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(IIHFW�RI�(ODVWLF�%HQGLQJ�(QHUJ\�RQ� 
SURWHLQ-'1$�LQWHUDFWLRQV 
 

-DFN�)UHHODQG�DQG�<RQJ�:DQJ 
 
'HSDUWPHQW�RI�3K\VLFV��8QLYHUVLW\�RI�$UNDQVDV��)D\HWWHYLOOH��$5� 
 

$IIHFWLQJ�PLOOLRQV�RI�SHRSOH�DURXQG�WKH�ZRUOG��
KHDUW�GLVHDVH��FDQFHU��GLDEHWHV��DQG�KHPRSKLOLD�DUH�VRPH�
RI�WKH�ODUJHVW�NLOOHUV�DQG�PRVW�IUHTXHQWO\�GLDJQRVHG�FDV�
HV�LQ�KXPDQV�� 7KHVH�IRXU�GLVHDVHV�DORQJ�ZLWK�PDQ\�
PRUH�DOO�VKDUH�RQH�WKLQJ�LQ�FRPPRQ��WKHLU�RULJLQV�RI�
VSDZQ�DUH�FHQWHUHG�DURXQG�D�JHQRPLF�HUURU��7KHUH�DUH�
VSHFLILF�SURWHLQV�LQ�WKH�ERG\�WKDW�DUH�UHVSRQVLEOH�IRU�
PDNLQJ�VXUH�WKDW�VXFK�PLVWDNHV�DUH�UHFRJQL]HG�DQG�
IL[HG�� ,W�LV�ZKHQ�VDLG�SURWHLQV�PDNH�D�PLVWDNH�DQG�DO�
ORZ�DQ�XQUHSDLUHG�QXFOHRWLGH�HUURU�WR�SDVV�WKURXJK�WKH�
FHOO�F\FOH�WKDW�FDQFHU�RU�RWKHU�GLVHDVHV�IRUP�� 

$V�D�FHOO�SURFHHGV�WKRXJK�WKH�FHOO�F\FOH��LWV�'1$�
JRHV�IURP�D�YHU\�ORRVHO\�FRQGHQVHG�VWDWH��FDOOHG�FKUR�
PDWLQ��WR�D�YHU\�FRQGHQVHG�VWDWH�RI�FKURPRVRPHV�� 7KH�
DLP�RI�WKLV�SURMHFW�LV�WR�VHH�LI�WKH�HIILFLHQF\�RI�DQ�HQ�
]\PH��UHVWULFWLRQ�HQ]\PH��WR�GR�LWV�MRE�LV�DIIHFWHG�EDVHG�
RQ�WKH�FRQILJXUDWLRQ�RI�WKH�'1$�XOWLPDWHO\�OHDGLQJ�WR�D�
KLJKHU�FKDQFH�RI�GHYHORSLQJ�FDQFHU� 

SUHVHQWLQJ�� 
����SP–���SP 

+RPHWRZQ��6HDUF\��$5 
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(IIHFW�RI�+LQG-/LPE�6XVSHQVLRQ�DQG�;-5D\�,U�
UDGLDWLRQ�RQ�WKH�0HFKDQLFDO�DQG�&KHPLFDO�
3URSHUWLHV�RI�5DW�)HPXU�DQG�7LELD�%RQHV�� 
 
6�*��)UH\DOGHQKRYHQ���%��+LOO���5��0HKWD���-�6��%DUDMDV���
+�1��+HDFR[���0��'REUHWVRY���DQG�3��&KRZGKXU\�� 
 
�'HSDUWPHQW�RI�3K\VLFV�	�$VWURQRP\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��
$5����'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5���
�'HSDUWPHQW�RI�$QHVWKHVLRORJ\��8QLYHUVLW\�RI�$UNDQVDV�IRU�0HGLFDO�6FLHQFHV��
/LWWOH�5RFN��$5����'HSDUWPHQW�RI�3K\VLRORJ\�	�%LRSK\VLFV��8QLYHUVLW\�RI�$UNDQ�
VDV�IRU�0HGLFDO�6FLHQFHV��/LWWOH�5RFN��$5� 
 
,W�LV�NQRZQ�WKDW�VSDFH�FRQGLWLRQV�VXFK�DV�PLFURJUDYLW\�DQG�FRVPLF�
UDGLDWLRQ�KDYH�GHWULPHQWDO�HIIHFWV�RQ�WKH�VNHOHWDO�V\VWHP�RI�KX�
PDQV��VXFK�DV�GHFUHDVHG�ERQH�PLQHUDO�GHQVLW\��7KLV�UHVHDUFK�VWXG�
LHV�WKH�FKDQJHV�LQ�PHFKDQLFDO�SURSHUWLHV��HODVWLFLW\��DQG�FKHPLFDO�
SURSHUWLHV��FDOFLXP�DQG�SKRVSKRUXV�FRQWHQW��RI�UDW�IHPXU�DQG�WLELD�
ERQHV�ZKHQ�H[SRVHG�WR�KLQG-OLPE�VXVSHQVLRQ�DQG�[-UD\�LUUDGLD�
WLRQ��VLPXODWHG�PLFURJUDYLW\�DQG�FRVPLF�UDGLDWLRQ��,W�LV�K\SRWKH�
VL]HG�WKDW�LI�PLFURJUDYLW\�DQG�FRVPLF�UDGLDWLRQ�OHDG�WR�GHFUHDVHG�
ERQH�PLQHUDO�GHQVLW\��WKHQ�WKHVH�FRQGLWLRQV�ZLOO�SURGXFH�ZHDN�
HQHG�ERQHV��ORZHU�HODVWLF�PRGXOL�DQG�DEQRUPDO�FRQFHQWUDWLRQV�RI�
FDOFLXP�DQG�SKRVSKRUXV��DV�FRPSDUHG�WR�ERQHV�QRW�VXEMHFW�WR�WKHVH�
FRQGLWLRQV��$�WHFKQLTXH�NQRZQ�DV�WKUHH-SRLQW�EHQGLQJ�ZDV�HP�
SOR\HG�WR�HVWLPDWH�WKH�<RXQJ¶V��HODVWLF��PRGXOXV�IRU�WKH�OHJ�
ERQHV��7R�LQYHVWLJDWH�WKH�FKHPLFDO�QDWXUH�RI�WKH�ERQHV��D�6FDQQLQJ�
(OHFWURQ�0LFURVFRSH��6(0��ZDV�XWLOL]HG�WR�WDNH�FURVV-VHFWLRQDO�
LPDJHV�DQG�WR�SHUIRUP�HQHUJ\�GLVSHUVLYH�[-UD\�VSHFWURVFRS\��8OWL�
PDWHO\��WKH�UHVXOWV�SURGXFHG�E\�WKLV�UHVHDUFK�ZLOO�DLG�LQ�TXDQWLI\�
LQJ�WKH�HIIHFWV�RI�VSDFHIOLJKW�DQG�PD\�EH�XVHG�LQ�GHYHORSLQJ�D�
WUHDWPHQW�WR�FRXQWHUDFW�VXFK�HIIHFWV�� 
 
��7KLV�ZRUN�VXSSRUWHG�E\�D�5,'�DQG�&53�JUDQW�IURP�$UNDQVDV�6SDFH�
*UDQW�&RQVRUWLXP�� 

SUHVHQWLQJ 
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+RPHWRZQ��&RQZD\��$5 
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0LFUROHQV�$UUD\�/DVHU-$EODWLRQ�6SHFWURV�
FRS\�IRU�0HDVXULQJ�(OHPHQWDO�&RPSRVL�
WLRQ�RI�6ROLG�6DPSOHV 
 
$QQD�$QGHUV�DQG�-RQDWKDQ�0HUWHQ 
 
'HSDUWPHQW�RI�&KHPLVWU\�DQG�3K\VLFV��$UNDQVDV�6WDWH�8QLYHUVLW\��-RQHV�
ERUR��$5 
 
/DVHU-DEODWLRQ� ODVHU-LQGXFHG� IOXRUHVFHQFH� KDV� SRWHQWLDO� WR�
PHDVXUH�DUVHQLF�DQG�FDUERQ�ZLWKRXW�WLPH-FRQVXPLQJ�DQG�H[�
SHQVLYH� VDPSOH� SUHSDUDWLRQ� +RZHYHU�� WKH� WHFKQLTXH� VWUXJ�
JOHV� WR� PHDVXUH� H[WUHPHO\� ORZ� FRQFHQWUDWLRQV� �SDUWV-SHU-
ELOOLRQ-OHYHO�� $GGLWLRQDOO\�� WKH� WHFKQLTXH�RQO\�SUREHV� VPDOO�
�!�PP��SRUWLRQV�RI�D�VDPSOH�VXUIDFH��$V�D�UHVXOW��PHDVXUH�
PHQWV� RQ� XQHYHQ� RU� LQKRPRJHQHRXV� VXUIDFHV� JHQHUDWH� ORZ-
TXDOLW\��LPSUHFLVH�GDWD��  %\�VSOLWWLQJ�WKH�DEODWLQJ�ODVHU�SXOVH�
ZLWK�D�PLFUROHQV�DUUD\�WR�SUREH�PXOWLSOH�SRLQWV�RQ�WKH�VDP�
SOH�VXUIDFH��ZH�LPSURYH�WKH�UHSURGXFLELOLW\�RI�WKH�WHFKQLTXH��
7KH� OHQV� DUUD\� JHQHUDWHV� D� VWULSH� RI� KRW�� PLQLDWXUH� ODVHU-
LQGXFHG�SODVPDV��7KH�WKHUPDO�HPLVVLRQ�IURP�WKHVH�H[WUHPHO\�
KRW� �a�����.�� SODVPDV� RU� ODVHU-LQGXFHG� IOXRUHVFHQFH� �LI� DQ�
DGGLWLRQDO�ODVHU�LV�XVHG��FDQ�EH�FROOHFWHG�DQG�XVHG�WR�PHDVXUH�
WKH� HOHPHQWDO� FRPSRVLWLRQ� RI� WKH� VDPSOH�� WKRXJK� WKHUH� DUH�
SUREOHPV�ZLWK�WKH�SODVPDV�UHDEVRUELQJ�OLJKW�HPLWWHG�E\�DGMD�
FHQW� SODVPDV� �L�H�� RSWLFDO� WKLFNQHVV��� +RZHYHU�� WKLV� QHZ�
VWULSH�JHRPHWU\�GRHV�LPSURYH�WKH�UHSURGXFLELOLW\�DQG�DOORZV�
PHDVXUHPHQW�RI�ORZHU�FRQFHQWUDWLRQV�RI�DUVHQLF�DQG�FDUERQ��
ERWK�RI�ZKLFK� DUH� UHOHYDQW� WR� LQGXVWULHV� LQ�$UNDQVDV��$GGL�
WLRQDOO\�� EHFDXVH� WKH� FDUERQ� DWRPV�PHDVXUHG� LQ� WKH� SODVPD�
DUH�QRW� LQ�WKHLU� ORZHVW-HQHUJ\�TXDQWXP�VWDWH�� WKHLU�PHDVXUH�
PHQW�VXIIHUV�IURP�OHVV�UHDEVRUSWLRQ�RI�OLJKW�WKDQ�WKH�DUVHQLF�
PHDVXUHPHQWV�� 

SUHVHQWLQJ�� 
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2EVHUYLQJ�WKH������7RWDO�6RODU�(FOLSVH�
IURP�WKH�6WUDWRVSKHUH 
 
3DWULFN�7ULEEHWW�DQG�5RVV�&DUUROO 
 
'HSDUWPHQW�RI�3K\VLFV��$UNDQVDV�6WDWH�8QLYHUVLW\��-RQHVERUR��$5 

$FDGHPLF�VWUDWRVSKHULF�EDOORRQLQJ�LV�DQ�LQH[SHQVLYH�DOWHU�
QDWLYH�IRU�QHDU-VSDFH�SURELQJ�DQG�H[SHULPHQWDWLRQ�DOORZLQJ�
UHVHDUFKHUV�WR�VWXG\�YDULRXV�FHOHVWLDO�HYHQWV��VSHFLILFDOO\�
WKH������WRWDO�VRODU�HFOLSVH��$UNDQVDV�%DOORRQ6$7��DV�SDUW�
RI�WKH�(FOLSVH�%DOORRQLQJ�3URMHFW�LQLWLDWHG�E\�0RQWDQD�
6WDWH�8QLYHUVLW\��UHOHDVHG�D�KLJK�DOWLWXGH�EDOORRQ�FRQWDLQLQJ�
VHYHUDO�LPDJLQJ��WUDFNLQJ��DQG�VFLHQWLILF�SD\ORDGV�WR�IXOO\�
GRFXPHQW�WKH�HFOLSVH�DQG�SURYLGH�D�SXEOLF�OLYH�YLGHR�
VWUHDP�IURP�D�XQLTXH�QHDU-�VSDFH�SHUVSHFWLYH��,Q�DGGLWLRQ�
WR�WKH�HTXLSPHQW�SURYLGHG�E\�0RQWDQD�6WDWH��WKH�$UNDQVDV�
%DOORRQ6$7�WHDP�GHVLJQHG�DQG�IOHZ�D�FXVWRP��'�SULQWHG�
VSKHULFDO�SDQRUDPLF�LPDJH�SD\ORDG��DQG�VFLHQWLILF�SD\ORDGV�
GHVLJQHG�E\�VWXGHQWV�DQG�IDFXOW\�DW�WKH�8QLYHUVLW\�RI�&HQ�
WUDO�$UNDQVDV�DQG�3RWWVYLOOH�+LJK�6FKRRO��8OWLPDWHO\��WKH�
SD\ORDGV�VXFFHVVIXOO\�VWUHDPHG�YLGHR�XQWLO�D�FRQQHFWLRQ�
ORVV�DIWHU�VXUSDVVLQJ�WKH�PRGHP¶V�OLQH-RI-VLJKW�UDQJH��DQG�
WKH�DGGLWLRQDO�IRRWDJH�DQG�GDWD�VDYHG�ORFDOO\�RQERDUG�WKH�
SD\ORDGV�ZDV�UHFRYHUHG�DIWHU�ODQGLQJ��)XWXUH�IOLJKWV�ZLOO�
LQFOXGH�PRGLILFDWLRQV�WR�WKH�V\VWHPV�IRU�PRUH�FRQWLQXRXV�
SXEOLF�YLGHR�GXULQJ�WKH�IOLJKWV��DQG�PRUH�UHOLDEOH�DQG�LQQR�
YDWLYH�PHWKRGV�IRU�LPDJLQJ�DQG�DFTXLULQJ�VFLHQWLILF�GDWD� 
 
7KLV�ZRUN�ZDV�IXQGHG�E\�WKH�$UNDQVDV�6SDFH�*UDQW�&RQVRUWLXP�DQG�
1$6$�6FLHQFH�0LVVLRQ�'LUHFWRUDWH��11;��$%��*�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��.LQJPDQ��$= 
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3DVVLYH�7UDFNLQJ�RI�D�6RODU�3DQHO�ZLWK�
6KDSH�0HPRU\�$OOR\V 
 
'LOORQ�:HVWHU��.HHOH\�-RKQVRQ��DQG�$QJHOD�
'RXJODVV 
 
3K\VLFV�'HSDUWPHQW��2XDFKLWD�%DSWLVW�8QLYHUVLW\��$UNDGHOSKLD��$5 
 
7KLV�H[SHULPHQW�VHHNV�WR�DFKLHYH�SDVVLYH�WUDFNLQJ�RI�D�
VRODU�SDQHO�WKURXJK�WKH�XVH�RI�XQLTXH�PHWDOV�FDOOHG�
VKDSH�PHPRU\�DOOR\V��60$V���60$V�ZHUH�FRQILJXUHG�
WR�URWDWH�D�VRODU�SDQHO�ZLWKRXW�WKH�FRQVXPSWLRQ�RI�HQHU�
J\�IURP�WKH�VRODU�V\VWHP�EHFDXVH�RI�WKHLU�DELOLW\�WR�
FKDQJH�VKDSH�ZKHQ�KHDWHG�DERYH�WKHLU�WUDQVIRUPDWLRQ�
WHPSHUDWXUH��7KH�60$�FDQ�EH�DFWLYDWHG�E\�VXQOLJKW�IR�
FXVHG�IURP�D�)UHVQHO�OHQV��7KH�DGYDQWDJHV�RI�60$�RYHU�
RWKHU�WUDFNLQJ�PHWKRGV�LQFOXGH�QR�PDLQWHQDQFH��ORQJHY�
LW\��DQG�WZR-ZD\�VKDSH�PHPRU\��7KH�VRODU�SDQHO�VL]H��
VXSSRUW�VWDQG��DQG�HOHFWURQLFV�ZHUH�RSWLPL]HG�ZLWK�WKH�
XOWLPDWH�JRDO�RI�SRZHULQJ�DQ����:�VWUHHW�OLJKW��([SHUL�
PHQWV�ZHUH�FRQGXFWHG�WR�GHWHUPLQH�WKH�SXOOLQJ�IRUFH�
DQG�WUDYHO�GLVWDQFH�RI�YDULRXV�VL]HV�RI�60$V�WR�GHWHU�
PLQH�RSWLPDO�URWRU�GHVLJQ� 

SUHVHQWLQJ�� 
���DP—����SP 

+RPHWRZQ��5RFNZDOO��7; 
 



67(0�3RVWHUV�DW�WKH�FDSLWRO 

3$*(��� 
3267(5���� 

&KDUDFWHULVWLFV�RI�3DWWHUQ�5HFRJQLWLRQ�
&ODVVLILHUV�IRU�(0*�6LJQDO�$QDO\VLV 
 
6KHOE\�:LQJDWH��5DMDW�6LQJK��DQG�.DPUDQ�,TEDO 
 
6\VWHPV�(QJLQHHULQJ-0HFKDQLFDO��8QLYHUVLW\�RI�$UNDQVDV�DW�/LWWOH�5RFN��
/LWWOH�5RFN��$5 
 
(OHFWURP\RJUDSK\��(0*��LV�WKH�UHFRUGLQJ�RI�HOHFWULFDO�
VLJQDOV�LQ�PXVFOH�WLVVXHV��SURGXFHG�ZKHQ�D�PRWRU�QHX�
URQ�LQWHUDFWV�ZLWK�D�PXVFOH�ILEHU�� 8VLQJ�FODVVLILFDWLRQ�
DOJRULWKPV�WR�LQWHUSUHW�WKHVH�P\RHOHFWULF�VLJQDOV�LV�RQH�
RI�WKH�PRVW�HIILFLHQW�ZD\V�WR�FRQWURO�ORZHU�DUP�SURVWKH�
VLV�IRU�DPSXWHHV�� 7KLV�VWXG\�REVHUYHG�DQG�FRPSDUHG�
WZR�DOJRULWKPV�XVLQJ�VHYHUDO�GLIIHUHQW�IHDWXUHV�LQ�DQ�HI�
IRUW�WR�ILQG�WKH�PRVW�HIILFLHQW�VHW�� 7KH�0XOWL-/D\HU�3HU�
FHSWURQ�DOJRULWKP��DQ�$UWLILFLDO�1HXUDO�1HWZRUN��ZDV�
REVHUYHG��DV�ZHOO�DV�/LQHDU�'LVFULPLQDQW�$QDO\VLV�IDFLO�
LWDWHG�WKURXJK�WKH�%LR3DW5HF�UHVHDUFK�SODWIRUP�RQ�
0DWODE�� 7KH�DOJRULWKPV�ZHUH�WUDLQHG�RQ�GDWD�DYDLODEOH�
RQ�WKH�%LR3DW5HF�UHSRVLWRU\��FODVVLI\LQJ���GLIIHUHQW�DUP�
PRYHPHQWV�� 3UH-SURFHVVLQJ�RI�WKH�GDWD�LQYROYHG�ILOWHU�
LQJ�WKH�VLJQDOV�XVLQJ�LQGHSHQGHQW�FRPSRQHQW�DQDO\VLV�
DQG�FRQWUDFWLRQ�WLPH�SHUFHQWDJH�� %RWK�DOJRULWKPV�SHU�
IRUPHG�DGHTXDWHO\�ZLWK�LPSUHVVLYH�DFFXUDFLHV�RI�������
IRU�/LQHDU�'LVFULPLQDQW�$QDO\VLV�DQG�������IRU�0XOWL-
/D\HU�3HUFHSWURQ�� 

SUHVHQWLQJ 
���DP—����SP 

+RPHWRZQ��%DX[LWH��$5 
 



3$*(��� 
3267(5���� 

&ODVVLILFDWLRQ�RI�1RLVH�&RORU�RQ�$XGLR�
6LJQDOV�YLD�DQ�,QILQLWH-9DOXHG�/RJLF� 
6\VWHP�DQG�1HXUR�1HWZRUN�/HDUQLQJ 
 
$OOLH�:\QQ�DQG�/\QQ�)R[ 
 
6FKRRO�RI�0DWKHPDWLFDO�DQG�1DWXUDO�6FLHQFHV��8QLYHUVLW\�RI�$UNDQVDV�DW�
0RQWLFHOOR��0RQWLFHOOR��$5 
 
'XH�WR�WKH�LQHYLWDELOLW\�RI�WKH�XQZDQWHG�PRGLILFDWLRQV�D�
VLJQDO�VXIIHUV�GXULQJ�FDSWXUH�DQG�KDQGOLQJ��QRLVH�UH�
PRYDO�DQG�UHGXFWLRQ�DUH�LPSHUDWLYH�LQ�GLJLWDO�VLJQDO�
SURFHVVLQJ��7KH�ILUVW�VWHS�LQ�GHYHORSLQJ�VXFK�VWUDWDJHPV�
LV�WR�VWDWLVWLFDOO\�FODVVLI\�WKH�QRLVH�GLVWRUWLQJ�WKH�VLJQDO��
%\�DSSO\LQJ�D�.DLVHU�ZLQGRZ�WR�HDFK�RYHUODSSLQJ�VHJ�
PHQW�RI�D�QRQ-VWDWLRQDU\�VLJQDO�DQG�FRQFDWHQDWLQJ�WKH�
UHVXOW�RI�DSSO\LQJ�WKH�VKRUW-WLPH�)RXULHU�WUDQVIRUP�WR�
HDFK�ZLQGRZHG�VHJPHQW��ZH�DUH�DEOH�WR�FRPSXWH�WKH�
WLPH-GHSHQGHQW�SRZHU�VSHFWUXP��7KURXJK�WKRURXJK�
DQDO\VLV�RI�WKH�SRZHU�FRPSRQHQWV�RI�QXPHURXV�VLJQDOV��
D�VHW�RI�SURFHVVLQJ�GDWD�LV�GHYHORSHG��7KH�GDWD�LV�LPSOH�
PHQWHG�E\�DQ�LQILQLWH�YDOXHG�ORJLF�V\VWHP�XVLQJ�D�OHDUQ�
LQJ�DOJRULWKP�GHULYHG�IURP�QHXUDO�QHWZRUN�WKHRU\��7KLV�
V\VWHP�LQVWLWXWHV�SDUDPHWHUV�WKDW�DUH�XVHG�DV�WKH�EDVLV�
IRU�RXU�FRPSXWDWLRQDO�V\VWHP�WKDW�FODVVLILHV�WKH�GLV�
WRUWLQJ�QRLVH�RQ�DOWHUHG�DXGLR�VLJQDOV�XVLQJ�HDVLO\�GH�
ULYHG�VWDWLVWLFV�� 

SUHVHQWLQJ�� 
���DP—���SP 

+RPHWRZQ��6WDU�&LW\��$5 



67(0�3RVWHUV�DW�WKH�FDSLWRO 

3$*(��� 
3267(5���� 

(\H�WUDFNLQJ�DQG�&DOFXOXV�9LGHRV 
 
.DUD�*UDKDP��:LOO�*ORVWHU��DQG�-DVRQ�0DUWLQ 
 
'HSDUWPHQW� RI� 0DWKHPDWLFV�� 8QLYHUVLW\� RI� &HQWUDO� $UNDQVDV�� &RQZD\��
$5� 
 
8QGHUVWDQGLQJ�FDOFXOXV�LV�WKH�ILUVW�VWHSSLQJ-VWRQH�LQWR�67(0�
ILHOGV��$V�67(0�FRQWLQXHV�WR�PHHW�WKH�QHHGV�RI�WKH�PRGHUQ�
ZRUOG��LW�LV�LPSRUWDQW�WKDW�LQVWUXFWLRQ�OHYHUDJHV�WHFKQRORJ\�WR�
SURYLGH�RSSRUWXQLWLHV�IRU�OHDUQLQJ�WKDW�PLJKW�QRW�RWKHUZLVH�
EH�DFKLHYHG�XVLQJ�PRUH�WUDGLWLRQDO�DSSURDFKHV��9LGHRV�KDYH�
EHFRPH�DQ�HVVHQWLDO�SDUW�RI�³IOLSSHG´�FODVVURRPV�ZKHUH�YLGH�
RV�SUHVHQW�QHZ�PDWHULDO�RXWVLGH-RI-FODVV�WR�VXSSRUW�PRUH�DF�
WLYH-OHDUQLQJ�GXULQJ�FODVV��<HW�OLWWOH�LV�NQRZQ�DERXW�KRZ�VWX�
GHQWV�ZDWFK�WKHVH�YLGHRV��7KLV�SURMHFW�LV�SDUW�RI�D�16)�IXQG�
HG�VWXG\�LQYHVWLJDWLQJ�KRZ�VWXGHQWV�LQWHUDFW�ZLWK�FDOFXOXV�
LQVWUXFWLRQDO�YLGHRV�E\�XVLQJ�H\H-WUDFNLQJ�WR�GRFXPHQW�DV�
SHFWV�RI�WKH�YLGHR�WR�ZKLFK�VWXGHQWV�DWWHQG��,Q�SDUWLFXODU��ZH�
IRFXV�RXU�DQDO\VLV�RQ�D�YLGHR�DERXW�DQ�HVVHQWLDO�FDOFXOXV�FRQ�
FHSW��GHULYDWLYH�DV�D�OLPLW�RI�DYHUDJH�UDWHV��%DVHG�RQ�HGXFD�
WLRQ�UHVHDUFK��WKLV�YLGHR�LQWURGXFHV�DYHUDJH�UDWH�E\�ILUVW�GH�
YHORSLQJ�VWXGHQW�UHDVRQLQJ�WKURXJK�UHSUHVHQWDWLRQV�RI�GLV�
WDQFH�DQG�WLPH��,QWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK�VWXGHQW�YRO�
XQWHHUV�IURP�ILUVW-VHPHVWHU�FDOFXOXV�FRXUVHV�IURP�WKUHH�LQVWL�
WXWLRQV��5HVXOWV�GHPRQVWUDWH�WKDW�VWXGHQWV�DUH�LQGHHG�DWWHQG�
LQJ�WR�WKHVH�UHSUHVHQWDWLRQV�LQ�GLIIHUHQW�ZD\V�ZKLFK�FDQ�DI�
IHFW�WKHLU�SHUIRUPDQFH��5HVXOWV�IURP�WKLV�VWXG\�FDQ�LQIRUP�
KRZ�WR�GHVLJQ�EHWWHU�YLGHRV�WKDW�SURPRWH�DQ�HQKDQFHG�XQGHU�
VWDQGLQJ�RI�FDOFXOXV�IRU�$UNDQVDV�VWXGHQWV� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQV��-DFNVRQYLOOH��$5��.*� 
7H[DUNDQD��$5��:*� 



3$*(��� 
3267(5���� 

$�/HQJWK�RI�,QVWUXFWLRQV�ZLWK�7HFKQRORJ\�
LQ�7HDFKHU�7UDLQLQJ�3URJUDPV��:KDW� 
6WXGHQW�7HDFKHUV�6D\"� 
 
$VKOH\�*UHHQ�DQG�7KDUDQJD�0��.��:LMHWXQJH 
 
'LYLVLRQ�RI�0DWKHPDWLFV�DQG�6FLHQFH��/\RQ�&ROOHJH��%DWHVYLOOH��$5 
 
8VH�RI�WHFKQRORJ\�LQ�WHDFKLQJ�DQG�OHDUQLQJ�LQ�.-���VHWWLQJV�
LV�LQFUHDVLQJ��7KXV��WHDFKHUV�QHHG�WR�KDYH�D�EHWWHU�XQGHU�
VWDQGLQJ�DERXW�WKHVH�WHFKQRORJLHV�WR�XVH�WKHP�HIIHFWLYHO\�LQ�
WKHLU�FODVVURRPV��,Q-VHUYLFH�WHDFKHUV�FDQ�DFTXLUH�NQRZOHGJH�
LQ�WKH�XVH�RI�WHFKQRORJ\�WKURXJK�SURIHVVLRQDO�GHYHORSPHQW�
ZRUNVKRSV�RU�IURP�RWKHU�DYHQXHV��3UH-VHUYLFH�WHDFKHUV��RQ�
WKH�RWKHU�KDQG��KDYH�DQ�DGYDQWDJH�RI�OHDUQLQJ�WKHVH�QHZ�
WHFKQRORJLHV�GXULQJ�WKHLU�SUHSDUDWLRQ�WR�EH�D�WHDFKHU�����+RZ�
PXFK�VKRXOG�WKH\�OHDUQ�DERXW�WKHVH�QHZ�WHFKQRORJLHV"����
+RZ�ORQJ�VKRXOG�WKH\�OHDUQ�DERXW�WKHVH�QHZ�WHFKQRORJLHV"�
���6KRXOG�WKH\�XVH�WKHVH�QHZ�WHFKQRORJLHV�DV�D�VWXGHQW"����
6KRXOG�WKH\�XVH�WKHVH�QHZ�WHFKQRORJLHV�DV�D�WHDFKHU"�'XULQJ�
WKLV�VWXG\��ZH�DUH�KRSLQJ�WR�DQVZHU�WKH�DIRUHPHQWLRQHG�TXHV�
WLRQ����7ZR�SUH-VHUYLFH�WHDFKHU�JURXSV�ZHUH�XVHG�LQ�RXU�
VWXG\��2QH�JURXS�XVHG�WKH�VWXGHQW�UHVSRQVH�V\VWHP��DV�VWX�
GHQWV��IRU���ZHHNV�DQG�WKH�RWKHU�JURXS�XVHG�WKH�V\VWHP��DV�
VWXGHQWV��IRU����ZHHNV��:H�DUH�FRPSDULQJ�WKH�JURXSV�WR�LQ�
YHVWLJDWH�LI�WKHUH�LV�D�GLIIHUHQFH�LQ�LGHQWLI\LQJ�WKH�SRWHQWLDOV�
RI�WKLV�QHZ�WHFKQRORJ\�EHWZHHQ�WKHVH�WZR�JURXSV��:KDW�FDQ�
ZH�FRQFOXGH�EDVHG�RQ�WKH�ILQGLQJV�RI�WKH�VWXG\"�:H�DUH�KRS�
LQJ�WR�DQVZHU�WKHVH�UHVHDUFK�TXHVWLRQV�GXULQJ�WKLV�VWXG\� 
� 

SUHVHQWLQJ�� 
���SP—��SP 

+RPHWRZQ��&DYH�&LW\��$5 
 



67(0�3RVWHUV�DW�WKH�FDSLWRO 

3$*(��� 
3267(5���� 

$SSOLFDWLRQ�RI�PDFKLQH�OHDUQLQJ�DOJRULWKP�
RQ�9RLFH�5HKDELOLWDWLRQ�'DWDVHW 
�   
&DOYLQ�0RWHQ��7LD�%DUWHQ��DQG�&KXDQOHL�=KDQJ� 
 
'LYLVLRQ�RI�1DWXUDO�DQG�3K\VLFDO�6FLHQFHV��3KLODQGHU�6PLWK�&ROOHJH��/LW�
WOH�5RFN�$5� 
 
0DFKLQH�OHDUQLQJ�KDV�EHHQ�ZLGHO\�DSSOLHG�RQ�PHGLFDO�
ILHOG�LQ�UHFHQW�GHFDGHV��H�J��DVVLVW�LQ�GLDJQRVLV��EL�
RPDUNHU�LGHQWLILFDWLRQ��KXPDQ�JHQRPH�DQDO\VLV�DQG�
HWF�� 'LIIHUHQWLDWLRQ�EHWZHHQ�WZR�JURXSV�RI�SRSXODWLRQV�
FDQ�EH�DFFRPSOLVKHG�XVLQJ�ELQDU\�FODVVLILFDWLRQ�DOJR�
ULWKPV�� ,Q�WKLV�ZRUN��ZH�LQYHVWLJDWH�WKH�DSSOLFDWLRQ�RI�D�
PDFKLQH�OHDUQLQJ�VRIWZDUH��FDOOHG�:(.$�RQ�D�SXE�
OLVKHG�PHGLFDO�GDWDVHW�-�YRLFH�UHKDELOLWDWLRQ�GD�
WDVHW�� 7KLV�KLJK-GLPHQVLRQDO�GDWDVHW�LV�GLYLGHG�LQWR�
WUDLQLQJ�GDWD�DQG�WHVWLQJ�GDWD��ZKHUH�WKH�WUDLQLQJ�GDWD�
ODEHOV�DUH�NQRZQ�ZKLOH�WKH�WHVWLQJ�GDWD�ODEHOV�DUH�VHW�XQ�
NQRZQ��&ODVVLILFDWLRQ�DOJRULWKP�IURP�:(.$�LV�DSSOLHG�
RQ�WKLV�GDWDVHW�DQG�FODVVLILFDWLRQ�SHUIRUPDQFH�LV�HYDOXDW�
HG�� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��0, 



3$*(��� 
3267(5���� 

$XWRPDWHG�&RXUVH�$GYLVLQJ�6\VWHP�IRU�
36&��$&$6 
 
.HQLVKD� /HZLV�� %ULDQD� %DLO\�� $VKWRQ� +DOO�� 5R\�
VKDZQ�0FFODLQ��DQG�6X]DQ�$QZDU 
 
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��3KLODQGHU�6PLWK�&ROOHJH��/LWWOH�5RFN��
$5 
 
