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,QIOXHQFH� RI� 6HHGLQJ� 5DWHV� DQG� 7HUPLQDWLRQ�
7LPLQJ� RI�:LQWHU� &RYHU� &URSV� RQ� ,QVHFW� 3HVW�
$EXQGDQFH�LQ�0LGVRXWK�&RWWRQ� 
 
-��/��.URE����$��-��%DNHU����-��:��1RZOLQ����7��*��7HDJXH����� 
 
��$UNDQVDV�6WDWH�8QLYHUVLW\ 
����8QLYHUVLW\�RI�$UNDQVDV�6\VWHP�'LYLVLRQ�RI�$JULFXOWXUH 
 
6XVWDLQDEOH�FURS�SURGXFWLRQ�SUDFWLFHV�WKDW�LQFUHDVH�HIILFLHQF\�
DQG�UHGXFH�SURGXFWLRQ�LQSXW�FRVWV�DUH�QHHGHG�WR�LPSURYH�
SURILWDELOLW\�RI�86�FRWWRQ��:KHQ�SURGXFHUV�PRGLI\�VRLO�DQG�
ZDWHU�FRQVHUYDWLRQ�SUDFWLFHV�VXFK�DV�ZLQWHU�FRYHU�FURSV��
FKDQJHV�PD\�EH�QHHGHG�LQ�DUWKURSRG�SHVW�PDQDJHPHQW��&RW�
WRQ�SURGXFHUV�DUH�DOVR�LQWHUHVWHG�LQ�UHGXFLQJ�SURGXFWLRQ�
FRVWV��&RWWRQ�VHHG�LV�D�VLJQLILFDQW�LQSXW�FRVW�IRU�SURGXFHUV��,Q�
RXU�SUHYLRXV�ZRUN��UHGXFLQJ�VHHGLQJ�UDWH�IURP�����GRZQ�WR�
����VHHGV�SHU�IW��RI�URZ�KDG�QR�VLJQLILFDQW�HIIHFW�RQ�FRWWRQ�
OLQW�\LHOG��,Q�WKLV�RQ-IDUP�VWXG\�LQ�1RUWKHDVWHUQ�$UNDQVDV��ZH�
HYDOXDWHG�LPSDFWV�RI�VHHGLQJ�UDWH��LQVHFWLFLGH�DSSOLFDWLRQV��
WHUPLQDWHG�ZLQWHU�FHUHDO�FRYHU�FURSV�DQG�HGJH�RI�ILHOG�ODQG�
VFDSH�IHDWXUHV�RQ�PDWXULW\�DQG�\LHOG�RI�FRWWRQ��7KH�VWXG\�LQ�
FOXGHG�DVVHVVPHQWV�RI�WKULSV��)UDQNOLQLHOOD�IXVFD��7KULSV�
WDEDFL��DQG�WDUQLVKHG�SODQW�EXJ��/\JXV�OLQHRODULV��SRSXODWLRQ�
GHQVLWLHV�WKURXJK�WKH�SURGXFWLRQ�VHDVRQ��&URS�SODQW�HIIHFWV�
ZHUH�DOVR�HYDOXDWHG�XVLQJ�LQ-VHDVRQ�SODQW�PRQLWRULQJ�ZLWK�
WKH�&270$1�V\VWHP��$�IRXU-ZD\�IDFWRULDO�VWUXFWXUH�ZDV�
XVHG�IRU�DQDO\VLV�RI�WKH�\LHOG�PRQLWRU-PHDVXUHG�\LHOG�ZLWK�
VHHGLQJ�UDWHV��LQVHFWLFLGH�DSSOLFDWLRQV��DQG�WHUPLQDWLRQ�WLP�
LQJ�LQFOXGHG�DORQJ�ZLWK�VRLO�(&�FODVVLILFDWLRQV�DV�D�FR-
YDULDWH�� 
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%HG-VFDOH�VWUDWLJUDSKLF�VWXG\�RI�WKH�VWUXFWXUDOO\�
FRPSOH[�8SSHU�$WRND�)RUPDWLRQ�H[SRVHG�DW�
WKH�3DULV�5HVHUYRLU��3DULV��$5� 
 
'H$WOH\��.DLWO\Q�DQG�6WUDFN��&RU\��*URVVNRSI��-DFRE� 
 
*HRORJ\�3URJUDP��3K\VLFDO�6FLHQFHV�'HSDUWPHQW��$UNDQVDV�7HFK�8QLYHUVLW\��
5XVVHOOYLOOH��$5 
 
7KH�8SSHU�$WRND�URFN�)RUPDWLRQ��FRPSULVHG�RI�VDQGVWRQH�
DQG�VKDOH�URFN�OD\HUV��GHSLFW�DQ�DQFLHQW�GHOWD�V\VWHP�LQ�WKH�
3HQQV\OYDQLDQ-DJH�$UNRPD�%DVLQ��$�VLJQLILFDQW�H[SRVXUH�RI�
WKH�8SSHU�$WRND�)RUPDWLRQ�LV�SUHVHQW�DW�WKH�3DULV�5HVHUYRLU�
6SLOOZD\�LQ�3DULV��$UNDQVDV��7KH�SXUSRVH�RI�WKLV�SURMHFW�ZDV�
WR�GHWHUPLQH�LI�WKH�URFN�OD\HUV�H[SRVHG�LQ�WKH�VSLOOZD\�FRXOG�
EH�PHDVXUHG�RQ�D�EHG-VFDOH�DQG�LI�PDJQHWLF�VXVFHSWLELOLW\�
YDOXHV�RI�URFNV�IURP�WKRVH�EHGV�ZRXOG�UHSUHVHQW�WKH�ILQH-
VFDOH�FKDQJHV�LQ�VDQGVWRQH�DQG�VKDOH�OD\HUV��6DPSOHV�ZHUH�
FROOHFWHG�DW�IL[HG�LQWHUYDOV�RI������P�IRU�a���P�RI�WRWDO�VHF�
WLRQ�LQ�RUGHU�WR�FRUUHODWH�WR�D�VWUDWLJUDSKLF�FROXPQ��0DJQHWLF�
VXVFHSWLELOLW\�YDOXHV�SURGXFHG�D�KLJK�UHVROXWLRQ�GDWD�VHW�WKDW�
VKRZHG�UHFRJQL]DEOH�WUHQGV�EHWZHHQ�VDQGVWRQH-�DQG�VKDOH-
ULFK�SRUWLRQV�RI�WKH�VHFWLRQ�DV�ZHOO�DV�EURDG-VFDOH�FKDQJHV�LQ�
URFN�OD\HUV��ZKLFK�ZHUH�DVVLJQHG�DV�URFN�XQLW�GLYLVLRQV��
7KHUH�ZHUH�QR�SUREOHPDWLF�HIIHFWV�IURP�VDPSOLQJ�EDUH�URFN�
H[SRVHG�WR�VXUIDFH�ZHDWKHULQJ��DQG�WKH�IDXOWHG�]RQHV�ZHUH�
DYRLGHG��0DJQHWLF�VXVFHSWLELOLW\�YDOXHV�RI�URFNV�KDYH�SURYHG�
WR�EH�D�XVHIXO�WRRO�IRU�KLJK-UHVROXWLRQ�FRUUHODWLRQ�WKURXJKRXW�
SRUWLRQV�RI�WKH�K\GURFDUERQ-ULFK�$UNRPD�%DVLQ�WKDW�FRP�
SULVHV�WKH�ZHVW�FHQWUDO�SDUW�RI�WKH�VWDWH� 

SUHVHQWLQJ 
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7KH�5HVHDUFK-WR-3UDFWLFH�*DS��'LIIHULQJ�$WWL�
WXGHV�WRZDUG�8VLQJ�(YLGHQFH-%DVHG�,QWHUYHQ�
WLRQV� 
 
0DGHOLQH�+ROPDQ��$OH[LV�'RZQV��&KDVH�5RZHWRQ��$P\�
+HQGULFNV��.DWKU\Q�3DULVL��$\OD�0DSHV��/DXUHQ�4XHWVFK� 
 
8QLYHUVLW\�RI�$UNDQVDV��'HSDUWPHQW�RI�3V\FKRORJLFDO�6FLHQFH��)DPLO\�DQG�&RP�
PXQLW\�,QWHUYHQWLRQ�/DE��)&,���)D\HWWHYLOOH��$5� 
 
7KH�LPSOHPHQWDWLRQ�RI�HYLGHQFH-EDVHG�LQWHUYHQWLRQV��(%,V��LV�HV�
VHQWLDO�IRU�WKH�H[SDQVLRQ�RI�HIIHFWLYH�FDUH�DFURVV�WKH�8QLWHG�6WDWHV��
,PSRUWDQWO\��XQGHUVWDQGLQJ�WUHQGV�LQ�WKH�DGRSWLRQ�RI�(%,V�E\�FRP�
PXQLW\�SURIHVVLRQDOV�DOORZV�IRU�D�PRUH�IRFXVHG�DSSURDFK�LQ�IXWXUH�
WUDLQLQJ�DQG�LPSOHPHQWDWLRQ�HIIRUWV��1HOVRQ�HW�DO����������7KH�FXU�
UHQW�VWXG\�H[DPLQHG�GLIIHUHQFHV�LQ�FOLQLFLDQ¶V�DWWLWXGHV�WRZDUGV�
(%,V��YLD�WKH�(YLGHQFH-%DVHG�3UDFWLFH�$WWLWXGHV�6FDOH��(%3$6��
$DURQV��������EDVHG�RQ�FOLQLFLDQ�WKHRUHWLFDO�RULHQWDWLRQV�
�EHKDYLRUDO��FRJQLWLYH-EHKDYLRUDO��SV\FKRG\QDPLF���HGXFDWLRQ�OHY�
HOV��3K�'���0DVWHU¶V��DQG�JHRJUDSKLFDO�VHWWLQJV��UXUDO��XUEDQ���3DU�
WLFLSDQWV�ZHUH�SUDFWLFLQJ�FOLQLFLDQV��1� ������ZKR�DYHUDJHG����
\HDUV�RI�DJH��ZHUH�ODUJHO\�IHPDOH����������DQG�PRVWO\�:KLWH��QRQ-
+LVSDQLF����������*LYHQ�WKH�VDPSOH�VL]H�GLVFUHSDQFLHV��RQO\�GH�
VFULSWLYH�VWDWLVWLFV�ZHUH�XVHG�WR�FRPSDUH�WKHRUHWLFDO�RULHQWDWLRQV��
FOLQLFLDQV�DVFULELQJ�WR�D�FRJQLWLYH-EHKDYLRUDO�RULHQWDWLRQ�UHSRUWHG�
WKH�KLJKHVW�DWWLWXGHV�RQ�WKH�(%3$6��&OLQLFLDQV�UHSRUWLQJ�D�SV\FKR�
G\QDPLF�DSSURDFK�UHSRUWHG�WKH�ORZHVW�DWWLWXGHV��7-WHVWV�LQGLFDWHG�
WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�FOLQLFLDQ�DWWLWXGHV�
IURP�XUEDQ�RU�UXUDO�VHWWLQJV��7-WHVWV�DOVR�VKRZHG�FOLQLFLDQV�ZLWK�D�
3K�'��UHSRUWHG�VLJQLILFDQWO\�KLJKHU�DWWLWXGHV�WRZDUGV�(%,V�DV�FRP�
SDUHG�WR�FOLQLFLDQV�ZLWK�WKHLU�0DVWHU¶V�GHJUHH��W����� �-������S�
 �������G� ��������)XWXUH�GLUHFWLRQV�IRU�UHGXFLQJ�WKH�UHVHDUFK-WR-
SUDFWLFH�JDS�ZLOO�EH�GLVFXVVHG�� 

SUHVHQWLQJ�� 
���SP-��SP 
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'LVUXSWLYH�%HKDYLRU�'LIIHUHQFHV�LQ�*HQGHU�DQG�
*UDGH� /HYHO� LQ� WKH� FRQWH[W� RI� 7$6&� UHIHUUHG�
DGROHVFHQWV� 
 
*UDFH�6WDSOHV��0DULDK�0F,QWRVK��.DWH�0RHOOHU��$XEU\�3HUURQQH� 
$\OD�0DSHV��/DXUHQ�4XHWVFK 
 
8QLYHUVLW\�RI�$UNDQVDV�)DPLO\�DQG�&RPPXQLW\�,QWHUYHQWLRQ�/DE��)&,���)D\HWWH�
YLOOH��$5 
 

'LVUXSWLYH�DQG�DJJUHVVLYH�EHKDYLRUV�KDYH�EHHQ�VKRZQ�WR�SUH�
GLFW�VFKRRO�GLIILFXOWLHV��%LHUPDQ�HW�DO����������,QGLFDWRUV�VXFK�DV�
GHPRJUDSKLF�FKDUDFWHULVWLFV�PD\�SURYLGH�LPSRUWDQW�LQIRUPDWLRQ�
IRU�LQWHUYHQWLRQLVWV�WR�WDUJHW�WKH�PRVW�DW-ULVN�LQGLYLGXDOV��)RU�
H[DPSOH��WHDFKHUV�SHUFHLYH�ER\V�DV�HQJDJLQJ�LQ�KLJKHU�DPRXQWV�
RI�GLVUXSWLYH�EHKDYLRU�WKDQ�JLUOV��*ORFN�	�.OHHQ���������7KH�
FXUUHQW�VWXG\�H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ�GHPRJUDSKLF�
IDFWRUV��JHQGHU��JUDGH��DQG�HQJDJHPHQW�LQ�DJJUHVVLYH��GHILDQW��
DQG�K\SHUDFWLYH�EHKDYLRUV�IRU�FKLOGUHQ�SDUWLFLSDWLQJ�LQ�D�WUXDQ�
F\�LQWHUYHQWLRQ�SURJUDP��7UXDQF\�$VVHVVPHQW�DQG�6HUYLFH�&HQ�
WHU��7$6&���)LUVW-�WKURXJK�ILIWK-JUDGH�VWXGHQWV�ZLWK�ILYH�XQH[�
FXVHG�DEVHQFHV��1� ����������IURP�����/RXLVLDQD�VFKRROV�ZHUH�
UHIHUUHG�WR�7$6&�VWDII�WR�UHFHLYH�ORZ-�RU�KLJK-LQWHQVLW\�LQWHU�
YHQWLRQV��H�J���DWWHQGDQFH�PRQLWRULQJ��DVVHVVPHQWV��*XLQ�HW�DO���
�������)LQGLQJV�\LHOGHG�QR�UHODWLRQ�EHWZHHQ�JHQGHU�DQG�GHIL�
DQFH��S� ��������DJJUHVVLYH�EHKDYLRU��S� ��������QRU�K\SHUDFWLY�
LW\��S� ��������7KHUH�ZDV�D�VLJQLILFDQW�UHODWLRQ�EHWZHHQ�JUDGH�
DQG�GHILDQFH��;������ ��������S� �������¡F� ������DQG�JUDGH�DQG�
K\SHUDFWLYLW\�;������ ��������S���������¡F� ������ZLWK�\RXQJHU�
FKLOGUHQ�HQJDJLQJ�LQ�PRUH�GHILDQW�DQG�K\SHUDFWLYH�EHKDYLRU��
7KHUH�ZDV�QRW�D�VLJQLILFDQW�UHODWLRQ�EHWZHHQ�JUDGH�DQG�DJJUHV�
VLRQ��S� ��������&RQFOXVLRQV�DQG�IXWXUH�GLUHFWLRQV�ZLOO�EH�GLV�
FXVVHG�� 

SUHVHQWLQJ 
���SP-��SP 

&RXQW\��:DVKLQJWRQ 
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([DPLQDWLRQ�RI�WKH�FXUUHQW�VWDWXV�DQG�GLVWULEX�
WLRQ�RI�(WKHRVWRPD�FROOHWWHL�LQ�WKH�2XDFKLWD�5LY�
HU�%DVLQ� 
 
*UDFH�'DYHQSRUW��*LQQ\�$GDPV��5HLG�$GDPV 
 
'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5 
 
5HVHDUFK�RQ�WKH�GLVWULEXWLRQ�RI�ILVKHV�WHQGV�WR�IRFXV�RQ�WKH�
VSHFLHV�LGHQWLILHG�DV�YXOQHUDEOH��ZLWK�IHZHU�GDWD�DYDLODEOH�WR�
DVVHVV�FKDQJHV�LQ�VWDWXV�IRU�VSHFLHV�FRQVLGHUHG�PRUH�ZLGH�
VSUHDG��/RQJ-WHUP�GDWD�DOORZV�XV�WR�GHWHFW�D�VSHFLHV�GHFOLQH�
SULRU�WR�UHDFKLQJ�FULWLFDO�VWDWXV��(WKHRVWRPD�FROOHWWHL�LV�FRQ�
VLGHUHG�VWDEOH�WKURXJKRXW�LWV�UDQJH�LQ�$UNDQVDV�DQG�/RXLVL�
DQD��+RZHYHU��UHFHQW�FROOHFWLRQV�LQ�WKH�2XDFKLWD�5LYHU�%DVLQ�
LQ�$UNDQVDV�LQGLFDWHG�D�UDQJH�FRQWUDFWLRQ�LQ�(��FROOHWWHL�FRP�
SDUHG�WR�KLVWRULFDO�GDWD�DW�WKH�VDPH�VLWHV��&RQWHPSRUDU\�GDWD�
�FROOHFWHG�GXULQJ������DQG�������UHYHDOHG�(��FROOHWWHL�ZHUH�
GHWHFWHG�DW����IHZHU�VLWHV�FRPSDUHG�WR�KLVWRULFDO�FROOHFWLRQV�
�GXULQJ�WKH�����V�DQG�����V��XVLQJ�VLPLODU�FROOHFWLRQ�PHWK�
RGV��7KH�REMHFWLYHV�RI�RXU�UHVHDUFK�ZHUH�WR�EHWWHU�XQGHUVWDQG�
KDELWDW�XVH�DQG�GLVWULEXWLRQ�RI�(��FROOHWWHL�DV�ZHOO�DV�DVVHVV�
SRWHQWLDO�FRUUHODWHV�UHODWHG�WR�UHGXFHG�GHWHFWLRQ��:H�H[SORUHG�
PDFURKDELWDW�XVH�DQG�FRUUHODWLRQV�EHWZHHQ�ODQG�FRYHU�ODQG�
XVH�DQG�LQVWUHDP�KDELWDW�DW�VLWHV�ZKHUH�(��FROOHWWHL�ZDV�GH�
WHFWHG�KLVWRULFDOO\�EXW�DEVHQW�LQ�UHFHQW�FROOHFWLRQV��$�WRWDO�RI�
����LQGLYLGXDOV�ZHUH�FROOHFWHG�IURP����VLWHV�GXULQJ������DQG�
������6LWHV�ZKHUH�(��FROOHWWHL�ZHUH�QRW�GHWHFWHG�KDG�VLJQLIL�
FDQWO\�KLJKHU�SDVWXUH�ODQG�XVH�LQ�WKH�XSVWUHDP�FDWFKPHQW��
$GGLWLRQDO�DQDO\VHV�RQ�KDELWDW�FRUUHODWHV�ZLOO�EH�GLVFXVVHG�� 

SUHVHQWLQJ�� 
���SP-��SP 
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(VWDEOLVKLQJ�UHVWRUDWLRQ�WDUJHWV�IRU�VKRUWOHDI�
SLQH-RDN�IRUHVWV�LQ�WKH�2XDFKLWD�0RXQWDLQV��$U�
NDQ� 
 
/LOOLDQ�(��0F'DQLHO��$OH[DQGHU�-��5XVVHOO��DQG�'U��:LOOLDP�
7��)ODWOH\� 
 
'HSDUWPHQW�RI�*HRJUDSK\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5�� 
 
6KRUWOHDI�SLQH��3LQXV�HFKLQDWD��HFRV\VWHPV�ZHUH�VHYHUHO\�
GHJUDGHG�E\�ORJJLQJ�DQG�ILUH�H[FOXVLRQ�LQ�WKH���WK�FHQWXU\��
0DQDJHUV�DUH�XVLQJ�SUHVFULEHG�ILUH�WR�UHVWRUH�WKHVH�HFRV\V�
WHPV��EDVHG�RQ�RXU�XQGHUVWDQGLQJ�RI�KLVWRULFDO�ZLOGILUH��
+RZHYHU��SUHYLRXV�UHVHDUFK�GHPRQVWUDWHV�YDU\LQJ�ILUH�IUH�
TXHQF\�GXULQJ�WKH�SDVW�WKUHH�FHQWXULHV��2XU�REMHFWLYH�LV�WR�
DQVZHU�WZR�TXHVWLRQV������'LG�IRUHVW�FRPSRVLWLRQ�FKDQJH�LQ�
UHVSRQVH�WR�VKLIWLQJ�ILUH�IUHTXHQF\"�����'R�SDWWHUQV�RI�WUHH-
ULQJ�JURZWK�LQGLFDWH�FKDQJHV�LQ�IRUHVW�GHQVLW\�LQ�UHVSRQVH�WR�
VKLIWLQJ�ILUH�IUHTXHQF\"�:H�FROOHFWHG�WUHH�FRUHV�DQG�FURVV-
VHFWLRQV�IURP�DQ�XQORJJHG�VKRUWOHDI�SLQH�IRUHVW�LQ�WKH�/DNH�
:LQRQD�5HVHDUFK�1DWXUDO�$UHD��ZLWKLQ�WKH�2XDFKLWD�1DWLRQDO�
)RUHVW�RI�$UNDQVDV��:H�FURVVGDWHG�SLQH�DQG�RDN�VDPSOHV�WR�
LGHQWLI\�WUHH�HVWDEOLVKPHQW�GDWHV�DQG�FDOFXODWH�JURZWK�FKDQJ�
HV�DFURVV�WKUHH�SUHYLRXVO\�FKDUDFWHUL]HG�KLVWRULFDO�ILUH�UH�
JLPHV��LQIUHTXHQW�ILUH�����-������IUHTXHQW�ILUH�����-������
DQG�ILUH�H[FOXVLRQ�����-SUHVHQW��7KH�QXPEHU�RI�JURZWK�UH�
OHDVHV�LQFUHDVHG�LQ�WKH�IUHTXHQW�ILUH�SHULRG�VXJJHVWLQJ�WKDW�
PRUH�ILUH�UHGXFHG�IRUHVW�GHQVLW\��)LUH-WROHUDQW�SLQH�WUHHV�
GRPLQDWHG�HVWDEOLVKPHQW�GXULQJ�WKH�IUHTXHQW�ILUH�SHULRG�DQG�
ILUH�LQWROHUDQW�VSHFLHV�RQO\�EHJDQ�WR�HVWDEOLVK�GXULQJ�WKH�UH�
FHQW�ILUH�H[FOXVLRQ�SHULRG��0DQDJHUV�ZLOO�XVH�WKLV�UHVHDUFK�WR�
JXLGH�WKH�IUHTXHQF\�RI�SUHVFULEHG�EXUQLQJ�LQ�WKH�2XDFKLWD�
0RXQWDLQV�� 

SUHVHQWLQJ 
���SP-��SP 
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,VRODWLRQ�RI�&HQWUXURLGHV�YLWWDWXV�6RGLXP�7R[LQV�
IURP�*67�7DJ�7KURXJK�7KURPELQ�'LJHVWLRQ�DQG�
3URWHLQ�$QDO\VLV� 
 
'DYLG�%DQGD��$VKWRQ�+DOH 
 
&HQWUXURLGHV�YLWWDWXV�LV�IRXQG�WKURXJKRXW�WKH�6RXWK�&HQWUDO�
8QLWHG�6WDWHV�DQG�1RUWKHUQ�0H[LFR��7KHVH�VFRUSLRQV�SUR�
GXFH�D�VRGLXP�WR[LQ�ZKLFK�LQWHUIHUHV�ZLWK�WKH�FORVXUH�RI�QHX�
URQDO�VRGLXP�FKDQQHOV��,I�WKH�VRGLXP�FKDQQHOV�GR�QRW�FORVH�
WKH�QHXURQDO�FHOO�FDQQRW�RSHQ�SRWDVVLXP�FKDQQHOV�WR�UHSRODU�
L]H�WKH�FHOO�LQ�SUHSDUDWLRQ�IRU�DQRWKHU�DFWLRQ�SRWHQWLDO��7KXV��
WKH�QHXURQDO�FHOO�LV�VWXFN�LQ�DQ�LRQLF�LPEDODQFH�SUHYHQWLQJ�
PRYHPHQW�RI�WKH�SUH\��7KH�SXUSRVH�RI�WKLV�UHVHDUFK�LV�WR�XVH�
(VFKHULFKLD�FROL�H[SUHVVLRQ�FHOOV�WR�SURGXFH�D�IXQFWLRQDO�VR�
GLXP�WR[LQ�IRU�IXUWKHU�VWUXFWXUDO�DQG�SK\VLRORJLFDO�DQDO\VLV��
:H�DUH�QRZ�LQ�WKH�VWUXFWXUDO�DQDO\VLV�RI�WKHVH�VRGLXP�WR[LQV�
SURGXFHG�E\�WKH�(��FROL�H[SUHVVLRQ�FHOOV��7KLV�DQDO\VLV�FDQ�
QRW�EHJLQ�ZLWKRXW�ILUVW�LVRODWLQJ�WKH�VRGLXP�WR[LQ�ILUVW�IURP�
WKH�*67�7DJ�WKDW�ZDV�XVHG�IRU�WKH�ZKROH�SURWHLQ�WKURXJK�DI�
ILQLW\�FKURPDWRJUDSK\� �7KLV�LVRODWLRQ�LV�SHUIRUPHG�E\�
7KURPELQ�GLJHVWLRQ�RI�WKH�WKURPELQ�VLWH�WKDW�UHOHDVHV�WKH�
*67�7DJ�IURP�WKH�VRGLXP�WR[LQ��6XFFHVVIXO�GLJHVWLRQ�LV�WHVW�
HG�WKURXJK�6'6-3$*(�JHO�HOHFWURSKRUHVLV�ZKLFK�VKRXOG�GLV�
SOD\�*67�7DJ�DW����.'D�DQG�WKH�VRGLXP�WR[LQ�DW���.'D�RQ�
WKH�JHO��$IWHU�LVRODWLRQ�+HDW�WUHDWPHQW�LV�XVHG�WR�LQFUHDVH�
FRQFHQWUDWLRQ�RI�WKH�VRGLXP�WR[LQ�E\�VHSDUDWLQJ�LW�IURP�FRQ�
WDPLQDWHV�IRXQG�LQ�WKH�VDPSOHV��1DQR�'URS�DQDO\VLV�LV�WKHQ�
SHUIRUPHG�WR�WHVW�WKLV�FRQFHQWUDWLRQ�DQG�WKHQ�PDVV�VSHFWURP�
HWU\�LV�XVHG�WR�DQDO\]H�WKH�VRGLXP�WR[LQ�VDPSOH�TXDOLW\�E\�
FRPSDULQJ�WKH�SURWHLQ�VL]H�WR�QDWXUDOO\�SURGXFHG�WR[LQV�� 

SUHVHQWLQJ�� 
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)-ER[�SURWHLQ-PHGLDWHG�VHOHFWLYH�SURWHRO\VLV�
DQG�LWV�LPSRUWDQFH�LQ�FDQFHU�WKHUDS\� 
 
$XVWLQ�$QGHUVRQ��0DGHO\Q�5�-DPHVRQ��0L-VHRQ�6HRQJ 
 

'HSDUWPHQW�RI�0DWK�DQG�6FLHQFH��&HQWUDO�%DSWLVW�&ROOHJH��&RQZD\��$5  
 
3URWHLQ�GHJUDGDWLRQ�LV�D�QHFHVVDU\�SURFHVV�WKDW�PDLQWDLQV�SUR�
WHLQ�HTXLOLEULXP��2QFRJHQHV��ZKLFK�SURPRWH�WKH�FRQWLQXDWLRQ�
RI�WKH�FHOO�F\FOH��DUH�DIIHFWHG�E\�SURWHLQ�GHJUDGDWLRQ��DORQJ�ZLWK�
WXPRU�VXSSUHVVRUV��ZKLFK�LQKLELW�FHOO�JURZWK��2YHUH[SUHVVLRQ�
RI�RQFRJHQHV�DQG�XQGHUH[SUHVVLRQ�RI�WXPRU�VXSSUHVVRUV�UHVXOW�
LQ�WKH�JURZWK�RI�WXPRUV��,Q�HXNDU\RWLF�FHOOV��WKH�8ELTXLWLQ�3UR�
WHDVRPH�6\VWHP�LV�D�NH\�PHFKDQLVP�RI�VHOHFWLYH�SURWHLQ�GHJUD�
GDWLRQ�XVLQJ�SRO\XELTXLWLQ�DV�D�PDUNHU�RQ�D�WDUJHW�SURWHLQ��)-
ER[�SURWHLQV�DUH�WKH�VXEVWUDWH-UHFRJQLWLRQ�VXEXQLWV�RI�&XOOLQ-
5,1*�XELTXLWLQ�(��OLJDVHV��&5/V��  
%\�XQGHUVWDQGLQJ�WKH�G\VUHJXODWLRQ�RI�)-ER[�SURWHLQ-PHGLDWHG�
SURWHRO\VLV�ZKLFK�UHVXOWV�LQ�WKH�SUHVHQW�RU�DEVHQW�RI�FHUWDLQ�SUR�
WHLQV�LQ�FDQFHURXV�WXPRUV��FHUWDLQ�GUXJV�IRU�FDQFHU�WKHUDSLHV�FDQ�
EH�FUHDWHG��3UHVHQWHG�KHUH�DUH�)-ER[�SURWHLQ�PHGLDWHG�SURWHLQ�
GHJUDGDWLRQ�DQG�WKHLU�LQYROYHPHQW�LQ�FDQFHU��DQG�RXU�GLVFRYHU\�
RI�)-ER[�SURWHLQV�LQYROYHG�LQ�$UDELGRSVLV�OLJKW�VLJQDOLQJ� 

SUHVHQWLQJ 
���DP-���SP 
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$QWLPLFURELDO�(IIHFWV�RI�&HQWUXURLGHV�YLWWDWXV�
%HWD�6RGLXP�7R[LQ�1D���� 
 
-DFNVRQ�*UD\�DQG�7VXQHPL�<DPDVKLWD� 
 
%LRORJ\��$UNDQVDV�7HFK�8QLYHUVLW\��5XVVHOOYLOOH��$5� 
 
%DFWHULDO�UHVLVWDQFH�LV�DQ�LQFUHDVLQJ�SUREOHP�LQ�PRGHUQ�PHGLFLQH��
$QWLELRWLF�UHVLVWDQFH�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�PRUWDOLW\�UDWHV��
9HQRP�SURWHLQV�KDYH�EHHQ�VKRZQ�WR�H[KLELW�DQWLPLFURELDO�SURSHU�
WLHV��DQG�RQH�SRVVLEOH�VROXWLRQ�LV�WKH�EHWD�WR[LQ�SURWHLQ�IRXQG�LQ�
&HQWUXURLGHV�YLWWDWXV��VWULSHG�EDUN�VFRUSLRQ���WKLV�WR[LQ�DWWDFNV�WKH�
YROWDJH-JDWHG�VRGLXP�LRQ�FKDQQHOV��1DYV������DQG������,W�GRHV�WKLV�
E\�ELQGLQJ�WR�VHJPHQW����ZKLFK�LV�SDUW�RI�WKH�YROWDJH-VHQVLQJ�GR�
PDLQ��DQG�DOWHUV�WKH�FKDQQHO�LQ�VXFK�D�ZD\�WKDW�LW�ORZHUV�LWV�DFWLYD�
WLRQ�HQHUJ\�DOORZLQJ�PRUH�LRQV�DFURVV��+HUH�ZH�LQYHVWLJDWH�WKH�
DQWLPLFURELDO�SURSHUWLHV�RI�&HQWUXURLGHV�YLWWDWXV�WR[LQ�1D����
DJDLQVW�EDFWHULD�VXFK�DV�00����(VFKHULFKLD�FROL��:H�VHOHFWHG�
00����(VFKHULFKLD�FROL�LQ�WKH�H[SHULPHQW�IRU�LWV�DYDLODELOLW\��
6LQFH�LW�LV�JUDP-QHJDWLYH�WKH�OLSRSRO\VDFFKDULGH�FRDWLQJ�RQ�WKH�
RXWVLGH�RI�WKH�SHSWLGRJO\FDQ�FHOO�ZDOO�UHGXFHV�DQWLELRWLFV�SHQHWUDW�
LQJ�WKH�FHOO�ZDOO��:H�K\SRWKHVL]H�WKDW�LI�ZH�VHH�DQWLPLFURELDO�
SURSHUWLHV�DJDLQVW�(��FROL��ZH�ZLOO�VHH�WKH�VDPH�SURSHUWLHV�DJDLQVW�
JUDP-SRVLWLYH�EDFWHULD�VXFK�DV�6WDSK\ORFRFFXV�DXUHXV��:H�FUHDWHG�
PXOWLSOH�/%�FXOWXUHV�VXFK�DV�UHJXODU�EURWK��DQG�RWKHUV�ZLWK�WUHDW�
PHQW��7KH�/%�LV�XVHG�DV�RXU�SRVLWLYH�FRQWURO�WR�FRPSDUH�KRZ�WKH�
EDFWHULD�ZLOO�JURZ�XQGHU�QRUPDO�FRQGLWLRQV��$Q�/%�DQG�$PSLFLOOLQ�
LV�RXU�QHJDWLYH�FRQWURO�WR�FRPSDUH�KRZ�PXFK�JURZWK�LV�H[SHFWHG�
LQ�DQ�DQWLPLFURELDO�HQYLURQPHQW��:H�FXOWXUHG�WKH�EDFWHULDO�FXO�
WXUHV�DQG�UHFRUGHG�DEVRUSWLRQ�HYHU\�WZR�KRXUV�WR�GHWHUPLQH�WKH�
JURZWK�RI�WKH�EDFWHULD�LQ�WKH�FXOWXUHV��:KHQ�ZH�VHH�LQKLELWLRQ�RI�
WKH�EDFWHULDO�JURZWK�KDYH�EHHQ�QRWLFHG��ZH�SODWHG�VDPSOHV�IURP�
EURWK�FXOWXUHV�LQ�RUGHU�WR�JHW�FRORQ\-IRUPLQJ�XQLWV��7KH�SODWHG�
VDPSOHV�ZLOO�JLYH�XV�DFFXUDWH�YLDEOH�FRXQWV�IRU�FRPSDULVRQ��$�RQH
-ZD\�$129$�RQ�WKH�UHVXOWV�ZLOO�KHOS�GHWHUPLQH�WKH�VWDWLVWLFDO�
VLJQLILFDQFH�RI�WKH�GDWD� 

SUHVHQWLQJ�� 
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7KH�(IIHFWV�RI�9DU\LQJ�/LJKW�:DYHOHQJWKV�DQG�
*UDYLW\�RQ�3KRWRWD[LV�RI�'LFW\RVWHOLXP �GLV�
FRLGHXP� 
 
6SHQFHU�*UHHU��6DYDQQDK�(GZDUGV��'U��-LP�7D\ORU� 
 
'LFW\RVWHOLXP�GLVFRLGHXP�LV�NQRZQ�DV�D�PRGHO�RUJDQLVP�GXH�
WR�LWV�XQLTXH�OLIH�F\FOH��:KHQ�IRRG�LV�SUHVHQW�WKH�'LFW\RVWHOL�
XP�OLYHV�DV�D�XQLFHOOXODU�DPRHED��+RZHYHU��ZKHQ�IRRG�EH�
FRPHV�VFDUFH�DQG�WKH�FHOO�VWDUYHV��DJJUHJDWLRQ�RI�PDQ\�XQL�
FHOOXODU�DPRHEDH�LV�VHHQ�DV�WKH\�IRUP�D�PRWLOH��PXOWLFHOOXODU�
³VOXJ´��7KLV�VOXJ�UHVSRQGV�WR�VWLPXOL�LQ�LWV�HQYLURQPHQW��SDU�
WLFXODUO\�OLJKW��DQG�PRYHV�WR�ILQG�D�PRUH�VXLWDEOH�SRVLWLRQ�
XSRQ�ZKLFK�LW�IRUPV�D�IUXLWLQJ�ERG\�IRU�VSRUH�GLVSHUVLRQ��
:KLOH�WKH�PHDQV�E\�ZKLFK�WKH�VOXJ�PRYHV�LV�QRW�IXOO\�XQGHU�
VWRRG��UHVSRQVH�WR�F$03�ZDYHV�DQG�YDU\LQJ�LQWHQVLW\�DQG�
TXDOLW\�RI�OLJKW�DV�ZHOO�DV�JUDYLW\�DUH�EHOLHYHG�WR�EH�WKH�PRVW�
SODXVLEOH�UHDVRQV��,Q�WKLV�H[SHULPHQW��VOXJ�PRYHPHQW�RI�'LF�
W\RVWHOLXP�ZDV�H[DPLQHG�XQGHU�WKH�HIIHFWV�RI�UHG��EOXH��DQG�
JUHHQ�OLJKW��DV�ZHOO�DV�DQWLJUDYLW\�FRQGLWLRQV�ZKLFK�ZHUH�SUR�
GXFHG�E\�D�FOLQRVWDW��5HG�DQG�JUHHQ�OLJKW�ZHUH�REVHUYHG�WR�
KDYH�WKH�PRVW�HIIHFW�RQ�VOXJ�PRYHPHQW��ZKLOH�EOXH�OLJKW�KDG�
WKH�OHDVW�HIIHFW�RQ�VOXJ�PRYHPHQW��5HVXOWV�DOVR�H[KLELW�WKDW�
JUDYLW\�GRHV�DIIHFW�VOXJ�PRYHPHQW��6OXJV�LQ�VWDWLRQDU\��QRQ-
JUDYLW\�PDQLSXODWHG��SODWHV�VKRZHG�DIILQLW\�WRZDUG�OLJKW��EXW�
VOXJV�RQ�D�FOLQRVWDW�H[SRVHG�WR�WKH�VDPH�ZDYHOHQJWK�RI�OLJKW�
JHQHUDOO\�VKRZHG�D�KLJKHU�DIILQLW\�IRU�WKDW�OLJKW��6OXJV�JURZQ�
LQ�WKH�GDUN�VKRZHG�D�SUHIHUHQFH�IRU�JUDYLWD[LV��LQGLFDWLQJ�
JUDYLW\�KDV�DQ�HIIHFW�RQ�VOXJ�PRYHPHQW��EXW�WKH�VOXJ¶V�UH�
VSRQVH�WR�OLJKW�DSSHDUV�SUHIHUHQWLDO�WR�JUDYLW\�� 

SUHVHQWLQJ 
���DP-���SP 

&RXQW\��)DXONQHU 
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7KH�HYROXWLRQ�RI�QRYHO�QHXURSHSWLGHV�LQ�&QLGDU�
LD��LQYHVWLJDWLQJ�WKH�IXQFWLRQ�RI�D�OLQHDJH-
VSHFLILF�QHXURSHSWLGH�53DPLGH�GXULQJ�1��YHF�
WHQVLV�GHYHORSPHQW� 
 
+DQQDK�=DQJ� 
 
7KH�SURFHVV�RI�IXQFWLRQDOO\�LQWHJUDWLQJ�QRYHO�QHXURSHSWLGHV�
LQWR�WKH�SUH-H[LVWLQJ�QHUYRXV�V\VWHP�GXULQJ�HYROXWLRQ�LV�
SRRUO\�XQGHUVWRRG��,Q�&QLGDULD��D�QHZ�QHXURSHSWLGH�NQRZQ�
DV�53DPLGH�OLNHO\HPHUJHG�LQ�WKH�VHD�DQHPRQH�OLQHDJH�DQG�
PD\�LOOXPLQDWH�WKH�HYROXWLRQDU\�KLVWRU\�RI�WKH�&QLGDULDQ 
QHUYRXV�V\VWHP��53DPLGH�LV�UHVWULFWHG�WR VHD�DQHPRQH�FQL�
GDULDQV��KDV�GLIIHUHQW�GHYHORSPHQWDO�H[SUHVVLRQ�SDWWHUQV� DQG�
KDV�D�IXQFWLRQ�WKDW�LV�QRW�ZHOO�FKDUDFWHUL]HG��:H�ILQG�WKDW�
WKURXJK�LQ�VLWX K\EULGL]DWLRQ�DQG�LPPXQRVWDLQLQJ�WKDW�
53DPLGH�H[SUHVVLRQ�RFFXUV�LQ�HFWRGHUPDO�FHOOV�LQ�WKH 
DERUDO�UHJLRQ�GXULQJ�JDVWUXODWLRQ��VXJJHVWLQJ�WKDW�53DPLGH�
UHJXODWHV�GHYHORSPHQW�RI�WKH�DERUDO�DSLFDO�RUJDQ��D�VHQVRU\�
VWUXFWXUH�RI�WKH�IUHH-VZLPPLQJ�SODQXOD�IRU�PHWDPRUSKR�
VLV� 7R�LQYHVWLJDWH�WKH�IXQFWLRQ�RI�53DPLGH�QHXURSHSWLGHV��
ZH�XWLOL]HG�&5,635-&DV��WHFKQRORJ\�WR�NQRFNRXW�WKH 
53DPLGH�SUHFXUVRU�JHQH��7KH�DQDO\VLV�RI�)���53DPLGH�PX�
WDQWV�VKRZV�VLPLODU�UDWHV�RI�PHWDPRUSKRVLV�UHODWLYH�WR�WKH�
FRQWURO��VXJJHVWLQJ�WKDW�53DPLGHV�PD\�QRW�EH�QHFHVVDU\�IRU�
WKH�WHPSRUDO�UHJXODWLRQ�RI�OLIH�F\FOH�WUDQVLWLRQ��$GGLWLRQDOO\��
GHVSLWH�VSDWLDO�JHQH�H[SUHVVLRQ�DQDO\VHV�VXJJHVWLQJ�WKDW�
53DPLGH�UHJXODWHV�GHYHORSPHQW�RI�WKH�DSLFDO�RUJDQ��WKH�)���
53DPLGH�PXWDQWV�VKRZHG�QRUPDO�DSLFDO�WXIW�IRUPDWLRQ��2Q�
JRLQJ�VWXGLHV�ZLOO�DWWHPSW�WR�LGHQWLI\�D�PRUSKRORJLFDO�RU 
WHPSRUDO�SKHQRW\SH�DQG�WR�FRQGXFW�UHVFXH�H[SHULPHQWV�E\�
WUHDWLQJ�)���PRVDLF�PXWDQWV�ZLWK�V\QWKHWLF�53DPLGHV� 

SUHVHQWLQJ�� 
���SP-��SP 

&RXQW\��,QGHSHQGHQFH 
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0LFURJOLD�([KLELW�7LPH-'HSHQGHQW�5HFRYHU\�RI�
3KDJRF\WRVLV�$IWHU�(WKDQRO�([SRVXUH��$�3RWHQ�
WLDO�0HFKDQLVP�5HODWHG�WR�,QIODPPDWRU\�&\WR�
NLQHV� 
 
&ODLUH�.HLVOLQJ��$OOLVRQ�+DUPVZRUWK��'DYLG�'RQHO\� 
 
+DUGLQJ�%LRORJ\�'HSDUWPHQW��+DUGLQJ�8QLYHUVLW\��6HDUF\��$5� 
 
0LFURJOLDO�FHOOV�DUH�LQQDWH�LPPXQH�FHOOV�RI�WKH�FHQWUDO�QHUY�
RXV�V\VWHP��&16��DQG�DLG�LQ�PDLQWDLQLQJ�KRPHRVWDVLV�RI�WKLV�
HQYLURQPHQW��(WKDQRO�LV�DEOH�WR�FURVV�WKH�EORRG-EUDLQ-EDUULHU�
DQG�HIIHFW�RQ�&16�FHOOV��(WKDQRO�LQ�WKH�&16�VWLPXODWHV�D�PL�
FURJOLDO�UHVSRQVH�DQG�PD\�SRWHQWLDOO\�LPSDFW�JOLDO�DELOLW\�
PDLQWDLQ�&16�KRPHRVWDVLV��6WXGLHV�KDYH�VKRZQ�WKDW�PLFUR�
JOLD�KDYH�D�����GHFUHDVH�LQ�SKDJRF\WRVLV�ZKHQ�H[SRVHG�WR�
HWKDQRO�IRU����KRXUV��7KHUH�LV�D�GRVH�GHSHQGHQW�GHFUHDVH�RI�
SKDJRF\WRVLV�GXH�WR���KRXUV�RI�HWKDQRO�H[SRVXUH��ZLWK�PRUH�
WKDQ�D�����GHFUHDVH�DW�WKH�KLJKHVW�FRQFHQWUDWLRQ��DV�PHDV�
XUHG�E\�IORZ�F\WRPHWU\��$IWHU����KRXUV�SRVW-HWKDQRO�VWLPXOD�
WLRQ��PLFURJOLD�SDUWLDOO\�UHFRYHU�ZLWK�OHVV�WKDQ�D�����GLIIHU�
HQFH�LQ�SKDJRF\WRVLV�EHWZHHQ�FRQWURO�DQG�HWKDQRO-VWLPXODWHG�
FHOOV��$�SRWHQWLDO�PHFKDQLVP�IRU�WKLV�UHFRYHU\�LV�WKURXJK�SUR
-LQIODPPDWRU\�F\WRNLQHV�VXFK�DV�71)���%HJLQQLQJ����KRXUV�
DIWHU�HWKDQRO�H[SRVXUH��71)�P51$�SURGXFWLRQ�LQFUHDVHG�
ZLWK�SHDN�SURGXFWLRQ�RFFXUULQJ�DW����KRXUV��71)�VLJQLILFDQW�
O\�XSUHJXODWHV�PLFURJOLD�SKDJRF\WRVLV�IURP�DERXW���EHDGV�
SHU�FHOO�WR�DERXW���EHDGV�SHU�FHOO��+RZHYHU��SKDJRF\WRVLV�UH�
FRYHU\�VWLOO�RFFXUUHG�ZKHQ�DQWL-�71)�EORFNLQJ�DQWLERG\�ZDV�
DSSOLHG�WR�FHOOV�FRQFXUUHQW�ZLWK�HWKDQRO�VWLPXODWLRQ��)XUWKHU�
UHVHDUFK�LV�QHHGHG�WR�IXOO\�XQGHUVWDQG�WKH�PHFKDQLVPV�XQ�
GHUO\LQJ�UHFRYHU\�RI�SKDJRF\WRVLV�� 

SUHVHQWLQJ 
���SP-��SP 

&RXQW\��3RSH 
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([WUDFHOOXODU�7'3-���DOWHUV�PLFURJOLDO� SRODUL]D�
WLRQ� 
 
:LOFR[��$��*HQU\��/��'RQOH\��':�� 
 
+DUGLQJ�8QLYHUVLW\��'HSDUWPHQW�RI�%LRORJ\��6HDUF\��$5� 
 
7KH�SURSHU�UHVSRQVH�WR�SURWHLQ�VLJQDOV�LV�LPSRUWDQW�IRU�D�
KHDOWK\�FHQWUDO�QHUYRXV�V\VWHP��DQG�SURWHLQ�G\VUHJXODWLRQ�LV�
D�IHDWXUH�RI�QHXURGHJHQHUDWLYH�GLVHDVHV��7UDQVDFWLYH�UH�
VSRQVH�'1$-ELQGLQJ�SURWHLQ-����7'3-����LV�D�SURWHLQ�WKDW�LV�
G\VUHJXODWHG�LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV��$/6���%XLOGXS�
RI�7'3-���VWLPXODWHV�PLFURJOLD��WKH�EUDLQ-UHVLGHQW�LPPXQH�
FHOOV��EXW�WKH�LPSDFW�RI�7'3-���RQ�PLFURJOLD�LV�VWLOO�QRW�FOHDU��
7R�DGGUHVV�WKLV��PLFURJOLD�ZHUH�VWLPXODWHG�ZLWK�7'3-���RU�D�
YHKLFOH��7'3-���VWLPXODWLRQ�LQFUHDVHG�SKDJRF\WRVLV�DQG�
PDUNHUV�RI�DFWLYDWLRQ�EXW�QRW�SUROLIHUDWLRQ��7R�DGGUHVV�WKH�
LPSDFW�RQ�PLFURJOLDO�VLJQDOLQJ��ZH�FRPSOHWHG�SURWHRPLF�
DQDO\VLV�DQG�IRXQG�RYHU�������GLIIHUHQWLDOO\�H[SUHVVHG�SUR�
WHLQV�LQ�7'3-��-VWLPXODWHG�PLFURJOLD��3DWKZD\V�DIIHFWHG�LQ�
FOXGH�OLSLG�PHWDEROLVP��LQIODPPDWRU\�VLJQDOLQJ��DQG�DXWRSK�
DJ\��VXJJHVWLQJ�WKDW�7'3-���PD\�DOWHU�WKH�UHVSRQVH�RI�PL�
FURJOLD�WR�RWKHU�VLJQDOV��8SRQ�VWLPXODWLRQ��PLFURJOLD�SRODUL]H�
WR�HLWKHU�DQ�0���WR[LF��RU�0���UHJXODWRU\��SKHQRW\SH��7R�XQ�
GHUVWDQG�WKH�HIIHFW�RI�7'3-���RQ�WKH�PLFURJOLDO�SRODUL]DWLRQ��
FHOOV�ZHUH�FRQFXUUHQWO\�VWLPXODWHG�ZLWK�7'3-���DQG�SRODUL]�
LQJ�F\WRNLQHV��,Q�F\WRNLQH-VWLPXODWHG�FHOOV��7'3-���DXJ�
PHQWHG�0��DFWLYDWLRQ�DQG�UHGXFHG�0��SRODUL]DWLRQ��7KHVH�
GDWD�GHPRQVWUDWH�WKDW�7'3-���LV�DQ�LQIODPPDWRU\�VWLPXOXV�
IRU�PLFURJOLD�DQG�DOWHUV�WKHLU�DELOLW\�DSSURSULDWHO\�UHVSRQG��
)XWXUH�ZRUN�ZLOO�DGGUHVV�ZKHWKHU�PLFURJOLD�VWLPXODWHG�E\�
7'3-���FRQWULEXWH�WR�QHXURQDO�GHJHQHUDWLRQ�LQ�$/6�� 

SUHVHQWLQJ�� 
���SP-��SP 

&RXQW\��*UHHQH 
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,QYHVWLJDWLRQV�RI�SRVVLEOH�UROHV�IRU�'1$�VH�
TXHQFHV�LQ�SURPRWLQJ�GLVVRFLDWLRQ�RI�WKH�6SW���
IURP�JHQHV�� 
 
0DWWLH�1HVWHU��6DP�%\UG��%ULDQQD�+R\W��'DQLHO�+DEHQLFKW��
+HDWKHU�3URZVH��6\GQH\�2]HUVN\��-HQQLIHU�$��+DUSHU��$OH[�
&URFNHU��&ODLUH�(��7XUNDO��/DXUHQ�-RVHSK��DQG�$QGUHD�$��
'XLQD� 
 
+HQGUL[�&ROOHJH�'HSDUWPHQW�RI�%LRORJ\��&RQZD\��$5� 
 
'1$�LV�WKH�EOXHSULQW�IRU�FHOOV�ZLWKLQ�DQ�RUJDQLVP�DQG�FRQ�
WDLQV�JHQHV�WKDW�DUH�FRSLHG�LQWR�51$�PROHFXOHV�DQG�WKHQ�
WUDQVODWHG�LQWR�SURWHLQV��7KH�'1$�ZLWKLQ�HDFK�KXPDQ�FHOO�LV�
a��PHWHUV�ORQJ�DQG�LV�FRPSDFWHG�E\�ILUVW�FRLOLQJ�DURXQG�KLV�
WRQH�SURWHLQV��IRUPLQJ�QXFOHRVRPHV��2XU�ODE�VWXGLHV�KRZ�
FHOOV�FRS\�JHQHV�LQWR�51$�PROHFXOHV��D�SURFHVV�NQRZQ�DV�
WUDQVFULSWLRQ��'XULQJ�WUDQVFULSWLRQ��WKH�HQ]\PH�51$�3RO�,,�LV�
DVVLVWHG�E\�VHYHUDO�HORQJDWLRQ�IDFWRUV�WR�RYHUFRPH�QXFOHR�
VRPHV��ZKLFK�UHSUHVHQW�URDGEORFNV�WR�LWV�SDVVDJH��:H�VWXG\�
KRZ�RQH�RI�WKHVH�IDFWRUV��6SW����LQWHUDFWV�ZLWK�DQG�XOWLPDWHO\�
GLVVRFLDWHV�IURP�JHQHV�XVLQJ�WKH�EXGGLQJ�\HDVW�PRGHO�V\V�
WHP��2XU�SURMHFW�LQYHVWLJDWHV�ZKHWKHU�'1$�VHTXHQFHV�DW�WKH�
HQGV�RI�JHQHV�SOD\�D�UROH�LQ�6SW���DQG�3RO�,,�GLVVRFLDWLRQ��7R�
GHWHUPLQH�WKLV��ZH�KDYH�JHQHUDWHG����LQWHUQDO�GHOHWLRQV�DW�WKH�
HQG�RI�WKH�30$��JHQH�DQG�DVVHVVHG�WKHLU�HIIHFWV�RQ�6SW���
DQG�3RO�,,�GLVVRFLDWLRQ��7KHVH�VWXGLHV�LGHQWLILHG�D�UHJLRQ�UH�
TXLUHG�IRU�QRUPDO�GLVVRFLDWLRQ�RI�6SW���DQG�3RO�,,��:H�DUH�
FXUUHQWO\�H[SORULQJ�KRZ�WKHVH�LQWHUQDO�GHOHWLRQV�DIIHFW�QXFOH�
RVRPH�SRVLWLRQLQJ�DFURVV�WKH�JHQH��7RJHWKHU��WKHVH�VWXGLHV�
SURYLGH�LQVLJKWV�LQWR�WKH�SRVVLEOH�UROHV�RI�'1$�VHTXHQFHV�LQ�
HQVXULQJ�SURSHU�6SW���GLVVRFLDWLRQ�IURP�JHQHV�IROORZLQJ�WKH�
WUDQVFULSWLRQ�SURFHVV�� 

SUHVHQWLQJ 
���DP-���SP 

&RXQW\��*DUODQG 
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*URZWK�LQ�3RUFLQH�%ORRG�(QULFKHG�0HGLD�$I�
IHFWV�&HOO�9LDELOLW\�DQG�3URGXFWLRQ�RI�7R[LF�
6KRFN�6\QGURPH�7R[LQ-��E\�6WDSK\ORFRFFXV�
DXUHXV� 
 
&DLWO\Q�/��%XUNH���*DEULHOOH�7DWH���DQG�0DUN�(��+DUW���� 
 
�'HSDUWPHQW�RI�%LRORJ\��+HQGHUVRQ�6WDWH�8QLYHUVLW\��$UNDGHOSKLD��$UNDQVDV�  
�'HSDUWPHQW�RI�&KHPLVWU\��2NODKRPD�6WDWH�8QLYHUVLW\��6WLOOZDWHU��2NODKRPD 
�'LYLVLRQ�RI�0LFURELRORJ\��1DWLRQDO�&HQWHU�IRU�7R[LFRORJLFDO�5HVHDUFK��-HIIHU�
VRQ��$UNDQVDV��DQG� 
�'HSDUWPHQW�RI�0LFURELRORJ\�DQG�,PPXQRORJ\��8QLYHUVLW\�RI�$UNDQVDV�IRU�0HG�
LFDO�6FLHQFHV��/LWWOH�5RFN��$UNDQVDV� 
 

3URWRW\SLF�WR[LF�VKRFN�V\QGURPH-FDXVLQJ�6��DXUHXV�VWUDLQV��
01��DQG�)5,-������LVRODWHG�IURP�YDJLQDO�WR[LF�VKRFN�V\Q�
GURPH�H[KLELWHG�D�PRGLILHG�LQ�YLWUR�JURZWK�SDWWHUQ�DQG�LQ�
FUHDVHG�SURGXFWLRQ�RI�WKH�WR[LF�VKRFN�V\QGURPH�WR[LQ-���7667-
���LQ�PHGLD�VXSSOHPHQWHG�ZLWK�SRUFLQH�EORRG�FRQFHQWUDWLRQV�
UHSUHVHQWDWLYH�RI�WKH�YHQRXV�EORRG�FRPSRQHQW�LQ�KXPDQ�PHQ�
VHV��7KLV�VXJJHVWV�FRPSRQHQWV�RI�EORRG�SURPRWH�SURGXFWLRQ�RI�
7667-��E\�6��DXUHXV� �6WUDLQV�01��DQG�)5,-�����H[KLELWHG���-
IROG�DQG����-IROG�GHFOLQHV�LQ�YLDELOLW\��UHVSHFWLYHO\��ZLWKLQ�WKH�
ILUVW�WZR�KRXUV�ZKHQ�JURZQ�LQ�WKH�SUHVHQFH�RI�WU\SWLF�VR\�EURWK�
�76%��VXSSOHPHQWHG�ZLWK�EORRG�DV�FRPSDUHG�WR�76%�DORQH��
7KH�VWUDLQV�ZHUH�WKHQ�DEOH�WR�UHFRYHU�WR�OHYHOV�FRPSDUDEOH�WR�
JURZWK�LQ�76%�DORQH� �7KLV�VWXG\�GHPRQVWUDWHV�WKDW�ZKLOH�WKH�
YHQRXV�EORRG�FRPSRQHQW�RI�PHQVHV�VHUYHV�DV�D�VWLPXODQW�IRU�
WR[LQ�SURGXFWLRQ��LW�PD\�UHVXOW�LQ�D�VHOHFWLYH�SUHVVXUH�RQ�WKH�LQ�
YLWUR�SRSXODWLRQ�G\QDPLFV�RI�6��DXUHXV��7KH�GDWD�REWDLQHG�IURP�
WKLV�VWXG\�SURYLGHV�QHZ�LQVLJKW�WR�WKH�SDWKRJHQHVLV�RI�6�DXUHXV�
DQG�FRXOG�SRWHQWLDOO\�OHDG�WR�LPSURYHPHQWV�LQ�SUHYHQWLRQ�DQG�
WUHDWPHQW�RI�YDJLQDO�FDVHV�RI�WR[LF�VKRFN�V\QGURPH��DIIHFWLQJ�
ZRPHQ�DFURVV�WKH�ZRUOG�� 

SUHVHQWLQJ�� 
���DP-���SP 

&RXQW\��*UDQW 
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,QYHVWLJDWLRQ�RI�8QLTXH�0HWKDQH�DQG�6XOIXU�
0HWDEROL]LQJ�0LFURELDO�&RPPXQLWLHV�:LWKLQ�DQ�
,QFRPSOHWHO\�([SORUHG�&DYH�6\VWHP� 
 
.D\OLH�:KHHOHVV>D@��4XLQF\�*UDJJ>D@��&HFLO\�5RGULJXH]>D@��
/DXUHQ�&DPS>D@��&KULV�7D\ORU>E@��-DPHV�(QJPDQ>F@��0LFKDHO�
5D\�7D\ORU>G@  
 
>D@+HQGHUVRQ�6WDWH�8QLYHUVLW\��$UNDGHOSKLD��$5� 
>E@�8QLYHUVLW\�RI�$UNDQVDV��*UDGXDWH�3URJUDP�LQ�(QJLQHHULQJ��)D\HWWHYLOOH��$5� 
>F@�'HSDUWPHQW� RI�%LRORJLFDO�6FLHQFHV��+HQGHUVRQ�6WDWH�8QLYHUVLW\��$UNDGHOSKLD�
$5� 
>G@�'HSDUWPHQW�RI�&RPPXQLFDWLRQ�DQG�7KHDWUH�$UWV��+HQGHUVRQ�6WDWH�8QLYHUVLW\��
$UNDGHOSKLD��$5� 
 
&KHPRDXWRWURSKLF�HFRV\VWHPV�KDYH�EHHQ�IRXQG�LQ�D�VPDOO�QXPEHU�
RI�HQYLURQPHQWV�LQFOXGLQJ�FDYHV�DQG�GHHS�VHD�K\GURWKHUPDO�YHQWV�
DQG�VHHSV��:KLOH�H[SORULQJ�D�FDYH�LQ�WKH�+LJKODQG�5LP�JHRORJLF�
UHJLRQ�RI�7HQQHVVHH��PLFURELDO�FRPPXQLWLHV�ZHUH�FROOHFWHG�IURP�D�
SRRO�LQ�DQ�DUHD�QDPHG�³3HWUROHXP�3DVVDJH´�GXH�WR�D�VWURQJ�RGRU�RI�
SHWUROHXP��7KH�SRRO�KDV�D�VDQG\�ERWWRP�ZLWK�VFDWWHUHG�SDWFKHV�
WKDW�HPLW�EODFN�GURSOHWV�RI�D�WDU-OLNH�VXEVWDQFH��DQG�DUH�VXUURXQGHG�
E\�FRQFHQWULF�ULQJV�RI�FRORUHG�VDQG��VXJJHVWLQJ�PLFURELDO�DFWLYLW\��
6DPSOHV�FROOHFWHG�LQFOXGH�WKH�SDWFKHV��ULQJV��ZDWHU��DQG�DFWLYHO\�
JURZLQJ�FDYH�IRUPDWLRQV��6L[�VDPSOHV�KDYH�EHHQ�DQDO\]HG�XVLQJ�
PHWDJHQRPLF�'1$�VHTXHQFLQJ��8VLQJ�D�%/$67�GDWDEDVH������
RSHUDWLRQDO�WD[RQRPLF�XQLWV��278V��ZHUH�LGHQWLILHG��LQFOXGLQJ�
ERWK�(XEDFWHULD�DQG�$UFKDHD��+LJKHU�OHYHOV�RI�GHQVLW\��GLYHUVLW\�
DQG�XQLTXH�WD[D�ZHUH�IRXQG�LQ�WKH�FRQFHQWULF�ULQJV��278¶V�IURP�
WKH�FDYH�LQFOXGH�PDQ\�XQLTXH�VSHFLHV�WKDW�PHWDEROL]H�PHWKDQH�DQG�
VXOIXU��SUHYLRXVO\�DVVRFLDWHG�ZLWK�WHUUHVWULDO�DQG�GHHS-VHD�WKHUPDO�
YHQWV��DQG�RWKHUV�WKDW�GHJUDGH�K\GURFDUERQV��3HDNV�RI�PHWKDQH�
KDYH�EHHQ�GHWHFWHG�LQ�WKH�DWPRVSKHUH�RI�0DUV��UHVXOWV�RI�WKLV�VWXG\�
VXSSRUW�SUHYLRXV�K\SRWKHVHV�WKDW�PLFURELDO�FRPPXQLWLHV�DVVRFLDW�
HG�ZLWK�FDYH�HFRV\VWHPV�PD\�SURYLGH�PRGHOV�IRU�SRVVLEOH�OLIH�LQ�
VXEVXUIDFH�0DUV�  

SUHVHQWLQJ 
���DP-���SP 

&RXQW\��&ODUN 



8VLQJ�*HQRPLFV�WR�'HVLJQ�6KLQH-'DOJDUQR�
NQRFNRXW�SULPHUV�LQ�+DORWKLREDFLOOXV�QHDSROLWD�
QXV� 
 
+XH\��)LVFKHU�DQG�4XDWWOHEDXP��%HQ��1HZWRQ�3��+LOOLDUG��-U� 
� 
%LRFKHPLVWU\�3URJUDP��3K\VLFDO�6FLHQFHV�'HSDUWPHQW��$UNDQVDV�7HFK�8QLYHUVL�
W\��5XVVHOOYLOOH��$5� 
 
+DORWKLREDFLOOXV�QHDSROLWDQXV�LV�DQ�REOLJDWH�VXOIXU�R[LGL]LQJ�
PLFUREH�SRVVHVVLQJ�JHQHV�IRU�D�SRWHQWLDOO\�KHWHURGLPHULF�WKL�
RVXOIDWH�GHK\GURJHQDVH��7VG�$%���(YLGHQFH�IRU�WKH�SRWHQWLDO�
KHWHURGLPHULF�QDWXUH�RI�WKLV�HQ]\PH�UHVLGHV�SULPDULO\�LQ�LWV�
JHQH�VWUXFWXUH�FRQWDLQLQJ�WKH�$7*$�FR-H[SUHVVLRQ�PRWLI�EH�
WZHHQ�7VG$�DQG�7VG%�JHQHV�DW�+QHDSB�����DQG�
+QHDSB�����JHQH�ORFL��,Q�RUGHU�WR�WHVW�WKH�K\SRWKHVLV�WKDW�
WKLV�LV�LQGHHG�D�KHWHURGLPHULF�WKLRVXOIDWH�GHK\GURJHQDVH�DQG�
WKDW�WKH�WZR�JHQHV�DUH�FR-H[SUHVVHG��3&5�EDVHG�PXWDJHQHVLV�
ZLOO�EH�XVHG�WR�SHUIRUP�QXPHURXV�NQRFNRXWV�ZLWKLQ�WKH�SUH�
GLFWHG�6KLQH-'HOJDUQR��6'��VHTXHQFH�IRU�WKH��QG�JHQH�
�+QHDSB�������*HQRPLFV�KDYH�EHHQ�XVHG�WR�HQVXUH�WKDW�3&5�
SULPHUV�GHVLJQHG�IRU�WKHVH�NQRFNRXWV�GR�QRW�FUHDWH�DQ�DOWHU�
QDWH�6'��7KLV�LV�VHHQ�DV�VLJQLILFDQW�VLQFH������RU�������RI�
WKH������LGHQWLILHG�JHQHV�LQ�WKH�+��QHDSROLWDQXV�JHQRPH�
SRVVHVV�WKH�$7*$�FR-H[SUHVVLRQ�PRWLI��$OLJQPHQW�RI�LGHQWL�
ILHG�6'�VHTXHQFHV�VKRZV�VLJQLILFDQW�EDVH�GLVWULEXWLRQV�LQ�
SRVLWLRQV������DQG����3RVLWLRQV������DQG���KRZHYHU�VKRZ�
PXFK�KLJKHU�FRQVHUYDWLRQ�ZLWK������*��$�DQG�*�UHVSHFWLYH�
O\��7KLV�\LHOGV�D�FRQVHQVXV�VHTXHQFH�RI�$�&��*�&��*��$��*��
*�&�$��:KLOH�WKLV�GRHV�PDWFK�WKH�$**$**�FRQVHQVXV�VH�
TXHQFH��LW�GRHV�LQGLFDWH�OLPLWDWLRQV�IRU�FKRLFHV�LQ�PXWDJHQLF�
SULPHUV�� 
 

3$*(��� 
3267(5���� 

SUHVHQWLQJ�� 
���DP—���SP 

&RXQW\��/RQRNH 



(IIHFW�RI�.HWDPLQH�RQ�3DUYDOEXPLQ�,QWHUQHX�
URQV�LQ�WKH�3UHIURQWDO�&RUWH[�DQG�+LSSRFDPSXV�
GXULQJ�'HSUHVVLRQ-/LNH�%HKDYLRU�LQ�0LFH 
 
2OLYLD�/DZOHUD��0LFKDHO�*DPHVD��9DQHVVD�0DJDQDD��9DOHULD�
$UPHQGDUL]E��.HYLQ�0DWDE��.DWLH�'HFND��$OH[�%URZQD��'DQ�
LHO�*URVVHOLQE��.DUD�2GHOOD��DQG�4LDQ�:DQJD�� 
 
D'HSDUWPHQW�RI�%LRORJ\�� 
E'HSDUWPHQW�RI�&KHPLVWU\��-RKQ�%URZQ�8QLYHUVLW\��6LORDP�6SULQJV��$5������� 
 
0DMRU�GHSUHVVLYH�GLVRUGHU��0''��LV�FKDUDFWHUL]HG�E\�ODFN�RI�
PRWLYDWLRQ��VDGQHVV��DSDWK\��DQG�VXLFLGDO�WKRXJKWV�DQG�DF�
WLRQV��$W�WKH�FHOOXODU�OHYHO��0''�KDV�EHHQ�UHSRUWHG�WR�LPSDLU�
SDUYDOEXPLQ��39��LQWHUQHXURQ�DFWLYLW\�XQGHU�FKURQLF�VWUHVV�–�
DQ�LQKLELWRU\�QHXURQ��,Q�PLFH��ORZ�GRVHV�RI�NHWDPLQH��.(7��
GHFUHDVH�GHSUHVVLYH�EHKDYLRU�XQGHU�DFXWH�VWUHVV��+RZHYHU��
.(7¶V�VSHFLILF�HIIHFW�RQ�39�LQWHUQHXURQ�DFWLYLW\�UHPDLQV�XQ�
FOHDU��7R�XQGHUVWDQG�.(7¶V�LQIOXHQFH�RQ�39�LQWHUQHXURQV�LQ�
0''�PRGHOV��ZH�IRUPHG�WZR�FRKRUWV�RI�PLFH�WR�XQGHUJR�WKH�
IRUFHG�VZLPPLQJ�WHVW��7KH�H[SHULPHQWDO�JURXS�UHFHLYHG�D�
NHWDPLQH����PJ�NJ��LQMHFWLRQ�DQG�WKH�FRQWURO�JURXS�UHFHLYHG�
D�VDOLQH�LQMHFWLRQ�SULRU�WR�WHVW�RQVHW��%UDLQ�WLVVXH�ZDV�ODEHOHG�
ZLWK�IOXRURSKRUH-FRQMXJDWHG�DQWLERGLHV�IRU�WZR�SURWHLQ�
PDUNHUV��39��LQWHUQHXURQ�FKDUDFWHUL]DWLRQ��DQG�)RV�
�LQWHUQHXURQ�DFWLYLW\���%HKDYLRUDO�YLGHR�DQDO\VLV�LQGLFDWHG�
VLPLODU�LPPRELOLW\�WLPHV�EHWZHHQ�.(7�PLFH��Q ���DQG�FRQ�
WURO��Q ���JURXSV��6XUSULVLQJO\��QXPEHUV�RI�39�DQG�39�)RV�
LQWHUQHXURQV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�WKH�YHQWUDO�KLSSR�
FDPSXV�RI�.(7�PLFH��,Q�WKH�ODWHUDO�RUELWRIURQWDO�FRUWH[��WKH�
SHUFHQWDJH�RI�39�)RV�LQWHUQHXURQV�ZDV�VLJQLILFDQWO\�GH�
FUHDVHG�LQ�WKH�.(7�PLFH��7KHVH�ILQGLQJV�VXJJHVW�39�FLUFXLW�
U\�LV�DOWHUHG�ZLWK�.(7�DGPLQLVWUDWLRQ��:KHWKHU�WKLV�LV�FRQ�
WULEXWHG�WR�.(7�RU�WKH�DQWLGHSUHVVDQW�HIIHFWV�RI�.(7�LV�WR�EH�
GHWHUPLQHG�� 

67(0�3RVWHUV�DW�WKH�FDSLWRO 
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SUHVHQWLQJ 
���SP-��SP 

&RXQW\��%HQWRQ 



3$*(��� 
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,PSDFW�RI�1RQSRLQW�6RXUFH�3ROOXWLRQ�RQ�&UXVWDFHDQ�
3K\VLRORJ\�LQ�1RUWKHDVW�$UNDQVDV� 
 
-RUGDQ� :HEED�� /LQGD� )RZOHUD�� $OOLVRQ� 0XQG\D�� (ULN� 3RO�
ORFNE��$OO\Q�'RGGD�DQG�0DU\OLQH�%RVVXVD� 
 
D0DWK�DQG�6FLHQFHV�GHSDUWPHQW��/\RQ�FROOHJH��%DWHVYLOOH��$5 
E8QLYHUVLW\�RI�$UNDQVDV��)D\HWWHYLOOH��$5 
 
$UNDQVDV� LV� RQH� RI� WKH� FRXQWU\¶V� KLJKHVW� SRXOWU\� SURGXFHUV�
ZLWK�D�VWHDG\�H[SDQVLRQ�LQ�1RUWKHDVW�$UNDQVDV��,QFUHDVHV�LQ�
SRXOWU\� DQG� OLYHVWRFN� DJULFXOWXUH� FDQ� DIIHFW� QHDUE\� VXUIDFH�
ZDWHUV� E\� LQWURGXFLQJ� UXQRII� KLJK� LQ� SKRVSKRUXV� DQG� QLWUR�
JHQ�� LQFUHDVLQJ� WKH� SRWHQWLDO� IRU� KDUPIXO� DOJDH� EORRPV� DQG�
SRWHQWLDOO\� LPSDFWLQJ� DTXDWLF� OLIH�� 2XU� VWXG\� LQYHVWLJDWHV�
ZD\V�WR�PRQLWRU�ZDWHU�TXDOLW\�DQG�LQYHUWHEUDWHV¶�KHDOWK�ZLWK�
LQ�WKH�(OHYHQ�3RLQW�DQG�/RZHU�%ODFN�5LYHU�GUDLQDJHV��,Q�RU�
GHU�WR�GR�VR��SK\VLRORJLFDO�PHFKDQLVPV�DUH�EHLQJ�DVVHVVHG�LQ�
WKH�2]DUN�FUD\ILVK��DV�FUXVWDFHDQ�DUH�FRPPRQO\�XVHG�DV�ELR�
LQGLFDWRUV��2YHU� WKH�VXPPHU��FUD\ILVK�ZHUH�VDPSOHG�IURP���
VWUHDPV�� ZKLFK� SUHVHQWHG� WKH� KLJKHVW�� ORZHVW�� DQG� DYHUDJH�
OHYHOV�RI�SROOXWLRQ��QLWUDWH�DQG�SKRVSKRUXV� OHYHOV�� LQ�1RUWK�
HDVW�$UNDQVDV� RYHU� ��� VDPSOLQJ� VLWHV��+LVWRORJLFDO� DQDO\VLV�
RQ� JLOOV�� LQWHVWLQH� DQG� JUHHQ� JODQG� ZDV� XVHG� WR� GHWHUPLQH�
WKHLU�RVPRUHJXODWRU\�DQG�UHVSLUDWRU\�DELOLW\��DV�ZHOO�DV�HYDOX�
DWH� WKH� LPSDFW� RI� ZDWHU� TXDOLW\� RQ� WKHLU� VXUYLYDO�� 7KLV� UH�
VHDUFK�ZDV�SDUW�RI�D�ODUJHU�UHVHDUFK�SURMHFW�ZKLFK�XOWLPDWHO\�
ZLOO� DOORZ�XV� WR� GHWHUPLQH� WKH� HIIHFWV� RI� DJULFXOWXUDO� SROOX�
WLRQ�LQ�VWUHDPV�LQ�1RUWKHDVW�$UNDQVDV�� 

SUHVHQWLQJ�� 
���SP-��SP 

+RPHWRZQ��,]DUG 
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$VVHVVLQJ�:DWHU�4XDOLW\�DQG�0DFURLQYHUWH�
EUDWH�&RPPXQLWLHV�DORQJ�D�*UDGLHQW�RI�3RXOWU\�
$JULFXOWXUH�LQ�1RUWKHDVW�$UNDQVDV� 
 
$OOLVRQ�0XQG\D��9LFWRULD�3UDWHU-5RFKLHUD��/LQGD�)RZOHUD��
2OLYLD�(FKROVD��.DWKHULQH�&UXVHD��-RUGDQ�:HEED��(ULN�3RO�
ORFNE��0DU\OLQH�%RVVXVD��DQG�$OO\Q�'RGGD� 
 
D�'LYLVLRQ�RI�0DWK�DQG�6FLHQFH��/\RQ�&ROOHJH��%DWHVYLOOH��$5 
E�8QLYHUVLW\�RI�$UNDQVDV�6WDEOH�,VRWRSH�/DERUDWRU\��)D\HWWHYLOOH��$5� 
 
$UNDQVDV�LV�FXUUHQWO\�WKH�QDWLRQ¶V�VHFRQG�ODUJHVW�SURGXFHU�RI�
SRXOWU\��7KH�LQGXVWU\�LV�H[SDQGLQJ�HDVWZDUG�DFURVV�WKH�VWDWH��
ZLWK�QHZ�IDUPV�EHLQJ�EXLOW�LQ�5DQGROSK��6KDUS��/DZUHQFH�
DQG�,QGHSHQGHQFH�&RXQW\��:LWK�WKH�DGGLWLRQ�RI�QHZ�SRXOWU\�
KRXVHV�WR�D�SDVWRUDO�ODQGVFDSH�DV�RI�������VHQVLWLYH�ZDWHU�
ERGLHV�DUH�DW�LQFUHDVHG�ULVN�RI�QXWULHQW�DQG�VHGLPHQW�SROOX�
WLRQ�DQG�ORVV�RI�VHQVLWLYH�WD[D��7KH�(OHYHQ�3RLQW�5LYHU�DQG�
WKH�/RZHU�%ODFN�5LYHU�KDYH�EHHQ�LGHQWLILHG�DV�SRWHQWLDOO\�
VHQVLWLYH�ZDWHUERGLHV�EHFDXVH�WKH\�DUH�WKH�KDELWDW�IRU�D�QXP�
EHU�RI�HQGDQJHUHG�VSHFLHV�LQFOXGLQJ�WKH�2]DUN�+HOOEHQGHU�
�&U\SWREUDQFKXV�DOOHJDQLHQVLV�ELVKRS���WKH�&ROGZDWHU�&UD\�
ILVK��)D[RQLXV�HXSXQFWXV���DQG�WKH�3LQN�0XFNHW��/DPSVLOLV�
DEUXSWD����,Q�WKLV�VWXG\��ZH�HYDOXDWHG�QXWULHQW�DQG�VHGLPHQW�
FRQFHQWUDWLRQV�DV�ZHOO�DV�PDFURLQYHUWHEUDWH�FRPPXQLW\�
VWUXFWXUH�LQ�WZHOYH�WULEXWDULHV�RI�WKH�(OHYHQ�3RLQW�5LYHU�DQG�
%ODFN�5LYHU��:H�VDPSOHG�DORQJ�D�JUDGLHQW�RI�SRXOWU\�KRXVH�
GHQVLWLHV�������WR������SRXOWU\�KRXVHV�NP���ZLWK�YDULRXV�
IORZ�SDWK�GLVWDQFHV�WR�DJULFXOWXUDO�RSHUDWLRQV��3KRVSKRUXV�
FRQFHQWUDWLRQV�WHQGHG�WR�LQFUHDVH�ZLWK�JUHDWHU�VXEFDWFKPHQW�
SRXOWU\�KRXVH�GHQVLW\��LQGLFDWLQJ�WKDW�HYHQ�QHZ�IDUPV�PD\�
DOUHDG\�EH�LPSDFWLQJ�ZDWHU�TXDOLW\��2XU�HIIRUWV�UHSUHVHQW�WKH�
ILUVW�LQWHQVLYH�PRQLWRULQJ�SURJUDP�WR�DGGUHVV�WKH�LPSDFW�RI�
QHZ�SRXOWU\�RSHUDWLRQV�LQ�1RUWKHDVW�$UNDQVDV�� 
 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��6DOLQH 
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%ORFNDGH� RI� DOSKD�-DOSKD��� QLFRWLQLF� DFHW\O�
FKROLQH� UHFHSWRUV�DV�D�SRWHQWLDO�QRYHO� VWUDWHJ\�
IRU�PLJUDLQH� 
 
0LFKDHOD�6WRQH���0HKXO�0��6KDK���-HVVLND�6DQ]���-��0LFKDHO�
0F,QWRVK���)UDQN�3RUUHFD���-HQQLIHU�<��;LH�� 
 
�'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV�DQG�$UNDQVDV�%LRVFLHQFHV�,QVWLWXWH��$UNDQVDV�
6WDWH�8QLYHUVLW\��-RQHVERUR��$5��86$�� 
�'HSDUWPHQW�RI�%DVLF�6FLHQFHV��1<,7�&ROOHJH�RI�2VWHRSDWKLF�0HGLFLQH�DW�$UNDQ�
VDV�6WDWH�8QLYHUVLW\��-RQHVERUR��$5��86$�� 
�'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�8WDK��6DOW�/DNH�&LW\��87��86$�� 
�'HSDUWPHQW�RI�0HGLFDO�3KDUPDFRORJ\��$UL]RQD�+HDOWK�6FLHQFHV�&HQWHU��8QLYHU�
VLW\�RI�$UL]RQD��7XFVRQ��$=��86$� 
 
0LJUDLQH�LV�WKH�PRVW�FRPPRQ�QHXURORJLFDO�GLVRUGHU�DQG�XVXDOO\�
DVVRFLDWHG�ZLWK�QDXVHD��YRPLWLQJ��DQG�K\SHUVHQVLWLYLW\�WR�HQYLURQ�
PHQWDO�VWLPXOL��:H�DLP�WR�LGHQWLI\�QRYHO�DFXWH�DQG�SUHYHQWDWLYH�
WKHUDSLHV�IRU�PLJUDLQH��$FWLYDWLRQ�RI�Į�Į���Q$&K5V�LQFUHDVHV�WKH�
UHOHDVH�RI�&*53��FDOFLWRQLQ�JHQH-UHODWHG�SHSWLGH���WKH�
³ELRPDUNHU´�RI�PLJUDLQH�SDWKRSK\VLRORJ\��7KHUHIRUH��EORFNDGH�RI�
Į�Į���Q$&K5V�PD\�UHSUHVHQW�D�YLDEOH�PHFKDQLVP�IRU�PLJUDLQH�
WUHDWPHQW��:H�WHVWHG�D�KLJKO\�VHOHFWLYH�Į�Į���Q$&K5�DQWDJRQLVW��
5J,$���LQ�UHOLHYLQJ�PLJUDLQH-UHODWHG�SDLQ��$GXOW�IHPDOH�&%$�&D-�
PLFH�ZHUH�LQMHFWHG�ZLWK�LQIODPPDWRU\�PHGLDWRUV��,0������ȝO��FRP�
SULVHG�RI�EUDG\NLQLQ��VHURWRQLQ��KLVWDPLQH��DQG�3*(���RQ�GXUDO�
VXUIDFH�WR�LQGXFH�FXWDQHRXV�K\SHUVHQVLWLYLW\��9RQ�)UH\�ILODPHQWV�
�����DQG�����J��ZHUH�DSSOLHG����WLPHV�WR�WKH�SHULRUELWDO�DQG�KLQG�
SDZ�UHJLRQV�DQG�WKH�ZLWKGUDZDO�IUHTXHQF\�DVVHVVHG�SULRU�WR�DQG�
KRXUO\�IRU���K�SRVW-,0��2XU�UHVXOWV�VKRZHG�WKDW�GXUDO�,0�SURGXFHG�
����DQG�����LQFUHDVH�RI�WKH�UHVSRQVH�IUHTXHQF\�IRU�SHULRUELWDO�
DQG�KLQGSDZ�UHJLRQV�YV��EDVHOLQH�-�FXWDQHRXV�DOORG\QLD�ZDV�GHYHO�
RSHG��6\VWHPLF�DGPLQLVWUDWLRQ�5J,$�������ȝJ�NJ��V�F���JLYHQ�DW�
����K�SULRU�WR�GXUDO�,0�EORFNHG�WKLV�HIIHFW��Į��NQRFNRXW�PLFH�DOVR�
VKRZHG�PXFK-UHGXFHG�FXWDQHRXV�DOORG\QLD�SRVW-,0��7KHVH�UHVXOWV�
VWURQJO\�LQGLFDWHG�WKDW�EORFNDGH�RI�Į�Į���Q$&K5�PD\�EH�D�SURP�
LVLQJ�QHZ�VWUDWHJ\�WR�UHGXFH�PLJUDLQH�SDLQ�� 

SUHVHQWLQJ�� 
��SP-�SP 

&RXQW\��3XODVNL 
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&KDUDFWHUL]DWLRQ� RI� WKH� 3RWHQWLDO� RI� D� 6PDOO�
0ROHFXOH� 7DUJHW� 7RZDUGV� D� 5DV-5HODWHG� 3UR�
WHLQ-3URWHLQ�,QWHUDFWLRQ� 
 
-RKQ�/HH��(PLOLR�'XYHUQD��'U��3DXO�$GDPV� 
 
8QLYHUVLW\�RI�$UNDQVDV��-��:LOOLDP�)XOEULJKW�&ROOHJH�RI�$UWV�	�6FLHQFHV��'HSDUW�
PHQW�RI�&KHPLVWU\�	�%LRFKHPLVWU\��)D\HWWHYLOOH��$5�� 

&87�7(;7 
,Q�WKH�VWDWH�RI�$UNDQVDV��WKH�WKUHH�FDQFHU�W\SHV�ZLWK�WKH�KLJK�
HVW�PRUWDOLW\�UDWH�RYHU�WKH�ODVW�VHYHUDO�\HDUV�KDYH�EHHQ�/XQJ��
%UHDVW�DQG�3URVWDWH�&DQFHU��UHVSHFWLYHO\�>�@�(DFK�RI�WKHVH�
FDQFHU�W\SHV�KDYH�EHHQ�IRXQG�WR�FRUUHODWH�ZLWK�LQFUHDVHG�OHY�
HOV�RI�WKH�5DV-UHODWHG�SURWHLQ�&HOO�GLYLVLRQ�F\FOH�����&GF����
H[SUHVVLRQ�RU�WKH�GHUHJXODWLRQ�RI�WKLV�SURWHLQ¶V�VLJQDOLQJ�
SDWKZD\�>���@�7KH�&GF���SDWKZD\�LV�NQRZQ�WR�UHJXODWH�WKH�
FHOO¶V�F\WRVNHOHWDO�VWUXFWXUH��FHOO�JURZWK��GLYLVLRQ��WXPRU�
LJHQHVLV��DQG�PRWLOLW\�>�@�&XUUHQWO\��YHU\�IHZ�WKHUDSHXWLF�DS�
SURDFKHV�H[LVW�WR�FRPEDW�HLWKHU�FDQFHU�FDXVLQJ�PHFKDQLVP��
$Q�LPPHQVH�DPRXQW�RI�UHFHQW�UHVHDUFK�DLPV�WR�GHYHORS�D�
VPDOO�WDUJHW�PROHFXOH�FDSDEOH�RI�LQKLELWLQJ�WKH�DFWLYDWLRQ�RI�
&GF���DQG�LWV�VXEVHTXHQW�VLJQDOLQJ�SDWKZD\��WKHUHE\�UHVWRU�
LQJ�UHJXODWLRQ�WR�WKLV�VSHFLILF�SURWHLQ�>�@�2XU�SULPDU\�UH�
VHDUFK�HIIRUWV�WKXV�IDU�KDYH�FRQVLVWHG�RI�WKH�SXULILFDWLRQ�RI�
&GF���DQG�RQH�RI�LWV�HIIHFWRU�SURWHLQV��$FN��$FN�LV�NQRZQ�WR�
ELQG�&GF���ZLWK�QDQRPRODU�DIILQLW\�DQG�UHJXODWHV�QHXURQDO�
VLJQDOLQJ��DQGURJHQ�UHFHSWRU�DFWLYDWLRQ��DQG�PRUH�LPSRUWDQW�
O\�IRU�RXU�UHVHDUFK�GULYHV�WXPRULJHQHVLV��7KH�QRQ-UHFHSWRU�
W\URVLQH�NLQDVH��FRQWUROV�WKHVH�IXQFWLRQV�WKURXJK�GLUHFW�SKRV�
SKRU\ODWLRQ�RI�VXEVHTXHQW�WDUJHWV��3URWHLQ�SXULILFDWLRQ�LV�D�
IXQGDPHQWDO�VWHS�ZKHQ�DWWHPSWLQJ�WR�FKDUDFWHUL]H�ELQGLQJ�
LQWHUDFWLRQV�EHWZHHQ�WKHVH�ELRPROHFXOHV�DQG�RWKHU�VPDOO�
PROHFXOHV��7KH�VPDOO�PROHFXOH�RI�LQWHUHVW�LQ�WKLV�UHVHDUFK�LV�
5��$'8-3K(7�D�VPDOO�DURPDWLF�FRPSRXQG�� 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��3XODVNL 
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3K\VLFDO� YV�� 9LUWXDO� 'LVVHFWLRQV� LQ� $UNDQVDV¶�
&ODVVURRPV� 
 
.ULVWLQ�0LGGOHWRQ�D�'U��6KHOOL�+HQHKDQE� 
 
D8QLYHUVLW\�RI�$UNDQVDV�–�)RUW�6PLWK��)RUW�6PLWK��$5 
E6FKRRO� RI� (GXFDWLRQ�&ROOHJH� RI� 67(0��8QLYHUVLW\� RI� $UNDQVDV� –� )RUW� 6PLWK��
)RUW�6PLWK��$5� 
 
/LWHUDWXUH�VKRZV�WKDW�WKHUH�LV�GHEDWH�EHWZHHQ�ZKHWKHU�RU�QRW�
YLUWXDO�RU�SK\VLFDO�GLVVHFWLRQ�LV�PRUH�EHQHILFLDO�WR�VWX�
GHQWV� �$�PDMRULW\�RI�VWXGHQWV�LQ�WKH�FODVVURRP�OHDUQ�NLQHV�
WKHWLFDOO\��ZKLFK�ZRXOG�LQYROYH�SK\VLFDOO\�WRXFKLQJ�DQG�VHH�
LQJ�WKH�PDWHULDO�WKH\�DUH�ZRUNLQJ�ZLWK�WR�OHDUQ�WKH�FRQWHQW��
+RZHYHU��ZLWK�WKH�WHFKQRORJLFDO�DGYDQFHV�RYHU�WKH�ODVW�GHF�
DGH�DQG�WKH�PRYHPHQW�RI�WHFKQRORJ\�LQWR�WKH�FODVVURRP�FXU�
ULFXOD��PDQ\�VFKRROV�KDYH�EHHQ�SHUIRUPLQJ�YLUWXDO�GLVVHF�
WLRQV��UDWKHU�WKDQ�WKH�SK\VLFDO�RSWLRQV��&DWHULQJ�WR�WKH�PLQRU�
LW\�RI�VWXGHQWV�LQ�D�FODVVURRP�FDQ�OHDG�WR�D�GHFUHDVH�LQ�QRW�
RQO\�WKH�VWXGHQW¶V�JUDGH�EXW�KLV�KHU�XQGHUVWDQGLQJ�RI�WKH�FRQ�
WHQW�DV�ZHOO��:KHQ�FKRRVLQJ�ZKDW�LV�EHVW�IRU�D�VFLHQFH�FODVV�
URRP��LW�LV�LPSRUWDQW�WR�NQRZ�\RXU�VWXGHQWV�DQG�ZKDW�WKH�UH�
VHDUFK�VXSSRUWV�IRU�WKH�FODVVURRP�HQYLURQPHQW�    
$IWHU�UHFHLYLQJ�8$)6�,5%�DSSURYDO��,�VXUYH\HG��WK-��WK�
JUDGH�VFLHQFH�WHDFKHUV�IURP�$UNDQVDV�FODVVURRPV��DV�ZHOO�DV�
8$)6�DQDWRP\�DQG�SK\VLRORJ\�VWXGHQWV��WR�GHWHUPLQH�SULRU�
GLVVHFWLRQ�H[SHULHQFH�DQG�SUHIHUHQFHV�� 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��%HQWRQ 



$QDO\]LQJ� ,QIHFWLRQ� &RQWURO� $VVHVVPHQW� 5HF�
RPPHQGDWLRQV�WR�,PSURYH�WKH�+HDOWK�RI�$UNDQ�
VDQV� 
 
5XE\�'��7URWWHU��5RKDQ�&KDNUDYRUW\��03+��-RUGDQ�0DOODUG��
7UHQWRQ�*XOOH\��03+��.HOOH\�*DUQHU��03+��0/6��1DYHHQ�
3DWLO��0'��0+6$��0$� 
 
+HDOWKFDUH-DVVRFLDWHG� LQIHFWLRQV� �+$,�� DUH� LQIHFWLRQV� WKDW�
GHYHORS�ZKLOH� UHFHLYLQJ�PHGLFDO� FDUH��7KH�+$,� SURJUDP�DW�
WKH�$UNDQVDV�'HSDUWPHQW�RI�+HDOWK��$'+��FRQGXFWV�DVVHVV�
PHQWV� XVLQJ� WKH� &HQWHUV� IRU� 'LVHDVH� &RQWURO� DQG� 3UHYHQ�
WLRQ¶V� ,QIHFWLRQ� &RQWURO� $VVHVVPHQW� DQG� 5HVSRQVH� �,&$5��
WRRO��7KH�+$,�SURJUDP�XWLOL]HG�TXDOLWDWLYH�UHVHDUFK�PHWKRGV�
WR�FUHDWH�D�FRGHERRN�VXPPDUL]LQJ� WKH�IHHGEDFN�DQG�UHFRP�
PHQGDWLRQV�PDGH�LQ�,&$5�OHWWHUV��&RGHV�ZHUH�HQWHUHG�LQWR�D�
5('&DS�GDWDEDVH�DQG�DQDO\]HG� LQ�0LFURVRIW�([FHO��/HWWHUV�
IURP�����YLVLWV�WR�KRVSLWDOV��Q� �����DQG�ORQJ-WHUP�FDUH�IDFLO�
LWLHV� �Q� � ���� EHWZHHQ� ����-�����ZHUH� DQDO\]HG��$UNDQVDV�
KRVSLWDOV� KDYH� WKH� PRVW� URRP� IRU� LPSURYHPHQW� LQ� SROLFLHV�
DQG�SUDFWLFHV� UHODWHG� WR� LQMHFWLRQ� VDIHW\� ������Q� ������ XUL�
QDU\�FDWKHWHU� LQVHUWLRQ�������Q� ������ LQIHFWLRQ�FRQWURO�SUR�
JUDP�LQIUDVWUXFWXUH� ������Q� ������KDQG�K\JLHQH�������Q� �
����� DQG�PXOWL-GUXJ� UHVLVWDQW� RUJDQLVP� GHWHFWLRQ� ������ Q�  �
����� )RU� ORQJ-WHUP� FDUH� IDFLOLWLHV�� WKH� SULPDU\� GHILFLHQFLHV�
LQFOXGHG� KDQG� K\JLHQH� �������� LQIHFWLRQ� FRQWURO� SURJUDP�
LQIUDVWUXFWXUH� ������ Q � ����� DQG� DQWLELRWLF� VWHZDUGVKLS�
������Q� ������4XDQWLWDWLYHO\�DQDO\]LQJ�GDWD�LV�DQ�LQQRYDWLYH�
PHWKRGRORJ\� IRU�+$,�SURJUDPV��7KHVH�GDWD�ZLOO� VHUYH� DV� D�
EDVHOLQH�IRU�IXWXUH�DVVHVVPHQWV�DQG�IDFLOLWDWH�IXUWKHU�DQDO\VLV� 

3$*(��� 
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SUHVHQWLQJ�� 
��DP-��SP 

&RXQW\��3XODVNL 



(QHUJ\�&RQWHQW�RI�6HHGV�RI�&RPPRQ�6XQIORZ�
HU��+HOLDQWKXV�DQQXXV��IURP�WKH�'LHW�RI�6FDOHG�
4XDLO��&DOOLSHSOD�VTXDPDWD��IURP�6RXWKHDVWHUQ�
1HZ�0H[LFR� 

 
'L[LH� /R]DQR-/RSH]�� (PLO\� 1HLOVRQ�� ,VDDF� &DVWLOOR�� -RKQ�
+XQW 

 
 

