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0RQLWRULQJ�LQ�WKH�86�0LG�$WODQWLF�5HJLRQ���(VWXDULQH�&RDVWDO�DQG�6KHOI�6FLHQFH������8163��������

*UHHQ��5HEHFFD���������&RXQWHUIHLW�&DPSDLJQ�6SHHFK���+DVWLQJV�/DZ�-RXUQDO�������������������

*UHHQODQG��$QGUHZ��0LKDL�,RQ��DQG�-RKQ�/RSUHVWL���������([SRUWV��,QYHVWPHQW�DQG�3ROLF\�8QFHUWDLQW\���&DQDGLDQ
-RXUQDO�RI�(FRQRPLFV�5HYXH�&DQDGLHQQH�'�(FRQRPLTXH�������������������

*XLOODXPHW��$OEDQ�DQG�(EHQ�+��3D[WRQ���������(YDOXDWLQJ�&RPPXQLW\�/HYHO�5HVSRQVH�WR�0DQDJHPHQW�$FWLRQV
$FURVV�D�'LYHUVH�+DZDLLDQ�)RUHVW�%LUG�&RPPXQLW\���(FRORJLFDO�$SSOLFDWLRQV���������8163�H������

+DPEULF��&KULVWRSKHU�/RJDQ��&KL�.ZRQJ�/L��'LDQH�&KULVWLQH�3HOHMR��DQG�-XQSLQJ�6KL���������0LQLPXP�1XPEHU�RI
1RQ�=HUR�(QWULHV�LQ�D���[���6WDEOH�0DWUL[���/LQHDU�$OJHEUD�DQG�LWV�$SSOLFDWLRQV��������������

+DWWDZ\��0���1��$��%DOW]HOO��5��'XSUH��6��%XOWPDQQ��5��'H�9LWD��$��(O�$ODRXL��/��(O�)DVVL��HW�DO���������([SORULQJ�WKH
6WUXFWXUH�RI�WKH�%RXQG�3URWRQ�ZLWK�'HHSO\�9LUWXDO�&RPSWRQ�6FDWWHULQJ���3K\VLFDO�5HYLHZ�/HWWHUV���������
�������

+LOWRQ��(ULF�-���3HWHU�:DUWK��DQG�3HWHU�.RQVWDQWLQLGLV���������7KH�0RUSKRORJ\��'HYHORSPHQW��DQG�(YROXWLRQ�RI�WKH
+HDG�RI�)LVKHV��)RXQGDWLRQDO�6WXGLHV�IRU�D�5HQDLVVDQFH�RI�&RPSDUDWLYH�0RUSKRORJ\���$FWD�=RRORJLFD���������
��������

+RODV��3DZHO��,]DEHOD�.UHMW]��0DU]HQD�5XVDQRZVND��1DWDOLD�5RKQND��DQG�-RKQ�%��1H]OHN���������$WWHQWLRQ�WR
1HJDWLYH�:RUGV�3UHGLFWV�'DLO\�5XPLQDWLRQ�DPRQJ�3HRSOH�ZLWK�&OLQLFDO�'HSUHVVLRQ��(YLGHQFH�IURP�DQ�(\H
7UDFNLQJ�DQG�'DLO\�'LDU\�6WXG\���&RJQLWLRQ�	�(PRWLRQ�������������������

+XOO��.HOYLQ�/���7DPDU\Q�$��$VEXU\��&KDUOHQH�GD�6LOYD��0DWWKHZ�'LFNHQ��$QD�9HULVVLPR��(GZDUG�'��)DUUHOO��6WHIDQR
0DULDQL��HW�DO���������6WURQJ�*HQHWLF�,VRODWLRQ�'HVSLWH�:LGH�'LVWULEXWLRQ�LQ�D�&RPPHUFLDOO\�([SORLWHG�&RDVWDO
6KDUN���+\GURELRORJLD������������������

-HQNLQV��-HVVLFD�$��DQG�0DUWLQ�'��*DOOLYDQ���6KHOO�RQ�(DUWK��2\VWHU�+DUYHVWLQJ��&RQVXPSWLRQ��DQG�'HSRVLWLRQ
3UDFWLFHV�LQ�WKH�3RZKDWDQ�&KHVDSHDNH���-RXUQDO�RI�,VODQG�	�&RDVWDO�$UFKDHRORJ\�

-LD��3HLKRQJ��<LQJORQJ�=KDQJ��:HL�;X��=KHQ�;LD��&KRQJTLQJ�=KRQJ��DQG�<RQJ�<LQ���������6SDWLR�7HPSRUDO�(YROXWLRQ
RI�&RDVWOLQHV�RI�6DQG�%DUULHU�/DJRRQV�2YHU����<HDUV�WKURXJK�+LVWRULF�/DQGVDW�,PDJHU\�LQ�/LQJVKXL�&RXQW\�
+DLQDQ�3URYLQFH��&KLQD���-RXUQDO�RI�&RDVWDO�&RQVHUYDWLRQ�����������������

-RKQVRQ��$��-���5��-��2UWK��DQG�.��$��0RRUH���������+HUELYRU\�5HJXODWHV�WKH�(VWDEOLVKPHQW�RI�D�1DWLYH�6SHFLHV�RI
6XEPHUJHG�$TXDWLF�9HJHWDWLRQ��6$9��LQ�D�7LGDO�(VWXDU\�RI�WKH�86$���2HFRORJLD������������������

-RQHV��6WXDUW�7���$ULHOOH�/HYLQH��DQG�1DUULPDQ�6��-LGGDZL���������(IIHFWLYH�&R�0DQDJHPHQW�DQG�/RQJ�7HUP�5HHI�)LVK
5HFRYHU\�IURP�6HYHUH�&RUDO�%OHDFKLQJ��,QVLJKWV�IURP�0LVDOL�,VODQG��3(&&$��7DQ]DQLD���2FHDQ�	�&RDVWDO
0DQDJHPHQW�������������

.DQGD��%ULQGHU�6���1LFKRODV�(��+R\W��DQG�+RXPDQ�7DYDI�0RWDPHQ���3DUDYDOYXODU�/HDN�&ORVXUH�RI�$FXWH�0LWUDO�9DOYH
5LQJ�'HKLVFHQFH�GXULQJ�0LWUDO�9DOYH�LQ�5LQJ�3URFHGXUH���&DWKHWHUL]DWLRQ�DQG�&DUGLRYDVFXODU�,QWHUYHQWLRQV�

.DUUHU��7HUHVD�0���&DVH\�/��0F/DXJKOLQ��&DUPHOD�3��*XDJOLDQRQH��DQG�*UHJRU\�5��6DPDQH]�/DUNLQ���������5HGXFHG
6HURWRQLQ�5HFHSWRUV�DQG�7UDQVSRUWHUV�LQ�1RUPDO�$JLQJ�$GXOWV��$�0HWD�$QDO\VLV�RI�3(7�DQG�63(&7�,PDJLQJ
6WXGLHV���1HXURELRORJ\�RI�$JLQJ����������

.HOOLKHU��&DPGHQ��6DOGL�,VUD��<XOLDQGUL��=DLQXO�'DXOD\��+LODLUH�7HJQDQ��DQG�)HUL�$PVDUL���������8QFRQVWLWXWLRQDO
$XWKRULW\�RI�,QGRQHVLD
V�&RQVWLWXWLRQDO�&RXUW��7KH�5HVROXWLRQ�RI�3LONDGD�5HVXOW�'LVSXWHV���(OHFWLRQ�/DZ�-RXUQDO
����������������

.HQGULFN��*DU\�$���5REHUW�-��1RZLFNL��<OYD�6��2OVHQ��6LPRQH�6WU\GRP��0DWWKHZ�:��)UDVHU��(OL]DEHWK�$��6LQFODLU��-RKQ
6WDWWRQ��HW�DO���������$�6\VWHPDWLF�5HYLHZ�RI�KRZ�0XOWLSOH�6WUHVVRUV�IURP�DQ�([WUHPH�(YHQW�'URYH�(FRV\VWHP�
:LGH�/RVV�RI�5HVLOLHQFH�LQ�DQ�,FRQLF�6HDJUDVV�&RPPXQLW\���)URQWLHUV�LQ�0DULQH�6FLHQFH����8163�����

.KZDMD��7HKPLQD�DQG�.HUULJDQ�0DKRQH\���������$GDSWLQJ�1DUUDWLYH�0HWKRGRORJ\�WR�([SORUH�(PHUJLQJ�)LHOGV��
,QWHUQDWLRQDO�-RXUQDO�RI�5HVHDUFK�	�0HWKRG�LQ�(GXFDWLRQ�����������������

.LGZHOO��1DWKDQDHO�0���%HQMDPLQ�1HEJHQ��/\XGPLOD�9��6OLSFKHQNR��DQG�7LPRWK\�6��=ZLHU���������7KH�(IIHFWV�RI�6LWH
$V\PPHWU\�RQ�1HDU�'HJHQHUDWH�6WDWH�WR�6WDWH�9LEURQLF�0L[LQJ�LQ�)OH[LEOH�%LFKURPRSKRUHV���-RXUQDO�RI
&KHPLFDO�3K\VLFV�����������������

.LHU��0HUHGLWK�:��DQG�-DVRQ�$��&KHQ���������.LQGOLQJ�WKH�)LUH��)XHOLQJ�3UHVHUYLFH�6FLHQFH�7HDFKHUV
�,QWHUHVW�WR�7HDFK
LQ�+LJK�1HHGV�6FKRROV���6FLHQFH�(GXFDWLRQ������������������

.LWDPXUD��+LURVKL���������7KH�6FUHHQ�LV�5HG��+ROO\ZRRG��&RPPXQLVP��DQG�WKH�&ROG�:DU���-RXUQDO�RI�$PHULFDQ



+LVWRU\������������������

.ROPDQQ��0DWWKHZ�$���.DUO\�(��&RKHQ��.DWKHULQH�(��%HPLV��$GDP�3��6XPPHUV��)UDQFHV�-��,ULVK��DQG�/��3DWULFLD
+HUQDQGH]���������7RRWK�DQG�&RQVHTXHQFHV��+HWHURGRQW\�DQG�'HQWDO�5HSODFHPHQW�LQ�3LUDQKDV�DQG�3DFXV
�6HUUDVDOPLGDH����(YROXWLRQ�	�'HYHORSPHQW�����������������

.RPDWVX��.LPEHUO\�-���0HJKDQ�/��$YROLR��1DWKDQ�3��/HPRLQH��)RUHVW�,VEHOO��(PLO\�*UPDQ��*UHJRU\�5��+RXVHPDQ�
6DOO\�(��.RHUQHU��HW�DO���������*OREDO�&KDQJH�(IIHFWV�RQ�3ODQW�&RPPXQLWLHV�DUH�0DJQLILHG�E\�7LPH�DQG�WKH
1XPEHU�RI�*OREDO�&KDQJH�)DFWRUV�,PSRVHG���3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG
6WDWHV�RI�$PHULFD�����������������������

/H��7���)��$NEDU��/��$OLDJD��'��$��$QGUDGH��0��9��$VFHQFLR��$��%DVK\DO��$��%HUFHOOLH��HW�DO���������0HDVXUHPHQW�RI
�1X�2YHU�%DU�0X��&KDUJHG�&XUUHQW�6LQJOH�3L����3URGXFWLRQ�RQ�+\GURFDUERQ�LQ�WKH�)HZ�*H9�5HJLRQ�XVLQJ
0,1(5Y$���3K\VLFDO�5HYLHZ�'�����������������

/HH��*XDQ�KRQJ��+\XQ�-XQJ�6KLQ��<RXQJ�7DHJ�.LP��7LPRWK\�0��'HOODSHQQD��.XN�-LQ�.LP��-RVKXD�:LOOLDPV��6HRN�<XQ
.LP��DQG�6WHYHQ�0LJXHO�)LJXHURD���������)LHOG�,QYHVWLJDWLRQ�RI�6LOWDWLRQ�DW�D�7LGDO�+DUERU��1RUWK�3RUW�RI
,QFKHRQ��.RUHD���2FHDQ�'\QDPLFV�������������������

/HIFKHFN��-RQDWKDQ�6���%UHQW�%��+XJKHV��$QGUHZ�-��-RKQVRQ��%UXFH�:��3ILUUPDQQ��'RXJODV�%��5DVKHU��$VKOH\�5�
6P\WK��%HWKDQ\�/��:LOOLDPV��0LFKDHO�:��%HFN��DQG�5REHUW�-��2UWK���������$UH�&RDVWDO�+DELWDWV�,PSRUWDQW
1XUVHULHV"�$�0HWD�$QDO\VLV���&RQVHUYDWLRQ�/HWWHUV���������8163�H������

/L��&KL�.ZRQJ��9HUQ�3DXOVHQ�,���DQG�<LX�7XQJ�3RRQ���3UHVHUYDWLRQ�RI�WKH�-RLQW�(VVHQWLDO�0DWULFLDO�5DQJH���%XOOHWLQ�RI
WKH�/RQGRQ�0DWKHPDWLFDO�6RFLHW\�

/L��&KL�.ZRQJ�DQG�<LX�7XQJ�3RRQ���������6XEPXOWLSOLFDWLYLW\�RI�WKH�1XPHULFDO�5DGLXV�RI�&RPPXWLQJ�0DWULFHV�RI
2UGHU�7ZR���-RXUQDO�RI�0DWKHPDWLFDO�$QDO\VLV�DQG�$SSOLFDWLRQV������������������

/L��4LDQ���������<RX
/O�6HH�WKLV�0HVVDJH�ZKHQ�LW�LV�7RR�/DWH��7KH�/HJDO�DQG�(FRQRPLF�$IWHUPDWK�RI�&\EHUVHFXULW\
%UHDFKHV���&RPSXWHU�/DZ�	�6HFXULW\�5HYLHZ�����������������

/L��<XKXD��;LDRFXL�+DR��DQG�-XQSLQJ�6KL���������7KH�([LVWHQFH�RI�&RQVWUDLQHG�0LQLPL]HUV�IRU�D�&ODVV�RI�1RQOLQHDU
.LUFKKRII�6FKURGLQJHU�(TXDWLRQV�ZLWK�'RXEO\�&ULWLFDO�([SRQHQWV�LQ�'LPHQVLRQ�)RXU���1RQOLQHDU�$QDO\VLV�7KHRU\
0HWKRGV�	�$SSOLFDWLRQV�������������

/LQ��'���:��6FDOHV��DQG�6��6HQ���������)ORZ�&XUYDWXUH�(IIHFWV�RQ�WKH�3DUDOOHO�9HORFLW\�6KHDU�'ULYHQ�,QVWDELOLW\��0+'
6LPXODWLRQV���5DGLDWLRQ�(IIHFWV�DQG�'HIHFWV�LQ�6ROLGV��������������������

/LQ��<���3��3HHUV��DQG�$��*KRVK���������2Q�6LWH�([DPSOH�%DVHG�0DWHULDO�$SSHDUDQFH�$FTXLVLWLRQ���&RPSXWHU�*UDSKLFV
)RUXP���������������

/LQQHPDQ��7KRPDV�-���������$�+RXVH�RI�3UD\HU�IRU�DOO�3HRSOH��&RQWHVWLQJ�&LWL]HQVKLS�LQ�D�4XHHU�&KXUFK��
&RQWHPSRUDU\�6RFLRORJ\�D�-RXUQDO�RI�5HYLHZV�����������������

/RIWLV��-RQ�'HUHN��0ROO\�0LWFKHOO��'DQLHO�6FKDWW��'DYLG�5��)RUUHVW��+DUU\�:DQJ�9���'DYLG�0D\ILHOG��DQG�:LOOLDP�$�
6WLOHV���������9DOLGDWLQJ�DQ�2SHUDWLRQDO�)ORRG�)RUHFDVW�0RGHO�XVLQJ�&LWL]HQ�6FLHQFH�LQ�+DPSWRQ�5RDGV��9$�
86$���-RXUQDO�RI�0DULQH�6FLHQFH�DQG�(QJLQHHULQJ������������

/\QQ��:LOOLDP�6���)UDQFLVFR�6DQWLDJR�$YLOD��-RDQQ�/LQGHQPD\HU��-RKQ�+DGLGLDQ��$ULDQ�:DOODFK��DQG�%DUEDUD�-��.LQJ�
�������$�0RUDO�3DQLF�2YHU�&DWV���&RQVHUYDWLRQ�%LRORJ\�����������������

0D��/HOH��6KDQKH�<L��1DQF\�&DUWHU��DQG�4XQ�/L���������(IILFLHQW�/LYH�0LJUDWLRQ�RI�(GJH�6HUYLFHV�/HYHUDJLQJ�&RQWDLQHU
/D\HUHG�6WRUDJH���,HHH�7UDQVDFWLRQV�RQ�0RELOH�&RPSXWLQJ�������������������

0D��;LDR��9LFWRULD�%HOWUDQ��*HRUJ�5DPHU��*HRUJHV�3DYOLGLV��'LOZRUWK�<��3DUNLQVRQ��0DWKLHX�7KRXU\��7\OHU�0HOGUXP�
$QGUHD�&HQWURQH��DQG�%DUEDUD�+��%HUULH���������5HYHDOLQJ�WKH�'LVWULEXWLRQ�RI�0HWDO�&DUER[\ODWHV�LQ�2LO�3DLQW
IURP�WKH�0LFUR��WR�1DQRVFDOH���$QJHZDQGWH�&KHPLH�,QWHUQDWLRQDO�(GLWLRQ����������������������

0D��<RQJVHQ��*DQJ�=KRX��DQG�6KXDQJTXDQ�:DQJ���������:L)L�6HQVLQJ�ZLWK�&KDQQHO�6WDWH�,QIRUPDWLRQ��$�6XUYH\��
$FP�&RPSXWLQJ�6XUYH\V������������

0DFK��.DWKDULQH�-���&DUROLQH�0��.UDDQ��:��1HLO�$GJHU��+DOYDUG�%XKDXJ��0DUVKDOO�%XUNH��-DPHV�'��)HDURQ��&KULVWRSKHU
%��)LHOG��HW�DO���������&OLPDWH�DV�D�5LVN�)DFWRU�IRU�$UPHG�&RQIOLFW���1DWXUH�������������������

0DUFHN��%HQMDPLQ�-���5LFKDUG�:��%ULOO��DQG�0DU\�&��)DEUL]LR���������0HWDEROLF�6FRSH�DQG�+\SR[LD�7ROHUDQFH�RI
$WODQWLF�&URDNHU��0LFURSRJRQLDV�8QGXODWHV�/LQQDHXV��������DQG�6SRW��/HLRVWRPXV�;DQWKXUXV�/DFHSHGH��������
ZLWK�,QVLJKWV�LQWR�WKH�(IIHFWV�RI�$FXWH�7HPSHUDWXUH�&KDQJH���-RXUQDO�RI�([SHULPHQWDO�0DULQH�%LRORJ\�DQG
(FRORJ\��������������

0F*LOO��5\DQ�-��DQG�6WHIDQ�&��'RPEURZVNL���������&ULWLFDOO\�5HIOHFWLQJ�RQ�WKH�2ULJLQV��(YROXWLRQ��DQG�,PSDFW�RI�WKH
&DWWHOO�+RUQ�&DUUROO��&+&��0RGHO���$SSOLHG�0HDVXUHPHQW�LQ�(GXFDWLRQ�����������������

0F*UDZ��*DU\��5LFKLH�%RQHWW��+DUROG�)LJXHURD��DQG�9LFWRU�6KHSDUGVRQ���������6HFXULW\�(QJLQHHULQJ�IRU�0DFKLQH
/HDUQLQJ���&RPSXWHU���������������

0HOORU��-HQQLIHU�0���0HOLVVD�0F,QHUQH\��DQG�/LQGVD\�0��6DELN���0LVFODVVLILFDWLRQ�RI�0HGLFDLG�3DUWLFLSDWLRQ�E\�'XDO
(OLJLEOHV��(YLGHQFH�IURP�WKH�0HGLFDUH�&XUUHQW�%HQHILFLDU\�6XUYH\���0HGLFDO�&DUH�5HVHDUFK�DQG�5HYLHZ��8163
�����������������



0HUFKDQG��0DUFR��0DUF�6KHU��DQG�.HLWK�7KUDVKHU���������,V�WKH�5DGLRQ�D�%XON�+LJJV�'RXEOHW"��-RXUQDO�RI�3K\VLFV
*�1XFOHDU�DQG�3DUWLFOH�3K\VLFV����������������

0RRUH��6XPPHU���������+LVWRULFDO�$UFKDHRORJ\�RI�(DUO\�0RGHUQ�&RORQLDOLVP�LQ�$VLD�3DFLILF��7KH�6RXWKZHVW�3DFLILF
DQG�2FHDQLDQ�5HJLRQV���-RXUQDO�RI�3DFLILF�+LVWRU\�����������������

0RUULV��5HEHFFD�/���'RQQD�0��%LONRYLF��0DXUD�.��%RVZHOO��'DYLG�%XVKHN��-XVW�&HEULDQ��-RVKXD�*RII��.HOO\�0��.LEOHU��HW
DO���������7KH�$SSOLFDWLRQ�RI�2\VWHU�5HHIV�LQ�6KRUHOLQH�3URWHFWLRQ��$UH�ZH�2YHU�(QJLQHHULQJ�IRU�DQ�(FRV\VWHP
(QJLQHHU"��-RXUQDO�RI�$SSOLHG�(FRORJ\�������������������

0RVV��-RVHSK�$��DQG�5LFKDUG�$��6Q\GHU���������6XUYHLOODQFH�RI�0LFURVSRULGLD�DQG�3URWR]RDQ�3DWKRJHQV�LQ�3HQVDFROD
)ORULGD��$�2QH�<HDU�6WXG\���-RXUQDO�RI�(XNDU\RWLF�0LFURELRORJ\�����������������

0RWWD��0DULR��6KLZHL�=KDQJ��DQG�*DUQHW�.LQ�/LH�&KDQ���������+DPLOWRQLDQ�6\PPHWULHV�LQ�$X[LOLDU\�)LHOG�4XDQWXP
0RQWH�&DUOR�&DOFXODWLRQV�IRU�(OHFWURQLF�6WUXFWXUH���3K\VLFDO�5HYLHZ�%�����������������

1HZKDUW��6HDQ��3DWULFN�5��0XOOHQ��DQG�'DQLHO�*XWLHUUH]���������([SDQGLQJ�3HUVSHFWLYHV��6\VWHPLF�$SSURDFKHV�WR
&ROOHJH�6WXGHQWV�([SHULHQFLQJ�'HSUHVVLRQ���-RXUQDO�RI�&RXQVHOLQJ�DQG�'HYHORSPHQW�����������������

1H]OHN��-RKQ�%��DQG�&DWKHULQH�$��)RUHVWHOO���:KHUH�WKH�5XEEHU�0HDWV�WKH�5RDG��5HODWLRQVKLSV�EHWZHHQ
9HJHWDULDQLVP�DQG�6RFLR�3ROLWLFDO�$WWLWXGHV�DQG�9RWLQJ�%HKDYLRU���(FRORJ\�RI�)RRG�DQG�1XWULWLRQ�

1LFKROV��&��5HLG��/\QQ�'��:ULJKW��6FRWW�-��%DLQEULGJH��$UWKXU�&RVE\��$ODLQ�+HQDII��-RQ�'��/RIWLV��/XFLH�&RFTXHPSRW��HW
DO���������&ROODERUDWLYH�6FLHQFH�WR�(QKDQFH�&RDVWDO�5HVLOLHQFH�DQG�$GDSWDWLRQ���)URQWLHUV�LQ�0DULQH�6FLHQFH���
8163�����

1LWNRZVNL��'HQQLV��-XOLD�)HUQ��8OULNH�3HWHUPDQQ��)UDQ]�3HWHUPDQQ��DQG�-DQLFH�/��=HPDQ���������)DFWRULDO�6WUXFWXUH
RI�WKH�*HUPDQ�9HUVLRQ�RI�WKH�(PRWLRQ�([SUHVVLRQ�6FDOH�IRU�&KLOGUHQ�LQ�(DUO\�$GROHVFHQWV���-RXUQDO�RI
3V\FKRHGXFDWLRQDO�$VVHVVPHQW�����������������

2
%ULHQ��5DFKHO�(��DQG�-HVVH�+��.UROO���������3KRWRO\WLF�$JLQJ�RI�6HFRQGDU\�2UJDQLF�$HURVRO��(YLGHQFH�IRU�D
6XEVWDQWLDO�3KRWR�5HFDOFLWUDQW�)UDFWLRQ���-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�/HWWHUV��������������������

2JXQQDLNH��2OXGDPLQL���������%H\RQG�7LPEXNWX��$Q�,QWHOOHFWXDO�+LVWRU\�RI�0XVOLP�:HVW�$IULFD���-RXUQDO�RI�5HOLJLRQ
����������������

2OVRQ��7RUJHU�DQG�(ULF�6ZDUW]���������7UDQVLWLYH�36/�������,QYDULDQW�N�$UFV�LQ�3*���T����'HVLJQV�&RGHV�DQG
&U\SWRJUDSK\�������������������

3DPPHQW��&ODLUH���������3HUIRUPLQJ�3LHW\�LQ�3DNLVWDQ
V�7UDQVJHQGHU�5LJKWV�0RYHPHQW���7VT�7UDQVJHQGHU�6WXGLHV
4XDUWHUO\����������������

3DQW��0DQLVKD��9DVNDU�1HSDO��-RKQ�/��:HVW��DQG�5REHUW�(��&RORPER���������6HDVRQDO�'LIIHUHQFHV�LQ�'LYHUVLW\�RI
0DFURLQYHUWHEUDWH�DQG�)LVK�7D[D�LQ�D�0LGZHVWHUQ�6WUHDP���5LYHU�5HVHDUFK�DQG�$SSOLFDWLRQV�����������������

3DUN��+D\HRQ�DQG�/DZUHQFH�0��/HHPLV���������(QVHPEOH�&RQILGHQFH�,QWHUYDOV�IRU�%LQRPLDO�3URSRUWLRQV���6WDWLVWLFV�LQ
0HGLFLQH��������������������

3DWHO��0DLQDN���������$QDO\VLV�RI�)HHGIRUZDUG�0HFKDQLVPV�RI�0XOWLZKLVNHU�5HFHSWLYH�)LHOG�*HQHUDWLRQ�LQ�D�0RGHO�RI
WKH�5DW�%DUUHO�&RUWH[���-RXUQDO�RI�7KHRUHWLFDO�%LRORJ\������������

3HFKHQLN��-DQ�$���0RUJDQ�/HY\��DQG�-RQDWKDQ�'��$OOHQ���������,QVWDQW�2FHDQ�9HUVXV�1DWXUDO�6HDZDWHU��,PSDFWV�RQ
$VSHFWV�RI�5HSURGXFWLRQ�DQG�'HYHORSPHQW�LQ�7KUHH�0DULQH�,QYHUWHEUDWHV���%LRORJLFDO�%XOOHWLQ����������������

3LUXWLQVN\��6WHYHQ��'DYLG�+��5RVPDULQ��DQG�/HH�$��.LUNSDWULFN���������,V�$WWDFKPHQW�WR�*RG�D�8QLTXH�3UHGLFWRU�RI
0HQWDO�+HDOWK"�7HVW�LQ�D�-HZLVK�6DPSOH���,QWHUQDWLRQDO�-RXUQDO�IRU�WKH�3V\FKRORJ\�RI�5HOLJLRQ�����������������

3OXPPHU��5DFKHO�6��DQG�&DWKHULQH�$��)RUHVWHOO���������7KH�(IIHFW�RI�$SSHDUDQFH�5HODWHG�0HGLD�RQ�,PSOLFLW�&RJQLWLYH
5HVSRQVHV�WR�)RRG���$SSHWLWH������������

3RZHOO��(ULF�1���5RJHU�0DQQ��.HOVH\�0��.X\NHQGDOO��0��&KDVH�/RQJ��DQG�-HUHP\�5��7LPEV���������7KH�,QWHUPLQJOLQJ
RI�%HQWKLF�0DFURLQYHUWHEUDWH�&RPPXQLWLHV�GXULQJ�D�3HULRG�RI�6KLIWLQJ�5DQJH��7KH��(DVW�RI�1DQWXFNHW��$WODQWLF
6XUIFODP�6XUYH\�DQG�WKH�([LVWHQFH�RI�7UDQVLHQW�0XOWLSOH�6WDEOH�6WDWHV���0DULQH�(FRORJ\�DQ�(YROXWLRQDU\
3HUVSHFWLYH���������H������

3URHVWRX��'LQD�$���5\DQ�-��&RUEHWW��7DO�%HQ�+RULQ��-HVVLFD�0��6PDOO��DQG�6WDQGLVK�.��$OOHQ�-U���������'HILQLQJ�'HUPR
5HVLVWDQFH�3KHQRW\SHV�LQ�DQ�(DVWHUQ�2\VWHU�%UHHGLQJ�3RSXODWLRQ���$TXDFXOWXUH�5HVHDUFK�������������������

3XGDVDLQL��8WWDU��*ULJRU\�(UHPHHY�9���-RQDWKDQ�:��$QJOH��-D\�7XJJOH��&KDUOHV�(��5HHFH��DQG�0LFKDHO�-��.HOOH\�������
�*URZWK�RI�1E�6Q�&RDWLQJ�LQ�7LQ�9DSRU�'LIIXVLRQ�3URFHVV���-RXUQDO�RI�9DFXXP�6FLHQFH�	�7HFKQRORJ\�D��������
�������

4L��6KL���������$GYHUWLVLQJ��,QGXVWU\�,QQRYDWLRQ��DQG�(QWU\�'HWHUUHQFH���,QWHUQDWLRQDO�-RXUQDO�RI�,QGXVWULDO
2UJDQL]DWLRQ�����������

4LQ��4XELQ�DQG�-LDQ�6KHQ���������3HODJLF�&RQWULEXWLRQ�WR�*URVV�3ULPDU\�3URGXFWLRQ�'\QDPLFV�LQ�6KDOORZ�$UHDV�RI
<RUN�5LYHU��9$��86$���/LPQRORJ\�DQG�2FHDQRJUDSK\�������������������

5HEKRO]��/HR�*���$OH[�9LJXHULH��DQG�0HQJ\LQJ�;LDR���������(IILFLHQW�1RQOLQHDU�,WHUDWLRQ�6FKHPHV�%DVHG�RQ�$OJHEUDLF
6SOLWWLQJ�IRU�WKH�,QFRPSUHVVLEOH�1DYLHU�6WRNHV�(TXDWLRQV���0DWKHPDWLFV�RI�&RPSXWDWLRQ���������������������



5HHVH��(OL]DEHWK�'���&KULVWRSKHU�&��&RQZD\��'HHSLND�$QDQG��'DQLHO�-��%DXHU��DQG�6WDFH\�%��'DXJKWHUV�������
�'LVWUHVV�7ROHUDQFH�7UDMHFWRULHV�)ROORZLQJ�6XEVWDQFH�XVH�7UHDWPHQW���-RXUQDO�RI�&RQVXOWLQJ�DQG�&OLQLFDO
3V\FKRORJ\�����������������

5RELVRQ��-RKQ�(OGHU���������7DONLQJ�DERXW�$XWLVP�7KRXJKWV�IRU�5HVHDUFKHUV���$XWLVP�5HVHDUFK�������������������

6DQGHUV��1DGD�5���7RQ\D�%RRQH��5DP�*DQHVKDQ��DQG�-RKQ�'��:RRG���6XVWDLQDEOH�6XSSO\�&KDLQV�LQ�WKH�$JH�RI�$,�DQG
'LJLWL]DWLRQ��5HVHDUFK�&KDOOHQJHV�DQG�2SSRUWXQLWLHV���-RXUQDO�RI�%XVLQHVV�/RJLVWLFV�

6D\HHG��0G�1L]DP��8WWDU�3XGDVDLQL��&KDUOHV�(��5HHFH��*ULJRU\�(UHPHHY��DQG�+DQL�(��(OVD\HG�$OL���������6WUXFWXUDO
DQG�6XSHUFRQGXFWLQJ�3URSHUWLHV�RI�1E�6Q�)LOPV�*URZQ�E\�0XOWLOD\HU�6HTXHQWLDO�0DJQHWURQ�6SXWWHULQJ���-RXUQDO
RI�$OOR\V�DQG�&RPSRXQGV��������������

6FKURHGHU��$GDP��/DXUHQ�0DUVKDOO��%ULDQ�7UHDVH��$Q�1D�%HFNHU��DQG�6��/DXULH�6DQGHUVRQ���������'HYHORSPHQW�RI
+HOLFDO��)LVK�,QVSLUHG�&URVV�6WHS�)LOWHU�IRU�&ROOHFWLQJ�+DUPIXO�$OJDH���%LRLQVSLUDWLRQ�	�%LRPLPHWLFV��������
�������

6HWWOH��-DLPH�(��DQG�7D\ORU�1��&DUOVRQ���������2SWLQJ�2XW�RI�3ROLWLFDO�'LVFXVVLRQV���3ROLWLFDO�&RPPXQLFDWLRQ��������
��������

6H\OHU��/DXUHQ�0���6WHYH�7XRUWR��/RUD�5��0F*XLQQHVV��'RQJODL�*RQJ��DQG�/HH�-��.HUNKRI���������%DFWHULDO�DQG
$UFKDHDO�6SHFLILF�3UHGDWLRQ�LQ�WKH�1RUWK�$WODQWLF�%DVLQ���)URQWLHUV�LQ�0DULQH�6FLHQFH����8163�����

6KHH��-DPHV��(YDQ�-��$UWKXU��6KLZHL�=KDQJ��'DYLG�5��5HLFKPDQ��DQG�5LFKDUG�$��)ULHVQHU���������6LQJOHW�7ULSOHW
(QHUJ\�*DSV�RI�2UJDQLF�%LUDGLFDOV�DQG�3RO\DFHQHV�ZLWK�$X[LOLDU\�)LHOG�4XDQWXP�0RQWH�&DUOR���-RXUQDO�RI
&KHPLFDO�7KHRU\�DQG�&RPSXWDWLRQ�������������������

6KL��-XQSLQJ��&KXQFKHQJ�:DQJ��DQG�+DR�:DQJ���������'LIIXVLYH�6SDWLDO�0RYHPHQW�ZLWK�0HPRU\�DQG�0DWXUDWLRQ
'HOD\V���1RQOLQHDULW\�������������������

6KL��-XQSLQJ��-LPLQ�=KDQJ��DQG�;LDR\DQ�=KDQJ���������6WDELOLW\�DQG�$V\PSWRWLF�3URILOH�RI�6WHDG\�6WDWH�6ROXWLRQV�WR
D�5HDFWLRQ�'LIIXVLRQ�3HODJLF�%HQWKLF�$OJDH�*URZWK�0RGHO���&RPPXQLFDWLRQV�RQ�3XUH�DQG�$SSOLHG�$QDO\VLV���
���������������

6PLWK��.ULVWLQ�&RQUDGL��6WHYHQ�-��$PHQGXP��DQG�%RQJ�*HH�-DQJ���3UHGLFWLQJ�3HUIRUPDQFH�RQ�D��UG�*UDGH�+LJK�
6WDNHV�5HDGLQJ�$VVHVVPHQW���5HDGLQJ�	�:ULWLQJ�4XDUWHUO\�

6PLWK��5LFKDUG�/���'HERUDK�$��5HSHUW��'HERUDK�/��6WROLNHU��'RXJODV�%��.HQW��%RQJNHXQ�6RQJ��'HQLV�5��/H%ODQF�
7LPRWK\�'��0F&REE��-��.��%RKONH��6XQJ�3LO�+\XQ��DQG�+HH�6XQ�0RRQ���������6HDVRQDO�DQG�6SDWLDO�9DULDWLRQ�LQ
WKH�/RFDWLRQ�DQG�5HDFWLYLW\�RI�D�1LWUDWH�&RQWDPLQDWHG�*URXQGZDWHU�'LVFKDUJH�=RQH�LQ�D�/DNHEHG���-RXUQDO�RI
*HRSK\VLFDO�5HVHDUFK�%LRJHRVFLHQFHV��������������������

6PLWK��=DFKDU\�0���;L\H�:DQJ��-RQDWKDQ�5��6FKHHUHU��-RQDWKDQ�0DUWHQV��*LHO�%HUGHQ��-RV�2RPHQV��9LQFHQW
6WHLQPHW]��$USDG�6RPRJ\L��9LFNL�:\VRFNL��DQG�-RKQ�&��3RXWVPD���������6SHFWURVFRSLF�(YLGHQFH�IRU�/DFWDP
)RUPDWLRQ�LQ�7HUPLQDO�2UQLWKLQH�E�������DQG�E�������)UDJPHQW�,RQV���-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�0DVV
6SHFWURPHWU\�������������������

6Q\GHU��3��%���-��:��+XJKHV��7��+��2VERUQH��&��3D]�6ROGDQ��:��0��6RORPRQ��0��.QRONHU��'��(OGRQ��HW�DO���������+LJK
)XVLRQ�3HUIRUPDQFH�LQ�6XSHU�+�0RGH�([SHULPHQWV�RQ�$OFDWRU�&�0RG�DQG�',,,�'���1XFOHDU�)XVLRQ��������
�������

6Q\GHU��6DUD�DQG�+HDUWOH\�+XEHU���������&RPSXWHU�$VVLVWHG�,QVWUXFWLRQ�WR�7HDFK�$FDGHPLF�&RQWHQW�WR�6WXGHQWV�ZLWK
,QWHOOHFWXDO�'LVDELOLW\��$�5HYLHZ�RI�WKH�/LWHUDWXUH���$MLGG�$PHULFDQ�-RXUQDO�RQ�,QWHOOHFWXDO�DQG�'HYHORSPHQWDO
'LVDELOLWLHV������������������

6SLYDN��$PDQGD�&���-RQDWKDQ�6DQGHUPDQ��-HQQLIHU�/��%RZHQ��(OL]DEHWK�$��&DQXHO��DQG�&KDUOHV�6��+RSNLQVRQ�������
�*OREDO�&KDQJH�&RQWUROV�RQ�6RLO�&DUERQ�$FFXPXODWLRQ�DQG�/RVV�LQ�&RDVWDO�9HJHWDWHG�(FRV\VWHPV���1DWXUH
*HRVFLHQFH�����������������

6WDXGLQJHU��0LFKHOOH�'���.DWKHULQH�(��0LOOV��.DUHQ�6WDPLHV]NLQ��1LFKRODV�5��5HFRUG��&KULVWLQH�$��+XGDN��$QGUHZ�$OO\Q�
$QWRQ\�'LDPRQG��HW�DO���������,W
V�DERXW�7LPH��$�6\QWKHVLV�RI�&KDQJLQJ�3KHQRORJ\�LQ�WKH�*XOI�RI�0DLQH
(FRV\VWHP���)LVKHULHV�2FHDQRJUDSK\�����������������

6WHSKHQV��/XFDV��'RULDQ�)XOOHU��1LFROH�%RLYLQ��7RUEHQ�5LFN��1LFRODV�*DXWKLHU��$QGUHD�.D\��%HQ�0DUZLFN��HW�DO�������
�$UFKDHRORJLFDO�$VVHVVPHQW�5HYHDOV�(DUWK
V�(DUO\�7UDQVIRUPDWLRQ�WKURXJK�/DQG�XVH���6FLHQFH������������
������

6WLPDQ��0HDJKDQ���������6SHFXODWRUV�DQG�6SHFWHUV��'LYHUVH�)RUPV�RI�6HFRQG�+RPHRZQHU�(QJDJHPHQW�LQ�%RVWRQ�
0DVVDFKXVHWWV���-RXUQDO�RI�8UEDQ�$IIDLUV�����������������

6WLPDQ��0HDJKDQ�/���'LVFRXUVHV�RI�5HVRXUFH�'HSHQGHQF\��6HFRQG�+RPHRZQHUV�DV��/LIHEORRG��LQ�9DFDWLRQODQG��
5XUDO�6RFLRORJ\�

6WUDWWRQ��0DUN�$���*HQHYLHYH�0��1HVVODJH��DQG�5REHUW�-��/DWRXU���������0XOWL�'HFDGDO�&OLPDWH�DQG�)LVKLQJ�3UHGLFWRUV
RI�$EXQGDQFH�IRU�86�6RXWK�$WODQWLF�&RDVWDO�)LVKHV�DQG�,QYHUWHEUDWHV���)LVKHULHV�2FHDQRJUDSK\��������
��������

6WUXFNPDQ��6RUHQ��-RKQ�-��&RXWXUH��0��'UHZ�/D0DU��DQG�+DUPRQ\�-��'DOJOHLVK���������7KH�'HPRJUDSKLF�(IIHFWV�RI
)XQFWLRQDO�7UDLWV��$Q�,QWHJUDO�3URMHFWLRQ�0RGHO�$SSURDFK�5HYHDOV�3RSXODWLRQ�/HYHO�&RQVHTXHQFHV�RI
5HSURGXFWLRQ�'HIHQFH�7UDGH�2IIV���(FRORJ\�/HWWHUV�������������������



9DKDOD��/LQGD��*HRUJH�9DKDOD��0LQ�6RH��$EKD\�5DP��DQG�-HIIUH\�<HSH]���������8QLWDU\�4XELW�/DWWLFH�$OJRULWKP�IRU
7KUHH�'LPHQVLRQDO�9RUWH[�6ROLWRQV�LQ�+\SHUEROLF�6HOI�'HIRFXVLQJ�0HGLD���&RPPXQLFDWLRQV�LQ�1RQOLQHDU�6FLHQFH
DQG�1XPHULFDO�6LPXODWLRQ�������������

9D]TXH]�3LQRQ��0DWLDV��%LGKDQ�3UDPDQLFN��)HOLSH�*��2UWHJD�*DPD��9LFWRU�+��3HUH]�*RQ]DOH]��/DZUHQFH�.XOLQVN\�
0DUF�-��0DGRX��+\XQGRR�+ZDQJ��DQG�6HUJLR�2��0DUWLQH]�&KDSD���������+\GURG\QDPLF�&KDQQHOLQJ�DV�D
&RQWUROOHG�)ORZ�5HYHUVDO�0HFKDQLVP�IRU�%LGLUHFWLRQDO�$&�(OHFWURRVPRWLF�3XPSLQJ�XVLQJ�*ODVV\�&DUERQ
0LFURHOHFWURGH�$UUD\V���-RXUQDO�RI�0LFURPHFKDQLFV�DQG�0LFURHQJLQHHULQJ����������������

9LWDOL��(WWRUH��3HWHU�5RVHQEHUJ��DQG�6KLZHL�=KDQJ���������&DOFXODWLQJ�*URXQG�6WDWH�3URSHUWLHV�RI�&RUUHODWHG
)HUPLRQLF�6\VWHPV�ZLWK�%&6�7ULDO�:DYH�)XQFWLRQV�LQ�6ODWHU�'HWHUPLQDQW�3DWK�,QWHJUDO�$SSURDFKHV���3K\VLFDO
5HYLHZ�D�����������������

:DOKRXW��(PPD�4���6KHOE\�(��'RUQ��-RQDWKDQ�0DUWHQV��*LHO�%HUGHQ��-RV�2RPHQV��3DXO�+���<�&KHRQJ��-HVVH�+��.UROO�
DQG�5DFKHO�(��2
%ULHQ���������,QIUDUHG�,RQ�6SHFWURVFRS\�RI�(QYLURQPHQWDO�2UJDQLF�0L[WXUHV��3URELQJ�WKH
&RPSRVLWLRQ�RI�$OSKD�3LQHQH�6HFRQGDU\�2UJDQLF�$HURVRO���(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\���������
����������

:DOKRXW��(PPD�4���+RQJPLQ�<X��&RUH\�7KUDVKHU��-DFRE�0��6KXVWHUPDQ��DQG�5DFKHO�(��2
%ULHQ���������(IIHFWV�RI
3KRWRO\VLV�RQ�WKH�&KHPLFDO�DQG�2SWLFDO�3URSHUWLHV�RI�6HFRQGDU\�2UJDQLF�0DWHULDO�2YHU�([WHQGHG�7LPH�6FDOHV��
$FV�(DUWK�DQG�6SDFH�&KHPLVWU\������������������

:DQ��&KHQJKDR��=KHQ�=KDQJ��'DYLG�:RROI��&ROLQ�0��+HVVHO��-XUD�5HQVEHUJ��-RHO�0��+HQVOH\��<X]KH�;LDR��HW�DO���2Q
WKH�2SWLFDO�3URSHUWLHV�RI�7KLQ�)LOP�9DQDGLXP�'LR[LGH�IURP�WKH�9LVLEOH�WR�WKH�)DU�,QIUDUHG���$QQDOHQ�'HU�3K\VLN�
��������

:DQJ��=KHQJXL��+DUU\�:DQJ��-LDQ�6KHQ��)HL�<H��<LQJORQJ�=KDQJ��)HL�&KDL��=KXR�/LX��DQG�-LDEL�'X���������$Q
$QDO\WLFDO�3K\WRSODQNWRQ�0RGHO�DQG�LWV�$SSOLFDWLRQ�LQ�WKH�7LGDO�)UHVKZDWHU�-DPHV�5LYHU���(VWXDULQH�&RDVWDO�DQG
6KHOI�6FLHQFH��������������

:DVVRQ��.HUVWLQ��.HQQHWK�5DSRVD��0RQLFD�$OPHLGD��.DWKU\Q�%HKHVKWL��-HDUH\�$��&URRNV��$QQD�'HFNV��1LNNL�'L[��HW
DO���3DWWHUQ�DQG�6FDOH��(YDOXDWLQJ�*HQHUDOLWLHV�LQ�&UDE�'LVWULEXWLRQV�DQG�0DUVK�'\QDPLFV�IURP�6PDOO�3ORWV�WR�D
1DWLRQDO�6FDOH���(FRORJ\�

:HOG��&KULVWRSKHU�DQG�/DZUHQFH�/HHPLV���������0L[HG�7\SH�'LVWULEXWLRQ�3ORWV���,QIRUPDWLRQ�9LVXDOL]DWLRQ��������
��������

:LGLJHU��7KRPDV�$���%R�%DFK��0LFKDHO�&KPLHOHZVNL��/HH�$QQD�&ODUN��&ROLQ�'H<RXQJ��&KULVWRSKHU�-��+RSZRRG��5RPDQ
.RWRY��HW�DO���������&ULWHULRQ�$�RI�WKH�$03'�LQ�+L723���-RXUQDO�RI�3HUVRQDOLW\�$VVHVVPHQW������������������

:LOVRQ��'DYLG�-���5DXO�$��%ULFHQR��-R]HI�-��'XGHN��5REHUW�*��(GZDUGV��&KULVWRSKHU�(��7KRPDV��DQG�+DGURQ�6SHFWUXP
&ROODERUDWLRQ���������4XDUN�0DVV�'HSHQGHQFH�RI�(ODVWLF�3L�.�6FDWWHULQJ�IURP�4&'���3K\VLFDO�5HYLHZ�/HWWHUV
����������������

:RVV��$QWRQL�-���&KULVWRSKHU�(��7KRPDV��-R]HI�-��'XGHN��5REHUW�*��(GZDUGV��'DYLG�-��:LOVRQ��DQG�+DGURQ�6SHFWUXP
&ROODERUDWLRQ���������%����5HVRQDQFH�LQ�&RXSOHG�3L�2PHJD��3L�3KL�6FDWWHULQJ�IURP�/DWWLFH�4&'���3K\VLFDO
5HYLHZ�'�����������������

<DR��;LDRORQJ��5DFKHO�(��6LSOHU��%ULDQQD�&��6WDQOH\��4XLQQ�1��5REHUWV��0DUWD�3��6DQGHUVRQ��&KDUOHV�%��%RWW��DQG
'HERUDK�$��%URQN���������4XDQWLI\LQJ�(IIOXHQW�'LVVROYHG�2UJDQLF�1LWURJHQ��('21��8SWDNH�E\�0LFURELDO
&RPPXQLWLHV�$ORQJ�D�6DOLQLW\�*UDGLHQW�LQ�WKH�<RUN�5LYHU���(VWXDULHV�DQG�&RDVWV�������������������

<LQ��<X[XH�DQG�*H[LQ�<X���������3ODQDU�*UDSKV�ZLWKRXW�&\FOHV�RI�/HQJWKV���DQG���DQG�&ORVH�7ULDQJOHV�DUH�'3���
&RORUDEOH���'LVFUHWH�0DWKHPDWLFV��������������������

=LPPHU��$QGUHZ���������&KDUDFWHUL]LQJ�6WURQJ�3VHXGRFRQYH[LW\��2EVWUXFWLRQV�WR�%LKRORPRUSKLVPV��DQG�/\DSXQRY
([SRQHQWV���0DWKHPDWLVFKH�$QQDOHQ����������������������

=XWVKL��&KLWUDOHNKD���������5HVLVWLQJ�2FFXSDWLRQ�LQ�.DVKPLU���-RXUQDO�RI�$VLDQ�6WXGLHV�����������������
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$EHUQDWK\��&ODLUH��.HYLQ�0��(VWHUOLQJ��-XVWLQ�)UHHERXUQ��5\DQ�.HQQHG\��:LOOLDP�0LQR]]L��0LFKDHO�$��1HEOR��DQG
-RQDWKDQ�$��6ROLV���������&RQVWLWXHQW�&RPPXQLFDWLRQ�WKURXJK�7HOHSKRQH�7RZQ�+DOOV��$�)LHOG�([SHULPHQW
,QYROYLQJ�0HPEHUV�RI�&RQJUHVV���/HJLVODWLYH�6WXGLHV�4XDUWHUO\�����������������

$FHUR��0��$���3��$GDPVRQ��/��$OLDJD��7��$OLRQ��9��$OODNKYHUGLDQ��6��$OWDNDUOL��1��$QILPRY��HW�DO���������)LUVW
0HDVXUHPHQW�RI�1HXWULQR�2VFLOODWLRQ�3DUDPHWHUV�XVLQJ�1HXWULQRV�DQG�$QWLQHXWULQRV�E\�12Y$���3K\VLFDO�5HYLHZ
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$GH\��'���)��3��$Q��$��%��%DODQWHNLQ��+��5��%DQG��0��%LVKDL��6��%O\WK��'��&DR��HW�DO���������$�+LJK�3UHFLVLRQ�&DOLEUDWLRQ
RI�WKH�1RQOLQHDU�(QHUJ\�5HVSRQVH�DW�'D\D�%D\���1XFOHDU�,QVWUXPHQWV�	�0HWKRGV�LQ�3K\VLFV�5HVHDUFK�6HFWLRQ
$�$FFHOHUDWRUV�6SHFWURPHWHUV�'HWHFWRUV�DQG�$VVRFLDWHG�(TXLSPHQW��������������

$GKLNDUL��6���$��$OL��0��$PDU\DQ��$��$XVWUHJHVLOR��)��%DUERVD��-��%DUORZ��$��%DUQHV��HW�DO���������%HDP�$V\PPHWU\
6LJPD�IRU�WKH�3KRWRSURGXFWLRQ�RI�(WD�DQG�(WD
�0HVRQV�DW�(�JDPPD ����*H9���3K\VLFDO�5HYLHZ�&���������
�������

$GULDQ��0ROO\��-DQLFH�=HPDQ��&\QWKLD�(UGOH\��.DWKU\Q�:KLWORFN��DQG�/HVOLH�6LPV���������7UDMHFWRULHV�RI�1RQ�6XLFLGDO
6HOI�,QMXU\�LQ�$GROHVFHQW�*LUOV�)ROORZLQJ�,QSDWLHQW�+RVSLWDOL]DWLRQ���&OLQLFDO�&KLOG�3V\FKRORJ\�DQG�3V\FKLDWU\���
�������������

$LOORXG��/LVD�(��DQG�-RKQ�0��+RHQLJ���������$�*HQHUDO�7KHRU\�RI�$JH�/HQJWK�.H\V��&RPELQLQJ�WKH�)RUZDUG�DQG
,QYHUVH�.H\V�WR�(VWLPDWH�$JH�&RPSRVLWLRQ�IURP�,QFRPSOHWH�'DWD���,&(6�-RXUQDO�RI�0DULQH�6FLHQFH��������
����������

$LOORXG��/LVD�(���0DWWKHZ�9��/DXUHWWD��:DOWHU�-RKQ�)���,,,��DQG�-RKQ�0��+RHQLJ���������(VWLPDWLQJ�$JH�&RPSRVLWLRQ�IRU
0XOWLSOH�<HDUV�ZKHQ�WKHUH�DUH�*DSV�LQ�WKH�$JHLQJ�'DWD��7KH�&DVH�RI�:HVWHUQ�$WODQWLF�%OXHILQ�7XQD���,&(6
-RXUQDO�RI�0DULQH�6FLHQFH�������������������

$PLQ��0DKPRXG�6���%HQQHWW�$WZDWHU��5REHUW�'��3LNH��.XUW�(��:LOOLDPVRQ��'DYLG�(��.UDQEXHKO��DQG�+DQQHV�&�
6FKQLHSS���������+LJK�3XULW\�%RURQ�1LWULGH�1DQRWXEHV�9LD�+LJK�<LHOG�+\GURFDUERQ�6ROYHQW�3URFHVVLQJ��
&KHPLVWU\�RI�0DWHULDOV��������������������

$QK�1LQK��=XR�-XQ�0D[�6KHQ��DQG�0DUWLQ�$��/DULYLHUH���&RQFDYLW\�DQG�8QLPRGDOLW\�RI�([SHFWHG�5HYHQXH�8QGHU
'LVFUHWH�:LOOLQJQHVV�WR�3D\�'LVWULEXWLRQV���3URGXFWLRQ�DQG�2SHUDWLRQV�0DQDJHPHQW�

$ULDV��(ULF�DQG�'DYLG�6WDVDYDJH���������+RZ�/DUJH�DUH�WKH�3ROLWLFDO�&RVWV�RI�)LVFDO�$XVWHULW\"��-RXUQDO�RI�3ROLWLFV���
���������������

$VKHQIHOWHU��-���$��%��%DODQWHNLQ��+��5��%DQG��&��'��%DVV��'��(��%HUJHURQ��'��%HULVK��1��6��%RZGHQ��HW�DO���������7KH
5DGLRDFWLYH�6RXUFH�&DOLEUDWLRQ�6\VWHP�RI�WKH�35263(&7�5HDFWRU�$QWLQHXWULQR�'HWHFWRU���1XFOHDU�,QVWUXPHQWV�	
0HWKRGV�LQ�3K\VLFV�5HVHDUFK�6HFWLRQ�$�$FFHOHUDWRUV�6SHFWURPHWHUV�'HWHFWRUV�DQG�$VVRFLDWHG�(TXLSPHQW�����
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%DVQHW��6���*��0��+XEHU��:��%��/L��+��3��%ORN��'��*DVNHOO��7��+RUQ��.��$QLRO��HW�DO���������([FOXVLYH�3L���
(OHFWURSURGXFWLRQ�2II�WKH�3URWRQ�IURP�/RZ�WR�+LJK��W���3K\VLFDO�5HYLHZ�&�����������������

%DVVHWW��0DGHOHLQH�*XQWHU��&KULVWRSKHU�0��6WHYHQVRQ��DQG�/DXUH�'XVVXELHX[���������5H�([DPLQLQJ�7UDGH�1HWZRUNV
LQ�/DWH�:RRGODQG�9LUJLQLD�����������&(���$Q�/$�,&3�06�$QDO\VLV�RI�&RSSHU�$UWLIDFWV���-RXUQDO�RI�$UFKDHRORJLFDO
6FLHQFH�5HSRUWV������������

%HDXFKDPS��.DWKU\Q�*���.HOVH\�$��6KDIIHU��3KLOLS�$��)LVKHU��DQG�(OOLRW�7��%HUNPDQ���������%ULHI��&RPSXWHUL]HG
,QKLELWRU\�&RQWURO�7UDLQLQJ�WR�/HYHUDJH�$GROHVFHQW�1HXUDO�3ODVWLFLW\��$�3LORW�(IIHFWLYHQHVV�7ULDO���$SSOLHG
1HXURSV\FKRORJ\�&KLOG����������������

%HDXVROHLO��0DUF�2OLYLHU��/XNH�2��)ULVKNRII��/HLWKHQ�.��0
*RQLJOH��-RRVW�$��0��5DH\PDHNHUV��6DUDK�$��.QXWLH��/XLV�)�
'H�/HRQ��6DUDK�.��+XEHU��HW�DO���������7HPSRUDOO\�9DU\LQJ�'LVUXSWLYH�6HOHFWLRQ�LQ�WKH�0HGLXP�*URXQG�)LQFK
�*HRVSL]D�)RUWLV����3URFHHGLQJV�RI�WKH�5R\DO�6RFLHW\�%�%LRORJLFDO�6FLHQFHV����������������������

%HKUHQIHOG��0LFKDHO�-���3HWHU�*DXEH��$OLFH�'HOOD�3HQQD��5REHUW�7��2
0DOOH\��:LOOLDP�-��%XUW��<RQJ[LDQJ�+X��3DXOD�6�
%RQWHPSL��HW�DO���������*OREDO�6DWHOOLWH�2EVHUYHG�'DLO\�9HUWLFDO�0LJUDWLRQV�RI�2FHDQ�$QLPDOV���1DWXUH����
��������������

%HOOLQ��-HIIUH\���������)RXUWK�$PHQGPHQW�7H[WXDOLVP���0LFKLJDQ�/DZ�5HYLHZ������������������

%HULFLF��-���/��&RUUHD��0��%HQDOL��3��$FKHQEDFK��&��$\HUEH�*D\RVR��-��&��%HUQDXHU��$��%ORPEHUJ��HW�DO���������1HZ
,QVLJKW�LQ�WKH�4����'HSHQGHQFH�RI�3URWRQ�*HQHUDOL]HG�3RODUL]DELOLWLHV���3K\VLFDO�5HYLHZ�/HWWHUV����������
�������

%LONRYLF��'RQQD�0DULH��0ROO\�0��0LWFKHOO��-HQQLIHU�'DYLV��-XOLH�+HUPDQ��(OL]DEHWK�$QGUHZV��$QJHOD�.LQJ��3DPHOD
0DVRQ��1DYLG�7DKYLOGDUL��-DQD�'DYLV��DQG�5DFKHO�/��'L[RQ���������'HILQLQJ�%RDW�:DNH�,PSDFWV�RQ�6KRUHOLQH
6WDELOLW\�7RZDUG�0DQDJHPHQW�DQG�3ROLF\�6ROXWLRQV���2FHDQ�	�&RDVWDO�0DQDJHPHQW�������������

%LVDL��1���0��%��&KRZGKXUL��6��%DQHUMHH��+DUVKLWD�5DM��5LWX�'H\��5��/��7DQQD��5��0DQFKDQGD��.��$��-DGHMD��-��*KRVK�



DQG�$GLW\D�7HDP���������'\QDPLFV�RI�1HRQ�,RQV�$IWHU�1HRQ�*DV�6HHGLQJ�LQWR�7RNDPDN�3ODVPD���1XFOHDU�)XVLRQ
����������������

%OD]HU��$QQLH���������$Q�,QYLWDWLRQ�WR�6XIIHU��(YDQJHOLFDOV�DQG�6SRUWV�0LQLVWU\�LQ�WKH�86���5HOLJLRQV��������������

&DPSEHOO��3DWULFN�&���-HVVH�2��%DVK��&KULVWRSKHU�*��1ROWH��7DQ\D�/��6SHUR��(OOHQ�-��&RRWHU��.\OH�+LQVRQ��DQG�/HZLV�&�
/LQNHU���3URMHFWLRQV�RI�$WPRVSKHULF�1LWURJHQ�'HSRVLWLRQ�WR�WKH�&KHVDSHDNH�%D\�:DWHUVKHG���-RXUQDO�RI
*HRSK\VLFDO�5HVHDUFK�%LRJHRVFLHQFHV�

&DUOVRQ��&DUO�(���9ODG\VODY�3DXN��DQG�0DUF�9DQGHUKDHJKHQ���������'LOHSWRQ�3KRWRSURGXFWLRQ�RQ�D�'HXWHURQ�7DUJHW��
3K\VLFV�/HWWHUV�%������8163��������

&DVKPDQ��*HRUJH�'���'DYLG�0��+DUULVRQ��0LFKDHO�-��6HLOHU��DQG�+DLQDQ�6KHQJ���������7KH�5HODWLRQ�EHWZHHQ�,QWUDILUP
'LVWDQFHV�DQG�,QIRUPDWLRQ�2SDFLW\��(YLGHQFH�IURP�6WRFN�0DUNHW�/LTXLGLW\���-RXUQDO�RI�5HDO�(VWDWH�5HVHDUFK���
�������������

&DWKDLQ��3DGUDLJ�2��DQG�(ULF�6ZDUW]���������+RPRPRUSKLVPV�RI�0DWUL[�$OJHEUDV�DQG�&RQVWUXFWLRQV�RI�%XWVRQ�
+DGDPDUG�0DWULFHV���'LVFUHWH�0DWKHPDWLFV�����������8163��������

&DYDQ��(��/���$��%HOFKHU��$��$WNLQVRQ��6��/��+LOO��6��.DZDJXFKL��6��0F&RUPDFN��%��0H\HU��HW�DO���������7KH�,PSRUWDQFH
RI�$QWDUFWLF�.ULOO�LQ�%LRJHRFKHPLFDO�&\FOHV���1DWXUH�&RPPXQLFDWLRQV����������

&KDXFKDUG��6LPRQ��0DUNR�.ODVQMD��DQG�6��3��+DULVK���������*HWWLQJ�5LFK�7RR�)DVW"�9RWHUV
�5HDFWLRQV�WR�3ROLWLFLDQV

:HDOWK�$FFXPXODWLRQ���-RXUQDO�RI�3ROLWLFV�������������������

&KHQ��/LO\��5XQUXQ�/LX��*H[LQ�<X��5HQ�=KDR��DQG�;LDQJTLDQ�=KRX���������'3���&RORUDELOLW\�RI�7ZR�&ODVVHV�RI�3ODQDU
*UDSKV���'LVFUHWH�0DWKHPDWLFV���������������������

&KHQ��6KDQVKDQ�DQG�-XQSLQJ�6KL���������7KUHVKROG�'\QDPLFV�RI�D�'LIIXVLYH�1RQORFDO�3K\WRSODQNWRQ�0RGHO�ZLWK�$JH
6WUXFWXUH���1RQOLQHDU�$QDO\VLV�5HDO�:RUOG�$SSOLFDWLRQV�����������

&KHQ��6LWRQJ��-XQSLQJ�6KL��DQG�;LDQKXD�7DQJ���������*URXQG�6WDWH�6ROXWLRQV�RI�1HKDUL�3RKR]DHY�7\SH�IRU�WKH�3ODQDU
6FKURGLQJHU�3RLVVRQ�6\VWHP�ZLWK�*HQHUDO�1RQOLQHDULW\���'LVFUHWH�DQG�&RQWLQXRXV�'\QDPLFDO�6\VWHPV���������
����������

&KRL��,ON\RR��*H[LQ�<X��DQG�;LD�=KDQJ���������3ODQDU�*UDSKV�ZLWK�*LUWK�DW�/HDVW���DUH�������&RORUDEOH���'LVFUHWH
0DWKHPDWLFV�����������8163��������

&ODUN��%RQQLH�-��DQG�$XGUH\�+RUQLQJ���������,QWURGXFWLRQ�WR�D�*OREDO�'LDORJXH�RQ�&ROODERUDWLYH�$UFKDHRORJ\��
$UFKDHRORJLHV�-RXUQDO�RI�WKH�:RUOG�$UFKDHRORJLFDO�&RQJUHVV�����������������

&RFNHUKDP��:LOOLDP�&���-RVHSK�'��:ROIH��DQG�6KDZQ�%DXOGU\���������+HDOWK�/LIHVW\OHV�LQ�/DWH�0LGGOH�$JH���5HVHDUFK
RQ�$JLQJ���������������

&URQLQ��0LFKDHO�3���������1DJDL�.DIX
V�2FFLGHQWDOLVP��'HILQLQJ�WKH�-DSDQHVH�6HOI���-RXUQDO�RI�$VLDQ�6WXGLHV��������
��������

²²²���������$�6HQVH�RI�WKH�&LW\��0RGHV�RI�8UEDQ�5HSUHVHQWDWLRQ�LQ�WKH�:RUNV�RI�1DJDL�.DIX��������������
-RXUQDO�RI�$VLDQ�6WXGLHV�����������������

²²²���������7RN\R��0HPRU\��,PDJLQDWLRQ��DQG�WKH�&LW\���-RXUQDO�RI�-DSDQHVH�6WXGLHV�����������������

&URVV��-HQQLIHU�5LHGO��&ROLQ�7��9DXJKQ��6DNKDYDW�0DPPDGRY��7UDF\�/��&URVV��0LK\HRQ�.LP��&ROP�2
5HLOO\��)UDQFHV�5�
6SLHOKDJHQ��0DULD�3HUHLUD�'D�&RVWD��DQG�%DUU\�+\PHU���������$�&URVV�&XOWXUDO�6WXG\�RI�WKH�6RFLDO�([SHULHQFH
RI�*LIWHGQHVV���5RHSHU�5HYLHZ�D�-RXUQDO�RQ�*LIWHG�(GXFDWLRQ�����������������

&UX]�7RUUHV��5���6��/L��)��+DXHQVWHLQ��$��6FKPLGW��'��1JX\HQ��'��$EUDPV��+��$OEDWDLQHK��HW�DO���������&RPSDULQJ
3URWRQ�0RPHQWXP�'LVWULEXWLRQV�LQ�$ ��DQG���1XFOHL�9LD�+���+���DQG�+H����H��H�
�S��0HDVXUHPHQWV���3K\VLFV
/HWWHUV�%������8163��������

&XUWLQ��/RUHOHL��:LOOLDP�-��'
$QGUHD��1LFKRODV�%DODVFLR��*HQHYLHYH�3XJVOH\��*UHJRU\�GH�:HW��DQG�5D\PRQG�%UDGOH\�
�������+RORFHQH�DQG�/DVW�,QWHUJODFLDO�&OLPDWH�RI�WKH�)DURH�,VODQGV�IURP�6HGLPHQWDU\�3ODQW�:D[�+\GURJHQ�DQG
&DUERQ�,VRWRSHV���4XDWHUQDU\�6FLHQFH�5HYLHZV�������������

&\SU\DQVND��0DU]HQD�DQG�-RKQ�%��1H]OHN���������(YHU\RQH�FDQ�EH�D�:LQQHU��7KH�%HQHILWV�RI�&RPSHWLQJ�LQ
2UJDQL]HG�5DFHV�IRU�5HFUHDWLRQDO�5XQQHUV���-RXUQDO�RI�3RVLWLYH�3V\FKRORJ\�����������������

'DYLHV��3DXO�6KHOGRQ���������'DUZLQL]LQJ�'HEXQNLQJ�$UJXPHQWV���5DWLR�����������������

'HQJ��&DLKDR��3HL[LRQJ�*DR��/LQIHQJ�/DQ��3HQJKXL�+H��;LQ�=KDR��:HL�=KHQJ��:DQJVKRX�&KHQ��HW�DO���8OWUDVHQVLWLYH
DQG�+LJKO\�6WUHWFKDEOH�0XOWLIXQFWLRQDO�6WUDLQ�6HQVRUV�ZLWK�7LPEUH�5HFRJQLWLRQ�$ELOLW\�%DVHG�RQ�9HUWLFDO
*UDSKHQH���$GYDQFHG�)XQFWLRQDO�0DWHULDOV����������

'HQJ��.HFDL��*H[LQ�<X��DQG�;LDQJTLDQ�=KRX���������5HFHQW�3URJUHVV�RQ�6WURQJ�(GJH�&RORULQJ�RI�*UDSKV���'LVFUHWH
0DWKHPDWLFV�$OJRULWKPV�DQG�$SSOLFDWLRQV�����������������

'HWPROG��:LOOLDP��5REHUW�*��(GZDUGV��-R]HI�-��'XGHN��0LFKDHO�(QJHOKDUGW��+XH\�:HQ�/LQ��6WHIDQ�0HLQHO��.RVWDV
2UJLQRV��3KLDOD�6KDQDKDQ��DQG�864&'�&ROODERUDWLRQ���������+DGURQV�DQG�1XFOHL���(XURSHDQ�3K\VLFDO�-RXUQDO�D
�������������



'RPEURZVNL��6WHIDQ�&���$��$OH[DQGHU�%HDXMHDQ��5\DQ�-��0F*LOO��DQG�1LFKRODV�)��%HQVRQ���������7KH�:RRGFRFN�
-RKQVRQ�,9�7HVWV�RI�$FKLHYHPHQW�3URYLGHV�7RR�0DQ\�6FRUHV�IRU�&OLQLFDO�,QWHUSUHWDWLRQ���-RXUQDO�RI
3V\FKRHGXFDWLRQDO�$VVHVVPHQW�����������������

'RPEURZVNL��6WHIDQ�&���$��$OH[DQGHU�%HDXMHDQ��5\DQ�-��0F*LOO��1LFKRODV�)��%HQVRQ��DQG�:��-RHO�6FKQHLGHU�������
�8VLQJ�([SORUDWRU\�%LIDFWRU�$QDO\VLV�WR�8QGHUVWDQG�WKH�/DWHQW�6WUXFWXUH�RI�0XOWLGLPHQVLRQDO�3V\FKRORJLFDO
0HDVXUHV��$Q�([DPSOH�)HDWXULQJ�WKH�:,6&�9���6WUXFWXUDO�(TXDWLRQ�0RGHOLQJ�D�0XOWLGLVFLSOLQDU\�-RXUQDO��������
��������

'RPEURZVNL��6WHIDQ�&��DQG�5\DQ�-��0F*LOO���������$VVHVVPHQW�RI�&KLOGUHQ��&RJQLWLYH�)RXQGDWLRQV�DQG�$SSOLFDWLRQV�
�WK�(GLWLRQ���-RXUQDO�RI�3V\FKRHGXFDWLRQDO�$VVHVVPHQW�������������������

'RQQRU��-DPHO�.���8QGHUVWDQGLQJ�:KLWH�5DFLDO�6RYHUHLJQW\��'RLQJ�5HVHDUFK�RQ�5DFH�DQG�,QHTXDOLW\�LQ�WKH�7UXPS�(UD
�DQG�%H\RQG����,QWHUQDWLRQDO�-RXUQDO�RI�4XDOLWDWLYH�6WXGLHV�LQ�(GXFDWLRQ�

'RZGDOO��5��-���&��7��+��'DYLHV��5��5��+RUJDQ��*��3��/HSDJH��&��-��0RQDKDQ��-��6KLJHPLWVX��0��:LQJDWH��DQG�+34&'
&ROODERUDWLRQ���������1HXWUDO�%�0HVRQ�0L[LQJ�IURP�)XOO�/DWWLFH�4&'�DW�WKH�3K\VLFDO�3RLQW���3K\VLFDO�5HYLHZ�'
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'XHU��0���2��+HQ��(��3LDVHW]N\��/��%��:HLQVWHLQ��$��6FKPLGW��,��.RURYHU��(��2��&RKHQ��HW�DO���������0HDVXUHPHQW�RI
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)HPLD��0DWWKHZ�5���5RFKHOOH�0��(YDQV��-LER�=KDQJ��;LDRSHQJ�6XQ��&DUROLQH�-��/HEHJXH��9LQFHQW�5��5RJJHUR��DQG
/L]DEHWK�$��$OOLVRQ���0HGLDWRU�6XEXQLW�0('��0RGXODWHV�,QWUDQXFOHDU�'\QDPLFV�RI�WKH�7K\URLG�+RUPRQH
5HFHSWRU���-RXUQDO�RI�&HOOXODU�%LRFKHPLVWU\�

)LVFKHO��-RVHSK�-��DQG�&ODLUH�0F.LQQH\���&DSDELOLW\�ZLWKRXW�'LJQLW\"��&RQWHPSRUDU\�3ROLWLFDO�7KHRU\�
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-LQ��<X��5XL�3HQJ��DQG�-XQSLQJ�6KL���������3RSXODWLRQ�'\QDPLFV�LQ�5LYHU�1HWZRUNV���-RXUQDO�RI�1RQOLQHDU�6FLHQFH���
���������������
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6DYYDV�=DIHLURSRXORV���������3LRQ�9DOHQFH�6WUXFWXUH�IURP�,RIIH�7LPH�3DUWRQ�3VHXGRGLVWULEXWLRQ�)XQFWLRQV��
3K\VLFDO�5HYLHZ�'������������������

-R\FH��6LPRQ���������5DGLFDOLVP�DQG�5HSXWDWLRQ��7KH�&DUHHU�RI�%URQWHUUH�2
%ULHQ���9LFWRULDQ�6WXGLHV��������
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&KDQJHV�LQ�/RFDWLRQ�&KRLFH�LQ�D�0XOWLVSHFLHV�7UDZO�)LVKHU\���&DQDGLDQ�-RXUQDO�RI�)LVKHULHV�DQG�$TXDWLF�6FLHQFHV
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²²²���������5LVH�DQG�)DOO���/LEUDU\�-RXUQDO����������������
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LQ�%ULGHVKHDG�5HYLVLWHG���5HOLJLRQ�DQG�WKH�$UWV�����������������

0LFKHO��$OH[DQGHU�DQG�0DUF�6KHU���������%UHDNLQJ�RI�/RUHQW]�,QYDULDQFH�LQ�(OHFWURQ�3URWRQ�3DULW\�9LRODWLRQ���3K\VLFDO
5HYLHZ�'�����������������

0R\HW��0DWWKHZ�$���6RILDQ�0��.DQDQ��+DQQDK�0��9DUQH\��1HGDO�$EX�)DUKD��'DYLV�%�*ROG��:LOOLDP�-��/DLQ��5REHUW�'�
3LNH��DQG�+RZDUG�+��3DWWHUVRQ���������6\QWKHVLV�DQG�&KDUDFWHUL]DWLRQ�RI��53K�3����>%L�,��@��5� �0H��3K�
,RGRELVPXWKDWH�&RPSOH[HV�IRU�3KRWRFDWDO\WLF�'HJUDGDWLRQ�RI�2UJDQLF�3ROOXWDQWV���5HVHDUFK�RQ�&KHPLFDO
,QWHUPHGLDWHV��������������������

0XOOHQ��3DWULFN�5���$VVHVVPHQW�LQ�&RXQVHOLQJ��3UDFWLFH�DQG�$SSOLFDWLRQV���0HDVXUHPHQW�DQG�(YDOXDWLRQ�LQ�&RXQVHOLQJ
DQG�'HYHORSPHQW�

0XUSK\��0���+��'DL��/��*X��'��$EUDPV��$��0��$QNRZVNL��%��$OMDZUQHK��6��$OVDOPL��HW�DO���������0HDVXUHPHQW�RI�WKH



&URVV�6HFWLRQV�IRU�,QFOXVLYH�(OHFWURQ�6FDWWHULQJ�LQ�WKH�(����������([SHULPHQW�DW�-HIIHUVRQ�/DE���3K\VLFDO
5HYLHZ�&�����������������

1R\FH��*HQHYLHYH�/���0DWWKHZ�/��.LUZDQ��5R\�/��5LFK��DQG�-��3DWULFN�0HJRQLJDO���������$V\QFKURQRXV�1LWURJHQ
6XSSO\�DQG�'HPDQG�3URGXFH�1RQOLQHDU�3ODQW�$OORFDWLRQ�5HVSRQVHV�WR�:DUPLQJ�DQG�(OHYDWHG�&2����3URFHHGLQJV
RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD�����������������������

2OXGLUDQ��$GHQUHOH��'DYLG�6��&RXUVRQ��0DOLD�'��6WXDUW��$QZDU�5��5DGZDQ��-RKQ�&��3RXWVPD��0\ULDP�/��&RWWHQ��DQG
(ULQ�%��3XUFHOO���������+RZ�2[\JHQ�$YDLODELOLW\�$IIHFWV�WKH�$QWLPLFURELDO�(IILFDF\�RI�+RVW�'HIHQVH�3HSWLGHV�
/HVVRQV�/HDUQHG�IURP�6WXG\LQJ�WKH�&RSSHU�%LQGLQJ�3HSWLGHV�3LVFLGLQV���DQG�����,QWHUQDWLRQDO�-RXUQDO�RI
0ROHFXODU�6FLHQFHV���������������

2UWK��5REHUW�-���:LOOLDP�&��'HQQLVRQ��&DVVLH�*XUELV]��0LFKDHO�+DQQDP��-HQL�.HLVPDQ��-��%URRNH�/DQGU\��-RQDWKDQ�6�
/HIFKHFN��HW�DO���/RQJ�7HUP�$QQXDO�$HULDO�6XUYH\V�RI�6XEPHUVHG�$TXDWLF�9HJHWDWLRQ��6$9��6XSSRUW�6FLHQFH�
0DQDJHPHQW��DQG�5HVWRUDWLRQ���(VWXDULHV�DQG�&RDVWV�

3DUNHU��-DQLVH�6���-RVH�0��&DVWLOOR��6XMD\�6DEQLV��-XOLH�'D\H��DQG�3DWULFLD�+DQVRQ���&XOWXUDOO\�5HVSRQVLYH�&RQVXOWDWLRQ
DPRQJ�3UDFWLFLQJ�6FKRRO�3V\FKRORJLVWV���-RXUQDO�RI�(GXFDWLRQDO�DQG�3V\FKRORJLFDO�&RQVXOWDWLRQ�

3HQJ��;LQFXQ��=KLGRQJ�:DQJ��<XQ�/LX��'HQQLV�0��0DQRV��0DWW�3RHONHU��0DUF\�6WXW]PDQ��%LQ�7DQJ��6KXNXL�=KDQJ�
DQG�-LMXQ�=RX���������2SWLFDO�5HVRQDQFH�(QKDQFHG�3KRWRHPLVVLRQ�IURP�1DQRVWUXFWXUHG�*D$V�3KRWRFDWKRGHV��
3K\VLFDO�5HYLHZ�$SSOLHG����������������

3HUHLUD��$OIUHGR�0���5XL�0��3HUHLUD��DQG�3HGUR�*��5RGULJXHV���������+HDOWK�&DUH�,QYHVWPHQWV�DQG�(FRQRPLF
3HUIRUPDQFH�LQ�3RUWXJDO��$Q�,QGXVWU\�/HYHO�$QDO\VLV���-RXUQDO�RI�(FRQRPLF�6WXGLHV�������������������

3HWW\��&��&���/��$EDGLH��7��:��$EUDPV��-��$KQ��7��$NL\DPD��3��$OH\QLNRY��-��$OOFRFN��HW�DO���������',,,�'�5HVHDUFK
7RZDUGV�(VWDEOLVKLQJ�WKH�6FLHQWLILF�%DVLV�IRU�)XWXUH�)XVLRQ�5HDFWRUV���1XFOHDU�)XVLRQ�����������������

3UHVWRQ��(PPD�*��DQG�(OL]DEHWK�%��5DSRVD���$�7ZR�:D\�6WUHHW��0HQWRU�6WUHVV�DQG�'HSUHVVLRQ�,QIOXHQFH�5HODWLRQDO
6DWLVIDFWLRQ�DQG�$WWDFKPHQW�LQ�<RXWK�0HQWRULQJ�5HODWLRQVKLSV���$PHULFDQ�-RXUQDO�RI�&RPPXQLW\�3V\FKRORJ\�

3VLKDV��)���(��1LQHU��0��*URK��5��0XUSK\��$��$XULVDQR��$��+LPPHO��.��/DQJ��0��'��0HVVLHU��$��5DGRYLF��DQG�$��6RXVD�
�������&RQWH[W�(QULFKHG�,GHQWLILFDWLRQ�RI�3DUWLFOHV�ZLWK�D�&RQYROXWLRQDO�1HWZRUN�IRU�1HXWULQR�(YHQWV���3K\VLFDO
5HYLHZ�'�����������������

5DKQ��-HQQLIHU��'DQD�:LOOQHU��-DPHV�'HYHULFN��3HWHU�.HPSHU��DQG�0DUJDUHW�6DKD���������,QFRUSRUDWLQJ�&RPSXWHU
3URJUDPPLQJ�	�'DWD�6FLHQFH�LQWR�D�*XLGHG�,QTXLU\�%DVHG�8QGHUJUDGXDWH�(FRORJ\�/DE���$PHULFDQ�%LRORJ\
7HDFKHU�����������������

5DQVRQH��-DFN�:���-HIIUH\�6FKPLGW��6FRWW�.��&UDZIRUG��DQG�-RKQ�:DONHU���������(IIHFW�RI�0DQXDO�&RPSUHVVLYH
7KHUDS\�RQ�/DWHQW�0\RIDVFLDO�7ULJJHU�3RLQW�3UHVVXUH�3DLQ�7KUHVKROGV���-RXUQDO�RI�%RG\ZRUN�DQG�0RYHPHQW
7KHUDSLHV�����������������

5HLV��+DUU\�7���-RKQ�%��1H]OHN��-HUU\�6XOV��DQG�.LSOLQJ�'��:LOOLDPV���������/DGG�:KHHOHU�������������,1
0(025,$0���$PHULFDQ�3V\FKRORJLVW�����������������

5LW]��0LNKDLOD�'���$OLVRQ�&��*HUKDUG��5REHUW�'��3LNH��DQG�'HERUDK�&��%HERXW���������6\QWKHVLV��6ROLG�6WDWH��6ROXWLRQ
DQG�(6,�06�6WXGLHV�RI�=LQF�,,��&OXVWHU�&RPSOH[HV�ZLWK�D�%UDQFKHG�0L[HG�'RQRU�7KLRODWH�/LJDQG���(XURSHDQ
-RXUQDO�RI�,QRUJDQLF�&KHPLVWU\����������������������

5REHUWV��(ULF�7���-HQQLIHU�0��0HOORU��0HOLVVD�0F,QHUQH\��DQG�/LQGVD\�0��6DELN���������6WDWH�9DULDWLRQ�LQ�WKH
&KDUDFWHULVWLFV�RI�0HGLFDUH�0HGLFDLG�'XDO�(QUROOHHV��,PSOLFDWLRQV�IRU�5LVN�$GMXVWPHQW���+HDOWK�6HUYLFHV
5HVHDUFK�������������������

5ROHN��0DUWLQ���7KH�([WUHPDO�)XQFWLRQ�IRU�.� PLQRUV���-RXUQDO�RI�*UDSK�7KHRU\�

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

5XJJHUR��&DPLOR�-���5RPDQ�.RWRY��&KULVWRSKHU�-��+RSZRRG��0LFKDHO�)LUVW��/HH�$QQD�&ODUN��$QGUHZ�(��6NRGRO�
6WHSKDQLH�1��0XOOLQV�6ZHDWW��HW�DO���������,QWHJUDWLQJ�WKH�+LHUDUFKLFDO�7D[RQRP\�RI�3V\FKRSDWKRORJ\��+L723�
LQWR�&OLQLFDO�3UDFWLFH���-RXUQDO�RI�&RQVXOWLQJ�DQG�&OLQLFDO�3V\FKRORJ\��������������������

6DQWLHVWHEDQ��6��1���6��$OVDOPL��'��0HHNLQV��&��$\HUEH�*D\RVR��-��%DQH��6��%DUFXV��-��&DPSEHOO��HW�DO���������'HQVLW\
&KDQJHV�LQ�/RZ�3UHVVXUH�*DV�7DUJHWV�IRU�(OHFWURQ�6FDWWHULQJ�([SHULPHQWV���1XFOHDU�,QVWUXPHQWV�	�0HWKRGV�LQ
3K\VLFV�5HVHDUFK�6HFWLRQ�$�$FFHOHUDWRUV�6SHFWURPHWHUV�'HWHFWRUV�DQG�$VVRFLDWHG�(TXLSPHQW��������������

6FKLHGHU��1DWKDOLH�:��DQG�0DWWKHZ�/��.LUZDQ���������6HD�/HYHO�'ULYHQ�$FFHOHUDWLRQ�LQ�&RDVWDO�)RUHVW�5HWUHDW��
*HRORJ\��������������������

6HLW]��5RFKHOOH�'���6WDF\�$JXLOHUD��0HJDQ�$��:RRG��DQG�5RPXDOG�1��/LSFLXV���������3URGXFWLRQ�DQG�9HUWLFDO
'LVWULEXWLRQ�RI�,QYHUWHEUDWHV�RQ�5LSUDS�6KRUHOLQHV�LQ�&KHVDSHDNH�%D\��$�1RYHO�5RFN\�,QWHUWLGDO�+DELWDW��
(VWXDULQH�&RDVWDO�DQG�6KHOI�6FLHQFH������8163��������

6KDGZLFN��(OL]DEHWK�+���0DUMRULH�$��0��)ULHGULFKV��5D\PRQG�*��1DMMDU��2OLYLD�$��'H�0HR��-DFO\Q�5��)ULHGPDQ��)HL�'D�
DQG�:LOOLDP�*��5HD\���+LJK�)UHTXHQF\�&2��6\VWHP�9DULDELOLW\�2YHU�WKH�:LQWHU�WR�6SULQJ�7UDQVLWLRQ�LQ�D�&RDVWDO
3ODLQ�(VWXDU\���-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�2FHDQV�

6LPRQV��(OL]DEHWK�6��DQG�0DUN�.��+LQGHUV���������$XWRPDWLF�&RXQWLQJ�RI�%LUGV�LQ�D�%LUG�'HWHUUHQFH�)LHOG�7ULDO��



(FRORJ\�DQG�(YROXWLRQ���������������������

6LPSVRQ��'\ODQ�7���0ROO\�6��7HDJXH��-RDQQD�.��:HHNV��%UHQW�=��.DXS��2OLYHU�.HUVFKHU��DQG�0DWWKLDV�/HX�������
�+DELWDW�$PRXQW��4XDOLW\��DQG�)UDJPHQWDWLRQ�$VVRFLDWHG�ZLWK�3UHYDOHQFH�RI�WKH�7LFN�%RUQH�3DWKRJHQ�(KUOLFKLD
&KDIIHHQVLV�DQG�2FFXSDQF\�'\QDPLFV�RI�LWV�9HFWRU��$PEO\RPPD�$PHULFDQXP���/DQGVFDSH�(FRORJ\���������
����������

6PRO\DQLQRYD��9HUD�1���:LOOLDP�.RU]L��:LOOLDP�=LPPHUPDQ��6DEULQD�6HDUIRVV��&KULVWRSKHU�-HQVHQ��*UDFH�<RQJ��'DYLG
6FKDHIHU��HW�DO���������6XSHUFRQGXFWLQJ�3URSHUWLHV�RI�7LQ�%DVHG�(1=�DQG�+\SHUEROLF�0HWDPDWHULDOV���3K\VLFD
&�6XSHUFRQGXFWLYLW\�DQG�LWV�$SSOLFDWLRQV������8163���������

6ROLV��-RQDWKDQ�$��DQG�,QDNL�6DJDU]D]X���7KH�0HGLD�6PHOOV�/LNH�6XOIXU����/HDGHUV�DQG�9HUEDO�$WWDFNV�$JDLQVW�WKH
)RXUWK�(VWDWH�LQ�8QFRQVROLGDWHG�'HPRFUDFLHV���3ROLWLFDO�&RPPXQLFDWLRQ�

6RQWDJ��3KLOLS�7���'HERUDK�.��6WHLQEHUJ��DQG�-RKQ�5��5HLQIHOGHU���������3DWWHUQV�RI�7RWDO�0HUFXU\�DQG�0HWK\OPHUFXU\
%LRDFFXPXODWLRQ�LQ�$QWDUFWLF�.ULOO��(XSKDXVLD�6XSHUED��$ORQJ�WKH�:HVW�$QWDUFWLF�3HQLQVXOD���6FLHQFH�RI�WKH
7RWDO�(QYLURQPHQW��������������

6WRZHOO��3���/��3LFNHULQJ��&��:LOOFLQVRQ��&��:UHW��)��$NEDU��'��$��$QGUDGH��0��$VFHQFLR�9���HW�DO���������7XQLQJ�WKH
*(1,(�3LRQ�3URGXFWLRQ�0RGHO�ZLWK�0,1(5Y$�'DWD���3K\VLFDO�5HYLHZ�'�����������������

6XQ��-LDQ��;LFKDQJ�=KDQJ��:HL]KL�4X��(XJHQL\�(��0LNKDLORY��,ULQD�1RYLNRYD��+HQJ�6KHQ��DQG�<DQKRQJ�;LDR�������
�6SDWLDO�0XOWLSOH[LQJ�RI�6TXHH]HG�/LJKW�E\�&RKHUHQFH�'LIIXVLRQ���3K\VLFDO�5HYLHZ�/HWWHUV������������������

6ZHQVRQ��3KLOLS�DQG�%UDGOH\�5HWWOHU���������%XQGOH�7KHRU\�DQG�WKH�,GHQWLW\�RI�,QGLVFHUQLEOHV���5HV�3KLORVRSKLFD���
�������������

7DOD��7���+��1RUGPDQ��$��6DOPL��&��%RXUGHOOH��-��&LWULQ��$��&]DUQHFND��)��(ULNVVRQ��HW�DO���������'HQVLW\�3HDNLQJ�LQ
-(7�'HWHUPLQHG�E\�)XHOOLQJ�2U�7UDQVSRUW"��1XFOHDU�)XVLRQ�����������������

7DQJ��-LHSLQJ��<D�3LQJ�:DQJ��4LQJJXDQJ�=KX��-LDQMXQ�-LD��-LOLDQ�;LRQJ��3HQJ�&KHQJ��+XL�:X��'H]KL�&KHQ��DQG�+DR
:X���������:LQWHU�6WRUPV�,QGXFHG�+LJK�6XVSHQGHG�6HGLPHQW�&RQFHQWUDWLRQ�$ORQJ�WKH�1RUWK�2IIVKRUH�6HDEHG
RI�WKH�&KDQJMLDQJ�(VWXDU\���(VWXDULQH�&RDVWDO�DQG�6KHOI�6FLHQFH������8163��������

7DUSOH\��'DQLHOOH�5��1���&RXUWQH\�.��+DUULV��&DUO�7��)ULHGULFKV��DQG�&KULVWRSKHU�5��6KHUZRRG���������7LGDO�9DULDWLRQ�LQ
&RKHVLYH�6HGLPHQW�'LVWULEXWLRQ�DQG�6HQVLWLYLW\�WR�)ORFFXODWLRQ�DQG�%HG�&RQVROLGDWLRQ�LQ�DQ�,GHDOL]HG��3DUWLDOO\
0L[HG�(VWXDU\���-RXUQDO�RI�0DULQH�6FLHQFH�DQG�(QJLQHHULQJ�������������

7R\��5HEHFFD�&DSRELDQFR���������0RQXPHQWDO�0RELOLW\��7KH�0HPRU\�:RUN�RI�0DVVDVRLW���:HVWHUQ�+LVWRULFDO
4XDUWHUO\�����������������

7UDYLV��&KULVWRSKHU�5���(OL]DEHWK�$��.LQJ��*LOOLDQ�+��*DXQW��DQG�'RXJODV�'��<RXQJ���*HQHWLF�(QFRGLQJ�RI�D
%LRFRQMXJDWLRQ�+DQGOH�IRU�>�����@�&\FORDGGLWLRQ�5HDFWLRQV���&KHPELRFKHP�

7XD]RQ��9LFWRU�(���(GLWK�*RQ]DOH]��'DQLHO�*XWLHUUH]��DQG�/RWHV�1HOVRQ���������&RORQLDO�0HQWDOLW\�DQG�0HQWDO�+HDOWK
+HOS�6HHNLQJ�RI�)LOLSLQR�$PHULFDQV���-RXUQDO�RI�&RXQVHOLQJ�DQG�'HYHORSPHQW�����������������

7XIDQR��0LFKHOH��&RG\�:DWVRQ��*DEULHOH�%DYRWD��0DVVLPLOLDQR�'L�3HQWD��0DUWLQ�:KLWH��DQG�'HQ\V�3RVK\YDQ\N�������
�$Q�(PSLULFDO�6WXG\�RQ�/HDUQLQJ�%XJ�)L[LQJ�3DWFKHV�LQ�WKH�:LOG�9LD�1HXUDO�0DFKLQH�7UDQVODWLRQ���$FP
7UDQVDFWLRQV�RQ�6RIWZDUH�(QJLQHHULQJ�DQG�0HWKRGRORJ\������������

7XUOH\��%UHQGDQ��.LPEHUO\�5HHFH��-LDQ�6KHQ��-HRQJ�+R�/HH��;LPLQJ�*XR��DQG�-DQ�0F'RZHOO���������0XOWLSOH�'ULYHUV
RI�,QWHUDQQXDO�2\VWHU�6HWWOHPHQW�DQG�5HFUXLWPHQW�LQ�WKH�/RZHU�&KHVDSHDNH�%D\���&RQVHUYDWLRQ�*HQHWLFV���
���������������

9DOGRU��3DORPD�)���$LQD�*��*RPH]��-RVH�$��-XDQHV��&DPLOOH�.HUOHJXHU��3HWHU�6WHLQEHUJ��(GZLQD�7DQQHU��&DWULRQD
0DF/HRG��HW�DO���������$�*OREDO�$WODV�RI�WKH�(QYLURQPHQWDO�5LVN�RI�0DULQDV�RQ�:DWHU�4XDOLW\���0DULQH�3ROOXWLRQ
%XOOHWLQ������8163��������

9DOHQFLD��(���'��-HQD��1XUX]]DPDQ��)��$NEDU��/��$OLDJD��'��$��$QGUDGH��0��$VFHQFLR�9���HW�DO���������&RQVWUDLQW�RI�WKH
0,1(5�1X�$�0HGLXP�(QHUJ\�1HXWULQR�)OX[�XVLQJ�1HXWULQR�(OHFWURQ�(ODVWLF�6FDWWHULQJ���3K\VLFDO�5HYLHZ�'����
������������

:DJQHU��1DWKDQLHO�-���3DWULFN�5��0XOOHQ��DQG�5DFKHO�$��6LPV���������3URIHVVLRQDO�&RXQVHORUV
�,QWHUHVW�LQ�&RXQVHOLQJ
2OGHU�$GXOWV���$GXOWVSDQ�-RXUQDO���������������

:DQJ��<XH\LQJ��*XDQQDQ�:DQJ��/L�:DQJ��DQG�5��7RGG�2JGHQ���6LPXOWDQHRXV�&RQILGHQFH�&RUULGRUV�IRU�0HDQ
)XQFWLRQV�LQ�)XQFWLRQDO�'DWD�$QDO\VLV�RI�,PDJLQJ�'DWD���%LRPHWULFV�

:DUJR��.DWDOLQ���$�&RQFHSWXDO�)UDPHZRUN�IRU�$XWKHQWLF�:ULWLQJ�$VVLJQPHQWV��$FDGHPLF�DQG�(YHU\GD\�0HHW���-RXUQDO
RI�$GROHVFHQW�	�$GXOW�/LWHUDF\�

:DUVKDIVN\��=RHPPD�7���7UR\�'��7XFNH\��:ROIJDQJ�.��9RJHOEHLQ��5REHUW�-��/DWRXU��DQG�$QGUHZ�5��:DUJR�������
�7HPSRUDO��6SDWLDO��DQG�%LRORJLFDO�9DULDWLRQ�RI�1HPDWRGH�(SLGHPLRORJ\�LQ�$PHULFDQ�(HOV���&DQDGLDQ�-RXUQDO�RI
)LVKHULHV�DQG�$TXDWLF�6FLHQFHV��������������������

:LOOLDPVRQ��0DWWKHZ�$���(ULFD�)OHLVKPDQ��5DOSK�&��0DF�1DOO\��-HDQQH�&��&KDPEHUV��%HWKDQ\�$��%UDGOH\��'DYLG�6�
'RENLQ��'DYLG�,��%RDUG��HW�DO���)LUH��/LYHVWRFN�*UD]LQJ��7RSRJUDSK\��DQG�3UHFLSLWDWLRQ�$IIHFW�2FFXUUHQFH�DQG
3UHYDOHQFH�RI�&KHDWJUDVV��%URPXV�7HFWRUXP��LQ�WKH�&HQWUDO�*UHDW�%DVLQ��86$���%LRORJLFDO�,QYDVLRQV�



;LDR��&KXQMLQJ��'DRMXQ�+DQ��<RQJVHQ�0D��DQG�=KLJXDQJ�4LQ���������&VL*$1��5REXVW�&KDQQHO�6WDWH�,QIRUPDWLRQ�
%DVHG�$FWLYLW\�5HFRJQLWLRQ�ZLWK�*$1V���,HHH�,QWHUQHW�RI�7KLQJV�-RXUQDO��������������������

;LRQJ��:���$��*DVSDULDQ��+��*DR��'��'XWWD��0��.KDQGDNHU��1��/L\DQDJH��(��3DV\XN��HW�DO���������$�6PDOO�3URWRQ
&KDUJH�5DGLXV�IURP�DQ�(OHFWURQ�3URWRQ�6FDWWHULQJ�([SHULPHQW���1DWXUH�������������������

;X��-XQ��<LIHL�0LFKHOOH�/LX��$QGUHZ�6��/LSWRQ��-LQ[LQJ�<H��*LQD�/��+RDWVRQ��3KLOOLS�-��0LOQHU��7KRPDV�0��0F'RQDOG��HW
DO���������$PLQH�'\QDPLFV�LQ�'LDPLQH�$SSHQGHG�PJ���'RESGF��0HWDO�2UJDQLF�)UDPHZRUNV���-RXUQDO�RI
3K\VLFDO�&KHPLVWU\�/HWWHUV��������������������

;X��;LDRZHQ��&DLWOLQ�0��%XUWRQ��DQG�-DVRQ�(��3ODNV���'LVWLQFW�7\SHV�RI�&RQVHUYDWLYH�$WWLWXGHV�0HGLDWH�WKH�/LQN
EHWZHHQ�0HGLD�3UHIHUHQFH�DQG�3UHVLGHQWLDO�&DQGLGDWH�(QGRUVHPHQW���0HGLD�3V\FKRORJ\�

<DQ��*XR\RQJ��0LQJ[LQ�=KRX��0LDR�:DQJ��6KLMLH�+DQ��*XDQFKHQJ�/LX��;LQ�=KDQJ��:HQMLQJ�6XQ��HW�DO�������
�1LWURJHQ�'HSRVLWLRQ�DQG�'HFUHDVHG�3UHFLSLWDWLRQ�$OWHUHG�1XWULHQW�)RUDJLQJ�6WUDWHJLHV�RI�7KUHH�7HPSHUDWH
7UHHV�E\�$IIHFWLQJ�5RRW�DQG�0\FRUUKL]DO�7UDLWV���&DWHQD������8163��������

<H��)HL��<LQJORQJ�-��=KDQJ��5XR\LQJ�+H��=KHQJXL�:DQJ��+DUU\�9��:DQJ��DQG�-LDEL�'X���������7KLUG�2UGHU�:(12
7UDQVSRUW�6FKHPH�IRU�6LPXODWLQJ�WKH�%DURFOLQLF�(GG\LQJ�2FHDQ�RQ�DQ�8QVWUXFWXUHG�*ULG���2FHDQ�0RGHOOLQJ�����
8163��������

<H��:HQMLH��<XH�'RQJ��DQG�3LHWHU�3HHUV���������,QWHUDFWLYH�&XUDWLRQ�RI�'DWDVHWV�IRU�7UDLQLQJ�DQG�5HILQLQJ�*HQHUDWLYH
0RGHOV���&RPSXWHU�*UDSKLFV�)RUXP�����������������

<RXQJ��-RVHSK�.��DQG�6WHYH�6KHOOPDQ���������3URWHVWRUV��7HUURULVWV�2U�6RPHWKLQJ�(OVH"�KRZ�WR�7KLQN�DERXW
'LVVLGHQW�*URXSV���&RQIOLFW�0DQDJHPHQW�DQG�3HDFH�6FLHQFH�����������������

=D\WVHYD��6RI\D��-XQSLQJ�6KL��DQG�/HDK�%��6KDZ���0RGHO�RI�3DWWHUQ�)RUPDWLRQ�LQ�0DUVK�(FRV\VWHPV�ZLWK�1RQORFDO
,QWHUDFWLRQV���-RXUQDO�RI�0DWKHPDWLFDO�%LRORJ\�

=KDQJ��=KLKDR��+DQQHV�&��6FKQLHSS��DQG�'RXJODV�+��$GDPVRQ���������&KDUDFWHUL]DWLRQ�RI�*UDSKHQH�2[LGH�
9DULDWLRQV�LQ�5HSRUWHG�$SSURDFKHV���&DUERQ��������������
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%LEOLRJUDSK\

$EERWW��%��3���5��$EERWW��7��'��$EERWW��6��$EUDKDP��)��$FHUQHVH��.��$FNOH\��&��$GDPV��HW�DO���������$�*XLGH�WR�/,*2�
9LUJR�'HWHFWRU�1RLVH�DQG�([WUDFWLRQ�RI�7UDQVLHQW�*UDYLWDWLRQDO�:DYH�6LJQDOV���&ODVVLFDO�DQG�4XDQWXP�*UDYLW\���
������������

$EORQGL��(LOHHQ�)���6XGLS�3DXGHO��0RUJDQ�6HKGHY��-RKQ�3��0DUNHQ��$QGUHZ�'��+DOOHUDQ��$WLTXU�5DKPDQ��3HWHU�.HPSHU�
DQG�0DUJDUHW�6��6DKD���������)OXRUHVFHQW�&DOFLXP�,PDJLQJ�DQG�6XEVHTXHQW�LQ�6LWX�+\EULGL]DWLRQ�IRU�1HXURQDO
3UHFXUVRU�&KDUDFWHUL]DWLRQ�LQ�;HQRSXV�/DHYLV���-RYH�-RXUQDO�RI�9LVXDOL]HG�([SHULPHQWV��������H������

$FNHUPDQ��-RVKXD�7���0DUN�3��+HU]RJ��'DYLG�&��(YHUV��'DQLHO�$��&ULVWRO��.HYLQ�3��.HQRZ��*DU\�+��+HLQ]��5DSKDHO�$�
/DYRLH��HW�DO���������6\QWKHVLV�RI�0DWHUQDO�7UDQVIHU�RI�0HUFXU\�LQ�%LUGV��,PSOLFDWLRQV�IRU�$OWHUHG�7R[LFLW\�5LVN��
(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\�������������������

$OOHQ��-RG\�/���������+RZ�GR�$FDGHPLF�,QVWLWXWLRQV�(YDOXDWH�WKHLU�+LVWRU\"�&DPSXV�&DVH�6WXGLHV�,��:LOOLDP�	�0DU\��
7KHRORJ\�7RGD\�����������������

$OPHLGD��7HUH]D��3HGUR�-��(VWHYHV��0DUWLQ�)��)ODMQLN��<XNR�2KWD��DQG�$QD�9HULVVLPR���������$Q�$QFLHQW��0+&�/LQNHG�
1RQFODVVLFDO�&ODVV�,�/LQHDJH�LQ�&DUWLODJLQRXV�)LVK���-RXUQDO�RI�,PPXQRORJ\������������������

$OSD\��'DQLHO��9ODGLPLU�%RORWQLNRY��DQG�'DYLG�6KRLNKHW���������3VHXGR�&RQWUDFWLRQV��5LJLGLW\��)L[HG�3RLQWV�DQG
5HODWHG�4XHVWLRQV���$QDO\VLV�DQG�0DWKHPDWLFDO�3K\VLFV�����������

$QGHUVRQ��-DFNVRQ�7���'DYLG�0��+DUULVRQ��.LPEHUO\�)��/XFKWHQEHUJ��DQG�0LFKDHO�-��6HLOHU���������/HJDO�9HUVXV
3V\FKRORJLFDO�&RQWUDFWV��:KHQ�GRHV�D�0RUWJDJH�'HIDXOW�6HWWOHPHQW�&RQWUDFW�%HFRPH�D�&RQWUDFW"��-RXUQDO�RI
5HDO�(VWDWH�)LQDQFH�DQG�(FRQRPLFV�

%DVLOHY��6��1���<X�3��%XVKXHY��2��3��*DYULVKFKXN��9��9��*ODJROHY��'��$��.LULOORY��1��9��.RVWD\HYD��$��'��.RYDOHQNR��HW�DO�
�������0HDVXUHPHQW�RI�1HXWURQ�DQG�3URWRQ�$QDO\]LQJ�3RZHUV�RQ�&��&+��&+��DQG�&X�7DUJHWV�LQ�WKH�0RPHQWXP
5HJLRQ�������*H9�F���(XURSHDQ�3K\VLFDO�-RXUQDO�D������������

%HFNHQVWHLQHU��-HQQLIHU��'DYLG�0��.DSODQ��DQG�$QGUHZ�0��6FKHOG���������%DUULHUV�WR�(DVWHUQ�2\VWHU�$TXDFXOWXUH
([SDQVLRQ�LQ�9LUJLQLD���)URQWLHUV�LQ�0DULQH�6FLHQFH�������

%HPLV��.DWKHULQH�(��DQG�(ULF�-��+LOWRQ���������7XQDV�DQG�%LOOILVKHV�RI�WKH�:RUOG���(QYLURQPHQWDO�%LRORJ\�RI�)LVKHV
�����������������

%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��������

%HUJDQ��:���0��-��)RUVWHU��9��.KDFKDWU\DQ��1��5LGHU��'��/��5XELQ��%��9ODKRYLF��DQG�%��:RMWVHNKRZVNL���������/LPLW�RQ
WKH�$QLVRWURS\�RI�WKH�2QH�:D\�0D[LPXP�$WWDLQDEOH�6SHHG�RI�WKH�(OHFWURQ���3K\VLFDO�5HYLHZ�'���������
�������

%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�����������

&DQLYH]��*DU\�/���5\DQ�-��0F*LOO��6WHIDQ�&��'RPEURZVNL��0DUOH\�:��:DWNLQV��$OLVRQ�(��3ULWFKDUG��DQG�/LVD�$�
-DFREVRQ���������&RQVWUXFW�9DOLGLW\�RI�WKH�:,6&�9�LQ�&OLQLFDO�&DVHV��([SORUDWRU\�DQG�&RQILUPDWRU\�)DFWRU
$QDO\VHV�RI�WKH����3ULPDU\�6XEWHVWV���$VVHVVPHQW�����������������

&DUOVRQ��7D\ORU�1���&KDUOHV�7��0F&OHDQ��DQG�-DLPH�(��6HWWOH���������)ROORZ�<RXU�+HDUW��&RXOG�3V\FKRSK\VLRORJ\�EH
$VVRFLDWHG�ZLWK�3ROLWLFDO�'LVFXVVLRQ�1HWZRUN�+RPRJHQHLW\"��3ROLWLFDO�3V\FKRORJ\�����������������

&DUQHLUR��0��)���'��5XWHUERULHV��=��$KPDG�'DU��)��$NEDU��'��$��$QGUDGH��0��$VFHQFLR�9���:��%DGJHWW��HW�DO�������
�+LJK�6WDWLVWLFV�0HDVXUHPHQW�RI�1HXWULQR�4XDVLHODVWLFOLNH�6FDWWHULQJ�DW���*H9�RQ�D�+\GURFDUERQ�7DUJHW��
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��������������������

&HWXN��+DQQDK��-RVHSK�0DUDPED��0DGRO\Q�%ULWW��5REHUW�.��(UQVW��(OOD�0LKDLOHVFX��0\ULDP�&RWWHQ��DQG�6HUJHL�,�
6XNKDUHY���������3LVFLGLQV�DW�0HPEUDQH�,QWHUIDFHV��3KRVSKROLSLGV�9HUVXV�/36���%LRSK\VLFDO�-RXUQDO���������
���$����$�

KWWS���ZZZ�UHIZRUNV�FRP�UHIZRUNV��GHIDXOW�DVS["U ILOH��JHWBILOH	ILOHB���

��RI�� ����������������$0



&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
6WDJH�6WUXFWXUH���&DOFXOXV�RI�9DULDWLRQV�DQG�3DUWLDO�'LIIHUHQWLDO�(TXDWLRQV������������

&KLHQ��0DR�7LQJ��&KL�.ZRQJ�/L��DQG�+LURVKL�1DND]DWR���������7KH�'LDPHWHU�DQG�:LGWK�RI�+LJKHU�5DQN�1XPHULFDO
5DQJHV���/LQHDU�	�0XOWLOLQHDU�$OJHEUD�

&RORQQD��)ODYLD�DQG�1DFLU�+PLGRXFK���������:HLJKWHG�&RPSRVLWLRQ�2SHUDWRUV�EHWZHHQ�:HLJKWHG�7\SH�6SDFHV�DQG
WKH�%ORFK�6SDFH�DQG�%02$���$GYDQFHV�LQ�2SHUDWRU�7KHRU\���������������

&RPHUW��)DWLK��)UDQN�+HLQULFK��$OH[DQGHU�*UHHQZRRG��9LWDOLL�,��6LOLQ��0\ULDP�&RWWHQ��DQG�(OOD�0LKDLOHVFX�������
�,QFUHDVHG�3RWHQF\�RI�$QWLPLFURELDO�3LVFLGLQV�LQ�WKH�3UHVHQFH�RI�&RSSHU��,,��&RUUHODWHV�'LUHFWO\�ZLWK�,QVHUWLRQ
'HSWK�DQG�2ULHQWDWLRQ�LQ�0HPEUDQHV���%LRSK\VLFDO�-RXUQDO�������������$����$�

&RQZD\��&KULVWRSKHU�&���5REHUW�'��/DW]PDQ��DQG�5REHUW�)��.UXHJHU���������$�0HWD�6WUXFWXUDO�0RGHO�RI�&RPPRQ
&OLQLFDO�'LVRUGHU�DQG�3HUVRQDOLW\�'LVRUGHU�6\PSWRPV���-RXUQDO�RI�3HUVRQDOLW\�'LVRUGHUV����������������

&RWWHQ��0\ULDP��6WHYHQ�3DUHGHV��6DUDK�.LP��$OH[DQGHU�*UHHQZRRG��<DZHL�;LRQJ��.DOLQD�+ULVWRYD��DQG�'DYLG�*LOHV�
�������(IIHFWV�RI�3RO\XQVDWXUDWHG�)DWW\�$FLGV�DQG�0HWDOODWLRQ�RQ�WKH�$QWLPLFURELDO�$FWLYLW\�DQG�0HPEUDQH�
'LVUXSWLYH�3URSHUWLHV�RI�+RVW�'HIHQVH�0HWDOORSHSWLGH�3,6&,',1�����%LRSK\VLFDO�-RXUQDO�������������$����$�

&URQLQ��0LFKDHO�3���������352'8&,1*�+,526+,0$�$1'�1$*$6$.,��/LWHUDWXUH��)LOP��DQG�7UDQVQDWLRQDO�3ROLWLFV��
3DFLILF�$IIDLUV�����������������

&URVV��7UDF\�/��DQG�-HQQLIHU�5LHGO�&URVV���������$Q�(FRORJLFDO�0RGHO�RI�6XLFLGDO�%HKDYLRU�DPRQJ�6WXGHQWV�ZLWK�*LIWV
DQG�7DOHQWV���+LJK�$ELOLW\�6WXGLHV�

&URVV��7UDF\�/���-HQQLIHU�5LHGO�&URVV��1DWDOL\D�'XGQ\WVND��0LK\HRQ�.LP��DQG�&ROLQ�7��9DXJKQ���������$�3V\FKRORJLFDO
$XWRSV\�RI�DQ�,QWHOOHFWXDOO\�*LIWHG�6WXGHQW�ZLWK�$WWHQWLRQ�'HILFLW�'LVRUGHU���5RHSHU�5HYLHZ�D�-RXUQDO�RQ�*LIWHG
(GXFDWLRQ��������������

'DO\��0LFKDHO�5��DQG�-HQQLIHU�0��0HOORU���������5DFLDO�DQG�(WKQLF�'LIIHUHQFHV�LQ�0HGLFDLG�$FFHSWDQFH�E\�3ULPDU\�&DUH
3K\VLFLDQV��$�*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\
,QGXVWU\�:DVWHZDWHU�RQ�7LGDO�&UHHN�'HQLWULILFDWLRQ���(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\�����������������

6KHHKL��6WHSKHQ���������7KH�5LJKW�WR�0DLP��'HELOLW\��&DSDFLW\��'LVDELOLW\���-RXUQDO�RI�0LGGOH�(DVW�:RPHQV�6WXGLHV
��������������

6LOVNL�'HYOLQ��$QJHOD�0���-DFRE�3��3HWHUVHQ��-RQDWKDQ�/LX��*ZHQG\ODQ�$��7XUQHU��-RKQ�&��3RXWVPD��DQG�6��$OH[
.DQGHO���������+\GURJHQ�%RQGHG�7HWUDPHUV�RI�&DUEDPD]HSLQH���-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�&���������
����������

6WRFNHU��%HQMDPLQ�'���+DQ�:DQJ��1LFKRODV�*��6PLWK��6DQG\�3��+DUULVRQ��7UHYRU�)��.HHQDQ��'DYLG�6DQGRYDO��7\OHU
'DYLV��DQG�,��&ROLQ�3UHQWLFH���������3�0RGHO�Y�����$Q�2SWLPDOLW\��%DVHG�/LJKW�XVH�(IILFLHQF\�0RGHO�IRU
6LPXODWLQJ�(FRV\VWHP�*URVV�3ULPDU\�3URGXFWLRQ���*HRVFLHQWLILF�0RGHO�'HYHORSPHQW�������������������

6ZHHQ\��%UHQGDQ�&���'DYLG�&��0F'RQDOG�,,��-RKQ�&��3RXWVPD��6KDXQ�*��$UG��$OEHUW�$��9LJJLDQR��DQG�1LFKRODV�6�
6KXPDQ���������5HGHILQLQJ�WKH�0HFKDQLVP�RI�2���(WFKLQJ�RI�$O�Q����6XSHUDWRPV��$Q�(DUO\�%DUULHU�&RQWUROV
5HDFWLYLW\��$QDORJRXV�WR�6XUIDFH�2[LGDWLRQ���-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�/HWWHUV�����������������

7DOERWW��(OL]DEHWK��-DLPH�/��=XUKHLGH��*HRUJH�.DUDEDWVRV��DQG�6NLS�.XPP���������6LPLODULW\�LQ�7HDFKHU�5DWLQJV�RI
WKH�([WHUQDOL]LQJ�%HKDYLRU�RI�7ZLQV��$�0HWD�$QDO\VLV���%HKDYLRUDO�'LVRUGHUV��8163������������������

7UHIHWKHQ��6WHSKHQ�DQG�&��5\DQ�9LQURRW���������$�&RPSXWDWLRQDO�$SSURDFK�WR�WKH�)UREHQLXV�6FKXU�,QGLFDWRUV�RI
)LQLWH�([FHSWLRQDO�*URXSV���,QWHUQDWLRQDO�-RXUQDO�RI�$OJHEUD�DQG�&RPSXWDWLRQ�����������������

8OOLQJHU��-DLPH��/HVOH\�*UHJRULFND��&KD\OHH�$UHOODQR��4XHQWLQ�%XUNH��9LFWRULD�&DOYLQ��&KDUOHV�'RZQH\��5DFKHO�+HLO�
$O\VVD�0FJUDWK��6LOYLR�(UQHVWR�0LUDEDO�7RUUHV��DQG�-HUHP\�6LPPRQV���������01,�DQG�6H[�(VWLPDWLRQ�LQ�7ZR
8PP�DQ�1DU�7RPEV�IURP�WKH�8$(���$PHULFDQ�-RXUQDO�RI�3K\VLFDO�$QWKURSRORJ\��������������

9DKDOD��*HRUJH��0LQ�6RH��DQG�/LQGD�9DKDOD���������4XELW�8QLWDU\�/DWWLFH�$OJRULWKP�IRU�6SLQ���%RVH�(LQVWHLQ
&RQGHQVDWHV��,,�9RUWH[�5HFRQQHFWLRQ�6LPXODWLRQV�DQG�1RQ�$EHODLQ�9RUWLFHV���5DGLDWLRQ�(IIHFWV�DQG�'HIHFWV�LQ
6ROLGV��������������������

9DKDOD��*HRUJH��/LQGD�9DKDOD��DQG�0LQ�6RH���������4XELW�8QLWDU\�/DWWLFH�$OJRULWKP�IRU�6SLQ���%RVH�(LQVWHLQ
&RQGHQVDWHV��,���7KHRU\�DQG�3DGH�,QLWLDO�&RQGLWLRQV���5DGLDWLRQ�(IIHFWV�DQG�'HIHFWV�LQ�6ROLGV�����������
��������

9DOGH]��6WHSKDQLH�5���<��6WDF\�=KDQJ��7MLVVH�YDQ�GHU�+HLGH��0DWKHZ�$��9DQGHUNOLIW��)ODYLD�7DUTXLQLR��5REHUW�-��2UWK�
DQG�%ULDQ�5��6LOOLPDQ���������3RVLWLYH�(FRORJLFDO�,QWHUDFWLRQV�DQG�WKH�6XFFHVV�RI�6HDJUDVV�5HVWRUDWLRQ��
)URQWLHUV�LQ�0DULQH�6FLHQFH�������

9DQFH��&KDG���������7KH�:RUOG�LV�D�1HFHVVDU\�EHLQJ���3KLORVRSKLD�����������������

:DUJR��.DWDOLQ���������$�&RQFHSWXDO�)UDPHZRUN�IRU�$XWKHQWLF�:ULWLQJ�$VVLJQPHQWV��$FDGHPLF�DQG�(YHU\GD\�0HHW��
-RXUQDO�RI�$GROHVFHQW�	�$GXOW�/LWHUDF\�����������������

:DUVKDIVN\��=RHPPD�7���6WHSKHQ�$��%XOODUG��:ROIJDQJ�.��9RJHOEHLQ��(PLO\�$��&KDQGOHU��DQG�0ROO\�(��/XWFDYDJH�
�������3UHYDOHQFH��,QWHQVLW\�DQG�3DWKRORJ\�RI�WKH�1DVDO�3DUDVLWH�1DVLFROD�+RJDQVL�LQ�$WODQWLF�%OXHILQ�7XQD
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�7KXQQXV�7K\QQXV����-RXUQDO�RI�)LVK�'LVHDVHV��������

:LEHUJ��3DWULFLD�/���6HUJLR�)DJKHUD]]L��DQG�0DWWKHZ�/��.LUZDQ���������,PSURYLQJ�3UHGLFWLRQV�RI�6DOW�0DUVK�(YROXWLRQ
WKURXJK�%HWWHU�,QWHJUDWLRQ�RI�'DWD�DQG�0RGHOV���$QQXDO�5HYLHZ�RI�0DULQH�6FLHQFH��9RO����������������

:LOOLDPV��'��-���(PLO\�(��3ULRU��DQG�-ROHQH�9LQFHQW���������3RVLWLYH�6H[XDOLW\�DV�D�*XLGH�IRU�/HLVXUH�5HVHDUFK�DQG
3UDFWLFH�$GGUHVVLQJ�6H[XDO�,QWHUHVWV�DQG�%HKDYLRUV���/HLVXUH�6FLHQFHV�

:LOOLDPV��.LHO�7���<XDQ�<DR��-LD�/L��/L�&KHQ��+DR�6KL��0DULR�0RWWD��&KXQ\DR�1LX��HW�DO���������'LUHFW�&RPSDULVRQ�RI
0DQ\�%RG\�0HWKRGV�IRU�5HDOLVWLF�(OHFWURQLF�+DPLOWRQLDQV���3K\VLFDO�5HYLHZ�;����������������

:ROQ\��-HQQLIHU�/���7RGG�$��(JHUWRQ��6DUD�0��+DQG\��:KLWQH\�/��6WXWWV��-XOLHWWH�/��6PLWK��(GZDUG�%��:KHUHDW��7VYHWDQ
5��%DFKYDURII��'DUUHQ�:��+HQULFKV��/LVD�&DPSEHOO��DQG�-RQDWKDQ�5��'HHGV���������&KDUDFWHUL]DWLRQ�RI
'LQRSK\VLV�6SS���'LQRSK\FHDH��'LQRSK\VLDOHV��IURP�WKH�0LG�$WODQWLF�5HJLRQ�RI�WKH�8QLWHG�6WDWHV���-RXUQDO�RI
3K\FRORJ\�

:ULJKW��0HOLVVD�$���7LPRWK\�.��0��%HDWW\��DQG�+D\OH\�+��&KRXLQDUG���������'R�)LUPV�/HYHUDJH�WKH�)'$�1XWULHQW
/DEHO�5RXQGLQJ�5XOHV�WR�*HQHUDWH�)DYRUDEOH�1XWULWLRQ�)DFW�3DQHOV�2U�+HDOWK�&ODLPV"��)RRG�3ROLF\������������

;X��<L��)HUQDQGR�-��3OD]D��;X�/LDQJ��7\OHU�:��'DYLV��-XGRGLQH�1LFKROV��-DZ�.��)X��DQG�3HWHU�.RUDQFKLH�%RDK���������$
+\GUR�7KHUPDO�*HRFKHPLFDO�0RGHOLQJ�)UDPHZRUN�WR�6LPXODWH�5HDFWLYH�7UDQVSRUW�LQ�D�:DVWH�&RDO�$UHD�8QGHU
$PHQGHG�DQG�1RQ�$PHQGHG�&RQGLWLRQV���+HOL\RQ��������H������

<DQJ��6KL�/XQ��;LDQJ[LQ�/XR��6WLMQ�7HPPHUPDQ��0DWWKHZ�.LUZDQ��7MHHUG�%RXUQD��.HKXL�;X��6DLVDL�=KDQJ��HW�DO�
�������5ROH�RI�'HOWD�)URQW�(URVLRQ�LQ�6XVWDLQLQJ�6DOW�0DUVKHV�8QGHU�6HD�/HYHO�5LVH�DQG�)OXYLDO�6HGLPHQW
'HFOLQH���/LPQRORJ\�DQG�2FHDQRJUDSK\�

<H��)HL��<LQJORQJ�-��=KDQJ��+DRFKHQJ�<X��:HLOLQJ�6XQ��6DHHG�0RJKLPL��(GZDUG�0\HUV��.DULQQD�1XQH]��HW�DO�������
�6LPXODWLQJ�6WRUP�6XUJH�DQG�&RPSRXQG�)ORRGLQJ�(YHQWV�ZLWK�D�&UHHN�WR�2FHDQ�0RGHO��,PSRUWDQFH�RI
%DURFOLQLF�(IIHFWV���2FHDQ�0RGHOOLQJ�������������

=KDQJ��<LQJORQJ�-���1DWKDQ�*HUGWV��(OL�$WHOMHYLFK��DQG�.LMLQ�1DP���������6LPXODWLQJ�9HJHWDWLRQ�(IIHFWV�RQ�)ORZV�LQ
�'�XVLQJ�DQ�8QVWUXFWXUHG�*ULG�0RGHO��0RGHO�'HYHORSPHQW�DQG�9DOLGDWLRQ���2FHDQ�'\QDPLFV�����������������

=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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%LEOLRJUDSK\

$FFLDUUL��5���&��$GDPV��-��$��$VDDGL��0��%DFNILVK��:��%DGJHWW��%��%DOOHU��2��%HQHYLGHV�5RGULJXHV��HW�DO���������7KH
/LTXLG�$UJRQ�LQ�$�7HVWEHDP��/$U,$7��([SHULPHQW���-RXUQDO�RI�,QVWUXPHQWDWLRQ���������3������

$FHUR��0��$���3��$GDPVRQ��/��$OLDJD��7��$OLRQ��9��$OODNKYHUGLDQ��1��$QILPRY��$��$QWRVKNLQ��HW�DO���������6HDUFK�IRU
0XOWLPHVVHQJHU�6LJQDOV�LQ�12Y$�&RLQFLGHQW�ZLWK�/,*2�9LUJR�'HWHFWLRQV���3K\VLFDO�5HYLHZ�'������������������

$IDQDVHY��$QGUHL��&DUO�(��&DUOVRQ��DQG�+DR�:DQJ���������3RODUL]DWLRQ�7UDQVIHU�IURP�WKH�7ZLVWHG�/LJKW�WR�DQ�$WRP��
-RXUQDO�RI�2SWLFV����������������

$NVHQRYD��0DULQD�DQG�$PEHU�1��5LHII���������6HWWLQJ�WKH�6FHQH��7KH�XVH�RI�$UW�WR�3URPRWH�5HFRQFLOLDWLRQ�LQ
,QWHUQDWLRQDO�&ULPLQDO�-XVWLFH���/HLGHQ�-RXUQDO�RI�,QWHUQDWLRQDO�/DZ�����������������

$OL��$���)��%DUERVD��-��%HVVXLOOH��(��&KXGDNRY��5��']K\JDGOR��&��)DQHOOL��-��)U\H��HW�DO���������7KH�*/8(;�',5&
3URJUDP���-RXUQDO�RI�,QVWUXPHQWDWLRQ���������&������

$QGHUVRQ��%URRNH�1���$PHOLD�0��:HLVVPDQ��%UHWW�6ZHH]H\��-RKQ�0DQGHOPDQ��'DYLG�%��5XGGHUV��DQG�-DPHV�$�
6XOLNRZVNL���������%\FDWFK�LQ�D�&RPPHUFLDO�/REVWHU�)LVKHU\��(IIHFWV�RQ�7ZR�%HQWKLF�3UHGDWRUV��6HD�5DYHQ�DQG
/RQJKRUQ�6FXOSLQ���0DULQH�DQG�&RDVWDO�)LVKHULHV�����������������

$QGURLF��'���'��6��$UPVWURQJ��$��$VDWXU\DQ��.��%DUWOHWW��5��6��%HPLQLZDWWKD��-��%HQHVFK��)��%HQPRNKWDU��HW�DO�������
�3DULW\�9LRODWLQJ�,QHODVWLF�(OHFWURQ�3URWRQ�6FDWWHULQJ�DW�/RZ�4����$ERYH�WKH�5HVRQDQFH�5HJLRQ���3K\VLFDO
5HYLHZ�&�����������������

$UDL��.RKPD��-RKQ�(��*UDYHV��DQG�'DYLG�+��6HFRU���������6XE�$QQXDO�&RKRUW�5HSUHVHQWDWLRQ�DPRQJ�<RXQJ�RI�WKH�
<HDU�5HFUXLWV�RI�WKH�:HVWHUQ�6WRFN�RI�$WODQWLF�%OXHILQ�7XQD���)LVKHULHV�5HVHDUFK�������������

$VU\DQ��*���6K�&KDQGDYDU��7��&KHWU\��1��&RPSWRQ��$��'DQLHO��1��'DVK\DQ��1��*HYRUJ\DQ��HW�DO���������7KH�&/$6��
)RUZDUG�(OHFWURPDJQHWLF�&DORULPHWHU���1XFOHDU�,QVWUXPHQWV�	�0HWKRGV�LQ�3K\VLFV�5HVHDUFK�6HFWLRQ
$�$FFHOHUDWRUV�6SHFWURPHWHUV�'HWHFWRUV�DQG�$VVRFLDWHG�(TXLSPHQW�������������

%DR��+DQ��-XQOHL�'XDQ��6KHQFKDR�-LQ��;LQJGD�/X��3HQJ[LRQJ�/L��:HL]KL�4X��0LQJIHQJ�:DQJ��HW�DO���������6SLQ
6TXHH]LQJ�RI��������$WRPV�E\�3UHGLFWLRQ�DQG�5HWURGLFWLRQ�0HDVXUHPHQWV���1DWXUH�������������������

%HDFK��%ULDQ�DQG�:DONHU�+DQORQ���������&HQVRUVKLS��)DPLO\�3ODQQLQJ��DQG�WKH�+LVWRULFDO�)HUWLOLW\�7UDQVLWLRQ���-RXUQDO
RI�(FRQRPLF�+LVWRU\�����������������

%HPLV��.DWKHULQH�(���-DPHV�&��7\OHU��3HWHU�1��3VRPDGDNLV��/DXUHQ�1HZHOO�)HUULV��DQG�$SSXNXWWDQQDLU�%LMX�.XPDU�
�������5HYLHZ�RI�WKH�,QGLDQ�2FHDQ�6SLNHILVK�*HQXV�0HSKLVWR��7HWUDRGRQWLIRUPHV��7ULDFDQWKRGLGDH����=RRWD[D
����������������

%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�����������������

%HUU\��-DPHV��6DXUDEK�0HKWD��3UL\D�0XNKHUMHH��+DQQDK�5XHEHFN��DQG�*DXUL�.DUWLQL�6KDVWU\���������,PSOHPHQWDWLRQ
DQG�(IIHFWV�RI�,QGLD
V�1DWLRQDO�6FKRRO�%DVHG�,URQ�6XSSOHPHQWDWLRQ�3URJUDP���-RXUQDO�RI�'HYHORSPHQW
(FRQRPLFV������8163��������

%LDV��6KHUL�.���-XVWLQ�7��%LDV��DQG�.LPEHUO\�%HFNHUGLWH���������0HDVXULQJ�&RPSHWHQFLHV�%XLOW�WKURXJK�3DUWLFLSDWLRQ�LQ
2G\VVH\�RI�WKH�0LQG��$�6WXG\�RI�D�5HJLRQ�LQ�D�6RXWKHUQ�6WDWH���-RXUQDO�RI�(GXFDWLRQ�8V������������������

%ODFNVKDZ��.��-DFRE��0DUFXV�0DUUDFFL��5REHUW�7��.RUE��1DD�.ZDUOH\�4XDUWH\��$QQDOLVH�.��$MPDQL��'DYLG�-��+RRG�
&KULVWRSKHU�-��$EHOW��HW�DO���������'\QDPLFDO�6LJQDWXUHV�IURP�&RPSHWLQJ��1RQDGLDEDWLF�)UDJPHQWDWLRQ
3DWKZD\V�RI�6�1LWURVRWKLRSKHQRO���3K\VLFDO�&KHPLVWU\�&KHPLFDO�3K\VLFV����������������������

%ODNH\��0LFKDHO�/���������2Q�WKH�%LRGHWHUPLQLVWLF�,PDJLQDWLRQ���$UFKDHRORJLFDO�'LDORJXHV��������������

²²²���������7KH�6WUDQJH�$IWHUOLIH�RI�%LRGHWHUPLQLVWLF�,PDJLQDWLRQ�5HVSRQVH���$UFKDHRORJLFDO�'LDORJXHV��������
������

%ORNKXLV��-��&���-DLPH�$KOEHUJ��&KDUOHV�/��+RZHOO��%HQMDPLQ�-XVWLFH��0LFKDHO�6��0HUU\��6LJDO�%HQ�3RUDWK��0LFKDHO
-RKDQHN��-DPHV�*��'Z\HU��DQG�6KDZQ�)��3HWHUV���'RXEOH�%RRN�6\PSRVLXP���7KHRU\�DQG�5HVHDUFK�LQ�(GXFDWLRQ�
8163������������������

%RORWQLNRY��9ODGLPLU���/DJUDQJH�,QWHUSRODWLRQ�2YHU�'LYLVLRQ�5LQJV���&RPPXQLFDWLRQV�LQ�$OJHEUD�

%RZHUV��'��*��DQG�-��0��%UXEDNHU���3URYLGHQWLDO�7LGHV��7KH�'RXEOH�/RZ�:DWHU�RI�1DUUDJDQVHWW�%D\���(VWXDULHV�DQG
&RDVWV�

%UDPDQ��7DQQHU��/\GLD�'ROYLQ��&RUH\�7KUDVKHU��+RQJPLQ�<X��(PPD�:DOKRXW��DQG�5DFKHO�(��2
%ULHQ���������)UHVK
9HUVXV�3KRWR�5HFDOFLWUDQW�6HFRQGDU\�2UJDQLF�$HURVRO��(IIHFWV�RI�2UJDQLF�0L[WXUHV�RQ�$TXHRXV
3KRWRGHJUDGDWLRQ�RI���1LWURSKHQRO���(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\�/HWWHUV����������������

%UHQQDQ��-DVRQ�DQG�&KULVWRSKHU�)UHLPDQ���0RUDO�3KLORVRSK\
V�0RUDO�5LVN���5DWLR�

%XUNHUW��9��'���/��(ORXDGUKLUL��.��3��$GKLNDUL��6��$GKLNDUL��0��-��$PDU\DQ��'��$QGHUVRQ��*��$QJHOLQL��HW�DO���������7KH
&/$6���6SHFWURPHWHU�DW�-HIIHUVRQ�/DERUDWRU\���1XFOHDU�,QVWUXPHQWV�	�0HWKRGV�LQ�3K\VLFV�5HVHDUFK�6HFWLRQ
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��RI�� �����������������$0



$�$FFHOHUDWRUV�6SHFWURPHWHUV�'HWHFWRUV�DQG�$VVRFLDWHG�(TXLSPHQW�������������

%XUUHVRQ��(XJHQH�0���������0DULQH�DQG�(VWXDULQH�/HHFKHV��+LUXGLQLGD���2]REUDQFKLGDH�DQG�3LVFLFROLGDH��RI�$XVWUDOLD
DQG�1HZ�=HDODQG�ZLWK�D�.H\�WR�WKH�6SHFLHV���,QYHUWHEUDWH�6\VWHPDWLFV�����������������

%XWOHU��-D\���������7KH�&RUSRUDWH�.HHSHUV�RI�,QWHUQDWLRQDO�/DZ���$PHULFDQ�-RXUQDO�RI�,QWHUQDWLRQDO�/DZ���������
��������

&DJOH��*���4��/LQ��6��$��*UDKDP��,��0HQGHOVVRKQ��-��:��)OHHJHU��'��'HLV��'��6��-RKQVRQ��-��=KRX��DQG�$��+RX�������
�3ODQWLQJ�6SDUWLQD�$OWHUQLIORUD�LQ�D�6DOW�0DUVK�'HQXGHG�RI�9HJHWDWLRQ�E\�DQ�2LO�6SLOO�,QGXFHV�D�5DSLG�5HVSRQVH
LQ�WKH�6RLO�0LFURELDO�&RPPXQLW\���(FRORJLFDO�(QJLQHHULQJ�������������

&DL��7���;�*�/X��/��$��+DUHZRRG��&��:UHW��)��$NEDU��'��$��$QGUDGH��0��$VFHQFLR�9���HW�DO���������1XFOHRQ�%LQGLQJ
(QHUJ\�DQG�7UDQVYHUVH�0RPHQWXP�,PEDODQFH�LQ�1HXWULQR�1XFOHXV�5HDFWLRQV���3K\VLFDO�5HYLHZ�'���������
�������

&DQLYH]��*DU\�/���5\DQ�-��0F*LOO��DQG�6WHIDQ�&��'RPEURZVNL���)DFWRU�6WUXFWXUH�RI�WKH�'LIIHUHQWLDO�$ELOLW\�6FDOHV�
6HFRQG�(GLWLRQ�&RUH�6XEWHVWV��6WDQGDUGL]DWLRQ�6DPSOH�&RQILUPDWRU\�)DFWRU�$QDO\VHV���-RXUQDO�RI
3V\FKRHGXFDWLRQDO�$VVHVVPHQW�������������������

&DR��1LQJSLQJ��'DYLG�:��.ULEV��&KL�.ZRQJ�/L��0LNH�1HOVRQ�,���<LX�7XQJ�3RRQ��DQG�%HL�=HQJ���+LJKHU�5DQN�0DWULFLDO
5DQJHV�DQG�+\EULG�4XDQWXP�(UURU�&RUUHFWLRQ���/LQHDU�	�0XOWLOLQHDU�$OJHEUD�

&DURQH��&KULVWRSKHU�'��DQG�0DUFR�0HUFKDQG���������7�
�0RGHOV�ZLWK�+LJK�4XDOLW\�)OD[LRQV���3K\VLFDO�5HYLHZ�'����
�������������

&DUYHU��/DXUHQ�DQG�'LNW\V�6WUDWDNLV���������5HDOLVWLF�0RGHOLQJ�RI�D�3DUWLFOH�0DWWHU�,QWHUDFWLRQ�6\VWHP�IRU�&RQWUROOLQJ
WKH�0RPHQWXP�6SUHDG�RI�0XRQ�%HDPV���1XFOHDU�,QVWUXPHQWV�	�0HWKRGV�LQ�3K\VLFV�5HVHDUFK�6HFWLRQ
$�$FFHOHUDWRUV�6SHFWURPHWHUV�'HWHFWRUV�DQG�$VVRFLDWHG�(TXLSPHQW�������������

&HWXN��+DQQDK��-RVHSK�0DUDPED��0DGRO\Q�%ULWW��$OLVRQ�-��6FRWW��5REHUW�.��(UQVW��0LKDHOD�0LKDLOHVFX��0\ULDP�/�
&RWWHQ��DQG�6HUJHL�6XNKDUHY���������'LIIHUHQWLDO�,QWHUDFWLRQV�RI�3LVFLGLQV�ZLWK�3KRVSKROLSLGV�DQG
/LSRSRO\VDFFKDULGHV�DW�0HPEUDQH�,QWHUIDFHV���/DQJPXLU��������������������

&KHQ��*DQJ��.XQZDU�.��6LQJK��-DLPH�/RSH]��DQG�<X\X�=KRX���������7UHH�&DQRS\�&RYHU�DQG�&DUERQ�'HQVLW\�DUH
'LIIHUHQW�3UR[\�,QGLFDWRUV�IRU�$VVHVVLQJ�WKH�5HODWLRQVKLS�EHWZHHQ�)RUHVW�6WUXFWXUH�DQG�8UEDQ�6RFLRHFRORJLFDO
&RQGLWLRQV���(FRORJLFDO�,QGLFDWRUV�������������

&KHQ��/LO\��0LQJIDQJ�+XDQJ��*H[LQ�<X��DQG�;LDQJTLDQ�=KRX���������7KH�6WURQJ�(GJH�&RORULQJ�IRU�*UDSKV�ZLWK�6PDOO
(GJH�:HLJKW���'LVFUHWH�0DWKHPDWLFV����������8163��������

&KHQ��6KDQVKDQ��-XQSLQJ�6KL��=KLVKHQJ�6KXDL��DQG�<L[LDQJ�:X���������$V\PSWRWLF�3URILOHV�RI�WKH�6WHDG\�6WDWHV�IRU
DQ�6,6�(SLGHPLF�3DWFK�0RGHO�ZLWK�$V\PPHWULF�&RQQHFWLYLW\�0DWUL[���-RXUQDO�RI�0DWKHPDWLFDO�%LRORJ\��������
����������

&LVEDQL��(���$��'HO�'RWWR��&��)DQHOOL��0��:LOOLDPV��0��$OIUHG��)��%DUERVD��/��%DULRQ��HW�DO���������$,�2SWLPL]HG�'HWHFWRU
'HVLJQ�IRU�WKH�)XWXUH�(OHFWURQ�,RQ�&ROOLGHU��7KH�'XDO�5DGLDWRU�5,&+�&DVH���-RXUQDO�RI�,QVWUXPHQWDWLRQ��������
3������

&RQUDG��=DFK���������'DLO\�&RVW�RI�&RQVXPHU�)RRG�:DVWHG��,QHGLEOH��DQG�&RQVXPHG�LQ�WKH�8QLWHG�6WDWHV�
������������1XWULWLRQ�-RXUQDO������������

&URQLQ��0LFKDHO�3���0RGHUQ�.\RWR��%XLOGLQJ�IRU�&HUHPRQ\�DQG�&RPPHPRUDWLRQ��������������-DSDQHVH�6WXGLHV�

&UX]�7RUUHV��5���'��1JX\HQ��)��+DXHQVWHLQ��$��6FKPLGW��6��/L��'��$EUDPV��+��$OEDWDLQHK��HW�DO���������3URELQJ�)HZ�
%RG\�1XFOHDU�'\QDPLFV�9LD�+���DQG�+H����H�H�
�S�3Q�&URVV�6HFWLRQ�0HDVXUHPHQWV���3K\VLFDO�5HYLHZ�/HWWHUV
�����������������

GD�&RVWD��)L]��$QD�&HUYLQR�2WHUR��2VFDU�,JOHVLDV��$QGUHLD�&UX]��DQG�(ULF�*XHYHORX���+DWFKHU\�&XOWXUH�RI�(XURSHDQ
&ODP�6SHFLHV��)DPLO\�9HQHULGDH����$TXDFXOWXUH�,QWHUQDWLRQDO�

'RODQ��&DUULH�%��DQG�.DFL�.HQQHG\�0F'DGH���������3XOOLQJ�WKH�3XUVH�6WULQJV��$UH�WKHUH�6HFWRUDO�'LIIHUHQFHV�LQ
3ROLWLFDO�3UHIHUHQFLQJ�RI�&KLQHVH�$LG�WR�$IULFD"��3ORV�2QH���������H��������

)DLORQ��&DUROLQH�0DFNHQ]LH��6HULQD�6HELOLDQ�:LWW\QJKDP��DQG�'DYLG�6DPXHO�-RKQVRQ���(FRORJLFDO�$VVRFLDWLRQV
RI/LWWRUDULD�LUURUDWDZLWK6SDUWLQD�F\QRVXURLGHVDQG6SDUWLQD�$OWHUQLIORUD���:HWODQGV�

)DUEHU��5HEHFFD��(PPD�:HGHOO��/XNH�+HUFKHQURHGHU��&KHU\O�/��'LFNWHU��0DWWKHZ�5��3HDUVRQ��DQG�$GULDQ�-��%UDYR�
�0LFURDJJUHVVLRQV�DQG�3V\FKRORJLFDO�+HDOWK�DPRQJ�&ROOHJH�6WXGHQWV��$�0RGHUDWHG�0HGLDWLRQ�0RGHO�RI
5XPLQDWLRQ�DQG�6RFLDO�6WUXFWXUH�%HOLHIV���-RXUQDO�RI�5DFLDO�DQG�(WKQLF�+HDOWK�'LVSDULWLHV�

)HUUHLUD��3��0��DQG�0DUF�6KHU���������6XSSUHVVLRQ�RI�WKH�+LJJV�%RVRQ�'LPXRQ�'HFD\���3K\VLFDO�5HYLHZ�'���������
�������

)LONLQV��$���'��5XWHUERULHV��<��/LX��=��$KPDG�'DU��)��$NEDU��2��$OWLQRN��'��$��$QGUDGH��HW�DO���������'RXEOH�'LIIHUHQWLDO
,QFOXVLYH�&KDUJHG�&XUUHQW�Y�0X���&URVV�6HFWLRQV�RQ�+\GURFDUERQ�LQ�0,1(5Y$�DW�6LPLODU�WR�����*H9���3K\VLFDO
5HYLHZ�'������������������

)LVKHU��/RXLV���������7KH�3ROLWLFV�RI�:DU�3RZHUV��7KH�7KHRU\�DQG�+LVWRU\�RI�3UHVLGHQWLDO�8QLODWHUDOLVP���3UHVLGHQWLDO
6WXGLHV�4XDUWHUO\�����������������
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)ODQLJDQ��-HVVLFD�DQG�&KULVWRSKHU�)UHLPDQ���������'UXJ�:DU�5HSDUDWLRQV���5HV�3KLORVRSKLFD�����������������

*DQL��<RKDQHV�6���(ULF�-��:DOWHU��DQG�(QULFR�5RVVL���������3UR[LPLW\�,QGXFHG�6SLQ�2UELW�6SOLWWLQJ�LQ�*UDSKHQH
1DQRULEERQV�RQ�7UDQVLWLRQ�0HWDO�'LFKDOFRJHQLGHV���3K\VLFDO�5HYLHZ�%������������������

*HUW��-RVKXD���������5HYHQJH�LV�6ZHHW���3KLORVRSKLFDO�6WXGLHV������������������

*KRUDVKL��6D\HG�$OL�$NEDU��-RQDV�)��.DUFKHU��6HWK�0��'DYLV��DQG�0DWWKHZ�6��)RVWHU���������&ULWLFDOLW\�$FURVV�WKH
(QHUJ\�6SHFWUXP�IURP�5DQGRP�$UWLILFLDO�*UDYLWDWLRQDO�/HQVLQJ�LQ�7ZR�'LPHQVLRQDO�'LUDF�6XSHUFRQGXFWRUV��
3K\VLFDO�5HYLHZ�%������������������

*RHO]��7D\ORU��%UXFH�9RJW��DQG�7UR\�+DUWOH\���������$OWHUQDWLYH�6XEVWUDWHV�XVHG�IRU�2\VWHU�5HHI�5HVWRUDWLRQ��$
5HYLHZ���-RXUQDO�RI�6KHOOILVK�5HVHDUFK��������������

*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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