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.H\QRWH� 0XOWLVHQVRU\�0XVLFDO�,QWHUDFWLRQ
3URI��$WDX�7DQDND � 3URIHVVRU�RI�0HGLD�&RPSXWLQJ DW�*ROGVPLWKV
8QLYHUVLW\�RI�/RQGRQ

0XVLFDO�SHUIRUPDQFH�FDQ�EH�WKRXJKW�RI�LQ�PXOWLPRGDO WHUPV�ş�SK\VLFDO�LQWHUDFWLRQ�ZLWK
PXVLFDO�LQVWUXPHQWV�SURGXFHV�VRXQG�RXWSXW��RIWHQ�ZKLOH�WKH�SHUIRUPHU�PD\�EH�YLVXDOO\�UHDGLQJ
D�VFRUH��'LJLWDO�0XVLFDO�,QVWUXPHQW��'0,��GHVLJQ�PHUJHV�WHQHWV�RI�+XPDQ�&RPSXWHU�,QWHUDFWLRQ
�+&,��DQG�PXVLFDO�LQVWUXPHQW�SUDFWLFH�

,�SUHVHQW�VFLHQWLıF�UHVHDUFK�DQG�DUWLVWLF�SUDFWLFH�ZKHUH�HPERGLHG�LQWHUDFWLRQ�ZLWK�GLJLWDO
VRXQG��DW�WLPHV�PHGLDWHG�E\�PDFKLQH�OHDUQLQJ�WHFKQRORJLHV��FUHDWH�PXOWLPRGDO�DQG
PXOWLVHQVRU\�H[SHULHQFHV�IRU�SHUIRUPHU��OLVWHQHU��DQG�SDUWLFLSDWLQJ�DFWDQW��7KH�+DSWLF�:DYH
DSSOLHG�SULQFLSOHV�RI�FURVV�PRGDO�LQIRUPDWLRQ�GLVSOD\�WR�FUHDWH�D�KDSWLF�DXGLR�HGLWRU�HQDEOLQJ
YLVXDOO\�LPSDLUHG�DXGLR�SURGXFHUV�WR�ŗIHHOŘ�DXGLR�ZDYHIRUPV�WKH\�FRXOG�QRW�VHH�LQ�D�JUDSKLFDO
XVHU�LQWHUIDFH��7KH�%UDLQ�%RG\�'LJLWDO�0XVLFDO�,QVWUXPHQW��%%'0,��SURMHFW�EULQJV�YLVFHUDO�(0*

PXVFOH�LQWHUDFWLRQ�WRJHWKHU�ZLWK�HYRNHG�UHVSRQVH�RI�((*�EUDLQZDYHV�



5($&K
.ODDV�'HYRV ��'RFWRUDO�5HVHDUFKHU�DW�5R\DO�&RQVHUYDWRLUH $QWZHUS

6LQFH�������,�KDYH�EHHQ�HQJDJLQJ�LQ�D�SUDFWLFH�EDVHG 3K'��LQ�GDQFH�DQG�FKRUHRJUDSK\
QDPHG�ŕ7KLQNLQJ�%RGLHV�LQ�'DQFH��$�VRPDWLF�5($&K���5HVHDUFK�LQ�([SDQGHG�DQG�$OJRULWKPLF
&KRUHRJUDSK\�Ŗ�DW�WKH�&RQVHUYDWRLUH�DQG�8QLYHUVLW\�RI�$QWZHUS��7KLV�UHVHDUFK�SURMHFW�LV
H[SORUHG�DQG�SURGXFHG�LQ�FORVH�FROODERUDWLRQ�ZLWK�D�VPDOO�DUWLVWLF�UHVHDUFK�WHDP��FRPELQLQJ
GDQFH��FUHDWLYH�FRGLQJ��JUDSKLF�DQG�YLGHR�GHVLJQ��DQG�PXVLF�DQG�VRXQG�DUW��7RJHWKHU��ZH�DLP
WR�FUHDWH�FKRUHRJUDSKLF�HQYLURQPHQWV�ZKHUH�SHUIRUPHUV�H[SHULHQFH�K\SHUVHQVLWLYLW\�DV�D
FUHDWLYH�WRRO�IRU�LPSURYLVDWLRQ��7KH�UHVHDUFK�VWHPV�IURP�P\�SUHYLRXV�FKRUHRJUDSKLF
H[SORUDWLRQV�RI�UDGLFDO�DFFHOHUDWHG�DQG�RU�GLPLQLVKHG�VHQVRU\�LQSXW�RQ�GDQFH�

6\QHVWKHWLF�YHUVXV�&RPPRQ�$SSURDFKHV�IRU�0XOWLVHQVRU\�$UWV
'U��0LFKDHO�+DYHUNDPS���5HVHDUFKHU�RQ�FURVV�VHQVRU\�GHVLJQ
DQG�DFRXVWLFV

'XULQJ�QXPHURXV�\HDUV��,�XQGHUWRRN�WKH�WDVN�WR LQYHVWLJDWH�SRVVLELOLWLHV�RI�PXOWL�VHQVRU\

GHVLJQ�DQG�WKH�DUWV��)RU�WKLV�SXUSRVH��,�KDYH�GHYHORSHG�DQ�DSSURDFK�ZLWK�D�SRWHQWLDO�WR�LQFOXGH
DOO�SHUFHSWXDO�SURFHVVHV�ZKLFK�IDFLOLWDWH�FRQQHFWLRQV�RI�WKH�VHQVHV��%HVLGH�D�YLHZ�RQ�WKH
VWDWH�RI�WKH�DUW��WKLV�FRQWULEXWLRQ�WRXFKHV�WKH�TXHVWLRQ�RQ�ZKHWKHU�RU�QRW�V\QHVWKHVLD�PD\
SURYRNH�D�FORVHU�FRRSHUDWLRQ�EHWZHHQ�WKH�DUWLVWLF�GLVFLSOLQHV��GHVLJQ�DQG�VFLHQFH��7KH
SUHVHQWDWLRQ�ZLOO�LQFOXGH�H[DPSOHV�RQ�P\�UHFHQW�SURMHFW�RI�V\QHVWKHWLF�DUW��(OHPHQWV�RI�5LFKDUG
6WUDXVVŖ�V\PSKRQLF�SRHP�(LQH�$OSHQVLQIRQLH��RS������UHOHDVHG�LQ�������DUH�UHIHUUHG�WR�E\
SDLQWLQJV�RI�P\�V\QHVWKHWLF�LPSUHVVLRQ��LQ�FRPELQDWLRQ�ZLWK�DVVRFLDWLYH�FXHV�DQG�IUHH�DOOXVLRQV
WR�KLVWRU\��QDWXUH��DQG�PRGHUQ�OLIH�



$QDORJLHV�RI�PRYHPHQW�DQG�IRUP�LQ�H[SHULPHQWDO�ıOPV�ZLWK�PXVLF
'U��-ąUJ�-HZDQVNL���8QLYHUVLW\�RI�0ĞQVWHU

$EVWUDFW�H[SHULPHQWDO�ıOPV�ZLWK�PXVLF�DUH�PDQLIHVWDWLRQV�RI�V\QHVWKHWLF�WKLQNLQJ�LQ�DUWLVWLF
SURFHVVHV�LQVLGH�WKH�DYDQW�JDUGH�ıOP�DUW��%RWK�DUWV��ıOP�DQG�PXVLF��EHQHıW�IURP
LQWHUGLVFLSOLQDU\�LQWHUDFWLRQV��,Q�WKLV�SUHVHQWDWLRQ��WKUHH�GLĳHUHQW�ZD\V�RI�V\QHVWKHWLF�DQDORJLHV
RI�PRYHPHQW�DQG�IRUP�ZLOO�EH�GHPRQVWUDWHG�WKURXJK�WKUHH�VKRUW�ıOPV�E\�LPSRUWDQW�DEVWUDFW
VKRUW�ıOP�GLUHFWRUV�IURP�GLĳHUHQW�FRXQWULHV��&RPSRVLWLRQ�LQ�%OXH��������2VNDU�)LVFKLQJHU�
0XVLF��2WWR�1LFRODL���6SKHUHV��������1RUPDQ�0F/DUHQ��0XVLF��-RK��6HE��%DFK��XQG�6PDOO
7ULSW\FK��������%XODW�*DOHHY��0XVLF��*HRUJLM�6YLULGRY���$GGLWLRQDOO\��WKH�IROORZLQJ�TXHVWLRQV�ZLOO
EH�GLVFXVVHG��'RHV�RQH�RI�WKH�LQYROYHG�DUWV�GRPLQDWH�WKH�RWKHU�&DQ�HDFK�RI�WKH�LQYROYHG�EH
UHVSHFWHG�LQ�LWV�RZQ�DUWLVWLF�PHDQLQJ"

,UD�$UND�3URMHFW
0DUFHOD�3DYLD�DQG�(VWKHU�)OXHFNLJHU���,QGHSHQGHQW�$UWLVW�5HVHDUFKHUV

,UD�$UND�LV�D�ZRUN�LQ�SURJUHVV�SURMHFW��7KH�UHVHDUFK�LQYROYHV�HLWKHU�WKH�PXVLFDO�FRQWHQW��LQ
WKH�VHQVH�WKDW�SHUIRUPDQFH�LV�SDUWLDOO\�LPSURYLVDWLRQDO��DQG�WKH�HOHFWURQLFV��LQ�FRQVWDQW
HYROXWLRQ�LQ�WHUPV�RI�WHFKQRORJLFDO�LQWHUDFWLYLW\���7KH�IXQFWLRQ�RI�WKH�HOHFWURQLF�SDUW�LV�WR
FRXQWHUSRLQW��RUFKHVWUDWH�RU�LPSURYLVH�LQWHUDFWLYHO\�ZLWK�WKH�SLDQR��(OHFWURQLFV�LQFOXGHV�ı[HG
PHGLD��OLYH�HOHFWURQLFV�DQG�PXVLFDO�LQWHUIDFHV�DV�ZHOO��WKH�ODWWHU�LQWHQGHG�QRW�RQO\�DV�D�PHGLXP
IRU�PXVLFDO�H[SUHVVLRQ�EXW�DV�D�ZD\�WR�FUHDWH�YLVXDO�FRQQHFWLRQV�EHWZHHQ�VRXQG��JHVWXUHV�DQG
YLVXDOV��7KH�WHFKQRORJLFDO�UHVHDUFK�LV�IRFXVHG�PDLQO\�RQ�WKLV�DVSHFW��WKH�PXOWLVHQVRU\
FRQQHFWLRQV�LQFUHDVH�WKH�DWWHQWLRQ�DQG�LQYROYHPHQW�RI�WKH�DXGLHQFH��IDFLOLWDWHV�XQGHUVWDQGLQJ
DQG�DFFHSWDQFH�RI�H[SHULPHQWDO�DUWLVWLF�ODQJXDJHV��FUHDWHV�EULGJHV�IRU�LQFOXVLYLW\�DQG�SURYLGHV
PHDQV�IRU�LQWHUDFWLRQ�EHWZHHQ�DXGLHQFH�DQG�SHUIRUPHUV�



7KH�;75(0(�/DE��%ULGJLQJ�WKH�*DS�EHWZHHQ�6FLHQFH��,QWHUDFWLYH�$UW
DQG�+XPDQ�&RJQLWLRQ

(ULFD�%LVHVL���0RQWUHDO�8QLYHUVLW\
1LFROD�%DURQL���&RQVHUYDWRU\�RI�%RORJQD

;75(0(�LV�D�PXOWLGLVFLSOLQDU\�PXOWLPHGLD�SHUIRUPDQFH LQVSLUHG�E\�WKH�KRPRQ\PRXV
H[KLELWLRQ�;75(0(�ş�/LIH�LQ�([WUHPH�(QYLURQPHQWV��(62)�������>�@��,WV�ıUVW�SDUW�LV�GHGLFDWHG�WR
WKH�H[WUHPH�HQYLURQPHQWV�RI�FDYLQJ�DQG�$QWDUFWLFD�>�@��ZKLOH�WKH�VHFRQG�VWDJH�RI�WKH�SURMHFW�LV
GHYRWHG�WR�WKH�KDELWDELOLW\�RI�H[RSODQHWV�>�@��%RWK�H[SORLW�D�FROODERUDWLYH�V\QHUJHWLF�LQWHUDFWLRQ
EHWZHHQ�VFLHQWLVWV��FRPSRVHUV��PXVLFLDQV��DFWRUV�DQG�D�GDQFHU�WR�FUHDWH�D�PXOWLPHGLD�DUWZRUN�
2XU�UHVHDUFK�LQYROYHV�WZR�PDLQ�H[SHULPHQWDO�D[HV��QDWXUDO�VFLHQFHV�DQG�DOJRULWKPLF�PXVLFDO
FRPSRVLWLRQ��GXDOO\�LQWHQGHG�DV�D�VFRUH�EDVHG�RĵLQH�ZRUN�DQG�JHVWXUDO�LQWHUDFWLYH
IRUP�EHDULQJ�IHHGEDFN��2XU�FR��FUHDWLYH�DSSURDFK�ZLOO�EH�LOOXVWUDWHG�E\�VRPH�H[DPSOHV��ERWK
H[WUDFWHG�IURP�WKH�RYHUDOO�SURGXFWLRQ�DQG�SHUIRUPHG�LQ�UHDO�WLPH�

0DNLQJ�WKH�IXWXUH�H[SHULHQFHDEOH
3HWHU�)ULHVV��,QGHSHQGHQW�$UWLVW�5HVHDUFKHU

'XH�WR�QHZ�ZD\V�RI�WKLQNLQJ�DPRQJ�DUWLVWV�DQG�LQWHUHVWLQJ�SRVVLELOLWLHV�WKURXJK�WHFKQRORJLHV
ş�H�J��Rĳ�WKH�VKHOYHV�VHQVRUV��PDFKLQH�OHDUQLQJ��$,�DQG�VRFLDO�PHGLD��WKH�WUDQVYHUVDO�SRWHQWLDO
RI�PXVLF�DQG�RI�DUW�KDV�LQFUHDVHG�LQ�WKH�SDVW�\HDUV��1RZDGD\V�DUWLVWV�DUH�VHHNLQJ�QHZ�ZD\V�IRU
KDYLQJ�DQ�LPSDFW�WKURXJK�LQFOXVLYLW\�DQG�PLQG�FKDQJH�ş�DPRQJ�WKHPVHOYHV��ZLWK�RWKHU
GLVFLSOLQHV��ZLWK�WKH�DXGLHQFH�SXEOLF�DQG�ZLWK�VRFLHW\��5HVHDUFK�RQ�VHOI�RUJDQLVLQJ�V\VWHPV
KDV�UHYHDOHG�WKDW�WKH�FUHDWLRQ�RI�YDULDQWV�RI�H[LVWLQJ�SDWWHUQV��ZKLFK�DUH�OLNHO\�WR�EH�LQWHJUDWHG
LQWR�WKH�V\VWHPŖV�EHKDYLRXU��FDQ�KDYH�DQ�LPSDFW��,Q�WKLV�FRQWH[W��DUWLVWV��WKURXJK�WKHLU
WUDQVYHUVDO�QDWXUH�DQG�WUDQVJUHVVLYH�LQWHUHVW��FDQ�SOD\�D�FUXFLDO�UROH�LQ�SURGXFLQJ�YDULDQWV�E\
H[SHULPHQWLQJ�ZLWK�DOO�NLQGV�RI�WHFKQRORJ\��VHWWLQJV��DQG�QRQ�KXPDQ�OLIHIRUPV�



.H\QRWH� 7KH�.HOO\FDVWHU
-RKQ�.HOO\���0XVLFLDQ�	�'LVDELOLW\�DQG�+XPDQ�5LJKWV &DPSDLJQHU

-RKQ�LV�SURXG�WR�EH�D�'LVDELOLW\�DQG�+XPDQ�5LJKWV�&DPSDLJQHU�DQG�KDV�EHHQ�PRVW�ILJKWLQJ
IRU�ULJKWV�WR�,QGHSHQGHQW�/LYLQJ��2Q�WRS�RI�DOO�WKDW�KH�LV�DOVR�D�\RXWK�ZRUNHU�DQG�D�TXDOLILHG
IDFLOLWDWRU�ZKR�ZRUNV�ZLWK�PDQ\�GLIIHUHQW�RUJDQLVDWLRQV�WR�GHYHORS�FUHDWLYH�	�LQFOXVLYH�SUDFWLFH�
,Q�KLV�NH\QRWH�KH�ZLOO�WDON�DERXW�WKH�.HOO\FDVWHU���D�EHVSRNH�DFFHVVLEOH�JXLWDU���DQG�KLV�MRXUQH\
DV�D�GLVDEOHG�PXVLFLDQ��)RU�D�PXVLFLDQ�ZKR�LV�VHOI�GHVFULEHG�DV�µD�ELW�RI�D�SXQN�DW�KHDUW¶��WKH
JXLWDU�LV�D�SUHWW\�LPSRUWDQW�LQVWUXPHQW�

7KH�.HOO\FDVWHU�LV�D�QHZ�W\SH�RI�JXLWDU��EXLOW�EHVSRNH�WR�'LVDEOHG�PXVLFLDQ�-RKQ�.HOO\¶V
DFFHVV�QHHGV�DQG�PXVLFDO�DPELWLRQV��*DZDLQ�+HZLWW�GHYHORSHG�D�ILUVW�SURWRW\SH�RI�WKH
KDUGZDUH���IRU�D�'0/DE�DFFHVVLEOH�PXVLF�WHFKQRORJ\�KDFNDWKRQ�DW�WKH�6RXWKEDQN�&HQWUH��$W
WKH�HYHQW�&KDUOHV�0DWWKHZV��ZLWK�LQSXW�IURP�'DYH�'DUFK�DQG�-RKQ�.HOO\��EHJDQ�WKH�PDPPRWK
WDVN�RI�FUHDWLQJ�WKH�FRGH�EHKLQG�WKH�VWULQJV��7KH�UHVXOWLQJ�LQQRYDWLYH�LQVWUXPHQW�ZRQ�WKH
KDFNDWKRQ��DQG�ZDV�IHDWXUHG�LQ�WKH�,QGHSHQGHQW¶V�µ,¶�SDSHU�WKDW�VDPH�ZHHN��6LQFH�WKHQ�WKH
LQVWUXPHQW�KDV�FRQWLQXHG�WR�EH�GHYHORSHG��LWHUDWHG�DQG�UHILQHG�DQG�-RKQ�KDV�SOD\HG�JLJV�
IHVWLYDOV�DQG�WKHDWULFDO�SHUIRUPDQFHV�ZLWK�KLV�WUXVW\�.HOO\FDVWHU�VOXQJ�URXQG�KLV�QHFN�ZLWK�D
UDLQERZ�VWUDS�



&RQFHUW���5R\DO�&RQVHUYDWRLUH�$QWZHUS�
:LWWH�=DDO �������

Ɣ ,Q�WHQVLRQV
8PXW�(OGHP�	�*LXV\�&DUXVR

Ɣ 7KH�;75(0(�/DE
(ULFD�%LVHVL�	�1LFROD�%DURQL

Ɣ 6\QDHVWKHWLF�/LYH�'UDZLQJ
.LUD�GHOOD�6WXD�	�%U\QH�&DUUXWKHUV

Ɣ 6RQJV�IURP�0LUURU�7RXFK
&RQFHWWD�$EEDWH��3DFR�5RMDV�+XHUWDV��	�3DEOR�$UDQGD

Ɣ 7KH�6\QDHVWKHWLF�6WDJH
&KULVWLQH�6ąĴQJ



([KLELWLRQ�4XLHW�6SDFH��
5R\DO�&RQVHUYDWRLUH�$QWZHUS��5RRP����
�(QWLUH�6HPLQDU�

$UWZRUNV�
Ɣ 3+27,606

%URQ]H�6FXOSWXUHV�E\ 6DQQH�YDQ�:HHV

Ɣ 3LFWXUHV�IURP�ŗ$OSHQVLQIRQLHŘ
3DLQWLQJV�E\�0LFKDHO�+DYHUNDPS

Ɣ 7RXFKHG
0L[HG�0HGLD�E\�&&�+DUW

9LGHR�:RUNV�
Ɣ 0XOWLVHQVRU\�'RFXPHQWDU\

*HRĳD�)HOOV

Ɣ VSHFWUD
6WHSKDQLH�6FKHXEHFN

Ɣ 0\�7KRXJKWV�LQ�WKH�6N\��6\QHVWKHVLD�DQG�WKH�$XURUD�	�6LOHQW�/LJKWV��
&DUULH�&��)LUPDQ�	�6YHWODQD�5XGHQNR

Ɣ 5($&K�
.ODDV�'HYRV

Ɣ <HOORZ�'UHDPV�RI�&RQVFLRXVQHVV
6DQQH�YDQ�:HHV



'D\�����5R\DO�&RQVHUYDWRLUH�$QWZHUS�
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([SORULQJ�PLUURU�VHQVRU\�V\QDHVWKHVLD�WKURXJK�PXVLF�
FDQ�D�FRQWHPSRUDU\�FRPSRVLWLRQ�UHYHDO�WKH�PLUURU�WRXFK�H[SHULHQFH"

&&�+DUW���DUWLVW�	�IRXQGLQJ�ERDUG�PHPEHU�RI
WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�6\QDHVWKHWHV
&RQFHWWD�$EEDWH���FRPSRVHU��YRFDOLVW��DQG�YLROLQLVW

5HVHDUFK�FRQGXFWHG�E\�'UV��0LFKDHO�%DQLVV\�DQG�-DPLH�:DUG�KDV�FRQFOXGHG�WKDW
PLUURU�WRXFK�V\QDHVWKHVLD�LV�D�GLVWLQFW�IRUP�RI�FURVV�VHQVRU\�SHUFHSWLRQ�FRUUHODWHG�ZLWK
KHLJKWHQHG�HPSDWKLF�DELOLW\��&DQ�D�FRQWHPSRUDU\�PXVLFDO�FRPSRVLWLRQ�UHYHDO�WKH�PLUURU�VHQVRU\
H[SHULHQFH�DQG�WKH�HQKDQFHG�HPSDWK\�WKDW�LV�SDLUHG�ZLWK�WKLV�QHXURFRJQLWLYH�GLIIHUHQFH"�$
VHULHV�RI�GLDORJXHV�ZHUH�FRQGXFWHG�LQ�DXWXPQ������EHWZHHQ�&RQFHWWD�$EEDWH��D�FRPSRVHU�
YRFDOLVW��DQG�YLROLQLVW��DQG�&&�+DUW��D�PLUURU�VHQVRU\�V\QDHVWKHWH�ZKR�KDV�PLUURU�WRXFK�

0V��+DUW�SURYLGHG�D�QDUUDWLYH�RI�KHU�PLUURU�VHQVRU\�V\QDHVWKHVLDV�DQG�WKH�ZD\V�WKLV
WUDLW�KDV�ERWK�HQKDQFHG�DQG�FKDOOHQJHG�KHU�LQWHUSHUVRQDO�UHODWLRQVKLSV��0V��$EEDWH�XVHG�WKDW
QDUUDWLYH�WR�FUHDWH�D�FRPSRVLWLRQ�ZKLFK�VHHNV�WR�GUDZ�FRQQHFWLRQV�EHWZHHQ�WKH�HPRWLRQDO
HPSDWK\�IHOW�E\�WKH�DUWLVW�DQG�WKDW�RI�D�PLUURU�WRXFK�V\QDHVWKHWH��7KH�O\ULFV�ZHUH�FRPSRVHG
WKURXJK�D�SURFHVV�0V��$EEDWH�FDOOV�³ZRUG�SDLQWLQJ´��ZKLFK�MX[WDSRVHV�VHHPLQJO\�XQUHODWH�ZRUGV
DQG�SHUVSHFWLYHV�WR�GUDZ�D�YDULHW\�RI�XQH[SHFWHG�UHVSRQVHV�IURP�WKH�OLVWHQHU��7KH�JRDO�RI�WKLV
DSSURDFK�LV�WR�DOORZ�VSDFH�IRU�OLVWHQHUV�WR�DFWLYHO\�LPEXH�WKHLU�RZQ�PHDQLQJV�RQWR�WKH�ZRUN�
WKXV�FKDOOHQJLQJ�WKHLU�RZQ�HPSDWKHWLF�HDUV�



ŗ:DONLQJ�'RZQ�7KH�6WUHHWŘ��6RXQG�WR�&RORXU�WR�6KHHW�0XVLF
'U��-DVPLQ�6LQKD���OLQJXLVW�DQG�SURMHFW�PDQDJHU� 8QLYHUVLW\�RI�/X[HPERXUJ

$OO�W\SHV�RI�VRXQGV�WULJJHU�D�YLVXDO�SHUFHSWLRQ�IRU�PH��D�WKUHH�GLPHQVLRQDO�VKDSH�ZLWK
WH[WXUH�DQG�FRORXUV��8VLQJ�WKLV�JLIW��,�FUHDWHG�D���YRLFH�FKRLU�VFRUH��66$7%��RI�DQ�D�FDSSHOOD�MD]]
WXQH��³:DONLQJ�'RZQ�7KH�6WUHHW´��7KH�5HDO�*URXS��6ZHGHQ��667%%���7KLV�ZDV�DFKLHYHG�E\
IROORZLQJ�D�³KRUL]RQWDO´�DSSURDFK´��V\QDHVWKHWLFDOO\�YLVXDOL]LQJ�HDFK�RI�WKH�ILYH�YRLFHV��RQH�E\
RQH�DQG�LQ�GHWDLO��WDNLQJ�LQWR�DFFRXQW�FRORXU�VDWXUDWLRQ�DQG�KXH��WH[WXUH��PRYHPHQW��SRVLWLRQ�LQ
VSDFH�UHODWHG�WR�WKH�SLWFK�RI�HDFK�PXVLF�QRWH��(DFK�YRLFH�ZDV�WUDQVIHUUHG�LQWR�PXVLF�VWDYHV��,
VKRXOG�DGG�WKDW�,�DP�D�PXVLFDO�DPDWHXU�ZLWK�D�JRRG�KDUPRQLF�HDU�EXW�ZLWK�YHU\�OLWWOH�NQRZOHGJH
RI�PXVLF�WKHRU\��,�GLG�QRW�KDYH�WKH�NQRZOHGJH�WR�DSSO\�D�³YHUWLFDO´�DSSURDFK��WKLQNLQJ�LQ
KDUPRQLHV�DQG�FKRUGV��0\�FRORXUHG�KHDULQJ�DELOLW\�ZDV�WKH�H[FOXVLYH�WRRO�IRU�SURGXFLQJ�WKH
PDLQ�GUDIW�RI�WKH�VFRUH�

'DWD5HVRQDQFH���7HFKQRORJLFDO�,QWHUDFWLYLW\
0DUFHOR�$JXVWLQ�0DUWLQH]���+DQ]H�8QLYHUVLW\�RI $SSOLHG�6FLHQFHV

7KH�VXEMHFW�RI�WKH�SURSRVHG�SUHVHQWDWLRQ�DUH�WKH�WRSLFV�DQG�ILQGLQJV�RI�WKH
LQQRYDWLYH�DUWLVWLF�UHVHDUFK�SURMHFW�µ'DWD�5HVRQDQFH¶�,W�IRUD\V�LQWR�WKH�SK\VLFDO�DQG�SHUFHSWLYH
QDYLJDWLRQ�DQG�QHJRWLDWLRQ�RI�VSDFH�WKURXJK�WKH�LPPDWHULDOLW\�RI�SHUVRQDO�GDWD��,W�GRHV�VR�E\
ZD\V�RI�LPSOHPHQWLQJ�D�EHVSRNH�UHDO�WLPH�GDWD�WUDQVODWLQJ�V\VWHP�LQ�RUGHU�WR�HQDEOH
LQWHUDFWLYH�H[SHULHQFHV�WKDW�DLP�WR�FRQWULEXWH�FRQFHSWXDOO\�DQG�SUDFWLFDOO\�WR�WKH
GHYHORSPHQW�RI�KXPDQ�PDFKLQH�LQWHUDFWLRQV�,WV�PDLQ�K\SRWKHVHV�DUH��FDQ�FUHDWLQJ�D�V\VWHP
WKDW�WUDQVODWHV�SHUVRQDO�GDWD�LQWR�D�VHQVRULDO�H[SHULHQFH�HPSRZHU�LQGLYLGXDOV�WR�FROOHFWLYHO\
FR�FUHDWH�D�VKDUHG�DQG�VDIH�HQYLURQPHQW�WKURXJK�WHFKQRORJLFDO�PHGLDWLRQ"�$QG�VHFRQGO\��KRZ�
DQG�ZKHWKHU�DW�DOO��FDQ�WHFKQRORJLFDOO\�PHGLDWHG�DSSOLFDWLRQV�EDVHG�RQ�SHUVRQDO�GDWD�EH�XWLOLVHG
WR�VDIHO\�QDYLJDWH��H[SORUH�DQG�H[SHULHQFH�VKDUHG�VSDFHV"



6RXQG�VSOLQWHUV�LQ�D�PLUURU�RI�OLJKW
6LPRQHWWD�6DUJHQWL���&RPSRVHU��SHUIRUPHU��DQG�PXVLFRORJLVW�
&RQVHUYDWRULR�*XLGR�&DQWHOOL��1RYDUD��,WDO\

