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3DWULFN�-HQQ\��&KDLU���(7+�=�ULFK��6ZLW]HUODQG 
6ULGKDU 5DQJDQDWKDQ��9LFH�&KDLU���.LPEHUO\-&ODUN�&RUSRUDWLRQ��8QLWHG�6WDWHV 
0DWWKLDV�$SSHO��6KHOO�*OREDO�%9��7KH�1HWKHUODQGV� 
,QJD�%HUUH��%HUJHQ�8QLYHUVLW\��1RUZD\� 
$QR]LH�(ELJER��(7+�=�ULFK��6ZLW]HUODQG� 
6HEDVWLDQ�*HLJHU��+HULRW-:DWW�8QLYHUVLW\��8.� 
*HQQDG\�*RU��1HZ�-HUVH\�,QVWLWXWH�RI�7HFKQRORJ\��86$� 
%R�*XR��8QLYHUVLW\�RI�$UL]RQD��86$ 
6RULQ�3RS��8QLYHUVLW\�RI�+DVVHOW��%HOJLXP� 
$PLU�5DRRI��8WUHFKW�8QLYHUVLW\��7KH�1HWKHUODQGV� 
7LLQD�5RRVH��8QLYHUVLW\�RI�6RXWKDPSWRQ��8.� 
9HURQLND�6FKOHSHU��%RVFK��*HUPDQ\� 
6WpSKDQH�=DOHVNL��8QLYHUVLW\�3LHUUH�DQG�0DULH�&XULH��)UDQFH� 
 

352*5$0�&200,77(( 

25*$1,=,1*�&200,77(( 
2OHJ�,OLHY��&KDLU����)UDXQKRIHU�,QVWLWXWH��*HUPDQ\� 
0DWWKLMV�GH�:LQWHU��8WUHFKW�8QLYHUVLW\��7KH�1HWKHUODQGV� 
6��0DMLG�+DVVDQL]DGHK���8WUHFKW�8QLYHUVLW\��7KH�1HWKHUODQGV � 
0RKDPPDG�1RRUDLHSRXU��8QLYHUVLW\�RI�2VOR��1RUZD\� 
.DPDOMLW�6LQJK��+HULRW-:DWW�8QLYHUVLW\��8.� 
/HL�=KDQJ��&KLQD�8QLYHUVLW\�RI�3HWUROHXP��&KLQD� 
 

:H�DUH�VR�JODG�WR�ZHOFRPH�\RX� 
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:(/&20(�0(66$*(6 
'HDU�&ROOHDJXHV� 
  
2Q� EHKDOI� RI� WKH� ([HFXWLYH� &RPPLWWHH�� ,� ZHOFRPH� \RX� WR� WKH�
��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3RURXV� 0HGLD� DQG� $QQXDO�
0HHWLQJ� RI� WKH� ,QWHUQDWLRQDO� 6RFLHW\� IRU� 3RURXV� 0HGLD�
�,QWHU3RUH�� � :H� DUH� SOHDVHG� WKDW� \RX� FDQ� MRLQ� XV� IRU� WKLV�
PXOWLGLVFLSOLQDU\� LQWHUQDWLRQDO� PHHWLQJ� WKDW� EULQJV� WRJHWKHU�
FROOHDJXHV� IURP� WKH� JOREDO� SRURXV� PHGLD� FRPPXQLW\�� � 7KH�
&RQIHUHQFH�SUHVHQWDWLRQV�LQFOXGH�QHZ�DQG�H[FLWLQJ�DGYDQFHV�LQ�
SRURXV�PHGLD�VWXGLHV�WKDW�FXW�DFURVV�GLVFLSOLQHV�DQG�VSDQ�IURP�
IXQGDPHQWDO� VFLHQFH� WR� DSSOLFDWLRQV�� XVLQJ� QHZ� H[SHULPHQWDO�
PHWKRGV�� PDFKLQH� OHDUQLQJ� DQG� DGYDQFHG� FRPSXWDWLRQDO�
VLPXODWLRQ� DQG� DQDO\VLV�� 7KLV� \HDU·V� SURJUDP� ZDV� GHVLJQHG� WR�
LQFOXGH� PDQ\� GLIIHUHQW� DVSHFWV� RI� SRURXV� PHGLD� DORQJ� ZLWK�
VSHFLDO� VHVVLRQV� WKDW� IRFXV� RQ� ZDWHU�� HQHUJ\�� DJULFXOWXUH�� DQG�
FOLPDWH�� 
  
:H�DSSUHFLDWH� \RXU� VXSSRUW� DQG�SDUWLFLSDWLRQ� LQ� ,QWHU3RUH·V� �QG� YLUWXDO� $QQXDO�
0HHWLQJ� �:LWK�WKH�&29,'-���SDQGHPLF�VWLOO�QRW�XQGHU�FRQWURO��LW�LV�LPSRUWDQW�IRU�
WKH�FRPPXQLW\�DQG�WKH�6RFLHW\�WR�UHVSRQG�DQG�GHYHORS�DSSURSULDWH�PHWKRGV�WR�
PDLQWDLQ�FRPPXQLFDWLRQ�DQG�WKH�H[FKDQJH�RI�LGHDV�DV�ORQJ�DV�WUDYHO�UHVWULFWLRQV�
UHPDLQ�� 
  
7KH�6\PSRVLXP�FRXOG�QRW�KDYH�KDSSHQHG�ZLWKRXW� WKH�HIIRUW� DQG�GHGLFDWLRQ�RI�
PDQ\�SHRSOH�ZKR�ZRUNHG�WLUHOHVVO\�RQ�VKRUW�QRWLFH� � ,�DP�YHU\�JUDWHIXO�IRU�WKHLU�
DVVLVWDQFH�� FRPPLWPHQW�� DQG� GHGLFDWLRQ�� 7KLV� \HDU� WKH� FR-RUJDQL]HUV� RI�
PLQLV\PSRVLD�DQG�VHVVLRQ�PRGHUDWRUV�KDG�DQ�H[WHQVLYH�WDVN�DQG�D�FUXFLDO�UROH�LQ�
WKH� VXFFHVV� RI� WKH� &RQIHUHQFH�� 7KH� KDUG� ZRUN� RI� PRGHUDWRUV�� WKH� 3URJUDP�
&RPPLWWHH�� WKH� 2UJDQL]LQJ� &RPPLWWHH�� &RPPXQLFDWLRQ� &RPPLWWHH�� DQG�
,QWHU3RUH·V�H[HFXWLYH�VWDII�LV�JUHDWO\�DSSUHFLDWHG� 
  
7KDQN�\RX�IRU�SDUWLFLSDWLQJ�LQ�WKH�&RQIHUHQFH��3OHDVH�HQMR\�WKH�FRQIHUHQFH��OHDUQ�
DV�PXFK�DV�\RX�FDQ��YLUWXDOO\�PHHW�DQG�PDNH�IULHQGV��DQG�WDNH�DGYDQWDJH�RI�WKH�
FOHDU�YLHZ�RI�WKH�SUHVHQWDWLRQV�IURP�\RXU�IDYRULWH�VSDFH� 
  
´:LVGRP� LV� QRW� D� SURGXFW� RI� VFKRROLQJ� EXW� RI� WKH� OLIHORQJ� DWWHPSW� WR� DFTXLUH�
LW�µ��$OEHUW�(LQVWHLQ�� 
 
´,Q�D�WLPH�RI�GUDVWLF�FKDQJH�LW�LV�WKH�OHDUQHUV�ZKR�LQKHULW�WKH�IXWXUH���7KH�OHDUQHG�
XVXDOO\� ILQG�WKHPVHOYHV�HTXLSSHG�WR� OLYH� LQ�D�ZRUOG�WKDW�QR� ORQJHU�H[LVWV�µ� � �(ULF�
+RIIHU� 
 

2Q�EHKDOI�RI�WKH�H[HFXWLYH�FRPPLWWHH� 
/DXUD�-��3\UDN-1ROWH 

3UHVLGHQW�RI�,QWHU3RUH 

/DXUD�-��3\UDN-
1ROWH 

3XUGXH�8QLYHUVLW\ 
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2Q�EHKDOI� RI� WKH� RUJDQL]LQJ� FRPPLWWHH�� LW� LV� RXU� SOHDVXUH� WR�ZDUPO\�ZHOFRPH�
\RX�WR� WKH� ,QWHU3RUH������FRQIHUHQFH�� �:H�KRSH�WKDW�\RX�DQG�\RXU�GHDU�RQHV�
DUH�GRLQJ�ZHOO�LQ�WKLV�GLIILFXOW�SHULRG�RI�&29,'-���SDQGHPLF��'XH�WR�WKH�FXUUHQW�
VLWXDWLRQ��WKH�FRQIHUHQFH�ZLOO�EH�RQOLQH�DJDLQ�WKLV�\HDU��KRZHYHU��ZH�ZLOO�EULQJ�DQ�
HQKDQFHG� OHYHO� RI� LQWHUDFWLRQ� WKURXJK� H[FHOOHQW� SUH-UHFRUGHG� WDONV�� SRVWHU�
VHVVLRQV� DQG� RQOLQH� GLVFXVVLRQV��:H� DUH� DOVR� JRLQJ� WR� LQWURGXFH� D� QHZ� VSHHG�
QHWZRUNLQJ�HYHQW�DORQJ�ZLWK�RWKHU�VRFLDO�HYHQWV�WHD-FRIIHH�EUHDNV��,W�LV�D�XQLTXH�
RSSRUWXQLW\� IRU� \RX� WR�PHHW� DQG� HQJDJH�ZLWK� RWKHU� UHVHDUFKHUV� IURP� GLYHUVH�
UHVHDUFK� ILHOGV�� JHW� LQVSLUHG� IRU� \RXU� RZQ� UHVHDUFK�� PHHW� ROG� IULHQGV� DQG�
HVWDEOLVK�QHZ�FROODERUDWLRQV�DURXQG�WKH�ZRUOG��7KH�2UJDQL]LQJ�&RPPLWWHH��ZLWK�
WKH�DFWLYH�SDUWLFLSDWLRQ�RI�WKH�06�PRGHUDWRUV�DQG�ZLWK�WKH�GHFLVLYH�VXSSRUW�RI�
WKH� ,QWHU3RUH�2IILFH��KDV�ZRUNHG�YHU\�KDUG� WR�PDNH� WKLV�HYHQW�PHPRUDEOH DQG�
IUXLWIXO� IRU� \RX�� :H� ORRN� IRUZDUG� WR� LQWHUDFWLQJ� ZLWK� \RX� GXULQJ� WKH� RQOLQH�
FRQIHUHQFH� 
 
(QMR\�,QWHU3RUH����� 
 
2OHJ�,OLHY 
2UJDQL]LQJ�&RPPLWWHH�&KDLU� 
 

6ULGKDU 5DQJDQDWKDQ� 
.LPEHUO\-&ODUN� 
&RUSRUDWLRQ� 

2OHJ�,OLHY 
)UDXQKRIHU�
,QVWLWXWH 

3DWULFN�-HQQ\ 
(7+�=�ULFK 

:(/&20(�0(66$*(6 

,W�LV�RXU�SOHDVXUH�WR�ZHOFRPH�\RX�RQ�EHKDOI�RI�WKH�3URJUDP�&RPPLWWHH��/LNH�
,QWHU3RUH������WKH�FRQIHUHQFH�ZLOO�EH�RQOLQH��EXW�WKLV�WLPH�ZH�NQHZ�WKDW�IURP�
WKH�EHJLQQLQJ�RI�WKH�SODQQLQJ�SHULRG��2I�FRXUVH�ZH�DOO�ZRXOG�KDYH�SUHIHUUHG�
DQ�LQ-SHUVRQ�FRQIHUHQFH��1HYHUWKHOHVV��ZH�DUH�JODG�WKDW��WKDQNV�WR�WKH�ODUJH�
QXPEHU�RI� H[FHOOHQW�RUDO� DQG�SRVWHU�SUHVHQWDWLRQV� DQG� WKDQNV� WR� WKH�KXJH�
FRPPLWPHQW� RI� WKH� PLQL-V\PSRVLD� RUJDQL]HUV�� ZH� FDQ� SUHVHQW� DQ� H[FLWLQJ�
DQG�GLYHUVH�SURJUDP��7KLV�ZRXOG�KDYH�EHHQ�YLUWXDOO\�LPSRVVLEOH�ZLWKRXW�WKH�
FRPPLWPHQW�DQG�KDUG�ZRUN�RI�PLQL-V\PSRVLD�RUJDQL]HUV��ZKR�KDYH�SOD\HG�D�
PDMRU� UROH� VLQFH� ODWH� ODVW� \HDU� DQG� ZKRVH� ZRUN� ZLOO� FRQWLQXH� DV� VHVVLRQ�
PRGHUDWRUV� GXULQJ� WKH� FRQIHUHQFH� :H� DOVR� ZDQW� WR� PHQWLRQ� WKH� YHU\�
FRQVWUXFWLYH� LQWHUDFWLRQ�ZLWK� WKH� ([HFXWLYH� DQG�2UJDQL]LQJ� FRPPLWWHHV� DQG�
WKH� JUHDW� VXSSRUW� E\� WKH� ,QWHU3RUH� RIILFH�� 7KH� VXFFHVV� RI� ,QWHU3RUH� DOVR�
KHDYLO\� UHOLHV� RQ� WKH� LQGLYLGXDO�PHPEHUV� ZKR� YROXQWHHU� DQG� SDUWLFLSDWH� LQ�
VFLHQWLILF�DQG�RUJDQL]DWLRQDO�DFWLYLWLHV� 
 
2QOLQH� FRQIHUHQFHV� GR� RIIHU� SRVVLELOLWLHV� WKDW� ZH� GLGQ·W� KDYH� RU� GLGQ·W� XVH�
EHIRUH�� )RU� H[DPSOH�� KXQGUHGV� RI� SUH-UHFRUGHG�SUHVHQWDWLRQV� DUH� DYDLODEOH�
RQOLQH� IRU� \RX� DQG� FDQ� EH�ZDWFKHG� DW� FRQYHQLHQW� WLPHV� WZR�ZHHNV� EHIRUH�
DQG� WZR�ZHHNV� DIWHU� WKH� FRQIHUHQFH�� $OVR�� WKH� IHH� DQG� H[SHQVHV� DUH�PXFK�
ORZHU�DQG�PDQ\�SHRSOH��ZKR�FDQ
W�WUDYHO�IRU�YDULRXV�UHDVRQV��VXFK�DV�ODFN�RI�
IXQGV���FDQ�QRZ�SDUWLFLSDWH�DQG�SUHVHQW�WKHLU�ZRUN� 
 
:H�KRSH�\RX�ZLOO�HQMR\�WKH�FRQIHUHQFH� 
 

3DWULFN�-HQQ\�DQG�6ULGKDU�5DQJDQDWKDQ� 
3URJUDP�&RPPLWWHH�&KDLU�	�9LFH-&KDLU� 
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9LVLW�WKH�1DWLRQDO�&KDSWHUV�ERRWK�WR�OHDUQ� 
PRUH�DERXW�MRLQLQJ�RU�VWDUWLQJ�\RXU�ORFDO�FKDSWHU�� 

1DWLRQDO�FKDSWHUV�RIIHU�HOHYDWHG�YLVLELOLW\��LPSURYHG�ORFDO�DQG�JOREDO�
QHWZRUNLQJ��SODWIRUPV�IRU�MRLQW�ZRUNVKRSV�DQG�PDQ\�RWKHU�EHQHILWV�� 

([LVWLQJ�&KDSWHUV 

&KDSWHUV�8QGHU�)RUPDWLRQ�LQFOXGH�� 
,VUDHO��*UHHFH��'HQPDUN��$XVWULD�	�-DSDQ 

,QWHU3RUH�1DWLRQDO�&KDSWHU�&RPPLWWHH�0HPEHUV� 
 
0��5XFNHU��7HFKQLFDO�8QLYHUVLW\�RI�(LQGKRYHQ��7KH�1HWKHUODQGV 
(��$EUHX��8QLYHUVLW\�RI�&DPSLQDV��%UD]LO 
0��4XLQWDUG�&156��,0)7��)UDQFH 
1��7RPR]HLX�&DQRQ�3URGXFWLRQ�3ULQWLQJ��7KH�1HWKHUODQGV 
0��:DQJ��7VLQJKXD�8QLYHUVLW\��&KLQD 
'��/DVVHX[��&KDLU���&156��,�0��)UDQFH 

https://whova.com/portal/webapp/inter1_202105/Exhibitors/144950
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&KDLU 
0RKDPPDG�
1RRUDLHSRXU 

8QLYHUVLW\�RI�2VOR��
1RUZD\ 

9LFH-&KDLU 
0DUFR�6DXHUPRVHU 
1RUZHJLDQ�8QLYHUVLW\�
RI�6FLHQFH�DQG�
7HFKQRORJ\��1RUZD\ 

,QWHU3RUH�6$&������%RDUG�0HPEHUV� 

(YHQWV�0DQDJHU�
DQG�)LQDQFLDO�

$GYLVRU 
1HHUMD�=DPEDUH 
0RQWDQD�6WDWH�
8QLYHUVLW\��86$ 

6HFUHWDU\�DQG�
&RPPXQLFDWLRQ�
$GYLVRU 
0DQXHO�%DVWLGDV�
2OLYDUHV� 
+DVVHOW�8QLYHUVLW\��
%HOJLXP 

(YHQWV�'LUHFWRU 
1DUD�%UDQGDR�&RVWD�
)HGHUDO�8QLYHUVLW\�RI�

8EHUOkQGLD��%UD]LO� 

&RPPXQLFDWLRQ�
2IILFHU 
-DYLHU�(��6DQWRV� 
7KH�8QLYHUVLW\�RI�
7H[DV�DW�$XVWLQ��86$ 

 
:RXOG�\RX�OLNH�WR�MRLQ�6$&�DQG�
PDNH�,QWHU3RUH������HYHQ�EHWWHU"�
&RQWDFW�VDF#LQWHUSRUH�RUJ� 

,Q� UHVSRQVH� WR� WKH�H[FHOOHQW�SDUWLFLSDWLRQ� LQ� WKH�SUHYLRXV�\HDUV�� WKH�6WXGHQW�$IIDLUV�
&RPPLWWHH� �6$&��ZLOO� RUJDQL]H� D�PXVLF� HYHQW� DQG� D� FDUHHU� HYHQW� GXULQJ� WKH� �����
,QWHU3RUH�YLUWXDO�PHHWLQJ��7KH�6$&�DFWLYLWLHV�DUH�IUHH�DQG�RSHQ�WR�SDUWLFLSDQWV�IURP�
DOO� FDUHHU� VWDJHV�� IURP� WKH� HDUO\� VWXGHQW� WR� WKH� H[SHULHQFHG� UHVHDUFKHU�SURIHVVRU��
7KH\�IRUP�WKH�SHUIHFW�VHWWLQJ�IRU�\RX�WR�JHW�WR�NQRZ�WKH�LQWHUQDWLRQDO�SRURXV�PHGLD�
FRPPXQLW\�EHWWHU�DQG�H[SDQG�\RXU�SURIHVVLRQDO�DQG�SHUVRQDO�QHWZRUN��&RPH�DORQJ� 
 
0RUH�LQIRUPDWLRQ�RQ�ERWK�RI�WKHVH�HYHQWV�FDQ�EH�IRXQG�LQ�WKH�GHWDLOHG�SURJUDP� 

&RPPXQLFDWLRQ�
2IILFHU 

&XQTL�-LD 
8QLYHUVLW\�RI� 
3HWUROHXP�� 

&KLQD 



�� 

 

2QH�JRDO�RI�WKH�)RXQGDWLRQ�LV�WR�IDFLOLWDWH�
WKH� SDUWLFLSDWLRQ� RI� SURPLVLQJ� \RXQJ� 
VFLHQWLVWV� LQ� LQWHUQDWLRQDO� VFLHQWLILF� 
JDWKHULQJV� DQG� VXSSRUW� RXWVWDQGLQJ�
\RXQJ� VFLHQWLVWV� IURP� FRXQWULHV� ZLWK� 
ILQDQFLDO� GLIILFXOWLHV� LQ� MRLQLQJ� ,QWHU3RUH�
DFWLYLWLHV� 

7KLV� \HDU�� ,QWHU3RUH� )RXQGDWLRQ� SURYLGHG� ��� 
FRQIHUHQFH JUDQWV� WR� VWXGHQWV� DQG� \RXQJ� VFLHQWLVWV�� 7KH�
)RXQGDWLRQ�DLPV�WR� LQFUHDVH�ERWK�WKH�QXPEHU�DQG�DPRXQW�
RI�WKHVH�JUDQWV�IRU�WKH�FRPLQJ�\HDUV�� 

0DNH�DOO�WKLV�SRVVLEOH�� 
6XSSRUW�XV�ZLWK�D�GRQDWLRQ 

'RQDWH�QRZ� 
2U�YLVLW�RXU�ERRWK�LQ�WKH�H[KLELWLRQ�KDOO�WR�
OHDUQ�PRUH�DERXW�WKH�)RXQGDWLRQ�DQG�KRZ�\RXU�
FRQWULEXWLRQV�FRXQW� 

https://www.interpore.org/foundation/foundation-donate/
https://whova.com/portal/webapp/inter1_202105/Exhibitors/143272


�� 

 

3URPRWLQJ�,QWHU3RUH�HGXFDWLRQDO�DQG�WUDLQLQJ�DFWLYLWLHV�YLD� 
· 6KRUW�FRXUVHV 
· :HELQDUV 
· 7KHPDWLF�ZRUNVKRSV 
· <RXQJ�$FDGHP\�DFWLYLWLHV 

8SFRPLQJ�6KRUW�&RXUVHV� 
· ,QWURGXFWLRQ�WR�RSHQ-VRXUFH�FRPSXWDWLRQDO�IOXLG�G\QDPLFV�XVLQJ�

2SHQ)2$0��WHFKQRORJ\�-�'U��6RXODLQH��-XQH����� 
· 3RURXV�PHGLD�IUHH�IORZ�FRXSOLQJ�-�3URI��+HOPLJ��1RYHPEHU����� 
· 3RURPHFKDQLFV�-�$XWXPQ����� 
· 0XOWLVFDOH�*HRPHFKDQLFV�	�*HRWKHUPDO�6LPXODWLRQ��3URI��+DGMLEHJL�

-�:LQWHU����������� 
 
8SFRPLQJ�:HELQDUV� 
· *XLGHG�YLUWXDO�WRXU�WR�WKH�H[SHULPHQWDO�IDFLOLWLHV�RI�3DXO�6KHUUHU� 

,QVWLWXWH 
 
8SFRPLQJ�7KHPDWLF�:RUNVKRS 
· '53��7KH�FKDOOHQJH�RI�WKH�XQUHVROYHG�SRURVLW\��$XWXPQ����� 
 
8SFRPLQJ�<RXQJ�$FDGHP\�(YHQWV� 
· 6SHFLDO�30777�HGLWLRQ�ZLWK�1RUZHJLDQ�&KDSWHU�RI�,QWHU3RUH-� 

���-XQH����� 

ZZZ�LQWHUSRUH�RUJ�DFDGHP\�� 

9LVLW�RXU�ERRWK�LQ�WKH�H[KLELWLRQ�KDOO�WR�OHDUQ�
PRUH�DERXW�XSFRPLQJ�HYHQWV�� 

6XJJHVWLRQV�IRU�WRSLFV��OHFWXUHUV�DQG�QHZ�DFWLYLWLHV�DUH� 
ZHOFRPHG�YLD�HPDLO�WR��DVVLVWDQW-DFDGHP\#LQWHUSRUH�RUJ 

https://whova.com/portal/webapp/inter1_202105/Exhibitors/144643
https://www.interpore.org/academy/
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3/$7,180 
7+$1.6�72�285�63216256 

*2/' 
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https://www.kimberly-clark.com/en-us
https://www.shell.com/
https://www.thermofisher.com/de/de/home.html
https://www.comsol.com/
https://www.tescan.com/
https://www.bruker.com/en/
https://cpp.canon/
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,QWHU3RUH�����LV�DOVR�VXSSRUWHG�E\� 

,QWHU3RUH�����3DUWQHU�(YHQWV� 
   

http://www.iahr.org/
https://iutam.org/
https://www.springer.com/de
https://www.begellhouse.com/
https://www.mdpi.com/journal/water
https://www.yandy-ager.com/index.php/cap
https://www.mdpi.com/journal/energies
https://www.rsc.org/journals-books-databases/about-journals/soft-matter/
https://www.yandy-ager.com/index.php/ager
https://ogst.ifpenergiesnouvelles.fr/articles/ogst/abs/2021/01/contents/contents.html
https://2021.goldschmidt.info/goldschmidt/2021/meetingapp.cgi
https://texas2021.armarocks.org/
https://www.siam.org/conferences/cm/conference/gs21
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 +LGHQ� ,VRFKHPD� GHVLJQV� DQG� 
PDQXIDFWXUHV� VRUSWLRQ� DQDO\]HUV� IRU�
WKH� PHDVXUHPHQW� RI� JDV� DQG� YDSRU�
VRUSWLRQ� HTXLOLEULD�� NLQHWLFV� DQG� 
SHUPHDWLRQ�� 2XU� SURGXFW� UDQJH� 
LQFOXGHV� JUDYLPHWULF�� PDQRPHWULF�
�YROXPHWULF��� EUHDNWKURXJK� DQG� 
SHUPHDWLRQ� DQDO\]HUV�� DQG� FRYHUV� D�
EURDG�SUHVVXUH�DQG�WHPSHUDWXUH�UDQJH�
WR� VXLW� YDULHG� DSSOLFDWLRQV�� 3OHDVH�
EURZVH�RXU�SURGXFW�EURFKXUHV�� RU�JHW�
LQ� WRXFK� ZLWK� RXU� WHFKQLFDO� VWDII� WR�
FKDW�LQ�GHWDLO�DERXW�\RXU�DSSOLFDWLRQ� 
 
ZZ�KLGHQLVRFKHPD�FRP 

9,6,7�285�21/,1(�(;+,%,7256� 

)RU� ��� \HDUV�� UHQRZQHG� 
PDQXIDFWXUHUV� VXFK� DV� 7HOHG\QH� 
,6&2� KDYH� HQWUXVWHG� $[HO� 6HPUDX�
*PE+� 	� &R�� .*� WR� GLVWULEXWH� WKHLU�
HTXLSPHQW�� 7KLV� LQFOXGHV� WKH� KLJK-
SUHVVXUH�OLTXLG�SXPSV�IRU�WKH�ILHOG�RI�
JHR� UHVHDUFK� DV� ZHOO� DV� WKH� GHYLFHV�
IRU�IODVK�DQG�SUHSDUDWLYH�+3/&�LQ�WKH�
ILHOG�RI�ELRWHFKQRORJ\�� 
 
ZZZ�D[HOVHPUDX�GH 

+RZ� FDQ� \RX� HQVXUH� WKDW� \RXU� 
GHVLJQV� ZLOO� SHUIRUP� DV� H[SHFWHG� LQ�
WKH� UHDO� ZRUOG"� 6LPXODWH� UHDO-ZRUOG�
GHVLJQV��GHYLFHV��DQG�SURFHVVHV�ZLWK�
WKH� &2062/� 0XOWLSK\VLFV�� 
VRIWZDUH�� &2062/�0XOWLSK\VLFV�� LV�
D� JHQHUDO-SXUSRVH� VLPXODWLRQ� 
VRIWZDUH� EDVHG� RQ� DGYDQFHG� 
QXPHULFDO�PHWKRGV� � 
 
ZZZ�FRPVRO�FRP 

https://www.axelsemrau.de/
https://www.comsol.com/
https://hidenisochema.com/
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0DNHUV�RI�*HR'LFW��WKH�'LJLWDO�0DWH�
ULDO� /DERUDWRU\� 6LPXODWLRQ� VRIWZDUH�
IRU�PXOWL-VFDOH��'�LPDJH�SURFHVVLQJ��
PDWHULDO� PRGHOLQJ�� DQDO\VLV�� DQG�
SURSHUW\�SUHGLFWLRQ�IRU�FRVW-HIIHFWLYH�
PDWHULDO� GHYHORSPHQW� DQG� 
RSWLPL]DWLRQ�  
 
ZZZ�PDWK�PDUNHW�FRP 

7KHUPR�)LVKHU�6FLHQWLILF� LV� WKH�ZRUOG�
OHDGHU� LQ� VHUYLQJ� VFLHQFH�� 2XU� 
PLVVLRQ� LV� WR� HQDEOH� RXU� FXVWRPHUV�
WR�PDNH� WKH�ZRUOG�KHDOWKLHU�� FOHDQHU�
DQG�VDIHU� 
:LWK� 7KHUPR� 6FLHQWLILF�� 3HU*HRV�
DQG� $YL]R� 6RIWZDUH�� ZH� SURYLGH� D�
FRPSOHWH� VROXWLRQ� IURP� GDWD� 
DFTXLVLWLRQ� WR� YLVXDOL]DWLRQ�� DQDO\VLV�
DQG� VLPXODWLRQ�KHOSLQJ�\RX� WR� VROYH�
FRPSOH[� QDWXUDO� DQG� LQGXVWULDO� 
SRURXV�PHGLD�V\VWHPV�FKDOOHQJHV� 
 
ZZZ�WKHUPRILVKHU�FRP 

6XUIDFH� 0HDVXUHPHQW� 6\VWHPV� GHYHORS�
DQG�HQJLQHHU� WKH�ZRUOG
V�PRVW� DGYDQFHG�
JUDYLPHWULF�VRUSWLRQ�DQDO\]HUV�DQG�LQYHUVH�
JDV� FKURPDWRJUDSK\� LQVWUXPHQWV� IRU�
SK\VLFR-FKHPLFDO�FKDUDFWHUL]DWLRQ�RI�VROLG�
VWDWH� PDWHULDOV�� 2XU� LQVWUXPHQWV� FDQ� EH�
XVHG� IRU� D� UDQJH� RI� DSSOLFDWLRQV� LQ� WKH�
SRURXV� PDWHULDOV� UHVHDUFK�� LQFOXGLQJ� WKH�
VWXG\� RI� VRUSWLRQ� DQG� GHVRUSWLRQ� 
LVRWKHUPV�� YDSRU� DQG� JDV� GLIIXVLRQ� 
NLQHWLFV�� SDUWLFOH� DGKHVLRQ�� SRURVLW\�� DQG�
VXUIDFH�DUHD�� 
 
ZZZ�VXUIDFHPHDVXUHPHQWV\VWHPV�FRP 

https://www.math2market.com/
https://www.surfacemeasurementsystems.com/
https://www.thermofisher.com/de/de/home.html
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�06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH 
2UJDQL]HUV���%R�*XR��(OHQL�6WDYURSRXORX��/DXUHQ�%HFNLQJKDP��:LOOLDP�5RVVHQ� 

�06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��:DWHU�	 $JULFXOWXUH 
2UJDQL]HUV���$PLOFDUH�3RURUDWR��'LJDQWD�%KXVDQ�'DV��:ĂŶ�sĂŶĚĞƌďŽƌŐŚƚ͕�:ƵŶ�zŝŶ��EŝŵĂ�^ŚŽŬƌŝ 

�06����)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD 
2UJDQL]HUV��+DPLG�EŝĐŬ͕�,ŽůŐĞƌ�^ƚĞĞď��2ODY�0R\QHU��<RQJIHL�<DQJ 

�06����6ZHOOLQJ�DQG�VKULQNLQJ�SRURXV�PHGLD 
2UJDQL]HUV��&KULV�0F0LQQ��'DQLHO�0DUNO��6ULGKDU�5DQJDQDWKDQ 

�06����%LRFKHPLFDO�SURFHVVHV�DQG�ELRILOPV�LQ�SRURXV�PHGLD 
2UJDQL]HUV��$QR]LH�(ELJER��&KDUOHV�:HUWK��(OHRQRUD�6HFFKL��9DOHQWLQD�3ULJLREEH 

�06��-$��3K\VLFV�RI�PXOWL-SKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
2UJDQL]HUV���Ăƌů�&ƌĞĚƌŝŬ��ĞƌŐ͕�:ĂŵĞƐ�DĐ�ůƵƌĞ��ZǇĂŶ��ƌŵƐƚƌŽŶŐ��6DPDQ�$U\DQD�� 
6LJQH�.MHOVWUXS��6WHIIHQ�%HUJ��<DQLY�(GHU\ 

�06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-SK\VLFV��
QRQOLQHDU�FRXSOHG�SURFHVVHV 
2UJDQL]HUV��&DULQD�%ULQJHGDO��+XDQJ[LQ�&KHQ��-DNXE�%RWK��6KX\X�6XQ� 

�06����0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�
KHWHURJHQHRXV�DQG�IUDFWXUHG�PHGLD 
2UJDQL]HUV���ŵŝƌ�ZĂŽŽĨ��%UDQNR�%LMHOMLF��0DUFR�'HQW]��DŽǌŚĚĞŚ�^ĂũũĂĚŝ͕�YŝŶŐǁĂŶŐ�zƵĂŶ� 

�06����3RUH-VFDOH�PRGHOOLQJ 
2UJDQL]HUV��.H�;X��2OHJ�,OLHY��6WpSKDQH�=DOHVNL��<DVKDU�0HKPDQL 

�06����$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV��VRIWZDUH�DQG�FDVH�
VWXGLHV 
2UJDQL]HUV��$QGUHDV�%XVFK��/LZHL�=KDQJ��0DMD�5XFNHU��0DUWLQ�%OXQW��0DWWKLMV�GH�:LQWHU�� 
7LQJ�;LDR 

�06����0LFURIOXLGLFV�LQ�SRURXV�V\VWHPV 
2UJDQL]HUV��&ůŽƌŝĂŶ��ŽƐƚĞƌ��+DVVDQ�0DKDQL��,ŽƐƐĞŝŶ�,ĞũĂǌŝ͕�<YHV�0pKHXVW� 

�06��-%��,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV 
2UJDQL]HUV��%MRUQDU�6DQGQHV��(GXDUGR�$EUHX��*ULJRUL�&KDSLUR��0DWWHR�,FDUGL��5DQ�+ROW]PDQ 

�06����$GYDQFHV�LQ�PRGHOLQJ�DQG�VLPXODWLRQ�RI�SRURPHFKDQLFV 
2UJDQL]HUV��)ORULQ�$��5DGX��-LDQFKDR�&DL��-RVKXD�:KLWH��;LDR]KH�+X 
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�06����)OXLGV�LQ�1DQRSRURXV�0HGLD 
2UJDQL]HUV��*HQQDG\�*RU��3DWULFN�+XEHU��$KPDG�6DNKDHH-3RXU� 

�06����8QFHUWDLQW\�4XDQWLILFDWLRQ�LQ�3RURXV�0HGLD 
2UJDQL]HUV��$UXQDVDODP�5DKXQDQWKDQ��)DEULFLR�6RXVD��)HOLSH�3HUHLUD��0DUFLR�%RUJHV�� 
0RUULV�)O\QQ 

�06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD LQ�3RURXV�0HGLD 
2UJDQL]HUV��$OH[DQGHU�6XQ��%DLOLDQ�&KHQ��+RQJN\X�<RRQ��-LDQFKXQ�;X 

�06����)OXLG�,QWHUDFWLRQV�ZLWK�7KLQ�3RURXV�0HGLD 
2UJDQL]HUV��&KDR]KRQJ�4LQ��'LYHVK�%KDWW��5LFKPRQG�&RKHQ��6DWRUX�.DWRK 

�06����7KHUPDO�3URFHVVHV��7KHUPDO�&RXSOLQJ�DQG�7KHUPDO�3URSHUWLHV�RI�
3RURXV�0HGLD��PRGHOLQJ�DQG�H[SHULPHQWV�DW�GLIIHUHQW�VFDOHV 
2UJDQL]HUV��0RUDQ�:DQJ��%HUQKDUG�.URRVV��+XLMLQ�;X��3HQJ�=X��5XLQD�;X� 

�06����,QQRYDWLYH�0HWKRGV�IRU�&KDUDFWHUL]DWLRQ��0RQLWRULQJ��DQG�,Q-6LWX�
5HPHGLDWLRQ�RI�&RQWDPLQDWHG�6RLOV�DQG�$TXLIHUV 

2UJDQL]HUV��&DUOR�%LDQFR��'HDQ�+HVWHUEHUJ��-DLPH�*RPH]-+HUQDQGH]��0DVRXG�%DEDHL�� 
7DQQD]�3DN 

�06����(OHFWURFKHPLFDO�SURFHVVHV�LQ�SRURXV�PHGLD 
2UJDQL]HUV��,U\QD�9��=HQ\XN��-HII�*RVWLFN��3DEOR�$��*DUFtD-6DODEHUUL��9HURQLND�6FKOHSHU 

�06����%LRSK\VLFV�RI�OLYLQJ�SRURXV�PHGLD��WKHRU\��H[SHULPHQW��PRGHOLQJ�DQG�
FKDUDFWHUL]DWLRQ 
2UJDQL]HUV��'RPLQLN�2EULVW��)UHG�9HUPROHQ��7RELDV�.RHSSO� 

�06���� 1RQ-OLQHDU�HIIHFWV�LQ�IORZ�DQG�WUDQVSRUW�WKURXJK�SRURXV�PHGLD 
2UJDQL]HU��$OEHUWR�*XDGDJQLQL��0LFKHO�4XLQWDUG��0RKDGGHVHK�0RXVDYL�1H]KDG��<YHV�0pKHXVW 

�06����0DQXIDFWXUHG�3RURXV�0DWHULDOV�IRU�,QGXVWULDO�$SSOLFDWLRQV 
2UJDQL]HU��1LNRODV�.DUDGLPLWULRX��6HQ\RX�$Q��9DKLG�1LDVDU 

�06����0DWKHPDWLFDO�DQG�FRPSXWDWLRQDO�FKDOOHQJHV�UHODWHG�WR�SRURXV�PHGLD�
-�6SHFLDO�VHVVLRQ�LQ�PHPRU\�RI�$QGUR�0LNHOLF  
2UJDQL]HU��%HQRLW�1RHWLQJHU��%UDKLP�$PD]LDQH��0DU\�)DQHWW�:KHHOHU��6RULQ�3RS� 

�06����6XEVXUIDFH�:DWHU�)ORZ�DQG�&RQWDPLQDQW�7UDQVSRUW�3URFHVVHV�–�
6SHFLDO�6HVVLRQ�LQ�+RQRU�RI�+DUU\�9HUHHFNHQ 
2UJDQL]HU��5LHQ�YDQ�*HQXFKWHQ��-DQ�9DQGHUERUJKW� 
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Block A 
(CET) 

09:00 – 
09:30 

Invited lecture 1:  
Hadi Hajibeygi 

Invited lecture 2:  
Oliver Röhrle 

09:30 – 
09:35 

Learn about COMSOL  
Multiphysics 

Learn about Thermo Scientific 
imaging data analysis software 

09:35 – 
09:40 Break 

09:40 – 
11:55 

MS16 MS11 MS21 (1) MS15 (1) MS04 

  

Block B 
(CET) 

14:00 –
 14:10 Opening Ceremony 

14:10 –
 14:20 

$ZDUG�&HUHPRQ\ 
,QWHU3RUH�0HULWRULRXV�6HUYLFH�0HGDO��2OHJ�,OLHY 

14:20 –
 15:05 Keynote Lecture 1: Thomas Ramstad 

15:05 – 
15:10 Break 

15:10 – 
16:55 MS17 (1) MS20 MS05 (1) MS10 (1) MS19 (1) 

  

Block C 
(CET) 

18:00 – 
19:30 MS01 (1) MS02 MS09 (1) MS25 (1) MS08 (1) 

19:30 – 
19:35 Break 

19:35 – 
20:35 Poster Session 1 (MS01, MS04, MS05, MS08) MS25 (2) 

021'$<�����0$<����� 
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Block A 
(CET) 

09:00 – 
09:10 

Award Ceremony 
,QWHU3RUH�1DWLRQDO�&KDSWHU�$ZDUGV��&KLQD�	�%UD]LO� 

1DWLRQDO�&KDSWHUV� 
InterPore Honorary Lifetime Membership Award: Brian Berkowitz 

 
09:10 – 
09:55 

Keynote Lecture 2: Thomas Driesner 

09:55 – 
10:00 

Break 

10:00 – 
11:00 

Poster Session 2 (MS02, MS03, MS19, MS04) MS25(3) 

11:00 – 
12:00 

MS17 (2) MS19 (2) MS03 (1) MS12 (1) MS07 (1) 

  

Block B 
(CET) 

14:00 – 
14:05 

Learn about the GeoDict  
standard 

Learn About AxelSemrau 

14:05 – 
14:35 

Invited lecture 3:  
Andres Clarens 

Invited lecture 4:  
Roseanne Ford 

14:35 – 
14:40 

Break 

14:40 – 
16:40 

MS06-B (1) MS09 (2) MS03 (2) MS24 (1) MS07 (2) 

16:40 – 
16:45 

Break 

16:45 – 
17:00 

Presentation by the Student  
Research Proposal on Face Masks  

Winner 

Speed Networking Event  
(16:45-17:15) 

  

  
Block C 
(CET) 

18:00 – 
18:55 

Visit the exhibitor booths - Company 
representatives are available for  

Interactions 
SAC Music & Magic Event 

18:55 – 
19:00 

Break 

19:00 – 
20:00 

Poster Session 3 (MS06-B, MS07, MS12, MS19, MS21) 

20:00 – 
21:00 

Poster Session 4 (MS03, MS09, MS14, MS17) 
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Block 
A 

(CET) 

09:00 – 
10:00 Poster Session 5 (MS06-A, MS06-B, MS10, MS21) 

MS25 (4) 
10:00 – 
11:00  Poster Session 6 (MS07, MS09, MS14, MS12) 

11:00 – 
11:55 

Visit the exhibitor booths - Company 
representatives are available for  

interactions  
  

Block 
B 

(CET) 

14:00 – 
16:00 MS06-B (2) MS14 MS03 (3) MS06-A 

(1) MS07 (3) 

16:00 – 
17:00 

Poster Session 7 (MS20, MS06-B, MS07, MS11, 
MS16, MS25) MS22 (1) 

  

  
  

Block 
C 

(CET) 

18:00 – 
18:10 

Award Ceremony 
InterPore Time Capsule: Ghislain de Marsily 

Kimberly-Clark Distinguished Lectureship Award:  
Jacques M. Huyghe� 

18:10 – 
18:15 

Learn about Hiden  
Isochema sorption  

analyzers� 
Learn about InterPore Academy� 

18:15 – 
18:45 

Invited lecture 5:  
Rick Chalaturnyk 

Invited lecture 6:  
Masa Prodanovic 

18:45 – 
18:50 Break 

18:50 – 
20:50 MS12 (2) MS09 (3) MS03 (4) MS06-A 

(2) MS07 (4) 

Networking Coffee Break 
(11:00 - 11:30) 

:('1(6'$<�����-81(����� 
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Block 
A 

(CET) 

09:00 – 
09:10 

Award Ceremony 
InterPore PoreLab Award for Young Researchers: Maja Ruecker 

InterPore Award for Porous Media Research: Hadi Hajibeygi  
09:10 – 
09:55 

Keynote Lecture 3: Steven Jansen 

09: 55 – 
10:00 

Learn about Thermo Fisher  
Scientific imaging data analysis 

software 
Learn about InterPore Academy 

10:00 – 
12:00 

MS18 MS09 (4) MS01 (2) MS06-A 
(3) 

MS24 (2) 

  

Block 
B 

(CET) 

14:00 – 
14:05 

Learn about Surface  
Measurement Systems 

Learn about InterPore  
Foundation 

14:05 – 
14:40 

Invited lecture 7:  
Zoe Shipton 

Invited lecture 8:  
Jacques Huyghe 

14:40 – 
15:40 

Poster Session 8 (MS10, MS18, MS 17,  
MS06-A, MS22) 

MS19 (3) MS9 (5) 

15:40 – 
15:45 

Break 

15:45 – 
17:00 

Visit the exhibitor booths - 
Company Representatives  
Available for Interactions 

SAC Career Development Event 
(15:45 - 16:40) 

  

  
Block 

C 
(CET) 

18:00 –
20:00 

MS06-B 
(3) 

MS13 (1) MS21 (2) MS15 (2) MS10 (2) 

20:00 – 
21:00 

Poster Session 9 (MS06-A, MS13, MS15) 

7+856'$<�����-81(����� 
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Block A 
(CET) 

09:00 – 
09:05 

Learn about Surface  
Measurement Systems 

Learn about Qingdao:  
InterPore2022 

09:05 – 
09:35 

Invited lecture 9:  
Christopher MacMinn 

Invited lecture 10:  
Marie Rognes 

9:35 – 9:40 Break 

09:40 – 
10:40 

Poster Session 10 (MS01, MS05, MS08, MS13, MS15) 

10:40 – 
11:40 

MS05 (2) MS22 (2) MS25 (5) MS15 (3) MS08 (2) 

  

Block B 
(CET) 

14:00 – 
16:00 

MS01 (3) MS13 (2) MS25 (6) MS06-A 
(4) 

MS08 (3) 

16:00 – 
16:55 

Visit the exhibitor booths -  
Company Representatives Available 

for Interactions  

Networking Coffee 
Break (16:00 - 16:30) 

  

Block C 
(CET) 

18:00 – 
18:45 

Keynote lecture 4: Lynn Gladden 

18:45 – 
19:00 

Award Ceremony  
MDPI Energies Student Poster Awards 

Rien van Genuchten Early-Career Award of 
Porous Media for a Green World: Kleber Marques Lisboa 

InterPore Medal for Porous Media Research: Marco Dentz 
InterPore Rosettes  

19:00 – 
19:15 

Closing Ceremony 
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,QYLWHG�/HFWXUHV��+DGL�+DMLEH\JL�	�2OLYHU�5|KUOH 
 0RQGD\��7LPH�%ORFN�$�-�������-�������&(7 

 

&2062/�	�7KHUPR�)LVKHU�3UHVHQWDWLRQV 
0RQGD\��7LPH�%ORFN�$�-�������-�������&(7 

 

2SHQLQJ�&HUHPRQ\ 
 0RQGD\��7LPH�%ORFN�%�-�������-�������&(7 

 

$ZDUG�&HUHPRQ\��,QWHU3RUH�0HULWRULRXV�6HUYLFH�0HGDO� 
 0RQGD\��7LPH�%ORFN�%�-�������-�������&(7 

 

.H\QRWH�/HFWXUH��7KRPDV�5DPVWDG� 
 0RQGD\��7LPH�%ORFN�%�-��������-�������&(7 

 

$ZDUG�&HUHPRQ\��1DWLRQDO�&KDSWHU�$ZDUGV�	�,QWHU3RUH�
+RQRUDU\�/LIHWLPH�0HPEHUVKLS�$ZDUG 

 7XHVGD\��7LPH�%ORFN�$�-������-������&(7 
 

.H\QRWH�/HFWXUH��7KRPDV�'ULHVQHU� 
 7XHVGD\��7LPH�%ORFN�$�-������-������&(7 

 

*HR'LFW�	�$[HO6HPUDX�3UHVHQWDWLRQV 
 7XHVGD\��7LPH�%ORFN�%�-�������-�������&(7 

 

,QYLWHG�/HFWXUHV��$QGUHV�&ODUHQV�	�5RVHDQQH�)RUG 
7XHVGD\��7LPH�%ORFN�%�-�������-�������&(7 

 

6SHHG�1HWZRUNLQJ�(YHQW 
7XHVGD\��7LPH�%ORFN�%�-������-�������&(7 

 

3UHVHQWDWLRQ�E\�WKH�6WXGHQW�5HVHDUFK�3URSRVDO�RQ�)DFH�
0DVNV�:LQQHU 

7XHVGD\��7LPH�%ORFN�%�-������-�������&(7 
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([KLELWLRQ�%RRWKV�2SHQ 

 7XHVGD\��7LPH�%ORFN�&�-������-�������&(7 
 

6$&�0XVLF�	�0DJLF�(YHQW 
7XHVGD\��7LPH�%ORFN�&�-�������-�������&(7 

 

([KLELWLRQ�%RRWKV�2SHQ 
:HGQHVGD\��7LPH�%ORFN�$�-�������-�������&(7 

 

1HWZRUNLQJ�&RIIHH�%UHDN 
:HGQHVGD\��7LPH�%ORFN�$�-�������-�������&(7 

 

$ZDUG�&HUHPRQ\��,QWHU3RUH�7LPH�&DSVXOH�	�.LPEHUO\-&ODUN�
'LVWLQJXLVKHG�/HFWXUHVKLS�$ZDUG� 

:HGQHVGD\��7LPH�%ORFN�&�-�������-�������&(7 
 

+LGHQ�,VRFKHPD�	�,QWHU3RUH�$FDGHP\�3UHVHQWDWLRQV 
:HGQHVGD\��7LPH�%ORFN�&�-�������-�������&(7 

 

,QYLWHG�/HFWXUHV��5LFN�&KDODWXUQ\N�	�0DVD�3URGDQRYLF 
:HGQHVGD\��7LPH�%ORFN�&�-�������-�������&(7 

 

$ZDUG�&HUHPRQ\��,QWHU3RUH�3RUH/DE�$ZDUG�IRU�<RXQJ�
5HVHDUFKHUV�	�,QWHU3RUH�$ZDUG�IRU�3RURXV�0HGLD�5HVHDUFK 

7KXUVGD\��7LPH�%ORFN�$�-������-������&(7 
 

.H\QRWH�/HFWXUH��6WHYHQ�-DQVHQ 
7KXUVGD\��7LPH�%ORFN�$�-������-������&(7 

 

7KHUPR�)LVKHU�	�,QWHU3RUH�$FDGHP\�3UHVHQWDWLRQV 
7KXUVGD\��7LPH�%ORFN�$-������-�������&(7 

 

6XUIDFH�0HDVXUHPHQW�6\VWHPV�	�,QWHU3RUH�)RXQGDWLRQ�
3UHVHQWDWLRQV 

7KXUVGD\��7LPH�%ORFN�%�-�������-�������&(7 
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,QYLWHG�/HFWXUHV��=RH�6KLSWRQ�	�-DFTXHV�+X\JKH 

 7KXUVGD\��7LPH�%ORFN�%�-�������-�������&(7 
 

([KLELWLRQ�%RRWKV�2SHQ 
7KXUVGD\��7LPH�%ORFN�%�-�������-�������&(7 

 

6$&�&DUHHU�'HYHORSPHQW�(YHQW 
7KXUVGD\��7LPH�%ORFN�%�-�������-�������&(7 

 

6XUIDFH�0HDVXUHPHQW�6\VWHPV�	�,QWHU3RUH�����4LQJGDR�
3UHVHQWDWLRQV 

)ULGD\��7LPH�%ORFN�$�-������-������&(7 
 

,QYLWHG�6SHDNHUV��&KULVWRSKHU�0DF0LQQ�	�0DULH�5RJQHV 
)ULGD\��7LPH�%ORFN�$�-������-������&(7 

 

([KLELWLRQ�%RRWKV�2SHQ 
)ULGD\��7LPH�%ORFN�%�-�������-�������&(7 

 

1HWZRUNLQJ�&RIIHH�%UHDN 
)ULGD\��7LPH�%ORFN�%�-�������-�������&(7 

 

.H\QRWH�/HFWXUH��/\QQ�*ODGGHQ 
)ULGD\��7LPH�%ORFN�&�-�������-�������&(7 

 

$ZDUG�&HUHPRQ\��0'3,�(QJHUJLHV�6WXGHQW�3RVWHU�$ZDUGV��
5LHQ�YDQ�*HQXFKWHG�(DUO\-&DUHHU�$ZDUG�RI�3RURXV�0HGLD�IRU�
D�*UHHQ�:RUOG��,QWHU3RUH�0HGDO�IRU�3RURXV�0HGLD�5HVHDUFK�
	�,QWHU3RUH�5RVHWWHV 

)ULGD\��7LPH�%ORFN�&�-�������-�������&(7 
 

&ORVLQJ�&HUHPRQ\ 
)ULGD\��7LPH�%ORFN�&�-�������-�������&(7 
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+DGL�+DMLEH\JL 
78�'HOIW� 
 
8QGHUJURXQG�+\GURJHQ�6WRUDJH��D�PXOWLVFDOH�
H[SHULPHQWDO-QXPHULFDO�VWXG\ 
 
6XEVXUIDFH�JHRORJLFDO�IRUPDWLRQV�SURYLGH�JLDQW�FDSDFLWLHV�IRU�
VWRULQJ�UHQHZDEOH�HQHUJ\��ZKHQ�LW�LV�FRQYHUWHG�LQWR�JUHHQ�JDV�
�H�J�� K\GURJHQ�� RU� FRPSUHVVHG� DQG� KRW� IOXLGV�� :KLOH� WKH�
XWLOLVDWLRQ� RI� VXEVXUIDFH� IRUPDWLRQV� KDYH� D� ORQJ� WUDFN� RI�
VXFFHVV� LQ� WKH� SDVW� GHFDGHV�� WKHLU� VXFFHVVIXO� FRQWULEXWLRQ� LQ�

WKH�HQHUJ\�WUDQVLWLRQ�WRZDUGV�D�JUHHQ�ZRUOG�FRPHV�ZLWK�QHZ�VFLHQWLILF�FKDOOHQJHV��
7KH� F\FOLFDOO\-VWRUHG� IOXLGV� DUH� H[SHFWHG� QRW� RQO\� WR� EH� VWRUHG� VDIHO\�� EXW� WR� EH�
UHFODLPHG�HIILFLHQWO\�DQG�ZLWK�WKH�VDPH�SXULW\�DV�LQ�WKH�LQMHFWLRQ�SKDVH��7KH�FULWLFDO�
VWUHVV� DOVR� ZLOO� LPSRVH� UHVWULFWLRQV� RQ� WKH� YROXPH�� UDWH�� DQG� IUHTXHQF\� RI� WKH�
VWRUDJH� F\FOHV�� ,Q� WKLV� WDON�� ,� ZLOO� LQWURGXFH� WKLV� WRSLF� WR� WKH� ,QWHUSRUH� VFLHQWLILF�
FRPPXQLW\��DQG�GHVFULEH�LWV�NH\�LQJUHGLHQWV��7KHQ�D�FRPSUHKHQVLYH�PXOWLVFDOH�ODE
-PRGHO� GHYHORSPHQW� LV� SUHVHQWHG�� 2EMHFWLYHV� DUH� WR� FKDUDFWHUL]H� WKH� F\FOLF�
K\VWHUHWLF�IOXLG�WUDQVSRUW�DQG�URFN�PHFKDQLFV�DFURVV�VFDOHV�LQ�YDULHW\�RI�URFNV�IURP�
VDOW�FDYHUQV�WR�KHWHURJHQHRXV�IUDFWXUHG�SRURXV�PHGLD�� 

021'$<�����0$<����� 
 

,QYLWHG�6SHDNHUV��3DUDOOHO�6HVVLRQ�� 
�����-������&(7 

7LPH�%ORFN�$ 
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2OLYHU�5|KUOH� 
8QLYHUVLW\�RI�6WXWWJDUW� � 
 