8QLYHUVLW\�RI�$UNDQVDV�DW�0RQWLFHOOR��0RQWLFHOOR��$5� 
 
.QRZOHGJH�RI�WKH�HQHUJ\�FRQWHQW�RI�IRRG�LV�FULWLFDO�WR�
XQGHUVWDQGLQJ�ZK\�DQ�DQLPDO�PLJKW�FKRRVH�RQH�IRRG�
LWHP�RYHU�DQRWKHU� �:H�DQDO\]HG�WKH�HQHUJ\�FRQWHQW�RI�
VHHGV�RI�FRPPRQ�VXQIORZHU��+HOLDQWKXV�DQQXXV��RE�
WDLQHG�IURP�WKH�FURSV�RI�VFDOHG�TXDLO��&DOOLSHSOD�VTXD�
PDWD��FROOHFWHG�IURP�SODLQV-PHVD�VDQG�VFUXE�LQ�/HD�DQG�
(GG\�FRXQWLHV��1HZ�0H[LFR� �6HHGV�ZHUH�UHPRYHG�IURP�
FURSV�DQG�GULHG�IRU����KRXUV�DW����&�WR�UHPRYH�PRLVWXUH�
DQG�VWDQGDUGL]H�PDVVHV� �6HHGV�ZHUH�WKHQ�DQDO\]HG�IRU�
JURVV�FDORULF�YDOXH��L�H���HQHUJ\�FRQWHQW��LQ�DQ�R[\JHQ�
ERPE�FDORULPHWHU� �3UHOLPLQDU\�UHVXOWV�IRU����VDPSOHV�
DUH�SUHVHQWHG�� 

67(0�3RVWHUV�DW�WKH�FDSLWRO 
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SUHVHQWLQJ 
��DP-��SP 

&RXQW\��-HIIHUVRQ 
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'LUHFWLRQDO�5HOHDVH�RI�5HRYLUXV�LQ�3RODUL]HG�
/\PSKDWLF�(QGRWKHOLDO�&HOOV� 
 
/H.LYLD�&REED��0LFKDHO�(OHGJHE��$PDLUDQL�3DUHGHVE��DQG�
.DUO�:��%RHKPHE 
 
D'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�$UNDQVDV�DW�3LQH�%OXII�� 
E'HSDUWPHQW�RI�0LFURELRORJ\�DQG�,PPXQRORJ\��8QLYHUVLW\�RI�$UNDQVDV�IRU�0HG�
LFDO�6FLHQFHV� 
 
0DPPDOLDQ�RUWKRUHRYLUXV��UHRYLUXV��LV�D�VHJPHQWHG��GRXEOH-
VWUDQGHG�51$�YLUXV�WKDW�LQIHFWV�D�ZLGH�UDQJH�RI�KRVWV��LQ�
FOXGLQJ�KXPDQV��5HFHQW�GDWD�IURP�RXU�ODERUDWRU\�LGHQWLILHG�
O\PSKDWLF�HQGRWKHOLDO�FHOOV��/(&V��DV�D�FHOO�W\SH�WKDW�PHGL�
DWHV�UHRYLUXV�V\VWHPLF�VSUHDG��$Q�LPSRUWDQW�DVSHFW�RI�HQGR�
WKHOLDO�FHOO�SK\VLRORJ\�LV�WKH�IRUPDWLRQ�RI�SRODUL]HG�PRQROD\�
HUV�WKDW�OLQH�O\PSKDWLF�YHVVHOV��3RODUL]HG�FHOOV�FRQWDLQ�GLV�
WLQFW�DSLFDO�DQG�EDVRODWHUDO�VXUIDFHV�GXH�WR�WLJKW�MXQFWLRQV�
WKDW�IRUP�EHWZHHQ�WKH�FHOOV��IXQFWLRQ�WR�PDLQWDLQ�WKH�LQWHJULW\�
RI�YHVVHOV��DQG�SUHYHQW�OHDNDJH�RI�OXPLQDO�FRQWHQWV�LQWR�WKH�
VXUURXQGLQJ�WLVVXH��3UHYLRXV�VWXGLHV�LQGLFDWH�WKDW�UHRYLUXV�LV�
SUHIHUHQWLDOO\�UHOHDVHG�IURP�WKH�DSLFDO�VXUIDFH�RI�SRODUL]HG�
FHOOV��+HUH��ZH�K\SRWKHVL]HG�WKDW�UHRYLUXV�ZLOO�EH�SUHIHUHQ�
WLDOO\�UHOHDVHG�IURP�WKH�DSLFDO�VXUIDFH�RI�SRODUL]HG�/(&V��:H�
IRXQG�WKDW�WLJKW�MXQFWLRQ�SURWHLQ�]RQD�RFFOXGHQV-���=2-���
ORFDOL]HG�WR�WKH�SHULSKHU\�RI�/(&V��LQGLFDWLQJ�WKH�IRUPDWLRQ�
RI�WLJKW�MXQFWLRQV��:H�DOVR�IRXQG�WKDW�WKH�WUDQVHQGRWKHOLDO�
HOHFWULFDO�UHVLVWDQFH��7((5���DQ�LQGLFDWRU�RI�EDUULHU�HVWDEOLVK�
PHQW��ZDV�LQFUHDVHG�XQGHU�SRODUL]DWLRQ�FRQGLWLRQV��:KHQ�
LQIHFWHG�ZLWK�UHRYLUXV��SURJHQ\�YLULRQV�ZHUH�RQO\�UHOHDVHG�
IURP�WKH�DSLFDO�VXUIDFH�RI�SRODUL]HG�/(&�PRQROD\HUV��UH�
JDUGOHVV�RI�ZKHWKHU�LQIHFWLRQ�ZDV�LQLWLDWHG�DW�WKH�DSLFDO�RU�
EDVRODWHUDO�VXUIDFH�  

SUHVHQWLQJ�� 
��DP-��SP 

&RXQW\��-HIIHUVRQ 
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0LFURELDO� ,QKLELWRU\� (IIHFWV� RI� /RFDO� $UNDQVDV�
+RQH\�7\SHV� 
 
6WHSKDQ\�&UDEWUH\D��6DPDQWKD�+HZHWWD��DQG�.DUL�1D\ORUD 
 
D'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5� 
 

 ,QDSSURSULDWH�XVH�RI�DQWLELRWLFV�KDV�OHG�WR�WKH�GHYHORSPHQW�
RI�DQWLELRWLF�UHVLVWDQW�SDWKRJHQV�ZKLFK�SRVH�D�VHULRXV�WKUHDW�
WR�SXEOLF�KHDOWK��7KH�YDVW�PDMRULW\�RI�WKHVH�DQWLELRWLF�UH�
VLVWDQW�LQIHFWLRQV�DUH�KHDOWKFDUH-DFTXLUHG�DQG�FRVW�WKH�8QLWHG�
6WDWHV�RYHU�����ELOOLRQ�DQQXDOO\��7KLV�SXEOLF�KHDOWK�WKUHDW�
DQG�LQFUHDVLQJ�QHHG�IRU�DOWHUQDWLYH�DQWLPLFURELDO�VWUDWHJLHV�
KDV�OHG�WR�WKH�UH-HYDOXDWLRQ�RI�DQFLHQW�WKHUDSHXWLF�UHPHGLHV�
IURP�ERWDQLFDO�VRXUFHV�DQG�E\-SURGXFWV�VXFK�DV�KRQH\��&XU�
UHQWO\��WKHUDSHXWLF�JUDGH�0DQXND�KRQH\�LV�WKH�RQO\�)'$�DS�
SURYHG�KRQH\�IRU�XVH�LQ�ZRXQG�WUHDWPHQW�DQG�LV�TXLWH�FRVWO\��
5HFHQW�UHVHDUFK�FRQGXFWHG�E\�+HZHWW�HW�DO���������VXJJHVWV�
KRQH\V�GHULYHG�IURP�ORFDO�$UNDQVDV�PXOWL-IORUDO�VRXUFHV�DUH�
FRPSDUDEOH�LQ�DQWL-PLFURELDO�HIILFDF\�WR�0DQXND� 
7KH�DLP�RI�WKLV�SURMHFW�LV�WR�GHWHUPLQH�PLQLPXP�LQKLELWRU\�
FRQFHQWUDWLRQV��0,&V��IRU�ORFDO�$UNDQVDV�KRQH\��H[SDQGLQJ�
RXU�VDPSOH�VL]H�DQG�FRQILUPLQJ�WKDW�PXOWL-IORUDO�$UNDQVDV�
KRQH\V�DUH�HTXLYDOHQW�WR�0DQXND�LQ�DQWLPLFURELDO�DFWLYLWLHV��
2YHUDOO��HOHYHQ�QHZ�$UNDQVDV�KRQH\V�KDG�DQ�DYHUDJH�0,&�RI�
����DJDLQVW�ILYH�GLIIHUHQW�FOLQLFDOO\�LPSRUWDQW�DQWLELRWLF�UH�
VLVWDQW�EDFWHULDO�VSHFLHV��7ZR�DGGLWLRQDO�VSHFLHV�ZHUH�LQKLELW�
HG�E\�����KRQH\�FRQFHQWUDWLRQ��7KHVH�WUHQGV�DUH�VLPLODU�WR�
ZKDW�KDV�EHHQ�UHSRUWHG�IRU�0DQXND�KRQH\�DQG�SURYLGHV�D�
VWDUWLQJ�SRLQW�WR�LGHQWLI\LQJ�SRWHQWLDO�DOWHUQDWLYH�FRVW-
HIIHFWLYH�ORFDO�KRQH\�VRXUFHV� 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��3RON 
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7KH�VSDWLDO�UHVROXWLRQ�RI�REMHFW�GLVFULPLQDWLRQ�
DFURVV�HFKRORFDWLRQ�DQG�WRXFK�� 
 
0LFKDHO�(]HDQDD��(OLVH�5XVKLQJD��6DQWDQL�7HQJE��$PULWD�3X�
ULD 
 
D'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5 
E6PLWK-.HWWOHZHOO�(\H�5HVHDUFK�,QVWLWXWH��6DQ�)UDQFLVFR��&$  

 
$FWLYH�HFKRORFDWLRQ�LQYROYHV�HPLWWLQJ�VRXQGV�DQG�OLVWHQLQJ�
WR�WKH�UHIOHFWHG�DXGLWRU\�LQIRUPDWLRQ�WR�ORFDOL]H�REMHFWV�DQG�
QDYLJDWH�WKURXJK�VXUURXQGLQJV��$OWKRXJK�SULPDULO\�DVVRFLDW�
HG�ZLWK�DQLPDOV�OLNH�EDWV�DQG�GROSKLQV��VRPH�YLVXDOO\�LP�
SDLUHG�KXPDQV�XVH�DFWLYH�HFKRORFDWLRQ�WR�GLIIHUHQWLDWH�EH�
WZHHQ�REMHFW�ORFDWLRQV��VL]HV��VKDSHV��DQG�FRPSRVLWLRQV��3UH�
YLRXV�UHVHDUFK�GHWHUPLQHG�WKDW�EOLQG�HFKRORFDWRUV�FRXOG�GH�
WHFW�WKH�UHODWLYH�ORFDWLRQ�RI�WZR�GLVNV�ZLWK�DFFXUDF\�FRPSD�
UDEOH�WR�WKDW�RI�YLHZLQJ�WKH�GLVNV�DW�DERXW����GHJUHHV�LQWR�WKH�
SHULSKHUDO�YLVXDO�ILHOG��+HUH��ZH�H[SORUHG�REMHFW�GLVFULPLQD�
WLRQ�DELOLWLHV�LQ�EOLQG�HFKRORFDWLRQ�SUDFWLWLRQHUV��3DUWLFLSDQWV�
H[DPLQHG�DQ�REMHFW�XVLQJ�HFKRORFDWLRQ��DQG�WKHQ�XVHG�WRXFK�
WR�LGHQWLI\�ZKLFK�RI�D�SDLU�REMHFWV�ZDV�WKH�RQH�WKH\�KDG�MXVW�
H[DPLQHG�HFKRLFDOO\��3HUIRUPDQFH�ZDV�VLJQLILFDQWO\�JUHDWHU�
WKDQ�FKDQFH�OHYHO��VXJJHVWLQJ�FURVV-PRGDO�UHWHQWLRQ�RI�REMHFW�
LQIRUPDWLRQ��DOWKRXJK�RYHUDOO�DFFXUDF\�ZDV�VRPHZKDW�ORZ�
�a������7R�GHWHUPLQH�ZKHWKHU�WKLV�ORZ�DFFXUDF\�UHIOHFWV�LQ�
VXIILFLHQW�HFKR�LQIRUPDWLRQ�IURP�WKHVH�UHODWLYHO\�VPDOO�RE�
MHFWV��LQ�DGGLWLRQDO�H[SHULPHQWV��REMHFWV�ZLOO�EH�����ODUJHU��
)XUWKHU��VLJKWHG�SDUWLFLSDQWV�ZLOO�YLHZ�REMHFW�LPDJHV�EOXUUHG�
WR�VLPXODWH�YLHZLQJ�LQ�YDULRXV�SHULSKHUDO�ORFDWLRQV��DQG�WKHQ�
H[DPLQH�REMHFW�SDLUV�XVLQJ�WRXFK�DQG�UHSRUW�ZKLFK�WKH\�KDG�
LQLWLDOO\�YLHZHG��7RJHWKHU��WKHVH�VWXGLHV�ZLOO�UHYHDO�WKH�UHOD�
WLYH�VSDWLDO�UHVROXWLRQ�RI�HFKR-�DQG�YLVLRQ-EDVHG�REMHFW�SHU�
FHSWLRQ� 

SUHVHQWLQJ�� 
��SP-�SP 

&RXQW\��)DXONQHU 
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(IIHFWV�RI�LQVXOLQ-OLNH�JURZWK�IDFWRUV�RQ�JOXWDPDWH�
UHFHSWRUV�LQ�FRUWLFDO�QHXURQV� 
 
.DMDO�%��'HVDL���/DULVVD�/��3RUWHU���6WHYHQ�:��%DUJHU��� 
 
�'HSDUWPHQW�RI�&KHPLVWU\��8$-/LWWOH�5RFN���*UDGXDWH�3URJUDP�%LRPHGLFDO�6FL�
HQFHV�� �'HSDUWPHQW� RI� *HULDWULFV�� 8QLYHUVLW\� $UNDQVDV� IRU� 0HGLFDO� 6FLHQFHV��
/LWWOH� 5RFN�� $5�� �*HULDWULF� 5HVHDUFK�� (GXFDWLRQ� DQG� &OLQLFDO� &HQWHU�� &HQWUDO�
$UNDQVDV�9HWHUDQV�+HDOWKFDUH�6\VWHPV��/LWWOH�5RFN��$5� 
 
$O]KHLPHU¶V�GLVHDVH��$'��LV�D�QHXURGHJHQHUDWLYH�GLVHDVH�WKDW�
VORZO\�GHVWUR\V�PHPRU\�DQG�WKLQNLQJ��$'�EUDLQV�DUH�OHVV�
FDSDEOH�RI�JOXFRVH�XSWDNH��UHVHPEOLQJ�WKH�LQVXOLQ�UHVLVWDQFH�
RFFXUULQJ�LQ�RWKHU�WLVVXHV�LQ�7\SH���GLDEHWHV��7�'0���:LWK�
7�'0�WKH�ERG\�UHVLVWV�HIIHFWV�RI�LQVXOLQ��ODUJHO\�GXH�WR�G\V�
IXQFWLRQ�RI�LQWUDFHOOXODU�VLJQDOLQJ�HOHPHQWV��6RPH�V\PSWRPV�
RI�SDWLHQWV�ZLWK�7�'0�DUH�VHHQ�LQ�$'��WKH\�PD\�H[WHQG�WR�
LQVXOLQ-OLNH�JURZWK�IDFWRUV��,*)V���ZKLFK�VKDUH�LQWUDFHOOXODU�
VLJQDOLQJ�HOHPHQWV�ZLWK�LQVXOLQ��,*)V�SOD\�DQ�HVVHQWLDO�UROH�
LQ�UHJXODWLQJ�QHXURJHQHVLV�DQG�WKH\�PD\�EH�LQYROYHG�LQ�UHJX�
ODWLQJ�DQWLGHSUHVVDQW�UHVSRQVH��,QVXOLQ�UHVLVWDQFH��DV�LQ�REHVL�
W\�DQG�7�'0��LPSDLUV�WKH�DFWLYLW\�RI�WKHVH�QHWZRUNV��7KLV�
SURMHFW�H[SORUHG�HIIHFWV�RI�ERWK�,*)-��DQG�,*)-��RQ�FRUWLFDO�
QHXURQV��VSHFLILFDOO\�WKHLU�HIIHFWV�RQ�$03$�UHFHSWRUV��D�NH\�
VXEW\SH�RI�UHFHSWRU�IRU�WKH�SURPLQHQW�QHXURWUDQVPLWWHU�JOXWD�
PDWH��*OXWDPDWH�SOD\V�DQ�LPSRUWDQW�UROH�LQ�OHDUQLQJ�DQG�
PHPRU\��WKXV�PRGHV�RI�FRJQLWLRQ�FRPSURPLVHG�LQ�$'�FRXOG�
EH�LPSDFWHG�E\�HIIHFWV�RI�,*)V�RQ�JOXWDPDWH�UHFHSWRUV�RU—
SHUKDSV�PRUH�LPSRUWDQWO\—UHGXFWLRQV�LQ�,*)�VLJQDOLQJ�WKDW�
RFFXU�XQGHU�FRQGLWLRQV�RI�³LQVXOLQ´�UHVLVWDQFH��7KHVH�VWXGLHV�
PD\�KHOS�GHWHUPLQH�WKH�FRQVHTXHQFHV�RI�³LQVXOLQ´�UHVLVWDQFH�
LQ�$'�EUDLQV�  

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��3XODVNL 
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7KH�SKRWRG\QDPLF�WKHUDS\�SRWHQWLDO�RI�D�QRYHO�
ZDWHU-VROXEOH�JDOOLXP�SRUSK\ULQ� 
 
7LIIDQ\�.RED 
 
2XDFKLWD�%DSWLVW�8QLYHUVLW\ 
 
3KRWRG\QDPLF�WKHUDS\��3'7��KDV�SRWHQWLDO�XVH�LQ�WKH�WUHDW�
PHQW�RI�FDQFHU�DQG�RWKHU�KHDOWK�GLVRUGHUV��3'7�XWLOL]HV�OLJKW�
DQG�D�SKRWRVHQVLWLYH�DJHQW�WKDW�RQFH�DFWLYDWHG�E\�OLJKW�JHQHU�
DWHV�VLQJOHW�R[\JHQ�WKDW�DIIHFWV�VXUURXQGLQJ�FHOOV��0HWDO�
ORSRUSK\ULQV�KDYH�EHHQ�VKRZQ�WR�DFFXPXODWH�LQ�WXPRUV�DV�
WKH�UHVXOW�RI�SUHIHUHQWLDO�ELQGLQJ�WR�ORZ-GHQVLW\�OLSRSUR�
WHLQV� �$GGLWLRQDOO\��JDOOLXP�,,,��SRUSK\ULQV�KDYH�EHHQ�
VKRZQ�WR�EH�HIIHFWLYH�SRWHQWLDO�SKRWRVHQVLWL]HUV�IRU�3'7��
7KH�JRDO�RI�WKLV�UHVHDUFK�ZDV�WR�V\QWKHVL]H�DQG�FKDUDFWHUL]H�
WKH�QRYHO�SKRWRVHQVLWLYH�DJHQW��*D733-',3$��DV�D�3'7�
DJHQW��7KH�*D733-',3$�ZDV�SXULILHG�XVLQJ�FROXPQ�FKURPD�
WRJUDSK\�DQG�FKDUDFWHUL]HG�XVLQJ�,5��89-9LV��DQG�105�
VSHFWURVFRSLHV��SXULW\�ZDV�GHWHUPLQHG�XVLQJ�+3/&��&\WRWR[�
LFLW\�WHVWLQJ�RI�WKH�*D733-',3$�XVLQJ�8���JOLREODVWRPD�
FHOOV�LQ�ERWK�OLJKW�DQG�GDUN�FRQGLWLRQV�GHWHUPLQHG�WKDW�QRYHO�
PDWHULDO�KDV�SRWHQWLDO�DV�D�QH[W�JHQHUDWLRQ�3'7�DJHQW� � 

SUHVHQWLQJ�� 
��DP-��SP 

&RXQW\��6DOLQH 
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3UHSDUDWLRQ� DQG� F\WRWR[LFLW\� RI� D� QRYHO� FDUERQ�
QDQR-RQLRQ�SODWLQXP�QDQRPDWHULDO� IRU�SRWHQWLDO�
FDQFHU�WKHUDS\� 
 
&DPPLH�<RUN 
 
�2XDFKLWD�%DSWLVW�8QLYHUVLW\ 
 
7KH�DSSOLFDWLRQV�RI�FDUERQ�QDQRPDWHULDOV� �&10��� LQFOXGLQJ�
JUDSKHQH� DQG� LWV� GHULYDWLYHV� VXFK� DV� FDUERQ� QDQR� WXEHV�
�&17V�� LQ� QDQRPHGLFLQH� LV� ZHOO� HVWDEOLVKHG�� 7KHVH� QDQR�
PDWHULDOV�KDYH�EHHQ�ZLGHO\�XVHG�DV�WKHUDQRVWLF�GHOLYHU\�V\V�
WHPV�ZLWK�WKH�SRWHQWLDO�WR�GHOLYHU�ELRDFWLYH�DJHQWV�DQG�VLPXO�
WDQHRXVO\�GHWHFW�VHOHFWLYHO\�GLVHDVHG�WLVVXHV� �$�UDWKHU�XQGHU�
H[SORUHG�&10�IRU�ELRPHGLFDO� LPDJLQJ�DQG� WKHUDQRVWLFV�GH�
OLYHU\� DUH� FDUERQ� QDQR-RQLRQV� �&12��� &12� DUH� FDUERQ-
EDVHG� QDQRPDWHULDOV� WKDW� FDQ� SRWHQWLDOO\� EH� XVHG� LQ� FDQFHU�
WKHUDS\�ZKHQ�WKH\�DUH�IXQFWLRQDOL]HG� �5HFHQW�VWXGLHV�RQ�FHO�
OXODU�IDWH�RI�GLIIHUHQW�&10V��LQFOXGLQJ�&12V��KDYH�GHPRQ�
VWUDWHG�WKDW�WKH�VXUIDFH�FRPSRVLWLRQ�LV�FULWLFDO�IRU�WKH�LQ�YLYR�
DSSOLFDWLRQ� RI� WKHVH� &10�� &XUUHQW� UHVHDUFK� GLVFXVVHV� WKH�
SUHSDUDWLRQ� DQG� FKDUDFWHUL]DWLRQ� D� QRYHO� &12-3W� QDQR�
PDWHULDO� DQG� WKH� FHOO� YLDELOLW\� RI�8��� JOLREODVWRPD� FHOOV� LQ�
WKH� SUHVHQFH� RI� WKLV� IXQFWLRQDOL]HG�&12� � ,Q� RUGHU� WR� IRUP�
WKH� GHVLUHG� &12-3W� FRPSRXQG�� WKH� &12V� ZHUH� ILUVW� R[L�
GL]HG��IROORZHG�E\�DWWDFKPHQW�RI�WKH�FLV-GLDPPLQH�SODWLQXP
�,,��GLFKORULGH��7KH�QRYHO�&12-3W�QDQRPDWHULDO�ZDV�FKDUDF�
WHUL]HG�E\�,5�DQG�89-YLV�VSHFWURVFRSLHV��&\WRWR[LFLW\�RI�WKH�
PDWHULDO�ZDV�WHVWHG�RQ�8���JOLREODVWRPD�FHOOV�  

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��3LNH 
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0RGLILHG�0LFKDHO�$GGLWLRQ�/HDGV�WR�%LRORJLFDOO\�

6LJQLILFDQW�1DSKWKRTXLQRQHV� 

 

6PLWK��(�� ���+XPSKUH\��0����0DORQH\��7���� -HQNLQV�� 6��9����
'LQJV��5��3����1DZDUDWKQH��,��1��� 
 
�0DWKHPDWLFV�DQG�6FLHQFH�'LYLVLRQ��/\RQ�&ROOHJH��%DWHVYLOOH��$5������� 
�&ROOHJH� RI�0HGLFLQH�� WKH� 8QLYHUVLW\� RI� $UNDQVDV� IRU�0HGLFDO� 6FLHQFHV�� /LWWOH�
5RFN��$5�������� 
 
1DWXUDOO\�RFFXUULQJ� DQG� V\QWKHWLFDOO\�GHULYHG�K\GUR[\QDSK�
WKRTXLQRQHV� �MXJORQH�� ODZVRQH�� SKWKLRFRO�� SOXPEDJLQ�� ODS�
KDFKRO��KDYH�D�ZLGH� UDQJH�RI�SKDUPDFRORJLFDO�XVHV� VXFK�DV�
DQWL-EDFWHULDO�� DQWL-IXQJDO�� DQWL-YLUDO�� DQWL-SDUDVLWLF�� DQWL-
LQIODPPDWRU\�� DQWL-SUROLIHUDWLYH�� DQWL-FDQFHU�� DQG� DQWL-
WXEHUFXODU�� 7KH� QDSKWKRTXLQRQH� VFDIIROG� LV� SUHVHQW� LQ� WKH�
FRUH�VWUXFWXUH�RI�PDQ\�FRPPHUFLDOO\�XVHG�WKHUDSHXWLFV��7DN�
LQJ� DGYDQWDJH� RI� PRGLILHG�0LFKDHO� $GGLWLRQ� UHDFWLRQV�� ZH�
KDYH� LQFRUSRUDWHG� YDULRXV� JURXSV� WR� WKH� QDSWKRTXLQRQH�
WKURXJK�DPLQR�IXQFWLRQDO�PRLHW\�WR�FUHDWH�PXOWLWXGHV�RI�ELR�
ORJLFDOO\�VLJQLILFDQW�QDSKWKRTXLQRQHV��7KH�PRGLILFDWLRQV�DUH�
IXUWKHU� H[WHQGHG� E\� XWLOL]LQJ� SHSWLGH� FKHPLVWU\� DQG� FOLFN�
FKHPLVWU\��:H� DUH� FRQVWDQWO\� WHVWLQJ� WKH� QRYHO� QDSKWKRTXL�
QRQHV� IRU� WKHLU�YDULRXV�DQWLPLFURELDO�DQG�DQWLFDQFHU�SURSHU�
WLHV� 
 
7KLV� UHVHDUFK� LV� IXQGHG� E\� )XWXUH)XHO� &KHPLFDOV� //&�� LQ�
%DWHVYLOOH�DQG�/\RQ�&ROOHJH�� 

SUHVHQWLQJ�� 
��DP-��SP 

&RXQW\��3XODVNL 
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&-��0RGLILFDWLRQV� RI� 5LIDP\FLQ� &RUH� /HDGV� WR�
3RWHQWLDO�$QWLEDFWHULDO�$JHQWV� 
 
7Hj�0DVRQ�� $UPVWURQJ�� '��� +RGJH�� =��� )RUG�� $��� 1DZDUD�
WKQH��,��1�� 
 
0DWKHPDWLFV�DQG�6FLHQFH�'LYLVLRQ��/\RQ�&ROOHJH��%DWHVYLOOH��$5�������� 
 
5LIDP\FLQV�DUH�D�IDPLO\�RI�GUXJV�ZLWK�EURDG-VSHFWUXP�DQWLEDF�
WHULDO�SURSHUWLHV��7KH\�DUH�PDLQO\�XVHG�DV�ILUVW-OLQH�GUXJV�LQ�WX�
EHUFXORVLV�WUHDWPHQW��7KH�SUHFXUVRUV�IRU�PDQ\�ULIDP\FLQV�DUH�
QDWXUDOO\�GHULYHG��KRZHYHU��DOPRVW�DOO�WKH�ULIDP\FLQV�LQ�WKH�FXU�
UHQW�PDUNHW�DUH�VHPL-V\QWKHWLFDOO\�JHQHUDWHG��7KH�FRUH-VWUXFWXUH�
RI�ULIDP\FLQ�IDPLO\�RI�GUXJV�FRQWDLQV�D�UHDFWLYH�K\GUR[\O�JURXS�
WKDW�FDQ�EH�DFWLYDWHG�DV�D�VXOIRQDWH�HVWHU�DQG�WKHQ�EH�GLVSODFHG�
ZLWK�VHOHFWHG�QXFOHRSKLOHV�WKURXJK�DQ�DGGLWLRQ-HOLPLQDWLRQ�
PHFKDQLVP��7KURXJK�WKLV�SURFHVV��ZH�KDYH�V\QWKHVL]HG��-
PRGLILHG�ULIDP\FLQ�6�GHULYDWLYHV�LQ�RXU�UHVHDUFK�ODE�WKDW�LQ�
FOXGHV��-GHR[\���-DPLQR��DQG�YDULRXV�JURXSV�ZLWK�D]LGR�IXQF�
WLRQDOLW\�RQ�WKH�ULIDP\FLQ�FRUH��&XUUHQWO\�ZH�DUH�SXULI\LQJ�WKHVH�
FRPSRXQGV�XVLQJ�SUHS-+3/&�DQG�DUH�XWLOL]LQJ�FOLFN�FKHPLVWU\�
WR�PDNH�FKHPLFDO�H[WHQVLRQV�WKURXJK�WKH�D]LGH�IXQFWLRQDOLW\��
7KRVH�QRYHO�ULIDP\FLQV�ZLOO�EH�WHVWHG�IRU�WKHLU�DQWL-WXEHUFXORVLV�
DQG�RWKHU�DQWLEDFWHULDO�DFWLYLWLHV��6WUDWHJLFDOO\��ZH�LQFRUSRUDWH�
FKHPLFDO�H[WHQVLRQV�DW�WKH�ULIDP\FLQ�FRUH-VWUXFWXUH�WR�FUHDWH�
DGGLWLRQDO�ELQGLQJ�FRQWDFWV�WR�LPSURYH�WKH�GUXJ�HIILFDF\�WR�
ZDUGV�PXOWL-GUXJ�UHVLVWDQW�WXEHUFXORVLV�VWUDLQV�EDVHG�RQ�WKH�
IHHGEDFN�IURP�WKH�SUHOLPLQDU\�ELRORJLFDO�DFWLYLW\�DVVD\V� 
 
7KLV�SURMHFW�ZDV�PDGH�SRVVLEOH�E\�WKH�$UNDQVDV�,1%5(�SUR�
JUDP�DQG�E\�WKH�5HVHDUFK�7HFKQRORJ\�&RUH�RI�WKH�$UNDQVDV�
,1%5(�SURJUDP��VXSSRUW�E\�D�JUDQW�WKH�1DWLRQDO�,QVWLWXWH�RI�
*HQHUDO�0HGLFDO�6FLHQFH���1,*06���3���*0�������IURP�WKH�
1DWLRQDO�,QVWLWXWH�RI�+HDOWK� 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��,QGHSHQGHQFH 
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6\QWKHVLV�DQG�SUHSDUDWLRQ�RI�ELRPLPHWLF�SRO\
�DFU\OLF�DFLG�-EDVHG�QDQRILEHU�VFDIIROGV�IRU�ELR�
PHGLFDO�DSSOLFDWLRQV� 

