
��D��5HSRUWV�RQ�-8$&(3�3URJUDP�

���/HDUQLQJ�RXWFRPHV�
���([SHULHQFHV�LQ�-DSDQ�
���3URJUDP�FRQWHQWV�
���,QIOXHQFH�RI�WKH�FDUHHU�VWDJH�
���2WKHU�FRQWHQWV�

ŤƐƅƄƕƌƖƋŃŮƕƌƖƋƑƄƑƄƑƇŃŧƈƖƄƌŃ
��� /LQHDU� RSWLPDO� FRQWURO� IRU� VWDELOL]DWLRQ� RI� URWDU\� VLQJOH� DQG� GRXEOH� LQYHUWHG�
SHQGXOXP��+DUGZDUH�LPSOHPHQWDWLRQ�RI�WKH�FORVHG�ORRS�IHHGEDFN�ODZ�IRU�VLQJOH�DQG�
GRXEOH�URWDU\�LQYHUWHG�SHQGXOXP��
1RQOLQHDU�RSWLPDO�FRQWURO� IRU� VZLQJ�XS�DQG�VWDELOL]DWLRQ�RI� URWDU\�VLQJOH� LQYHUWHG�
SHQGXOXP��6LPXODWLRQV�LQ�6LP0HFKDQLFV�DQG�0DWODE��

���2EVHUYHG� SXEOLF� OLIH� LQ� -DSDQ� DQG� DSSUHFLDWH� WKH� IULHQGOLQHVV� RI� SHRSOH� KHUH��
9LVLWHG�ORWV�RI�SODFHV�QHDUE\�DQG�WKH�EHDXWLIXO�WRXULVW�VSRWV��7KH�EHVW�WKLQJ�,�OLNHG�
KHUH�LV�WKH�DEVHQFH�RI�FULPH��7KHUH�ZDV�DEVROXWHO\�QR�IHDU�LQ�JRLQJ�WR�DQ\�SODFH�HYHQ�
ZLWKRXW�WKH�NQRZOHGJH�RI�ORFDO�ODQJXDJH��

���7KH�SURJUDP�ORRNV�ZHOO�EDODQFHG��

���7KLV�SURJUDP�KDV�JLYHQ�PH�DQ�RSSRUWXQLW\�ZLWK�DFWXDO�KDUGZDUH�LPSOHPHQWDWLRQ�
RI�FRQWURO� ODZV��,Q�DGGLWLRQ�LW�KDV�DOORZHG�PH�WR�VWXG\�DQG�H[SRVH�P\VHOI�WR�WKH�
1RQOLQHDU�FRQWURO�GRPDLQ��ZKHUHLQ�,�KDG�QR�SUHYLRXV�NQRZOHGJH�RU�H[SHULHQFH��7KLV�
ZLOO�GHILQLWHO\�EHQHILW�P\�SURILOH�ZKHWKHU�,�DP�JRLQJ�IRU�D�SURIHVVLRQDO�MRE�RU�D�3K'��

ŽƋƈƑƜƘŃŪƄƑŃ
���$V�DQ�H[FKDQJLQJ�VWXGHQW�RI�1DJR\D�8QLYHUVLW\��LQ�WKLV�WKUHH�PRQWKV�,�OHDUQ�D�ORW��
,Q�WKH�ODERUDWRU\�RI�3URI��<$0$'$�,�KDYH�OHDUQHG�WKH�EDVLF�FRQFHSWV�VXFK�OLNH�30(,'��
+0(,'� DQG� LWV� DSSOLFDWLRQV� LQ� DOO� NLQGV� RI� VLWXDWLRQV�� ,� KDYH� GHVLJQHG� WKH�0(,'�
KRUL]RQWDO�FDUW�PRGHO�DQG�PDGH�H[SHULPHQWV�WR�YHULI\�P\�DVVXPSWLRQV�DQG�WULHG�WR�
DQDO\VH�DQG�ILQG�RSWLPDO�SDUDPHWHUV��$FWXDOO\�WKH�WRSLFV�KHUH�DUH�TXLWH�VLPLODU�ZLWK�
P\�UHVHDUFK�LQ�8QLYHUVLW\�RI�0LFKLJDQ��7KH�PHWKRG�DQG�IUDPHZRUN�,�XVHG�SUHYLRXVO\�
FRXOG�GLUHFWO\�EH�DSSOLHG�WR�WKH�UHVHDUFK�KHUH��%HVLGHV�WKH�GLIIHUHQW�PHWKRG�ZH�XVHG��
ZH�JRW�VLPLODU�UHVXOWV��6R�ZH�KDYH�WKH�RSSRUWXQLW\�WR�FRPSDUH�WKH�SURV�DQG�FRQV�RI�
RXU�RZQ�ZD\V�RI�VROXWLRQ�WKHQ�PDNH�DQ�LPSURYHPHQW��
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���1RW�RQO\�LQ�WKH�ODERUDWRU\�RI�3URI��<$0$'$�,�KDYH�OHDUQHG�WKH�EDVLF�FRQFHSWV�VXFK�
OLNH�30(,'��+0(,'���EXW�DOVR�OHDUQ�WKH�RUGLQDU\�OLIH�LQ�-DSDQ��(YHU\�)ULGD\�DIWHUQRRQ�
LQ�3URI��<$0$'$�
V�/DE�ZH�KDYH�D�VHPLQDU��D�ORW�RI�SUHVHQWDWLRQV�RQ�YDULRXV�WRSLFV�
ZLOO� EH� GHOLYHUHG�� (DFK� VWXGHQW� LQ� RXU� ODERUDWRU\� VKRZV� WKHLU� UHFHQW� UHVHDUFK��
VRPHWLPH�ZH�KDYH�D�GHEDWH�EXW�,�EHOLHYH�WKLV�NLQG�RI�GLVFXVVLRQV�KHOSV�XV�KDYH�D�
EHWWHU�XQGHUVWDQGLQJ�RI�RXU�RZQ�UHVHDUFK��%HVLGHV�RI�WKH�UHVHDUFK�LQ�WKH�/DERUDWRU\�
,� WUDYHO� DURXQG� -DSDQ� WR� VHH� WKH�GDLO\� OLIH� RI� -DSDQHVH� SHRSOH� DQG� WKH� EHDXWLIXO�
VFHQHU\�KHUH��(YHQ�WKRXJK�VRPHWLPHV�ZH�KDYH�D�KDUG�WLPH�WR�FRPPXQLFDWH�ZLWK�
HDFK�RWKHU��,�FDQ�IHHO�WKHLU�NLQGQHVV�DQG�IULHQGO\��

���7KHUH�DUH�ORWV�RI�DFWLYLWLHV�LQ�WKLV�SURJUDP��:H�KDYH�EHHQ�YLVLWHG�WKH�FRPSDQ\�RI�
7R\RWD�DQG�WKH�PXVHXP�RI�-5�WUDLQ��:H�DOVR�KDYH�EHHQ�WR�*LIX�WR�VHH�WKH�FRUPRUDQW�
ILVKLQJ��%HVLGHV�WKLV�NLQG�RI�YLVLWLQJ�ZH�DOVR�LQYROYHG�LQ�VRPH�UHDO�KDQG�H[SHULPHQW�
VXFK�OLNH�WKH�DVVHPEOLQJ�LQWHUQDO�FRPEXVW�HQJLQH��$OVR��WKHUH�DUH�DOO�NLQGV�RI�OHFWXUHV�
ZH�FRXOG�DWWHQG��-XVW�\HVWHUGD\�,�DWWHQG�D�SXEOLF�OHFWXUH�WDONHG�DERXW�WKH�HOHFWULFDO�
YHKLFOHV�ZKLFK�LPSUHVVHG�PH�D�ORW��

���,Q�WKLV�SHULRG��,�KDYH�WR�UHVHDUFK�RQ�VRPHWKLQJ�,
P�QRW�IDPLOLDU�ZLWK�DW�WKH�YHU\�
EHJLQQLQJ��(YHU\WKLQJ�VHHPV�TXLWH�VWUDQJH�WR�PH��HYHQ�VLPSOH�HTXLSPHQW�VXFK�OLNH�
WKH�HQFRGHU�DQG�DFFHOHURPHWHU�EHFDXVH�RI�WKH�ODQJXDJH�DQG�GLIIHUHG�VRIWZDUH�WKH\�
XVHZKLFK�PDNHV�PH�YHU\�GLIILFXOW�IRU�PH�WR�JHW�XVHG�WR��%XW�D�ORW�RI�P\�ODERUDWRU\�
PHPEHUV�DUH�YHU\�IULHQGO\��WKH\�JLYH�PH�D�ORW�RI�KHOS�DQG�DIWHU�D�ZKLOH�,�FRXOG�DSSO\�
P\�SUHYLRXV�H[SHULHQFH�YHU\�IDVW��6R�,�KDYH�PRUH�FRQILGHQFH�LQ�P\VHOI�WR�D�VWUDQJH�
SODFH��,�WKLQN�DOO�WKHVH�H[SHULHQFHV�FRXOG�KHOS�PH�LQ�WKH�IXWXUH�ZRUNV��

���7R�EH�KRVW��,�UHDOO\�OLNH�WKLV�SODFH��MXVW�OLNH�,�WROG�P\�ODSLGDU\�PHPEHUV��LI�,�KDYH�
RSSRUWXQLW\�,�ZLOO�FRPH�EDFN�DJDLQ�ZLWK�P\�IDPLO\�WR�WUDYHO�DURXQG�KHUH�DQG�YLVLW�DOO�
P\�-DSDQHVH�IULHQGV��

ūƄƒŃźƄƑƊŃ
��� ,� KDYH� DOUHDG\� FRPSOHWHG� P\� UHVHDUFK� WRSLF� ZKLFK� LV� UHODWHG� WR� UHDOL]LQJ�
VHOI�VHQVLQJ�PDJQHWLF�OHYLWDWLRQ�XVLQJ�KDOO�VLJQDO��,Q�P\�UHVHDUFK��HVWLPDWHG�SRVLWLRQ�
RI�WKH�OHYLWDWHG�EORFN�LV�FRQVWUXFWHG�E\�D�QRQOLQHDU�UHODWLRQVKLS�EHWZHHQ�KDOO�VLJQDO�
DQG�FXUUHQW�VLJQDO��%\�GRLQJ�WKLV��ZH�FDQ�UHGXFH�WKH�H[SHQVH�DQG�VSDUH�PRUH�VSDFH�
LQ� WKH� SK\VLFDO� GHYLFH� FRPSDUHG� WR� WKH� FRQYHQWLRQDO� PDJQHWLF� OHYLWDWLRQ� XVLQJ�
SRVLWLRQ� VHQVRU�� )XUWKHUPRUH�� WKLV�PHWKRGRORJ\� FDQ� EH� H[WHQGHG� IURP� �'2)� WR�
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KLJKHU�GHJUHH�RI�IUHHGRP�VLWXDWLRQ��

���'XULQJ�WKLV�WKUHH�PRQWKV��,�KDYH�H[SHULHQFHG�WKH�-DSDQHVH�FXOWXUH�IURP�PDQ\�
DVSHFWV��-DSDQHVH�SHRSOH�DUH�IULHQGO\�DQG�QLFH�WR�PH��-DSDQHVH�FXLVLQH�LV�GHOLFLRXV��
,�KDYH�OHDUQHG�-DSDQHVH�FXOWXUH�DQG�KLVWRU\�ERWK�IURP�P\�ODE�PHPEHUV�DQG�P\�
WUDYHO�WR�7RN\R��.\RWR��2VDND��1DUD�DQG�+LURVKLPD��

���%DVLFDOO\��,�QHHG�WR�GR�WKH�UHVHDUFK�LQGHSHQGHQWO\�ZKLFK�LV�DVVLJQHG�E\�P\�DGYLVRU��
(YHU\�ZHHN��,�KDYH�D�FKDQFH�WR�GLVFXVV�P\�UHVHDUFK�ZLWK�P\�DGYLVRU�DQG�JHW�VRPH�
XVHIXO� LGHD� IURP� KLP�� 6HOI�PRWLYDWLRQ� LV� YHU\� LPSRUWDQW�� ZH� QHHG� WR� OHDUQ� E\�
RXUVHOYHV�DQG�WU\�WR�FROODERUDWH�ZLWK�ODE�PHPEHUV�E\�RYHUFRPLQJ�WKH�REVWDFOH�RQ�
FRPPXQLFDWLRQ�� � -8$&(3� DOVR� SURYLGHV� RWKHU� RSWLRQDO� FRXUVHV�� OHFWXUHV� IRU�
HQULFKLQJ�RXU�OLYHV�KHUH��

��� 6LQFH� ,� KDYH� SODQQHG� WR� DSSO\� IRU� GRFWRUDO� GHJUHH� DIWHU� ,� JUDGXDWHG� IURP�
8QLYHUVLW\�RI�0LFKLJDQ��WKLV�SURJUDP�SURYLGHV�PH�D�JUHDW�FKDQFH�WR�GR�D�SURMHFW�E\�
P\VHOI��$QG�LW
V�DOVR�JUHDW�WR�OLYH�LQ�DQRWKHU�FRXQWU\�IRU���PRQWKV��,�ZLOO�EHQHILW�IURP�
WKLV�H[SHULHQFH�IRU�OLIH�ORQJ��

ŰƌƆƋƄƈƏŃťƌƊƄƑƊŃŧƌƑƊŃ
��� )RU� WKH� -8$&(3� SURJUDP�� ,� VWD\HG� DW� 3URI�� -X
V� ODE� DQG� GLG� UHVHDUFK� RQ�
QRQ�FRQWDFW� DWRPLF� IRUFH� PLFURVFRS\�� ,� OHDUQHG� DERXW� FODVVLFDO� $)0� DQG� DOVR�
PLFURZDYH�EDVHG�$)0�WHFKQLTXHV��

��� ,� UHDOO\� HQMR\HG� P\� VWD\� LQ� -DSDQ�� -DSDQHVH� FXOWXUH� DQG� ODQJXDJH� LV� YHU\�
IDVFLQDWLQJ��$OVR��WKH�UHVWDXUDQWV��WRXULVW�DWWUDFWLRQV��DQG�VKRSSLQJ�FHQWHUV�LQ�-DSDQ�
JDYH�PH�D�UHDOO\�JRRG�RYHUDOO�H[SHULHQFH�RI�OLIH�LQ�1DJR\D��

��� � ����/DERUDWRU\�H[SHULHQFH�� �
����:RUNLQJ�ZLWK�-DSDQHVH�VWXGHQWV�DQG�SURIHVVRUV��
����/HDUQLQJ�-DSDQHVH�FXOWXUH�DQG�ODQJXDJH�� �
����/LYLQJ�LQGHSHQGHQWO\�LQ�D�IRUHLJQ�FRXQWU\��

���,Q�WKH�IXWXUH��,�ZLOO�EH�PRUH�ZLOOLQJ�WR�VWXG\�DQG�ZRUN�LQ�D�IRUHLJQ�FRXQWU\��0\�
H[SHULHQFH� LQ�3URI��-X
V� ODERUDWRU\�WDXJKW�PH�PDQ\�QHZ�LGHDV�DQG�WHFKQLTXHV� LQ�
UHVHDUFK��
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���2YHUDOO��LW�ZDV�D�JUHDW�H[SHULHQFH�DQG�,�ZLOO�UHFRPPHQG�WKH�-8$&(3�SURJUDP�WR�
RWKHU�JUDGXDWH�VWXGHQWV�LQ�WKH�8QLWHG�6WDWHV��

űƌƖƋƄƑƗŃŰƄƜƘƕŃűƄƕƈƆƋƄƑƌƄŃ
��� ,� ZRUNHG� XQGHU� WKH� JXLGDQFH� RI� 3URIHVVRU� .LWDPXUD� LQ� WKH� 'HSDUWPHQW� RI�
$HURVSDFH�(QJLQHHULQJ��0\� UHVHDUFK�ZDV�EDVHG�RQ�QXPHULFDO�PRGHOLQJ�RI� VSDFH�
SK\VLFV�SKHQRPHQD��7KLV�LV�VRPHWKLQJ�,�KDG�QHYHU�WULHG�EHIRUH�WKRXJK�DOZD\V�KDG�D�
VWUDQJH�IDVFLQDWLRQ�WRZDUGV�LW��,�EHOLHYH�,�KDYH�VXFFHVVIXOO\�FRPSOHWHG�P\�UHVHDUFK�
DQG�JDLQHG�YDOXDEOH�H[SHUWLVH�WKURXJK�LW��,�KDYH�GHFLGHG�WR�SXUVXH�WKLV�ILHOG�IXUWKHU�
DQG�QRZ�DOVR�LQWHQG�WR�GR�D�3K'�LQ�LW��

���'XULQJ�P\�VWD\�LQ�-DSDQ��,�KDG�WKH�RSSRUWXQLW\�WR�YLVLW�PDQ\�SODFHV�KHUH��,�YLVLWHG�
7RN\R��.\RWR��+LURVKLPD��1DUD� WR�QDPH�D� IHZ�� ,� VDZ�PDQ\� WHPSOHV�DQG�VKULQHV�
ZKLFK�FRPSULVH� WKH� ULFK�KLVWRU\�RI� -DSDQ�� ,� FOLPEHG�0RXQW�)XML�ZKLFK� LV� -DSDQ
V�
KLJKHVW�PRXQWDLQ�DQG�DOVR�D�YROFDQR��7KH�JUHDWHVW�H[SHULHQFH�IRU�PH�ZDV�WR�OLYH�OLNH�
D�%XGGKLVW�PRQN�IRU�RQH�GD\�DW�D�WHPSOH�LQ�0RXQW�.R\D��,�KDG�VKRMLQ�U\RUL�IRU�PHDOV�
DQG� DOVR� MRLQHG� WKH�PRQNV� LQ� WKH� HDUO\� PRUQLQJ� SUD\HUV�� $OVR�� WKH� KRW� VSULQJV�
�RQVHQ��LQ�*HUR�ZDV�D�ILUVW�RI�LWV�NLQG�H[SHULHQFH�ZKLFK�,�PD\�QRW�JHW�DQ\ZKHUH�HOVH��
,�ZRXOG�DOVR�OLNH�WR�SRLQW�RXW�WKH�KHOSIXOQHVV�DQG�FRXUWHRXV�QDWXUH�RI�WKH�-DSDQHVH�
SHRSOH�ZKLFK�,�KDYH�QHYHU�VHHQ�LQ�DQ\�RWKHU�FRXQWU\�,�KDYH�YLVLWHG�VR�IDU��

���7KH�SURJUDP�ZDV�HVVHQWLDOO\�FHQWHUHG�RQ�UHVHDUFK�ZLWK�D�IDFXOW\��,W�DOVR�FRQWDLQHG�
DGG�RQV� OLNH� WKH� OHFWXUH� VHVVLRQV�� 7KH� SDUW� ZKLFK� ,� OLNHG� WKH� PRVW� ZDV� WKH�
GLVDVVHPEO\�DQG�UHDVVHPEO\�RI�D�PLFUR�PRGHO�RI�WKH�LQWHUQDO�FRPEXVWLRQ�HQJLQH��
$OWKRXJK�WKLV�LV�QRW�P\�DUHD�RI�UHVHDUFK��LW�ZDV�D�KXJH�OHDUQLQJ�H[SHULHQFH��,�KDG�
DOZD\V�NQRZQ�WKH�WKHRU\�DERXW�,�&��HQJLQHV�IURP�WKH�FRXUVHV�GXULQJ�P\�%DFKHORUV�
EXW�KDG�QHYHU�HQFRXQWHUHG�WKHP�KDQGV�RQ��7KLV�ZDV�WKH�ILUVW�KDQGV�RQ�VHVVLRQ�RI�
LWV� NLQG� IRU� PH� ZKLFK� JDYH� D� WKRURXJK� LGHD� RI� LWV� ZRUNLQJ�� 7KH� SURJUDP� DOVR�
DUUDQJHG�DQ�LQGXVWU\�YLVLW�WR�WKH�7R\RWD�DVVHPEO\�OLQH�ZKLFK�JDYH�PH�JUHDW�LQVLJKW�
LQWR�WKH�PDQXIDFWXULQJ�RI�D�FDU��7KH�WUDGLWLRQDO�FRUPRUDQW�ILVKLQJ�ZDV�VRPHWKLQJ�,�
KDG�QR�NQRZOHGJH�RI�SULRU�WR�-DSDQ��

���&RQGXFWLQJ�UHVHDUFK�LQ�D�IRUHLJQ�FRXQWU\�LV�DOZD\V�D�YDOXDEOH�DVVHW�WR�WKH�&9��,W�
LQGLFDWHV�H[SHULHQFH�LQ�ZRUNLQJ�LQ�D�QHZ�XQIDPLOLDU�HQYLURQPHQW�DQG�DGDSWLQJ�WR�WKH�
XQLYHUVLW\�FXOWXUH�RI�DQRWKHU�FRXQWU\��7KLV�JRHV�D�ORQJ�ZD\�LQ�LQFUHDVLQJ�\RXU�MRE�
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SURVSHFWV�DQG�FKDQFHV�IRU�IXUWKHU�KLJKHU�VWXGLHV��7KH�LQWHUQDWLRQDO�H[SHULHQFH�DOVR�
KHOSHG�PH�DV�D�JUHDW�FRQILGHQFH�EXLOGHU��$OVR��DV�D�UHVXOW�RI�LQWHUDFWLQJ�ZLWK�SHRSOH�
IURP�DOO�RYHU�WKH�ZRUOG�JDWKHUHG�KHUH�IRU�WKHLU�UHVHDUFK�GHJUHH�PDGH�PH�EHWWHU�
HTXLSSHG�VRFLDOO\�IRU�LQWHUDFWLQJ�ZLWK�WKH�LQWHUQDWLRQDO�FURZG��,�DP�SUHWW\�VXUH�WKLV�
ZLOO�KHOS�PH�LQ�IXWXUH�ZKHQ�ZRUNLQJ�D�PXOWLQDWLRQDO�RUJDQL]DWLRQ��

ŶƕƌƕƄƐŃŪƄƑƈƖƄƑŃ
��� ,� ZDV� LQWURGXFHG� WR� WKH� WKHRU\� RI� GLVORFDWLRQV� DQG� SHUIRUPHG� 0RQWH� &DUOR�
VLPXODWLRQV� RI� SRO\�FU\VWDO� SODVWLFLW\� XVLQJ� WKLV� DSSURDFK�� 7KH� -8$&(3� SURJUDP�
KHOSHG�PH�DXJPHQW�P\�UHVHDUFK�DW�8QLYHUVLW\�RI�0LFKLJDQ�E\�H[SRVLQJ�PH�WR�WKH�
UHVHDUFK�LQ�WKLV�ILHOG�KHUH��7KH�-DSDQHVH�ODQJXDJH�FODVVHV�KHOSHG�PH�WR�JHW�D�JUDVS�
RI�WKLV�EHDXWLIXO� ODQJXDJH��7KH�OHFWXUHV�LQ�3URGXFWLRQ�(QJLQHHULQJ�DQG�WKH�7R\RWD�
0RWRU� )DFWRU\� WULS� KHOSHG�XV� WR� JHW� DQ� LQVLJKW� LQWR� WKH� DGYDQFHG�PDQXIDFWXULQJ�
SUDFWLFHV�LQ�-DSDQ�� �

���7KH�ILUVW�WKLQJ�WKDW�VWULNHV�DERXW�-DSDQ�LV�WKH�SROLWHQHVV�DQG�KXPLOLW\�RI�HYHU\�
SHUVRQ� WKDW�RQH�PHHWV��7KH�DUUDQJHPHQWV�DW� ,QWHUQDWLRQDO�5HVLGHQFH�DW�1DJR\D�
8QLYHUVLW\�PDGH�XV�IHHO�DW�KRPH��7KURXJK�WKLV�LQWHUQVKLS��,�ZDV�DOVR�IRUWXQDWH�WR�
YLVLW�SODFHV�VXFK�DV�7RN\R��.\RWR��1DUD�DQG�0W��)XML�DQG�,�WKURXJKO\�HQMR\HG�WKH�
FXOWXUH�DQG�KRVSLWDOLW\�HYHU\ZKHUH��7KHUH�ZHUH�PDQ\�LQVWDQFHV�ZKHUH�SHRSOH�FDPH�
D�ORQJ�ZD\�WR�KHOS�XV�RXW��,�ZRXOG�GHILQLWHO\�UHFRPPHQG�-DSDQ�WR�P\�IULHQGV�DQG�
FROOHDJXHV�� �

���7KH�SURJUDP�FRQWHQWV�ZHUH�LGHDO�DQG�KHOSHG�PH�WR�GHOYH�GHHS�LQWR�UHVHDUFK�WRSLF�
ZKLOH�DW�WKH�VDPH�WLPH�KHOSLQJ�PH�LQ�DSSUHFLDWLQJ�WKH�ODQJXDJH�DQG�FXOWXUH��7KH�
7R\RWD�0RWRU�)DFWRU\�7ULS�DORQJ�ZLWK�YLVLW� WR�1DJDUD�5LYHU� WR�ZDWFK�*LIX� ILVKLQJ��
RUJDQL]HG�E\� WKH�-8$&(3�WHDP�ZDV�RQH�RI� WKH�PRVW�HQMR\DEOH�H[SHULHQFHV��7KH�
-DSDQHVH�ODQJXDJH�FODVVHV�KHOSHG�PH�WR�JHW�D�JUDVS�RI�WKH�ODQJXDJH��,Q�P\�RSLQLRQ��
D�IHZ�PRUH�-DSDQHVH�FODVVHV�ZRXOG�KHOS�LQ�FRQYHUVLQJ�EHWWHU��

���,�DP�HQWHULQJ�WKH��QG�\HDU�LQ�P\�3K'�SURJUDP�DQG�WKLV�LQWHUQVKLS�JDYH�PH�DQ�
LPSRUWDQW�H[SRVXUH�WR�WKH�UHVHDUFK�LQ�P\�ILHOG�LQ�-DSDQ��7KH�OHFWXUHV�LQ�3URGXFWLRQ�
(QJLQHHULQJ�KHOSHG�PH�WR�FRPSUHKHQG�WKH�DSSOLFDWLRQV�RI�UHVHDUFK� LQ� LQGXVWU\��,�
KRSH�WKLV�H[SHULHQFH�ZLOO�KHOS�PH�WR�H[FHO�EHWWHU�LQ�P\�UHVHDUFK�HQGHDYRUV�DW�WKH�
8QLYHUVLW\�RI�0LFKLJDQ��
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���7KH�HQWLUH�H[SHULHQFH�LQ�-DSDQ�ZDV�YHU\�H[FLWLQJ�DQG�VDWLVI\LQJ��,�ZRXOG�OLNH�WR�
H[SUHVV�P\�VLQFHUH�JUDWLWXGH�WR�WKH�-8$&(3�3URJUDP�WHDP��-$662�DQG�P\�UHVHDUFK�
DGYLVRUV�DW�8QLYHUVLW\�RI�0LFKLJDQ�DQG�1DJR\D�8QLYHUVLW\�IRU�SURYLGLQJ�PH�ZLWK�WKLV�
ZRQGHUIXO�RSSRUWXQLW\��
�

źƈƌƜƘŃŦƄƒŃ
���0\�UHVHDUFK�WRSLF�GXULQJ�WKH�-8$&(3�3URJUDP�LV�/RRS�+HDW�3LSH��/+3���,�KDYH�
EXLOW�D�PDWKHPDWLFDO�PRGHO�RI�/+3��ZKLFK�FRXOG�SUHGLFW�WKH�FKDUDFWHULVWLFV�RI�D�/+3�
ZRUNLQJ�XQGHU�VWHDG\�VWDWH��:LWK�WKH�DVVLVWDQFH�RI�WKH�PDWKHPDWLFDO�PRGHO��,�KDYH�
GHVLJQHG�DQG�EXLOW�XS�DQ�H[SHULPHQWDO�XVH�/+3��'DWD�OLNH�WKH�RSHUDWLQJ�WHPSHUDWXUH�
DQG� FRQGHQVHU� WHPSHUDWXUH� GLVWULEXWLRQ� ZHUH� FROOHFWHG� E\� WKHUPDO� FRXSOH�
PHDVXUHPHQWV�� 7KHQ� WKH� PDWKHPDWLFDO� PRGHO� ZDV� UHYLVHG� DFFRUGLQJ� WR� WKH�
H[SHULPHQWDO�GDWD��
�
��� 7KH� H[SHULHQFH� LQ� -DSDQ� ZDV� JUHDW�� 'XULQJ� WKH� ILUVW� PRQWK�� ,� WRRN� VHYHUDO�
-DSDQHVH�ODQJXDJH�FRXUVHV��ZKLFK�KHOSHG�PH�D�ORW�GXULQJ�P\�OLIH�LQ�-DSDQ��'XULQJ�
WKH�ZHHNV��,�VWD\HG�LQ�WKH�/DE�WR�GR�P\�UHVHDUFK�ZRUN��$W�WKH�ZHHNHQGV��,�ZHQW�RXW�
IRU�VLJKWVHHLQJ��,�KDYH�YLVLWHG�D�ORW�RI�IDPRXV�SODFHV�LQ�-DSDQ��6XFK�DV�1DJR\D�&KR��
2VDND��*LIX�DQG�+RNNDLGR��,�KDYH�DOVR�H[SHULHQFHG�DOO�NLQGV�RI�JRXUPHW�LQ�-DSDQ��
�
������%XLOG�D�PDWKHPDWLFDO�PRGHO�IRU�/+3�
���3DUDPHWULF�VWXG\�E\�WKH�PDWKHPDWLFDO�PRGHO�
���'HVLJQ�DQG�EXLOG�XS�DQ�H[SHULPHQWDO�XVH�/+3�
���7HVW�WKH�/+3��FROOHFW�GDWD�IRU�RSHUDWLQJ�FKDUDFWHULVWLF�DQG�UHYLVH�WKH�PRGHO�
�
���7KH�H[SHULHQFH�LQ�-8$&(3�3URJUDP�KDV�JLYHQ�PH�DFFHVV�WR�WKH�-DSDQHVH�ZRUNLQJ�
FXOWXUH��ZKLFK�PLJKW�KHOS�PH�D�ORW�LI�,�ZRXOG�ZRUN�LQ�D�-DSDQHVH�FRPSDQ\�LQ�WKH�
IXWXUH��:KDW
V�PRUH��WKH�UHVHDUFK�SURMHFW�DOVR�WUDLQHG�P\�DELOLW\�WR�GHVLJQ�DQG�EXLOG�
XS�DQ�H[SHULPHQW��
�

żƄƑŃŽƋƄƑƊŃ
���'XULQJ� WKH� WKUHH�PRQWK� UHVHDUFK� DQG� VWXG\� LQ� 6X]XNL� /DE� RI� WKH�0HFKDQLFDO�
'HSDUWPHQW��,�KDYH�EHHQ�ZRUNLQJ�RQ�WKH�DSSOLFDWLRQ�RI�D�FROOLVLRQ�DYRLGDQFH�FRQWURO�
V\VWHP�RQ�D�VPDOO�HOHFWULFDO�YHKLFOH��)URP�UHDGLQJ�SDSHUV��,�KDYH�OHDUQHG�WKH�WKHRU\�
EHKLQG�WKLV�FRQWURO�V\VWHP�� � ,�KDYH�XVHG�WKH�NQRZOHGJH�LQ�P\�YHKLFOH�G\QDPLFV�DQG�
FRQWURO� V\VWHPV� FODVVHV�� DQG� DSSOLHG� WKHP� WR� WKH� UHDO� ZRUOG� VLWXDWLRQ�� ,� KDYH�
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GHYHORSHG�D�FRQWURO�SURJUDP�LQ�&��WR�DVVLVW�WKH�VWHHULQJ�RI�D�VPDOO�HOHFWULF�YHKLFOH�
IRU�REVWDFOH�DYRLGDQFH��,�KDYH�DOVR�EXLOW�D�VLPXODWLRQ�SURJUDP�LQ�0$7/$%��7KHQ�,�
KDYH� WHVWHG� WKLV� SURJUDP� RQ� WKH� UHDO� YHKLFOH� DQG� WXQHG� SDUDPHWHUV� IRU� PRUH�
GHVLUDEOH�UHVXOWV��%HVLGHV�WKH�UHVHDUFK� LQ�WKH� ODE��,�KDYH�DOVR�DWWHQGHG�-DSDQHVH�
FODVVHV��IURP�ZKLFK�,�OHDUQHG�WKH�EDVLFV�RI�-DSDQHVH�ODQJXDJH�IRU�GDLO\�XVHV��

���7KH�H[SHULHQFH�LQ�-DSDQ�ZDV�YHU\�XQLTXH�WR�PH��$OWKRXJK�,�ZDV�ERUQ�DQG�UDLVHG�
LQ�&KLQD�ZKLFK�LV�YHU\�FORVH�WR�-DSDQ��WKH� �
-DSDQHVH�FXOWXUH�VWLOO�DWWUDFWHG�PH�GHHSO\�EHFDXVH�RI�LWV�FRPELQDWLRQ�RI�HDVWHUQ�DQG�
ZHVWHUQ�FXOWXUHV��'XULQJ�WKH�VWD\�LQ�-DSDQ��,�ZDV�DOVR�LPSUHVVHG�E\�WKH�IDFW�WKDW�
KRZ�-DSDQHVH�SHRSOH�FRQYHUVH�HQHUJ\�DQG�SURWHFW�WKH�HQYLURQPHQW��FRPSDULQJ�WR�
86$�DQG�&KLQD��WZR�FRXQWULHV�ZKLFK�,�DP�YHU\�IDPLOLDU�ZLWK��)RU�H[DPSOH��LQ�WKH�
GRUP�,�KDYH�VWD\HG��PRVW�RI� WKH� OLJKW�EXOEV�DUH�/('�DQG�KDYH�DXWRPDWLF�VZLWFK�
IXQFWLRQ� WR� VDYH� HQHUJ\�� ,� KDYH� DOVR� WUDYHOHG� WR� D� IHZ�SODFHV� RQ�ZHHNHQGV� DQG�
KROLGD\V��IRU�H[DPSOH�.\RWR��+RNNDLGR��HWF��ZKHUH�,�PHW�GLIIHUHQW�SHRSOH�LQ�-DSDQ�
DQG�VDZ�ERWK�WKH�EHDXWLIXO�QDWXUDO�VFHQHU\�DQG�WUDGLWLRQDO�FXOWXUH�RI�-DSDQ��

���7KH�SURJUDP�FRQWDLQV�ODE�UHVHDUFK�ZRUN��-DSDQHVH�ODQJXDJH�FODVVHV��DXWRPRWLYH�
UHODWHG�OHFWXUHV��7R\RWD�IDFWRU\�ILHOG�WULS�DQG�WUDLQ�SDUN�YLVLW��0\�ODE�UHVHDUFK�ZRUN�
LQYROYHV�EXLOGLQJ�D�FRQWURO�SURJUDP�IRU�WKH�VWHHULQJ�DVVLVW�V\VWHP�RI�DQ�HOHFWULFDO�
YHKLFOH��6RIWZDUH�VLPXODWLRQV�DQG�H[SHULPHQWV�DUH�DOVR�LQYROYHG�LQ�WKH�SURJUDP��

���7KH�UHVHDUFK�H[SHULHQFH�LQ�WKH�VWHHULQJ�FRQWURO�V\VWHP�KDV�PDGH�PH�UHDOLVHG�WKH�
LPSRUWDQFH�RI�FRQWURO�V\VWHP�LQ�DXWRPRELOH�QRZDGD\V��DQG�JLYHQ�PH�WKH�LQWHUHVWV�LQ�
FRQWURO�V\VWHPV�LQ�DXWRPRELOHV��,�KDYH�DOVR�OHDUQHG�DERXW�WKH�3/&��3URJUDPPDEOH�
/RJLF�&RQWUROOHU��GHYLFH�DQG�KRZ�WR�FRGH�WKH�FRQWURO�SURJUDP�LQ�&���ZKLFK�ZRXOG�EH�
YHU\�KHOSIXO�IRU�VWDUWLQJ�D�FDUHHU�LQ�YHKLFOH�FRQWURO�V\VWHPV��7KH�ZKROH�H[SHULHQFH�
ZLWK�-DSDQHVH�DXWRPRWLYH�LQGXVWULHV��LQFOXGLQJ�WKH�OHFWXUHV�DQG�SODQW�YLVLWLQJ��KDV�
JLYHQ�PH�QHZ�NQRZOHGJH�DERXW�KRZ�FDU� FRPSDQLHV�ZRUN�DQG�KRZ�YHKLFOHV� DUH�
GHVLJQHG�LQ�D�FRPSDQ\��

żƌƋƄƒŃŽƋƈƑƊŃ
���)LUVWO\��D�W\SH�RI�ERQH�PLPLFNLQJ�PDWHULDO�ZDV�IDEULFDWHG�E\�VRDNLQJ�HSR[\�LQWR��'�
SULQWHG�SODVWHU��DQG�LWV�PHFKDQLFDO�SURSHUWLHV�LQFOXGLQJ�IULFWLRQ�FRHIILFLHQW�ZLWK�VWHHO�
DQG� 5RFNZHOO� KDUGQHVV� ZHUH� WHVWHG� DQG� FRPSDUHG� ZLWK� WKRVH� RI� ERYLQH� IHPXU�
VSHFLPHQ��7KH�H[SHULPHQWV�UHVXOWV�DSSURYHG�WKH�VLPLODULW\�RI�IULFWLRQ�FRHIILFLHQWV�RI�
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FUHDWHG�PDWHULDO�DQG�WKH�ERYLQH�ERQH��WKRXJK�WKH�KDUGQHVV�RI�WKH�ERQH�PLPLFNLQJ�
PDWHULDO�WXUQHG�RXW�WR�EH�ORZHU��6HFRQGO\����W\SHV�RI�FRPPRQ��'�SULQWDEOH�SRO\PHU��
8/7(0�� 3&�� 3&�,62�� ZHUH� LQYHVWLJDWHG� ZLWK� UHVSHFW� WKHLU� IULFWLRQ� LQGXFHG� ZHDU�
UHVLVWDQW�SURSHUWLHV��)ULFWLRQ�FRHIILFLHQWV�ZLWK�VWHHO�DQG�ZHDU�UDWHV�ZHUH�FRPSDUHG��
)RU�LQGLYLGXDO�SRO\PHU��WKH�HIIHFW�RQ�IULFWLRQ�FRHIILFLHQW�RI�SULQWHG�RULHQWDWLRQV�ZDV�
DOVR�VWXGLHG��$GGLWLRQDOO\��YLD����-DSDQHVH�FRXUVHV��VRPH�EDVLF�GDLO\�XVHG�-DSDQHVH�
ZDV�PDVWHUHG��

��� 5HJDUGLQJ� WR� VWXG\� DQG� UHVHDUFK�� WZR� WRSLFV�� ERQH� VLPXODWLRQ�� DQG� IULFWLRQ�
LQGXFHG�ZHDU�UHVLVWDQW�SURSHUW\�RI��'�SULQWHG�SRO\PHU�ZHUH�VWXGLHG�����FRXUVHV�RI�
-DSDQHVH�ODQJXDJH�DQG�D�VSHFLDO�OHFWXUH�RQ�HQJLQH�DVVHPEO\�ZHUH�DWWHQGHG��,Q�GDLO\�
OLIH��,�PHW�D�QXPEHU�RI�QHZ�IULHQGV�LQFOXGLQJ�-DSDQHVH�VWXGHQWV�LQ�1DJR\D�8QLYHUVLW\�
ZKR�KHOSHG�PH�DQG�PDGH�PH�UHDSHG�D�ORW�LQ�-DSDQHVH�FXOWXUH��DV�ZHOO�DV�RWKHU�86�
VWXGHQWV�LQ�WKH�VDPH�SURJUDP��,�WUDYHOHG�VRPH�PDMRU�FLWLHV�DURXQG�-DSDQ�LQFOXGLQJ�
7RN\R�� 2VDND�� DQG� .\RWR� ZKLFK� KHOSHG� PH� WR� JDLQ� D� GHHSHU� XQGHUVWDQGLQJ� LQ�
-DSDQHVH�VRFLHW\�DQG�FXOWXUH��

���-8$&(3�LV�D�UHVHDUFK�EDVHG�HGXFDWLRQDO�SURJUDP�GHVLJQHG�IRU�JUDGXDWH�VWXGHQWV�
ZKR�GHVLUH�WR�VWXG\�DEURDG��6FKRODUVKLSV�DUH�RIIHUHG�WR�ERWK�1DJR\D�DQG�$PHULFDQ�
XQLYHUVLW\�VWXGHQWV��7KH�SURJUDP�SUHVHQWV�WKH�SHUIHFW�RSSRUWXQLW\�IRU�VWXGHQWV�WR�
JDLQ�HQJLQHHULQJ�UHVHDUFK�H[SHULHQFH�DV�ZHOO�DV�FXOWXUDO�H[SHULHQFH�LQ�WKH�86$�RU�
-DSDQ��7KH�SURJUDP�,�DP�LQ�LV�WKH�WKUHH�PRQWK�-8$&(3�SURJUDP�IURP�8QLYHUVLW\�RI�
0LFKLJDQ� WR� 1DJR\D� 8QLYHUVLW\�� 7KH�PDMRU� WDVN� IRU� PH� LV� WKH� UHVHDUFK� ZRUN� LQ�
8PHKDUD�/DE�LQ�WKH�1DJR\D�8QLYHUVLW\�UHODWLQJ�WR�IULFWLRQ�LQGXFHG�ZHDU�SURSHUW\�RI�
VHYHUDO�W\SHV�RI�PDWHULDO��$V�SDUWV�RI�WKH�SURJUDP��D�ILHOG�WULS�WR�7R\RWD��D�VSHFLDO�
OHFWXUH�RQ�HQJLQH�DVVHPEO\�DQG����FRXUVHV�RI�-DSDQHVH�ODQJXDJH�ZHUH�RIIHUHG�E\�
WKH�1DJR\D�8QLYHUVLW\��$�UHVHDUFK�UHSRUW�DQG�D�SUHVHQWDWLRQ�ZLOO�EH�JLYHQ�DW�WKH�HQG�
RI�WKH�SURJUDP��

��� 7KH� SURJUDP� ZLOO� JUHDWO\� IDFLOLWDWH� P\� IXWXUH� FDUHHU�� )LUVWO\�� WKH� SURMHFWV� ,�
UHVHDUFKHG�ZHUH�FORVHO\�UHODWHG�WR�P\�IXWXUH�FDUHHU�SDWK��DGYDQFHG�PDQXIDFWXULQJ�
RI� PHGLFDO� GHYLFHV�� 6HFRQGO\�� WKLV� SURJUDP� FRQVLGHUDEO\� H[WHQGHG� P\� KXPDQ�
QHWZRUNV��1HZ�IULHQGV� LQ�1DJR\D�DQG�8&/$�DUH�JUHDW�WUHDVXUH�IRU�PH��7KLUGO\��,�
JDLQHG� D� GHHS� XQGHUVWDQGLQJ� LQ� -DSDQHVH� FXOWXUH� ZKLFK� KHOSV� PH� WR� DFW�
DSSURSULDWHO\�ZKHQ�,�FRRSHUDWH�ZLWK�-DSDQHVH�SHRSOH� LQ�WKH�IXWXUH��/DVW�EXW�QRW�
OHDVW�����FRXUVHV�RI�-DSDQHVH� ODQJXDJH�HQDEOH�PH�WR�PDNH�GDLO\�FRPPXQLFDWLRQ�

215



ZLWK�-DSDQHVH�IULHQGV��

���,�ZDQWHG�WR�H[SUHVV�P\�KHDUWIHOW�JUDWLWXGH�WR�WKH�-8$&(3�SURJUDP��DQG�HYHU\RQH�
ZKR�ZRUNV�IRU�WKLV�JUHDW�SURJUDP��HVSHFLDOO\�P\�DGYLVRU�LQ�1DJR\D�8QLYHUVLW\��3URI��
8PHKDUD�� DQG� WKH� VWDIIV� LQ�1DJR\D�8QLYHUVLW\� -8$&(3� RIILFH�� DV�ZHOO� DV�P\� ODE�
IHOORZV�ZKR�KHOSHG�PH�D�ORW��,�HQMR\HG�P\�UHVHDUFK�DQG�OLIH�LQ�-DSDQ�YHU\�PXFK�DQG�
ZRXOG�ORRN�IRUZDUG�WR�WKH�QH[W�FKDQFH�WR�YLVLW�-DSDQ��

żƌŐŮƄƌŃźƄƑƊŃ
���,Q�WKH�EHJLQQLQJ��,�FKRVH�WR�IROORZ�3URI��+$<$.$:$�WR�GR�UHVHDUFK�DERXW�YLVXDO�
IHHGEDFN�FRQWURO�IRU�WDEOH�WHQQLV�URERW�EHFDXVH�,�ZRXOG�OLNH�WR�OHDUQ�WKH�WHFKQLTXH�RI�
LPDJH�SURFHVVLQJ��+RZHYHU��ZKHQ�,�NQHZ�,�KDYH�WR�GR�D�ORW�RI�SURJUDPPLQJ�ZRUN�
DQG�GDWD�DQDO\VLV��,�WKRXJKW�LW�ZDV�D�UHDOO\�KDUG�WDVN�IRU�PH��$IWHU�D�IHZ�GLVFXVVLRQV�
ZLWK�SURIHVVRU�DQG�7$��,�JUDGXDOO\�XQGHUVWDQG�WKH�FRQWURO�SURFHVV�DQG�SULQFLSOH�RI�
WKH� ZKROH� V\VWHP�� (YHQ� WKRXJK� WKH� SURJUDP� DQG� GDWD� DUH� FRPSOLFDWHG� DQG� DOO�
SURJUDP�QRWHV�DQG�PDQXDO�DUH�LQ�-DSDQHVH��,�FRXOG�IROORZ�WKH�LQVWUXFWLRQ�DQG�SDSHU�
WR�UHZULWH�WKH�SURJUDP�ILQDOO\��7KH�PRVW�WKLQJ�,�OHDUQ�LQ�WKLV�ODE�LQ�1DJR\D�8QLYHUVLW\�
LV�WKDW�,�FRXOG�XWLOL]H�P\�EDVLF�G\QDPLFV�DQG�VLJQDO�SURFHVVLQJ�NQRZOHGJH�RQ�DFWXDO�
DSSOLFDWLRQ��WKH�URERW�PDQLSXODWLRQ��$OWKRXJK�LW
V�KDUG�WR�UHDFK�RULJLQDO�JRDO��WKH�
H[SHULPHQW�H[SHULHQFH�LV�YHU\�EHQHILFLDO�DQG�PHPRUDEOH�IRU�PH��

���7KH�OLIH�LQ�-DSDQ�LV�YHU\�GLIIHUHQW�IURP�WKH�86��)LUVW��SHRSOH�DUH�IULHQGO\�DW�KHUH��,�
QHDUO\�GRQ
W�IHHO�DQ\�UDFLDO�GLVFULPLQDWLRQ��RU�PD\EH�LW
V�MXVW�EHFDXVH�WKH\�DUH�XQDEOH�
WR�GLVWLQJXLVK�PH�IURP�RWKHU�-DSDQHVH�GXH�WR�VLPLODU�VNLQ�FRORU��$OWKRXJK�1DJR\D�
8QLYHUVLW\�LV�LQ�VXEXUEDQ�DUHD��WDNLQJ�VXEZD\�WR�FLW\�FHQWHU�RQO\�FRVWV�PH�OHVV�WKDQ�
KDOI�KRXU�� ,W
V�REYLRXV�WKDW�-DSDQ� LV�D�ZHOO�RUGHUHG�VRFLHW\��7KH�PRVW� LPSUHVVLYH�
WKLQJ�LV�WKDW�-DSDQ�LV�UHODWLYHO\�FURZGHG�FRPSDUHG�ZLWK�:HVWHUQ�FRXQWULHV��EXW�LW�
JLYHV�PH�D�TXLHW�IHHOLQJ��)RU�H[DPSOH��,�EDUHO\�KHDU�KRUQ�VRXQG�DQG�ORXG�JRVVLS�
ZKHQ�,�DP�ZDONLQJ�RQ�WKH�SDYHPHQW��+RZHYHU��WKLV�VRFLHW\�LV�ODFNLQJ�LQ�YLWDOLW\��-XVW�
OLNH�ZKHQ�SURIHVVRUV�WHDFK�LQ�WKH�FODVV��WKH\�RQO\�IROORZ�WKH�SRZHU�SRLQW�RU�OHFWXUH�
QRWH��7KH�ERULQJ�FODVV�PDNHV�D�ORW�RI�VWXGHQWV�VOHHS\�LQ�WKH�FODVV��

���,�MRLQ�WKH�-8$&(3�LQ�1DJR\D�8QLYHUVLW\��%HFDXVH�WKH�OHDGHU�RI�WKLV�SURJUDP�LV�D�
SURIHVVRU� LQ�PHFKDQLFDO�HQJLQHHULQJ�GHSDUWPHQW�� WKHUH�DUH�SOHQW\�RI�PHFKDQLFDO�
OHFWXUHV�ZH�FDQ�WDNH��0DQ\�RI�WKHP�DUH�LQWHUHVWLQJ�MXVW�OLNH�DXWRPRELOH�PDUNHW�FODVV�
WROG�XV�KRZ�7R\RWD�PDQDJHV�WKH�EDODQFH�EHWZHHQ�VXSSO\�DQG�GHPDQG��$FWXDOO\��LQ�
-DSDQ�LW
V�LQFRQYHQLHQW�IRU�LQWHUQDWLRQDO�VWXGHQWV��HVSHFLDOO\�IRU�WKRVH�ZKR�DUH�QRW�
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JRRG�DW�-DSDQHVH��+RZHYHU��LQ�RXU�SURJUDP��HDFK�VWXGHQW�KDV�D�7$�ZKR�FDQ�DQVZHU�
XV� DQ\� TXHVWLRQ� DERXW� WKH� UHVHDUFK� DQG� GDLO\� OLIH�� )RU� PH�� LW
V� D� YHU\� JRRG�
RSSRUWXQLW\�WR�XVH�VRSKLVWLFDWHG�IDFLOLW\�LQ�1DJR\D�8QLYHUVLW\��0\�UHVHDUFK�LV�WR�XVH�
DQ�DUP�URERW�DQG�WZR�FDPHUDV�WR�VHUYH�D�SLQJ�SRQJ��
�
���,�WRRN�D�ORW�RI�G\QDPLF�UHODWHG�FODVVHV�EHIRUH�EXW�,�GRQ
W�KDYH�DQ\�FKDQFH�WR�XVH�
UHDO�DUP�URERW�WR�UHDOL]H�WKRVH�WKHRULHV��,W
V�YHU\�SRVVLEOH�,�ZLOO�HQWHU�LQWR�D�URERW�
FRPSDQ\�DV�D�VWDUW�RI�P\�FDUHHU��7KXV��WKH�UHVHDUFK�SURYLGHV�PH�D�YHU\�SUHFLRXV�
RSSRUWXQLW\� WR� NQRZ� PRUH� DERXW� WKH� URERW� PDQLSXODWLRQ�� :LWK� WKH� UHVHDUFK�
H[SHULHQFH�LQ�1DJR\D�8QLYHUVLW\��LW�ZRXOG�EH�EHQHILFLDO�IRU�P\�LQGXVWU\�FDUHHU��
�
���,�UHDOO\�DSSUHFLDWH�-DSDQ�JRYHUQPHQW�FRXOG�SURYLGH�WKH�VFKRODUVKLS�WR�VXSSRUW�XV�
GRLQJ� UHVHDUFK� DW� KHUH�� (YHQ� WKRXJK� RXU� FRQWULEXWLRQ� LV� QRW� LPSRUWDQW� IRU� WKH�
UHVHDUFK�GHYHORSPHQW��WKH�LQWHUQDWLRQDO�LQWHUDFWLRQ�LV�JRRG�IRU�ERWK�VLGH�VWXGHQWV��
+RSH�LQ�WKH�IXWXUH��-8$&(3�FRXOG�KROG�FRQWLQXRXVO\�WKDW�PRUH�VWXGHQWV�FDQ�KDYH�
PRUH�FRPPXQLFDWLRQ��
�

żƘŐŶƋƌƘƄƑŃŦƋƘŃ
���,Q�WKH�SHULRG�RI�WKLV�WKUHH�PRQWK�VXPPHU�LQWHUQ��,�PDLQO\�GLG�UHVHDUFK�LQ�3URI��
.DZDJXFKLbV�ODE�GRLQJ�SURMHFW�RI�+$6&��+XPDQ�$FWLYLW\�6HQVLQJ�&RQVRUWLXP���,WbV�D�
GDWDEDVH�JUDEEHG�E\�PRELOH�SKRQH�VHQVRUV�RQ�SHRSOHbV�GDLO\�VLPSOH�DFWLYLWLHV��OLNH�
ZDON��UXQQLQJ��JRLQJ�WKURXJK�VWDLUV��HWF���DQG�XVH�0DFKLQH�/HDUQLQJ�WHFKQLTXHV�WR�
FODVVLI\� WKRVH� DFWLYLWLHV�� 7KH� SURMHFW� LV� YHU\� XVHIXO� WR� PH� WKURXJK� UHILQLQJ� P\�
NQRZOHGJH�RI�VLJQDO�GDWD�SURFHVVLQJ�DQG�IRUFLQJ�PH�WR�XVH�MDYD�FRGH��ZKLFK�,�ZDV�
RULJLQDOO\� XQIDPLOLDU� ZLWK�� 'LVFXVVLQJ� ZLWK� JURXS� PHPEHU� LV� DOVR� DQ� LQWHUHVWLQJ�
H[SHULHQFH�� 7KURXJK� XVLQJ� *RRJOH� WUDQVODWH� RU� DVNLQJ� P\� WHDFK� DVVLVWDQW� DV� D�
PHGLDWH� UROH� LQ� GLVFXVVLRQV�� ,� UHDOL]H� WKHUH� DUH� DOZD\V� JRRG�ZD\V� WR� RYHUFRPH�
ODQJXDJH�EDUULHUV��
�
���/LIH�LQ�-DSDQ�LV�IDQWDVWLF��ZKLFK�FDQ�EH�REVHUYHG�LQ�VRPH�VPDOO�WKLQJV��6LQFH�WKH�
ILUVW� GD\� ,� JRW� LQWR� WKH� FDPSXV� DSDUWPHQW�� ,� FRXOGbYH� IHOW� -DSDQHVHbV� RSSRVLWH�
WKLQNLQJ�ZD\�FRPSDULQJ�ZLWK�$PHULFDQV��WLQ\�EXW�GHOLFDWH��5RRP�DUHD�LV�RQO\�KDOI�RI�
P\� OLYLQJ� URRP� LQ� 0LFKLJDQ�� EXW� FRQWDLQV� HYHU\WKLQJ� LQVLGH�� ,Q� DGGLWLRQ�� 3XEOLF�
IDFLOLWLHV�LQ�-DSDQ�DUH�FOHDQ�DQG�IXQFWLRQ�ZHOO��%LGHW�WRLOHWV�DUH�LQ�ZLGHVSUHDG�XVH�LQ�
P\� DSDUWPHQW�� ODE� EXLOGLQJ�� VXEZD\� VWDWLRQ� DQG� DQ\� SXEOLF� UHVWURRP�� %HVLGHV��
-DSDQHVH�SHRSOH�DUH�YHU\�SROLWH��HYHQ�LV�WKH�SROLFH��2QFH�,�ZDV�JRLQJ�KRPH�ODWH�DQG�
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ZDV�VWRSSHG�E\�D�SROLFH�RIILFHU��KH�TXHVWLRQHG�PH�LQ�D�PDQQHU�ZD\�WKDW�,�GLGQbW�IHHO�
DQ\� XQFRPIRUWDEOH�� 7KURXJK� WULS� LQ� 1DJR\D�� 7RN\R�� .\RWR�� 2VDND�� ,� FDQ� IHHO�
-DSDQHVH�VSLULW�WR�KDUPRQLFDOO\�FRPELQH�KLVWRU\�DQG�WHFKQRORJ\��7KRVH�VPDOO�SDUWV�
PDNH�-DSDQ�D�ORYHO\�DQG�FKDUPLQJ�QDWLRQ��
�
���7KH�SURJUDPV�DUH�KHOSIXO�DQG�LQVSLULQJ��$IWHU�ILQLVKLQJ����EDVLF�-DSDQHVH�FODVVHV��
,�FDQ�KDQGOH�FRPPXQLFDWLRQV�LQ�GDLO\�DFWLYLWLHV�OLNH�DVNLQJ�IRU�URXWH��RUGHULQJ�PHDOV��
HWF��,Q�WKH�SURFHVV�RI�HQJLQH�OHFWXUH��,�SUDFWLFDOO\�GLVVHPEOLQJ�DVVHPEOLQJ�UXQQLQJ�D�
'LHVHO�HQJLQH�DQG� UHDOL]H� WKDW�KDQG�PDNLQJ� LV�PXFK�EHWWHU� WKDQ�EUDQG� WKLQNLQJ��
([FXUVLRQ�WR�7R\RWD�FRPSDQ\�SODQW�DQG�RWKHU�VFHQLF�VSRWV�EURDGHQ�P\�H\HV�WR�D�
FRPSDQ\bV�VHHN�IRU�VDYLQJ�HQHUJ\�LVVXH��6SHFLDO�OHFWXUH�RI�n(OHFWULF�9HKLFOH�IRU�WKH�
)XWXUH|�OHFWXUHG�E\�'U��+LURVKL�6KLPL]X�DPD]HG�PH�DW�LWV�SURVSHFWV�DQG�XQOLPLWHG�
LPDJLQDWLRQ��(DFK�SURJUDP�LV�DZHVRPH�DQG�HGXFDWLYH��
�
���7KH�H[SHULHQFH�RI�-DSDQ�VXPPHU�SURJUDP�LV�GHILQLWHO\�D�JUHDW�MRXUQH\�LQ�P\�OLIH��
:KDW�VLJQDO�SURFHVVLQJ�VNLOOV�DQG�-DYD�ODQJXDJH�,
YH�OHDUQHG�LQ�ODE�UHVHDUFK�LV�XVHIXO�
LQ�P\�IROORZLQJ�VWXG\LQJ�LQ�0LFKLJDQ�DQG�WKH�FDUHHU��7KH�FXOWXUH�VKRFN�LQ�GDLO\�OLIH�
DQG�WUDYHOLQJ�LQ�-DSDQ�EURDGHQ�P\�H\HV�LQ�WKH�GLYHUVH�JOREH�ZRUOG��,W
V�D�SULFHOHVV�
WUHDVXUH�WR�PH��

Ń
ŦƋƕƌƖƗƒƓƋƈƕŃŦƋƄƕƏƈƖŃŵƒƅƈƕƗƖŃ

���7KH�VROLG�VWDWH�ODERUDWRULHV�DW�1DJR\D�8QLYHUVLW\�DUH�IDPRXV�IRU�WKHLU�ZRUN�ZLWK�
,,,�QLWULGH� /('� JURZWK�� ,� UHFHLYHG� WUDLQLQJ� DQG� ZDV� DEOH� WR� JDLQ� H[SHULHQFH� RQ�
QXPHURXV� SLHFHV� RI� HTXLSPHQW� WKDW� ZLOO� EHQHILW� P\� IXWXUH� VWXGLHV�� 0\� KRVWLQJ�
SURIHVVRU�DOORZHG�PH�WR�SXUVXH�D�YHU\�DPELWLRXV�UHVHDUFK�SURMHFW��DQG�ZLWK�WKH�KHOS�
RI�KLV�VWXGHQWV�,�DP�QRZ�IDPLOLDU�ZLWK�PDQ\�RI�WKH�SURFHVVHV�QHFHVVDU\�WR�IDEULFDWH�
KLJK�TXDOLW\�,,,�1�/('V��
�
���,�ZDV�DEOH�WR�H[SORUH�PXFK�RI�1DJR\D��.\RWR��DQG�2VDND��-DSDQbV�VSHFLDOW\�IRRGV�
DQG�GULQNV�DUH�GHOLFLRXV��7KH�KLVWRU\�DQG�EHDXW\�RI�-DSDQ�LV�DVWRXQGLQJ��,�HVSHFLDOO\�
DSSUHFLDWH�WKH�LQFRUSRUDWLRQ�RI�QDWXUH�LQWR�HYHU\GD\�OLIH��7KH�SHRSOH�RI�-DSDQ�DUH�
YHU\� UHVSHFWIXO� RI� HDFK� RWKHU� DQG� WKH� HQYLURQPHQW�� ,� JUHDWO\� HQMR\HG� P\�
H[SHULHQFHV�ZKLOH�VWXG\LQJ�LQ�-DSDQ��
�
��� ,� KLJKO\� HQMR\HG� WKH� HYHQWV� UHODWHG� WR� -DSDQHVH� FXOWXUH�� 7KH� OHFWXUHV� DQG�
HQJLQHHULQJ�SURJUDPV�JDYH�PH�YDOXDEOH�LQVLJKW�LQWR�ILHOGV�RI�HQJLQHHULQJ�,�ZDV�QRW�
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IDPLOLDU�ZLWK�� � 7KH�JXHVW�VSHDNHUV�RIIHUHG�YDOXDEOH�LQVLJKW�LQWR�WKH�IXWXUH�RI�PDQ\�
LPSRUWDQW� ILHOGV�� VXFK� DV� WKH�PDQXIDFWXULQJ� RI� WKH� HOHFWULF� YHKLFOH�� 7RXULQJ� WKH�
7R\RWD�PDQXIDFWXULQJ�SODQW�LQFUHDVHG�P\�DSSUHFLDWLRQ�WR�WKH�ILQH�GHWDLO�DQG�JUHDW�
HIILFLHQF\� WKDW� FDQ� EH� DFKLHYHG� WKURXJK� SURSHU� FRQVLGHUDWLRQ�� 7KH� -DSDQHVH�
ODQJXDJH�FRXUVH�ZDV�VXIILFLHQW� WR�DOORZ� IRU� IXOO� VWXG\�RI� WKH� ODQJXDJH� LQ�D�VKRUW�
DPRXQW�RI�WLPH��2YHUDOO��WKH�SURJUDP�FRQWHQW�ZDV�KLJKO\�HQMR\DEOH�� � �
�
��� 7KH� UHVHDUFK� ,� ZDV� DEOH� WR� SHUIRUP� KDV� JLYHQ�PH� WKH� LQYDOXDEOH�� KDQGV�RQ�
H[SHULHQFH� WKDW�ZLOO� JUHDWO\�EHQHILW�P\� IXWXUH�ZRUN��+DYLQJ�H[SHULHQFHG�DQRWKHU�
FXOWXUH�IRU�D�VXIILFLHQW�SHULRG�RI�WLPH�KDV�DOVR�LPSURYHG�P\�DSSUHFLDWLRQ�IRU�VXEWOH�
FXOWXUDO� GLIIHUHQFHV��ZKLFK� ,� KRSH�ZLOO� EHQHILW�P\� FDUHHU� ZLWK� UHJDUGV� WR� IXWXUH�
LQWHUQDWLRQDO�LQWHUDFWLRQV��
�

ŦƋƘƑƊŐźƈƑŃŦƋƘƄƑƊŃ
��� 0\� OHDUQLQJ� H[SHULHQFH� PDLQO\� LQFOXGHV� WZR� SDUWV� ZKLOH� VWXG\LQJ� LQ� 1DJR\D�
8QLYHUVLW\�� DQG� WKH\� DUH� UHVHDUFK�� DQG� -DSDQHVH�OHDUQLQJ� SDUWV�� )RU� WKH�
UHVHDUFK�OHDUQLQJ�SDUW��XQGHU�WKH�LQVWUXFWLRQ�RI�WKH�SURIHVVRU��WKH�WHDFKLQJ�DVVLVWDQW�
DQG�ODE�PDWHV��,�SHUIRUPHG�PHFKDQLFDO�DQG�SK\VLFDO�EHKDYLRU�RI�UHLQIRUFHG�FRQFUHWH�
�5&��VWUXFWXUHV�� VXFK�DV�YLVXDO�FUDFN�SURSDJDWLRQ�� ORDGLQJ�GLVSODFHPHQW� UHODWLRQ��
SUHGLFWLRQ� RI� WKH� VKHDU� IDLOXUH� DQG�RU� IOH[XUDO� IDLOXUH�� HWF��� XVLQJ� D�GLVFUHWH�W\SH�
QXPHULFDO� DQDO\VLV�PRGHOLQJ�� QDPHO\�5LGLQJ�%RG\�6SULQJ�0RGHO� �5%60��� )RU� WKH�
-DSDQHVH�OHDUQLQJ�SDUW��WKURXJK�VHYHUDO�-DSDQHVH�ODQJXDJH�FODVVHV�DVVRFLDWHG�ZLWK�
VRPH�ILHOG�WULSV��H�J���7R\RWD�0RWRU�)DFWRU\�YLVLW�DQG�8NDL�ZDWFKLQJ�WULS�LQ�1DJDUD�
5LYHU��,�OHDUQHG�PXFK�NQRZOHGJH�DERXW�WKH�-DSDQHVH�ODQJXDJH��FXOWXUH�DQG�IHDWXUHV��
HWF��
�
���7KURXJK�WKH�LQVWUXFWLRQ�RI�WKH�UHVHDUFK�WKHRU\��WKH�LQWURGXFWLRQ�RI�WKH�-DSDQHVH�
FXOWXUH��DQG�WKH�VKDUH�RI�WKH�OLIH�H[SHULHQFH�IURP�IDFXOW\��ODE�PDWHV�DQG�IULHQGV��,�
JDLQHG�LQYDOXDEOH�SURIHVVLRQDO�NQRZOHGJH��LQWHUDFWLQJ�VNLOOV�DQG�FXOWXUDO�H[SHULHQFH�
DW�1DJR\D�8QLYHUVLW\� DQG� LQ� -DSDQ��2Q� WKH� RWKHU� KDQG�� ,� DOVR� VKDUHG� LGHDV� DQG�
WKRXJKWV�RI�P\�VWXG\�DQG�OLIH�LQ�WKH�86�ZLWK�WKHP�E\�PHDQV�RI�VHYHUDO�SUHVHQWDWLRQV�
DQG� PHHWLQJV� DW� 1DJR\D� 8QLYHUVLW\�� ,Q� DGGLWLRQ�� ,� DP� YHU\� LPSUHVVHG� E\� WKH�
-DSDQHVH�ZRUNLQJ�FXOWXUH�DQG�VSLULW��7KH\�HQMR\�ZKDW�WKH\�GR�DQG�GHYRWHG�WKHLU�
UHVSHFWDEOH�HQHUJ\�DQG�SRZHU�WR�WKH�ZRUN��HYHQ�XQVWRSSDEOH�GXULQJ�ZHHNHQGV��
�
���7KH�-8$&(3�VXPPHU�SURJUDP�LQ������SULPDULO\�LQFOXGHV�WKH�IROORZLQJ�FRQWHQWV��
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�� 5HVHDUFK�DW�LQGLYLGXDO�ODERUDWRU\�����)LHOG�WULSV�DQG�IDFWRU\�YLVLWV�����$GGLWLRQDO
OHFWXUHV�� H�J��� OHFWXUHV� E\� WKH� 186,3� SURJUDP� DQG� ,QWURGXFWLRQ� WR� 3URGXFWLRQ�
(QJLQHHULQJ�� ��� +DQGLFUDIW� H[HUFLVH�� ��� -DSDQHVH� ODQJXDJH� FODVVHV�� ��� 6SHFLDO�
HYHQWV��VXFK�DV�WKH�RULHQWDWLRQ� IRU�8&/$�VWXGHQWV��DXGLWLQJ�WKH�SUHVHQWDWLRQV�E\�
8QLYHUVLW\�RI�0LFKLJDQ�VWXGHQWV��HWF��

���1RW�RQO\�LQWHUFRPPXQLFDWLQJ�GLYHUVH�WKRXJKWV�DQG�EDFNJURXQGV�ZLWK�IDFXOW\�DQG�
SHHUV� EXW� DOVR� H[SHULHQFLQJ� -DSDQHVH� FXOWXUDO� IHDWXUHV� DQG� DSSHDUDQFHV� LV� DQ�
H[FLWLQJ� DVSHFW� RI� WKLV� -8$&(3�SURJUDP�SURYLGHG� WR�PH�� ,� DP� VXUH� WKH� -8$&(3�
SURJUDP�RIIHUHG�E\�1DJR\D�8QLYHUVLW\�ZLOO�DOORZ�PH�WR�WKULYH�DQG�IXUWKHU�IXOILOO�P\�
OLIH��7R�EH�VSHFLILF��ZKDW�,�KDYH� OHDUQHG�IURP�WKLV�SURJUDP��HYHQ�WKURXJKRXW�WKH�
-DSDQ��LV�WR�DFFHSW�LQQRYDWLYH�DQG�FUHDWLYH�LGHDV�DQG�WKRXJKWV�IURP�GLVWLQFW�ILHOGV��WR�
DSSUHFLDWH� VXSHULRU� WHFKQRORJLHV� LQ� OLIH�� WR� UHVSHFW� H[SHULHQFH� DQG�ZLVGRP� IURP�
HOGHUV�� DQG� WR� OHDUQ� HQHUJHWLF� DQG� HQWKXVLDVWLF� DWWLWXGH� LQ�ZRUNLQJ��:LWK� DOO� WKH�
H[SHULHQFHV�,�KDYH�JDLQHG�LQ�-DSDQ��,�DP�PRUH�FRQILGHQW�WR�IDFH�DQ\�XQFHUWDLQW\�LQ�
WKH�IXWXUH��

���)RUWXQDWHO\��GXULQJ�P\�VWD\�DW�WKH�1DJR\D�8QLYHUVLW\��,�KDYH�H[SHULHQFHG�VRPH�
UDUH�RFFDVLRQV�KDSSHQHG�LQ�WKH�1DJR\D�8QLYHUVLW\�DQG�RU�P\�ODERUDWRU\��H�J���WKH�
DQQXDO�FRQYHQWLRQ�E\�-DSDQ�&RQFUHWH�,QVWLWXWH��-&,��DQG�WKH�MRE�ZRUNVKRS�E\�&LYLO�
(QJLQHHULQJ�DQG�$UFKLWHFWXUH�'HSDUWPHQW�RI�$LFKL�NHQ�JRYHUQPHQW��,W�LV�P\�KRQRU�
WR�PHHW�DQG�LQWHUFRPPXQLFDWH�ZLWK�WKRVH�SHRSOH�RI�JUHDW�DELOLW\�DQG�SURIHVVLRQ��

ŭƒƑƄƗƋƄƑŃŷƌƐƒƗƋƜŃŴƘƄƑŃ
���7KLV�ZDV�D�JUHDW�SURJUDP�IRU�D�QXPEHU�RI�OHDUQLQJ�H[SHULHQFHV��)LUVW��,�JRW�WR�
OHDUQ� DERXW� WKH� -DSDQHVH� &XOWXUH�� /LIHVW\OH�� KDELWV�� QRUPV�� IRRG�� ODQJXDJH��
HYHU\GD\� FRQYHUVDWLRQ�� DQG� FXOWXUDO� YDOXHV�� 6HFRQG�� ,� UHDOO\� HQMR\HG� OHDUQLQJ�
-DSDQHVH��+DYLQJ�D���ZHHN�FODVV�ZDV�D�ORW�RI�IXQ�DQG�YHU\�EHQHILFLDO��7KLUG��,�UHDOO\�
HQMR\HG�P\�UHVHDUFK�DQG�WKH�RSSRUWXQLW\�WR�LQWHUDFW�ZLWK�P\�-DSDQHVH�FROOHDJXHV��
,WbV�JRRG�WR�NQRZ�WKDW�WKHUH�DUH�RWKHUV�ZKR�XQGHUVWDQG�WKH�VDPH�ILHOG�DV�PH��

��� 7KUHH� H[SHULHQFHV� VWDQG� RXW� WR�PH�� )LUVW�� ,� UHDOO\� HQMR\HG� KRZ� SURIHVVLRQDO�
HYHU\RQH� ZDV�� HVSHFLDOO\� WKH� -8$&(3� SURJUDP�� 6HFRQG�� ,� UHDOO\� HQMR\HG� WKH�
RSSRUWXQLW\�WR�ZRUN�LQ�D�-DSDQHVH�ODE��7KLUG��WKH�SXEOLF�WUDQVSRUWDWLRQ�LQ�1DJR\D�
DQG�WKH�UHVW�RI�-DSDQ�LV�YHU\�IXQ�DQG�FRQYHQLHQW��

220



���,�UHDOO\�HQMR\HG�DOO�RI�WKH�RSSRUWXQLWLHV�WKDW�WKH�-XDFHS�SURJUDP�SURYLGHG��,�UHDOO\�
HQMR\HG�WKH�ILHOG�WULS�RXW�WR�WKH�7R\RWD�SODQW��,W�ZDV�YHU\�LQVSLUDWLRQDO�IRU�P\�ZRUN�
KHUH� LQ�1DJR\D��7KH�HQJLQH�EXLOGLQJ�RSSRUWXQLW\�ZDV�DOVR�YHU\� IXQ�DQG� UHZDUG��
)LQDOO\��,�DP�VWLOO�YHU\�DPD]HG�E\�WKH�ZRQGHUIXO�VWDII�-XDFHS�KDV�HPSOR\HG��7KH\�DUH�
DOO�YHU\�SURIHVVLRQDO�DQG�QLFH��

���,�UHDOO\�HQMR\�WKH�UHVHDUFK�,�DP�GRLQJ�DQG�LW�ZDV�YHU\�IXQ�ZRUNLQJ�LQ�D�-DSDQHVH�
ODE�WKLV�VXPPHU��,�EHOLHYH�LW�KDV�RSHQHG�P\�H\HV�DQG�,�DP�QRZ�YHU\�RSHQ�LQ�GRLQJ�
FROODERUDWLRQV�ZLWK�-DSDQ��HVSHFLDOO\�1DJR\D�8QLYHUVLW\��LQ�WKH�IXWXUH��,�DOVR�EHOLHYH�
WKDW�WKH�ZRUN�KHUH�LQ�-DSDQ�KDV�DOVR�VWUHQJWKHQHG�P\�VNLOOV�DV�D�PDWHULDOV�VFLHQWLVW��

���,�UHDOO\�OLNH�RXU�GRUPLWRU\��,W�LV�FORVH�DQG�FRQYHQLHQW��7KH�RQO\�FRPSODLQW�,�KDYH�LV�
WKDW�WKH�JHQGHU�UXOH�IURP�DOORZLQJ�YLVLWRUV��+RZHYHU��,�GR�XQGHUVWDQG�WKDW�WKHUH�LV�
SRWHQWLDO�OHJDO�LVVXH�VR�LW�LV�VRPHWKLQJ�RXW�RI�WKH�-XDFHS�FRQWURO��0D\EH�LW�LV�DOVR�D�
FXOWXUDO�GLIIHUHQFH�WKDW�,�DP�QRW�DZDUH�RI��

ŭƘƖƗƌƑŃźƄƑƊŃ
���,
YH�OHDUQHG�KRZ�WR�PDNH�FDUERQ�ILEHU�SODWHV�XVLQJ�WKH�9$570�PHWKRG�IURP�P\�
7$��7KH�HTXLSPHQW�LQ�1DJR\D�8QLYHUVLW\�LV�QHZHU�DQG�PRUH�QXPHURXV�WKDQ�ZKDW�ZH�
KDYH�DYDLODEOH�DW�8&/$��

���([SORULQJ�-DSDQ�ZDV�IXQ��,
YH�EHHQ�IRU�.\RWR��2VDND��DQG�7RN\R�LQ�DGGLWLRQ�WR�
DURXQG�1DJR\D��:KLOH�RQO\�D�IHZ�GD\V�ZHUH�VSHQW�RXWVLGH�RI�1DJR\D��P\�IULHQGV�DQG�
,�VDZ�D�IHZ�IHVWLYDOV�DQG�PDQ\�IDPRXV�ORFDWLRQV��:H�DWH�JRRG�IRRG�DV�ZHOO��

���7KH�HQJLQH�DVVHPEO\�ZRUNVKRS�ZDV�D�JUHDW�H[SHULHQFH�DQG�,�OHDUQHG�D�ORW��7KH�
-DSDQHVH�ODQJXDJH�FRXUVH�ZDV�WRR�VKRUW�DQG�XQIRUWXQDWHO\�,�FRXOGQ
W�OHDUQ�DV�PXFK�
DV�,�ZDQWHG��,W
V�EHWWHU�LI�VWXGHQWV�VWXG\�-DSDQHVH�EHIRUH�FRPLQJ�WR�-DSDQ��

���,�DP�VWLOO�VHW�RQ�REWDLQLQJ�ZRUN�LQ�WKH�DHURVSDFH�ILHOG�DIWHU�JUDGXDWH�VFKRRO��DV�
RSSRVHG�WR�FRQWLQXLQJ�VWXG\�DQG�UHVHDUFK�WR�REWDLQ�D�3K'��

ůƈŃűƊƘƜƈƑŃŮƋƒƘƑƊŃűƌƑƋŃ
���,�KDYH�REWDLQHG�FRQVLVWHQW�UHVXOWV�ZLWK�WKH�SUHYLRXV�VWXG\��,�DP�DQDO\VLQJ�WKH�
GDWD�RI�WKH�QHZ�VWXG\�DQG�ZLOO�EULQJ�RXW�WKH�FRQFOXVLRQ�EHIRUH�WKH�HQG�RI�WKH�VWXG\��
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���,�UHDOO\�HQMR\�VWD\LQJ�LQ�-DSDQ��$VLGH�IURP�VWXG\LQJ��,�KDYH�OHDUQHG�D�ORW�DERXW�
-DSDQHVH�FXOWXUH�DQG�YLVLWHG�VRPH�SODFHV�KHUH��,�ZLVK�,�FDQ�FRPH�EDFN�WR�-DSDQ�DQG�
VWD\�IRU�D�ORQJHU�WLPH��
�
���,�KDYH�OHDUQHG�DERXW�WKH�H[SHULPHQWDO�PHWKRGV�LQ� LQYHVWLJDWLQJ�WKH�QHDU�ILHOG�
OLTXLG�IORZ��,�KDYH�XVHG�RQH�RI�WKH�PHWKRGV�GHYHORSHG�E\�3URI��.HQML�)XNX]DZD
V�
JURXS�WR�VWXG\�WKH�YLVFRHODVWLF�SURSHUWLHV�RI�OLTXLG�OXEULFDQW�FRQILQHG�LQ�QDQRVFDOH�
JDSV��
�
���/HDUQLQJ�D�QHZ�H[SHULPHQWDO�WHFKQLTXH�DQG�WKH�EDFNJURXQG�VWXG\�RI�WKH�UHVHDUFK�
KDV�EURDGHQHG�P\�NQRZOHGJH�DQG�P\�VNLOOV�LQ�FRQGXFWLQJ�UHVHDUFKHV��(YHU\WKLQJ�,�
KDYH�OHDUQHG�GXULQJ�WKLV�SURJUDP�ZLOO�FHUWDLQO\�EH�KHOSIXO�LQ�REWDLQLQJ�D�MRE�LQ�WKH�
QHDU�IXWXUH��

Ń
ŲƚƈƑŃŶƘƜƘƄƑŃůƌƄƑƊŃ

���'XULQJ�P\�UHVHDUFK�LQ�-DSDQ��,�JDLQHG�PRUH�6(0�H[SHULHQFH��2QH�ELJ�EHQHILW�RI�
-DSDQHVH�XQLYHUVLWLHV�LV�WKH�DPRXQW�RI�KLJK�TXDOLW\�HTXLSPHQW��VXFK�DV�6(0��DQG�,�
WRRN�DGYDQWDJH�RI�WKDW��,�DOVR�PDGH�670�WLSV�WR�PHDVXUH�WKH�UHVLVWLYLW\�RI�&17V��
:KLOH�WKLV�ZLOO�QRW�DIIHFW�P\�FXUUHQW�UHVHDUFK�LQ�WKH�6WDWHV��,�EHOLHYH�NQRZOHGJH�RI�
VXFK�D�SURFHVV�PD\�OHDG�PH�WR�JHW�WUDLQHG�WR�XVH�D�670��7KURXJKRXW�P\�GDLO\�OLIH�LQ�
-DSDQ��,�JRW�WR�LPSURYH�P\�-DSDQHVH��,�WRRN�-DSDQHVH�FODVVHV�EHIRUH�DQG�WR�DFWXDOO\�
XVH�LW�LQ�D�UHDO�OLIH�VHWWLQJ�ZDV�YHU\�UHZDUGLQJ��
�
���%HIRUH�FRPLQJ�WR�-DSDQ��,�ZDV�IDVFLQDWHG�E\�WKH�IRRG�DQG�WKXV�,�JHDUHG�P\�WULSV�
WR� WDVWH� WKH� YDULRXV� ORFDO� FXLVLQHV�� 7KH� ILUVW� IHZ�ZHHNHQGV��P\� JURXS� VWD\HG� LQ�
1DJR\D�DQG�KDG�ORFDO�VSHFLDOWLHV�VXFK�DV�KLWVXPDEXVKL��PLVRNDWVX��WHQPDWVX��HWF��
6RRQ�DIWHU��ZH�ZHQW�WR�.\RWR�DQG�2VDND�WR�H[SHULHQFH�WKH�VKLQNDQVHQ��/XFNLO\��ZH�
ZHQW�DW�WKH�WLPH�RI�WKH�*LRQ�)HVWLYDO�LQ�.\RWR�DQG�JRW�WR�H[SHULHQFH�WKH�PXOWLSOH�IRRG�
VWDOOV��:H�ZHUH�DPD]HG�DW�WKH�DPRXQW�RI�SHRSOH�DQG�WKH�IDFW�WKDW�D�ZKROH�VWUHHW�KDG�
WR�EH�FORVHG�GRZQ�IRU�VXFK�DQ�HYHQW��:H�VDZ�KLVWRULF�VLWHV�VXFK�DV�.\RPL]XGHUD��
5\RDQML��DQG�.LQNDNXML��/DWHU�RQ��ZH�HYHQ�ZHQW�WR�WKH�1DJR\D�6XPR�7RXUQDPHQW��
2VDND�DTXDULXP��YDULRXV�FDVWOHV�LQ�1DJR\D��8HQR�,JD��DQG�2RJDNL��HWF��:H�DOVR�VDZ�
PDQ\�ILUHZRUN�VKRZV�WKDW�GZDUI�WKH�$PHULFDQ�HTXLYDOHQW�� � �
�
���7KH�PDLQ�SDUW�RI�-8$&(3�ZDV�WKH�UHVHDUFK��EXW�LW�DOVR�LQFOXGHG�VRPH�RWKHU�HYHQWV�� �
7KH�ELJ�HYHQW�KHOG�E\�WKH�-8$&(3�RIILFH�ZDV�D�WRXU�WR�WKH�7R\RWD�IDFWRU\��WKH�-5�7UDLQ�
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0XVHXP��DQG� LQ�WKH�HYHQLQJ��8NDL�)LVKLQJ��,�ZDV�DPD]HG�DW�WKH�DFFXUDF\�RI� WKH�
YDULRXV�ZHOGLQJ�URERWLF�DUPV�DW�WKH�7R\RWD�IDFWRU\�WKDW�DFWXDOO\�VSRW�ZHOGHG�YDULRXV�
GLIIHUHQW�PRGHOV�RI�7R\RWD��7KH�-5�7UDLQ�0XVHXP�ZDV�XQLTXHO\�LQWHUHVWLQJ�IRU�PH�
EHFDXVH�,�JRW�WR�WHVW�RXW�WKH�VKLQNDQVHQ�VLPXODWRU�ZKLFK�DOORZHG�PH�WR�WHVW�GULYH�
WKH�QHZHVW�PRGHO�RI�WKH�VKLQNDQVHQ��1������7KH�8NDL�)LVKLQJ�ZDV�LQWHUHVWLQJ�WR�VHH�
DV�,�QHYHU�KDG�VHHQ�ILVKLQJ�TXLWH�OLNH�LW��8NDL�ILVKLQJ�LV�D�PHWKRG�RI�XVLQJ�FRUPRUDQW�
ELUGV�WR�VZDOORZ�ILVK�DQG�UHJXUJLWDWH�WKHP�RXW��7KH�QH[W�HYHQW�KHOG�E\�WKH�SURJUDP�
ZDV�GLVDVVHPEOLQJ�DQG�UH�DVVHPEOLQJ�D�VPDOO�JDVROLQH�SRZHUHG�HQJLQH��7KLV�HQJLQH�
KDG�RQH�KRUVHSRZHU�DQG�RULJLQDOO\�ZDV�PDGH�WR�SRZHU�D�SURSHOOHU�IRU�D�5&�SODQH��,W�
ZDV�DQ�LQWHUHVWLQJ�H[SHULHQFH�IRU�PH�EHFDXVH�,�QHYHU�WRRN�DSDUW�DQ�HQJLQH�EHIRUH��
�
��� 7KH� 6(0� H[SHULHQFH� ,� JDLQHG� ZLOO� KHOS� LQ� P\� IXWXUH� FDUHHU� DQG� P\� FXUUHQW�
UHVHDUFK�EDFN�LQ�WKH�6WDWHV��%\�IXWXUH�FDUHHU��,�FDQ�LPDJH�PDQ\�FRPSDQLHV�WKDW�
YDOXH�PLFURVFRS\�H[SHULHQFH��)RU�P\�UHVHDUFK��DV�PHQWLRQHG�HDUOLHU��P\�3URIHVVRU�
ZDV� WKLQNLQJ� DERXW� WUDLQLQJ� VRPHRQH� LQ� P\� JURXS� IRU� 670� DQG� SHUKDSV� WKLV�
H[SHULHQFH�ZLOO�DOORZ�PH�WR�JHW�WUDLQHG�RQ�VXFK�D�PDFKLQH��,Q�DGGLWLRQ��UHVHDUFK�
WRSLF� RQ� FDUERQ� QDQRWXEHV� LV� FORVHO\� UHODWHG� WR� P\� FXUUHQW� UHVHDUFK� WRSLF� RQ�
JUDSKHQH�LQ�WKH�86��7KH�UHDVRQ�,�FKRRVH�6DLWR�/DE�JURXS�LQ�1DJR\D�8QLYHUVLW\�ZDV�
IRU�WKDW�SXUSRVH��,�ZDQWHG�WR�H[SDQG�P\�NQRZOHGJH�EDVH�WR�EH\RQG�MXVW�JUDSKHQH�
DQG�LQ�JHQHUDO��QRYHO�FDUERQ�PDWHULDOV��
�
���,�IRXQG�WKLV�SURJUDP�YHU\�XVHIXO��$�FRXSOH�RI�WKLQJV�WKDW�FRXOG�EH�LPSURYHG�XSRQ��
,�UHDOO\�HQMR\HG�WKH�SURJUDP�HYHQWV�DQG�ZLVKHG�WKHUH�ZHUH�PRUH��,�DOVR�IRXQG�WKH�
SD\PHQW�GDWH�YHU\�LQFRQYHQLHQW�IRU�P\�JURXS��:H�OHDYH�WKH���UG�RI�$XJXVW�EXW�ZLOO�
JHW�SDLG�RQ�WKH���WK�VR�PRQH\�ZDV�WLJKW�XS�WKDW�SRLQW��
�

żƄƒƇƒƑƊŃźƄƑƊŃ
��� 6ROXWLRQ� JURZWK� RI� VLQJOH� FU\VWDO� �+�6L&�� 8VLQJ� 7RS� 6HHGHG� 6ROXWLRQ� *URZWK�
PHWKRG�� QHDUO\� WKHUPDO� HTXLOLEULXP�� WR� JURZ��+�W\SH� VLOLFRQ� FDUELGH��ZKLFK� LV� D�
SURPLVLQJ�ZLGH�EDQGJDS�VHPLFRQGXFWRU�IRU�IXWXUH�SRZHU�GHYLFHV��,W�LV�NQRZQ�WKDW�
6L&�LV�VXIIHUHG�ZLWK�P\ULDG�RI�GLVORFDWLRQV��ZKLFK�GHJUDGHV�WKH�GHYLFH�SHUIRUPDQFH�
VLJQLILFDQWO\��%\�XVLQJ�VROXWLRQ�JURZWK�PHWKRGV��GLVORFDWLRQV�RQ�WKH�VXUIDFH�RI�6L&�
FDQ�EH�VLJQLILFDQWO\�UHGXFHG��6SHFLILFDOO\��,�VWXG\�E\�DGGLQJ�WKLUG�HOHPHQW�LQWR�WKH�
VROYHQW�H[SHFWLQJ�WR�REVHUYH�GLVORFDWLRQ�FRQYHUVLRQ�RQ�WKH�VXUIDFH��
�
���)LUVW�DQG�IRUHPRVW��WKH�-8$&(3�SURJUDP�SURYLGHV�WKH�H[FHOOHQW�RSSRUWXQLW\�IRU�
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8&/$�VWXGHQWV�WR�FRQGXFW�UHVHDUFK�DW�1DJR\D�ZLWK�VXIILFLHQW�IXQGLQJ�WR�FRYHU�WKHLU�
OLYLQJ�H[SHQVHV��$OVR��GXULQJ�WKH�VWD\�DW�1DJR\D��WKHUH�DUH�D�VHULHV�RI�RUJDQL]HG�ILHOG�
WULS�WR�7R\RWD�HWF��,Q�DGGLWLRQ��ODEPDWHV�IURP�HDFK�LQGLYLGXDO�ODE�DUH�DOZD\V�YHU\�
KHOSIXO� DQG� IULHQGO\� WR� RXU� VXPPHU� UHVHDUFK� VWXGHQWV�� 7KHLU� FRQVLGHUDEOH� KHOS�
UHGXFHV�RXU�ODQJXDJH�EDUULHU�VLJQLILFDQWO\��)URP�P\�SHUVRQDO�SHUVSHFWLYHV��,�KDYH�
OHDUQHG� DQG� KDG� H[SHULHQFHV� RI� D� YDULHW\� RI� H[SHULPHQWDO� LQVWUXPHQWV� DQG�
WHFKQLTXHV�LQFOXGLQJ�1RPDUVNL�0LFURVFRSH��&RQIRFDO�/DVHU�0LFURVFRSH��(%6'��;�UD\�
URFNLQJ�FXUYH�PHDVXUHPHQW�DQG�7(0��,Q�DOO��WKLV�SURJUDP�KDV�DFKLHYHG�P\�JUHDW�
SHUVRQDO�VDWLVIDFWLRQ��
�
���%\�DGGLQJ�WKH�WKLUG�HOHPHQW�LQWR�WKH�6L�&�;�VROXWLRQ��LW�LV�H[SHFWHG�WR�REVHUYH�
GLVORFDWLRQ�FRQYHUVLRQ�RQ�WKH�FDUERQ�IDFH��6DPSOHV�KDYH�EHHQ�SUHSDUHG�E\�XVLQJ�
7RS�6HHGHG�6ROXWLRQ�*URZWK�PHWKRG��766*��DQG�HSLOD\HU�ZDV�JURZQ�RQ�WKH��+�W\SH�
6L&�VHHG�FU\VWDO�VXEVWUDWH��7KH�HSLOD\HU�WKLFNQHVV�ZDV�PHDVXUHG�DQG�JURZWK�UDWH�
ZDV�FDOFXODWHG��&URVV�VHFWLRQDO�7(0�VDPSOHV�ZHUH�SUHSDUHG�E\�,RQ�0LOOLQJ�PHWKRG�
WR�REVHUYH�GLVORFDWLRQ�FRQYHUVLRQ��$QG�VXUIDFH�HWFKLQJ�ZDV�FRQGXFWHG�WR�REVHUYH�
GLVORFDWLRQ�GHQVLW\��
�
���7KH�H[SHULHQFH�DW�1DJR\D�8QLYHUVLW\�VKDOO�KHOS�P\�MRE�H[SORUDWLRQ�LQ�-DSDQHVH�
FRPSDQLHV�LQ�8�6��,�KDYH�LQWHQWLRQ�WR�SXUVXH�D�KLJK�WHFK�UHODWHG�MRE��$QG�-DSDQ�KDV�
D� YDULHW\� RI� KLJK�WHFK� FRPSDQLHV� DFURVV� WKH� ZRUOG�� ,� KRSH� WKDW� WKH� VXPPHU�
LQWHUQVKLS�,�KDYH�DW�1DJR\D�ZLOO�KDYH�SRVLWLYH�HIIHFW�RQ�P\�MRE�UHVHDUFK�RI�-DSDQHVH�
FRPSDQLHV��
�
���3HRSOH�DW�1DJR\D�8QLYHUVLW\�DUH�DOZD\V�KHOSIXO�DQG�IULHQGO\�WR�PH��,�KDYH�UHFHLYHG�
FRQVLGHUDEOH�KHOS�IURP�XQLYHUVLW\�ZLGH�WR�UHVHDUFK�ODE��,�KDYH�VLQFHUH�DSSUHFLDWLRQ�
WKDW�1DJR\D�8QLYHUVLW\�IXQGV�P\�WXLWLRQ�DQG�OLYLQJ�H[SHQVHV�IRU�P\�VWD\�LQ�-DSDQ��
$ORQJ�WKH�ZD\��,�UHFHLYHG�FRQVLGHUDEOH�KHOS�IURP�P\�ODE�PDWHV��:LWKRXW�WKHLU�KHOS�,�
FRXOG�QRW�DEOH�WR�FRQGXFW�P\�RZQ�H[SHULPHQWV��,Q�DOO��,�DP�WUXO\�JUDWHIXO�IRU�WKLV�
VXPPHU�LQWHUQVKLS�SURJUDP��
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