7KH�7KHRU\�RI�3RURXV�0HGLD�LQ�0RGHOOLQJ�%LRORJLFDO�
7LVVXHV�� 
 
([SHULHQFH� DQG� WUDLQLQJ� DUH� NH\� DVSHFWV� LQ� PHGLFDO� SUDFWLFH��
+RZHYHU��XQOLNH�RWKHU�SURIHVVLRQV��PHGLFDO�SUDFWLWLRQHUV�KDYH�OLPLWHG�
RSSRUWXQLWLHV� WR� SHUIHFW� WKHLU� VNLOOV� EHIRUH� WKH\� PXVW� RSHUDWH� RQ�
SHRSOH�� 6LPXODWLRQV� KHOS� RYHUFRPH� VXFK� REVWDFOHV� E\� FDUU\LQJ� RXW�
YLUWXDO�H[SHULPHQWV��ZKLFK�ZRXOG�RWKHUZLVH�QRW�EH�IHDVLEOH��+RZHYHU��

WKH� KXPDQ� ERG\� LV� WKH� PRVW� FRPSOH[� V\VWHP� NQRZQ� WR� PDQNLQG�� 7KH� PRGHOV� IRU� WKH�
VLPXODWLRQV� WHQG� WR� EH� HTXDOO\� FRPSOH[� DQG� FRPSXWDWLRQDOO\� H[SHQVLYH�� $V� KXPDQV� DUH�
HVVHQWLDOO\�D�IOXLG�VDWXUDWHG�VROLG��HPSRZHULQJ�SRURXV�PHGLD�PRGHOV�SURYLGHV�D�XVHIXO�DQG�
FRVW-HIIHFWLYH� WRRO� IRU� WHVWLQJ�� DQDO\VLQJ�� SODQQLQJ� DQG� WUDLQLQJ� RI� SDUWLFXODU� PHGLFDO�
SURFHGXUHV��6LPXODWLQJ�WKH�YHUWHEURSODVW\�SURFHGXUH��ZKHUH�D�YLVFRXV�IOXLG�ERQH-FHPHQW�LV�
LQMHFWHG� WR�WKH�SRURXV� LQVLGH�RI�YHUWHEUDO�ERQHV�WR�UHJDLQ�VWDELOLW\�DIWHU�WKH�ERQH-FHPHQW�
KDV� KDUGHQHG�� LV� RQH� H[DPSOH�� 7KH� NH\� WR�XVH� VXFK� VLPXODWLRQV� DV� D� WUDLQLQJ� �� SUHGLFWLYH�
WRRO� LV� WR� YDOLGDWH� WKH� VSUHDG�� L�H��� WKH� IURQWLHUV� RU� WKH� LQWHUIDFHV�� RI� WKH� LQMHFWHG� ERQH�
FHPHQW� �ZKLFK� LV� D� 300$��� DV� LW� LV� LQMHFWHG�� DV� ZHOO� DV� WKH� SKDVH� WUDQVLWLRQ�� L�H��� WKH�
KDUGHQLQJ�SURFHVV�RI�WKH�ERQH�FHPHQW��3HUIXVLRQ��L�H��IORZ�RI�EORRG�WKURXJK�FDSLOODULHV�LQWR�
WKH� KHDUW� RU� WKH� RUJDQV�� FDQ� EH�PRGHOOHG� XVLQJ� SRURXV�PHGLD� DV� ZHOO�� %\� LQFOXGLQJ� WKH�
WUDQVSRUW� HTXDWLRQV�� RQH� FDQ� DOVR� PRGHO� H[FKDQJH� SURFHVVHV� RFFXUULQJ� YLD� DGYHFWLRQ��
GLIIXVLRQ�� DQG� RVPRVLV�� ([DPSOHV� LQFOXGH� YLWDO� SURFHVVHV� OLNH� GHOLYHU\� RI� GUXJV� WR� WDUJHW�
RUJDQV��ILOWUDWLRQ�RI�EORRG�LQ�WKH�NLGQH\V��JDV�H[FKDQJH�LQ�WKH�OXQJV��LRQ�GLIIXVLRQ�WKURXJK�
WKH�LQWHUYHUWHEUDO�GLVF��FORWWLQJ�RI�EORRG�YLD�WKURPERVLV��HWF���WR�QDPH�RQO\�D�IHZ��(VSHFLDOO\�
OLQNLQJ�WKH�PLFUR-VFDOH�FKHPLFDO�NLQHWLFV�WR�WLVVXH�RUJDQ�VFDOH�SRURXV�PHGLD�PRGHOOLQJ�LV�D�
SRZHUIXO� PHWKRG� IRU� DQDO\VLQJ�� LQYHVWLJDWLQJ� DQG� SUHGLFWLQJ� �PHFKDQLFDO�� EHKDYLRXU� RI�
ELRORJLFDO�SURFHVVHV��7KHUH�LV�D�YDVW�VFRSH�RI�DSSOLFDELOLW\�IRU�SRURXV�PHGLD�LQ�WKH�PHGLFDO�
ILHOG��\HW�LW�LV�VWLOO�ODUJHO\�XQWDSSHG��1HYHUWKHOHVV��LW�KDV�WKH�SRWHQWLDO�WR�EH�RQH�RI�WKH�DUHDV�
RI� PDLQVWUHDP� UHVHDUFK� LQ� WKH� ILHOG�� RZLQJ� WR� LWV� HIILFLHQF\� DQG� YHUVDWLOLW\�� ,Q� WKLV� WDON��
VHOHFWHG�DSSOLFDWLRQV�OLNH�WKH�YHUWHEURSODVW\�DQG�EORRG�SHUIXVLRQ�ZLOO�EH�DGGUHVVHG� � 

,QYLWHG�6SHDNHUV��3DUDOOHO�6HVVLRQ����FRQW�� 
�����-������&(7 
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06����6ZHOOLQJ�DQG�VKULQNLQJ�SRURXV�PHGLD 
&KDLUV��'DQLHO�0DUNO��&KULV�0DF0LQQ 

����� 
>��@�2Q�WKH�PHFKDQLFDO�EHKDYLRU�RI�H[SDQVLYH�SRURXV�PHGLD�ZLWK�
FRQVLGHUDWLRQ�RQ�FKHPLFDO�HIIHFWV  
$QJHOLFD�7XWWRORPRQGR��$OHVVLR�)HUUDUL��/\HVVH�/DORXL 

����� 

>���@�0HVRSRURXV��0RLVWXUH-$EVRUEHQW��7HPSHUDWXUH-&RQWUROOHG�
+\GURJHOV�)RU�$WPRVSKHULF�:DWHU�+DUYHVWLQJ  
*DOHQ�0DQGHV��6XMLW�'DWWD��-HDQ-)UDQFRLV�/RXI��;LDRKXL�;X��5RGQH\�3ULHVWOH\��
6DQNDUDQ�6XQGDUHVHQ 

����� 
>���@�'URSOHW�DEVRUSWLRQ�LQWR�WKLQ�OD\HUV�RI�K\GURJHO 
0HUOLQ�$UDJRQ�(W]ROG��*HRUJH�7��)RUWXQH��6WXDUW�%��'DO]LHO��-XOLHQ�5��/DQGHO��0��
*UDH�:RUVWHU 

����� 
>���@�,QYHVWLJDWLQJ�VLJQDWXUHV�RI�IUDFWXUH�HYROXWLRQ�GXULQJ�WKH�GU\LQJ�
RI�FOD\-ULFK�DUFKLWHFWHG�SRURXV�PHGLD 
&KYHQ�0LWFKHOO��/DXUD�3\UDN-1ROWH� 

����� 

>���@�&OD\�VHWWOLQJ�LQ�IUHVK�DQG�VDOW�ZDWHU��QHZ�G\QDPLF�;-UD\�PLFUR-&7�
LQVLJKWV 
:HVOH\�'H�%RHYHU��-DQ�'HZDQFNHOH��$QGUHDV�*ULH�HU��<DQKRQJ�:DQJ��)DQJOL�
0HQJ 

����� 
>���@�'LIIXVLRQ�RI�ZDWHU�LQ�SDOP�OHDI�PDWHULDOV 
GHEDSUL\D�SLQDNL�PRKDQW\��$QLUXGK�8GXSD��0\VRUH�'D\DQDQGD��6ULQLYDVDQ�
&KDQGUDVHNDU 

����� 

>���@�$�SRUR-HODVWR-YLVFR-SODVWLF�PRGHO�RI�WKH�GHZDWHULQJ�RI�D�WZR-
SKDVH�VXVSHQVLRQ 
7RP�(DYHV��'DQLHO�7��3DWHUVRQ��+HZLWW�'XQFDQ�5���1HLO�-��%DOPIRUWK��'��0DUN�
0DUWLQH]� 

����� 
>���@�'LVVROXWLRQ�DQG�VZHOOLQJ�LQ�SRURXV�PHGLD 
$QGUp�)��9��0DWLDV��5RGULJR�&��9��&RHOKR��-RVp�6��$QGUDGH�-U���1XQR�$��0��

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV� 

7LPH�%ORFN�$ 
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����� 

>��@�7KH�,PSDFW�RI�0LFURVFDOH�6XUIDFH�5RXJKQHVV�RQ�)OXLG�
'LVSODFHPHQW�0HFKDQLVPV�DQG�5HVLGXDO�6DWXUDWLRQV�LQ�3RURXV�0HGLD 
5XPELG]DL�1KXQGXUX��$PLU�-DKDQEDNKVK��.U\VWLDQ�:ORGDUF]\N��2PLG�
6KDKURNKL��6XVDQD�*DUFLD��0HUFHGHV�0DURWR-9DOHU 

����� 
>���@�&RDO�5HODWLYH�3HUPHDELOLW\�0HDVXUHPHQWV�8VLQJ�/DE-RQ-D-FKLS�
0HWKRG  
MLFKHQJ�]KDQJ 

����� 

>���@�3RUH�6FDOH�9LVXDOL]DWLRQ�RI�&+�-&2��0L[HG�+\GUDWHV�3KDVH�
7UDQVLWLRQV�'XULQJ�6WHSZLVH�'HSUHVVXUL]DWLRQ 
-\RWL�6KDQNHU�3DQGH\���UMDQ�6WUDQG��1LFRODV��YRQ�6ROPV��*HLU�(UVODQG��6WLDQ�
$OPHQQLQJHQ 

����� 
>���@�3RUH-OHYHO�REVHUYDWLRQ�RI�WKH�WUDQVLWLRQDO�SRUH�FORJJLQJ�E\�
DVSKDOWHQH�GHSRVLWLRQ�XVLQJ�PLFURPRGHOV 
<XWDND�2QDND��.R]R�6DWR 

����� 

>���@�*HRPHWU\�HYROXWLRQ�DQG�IUDFWXUH�DOWHUDWLRQ�FRQWUROOHG�E\�VSDWLDO�
PLQHUDO�KHWHURJHQHLW\�GXULQJ�&2��VHTXHVWUDWLRQ�–�$�UHDFWLYH�WUDQVSRUW�
VWXG\ 
0RKDPPDG�1RRUDLHSRXU��KRVVHLQ�ID]HOL��0RKDPPDG�0DVRXGL��+HOJH�
+HOOHYDQJ 

06����0LFURIOXLGLFV�LQ�SRURXV�V\VWHPV 
&KDLUV��+DVVDQ�0DKDQL��+RVVHLQ�+HMD]L 

����� 
>���@�0LFURIOXLGLF�DQG�QXPHULFDO�LQYHVWLJDWLRQ�RI�UHFLUFXODWLRQ�LQGXFHG�
UHDFWLRQ�KRW�VSRWV�LQ�D�SRURXV�PHGLD�DQDORJ 
0LFKDHO�&KHQ��6DQJ�/HH��3HWHU�.DQJ 

����� 
>���@�,FH�FU\VWDOOL]DWLRQ�DQG�PHFKDQLFDO�GDPDJH�DW�WKH�SRUH�VFDOH 
5RVD�6LQDDVDSSHO��&OpPHQFH�)RQWDLQH��6FRWW�6PLWK��'DQLHO�%RQQ��1RXVKLQH�
6KDKLG]DGHK 

����� 

>���@�$�TXDQWLWDWLYH�VWXG\�RI�WUDQVLWLRQ�VWDWHV�EHWZHHQ�VLQJOH-SKDVH�
VWHDG\�IORZV�LQ�D�PLFURIOXLGLF�GHYLFH 
-LQGL�6XQ��=LTLDQJ�/L��6DPDQ�$U\DQD 

����� 
>���@�,QYHVWLJDWLRQ�RI�VSHFLHV�WUDQVSRUW�LQ�IUDFWXUHG�PHGLD�XVLQJ��'�
SULQWHG�PLFURPRGHOV 
$OH[DQGURV�3DWVRXNLV�'LPRX��+DQQDK�0HQNH��-XOLHQ�0DHV��6HEDVWLDQ�*HLJHU 

7LPH�%ORFN�$� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
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06��������0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD 
&KDLUV��+RQJN\X�<RRQ��-LDQFKXQ�;X 

����� 
>��@�3URPLVHV��&KDOOHQJHV�DQG�3URVSHFWV�RI�'HHS�/HDUQLQJ�IRU�
3URYLGLQJ�,QVLJKW�LQWR�0XOWL-SKDVH�)ORZ�7KURXJK�3RURXV�0HGLD  
6H\HG�5H]D�$VDGRODKSRXU��=H\XQ�-LDQJ��+HOHQ�/HZLV��-LP�%XFNPDQ 

����� 
>��@�5HVHDUFK�RQ�SRUH-VFDOH�K\GUDWH�SHUPHDELOLW\�SUHGLFWLRQ�EDVHG�RQ�
PDFKLQH�OHDUQLQJ  
=LZHL�%X��-LDQFKXQ�;X��+DQJ\X�/L��;LDRSX�:DQJ��6KX\DQJ�/LX 

����� 
>��@�$SSO\LQJ�0DFKLQH�/HDUQLQJ�0HWKRGV�WR�6SHHG�8S�7ZR-3KDVH�
5HODWLYH�3HUPHDELOLW\�8SVFDOLQJ 
<DQML�:DQJ��+DQJ\X�/L��-LDQFKXQ�;X��/LQJ�)DQ��;LDRSX�:DQJ��6KX\DQJ�/LX 

����� 

>��@�'HHS�OHDUQLQJ�HQKDQFHPHQW�RI�PLFUR-&7�LPDJHV�IRU�ODUJH-VFDOH�
IORZ�VLPXODWLRQ 
6DPXHO�-DFNVRQ��<XIX�1LX��6RMZDO�0DQRRUNDU��3H\PDQ�0RVWDJKLPL��5\DQ�
$UPVWURQJ 

����� 

>���@�)OX[�5HJUHVVLRQ�3HUIRUPDQFHV�RI�'HHS�/HDUQLQJ�LQ�'LVFUHWH�
)UDFWXUH�1HWZRUNV 
6WHIDQR�%HUURQH��)UDQFHVFR�'HOOD�6DQWD��$QWRQLR�0DVWURSLHWUR��6DQGUD�
3LHUDFFLQL��)UDQFHVFR�9DFFDULQR 

����� 
>���@�'HHS-OHDUQLQJ-EDVHG�VXUURJDWH�PRGHO�IRU�EULQH�H[WUDFWLRQ�ZHOO�
SODFHPHQW�IRU�JHRORJLFDO�FDUERQ�VWRUDJH 
+\XQMHH�<RRQ��<HRQJMX�.LP��+RRQ\RXQJ�-HRQJ��$OH[DQGHU�6XQ��%R�5HQ 

����� 
>���@�3DUWLFOH�WUDQVSRUW�DQG�ILOWUDWLRQ�LQ��'�DQG��'�SRURXV�PHGLD��
FRXSOLQJ�&)'�DQG�'HHS�/HDUQLQJ 
$JQHVH�0DUFDWR��*LDQOXFD�%RFFDUGR��'DQLHOH�0DUFKLVLR 

����� 
>���@�,QWHU-ZHOO�&RQQHFWLYLW\�$QDO\VLV�DQG�3URGXFWLYLW\�3UHGLFWLRQ�
%DVHG�RQ�,QWHOOLJHQW�&RQQHFWLYLW\�0RGHO 
<XQTL�-LDQJ��.DL�=KDQJ 

����� 
>���@�$FFHOHUDWLQJ�0LFUR-0DFUR�0RGHOV�IRU�7ZR-0LQHUDO�5HDFWLYH�
6\VWHPV�ZLWK�0DFKLQH�/HDUQLQJ 
6WHSKDQ�*lUWWQHU��3HWHU�)URONRYLF��3HWHU�.QDEQHU��1DGMD�5D\ 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW�� 

7LPH�%ORFN�$ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06����)OXLG�,QWHUDFWLRQV�ZLWK�7KLQ�3RURXV�0HGLD 
&KDLUV��'LYHVK�%KDWW��&KDR-=KRQJ�4LQ 

����� 
>��@�7RROFKDLQ�IURP�WKH�FUHDWLRQ�RI�WKH�PHVK�WR�WKH�&)'�VLPXODWLRQV 
$ODD-HGGLQH�(QQD]LL��<DQQ�+HQU\��-HDQ�%RX\HU��3DVFDO�-ROO\��3DVFDO�
'RXPDOLQ��$XUHOLDQ�)DWX��$QWKRQ\�%HDXGRLQ� 

����� 
>���@�,QNMHW�SULQWLQJ�OLQHV�RQWR�WKLQ��PRYLQJ�SRURXV�PHGLD�-�
H[SHULPHQWV  
9LJQHVK�0XUDOL��-RV�&�+��=HHJHUV��$QWRQ�'DUKXEHU� 

����� 
>���@�(IIHFW�RI�VXUIDFWDQWV�RQ�OLTXLG�DEVRUSWLRQ�LQWR�SRURXV�PHGLD 
+HOGHU�6DOYDGRU��'DQLHO�7XUNHQEXUJ��-HURHQ�6FKHOO��1LFRODH��7RPR]HLX 

����� 
>���@�9LVXDOL]LQJ�LPELELWLRQ�LQ�WKLQ�SRURXV�PHGLD�ZLWK�KLJK-VSHHG�
105 
UXEHQ�QLFDV\��+HQN�+XLQLQN��%DUW�(ULFK��RODI�DGDQ 

����� 
>���@�+LJK�6SHHG-/DVHU�6SHFNOH�LPDJLQJ�WR�XQUDYHO�SLFR-OLWHU�GURSOHWV�
VXEVWUDWH�LQWHUDFWLRQV 
5LFFDUGR�$QWRQHOOL��7KRPDV�.RGJHU��1LFRODH��7RPR]HLX��-RULV�6SUDNHO� 

����� 
>���@�*HQHUDWLRQ�RI�9LUWXDO�1RQZRYHQ�6WUXFWXUHV�DQG�6LPXODWLRQ�
6WXGLHV�RI�&RPSUHVVLRQ�%HKDYLRU�DQG�)ORZ�3HUPHDELOLW\ 
6DUDK�6WDXE��6ULGKDU�5DQJDQDWKDQ��6WHIDQ�5LHI��.RQUDG�6WHLQHU 

����� 
>���@�(IIHFW�RI�7KH�5HODWLYH�+XPLGLW\�RQ�7KH�3RURVLW\�RI�3(0�)XHO�&HOO�
&DWDO\VW�/D\HUV 
.DUUDU�$ORIDUL��(]HTXLHO�0pGLFL��-HIIUH\�$OOHQ 

����� 
>���@�,PDJH-EDVHG�PRGHOLQJ�RI�VSRQWDQHRXV�LPELELWLRQ�LQ�SRURXV�
PHGLD 
&KDR-=KRQJ�4LQ��[LQ�ZDQJ 

����� 
>���@�)ORZ�RI�'1$�VROXWLRQV�DURXQG�F\OLQGULFDO�DUUD\V 
*UHJ�)RUHVW��3DXOD�9DVTXH]� 
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06��������1RQ-OLQHDU�HIIHFWV�LQ�IORZ�DQG�WUDQVSRUW�WKURXJK�SRURXV�PHGLD 
&KDLUV��0LFKHO�4XLQWDUG��<YHV�0pKHXVW 

����� 
>���@�+HDW�DQG�PDVV�WUDQVIHU�LQ�D�VKHDU-WKLQQLQJ�IOXLG�WKURXJK�SRURXV�
PHGLD  
0XKDPPDG�6DKLPL��6HQ\RX�$Q��9DKLG�-�1LDVDU 

����� 
>���@�8SVFDOLQJ�,QHUWLD�(IIHFWV�RQ�0L[LQJ�DQG�5HDFWLRQ�DW�&KDQQHO�
,QWHUVHFWLRQV�IURP�)ORZ�7RSRORJ\  
3HWHU�.DQJ��6DQJ�/HH��:RRQJKHH�/HH��(WLHQQH�%UHVFLDQL��0DUFR�'HQW] 

����� 
>���@�3RUH-VFDOH�0L[LQJ�DQG�WKH�(YROXWLRQ�RI�+\GURG\QDPLF�'LVSHUVLRQ 
0DUFR�'HQW]��$OH[DQGUH�3X\JXLUDXG��3KLOLSSH�*RX]H 

����� 

>���@�&HOO-VFDOH�KDHPRG\QDPLFV�DQG�WUDQVSRUW�LQ�FDQRQLFDO�GLVRUGHUHG�
SRURXV�PHGLD��QXPHULFDO�VLPXODWLRQ�DQG�PLFURIOXLGLF�H[SHULPHQWV 
4L�=KRX��.HUVWLQ�6FKLUUPDQQ��,JRU�&KHUQ\DYVN\��$QQH�-XHO��2OLYHU�(��-HQVHQ��
0LJXHO�2��%HUQDEHX� 

����� 
>���@�6FDOLQJ�RI�YHUWLFDO�PL[LQJ�LQ�WZR-VSHFLHV�EXR\DQF\-GULYHQ�
LQVWDELOLWLHV 
$QQH�'H�:LW��6K\DP�6XQGHU�*RSDODNULVKQDQ��%HUQDUG�.QDHSHQ 

����� 

>���@�*UDYLW\-GULYHQ�LQVWDELOLW\�LQ�IUDFWXUH�IORZV�ZLWK�PLVFLEOH�IOXLGV�RI�
GLIIHUHQW�GHQVLWLHV 
+RQJIDQ�&DR��6HRQN\RR�<RRQ��=KHQ\X�;X��/DXUD�3\UDN-1ROWH��(WLHQQH�
%UHVFLDQL��3HWHU�.DQJ 

����� 
>���@�3RVWLWLYH�IHHGEDFN�HIIHFWV�LQ��'�FUHHSLQJ�IORZ�RI�YLVFRHODVWLF�
IOXLGV�WKURXJK�SRURXV�PHGLD�DPSOLI\�SUHIHUHQWLDO�IORZ�SDWKV 
2PDU�0RNKWDUL��<RKDQ�'DYLW��0LFKHO�4XLQWDUG� 

����� 
>���@�1RQ-1HZWRQLDQ�IORZ�LQ�PDFURVFRSLF�KHWHURJHQHRXV�SRURXV�
PHGLD��IURP�SRZHU-ODZ�IOXLGV�WR�UKHRORJ\�ZLWK�FKDQJH�RI�EHKDYLRU 
ODXUHQW�WDORQ 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

7LPH�%ORFN�$ 
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2SHQLQJ�&HUHPRQ\ 
������-�������&(7 

$ZDUG�&HUHPRQ\� 
������-�������&(7 

,QWHU3RUH�0HULWRULRXV�6HUYLFH�0HGDO 
2OHJ�,OLHY 
)UDXQKRIHU�,7:0��*HUPDQ\� 

7LPH�%ORFN�% 

7KH� ,QWHU3RUH� 0HULWRULRXV� 6HUYLFH� 0HGDO� UHFRJQL]HV�
LQGLYLGXDOV� IRU� H[FHSWLRQDO�� SURORQJHG�� LPSDFWIXO�� DQG�
PHDQLQJIXO� VHUYLFHV� WR� WKH� 6RFLHW\�� 7KHVH� LQGLYLGXDOV�
KDYH� H[KLELWHG� VXFK� H[FHSWLRQDO� GHYRWLRQ� RI� WLPH�� 
HIIRUW�� WKRXJKW�� DQG� DFWLRQ� DV� WR� VHW� WKHP� DSDUW� IURP�
RWKHU�FRQWULEXWLRQV�� 
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7KRPDV�5DPVWDG 
(TXLQRU�$6$�� 
 
$�GLJLWDO�ZRUNIORZ�IRU�DQDO\VLV�RI�IORZ�LQ�SRURXV�PHGLD��
0XOWLSKDVH�WUDQVSRUW�SKHQRPHQD�IURP�SRUH�WR�ILHOG�
VFDOH�LQ�VXEVXUIDFH�IORZ� 
 
0XOWLSKDVH�IORZ�LQ�SRURXV�PHGLD�LV�VWURQJO\�LQIOXHQFHG�E\�WKH�SRUH
-VFDOH�PHFKDQLVPV� DQG� LQ-VLWX� DUUDQJHPHQW� RI� IOXLGV�� +RZ� IOXLGV�
DUH� GLVWULEXWHG� DQG� WUDQVSRUWHG� DUH� GHSHQGHQW� RQ� WKH� SRUH�
VWUXFWXUHV� LQ� DGGLWLRQ� WR� ZHWWDELOLW\�� IOXLG-IOXLG� LQWHUDFWLRQV� DQG�
H[WHUQDO�ERXQGDULHV�� ,W� LV�HVVHQWLDO� WR�XQGHUVWDQG�WKHVH�SRUH�VFDOH�

HIIHFWV� WR� REWDLQ� JRRG� FRQVWLWXWLYH� UHODWLRQV� IRU� FKDUDFWHUL]DWLRQ� RI� VXEVXUIDFH� IORZ� RQ�
PXOWLSOH�OHQJWK�VFDOHV�  

7R� EHWWHU� SUHGLFW� IOXLG� WUDQVSRUW� LQ� VXEVXUIDFH� UHVHUYRLUV�� WKH� SHWUROHXP� DQG� VXEVXUIDFH�
LQGXVWU\� UHO\�KHDYLO\�RQ�DQDO\VLV�RI� UHVHUYRLU� URFN� FRUH�PDWHULDOV� DQG� IOXLGV��%\� OHYHUDJLQJ�
DGYDQFHV� LQ�SRUH� VFDOH� LPDJLQJ� WHFKQRORJ\��ZH�QRZ� IUHTXHQWO\�XVH�KLJK� UHVROXWLRQ�;-UD\�
FRPSXWHG�WRPRJUDSK\��&7��DQG�PLFUR-&7�WR�JHW�LQVLJKW�LQ�IOXLG�GLVWULEXWLRQ�DQG�WUDQVSRUW�
GLUHFWO\� LQVLGH� WKH� SRUH� VSDFH�� &RPELQHG� ZLWK� FRUH� IORRGLQJ� H[SHULPHQWV�� VXFK� LPDJLQJ�
FDSDELOLWLHV� PD\� JUHDWO\� HQKDQFH� WKH� YDOXH� RI� H[SHULPHQWDO� DQDO\VLV� DQG� SRUH� VFDOH�
PRGHOOLQJ�  

,� ZLOO� LQ� WKLV� WDON� SUHVHQW� GHYHORSPHQW� RI� D� ZRUNIORZ� WKDW� FRPELQHV� FRUH� IORRGLQJ�
H[SHULPHQWV�ZLWK�&7�LPDJLQJ�DQG�SRUH�VFDOH�PRGHOOLQJ��6PDOO�VDPSOHV�RI�URFN�PDWHULDO�DUH�
VFDQQHG�ZLWK�LQ-KRXVH�PLFUR-&7���&7�HTXLSPHQW�WR�JHQHUDWH��'�LPDJHV�RI�SRUH�VSDFH�DQG�
IOXLG�GLVWULEXWLRQ�ZLWK�UHVROXWLRQV�GRZQ�WR�D�IHZ�PLFURPHWHUV��6RSKLVWLFDWHG�LPDJH�DQDO\VLV�
WRROV�DUH�XVHG� WR�DFTXLUH�DQG� UHJLVWHU�PXOWLSOH�VFDQV�RI�D�VDPSOH�� VR� WKDW�ZH�FDQ�GLUHFWO\�
FRPSDUH� FKDQJHV� WR� IOXLG� DUUDQJHPHQWV�� 8OWLPDWHO\�� GLJLWDO� SRUH� VFDOH� PRGHOV� DUH�
JHQHUDWHG�IRU�VLPXODWLRQV�RI�WZR-SKDVH�IORZ� 

%\�FROOHFWLQJ�UHVXOWV�IURP�WKH�GLIIHUHQW�VWHSV�LQ�VXFK�D�GLJLWDO�ZRUNIORZ��ZH�KDYH�JDLQHG�QHZ�
NQRZOHGJH� DERXW� SRUH� VFDOH� WUDQVSRUW� PHFKDQLVPV�� 7KDW� LV� DJDLQ� XVHG� WR� VXSSOHPHQW�
UHVXOWV� IURP� WUDGLWLRQDO� VSHFLDO� FRUH� DQDO\VLV� �6&$/�� VXFK� DV� FDSLOODU\� SUHVVXUH�� UHODWLYH�
SHUPHDELOLW\�FXUYHV�DQG�HQG-SRLQW�VDWXUDWLRQV��6XFK�SDUDPHWHUV�DUH�HVVHQWLDO�LQSXW�WR�ODUJH�
VFDOH� UHVHUYRLU� PRGHOV� XVHG� WR� LPSURYH� GUDLQDJH� VWUDWHJ\�� JHRORJLF� FDUERQ� VWRUDJH� DQG�
HQKDQFH�SHWUROHXP�UHFRYHU\��  

$GYDQFHV� LQ� NQRZOHGJH� RI� IORZ� LQ� SRURXV� PHGLD� UHO\� RQ� D� FORVH� FROODERUDWLRQ� EHWZHHQ�
LQGXVWU\�� YHQGRUV� DQG� DFDGHPLD�� :H� FRQWLQXRXVO\� VWULYH� WR� LPSURYH� DQG� GHYHORS� RXU�
DQDO\VLV� DQG� VRIWZDUH� WRROER[�� 7KH� UDSLG� HYROXWLRQ� RI� RSHQ� VRXUFH� GHYHORSPHQW� KDV�
FUHDWHG� DGGLWLRQDO� SODWIRUPV� IRU� GLUHFW� UHVHDUFK� FROODERUDWLRQ� EHWZHHQ� DFDGHPLD� DQG�
LQGXVWU\��DQG�IDVWHU�GHSOR\PHQW�RI�QRYHO�UHVHDUFK�UHVXOWV� 

7LPH�%ORFN�% 
.H\QRWH�/HFWXUH 
������-�������&(7 
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 2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 
06��������%LRFKHPLFDO�SURFHVVHV�DQG�ELRILOPV�LQ�SRURXV�PHGLDIORZ� 
&KDLUV��9DOHQWLQD�3ULJLREEH��&KDUOHV�:HUWK 

����� 
>���@�6WXG\LQJ�YLUDO�DJJUHJDWLRQ�LQ�SRURXV�PHGLD  
'RQJ�=KDQJ��9DOHQWLQD�3ULJLREEH 

����� 
>���@�3RUH-VFDOH�RULJLQ�RI�IORZ-LQGXFHG�ELR-DJJUHJDWLRQ  
6DQJ�/HH��(OHRQRUD�6HFFKL��3HWHU�.DQJ 

����� 
>���@�/LIH�LQ�D�WLJKW�VSRW��+RZ�EDFWHULD�PRYH�LQ�SRURXV�PHGLD 
6XMLW�'DWWD��7DSRPR\�%KDWWDFKDUMHH��'DQLHO�$PFKLQ��-HQQD�2WW 

����� 
>���@�0LFURELDO�,QGXFHG�'HVDWXUDWLRQ�DQG�3UHFLSLWDWLRQ��0,'3��LQ�
6WUDWLILHG�*UDQXODU�6RLO 
(OL]DEHWK�*��6WDOOLQJV�<RXQJ��/HRQ�YDQ�3DDVVHQ��&ODXGLD�(�=DSDWD 

����� 
>���@�(YDOXDWLQJ�WKH�LQWHUDFWLRQ�RI�ELRILOPV��RUJDQLF�PDWWHU�DQG�VRLO�
VWUXFWXUHV�DW�WKH�SRUH�VFDOH 
$OH[DQGHU�3UHFKWHO��6LPRQ�=HFK��$OLFH�/LHX��5DSKDHO�6FKXO]��1DGMD�5D\ 

����� 

>���@�6WXG\�RI�WKH�&RPELQHG�(IIHFW�RI�5HVHUYRLU�6RXULQJ�DQG�6FDOH�
)RUPDWLRQ�LQ�K\GURFDUERQ�UHVHUYRLUV 
$OL�0DKPRRGL���0RKDPPDG�5H]D�$OL]DGHK��PRHLQ�-DKDQEDQL�YHVKDUHK��
+DPLG�0��1LFN 

����� 
>���@�(Q]\PDWLF�GHJUDGDWLRQ�RI�ELRPDVV��D�SRURXV�PHGLD�DSSURDFK 
6DUDK�%ORVVH��$QWRLQH�%RXFKRX[��3DXO�'XUX��&pGULF�0RQWDQLHU 

7LPH�%ORFN�% 
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7LPH�%ORFN�%� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV��VRIWZDUH�DQG�
FDVH�VWXGLHV 
&KDLUV��/LZHL�=KDQJ��0DWWKLMV�GH�:LQWHU��0DMD�5XHFNHU 

����� 
>���@�,Q-6LWX�0LFUR-&7�6WXGLHV�WR�8QGHUVWDQG�WKH�5ROH�RI�6DOW�
3UHFLSLWDWLRQ�GXULQJ�&2�6ࢧWRUDJH�LQ�6DOLQH�$TXLIHUV  
3X\DQ�%DNKVKL��2PLG�6KDKURNKL��6XVDQD�*DUFLD��0HUFHGHV�0DURWR-9DOHU 

����� 

>���@�$�IUDPHZRUN�WR�PDS�SRUH�YROXPH�FKDQJH�DQG�PLQHUDO�
GLVVROXWLRQ�SUHFLSLWDWLRQ�RI�ZHOOERUH�FHPHQW�H[SRVHG�WR�KLJK�
FRQFHQWUDWLRQ�&2��XVLQJ�PLFUR-&7�LPDJHV 
/LZHL�=KDQJ��<DQ�:$1*��0DQJXDQJ�*DQ��.DL\XDQ�0HL 

����� 
>���@�$�1RYHO�7HFKQLTXH�RI�,PDJH�$QDO\VLV�RQ�)RDP�LQ�)UDFWXUHV 
.DL�/L���.DUO-+HLQ]��:ROI��:LOOLDP�5RVVHQ 

����� 
>���@�0DJQHWLF�5HVRQDQFH�DQG�0DJQHWLF�5HVRQDQFH�,PDJLQJ�RI�3RURXV�
0HGLD�–�5HFHQW�'HYHORSPHQWV 
$UPLQ�$IURXJK��%UXFH�-��%DOFRP 

����� 

>���@�6SRQWDQHRXV�LPELELWLRQ�G\QDPLFV�LQ�\DUQV�DQG�NQLW�VWLWFKHV�E\�
IDVW�;-UD\�WRPRJUDSK\�DQG�IUHH�HQHUJ\�DQDO\VLV 
5REHUW�)LVFKHU��&KULVWLDQ�0��6FKOHS�W]��5HQp�0��5RVVL��'RPLQLTXH�'HURPH��-DQ�
&DUPHOLHW 

����� 
>���@�8VH�RI�WRSRORJLFDO�SULQFLSOHV�WR�GHWHUPLQH�ZHWWDELOLW\�IURP�SRUH-
VFDOH�LPDJHV 
/XNH�.HDUQH\���0DUWLQ�%OXQW 



��� 

 

021'$<�����0$<����� 
0
RQ

GD
\�
'
HW
DL
OH
G�
3U
RJ

UD
P

 2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06��������7KHUPDO�3URFHVVHV��7KHUPDO�&RXSOLQJ�DQG�7KHUPDO�3URSHUWLHV�
RI�3RURXV�0HGLD��PRGHOLQJ�DQG�H[SHULPHQWV�DW�GLIIHUHQW�VFDOHV 
&KDLUV��%HUQDUG�.URRVV��<LQJIDQJ�=KRX 

����� 
>��@�0HVRVFDOH�0RGHOOLQJ�RI�7KHUPDO-&KHPLFDO�SURFHVVHV�GXULQJ�
1XFOHDU�)XHO�&RUURVLRQ  
0LQ�/LX 

����� 
>���@�8QVDWXUDWHG�SRURXV�PHGLD�IUHH]LQJ��QXPHULFDO�PRGHOLQJ�DQG�
YDOLGDWLRQ�EDVHG�RQ�H[SHULPHQWDO�GDWD  
$EGHO�+DVVDQ�6ZHLGDQ���<RXVHI�+HLGHU��%HUQG�0DUNHUW 

����� 
>���@�0HDVXULQJ�7KH�$QLVRWURSLF�+HDW�7UDQVIHU�&RHIILFLHQWV�,Q�&DUERQ�
)LEHU�)HOW 
6KDROLQ�/LX���$]LWD�$KPDGL��+HUPHV�6FDQGHOOL��&\ULO�/HYHW��-HDQ�/DFKDXG 

����� 
>���@�$�'DUF\�VFDOH�FRXSOHG�IOXLG-WKHUPDO�IUDPHZRUN�WR�PRGHO�
UDGLRQXFOLGH�WUDQVSRUW�IURP�D�GHHS�GLVSRVDO�ERUHKROH 
.DYHK�6RRNKDN�/DUL��'LUN�0DOODQWV 

����� 
>���@�6RUHW�HIIHFWV�LQ�SRURXV�PHGLD 
%M¡UQ�+DIVNMROG���6LJQH�.MHOVWUXS��2ODY�*DOWHODQG��'LFN�%HGHDX[ 

����� 
>���@�0RGHOOLQJ�K\GUDWH�IRUPDWLRQ�LQ�SRURXV�PHGLD��&DSLOODU\�
LQKLELWLRQ�HIIHFWV 
0$5,$�'(�/$�)8(17(��-HDQ�9DXQDW��+pFWRU�0DUtQ-0RUHQR 

����� 
>���@�,QWURGXFWLRQ�RI�$QLVRWURSLF�+HDW�7UDQVIHU�&RHIILFLHQW 
+HUPHV�6FDQGHOOL��$]LWD�$KPDGL��6KDROLQ�/LX��-HDQ�/DFKDXG 

7LPH�%ORFN�% 
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7LPH�%ORFN�%� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������(OHFWURFKHPLFDO�SURFHVVHV�LQ�SRURXV�PHGLD 
&KDLUV��-HII�*RVWLFN��,U\QD�9��=HQ\XN 

����� 
>��@�&RQWUROOLQJ�*DV�'LIIXVLRQ�/D\HU�:HWWDELOLW\�YLD�$GGLWLYH�
0DQXIDFWXULQJ�DQG�6LPXODWLRQ  
6DGHT�6DOHK��6DGDI�6REKDQL 

����� 
>��@�1XPHULFDO�0RGHOLQJ�RI�&DSLOODU\-'ULYHQ��3DSHU-%DVHG��)ORZ-
7KURXJK��0LFURIOXLGLF�5HGR[�)ORZ-%DWWHULHV  
3DUGLV�6DGHJKL��(ULN�.MHDQJ 

����� 

>���@�(YDOXDWLRQ�RI�WKH�,PSDFW�RI�)ORZ�)LHOG�'HVLJQ�RQ�WKH�3RURVLW\�RI�
=LQF�'HSRVLWLRQ�LQ�WKH�=LQF-,RGLGH�)ORZ�%DWWHU\�E\�;-UD\�&RPSXWHG�
7RPRJUDSK\ 
)DWHPHK�6KDNHUL+RVVHLQDEDG��6RKUDE�5DQGMEDU�'DHPL��3DXO�6KHDULQJ��
(GZDUG��7HG��3�/�5REHUWV 

����� 
>���@�,QVLJKWV�LQWR�FDSLOODU\�SUHVVXUH�LQ�WKH�*'/�RI�RSHUDWLQJ�SRO\PHU�
HOHFWURO\WH�IXHO�FHOOV 
$GULDQ�0XODUF]\N��4LQJ\DQJ�/LQ��'DQLHO�1LEOHWW��-HQV�(OOHU 

����� 

>���@�1RQ-VROYHQW�,QGXFHG�3KDVH�6HSDUDWLRQ��$�6\QWKHWLF�$SSURDFK�
7RZDUGV�+LJK�3HUIRUPDQFH�5HGR[�)ORZ�%DWWHU\�(OHFWURGHV 
5pP\�-DFTXHPRQG���&KDUOHV�7DL-&KLHK�:DQ��<HW-0LQJ�&KLDQJ��.LWW\�
1LMPHLMHU��)LNLOH�5��%UXVKHWW��$QWRQL�)RUQHU-&XHQFD 
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 2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06����%LRSK\VLFV�RI�OLYLQJ�SRURXV�PHGLD��WKHRU\��H[SHULPHQW��PRGHOLQJ�
DQG�FKDUDFWHUL]DWLRQ 
&KDLUV��)UHG�9HUPROHQ��7RELDV�.RHSSO 

����� 

>���@�$FFXUDWH�QXPHULFDO�VLPXODWLRQ�RI�HOHFWURGLIIXVLRQ�DQG�ZDWHU�
PRYHPHQW�LQ�EUDLQ�WLVVXH�ZLWK�FRUWLFDO�VSUHDGLQJ�GHSUHVVLRQ�DV�D�FDVH�
VWXG\  
$GD�-RKDQQH�(OOLQJVUXG��0DULH�(OL]DEHWK�5RJQHV��3DWULFN�)DUUHOO��1LFRODV�
%RXOOH��'LGULN�'XNHIRVV��5XQH�(QJHU��.ODV�3HWWHUVHQ��*HLU�+DOQHV� 

����� 

>���@�$�VHTXHQWLDO�JULG-EORFN�XSVFDOLQJ�PHWKRG�IRU�KLJKO\�
KHWHURJHQHRXV�WXPRUV��DSSOLFDWLRQ�WR�RVWHRVDUFRPD  
$GHO�0RUHQR��0LFKHO�4XLQWDUG��$QWKRQ\�0DQFLQL��$QQH�*RPH]-%URXFKHW��
3DFDO�6ZLGHU��3DXOLQH�$VVHPDW 

����� 
>���@�8SVFDOLQJ�EHWZHHQ�DQ�DJHQW-EDVHG�PRGHO��VPRRWKHG�SDUWLFOH�
DSSURDFK��DQG�D�FRQWLQXXP-EDVHG�PRGHO�IRU�ZRXQG�FRQWUDFWLRQV 
4L\DR�3HQJ��)UHG�9HUPROHQ 

����� 
>���@�6LPXODWLRQ�RI�EORRG�IORZ�LQ�D�ZKROH�PRXVH�EUDLQ�YDVFXODWXUH 
(UOHQG�+RGQHODQG��-DQ�0DUWLQ�1RUGERWWHQ��1RHVND�6PLW 

����� 
>���@�0LFURVWURNHV�DQG�FDSLOODU\�GLODWLRQV�–��LQYHVWLJDWLQJ�WKH�HIIHFW�RI�
VLQJOH�FDSLOODU\�DOWHUDWLRQV 
)UDQFD�6FKPLG��*LXOLD�&RQWL��%UXQR�:HEHU��3DWULFN�-HQQ\ 

����� 

>���@�7KH�UROH�RI�FROODWHUDO�YHVVHOV�LQ�UHGLVWULEXWLQJ�EORRG�IORZ�GXULQJ�
VWURNH�–�FRPELQLQJ�LQ�YLYR�GDWD�ZLWK�EORRG�IORZ�VLPXODWLRQV�LQ�VHPL-
UHDOLVWLF�QHWZRUNV�XVLQJ�DQ�LQYHUVH�PRGHO 
5REHUW�(SS��1DGLQH�)�%LQGHU��&KDLP�*O�FN��0RKDPDG�(O�$PNL��6XVDQQH�
:HJHQHU��%UXQR�:HEHU��3DWULFN�-HQQ\��)UDQFD�6FKPLG� 

����� 

>���@�1XPHULFDO�PRGHOOLQJ�DQG�H[SHULPHQWDO�YDOLGDWLRQ�RI�
SHUFXWDQHRXV�YHUWHEURSODVW\ 
=XELQ�7ULYHGL��'RPLQLF�*HKZHLOHU��&KULVWLDQ�%OHLOHU��$UQGW�:DJQHU��7LP�
5LFNHQ��%R\NR�*XHRUJXLHY-5�HJJ��2OLYHU�5|KUOH� 

7LPH�%ORFN�% 
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7LPH�%ORFN�&� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 
06��������3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH 
&KDLUV��%R�*XR��/DXUHQ�%HFNLQJKDP 

����� 

>��@�7RZDUGV�*HRORJLF�&2��6HTXHVWUDWLRQ�DW�6FDOH��$�5HYLHZ�RI�
*HRPHFKDQLFDO�,PSDFWV��,QGXFHG�6HLVPLFLW\�&RQFHUQV��DQG�0LWLJDWLRQ�
0HDVXUH  
-HQV�%LUNKRO]HU��<YHV�*XJOLHOPL��.HXUIRQ�/XX��-RQQ\�5XWTYLVW��$EGXOODK�&LKDQ 

����� 
>���@�/DE-VFDOH�FKDUDFWHUL]DWLRQ�RI�D�VKDO\�FDSURFN�IRU�&2��VWRUDJH��
DGYDQFHPHQWV�DQG�OLPLWDWLRQV  
(OHQL�6WDYURSRXORX��/\HVVH�/DORXL 

����� 
>���@�$Q�DGDSWLYHO\�FRXSOHG�PXOWLSK\VLFV�PRGHO�IRU�FRPSRVLWLRQDO�WZR
-SKDVH�IORZ�WDUJHWLQJ�XQGHUJURXQG�JDV�VWRUDJH 
%HDWUL[�%HFNHU��5DLQHU�+HOPLJ��%HUQG�)OHPLVFK 

����� 
>���@�+HWHURJHQHLW\�HIIHFWV�RQ�WKH�6ROXELOLW\-WUDSSLQJ�GXULQJ�&2��
*HRORJLFDO�6HTXHVWUDWLRQ 
35$'((3�5(''<�3811$0��/DNVKPL�'HYL�9ROHWL��9LNUDQWK�.XPDU�6XUDVDQL 

����� 
>���@�0LQHUDOLVDWLRQ�IURP�FDUERQ�GLR[LGH�FRQYHFWLYH�GLVVROXWLRQ�LQ�D�
SDFNHG�EHG�+HOH-6KDZ�UHDFWRU 
'HORUD�*DVNLQV��6DP�'HKDHFN��$QQH�'H�:LW 
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 2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��:DWHU�	 $JULFXOWXUH 
&KDLUV��'LJDQWD�'DV��1LPD�6KRNUL 

����� 
>��@�(9$/8$7,21�2)�685)$&7$17�$1'�)2$0�352&(66(6�)25�,1-
6,78�1$3/�5(0('$,7,21�,1�$�0,/,7$5<�%$6(��6287+�.25($  
+D]HP�)OHLIHO��*\X�6DQJ�/HH��6(81*�,+/�.$0 

����� 
>���@�7KH�LPSRUWDQFH�RI�DFFXUDWH�HYDSRWUDQVSLUDWLRQ�IRUHFDVW�IRU�FURS�
LUULJDWLRQ��$�JOREDO�VHQVLWLYLW\�DQDO\VLV�RI�WZR�PRGHO�FDVH�VWXGLHV  
7KHRGRU�%XJKLFL��1DIWDOL�/D]DURYLWFK��(UDQ�7DV 

����� 
>���@�0XOWLVFDOH�0RGHOLQJ�RI�'LUHFW�&RQWDFW�0HPEUDQH�'LVWLOODWLRQ���
0DFURVFRSLF�0RGHOLQJ�DQG�3RUH�6FDOH�0RGHOLQJ 
+HVDP�%D]DUJDQ�+DUDQGL���$QDKLWD�$VDGL��+RVVHLQ�)DWKL��3DQJ-&KLHK�6XL 

����� 

>���@�7KH�LPSDFW�RI�GURXJKW-LQGXFHG�URRW�DQG�URRW�KDLU�VKULQNDJH�RQ�
URRW-VRLO�FRQWDFW 
3DWULFN�'XGGHN��0XWH]�$KPHG��1LFRODL�.RHEHUQLFN��/XLVH�2KPDQQ��*RUDQ�
/RYULF��$QGUHD�&DUPLQDWL� 

����� 
>���@�0RGHOOLQJ�UKL]RVSKHUH�ZDWHU�PRYHPHQW�LQ�ZKROH�SODQW�PRGHOV 
'DQLHO�/HLWQHU��$QGUHD�6FKQHSI��-DQ�9DQGHUERUJKW��+DUU\�9HUHHFNHQ 

����� 
>���@�(87523+,&$7,21�&21752/�75($70(176�$1'�6(',0(17�
32526,7< 
$QQH�0��+DQVHQ��'$QJHOR�6DQGRYDO-&KDFyQ��9DQHVVD�*��0RUHQR-$\DOD 

7LPH�%ORFN�& 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�
KHWHURJHQHRXV�DQG�IUDFWXUHG�PHGLD 
&KDLUV��$PLU�5DRRI��0DUFR�'HQW] 

����� 

>���@�7KUHH-'LPHQVLRQDO�,PDJLQJ�RI�'HQVLW\-'ULYHQ�&RQYHFWLRQ�LQ�
3RURXV�0HGLD�8VLQJ�;-UD\�&7�6FDQQLQJ  
$QQD-0DULD�(FNHO��5RQQ\�3LQL 

����� 

>���@�([SHULPHQWDO�LQYHVWLJDWLRQ�RI�EXR\DQW�FRQYHFWLRQ�LQ�D�
KHWHURJHQHRXV�SRURXV�PHGLD��7ZR-OD\HUV�VHSDUDWHG�E\�DQ�LQFOLQHG�
SHUPHDELOLW\�MXPS  
%KDUDWK�.DWWHPDODODZDGL��0RUULV�)O\QQ 

����� 

>���@�$Q�RSHQ-VRXUFH�LQWHJUDWHG�VROXWLRQ�IRU�IORZ�DQG�WUDQVSRUW�LQ�
UDQGRP�KHWHURJHQHRXV�SRURXV�PHGLD 
(XJHQLR�3HVFLPRUR��0DWWHR�,FDUGL��)HGHULFR�0XQLFFKL��0DUFR�%LDQFKL 

����� 

>���@�3RUH-VFDOH�LPDJLQJ�RI�XQVDWXUDWHG�VROXWH�WUDQVSRUW�WR�GHWHUPLQH�
WKH�LQIOXHQFH�RI�IOXLG�GLVWULEXWLRQ�RQ�VROXWH�VSUHDGLQJ�DQG�PL[LQJ 
6WHIDQLH�9DQ�2IIHQZHUW��9HHUOH�&QXGGH��6KDQ�:DQJ��7RP�%XOWUH\V 

����� 
>���@�1XPHULFDO�VWXG\�RI�GLVSHUVLRQ�WKURXJK�GLVSODFLQJ�SKDVH�LQ�
XQVDWXUDWHG�SRURXV�PHGLD 
5DVRXO�6RXIL���$PLU�5DRRI��6H\HG�+RVVHLQ�0DQVRXUL 

����� 
>���@�(IIHFWLYH�7UDQVSRUW�3DUDPHWHUV�RI�3RURXV�0HGLD�IURP�
0LFURVWUXFWXUH�,PDJHV� 
/XNDV�0DLHU��-RHUQ�+HQQLQJ�0DWWKLHV��8OULFK�1LHNHQ 
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 2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������3RUH-VFDOH�PRGHOOLQJ 
&KDLUV��<DVKDU�0HKPDQL��2OHJ�,OLHY 

����� 
>���@�*URZWK�DQG�XSVFDOLQJ�RI�YLVFRXV�ILQJHUV�LQ�LPPLVFLEOH�WZR-SKDVH�
IORZ  
6DQWDQX�6LQKD��+XUVDQD\�)\KQ��6XEKDGHHS�5R\��$OH[�+DQVHQ� 

����� 
>���@�,PSURYHG�PLFUR-FRQWLQXXP�IRUPXODWLRQV�IRU�SRUH-VFDOH�
VLPXODWLRQ�RI�PLQHUDO�GLVVROXWLRQ  
&\SULHQ�6RXODLQH��-XOLHQ�0DHV 

����� 
>���@�'\QDPLF�SRUH-QHWZRUN�PRGHOLQJ�RI�FRXSOHG�FRPSRVLWLRQDO�IORZ�
DQG�SKDVH�FKDQJH�G\QDPLFV�LQ�SRURXV�PHGLD 
6LGLDQ�&KHQ��-LDPLQ�-LDQJ��%R�*XR 

����� 
>���@�([WHQGLQJ�HTXLOLEULXP�WKHUPRG\QDPLFV�WR�LQFOXGH�IOXLG-VXUIDFH�
LQWHUDFWLRQ�IRU�QDQRQFRQILQHG�IOXLGV 
1DUHQGUD�6LQJK��)LOLS�6LPHVNL��0DWWKLDV�,KPH 

����� 

>���@�6XE-UHVROXWLRQ�IHDWXUH�VL]H�FODVVLILFDWLRQ�EDVHG�RQ�WXQDEOH�;-UD\�
GDUN-ILHOG�LPDJLQJ 
%HQMDPLQ�%O\NHUV���&DRUL�$OHMDQGUD�2UJDQLVWD�&DVWHOEODQFR��0DWLDV�.DJLDV��
0DWWKLHX�%RRQH��7RP�%XOWUH\V��0DUFR�6WDPSDQRQL��9HHUOH�&QXGGH��-DQ�
$HOWHUPDQ 

����� 
>���@�WKH�LPSDFWV�RI�SRUH-VFDOH�WZR-SKDVH�IORZ�RQ�PLQHUDO�UHDFWLRQ�
UDWH 
+DQJ�'HQJ��3HL�/L��6HUJL�0ROLQV 

7LPH�%ORFN�& 
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7LPH�%ORFN�&� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������6XEVXUIDFH�:DWHU�)ORZ�DQG�&RQWDPLQDQW�7UDQVSRUW�3URFHVVHV�–�
6SHFLDO�6HVVLRQ�LQ�+RQRU�RI�+DUU\�9HUHHFNHQ 
&KDLUV��5LHQ�YDQ�*HQXFKWHQ��-DQ�9DQGHUERUJKW 

����� 
>��@�7UDQVGLVFLSOLQDU\�6RLO�+\GURORJ\  
-DQ�+RSPDQV 

����� 

>���@�+RZ�+DUU\�9HUHHFNHQ·V�ZRUN�FRQWULEXWHV�WR�UHDFK�WKH������JOREDO�
VXVWDLQDEOH�GHYHORSPHQW�JRDOV�  
0DUQLN�9DQFORRVWHU��6HEDVWLHQ�3HWLW��0DWKLDV�7LGMDQL��3LHUUH�7RYLKRXGML��3LHUUH�
$NSRQLNSH 

