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:RUNVKRS�6FKHGXOH

6DWXUGD\��0DUFK���������

������±������� 5HJLVWUDWLRQ�DQG�&RIIHH

������±�������:HOFRPH�DQG�,QWURGXFWLRQ

������±�������%ULDQ�:LOOLDPV��6$&(0$�DQG�:+2
� � 4XHVWLRQV�WKDW�GHPDQG�DQVZHUV��ZKDW�FDQ�QHWZRUNV�WHOO�XV�DERXW�PDQDJLQJ�+,9"

������±������� %UHDN

������±������� %DEDN�3RXUERKORXO��%&&'&�DQG�8QLYHUVLW\�RI�%ULWLVK�&ROXPELD
� � 1HWZRUN�(SLGHPLRORJ\�DQG�3XEOLF�+HDOWK�'HFLVLRQ�0DNLQJ�

������±������� 2UDO�3RVWHU�6HVVLRQ

������±��������/XQFK�DQG�3RVWHU�'LVSOD\

������±������� 6DODO�+XPDLU��+DUYDUG�8QLYHUVLW\
� � 2SHUDWLRQV�5HVHDUFK�DQG�+,9��3DVW�&RQWULEXWLRQV�DQG�1HZ�2SSRUWXQLWLHV

�������������� 0DUJDUHW�%UDQGHDX��6WDQIRUG�8QLYHUVLW\
� � 1HWZRUN�0RGHOLQJ�RI�+,9��7KHRU\�DQG�$SSOLFDWLRQV

������±������� %UHDN

������±������� 6WHYH�(��%HOODQ��8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ
� � 7UDQVPLVVLRQ�5DWHV��QRW�6H[XDO�1HWZRUN�&KDUDFWHULVWLFV��'HWHUPLQH�+,9�(SLGHPLF
������������������������6HYHULW\�LQ�6XE�6DKDUDQ�$IULFD

������±��������3DQHO�'LVFXVVLRQ

������±�������:RUNVKRS�5HFHSWLRQ�DQG�'LQQHU
� � �ZLWK�PXVLFDO�SHUIRUPDQFH�E\�7��1LOH�
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6XQGD\��0DUFK���������

�����±������ &RIIHH

�����±������ $OH[DQGHU�5XWKHUIRUG��,50$&6
� � ,QWURGXFWLRQ�WR�1HWZRUNV

�����±������� %ULDQ�&RUULH��,50$&6
� � 9LVXDOL]DWLRQ�RI�1HWZRUNV

������±������� %UHDN

������±������� /XNDV�$KUHQEHUJ��,50$&6
� � ,QWURGXFWLRQ�WR�1HSLGHPL;

������±������� 1HSLGHPL;�7XWRULDO���3DUW�,
� � 6HWWLQJ�XS�DQG�UXQQLQJ�VLPXODWLRQV

������±������� 'LVFXVVLRQ���/XQFK

������±�������1HSLGHPL;�7XWRULDO�3DUW�,,
� � 'DWD�DQDO\VLV

������±������� )LQDO�'LVFXVVLRQ���&RIIHH�%UHDN
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3OHQDU\�/HFWXUHV

