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XVLQJ�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�P HWKRGV��DORQJ�Z LWK�$,�WRROV�
WKUHH� DJJUHJDWHG� OLVWV� RI� JRRG� SUDFWLFH� SURMHFWV� Z HUH� LGHQWLILHG�� 7KH
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7KLV� FXUDWHG� VHOHFWLRQ� RI� ( UDVP XV� � DQG� ( XURSHDQ� 6ROLGDULW\ � &RUSV
SURMHFWV� IHDWXUHV� JRRG� SUDFWLFH� SURMHFWV� IURP � DFURVV� SURJUDP P H
FRXQWULHV�LQ�HGXFDWLRQ��WUDLQLQJ��DQG�\ RXWK�VHFWRUV��Z LWK�D�FOHDU�IRFXV
RQ� WKH� KRUL] RQWDO� GLJLWDO� SULRULW\ �� ( [ SORUH� KRZ � ( UDVP XV� � DQG
( XURSHDQ� 6ROLGDULW\ � &RUSV� SURMHFWV� DUH� DFWLYHO\ � WXUQLQJ� WKH� ' LJLWDO
7UDQVIRUP DWLRQ�SULRULW\ �LQWR�DFWLRQ�

,Q� WKH� DQDO\ VLV�� HDFK� SURMHFW� Z DV� H[ DP LQHG� DFURVV� � � � IRFXV
DUHDV� DOLJQHG� Z LWK� WKH� REMHFWLYHV� RI� WKH� ' LJLWDO� ( GXFDWLRQ
$FWLRQ� 3ODQ�� 7KH� DQDO\ VLV� Z DV� IXUWKHU� VWUXFWXUHG� DURXQG� ILYH
NH\ � GLP HQVLRQV�� ' LJLWDO� 7UDQVIRUP DWLRQ�� ' LJLWDO� 6NLOOV�� ' LJLWDO
( FRV\ VWHP �� ' LJLWDO� 3HGDJRJ\ �� DQG� 6\ QHUJLHV� Z LWK� 2 WKHU
3ULRULWLHV��SURYLGLQJ�D�XQLTXH�SHUVSHFWLYH�RQ�HDFK�SURMHFW�DQG
LWV�GHP RQVWUDWHG�JRRG�SUDFWLFHV�
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�P�H�D�Q�L�Q�J�I�X�O���D�F�W�L�R�Q�����$�G�G�L�W�L�R�Q�D�O�O�\�����I�L�Y�H���V�R�O�L�G�D�U�L�W�\���S�U�R�M�H�F�W�V���D�U�H���G�H�U�L�Y�H�G
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7KLV�VWXG\ �UHSUHVHQWV�DQ�LQLWLDO�DWWHP SW�WR�LQWHUSUHW�SXEOLFO\ �DYDLODEOH�ODUJH�VFDOH�SURMHFW�GDWD
E\ �FRP ELQLQJ�$,�WRROV�Z LWK�WUDGLWLRQDO�UHVHDUFK�P HWKRGV��$OO�DQDO\ VHV�DQG�ILQGLQJV�DUH�EDVHG
VROHO\ �RQ�SXEOLFO\ �DYDLODEOH�UDZ �SURMHFW�GDWD��Z KLFK�P D\ �FRQWDLQ�LQDFFXUDFLHV��JDSV��RU�RWKHU
GHILFLHQFLHV�WKDW�FRXOG�DIIHFW�UHVXOWV�
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�5�H�V�X�O�W�V���R�I���W�K�H���$�Q�D�O�\�V�L�V���R�Q���*�R�R�G���3�U�D�F�W�L�F�H�V���R�I���W�K�H���' �L�J�L�W�D�O���3�U�L�R�U�L�W�\

$P RQJ�WKH�. $� �SURMHFWV�H[ DP LQHG��WKH�DYDLODEOH�HYLGHQFH�IRFXVHV�P DLQO\ �RQ�GHYHORSLQJ
LQGLYLGXDOV��FRP SHWHQFHV�DQG�DFWLYLWLHV�FDUULHG�RXW�Z LWKLQ�OHDUQLQJ�HQYLURQP HQWV��$W�WKH
VDP H�WLP H��LQGLFDWLRQV�RI�EURDGHU�RUJDQLVDWLRQDO�GLJLWDO�WUDQVIRUP DWLRQ�DUH�OHVV�HYLGHQW�
&RQVHTXHQWO\ �� WKH� HP SKDVLV� OLHV� P RUH� RQ� HQKDQFLQJ� SURMHFW� SDUWLFLSDQWV�� GLJLWDO
FRP SHWHQFHV� UDWKHU� WKDQ� VXSSRUWLQJ� Z LGHU� RUJDQLVDWLRQDO� GHYHORSP HQW�� %DVHG� RQ� WKH
GRFXP HQWHG� RXWFRP HV� DQG� LQIRUP DWLRQ� SURYLGHG�� WKH� P RVW� VLJQLILFDQW� LP SDFW� LV� LQ� WKH
LP SURYHP HQW�RI�LQGLYLGXDOV��GLJLWDO�VNLOOV�

�$�Q�D�O�\�V�H�G���*�R�R�G���3�U�D�F�W�L�F�H�V���L�Q���(�U�D�V�P�X�V�����. �H�\���$�F�W�L�R�Q����

$FFRUGLQJ�WR�WKH�SURMHFW�UHVXOWV��. $� �SURMHFWV�JHQHUDWH�V\ VWHP LF��KROLVWLF��DQG�VXVWDLQDEOH
SUDFWLFHV�WKDW�DUH�FRQQHFWHG�WR�UHOHYDQW�SROLFLHV��,Q�DGGLWLRQ��WKH�SURMHFWV�KDYH�GHYHORSHG
DQG� GLVVHP LQDWHG� WRRONLWV�� SODWIRUP V�� GLJLWDO� WRROV�� DQG� RUJDQLVDWLRQDO� VWUDWHJLHV�� 7KH
H[ DP LQHG� SURMHFWV� DSSHDU� Z HOO�DOLJQHG� Z LWK� ( 8 � IUDP HZ RUNV�� SROLFLHV�� DQG� SURJUDP P H
SULRULWLHV�� FOHDUO\ � VKRZ LQJ� KRZ � WKHLU� DFWLYLWLHV� UHODWH� WR� EURDGHU� SROLF\ � JRDOV� LQ� WKHLU
RXWSXWV�� 2 YHUDOO�� . $� � SURMHFWV� GHP RQVWUDWH� VXEVWDQWLDO� P DWXULW\ �� SDUWLFXODUO\ � LQ� WKH
' LJLWDO�7UDQVIRUP DWLRQ�GLP HQVLRQ�

�$�Q�D�O�\�V�H�G���*�R�R�G���3�U�D�F�W�L�F�H�V���L�Q���(�U�D�V�P�X�V�����. �H�\���$�F�W�L�R�Q����

�$�Q�D�O�\�V�H�G���*�R�R�G���3�U�D�F�W�L�F�H�V���L�Q���(�X�U�R�S�H�D�Q���6�R�O�L�G�D�U�L�W�\���&�R�U�S�V���6�R�O�L�G�D�U�L�W�\���3�U�R�M�H�F�W�V
%DVHG� RQ� WKH� VHOHFWHG� ( XURSHDQ� 6ROLGDULW\ � &RUSV� �( 6&�� SURMHFW� UHVXOWV�� WKH� HP SKDVLV� LV
FOHDUO\ �RQ�IRXQGDWLRQDO�GLJLWDO�VNLOOV�DQG�VWUHQJWKHQLQJ�SDUWLFLSDQWV��DJHQF\ ��7KH�SURMHFWV
IUHTXHQWO\ �DGGUHVV�V\ QHUJLHV�Z LWK�SULRULWLHV�VXFK�DV�LQFOXVLRQ�DQG�SDUWLFLSDWLRQ��Z KLFK�DUH
FORVHO\ � OLQNHG� WR� WKH� SURJUDP P H�V� EURDGHU� REMHFWLYHV�� 2 YHUDOO�� ( 6&� SURMHFWV� WHQG� WR
SULRULWLVH�EDVLF�GLJLWDO�FRP SHWHQFHV�DQG�VXSSRUWLQJ�\ RXQJ�SHRSOH�V�SDUWLFLSDWLRQ�WKURXJK
VROLGDULW\ �SURMHFWV�

�&�R�Q�F�O�X�V�L�R�Q�V
7KH� DQDO\ VHG� SURMHFWV� DSSHDU� WR� SHUIRUP � YHU\ � Z HOO� LQ� DGGUHVVLQJ� WKH� GLJLWDO� SULRULW\ �� $FFRUGLQJ� WR� WKH
DYDLODEOH� LQIRUP DWLRQ�� WKH\ � VHHP � WR� FRQWULEXWH� Z HOO� WR� WKH� SURJUDP P H�V� DQG� EURDGHU� ( 8 � REMHFWLYHV� LQ
GLJLWDO�WUDQVIRUP DWLRQ��: KHQ�H[ DP LQLQJ�( UDVP XV� �SURMHFWV��WKH�TXHVWLRQ�DULVHV��KRZ �FDQ�SURMHFW�DFWLYLWLHV
EH� HOHYDWHG� IURP � HP HUJLQJ� DQG� GHYHORSLQJ� SUDFWLFHV� WR� P RUH� DGYDQFHG� RQHV"� 6\ VWHP LF� DQG
RUJDQLVDWLRQDO�OHYHO� GLVVHP LQDWLRQ� RI� SUDFWLFHV� LV� P RUH� FRP P RQ� LQ� . $� �� + RZ � FRXOG� WKHVH� SUDFWLFHV� EH
DGGUHVVHG�P RUH�RIWHQ�LQ�. $� �SURMHFWV"�6LQFH�P RVW�SURMHFWV�DOUHDG\ �KLJKOLJKW�GLJLWDO�VNLOOV�DQG�FRP SHWHQFH
GHYHORSP HQW��Z KDW�DFWLRQV�FRXOG�KHOS�IXWXUH�SURMHFWV�EHFRP H�P RUH�DGYDQFHG�LQ�FDSDFLW\ �EXLOGLQJ"�* LYHQ
WKH� DQDO\ VLV�� VWUDWHJLF�� V\ VWHP LF�� DQG� RUJDQLVDWLRQDO� FKDQJHV�� DORQJ� Z LWK� WKH� GLVVHP LQDWLRQ� RI� JRRG
SUDFWLFHV�� UHTXLUH� DGGLWLRQDO� VXSSRUW�� WRROV�� LQVWUXFWLRQDO� UHVRXUFHV�� DQG� P HFKDQLVP V�� ,Q� WKLV� FRQWH[ W�
LQWURGXFLQJ�DQG�VWUHQJWKHQLQJ�GLJLWDO�SHGDJRJ\ �LV�QRW�RQO\ �DQ�DGGHG�YDOXH�EXW�D�VWUDWHJLF�QHFHVVLW\ ��DV�LW
SURYLGHV� WKH� KROLVWLF� IUDP HZ RUN� WKURXJK� Z KLFK� GLJLWDO� WUDQVIRUP DWLRQ� FDQ� P RYH� IURP � LVRODWHG� SURMHFW
DFWLYLWLHV�WR�VXVWDLQDEOH��V\ VWHP LF�FKDQJH�DFURVV�RUJDQLVDWLRQV�DQG�SURJUDP P HV�

{&RXQFLO�RI�WKH�( XURSHDQ�8 QLRQ���&� � � � � � � � � � ���t&RXQFLO�RI�WKH�( XURSHDQ�8 QLRQ���&� � � � � � � � � � ���u( XURSHDQ�&RP P LVVLRQ���&2 0 �� � � � ��� � ��
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�(�U�D�V�P�X�V�����. �H�\���$�F�W�L�R�Q����
�/�H�W�v�V���E�H���U�H�D�G�\���I�R�U���W�K�H���G�L�J�L�W�D�O���D�J�H
�$�G�G�L�F�7�H�F�K
�,�Q�Q�R�Y�D�W�L�Y�H���D�Q�G���(�G�X�F�D�W�L�R�Q�D�O���,�P�P�H�U�V�L�R�Q���L�Q���3�U�R�J�U�D�P�P�L�Q�J���D�Q�G���&�\�E�H�U�V�H�F�X�U�L�W�\
�/�H�D�U�Q�����6�K�D�U�H�����,�Q�Q�R�Y�D�W�H
�,�Q�I�R�G�H�P�L�F�������3�D�W�K���W�R���: �H�O�O�Q�H�V�V
�7�K�H�����' ���7�H�F�K�Q�R�O�R�J�\���: �R�U�O�G���R�I���<�R�X�Q�J���3�H�R�S�O�H
�8�3�3�(�5�����8�S�V�N�L�O�O�L�Q�J���3�U�R�I�H�V�V�L�R�Q�D�O�L�V�L�Q�J���3�U�R�J�U�D�P���I�R�U���(�G�X�F�D�W�L�R�Q���5�H�Q�R�Y�D�W�L�R�Q
�,�P�P�H�U�V�L�Y�H���$�U�W���(�[�F�K�D�Q�J�H�������$�G�Y�D�Q�F�L�Q�J���<�R�X�W�K���6�N�L�O�O�V���D�W���W�K�H���,�Q�W�H�U�V�H�F�W�L�R�Q���R�I���$�U�W���D�Q�G���7�H�F�K�Q�R�O�R�J�\
�' �L�J�L�W�D�O���7�R�R�O�V�����* �D�P�L�I�L�F�D�W�L�R�Q�����D�Q�G���$�U�W�L�I�L�F�L�D�O���,�Q�W�H�O�O�L�J�H�Q�F�H���L�Q���(�G�X�F�D�W�L�R�Q
�,�Q�G�L�Y�L�G�X�D�O�V���: �K�R���/�H�D�U�Q���D�Q�G���7�H�D�F�K���(�D�V�L�O�\���Z�L�W�K���7�H�F�K�Q�R�O�R�J�\
�(�U�D�V�P�X�V�����. �H�\���$�F�W�L�R�Q����
�' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q���R�I���W�K�H���9�(�7���6�H�F�W�R�U
�$�,���I�R�U���)�H�P�D�O�H
�%�R�W�V���D�Q�G���$�U�W�L�I�L�F�L�D�O���,�Q�W�H�O�O�L�J�H�Q�F�H
�6�X�S�S�R�U�W�L�Q�J���W�K�H���' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q���R�I���6�R�F�L�D�O���(�F�R�Q�R�P�\���2�U�J�D�Q�L�V�D�W�L�R�Q�V
�0�D�N�L�Q�J���$�G�X�O�W���(�G�X�F�D�W�L�R�Q���O�L�Y�H�O�\���W�K�U�R�X�J�K���$�U�W�L�I�L�F�L�D�O���,�Q�W�H�O�O�L�J�H�Q�F�H
�9�R�O�X�P�H�W�U�L�F�����' ���7�H�D�F�K�H�U�V���L�Q���(�G�X�F�D�W�L�R�Q�D�O���5�H�D�O�L�W�\
�' �L�J�L�W�D�O���&�X�U�D�W�R�U���7�U�D�L�Q�L�Q�J���	 ���7�R�R�O���%�R�[
�' �L�J�L�W�D�O�L�]�D�W�L�R�Q���I�R�U���. �L�Q�G�H�U�J�D�U�W�H�Q�V���D�Q�G���3�U�L�P�D�U�\���6�F�K�R�R�O�V
�6�H�F�X�U�L�W�\���D�Q�G���3�U�L�Y�D�F�\���L�Q���$�F�D�G�H�P�L�F���' �D�W�D���0�D�Q�D�J�H�P�H�Q�W���$�W���6�F�K�R�R�O�V
�7�U�X�V�W���L�Q���7�U�X�W�K�����' �L�J�L�W�D�O���/�L�W�H�U�D�F�\���L�Q���D���3�R�V�W���S�D�Q�G�H�P�L�F���7�L�P�H
�(�X�U�R�S�H�D�Q���6�R�O�L�G�D�U�L�W�\���&�R�U�S�V�������6�R�O�L�G�D�U�L�W�\���3�U�R�M�H�F�W�V
�' �L�J�L�5�,�6�. ���<�R�X�Q�J���,�Q�L�W�L�D�W�L�Y�H���&�R�P�P�X�Q�L�W�\
�(�Q�W�U�H�S�U�H�Q�H�X�U�V���L�Q���W�K�H���)�L�H�O�G���R�I���$�U�W�L�I�L�F�L�D�O���,�Q�W�H�O�O�L�J�H�Q�F�H�����$�,�����I�R�U���(�X�U�R�S�H�
�V���%�U�L�J�K�W���)�X�W�X�U�H
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YHGRP RVWL�

6HFWRU 9RFDWLRQDO� ( GXFDWLRQ
	 �7UDLQLQJ
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UHFRJQLVH�WHFKQRORJ\ �RYHUXVH�DQG�DGRSW�KHDOWKLHU�GLJLWDO�KDELWV��3DUWLFLSDQWV�IURP �VHYHQ
FRXQWULHV�Z RUNHG�WKURXJK�QRQ
œIRUP DO�Z RUNVKRSV�RQ�EDODQFHG�XVH�RI�WKH�LQWHUQHW��RQOLQH
VDIHW\ ��F\ EHUEXOO\ LQJ��DQG�IDOVH�LQIRUP DWLRQ��Z KLOH�OHDUQLQJ�WR�DSSO\ �SUDFWLFDO�GLJLWDO�WRROV
IRU� VWXG\ �� Z RUN�� DQG� FUHDWLYLW\ �� 7KH\ � FR
œFUHDWHG� YLGHRV�� VKDUHG� D� UHJLVWHU� RI� GHWR[
P HWKRGV�� DQG� FXUDWHG� D� VP DOO� GLJLWDO� IDLU� WR� SUHVHQW� XVHIXO� DSSOLFDWLRQV� WR� SHHUV�� $Q
DGYDQFH� SODQQLQJ� YLVLW� VKDSHG� D� OHDUQHU
œFHQWUHG� SURJUDP P H� DQG� HQVXUHG� LQFOXVLRQ� RI
WKRVH� Z LWK� IHZ HU� RSSRUWXQLWLHV�� 7KH� SURMHFW� FRP ELQHG� VNLOO
œEXLOGLQJ� Z LWK� LQWHUFXOWXUDO
WHDP Z RUN�WR�QXUWXUH�FRQILGHQW��UHVSRQVLEOH��DQG�UHIOHFWLYH�GLJLWDO�FLWL] HQV�
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WR�GHVLJQ�LQFOXVLYH��LQWHUDFWLYH�OHDUQLQJ�VHVVLRQV�IRU�\ RXQJ�SHRSOH�

* DLQV�DUH�Z HOO
œGRFXP HQWHG�DQG�SUDFWLFDO��FRYHULQJ�ERWK�WHFKQLFDO�DQG�VRIW�VNLOOV��KRZ HYHU��GHSWK�LQ�$,�UHP DLQV�LQWURGXFWRU\ �UDWKHU�WKDQ
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Z HOO
œEHLQJ�DQG�LQFOXVLRQ�
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DEVHQW�
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7KLV� \ RXWK� H[ FKDQJH� LQWURGXFHG� SDUWLFLSDQWV� WR� WKH� FUHDWLYH� DQG� WHFKQLFDO� Z RUOG� RI� � '
WHFKQRORJLHV�DQG�DUWLILFLDO�LQWHOOLJHQFH��7KURXJK�Z RUNVKRSV�DQG�SURMHFW
œEDVHG�FKDOOHQJHV�
\ RXQJ�SHRSOH�OHDUQHG� � ' �P RGHOOLQJ��GHVLJQ��DQG�SULQWLQJ��DORQJVLGH�EDVLF�FRGLQJ�DQG�$,
FRQFHSWV��$FWLYLWLHV�FRP ELQHG�KDQGV
œRQ�WUDLQLQJ�Z LWK�LQWHUFXOWXUDO�FROODERUDWLRQ��IRVWHULQJ
SUREOHP 
œVROYLQJ�� WHDP Z RUN�� DQG� ODQJXDJH� VNLOOV�� 3DUWLFLSDQWV� GHYHORSHG� LQQRYDWLYH� � '
SURMHFWV�� VKRZ FDVHG� WKHLU� Z RUN�� DQG� H[ SORUHG� HWKLFDO� DVSHFWV� RI� WHFKQRORJ\ � XVH�� 7KH
LQLWLDWLYH� SURP RWHG� ( UDVP XV� � YDOXHV� RI� LQFOXVLRQ� DQG� DFWLYH� FLWL] HQVKLS� Z KLOH� HTXLSSLQJ
\ RXWK� Z LWK� GLJLWDO� FRP SHWHQFHV� HVVHQWLDO� IRU� IXWXUH� FDUHHUV�� LQVSLULQJ� WKHP � WR� EHFRP H
VRFLDOO\ �UHVSRQVLEOH�LQQRYDWRUV�LQ�D�UDSLGO\ �HYROYLQJ�WHFKQRORJLFDO�ODQGVFDSH�
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�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