����� 
>���@�6RLO�0RLVWXUH�'DWD�)XVLRQ�IURP�)LHOG�6FDOH�WR�&RQWLQHQWDO�6FDOH 
%LQD\DN�0RKDQW\��'KUXYD�.DWKXULD� 

����� 
>���@�1HDU-WHUP�IRUHFDVWV�RI�VRLO�ZDWHU�VWDWHV 
0LFKDHO�<RXQJ��7DUD�%RQJLRYDQQL��%ULGJHW�6FDQORQ� 

����� 

>���@�7KH�$OHQWR�K\GURORJLFDO�REVHUYDWRU\��$Q�DGYDQFHG�RSHQ-DLU�
ODERUDWRU\�WR�HYDOXDWH�WKH�LPSDFW�RI�DQWKURSRJHQLF�GLVWXUEDQFHV�RQ�
HFRV\VWHP�VHUYLFHV�LQ�D�0HGLWHUUDQHDQ�FDWFKPHQW� 
1XQ]LR�5RPDQR��&DUROLQD�$OORFFD��/XLVD�6WHOODWR��6DUDK�6FK|QEURGW-6WLWW��
+H\H�%RJHQD��3DROR�1DVWD 

����� 

>���@�2Q�WKH�YDOXH�RI�XVLQJ�HOHFWULFDO�UHVLVWDQFH�WRPRJUDSK\�WR�
HQKDQFH�VXE-VXUIDFH�KHWHURJHQHLW\�UHSUHVHQWDWLRQ�LQ�+<'586��'�IRU�
VLPXODWLQJ�VROXWH�WUDQVSRUW�DW�WKH�KLOOVORSH�VFDOH� 
1DQGLWD�*DXU��0DULD�7HUHVD�7DQFUHGL��'DYLG�5DGFOLIIH��%LQD\DN�0RKDQW\� 
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 3RVWHU��6HVVLRQ�� 
������-�������&(7 

06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH 

>���@�9DULDWLRQV�LQ�$LUIORZ�)LHOG�DQG�6RLO�*UDLQ-6L]H�RI�6LPXODWHG�6KUXEV�ZLWK�
'LIIHUHQW�6SDWLDO�&RQILJXUDWLRQV�EDVHG�RQ�:LQG�7XQQHO�([SHULPHQWV  
;LD�3DQ��=KHQ\L�:DQJ 

>���@�02)V�EDVHG�&+��+\GUDWH�)RUPDWLRQ�DQG�6HOI-3UHVHUYDWLRQ  
-\RWL�6KDQNHU�3DQGH\��4LDQ�2X\DQJ��1LFRODV��YRQ�6ROPV� 

>���@�2SWLPLVLQJ�VLWH�VHOHFWLRQ�IRU�K\GURJHQ�VWRUDJH�LQ�SRURXV�URFNV�LQ�WKH�
1RUWK�6HD�	�,ULVK�6HD 
/XELFD�6ODERQ� 

06����6ZHOOLQJ�DQG�VKULQNLQJ�SRURXV�PHGLD 
>��@�3RUH-VFDOH�K\GUR-PHFKDQLFDO�PRGHOLQJ�RI�JDV�WUDQVSRUW�LQ�FRDO�PDWUL[ 
$KPDG�0267$)$��/XF�6FKROWqV��)DEULFH�*2/),(5� 

>���@�([SHULPHQWDO�,QYHVWLJDWLRQ�RI�&DSLOODU\�1XPEHU·V�&RQWURO�RQ�6WUHVV-
'HSHQGHQW�6KLIWV�LQ�,UUHGXFLEOH�6DWXUDWLRQ�LQ�'HIRUPDEOH�3RURXV�0HGLD 
$PLU�+DJKL��5LFKDUG�&KDODWXUQ\N� 
>���@�0RGHOLQJ�OLWKLXP�GLIIXVLRQ�LQ�EDWWHU\�FDWKRGHV�FRQVLGHULQJ�FKHPR-
PHFKDQLFDOO\�LQGXFHG�GDPDJH 
-HIIHU\�$OOHQ��3HWHU�:HGGOH��$QNLW�9HUPD��$QXGHHS�0DOODUDSX��)UDQFRLV�8VVHJOLR-
9LUHWWD��'RQDO�)LQHJDQ��$QGUHZ�&ROFODVXUH��9RONHU�6FKPLGW��2UNXQ�)XUDW��'DYLG�
'LHUFNV��.DQGOHU�6PLWK��� 

>���@�$�GLVFUHWH�HOHPHQW�PRGHO��'(0��IRU�VZHOOLQJ�EHKDYLRU�RI�FOD\ 
6UXWDUVKL�3UDGKDQ��0DUWLQ�$OH[DQGHU�7RUHVHQ� 

>���@�8QGHU�SUHVVXUH��+\GURJHO�VZHOOLQJ�LQ�D�JUDQXODU�PHGLXP 
-HDQ-)UDQFRLV�/RXI��1DQF\�/X��0DUJDUHW�2
&RQQHOO��+��-HUHP\�&KR��6XMLW�'DWWD 

>���@�8QGHUVWDQGLQJ�G\QDPLF�SRUH-VFDOH�LQWHUDFWLRQV�IRU�XQGHUJURXQG�
K\GURJHQ�VWRUDJH�WKURXJK�KLJK�UHVROXWLRQ��'�;-UD\�LPDJLQJ  
=DLG�-DQJGD��.DPDOMLW�6LQJK��6HEDVWLDQ�*HLJHU��$QGUHDV�%XVFK� 

7LPH�%ORFN�& 
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3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����%LRFKHPLFDO�SURFHVVHV�DQG�ELRILOPV�LQ�SRURXV�PHGLD 
>���@�7KH�,QIOXHQFH�RI�0RWLOLW\�RQ�%DFWHULDO�$FFXPXODWLRQ�LQ�D�0LFURSRURXV�
&KDQQHO 
&KULVWRSK�/RKUPDQQ��0LUX�/HH��&KULVWLDQ�+ROP� 

>���@�7R�ELRILOP�RU�QRW�WR�ELRILOP��,QWHUSOD\�EHWZHHQ�FKHPRWDFWLF�GLVSHUVDO�DQG�
ELRILOP�IRUPDWLRQ�LQ�EDFWHULDO�FRPPXQLWLHV 
-HQQD�2WW��'DQLHO�$PFKLQ��6HOHQD�&KLX��7DSRPR\�%KDWWDFKDUMHH��6XMLW�'DWWD 

>���@�$�UHYLHZ�RQ�WKH�XVH�RI�PLFURELDO�LQGXFHG�FDOFLWH�SUHFLSLWDWLRQ�IRU�
SUREOHPDWLF�VRLO�HQJLQHHULQJ 
(KVDQ�1LNRRHH��*KDVVHP�+DELEDJDKL� 

>���@�%DFLOOXV�VXEWLOLV��$�3ODQW�*URZWK�3URPRWLQJ�5KL]REDFWHULD��,PSURYHV�6RLO�
+\GUR-3K\VLFDO�3URSHUWLHV 
)DWHPD�.DQL]��<DQ�-LQ��+DUVK�%DLV� 
>���@�,PSOLFDWLRQV�RI�SODQW�H[XGDWHV�RQ�WKH�IRUPDWLRQ�RI�UKL]RVKHDWKV 
5LIIDW�5DKLP��(YD�.U|QHU��$GULDQ�+DXSHQWKDO� 

06����0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�KHWHURJHQHRXV�
DQG�IUDFWXUHG�PHGLD 

>��@�([SHULPHQWDO�LQYHVWLJDWLRQ�RI�SK\VLFDO�GLVSHUVLRQ�DQG�LQ-VLWX�PL[LQJ�GXULQJ�
ORZ�VDOLQLW\�ZDWHUIORRGLQJ 
$UPDQ�'DUYLVK�6DUYHVWDQL��%HK]DG�5RVWDPL��+DVVDQ�0DKDQL 
>���@�)ORZ�UDWH�DQG�GLVVROXWLRQ�UDWH�,PSDFWV�RQ�WKH�ZRUPKROH�IRUPDWLRQ 
7LQJ�:DQJ��5DQ�+X��=KLELQJ�<DQJ��<L-)HQJ�&KHQ 

>���@�&3*�PRGHOOLQJ�LQ�IOXYLDO�FKDQQHOLVHG�V\VWHPV�XQGHU�XQFHUWDLQW\ 
$PLU�0RKDPPDG�1RURX]L��0DVRXG�%DEDHL 

>���@�(YDOXDWLRQ�RI�PLQHUDO�VXUIDFH�DUHD�HYROXWLRQ�GXULQJ�GLVVROXWLRQ�UHDFWLRQV 
)DQTL�4LQ��/DXUHQ�%HFNLQJKDP 



��� 

 

021'$<�����0$<����� 
0
RQ

GD
\�
'
HW
DL
OH
G�
3U
RJ

UD
P

 3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�
KHWHURJHQHRXV�DQG�IUDFWXUHG�PHGLD��FRQW� 

>���@�)DEULFDWLRQ�RI�5HDFWLYH�5RFNV�ZLWK��'�3ULQWLQJ 
6KHOE\�:DOHV��,VKDQ�$QMLNDU��9LQLWD�6KLQGH��%U\DQ�%HFNLQJKDP��/DXUHQ�%HFNLQJKDP 

>���@�$QDO\WLFDO�0RGHOLQJ�RI�0DVV�7UDQVIHU�,QWHJUDWLQJ�'LIIXVLRQ�DQG�
'LVSHUVLRQ�LQ�6ROYHQW�,QMHFWLRQ�%DVHG�+HDY\�2LO�5HFRYHU\�0HWKRGV 
:DQMX�<XDQ��*DQJ�=KDR��&KDQJ�6X� 

>���@�5HPRELOL]DWLRQ�RI�&ROORLGV�LQ�3RURXV�0HGLD�8QGHU�8QVDWXUDWHG�&RQGLWLRQ�
LQ�FROXPQ-VFDOH�H[SHULPHQWV 
9DKLG�1LNSH\PDQ��6��0DMLG�+DVVDQL]DGHK��$PLU�5DRRI� 

>���@�$�KRPRJHQLVHG�PRGHO�IRU�IORZ��WUDQVSRUW�DQGVRUSWLRQ�LQ�D�
KHWHURJHQHRXV�SRURXV�PHGLXP 
/XF\�$XWRQ��6DW\DMLW�3UDPDQLN��&KULV�0DF0LQQ��0RKLW�'DOZDGL��,DQ�*ULIILWKV 

>���@�6ROXWH�WUDQVSRUW�GXULQJ�XQVWDEOH�LQILOWUDWLRQ�LQWR�OD\HUHG�KHWHURJHQHRXV�
SRURXV�PHGLD 
3HGUR�3DPSLOORQ�$ORQVR�GH�9HODVFR��/XLV�&XHWR-)HOJXHURVR��5XEHQ�-XDQHV 

>���@�(IIHFW�RI�QRQ-XQLIRUP�SDVVLYH�DGYHFWLRQ�RQ�$�%-!&�UDGLDO�UHDFWLRQ-
GLIIXVLRQ�IURQWV 
$OHVVDQGUR�&RPROOL��$QQH�'H�:LW��)DELDQ�%UDX� 

7LPH�%ORFN�& 
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 2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQ 
06������ 6XEVXUIDFH�:DWHU�)ORZ�DQG�&RQWDPLQDQW�7UDQVSRUW�3URFHVVHV�–�
6SHFLDO�6HVVLRQ�LQ�+RQRU�RI�+DUU\�9HUHHFNHQ 
&KDLUV��5LHQ�YDQ�*HQXFKWHQ��-DQ�9DQGHUERUJKW 

����� 
>���@�3HGRWUDQVIHU�IRU�LQILOWUDWLRQ�HVWLPDWLRQ  
<DNRY�3DFKHSVN\��6HRQJ\XQ�.LP��*�OD\�.DUDKDQ 

����� 
>���@�8QVDWXUDWHG�K\GUDXOLF�SURSHUWLHV�LQ�D�QHDUO\�VDWXUDWHG�PHGLXP 
-RKQ�1LPPR 

����� 
>���@�6XFWLRQ�&XS�6\VWHP-'HSHQGHQW�9DULDEOH�%RXQGDU\�&RQGLWLRQ��
7UDQVLHQW�:DWHU�)ORZ�DQG�0XOWL-&RPSRQHQW�6ROXWH�7UDQVSRUW 
,DHO�5DLM-+RIIPDQ��'LHGHULN�-DFTXHV��1DIWDOL�/D]DURYLWFK� 

����� 
>���@�$SSOLFDWLRQV�RI�3K\VLFV�,QIRUPHG�1HXUDO�1HWZRUNV�IRU�0RGHOLQJ�
6RLO�:DWHU�'\QDPLFV 
726+,<8.,�%$1'$,��7HDPUDW�*KH]]HKHL 

����� 
>���@�2Q�)X]]\-6\VWHPV�0RGHOLQJ�RI�6XEVXUIDFH�)ORZ 
%RULV�)D\ELVKHQNR��/DYDQ\D�5DPDNULVKQDQ��'HERUDK�$JDUZDO 

����� 
>���@�$FFXUDWH�GHWHUPLQDWLRQ�RI�WKH�WLPH-YDOLGLW\�RI�3KLOLS
V�WZR-WHUP�
LQILOWUDWLRQ�HTXDWLRQ 
-DVSHU�9UXJW��3DUDNK�-DLVZDO 

7LPH�%ORFN�& 
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7LPH�%ORFN�$ 

$ZDUG�&HUHPRQ\ 
�����-������&(7 

,QWHU3RUH�+RQRUDU\�/LIHWLPH�0HPEHUVKLS�
$ZDUG 
%ULDQ�%HUNRZLW]� 
:HL]PDQQ�,QVWLWXWH�RI�6FLHQFH��,VUDHO 
 
7KH�+RQRUDU\�/LIHWLPH�0HPEHUVKLS�$ZDUG�LV�UHVHUYHG�IRU�
LQGLYLGXDOV�ZKR�KDYH�PDGH�H[WUDRUGLQDU\�FRQWULEXWLRQV�WR�
SRURXV�PHGLD�VFLHQFH�DQG�WHFKQRORJ\��ZKR�DUH�ZRUOG�
UHQRZQHG�LQ�WKH�SRURXV�PHGLD�FRPPXQLW\��DQG�ZKRVH�
FRQWULEXWLRQV�DUH�FRQVLVWHQW�ZLWK�WKH�DLPV�DQG�LGHDOV�RI�
,QWHU3RUH�� 

 
,QWHU3RUH�1DWLRQDO�&KDSWHU�$ZDUGV 

7KH� 1DWLRQDO� &KDSWHU� $ZDUGV� DUH� JLYHQ� LQ� 
UHFRJQLWLRQ� RI� UHPDUNDEOH� DFWLYLWLHV� RYHU� WKH�
SDVW�\HDU��� 

9LVLW�WKH�1DWLRQDO�&KDSWHUV�ERRWK�LQ�WKH� 
H[KLELWLRQ�KDOO�WR�OHDUQ�PRUH�DERXW�MRLQLQJ� 

RU�VWDUWLQJ�D�1DWLRQDO�&KDSWHU� 

https://whova.com/portal/webapp/inter1_202105/Exhibitors/144950
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7KRPDV�'ULHVQHU 
(7+�=�ULFK 
 
1XPHULFDO� VLPXODWLRQ� DLGLQJ� WKH� GHYHORSPHQW� 
RI�VXSHUKRW�JHRWKHUPDO�UHVRXUFHV� 
 
7KHUH� LV� PRXQWLQJ� HYLGHQFH� WKDW� PDQ\� FRQYHQWLRQDO� KLJK-
HQWKDOS\�JHRWKHUPDO� UHVRXUFHV� WKDW� DUH� H[SORLWHG� IRU�SRZHU�
JHQHUDWLRQ� LQ� YROFDQLF� DUHDV� DUH� XQGHUODLQ� E\� VR-FDOOHG�
VXSHUKRW� UHVRXUFHV�� 6XSHUKRW� UHVRXUFHV� DUH� ORRVHO\� GHILQHG�

DV�KDYLQJ�D�WHPSHUDWXUH�KLJKHU�WKDQ�WKH�FULWLFDO�WHPSHUDWXUH�RI�ZDWHU������&��DQG�
HQWKDOSLHV� LGHDOO\� KLJK� HQRXJK� WR� QRW� LQWHUVHFW� WKH� WZR-SKDVH� UHJLRQ� XSRQ�
SURGXFWLRQ�� L�H���FDQ�EH�SURGXFHG�WR�JHQHUDWH�GU\��VXSHUKHDWHG�VWHDP��7ZR�ZHOOV�
RI� WKH� ,FHODQG�'HHS�'ULOOLQJ�SURMHFW� LQGHHG�WDSSHG�VXFK� UHVRXUFHV������&�DW�����
EDU� LQ� ZHOO� ,''3-�� DW� .UDIOD�� DQG� SRWHQWLDOO\� XS� WR� !����&� LQ� ZHOO� ,''3-�� DW�
5H\NMDQHV�� $OWKRXJK�ERWK� FDVHV� HQFRXQWHUHG� WHFKQLFDO� SUREOHPV� WKDW� SUHYHQWHG�
SURGXFWLRQ� IURP�WKH�ZHOOV�� WKH�SRWHQWLDO�RI� VXSHUKRW� UHVRXUFHV� LV�HQRUPRXV�ZLWK�
SRVVLEO\�XS� WR���� WLPHV�PRUH�SRZHU�SHU�ZHOO�� ,Q�RUGHU� WR�EHWWHU�XQGHUVWDQG� WKH�
JHRORJLF� FRQWUROV� RQ� DQG� WKH� QDWXUH� RI� WKH� UHVRXUFHV�� QXPHULFDO� VLPXODWLRQV�
WXUQHG� RXW� WR� EH� WKH� WRRO� RI� FKRLFH�� $� NH\� IDFWRU� LV� WKH� HIIHFW� RI� WKH� EULWWOH� WR�
GXFWLOH� WUDQVLWLRQ� WHPSHUDWXUH� RQ� URFN� SHUPHDELOLW\� DV� LW� FRQWUROV� WKH�PD[LPXP�
WHPSHUDWXUH� RI� H[SORLWDEOH� IOXLG�� ,Q� WKH� FDVH� RI� VDOLQH� IOXLGV�� FRPSOH[� SKDVH�
UHODWLRQV� LPSRVH� WKDW� HFRQRPLFDOO\� DWWUDFWLYH� UHVHUYRLUV� DUH�PRUH� OLNHO\� WR� RFFXU�
DERYH�GHHSHU����YV���-��NP��PDJPDWLF�LQWUXVLRQV��)XUWKHUPRUH��WKH�VDOLQLW\�RI�WKH�
IOXLG�PD\�GHWHUPLQH�LI�DQG�KRZ�D�ZHOO�FDQ�EH�VWDUWHG�WR�EHFRPH�VHOI-IORZLQJ��7KH�
SUHVHQWDWLRQ�ZLOO� LOOXVWUDWH�NH\�H[DPSOHV� WR�KLJKOLJKW� LPSRUWDQW� IDFWRUV�DV�ZHOO�DV�
WKH�UHTXLUHPHQWV�IRU�PHDQLQJIXO�QXPHULFDO�VLPXODWLRQV� � 

.H\QRWH�/HFWXUH 
�����-������&(7 
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3RVWHU��6HVVLRQ�� 
������-�������&(7 

06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��:DWHU�	�$JULFXOWXUH 
>���@�0DSSLQJ�/DQG�8VH�DQG�/DQG�&RYHU�&KDQJHV�LQ�*LODQ�3URYLQFH�RI�,UDQ�
EHWZHHQ������DQG�������*,6�DQG�5HPRWH�6HQVLQJ�$QDO\VHV  
1RXVKLQ�.KD]DHL��$OL�=DKHGL��1LPD�6KRNUL��5DOI�2WWHUSRKO 
>���@�7DUJHWHG�GHOLYHU\�RI�IHUWLOL]HU�LQ�FRDUVH�WH[WXUHG�VRLOV�XVLQJ�IRDP�DV�
FDUULHU  
0RKDPPDG�-DYDG�6KRMDHL��'DQL�2U��1LPD�6KRNUL 
>���@�+RZ�KHWHURJHQHRXV�GLVWULEXWLRQV�RI�ZHWWDELOLW\�DIIHFWV�LQILOWUDWLRQ�LQWR�
VRLO 
-RQDV�%HQW]��(YD�.U|QHU��5DYL�3DWHO 
>���@�3HVWLFLGH�WUDQVSRUW�LQ�XQVDWXUDWHG�VRLOV��IURP�FROXPQ�WHVWV�WR�ODERUDWRU\�
O\VLPHWHU� 
/XFD�9HWHUH��0RQLFD�*UDQHWWR��&DUOR�%LDQFR��5REHUWR�5HYHOOL��5DMDQGUHD�6HWKL��7L]LDQD�
7RVFR 
>���@�3RUH-6FDOH�6LPXODWLRQ�RI�0XFLODJH�'UDLQDJH�LQ�WKH�5KL]RVSKHUH 
2PLG�(VPDHHOLSRRU�-DKURPL��(YD�.U|QHU� 

>���@�3ODQWV�FRQWURO�VRLO�JDV�H[FKDQJHV�SRVVLEO\�YLD�PXFLODJH 
$GULDQ�+DXSHQWKDO��0DWKLOGH�%UD[��-RQDV�%HQW]��+HUPDQQ�-XQJNXQVW��.ODXV�
6FK�W]HQPHLVWHU��(YD�.U|QHU� 
>���@�6ROXWH�7UDQVSRUW�LQ�+HWHURJHQHRXV�6RLOV�IURP�'LIIHUHQW�/DQG�
0DQDJHPHQW�3UDFWLFHV 
0DFNHQ]LH�'XJKL��)HGHULFR�=DEDOHWD��)DELDQ�%RPEDUGHOOL��9HURQLFD�0RUDOHV 

06����)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD 
>��@�([SOLFLW�VLPXODWLRQ�RI�VHLVPLF�ZDYHV�LQ�IOXLG-ILOOHG�IUDFWXUHG�SRURXV�PHGLD 
9DVLO\�*ROXEHY��$OH[H\�6KHYFKHQNR� 
>���@�8VLQJ�3,9�DQG��'�SULQWLQJ�WR�LQYHVWLJDWH�IOXLG�IORZ�DQG�VROXWH�WUDQVSRUW�
LQ�IUDFWXUHG�SRURXV�PHGLD� 
,VDPX�1DHWV��0HKUGDG�$KNDPL��3R-:HL�+XDQJ��0DUWLQ�6DDU��;LDQJ]KDR�.RQJ 
>���@�*ODVV�0LFURPRGHOV�6WXG\�RI�(PXOVLILHG�3RO\PHU�*HO�6\VWHP�IRU�
&RQIRUPDQFH�&RQWURO�$SSOLFDWLRQV 
7LQNX�VDLNLD��$EGXOODK�6XOWDQ��1XU��.KDPLG\� 
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3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD��FRQW� 
>���@�6KHDU�'LVSODFHPHQWV�RI�DQ�(PEHGGHG�)UDFWXUH�1HWZRUN�XVLQJ�;)90�–�D�
6HQVLWLYLW\�$QDO\VLV 
*LXOLD�&RQWL��5DMGHHS�'HE��6WHSKDQ�0DWWKDL��3DWULFN�-HQQ\� 

>���@�$GDSWLYH�9LUWXDO�(OHPHQW�0HWKRGV�IRU�VLPXODWLRQV�LQ�'LVFUHWH�)UDFWXUH�
0DWUL[�PRGHOV 
$QGUHD�%RULR��6WHIDQR�%HUURQH��6WHIDQR�6FLDOz��$OHVVDQGUD�'
$XULD��)DELR�9LFLQL 
>���@�0XOWLVFDOH�0RGHO�5HGXFWLRQ�RI�7KHUPRSRURHODVWLFLW\�3UREOHPV�LQ�
+HWHURJHQHRXV�DQG�)UDFWXUHG�0HGLD�8VLQJ�*HQHUDOL]HG�0XOWLVFDOH�)LQLWH�
(OHPHQW�0HWKRG 
'PLWU\�$PPRVRY��0DULD�9DVLO\HYD��(ULF�&KXQJ� 
>���@�$SSOLFDWLRQ�RI�WKH�9LUWXDO�(OHPHQW�0HWKRG�WR�7ZR-SKDVH�)ORZ�RI�
,PPLVFLEOH�)OXLGV�LQ�3RURXV�0HGLD 
0DUWLQD�%XVHWWR��6WHIDQR�%HUURQH� 

>���@��'-�'�FRXSOLQJ�RQ�QRQ-FRQIRUPLQJ�PHVKHV�YLD�DQ�RSWLPL]DWLRQ�EDVHG�
WKUHH-ILHOG�GRPDLQ�GHFRPSRVLWLRQ�DSSURDFK 
6WHIDQR�%HUURQH��'HQLVH�*UDSSHLQ��6WHIDQR�6FLDOz 

>���@�7KH�PRUSKRORJ\�DQG�VXUIDFH-FKHPLVWU\�RI�JDV-ZHWWLQJ�QDQRSDUWLFOHV�DQG�
LWV�HIIHFW�RQ�WKH�OLTXLG�PHQLVFL�LQ�SRURXV�PHGLD 
-LDIHQJ�-LQ��6XQ�-LQVKHQJ��/Y�.DLKH� 

06����6ZHOOLQJ�DQG�VKULQNLQJ�SRURXV�PHGLD 

>���@�*DV�VKDOH�VZHOOLQJ�DQG�VKULQNDJH�FKDUDFWHUL]HG�E\�FRQWUROOHG�VXFWLRQ�
H[SHULPHQWV 
-LQZRR�.LP��$OHVVLR�)HUUDUL��5XVVHOO�(Z\��/\HVVH�/DORXL 

>���@�0ROHFXODU�'\QDPLFV�6WXG\�RQ�&RDO�0DWUL[�6ZHOOLQJ�&KDUDFWHULVWLFV�E\�&2���
1���DQG�&2�–1��0L[WXUH 
-LQURQJ�&DR��<XQIHQJ�/LDQJ��<RVKLKLUR�0DVXGD��=LTLX�;XH��7RVKLIXPL�0DWVXRND� 
>���@�*URZWK�RI�JDV-ILOOHG�SHQQ\-VKDSHG�FUDFNV�LQ�GHFRPSUHVVHG�K\GURJHOV 
<DQVKHQJ�=KDQJ��0HUOLQ�$UDJRQ�(W]ROG��$GULHQ�/HIDXYH 

7XHVGD\�'
HWDLOHG�3URJUDP
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3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����6ZHOOLQJ�DQG�VKULQNLQJ�SRURXV�PHGLD��FRQW� 
>���@�0LFURVFDOH�PRGHOLQJ�RI�WKHUPR-K\GUR-PHFKDQLFDO�EHKDYLRU�RI�IUXLW�WLVVXH�
GXULQJ�GU\LQJ 
;LQ]KX�0RX��=KHQTLDQ�&KHQ� 
>���@�$Q�LQYHVWLJDWLRQ�RI�GUXJ�UHOHDVH�IURP�JUDQXOHV�OLQNLQJ�VWUXFWXUH��SURFHVV�
DQG�UHOHDVH�SHUIRUPDQFH 
)DUDM�6KPDP 

�06����(OHFWURFKHPLFDO�SURFHVVHV�LQ�SRURXV�PHGLD 
>��@�(;3(5,0(17$//<�9$/,'$7('�6,08/$7,21�2)�675$,1-,1'8&('�
%$77(5<�$*,1* 
,ORQD�*ODWW��1LOV�:HQ]OHU��0DWKLDV�)LQJHUOH��5DSKDHO�=DKQ��)DELDQ�%LHEO��(ULN�*ODWW��
6YHQ�/LQGHQ��6HEDVWLDQ�5LHI��$QGUHDV�:LHJPDQQ��9DQHVVD�:RRG 
>���@�+HWHURJHQHRXV�:HWWDELOLW\�LQ�3RURXV�&DWDO\VW�/D\HUV�RI�3(0�)XHO�&HOOV��
0RGHOLQJ-EDVHG�$QDO\VLV�DQG�'HVLJQ 
:ROIJDQJ�2OEULFK��7KRPDV�.DG\N��8OULFK�6DXWHU��0LFKDHO�(LNHUOLQJ 
>���@�6XUIDFH�&RPSOH[DWLRQ�0RGHOLQJ�RQ�WKH�(OHFWURFKHPLFDO�,QWHUDFWLRQV�RI�
/RZ�6DOLQLW\�:DWHUIORRGLQJ�LQ�6DQGVWRQH�5HVHUYRLU 
+RQJQD�'LQJ��;LQMLDQ�7DQ��<DOLQJ�;X��-LKRQJ�=KDQJ 
>���@�$�FKURQRSRWHQWLRPHWULF�VWXG\�RI�SRO\PHULF�LRQ-H[FKDQJH�PHPEUDQHV�LQ�
DOFRKRO-ZDWHU�PHGLD 
'DYLG�*DUFtD-1LHWR��-XDQ�&DUORV�0DURWR��6DJUDULR�0XxR]�6DQ�0DUWtQ��9��0DUtD�
%DUUDJiQ�*DUFtD 
>���@�7RZDUGV�ERWWRP-XS�GHVLJQ�RI�SRURXV�HOHFWURGH�PLFURVWUXFWXUHV�-�
FRXSOLQJ�JHQHWLF�DOJRULWKPV�ZLWK�SRUH�QHWZRUN�PRGHOLQJ�RI�UHGR[�IORZ�
EDWWHU\�HOHFWURGHV 
0D[LPH�YDQ�GHU�+HLMGHQ��5LN�YDQ�*RUS��*DERU�6]HQGUHL��$PLQ�6DGHJKL��-HII�*RVWLFN��
=DQGULH�%RUQHPDQ��$QWRQL�)RUQHU-&XHQFD 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQ 
06��������6XEVXUIDFH�:DWHU�)ORZ�DQG�&RQWDPLQDQW�7UDQVSRUW�3URFHVVHV�–�
6SHFLDO�6HVVLRQ�LQ�+RQRU�RI�+DUU\�9HUHHFNHQ 
&KDLUV��-DQ�9DQGHUERUJKW��5LHQ�YDQ�*HQXFKWHQ 

����� 
>���@�(3,62',&�(;75(0(�5$,1)$//�(9(176�'5,9(�*5281':$7(5�
5(&+$5*(�,1�$5,'�=21(�(19,5210(176�2)�&(175$/�$8675$/,$ 
'LUN�0DOODQWV��7KHUHVD�%RDV 

����� 
>��@�/LQHDUL]HG�:DWHU�DQG�$LU�)ORZ�LQ�3RURXV�0HGLD  
6KPXOLN�)ULHGPDQ��*UHJRU\�&RPPXQDU��,GR�1LWVDQ��,ODQ�%HQ-1RDK��%HQ�
&RKHQ��$ORQ�*DPOLHO� 

����� 
>���@�7UDQVLHQW�JURXQG�ZDWHU�OHYHO�VLPXODWLRQ�VFDOH�ZLWK�SUH-FDOFXODWHG�
WLPH-YDU\LQJ�UHFKDUJH�YDOXHV 
'LHGHULN�-DFTXHV��%HUWUDQG�/HWHUPH��0DWHM�*HGHRQ 

����� 
>���@�5HYLVLWLQJ�SHGRWUDQVIHU�IXQFWLRQ�GDWDEDVHV�E\�ILWWLQJ�GXDO�
SRURVLW\�PRGHO�DQG�DQDO\]LQJ�PDWUL[�DQG�PDFUR-SRUH�SURSHUWLHV 
<RQJJHQ�=KDQJ��/XW]�:HLKHUP�OOHU��%ULJLWWD�6]DER��+DUU\�9HUHHFNHQ� 

7LPH�%ORFN�$ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 
06��������)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD 
&KDLUV��+ROJHU�6WHHE��<RQJIHL�<DQJ 

����� 

>��@�*UDGLHQW�GLVFUHWL]DWLRQ�RI�WZR-SKDVH�IORZV�FRXSOHG�ZLWK�
PHFKDQLFDO�GHIRUPDWLRQ�LQ�IUDFWXUHG�SRURXV�PHGLD  
)UDQFHVFR�%RQDOGL��.RQVWDQWLQ�%UHQQHU��-pU{PH�'URQLRX��5RODQG�0DVVRQ��
$QWRLQH�3DVWHDX��/DXUHQW�7UHQW\ 

����� 
>��@�(YROXWLRQ�RI�IUDFWXUH�SHUPHDELOLW\�LQGXFHG�E\�7+0&-FRXSOHG�
SURFHVVHV  
;LDQJ]KDR�.RQJ��0DULQD�*ULPP�/LPD��;LQWRQJ�:DQJ��-LQ�0D� 

����� 
>���@�+RPRJHQL]DWLRQ�RI�)ORZ�LQ�3RURXV�0HGLD�ZLWK�,VRODWHG�
(PEHGGHG�)UDFWXUHV 
3DWULFN�-HQQ\� 

����� 

>��@�)OXLG�FKDUJLQJ�DQG�K\GURFDUERQ�DFFXPXODWLRQ�LQ�WKH�VZHHW�VSRW��
2UGRV�%DVLQ��&KLQD 
:HQ�=KDR��/LQ�-LDQJ��&KHQJ]DR�-LD��;LDQJIDQJ�/L 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

7XHVGD\�'
HWDLOHG�3URJUDP

 

06��������0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-
SK\VLFV��QRQOLQHDU�FRXSOHG�SURFHVVHV 
&KDLUV��&DULQD�%ULQJHGDO��6KX\X�6XQ 

����� 
>���@�8SVFDOLQJ�UHDFWLYH�IORZ�DQG�WUDQVSRUW�LQ�HYROYLQJ�SRURXV�PHGLD 
1DGMD�5D\��6WHSKDQ�*lUWWQHU��3HWHU�.QDEQHU��3HWHU�)URONRYLF 

����� 
>���@�5LJRURXV�GHULYDWLRQ�RI�DQ�HIIHFWLYH�PRGHO�IRU�UHDFWLYH�WUDQVSRUW�
LQ�HYROYLQJ�SRURXV�PHGLXP  
0DUNXV�*DKQ��,XOLX�6RULQ�3RS 

����� 
>���@�0DFURVFRSLF�PRGHO�IRU�IORZ�LQ�H[XGLQJ�SRURXV�PHGLD 
GLGLHU�ODVVHX[��)UDQFLVFR�-��9DOGpV-3DUDGD��-HDQ-)UDQoRLV�7KRYHUW��9DOHUL�
0RXU]HQNR 

����� 
>���@�8SVFDOLQJ�RI�D�&DKQ--+LOOLDUG�1DYLHU--6WRNHV�0RGHO�LQFOXGLQJ�
3UHFLSLWDWLRQ�LQ�D�7KLQ�6WULS 
/DUV�YRQ�:ROII��,XOLX�6RULQ�3RS 

06������� $GYDQFHV�LQ�PRGHOLQJ�DQG�VLPXODWLRQ�RI�SRURPHFKDQLFV 
&KDLUV��-LDQFKDR�&DL��)ORULQ�$��5DGX 

����� 
>���@�6WXG\�RQ�SRURPHFKDQLFDO�SUREOHPV�RI�K\GUDWH�VHGLPHQW�GXULQJ�
SKDVH�WUDQVLWLRQ�SURFHVV  
/LQOLQ�:DQJ��;LDROLDQJ�'DL��/LQOLQ�:DQJ� 

����� 
>���@�1XPHULFDO�\LHOG�VXUIDFH�GHWHUPLQDWLRQ�RI�FHPHQWHG�URFNV�IURP�
GLJLWDO�PLFURVWUXFWXUHV  
0DUWLQ�/HVXHXU��+DGULHQ�5DWWH]��0DQROLV�9HYHDNLV 

����� 
>���@�$SSOLFDWLRQ�RI�/LJKWQLQJ�%UHDNGRZQ�6LPXODWLRQ�LQ�,QYHUVLRQ�RI�
,QGXFHG�)UDFWXUH�1HWZRUN�0RUSKRORJ\�LQ�6WLPXODWHG�5HVHUYRLUV 
+XL�=KDR��*XDQJORQJ�6KHQJ� 

����� 
>���@�$Q�$VVXPHG�(QKDQFHG�6WUDLQ��$(6��ILQLWH�HOHPHQW�DSSURDFK�LQ�
PRGHOLQJ�IUDFWXUH�SURSDJDWLRQ�LQ�SDUWLDOO\�VDWXUDWHG�SRURXV�PHGLD 
)XVKHQ�/LX 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06������� 7KHUPDO�3URFHVVHV��7KHUPDO�&RXSOLQJ�DQG�7KHUPDO�3URSHUWLHV�
RI�3RURXV�0HGLD��PRGHOLQJ�DQG�H[SHULPHQWV�DW�GLIIHUHQW�VFDOHV 
&KDLUV��0RUDQ�:DQJ��+XLMLQ�;X 

����� 
>��@�6,08/$7,21�678'<�2)�,1-6,78�&219(56,21�352&(66�,1�/2:-
0,'�0$785,7<�6+$/(�2,/�5(6(592,5  
=LMLH�:DQJ��-XQ�<DR��+DL�6XQ��/LMXQ�/LX��;LD�<DQ 

����� 
>���@�1XPHULFDO�0RGHOLQJ�IRU�WKH�5HDFWLYH�3URFHVV�RI�7KHUPRFKHPLFDO�
(QHUJ\�6WRUDJH�%DVHG�RQ�/DWWLFH�%ROW]PDQQ�0HWKRG  
%LQ�*XR��+XLMLQ�;X� 

����� 
>���@�0DUDQJRQL�(IIHFW�5HVKDSHV�'U\LQJ�3DWWHUQ�LQ�3RURXV�0HGLD 
<DQGRQJ�=KDQJ��.H�;X 

����� 
>���@�6LPXODWLRQ�RI�7KHUPRFKHPLFDO�+HDW�6WRUDJH�LQ�WKH�&D2�&D�2+��-
6\VWHP�RQ�WKH�0LFUR-6FDOH 
7RUEHQ�3ULOO��0DUF�3KLOLSS�/LQGHU��7KRPDV�-DKQNH 

7LPH�%ORFN�$ 

7X
HV
GD

\�
'
HW
DL
OH
G�
3U
RJ

UD
P

 

06������� (OHFWURFKHPLFDO�SURFHVVHV�LQ�SRURXV�PHGLD 
&KDLUV��3DEOR�*DUFLD�6DODEHUUL��9HURQLND�6FKOHSHU 

����� 
>���@�8QGHUVWDQGLQJ�(OHFWURO\WH�,QILOOLQJ�IRU�/LWKLXP�,RQ�%DWWHULHV  
&KULVWLQD�6DXWHU��5DSKDHO�=DKQ��9DQHVVD�:RRG� 

����� 

>���@�0HVRVFRSLF�PRGHOLQJ�RI�SRURXV�PHGLD�ZLWK�DSSOLFDWLRQ�WR�
HOHFWURFKHPLFDO�HQHUJ\�FRQYHUVLRQ�DQG�VWRUDJH�GHYLFHV��WKH�FDVH�RI�JDV�
GLIIXVLRQ�OD\HUV�DQG�SURWRQ-H[FKDQJH�PHPEUDQHV  
3DEOR�$QJHO�*DUFLD-6DODEHUUL 

����� 
>���@�3HOWLHU�+HDWV�LQ�/LWKLXP-,RQ�%DWWHULHV 
$VWULG�)DJHUWXQ�*XQQDUVKDXJ��/HQD�6SLWWKRII��3UHEHQ�-RDNLP�6YHOD�9LH��2GQH�
%XUKHLP��6LJQH�.MHOVWUXS 

����� 
>���@�/DWWLFH�%ROW]PDQQ�VLPXODWLRQ�LQ�WKH�FRQWH[W�RI�EDWWHU\�V\VWHPV 
0DUWLQ�/DXWHQVFKOlJHU��-XOLXV�:HLQPLOOHU��7LPR�'DQQHU��$UQXOI�/DW] 
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$QGUHV�&ODUHQV 
8QLYHUVLW\�RI�9LUJLQLD 
 
5HLQIRUFLQJ�DQG�EDODQFLQJ�IHHGEDFN�ORRSV�GULYHQ�E\�GLVVROXWLRQ�
DQG�SUHFLSLWDWLRQ�LQ�UHDFWLYH�WUDQVSRUW�WKURXJK�SRURXV�PHGLD�� 

,Q�RUGHU�IRU�XV�WR�XVH�WKH�VXEVXUIDFH�IRU�QRYHO�HQHUJ\�DSSOLFDWLRQV��
ZH� QHHG� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� IHHGEDFN� PHFKDQLVPV�
ZKHUHLQ� FKHPLFDO� UHDFWLRQV� DFFHOHUDWH� RU� VXSSUHVV� WUDQVSRUW��
$SSOLFDWLRQV� VXFK� DV� JHRORJLF� FDUERQ� VWRUDJH�� JHRWKHUPDO� HQHUJ\�
SURGXFWLRQ�� ZDVWH� GLVSRVDO�� RU� HQHUJ\� VWRUDJH� DOO� SUHVHQW� QHZ�

RSSRUWXQLWLHV�IRU�WUDQVLWLRQLQJ�WR�D�ORZ�FDUERQ�IXWXUH�EXW�DOO�LQYROYH�WKH�LQMHFWLRQ�RI�IOXLGV�
WKDW�LQWHUDFW�ZLWK�KRVW�URFNV�LQ�FRPSOH[�ZD\V��3UHGLFWLQJ�WKH�IORZ�RI�IOXLGV�LQ�FKHPLFDOO\�DQG�
SK\VLFDOO\� KHWHURJHQHRXVO\� URFN� ZLOO� EH� LPSRUWDQW� WR� XQGHUVWDQGLQJ� KRZ� WKHVH�
WHFKQRORJLHV�ZLOO�SHUIRUP�RYHU�ORQJ�WLPH�VFDOHV��+HUH�ZH�UHSRUW�RQ�HIIRUWV�WR�PHDVXUH�DQG�
WKHQ�PRGHO�WKH�WUDQVSRUW�RI�&2��DQG�ZDWHU�WKURXJK�URFN�FRQWDLQLQJ�PLQHUDO�VLOLFDWHV��7KHVH�
VLOLFDWHV�UHDFW�ZLWK�&2��WR�IRUP�PXOWLSOH�SURGXFWV�VRPH�RI�ZKLFK�FDQ�EH�UHVROXELOL]HG�RYHU�
WLPH�DQG�VRPH�RI�ZKLFK�DUH�VWDEOH��7KH�VROXEOH�VSHFLHV��VXFK�DV�FDUERQDWH��ZLOO�SUHFLSLWDWH�
ZLWKLQ� SRUH� ERGLHV�� FUHDWLQJ� D� UHDFWLYH� IURQW� DQG� RSHQLQJ� IORZ� SDWKZD\V� RYHU� WLPH�� 7KH�
VWDEOH� VSHFLHV��ZKLFK� FRQVLVW� ODUJHO\�RI� VLOLFDWH�K\GUDWHV�� FDQ�EORFN� IORZ�FUHDWLQJ�QHJDWLYH�
IHHGEDFN� ORRSV� WKDW�ZLOO� VXSSUHVV� ORQJ� WHUP� IOXLG�PLJUDWLRQ��8VLQJ� D� VXLWH�RI�PLFUR-� DQG�
PDFURVFDOH�WHFKQLTXHV�LQFOXGLQJ�DLU�SHUPHDELOLW\��VFDQQLQJ�HOHFWURQ�PLFURVFRS\�DQG�HQHUJ\�
GLVSHUVLYH� ;-UD\� VSHFWURVFRS\� �6(0-('6��� V\QFKURWURQ� �;-UD\� GLIIUDFWLRQ� ��;5'��� DQG�
V\QFKURWURQ��;-UD\�IOXRUHVFHQFH��;5)��PDSSLQJ�,�ZLOO�GLVFXVV�KRZ�WKHVH�SURFHVVHV�SOD\�RXW�
LQ� GLIIXVLRQ� GRPLQDWHG� FROXPQ� H[SHULPHQWV� FRQGXFWHG� XQGHU� UHVHUYRLU� FRQGLWLRQV�� KLJK�
S&2���KLJK�WHPSHUDWXUH��DQG�EXIIHUHG�S+��7KH�PRGHO�V\VWHP�LV�YHU\�VHQVLWLYH�WR�LQLWLDO�S+�
FRQGLWLRQV� VLQFH� GLVVROXWLRQ� SURFHVVHV� FRQWURO� WKH� OHDGLQJ� HGJH� RI� WKH� UHDFWLRQ� IURQW��
,QWHUHVWLQJ� GLIIHUHQFHV� DUH� REVHUYHG� H[SHULPHQWDOO\� EHWZHHQ� SRO\PRUSKV� RI� WKH� VDPH�
FDOFLXP� VLOLFDWH�� ZKLFK� VXSSRUW� WKH� LGHD� WKDW� UHJLRQDO� GLVVROXWLRQ� SURFHVVHV� FDQ� SOD\� DQ�
LPSRUWDQW�UROH�LQ�FRQWUROOLQJ�UHDFWLRQV�DQG�LQ�WXUQ�IOXLG�WUDQVSRUW��$IWHU�SUHFLSLWDWLRQ�EHJLQV��
WKH� ZD\V� LQ� ZKLFK� FHUWDLQ� SKDVHV� JURZV� KDV� DQ� RXWVL]HG� LPSDFW� RQ� IOXLG� WUDQVSRUW�� 7KH�
JURZWK� RI� FDOFLXP� VLOLFDWH� K\GUDWHV� ZLOO� EH� KLJKOLJKWHG� LQ� SDUWLFXODU� EHFDXVH� LW� WHQGV� WR�
RFFXU� VHOHFWLYHO\� ZLWKLQ� SRUH� WKURDWV�� ZKLFK� JLYHV� WKHVH� UHDFWLRQV� D� GLVSURSRUWLRQDOO\�
LPSRUWDQW� UROH� LQ� OLPLWLQJ� IORZ�� ,Q� FRQWUDVW�� FDUERQDWHV�� ZKLFK� FU\VWDOL]H� RXW� RI� VROXWLRQ�
PRUH�XQLIRUPO\�LQ�WKH�SRUH�VSDFH��DUH�PXFK�OHVV�LPSRUWDQW�LQ�FRQWUROOLQJ�IOXLG�IORZ��5HDFWLYH�
WUDQVSRUW�PRGHOLQJ�RI� WKLV� V\VWHP�UHYHDOV� WKH� LQWHUSOD\�EHWZHHQ�GLVVROXWLRQ-SUHFLSLWDWLRQ��
YROXPH� FKDQJHV�� DQG� SRURVLW\�SHUPHDELOLW\�� 7KH� PRGHO� LQFRUSRUDWHV�PLFURSRURVLW\� LQ� WKH�
FDOFLXP�VLOLFDWH�SKDVHV�WR�FDSWXUH�WKH�FKDQJHV�REVHUYHG�LQ�WKH�H[SHULPHQWDO�ZRUN�DQG�WKLV�
KDV�LPSRUWDQW�LPSOLFDWLRQV�IRU�ORQJ�WHUP�IOXLG�WUDQVSRUW��7KH�PRGHOLQJ�DQG�LWV�FRPSDULVRQ�
ZLWK�H[SHULPHQWDO�ZRUN�SURYLGHV� LQVLJKW�DERXW�KRZ�UHDFWLYH�WUDQVSRUW�PRGHOLQJ� LQYROYLQJ�
FRPSOH[�SUHFLSLWDWH�IRUPDWLRQ�FDQ�EH�PRGHOHG�LQ�RWKHU�FRQWH[WV�� 
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5RVHDQQH�)RUG 
8QLYHUVLW\�RI�9LUJLQLD 
 
)DFLOLWDWLQJ�WKH�5HSURGXFWLRQ�RI�6LPXODWLRQ7UDQVSRUW�RI�
FKHPRWDFWLF�EDFWHULD�LQ�SRURXV�PHGLD�ZLWK�UHVLGXDO�
VRXUFHV�RI�FKHPLFDO�SROOXWDQWV� 
 
1RQDTXHRXV� SKDVH� OLTXLG� �1$3/�� FRQWDPLQDQWV� DUH� GLIILFXOW� WR�
HOLPLQDWH� IURP� QDWXUDO� DTXLIHUV� GXH�� LQ� SDUW�� WR� WKH� KHWHURJHQHRXV�
VWUXFWXUH�RI�WKH�VRLO�PDWUL[��5HVLGXDO�1$3/�JDQJOLD�UHPDLQ�WUDSSHG�LQ�
UHJLRQV� ZKHUH� WKH� K\GUDXOLF� FRQGXFWLYLW\� LV� UHODWLYHO\� ORZ� DQG� WKH\�

DUH� FRQVHTXHQWO\� OHVV� ELRDYDLODEOH�� %LRUHPHGLDWLRQ� SURFHVVHV� GHSHQG� RQ� DGHTXDWH�
PL[LQJ�RI�PLFURELDO�SRSXODWLRQV�DQG�WKH�JURXQGZDWHU�FRQWDPLQDQWV� WKDW�WKH\�GHJUDGH��
7KH�DELOLW\�RI�FKHPRWDFWLF�EDFWHULD�WR�VHQVH�D�FKHPLFDO�JUDGLHQW�DQG�VZLP�SUHIHUHQWLDOO\�

XS� WKH� JUDGLHQW� WRZDUG� KLJKHU� FRQFHQWUDWLRQ� FDQ� HQKDQFH� WKH� DFFXPXODWLRQ� RI� EDFWHULD�
QHDU� FRQWDPLQDQW� VRXUFHV� WKDW�PD\�RWKHUZLVH�QRW�EH� UHDGLO\� DFFHVVLEOH�E\�DGYHFWLRQ�DQG�
GLVSHUVLRQ�DORQH�  
 
,Q� WKLV�ZRUN��ZH�GLUHFWO\� LPDJHG�3VHXGRPRQDV�SXWLGD�EDFWHULD� QHDU� QDSKWKDOHQH� VRXUFHV�
WUDSSHG� ZLWKLQ� D� SRUH� QHWZRUN� HWFKHG� LQWR� D� PLFURIOXLGLF� GHYLFH�� :H� PRGHOHG� EDFWHULDO�
WUDQVSRUW� DW� WKH� SRUH� VFDOH� XVLQJ� D� FRQYHFWLRQ-GLVSHUVLRQ� HTXDWLRQ� ZLWK� WKH� DGGLWLRQ� RI�
FKHPRWDFWLF�YHORFLW\�WR�WKH�FRQYHFWLYH�WHUP�DQG�ILUVW-RUGHU�VRUSWLRQ-GHVRUSWLRQ�NLQHWLFV�IRU�
UHWHQWLRQ� DURXQG�1$3/� JDQJOLD�� 3UHYLRXV� VLPXODWLRQV� DW� WKH� FRUH� VFDOH� LQ� JUDQXODU�PHGLD�
VKRZHG� WKDW� WKH� KHWHURJHQHRXV� KRWVSRWV� RI� FKHPRWDFWLF� EDFWHULD� DURXQG� 1$3/� JDQJOLD�
\LHOGHG� RYHUDOO� JUHDWHU� UHWHQWLRQ� RI� ELRPDVV� LQ� EUHDNWKURXJK� FXUYHV� FRPSDUHG� WR� D�
QRQFKHPRWDFWLF� FRQWURO�� 2XU� H[SHULPHQWDO� REVHUYDWLRQV� DW� WKH� SRUH� VFDOH� FRQILUPHG� WKH�
FRUH� VFDOH� VLPXODWLRQ� UHVXOWV� E\� UHYHDOLQJ� JUHDWHU� DFFXPXODWLRQ� RI� FKHPRWDFWLF� EDFWHULD�
�UHODWLYH�WR�D�QRQFKHPRWDFWLF�FRQWURO��QHDU�JDQJOLD�RI�QDSKWKDOHQH�VRXUFHV��2XU�SRUH�VFDOH�
VLPXODWLRQ� UHVXOWV� VKRZHG� WKDW� JUHDWHU� UHWHQWLRQ� RI� EDFWHULD� ZDV� GXH� WR� LWV� FKHPRWDFWLF�
UHVSRQVH� WR� QDSKWKDOHQH� JUDGLHQWV� DQG� VRUSWLRQ� WR� 1$3/� JDQJOLD�� 2XU� PRGHOLQJ�
SUHGLFWLRQV� LQ� FRPELQDWLRQ�ZLWK� ODERUDWRU\� H[SHULPHQWV� DW� YDU\LQJ� VFDOHV� FDQ�EH� D� XVHIXO�
WRRO� WR� DQDO\]H� WKH� LPSDFW� RI� FKHPRWD[LV� RQ� LQ� VLWX� ELRUHPHGLDWLRQ�� 7KLV� ZRUN� LV� LQ�
FROODERUDWLRQ�ZLWK�;LDRSX�:DQJ���&KLQD�8QLYHUVLW\�RI�3HWUROHXP-(DVW�&KLQD��DQG�%HLEHL�*DR�
�8QLYHUVLW\�RI�9LUJLQLD��� 
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06��������)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD 
&KDLUV��<RQJIHL�<DQJ��+ROJHU�6WHHE 

����� 

>���@�,PSDFW�RI�5RXJKQHVV�RQ�0XOWLSKDVH�)UDFWXUH�)ORZ�-�,QVLJKWV�
IURP��'-3ULQWHG�)UDFWXUHV  
7RPRV�3KLOOLSV��-HURHQ�9DQ�6WDSSHQ��7RP�%XOWUH\V��6WHIDQLH�9DQ�2IIHQZHUW��
$UMHQ�0DVFLQL��6KDQ�:DQJ��9HHUOH�&QXGGH��$QGUHDV�%XVFK 

����� 
>���@�)ORZ�LQ�GHIRUPDEOH�IUDFWXUHV�-�)URP�QXPHULFDO�VWXGLHV�WR�
H[SHULPHQWDO�LQYHVWLJDWLRQV  
3DWULFN�6FKPLGW��'RQJZRQ�/HH��0DWWKLDV�5XI���+ROJHU�6WHHE��-|UJ�5HQQHU 

����� 
>���@�2QOLQH�)DVW�)ORZ�VLPXODWLRQV�IRU�'LVFUHWH�)UDFWXUHG�0HGLD�ZLWK�
1RQ-6WDQGDUG�5HGXFHG�%DVLV�0HWKRG 
)DELR�9LFLQL��6WHIDQR�%HUURQH� 

����� 
>���@�)OXLG-GULYHQ�SDUWLFOH�WUDQVSRUW�SDWWHUQV�LQ�IUDFWXUHV 
[LQZHL�+X��=KLELQJ�<DQJ��<L-)HQJ�&KHQ� 

����� 
>���@�$�PL[HG-GLPHQVLRQDO�PRGHO�IRU�WKHUPR-FKHPLFDO-IORZV�LQ�
IUDFWXUHG�SRURXV�PHGLD 
$QQD�6FRWWL��$OHVVLR�)XPDJDOOL 

����� 
>���@�9LVXDOL]DWLRQ�DQG�VHJPHQWDWLRQ�RI�PLFUR-FUDFNV�EDVHG�RQ�;-UD\�
FRPSXWHG�WRPRJUDSK\�LPDJLQJ 
'RQJZRQ�/HH��0DWWKLDV�5XI��1LNRODRV�.DUDGLPLWULRX��+ROJHU�6WHHE 

����� 

>���@�([SHULPHQWDO�VWXG\�RI�ZDWHU�YDSRXU�FRQGHQVDWLRQ�LQ�FUDFNHG�
FRQFUHWH�ZLWK�GLIIHUHQW�VSHFLPHQ�VWDWHV�YLVXDOLVHG�E\�QHXWURQ�
WRPRJUDSK\ 
5LWHVK�*837$��%UDWLVODY�/XNLý��$OHVVDQGUR�7HQJDWWLQL��0DWWKLHX�%ULIIDXW� 

����� 
>���@�$�9LUWXDO�(OHPHQW�'LVFUHWL]DWLRQ�RI�D��'�(ODVWRSODVWLF�3UREOHP 
)UDQFHVFD�0DUFRQ��$QGUHD�%RULR��6WHIDQR�%HUURQH� 
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06��-%����� ,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV 
&KDLUV��%MRUQDU�6DQGQHV��(GXDUGR�$EUHX 

����� 
>��@�$�/DERUDWRU\�6WXG\�RI�)RDP�&RDUVHQLQJ�LQ�0RGHO�)UDFWXUHV  
.DL�/L��0RKDPPDGDPLQ��6KDULIQLN��.DUO-+HLQ]��:ROI��:LOOLDP�5RVVHQ� 

����� 
>���@�$YHUDJHG�0RGHOV�IRU�7ZR-3KDVH�)ORZ�LQ�D�3RUH��7KH�(IIHFW�RI�
+\VWHUHWLF�DQG�'\QDPLF�&RQWDFW�$QJOHV  
6WHSKDQ�%��/XQRZD��&DULQD�%ULQJHGDO��,XOLX�6RULQ�3RS 

����� 

>���@�$�8QLILHG�*DV–$ONDQH�%LQDU\�,QWHUIDFLDO�7HQVLRQ�&DOFXODWLRQ�IRU�$�
%URDG�5DQJH�RI�3UHVVXUH�DQG�7HPSHUDWXUH��$�0DFKLQH�/HDUQLQJ�
$SSURDFK  
<LQJQDQ�:DQJ��=KHKXL�-LQ 

����� 
>���@�)ORZ�SDWWHUQV�DQG�LQWHUIDFH�VWDELOLW\�GXULQJ�GUDLQDJH�RI�OLTXLG–
SDUWLFOH�PL[WXUHV 
'RQJTL�/L��=KLELQJ�<DQJ��5HQMXQ�=KDQJ��5DQ�+X��<L-)HQJ�&KHQ 

����� 
>���@�*UDGHG�YLVFRVLW\�EDQNV�RQ�WKH�UHDU�HQG�RI�WKH�SRO\PHU�VOXJ 
)HGRU�%DNKDUHY��$OHNVDQGU�(QLQ��6HUJH\�7LNKRPLURY��.RQVWDQWLQ�.DOLQLQ��<XOLD�
3HWURYD� 

����� 
>���@�2Q�D�FRXSOHG�)(-IRUPXODWLRQ�IRU�WKH�IUHH]LQJ�SURFHVV�RI�LFH�
ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�730 
$OH[DQGHU�6FKZDU]��-RDFKLP�%OXKP��-|UJ�6FKU|GHU 

����� 
>���@�(IIHFW�RI�JUDLQ�FLUFXODULW\�RQ�WKH�WHPSRUDO�HYROXWLRQ�RI�LQWHUIDFLDO�
DUHD 
)L]]D�=DKLG��-HIIUH\�&XQQLQJKDP� 

����� 
>���@�2Q�WKH�HIIHFWV�RI�FROORLGDO�SDUWLFOHV�LQ�FRQWUROOHG�RLO-ZDWHU�
LQWHUIDFHV� 
0DULR�&RUGRYD�*RQ]DOH]��6��+��+HMD]L� 
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06��������0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-
SK\VLFV��QRQOLQHDU�FRXSOHG�SURFHVVHV 
&KDLUV��-DNXE�%RWK��&DULQD�%ULQJHGDO 

����� 

>��@�$Q�LWHUDWLYH�VFKHPH�IRU�WZR-VFDOH�SKDVH-ILHOG�PRGHOV�LQ�SRURXV�
PHGLD�  
,XOLX�6RULQ�3RS��&DULQD�%ULQJHGDO��0DQXHOD�%DVWLGDV 

����� 

>���@�$Q�(IILFLHQW�6ROXWLRQ�6WUDWHJ\�IRU�9DULDWLRQDO�0RGHOV�RI�%ULWWOH�
)UDFWXUH  
(UOHQG�6WRUYLN��-DNXE�%RWK��-XDQ�0LFKDHO�6DUJDGR��-DQ�0DUWLQ�1RUGERWWHQ��
)ORULQ�$GULDQ�5DGX� 

����� 

>���@�%HQFKPDUN�RI�GLIIHUHQW�FRXSOLQJ�VFKHPHV�IRU�UHDFWLYH�WUDQVSRUW�
LQ�VDWXUDWHG�SRURXV�PHGLD 
9DQHVVD�0RQWR\D��5HQFKDR�/X��-DLPH�*DULED\-5RGULJXH]��7KRPDV�1DJHO��
'PLWUL�1DXPRY��+DLELQJ�6KDR��2ODI�.ROGLW] 

����� 
>���@�6LPXODWLRQ�RI�IUDFWXUHG�SRURXV�PHGLD�XVLQJ�SDUWLWLRQHG�EODFN-
ER[�PHWKRGV 
$OH[DQGHU�-DXVW��3DWULFN�6FKPLGW��+ROJHU�6WHHE��0LULDP�0HKO 

����� 
>���@�'\QDPLF�FRDUVHQLQJ�IRU�HIILFLHQW�VLPXODWLRQ�RI�JHRWKHUPDO�
HQHUJ\�DSSOLFDWLRQV 
�\VWHLQ�.OHPHWVGDO� 

����� 
>���@�$��0�'LJLWDO�7ZLQ�IRU�5HVHUYRLUV 
WDR�]KDQJ��6KX\X�6XQ� 

����� 
>���@�$GYDQFHPHQWV�LQ�VXFWLRQ-LQGXFHG�IUDFWXUHV�LQ�PXOWLSKDVH�SRURXV�
PHGLD��3KDVH-ILHOG�DQG�GDWD-GULYHQ�PXOWLVFDOH�PRGHOLQJ 
<RXVHI�+HLGHU 

����� 
>���@�3KDVH-ZLVH�FRQVHUYDWLYH�DQG�SK\VLFV-SUHVHUYLQJ�DOJRULWKPV�IRU�
PXOWL-SKDVH�IORZ�LQ�SRURXV�PHGLD 
6KX\X�6XQ��+XDQJ[LQ�&KHQ��+DLMLDQ�<DQJ 
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06������� 3RUH-VFDOH�PRGHOOLQJ 
&KDLUV��6WHSKDQH�=DOHVNL��.H�;X 

����� 
>�@�'LJLWDO�5RFN�$QDO\VLV�RI�/RZ�5HVLVWLYLW\�3D\�=RQHV�WR�5HILQH�
6DWXUDWLRQ  
,YDQ�'HVKHQHQNRY��$THHO�)XUDLVK��+XVVDLQ�$OKLODO� 

����� 
>��@�5DQGRP�(PXODWLRQ�RI�/DUJH-6FDOH�1DWXUDO�3RUH�1HWZRUNV  
'DQLHO�0H\HU 

����� 

>���@�$�QHZ�SUREDELOLVWLF�QXFOHDWLRQ�PRGHO�WR�SUHGLFW�FU\VWDO�JURZWK�LQ�
SRURXV�PHGLXP 
0RKDPPDG�0DVRXGL��0RKDPPDG�1RRUDLHSRXU��$QGUHDV�%HUQWVHQ��+HOJH�
+HOOHYDQJ� 

����� 

>���@�3RUH-E\-SRUH�PRGHOLQJ��FDOLEUDWLRQ��DQG�SUHGLFWLRQ�RI�WZR-SKDVH�
IORZ�LQ�PL[HG-ZHW�URFNV 
6DMMDG�)RURXJKL��%UDQNR�%LMHOMLF��4LQJ\DQJ�/LQ��$OL�4DVHPLQHMDG�5DHLQL��
0DUWLQ�%OXQW 

����� 
>���@�/DWWLFH�%ROW]PDQQ�PRGHOLQJ�RI�FRQWDFW�DQJOH�K\VWHUHVLV�LQ�OLTXLG�
GU\LQJ�LQ�SRURXV�PHGLD 
)HLIHL�4LQ��-LDQOLQ�=KDR��4LQMXQ�.DQJ��'RPLQLTXH�'HURPH��-DQ�&DUPHOLHW 

����� 
>���@�9DOLGDWLRQ�DQG�FDOLEUDWLRQ�RI�LQWHUIDFH�FRQGLWLRQV�IRU�6WRNHV-
'DUF\�SUREOHPV 
,U\QD�5\EDN��(OLVVD�(JJHQZHLOHU��3DXOD�6WURKEHFN� 

����� 
>���@�0RGHOLQJ�WKH�IRUFH�EDODQFH�FRQWUROOLQJ�VSDWLDO�GLVWULEXWLRQ�RI�
GHSRVLWHG�SRO\PHULF�VXEVWDQFHV�LQ�SRURXV�PHGLD 
3HWHU�/HKPDQQ��3DVFDO�%HQDUG��0RKVHQ�=DUH��$QGUHD�&DUPLQDWL 

����� 
>���@�([SHULPHQWDO�DQG�1XPHULFDO�6WXG\�RI�WKH�'\QDPLF�:HWWLQJ�
LQIOXHQFH�RQ�WKH�0XOWLSKDVH�)ORZ�LQ�D�3RUH�'RXEOHW�0RGHO 
$PLQH�%HQ�$EGHOZDKHG��$]LWD�$KPDGL��-2(/�%5($5' 

7LPH�%ORFN�% 
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7LPH�%ORFN�%� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 

7XHVGD\�'
HWDLOHG�3URJUDP

 

06��������0DWKHPDWLFDO�DQG�FRPSXWDWLRQDO�FKDOOHQJHV�UHODWHG�WR�SRURXV�
PHGLD�-�6SHFLDO�VHVVLRQ�LQ�PHPRU\�RI�$QGUR�0LNHOLF 
&KDLUV��6RULQ�3RS��0DU\�:KHHOHU 

����� 
>���@�)L[HG�6WUHVV�6SOLWWLQJ�IRU�&RXSOHG�)ORZ�DQG�3RURPHFKDQLFV  
0DU\�:KHHOHU��;XH\LQJ�/X��9LYHWWH�*LUDXOW� 

����� 
>���@�2Q�WKH�(TXDWLRQV�RI�1RQOLQHDU�6LQJOH-3KDVH�3RURHODVWLFLW\  
&RUQHOLV�-��YDQ�'XLMQ 

����� 
>��@�7KH�HIIHFWLYH�ERXQGDU\�FRQGLWLRQ�RQ�D�SRURXV�ZDOO 
(GXDUG�0DUXVLF-3DORND��,JRU�3D]DQLQ� 

����� 
>���@�3DWWHUQV�LQ�D�UHDFWLRQ-GLIIXVLRQ�GRXEOH�SRURVLW\�V\VWHP 
0LNKDLO�3DQILORY��1285$�(''$28,� 

����� 
>��@�$�7KUHH-6FDOH�0RGHO�IRU�)ORZ�LQ�3DOHR-.DUVW�5HVHUYRLUV 
0DUFLR�0XUDG��3DWULFLD�3HUHLUD��6DQGUR�9DOHQWH��3DROD�)HUUD]��(GXDUGR�$EUHX 

����� 
>���@�3KDVH�ILHOG�IUDFWXUH�SURSDJDWLRQ�ZLWK�SURSSDQW�WUDQVSRUW�DQG�
WZR�SKDVH�IORZ 
6DQJK\XQ�/HH��$QGUR�0LNHOLF��0DU\�:KHHOHU��7KRPDV�:LFN 

����� 
>���@�1XPHULFDO�VFKHPH�IRU�D�FRXSOHG�V\VWHP�LQ�JHRPHFKDQLFV 
$GULHQ�%HJXLQHW��'DQLHOOH�+LOKRUVW��/XGRYLF�*RXGHQqJH 

����� 
>��@�0XOWLOD\HUHG�SRURHODVWLFLW\�LQWHUDFWLQJ�ZLWK�6WRNHV�IORZ 
6XQFLFD�&DQLF 



��� 

 

,Q�0HPRULDP�RI�$QGUR�0LNHOLý 
 
$QGUR�0,.(/,ü�ZDV�ERUQ�RQ�2FWREHU��QG������� LQ�6SOLW��&URDWLD��+H�JUDGXDWHG� LQ������
IURP�WKH�)DFXOW\�RI�0DWKHPDWLFV�DW�WKH�8QLYHUVLW\�RI�=DJUHE��ZKHUH�KH�UHFHLYHG�KLV�PDV�
WHU
V�GHJUHH�LQ������DQG�KLV�GRFWRUDWH� LQ�������+H�KDV�EHHQ�VKRZLQJ�D�JUHDW� LQWHUHVW� LQ�
DSSOLHG�PDWKHPDWLFV�IURP�KLV�XQLYHUVLW\�GD\V�� 
 
)URP�JUDGXDWLRQ�XQWLO� ������KH�ZRUNHG� DW� WKH�5XĀHU� %RäNRYLý� ,QVWLWXWH� DV� DQ� DVVLVWDQW��
UHVHDUFK� DVVRFLDWH�� VHQLRU� UHVHDUFK� DVVRFLDWH� DQG� VFLHQWLILF� DGYLVRU�� +H� ZDV� DQ� LQYLWHG�
3URIHVVRU� DW� WKH�8QLYHUVLW\� RI� 6DLQW� (WLHQQH�� )UDQFH� GXULQJ� WKH� DFDGHPLF� \HDU� ����-����
)URP������WR������KH�ZRUNHG�DV�D�SURIHVVRU�RI�DSSOLHG�PDWKHPDWLFV�DW�&ODXGH�%HUQDUG�
/\RQ� ��8QLYHUVLW\� LQ� )UDQFH�� 6LQFH� ������ KH� KDV� EHHQ� D� )XOO� 'LVWLQJXLVKHG� 3URIHVVRU� RI�
$SSOLHG�0DWKHPDWLFV�DW�WKH�VDPH�XQLYHUVLW\�� 
 

+H� VSHQW� VHYHUDO� VDEEDWLFDO� OHDYHV� DW� SUHVWLJLRXV� XQLYHUVLWLHV� LQ� *HUPDQ\�� WKH� 1HWKHUODQGV� DQG� WKH� 86$�
�8QLYHUVLW\� RI�+HLGHOEHUJ�� (LQGKRYHQ�8QLYHUVLW\� RI� 7HFKQRORJ\�� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ��� )URP������ WR�
������KH�ZDV�D�YLVLWLQJ�SURIHVVRU�DW�WKH�8QLYHUVLW\�RI�+HLGHOEHUJ�� 
 
$QGUR�0,.(/,ü
V�VFLHQWLILF�ZRUNV�SHUWDLQ� WR� WKH�WKHRU\�RI�KRPRJHQL]DWLRQ��IOXLG�PHFKDQLFV�DQG�VWDWLVWLFDO�K\�
GURG\QDPLFV��,Q�SDUWLFXODU��KH�LV�PRVW�IDPRXV�IRU�KLV�FRQWULEXWLRQV�WR�WKH�KRPRJHQL]DWLRQ�RI�WKH�1DYLHU-6WRNHV�
DQG�(XOHU�HTXDWLRQV��ZKLFK�GHVFULEH�PXOWLSKDVH�IORZV�WKURXJK�SRURXV�PHGLD��DQG�WR�WKH�GHWHUPLQDWLRQ�RI�HI�
IHFWLYH� ODZV�DW�WKH�ERXQGDU\�EHWZHHQ�D�SRURXV�PHGLXP�DQG�D�IUHH�IOXLG��WKH�%HDYHUV--RVHSK-6DIIPDQ�FRQGL�
WLRQ���+H�DOVR�ZRUNHG�RQ�HVWDEOLVKLQJ�QRQOLQHDU� ODZV�RI� ILOWUDWLRQ�WKURXJK�GHIRUPDEOH�SRURXV�PHGLD� �WKH�VR-
FDOOHG�%LRW�PRGHO���IRU�WKHUPRSRURHODVWLFLW\��DV�ZHOO�DV�WKURXJK�VROXEOH�PHGLD��+H�REWDLQHG�D�QXPEHU�RI�IXQGD�
PHQWDO�UHVXOWV�LQ�VXFK�ILHOGV�DV�UHDFWLYH�WUDQVSRUW�LQ�SRURXV�PHGLD��QRQ-1HZWRQLDQ�IORZV�LQ�FRPSOH[�GRPDLQV��
IORZV�LQ�SRURXV�PHGLD�LQFOXGLQJ�UDQGRP�SRURXV�PHGLD��KRPRJHQL]DWLRQ�LQ�FRDUVH-JUDLQHG�GRPDLQV��DYHUDJLQJ�
LQ�KLJK�FRQWUDVW�HQYLURQPHQWV�DQG�IRU�WUDQVSRUW�GRPLQDWHG�UHJLPHV��KRPRJHQL]DWLRQ�RI�K\GURG\QDPLFV�PRG�
HOV� LQ�GRPDLQV�ZLWK�PLFURVWUXFWXUH�DQG�URXJK�ERXQGDU\��HOHFWURNLQHWLFV�SUREOHPV� LQ�SRURXV�PHGLD��RU�EORRG�
IORZ�PRGHOLQJ��+H�LQWURGXFHG��WRJHWKHU�ZLWK�KLV�FR-DXWKRUV��WKH�QRWLRQ�RI�WZR-VFDOH�FRQYHUJHQFH�LQ�WKH�PHDQ��
ZKLFK�EHFDPH�DQ�LPSRUWDQW�WRRO�LQ�VWRFKDVWLF�KRPRJHQL]DWLRQ��+H�VWXGLHG�DOVR�VRPH�IXQGDPHQWDO�DV\PSWRWLF�
SURSHUWLHV�RI�IOXLG�IORZV��OLNH�WKH�LQYLVFLG�OLPLW�RI�1DYLHU-6WRNHV�HTXDWLRQV�DQG�HIIHFWLYH�ERXQGDU\�FRQGLWLRQV�RQ�
URXJK�VXUIDFHV��&DKQ-+LOOLDUG�HTXDWLRQV� IRU�SKDVH� VHSDUDWLRQ�DQG�FUDFN�SURSDJDWLRQ��RU� FRQWDFW�PRGHOV�ZLWK�
IULFWLRQ� LQ� VROLG� PHFKDQLFV�� +H� FRQWULEXWHG� WR� WKH� GHYHORSPHQW� RI� UHOLDEOH� DQG� HIILFLHQW� LWHUDWLYH� QXPHULFDO�
VFKHPHV�IRU�FRXSOHG�IORZ�DQG�JHRPHFKDQLFV��RU�IRU�K\GUDXOLF�IUDFWXULQJ�LQ�D�SRURHODVWLF�PHGLXP�� 
 
$QGUR�0,.(/,ü�FROODERUDWHG� LQWHQVLYHO\�ZLWK�D� ODUJH�QXPEHU�RI�PDWKHPDWLFLDQV��SK\VLFLVWV��FKHPLVWV�RU�HQJL�
QHHUV��+H� OLNHG�YHU\�PXFK�FRRSHUDWLYH�ZRUN��DQG�ZDV�YHU\�HIILFLHQW�DW� WKDW�� VKDULQJ�QHZ� LGHDV�DQG�H[SORULQJ�
QHZ� IURQWLHUV�ZLWK�KLV� FROOHDJXHV�ZDV�KLV�JUHDW�SOHDVXUH��%HLQJ�D� VSDUNOLQJ� VFLHQWLVW��KH�ZDV�DEOH� WR�FRQQHFW�
FRPPXQLWLHV�� DQ� H[DPSOH� LQ� WKLV� VHQVH�EHLQJ� WKH� VHULHV�RI�'XWFK-)UHQFK�PHHWLQJV�RQ�SRURXV�PHGLD�KH� FR-
RUJDQL]HG�LQ�WKH�SDVW��0RUHRYHU��WKURXJK�WKH�FRQIHUHQFHV�KH�FR-RUJDQL]HG�LQ�'XEURYQLN�RU�6SOLW��PDQ\�RI�KLV�
FROODERUDWRUV�KDYH�GLVFRYHUHG�WKH�EHDXW\�RI�KLV�QDWLYH�FRXQWU\�� 
 
)RU�WKH�,QWHUQDWLRQDO�6RFLHW\�IRU�3RURXV�0HGLD��,QWHU3RUH��FRPPXQLW\�KLV�ZRUN�ZDV�WUXO\�D�VRXUFH�RI�LQVSLUDWLRQ��
+H�KDG�D�UHPDUNDEOH�DELOLW\�WR�ILQG�DQG�XQGHUVWDQG�FULWLFDO� LVVXHV�UHODWHG�WR�SRURXV�PHGLD��DQG�SURSRVH�HIIL�
FLHQW� VROXWLRQV�� UHO\LQJ�RQ� ULJRURXV�PDWKHPDWLFDO� DUJXPHQWV�� )RU� KLV� VLJQLILFDQW� DFKLHYHPHQWV� LQ� WKH�SRURXV�
PHGLD�UHVHDUFK��LQ������KH�ZDV�DZDUGHG�WKH�,QWHU3RUH�3URFWHU�DQG�*DPEOH�$ZDUG���+H�FR-DXWKRUHG�VL[�ERRNV�
DQG� DXWKRUHG� RU� FR-DXWKRUHG�PRUH� WKDQ� ���� VFLHQWLILF� SDSHUV�� FLWHG� ������ WLPHV� �DFFRUGLQJ� WR�0DWK6FL1HW�
GDWDEDVH�RI�WKH�$PHULFDQ�0DWKHPDWLFDO�6RFLHW\���UHVSHFWLYHO\������WLPHV��DFFRUGLQJ�WR�:HE�RI�6FLHQFH��� 
 
$QGUR�0,.(/,ü�ZDV�D�PHPEHU�RI�WKH�HGLWRULDO�ERDUG�RI�D�QXPEHU�RI�MRXUQDOV��$SSOLFDEOH�$QDO\VLV��(6$,0�3UR�
FHHGLQJV��'LIIHUHQWLDO�(TXDWLRQV�DQG�$SSOLFDWLRQV��,QWHUQDWLRQDO�-RXUQDO�RI�'LIIHUHQWLDO�(TXDWLRQV��+H�ZDV�HOHFW�
HG�D�FRUUHVSRQGLQJ�PHPEHU�RI�WKH�&URDWLDQ�$FDGHP\�RI�6FLHQFHV�DQG�$UWV�LQ������� 
 
$QGUR�0,.(/,ü�ZDV�QRW�RQO\�DQ�H[SHULHQFHG�VFLHQWLVW�DQG�D�GHGLFDWHG�FROOHDJXH��+H�ZDV�DOVR�DQ�H[WUDRUGLQDU\�
KXPDQ�EHLQJ�DQG�D�GHDU�IULHQG�WR�PDQ\�RI�XV��+H�ZDV�D�OLYHO\�SHUVRQ�E\�DOO�PHDQV��KLV�VHQVH�RI�KXPRU�LV�OHJ�
HQGDU\��DV�ZHOO�DV�KLV�ORYH�RI�JRRG�IRRG�DQG��RI�FRXUVH��RI�JRRG��UHG�DQG�VWURQJ��ZLQHV��:RUNLQJ�ZLWK�KLP�ZDV�
WKXV�D�GRXEOH�H[SHULHQFH��VFLHQWLILF�DQG�KXPDQLVWLF�� 
 
7KH�EULJKW�PHPRU\�RI�$QGUR�0,.(/,ü�ZLOO�OLYH�RQ�LQ�WKH�KHDUWV�RI�DOO�ZKR�NQHZ�KLP�� 
 
*UpJRLUH�$OODLUH��%UDKLP�$PD]LDQH�DQG�6RULQ�3RS� 
2Q�%HKDOI�RI�WKH�)UHQFK�DQG�%HQHOX[�,QWHU3RUH�&KDSWHUV� 
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3UHVHQWDWLRQ�E\�WKH�ZLQQHU�RI�6WXGHQW�5HVHDUFK� 
3URSRVDO�RQ�)DFH�0DVN�&RPSHWLWLRQ� 
������-�������&(7 
 
,QWHU3RUH� )RXQGDWLRQ� RUJDQL]HG� D� FRPSHWLWLRQ�
DPRQJ�JUDGXDWH� VWXGHQWV� WR�ZULWH�RULJLQDO� UHVHDUFK�
SURSRVDOV� RQ� ,QQRYDWLYH� ,GHDV� WR� 'HVLJQ�,PSURYH�
)DFH�0DVNV�DJDLQVW�$LUERUQH�%DFWHULD�DQG�9LUXVHV�� 

7KH�UHFLSLHQW��6�� $OL� *KRUHLVK\� IURP�WKH 8QLYHUVLW\�RI�&DOJDU\��ZLOO�SUHVHQW�
KLV�ZRUN� 

6SHHG�1HWZRUNLQJ�(YHQW 
������-�������&(7 
-RLQ�IRU�RXU�ILUVW�,QWHU3RUH�6SHHG�1HWZRUNLQJ�(YHQW� 
 
6SHHG� QHWZRUNLQJ� FRPELQHV� WKH� FDVXDO� IHHOLQJ� RI� VSRQWDQHRXVO\� FKDWWLQJ�
ZLWK�D�IHZ�LQWHUHVWLQJ�VWUDQJHUV�DQG�WKH�KHLJKWHQHG�HQJDJHPHQW�RI�IDFH-WR-
IDFH� FRQQHFWLRQ� ZLWKLQ� D� YLUWXDO� VHWWLQJ�� $WWHQGHHV� ZLOO� EH� DXWRPDWLFDOO\�
SODFHG� LQ� YLGHR� FKDWV� RI� �-�� DWWHQGHHV�� $IWHU� VHYHUDO� PLQXWHV� DQG� DQ� 
RSSRUWXQLW\� WR� FKDW�� WKH� WDEOHV� ZLOO� OLWHUDOO\� EH� WXUQHG�� JLYLQJ� \RX� D� QHZ� 
RSSRUWXQLW\�WR�VHH�QHZ�IDFHV�DQG�VWDUW�QHZ�GLVFXVVLRQV��7KLV�H[FLWLQJ�URXQG-
URELQ�ZLOO�HQVXUH�\RX�PD[LPL]H�\RXU�QHWZRUNLQJ�RSSRUWXQLWLHV�LQ�D�PLQLPXP�
DPRXQW�RI�WLPH� 
 
-RLQ� WKH� 6SHHG� 1HWZRUNLQJ� HYHQW� GLUHFWO\� IURP� WKH� DJHQGD� LQ� :KRYD�� ,W·V� 
DFFHVVLEOH�WKURXJK�ERWK�WKH�PRELOH�DSS�DQG�GHVNWRS�� 
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7LPH�%ORFN�&� 

6$&�0XVLF�	�0DJLF�(YHQW 
������-�������&(7 
-RLQ� WKH� 6WXGHQW� $IIDLUV� &RPPLWWHH� IRU� D� PXVLFDO� EURDGFDVW� IHDWXULQJ�
WDOHQWHG�PHPEHUV�RI�RXU�SRURXV�PHGLD�FRPPXQLW\� 
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3RVWHU��6HVVLRQ�� 
������-�������&(7 

06��-%��,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV 
>���@�,PSDFW�RI�RVPRVLV�DQG�HPXOVLILFDWLRQ�RQ�RLO�UHPRELOL]DWLRQ�LQ�SRUH-VFDOH�
H[SHULPHQWV  
/,)(,�<$1��0RKDPPDG�+RVVHLQ�*ROHVWDQ��:HQ\X�=KRX 
>���@�&RQWUROOLQJ�YLVFRXV�ILQJHULQJ�LQ�KLHUDUFKDO�SRURXV�PHGLD  
+DUULV�5DEEDQL��-DVVHP�$EEDVL��5DQ�+ROW]PDQ��7KRPDV�'DQLHO�6HHUV 
>���@�(IIHFW�RI�SRUH�JHRPHWU\�DQG�FRQWDFW�DQJOH�RQ�WKH�FDSLOODU\�SUHVVXUH�DQG�
RLO�UHFRYHU\�IDFWRU�LQ�PRGHOV�RI�SRURXV�PHGLD 
$IVKLQ�'DYDUSDQDK��6LPRQ�&R[ 
>���@��'�,QYHVWLJDWLRQ�RI�JURXQGZDWHU�UHPHGLDWLRQ�XVLQJ�QDQRWHFKQRORJ\-�D�
V\QFKURWURQ-EDVHG�;-UD\�PLFUR-WRPRJUDSK\�VWXG\ 
7DQQD]�3DN��/XL]�)HUQDQGR�GH�/LPD�/X]�-XQLRU��7L]LDQD�7RVFR��3DROD�5RGULJXHV�5DQJHO��
5RVD��*DEULHO�6FKXEHUW�5XL]��&RVWD��1DWKDO\�/RSHV�$UFKLOKD 

06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-SK\VLFV�
QRQOLQHDU�FRXSOHG�SURFHVVHV 

>��@�(IIHFW�RI�9LVFRVLW\�&RQWUDVW�RQ�0LVFLEOH�5D\OHLJK-7D\ORU�&RQYHFWLRQ�LQ�
3RURXV�0HGLD 
1DVVHU�6DEHW��+DVVDQ�+DVVDQ]DGHK��$QQH�'H�:LW��-DODO�$EHGL 
>���@�8SVFDOLQJ�RI�WZR-SKDVH�IORZV�LQ�SRURXV�PHGLD 
6RKHO\�6KDUPLQ��,XOLX�6RULQ�3RS��&DULQD�%ULQJHGDO� 

>���@�+\JURPHFKDQLFDO�3URSHUWLHV�RI�3(*-7UHDWHG�$UFKDHRORJLFDO�:RRG��
0ROHFXODU�6LPXODWLRQ�DQG�3RURPHFKDQLFV 
$OL�6KRPDOL��FKL�]KDQJ��(OHDQRU�-��6FKRILHOG��%HQRLW�&RDVQH��'RPLQLTXH�'HURPH��-DQ�
&DUPHOLHW 
>���@�&RPSXWDWLRQDO�PRGHOLQJ�EDVHG�RQ�GHFRPSRVLWLRQ�PHWKRGV�DSSOLHG�WR�
SRO\PHU�IORRGLQJ�LQ�RLO�UHVHUYRLU 
5RGULJR�6LOYD�7DYDUHV��5HQDWKD�%DWLVWD�GRV�6DQWRV��6LGDUWD�$UDXMR�GH�/LPD��$GULDQR�
GRV�6DQWRV��9LYLDQH�.OHLQ 
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3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-SK\VLFV�
QRQOLQHDU�FRXSOHG�SURFHVVHV��FRQW� 

>���@�'DWD-'ULYHQ�)LQLWH�(OHPHQW�0HWKRG��(QHUJ\�&RQVHUYDWLRQ�DSSURDFK�IRU�
WHPSHUDWXUH��ZDWHU�LVRWRSH���?GHOWD�'��?GHOWD�A^��`2����DQG��>6L2B^�`@B^VDW�`��
FRQF��GLVWULEXWLRQV�RI�WKH�&XOH[�%DVLQ�WHUUHVWULDO�K\GURWKHUPDO�V\VWHP-
<HOORZVWRQH��:<� 
$QWKRQ\�6RUHQVHQ��3HWHU�%��/DUVRQ��6HUJH\�/DSLQ��-DUUHG�/��=LPPHUPDQ 
>���@�*OREDO�LPSOLFLW�VROYHU�IRU�PXOWLSKDVH�PXOWLFRPSRQHQW�IORZ�LQ�SRURXV�
PHGLD�ZLWK�PXOWLSOH�JDV�FRPSRQHQWV�DQG�JHQHUDO�UHDFWLRQV 
0DUNXV�.QRGHO��6HUJH�.UlXWOH��3HWHU�.QDEQHU� 
>���@�4XDQWLI\LQJ�(YROXWLRQ�RI�0LQHUDO�5HDFWLYH�6XUIDFH�$UHD�DQG�3RUH�
&RQQHFWLYLW\�IRU�,PSURYHG�3UHGLFWLRQ�RI�0LQHUDO�5HDFWLRQ�5DWHV�LQ�3RURXV�
0HGLD 
0G�)DKLP�6DOHN��)DQTL�4LQ��/DXUHQ�%HFNLQJKDP 
>���@�7KHRUHWLFDO�DQDO\VLV�RI�SRURHODVWLF�UHVSRQVH�RI�VSKHULFDO�LQGHQWDWLRQ�LQWR�D�
KDOI�VSDFH�YLD�VWHS-GLVSODFHPHQW�ORDGLQJ 
+DL\LQJ�+XDQJ��0LQJ�/LX� 

06����$GYDQFHV�LQ�PRGHOLQJ�DQG�VLPXODWLRQ�RI�SRURPHFKDQLFV 

>��@�1XPHULFDO�VLPXODWLRQ�RI�VORSH�IDLOXUH�LQ�D�JDV�K\GUDWH-EHDULQJ�FRQWLQHQWDO�
VORSH 
6XODY�'KDNDO��,SVLWD�*XSWD 
>��@�2Q�SUHGLFWLQJ�SRUH�IOXLG�SUHVVXUH�FKDQJHV�LQ�XQVDWXUDWHG�SRURXV�PHGLD�
VXEMHFW�WR�XQGUDLQHG�SURFHVVHV 
$QJHOLFD�7XWWRORPRQGR��$OHVVLR�)HUUDUL��/\HVVH�/DORXL 
>���@�&RPSDULVLRQ�0RGLILFDWHG�0HWKRG�RI�3HQJ-5RELQVRQ�(TXDWLRQ�RI�6WDWH�LQ�
WKH�3URFHVV�RI�*DV�,QMHFWLRQ�RI�1DQRSRUHV 
\XDQ�]KHQJ�ZDQJ��仁义�曹��明�马 
>���@�7UDQVSRUW�DQDO\VLV�LQ�GHIRUPDEOH�SRURXV�PHGLD�WKURXJK�LQWHJUDO�
WUDQVIRUPV 
$OHVVDQGUD�%RQD]]L��%LUHQGUD�-KD��)HOLSH�3��-��GH�%DUURV� 
>���@�([WHQGLQJ�D�ORZ�SHUPHDELOLW\�IOXLG�IORZ�PRGHO�IRU�WUDQVLHQW�IORZ�RI�
FRPSUHVVLEOH�DQG�VOLJKWO\�FRPSUHVVLEOH�IOXLGV� 
6XVDQ�6FKUDGHU 

7XHVGD\�'
HWDLOHG�3URJUDP
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3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����(OHFWURFKHPLFDO�SURFHVVHV�LQ�SRURXV�PHGLD 
>��@�/DWWLFH�%ROW]PDQQ�VLPXODWLRQV�RI�LQYDVLRQ�LQ�SRURXV�WUDQVSRUW�OD\HU��37/��
DW�DQRGH�VLGH�RI�SRO\PHU�HOHFWURO\WH�PHPEUDQH��3(0��ZDWHU�HOHFWURO\VHU 
6XSUL\D�%KDVNDUDQ��1LFROH�9RUKDXHU��9LNUDQWK�.XPDU�6XUDVDQL��(YDQJHORV�7VRWVDV��
6KXEKDQL�3DOLZDO��'(%$6+,6�3$1'$��7DQMD�9LGDNRYLF-.RFK 
>���@�7KH�,PSRUWDQFH�RI�0LFURVWUXFWXUH�LQ�5HGR[�)ORZ�%DWWHULHV 
0RKDPPDGMDYDG�6KRNULDIUD��9DKLG�-�1LDVDU 
>���@�7RZDUGV�VFDODEOH�PXOWL-VFDOH�RSHQ-VRXUFH�VROYHUV�IRU�LRQLF�WUDQVSRUW�DQG�
HOHFWURFKHPLVWU\ 
5REHUW�%DUQHWW��0DWWHR�,FDUGL��)HGHULFR�0XQLFFKL��-RKQ�.LQJ 
>���@�0XOWLSK\VLFV�PRGHOLQJ�RI�YDQDGLXP�UHGR[�IORZ�EDWWHULHV� 
9DQHVD�0XxR]�3HUDOHV��6DEULQD�%HUOLQJ��3DEOR�$QJHO�*DUFLD-6DODEHUUL��6�(QULTXH�
,EDxH]��0DUFRV�9HUD-&RHOOR��-HV~V�3DOPD��(QULTXH�*DUFtD 
>���@�$SSO\LQJ�5HDFWLRQ-'LIIXVLRQ�0RGHOV�WR�$QDO\VH�7XULQJ�3DWWHUQV�RQ�
%DWWHULHV 
5HEHFFD�,QNSHQ��$QRWLGD�0DG]YDPXVH��%HQHGHWWR�%R]]LQL 

06����1RQ-OLQHDU�HIIHFWV�LQ�IORZ�DQG�WUDQVSRUW�WKURXJK�SRURXV�PHGLD 

>���@�'U\LQJ�RI�FHOOXORVH�VWXGLHG�E\�1XFOHDU�0DJQHWLF�5HVRQDQFH 
;LDR\DQ�0$��$OEDQ�*RVVDUG��3KLOLSSH�&RXVVRW 
>���@�3HUPHDELOLW\�'HFD\�(YDOXDWLRQ�IRU�D�1RQOLQHDU�2LO�IORZ�WKURXJK�3RURXV�
0HGLD�LQ�D�:HOOERUH�1HDU�D�6HDOLQJ�)DXOW�WKURXJK�*UHHQ
V�)XQFWLRQV��*)
V� 
)HUQDQGR�%DVWRV�)HUQDQGHV 
>���@�$�VWRFKDVWLF�DQDO\VLV�RI�WKH�QRQ-1HZWRQLDQ�K\GUDXOLF�EHKDYLRU�RI�URXJK�
IUDFWXUHV 
$OHVVDQGUR�/HQFL��<YHV�0pKHXVW��0DULR�3XWWL��9LWWRULR�'L�)HGHULFR 
>���@�'HIRUPDWLRQ-GULYHQ�VROXWH�WUDQVSRUW�LQ�VRIW�SRURXV�PHGLD 
0DWLOGH�)LRUL��&KULV�0DF0LQQ��6DW\DMLW�3UDPDQLN 
>���@�2Q�FRPSUHVVLELOLW\�HUURU�RI�WKH�ODWWLFH�%ROW]PDQQ�PHWKRG�IRU�SRUH�VFDOH�
PRGHOLQJ�RI�QRQ-'DUF\�IORZ 
0LODG�+RVVHLQL��0DMLG�6LDYDVKL��0LODG�6KLUEDQL��0RKDGGHVHK�0RXVDYL�1H]KDG� 
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78(6'$<�����-81(����� 
7LPH�%ORFN�&� 

3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����1RQ-OLQHDU�HIIHFWV�LQ�IORZ�DQG�WUDQVSRUW�WKURXJK�SRURXV�PHGLD��FRQW� 

>���@�0RGLILFDWLRQ�RI�'DUF\·V�/DZ�E\�&RQVLGHULQJ�WKH�LQHUWLDO�HIIHFW 
7LDQ�=KLJXR��0RUDQ�:DQJ 
>���@�5HVROYLQJ�IORZ�SDWK�UHVLVWDQFH�LQ�KHWHURJHQHRXV�SRURXV�PHGLD�DV�D�JUDSK-
WKHRU\�SUREOHP 
=RH�.DQDYDV��9HURQLFD�0RUDOHV��)UDQFLVFR�3HUH]-5HFKH�3HUH]-5HFKH� 

3RVWHU��6HVVLRQ�� 
������-�������&(7 

06����)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD 
>���@�([WHQVLRQ�RI�6$)7�HTXDWLRQ�RI�VWDWH�WR�LQFOXGH�FDOFLWH�ZDOO�HIIHFW�LQ�ZDWHU�
SURSHUWLHV�ZLWKLQ�ZDWHU-FDOFLWH�LQWHUIDFH�XVLQJ�PROHFXODU�G\QDPLF�VLPXODWLRQV  
6DMMDG�$KPDGLJROWDSHK��6DHHG�$EGRODKL��+HOJH�+HOOHYDQJ��0LUL�5RKDOGLQ 
>���@�6WUDLQ�HYROXWLRQ��IDXOWLQJ��DQG�VORZ�VOLS�LQ�'UDXSQH�VKDOHV  
$OGULWW�6FDULD�0DGDWKLSDUDPELO��)UHGULN�.ULVWRIIHU�0�UHU��.LP�5REHUW�7HNVHWK��
1LFRODLQH��$JRIDFN��3LHUUH�&HUDVL��-HVVLFD�0F%HFN��)UDQFRLV�5HQDUG��%DVDE�
&KDWWRSDGK\D\��'DJ�:HUQHU�%UHLE\� 
>���@�&RXSOHG�IORZ�DQG�GHIRUPDWLRQ�LQ�KHWHURJHQHRXV�IUDFWXUHG�PHGLD��$�
PXOWLUDWH�PDVV�WUDQVIHU�DSSURDFK�IRU�GRXEOH-SRURVLW\�SRURHODVWLFLW\ 
6DQGUR�$QGUHV�0DUWLQH]��0DUFR�'HQW]��/XLV�&XHWR-)HOJXHURVR� 
>���@�$�PLGVXUIDFH�H[WUDFWLRQ�IUDPHZRUN�DSSOLHG�WR�FRUH�VDPSOH�LPDJHV�IRU�
GLPHQVLRQ�UHGXFWLRQ�RI�IUDFWXUH�REMHFWV 
&DUORV�$XJXVWR�6RDUHV�)HUUHLUD��+DPLG�0��1LFN� 

06����3RUH-VFDOH�PRGHOOLQJ 

>��@�3RUH-WKURDW�VWUXFWXUH�DQG�IUDFWDO�FKDUDFWHULVWLFV�RI�VKDOH�RLO�UHVHUYRLUV�LQ�
WKH�/XFDRJRX�)RUPDWLRQ�RI�-LPXVDHU�'HSUHVVLRQ��&KLQD 
5XL�6KHQ��;LDR\L�=KDQJ��:HL��;LRQJ��+HNXQ�*XR��+RQJWDR�=KRX��+DQJ�<DQJ��+XLFKHQ�
5HQ 
>��@�+RZ�GRHV�WKH�SRZHU�ODZ�GHSHQGHQF\�RI�IORZ�UDWH�RQ�SUHVVXUH�JUDGLHQW�
ZKHQ�YLVFRXV�DQG�FDSLOODU\�IRUFHV�FRPSHWH��VFDOH��ZLWK�V\VWHP�VL]H" 
6XEKDGHHS�5R\��6DQWDQX�6LQKD��$OH[�+DQVHQ� 

7XHVGD\�'
HWDLOHG�3URJUDP
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78(6'$<�����-81(����� 

3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����3RUH-VFDOH�PRGHOOLQJ��FRQW� 
>���@�$�QHZ�SRUH-PHUJLQJ�PHWKRG�IRU�VLPXODWLQJ�PLQHUDO�GLVVROXWLRQ�LQ�SRURXV�
PHGLD�XVLQJ�SRUH-QHWZRUN�PRGHOV 
%DUEDUD�(VWHYHV��3DXOR�/DUDQMHLUD�GD�&XQKD�/DJH��3DXOR�&RXWR��$QWKRQ\�.RYVFHN� 
>���@�$�G\QDPLF�SRUH�QHWZRUN�PRGHO�IRU�LPELELWLRQ�VLPXODWLRQ�FRQVLGHULQJ�
FRUQHU�IORZ 
-LDQOLQ�=KDR��)HLIHL�4LQ��4LQMXQ�.DQJ��'RPLQLTXH�'HURPH��-DQ�&DUPHOLHW 
>���@�0XOWL-SKDVH�IORZ�SDUDPHWHUV�IRU�XQFRQVROLGDWHG�UHVHUYRLUV�XVLQJ�GLJLWDO�
URFN�SK\VLFV 
3LW�$UQROG��$OH[DQGUX�%DGHVFX��+HQGULN�5RKOHU��+ROJHU�2WW� 
>���@�3RLVHXLOOHDQ�YLVFRXV�IORZV�LQ�PHQLVFL–ERXQGHG�´EULGJHVµ�DQG�FUHYLFHV�RI��
WULDQJXODU�SRUH��FKDQQHOV��%OXQW·V�PRGHO�UHYLVLWHG 
$QYDU�.DFLPRY 
>���@�,PSDFW�RI�:HWWDELOLW\�RQ�5HVHUYRLU�4XDOLW\�'LVWULEXWLRQ�DQG�3UHVHUYDWLRQ 
VWHSKHQ�*XQGX��&HHV�'HU�/DQG��6DQHP�$FLNDOLQ��7DQQD]�3DN 

06����8QFHUWDLQW\�4XDQWLILFDWLRQ�LQ�3RURXV�0HGLD 

>���@�(VWLPDWLRQ�RI�DXWR-FRYDULDQFH�RI�ORJ�K\GUDXOLF�FRQGXFWLYLW\�IURP�
*HQHUDOL]HG�VXE-*DXVVLDQ�SRURVLW\�DQG�SDUWLFOH�VL]H�UDQGRP�ILHOGV 
0DWWKHZ�+DUULVRQ��0RKDGGHVHK�0RXVDYL�1H]KDG��0RQLFD�5LYD��$OEHUWR�*XDGDJQLQL 
>���@�3DUDPHWUL]DWLRQ�RI�XQFHUWDLQW\�IRU�SUHGLFWLYH�PRGHOLQJ�RI�VXEVXUIDFH�
IORZ�SUREOHPV 
$OVDGLJ�$OL��$EGXOODK�$O-0DPXQ��0DUFLR�%RUJHV��0DLFRQ�&RUUHD��)HOLSH�3HUHLUD��
$UXQDVDODP�5DKXQDQWKDQ 
>���@�7RZDUGV�+3&�VLPXODWLRQV�RI�%LOOLRQ-FHOO�5HVHUYRLUV�E\�0XOWLVFDOH�0L[HG�
0HWKRGV 
5REHUWR�$XVDV��$OIUHGR�-DUDPLOOR��5DIDHO�7UHYLVDQXWR�*XLUDOGHOOR��6WHYHQV�3D]��)DEULFLR�
6RXVD��)HOLSH�3HUHLUD� 
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7LPH�%ORFN�&� 

3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

�06����7KHUPDO�3URFHVVHV��7KHUPDO�&RXSOLQJ�DQG�7KHUPDO�3URSHUWLHV�RI�3RURXV�
0HGLD��PRGHOLQJ�DQG�H[SHULPHQWV�DW�GLIIHUHQW�VFDOHV 

>���@�3RUH-VFDOH�SK\VLFV�LQ�LPSRVHG�WKHUPDO�JUDGLHQW�GU\LQJ�LQ�SRURXV�PHGLD�
XVLQJ�/DWWLFH�%ROW]PDQQ�0HWKRG 
'(%$6+,6�3$1'$��6KXEKDQL�3DOLZDO��'LY\DQVK�3DQGH\��'DVLND�3UDEKDW�6RXU\D��
(YDQJHORV�7VRWVDV��$EGROUH]D�.KDUDJKDQL��9LNUDQWK�.XPDU�6XUDVDQL� 
>���@�$��GXDO��QHWZRUN�PRGHO�IRU�KHDW�WUDQVIHU�LQ�SRURXV�PHGLD 
7LPR�.RFK��.LOLDQ�:HLVKDXSW��-RKDQQHV�0�OOHU��%HUQKDUG�:HLJDQG��5DLQHU�+HOPLJ� 
>���@�3RURXV�0HGLD�)ORZ�DV�D�+HDW�6LQN�LQ�D�7ULSOH�/D\HUHG�(OHFWURPDJQHWLF�
+HDW�([FKDQJHU 
$MLW�0RKHNDU��%XUW�7LOOH\��9DGLP�<DNRYOHY 
>���@�([SHULPHQWDO�DQDO\VLV�DQG�PRGHOLQJ�RI�QRQ-LVRWKHUPDO�WUDQVLHQW�IORZV�LQ�
JUDQXODU�SRURXV�PHGLD�DW�ODUJH�%LRW�QXPEHUV 
&\ULO�/HYHW��$]LWD�$KPDGL��*XLOODXPH�%RQ��+HUPHV�6FDQGHOOL��-HDQ�/DFKDXG��6KDROLQ�/LX 

7XHVGD\�'
HWDLOHG�3URJUDP
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3RVWHU��6HVVLRQ�� 
�����-�������&(7 

06��-$��3K\VLFV�RI�PXOWL-SKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
>��@�0RGHOLQJ�UDWH-GHSHQGHQW�UHODWLYH�SHUPHDELOLW\�RI�WKUHH-GLPHQVLRQDO�
KHWHURJHQHRXV�VWUXFWXUHV�ZLWK�D�RQH-GLPHQVLRQDO�VHPL-DQDO\WLFDO�DSSURDFK  
=LY�0RUHQR��$YLQRDP�5DELQRYLFK 
>���@�(YHQW-EDVHG�PHDVXUHPHQWV�RI�FRQWDFW�DQJOHV�GXULQJ�LPELELWLRQ�WR�
HYDOXDWH�FRQWDFW�DQJOH�K\VWHUHVLV�RQ�D�SRUH-E\-SRUH�EDVLV�XVLQJ�PLFUR-&7  
6KDURQ�(OOPDQ��$UMHQ�0DVFLQL��7RP�%XOWUH\V 
>���@�0RGHOLQJ�RI�WKH�GURSOHWV�FDSWXUH�UHOHDVH�G\QDPLF�RI�:DWHU-$OWHUQDWHG-
(PXOVLRQ�IORRGLQJ�LQ�SRURXV�PHGLD�WKURXJK�D�QRQ-HTXLOLEULXP�PDVV�WUDQVIHU� 
)DELDQ�$QGUHV�7DSLDV�+HUQDQGH]��5DQHQD�9��3RQFH�)���0DUFLR�&DUYDOKR��5DIDHO�
9DOODGDUHV�GH�$OPHLGD 
>���@�3RUH-6FDOH�,PDJLQJ�RI�7HUWLDU\�&RQWUROOHG-6DOLQLW\�:DWHUIORRGLQJ�LQ�D�
+HWHURJHQHRXV�&DUERQDWH�5RFN�DW�5HVHUYRLU�&RQGLWLRQV 
$KPHG�6HOHP��1LFRODV�$JHQHW��0DUWLQ�%OXQW��%UDQNR�%LMHOMLF 
>���@�/DERUDWRU\�VFDOH�LQYHVWLJDWLRQ�RI�&2��IORZ�PHFKDQLVPV�DFURVV�FOD\-ULFK�
FDSURFN 
,PDQ�5DKLP]DGHK�.LYL��9LFWRU�9LODUUDVD��5RPDQ�0DNKQHQNR 
>���@�,PDJH-EDVHG�PRUSKRORJLFDO�FKDUDFWHUL]DWLRQ�RI�PXOWLSKDVH�SRURXV�PHGLD�
IORZ 
6DPDQHK�9DKLG�'DVWMHUGL��1LNRODRV�.DUDGLPLWULRX��+ROJHU�6WHHE 
>���@�)ORZ�LQVWDELOLWLHV�RI�YLVFRHODVWLF�SRO\PHU�VROXWLRQV�LQ�PXOWLSOH�FRQWUDFWLRQ�
FKDQQHOV 
(VHRVD�(NDQHP��6WHIIHQ�%HUJ��6KDXYLN�'H��$OL�)DGLOL��3DXO�/XFNKDP 

06��-%��,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV 

>���@�$QDO\WLFDO�PRGHOOLQJ�RI�IRDP�LQ�SRURXV�PHGLD 
$EGDOODK�(O��=DPOL��/HL�'LQJ��.RIL�2VHL-%RQVX��+DUULV�5DEEDQL 
>���@�%XON�DQG�LQWHUIDFLDO�SURSHUWLHV�RI�DONDQHV�LQ�WKH�SUHVHQFH�RI�FDUERQ�
GLR[LGH��PHWKDQH��DQG�WKHLU�PL[WXUH 
$UXQ�.XPDU�1DUD\DQDQ�1DLU��6KX\X�6XQ 
>���@�$QDO\WLFDO�0RGHO�IRU�3UHGLFWLQJ�'\QDPLF�&DSLOODU\�3UHVVXUH-6DWXUDWLRQ�
5HODWLRQVKLS�LQ�3RURXV�0HGLD 
-DZDLULD�$EGXO�6DOLN��7KRPDV�'DQLHO�6HHUV��-DVVHP�$EEDVL��+DUULV�5DEEDQL 

7LPH�%ORFN�$ 
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7LPH�%ORFN�$� 

3RVWHU��6HVVLRQ����FRQW� 
�����-�������&(7 

06��-%��,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV��FRQW� 

>���@�)OXLG-VWUXFWXUH�LQWHUDFWLRQV�LQ�D�VRIW-ZDOOHG�+HOH-6KDZ�FHOO 
&DOOXP�&XWWOH��6DW\DMLW�3UDPDQLN��-LDQ�+XL�*XDQ��&KULV�0DF0LQQ 
>���@�6WDELOLW\�DQG�SHUIRUPDQFH�RI�HPXOVLRQ�LQ�EXON-VFDOH�DQG�SRUH-6FDOH 
0RKDPPDG�-DYDG�6KRMDHL��6HQ\RX�$Q��9DKLG�-�1LDVDU 
>���@�7KUHVKROG�SUHVVXUH�IRU�WKH�FDSLOODU\�ZLWK�LUUHJXODU�FURVV�VHFWLRQ 
%HL�:HL��-LDQ�+RX 
>���@�7KH�LQIOXHQFH�RI�VXUIDFWDQW�IORRGLQJ�RQ�RLO�GLVSODFHPHQW�LQ�1DQR-6LOLFD�
3RUHV 
ZHL�\RQJ��-RV�'HUNVHQ��<LQJIDQJ�=KRX 
>���@�)OXLG-VROLG�LQWHUIDFLDO�DUHD�DW�GLIIHUHQW�ZHWWLQJ�FRQGLWLRQV�GXULQJ�
PXOWLSKDVH�LQ�D�SRURXV�PHGLXP 
'HHSVKLNKD�6LQJK��-\RWL�3KLUDQL 
>���@�5DSLG�VSUHDGLQJ�RI�FRPSOH[�IOXLGV�LQ�SRURXV�VXEVWUDWHV 
3UDVKDQW�$JUDZDO��+HPDQW�.XPDU��3UDVRRQ�.XPDU 

06����$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV�VRIWZDUH�DQG�FDVH�VWXGLHV 