.D\OD�&KXUFKZHOO�	�6KDURQ�.��+DPLOWRQ��3K�'�� 

&KHPLVWU\�'HSDUWPHQW��2XDFKLWD�%DSWLVW�8QLYHUVLW\��$UNDGHOSKLD��$5������� 

(OHFWURVSLQQLQJ�RI�QDQRILEHUV�KDV�EHHQ�H[SORUHG�RYHU�WKH�SDVW�VHY�
HUDO�GHFDGHV�IRU�D�YDULHW\�RI�DSSOLFDWLRQV��:KLOH�HOHFWURVSLQQLQJ�
ELRSRO\PHUV�PD\�EH�D�FKDOOHQJH��GXH�WR�WKHLU�LQFRQVLVWHQW�UKHRORJL�
FDO�DQG�JHOOLQJ�EHKDYLRUV��WKH�UHVXOWLQJ�QDQRILEURXV�ZHEV�FRXOG�DFW�
DV�D�SODWIRUP�IRU�ELRPHGLFDO�DSSOLFDWLRQV��7KH�LQFRUSRUDWLRQ�RI�ELR�
PLPHWLF�PROHFXOHV�LQWR�QDQRILEURXV�GUHVVLQJV�XVLQJ�V\QWKHWLF�ELR�
PROHFXOH�DQDORJV�ZLOO�UHGXFH�WKH�FRVWV�DVVRFLDWHG�ZLWK�WUDGLWLRQDOO\�
XVHG�ELRPROHFXOHV��7KH�ELRPLPHWLF�PROHFXOHV�LQ�WKH�QDQRILEURXV�
GUHVVLQJ�VKRXOG�EH�FDSDEOH�RI�PLPLFNLQJ�ERWK�WKH�VWUXFWXUH�DQG�
PRUSKRORJ\�RI�WKH�ERG\¶V�QDWLYH�H[WUDFHOOXODU�PDWUL[��ZKLFK�FDQ�
IDFLOLWDWH�WKH�QDWXUDO�ZRXQG�KHDOLQJ�SURFHVV�LQ�WKH�KXPDQ�ERG\��  
7KH�SXUSRVH�RI�WKLV�UHVHDUFK�ZDV�WR�GHYHORS�D�FROODJHQ�VWUDQG�DQD�
ORJ�IURP�FRPPHUFLDOO\�DYDLODEOH�SRO\�DFU\OLF�DFLG���3$$��YLD�WKH�
FRXSOLQJ�RI�IXQFWLRQDO�JURXSV�WR�WKH�FDUER[\OLF�UHVLGXHV�RI�3$$��
7KH�VHOHFWHG�IXQFWLRQDO�JURXSV�UHSUHVHQW�WKH�PRVW�DEXQGDQW�DPLQR�
DFLGV�LQ�FROODJHQ��7KH�UHVXOWLQJ�ELRPLPLF�ZDV�DQDO\]HG�E\��+�105�
VSHFWURVFRS\�DQG�LQIUDUHG�VSHFWURVFRS\�WR�YHULI\�WKH�DWWDFKPHQW�RI�
HDFK�IXQFWLRQDO�JURXS�WR�WKH�3$$�EDFNERQH��2QFH�WKH�ELRPLPHWLF�
PROHFXOH�KDG�EHHQ�V\QWKHVL]HG��VROXWLRQV�RI�WKH�ELRPLPHWLF-3$$�
ZLWK�FKLWRVDQ�DQG�SRO\�YLQ\O�DOFRKRO��ZHUH�HOHFWURVSXQ�DQG�WKH�
PRUSKRORJ\�RI�WKH�UHVXOWLQJ�QDQRILEHU�VFDIIROGV�DQDO\]HG��'HJUDGD�
WLRQ�SURILOHV�RI�WKH�ILEHU�PDWV�ZHUH�DQDO\]HG�YLD�LQ�YLWUR�VWXGLHV��
)XUWKHU�WHVWLQJ�LV�LQYHVWLJDWLQJ�WKH�F\WRWR[LFLW\��FHOO�DGKHVLRQ�DQG�
SUROLIHUDWLRQ�RI�FHOOV�FXOWXUHG�LQ�WKH�SUHVHQFH�RI�QDQRILEHUV�HQJL�
QHHUHG�LQ�WKLV�UHVHDUFK�WR�DVVHVV�WKH�DSSOLFDWLRQ�RI�WKH�QDQRILEHU�PDW�
ZLWK�WKH�QRYHO��V\QWKHWLF�FROODJHQ�VWUDQG�DQDORJ�DV�D�ZRXQG�GUHVV�
LQJ��0DWHULDOV�FRQWDLQLQJ�WKLV�FROODJHQ�VWUDQG�DQDORJ�FRXOG�SRWHQ�
WLDOO\�SURYLGH�D�ORZ-FRVW�GUHVVLQJ�WKDW�ZLOO�SURPRWH�FHOO�SUROLIHUD�
WLRQ�ZKLOH�LQKLELWLQJ�EDFWHULDO�LQIHFWLRQ�ZKLFK�FRXOG�FDXVH�FRPSOL�
FDWLRQV�LQ�WKH�ERG\¶V�ZRXQG�KHDOLQJ�SURFHVV�� 

SUHVHQWLQJ�� 
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$QDO\VLV�RI�2[LGDWLYH�6WUHVV�RQ�)DWW\�$FLGV�LQ�.
-���(-FROL�DQG�)LVK�2LO�E\�*&�06� 
 
6\GQ\H�/��6KXWWOHZRUWK��'HQQLV�3URYLQFH�3K�'�  
 
'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\�–�+DUGLQJ�8QLYHUVLW\��6HDUF\��$5 
 
2[LGDWLYH�VWUHVV�UHVXOWV�LQ�WKH�EUHDNLQJ�GRZQ�RI�ELRPROH�
FXOHV�DV�WKH\�LQWHUDFW�ZLWK�UHDFWLYH�R[\JHQ�VSHFLHV� 5HDFWLYH�
R[\JHQ�VSHFLHV��526��JHQHUDWHG�IURP�OLIH�SURFHVVHV�FDQ�
FDXVH�GDPDJH�WR�FHOOV��WLVVXHV��DQG�RUJDQV�ZKLFK�OHDG�WR�GLV�
HDVH�DQG�ORVV�RI�FHOO�IXQFWLRQ� %DFWHULD��OLNH H-FROL��DUH�ERXQG�
E\�D�FHOO�PHPEUDQH�WKDW�LV�PDGH�XS�LQ�SDUW�E\ ERWK�VDWXUDWHG�
DQG�VRPH�XQVDWXUDWHG IDWW\ DFLGV��7KLV�H[SHULPHQW�H[�
SRVHG WKHVH�IDWW\�DFLGV�WR UHDFWLYH�R[\JHQ�VSHFLHV IURP ���
PLQXWHV�WR���KRXUV�WR�LQGXFH�R[LGDWLYH�VWUHVV� 7KH�526�ZHUH�
SURGXFHG�E\�LUUDGLDWLQJ�7L2� QDQRSDUWLFOHV�ZLWK�OLJKW�IURP�
89/('V�DW�D�PD[LPXP�ZDYHOHQJWK�RI���� QP��0HWK\O�HV�
WHUV�ZHUH�WKHQ�IRUPHG�IURP�WKHVH�IDWW\�DFLGV�DQG�DQDO\]HG�E\�
JDV�FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\� �7KH�H[WHQW�RI�WKH�
UHDFWLRQ�ZDV�PRQLWRUHG�E\�ILQGLQJ�WKH�UDWLR�RI�WKH�SHDN�DUHD�
RI�WKH�PHWK\O�HVWHUV�WR�DQ�LQWHUQDO�VWDQGDUG�
�+HSWDGHFDQRLF DFLG� &������ 7KH�VDPSOHV�FRQWDLQHG�VXE�
VWDQWLDO�DPRXQWV�RI�XQVDWXUDWHG (LFRVDSHQWDHQRLF DFLG�
�&������������DQG�'RFRVDKH[DHQRLF�DFLG��&������������ � 

SUHVHQWLQJ 
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6WUXFWXUH-%DVHG� 9LUWXDO� 6FUHHQLQJ� 6WXGLHV� WR�
,GHQWLI\ �1RYHO�*$%$$�0RGXODWRUV�WR�WUHDW�(SL�
OHSV\� 
 
&KDVH�3��6PLOH\D��$LPHH�'\FXVD��0HJDQ�3HUJDD��*��.ZDPH�
<HERDKE��7XZDQGD�6LPPRQVD��DQG�+HQU\�1RUWKE 
D$UNDQVDV�6WDWH�8QLYHUVLW\-�%HHEH��%HHEH��$5 
E'HSDUWPHQW�RI�3KDUPDFHXWLFDO�6FLHQFHV��+DUGLQJ�8QLYHUVLW\��&ROOHJH�RI�3KDU�
PDF\��6HDUF\��$5  
 
7KH�*$%$�UHFHSWRU�LV�WKH�PRVW�LPSRUWDQW�LQKLELWRU\�QHXUR�
WUDQVPLWWHU�LQ�WKH�&HQWUDO�1HUYRXV�6\VWHP��&16��DQG�SOD\V�D�
UROH�LQ�WKH�RFFXUUHQFH�DQG�SURJUHVVLRQ�RI�VHL]XUHV�GXH�WR�DQ�LP�
EDODQFH�LQ�H[FLWDWRU\�DQG�LQKLELWRU\�QHXURWUDQVPLVVLRQ��'HVSLWH�
WKH�RSWLPDO�XVH�RI�DYDLODEOH�DQWLHSLOHSWLF�GUXJV��RYHU�RQH-WKLUG�
RI�SDWLHQWV�IDLO�WR�H[SHULHQFH�VHL]XUH�FRQWURO��0RUHRYHU��D�ODUJH�
SURSRUWLRQ�RI�WKRVH�WKDW�KDYH�EHWWHU�RXWFRPHV�GRHV�VR�RQO\�DW�
WKH�H[SHQVH�RI�VLJQLILFDQW�VLGH�HIIHFWV��+HQFH�WKH�VHDUFK�IRU�
QRYHO�WKHUDSHXWLF�DJHQWV�ZLWK�JUHDWHU�VHOHFWLYLW\�DQG�ORZHU�WR[�
LFLW\�FRQWLQXHV�LQ�GUXJ�GLVFRYHU\�LQYHVWLJDWLRQ��7KH�SXUSRVH�RI�
WKLV�VWXG\��WKHUHIRUH��ZDV�WR�SURYLGH�D�OLJDQG-EDVHG�GUXJ�GHVLJQ�
�/%''��DQG�VWUXFWXUH-EDVHG�GUXJ�GHVLJQ��6%''��DSSURDFK�WR�
SURGXFH�QRYHO�*$%$$�PRGXODWRUV�WKDW�PD\�KDYH�JUHDWHU�VHOHF�
WLYLW\�DQG�ORZHU�WR[LFLW\��/%''�ZDV�XVHG�WR�JHQHUDWH�UREXVW�
DQG�SUHGLFWLYH�SKDUPDFRSKRUH�PRGHOV�XVLQJ�*$%$$�PRGXOD�
WRUV�H[WUDFWHG�IURP�WKH�&K(0%/�GDWDEDVH��7KH�EHVW�PRGHOV�
ZHUH�XVHG�WR�VFUHHQ�D�FRPPHUFLDO�FKHPLFDO�OLEUDU\�RI�VPDOO�
PROHFXOHV�DQG�IUDJPHQWV��6%''�ZDV�HPSOR\HG�LQ�PROHFXODU�
GRFNLQJ�WR�H[SORUH�DQG�SUHGLFW�WKH�ELQGLQJ�PRGH�DQG�NH\�LQWHU�
DFWLRQV�PDGH�E\�WKH�WRS�PROHFXOHV��6WUXFWXUH-JXLGHG�KLW-WR-OHDG�
RSWLPL]DWLRQ�DQG�V\QWKHVLV�ZLOO�EH�XWLOL]HG�WR�FRQWLQXH�RXU�GH�
VLJQ�DQG�GHYHORSPHQW�RI�QRYHO�WKHUDSHXWLF�DJHQWV��7KH�WRS����
FRPSRXQGV�ZLWK�JUHDWHU�VHOHFWLYLW\�DQG�ORZHU�WR[LFLW\�ZLOO�EH�
SKDUPDFRORJLFDOO\�HYDOXDWHG�  
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%DFWHULDO�4XDQWLILFDWLRQ�DQG�(OLPLQDWLRQ�XVLQJ�
7L2��DQG�89�/LJKW�DV�D�PHDQV�RI�'LVLQIHFWLRQ�
GXULQJ�6SDFH�)OLJKW 
� 
+DQQDK�6PLWK��6LGQH\�%UDQGRQ��'U��'HQQLV�3URYLQFH��'U��
&LQG\�:KLWH 
 
+DUGLQJ�8QLYHUVLW\��6HDUF\��$5���$UNDQVDV�6SDFH�*UDQW�&RQVRUWLXP��/LWWOH�
5RFN��$5� 
 
7KH�,QWHUQDWLRQDO�6SDFH�6WDWLRQ��,66��FRQWDLQV�D�ZDWHU�WUHDW�
PHQW�V\VWHP�WKDW�UHF\FOHV�XULQH�LQWR�UHXVDEOH�GULQNLQJ�ZDWHU��
7KLV�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�V\VWHPV�RQ�WKH�,66�DQG�
PXVW�EH�PDLQWDLQHG�LQ�RUGHU�WR�VXVWDLQ�WKH�FUHZ�LQ�VSDFH��2QH�
SUREOHP�WKDW�KDV�EHHQ�RFFXUULQJ�LV�WKH�DFFXPXODWLRQ�RI�EDF�
WHULD�DQG�ELRILOP�JURZWK�ZLWKLQ�WKH�ILOWUDWLRQ�V\VWHP��7R�
FRPEDW�WKLV�SUREOHP��RXU�WHDP�K\SRWKHVL]HG�WKDW�7L2��DQG�
89�OLJKW�ZRXOG�LQKLELW�EDFWHULDO�JURZWK�ZLWKRXW�FUHDWLQJ�WR[�
LF�EL-SURGXFWV��7L2��LV�D�SKRWRFDWDO\VW��DQG�ZKHQ�KLW�ZLWK�
89�OLJKW��UHDFWLYH�R[\JHQ�VSHFLHV��526��DUH�IRUPHG��526�
DUH�YHU\�XQVWDEOH�DQG�GHVWUR\�DQ\WKLQJ�LQ�WKHLU�SDWK�E\�EUHDN�
LQJ�FKHPLFDO�ERQGV��:KHQ�WKHVH�R[\JHQ�UDGLFDOV�FRPH�EDFN�
WRJHWKHU��WKH\�IRUP�R[\JHQ��2��� �7KH�EDFWHULDO�VSHFLHV�XVHG�
LQ�WKLV�H[SHULPHQW�ZDV�5DOVWRQLD�V\]\JLL��RQH�RI�WKH�VSHFLHV�
IRXQG�LQ�WKH�RULJLQDO�EDFWHULDO�VDPSOH�IURP�WKH�ZDWHU�WUHDW�
PHQW�ILOWHU�RI�WKH�,66�  

SUHVHQWLQJ 
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2UJDQRFDWDO\]HG� &DUERQ-2OHILQ� 0HWDWKHVLV��
FDWDO\VW�UHDFWLYLW\�DQG�VXEVWUDWH�VFRSH� 
 
/DXUD�0RUWDQ��)LQQ�%HUXOGVHQ��+HLGL�'DKOPDQQ 
 
'HSDUWPHQW�RI�&KHPLVWU\��+HQGUL[�&ROOHJH��&RQZD\��$5 

 
5HDFWLRQV�WKDW�SURGXFH�FDUERQ-FDUERQ�ERQGV��VXFK�DV�F\�
FOL]DWLRQ�UHDFWLRQV��W\SLFDOO\�UHTXLUH�H[WHQVLYH�KHDWLQJ�RU�FD�
WDO\VLV�LQ�RUGHU�WR�RFFXU��&RPSDUHG�ZLWK�RWKHU�PHWKRGV��RU�
JDQRFDWDO\VWV�PHGLDWH�F\FOL]DWLRQV�XQGHU�JUHHQHU�DQG�PLOGHU�
FRQGLWLRQV��'XULQJ�SUHYLRXV�VWXGLHV�RQ�RUJDQRFDWDO\]HG�FDU�
ERQ\O-HQH�UHDFWLRQV��ZH�REVHUYHG�DQ�XQH[SHFWHG�FDUERQ\O-
ROHILQ�PHWDWKHVLV�E\SURGXFW� �+HUHLQ�ZH�DWWHPSW�WR�RSWLPL]H�
WKH�RUJDQRFDWDO\]HG�FDUERQ\O-ROHILQ�PHWDWKHVLV�UHDFWLRQ��2XU�
ODE�LV�GHYHORSLQJ�FDWDO\VWV�WKDW�VLPSOLI\�UHDFWLRQ�FRQGLWLRQV��
PDNLQJ�WKHP�VDIHU��PRUH�HIILFLHQW��DQG�PRUH�HQYLURQPHQWDO�
O\�IULHQGO\� 

SUHVHQWLQJ�� 
��SP-�SP 

&RXQW\��)DXONQHU 
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&%��5HFHSWRU-7DUJHWHG�&RPSXWDWLRQDO�
'UXJ�'HVLJQ�'LUHFWHG�DW�3DLQ�5HOLHI� 
 
1LNKLO�1DLU��'U��&DLWOLQ�6FRWW 
 
'HSDUWPHQW�RI�&KHPLVWU\��+HQGUL[�&ROOHJH��&RQZD\��$5 
� 
$SSUR[LPDWHO\�����RI�$PHULFDQ�DGXOWV�PDQDJH�KDUVK�HI�
IHFWV�RI�SDLQ�GDLO\��7HWUDK\GURFDQQDELQRO��7+&��LQ�PDULMXD�
QD�DFWLYDWHV�WKH�FDQQDELQRLG�&%��UHFHSWRU�LQ�WKH�FHQWUDO�
QHUYRXV�V\VWHP��FDXVLQJ�SDLQ�UHOLHI�DV�ZHOO�DV�VRPH�XQGHVLUD�
EOH��SV\FKRORJLFDO�VLGH�HIIHFWV��7KH�FDQQDELQRLG�&%��UHFHS�
WRU�SOD\V�D�UROH�LQ�LQIODPPDWRU\�SDLQ�EXW�GRHV�QRW�KDYH�WKH�
DVVRFLDWHG�SV\FKRWURSLF�HIIHFWV�WKDW�&%��GRHV�EHFDXVH�WKH�
&%��UHFHSWRU�LV�ORFDWHG�LQ�WKH�SHULSKHUDO�QHUYRXV�V\VWHP��
7KHUH�LV�QR�SDLQ�PHGLFDWLRQ�DYDLODEOH�RQ�WKH�PDUNHW�WKDW�WDU�
JHWV�WKH�&%��UHFHSWRU��7KHUH�LV�QRW�DQ�H[SHULPHQWDOO\-
GHWHUPLQHG�DFWLYDWHG�&%��VWUXFWXUH��VR�ZH�DUH�XVLQJ�FRPSX�
WDWLRQDO�PHWKRGV�WR�SUHGLFW�LW��2XU�REMHFWLYH�LV�WR�GHVLJQ�SDLQ�
PHGLFDWLRQV�WKDW�WDUJHW�WKH�&%��UHFHSWRU�DQG�HOLPLQDWH�WKH�
VLGH�HIIHFWV�FDXVHG�E\�&%���:H�RSWLPL]HG�DQ�H[SHULPHQWDOO\
-GHWHUPLQHG�FU\VWDOOL]HG�VWUXFWXUH�RI�WKH�LQDFWLYH��DQWDJRQLVW-
ERXQG�&%��DQG�UDQ�PROHFXODU�G\QDPLFV�RI�WKH�SURWHLQ�XQGHU�
SK\VLRORJLFDO�FRQGLWLRQV��:H�XWLOL]HG�VRIWZDUH�WR�RSWLPL]H�D�
NQRZQ-&%��UHFHSWRU�DJRQLVW��DQG�ZH�GRFNHG�LW�XVLQJ�*OLGH�
VRIWZDUH�DQG�,QGXFHG�)LW�'RFNLQJ�DQG�FRPSDUHG�RXU�UHVXOWV�
ZLWK�NQRZQ�ELRFKHPLFDO�GDWD�WR�FRQILUP�RXU�SUHGLFWLRQV��
)ROORZLQJ�FRQILUPDWLRQ�RI�WKH�DFWLYDWHG�VWUXFWXUH�DQG�LWV�UHVL�
GXHV��ZH�H[SHFW�WR�PRYH�IRUZDUG�ZLWK�WKH�DFWLYDWHG�&%��UH�
FHSWRU�VWUXFWXUH�DQG�XVH�LW�WR�SRWHQWLDOO\�GHVLJQ�QHZ�GUXJV� 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��3XODVNL 
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:DWHU� XSWDNH� RQ� QDQRVSKHUHV� XVLQJ� PXOWLSOH�
H[SHULPHQWDO� PHWKRGV�� %ULGJLQJ� H[SHULPHQWDO�
PHWKRGV�ZLWK�DWPRVSKHULF�FORXG�DFWLYDWLRQ�WKH�
RU\� 
 
5HEHFFD�3DUKDP��'U��&RXUWQH\�+DWFK 
 
'HSDUWPHQW�RI�&KHPLVWU\��+HQGUL[�&ROOHJH��&RQZD\��$5 
 
$WPRVSKHULF�DHURVROV¶�LQIOXHQFH�RQ�DFWLYDWLRQ�DQG�JURZWK�RI�
FORXG�GURSOHWV�DUH�RQH�RI�WKH�OHDVW�XQGHUVWRRG�IDFWRUV�WKDW�
FRQWULEXWH�WR�FOLPDWH�FKDQJH��DQG�WKXV�DFFXUDWH�FOLPDWH�PRG�
HO�SDUDPHWHUV�PXVW�EH�PHDVXUHG�WR�LPSURYH�FOLPDWH�PRGHOV��
7KH�OHDGLQJ�WKHRU\�GHVFULELQJ�WKH�DFWLYDWLRQ�RI�DHURVROV�LQWR�
&ORXG�&RQGHQVDWLRQ�1XFOHL��&&1��DQG�WKHLU�VXEVHTXHQW�IRU�
PDWLRQ�RI�FORXG�GURSOHWV�LV�)UDQNHO-+DOVH\-+LOO�DGVRUSWLRQ�
DFWLYDWLRQ�WKHRU\��)++-$7���,WV�DVVXPSWLRQ�RI�VPRRWK��
VSKHULFDO�VXUIDFH�PRUSKRORJ\�IRU�LQVROXEOH�DHURVROV��ZKLFK�
KDYH�PLFURVWUXFWXUH��LV�SXUSRUWHG�WR�LQWURGXFH�LQDFFXUDFLHV�LQ�
WKH�WKHRU\��7R�YDOLGDWH�)++-$7��QDQRVSKHUHV�ZHUH�XVHG�DV�
PRGHOV�WR�PHDVXUH�ZDWHU�XSWDNH�E\�WKUHH�PHWKRGV�WR�GHWHU�
PLQH�LI�WKH�GDWD�JHQHUDWHG�FORXG�DFWLYDWLRQ�SDUDPHWHUV�WKDW�
DJUHH��1DQRVSKHUH�VDPSOHV�ZHUH�SXULILHG��DHURVROL]HG��DQG�
GULHG��DV�ZHOO�DV�VL]H-VHOHFWHG��$�UDWLR�RI�WKH�QXPEHU�RI�DFWL�
YDWHG�DHURVROV�DW�D�VSHFLILF�VXSHUVDWXUDWLRQ�WR�WKH�WRWDO�QXP�
EHU�RI�DYDLODEOH�DHURVRO�SDUWLFOHV�ZDV�IRXQG��7KH�FULWLFDO�VX�
SHUVDWXUDWLRQ�RI�WKH�VDPSOH��ZKHUH�����RI�WKH�VDPSOH�DFWL�
YDWHG�LQWR�&&1��ZDV�GHWHUPLQHG��$GGLWLRQDOO\��JUDYLPHWULF�
DQG�RSWLFDO�PHWKRGV�ZHUH�XVHG�WR�PHDVXUH�ZDWHU�DGVRUSWLRQ�
XQGHU�VXE-VDWXUDWHG�ZDWHU�YDSRU�FRQGLWLRQV��7KHVH�GDWD�VHWV�
ZHUH�DVVHVVHG�XVLQJ�)++-$7�WR�GHWHUPLQH�FOLPDWH�PRGHO�
SDUDPHWHUV�IURP�LQGLYLGXDO�H[SHULPHQWDO�PHWKRGV�DQG�FRP�
SDUHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�DFFXUDF\�RI�WKH�PHDVXUH�
PHQW� � 

SUHVHQWLQJ�� 
��SP-�SP 

&RXQW\��&UDZIRUG 
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3HDQXW�+DLU\�5RRWV��$�3RWHQWLDO�6RXUFH�RI�1DW�
XUDO�3URGXFWV�IRU�WKH�7UHDWPHQW�RI�7ULSOH�1HJD�
WLYH�%UHDVW�&DQFHU� 
 
/LQK-&KL�+R����6HSLGHK�0RKDPPDGKRVVHLQSRXU�������'U��)DE�
ULFLR�0HGLQD-%ROLYDU������ 

 
��$UNDQVDV�%LRVFLHQFHV�,QVWLWXWH� 
��0ROHFXODU�%LRVFLHQFHV�*UDGXDWH�3URJUDP�� 
��'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��$UNDQVDV�6WDWH�8QLYHUVLW\�������(DVW��$J�
JLH�5G��-RQHVERUR��$5�������� 
 
%UHDVW�FDQFHU�LV�WKH�PRVW�SUHYDOHQW�W\SH�RI�FDQFHU�LQ�ZRPHQ�
ZRUOGZLGH��7ULSOH�QHJDWLYH�EUHDVW�FDQFHU��71%&��LV�RQH�RI�WKH�
GHDGOLHVW�W\SHV�EHFDXVH�LW�GRHV�QRW�UHVSRQG�WR�KRUPRQDO�WUHDW�
PHQWV��7KHUHIRUH��WKHUH�LV�DQ�RQJRLQJ�VHDUFK�IRU�QHZ�WUHDWPHQWV�
WR�LQFUHDVH�VXUYLYDO�UDWHV�IRU�WKLV�GLVHDVH��7KH�RYHUDOO�JRDO�RI�
WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�DQWLFDQFHU�DFWLYLW\�RI�SUHQ\ODWHG�
VWLOEHQRLGV�DV�QDWXUDO�SURGXFWV�IRU�WKH�SUHYHQWLRQ�DQG�WUHDWPHQW�
RI�71%&��7R�LQGXFH�WKH�SURGXFWLRQ�RI�SUHQ\ODWHG�VWLOEHQRLGV��
SHDQXW�KDLU\�URRW�FXOWXUHV�ZHUH�FR-WUHDWHG�ZLWK�HOLFLWRUV�DQG�
SXULILHG�YLD�VHPL-SUHSDUDWLYH�KLJK-SHUIRUPDQFH�OLTXLG�FKURPD�
WRJUDSK\��7KHQ��WKH�DQWLFDQFHU�DFWLYLW\�RI�WKH�SUHQ\ODWHG�VWLO�
EHQRLGV�ZDV�HYDOXDWHG�LQ�GLIIHUHQW�71%&�FHOO�OLQHV��&\WRWR[LFL�
W\�DQG�IORZ�F\WRPHWU\�DVVD\V�VKRZHG�WKDW�WKH�SUHQ\ODWHG�VWLO�
EHQRLGV�H[KLELWHG�KLJKHU�F\WRWR[LFLW\�WR�WKH�FDQFHU�FHOOV�WKDQ�
QRQ-SUHQ\ODWHG�VWLOEHQRLGV��)XUWKHUPRUH��WKH�LQFUHDVHG�F\WRWR[�
LFLW\�FRUUHODWHG�ZLWK�LQFUHDVHG�OHYHOV�RI�WKH�DSRSWRVLV�PDUNHUV�
FDVSDVH-��DQG�FDVSDVH-���$GGLWLRQDO�VWXGLHV�DUH�EHLQJ�FRQGXFW�
HG�XVLQJ�IORZ�F\WRPHWU\�WR�GHWHUPLQH�WKH�HIIHFW�RQ�DSRSWRVLV�
DQG�FHOO�F\FOH�VWDJH�DIWHU�WUHDWPHQW�RI�WKH�FHOOV�ZLWK�SUHQ\ODWHG�
VWLOEHQRLGV��)XWXUH�VWXGLHV�ZLOO�IRFXV�RQ�HOXFLGDWLQJ�WKH�VLJQDO�
LQJ�SDWKZD\V�DIIHFWHG�E\�SUHQ\ODWHG�VWLOEHQRLGV�LQ�71%&�FHOOV�
LQ�RUGHU�WR�DGYDQFH�RXU�XQGHUVWDQGLQJ�RI�WKH�DQWLFDQFHU�PHFKD�
QLVPV�RI�WKHVH�QDWXUDO�SURGXFWV�  

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��,QGHSHQGHQFH 
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$UNDQVDV�6WDWH�&ULPH�/DE�6XPPHU�,QWHUQVKLS� 
 
(PLO\�+DUQHVVD��0DU\�/\QQ�+XIILQJWRQE 
 
D+HQGHUVRQ�6WDWH�8QLYHUVLW\�&KHPLVWU\�'HSDUWPHQW��$UNDGHOSKLD��$5 
E$UNDQVDV�6WDWH�&ULPH�/DERUDWRU\�7R[LFRORJ\�6HFWLRQ��/LWWOH�5RFN��$5   
 
7KH�WR[LFRORJ\�VHFWLRQ�DW�WKH�$UNDQVDV�6WDWH�&ULPH�/DE�URX�
WLQHO\�WHVWV�KXPDQ�WLVVXH�DQG�IOXLG�VDPSOHV�IRU�IRUHLJQ�VXE�
VWDQFHV��7KLV�UHVHDUFK�VKRZV�WKH�GHWHFWLRQ�RI�NQRZQ�FRQFHQ�
WUDWLRQV�RI�PHWK�DQG�WKH�GHWHFWLRQ�RI�YDULRXV�SUHVFULSWLRQ�DQG�
RYHU�WKH�FRXQWHU�GUXJV��7KHVH�GHWHFWLRQV�ZHUH�SHUIRUPHG�XV�
LQJ�JDV�FKURPDWRJUDSK�PDVV�VSHFWURPHWU\�DQG�ZHUH�FRQGXFW�
HG�LQ�RUGHU�WR�VKRZ�WKH�H[DFW�FDSDELOLWLHV�RI�WKH�LQVWUXPHQWD�
WLRQ�DQG�FXUUHQW�ODERUDWRU\�PHWKRGV��UHVSHFWLYHO\��LQ�XVH�DW�
WKH�FULPH�ODE��,QIRUPDWLRQ�UHJDUGLQJ�WKH�DFFXUDF\�DQG�SUHFL�
VLRQ�RI�YDULRXV�*&06�LQVWUXPHQWV�ZDV�FROOHFWHG�DORQJ�ZLWK�
LQIRUPDWLRQ�UHJDUGLQJ�KRZ�ZHOO�FXUUHQW�ODERUDWRU\�H[WUDFWLRQ�
PHWKRGV�ZRUN�  

SUHVHQWLQJ�� 
��DP-��SP 

&RXQW\��/RQRNH 



3$*(��� 
3267(5���� 

0RGHOLQJ�WKH�,QWHUDFWLRQV�DQG�/LSRSKLOLFLW\�RI�
6\QWKHWLF�$QLRQ�7UDQVSRUWHUV�IRU�)XWXUH�&\VWLF�
)LEURVLV�7KHUDSLHV 
 
-HQQD�/RZHU\��-LOO�(OOHQEDUJHU�3K' 
 
'HSDUWPHQW�RI�&KHPLVWU\��-RKQ�%URZQ�8QLYHUVLW\��6LORDP�6SULQJV��$5 
 
&\VWLF�)LEURVLV�LV�D�GLVHDVH�FDXVHG�E\�WKH�DEVHQFH�RU�PDO�
IXQFWLRQ�RI�WKH�F\VWLF�ILEURVLV�WUDQVPHPEUDQH�FRQGXFWDQFH�
UHJXODWRU��&)75��SURWHLQ� 7KH�&)75�SURWHLQ�LV�D�FKDQQHO�
WKDW�WUDQVSRUWV�FKORULGH�DQLRQV�RXW�RI�FHOOV��:KHQ�FKORULGH�LV�
QRW�DEOH�WR�DFFXPXODWH�RXWVLGH�RI�WKH�FHOO��WKHQ�ZDWHU�LV�QRW�
DWWUDFWHG�WR�WKH�FHOO�VXUIDFH�DQG�GRHV�QRW�IOXVK�DZD\�PXFXV��
,I�PXFXV�LV�DOORZHG�WR�EXLOG�XS��WKH�EORFNDJH�RI�DLUZD\V�RF�
FXUV�DQG�PDNHV�LW�KDUG�WR�EUHDWKH��&XUUHQW�HIIRUWV�DUH�XQGHU�
ZD\�WR�H[SORUH�PROHFXOHV�WKDW�FRXOG�DFW�DV�V\QWKHWLF�DQLRQ�
WUDQVSRUWHUV�WR�WDNH�WKH�SODFH�RI�WKH�&)75�SURWHLQ��,Q�WKLV�
VWXG\��FRPSXWDWLRQDO�FKHPLVWU\�PHWKRGV�ZHUH�XVHG�WR�H[�
SORUH�WKH�LQWHUDFWLRQV�RI�SRVVLEOH�V\QWKHWLF�DQLRQ�WUDQVSRUWHUV�
ZLWK�FKORULGH��7KH�FRPSRXQGV�EHLQJ�VWXGLHG�DUH�WKLRXUHD-
EDVHG�FRPSRXQGV�EHFDXVH�WKLRXUHD�LV�HDVLO\�PRGLILDEOH��LQ�
H[SHQVLYH��DQG�DEOH�WR�VWURQJO\�LQWHUDFW�ZLWK�FKORULGH��$OO�RI�
WKH�WKLRXUHD-EDVHG�WUDQVSRUWHUV�VKRZHG�VWURQJ�LQWHUDFWLRQ�
HQHUJLHV�ZLWK�FKORULGH��/LSRSKLOLFLW\�LV�DOVR�LPSRUWDQW�ZKHQ�
FRQVWUXFWLQJ�WKHVH�WUDQVSRUWHUV�LQ�RUGHU�WR�LQVXUH�WKH�FRP�
SRXQG�ZLOO�LQWHUDFW�SURSHUO\�ZLWK�WKH�FHOO�PHPEUDQH��7KH�
OLSRSKLOLFLW\�RI�HDFK�RI�WKH�ILYH�V\QWKHWLF�DQLRQ�WUDQVSRUWHUV�
ZDV�DOVR�VWXGLHG�ZLWK�0FXOH� 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��/RJDQ 
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5HILQLQJ� 6ODWHU¶V� 5XOHV� RI� (OHFWURQ� 6KLHOGLQJ�
DQG�(IIHFWLYH�1XFOHDU�&KDUJH� 
 