8 33( 5� LV� D� � � 
œGD\ � Z RUN
œSODFHP HQW� VFKHP H� IRU� � � � 9( 7� OHDUQHUV� LQ� 6SDLQ�� ' HQP DUN�� DQG
* HUP DQ\ ��GHVLJQHG�WR�DQWLFLSDWH�ODERXU
œP DUNHW�GHP DQG�IRU�DGYDQFHG�GLJLWDO�VNLOOV�LQ�,R7�
$,�� $5�95�� DQG� %LJ� ' DWD�� ,W� VWUHQJWKHQV� VWXGHQWV�� WHFKQLFDO�� ODQJXDJH�� DQG� WUDQVYHUVDO
FRP SHWHQFHV� Z KLOH� LP SURYLQJ� WKH� VFKRRO�V� LQWHUQDWLRQDOLVDWLRQ� DQG� SURMHFW
œJRYHUQDQFH
FDSDFLW\ �� 5HSRUWHG� UHVXOWV� LQFOXGH� EHWWHU� 67( 0 � SHUIRUP DQFH�� KLJKHU� HP SOR\ DELOLW\ � DQG
SURJUHVVLRQ�WR�IXUWKHU�VWXG\ ��DQG�D�P RUH�SURIHVVLRQDOLVLQJ�9( 7�SDWKZ D\ �DOLJQHG�Z LWK�WKH
( 8 �V�� � � � �GLJLWDO�DJHQGD�
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�8�V�H���R�I���(�8���G�L�J�L�W�D�O���W�R�R�O�V���D�Q�G���I�U�D�P�H�Z�R�U�N�V���R�Q���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���D�Q�G���V�N�L�O�O�V

� �



$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�+�R�Z���G�R�H�V���W�K�H���S�U�R�M�H�F�W���H�Q�K�D�Q�F�H���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�"�������������' �L�J�L�W�D�O���6�N�L�O�O�V

�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P

�+�R�Z���D�U�H���G�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���P�H�W�K�R�G�V���X�V�H�G���W�R���V�X�S�S�R�U�W���G�H�H�S���O�H�D�U�Q�L�Q�J�"�������������' �L�J�L�W�D�O���3�H�G�D�J�R�J�\

�+�R�Z���G�R�H�V���W�K�H���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�\�Q�H�U�J�L�]�H���Z�L�W�K���W�K�H���S�U�R�J�U�D�P�P�H���S�U�L�R�U�L�W�L�H�V���L�Q���W�K�H���S�U�R�M�H�F�W�"���������������6�\�Q�H�U�J�L�H�V���Z�L�W�K���R�W�K�H�U���3�U�L�R�U�L�W�L�H�V

� �



3URMHFW ,P P HUVLYH�$UW�( [ FKDQJH���$GYDQFLQJ
<RXWK�6NLOOV�DW�WKH�,QWHUVHFWLRQ�RI�$UW
DQG�7HFKQRORJ\

6HFWRU <RXWK

$FWLYH � � � � ���� � � � $FWLRQ�7\ SH . $� � �

3URMHFW
&DUG

KWWSV�� �HUDVP XV�
SOXV�HF�HXURSD�HX�SURMHFWV�VHDUFK�GHWD
LOV� � � � � �� �0 . � � �. $� � � �<2 8 �
� � � � � � � � �

3DUWLFLSDQWV 1 RUWK�0 DFHGRQLD�
6ORYHQLD

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

7KLV� \ RXWK� H[ FKDQJH� EURXJKW� WRJHWKHU� \ RXQJ� FUHDWLYHV� IURP � 6ORYHQLD� DQG� 1 RUWK
0 DFHGRQLD� WR� H[ SORUH� KRZ � GLJLWDO� WRROV� FDQ� H[ SDQG� DUWLVWLF� H[ SUHVVLRQ� Z KLOH� VWD\ LQJ
DFFHVVLEOH� DQG� LQFOXVLYH�� 3DUWLFLSDQWV� DWWHQGHG� D� VHYHQ
œGD\ � SURJUDP P H� RI� LQWHUDFWLYH
OHFWXUHV�� FR
œFUHDWLRQ� Z RUNVKRSV�� DQG� FXOWXUDO� YLVLWV�� WKHQ� Z RUNHG� LQ� P L[ HG� JURXSV� WR
GHVLJQ� YLUWXDO� DUWZ RUNV� DQG� H[ KLELWLRQ� FRQFHSWV�� VXSSRUWHG� E\ � P HQWRUV�� 7KH� RUJDQLVHUV
HP EHGGHG� JUHHQ� DQG� LQFOXVLYH� SUDFWLFHV�� FRYHUHG� SDUWLFLSDWLRQ� FRVWV�� DQG� VHOHFWHG� D
EDODQFHG�FRKRUW�WKURXJK�DQ�RSHQ�FDOO��5HIOHFWLRQV�SXEOLVKHG�DIWHUZ DUGV�KLJKOLJKW�JDLQV�LQ
FUHDWLYH�FRQILGHQFH��GLJLWDO�OLWHUDF\ ��DQG�LQWHUFXOWXUDO�XQGHUVWDQGLQJ��DV�Z HOO�DV�VXVWDLQHG
FRRSHUDWLRQ�EHWZ HHQ�WKH�SDUWQHU�RUJDQLVDWLRQV�IRU�IXWXUH�DFWLYLWLHV�

� �

�����' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q���3�U�L�R�U�L�W�\���3�U�R�I�L�O�H

����� ���/�L�P�L�W�H�G���H�Y�L�G�H�Q�F�H���_������� ���(�P�H�U�J�L�Q�J���_������� ���'�H�Y�H�O�R�S�L�Q�J���_������� ���$�G�Y�D�Q�F�H�G



$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

���)�R�F�X�V���R�I���' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���W�H�D�F�K�L�Q�J

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�L�Q�J

�'�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���H�[�S�H�U�W�L�V�H���I�R�U���H�G�X�F�D�W�R�U�V���D�Q�G���\�R�X�W�K���Z�R�U�N�H�U�V

�(�P�H�U�J�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q���L�Q���H�G�X�F�D�W�L�R�Q���D�Q�G���W�U�D�L�Q�L�Q�J

�'�L�V�U�X�S�W�L�Y�H���W�H�F�K�Q�R�O�R�J�L�H�V�����L���H�����$�,��

�'�L�J�L�W�D�O���U�H�D�G�L�Q�H�V�V���D�Q�G���F�D�S�D�F�L�W�\���R�I���L�Q�V�W�L�W�X�W�L�R�Q�V

�'�L�J�L�W�D�O���L�Q�F�O�X�V�L�R�Q���D�Q�G���D�G�G�U�H�V�V�L�Q�J���G�L�J�L�W�D�O���L�Q�H�T�X�D�O�L�W�L�H�V��

�8�V�H���R�I���(�8���G�L�J�L�W�D�O���W�R�R�O�V���D�Q�G���I�U�D�P�H�Z�R�U�N�V���R�Q���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���D�Q�G���V�N�L�O�O�V

� �



$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�+�R�Z���G�R�H�V���W�K�H���S�U�R�M�H�F�W���H�Q�K�D�Q�F�H���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�"�������������' �L�J�L�W�D�O���6�N�L�O�O�V

�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P

�+�R�Z���D�U�H���G�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���P�H�W�K�R�G�V���X�V�H�G���W�R���V�X�S�S�R�U�W���G�H�H�S���O�H�D�U�Q�L�Q�J�"�������������' �L�J�L�W�D�O���3�H�G�D�J�R�J�\

�+�R�Z���G�R�H�V���W�K�H���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�\�Q�H�U�J�L�]�H���Z�L�W�K���W�K�H���S�U�R�J�U�D�P�P�H���S�U�L�R�U�L�W�L�H�V���L�Q���W�K�H���S�U�R�M�H�F�W�"���������������6�\�Q�H�U�J�L�H�V���Z�L�W�K���R�W�K�H�U���3�U�L�R�U�L�W�L�H�V
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3URMHFW ' LJLWDO�7RROV��* DP LILFDWLRQ��DQG�$UWLILFLDO
,QWHOOLJHQFH�LQ�( GXFDWLRQ��®ÒÍ ÒÜÊÕ×Ò
Ò×ÛÜÚÝÖÏ ×ÜÒ��ÒÍ ÚØÌ ÒÑÊàÒé�Ò
ÒÑÔÝÛÜÌ Ï ×�Ò×ÜÏ ÕÏ ÔÜ�Ì �ØËÚÊÑØÌ Ê×ÒÏ ÜØ�

6HFWRU 6FKRRO

$FWLYH � � � � ���� � � � $FWLRQ�7\ SH . $� � �

3URMHFW
&DUG

KWWSV�� �HUDVP XV�
SOXV�HF�HXURSD�HX�SURMHFWV�VHDUFK�GHWD
LOV� � � � � �� �%* � � �. $� � � �6&+ �� � � � � � � � �

3DUWLFLSDQWV %XOJDULD

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

7KLV� SURMHFW� DLP HG� WR� P RGHUQLVH� WHDFKLQJ� E\ � HTXLSSLQJ� HGXFDWRUV� Z LWK� GLJLWDO� WRROV�
JDP LILFDWLRQ�VWUDWHJLHV��DQG�LQVLJKWV�LQWR�DUWLILFLDO�LQWHOOLJHQFH�IRU�FODVVURRP �XVH��7HDFKHUV
DWWHQGHG� VWUXFWXUHG� WUDLQLQJ� DEURDG� WR� OHDUQ� KRZ � WR� LQWHJUDWH� RQOLQH� SODWIRUP V�
HGXFDWLRQDO� JDP HV�� DQG� $,
œEDVHG� DSSURDFKHV� LQWR� OHVVRQV�� 7KH� LQLWLDWLYH� WDUJHWHG
LP SURYHG�HQJDJHP HQW�IRU�ELOLQJXDO�OHDUQHUV�DQG�WKRVH�Z LWK�OHDUQLQJ�GLIILFXOWLHV�E\ �P DNLQJ
FRQWHQW�P RUH�LQWHUDFWLYH�DQG�DFFHVVLEOH��2 XWFRP HV�LQFOXGH�LQFUHDVHG�WHDFKHU�FRQILGHQFH
LQ� GLJLWDO� SHGDJRJ\ �� GDLO\ � XVH� RI� GLJLWDO� UHVRXUFHV� E\ � RYHU� � � � � RI� VWDII�� DQG� D� P RUH
LQFOXVLYH� OHDUQLQJ� HQYLURQP HQW� WKDW� SUHSDUHV� VWXGHQWV� IRU� OLIH� LQ� D� WHFKQRORJ\ 
œGULYHQ
Z RUOG�

� �

�����' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q���3�U�L�R�U�L�W�\���3�U�R�I�L�O�H

����� ���/�L�P�L�W�H�G���H�Y�L�G�H�Q�F�H���_������� ���(�P�H�U�J�L�Q�J���_������� ���'�H�Y�H�O�R�S�L�Q�J���_������� ���$�G�Y�D�Q�F�H�G



$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

���)�R�F�X�V���R�I���' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���W�H�D�F�K�L�Q�J

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�L�Q�J

�'�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���H�[�S�H�U�W�L�V�H���I�R�U���H�G�X�F�D�W�R�U�V���D�Q�G���\�R�X�W�K���Z�R�U�N�H�U�V

�(�P�H�U�J�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q���L�Q���H�G�X�F�D�W�L�R�Q���D�Q�G���W�U�D�L�Q�L�Q�J

�'�L�V�U�X�S�W�L�Y�H���W�H�F�K�Q�R�O�R�J�L�H�V�����L���H�����$�,��

�'�L�J�L�W�D�O���U�H�D�G�L�Q�H�V�V���D�Q�G���F�D�S�D�F�L�W�\���R�I���L�Q�V�W�L�W�X�W�L�R�Q�V

�'�L�J�L�W�D�O���L�Q�F�O�X�V�L�R�Q���D�Q�G���D�G�G�U�H�V�V�L�Q�J���G�L�J�L�W�D�O���L�Q�H�T�X�D�O�L�W�L�H�V��

�8�V�H���R�I���(�8���G�L�J�L�W�D�O���W�R�R�O�V���D�Q�G���I�U�D�P�H�Z�R�U�N�V���R�Q���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���D�Q�G���V�N�L�O�O�V

� �



$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�+�R�Z���G�R�H�V���W�K�H���S�U�R�M�H�F�W���H�Q�K�D�Q�F�H���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�"�������������' �L�J�L�W�D�O���6�N�L�O�O�V

�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P

�+�R�Z���D�U�H���G�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���P�H�W�K�R�G�V���X�V�H�G���W�R���V�X�S�S�R�U�W���G�H�H�S���O�H�D�U�Q�L�Q�J�"�������������' �L�J�L�W�D�O���3�H�G�D�J�R�J�\

�+�R�Z���G�R�H�V���W�K�H���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�\�Q�H�U�J�L�]�H���Z�L�W�K���W�K�H���S�U�R�J�U�D�P�P�H���S�U�L�R�U�L�W�L�H�V���L�Q���W�K�H���S�U�R�M�H�F�W�"���������������6�\�Q�H�U�J�L�H�V���Z�L�W�K���R�W�K�H�U���3�U�L�R�U�L�W�L�H�V
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3URMHFW ,QGLYLGXDOV�Z KR�OHDUQ�DQG�WHDFK�HDVLO\
Z LWK�WHFKQRORJ\

6HFWRU 6FKRRO

$FWLYH � � � � ���� � � � $FWLRQ�7\ SH . $� � �

3URMHFW
&DUG

KWWSV�� �HUDVP XV�
SOXV�HF�HXURSD�HX�SURMHFWV�VHDUFK�GHWD
LOV� � � � � �� �/ 7� � �. $� � � �6&+ �� � � � � � � � �

3DUWLFLSDQWV / LWKXDQLD

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

7KLV� SURMHFW� IRFXVHG� RQ� HP SRZ HULQJ� WHDFKHUV� WR� LQWHJUDWH� GLJLWDO� WRROV� DQG� LQQRYDWLYH
P HWKRGV� LQWR� HYHU\ GD\ � WHDFKLQJ�� 7KURXJK� LQWHUQDWLRQDO� WUDLQLQJ� DQG� FROODERUDWLRQ�
HGXFDWRUV�OHDUQHG�WR�XVH�RIILFH�DSSOLFDWLRQV��$,
œEDVHG�SODWIRUP V��DQG�LQWHUDFWLYH�WRROV�IRU
FUHDWLQJ� HQJDJLQJ� OHVVRQV�� 7KH� LQLWLDWLYH� SURP RWHG� 67( $0 � SULQFLSOHV�� FRGLQJ�� DQG
VXVWDLQDELOLW\ � DZ DUHQHVV�� Z KLOH� IRVWHULQJ� D� VWURQJHU� ( XURSHDQ� LGHQWLW\ � DQG� LQWHUFXOWXUDO
H[ FKDQJH��7HDFKHUV�SURGXFHG�OHVVRQ�SODQV�DQG�YLGHRV��VKDUHG�EHVW�SUDFWLFHV�Z LWK�SHHUV�
DQG� SUHSDUHG� D� VXVWDLQDELOLW\ � SODQ� IRU� WKH� QH[ W� VFKRRO� \ HDU�� $V� D� UHVXOW�� FODVVURRP V
EHFDP H� P RUH� LQWHUDFWLYH� DQG� LQFOXVLYH�� VXSSRUWLQJ� OHDUQHUV� Z LWK� GLYHUVH� QHHGV� DQG
SUHSDULQJ�WKHP �IRU�D�WHFKQRORJ\ 
œGULYHQ�IXWXUH�
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV
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�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���W�H�D�F�K�L�Q�J

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�L�Q�J
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�'�L�V�U�X�S�W�L�Y�H���W�H�F�K�Q�R�O�R�J�L�H�V�����L���H�����$�,��
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q
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�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P

�+�R�Z���D�U�H���G�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���P�H�W�K�R�G�V���X�V�H�G���W�R���V�X�S�S�R�U�W���G�H�H�S���O�H�D�U�Q�L�Q�J�"�������������' �L�J�L�W�D�O���3�H�G�D�J�R�J�\
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�.�$���������9�(�7�������'�L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q���R�I���W�K�H���9�(�7���6�H�F�W�R�U
�.�$���������9�(�7�������$�,���I�R�U���)�H�P�D�O�H
�.�$���������9�(�7�������%�R�W�V���D�Q�G���$�U�W�L�I�L�F�L�D�O���,�Q�W�H�O�O�L�J�H�Q�F�H
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�.�$���������$�'�8�������0�D�N�L�Q�J���$�G�X�O�W���(�G�X�F�D�W�L�R�Q���O�L�Y�H�O�\���W�K�U�R�X�J�K���$�U�W�L�I�L�F�L�D�O���,�Q�W�H�O�O�L�J�H�Q�F�H
�.�$���������+�(�'�������9�R�O�X�P�H�W�U�L�F�����'���7�H�D�F�K�H�U�V���L�Q���(�G�X�F�D�W�L�R�Q�D�O���5�H�D�O�L�W�\
�.�$���������+�(�'�������'�L�J�L�W�D�O���&�X�U�D�W�R�U���7�U�D�L�Q�L�Q�J���	���7�R�R�O���%�R�[
�.�$���������6�&�+�������'�L�J�L�W�D�O�L�]�D�W�L�R�Q���I�R�U���.�L�Q�G�H�U�J�D�U�W�H�Q�V���D�Q�G���3�U�L�P�D�U�\���6�F�K�R�R�O�V
�.�$���������6�&�+�������6�H�F�X�U�L�W�\���D�Q�G���3�U�L�Y�D�F�\���L�Q���$�F�D�G�H�P�L�F���'�D�W�D���0�D�Q�D�J�H�P�H�Q�W���$�W���6�F�K�R�R�O�V
�.�$���������<�2�8�������7�U�X�V�W���L�Q���7�U�X�W�K�����'�L�J�L�W�D�O���/�L�W�H�U�D�F�\���L�Q���D���3�R�V�W���S�D�Q�G�H�P�L�F���7�L�P�H

+ RZ �&DQ�WKH�' LJLWDO�3ULRULW\
%H�,P SOHP HQWHG�LQ�3URMHFWV"

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV



3URMHFW ' LJLWDO�7UDQVIRUP DWLRQ�RI�WKH
9( 7�6HFWRU��* 52 2 9( �

6HFWRU 9RFDWLRQDO� ( GXFDWLRQ
	 �7UDLQLQJ

$FWLYH � � � � �� � � � $FWLRQ�7\ SH . $� � �

3URMHFW
&DUG

KWWSV�� �HUDVP XV�
SOXV�HF�HXURSD�HX�SURMHFWV�VHDUFK�GHWD
LOV� � � � � �� �&<� � �. $� � � �9( 7�� � � � � � � � �

3DUWLFLSDQWV &\ SUXV��$XVWULD�
3RODQG��6SDLQ��,UHODQG

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

* 52 2 9( � LP SOHP HQWHG� V\ VWHP LF� GLJLWDO� WUDQVIRUP DWLRQ� LQ� YRFDWLRQDO� HGXFDWLRQ� E\
GHYHORSLQJ� LQVWLWXWLRQDO� GLJLWDO� DFWLRQ� SODQV�� DQ� LQWHOOLJHQW� WXWRULQJ� V\ VWHP �� DQG� RSHQ
HGXFDWLRQDO� UHVRXUFHV� �2 ( 5��� 7KH� SURMHFW� RSHUDWLRQDOL] HG� EOHQGHG� OHDUQLQJ� WKURXJK
DGDSWLYH� WHFKQRORJLHV� DQG� FRP SHWHQFH�EDVHG� IUDP HZ RUNV�� HQVXULQJ� SHGDJRJLFDO
LQQRYDWLRQ�� ,W� LQWURGXFHG� P LFUR�FUHGHQWLDOV� DQG� ( XURSDVV� LQWHJUDWLRQ� WR� YDOLGDWH� OHDUQHU
DFKLHYHP HQWV��VXSSRUWLQJ�WUDQVSDUHQF\ �DQG�P RELOLW\ ��%\ �HP EHGGLQJ�GLJLWDO�VWUDWHJLHV�DW
RUJDQL] DWLRQDO� OHYHO� DQG� GHOLYHULQJ� WDUJHWHG� SURIHVVLRQDO� GHYHORSP HQW� IRU� HGXFDWRUV�
* 52 2 9( � HQKDQFHG� LQVWLWXWLRQDO� UHVLOLHQFH� DQG� OHDUQHU� HP SOR\ DELOLW\ �� 7KLV� LQLWLDWLYH
H[ HP SOLILHG� DOLJQP HQW� Z LWK� WKH� ' LJLWDO� ( GXFDWLRQ� $FWLRQ� 3ODQ� DQG� ( 4 $9( 7�� IRVWHULQJ
LQFOXVLYH��IXWXUH�RULHQWHG�TXDOLW\ �9( 7�HFRV\ VWHP V�DFURVV�SDUWQHU�FRXQWULHV�
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

7KH�$,� ) ( 0 $/ ( �SURMHFW�HP SRZ HUV�Z RP HQ�HQWUHSUHQHXUV�DQG�SURIHVVLRQDOV�E\ �HQKDQFLQJ
WKHLU�GLJLWDO�DQG�$,�UHODWHG�FRP SHWHQFLHV��7KURXJK�WDLORUHG�WUDLQLQJ�P RGXOHV��P HQWRULQJ�
DQG�FROODERUDWLYH�OHDUQLQJ��WKH�SURMHFW�DGGUHVVHV�JHQGHU�JDSV�LQ�GLJLWDO�WUDQVIRUP DWLRQ��,W
SURP RWHV�LQFOXVLYH�DFFHVV�WR�HP HUJLQJ�WHFKQRORJLHV��HQDEOLQJ�Z RP HQ�WR�OHYHUDJH�$,� IRU
EXVLQHVV� LQQRYDWLRQ� DQG� FDUHHU� JURZ WK�� $FWLYLWLHV� LQFOXGH� WKH� GHYHORSP HQW� RI� DQ� $,
OLWHUDF\ �FXUULFXOXP ��FDVH�VWXGLHV��DQG�GLJLWDO�WRRONLWV��%\ � IRVWHULQJ�GLJLWDO�FRQILGHQFH�DQG
HQWUHSUHQHXULDO�UHVLOLHQFH��$,� ) ( 0 $/ ( �FRQWULEXWHV�WR�D�P RUH�HTXLWDEOH�DQG� IXWXUH�UHDG\
Z RUNIRUFH�� 7KH� SURMHFW� H[ HP SOLILHV� ( UDVP XV� � SULRULWLHV� LQ� LQFOXVLRQ�� LQQRYDWLRQ�� DQG
OLIHORQJ�OHDUQLQJ��LQVSLULQJ�V\ VWHP LF�FKDQJH�DFURVV�YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ�
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7KH�SURMHFW�%RWV�DQG�$UWLILFLDO�,QWHOOLJHQFH��GHYHORSLQJ�FRP SHWHQFHV�WR�GHDO�Z LWK�WKH�QHZ
FRZ RUNHUV�DGGUHVVHV�WKH�XUJHQW�QHHG�IRU�GLJLWDO�XSVNLOOLQJ�LQ�UHVSRQVH�WR�$,�DQG�URERWLFV
LQWHJUDWLRQ� LQ� WKH� Z RUNSODFH�� 7KURXJK� LQWHUVHFWRUDO� FDVH� VWXGLHV� DQG� DQ� RQOLQH� WUDLQLQJ
SURJUDP ��LW�HTXLSV�Z RUNHUV� UHJDUGOHVV�RI�VHFWRU� Z LWK�$,�OLWHUDF\ �DQG�HVVHQWLDO�VRIW�VNLOOV�
) RU� H[ DP SOH�� LW� LOOXVWUDWHV� UHDO�Z RUOG� VFHQDULRV� Z KHUH� KXP DQV� DQG� P DFKLQHV� FR�Z RUN�
IRVWHULQJ� DGDSWDELOLW\ � DQG� UHVLOLHQFH�� %\ � SURP RWLQJ� LQFOXVLYH� DFFHVV� WR� GLJLWDO� HGXFDWLRQ�
WKH� SURMHFW� LQVSLUHV� D� SURDFWLYH� P LQGVHW� WRZ DUG� WHFKQRORJLFDO� FKDQJH�� HP SRZ HULQJ
LQGLYLGXDOV�DQG�LQVWLWXWLRQV�WR�WKULYH�LQ�GLJLWDOO\ �WUDQVIRUP HG�HQYLURQP HQWV�
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� �



$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�+�R�Z���G�R�H�V���W�K�H���S�U�R�M�H�F�W���H�Q�K�D�Q�F�H���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�"�������������' �L�J�L�W�D�O���6�N�L�O�O�V

�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P

�+�R�Z���D�U�H���G�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���P�H�W�K�R�G�V���X�V�H�G���W�R���V�X�S�S�R�U�W���G�H�H�S���O�H�D�U�Q�L�Q�J�"�������������' �L�J�L�W�D�O���3�H�G�D�J�R�J�\

�+�R�Z���G�R�H�V���W�K�H���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�\�Q�H�U�J�L�]�H���Z�L�W�K���W�K�H���S�U�R�J�U�D�P�P�H���S�U�L�R�U�L�W�L�H�V���L�Q���W�K�H���S�U�R�M�H�F�W�"���������������6�\�Q�H�U�J�L�H�V���Z�L�W�K���R�W�K�H�U���3�U�L�R�U�L�W�L�H�V

� �



3URMHFW 6XSSRUWLQJ�WKH�' LJLWDO�7UDQVIRUP DWLRQ
RI�6RFLDO�( FRQRP \ �2 UJDQLVDWLRQV

6HFWRU $GXOW�( GXFDWLRQ

$FWLYH � � � � �� � � � $FWLRQ�7\ SH . $� � �

3URMHFW
&DUG

KWWSV�� �HUDVP XV�
SOXV�HF�HXURSD�HX�SURMHFWV�VHDUFK�GHWD
LOV� � � � � �� � ' ( � � �. $� � � �$' 8 �� � � � � � � � �

3DUWLFLSDQWV %HOJLXP ��&\ SUXV�
* HUP DQ\ ��* UHHFH�
,WDO\ ��3RUWXJDO

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

' ,* ,�* 2 � VWUHQJWKHQV� WKH� GLJLWDO� WUDQVIRUP DWLRQ� RI� VRFLDO� HFRQRP \ � RUJDQLVDWLRQV� E\
XSVNLOOLQJ� DGXOW� HGXFDWRUV� WR� GHVLJQ� K\ EULG� OHDUQLQJ� WKDW� LV� SHGDJRJLFDOO\ � UREXVW� DQG
LQFOXVLYH�� 7KH� FRQVRUWLXP � SURGXFHG� IRXU� UHVXOWV�� D� ' LJ&RP S
œDOLJQHG� 7RRONLW
�LQIRUP DWLRQ�GDWD�OLWHUDF\ ��FRP P XQLFDWLRQ�FROODERUDWLRQ��VDIHW\ ��GLJLWDO�FRQWHQW�FUHDWLRQ��
DQ� ,Q
œ6HUYLFH� 7UDLQLQJ� 3URJUDP P H� �H
œOHDUQLQJ� IRXQGDWLRQV�� / 0 6�� DVVHVVP HQW� VWUDWHJLHV�
LQQRYDWLYH� SHGDJRJ\ ��� DQ� H
œOHDUQLQJ� SODWIRUP � WKDW� GHOLYHUV� ELWH
œVL] HG� XQLWV�� DQG� D� 3ROLF\
3DSHU�IRU�GHFLVLRQ
œP DNHUV��,P SOHP HQWDWLRQ�IHDWXUHG�D�VKRUW
œWHUP �VWDII�WUDLQLQJ�LQ�&\ SUXV�
QDWLRQDO� / HDUQLQJ� / DEV�� DQG� D� ILQDO� FRQIHUHQFH� LQ� * HUP DQ\ �� ) RU� H[ DP SOH�� VWDII� OHDUQ� WR
VWUXFWXUH� K\ EULG� P RGXOHV�� OHYHUDJH� / 0 6� IXQFWLRQDOLWLHV�� DQG� DVVHVV� OHDUQHUV�� GLJLWDO
FRP SHWHQFH�

� �

�����' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q���3�U�L�R�U�L�W�\���3�U�R�I�L�O�H

����� ���/�L�P�L�W�H�G���H�Y�L�G�H�Q�F�H���_������� ���(�P�H�U�J�L�Q�J���_������� ���'�H�Y�H�O�R�S�L�Q�J���_������� ���$�G�Y�D�Q�F�H�G



$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

���)�R�F�X�V���R�I���' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���W�H�D�F�K�L�Q�J

�'�H�Y�H�O�R�S�P�H�Q�W���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H���I�R�U���O�H�D�U�Q�L�Q�J

�'�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���H�[�S�H�U�W�L�V�H���I�R�U���H�G�X�F�D�W�R�U�V���D�Q�G���\�R�X�W�K���Z�R�U�N�H�U�V

�(�P�H�U�J�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q���L�Q���H�G�X�F�D�W�L�R�Q���D�Q�G���W�U�D�L�Q�L�Q�J

�'�L�V�U�X�S�W�L�Y�H���W�H�F�K�Q�R�O�R�J�L�H�V�����L���H�����$�,��

�'�L�J�L�W�D�O���U�H�D�G�L�Q�H�V�V���D�Q�G���F�D�S�D�F�L�W�\���R�I���L�Q�V�W�L�W�X�W�L�R�Q�V

�'�L�J�L�W�D�O���L�Q�F�O�X�V�L�R�Q���D�Q�G���D�G�G�U�H�V�V�L�Q�J���G�L�J�L�W�D�O���L�Q�H�T�X�D�O�L�W�L�H�V��

�8�V�H���R�I���(�8���G�L�J�L�W�D�O���W�R�R�O�V���D�Q�G���I�U�D�P�H�Z�R�U�N�V���R�Q���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���D�Q�G���V�N�L�O�O�V

� �



$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�+�R�Z���G�R�H�V���W�K�H���S�U�R�M�H�F�W���H�Q�K�D�Q�F�H���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�"�������������' �L�J�L�W�D�O���6�N�L�O�O�V

�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P

�+�R�Z���D�U�H���G�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���P�H�W�K�R�G�V���X�V�H�G���W�R���V�X�S�S�R�U�W���G�H�H�S���O�H�D�U�Q�L�Q�J�"�������������' �L�J�L�W�D�O���3�H�G�D�J�R�J�\

�+�R�Z���G�R�H�V���W�K�H���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�\�Q�H�U�J�L�]�H���Z�L�W�K���W�K�H���S�U�R�J�U�D�P�P�H���S�U�L�R�U�L�W�L�H�V���L�Q���W�K�H���S�U�R�M�H�F�W�"���������������6�\�Q�H�U�J�L�H�V���Z�L�W�K���R�W�K�H�U���3�U�L�R�U�L�W�L�H�V
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3URMHFW 0 DNLQJ�$GXOW�( GXFDWLRQ�/ LYHO\ �WKURXJK
$UWLILFLDO�,QWHOOLJHQFH

6HFWRU $GXOW�( GXFDWLRQ

$FWLYH � � � � ���� � � � $FWLRQ�7\ SH . $� � �

3URMHFW
&DUG

KWWSV�� �HUDVP XV�
SOXV�HF�HXURSD�HX�SURMHFWV�VHDUFK�GHWD
LOV� � � � � �� �( 6� � �. $� � � �$' 8 �� � � � � � � � �

3DUWLFLSDQWV %HOJLXP ��* UHHFH�
,UHODQG��,WDO\ ��6SDLQ�
6Z LW] HUODQG

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

7KH� SURMHFW� �0 DNLQJ� $GXOW� ( GXFDWLRQ� / LYHO\ � WKURXJK� $UWLILFLDO� ,QWHOOLJHQFH�� DLP V� WR
P RGHUQL] H� DGXOW� HGXFDWLRQ� E\ � LQWHJUDWLQJ� HWKLFDO�� KXP DQ�FHQWULF� $,�� ,W� GHYHORSV� 2 SHQ
( GXFDWLRQDO�5HVRXUFHV��2 ( 5V���LQFOXGLQJ�D�P XOWLOLQJXDO�H�OHDUQLQJ�SODWIRUP �DQG�KDQGERRN�
WR�HQKDQFH�GLJLWDO�FRP SHWHQFLHV�LQ�$,�DQG�GDWD�XVH��7DUJHWLQJ�HGXFDWRUV��LQVWLWXWLRQV��DQG
OHDUQHUV�� WKH� SURMHFW� SURP RWHV� HWKLFDO� GDWD� SUDFWLFHV�� OHDUQLQJ� DQDO\ WLFV�� DQG� $,�GULYHQ
SHUVRQDOL] DWLRQ�� ,W� DOLJQV� Z LWK� ( 8 � SULRULWLHV�� QRWDEO\ � WKH� $,� $FW� DQG� WKH� $GXOW� / HDUQLQJ
0 DQLIHVWR�� %\ � IRVWHULQJ� LQVWLWXWLRQDO� FRP P LWP HQW� DQG� YDOLGDWLQJ� VNLOOV� YLD� P LFUR�
FUHGHQWLDOV�� WKH� SURMHFW� LQVSLUHV� WUDQVIRUP DWLYH�� LQFOXVLYH�� DQG� IXWXUH�UHDG\ � DGXOW
HGXFDWLRQ�DFURVV�( XURSH�

� �

�����' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q���3�U�L�R�U�L�W�\���3�U�R�I�L�O�H
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

���)�R�F�X�V���R�I���' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���W�H�D�F�K�L�Q�J

�'�H�Y�H�O�R�S�P�H�Q�W���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H���I�R�U���O�H�D�U�Q�L�Q�J

�'�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���H�[�S�H�U�W�L�V�H���I�R�U���H�G�X�F�D�W�R�U�V���D�Q�G���\�R�X�W�K���Z�R�U�N�H�U�V

�(�P�H�U�J�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q���L�Q���H�G�X�F�D�W�L�R�Q���D�Q�G���W�U�D�L�Q�L�Q�J

�'�L�V�U�X�S�W�L�Y�H���W�H�F�K�Q�R�O�R�J�L�H�V�����L���H�����$�,��

�'�L�J�L�W�D�O���U�H�D�G�L�Q�H�V�V���D�Q�G���F�D�S�D�F�L�W�\���R�I���L�Q�V�W�L�W�X�W�L�R�Q�V

�'�L�J�L�W�D�O���L�Q�F�O�X�V�L�R�Q���D�Q�G���D�G�G�U�H�V�V�L�Q�J���G�L�J�L�W�D�O���L�Q�H�T�X�D�O�L�W�L�H�V��

�8�V�H���R�I���(�8���G�L�J�L�W�D�O���W�R�R�O�V���D�Q�G���I�U�D�P�H�Z�R�U�N�V���R�Q���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���D�Q�G���V�N�L�O�O�V
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q
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SHGDJRJ\ � WKURXJK� LP P HUVLYH� WHFKQRORJLHV� VXFK� DV� ; 5�� 95�� DQG� YROXP HWULF� � ' � YLGHR�� ,W
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FXOWXUDO�KHULWDJH�WKURXJK�D�0 2 2 &�RI�HLJKW�P RGXOHV��D�9LUWXDO�( GXFDWLRQ�DQG�&R
œFUHDWLRQ
7RROER[ � �: RUG3UHVV� 0 RRGOH��� DQG� Z RUN
œEDVHG� OLYLQJ� ODEV�� / HDUQHUV� SURWRW\ SH� GLJLWDO
OLEUDULHV��LP P HUVLYH�YLVLWV��JDP HV��JHRORFDWHG�DSSV��DQG�GLJLWDO�VWRU\ WHOOLQJ��SURGXFLQJ� � �
YLUWXDO� H[ SHULHQFHV� DQG� UHFHLYLQJ� RSHQ� EDGJHV�� $� � � � 
œSDJH� RSHQ� KDQGERRN�� . 3,V�� DQG
WUDLQHHVKLSV� Z LWK� P XVHXP V� FRQVROLGDWH� FXUULFXOD� DQG� SUDFWLFH�� 7KH� SURMHFW� VWUHQJWKHQV
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QHWZ RUN��DQG�DQ�,7�60 ( �WRJHWKHU�
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�+�R�Z���G�R�H�V���W�K�H���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�\�Q�H�U�J�L�]�H���Z�L�W�K���W�K�H���S�U�R�J�U�D�P�P�H���S�U�L�R�U�L�W�L�H�V���L�Q���W�K�H���S�U�R�M�H�F�W�"���������������6�\�Q�H�U�J�L�H�V���Z�L�W�K���R�W�K�H�U���3�U�L�R�U�L�W�L�H�V
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3URMHFW ' LJLWDOL] DWLRQ�IRU�. LQGHUJDUWHQV�DQG
3ULP DU\ �6FKRROV

6HFWRU 6FKRRO�( GXFDWLRQ

$FWLYH � � � � �� � � � $FWLRQ�7\ SH . $� � �

3URMHFW
&DUG

KWWSV�� �HUDVP XV�
SOXV�HF�HXURSD�HX�SURMHFWV�VHDUFK�GHWD
LOV� � � � � �� �52 � � �. $� � � �6&+ �� � � � � � � � �

3DUWLFLSDQWV 5RP DQLD��,WDO\ �
3RODQG��3RUWXJDO�
6SDLQ

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

7KH� SURMHFW� ' LJLWDOL] DWLRQ� IRU� . LQGHUJDUWHQV� DQG� 3ULP DU\ � 6FKRROV� H[ HP SOLILHV� D
WUDQVIRUP DWLYH� DSSURDFK� WR� HDUO\ � HGXFDWLRQ� WKURXJK� GLJLWDO� LQQRYDWLRQ�� ,W� HP SRZ HUV
WHDFKHUV� Z LWK� RQOLQH� SHGDJRJLFDO� WRROV� DQG� WUDLQV� \ RXQJ� OHDUQHUV� LQ� IRXQGDWLRQDO� GLJLWDO
VNLOOV�� LQFOXGLQJ� VDIH� LQWHUQHW� XVH� DQG� $,� DZ DUHQHVV�� 7KURXJK� H�OHDUQLQJ� SODWIRUP V�
EOHQGHG� OHDUQLQJ� JXLGHV�� DQG� LQWHUQDWLRQDO� FROODERUDWLRQ�� WKH� SURMHFW� IRVWHUV� D� KLJK�
SHUIRUP LQJ� GLJLWDO� HGXFDWLRQ� HFRV\ VWHP �� $FWLYLWLHV� VXFK� DV� YLUWXDO� WRXUV� DQG� LQWHUDFWLYH
Z RUNVKRSV�LQVSLUH�FUHDWLYLW\ �DQG�FURVV�FXOWXUDO�H[ FKDQJH��%\ �DGGUHVVLQJ�GLJLWDO�HWKLFV�DQG
LQFOXVLRQ�� LW� QRW� RQO\ � SUHSDUHV� VFKRROV� IRU� WKH� GLJLWDO� DJH� EXW� DOVR� QXUWXUHV� FRQILGHQW�
GLJLWDOO\ �OLWHUDWH�FLWL] HQV�IURP �WKH�HDUOLHVW�VWDJHV�RI�OHDUQLQJ�
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

���)�R�F�X�V���R�I���' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q
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�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���W�H�D�F�K�L�Q�J

�'�H�Y�H�O�R�S�P�H�Q�W���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H���I�R�U���O�H�D�U�Q�L�Q�J

�'�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���H�[�S�H�U�W�L�V�H���I�R�U���H�G�X�F�D�W�R�U�V���D�Q�G���\�R�X�W�K���Z�R�U�N�H�U�V

�(�P�H�U�J�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q���L�Q���H�G�X�F�D�W�L�R�Q���D�Q�G���W�U�D�L�Q�L�Q�J

�'�L�V�U�X�S�W�L�Y�H���W�H�F�K�Q�R�O�R�J�L�H�V�����L���H�����$�,��

�'�L�J�L�W�D�O���U�H�D�G�L�Q�H�V�V���D�Q�G���F�D�S�D�F�L�W�\���R�I���L�Q�V�W�L�W�X�W�L�R�Q�V

�'�L�J�L�W�D�O���L�Q�F�O�X�V�L�R�Q���D�Q�G���D�G�G�U�H�V�V�L�Q�J���G�L�J�L�W�D�O���L�Q�H�T�X�D�O�L�W�L�H�V��
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�+�R�Z���G�R�H�V���W�K�H���S�U�R�M�H�F�W���H�Q�K�D�Q�F�H���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�"�������������' �L�J�L�W�D�O���6�N�L�O�O�V

�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P

�+�R�Z���D�U�H���G�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���P�H�W�K�R�G�V���X�V�H�G���W�R���V�X�S�S�R�U�W���G�H�H�S���O�H�D�U�Q�L�Q�J�"�������������' �L�J�L�W�D�O���3�H�G�D�J�R�J�\
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3URMHFW 6HFXULW\ �DQG�3ULYDF\ �LQ�$FDGHP LF�' DWD
P DQDJHP HQW�$W�6FKRROV

6HFWRU 6FKRRO�( GXFDWLRQ

$FWLYH � � � � ���� � � � $FWLRQ�7\ SH . $� � �

3URMHFW
&DUG

KWWSV�� �HUDVP XV�
SOXV�HF�HXURSD�HX�SURMHFWV�VHDUFK�GHWD
LOV� � � � � �� �( 6� � �. $� � � �6&+ �� � � � � � � � �

3DUWLFLSDQWV 6SDLQ��+ XQJDU\ �
,FHODQG��' HQP DUN

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

7KLV� SURMHFW� VWUHQJWKHQV� KRZ � VFKRROV� SURWHFW� VWXGHQW� GDWD� LQ� D� Z RUOG� RI� FORXG� VHUYLFHV
DQG� RQOLQH� OHDUQLQJ�� ,W� UDLVHV� DZ DUHQHVV� RI� GDWD� ULVNV� DQG� RIIHUV� SUDFWLFDO� WRROV� WKDW
VFKRROV�FDQ�XVH�ULJKW�DZ D\ ��VXFK�DV�D�IUHH�VHOI
œDVVHVVP HQW�Z HEVLWH�IRU�WHDFKHUV��OHDGHUV�
WHFKQLFDO� VWDII�� DQG� GDWD� SURWHFWLRQ� RIILFHUV� WR� VSRW� JDSV� LQ� SULYDF\ � DQG� VHFXULW\ �� ,W� DOVR
SURYLGHV� DQ� RSHQ� KDQGERRN� DQG� WHDFKLQJ� P DWHULDOV� WKDW� H[ SODLQ� VDIH� DQG� ODZ IXO� GDWD
SUDFWLFHV�LQ�VLP SOH�WHUP V��DQG�LW�JDWKHUV�JRRG�H[ DP SOHV�RQ�D�SXEOLF�VLWH�IRU�HDV\ �UHXVH��$OO
UHVXOWV�DUH�RSHQ�DQG�GHVLJQHG�IRU�HYHU\ GD\ �VFKRRO�URXWLQHV�
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

���)�R�F�X�V���R�I���' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���W�H�D�F�K�L�Q�J

�'�H�Y�H�O�R�S�P�H�Q�W���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H���I�R�U���O�H�D�U�Q�L�Q�J

�'�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���H�[�S�H�U�W�L�V�H���I�R�U���H�G�X�F�D�W�R�U�V���D�Q�G���\�R�X�W�K���Z�R�U�N�H�U�V

�(�P�H�U�J�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q���L�Q���H�G�X�F�D�W�L�R�Q���D�Q�G���W�U�D�L�Q�L�Q�J

�'�L�V�U�X�S�W�L�Y�H���W�H�F�K�Q�R�O�R�J�L�H�V�����L���H�����$�,��

�'�L�J�L�W�D�O���U�H�D�G�L�Q�H�V�V���D�Q�G���F�D�S�D�F�L�W�\���R�I���L�Q�V�W�L�W�X�W�L�R�Q�V

�'�L�J�L�W�D�O���L�Q�F�O�X�V�L�R�Q���D�Q�G���D�G�G�U�H�V�V�L�Q�J���G�L�J�L�W�D�O���L�Q�H�T�X�D�O�L�W�L�H�V��
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V
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�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P
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3URMHFW 7UXVW�LQ�7UXWK��' LJLWDO�/ LWHUDF\ �LQ�D�3RVW�
SDQGHP LF�7LP H

6HFWRU <RXWK

$FWLYH � � � � ���� � � � $FWLRQ�7\ SH . $� � �

3URMHFW
&DUG

KWWSV�� �HUDVP XV�
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3DUWLFLSDQWV * HUP DQ\ ��) UDQFH�
,WDO\ ��* UHHFH��6SDLQ�
( VWRQLD
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HFWV�GHWDLOV� � � � � �� �75� � �( 6&� � �62 / �
� � � � � � � � �

3DUWLFLSDQWV 7XUNL\ H

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

� ( QWUHSUHQHXUV�LQ�WKH�) LHOG�RI�$UWLILFLDO�,QWHOOLJHQFH�IRU�( XURSH�V�%ULJKW�) XWXUH��LV�D�7XUNLVK
VROLGDULW\ � SURMHFW� WKDW� HP SRZ HUV� \ RXQJ� SHRSOH� Z LWK� SUDFWLFDO� GLJLWDO� DELOLWLHV� DQG
HQWUHSUHQHXULDO�P LQGVHWV��3DUWLFLSDQWV�OHDUQ�WR�WUDQVIRUP �LGHDV�LQWR�FRP P XQLW\ 
œRULHQWHG
SURGXFWV� E\ � H[ SORULQJ� EDVLF� FRQFHSWV� RI� DUWLILFLDO� LQWHOOLJHQFH� WKURXJK� KDQGV
œRQ
Z RUNVKRSV��JXLGHG�P HQWRULQJ�DQG�VLP SOH�SURWRW\ SLQJ� �IRU�H[ DP SOH��GHVLJQLQJ�D�FKDWERW
WR�DQVZ HU�ORFDO�VHUYLFH�TXHVWLRQV�RU�D�WRRO�WKDW�KHOSV�D� \ RXWK�FOXE�P DQDJH�HYHQWV���7KH
SURMHFW� EOHQGV� GLJLWDO� XSVNLOOLQJ� Z LWK� VRFLDO� HQWUHSUHQHXUVKLS�� HQFRXUDJLQJ� WHDP V� WR
LGHQWLI\ �ORFDO�QHHGV��WHVW�VROXWLRQV�Z LWK�XVHUV��DQG�SUHVHQW�UHVXOWV�SXEOLFO\ ��,Q�GRLQJ�VR��LW
DGYDQFHV�WKH�( 6&�SULRULW\ �RQ�GLJLWDO�WUDQVIRUP DWLRQ�Z LWK�FRQFUHWH��FRP P XQLW\ �EHQHILWV�
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

���)�R�F�X�V���R�I���' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���W�H�D�F�K�L�Q�J

�'�H�Y�H�O�R�S�P�H�Q�W���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H���I�R�U���O�H�D�U�Q�L�Q�J

�'�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���H�[�S�H�U�W�L�V�H���I�R�U���H�G�X�F�D�W�R�U�V���D�Q�G���\�R�X�W�K���Z�R�U�N�H�U�V

�(�P�H�U�J�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q���L�Q���H�G�X�F�D�W�L�R�Q���D�Q�G���W�U�D�L�Q�L�Q�J

�'�L�V�U�X�S�W�L�Y�H���W�H�F�K�Q�R�O�R�J�L�H�V�����L���H�����$�,��

�'�L�J�L�W�D�O���U�H�D�G�L�Q�H�V�V���D�Q�G���F�D�S�D�F�L�W�\���R�I���L�Q�V�W�L�W�X�W�L�R�Q�V

�'�L�J�L�W�D�O���L�Q�F�O�X�V�L�R�Q���D�Q�G���D�G�G�U�H�V�V�L�Q�J���G�L�J�L�W�D�O���L�Q�H�T�X�D�O�L�W�L�H�V��

�8�V�H���R�I���(�8���G�L�J�L�W�D�O���W�R�R�O�V���D�Q�G���I�U�D�P�H�Z�R�U�N�V���R�Q���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���D�Q�G���V�N�L�O�O�V
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�+�R�Z���G�R�H�V���W�K�H���S�U�R�M�H�F�W���H�Q�K�D�Q�F�H���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�"�������������' �L�J�L�W�D�O���6�N�L�O�O�V

�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P

�+�R�Z���D�U�H���G�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���P�H�W�K�R�G�V���X�V�H�G���W�R���V�X�S�S�R�U�W���G�H�H�S���O�H�D�U�Q�L�Q�J�"�������������' �L�J�L�W�D�O���3�H�G�D�J�R�J�\

�+�R�Z���G�R�H�V���W�K�H���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�\�Q�H�U�J�L�]�H���Z�L�W�K���W�K�H���S�U�R�J�U�D�P�P�H���S�U�L�R�U�L�W�L�H�V���L�Q���W�K�H���S�U�R�M�H�F�W�"���������������6�\�Q�H�U�J�L�H�V���Z�L�W�K���R�W�K�H�U���3�U�L�R�U�L�W�L�H�V
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3URMHFW &\ EHU�DZ DUH� �&\ EHU�VDIH
�&\ EHU� Z LDGRP L� �F\ EHUEH] SLHF] QL�

6HFWRU ( 6&

$FWLYH � � � � $FWLRQ�7\ SH 6ROLGDULW\ �3URMHFWV

3URMHFW
&DUG

KWWSV�� � \ RXWK�HXURSD�HX�VROLGDULW\ �SURM
HFWV�GHWDLOV� � � � � �� �3/ � � �( 6&� � �62 / �
� � � � � � � � �

3DUWLFLSDQWV 3RODQG

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

�&\ EHU
œDZ DUH�  � F\ EHU
œVDIH�� EXLOGV� \ RXQJ� SHRSOH�V� FDSDFLW\ � WR� DFW� Z LVHO\ � DQG� FRQILGHQWO\
RQOLQH�� 7KURXJK� JXLGHG� Z RUNVKRSV� DQG� KDQGV
œRQ� SUDFWLFH�� SDUWLFLSDQWV� OHDUQ� KRZ � WR
UHFRJQLVH�ULVN\ �VLWXDWLRQV��DGMXVW�SULYDF\ �VHWWLQJV��DQG�YHULI\ �LQIRUP DWLRQ�EHIRUH�VKDULQJ�LW�
7KH�SURJUDP P H�LQWURGXFHV�P RGHUQ�WRROV�LQ�DFFHVVLEOH�Z D\ V� IRU�LQVWDQFH��D�VKRUW�YLUWXDO
UHDOLW\ � VFHQDULR� WKDW� VLP XODWHV� D� VXVSLFLRXV� DSSURDFK� VR� OHDUQHUV� FDQ� UHKHDUVH� D� VDIH
UHVSRQVH�� RU� D� SHHU� H[ HUFLVH� WKDW� VWUHVV
œWHVWV� SDVVZ RUGV� DQG� GHYLFH� ORFNV�� %\ � SDLULQJ
SUDFWLFDO�WDVNV�Z LWK�UHIOHFWLRQ��WKH�SURMHFW�WXUQV�DEVWUDFW�VDIHW\ �DGYLFH�LQWR�URXWLQHV�WKDW
SURWHFW�HYHU\ GD\ �OLIH�
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

���)�R�F�X�V���R�I���' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���E�D�V�L�F���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�H�U�V

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���D�G�Y�D�Q�F�H�G���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���V�W�D�I�I

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���W�H�D�F�K�L�Q�J

�'�H�Y�H�O�R�S�P�H�Q�W���R�I���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�H�V���I�R�U���O�H�D�U�Q�L�Q�J

�'�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���H�[�S�H�U�W�L�V�H���I�R�U���H�G�X�F�D�W�R�U�V���D�Q�G���\�R�X�W�K���Z�R�U�N�H�U�V

�(�P�H�U�J�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q���L�Q���H�G�X�F�D�W�L�R�Q���D�Q�G���W�U�D�L�Q�L�Q�J

�'�L�V�U�X�S�W�L�Y�H���W�H�F�K�Q�R�O�R�J�L�H�V�����L���H�����$�,��

�'�L�J�L�W�D�O���U�H�D�G�L�Q�H�V�V���D�Q�G���F�D�S�D�F�L�W�\���R�I���L�Q�V�W�L�W�X�W�L�R�Q�V

�'�L�J�L�W�D�O���L�Q�F�O�X�V�L�R�Q���D�Q�G���D�G�G�U�H�V�V�L�Q�J���G�L�J�L�W�D�O���L�Q�H�T�X�D�O�L�W�L�H�V��

�8�V�H���R�I���(�8���G�L�J�L�W�D�O���W�R�R�O�V���D�Q�G���I�U�D�P�H�Z�R�U�N�V���R�Q���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���D�Q�G���V�N�L�O�O�V
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$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�$�Q�D�O�\�V�L�V���R�I���*�R�R�G���3�U�D�F�W�L�F�H�V

�+�R�Z���L�V���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\���X�V�H�G���S�X�U�S�R�V�H�I�X�O�O�\���D�Q�G���P�H�D�Q�L�Q�J�I�X�O�O�\���W�R���H�Q�D�E�O�H���Q�H�Z���S�U�R�F�H�V�V�H�V���D�Q�G���P�H�W�K�R�G�V�"�������������' �L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q

�+�R�Z���G�R�H�V���W�K�H���S�U�R�M�H�F�W���H�Q�K�D�Q�F�H���G�L�J�L�W�D�O���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�"�������������' �L�J�L�W�D�O���6�N�L�O�O�V

�+�R�Z���G�R�H�V���S�U�R�M�H�F�W���V�W�U�H�Q�J�W�K�H�Q���D���K�L�J�K���S�H�U�I�R�U�P�L�Q�J���G�L�J�L�W�D�O���H�G�X�F�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�"�������������' �L�J�L�W�D�O���(�G�X�F�D�W�L�R�Q���(�F�R�V�\�V�W�H�P

�+�R�Z���D�U�H���G�L�J�L�W�D�O���S�H�G�D�J�R�J�\���D�Q�G���P�H�W�K�R�G�V���X�V�H�G���W�R���V�X�S�S�R�U�W���G�H�H�S���O�H�D�U�Q�L�Q�J�"�������������' �L�J�L�W�D�O���3�H�G�D�J�R�J�\

�+�R�Z���G�R�H�V���W�K�H���G�L�J�L�W�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�\�Q�H�U�J�L�]�H���Z�L�W�K���W�K�H���S�U�R�J�U�D�P�P�H���S�U�L�R�U�L�W�L�H�V���L�Q���W�K�H���S�U�R�M�H�F�W�"���������������6�\�Q�H�U�J�L�H�V���Z�L�W�K���R�W�K�H�U���3�U�L�R�U�L�W�L�H�V
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3URMHFW ' LJLWDO�6NLOOV�$LG 6HFWRU ( 6&

$FWLYH � � � � ���� � � � $FWLRQ�7\ SH 6ROLGDULW\ �3URMHFWV

3URMHFW
&DUG

KWWSV�� � \ RXWK�HXURSD�HX�VROLGDULW\ �SURM
HFWV�GHWDLOV� � � � � �� �,7� � �( 6&� � �62 / �
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3DUWLFLSDQWV ,WDO\

$QDO\ VHG�* RRG�3UDFWLFHV�RQ�WKH�' LJLWDO�3ULRULW\
LQ�( UDVP XV� �DQG�( XURSHDQ�6ROLGDULW\ �&RUSV�3URMHFWV

�����3�U�R�M�H�F�W���' �H�W�D�L�O�V

�����3�U�R�M�H�F�W���6�X�P�P�D�U�\

' LJLWDO� 6NLOOV� $LG� HTXLSV� FKLOGUHQ� DQG� \ RXQJ� SHRSOH� HVSHFLDOO\ � WKRVH� DW� ULVN� RI� VRFLDO� RU
HFRQRP LF� H[ FOXVLRQ� Z LWK� SUDFWLFDO�� FRQILGHQFH
œEXLOGLQJ� GLJLWDO� DELOLWLHV�� 7KURXJK� VKRUW�
KDQGV
œRQ� Z RUNVKRSV�� SDUWLFLSDQWV� OHDUQ� WR� QDYLJDWH� GHYLFHV� VDIHO\ �� SURWHFW� SULYDF\ �
RUJDQLVH� ILOHV�� DQG� FROODERUDWH� RQOLQH�� / HDUQLQJ�E\ �GRLQJ� WXUQV� DGYLFH� LQWR� KDELWV�� IRU
H[ DP SOH��VP DOO�SHHU�WDVNV�WR�FUHDWH�D�GLJLWDO�VDIHW\ �OHDIOHW�IRU�FODVVP DWHV��D�SDUHQW
œFKLOG
�FOLQLFV�� DIWHUQRRQ� WR� UHYLHZ � VHWWLQJV� WRJHWKHU�� RU� D� EHJLQQHU� FRGLQJ� P LQL
œSURMHFW� WKDW
VROYHV�D�VLP SOH�FRP P XQLW\ �QHHG��$FWLYLWLHV�IROORZ �QRQ
œIRUP DO�P HWKRGV�DQG�GUDZ �RQ�WKH
DVVRFLDWLRQ�V� 67( $0 � H[ SHULHQFH� WR� P DNH� WHFKQRORJ\ � DSSURDFKDEOH� DQG� P HDQLQJIXO� IRU
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3URMHFW ' LJLWDO�6XUYLYDO�. LW��' LJLWÃODLV
L] G] íYR#DQDV�NRP SOHNWV�

6HFWRU ( 6&

$FWLYH � � � � ���� � � � $FWLRQ�7\ SH 6ROLGDULW\ �3URMHFWV

3URMHFW
&DUG

KWWSV�� � \ RXWK�HXURSD�HX�VROLGDULW\ �SURM
HFWV�GHWDLOV� � � � � �� �/ 9� � �( 6&� � �62 / �
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3DUWLFLSDQWV / DWYLD
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' LJLWÃODLV�L] G] íYR#DQDV�NRP SOHNWV��� ' LJLWDO�6XUYLYDO�. LW���P RWLYDWHV�/ DWYLDQ�\ RXQJ�SHRSOH�WR
H[ SORUH� WHFKQRORJ\ � DQG� WKH� HGXFDWLRQ� DQG� FDUHHU� SDWKV� LW� RSHQV�� Z KLOH� OHDUQLQJ� WR� XVH
GLJLWDO� WRROV� SURGXFWLYHO\ � DQG� VDIHO\ �� : RUNVKRSV� WXUQ� HYHU\ GD\ � WDVNV� LQWR� KDELWV� IRU
H[ DP SOH��Z ULWLQJ�FOHDU�HP DLOV��RUJDQLVLQJ�EURZ VHU�WDEV��SODQQLQJ�WLP H�Z LWK�VLP SOH�DSSV�
DQG� P DQDJLQJ� RQH�V� GLJLWDO� LGHQWLW\ � Z LWK� FDUH�� 6KRUW�� SUDFWLFH
œILUVW� UHVRXUFHV� DQG� YLGHR
UHFDS�SLHFHV�P DNH�JXLGDQFH�HDV\ �WR�UHSHDW�DW�KRP H�DQG�VFKRRO��%\ �FRQYHUWLQJ�DGYLFH�LQWR
URXWLQHV� WKDW� SURWHFW� SULYDF\ � DQG� LP SURYH� FRP P XQLFDWLRQ�� WKH� SURMHFW� DGYDQFHV� ( 6&�V
GLJLWDO�WUDQVIRUP DWLRQ�SULRULW\ �Z LWK�SUDFWLFDO��FRQILGHQFH
œEXLOGLQJ�VWHSV�
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