>���@�&7�KLVWRJUDP-EDVHG�HVWLPDWLRQ�RI�VXE-UHVROXWLRQ�SRURVLW\�RI�VLQWHUHG�
OXQDU�UHJROLWK�VLPXODQW 
/L�=KXDQJ��&KX\HQ�1JRF�3KDP��6XQ�<HRP��<RXQJ--DH��.LP��+\X-6RXQJ�6KLQ 
>���@�,PSDFW�RI�SRUH-VSDFH�YDULDWLRQV�DQG�RULHQWDWLRQ�RI�OD\HULQJ�RQ�WKH�IORZ�
SURSHUWLHV�RI�&RTXLQD�OLPHVWRQH 
0RKDPPDG�0DGDQNDQ��0HKUGDG�9DVKHJKDQL�)DUDKDQL��(OOL�0DULD�&KDUDODPSLGRX��
+HOHQ�/HZLV��$OHVVDQGUR�7HQJDWWLQL��(ULND��7XGLVFR� 
>���@�0XOWLVFDOH�SRUH�QHWZRUN�PRGHOLQJ�RI�D�FDUERQDWH�URFN�VDPSOH�XVLQJ�PLFUR
-&7�DQG�6(0�LPDJHV 
*ZHQROH�7DOOHF��$UVDODQ�=ROIDJKDUL� 
>���@�0LFURVWUXFWXUH�FKDQJHV�RI�RLOZHOO�FHPHQW�HQKDQFHG�E\�PLFUR�FU\VWDOL]HG�
&D-PRQWPRULOORQLWH�LQ�6F&2��FRQGLWLRQ 
.DL\XDQ�0HL��/LZHL�=KDQJ��<DQ�:$1*��0DQJXDQJ�*DQ��;LDRMXDQ�)X��4XDQ�;XH 

:
HGQHVGD\�'
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3RVWHU��6HVVLRQ����FRQW� 
�����-�������&(7 

06����$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV�VRIWZDUH�DQG�FDVH�VWXGLHV��FRQW� 

>���@�0LFURVWUXFWXUDO�(YROXWLRQ�RI�6DQG�$VVHPEO\�LQ�'LUHFW�6KHDU�7HVW��$Q�
([SHULPHQWDO�6WXG\�XVLQJ�;-5D\�7RPRJUDSK\ 
/DOLW�.DQGSDO��$QXUDJ�*DXWDP��1LPLVKD�5R\��6DWRVKL�0DWVXPXUD��3UDVKDQWK�9DQJOD��
-��'DYLG�)URVW 
>���@�6HOI-VHDOLQJ�LQ�ZHOOERUH�FHPHQW�XQGHU�&*86�FRQGLWLRQV�E\�PLFUR-&7��
6(0��'0��DQG�5DPDQ 
<DQ�:$1*��/LZHL�=KDQJ��0DQJXDQJ�*DQ 

06����1RQ-OLQHDU�HIIHFWV�LQ�IORZ�DQG�WUDQVSRUW�WKURXJK�SRURXV�PHGLD 

>���@�,GHQWLILFDWLRQ�RI�WUDQVSRUW�DQG�FORJJLQJ�SDUDPHWHUV�RI�SRURXV�PHGLD 
%RULV�0DU\VKHY��$QQD�(YJUDIRYD��1LNROD\�.ROFKDQRY��0LNKDLO�.KDELQ 
>���@�2Q�WKH�LQYHUVH�SUREOHP�RI�LGHQWLI\LQJ�WKH�HIIHFWLYH�SRUH�VL]H�GLVWULEXWLRQ�
XVLQJ�QRQ-1HZWRQLDQ�IOXLGV 
0DUWLQ�/DQ]HQG|UIHU 
>���@�:DWHU�LQILOWUDWLRQ�WR�VDQGVWRQH�RXWFURSV�DW�WKH�VRLO-URFN�LQWHUIDFH 
0DUWLQ�6ODYtN��7RPiä�:HLVV��2QGĝHM�6\VHO��0DUWLQ�/DQ]HQG|UIHU 

>���@�$Q�LQYHVWLJDWLRQ�RQ�WKH�DFFXUDF\�DQG�VLPXODWLRQ�SHUIRUPDQFH�RI�
SHUPHDELOLW\�HVWLPDWLRQ�IURP��'�SRUH-VFDOH�LPDJLQJ�EDVHG�RQ�WKH�VROXWLRQ�RI�
WKH�/DSODFH
V�HTXDWLRQ 
$KPHG�=RHLU��-DIDU�4DMDU��+DPHG��$JKDHL 
>���@�&RQYHUJLQJ�JUDYLW\�FXUUHQWV�RI�SRZHU-ODZ�IOXLGV�LQ�WKH�VXEVXUIDFH 
6DQGUR�/RQJR��/XFD�&KLDSSRQL��'LDQD�3HWUROR��$OHVVDQGUR�/HQFL��9LWWRULR�'L�)HGHULFR 

7LPH�%ORFN�$ 
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:('1(6'$<�����-81(����� 

3RVWHU��6HVVLRQ�� 
������-�������&(7 

�06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-SK\VLFV��
QRQOLQHDU�FRXSOHG�SURFHVVHV 

>�@�$VVHVVPHQW�RI�WZR�K\GUDXOLF�PRGHOV�RI�FDQDO�RI�&DODLV�UHJDUGLQJ�WKH�FRQWURO�
LVVXH  
5R]D�5DQMEDU��(ULF��'XYLHOOD��/XFLHQ�(WLHQQH��-RVH�0DULD�0DHVWUH 
>��@�&283/,1*�)5((�)/2:�$1'�325286-0(',80�)/2:��&203$5,621�2)�
121-5(),1('��*/2%$//<-5(),1('�$1'�/2&$//<-5(),1('�$;,3$5$//(/�
)5((-)/2:�*5,'6  
0HODQLH�/LSS��0DUWLQ�6FKQHLGHU��.LOLDQ�:HLVKDXSW��5DLQHU�+HOPLJ 
>��@��'�DGDSWLYH�PRGHOOLQJ�RI�WUDQVLHQW�PXOWLSKDVH�IORZ�H[SHULPHQWV�XVLQJ�WKH�
0226(�IUDPHZRUN 
6DPXHO�-DFNVRQ��&KULV�*UHHQ��0RMWDED�6H\\HGL��0LFKDHO�&OHQQHOO 
>��@�$�QXPHULFDO�VWXG\�RQ�WKH�UROH�RI�WKH�VOLJKW�FRPSUHVVLELOLW\�RQ�YLVFRXV�
ILQJHULQJ 
)DWHPHK�%DUDUSRXU��0R]KGHK�6DMMDGL 
>���@�&RXSOHG�/%0-0+)(0�VLPXODWRU�IRU�YDSRU�WUDQVSRUW�LQ�DLU�RYHU�D�PRLVW�
VRLO�OD\HU 
-DNXE�.OLQNRYVNë��5DGHN�)XÿtN��$QGUHZ�7UDXW]��7LVVD�,OODQJDVHNDUH 

>���@�)LOWUDWLRQ�ZLWK�PXOWLSOH�VSHFLHV�RI�SDUWLFOHV 
<L[XDQ�6XQ��/RX�.RQGLF��/LQGD�&XPPLQJV� 

>���@�,PSOHPHQWDWLRQ�RI�+LJKHU-2UGHU�PHWKRGV�IRU�0RGHOLQJ�RI�WKH�6LQJOH-
3KDVH�0XOWLFRPSRQHQW�)ORZ�LQ�3RURXV�0HGLD 
3HWU�*iOLV��-Lĝt�0LN\äND 
>���@�*OREDO�UDQGRP�ZDON�VROYHUV�IRU�IORZ�DQG�PXOWL-FRPSRQHQW�UHDFWLYH�
WUDQVSRUW�LQ�KHWHURJHQHRXV�SRURXV�PHGLD 
1LFRODH�6XFLX��)ORULQ�$GULDQ�5DGX 
>���@�(IILFLHQW�PHWKDQH�JDV�SURGXFWLRQ�VWUDWHJLHV�IURP�JDV�K\GUDWH�UHVHUYRLU�
XVLQJ�WKH�QXPHULFDO�VLPXODWLRQV 
1HHODP�&KRXGKDU\��-\RWL�3KLUDQL� 

7LPH�%ORFN�$ 
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:('1(6'$<�����-81(����� 
7LPH�%ORFN�$� 

3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����3RUH-VFDOH�PRGHOOLQJ 
>��@�5KHRORJ\�RI�D�PL[WXUH�RI�FRPSUHVVLEOH�DQG�LQFRPSUHVVLEOH�LPPLVFLEOH�
IOXLGV�LQ�WKH�FDSLOODU\�ILEHU�EXQGOH�PRGHO 
+\HMHRQJ�&KHRQ��6XEKDGHHS�5R\��6DQWDQX�6LQKD��$OH[�+DQVHQ 

>���@�325(-6&$/(�02'(//,1*�,1�6833257�2)�6$)(7<�$66(660(17�678',(6�
)25�18&/($5�:$67(�5(326,725,(6�,1�)5$&785('�52&. 
3DROR�7ULQFKHUR��$LWRU�,UDROD��3DWULFN�%UXLQHV��0DUWLQ�6WLJVVRQ��%MRUQ�*\OOLQJ��-DQ-2ORI�
6HOURRV 
>���@�'LUHFW�3RUH-VFDOH�6LPXODWLRQ�RI�7KHUPDO-+\GUDXOLF-0HFKDQLFDO�&RXSOLQJ�
(IIHFW�RQ�WKH�3URFHVV�RI�:DWHUIORRGLQJ�ZLWK�)90�0HWKRG 
6KDRELQ�&DL��<RQJIHL�<DQJ��-XQ�<DR� 
>���@�0HVKOHVV�/DWWLFH�%ROW]PDQQ�0HWKRG�IRU�SRUH-VFDOH�SRURXV�PHGLD�IORZ 
'DZLG�6WU]HOF]\N��0DFLHM�0DW\ND� 
>���@�7KH�HIIHFW�RI�WRPRJUDSKLF�LPDJLQJ�UHVROXWLRQ�RQ�UHVLGXDO�VDWXUDWLRQV�
GXULQJ�WKH�GUDLQDJH�SURFHVV 
%DU]DQ�.DULPL��0RKDPPDGUH]D�0RVKWDUL��6DHLG�6DGHJKQHMDG��)ULHGHU�(Q]PDQQ��
0LFKDHO�.HUVWHQ 
>���@�$�PDFURVFRSLF�WZR-OHQJWK-VFDOH�PRGHO�IRU�QDWXUDO�FRQYHFWLRQ�LQ�SRURXV�
PHGLD�GULYHQ�E\�D�VSHFLHV-FRQFHQWUDWLRQ�JUDGLHQW 
6WHIDQ�*DVRZ��<DQ�-LQ��0DUF�$YLOD��$QGUH\�9��.X]QHWVRY� 
>���@�3RUH�&RQQHFWLYLW\�$QDO\VLV�DQG�(OHFWULFDO�&RQGXFWLYLW\�0RGHO�IRU�7LJKW�
6DQGVWRQHV 
;LDRZHL�=KDQJ��;XHIHQJ�/LX��MLQJ[X�\DQ��+DR�1L��)XMXQ�;LD 
>���@�0RGHOOLQJ�0XOWL-VFDOH��-'�'LJLWDO�5RFNV�E\�D�1HZ�,PDJH�6HJPHQWDWLRQ�
0HWKRG 
MLQJ[X�\DQ��;XHIHQJ�/LX��;LDRZHL�=KDQJ��+DR�1L��)XMXQ�;LD� 
>���@�2SHUDWRU�6SOLWWLQJ�ZLWK�&DSLOODU\�5HOD[DWLRQ��26&$5� 
-XOLHQ�0DHV 
>���@�8QGHUVWDQGLQJ�WKH�FRPELQHG�HIIHFW�RI�VWUXFWXUDO�DQG�ZHWWDELOLW\�
KHWHURJHQHLW\�RQ�WZR-SKDVH�IORZ�LQ�SRURXV�PHGLD 
$PLU�-DKDQEDNKVK��2PLG�6KDKURNKL��0HUFHGHV�0DURWR-9DOHU� 

:
HGQHVGD\�'

HWDLOHG�3URJUDP
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:('1(6'$<�����-81(����� 

3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����3RUH-VFDOH�PRGHOOLQJ��FRQW�� 
>���@�7UDQVSRUW�SURSHUWLHV�PRGHOOHG�RQ�PXOWLVFDOH�SRURXV�PHGLD�LPDJHV 
,PDQ�1DELSRXU��-DIDU�4DMDU��+DPHG��$JKDHL 
>���@�,QFRPSUHVVLEOH�6PRRWKHG�3DUWLFOH�+\GURG\QDPLFV�DV�D�WRRO�IRU�PRGHOOLQJ�
HOHFWURO\WH�GLVWULEXWLRQ�LQ�*DV�'LIIXVLRQ�(OHFWURGHV 
7KRUEHQ�0DJHU��0DQXHO�+RSS-+LUVFKOHU��8OULFK�1LHNHQ� 
>���@�5HSUHVHQWDWLYH�HOHPHQWDU\�YROXPH�IRU�2SDOLQXV�&OD\�IURP�WKUHH-
GLPHQVLRQDO�SRUH�VWUXFWXUH�DQG�WUDQVSRUW�DQDO\VLV 
<XDQNDL�<DQJ��1DLOD�$LW-0RXKHE��-HQQD�3RRQRRVDP\��*XLGR�'HLVVPDQQ��'LUN�
%RVEDFK 
>���@�%ORFN�&RSRO\PHU�8OWUDILOWUDWLRQ�0HPEUDQHV��6WRFKDVWLF�0LFURVWUXFWXUH�
'HOLQHDWLRQ�DQG�)ORZ�6LPXODWLRQ 
0��6DGHJK�5LDVL��/LOO\�7VDXU��8OULFK�:LHVQHU��/LOLW�<HJKLD]DULDQ 

�06����$GYDQFHV�LQ�PRGHOLQJ�DQG�VLPXODWLRQ�RI�SRURPHFKDQLFV 
>��@�3RUH�3UHVVXUH�6HQVLWLYLW\-3HUPHDELOLW\�'HFD\�(YDOXDWLRQ�IRU�1RQOLQHDU�2LO�
)ORZ�LQ�3RURXV�0HGLD�WKURXJK�*UHHQ
V�)XQFWLRQV��*)
V� 
)HUQDQGR�%DVWRV�)HUQDQGHV� 
>���@�6KDOH�PLFURVWUXFWXUHV��([SHULPHQWDO�DQG�IUDFWDO�FKDUDFWHUL]DWLRQ 
=KHQKXD�7LDQ��-LDQFKDR�&DL��:HL�:HL��<X[XDQ�;LD��<LKXD�;LRQJ 

>���@�&RXSOHG�7KHUPDO-+\GURORJLFDO-0HFKDQLFDO-&KHPLFDO�0RGHO�)RU�5HDFWLYH�
'LVVROXWLRQ�DQG�:RUPKROH�)RUPDWLRQ�LQ�9XJV�&DUERQDWH�5RFNV 
&XQTL�-LD��-XQ�<DR 
>���@�,PELELWLRQ�(IIHFW�DQG�'ULYLQJ�0HFKDQLVP�RI�1DQRIOXLG�LQ�3RURXV�PHGLD 
5XQGRQJ�4LX��&KXQ\XDQ�*X� 

7LPH�%ORFN�$ 
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:('1(6'$<�����-81(����� 
7LPH�%ORFN�$� 

3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����8QFHUWDLQW\�4XDQWLILFDWLRQ�LQ�3RURXV�0HGLD 
>��@�'DWD�DVVLPLODWLRQ�IRU�UHGXFLQJ�XQFHUWDLQW\�RI�VXEVXUIDFH�IORZ�PRGHOLQJ�
XVLQJ�PHVKOHVV�PHWKRG 
6KDQJ-<LQJ�&KHQ��.XR-&KLQ�+VX 

>���@�6WDWLVWLFDO�SUHGLFWLRQ�RI�ZDWHUIORRGLQJ�SHUIRUPDQFH�E\�.-PHDQV�FOXVWHULQJ�
DQG�HPSLULFDO�PRGHOLQJ 
4LQ]KXR�/LDR��JDQJ�OHL��;X�/LX��/LDQJ�;XH��6KX\X�6XQ��6KLULVK�3DWLO 

>���@�8QFHUWDLQW\-DZDUH�9DOLGDWLRQ�%HQFKPDUNV�IRU�&RXSOLQJ�)UHH�)ORZ�DQG�
3RURXV-0HGLXP�)ORZ 
)DULG�0RKDPPDGL��%HUQG�)OHPLVFK��6HUJH\�2ODG\VKNLQ��(OLVVD�(JJHQZHLOHU��,U\QD�
5\EDN��.LOLDQ�:HLVKDXSW��0DUWLQ�6FKQHLGHU� 
>���@�4XDQWLILFDWLRQ�RI�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKH�HVWLPDWLRQ�RI�K\GUDXOLF�
SDUDPHWHUV�IRU�VDWXUDWHG�SRURXV�PHGLD 
6$+,/�6+$50$��&KDQGQL�7KDNXU��'HHSDN�6ZDPL��.�6��.DVLYLVZDQDWKDQ 

>���@�,PSURYHPHQWV�RI�VWRFKDVWLF�VLPSOH[�DSSUR[LPDWH�JUDGLHQW��6WR6$*��IRU�
SURGXFWLRQ�RSWLPL]DWLRQ 
;X�-LDQFKXQ��:(1;,1�=+28 

:
HGQHVGD\�'

HWDLOHG�3URJUDP
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:('1(6'$<�����-81(����� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQ 
06������� 6XEVXUIDFH�:DWHU�)ORZ�DQG�&RQWDPLQDQW�7UDQVSRUW�3URFHVVHV�–�
6SHFLDO�6HVVLRQ�LQ�+RQRU�RI�+DUU\�9HUHHFNHQ 
&KDLUV��-DQ�9DQGHUERUJKW��5LHQ�YDQ�*HQXFKWHQ 

����� 
>���@�1RQ-LQYDVLYH�FKDUDFWHUL]DWLRQ�RI�VRLOV�DQG�DTXLIHUV�����\HDUV�RI�
K\GURJHRSK\VLFV�DW�WKH�$JURVSKHUH�LQVWLWXWH  
-RKDQ�$OH[DQGHU�+XLVPDQ��$QMD�.ORW]VFKH��-DQ�YDQ�GHU�.UXN� 

����� 
>���@�'DWD�GULYHQ�DQDO\VLV�RI�HYDSRWUDQVSLUDWLRQ�HVWLPDWHG�E\�WKH�
ZDWHU�EDODQFH�DQG�HGG\�FRYDULDQFH�PHWKRGV  
7DQMD�'HQDJHU��0DMNHQ�/RRPV�=LEDU��7RUEHQ�6RQQHQERUJ��.DUVWHQ�+��-HQVHQ� 

����� 

>���@�(VWLPDWLRQ�RI�XQVDWXUDWHG�VRLO�K\GUDXOLF�SURSHUWLHV�E\�LQWHJUDWHG�
K\GURJHRSK\VLFDO�LQYHUVLRQ�RI�WLPH-ODSVH�JURXQG-SHQHWUDWLQJ�UDGDU�
PHDVXUHPHQWV 
.KDQ�=DLE�-DGRRQ��/XW]�:HLKHUP�OOHU��6HEDVWLDQ�/DPERW��6HEDVWLDQ�
0RJKDGDV��+DUU\�9HUHHFNHQ� 

����� 

>���@�6LPSOH�PRGHOV�RI�VRLO�K\GUDXOLF�SURSHUWLHV�LQ�WKH�FRPSOHWH�
PRLVWXUH�UDQJH��7HVWLQJ�WKH�QHZ�3',�PRGHO�V\VWHP�ZLWK�D�
FRPSUHKHQVLYH�H[SHULPHQWDO�GDWDVHW 
:ROIJDQJ�'XUQHU��7RELDV�+RKHQEULQN��6DVFKD�&��,GHQ��$QGUH�3HWHUV 

����� 

>���@�+<'586�DQG�DQDO\WLFDO�PRGHOLQJ�RI�VHHSDJH�LQ�SRURXV�EDQNV�RI�
FRPPLQJOHG�HSKHPHUDO�VWUHDPV�KDYLQJ�WULDQJXODU�IODVK-IORRG�
K\GURJUDSKV��HPHUJHQFH�DQG�H[WLQFWLRQ�RI�DQ�´HSKHPHUDOµ�XQFRQILQHG�
DTXLIHU 
$QYDU�.DFLPRY��-LUL�ãLPĥQHN 

����� 

>���@�0RGHOOLQJ�DQG�DQDO\VLV�RI�PXOWLFRPSRQHQW�WUDQVSRUW�DW�WKH�
LQWHUIDFH�EHWZHHQ�IUHH�DQG�SRURXV-PHGLXP�IORZ�LQIOXHQFHG�E\�
UDGLDWLRQ�DQG�URXJKQHVV 
5DLQHU�+HOPLJ��.DWKDULQD�+HFN��(GZDUG�&ROWPDQ� 

����� 
>���@�(IIHFWV�RI�6RLO�+HWHURJHQHLW\�DQG�7UDQVLHQW�)ORZ�RQ�
0XOWLFRPSRQHQW�%LRGHJUDGDWLRQ 
'DUUHOO�7DQJ��6MRHUG�YDQ�GHU�=HH 

7LPH�%ORFN�$ 
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7LPH�%ORFN�$ 

1HWZRUNLQJ�&RIIHH�%UHDN 
������-�������&(7 

0LVVLQJ� WKH� IDFH-WR-IDFH� LQWHUDFWLRQV� RI� 
LQ-SHUVRQ�HYHQWV"�'RQ
W�ZRUU\�-�ZH�KDYH�\RX�
FRYHUHG�� 

*UDE� D� FXS� RI� FRIIHH�� WHD� RU� \RXU� IDYRULWH� EHYHUDJH� �LW
V� �� R
FORFN�
VRPHZKHUH��ULJKW"��DQG�MRLQ�RXU�DPEDVVDGRUV�IRU�D�IXQ�DQG�LQIRUPDO�
FKDW�� ,W
OO� EH� D� JUHDW� ZD\� WR� FRQQHFW� ZLWK� RWKHU� SDUWLFLSDQWV� IURP�
DURXQG�WKH�JOREH��-RLQ�XV�� 

:
HGQHVGD\�'

HWDLOHG�3URJUDP
 $PEDVVDGRUV� 

-XQMLH�=KRQJ 
8QLYHUVLW\�RI� 

3HWUROHXP��(DVW�
&KLQD� 

/LDQJ�*RQJ 
8QLYHUVLW\�RI� 

3HWUROHXP��(DVW�
&KLQD� 
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:('1(6'$<�����-81(����� 
7LPH�%ORFN�%� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 
06��������)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD 
&KDLUV��2ODY�0R\QHU��+DPLG�1LFN 

����� 
>��@�*DV�ZDWHU�WZR�SKDVH�IORZ�LQ�IUDFWXUHG-SRURXV�FDUERQDWHV  
<LQJZHQ�/L��<RQJIHL�<DQJ 

����� 
>���@�$�6WRFKDVWLF�3DUWLFOH-%DVHG�)UDPHZRUN�IRU�0XOWLSKDVH�)ORZV�LQ�
)UDFWXUHG�3RURXV�0HGLD  
5DQLW�0RQJD��'DQLHO�0H\HU��3DWULFN�-HQQ\ 

����� 
>���@�1XPHULFDO�6LPXODWLRQ�RI�&RXSOLQJ�'DUF\�DQG�)RUFKKHLPHU�)ORZ�
LQ�WKH�&DUERQDWH�5HVHUYRLU 
<XH\LQJ�:DQJ��6HEDVWLDQ�*HLJHU��-XQ�<DR 

����� 
>���@�'\QDPLF�PHVK�RSWLPLVDWLRQ�IRU�JHRWKHUPDO�UHVHUYRLU�PRGHOOLQJ 
3DEOR�6DOLQDV��*HUDOGLQH�5HJQLHU��&DUO�-DFTXHP\Q��&KULVWRSKHU�&��3DLQ��
0DWWKHZ�'��-DFNVRQ 

����� 
>���@�+LJKHU-2UGHU�)LQLWH�(OHPHQW�0XOWLSKDVH�0XOWLFRPSRQHQW�
5HDFWLYH�7UDQVSRUW�0RGHO�IRU�8QVWUXFWXUHG�DQG�)UDFWXUHG�*ULGV 
0HQJQDQ�/L��'HUULFN�-DPHV��-RDFKLP�0RRUWJDW� 

����� 
>���@�$SSOLFDWLRQ�RI�$GDSWLYH�&RQVHUYDWLYH�7LPH�,QWHJUDWLRQ�IRU�
7UDQVSRUW�LQ�)UDFWXUHG�3RURXV�0HGLD 
0LFKDHO�/LHP��6WHSKDQ�0DWWKDL��3DWULFN�-HQQ\� 

����� 
>���@�,QYHVWLJDWLRQ�RI�(PXOVLRQ�)ORZ�LQ�0LFURIOXLGLF�)UDFWXUH�ZLWK�
9DU\LQJ�$SHUWXUH 
:HL�<DQJ��4LQJURQJ�+H��.H�;X� 

����� 
>���@�6WUHQJWK�DQG�VWDELOLW\�RI�IUDFWXUHG�URFNV 
6UXWDUVKL�3UDGKDQ� 

:
HGQHVGD\�'

HWDLOHG�3URJUDP
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06��-$����� 3K\VLFV�RI�PXOWL-SKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
&KDLUV��&DUO�)UHGULN�%HUJ��-DPHV�0F&OXUH 

����� 

>��@�'\QDPLFV�RI�:DWHU�DQG�*DV�,QMHFWLRQ�LQ�DQ�2LO-:HW�5HVHUYRLU�5RFN�
DW�VXEVXUIDFH�FRQGLWLRQV��$�3RUH-6FDOH�6\QFKURWURQ�;-UD\�,PDJLQJ�
6WXG\  
$EGXOOD�$OKRVDQL��$OHVVLR�6FDQ]LDQL��4LQJ\DQJ�/LQ��$KPHG�6HOHP��$PHU�
$OKDPPDGL��6DMMDG�)RURXJKL��%UDQNR�%LMHOMLF��0DUWLQ�%OXQW 

����� 
>���@�0DWHULDO�EDODQFH�DQG�PL[LQJ�EHKDYLRU�GXULQJ�HPXOVLILFDWLRQ�RI�
FUXGH�RLO�E\�XVLQJ�PLFUR-;-UD\�WRPRJUDSK\  
0RVWDID�%RUML��$KPDG�.KDUUDW��5HQH�5LWWHU��3LW�$UQROG��+ROJHU�2WW 

����� 
>���@�0RGHOOLQJ�SUHVVXUH-VDWXUDWLRQ�FXUYHV�WKDW�H[KLELW�K\VWHUHVLV�DQG�
IRUFHG�LPELELWLRQ�ZLWK�WKH�SRUH-PRUSKRORJ\�PHWKRG 
&KULVWLDQ�+LQ]��$QGUHDV�:LHJPDQQ��6YHQ�/LQGHQ��-HQV-2OLYHU�6FKZDU]� 

����� 

>���@�([SHULPHQWDO�VWXG\�RI�VWHDG\�VWDWH�IORZ�SDWKV�GXULQJ�WKH�
LPPLVFLEOH�IORZ�RI�JDQJOLD�LQ�VWRFKDVWLF�SRURXV�PHGLD�PLFURPRGHOV 
$WKDQDVLRV�$QDVWDVLRX��,RDQQLV�=DULNRV��$QGUHDV�<LRWLV��ODXUHQW�WDORQ��
'RPLQLTXH�6DOLQ 

����� 
>���@�$�SRUH-QHWZRUN�XSVFDOLQJ�IUDPHZRUN�IRU�WKH�QDQRFRQILQHG�
WKHUPRG\QDPLF�SKDVH�EHKDYLRU�LQ�VKDOH�URFNV 
6LGLDQ�&KHQ��-LDPLQ�-LDQJ��%R�*XR 

����� 
>���@�8VLQJ�FROORLGDO�GHSRVLWLRQ�WR�PRELOL]H�LPPLVFLEOH�IOXLGV�IURP�
SRURXV�PHGLD 
6FKQHLGHU�-RDQQD��5RGQH\�3ULHVWOH\��6XMLW�'DWWD 

����� 
>���@�)UHH�IORZ�RYHU�SRURXV�PHGLD��+HWHURJHQHLW\�DQG�WKH�%HDYHUV-
-RVHSK�LQWHUIDFH�FRQGLWLRQ 
0DWWKLMV�GH�:LQWHU��.LOLDQ�:HLVKDXSW��$PLU�5DRRI��5DLQHU�+HOPLJ 

����� 
>���@�$1$/<7,&$/�62/87,21�)25�7+(�3238/$7,21-%$/$1&(�
02'(/�'(6&5,%,1*�)2$0 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��-%������,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV 
&KDLUV��5DQ�+ROW]PDQ��0DWWHR�,FDUGL 

����� 
>���@�(IIHFW�RI�JUDLQ�VKDSH�RQ�TXDVL-VWDWLF�IOXLG-IOXLG�GLVSODFHPHQW�LQ�
SRURXV�PHGLD  
=KRQJ]KHQJ�:DQJ��3HUHLUD�-HDQ-0LFKHO��<L[LDQJ�*DQ 

����� 
>���@�'URSOHW�IRUPDWLRQ��JURZWK�DQG�GHWDFKPHQW�RQ�WKH�LQWHUIDFH�RI�D�
FRXSOHG�IUHH�IORZ�–�SRURXV�PHGLXP�V\VWHP  
0D]LDU�9H\VNDUDPL��5DLQHU�+HOPLJ��&\QWKLD�0LFKDONRZVNL��&DULQD�%ULQJHGDO 

����� 
>���@�0RGHOOLQJ�G\QDPLF�EHKDYLRU�RI�DQ�LQILOWUDWLRQ�WUHQFKHV�V\VWHP 
0DUFR��%HUDUGL��)UDQFHVFR�0���'L�/HQD��5LWD��0DVFLDOH��0LFKHOH��9XUUR��,YDQ�
3RUWRJKHVH 

����� 
>���@�*HQHUDOL]HG�FRXSOLQJ�FRQGLWLRQV�IRU�DUELWUDU\�IORZV�WR�WKH�IOXLG-
SRURXV�LQWHUIDFH 
(OLVVD�(JJHQZHLOHU��0DUFR�'LVFDFFLDWL��,U\QD�5\EDN� 

����� 

>���@�$Q�HQHUJ\-SUHVHUYLQJ�0$&�QXPHULFDO��VFKHPH�IRU�WKH�9ROXPH�2I�
)OXLG�PHWKRG��DQG�DSSOLFDWLRQ�RQ�7D\ORU�IORZV 
0RKDPHG�,G�0RXOD\��<RKDQ�'DYLW��)DELHQ�'XYDO��-HDQ-&ODXGH�/DWFKp��0LFKHO�
4XLQWDUG 

����� 

>���@�3RUH-VFDOH�HIIHFWV�GXULQJ�WKH�WUDQVLWLRQ�IURP�FDSLOODU\-�WR�
YLVFRVLW\-GRPLQDWHG�IORZ�G\QDPLFV�ZLWKLQ�PLFURIOXLGLF�SRURXV-OLNH�
GRPDLQV 
$QGUHDV�<LRWLV��1LNRODRV�.DUDGLPLWULRX��,RDQQLV�=DULNRV��+ROJHU�6WHHE� 

����� 

>���@�3KDVH-ILHOG�PRGHOOLQJ�RI�EXON-VXUIDFH�3'(V�DQG�DGKHVLYH�
LQWHUIDFHV 
$QQH�%RVFKPDQ��0DWWHR�,FDUGL��.ULVWRIIHU�*��YDQ�GHU�=HH��%LQGL�6��%URRN��
)HGHULFR�0XQLFFKL 

����� 
>���@�,QYHUVH�PRGHOLQJ�RI�WUDQVLHQW�WKUHH-GLPHQVLRQDO�FRUH-VFDOH�WZR-
SKDVH�IORZV 
DQGUHD�PDQ]RQL��$URQQH�'HOO
2FD��0DUWLQD�6LHQD��$OEHUWR�*XDGDJQLQL� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06������� 0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-
SK\VLFV��QRQOLQHDU�FRXSOHG�SURFHVVHV 
&KDLUV��-DNXE�%RWK��+XDQJ[LQ�&KHQ 

����� 
>���@�5HGXFHG-GLPHQVLRQDO�PRGHOV�IRU�IORZ�LQ�IUDFWXUHG�SRURXV�PHGLD 
)ORULDQ�/LVW��)ORULQ�$GULDQ�5DGX��,XOLX�6RULQ�3RS��.RRQGDQLEKD�0LWUD��.XQGDQ�
.XPDU��6WHSKDQ�%��/XQRZD� 

����� 
>���@�'HQVLW\�LQVWDELOLWLHV�GXH�WR�HYDSRUDWLRQ�IURP�SRURXV�PHGLD  
&DULQD�%ULQJHGDO��&RUQHOLV�-��YDQ�'XLMQ��*HUW--DQ�-��0��3LHWHUV��5DLQHU�+HOPLJ��
7KHUHVD�.XU] 

����� 
>���@�3RURVLW\�'\QDPLFV�WKURXJK�&DUERQDWH-5HDFWLRQ�.LQHWLFV�LQ�+LJK-
7HPSHUDWXUH�$TXLIHU�6WRUDJH�$SSOLFDWLRQV 
%XUW�7LOOH\��0DUWLQD�8HFNHUW��7KRPDV�%DXPDQQ� 

����� 
>���@�$�*UDSKLFDO�5HSUHVHQWDWLRQ�RI�0HPEUDQH�)LOWUDWLRQ�ZLWK�
$GVRUSWLRQ 
%LQDQ�*X��/LQGD�&XPPLQJV��/RX�.RQGLF 

����� 
>���@�$�K\EULG-GLPHQVLRQDO�FRPSRVLWLRQDO�WZR-SKDVH�IORZ�PRGHO�LQ�
IUDFWXUHG�SRURXV�PHGLD�ZLWK�SKDVH�WUDQVLWLRQV�DQG�)LFNLDQ�GLIIXVLRQ 
-RXELQH�$JKLOL��-HDQ-5D\QDOG�GH�'UHX]\��5RODQG�0DVVRQ��/DXUHQW�7UHQW\� 

����� 
>���@�%''&�IRU�0+)(0�GLVFUHWL]DWLRQ�RI�XQVWHDG\�WZR-SKDVH�IORZ�LQ�
SRURXV�PHGLD 
-DNXE�6RORYVNë��5DGHN�)XÿtN��-DNXE�ãtVWHN� 

����� 
>��@�6ZHOOLQJ�EH\RQG�)ORU\ 
-DFTXHV�+X\JKH��(DQQD�)HQQHOO��3KLOLS�3RLOORW� 

����� 

>���@�5DQGRP�:DONV�DQG�6LPSOLILHG�0DUFKLQJ�&XEH�IRU�LPDJH-EDVHG�
VLPXODWLRQV�RI�KHDW�RU�PDVV�WUDQVIHU�LQ�HYROYLQJ�SRURXV�PHGLD�DQG�
DSSOLFDWLRQV�WR�&HUDPLF-0DWUL[�&RPSRVLWHV 
*HUDUG�9LJQROHV 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06����8QFHUWDLQW\�4XDQWLILFDWLRQ�LQ�3RURXV�0HGLD 
&KDLUV��0RUULV�)O\QQ��)HOLSH�3HUHLUD 

����� 

>��@�8QFHUWDLQW\�4XDQWLILFDWLRQ�RI�5HODWLYH�3HUPHDELOLW\�0HDVXUHPHQWV�
E\�,QYHUVH�0RGHOOLQJ  
6WHIIHQ�%HUJ��(YUHQ�8QVDO��+DUP�'LMN 

����� 
>���@�5HYHUVLEOH�'HJUDGDWLRQ�RI�'LFORIHQDF�XQGHU�%LRWLF��'HQLWULI\LQJ�
5HGR[�&RQGLWLRQV��*HRFKHPLFDO�0RGHO�DQG�8QFHUWDLQW\�4XDQWLILFDWLRQ 
/DXUD�&HUHVD��$OEHUWR�*XDGDJQLQL��0RQLFD�5LYD��*LRYDQQL�3RUWD� 

����� 
>���@�0XOWLVFDOH�6DPSOLQJ�IRU�6XEVXUIDFH�&KDUDFWHUL]DWLRQ� 
$UXQDVDODP�5DKXQDQWKDQ��$OVDGLJ�$OL��$EGXOODK�$O-0DPXQ��)HOLSH�3HUHLUD 

����� 
>���@�%D\HVLDQ�,QIHUHQFH�RI�3RURHODVWLF�3URSHUWLHV�IURP�,QGXFHG�
6HLVPLFLW\�'DWD�8VLQJ�DQ�(QHUJ\-EDVHG�3RURPHFKDQLFV�0RGHO 
0LQD�.DULPL��0HKUGDG�0DVVRXGL��0DWWHR�3R]]L��.DXVKLN�'D\DO 

����� 

>���@�$�SDUDOOHO�UHFXUVLYH�LPSOHPHQWDWLRQ�RI�WKH�0XOWLVFDOH�
3HUWXUEDWLRQ�0HWKRG�IRU�WZR-SKDVH�IORZ 
$UWKXU�(VStULWR�6DQWR��(GXDUGR�$EUHX��)HOLSH�3HUHLUD��)DEULFLR�6RXVD��
)UDQFLDQH�5RFKD 

����� 
>���@�6WRFKDVWLF��'�PLFURVWUXFWXUH�PRGHOLQJ�IRU�WKUHH-SKDVH�HOHFWURGH�
PDWHULDOV�ZLWK�DQ�HPSKDVLV�RQ�WUDQVSRUW�UHOHYDQW�FKDUDFWHULVWLFV 
0DWWKLDV�1HXPDQQ��9RONHU�6FKPLGW� 

����� 

>���@�$�VHTXHQWLDO�LPSOLFLW�VROYHU�IRU�WZR-SKDVH�VXEVXUIDFH�IORZV�XVLQJ�
WKH�0XOWLVFDOH�5RELQ�&RXSOHG�0HWKRG 
)UDQFLDQH�5RFKD��)DEULFLR�6RXVD��5REHUWR�$XVDV��*XVWDYR�%XVFDJOLD��)HOLSH�
3HUHLUD 

����� 

>���@�,PSURYLQJ�WKH�DFFXUDF\�RI�PXOWLVFDOH�PHWKRGV�ZLWK�LQIRUPHG�
LQWHUIDFH�VSDFHV�EDVHG�RQ�SK\VLFV 
)DEULFLR�6RXVD��)UDQFLDQH�5RFKD��5REHUWR�$XVDV��*XVWDYR�%XVFDJOLD��)HOLSH�
3HUHLUD� 
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3RVWHU��6HVVLRQ�� 
������-�������&(7 

06��-%��,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV 
>���@�&DOFXODWLRQ�6WXGLHV�RQ�0LVFLELOLW\�&KDUDFWHULVWLFV�RI�WKH�&2��Q-
+H[DGHFDQH�6\VWHP�ZLWK�3UHVHQFH�RI�:DWHU�&RPSRQHQW�XQGHU�*HRORJLFDO�
&RQGLWLRQV  
:DQJ�;LQURQJ��'RQJ[LQJ�'8 
>���@�0XOWL-SDUDPHWHU�6FUHHQLQJ�6WXG\�RQ�6WDWLF�3URSHUWLHV�RI�1DQRSDUWLFOH�
6WDELOL]HG�6XSHUFULWLFDO�&2��)RDP  
;LDNDL�6RQJ��'RQJ[LQJ�'8 
>���@�0DWKHPDWLFDO�0RGHOLQJ�RI�WKH�(IIHFW�RI�$FRXVWLF�:DYHV�RQ�RLO�5HFRYHU\�
LQ�3RURXV�0HGLD 
+DUULV�5DEEDQL��$OEHUWXV��5HWQDQWR��$PDQL�0DKPRRG� 
>���@�'LUHFW�9LVXDOL]DWLRQ�RI�,QGXFHG�$VSKDOWHQHV�5HPRYDO�LQ�&DUERQDWH�5RFN�
8VLQJ�&RQIRFDO�,PDJLQJ 
$PDQL�0DKPRRG��$UQHO�&DUYHUR��+DUULV�5DEEDQL 
>���@�+LQGHUHG�WKHUPDOO\�GULYHQ�PLJUDWLRQ�RI�D�GURS�RQ�D�FKHPLFDOO\�SDWWHUQHG�
ZDOO�FKHPLFDOO\�SDWWHUQHG�VROLG�ZDOO 
*XDQJSX�=KX��*UHWDU�7U\JJYDVRQ��-XQ�<DR 
>���@�&DOFLWH�GLVVROXWLRQ�LQ�FUXGH�RLO�DQG�IRUPDWLRQ�RI�FU\VWDOV�RQ��VXUIDFH�RI�
0LFD�GXULQJ��$JHLQJ�3URFHVV 
.HVKDYDU]L�6KLUD]L�0RVDOPDQ�0HKUERG��3DXO�/XFNKDP��0DMD�5XHFNHU��$SRVWRORV�
*HRUJLDGLV��)RQV�0DUFHOLV 

06����0LFURIOXLGLFV�LQ�SRURXV�V\VWHPV 
>���@�0XOWL-VFDOH�G\QDPLFV�RI�FROORLGDO�GHSRVLWLRQ�DQG�HURVLRQ�LQ�SRURXV�PHGLD 
1DYLG�%L]PDUN��6FKQHLGHU�-RDQQD��5RGQH\�3ULHVWOH\��6XMLW�'DWWD 
>���@�9LVXDOL]DWLRQ�5HVHDUFK�RI�&OD\�0LQHUDO�0LJUDWLRQ�LQ�/RZ�6DOLQLW\�:DWHU�
)ORRGLQJ�%DVHG�RQ����'�0LFURIOXLGLF�0RGHO 
)HL�;X��+DQTLDR�-LDQJ��6KL\XDQ�4X��)XZHL�<X��-XQMLDQ�/L� 

>���@�7KH�(IIHFW�RI�6XUIDFH�URXJKQHVV�RQ�WKH�(TXLOLEULXP�&RQWDFW�$QJOH�LQ�D�
0L[HG-:HW�0HGLXP 
6KDKDE�*KDVHPL��0RKDPPDG�5H]D�5DVDHL��6DKDU�%DNKVKLDQ 
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3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����0LFURIOXLGLFV�LQ�SRURXV�V\VWHPV��FRQW� 
>���@�,Q-VLWX�UHDO-WLPH�LPDJLQJ�WR�FKDUDFWHUL]H�VSDWLDOO\�KHWHURJHQHRXV�FDOFLWH�
GLVVROXWLRQ�UDWHV�DW�WKH�QDQRVFDOH 
*LDQORUHQ]R�%XVVHWWL��/DPEHUWR�'XR
��$OEHUWR�*XDGDJQLQL��&KLDUD�5HFDOFDWL��0RQLFD�
5LYD��0DUWLQD�6LHQD� 
>���@�$QDO\VLV�RI�GURSOHW�PRELOL]DWLRQ�FRQILQHG�LQ�D�PLFUR�SRUH-GRXEOHW�V\VWHP�
DW�ORZ�FDSLOODU\�QXPEHU 
4XPDUV�$]L]L��$PLU�+RVVHLQ�02+$00$',�$/$0227,��+RVVHLQ�'DYDU]DQL 
>���@�)LOP�HQWUDLQPHQW�DQG�SDUWLFOH�WUDQVSRUW�GXULQJ�JDV�LQYDVLRQ�LQ�VXVSHQVLRQ
-ILOOHG�PLFURFKDQQHOV 
WLQJ�ZX��5DQ�+X��KXD�]KRQJ��OHL�\DQJ��ZHQELDR�MLQ��<L-)HQJ�&KHQ��=KLELQJ�<DQJ 

>���@�([SHULPHQWDO�VWXG\�RI�GU\LQJ�LQ�WKH�SUHVHQFH�RI�IOXRUHVFHQW�FROORLGDO�
SDUWLFOHV�LQ�PRGHO�SRURXV�PHGLD 
(OLVD�*KLULQJKHOOL��0DUF�3UDW��0DQXHO�0$5&28; 
>���@�'RHV�WKH�LPDJLQJ�GRPDLQ�VL]H�PDWWHU�LQ�PRGHOLQJ�WKH�SHUPHDELOLW\�RI�
ELRFORJJHG�SRURXV�PHGLD�LQVLGH�D�PLFURIOXLGLF�FKDQQHO�ZLWK�HYROYLQJ�ELRILOPV" 
6KDKDE�.DULPLIDUG��;X�/L��<XVRQJ�/L 
>���@�6HSDUDWLRQ�RI�FROORLGDO�SDUWLFOHV�LQ�PLFURFKDQQHOV�XVLQJ�GLIIXVLRSKRUHVLV 
0DPWD�-RWNDU��/XLV�&XHWR-)HOJXHURVR� 

06����)OXLG�,QWHUDFWLRQV�ZLWK�7KLQ�3RURXV�0HGLD 
>���@�,QNMHW�SULQWLQJ�OLQHV�RQWR�WKLQ��PRYLQJ�SRURXV�PHGLD�-�VLPXODWLRQV 
*LDQPDUFR�9HQGLWWL��9LJQHVK�0XUDOL��$QWRQ�'DUKXEHU� 

>���@�(OHFWULFDO�,PSHGDQFH�6SHFWURVFRS\��D�WRRO�WR�LQYHVWLJDWH�LQWHUDFWLRQV�
EHWZHHQ�FRPSOH[�IOXLGV�–�SRURXV�PDWHULDOV 
1LFRODH��7RPR]HLX��+HOGHU�6DOYDGRU 
>���@�/XEULFDWHG�K\GURG\QDPLF�LQWHUDFWLRQV�EHWZHHQ�D�KDUG�VSKHULFDO�LQGHQWHU�
DQG�D�SRURHODVWLF�QDQROD\HU 
&DUROLQH�.RSHF]-0XOOHU��9LQFHQW�%HUWLQ��0DUMDQ�$EGRUDKLP��<YHWWH�7UDQ��3DWULFN�
7DEHOLQJ��(OLH�5DSKDsO��7KRPDV�6DOH]��-RVKXD�0F*UDZ� 
>���@�([SHULPHQWDO�'HWHUPLQDWLRQ�RI�,QWULQVLF�,Q-3ODQH�3HUPHDELOLW\�IRU�7KLQ�
3RURXV�0HGLD 
/XZHQ�=KXDQJ��6��0DMLG�+DVVDQL]DGHK� 
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3RVWHU��6HVVLRQ����FRQW� 
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06����)OXLG�,QWHUDFWLRQV�ZLWK�7KLQ�3RURXV�0HGLD��FRQW� 
>���@�7KH�HHFW�RI�YRLG�VWUXFWXUH�RQ�WKH�SHUPHDELOLW\�RI�ÀEURXV�QHWZRUNV 
$QWWL�.RSRQHQ��$[HO��(NPDQ��.HLMR�0DWWLOD��$KPDG�$O-4DUDUDK��-XVVL�7LPRQHQ 

>���@�1XPHULFDO�VWXGLHV�RI�FDSLOODU\�IORZ�LQ�SDSHU-EDVHG�PLFURIOXLGLF�GHYLFHV 
王�杨���'LQJGLQJ�<H��;XQ�=KX��<DQJ�<DQJ��&KDR-=KRQJ�4LQ��5RQJ�&KHQ��4LDQJ�/LDR 

>���@�1DQRIOXLG�(YDOXDWLRQ�IRU�(QKDQFHG�2LO�5HFRYHU\ 
'DYLG�$UJXLMR�0XxL]��$QD�3DXOLQD�*yPRUD�)LJXHURD 
>���@�0HDVXULQJ�FR-GLIIXVLRQ�NLQHWLFV�RQ�WKLQ�ILOPV 
0HLVKDQ�*XR��0DMLG�1DGHUL 

06����%LRSK\VLFV�RI�OLYLQJ�SRURXV�PHGLD��WKHRU\��H[SHULPHQW��PRGHOLQJ�DQG�
FKDUDFWHUL]DWLRQ 

>���@�0RGHOOLQJ�WKH�UROH�RI�Y:)�LQ�LQLWLDWLQJ�DUWHULDO�WKURPERVLV 
(GZLQD�<HR��1HWDQHO�.RULQ��-DPHV�2OLYHU��6DUDK�:DWHUV� 
>���@�&KDUDFWHULVLQJ�PXOWL-GRPDLQ�SRURXV�VWUXFWXUH�RI�WKH�KXPDQ�SODFHQWD�E\�
V\QFKURWURQ�;-UD\�PLFUR-WRPRJUDSK\ 
:LQ�0��7XQ��*RZVLKDQ�3RRORJDVXQGDUDPSLOODL��+HOHQ�%LVFKRI��*DUHWK��1\H��2OLYHU�1��
)��.LQJ��0DUN��%DVKDP��<DVXDNL�7RNXGRPH��5RKDQ�0��/HZLV��(GZDUG�'��-RKQVWRQH��
3DXO�%URZQELOO��0LFKHOH�'DUURZ��,JRU�/��&KHUQ\DYVN\� 
>���@�+\JURPHFKDQLFDO�PHFKDQLVPV�RI�ZRRG�FHOO�ZDOO�UHYHDOHG�E\�PROHFXODU�
PRGHOLQJ�DQG�PL[WXUH�UXOH�DQDO\VLV��5ROH�RI�FRPSRQHQWV��LQWHUSKDVHV�DQG�
K\GURJHQ�ERQGLQJ 
FKL�]KDQJ��6LQDQ�.HWHQ��%HQRLW�&RDVQH��'RPLQLTXH�'HURPH��-DQ�&DUPHOLHW 
06����6XEVXUIDFH�:DWHU�)ORZ�DQG�&RQWDPLQDQW�7UDQVSRUW�3URFHVVHV�–�6SHFLDO�

6HVVLRQ�LQ�+RQRU�RI�+DUU\�9HUHHFNHQ 
>���@�5HDFWLYH�7UDQVSRUW�0RGHOLQJ�RI�1DQRFDSVXOHV�IRU�&RQWUROOHG�5HOHDVH�RI�
&URVV-OLQNLQJ�$JHQWV�IRU�&RQIRUPDQFH�&RQWURO 
+DPHG�0RKDPPDGQHMDG��.XUW�'��3HQQHOO��/LQGD�0��$EULROD 
>���@�,PSDFW�RI�RSHUDWLRQDO�IDFWRUV�RQ�$TXLIHU�6WRUDJH�DQG�5HFRYHU\��$65��
VFKHPH�LQ�VDOLQH�UHJLRQV 
6KXEKDDP�7LZDUL��%ULMHVK�.XPDU�<DGDY 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQ 
06������� 0DQXIDFWXUHG�3RURXV�0DWHULDOV�IRU�,QGXVWULDO�$SSOLFDWLRQV 
&KDLUV��1LNRODRV�.DUDGLPLWULRX��6HQ\RX�$Q 

����� 
>���@�)OXLG�IORZ�FRQWURO�GHYLFHV�ZLWK��'-JUDGHG�SHUPHDELOLW\  
'DYLG�5RELQVRQ��0DKHU��6DOORXP��'HQLV�5LG]DO��'UHZ�3���.RXUL 

����� 
>��@�$GGLWLYH�0DQXIDFWXULQJ�9LD�'LJLWDO�/LJKW�3URFHVVLQJ�RI�'XUDEOH�
&HUDPLF�3RURXV�6WUXFWXUHV�IRU�$SSOLFDWLRQ�WR�&RPEXVWLRQ�6\VWHPV 
*LDQFDUOR�'
2UD]LR��6DGDI�6REKDQL� 

����� 

>���@�5HDFWLRQ-LQGXFHG�FKDQJHV�WR�VWUXFWXUH�DQG�WUDQVPLVVLYLW\�RI�
IRDPHG�ZHOOERUH�FHPHQWV 
-RKQDWKDQ�0RRUH��0DJGDOHQD�*LOO��'XVWLQ�&UDQGDOO��5LFKDUG�6SDXOGLQJ��
%DUEDUD�.XWFKNR� 

����� 

>���@�6WXG\�RI�WKH�LPSUHJQDWLRQ�SURFHVV�RI�HOHFWULF�HQJLQHV·�URWRUV�ZLWK�
D�UHDFWLYH�WKHUPRVHWWLQJ�UHVLQ��PRGHOLQJ�DQG�FKDUDFWHUL]DWLRQ�RI�PXOWL-
SK\VLFDO�FRXSOLQJ 
$PpOLH�0RLV\��6pEDVWLHQ�&RPDV-&DUGRQD��1LFRODV�'pVLOOHV��3DVFDO�*HQHYpH��
-HUH�.ROHKPDLQHQ 

7LPH�%ORFN�% 
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&DQRQ�3URGXFWLRQ�3ULQWLQJ�GHYHORSV�DQG�PDQXIDFWXUHV�KLJK-WHFK�
SULQWLQJ� SURGXFWV� DQG� ZRUNIORZ� VRIWZDUH� IRU� WKH� FRPPHUFLDO� 
SULQWLQJ� PDUNHW�� 7KH� SURGXFW� RIIHULQJ� LQFOXGHV� FRQWLQXRXV-IHHG�
DQG� FXW-VKHHW� SULQWHUV� IRU� KLJK-YROXPH� SULQWLQJ� DQG� SXEOLVKLQJ��
DQG� ODUJH-IRUPDW� SULQWHUV� IRU� GLVSOD\� JUDSKLFV� DQG� &$(�*,6� 
DSSOLFDWLRQV� 
 

&DQRQ�3URGXFWLRQ�3ULQWLQJ�KDV�DQ�LPSUHVVLYH WUDFN UHFRUG�RI� LQQRYDWLRQ��7KHVH�DFKLHYHPHQWV�DUH�
SRVVLEOH� GXH� WR� KLJK� TXDOLW\� DQG� GHGLFDWHG� HPSOR\HHV� VLJQLILFDQW LQYHVWPHQWV� LQ� KXPDQ� DQG� 
WHFKQLFDO�UHVRXUFHV DV�ZHOO�DV SURILWDEOH�V\QHUJLHV�ZLWK�H[WHUQDO�SDUWLHV� 
 
7KHRUHWLFDO��QXPHULFDO�DQG�H[SHULPHQWDO�UHVHDUFK LQ WKLQ�SRURXV�PHGLD�DQG WKHLU LQWHUDFWLRQV ZLWK�
D� ODUJH� YDULHW\� RI� IOXLGV� LV� RI� JUHDW� LPSRUWDQFH� IRU VHYHUDO LQGXVWULHV DQG� SURGXFWV�� )RU� &DQRQ� 
3URGXFWLRQ�3ULQWLQJ� WKH�PRVW� UHOHYDQW LQVWDQFH RI� OLTXLG� LQWHUDFWLRQ�ZLWK�SRURXV�SDSHU� LV� LQ� WKH�
LQNMHW� SULQWLQJ� ZLWK� ZDWHU-EDVHG� LQNV� � 1RWH� WKDW � WKH� SKHQRPHQD� DVVRFLDWHG� ZLWK� LQN-PHGLD� 
LQWHUDFWLRQV LV KLJKO\� FRPSOH[ GXH� WR� WKH�PHGLD� FKDUDFWHULVWLFV� WKH LQN�SURSHUWLHV� DQG� WKH� WLPH�
VFDOH�RI�WKH�SK\VLFR-FKHPLFDO�SURFHVVHV�  
 