0\�FXUUHQW�UHVHDUFK�ZRUN�IRFXVHV�RQ�UHODWLRQVKLSV�EHWZHHQ�H[SUHVVLYHQHVV�DQG
PRYHPHQW�LQ�YLROLQ�SOD\LQJ�DQG�FRQYHUJH�LQ�D�OLYH�SHUIRUPDQFH�LQYROYLQJ�GLIIHUHQW�PRGHV�RI
SOD\LQJ��7KH�SLHFH�FRPSRVHG�IRU�WKLV�SURMHFW�DULVHV�IURP�3DJDQLQL¶V�&DSULFFLR����DQG�LQFOXGHV
VRPH�SHFXOLDULW\�RI�SOD\LQJ�RQ�WKH�YLROLQ��7KH�PDSSHG�PRYHPHQWV�SURGXFHG�ZLWK�WKH�ERZ�DUH
DFTXLUHG�E\�D�PRWLRQ�WUDFNLQJ�V\VWHP�DQG�LW�LV�XVHG�WR�FRQWURO�PRWLRQ�JUDSKLF�SDWWHUQV�LQ�UHDO
WLPH�

7KH�PXVLFDO�VFRUH�LQWHUSUHWHG�LQ�VHYHUDO�ZD\V��EHFRPHV�DQ�LQWHUDFWLYH�WRRO�IRU�D�JUDSKLF
FUHDWLRQ��3HUIRUPDQFH�LV�WKHUHIRUH�D�V\QDHVWKHWLF�H[SHULHQFH�WKDW�LQYROYHV�WKH�OLVWHQHU�DOVR
YLVXDOO\��)XUWKHUPRUH��WKH�VHQVRUV�DOORZ�WR�WUDFH�WKH�PRYHPHQWV�WKDW�EHFRPH�GDWD�WR�EH
DQDO\]HG�IRU�WKH�SXUSRVH�RI�D�WKHRUHWLFDO�ZRUN�RI�SHUIRUPDQFH�DQDO\VLV�DQG�DOVR�RI�DQ
HGXFDWLRQDO�SURMHFW�IRU�OHDUQLQJ�LQVWUXPHQWDO�WHFKQLTXHV��7KH�PRWLRQ�WUDFNLQJ�SURMHFW�LV
GHYHORSHG�ZLWK�WKH�WHFKQLFDO�FROODERUDWLRQ�RI�6DPXHOH�3ROLVWLQD�DQG�WKH�HTXLSPHQW�RI�/7:�
6WXGLR�LQ�0LODQ�

0XVLFDOOLJUDSK\
6LOYLR�)HUUDJLQD���$UWLVW�FDOOLJUDSKHU

7KLV�SURMHFW�DLPV�WR�VLPXOWDQHRXVO\�FRPELQH�WZR�DUWLVWLF�PRGDOLWLHV��FDOOLJUDSK\�DQG
SHUIRUPDWLYH�DUW��E\�WHFKQRORJLFDO�PHGLDWLRQ�ZKLFK�JHQHUDWHV��WKURXJK�WKLV�FRQYHUJHQFH��DQ
DXJPHQWHG�DQG�V\QHVWKHWLF�UHSUHVHQWDWLRQ�RI�WKH�DUWLVW¶V�PRYHPHQWV�ZLWK�PXVLF��,QWHUDFWLYH
WHFKQRORJLHV�ZLOO�EH�LQWHJUDWHG�ZLWKLQ�WKH�EUXVK�WR�PRQLWRU�DQG�VRQLI\�WKH�DUWLVW¶V�JHVWXUHV�DQG�WR
XVH�WKHVH�GDWD�WR�DFWLYDWH�GLIIHUHQW�DXGLR�HIIHFWV��7KXV��WKH�EUXVK�EHFRPHV�DQ��DXJPHQWHG�
LQVWUXPHQW�ZKLFK�WUDQVSRVHV�WKH�FDOOLJUDSKLF�VLJQ�LQWR�VRXQG�E\�JHQHUDWLQJ�D�QHZ
PXOWLGLVFLSOLQDU\�DQG�V\QHVWKHWLF�SHUIRUPDQFH�SUDFWLFH��WKH�

0XVLFDOOLJUDSK\

�



$XGLRYLVXDO�6\QHVWKHVLD�([SHULHQFH�WKURXJK�WHFKQRORJLFDO�GHYLFHV�
7ULYLD��$Q�(FSKUDVLV�H[SHULPHQW

)UDQFHVFR�0DJDUā���3LDQLVW�DQG�$UWLVW�UHVHDUFKHU

3DQGHPLF�IRUFHG�SHRSOH�KRPH�DQG�FKDQJHG�GD\OLIH�KDELWV�LQYROYLQJ�DUW¶V�IUXLWLRQ�
EULQJLQJ�DUWLVWV�WR�UHWKLQN�WKHLU�ZD\V�WR�H[SUHVV�DQG�FROODERUDWH��WKLV�VHWWLQJ�PDGH�PH
JURZ�WKLV�SURMHFW��DLPHG�WR�GHSOR\�DQ�(FSKUDVLV�H[SHULPHQW��DQ�DUW�PHGLXP�GHVFULELQJ
DQRWKHU¶V�LQ�HVVHQFH�RU�IRUP��E\�H[SORULQJ�PXOWLVHQVRU\�SURFHVVHV�WKURXJK
PXOWLPHGLD��7ULYLD�LV�D�FRPSRVLWLRQ�,�ZURWH�IRU�.RQQDNRO��LQGLDQ�YRFDOLVDWLRQ�IRUP���7DPERXULQH
DQG�5LT��LWDOLDQ�DQG�DUDELF�WUDGLWLRQDO�SHUFXVVLRQV���7KUHH�³QRQ�PHORGLF´�PHDQV�IDU�IURP�ZHVWHUQ
FDQRQV�FRQYHUJLQJ�LQVLGH�WKLV�FRPSRVLWLRQ��'XULQJ�ORFNGRZQ�,�SOD\HG�
UHFRUGHG�DQG�HGLWHG�HYHU\WKLQJ�E\�P\VHOI��7KHQ��DLPLQJ�WR�LPSOHPHQW�DQ�DUWLVWLF
H[SHULPHQWDWLRQ�,�XQWLHG�LW�IURP�P\�DXWKRULDO�QDUUDWLRQ�E\�JLYLQJ�LW�VLJKW�XQVHHQ�WR�D
YLVXDO�DUWLVW�NQRZLQJ�QRWKLQJ�DERXW�WKH�FRPSRVLQJ�SURFHVV�RU�PXVLFDO�ODQJXDJH��7KLV
VWLPXODWHG�D�VHQVRU\�WUDQVIHU�V\QHVWKHVLD��:LOPDQQ���WXUQLQJ�VRXQGV�LQWR�REMHFWV��MXVW
LQVSLUHG�E\�OLVWHQLQJ�LQ�RUGHU�WR�FUHDWH�D�QHZ�YLVXDO�FRPSRVLWLRQ�VXJJHVWHG�E\�WKH
PXVLFDO�RQH�

6DXQGDU\DODKDUL�ş�JHQHVLV�RI�D�UHFLSURFDO�DXGLR�YLVXDO�PXVLF�SUDFWLFH
<DWL�'XUDQW���&RPSRVHU��OHFWXUHU��WUXPSHWHU��DQG�FRQGXFWRU

7KH�6DXQGDU\DODKDUL�SURMHFW�LV�D�VHULHV�RI�ZRUNV�EDVHG�RQ�DQ��WK�&HQWXU\�,QGLDQ�OLWHUDU\
ZRUN�LQ�6DQVNULW�ZULWWHQ�E\�$GL�6KDQNDUD�6DXQGDU\DODKDUL�PHDQLQJ��:DYHV�2I�%HDXW\´��7KH
RXWSXWV�RI�WKLV�SURMHFW�H[SORUH�WKURXJK�PXVLF��VRXQG�DQG�YLVXDOV�WKH�³QRQ�YHUEDO´�FUHDWLYLW\�IRXQG
LQ�WKHVH�DQFLHQW�WH[WV�ZKLOH�XWLOLVLQJ�WKH�VWUXFWXUDOLVP�RI�WKH�VSLULWXDO�JUDSKLF�IRUPDWLRQ�RI�WKH
6ULFDNUD��ZKLFK�GHILQHV�DQG�DUUDQJHV�WKH�YHUVHV�IURP�RXWVLGH�WR�LQVLGH��,Q�WKLV�SDSHU��,�ZLOO
H[SODLQ�WKH�JHQHVLV�DQG�HYROXWLRQ�RI�WKH�6DXQGDU\DODKDUL�UHFLSURFDO�DXGLR�YLVXDO�V\VWHP�DQG
ZK\�JRLQJ�EH\RQG�DQ�DUELWUDU\�UHSUHVHQWDWLRQ�RI�YLVXDOV�WR�DXGLR�PXVLF�DOORZV�IRU�PRUH�GLVWLQFW
FR�FRPSRVLWLRQDO�DSSURDFKHV�LQ�SHUIRUPDQFH�DQG�FUHDWLRQ��&RQVLGHUDWLRQV�RQ�UHVHDUFK�LQWR
V\QDHVWKHVLD��H[SHULPHQWDO�DQLPDWLRQ�DQG�LPSURYLVDWLRQ�ZLOO�EH�GLVFXVVHG�DORQJ�ZLWK�DQ
LQWURGXFWLRQ�WR�WKH�PRVW�UHFHQW�6DXQGDU\DODKDUL�DXGLR�YLVXDO�VRXQG�DUW�ZRUNV�E\�WKH�DXWKRU�



%LRJUDSKLHV�RI�3DUWLFLSDQWV�

$WDX�7DQDND�
$WDX�7DQDND�FRQGXFWV�UHVHDUFK�LQ�HPERGLHG�PXVLFDO�LQWHUDFWLRQ��7KLV�ZRUN�WDNHV�SODFH

DW�WKH�LQWHUVHFWLRQ�RI�KXPDQ�FRPSXWHU�LQWHUDFWLRQ�DQG�JHVWXUDO�FRPSXWHU�PXVLF�SHUIRUPDQFH�+H
VWXGLHV�RXU�HQFRXQWHUV�ZLWK�VRXQG��EH�WKH\�LQ�PXVLF�RU�LQ�WKH�HYHU\GD\��DV�D�IRUP�RI
SKHQRPHQRORJLFDO�H[SHULHQFH��7KLV�LQFOXGHV�WKH�XVH�RI�SK\VLRORJLFDO�VHQVLQJ�WHFKQRORJLHV�
QRWDEO\�PXVFOH�WHQVLRQ�LQ�WKH�HOHFWURP\RJUDP�VLJQDO��DQG�PDFKLQH�OHDUQLQJ�DQDO\VLV�RI�WKLV
FRPSOH[��RUJDQLF�GDWD��+H�LV�D�PHPEHU�RI�WKH�($9,��(PERGLHG�$XGLR9LVXDO�,QWHUDFWLRQ�
UHVHDUFK�JURXS��ZKLFK�IRFXVHV�RQ�HPERGLHG�LQWHUDFWLRQ�ZLWK�VRXQG�DQG�LPDJH��($9,�LV�D�VPDOO
JURXS�RI�DFDGHPLFV��UHVHDUFKHUV��DQG�3K'�VWXGHQWV�FDUU\LQJ�RXW�FXWWLQJ�HGJH�UHVHDUFK�DFURVV
WRSLFV�LQFOXGLQJ�PRWLRQ�FDSWXUH��H\H�WUDFNLQJ��EUDLQ�FRPSXWHU�LQWHUIDFHV��SK\VLRORJLFDO
ELR�LQWHUIDFHV��PDFKLQH�OHDUQLQJ��DQG�DXGLWRU\�FXOWXUH��$WDX�KDV�SUHYLRXVO\�EHHQ�$UWLVWLF
$PEDVVDGRU�DW�$SSOH��UHVHDUFKHU�DW�6RQ\�&RPSXWHU�6FLHQFH�/DERUDWRU\��DQG�SURIHVVRU�DQG
JXHVW�SURIHVVRU�LQ�-DSDQ��)UDQFH��DQG�QRUWKHDVW�(QJODQG��+LV�ZRUN�KDV�EHHQ�VXSSRUWHG�E\�WKH
(XURSHDQ�5HVHDUFK�&RXQFLO��(5&���+RUL]RQ������DQG�ERWK�VFLHQFH�DQG�KXPDQLWLHV�VHFWLRQV�RI
5HVHDUFK�&RXQFLOV�8.��5&8.��

.ODDV�'HYRV�
.ODDV�'HYRV�LV�D�FKRUHRJUDSKHU�DQG�UHVHDUFKHU��+LV�ZRUN�H[SORUHV�WKH�LQWLPDWH�SRHWU\

RI�NQRZLQJ�DQG�WKLQNLQJ�ERGLHV�DQG�WKH�DHVWKHWLFV�RI�PLV�XQGHUVWDQGLQJV��'HYRVŖ�SUDFWLFH
FRQVLVWV�RI�VWXGLHV�RQ�WKH�LQVWDQW�RI�GDQFH�LQWHUSUHWDWLRQ��7KH�DUWLVWLF�RXWSXW�LQWHUZHDYHV�GDQFH
LPSURYLVDWLRQ�DQG�HOHFWURQLF�FKRUHRJUDSK\��H[SHULPHQWDO�PXVLF��GLJLWDO�DUWV��VRPDWLF�SUDFWLFHV
DQG�FRJQLWLYH�VFLHQFHV��
7KH�7KLQNLQJ�%RG\�LQ�'DQFH
�LV�WKH�VXEMHFW�RI�KLV�GRFWRUDO�UHVHDUFK�LQ
WKH�DUWV�DW�WKH�5R\DO�&RQVHUYDWRLUH�$QWZHUS�DQG�WKH�8QLYHUVLW\�RI�$QWZHUS��7KLV�UHVHDUFK�RQ
OLYH�HOHFWURQLFV�DV�D�GDQFH�DQG�FKRUHRJUDSKLF�WRRO�FRQQHFWV�WHFKQRORJ\�DQG�WKH�KXPDQ
QHUYRXV�V\VWHP�LQ�GDQFH�LQ�RUGHU�WR�SURGXFH�QHZ�LPSURYLVDWLRQ�WHFKQLTXHV�

0LFKDHO�+DYHUNDPS�
0LFKDHO�+DYHUNDPS�LV�DQ�H[SHUW�RQ�FURVV�VHQVRU\ GHVLJQ��DFRXVWLFV�DQG�V\QHVWKHVLD�

8QWLO�������KH�GHYHORSHG�PHWKRGV�IRU�FURVV�VHQVRU\�KDUPRQL]DWLRQ�RI�DXWRPRWLYH
SURGXFWV�DW�WKH�)RUG�'HYHORSPHQW�&HQWUH��&RORJQH��%RUQ������LQ�*�WHUVORK�
%XQGHVUHSXEOLN�'HXWVFKODQG��KH�IRFXVHG�RQ�WHFKQLFDO�DQG�SV\FKRORJLFDO�DFRXVWLFV
GXULQJ�KLV�VWXGLHV�DW�5XKU�8QLYHUVLWlW�%RFKXP��+LV�3K'�WKHVLV�DGGUHVVHG�WKH
SK\VLRORJLFDO�LQIOXHQFHV�DQG�SHUFHSWLRQV�RI�YLEUDWLRQ��0HGLFDO�'HSDUWPHQW��8QLYHUVLW\
RI�0DLQ]��



-ąUJ�-HZDQVNL�
-|UJ�-HZDQVNL�UHFHLYHG�KLV�GRFWRUDWH�LQ�PXVLFRORJ\�LQ������ZLWK�D�WKHVLV�RQ�FRORU�WRQH

WKHRULHV��SXEOLVKHG�LQ�������6LQFH�WKHQ��KH�KDV�SXEOLVKHG�QXPHURXV�DUWLFOHV�DQG�ERRNV�RQ�WKH
LQWHUUHODWLRQVKLSV�RI�WKH�DUWV�DQG�RQ�V\QHVWKHVLD��+H�KDV�ZULWWHQ�RYHU�����DUWLFOHV�IRU�WKH�QHZ
HGLWLRQ�RI�WKH�HQF\FORSHGLD�'LH�0XVLN�LQ�*HVFKLFKWH�XQG�*HJHQZDUW��0**��DQG�LV�D
FROODERUDWRU�RI�LWV�HGLWRULDO�ERDUG��%HWZHHQ������DQG�������KH�ZDV�D�):)�JUDQW�KROGHU�IRU
0XVLF�DQG�V\QHVWKHVLD�DW�WKH�,QVWLWXWH�RI�0XVLFRORJ\�DW�WKH�8QLYHUVLW\�RI�9LHQQD��$XVWULD�
6LQFH�������KH�KDV�EHHQ�WHDFKLQJ�PXVLF�KLVWRU\�DQG�PXVLFRORJ\�DW�WKH�8QLYHUVLW\�RI�0�QVWHU�
*HUPDQ\�

0DUFHOD�3DYLD�
0DUFHOD�3DYLD��,7�$5*��&RPSRVHU�RI�FKDPEHU�DQG�RUFKHVWUDO�PXVLF��HOHFWURDFRXVWLF

DQG�PXOWLPHGLD�ZRUNV��0XVLFDO�7KHDWUH�IRU�.LGV�DQG�PXVLF�IRU�GLGDFWLFV��$XWKRU�RI�WKHRUHWLFDO
HVVD\V��%RDUG�RI�'LUHFWRUV�RI�WKH�,WDOLDQ�6RFLHW\�IRU�&RQWHPSRUDU\�0XVLF��PHPEHU�RI�$JRQ
$FXVWLFD�,QIRUPDWLFD�0XVLFD��)DFXOW\�0HPEHU�RI�WKH�6RXQGVFDSH�)HVWLYDO�������������DQG
PHPEHU�RI�$FXVPRQLXP�$XGLRU�$VVRFLDWLRQ�

(VWKHU�)OXHFNLJHU�
(VWKHU�)O�FNLJHU��,7�&+��SLDQLVW��FRPSRVHU��LPSURYLVHU��FODVVLFDO��FRQWHPSRUDU\�PXVLF�

FURVVRYHU���+HU�FUHDWLYH�LGHDV�DUH�XQOLPLWHG�DQG�VKH�LV�FRQWLQXRXVO\�H[SHULPHQWLQJ�QHZ�PXVLFDO
GLUHFWLRQV�DQG�HPRWLRQDO�PXVLF�FKDOOHQJHV��DYRLGLQJ�SUHYLRXV�PXVLFDO�SDWKV��6KH�IRFXVHV�RQ
WKH�LQWHUSUHWDWLRQ�RI�FRQWHPSRUDU\�DQG�WUDGLWLRQDO�PXVLF��IUHH�LPSURYLVDWLRQ�DQG�HOHFWURQLF
PXVLF��6KH�SOD\V�ZLWK�GLIIHUHQW�VW\OLVWLF�GLUHFWLRQV�ERWK�VROR�DQG�LQ�HQVHPEOH�DQG�KDV�SXW�RQ
FRQFHUWV�LQ�(XURSH��$PHULFD��5XVVLD��$VLD�DQG�6RXWK�$PHULFD��WDNLQJ�SDUW�LQ�WUDGLWLRQDO�DQG
FRQWHPSRUDU\�PXVLF�IHVWLYDOV�DQG�DV�D�VRORLVW�ZLWK�RUFKHVWUD�

(ULFD�%LVHVL�
(ULFD�%LVHVL¶V�DFDGHPLF�EDFNJURXQG�LV�PXOWLGLVFLSOLQDU\��3K'�LQ�0DWKHPDWLFV

DQG�3K\VLFV��06F�LQ�$VWURSK\VLFV��0$�LQ�3LDQR�,QWHUSUHWDWLRQ�DQG�00XV�LQ
0XVLF�7KHRU\�DQG�$QDO\VLV��LQ�SURJUHVV���6KH�LV�DGMXQFW�SURIHVVRU�DW�WKH
)DFXOW\�RI�0XVLF�RI�WKH�0RQWUHDO�8QLYHUVLW\��SRVWGRFWRUDO�UHVHDUFKHU�LQ
PXVLFRORJ\�DQG�PXVLF�FRJQLWLRQ�FROODERUDWLQJ�ZLWK�WKH�,50$�LQ�6WUDVERXUJ�
WKH�84$0�LQ�0RQWUHDO��WKH�0LODQ�DQG�WKH�0RVFRZ�&RQVHUYDWRULHV�DQG�WKH
.RPLWDV�,QVWLWXWH�LQ�<HUHYDQ��PHPEHU�RI�*$70�DQG�6)$0��FRIRXQGHU�RI�WKH
VRFLHW\�IRU�DUWLVWLF�SURGXFWLRQ�0$6.�$36��DQG�SRVWGRFWRUDO�UHVHDUFKHU�LQ�DVWURELRORJ\�DW�WKH
$VWURQRPLFDO�2EVHUYDWRU\�RI�7ULHVWH�

1LFROD�%DURQL�
1LFROD�%DURQL�KROGV�0DVWHUV�RI�$UWV�LQ�&HOOR�3HUIRUPDQFH�DQG�(OHFWURQLF

0XVLF�IURP�WKH�&RQVHUYDWRU\�RI�%RORJQD��DQG�D�00XV�GHJUHH�LQ�0XVLF
$HVWKHWLFV�IURP�WKH�8QLYHUVLW\�RI�%RORJQD��+H�VWXGLHG�FHOOR�ZLWK�$ODLQ
0HXQLHU�DQG�6LHJIULHG�3DOP��WRRN�FRXUVHV�RQ�PXVLF�VRIWZDUH�DW�WKH�,5&$0�LQ
3DULV�DQG�IXOILOOHG�D�3K'�LQ�&RPSRVLWLRQ�DW�WKH�8QLYHUVLW\�RI�(GLQEXUJK�GRLQJ
UHVHDUFK�RQ�+\SHULQVWUXPHQWV��1LFROD�WHDFKHV�FHOOR�DW�WKH�³*LXVHSSH�9HUGL´
&RQVHUYDWRU\�RI�0LODQ��PDVWHUV�ERWK�VROR�DQG�FKDPEHU�PXVLF�UHSHUWRLUHV��KDV
EHHQ�PHPEHU�RI�VHYHUDO�,WDOLDQ�FRQWHPSRUDU\�PXVLF�HQVHPEOHV��DQG�LV�FRIRXQGHU�RI�WKH�VRFLHW\
IRU�DUWLVWLF�SURGXFWLRQ
0$6.�$36�



3HWHU�)ULHVV�
3HWHU�)ULHVV��DUWLVW�QDPH�3(7(50)5,(66��KDV�D�EDFNJURXQG LQ�VHOI�RUJDQL]LQJ

FRPSOH[�VRFLDO�V\VWHPV��3K�'���DQG�VSDFH�WHFKQRORJ\��+H�LV�DQ�LQWHUGLVFL�SOL�QDU\�DUWLVW�DQG
UHVHDUFKHU�ZLWK�D�ZLGH�DUUD\�RI�LQWHUHVWV��SDUWLFXODUO\�LQ�DUWLILFLDO�LQWHOOLJHQFH��V\VWHP�WKHRU\�
KXPDQLWLHV��SKLORVRSK\�DQG�HFRORJ\��%HLQJ�WUDQVYHUVDO�E\�QDWXUH��KH�FRPELQHV�LQVSLUDWLRQ�IURP
YLVXDO�DUWV��PXVLF��WKHDWUH��GDQFH��QHZ�WHFKQRORJLHV��VFLHQFH�DQG�SKLORVRSK\�LQWR�FRQFHSWXDO
DQG�FRRSHUDWLYH�GLJLWDO�DUW��7KH�IRFXV�LV�RQ�WKH�WUDQVIRUPDWLRQ�RI�RXU�VRFLHW\¶V�HYROXWLRQ�LQWR
HPRWLRQDO�DQG�DHVWKHWLF�YDOXHV�ZKLFK�UHVRQDWH�DQG�HQJDJH�WKH�DXGLHQFH�

-RKQ�.HOO\�
-RKQ�LV�D�VHOI�WDXJKW�PXVLFLDQ�DQG�VLQJHU���VRQJZULWHU��+H�KDV�ZRUNHG�ZLWK�*UDHDH

7KHDWUH�&RPSDQ\�IRU�VL[�\HDUV��SHUIRUPHG�DV�SDUW�RI�WKH�3DUDO\PSLF�2SHQLQJ�&HUHPRQ\�DQG
ZRUNHG�DOO�RYHU�WKH�8.�DQG�LQWHUQDWLRQDOO\�DV�DQ�DUWLVW��YRFDOLVW��ZRUNVKRS�OHDGHU�DQG�SHUIRUPHU�
+H�DOVR�SHUIRUPV�UHJXODUO\�ZLWK�IULHQGV�LQ�WKH�EDQG�5RFNLQSDGG\��-RKQ�LV�SURXG�WR�EH�D�'LVDELOLW\
DQG�+XPDQ�5LJKWV�&DPSDLJQHU�DQG�KDV�EHHQ�PRVW�ILJKWLQJ�IRU�ULJKWV�WR�,QGHSHQGHQW�/LYLQJ��2Q
WRS�RI�DOO�WKDW�KH�LV�DOVR�D�\RXWK�ZRUNHU�DQG�D�TXDOLILHG�IDFLOLWDWRU�ZKR�ZRUNV�ZLWK�PDQ\�GLIIHUHQW
RUJDQLVDWLRQV�WR�GHYHORS�FUHDWLYH�	�LQFOXVLYH�SUDFWLFH�

&RQFHWWD�$EEDWH�
&RQFHWWD�$EEDWH�LV�D�FRPSRVHU��YRFDOLVW�DQG�YLROLQLVW ZKR�KROGV�DQ�0$�LQ�0XVLF�DQG

(GXFDWLRQ�IURP�&ROXPELD�8QLYHUVLW\��6KH�ZDV�D�5DXVFKHQEHUJ�)RXQGDWLRQ�&RPSRVHU�LQ
5HVLGHQFH�LQ�������DQG�ZDV�WZLFH�D�&RPSRVHU�LQ�5HVLGHQFH�DW�7$.7�*DOOHU\�%HUOLQ��*HUPDQ\
������DQG��������0V��$EEDWH
V������FRPSRVLWLRQ�0LUURU�7RXFK�HPSOR\V�YRLFH�DQG�PL[HG
FKDPEHU�HQVHPEOH�WR�H[SORUH�PLUURU�VHQVRU\�V\QHVWKHVLD��6KH�PDNHV�KHU�KRPH�LQ�1HZ�<RUN
&LW\�

&&�+DUW�
&&�+DUW�LV�D�IRXQGLQJ�ERDUG�PHPEHU�RI�WKH�,QWHUQDWLRQDO $VVRFLDWLRQ�RI�6\QDHVWKHWHV�

$UWLVWV��DQG�6FLHQWLVWV�ZKHUH�VKH�VHUYHV�RQ�WKH�H[HFXWLYH�ERDUG�LQ�WKH�UROH�RI�VHFUHWDU\��$
SRO\V\QDHVWKHWH�ZLWK����IRUPV�RI�EOHQGHG�VHQVHV�LQFOXGLQJ�PLUURU�WRXFK��VKH�XVHV�KHU
V\QDHVWKHVLD�DV�D�WKHPH�LQ�KHU�YLVXDO�DUW��ZKLFK�KDV�EHHQ�H[KLELWHG�LQ�6SDLQ��5XVVLD��DQG�WKH
8QLWHG�6WDWHV��0V�+DUW�KROGV�DQ�0)$�LQ�:ULWLQJ�IURP�WKH�8QLYHUVLW\�RI�6DQ�)UDQFLVFR��WKH�FLW\
VKH�FDOOV�KRPH�

-DVPLQ�6LQKD�
'U�-DVPLQ�5DQL�6,1+$�LV�D�*HUPDQ�OLQJXLVW�DQG�D�SURMHFW�PDQDJHU��6LQFH

������VKH�LV�OLYLQJ�LQ�WKH�PXOWL�OLQJXDO�ERUGHU�UHJLRQ�RI�%HOJLXP��/X[HPERXUJ�DQG�)UDQFH�
ZRUNLQJ�DV�*UDQWV�2IILFHU�DW�WKH�8QLYHUVLW\�RI�/X[HPERXUJ��6\QDHVWKHVLD�LV�KHU�SULYDWH�SDVVLRQ�
6KH�KDV�EHHQ�LQYHVWLJDWLQJ�LW�IURP�DQ�LQVLGH�SHUVSHFWLYH�IRU�RYHU�D�GHFDGH�±�HYHU�VLQFH�VKH
EHFDPH�DZDUH�RI�LW�±�DQG�VWULYHV�WR�PDNH�KDUG�WR�H[SODLQ�JHQXLQH�V\QDHVWKHWLF
SHUFHSWLRQV�DFFHVVLEOH�WR�WKH�RXWVLGH�ZRUOG��6KH�LV�DQ�DFWLYH�VXSSRUWHU�RI�WKH
*HUPDQ�6\QDHVWKHVLD�$VVRFLDWLRQ��DQG�VKH�KDV�IRXQGHG�D�RQH�ZRPDQ
SXEOLVKLQJ�KRXVH��GHGLFDWHG�WR�V\QDHVWKHVLD��SHUFHSWLRQ��DQG�WKH�VHQVHV�
6<1$,67+(6,6