&RXUVH�VHOHFWLRQ�LV�DQ�LPSRUWDQW�SURFHVV�WKDW�LV�HQFRXQWHU�
XQQHFHVVDU\�JUDGXDWLRQ�GHOD\��6WXGHQWV�LQ�3KLODQGHU�6PLWK�
&ROOHJH�KDYH�IDFHG�SUREOHPV�VXFK�DV��D�ODFN�RI�VWXGHQW¶V�
DELOLW\�WR�ILQG�D�JRRG�DGYLFH��LQDSSURSULDWH�DGYLVLQJ�WLPH�
VFKHGXOHV�IRU�DGYLVLQJ��DQG�DZDUHQHVV�DQG�H[SHULHQFH�RI�DG�
YLVHUV��HWF��$OVR��VWXGHQWV�DUH�VXIIHULQJ�ZLWK�SUREOHPV�OLNH��
WLPH�FRQIOLFWV�ZLWK�FRXUVH�VHOHFWLRQ��VHOHFWLQJ�XQVXLWDEOH�
FRXUVHV�IRU�VSHFLILF�VHPHVWHU��FKRRVLQJ�OHVV��WRR�PDQ\��XQ�
QHFHVVDU\��RU�LQFRUUHFW�FRXUVHV�LI�WKH\�DUH�QRW�DGYLVHG�ILWWLQJ�
O\��$Q�$XWRPDWHG�&RXUVH�$GYLVLQJ�6\VWHP�$&$6�LV�GHYLVHG�
WR�JXLGH�VWXGHQWV�LQ�VHOHFWLQJ�DSSURSULDWH�FRXUVHV�VXLWDEOH�WR�
UHJLVWHU�RQOLQH��-$9$�SURJUDPPLQJ�ODQJXDJH�ZLOO�EH�XVHG�WR�
GHYHORS�$&$6�VRIWZDUH��7KH�V\VWHP�ZLOO�EH�IULHQGO\��DQG�
WKH�FRXUVHV�VHOHFWLRQ�ZLOO�EH�VWRUHG�DQG�VKRZHG�IRU�HDFK�VH�
PHVWHU��$&$6�VRIWZDUH�ZLOO�EH�XVHG�E\�ERWK�VWXGHQW�WR�VHOHFW�
FRXUVHV�DQG�DGPLQLVWUDWLRQ�WR�WUDFN�DQG�NHHS�WKH�UHFRUGV�RI�
HDFK�VWXGHQW�XS-WR-GDWH��$&$6�VRIWZDUH�ZLOO�JXLGH�36&�VWX�
GHQWV�WR�VHOHFW�DSSURSULDWH�FRXUVHV�WR�UHJLVWHU�ZLWK�WKH�RQOLQH�
36&�UHJLVWUDWLRQ�V\VWHP��7KH�VRIWZDUH�ZLOO�EH�PRXQWHG�RQ�
36&�ZHEVHUYHU�IRU�VWXGHQWV�WR�RQOLQH�DFFHVV� 

SUHVHQWLQJ�� 
���DP—����SP 

+RPHWRZQV�� 



67(0�3RVWHUV�DW�WKH�FDSLWRO 

3$*(��� 
3267(5���� 

$GDSWLQJ�6QLSH-,W�WR�0DQDJH�$Q�(TXLS�
PHQW�,QYHQWRU\�6\VWHP 
 
=DLUH�+XVEDQG�DQG�-LP�:LQWHU� 
 
&RPSXWHU� 6FLHQFH� 'HSDUWPHQW�� 8QLYHUVLW\� RI� $UNDQVDV� DW� /LWWOH� 5RFN��
/LWWOH�5RFN��$5 
 
2UJDQL]DWLRQV�RIWHQ�KDYH�KXJH�LQYHQWRULHV�WKDW�DUH�GLIILFXOW�
WR�PDQDJH�� )XUWKHUPRUH��WKHUH�LV�QR�ZD\�IRU�VRPHRQH�ZKR�LV�
QRW�D�FRPSXWHU�VSHFLDOLVW�WR�DFFHVV�WKH�V\VWHP�� 7KH�SUREOHP�
WKDW�ZH�IDFH�DW�WKH�8QLYHUVLW\�RI�$UNDQVDV�DW�/LWWOH�5RFN�LV�
WKDW�ZH�ZDQW�VFLHQWLVWV�WR�EH�DEOH�WR�DFFHVV�D�SXEOLF�GDWDEDVH�
RQ�UHVHDUFK�HTXLSPHQW�DYDLODEOH�RQ�FDPSXV�� ,�GHFLGHG�WR�WHVW�
DQ�LQYHQWRU\�PDQDJHPHQW�V\VWHP�WKDW�RSHUDWHV�RQ�WKH�ZHE��
SULPDULO\�WKURXJK�WKH�VFULSW�ODQJXDJH��3+3��DQG�6WUXFWXUHG�
4XHU\�/DQJXDJH��64/��� $W�ILUVW��,�ZURWH�FRPSXWHU�FRGH�WR�
FUHDWH�D�³FORDN´�RYHU�6QLSH-,W��DQ�RSHQ�VRXUFH�LQYHQWRU\�
PDQDJHPHQW�V\VWHP��VR�WKH�XVHU�FRXOG�DFFHVV�WKH�LQYHQWRU\�
EXW�QRW�PDQLSXODWH�WKH�ILOHV�� 7KLV�PHWKRG�ZDV�XQVXFFHVVIXO�
EHFDXVH�6QLSH-,W�ZDV�LQFRPSDWLEOH�ZLWK�+\SHUWH[W�0DUNXS�
/DQJXDJH��+70/��� 7KHQ��,�XVHG�D�VHUYHU�DW�8QLYHUVLW\�RI�
$UNDQVDV�/LWWOH�5RFN�DQG�ZURWH�DGGLWLRQDO�FRGH�WR�DOORZ�
6QLSH-,W�WR�RSHUDWH�RQ�WKDW�VHUYHU�� 7KLV�HIIRUW�ZDV�VXFFHVV�
IXO�� 7KXV��P\�UHVXOW�ZDV�WKDW�WKH�LQYHQWRU\�FDQ�EH�DFFHVVHG�
RQ�WKH�XQLYHUVLW\�V\VWHP�WKURXJK�D�ORJLQ�IXQFWLRQ�� ,Q�WKH�IX�
WXUH��,�ZLOO�FUHDWH�DGGLWLRQDO�FRGH�WR�PDNH�WKH�LQYHQWRU\�
DYDLODEOH�WR�WKH�SXEOLF�WKURXJK�WKH�LQYHQWRU\¶V�ZHEVLWH� 

SUHVHQWLQJ 
���DP—����SP 

+RPHWRZQ��0RQWLFHOOR��$5 



3$*(��� 
3267(5���� 

8VDELOLW\�(YDOXDWLRQ�RI�0RELOH�$SSV��7KH�
$SSOLFDWLRQ�RI�8VDELOLW\�+HXULVWLFV�   
 
%ULDQD�+HDWK��'RPLQLTXH�0DWWORFN��$QGUHD�5HQGHO��
%ULWWDQ\�:DONHU��DQG�6DPDU�6ZDLG 
 
'HSDUWPHQW� RI� $SSOLHG� 0DWK� DQG� &RPSXWHU� 6FLHQFH�� 3KLODQGHU� 6PLWK�
&ROOHJH��/LWWOH�5RFN��$5 
 
0RELOH�DSSV�DUH�VRIWZDUH�DSSOLFDWLRQV�GHVLJQHG�WR�UXQ�RQ�
VPDUWSKRQHV��WDEOHWV�DQG�RWKHU�PRELOH�GHYLFHV��7KH�JURZWK�
RI�PRELOH�DSSV�FDQ�EH�VHHQ�LQ�MXVW�DERXW�HYHU\�LQGXVWU\�VXFK�
DV�UHWDLO��PHGLD��WUDYHO��HGXFDWLRQ��KHDOWKFDUH��ILQDQFH�DQG�
VRFLDO��+RZHYHU��GXH�WR�XVDELOLW\�YLRODWLRQV�IRXQG�LQ�PRELOH�
DSSV��PRELOH�XVHU�H[SHULHQFH�ZDV�IRXQG�WR�EH�FKDOOHQJLQJ��,Q�
WKLV�VWXG\�ZH�DSSO\�1LHOVHQ¶V�UXOHV�WR�WHVW�WKH�XVDELOLW\�RI�
PRELOH�DSSV�IRU�P-FRPPHUFH�DSSV�� %DVHG�RQ�RXU�UHVHDUFK��
ZH�H[WHQG�WKH�PRGH�RI�1LHOVHQ��������WR�LQFOXGH�
³,QIRUPDWLRQ�$UFKLWHFWXUH´�� ³3HUIRUPDQFH´�� DQG�³(IILFLHQW�
,QWHUDFWLRQ�DQG�*HVWXUH�0DQLSXODWLRQ´�WR�ILW�P-FRPPHUFH�
PRELOH�DSSV���:H�HPSLULFDOO\�WHVW�XVDELOLW\�KHXULVWLFV�GHYHO�
RSHG�E\�WKLV�VWXG\�XVLQJ�WZR�PRELOH�DSSV�� 7RWDO�RI�IRXU�XVD�
ELOLW\�HYDOXDWRUV�SDUWLFLSDWHG�LQ�WKH�VWXG\��DSSOLHG�PRELOH-
KHXULVWLFV�WR�LGHQWLI\�XVDELOLW\�YLRODWLRQV�DQG�VXJJHVW�UHFRP�
PHQGDWLRQV��$V�WKH�VSDFH�IRU�PRELOH�DSSV�LV�JURZLQJ��XVDELO�
LW\�WHVWLQJ�IRU�PRELOH�DSSV�PXVW�UDSLGO\�HYROYH�WR�NHHS�XS��
DQG�WKLV�LV�WKH�PDLQ�FRQWULEXWLRQ�RI�WKLV�VWXG\� 

SUHVHQWLQJ�� 
���SP—��SP 

+RPHWRZQV��'DOODV��7;��%+� 
�/LWWOH�5RFN��$5��'0�	�%:� 

�%RVWRQ��0$��$5� 
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7KH�$QDO\VLV�RI�7U\-&DWFK�%ORFN�8VDJHV 

LQ�-DYD�RSHQ�VRXUFH�SURMHFWV 
 
.\RRVLN� .LP�� -RUGDQ� )UHLHU�� 3KDW� 1JX\HQ�� DQG�
'RQJKRRQ�.LP 
 
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��$UNDQVDV�6WDWH�8QLYHUVLW\��-RQHVERUR��
$5 
 
7U\-&DWFK�EORFNV�DUH�RQH�RI�WKH�PRVW�ZLGHO\�XVHG�H[FHSWLRQ�
KDQGOLQJ�IHDWXUHV�LQ�WKH�-DYD�ODQJXDJH��,Q�WKLV�VWXG\��ZH�DQD�
O\]H�LWV�RYHUDOO�XVDJH�LQ���GLIIHUHQW�RSHQ�VRXUFH�SURMHFWV�WR�
GHWHUPLQH�LI�D�SDWWHUQ�H[LVWV�LQ�WKH�GDWD�DQG�GLVFXVV�ZKDW�
VXFK�SDWWHUQV�LQGLFDWH�WKH�QDWXUH�RI�H[FHSWLRQ�KDQGOLQJ�DV�LW�
LV�XWLOL]HG�IRU�ODUJH�SURMHFWV�ZLWK�VHYHUDO�LQGHSHQGHQW�FRQ�
WULEXWRUV��:H�KDYH�REVHUYHG�WKDW�WKHUH�GRHV�DSSHDU�WR�H[LVW�
����D�WUHQG�DPRQJ�WKH�XVDJH�RI�7U\-&DWFK�EORFNV�EDVHG�RQ�
WKH�OLIHVSDQ�RI�WKH�SURMHFW������WKH�W\SH�RI�SURMHFW�LQ�ZKLFK�LW�
LV�XVHG��DQG�����&DWFK�FODXVHV�FRPSDUHG�WR�WKHLU�UHVSHFWLYH�
7U\�VWDWHPHQW��:LWK�D�ODUJH�SRUWLRQ�RI�7U\-&DWFK�EORFNV�LQ�
WKH�EHJLQQLQJ�RI�HDFK�SURMHFW��ZH�LQIHUUHG�WKDW�D�ORW�RI�H[FHS�
WLRQ�KDQGOLQJ�LV�FRQGXFWHG�DW�WKH�IURQW�HQG�RI�GHYHORSPHQW�
LQGLFDWLQJ�IHZHU�QHZ�HUURUV�WR�RFFXU�DV�D�SURMHFW�SURFHHGV��
:H�DOVR�KDYH�IRXQG�WKDW�D�SURMHFW�WKDW�UHTXLUHV�IUHTXHQW�H[�
WHUQDO�LQWHUDFWLRQV�LV�OLNHO\�WR�KDYH�PRUH�7U\-&DWFK�EORFNV�
IURP�FDWHJRULFDO�DQDO\VLV��/DVWO\��ZH�KDYH�GLVFRYHUHG�WKDW�D�
7U\�VWDWHPHQW�PRVWO\�KDV�D�VLQJOH�&DWFK�FODXVH�SURYLGLQJ�IRU�
D�KLJKO\�SRVVLEOH�UHDVRQ�ZK\�WKH�0XOWL-&DWFK�IHDWXUH�IDLOHG�
WR�EH�SRSXODU�� 

SUHVHQWLQJ 
���SP—���SP 

+RPHWRZQV��6RXWK�.RUHD��..� 
-RQHVERUR��$5��-)� 
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$UNDQVDV�7HOHPHGLFLQH�3ODWIRUP�'HVLJQ�
DQG�'HYHORSPHQW�IRU�'HUPDWRORJ\��$� 
6HFXUH�&ORXG�%DVHG�6NLQ�&DQFHU� 
0HODQRPD�'HWHFWLRQ�6\VWHP�IRU� 
$UNDQVDV� 
 
5HFHS�(URO�DQG�6LQDQ�.RFNDUD� 
 
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQ�
ZD\��$5� 

 
,Q�WKLV�VWXG\��ZH�GHYHORS�D�V\VWHP�WR�KHOS�GHUPDWRORJLVWV�WR�
GLDJQRVH�PHODQRPD�LQ�LWV�HDUO\�VWDJHV��$FFXUDWH�GLDJQRVHV�RI�
PHODQRPD�UHTXLUHV�H[SHUWLVH��DQG�WKH�SURJUHVV�RI�WKH�GLVHDVH�
PD\�QRW�EH�QRWLFHG�E\�QDNHG�H\H�H[DPLQDWLRQ��&RPSXWHU�
V\VWHPV�FDQ�GHWHFW�DQG�DQDO\]H�HYHQ�PLQXWH�GHWDLOV�DERXW�
VNLQ�OHVLRQV�DQG�QRWLI\�SK\VLFLDQV�LI�DQ\�SURJUHVV�KDSSHQV�RQ�
D�VSHFLILF�OHVLRQ�E\�WLPH��:LWK�WKLV�PRWLYDWLRQ��ZH�GHYHORS�D�
FORXG-EDVH�VNLQ�FDQFHU�PRQLWRULQJ�DQG�GLDJQRVLV�V\VWHP�WR�
KHOS�GRFWRUV�DFFXUDWHO\�GLDJQRVH�VNLQ�FDQFHUV��:H�XVH�PD�
FKLQH�OHDUQLQJ�DQG�LPDJH�SURFHVVLQJ�WHFKQLTXHV�WR�UHFRJQL]H�
VNLQ�OHVLRQ�LPDJHV�DQG�DOJRULWKPLFDOO\�FODVVLI\�WKHVH�OHVLRQV�
DV�PDOLJQDQW�RU�EHQLJQ�PHODQRPD��:H�FUHDWH�DQ\�WLPH�DQ\�
ZKHUH�DFFHVVLEOH�D�VHFXUH�FORXG�EDVHG�SODWIRUP�ZKHUH�LPDJ�
HV�RI�SDWLHQWV�VWRUHG�DQG�SURFHVVHG�DORQJ�ZLWK�WKH�SDWLHQW�
VSHFLILF�XQLGHQWLILHG�LQIRUPDWLRQ��'RFWRUV�DQG�SULPDU\�FDUH�
SURIHVVLRQDOV�ZKR�XVH�WKH�V\VWHP�FDQ�FROODERUDWH�ZLWK�HDFK�
RWKHU�RQ�SDWLHQW�VSHFLILF�GDWD��DQG�FDQ�KHOS�VDYH�PRUH�SHR�
SOH¶V�OLYHV�LQ�$UNDQVDV� 

SUHVHQWLQJ�� 
���SP—��SP 

+RPHWRZQ��)D\HWWHYLOOH��$5 
 



67(0�3RVWHUV�DW�WKH�FDSLWRO 

3$*(��� 
3267(5��� 

&RPSDULVRQ�RI�%0,��%0,-IRU-$JH�3HUFHQ�
WLOH��:HLJKW�6WDWXV�&DWHJRU\��DQG�=-6FRUH�
EHWZHHQ�DQ�,QWHUYHQWLRQ�*URXS�DQG�&RQ�
WURO�*URXS 
 

6\GQH\�9DQ�6F\RF��(OL]DEHWK�)DVW��DQG�'HWUL�%UHFK 
 
2XDFKLWD�%DSWLVW�8QLYHUVLW\��1XWULWLRQ�DQG�'LHWHWLFV�3URJUDP��$UNDGHO�
SKLD��$5 
 
7KH�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��&'&��UH�
SRUW�WKDW�����RI�$PHULFDQ�FKLOGUHQ��-���\HDUV�ROG�DUH�REHVH��
LQ�$UNDQVDV������RI�VFKRRO-DJHG�FKLOGUHQ�DUH�REHVH��,Q�
$UNDGHOSKLD��$UNDQVDV��FKLOGKRRG�REHVLW\�UDWHV�DUH�KLJKHU�
��������WKDQ�QDWLRQDO�DQG�VWDWH�SHUFHQWDJHV��7KHUHIRUH��SUR�
JUDPV�WR�ORZHU�ERG\�PDVV�LQGH[��%0,��DQG�LQFUHDVH�SK\VLFDO�
DFWLYLW\�LQ�FKLOGUHQ�DUH�QHHGHG��7KH�SXUSRVH�RI�WKH�VWXG\�ZDV�
WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�D�QXWULWLRQ�DQG�SK\VLFDO�DF�
WLYLW\�LQWHUYHQWLRQ�LQ�UHGXFLQJ�WKH�%0,�RI�UXUDO�$UNDQVDV�
FKLOGUHQ�DW�ULVN�IRU�FKLOGKRRG�REHVLW\��7KH�VWXG\�FRQVLVWHG�RI�
DQ�LQWHUYHQWLRQ�JURXS�DQG�D�FRQWURO�JURXS��$QWKURSRPHWULF�
GDWD�RI�SDUWLFLSDQWV��-���\HDUV�ROG�ZDV�FROOHFWHG�DW�WKH�EHJLQ�
QLQJ�DQG�HQG�RI�WKH�VHYHQ�ZHHN�SURJUDP��,W�ZDV�XVHG�WR�FDO�
FXODWH�%0,��%0,-IRU-DJH�SHUFHQWLOH��ZHLJKW�VWDWXV�FDWHJRU\��
DQG�%0,�]-VFRUHV��7KH�UHVHDUFKHUV�YLVLWHG�WKH�LQWHUYHQWLRQ�
JURXS�ZHHNO\�DQG�WDXJKW����PLQXWH�OHVVRQV�RQ�QXWULWLRQ�DQG�
SK\VLFDO�DFWLYLW\�WRSLFV��7KH�FRQWURO�JURXS�GLG�QRW�UHFHLYH�
WUHDWPHQW��$�WRWDO�RI�����FKLOGUHQ�ZHUH�DVVHVVHG�DQG����ZHUH�
SUHVHQW�DW�ERWK�DVVHVVPHQWV��7KH�RYHUDOO�PHDQ�%0,�IRU�ERWK�
JURXSV�LQFUHDVHG�RYHU�WKH�VXPPHU��KLJKOLJKWLQJ�WKH�QHHG�IRU�
PRUH�LQWHQVLYH��ORQJ-WHUP�QXWULWLRQ�DQG�SK\VLFDO�DFWLYLW\�LQ�
WHUYHQWLRQV�IRU�FKLOGUHQ�WR�FRPEDW�LQFUHDVLQJ�DGLSRVLW\� 

SUHVHQWLQJ 
���DP—����SP 

+RPHWRZQ��9DOOH\�&HQWHU��.6 



7HQ�<HDU�/RQJLWXGLQDO�6WXG\�0HDVXULQJ�
%RG\�0DVV�,QGH[��%RG\�0DVV� 
,QGH[-IRU-$JH�3HUFHQWLOH�DQG�:HLJKW� 
6WDWXV�&DWHJRU\�RI�&KLOGUHQ�LQ�D�5XUDO� 
6RXWKZHVW�$UNDQVDV�&RPPXQLW\  
 
(OL]DEHWK�)DVW��6\GQH\�9DQ�6F\RF��DQG�'HWUL�%UHFK 
 
2XDFKLWD�%DSWLVW�8QLYHUVLW\��1XWULWLRQ�DQG�'LHWHWLFV�3URJUDP��$UNDGHO�
SKLD��$5 
 
%RG\�PDVV�LQGH[��%0,��LV�XVHG�WR�LGHQWLI\�DQG�WUDFN�WKH�
SUHYDOHQFH�RI�RYHUZHLJKW�DQG�REHVLW\�LQ�FKLOGUHQ�ZKLFK�LV�
LPSRUWDQW�EHFDXVH�RI�WKH�LQFUHDVHG�KHDOWK�ULVNV�WKDW�DUH�
FDXVHG�E\�REHVLW\��7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�ZDV�WR�WUDFN�
WKH�%0,��%0,-IRU-DJH�SHUFHQWLOH��DQG�ZHLJKW�VWDWXV�FDWHJRU\�
RI�FKLOGUHQ�LQ�D�UXUDO�6RXWKZHVW�$UNDQVDV�FRPPXQLW\�RYHU�
WHQ�\HDUV��3DUWLFLSDQWV�LQ�WKH�VWXG\�ZHUH�FKLOGUHQ�DJHG�WKUHH�
WR�IRXUWHHQ�\HDUV�ZKR�DWWHQGHG�RQH�RI�WKH�VXPPHU�FKLOG�FDUH�
SURJUDPV�LQ�$UNDGHOSKLD��,QGLYLGXDO�FKLOGUHQ�ZHUH�IROORZHG�
DQG�GDWD�DQDO\]HG�IRU�HYHU\�\HDU�RI�WKHLU�SDUWLFLSDWLRQ��$�WR�
WDO�RI�����FKLOGUHQ�ZHUH�PHDVXUHG��7KH�QXPEHU�RI�PDOHV�DQG�
IHPDOHV�ZDV�����DQG������UHVSHFWLYHO\��(WKQLFLWLHV�UHSUHVHQW�
HG�ZHUH�:KLWH��Q ������$IULFDQ�$PHULFDQ��Q ������+LVSDQLF�
�Q �����$VLDQ��Q ����DQG�RWKHU��Q ����2I�WKH�SDUWLFLSDQWV��D�
FRKRUW�RI�����������ZHUH�WUDFNHG�IRU�WZR�RU�PRUH�\HDUV��
&RPSDULVRQV�EHWZHHQ�VWDUWLQJ�DQG�HQGLQJ�ZHLJKW�VWDWXVHV�
VKRZHG�VWDWLVWLFDO�VLJQLILFDQFH�IRU�FKLOGUHQ�WUDFNHG�RYHU�WZR�
\HDUV��S �������7KH�VLJQLILFDQFH�RI�WKH�GDWD�FRPSDULVRQV�IRU�
DOO�RWKHU�IROORZ�XS�SHULRGV�ZHUH��WKUHH�\HDUV�S ������IRXU�
\HDUV�S ������ILYH�\HDUV�S ������VL[�\HDUV�S ������DQG�VHYHQ�
\HDUV�S ����� 

3$*(��� 
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SUHVHQWLQJ�� 
���DP—���SP 

+RPHWRZQ��%ROLQJEURRN��,/ 



9DOLGDWLRQ� RI� ,QVHFW� &RQWURO� 7HUPLQDWLRQ�
7LPLQJ�LQ�$UNDQVDV�&RWWRQ 
 

+D\OHH� &DPSEHOO��� $PDQGD� 0DQQ����� -XVWLQ� &KOD�
SHFND���DQG�7�*��7HDJXH���� 
 
�$UNDQVDV�6WDWH�8QLYHUVLW\��-RQHVERUR��$5���8QLYHUVLW\�RI�$UNDQVDV�$J�
ULFXOWXUDO�([SHULPHQW�6WDWLRQ��-RQHVERUR��$5�� 
�8QLYHUVLW\�RI�$UNDQVDV�&RRSHUDWLYH�([WHQVLRQ�6HUYLFH��+DUULVEXUJ��$5 
 
8QLYHUVLW\� UHFRPPHQGDWLRQV� IRU� WHUPLQDWLRQ� RI� LQVHFW� SHVW�
FRQWURO�LQ�ODWH�VHDVRQ�FRWWRQ�DUH�EDVHG�RQ�PDWXULW\�RI�WKH�ODVW�
HFRQRPLFDOO\�VLJQLILFDQW�EROO��IUXLW��SRSXODWLRQ��&RWWRQ�EROOV�
KDYH� UHGXFHG� VXVFHSWLELOLW\� WR� GDPDJH� IURP� IHHGLQJ� E\� WDU�
QLVKHG� SODQW� EXJV� �/\JXV� OLQHRODULV�� DQG� %ROOZRUPV�
�+HOLFRYHUSD�]HD��E\�����''��¶V�DQG�����''��¶V�� UHVSHF�
WLYHO\�� DIWHU� IORZHULQJ�� )DUPHUV� VRPHWLPHV�PDNH� DXWRPDWLF�
LQVHFWLFLGH�DSSOLFDWLRQV� LQ� ODWH�VHDVRQ� WR�HQVXUH� WKDW�DOO�SHVW�
ULVNV�DUH�HOLPLQDWHG��$�VWXG\�ZDV�FRQGXFWHG�LQ������LQ�D����
DFUH�FRPPHUFLDO�FRWWRQ�ILHOG�LQ�3RLQVHWW�&RXQW\� WR�FRPSDUH�
XVH� RI� LQWHJUDWHG� SHVW� PDQDJHPHQW� �,30�� SUDFWLFHV� XVLQJ�
VFRXWLQJ� DQG� SODQW� PRQLWRULQJ� FRPSDUHG� WR� WKH� SUDFWLFH� RI�
DXWRPDWLF� LQVHFWLFLGH� DSSOLFDWLRQ�� 7KH� H[SHULPHQW� KDG� WZR�
WUHDWPHQWV��UHSOLFDWHG���WLPHV������DXWRPDWLF�LQVHFWLFLGH�VSUD\�
DQG�����XQWUHDWHG�FKHFN��3ORWV�ZHUH�����IW�ZLGH�DQG�H[WHQGHG�
WKH�OHQJWK�RI�WKH�ILHOG��3HVW�QXPEHUV�ZHUH�PRQLWRUHG�ZHHNO\�
EHIRUH� DQG� DIWHU� VSUD\� WHUPLQDWLRQ�� 2YHUDOO�� SHVW� GHQVLWLHV�
DQG�EROO�GDPDJH�ZDV�ORZ��DQG�WKHUH�ZHUH�QR�VLJQLILFDQW�GLI�
IHUHQFHV�EHWZHHQ�WUHDWPHQWV� LQ�FRWWRQ�\LHOG�RU� ILEHU�TXDOLW\��
7KH� ODWH� VHDVRQ� DSSOLFDWLRQ� ZDV� XQQHFHVVDU\�� 8QZDUUDQWHG�
SHVWLFLGH�XVH�IRU�FURS�SURWHFWLRQ�PD\�DIIHFW�HQYLURQPHQW�VXV�
WDLQDELOLW\� DQG� IDUP� SURILWDELOLW\� QHJDWLYHO\��  8VH� RI� ,30�
ZRXOG�EH�PRUH�EHQHILFLDO�WKDQ�DXWRPDWLF�VSUD\V�� 
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SUHVHQWLQJ 
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+RPHWRZQ��%U\DQW��$5 
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8VLQJ�*HRORJLFDO�)DFLHV�WR�(VWLPDWH�
&KURPDWH�6RUSWLRQ�WR�6RLOV 
 
.HQQHG\�6PLWK���9LFWRULD�6PLWK���'DMD�6FXUORFN���&KDXQWLOH�
QD�%XWOHU���(GGLH�+ROOLQV���7LP�6SHDUPDQ���-RKQ�'LFNVRQ���
'DQLHO�,��.DSODQ���DQG�*DUULHW�6PLWK�� 
 
�'HODZDUH�6WDWH�8QLYHUVLW\���/H0R\QH-2ZHQ�&ROOHJH���6DYDQQDK�6WDWH�
8QLYHUVLW\���8QLYHUVLW\�RI�$UNDQVDV�DW�3LQH�%OXII���;DYLHU�8QLYHUVLW\�RI�
/RXLVLDQD���6DYDQQDK�5LYHU�1DWLRQDO�/DERUDWRU\���8QLYHUVLW\�RI�6RXWK�
&DUROLQD�$LNHQ 
 
4XDQWLI\LQJ�WKH�H[WHQW�WR�ZKLFK�FRQWDPLQDQWV�ELQG�WR�VXEVXU�
IDFH�VRLOV�LV�LPSRUWDQW�IRU�ULVN�DVVHVVPHQW�DQG�GHYHORSLQJ�HQYL�
URQPHQWDO�UHPHGLDWLRQ�VWUDWHJLHV��8QIRUWXQDWHO\��VXEVXUIDFH�
VRLOV�YDU\�ZLGHO\�LQ�WKHLU�FRPSRVLWLRQ��ZKLFK�DIIHFWV�WKHLU�WHQ�
GHQF\�WR�ELQG�FRQWDPLQDQWV��7KH�K\SRWKHVLV�RI�WKLV�VWXG\�ZDV�
SUHGLFDWHG�RQ�KRZ�D�EHWWHU�XQGHUVWDQGLQJ�RI�JHRORJLFDO�IDFLHV�
ZRXOG�UHGXFH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�FRQWDPLQDQW�VRUSWLRQ��
)DFLHV�DUH�H[SHFWHG�WR�KDYH�VLPLODU�DVVHPEODJHV�RI�PLQHUDOV��
SDUWLFOH�VL]H�GLVWULEXWLRQV��RULJLQV�RI�RUJDQLF�PDWWHU��DQG�VLPLODU�
PLFURELDO�SRSXODWLRQ�VWUXFWXUHV��7KH�DSSURDFK�RI�WKLV�VWXG\�ZDV�
WR�FROOHFW����FRPSRVLWH�VRLO�VDPSOHV�IURP�D���P�E\�����P�JULG�
RXWFURS�LQ�*UDQLWHYLOOH��6RXWK�&DUROLQD�DQG�ILYH�HQG-PHPEHU�
IDFLHV�VDPSOHV��7KH�IUDFWLRQ�RI�HDFK�RI�WKH�ILYH�IDFLHV�FRPSULV�
LQJ�WKH����FRPSRVLWH�VRLO�VDPSOHV�ZHUH�HVWLPDWHG��3DUWLFOH�VL]H�
GLVWULEXWLRQ��DQG�LURQ�FRDWLQJ�FRQWHQW��ZHUH�GHWHUPLQHG�IRU�HDFK�
FRPSRVLWH�VRLO�DQG�WKH�ILYH�HQG-PHPEHU�IDFLHV�VRLOV��$OVR��KH[�
DYDOHQW�FKURPLXP��&U��ZDV�XVHG�DV�D�PRGHO�FRQWDPLQDQW�WR�
SURYLGH�D�PHDVXUH�RI�FRQWDPLQDQW�VRUSWLRQ��&KURPLXP�GLVWULEX�
WLRQ�FRHIILFLHQWV��.G� �&UVRLO�&UZDWHU��ZHUH�PHDVXUHG��6LJQLIL�
FDQW�FRUUHODWLRQV�ZHUH�LGHQWLILHG�EHWZHHQ�VHYHUDO�VRLO�FKHPLFDO�
DQG�PLFURELDO�SURSHUWLHV�DOWKRXJK�ODUJH�DPRXQW�RI�LQKHUHQW�HU�
URU�FKDUDFWHUL]HG�WKH�FDOFXODWHG�YDOXHV��$GGLWLRQDO�ZRUN�LV�
QHHGHG�WR�GHWHUPLQH�WKH�DSSOLFDELOLW\�RI�WKLV�DSSURDFK�IRU�UHPH�
GLDWLRQ�RI�FRQWDPLQDWHG�VLWHV�� 

SUHVHQWLQJ�� 
���DP—���SP 

+RPHWRZQ��/LWWOH�5RFN��$5 
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7KH�5HJXODWLRQ�RI�&<3�%��E\�,QIODPPD�
WLRQ�LQ�+XPDQ�+HSDWRF\WHV 
 
6KDPDUD�6��/DZUHQFHD���+XQJ-&KXQ�7XQJE��DQG�
:HQ�;LHE� 

 

�8QLYHUVLW\�RI�$UNDQVDV�DW�3LQH�%OXII��3LQH�%OXII��$5���0ROHFXODU�3KDU�
PDFRORJ\��6853��8QLYHUVLW\�RI�3LWWVEXUJK��3LWWVEXUJK��3$ 
 