7KH� FROODERUDWLRQ� EHWZHHQ� WKH� &DQRQ� 3URGXFWLRQ� 3ULQWLQJ� DQG� WKH� ,QWHU3RUH� VRFLHW\� VWDUWHG� LQ�
����� DQG� VLQFH� WKHQ� LW KDV� JURZQ FRQWLQXRXVO\�� ,QWHU3RUH� LV� WKH� IRUXP� ZKHUH� WHFKQLFDO� DQG� 
VFLHQWLILF� TXHVWLRQV� DUH� GHEDWHG� DQG� WKH� IXWXUH� UHVHDUFK� LQ� WKH� ILHOG� RI� SRURXV� PDWHULDOV� LV� 
SHQFLOHG�� &DQRQ� 3URGXFWLRQ� 3ULQWLQJ� LV� JHQHUDWLQJ� NQRZOHGJH� DQG H[SHULPHQWV LQ� WKH� ILHOG� RI� 
SRURXV�PDWHULDOV�DQG�WKHLU�LQWHUDFWLRQV�ZLWK�FRPSOH[�OLTXLGV�  

https://cpp.canon/
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$ZDUG�&HUHPRQ\ 
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,QWHU3RUH�7LPH�&DSVXOH 
*KLVODLQ�GH�0DUVLO\� 

 
2IWHQ� ZH� NQRZ� WKRVH� SLRQHHUV� RI� RXU� ILHOG� IURP� WKHLU� VFLHQWLILF�
ZRUN��:H�DUH�DZDUH�RI�WKHLU�VFLHQWLILF�OHJDF\�DQG�WHFKQLFDO�GHWDLOV�RI�
WKHLU�DFKLHYHPHQWV��%XW��XVXDOO\�ZH�GRQ·W�DFWXDOO\�NQRZ�PXFK�DERXW�
WKHLU�SHUVRQDO�KLVWRU\��PRWLYDWLRQV��DQG�SKLORVRSK\� 

:LWK� WKH� LQWHQW� RI� FDSWXULQJ� WKDW� NQRZOHGJH�� WKH� ,QWHU3RUH� 7LPH�
&DSVXOHV� DUH� D� FROOHFWLRQ� RI� LQWHUYLHZV� ZLWK� VRPH� RI� WKH� PRVW�
HPLQHQW�FRQWHPSRUDU\�SRURXV�PHGLD�VFLHQWLVWV��ZKR�KDYH�SOD\HG�D�

PDMRU� UROH� LQ� WKH� GHYHORSPHQW� RI� SRURXV� PHGLD� VFLHQFH� DQG� WHFKQRORJ\�� 7KH�
LQWHUYLHZV�DUH�XVXDOO\�FDUULHG�RXW�E\�RQH�RU�WZR�ZHOO-NQRZQ�VFLHQWLVWV��ZKR�KDYH�KDG�
VRPH�NLQG�RI�SURIHVVLRQDO�FRQQHFWLRQ�WR�WKH�LQWHUYLHZHH� 
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.LPEHUO\-&ODUN�'LVWLQJXLVKHG�/HFWXUHVKLS�$ZDUG 
-DFTXHV�0��+X\JKH 
8QLYHUVLW\�RI�/LPHULFN��,UHODQG 
 
 

 
(DFK� \HDU�� ,QWHU3RUH� VHOHFWV� D� SRURXV� PHGLD� UHVHDUFKHU� ZLWK� DQ�
HVWHHPHG� LQWHUQDWLRQDO� UHFRJQLWLRQ� DQG� H[FHOOHQW� SUHVHQWDWLRQ�
VNLOOV��ZKR�ZRUNV�RQ�D�EURDG�UDQJH�RI�SRURXV�PHGLD�WRSLFV��DV�WKH�
´,QWHU3RUH�.LPEHUO\-&ODUN�'LVWLQJXLVKHG�/HFWXUHU�RQ�3RURXV�0HGLD�
6FLHQFH�	�7HFKQRORJ\µ��7KH�DZDUGHH�ZLOO�VKDUH�D�WRSLF�UHOHYDQW�WR�
WKH�LQGXVWULDO�SRURXV�PHGLD�FRPPXQLW\�WKURXJK�D�VHULHV�RI�OHFWXUHV�
DW�YDULRXV�PHPEHU�DQG�QRQ-PHPEHU�RUJDQL]DWLRQV�� 

6HFXUH�\RXU�FKDQFH�WR�KRVW�3URI��+X\JKH�DW�\RXU�LQVWLWXWH��9LVLW�WKH�,QWHU3RUH�ERRWK�
IRU�PRUH�LQIRUPDWLRQ�RQ�KRZ�WR�DSSO\�� 

$� ZRUG� RI� JUDWLWXGH�� 7KLV� DZDUG� KDV� EHHQ� PDGH� SRVVLEOH� E\� D� JHQHURXV� JUDQW�
IURP .LPEHUO\-&ODUN�� KRPH� WR� VRPH� RI� WKH� ZRUOG·V� PRVW� LFRQLF� DQG� WUXVWHG� EUDQGV��
LQFOXGLQJ�� +XJJLHV�� 6FRWW�� .OHHQH[�� &RWWRQHOOH� DQG� .RWH[�� )RU� PRUH� WKDQ� D� FHQWXU\�
.LPEHUO\-&ODUN� KDV� EHHQ� WUDQVIRUPLQJ� LQVLJKWV� DQG� WHFKQRORJLHV� LQWR� LQQRYDWLYH�
SURGXFWV� DQG� VHUYLFHV� WKDW� LPSURYH� WKH� OLYHV� RI� QHDUO\� D� TXDUWHU� RI� WKH� ZRUOG·V�
SRSXODWLRQ� 
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5LFN�&KDODWXUQ\N 
8QLYHUVLW\�RI�$OEHUWD� 
 
,PSDFW�RI�0XOWL-VFDOH�'HIRUPDWLRQV�RQ�0XOWL-SKDVH�)ORZ�
&RQVLGHUDWLRQV�LQ�3RURXV�0HGLD� 
 
6XEVXUIDFH�SURFHVVHV�UHIOHFWHG�LQ�JURXQGZDWHU�K\GURORJ\�LQ�WKH�
YDGRVH� ]RQH�� JHRORJLFDO� &2�� VHTXHVWUDWLRQ�� WUDQVSRUW� RI� QRQ-
DTXHRXV� SKDVH� OLTXLG� FRQWDPLQDQW� LQ� DTXLIHUV�� H[WUDFWLRQ� RI�
JHRWKHUPDO� HQHUJ\� DQG� HQKDQFHG� RLO� UHFRYHU\� UHTXLUH� DQ�

DFFXUDWH�FKDUDFWHUL]DWLRQ�RI�PHFKDQLFDO�SRUH�GHIRUPDWLRQ��PXOWLSKDVH�IOXLG�WUDQVSRUW��
DQG�WKHLU�SK\VLFDO�LQWHUDFWLRQV��L�H���SRURPHFKDQLFDO�LQWHUDFWLRQV���5HFRJQL]LQJ�WKDW�WKH�
VXEVXUIDFH� ZLOO� DOVR� EH� H[SORLWHG� DV� DQ� HQHUJ\� VWRUDJH� UHVRXUFH� DV� VRFLHW\�PDNHV� D�
WUDQVLWLRQ� WR� UHQHZDEOH� HQHUJ\� VRXUFHV�� DQ� LPSURYHG�XQGHUVWDQGLQJ�RI� WKH� LPSRVHG�
FRXSOHG�K\GUDXOLF�� WKHUPDO��PHFKDQLFDO�DQG�FKHPLFDO�SURFHVVHV� LV� UHTXLUHG�WR�HQVXUH�
WKH�VXEVXUIDFH�LV�GHYHORSHG�LQ�D�VDIH��VHFXUH�PDQQHU��3RUH-VSDFHV�SUHVHQW�ZLWKLQ�WKHVH�
VXEVXUIDFH�IRUPDWLRQV�ZLOO�GHIRUP�LQ�UHVSRQVH�WR�WKH�FKDQJHV�LQ�HIIHFWLYH�VWUHVV��DQG�LQ�
JHQHUDO��WKH�SK\VLFDO�PHFKDQLVPV�FRQWUROOLQJ�VWUHVV-GHSHQGHQW�SRUH�GHIRUPDWLRQV�DUH�
ZHOO-XQGHUVWRRG�� ERWK� DQDO\WLFDOO\� �EDVHG� RQ� SRURHODVWLFLW\� WKHRU\��� DQG�
H[SHULPHQWDOO\��7KHVH�SRURPHFKDQLFDO� LQWHUDFWLRQV�KDYH�EHHQ�VKRZQ�WR�KDYH�D�PDMRU�
LPSDFW�RQ�VLQJOH-SKDVH��L�H���DEVROXWH�SHUPHDELOLW\��DQG�PXOWLSKDVH�IORZ�SURSHUWLHV�RI�
SRURXV� PHGLD� DQG� VR� LW� LV� H[SHFWHG� WKDW� PXOWLSKDVH� IORZ� PHFKDQLVPV� LQFOXGLQJ�
GUDLQDJH�DQG�LPELELWLRQ�ZRXOG�DOVR�H[SHFWHG�WR�EH�GHIRUPDWLRQ-GHSHQGHQW�LQ�SRURXV�
PHGLD�� 7RGD\�� VRSKLVWLFDWHG�PRGHOV� DUH�EHLQJ�GHYHORSHG�DQG� LPSOHPHQWHG� WKDW� FDQ�
FDSWXUH� FRPSOH[� PXOWLVFDOH�� PXOWLSK\VLFV� SKHQRPHQD� EXW� UDUHO\� GR� WKHVH� PRGHOV�
LQFRUSRUDWH�G\QDPLF�FKDQJHV��L�H��SRUH�YROXPH�DQG�WRSRORJ\�FKDQJHV�GXH�WR�FKDQJHV�
LQ�HIIHFWLYH�VWUHVV��LQ�UHODWLYH�SHUPHDELOLW\�DQG�RU�FDSLOODU\�SUHVVXUH�UHODWLRQVKLSV��7KLV�
SUHVHQWDWLRQ� ZLOO� H[SORUH� UHFHQW� H[SHULPHQWDO� VWXGLHV� WKDW� KDYH� UHYHDOHG� VLJQLILFDQW�
LPSDFWV� RQ� WKH� PXOWLSKDVH� IORZ� SURSHUWLHV� �H�J��� UHODWLYH� SHUPHDELOLW\� DQG� FDSLOODU\�
SUHVVXUH�� RI� URFNV� DV� D� UHVXOW� RI� HIIHFWLYH� VWUHVV-LQGXFHG� SRUH� GHIRUPDWLRQ� DQG� WKH�
LPSDFWV�RQ�PRGHOLQJ�IURP�WKH�SRUH�QHWZRUN�VFDOH�WR�UHVHUYRLU�VFDOH�ZLOO�EH�GLVFXVVHG�
LQ�UHODWLRQ�WR�WKHVH�VWXGLHV� � 

,QYLWHG�6SHDNHUV��3DUDOOHO�6HVVLRQ 
������-�������&(7 
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0DäD�3URGDQRYLF� 
7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ� 
 
'DWD-EDVHG�SUHGLFWLRQ�RI�WUDQVSRUW�LQ�KHWHURJHQHRXV�
SRURXV�PHGLD� 
 
7KH� FXUUHQW� EDUULHU� WR� VFLHQWLILF� SURJUHVV� LQ� PDQ\� VFLHQFH� DQG�
HQJLQHHULQJ�ILHOGV�LV�QRW�DFTXLULQJ�GDWD��EXW�HIILFLHQWO\�XVLQJ�LW�IRU�
FKDUDFWHUL]DWLRQ�� VLPXODWLRQ� RI� WUDQVSRUW� SURFHVVHV� DQG�
LQWHJUDWLRQ� DFURVV� VSDWLDO� DQG� WHPSRUDO� VFDOHV�� ,Q� GLJLWDO� URFN�
SHWURSK\VLFV�� VSHFLILFDOO\�� DGYDQFHV� LQ� KLJK-UHVROXWLRQ� LPDJLQJ�

WHFKQLTXHV� LQ� WKH�SDVW� ��� \HDUV�KDYH�SURYLGHG�D�ZHDOWK�RI� �'�DQG��'�GDWDVHWV� WKDW�
UHYHDO� WKH� PLFURVWUXFWXUH� RI� DQG� WUDQVSRUW� SKHQRPHQD� LQ� URFNV� DQG� VRLO� RQ� VFDOHV�
UDQJLQJ�IURP�QDQRPHWHUV� WR�FHQWLPHWHUV��0DQ\�RI� WKRVH�DUH�FXUDWHG� LQ�'LJLWDO�5RFNV�
3RUWDO� KWWSV���ZZZ�GLJLWDOURFNVSRUWDO�RUJ�� 
 
,� SUHVHQW� D� QRYHO� PXOWLVFDOH� GHHS� OHDUQLQJ� PRGHO� WKDW� LV� DEOH� WR� OHDUQ� IURP� ODUJH�
QXPEHU� RI� LPDJHV� RI� SRURXV�PHGLD� �KDUYHVWHG� IURP� 'LJLWDO� 5RFNV� 3RUWDO�� DQG� GDWD�
UHVXOWLQJ� IURP� UHODWHG� KLJK� SHUIRUPDQFH� FRPSXWLQJ�� 7KH� PDLQ� QRYHOW\� LV� DELOLW\� WR�
SHUIRUP�DFFXUDWH� LQIHUHQFH�RI� ODUJH�FRPSXWDWLRQDO�GRPDLQV�H[KLELWLQJ�KHWHURJHQHLW\�
WKDQNV�WR�LWV�HIILFLHQW�DUFKLWHFWXUH�RI�OLQNHG�QHXUDO�QHWZRUNV��7KH�PRGHO�RSHQV�XS�WKH�
SRVVLELOLW\�RI�VROYLQJ�GRPDLQ�VL]HV� WKDW�ZRXOG�QRW�EH� IHDVLEOH�XVLQJ�WUDGLWLRQDO�GLUHFW�
VLPXODWLRQ�WRROV�RQ�D�GHVNWRS�FRPSXWHU��DV�ZHOO�DV�LQWHJUDWLQJ�PXOWLSOH�LPDJLQJ�VFDOHV�
DYDLODEOH�� 7KH� PHWKRG� LV� YDOLGDWHG� ZLWK� D� ODPLQDU� IOXLG� IORZ� FDVH� XVLQJ� YXJJ\� DQG�
IUDFWXUHG� SRURXV� VDPSOHV��:KLOH� ZH� FXUUHQWO\� IRFXV� RQ� YDOLGDWLQJ� VLQJOH� SKDVH� IORZ�
DSSOLFDWLRQ�� ZH� H[SHFW� WKH� PHWKRGRORJ\� WR� EH� DSSOLFDEOH� WR� PDQ\� RWKHU� WUDQVSRUW�
SUREOHPV�ZKHUH�JHRPHWU\�KDV�WKH�ILUVW�RUGHU�LQIOXHQFH��:H�ILQDOO\�GLVFXVV�LQWHJUDWLRQ�
RI�ERWK�JHRPHWU\�DQG�ZHWWDELOLW\�LQIRUPDWLRQ�LQ�SUHGLFWLQJ�WZR�SKDVH�IORZ�LQ�IUDFWXUHV��
7KH�SUHVHQWHG�ZRUN�LV�FROODERUDWLRQ�ZLWK�-��(��6DQWRV��<��<LQ�� 0��3\UF]��  1��/XEEHUV��(��
*XLOWLQDQ��+��9LVZDQDWKDQ�DQG�4��.DQJ� 

,QYLWHG�6SHDNHUV��3DUDOOHO�6HVVLRQ��FRQW� 
������-�������&(7 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 
06��������)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD 
&KDLUV��+DPLG�1LFN��2ODY�0R\QHU 

����� 
>���@�4XDQWLI\LQJ�WKH�FRUURVLYH�LQIOXHQFH�RI�ZDWHU�DQG�FDUERQ�GLR[LGH�
RQ�FUDFN�SURSDJDWLRQ�LQ�VLOLFD  
)LOLS�6LPHVNL��0DWWKLDV�,KPH��$OLUH]D�2VWDGKRVVHLQ 

����� 
>���@�2LO�UHFRYHU\�PHFKDQLVPV�LQ�IUDFWXUHG�WLJKW�FDUERQDWHV�E\�ORZ-,)7�
IRDPV  
;LRQJ\X�&KHQ��.LVKRUH�0RKDQW\ 

����� 

>���@�3UHGLFWLQJ�WKH�ORQJ-WHUP�WKHUPDO�SHUIRUPDQFH�RI�(*6�UHVHUYRLUV�
IURP�WUDFHU�WHVWV�XVLQJ�HQVHPEOH�VPRRWKHU�ZLWK�PXOWLSOH�GDWD�
DVVLPLODWLRQ 
+XL�:X��3HQJFKHQJ�)X��$GDP�+DZNLQV��+HZHL�7DQJ��-RVHSK�0RUULV 

����� 
>���@�4XLFN�HVWLPDWLRQ�RI�FDSLOODU\�SUHVVXUH�EDUULHU�RI�IUDFWXUHG�
FDSURFNV� 
&KULVWLQH�0DLHU��5DIDHO�0DUFK��1LNR�.DPSPDQ��.HYLQ�%LVGRP��)ORULDQ�'RVWHU 

����� 

>���@�&RPSDULVRQ�RI�PHFKDQLFDO�DQG�K\GUR-PHFKDQLFDO�PRGHOV�IRU�
URXJK�IUDFWXUH�FORVXUH 
$PDQ]KRO�.XEH\HY��.HYLQ�%LVGRP��1LNR�.DPSPDQ��)ORULDQ�'RVWHU 

����� 
>���@�$�)ORZ�'LVFUHWL]DWLRQ�IRU�&RQIRUPLQJ�'LVFUHWH�)UDFWXUH�0DWUL[�
0RGHOV�ZLWK�8SVFDOLQJ�RI�0LFURVFDOH�)UDFWXUHV 
(LULN�.HLOHJDYOHQ��$OHVVLR�)XPDJDOOL 

����� 
>���@�$�3KDVH-)LOHG-%DVHG�)RUPXODWLRQ�IRU�&KHPLFDOO\-$VVLVWHG�
)UDFWXUH 
3DQLD�1HZHOO��6FKXOHU�/RXLV 

����� 

>���@�7UDQVSRUW-5HODWHG�&RQVHTXHQFHV�RI�*HRFKHPLFDO�,QWHUDFWLRQV�
EHWZHHQ�6KDOH��)RUPDWLRQ�%ULQH��DQG�5HDFWLYH�)OXLG 
$VOL�6��*XQGRJDU��&\QWKLD�0��5RVV��-HQQLIHU�'UXKDQ��$GDP�'��-HZ��-RKQ�
%DUJDU��$QWKRQ\�.RYVFHN 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06��-$����� 3K\VLFV�RI�PXOWL-SKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
&KDLUV��6DPDQ�$U\DQD��<DQLY�(GHU\ 

����� 
>���@�0RGHOLQJ�FDSLOODU\�IOXFWXDWLRQV�IRU�IOXLG�IORZ�ZLWK�ODWWLFH�
%ROW]PDQQ�PHWKRGV�XVLQJ�/%30  
0LQJ�)DQ��-DPHV�0F&OXUH��6WHIIHQ�%HUJ��5\DQ�$UPVWURQJ 

����� 
>���@�5HODWLYH�3HUPHDELOLW\�LQ�5HDFWLYH�&DUERQDWH�5RFN  
-RKQDWKDQ�0RRUH��'XVWLQ�&UDQGDOO��3DXO�+ROFRPE 

����� 
>���@�/RQJ-WHUP�UHGLVWULEXWLRQ�RI�UHVLGXDO�JDV�GXH�WR�QRQ-FRQYHFWLYH�
WUDQVSRUW 
<D[LQ�/L��6DOO\�%HQVRQ 

����� 
>���@�0HDVXULQJ�DQG�PRGHOOLQJ�PXOWL-VFDOH�IOXLG�GLVWULEXWLRQV�LQ�
KHWHURJHQHRXV�URFNV�EDVHG�RQ�;-UD\�PLFUR-FRPSXWHG�WRPRJUDSK\ 
6KDQ�:DQJ��/HR�5XVSLQL��6WHIDQLH�9DQ�2IIHQZHUW��$UMHQ�0DVFLQL��7RP�%XOWUH\V� 

����� 
>��@�)URP�WKH�QRQ-OLQHDU�'DUF\�ODZ�IRU�LPPLVFLEOH�WZR-SKDVH�IORZ�LQ�
SRURXV�PHGLD�WR�FRQVWLWXWLYH�HTXDWLRQV�IRU�HDFK�IOXLG�VSHFLHV 
6XEKDGHHS�5R\��+nNRQ�3HGHUVHQ��6DQWDQX�6LQKD��$OH[�+DQVHQ 

����� 

>���@�&DOFXODWLRQ�RI�UHODWLYH�SHUPHDELOLWLHV�IRU�WZR-SKDVH�IORZV�LQ�
KLJKO\�SHUPHDEOH�SRURXV�PHGLD��GLUHFW�FDOFXODWLRQ�YV��FORVXUH�SUREOHPV 
0D[LPH�&RFKHQQHF��+RVVHLQ�'DYDU]DQL��<RKDQ�'DYLW��6WpIDQ�&RORPEDQR��
,RDQQLV�,JQDWLDGLV��0LFKHO�4XLQWDUG 

����� 
>���@�5H-HYDOXDWLRQ�RI�WKH�HYROXWLRQ�DQG�K\VWHUHVLV�RI�UHODWLYH�
SHUPHDELOLW\�LQ�JDV-EULQH�V\VWHPV��WLPH�WR�VKLIW�WKH�SDUDGLJP" 
0LFKDHO�&OHQQHOO��6DPXHO�-DFNVRQ��0RMWDED�6H\\HGL 

����� 
>��@�)RUFHG�DLU�DQG�ZDWHU�IORZ�LQ�JUDQXODU�PHGLD�–�PRGHOV�DQG�
H[SHULPHQWV 
,ODQ�%HQ-1RDK��6KPXOLN�3��)ULHGPDQ��,GR�1LWVDQ 

7LPH�%ORFN�& 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-
SK\VLFV��QRQOLQHDU�FRXSOHG�SURFHVVHV 
&KDLUV��&DULQD�%ULQJHGDO��6KX\X�6XQ 

����� 
>���@�*0V)(0�IRU�5HGXFHG�0RGHO��RI�'DUF\�)ORZ�LQ�)UDFWXUHG�3RURXV�
0HGLD  
0DQDO�$ORWLEL��+XDQJ[LQ�&KHQ��6KX\X�6XQ 

����� 
>���@�$�VSDFH-WLPH�PXOWLVFDOH�PRUWDU�PL[HG�ILQLWH�HOHPHQW�PHWKRG�IRU�
IORZ�LQ�SRURXV�PHGLD  
&DUROLQH�-DSKHW��0DQX�-D\DGKDUDQ��0LFKHO�.HUQ��0DUWLQ�9RKUDOLN��,YDQ�<RWRY 

����� 
>���@�$�PXOWLVFDOH�PL[HG�ILQLWH�HOHPHQW�PHWKRG�DSSOLHG�WR�WKH�
VLPXODWLRQ�RI�WZR-SKDVH�IORZV 
3KLOLSSH�5HP\�%HUQDUG�'HYORR��2PDU�'XUDQ��-RVH�9LOOHJDV 

����� 

>���@�$�0D[LPXP�3ULQFLSOH�3UHVHUYLQJ�)LQLWH�(OHPHQW�0HWKRG�ZLWK�
0DVV�&RQVHUYDWLRQ�3URSHUW\�IRU�6ROYLQJ�7ZR-3KDVH�)ORZ�LQ�
+HWHURJHQHRXV�3RURXV�0HGLD 
0RKDPPDG�6DUUDI�-RVKDJKDQL��%HDWULFH�5LYLHUH� 

����� 
>���@�$�SRVWHULRUL�HVWLPDWHV�IRU�WKH�5LFKDUGV�HTXDWLRQ��QRQOLQHDULW\��
GHJHQHUDF\�	�KHWHURJHQHLW\� 
.RRQGDQLEKD�0LWUD��0DUWLQ�9RKUDOLN� 

����� 
>���@�&RPSRVLWLRQDO�PRGHOLQJ�LQ�SRURXV�PHGLXP�XVLQJ�LWHUDWLYH�,03(&�
VFKHPH�DQG�FRQVWDQW�YROXPH-WHPSHUDWXUH�IODVK 
7RPiä�6PHMNDO��-Lĝt�0LN\äND� 

����� 
>��@�2Q�0RGHOLQJ�1RQOLQHDU�)ORZ�DQG�5HDFWLYH-'LIIXVLRQ�3URFHVVHV�LQ�
+HWHURJHQHRXV�)UDFWXUHG-3RURXV�0HGLD 
%RULV�)D\ELVKHQNR��-HQV�%LUNKRO]HU� 

����� 

>��@�'U\LQJ�RI�FDSLOODU\�SRURXV�PHGLD�VLPXODWHG�E\�FRXSOLQJ�RI�
FRQWLQXXP�PRGHO�DQG�SRUH�QHWZRUN�PRGHO 
;LDQJ�/X��(YDQJHORV�7VRWVDV��$EGROUH]D�.KDUDJKDQL 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06������� 3RUH-VFDOH�PRGHOOLQJ 
&KDLUV��<DVKDU�0HKPDQL��2OHJ�,OLHY 

����� 
>��@�5KHRORJ\�RI�WZR-SKDVH�IORZ�LQ�PL[HG-ZHW�SRURXV�PHGLD��'\QDPLF�
QHWZRUN�PRGHO�DQG�FDSLOODU\�ILEHU�EXQGOH�UHVXOWV  
+XUVDQD\�)\KQ��6DQWDQX�6LQKD��6XEKDGHHS�5R\��$OH[�+DQVHQ 

����� 

>��@�5HDFWLYH�,PELELWLRQ�RI�$FLGLF�)OXLGV�LQ�8QFRQYHQWLRQDO�6KDOHV��$�
1HZ�([SHULPHQWDO�$SSURDFK�WR�3RUH-6FDOH�5HDFWLYH�7UDQVSRUW�
0RGHOLQJ  
9LQFHQW�1RHO��-HQQLIHU�'UXKDQ��)ORUHQW�%URQGROR��:HQMLD�)DQ��$QWKRQ\�
.RYVFHN��-RKQ�%DUJDU��*RUGRQ�%URZQ� 

����� 

>���@�$�IXOO\�SDUDOOHO�3RUH�1HWZRUN�6LPXODWRU�IRU�SOXJ�VL]H�SRUH�VFDOH�
VLPXODWLRQV 
0RKDPHG�5HJDLHJ��&OpPHQW��9DUORWHDX[��$UWKXU�0RQFRUJH��7LWO\��)DUKDQD�
)DLVDO��,JRU�%RQGLQR 

����� 
>���@�2LO�'LVSODFHPHQW�E\�:DWHU�7KURXJK�DQ�8OWUD-1DUURZ�.HURJHQ�
3RUH�7KURDW��D�0ROHFXODU�'\QDPLF�6WXG\ 
<LQXR�=KDR��:HQKXL�/L��6KL\XDQ�=KDQ��=KHKXL�-LQ� 

����� 
>���@�2Q�SRUH�VFDOH�VLPXODWLRQ�RI�UHDFWLYH�IORZV�LQ�WKH�FDVH�RI�FRPSOH[�
FDWDO\WLF�UHDFWLRQV 
3DYHO�7RNWDOLHY��2OHJ�,OLHY� 

����� 

>���@�0XOWL-VFDOH�LPDJLQJ�DQG�PRGHOOLQJ�IRU�UHDFWLYH�GLIIXVLRQ�DW�WKH�
SRUH�VFDOH 
$EGHOODWLI�6$$'$/',1��'RPLQLTXH�%HUQDUG 

����� 

>���@�,QIOXHQFH�RI�LQWHUPLWWHQF\�HIIHFWV�RQ�DQRPDORXV�WUDQVSRUW�LQ�
VLQJOH-�DQG�PXOWL-SKDVH�IORZ�LQ�SRURXV�PHGLD 
=Rs�3HQNR��<DRID�/L���$PLUKRVHLQ�%HJPRKDPPDGL��'LRJR�%ROVWHU��.HQQHWK�
&KULVWHQVHQ� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������$GYDQFHV�LQ�PRGHOLQJ�DQG�VLPXODWLRQ�RI�SRURPHFKDQLFV 
&KDLUV��)ORULQ�$��5DGX��;LDR]KH�+X 

����� 

>���@�7ZR-JULG�FRXSOHG�PXOWLSKDVH�IORZ�DQG�JHRPHFKDQLFV��$�
FRPSXWDWLRQDO�IUDPHZRUN�WR�PRQLWRU�VXUIDFH�GHIRUPDWLRQ�DORQJ�ZLWK�
IDXOW�VOLS�GXH�WR�SRUH�SUHVVXUH�SHUWXUEDWLRQV  
6DXPLN�'DQD��%LUHQGUD�-KD 

����� 
>���@�+LJK-RUGHU�$'(�VROXWLRQ�IRU�WKH�IOXLG�GLIIXVLRQ�HTXDWLRQ�DQG�
DSSOLFDWLRQ�LQ�FRXSOHG�K\GUR-PHFKDQLFDO�VLPXODWLRQ  
0DUWH�*XWLHUUH]��6LPRQ�3UDVVHW\R 

����� 

>���@�&RPSXWDWLRQDO�DQDO\VLV�RI�6LQJOH-�DQG�7ZR-3KDVH�)ORZ�ZLWK�
3RURHODVWLFLW\ 
0DULD�:DUUUHQ��+RQJN\X�<RRQ��0DULR�-��0DUWLQH]��$OH[�.XFDOD�� 
-DPHV�(��%HDQ� 

����� 
>���@�%ORFN-SDUWLWLRQHG�VROYHUV�IRU�SRURPHFKDQLFV�YLD�JUDGLHQW�IORZV�
DQG�PLQLPL]DWLRQ 
-DNXE�%RWK��.XQGDQ�.XPDU��-DQ�0DUWLQ�1RUGERWWHQ��)ORULQ�$GULDQ�5DGX 

����� 

>���@�3RUH�VFDOH�PRGHOOLQJ�RI�HODVWLF�SURSHUWLHV�RI�K\GUDWH�EHDULQJ�
VHGLPHQW�EDVHG�RQ�KLJK�UHVROXWLRQ�V\QFKURWURQ�[-UD\�FRPSXWHG�
WRPRJUDSK\�LPDJLQJ 
5XL�/L��<LQJIDQJ�=KRX��:HQER�=KDQ��-LDQKX\�<DQJ 

����� 
>���@�6FDODEOH�0XOWLOHYHO�0HWKRGV�IRU�3RURHODVWLFLW\ 
$UQH�1DHJHO� 

����� 

>���@�6WXG\�RQ�WKH�FRXSOLQJ�PDWKHPDWLFDO�PRGHO�RI�JDV-ZDWHU�WZR-
SKDVH�VHHSDJH�DQG�ZHOOERUH�SLSH�IORZ�LQ�IUDFWXUHG�KRUL]RQWDO�:HOOV�LQ�
YROFDQLF�JDV�UHVHUYRLUV 
4LQJ\XDQ�/L��&KHQJ�)X� 

����� 

>���@�)(0�0RGHOLQJ�RI�6SKHULFDO�,QGHQWDWLRQ�LQ�D�3RUR-HODVWR-SODVWLF�
0HGLXP 
+DL\LQJ�+XDQJ��0LQJ�/LX 
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,QWHU3RUH�3RUH/DE�$ZDUG�IRU�<RXQJ�5HVHDUFKHUV�
0DMD�5XHFNHU 
(LQGKRYHQ�8QLYHUVLW\�RI�7HFKQRORJ\��7KH�1HWKHUODQGV 

 
7KLV�DZDUG� LV�JLYHQ�WR�D�\RXQJ�UHVHDUFKHU� LQ�UHFRJQLWLRQ�RI�
RXWVWDQGLQJ�FRQWULEXWLRQV�LQ�WKH�ILHOG�RI�SRURXV�PHGLD�IURP�
D� IXQGDPHQWDO� SRLQW� RI� YLHZ�� 7KH� UHVHDUFK� PD\� EH�
WKHRUHWLFDO��FRPSXWDWLRQDO��RU�H[SHULPHQWDO�� 

$� ZRUG� RI� JUDWLWXGH�� 7KLV�DZDUG�KDV�EHHQ�PDGH�SRVVLEOH�
E\� D� JHQHURXV� JUDQW� IURP 3RUH/DE �D� UHVHDUFK� FHQWHU� RI� H[FHOOHQFH� MRLQWO\�
IRUPHG� E\� 1RUZHJLDQ� 8QLYHUVLW\� RI� 6FLHQFH� DQG� 7HFKQRORJ\� �1718��� LQ�
7URQGKHLP�DQG�WKH�8QLYHUVLW\�RI�2VOR��8L2���3RUH/DE�IRFXVHV�RQ�WKH�SK\VLFV�RI�
SRURXV�PHGLD�XVLQJ�H[SHULPHQWDO��WKHRUHWLFDO�DQG�FRPSXWDWLRQDO�PHWKRGV�� 

,QWHU3RUH�$ZDUG�IRU�3RURXV�0HGLD�5HVHDUFK 
+DGL�+DMLEH\JL� 
78�'HOIW��7KH�1HWKHUODQGV 
 
 
7KH�,QWHU3RUH�$ZDUG�IRU�3RURXV�0HGLD�5HVHDUFK�LV�EHVWRZHG�
XSRQ� VHQLRU� VFLHQWLVWV� ZKR� KDYH� GHPRQVWUDWHG VLJQLILFDQW�
WKHRUHWLFDO�� H[SHULPHQWDO� DQG�RU� PRGHOOLQJ� DGYDQFHV� LQ�
XQGHUVWDQGLQJ� RI� SUREOHPV� LQYROYLQJ� QDWXUDO� DQG�RU�
LQGXVWULDO�SRURXV�PHGLD�� 



���� 

 

7LPH�%ORFN�$ 

 
6WHYHQ�-DQVHQ 
8OP�8QLYHUVLW\� 
 
+RZ�GR�SODQWV�WUDQVSRUW�ZDWHU�XQGHU�QHJDWLYH�SUHVVXUH"� 
 
$�ORQJVWDQGLQJ�TXHVWLRQ�LQ�ELRORJ\�LV�KRZ�SODQWV�DUH�DEOH�WR�
WUDQVSRUW� ZDWHU� XQGHU� QHJDWLYH� SUHVVXUH� ZLWKRXW�
FRQWLQXRXVO\�GHYHORSLQJ�ODUJH�JDV�EXEEOHV�LQ�WKHLU�WUDQVSRUW�
V\VWHP�� ZKLFK� ZRXOG� UHGXFH� VDS� WUDQVSRUW� IURP� URRWV� WR�
OHDYHV�� 7KLV� SURFHVV�� ZKLFK� LV� NQRZQ� WR� EH� GULYHQ� E\�

WUDQVSLUDWLRQ�DW�WKH�OHDI� OHYHO�� LV�KLJKO\�SX]]OLQJ�EHFDXVH�WKH�ZDWHU�WUDQVSRUWHG�LV�
VDWXUDWHG�ZLWK�JDV�DQG�LQFOXGHV�LQVROXEOH��DPSKLSKLOLF�OLSLGV�ZLWK�D�SRWHQW�VXUIDFH�
DFWLYLW\��<HW��SODQWV�VHHP�WR�EH�DEOH�WR�SHUIRUP�WKLV�SURFHVV�VHHPLQJO\�HIIRUWOHVVO\�
RQ�D�GDLO\�EDVLV�  
,Q� WKLV� WDON�� ZH� ZLOO� GLVFXVV� WKH� LPSRUWDQFH� RI� PHVRSRURXV� FHOO� ZDOOV� EHWZHHQ�
QHLJKERXULQJ�FRQGXLWV��DQG�WKHLU�IXQFWLRQDO�VLJQLILFDQFH�DV�VDIHW\�YDOYHV��7KH�����
WR�������QP�WKLFN�SRURXV�FHOO�ZDOOV��ZKLFK�KDYH�DQ�HVWLPDWHG�SRURVLW\�RI������DQG�
FD�� ��� QP� ZLGH� SRUH� FRQVWULFWLRQV�� DUH� VKRZQ� WR� SURGXFH� VXUIDFWDQW� FRDWHG�
QDQREXEEOHV�E\� WKH� ORFDO� VXUIDFH� WHQVLRQ�RI� OLSLGV� DW�JDV-OLTXLG� LQWHUIDFHV�� ,Q� DQ�
LQWHUGLVFLSOLQDU\� DSSURDFK�� DQ� RYHUYLHZ� RI� H[SHULPHQWDO� HYLGHQFH� ZLOO� EH�
SUHVHQWHG�� WRJHWKHU�ZLWK�SRURXV�FHOO�ZDOO�PRGHOV��DQG�VLPXODWLRQV�RI�PXOWLSKDVH�
LQWHUDFWLRQV� EHWZHHQ�JDV�� VXUIDFWDQWV��ZDWHU�� DQG� VROLG� VXEVWDQFHV�� 7KHVH� HIIRUWV�
FRQWULEXWH� QRW� RQO\� WR� RXU� XQGHUVWDQGLQJ� RI� WKH� PHFKDQLVPV� RI� SODQW� ZDWHU�
WUDQVSRUW��EXW�ZLOO�DOVR�HQDEOH�XV�WR�GHYHORS�HYDSRUDWLRQ-GULYHQ�WUDQVSRUW�GHYLFHV�
WKDW�GR�QRW�UHO\�RQ�IRVVLO�IXHOV��0RUHRYHU��XQGHUVWDQGLQJ�K\GUDXOLF�IDLOXUH�LQ�SODQWV�
KDV� LPSOLFDWLRQV� IRU� JOREDO� ZDWHU� FRQVHUYDWLRQ�� DQG� KRZ� SODQWV� ZLOO� GHDO� ZLWK�
LQFUHDVHG�OHYHOV�RI�GURXJKW�DW�PDQ\�SODFHV�ZRUOGZLGH� 

.H\QRWH�/HFWXUH 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 

06������� 3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH 
&KDLUV��(OHQL�6WDYURSRXORX��:LOOLDP�5RVHQ 

����� 
>���@�7KH�HIIHFW�RI�WKH�GLIIXVLRQ�WUDQVSRUW�RQ�&2�-ZDWHU-URFN�UHDFWLRQV�
LQ�&2��VHTXHVWUDWLRQ�FRQGLWLRQ  
0LQJNXQ�&KHQ��<L�=KDQJ��<RQJFKHQ�6RQJ 

����� 
>���@�0LQHUDO�UHDFWLRQ�DQG�VDOW�SUHFLSLWDWLRQ�RQ�D�FKLS��XQGHUVWDQGLQJ�
DTXLIHU-UHOHYDQW�JHRORJLFDO�SURFHVVHV�GXULQJ�&2��LQMHFWLRQ  
7LDQFKHQJ�-L��3HL[XH�-LDQJ��5XLQD�;X 

����� 
>���@�)DXOW�SHUPHDELOLW\�DQG�UXSWXUH�LQ�LQMHFWLRQ-LQGXFHG�HDUWKTXDNHV 
'DYLG�6DQWLOODQ�6DQFKH]��5XEHQ�-XDQHV��-XDQ�&DUORV�0RVTXHUD��/XLV�&XHWR-
)HOJXHURVR 

����� 

>���@�*UDYLWDWLRQDO�LQVWDELOLWLHV�LQ�D��'�SRURXV�PHGLXP�IRU�FDUERQ�
GLR[LGH�VHTXHVWUDWLRQ 
-D\EUDWD�'KDU��6KDELQD�$VKUDI��)UDQoRLV��1DGDO��3DWULFH��0HXQLHU��<YHV�
0pKHXVW 

����� 
>���@�1XPHULFDO�PRGHOOLQJ�ZRUNIORZ�IRU�WKH�DVVHVVPHQW�RI�ORQJ�WHUP�
&2��VWRUDJH�LQ�VDOLQH�DTXLIHUV�XVLQJ�WKH�6OHLSQHU�GDWDVHW 
7DNDVKL�$NDL��'DLPD��+DVHJDZD��+LURVKL�2NDEH� 

����� 

>���@�(YROXWLRQ�RI�%HQWKHLPHU�6DQGVWRQH�:HWWDELOLW\�'XULQJ�&\FOLF�
VF&2�B��-%ULQH�,QMHFWLRQV 
$QQD�+HUULQJ��=KH�/L��&KHQKDR�6XQ��5\DQ�$UPVWURQJ��-DPHV�0F&OXUH��
0RKDPPDG�6DDGDWIDU 

����� 
>���@�$�SK\VLFV-EDVHG�PRGHO�WR�SUHGLFW�WKH�LPSDFW�RI�KRUL]RQWDO�OD\HUV�
RQ�&2��SOXPH�PLJUDWLRQ 
0DDUWMH�%RRQ��6DOO\�%HQVRQ� 

����� 

>���@�,QVLJKWV�IURP�UHDFWLYH�SHUFRODWLRQ�H[SHULPHQWV�RQ�WKH�JHRORJLFDO�
VWRUDJH�RI�&2��LQ�QDWXUDO�VHUSHQWLQLWHV 
)ORULDQ�2VVHOLQ��0LFKHO�3LFKDYDQW��+XJXHV�5DLPERXUJ��0DUF�8OULFK 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��-$������3K\VLFV�RI�PXOWL-SKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
&KDLUV��6WHIIHQ�%HUJ��5\DQ�$UPVWURQJ 

����� 

>��@�7KH�LPSDFW�RI�SRUH�VFDOH�FRPSOH[LW\�RQ�IOXLG�LQYDVLRQ�SDWWHUQV�LQ�
KHWHURJHQHRXV�URFNV  
7RP�%XOWUH\V��$UMHQ�0DVFLQL��6KDQ�:DQJ��6KDURQ�(OOPDQ��/HR�5XVSLQL��0DULMQ�
%RRQH��9HHUOH�&QXGGH 

����� 
>��@�'\QDPLF�LPDJLQJ�RI�WKH�LPSDFWV�RI�IORZ�LQVWDELOLWLHV�DQG�URFN�
KHWHURJHQHLW\�RQ�&2��SOXPH�PLJUDWLRQ  
0RMWDED�6H\\HGL��0LFKDHO�&OHQQHOO��6DPXHO�-DFNVRQ 

����� 
>���@�0RGHOLQJ�WUDQVSRUW�RI�PHWKDQH�XQGHU�QDQRFRQILQHPHQW�DQG�LQ�
FRPSOH[�JHRPHWULHV�XVLQJ�/%0 
/LQJIX�/LX��<XKDQJ�:DQJ��6DPDQ�$U\DQD� 

����� 
>���@�(QHUJ\�GLVVLSDWHG�WKURXJK�+DLQHV�MXPSV�LQ�GLVRUGHUHG�PHGLD 
5DQ�+ROW]PDQ��0DUFR�'HQW]��5DPRQ�3ODQHW��-RUGL�2UWLQ� 

����� 
>�@�(QHUJ\�GLVVLSDWLRQ�DV�KHDW�LQ�SRURXV�PHGLD�IORZ 
6LJQH�.MHOVWUXS��'LFN�%HGHDX[��2ODY�*DOWHODQG��0,FKDHO�5DXWHU��&DUO�)UHGULN�
%HUJ��$OH[�+DQVHQ 

����� 

>��@�1RQ-WKHUPDO�)OXFWXDWLRQV�LQ�6WHDG-6WDWH�0XOWLSKDVH�)ORZ�LQ�
3RURXV�0HGLD 
0DMD�5XHFNHU��6WHIIHQ�%HUJ��$SRVWRORV�*HRUJLDGLV��5\DQ�$UPVWURQJ��+ROJHU�
2WW��1LHOV�%UXVVHH� 

����� 
>���@�5HJLPHV�RI�IOXLG-GULYHQ�JUDLQ�WUDQVSRUW�LQ�D�FRQILQHG�FKDQQHO 
0LOHV�0RUJDQ��'DYLG�-DPHV��%MRUQDU�6DQGQHV 

����� 
>���@�7KHUPRG\QDPLF�6WDELOLW\�RI�%XEEOH�3RSXODWLRQ�LQ�3RURXV�0HGLD 
.H�;X��<DVKDU�0HKPDQL��&KXDQ[L�:DQJ��<XHKRQJMLDQJ�<X 

7KXUVGD\�'
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06������� 3RUH-VFDOH�PRGHOOLQJ 
&KDLUV��6WHSKDQH�=DOHVNL��.H�;X 

����� 
>��@�$�OHYHO�VHW�DSSURDFK�WR�2VWZDOG�ULSHQLQJ�RI�UHDO�JDVHV�LQ�SRURXV�
PHGLD  
'HHSDN�6LQJK��+HOPHU�$QGUp�)ULLV��(VSHQ��-HWWHVWXHQ��-RKDQ�2ODY�+HOODQG 

����� 
>��@�)ORZ�EHKDYLRU�LQ�D�URXJK�FKDQQHO�ZLWK�SRUH�VFDOH�VLPXODWLRQ  
&KDR�;X��/HL�=KDQJ��*XDQJSX�=KX��+DL�6XQ��<RQJIHL�<DQJ��-XQ�<DR 

����� 
>���@�$�SDUDOOHOL]HG�PHWKRG�WR�PRGHO�FRPELQHG�FRQGXFWLYH-UDGLDWLYH�
KHDW�WUDQVIHU�DW�ORFDO�VFDOH�ZLWKLQ�KLJKO\�SRURXV�PHGLD 
$WLQ�.XPDU��-HURPH�9LFHQWH��<DQQ�)DYHQQHF��%HQRLW�5RXVVHDX 

����� 
>���@�3OXJ�VL]H�SRUH�QHWZRUN�H[WUDFWLRQ�ZLWK�SRUH�VFDOH�UHVROXWLRQ 
&OpPHQW�9DUORWHDX[��0RKDPHG�5HJDLHJ��7LWO\��)DUKDQD�)DLVDO���,JRU�%RQGLQR 

����� 
>���@�'LJLWDO�URFN�DSSURDFK�IRU�XQFRQVROLGDWHG�VDQGSDFNV�XVLQJ�SRUH�
QHWZRUN�PRGHOOLQJ��FRPSDULVRQ�EHWZHHQ�H[SHULPHQWV�DQG�VLPXODWLRQV 
(ULND�6KLRWD��7DNDVKL�$NDL��0LFKLKDUX�+L\DPD� 

����� 

>���@�7RZDUGV�8QLILHG�3RUH-6FDOH�,PDJLQJ�DQG�0RGHOOLQJ��&RPSDULVRQ�
RI�WKH�*HQHUDOL]HG�1HWZRUN�0RGHO�ZLWK�'LUHFW�1XPHULFDO�6LPXODWLRQ 
/XNH�*LXGLFL��$OL�4DVHPLQHMDG�5DHLQL��0DUWLQ�%OXQW��7DNDVKL�$NDL��%UDQNR�
%LMHOMLF 

����� 
>���@�$�'\QDPLF�+\EULG�0XOWLVFDOH�0RGHO�IRU�6LPXODWLQJ�)ORZ�DQG�
0L[LQJ-&RQWUROOHG�5HDFWLRQV�LQ�3RURXV�0HGLD 
+DRUDQ�6XQ��;XKXL�0HQJ��;LDRIDQ�<DQJ� 

����� 

>���@�3RUH-VFDOH�REVHUYDWLRQ�DQG�LQVLJKW�RQ�KRZ�ZHWWDELOLW\�LPSDFWV�RLO�
UHFRYHU\�DQG�LWV�GHSHQGHQFH�RQ�URFN�VWUXFWXUH 
)DQOL�/LX��0RUDQ�:DQJ 
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7LPH�%ORFN�$� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06����,QQRYDWLYH�0HWKRGV�IRU�&KDUDFWHUL]DWLRQ��0RQLWRULQJ��DQG�,Q-6LWX�
5HPHGLDWLRQ�RI�&RQWDPLQDWHG�6RLOV�DQG�$TXLIHUV 
&KDLUV��&DUOR�%LDQFR��7DQQD]�3DN 

����� 
>���@�7KH�&KHPLFDO�%LRORJLFDO�5HPHGLDWLRQ�RI�1RQ-$TXHRXV�3KDVH�
/LTXLGV�LQ�+HWHURJHQHRXV�3RURXV�0LFURIOXLGLF�'HYLFHV  
<DQ�/L��:DQJ�;X��+DQJ\X�/L��-LDQFKXQ�;X��6KX\DQJ�/LX��;LDRSX�:DQJ 

����� 

>���@�*UDSKHQH�R[LGH�QDQRSDUWLFOHV�IRU�DTXLIHU�UHPHGLDWLRQ��WUDQVSRUW�
H[SHULPHQWV�DQG�UHDFWLYLW\�EDWFK�WHVWV�  
$OL�%HU\DQL��&DUOR�%LDQFR��7L]LDQD�7RVFR��0RKDPPDG�5H]D�$ODYL-
0RJKDGGDP��5DMDQGUHD�6HWKL 

����� 

>���@�'HYHORSPHQW�RI�D�QHZ�FRPSOH[�IOXLG�IRU�'1$3/�UHFRYHU\�DQG�
Q=9,�GHOLYHU\ 
6DJ\Q�2PLUEHNRY��6WpIDQ�&RORPEDQR��$PLU�+RVVHLQ�02+$00$',�
$/$0227,��$]LWD�$KPDGL��+RVVHLQ�'DYDU]DQL� 

����� 

>���@�$VVHVVPHQW�RI�WKH�UROH�RI�GHQVLILFDWLRQ�RQ�WKH�GLVSODFHPHQW�RI�
'1$3/�LQ�KLJK�SHUPHDEOH�SRURXV�PHGLD�XVLQJ�D�SRO\PHU�VROXWLRQ 
$PLU�+RVVHLQ�02+$00$',�$/$0227,��6WpIDQ�&RORPEDQR��6DJ\Q�
2PLUEHNRY��$]LWD�$KPDGL��+RVVHLQ�'DYDU]DQL� 

����� 
>���@�5HFRQVWUXFWLQJ�FRQWDPLQDQW�UHOHDVH�IXQFWLRQ�LQ�D�VDQGER[�
H[SHULPHQW 
-��-DLPH�*yPH]-+HUQiQGH]��=L�&KHQ 

����� 
>���@�3RUH-6FDOH�,QYHVWLJDWLRQ�RI�1DQR-(QKDQFHG�&KHPLFDO�6WUDWHJ\�
IRU�,Q-VLWX�&UXGH�2LO�&RQWDPLQDWHG�6RLOV�5HPHGLDWLRQ 
=DKUD�6DNKDHL��1DMPHK�*KRUEDQL�6DDGDWDEDGL��(KVDQ�1LNRRHH��0DVRXG�5LD]L� 

����� 

>���@�6\QFKURWURQ�0LFURWRPRJUDSK\�,QYHVWLJDWLRQ�RI�1DQRSDUWLFOH�
(QWUDSPHQW�DQG�0RELOLW\�LQ�3RURXV�0HGLD 
7DQQD]�3DN��'DSKQH�6LOYD�3LQR��$OH[DQGHU�:RRG��/XL]�)HUQDQGR�GH�/LPD�/X]�
-XQLRU��7L]LDQD�7RVFR��1DWKDO\�/RSHV�$UFKLOKD� 

����� 

>���@�$�PXOWLVFDOH�DSSURDFK�IRU�WKH�FKDUDFWHUL]DWLRQ�RI�ELR-FKHPR-
PHFKDQLFDO�SURFHVVHV�LQ�FRQWDPLQDWHG�PDULQH�VHGLPHQWV 
&ODXGLD�9LWRQH��IUDQFHVFD�VROOHFLWR��)HGHULFD�&RWHFFKLD��$OH[DQGHU�3X]ULQ��
0LFKDHO��3O|W]H��5RVVHOOD�3HWWL� 

7KXUVGD\�'
HWDLOHG�3URJUDP
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06������� 0DWKHPDWLFDO�DQG�FRPSXWDWLRQDO�FKDOOHQJHV�UHODWHG�WR�SRURXV�
PHGLD�-�6SHFLDO�VHVVLRQ�LQ�PHPRU\�RI�$QGUR�0LNHOLF  
&KDLUV��%UDKLP�$PD]LDQH 

����� 
>���@�&RXSOLQJ�VWUDWHJLHV�IRU�IUHH�IORZ�ZLWK�SRURXV�PHGLD�-IURP�VLQJOH�
WR�WZR�SKDVH�IORZ-  
5DLQHU�+HOPLJ��(GZDUG�&ROWPDQ��0DUWLQ�6FKQHLGHU��0HODQLH�/LSS 

����� 
>���@�0LFUR-PDFUR�0RGHOLQJ�$SSURDFKHV�IRU�5HDFWLYH�0XOWLSKDVH�)ORZ�
DQG�7UDQVSRUW�LQ�&RPSOH[�0HGLD  
3HWHU�.QDEQHU��1DGMD�5D\��6WHSKDQ�*lUWWQHU� 

����� 
>���@�,QWHUDFWLRQ�3UREOHPV�EHWZHHQ�)OXLGV�DQG�3RUR-(ODVWLF�0HGLD�-�
$SSOLFDWLRQV�LQ�/LIH�6FLHQFHV 
:LOOL�-lJHU� 

����� 
>���@�&RUUHFWRUV�DQG�HUURU�HVWLPDWHV�IRU�UHDFWLRQ-GLIIXVLRQ�SURFHVVHV�
WKURXJK�WKLQ�KHWHURJHQHRXV�OD\HUV 
0DUNXV�*DKQ��:LOOL�-lJHU��0DULD�1HXVV-5DGX� 

����� 
>���@�$�SKDVH-ILHOG�PHWKRG�IRU�SURSDJDWLQJ�IOXLG-ILOOHG�IUDFWXUHV�
FRXSOHG�WR�D�VXUURXQGLQJ�SRURXV�PHGLXP 
7KRPDV�:LFN��6DQJK\XQ�/HH��0DU\�:KHHOHU 

����� 
>���@�+RPRJHQL]DWLRQ�DSSURDFK�WR�WKH�XSVFDOLQJ�RI�D�UHDFWLYH�IORZ�
WKURXJK�SDUWLFXODWH�ILOWHUV�ZLWK�ZDOO�LQWHJUDWHG�FDWDO\VW 
2OHJ�,OLHY��$QGUR�0LNHOLF��7RUEHQ�3ULOO� 

����� 
>���@�/RQJ-WLPH�VKDGRZ�OLPLW�IRU�D�UHDFWLRQ-GLIIXVLRQ-2'(�V\VWHP 
$QQD�0DUFLQLDN-&]RFKUD� 

����� 

>���@�+RPRJHQL]DWLRQ�RI�WKH�OLQHDUL]HG�LRQLF�WUDQVSRUW�HTXDWLRQV�LQ�
UDQGRP�SRURXV�PHGLD 
$QGUH\�3LDWQLWVNL��$QGUR�0LNHOLF� 
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7LPH�%ORFN�%� 

