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%HQDOL��0���&��'HVQDXOW��0��0D]RX]��=��$KPHG��+��$OEDWDLQHK��.��$OODGD��.��$��$QLRO��HW�DO���������'HHSO\�9LUWXDO
&RPSWRQ�6FDWWHULQJ�2II�WKH�1HXWURQ���1DWXUH�3K\VLFV���������������

%HQ<LVKD\��$ULHO��0DULD�-RQHV��)ORUHQFH�.RQG\OLV��DQG�$KPHG�0XVKILT�0REDUDN���������*HQGHU�*DSV�LQ�7HFKQRORJ\
'LIIXVLRQ���-RXUQDO�RI�'HYHORSPHQW�(FRQRPLFV������8163��������
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WKH�$QLVRWURS\�RI�WKH�2QH�:D\�0D[LPXP�$WWDLQDEOH�6SHHG�RI�WKH�(OHFWURQ���3K\VLFDO�5HYLHZ�'���������
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%HUQKDUG��0LFKDHO��9HQHOLQ�,��*DQHY��$QQD�*U]\PDOD�%XVVH��6WHSKHQ�(��+DQVRQ��<RVKLNR�0��+HUUHUD��'PLWULL
.RIDQRY��DQG�$QWRQ�6KLULNRY���������:HDVHO�:RUGV�DQG�WKH�$QDO\VLV�RI��3RVWFRPPXQLVW��3ROLWLFV��$
6\PSRVLXP���(DVW�(XURSHDQ�3ROLWLFV�DQG�6RFLHWLHV��8163������������������

%ORXHW��%ULDQ���������)URP�WKH�3LYRW�WR�WKH�+HDUWODQG��+DOIRUG�0DFNLQGHU�DQG�:RUOG�:DU�,
���*HRJUDSKLFDO�5HYLHZ�

%RUVHWWL��6DUDK��'DSKQH�0XQURH��'DYLG�5XGGHUV��DQG�-XL�+DQ�&KDQJ���������7LPLQJ�RI�WKH�5HSURGXFWLYH�&\FOH�RI
:DYHG�:KHON��%XFFLQXP�8QGDWXP��RQ�WKH�86�0LG�$WODQWLF�%LJKW���+HOJRODQG�0DULQH�5HVHDUFK�����������
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3K\VLFDO�5HYLHZ�/HWWHUV������������������

&DURQH��&KULVWRSKHU�'���������&RPSRVLWH�*UDYLWRQV�IURP�0HWULF�,QGHSHQGHQW�4XDQWXP�)LHOG�7KHRULHV���0RGHUQ
3K\VLFV�/HWWHUV�D�����������������

&DVWDQHGD�0R\D��(GZDUG��9LFWRU�+��5LYHUD�0RQUR\��5DQGROSK�0��&KDPEHUV��;LDRFKHQ�=KDR��/XNDV�/DPE�:RWWRQ�
$GULDQQD�*RUVN\��(YHO\Q�(��*DLVHU��7LIIDQ\�*��7UR[OHU��-RKQ�6��.RPLQRVNL��DQG�0DWWKHZ�+LDWW���������+XUULFDQHV
)HUWLOL]H�0DQJURYH�)RUHVWV�LQ�WKH�*XOI�RI�0H[LFR��)ORULGD�(YHUJODGHV��86$����3URFHHGLQJV�RI�WKH�1DWLRQDO
$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD��������������������
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&KHQ��-LQJ��7VDQ�0LQJ�&KRL��<X�$P\�;LD��DQG�;LDRKDQJ�<XH���������3UHIDFH��$GYDQFHV�RI�5HDO�&DVH�%DVHG
2SHUDWLRQV�5HVHDUFK���$QQDOV�RI�2SHUDWLRQV�5HVHDUFK�

&KHQ��6KDQVKDQ�DQG�-XQSLQJ�6KL���������*OREDO�'\QDPLFV�RI�WKH�'LIIXVLYH�/RWND�9ROWHUUD�&RPSHWLWLRQ�0RGHO�ZLWK
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�,QFUHDVHG�3RWHQF\�RI�$QWLPLFURELDO�3LVFLGLQV�LQ�WKH�3UHVHQFH�RI�&RSSHU��,,��&RUUHODWHV�'LUHFWO\�ZLWK�,QVHUWLRQ
'HSWK�DQG�2ULHQWDWLRQ�LQ�0HPEUDQHV���%LRSK\VLFDO�-RXUQDO�������������$����$�
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3K\VLFLDQV��$�*HRVSDWLDO�$QDO\VLV���0HGLFDO�&DUH�5HVHDUFK�DQG�5HYLHZ���������������

'DR�1JX\HQ�.KRL��7KDQK�'XF�'DQJ��/LHQ�7��+��3KDP��3KDP�7KL�/RL��1JX\HQ�7KL�'LHP�7KX\��1JX\HQ�.\�3KXQJ��DQG
1JX\HQ�7KL�%D\���������0RUSKRORJLFDO�&KDQJH�$VVHVVPHQW�IURP�,QWHUWLGDO�WR�5LYHU�'RPLQDWHG�=RQHV�XVLQJ
0XOWLSOH�6DWHOOLWH�,PDJHU\��$�&DVH�6WXG\�RI�WKH�9LHWQDPHVH�0HNRQJ�'HOWD���5HJLRQDO�6WXGLHV�LQ�0DULQH�6FLHQFH
�����������

'DV��/RSDPXGUD��-RKQ�&��3RXWVPD��DQG�0LFKDHO�-��.HOOH\���������(IIHFW�RI�����1P�89�,UUDGLDWLRQ�RQ�3RO\LPLGH�DQG
LWV�$SSOLFDWLRQ�LQ�6XUIDFH�0RGLILFDWLRQ�E\�*UDIWLQJ���+LJK�3HUIRUPDQFH�3RO\PHUV��8163������������������

'DYLHV��&KULVWLQH�7��+���-XGG�+DUULVRQ��*��3HWHU�/HSDJH��&KULVWRSKHU�-��0RQDKDQ��-XQNR�6KLJHPLWVX��0DWWKHZ
:LQJDWH��DQG�+34&'�&ROODERUDWLRQ���������/DWWLFH�4&'�0DWUL[�(OHPHQWV�IRU�WKH�%�V�������%�2YHU�%DU�V����
:LGWK�'LIIHUHQFH�%H\RQG�/HDGLQJ�2UGHU���3K\VLFDO�5HYLHZ�/HWWHUV�����������������

'X��-LDEL��.\HRQJ�3DUN��;LQ�<X��<LQJORQJ�-��=KDQJ��DQG�)HL�<H���������0DVVLYH�3ROOXWDQWV�5HOHDVHG�WR�*DOYHVWRQ�%D\
GXULQJ�+XUULFDQH�+DUYH\��8QGHUVWDQGLQJ�WKHLU�5HWHQWLRQ�DQG�3DWKZD\�XVLQJ�/DJUDQJLDQ�1XPHULFDO�6LPXODWLRQV��
6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW�������������

(VWLOO��&KHU\O�)DLUILHOG��-RQDWKDQ�6ORQH��$OH[DQGHU�0D\HU��,���&KHQ�&KHQ��DQG�0DUN�-��/D�*XDUGLD���������:RUNHU
([SRVXUH�WR�)ODPH�5HWDUGDQWV�LQ�0DQXIDFWXULQJ��&RQVWUXFWLRQ�DQG�6HUYLFH�,QGXVWULHV���(QYLURQPHQW
,QWHUQDWLRQDO������8163��������

)LQN��'LHWPDU�DQG�6XGLS�6HQ������������<HDUV�RI�5DGLDWLRQ�(IIHFWV�DQG�'HIHFWV�LQ�6ROLGV���5DGLDWLRQ�(IIHFWV�DQG
'HIHFWV�LQ�6ROLGV����������������

)LVKHU��$QGUHZ�+���������
'HIHQGHUV�DQG�'LVVLGHQWV��&RRNV�/DQGLQJ�DQG�WKH�)LJKW�WR�'HILQH�7ULEDO�6RYHUHLJQW\�LQ�WKH
5HG�3RZHU�(UD
���&RPSDUDWLYH�$PHULFDQ�6WXGLHV�

²²²���������7KH�+HDUWEHDW�RI�:RXQGHG�.QHH��1DWLYH�$PHULFD�IURP������WR�WKH�3UHVHQW���5HYLHZV�LQ�$PHULFDQ
+LVWRU\���������������

²²²���������2XU�+LVWRU\�LV�WKH�)XWXUH��6WDQGLQJ�5RFN�9HUVXV�WKH�'DNRWD�$FFHVV�3LSHOLQH��DQG�WKH�/RQJ�7UDGLWLRQ�RI
,QGLJHQRXV�5HVLVWDQFH���5HYLHZV�LQ�$PHULFDQ�+LVWRU\���������������

)LVKHU��/RXLV���������7KH�3ROLWLFV�RI�:DU�3RZHUV��7KH�7KHRU\�DQG�+LVWRU\�RI�3UHVLGHQWLDO�8QLODWHUDOLVP���3UHVLGHQWLDO
6WXGLHV�4XDUWHUO\�

²²²���������3URWHFWLQJ�,QGLYLGXDO�5LJKWV��$�%URDG�3XEOLF�'LDORJXH���-RXUQDO�RI�6XSUHPH�&RXUW�+LVWRU\��������
������

)OHHJHU��-��:���'��6��-RKQVRQ��6��=HQJHO��,��$��0HQGHOVVRKQ��'��5��'HLV��6��$��*UDKDP��4��/LQ��0��&��&KULVWPDQ��0��5�
5LJJLR��DQG�0��3DQW���������0DFURLQIDXQD�5HVSRQVHV�DQG�5HFRYHU\�7UDMHFWRULHV�$IWHU�DQ�2LO�6SLOO�'LIIHU�IURP
WKRVH�)ROORZLQJ�6DOWPDUVK�5HVWRUDWLRQ���0DULQH�(QYLURQPHQWDO�5HVHDUFK������8163��������

)RUHPDQ��:���5��$FFLDUUL��-��$��$VDDGL��:��%DGJHWW��)��'��0��%ODV]F]\N��5��%RXDELG��&��%URPEHUJ��HW�DO�������
�&DORULPHWU\�IRU�/RZ�(QHUJ\�(OHFWURQV�XVLQJ�&KDUJH�DQG�/LJKW�LQ�/LTXLG�$UJRQ���3K\VLFDO�5HYLHZ�'���������
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*H��)DQ�DQG�$GH�,UPD�6XULDMD\D���������1RWH�RQ�WKH�1XPEHU�RI�=HURV�RI�=HWD��N���V����5DPDQXMDQ�-RXUQDO�

*ROGVWHLQ��0���<��0��+XDQJ��:��6FDOHV��DQG�6��6HQ���������7HDFKLQJ�DQG�5HVHDUFK�RI�SODVPD�IOXLG�0HFKDQLFV�WR
8QGHUJUDGXDWH�6WXGHQWV�DW�D�86�8QLYHUVLW\���5DGLDWLRQ�(IIHFWV�DQG�'HIHFWV�LQ�6ROLGV����������������

*URVV��)UDQ]���������&RYDULDQW�6SHFWDWRU�7KHRU\�RI�Q�S�6FDWWHULQJ��'HXWHURQ�)RUP�)DFWRUV���3K\VLFDO�5HYLHZ�&����
������������

+DUOHY��$PLW��&KDUOHV�5��-RKQVRQ��DQG�'HUHN�/LP���������7KH�'RXEO\�6WRFKDVWLF�6LQJOH�(LJHQYDOXH�3UREOHP��$
&RPSXWDWLRQDO�$SSURDFK���([SHULPHQWDO�0DWKHPDWLFV�

+DUULV��&RQVWDQFH�0���.LPEHUO\�6��5HHFH��'RQDOG�)��6WHF��*DLO�3��6FRWW��:LOOLDP�0��-RQHV��3DWULFH�/��0��+REEV��DQG
7KRPDV�0��+DUULV���������7KH�7R[LQ�*RQLRGRPLQ��3URGXFHG�E\�$OH[DQGULXP�6SS���LV�,GHQWLFDO�WR�*RQLRGRPLQ�$��
+DUPIXO�$OJDH������������

+DUVKPDQ��'DOH�5��DQG�$QWKRQ\�7��)LRU\���������+LJK�7�&�6XSHUFRQGXFWLYLW\�2ULJLQDWLQJ�IURP�,QWHUOD\HU�&RXORPE
&RXSOLQJ�LQ�*DWH�&KDUJHG�7ZLVWHG�%LOD\HU�*UDSKHQH�0RLUH�6XSHUODWWLFHV���-RXUQDO�RI�6XSHUFRQGXFWLYLW\�DQG
1RYHO�0DJQHWLVP�����������������

+DUXW\XQ\DQ��$QL���������1DWLRQDO�,GHQWLW\�DQG�3XEOLF�*RRGV�3URYLVLRQ���&RPSDUDWLYH�(FRQRPLF�6WXGLHV��������
�����

+DVHQHL��$DURQ��'DYLG�:��.HUVWHWWHU��$QGULM�=��+RURG\VN\��DQG�5LFKDUG�:��%ULOO���������3K\VLRORJLFDO�/LPLWV�WR
,QVKRUH�,QYDVLRQ�RI�,QGR�3DFLILF�/LRQILVK��3WHURLV�6SS����,QVLJKWV�IURP�WKH�)XQFWLRQDO�&KDUDFWHULVWLFV�RI�WKHLU
9LVXDO�6\VWHP�DQG�+\SR[LD�7ROHUDQFH���%LRORJLFDO�,QYDVLRQV�

+DXOPDQ��&O\GH�$���������7KH�3DQLF�RI�������7KH�)LUVW�*UHDW�'HSUHVVLRQ���-RXUQDO�RI�(FRQRPLF�+LVWRU\��������
��������

+HQGULFNV��3DLJH���������$�0HDQLQJIXO�0HVV���5RHSHU�5HYLHZ�D�-RXUQDO�RQ�*LIWHG�(GXFDWLRQ���������������

+HQVKRQ��6X]DQQD�(���������/HDGLQJ�&KDQJH�LQ�D�'LYHUVH�:RUOG��$Q�,QWHUYLHZ�ZLWK�)UHG�%RQQHU���5RHSHU�5HYLHZ�D
-RXUQDO�RQ�*LIWHG�(GXFDWLRQ�������������

+LOWRQ��(ULF�-��DQG�-HIIUH\�&DUSHQWHU���������%RQ\�7RQJXH�)LVKHV��7HOHRVWHL��2VWHRJORVVRPRUSKD��IURP�WKH�(RFHQH
1DQMHPR\�)RUPDWLRQ��9LUJLQLD���1RUWKHDVWHUQ�1DWXUDOLVW���������������

+RODV��3DZHO��,]DEHOD�.UHMW]��.DWDU]\QD�:LVLHFND��0DU]HQD�5XVDQRZVND��DQG�-RKQ�%��1H]OHN���������0RGLILFDWLRQ�RI
$WWHQWLRQDO�%LDV�WR�(PRWLRQDO�)DFHV�)ROORZLQJ�0LQGIXOQHVV�%DVHG�&RJQLWLYH�7KHUDS\�LQ�3HRSOH�ZLWK�D�&XUUHQW
'HSUHVVLRQ���0LQGIXOQHVV�

+ROPHV��0DUFXV�DQG�1LFKRODV�-��:KHHOHU���������6RFLDO�%RQGLQJ�LQ�'LSORPDF\���,QWHUQDWLRQDO�7KHRU\��������
��������

+X\QK��4XDQJ�&���1DQFLH�-��&XPPLQJV��DQG�-RKQ�0��+RHQLJ���������&RPSDULVRQV�RI�0HDQ�/HQJWK�%DVHG�0RUWDOLW\
(VWLPDWRUV�DQG�$JH�6WUXFWXUHG�0RGHOV�IRU�6L[�6RXWKHDVWHUQ�86�6WRFNV���,&(6�-RXUQDO�RI�0DULQH�6FLHQFH��������
��������

,EHV��'RURWK\�&��DQG�&DWKHULQH�$��)RUHVWHOO���������7KH�5ROH�RI�&DPSXV�*UHHQVSDFH�DQG�0HGLWDWLRQ�RQ�&ROOHJH
6WXGHQWV
�0RRG�'LVWXUEDQFH���-RXUQDO�RI�$PHULFDQ�&ROOHJH�+HDOWK�

,OLVHYLF��'LMDQD��%RMDQ�.X]PD��&KL�.ZRQJ�/L��DQG�(GZDUG�3RRQ���������&RPSOH[LILFDWLRQV�RI�5HDO�%DQDFK�6SDFHV�DQG
WKHLU�,VRPHWULHV���/LQHDU�$OJHEUD�DQG�LWV�$SSOLFDWLRQV��������������

-RKQVRQ��$QGUHZ�-���5REHUW�-��2UWK��DQG�.HQQHWK�$��0RRUH���������7KH�5ROH�RI�6H[XDO�5HSURGXFWLRQ�LQ�WKH
0DLQWHQDQFH�RI�(VWDEOLVKHG�=RVWHUD�0DULQD�0HDGRZV���-RXUQDO�RI�(FRORJ\�

-RKQVRQ��&KDUOHV�5���$QD�-XOLR�,���DQG�5LFDUGR�/��6RWR���������1RQQHJDWLYH�5HDOL]DELOLW\�ZLWK�-RUGDQ�6WUXFWXUH��
/LQHDU�$OJHEUD�DQG�LWV�$SSOLFDWLRQV��������������

-RKQVRQ��&KDUOHV�5��DQG�3LHWUR�3DSDUHOOD���������0DWULFLDO�3URRIV�RI�VRPH�&ODVVLFDO�5HVXOWV�DERXW�&ULWLFDO�3RLQW
/RFDWLRQ���$PHULFDQ�0DWKHPDWLFDO�0RQWKO\����������������

-RQHV��(ULF�(���0D\D�%��.UDXVH��&DUROLQH�5��:DWVRQ��DQG�*UD\VRQ�1��2
6DLOH���������(FRQRPLF�DQG�6RFLDO�,QWHUDFWLRQV
LQ�WKH�3LHGPRQW�9LOODJH�7UDGLWLRQ�0LVVLVVLSSLDQ�%RXQGDU\ODQGV�RI�6RXWKHDVWHUQ�1RUWK�$PHULFD��$'������������
$PHULFDQ�$QWLTXLW\���������������

.HOOH\��0DFNHQ]LH��1DVWDUDQ�$EGRO��3DUYL]�6RURXVKLDQ��.ULVWLQD�.HDWLQJ��$QDJL�0��%DODFKDQGUD��DQG�7\OHU�0HOGUXP�
�������0RQLWRULQJ�5HDO�7LPH�&XULQJ�RI�(SR[LHV�LQ�6LWX�XVLQJ�6LQJOH�6LGHG�105���-RXUQDO�RI�3RO\PHU�6FLHQFH���
�������������

.HOO\��-��0���0��%URGHXU��%��/LX��4��&DPSDJQD��&��*RQ]DOHV��DQG�-��0DLHU���������)LUVW�2II�/LQH�7HVWV�DQG�3HUIRUPDQFH
RI�WKH�1RWUH�'DPH�0XOWL�5HIOHFWLRQ�7LPH�RI�)OLJKW�0DVV�6SHFWURPHWHU���1XFOHDU�,QVWUXPHQWV�	�0HWKRGV�LQ
3K\VLFV�5HVHDUFK�6HFWLRQ�%�%HDP�,QWHUDFWLRQV�ZLWK�0DWHULDOV�DQG�$WRPV��������������

.XOD��$ELJDLO�$��5���0HOLVVD�+��+H\��-RKQ�-��&RXWXUH��3KLOLS�$��7RZQVHQG��DQG�+DUPRQ\�-��'DOJOHLVK�������
�,QWUDVSHFLILF�&RPSHWLWLRQ�5HGXFHV�3ODQW�6L]H�DQG�4XDOLW\�DQG�'DPDJH�6HYHULW\�,QFUHDVHV�'HIHQVH�5HVSRQVHV
LQ�WKH�+HUEDFHRXV�3HUHQQLDO��$VFOHSLDV�6\ULDFD���3ODQW�(FRORJ\�
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/DX��3DQ�6KXQ��&KL�.ZRQJ�/L��<LX�7XQJ�3RRQ��DQG�1XQJ�6LQJ�6]H���������-RLQW�0DWULFLDO�5DQJH�DQG�-RLQW�&RQJUXHQFH
0DWULFLDO�5DQJH�RI�2SHUDWRUV���$GYDQFHV�LQ�2SHUDWRU�7KHRU\�

/HIHZ��0LFKDHO��$QK�1LQK��DQG�9ODGLPLU�$QLVLPRY���������(QG�WR�(QG�'UXJ�6XSSO\�0DQDJHPHQW�LQ�0XOWLFHQWHU
7ULDOV���0HWKRGRORJ\�DQG�&RPSXWLQJ�LQ�$SSOLHG�3UREDELOLW\�

/L��&KL�.ZRQJ��6HWK�/\OHV��DQG�<LX�7XQJ�3RRQ���������(UURU�&RUUHFWLRQ�6FKHPHV�IRU�)XOO\�&RUUHODWHG�4XDQWXP
&KDQQHOV�3URWHFWLQJ�ERWK�4XDQWXP�DQG�&ODVVLFDO�,QIRUPDWLRQ���4XDQWXP�,QIRUPDWLRQ�3URFHVVLQJ�������������

/L��;LDQJZHQ��<X[XH�<LQ��DQG�*H[LQ�<X���������(YHU\�3ODQDU�*UDSK�ZLWKRXW���&\FOHV�DQG�.������DQG�$GMDFHQW
��&\FOHV�LV���������&RORUDEOH���'LVFUHWH�0DWKHPDWLFV����������8163��������

/LDQJ��<XMLD��%HQMDPLQ�-DPHV�$OODUG\FH��6DQMHHE�.DOLWD��0RKDPPDG�*LDV�8GGLQ��6DMMDG�6KDIHL��'LQLGX�3HUHUD�
5HFKDQD�&KDQGUD�1DLU�5HPDGHYL��HW�DO���������3URWHLQ�3DSHU�IURP�([IROLDWHG�(UL�6LON�1DQRILEHUV��
%LRPDFURPROHFXOHV�������������������

/LX��:HQZHQ��;LQFRQJ�&KHQ��'RQDOG�5��6WURQJ��6WHYHQ�&��3HQQLQJV��0DWWKHZ�/��.LUZDQ��;LDROLQ�&KHQ��DQG�<LKXL
=KDQJ���������&OLPDWH�DQG�*HRJUDSKLF�$GDSWDWLRQ�'ULYH�/DWLWXGLQDO�&OLQHV�LQ�%LRPDVV�RI�D�:LGHVSUHDG
6DOWPDUVK�3ODQW�LQ�LWV�1DWLYH�DQG�,QWURGXFHG�5DQJHV���/LPQRORJ\�DQG�2FHDQRJUDSK\�

/LX��=KXR��+DUU\�:DQJ��<��-RVHSK�=KDQJ��/LQXV�0DJQXVVRQ��-��'HUHN�/RIWLV��DQG�'DYLG�)RUUHVW���������&URVV�6FDOH
0RGHOLQJ�RI�6WRUP�6XUJH��7LGH��DQG�,QXQGDWLRQ�LQ�0LG�$WODQWLF�%LJKW�DQG�1HZ�<RUN�&LW\�GXULQJ�+XUULFDQH�6DQG\�
�������(VWXDULQH�&RDVWDO�DQG�6KHOI�6FLHQFH�������������

/L\DQDJH��$���:��$UPVWURQJ��+��.DQJ��-��0D[ZHOO��-��0XOKROODQG��/��1GXNXP��$��$KPLGRXFK��HW�DO���������3URWRQ
)RUP�)DFWRU�5DWLR�LW�0X�S�*�(��S��*�0��S��IURP�'RXEOH�6SLQ�$V\PPHWU\���3K\VLFDO�5HYLHZ�&�����������������

/RWW��-RKQ�5��-U��DQG�&DUOLVOH�(��0RRG\���������%URXJKW�LQWR�WKH�2SHQ��+RZ�WKH�86�&RPSDUHV�WR�2WKHU�&RXQWULHV�LQ
WKH�5DWH�RI�3XEOLF�0DVV�6KRRWHUV���(FRQ�-RXUQDO�:DWFK���������������

0DUNRY��1���.��-RR��9��'��%XUNHUW��9��,��0RNHHY��/��&��6PLWK��0��8QJDUR��6��$GKLNDUL��HW�DO���������([FOXVLYH�3L���S
(OHFWURSURGXFWLRQ�2II�3URWRQV�LQ�WKH�5HVRQDQFH�5HJLRQ�DW�3KRWRQ�9LUWXDOLWLHV�����*H9��� �4����� ���*H9���
3K\VLFDO�5HYLHZ�&�����������������

0F*LOO��5\DQ�-���������$Q�,QVWUXPHQW�LQ�6HDUFK�RI�D�7KHRU\��6WUXFWXUDO�9DOLGLW\�RI�WKH�.DXIPDQ�$VVHVVPHQW�%DWWHU\
IRU�&KLOGUHQ�6HFRQG�(GLWLRQ�1RUPDWLYH�8SGDWH�DW�6FKRRO�$JH���3V\FKRORJ\�LQ�WKH�6FKRROV�����������������

0F*LOO��5\DQ�-���7KRPDV�-��:DUG��DQG�*DU\�/��&DQLYH]���������8VH�RI�7UDQVODWHG�DQG�$GDSWHG�9HUVLRQV�RI�WKH�:,6&�
9��&DYHDW�(PSWRU���6FKRRO�3V\FKRORJ\�,QWHUQDWLRQDO��8163������������������

0HUFKDQG��0DUFR�DQG�0DUF�6KHU���������&RQVWUDLQWV�RQ�WKH�3DUDPHWHU�6SDFH�LQ�DQ�,QHUW�'RXEOHW�0RGHO�ZLWK�7ZR
$FWLYH�'RXEOHWV���-RXUQDO�RI�+LJK�(QHUJ\�3K\VLFV����������

0LOOHWWH��1��&���-��-��3LHUVRQ��DQG�(��:��1RUWK���������:DWHU�7HPSHUDWXUH�GXULQJ�:LQWHU�PD\�&RQWURO�6WULSHG�%DVV
5HFUXLWPHQW�GXULQJ�6SULQJ�E\�$IIHFWLQJ�WKH�'HYHORSPHQW�7LPH�RI�&RSHSRG�1DXSOLL���,&(6�-RXUQDO�RI�0DULQH
6FLHQFH�����������������

0RUDQ��.HYLQ��&DUORV�%HUQDO�&DUGHQDV��0LFKDHO�&XUFLR��5LFKDUG�%RQHWW��DQG�'HQ\V�3RVK\YDQ\N���������0DFKLQH
/HDUQLQJ�%DVHG�3URWRW\SLQJ�RI�*UDSKLFDO�8VHU�,QWHUIDFHV�IRU�0RELOH�$SSV���,(((�7UDQVDFWLRQV�RQ�6RIWZDUH
(QJLQHHULQJ�����������������

0RVV��-RVHSK�$���1LQH�/��+HQULNVVRQ��-��'HDQ�3DNXOVNL��5LFKDUG�$��6Q\GHU��DQG�:DGH�+��-HIIUH\���������2FHDQLF
0LFURSODQNWRQ�GR�1RW�$GKHUH�WR�WKH�/DWLWXGLQDO�'LYHUVLW\�*UDGLHQW���0LFURELDO�(FRORJ\�����������������

1HSDO��9DVNDU�DQG�0DU\�&��)DEUL]LR���������'HQVLW\�'HSHQGHQFH�0HGLDWHV�WKH�(IIHFWV�RI�7HPSHUDWXUH�RQ�*URZWK�RI
-XYHQLOH�%OXH�&DWILVK�LQ�1RQQDWLYH�+DELWDWV���7UDQVDFWLRQV�RI�WKH�$PHULFDQ�)LVKHULHV�6RFLHW\������������������

2FKV��$GGLVRQ�7���-HIIUH\�'��6KLHOGV��*DU\�:��5LFH��DQG�0LFKDHO�$��8QJHU���������$FXWH�DQG�/RQJ�7HUP�0DQJDQHVH
([SRVXUH�DQG�6XEVHTXHQW�$FFXPXODWLRQ�LQ�5HODWLRQ�WR�,GLRSDWKLF�%OLQGQHVV�LQ�WKH�$PHULFDQ�/REVWHU��+RPDUXV
$PHULFDQXV���$TXDWLF�7R[LFRORJ\�������������

2VODQG��0LFKDHO�-���5LFKDUG�+��'D\��&RXUWQH\�7��+DOO��/DXUD�&��)HKHU��$QQD�5��$UPLWDJH��-XVW�&HEULDQ��.HQQHWK�+�
'XQWRQ��HW�DO���������7HPSHUDWXUH�7KUHVKROGV�IRU�%ODFN�0DQJURYH��$YLFHQQLD�*HUPLQDQV��)UHH]H�'DPDJH�
0RUWDOLW\�DQG�5HFRYHU\�LQ�1RUWK�$PHULFD��5HILQLQJ�7LSSLQJ�3RLQWV�IRU�5DQJH�([SDQVLRQ�LQ�D�:DUPLQJ�&OLPDWH��
-RXUQDO�RI�(FRORJ\������������������

3DWV\XN��0���$��$OL��)��%DUERVD��-��%HVVXLOOH��(��&KXGDNRY��5��']K\JDGOR��&��)DQHOOL��HW�DO���������6WDWXV�RI�WKH�*OXH;
',5&���1XFOHDU�,QVWUXPHQWV�	�0HWKRGV�LQ�3K\VLFV�5HVHDUFK�6HFWLRQ�$�$FFHOHUDWRUV�6SHFWURPHWHUV�'HWHFWRUV
DQG�$VVRFLDWHG�(TXLSPHQW�������������

3HUVKLQJ��$QGUHZ�-��DQG�.DUHQ�6WDPLHV]NLQ���������7KH�1RUWK�$WODQWLF�(FRV\VWHP��IURP�3ODQNWRQ�WR�:KDOHV���$QQXDO
5HYLHZ�RI�0DULQH�6FLHQFH��9RO����������������

3KLOOLSV��%ODNH���������5HVHDUFK�1RWH��,QYHVWLJDWLQJ�WKH�9LDELOLW\�RI�6W\ORPHWULF�$QDO\VLV�WR�$WWULEXWH�$XWKRUVKLS�RI
6XSUHPH�&RXUW�2SLQLRQV���-XVWLFH�6\VWHP�-RXUQDO�

3RXWVPD��-RKQ�&���1LFKRODV�6��6KXPDQ��7KRPDV�0��0LOOHU��-XHUJHQ�7URH��DQG�$OEHUW�$��9LJJLDQR���������7RZDUG�D
4XDQWLWDWLYH�$QDO\VLV�RI�WKH�7HPSHUDWXUH�'HSHQGHQFH�RI�(OHFWURQ�$WWDFKPHQW�WR�6)����-RXUQDO�RI�&KHPLFDO
3K\VLFV������������������
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5HLG��-��/HLJKWRQ��1HOV�-��+ROPEHUJ��0DWWKHZ�$OEUHFKW��6DQGUD�$UDQJR�&DUR��2OLYLD�+DMHN��4��1Q�/RQJ��DQG�-DPHV
7UDJHU���������$QQXDO�8QGHUVWRU\�3ODQW�5HFRYHU\�'\QDPLFV�LQ�D�7HPSHUDWH�:RRGODQG�0RVDLF�GXULQJ�D�'HFDGH
RI�(FRORJLFDO�5HVWRUDWLRQ���1DWXUDO�$UHDV�-RXUQDO���������������

5HVWUHSR��'DYLG��6WHYHQ�(��1DOHZD\��9LQR\�7KRPDV��DQG�+DQQHV�&��6FKQLHSS���������$GYDQFHG�0DQXIDFWXULQJ�IRU
%LRPDWHULDOV�DQG�%LRORJLFDO�0DWHULDOV��3DUW�,���-RP�������������������

5LFH��$P\��0DU\�7��5RRQH\��$OH[DQGHU�,��*UHHQZRRG��0\ULDP�/��&RWWHQ��DQG�-HII�:HUHV]F]\QVNL�������
�/LSRSRO\VDFFKDULGH�6LPXODWLRQV�DUH�6HQVLWLYH�WR�3KRVSKDWH�&KDUJH�DQG�,RQ�3DUDPHWHUL]DWLRQ���-RXUQDO�RI
&KHPLFDO�7KHRU\�DQG�&RPSXWDWLRQ�������������������

5LRIULR��-RKQ���������)DOOLQJ�IRU�'HEW��*LDQQLQD�%UDVFKL��WKH�/DWLQ[�$YDQW�*DUGH��DQG�)LQDQFLDO�7HUURULVP�LQ�WKH
8QLWHG�6WDWHV�RI�%DQDQD���/DWLQR�6WXGLHV���������������

5RPDQR��6LPRQH��&KULVWRSKHU�9HQGRPH��*LXVHSSH�6FDQQLHOOR��DQG�'HQ\V�3RVK\YDQ\N���������$�0XOWL�6WXG\
,QYHVWLJDWLRQ�LQWR�'HDG�&RGH���,(((�7UDQVDFWLRQV�RQ�6RIWZDUH�(QJLQHHULQJ���������������

5RVVL��(QULFR�DQG�&KULVWRSKHU�7ULROD���������9DQ�'HU�:DDOV�+HWHURVWUXFWXUHV�ZLWK�6SLQ�2UELW�&RXSOLQJ���$QQDOHQ�'HU
3K\VLN������������������

5RVVLWHU��/RXLV�)���:LQJKDQ�-DFTXHOLQH�.ZRQJ��DQG�(OL]DEHWK�0DUUHWW���������+HDOWKFDUH�5HVRXUFH�XVH�DQG�&RVW��7KH
,PSDFW�RI�$GRSWLQJ�DQ�$EXVH�'HWHUUHQW�)RUPXODWLRQ�RI�([WHQGHG�5HOHDVH�0RUSKLQH���&OLQLFRHFRQRPLFV�DQG
2XWFRPHV�5HVHDUFK�����������

6DDYHGUD��0DUWLQ�DQG�7DWH�7ZLQDP���������$�0DFKLQH�/HDUQLQJ�$SSURDFK�WR�,PSURYLQJ�2FFXSDWLRQDO�,QFRPH
6FRUHV���([SORUDWLRQV�LQ�(FRQRPLF�+LVWRU\�����8163��������

6FKPLGW��$���-��5��3\EXV��5��:HLVV��(��3��6HJDUUD��$��+UQMLF��$��'HQQLVWRQ��2��+HQ��HW�DO���������3URELQJ�WKH�&RUH�RI
WKH�6WURQJ�1XFOHDU�,QWHUDFWLRQ���1DWXUH�������������������

6FKRRQ��(ULF�:���$OH[DQGUD�3RFHN�-RRVVH��DQG�+��%ULQWRQ�0LOZDUG���������1HWZRUNV��3RZHU��DQG�WKH�(IIHFWV�RI
/HJLWLPDF\�LQ�&RQWHQWLRXV�3ROLWLFV���6RFLRORJLFDO�3HUVSHFWLYHV�������������������

6HPHGR��0LJXHO�DQG�%RQJNHXQ�6RQJ���������)URP�*HQHV�WR�1LWURJHQ�5HPRYDO��'HWHUPLQLQJ�WKH�,PSDFWV�RI�3RXOWU\
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<DQJ��6KL�/XQ��;LDQJ[LQ�/XR��6WLMQ�7HPPHUPDQ��0DWWKHZ�.LUZDQ��7MHHUG�%RXUQD��.HKXL�;X��6DLVDL�=KDQJ��HW�DO�
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=KDQJ��<LQJORQJ�-���1DWKDQ�*HUGWV��(OL�$WHOMHYLFK��DQG�.LMLQ�1DP���������6LPXODWLQJ�9HJHWDWLRQ�(IIHFWV�RQ�)ORZV�LQ
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