7UDQVPLVVLRQ�5DWHV��QRW�6H[XDO�1HWZRUN�&KDUDFWHULVWLFV��'HWHUPLQH�+,9�
(SLGHPLF�6HYHULW\�LQ�6XE�6DKDUDQ�$IULFD�

6WHYH�(��%HOODQ
8QLYHUVLW\�RI�7H[DV��$XVWLQ��&HQWHU�IRU�&RPSXDWDWLRQDO�%LRORJ\�DQG�%LRLQIRUPDWLFV

$EVWUDFW

%DFNJURXQG��&RXQWU\�OHYHO�+,9�SUHYDOHQFH�KDV�VXUSDVVHG�����LQ�VRPH�$IULFDQ�FRXQWULHV�ZKLOH�SHDNLQJ�
DW�OHVV�WKDQ����LQ�RWKHUV��,W�LV�ZLGHO\�GHEDWHG�ZKHWKHU�WKLV�YDULDWLRQ�LV�GULYHQ�E\�ELRORJLFDO�IDFWRUV�
LQÀXHQFLQJ�WKH�+,9�WUDQVPLVVLRQ�UDWH��PDOH�FLUFXPFLVLRQ��FR�LQIHFWLRQV��YLUDO�RU�KRVW�JHQHWLFV��RU�E\�
YDULDWLRQ�LQ�VH[XDO�QHWZRUN�FKDUDFWHULVWLFV��FRQFXUUHQF\��SURPLVFXLW\��DJH�PL[LQJ���7KH�VHURGLVFRUGDQW�
SURSRUWLRQ��SURSRUWLRQ�RI�FRXSOHV�ZLWK�DQ\�VHURSRVLWLYH�SDUWQHUV�WKDW�DUH�VHURGLVFRUGDQW��DOVR�YDULHV�
JHRJUDSKLFDOO\��UDQJLQJ�IURP����WR�����DFURVV�$IULFD��LQ�QHJDWLYH�FRUUHODWLRQ�ZLWK�SUHYDOHQFH��:H�
DVVHVV�ZKLFK�IDFWRUV�KDYH�VKDSHG�WKH�REVHUYHG�YDULDWLRQ�LQ�DQG�FRUUHODWLRQ�EHWZHHQ�SUHYDOHQFH�DQG�WKH�
VHURGLVFRUGDQW�SURSRUWLRQ���0HWKRGV�DQG�)LQGLQJV��:H�¿W�DQ�+,9�WUDQVPLVVLRQ�PRGHO�WR�'HPRJUDSKLF�
DQG�+HDOWK�6XUYH\�GDWD�IURP��������FRKDELWLQJ�FRXSOHV�LQ����FRXQWULHV�WR�HVWLPDWH�FRXQWU\�VSHFL¿F�
WUDQVPLVVLRQ�UDWHV�DQG�VH[XDO�QHWZRUN�FKDUDFWHULVWLFV��8VLQJ�WKHVH�HVWLPDWHV�DQG�D�FRPELQDWLRQ�RI�
VWRFKDVWLF�VLPXODWLRQ�DQG�OLQHDU�UHJUHVVLRQ�WHFKQLTXHV��ZH�DVVHVVHG�WKH�UHODWLYH�FRQWULEXWLRQV�RI�+,9�
WUDQVPLVVLRQ�UDWHV�DQG�VH[XDO�FRQWDFW�SDWWHUQV�WR�FRXQWU\�OHYHO�YDULDWLRQ�LQ�VHURGLVFRUGDQW�SURSRUWLRQ�
DQG�SUHYDOHQFH��:H�IRXQG�WKDW�WKH�+,9�WUDQVPLVVLRQ�UDWH�LV�WKH�SULPDU\�GHWHUPLQDQW�RI�FRXQWU\�
OHYHO�YDULDWLRQ�LQ�ERWK�VHURGLVFRUGDQW�SURSRUWLRQ�DQG�SUHYDOHQFH��*UHDWHU�+,9�WUDQVPLVVLRQ�UDWHV�
VLPXOWDQHRXVO\�LQFUHDVH�+,9�SUHYDOHQFH������RI�YDULDQFH�H[SODLQHG��DQG�GHFUHDVH�VHURGLVFRUGDQW�
SURSRUWLRQV������H[SODLQHG���:H�IRXQG�QR�HYLGHQFH�WKDW�VH[XDO�FRQWDFW�SDWWHUQV�H[SODLQHG�FRXQWU\�OHYHO�
YDULDWLRQ�LQ�HLWKHU�WKH�VHURGLVFRUGDQW�SURSRUWLRQ�RU�SUHYDOHQFH��&RQFOXVLRQ��:H�XVH�D�QRYHO�HPSLULFDO�
IUDPHZRUN�WR�DVVHVV�ZKLFK�H[SODQDWLRQV�IRU�YDULDWLRQ�LQ�+,9�HSLGHPLF�LQWHQVLW\�DUH�FRQVLVWHQW�ZLWK�
FRXSOH�VHURVWDWXV�GDWD���:H�IRXQG�WKDW��ZKLOH�VH[XDO�FRQWDFWV�RXWVLGH�RI�VWDEOH�SDUWQHUVKLSV�FRQWULEXWH�WKH�
PDMRULW\�RI�+,9�LQFLGHQFH�LQ�DOO�FRXQWULHV�H[DPLQHG��JUHDWHU�LQWULQVLF�WUDQVPLVVLRQ�UDWHV²DQG�QRW�ULVNLHU�
VH[XDO�QHWZRUN�FKDUDFWHULVWLFV²H[SODLQ�ZK\�VRPH�FRXQWULHV�KDYH�H[SHULHQFHG�PRUH�VHYHUH�HSLGHPLFV��
2XU�¿QGLQJ�WKDW�KLJK�SUHYDOHQFH�VHWWLQJV�DUH�QRW�WKH�UHVXOW�RI�JUHDWHU�OHYHOV�RI�FRQFXUUHQF\�VXJJHVWV�WKDW�
WKH�SURSRUWLRQ�RI�WUDQVPLVVLRQ�RFFXUULQJ�HDUO\�DIWHU�LQIHFWLRQ�PD\�QRW�EH�DSSUHFLDEO\�GLIIHUHQW�EHWZHHQ�
KLJK�DQG�ORZ�SUHYDOHQFH�VHWWLQJV��&RQVHTXHQWO\��LQWHUYHQWLRQV�VXFK�DV�7UHDWPHQW�DV�3UHYHQWLRQ��ZKLFK�
FDQ�EH�FRPSURPLVHG�E\�D�KLJK�SURSRUWLRQ�RI�HDUO\�WUDQVPLVVLRQ��PD\�EH�QR�PRUH�FRPSURPLVHG�E\�HDUO\�
WUDQVPLVVLRQ�LQ�KLJK�YHUVXV�ORZ�SUHYDOHQFH�VHWWLQJV��)XUWKHUPRUH��EHFDXVH�VHURGLVFRUGDQW�SURSRUWLRQV�
DUH�WLJKWO\�OLQNHG�WR�+,9�WUDQVPLVVLRQ�UDWHV��WKH\�PD\�SURYH�WR�EH�DQ�HI¿FLHQW�FURVV�VHFWLRQDO�PHWULF�ZLWK�
ZKLFK�WR�PRQLWRU�WKH�HIIHFWLYHQHVV�RI�LQWHUYHQWLRQV�DW�WKH�SRSXODWLRQ�OHYHO���



�

$ERXW�WKH�6SHDNHU�

6WHYH�%HOODQ
&RPLQJ�IURP�D�EDFNJURXQG�RI�ZLOGOLIH�GLVHDVH�HFRORJ\�UHVHDUFK��6WHYH�KDV�ORQJ�EHHQ�IDVFLQDWHG�ZLWK�
KRZ�LQIHFWLRXV�GLVHDVHV�DIIHFW�WKHLU�KRVW�SRSXODWLRQV�DQG�E\�WKH�XWLOLW\�RI�PDWKHPDWLFDO�PRGHOLQJ�DQG�
V\VWHPV�WKLQNLQJ�WR�VKHG�QHZ�OLJKW�RQ�DSSOLHG�SUREOHPV�LQ�HFRORJ\�DQG�HSLGHPLRORJ\��+LV�UHVHDUFK�
VSDQV�PXOWLSOH�V\VWHPV�EXW�LV�XQLWHG�XQGHU�DQ�RYHUDUFKLQJ�WKHPH��WKH�LQWHJUDWLRQ�RI�PDWKHPDWLFDO�DQG�
VWDWLVWLFDO�PRGHOV�ZLWK�HPSLULFDO�GDWD�WR�XQGHUVWDQG�LQIHFWLRXV�GLVHDVH�SURFHVVHV�DQG�KRZ�WR�FRQWURO�
WKHP��6WHYH�FRQGXFWHG�KLV�%DFKHORUV�GHJUHH�DW�3ULQFHWRQ�LQ�(FRORJ\�DQG�(YROXWLRQDU\�%LRORJ\�EHIRUH�
REWDLQLQJ�ERWK�D�0DVWHUV�GHJUHH�LQ�3XEOLF�+HDOWK�DQG�3K'�LQ�(QYLURQPHQWDO�6FLHQFH�DQG�3ROLF\�IURP�
8&�%HUNHOH\��+H�LV�QRZ�D�SRVWGRFWRUDO�IHOORZ�DW�87�$XVWLQ�ZKHUH�KLV�UHVHDUFK�IRFXVHV�RQ�EHWWHU�
XQGHUVWDQGLQJ�SRSXODWLRQ�ZLGH�WUHQGV�RI�+,9�WUDQVPLVVLRQ�LQ�WKH�VXE�6DKDUDQ�$IULFDQ�+,9�HSLGHPLF��
8VLQJ�FRXSOH�FHQWULF�PRGHOV�RI�+,9�WUDQVPLVVLRQ�¿W�WR�VXUYH\�GDWD�IURP�DFURVV�WKH�$IULFDQ�FRQWLQWHQW��
6WHYH¶V�UHVHDUFK�DLPV�WR�HVWLPDWH�WKH�FRQWULEXWLRQ�RI�YDULRXV�W\SHV�RI�VH[XDO�UHODWLRQVKLSV��SUHPDULWDO��
H[WUDPDULWDO��PDULWDO��WR�QHZ�+,9�LQIHFWLRQV��WR�DVVHVV�ZKLFK�SURFHVVHV�GULYH�HSLGHPLF�YDULDELOLW\�DFURVV�
$IULFD��DQG�WR�XQGHUVWDQG�WKH�UROH�RI�HDUO\�DQG�DFXWH�WUDQVPLVVLRQ�LQ�+,9�HSLGHPLRORJ\�



�

1HWZRUN�0RGHOLQJ�RI�+,9��7KHRU\�DQG�$SSOLFDWLRQV

0DUJDUHW�/��%UDQGHDX
6WDQIRUG�8QLYHUVLW\��'HSDUWPHQW�RI�0DQDJHPHQW�6FLHQFH�DQG�(QJLQHHULQJ

$EVWUDFW

7KLV�WDON�ZLOO�GHVFULEH�RXU�WKHRUHWLFDO�DQG�SUDFWLFDO�ZRUN�RQ�QHWZRUN�PRGHOLQJ�RI�+,9��:H�GLVFXVV�
WKHRUHWLFDO�LVVXHV�LQYROYHG�LQ�GHYHORSLQJ�VXFK�PRGHOV��LQFOXGLQJ�PHWKRGRORJ\�IRU�LQIHUULQJ�PRGHO�
SDUDPHWHUV�IURP�DYDLODEOH�GDWD��:H�WKHQ�GLVFXVV�D�SUDFWLFDO�DSSOLFDWLRQ��HVWLPDWLRQ�RI�WKH�HIIHFWLYHQHVV�
DQG�FRVW�HIIHFWLYHQHVV�RI�SURJUDPV�WKDW�DLP�WR�UHGXFH�WKH�VSUHDG�RI�+,9�LQ�VXE�6DKDUDQ�$IULFD�E\�
UHGXFLQJ�FRQFXUUHQW�VH[XDO�SDUWQHUVKLSV���8VLQJ�GDWD�IURP�6ZD]LODQG��7DQ]DQLD��8JDQGD��DQG�=DPELD��
ZH�HVWLPDWH�FRXQWU\�VSHFL¿F�FRQFXUUHQF\�EHKDYLRU�IURP�VH[XDO�EHKDYLRU�VXUYH\�GDWD�RQ�WKH�QXPEHU�RI�
SDUWQHUV�LQ�WKH�SDVW����PRQWKV��DQG�ZH�GHYHORS�D�QHWZRUN�PRGHO�WR�FRPSDUH�WKH�LPSDFW�RI�WKUHH�EHKDYLRU�
FKDQJHV�RQ�WKH�+,9�HSLGHPLF������FKDQJHV�LQ�FRQFXUUHQW�SDUWQHUVKLS�SDWWHUQV�WR�VWULFW�PRQRJDP\������
SDUWQHUVKLS�UHGXFWLRQ�DPRQJ�WKRVH�ZLWK�WKH�JUHDWHVW�QXPEHU�RI�SDUWQHUV��DQG�����SDUWQHUVKLS�UHGXFWLRQ�
DPRQJ�DOO�LQGLYLGXDOV��:H�FRQFOXGH�ZLWK�D�EURDGHU�GLVFXVVLRQ�RI�FRQWURO�RI�HSLGHPLFV�VSUHDGLQJ�RYHU�
QHWZRUNV�
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$ERXW�WKH�6SHDNHU�

0DUJDUHW�%UDQGHDX
0DUJDUHW�%UDQGHDX�LV�&ROHPDQ�)��)XQJ�3URIHVVRU�RI�(QJLQHHULQJ�DQG�3URIHVVRU�RI�0HGLFLQH��E\�
&RXUWHV\��DW�6WDQIRUG�8QLYHUVLW\���+HU�UHVHDUFK�IRFXVHV�RQ�WKH�GHYHORSPHQW�RI�DSSOLHG�PDWKHPDWLFDO�DQG�
HFRQRPLF�PRGHOV�WR�VXSSRUW�KHDOWK�SROLF\�GHFLVLRQV���+HU�UHFHQW�ZRUN�KDV�IRFXVHG�RQ�+,9�SUHYHQWLRQ�
DQG�WUHDWPHQW�SURJUDPV��SURJUDPV�WR�FRQWURO�WKH�VSUHDG�RI�KHSDWLWLV�%�YLUXV��DQG�SUHSDUHGQHVV�SODQV�
IRU�ELRWHUURU�UHVSRQVH���6KH�LV�D�)HOORZ�RI�WKH�,QVWLWXWH�IRU�2SHUDWLRQV�5HVHDUFK�DQG�0DQDJHPHQW�
6FLHQFH��,1)2506���DQG�KDV�UHFHLYHG�WKH�3UHVLGHQW¶V�$ZDUG�IURP�,1)2506��UHFRJQL]LQJ�LPSRUWDQW�
FRQWULEXWLRQV�WR�WKH�ZHOIDUH�RI�VRFLHW\���WKH�3LHUVNDOOD�3UL]H�IURP�,1)2506��IRU�UHVHDUFK�H[FHOOHQFH�
LQ�KHDOWK�FDUH�PDQDJHPHQW�VFLHQFH���WKH�$ZDUG�IRU�([FHOOHQFH�LQ�$SSOLFDWLRQ�RI�3KDUPDFRHFRQRPLFV�
DQG�+HDOWK�2XWFRPHV�5HVHDUFK�IURP�WKH�,QWHUQDWLRQDO�6RFLHW\�IRU�3KDUPDFRHFRQRPLFV�DQG�2XWFRPHV�
5HVHDUFK��,6325���DQG�D�3UHVLGHQWLDO�<RXQJ�,QYHVWLJDWRU�$ZDUG�IURP�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��
DPRQJ�RWKHU�DZDUGV���6KH�LV�FXUUHQWO\�D�PHPEHU�RI�WKH�%RDUG�RI�6FLHQWL¿F�&RXQVHORUV��D�)HGHUDO�
$GYLVRU\�&RPPLWWHH�WR�WKH�2I¿FH�RI�3XEOLF�+HDOWK�3UHSDUHGQHVV�DQG�5HVSRQVH�RI�WKH�&HQWHUV�IRU�
'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��DQG�VHUYHG�DV�D�PHPEHU�RI�WKH�%RDUG�RI�6FLHQWL¿F�&RXQVHORUV�1DWLRQDO�
%LRGHIHQVH�6FLHQFH�%RDUG�:RUNLQJ�*URXS�IRU�WKH�6WUDWHJLF�1DWLRQDO�6WRFNSLOH��616��5HYLHZ���������
3URIHVVRU�%UDQGHDX�HDUQHG�D�%6�LQ�0DWKHPDWLFV�DQG�DQ�06�LQ�2SHUDWLRQV�5HVHDUFK�IURP�0,7��DQG�D�
3K'�LQ�(QJLQHHULQJ�(FRQRPLF�6\VWHPV�IURP�6WDQIRUG�8QLYHUVLW\�



�

2SHUDWLRQV�5HVHDUFK�DQG�+,9��3DVW�&RQWULEXWLRQV�DQG�1HZ�2SSRUWXQLWLHV

6DODO�+XPDLU
+DUYDUG�8QLYHUVLW\��+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK

$EVWUDFW

2SHUDWLRQV�5HVHDUFKHUV�KDYH�KDG�D�ORQJ�VWDQGLQJ�LQWHUHVW�LQ�PRGHOLQJ�LVVXHV�UHODWHG�WR�+,9��,�ZLOO�
GLVFXVV�D�VHOHFWLRQ�RI�WKH�PRGHOV�WKH\�KDYH�H[SORUHG�DQG�WKH�FRQWULEXWLRQV�WKH\�KDYH�PDGH��,�ZLOO�DOVR�
GLVFXVV�RSSRUWXQLWLHV�IRU�IRUPXODWLQJ�QHZ�PRGHOV��XVLQJ�RSHUDWLRQV�UHVHDUFK�WRROV��WKDW�FDQ�KHOS�LQIRUP�
JOREDO�+,9�SROLF\��,�ZLOO�HQG�E\�GLVFXVVLQJ�+,9�UHODWHG�TXHVWLRQV�ZKHUH�,�EHOLHYH�RSHUDWLRQV�UHVHDUFK�
PRGHOV�KDYH�EHHQ�XQGHU�DSSOLHG��DQG�ZKLFK�PD\�EHQH¿W�IURP�WKHLU�JUHDWHU�DSSOLFDWLRQ�



�

$ERXW�WKH�6SHDNHU�

6DODO�+XPDLU
6DODO�+XPDLU�LV�D�5HVHDUFK�6FLHQWLVW�DW�WKH�'HSDUWPHQW�RI�*OREDO�+HDOWK�DQG�3RSXODWLRQ��+DUYDUG�
6FKRRO�RI�3XEOLF�+HDOWK��3UHYLRXVO\��KH�KDV�VHUYHG�DV�DQ�$VVRFLDWH�3URIHVVRU�DQG�DV�$VVRFLDWH�'HDQ�DW�
WKH�6FKRRO�RI�6FLHQFH�DQG�(QJLQHHULQJ�DW�WKH�/DKRUH�8QLYHUVLW\�RI�0DQDJHPHQW�6FLHQFHV�LQ�3DNLVWDQ��
DQG�DV�D�3ULQFLSDO�6RIWZDUH�(QJLQHHU�DW�2SWLDQW�,QF���D�VWDUWXS�FRPSDQ\�IRFXVHG�RQ�VXSSO\�FKDLQ�
RSWLPL]DWLRQ��+LV�GRFWRUDWH�LV�LQ�2SHUDWLRQV�5HVHDUFK�IURP�WKH�0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��
DQG�KLV�FXUUHQW�ZRUN�VSDQV�D�UDQJH�RI�SROLF\�TXHVWLRQV�LQ�JOREDO�KHDOWK��DV�ZHOO�DV�WUDGLWLRQDO�RSHUDWLRQV�
UHVHDUFK�DUHDV�VXFK�DV�VXSSO\�FKDLQ�PDQDJHPHQW�



��

1HWZRUN�(SLGHPLRORJ\�DQG�3XEOLF�+HDOWK�'HFLVLRQ�0DNLQJ

%DEDN�3RXUERKORXO
%ULWLVK�&ROXPELD�&HQWUH�IRU�'LVHDVH�&RQWURO
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD��6FKRRO�RI�3RSXODWLRQ�DQG�3XEOLF�+HDOWK

$EVWUDFW

7KH�SDVW�GHFDGH�KDV�ZLWQHVVHG�WKH�DVFHQW�RI�QHWZRUN�DSSURDFKHV�IURP�PDUJLQDO�WRROV�WR�WKH�PDLQVWUHDP�
RI�HSLGHPLRORJLFDO�LQYHVWLJDWLRQV��7KHVH�DSSURDFKHV�KDYH�SURYLGHG�YDOXDEOH�GHFLVLRQ�VXSSRUW�WRROV�WR�
SROLF\PDNHUV�LQ�PLWLJDWLQJ�DQG�FRQWUROOLQJ�FRPPXQLFDEOH�GLVHDVH�VSUHDG��DOEHLW�XQHYHQO\�DFURVV�YDULRXV�
GLVHDVHV��,Q�DGGLWLRQ�WR�WKH�DYDLODELOLW\�RI�QHZ�GHPRJUDSKLF��EHKDYLRUDO�DQG�GLVHDVH�UHODWHG�GDWD��WKLV�
JURZWK�KDV�ODUJHO\�EHHQ�SRVVLEOH�WKDQNV�WR�WKH�WKHRUHWLFDO�DGYDQFHV�LQ�QHWZRUN�HSLGHPLRORJ\��DV�ZHOO�DV�
PXOWLGLVFLSOLQDU\�LQWHUHVW�LQ�HPSOR\LQJ�WKHVH�WRROV�WR�DGGUHVV�SXEOLF�KHDOWK�SUREOHPV��7KLV�WDON�ZLOO�IRFXV�
RQ�WKH�LWHUDWLYH�LQWHUSOD\�EHWZHHQ�QHWZRUN�WKHRU\�DQG�HSLGHPLRORJ\��DGYRFDWH�IRU�UHDFKLQJ�FRPPRQ�
XQGHUVWDWLQJ�RI�QHWZRUN�WRROV�DPRQJ�LQYROYHG�GLVFLSOLQHV��DQG�H[SORUH�SRWHQWLDO�IXWXUH�DYHQXHV�LQ�WKH�
¿HOG�����



��

$ERXW�WKH�6SHDNHU�

%DEDN�3RXUERKORXO
'U��3RXUERKORXO�LV�WKH�'LUHFWRU�RI�'LYLVLRQ�RI�0DWKHPDWLFDO�0RGHOLQJ�DW�WKH�%ULWLVK�&ROXPELD�&HQWUH�
IRU�'LVHDVH�&RQWURO��DQG�DQ�$VVRFLDWH�3URIHVVRU�DW�WKH�6FKRRO�RI�3RSXODWLRQ�DQG�3XEOLF�+HDOWK��)DFXOW\�
RI�0HGLFLQH��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD��+H�ZDV�QDPHG�E\�WKH�&DQDGLDQ�JRYHUQPHQW�DV�WKH�
3DQGHPLF�2XWEUHDN�7HDP�/HDGHU�LQ�0DWKHPDWLFDO�0RGHOLQJ�WR�FRRUGLQDWH�PRGHOLQJ�DFWLYLWLHV�DFURVV�
���SXEOLF�KHDOWK�DQG�DFDGHPLF�LQVWLWXWLRQV�GXULQJ�WKH�LQÀXHQ]D�SDQGHPLF�LQ������LQ�VXSSRUW�RI�SXEOLF�
KHDOWK�SROLF\�GHFLVLRQ�PDNLQJ�
�
'U��3RXUERKORXO�LV�WUDLQHG�DV�D�WKHRUHWLFDO�SK\VLFLVW��1RQOLQHDU�'\QDPLFV�DQG�&KDRV�7KHRU\��DQG�KDV�
EHHQ�DFWLYH�LQ�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�TXDQWLWDWLYH�FRPSOH[�V\VWHPV�PHWKRGV�LQ�SXEOLF�
KHDOWK�SROLF\�GHVLJQ�IRU�¿IWHHQ�\HDUV��+H�KDV�EHHQ�WKH�3ULQFLSDO�,QYHVWLJDWRU�RQ�VHYHUDO�LQWHUQDWLRQDO�
PRGHOLQJ�SURMHFWV�LQ�WKH�DSSOLFDWLRQ�RI�FRPSOH[�QHWZRUN�WRROV�WR�PLWLJDWH�HPHUJLQJ�LQIHFWLRXV�GLVHDVH�
RXWEUHDNV�DQG�ZDV�GHVLJQDWHG�DV�'LUHFWRU�RI�WKH�:+2�&ROODERUDWLQJ�&HQWUH�IRU�&RPSOH[LW\�6FLHQFH�
IRU�+HDOWK�6\VWHPV��&6�+6��LQ�������+H�DLPV�WR�GHYHORS�DQG�HPSOR\�PHWKRGV�RI�FRPSOH[�V\VWHPV�
DQDO\VLV��WKURXJK�PXOWLGLVFLSOLQDU\�FROODERUDWLRQV��WR�RSWLPL]H�KHDOWK�SROLF\�GHVLJQ�DW�WKH�ORFDO��QDWLRQDO�
DQG�LQWHUQDWLRQDO�OHYHOV�



��

4XHVWLRQV�WKDW�GHPDQG�DQVZHUV��ZKDW�FDQ�QHWZRUNV�WHOO�XV�DERXW�
PDQDJLQJ�+,9"