 
=RH�6KLSWRQ 
8QLYHUVLW\�RI�6WUDWKFO\GH� 
 
3RUH-VFDOH� FDSLOODU\�KHWHURJHQHLW\� LQ� UHVHUYRLU� URFNV�DQG�
LWV�LQIOXHQFH�RQ�UHVHUYRLU-VFDOH�IORZ�� 
 
,W� LV� LQFUHDVLQJO\� LPSRUWDQW� WR� XQGHUVWDQG� PXOWLSKDVH� IOXLG�
IORZ� LQ� URFNV�� QRW� MXVW� LQ� FRQYHQWLRQDO� K\GURFDUERQ�
DSSOLFDWLRQV��EXW�LQ�JHRHQJLQHHULQJ�WHFKQRORJLHV�IRU�QHW�]HUR�
VXFK� DV� JHRWKHUPDO� KHDW� SURGXFWLRQ�� FDUERQ� FDSWXUH� DQG�

VWRUDJH��VXEVXUIDFH�VWRUDJH�RI�HQHUJ\�IOXLGV�HWF��'HIRUPDWLRQ�EDQGV�LQ�VDQGVWRQH�
UHVHUYRLU� URFNV�DUH� ORFDOL]HG�]RQHV�RI�JUDLQ�FUXVKLQJ��JUDLQ�UHRUJDQLVDWLRQ�DQG�RU�
FHPHQWLQJ�WKDW�FDQ�IRUP�FDSLOODU\�EDUULHUV�WR�IOXLG�IORZ��DQG�ZKLFK�DUH�FRPPRQ�LQ��
+HUH�ZH�DQDO\VH�WKH�H[WHQW�DQG�PHFKDQLVPV�RI�IOXLG�FRPSDUWPHQWDOL]DWLRQ�GXH�WR�
FOXVWHUHG�GHIRUPDWLRQ�EDQGV��0XOWLSKDVH� IOXLG� IORZ�H[SHULPHQWV�ZHUH�SHUIRUPHG�
RQ�D� FRUH� VDPSOH�RI�1DYDMR� VDQGVWRQH� WKDW� FRQWDLQHG� ILQH-VFDOH� ODPLQDH� FXW�E\�
GLYHUVHO\�RULHQWHG�FOXVWHUV�RI�GHIRUPDWLRQ�EDQGV��0HGLFDO� ;-UD\�&7� LPDJHV�ZHUH�
DFTXLUHG� ZKLOH� QLWURJHQ� ZDV� LQMHFWHG� DW� SURJUHVVLYHO\� KLJKHU� IORZ� UDWHV� LQWR� D�
ZDWHU-VDWXUDWHG� FRUH� GXULQJ� WUDQVLHQW� DQG� VWHDG\-VWDWH� FRQGLWLRQV�� 6SDWLDO� DQG�
WHPSRUDO� DQDO\VHV� RI� WKH� QRQ-ZHWWLQJ� SKDVH� SOXPH� PLJUDWLRQ� VXJJHVW� WKDW� WKH�
GHIRUPDWLRQ� EDQGV� DFW� DV� FDSLOODU\� EDUULHUV�� UHVXOWLQJ� LQ� WKH� GHYHORSPHQW� RI� DQ�
H[WUHPHO\�WRUWXRXV�VDWXUDWLRQ�IURQW��'LIIHUHQWLDO�SUHVVXUH�EHKDYLRU�DFURVV�WKH�FRUH�
LV� OLQNHG� WR� EUHDNWKURXJK� RI� 1�� LQWR� WKH� LQGLYLGXDO� FRPSDUWPHQWV�� UHVXOWLQJ� LQ�
KLJKO\� YDULDEOH� 1�� VDWXUDWLRQ� WKURXJKRXW� WKH� H[SHULPHQW�� 0LJUDWLRQ� LQWR�
GRZQVWUHDP� FRPSDUWPHQWV� RFFXUV� ZKHQ� FDSLOODU\� HQWU\� SUHVVXUH� LV� H[FHHGHG�
DFURVV� UHVWULFWHG�SRUWLRQV�RI� WKH�EDQGV��7KHVH�REVHUYDWLRQV�FRQILUP� WKDW� FOXVWHUV�
RI� GHIRUPDWLRQ� EDQGV� KDYH� WKH� SRWHQWLDO� WR� VWURQJO\� FRPSDUWPHQWDOL]H� D�
VXEVXUIDFH�UHVHUYRLU�� LQFUHDVLQJ�WKH�ULVN�RI�RYHUHVWLPDWLQJ�UHVHUYRLU�FDSDFLW\��DQG�
UHTXLULQJ�QRYHO�SURGXFWLRQ�VWUDWHJLHV�WR�PLPLQLVH�WKH�HIIHFW�� 

,QYLWHG�6SHDNHUV��3DUDOOHO�6HVVLRQ� 
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-DFTXHV�+X\JKH 
8QLYHUVLW\�RI�/LPHULFN� 
 
3RURPHFKDQLFV�LQ�H[WUHPHO\�ODUJH�GHIRUPDWLRQ��VZHOOLQJ�
DQG�IUDFWXUH� 
 
%LRPHGLFDO� HQJLQHHUV� IDFH�SRURXV�PHGLD�ZLWK�YHU\� ORZ�VWLIIQHVV��
KLJK�RVPRODULW\�DQG�H[WUHPHO\� ODUJH�GHIRUPDWLRQV��([DPSOHV�DUH�
VXSHUDEVRUEHQW�K\GURJHOV�DQG� OLYLQJ�FHOOV��9ROXPH�VWUDLQV�DERYH�
����� �� VWUDLQ� DUH� FRPPRQSODFH� LQ� GLDSHUV�� IHPDOH� SDGV� DQG�
JURZWK� SODWHV�� 7KH� VWURQJ� QRQOLQHDULWLHV� RI� ODUJH� GHIRUPDWLRQ�

IRUPXODWLRQV� RI� SRURPHFKDQLFV� KDPSHU� WKH� XVH� RI� DQDO\WLFDO� VROXWLRQV�� /DUJH�
GHIRUPDWLRQ�X-S� IRUPXODWLRQV� IDLO� LQ� WKLV� UHJLPH��7KLV�PHDQV� WKDW� VLPXODWLRQ� WRROV�RI�
SRURPHFKDQLFV� DUH� LQDSW� WR� D� JUHDW� GHDO� RI� ELRORJ\�� ZKLFK� W\SLFDOO\� XQIROGV� LQ� WKH�
LQWUDFHOOXODU� VSDFH��  /RFDO�PDVV�EDODQFH�YLRODWLRQ� LV� WKH� FXOSULW�XQGHU�H[WUHPHO\� ODUJH�
GHIRUPDWLRQV��,Q�RUGHU�WR�DGGUHVV�WKLV�LVVXH��ZH�GHYHORSHG�D�PL[HG�K\EULG�IRUPXODWLRQ�
RI� SRURPHFKDQLFV� RI� VZHOOLQJ� JHO� EDVHG� RQ� D� 5DYLDUW-7KRPDV� ILQLWH� HOHPHQW�� 7KLV�
IRUPXODWLRQ� VWULFWO\� FRPSOLHV� ZLWK� ORFDO� PDVV� EDODQFH�� 6ZHOOLQJ� FRPSXWDWLRQV� DUH�
SRVVLEOH� GRZQ� WR� D� VKHDU� PRGXOXV� RI� ��� N3D�� 6XUIDFH� LQVWDELOLWLHV� HDVLO\� GHYHORS� DV�
RVPRWLF� IRUFHV� RYHUWDNH� WKH� VWDELOLVLQJ� HIIHFW� RI� WKH� HODVWLFLW\��  )UDFWXUH� VLPXODWLRQ�
XVLQJ�ODUJH�GHIRUPDWLRQ�;)(0�LQFOXGLQJ�IORZ�ZLWKLQ�WKH�FUDFN��EHWZHHQ�WKH�FUDFN�DQG�
WKH�IRUPDWLRQ�DQG�ZLWKLQ�WKH�FUDFN��DOORZV�IRU�LQLWLDWLRQ��FRDOHVFHQFH�DQG�ELIXUFDWLRQ�RI�
FUDFNV��;)(0�FRPSXWDWLRQV�SUHGLFW� H[SHULPHQWDOO\�REVHUYHG� VWDFFDWR�SURSDJDWLRQ�RI�
FUDFNV� LQ�K\GURJHOV��&RQVWLWXWLYH�PRGHOOLQJ�RI� VZHOOLQJ� UHTXLUH� WKH�FRQFXUUHQW�XVH�RI�
HODVWLF�� PL[LQJ� DQG� LRQLF� HQHUJLHV� LQ� )ORU\-5HKQHU� VZHOOLQJ�PRGHO�� ,QWHUDFWLRQ� WHUPV�
EHWZHHQ�HODVWLF�DQG�LRQLF�HQHUJLHV�RFFXU�EHFDXVH�WKH�VWLIIQHVV�RI�JHOV�GLUHFWO\�GHSHQGV�
RQ�LRQLF�FRQFHQWUDWLRQV��)XWXUH�SHUVSHFWLYHV�RQ�FRQVWLWXWLYH�PRGHOOLQJ�RI�VZHOOLQJ�DQG�
IUDFWXULQJ� JHOV� LQFOXGH� KHUQLDWLRQ� RI� LQWHUYHUWHEUDO� GLVF�� PHFKDQRWUDQVGXFWLRQ� RI�
H[WUDFHOOXODU�PDWUL[�DQG�GHVLJQ�RI�ELRPLPHWLF�K\GURJHOV��+\GUDXOLF�IUDFWXULQJ�RI�VKDOH�
LV�DQ�LPSRUWDQW�JHRWHFKQLFDO�DSSOLFDWLRQ�  
 
7KH� SUHVHQWHG� ZRUN� LV� FROODERUDWLRQ� ZLWK &RQJ� <X� �(LQGKRYHQ� 8QLYHUVLW\� RI�
7HFKQRORJ\��� -LQJTLDQ�'LQJ� �(LQGKRYHQ�8QLYHUVLW\� RI� 7HFKQRORJ\��� DQG� (DQQD� )HQQHO�
�8QLYHUVLW\�RI�/LPHULFN�� 
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3RVWHU��6HVVLRQ�� 
������-�������&(7 

06��-$��3K\VLFV�RI�PXOWL-SKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
>���@�6WRFKDVWLF�KRPRJHQL]DWLRQ�RI�VRPH�SRURXV�PHGLD�PRGHOV  
+DNLPD�%HVVDLK��5D]YDQ�)ORULDQ�0DULV��<DOFKLQ�(IHQGLHY 
>���@�6WXG\�RQ�2LO�5HFRYHU\�(IIHFW�DQG�0HFKDQLVP�RI�WKH�6XSHUFULWLFDO�&2��+XII
-Q-3XII�3URFHVV�LQ�7LJKW�&RUHV�ZLWK�1XFOHDU�0DJQHWLF�5HVRQDQFH��105�  
/L�&KDRIDQ��'RQJ[LQJ�'8 
>���@�5+(2/2*,&$/�5(63216(�2)�)2$0�)/22',1*�02'(/6�&216,'(5,1*�
(;3(5,0(17$/�81&(57$,17,(6 
$QGUHV�9DOGH]��%HUQDUGR�5RFKD��*ULJRUL�&KDSLUR��5RGULJR�:HEHU 

>���@�$QDO\WLFDOO\�'HULYHG�8SVFDOHG�5HODWLYH�3HUPHDELOLW\�&XUYHV�IRU�9LVFRXV�
/LPLW�)ORZ�WKURXJK�/D\HUHG�3RURXV�0HGLD 
$EG$OODK�<RXVVHI��6WHSKDQ�0DWWKDL 

>���@�$�6HPL-$QDO\WLFDO�6ROXWLRQ�IRU�0RGHOLQJ�RI�(DUO\-7LPH�DQG�/DWH-7LPH�
&RXQWHUFXUUHQW�6SRQWDQHRXV�,PELELWLRQ�LQ�3RURXV�0HGLD 
0RLVHV�9HODVFR�/R]DQR��0DWWKHZ�%DOKRII 
>���@�'\QDPLFV�RI�XQVDWXUDWHG�IORZ�LQ�IUDFWXUH�QHWZRUNV��LPSDFW�RI�ORFDO�
VSOLWWLQJ�EHKDYLRU�DW�WKH�LQWHUVHFWLRQ 
=KLELQJ�<DQJ��VRQJ�[XH��5DQ�+X��<L-)HQJ�&KHQ 

>���@�:HWWDELOLW\�EHKDYLRU�RI�SUHVHUYHG�FRUH�PDWHULDO�FRPSDUHG�WR�GU\�VWRUHG�
FRUH�SOXJV�GXULQJ�D�ORZ�VDOLQLW\�ZDWHU�FRUH-IORRGLQJ�LQYHVWLJDWLRQ 
5DVRXO�0RNKWDUL��$UPLQ�$IURXJK��.DUHQ�)HLOEHUJ 

06����$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV��VRIWZDUH�DQG�FDVH�
VWXGLHV 

>���@�&RQH�EHDP�FRPSXWHG�WRPRJUDSK\�UHFRQVWUXFWLRQ�IRU�GLJLWDO�URFN 
9LMLWKD�3HUL\DVDP\��9LVKDO�0HWUL��$YDQLQGUD�6LQJK��5RQQ\�+RIIPDQ��.XQM�7DQGRQ��
3KDQHHQGUD�.��<DODYDUWK\��-D\D��3UDNDVK� 
>���@�$GDSWLYH�SKDVH�UHFRYHU\�PHWKRG�IRU�WKUHH-GLPHQVLRQDO�SRURXV�PHGLD�
UHFRQVWUXFWLRQ�IURP�LWV�EL-GLPHQVLRQDO�WKLQ-VHFWLRQ 
$OHNVHL�&KHUNDVRY��$QGUH\�$QDQHY��$OHNVH\�.KO\XSLQ��.LULOO�*HUNH� 
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3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV��VRIWZDUH�DQG�FDVH�
VWXGLHV��FRQW�� 

>���@�9LVXDOL]DWLRQ�RI�RSWLFDOO\�RSDTXH�IORZ�V\VWHPV�WKURXJK�ODE-EDVHG��
G\QDPLF�;-UD\�PLFUR-&7 
-DQ�'HZDQFNHOH��0DULMQ�%RRQH��/XNH�+XQWHU��$QGUHDV�*ULH�HU��&KULVWLDQ�:DJQHU��6LPR�
$��0DNLKDUMX 
>���@�'HYHORSPHQW�RI�IORZ�WKURXJK�FHOO�PHWKRG�IRU�LQ-VLWX�YLVXDOL]DWLRQ�RI�
GLVVROXWLRQ�SURFHVVHV�LQ�VROLG�GRVDJH�IRUPV 
1LORRIDU�0RD]DPL�*RXGDU]L��$VHHO�6DPDUR��&KULV�9HUYDHW��0DWWKLHX�%RRQH 
>���@�)OXLG�UHDUUDQJHPHQWV�GXULQJ�+DLQH·V�MXPSV�XVLQJ�WLPH-UHVROYHG�PLFUR-
FRPSXWHG�WRPRJUDSK\ 
.LP�5REHUW�7HNVHWK��'DJ�:HUQHU�%UHLE\ 
>���@�0DJQHWLF�5HVRQDQFH�,PDJLQJ�RI�)OXLG�&RPSRVLWLRQV�LQ�&2��'LVSODFHPHQW�
RI�'HFDQH�LQ�%HUHD�6DQGVWRQH 
$UPLQ�$IURXJK��/DXUD�%��5RPHUR-=HUyQ��0RMWDED�6KDNHULDQ��&DOHE�$��%HOO��)ORUHD�
0DULFD��%UXFH�-��%DOFRP� 
>���@�)/(;7�–�$�)OH[LEOH�6FULSWLQJ�;-UD\�&RPSXWHG�7RPRJUDSK\�6\VWHP�IRU�
0XOWLVFDOH�DQG�'\QDPLF�,PDJLQJ�RI�3RURXV�0DWHULDOV 
$UPLQ�$IURXJK��.DUHQ�)HLOEHUJ� 

06����7KHUPDO�3URFHVVHV�7KHUPDO�&RXSOLQJ�DQG�7KHUPDO�3URSHUWLHV�RI�3RURXV�
0HGLD��PRGHOLQJ�DQG�H[SHULPHQWV�DW�GLIIHUHQW�VFDOHV 

>���@�1XPHULFDO�VLPXODWLRQ�RI�(*6�WKHUPDO�UHFRYHU\�LQ�0XOWL-VWDJH��+\GUDXOLF�
)UDFWXUHG�+RUL]RQWDO�:HOOV 
*XRKDQ�;X��+RQJMXQ�<LQ��-LQJ�)X 
>���@�$QDO\VLV�RI�WKH�WKHUPDO�FRQGXFWDQFH�RI�SRO\PHULF�LRQ-H[FKDQJH�
PHPEUDQHV 
6DJUDULR�0XxR]�6DQ�0DUWtQ��9��0DUtD�%DUUDJiQ�*DUFtD 
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7LPH�%ORFN�%� 

3RVWHU��6HVVLRQ����FRQW� 
������-�������&(7 

06����,QQRYDWLYH�0HWKRGV�IRU�&KDUDFWHUL]DWLRQ�0RQLWRULQJ�DQG�,Q-6LWX�
5HPHGLDWLRQ�RI�&RQWDPLQDWHG�6RLOV�DQG�$TXLIHUV 

>���@�(OHFWURNLQHWLF�GHOLYHU\�RI�UHDFWDQWV�LQ�SRURXV�PHGLD��VROXWLRQ�FKHPLVWU\�
FRQWUROV�WUDQVSRUW��PL[LQJ�DQG�GHJUDGDWLRQ 
5LFFDUGR�6SURFDWL��$QGUHD�*DOOR��5DMDQGUHD�6HWKL��0DVVLPR�5ROOH 
>���@�0RGHOLQJ�RQ�FRQWDPLQDQWV�UHPRYDO�E\�IRDP�ZLWK�QDQRSDUWLFOHV�LQ�
KHWHURJHQHRXV�SRURXV�PHGLD 
4LQJMLDQ�/L��9DOHQWLQD�3ULJLREEH 
>���@�6WXG\�RQ�WKH�UHXVH�RI�VKXW-GRZQ�RIIVKRUH�SODWIRUP 
KRQJER�KXR��-LQPDQ�/,��VKLPLQJ�KH��]KRQJ�OL��[LDRFKHQJ�]KDQJ 
>���@�8VH�RI�'1$�WUDFHUV�IRU�GHWHUPLQLQJ�DTXLIHU�K\GUDXOLF�SURSHUWLHV�LQ�D��-
GLPHQVLRQDO�ODERUDWRU\�VDQG�WDQN 
6ZDJDWDP�&KDNUDERUW\��5D\DQ�(OKDM��&KDPDWK�$NDODQND�3DPXQXJDPD�$UDFKFKLODJH��
-DQ�)RSSHQ��7KRP�%RJDDUG��-DFN�6FKLMYHQ� 

>���@�6WXG\�RI�WKH�PRELOLW\�RI�]HUR-YDOHQW�LURQ�QDQRSDUWLFOHV�LQ�SRURXV�PHGLD�–�
(IIHFW�RI�JUDLQ�VL]H�DQG�FRPSRVLWLRQ 
1DWKDO\�/RSHV�$UFKLOKD��5DRXO�'MRX�)RSD��7DQQD]�3DN��7L]LDQD�7RVFR� 
>���@�&DSLOODU\�SXPSLQJ��D�WUDQVSRUW�PHFKDQLVP�LQ�SDUWLDOO\�ZHW�SRURXV�
QHWZRUNV 
-RDFKLP�)DOFN�%URGLQ��0DUFHO�0RXUD��.QXW�-RUJHQ�0DOR\��3HU�$UQH�5LNYROG 

>���@�¶&RFNWDLO�HIIHFWV·�RI�FR-H[LVWLQJ�K\GURFDUERQ�RQ�KHDY\�PHWDO�UHPHGLDWLRQ 
$QXUDGKD�*DUJ��%ULMHVK�.XPDU�<DGDY��6KDVKL�5DQMDQ��$PLW�9DWVD 

�06����0DQXIDFWXUHG�3RURXV�0DWHULDOV�IRU�,QGXVWULDO�$SSOLFDWLRQV 
>���@�8VH�RI�SRURXV�DOJDO�ELRFKDU�LQ�ZDWHU�WUHDWPHQW�LQ�WKH�VWDWH�RI�&HDUi�LQ�
%UD]LO 
$QGUH�)URWD��-RVH�&DSHOR�1HWR��(UGLQ�,EUDLP��7DQQD]�3DN� 
>���@�$GGLWLYH�0DQXIDFWXULQJ�RI�RSHQ�SRURVLWLHV��IURP�IDEULFDWLRQ�DQG�
FKDUDFWHUL]DWLRQ�WR�WKH�DSSOLFDWLRQ 
5REHUW�2WWR��&KULVWRSK�.LHQHU��.QXW�6¡UE\� 
>���@�(IILFLHQW�1XPHULFDO�'HVLJQ�RI�3RURXV�0DWHULDOV�:LWK�7DUJHW�3URSHUWLHV�DQG�
0LFURVWUXFWXUH 
%HQMDPLQ�3DLVOH\��0��6DGHJK�5LDVL��0LUFHD�*ULJRULX��/LOLW�<HJKLD]DULDQ� 

7KXUVGD\�'
HWDLOHG�3URJUDP
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7LPH�%ORFN�%� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 

06��������(OHFWURFKHPLFDO�SURFHVVHV�LQ�SRURXV�PHGLD 
&KDLUV��-HII�*RVWLFN��3DEOR�*DUFLD�6DODEHUUL� 

����� 

>��@�3RUH�*UDGHG�$QRGLF�7UDQVSRUW�/D\HUV�LQ�3(0�(OHFWURO\VHUV��$�3RUH�
1HWZRUN�6WXG\  
+DDVKLU�$OWDI��1LFROH�9RUKDXHU��(YDQJHORV�7VRWVDV��7DQMD�9LGDNRYLF-.RFK 

����� 
>��@�0RGHOLQJ�FRXSOHG�SRURXV�PHGLD�IUHH�IORZ�GURS�LQWHUDFWLRQ�LQ�D�
3(0�IXHO�FHOO�XVLQJ�D�SRUH-QHWZRUN�DSSURDFK  
&\QWKLD�0LFKDONRZVNL��9HURQLND�6FKOHSHU��5DLQHU�+HOPLJ 

����� 

>���@�$SSOLFDWLRQ�RI�+HOPKROW]�('/�7KHRU\�LQ�D�3RUH�1HWZRUN�0RGHO�
IRU�6WXG\LQJ�&DSDFLWLYH�'HLRQL]DWLRQ 
0LFKDHO�0F.DJXH��+DPHG�)DWKLDQQDVDE��0HKUH]�$JQDRX��$PLQ�6DGHJKL��
-HIIUH\�*RVWLFN 

7KXUVGD\�'
HWDLOHG�3URJUDP

 

06�������3RUH-VFDOH�PRGHOOLQJ 
&KDLUV��.H�;X��6WHSKDQH�=DOHVNL� 

����� 

>���@�3RUH-VFDOH�VWXG\�WR�XQGHUVWDQG�WKH�LQIOXHQFH�RI�SRURVLW\�RQ�PDVV�
WUDQVSRUW�LQ�$QRGLF�3RURXV�7UDQVSRUW�/D\HU�RI�3(0�HOHFWURO\VHU�XVLQJ�
/DWWLFH�%ROW]PDQQ�0HWKRG  
6KXEKDQL�3DOLZDO��6XSUL\D�%KDVNDUDQ��-HQLO�$JDUZDO��'(%$6+,6�3$1'$��
1LFROH�9RUKDXHU��7DQMD�9LGDNRYLF-.RFK��(YDQJHORV�7VRWVDV 

����� 

>���@�'HWHUPLQDWLRQ�RI�&KDUDFWHULVWLF�7UDQVSRUW�&RHIILFLHQWV�RI�3RURXV�
0HGLD��$�'LIIXVH�,QWHUIDFH�DSSURDFK  
&KDKDW�$JJDUZDO��$PLQ�6DGHJKL��(OL]DEHWK�0RQWH��-DPHV�/RZPDQ��-HII�
*RVWLFN��1DVVHU�0RKLHGGLQ�$EXNKGHLU 

����� 
>���@�6FDOLQJ�DQG�HUURUV�HVWLPDWHV�RI�WKH�HIIHFWLYH�%ULQNPDQ�YLVFRVLW\ 
6KHUYLQ�%DJKHUL��8JLV�/DFLV��$LGDQ�5LQHKDUW� 

����� 
>���@�3RUH-VFDOH�VLPXODWLRQV�RI�ZDWHU�GURSOHW�LQWHUDFWLRQ�ZLWK�D�
K\GURSKRELF�ZLUH�VFUHHQ�IRU�SXUSRVH�RI�:DWHU-'LHVHO�VHSDUDWLRQ 
2PDU�(OVD\HG��5DOI�.LUVFK��6HEDVWLDQ�2VWHUURWK��6HUJL\�$QWRQ\XN 
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7LPH�%ORFN�% 

6$&�&DUHHU�'HYHORSPHQW�(YHQW 
������-�������&(7 

2QH�RI�WKH�PRVW�FRPPRQ�VWUXJJOHV� IRU�D�3K'�VWXGHQW� LV� WR�GHFLGH�ZKLFK�FDUHHU�
SDWK� WR� IROORZ�DIWHU�JUDGXDWH� VFKRRO�� 7KHUH�DUH�QXPHURXV�RSSRUWXQLWLHV� WKDW�DUH�
SRWHQWLDOO\�RSHQ�WR�XV�DV�3K'V��ZKLFK�FDQ�WDNH�XV�RQ�YHU\�GLIIHUHQW�FDUHHU�SDWKV��
7KHUH� DUH� OLNHO\� PDQ\� TXHVWLRQV� \RX� KDYH� DERXW� SLFNLQJ� D� GLUHFWLRQ� �LQGXVWU\�
DFDGHPLD�JRYHUQPHQW��DQG�WKH�SURV�DQG�FRQV�RI�WKH�YDULRXV�SRVVLELOLWLHV��$�JRRG�
DSSURDFK�WR�PDNLQJ�DQ�LQIRUPHG�GHFLVLRQ�LV�OLVWHQLQJ�WR�H[SHULHQFHV�DQG�SHUVRQDO�
YLHZV�RI�HVWDEOLVKHG�SURIHVVLRQDOV��7KH�6$&·V�FDUHHU�HYHQW�ZLOO�KDYH�VSHDNHUV�IURP�
YDULHG�EDFNJURXQGV��VKDULQJ�WKHLU�SURIHVVLRQDO�MRXUQH\V�DQG�WKH�LPSRUWDQW�FKRLFHV�
WKH\�KDG�WR�PDNH�DORQJ�WKH�ZD\��<RX�ZLOO�DOVR�KDYH�WKH�FKDQFH�WR�DVN�WKH�VSHDNHUV�
DQ\�TXHVWLRQV�\RX�KDYH� 
 
7KLV�HYHQW�LV�IUHH�DQG�RSHQ�WR�DOO�SDUWLFLSDQWV�RI�,QWHU3RUH����� 
 

 

,QJD�%HUUH 
3URIHVVRU 

8QLYHUVLW\�RI�%HUJHQ 

$QGUHDV�%XVFK 
3URIHVVRU� 

+HULRW�:DWW�8QLYHUVLW\ 

0DMD�5�FNHU 
$VVLVWDQW�3URIHVVRU 

(LQGKRYHQ�8QLYHUVLW\�
RI�7HFKQRORJ\ 
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5DLQHU�+HOPLJ 
3URIHVVRU 

6WXWWJDUW�8QLYHUVLW\ 
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7LPH�%ORFN�&� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 
06��-%������,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV 
&KDLUV��*ULJRUL�&KDSLUR��(GXDUGR�$EUHX 

����� 
>��@�)OXLG-)OXLG�'LVSODFHPHQW�LQ�0L[HG-:HW�3RURXV�0HGLD  
$VKNDQ�,UDQQH]KDG��%DX\U]KDQ�3ULPNXORY��5XEHQ�-XDQHV��%HQ]KRQJ�=KDR 

����� 
>���@�&KDUDFWHUL]DWLRQ�RI�ZHWWDELOLW\�FRQWURO�RQ�G\QDPLFV�RI�WZR�SKDVH�
IORZ�LQ�QDWXUDO�SRURXV�PHGLD  
6DKDU�%DNKVKLDQ��+DUULV�5DEEDQL��1LPD�6KRNUL 

����� 
>���@�(IIHFW�RI�:HWWDELOLW\�RQ�,PPLVFLEOH�/LTXLG�'LVSODFHPHQW�LQ��'�
DQG��'�3RURXV�0HGLD 
'HERUD�GR�1DVFLPHQWR��-RUJH�$YHQGDxR��1LFROOH�/LPD��0DUFLR�&DUYDOKR 

����� 
>���@�/DPHOODH�*HQHUDWLRQ�DQG�'\QDPLFV�'XULQJ�*DV�,QYDVLRQ�RI�D�
3RURXV�0HGLXP�2FFXSLHG�E\�D�6XUIDFWDQW�6ROXWLRQ 
1LFROOH�/LPD��0DUFLR�&DUYDOKR 

����� 
>���@�3RUH�QHWZRUN�PRGHOLQJ�RI�EXEEOH�ULSHQLQJ�LQ�SRURXV�PHGLD 
<DVKDU�0HKPDQL��.H�;X� 

����� 
>���@�*DV-OLTXLG�SKDVH�VHSDUDWLRQ�LQ�D�VRIW�SRURXV�PHGLXP 
2OLYHU�3DXOLQ��/LDP�0RUURZ��0DWWKHZ�+HQQHVV\��&KULV�0DF0LQQ� 

����� 
>���@�3DWWHUQ�IRUPDWLRQ�FRQWUROOHG�E\�IULFWLRQ�DQG�YLVFRXV�IRUFHV�LQ�
GHIRUPDEOH�JUDQXODU�PHGLD 
'$:$1*�=+$1*��%MRUQDU�6DQGQHV 

����� 

>���@�0LFURIOXLGLF�LQYHVWLJDWLRQ�RI�SKDVH�EDQNLQJ�GXULQJ�ORZ�WHQVLRQ�
GLVSODFHPHQWV 
/XFDV�0HMLD��0DWWKHZ�%DOKRII� 

7KXUVGD\�'
HWDLOHG�3URJUDP
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06������� $GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV��VRIWZDUH�DQG�
FDVH�VWXGLHV 
&KDLUV��$QGUHDV�%XVFK��0DUWLQ�%OXQW��7LQJ�;DR 

����� 

>���@�+RZ�WR�FDSWXUH�FHQWLPHWHU-VFDOH�ORFDO�YDULDWLRQV�LQ�WKH�SRUH�
VSDFH�RI�SDSHU��$�EHQFKPDUN�VWXG\�XVLQJ��-&7  
0DWWKLDV�1HXPDQQ��(GXDUGR�0DFKDGR�&KDUU\��(NDWHULQD�%DLNRYD��$QGUp�
+LOJHU��8OULFK�+LUQ��,QJR�0DQNH��9RONHU�6FKPLGW��.DULQ�=RMHU� 

����� 

>���@�1RQ-GHVWUXFWLYH��'�PDSSLQJ�RI�PLQHUDO�FRPSRVLWLRQ�DQG�FOD\�
PLQHUDO�RULHQWDWLRQ�LQ�VKDOH  
)UHGULN�.ULVWRIIHU�0�UHU��$OGULWW�6FDULD�0DGDWKLSDUDPELO��.LP�5REHUW�7HNVHWK��
3LHUUH�&HUDVL��%DVDE�&KDWWRSDGK\D\��'DJ�:HUQHU�%UHLE\ 

����� 
>���@�$XWRPDWLF�FUDFNV�GHWHFWLRQ�LQ��'�ǌ&7�LPDJHV�XVLQJ�'9&�WRWDO�
YDULDWLRQ�VWUDLQ�UHJXODUL]DWLRQ 
=DLUD�0DQLJUDVVR��-DQ�$HOWHUPDQ��:LOIULHG�3KLOLSV 

����� 
>���@��'��&7�UHFRQVWUXFWLRQ�ZLWK�LPSURYHG�WLPH�UHVROXWLRQ�IRU�LPDJLQJ�
IOXLG�IORZ�LQ�SRURXV�PHGLD 
:DQQHV�*RHWKDOV��-DQ�$HOWHUPDQ��7RP�%XOWUH\V��0DWWKLHX�%RRQH 

����� 

>���@�0$7%2;��DQ�2SHQ-6RXUFH�0LFURVWUXFWXUH�$QDO\VLV�7RROER[�IRU�
0HVKLQJ��*HQHUDWLRQ��6HJPHQWDWLRQ��DQG�&KDUDFWHUL]DWLRQ�RI��'�
+HWHURJHQRXV�9ROXPHV 
)UDQFRLV�8VVHJOLR-9LUHWWD��3UHKLW�3DWHO��-HIIHU\�$OOHQ��$DVKXWRVK��0LVWU\��
3DUWKD��0XNKHUMHH��.DQGOHU��6PLWK 

����� 
>��@�,PSURYHG�:DWHUVKHG-EDVHG�3RUH�6SDFH�3DUWLWLRQLQJ�$OJRULWKP�IRU�
3RUH�1HWZRUN�0RGHOOLQJ 
=H\XQ�-LDQJ��5LQN�YDQ�'LMNH 

����� 

>��@�%HQFKPDUNLQJ�&RQYHQWLRQDO�DQG�0DFKLQH�/HDUQLQJ�6HJPHQWDWLRQ�
7HFKQLTXHV�IRU�$QDO\VLV�RI�'LJLWDO�5RFN�3K\VLFV�3URSHUWLHV 
0DUFHO�5HLQKDUGW��$UQH�-DFRE��0LFKDHO�.HUVWHQ��)ULHGHU�(Q]PDQQ��)UDQFHVFR��
&DSSXFFLR��3LW�$UQROG��2OJD�0RUDYFRYD 

7LPH�%ORFN�& 
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7LPH�%ORFN�&� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06��������)OXLGV�LQ�1DQRSRURXV�0HGLD 
&KDLUV��$KPDG�6DNKHH-3RXU��3DWULFN�+XEHU 

����� 
>���@�3KDVH�EHKDYLRU�RI�D�FRQILQHG�LRQLF�GLVFRWLF�OLTXLG�FU\VWDO  
0RKDPHG�$HMD]�.ROPDQJDGL��$QGUHDV�6FKRHQKDOV��6DELQH�/DVFKDW��3DWULFN�
+XEHU 

����� 
>���@�(ODVWLFLW\�RI�DUJRQ�LQ�QDQRSRUHV�RI�GLIIHUHQW�VL]HV  
.ODXV�6FKDSSHUW��5ROI�3HOVWHU 

����� 
>���@�([DPLQLQJ�WKH�6WUXFWXUH�RI�6XSHUFULWLFDO�&2��XVLQJ�;-UD\�5DPDQ�
6SHFWURVFRS\�DQG�$WRPLVWLF�6FDOH�0RGHOLQJ 
3UL\DQND�0XKXQWKDQ��'LPRVWKHQLV�6RNDUDV��0DWWKLDV�,KPH 

����� 

>���@�/LQNLQJ�')7�DQG�0'�WR�VLPXODWH�JUDQG�FDQRQLFDO�HQVHPEOH��
VHOHFWLYLW\�RI�ELQDU\�PL[WXUHV�LQ�QDQRSRUHV 
0DULLD�9DJDQRYD��,ULQD�1HVWHURYD��<85,<�.$1<*,1��$QGUH\�.D]HQQRY��
$OHNVH\�.KO\XSLQ 

����� 
>���@�$�8QLILHG�3ORW�IRU�)OXLG�3KDVH�7UDQVLWLRQV 
+HQU\�(QQLQIXO��'LUN�(QNH��5XVWHP�9DOLXOOLQ 

����� 

>���@�$�')7�VWXG\�RQ�WKH�HIIHFW�RI�VWUDLQ�RQ�WKH�DGVRUSWLRQ�RI�JDV�LQ�
WLJKW�JDV�FDUERQDWHV 
(ONKDQVD�(OEDVKLHU��,EQHOZDOHHG�+XVVHLQ��*LXOLDQR�&DUFKLQL��$KPDG�6DNKDHH-
3RXU��*ROLEMRQ�%HUGL\RURY 

����� 
>���@�3HUWXUEDWLRQ�7KHRU\�IRU�)OXLGV�XQGHU�&RQILQHPHQW 
9LOGH�%UnWHQ��'DQLHO�7LDQKRX�=KDQJ��0RUWHQ�+DPPHU��$LOR�$DVHQ��6RQGUH�
.YDOYnJ�6FKQHOO���LYLQG�:LOKHOPVHQ 

����� 
>���@�0HFKDQLVPV�RI�JDV�VHSDUDWLRQ�WKURXJK��'�SRURXV�JUDSKHQH�
PHPEUDQHV���WKHRU\�DQG�PROHFXODU�VLPXODWLRQV 
5RPDLQ�9HUPRUHO��-XQFKHQJ�*XR��*XLOODXPH�*DOOLHUR 

7KXUVGD\�'
HWDLOHG�3URJUDP
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06������� 0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD 
&KDLUV��+RQJN\X�<RRQ��%DLOLDQ�&KHQ 

����� 
>���@�&&61HW��D�GHHS�OHDUQLQJ�PRGHOLQJ�VXLWH�IRU�&2��VWRUDJH  
*HJH�:HQ��6DOO\�%HQVRQ��&DWKHULQH�+D\� 

����� 
>���@�6HPDQWLF�VHJPHQWDWLRQ�RI�PLFUR&7�DQG�),%-6(0�URFN�LPDJHV�
XVLQJ�GHHS�OHDUQLQJ�PHWKRGV  
-DFN�5LQJHU��+RQJN\X�<RRQ� 

����� 

>���@�+HWHURJHQHLW\�(YDOXDWLRQ�RI�0LFURVWUXFWXUHV�LQ�D�6DQGVWRQH�
5HVHUYRLU�8VLQJ�0LFUR-&7�,PDJHU\ 
/LQJ\XQ�.RQJ��%HWKDQ\�.XU]��6KDQH�%XWOHU��0DWWKHZ�%XUWRQ-.HOO\��&HVDU�
%DUDMDV-2ODOGH��%ODLVH�0LEHFN��;XH�<X� 

����� 

>���@�1RQ-LQWUXVLYH�UHGXFHG�RUGHU�PRGHOLQJ�RI�QDWXUDO�FRQYHFWLRQ�LQ�
SRURXV�PHGLD 
7HHUDWRUQ�.DGHHWKXP��)UDQFHVFR��%DOODULQ��+RQJN\X�<RRQ��1LNRODRV��%RXNODV 

����� 
>���@�*HRVWDWLVWLFDO�,QYHUVLRQ�LQ�*HRORJLF�&2��6HTXHVWUDWLRQ�8VLQJ�D�
9DULDWLRQDO�$XWRHQFRGHU 
%DLOLDQ�&KHQ��'\ODQ�+DUS��'DQLHO�2
0DOOH\��5DMHVK�3DZDU 

����� 
>���@�0DFKLQH�OHDUQLQJ�SUHGLFWLRQ�RI�/HQQDUG--RQHV�IOXLG�VHOI-GLIIXVLRQ�
LQ�SRUHV 
&DOHQ�/HYHUDQW��-HIIHU\�*UHDWKRXVH��-DFRE�+DUYH\��7RGG�$ODP 

����� 
>���@�3K\VLFV�,PSDFW�RQ�'HHS�1HXUDO�1HWZRUNV�IRU�0XOWLSKDVH�)ORZ�LQ�
3RURXV�0HGLD 
%LFKHQJ�<DQ��'\ODQ�+DUS��%DLOLDQ�&KHQ��5DMHVK�3DZDU 

����� 

>���@�,QWHJUDWLQJ�0DFKLQH�/HDUQLQJ�LQWR�D�0HWKRGRORJ\�IRU�(DUO\�
'HWHFWLRQ�RI�:HOOERUH�)DLOXUH 
(GZDUG�0DWWHR��%DUU\�5REHUWV��6WHYHQ�6REROLN��6DPXHO�*LOOHWO\��&DVH\�'R\OH��
6WHSKHQ�9HU]L� 
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7LPH�%ORFN�&� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������1RQ-OLQHDU�HIIHFWV�LQ�IORZ�DQG�WUDQVSRUW�WKURXJK�SRURXV�
PHGLD 
&KDLUV��$OEHUWR�*XDGDJQLQL��0RKDG�0��1H]KDG 

����� 
>���@�%RXQGV�IRU�HIIHFWLYH�)RUFKKHLPHU�FRHIILFLHQW�LQ�UDQGRPO\�
KHWHURJHQHRXV�SRURXV�PHGLD  
9DOHQWLQD�&LULHOOR��$OHVVDQGUR�/HQFL��)DUKDG�=HLJKDPL��9LWWRULR�'L�)HGHULFR 

����� 
>���@�9LVFRXV�)LQJHULQJ�LQ�0LVFLEOH�'LVSODFHPHQWV�LQ�3RURXV�0HGLD�
ZLWK�'HDG-(QG�3RUHV  
%DL]KHQJ�$Q��4LQJZDQJ�<XDQ� 

����� 

>�@�$�WKHRUHWLFDO�DQDO\VLV�RI�WKH�QRQOLQHDU�EHKDYLRUV�LQ�WKH�
PHDVXUHPHQWV�IRU�WZR-SKDVH�IORZ�LQ�ORZ-SHUPHDELOLW\�FRUH�
FRQVLGHULQJ�WKH�FDSLOODU\�HIIHFWV 
;LDR-+RQJ�:DQJ��<X0LQ�<DR��0LQ�:DQJ��=KLIHQJ�/LX 

����� 
>���@�(ODVWLF�WXUEXOHQFH�JHQHUDWHV�DQRPDORXV�IORZ�UHVLVWDQFH�LQ�SRURXV�
PHGLD 
&KULVWRSKHU�%URZQH��6XMLW�'DWWD� 

����� 

>���@�3RSXODWLRQ�EDODQFH�PRGHOV�IRU�SDUWLFXODWH�IORZV�LQ�SRURXV�PHGLD��
EUHDNDJH�DQG�VKHDU-GULYHQ�HYHQWV 
1LFRGHPR�'L�3DVTXDOH��'DQLHOH�0DUFKLVLR��0DWWHR�,FDUGL 

����� 

>���@�7KH�UHOHYDQFH�RI�VLPSOH�SUREDELOLWLF�PRGHOV�IRU�GHSRVLWLRQ��
DFFXPXODWLRQ�DQG�WUDQVSRUW�RI�FROORLGDO�SDUWLFOHV�SURYHG�E\�UHDO�WLPH��
LQWHUQDO�REVHUYDWLRQV��05,��FRQIRFDO�PLFURVFRS\� 
3KLOLSSH�&RXVVRW��3KLOLSSH�&RXVVRW 

����� 
>���@�+\GUDXOLFDOO\�GULYHQ�IUDFWXUHV�LQ�GHIRUPDEOH�SRURXV�PHGLD-�
,PSDFW�RI�QRQ-OLQHDU�IORZ�SDWWHUQV�LQ�YLFLQLW\�RI�IUDFWXUHG�]RQH 
1LPD�6DUPDGL��0RKDGGHVHK�0RXVDYL�1H]KDG 

����� 
>���@�3RUH�VFDOH�WZR-SKDVH�VLPXODWLRQ�RI�YLVFRXV�ILQJHULQJ�RI�QRQ-
1HZWRQLDQ�IOXLGV 
7DNVKDN�6KHQGH��9DKLG�-�1LDVDU��0DVRXG�%DEDHL 

7KXUVGD\�'
HWDLOHG�3URJUDP
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3RVWHU��6HVVLRQ�� 
������-������&(7 

06��-$��3K\VLFV�RI�PXOWL-SKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
>���@�3RUH-VFDOH�DQDO\VLV�RI�JDV�LQMHFWLRQ�LQ�JDV-FRQGHQVDWH�UHVHUYRLUV  
3DXOD�5HLV��0DUFLR�&DUYDOKR� 
>���@�([SHULPHQWDO�(YDOXDWLRQ�RI�3RO\PHULF�)OXLG�'LVSODFHPHQW�LQ�&DUERQDWHV�
XVLQJ�DQ�;-UD\�,PDJLQJ�7HFKQLTXH  
1DUD�%UDQGmR�&RVWD�6DQWRV��$UVDODQ�=ROIDJKDUL��-RmR�-RUJH�5LEHLUR�'DPDVFHQR��)iELR�
2OLYHLUD�$URXFD��6KDKLQ�1HJDKEDQ��$PLUPDVRXG�.DODQWDUL�'DKDJKL� 
>���@�+RPRJHQL]DWLRQ�RI�WZR-SKDVH�IORZ�LQ�SRURXV�PHGLD��$�GLIIXVH�LQWHUIDFH�
DSSURDFK�H[SODLQLQJ�FDSLOODU\�SUHVVXUH-VWDWXUDWLRQ�K\VWHUHVLV 
6WHIDQ�0HW]JHU��3HWHU�.QDEQHU 
>���@�([SHULPHQWDO�6WXG\�RQ�/RQJ�&RUH�RI�)UDFWXUHG�9XJJ\�0HWDPRUSKLF�5RFN�
5LFK�LQ�&RQGHQVDWH�*DV�5HVHUYRLU�ZLWK�'LIIHUHQW�'HYHORSPHQW�0HWKRGV 
-LQPDQ�/,��-LQ]H�/,��KRQJER�KXR��<DQJ�/,1��/LQVRQJ�&+(1*��-LQVKHQJ�681 
>���@�8VH�RI�LQIUDUHG�QDQR-VSHFWURVFRS\�WR�VWXG\�WKH�H[LVWHQFH�DQG�WKLFNQHVV�
RI�WKH�ZHWWLQJ�ILOP�LQ�RLO-ZHW�FDUERQDWHV 
7DQQD]�3DN��,VDGRUD�&DL[HWD��/XL]�)HUQDQGR�GH�/LPD�/X]�-XQLRU��1DWKDO\�/RSHV�
$UFKLOKD��,QJULG�'DYLG�%DUFHORV 
>���@�6XUIDFH-ZDVKLQJ�RI�FRQWDPLQDWHG�SRURXV�VXEVWUDWHV 
)UDQFHVFR�3DROR�&RQWR��0HUOLQ�$UDJRQ�(W]ROG��6WXDUW�%��'DO]LHO��-XOLHQ�5��/DQGHO 

06����)OXLGV�LQ�1DQRSRURXV�0HGLD 

>��@�(IIHFWV�RI�QDQRSRUH�JHRPHWU\�RQ�FRQILQHG�ZDWHU�IORZ��D�YLHZ�RI�ODWWLFH�
%ROW]PDQQ�VLPXODWLRQ 
:HQ�=KDR��/LQ�-LDQJ��&KHQJ]DR�-LD� 
>���@�3KDVH�7UDQVLWLRQV�LQ�'LVRUGHUHG�0HVRSRURXV�6ROLGV��(IIHFW�RI�*HRPHWULF�
'LVRUGHU 
+HQU\�(QQLQIXO��'DQLHO�6FKQHLGHU��'LUN�(QNH��5XVWHP�9DOLXOOLQ� 
>���@�0HWKDQH�DGVRUSWLRQ�RQ�6LOLFD-.DROLQLWH�LQWHUIDFH�IRU�VKDOH�JDV�
DSSOLFDWLRQ��$�WKHRUHWLFDO�VWXG\ 
$EGXOPXMHHE�2QDZROH��0XVWDID�1DVVHU��,EQHOZDOHHG�+XVVHLQ��0RKDPPHG�$O-0DUUL��
$KPDG�6DNKDHH-3RXU��6DQWLDJR�$SDULFLR 
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3RVWHU��6HVVLRQ����FRQW� 
������-������&(7 

06����)OXLGV�LQ�1DQRSRURXV�0HGLD��FRQW� 
>���@�*OREDO�VHQVLWLYLW\�DQDO\VLV�RI�D�ORZ�SHUPHDELOLW\�PHGLD�JDV�IORZ�PRGHO�
ZLWK�PXOWLSOH�WUDQVSRUW�PHFKDQLVPV 
/HRQDUGR�6DQGRYDO��0RQLFD�5LYD��,YR�&RORPER��$OEHUWR�*XDGDJQLQL 
>���@�0ROHFXODU�G\QDPLFV�VWXG\�RI�PHWKDQH�GLIIXVLRQ�LQ�IOH[LEOH�PLFURSRURVLW\�
RI�VRXUFH�URFN·V�RUJDQLF�PDWWHU 
.ULVWLQD�$ULVNLQD��*XLOODXPH�*DOOLHUR��$PDHO�2EOLJHU 
>���@�,PSDFW�RI�VDOW�RQ�VRUSWLRQ�LVRWKHUPV�LQ�QDQRSRURXV�PHGLD 
+XJR�%HOOH]]D��0DULQH�3RL]DW��2OLYLHU�9LQFHQW� 

>���@�7ZR-VFDOH�SRURPHFKDQLFDO�PRGHO�LQFRUSRUDWLQJ�DGVRUSWLRQ�HIIHFWV�RI�D�
IOXLG�PL[WXUH�LQ�DUELWUDU\�JHRPHWULFDO�QDQRSRUHV 
+$�4XRF�'DW��7LHQ�'XQJ�/H��,ULQD�3DQILORY��&KULVWLDQ�0R\QH 
>���@�6WHDG\-6WDWH�/LTXLG�3HUPHDELOLW\�0HDVXUHPHQWV�LQ�8OWUD�7LJKW�5RFN�
6DPSOHV 
+DGL�%DJKHU]DGHK��+RVVHLQ�.KRUVKLGLDQ��6��+��+HMD]L� 
>���@�7KH�(IIHFW�RI�6XUIDFH�&KHPLVWU\�RQ�3KDVH�%HKDYLRU�LQ�1DQRSRURXV�
&RQILQHPHQW��$Q�([SHULPHQWDO�6WXG\�RI�LVR-%XWDQH�,VRWKHUPV 
5DPL�$OORXVK��.HHUWL�6KDUPD��0RKDPPDG�3LUL� 

06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD 

>��@�3HUPHDELOLW\�3UHGLFWLRQ�YLD��'�&RQYROXWLRQ�1HXUDO�1HWZRUNV� 
0RKDPHG�(OPRUV\��:DHO�(O-'DNKDNKQL��%HQ]KRQJ�=KDR 
>���@�,PDJH�6HJPHQWDWLRQ�ZLWK�7UDQVIHU�/HDUQLQJ�IRU�&DUERQDWH�5RFN�,PDJHV 
5DPDQ]DQL�.DOXOH��+DPLG�$EGHUUDKPDQH��:DOHHG�$ODPHUL��0RKDPHG�6DVVL 
>���@�'HYHORSPHQW�RI�D�VLPSOH-WR-XVH�DQG�QRYHO�FRUUHODWLRQ�WR�SUHGLFW�DSSDUHQW�
YLVFRVLW\�RI�ZD[\�FUXGH�RLOV�PL[HG�ZLWK�SRO\PHULF�DGGLWLYHV 
0RKDPPDG�0DGDQL��0DU\DP�+DVDQ]DGHK� 
>���@�,QWURGXFWLRQ�RI�DQ�,QWHJUDWHG�:RUNIORZ�IRU�2SWLPDO�:HOO�3ODFHPHQW�8VLQJ�
0DFKLQH�/HDUQLQJ�0HWKRGV 
0RKDPPDGUH]D��0RVKWDUL��%DU]DQ�.DULPL��6DHLG�6DGHJKQHMDG��$UQH�-DFRE��)ULHGHU�
(Q]PDQQ��0LFKDHO�.HUVWHQ 

7KXUVGD\�'
HWDLOHG�3URJUDP

 



���� 

 

7+856'$<�����-81(����� 

3RVWHU��6HVVLRQ����FRQW� 
������-������&(7 

06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD��FRQW� 
>���@�237,080�6(*0(17$7,21�2)�$�6$1'6721(�5(6(592,5�0,&52-&7�
,0$*(5<�86,1*�0$&+,1(�/($51,1*�$/*25,7+06 
;XH�<X��/LQJ\XQ�.RQJ��%ODLVH�0LEHFN��&HVDU�%DUDMDV-2ODOGH��0DWWKHZ�%XUWRQ-.HOO\��
%HWKDQ\�.XU]��6KDQH�%XWOHU 
>���@�'HHS�/HDUQLQJ-EDVHG�VHQVLWLYLW\�DQDO\VLV�IRU�VXEVXUIDFH�IORZ�DQG�
WUDQVSRUW 
-RQJK\XQ�/HH��9LQFHQW�/LX��+RQJN\X�<RRQ� 
>���@�*HQHUDWLQJ�XQUHSUHVHQWHG�JHRORJLFDO�UHDOL]DWLRQV�XVLQJ�*HQHUDWLYH�
$GYHUVDULDO�1HWZRUNV 
$OKDVDQ�$EGHOODWLI��$KPHG�+��(OVKHLNK� 
>���@�,PSURYLQJ�WKH�UHOLDELOLW\�RI�SKDVH�VHJPHQWDWLRQ�E\�FRPELQLQJ��'�
LPDJLQJ�DQG�PDFKLQH�OHDUQLQJ�PHWKRGV 
3DULVD�$VDGL��/DXUHQ�%HFNLQJKDP 
>���@�'HHS-OHDUQLQJ-EDVHG�,PDJH�6HJPHQWDWLRQ�7HFKQLTXHV�IRU�3RURXV�0HGLD�
3URSHUW\�(VWLPDWLRQ 
<XKDQ�+VL��)DQJ\D�1LX��3UDNDVK�3XUVZDQL��;LDROHL�+XDQJ��=XOHLPD�.DUS\Q��3DULVD�
6KRNRXKL 
>���@�&RPSDULVRQ�RI�5HVSRQVH�6XUIDFH�DQG�$UWLILFLDO�1HXUDO�1HWZRUN�0RGHO�IRU�
5HODWLYH�3HUPHDELOLW\�XVLQJ�6DWXUDWLRQ�DQG�3KDVH�&RQQHFWLYLW\ 
+DQLI�<RJD��3UDNDVK�3XUVZDQL��5XVVHOO�7��-RKQV 
>���@�$SSOLFDWLRQ�RI�&RQYROXWLRQDO�1HXUDO�1HWZRUNV�LQ�)ORZ�6LPXODWLRQ�RI�
3RURXV�0HGLD��8QVXSHUYLVHG�,PDJH�6HJPHQWDWLRQ�DQG�/DW-1HW�IRU�/%0�
6LPXODWLRQ 
+RQJVKHQJ�:DQJ��'XVWLQ�&UDQGDOO��/DXUD�'DOWRQ��&KHQJ�&KHQ 
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&KULVWRSHU�0DF0LQQ 
8QLYHUVLW\�RI�2[IRUG� 
 
)OXLG-IOXLG�SKDVH�VHSDUDWLRQ�LQ�D�VRIW�SRURXV�PHGLXP� 
 
7KH� LQWHUDFWLRQV� RI� WZR� IOXLGV� ZLWKLQ� D� SRURXV�PHGLXP� GHSHQG�
VWURQJO\�RQ� IORZ�FRQGLWLRQV��ZHWWDELOLW\��DQG�WKH�VWUXFWXUH�RI� WKH�
SRUH�VSDFH��$W�WKH�SRUH�VFDOH��WKHVH�LQWHUDFWLRQV�DUH�FKDUDFWHULVHG�
E\� WKH� IRUPDWLRQ� RI� ZHWWLQJ� ILOPV� WKDW� FRDW� VROLG� VXUIDFHV� DQG�
RFFXS\� FRUQHUV� DQG� WKURDWV�� DQG� WKH� IRUPDWLRQ� RI� QRQ-ZHWWLQJ�
EOREV� WKDW� RFFXS\� ODUJHU� SRUH� ERGLHV�� 7KH� LQYDVLRQ� RI� QRQ-

ZHWWLQJ� EOREV� LQWR� QDUURZ� WKURDWV� LV� HQHUJHWLFDOO\� XQIDYRUDEOH�� EXW� LW� FDQ� EH� IRUFHG�
ZLWK�D�VXIILFLHQWO\�KLJK�SUHVVXUH�JUDGLHQW��$�VRIW�SRURXV�PHGLXP�LV�RQH� LQ�ZKLFK�WKH�
SRUH�VWUXFWXUH�FDQ�GHIRUP�LQ�UHVSRQVH�WR�WKH�IORZ��7KH�PRVW�VWULNLQJ�IHDWXUH�RI�WZR-
IOXLG-SKDVH�IORZ�LQ�D�VRIW�SRURXV�PHGLXP�LV�WKH�WHQGHQF\�RI�WKH�QRQ-ZHWWLQJ�SKDVH�WR�
HQODUJH� WKH� SRUH� VSDFH� E\� SXVKLQJ� WKH� VROLG� JUDLQV� DSDUW�� WR� WKH� SRLQW� RI� IRUPLQJ�
PDFURVFRSLF�FDYLWLHV�LQ�WKH�PHGLXP��7KHVH�FDYLWLHV�FDQ�EH�PXFK�ODUJHU�WKDQ�WKH�SRUH�
VFDOH�� DQG� WKH\� IRUP� VSRQWDQHRXVO\� ZKHQ� WKH� HQHUJHWLF� EHQHILW� RI� UHGXFLQJ� WKH�
/DSODFH�SUHVVXUH�H[FHHGV�WKH�HQHUJHWLF�FRVW�RI�GHIRUPLQJ�WKH�VROLG�VNHOHWRQ��+HUH��ZH�
FRQVLGHU� WKLV� SURFHVV� WKURXJK� WKH� OHQV� RI� SKDVH� VHSDUDWLRQ�� ZKHUH� D� QRQ-ZHWWLQJ�
SKDVH� VHSDUDWHV� �RU� QRW�� IURP� D� IOXLG-IOXLG-VROLG� PL[WXUH�� ,QIRUPHG� E\� WKH�
WKHUPRG\QDPLFV�DQG�ODUJH-GHIRUPDWLRQ�SRURPHFKDQLFV�RI�WKLV�V\VWHP��ZH�FRQVWUXFW�D�
SKDVH-ILHOG� PRGHO� LQ� ZKLFK� WZR� LPPLVFLEOH� IOXLGV� LQWHUDFW� ZLWK� D� SRURHODVWLF� VROLG�
VNHOHWRQ��2XU�PRGHO� FDSWXUHV� WKH� FRPSHWLQJ� HIIHFWV� RI� HODVWLFLW\�� FRQILQHPHQW�� IORZ��
DQG� IOXLG-IOXLG-VROLG� LQWHUDFWLRQV�� :H� WKHQ� XVH� RXU� PRGHO� WR� FRQVLGHU� DQ� LQLWLDO�
GLVWULEXWLRQ�RI�QRQ-ZHWWLQJ�IOXLG�LQ�WKH�SRUH�VSDFH�WKDW�VHSDUDWHV�LQWR�PXOWLSOH�FDYLWLHV��
:H� LGHQWLI\� WKH� NH\� SDUDPHWHUV� WKDW� FRQWURO� SKDVH� VHSDUDWLRQ�� WKH� FRQGLWLRQV� WKDW�
IDYRU�WKH�IRUPDWLRQ�RI�FDYLWLHV��DQG�WKH�FKDUDFWHULVWLF�VL]H�RI�WKH�UHVXOWLQJ�FDYLWLHV��:H�
FRPSOHPHQW� WKLV� DQDO\VLV� ZLWK� H[SHULPHQWDO� REVHUYDWLRQV�� 2XU� UHVXOWV� KDYH�
LPSOLFDWLRQV�IRU�D�ZLGH�YDULHW\�RI�QDWXUDO�DQG�LQGXVWULDO�V\VWHPV��VXFK�DV�WKH�QXFOHDWLRQ�
DQG�JURZWK�RI�JDV�EXEEOHV�LQ�ODNH�EHGV�DQG�ZDVWH�SRQGV�� 

,QYLWHG�6SHDNHUV��3DUDOOHO�6HVVLRQ 
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0DULH�5RJQHV 
6LPXOD�5HVHDUFK�/DERUDWRU\�� 
 
8QGHUVWDQGLQJ�WKH�PHFKDQLVPV�RI�WKH�EUDLQ
V�ZDWHUVFDSH� 
 
<RXU�EUDLQ�KDV� LWV�RZQ�ZDWHUVFDSH��ZKHWKHU�\RX�DUH�UHDGLQJ�
RU VOHHSLQJ�� IOXLG� IORZV� DURXQG� RU� WKURXJK� WKH� EUDLQ� WLVVXH�
DQG� FOHDUV ZDVWH� LQ� WKH� SURFHVV�� 7KHVH� SK\VLRORJLFDO�
SURFHVVHV�DUH�FUXFLDO�IRU WKH�ZHOO-EHLQJ�RI�WKH�EUDLQ�� ,Q�VSLWH�
RI� WKHLU� LPSRUWDQFH� ZH XQGHUVWDQG� WKHP� EXW� OLWWOH��

0DWKHPDWLFV�DQG�QXPHULFV�FRXOG�SOD\�D FUXFLDO�UROH�LQ�JDLQLQJ�QHZ�LQVLJKW��,QGHHG��
PHGLFDO�GRFWRUV �H[SUHVV DQ�XUJHQW�QHHG�IRU�PRGHOLQJ�RI�ZDWHU�WUDQVSRUW�WKURXJK�
WKH� EUDLQ�� WR� RYHUFRPH� OLPLWDWLRQV� LQ� WUDGLWLRQDO� WHFKQLTXHV�� 6XUSULVLQJO\�
OLWWOH DWWHQWLRQ�KDV�EHHQ�SDLG�WR�WKH�PHFKDQLVPV�DQG�WKH�QXPHULFV�RI�WKH EUDLQ·V�
ZDWHUVFDSH�KRZHYHU��DQG�HYHQ�IXQGDPHQWDO�NQRZOHGJH�LV�PLVVLQJ� 
 
,Q� WKLV� WDON��ZH�ZLOO� ORRN� DW�PDWKHPDWLFDO��PHFKDQLFDO� DQG� QXPHULFDO DVSHFWV� IRU�
XQGHUVWDQGLQJ�PHFKDQLVPV�LQYROYHG�LQ�WKH�EUDLQ
V�ZDWHUFDSH DFURVV�VFDOHV��$W�WKH�
PDFURVFDOH�� WKH�EUDLQ�FDQ�EH�YLHZHG�DV�D SRURHODVWLF�PHGLXP�ZLWK�PXOWLSOH� IOXLG�
DQG� SUHVVXUH� FRPSDUWPHQWV LQWHUDFWLQJ�� $W� WKH�PHVRVFDOH�� WKH� YDVFXODWXUH� WZLVW�
DQG� WXUQ� WKURXJK WKH� EUDLQ� SDUHQFK\PD�� GHILQLQJ� ORZHU� GLPHQVLRQDO�
VWUXFWXUHV LQWHUDFWLQJ�ZLWK�WKH�EUDLQ�WLVVXH��$QG�DW�WKH�PLFURVFDOH��EUDLQ�FHOOV DQG�
H[WUDFHOOXODU�VSDFH�LQWHUDFW�YLD�HOHFWULFDO��FKHPLFDO�DQG PHFKDQLFDO�VLJQDOOLQJ�  

,QYLWHG�6SHDNHUV��3DUDOOHO�6HVVLRQ��FRQW� 
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3RVWHU��6HVVLRQ��� 
������-�������&(7 

06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH 
>�@�2SWLPL]LQJ�JUDGLHQW�IXQFWLRQDO�PDWHULDO�IRU�HQKDQFHG�SHUIRUPDQFH�RI�VRODU-
GULYHQ�WKHUPRFKHPLFDO�IXHO�SURGXFWLRQ  
'D�;X��0HQJ�/LQ� 
>���@�&RPSDUDWLYH�VWXG\�RQ�RLO�UHFRYHU\�HIILFLHQFLHV�RI�6F&2��DQG�1��LQMHFWLRQ�
SURFHVVHV�LQ�WLJKW�FRUHV 
/L�&KDRIDQ��'RQJ[LQJ�'8��/XPLQJ�-LDQJ��<RQJ�6KX 
>���@�'\QDPLFV�RI�RUJDQLF�SRUH�HYROXWLRQ�LQ�VKDOH�XQGHU�YDU\LQJ�WKHUPDO�DQG�
R[\JHQ�HQYLURQPHQWV 
WXOL�EDNVKL��'HEDQMDQ�&KDQGUD��9LNUDP�9LVKDO 
>���@�8QGHUVWDQGLQJ�WKH�LQIOXHQFH�RI�SRUH-VFDOH�URFN�KHWHURJHQHLW\�LQ�&2��JHR
-VHTXHVWUDWLRQ 
)DUVKDG�'DUDHL�*KDGLNRODHL��<XODL�=KDQJ��/\GLD��.QXHILQJ��$QQD�+HUULQJ��0DUN�
.QDFNVWHGW��0RKDPPDG�6DDGDWIDU 
>���@�&RPSDULVRQ�DQG�5HGXFWLRQ�RI�WKH�&KHPLFDO�.LQHWLF�0HFKDQLVPV�
3URSRVHG�IRU�7KHUPDO�3DUWLDO�2[LGDWLRQ�RI�0HWKDQH��732;��LQ�3RURXV�0HGLD  
)DU]DP�)RWRYDW��0HKUQD]�5DKLPSRXU 

06����%LRFKHPLFDO�SURFHVVHV�DQG�ELRILOPV�LQ�SRURXV�PHGLD 
>���@�6WDELOL]DWLRQ�RI�PLQH�WDLOLQJV�XVLQJ�ELRORJLFDO�LQGXFHG�SUHFLSLWDWLRQ�
PHWKRGV�IRU�ZLQG�HURVLRQ�FRQWURO 
)DULGHK�(KVDVL��/HRQ�YDQ�3DDVVHQ 
>���@�&RQFHSWXDO�PRGHO�RI�UHDFWLYH�WUDQVSRUW�LQFRUSRUDWLQJ�ZLWK�G\QDPLF�
ELRILOP�JURZWK�DQG�PXOWLFRQWLQXXP�PHGLD 
-LQJMLQJ�:DQJ��0DDUWHQ�:���6DDOWLQN��-HV~V�&DUUHUD 
>���@�0XOWLVFDOH�PRGHOLQJ�DQG�VLPXODWLRQ�RI�PLFURELDOO\-LQGXFHG�FDOFLWH�
SUHFLSLWDWLRQ�LQ�SRURXV�PHGLD 
<XURQJ�<DQJ��+DRUDQ�6XQ��-LQKXD�+X��;LDRIDQ�<DQJ 
>���@�&KDUDFWHUL]DWLRQ�RI�PLFURELDO�GLVWULEXWLRQ�RI�SDFNDJLQJ�PDWHULDO�
SURFHVVHV�RYHU�D�SURGXFWLRQ�F\FOH 
6WHSKDQLH�0DLW]��3DXO�-DNRE�6FKPLG��&OHPHQV�.LWWLQJHU 
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3RVWHU��6HVVLRQ�����FRQW� 
������-�������&(7 

06����%LRFKHPLFDO�SURFHVVHV�DQG�ELRILOPV�LQ�SRURXV�PHGLD��FRQW� 
>���@�7KH�HYROXWLRQ�RI�SUHIHUHQWLDO�IORZ�SDWKV�GXULQJ�(Q]\PDWLFDOO\�,QGXFHG�
&DOFLWH�3UHFLSLWDWLRQ�DQG�LWV�HIIHFW�RQ�WKH�SHUPHDELOLW\ 
)HOL[�:HLQKDUGW��-LQJ[XDQ�'HQJ��1LNRODRV�.DUDGLPLWULRX��-RKDQQHV�+RPPHO��5RELQ�
*HUODFK��+ROJHU�&ODVV��+ROJHU�6WHHE 
>���@�6HOI-DVVHPEO\�RI�&RPDPRQDV�GHQLWULILFDQV��IRUPDWLRQ�RI�D�OLYLQJ�EDFWHULDO�
JHO 
6DP�&KDUOWRQ��(OHRQRUD�6HFFKL��*DYLQ�0HODXJK 

06����0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�KHWHURJHQHRXV�
DQG�IUDFWXUHG�PHGLD 

>���@�)HHGEDFN�PHFKDQLVPV�EHWZHHQ�SUHFLSLWDWLRQ�DQG�GLVVROXWLRQ�UHDFWLRQV�
DFURVV�UDQGRPO\�KHWHURJHQHRXV�FRQGXFWLYLW\�ILHOGV 
$OEHUWR�*XDGDJQLQL��*LRYDQQL�3RUWD��0DUWLQ�6WRODU��\DQLY�HGHU\� 
>���@�6LPXODWLQJ�VROXWH�WUDQVSRUW�WKURXJK�VDWXUDWHG�KHWHURJHQRXV�PHGLXP�
XVLQJ�WULSOH�SRURVLW\�QRQ�HTXLOLEULXP�PRGHO 
$PDQ�&KDQGHO��'HHSDN�6ZDPL 
>���@�&RQWURO�RI�FKHPLFDOO\-GULYHQ�FRQYHFWLYH�GLVVROXWLRQ�E\�GLIIHUHQWLDO�
GLIIXVLRQ�HIIHFWV 
0DPWD�-RWNDU��/DXUHQFH�5RQJ\��$QQH�'H�:LW� 

06����)OXLGV�LQ�1DQRSRURXV�0HGLD 
>���@�'\QDPLF�DGVRUSWLRQ�RI�&2��LQ�VKDOH�RUJDQLF�SRUHV�XVLQJ�PROHFXODU�
G\QDPLF�VLPXODWLRQ 
-LQJUX�=KDQJ��<L�=KDQJ��/HL�<XDQ 

>���@�:HWWLQJ��,PELELWLRQ�DQG�6ZLWFKDEOH�(ODVWRFDSLOODULW\�LQ�1DQRSRURXV�0HGLD 
3DWULFN�+XEHU� 

>���@�&DSLOODU\�LPELELWLRQ�G\QDPLFV�XQGHU�YDULRXV�VROLG–OLTXLG�LQWHUDFWLRQV��$�
PROHFXODU�G\QDPLFV�VWXG\ 
+XEDR�$��=KLELQJ�<DQJ��5DQ�+X��<L-)HQJ�&KHQ 

)ULGD\�'
HWDLOHG�3URJUDP
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3RVWHU��6HVVLRQ�����FRQW� 
������-�������&(7 

06����)OXLGV�LQ�1DQRSRURXV�0HGLD��FRQW�� 
>���@�$�PRGLIHG�SXOVH-GHFD\�DSSURDFK�WR�VLPXOWDQHRXVO\�PHDVXUH�SHUPHDELOW\�
DQG�SRURVLW\�RI�WLJKW�URFNV 
<XH�:DQJ��%HUQKDUG�.52266��0RUDQ�:DQJ��6WHIIHQ�1ROWH� 
>���@�0RGLILFDWLRQ�PHWKRG�DQG�DGDSWDELOLW\�RI�IOXLG�SKDVH�VWDWHV�LQ�QDQRSRUHV 
\XDQ]KHQJ�:DQJ��UHQ\L�&DR��PLQJ�0D 

�06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD 
>���@�'HHS�OHDUQLQJ�IRU�GLJLWDO�URFN�LPDJH�VHJPHQWDWLRQ�LQ�SRUH�VWUXFWXUH�
FKDUDFWHUL]DWLRQ 
-LX\X�=KDR��-LDQFKDR�&DL� 

>���@�7RUWXRVLW\�DQG�SHUPHDELOLW\�RI�UDQGRP�SRURXV�PHGLXP�XVLQJ�GHHS�
OHDUQLQJ 
0DFLHM�0DW\ND��.U]\V]WRI�*UDF]\N� 
>���@�5RWDWHG�%RXQGLQJ�%R[�)DVWHU�5&11�IRU�)UDFWXUH�'HWHFWLRQ�LQ�;-5D\�&7�
,PDJH�RI�5RFNV 
&KX\HQ�1JRF�3KDP��&KDQJOXQ�6XQ��6XQ�<HRP��/L�=KXDQJ��+\X-6RXQJ�6KLQ 
>���@�5HFRQVWUXFWLRQ�RI��'�VKDOH�GLJLWDO�URFN�EDVHG�RQ�JHQHUDWLYH�DGYHUVDULDO�
QHWZRUN 
<RQJIHL�<DQJ��)XJXL�/LX��-XQ�<DR��+XDMXQ�6RQJ��0LQ�:DQJ� 
>���@�'LJLWDO�5RFN�7\SLQJ 
2PDU�$O-)DULVL��0RKDPHG�6DVVL��'MDPHO�2X]]DQH� 
>���@�6WXG\�RQ�WKH�3URGXFWLRQ�&KDUDFWHULVWLFV�RI�6KDOH�2LO�XVLQJ�0DFKLQH�
/HDUQLQJ��&DVH�6WXG\�RI�-LPVDU�)LHOG 
万航�郭���-LDQFKXQ�;X� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 
06������� %LRFKHPLFDO�SURFHVVHV�DQG�ELRILOPV�LQ�SRURXV�PHGLD 
&KDLUV��(OHRQRUD�6HFFKL��$QR]LH�(ELJER 

����� 
>���@�,QYHVWLJDWLQJ�WKH�(IIHFW�RI�(Q]\PDWLFDOO\�,QGXFHG�&DUERQDWH�
3UHFLSLWDWLRQ�RQ�+\GUDXOLF�3URSHUWLHV  
-RKDQQHV�+RPPHO��)HOL[�:HLQKDUGW��+ROJHU�6WHHE��+ROJHU�&ODVV 

����� 
>���@�&DSVXOH-EDVHG�ELRPLPHWLF�UHJXODWLQJ�WHFKQLTXH�RI�0,&3�DQG�LWV�
DSSOLFDWLRQ�IRU�VRLO�UHLQIRUFHPHQW  
$OH[DQGUD�&ODUj�6DUDFKR��/RUHQ]R�/XFKHULQL��'LPLWULRV�7HU]LV��/\HVVH�/DORXL 

����� >���@�1XPHULFDO�VWXG\�RI�WKH�WHPSHUDWXUH�HIIHFWV�RQ�0,&3 
;XHUXL�:DQJ��8GR�1DFNHQKRUVW� 

����� 

>���@�4XDQWLI\LQJ�VXOIDWH�UHGXFWLRQ�UDWHV�RI�ELRILOP�RQ�VKDOH�IUDFWXUH�
ZDOOV�ZLWKLQ�D�PLFURIOXLGLF�UHDFWRU 
/DQJ�=KRX��$QDQGD�6�%KDWWDFKDUMHH��*OHQQ�$�)ULHG��0D\DQGL�6LYDJXUX��.\OH�
0LFKHOVRQ��5REHUW�$�6DQIRUG��%UXFH�:�)RXNH��&KDUOHV�-�:HUWK� 
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06��������0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�
KHWHURJHQHRXV�DQG�IUDFWXUHG�PHGLD 
&KDLUV��$PLU�5DRRI��0R]KGHK�6DMMDGL 

����� 
>���@�6DWXUDWHG�&ROORLG�WUDQVSRUW�H[SHULPHQWV�XQGHU�XQIDYRUDEOH�
FRQGLWLRQV�LQ�'XDO-3RURVLW\�3'06�PLFUR-PRGHOV�  
(QQR�GH�9ULHV��$PLU�5DRRI��4LDQMLQJ�7DQJ 

����� 
>���@�/DJUDQJLDQ�,QWHUPLWWHQF\�LQ�&ROORLG�7UDQVSRUW�7KURXJK�3RURXV�
0HGLD  
9HURQLFD�0RUDOHV��0DUNXV�+RO]QHU 

����� 
>���@�$�GHWDLOHG�SRUH�VFDOH�PRGHOOLQJ�RI�FROORLG�WUDQVSRUW�LQ�SRURXV�
PHGLD�XVLQJ�ODWWLFH�%ROW]PDQQ�PHWKRG 
0DQGDQD�6DPDUL�.HUPDQL��6DHHG�-DIDUL��0RKDPPDG�5DKQDPD��$PLU�5DRRI 

����� 

>���@�3RURVLW\-SHUPHDELOLW\�UHODWLRQVKLSV�IRU�VXEIORUHVFHQW�VDOW�FUXVWV�
IURP�HYDSRUDWLRQ�RI�VDQG�FROXPQV�ZLWK�YDU\LQJ�LQLWLDO�VDOW�
FRQFHQWUDWLRQ 
-RVHSK�3LRWURZVNL��'RQJZRQ�/HH��$QGUHDV�3RKOPHLHU��+DUU\�9HUHHFNHQ��
+ROJHU�6WHHE��-RKDQ�$OH[DQGHU�+XLVPDQ� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06��������0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD 
&KDLUV��+RQJN\X�<RRQ��-LDQFKXQ�;X 

����� 

>���@�3UHGLFWLRQ�RI�)ORZ�DQG�5HDFWLYH�7UDQVSRUW�XVLQJ�3K\VLFV-
,QIRUPHG�1HXUDO�1HWZRUNV  
+RQJN\X�<RRQ��9LQFHQW�/LX��-RQJK\XQ�/HH 

����� 

>���@�,QWHJUDWLQJ�SURFHVV-EDVHG�UHDFWLYH�WUDQVSRUW�PRGHOLQJ�DQG�
PDFKLQH�OHDUQLQJ�IRU�VXUURJDWH�PRGHO�GHYHORSPHQW��DQ�DSSOLFDWLRQ�WR�
HOHFWURNLQHWLF�UHPHGLDWLRQ�RI�FRQWDPLQDWHG�JURXQGZDWHU  
5LFFDUGR�6SURFDWL��0DVVLPR�5ROOH 

����� 
>���@�5REXVW�SRURXV�PHGLD�IORZ�FRQWURO�XVLQJ�'HHS�5HLQIRUFHPHQW�
/HDUQLQJ 
$WLVK�'L[LW��$KPHG�+��(OVKHLNK 

)ULGD\�'
HWDLOHG�3URJUDP

 

06��������0DQXIDFWXUHG�3RURXV�0DWHULDOV�IRU�,QGXVWULDO�$SSOLFDWLRQV 
&KDLUV��9DKLG�1LDVDU��6HQ\RX�$Q� 

����� 
>��@�+RZ�GRHV�WKH�VWUXFWXUH�RI�D�JDV�GLIIXVLRQ�OD\HU�FRQWURO�WKH�
SHUIRUPDQFH�RI�IXHO�FHOOV  
'DQLHO�1LEOHWW��$GULDQ�0XODUF]\N��-HQV�(OOHU��6WXDUW�+ROPHV��9DKLG�-�1LDVDU 

����� 
>���@�QYHVWLJDWLRQ�RI�ZDWHU�IUHH]LQJ�LQ�JDV�GLIIXVLRQ�OD\HU�RI�3(0)&�
XVLQJ�ODWWLFH�%ROW]PDQQ�PHWKRG  
*DR�<XDQ��-LQ�7HQJ��'LQJ�=KDRIHQJ� 

����� 

>���@�5HGR[�)ORZ�%DWWHU\�RSHUDWLRQ�PD\�EH�OLPLWHG�E\�´+RW�6SRWVµ�
REVHUYHG�LQ�SRUH�VFDOH�VLPXODWLRQ�RI�IORZ�LQ�FDUERQ�ILEUH�IHOW�
HOHFWURGHV 
(GR�%RHN��5KRGUL�-HUYLV��)DUUHO�*UD\� 

����� 
>���@�0DQXIDFWXULQJ�RI�SRO\FU\VWDOOLQH�QLFNHO-EDVHG�VXSHUDOOR\�
PHPEUDQHV�E\�GLUHFWLRQDO�FRDUVHQLQJ�WKURXJK�UROOLQJ�DQG�DJHLQJ 
&KULVWLDQ�9RHOWHU��-RDFKLP�5|VOHU� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06������� 6XEVXUIDFH�:DWHU�)ORZ�DQG�&RQWDPLQDQW�7UDQVSRUW�3URFHVVHV�–�
6SHFLDO�6HVVLRQ�LQ�+RQRU�RI�+DUU\�9HUHHFNHQ 
&KDLUV��-DQ�9DQGHUERUJKW��5LHQ�YDQ�*HQXFKWHQ 

����� 

>���@�0DJQHWLF�UHVRQDQFH�LPDJLQJ�RI�ZDWHU�FRQWHQW�DQG�IORZ�SURFHVVHV�
LQ�QDWXUDO�VRLO�XVLQJ�SXOVH�VHTXHQFHV�ZLWK�XOWUDVKRUW�GHWHFWLRQ  
6DELQD�+DEHU-3RKOPHLHU��'DYLG�&DWHULQD��$QGUHDV�3RKOPHLHU 

����� 
>���@�3URFHVV-GHSHQGHQW�VROXWH�WUDQVSRUW�LQ�SRURXV�PHGLD  
+DPLGUH]D�(UIDQL�*DKURRHL��1LNRODRV�.DUDGLPLWULRX��$ORQ�1LVVDQ��0RQLND�
:DOF]DN��%ULDQ�%HUNRZLW]��9DKLG�-�1LDVDU� 

����� 
>���@�,QMHFWLYLW\�'HFOLQH�E\�1DQRSDUWLFOHV�LQ�+LJK�3HUPHDELOLW\�
6DQGVWRQH�5RFN 
$OL�)DGLOL��$OL�0XUWD]D��3DFHOOL�=LWKD��3DXO�YDQ�GHQ�+RHN 

����� 
>���@�8QVDWXUDWHG�)ORZ�(IIHFWV�RQ�6ROXWH�7UDQVSRUW�LQ�6RLOV 
/XZHQ�=KXDQJ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV 

06��������3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH 
&KDLUV��/DXUHQ�%HFNLQJKDP��(OHQL�6WDYURSRXORX 

����� 
>���@�8QLILHG�PXOWLSK\VLFV�IUDPHZRUN�IRU�DVVHVVPHQW�RI�&2��VWRUDJH�LQ�
KHWHURJHQHRXV�VDOLQH�DTXLIHUV  
<XKDQJ�:DQJ��&RUQHOLV�9XLN��+DGL�+DMLEH\JL 

����� 
>���@�3RUH-VFDOH�PRGHOOLQJ�DQG�VHQVLWLYLW\�DQDO\VHV�RI�K\GURJHQ-EULQH�
PXOWLSKDVH�IORZ�LQ�JHRORJLFDO�SRURXV�PHGLD  
/HLOD�+DVKHPL��0DUWLQ�%OXQW��+DGL�+DMLEH\JL 

����� 

>���@�3RUH-VFDOH�,QYHVWLJDWLRQ�RI�WKH�&DSLOODU\�3UHVVXUH�(IIHFW�RQ�WKH�
8SZDUG�0LJUDWLRQ�RI�+\GURJHQ�WKURXJK�:DWHU-ILOOHG�3RURXV�0HGLD 
0HKUGDG�9DVKHJKDQL�)DUDKDQL��$OLDNEDU�+DVVDQSRXU\RX]EDQG��.DWULRQD��
(GOPDQQ 

����� 
>���@�5HDFWLYH�&2��'HQVLW\-'ULYHQ�)ORZ�LQ�$TXLIHUV 
+DPLGUH]D�(UIDQL�*DKURRHL��0DVRXG�%DEDHL��9DKLG�-�1LDVDU 

����� 
>���@�0LFUR-VFDOH�,QVLJKWV�LQWR�WKH�(IIHFWV�RI�,RQLF�6WUHQJWK�RQ�&2��
,QGXFHG�&DUERQDWH�5RFNV�'LVVROXWLRQ 
6KLPD�*KDQDDWLDQ��2PLG�6KDKURNKL��6XVDQD�*DUFLD��0HUFHGHV�0DURWR-9DOHU 

����� 
>���@�+\GUDWH�IRUPDWLRQ�DQG�PLJUDWLRQ�LQ�VWUDWLILHG�SRURXV�PHGLD 
7LDQMLD�+XDQJ��.H�;X 

����� 

>���@�7KHUPDO�IUDFWXULQJ�DQG�QDWXUDO�FRQYHFWLRQ�–�D�KLGGHQ�VRXUFH�RI�
JHRWKHUPDO�DFWLYLW\�LQ�WKH�HDUWK·V�FUXVW" 
6 XQQ�+DOOGRUVGRWWLU��,QJD�%HUUH��(LULN�.HLOHJDYOHQ��,YDU�6WHIDQVVRQ��*XGQL�
$[HOVVRQ� 

����� 
>���@�,Q�VLWX�VWXG\�RI��'�IOXLG�ILQJHULQJ�LQ�SRURXV�PHGLD�XVLQJ�;-UD\�
&RPSXWHG�7RPRJUDSK\ 
$WKDQDVLRV�3DSD]RJORX��%DUEDUD�)D\DUG��-HDQ��'RXFHW��2OLYLHU�*XLUDXG 

)ULGD\�'
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06��-$����� 3K\VLFV�RI�PXOWL-SKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
&KDLUV��-DPHV�0F&OXUH��6LJQH�.MHOVWUXS 

����� 

>���@�&RIIHH�LV�IRU�GULQNLQJ��WHD�LV�IRU�SRURXV�PHGLD�VFLHQFH��
LQWHUPLWWHQW�EXUVW�G\QDPLFV�LQ�VORZ�GUDLQDJH�H[SHULPHQWV�LQ�SRURXV�
PHGLD  
0DUFHO�0RXUD��.QXW�-RUJHQ�0DOR\��HLULN�IOHNN¡\��5HQDXG�7RXVVDLQW 

����� 
>���@�'HYHORSHG�HPXOVLILFDWLRQ�LQ�SRURXV�PHGLD�IORZ  
$KPDG�.KDUUDW��%LDQFD�%UDQGVWlWWHU��5HQH�5LWWHU��0RVWDID�%RUML��3LW�$UQROG��
*HUKDUG�3RSRYVNL��2VNDU�3DULV��+ROJHU�2WW � 

����� 
>���@�([SHULPHQWDO�VWXG\�RI�WKH�FRQWDFW�DQJOH�RI�K\GURJHQ-EULQH-URFN�
IRU�VXEVXUIDFH�HQHUJ\�VWRUDJH 
/HLOD�+DVKHPL��:XLV�*OHUXP��5RXKL�)DUDM]DGHK��+DGL�+DMLEH\JL 

����� 
>���@�7KH�LPSDFW�RI�URXJKQHVV�DQG�ZHWWDELOLW\�RQ�LPELELWLRQ�LQ�D�
IUDFWXUH 
<X�4LX��.H�;X��$PLU�3DKODYDQ��5XEHQ�-XDQHV 

����� 
>���@�:HWWDELOLW\�HIIHFWV�RQ�PXOWLSKDVH�GLVSODFHPHQWV�LQ�
KHWHURJHQHRXV�SRURXV�PHGLD 
:HQKDL�/HL��0RUDQ�:DQJ� 

����� 
>���@�1DQR-VFDOH�ZHWWLQJ�ILOP�LPSDFW�RQ�PXOWLSKDVH�WUDQVSRUW�
SURSHUWLHV�LQ�SRURXV�PHGLD 
ZHQKXL�VRQJ��0DVD�3URGDQRYLF��-XQ�<DR��.DL�=KDQJ� 

����� 

>���@�(IIHFW�RI�3RUH-6FDOH�:HWWDELOLW\�'LVWULEXWLRQ�3DWWHUQV�RQ�)OXLG�
&RQQHFWLYLW\ 
2PLG�6KDKURNKL��$PLU�-DKDQEDNKVK��.U\VWLDQ�:ORGDUF]\N��'XQFDQ�3��+DQG��
0HUFHGHV�0DURWR-9DOHU 

����� 
>���@�4XDQWLILFDWLRQ�RI�QRQ-OLQHDU�PXOWLSKDVH�IORZ�LQ�SRURXV�PHGLD�IRU�
ERWK�ZDWHU-ZHW�DQG�PL[HG-ZHW�FRQGLWLRQV 
<LKXDL�=KDQJ��%UDQNR�%LMHOMLF��<LQJ�*DR��4LQJ\DQJ�/LQ��0DUWLQ�%OXQW 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�
KHWHURJHQHRXV�DQG�IUDFWXUHG�PHGLD 
&KDLUV��4LQJZDQJ�<XDQ��%UDQNR�%LMHOMLF 

����� 
>���@�2SWLPDO�)OXLG�6WUHWFKLQJ�IRU�0L[LQJ-OLPLWHG�5HDFWLRQ�LQ�5RXJK�
)UDFWXUH�)ORZV  
6HRQN\RR�<RRQ��0DUFR�'HQW]��3HWHU�.DQJ� 

����� 
>���@�,PSDFW�RI�3K\VLFDO�+HWHURJHQHLW\�RQ�(IIHFWLYH�5HDFWLRQ�5DWHV 
5RGROIR�2OLYHLUD��0DUWLQ�%OXQW��%UDQNR�%LMHOMLF 

����� 
>���@�(IIHFWV�RI�,QHUWLD�DQG�'LIIXVLRQ�RQ�5HDFWLYH�7UDQVSRUW�ZLWK�)OXLG-
6ROLG�5HDFWLRQV�LQ�5RXJK�)UDFWXUHV 
:RRQJKHH�/HH��6HRQN\RR�<RRQ��3HWHU�.DQJ 

����� 
>���@�(IIHFWLYH�GLVSHUVLRQ�FRHIILFLHQWV�IRU�WKH�XSVFDOLQJ�RI�SRUH-VFDOH�
PL[LQJ�DQG�UHDFWLRQ�LQ�KHWHURJHQHRXV�SRURXV�PHGLD 
$OH[DQGUH�3X\JXLUDXG��/D]DUR�3HUH]��-XDQ�-��+LGDOJR��0DUFR�'HQW] 

����� 

>��@�&RXSOHG�7KHUPDO-+\GURORJLFDO-0HFKDQLFDO-&KHPLFDO�0RGHO�)RU�
5HDFWLYH�'LVVROXWLRQ�DQG�:RUPKROH�)RUPDWLRQ�LQ�9XJV�&DUERQDWH�
5RFNV 
&XQTL�-LD��-XQ�<DR 

����� 
>���@�0RGHOLQJ�WKH�HYROXWLRQ�RI�IUDFWXUHG�PHGLD�XVLQJ�D�PXOWLVFDOH�
DSSURDFK 
6HUJL�0ROLQV��'DYLG�7UHERWLFK��&DUO�6WHHIHO� 

����� 
>���@�5D\OHLJK-7D\ORU�,QVWDELOLW\�LQ��'�DQG��'�'LVSHUVLYH�3RURXV�
0HGLXP 
-D\EUDWD�'KDU��3DWULFH��0HXQLHU��)UDQoRLV��1DGDO��<YHV��0pKHXVW 

����� 

>���@�5HODWLYH�FRQWULEXWLRQV�RI�SHUPHDELOLW\�KHWHURJHQHLW\�DQG�
YLVFRVLW\�FRQWUDVW�RQ�VFDODU�PL[LQJ 
$OHVVDQGUD�%RQD]]L��0DULD�0RUYLOOR��-LQZRR�,P��%LUHQGUD�-KD��)HOLSH�3��-��GH�
%DUURV 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 

06������� )OXLGV�LQ�1DQRSRURXV�0HGLD 
&KDLUV��3DWULFN�+XEHU��*HQQDG\�*RU 

����� 

>���@�:DWHU�WUDQVSRUW�LQ�VRIW�QDQRSRURXV�PDWHULDOV��,PSDFW�RI�
PHFKDQLFDO�GHIRUPDWLRQ�RQ�FROOHFWLYH�G\QDPLFV��LQWHUIDFLDO�VOLSSDJH�
DQG�SHUPHDQFH  
$OH[DQGHU�6FKODLFK��0DWWKLHX�9DQGDPPH��0DULH�3OD]DQHW��%HQRLW�&RDVQH 

����� 
>���@�7KH�,QWHUSOD\�RI�6SUHDGLQJ��,PELELWLRQ�DQG�(YDSRUDWLRQ�RI�:DWHU�
'URSOHWV�RQ�1DQRSRURXV�6XUIDFHV  
/DXUD�*DOODUGR��+XJR�%HOOH]]D��-XDQ�6DQFKH]��3DWULFN�+XEHU��2OLYLHU�9LQFHQW 

����� 
>���@�,PELELWLRQ-,QGXFHG�'HIRUPDWLRQ�LQ�1DQRSRURXV�9\FRU�*ODVV 
-XDQ�6DQFKH]��3DWULFN�+XEHU��=KXRTLQJ�/L��0LFKDHO�)U|ED��'LUN�(QNH��+RZDUG�
6WRQH 

����� 
>���@�0XOWLSKDVH�LPELELWLRQ�G\QDPLFV�LQ�[\OHP-OLNH�QDQRSRURXV�PHGLD 
2OLYLHU�9LQFHQW��7KpR�7DVVLQ��(ULN�+XEHU��$EUDKDP�6WURRFN 

����� 

>���@�6WXG\�RI�FRQYHFWLYH�GU\LQJ�RI�D�PRUWDU�ZLWK�D�SDVWH�FRYHU�E\�
105�DQG�05, 
+LFKDP�',$//$��%HQMDPLQ�0DLOOHW��$OEDQ�*RVVDUG��-HDQ-%DSWLVWH�
&KDPSHQRLV��3KLOLSSH�&RXVVRW 

����� 

>���@�%H\RQG�WRUWXRVLW\��HYDOXDWLQJ�FRQQHFWLYLW\�LQ�PXOWLPRGDO�
FDWDO\VLV�VXSSRUWV 
0DUF�)OHXU\��*HUKDUG�3LUQJUXEHU��$OHNVDQGUD�*ORZVND��/HRQRU�&DWLWD��
7KLEDXG�&KHYDOLHU��(OVD�-ROLPDLWUH 

����� 
>���@�3DUWLFOH�)ORZ�7KURXJK�D�+\GURSKRELF�1DQRSRUH 
.LP�.ULVWLDQVHQ��6LJQH�.MHOVWUXS 

����� 

>���@�3URJUHVV�WRZDUGV�6$;6-EDVHG�3()&�FDWDO\VW�OD\HU�VDWXUDWLRQ�
GHWHUPLQDWLRQ 
.LQDQWL�+DQWL\DQD�$OL\DK��/RUHQ]�*XEOHU��-HQV�(OOHU� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��FRQW� 
06��������6XEVXUIDFH�:DWHU�)ORZ�DQG�&RQWDPLQDQW�7UDQVSRUW�3URFHVVHV�
–�6SHFLDO�6HVVLRQ�LQ�+RQRU�RI�+DUU\�9HUHHFNHQ 
&KDLUV��5LHQ�YDQ�*HQXFKWHQ��-DQ�9DQGHUERUJKW 

����� 
>���@�/LQNLQJ�SURFHVVHV��VFDOHV��DQG�UHVHDUFK�FRPPXQLWLHV�WR�DGYDQFH�
UHVHDUFK�RQ�WKH�PRVW�LPSRUWDQW�SRURXV�PHGLXP�ZH�KDYH��RXU�(DUWK� 
-DQ�9DQGHUERUJKW��0DUWLQXV�YDQ�*HQXFKWHQ 

����� 

>���@�,QWHUPHGLDWH-VFDOH�WHVWLQJ�RI�D�VSDWLDOO\�GLVWULEXWHG�VHQVLQJ�
WHFKQRORJ\�IRU�PRQLWRULQJ�JDV�HPLVVLRQ�IURP�VRLOV�DV�DSSOLHG�WR�
FOLPDWH�FKDQJH  
$QD�,OLH��7LVVD�,OODQJDVHNDUH��.HQLFKL�6RJD��5LFKDUG�:KDOOH\��$QGUHZ�7UDXW]��
$EGXOODK�&LKDQ 

����� 

>���@�,QYHVWLJDWLQJ�WKH�,QIOXHQFH�RI�1RQ-/LQHDU�,QWHUIDFLDO�3DUWLWLRQLQJ�
RQ�$TXHRXV�)LOP�)RUPLQJ�)RDP��$)))��7UDQVSRUW�DQG�5HWHQWLRQ�LQ�WKH�
8QVDWXUDWHG�=RQH 
0DVRXG�$UVKDGL��6KXFKL�/LDR��&KHQ�/LX��.XUW�'��3HQQHOO��/LQGD�0��$EULROD 

����� 
>���@�2SWLPDO�,UULJDWLRQ�FRQWURO�LQ�5LFKDUGV�(TXDWLRQ�)UDPHZRUN 
0DUFR�%HUDUGL���5REHUWR�*XJOLHOPL��)DELR�'LIRQ]R� 

����� 

>���@�,QLWLDO�HVWLPDWLRQ�RI�ILHOG-VFDOH�PDFURSRUH�SDUDPHWHUV�IRU�XVH��LQ�
GXDO-SHUPHDELOLW\�PRGHOV 
&DUORV�)DXQGH]�8UELQD��-DUEDV�+RQRULR�GH�0LUDQGD��0DUWLQXV�YDQ�
*HQXFKWHQ��%UXQD�0DUTXHV�GH�4XHLUR] 

����� 
>���@�1XPHULFDO�PRGHOLQJ�WR�RSWLPL]H�QLWURJHQ�IHUWLJDWLRQ�ZLWK�
FRQVLGHUDWLRQ�RI�WUDQVLHQW�GURXJKW�DQG�QLWURJHQ�VWUHVV 
7KRPDV�*URHQYHOG��$PLU�$UJDPDQ��-LUL�ãLPĥQHN��1DIWDOL�/D]DURYLWFK 

����� 
>���@�5RRW�]RQH�VRLO�PRLVWXUH�HVWLPDWLRQ�ZLWK�5DQGRP�)RUHVW 
&ROHHQ�&DUUDQ]D��&RUMDQ�1ROHW��0LFKLHO�3H]LM��0DUWLQH�YDQ�GHU�3ORHJ 

����� 
>���@�'LVSHUVLYH�HIIHFWV�LQ�EXR\DQF\-GULYHQ�IORZ�LQFOXGLQJ�SOXPH-IHG�
JUDYLW\�FXUUHQWV 
6DHHG�6KHLNKL��0RUULV�)O\QQ 
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1HWZRUNLQJ�&RIIHH�%UHDN 
������-�������&(7 

0LVVLQJ� WKH� IDFH-WR-IDFH� LQWHUDFWLRQV� RI� 
LQ-SHUVRQ� HYHQWV"� 'RQ
W� ZRUU\� -� ZH� KDYH� \RX�
FRYHUHG�� 

*UDE� D� FXS� RI� FRIIHH�� WHD� RU� \RXU� IDYRULWH�
EHYHUDJH��LW
V���R
FORFN�VRPHZKHUH��ULJKW"��DQG�MRLQ�RXU�DPEDVVDGRUV�
IRU�D�IXQ�DQG�LQIRUPDO�FKDW��,W
OO�EH�D�JUHDW�ZD\�WR�FRQQHFW�ZLWK�RWKHU�
SDUWLFLSDQWV�IURP�DURXQG�WKH�JOREH��-RLQ�XV�� 

$PEDVVDGRUV� 

*LRYDQQL�3RUWD 
3ROLWHFQLFR�GL� 

0LODQR� 

$OEHUWR�*XDGDJQLQL� 
3ROLWHFQLFR�GL� 

0LODQR� 
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7LPH�%ORFN�&� 

 

/\QQ�*ODGGHQ 
8QLYHUVLW\�RI�&DPEULGJH 
 
�'� 0DJQHWLF� 5HVRQDQFH� ,PDJLQJ� 6WXGLHV� RI� 3RURXV�
0HGLD�� )URP� 2SHUDQGR� &DWDO\VLV�  WR� )OXLG� 7UDQVSRUW� LQ�
5RFN�&RUHV� 
 
0DJQHWLF� UHVRQDQFH� WHFKQLTXHV� DUH� ZHOO-HVWDEOLVKHG� LQ� DSSOLFDWLRQ�
WR� VWXG\LQJ� VWUXFWXUH-WUDQVSRUW� UHODWLRQVKLSV� LQ� SRURXV�PHGLD�� 7KLV�
SUHVHQWDWLRQ�ZLOO�IRFXV�DURXQG�VWXGLHV�RI�WZR�SRURXV�PHGLD�V\VWHPV��
KHWHURJHQHRXV�FDWDO\VLV�DQG�IOXLG�WUDQVSRUW�LQ�URFN�FRUHV��$�UDQJH�RI�

PDJQHWLF� UHVRQDQFH� WHFKQLTXHV�DUH�HPSOR\HG��7KH�EDVLF�SULQFLSOHV�RI� WKHVH�PHWKRGV�ZLOO�
EH� H[SODLQHG�� ,Q� SDUWLFXODU�� WKH� FRQWULEXWLRQ� PDGH� E\� FRPELQLQJ� XQGHUVDPSOLQJ� DQG�
FRPSUHVVHG� VHQVLQJ� LPDJH� UHFRQVWUXFWLRQ� WHFKQLTXHV� ZLWK� VWDQGDUG�PDJQHWLF� UHVRQDQFH�
DFTXLVLWLRQV�ZLOO�EH�VXPPDUL]HG�  
 
2SHUDQGR�&DWDO\VLV��7KH�PDLQ�IRFXV�RI�RXU�ZRUN�LV�WR�XQGHUVWDQG�FDWDO\WLF�EHKDYLRU�DW�UHDO�
RSHUDWLQJ�FRQGLWLRQV�LQ�D�UHSUHVHQWDWLYH�SURFHVV�HQYLURQPHQW��DQG�KHQFH�JDLQ�LQVLJKW�LQWR�
FDWDO\VW� GHVLJQ� DQG� RSWLPDO� SURFHVV� RSHUDWLQJ� FRQGLWLRQV�� 5HDFWLRQV� RI� LQWHUHVW� WR� GDWH�
KDYH� EHHQ� HWKHQH� ROLJRPHUL]DWLRQ� DQG� )LVFKHU-7URSVFK� V\QWKHVLV�� :H� FDQ� QRZ� PHDVXUH�
PROHFXODU�GLIIXVLRQ�ZLWKLQ�WKH�SRUHV�RI�FDWDO\VWV�ZKLOH�WKH\�DUH�RSHUDWLQJ��DQG�WUDFN�JDV�DQG�
OLTXLG�SKDVH�FRPSRVLWLRQ�DV�D� IXQFWLRQ�RI� WLPH-RQ-VWUHDP��%\�VSDWLDOO\�PDSSLQJ�GLIIXVLRQ�
PHDVXUHPHQWV� LW�EHFRPHV�SRVVLEOH� WR� VHH�KRZ�PROHFXODU�SURFHVVHV� LQ� WKH� FDWDO\VW�SRUHV�
YDU\�DORQJ�WKH�OHQJWK�RI�D�WXEXODU�UHDFWRU�  
 
)OXLG�7UDQVSRUW� LQ�5RFN�&RUHV��8QGHUVWDQGLQJ�KRZ� IOXLGV� IORZ� WKURXJK�SRURXV�PHGLD�KDV�
EHHQ� D� WRSLF� RI� ORQJ-VWDQGLQJ� UHVHDUFK� LQWHUHVW� ZLWK� UHJDUG� WR� RSWLPL]LQJ� K\GURFDUERQ�
UHFRYHU\� SURFHVVHV��0RUH� UHFHQWO\�� UHVHDUFK� LQWHUHVW� LV�PRYLQJ� WR� HYHQ�PRUH� FKDOOHQJLQJ�
SUREOHPV� VXFK� DV� FDUERQ� VHTXHVWUDWLRQ� DQG� K\GURJHQ� VWRUDJH��:H�ZLOO� VKRZ� KRZ� WKUHH-
GLPHQVLRQDO���'��LPDJHV�RI�IOXLG�IORZ�YHORFLW\�ZLWKLQ�WKH�SRURXV�VWUXFWXUH�RI�URFNV�FDQ�EH�
PHDVXUHG� DW� DQ� LVRWURSLF� VSDWLDO� UHVROXWLRQ� RI� ���PLFURQV�� 7KHVH�PDSV� FDQ� WKHQ� EH� FR-
UHJLVWHUHG�ZLWK�PDJQHWLF�UHVRQDQFH�LPDJHV�RI�WKH�SRUH�VWUXFWXUH�RU�ZLWK�KLJKHU�UHVROXWLRQ�
;-UD\�PLFURWRPRJUDSK\�GDWDVHWV�WR�HQDEOH�XV�WR�H[SORUH�VWUXFWXUH-IORZ�FRUUHODWLRQV�ZLWKLQ�
WKH� URFNV��7KHVH�GDWD�DUH�RI� LQWHUHVW� LQ� WKHLU�RZQ�ULJKW�DQG��RI�FRXUVH��SURYLGH� LQYDOXDEOH�
GDWD�ZLWK�ZKLFK�WR�YDOLGDWH�DQG�KHQFH�GHYHORS�QXPHULFDO�VLPXODWLRQ�FRGHV��  
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0'3,�(QHUJLHV�6WXGHQW�3RVWHU�$ZDUGV� 
 
 
7KH�0'3,�(QHUJLHV�6WXGHQW�3RVWHU�$ZDUG�LV�JLYHQ�LQ�UHFRJQLWLRQ�RI�RXWVWDQGLQJ�
VWXGHQW�SRVWHU�SUHVHQWDWLRQV�DW�WKH�DQQXDO�,QWHU3RUH�FRQIHUHQFH� �(DFK�\HDU��DW�
WKH� DQQXDO� ,QWHU3RUH� FRQIHUHQFH�� WKH� +RQRUV� DQG� $ZDUGV� &RPPLWWHH� ZLOO�
FKRRVH�WKH�EHVW�VWXGHQW�SRVWHU�SUHVHQWDWLRQV�WR�ZLQ�WKH�0'3,�(QHUJLHV�6WXGHQW�
3RVWHU�$ZDUG�  � 

 
5LHQ�YDQ�*HQXFKWHQ�(DUO\-&DUHHU�$ZDUG�RI�
3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG 
.OHEHU�0DUTXHV�/LVERD� 
8QLYHUVLGDGH�)HGHUDO�GR�5LR�GH�-DQHLUR��%UD]LO� 
 
7KH� 5LHQ� YDQ� *HQXFKWHQ� (DUO\� &DUHHU� $ZDUG� LV� JLYHQ� WR�
DQ HDUO\-FDUHHU UHVHDUFKHU�ZKRVH�IRFXV�LV�WKH�JHQHUDO�WRSLF�
RI� ´SRURXV� PHGLD� UHVHDUFK� IRU� D� JUHHQ� ZRUOGµ�� 7KLV� PD\�
LQYROYH� VLJQLILFDQW� WKHRUHWLFDO�� H[SHULPHQWDO� DQG�RU�
PRGHOLQJ�DGYDQFHV�DGGUHVVLQJ�PDMRU�VRLO��K\GURORJLF�DQG�
RU�HQYLURQPHQWDO�SUREOHPV�IDFLQJ�RXU�SODQHW�� 

$� ZRUG� RI� JUDWLWXGH�� 7KLV� DZDUG� KDV� EHHQ� PDGH� SRVVLEOH� E\� D� JHQHURXV�
GRQDWLRQ� IURP� 'U�� %HWW\-0D\� 3RQWHGHLUR� WR� WKH� ,QWHU3RUH� )RXQGDWLRQ� DQG� LV�
FUHDWHG�LQ�KRQRU�RI�WKH�HPLQHQW�VRLO�DQG�JURXQGZDWHU�VFLHQWLVW�0DUWKLQXV��5LHQ��
7K�� YDQ� *HQXFKWHQ�� 5LHQ� YDQ� *HQXFKWHQ� LV� ZRUOG� UHQRZQ� IRU� KLV� HQRUPRXV�
DFKLHYHPHQWV� LQ� WKH� DUHD� RI� IOXLGV� IORZ� DQG� VROXWHV� WUDQVSRUW� LQ� SDUWLDOO\-
VDWXUDWHG� SRURXV� PHGLD�� +H� KDV� PDGH� KLJKO\� LPSDFWIXO� FRQWULEXWLRQV� WR� WKH�
XQGHUVWDQGLQJ� DQG�PRGHOLQJ� RI� VXEVXUIDFH� SURFHVVHV�� LQ� VXFK� ZLGHO\� YDU\LQJ�
ILHOGV�DV�VRLO�SK\VLFV��K\GURORJ\��JHRORJ\�� WKH�HQYLURQPHQWDO�VFLHQFHV��DQG�FLYLO�
HQJLQHHULQJ�� 
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,QWHU3RUH�0HGDO�IRU�3RURXV�0HGLD�5HVHDUFK � 
0DUFR�'HQW]� 
6SDQLVK�1DWLRQDO�5HVHDUFK�&RXQFLO��&6,&���%DUFHORQD��6SDLQ� 

7KH� ,QWHU3RUH�$ZDUG� IRU�3RURXV�0HGLD�5HVHDUFK �IRUPHUO\�
3URFWHU� 	� *DPEOH� $ZDUG� IRU� 7KLQ� DQG� 6ZHOOLQJ� 3RURXV�
0HGLD� 5HVHDUFK� LV� JLYHQ� WR� PLG-FDUHHU� UHVHDUFKHUV� LQ�
UHFRJQLWLRQ� RI� RXWVWDQGLQJ� UHVHDUFK� LQ� JHQHUDO� SRURXV�
PHGLD��ZLWK�HPSKDVLV�RQ�UHVHDUFK�FRQGXFWHG�RYHU�WKH�SDVW�
��\HDUV� � 

 
,QWHU3RUH�5RVHWWHV 
  
,QWHU3RUH�DFWLYLWLHV�DUH�FDUULHG�RXW�PDLQO\�E\�YROXQWHHUV��,W�WDNHV�PDQ\�YROXQWDU\�
ZRUNLQJ� KRXUV� WR� PDNH� DQ� LQWHUQDWLRQDO� SODWIRUP� OLNH� ,QWHU3RUH� D� VXFFHVV��
5HFRJQL]LQJ�DQG�KRQRULQJ�YROXQWHHUV�VHWV�D�VWDQGDUG�IRU�VHUYLFH��HQFRXUDJHV�D�
VXVWDLQHG� FRPPLWPHQW� WR� SDUWLFLSDWLRQ�� DQG� LQVSLUHV� RWKHUV� WR� FRPPLW�
WKHPVHOYHV�DV�ZHOO� 

(DFK�\HDU��,QWHU3RUH�KRQRUV�VHOHFWHG�LQGLYLGXDOV�ZKR�KDYH�PDGH�YHU\�VLJQLILFDQW�
FRQWULEXWLRQV�WR�,QWHU3RUH�DFWLYLWLHV��WKH\�UHFHLYH�WKH�,QWHU3RUH�5RVHWWH�  
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