(WKDQ�(��7XUQHU��&DUO�%��+ROODQGVZRUWK 
 
2ULJLQDOO\� SXEOLVKHG� LQ� ����� E\� -RKQ� &�� 6ODWHU�� 6ODWHU¶V�
5XOHV� DSSO\�QXPHULFDO� FRQVWDQWV� WR�KRZ�QHJDWLYHO\-FKDUJHG�
HOHFWURQV�RI�YDU\LQJ�VKHOOV�DQG�GLVWDQFHV� VKLHOG�RQH�DQRWKHU�
IURP�WKH�IXOO�SRVLWLYH�FKDUJH�RI� WKH�QXFOHXV�� WKXV�GHVFULELQJ�
WKHLU�VKLHOGLQJ�FRQVWDQW��6��DQG�WKHLU�HIIHFWLYH�QXFOHDU�FKDUJH�
�=HII�RU�=

���6ODWHU¶V�5XOHV�DV�WKH\�DUH�PD\�EH�DSSOLHG�RQO\�XS�
WR��QRW�LQFOXGLQJ��&HULXP��DV�RQO\�HOHFWURQ�VKHOOV�V��S��DQG�G�
DUH�GHVFULEHG��DQG�RQO\�DV�EURDG�HVWLPDWLRQV�ZLWK�WKH�KHDYLHU�
G-EORFN�HOHPHQWV��KRZHYHU��E\�ZRUNLQJ�EDFN�6ODWHU¶V�5XOHV�
DQG�ILQH�WXQLQJ�WKH�VKLHOGLQJ�FRQVWDQWV�RI�LQGLYLGXDO�LQWHUDF�
WLRQV� RQH-E\-RQH�� ZH� KDYH� UHILQHG� WKHVH� ORQJ-VWDQGLQJ�� DF�
FHSWHG� FRQVWDQWV� LQWR� QHZ� YDOXHV� WKDW� SURGXFH� VLJQLILFDQWO\�
PRUH�IDYRUDEOH�HVWLPDWLRQV�LQ�DOO�WHVWHG�VSHFLHV��PRVW�QRWDEO\�
IRU�WKH�WULFNLHU�G-EORFN�VHULHV�RI�FKURPLXP�WKURXJK�]LQF��&U�
–� =Q��� )XUWKHU� FRQWLQXDWLRQ� RI� WKH� UHVHDUFK� DW� KDQG�ZLOO� EH�
ZRUNHG� WR� KRSHIXOO\� QRW� RQO\� LPSURYH� WKHVH� YDOXHV� IXUWKHU��
EXW�DOVR�H[SDQG�WKHP�WR�WKH�ODQWKDQLGH�VHULHV��EHJLQQLQJ�ZLWK�
&HULXP�LWVHOI�� 

SUHVHQWLQJ�� 
��SP-�SP 

&RXQW\��:KLWH 
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&KDUD]WHUL]DWLRQDO�6WXGLHV�RI�&GF���LQ�WKH�
SUHVHQFH�RI�WKH�6PDOO�0ROHFXOH�$=$��� 
 
0HUHGLWK�2WW��3DXO�$GDPV 
 
'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�$UNDQVDV��)D\HWWHYLOOH��$UNDQVDV������� 
 
7KLV�SURMHFW�ZLOO�WU\�WR�GHWHUPLQH�WKH�VWDELOLW\�RI�WKH�5DV�SUR�
WHLQ�&HOO�'LYLVLRQ�&\FOH�SURWHLQ����LQ�WKH�SUHVHQFH�RI�WKH�
VPDOO�SURWHLQ�$=$�����7KLV�SURWHLQ��&GF���IRU�VKRUW��KDV�
EHHQ�VKRZQ�WR�EH�LUUHJXODUO\�H[SUHVVHG�LQ�FHUWDLQ�FDQFHU�
FHOOV��5DV�SURWHLQV�DUH�LQYROYHG�LQ�FHOO�VLJQDOLQJ��DQG�ZKHQ�
RYHUDFWLYH�WKH\�UHVXOW�LQ�FDVFDGHV�WKDW�OHDG�WR�FHOO�SUROLIHUD�
WLRQ�DQG�PHWDVWDVLV��7KXV��XQGHUVWDQGLQJ�WKH�LQWHUDFWLRQV�EH�
WZHHQ�&GF���DQG�LQKLELWRUV�VXFK�DV�$=$����ZLOO�EH�LP�
SRUWDQW�LQ�GLVFRYHULQJ�WKHUDSLHV�IRU�5DV-UHODWHG�FDQFHUV��,Q�
RUGHU�WR�H[SHULPHQWV��(��FROL�FHOOV�PXVW�EH�HQJLQHHUHG�ZLWK�D�
SODVPLG�FRQWDLQLQJ�DQ�DPSLFLOOLQ�UHVLVWDQFH�JHQH�DQG�WKH�GH�
VLUHG�SURWHLQ��7KH�(�FROL�DUH�WKHQ�JURZQ�LQ�D�PHGLD�ZLWK�DP�
SLFLOOLQ��VR�WKDW�WKH�RQO\�SURWHLQ�SUHVHQW�LV�WKH�GHVLUHG�SURWHLQ��
7KLV�SURWHLQ�ZLOO�WKHQ�EH�VXEMHFW�WR�JHO�HOHFWURSKRUHVLV�DQG�
SXULILFDWLRQ�WR�HQVXUH�LW�LV�UHDG\�EHIRUH�H[SHULPHQWLQJ��7KH�
SURWHLQ�ZLOO�WKHQ�EH�VXEMHFW�WR�VWDELOLW\�VWXGLHV�WR�XQGHUVWDQG�
KRZ�VWDEOH�WKH�VHFRQGDU\�VWUXFWXUH�RI�WKH�SURWHLQ�LV�ZKHQ�
ERXQG�WR�WKH�VPDOO�PROHFXOH�  

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��)DXONQHU 
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6\QWKHVLV�� &KDUDFWHUL]DWLRQ� DQG� $SSOLFDWLRQV�
RI ,RQLF�0DWHULDOV�DQG�1DQRPDWHULDOV 
 
1DEHHO� $OZDQ�� 6WXWL� &KDWWHUMHH�� 7D\ORU� 6FLIUHV�� &DUROLQH�
.RUQHOVHQ��6DPDQWKD�0DFFKL��$PDQGD�-DOLKDO��'U��1RXUHHQ�
6LUDM 
 
'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�$UNDQVDV�DW�/LWWOH�5RFN��/LWWOH�5RFN��
$UNDQVDV 

 
,RQLF�OLTXLGV��PROWHQ�VDOWV�ZLWK�PHOWLQJ�SRLQWV�EHORZ����R&��
KDYH�UHFHLYHG�FRQVLGHUDEOH�DWWHQWLRQ�LQ�WKH�ODVW� WZR�GHFDGHV�
IRU�WKHLU�RXWVWDQGLQJ�SURSHUWLHV��H�J�ORZ�YDSRU�SUHVVXUH��KLJK�
FRQGXFWLYLW\�� KLJK� WKHUPDO� VWDELOLW\� HWF���� 5HFHQWO\�� D� QHZ�
FODVV� RI� FRPSRXQGV� WKDW� H[KLELW� VLPLODU� SURSHUWLHV� DV� LRQLF�
OLTXLGV� EXW� WKH\� DUH� VROLGV� UDWKHU� WKDQ� OLTXLGV�� ,Q� FRQWUDVW��
URRP�WHPSHUDWXUH�LRQLF�OLTXLGV��57,/V��SURGXFH�YHU\�XQVWD�
EOH�QDQRGURSOHWV�WKDW�DUH�QRW�WUXH�QDQRPDWHULDOV��7KXV��IUR]HQ�
LRQLF�QDQRPDWHULDOV��ZKLFK�GR�IRUP�WUXH�QDQRSDUWLFOHV��KDYH�
VKRZQ�SURPLVH�IRU�D�ZLGH�VFRSH�RI�QDQRWHFKQRORJ\�DSSOLFD�
WLRQV��7KHVH�PDWHULDOV� KDYH� EHHQ� XVHG� IRU�PXOWLSOH� DSSOLFD�
WLRQV�GXH�WR�WKHLU�WXQDELOLW\�FKDUDFWHULVWLFV�  

,Q�6LUDM¶�UHVHDUFK�JURXS��ZH�DUH�LQWHUHVWHG�LQ�GHVLJQ�
LQJ�QRYHO��FRVW�HIIHFWLYH��KLJKO\�HIILFLHQW��DQG�HQYLURQPHQWDO�
O\�IULHQGO\�WXQDEOH�LRQLF�PDWHULDOV�DQG�QDQRPDWHULDOV�RI�YDUL�
DEOH�VKDSHV��VL]HV�DQG�VXUIDFH�FKDUJHV�IRU�ELRPHGLFDO��VHQVRU�
DQG� HQHUJ\� DSSOLFDWLRQV��:H� DLP� WR� HVWDEOLVK� WKH� VLPSOLVWLF�
DSSURDFK� WR� WDLORU� WKH� SURSHUWLHV� RI� D� PDWHULDO� LQ� WHUPV� RI�
FRVW�� ODERU��DQG�WLPH��7KHVH�HFRIULHQGO\�PDWHULDOV�DUH�DLPHG�
WRZDUG� SURYLVLRQ� RI� WXQDEOH� SKRWRG\QDPLF� SURSHUWLHV�� HQ�
KDQFHG�VWDELOLWLHV��WKHUPDO-�DQG�SKRWR-VWDELOLWLHV���DQG�IDYRU�
DEOH�HOHFWURFKHPLFDO�FKDUDFWHULVWLFV�VXFK�WKDW�WKHVH�PDWHULDOV�
DUH�LGHDOO\�VXLWHG�IRU�FRPELQDWLRQ�FDQFHU�WKHUDS\��DQG�VXSHU�
FDSDFLWRU�DSSOLFDWLRQV� 

SUHVHQWLQJ�� 
��DP-��SP 

&RXQW\��3XODVNL 
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,QYHVWLJDWLRQ� RI� )|UVWHU� UHVRQDQFH� HQHUJ\�
WUDQVIHU��)5(7��LQ�LRQLF�PDWHULDOV��,0V� 
 
&DUROLQH�.RUQHOVHQ��1DEHHO�$OZDQ��6WXWL�&KDWWHUMHH��$PDQ�
GD�-DOLKDO��1RXUHHQ�6LUDM 
 
'HSDUWPHQW� RI� &KHPLVWU\�� 8QLYHUVLW\� RI� $UNDQVDV� DW� /LWWOH� 5RFN�� /LWWOH� 5RFN��
$UNDQVDV 
 
)|UVWHU�5HVRQDQFH�(QHUJ\�7UDQVIHU��)5(7��LV�D�W\SH�RI�QRQ-
UDGLDWLYH�HQHUJ\�WUDQVIHU�EHWZHHQ�WZR�OLJKW-VHQVLWLYH�PROH�
FXOHV—D�³GRQRU´�DQG�DQ�³DFFHSWRU´—WKDW�LV�FXUUHQWO\�H[�
SORLWHG�LQ�PDQ\�RSWLFDO�DSSOLFDWLRQV��+RZHYHU��FRQYHQWLRQDO�
)5(7-EDVHG�V\VWHPV�DUH�FRYDOHQW�DQG�RIWHQ�PXVW�EH�JHQHUDW�
HG�WKURXJK�FRPSOLFDWHG�DQG�HQYLURQPHQWDOO\�WD[LQJ�V\QWKH�
VHV��)5(7-EDVHG�LRQLF�PDWHULDOV��,0V��ZLWK�WXQDEOH�SKRWR�
SK\VLFDO�SURSHUWLHV�RIIHU�D�SRVVLEOH�DOWHUQDWLYH��)5(7�KDV�
SUHYLRXVO\�EHHQ�UHSRUWHG�ZKHQ�URRP�WHPSHUDWXUH�LRQLF�OLT�
XLGV��57,/V��DQG�,0V�DFWHG�DV�VROYHQWV��GRQRU�LRQV��RU�DF�
FHSWRU�LRQV��+RZHYHU��)5(7�KDV�QRW�\HW�EHHQ�LQYHVWLJDWHG�LQ�
,0V�WKDW�DUH�FRPSRVHG�RI�ERWK�GRQRU�DQG�DFFHSWRU�LRQV��,Q�
WKLV�VWXG\��)5(7-EDVHG�LRQLF�PDWHULDOV�SURYLGLQJ�ERWK�GRQRU�
DQG�DFFHSWRU�LRQV�ZHUH�V\QWKHVL]HG�XVLQJ�D�QRYHO�PHWDWKHVLV�
V\QWKHVLV��ZKLFK�LV�DGYDQWDJHRXV�RYHU�FRQYHQWLRQDO�SUHSDUD�
WLRQV�GXH�WR�LWV�VLPSOLFLW\��ORZ�FRVW��KLJK�\LHOG��DQG�HFR-
IULHQGO\�FKDUDFWHULVWLFV��7KHVH�V\QWKHVL]HG�PDWHULDOV�ZHUH�
FKDUDFWHUL]HG�DFFRUGLQJ�WR�WKHLU�SK\VLFDO�DQG�SKRWRSK\VLFDO�
SURSHUWLHV�DQG�KDYH�WKH�SRWHQWLDO�IRU�XVH�LQ�ELRLPDJLQJ��SKR�
WRYROWDLF�V\VWHPV��SKRWRG\QDPLF�WKHUDS\��DQG�VHQVRUV�  

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��3XODVNL 



3$*(��� 
3267(5��� 

0HFKDQLVP�RI�&DEEDJH�,QKLELWLQJ�WKH�)RU�
PDWLRQ�RI�1LWULWH�LQ�&HOHU\�&DWDO\]HG�E\�+XPDQ�
6DOLYD 
 
6DUD�&OD\FRPE��-XVWLQ�+DQH\��-LQPLQJ�+XDQJ 
 
8QLYHUVLW\�RI�$UNDQVDV�DW�0RQWLFHOOR��0RQWLFHOOR��$5� 
 
1LWUDWH� IURP�GLHW�VXFK�DV�YHJHWDEOHV� LV� WDNHQ�XS�E\�VDOLYDU\�
JODQGV�DQG�FRQFHQWUDWHG�LQWR�VDOLYD��ZKHUH�LW�FDQ�EH�FRQYHUW�
HG�WR�QLWULWH�E\�DQDHURELF�EDFWHULD�RU�HQ]\PH��QLWUDWH�UHGXF�
WDVH��� 7KH� IRUPHG� QLWULWH� LV� WKHQ� FRQYHUWHG� WR� QLWULF� R[LGH�
�12��LQ�EORRG�DQG�WLVVXHV�DQG�KDV�EHHQ�IRXQG�WR�KDYH�WKHUD�
SHXWLF�SRWHQWLDO�LQ�D�YDULHW\�RI�FDUGLRYDVFXODU�FRQGLWLRQV� 
,Q�SUHYLRXV�VWXG\��ZH�GLVFRYHUHG�WKDW�FDEEDJH�MXLFH�FDQ�FRP�
SOHWHO\�LQKLELW�WKH�IRUPDWLRQ�RI�QLWULWH�LQ�KRPH-PDGH�LFHEHUJ�
OHWWXFH�MXLFH�DQG�FHOHU\�MXLFH�GXULQJ�VWRUDJH��+HUH��ZH�UHSRUW�
WKDW�FDEEDJH�MXLFH�FDQ�LQKLELW�WKH�IRUPDWLRQ�RI�QLWULWH�LQ�FHO�
HU\�MXLFH�WKDW�FDWDO\]HG�E\�KXPDQ�VDOLYD��7KHUH�LV�QR�VLJQLIL�
FDQW�GLIIHUHQFH�EHWZHHQ�PDQ¶V�VDOLYD�DQG�ZRPDQ¶V�VDOLYD�LQ�
FDWDO\]LQJ� WKH� IRUPDWLRQ� RI� QLWULWH� LQ� FHOHU\� MXLFH�� FDEEDJH�
FDQ� VLJQLILFDQWO\� LQKLELW� WKH� IRUPDWLRQ� RI� QLWULWH� LQ� FHOHU\�
MXLFH� WKDW� FDWDO\]HG� E\� KXPDQ� VDOLYD�� 7KH� DGGLWLRQ� RI�
1D�:2��� DQ� LQKLELWRU� RI� QLWUDWH� UHGXFWDVH�� FDQ� FRPSOHWHO\�
LQKLELW�WKH�IRUPDWLRQ�RI�QLWULWH�LQ�FHOHU\�MXLFH�GXULQJ�WKH�FDWD�
O\]LQJ�RI�KXPDQ�VDOLYD� 
7KHVH�GDWD� VXJJHVW� WKDW� QLWUDWH� UHGXFWDVH� LQ�KXPDQ�VDOLYD� LV�
UHVSRQVLEOH� IRU� WKH� IRUPDWLRQ� RI� QLWULWH� LQ� FHOHU\� MXLFH�� DQG�
FDEEDJH�PD\�FRQWDLQ�LQKLELWRU�RI�QLWUDWH�UHGXFWDVH� 

SUHVHQWLQJ�� 
��DP-��SP 

&RXQW\��%UDGOH\ 
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'HWHUPLQDWLRQ� RI� )DWW\� $FLG� &RQFHQWUDWLRQV� LQ�
$OJDH� 
 
5RVH�0HQFHU��7\H�%URZQ��0DND\OD�%HUU\��5XEHQ�0DUWLQH]��
&KULVWRSKHU�0HWFDOI�� .HQGDOO�:HOOV�� -RUGDQ� .DQH�� $QGUHZ�
:LOOLDPV� 
 
8QLYHUVLW\�RI�$UNDQVDV�DW�0RQWLFHOOR�6FKRRO�RI�0DWKHPDWLFDO�DQG�1DWXUDO�6FL�
HQFHV��0RQWLFHOOR��$5� 
 
$OJDH�DUH�RI�VFLHQWLILF�DQG�FRPPHUFLDO�LQWHUHVW�GXH�WR�WKHLU�
HDVH�RI�FXOWXUH�DQG�KLJK�IDWW\�DFLG�FRQWHQW��)DWW\�DFLGV�KDYH�D�
YDVW�DUUD\�RI�DSSOLFDWLRQV��IURP�RPHJD-��IDWW\�DFLGV�DV�D�QX�
WULWLRQDO�VXSSOHPHQW�GXULQJ�HPEU\RQLF�GHYHORSPHQW�WR�XWLOL]�
LQJ�WKH�HQHUJ\�UHOHDVHG�GXULQJ�EUHDNGRZQ�RI�IDWW\�DFLGV�IRU�
DOWHUQDWLYH�IXHO�VRXUFHV� �,W�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�GLI�
IHUHQW�VWUDLQV�RI�DOJDH�FRQWDLQ�GLIIHUHQW�W\SHV�DQG�FRQFHQWUD�
WLRQV�RI�IDWW\�DFLGV��2I�LQWHUHVW�LV�WKH�IDWW\�DFLG�FRQWHQW�FRQ�
WDLQHG�ZLWKLQ�YDULRXV�DOJDO�VWUDLQV�LQ�WKH�FODVV�(XVWLJPDWR�
SK\FHDH� �6LQFH�(XVWLJPDWRSK\FHDH�LV�HDVLO\�FXOWXUHG�DQG�
SURGXFHV�IDWW\�DFLGV��WKH\�DUH�VRXJKW�DIWHU�DV�D�SRVVLEOH�UH�
VRXUFH�IRU�WKHVH�PDWHULDOV��$GGLWLRQDOO\��IDWW\�DFLG�FRQFHQWUD�
WLRQV�PD\�EH�XVHG�LQ�WKH�FODVVLILFDWLRQ�RI�QHZO\�GLVFRYHUHG�
DOJDO�VDPSOHV��DV�WKH�ELRFKHPLFDO�GDWD�PD\�EH�VXSSOHPHQWDO�
LQ�GHWHUPLQLQJ�WKH�UHVSHFWLYH�SK\ORJHQ\�IRU�WKHVH�QHZ�
VWUDLQV� �$OJDO�VWUDLQV�ZHUH�FROOHFWHG�DQG�LVRODWHG�IURP�D�
QXPEHU�RI�VRXUFHV��LQFOXGLQJ�/DNH�&KLFRW�DQG�/DNH�0RQWL�
FHOOR��3UHOLPLQDU\�UHVXOWV�VKRZ�GLIIHUHQFHV�EHWZHHQ�DOJDO�
VWUDLQV�YLD�UHODWLYH�IDWW\�DFLG�FRQFHQWUDWLRQ� 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��'UHZ 
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'HWHUPLQLQJ�3URWHLQ�WR�3URWHLQ�,QWHUDFWLRQV�WKDW�
5HJXODWH�+HOLFDVH�$FWLYLW\ 
 
&OHPHQW�1DQD�$J\HPDQJ��D�-RKQ�&��0DUHFNL��E�-XQ�*DR��E�
$OLFLD�.��%\UG��E�%LQ\DP�$��%HODFKHZ��E�$QGUHD�(GZDUGV��
E �DQG�.HYLQ�'��5DQH\�E� 
 
D�'HSDUWPHQW�RI�&KHPLVWU\�DQG�3K\VLFV��WKH�8QLYHUVLW\�RI�$UNDQVDV�–�3LQH�%OXII��
3LQH�%OXII��$UNDQVDV  
E�'HSDUWPHQW�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\��WKH�8QLYHUVLW\�RI�$UNDQVDV�
IRU�0HGLFDO�6FLHQFHV��/LWWOH�5RFN��$UNDQVDV� 

 
6DFFKDURP\FHV�FHUHYLVLDH�3LI���<HDVW�3LI���LV�D�SURWRW\SLFDO�
PHPEHU�RI�WKH�3LI��KHOLFDVH�IDPLO\�DQG�SOD\V�PXOWLSOH�YLWDO�
UROHV�LQ�QXFOHDU�DQG�PLWRFKRQGULDO�'1$�PHWDEROLVP��VXFK�DV�
HIIHFWLYHO\�XQZLQGLQJ�TXDGUXSOH[�'1$�VWUXFWXUHV��PDLQWDLQ�
LQJ�WHORPHULF�'1$�DQG�UHGXFLQJ�SURFHVVLYLW\�RI�WHORPHUDVH�
DPRQJ�RWKHU�IXQFWLRQV��5HFHQW�VWXGLHV�GHPRQVWUDWH�WKDW�WKH�
KXPDQ�3LI��HQ]\PH�LV�DQ�LPSRUWDQW�WDUJHW�LQ�FDQFHU�WKHUDS\��
WKHUHIRUH��XQGHUVWDQGLQJ�WKH�PHFKDQLVPV�RI�VF3LI��KHOLFDVH�
FDQ�KHOS�XQGHUVWDQG�PHFKDQLVWLF�IHDWXUHV�WKDW�PD\�DLG�LQ�WKH�
GHYHORSPHQW�RI�WKHUDSHXWLF�DJHQWV��,Q�WKLV�VWXG\��ZH�SURSRVH�
WKDW�DPLQR�DFLG�VHTXHQFH�LQ�WKH�SURWHLQ-SURWHLQ�LQWHUDFWLRQ�
GRPDLQ�LV�FULWLFDO�IRU�HQ]\PH�IXQFWLRQ��DQG�E\�PXWDWLQJ�WKH�
JOXWDPLQH�WR�DQ�DODQLQH�ZLOO�UHVXOW�LQ�DOWHUHG�HQ]\PH�DFWLYL�
WLHV�LQFOXGLQJ�LWV�DIILQLW\�IRU�'1$��$73DVH�DFWLYLW\�DQG�DELO�
LW\�WR�XQZLQG�'1$�VWUXFWXUHV��7KH�KHOLFDVH�DFWLYLW\�RI�VF3LI��
UHTXLUHV�WKH�K\GURO\VLV�RI�$73��WKHUHIRUH��ZH�DVVD\HG�WKH�
'1$-GHSHQGDQW�$73DVH�DFWLYLWLHV�RI�ERWK�WKH�UHFRPELQDQW�
ZLOG-W\SH�DQG�PXWDQW�VF3LI���:H�IXUWKHU�FKDUDFWHUL]HG�VF3LI�
-(���$�ZLWK�WKH�'1$�ELQGLQJ�DVVD\�XVLQJ�VLQJOH-VWUDQGHG�
'1$��VV'1$��WR�GHWHUPLQH�KRZ�ZHOO�VF3LI�-(���$�LQWHU�
DFWV�ZLWK�'1$��$GGLWLRQDOO\��ZH�XWLOL]HG�'1$�XQZLQGLQJ�
DVVD\V�WR�GHWHUPLQH�LWV�DELOLW\�WR�XQZLQG�'1$�VXEVWUDWHV�LQ�D�
PDQQHU�VLPLODU�WR�WKH�ZLOG�W\SH�HQ]\PH� 

SUHVHQWLQJ�� 
��DP-��SP 

&RXQW\��-HIIHUVRQ 
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5HGXFLQJ�WKH�6LGH-(IIHFWV�RI�WKH�$QWL-&DQFHU�
'UXJ�&LVSODWLQ�8VLQJ�3HSWLGH�)ROGDPHUV 
� 
-DVPLQH�&KDSSHOO��'DQLHO�'HOHRQ��6LPRQH�%DUU��.HYLQ�
.UXPSWRQ��&OHPHQW�$J\HPDQJ� =HHVKDQ�+DEHHE 
 
'HSDUWPHQW�RI�3K\VLFV�DQG�&KHPLVWU\��8QLYHUVLW\�RI�$UNDQVDV��3LQH�%OXII ������� 
 
0DQ\�WKHUDSHXWLF�PROHFXOHV�DUH�QRW�VROXEOH�DQG�GR�QRW�FLUFX�
ODWH�LQ�WKH�ERG\�ORQJ�HQRXJK�WR�EH�IXOO\�HIIHFWLYH��7KLV�UH�
VHDUFK�H[DPLQHV�WKH�SRVVLELOLW\�RI�HQFDSVXODWLQJ�WKHUDSHXWLF�
PROHFXOHV��FLVSODWLQ�LQ�SDUWLFXODU��LQ�D�SHSWLGLF�Į-KHOL[�LQ�RU�
GHU�WR�HQKDQFH�WKH�HIIHFWLYHQHVV�RI�WKH�GUXJ�DQG�ORZHU�WKH�
GRVDJH�XVHG�LQ�SDWLHQWV��&LVSODWLQ�LV�D�ZHOO-NQRZQ�FDQFHU�
WKHUDSHXWLF��EXW�LW�KDV�SRRU�VROXELOLW\� �$ODQLQH�ZDV�XVHG�DV�LW�
SURYHG�WR�EH�WKH�PRVW�VWDEOH�DPLQR�DFLG�DQG�KDV�D�KLJK�SUR�
SHQVLW\�LQ�UHJDUG�WR�PDNLQJ�DQ�Į-KHOL[��Į��ȕ��DQG�Ȗ�DODQLQH�
ZHUH�XVHG��Į�WR�VWDELOL]H�WKH�DODQLQH�FKDLQ�ZKLOH�ȕ�DQG�Ȗ�ZHUH�
XVHG�WR�H[SDQG�LW��$GGLWLRQDOO\��WKH�)PRF�DQG�%RF�JURXSV�
FDQ�EH�UHSODFHG�ZLWK�RWKHU�PROHFXOHV�WKDW�FDQ�OHDG�WR�PRUH�
WDUJHWHG�FKHPRWKHUDS\��PDNLQJ�VRPH�VLGH�HIIHFWV�OHVV�OLNH�
O\� �7KH�VRIWZDUHV�$YDJDGUR�DQG�6<%</�ZHUH�XVHG�WR�SHU�
IRUP�FRPSXWDWLRQV�DQG�FRQVWUXFW�PRGHOV�RI�WKH�PROHFXOHV�WR�
SURYH�WKDW�HQFDSVXODWLQJ�WKHUDSHXWLF�PROHFXOHV�LV�SRVVL�
EOH� �7KH�$ODQLQH�&KDLQV�ZHUH�WKHQ�V\QWKHVL]HG�LQ�D�ODE�DQG�
VHQW�IRU�DQ�/&�06�WR�GHWHUPLQH�ZKHWKHU�GRXEOH�FRXSOLQJ�
ZRXOG�EH�UHTXLUHG��DQG�LI�VR�ZKDW�SDUW�RI�WKH�FKDLQ�UHTXLUHG�
LW� �5HVXOWV�ZLOO�EH�IXUWKHU�GLVFXVVHG�GXULQJ�WKH�SUHVHQWDWLRQ�   
 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��-HIIHUVRQ 
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7KH�ILJKW�DJDLQVW�&KDJDV�GLVHDVH��&UHDWLQJ�DQ�
HIILFLHQW�DQG�LQH[SHQVLYH�FXUH 
 
-HVVLFD�$OOUHG��6DUDK�)ULHGPDQ��0DGHOHLQH�3HWHUV��DQG�*UHJ�
RU\�5��1DXPLHF 
 
'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5  
 
1HJOHFWHG�WURSLFDO�GLVHDVHV��17'V��DUH�D�ZRUOGZLGH�FULVLV�
WKDW�DIIHFWV�QHDUO\�WZR�ELOOLRQ�SHRSOH��2QH�RI�WKH�PDMRU�
17'V�LV�&KDJDV�GLVHDVH��D�SDUDVLWLF�LQIHFWLRQ�SUHYDOHQW�LQ�
&HQWUDO�DQG�6RXWK�$PHULFD��DQG�LV�QRZ�HQFURDFKLQJ�RQ�WKH�
8QLWHG�6WDWHV��ZKLFK�LV�UDQNHG��WK�LQ�WKH�ZRUOG�IRU�GLDJ�
QRVHG�FDVHV���7KLV�GLVHDVH��ZKLFK�FXUUHQWO\�KDV�QR�YDFFLQH��LV�
FDXVHG�E\�WKH�SDUDVLWH�7U\SDQRVRPD�FUX]L�DQG�KDV�RQO\�RQH�
)'$-DSSURYHG�PHGLFDWLRQ�--�EHQ]QLGD]ROH��7KLV�WUHDWPHQW�LV�
H[SHQVLYH��KDV�KDUVK�VLGH�HIIHFWV��DQG�LV�QRQIXQFWLRQDO�LQ�WKH�
FKURQLF�SKDVH�RI�WKH�LOOQHVV��7KHUHIRUH��&KDJDV�GLVHDVH�GRHV�
QRW�KDYH�DQ�HIIHFWLYH��LQH[SHQVLYH��RU�VDIH�FXUH��DQG�WKH�SUHV�
HQFH�RI�RQO\�RQH�DSSURYHG�PHGLFDWLRQ�LV�OHDGLQJ�WR�WUHDWPHQW�
IDLOXUHV� 
7KLV�UHVHDUFK�IRFXVHV�RQ�WKH�FUHDWLRQ�RI�DQ�LQH[SHQVLYH�DQG�
HIIHFWLYH�DQWL-FKDJDVWLF�GUXJ�OLEUDU\�IURP�D�FODVV�RI�FRP�
SRXQGV�FDOOHG�GLVTXDUDPLGHV��7KHVH�GUXJ�WDUJHWV�FDQ�EH�V\Q�
WKHVL]HG�LQH[SHQVLYHO\��$GGLWLRQDOO\��WKHVH�SRWHQWLDO�GUXJV�
KDYH�EHHQ�IRXQG�WR�SXQFWXUH�KROHV�LQ�WKH�FHOO�PHPEUDQH�RI�7��
FUX]L��WKHUHE\�NLOOLQJ�WKH�SDUDVLWH��7KHUHIRUH��WKH�VLPSOH�DQG�
ORZ-FRVW�V\QWKHVLV��DV�ZHOO�DV�WKH�SRWHQWLDO�RI�KLJK�HIIHFWLYH�
QHVV��DOORZ�WKH�IDFLOH�FUHDWLRQ�RI�D�GLYHUVH�DQG�FRPSUHKHQ�
VLYH�GUXJ�OLEUDU\�WR�DLG�LQ�WKH�VHDUFK�IRU�D�QHZ�YLDEOH�WUHDW�
PHQW�IRU�&KDJDV�GLVHDVH� 

