�RUGHU�PDWULFHV�
WKLV�LV�WKH�SULQFLSDO�D[LV�WUDQVIRUPDWLRQ�RI�VROLG�DQDO\WLF�JHRPHWU\��7R�VWXGHQWV�
ZKR�KDYH�FODZHG�UDWKHU�LQHIIHFWXDOO\�DW�WKLV�SUREOHP�LQ�D�JHRPHWU\�FODVV��WKH�
FRPSOHWH�VROXWLRQ�RI�WKH�SUREOHP�LV�UHYHDOLQJ��

6XFK�WKHQ��LV�WKH�FRQWHQW�RI�RXU�FRXUVH�����ZKLFK�PRVW�FDQGLGDWHV�IRU�WKH�
WHDFKHU
V�FHUWLILFDWH�ZLWK�PDMRU�LQ�PDWKHPDWLFV�WDNH�DW�:LVFRQVLQ��,W�LV�D�IDLUO\�
VXEVWDQWLDO�FRXUVH��EXW�,�EHOLHYH�,�VSHDN�IRU�P\�FROOHDJXHV�ZKHQ�,�VD\�WKDW�ZH�
DUH�QHYHU�HQWLUHO\�VDWLVILHG�ZLWK�LW��7KHUH�DUH�VR�PDQ\�WKLQJV�WKDW�LW�GRHV�QRW�
FRQWDLQ�WKDW�LW�ZRXOG�EH�JRRG�IRU�D�WHDFKHU�RI�PDWKHPDWLFV�WR�NQRZ��,W�LV�WUXH�
WKDW�D�IHZ�RI�WKH�FRQFHSWV�RI�DEVWUDFW�DOJHEUD�DUH�ZRUNHG�LQWR�LW��VXFK�DV�ILHOG��
ULQJ�DQG�JURXS��EXW�VR�PXFK�LV�RPLWWHG�WKDW�D�PRGHUQ�VWXGHQW�RI�PDWKHPDWLFV�
VKRXOG�NQRZ��

<RX�DUH�SUREDEO\�DERXW�WR�DVN�WKH�TXHVWLRQ��ZK\�GR�ZH�QRW�SXW�WKH�SURVSHF��
WLYH�WHDFKHUV�LQWR�D�VHSDUDWH�VHFWLRQ�DQG�JLYH�WKHP�DEVWUDFW�DOJHEUD��:H�KDYH�
WULHG�LW�ZLWKRXW�PXFK�VXFFHVV��0RVW�RI�RXU�(GXFDWLRQ�VWXGHQWV�DUH�QRW�LQ�WKH�
JHQLXV�FODVV�DQG�WKH\�DEVRUE�WKH�DEVWUDFW�SRLQW�RI�YLHZ�YHU\�VORZO\��$OVR�WKH\�
GR�QRW�KDYH�WKH�EDVLF�DOJHEUDLF�IDFLOLW\�QRU�WKH�IXQG�RI�LOOXVWUDWLYH�H[DPSOHV�WR�
PDNH�WKH�VXEMHFW�PHDQLQJIXO��,W�ORRNV�DV�LI�ZH�VKDOO�KDYH�WR�EH�FRQWHQW�WR�NHHS�
RXU�MXQLRU�DOJHEUD�FRXUVH�DW�D�VRPHZKDW�ROG�IDVKLRQHG�OHYHO�DQG�VXUUHSWLWLRXVO\�
WR�ZRUN�LQ�DV�PDQ\�DEVWUDFW�FRQFHSWV�DV�WKH�PDWHULDO�DOORZV��

%XW�WR�P\�PLQG�WKH�VLWXDWLRQ�LQGLFDWHV�SUHWW\�VWURQJO\�WKDW�D�ZHOO�TXDOLILHG�
WHDFKHU�RI�PDWKHPDWLFV�LQ�KLJK�VFKRRO�VKRXOG�KDYH�D�PDVWHU
V�GHJUHH�RU�DW�OHDVW�D�
OLWWOH�VXPPHU�ZRUN�EH\RQG�WKH�EDFKHORU
V�GHJUHH��7KLV�LV�QRW�D�UHYROXWLRQDU\�
VXJJHVWLRQ��EXW�WKH�UHDOO\�UDGLFDO�DQG�FRPPXQLVWLF�VXJJHVWLRQ�WKDW�,�DP�JRLQJ�
WR�PDNH�LV�WKDW�WKH�PDVWHU
V�ZRUN�VKRXOG�LQFOXGH�DW�OHDVW�RQH�FRXUVH�LQ�WKH�VXE��
MHFW�ZKLFK�WKH�FDQGLGDWH�WHDFKHV��(YHU\�VXPPHU�ZH�KDYH�WKRXVDQGV�RI�WHDFKHUV�
LQ�RXU�6XPPHU�6FKRRO��D�GR]HQ�RU�VR�RI�ZKRP�HYHU�JR�LQVLGH�1RUWK�+DOO��

:H�KDYH�IRU�DERXW�HLJKW�\HDUV�RIIHUHG�FRXUVHV�LQ�WKH�6XPPHU�6HVVLRQ�H[��
SUHVVO\�IRU�KLJK�VFKRRO�WHDFKHUV�RI�PDWKHPDWLFV��7KH\�DUH�HQWLWOHG�)RXQGDWLRQV�
RI�$ULWKPHWLF�DQG�)RXQGDWLRQV�RI�$OJHEUD��DQG�DUH�JLYHQ�LQ�DOWHUQDWH�\HDUV��
:H�KDG�EHOLHYHG�WKDW�DV�WLPH�ZHQW�RQ�WKHVH�FRXUVHV�ZRXOG�DWWUDFW�DQ�LQFUHDVLQJ�
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FOLHQWHOH��EXW�WKH�FODVVHV�UHPDLQ�VPDOO�ZKLOH�KXQGUHGV�RI�WHDFKHUV�JR�QH[W�GRRU�
IRU�FRXUVHV�LQ�WKH�3ULQFLSOHV�RI�(GXFDWLRQ��

7KH�FRXUVH�LQ�)RXQGDWLRQV�RI�$ULWKPHWLF�H[SRVHV�WKH�VWXGHQW�WR�VRPH�PRG��
HP�PDWKHPDWLFV��7KH�QDWXUDO�QXPEHUV�DUH�LQWURGXFHG�E\�PHDQV�RI�WKH�3HDQR�
SRVWXODWHV��WKH�UDWLRQDO�LQWHJHUV�DV�SDLUV�RI�QDWXUDO�QXPEHUV��WKH�UDWLRQDO�QXP��
EHUV�DV�SDLUV�RI�UDWLRQDO�LQWHJHUV��WKH�UHDO�QXPEHUV�DV�VHTXHQFHV�RI�UDWLRQDO�QXP��
EHUV��WKH�FRPSOH[�QXPEHUV�DV�SDLUV�RI�UHDO�QXPEHUV��DQG�ILQDOO\�WKH�UHDO�TXDWHU��
QLRQV�DV�WHWUDGV�RI�UHDO�QXPEHUV��7KLV�LV�+DPLOWRQ
V�LGHD�FDUULHG�WR�D� ORJLFDO�
FRQFOXVLRQ��:LWKLQ�WKLV�IUDPHZRUN�WKHUH�LV�RSSRUWXQLW\�WR�WDNH�XS� VFDOHV�RI�
QRWDWLRQ�RWKHU�WKDQ�WKH�GHFLPDO�VFDOH��SURRI�RI�WKH�UXOH�RI�FDVWLQJ�RXW�QLQHV��
DQG�D�FULWLFDO�H[DPLQDWLRQ�RI�DOO�RI�WKH�HOHPHQWDU\�RSHUDWLRQV�RI�DULWKPHWLF�LQ��
FOXGLQJ�FXEH�URRW��7KH�VWXGHQW�LV�WUHDWHG�WR�SURRIV�RI�DOO�WKH�IXQGDPHQWDO�ODZV�
RI�DULWKPHWLF�LQFOXGLQJ�WKH�IDFW�WKDW�]HUR�WLPHV�RQH�LV�]HUR��,W�LV�WUXH�WKDW�WKH�
SURRI�LV�QRW�RQH�WKDW�WKH�WHDFKHU�FDQ�VKRZ�WR�DQ�HOHPHQWDU\�VWXGHQW��EXW�DW�
OHDVW�WKH�WHDFKHU�NQRZV�WKDW�LW�LV�WUXH��

7KH�FRXUVH�KDV�EHHQ�YHU\�VXFFHVVIXO�ZLWK�WKRVH�ZKRP�ZH�KDYH�EHHQ�DEOH�WR�
SHUVXDGH�WR�WDNH�LW��7KH�SRLQW�RI�YLHZ�KDV�EHHQ�UDWKHU�ORIW\�EXW�ZH�KDYH�QRW�
UHTXLUHG�D�YHU\�KLJK�OHYHO�RI�DWWDLQPHQW�RQ�WKH�SDUW�RI�WKH�VWXGHQW�WHDFKHU��:H�
KDYH�IHOW�WKDW�LW�ZDV�VXIILFLHQW�WR�JHW�DFURVV�WKH�JHQHUDO�LGHD�ZLWKRXW�UHTXLULQJ�
WKH�PHPRUL]DWLRQ�RI�WRR�PDQ\�GHWDLOV��,Q�IDFW��WKHUH�ZDV�IUHTXHQWO\�PDUNHG�HQ��
WKXVLDVP�E\�WKH�FODVV�ZKHQ�ZH�ILQDOO\�SURYHG�VRPH�SRLQW�ZKLFK�KDG�SUHYLRXVO\�
ERWKHUHG�WKHVH�WHDFKHUV�ZKHQ�WKH\�KDG�DWWHPSWHG�WR�SUHVHQW�WKH�VXEMHFW�WR�WKHLU�
RZQ�HOHPHQWDU\�FODVVHV��

7KH�RWKHU�FRXUVH��JLYHQ�LQ�DOWHUQDWH�VXPPHUV�ZLWK�WKH�)RXQGDWLRQV�RI�$ULWK��
PHWLF��ZDV�DLPHG�DW�VWUHQJWKHQLQJ�WKH�IRXQGDWLRQV�RI�HOHPHQWDU\�DOJHEUD��,Q�
P\�RZQ�RSLQLRQ�LW�ZDV�QRW�DV�JRRG�D�FRXUVH�DV�WKH�ILUVW��$OPRVW�ZLWKRXW�H[FHS��
WLRQ�WKH�VWXGHQWV�UHJLVWHULQJ�IRU�WKH�FRXUVH�KDG�QRW�KDG�WKH�WKHRU\�RI�HTXDWLRQV��
VR�WKDW�ZH�ZHUH�XS�DJDLQVW�WKH�VLWXDWLRQ�GHVFULEHG�HDUOLHU��� 
�
�QR�WHFKQLFDO�FRP��
SHWHQFH��$V�D�UHVXOW�WKLV�FRXUVH�KDV�RYHUODSSHG�FRQVLGHUDEO\�ZLWK�WKH�WKHRU\�RI�
HTXDWLRQV��

,�DP�DIUDLG�WKDW�LQ�WKLV�FRXUVH�,�KDYH�VSHQW�VRPH�WLPH�SUHVHQWLQJ�DQWLGRWHV�WR�
VRPH�RI�WKH�LGHDV�ZKLFK�WKH�VWXGHQWV�KDYH�SLFNHG�XS�LQ�PHWKRGV�FRXUVHV�QRW�
DW�WKH�8QLYHUVLW\�RI�:LVFRQVLQ��,�KDVWHQ�WR�DGG��,�VKDOO�WDNH�MXVW�RQH�H[DPSOH��
,Q�D�PHWKRGV�FRXUVH��WKHUH�DUH�YDULRXV�GLVWLQFW�PHWKRGV�IRU�VROYLQJ�D�TXDGUDWLF�
HTXDWLRQ��IDFWRULQJ��FRPSOHWLQJ�WKH�VTXDUH��DQG�XVLQJ�WKH�IRUPXOD��%XW�IURP�WKH�
SRLQW�RI�YLHZ�RI�D�SHUVRQ�ZKR�LV�LQWHUHVWHG�LQ�IXQGDPHQWDO�SULQFLSOHV��WKHUH�LV�
MXVW�RQH��D�SURGXFW�LV�]HUR�LI�DQG�RQO\�LI�RQH�RI�LWV�IDFWRUV�LV�]HUR��

,�ZRQGHU�LI�LW�LV�UHDOO\�D�JRRG�LGHD�WR�EUHDN�GRZQ�D�VXEMHFW�VXFK�DV�DOJHEUD�
LQWR�D�ODUJH�QXPEHU�RI�VWHSV��PHWKRGV�DQG�SURFHVVHV��3HUKDSV�LW�LV�WKH�RQO\�ZD\�
ZLWK�YHU\�XQLQWHOOLJHQW�VWXGHQWV��%XW�ZLWK�VWXGHQWV�RI�PHGLXP�LQWHOOLJHQFH�RU�
DERYH��,�WKLQN�LW�LV�D�VWHS�LQ�WKH�ZURQJ�GLUHFWLRQ��7KH�QXPEHU�RI�IXQGDPHQWDO�
SULQFLSOHV�LQ�DOJHEUD�LV�VPDOO�DQG�LI�WKHVH�SULQFLSOHV�FDQ�EH�NHSW�WR�WKH�IRUHIURQW��
DQG�WKH�VWXGHQW�PDGH�WR�UHDOL]H�WKDW�KH�FDQ�UHO\�RQ�FRPPRQ�VHQVH��WKH�ZKROH�
VXEMHFW�VKRXOG�DSSHDU�YDVWO\�VLPSOLILHG��,�KDYH�RIWHQ�VDLG�WKDW�LI�,�ZHUH�WHDFKLQJ�
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D�FODVV�LQ�KLJK�VFKRRO�PDWKHPDWLFV�,�ZRXOG�ZDQW�D�URRP�ZLWK�ODUJH�EODQN�ZDOO�
VSDFHV�RQ�HLWKHU�VLGH��,Q�RQH�RI�WKHVH�VSDFHV�,�ZRXOG�KDYH�SULQWHG�LQ�ODUJH�OHWWHUV��
�$�SURGXFW�LV�HTXDO�WR�]HUR�LI�DQG�RQO\�LI�DW�OHDVW�RQH�RI�WKH�IDFWRUV�LV�]HUR���,Q�
WKH�RWKHU�EODQN�VSDFH�,�ZRXOG�SULQW���$�IUDFWLRQ�LV�HTXDO�WR�]HUR�LI�DQG�RQO\�LI�
LWV�QXPHUDWRU�LV�]HUR�DQG�LWV�GHQRPLQDWRU�LV�QRW�]HUR���$�ODUJH�DPRXQW�RI�DOJH��
EUDLF�NQRZOHGJH�LV�ORFNHG�XS�LQ�WKHVH�WZR�VWDWHPHQWV��

2QH�RI�WKH�FRPPRQHVW�PLVFRQFHSWLRQV�WKDW�,�KDYH�IRXQG�DPRQJ�WKHVH�WHDFK��
HUV�UHODWHV�WR�WKH�FRQFHSW�RI�D[LRP�RU�SRVWXODWH��,�VXSSRVH�WKLV�LV�TXLWH�QDWXUDO��
IRU�WKH�FRQFHSW�LV�WULFN\�DQG�PDQ\�ERRNV�DUH�TXLWH�ZURQJ�RU��OHW�XV�VD\��RXW�RI�
GDWH�LQ�WKHLU�XVDJH��$FWXDOO\�WKHUH�DUH�YHU\�IHZ�JHQXLQH�SRVWXODWHV�LQ�HOHPHQWDU\�
QRQ�JHRPHWULF�PDWKHPDWLFV��7KH�3RVWXODWHV�RI�3HDQR�RU�VRPH�HTXLYDOHQW�DV��
VXPSWLRQV�VHHP�WR�EH�QHFHVVDU\�IRU�WKH�LQWURGXFWLRQ�RI�WKH�SRVLWLYH�LQWHJHUV��EXW�
DIWHU�WKDW�LW�LV�VLPSO\�D�PDWWHU�RI�GHILQLQJ�D�QHZ�W\SH�RI�QXPEHU�LQ�WHUPV�RI�
WKRVH�DOUHDG\�GHILQHG��GHILQLQJ�RSHUDWLRQV�XSRQ�WKHP��DQG�WKHQ�RI�ILQGLQJ�RXW�
ZKDW�SURSHUWLHV�WKHVH�QHZ�QXPEHUV�DQG�RSHUDWLRQV�SRVVHVV��7R� FDOO�WKH�FRP��
PXWDWLYH�ODZ�RU�WKH�GLVWULEXWLYH�ODZ�DQ�D[LRP�LV�GLVKRQHVW��(LWKHU�LW�LV�WUXH�RU�
QRW�WUXH�IRU�WKH�QXPEHUV�ZLWK�ZKLFK�\RX�ZRUN��DQG�\RX�KDYH�QR�FKRLFH�ZKHWKHU�
\RX�ZLOO�DVVXPH�LW�RU�QRW��7KH�IDFW�WKDW�\RX�DUH�QRW�DEOH�WR�SUHVHQW�WKH�SURRI�
WR�DQ�HOHPHQWDU\�FODVV�GRHV�QRW�MXVWLI\�\RX�LQ�FDOOLQJ�LW�DQ�D[LRP��,W�LV�EHWWHU�WR�
PHUHO\�VD\�WKDW�WKH�QXPEHUV�ZLWK�ZKLFK�\RX�DUH�ZRUNLQJ�KDYH�WKLV�SURSHUW\��
,I�VRPH�EULJKW�VWXGHQW�FKDOOHQJHV�\RXU�VWDWHPHQW��WHOO�KLP�KRQHVWO\�WKDW�WKH�
SURRI�LV�WRR�WULFN\�IRU�SUHVHQWDWLRQ�WR�DQ�HOHPHQWDU\�FODVV��

0D\�,�SXW�LQ�D�OLWWOH�SROLWLFDO�SOXJ�EHIRUH�FORVLQJ"�,Q�WKHVH�GD\V�ZKHQ�WKH�
PDVWHU
V�GHJUHH�LV�FRPLQJ�PRUH�DQG�PRUH�WR�EH�UHTXLUHG�IRU�DGYDQFHPHQW�LQ�WKH�
SURIHVVLRQ��LV�LW�WRR�PXFK�WR�DVN�WKDW�KDOI�RI�WKH�ZRUN�WRZDUG�WKH�GHJUHH�EH�LQ�
WKH�VXEMHFW�ZKLFK�WKH�FDQGLGDWH�H[SHFWV�WR�WHDFK�RU�LQ�VRPH�UHODWHG�VXEMHFW"�
+RZ�LQILQLWHO\�PRUH�FDSDEOH�DQG�PRUH�LQVSLULQJ�ZRXOG�D�WHDFKHU�RI�DOJHEUD�EH�
LI�KH�ZHUH�QRW�RQO\�FRQYHUVDQW�ZLWK�FODVVLFDO�DOJHEUD�DV�H[HPSOLILHG�E\�D�\HDU
V�
ZRUN�LQ�DOJHEUD�EH\RQG�WKH�FDOFXOXV��EXW�LI�KH�KDG�DOVR�WDNHQ�D�JUDGXDWH�FRXUVH�
LQ�DEVWUDFW�DOJHEUD��,�GR�QRW�ZLVK�WR�LPSO\��RI�FRXUVH��WKDW�D�WHDFKHU�VKRXOG�VWDUW�
SUHVHQWLQJ�DEVWUDFW�DOJHEUD�WR�KLV�SXSLOV�LQ�KLJK�VFKRRO��EXW�,�DP�VXUH�WKDW�KH�
ZRXOG�UDGLDWH�FRQILGHQFH�DQG�HQWKXVLDVP�WR�D�GHJUHH�WKDW�ZRXOG�PDNH�KLP�D�
WUXVWHG�DQG�DGPLUHG�WHDFKHU��

)UDQNO\�,�GR�QRW�NQRZ�KRZ�VXFK�D�SURJUDP�FRXOG�EH�SXW�RYHU��,�DVVXPH�WKDW�
WKRVH�KLJK�VFKRRO�WHDFKHUV�RI�PDWKHPDWLFV�ZKR�WDNH�ZRUN�LQ�PDWKHPDWLFV�LQ�
VXPPHU�VHVVLRQV�DUH�DPRQJ�WKH�EHVW�DQG�PRVW�HQWKXVLDVWLF�LQ�WKH�KLJK�VFKRRO�
ILHOG��%XW�PRVW�RI�WKHP�DUH�QRW�YHU\�JRRG�VFKRODUV��7KH\�DUH�QRW�DV�JRRG�DV�RXU�
UXQ�RI�PLQH�MXQLRUV��3UREDEO\�WKH\�RQFH�ZHUH��EXW�DIWHU�EHLQJ�RXW�RI�WKH�DWPRV��
SKHUH�IRU�D�IHZ�\HDUV�WKH\�KDYH�GHWHULRUDWHG��:KDW�WKH�RWKHUV�DUH�OLNH�,�KDWH�WR�
WKLQN��

%XW�,�GR�QRW�VHH�KRZ�ZH�DUH�JRLQJ�WR�SHUVXDGH�KLJK�VFKRRO�WHDFKHUV�RI�PDWKH��
PDWLFV�WR�WDNH�PRUH�PDWKHPDWLFV�LQ�WKH�VXPPHU�WLPH��6FKRRO�ERDUGV�IUHTXHQWO\�
HQFRXUDJH�WHDFKHUV�WR�DWWHQG�VXPPHU�VFKRRO��EXW�WKH�VXEMHFWV�WKDW�WKH\�VKDOO�
WDNH�LV�VHOGRP�VSHFLILHG�RU��LI�LW�LV�VSHFLILHG��LW�LV�LQ�WKH�3ULQFLSOHV�RI�(GXFDWLRQ��
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$QG�D�PRUH�GHOLJKWIXO�VXPPHU�YDFDWLRQ�PD\�EH�KDG�E\�E\�SDVVLQJ�VXEMHFW�PDW��
WHU�FRXUVHV��

3RVVLEO\�VRPH�JRRG�PLJKW�EH�GRQH�LI�WKH�ERRNV�RQ�+RZ�WR�7HDFK�0DWKH��
PDWLFV�ZHUH�RI�D�OLWWOH�KLJKHU�FDOLEUH��$Q�(GXFDWLRQDO�H[SHUW�ZKR�GRHV�QRW�NQRZ�
DQ\�PDWKHPDWLFV�EH\RQG�HOHPHQWDU\�DOJHEUD�LV�QRW�LQ�D�SRVLWLRQ�WR�ZULWH�VXFK�
D� ERRN��,W�LV�SHUKDSV�DOVR�WUXH�WKDW�D�UHVHDUFK�PDWKHPDWLFLDQ�LV�QRW�DEOH�WR�
UHVWUDLQ�KLPVHOI�VXIILFLHQWO\�WR�NHHS�WKH�ERRN�ZLWKLQ�WKH�FRPSUHKHQVLRQ�RI�KLV�
DXGLHQFH��LQ�ZKLFK�FDVH�KLV�ERRN�ZLOO�VLPSO\�QRW�EH�UHDG��:KDW�ZH�UHDOO\�QHHG�
LV�DQRWKHU�-��:��<RXQJ�DQG�DQ�$PHULFDQ�'DYLG�+LOEHUW�ZKR�ZLOO�ZULWH�HOHJDQW�
EXW�HOHPHQWDU\�H[SRVLWLRQV�IRU�WKH�EHQHILW�RI�WKRVH�ZKR�DUH�QRW�YHU\�H[SHULHQFHG�
LQ�WKH�ILHOG��PHQ�ZKR�DUH�QRW�DIUDLG�WR�WHOO�OHVV�WKDQ�WKH\�NQRZ�DERXW�D�VXEMHFW�
LQ�IHDU�WKDW�VRPH�ERRN�UHYLHZHU�ZLOO�PLVMXGJH�WKH�GHSWK�RI�WKHLU�VFKRODUVKLS��

21�)$&725,=$7,21�2)�32/<120,$/6�
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���,QWURGXFWLRQ��7KH�SUREOHP�RI�GHWHUPLQLQJ��LQ�D�ILQLWH�QXPEHU�RI�VWHSV��
WKH�IDFWRUL]DWLRQ�RYHU�WKH�UDWLRQDO�ILHOG�RI�D�JLYHQ�QXPHULFDO�SRO\QRPLDO�KDV�EHHQ�
VROYHG�E\�.URQHFNHU��+LV�PHWKRG�LV�EDVHG�RQ�WKH�IDFW�WKDW��ZKHQ�WKH�SRO\��
QRPLDOV�I�[��DQG�J�[��KDYH�LQWHJUDO�FRHIILFLHQWV��I�[��FDQ�EH�GLYLVLEOH�E\�J�[��
RQO\�LI�I�Q��LV�GLYLVLEOH�E\�J�Q��IRU�DQ\�LQWHJHU�Q��(YHQ�ZKHQ�RQH�WDNHV�DGYDQWDJH�
RI�WKH�LPSURYHPHQWV�LQ�.URQHFNHU
V�PHWKRG�ZKLFK�KDYH�EHHQ�GHYHORSHG�E\�
YDULRXV�ZULWHUV��LWV�DSSOLFDWLRQ�XVXDOO\�LQYROYHV�OHQJWK\�DQG�FXPEHUVRPH�FDO��
FXODWLRQV��,Q�WKLV�SDSHU�ZH�SUHVHQW�DQ�DOWHUQDWLYH�SURFHGXUH�ZKLFK�IRFXVHV�DW��
WHQWLRQ�RQ�WKH�FRHIILFLHQWV�RI�WKH�SRO\QRPLDO��UDWKHU�WKDQ�RQ�LWV�YDOXHV�DW�WKH�
LQWHJHUV��:H�EHOLHYH�WKDW�RXU�PHWKRG�UHTXLUHV�OHVV�HIIRUW�WKDQ�.URQHFNHU
V��

���7KH�9�IXQFWLRQV��
/HW�

I�[��  � ;,� �� (� ����LVM[
��
M O�

EH�D�SRO\QRPLDO�ZLWK�UDWLRQDO�LQWHJUDO�FRHIILFLHQWV�DQG�OHDGLQJ�FRHIILFLHQW�RQH��
VM�LV�WKH�HOHPHQWDU\�V\PPHWULF�IXQFWLRQ�RI�RUGHU�M�RI�WKH�URRWV�U���U����� �� ��� UQ�RI�
I�[���:H�GHILQH�WKH�LQWHJHU�9M�NI�[��E\�PHDQV�RI�WKH�HTXDWLRQ��

9M�NI�;��  � M�UO� U���
� U����
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