0DUFHOR�$JXVWLQ�0DUWLQH]�
0DUFHOR�$JXVWLQ�0DUWLQH]�&DUDP��DND�&KHOR�$JXVWLQ��LV�DQ�$UJHQWLQLDQ�PXOWLPHGLD

WUDQV�GLVFLSOLQDU\�DUWLVWV��ZULWHU�DQG�UHVHDUFKHU�FXUUHQWO\�EDVHG�LQ�WKH�1HWKHUODQGV��:LWK�D�IRFXV
RQ�SHUIRUPDWLYH�SUDFWLFH�DQG�DXGLR�YLVXDO�DUWV��KLV�SURMHFWV�DUH�FRQFHUQHG�ZLWK�WKH�LPSOLFDWLRQV
RI�DQ�DOJRULWKP�EDVHG�ZRUOG�DQG�WKH�ZD\�WKH\�PD\�UHFRQILJXUH�RXU�XQGHUVWDQGLQJ�RI�RXUVHOYHV
DQG�UHDOLW\��+H�LV�D�PHPEHU�RI�WKH�$UWLVWLF�5HVHDUFK�&RPPXQLW\�LQ�WKH�1RUWK��$5&���+ROGV�D
%�$��LQ�(QJOLVK�/LWHUDWXUH�DQG�/LQJXLVWLFV�IURP�WKH�8QLYHUVLW\�RI�/HLS]LJ��*HUPDQ\�DQG�D�0DVWHUV
LQ�)LQH�$UWV��LQ�$UW��'HVLJQ�DQG�7HFKQRORJ\��DW�WKH�)UDQN�0RKU�,QVWLWXWH�LQ�*URQLQJHQ��7KH
1HWKHUODQGV�

6LPRQHWWD�6DUJHQWL�
&RPSRVHU��SHUIRUPHU�DQG�PXVLFRORJLVW��$IWHU�FRPSOHWLQJ�KLV�VWXGLHV�LQ�YLROLQ�

FRPSRVLWLRQ�PXVLFRORJ\�DQG�HOHFWURDFRXVWLF�PXVLF��VKH�FXUUHQWO\�ZRUNV�DV�UHVHDUFKHU�LQ�PXVLF
DQDO\VLV��SHUIRUPDQFH�DQDO\VLV�DQG�HOHFWURDFRXVWLF�PXVLF��6KH�SXEOLVKHG�DUWLFOHV�IRFXVHG�RQ
WKH�DQDO\VLV�DQG�SHUIRUPDQFH��HVSHFLDOO\�RQ�PXVLF�RI�WKH�WZHQWLHWK�DQG�WZHQW\�ILUVW�FHQWXU\��6KH
KROGV�PDVWHU�FODVVHV�LQ�VHYHUDO�HXURSHDQ�LQVWLWXWLRQV��6KH�LV�LV�SURIHVVRU�RI�+LVWRU\�DQG
$QDO\VLV�RI�(OHFWURDFRXVWLF�PXVLF�DW�WKH�&RQVHUYDWRULR�µ*XLGR�&DQWHOOL¶�RI�1RYDUD�DQG�LQ�WKH
0DVWHU�RI�0XVLF�$QDO\VLV�DQG�7KHRU\�SURPRWHG�E\�WKH�81,&$/��8QLYHUVLW\�RI�&DODEULD��

6LOYLR�)HUUDJLQD�
$UWLVW�FDOOLJUDSKHU�RI�(DVWHUQ�IRUPDWLRQ��RQH�RI�WKH�IHZ�:HVWHUQ�DUWLVWV�DFWLYH�LQ�WKH

SDQRUDPD�RI�FRQWHPSRUDU\�H[SHULPHQWDO�$VLDQ�FDOOLJUDSK\��ZLWK�KLV�ZRUN�LQ�WRWR�UHZRUNLQJ�RI�WKH
FRQFHSW�RI��FDOOLJUDSK\���6LOYLR�)HUUDJLQD��0LODQ��������KDV�HPHUJHG�RQ�WKH�VFHQH�RI�LPSRUWDQW
H[KLELWLRQV�RI�FDOOLJUDSK\��,Q�DGGLWLRQ�WR�DQ�DUWLVWLF�SURGXFWLRQ�RI�FODVVLFDO�LQVSLUDWLRQ��ZKLFK�XVHV
WHFKQLTXHV�DQG�VW\OHV�RI�WUDGLWLRQDO�&KLQHVH�FDOOLJUDSK\��KH�HQJDJHV�LQ�ZRUNV�RI�WDVWH�DQG
FRQWHPSRUDU\�IODYRU��ZKLFK�DOORZHG�KLP�WR�UHWXUQ�IXOO\�ZLWKLQ�WKH�IROG�RI�FDOOLJUDSKLF
H[SHULPHQWDWLRQ�RI�WRGD\�

)UDQFHVFR�0DJDUā�
&ODVVLFDO�SLDQR�'LSORPD�LQ�&RQVHUYDWRU\��0DVWHU¶V�GHJUHH�LQ�$UWLVWLF�DQG�&XOWXUDO

+HULWDJH�0DUNHWLQJ��KH�SXUVXHG�KLV�IRFXVLQJ�RQ�IUDPH�GUXPV�ZLWK�$QGUHD�3LFFLRQL��=RKDU
)UHVFR��0XUDW�&RVNXQ�DWWHQGLQJ�DOVR�VHPLQDUV�ZLWK�*OHQ�9HOH]��.H\YDQ�&KHPLUDQL��%F
0DQMXQDWK�DQG�RWKHUV��,QWHUHVWHG�LQ�GLIIHUHQW�ODQJXDJHV�KH�LQWHJUDWHV�FRQFHSWV�DQG�WHFKQLTXHV
EHORQJLQJ�WR�LWDOLDQ��LQGLDQ��DUDELF��SHUVLDQ�DQG�ZHVWHUQ�PXVLFDO�WUDGLWLRQV��ZRUNLQJ�RQ�D
WUDQVYHUVDO�DSSURDFK�OHDGLQJ�KLP�WR�UHDFK�WKH�&RQVHUYDWRU\�6HFRQG�OHYHO�$FDGHPLF�GLSORPD�LQ
7UDGLWLRQDO�0XVLF�DQG�D�8QLYHUVLW\�0DVWHU�LQ�0XVLFDO�7KHRU\�DQG�$QDO\VLV��6SHFLDO�IRXQGHU¶V
SUL]H�ZLQQHU�DW�WKH�³,QWHUQDWLRQDO�7HUHP�&URVVRYHU�&RPSHWLWLRQ³�������6W��3HWHUVEXUJ�586��ZLWK
5H�2ULHQW�JURXS��+H�WHDFKHV�DQG�SOD\V�LQ�,WDO\�DQG�DEURDG�ZKLOH�FRQWLQXLQJ�DFDGHPLF�UHVHDUFK
LQ�(WKQRPXVLFRORJ\�

<DWL�'XUDQW�
<DWL�'XUDQW�LV�D�86�ERUQ�FRPSRVHU��OHFWXUHU��WUXPSHWHU�DQG�FRQGXFWRU�OLYLQJ�LQ

(GLQEXUJK��8.��+H�KROGV�D�0HLVWHUNODVVH�.RQ]HUWH[DP�IURP�WKH�+RFKVFKXOH�I�U�0XVLN�.|OQ�DQG
D�3K�'��LQ�&RPSRVLWLRQ�IURP�WKH�8QLYHUVLW\�RI�(GLQEXUJK��+H�LV�D�PXOWL�LQVWUXPHQWDOLVW�DQG�DFWLYH
SHUIRUPHU�DQG�FRPSRVHU�RI�FRQWHPSRUDU\�FODVVLFDO��MD]]�DQG�LPSURYLVDWRU\�PXVLF��HOHFWURQLF
PXVLF�DQG�PXVLF�IRU�ILOP�DQG�PHGLD��+LV�FRPSRVLWLRQV�DQG�ILOP�VFRUHV�KDYH�UHFHLYHG�PDQ\
SUL]HV�IURP�LQWHUQDWLRQDO�IHVWLYDOV��DQG�KH�KDV�UHFHLYHG�FRPPLVVLRQV�DQG�SUHPLHUHV�IURP
PDQ\�ZHOO�NQRZQ�DUWLVWV�DQG�HQVHPEOHV�IURP�DURXQG�WKH�ZRUOG�



.LUD�GHOOD�6WXD�
.LUD�LV�D�PL[HG�PHGLD�DUWLVW��ZULWHU�DQG�UHVHDUFKHU�OLYLQJ�LQ�2QWDULR��&DQDGD��+HU

EDFNJURXQG�LV�LQ�PHGLFDO�	�VRFLDO�DQWKURSRORJ\��HWKQRPXVLFRORJ\��DQG�D������EUDLQ�LQMXU\��,Q
������VKH�IRXQGHG�WKH��7KH�0XVHXP�RI�6\QHVWKHVLD��ZLWK�IHOORZ�V\QHVWKHWH��DUWLVW�DQG�ZULWHU�
5HEHFFD�7LWXV��1DVKYLOOH��7HQQHVVHH���7KH\�DLP�WR�FUHDWH�D�FROOHFWLYH�FRPSRVHG�RI
V\QWHVWKHWHV�ZKRVH�ZRUN�SURSHOV�WKH�JOREDO�UHVHDUFK�FRPPXQLW\�LQ�QHXURVFLHQFH��QDWXUDO
VFLHQFH��PDWKHPDWLFV��DQG�QHZ�DJH�TXDQWXP�SK\VLFV�

&KULVWLQH�6ąĴQJ�
&KULVWLQH�6|IILQJ��DUWLVW�DQG�V\QDHVWKHW��6KH�XVHV�KHU�V\QDHVWKHWLF�FRORXU�DQG�VKDSH

SHUFHSWLRQ�RI�VRXQGV�DQG�VFHQWV�IRU�PDNLQJ�PXVLF��FRPSRVLWLRQV��ILOPV�DQG
VRXQG�VFHQW�DUW�LQVWDOODWLRQV��6LQFH������VKH�LV�WKH�KHDG�RI�WKH�HQVHPEOH�IRU�H[SHULPHQWDO�DUW�	
PXVLF��8OP�8QLYHUVLW\��6KH�KDV�EHHQ�D�PHPEHU�RI�WKH�*HUPDQ�V\QDHVWKHVLD�IRXQGDWLRQ��'6*
H�9���VLQFH������DQG�RQ�%RDUG�RI�WKH�,$6$6�

6DQQH�YDQ�:HHV�
6DQQH�JUDGXDWHG�ILQH�DUWV�LQ�'HQ�%RVFK�1HWKHUODQGV�LQ�������6DQQH�SHUIRUPHG�DW

H[KLELWLRQV�ZLWK�LQVWDOODWLRQV�DQG�PXVLF��)RU�H[DPSOH�
*HQWVH�)HHVWHQ�DQG�%RXOHYDUG�)HVWLYDO
'HQ�%RVFK��-XO\�$XJ�������DQG�DW�$YDQW�*DUGH�FDIp
V�OLNH�:250�5RWWHUGDP��:HHOGH��$WWHQW�
W
2WMH�

6WHSKDQLH�6FKHXEHFN�
6WHSKDQLH�6FKHXEHFN�LV�D�*HUPDQ�GDQFH�DUWLVW��FKRUHRJUDSKHU��ILOPPDNHU�DQG

UHVHDUFKHU��+HU�ZRUN�LV�URRWHG�LQ�WKH�ZRUOG�RI�ERGLO\�H[SHULHQFH�DQG�SK\VLFDO�H[SUHVVLRQ��DQG
HYROYHV�DURXQG�WKH�WKHPH�RI�KXPDQ�SHUFHSWLRQ��6WHSKDQLH�LQYHVWLJDWHV�WKH�UHODWLRQVKLS
EHWZHHQ�GDQFH��HPERGLPHQW�DQG�V\QDHVWKHVLD��D�IDVFLQDWLQJ�SKHQRPHQRQ�ZKHUH�WKH�VHQVHV
EOHQG��6KH�DLPV�WR�SURPRWH�V\QDHVWKHVLD�DV�DQ�H[DPSOH�RI�GLYHUVLW\�LQ�VRFLHW\��+HU�UHVHDUFK
DQG�DUWLVWLF�ZRUN�DUH�VWURQJO\�LQIOXHQFHG�E\�KHU�PDQ\�W\SHV�RI�V\QDHVWKHVLD�DQG�KDYH�EHHQ
SUHVHQWHG�DW�WKHDWHUV��JDOOHULHV��PXVHXPV��V\PSRVLXPV�DQG�IHVWLYDOV�DURXQG�WKH�JOREH�

&DUULH�&�)LUPDQ�
&DUULH�&�)LUPDQ�LV�D�JUDSKLF�GHVLJQHU��GLJLWDO�DUWLVW��DQG�HGXFDWRU�ZKR�KROGV�D�%$�LQ

&RPPHUFLDO�'HVLJQ�DQG�3KRWRJUDSK\��/\FRPLQJ�&ROOHJH�µ����DV�ZHOO�DV�DQ�0)$�LQ�9LVXDO
6WXGLHV��8%�µ�����6KH�KDV�EHHQ�DZDUGHG�DUWLVW�UHVLGHQFLHV�LQ�WKH�86��1RUWKHUQ�,UHODQG��(QJODQG�
DQG�WKUHH�LQ�,FHODQG��&DUULH�KDV�SUHVHQWHG�KHU�ZRUN�DV�FUHDWLYH�LQTXLU\�DW�VHYHUDO�LQWHUQDWLRQDO
FRQIHUHQFHV��LQFOXGLQJ�WKH�&HQWHU�IRU�&RQVFLRXVQHVV�6WXGLHV�DQG�PXOWLSOH�8.�6\QDHVWKHVLD
$VVRFLDWLRQ�DQG�$PHULFDQ�6\QHVWKHVLD�$VVRFLDWLRQ�PHHWLQJV��+HU�VHFRQGDU\�ERG\�RI�ZRUN
LQYROYHV�YLVXDOL]LQJ�FKURQLF�SDLQ��ZKLFK�RIWHQ�KDV�V\QHVWKHWLF�LQIOXHQFHV��6KH�LV�DQ�$VVRFLDWH
3URIHVVRU�DQG�&RRUGLQDWRU�RI�WKH�*UDSKLF�'HVLJQ�3URJUDP�DW�(GJHZRRG�&ROOHJH�LQ�0DGLVRQ�
:LVFRQVLQ�

�



8PXW�(OGHP�
8PXW�(OGHP�LV�D�FRPSRVHU��SLDQLVW��DQG�UHVHDUFKHU��+LV�PXVLFDO�ZRUNV�DQG�UHVHDUFK

IRFXV�RQ�WKH�H[SORUDWLRQ�RI�V\QDHVWKHVLD�DV�DQ�DUWLVWLF�PHGLXP��+H�KDV�JLYHQ�OHFWXUHV�RQ�KLV
UHVHDUFK�RI�V\QDHVWKHVLD��DQG�KDG�KLV�DXGLRYLVXDO�ZRUNV�DQG�LQVWDOODWLRQV�FRPELQLQJ�VRXQG�DQG
FRORXUV�SUHVHQWHG�LQ�%HOJLXP��7XUNH\��5RPDQLD��/X[HPERXUJ��DQG�5XVVLD��8PXW�(OGHP�LV
FXUUHQWO\�D�3K'�UHVHDUFKHU�DW�WKH�5R\DO�&RQVHUYDWRLUH�RI�$QWZHUS��DQG�PXVLFDO�GLUHFWRU�RI�WKH
WKHDWUH�FROOHFWLYH�0L[HG�	�8QLWHG��+H�JLYHV�OHVVRQV�DQG�ZRUNVKRSV�RQ�PXVLF�KLVWRU\��PXVLFDO
DQDO\VLV��DQG�DXGLRYLVXDO�GHVLJQ��+LV�FXUUHQW�3K'�UHVHDUFK�HQWLWOHG�µ7KH�+HDULQJ�*ODVV�
6\QDHVWKHWLF�&RUUHVSRQGHQFHV�LQ�7KH�0XVLFDO�3UDFWLFH¶�LQWHQGV�WR�WDNH�WKH�UHVXOWV�RI�KLV
SUHYLRXV�UHVHDUFK�DQG�GHYHORS�WKHP�LQWR�DQ�LQWHU�VHQVRU\�WKHRU\�RI�DXGLRYLVXDO�DUW�

*HRĳD�)HOOV�
*HRIID�LV�D�FRPSRVHU��WUXPSHWHU�DQG�YLVXDO�DUWLVW�ZKR�XVHV�KHU�H[SHUWLVH�RI�FUHDWLRQ�DQG

LPDJLQDWLRQ�WR�ZULWH�PXVLF�WR�KLJKOLJKW�WKH�WKH�OLYHV�RI�WKRVH�ZKR�DUH�VXEMHFW�WR�SUHMXGLFH�DQG
VWLJPD��2IWHQ�IRFXVVLQJ�RQ�WKH�ULJKWV�RI�ZRPHQ�DQG�JLUOV��VKH�KDV�DQ�LQWHUGLVFLSOLQDU\�SUDFWLFH
WKDW�VKH�GHILQHV�DV�DUWLVWLF�DFWLYLVP�$57,9,60��*HRIID�JDLQHG�KHU�0DVWHUV�ZLWK�'LVWLQFWLRQ�IURP
WKH�*XLOGKDOO�6FKRRO�RI�0XVLF�DQG�'UDPD��ZLWK�KHU�ILQDO�SHUIRUPDQFH�SLHFH��µ$GGLFWLRQ�����¶
UHFHLYLQJ�WKH�µ6WDUUHG�$ZDUG¶�IRU�H[FHSWLRQDO�SHUIRUPDQFH��*HRIID�ZDV�VXEVHTXHQWO\�D�)HOORZ�RI
WKH�*XLOGKDOO�6FKRRO��ZULWLQJ�µ2EMHFWLILFDWLRQ��&UDVK�'LHWLQJ�DQG�WKH�&DEEDJH�6RXS�'LHW�����¶�IRU
%DUELFDQ¶V�2SHQ)HVW�DQG�µ6FUDWFK�WKH�6XUIDFH��¶�IRU�D�7DWH�0RGHUQ�H[KLELWLRQ��*HRIID�KDV�EHHQ
ZULWLQJ�D�ORQJ�WHUP�SLHFH�µ7UHH�%UDQFK�/DQJXDJH¶�RI�ZKLFK�WKH������YHUVLRQ�KDV�EHHQ�DFFHSWHG
IRU�RQOLQH�SXEOLFDWLRQ�E\�&R0$�

*LXV\�&DUXVR�
*LXV\�&DUXVR�LV�DQ�DUWLVW�UHVHDUFKHU��SURIHVVLRQDO�FRQFHUW�SLDQLVW�DQG�PXVLFRORJLVW

RULHQWHG�WRZDUGV�D�IXWXULVWLF�DSSURDFK�WKDW�FRQQHFWV�DUW�DQG�VFLHQFH��+HU�UHVHDUFK�H[SORUHV�WKH
KXPDQ�PDFKLQH�LQWHUDFWLRQ�IRU�WKH�JHVWXUDO�DQG�VRXQG�DQDO\VLV�DQG�FUHDWLRQ�RI�PXOWLPHGLD
SHUIRUPDQFHV��8QGHU�WKH�DUHDV�RI�6\VWHPDWLF�0XVLFRORJ\�DQG�(PERGLHG�0XVLF�&RJQLWLRQ��KHU
3K'�UHVHDUFK�FRQWULEXWHG�WR�UHQRYDWLQJ�SHUIRUPDQFH�DQDO\VLV�ZLWK�D�PHWKRG�JURXQGHG�RQ�WKH
XVH�RI�WKH�WHFKQRORJ\�HQKDQFHG�PLUURU��$UWLVW�UHVHDUFKHU�DW�WKH�5R\DO�&RQVHUYDWRLUH�$QWZHUS
DQG�JXHVW�SRVW�GRF�UHVHDUFKHU�DW�,3(0��*KHQW�8QLYHUVLW\��DQG�DW�WKH�/DERUDWRLUH�GH
0XVLFRORJLH��8QLYHUVLWp�OLEUH�GH�%UX[HOOHV��'U��&DUXVR�LV�YLVLWLQJ�SURIHVVRU�DW�WKH�/RQGRQ
3HUIRUPLQJ�$FDGHP\�RI�0XVLF�WR�KROG�WKH�0LUURULQJ�&UHDWLYH�/DE�FRXUVH�RQ�PXVLF�SHUIRUPDQFH
SUDFWLFH�DQG�WHFKQRORJ\�


