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%DR��+DQ��-XQOHL�'XDQ��6KHQFKDR�-LQ��;LQJGD�/X��3HQJ[LRQJ�/L��:HL]KL�4X��0LQJIHQJ�:DQJ��HW�DO���������6SLQ
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3DWKZD\V�RI�6�1LWURVRWKLRSKHQRO���3K\VLFDO�&KHPLVWU\�&KHPLFDO�3K\VLFV����������������������
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'HVLJQ�IRU�WKH�)XWXUH�(OHFWURQ�,RQ�&ROOLGHU��7KH�'XDO�5DGLDWRU�5,&+�&DVH���-RXUQDO�RI�,QVWUXPHQWDWLRQ��������
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*ROGVPLWK��:LOOLDP�0���$QGUHZ�0��6FKHOG��DQG�-RKQ�(��*UDYHV���������'HFLVLRQ�0DNLQJ�LQ�D�0L[HG�&RPPHUFLDO�
5HFUHDWLRQDO�)LVKHU\�IRU�$WODQWLF�%OXHILQ�7XQD���0DULQH�3ROLF\�������������

*RQ]DOH]��(GLWK��.DWKDULQH�5��6SHUDQGLR��3DWULFN�5��0XOOHQ��DQG�9LFWRU�(��7XD]RQ���'HYHORSPHQW�DQG�,QLWLDO�7HVWLQJ�RI
WKH�0XOWLGLPHQVLRQDO�&XOWXUDO�+XPLOLW\�6FDOH���0HDVXUHPHQW�DQG�(YDOXDWLRQ�LQ�&RXQVHOLQJ�DQG�'HYHORSPHQW�

*UHZDO��6KDUDQ���������)URP�,VODPLVWV�WR�0XVOLP�'HPRFUDWV��7KH�&DVH�RI�7XQLVLD
V�(QQDKGD���$PHULFDQ�3ROLWLFDO
6FLHQFH�5HYLHZ������������������

*XH\H��3���$��$��.DELU��3��*LXOLDQL��-��*OLVWHU��%��:��/HH��5��*LOPDQ��'��:��+LJLQERWKDP��HW�DO���������'LVSHUVLYH
&RUUHFWLRQV�LQ�(ODVWLF�(OHFWURQ�1XFOHXV�6FDWWHULQJ��$Q�,QYHVWLJDWLRQ�LQ�WKH�,QWHUPHGLDWH�(QHUJ\�5HJLPH�DQG
WKHLU�,PSDFW�RQ�WKH�1XFOHDU�0DWWHU���(XURSHDQ�3K\VLFDO�-RXUQDO�D��������

*XOO\��-HQQLIHU�0��DQG�/\QQ�0LH�,WDJDNL���)OHHLQJ�%RGLHV�DQG�)OHHWLQJ�3HUIRUPDQFHV��7UDQVLHQFH�DQG�WKH�1DWLRQ�
6WDWH���&XOWXUDO�'\QDPLFV��8163������������������

²²²���������7KH�6WDWHV�RI�0HPRU\��1DWLRQDO�1DUUDWLYHV�RI�%HORQJLQJ��WKH�5HIXJHH�1RYHO��DQG�-HQQ\�(USHQEHFN
V
*R��:HQW��*RQH���0IV�0RGHUQ�)LFWLRQ�6WXGLHV�����������������

*XWLHUUH]��'DQLHO��6WHSKDQLH�'RUDLV��DQG�-HUHP\�5��*RVKRUQ���5HFRYHU\�DV�/LIH�7UDQVIRUPDWLRQ��([DPLQLQJ�WKH
5HODWLRQVKLSV�EHWZHHQ�5HFRYHU\��+RSH��DQG�5HODSVH���6XEVWDQFH�XVH�	�0LVXVH�

+DOH��5��&��DQG�%��6RQJ���������6LQJOH�XVH�3ODVWLFV�DQG�&29,'�����6FLHQWLILF�(YLGHQFH�DQG�(QYLURQPHQWDO
5HJXODWLRQV���(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\��������������������

+DUVKPDQ��'DOH�5��DQG�$QWKRQ\�7��)LRU\���+LJK�7�&�6XSHUFRQGXFWLYLW\�LQ�+\GURJHQ�&ODWKUDWHV�0HGLDWHG�E\�&RXORPE
,QWHUDFWLRQV�EHWZHHQ�+\GURJHQ�DQG�&HQWUDO�$WRP�(OHFWURQV���-RXUQDO�RI�6XSHUFRQGXFWLYLW\�DQG�1RYHO
0DJQHWLVP�

+DUW��+HQU\���������$VKHV�DQG�4XDUW]���*HRUJLD�5HYLHZ�����������������

²²²���������&%'�'UHDP�RQ��������*HRUJLD�5HYLHZ�����������������

²²²���������3HUFRFHW�'UHDP�$IWHU�5RRW�&DQDO�6XUJHU\���*HRUJLD�5HYLHZ�����������������

²²²���������:KDW�,�VKRXOG�KDYH�7ROG�WKH�+\SQRWLVW���*HRUJLD�5HYLHZ�����������������

+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�������������������

+H��'DLIHQJ��3HWHU�0F+HQU\��DQG�-HQQLIHU�0��0HOORU���������'R�)LQDQFLDO�,QFHQWLYHV�0DWWHU"�(IIHFWV�RI�0HGLFDUH�3ULFH
6KRFNV�RQ�6NLOOHG�1XUVLQJ�)DFLOLW\�&DUH���+HDOWK�(FRQRPLFV�����������������

+HLQ��&KULVWRSKHU�-���0XKDPPHG�8VPDQ��7LPRWK\�,��(JOLQWRQ��1HJDU�+DJKLSRXU��DQG�9DOLHU�9��*DO\���������0LOOHQQLDO�
6FDOH�+\GURFOLPDWH�&RQWURO�RI�7URSLFDO�6RLO�&DUERQ�6WRUDJH���1DWXUH������������������

+LFNV��5REHUW�/���'DQLHO�6��+ROODQG��3HWHU�7��.XUL\DPD��DQG�.XUW�(��6FKQLHU���������&KRLFH�6HWV�IRU�6SDWLDO�'LVFUHWH
&KRLFH�0RGHOV�LQ�'DWD�5LFK�(QYLURQPHQWV���5HVRXUFH�DQG�(QHUJ\�(FRQRPLFV�����8163��������

+LQWRQ��6KDQWD�'���3VHXGRSKRVSKDWDVH�0.�67<;��7KH�$W\SLFDO�0HPEHU�RI�WKH�0$3�.LQDVH�3KRVSKDWDVHV���)HEV
-RXUQDO�

+RDJODQG��-DFN��$P\�2DNHV��(ULF�3DUDMRQ��DQG�6XVDQ�3HWHUVRQ���������7KH�%OLQG�0HQ�DQG�WKH�(OHSKDQW��&RPSDULQJ
WKH�6WXG\�RI�,QWHUQDWLRQDO�6HFXULW\�$FURVV�-RXUQDOV���6HFXULW\�6WXGLHV�����������������

+RH\��-HQQLIHU�$���)��-RHO�)RGULH��4XHQWLQ�$��:DONHU��(ULF�-��+LOWRQ��*��7RGG�.HOOLVRQ��7LPRWK\�(��7DUJHWW��-��&KULVWRSKHU
7D\ORU��.HQQHWK�:��$EOH��DQG�0DOLQ�/��3LQVN\���������8VLQJ�0XOWLSOH�1DWXUDO�7DJV�3URYLGHV�(YLGHQFH�IRU
([WHQVLYH�/DUYDO�'LVSHUVDO�$FURVV�6SDFH�DQG�WKURXJK�7LPH�LQ�6XPPHU�)ORXQGHU���0ROHFXODU�(FRORJ\��������
����������

+RJDQ��-��$DURQ��5XVW\�$��)HDJLQ��*UHJRU\�6WDUU��0LFKDHO�5RVV��7HQJ�&KLX�/LQ��&KULVWLQH�2
FRQQHOO��7KRPDV�3��+XII��HW
DO���������$�5HVHDUFK�)UDPHZRUN�WR�,QWHJUDWH�&URVV�(FRV\VWHP�5HVSRQVHV�WR�7URSLFDO�&\FORQHV���%LRVFLHQFH���
�������������

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

+VX��7L�DQG�(OL]DEHWK�%��5DSRVD���(IIHFWV�RI�6WUHVV�RQ�(DWLQJ�%HKDYLRXUV�LQ�$GROHVFHQWV��$�'DLO\�'LDU\
,QYHVWLJDWLRQ���3V\FKRORJ\�	�+HDOWK�

+XQW��*UHJRU\�-���0DUN�$��'DQH��-DPHV�(��.RUNROD��/DXUD�0��+HLVHU��DQG�-RKDQQ�$��*DJQRQ�%DUWVFK���$XWRPDWLF
7UDQVIRUPDWLRQ�DQG�,QWHJUDWLRQ�WR�,PSURYH�9LVXDOL]DWLRQ�DQG�'LVFRYHU\�RI�/DWHQW�(IIHFWV�LQ�,PDJLQJ�'DWD��
-RXUQDO�RI�&RPSXWDWLRQDO�DQG�*UDSKLFDO�6WDWLVWLFV�

-DQNRZVNL��(ULF��&KDUOHV�5��-RKQVRQ��DQG�'HUHN�/LP���������6SHFWUD�RI�&RQYH[�+XOOV�RI�0DWUL[�*URXSV���/LQHDU
$OJHEUD�DQG�LWV�$SSOLFDWLRQV������������

-LDQJ��:HLKXD��4L�$Q��DQG�-XQSLQJ�6KL���������)RUPXODWLRQ�RI�WKH�1RUPDO�)RUP�RI�7XULQJ�+RSI�%LIXUFDWLRQ�LQ�3DUWLDO
)XQFWLRQDO�'LIIHUHQWLDO�(TXDWLRQV���-RXUQDO�RI�'LIIHUHQWLDO�(TXDWLRQV���������������������

-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��'DYLG�6���-HIIUH\�'��6KLHOGV��'DQLHOOH�'RXFHWWH��DQG�5LFKDUG�+HDUG���������$�&OLPDWH�0LJUDQW�(VFDSHV�LWV
3DUDVLWHV���0DULQH�(FRORJ\�3URJUHVV�6HULHV��������������

-RQHV��6WXDUW�7���-DFRE�0��$VKHU��5D\PRQG�&��%RODQG��%ULDQ�.��.DQHQDND��DQG�.HYLQ�&��:HQJ���������)LVK
%LRGLYHUVLW\�3DWWHUQV�RI�D�0HVRSKRWLF�WR�6XESKRWLF�$UWLILFLDO�5HHI�&RPSOH[�DQG�&RPSDULVRQV�ZLWK�1DWXUDO
6XEVWUDWHV���3ORV�2QH���������H��������

-XOLDQR��6DPXHO�$���/HRQDUGR�)��6HUDILP��6HDUOH�6��'XD\��0DULD�+HUHGLD�&KDYH]��*DXUDY�6KDUPD��0DU\�5RRQH\��)DWLK
&RPHUW��HW�DO���������$�3RWHQW�+RVW�'HIHQVH�3HSWLGH�7ULJJHUV�'1$�'DPDJH�DQG�LV�$FWLYH�$JDLQVW�0XOWLGUXJ�
5HVLVWDQW�*UDP�1HJDWLYH�3DWKRJHQV���$FV�,QIHFWLRXV�'LVHDVHV������������������

.LOZHLQ��7HVV�0���(PPD�:HGHOO��/XNH�+HUFKHQURHGHU��$GULDQ�-��%UDYR��DQG�$OLVRQ�/RRE\���$�4XDOLWDWLYH�([DPLQDWLRQ
RI�&ROOHJH�6WXGHQWV
�3HUFHSWLRQV�RI�&DQQDELV��,QVLJKWV�LQWR�WKH�1RUPDOL]DWLRQ�RI�&DQQDELV�XVH�RQ�D�&ROOHJH
&DPSXV���-RXUQDO�RI�$PHULFDQ�&ROOHJH�+HDOWK�

.OHEHU��0LFKDHOD���������3RO\JDP\��$Q�(DUO\�$PHULFDQ�+LVWRU\���:HVWHUQ�+LVWRULFDO�4XDUWHUO\�����������������

.QLJKW��$UWKXU���/RRNLQJ�DW�WKH�6WDUV��%ODFN�&HOHEULW\�-RXUQDOLVP�LQ�-LP�&URZ�$PHULFD���&HOHEULW\�6WXGLHV�

.UXOO��0DUFRV���������&RPSDULQJ�6WDWLVWLFDO�$QDO\VHV�WR�(VWLPDWH�7KUHVKROGV�LQ�(FRWR[LFRORJ\���3ORV�2QH��������
H��������

.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\������������������

/DQJVWRQ��$P\�.���2UHQFLR�9LQHQW��(OOHQ�5��+HUEHUW��DQG�0DWWKHZ�/��.LUZDQ���0RGHOLQJ�/RQJ�7HUP�6DOW�0DUVK
5HVSRQVH�WR�6HD�/HYHO�5LVH�LQ�WKH�6HGLPHQW�'HILFLHQW�3OXP�,VODQG�(VWXDU\��0$���/LPQRORJ\�DQG�2FHDQRJUDSK\�

/DWRXU��5REHUW�-��DQG�-DPHV�*DUWODQG���������'\QDPLFV�RI�WKH�6KDUN�&RPPXQLW\�LQ�WKH�0LG�$WODQWLF�%LJKW���0DULQH
%LRORJ\��������������

/HXQJ��7LQ�&KHXN��6KL�4L��DQG�-LD�<XDQ���������0RYLH�,QGXVWU\�'HPDQG�DQG�7KHDWHU�$YDLODELOLW\���5HYLHZ�RI
,QGXVWULDO�2UJDQL]DWLRQ�����������������

/L�&KXQ�\DQ��+XDQJ�:HL��:X�5HQ�KDR��DQG�$OH[�6KHUHPHW���������:HDWKHU�,QGXFHG�4XDVL�3HULRGLF�0RWLRQV�LQ
(VWXDULHV�DQG�%D\V��0HWHRURORJLFDO�7LGH���&KLQD�2FHDQ�(QJLQHHULQJ�����������������

/L��&KL�.ZRQJ��<XH�/LX��&KDR�0D��DQG�'LDQH�&KULVWLQH�3HOHMR���������$�1RWH�RQ�3DUDOOHO�'LVWLQJXLVKDELOLW\�RI�7ZR
4XDQWXP�2SHUDWLRQV���(OHFWURQLF�-RXUQDO�RI�/LQHDU�$OJHEUD�������������

/LX��-��3DXO��6WHYHQ�$��.XHKO��$XVWLQ�&��3LHUFH��-RVKXD�:LOOLDPV��1HDO�(��%ODLU��&RXUWQH\�+DUULV��'D\�:D�$XQJ��DQG�<LQ
<LQ�$\H���������)DWH�RI�$\H\DUZDG\�DQG�7KDQOZLQ�5LYHUV�6HGLPHQWV�LQ�WKH�$QGDPDQ�6HD�DQG�%D\�RI�%HQJDO��
0DULQH�*HRORJ\�������������

/LX��5XQUXQ��;LDQJZHQ�/L��.LWWLNRUQ�1DNSUDVLW��3RQJSDW�6LWWLWUDL��DQG�*H[LQ�<X���������'3���&RORUDELOLW\�RI�3ODQDU
*UDSKV�ZLWKRXW�$GMDFHQW�&\FOHV�RI�*LYHQ�/HQJWK���'LVFUHWH�$SSOLHG�0DWKHPDWLFV��������������

/\QFK��3DXO��&KULVWLH�+DVEURXFN��-RVHSK�:LOFN��0LFKDHO�.D\��DQG�*XKD�0DQRJKDUDQ���������&KDOOHQJHV�DQG
2SSRUWXQLWLHV�WR�,QWHJUDWH�WKH�2OGHVW�DQG�1HZHVW�0DQXIDFWXULQJ�3URFHVVHV��0HWDO�&DVWLQJ�DQG�$GGLWLYH
0DQXIDFWXULQJ���5DSLG�3URWRW\SLQJ�-RXUQDO�������������������

0DGDUDV��6FRWW�(���-DVRQ�$��&UHHGHQ��'DYLG�-��/DKQHPDQ��$LGHQ�+DUELFN��'RXJODV�%��%HULQJHU��0��0XPWD]�4D]LOEDVK�
,ULQD�1RYLNRYD��DQG�5RVD�$��/XNDV]HZ���������'\QDPLFV�RI�WKH�%OXH�3XPS�,QGXFHG�8OWUDIDVW�,QVXODWRU�WR�0HWDO
7UDQVLWLRQ�DQG�5HOD[DWLRQ�LQ�92��7L2��DQG�92��7L2��1E�7KLQ�)LOPV���2SWLFDO�0DWHULDOV�([SUHVV��������
����������

0DVDNL��7DNDDNL�DQG�%UDGOH\�&��3DUNV���������:KHQ�GR�3HUIRUPDQFH�$VVHVVPHQWV�,QIOXHQFH�3ROLF\�%HKDYLRU"�0LFUR�
(YLGHQFH�IURP�WKH������5HIRUP�(IIRUWV�6XUYH\���5HYLHZ�RI�,QWHUQDWLRQDO�2UJDQL]DWLRQV�����������������

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

0HQGH]��-HQQLIHU�%LFNKDP�DQG�1DWDOLD�'HHE�6RVVD���������&UHDWLQJ�+RPH��&ODLPLQJ�3ODFH��/DWLQD�,PPLJUDQW
0RWKHUV�DQG�WKH�3URGXFWLRQ�RI�%HORQJLQJ���/DWLQR�6WXGLHV�����������������

0HVWD\HU��0��'���.��$GKLNDUL��5��3��%HQQHWW��6��%XHOWPDQQ��7��&KHWU\��6��%��&KULVWR��0��&RRN��HW�DO���������7KH
&/$6���'ULIW�&KDPEHU�6\VWHP���1XFOHDU�,QVWUXPHQWV�	�0HWKRGV�LQ�3K\VLFV�5HVHDUFK�6HFWLRQ�$�$FFHOHUDWRUV
6SHFWURPHWHUV�'HWHFWRUV�DQG�$VVRFLDWHG�(TXLSPHQW�������������

0LGGOHWRQ��6LPRQ���������7KH�&LW\�6WDWH�RI�%RVWRQ���1HZ�(QJODQG�4XDUWHUO\�D�+LVWRULFDO�5HYLHZ�RI�1HZ�(QJODQG�/LIH
DQG�/HWWHUV�����������������

0LOOHU��0ROO\�(���6DUDK�%RURZVNL��DQG�-DQLFH�/��=HPDQ���������&R�5XPLQDWLRQ�0RGHUDWHV�WKH�5HODWLRQ�EHWZHHQ
(PRWLRQDO�&RPSHWHQFLHV�DQG�'HSUHVVLYH�6\PSWRPV�LQ�$GROHVFHQWV��$�/RQJLWXGLQDO�([DPLQDWLRQ���-RXUQDO�RI
$EQRUPDO�&KLOG�3V\FKRORJ\�����������������

0LVLDWV��2OHNVDQGU��,KVDQ�7RSDORJOX��DQG�'DQLHO�9DVLOLX���������6LQJXODU�3HUWXUEDWLRQ�RI�DQ�(ODVWLF�(QHUJ\�ZLWK�D
6LQJXODU�:HLJKW���3K\VLFD�'�1RQOLQHDU�3KHQRPHQD�������������

0RUGLMFN��6���7��/��5KRGHV��/��=HQJ��$��6DOPL��7��7DOD��&��&��3HWW\��*��5��0F.HH��HW�DO���������&ROOLVLRQDOLW\�'ULYHQ
7XUEXOHQW�3DUWLFOH�7UDQVSRUW�&KDQJHV�LQ�',,,�'�+�0RGH�3ODVPDV���1XFOHDU�)XVLRQ����������������

0RULDUW\��-XOLD�0���0DUMRULH�$��0��)ULHGULFKV��DQG�&RXUWQH\�.��+DUULV���6HDEHG�5HVXVSHQVLRQ�LQ�WKH�&KHVDSHDNH�%D\�
,PSOLFDWLRQV�IRU�%LRJHRFKHPLFDO�&\FOLQJ�DQG�+\SR[LD���(VWXDULHV�DQG�&RDVWV�

0X��-LQJUX��*XDQQDQ�:DQJ��DQG�/L�:DQJ���������6SDWLDO�$XWRUHJUHVVLYH�3DUWLDOO\�/LQHDU�9DU\LQJ�&RHIILFLHQW�0RGHOV��
-RXUQDO�RI�1RQSDUDPHWULF�6WDWLVWLFV�����������������

1LFKRODV��$DURQ�'���)UDQFLV�+��%DUQHV��'DQLHO�5��$GDPV��0DWWKHZ�6��:HEEHU��0DWWKHZ�$��6WXUQHU��0DWWKHZ�'�
.HVVOHU��'DYLG�$��:HOFK��5REHUW�'��3LNH��DQG�+RZDUG�+��3DWWHUVRQ���������8QGHUVWDQGLQJ�WKH�9DSRFKURPLF
5HVSRQVH�RI�0L[HG�&RSSHU�L��LRGLGH�VLOYHU�L��,RGLGH�1DQRSDUWLFOHV�7RZDUG�'LPHWK\O�6XOILGH���3K\VLFDO�&KHPLVWU\
&KHPLFDO�3K\VLFV����������������������

2QRIULR��0LFKHOOH�'���&ODXGH�5��0DOOHW��$OOHQ�5��3ODFH��DQG�-XOLHWWH�/��6PLWK���������$�6FUHHQLQJ�7RRO�IRU�WKH�'LUHFW
$QDO\VLV�RI�0DULQH�DQG�)UHVKZDWHU�3K\FRWR[LQV�LQ�2UJDQLF�63$77�([WUDFWV�IURP�WKH�&KHVDSHDNH�%D\���7R[LQV���
���������

3HODH]��-��5��DQG�$��5RGDV���������'HWHUPLQDWLRQ�RI�WKH�/LJKWHVW�6WUDQJH�5HVRQDQFH�.��
������2U�.DSSD��IURP�D
'LVSHUVLYH�'DWD�$QDO\VLV���3K\VLFDO�5HYLHZ�/HWWHUV������������������

3HUF\��=DQD��$QQ�0��9XRQJ��0DULD�2VSLQD��$QWRQLD�0��&DODIDW��0DUN�-��/D�*XDUGLD��<LQJ\LQJ�;X��5REHUW�&��+DOH��HW�DO�
�������2UJDQRSKRVSKDWH�(VWHUV�LQ�D�&RKRUW�RI�3UHJQDQW�:RPHQ��9DULDELOLW\�DQG�3UHGLFWRUV�RI�([SRVXUH��
(QYLURQPHQWDO�5HVHDUFK�������������

3LODWWL��$QJHOLQD��$GULDQ�-��%UDYR��DQG�5LFDUGR�0DUFRV�3DXWDVVL���������&RQWH[WV�RI�$OFRKRO�XVH��$�/DWHQW�&ODVV
$QDO\VLV�DPRQJ�$UJHQWLQHDQ�&ROOHJH�6WXGHQWV���'UXJ�DQG�$OFRKRO�'HSHQGHQFH�������������

3RQGHOO��&KULVWLQD�5��DQG�(OL]DEHWK�$��&DQXHO���������6WHURO��)DWW\�$FLG��DQG�/LJQLQ�%LRPDUNHUV�,GHQWLI\�WKH�5HVSRQVH
RI�2UJDQLF�0DWWHU�$FFXPXODWLRQ�LQ�(QJOHEULJKW�/DNH��&DOLIRUQLD��86$��WR�&OLPDWH�DQG�+XPDQ�,PSDFWV���2UJDQLF
*HRFKHPLVWU\������8163��������

3RZHOO��(ULF�1���-DVRQ�0��7UXPEOH��5RJHU�/��0DQQ��0��&KDVH�/RQJ��6DUD�0��3DFH��-HUHP\�5��7LPEV��DQG�.HOVH\�0�
.X\NHQGDOO���������*URZWK�DQG�/RQJHYLW\�LQ�6XUIFODPV�(DVW�RI�1DQWXFNHW��5DQJH�([SDQVLRQ�LQ�5HVSRQVH�WR�WKH
3RVW������:DUPLQJ�RI�WKH�1RUWK�$WODQWLF���&RQWLQHQWDO�6KHOI�5HVHDUFK�������������

3UDNDVK��0LKLU��6WHYHQ�5DPDJH��$UJ\UR�.DYYDGD��DQG�6HWK�*RRGPDQ���������2SHQ�(DUWK�2EVHUYDWLRQV�IRU
6XVWDLQDEOH�8UEDQ�'HYHORSPHQW���5HPRWH�6HQVLQJ���������������

3ULIRJOH��(PLO\�DQG�.DULQ�:XOI���������:K\�:RPHQ�DOVR�.QRZ�+LVWRU\���-RXUQDO�RI�:RPHQV�+LVWRU\�����������������

3UREVW��%HQHGLFW��$ULHO�%HQ<LVKD\��$QGUHDV�.RQWROHRQ��DQG�7LDJR�1��3��GRV�5HLV���,PSDFWV�RI�D�/DUJH�6FDOH�7LWOLQJ
,QLWLDWLYH�RQ�'HIRUHVWDWLRQ�LQ�WKH�%UD]LOLDQ�$PD]RQ���1DWXUH�6XVWDLQDELOLW\�

5L]]DWR��3HGUR�3���$QQD�3RVSLVLORYD��(ULF�-��+LOWRQ��DQG�)ODYLR�$��%RFNPDQQ���2QWRJHQ\�DQG�+RPRORJ\�RI�&UDQLDO
%RQHV�$VVRFLDWHG�ZLWK�/DWHUDO�/LQH�&DQDOV�RI�WKH�6HQHJDO�%LFKLU��3RO\SWHUXV�6HQHJDOXV��$FWLQRSWHU\JLL��&ODGLVWLL�
3RO\SWHULIRUPHV���ZLWK�D�'LVFXVVLRQ�RQ�WKH�)RUPDWLRQ�RI�/DWHUDO�/LQH�&DQDO�%RQHV�LQ�)LVKHV���-RXUQDO�RI
$QDWRP\�

5RGULJXH]��-DFTXHOLQH��7UDF\�0F.LQQH\��6HOPD�3RZHOO��=DFKDU\�:DONHU��DQG�.ULVWD�9LQFH�*DUODQG���������:DV�WKLV
)HHGEDFN�8VHIXO"�([DPLQLQJ�WKH�2EVHUYDWLRQ�DQG�)HHGEDFN�3URFHVV�IRU�3UH�6HUYLFH�7HDFKHUV���7HDFKLQJ
(GXFDWLRQ�����������������

5ROHN��0DUWLQ���������*UDSKV�ZLWK�QR�.��� ��0LQRU�DUH����&RORUDEOH���-RXUQDO�RI�*UDSK�7KHRU\�����������������

5RPHUR��(OR\��$QGUHDV�6WDWKRSRXORV��DQG�.RVWDV�2UJLQRV���������0XOWLJULG�'HIODWLRQ�IRU�/DWWLFH�4&'���-RXUQDO�RI
&RPSXWDWLRQDO�3K\VLFV�������������

5RRQH\��0DU\�DQG�7\OHU�0HOGUXP���(IIHFW�RI�3LJPHQW�&RQFHQWUDWLRQ�RQ�105�5HOD[RPHWU\�LQ�$FU\OLF�3DLQWV���0DJQHWLF
5HVRQDQFH�LQ�&KHPLVWU\�
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5XGVKWH\Q��%HQMDPLQ��'LOHN�&RVNXQ��-RKQ�/��:HEHU��(YDQ�-��$UWKXU��6KLZHL�=KDQJ��'DYLG�5��5HLFKPDQ��5LFKDUG�$�
)ULHVQHU��DQG�-DPHV�6KHH���������3UHGLFWLQJ�/LJDQG�'LVVRFLDWLRQ�(QHUJLHV�RI��G�&RRUGLQDWLRQ�&RPSOH[HV�ZLWK
$X[LOLDU\�)LHOG�4XDQWXP�0RQWH�&DUOR���-RXUQDO�RI�&KHPLFDO�7KHRU\�DQG�&RPSXWDWLRQ�������������������

5XQIROD��'DQLHO��$XVWLQ�$QGHUVRQ��+HDWKHU�%DLHU��0DWW�&ULWWHQGHQ��(OL]DEHWK�'RZNHU��6\GQH\�)XKULJ��6HWK�*RRGPDQ�
HW�DO���������*HR%RXQGDULHV��$�*OREDO�'DWDEDVH�RI�3ROLWLFDO�$GPLQLVWUDWLYH�%RXQGDULHV���3ORV�2QH��������
H��������

5XQIROD��'DQLHO��*HHWD�%DWUD��$QXSDP�$QDQG��$XGUH\�:D\��DQG�6HWK�*RRGPDQ���������([SORULQJ�WKH�6RFLRHFRQRPLF
&R�%HQHILWV�RI�*OREDO�(QYLURQPHQW�)DFLOLW\�3URMHFWV�LQ�8JDQGD�XVLQJ�D�4XDVL�([SHULPHQWDO�*HRVSDWLDO
,QWHUSRODWLRQ��4*,��$SSURDFK���6XVWDLQDELOLW\��������������

6DQWLOOL��6DUD��0DULD�&��*LQHYUD��/HD�)HUUDUL��7HUHVD�0DULD�6JDUDPHOOD��6SHQFHU�1LOHV��/DXUD�1RWD��DQG�6DOYDWRUH
6RUHVL���8VLQJ�WKH�+RSH�&HQWHUHG�&DUHHU�,QYHQWRU\��+&&,��,WDOLDQ�9HUVLRQ�ZLWK�+HDOWKFDUH�3URIHVVLRQDOV��
,QWHUQDWLRQDO�-RXUQDO�IRU�(GXFDWLRQDO�DQG�9RFDWLRQDO�*XLGDQFH�

6DUDVROD��-RVH�+���0D[LPLOLDQR�$��*DOPHV��DQG�%U\DQ�'��:DWWV���������(OHFWURFXWLRQ�RQ�3RZHU�/LQHV�LV�DQ�,PSRUWDQW
7KUHDW�IRU�WKH�(QGDQJHUHG�&KDFR�(DJOH��%XWHRJDOOXV�&RURQDWXV��LQ�$UJHQWLQD���-RXUQDO�RI�5DSWRU�5HVHDUFK���
�������������

6FKHOG��$QGUHZ�0���:LOOLDP�0��*ROGVPLWK��6KHOE\�:KLWH��+DPLVK�-��6PDOO��DQG�6XVDQQD�0XVLFN���������4XDQWLI\LQJ
WKH�%HKDYLRUDO�DQG�(FRQRPLF�(IIHFWV�RI�5HJXODWRU\�&KDQJH�LQ�D�5HFUHDWLRQDO�&RELD�)LVKHU\���)LVKHULHV�5HVHDUFK
������������

6FKHSHUV��/HQQHUW��0DWWKHZ�/��.LUZDQ��*OHQQ�5��*XQWHQVSHUJHQ��DQG�6WLMQ�7HPPHUPDQ���������(YDOXDWLQJ
,QGLFDWRUV�RI�0DUVK�9XOQHUDELOLW\�WR�6HD�/HYHO�5LVH�$ORQJ�D�+LVWRULFDO�0DUVK�/RVV�*UDGLHQW���(DUWK�6XUIDFH
3URFHVVHV�DQG�/DQGIRUPV�������������������

6FKLIIPDQ��=DFKDU\�5���&DUROLQH�0��0DUJRQLV��$OOLVRQ�0R\HU��0LFKHOOH�2WW��DQG�:LOOLDP�5��0F1DPDUD�������
�7ULGHQWDWH�%LV���3\ULG\OPHWK\O�$PLQH�,URQ�&DWDO\VW�IRU�(OHFWURFDWDO\WLF�3URWRQ�5HGXFWLRQ���,QRUJDQLFD�&KLPLFD
$FWD�������������

6FKPLGW��0DUWLQ�%���/DERU�'HPRJUDSKLFV�DQG�3URGXFWLYLW\��$OO�6WDU�5RVWHU�7XUQRYHU�DQG�)RUHLJQHUV���-RXUQDO�RI
(FRQRPLF�6WXGLHV�

6FKXJ��-RDQQD���������7RJHWKHU��7KH�+HDOLQJ�3RZHU�RI�+XPDQ�&RQQHFWLRQ�LQ�D�6RPHWLPHV�/RQHO\�:RUOG���6FLHQFH
��������������������

6HHOH\��0HUHGLWK�(���%RQJNHXQ�6RQJ��5HQLD�3DVVLH��DQG�5REHUW�&��+DOH���������0LFURSODVWLFV�$IIHFW�6HGLPHQWDU\
0LFURELDO�&RPPXQLWLHV�DQG�1LWURJHQ�&\FOLQJ���1DWXUH�&RPPXQLFDWLRQV��������

6KHHKL��6WHSKHQ�DQG�/DUD�6KHHKL���������7KH�6HWWOHUV
�7RZQ�LV�D�6WURQJO\�%XLOW�7RZQ��)DQRQ�LQ�3DOHVWLQH��
,QWHUQDWLRQDO�-RXUQDO�RI�$SSOLHG�3V\FKRDQDO\WLF�6WXGLHV�����������������

6KL��-XQSLQJ��&KXQFKHQJ�:DQJ��+DR�:DQJ��DQG�;LDQJSLQJ�<DQ���������'LIIXVLYH�6SDWLDO�0RYHPHQW�ZLWK�0HPRU\��
-RXUQDO�RI�'\QDPLFV�DQG�'LIIHUHQWLDO�(TXDWLRQV������������������

6KL��-XQSLQJ��<L[LDQJ�:X��DQG�;LQJIX�=RX���������&RH[LVWHQFH�RI�&RPSHWLQJ�6SHFLHV�IRU�,QWHUPHGLDWH�'LVSHUVDO
5DWHV�LQ�D�5HDFWLRQ�'LIIXVLRQ�&KHPRVWDW�0RGHO���-RXUQDO�RI�'\QDPLFV�DQG�'LIIHUHQWLDO�(TXDWLRQV��������
����������

6LGPDQ��*DEULHO��6\GQH\�)XKULJ��DQG�*HHWD�%DWUD���������7KH�XVH�RI�5HPRWH�6HQVLQJ�$QDO\VLV�IRU�(YDOXDWLQJ�WKH
,PSDFW�RI�'HYHORSPHQW�3URMHFWV�LQ�WKH�<HOORZ�6HD�/DUJH�0DULQH�(FRV\VWHP���6XVWDLQDELOLW\��������������

6LQJK��$PLW�.���6DQWDQX�%DQHUMHH��,��%DQG\RSDGK\D\��5��6ULQLYDVDQ��8��&��1DJRUD��-D\HVK�5DYDO��DQG�.��7DKLOLDQL�
�������3DUDPHWHU�6SDFH�9DOLGDWLRQ�WKURXJK�2236�6LPXODWLRQV�RI�3ODVPD�%XUQWKURXJK�DQG�'LVFKDUJH�(YROXWLRQ
LQ�WKH�667���7RNDPDN���3K\VLFV�RI�3ODVPDV����������������

6PDOO��+DPLVK�-���-LQJZHL�6RQJ��DQG�-DQ�5��0F'RZHOO���*HQHWLF�(YDOXDWLRQ�RI�3RSXODWLRQ�6WUXFWXUH�LQ�7DXWRJ��
7UDQVDFWLRQV�RI�WKH�$PHULFDQ�)LVKHULHV�6RFLHW\�

6ROLQL��*UDFH�(���0DUN�(��3RZQDOO��0ROO\�-��+LOOHQEUDQG��&ODLUH�(��7RFKHQ\��6XGLS�3DXGHO��$QGUHZ�'��+DOOHUDQ�
&DWKHULQH�+��%LDQFKL��5\DQ�:��+X\FN��DQG�0DUJDUHW�6��6DKD���������;HQRSXV�(PEU\RV�VKRZ�D�&RPSHQVDWRU\
5HVSRQVH�)ROORZLQJ�3HUWXUEDWLRQ�RI�WKH�1RWFK�6LJQDOLQJ�3DWKZD\���'HYHORSPHQWDO�%LRORJ\�����������������

6WRUFK��/DXUD�6��DQG�-DPHV�0��3ULQJOH���������:KHUH�DQG�KRZ�GR�/RFDOL]HG�3HUWXUEDWLRQV�$IIHFW�6WUHDP�DQG�&RDVWDO
2FHDQ�3RSXODWLRQV�ZLWK�1RQOLQHDU�*URZWK�'\QDPLFV"��7KHRUHWLFDO�(FRORJ\�����������������

6WRUP��7LPRWK\�-DPHV��.DWKHULQH�(ULFVRQ�1RODQ��(ULQ�0LFKHOH�5REHUWV��DQG�6��/DXULH�6DQGHUVRQ���2URSKDU\QJHDO
0RUSKRORJ\�5HODWHG�WR�)LOWUDWLRQ�0HFKDQLVPV�LQ�6XVSHQVLRQ�)HHGLQJ�$PHULFDQ�6KDG��&OXSHLGDH����-RXUQDO�RI
([SHULPHQWDO�=RRORJ\�3DUW�$�(FRORJLFDO�DQG�,QWHJUDWLYH�3K\VLRORJ\�

6XONRVN\��9���-��7��6LQJK��&��3HQJ��-�3�&KHQ��$��'HXU��6��$EUDKDP\DQ��.��$��$QLRO��HW�DO���������0HDVXUHPHQW�RI�WKH��
+H�6SLQ��6WUXFWXUH�)XQFWLRQV�DQG�RI�1HXWURQ�����+H��6SLQ��'HSHQGHQW�6XP�5XOHV�DW��������4���������*H9����
3K\VLFV�/HWWHUV�%�������������

6]XPVND��,]DEHOD��0DWHXV]�*ROD��0DU]HQD�5XVDQRZVND��0DUW\QD�.UDMHZVND��-DURVODZ�=\JLHUHZLF]��,]DEHOD�.UHMW]�
-RKQ�%��1H]OHN��DQG�3DZHO�+RODV���0LQGIXOQHVV�%DVHG�&RJQLWLYH�7KHUDS\�5HGXFHV�&OLQLFDO�6\PSWRPV��EXW�GR
1RW�&KDQJH�)URQWDO�$OSKD�$V\PPHWU\�LQ�3HRSOH�ZLWK�0DMRU�'HSUHVVLRQ�'LVRUGHU���,QWHUQDWLRQDO�-RXUQDO�RI
1HXURVFLHQFH�
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7DLQWHU��&UDLJ�-���1DWKDQ�'��6FKOH\��&RQVWDQFH�0��+DUULV��'RQDOG�)��6WHF��$QQD�.��6RQJ��$QGU]HM�%DOLQVNL��-RG\�&�
0D\��-RKQ�$��0F/HDQ��.LPEHUO\�6��5HHFH��DQG�7KRPDV�0��+DUULV���������$OJDO�7R[LQ�*RQLRGRPLQ�$�%LQGV
3RWDVVLXP�,RQ�6HOHFWLYHO\�WR�<LHOG�D�&RQIRUPDWLRQDOO\�$OWHUHG�&RPSOH[�ZLWK�3RWHQWLDO�%LRORJLFDO�&RQVHTXHQFHV��
-RXUQDO�RI�1DWXUDO�3URGXFWV�������������������

9DOOLDQW��.\OH���������3URWHFWLQJ�3DWURQ�3ULYDF\�LQ�WKH�$FDGHPLF�/LEUDU\�GXULQJ�WKH�'LJLWDO�$JH���-RXUQDO�RI�$FDGHPLF
/LEUDULDQVKLS����������������

9LQURRW��&��5\DQ���������7RWDOO\�2UWKRJRQDO�)LQLWH�6LPSOH�*URXSV���0DWKHPDWLVFKH�=HLWVFKULIW����������������������

:DUG��1LFKRODV�'���-��3DWULFN�0HJRQLJDO��%HQ�%RQG�/DPEHUW\��9DQHVVD�/��%DLOH\��'DYLG�%XWPDQ��(OL]DEHWK�$��&DQXHO�
+HLGD�'LHIHQGHUIHU��HW�DO���������5HSUHVHQWLQJ�WKH�)XQFWLRQ�DQG�6HQVLWLYLW\�RI�&RDVWDO�,QWHUIDFHV�LQ�(DUWK
6\VWHP�0RGHOV���1DWXUH�&RPPXQLFDWLRQV��������������

:LOVRQ��(OLVDEHWK�6XVDQ��&ODLUH�(��0XUSK\��-RVHSK�3��5LQHKDUW��*HRUJH�<RFXP��DQG�-XOLD�+��%RZVKHU�������
�0LFURFOLPDWH�7HPSHUDWXUHV�,PSDFW�1HVWLQJ�3UHIHUHQFH�LQ�0HJDFKLOH�5RWXQGDWD��+\PHQRSWHUD��0HJDFKLOLGDH���
(QYLURQPHQWDO�(QWRPRORJ\�����������������

:ROQ\��-HQQLIHU�/���0LFKHOOH�&��7RPOLQVRQ��6WHSKDQLH�6FKROODHUW�8]��7RGG�$��(JHUWRQ��-RKQ�5��0F.D\��$QGUHZ
0HUHGLWK��.LPEHUO\�6��5HHFH��*DLO�3��6FRWW��DQG�5LFKDUG�3��6WXPSI���������&XUUHQW�DQG�)XWXUH�5HPRWH�6HQVLQJ
RI�+DUPIXO�$OJDO�%ORRPV�LQ�WKH�&KHVDSHDNH�%D\�WR�6XSSRUW�WKH�6KHOOILVK�,QGXVWU\���)URQWLHUV�LQ�0DULQH�6FLHQFH
�������

:RVV��$QWRQL�-���'DYLG�-��:LOVRQ��-R]HI�-��'XGHN��DQG�+DGURQ�6SHFWUXP�&ROODERUDWLRQ���������(IILFLHQW�6ROXWLRQ�RI�WKH
0XOWLFKDQQHO�/XVFKHU�'HWHUPLQDQW�&RQGLWLRQ�WKURXJK�(LJHQYDOXH�'HFRPSRVLWLRQ���3K\VLFDO�5HYLHZ�'����������
�������

;XH��-LH�DQG�.��6FRWW�6ZDQ���$Q�,QYHVWLJDWLRQ�RI�WKH�&RPSOHPHQWDU\�(IIHFWV�RI�7HFKQRORJ\��0DUNHW��DQG�'HVLJQ
&DSDELOLWLHV�RQ�([SORUDWRU\�DQG�([SORLWDWLYH�,QQRYDWLRQV��(YLGHQFH�IURP�0LFUR�DQG�6PDOO�6L]HG�7HFK�(QWHUSULVHV
LQ�&KLQD���&UHDWLYLW\�DQG�,QQRYDWLRQ�0DQDJHPHQW�

<HDWHV��$OLFH�*���-DPHV�%��*UDFH��-HQQLIHU�2ONHU��*OHQQ�5��*XQWHQVSHUJHQ��'RQDOG�5��&DKRRQ��6XVDQ�$GDPRZLF]�
6KLPRQ�&��$QLVIHOG��HW�DO���+XUULFDQH�6DQG\�(IIHFWV�RQ�&RDVWDO�0DUVK�(OHYDWLRQ�&KDQJH���(VWXDULHV�DQG�&RDVWV�

<XNL��0DVDNL�DQG�-RDQQD�6FKXJ���������3V\FKRORJLFDO�&RQVHTXHQFHV�RI�5HODWLRQDO�0RELOLW\���&XUUHQW�2SLQLRQ�LQ
3V\FKRORJ\�������������

=KDQJ��<LQJORQJ�-���)HL�<H��+DRFKHQJ�<X��:HLOLQJ�6XQ��6DHHG�0RJKLPL��(GZDUG�0\HUV��.DULQQD�1XQH]��HW�DO�������
�6LPXODWLQJ�&RPSRXQG�)ORRGLQJ�(YHQWV�LQ�D�+XUULFDQH���2FHDQ�'\QDPLFV�����������������
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