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H[SHULHQFHG�JUDWLI\LQJ�LQFUHDVHV�LQ�ZHDOWK��
WHFKQRORJ\��DQG�FLYLO�ULJKWV��PL[HG�ZLWK�GLVWXUELQJ�
GHFOLQHV�LQ�WKH�ZHOO�EHLQJ�RI�PDUULDJH��IDPLOLHV��DQG�
\RXWK��7KLV�WDON�ZLOO�GHVFULEH�WKH�LQWHUUHODWHGQHVV�RI�
WKHVH�WUHQGV�DQG�WKH�FRPPXQLWDULDQ�VRFLDO�UHQHZDO�
PRYHPHQW�WKH\�KDYH�VSDUNHG��7KH�ERWWRP�OLQH��
PDUULDJH�DQG�FRYHQDQW�UHODWLRQVKLSV�DUH�DVVRFLDWHG�
ZLWK�WKULYLQJ�FKLOGUHQ��DGXOWV��DQG�FRPPXQLWLHV��
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6H[XDO�RULHQWDWLRQ��&KULVWLDQ�DQG�SV\FKRORJLFDO�SHUVSHFWLYHV�
,V�VH[XDO�RULHQWDWLRQ�D�FKRLFH"�:KDW�LQIOXHQFHV�
VH[XDO�RULHQWDWLRQ"�,V�LW�PDOOHDEOH"�:KDW�LQVLJKWV�
IURP�SV\FKRORJLFDO�UHVHDUFK�PLJKW�LQIRUP�&KULVWLDQ�
WKLQNLQJ�DQG�GHEDWHV�RYHU�FOHUJ\�RUGLQDWLRQ�DQG�JD\�
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7KH�TXDOLW\�RI�VH[XDO�UHODWLRQVKLSV�
0XFK�&KXUFK�GLVFXVVLRQ�KDV�EHHQ�FRQFHUQHG�ZLWK�
ZKHWKHU�RU�QRW�DQ\�IRUP�RI�QRQ�PDULWDO�VH[XDOLW\�LV�
SHUPLVVLEOH��,Q�WKH�KHDW�RI�WKDW�GHEDWH��WKHUH�KDV�
EHHQ�LQDGHTXDWH�DWWHQWLRQ�WR�WKH�TXDOLW\�RI�VH[XDO�
UHODWLRQVKLSV��ERWK�PDULWDO�DQG��LI�WKH\�DUH�UHJDUGHG�
DV�SHUPLVVLEOH��QRQ�PDULWDO�RQHV��,�ZLOO�GUDZ�RQ�
ERWK�WKHRORJ\�DQG�SV\FKRORJ\�LQ�DSSURDFKLQJ�WKLV�
WRSLF��7KH�WKHRORJLDQ�,�ZLOO�XVH�LV�5RZDQ�:LOOLDPV��
SDUWLFXODUO\�KLV�DUWLFOHV��,V�WKHUH�D�&KULVWLDQ�VH[XDO�HWKLF"�
DQG�7KH�ERG\·V�JUDFH��7KH�IDFW�WKDW�KH�LV�$UFKELVKRS�
RI�&DQWHUEXU\�JLYHV�KLV�YLHZV�SDUWLFXODU�LQWHUHVW�EXW��
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LQ�DGGLWLRQ��7KH�ERG\·V�JUDFH�KDV�EHHQ�FDOOHG�´WKH�EHVW�
WHQ�SDJHV�RQ�VH[µ�ZULWWHQ�LQ�WKH���WK�FHQWXU\��+LV�
DSSURDFK�LV�QRW�H[SOLFLWO\�SV\FKRORJLFDO��WKRXJK�
WKHUH�LV�D�JRRG�GHDO�RI�VRXQG�SV\FKRORJLFDO�VHQVH�
LPSOLFLW�LQ�LW��,�ZLOO�WU\�WR�GUDZ�WKDW�RXW�DQG�DUWLFXODWH�
LW�PRUH�IXOO\�WKDQ�KH�GRHV�KLPVHOI��
�
$G�YDQ�+HHVZLMN�� � �� � �� � ��
&RPPXQLW\�$GXOW�3V\FKRORJLFDO�7KHUDSLHV�
1+6�6HUYLFH��1HZSRUW��,VOH�RI�:LJKW�
7DPDU��VH[��DQG�WKH�ODZ��$�SV\FKRORJLFDO�H[SORUDWLRQ�RI�DQ�
LQWULJXLQJ�%LEOH�VWRU\�
7KH�LQWULJXLQJ�VWRU\�RI�7DPDU�DQG�-XGDK��*HQ������
WULJJHUV�ORWV�RI�TXHVWLRQV�DERXW�WKH�FRPSOH[�
UHODWLRQVKLSV�EHWZHHQ�IDLWK��VH[��JHQGHU�LVVXHV�DQG�
WKH�ODZ��WR�PHQWLRQ�EXW�D�IHZ��$IWHU�WHOOLQJ�WKH�VWRU\�
�LOOXVWUDWHG�ZLWK�VRPH�ZRUNV�RI�DUW�²�WKH�VWRU\�KDV�
DOZD\V�EHHQ�YHU\�DWWUDFWLYH�WR�SDLQWHUV���DQG�
HOXFLGDWLQJ�LW�RQ�WKH�EDVLV�RI�ELEOLFDO�DQWKURSRORJ\��,�
ZLOO�HQGHDYRXU�WR�IXUWKHU�FODULI\�WKH�VWRU\�XVLQJ�
FRQFHSWV�IURP�SV\FKRDQDO\VLV��FXOWXUDO�SV\FKRORJ\�
DQG�V\VWHPLF�WKHRU\��+RZHYHU��,�ZRXOG�DOVR�OLNH�WR�
ILQG�RXW�ZKDW�LV�WKH�PHVVDJH�LQ�WKLV�VWRU\��DERXW�D�
VHOILVK�SDWULDUFKDO�PDQ�DQG�D�FOHYHU�PDYHULFN�
ZRPDQ��ZKR�ERWK�WUDQVJUHVVHG�WKH�/DZ�DQG�\HW�
HQGHG�XS�LQ�&KULVW·V�JHQHDORJ\��0DW��������IRU�XV��� 	 
�
FHQWXU\�FLWL]HQV��,�LQWHQG�WR�GR�WKLV��HYLGHQWO\�QRW�DV�
DQ�H[HJHWH��EXW�E\�¶SOD\LQJ·�SV\FKRORJLFDOO\�ZLWK�WKH�
FRQFHSWV�RI�¶VLQ·�DQG�¶ODZ·���
/RUL�%XUNHWW�� � ��	�-DFTXHOLQH�*DWHZRRG�� �� � ��
5HJHQW�8QLYHUVLW\��9LUJLQLD��86$��
&KULVWLDQLW\�DQG�VXUYLYRUV�RI�VH[XDO�DEXVH��7KHRU\��UHVHDUFK��
DQG�SUDFWLFH�
>1%��7KLV�LV�D�WZR�KRXU�VHPLQDU�FRQWLQXHG�LQ�
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:KLOH�OHDGHUV�ZLWKLQ�WKH�ILHOG�GHEDWH�RSHUDWLRQDO�
GHILQLWLRQV�RI�VH[XDO�DEXVH��WKH�SUHVHQFH�RU�DEVHQFH�
RI�LWV�ODVWLQJ�HIIHFWV�DQG�ZKHWKHU�D�FKLOG�LV�FDSDEOH�
WR�JLYH�VH[XDO�FRQVHQW��VXUYLYRUV�FRQWLQXH�WR�VHHN�
VHUYLFHV�IURP�YDULRXV�PHQWDO�KHDOWK�DQG�UHOLJLRXV�
RUJDQL]DWLRQV��:LWKLQ�RXU�&KULVWLDQ�FRPPXQLW\��
PDQ\�VH[XDO�DEXVH�VXUYLYRUV�VWUXJJOH�WR�UHFRYHU�
IURP�WKLV�GHELOLWDWLQJ�WUDXPD��$GXOW�ZRPHQ�
VXUYLYRUV�RI�FKLOGKRRG�VH[XDO�DEXVH�DUH�LQ�QHHG�RI�
JUDFH��FRPSDVVLRQ��DQG�WKH�IUHHGRP�WR�KHDO�IURP�
WKH�GHYDVWDWLQJ�ZRXQGV�RI�WKHLU�DEXVH��+RZ�DUH�
&KULVWLDQ�PHQWDO�KHDOWK�SURYLGHUV��OD\�FRXQVHOORUV�
DQG�SDVWRUV�FKRRVLQJ�WR�UHVSRQG�WR�WKH�VSLULWXDO�DQG�
HPRWLRQDO�QHHGV�RI�WKLV�SRSXODWLRQ"�:KDW�W\SHV�RI�
UHVRXUFHV�DUH�DYDLODEOH"�8QIRUWXQDWHO\�WKHUH�LV�D�
GHDUWK�RI�HPSLULFDO�UHVHDUFK�UHODWHG�WR�WKH�YDULRXV�
LQWHUYHQWLRQV�DQG�WHFKQLTXHV�XWLOL]HG�E\�&KULVWLDQ�
PHQWDO�KHDOWK�SURYLGHUV��OD\�FRXQVHOORUV��DQG�
SDVWRUV��*LYHQ�WKDW�PDQ\�LQGLYLGXDOV�UHDFK�RXW�WR�
UHOLJLRXV�UHVRXUFHV�WR�KHOS�WKHP�DGGUHVV�D�P\ULDG�RI�
LVVXHV��DVVHVVLQJ�WKH�FKXUFK·V�UHVSRQVH�WR�ZRPHQ�
VXUYLYRUV�RI�FKLOGKRRG�VH[XDO�DEXVH�LV�HVVHQWLDO���
7KH�SXUSRVH�RI�WKLV�VHPLQDU�LV�WR�SURYLGH�D�
IUDPHZRUN�IRU�&KULVWLDQ�PHQWDO�KHDOWK�SURIHVVLRQDOV�
DQG�OD\�FRXQVHOORUV�ZKR�UHVSRQG�WR�WKH�QHHGV�RI�
VH[XDOO\�DEXVHG�ZRPHQ�LQ�D�PDQQHU�WKDW�LV�
UHVSRQVLEOH�WR�RXU�IDLWK��LQIRUPHG�E\�WKHRU\�DQG�
FXUUHQW�UHVHDUFK��DQG�FOLQLFDOO\�HWKLFDO��$GGLWLRQDOO\��
VSHFLILF�H[DPSOHV�RI�IDLWK�EDVHG�LQWHUYHQWLRQV�
FXUUHQWO\�IRXQG�ZLWKLQ�WKH�&KULVWLDQ�FRPPXQLW\�ZLOO�
EH�RIIHUHG�DQG�H[DPLQHG�LQ�OLJKW�RI�HPSLULFDO�
UHVHDUFK�DQG�EHVW�FOLQLFDO�SUDFWLFH��6HPLQDU�
SDUWLFLSDQWV�ZLOO�JDLQ�DQ�XQGHUVWDQGLQJ�RI�WKH�
FXUUHQW�VWDWH�RI�HPSLULFDO�UHVHDUFK�LQ�WKH�DUHD�RI�
IDLWK�EDVHG�LQWHUYHQWLRQV�DQG�WUHDWPHQW�IRU�VH[XDO�
DEXVH�VXUYLYRUV��DQG�ZLOO�H[DPLQH�D�ELEOLFDO�DQG�
FOLQLFDO�UDWLRQDOH�IRU�GHYHORSLQJ�D�XQLTXH�&KULVWLDQ�
DSSURDFK�WR�WKH�WUHDWPHQW�RI�VH[XDO�DEXVH��

3DUWLFLSDQWV�ZLOO�DOVR�EH�SURYLGHG�ZLWK�DQG�
HQFRXUDJHG�WR�LQWHUDFW�ZLWK�VSHFLILF�H[DPSOHV�RI�
IDLWK�EDVHG�WHFKQLTXHV�IRXQG�ZLWKLQ�YDULRXV�
UHOLJLRXVO\�FRQJUXHQW�PRGHOV�RI�WUHDWPHQW��
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&KULVWLDQV�
'UDZLQJ�XSRQ�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD�
IURP�YDULRXV�UHVHDUFK�SURMHFWV�RQ�WKH�H[SHULHQFHV�
RI�%ULWLVK�OHVELDQ�DQG�JD\�&KULVWLDQV��WKLV�SDSHU�
KLJKOLJKWV�WKH�YDULRXV�VWUDWHJLHV�WKH\�HPSOR\HG�WR�
PDQDJH�WKHLU�GLVVLGHQW�VH[XDO�LGHQWLW\�RQ�WKUHH�OHYHOV�
²�LQGLYLGXDO�FRJQLWLYH��LQWHUSHUVRQDO�VRFLDO��DQG�
LQWHUJURXS�VRFLDO��7KHVH�VWUDWHJLHV�LQFOXGH���L��
GLVFDUGLQJ�UHOLJLRQ�DOWRJHWKHU�WR�HUDGLFDWH�
SV\FKRORJLFDO�RU�LGHQWLW\�GLVVRQDQFH���LL��UHIUDLQLQJ�
IURP�¶SUDFWLVLQJ·�WKHLU�VH[XDOLW\��H�J��WKURXJK�
DVVLVWDQFH�IURP�WKH�¶H[�JD\·�PRYHPHQW��WR�PLQLPLVH�
SV\FKRORJLFDO�GLVVRQDQFH���LLL��SULYDWLVLQJ�WKHLU�
UHOLJLRXV�IDLWK�E\�GLVVRFLDWLQJ�IURP�UHOLJLRXV�
FRPPXQLW\��DQG��LY��HQJDJLQJ�ZLWK�WKH�GHEDWH�DQG�
HIIHFW�FKDQJHV�IURP�ZLWKLQ��7KH�ODVW�WZR�VWUDWHJLHV�
DUH�SUHGLFDWHG�RQ�WKHRORJLFDOO\�LQIRUPHG�
UDWLRQDOLVDWLRQ�WKDW�MXVWLILHV�WKH�DFFHSWDELOLW\�RI�WKHLU�
VH[XDOLW\�E\��IRU�LQVWDQFH��WKH�UH�LQWHUSUHWDWLRQ�RI�
UHOLJLRXV�WH[WV�DQG�WUDGLWLRQV�WKDW�VWLJPDWLVH�
KRPRVH[XDOLW\��2Q�WKH�ZKROH��WKHVH�FRQWH[W�VSHFLILF�



� �

VWUDWHJLHV��ZKLFK�DUH�DOVR�FORVHO\�LQIRUPHG�E\�WKH�
VLJQLILFDQW�FKDQJHV�RI�WKH�SDUWLFLSDQW·V�MRXUQH\�RI�
VH[XDOLW\�DQG�VSLULWXDOLW\��GHPRQVWUDWH�KRZ�
LQGLYLGXDOV�ZLWK�FRXQWHU�QRUPDWLYH�LGHQWLW\�PDQDJH�
WKHLU�OLYHV�RQ�YDULRXV�OHYHOV�LQ�RUGHU�WR�DFKLHYH�
LGHQWLW\�FRKHUHQFH��
�
&KXFN�0DF.QHH�� �� ��
7ULQLW\�:HVWHUQ�8QLYHUVLW\��%ULWLVK�&ROXPELD��
&KULVWLDQ�VH[XDO�DQG�VSLULWXDO�FRQQHFWLRQ��3UHFRQGLWLRQV�DQG�
IDFLOLWDWLQJ�HYHQWV��
8VLQJ�D�PRGLILFDWLRQ�RI�)ODQDJDQ·V��������FULWLFDO�
LQFLGHQW�PHWKRGRORJ\��ILYH�&KULVWLDQ�PHQ�DQG�ILYH�
&KULVWLDQ�ZRPHQ�ZKR�KDG�H[SHULHQFHG�SURIRXQG�
VH[XDO�DQG�VSLULWXDO�HQFRXQWHUV�GHVFULEHG�E\�
0DF.QHH��������ZHUH�DVNHG��´:KDW�ZHUH�WKH�
SUHFRQGLWLRQV�DQG�IDFLOLWDWLQJ�HYHQWV�WKDW�OHG�XS�WR�
WKRVH�PRPHQWV�RI�VH[XDO�DQG�VSLULWXDO�FRQQHFWLRQ"µ�
(PHUJLQJ�IURP�WKH�����LQFLGHQWV�DQG�IDFWRUV�WKDW�
ZHUH�HOLFLWHG�ZHUH�WKH�IROORZLQJ�HLJKW�FDWHJRULHV��
3UHFRQGLWLRQ�RI�8QVHWWOHGQHVV��3UHGLVSRVLQJ�%HOLHIV�
DQG�([SHFWDWLRQV��5HYHODWLRQ�RI�7UXWK��
5HFRQFLOLDWLRQ�WKURXJK�&RQIHVVLRQ�DQG�)RUJLYHQHVV��
3UHFHGLQJ�6SLULWXDO�(YHQW��&RPPXQLRQ�ZLWK�*RG��
6WDWH�RI�5HFHSWLYLW\��DQG�0HQWDO�DQG�6HQVRU\�
3UHSDUDWLRQ��5HVXOWV�UHYHDO�D�PDS�WKDW�FDQ�JXLGH�
SUDFWLWLRQHUV�DQG�IROORZHUV�RI�&KULVW�WR�PRUH�
KROLVWLF�LQWLPDF\��,PSOLFDWLRQV�IRU�&KULVWLDQ�
WKHRORJLFDO�SUDFWLFHV�LQ�OLJKW�RI�WKH�´FRPPRQ�
HOHPHQWVµ�OHDGLQJ�WR�WUDQVSHUVRQDO�H[SHULHQFHV�DUH�
GLVFXVVHG��&KULVWLDQV�DUH�HQFRXUDJHG�WR�GLVFRYHU�
*RG·V�SDVVLRQ�WKURXJK�WKHLU�VH[XDOLW\�DQG�HQKDQFH�
WKHLU�VH[XDO�LQWLPDF\�WKURXJK�WKHLU�VSLULWXDO�
FRQQHFWLRQ�WR�*RG��
�

/RUL�%XUNHWW�� � ��	�-DFTXL�*DWHZRRG�� �� � ��
5HJHQW�8QLYHUVLW\��9LUJLQLD��86$��
&KULVWLDQLW\�DQG�VXUYLYRUV�RI�VH[XDO�DEXVH��7KHRU\��UHVHDUFK��
DQG�SUDFWLFH��3DUW�,,��
>1%�7KLV�LV�D�FRQWLQXDWLRQ�IURP�%UHDNRXW�VHVVLRQ�
��@�
�
�

6XQGD\�VHUYLFH�
6XQGD\���$SULO�������������
5HYG�1DW�6FKOXWHU�� �� ��
6W�-DPHV�&KXUFKHV��*HUUDUGV�&URVV�DQG�)XOPHU��
,Q�WKH�LPDJH�RI�*RG�KH�PDGH�WKHP«�
�
�

3UHVHQWHUV�
�
/RUL�$��%XUNHWW�� � ��LV�D�GRFWRUDO�FDQGLGDWH�LQ�
&OLQLFDO�3V\FKRORJ\�DW�5HJHQW�8QLYHUVLW\�LQ�9LUJLQLD�
%HDFK��9LUJLQLD��6KH�LV�FXUUHQWO\�FRPSOHWLQJ�KHU�SUH�
GRFWRUDO�LQWHUQVKLS�DW�(0(5*(�0LQLVWULHV�LQ�
$NURQ��2+��&RPPLWWHG�WR�HWKLFDO�DQG�HIIHFWLYH�
WUHDWPHQW��/RUL�LQYHVWV�WLPH�LQ�YDULRXV�UHVHDUFK�
HQGHDYRXUV�DQG�LV�SXEOLVKHG�LQ�SHHU�UHYLHZHG�
MRXUQDOV��6KH�KDV�SUHVHQWHG�DW�UHJLRQDO�DQG�QDWLRQDO�
FRQIHUHQFHV�RQ�WRSLFV�UHODWHG�WR�KXPDQ�VH[XDOLW\��

DQG�WKH�LQWHJUDWLRQ�RI�SV\FKRORJ\�DQG�WKHRORJ\��6KH�
UHFHQWO\�SXEOLVKHG�D�ERRN�ZLWK�FR�DXWKRU�'U��0DUN�
<DUKRXVH���6H[XDO�,GHQWLW\��$�*XLGH�WR�/LYLQJ�LQ�WKH�
7LPH�%HWZHHQ�WKH�7LPHV�IRU�8QLYHUVLW\�3UHVV�RI�
$PHULFD���
-DFTXHOLQH�*DWHZRRG�� �� � ��LV�DQ�$VVLVWDQW�
3URIHVVRU�ZLWKLQ�WKH�6FKRRO�RI�3V\FKRORJ\�DQG�
&RXQVHOLQJ�DW�5HJHQW�8QLYHUVLW\��9LUJLQLD�%HDFK��
9LUJLQLD��'U��*DWHZRRG�WHDFKHV�FRXUVHV�ZLWKLQ�WKH�
0DVWHU·V�RI�&RXQVHOOLQJ�3URJUDP�RQ�(WKLFV��)DPLO\�
7KHUDS\�DQG�&OLQLFDO�6NLOOV��6KH�LV�D�ORFDO�DQG�
QDWLRQDO�SUHVHQWHU�RQ�LVVXHV�UHODWHG�WR�HWKLFV��JULHI�
DQG�ORVV��VFKRRO�FRXQVHOOLQJ�DQG�ODWH�OLIH�GLYRUFH��
([SDQGLQJ�KHU�LQWHUHVWV�WR�KXPDQ�VH[XDOLW\��'U��
*DWHZRRG�LV�FXUUHQWO\�ZRUNLQJ�RQ�UHVHDUFK�LQ�WKH�
DUHD�RI�VH[XDO�DEXVH�DQG�VH[XDO�LGHQWLW\��
$G�YDQ�+HHVZLMN�� � �� � �� � � ZDV�ERUQ�LQ�WKH�
WUDGLWLRQDOO\�5RPDQ�&DWKROLF�6RXWK�RI�7KH�
1HWKHUODQGV�DQG��LQ�VSLWH�RI�DQ�DGROHVFHQFH�VSHQW�DW�
0LQRU�6HPLQDU\��VWLOO�DQ�XQUXO\��QRQ�GRJPDWLF��
¶ZLOG·��&DWKROLF��6WXGLHG�SV\FKRORJ\�DW�&DWKROLF�
8QLYHUVLW\�RI�1LMPHJHQ��LQFOXGLQJ�WZR�\HDUV�
$VVLVWDQWVKLS�ZLWK�WKH�UHGRXEWDEOH�3DVWRUDO�
3V\FKRORJLVW�5HY��3URI��:LOOHP�%HUJHU��/DWHU�
SRVWJUDGXDWH�WUDLQLQJ�FRXUVHV�LQ�VHYHUDO�
SV\FKRWKHUDSLHV��:RUNHG�IRXU�\HDUV�DV�-XQLRU�
/HFWXUHU�DW�'HSDUWPHQW�RI�&OLQLFDO�3V\FKRORJ\�DQG�
3V\FKRWKHUDS\�RI�WKH�&DWKROLF�8QLYHUVLW\�RI�
7LOEXUJ��DQG�DIWHU�WKDW�HLJKWHHQ�\HDUV�DV�&OLQLFDO�
3V\FKRORJLVW��LQ�5HKDE��	�3V\FKRWKHUDSLVW��LQ�
2XWSDWLHQWV·�'HSW���LQ�3V\FKLDWULF�+RVSLWDO�RI�
0DDVWULFKW��2Q�,VOH�RI�:LJKW�VLQFH�$SULO�������
5HOHYDQW�LQWHUHVWV��&OLQLFDO�SV\FKRORJ\��
SV\FKRDQDO\VLV�RI�UHOLJLRQ��WKH�%LEOH�DQG�
SV\FKRDQDO\VLV��UHOLJLRQ�DQG�PHQWDO�KHDOWK��
WUHDWPHQW�RI�UHOLJLRXV�SURIHVVLRQDOV��
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&KXFN�0DF.QHH�� �� � UHFHLYHG�KLV�%�$��LQ�
3V\FKRORJ\�IURP�7ULQLW\�:HVWHUQ�8QLYHUVLW\�LQ�
������)ROORZLQJ�HDUQLQJ�D�0DVWHU·V�GHJUHH�LQ�
&RXQVHOOLQJ�3V\FKRORJ\�IURP�7ULQLW\�(YDQJHOLFDO�
'LYLQLW\�6FKRRO�LQ�'HHUILHOG��,OOLQRLV��KH�WDXJKW�
XQGHUJUDGXDWH�SV\FKRORJ\�DQG�FRXQVHOOHG�LQ�D�
FRPPXQLW\�FRXQVHOOLQJ�DJHQF\�DW�6LPSVRQ�&ROOHJH�
LQ�6DQ�)UDQFLVFR��&$��,Q������KH�UHWXUQHG�WR�KLV�
DOPD�PDWHU�WR�WHDFK�SV\FKRORJ\�DQG�FRPSOHWHG�KLV�
GRFWRUDWH�LQ�&RXQVHOOLQJ�3V\FKRORJ\�IURP�
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD�LQ�������+H�LV�
GLUHFWRU�RI�D�SULYDWH�FRXQVHOOLQJ�SUDFWLFH�DQG�KDV�
ZRUNHG�ZLWK�PHQWDO�KHDOWK�DJHQFLHV�LQ�ORFDO�
FRPPXQLWLHV��0DUULHG�VLQFH������ZLWK�WKUHH�
FKLOGUHQ�ERUQ�LQ�������������DQG�������KLV�
TXDOLWDWLYH�UHVHDUFK�LQWHUHVWV�LQFOXGH�VH[XDOLW\��
VSLULWXDOLW\�LQ�WKHUDSHXWLF�LQWHUYHQWLRQV�DQG�
UHODWLRQVKLSV��DQG�WKH�UHODWLRQVKLS�EHWZHHQ�VH[XDOLW\�
DQG�VSLULWXDOLW\���
'DYLG�0\HUV�� �� ��LV�D�VRFLDO�SV\FKRORJLVW�DQG�
FRPPXQLFDWRU�RI�SV\FKRORJLFDO�VFLHQFH�WR�FROOHJH�
VWXGHQWV�DQG�WKH�JHQHUDO�SXEOLF��+LV�VFLHQWLILF�
ZULWLQJV�KDYH�DSSHDUHG�LQ�PRUH�WKDQ�WKUHH�GR]HQ�
SHULRGLFDOV��LQFOXGLQJ�6FLHQFH��WKH�$PHULFDQ�3V\FKRORJLVW��
DQG�3V\FKRORJLFDO�6FLHQFH��0\HUV�KDV�GLJHVWHG�
SV\FKRORJLFDO�UHVHDUFK�IRU�WKH�SXEOLF�WKURXJK�
DUWLFOHV�LQ�PRUH�WKDQ�WKUHH�GR]HQ�PDJD]LQHV��DQG�
WKURXJK�ILIWHHQ�ERRNV��7KHVH�LQFOXGH�7KH�3XUVXLW�RI�
+DSSLQHVV��:KR�,V�+DSS\²DQG�:K\��������DQG�
,QWXLWLRQ��,WV�3RZHUV�DQG�3HULOV���������+LV�WH[WV�IRU�
LQWURGXFWRU\�DQG�VRFLDO�SV\FKRORJ\�DUH�VWXGLHG�E\�
VWXGHQWV�DW�VRPH������FROOHJHV�DQG�XQLYHUVLWLHV�DQG�
WUDQVODWHG�LQWR�HLJKW�ODQJXDJHV��2WKHU�ERRNV�UHODWH�
SV\FKRORJLFDO�VFLHQFH�WR�UHOLJLRXV�IDLWK��LQFOXGLQJ�
3V\FKRORJ\�7KURXJK�WKH�(\HV�RI�)DLWK��ZLWK�0DOFROP�
-HHYHV���������������
5HYG��1DW�6FKOXWHU�� � ��
 ��LV�FXUDWH�DW�6W�-DPHV�
&KXUFKHV��*HUUDUGV�&URVV�DQG�)XOPHU��ZKHUH�KH�

KHOSV�WR�FRRUGLQDWH�WKH�ZRUN�DPRQJ�WKRVH�DJHG����
����DQG�UXQV�WKHLU�GLVFLSOHVKLS�FRXUVH�DQG�&KULVWLDQ�
7UDLQLQJ�6FKRRO��)ROORZLQJ�KLV�GRFWRUDO�ZRUN�LQ�
FRJQLWLYH�QHXURVFLHQFH�ZLWK�'LFN�3DVVLQJKDP��1DW�
UHPDLQHG�LQ�2[IRUG�WR�FRPSOHWH�KLV�WKHRORJLFDO�
WUDLQLQJ�DW�:\FOLIIH�+DOO��+H�LV�PDUULHG�WR�+HOHQ��
DQG�WKH\�KDYH�WZR�\RXQJ�FKLOGUHQ��
5HYG��)UDVHU�:DWWV�� �� ��LV�6WDUEULGJH�/HFWXUHU�LQ�
7KHRORJ\�DQG�1DWXUDO�6FLHQFH�DW�WKH�)DFXOW\�RI�
'LYLQLW\�RI�WKH�8QLYHUVLW\�RI�&DPEULGJH��'LUHFWRU�
RI�WKH�3V\FKRORJ\�DQG�5HOLJLRQ�5HVHDUFK�
3URJUDPPH��)HOORZ�RI�4XHHQV·�&ROOHJH��&DPEULGJH��
DQG�9LFDU�&KDSODLQ�RI�6W�(GZDUG�.LQJ�DQG�0DUW\U��
&DPEULGJH��3ULRU�WR�KLV�FXUUHQW�SRVWV��)UDVHU�ZDV�
+HDG�RI�WKH�'HSDUWPHQW�RI�&OLQLFDO�3V\FKRORJ\�DW�
.LQJ·V�&ROOHJH�+RVSLWDO��/RQGRQ��DQG�VXEVHTXHQWO\�
6HQLRU�6FLHQWLVW�DW�WKH�0HGLFDO�5HVHDUFK�&RXQFLO·V�
$SSOLHG�3V\FKRORJ\�8QLW�LQ�&DPEULGJH��+H�LV�WKH�
IRXQGLQJ�HGLWRU�RI�WKH�MRXUQDO�&RJQLWLRQ�DQG�(PRWLRQ�
DQG�LV�D�IRUPHU�3UHVLGHQW�RI�WKH�%ULWLVK�
3V\FKRORJLFDO�6RFLHW\��+H�KDV�ZULWWHQ�RU�HGLWHG�
IRXUWHHQ�ERRNV�DQG�LV�WKH�DXWKRU�RI�PRUH�WKDQ�����
MRXUQDO�DUWLFOHV�DQG�FKDSWHUV��)UDVHU�ZDV�D�
FRQWULEXWRU�WR�%HLQJ�+XPDQ��3RZHU��0RQH\��6H[��DQG�
7LPH��D�UHSRUW�RI�WKH�'RFWULQH�&RPPLVVLRQ�RI�WKH�
*HQHUDO�6\QRG�RI�WKH�&KXUFK�RI�(QJODQG��
$QGUHZ�.�7��<LS�� �� ��LV�6HQLRU�/HFWXUHU�RI�
6RFLRORJ\��+H�KDV�SXEOLVKHG�H[WHQVLYHO\�RQ�WKH�LVVXH�
RI�KRPRVH[XDOLW\�DQG�UHOLJLRQ��&KULVWLDQLW\�DQG�
,VODP���+H�LV�WKH�DXWKRU�RI�*D\�0DOH�&KULVWLDQ�
&RXSOHV��/LIH�6WRULHV��������3UDHJHU���DQG�DUWLFOHV�LQ�
MRXUQDOV�VXFK�DV�WKH�%ULWLVK�-RXUQDO�RI�6RFLRORJ\��
)HPLQLVP�DQG�3V\FKRORJ\��DQG�6RFLRORJ\�RI�5HOLJLRQ��


