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,�DP�WKDQNIXO�WR�DOO�WKH�ZRQGHUIXO�SHRSOH�IURP�QHDU�DQG�IDU�IRU�VXSSRUWLQJ�PH�LQ�GRLQJ�P\�

WKHVLV� 7KLV�WKHVLV�LV�DOVR�WKH�UHVXOW�RI�P\�MRXUQH\�DW�,,7�0DQGL��WKH�SODFH DQG�FRPPXQLW\

ZKLFK�KDV�HYROYHG�PH�DQG�JDYH�PDQ\�RSSRUWXQLWLHV�WR�JURZ� ,W�KDV�EHHQ�D�MRXUQH\�ILOOHG�

ZLWK�PHPRUDEOH�H[SHULHQFHV�DQG�JUHDW HQFRXQWHUV�ZLWK�IDEXORXV�SHRSOH��

)LUVW DQG� IRUHPRVW�� ,� ZRXOG� OLNH� WR� DFNQRZOHGJH P\� VXSHUYLVRU 'U�� 6KXEKDMLW� 5R\�

&KRZGKXU\ IRU�KLV�YDOXDEOH�JXLGDQFH��VXSSRUW�DQG�LQVSLUDWLRQV WKURXJKRXW�WKH�MRXUQH\� ,�

ZRXOG�OLNH�WR�WKDQN P\�GRFWRUDO�FRPPLWWHH�PHPEHUV��'U� $UQDY�%KDYVDU��'U��7XVKDU�-DLQ��

'U�� 5DMDQLVK� *LUL DQG� 'U�� 6DPDU� $JQLKRWUL ZKR� SURYLGHG� VRXQG� VXJJHVWLRQV� DQG�

HQFRXUDJHPHQW�GXULQJ�WKH�HQWLUH�FRXUVH�

,�ZDQW�WR WKDQN 'U��$QLUEDQ�'XWWD IRU�KLV�VXSSRUW�DQG�LQVLJKWIXO�VXJJHVWLRQV DQG�PHQWRULQJ�

PH� GXULQJ� 2YHUVHDV� 9LVLWLQJ� 'RFWRUDO� )HOORZVKLS� IXQGHG� E\� 6FLHQFH� DQG� (QJLQHHULQJ�

5HVHDUFK�%RDUG��6(5%���D�VWDWXWRU\�ERG\�RI�WKH�'HSDUWPHQW�RI�6FLHQFH�DQG�7HFKQRORJ\��

*RYHUQPHQW�RI�,QGLD� ,�ZRXOG�OLNH�WR�WKDQNV�3URI��'U� 8OULFK�*��+RIPDQQ�DQG�0V��5DQG�.��

$OPDMLG\��8QLYHUVLW\�0HGLFDO�&HQWHU�)UHLEXUJ��*HUPDQ\ IRU�WKHLU�VLJQLILFDQW�VXJJHVWLRQV�

RQ� QHDU�LQIUDUHG� VSHFWURVFRSLF� GHVLJQ� GXULQJ� 3HUVRQQHO� ([FKDQJH� 3URJUDP� YLVLW XQGHU�

'67�'$$'�SURMHFW� ,�ZRXOG� OLNH� WR� WKDQN�'U��6ZDWKL�5DPDVDKD\DP�IRU�KHOSLQJ�PH�LQ�

SUHOLPLQDU\� H[SHULPHQWV� UHODWHG� WR� VNLQ� RSWLFV� ,�ZRXOG� OLNH� WR� DFNQRZOHGJH�'U��0DNLL�

0XWKDOLE� 0HKDN�6RRG��8WNDUVK�-LQGDO DQG 'U��3LHUUH�%HVVRQ�IRU�SHUIRUPLQJ�WKH�KXPDQ�

VWXG\�DQG�3URI��6WHSKDQH�3HUUH\ IRU�SURYLGLQJ�WKH�QHDU�LQIUDUHG�VSHFWURVFRSLF�GDWD�

,�ZRXOG�DOVR� OLNH� WR�FRQYH\�P\� WKDQNV� WR DOO WKH�PHPEHUV�RI�%LRPHGLFDO�6\VWHPV�/DE��

0XOWLPHGLD�� $QDO\WLFV�� 1HWZRUNV� DQG� 6\VWHPV� *URXS� IRU� WKHLU� HQFRXUDJHPHQW� DQG�

VXSSRUW��,�DP�HVSHFLDOO\�DSSUHFLDWLYH WR %RGKD\DQ�1DQGL��*DXUDY�6KDUPD��3UDWHHN�.XPDU�

6RQNHU�DQG�6RKDP�0XNKHUMHH IRU�WKHLU�YDOXDEOH�LQSXWV� ,�DP�WKDQNIXO�WR�P\�ODE�PHPEHUV�

.VKLWLM�6KDN\D��'DOFKDQG�$KLUZDU��6ZHWD�*KRVK��%LGLVKD�%LVZDV��9DLEKDY�%HGL��9LNUDP��

$VKLVK�7LZDUL DQG�5DNWLP�%KDWWDFKDU\D��,�ZRXOG�OLNH�WR�DFNQRZOHGJH�$NDVK�.�5DR��6KDUH\�

'HHS�*XODULD DQG�P\� VHQLRUV��.ULVKDQ� 6KDUPD��.UDWL�*XSWD DQG� ,QGX IRU� WKHLU� KHOSIXO�

LQSXWV��



��

,�DP�JUDWHIXO�WR�P\�IULHQGV�DW�WKH�FDPSXV��DW�KRPH�DQG�DURXQG�WKH�ZRUOG IRU�PDNLQJ�WKH�

MRXUQH\�SOHDVDQW�DQG�VXSSRUWLQJ�LQ VSHFLDO�ZD\V� 6SHFLDO�WKDQNV�WR�$PUXWKD�IRU�EHLQJ�ZLWK�

PH�RQ�YDULRXV�OHYHOV��,�DP�JUDWHIXO�WR�P\�IULHQGV�DQG�EDWFK�PDWHV��%LQGX�6KDUDQ��'KDLU\D�

6LQJK�$U\D� 0RKDPPDG� )DL]DQ�$KPDG�� 3DURPLWD�'XWWD�� 5DJLQL� 6LQKD�� 6XMDWD��.XVKDO�

3UHHWL��6DKLO�:DOLD��$UVKGHHS�6LQJK %RSDUDL��$VKLVK�.XPDU��3UDEKMRW�.DXU��9\RPD�6LQJK�

0DQMX�%LVKW� +DUVKD�0DWKXU��$QNLWD�0DWKXU��6XQLWD��0DQX�6KUHH��6KUXWL�.DXVKLN� 'DXRRG�

6DOHHP��0RQD� 6XEUDPDQLDP� 9LMHQGHU�.XPDU� 6KDUPD�� DQG�$YLQDVK�.XPDU�� ,�ZDQW� WR�

WKDQN�5RRSD�5DYLFKDQGDU��&DUPRQ�.RHQLJVNQHFKW��DQG�5LVKDEK�6KDUPD DW�8QLYHUVLW\�DW�

%XIIDOR��7R�P\�OLWWOH�VLVWHU�±9DUQLND�0LJODQL��WKDQN�\RX�IRU�FKHHULQJ PH�LQ�DOO�RI�P\�TXHVWV�

DQG�PRWLYDWLQJ PH WR�FKDVH�P\�GUHDPV�

/DVWO\�DQG�PRUH�HPLQHQWO\��,�WKDQN P\�SDUHQWV DQG�P\�EURWKHUV��7KHLU�JXLGDQFH DQG�UHJXODU�

VXSSRUW�KDYH�KHOSHG�PH�D�ORW�



�
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1HDU�LQIUDUHG�VSHFWURVFRS\��1,56� LV�D�SRUWDEOH�QRQ�LQYDVLYH�WRRO WR�DQDO\]H�WKH�RUJDQLF�

FRPSRVLWLRQ�RI�D�VDPSOH�E\�WKH�DSSOLFDWLRQ�RI�QHDU�LQIUDUHG�OLJKW��)RU�LQVWDQFH��LQ�D�URXWLQH�

PHGLFDO�FKHFN�XS��D�VPDOO�FOLS��SXOVH�R[LPHWHU�LV�SODFHG�RQ�WKH�LQGH[�ILQJHU�ZKLFK�HPSOR\�

1,56�WHFKQLTXH�WR�GHWHUPLQH�WKH�R[\JHQ�LQ WKH�EORRG��,Q�EUDLQ�LPDJLQJ��1,56�GHWHFW�WKH�

ORFDO�KHPRG\QDPLF UHVSRQVH�ZLWK�UHDVRQDEOH�VSDWLDO�UHVROXWLRQ��EHWWHU�WHPSRUDO�UHVROXWLRQ�

DQG�FRPIRUW�FRPSDUHG�WR�RWKHU�EUDLQ�LPDJLQJ�PRGDOLWLHV�OLNH�PDJQHWLF�UHVRQDQFH�LPDJLQJ�

�05,� DQG�HOHFWURHQFHSKDORJUDP��((*���,W�LV�DQ�RSWLFDO�LPDJLQJ�WHFKQLTXH�WKDW�LV�VHQVLWLYH�

WR�OLJKW�DQG�VNLQ�RSWLFV�SDUDPHWHUV��7KH�XVDJH�RI�RSWRGH��OLJKW�HPLWWHU�GHWHFWRU�SDLU� IRU�

GHWHFWLQJ� WKH� 1,56� VLJQDOV� WR� HVWLPDWH� WKH� FHUHEUDO� R[\JHQDWLRQ� OHYHOV� LV� KLQGHUHG�

FRQVLGHUDEO\�E\� VXUIDFH� URXJKQHVV�SURILOH�RI� VNLQ��ZKLFK�QHFHVVLWDWHV� WKH�RSWRGHV� WR�EH�

SRVLWLRQHG�DW�FHUWDLQ�DQJOH�ZLWK�UHVSHFW�WR�WKH�VNLQ�VXUIDFH�DQG�QRW�SHUSHQGLFXODUO\�RQ�WKH�

VNLQ�VXUIDFH��,Q�WKH�SUHVHQW�VWXG\��ILUVW�DQ�DWWHPSW�KDV�EHHQ�PDGH�WR�RSWLPL]H�WKH�SODFHPHQW�

RI� 1,56� RSWRGHV LQ� UHIOHFWLRQ� SKRWRSOHWK\VPRJUDSKLF� VHQVRU� V\VWHP� E\� DQDO\]LQJ� WKH�

URXJKQHVV�RI�VXUIDFHV�RI�VNLQ�OD\HUV��,WV LPSOLFDWLRQV�RQ�FHUHEUDO�FRUWH[ LPDJLQJ�GRZQ�WKH�

OLQH�KDYH�EHHQ�SUHVHQWHG�WR�REWDLQ�DFFXUDF\�LQ�FHUHEUDO�KHPRG\QDPLF�UHVSRQVH�

7KH� VHFRQG� SDUW� RI� WKH�ZRUN� IRFXVHV� RQ� FRUWLFDO� H[FLWDELOLW\� WKURXJK� YDULRXV� HOHFWURGH�

FRQILJXUDWLRQV� RI� DQRGDO� WUDQVFUDQLDO� GLUHFW� FXUUHQW� VWLPXODWLRQ� �W'&6��� W'&6� PHWKRG�

LQYROYHV�DSSOLFDWLRQ�RI�ZHDN�GLUHFW�FXUUHQW XVLQJ QRQ�LQYDVLYH�HOHFWURGHV�SODFHG�RQ� WKH�

VFDOS� W'&6�KDYH VKRZQ�WR�PRGXODWH�ERWK�FRUWLFDO�QHXUDO�DFWLYLW\�DQG�KHPRG\QDPLFV�DQG�

LV�XVHG�LQ�YDULRXV�QHXUR�UHKDELOLWDWLRQ�VWUDWHJLHV��+RZHYHU��WKH�XQGHUO\LQJ�PHFKDQLVP�RI�

W'&6� LV� QRW� FRPSOHWHO\� NQRZQ� DQG� WKHUH� LV� D� KXJH� LQWHU�LQGLYLGXDO� YDULHGQHVV� LQ� WKH�

UHVSRQVHV� WR� W'&6��7KLV�VWXG\�HYDOXDWHV WKH�HIIHFW�RI�YDULRXV�DQRGDO� W'&6�GHVLJQV ZLWK�

UHJDUG� WR HOHFWULF� ILHOG� DQG� YROWDJH� GLVWULEXWLRQ XVLQJ VXEMHFW¶V� VSHFLILF� DQDWRP\� LQ� D�

FRPSXWDWLRQDO� IUDPHZRUN� 7KH� VWXG\� HYDOXDWHV� WKH� HIIHFW� RI� FRQYHQWLRQDO� DQG� KLJK�

GHILQLWLRQ� WUDQVFUDQLDO� GLUHFW� FXUUHQW� VWLPXODWLRQ� �+'�W'&6�� E\� XWLOL]LQJ V\QWKHWLF�

PDJQHWLF�UHVRQDQFH�LPDJH�YROXPHV�IRU�QRUPDO�DQG�OHVLRQHG�EUDLQ�

7KH� VWXG\� QH[W� IRFXVHV� RQ� WKH� DSSOLFDWLRQ� RI� 1,56� WR� DQDO\]H� WKH� FRUUHODWLRQ� EHWZHHQ�

FHUHEURYDVFXODU� UHDFWLYLW\� �&95�� DQG� QHXURYDVFXODU� FRXSOLQJ� �19&��� &HUHEURYDVFXODU�

UHDFWLYLW\� UHSUHVHQWV� WKH� UHVSRQVLYHQHVV� RI� FHUHEUDO� EORRG� YHVVHOV� WR� YDVRDFWLYH� VWLPXOL��



��

$QG��QHXURYDVFXODU�FRXSOLQJ�LV�D�SKHQRPHQRQ�WKURXJK�ZKLFK�QHXURQDO�DFWLYLW\�HOLFLWV�D�

ORFDO�FKDQJH�LQ�FHUHEUDO�EORRG�IORZ��&%)���7KLV�OHDGV�WR�WKH�QRWLRQ�RI�QHXURYDVFXODU�XQLW�

�198��FRQVLVWLQJ�RI�WKH�YDVFXODU�VPRRWK�PXVFOH��SHULYDVFXODU�VSDFH��V\QDSWLF�VSDFH�DQG��

DVWURF\WH�JOLDO�FHOO��6HYHUDO�QHXUDO�GLVRUGHUV�DUH�DVVRFLDWHG�ZLWK�LPSDLUHG�19&��7KH VWXG\�

SRVWXODWHV�D FRUUHODWLRQ�EHWZHHQ�QHXURYDVFXODU�FRXSOLQJ�DQG�FHUHEURYDVFXODU�UHDFWLYLW\�

XQGHU� WKH� HIIHFW� RI� W'&6� EDVHG� RQ� H[SHULPHQWDO� 1,56� GDWD�� 7KH� VWXG\� SUHVHQWV� D�

FRPSXWDWLRQDO�PRGHO�WR�HYDOXDWH�YHVVHO�YROXPH�UHVSRQVH�XQGHU�DQRGDO�WUDQVFUDQLDO�GLUHFW�

FXUUHQW�VWLPXODWLRQ�FRQVLGHULQJ�D�EDVLF�V\VWHP�RI�QHXURYDVFXODU�XQLW��7KH�SURSRVHG�PRGHO�

EDVHG� RQ� QHXURYDVFXODU� G\QDPLFV� WUDFNHG� YDVFXODU� UHVSRQVH� HOLFLWHG� WKURXJK� QHXURQDO�

DFWLYLW\� YLD� YDULRXV� VLJQDOLQJ SDWKZD\V� GXULQJ� DQRGDO� W'&6�� ,W� ZDV� IRXQG� WKDW� WKH�

VWLPXODWLRQ�FDQ�SHUWXUE�WKH�YHVVHO�UHVSRQVH�YLD�ERWK�QHXURQDO�DQG�QRQ�QHXURQDO�SDWKZD\V��

7KH� SURSRVHG� PRGHO� VSHFLILHV� WKH VLJQDOLQJ SDWKZD\V� LQ� D� FRPSDUWPHQW� PRGHO� RI�

QHXURYDVFXODU� XQLW� ZLWK� UHVSHFW� WR� HYRNHG� KHPRG\QDPLF UHVSRQVHV� LQ� D� FRPSXWDWLRQDO�

IUDPHZRUN�ZKLFK�LV�RWKHUZLVH�H[WUHPHO\�GLIILFXOW�WR�H[DPLQH�LQ�ZHW�ODE�HQYLURQPHQW��7KH�

FRPSXWDWLRQDO PRGHOLQJ RI� QHXURYDVFXODU� FRXSOLQJ� DQG� FHUHEURYDVFXODU� UHDFWLYLW\�

PHDVXUHG�WKURXJK�1,56�ZLOO�SRVVLEO\�HQDEOH�WKH�XQGHUVWDQGLQJ�RI�XQGHUO\LQJ�G\QDPLFV�RI�

QRQ�LQYDVLYH�FXUUHQW�VWLPXODWLRQ�
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0DWHULDO�SUHVHQWHG� LQ�&KDSWHUV�RI� WKLV� WKHVLV�KDYH�EHHQ HLWKHU SXEOLVKHG RU� LQWHQGHG� IRU�

SXEOLFDWLRQ LQ� LQWHUQDWLRQDO�� SHHU�UHYLHZHG� MRXUQDOV� DQG� LQWHUQDWLRQDO� FRQIHUHQFH�

SURFHHGLQJV�

&KDSWHU���

6��5R\�&KRZGKXU\��*�� 6KDUPD��<��$URUD�� �&HUHEUDO� R[\JHQDWLRQ� VWXGLHV� WKURXJK�QHDU�

LQIUDUHG�VSHFWURVFRS\��$�UHYLHZ���$GYDQFHG�0DWHULDOV�/HWWHUV��9RO���������������������

����������

&KDSWHU���

<�� $URUD�� 6�� 5DPDVDKD\DP�� 6�� 5R\� &KRZGKXU\�� �$Q� 2SWLPDO� 5HIOHFWLRQ�

3KRWRSOHWK\VPRJUDSKLF�6HQVRU�6\VWHP�EDVHG�RQ�6NLQ�2SWLFV���,(((�6HQVRUV�-RXUQDO��9RO��

����1R������SS������������������

*�� 6KDUPD
� <��$URUD
� 6�� 5R\�&KRZGKXU\� ³6WXGLHV� RQ�5DW�%UDLQ� 3KDQWRPV� IRU� WKH�

'HYHORSPHQW�RI�1HDU�,QIUDUHG�6SHFWURVFRS\��1,56��6\VWHP´���,Q�3URFHHGLQJV�RI�WKH���WK�

,QWHUQDWLRQDO� -RLQW� &RQIHUHQFH� RQ� %LRPHGLFDO� (QJLQHHULQJ� 6\VWHPV� DQG� 7HFKQRORJLHV�

�%,267(&�������� 9ROXPH����%,2'(9,&(6��SDJHV���������
(TXDO�&RQWULEXWLRQ

&KDSWHU���

<��$URUD DQG�6��5��&KRZGKXU\���&RUWLFDO�([FLWDELOLW\�WKURXJK�$QRGDO�7UDQVFUDQLDO�'LUHFW�

&XUUHQW�6WLPXODWLRQ��D�&RPSXWDWLRQDO�$SSURDFK���-RXUQDO�RI�0HGLFDO�6\VWHPV��YRO������QR��

���SS�������������

<�� $URUD� 6�� 5R\� &KRZGKXU\�� �$VVHVVLQJ� WKH� UROH� RI� HOHFWURGHV� IRU� KLJK�GHILQLWLRQ�

WUDQVFUDQLDO� GLUHFW� FXUUHQW� VWLPXODWLRQ� FRQILJXUDWLRQV� RQ� FRUWLFDO� H[FLWDELOLW\� LQ� D�

FRPSXWDWLRQDO� IUDPHZRUN��� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSOH[� 0HGLFDO�

(QJLQHHULQJ��&0(������� 'RUWPXQG��*HUPDQ\��6HSWHPEHU�������������

&KDSWHU���

<��$URUD�� $�� 'XWWD� 6�� 5R\� &KRZGKXU\�� �3DWKZD\V� RI� KHPRG\QDPLF� UHVSRQVH� GXULQJ�

DQRGDO�WUDQVFUDQLDO�GLUHFW�FXUUHQW�VWLPXODWLRQ��D�FRPSXWDWLRQDO�DSSURDFK���WK�,QWHUQDWLRQDO�

&RQIHUHQFH�RQ�1HXURUHKDELOLWDWLRQ��,&15��������9LJR��6SDLQ��2FWREHU�������������



����

&KDSWHU���

6XEPLWWHG WR�3/26�&RPSXWDWLRQDO�%LRORJ\��3UHSULQW�$YDLODEOH�

<��$URUD��3��:DOLD��0��+D\DVKLEH��0��0XWKDOLE��6��5��&KRZGKXU\��6��3HUUH\��DQG�$��'XWWD��

�*UH\�ER[� OLQHDU� PRGHOLQJ� WR� DQDO\]H� IXQFWLRQDO� QHDU�LQIUDUHG� VSHFWURVFRS\�EDVHG�

FHUHEURYDVFXODU�UHDFWLYLW\�WR�DQRGDO�KLJK�GHILQLWLRQ�W'&6�LQ�KHDOWK\�KXPDQV��������
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'HFODUDWLRQ�E\�WKH�5HVHDUFK�6FKRODU ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ�

'HFODUDWLRQ�E\�WKH�5HVHDUFK�$GYLVRUǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ��

$FNQRZOHGJHPHQWV ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ���
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����0DWHULDOV�DQG�0HWKRGV ���������������������������������������������������������������������������������������������� ��

������1,56�,PDJLQJ�GXULQJ�W'&6��([SHULPHQWDO�3URWRFRO ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ Şŝ

������*UH\�ER[�0RGHO�'\QDPLFV�DQG�$VVXPSWLRQVǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ şŘ

������3K\VLRORJLFDOO\�'HWDLOHG�1HXURYDVFXODU�&RPSDUWPHQWDO�'\QDPLFV ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ şř

������,QYHVWLJDWLRQ�RI�WKH�)RXU�3DWKZD\V��9HVVHO�5HVSRQVH�GXULQJ�$QRGDO�W'&6 ǯǯ ŗŖŚ

������3K\VLRORJLFDOO\�'HWDLOHG�0RGHO�5HVSRQVH ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ŗŖŜ

����5HVXOWV ��������������������������������������������������������������������������������������������������������������������� ���

����&RQFOXVLRQ��������������������������������������������������������������������������������������������������������������� ���
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&KDSWHU��� 6\VWHPV�$QDO\VLV�RI�&HUHEURYDVFXODU�5HDFWLYLW\�WR�$QRGDO�7UDQVFUDQLDO�

'LUHFW�&XUUHQW�6WLPXODWLRQ�LQ�+HDOWK\�+XPDQVǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ŗŗŗ
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����0DWHULDOV�DQG�0HWKRGV �������������������������������������������������������������������������������������������� ���

������3DUWLFLSDQWV�DQG�WKH�([SHULPHQWDO�3URWRFROǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ŗŗŘ

������0RGHO�$UFKLWHFWXUH ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ŗŗř

������0RGHO�$QDO\VLV ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ŗŗŚ

����5HVXOWV ��������������������������������������������������������������������������������������������������������������������� ���

������+HPRG\QDPLF�5HVSRQVH�IURP�([SHULPHQWDO�1,56�W'&6�'DWD ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ŗŗś

������ 3K\VLRORJLFDOO\� 'HWDLOHG 0RGHO� /LQHDUL]DWLRQ� IRU� *UH\�ER[� $QDO\VLV� RI�

([SHULPHQWDO�'DWD ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ŗŗŝ

������*UH\�ER[�0RGHO�$QDO\VLV�XVLQJ�([SHULPHQWDO�'DWD ǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ŗŗş

����&RQFOXVLRQ��������������������������������������������������������������������������������������������������������������� ���

&KDSWHU��� &RQFOXVLRQ�DQG�)XWXUH�6FRSHǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯǯ ŗŘŝ
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$SSHQGL[�%��6\VWHPV�$QDO\VLV��/LQHDUL]DWLRQ�	�,GHQWLILFDWLRQ��&KDSWHU��� ǯǯǯǯǯǯǯǯǯǯǯ ŗřŝ
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