SUHVHQWLQJ�� 
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5ROH�RI�1XWULWLRQ�)RFXVHG�3K\VLFDO�([DP�LQ�WKH�
,GHQWLILFDWLRQ�RI�0DOQXWULWLRQ�LQ�WKH�(OGHUO\ 
� 
0DGHOLQH�:DOODFH��0DUNLH�&DPSEHOO��'HWUL�%UHFK��3K'� 
 
-RQHV�6FLHQFH�'HSDUWPHQW��2XDFKLWD�%DSWLVW�8QLYHUVLW\��$UNDGHOSKLD��$5   
  
6L[WHHQ�SHUFHQW�RI�WKH�8�6��SRSXODWLRQ�LV�RYHU����\HDUV�DQG�
����KDYH�PDOQXWULWLRQ��7KH�QXWULWLRQ-IRFXVHG�SK\VLFDO�H[DP�
�1)3(��DOORZV�UHJLVWHUHG�GLHWLWLDQV�WR�GHWHUPLQH�QXWULWLRQ�
VWDWXV�DQG�GHJUHH�RI�PDOQXWULWLRQ��6L[�FOLQLFDO�FKDUDFWHULVWLFV�
XVHG�WR�LGHQWLI\�PDOQXWULWLRQ�DUH�HQHUJ\�LQWDNH��ZHLJKW�ORVV��
VXEFXWDQHRXV�IDW�ORVV��PXVFOH�ORVV��IOXLG�DFFXPXODWLRQ��DQG�
UHGXFHG�IXQFWLRQ�VWDWXV��(DFK�KDV�D�WKUHVKROG�RI�ZHOO-
QRXULVKHG��PLOG-PRGHUDWH�PDOQXWULWLRQ�DQG�VHYHUH-
PDOQXWULWLRQ��7KH�UHVHDUFK�REMHFWLYH�ZDV�WR�GHWHUPLQH�WKH�
FRUUHODWLRQ�EHWZHHQ�WKH�QXPEHU�RI�SRVLWLYH�1)3(�ILQGLQJV�
DQG�WKH�GHJUHH�RI�PDOQXWULWLRQ��5HVHDUFKHUV�DVVHVVHG�WKH�UROH�
RI�QXWULHQW�LQWDNH�DQG�ERG\�PDVV�LQGH[�LQ�UHODWLRQ�WR�RYHUDOO�
QXWULWLRQDO�VWDWXV��$�FRKRUW�RI����DGXOWV�DWWHQGLQJ�WKH�$UND�
GHOSKLD�6HQLRU�&HQWHU�SDUWLFLSDWHG��$�ELYDULDWH��3HDUVRQ��FRU�
UHODWLRQ�FRPSDUHG�DJH�ZLWK�QXWULHQW�LQWDNH�DQG�D�RQH-VDPSOH�
W�WHVW�FRPSDUHG�QXWULHQW�LQWDNH�ZLWK�'LHWDU\�5HIHUHQFH�,QWDNH�
�'5,��7KLUW\-WKUHH�RI�WKH����VXEMHFWV�PHW�WKH�FULWHULD�IRU�
PLOG�PRGHUDWH�DQG�VHYHUH�PDOQXWULWLRQ��)LIW\-QLQH�SHUFHQW�
KDG�PXVFOH�ORVV�LQ�WKH�GRUVDO�KDQG�UHJLRQ������LQ�WKH�WHPSOH��
����LQ�WKH�FODYLFOH��DQG�����LQ�WKH�DFURPLRQ�VFDSXODU�UH�
JLRQ��6HYHQW\-QLQH�SHUFHQW�KDG�VXEFXWDQHRXV�IDW�ORVV�LQ�WKH�
RUELWDO�UHJLRQ������LQ�WKH�XSSHU�DUP������LQ�WKH�SDWHOODU�
DQWHULRU�WKLJK�UHJLRQ�DQG����LQ�WKH�WKRUDFLF�OXPEDU�UHJLRQ��
7KLUW\-ILYH�SHUFHQW�KDG�HGHPD�  

SUHVHQWLQJ 
��DP-��SP 

&RXQW\���&ODUN 
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3$*(��� 
3267(5���� 

$�/RRN�LQWR�WKH�,PSDFW�RI�*UDQW-%DVHG�3UR�
JUDPV�/RFDWHG�LQ�WKH�(FKROV�%XLOGLQJ�DW�8$)6 
 
*LOOLDQ�-RKQVRQ�D�'U��6KHOOL�+HQHKDQE 
 
D8QLYHUVLW\�RI�$UNDQVDV�–�)RUW�6PLWK��)RUW�6PLWK��$5 
E6FKRRO� RI� (GXFDWLRQ�&ROOHJH� RI� 67(0��8QLYHUVLW\� RI� $UNDQVDV� –� )RUW� 6PLWK��
)RUW�6PLWK��$5 
  
7KH�(FKROV�EXLOGLQJ�RQ� WKH�8$)6�FDPSXV�LV�DQ�HFOHFWLF�UH�
VRXUFH�FHQWHU�ILOOHG�ZLWK�SURJUDPV�DQG�PDWHULDOV�IRU�DVVLVWLQJ�
SUH-VHUYLFH� WHDFKHUV�� LQ-VHUYLFH� WHDFKHUV�� DQG� FRPPXQLW\�
PHPEHUV� � 7KHUH� DUH� FXUUHQWO\� WKUHH� JUDQW-IXQGHG� SURJUDPV�
RSHUDWLQJ� RXW� RI� WKH� (FKROV� EXLOGLQJ�� WKH� (DUO\� &KLOGKRRG�
3UHVFKRRO�3URJUDP��WKH�8$)6�67(0�(GXFDWLRQ�&HQWHU��DQG�
WKH�:HVWHUQ� $UNDQVDV� (GXFDWLRQDO� 5HQHZDO� =RQH�� (DFK� RI�
WKHVH�SURJUDPV�LV�XQLTXH�LQ�LWV�PLVVLRQ�VWDWHPHQW��EXW�WRJHWK�
HU�PDNH� WKH�(FKROV�EXLOGLQJ�D�PHOWLQJ�SRW�RI� UHVRXUFHV� WKDW�
VKDUH�D�FRPPRQ�JRDO�RI�LPSURYLQJ�%LUWK�–���WK�JUDGH�HGXFD�
WLRQ�LQ�WKH�VWDWH�RI�$UNDQVDV��7R�PHDVXUH�WKH�LPSDFW�RI�WKHVH�
JUDQWV�� ,� ORRNHG� DW� ERWK� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� GDWD� � ,�
IRFXVHG�RQ�ILVFDO�\HDUV����DQG����IRU�ERWK�RI� WKH�SURJUDPV��
7KH� TXDQWLWDWLYH� GDWD� LQFOXGHV��&RXQWLHV� VHUYHG�� QXPEHU� RI�
SURIHVVLRQDO�GHYHORSPHQW�RSSRUWXQLWLHV��DQG�WUDLQLQJ�SDUWLFL�
SDQWV��7KH�TXDOLWDWLYH�GDWD� ,�KDYH�DQDO\]HG�LQFOXGH��6WXGHQW�
OHWWHUV��LQWHUYLHZV��DQG�SDUWLFLSDQW�IHHGEDFN�VXUYH\V� �)RU�WKH�
SDVW�WKUHH�\HDUV��,�KDYH�ZRUNHG�LQ�WKH�(FKROV�EXLOGLQJ��ZKLFK�
KDV�SURYLGHG�WKH�RSSRUWXQLW\�WR�JDLQ�SHUVRQDO�LQVLJKW�LQWR�WKH�
ZRQGHU�� EXW� HYHU-FKDQJLQJ� QDWXUH� RI� JUDQWV� DQG� WKH� LPSDFW�
WKDW� WKH\� KDYH� RQ� QRW� RQO\� WKH� XQLYHUVLW\� WKDW� KRXVHV� WKHVH�
SURJUDPV��EXW�WKH�HQWLUH�UHJLRQ�� 

SUHVHQWLQJ�� 
��DP-��SP 

&RXQW\��-HIIHUVRQ 



3$*(��� 
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0DQLSXODWLYHV�LQ�&DOFXOXV�, 
 
$OLFH� 6WDJJV�D� -HQQLIHU� /�� $GDPV�� 0�$��E� .D\OD� 0XUUD\��
3K�'��E�-DFN�/��-DFNVRQ��3K�'�E 
 
D8QLYHUVLW\�RI�$UNDQVDV�–�)RUW�6PLWK��)RUW�6PLWK��$UNDQVDV 
E'HSDUWPHQW�RI�0DWKHPDWLFV��&ROOHJH�RI�67(0��8QLYHUVLW\�RI�$UNDQVDV�–�)RUW�
6PLWK��)RUW�6PLWK��$UNDQVDV 
 
0DQLSXODWLYHV�DUH�FRPPRQO\�XVHG�WKURXJKRXW�HOHPHQWDU\�
DQG�KLJK�VFKRRO�PDWKHPDWLFV�FRXUVHV�WR�DLG�LQ�VWXGHQWV¶�XQ�
GHUVWDQGLQJ�E\�DOORZLQJ�WKHP�WR�YLVXDOO\�VHH�WKH�FRQFHSW��
7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�LI�WKH�XVH�RI�D�
FRQFUHWH�PDQLSXODWLYH�LQ�&DOFXOXV�,�ZRXOG�LQFUHDVH�FRQFHS�
WXDO�XQGHUVWDQGLQJ�RI�&DOFXOXV�FRQFHSWV��&ROOHJH�VWXGHQWV�
HQUROOHG�LQ�&DOFXOXV�,�ZHUH�JLYHQ�DQ�LQYHVWLJDWLYH�DFWLYLW\�
LQYROYLQJ�JXP�VWLFNV�DV�D�UHSUHVHQWDWLRQ�RI�5LHPDQQ�6XPV��
7KH�DFWLYLW\�DOORZHG�WKH�VWXGHQWV�WR�PDQLSXODWH�WKH�5LHPDQQ�
6XPV�WR�JDLQ�XQGHUVWDQGLQJ�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�
DUHDV�RI�D�5LJKW��/HIW��DQG�0LGSRLQW�5LHPDQQ�6XP��7ZR�SUR�
IHVVRUV�ZKR�WDXJKW�WZR�VHFWLRQV�RI�&DOFXOXV�,�SDUWLFLSDWHG��
(DFK�SURIHVVRU�KDG�D�FRQWURO�JURXS�DQG�D�WUHDWPHQW�JURXS��$�
�[��$129$�ZDV�XVHG�WR�DQDO\]H�WKH�GDWD�FROOHFWHG�IURP�D��
-SDUW�TXHVWLRQ�RQ�D�XQLW�H[DP�LQYROYLQJ�5LHPDQQ�6XPV��'H�
VFULSWLYH�GDWD�VXFK�DV�JHQGHU��$&7�VFRUHV��DQG�PDMRUV�ZHUH�
DOVR�FRQVLGHUHG�ZKHQ�DQDO\]LQJ�WKH�GDWD� �([WHQGLQJ�WKH�XVH�
RI�PDQLSXODWLYHV�WR�FROOHJH�&DOFXOXV�FRXUVHV�FRXOG�KDYH�D�
SRVLWLYH�LPSDFW�RQ�VWXGHQW�OHDUQLQJ�DQG�GHJUHH�FRPSOHWLRQ��
SDUWLFXODUO\�IRU�67(0�PDMRUV�WKDW�UHTXLUH�&DOFXOXV�,�   

SUHVHQWLQJ 
��P-�SP 

&RXQW\��:DVKLQJWRQ 
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3HUFHSWLRQV�RI�&ROOHJH�&RXUVH�&RQWHQW�DPRQJ�
6HFRQGDU\�0DWKHPDWLFV�(GXFDWRUV 
 
'DULDQ�:LOVRQ�D� 'U�� 0\URQ� 5LJVE\�E� 'U�� -HUU\� :HVW�E� 0V��
5REHUWD�3DUNVE 
 
D8QLYHUVLW\�RI�$UNDQVDV�–�)RUW�6PLWK��)RUW�6PLWK��$UNDQVDV 
E'HSDUWPHQW�RI�0DWKHPDWLFV��&ROOHJH�RI�67(0��8QLYHUVLW\�RI�$UNDQVDV�–�)RUW�
6PLWK��)RUW�6PLWK��$UNDQVDV 
 
,Q-VHUYLFH�WHDFKHUV�RI��-���PDWKHPDWLFV�LQ�$UNDQVDV�ZHUH�
VXUYH\HG�UHJDUGLQJ�WKH�LPSRUWDQFH�RI�SURRI-UHODWHG�WRSLFV�LQ�
WKH��-���FXUULFXOXP�DQG�WKHLU�SUHSDUDWLRQ�DQG�FRQILGHQFH�LQ�
WKHLU�NQRZOHGJH�IRU�WHDFKLQJ�WKHVH�WRSLFV� �7KH�VXUYH\�GHVLJQ�
ZDV�EDVHG�RQ�WRSLFV�FRYHUHG�LQ�WKH�$UNDQVDV�6WDQGDUGV��
35$;,6�H[DPLQDWLRQV��DQG�$&7�$VSLUH��LQFOXGLQJ�GLUHFW�
SURRI��LQGLUHFW�SURRI��YLVXDO�UHSUHVHQWDWLRQV��VHTXHQFHV��SURS�
HUWLHV�RI�UHODWLRQV��DQG�FRXQWHUH[DPSOHV� �(DFK�SDUDOOHO�VHF�
WLRQ�IURP�WKH�VXUYH\�ZDV�DQDO\]HG�WKURXJK�UXQQLQJ�FRUUHOD�
WLRQ�WHVWV�DQG�FUHDWLQJ�IUHTXHQF\�FKDUWV�IRU�HDFK�TXHVWLRQ�DV�
ZHOO�DV�IRU�SDLULQJV�RI�TXHVWLRQV�ZLWKLQ�HDFK�VHFWLRQ��$GGL�
WLRQDOO\��WKH�GLIIHUHQFH�LQ�LPSRUWDQFH�DQG�SUHSDUHG�YDOXHV�RI�
HDFK�SDUWLFLSDQW�ZHUH�DQDO\]HG�WKURXJK�D�PDWFKHG-SDLUV�W-
WHVW��$OVR��DYHUDJHV�ZHUH�FDOFXODWHG�IRU�HDFK�TXHVWLRQ�WR�GH�
WHUPLQH�SDUWLFLSDQWV¶�RYHUDOO�SHUFHSWLRQ�RI�WKDW�TXHVWLRQ��2Q�
PRVW�WRSLFV��WKHUH�ZDV�ORZ�WR�PRGHUDWH�FRUUHODWLRQV�EHWZHHQ�
WHDFKHUV¶�UDWLQJ�RI�WKH�LPSRUWDQFH�RI�D�WRSLF�DQG�WKHLU�OHYHO�RI�
FRQILGHQFH�LQ�WHDFKLQJ�WKH�WRSLF�DQG�RU�WKHLU�H[SHFWDWLRQV�RI�
VWXGHQWV�LQ�PRVW�DUHDV� �,Q�DOO�VL[�WRSLFV��WKH�OHYHO�RI�SUHSDUD�
WLRQ�ZDV�UHSRUWHG�DV�EHORZ�WKH�SHUFHLYHG�LPSRUWDQFH�RI�WKH�
WRSLF��5HFRPPHQGDWLRQV�DUH�PDGH�IRU�HQKDQFLQJ�DQG�EURDG�
HQLQJ�WKH�SUHSDUDWLRQ�RI�WHDFKHU�FDQGLGDWHV�LQ�WKH�WHDFKLQJ�RI�
SURRI-UHODWHG�FRQFHSWV�      

SUHVHQWLQJ�� 
��SP-�SP 

&RXQW\��6HEDVWLDQ 
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'HYHORSPHQW�RI�D�ZHE-EDVHG�$GYLVLQJ�$SSOLFD�
WLRQ�XVLQJ�6RIWZDUH�(QJLQHHULQJ�7KHRU\� 
 
7LPRWK\�,WRGR��)XQPL�$GHGLZXUD��7LPLOH\LQ�$GHELVL��=RUD�
7DOEHUW��&DUVRQ�&URXWKHU��'U��&KXDQOHL�=KDQJ 

'HSDUWPHQW�RI �&RPSXWHU�6FLHQFH��3KLODQGHU�6PLWK�&ROOHJH��/LWWOH�5RFN�$5 

 
7KH�SXUSRVH�RI�WKLV�DSSOLFDWLRQ�LV�WR�IDFLOLWDWH�WKH�DGYLVLQJ�
SURFHVV�IRU�FRPSXWHU�VFLHQFH�PDMRU�VWXGHQWV�DW�3KLODQGHU�
6PLWK�&ROOHJH��,W�LV�D�ZHE-EDVHG�DSSOLFDWLRQ��WKH�GHYHORS�
PHQW�RI�ZKLFK�LV�JXLGHG�E\�WKH�WKHRU\�DQG�SUDFWLFH�LQWUR�
GXFHG�LQ�VRIWZDUH�HQJLQHHULQJ�FRXUVH��7KLV�DSSOLFDWLRQ�KHOSV�
WKH�XVHU��H�J��IDFXOW\��WR�YLHZ�WKH�FRXUVHV�D�VWXGHQW�KDV�WDNHQ�
DQG�ZLOO�QHHG�WR�FRPSOHWH�GXULQJ�WKH�DGYLVLQJ�SURFHVV��,WV�
PDLQ�IXQFWLRQDOLWLHV�LQFOXGH�����VHOHFW�WKH�FDWDORJ�\HDU�RI�
ZKLFK�WKH�VWXGHQW�IDOOV�LQ�����VHOHFW�WKH�FRXUVHV�WKH�VWXGHQW�
KDV�WDNHQ�����YLHZ�WKH�FRXUVHV�VWLOO�QHHG�WR�EH�FRPSOHWHG����
JHQHUDWH�D�SGI�YHUVLRQ�RI�WKH�GHWDLOV�IRU�SULQWLQJ� �7KH�GHVLJQ�
LQFRUSRUDWHV�D�XVHU-�IULHQGO\�ZHE�LQWHUIDFH�DV�ZHOO�DV�NHHSV�
DOLJQ�ZLWK�WKH�FROOHJH
V�ZHE�GHVLJQ�WKHPH��(DFK�SKDVH�ZDV�
JXLGHG�ZLWK�WKH�VRIWZDUH�HQJLQHHULQJ�WKHRU\��7KLV�RQOLQH�DG�
YLVLQJ�V\VWHP�ZLOO�EH�DQ�HDV\-WR-XVH��HIILFLHQW�DQG�LQIRUPD�
WLYH�WRRO�IRU�DGYLVLQJ�DW�36&�&6�GHSDUWPHQW� 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��3XODVNL� 
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6HQWLPHQW�$QDO\VLV�8VLQJ�'HHS�/HDUQLQJ�IRU�
$UNDQVDV-EDVHG�2UJDQL]DWLRQV 
 
6SHQFHU�$WFKOH\��5HQDH�)LVKHU��/XNH�+LQWRQ��$XVWLQ�0F)HU�
UDQ��,VUDHO�&XHYDV��-RKQ�+LJKWRZHU��$QGUHZ�0DFNH\ 
 
8QLYHUVLW\�RI�$UNDQVDV�–�)RUW�6PLWK��'HSDUWPHQW�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�
6FLHQFHV��)RUW�6PLWK��$5 
 
6HQWLPHQW�DQDO\VLV� LV�D�SRSXODU� UHVHDUFK�DUHD� LQ� WKH�ILHOG�RI�
QDWXUDO� ODQJXDJH�SURFHVVLQJ��1/3��ZKHUHE\�DQ�DOJRULWKP�LV�
DEOH� WR� GHWHUPLQH� WKH� VHQWLPHQWV�� HPRWLRQV�� RSLQLRQV�� DQG�
DWWLWXGHV�WRZDUG�VRPH�HQWLWLHV��JHQHUDOO\�ZLWK�D�VHW�RI�SUHGH�
ILQHG� FODVVHV� � 2UJDQL]DWLRQV� RIWHQ� EHQHILW� IURP� VHQWLPHQW�
DQDO\VLV� DQG� RSLQLRQ� PLQLQJ� DV� WKH� YLHZV� DQG� DWWLWXGHV� RI�
LQGLYLGXDOV� RIWHQ� VHUYH� DV� LQIOXHQWLDO� IDFWRUV� LQ� GHWHUPLQLQJ�
WKH�EHKDYLRUV�RI�RWKHUV��H�J��PRYLH�UHYLHZV��SURGXFW�UHYLHZV��
HWF����$OJRULWKPV�DWWHPSW�WR�H[WUDFW�IHDWXUHV�WKDW�DUH�SUREDELO�
LVWLFDOO\� PRUH� OLNHO\� WR� RFFXU� ZLWK� RQH� FODVV� WKDQ� RWK�
HUV� � :LWK� WKH� DGYDQFHPHQWV� LQ� UHVHDUFK� RI� GHHS� OHDUQLQJ�
PRGHOV�� QHZ� ZD\V� RI� LPSURYLQJ� WKH� SHUIRUPDQFH� RI� VHQWL�
PHQW�DQDO\VLV�DOJRULWKPV�KDYH�HPHUJHG��7KH�JRDO�RI�WKLV�UH�
VHDUFK�LV�WR�SUHVHQW�D�GHHS�OHDUQLQJ�PRGHO�IRU�VHQWLPHQW�DQDO�
\VLV� XVLQJ� GDWD� H[WUDFWHG� IURP� $UNDQVDV-EDVHG� FRPSDQLHV�
DQG�RUJDQL]DWLRQV��$�QHZ�V\VWHP�LV�SUHVHQWHG�WKDW�LV�FDSDEOH�
RI�DXWRPDWLFDOO\�FODVVLI\LQJ�WKH�H[SHFWHG�VHQWLPHQW�IRU�D�JLY�
HQ�UHYLHZ�RI�DQ�$UNDQVDV�RUJDQL]DWLRQ� 

SUHVHQWLQJ�� 
��SP-�SP 

&RXQW\��6HEDVWLDQ 
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,PSURYLQJ�WKH�3ULYDF\�RI�7H[W�7KURXJK�1DWXUDO�
/DQJXDJH�3URFHVVLQJ�DQG�0DFKLQH�/HDUQLQJ 
 
)HUQDQGR�(VWUDGD��$GULDQ�&XHYDV��.\OH�.HOO\��,VUDHO�&XHYDV��
-RKQ�+LJKWRZHU��$QGUHZ�0DFNH\ 
 
8QLYHUVLW\�RI�$UNDQVDV�–�)RUW�6PLWK��'HSDUWPHQW�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�
6FLHQFHV��)RUW�6PLWK��$5 
 
6RFLDO� PHGLD� SRVWV�� EORJV�� QHZV�� DQG� RWKHU� WH[W-JHQHUDWLQJ�
VRXUFHV� KDYH� RSHQHG� WKH� GRRU� IRU� LQGLYLGXDOV� DFURVV� WKH�
ZRUOG� WR� VKDUH� DQG� H[FKDQJH� LQIRUPDWLRQ��%LOOLRQV� RI� XVHUV�
DFWLYHO\� SDUWLFLSDWH� LQ� WKH� JHQHUDWLRQ� RI� WH[W-UHODWHG� GDWD� DV�
HYLGHQFHG�E\�PRYLH�UHYLHZV��VRFLDO�PHGLD�SRVWV��RQOLQH�FRP�
PHQWV��HWF� �8QGHU�FHUWDLQ�VLWXDWLRQV��LQGLYLGXDOV�PD\�FKRRVH�
WR� SRVW� LQIRUPDWLRQ� DQRQ\PRXVO\� VXFK� WKDW� WKH� RULJLQDO� DX�
WKRU� UHPDLQV�XQLGHQWLILDEOH��7KLV� UHVHDUFK�SUHVHQWV�D�V\VWHP�
WKDW� LV� FDSDEOH� RI� H[WUDFWLQJ� LQIRUPDWLRQ� IURP� WKH� RULJLQDO�
GRFXPHQW� XVLQJ� QDWXUDO� ODQJXDJH� SURFHVVLQJ� DQG� PDFKLQH�
OHDUQLQJ�WHFKQLTXHV�WKDW�ZRXOG�PDNH�WKH�LGHQWLILFDWLRQ�RI�WKH�
RULJLQDO� DXWKRU�PRUH� OLNHO\� �H�J�� DJH�� VRFLRHFRQRPLF� VWDWXV��
JHRJUDSKLF�ORFDWLRQ��HWF��� �)XUWKHUPRUH��WKH�DXWKRUV�DOVR�SUH�
VHQW� D� ZD\� WR� REIXVFDWH� FHUWDLQ� FKDUDFWHULVWLFV� WR� KHOS� SUH�
VHUYH�WKH�SULYDF\�DQG�DQRQ\PLW\�RI�$UNDQVDQV�DQG�RWKHU�LQ�
GLYLGXDOV�DJDLQVW�VLPLODU�DWWDFN�PRGHOV�WKDW�DWWHPSW�WR�LGHQWL�
I\�WKH�RULJLQDO�DXWKRU�ZKHQ�DQRQ\PLW\�LV�H[SHFWHG� 
 
 
 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��6HEDVWLDQ 
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6XQ�7UDFNLQJ�6RODU�3DQHO 
 
 
$KPHG�$OVHKDOL��6KXEKDOD[PL�.KHU 

�(OHFWULFDO�(QJLQHHULQJ��$UNDQVDV�6WDWH�8QLYHUVLW\ 

7KH�QRQUHQHZDEOH�HQHUJ\�UHVRXUFHV�DUH�GHFUHDVLQJ��ZKLOH�WKH�
XVH�RI�UHQHZDEOH�UHVRXUFHV�IRU�SURGXFLQJ�HOHFWULFLW\�LV�LQ�
FUHDVLQJ��6RODU�SDQHOV�DUH�EHFRPLQJ�PRUH�SRSXODU�GD\�E\�
GD\��6RODU�SDQHO�DEVRUEV�WKH�HQHUJ\�IURP�WKH�6XQ��FRQYHUWV�LW�
LQWR�HOHFWULFDO�HQHUJ\�DQG�WKH�HQHUJ\�FDQ�EH�VWRUHG�LQ�D�EDW�
WHU\��7KLV�HQHUJ\�FDQ�EH�XWLOL]HG�ZKHQ�UHTXLUHG�RU�FDQ�EH�
XVHG�DV�D�GLUHFW�DOWHUQDWLYH�WR�WKH�JULG�VXSSO\��7R�EHVW�XWLOL]H�
WKH�VRODU�HQHUJ\��LW�LV�LPSRUWDQW�WR�NHHS�LQ�YLHZ�WKH�SRVLWLRQ�
RI�WKH�6XQ�ZLWK�UHVSHFW�WR�WKH�VRODU�SDQHO�DV�LW�LV�QRW�IL[HG�
GXH�WR�WKH�URWDWLRQ�RI�WKH�(DUWK��)RU�DQ�HIILFLHQW�XVDJH�RI�VR�
ODU�HQHUJ\��WKH�6RODU�SDQHOV�VKRXOG�DEVRUE�HQHUJ\�WR�D�PD[L�
PXP�H[WHQW��7KLV�FDQ�EH�GRQH�RQO\�LI�WKH�SDQHOV�DUH�FRQWLQX�
RXVO\��VHDPOHVVO\��IDFH�WRZDUGV�WKH�GLUHFWLRQ�RI�WKH�6XQ��6R��
VRODU�SDQHO�VKRXOG�FRQWLQXRXVO\�URWDWH�LQ�WKH�GLUHFWLRQ�RI�WKH�
6XQ��7KLV�ZRUN�SUHVHQWV�GHVLJQ�DQG�GHYHORSPHQW�RI�D�WUDFN�
LQJ�V\VWHP�WKDW�FRQWLQXRXVO\�FKDQJHV�LWV�GLUHFWLRQ�LQ�DFFRUG�
DQFH�ZLWK�WKH�SRVLWLRQ�RI�WKH�6XQ��7KH�WUDFNLQJ�V\VWHP�GH�
VLJQ�ZLOO�EH�PRXQWLQJ�WKH�VRODU�SDQHOV�WKHUHE\�DOORZLQJ�
VHDPOHVV�DEVRUSWLRQ�RI�VRODU�HQHUJ\��7KH�V\VWHP�ZDV�GH�
VLJQHG��GHYHORSHG�DQG�WHVWHG�LQ�WKH�ODE� 
 
.H\�ZRUGV��(QHUJ\�KDUYHVWLQJ��URERWLFV��VRODU�VXVWDLQDELOLW\ 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��9DQ�%XUHQ 
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'HVLJQ�RI�DQ�8QGHUZDWHU�5HPRWHO\�2SHUDWHG�
9HKLFOH�WR�6WXG\�8QGHUZDWHU�(FRV\VWHPV 
 
-RVHSK�'HHV��$QGHZ�'LHKO��$XVWHQ�*UHFR�DQG�5LFN�0F'DQ�
LHO 
 
+HQGHUVRQ� 6WDWH� 8QLYHUVLW\�� $UNDGHOSKLD�� $5��'HSDUWPHQW� RI� (QJLQHHULQJ� DQG�
3K\VLFV 
 
$V�PXFK�DV�FDQ�EH�OHDUQHG�DERXW�ODNH�KDELWDWV�XVLQJ�VDWHO�
OLWHV��VKLSERDUG�VHQVRUV��DQG�GLYHUV��WKHVH�WHFKQRORJLHV�KDYH�
WKHLU�OLPLWDWLRQV� �2YHU�WKH�ODVW�IHZ�GHFDGHV��HQJLQHHUV�KDYH�
GHYHORSHG�VXEPHUVLEOH�WHFKQRORJLHV�FDSDEOH�RI�PHHWLQJ�WKH�
PDQ\�FKDOOHQJHV�RI�H[SORULQJ�RXU�IUHVKZDWHU�ODNHV�DQG�ULY�
HUV�  
 
7KH�SXUSRVH�RI�WKLV�SURMHFW�LV�WR�GHVLJQ�DQG�EXLOG�DQ�XQGHU�
ZDWHU�UHPRWHO\�RSHUDWHG�YHKLFOH��529��WR�VWXG\�WKH�XQGHU�
ZDWHU�HFRV\VWHPV�RI�$UNDQVDV�ODNHV�DQG�ULYHUV� �529V�DUH�
UHPRWH�FRQWURO�XQGHUZDWHU�URERWV�GULYHQ�E\�DQ�LQGLYLGXDO�RQ�
WKH�VXUIDFH��7KHVH�URERWV�DUH�WHWKHUHG�E\�D�VHULHV�RI�ZLUHV�
WKDW�FRPPXQLFDWH�EHWZHHQ�WKH�RSHUDWRU�DQG�WKH�529� �$OO�
529V�DUH�HTXLSSHG�ZLWK�D�YLGHR�FDPHUD��SURSXOVLRQ�V\VWHP��
DQG�OLJKWV��2WKHU�HTXLSPHQW�FDQ�DGGHG�GHSHQGLQJ�RQ�WKH�UH�
VHDU 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��*DUODQG 