&KURQLF�LQIODPPDWRU\�OLYHU�GLVHDVH�LV�DVVRFLDWHG�ZLWK�LQ�
FUHDVHG�OHYHO�RI�&<3�%��LQ�KXPDQ�OLYHU��7KH�REMHFWLYH�RI�
WKLV�VWXG\�LV�WR�DVVHVV�WKH�FRQWULEXWLRQ�RI�&<3�%��LQ�KXPDQ�
KHSDWRF\WHV�WUHDWHG�ZLWK�SUR-LQIODPPDWRU\�F\WRNLQHV��DQG�WR�
GHWHUPLQH�LI�1)-ț%�VLJQDOLQJ�SDWKZD\�LV�UHVSRQVLEOH�IRU�WKH�
UHJXODWLRQ�RI�&<3�%��LQ�KXPDQ�KHSDWRF\WHV�XQGHU�LQIODP�
PDWRU\�FRQGLWLRQ��5HDO-WLPH�3&5�DQG�ZHVWHUQ�EORW�DQDO\VHV�
ZHUH�SHUIRUPHG�WR�H[DPLQH�WKH�H[SUHVVLRQ�RI�&<3�%��LQ�
+X+��FHOOV�DQG�KXPDQ�SULPDU\�KHSDWRF\WHV��+3+V��WUHDWHG�
ZLWK�1)-ț%�DFWLYDWRUV��WXPRU�QHFURVLV�IDFWRU�DOSKD��71)-�Į��
DQG�SKRUERO���-P\ULVWDWH���-DFHWDWH��30$���IRU����KRXUV��
7KH�UHJXODWLRQ�RI�&<3�%��E\�1)-ț%�SDWKZD\�ZDV�LQYHVWL�
JDWHG�E\�XVLQJ�1)-ț%�LQKLELWRU��S\UUROLGLQH�GLWKLRFDUEDPDWH�
�3'7&���7KH�UHVXOWV�VKRZ�WKDW�&<3�%��ZDV�LQGXFHG�LQ�ERWK�
+XK��DQG�+3+V�WUHDWHG�ZLWK�71)-Į�DQG�30$��+RZHYHU��
SKDUPDFRORJLFDO�LQKLELWLRQ�RI�1)-ț%�VLJQDOLQJ�GLG�QRW�
VKRZHG�DQ\�VLJQLILFDQW�GHFUHDVH�LQ�&<3�%��H[SUHVVLRQ�GXU�
LQJ�LQIODPPDWLRQ��,Q�FRQFOXVLRQ��&<3�%��H[SUHVVLRQ�LV�LQ�
GXFLEOH�LQ�KXPDQ�KHSDWRF\WHV�WUHDWHG�ZLWK�71)-�Į�DQG�30$��
VXJJHVWLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�&<3�%��DQG�KHSDWLF�
SDUHQFK\PDO�LQIODPPDWLRQ��+RZHYHU��WKH�LQIODPPDWRU\�DFWL�
YDWLRQ�RI�&<3�%��LV�QRW�PHGLDWHG�E\�1)-ț%�VLJQDOLQJ�SDWK�
ZD\�� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��3RUWODQG��-DPDLFD 



3$*(��� 
3267(5���� 

3KHQRPLFV�6WXG\�RI�$UDELGRSVLV�/LQHV�2YHUH[�
SUHVVLQJ� *HQHV� LQ� 0\R-,QRVLWRO� 3DWKZD\� WR�
$VFRUEDWH�XQGHU�:DWHU�'HILFLW�6WUHVV 
 
-RUGDQ� ,YHUVRQ��� -HVVLFD� 3�� <DFWD\R-&KDQJ��� 1LUPDQ�
1HSDO���1DWDOLH�7XUQHU���=DFKDU\�&DPSEHOO���DQG�$UJH�
OLD�/RUHQFH� 

 
�8QLYHUVLW\�$UNDQVDV�3LQH�%OXII��3LQH�%OXII��$5���$UNDQVDV�6WDWH�8QL�
YHUVLW\��-RQHVERUR��$5 
 
9LWDPLQ�&��/-DVFRUELF�DFLG��DVFRUEDWH��$V$��LV�WKH�PRVW�DEXQGDQW�
ZDWHU-VROXEOH�DQWLR[LGDQW� IRXQG� LQ�SODQWV��$VFRUEDWH�IXQFWLRQV�DV�
DQ� HQ]\PH� FRIDFWRU�� D� UDGLFDO� VFDYHQJHU�� DQG� SURWHFWV� WLVVXHV�
DJDLQVW�GDPDJH�FDXVHG�E\�UHDFWLYH�R[\JHQ�VSHFLHV�SURGXFHG�IURP�
VWUHVVHV�VXFK�DV�ZDWHU�GHILFLW��VRLO�VDOLQLW\��FROG��DQG�KHDW��7KHUH�LV�
D�QHHG�WR�LQFUHDVH�SURGXFWLYLW\�RI�FURSV�FDSDEOH�RI�WKULYLQJ�XQGHU�
FKDOOHQJLQJ�HQYLURQPHQWDO� FRQGLWLRQV��$�SRWHQWLDO� VROXWLRQ� LV�GH�
YHORSPHQW�RI�JHQHWLFDOO\�PRGLILHG�SODQWV�ZLWK�HQKDQFHG�QXWULWLRQ�
DO�YDOXH�� LPSURYHG� WROHUDQFH� WR� VWUHVVHV��DQG�VXSHULRU�\LHOGV��2XU�
ODERUDWRU\�KDV�VWXGLHG�IRXU�HQ]\PHV�LQYROYHG�LQ�$V$�ELRV\QWKHVLV�
YLD�P\R-LQRVLWRO�SDWKZD\��P\RLQRVLWRO�R[\JHQDVH��0,2;���JOXFX�
URQDWH�UHGXFWDVH��*OF85���JXORQRODFWRQDVH��*1/���DQG�/-JXORQR-
���-� ODFWRQH�R[LGDVH��*X,/2���:H�VWXGLHG�HIIHFW�RI�ZDWHU� OLPLWD�
WLRQ�VWUHVV�RQ�WKH�JURZWK�DQG�KHDOWK�RI�$UDELGRSVLV�WKDOLDQD�OLQHV�
RYHU-H[SUHVVLQJ� $W0,2;�� $W*1/�� $W*X,/2�� DQG� U*X,/2� HQ�
]\PHV�� 7R� PHDVXUH� SODQW� JURZWK� DQG� KHDOWK�� ZH� XVHG� D� KLJK�
WKURXJKSXW� SKHQRW\SLQJ� SODWIRUP� HTXLSSHG� ZLWK� YLVLEOH�� IOXRUHV�
FHQFH�� DQG� QHDU� LQIUDUHG� FDPHUDV�� :H� FRPSOHPHQWHG� GDWD� ZLWK�
SKRWRV\QWKHWLF�SDUDPHWHUV�PHDVXUHG�XVLQJ�D�KDQG-KHOG� IOXRURPH�
WHU�� $VFRUEDWH� PHDVXUHPHQWV� ZHUH� GRQH� YLD� DQ� HQ]\PH� EDVHG�
VSHFWURSKRWRPHWULF�DVVD\��2XU�ILQGLQJV�VKRZ�RYHU-H[SUHVVHUV�KDG�
KLJKHU�IROLDU�$V$�FRQWHQW��GLVSOD\HG�KHDOWKLHU�FRORU��ZDWHU�FRQWHQW�
DQG� FKORURSK\OO� IOXRUHVFHQFH� SURILOHV�� DQG� KLJKHU� OLQHDU� HOHFWURQ�
IORZ�WKDQ�ZLOG�W\SH�FRQWUROV�� 

SUHVHQWLQJ�� 
����DP—���SP 

+RPHWRZQ��3LQH�%OXII��$5 



67(0�3RVWHUV�DW�WKH�FDSLWRO 

3$*(��� 
3267(5���� 

,VRODWLQJ�([RVRPHV�8VLQJ�7XPRU-6SHFLILF�
$QWLERGLHV�LQ�WKH�6HUXP�DQG�$VFLWHV�RI�
&DQFHU�3DWLHQWV 
 
6\OYLD�6]ZHGR��DQG�.DUHQ�$EERWW� 

 
�&KHPLVWU\� 'HSDUWPHQW�� 8QLYHUVLW\� RI� $UNDQVDV� DW� /LWWOH� 5RFN�� /LWWOH�
5RFN��$5���%LRFKHPLVWU\�'HSDUWPHQW��8QLYHUVLW\�RI�$UNDQVDV�IRU�0HGL�
FDO�6FLHQFHV��/LWWOH�5RFN��$5 
 
([RVRPHV�DUH�VPDOO�PXOWLIXQFWLRQDO�YHVLFOHV�WKDW�DUH�ULFK�LQ�
SURWHLQV�DQG�QXFOHLF�DFLGV�DQG�RFFXU�LQ�WKH�EXGGLQJ�VWDJH�RI�
ODWH�HQGRVRPHV��,W�KDV�EHHQ�VXJJHVWHG�WKDW�WKH�UHOHDVH�RI�H[R�
VRPHV�SOD\�D�UROH�LQ�FHOO-FHOO�FRPPXQLFDWLRQ�LQ�QRUPDO�DQG�
SDWKRORJLFDO�VWDWHV�VXFK�DV�FDQFHU��2YDULDQ�FDQFHU�LV�WKH�
OHDGLQJ�FDXVH�RI�DOO�J\QHFRORJLFDO�PDOLJQDQFLHV�DQG�LV�WKH�
IRFXV�RI�RXU�SURMHFW��:H�DQDO\]HG�WKH�H[RVRPH�SURWHLQV�IURP�
QRUPDO�SDWLHQWV�DQG�RYDULDQ�FDQFHU�SDWLHQWV�XVLQJ�OHFWLQV�DQG�
DQWLERGLHV�WR�GHWHUPLQH�WKH�JO\FDQV�WKDW�DUH�FKDQJLQJ�LQ�
RYDULDQ�FDQFHU�H[RVRPHV��7KH�RYHUDOO�DLP�LV�WR�XVH�JO\FRSUR�
WHRPLFV�WR�LGHQWLI\�WKH�JO\FRSURWHLQV�SUHVHQW�RQ�WKH�H[R�
VRPHV��,Q�RUGHU�WR�GR�VR��WKH�H[RVRPHV�PXVW�EH�WDJJHG�DQG�
LVRODWHG�IURP�WKH�VHUXP�DQG�DVFLWHV�VDPSOHV�RI�RYDULDQ�FDQ�
FHU�FHOOV�XVLQJ�WKH�SURYLGHG�DQWLERGLHV��:HVWHUQ�EORW�DQG�
PDVV�VSHFWURPHWU\�WHFKQLTXHV�DUH�XVHG�WR�HQVXUH�WKH�SURFHVV��
$V�D�UHVXOW��H[RVRPH�H[WUDFWLRQ�KDV�VKRZQ�SURPLVLQJ�RXW�
FRPHV�WR�WKH�SURMHFW�DQG�ZLOO�FRQWLQXH�WR�EH�IXUWKHU�LQYHVWL�
JDWHG��6XFFHVVIXO�LGHQWLILFDWLRQ�RI�WKH�SURWHLQV�IRXQG�RQ�H[R�
VRPHV�PD\�SURYLGH�DQ�HIILFLHQW�GHWHFWLYH�VFUHHQLQJ�PHWKRG�
IRU�ZRPHQ�ZLWK�RYDULDQ�FDQFHU��� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��/LWWOH�5RFN��$5 
 



67(0�3RVWHUV�DW�WKH�FDSLWRO 

3$*(��� 
3267(5��� 

8VH�RI�F\WRVLQH-EDVHG�WDXWRPHULFDOO\�DP�
ELJXRXV�QXFOHRVLGHV�IRU�LQGXFWLRQ�RI�YLUDO�
PXWDJHQHVLV 
 
&DUOLH�&OHP�DQG�9LQFHQW�'XQODS 
 
'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��+HQGHUVRQ�6WDWH�8QLYHUVLW\���
$UNDGHOSKLD��$5 
 
+DUPIXO�YLUXVHV�KDYH�SRVHG�D�WKUHDW�WR�WKH�KXPDQ�UDFH�IRU�
JHQHUDWLRQV��,Q�SDUWLFXODU��WKH�KXPDQ�LPPXQRGHILFLHQF\�
YLUXV��+,9��KDV�EHHQ�QRWDEO\�GDPDJLQJ�WR�WKH�LQGLYLGXDO�
DQG�VRFLHW\�DOLNH��$OWKRXJK�GUXJV�WR�WUHDW�+,9�H[LVW��WKH\�
DUH�KDUVK�DQG�RIWHQ�UHVXOW�LQ�QHJDWLYH�VLGH�HIIHFWV��7KH�ORZ�
ILGHOLW\�UHSOLFDWLRQ�HQ]\PHV�WKDW�WKH�YLUXV�UHSOLFDWHV�ZLWK�
FRQWULEXWHV�WR�WKH�UHODWLYH�VXFFHVV�RI�WKH�YLUXV¶V�DELOLW\�WR�
HYDGH�DQWLYLUDO�PHGLFDWLRQV��EXW�FDQ�EH�H[SORLWHG�WR� 
GHYHORS�QHZ�DQWLYLUDO�DJHQWV��7KLV�UHVHDUFK�IRFXVHV�RQ� 
YLUDO�PXWDJHQHVLV��RU�WKH�LQWURGXFWLRQ�RI�LQWHQWLRQDO�HUURUV�
LQ�WKH�JHQRPH�RI�WKH�YLUXV��7KHVH�UHVXOWLQJ�PXWDWLRQV�ZLOO�
OHDG�WKH�'1$�WR�UHDFK�HUURU�FDWDVWURSKH�DQG�DEODWH��7KH�
PHWKRG�E\�ZKLFK�HUURU�ZLOO�RFFXU�LV�WKH�DVVLPLODWLRQ�RI�
V\QWKHVL]HG�F\WRVLQH�EDVHG�QXFOHRVLGHV�ZLWK�DPELJXRXV�
K\GURJHQ�ERQGLQJ�IDFHV�UHVXOWLQJ�IURP�WDXWRPHULF�VKLIW��
7KHVH�VKLIWV�ZLOO�OHDG�WR�WKH�PLVSDLULQJ�RI�'1$�DQG�D� 
GHFUHDVH�LQ�VWDELOLW\�RI�WKH�GXSOH[�PROHFXOH��3UHVHQWHG�KHUH�
DUH�WKH�GHWDLOV�RI�WKH�GHVLJQHG�QXFOHRVLGHV¶�V\QWKHVLV� � 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��7H[DUNDQD��7; 



,Q�SXUVXLW�RI�D�IDPLO\�RI�$QWLPDODULDO�PHGL�
FLQHV 
 
(PLO\�:LOOLIRUG�DQG�0DUWLQ�&DPSEHOO� 
 
'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��+HQGHUVRQ�6WDWH�8QLYHUVLW\��
$UNDGHOSKLD��$5 
 
0DODULD�FRQWLQXHV�WR�EH�D�PDMRU�GLVHDVH�DFURVV�PXFK�RI�
$IULFD�DQG�6RXWKHDVW�$VLD��UHVXOWLQJ�LQ�DQ�HVWLPDWHG�
��������GHDWKV�IURP�RYHU�����PLOOLRQ�LQGLYLGXDO� 
FDVHV�� $OWKRXJK�PDQ\�FRQWURO�DSSURDFKHV�DUH�RQJRLQJ��
WKHUH�LV�D�FRQVWDQW�QHHG�IRU�QHZ�PHGLFLQHV�WR�WUHDW�WKRVH�
LQIHFWHG��HVSHFLDOO\�WKH�NLGV�� 5HFHQWO\��*OD[R6PLWK.OLQH��
LQ�FRPELQDWLRQ�ZLWK�RWKHUV��UHOHDVHG�D�FRPSXWHU�VWXG\�RI�D�
YDULHW\�RI�FKHPLFDO�VWUXFWXUHV�SUHGLFWHG�WR�EH�XVHIXO�LQ�
WUHDWLQJ�PDODULD��2QH�RI�WKH�VWUXFWXUHV�LQYROYHG�D�VHULHV�RI�
WKUHH�ULQJV��KHOG�WRJHWKHU�E\�D�IDLUO\�FRPPRQ�RUJDQLF� 
OLQNDJH��DQ�DPLGH�JURXS�� 7KH�VWUXFWXUH�DSSHDUV�WR�EH�IDLUO\�
HDV\�WR�DVVHPEOH��DOWKRXJK�RQH�RI�WKH�FRPSRQHQWV�ZLOO�EH�
FKDOOHQJLQJ��$�YDULHW\�RI�VLPSOH�YDULDWLRQV�RQ�WKH�WKUHH�
ULQJV�VKRXOG�OHDG�WR�PDNH�D�QXPEHU�RI�VLPLODU�FRP�
SRXQGV�� 2QFH�SUHSDUHG��WKHVH�FRPSRXQGV�ZLOO�EH�WHVWHG�
IRU�JHQHUDO�WR[LFLW\��DQG�VSHFLILFDOO\�IRU�HIIHFWLYHQHVV�LQ�
NLOOLQJ�WKH�PDODULD�SDUDVLWH� 

3$*(��� 
3267(5���� 

SUHVHQWLQJ�� 
���DP—���SP 

+RPHWRZQ��+RW�6SULQJV��$5 



&RSSHU-%DVHG�1DQRFDWDO\VW�IRU�+\GUR�
JHQ�3URGXFWLRQ 
 
3DORPD�6DOD]DU��6DNU�(OVDLGL��0DULQD�$YUDP��'DQLHO�
1GH��DQG�:HL�=KDR� 
 
&KHPLVWU\� 'HSDUWPHQW�� 8QLYHUVLW\� RI� $UNDQVDV� DW� /LWWOH� 5RFN�� /LWWOH�
5RFN��$5 
 
8VLQJ�FDUERQ-IUHH�HQHUJ\�VRXUFHV��H�J���VRODU�DQG�ZLQG��WR�
VSOLW�ZDWHU�DQG�SURGXFH�K\GURJHQ�IXHO�LV�D�SURPLVLQJ�UHQHZD�
EOH�DQG�VXVWDLQDEOH�VROXWLRQ�WR�UHGXFH�FDUERQ�SROOXWLRQ�DQG�
JOREDO�FOLPDWH�FKDQJH��)URP�YROFDQR�VWXGLHV��RXU�K\SRWKHVLV�
LV�WKDW�D�FRSSHU�R[LGH-EDVHG�QDQRFDWDO\VW�FDQ�HIILFLHQWO\�SHU�
IRUP�WKH�K\GURJHQ�HYROXWLRQ�UHDFWLRQ��KHQFH�DOORZLQJ�XV�WR�
REWDLQ�K\GURJHQ�WKDW�FRXOG�EH�VWRUHG�LQ�IXHO�FHOOV�� 2XU�PHWK�
RGV�ILUVW�UHTXLUHG�FDUERQL]LQJ�DOJDH�FHOOV�XVLQJ�D�ELRWHPSODWH�
DSSURDFK��2XU�FRSSHU�R[LGH�QDQRFDWDO\VW�ZDV�WKHQ�JURZQ�RQ�
WKH�UHFRYHUHG�F&HOOV�XVLQJ�D�K\GURWKHUPDO�UHDFWLRQ�� :H�H[�
DPLQHG�WKH�HOHFWURFDWDO\WLF�SURSHUWLHV�RI�WKH�FDWDO\VW�XVLQJ�
OLQHDU�VZHHS�YROWDPPHWU\�DQG�F\FOLF�YROWDPPHWU\�RQ�JODVV\�
FDUERQ�DQG�QLFNHO�IRDP�HOHFWURGHV��2XU�UHVXOWV�ZHUH�WKDW�WKH�
FDWDO\VW�VKRZHG�SRRU�SHUIRUPDQFH�RQ�JODVV\�FDUERQ��D�SRWHQ�
WLDO�RI�-����9�FRPSDUHG�WR�D�3W�&�EHQFKPDUN�RI�-����9�DW�D�
FXUUHQW�RI���P$�FP���� +RZHYHU��WKH�FDWDO\VW�SHUIRUPHG�EHW�
WHU�RQ�WKH�QLFNHO�IRDP�HOHFWURGH��D�SRWHQWLDO�RI�-����9�FRP�
SDUHG�WR�D�3W�&�RI�����9�DW�D�FXUUHQW�RI�����P$�FP����,Q�
FRQFOXVLRQ��WKH�FRSSHU�R[LGH�FDWDO\VW�ZLWK�PRGLILFDWLRQ�
VKRZV�SURPLVLQJ�SHUIRUPDQFH�IRU�K\GURJHQ�HYROXWLRQ�UHDF�
WLRQ�� ,Q�WKH�IXWXUH��ZH�ZLOO�UHGXFH�WKH�DPRXQW�RI�R[LGHV�DW�
WDFKHG�WR�WKH�FRSSHU�WR�HQKDQFH�LWV�SHUIRUPDQFH�IRU�K\GURJHQ�
SURGXFWLYLW\�� 

67(0�3RVWHUV�DW�WKH�FDSLWRO 

3$*(��� 
3267(5���� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��/LWWOH�5RFN��$5 



3$*(��� 
3267(5���� 

,URQ-,QGXFHG�'HFRPSRVLWLRQ�RI�*UHHQ�
KRXVH�*DVHV�ZLWK�6LJQLILFDQW�*OREDO�
:DUPLQJ�DQG�2]RQH�'HSOHWLQJ�3RWHQWLDOV 
 
&KULVWRSKHU�/��(PPHUOLQJ��$QJHOD�%��(GHQ��DQG�
:LOOLDP�6��7D\ORU 
 
'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5 
 
,RQV�RI� LURQ�FKORULGH�� LURQ�EURPLGH�� DQG� LURQ� LRGLGH� UHDFWHG�
ZLWK� WKUHH� JUHHQKRXVH� JDVHV�� QDPHO\�� LRGRWULIOXRURPHWKDQH��
EURPRWULIOXRURPHWKDQH� �+DORQ� ������� DQG� FKORURWULIOXRUR�
PHWKDQH��)UHRQ�5-�����7KHVH�FRPSRXQGV�KDYH�EHHQ�ZLGHO\�
XVHG� DV� UHIULJHUDQWV� DQG� ILUH-VXSSUHVVDQWV� DQG� KDYH� EHHQ�
VKRZQ�WR�KDYH�QHJDWLYH�LPSDFWV�ZKHQ�UHOHDVHG�LQWR�WKH�HQYL�
URQPHQW��7KH�UHDFWLRQV�H[DPLQHG�KHUH�ZHUH�FDUULHG�RXW�LQ�WKH�
JDV�SKDVH�DW�URRP�WHPSHUDWXUH�DQG�ORZ�SUHVVXUH��7KH�DSSD�
UDWXV� XVHG� LQ� WKLV�ZRUN� HPSOR\V�PDVV� VSHFWURPHWU\� �ZKLFK�
UHYHDOV�FKHPLVWU\�GRQH�EDVHG�RQ�PDVV�DQG�FKDUJH��WR�FKDUDF�
WHUL]H�UHDFWLRQ�SURGXFWV��,Q�WKH�ZRUN�UHSRUWHG�KHUH��WKH�WKUHH�
LURQ-FRQWDLQLQJ�UHDFWDQW�LRQV�LQLWLDWHG�VHYHUDO�GLVWLQFW�GHFRP�
SRVLWLRQ� SDWKZD\V� ZLWK� WKHVH� HQYLURQPHQWDOO\� XQIULHQGO\�
JDVHV��%\� UHYHDOLQJ� WKH�QDWXUH�RI� WKHVH�SURFHVVHV�� WKLV�ZRUN�
VHHNV�WR�JDLQ�LQVLJKWV�WKDW�FDQ�EH�DSSOLHG�WR�WKH�GHVLJQ�RI�FDW�
DO\WLF� SURFHVVHV� IRU� UHPHGLDWLRQ� RI� WKHVH� HQYLURQPHQWDOO\-
VXVSHFW�FRPSRXQGV��7KH�HFRQRPLF�LPSDFW�RI�FDWDO\WLF�FKHP�
LVWU\�LV�VXEVWDQWLDO��5HSUHVHQWLQJ�a����RI�ZRUOG�*'3�DQQX�
DOO\��FDWDO\WLF�SURFHVVHV�DUH�LQYROYHG�LQ�WKH�SURGXFWLRQ�RI�DQ�
HVWLPDWHG�����RI� DOO� FKHPLFDO�SURGXFWV��$V� D� FDWDO\VW�� LURQ�
KDV�FHUWDLQ�DGYDQWDJHV��,W�LV�LQH[SHQVLYH��DEXQGDQW��DQG�UHOD�
WLYHO\�QRQ-WR[LF��2XU�UHVXOWV�KDYH�UHYHDOHG�WKDW�E\�WXQLQJ�WKH�
LURQ� FHQWHU� ZLWK� WKH� DSSURSULDWH� VXEVWLWXHQWV�� LWV� DELOLW\� WR�
LQLWLDWH�FKHPLVWU\�FDQ�EH�JUHDWO\�HQKDQFHG�� 

SUHVHQWLQJ�� 
���DP—���SP 

+RPHWRZQ��/LWWOH�5RFN��$5 



67(0�3RVWHUV�DW�WKH�FDSLWRO 

3$*(��� 
3267(5���� 

$SSO\LQJ�1DQR�6HQVRUV�8VLQJ�5HGXFHG�
*UDSKHQH�2[LGH�WR�'HWHFWLRQ�3KRVSKDWH 
� 
5REHUW�5RJHUV�DQG�$QDKLWD�,]DG\DU 
 
'HSDUWPHQW� RI� &KHPLVWU\� DQG� 3K\VLFV�� $UNDQVDV� 6WDWH� 8QLYHUVLW\�� 32�
%R[������6WDWH�8QLYHUVLW\��$5��������86$� 
 
7KH�JUDSKHQH-�LRQ�WUDQVIHU�VWULSSLQJ�YROWDPPHWU\��,769��
SKRVSKDWH�DQDO\]HU�ZLOO�DOORZ��IRU�WKH�ILUVW�WLPH��UHDO-WLPH�
PRQLWRULQJ�RI�SKRVSKDWH�LQ�WKH�HQYLURQPHQW��ZDWHU�WUHDWPHQW�
DQG�ZDVWHZDWHU�WUHDWPHQW��8QWLO�QRZ��RQO\�WLPH-FRQVXPLQJ�
UHDJHQW-EDVHG�FRORULPHWULF�WHVWLQJ�ZDV�WKH�DQ�
VZHU�� 0RQLWRULQJ�DQG�FRQWUROOLQJ�SKRVSKRURXV�LQ�ZDWHUV�DQG�
LQ�ZDWHU�WUHDWPHQW�LV�FHQWUDO�WR�ILVFDO�HIILFDF\�LQ�HQYLURQPHQ�
WDO�GHJUDGDWLRQ�WR�RXU�VXUIDFH�ZDWHUV�FDXVHG�E\�QXWULHQW�ORDG�
LQJ��7R�PRQLWRU�VSDWLDO�DQG�WHPSRUDO�FKDQJHV�LQ�SKRVSKRUXV�
FRQFHQWUDWLRQ��RQH�PXVW�EH�DEOH�WR�PHDVXUH��LQ�UHDO�WLPH��LWV�
PDLQ�FRQVWLWXHQW��RUWKRSKRVSKDWH��7KH�VHQVRU�ZH�SURSRVH�
ZLOO�EH�WKH�ILUVW�DQDO\WLFDO�WRRO�WKDW�FDQ�GR�WKLV��DQG�LW�LV�
SULPHG�WR�EH�D�GLVUXSWLYH�LQQRYDWLRQ�LQ�DOO�WKUHH�DUHDV�RI�
GULQNLQJ�ZDWHU��ZDVWHZDWHU�DQG�HQYLURQPHQWDO�PRQLWRULQJ��,W�
ZLOO�PHDVXUH�SKRVSKRUXV�EDVHG�RQ�LRQ�WUDQVIHU�VWULSSLQJ�YROW�
DPPHWU\��D�QRYHO�XVH�RI�JUDSKHQH�HPEHGGHG�PHPEUDQH��DQG�
DQ�LRQRSKRUH�VHOHFWLYH�WR�SKRVSKRUXV—WULEXW\OWLQ�FKORULGH��
:H�H[SHFW�DELOLW\�WR�PHDVXUH�DQ�XQSUHFHGHQWHG�UDQJH�RI�
SKRVSKDWH�FRQFHQWUDWLRQV��,W�ZLOO�SDYH�WKH�ZD\�IRU�VHQVRUV�
WKDW�FDQ�PHDVXUH�D�ZLGH�UDQJH�RI�FRQWDPLQDQWV�LQ�VXUIDFH�
ZDWHUV��GULQNLQJ�ZDWHU�DQG�ZDVWHZDWHU��UHGXFLQJ�UHOLDQFH�IRU�
ZDWHU�TXDOLW\�WHVWLQJ�RQ�H[SHQVLYH�ODERUDWRU\�HTXLSPHQW�VXFK�
DV�*&-06��,&��,&3-2(6��,&3-06�DQG�$$��7UHDWPHQW�SODQWV�
DQG�ILHOG�VFLHQWLVWV�ZLOO�EH�DEOH�WR�DIIRUG�UHDO�WLPH�DQDO\VLV�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��/LWWOH�5RFN��$5 



3$*(��� 
3267(5��� 

5HPRYDO�RI�DQ�HQGRFULQH�GLVUXSWLQJ�FRQ�
WDPLQDQW�E\�FOD\-OLNH�R[LGHV�� 
 
.ULVWLDQD�:DWVRQ�� 6DHHG�$O-$KPDU\�� %U\DQW� )RQJ��
5RQQLH�5X\RQJD��DQG�+DVKLP�$OL 
 
&KHPLVWU\�DQG�3K\VLFV�'HSDUWPHQW��$UNDQVDV�6WDWH�8QLYHUVLW\�� 
-RQHVERUR��$5 
 
��QRQ\OSKHQRO���-Q-13��LV�D�FRQWDPLQDQW�WKDW�KDV�EHHQ�IRXQG�
WR�GLVUXSW� WKH�IXQFWLRQV�RI�VHYHUDO� �HQGRFULQH��JODQGV� LQ�RXU�
ERGLHV��  ,W� LV� D�PDMRU� FRPSRQHQW� RI� FOHDQLQJ� DJHQWV�� GHWHU�
JHQWV��SHVWLFLGHV��SODVWLF� IRRG�SDFNDJLQJ�DQG�RWKHU�FRVPHWLF�
SURGXFWV��7KH�LQFUHDVH�LQ�WKH�XVH�RI�WKHVH�FRPPHUFLDO�SURG�
XFWV��FRXSOHG�ZLWK�IDWLJXHG�ZDVWHZDWHU�WUHDWPHQW�SODQWV�KDYH�
FRQWULEXWHG� WR� WKH� REVHUYDWLRQ� RI� WKHVH� FRQWDPLQDQWV� LQ�
DTXDWLF� HQYLURQPHQWV��  2XU� UHVHDUFK� ZDV� DLPHG� DW� ILQGLQJ�
ZD\V� LQ� ZKLFK� ZH� FDQ� UHPRYH� WKHVH� FRQWDPLQDQWV� IURP�
ZDVWH�ZDWHU��  2XU�VWXGLHV�KDYH�VKRZQ�WKDW�IRU� WKH�WZR�FOD\-
OLNH�R[LGHV�VWXGLHG��RQH�RI�WKHP��JRHWKLWH��FRXOG�UHPRYH�WKH�
�-Q-13�IURP�ZDVWH�ZDWHU�DW�D�IDVWHU�UDWH��EXW�ZLWK�D�ORZ�FD�
SDFLW\��7KH� RWKHU� FOD\�PDWHULDO� �KHPDWLWH��� UHPRYHV� �-Q-13�
DW�D� VORZHU� UDWH��EXW�FDQ� UHPRYH��� WLPHV�PRUH��-Q-13� WKDQ�
JRHWKLWH��  :H�DUH�FRQWLQXLQJ�WR�ILQG�LI�D�FHUWDLQ�FRPELQDWLRQ�
RI� WKHVH�FOD\V�FDQ� OHDG� WR�D� IDVWHU� UHPRYDO�SURFHVV��ZLWKRXW�
ORVV�RI�FDSDFLW\�� 
 
$FNQRZOHGJPHQWV�� 
7KLV�UHVHDUFK�ZDV�GRQH�DV�SDUW�RI�WKH�$UNDQVDV�6WDWH�8QLYHUVLW\�([SHUL�
HQWLDO�/HDUQLQJ�)HOORZVKLS��(/)��3URJUDP��16)�JUDQW�QR�����������UH�
VHDUFK�LQLWLDWLYH��IRU�%U\DQW�)RQJ�DQG�.ULVWLDQD�:DWVRQ����$67$7(�IDF�
XOW\�UHVHDUFK�DZDUGV��IRU�6DHHG�$O�$KPDUL�DQG�5RQQLH�5X\RQJD��DQG�WKH�
$UNDQVDV�/RXLVH�6WRNH�$OOLDQFH�IRU�0LQRULW\�3DUWLFLSDWLRQ�
�$5.B/6$03��16)�JUDQW��+5'-���������� 

SUHVHQWLQJ�� 
���SP—��SP 

+RPHWRZQ��&RQZD\��$5 
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)'	&�'\H�&RQWHQW�RI�&KLOGUHQ¶V�%HYHU�
DJHV 
 
5DFKHO�+DLVOLS�DQG�5REHUW�0DXOGLQ 
 
'HSDUWPHQW�RI�&KHPLVWU\�	�%LRFKHPLVWU\��8QLYHUVLW\�RI�&HQWUDO�$UNDQ�
VDV��&RQZD\��$5 
 
+LVWRULFDOO\�� DUWLILFLDO� G\HV� ZHUH� DGGHG� WR� IRRG� SURGXFWV� LQ�
RUGHU� WR�PDUNHW�VXEVWDQGDUG�IRRG�SURGXFWV�� WRGD\��KRZHYHU��
WKH\� DUH� DGGHG� WR� IRRG� DQG�GUXJ�SURGXFWV� LQ�RUGHU� WR�PDNH�
WKHP� PRUH� DSSHDOLQJ� WR� FRQVXPHUV�� 7KH� VDIHW\� RI� )RRG��
'UXJ�DQG�&RVPHWLF��)'	&��G\HV�FRQVXPHG�E\�FKLOGUHQ�DQG�
DGROHVFHQW�SRSXODWLRQV�LV�RI�SDUWLFXODU�LQWHUHVW�DV�VRPH�VWXG�
LHV�KDYH� OLQNHG� WKHVH�G\HV�ZLWK�DOOHUJLF� UHDFWLRQV�DQG�DWWHQ�
WLRQ�SUREOHPV��LQ�IDFW��VHYHUDO�)'	&�G\HV�KDYH�EHHQ�EDQQHG�
GXH�WR�KHDOWK�FRQFHUQV��� &XUUHQWO\��$PHULFDQ�FRPSDQLHV�DUH�
UHTXLUHG� WR� OLVW� WKH� LGHQWLW\� RI� WKHVH� G\HV� LQ� IRRG� SURGXFWV��
KRZHYHU�� WKH\� DUH� QRW� UHTXLUHG� WR� GLVFORVH� WKH� DPRXQWV� RI�
WKHVH�G\HV�LQ�WKHLU�SURGXFWV��7KLV�SURMHFW�VHHNV�WR�GHWHUPLQH�
WKH�TXDQWLW\�RI� WKUHH�RI� WKH�PRVW�FRPPRQ� IRRG�G\HV�–�5HG�
����%OXH����DQG�<HOORZ���–�LQ�SRSXODU�EHYHUDJHV�XVLQJ�89-
9LVLEOH�6SHFWURSKRWRPHWU\��7KH�GHYHORSPHQW�RI�WKH�DQDO\WL�
FDO�PHWKRGRORJ\� IRU� TXDQWLWDWLYHO\�PHDVXULQJ� WKHVH� G\HV� LQ�
FRPSOH[�PL[WXUHV�ZLOO�EH�SUHVHQWHG�DV�ZHOO�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��&RQZD\��$5 
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3URGXFLQJ�DQG�6WXG\LQJ�6WLOEHQRLGV 
 
-HUHPLDK�-HIIHUV���3DWULFN�5REHUWR���$EEDV�.DURXQL��
DQG�)DEULFLR�0HGLQD-%ROLYDU� 

 
�8QLYHUVLW\�RI�$UNDQVDV� DW�3LQH�%OXII��3LQH�%OXII��$5�� �$UNDQVDV�6WDWH�
8QLYHUVLW\��-RQHVERUR��$5 
 
6WLOEHQRLGV�DUH�LQGXFLEOH�GHIHQVH�FRPSRXQGV�SURGXFHG�E\�
FHUWDLQ�SODQWV��LQFOXGLQJ�JUDSHV�DQG�SHDQXWV��,Q�DGGLWLRQ�WR�
WKHLU�UROH�LQ�SODQW�GHIHQVH��WKH\�KDYH�SRWHQWLDO�DSSOLFDWLRQV�LQ�
KXPDQ�KHDOWK�GXH�WR�WKHLU�DQWLYLUDO��DQWLFDQFHU��QHXURSURWHF�
WLYH��DQG�DQWL-REHVLW\�SURSHUWLHV��7KH�SHDQXW�SODQW�SURGXFHV�D�
XQLTXH�FODVV�RI�VWLOEHQRLGV��L�H��SUHQ\ODWHG�VWLOEHQRLGV��XSRQ�
IXQJDO�FKDOOHQJH��7KHVH�FRPSRXQGV�KDYH�VKRZQ�KLJKHU�PHW�
DEROLF�VWDELOLW\�WKDQ�QRQ�SUHQ\ODWHG�VWLOEHQRLGV�DQG�DUH�SR�
WHQWLDOO\�PRUH�ELRDYDLODEOH�WKDQ�WKHLU�QRQ�SUHQ\ODWHG�DQD�
ORJXHV��,Q�RUGHU�WR�VWXG\�WKH�DQWLR[LGDQW�SURSHUWLHV�RI�SUHQ\O�
DWHG�VWLOEHQRLGV��SHDQXW�KDLU\�URRWV�ZHUH�XVHG�DV�D�ELRSUR�
GXFLRQ�V\VWHP�IRU�WKHVH�FRPSRXQGV��7KH�KDLU\�URRWV�ZHUH�
WUHDWHG�ZLWK�HOLFLWRUV�IRU���������DQG�����KRXUV�DQG�WKH�VWLO�
EHQRLGV�ZHUH�H[WUDFWHG�IURP�WKH�FXOWXUH�PHGLXP�ZLWK�HWK\O�
DFHWDWH�DQG�DQDO\]HG�E\�+3/&��7KH�H[WUDFWV�FRQWDLQHG�WKH�
QRQ-SUHQ\ODWHG�VWLOEHQRLGV�UHVYHUDWURO�DQG�SLFHDWDQQRO�DQG�
WKH�SUHQ\ODWHG�VWLOEHQRLGV�DUDFKLGLQ-���-���-��DQG�-���+LJKHU�
OHYHOV�RI�SUHQ\ODWHG�VWLOEHQRLGV�ZHUH�REWDLQHG�DIWHU�����
KRXUV�RI�HOLFLWDWLRQ��$QWLR[LGDQW�DVVD\V�ZLOO�EH�SHUIRUPHG�WR�
GHWHUPLQH�LI�WKH�DQWLR[LGDQW�FDSDFLW\�LV�KLJKHU�LQ�WKH�H[WUDFWV�
WKDQ�SXULILHG�VWLOEHQRLGV��7KHVH�VWXGLHV�GHPRQVWUDWH�WKH�DS�
SOLFDWLRQ�RI�SHDQXW�KDLU\�URRWV�WR�SURGXFH�ELRDFWLYH�FRP�
SRXQGV�IRU�KXPDQ�KHDOWK� 

SUHVHQWLQJ�� 
���SP—��SP 

+RPHWRZQ��%ULQNOH\��$5 
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0HDVXUHPHQW�RI�WKH�DFWLYDWLRQ�SDUDPH�
WHUV�IRU�IUDJPHQWDWLRQ�DW�SHQXOWLPDWH�SUR�
OLQH�LQ�WKUHH�WHWUDSHSWLGHV 
 
(PPD� &�� 6ZDUG��� &KHOEL�$�� *LOPRUH��� 0RUJDQ� ,��
'DVFK���'DYLG�$��+DOHV���7DULFN�-��(O-%DED���'DQLHO�
5��)XOOHU���DQG�'DYLG�(��&OHPPHU�� 
 
�'HSDUWPHQW�RI�&KHPLVWU\��+HQGUL[�&ROOHJH��&RQZD\��$5���'HSDUWPHQW�
RI�&KHPLVWU\��,QGLDQD�8QLYHUVLW\��%ORRPLQJWRQ��,1 
 
7KH�IXQFWLRQ�RI�D�ELRORJLFDO�PROHFXOH�GHSHQGV�RQ�LWV�
VKDSH�� &KDQJHV�LQ�FRQIRUPDWLRQ�FDXVH�FKDQJHV�LQ�IXQFWLRQ��
ZKLFK�FDQ�EH�UHODWHG�WR�GLVHDVH�� $�PROHFXOH�PXVW�RYHUFRPH�
DQ�HQHUJ\�EDUULHU�LQ�RUGHU�WR�FKDQJH�FRQIRUPDWLRQV�� +LJKHU�
EDUULHUV�PHDQ�FKDQJHV�DUH�OHVV�OLNHO\��DQG�ORZHU�EDUULHUV�
PDNH�FKDQJHV�PRUH�OLNHO\��7KH�SHSWLGHV�;[[3UR*O\*O\�
�;[[� �+LV��/\V��$UJ��ZHUH�LQFXEDWHG�LQ�HWKDQRO�DW�YDULRXV�
WHPSHUDWXUHV�� $�FKDQJH�RI�FRQIRUPDWLRQ�DW�SUROLQH�DOORZV�D�
SURWRQ�WUDQVIHU�WKDW�UHVXOWV�LQ�FOHDYDJH�RI�WKH�3UR–*O\�
ERQG�� 6ROXWLRQ-SKDVH�IUDJPHQWDWLRQ�RI�WKH�SDUHQW�SHSWLGH�WR�
\LHOG�;[[3UR�ZDV�PRQLWRUHG�E\�HOHFWURVSUD\�LRQL]DWLRQ-LRQ�
PRELOLW\�VSHFWURPHWU\-PDVV�VSHFWURPHWU\�� 7KH�REVHUYHG�LQ�
GXFWLRQ�SHULRG�LQGLFDWHV�WKDW�VRPH�VHTXHQFH�RI�SDUHQW�FRQ�
IRUPDWLRQV�LV�LQYROYHG��EXW�WKH\�DUH�LQYLVLEOH�LQ�WKLV�H[SHUL�
PHQW�� HOHFWURVSUD\HG�;[[3UR*O\*O\�DOO�\LHOG�WKH�VDPH�FRQ�
IRUPDWLRQ�RI�>;[[3UR*O\*O\�+@��LQ�WKH�JDV�SKDVH�� 7KH�GDWD�
ZHUH�ILW�E\�DVVXPLQJ�D�VHULHV�RI�LQWHUPHGLDWHV�VHSDUDWHG�E\�
DFWLYDWLRQ�EDUULHUV�RI�HTXDO�KHLJKW��WKH�QXPEHU�RI�LQWHUPHGL�
DWHV�LV�RSWLPL]HG�WR�JLYH�WKH�EHVW�ILWWLQJ�VWDWLVWLFV�RYHU�DOO�RI�
WKH�GDWD�� $UUKHQLXV�DQDO\VLV�RI�WKH�UDWH�FRQVWDQWV�WKXV�GHWHU�
PLQHG�\LHOGV�WUDQVLWLRQ�VWDWH�WKHUPRG\QDPLFV�IRU�IUDJPHQWD�
WLRQ�RI�HDFK�SHSWLGH�� ǻ+Á�DQG�ǻ6Á�YDU\��EXW�ǻ*Á�YDOXHV�DUH�
UHPDUNDEO\�FRQVLVWHQW�DFURVV�DOO�WKUHH�SHSWLGHV� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��6W��/RXLV��02 
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7KH�6\QWKHVLV�RI�D�)OXRURSKRUH�IRU�WKH�
'LDJQRVLV�RI�1HJOHFWHG�7URSLFDO�'LVHDVHV 
 
(PLO\� +�� 7ULQK�� .D\OD� %�� 9LQK�� DQG� *UHJRU\� 5��
1DXPLHF 
 
'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5� 
 

2XU� UHVHDUFK� UHYROYHV� DURXQG� GHYHORSLQJ� D� FRVW-
HIILFLHQW�DQG�DFFXUDWH�PHWKRG�RI�GLDJQRVLQJ�QHJOHFWHG�WURSL�
FDO� GLVHDVHV� �17'V�� E\� IOXRUHVFHQW� HPLVVLRQV�� ³1HJOHFWHG´�
UHIHUV� WR� WKH�SUHYDOHQFH�RI�17'V� LQ� WKH�PRUH� LPSRYHULVKHG�
SDUWV� RI� WKH� ZRUOG� ZLWK� LQDGHTXDWH� VDQLWL]HG� ZDWHU� VXSSO\��
17'V�DUH�FDXVHG�E\�SDUDVLWHV�WKDW�DUH�WUDQVPLWWHG�WR�KXPDQV�
E\� LQIHFWLRXV� YHFWRUV�� VXFK� DV� PDODULD�� :KHQ� ZH� DWWDFK� D�
IOXRURSKRUH�WR�D�GUXJ�XVHG�WR�WUHDW�WKH�17'��ZH�FDQ�REVHUYH�
WKH�HIIHFWV�RI�WKH�GUXJ�RQ�WKH�GLVHDVH�OLYH�RQ�D�PROHFXODU�OHY�
HO��%DVHG�RQ�WKHVH�REVHUYDWLRQV��FXUUHQW�GUXJ�WKHUDSLHV�FRXOG�
EH� LPSURYHG� VLQFH� WKHUH� LV� D� FRQVWDQW� HYROXWLRQ�RI� GUXJ� UH�
VLVWDQFH�LQ�17'V� 
 7KH�V\QWKHVLV�RI�RXU�UHVHDUFK�LV�EDVHG�RQ�WKH�QDWXUDO�
O\-RFFXUULQJ�IOXRURSKRUH�FKORULQ��D�FRPSRXQG�IRXQG�LQ�
SODQWV��7KHVH�IOXRURSKRUHV�SOD\�D�VLJQLILFDQW�UROH�LQ�FROOHFW�
LQJ�OLJKW�LQ�SKRWRV\QWKHVLV��&KORULQV�GLVSOD\�D�VWURQJ�IOXRUHV�
FHQW�HPLVVLRQ�LQ�WKH�QHDU�LQIUDUHG�UHJLRQ�ZKLFK�PDNHV�LW�D�
JRRG�FDQGLGDWH�WR�DWWDFK�RQ�GUXJV�IRU�WKH�GLDJQRVLV�RI�17'V�
GXH�WR�LWV�SHUPHDELOLW\�DQG�VDIHW\��7KLV�IOXRURSKRUH�LV�V\Q�
WKHVL]HG�LQ�WZR�GLVFUHWH�KDOYHV��D�ZHVWHUQ�KDOI�DQG�DQ�HDVWHUQ�
KDOI��&XUUHQWO\��WKH�HDVWHUQ�KDOI�KDV�EHHQ�V\QWKHVL]HG�DQG�VLJ�
QLILFDQW�SURJUHVV�KDV�EHHQ�PDGH�LQ�WKH�V\QWKHVLV�RI�WKH�ZHVW�
HUQ�KDOI�� 

SUHVHQWLQJ�� 
����SP—��SP 

+RPHWRZQV��)RUW�6PLWK��$5��(7� 
%DUOLQJ��$5��.9� 
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)LJKWLQJ�'UXJ�5HVLVWDQW�0\FREDFWHULXP�WXEHU�
FXORVLV�ZLWK�0RGLILHG�5LIDP\FLQV 
 
1DWDOLH�0LOOLJDQ��-RUGDQ�7UDQW��/D6KDZDQD�0LOOHU��=DFKDU\�
+RGJH��(PHUVRQ�6PLWK���DQG�,URVKD�1��1DZDUDWKQH��3,� 
 
0DWKHPDWLFV�DQG�6FLHQFH�'LYLVLRQ��/\RQ�&ROOHJH��%DWHVYLOOH��$5 
 
7XEHUFXORVLV��ZKLFK�LV�FDXVHG�E\�WKH�EDFWHULD�0\FREDFWHULXP�WX�
EHUFXORVLV��LV�D�OXQJ�GLVHDVH�ZKLFK�NLOOV�URXJKO\�����PLOOLRQ�SHRSOH�
D�\HDU��7KH�PRVW�FRPPRQ�IDPLO\�RI�DQWLELRWLFV�IRU�WKLV�GLVHDVH�DUH�
ULIDP\FLQV��ZKLFK�ZHUH�GHYHORSHG����\HDUV�DJR��5LIDP\FLQV�ZRUN�
E\�ELQGLQJ�WR�WKH�51$�SRO\PHUDVH��51$3��DQG�LQKLELWLQJ�51$�
V\QWKHVLV��7KH�EDFWHULD�KDV�VLQFH�PXWDWHG�LQ�PXOWLSOH�ZD\V�WKDW�
KDYH�GHFUHDVHG�WKH�HIIHFWLYHQHVV�RI�ULIDP\FLQV�� $OWKRXJK�WKHUH�
DUH�PDQ\�ULIDP\FLQ�UHVLVWDQW��5LI5��VWUDLQV�RI�07%��WKH�PXWDWLRQV�
RI�WKUHH�UHVLGXHV��'���9��+���<��DQG�6���/��DFFRXQW�IRU�����RI�
WKH�07%�5LI5�VWUDLQV��2XU�UHVHDUFK�IRFXVHG�RQ�6���/��ZKLFK�DF�
FRXQWV�IRU�DERXW�����RI�WKH�07%�5LI5�VWUDLQV��7KH�PXWDWLRQ�FDXV�
HV�WKH�UHSODFHPHQW�RI�D�VHULQH�DPLQR�DFLG�ZLWK�D�OHXFLQH��ZKLFK�LV�
ERWK�EXONLHU�DQG�PRUH�K\GURSKRELF��7KLV�FUHDWHV�VWHULF�KLQGUDQFHV�
EHWZHHQ�GUXJ�PROHFXOH�DQG�51$3��DOORZLQJ�WKH�EDFWHULD�WR�FRQ�
WLQXH�51$�V\QWKHVLV��:H�DUH�DWWHPSWLQJ�WR�FKDQJH�WKH�VWUXFWXUH�RI�
ULIDP\FLQ�VR�LW�ZLOO�ELQG�WR�WKH�51$3�VLWH�EHWWHU��:H�K\SRWKHVL]H�
WKDW�ZH�FDQ�JHW�WKH�GHVLUHG�UHVXOW�E\�UHPRYLQJ�WKH�K\GUR[\�RQ�WKH�
&-��SRVLWLRQ�WKURXJK�FKHPLFDO�GHR[\JHQDWLRQ�RU�D�IOXRULQDWLRQ��
%HLQJ�VPDOOHU�DQG�PRUH�K\GURSKRELF��ULIDP\FLQ�DQDORJXH�ZLWK�WKH�
K\GURJHQ�RU�IOXRULQH�DW�&-��ZLOO�ELQG�WR�WKH�07%�5LI5�VWUDLQV�
PRUH�HIIHFWLYHO\��)XUWKHUPRUH��IOXRULQH�LQFRUSRUDWHG�ULIDP\FLQV�
DUH�SURSRVHG�WR�EH�GHYHORSHG�DV�DQ�LPDJLQJ�DJHQW�WRIDFLOLWDWH�GLDJ�
QRVLV�WKURXJK�7%�VFUHHQLQJ��WKXV�SURPRWLQJ�SUHYHQWLRQ�DQG�RU�HDU�
O\�WUHDWPHQW�RI�WKH�GLVHDVH� :H�KDYH�XVHG�WKLV�SURWRFRO�RQ��-
K\GUR[\DQWKUD-����-TXLQRQH�WR�WHVW�WKH�UHDFWLRQ�HIILFLHQF\��7KHQ�
ZH�FRQWLQXHG�WKH�GHR[\JHQDWLRQ�DW�&-��SRVLWLRQ�RI�ULIDP\FLQ�6�
ZLWK�VRPH�PHDVXUH�RI�VXFFHVV�WKDW�ZLOO�EH�GLVFXVVHG�LQ�RXU�SUHVHQ�
WDWLRQ��7KH�GHR[\JHQDWHG�ULIDP\FLQV�DUH�WHVWHG�ZLWK�PXWDWHG�
51$3�LQ�DQ�LQ�YLWUR�WUDQVFULSWLRQ�DVVD\�WKDW�LV�EDVHG�RQ�UROOLQJ�
FLUFOH�WUDQVFULSWLRQ�WHFKQRORJ\�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��-RQHVERUR��$5��10�� 
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3URELQJ�,QWHUDFWLRQV�RI�5LIDP\FLQV�
DQG�0\FREDFWHULXP�WXEHUFXORVLV�
51$�3RO\PHUDVHV 
 

%ULDQ�%XPSRXV�DQG�,URVKD�1��1DZDUDWKQH��3,� 
 
0DWKHPDWLFV�DQG�6FLHQFH�'LYLVLRQ��/\RQ�&ROOHJH��%DWHVYLOOH��$5 
 
7XEHUFXORVLV��7%���ZKLFK�LV�FDXVHG�E\�WKH�EDFWHULD�0\FR�
EDFWHULXP�WXEHUFXORVLV��07%���LV�D�OXQJ�GLVHDVH�ZKLFK�NLOOV�
URXJKO\�����PLOOLRQ�DQG�LQIHFWV�RYHU���PLOOLRQ�SHRSOH�HYHU\�
\HDU��7KH�PRVW�ZLGHO\�XVHG�JURXS�RI�DQWLELRWLFV�LQ�WUHDWLQJ�
7%�DUH�ULIDP\FLQV��5LIDP\FLQV�ELQG�WR�51$�SRO\PHUDVH�DQG�
EORFN�WKH�51$�V\QWKHVLV�LQ�07%�OHDGLQJ�WR�WKH�GHDWK�RI�WKH�
RUJDQLVP��0XWDWLRQV�LQ�WKH�51$�SRO\PHUDVH�FKDQJH�WKH�SR�
ODULW\�RI�WKH�ELQGLQJ�VLWH�DQG�SUHYHQW�WKH�DQWLELRWLF�IURP�ELQG�
LQJ��7%�HYROYHG�RYHU�WKH�SDVW����\HDUV��VRPH�VWUDLQV�DUH�DO�
UHDG\�UHVLVWDQW�WR�PDQ\�FXUUHQW�DQWLELRWLF�WUHDWPHQWV��$PRQJ�
WKH�ULIDP\FLQ�UHVLVWDQW��5LI5��VWUDLQV����PXWDWRQV��'���9��
+���<��DQG�6���/��FUHDWH�����RI�DOO�5LI5�VWUDLQV��7KH�PXWD�
WLRQ�'���9��PDNHV�D�FKDQJH�LQ�DQ�DPLQR�DFLG�DW�����RI�
07%�51$3��FDXVLQJ�D�VOLJKW�URWDWLRQ�LQ�WKH�)�����SKHQ\ODO�
DQLQH��VLGH�FKDLQ��7KLV�URWDWLRQ�FUHDWHV�VWHULF�KLQGUDQFHV�EH�
WZHHQ�WKH�)����VLGH�FKDLQ�DQG�WKH�DFHWR[\�DW�&-����:H�K\�
SRWKHVL]H�WKDW�E\�UHPRYLQJ�WKH�DFHWR[\�JURXS��-2$F��DQG�
OHDYLQJ�EHKLQG�D�K\GUR[\�JURXS��2+��DW�WKH�&-���SRVLWLRQ�
�WR�EHWWHU�DWWUDFW�WKH�'���9���ULIDP\FLQ�ZLOO�ELQG�EHWWHU�WR�
51$3�RI�5LI5�VWUDLQV��:H�DUH�LQ�WKH�SURFHVV�RI�WHVWLQJ�WKH�
GHYHORSHG�PRGLILHG�ULIDP\FLQV�XVLQJ�UROOLQJ�FLUFOH�WUDQVFULS�
WLRQ�DVVD\��'HYHORSPHQW�RI�PRGLILHG�ULIDP\FLQV�WR�FRPEDW�
5LI5�07%�VWUDLQV�ZLOO�EH�GLVFXVVHG�LQ�WKLV�SUHVHQWDWLRQ� 

7KLV�ZRUN�LV�EHHQ�VXSSRUWHG�E\�$UNDQVDV�,'H$�1HWZRUN�RI�%LRPHGL�
FDO�5HVHDUFK�([FHOOHQFH��$UNDQVDV�,1%5(��DQG�/\RQ�&ROOHJH� 
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8WLOL]LQJ�D�0XWDWHG�7D[XV�%HQ]R\OWUDQV�
IHUDVH��P7%7��DV�D�%LRFDWDO\VW 
 
7DQQHU�'XW\��-RKQ�6LIIRUG�DQG�,URVKD�1��1DZDUDWKQH��3,� 
 
0DWKHPDWLFV�DQG�6FLHQFH�'LYLVLRQ��/\RQ�&ROOHJH��%DWHVYLOOH��$5 
 
7KH�DQWLQHRSODVWLF�DJHQWV�SDFOLWD[HO��7D[RO���DQG�GRFHWD[HO��7D[RWHUH���
DUH�FXUUHQWO\�VXSSOLHG�FRPPHUFLDOO\�E\�SODQW�FHOO�IHUPHQWDWLRQV�ZKLFK�
UHO\�RQ�D�ELRORJLFDO�VRXUFH��:KLOH�WKH�SODQW�FHOO�IHUPHQWDWLRQV�PD\�EH�D�
YLDEOH�VRXUFH�IRU�7D[RO��D�PRUH�ELRWHFKQRORJLFDO�PHWKRG�ZRXOG�EH�PRUH�
HIIHFWLYH�WR�PDNH�7D[RO�DQDORJXHV��6WUXFWXUH-DFWLYLW\-UHODWLRQVKLS�VWXGLHV�
KDYH�OHG�WR�WKH�GHYHORSPHQW�RI�KLJKO\�SURPLVLQJ�SDFOLWD[HO�DQDORJXHV�
FRPSDUHG�WR�WKH�SDUHQW�PROHFXOH�WKURXJK�DF\O�JURXS�PRGLILFDWLRQV��7D[�
RO�SKDUPDFRSKRUH�LQFOXGHV�DOO�WKH�DF\O�JURXSV�DURXQG�WKH�WULF\FOLF�FRUH��
7KHUHIRUH��WKH�DF\O�JURXS�PRGLILFDWLRQV�DW�&-����&-���&-���DQG�&-���K\�
GUR[\-��DQG�&-�
�DPLQR-�SRVLWLRQV�DUH�WDUJHWV�IRU�GHYHORSLQJ�HIILFDFLRXV�
SDFOLWD[HO�DQDORJXHV��7KH�HQ]\PH�P7%7��KDV�EHHQ�REVHUYHG�WR�EH�DEOH�WR�
FDWDO\WLFDOO\�SURGXFH�VHYHUDO�����-2�2-GLDFHW\O-�-2-DF\O-�-2-
GHEHQ]R\OEDFFDWLQ�,,,�DQDORJXHV��7KLV�VKRZV�WKH�EURDG�VSHFLILFLW\�RI�
P7%7��VXJJHVWLQJ�WKDW�D�SOHWKRUD�RI��-2-DF\O�YDULDQWV�RI�WKH�DQWLPLWRWLF�
SDFOLWD[HO�FDQ�EH�DVVHPEOHG�WKURXJK�ELR-FDWDO\WLF�VHTXHQFHV��%\�XQGHU�
VWDQGLQJ�WKH�ELRV\QWKHVLV�RI�WKHVH�PHWDEROLWHV�LQ�GHWDLO��WKH�SURGXFWLRQ�RI�
SDFOLWD[HO�DQG�UHODWHG�FRPSRXQGV�FDQ�WKHUHIRUH�EH�LPSURYHG��:H�LQWHQG�
WR�H[DPLQH�WKH�PRGLILFDWLRQV�RQ�WKH�&-��JURXS�RI�WKH�VXEVWUDWH�RQ�WKH�
DFWLYLW\�RI�P7%7��,W�KDV�DOUHDG\�EHHQ�VKRZQ�WKDW�DQ�2-DFHW\O�JURXS�RQ�
WKH�&-��LV�D�PRUH�HIIHFWLYH�VXEVWUDWH�RYHU�WKH�VXEVWUDWH�WKDW�KDV�&-���K\�
GUR[\ODWHG��7KLV�FRXOG�LPSO\�WKDW�HLWKHU�WKH�2-DFHW\O�JURXS�PD\�SOD\�D�
UROH�LQ�P7%7�UHDFWLRQ�RU�WKDW�WKH�K\GUR[\�JURXS�PD\�KLQGHU�WKH�VDPH�
UHDFWLRQ��7KH�IDFW�WKDW�WKH�&-��OLNHO\�QHHGV�D�PRLHW\�WKDW�LV�QRW�D�IUHH�K\�
GUR[\O�JURXS�LPSOLHV�WKDW�WKH�P7%7�VWHS�RFFXUV�SULRU�WR�WKH�FDWDO\WLF�
K\GUR[\ODWLRQ�DW�&-��LQ�WKH�ELRV\QWKHWLF�SDWKZD\��%\�UHSODFLQJ�WKH�&-��
K\GUR[\�JURXS�ZLWK�K\GURJHQ�RU�IOXRULQH�DQG�XWLOL]LQJ�WKH�UHVXOWLQJ�&-��
GHR[\JHQDWHG�RU�IOXRULQDWHG�DQDORJXH�DV�D�P7%7�VXEVWUDWH��PRUH�LQIRU�
PDWLRQ�FRXOG�EH�GLVFRYHUHG�DERXW�WKH�WLPLQJ�RI�WKH��-2-
EHQ]R\OWUDQVIHUDVH�UHDFWLRQ�LQ�7D[RO�ELRV\QWKHVLV�DQG�LWV�LPSRUWDQFH�LQ�
WKH�ELRFDWDO\WLF�SURGXFWLRQ�RI�7D[RO�DQDORJXHV��'HYHORSPHQW�RI�&-��
PRGLILHG�%DFFDWLQ�,,,��D�SUHFXUVRU�RI�7D[RO��DQDORJXHV�WR�WHVW�WKH�DERYH�
K\SRWKHVLV�ZLOO�EH�GLVFXVVHG�GXULQJ�WKLV�SUHVHQWDWLRQ�� 
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$QDO\VLV�RI�$QLPDO�.LGQH\�6WRQHV�
7KURXJK�,QIUDUHG�6SHFWURVFRS\ 
 
1DWKDQ�7D\ORU��DQG�5XVV�6XPPHUV� 

 
�&KHPLVWU\� 'HSDUWPHQW�� 8QLYHUVLW\� RI� $UNDQVDV� DW� /LWWOH� 5RFN�� /LWWOH�
5RFN��$5���$UNDQVDV�9HWHULQDU\�'LDJQRVWLF�/DERUDWRU\��/LWWOH�5RFN��$5 
 
7KH�EXLOGXS�RI�FHUWDLQ�FRPSRXQGV�DQG�HOHPHQWV�FDQ�SURGXFH�
NLGQH\�VWRQHV�LQ�VRPH�PDPPDOV�WKDW�FDQ�EH�KDUPIXO�LI�XQ�
WUHDWHG��%\�OHDUQLQJ�KRZ�WR�FKDQJH�DQ�DQLPDO¶V�GLHW��ZH�FDQ�
SRWHQWLDOO\�SUHYHQW�DGGLWLRQDO�VWRQH�IRUPDWLRQ��0\�SURMHFW�
ZDV�WR�FKHPLFDOO\�DQDO\]H�NLGQH\�VWRQHV�IURP�OLYH�GRJV��FDW�
WOH��DQG�SLJV��8VLQJ�)7-,5�VSHFWURVFRS\��,�DQDO\]HG�WKH�
FKHPLFDO�VWUXFWXUH�RI����GLIIHUHQW�VWRQHV��,�XVHG�IRXU�VFDQV�
SHU�VWRQH��7R�EHJLQ��WKH�VWRQH�ZDV�FUXVKHG�LQWR�D�ILQH�SRZGHU�
DQG�GULHG�LQ�DQ�RYHQ��,W�ZDV�WKHQ�PL[HG�ZLWK�SRWDVVLXP�EUR�
PLGH��.%U���DQG�D�VSHFWUXP�ZDV�WDNHQ��,�SHUIRUPHG�WKHVH�
DQDO\VHV�ZLWK�D�3HUNLQ-(OPHU�7ZR�)7-,5�6SHFWURPHWHU�ZLWK�
'5,)7�DFFHVVRU\��'LIIXVH�5HIOHFWDQFH�,QIUDUHG�)RXULHU�
7UDQVIRUP���7KH�UHVXOWV�ZHUH�DQDO\]HG�DQG�WKH�W\SH�RI�VWRQH�
ZDV�GHWHUPLQHG��0RVW�RI�WKH�VWRQHV�ZHUH�PDLQO\�FRPSRVHG�
RI�VWUXYLWH��FDOFLXP�R[DODWH��RU�R[DODWH�� 1H[W��WKH�ILQJHUSULQW�
UHJLRQ�RI�WKH�,5�VSHFWUXP�ZDV�UHDG�WR�GHFLGH�LI�WKH�DQLPDO¶V�
GLHW�VKRXOG�EH�FKDQJHG�WR�LQFUHDVH�RU�GHFUHDVH�QHFHVVDU\�HOH�
PHQWV�VXFK�DV�SRWDVVLXP��FDOFLXP��DQG�RU�VRGLXP��2QFH�WKLV�
LQIRUPDWLRQ�ZDV�REWDLQHG��D�GHWDLOHG�UHSRUW�ZDV�VHQW�WR�WKH�
YHW�ZKR�VHQW�LQ�WKH�VWRQH�VR�WKH�YHW�FRXOG�GHFLGH�KRZ�WR�
FKDQJH�WKH�DQLPDO¶V�GLHW�� 

SUHVHQWLQJ�� 
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0HWDJHQRPLF�$QDO\VLV�RI�0LFURELDO�&RP�
PXQLWLHV�LQ�%ODQFKDUG�6SULQJV�&DYHUQV��
$UNDQVDV�DQG�DQ�,QYHVWLJDWLRQ�RI�/RZ�
7HPSHUDWXUH�7ROHUDQFH�LQ�&DYH-DGDSWHG�
,QYHUWHEUDWHV 
 

%URRNH�-RKQVRQ��&DLWO\Q�*RVFK��%URRNH�-RQHV��
4XLQF\�*UDJJ�DQG�-DPHV�(QJPDQ 
 
'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��+HQGHUVRQ�6WDWH�8QLYHUVLW\��$UND�
GHOSKLD 
 
&DYHV�SURYLGH�H[DPSOHV�RI�RUJDQLVPV�DGDSWHG�WR�H[WUHPH�
HQYLURQPHQWV��PDNLQJ�WKHP�H[FHOOHQW�PRGHOV�IRU�VXUYLYDO�LQ�
VXFK�V\VWHPV��:H�XVH�PROHFXODU�JHQHWLF�WHFKQLTXHV�WR�VXUYH\�
WKH�EDFWHULDO�IORUD�RI�%ODQFKDUG�6SULQJV�&DYHUQV��$UNDQVDV��
5HFHQW�ZRUN�FRQFHQWUDWHV�RQ�WKH�IORUD�RI�WKH�GLJHVWLYH�V\V�
WHP�DQG�H[RVNHOHWRQ�RI�WKH�FULFNHW�&HXWKRSKLOXV�JUDFLOLSHV��
FRQVLGHUHG�D�NH\VWRQH�VSHFLHV�LQ�WKDW�HFRV\VWHP��,QLWLDO�WHFK�
QLTXHV�LQYROYHG�JURZLQJ�EDFWHULD�RQ�SODWHV�DQG�VHTXHQFLQJ�
WKH�'1$�RI�FRORQLHV�WKDW�JUHZ��8VLQJ�PHWDJHQRPLF�VH�
TXHQFLQJ�HOLPLQDWHV�FXOWXULQJ��7KLV�KDV�LQFUHDVHG�RXU�EDFWH�
ULDO�VSHFLHV�LGHQWLILHG�IURP���WR�RYHU�����SHU�VDPSOH��:H�DO�
VR�LGHQWLILHG�EDFWHULD�IURP�FRPPHUFLDO�JUH\�FULFNHWV��IRU�
FRPSDULVRQ�� 2EVHUYDWLRQV�UHYHDOHG�WKDW�WKH�FDYH�FULFNHWV�
KDYH�DQ�XQH[SHFWHG�WROHUDQFH�WR�ORZ�WHPSHUDWXUHV�� 7KLV�
VHHPV�DW�RGGV�ZLWK�WKH�IDFW�WKDW�WKH\�OLYH�LQ�D�WKHUPDOO\�VWD�
EOH�HQYLURQPHQW��FRQVWDQW�DW����&��$�SUHOLPLQDU\�H[SHULPHQW�
VXJJHVWV�WKDW�FDYH�FULFNHWV�UHPDLQ�DFWLYH�IRU�DW�OHDVW����KRXUV�
DW���&��ZKLOH�JUH\�FULFNHWV�UDSLGO\�EHFRPH�LQDFWLYH��0DQ\�RI�
WKHVH�EDFWHULD�KDYH�XQLTXH�DGDSWDWLRQV�DQG�SURYLGH�LQVLJKW�
LQWR�WKH�FRPSOH[LW\�RI�V\VWHP�WUDGLWLRQDOO\�FRQVLGHUHG�VLP�
SOH��6RPH�EDFWHULD�IURP�RXU�VDPSOHV�KDYH�'1$�VHTXHQFHV�
GLVWLQFW�HQRXJK�WR�EH�FRQVLGHUHG�QHZ�VSHFLHV� 

SUHVHQWLQJ 
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/DUJH�6FDOH�([SUHVVLRQ�RI�/LJDWHG�S*(;�
9HFWRU�ZLWK�6RGLXP�7R[LQ-����LQ�(VFKH�
ULFKLD�FROL�([SUHVVLRQ�&HOO�/LQHV�5RVHWWD��
%/����DQG�2ULJDPL�WR�3URGXFH�&HQWUX�
URLGHV�YLWWDWXV�6FRUSLRQ�6RGLXP-7R[LQ�
���� 
 
'DYLG�5��:LOOLDPV��0DOORU\�(��+HIW��6DUD�(��(DJOH��
DQG�7VXQHPL�<DPDVKLWD 
 
%LRORJ\�'HSDUWPHQW��$UNDQVDV�7HFK�8QLYHUVLW\��5XVVHOOYLOOH��$UNDQVDV 
 
 &HQWUXURLGHV�YLWWDWXV�LV�IRXQG�WKURXJKRXW�WKH�6RXWK�&HQWUDO�
8QLWHG�6WDWHV�DQG�1RUWKHUQ�0H[LFR��7KHVH�VFRUSLRQV�SURGXFH�D�VRGLXP�
WR[LQ�ZKLFK�LQWHUIHUHV�ZLWK�WKH�FORVXUH�RI�QHXURQDO�VRGLXP�FKDQQHOV��,I�
WKH�VRGLXP�FKDQQHOV�GR�QRW�FORVH�WKH�QHXURQDO�FHOO�FDQQRW�RSHQ�SRWDVVL�
XP�FKDQQHOV�WR�UHSRODUL]H�WKH�FHOO�LQ�SUHSDUDWLRQ�IRU�DQRWKHU�DFWLRQ�SRWHQ�
WLDO��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�VRGLXP�WR[LQ�IRU�IXUWKHU�
VWUXFWXUDO�DQG�SK\VLRORJLFDO�DQDO\VLV��7KLV�ZDV�DFFRPSOLVKHG�YLD�WKH�LQ�
VHUWLRQ�RI�WKH�1D����WR[LQ�JHQH�LQWR�D�S*(;�YHFWRU��WKHQ�LQVHUWLRQ�RI�WKH�
YHFWRU�LQWR�FRPSHWHQW�(��FROL�FHOOV��$IWHU�YHULI\LQJ�SURSHU�LQVHUWLRQ�YLD�
'1$�VHTXHQFLQJ�DQG�JHO�HOHFWURSKRUHVLV��WKH�SODVPLGV�FRQWDLQLQJ�WKH�
1D����JHQH�ZHUH�H[WUDFWHG�DQG�WUDQVIRUPHG�LQWR�(��FROL�H[SUHVVLRQ�FHOOV��
3URSHU�LQVHUWLRQ�RI�WKH�1D����JHQH�LQWR�H[SUHVVLRQ�FHOO�OLQHV�%/����5R�
VHWWD��DQG�2ULJDPL�ZHUH�FRQILUPHG�YLD�'1$�VHTXHQFLQJ�DQG�JHO�HOHFWUR�
SKRUHVLV��6PDOO�DQG�ODUJH-VFDOH�H[SUHVVLRQ�H[SHULPHQWV�ZHUH�SHUIRUPHG�
DQG�WKH�SURGXFWLRQ�RI�1D����WR[LQ�ZDV�DQDO\]HG�YLD�FROXPQ�FKURPDWRJ�
UDSK\�DQG�6'6-3$*(��5HVXOWV�LQGLFDWHG�WKDW�WKH�1D����WR[LQ�ZDV�EHLQJ�
SURGXFHG�LQ�HDFK�FHOO�OLQH��KRZHYHU�DW�ORZHU�FRQFHQWUDWLRQV�WKDQ�DQWLFL�
SDWHG��)XWXUH�UHVHDUFK�ZLOO�EH�IRFXVHG�RQ�SURFHGXUDO�PRGLILFDWLRQ�LQ�
KRSHV�WR�LQFUHDVH�WKH�SURWHLQ�FRQFHQWUDWLRQV�SURGXFHG�� 

SUHVHQWLQJ�� 
����DP—���SP 
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(YDOXDWLQJ�WKH�7D[RQRPLF�6WDWXV�RI�$UNDQVDV�
7ZLVWIORZHU��6WUHSWDQWKXV�PDFXODWXV�VXEVS��RE�
WXVLIROLXV�DQG�&ODVSLQJ�-HZHO�)ORZHU��6WUHSWDQ�
WKXV�PDFXODWXV�VXEVS��PDFXODWXV�
�%UDVVLFDFHDH�� 

/HLOD�0��+HQQLQJ����-RVH�$��0DJDQD����9DQHVVD�0HQGR]D����
%HQ�2¶�1HDO�,,,����)UHGGLH�5LYHUD���%UHQW�%DNHU����.DUHQ�3��
)DZOH\���DQG�0DUYLQ�:��)DZOH\�� 
��8QLYHUVLW\�RI�$UNDQVDV�DW�0RQWLFHOOR��0RQWLFHOOR��$5���$UNDQVDV�1DWX�
UDO�+HULWDJH�&RPPLVVLRQ��/LWWOH�5RFN��$5 
 
7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�XVH�'1$�VHTXHQFH�GDWD�WR�
GHWHUPLQH�LI�WKH�$UNDQVDV�WZLVWIORZHU��6WUHSWDQWKXV�PDFXOD�
WXV� VXEVS��REWXVLIROLXV DQG�WKH�FODVSLQJ�MHZHOIORZHU��6��PDF�
XODWXV�VXEVS��PDFXODWXV LQ�WKH�PXVWDUG�IDPLO\��%UDVVLFDFHDH��
DUH�DFWXDOO\�VXEVSHFLHV� �7KH�$UNDQVDV�WZLVWIORZHU�LV�IRXQG�
LQ�$UNDQVDV��ZKHUHDV�WKH�FODVSLQJ�MHZHOIORZHU�LV�IRXQG�LQ�D�
IHZ�FRXQWLHV�LQ�2NODKRPD�DQG�7H[DV� �7KLV�REMHFWLYH�ZDV�
HYDOXDWHG�E\�WKH������8$0�5HVHDUFK�3URJUDP�IRU�0LQRULW\�
6WXGHQWV�5HVHDUFK�([SHULHQFH�FODVV� �7KH�VWXGHQWV�SURGXFHG�
QXFOHDU�ULERVRPDO�,76�'1$�VHTXHQFHV�IURP�VSHFLPHQV�RI�
$UNDQVDV�WZLVWIORZHU��FODVSLQJ�MHZHOIORZHU�DQG WZR�UHODWHG�
VSHFLHV�IRXQG�LQ�$UNDQVDV��VDQGKLOO�MHZHOIORZHU��6��K\DFLQ�
WKRLGHV�DQG�2XDFKLWD�MHZHOIORZHU��6��VTXDPLIRUPLV�� 2XU�UH�
VXOWV�VXJJHVW�WKDW�WKH�$UNDQVDV�WZLVWIORZHU�LV�LQWHUPHGLDWH�
EHWZHHQ�WKH�2XDFKLWD�MHZHOIORZHU�DQG�WKH�SXEOLVKHG�VSHFL�
PHQV�RI�FODVSLQJ�MHZHOIORZHU� �$OVR��DQ�2NODKRPD�VSHFLPHQ�
RI�FODVSLQJ�MHZHOIORZHU LV�GLVWLQFW�IURP�WKH�SXEOLVKHG�VSHFL�
PHQV�RI�WKLV�VXEVSHFLHV��ZKLFK�DUH�IURP�D�7H[DV�SRSXODWLRQ��
$UNDQVDV�MHZHOIORZHU�PD\�DFWXDOO\�EH�D�VWDEOH�K\EULG�EH�
WZHHQ�WKH�2NODKRPD�SRSXODWLRQ�RI�FODVSLQJ�MHZHOIORZHU�DQG�
DQ�XQNQRZQ�SDUHQW�� 
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3ODQW�&HOO� 6HFUHWHG�*URZWK� )DFWRUV�7DU�
JHWHG�WR�([�9LYR�3URGXFWLRQ�RI�5HG�%ORRG�
&HOOV�IURP�+HPDWRSRLHWLF�6WHP�&HOOV 
 
7D\ORU�+LOO���;LDRWLQJ�:DQJ���DQG�-LDQIHQJ�;X� 
 
�8QLYHUVLW\�RI�$UNDQVDV�DW�3LQH�%OXII��3LQH�%OXII��$5���$UNDQVDV�6WDWH�
8QLYHUVLW\��-RQHVERUR��$5 
 

([�YLYR�SURGXFWLRQ�RI� UHG�EORRG�FHOOV� IURP�KHPDWR�
SRLHWLF�VWHP�FHOOV�UHSUHVHQWV�RQH�RI� WKH�IRFXVHV�LQ�UHJHQHUD�
WLYH�PHGLFLQH��3URGXFWLRQ�RI�UHG�EORRG�FHOOV�GHPDQGV�VLJQLIL�
FDQW� TXDQWLW\� DQG� KLJK� TXDOLW\� RI� JURZWK� IDFWRUV�� +XPDQ�
VWHP�FHOO�IDFWRU�LV�D�NH\�JURZWK�IDFWRU�WKDW�VWLPXODWHV�WKH�SUR�
OLIHUDWLRQ� DQG� GLIIHUHQWLDWLRQ� RI� KHPDWRSRLHWLF� VWHP� FHOOV� WR�
UHG�EORRG�FHOOV��7KH�JRDO�RI�WKLV�SURMHFW�LV�WR�SURGXFH�WKH�KX�
PDQ�VWHP�FHOO�IDFWRU�SODQW�FHOO�FXOWXUH�WHFKQRORJ\��ZKLFK�KDV�
EHHQ�SUHVHQWHG�WR�EH�D�SURSLWLRXV�ELRSURGXFWLRQ�SODWIRUP�IRU�
WKHUDSHXWLF� SURWHLQV��  7KH� KXPDQ� VWHP� FHOO� IDFWRU� ZDV� H[�
SUHVVHG� LQ� SODQW� FHOO� ZLWK� D� K\GUR[\SUROLQH� �+\S�-
2JO\FRV\ODWHG� SHSWLGH� �+\S*3�� WKDW� SUHVXPDEO\� IXQFWLRQV�
DV�D�PROHFXODU�FDUULHU�LQ�SURPRWLQJ�HIILFLHQW�WUDQVSRUW�RI�WKH�
FRQMRLQHG� UHFRPELQDQW� SURWHLQ� LQWR� WKH� FXOWXUH� PHGLD� DQG�
SURWHFWLQJ� WKH� SURWHLQ� IURP� SURWHRO\WLF� GHJUDGDWLRQ�� ZKLFK�
XOWLPDWHO\�ERRVWV�WKH�VHFUHWHG�SURWHLQ�\LHOG��,Q�WKLV�VWXG\�WKH�
KXPDQ�VWHP�FHOO�IDFWRU�ZDV�H[SUHVVHG�LQ�WREDFFR�%<-��FHOOV�
ZLWK�D�+\S*3�WDJ��7KH�NLQHWLFV�RI�SODQW�FHOO�JURZWK�DQG�KX�
PDQ�VWHP�FHOO� IDFWRU� DFFXPXODWLRQ� LQ�FXOWXUH�PHGLD�DQG� LQ�
VLGH� FHOOV� ZHUH� GHWHUPLQHG��  7KLV� UHVHDUFK� PD\� SURYLGH� D�
SURPLVLQJ�SODQW�FHOO-EDVHG�SODWIRUP�WR�SURGXFH�ODUJH�TXDQWLW\�
RI�KHPDWRSRLHWLF�VWHP�FHOOV�WKDW�DVVLVWV�WKH�VWHP�FHOO�UHVHDUFK�
DQG�FOLQLFDO�DSSOLFDWLRQV�� 

SUHVHQWLQJ�� 
����DP—���SP 

+RPHWRZQ��� 
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6RLO�&UXVW�$OJDO�&RPPXQLWLHV�RI�:DUUHQ�
3UDLULH�1DWXUDO�$UHD� 
 
$VKWRQ� /�� *UD\� ��� 5DFKHO� (�� .QLJKW� ��� &DOHE� :��
/DPE����%UHQW�%DNHU��� 0DUYLQ�:��)DZOH\����DQG�.D�
UHQ�3��)DZOH\�� 
 
��8QLYHUVLW\�RI�$UNDQVDV�DW�0RQWLFHOOR��0RQWLFHOOR��$5���$UNDQVDV�1DWX�
UDO�+HULWDJH�&RPPLVVLRQ��/LWWOH�5RFN��$5� 
 
:DUUHQ�3UDLULH�1DWXUDO�$UHD��:31$�� LQ�%UDGOH\�DQG�'UHZ�
&RXQWLHV�� $UNDQVDV�� LV� D� PRVDLF� RI� VDOLQH� VOLFNV� WKDW� IRUP�
IODW�� FUXVW\� GHSUHVVLRQV� � 7KH� HGJHV� RI� WKH� VDOLQH� VOLFNV� DUH�
KRPH�WR�WKH�GLPLQXWLYH�YDVFXODU�SODQW� *HRFDUSRQ�PLQLPXP�
�&DU\RSK\OODFHDH��� ZKLFK� LV� D� IHGHUDOO\� SURWHFWHG� VSH�
FLHV� � 7KH� REMHFWLYH� RI� WKLV� SURMHFW� ZDV� WR� FKDUDFWHUL]H� WKH�
VRLO� HXNDU\RWLF� DOJDO� FRPPXQLWLHV� LQ� VDOLQH� VOLFNV� IURP�
:31$� �:H� FROOHFWHG� VRLO� FUXVW� VDPSOHV� IURP� WZR� VLWHV� LQ�
:31$� LQ� )HEUXDU\� ������ RQH� VLWH�ZKHUH�*HRFDUSRQ�PLQL�
PXP� ZDV� SUHVHQW� DQG� DQRWKHU� ZKHUH� WKLV� SODQW� ZDV� QRW�
IRXQG� � )RUW\-ILYH� DOJDO� VWUDLQV� ZHUH� LVRODWHG� IURP� WKH� VLWH�
ZLWKRXW� *�� PLQLPXP� DQG� WKLUW\-IRXU� VWUDLQV� ZHUH� LVRODWHG�
IURP�WKH�VLWH�ZLWK�*��PLQLPXP� �:H�VHOHFWHG����VWUDLQV�IURP�
HDFK�VLWH� IRU�PROHFXODU�FKDUDFWHUL]DWLRQ�EDVHG�RQ� LQLWLDO�PL�
FURVFRSLF� H[DPLQDWLRQ�  � 5LERVRPDO� ��6�� ULERVRPDO� ,76� RU�
UEF/�'1$� VHTXHQFHV� ZHUH� JHQHUDWHG� IURP� WKH� VWUDLQV� DQG�
%/$671�ZDV�XVHG�WR�LGHQWLI\�HDFK�VWUDLQ� �:H�IRXQG�DOJDH�
IURP� WKH� &KORURSK\WD�� 6WUHSWRSK\WD� DQG� (XVWLJPDWR�
SK\FHDH� �2YHUDOO��WKH�DOJDO�FRPPXQLW\�UHVHPEOHG�FRPPXQL�
WLHV�WKDW�LQKDELW�GHVHUW�FUXVWV�� 6HYHUDO�RI�WKH�VWUDLQV�DUH�QHZ�
VSHFLHV�� ZLWK� DW� OHDVW� RQH� QHZ� JHQXV� SUHVHQW��  2XU� UHVXOWV�
VKRZ� WKDW� WKH�XQXVXDO� VRLO� FKHPLVWU\�RI� WKH�:31$�KDUERUV�
QHZ�DQG�XQXVXDO�DOJDO�VSHFLHV�� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQV��0RQWLFHOOR��$5��$*��&/� 
/LWWOH�5RFN��$5��5.� 
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:DWHU� TXDOLW\� DVVHVVPHQW� DW� WKH� *UDQG�
3UDLULH�IDUPLQJ�	�ZDWHU�FRPSDQ\� 
LUULJDWLRQ�V\VWHP 
 

'RQDH¶�3RLQGH[WHU���2OXZD\LQND�,VH\HPL���$UOHQH�
$GYLHQWR-%RUEH���'HERUDK�/HVOLH���DQG�0LFKHOH�5H�
ED� 
 
�'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�$UNDQVDV�DW�3LQH�%OXII��3LQH�
%OXII��$5���'HOWD�:DWHU�0DQDJHPHQW�5HVHDUFK�8QLW��8QLWHG�6WDWHV�'H�
SDUWPHQW�RI�$JULFXOWXUH-$JULFXOWXUDO�5HVHDUFK�6HUYLFH��-RQHVERUR��$5� 
 
)UHVKZDWHU�LV�LPSHUDWLYH�IRU�WKH�VXUYLYDO�RI�DOO�OLYLQJ�RUJDQ�
LVPV��:DWHU�TXDOLW\�PRQLWRULQJ�LV�HVVHQWLDO�LQ�UHFRJQL]LQJ�DQ\�
FXUUHQW�RU�IXWXUH�KDUP�WR�KXPDQV�DQG�WKH�HQYLURQPHQW��$JUR�
QRPLF�SUDFWLFHV�VXFK�DV�DGHTXDWH�IHUWLOL]DWLRQ�DQG�PLQLPDO�
VRLO�GLVWXUEDQFH�DLG�LQ�HQVXULQJ�UHGXFHG�HQYLURQPHQWDO�SROOX�
WLRQ��7R�DVVHVV�ZDWHU�TXDOLW\�G\QDPLFV�DW�WKH�*UDQG�3UDLULH�
�*3��)DUPV��$UNDQVDV��JUDE�ZDWHU�VDPSOHV�ZHUH�FROOHFWHG�
IURP�QLQH�ORFDWLRQV�DQG�DQDO\]HG�IRU�1�FRQFHQWUDWLRQV��S+��
KDUGQHVV��DONDOLQLW\��WXUELGLW\��DQG�HOHFWULFDO�FRQGXFWLYLW\��
:DWHU�VDPSOHV�ZHUH�UHWULHYHG�IURP�WKH�VRXUFH�LQOHW��ZDWHU�
RXWOHW��DQG�VHYHQ�FRPPHUFLDO�ULFH�ILHOGV�GDLO\�IURP����0D\�WR�
���-XQH�������$PPRQLXP��1+�����QLWUDWH��12�-��DQG�QLWULWH�
�12�-��FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�XVLQJ�VWDQGDUG�FRORUL�
PHWULF�PHWKRGV�IRU�QLWURJHQ��2WKHU�ZDWHU�TXDOLW\�SDUDPHWHUV��
S+��KDUGQHVV��DONDOLQLW\��WXUELGLW\��DQG�FRQGXFWLYLW\��ZHUH�
PHDVXUHG�XVLQJ�ODE�LQVWUXPHQWV�DQG�VWDQGDUG�PHWKRGV��&RQ�
FHQWUDWLRQV�RI�1+����12��-��DQG�12�-�DFURVV�DOO�ORFDWLRQV�
DQG�VDPSOLQJ�GDWHV�ZHUH����PJ�/-���1LWURJHQ�FRQFHQWUDWLRQV�
ZHUH�ORZHU�ZKHQ�FRPSDUHG�WR�WKH�UHJXODWHG�OLPLW�IRU�DPELHQW�
VXUIDFH�ZDWHU��:DWHU�S+�LQ�DOO�VLWHV�UDQJHG�EHWZHHQ��-�����
ZKLOH�KDUGQHVV�DQG�DONDOLQLW\�ZHUH�����PJ�/-���2YHUDOO��WKHVH�
ILQGLQJV�VXJJHVW�WKDW�VXUIDFH�ZDWHU�PRYLQJ�WKURXJK�WKH�*3�
IDUPV�LV�FDWHJRUL]HG�DV�VRIW�ZLWK�D�YHU\�ORZ�EXIIHULQJ�FDSDFLW\�
IRU�SRWHQWLDO�SROOXWLRQ� 

SUHVHQWLQJ�� 
����DP—���SP 

+RPHWRZQ��7RLOHWWH��$5 
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,PSURYLQJ�$TXDFXOWXUH�&DWILVK�+HDOWK�
ZLWK�D�1RYHO�3ODQW-3URGXFHG�7KHUDSHXWLF�
3URWHLQ 
 
0DGDO\Q� :HLQHU����� /DQD� (ONLQV����� 0DXUHHQ� &��
'RODQ����� 

 
�'HSDUWPHQW� RI� %LRORJLFDO� 6FLHQFHV�� �0ROHFXODU� %LRVFLHQFHV� 3URJUDP��
�$UNDQVDV� %LRVFLHQFHV� ,QVWLWXWH�� $UNDQVDV� 6WDWH� 8QLYHUVLW\�� -RQHVERUR��
$UNDQVDV 
 

$UNDQVDV�LV�WKH�ELUWKSODFH�RI�DTXDFXOWXUH��ZKLFK�LQFOXGHV�
FRPPHUFLDO�IDUPLQJ�RI�ILVK�LQ�SRQGV�DQG�WDQNV��'HVSLWH�FRQ�
WLQXLQJ�LPSURYHPHQWV�LQ�ILVK�KHDOWK�PDQDJHPHQW��IDUPHG�
ILVK�UHPDLQ�VXVFHSWLEOH�WR�GLVHDVH�WKDW�UHVXOW�LQ�HFRQRPLF�ORV�
HV�WR�WKH�IDUPHU��$QWLELRWLFV�DUH�FRPPRQO\�XVHG�WR�PDQDJH�
GLVHDVH�RXWEUHDNV��KRZHYHU��LQFUHDVLQJ�FRQFHUQV�RI�DQWLELRWLF�
UHVLVWDQFH�ZLWK�QHJDWLYH�FRQVHTXHQFHV�RQ�KXPDQV�DQG�WKH�
HQYLURQPHQW�KDYH�HPHUJHG��2XU�ODE�LV�ZRUNLQJ�RQ�WHFKQROR�
J\�IRU�SURGXFLQJ�D�FDWILVK�SURWHLQ�WKHUDSHXWLF�DV�D�VDIHU�DOWHU�
QDWLYH�WR�DQWLELRWLFV�WKDW�ZKHQ�GHOLYHUHG�E\�LPPHUVLRQ�RU�
PHGLFDWHG�IHHG�FRXOG�³QDWXUDOO\´�ERRVW�WKH�ILVK¶V�LPPXQH�
V\VWHP��3ODQWV�FDQ�EH�XVHG�DV�ELRIDFWRULHV�IRU�SURGXFLQJ�
FRPSOH[�SURWHLQV�OLNH�FDWILVK�LQWHUOHXNLQ-����,/-�����+RZHY�
HU�WKH�QDWXUDO�LQVWDELOLW\�RI�,/���SURWHLQ�UHVXOWV�LQ�LW�TXLFNO\�
EHLQJ�GHJUDGLQJ�LQ�WKH�KDUVK�DTXDFXOWXUH�HQYLURQPHQW��
7KHUHIRUH�WKLV�SURWHLQ�WKHUDS\�ZDV�HQJLQHHUHG�ZLWK�D�SDUWQHU�
SURWHLQ��57%��WR�HQKDQFH�WKH�VWDELOLW\�DQG�XSWDNH�RI�WKH�,/���
WKHUDSHXWLF�LQWR�ILVK�JLOO�HSLWKHOLDO�FHOOV��3UHOLPLQDU\�GDWD�LQ�
GLFDWHV�,/��-57%�FDQ�EH�PDGH�LQ�SODQWV�DQG�VXFFHVVIXOO\�
WULJJHUV�DQ�LPPXQH�UHVSRQVH�LQ�FKDQQHO�FDWILVK�FHOOV�XVHG�DV�
D�PRGHO�V\VWHP�IRU�WHVWLQJ��&DWILVK�,/��-57%�WKHUDSHXWLF�
PD\�SURYLGH�D�VXVWDLQDEOH��DOWHUQDWLYH�PHWKRG�IRU�OLPLWLQJ�
GLVHDVH�LQ�DTXDFXOWXUH��EHQHILWWLQJ�WKH�VWDWH�RI�$UNDQVDV�HFR�
QRPLFDOO\�DQG�HFRORJLFDOO\�� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��/LWWOH�5RFN��$5 
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4XDQWLWDWLYH�3URWHRPLF�$QDO\VLV�RI�0LFH�
.LGQH\�5HYHDOV�DQ�(IIHFW�RI�+LJK�)DW�'LHW�
RQ�3URWHLQ�([SUHVVLRQ� 
 
'DPLHVKD�%U\DQW����5RFLR�=DSDWD�%XVWRV����5HJLQDOG�
5D\IRUG����3DXO�/DQJODLV����DQG�/DZUHQFH�-��0DQ�
GDULQR� 
 
�3KLODQGHU�6PLWK�&ROOHJH��/LWWOH�5RFN��$5���'LYLVLRQ�RI�(QGRFULQRORJ\��
8QLYHUVLW\�RI�$UL]RQD��&ROOHJH�RI�0HGLFLQH��7XFVRQ��$= 
 
$V�REHVLW\�UHPDLQV�SUHYDOHQW�LQ�WKH�ZHVWHUQ�ZRUOG��LW�LV�FULWL�
FDO� WR� XQGHUVWDQG� KRZ� H[FHVV� YLVFHUDO� DGLSRVLW\� DOWHUV� WKH�
IXQFWLRQ�RI�RWKHU�RUJDQV��2EHVLW\�LQFUHDVHV�WKH�ULVN�RI�GHYHO�
RSLQJ� GHJHQHUDWLYH� FRQGLWLRQV� VXFK� DV� K\SHUWHQVLRQ� DQG�
&KURQLF� .LGQH\� 'LVHDVH�� '\VIXQFWLRQV� LQ� WKH� UHJXODWLRQ� RI�
WKH�UHQLQ-DQJLRWHQVLQ-DOGRVWHURQH�V\VWHP�KDV�EHHQ�VKRZQ�WR�
SURPRWH� UHQDO� GLVRUGHUV�� +LJK� IDW� GLHW� LQGXFHG� REHVLW\� KDV�
DOVR�EHHQ�VKRZQ� WR� OHDG� WR�K\SHUWHQVLRQ�GXH� WR�ERWK�H[FHV�
VLYH�YLVFHUDO�DGLSRVH�WLVVXH�VXUURXQGLQJ�WKH�NLGQH\V�DQG�WKH�
HOHYDWLRQ� RI� UHQDO� WXEXODU� VRGLXP� UHDEVRUSWLRQ�� 1RW� RQO\�
GRHV� D� KLJK� IDW� GLHW� SURPRWHV� K\SHUWHQVLRQ�� EXW� DOVR� LW� HQ�
FRXUDJHV�DQ�LQFUHDVHG�IDWW\�DFLG�R[LGDWLRQ�DQG�GHFUHDVHG�IDW�
W\� DFLG� V\QWKHVLV�� ,Q� WKLV� VWXG\�� XVLQJ� PDVV� VSHFWURPHWU\�
EDVHG�SURWHRPLF�DQDO\VLV��ZH�HYDOXDWHG�WKH�HIIHFWV�RI�KLJK�IDW�
GLHW��+)'��LQGXFHG�REHVLW\�RQ�WKH�PRXVH�NLGQH\�SURWHLQ�H[�
SUHVVLRQ�WR�JDLQ�LQVLJKW�LQWR�KRZ�REHVLW\�PD\�OHDG�WR�&KURQ�
LF�.LGQH\�'LVHDVH��2XU�ILQGLQJV�VXJJHVW�WKDW�ORQJ-WHUP�FRQ�
VXPSWLRQ�RI�D�KLJK�IDW�GLHW�PD\�FDXVH�GHFUHDVHG�H[SUHVVLRQ�
RI�SURWHLQV�LQ�WKH�NLGQH\�VXFK�DV�$FHW\O�&DUER[\ODVH�,�DQG�,,��
5HQLQ�� DQG� )DWW\� $FLG� 6\QWKDVH� ZKLOH� SURWHLQV� VXFK� DV�
&<3���� $����� &<3���� $����� DQG� $QJLRWHQVLQRJHQ� PD\�
LQFUHDVH�LQ�H[SUHVVLRQ�� 

SUHVHQWLQJ�� 
����DP—���SP 

+RPHWRZQ��7XOVD��2. 
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$QDO\VLV�RI�D�'URVRSKLOD�PHODQRJDVWHU�
5LERVRPDO�3URWHLQ�*HQH� 
 
-RKQ�0LWFKHOO�DQG�0DU\�6WHZDUW 
 
0DWKHPDWLFDO�DQG�1DWXUDO�6FLHQFHV��8QLYHUVLW\�RI�$UNDQVDV�DW�0RQWLFHO�
OR��0RQWLFHOOR��$5 
 
,Q�KXPDQV��PXWDWLRQV�LQ�JHQHV�FRGLQJ�IRU�ULERVRPDO�SURWHLQV�
RU�LQ�JHQHV�LQYROYHG�LQ�ULERVRPH�ELRJHQHVLV�FDQ�FDXVH�FRQGL�
WLRQV�NQRZQ�DV�ULERVRPRSDWKLHV�� 7KHVH�FRQGLWLRQV�FDXVH�
V\PSWRPV�VXFK�DV�DQHPLD��FUDQLRIDFLDO�DEQRUPDOLWLHV�DQG�
DEQRUPDO�EORRG�FHOO�SURGXFWLRQ��ZKLFK�PD\�EH�DVVRFLDWHG�
ZLWK�GHFUHDVHG�UDWHV�RI�SURWHLQ�V\QWKHVLV�� :LWK�VRPH�ULERVR�
PRSDWKLHV��SDWLHQWV�KDYH�D�KLJKHU�ULVN�RI�VRPH�FDQFHU�
W\SHV�� /LNHZLVH��PXWDWLRQV�LQ�ULERVRPDO�SURWHLQ�JHQHV�LQ�
'URVRSKLOD�PHODQRJDVWHU��IUXLW�IO\��FDXVH�SKHQRW\SHV�FRQ�
VLVWHQW�ZLWK�UHGXFHG�SURWHLQ�V\QWKHVLV�VXFK�DV�GHOD\HG�GHYHO�
RSPHQW�DQG�VKRUW��WKLQ�EULVWOHV�LQ�DGXOW�IOLHV�� 0XWDWLRQ�RI�WKH�
'��PHODQRJDVWHU�ULERVRPDO�SURWHLQ�6��JHQH��5S6����FDXVH�
WXPRUV�LQ�GHYHORSLQJ�DQLPDOV�� 7KH�5S6��JHQH�FRGHV�IRU�UL�
ERVRPDO�SURWHLQ�6���5S6���� ,Q�DGGLWLRQ��WKH�ILUVW�LQWURQ�RI�
WKLV�JHQH�FRQWDLQV�LQIRUPDWLRQ�IRU�D�VPDOO�QRQ-FRGLQJ�51$�
WKRXJKW�WR�IXQFWLRQ�DV�D�VPDOO�QXOFHRODU�51$�
�VQR51$��� :H�DUH�ZRUNLQJ�ZLWK�D�PXWDQW�VWUDLQ�RI�'��PHOD�
QRJDVWHU�WKDW�LV�NQRZQ�WR�UHGXFH�5S6��P51$�H[SUHVVLRQ��
EXW�ZH�GR�QRW�NQRZ�KRZ�5S6��SURWHLQ�H[SUHVVLRQ�LV�DIIHFWHG�
LQ�WKHVH�IOLHV�QRU�GR�ZH�NQRZ�LI�WKH�PXWDWLRQ�DIIHFWV�H[SUHV�
VLRQ�RI�WKH�VQR51$�� 2XU�FXUUHQW�ZRUN�LV�DLPHG�DW�FRPSDU�
LQJ�5S6��SURWHLQ�H[SUHVVLRQ�LQ�WKH�PXWDQW�IOLHV�DQG�LQ�ZLOG-
W\SH�IOLHV�� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��(DVW�(QG��$5 
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(IIHFWV�RI�+\SREDULD�ZLWK�$GGHG�2��DQG�&2��&RQ�
FHQWUDWLRQV�RQ�$UDELGRSVLV�WKDOLDQD�'HYHORSPHQW 
 

0DVRQ�&OD\�DQG�-LP�7D\ORU 
 

2XDFKLWD�%DSWLVW�8QLYHUVLW\��%LRORJ\�'HSDUWPHQW��$UNDGHOSKLD��$5 
 
7KLV�VWXG\�DGGUHVVHG�WKH�HIIHFWV�RI�K\SREDULF�FRQGLWLRQV�DV�ZHOO�DV�LQ�
FUHDVHG�2��DQG�&2��FRQFHQWUDWLRQV�RQ�SODQW�JURZWK�RI�$UDELGRSVLV�WKDOL�
DQD��7KLV�UHVHDUFK�FDQ�EH�EHQHILFLDO�WR�LQFUHDVLQJ�WKH�FDSDELOLW\�RI�HVWDE�
OLVKLQJ�D�V\VWHP�IRU�ORQJ�WHUP�VSDFH�WUDYHO��,Q�WKLV�VWXG\��WKUHH�JURXSV�RI�
SODQWV�ZHUH�JURZQ��WZR�H[SHULPHQWDO�JURXSV�DQG�D�FRQWURO�JURXS��%RWK�
H[SHULPHQWDO�JURXSV�FRQWDLQHG����ZHOOV�ZLWK���VHHGV�SHU�ZHOO�DQG�ZHUH�
JURZQ�LQ�D�K\SREDULF�FKDPEHU�ZLWK�D�FRQVWDQW�SUHVVXUH�RI����LQ+J��DS�
SUR[LPDWHO\�����RI�DWPRVSKHULF�SUHVVXUH��DQG�KDG�D���-KRXU�OLJKW�LQWHQ�
VLW\�RI�DSSUR[LPDWHO\���-���ȝ0�0���7KH�FRQWURO�JURXS�FRQWDLQHG����
ZHOOV�ZLWK���VHHGV�SHU�ZHOO�DQG�ZDV�JURZQ�LQ�D�FKDPEHU�DW�QRUPDO�DW�
PRVSKHULF�SUHVVXUH�DQG�KDG�D���-KRXU�OLJKW�LQWHQVLW\�RI�DSSUR[LPDWHO\���
-���ȝȂ�0���$OO�WKUHH�SODQW�JURXSV�ZHUH�JURZQ�RQ�D�5RFNZRRO�VXEVWUDWH��
7KH�ILUVW�H[SHULPHQWDO�JURXS�ZDV�JURZQ�LQ�D�K\SREDULF�FKDPEHU�ZLWK�QR�
DGGHG�JDVHV��7KH�VHFRQG�H[SHULPHQWDO�JURXS�ZDV�JURZQ�LQ�D�K\SREDULF�
FKDPEHU�DQG�UHFHLYHG�DGGHG�R[\JHQ�IRU�WKH�ILUVW�ZHHN��DQG�DGGHG�&2��
IURP�WKH�VHFRQG�ZHHN�WR�WKH�HQG�RI�WKH�H[SHULPHQW��7KH�SODQWV�ZHUH�DO�
ORZHG�WR�JURZ�IRU���ZHHNV�DQG�ZHUH�WKHQ�KDUYHVWHG�LQ�RUGHU�WR�FROOHFW�
GDWD�RQ�WKHLU�JURZWK�DQG�GHYHORSPHQW��7KH�FRQWURO��ILUVW��DQG�VHFRQG�H[�
SHULPHQWDO�JURXSV�H[SHULHQFHG�JHUPLQDWLRQ�LQ�DOO�ZHOOV�DQG�OLWWOH�WR�QR�
SODQW�GHDWK�WKURXJKRXW�WKH�GXUDWLRQ�RI�WKH�H[SHULPHQW��7KH�SODQWV�LQ�HDFK�
JURXS�ZHUH�HYDOXDWHG�IRU�WKHLU�RYHUDOO�JURZWK�DV�ZHOO�DV�WKH�VL]H�DQG�FRO�
RU�RI�WKHLU�OHDYHV��7KH�VHFRQG�H[SHULPHQWDO�JURXS�ZKLFK�UHFHLYHG�DGGHG�
2��DQG�&2��H[SHULHQFHG�PRUH�JURZWK�DQG�ODUJHU��JUHHQHU�OHDYHV�FRP�
SDUHG�WR�WKH�ILUVW�H[SHULPHQWDO�JURXS��7KH�VHFRQG�H[SHULPHQWDO�JURXS�KDG�
DQ�DYHUDJH�OHDI�DUHD�RI��������PP��FRPSDUHG�WR�WKH�ILUVW�H[SHULPHQWDO�
JURXS�KDYLQJ�DQ�DYHUDJH�OHDI�DUHD�RI�������PP���7KH�FRQWURO�JURXS�JUHZ�
PXFK�PRUH�TXLFNO\�DQG�PXFK�ODUJHU�WKDQ�WKH�H[SHULPHQWDO�JURXSV�ZKLFK�
ZDV�H[SHFWHG�ZLWK�DQ�DYHUDJH�OHDI�DUHD�RI��������PP���7KH�ODFN�RI�YHUWL�
FDO�JURZWK�RI�WKH�H[SHULPHQWDO�JURXSV�FRXOG�KDYH�EHHQ�FDXVHG�E\�WKH�
GHFUHDVHG�SUHVVXUH�LQ�WKH�K\SREDULF�FKDPEHUV�DV�ZHOOV�DV�DQ�LQDELOLW\�WR�
GLVWULEXWH�ZDWHU�HIIHFWLYHO\�WKURXJKRXW�WKH�5RFNZRRO��7KH�GLIIHUHQW�WUHDW�
PHQWV�H[KLELWHG�VLPLODU�SKRWRV\QWKHWLF�UDWHV�RI�HOHFWURQ�WUDQVSRUW���������
�������DQG�������UHVSHFWLYHO\��DV�PHDVXUHG�E\�3XOVH�$PSOLWXGH�0RGXODW�
HG��3$0��IOXRUHVFHQFH��7KLV�LQGLFDWHV�WKDW�WKH�SKRWRV\QWKHWLF�DELOLW\�RI�
WKH�OHDYHV�ZDV�QRW�FRPSURPLVHG�ZKHQ�SODFHG�LQ�K\SREDULF�FRQGLWLRQV�
DQG�WKH�DGGLWLRQ�RI�&2��DQG�2��LQ�IXWXUH�VFHQDULRV�RI�VSDFH�IO\LQJ�ZLOO�
EHQHILW�SODQW�JURZWK�DW�ORZ�DWPRVSKHULF�SUHVVXUH� 

SUHVHQWLQJ�� 
����DP—���SP 

+RPHWRZQ��(O�'RUDGR��$5 
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,QYHVWLJDWLRQV�LQWR�WKH�(IIHFWV�RI�&DIIHLQH�
RQ�&HOO�'HDWK�LQ�'LFW\RVWHOLXP� 
GLVFRLGHXP 
 
.ULVWHQ�*UHJRU\��$]XUH�<DUEURXJK��DQG�-RKQ�%XVK� 
 
'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�$UNDQVDV�DW�/LWWOH�5RFN��/LWWOH�
5RFN��$5 
 
'LFW\RVWHOLXP�GLVFRLGHXP�LV�D�KDSORLG�DPRHED�WKDW�LV�IRXQG�
LQ�WKH�ZLOG�DQG�XVHG�DV�D�PRGHO�RUJDQLVP�LQ�GLIIHUHQW�DSSOL�
FDWLRQV��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�ORRN�DW�FHOO�GHDWK�
ZLWK�DQG�ZLWKRXW�FDIIHLQH�WR�VHH�ZKHUH�GHDWK�LV�LQKLELWHG��
&DIIHLQH�LV�XVHG�LQ�FRPPHUFLDO�DQG�PHGLFDO�DSSOLFDWLRQV�LQ�
WRGD\¶V�ZRUOG�DQG�VWXG\LQJ�FDIIHLQH�ZLOO�KHOS�LQ�XQGHUVWDQG�
LQJ�ZKDW�KDSSHQV�DQG�KRZ�LW�DIIHFWV�XV�ZKHQ�LW�JRHV�WKURXJK�
RXU�ERGLHV�� ,Q�'��GLVFRLGHXP��LW�KDV�EHHQ�VKRZQ�WR�EORFN�WKH�
ELQGLQJ�VLWH�RI�F$03�� ,�WHVWHG�WKUHH�GLIIHUHQW�FHOO�OLQHV�ZLWK�
DQG�ZLWKRXW�FDIIHLQH�� (DFK�H[SHULPHQW�ZDV�FRPSOHWHG�LQ�
WULSOLFDWH�DQG�VWDWLVWLFDO�DQDO\VLV�ZDV�FRPSOHWHG��2QH�FHOO�OLQH�
ZDV�GG5DE��F�ZKLFK�LV�WKH�SURWHLQ�WKDW�LV�EHLQJ�VWXGLHG�LQ�
WKLV�H[SHULPHQW��,Q�WKLV�FHOO�OLQH��FDOFLXP�LV�RYHUH[SUHVVHG�
DQG�LW�LV�NQRZQ�WKDW�FDIIHLQH�DIIHFWV�WKH�DEVRUSWLRQ�RI�FDOFL�
XP��&DIIHLQH�LQFUHDVHG�FHOO�GHDWK��EORFNHG�HDUO\�GHYHORS�
PHQW�RI�FHOOV��7KH�GG5DE��F�FHOO�OLQH�DFWHG�GLIIHUHQWO\�WKDQ�
WKH�RWKHU�FHOO�OLQHV��)XWXUH�ZRUN�LQFOXGHV�LQYHVWLJDWLQJ�WKH�
UROH�RI�FDOFLXP�LQ�SURJUDPPHG�FHOO�GHDWK�DQG�ORRNLQJ�IRU�D�
SRVVLEOH�FRQQHFWLRQ��IXQFWLRQDO�FKDUDFWHUL]DWLRQ�RI�WKH�
GG5DE��F�SURWHLQ��DQG�VWXG\LQJ�WKH�UROH�RI�GG5DE��F�LQ�SUR�
JUDPPHG�FHOO�GHDWK�� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��-DFNVRQYLOOH��$5 
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7K\PRTXLQRQH� LQGXFHV�DSRSWRVLV� LQ�PX�
ULQH� VTXDPRXV�FHOO� FDUFLQRPD� �6&&�9,,��
FHOOV�WKURXJK�526�LQGXFWLRQ�DQG�JOXWDWKL�
RQH�GHSOHWLRQ 

 
0DOFROP�$QGHUVRQ�DQG�6HOPD�'DJWDV 
 
8QLYHUVLW\�RI�$UNDQVDV�DW�3LQH�%OXII��3LQH�%OXII��$5 

 
2UDO�FDQFHU�LV�D�FKDOOHQJLQJ�PHGLFDO�SUREOHP�ZLWK�GLVDS�
SRLQWLQJ�VXUYLYDO�UDWHV��'HVSLWH�WKH�VXFFHVVIXO�WUHDWPHQW�RI�
WKH�LQLWLDO�OHVLRQ��QHZ�OHVLRQV�DSSHDU�XQGHU�WKH�LQIOXHQFH�RI�
WKH�VDPH�SUHGLVSRVLQJ�IDFWRUV�WKDW�DQWL-R[LGDQW�HIIHFWV��,Q�
RXU�ODERUDWRU\��D�ZDWHU-EDVHG�ZKROH�1��VDWLYD�VHHG�H[WUDFW�
ZDV�IRXQG�WR�LQKLELW�FHOO�YLDELOLW\�LQ�PXULQH�VTXDPRXV�FHOO�
FDUFLQRPD��6&&�9,,��FHOOV�LQ�YLWUR��$PRQJ�WKH�NQRZQ�EL�
RDFWLYH�FRPSRXQGV�1��VDWLYD�FRQWDLQV��Į-KHGHULQ�ZDV�
IRXQG�WR�EH�WKH�HIIHFWLYH�FRPSRXQG�LQ�WKH�ZDWHU�H[WUDFW��
+RZHYHU��,&���RI�Į-�KHGHULQ�ZDV�FRQVLGHUDEO\�KLJKHU�WKDQ�
ZKDW�LV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�RQ�GLIIHUHQW�FHOO�W\SHV��,Q�
WKLV�VWXG\��ZH�FRPSDUHG�WKH�,&���RI�Į-KHGHULQ�LQ�WKH�SUHV�
HQFH�DQG�DEVHQFH�RI�VHUXP�LQ�PXULQH�VTXDPRXV�FHOO�FDUFL�
QRPD��6&&�9,,��FHOOV��,&���RI�Į-KHGHULQ�LQ�WKH�DEVHQFH�RI�
VHUXP�ZDV�DERXW����WLPHV�ORZHU�VXJJHVWLQJ�WKDW�Į-KHGHULQ�
LV�ERXQG�E\�VHUXP�SURWHLQV�� 

SUHVHQWLQJ�� 
����DP—���SP 

+RPHWRZQ��3LQH�%OXII��$5 
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,QFRUSRUDWLRQ�RI�613�0XWDWLRQV�LQ�,QWHJULQ¶V� 
$OSKD�6XEXQLW�WR�$OWHU�)XQFWLRQ 
 

4XLQF\�*UDJJ���%LOO\�*��+XGVRQ���DQG�.\OH�%URZQ� 
 
�$63,51$87�5HVHDUFK�3URJUDP�9DQGHUELOW�8QLYHUVLW\�0HGLFDO�&HQWHU��
1DVKYLOOH��71���+HQGHUVRQ�6WDWH�8QLYHUVLW\��$UNDGHOSKLD��$5���1HSKURO�
RJ\�DQG�+\SHUWHQVLRQ�'HSDUWPHQW��9DQGHUELOW�8QLYHUVLW\�0HGLFDO�&HQ�
WHU��1DVKYLOOH��71 
 

7KH�H[FHVV�DFFXPXODWLRQ�RI�H[WUDFHOOXODU�SURWHLQV��OLNH�FROODJHQ��LQ�
WKH�H[WUDFHOOXODU�PDWUL[��(&0��RI�WKH�NLGQH\�FDQ�OHDG�WR�WKH�VFDULQJ�
RI�KHDOWK\�WLVVXHV�DQG�XOWLPDWHO\�NLGQH\�ILEURVLV��7KH�ELQGLQJ�RI�FRO�
ODJHQ�,9�WKURXJKRXW�WKH�NLGQH\�LV�PHGLDWHG�LQ�SDUW�E\�LQWHJULQV��D�
FODVV�RI�WUDQVPHPEUDQH�SURWHLQ�UHFHSWRUV��6SHFLILFDOO\��LQWHJULQ�DO�
SKD��EHWD��SOD\V�WKH�YLWDO�UROH�RI�GRZQUHJXODWLQJ�WKH�SURGXFWLRQ�RI�
FROODJHQ�,9�LQ�WKH�NLGQH\V��7KLV�UHVHDUFK�SURMHFW�IRFXVHV�RQ�WKH�DOSKD�
VXEXQLW�RI�LQWHJULQ�DOSKD��EHWD��ZLWK�D�JRDO�WR�XQGHUVWDQG�LWV�PHFKD�
QLVP�RI�IXQFWLRQ��:H�K\SRWKHVL]H�WKDW�D�VLQJOH�QXFOHRWLGH�SRO\PRU�
SKLVP��613��LQ�WKH�DOSKD�VXEXQLW�ZLOO�DIIHFW�WKLV�LQWHJULQV�IXQFWLRQ��
8VLQJ�WKH�1DWLRQDO�&HQWHU�IRU�%LRWHFKQRORJ\�,QIRUPDWLRQ¶V��1&%,��
613�GDWDEDVH�ZH�VHOHFWHG�IURP�URXJKO\�����613V�EDVHG�RQ�DPLQR�
FKDQJHV�PRVW�OLNHO\�WR�GHOHWHULRXVO\�DIIHFW�WKH�LQWHJULQV�IXQFWLRQ�DF�
FRUGLQJ�WR�VWUXFWXUDO�PRGHOV�DQG�ZKDW�ZH�NQRZ�DERXW�LQWHJULQ�DFWLYD�
WLRQ��7KHVH�613�VHOHFWLRQV�GLVWRUWHG�WKH�FKDUJHV��IXQFWLRQDO�JURXSV��
SRODULW\��DQG�RYHUDOO�UHODWLRQVKLS�EHWZHHQ�DPLQR�DFLGV�LQ�WKH�LQWHJULQV�
VWUXFWXUH��7KH�LQVHUWLRQ�RI�D�1-WHUPLQDO�)/$**-DIILQLW\�WDJ�LQWR�SODV�
PLGV�H[SUHVVLQJ�ZLOG-W\SH�LQWHJULQ�D���IROORZHG�E\�WKH�LQWURGXFWLRQ�RI�
613�PXWDWLRQV�WKURXJK�VLWH-GLUHFWHG�PXWDJHQHVLV��OHDG�WR�WKH�VXEVH�
TXHQW�H[SUHVVLRQ�RI�UHFRPELQDQW�LQWHJULQ�VXEXQLWV�LQ�KXPDQ�HPEU\�
RQLF�NLGQH\�FHOOV��8QH[SHFWHGO\��ZH�GLVFRYHUHG�WKDW�4��VLWH�GLUHFWHG�
PXWDJHQHVLV�LPSURYHG�WKH�LQFRUSRUDWLRQ�RI�PXWDWLRQV��:H�VWUXFWXUDOO\�
DQDO\]HG�WKHVH�PXWDWHG�LQWHJULQV�E\�SODFLQJ�WKHP�LQ�OLSLG�ELOD\HU�
1DQR�GLVNV�DQG�XVLQJ�QHJDWLYH�VWDLQ�HOHFWURQ�PLFURVFRS\��:H�WKHQ�
FRPSDUHG�WKH�FRQIRUPDWLRQV�RI�VHYHUDO�LQWHJULQV�DQG�FRQFOXGHG�WKDW�
RXU�PXWDWLRQ�LQGHHG�LQIOXHQFHG�RXU�LQWHJULQ¶V�VWUXFWXUH��5HVHDUFK�VXS�
SRUWHG�E\��1,+�5���'.������WR�%�*�+��7KLV�ZRUN�ZDV�DOVR�VXSSRUW�
HG�E\�WKH�$VSLUQDXW�3URJUDP�WKURXJK�WKH�1DWLRQDO�,QVWLWXWH�RI�'LDEH�
WHV�DQG�'LJHVWLYH�DQG�.LGQH\�'LVHDVHV�RI�WKH�1DWLRQDO�,QVWLWXWHV�RI�
+HDOWK��5���'.������WR�%�*�+�� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��0DOYHUQ��$5 
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�,PSURYLQJ�WKH�+HDOWK�%HQHILWV�RI�0XVFD�
GLQH�*UDSH�WKURXJK�*HQHWLF�(QJLQHHULQJ 
 
3DUNHU�.QDSS���0RKDPPDG�$]LP���7LDQKRQJ�<DQJ���
DQG�)DEULFLR�0HGLQD-%ROLYDU��� 
 
�$UNDQVDV� %LRVFLHQFHV� ,QVWLWXWH�� �'HSDUWPHQW� RI� %LRORJLFDO� 6FLHQFHV��
$UNDQVDV�6WDWH�8QLYHUVLW\��-RQHVERUR��$UNDQVDV 
 
0XVFDGLQH�JUDSH�LV�D�QDWLYH�VSHFLHV�RI�WKH�VRXWKHDVWHUQ�8QLW�
HG�6WDWHV�ZKLFK�SURGXFHV�UHVYHUDWURO��D�FRPSRXQG�WKDW�KDV�
VKRZQ�VHYHUDO�ELRORJLFDO�HIIHFWV�ZLWK�SRWHQWLDO�DSSOLFDWLRQV�
LQ�KXPDQ�KHDOWK��+RZHYHU��RQH�PDMRU�OLPLWDWLRQ�RI�UHVYHUD�
WURO¶V�XVH�LQ�KXPDQV�LV�LWV�ORZ�ELRDYDLODELOLW\�GXH�WR�LWV�UDSLG�
PHWDEROLVP�� ,QWHUHVWLQJO\��WKH�SHDQXW�SODQW�FDQ�SURGXFH�DUD�
FKLGLQ-���7KH�ODWWHU�LV�D�GHULYDWLYH�RI�UHVYHUDWURO�ZKLFK�LV�
SUHQ\ODWHG�DQG�H[KLELWV�IDYRUDEOH�PHWDEROLF�SURILOHV��,P�
SRUWDQWO\��D�UHFHQW�VWXG\�SURSRVHG�DUDFKLGLQ-��DV�D�OHDG�FRP�
SRXQG�IRU�WKH�WUHDWPHQW�RI�$O]KHLPHU¶V�GLVHDVH��2XU�ODERUD�
WRU\�LGHQWLILHG�WKH�SHDQXW�SUHQ\OWUDQVIHUDVH�JHQH�UHVSRQVLEOH�
IRU�WKH�SUHQ\ODWLRQ�RI�UHVYHUDWURO�WR�SURGXFH�DUDFKLGLQ-��� 7R�
WKLV�HQG��ZH�DUH�GHYHORSLQJ�WLVVXH�FXOWXUH�FRQGLWLRQV�WR�H[�
SUHVV�WKLV�SUHQ\OWUDQVIHUDVH�LQ�PXVFDGLQH�JUDSH��3ODQWV�RI�
WZR�FXOWLYDUV�RI�PXVFDGLQH�JUDSH��L�H��FXOWLYDUV�)U\�DQG�1R�
EOH��ZHUH�JURZQ�LQ�WKH�JUHHQKRXVH��&XWWLQJV�ZHUH�WDNHQ�IURP�
WKHVH�SODQWV�DQG�VWHULOL]HG�WR�VWDUW�VKRRW�FXOWXUHV�LQ�YLWUR��
3ODQWOHWV�DUH�EHLQJ�SURSDJDWHG�LQ�YLWUR�DQG�H[SODQWV�IURP�
WKHVH�SODQWOHWV�DUH�XVHG�IRU�JHQHWLF�WUDQVIRUPDWLRQ�ZLWK�WKH�
XOWLPDWH�JRDO�RI�SURGXFLQJ�DUDFKLGLQ-��LQ�PXVFDGLQH�JUDSH�
DQG�WKHUHE\�LQFUHDVLQJ�WKH�KHDOWK�EHQHILWV�RI�WKLV�LPSRUWDQW�
$UNDQVDV�SODQW�� 

SUHVHQWLQJ�� 
����DP—���SP 

+RPHWRZQ��+RW�6SULQJV��$5 
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([RVRPHV�DQG�WKHLU�UROH�LQ�1HXURQ�'LIIHU�
HQWLDWLRQ 
 
$O\VRQ� &ROH��� 5DFKHO� %DFRQ��� 0DGLVRQ� &URVE\���
1DWKDQ�5H\QD���5DM�.RUH���DQG�5RE�*ULIILQ� 
 
�2XDFKLWD�%DSWLVW�8QLYHUVLW\��$UNDGHOSKLD��$UNDQVDV���8QLYHUVLW\�RI�$U�
NDQVDV�IRU�0HGLFDO�6FLHQFHV 
 
8QOLNH� RWKHU� FHOOV� LQ� RXU� ERG\��ZKHQ� QHXURQV� DUH� GDPDJHG�
WKH\�FDQQRW�EH�UHSODFHG��DQG�WKH�UHVXOW�LV�D�ORVV�RI�IHHOLQJ�RU�
LQ�VRPH�FDVHV�SDUDO\VLV�� 7KURXJK�$5-(36&R5�IXQGHG�&HQ�
WHU� IRU� $GYDQFHG� 6XUIDFH� (QJLQHHULQJ� �&$6(�� JUDQW�� UH�
VHDUFK�DW�2XDFKLWD�%DSWLVW�8QLYHUVLW\�KDV�IRFXVHG�RQ�XQGHU�
VWDQGLQJ� WKH� UROH� H[RVRPHV� SOD\� LQ� UHSDLULQJ� GDPDJHG�QHX�
URQV��   :KLOH�PDQ\�DVSHFWV�RI�H[RVRPHV�DUH�XQNQRZQ�� WKH\�
KDYH�EHHQ�VKRZQ�WR�SOD\�D�UROH� LQ�FHOO�JURZWK��FRPPXQLFD�
WLRQ��DQG�GLIIHUHQWLDWLRQ��  5HFHQW�E\�RXU�WHDP�KDV�VKRZQ�WKH�
DELOLW\� RI� H[RVRPHV� WR� LQGXFH� QHXULWH� GLIIHUHQWLDWLRQ� LQ� WKH�
DEVHQFH� RI� 1HXUDO� *URZWK� )DFWRU��   (OXFLGDWLQJ� WKH� UROH� RI�
H[RVRPHV�LQ�FHOO�VLJQDOLQJ�PD\�SURYLGH�QRYHO�DSSURDFKHV�IRU�
UHJHQHUDWLYH� PHGLFLQH� LQ� UHODWLRQ� WR� VSLQDO� FRUG� LQMX�
ULHV��  $GGLWLRQDOO\�� WKLV� SURMHFW� LV� XQLTXH� LQ� WKDW� LW� LQFRUSR�
UDWHV� XQGHUJUDGXDWHV� LQWR� DOO� SKDVHV� RI� WKH� SURMHFW� DQG� DV� D�
UHVXOW�FRQQHFWV�RXU�VWXGHQWV�GLUHFWO\�ZLWK�JUDGXDWH�SURJUDPV�
LQ�$UNDQVDV�DQG�LQFUHDVHV�WKH�6WDWH¶V�UHVHDUFK�LQIUDVWUXFWXUH��
)XQGLQJ�LV�SURYLGHG�E\�WKH�&HQWHU�IRU�$GYDQFHG�6XUIDFH�(Q�
JLQHHULQJ��XQGHU�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�*UDQW�1R��
2,$-�������� DQG� WKH�$UNDQVDV�(36&R5�3URJUDP��$66(7�
,,,� 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��(O�'RUDGR��$5� 
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1HXURQDO�'LIIHUHQWLDWLRQ�)RU�7UDQVSODQWD�
WLRQ�7KHUDS\��5ROH�RI�0DWUL[�&RPSRQHQWV  
 
6KRQWLDUD� -RKQVRQ��� &KHWDQ� 3DQGDQDERLQD��� 'XVWLQ�
5KRDGV���0DODWKL�6ULYDWVDQ��  
 
�8QLYHUVLW\�RI�$UNDQVDV�DW�3LQH�%OXII��3LQH�%OXII��$5���$UNDQVDV�%LRVFL�
HQFHV�,QVWLWXWH��$UNDQVDV�6WDWH�8QLYHUVLW\��-RQHVERUR��$5 
 
1HXURGHJHQHUDWLYH�GLVHDVHV�DQG�EUDLQ�LQMXULHV�DIIHFW�PLOOLRQV�
RI�SHRSOH�ZRUOGZLGH�ZKHQ�IXQFWLRQDO�XQLWV�RI�WKH�QHUYRXV�
V\VWHP��QHXURQV��DUH�XQDEOH�WR�IXQFWLRQ�DQG�GLH��6LQFH�QHX�
URQV�GR�QRW�GLYLGH��XQOLNH�RWKHU�FHOOV�LQ�WKH�ERG\��DQG�FDQQRW�
UHSODFH�WKHPVHOYHV�RQFH�WKH\�DUH�ORVW��FHOO�WUDQVSODQWDWLRQ�
WKHUDS\�LV�EHLQJ�SURSRVHG�DV�D�FXUH�IRU�WKHVH�GLVHDVHV��+RZ�
HYHU��WUDQVSODQWDWLRQ�WKHUDS\�UHTXLUHV�D�ODUJH�QXPEHU�RI�QHX�
URQV�DQG�QHXUDO�VWHP�FHOOV��16&V��ZKLFK�KDYH�WKH�SRWHQWLDO�
WR�GLIIHUHQWLDWH�LQWR�QHXUDO�FHOOV�VXFK�DV�QHXURQV��DVWURF\WHV��
DQG�ROLJRGHQGURF\WHV��0HVHQFK\PDO�VWHP�FHOOV��06&V��DUH�
PXOWLSRWHQW�VWHP�FHOOV�WKDW�JLYH�ULVH�WR�H[WUDFHOOXODU�PDWUL[�
�(&0���EORRG�YHVVHOV��FDUWLODJH��ERQH��DQG�PXVFOH��7R�WHVW�
WKLV�K\SRWKHVLV��FRQGLWLRQHG�PHGLXP�ZDV�FROOHFWHG�IURP�
PHVHQFK\PDO�VWHP�FHOO�FXOWXUH�DQG�H[RVRPHV�ZHUH�LVRODWHG�
IURP�WKH�FRQGLWLRQHG�PHGLXP��5DW�QHXUDO�VWHP�FHOOV�ZHUH�
WKHQ�GLIIHUHQWLDWHG�XVLQJ�����&RQGLWLRQHG�PHGLXP�����,VRODW�
HG�H[RVRPHV�����&RQGLWLRQHG�PHGLXP�GHSOHWHG�RI�H[RVRPHV�
IRU�RQH�ZHHN�WR�VHH�LI�EHQHILFLDO�FRPSRQHQWV�REWDLQHG�IURP�
GLIIHUHQW�FRQGLWLRQV�ZRXOG�SURPRWH�QHXURQDO�GLIIHUHQWLDWLRQ��
2XU�LQLWLDO�UHVXOWV�VXJJHVWHG�WKDW�WKH�PHGLXP�RI�PHVHQFK\�
PDO�VWHP�FHOOV�FRQVLVWV�RI�QHXURQDO�GLIIHUHQWLDWLRQ�SURPRWLQJ�
DV�ZHOO�DV�LQKLELWRU\�PROHFXOHV�DQG�H[RVRPHV�LVRODWHG�IURP�
PHVHQFK\PDO�VWHP�FHOOV�KHOS�SURPRWH�GLIIHUHQWLDWLRQ�RI�
PRUH�QHXURQV�� 

SUHVHQWLQJ�� 
����DP—���SP 

+RPHWRZQ��0RQWLFHOOR��$5 
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%RWWRP-XS�YV��7RS-GRZQ�3URFHVVLQJ�LQ�
,QGLYLGXDOV�ZLWK�$XWLVP�6SHFWUXP�'LVRU�
GHU 
 

7D\ORU�'DJXH���.HQLWK�6REHO���.DPL�.ROGHZ\Q���
DQG�$PULWD�3XUL�� 
 
�'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5��
�'HSDUWPHQW�RI�3V\FKRORJ\�	�&RXQVHOLQJ��8QLYHUVLW\�RI�&HQWUDO�$UNDQ�
VDV��&RQZD\��$5���6FKRRO�RI�3V\FKRORJ\��%DQJRU�8QLYHUVLW\��%DQJRU�
:DOHV� 
 

3UHYLRXV�UHVHDUFK�RQ�$XWLVP�6SHFWUXP�'LVRUGHU��$6'��KDV�
HPSKDVL]HG�WKH�LPSRUWDQFH�RI�LGHQWLI\LQJ�FRPSRQHQWV�RI�
SHUFHSWXDO�DQG�VHQVRU\�SURFHVVLQJ�WKDW�GLIIHU�EHWZHHQ�LQGL�
YLGXDOV�ZLWK�$6'�DQG�W\SLFDOO\�GHYHORSLQJ�LQGLYLGXDOV�
�'DNLQ�	�)ULWK���������3HUFHSWXDO�SURFHVVLQJ�WKHRULHV�DWWULE�
XWH�WKHVH�GLIIHUHQFHV�WR�DEQRUPDOLWLHV�LQ�ERWWRP-XS��VHQVRU\�
VWLPXOL��RU�WRSGRZQ��H[SHFWDWLRQV��SURFHVVLQJ��+HUH��D�YLVXDO�
VHDUFK�WDVN�ZDV�XVHG�WR�GHWHUPLQH�LI�LQGLYLGXDOV�ZLWK�$6'�
GLIIHU�IURP�17�LQGLYLGXDOV�LQ�WKHLU�XWLOL]DWLRQ�RI�WRS-GRZQ�
VWUDWHJLHV�YHUVXV�ERWWRP-XS�LQIRUPDWLRQ��3DUWLFLSDQWV�FRP�
SOHWHG�D�WDVN�LQ�ZKLFK�WKH\�VHDUFKHG�IRU�D�UHG�KRUL]RQWDO�WDU�
JHW�DPRQJ�UHG�WLOWHG�DQG�JUHHQ�KRUL]RQWDO�GLVWUDFWRUV��7R�PD�
QLSXODWH�WKH�VDOLHQFH�RI�ERWWRP-XS�IHDWXUHV��ZH�YDULHG�WKH�
UDWLR�RI�GLVWUDFWRU�W\SHV��7KH�³GLVWUDFWRU�UDWLR�HIIHFW´�SUHGLFWV�
WKDW�ZKHQ�HLWKHU�GLVWUDFWRU�JURXS�LV�VPDOO��UHDFWLRQ�WLPHV�DUH�
IDVWHVW��%DFRQ�	�(JHWK���������%RWK�$6'�DQG�17�SDUWLFL�
SDQWV�H[KLELWHG�WKH�³GLVWUDFWRU�UDWLR�HIIHFW´�DQG�VHHPHG�WR�
IDYRU�VHDUFKLQJ�E\�FRORU�ZKHQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�
WDUJHW�DQG�GLVWUDFWRU�RULHQWDWLRQ�ZDV�VPDOO��LQGLFDWLQJ�VLPLODU�
XWLOL]DWLRQ�RI�D�WRS-GRZQ�VWUDWHJ\�E\�ERWK�JURXSV��2XU�UHVXOWV�
DUH�FRQVLVWHQW�ZLWK�+DSSH�DQG�)ULWK��������ZKR�VXJJHVW�WKDW�
ERWWRPXS�VLJQDOV�DUH�VWURQJHU�WKDQ�QRUPDO�LQ�LQGLYLGXDOV�
ZLWK�$6'͘ 

SUHVHQWLQJ 
���DP—���SP 

+RPHWRZQ��1RUWK�/LWWOH�5RFN��$5 
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+RZ�WR�ILQJHUSULQW�D�OL]DUG�E\�PDSSLQJ�
XQLTXH�SDWWHUQV�RI�VFDODWLRQ 
 
*DUUHWW� 5�� /DZVRQ�� &KULV� -�� .HOOQHU�� 6DUDK� $��
7RPNH��DQG�-DPHV�+��1REOH 
 
'HSDUWPHQW�RI�%LRORJ\��$UNDQVDV�7HFK�8QLYHUVLW\��5XVVHOOYLOOH��$5 

 
,QYHVWLJDWLRQV�LQWR�WKH�HFRORJ\�RI�OL]DUGV�RIWHQ�UHTXLUH�WKDW�
LQGLYLGXDOV�EH�PDUNHG�IRU�LGHQWLILFDWLRQ�VR�WKDW�GHPRJUDSK\�
DQG�OLIH�KLVWRU\�WUDLWV�FDQ�EH�HYDOXDWHG��7RH-FOLSSLQJ�LV�WKH�
PRVW�FRPPRQ�PHWKRG�RI�PDUNLQJ�OL]DUGV��+RZHYHU��SKRWR�
JUDSKLF�LGHQWLILFDWLRQ�LV�DQ�DWWUDFWLYH�DOWHUQDWLYH�WR�WRH-
FOLSSLQJ��ZKLFK�PD\�UHGXFH�VXUYLYDO�DQG�LV�VRPHWLPHV�XQUH�
OLDEOH��2XU�REMHFWLYH�ZDV�WR�GHWHUPLQH�ZKHWKHU�VFDODWLRQ�SDW�
WHUQV�RQ�WKH�KHDGV�RI�SUDLULH�OL]DUGV���6FHORSRUXV�FRQVREUL�
QXV���FRXOG�EH�XVHG�WR�LGHQWLI\�LQGLYLGXDOV��:H�XVHG�D�VDPSOH�
RI�DOFRKRO-SUHVHUYHG�OL]DUGV�DQG�WKH�SKRWRJUDSKLF�LGHQWLILFD�
WLRQ�VRIWZDUH�,QWHUDFWLYH�,QGLYLGXDO�,GHQWLILFDWLRQ�6\VWHPV�
�,�6��WR�LGHQWLI\�LQGLYLGXDOV�EDVHG�RQ�WKHLU�VFDOH�LQWHUVHF�
WLRQV��7KH�,�6�VRIWZDUH�SURGXFHV�D�ILQJHUSULQW�RI�HDFK�LQGL�
YLGXDO�EDVHG�RQ�WKH�VSDWLDO�UHODWLRQVKLS�DPRQJ�D�VHULHV�RI�
SRLQWV��LQ�RXU�FDVH��VFDOH�LQWHUVHFWLRQV��)LUVW��WZR�RI�XV�LQGH�
SHQGHQWO\�PDUNHG�VFDOH�LQWHUVHFWLRQV�RQ�D�UDQGRP�VDPSOH�RI�
���OL]DUGV��$OO�RI�WKH����OL]DUGV�ZHUH�FRUUHFWO\�PDWFKHG�E\�
,�6�LQ�WKLV�WULDO��7KH�VHFRQG�WULDO�VLPXODWHG�D�FDSWXUH-PDUN-
UHFDSWXUH�VWXG\��,Q�RXU�VHFRQG�WULDO�ZH�KDG�DQ�DYHUDJH�HUURU�
UDWH�RI�������:H�FRQFOXGHG�WKDW�WKH�SDWWHUQ�RI�VFDOH�LQWHUVHF�
WLRQV�LQ�SUDLULH�OL]DUGV�LV�XQLTXH�WR�HDFK�LQGLYLGXDO�DQG�WKDW�
,�6�LV�D�VXLWDEOH�DOWHUQDWLYH�WR�WRH-FOLSSLQJ�WR�LGHQWLI\�LQGLYLG�
XDO�SUDLULH�OL]DUGV�� 

SUHVHQWLQJ�� 
���SP—��SP 

+RPHWRZQ��*UHHQEULHU��$5 
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5HVSRQVH�RI�ULIIOH�ILVK�FRPPXQLWLHV�WR�
VWUHDP�PRUSKRORJ\�FKDQJHV�UHVXOWLQJ�
IURP�VWUHDP�GHJUDGDWLRQ 
 
&KDQFH�*DUUHWW��*LQQ\�$GDPV��DQG�5HLG�$GDPV� 
 
&ROOHJH�RI�1DWXUDO�6FLHQFH�DQG�0DWKHPDWLFV��8QLYHUVLW\�RI�&HQWUDO�$U�
NDQVDV��&RQZD\��$5� 
 
7KH�VWUHDPV�RI�WKH�$UNDQVDV�2]DUNV�KDYH�H[SHULHQFHG�H[WHQ�
VLYH�HURVLRQ�DQG�JUDYHO�LQWUXVLRQ�GXH�WR�FKDQJLQJ�ODQG�XVH��
$V�D�UHVXOW��PRGLILFDWLRQV�WR�LQVWUHDP�KDELWDW�KDYH�UHVXOWHG�LQ�
DQ�LQFUHDVH�LQ�WUDQVYHUVH�DQG�GLDJRQDO�JUDYHO�EDUV�DORQJ�ZLWK�
DVVRFLDWHG�VKDOORZ��ORZ�IORZ�ULIIOHV��7KLV�VWXG\�ZDV�FRQGXFW�
HG�WR�GHWHUPLQH�LI�YDULDWLRQ�LQ�ULIIOH�KDELWDW��GHSWK��YHORFLW\��
VXEVWUDWH�VL]H��DIIHFWV�WKH�ULIIOH�ILVK�FRPPXQLW\��8QGHUVWDQG�
LQJ�KRZ�ILVKHV�DUH�XVLQJ�GLIIHUHQW�ULIIOH�KDELWDWV�LV�FUXFLDO�WR�
HQVXULQJ�UHVWRUDWLRQ�HIIRUWV�SURYLGH�WKH�QHFHVVDU\�KDELWDWV�IRU�
ILVKHV�WKURXJKRXW�WKHLU�YDULRXV�OLIH�KLVWRU\�VWDJHV��)RU�WKLV�
VWXG\����ULIIOHV�ZHUH�VDPSOHG�LQ�WKH�.LQJ¶V�5LYHU��$UNDQVDV�
XVLQJ�VHLQHV�DQG�NLFN�VHW�PHWKRGV��)LVKHV�ZHUH�SUHVHUYHG�LQ�
����IRUPDOLQ�DQG�LGHQWLILHG�LQ�ODE��VWDQGDUG�OHQJWKV�RI�EHQ�
WKLF�ILVKHV�ZHUH�WDNHQ��+DELWDW�GDWD�ZHUH�WDNHQ�DW�HDFK�ULIIOH�
LQFOXGLQJ�YHORFLW\��SHEEOH�FRXQW��GHSWK��DQG�ZDWHU�TXDOLW\��
7KH�.LQJ¶V�5LYHU�H[KLELWHG�D�JUDGLHQW�LQ�DYDLODEOH�ULIIOH�KDE�
LWDW�ZLWK�WZR�H[WUHPHV�EHLQJ�VKDOORZHU��VORZHU��ZLGHU�ULIIOHV�
ZLWK�VPDOOHU�VXEVWUDWH��WUDQVLHQW�ULIIOHV��DQG�GHHSHU��IDVWHU��
QDUURZHU�ULIIOHV�ZLWK�ODUJHU�VXEVWUDWH��VWDEOH�ULIIOHV���5HVXOWV�
RI�FRPPXQLW\�DQG�VSHFLHV�OHYHO�DQDO\VHV�LQ�UHODWLRQ�WR�KDEL�
WDW�ZLOO�EH�GLVFXVVHG�� 

SUHVHQWLQJ 
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+RPHWRZQ��&RQZD\��$5 
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3HDQXW� +DLU\� 5RRWV�� $� 6XVWDLQDEOH� 3UR�
GXFWLRQ�3ODWIRUP�RI�%LRDFWLYH�&RPSRXQGV�
IRU�$JULFXOWXUH�DQG�+XPDQ�+HDOWK 
 
.ULVKQD� 9HOODQNL��� .HQQLWK� 6ZDIIRUG��� $EEDV� .D�
URXQL���3DWULFN�5REHUWR���7LDQKRQJ�<DQJ���DQG�)DEUL�
FLR�0HGLQD�%ROLYDU��� 

 
�$UNDQVDV� %LRVFLHQFHV� ,QVWLWXWH�� �'HSDUWPHQW� RI� %LRORJLFDO� 6FLHQFHV��
$UNDQVDV�6WDWH�8QLYHUVLW\��-RQHVERUR��$UNDQVDV 

 
+DLU\�URRWV�DUH�³LPPRUWDOL]HG´�WLVVXH�FXOWXUHV�WKDW�FDQ�UHSUR�
GXFH�WKH�ELRV\QWKHWLF�SRWHQWLDO�RI�WKH�HQWLUH�SODQW��2XU�ODERU�
DWRU\� KDV� GHYHORSHG� SHDQXW� KDLU\� URRWV� DV� D� ELRSURGXFWLRQ�
V\VWHP�RI�VWLOEHQRLGV��7KHVH�FRPSRXQGV�KDYH�VKRZQ�D�ZLGH�
UDQJH�RI�ELRORJLFDO�HIIHFWV�DQG�SRWHQWLDO�EHQHILWV� WR�DJULFXO�
WXUH�DQG�KXPDQ�KHDOWK��)RU�LQVWDQFH�GXH�WR�WKHLU�DQWLR[LGDQW�
SURSHUWLHV�WKH�VWLOEHQRLGV�PD\�SURYLGH�UHVLVWDQFH�WR�GLIIHUHQW�
DELRWLF� VWUHVVHV� LQ� WKH� SODQW�� ,Q� DGGLWLRQ�� VWLOEHQRLGV� KDYH�
VKRZQ� VHYHUDO� ELRDFWLYLWLHV� LQFOXGLQJ� DQWLFDQFHU� DQG� DQWL-
REHVLW\�SURSHUWLHV��7R�SURGXFH� WKH� VWLOEHQRLGV�� SHDQXW�KDLU\�
URRW�FXOWXUHV�ZHUH� FR-WUHDWHG�ZLWK�PXOWLSOH�HOLFLWRUV� IRU�����
KRXUV��(WK\O�DFHWDWH�H[WUDFWV�ZHUH�SUHSDUHG�IURP�WKH�FXOWXUH�
PHGLXP� RI� WKH� HOLFLWHG� FXOWXUHV��+3/&� DQDO\VHV� RI� WKH� H[�
WUDFWV� VKRZHG� WKH� SUHVHQFH� RI� QRQ-SUHQ\ODWHG� VWLOEHQRLGV�
�UHVYHUDWURO� DQG� SLFHDWDQQRO�� DQG� SUHQ\ODWHG� VWLOEHQRLGV�
�DUDFKLGLQ-��� DUDFKLGLQ-��� DUDFKLGLQ-�� DQG� DUDFKLGLQ-����2Q�
JRLQJ�VWXGLHV�DUH�IRFXVHG�RQ�RSWLPL]LQJ�WKH�H[WUDFWLRQ�SURFH�
GXUH�RI�WKH�VWLOEHQRLGV�LQ�RUGHU�WR�REWDLQ�WKH�KLJKHVW�OHYHOV�RI�
WKHVH�ELRDFWLYH�FRPSRXQGV��7KH�XOWLPDWH�JRDO�RI�WKLV�SURMHFW�
LV� WR� LGHQWLI\� DQG� IXQFWLRQDOO\� FKDUDFWHUL]H� QHZ� FRPSRXQGV�
WKDW�FRXOG�EHQHILW�WKH�KHDOWK�DQG�DJULFXOWXUH�LQ�$UNDQVDV�� 

SUHVHQWLQJ�� 
����SP—��SP 

+RPHWRZQV��-RQHVERUR��$5��.9� 
%HHEH��$5��.6� 
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+RZ�0DQ\�/LYHV�&DQ�:H�6DYH"�,VRODWLRQ�
RI�$QWLELRWLF�(QKDQFLQJ�0LFUREHV�DQG�
1HZ�$QWLELRWLFV�IURP�6RLO 
 
(OY\V�)HUUXILQR-0HMLD��&RG\�&DPSEHOO��7KRPDV�
6SHQFHU��&RXUWQH\�6WRFNWRQ��7KRPDV�5ROQLDN��
%ODNH�:LOVRQ��1HZWRQ�+LOOLDUG��DQG�6FRWW�.LUNFRQ�
QHOO 
 
%LRORJ\�'HSDUWPHQW��$UNDQVDV�7HFK�8QLYHUVLW\��5XVVHOOYLOOH��$5� 
 

%DFWHULDO�DQWLELRWLF�UHVLVWDQFH�KDV�EHHQ�D�GHYHORSLQJ�SUREOHP�
UHFRJQL]HG�VLQFH�WKH�HDUO\�����¶V�ZLWK���PLOOLRQ�LQ�WKH�8�6��
IDOOLQJ�LOO���������G\LQJ��DQG���������G\LQJ�ZRUOGZLGH�LQ�
�����IURP�LQIHFWLRQ�E\�VXFK�PLFUREHV�� 7KH�%ULWLVK�JRYHUQ�
PHQW�SUHGLFWV�WKLV�ILJXUH�ZLOO�VRRQ�ULVH�DERYH����PLOOLRQ�
ZRUOGZLGH�GHDWKV�DQQXDOO\�� 2XU�VWXGLHV�DUH�GLUHFWHG�DW�XVLQJ�
QRYHO�WHFKQLTXHV��L&KLSV��HPSOR\HG�E\�RWKHUV�WR�LVRODWH�DQG�
LGHQWLI\�VRLO�PLFUREHV�\LHOGLQJ�QHZ�DQWLELRWLFV�VXFK�DV�7HL[�
REDFWLQ��:H�DOVR�GHYHORSHG�FUHDWLYH�DSSURDFKHV�GHVLJQHG�WR�
LGHQWLI\�DQWLELRWLF�DOWHULQJ�PLFUREHV�ZKLFK�PD\�HQDEOH�LVROD�
WLRQ�RI�VXEVWDQFHV�WKDW�UHVWRUH�HIIHFWLYHQHVV�RI�H[LVWLQJ�DQWL�
ELRWLFV�DJDLQVW�UHVLVWDQW�EDFWHULD��3URJUHVVLYHO\�KLJKHU�UH�
VLVWDQFH�OHYHOV�ZHUH�HVWDEOLVKHG�LQ�3VHXGRPRQDV�DHUXJLQRVD��
6WDSK\ORFRFFXV�DXUHXV��DQG�6HUUDWLD�PDUFHVFHQV�LQ�RUGHU�WR�
WHVW�IRU�VRLO�PLFUREHV�WKDW�HQKDQFH�WKH�HIIHFWLYHQHVV�RI�VWUHS�
WRP\FLQ�DJDLQVW�WKH�UHVLVWDQW�VWUDLQV�ZH�FUHDWHG�� 

SUHVHQWLQJ 
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+RPHWRZQV��'DUGDQHOOH��$5��()� 
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&KDUDFWHUL]LQJ�(QYLURQPHQWDO�+HDOWK�
5LVNV�LQ�.DQHPEZH��5ZDQGD 
 
0DVRQ�5RVWROODQ�DQG�/HDK�+RUWRQ 
 
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$UNDQVDV 
 
�    7KH�EXUQLQJ�RI�ELRIXHOV�IRU�FRRNLQJ�LV�SDUWLFXODUO\�FRP�
PRQ�ZRUOGZLGH�LQ�UHJLRQV�ZLWK�ORZ�VRFLRHFRQRPLF�VWDWXV�
DQG�FDQ�OHDG�WR�UHVSLUDWRU\�LOOQHVV�RU�PRUWDOLW\��7KLV�SUREOHP�
LV�ZRUVHQHG�E\�ODFN�RI�DIIRUGDEOH�KHDOWKFDUH�DQG�SRRU�HQYL�
URQPHQWDO�KHDOWK�FRQGLWLRQV��+RZHYHU��WKH�XVH�RI�URFNHW�
VWRYHV�PD\�KHOS�ORZHU�WKH�QHJDWLYH�KHDOWK�LPSDFWV�E\�UHGXF�
LQJ�VPRNH�SURGXFWLRQ��,Q�.DQHPEZH��5ZDQGD�LQ������WHQ�
IDPLOLHV�ZHUH�LQWURGXFHG�WR�URFNHW�VWRYHV��7KH�VWRYHV¶�XVHUV�
UHSRUW�D�UHGXFWLRQ�RI�VPRNH�SURGXFWLRQ�DQG�UHGXFHG�VLQXV�
LUULWDWLRQ��,Q�D�SLORW�VWXG\��ZH�PHDVXUHG�OXQJ�IXQFWLRQ�LQ�
VRPH�RI�WKH�UHVLGHQWV�RI�.DQHPEZH�XVLQJ�WKH�SHDN�H[SLUDWR�
U\�IORZ�UDWH��3()5��DQG�WKH�7LIIHQHDX-3LQHOOL�LQGH[�DORQJ�
ZLWK�GDWD�RQ�KHLJKW�DQG�DJH��)RU�WKH�SUHOLPLQDU\�GDWD��WZR�
JURXSV�ZHUH�XVHG��WKRVH�ZKR�DOUHDG\�XWLOL]H�D�URFNHW�VWRYH�
DQG�WKRVH�ZKR�VWLOO�FRRN�RQ�WKH�WUDGLWLRQDO�WKUHH-VWRQH�ILUH��
7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�GHWHFWHG�EHWZHHQ�LQGL�
YLGXDOV�FRRNLQJ�RYHU�URFNHW�VWRYHV�YHUVXV�WKRVH�ZKR�FRRN�
RYHU�WUDGLWLRQDO�ILUHV�IRU�HLWKHU�WHVW�RI�OXQJ�IXQFWLRQ��7KHUH�
ZDV��KRZHYHU��D�VLJQLILFDQW�GLIIHUHQFH�LQ�3()5�YDOXH�EDVHG�
RQ�JHQGHU��)XWXUH�ZRUN�LQFOXGHV�LQFUHDVLQJ�WKH�VDPSOH�VL]H�
RI�WKLV�VWXG\��LGHQWLI\LQJ�VXVSHQGHG�SDUWLFOHV�LQ�WKH�VPRNH�
ZKLOH�FRRNLQJ��DQG�DQDO\]LQJ�ULVNV�LQ�WKH�GULQNLQJ�ZDWHU�� 

SUHVHQWLQJ�� 
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5HODWLYH�*HQH�([SUHVVLRQ�6WXG\�RQ�&HQ�
WUXURLGHV�YLWWDWXV�,QYHVWLJDWLQJ�6RGLXP�
7R[LQ�*HQH�$FWLYLW\ 
 
&KORH�)LW]JHUDOG����$VKO\Q�7HGGHU����$O\VVD�.RRO����
7D\ORU�%LVKRS����$LPHH�%RZPDQ����&RG\�&KLYHUV����
DQG�7VXQHPL�<DPDVKLWD��� 

 
�$UNDQVDV�7HFK�8QLYHUVLW\��5XVVHOOYLOOH��$5���,1%5( 
 
6FRUSLRQV�UHOHDVH�QHXURWR[LQV�LQ�WKHLU�YHQRP�ZKHQ�FDSWXULQJ�
SUH\�RU�ILJKWLQJ�RII�SUHGDWRUV��IURP�DQ�DUHD�LQ�WKH�WDLO�FDOOHG�
WKH�WHOVRQ�JODQG��7KH�QHXURWR[LQV�SURGXFHG�DUH�PRVWO\�FRP�
SRVHG�RI�D�FRPELQDWLRQ�RI�GLIIHUHQW�VRGLXP�WR[LQV�ZKLFK�DO�
WHU�WKH�NLQHWLFV�RI�VRGLXP�FKDQQHO�JDWLQJ�LQ�WKH�FHOOV�ZKHUH�
WKH\�KDYH�EHHQ�LQMHFWHG��7KLV�H[SORUDWRU\�VWXG\�RQ�WKH�VRGL�
XP�ȕ�WR[LQ�JHQH�DFWLYLW\�IRU�WKH�RQO\�VFRUSLRQ�NQRZQ�WR�LQ�
KDELW�$UNDQVDV��WKH�VWULSHG�EDUN�VFRUSLRQ��&HQWUXURLGHV�YLWWD�
WXV��VSHFLILFDOO\�IRFXVHG�RQ�JDWKHULQJ�UHODWLYH�JHQH�H[SUHV�
VLRQ�GDWD�IRU�VL[�QHXURWR[LQ�YDULDQWV�LQ�SDUWLFXODU��1D�����
1D�����1D������&V%HWD��&Y$OSKD��DQG�1D������7KLV�ZDV�
DFFRPSOLVKHG�E\�TXDQWLWDWLYH�UHDO-WLPH�SRO\PHUDVH�FKDLQ�UH�
DFWLRQ��RU�T57-3&5��3UHOLPLQDU\�H[SHULPHQWV�KDYH�EHHQ�
FRQGXFWHG�RQ�ERWK�PDOH�DQG�IHPDOH�RUJDQLVPV�E\�ZKLFK�
WKUHVKROG�YDOXHV�\LHOGHG�IURP�WKHVH�KDYH�EHHQ�VWDWLVWLFDOO\�
DQDO\]HG�ZLWKLQ�ELRORJLFDO�UHSOLFDWHV�DV�ZHOO�DV�FRPSXWDWLRQ�
DOO\�DQDO\]HG�WKURXJK�WKH�ǻǻ&W�PHWKRG��ZKLFK�KDV�JHQHUDWHG�
D�WHQWDWLYH�UDWLR�RI�DFWLYLW\�IRU�WKHVH�JHQH�YDULDQWV��7KH�JRDO�
RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�OHYHO�RI�H[SUHVVLRQ�IRU�WKH�
GLIIHUHQW�VRGLXP�ȕ�WR[LQ�JHQHV�LQ�WKH�WHOVRQ�JODQG�UHODWLYH�WR�
ERG\�WLVVXH�LQ�PDOH�DQG�IHPDOH�VFRUSLRQV�RI�WKH�HDVWHUQ�SRS�
XODWLRQ��7KLV�LQIRUPDWLRQ�PD\�RQH�GD\�EH�XVHG�WR�KHOS�GHYHO�
RS�WKHUDSHXWLF�FRPSRXQGV�IRU�PHGLFDO�XVH� 

SUHVHQWLQJ 
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+RPHWRZQV��3ODQR��7;��$.� 
1RUWK�/LWWOH�5RFN��$5��&)� 
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$�FRPSDULVRQ�RI�-DSDQHVH�DQG�$PHULFDQ�
FKLOGUHQ¶V�GLHWV��DQG�D�OLWHUDWXUH�UHYLHZ�RI�
GLHW�DQG�GLVHDVH�� 
 
0DO\QQ�0F.D\�DQG�5RELQ�-DPLH�'DOWRQ 
 
'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��$UNDQVDV�7HFK�8QLYHUVLW\��5XV�
VHOOYLOOH��$5 

 
7KH�SRSXODU�EHOLHI�LV�WKDW�-DSDQHVH�KDYH�D�KHDOWKLHU�GLHW�WKDQ�
$PHULFDQV�� 0\�JRDO�ZDV�WR�GHWHUPLQH�LI�WKLV�EHOLHI�LV�VFLHQ�
WLILFDOO\�IRXQGHG��7KH�GLHWV�RI�-DSDQHVH�DQG�$PHULFDQ�FKLO�
GUHQ��DJHV��-����RI�VLPLODU�VRFLR-HFRQRPLF�EDFNJURXQGV��DQG�
OLYLQJ�LQ�VLPLODU�UXUDO�HQYLURQPHQWV�ZHUH�FRPSDUHG��$�VXU�
YH\�ZDV�FRQGXFWHG�LQ�2IXQDWR��-DSDQ��DV�ZHOO�DV�LQ�9LORQLD��
$UNDQVDV��7KLV�VXUYH\�DVNHG�FKLOGUHQ�ZKDW�WKH\�DWH�IRU�GLQ�
QHU�WKH�SUHYLRXV�QLJKW��LQFOXGLQJ�WKH�QXPEHU�RI�VHUYLQJV�WKDW�
WKH�FKLOGUHQ�KDG�� (DFK�VWXGHQW
V�PHDO�ZDV�RUJDQL]HG�E\�ZKDW�
SHUFHQWDJH�RI�HDFK�ELRPROHFXOH��VDWXUDWHG�IDW��XQVDWXUDWHG�
IDW��KLJK�IUXFWRVH�FRUQ�V\UXS��FDQH�VXJDU��SURWHLQ��DQG�ILEHU��
ZDV�LQ�WKH�PHDO��7KH�UHVXOWV�ZHUH�DQDO\]HG�XVLQJ�$129$�
VWDWLVWLFDO�DQDO\VLV�WR�GHWHUPLQH�LI�DQ\�VLJQLILFDQW�GLIIHUHQFHV�
H[LVWV�EHWZHHQ�WKH�WZR�JURXS¶V�GLHWV��DQG�D�7XNH\�3RVW-+RF�
WR�GHWHUPLQH�EHWZHHQ�ZKLFK�ELRPROHFXOHV�WKH�GLIIHUHQFHV�
H[LVWV�� 1H[W��D�OLWHUDWXUH�UHYLHZ�RI�SUHYLRXV�UHVHDUFK�ZDV�
GRQH�WR�DQDO\]H�WKH�KHDOWK�EHQHILWV�RU�GHWULPHQWV�RI�HDFK�ELR�
PROHFXOH�� 7KH�WRS�ILYH�GHDWK-FDXVLQJ�FKURQLF�LOOQHVVHV�ZHUH�
LGHQWLILHG�IRU�HDFK�FRXQWU\��DQG�WKH�DVSHFWV�RI�WKH�GLHW�WKDW�
DUH�EHOLHYHG�WR�LQIOXHQFH�WKH�SUREDELOLW\�RI�GHYHORSLQJ�HDFK�
LOOQHVV�ZHUH�GLVFXVVHG�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��9LORQLD��$5 
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&RJQLWLYH�DQG�0RWRU�7DVN�6ZLWFKLQJ�1HW�
ZRUNV�LQ�3DUNLQVRQ
V�'LVHDVH 
 
.RUL�0DOR\���$PULWD�3XUL���(OL]DEHWK�'LVEURZ���DQG�
&KULVWLQD�/HGEHWWHU� 

 
�'HSDUWPHQW� RI�%LRORJ\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��&RQZD\��$5��
�'HSDUWPHQW� RI� 1HXURORJ\�� /68� +HDOWK� 6FLHQFHV� &HQWHU�� 6KUHYHSRUW��
/RXLVLDQD 
 
3DUNLQVRQ¶V�'LVHDVH��3'��LV�ZHOO-NQRZQ�WR�LPSDLU�PRWRU�
PRYHPHQWV�GXH�WR�WKH�ORVV�RI�QHXURQV�LQ�WKH�VXEVWDQWLD�
QLJUD��6HW�VZLWFKLQJ�GHILFLWV��RU�LPSDLUPHQWV�LQ�WKH�DELOLW\�
WR�VKLIW�IRFXV�EHWZHHQ�RQH�WDVN�DQG�DQRWKHU��KDYH�EHHQ�GH�
VFULEHG�LQ�3'�SDWLHQWV�LQ�UHODWLRQ�WR�ERWK�PRWRU�DQG�FRJQL�
WLYH�WDVNV��:H�XVHG�I05,�WR�H[SORUH�WKH�EUDLQ�QHWZRUNV�
LQYROYHG�LQ�PRWRU�DQG�FRJQLWLYH�VZLWFKLQJ�LQ�SDUWLFLSDQWV�
ZLWK�3'�LQ�FRPSDULVRQ�WR�D�KHDOWK\�FRQWURO�JURXS��,Q�WKH�
FRQWURO�JURXS��WKH�I05,�DFWLYLW\�UHYHDOHG�DFWLYLW\�LQ�WKH�
VXSHULRU�DQG�PLGGOH�IURQWDO�J\UL��ULJKW�LQIHULRU�IURQWDO�J\�
UXV�DQG�WKH�FDXGDWH�QXFOHXV��+RZHYHU��WKH�3'�JURXS�SUH�
VHQWHG�UHGXFHG�DFWLYLW\�LQ�WKH�OHIW�LQVXOD�IRU�PRWRU�VZLWFK�
LQJ��,Q�3'��DFWLYLW\�ZDV�GHFUHDVHG�LQ�WKH�OHIW�LQVXOD��VLPL�
ODU�WR�WKH�PRWRU�VZLWFKLQJ�FRQGLWLRQ��DV�ZHOO�DV�LQ�WKH�$&&�
DQG�FDXGDWH�QXFOHXV��2XU�UHVXOWV�VXJJHVW�WKDW�PRWRU�DQG�
FRJQLWLYH�VZLWFKLQJ�HQJDJH�SDUWLDOO\�RYHUODSSLQJ�QHXUDO�
QHWZRUNV�LQYROYLQJ�IURQWDO�DQG�VWULDWDO�UHJLRQV��7KH�3'�
JURXS�VKRZHG�UHODWLYH�XQGHUDFWLYDWLRQ�LQ�WKH�LQVXOD��D�UH�
JLRQ�NQRZQ�WR�EH�LQYROYHG�LQ�WDVN�VZLWFKLQJ��IRU�ERWK�
W\SHV�RI�VZLWFKLQJ��7KLV�XQGHUDFWLYDWLRQ�LQ�WKH�3'�JURXS�
PD\�UHIOHFW�GHILFLWV�LQ�FRJQLWLYH�FRQWURO�QHWZRUNV�LQYROYHG�
LQ�WDVN�VZLWFKLQJ�DQG�UHVSRQVH�VHOHFWLRQ�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��&DERW��$5 
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5HJXODWLRQ�RI�6\PELRWLF�*HQH�([SUHVVLRQ�LQ�
5LFH 
 

5DQGDOO�5DLQZDWHU���-DFNO\Q�7KRPDV���<DVLU�5DK�
PDWDOODK���*DOLQD�*OD]NR����+D�5DP�.LP���*UDQW�
:LJJLQV���4LQJTLQJ�<DQJ���DQG�$ULMLW�0XNKHUMHH� 
 
�'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��$5���'HSDUW�
PHQW�RI�%LRPHGLFDO�,QIRUPDWLFV��8QLYHUVLW\�RI�$UNDQVDV�IRU�0HGLFDO�
6FLHQFHV��$5 
 

3ODQWV�FDQ�IRUP�EHQHILFLDO�DVVRFLDWLRQV�ZLWK�PLFUREHV�
WKDW�DLG�LQ�ELRORJLFDO�QLWURJHQ�IL[DWLRQ�IRU�WKH�KRVW��)RU�LQ�
VWDQFH��PDMRU�IRRG�FURSV��H�J���ULFH��FRUQ��HWF���FDQ�IRUP�EHQ�
HILFLDO�DVVRFLDWLRQV�ZLWK�QLWURJHQ-IL[LQJ�EDFWHULD�OLNH�$]RVSL�
ULOOXP�DQG�+HUEDVSLULOOXP�� 2XU�FXUUHQW�XQGHUVWDQGLQJ�RI�WKH�
PROHFXODU�DVSHFWV�DQG�VLJQDOLQJ�WKDW�RFFXU�EHWZHHQ�FURSV�
OLNH�ULFH�DQG�QLWURJHQ-IL[LQJ�EDFWHULD�LV�OLPLWHG��2XU�ORQJ-
WHUP�JRDO�LV�WR�FKDUDFWHUL]H�WKH�JHQHWLF�SDWKZD\V�FRQWUROOLQJ�
WKHVH�LQWHUDFWLRQV��:H�HVWDEOLVKHG�DQ�H[SHULPHQWDO�V\VWHP�
ZKHUH�WKH�EDFWHULD�FRXOG�FRORQL]H�WKH�SODQW�URRWV�DQG�WKHQ�
XVHG�WKLV�FRORQL]DWLRQ�PRGHO�WR�LGHQWLI\�VHYHUDO�KRVW�SDWK�
ZD\V�WKDW�FRXOG�EH�SRWHQWLDOO\�LQYROYHG�LQ�V\PELRVLV��8VLQJ�
51$�VHTXHQFLQJ��ZH�LGHQWLILHG�KXQGUHGV�RI�GLIIHUHQWLDOO\�
H[SUHVVHG�JHQHV�GXULQJ�ERWK�LQWHUDFWLRQV��)XUWKHU�DQDO\VLV�
UHYHDOHG�WKDW�RXU�GDWDVHW�ZDV�KLJKO\�HQULFKHG�LQ�JHQHV�LQ�
YROYHG�LQ�QLWUDWH�DVVLPLODWLRQ��QLWUDWH�PHWDEROLF�SURFHVVHV��
FDUERK\GUDWH�WUDQVSRUW��HWF��GXULQJ�ULFH-$]RVSLULOOXP�LQWHUDF�
WLRQV��:H�LGHQWLILHG�JHQHV�LQYROYHG�LQ�VLPLODU�SURFHVVHV�GXU�
LQJ�ULFH-+HUEDVSLULOOXP�LQWHUDFWLRQV�VXJJHVWLQJ�WKDW�QLWURJHQ�
IL[DWLRQ�LV�RQJRLQJ�DQG�WKH�SODQW�LV�UHVSRQGLQJ�WUDQVFULSWLRQ�
DOO\��7KLV�GDWDVHW�VHUYHV�DV�DQ�H[FHOOHQW�UHVRXUFH�IRU�JHQHWLF�
DQDO\VHV�RI�WKH�KRVW�SDWKZD\�LQYROYHG�LQ�WKHVH�LQWHUDFWLRQV��
7KHVH�ILQGLQJV�ZLOO�KDYH�LPSRUWDQW�LPSOLFDWLRQV�WRZDUGV�LP�
SURYLQJ�QLWURJHQ�IL[DWLRQ�LQ�FURSV�DQG�ZLOO�EHQHILW�DJULFXOWXUH�
LQ�$UNDQVDV��LQ�WKH�86�DQG�EH\RQG�� 

SUHVHQWLQJ 
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8QGHUVWDQGLQJ�WKH�0HFKDQLVPV�WKDW�
5HJXODWH�WKH�'LVVRFLDWLRQ�RI�)$&7�IURP�
*HQHV�)ROORZLQJ�7UDQVFULSWLRQ 
 

*UDKDP�+DUULV�DQG�$QGUHD�'XLQD 
 
%LRORJ\�'HSDUWPHQW��+HQGUL[�&ROOHJH��&RQZD\��$5� 
 
,Q�HXNDU\RWLF�FHOOV��KLVWRQH�FKDSHURQHV�FDQ�PDQLSXODWH�FKURPD�
WLQ�WR�IDFLOLWDWH�D�YDULHW\�RI�SURFHVVHV�WKDW�RFFXU�RQ�'1$��VXFK�DV�
WUDQVFULSWLRQ�DQG�'1$�UHSOLFDWLRQ�� 7KH�)$&7�FRPSOH[�
�)$FLOLWDWHV�&KURPDWLQ�7UDQVFULSWLRQ��LV�D�KLJKO\�FRQVHUYHG�KLV�
WRQH�FKDSHURQH�WKDW�SOD\V�LPSRUWDQW�UROHV�GXULQJ�WUDQVFULSWLRQ�
LQLWLDWLRQ�DQG�HORQJDWLRQ�E\�LQWHUDFWLQJ�GLUHFWO\�ZLWK�KLVWRQHV��
3UHYLRXV�UHVHDUFK�IURP�RXU�ODERUDWRU\�KDV�LGHQWLILHG�D�UHJLRQ�RQ�
WKH�QXFOHRVRPH�–�ZKLFK�ZH�UHIHU�WR�DV�WKH�&6*,��&RQWURO�6SW��-
*HQH�,QWHUDFWLRQV��UHJLRQ�–�WKDW�LV�UHTXLUHG�IRU�SURSHU�GLVVRFLD�
WLRQ�RI�)$&7�IURP�WKH��¶�HQGV�RI�JHQHV�DW�WKH�HQG�RI�WKH�WUDQ�
VFULSWLRQ�SURFHVV�� :H�KDYH�UHFHQWO\�LQLWLDWHG�D�VHULHV�RI�VWXGLHV�
WR�IXUWKHU�LQYHVWLJDWH�WKH�PHFKDQLVPV�WKDW�UHJXODWH�)$&7�GLVVR�
FLDWLRQ�IURP�JHQHV�� 6SHFLILFDOO\��ZH�DUH�ORRNLQJ�IRU�SURWHLQV�DQG�
KLVWRQH�PRGLILFDWLRQV�WKDW�PLJKW�EH�LQYROYHG�LQ�WKLV�SURFHVV�� )RU�
WKLV�SXUSRVH��ZH�DUH�HPSOR\LQJ�D�ELRFKHPLFDO�DSSURDFK�XVLQJ�
WKH�6DFFKDURP\FHV�FHUHYLVLDH�PRGHO�V\VWHP��:H�GHVFULEH�H[SHU�
LPHQWV�WKDW�XWLOL]H�WKH�&5,635-&K$3-06�V\VWHP�SUHYLRXVO\�
SXEOLVKHG�E\�WKH�ODERUDWRU\�RI�'U��$ODQ�7DFNHWW�DW�8$06��7KHVH�
H[SHULPHQWV�ZLOO�DOORZ�XV�WR�DVVHVV�WKH�FKURPDWLQ�HQYLURQPHQWV�
DW�WKH��¶�HQG�RI�D�WUDQVFULEHG�JHQH�LQ�ZLOG-W\SH�FHOOV�DQG�FHOOV�LQ�
ZKLFK�)$&7�GRHV�QRW�GLVVRFLDWH�QRUPDOO\�GXH�WR�D�PXWDWLRQ�
ZLWKLQ�WKH�&6*,�UHJLRQ�� 6XEVHTXHQW�FRPSDULVRQV�RI�WKH�WZR�
FKURPDWLQ�HQYLURQPHQWV�PD\�WKHQ�OHDG�WR�WKH�LGHQWLILFDWLRQ�RI�
SURWHLQV�DQG�KLVWRQH�PRGLILFDWLRQV�WKDW�UHJXODWH�)$&7�GLVVRFLD�
WLRQ�IURP�JHQHV��3RWHQWLDO�KLWV�IURP�WKLV�VFUHHQ�PD\�UHSUHVHQW�
JHQHV�ZKRVH�SURWHLQ�SURGXFWV�DUH�LQYROYHG�LQ�SURPRWLQJ�)$&7�
GLVVRFLDWLRQ�IURP�JHQHV��LQFUHDVLQJ�RXU�XQGHUVWDQGLQJ�RI�WKLV�
KLJKO\�FRQVHUYHG�SURFHVV�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��3RUWODQG��25 
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7KH�5ROH�RI�'1$�6HTXHQFHV�LQ�&RQWURO�
OLQJ�,QWHUDFWLRQ�%HWZHHQ�D�7UDQVFULSWLRQ�
)DFWRU�DQG�*HQHV�LQ�%XGGLQJ�<HDVW 
 
+HDWKHU�3URZVH��'DQLHO�+DEHQLFKW��-HQQLIHU�+DUSHU��
6\GQH\� 2]HUVN\�� &ODLUH� 7XUNDO��$OH[� &URFNHU�� DQG�
$QGUHD�$��'XLQD� 
 
%LRORJ\�'HSDUWPHQW��+HQGUL[�&ROOHJH��&RQZD\��$5 
 
2XU�VWXGLHV�IRFXV�RQ�KRZ�EDVLF�JHQHWLF�SURFHVVHV�DUH�UHJXODW�
HG� LQ� FHOOV�� 7UDQVFULSWLRQ�� WKH� SURFHVV� LQ� FHOOV� LQ� ZKLFK� D�
'1$�VHJPHQW� LV� WUDQVFULEHG� LQWR� D�51$� WHPSODWH�� OHDGV� WR�
H[SUHVVLRQ�RI�JHQHV��1XFOHRVRPHV�DUH�SUHVHQW�WKURXJKRXW�WKH�
JHQRPH��LQFOXGLQJ�DORQJ�WKH�WUDQVFULEHG�XQLWV�RI�JHQHV�–�QX�
FOHRVRPHV� FDQ� SUHVHQW� EDUULHUV� WR� WKH� WUDQVFULSWLRQ� SURFHVV�
DQG� '1$� UHSOLFDWLRQ�� 7R� SURPRWH� WUDQVFULSWLRQ� HORQJDWLRQ��
WKH� )DFLOLWDWHV� &KURPDWLQ� 7UDQVFULSWLRQ� �)$&7�� FRPSOH[��
PDGH� XS� RI� WKH� 6SW��� DQG� 3RE�� SURWHLQV��ZRUNV� LQ� SDUDOOHO�
ZLWK�51$�SRO\PHUDVH� ,,� �3RO� ,,�� E\� GLVDVVHPEOLQJ� DQG� DV�
VHPEOLQJ� QXFOHRVRPHV� ZKLOH� PRYLQJ� WRZDUG� WKH� �
� HQG� RI�
JHQHV��,Q�SUHYLRXV�VWXGLHV�IURP�RXU�ODERUDWRU\�XVLQJ�WKH�6DF�
FKDURP\FHV�FHUHYLVLDH�PRGHO�V\VWHP��ZH�LGHQWLILHG�D�UHJLRQ�
RQ�WKH�VLGH�RI�WKH�QXFOHRVRPH�WKDW�LV�UHTXLUHG�IRU�SURSHU�GLV�
VRFLDWLRQ� RI� )$&7� IURP� WKH� �
� HQGV� RI� WUDQVFULEHG�
JHQHV�� +HUH�ZH�SUHVHQW�RXU�VWUDWHJ\�WR�DVVHVV�D�SRVVLEOH�UROH�
IRU� '1$� VHTXHQFHV� LQ� SURPRWLQJ� )$&7� GLVVRFLDWLRQ� IURP�
WKH�HQGV�RI�JHQHV��7RJHWKHU��WKHVH�H[SHULPHQWV�ZLOO�OHDG�WR�D�
EHWWHU�XQGHUVWDQGLQJ�RI�WKH�PHFKDQLVPV�WKDW�FRQWULEXWH�WR�WKH�
GLVVRFLDWLRQ�RI�)$&7�IURP�JHQHV�DW�WKH�HQG�RI�WKH�WUDQVFULS�
WLRQ�SURFHVV�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��9LORQLD��$5 
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*HQHUDWLRQ�RI�D�ORVV�RI�IXQFWLRQ�PXWDQW�
OLEUDU\�E\�HUURU�SURQH�3&5�DQG�JDS�UHSDLU�
WR�DLG�LQ�VWUXFWXUH-IXQFWLRQ�VWXGLHV�RI�WKH�
<YK�S�SURWHLQ�LQ�6DFFKDURP\FHV�FHUH�
YLVLDH� 
 
$OLFH� %HZOH\�� /XNH� 6KDFNHOIRUG� DQG� $OH[DQGHU�
%HHVHU 
 
'HSDUWPHQW�RI�%LRORJ\��/\RQ�&ROOHJH��%DWHVYLOOH��$UNDQVDV� 
 

3URWHLQ� VWUXFWXUH-IXQFWLRQ� VWXGLHV� DUH� DLGHG� E\� WKH�
JHQHUDWLRQ�RI�D�ODUJH�SDQHO�RI�PXWDQWV�WKDW�FDQ�EH�HYDOXDWHG�
SKHQRW\SLFDOO\�� :H�DUH�LQWHUHVWHG�LQ�D�SURWHLQ�LQ�WKH�EXGGLQJ�
\HDVW�6DFFKDURP\FHV�FHUHYLVLDH�FDOOHG�<YK�S� WKDW� UHJXODWHV�
ULERVRPH�DVVHPEO\��DQG�WKXV�LV�D�NH\�UHJXODWRU�RI�JOREDO�SUR�
WHLQ�H[SUHVVLRQ��  3UHYLRXV�ZRUN�KDG�GHPRQVWUDWHG�WKDW�\HDVW�
FHOOV�HQJLQHHUHG�WR�ODFN�WKLV�SURWHLQ�GLVSOD\�ULERVRPH�DVVHP�
EO\� GHIHFWV� OHDGLQJ� WR� D� SURQRXQFHG� VORZ� JURZWK� SKHQR�
W\SH��  :KDW� LV� FXUUHQWO\� XQNQRZQ� KRZHYHU� LV� KRZ� <YK�S�
PHFKDQLVWLFDOO\� SURPRWHV� IDLWKIXO� ULERVRPH� DVVHPEO\"�  7R�
DGGUHVV� WKLV� TXHVWLRQ�ZH� KDYH�PDGH� D� ODUJH� OLEUDU\� RI�PX�
WDQWV�E\�HUURU�SURQH�3&5�DQG�KDYH�XVHG�WZR�GLIIHUHQW�SKHQR�
W\SLF�DVVD\V�WR�LVRODWH�FHOOV�WKDW�QRZ�UH-H[SUHVV�WKHVH�PXWDW�
HG�YDULDQWV�EXW�ZKLFK�FRQWLQXH�WR�IDLO�WR�SURPRWH�IDLWKIXO�UL�
ERVRPH�DVVHPEO\�� :H�LQWHQG�WR�VHTXHQFH�WKHVH�PXWDWHG�YDU�
LDQWV� LQ� RUGHU� WR� LGHQWLI\� DPLQR� DFLG�V�� FULWLFDO� WR� <YK�S¶V�
FHOOXODU� IXQFWLRQ�� 7KHVH� VWXGLHV� H[SRVH� HYROXWLRQDULO\� FRQ�
VHUYHG�UHVLGXHV�GRPDLQV�IXQFWLRQV�RI� WKH�KXPDQ�RUWKRORJ�RI�
<YK�S���'XVS�����D�SURWHLQ�LPSOLFDWHG�LQ�WKH�GHYHORSPHQW�RI�
DJJUHVVLYH�OLSRVDUFRPDV�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQV��5XVVHOOYLOOH��$5��$%� 
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&ROODJHQ� ,QFUHDVHV� 3UROLIHUDWLRQ� DQG�
'UXJ� 5HVLVWDQFH� RI� 3DSLOODU\� 7K\URLG�
&DQFHU�&HOOV�+DUERULQJ�%5$)9���(�0X�
WDWLRQV 
 

$QQD� 6KDUDEXUD�� -RQDWKDQ� -HQNLQV�� DQG� /DXUD� -��
0DF'RQDOG 
 
%LRORJ\�'HSDUWPHQW��+HQGUL[�&ROOHJH��&RQZD\��$5� 
 
7K\URLG�FDQFHU�LV�WKH�PRVW�FRPPRQ�HQGRFULQH�FDQFHU��DQG�LQFL�
GHQFH�LV�LQFUHDVLQJ�ZRUOGZLGH��7K\URLG�FDQFHU�FDQ�EH�FODVVLILHG�
DV�HLWKHU�ZHOO-GLIIHUHQWLDWHG�RU�SRRUO\�GLIIHUHQWLDWHG��2I�ZHOO-
GLIIHUHQWLDWHG�WK\URLG�FDQFHUV��SDSLOODU\�WK\URLG�FDQFHU�LV�PRVW�
FRPPRQ��DQG�LV�DVVRFLDWHG�ZLWK�DFWLYDWLQJ�%5$)�PXWDWLRQV��
:KLOH�RXU�XQGHUVWDQGLQJ�RI�WKH�JHQHWLF�EDVLV�IRU�WK\URLG�FDQFHU�
LV�IDLUO\�H[WHQVLYH��OHVV�LV�NQRZQ�DERXW�KRZ�WKH�WXPRU�PLFURHQ�
YLURQPHQW�DOWHUV�WXPRULJHQLF�FKDUDFWHULVWLFV�RI�WK\URLG�WXPRU�
FHOOV��5HFHQWO\��-ROO\�HW�DO��UHSRUWHG�WKDW�SDSLOODU\�WK\URLG�WX�
PRUV�GHULYHG�IURP�FHOOV�KDUERULQJ�DFWLYDWLQJ�%5$)9���(�PX�
WDWLRQV�DQG�37(1�GHOHWLRQV�DUH�HQULFKHG�ZLWK�ILEULOODU�FROODJHQ�
ZKLFK�LV�DVVRFLDWHG�ZLWK�GHFUHDVHG�VXUYLYDO��,Q�WKLV�VWXG\��ZH�
LQYHVWLJDWHG�ZKHWKHU�JURZWK�RQ�FROODJHQ�HQKDQFHG�WXPRULJHQLF�
FKDUDFWHULVWLFV�RI�SDSLOODU\�WK\URLG�FDQFHU�FHOO�OLQHV�ZLWK�
%5$)9���(�PXWDWLRQV��7KUHH�GLVWLQFW�FHOO�OLQHV�GHULYHG�IURP�
PRXVH�SDSLOODU\�WK\URLG�FDQFHU�WXPRUV�ZHUH�JURZQ�LQ�WKH�SUHV�
HQFH�DQG�DEVHQFH�RI�FROODJHQ��0RUSKRORJ\�ZDV�DVVHVVHG�XVLQJ�
EULJKWILHOG�PLFURVFRS\��3UROLIHUDWLRQ�ZDV�DVVHVVHG�E\�WU\SDQ�
EOXH�VWDLQLQJ�DQG�$73�FRQFHQWUDWLRQ��ZKLOH�JURZWK�LQKLELWLRQ�
DVVD\V�ZHUH�XVHG�WR�DVVHVV�UHVSRQVH�WR�FKHPRWKHUDS\�GUXJ�UH�
VLVWDQFH��,QWHUHVWLQJO\��RXU�UHVXOWV�VXJJHVW�WKDW�JURZWK�RQ�FROOD�
JHQ�FRQWULEXWHV�WR�D�PRUH�PHVHQFK\PDO�PRUSKRORJ\��LQFUHDVHG�
SUROLIHUDWLRQ��DQG�GHFUHDVHG�VHQVLWLYLW\�WR�FKHPRWKHUDS\�GUXJV��
7KHVH�DQG�RWKHU�UHVXOWV�LPSOLFDWH�DQ�LPSRUWDQW�UROH�IRU�FROODJHQ�
LQ�WKH�SURJUHVVLRQ�RI�WK\URLG�FDQFHU͘ 

SUHVHQWLQJ 
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3RWHQWLDO�&RH[SUHVVLRQ�RI�+HWHURGLPHULF�
7KLRVXOIDWH�'HK\GURJHQDVH�LQ�+DORWKLR�
EDFLOOXV�QHDSROLWDQXV 
 

1LFKRODV� /D5RH�� &KULVWRSKHU� )OHPLQJ�� 0HJDQ�
+DQG��DQG�1HZWRQ�+LOOLDUG 
 
'HSDUWPHQW�RI�3K\VLFDO�6FLHQFH��$UNDQVDV�7HFK�8QLYHUVLW\��5XVVHOOYLOOH��
$5 
 
�+DORWKLREDFLOOXV� QHDSROLWDQXV� LV� DQ� REOLJDWH� FKHPROLWKRDXWR�
WURSK�FDSDEOH�RI�XWLOL]LQJ�WKH�H[WUDF\WRSODVPLF�R[LGDWLRQ�RI�LQ�
RUJDQLF�VXOIXU�FRPSRXQGV�DV�LWV�VROH�VRXUFH�RI�PHWDEROLF�HQHU�
J\��8QOLNH�RWKHU�VXOIXU�R[LGL]LQJ�PLFUREHV�FDSDEOH�RI�XWLOL]LQJ�
WKLRVXOIDWH� DV� DQ� HQHUJ\� VRXUFH�� JHQRPLFV� GDWD� KDV� VKRZQ� WKH�
SUHVHQFH� RI� D� JHQH� IRU� D� SRWHQWLDOO\� KHWHURGLPHULF� WKLRVXOIDWH�
GHK\GURJHQDVH��WVG$%���7KH�SXWDWLYH�IXVHG�JHQH��FRPSULVHG�RI�
+QHDSB����� DQG�+QHDSB������ FRQWDLQV� DQ�$7*$�PRWLI� LQGL�
FDWLQJ� SRWHQWLDO� IRU� FRH[SUHVVLRQ� RI� WKH� WZR� JHQHV�ZLWK� D� ����
VWRLFKLRPHWU\��,Q�DGGLWLRQ��WKH�$7*$�VHTXHQFH�LV�DFFRPSDQLHG�
E\�D�SXWDWLYH�6KLQH-'HOJDUQR�UHJLRQ�WKDW�H[LVWV�EHWZHHQ���DQG�
��� EDVHV� XSVWUHDP� RI� WKH� $7*$� VHTXHQFH�� $OVR�� VHTXHQFH�
DOLJQPHQW�RI�WKH�+QHDS�WVG$%�JHQH�DJDLQVW�JHQHV�IURP�VSHFLHV�
UHSRUWHG� WR� SURGXFH� D� PRQRPHULF� WKLRVXOIDWH� GHK\GURJHQDVH�
LQGLFDWHV�WKH�SUHVHQFH�RI�D�
VSDFHU
�RI�EDVHV�EHWZHHQ�WKH�HQG�RI�
WKH�
PRQRPHULF�JHQHV
�DQG�WKH�6KLQH-'HOJDUQR�VHTXHQFH�L�Q�WKH�
IXVHG�JHQH��7KHVH�IHDWXUHV�WRJHWKHU�OHQG�VXSSRUW�WR�WKH�K\SRWKH�
VLV� WKDW� WKH� WZR� JHQHV� DUH� FRH[SUHVVHG�� ,Q� RUGHU� WR� YHULI\� WKH�
WVG$%� VXEXQLW� VWRLFKLRPHWU\�� 3&5� SULPHUV� ZHUH� GHVLJQHG� WR�
DPSOLI\� WKH� HQWLUH� +QHDSB���������� JHQH� FRGLQJ� UHJLRQ� LQ�
FOXGLQJ� WKH� UHJLRQ� VXUURXQGLQJ� WKH� JHQH� IXVLRQ� VLWH�� $OO� 3&5�
DPSOLFRQV�LQGLFDWH�D�IUDJPHQW�QHDU�WKH�SUHGLFWHG�VL]H�RI�a�����
EDVHV�� 0XWDJHQLF� SULPHUV� KDYH� EHHQ� GHVLJQHG� WR� UHPRYH�
PRGLI\�WKH�6KLQH-'HOJDUQR�UHJLRQ�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQV��+DYDQD��$5��1/� 
+DUULVRQ��$5��&)� 

0RQWLFHOOR��$5��0+� 
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)LEHU-W\SH�FRPSRVLWLRQ�RI�EHDUGHG�VHDO�
�(ULJQDWKXV�EDUEDWXV��ORFRPRWRU�PXVFOH 
 
/LQGVH\�0��%DUUHWW���-HQQLIHU�/��'HDUROI���1LFROH�0��
7KRPHW]���$QQD�%U\DQ���&ROOHHQ�5HLFKPXWK� 

 
�%LRORJ\�'HSDUWPHQW��+HQGUL[�&ROOHJH��&RQZD\��$5���'HSDUWPHQW�RI�
%LRORJ\��8QLYHUVLW\�RI�6DQ�)UDQFLVFR��6DQ�)UDQFLVFR��&$����$ODVND� 
'HSDUWPHQW�RI�)LVK�DQG�*DPH��)DLUEDQNV��$.����,QVWLWXWH�RI�0DULQFH� 
6FLHQFH��8QLYHUVLW\�RI�&DOLIRUQLD�6DQWD�&UX]��6DQWD�&UX]��&$ 
 
%HDUGHG�VHDOV�DUH�LFH-DVVRFLDWHG�SLQQLSHGV��VHDOV��VHD�OLRQV��
DQG�ZDOUXVHV��WKDW�IRUDJH�EHQWKLFDOO\��7KHVH�DQLPDOV�DUH�YXO�
QHUDEOH�WR�VHD�LFH�ORVV�FDXVHG�E\�JOREDO�FOLPDWH�FKDQJH��$V�
VXFK��XQGHUVWDQGLQJ�PRUH�DERXW�WKH�XQLTXH�SK\VLRORJ\�RI�
WKLV�VHDO�FRPSDUHG�WR�RWKHU�SLQQLSHGV�LV�LPSRUWDQW��2QH�DS�
SURDFK�LV�WR�H[DPLQH�WKH�FRQVWUXFWLRQ�RI�WKHLU�VZLPPLQJ�
PXVFOHV��,Q�WKLV�VWXG\��ZH�H[DPLQH�WKH�ILEHU-W\SH�SURILOH�RI�
RQH�RI�WKH�EHDUGHG�VHDOV¶�ORFRPRWRU�PXVFOHV��WKH�ORQJLVVLPXV�
GRUVL��/'���6HFWLRQV�RI�EHDUGHG�VHDO�/'V�ZHUH�FXW�XVLQJ�D�
FU\RVWDW�DQG�VWDLQHG�IRU�WKHLU�P\RVLQ�$73DVH�DFWLYLW\�DIWHU�
EDVLF�SUH-LQFXEDWLRQ��DV�ZHOO�DV�IRU�WKHLU�UHDFWLRQ�WR�P\RVLQ�
KHDY\�FKDLQ�DQWLERGLHV�� 7KH�VWDLQHG�VHFWLRQV�ZHUH�LPDJHG��
DQG�WKH�ILEHUV�RQ�WKH�$73DVH�LPDJHV�ZHUH�SODFHG�LQWR�WKUHH�
FDWHJRULHV��GDUN��LQWHUPHGLDWH��DQG�OLJKW��7KH�QXPEHUV�RI�IL�
EHUV�LQ�HDFK�FDWHJRU\�ZHUH�FRXQWHG��DQG�WKHVH�DEXQGDQFH�GD�
WD�ZHUH�XVHG�WR�FDOFXODWH�WKH�DYHUDJH�ILEHU-W\SH�SURILOH�RI�WKH�
EHDUGHG�VHDO�/'��$GGLWLRQDOO\��WKH�GLDPHWHUV�RI�ILEHUV�LQ�
HDFK�RI�WKH�WKUHH�FDWHJRULHV�ZHUH�PHDVXUHG�XVLQJ�,PDJH-��
7KHVH�SURSHUWLHV�RI�EHDUGHG�VHDO�VZLPPLQJ�PXVFOHV�ZLOO�EH�
FRPSDUHG�WR�WKRVH�RI�WKH�ORFRPRWRU�PXVFOHV�RI�RWKHU�VHDOV��WR�
HQDEOH�DQ�LPSURYHG�XQGHUVWDQGLQJ�RI�WKH�VSHFLHV-VSHFLILF�
FKDUDFWHULVWLFV�RI�EHDUGHG�VHDO�PXVFOH�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��%DWHVYLOOH��$5 
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'RHV�IUHTXHQWO\�YLVLWLQJ�D�EOXHELUG�QHVW�
LQFUHDVH�SUHGDWLRQ�ULVN" 
 
$PDQGD�7UXVW\�DQG�9LUJLQLH�5ROODQG 
 
$UNDQVDV�6WDWH�8QLYHUVLW\��-RQHVERUR��$5 

 
0RQLWRULQJ�DYLDQ�QHVW�VXFFHVV�UHTXLUHV�YLVLWLQJ�QHVWV�UHJXODU�
O\�� EXW� YLVLWV� FUHDWH� GLVWXUEDQFH� DQG� PD\� DWWUDFW� SUHGDWRUV��
7KHUHIRUH��RXU�REMHFWLYH�ZDV�WR�GHWHUPLQH�WKH�LPSDFW�RI�YLVLW�
IUHTXHQF\�RQ�QHVW�SUHGDWLRQ��%HWZHHQ�0DUFK�DQG�6HSWHPEHU�
������ ZH� PRQLWRUHG� ���� QHVW� ER[HV� RFFXSLHG� E\� (DVWHUQ�
%OXHELUGV� �6LDOLD� VLDOLV��� DERXW� ��� NP� QRUWK� RI� -RQHVERUR��
$UNDQVDV��:H� UHFRUGHG� WKH�QHVW� VWDWXV� HYHU\��-��GD\V� IURP�
WKH� ILUVW� HJJ� WR� IOHGJLQJ� RU� QHVW� IDLOXUH�� )LIWHHQ� GD\V� DIWHU�
KDWFKLQJ��FKLFNV�PD\�IOHGJH�SUHPDWXUHO\�LI�GLVWXUEHG��7KHUH�
IRUH��ZH�DOVR�UDQGRPO\�GLYLGHG�QHVWV�ZLWK���-GD\-ROG�FKLFNV�
LQ� WZR� JURXSV�� FKHFNHG� GDLO\� RU� DW� WKH� HVWLPDWHG� IOHGJLQJ�
GDWH��:H�H[FOXGHG�QHVWV�DEDQGRQHG�RU�RI�XQNQRZQ�IDWH��DQG�
RI� WKH� UHPDLQLQJ�����QHVWLQJ�DWWHPSWV�����ZHUH�GHSUHGDWHG��
6SHFLILFDOO\��ZH�IRXQG� WKDW� WKH�PRUH� IUHTXHQW� WKH�YLVLWV�� WKH�
PRUH�OLNHO\�D�QHVW�ZDV�WR�EH�GHSUHGDWHG��+RZHYHU��DOO�FKLFNV�
VXFFHVVIXOO\� IOHGJHG� IURP� WKH� QHVWV� FKHFNHG� GDLO\� DIWHU� GD\�
����LQGLFDWLQJ�WKDW�QHVWV�PD\�EH�PRVW�YXOQHUDEOH�DW�D�\RXQJHU�
VWDJH�� :H� UHFRPPHQG� WKDW� EOXHELUG� PRQLWRUV� RI� $UNDQVDV�
DQG�HOVHZKHUH�UHFRUG�QHVW�VWDWXV�DW�D��-GD\�RU�ORQJHU�LQWHUYDO��
:LWK� FDXWLRQ�� PRQLWRUV� PD\� YLVLW� QHVWV� GDLO\� DIWHU� GD\� ���
ZLWKRXW�MHRSDUGL]LQJ�QHVW�VXFFHVV��DOORZLQJ�WKHP�WR�DFFXUDWH�
O\�GHWHUPLQH�QHVW�IDWH�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��-RQHVERUR��$5 
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'RHV�D[OH�JUHDVH�HIIHFWLYHO\�SURWHFW�EOXH�
ELUG�QHVWV�IURP�SUHGDWRUV" 
 
0LFKDHO�7UXVW\�DQG�9LUJLQLH�5ROODQG 
 
$UNDQVDV�6WDWH�8QLYHUVLW\��-RQHVERUR��$5 
 
%LUG�FRQVHUYDWLRQ�RUJDQL]DWLRQV�KDYH�ORQJ�SURPRWHG�WKH�XVH�
RI�SUHGDWRU�JXDUGV��VXFK�DV�WKH�.LQJVWRQ�VWRYHSLSH�EDIIOH��WR�
SURWHFW�QHVW�ER[HV�DQG�LQFUHDVH�QHVW�VXFFHVV�RI�ELUGV�QHVWLQJ�
LQ�FDYLWLHV��$�UHFHQW�ODUJH-VFDOH�VWXG\�VKRZHG�WKDW�SUHGDWRU�
JXDUGV�HIIHFWLYHO\�UHGXFH�QHVW�SUHGDWLRQ��+RZHYHU��WKH�HIIHF�
WLYHQHVV�RI�D[OH�JUHDVH�DV�D�FRPPRQ�SUHGDWRU�GHWHUUHQW�ZDV�
QRW�WHVWHG��7KHUHIRUH��RXU�REMHFWLYH�ZDV�WR�GHWHUPLQH�WKH�HI�
IHFWLYHQHVV�RI�D[OH�JUHDVH�DW�LQFUHDVLQJ�QHVW�VXFFHVV��)URP�
0DUFK�WR�6HSWHPEHU�������ZH�PRQLWRUHG�����QHVW�ER[HV�DW�D�
VLWH����NP�QRUWK�RI�-RQHVERUR��$UNDQVDV��EXW�ZH�IRFXVHG�RXU�
VWXG\�RQ�WKH�����QHVW�ER[HV�XVHG�E\�(DVWHUQ�%OXHELUGV�
�6LDOLD�VLDOLV���:H�GLYLGHG�WKHVH�QHVW�ER[HV�HYHQO\�DPRQJ�
WKUHH�JURXSV��EDIIOH��JUHDVH��DQG�QR�JXDUG��%OXHELUGV�PDGH�
����QHVWLQJ�DWWHPSWV�����RI�ZKLFK�ZHUH�GHSUHGDWHG��SULPDULO\�
E\�VQDNHV�������IROORZHG�E\�UDFFRRQV�FDWV��������VTXLUUHOV�
�������DQG�XQLGHQWLILHG�SUHGDWRUV��������2XU�PRGHOV�LQGL�
FDWH�WKDW�JUHDVH�DQG�EDIIOHV�HTXDOO\�LPSURYHG�EOXHELUG�QHVW�
VXFFHVV�E\�DERXW������7KRXJK�QRW�VLJQLILFDQWO\��JUHDVH�WHQG�
HG�WR�\LHOG�D�KLJKHU�QHVW�VXFFHVV�WKDQ�EDIIOHV��7R�FRQFOXGH��
D[OH�JUHDVH�LV�D�FKHDS�DQG�HIIHFWLYH�DOWHUQDWLYH�WR�EDIIOHV�WKDW�
RZQHUV�RI�EOXHELUG�ER[HV�LQ�$UNDQVDV�DQG�HOVHZKHUH�FDQ�XVH�
WR�IXUWKHU�EOXHELUG�FRQVHUYDWLRQ�� 

SUHVHQWLQJ 
���SP—��SP 

+RPHWRZQ��-RQHVERUR��$5 



 

&DSLWRO�OLDLVRQ 
6XVDQ�&DUWHU��$UNDQVDV�6HFUHWDU\�RI 6WDWH�RIILFH 

 

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

 

$EVWUDFW�%RRNOHW 
&DPLOOH�)RVFXH��'HSDUWPHQW�RI�&KHPLVWU\��8&$ 

 

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

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

 

(DVHOV��$VVLVWDQFH�DW�WKH�&DSLWRO 
$QGUHZ�6XVWLFK��93�IRU�5HVHDUFK�	�*UDG�6WXGLHV��$68 
(PLO\�'HYHUHX[��'LU��5HVHDUFK�'HY��DQG�7HFK���$68 

6FLHQFH�$PEDVVDGRUV��$68 
 

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