3$*(��� 
3267(5���� 

,PSOHPHQWLQJ�0DFKLQH�/HDUQLQJ�LQ�6DPSOH�&RO�
OHFWLRQ 
  
-RVHSK�6FKXVWHU��%UDGOH\�:LOVRQ��'DOODV�&UXPOH\��$XVWHQ�*UHFR��
DQG�'HYHU�1RUPDQ� 
 
'HSDUWPHQW�RI�(QJLQHHULQJ�DQG�3K\VLFV��+HQGHUVRQ�6WDWH�8QLYHUVLW\��
$UNDGHOSKLD��$5� 
 
0DFKLQH�/HDUQLQJ�LV�WKH�XVH�RI�PDWKHPDWLFDO�PRGHOV�RQ�LQ�
SXWV�WR�DOORZ�D�PDFKLQH�WR�FRPSOHWH�WDVNV�ZLWKRXW�KXPDQ�
LQWHUYHQWLRQ��7KLV�PD\�EH�XVHG�LQ�SK\VLFDO�VFHQDULRV�DV�ZHOO��
VXFK�DV�URERWLF�DUP�PDQLSXODWLRQ��0DQ\�FRPSDQLHV KDYH�GH�
YHORSHG�VLPLODU WHFKQLTXHV��EXW�WKH�JRDO�RI�WKLV�SURMHFW�LV�WR�
FUHDWH�D�PRUH�HIILFLHQW�YHUVLRQ�RI�ZKDW�RWKHUV�KDYH�GRQH�LQ�
RUGHU�WR�DFFRPSOLVK�WKH�WDVN�RI�SLFNLQJ�XS�D�FXEH�DQG�SODFLQJ�
LW�LQ�D�FROOHFWLRQ�ELQ��7R�GR�WKLV��YDULRXV�PHWKRGV�RI�HQWU\�
IURP�/L'$5��SUHVVXUH�VHQVLQJ��DQG�VRQDU�DUH�XVHG�WR�OLJKWHQ�
WKH�EXUGHQ�RI�GHHS-OD\HU�IXQFWLRQ�RSWLPL]DWLRQ�� 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��-RKQVRQ 



3$*(��� 
3267(5���� 

0ROHFXODU�'\QDPLFV�,QYHVWLJDWLRQ�RI�1DQRFRP�
SUHVVLRQ�RI�$O�D-6L�&RUH-6KHOO�1DQRVWUXFWXUHV��
7KH�(IIHFWV�RI�D-6L�6KHOO�&RQVWUXFWLRQ� 
 
6KDQQRQ�+XJKHV�DQG�5REHUW�)OHPLQJ� 
 
'HSDUWPHQW�RI�(QJLQHHULQJ��$UNDQVDV�6WDWH�8QLYHUVLW\� 
 
$OXPLQXP�DPRUSKRXV�VLOLFRQ��$O�D-6L��FRUH-VKHOO�QDQRVWUXF�
WXUHV�DUH�D�QHZ��QRYHO�PDWHULDO�ZKLFK�KDV�EHHQ�H[SHULPHQWDO�
O\�VKRZQ�WR�KDYH�D�YHU\�ORZ�FRHIILFLHQW�RI�IULFWLRQ�DQG�YHU\�
KLJK�GXUDELOLW\��%DVHG�RQ�H[SHULPHQWDO�PHDVXUHPHQWV��WKH�
XQLTXH�SURSHUWLHV�RI�WKHVH�QDQRVWUXFWXUHV�DUH�WKHRUL]HG�WR�EH�
D�UHVXOW�RI�GLVORFDWLRQV�G\QDPLFV�ZLWKLQ�WKH�QDQRVWUXFWXUH�
FRUH��+RZHYHU��LQ�RUGHU�WR�XWLOL]H�WKH�VWUXFWXUHV�LQ�SUDFWLFDO�
DSSOLFDWLRQV��D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�SK\VLFDO�PHFKD�
QLVPV�WKDW�HQDEOH�WKHLU�GHVLUDEOH�PHFKDQLFDO�SURSHUWLHV�LV�UH�
TXLUHG��7R�DFFRPSOLVK�WKLV��PROHFXODU�G\QDPLF��0'��VLPX�
ODWLRQV�DUH�HPSOR\HG�WR�VWXG\�WKH�G\QDPLFV�RI�GLVORFDWLRQV�
QXFOHDWHG�LQ�WKH�FRUH�RI�$O�D-6L�FRUH-VKHOO�QDQRVWUXFWXUHV�
GXULQJ�QDQRFRPSUHVVLRQ�WHVWLQJ��,Q�WKLV�VWXG\��WKH�UROH�RI�D-
6L�VKHOO�FRQVWUXFWLRQ�RQ�WKH�GLVORFDWLRQ�QXFOHDWLRQ�
DQQLKLODWLRQ�EHKDYLRUV�LQ�WKH�$O�FRUH�DUH�VWXGLHG��VSHFLILFDOO\�
ORRNLQJ�DW�WKH�GLIIHUHQFH�EHWZHHQ�D�FRPSOHWHO\�UDQGRPL]HG�D
-6L�VKHOO�FRPSDUHG�WR�D�PRUH�³UHDOLVWLF´�D-6L�FRQVWUXFWHG�XV�
LQJ�PHOW-TXHQFK�G\QDPLFV��7KH�JRDO�RI�WKLV�UHVHDUFK�LV�WR�
EHWWHU�XQGHUVWDQG�KRZ�WKH�D-6L�VKHOO�FRQVWUXFWLRQ��DV�ZHOO�DV�
WKH�DVVRFLDWHG�FRUH�VKHOO�LQWHUIDFH��LQIOXHQFHV�WKH�GLVORFDWLRQ�
G\QDPLFV�REVHUYHG�LQ�$O�D-6L�FRUH-VKHOO�QDQRVWUXFWXUHV��
ZKLFK�ZLOO�HQDEOH�IXUWKHU�VWXGLHV�LQWR�WKH�HIIHFWV�RI�FRUH�
VKDSH�DQG�PDWHULDO� 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��&UDLJKHDG 
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:KDW�DUH�WKH�(IIHFWV�RI�'LIIHUHQW�$LUIRLOV�RQ�/LIW��
'UDJ�DQG�3LWFKLQJ�0RPHQW" 
 
%U\VRQ�&REE��6HOHQD�)LQFKHU��-XVWLQ�<RXQJ��DQG�-RKQ�/HH 
 
'HSDUWPHQW�RI�(QJLQHHULQJ��-RKQ�%URZQ�8QLYHUVLW\��6LORDP�6SULQJV�$5 

 
7KH�SXUSRVH�RI�WKLV�SURMHFW�LV�WR�DQDO\]H�PDMRU�DHURG\QDPLF�
SURSHUWLHV�VXFK�DV�OLIW�DQG�GUDJ�IURP�GDWD�UHFRUGHG�LQ�D�ZLQG�
WXQQHO�WHVW�RI�D�PLQLDWXUL]HG�YHUVLRQ�RI�WKH�H[SHULPHQWDO�DLU�
IRLO��7KLV�DQDO\VLV�FDQ�EH�XVHG�WR�GHWHUPLQH�LI�D�FHUWDLQ�DLUIRLO�
LV�D�VXLWDEOH�GHVLJQ�IRU�D�VSHFLILF�DSSOLFDWLRQ�VXFK�DV�D�SUR�
SHOOHU�SODQH�RU�D�FRPPHUFLDO�MHW�DLUFUDIW��7KH�DLUIRLO�ZDV�ILUVW�
GHVLJQHG�LQ�D��'�PRGHOLQJ�SURJUDP�DQG�VLPXODWHG�XVLQJ�WKH�
IORZ�VLPXODWRU��1H[W�� WKH�DLUIRLO�ZDV�FRQVWUXFWHG�IURP�EDOVD�
ZRRG�ZLWK�KHDW�VKULQN�SODVWLF�EHLQJ�XWLOL]HG�IRU�WKH�VNLQ��)L�
QDOO\�� LW�ZDV� WKHQ�PRXQWHG�RQ�D� VWLQJHU� LQ� D�ZLQG� WXQQHO� WR�
FROOHFW� WKH�GDWD� UHTXLUHG� WR�FDOFXODWH� UHOHYDQW� UHVXOWV��%DVHG�
RQ� SUHOLPLQDU\� VLPXODWLRQV� DQG� UHVXOWV�� D� FDPEHUHG� DLUIRLO�
JHQHUDWHV�JUHDWHU� OLIW�DQG�]HUR�DQJOH�RI�DWWDFN�GUDJ� WKDQ�XQ�
FDPEHUHG�DLUIRLOV��DOORZLQJ�IRU�ORZ�VSHHG�WDNHRII�DQG�D�ORZ�
HU�UHTXLUHG�DQJOH�RI�DWWDFN�   

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��%HQWRQ 
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$�VWXG\�RQ� LPSDFW�HQHUJ\� DEVRUSWLRQ�EHKDYLRU�
RI�SDUWLFXODWH�SRO\PHU�FRPSRVLWHV�ZLWK�VWLII�DQG�
FRPSOLDQW�SKDVHV 
� 
6KHULI�$��6HOLP��.DLODVK�&��-DMDP 
 
'HSDUWPHQW�RI�(QJLQHHULQJ�7HFKQRORJ\��8QLYHUVLW\�RI�$UNDQVDV�DW�/LWWOH�
5RFN��$5� 
 
6DIHW\�DQG�VXUYLYDO�DJDLQVW�KLJK-VSHHG�FROOLVLRQV��EODVW�DQG�EDOOLV�
WLF� LPSDFWV�� WUDXPDWLF�EUDLQ� LQMXU\� XQGHU� UDSLG� DFFHOHUDWLRQV� URX�
WLQHO\� UHTXLUHV� KLJK� HQHUJ\� DEVRUELQJ� PDWHULDOV� KDYLQJ� G\QDPLF�
PXOWLIXQFWLRQDOLW\�� )RU� VXFK� VFHQDULRV�� LW� LV� LPSRUWDQW� WR� GHVLJQ�
OLJKWZHLJKW�� IUDFWXUH� UHVLVWDQW� PXOWLSKDVH� FRPSRVLWHV� ZLWK� RSWL�
PXP�VWLIIQHVV��VSHFLILF�VWUHQJWK�DQG�LPSURYHG�VKRFNZDYH�HQHUJ\�
DEVRUSWLRQ�FKDUDFWHULVWLFV��.HHSLQJ� WKLV� DV� D� FHQWUDO� JRDO�� WKLV� UH�
VHDUFK�LV�IRFXVHG�RQ�SURFHVVLQJ�DQG�FKDUDFWHUL]DWLRQ�RI�K\EULG�SDU�
WLFXODWH�SRO\PHU�FRPSRVLWHV�HPEHGGHG�ZLWK�UDQGRP�GLVSHUVLRQ�RI�
PLFURQ�VL]H�VLOLFD�JODVV�EHDGV�DV�WKH�VWLII��KDUG��SKDVH�DQG�&7%1�
UXEEHU�SDUWLFOHV�DV�WKH�FRPSOLDQW��VRIW��SKDVH��2I�SDUWLFXODU�LQWHUHVW�
WKH�HIIHFW�RI�ILOOHU�SDUWLFOH�VWLIIQHVV�RQ�HQHUJ\�DEVRUSWLRQ�UHVSRQVH�
RI�SDUWLFOH-ILOOHG�HSR[LHV�ZLOO�EH�H[DPLQHG��%\�YDU\LQJ�WKH�YROXPH�
IUDFWLRQ�RI�VWLII�DQG�WRXJK�SKDVHV��SDUWLFXODWH�FRPSRVLWHV�ZLWK�XQL�
IRUPO\�GLVSHUVHG�SDUWLFOHV�LQ�D�ORZ�YLVFRVLW\�HSR[\�PDWUL[�ZLOO�EH�
VXEMHFWHG�WR�&KDUS\�LPSDFW�ORDGLQJ�FRQGLWLRQV�IRU�HQHUJ\�DEVRUS�
WLRQ�VWXGLHV��7HQVLOH��IUDFWXUH�DQG�IOH[XUDO�WHVWV�ZLOO�EH�FDUULHG�RXW�
DW�ORZ�VWUDLQ�UDWHV�IROORZHG�E\�KLJK�UHVROXWLRQ�PLFURVFRSLF�H[DPL�
QDWLRQ�RI�PXOWLVFDOH�IDLOXUH�FKDUDFWHULVWLFV�DQG�DVVRFLDWHG�WRXJKHQ�
LQJ�PHFKDQLVPV� 
 
7KLV�VWXG\�LV�QRYHO�WR�WKH�VRFLHW\�DV�LW�LV�H[SHFWHG�WR�RIIHU�D�FRVW-
HIIHFWLYH� ZD\� RI� GHVLJQLQJ� QHZ� PDWHULDOV� SDUDGLJP� IRU� SXEOLF�
VDIHW\�ZLWK� DQ� DLP� WR� FRPSOHWHO\� DYRLG�RU�PLQLPL]H� DQ\� NLQG�RI�
FDWDVWURSKLF�IDLOXUH�LQ�DXWRPRWLYH��DHURVSDFH�DQG�GHIHQVH�VHFWRUV� 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��3XODVNL 
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0DVWHU�&RQWURO�8QLW�IRU�D�/DUJH�(OHFWULF�/XQDU�
0DUV�5RYHU� 
 
$EHO�0HGLQDD��%UDQGRQ�.��'\HUD��+XQQW�0��+LFNPDQD��$Q�
WKRQ\�/��0LQJD��DQG�.HYLQ�5��/HZHOOLQJ��3,� 
 
D8QLYHUVLW\�RI�$UNDQVDV�–�)RUW�6PLWK��(QJLQHHULQJ�'HSDUWPHQW� 
 
$�ODUJH�HOHFWULF�/XQDU�0DUV�5RYHU�LV�EHLQJ�FRQVWUXFWHG�E\�8$)6�
VWXGHQWV��7KH�URYHU�XVHV�D�QRYHO�VWHHULQJ�GHVLJQ�EDVHG�RQ�D�]HUR�
WXUQLQJ�ODZQ�PRZHU��DOORZLQJ�DQ�DVWURQDXW�WR�HDVLO\�GULYH�ZKLOH�
ZHDULQJ�D�EXON\�VSDFH�VXLW��7KLV�URYHU�LV�FDSDEOH�RI�WUDYHOLQJ�XS�WR�
���PLOHV�DW����PSK�RQ�D�VLQJOH�EDWWHU\�FKDUJH��7KH�VXVSHQVLRQ�V\V�
WHP�LV�EDVHG�RQ�D�SDVVLYH�5RFNHU-%RJLH�GHVLJQ�XVLQJ�D�GLIIHUHQWLDO�
EDU�SODFHG�RQ�WKH�WRS�RI�WKH�EDWWHU\�HOHFWURQLFV�ER[�EHKLQG�WKH�URY�
HU�VHDW��7KH�URYHU�XVLQJ���LQ-ZKHHO�PRWRUV�WR�SURYLGH�FRQVLVWHQW�
WUDFWLRQ�RQ�GLIILFXOW�WHUUDLQ��7KH���PRWRUV�DUH�FRQWUROOHG�E\�D�PRWRU�
GULYH�WKDW�ZDV�GHVLJQHG�E\�IRXU�8$)6�VWXGHQWV��7KH�GULYH�LV�FDSD�
EOH�RI�FRQWUROOLQJ�VSHHG�DQG�WRUTXH�XVLQJ�6SDFH�9HFWRU�0RGXOD�
WLRQ��690���690�DOORZV�WKH�PRWRU�WR�EH�FRQWUROOHG�ZLWKRXW�WKH�
XVH�RI�VHQVRUV��WKXV�UHGXFLQJ�WKH�QXPEHU�RI�ZLUHV�IRXQG�RQ�WKH�
URYHU��7KH���PRWRUV�ZLOO�EH�SDUW�RI�D�&RQWUROOHU�$UHD�1HWZRUN�
�&$1��WKDW�ZLOO�HQVXUH�HDFK�PRWRU�SURYLGHV�WKH�FRUUHFW�VSHHG�DQG�
WRUTXH�  
7KH���PRWRUV�DUH�FRQWUROOHG�E\�D�0DVWHU�&RQWURO�8QLW��0&8��
ZKLFK�LV�FRQQHFWHG�WR�WKH�]HUR�WXUQLQJ�VWHHULQJ�V\VWHP��0HFKDQL�
FDO�HQFRGHUV�DUH�XVHG�LQ�WKH�]HUR�WXUQLQJ�V\VWHP�WR�VLJQDO�GLUHFWLRQ�
DQG�VSHHG��:KHQ�WKH�HQFRGHU�VLJQDOV�DUH�UHFHLYHG�E\�WKH�0&8��
WKH�RQERDUG�SURFHVVRU�DQDO\]HV�WKH�HQFRGHU�VLJQDO�DQG�SXWV�WKH�
DSSURSULDWH�PHVVDJHV�RQ�WKH�&$1�IRU�HDFK�PRWRU��$V�WKH�SURMHFW�
SURJUHVVHV��D�WRXFK�VFUHHQ�ZLOO�EH�DGGHG�WR�WKH�0&8�WR�DGG�OLJKW�
LQJ��HWF�  
 
7KLV�SRVWHU�ZLOO�VXPPDUL]H�WKH�FXUUHQW�ZRUN�EHLQJ�GRQH�RQ�WKH�
0&8�DQG�VWHHULQJ�V\VWHP�E\�8$)6�VWXGHQWV�  

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��&UDZIRUG 



3$*(��� 
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%HKDYLRU�RI�WKH�)ULFWLRQ�)RUFH�RQ�D�%RG\�([KLE�
LWLQJ�WKH�6WLFN-6OLS�(IIHFW 
 
$UIHQQHH�&RUGRED��'U��.HQQHWK�'��+DKQ 
 
'HSDUWPHQW�RI�3K\VLFV��-RKQ�%URZQ�8QLYHUVLW\��6LORDP�6SULQJV��$5 

 
7KH�VWLFN-VOLS�HIIHFW�LV�D�SKHQRPHQRQ�WKDW�GHVFULEHV�WKH�HTXL�
OLEULXP��VWDWLRQDU\�SKDVH��FDXVHG�E\�LQWHU-DWRPLF�IRUFHV�EH�
WZHHQ�WZR�VXUIDFHV�LQ�FRQWDFW�ZLWK�HDFK�RWKHU��7KLV�HTXLOLEUL�
XP�KROGV�RQH�VXUIDFH�DJDLQVW�DQRWKHU�DW�UHVW�XQWLO�WKH�VWDWLF�
IULFWLRQ�IRUFH�LV�QRW�VWURQJ�HQRXJK��FDXVLQJ�WKH�VWDWLRQDU\�
SKDVH�WR�FRQYHUW�LQWR�NLQHWLF��VOLGLQJ��IULFWLRQ��ZKHUH�VOLS�
SDJH�EHWZHHQ�VXUIDFHV�RFFXUV��7R�WHVW�WKLV�HIIHFW�RQ�WKH�EH�
KDYLRU�DQG�LQWHUDFWLRQ�EHWZHHQ�WZR�VXUIDFHV��ZH�KDYH�GHYHO�
RSHG�DQ�LQFOLQHG�SODQH�V\VWHP�ZKLFK�DOORZV�XV�WR�YDU\�PDWH�
ULDOV��PDVVHV�DQG�JUDYLWDWLRQDO�IRUFHV��3UHFLVLRQ�IRUFH�DQG�
GLVSODFHPHQW�VHQVRUV�PHDVXUH�WKH�IULFWLRQ�IRUFHV�DQG�UHODWLYH�
PRWLRQ�RI�WKH�VXUIDFHV��6HQVRU�UHDGLQJV�VKRZ�YHU\�DEUXSW�
DQG�VLJQLILFDQW�FKDQJHV�LQ�WKH�IRUFH�RI�IULFWLRQ��WKH�VWLFN-VOLS�
HIIHFW���DFFRPSDQLHG�E\�PLQXWH��OHVV�WKDQ����PLFURQ��PRWLRQ�
EHWZHHQ�WKH�VXUIDFHV��$IWHU�WKH�VWLFN-VOLS�WUDQVLWLRQ��D�WLPH-
GHSHQGHQW�UHOD[DWLRQ�RI�IRUFH�RFFXUV�LQ�ZKLFK�WKHUH�LV�QR�GLV�
FHUQDEOH�PRWLRQ� 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��%HQWRQ 
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%XGJHW�)UHHIDOO� 
 
-DFRE� %RZPDQ�� 1RDK� 6PLWK�� 0DWWKHZ� +ROORZD\�� 2MDQL�
&KDFRQ��5RVV�%XUURZV�� 
 
8QLYHUVLW\�RI�$UNDQVDV�DW�0RQWLFHOOR��0RQWLFHOOR��$5�� 
 
'HGLFDWHG�IUHHIDOO�H[SHULPHQW�NLWV�VWDUW�WKH�WLPHU�DV�WKH�EDOO�
LV�GURSSHG��OHDGLQJ�QDWXUDOO\�WR�WKH�PRVW�EDVLF�IRUP�RI�IUHH�
IDOO�GXH�WR�JUDYLW\��EXW�WKHVH�NLWV�DOVR�FRVW�DERXW�ILYH�KXQGUHG�
EXFNV�D-SLHFH� �)RU�RXU�LPSURYLVHG�IUHHIDOO�H[SHULPHQW��XVLQJ�
HTXLSPHQW�ZH�DOUHDG\�KDYH��ZH�PXVW�GURS�WKH�EDOO�IURP�D�
VPDOO�GLVWDQFH�DERYH�WKH�ILUVW�SKRWRJDWH��7KXV�WKH�EDOO�KDV�D�
VPDOO�LQLWLDO�YHORFLW\�ZKHQ�LW�VWDUWV�WKH�FORFN�W� ����PDNLQJ�
WKH�VLWXDWLRQ�D�ELW�PRUH�FRPSOLFDWHG�IRU�WKH�HTXDWLRQV��:H�
VKRZ�JRRG�UHVXOWV�DUH�QRQHWKHOHVV�REWDLQDEOH�ZLWK�RXU�LP�
SURYLVHG�VHW-XS��8VLQJ�D�EDVLF�PRGHO�ZH�VKRZ�DLU�UHVLVWDQFH�
FDQ�EH�QHJOHFWHG�XQGHU�ODERUDWRU\�FRQGLWLRQV�IRU�ILQGLQJ�WKH�
DFFHOHUDWLRQ�GXH�WR�JUDYLW\�E\�IUHHIDOO�� 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��-HIIHUVRQ 
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%DFWHULDO� 0RWLOLW\� DQG� &KHPRWD[LV� DW� 'LIIHUHQW�
&RQFHQWUDWLRQV�RI�0DJQHVLXP�6XOIDWH� 
 
.D\OHLJK�-RKQVRQD��3UDGHHS�.XPDUE� 
 
D'HSDUWPHQW�RI�&KHPLVWU\�	�3K\VLFV��8QLYHUVLW\�RI�$UNDQVDV�DW�3LQH�%OXII��3LQH�
%OXII��$5� 
E'HSDUWPHQW�RI�3K\VLFV��8QLYHUVLW\�RI�$UNDQVDV��)D\HWWHYLOOH��$5�� 
 
(XURSD��RQH�RI�-XSLWHU
V�PRRQV��SRVVHVVHV�D�WKLFN��LF\�FUXVW�
RQ�WKH�VXUIDFH�DQG�D�OLTXLG�ZDWHU�RFHDQ�EHQHDWK�LW�UXQQLQJ�
VHYHUDO�NLORPHWHUV�GHHS��,I�RQH�KDV�WR�ORRN�IRU�OLIH�DQ\ZKHUH�
HOVH�LQ�RXU�VRODU�V\VWHP�EHVLGHV�(DUWK��(XURSD�LV�SUREDEO\�WKH�
EHVW�FDQGLGDWH��7KH�OLIH�ZH�NQRZ�RI�UHTXLUHV�OLTXLG�ZDWHU�DQG�
(XURSD�SRVVHVVHV��-��WLPHV�WKH�YROXPH�RI�OLTXLG�ZDWHU�RQ�
(DUWK��,W�KDV�D�VROLG�FRUH�DQG�YROFDQLF�DFWLYLW\�VLPLODU�WR�HDUWK�
DQG�PD\�EULQJ�RXW�FKHPLFDOV�LQ�D�FULWLFDO�FRQFHQWUDWLRQ�WKDW�
PD\�KDYH�VWDUWHG�D�OLIH�LQ�WKH�RFHDQ��+RZHYHU��WKH�OLIH�WKHUH�
PXVW�EH�DGDSWHG�WR�KLJK�K\GURVWDWLF�SUHVVXUH��ORZ�WHPSHUD�
WXUH�DQG�RWKHU�FKHPLFDOV�SUHVHQW�WKHUH��*HRFKHPLFDO�PRGHOV�
VXJJHVW�H[LVWHQFH�RI�KLJK�FRQFHQWUDWLRQV�RI�PDJQHVLXP�VXO�
IDWH��%HVLGHV�WKH�JURZWK�DQG�GLYLVLRQ��PRWLOLW\�RI�EDFWHULDO�
FHOOV�LV�DQ�LPSRUWDQW�FKDUDFWHULVWLF�WKDW�DOORZV�WKHP�WR�VHDUFK�
IRRG��:H�KDYH�VWXGLHG�WKH�HIIHFW�RI�KLJK�VDOW�FRQFHQWUDWLRQ�RI�
PDJQHVLXP�VXOIDWH�RQ�WKH�PRWLOLW\�RI�D�PHVRSKLOLF�EDFWHULD��
(VFKHULFKLD�FROL��:H�ILQG�WKDW�PRWLOLW\�RI�EDFWHULD�GHSHQGV�RQ�
WKH�JURZWK�VWDJHV�RI�WKH�FHOOV�IRU�DOO�WKH�VDOW�FRQFHQWUDWLRQV�
VWXGLHG�KHUH��)RU����VDOW�FRQFHQWUDWLRQ��WKH�PRWLOLW\�FKDUDF�
WHUL]HG�E\�DYHUDJH�LQVWDQWDQHRXV�YHORFLW\�LQFUHDVHV�DQG�WKHQ�
VDWXUDWHV�WRZDUGV�D�FRQVWDQW�YDOXH��6LPLODU�EHKDYLRU�RI�WKH�
PRWLOLW\�ZDV�REVHUYHG�IRU����VDOW�FRQFHQWUDWLRQ�� 

SUHVHQWLQJ 
��DP-��SP 

&RXQW\��&URVV 
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636#8&$��6PDOO�3DUDOOHO�6XSHUFRPSXWHU�DW�
8&$�� 
 
+DQQDK�%DUU\��6KDQH�'RRODEK��&KULV�*HVNH��-RKQ�6LQJHO��
'U��-HUHP\�/XVN� 
 
'HSDUWPHQW�RI�3K\VLFV�DQG�$VWURQRP\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��
&RQZD\��$5�� 
 

:H�KDYH�GHVLJQHG�DQG�FRQVWUXFWHG�D�VPDOO�SDUDOOHO�VXSHU�
FRPSXWHU�WR�VXSSRUW�WKH�UHVHDUFK�DQG�VFLHQWLILF�RXWUHDFK�DF�
WLYLWLHV�RI�WKH�&ROOHJH�RI�1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV�
DW�8&$��0RGHUQ�VXSHUFRPSXWHUV�DUH�ODUJH�FOXVWHUV�RI�FRP�
PHUFLDOO\-DYDLODEOH�KLJK�SHUIRUPDQFH�VHUYHUV��FRQQHFWHG�WR�
JHWKHU�RYHU�D�QHWZRUN�WR�DOORZ�WKH�FRPELQHG�FRPSXWDWLRQDO�
SRZHU�RI�PDQ\�FRPSXWHU�SURFHVVRUV�WR�EH�XVHG�LQ�D�FDOFXOD�
WLRQ��2XU�VXSHUFRPSXWHU�LV�D�VPDOO��DIIRUGDEOH��SRUWDEOH�V\V�
WHP�WKDW�ZLOO�EH�XVHG�WR�SURYLGH�UHVHDUFKHUV�DQG�VWXGHQWV�
KDQGV-RQ�H[SHULHQFH�ZLWK�WKH�WRROV�DQG�WHFKQLTXHV�RI�FRPSX�
WDWLRQDOO\-LQWHQVLYH�UHVHDUFK��636#8&$�FRQVLVWV�RI���PLQL-
,7;�PRWKHUERDUGV��HDFK�ZLWK�D��-FRUH�����*K]�SURFHVVRU��
�*%�RI�5$0��DQG����*%�RI�RQ-ERDUG�VWRUDJH��FRQQHFWHG�
WRJHWKHU�WKURXJK�D�JLJDELW�(WKHUQHW�VZLWFK��&RQVWUXFWLRQ�RI�
WKH�FOXVWHU�ZDV�FRPSOHWHG�LQ�WKH�)DOO�RI�������$IWHU�D�SHULRG�
RI�LQLWLDO�WHVWLQJ��WKH�FOXVWHU�ZLOO�EH�XVHG�LQ�WKUHH�ZD\V�����D�
GHYHORSPHQW�SODWIRUP�IRU�EXLOGLQJ�SDUDOOHO�DVWURSK\VLFV�VLP�
XODWLRQ�FRGHV�����D�FRPSXWDWLRQDO�UHVRXUFH�IRU�UHVHDUFKHUV�
UXQQLQJ�SDUDOOHO�VLPXODWLRQV��DQG����DQ�RXWUHDFK�WRRO�IRU�HQ�
JDJLQJ�$UNDQVDV�VFKRROFKLOGUHQ�DQG�WKH�SXEOLF�LQ�FRPSXWD�
WLRQDO�VFLHQFH�DQG�KLJK-SHUIRUPDQFH�FRPSXWLQJ��)XQGLQJ�IRU�
WKLV�SURMHFW�ZDV�SURYLGHG�E\�D�&KDSWHU�5HVHDUFK�*UDQW�IURP�
WKH�QDWLRQDO�6RFLHW\�RI�3K\VLFV�6WXGHQWV� 

SUHVHQWLQJ 
��SP-�SP 

&RXQW\��+HPSVWHDG 



 

&DSLWRO�OLDLVRQ 
/HLJK�$QQH�+DUYH\��$UNDQVDV�6HFUHWDU\�RI 6WDWH�RIILFH 

 
 

:HE�3DJH�'HYHORSHU��&R-RUJDQL]HU 
:LOO�6ODWRQ��$VVRF��3URI��RI�3K\VLFV��8&$ 

 
 

$EVWUDFW�%RRNOHW 
&��)RVFXH�DQG�.��:DOGHQ��'HSDUWPHQW�RI�&KHPLVWU\��8&$ 

 
 

 3RVWHU�VHVVLRQ�UHIUHVKPHQWV 
2IILFH�RI�WKH�3UHVLGHQW��8&$ 
$UNDQVDV�67(0�&RDOLWLRQ 

$UNDQVDV�(36&R5 
&KULVW\�3HHO��'HSDUWPHQW�RI�&KHPLVWU\��8&$  

 
 

(DVHOV 
(PLO\�'HYHUHX[��5HVHDUFK�'HYHORSPHQW�2IILFH��$68 

 
 

 )RDP�HDVHO�ERDUGV 
&DWK\�0D��$UNDQVDV�(FRQRPLF�'HYHORSPHQW�&RPPLVVLRQ 

 
 

3ULQWLQJ�DQG�PLVFHOODQHRXV�FRVWV 
6X]DQQH�0LWFKHOO��$UNDQVDV�67(0�&RDOLWLRQ 

 
 

(YHQW�ZHEVLWH�DW 
KWWS���IDFXOW\�XFD�HGX�ZYVODWRQ�$5SRVWHUV�LQGH[�KWPO 

$FNQRZOHGJHPHQWV 





 

3DWULFN�'HVURFKHUV 
'HSDUWPHQW�RI�&KHPLVWU\ 
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV 
&RQZD\��$5������� 
���������-���� 
SDWULFNG#XFD�HGX 