%ULDQ�:LOOLDPV
6RXWK�$IULFDQ�&HQWUH�IRU�(SLGHPLRORJLFDO�0RGHOOLQJ�DQG�$QDO\VLV
:RUOG�+HDOWK�2UJDQL]DWLRQ

$EVWUDFW

7KH�H[WHQW�RI�RXU�NQRZOHGJH�RI�WKH�QDWXUDO�KLVWRU\��SDWKRJHQHVLV��SK\ORJHQHWLFV��DQG�YLURORJ\�RI�+,9�
VHUYHV�PDLQO\�WR�UHPLQG�XV�RI�WKH�H[WHQW�RI�RXU�IDLOXUH�WR�VWRS�WKH�HSLGHPLF�RI�+,9��6LQFH�+,9�LV�
VH[XDOO\�WUDQVPLWWHG�LQ�PRVW�SODFHV�DQG�WUDQVPLWWHG�WKURXJK�QHHGOH�H[FKDQJH�LQ�VRPH�SODFHV�+,9�FDQ�
RQO\�SHUVLVW�LI�LW�LV�WUDQVPLWWHG�WKURXJK�GLUHFW�DQG�LQWLPDWH�FRQWDFW�IURP�RQH�SHUVRQ�WR�DQRWKHU��$OPRVW�
E\�GH¿QLWLRQ��WKHUHIRUH��WKH�QHWZRUN�VWUXFWXUH�RI�VXFK�LQWLPDWH�FRQWDFWV�PXVW�GHWHUPLQH�WKH�UDWH�RI�
VSUHDG�DQG�WKH�VL]H�RI�WKH�HSLGHPLF��$W�WKH�VDPH�WLPH�WKH�ODVW�GHFDGHV�KDYH�VHHQ�D�GUDPDWLF�LQFUHDVH�RI�
LQWHUHVW�LQ�WKH�WKHRU\�RI�QHWZRUNV�DV�DSSOLHG�WR�HYHU\WKLQJ�IURP�FRPSXWHU�YLUXVHV�WR�YLUXVHV�WKDW�LQIHFW�
SHRSOH��%XW�DW�WKLV�PRPHQW�LQ�WLPH��ZKHQ����PLOOLRQ�SHRSOH�DUH�LQIHFWHG�ZLWK�+,9��RXU�XQGHUVWDQGLQJ�
RI�QHWZRUNV�KDV�QRW�KHOSHG�XV�WR�XQGHUVWDQG��PDQDJH�DQG�HYHQWXDOO\�FRQWURO�+,9��0\�KRSH�LV�WKDW�WKLV�
LV�DERXW�WR�FKDQJH�DQG�WKDW�WKLV�PHHWLQJ�ZLOO�SURYLGH�DW�VRPH�RI�WKH�LPSHWXV�OHDGLQJ�XV�WR�WKLV�QHZ�
XQGHUVWDQGLQJ�DQG�EHWWHU�PDQDJHPHQW�RI�+,9��,Q�WKLV�WDON�,�ZLOO�UDLVH�DQG�GLVFXVV�VRPH�RI�WKH�PDQ\�
SX]]OLQJ�DQG�LPSRUWDQW�IHDWXUHV�RI�+,9�HSLGHPLFV�DURXQG�WKH�ZRUOG�DQG�WU\�WR�LQGLFDWH��YHU\�EURDGO\��
KRZ�D�EHWWHU�XQGHUVWDQGLQJ�RI�VH[XDO�QHWZRUNV�PLJKW�KHOS�XV�WR�FRQWURO�WKLV�PRVW�GHYDVWDWLQJ�RI�GLVHDVHV�



��

$ERXW�WKH�6SHDNHU�

%ULDQ�:LOOLDPV
%ULDQ�:LOOLDPV�LV�IURP�6RXWK�$IULFD��+H�REWDLQHG�KLV�3K�'��LQ�SK\VLFV�LQ������DW�&DPEULGJH�8QLYHUVLW\�
LQ�(QJODQG��$IWHU�VHYHUDO�\HDUV�RI�UHVHDUFK�LQ�VROLG�VWDWH�SK\VLFV�KH�PRYHG�LQWR�HFRORJ\�LQ������DQG�
ZRUNHG�RQ�PHWKRGV�WR�FRQWURO�WVHWVH�ÀLHV�DQG�WU\SDQRVRPLDVLV�LQ�7DQ]DQLD�DQG�.HQ\D��DQG�VXEVHTXHQWO\�
DW�2[IRUG�8QLYHUVLW\�DQG�WKH�/RQGRQ�6FKRRO�RI�+\JLHQH�DQG�7URSLFDO�0HGLFLQH��+H�UHWXUQHG�WR�
6RXWK�$IULFD�LQ������WR�ZRUN�RQ�WKH�HSLGHPLRORJ\�RI�RFFXSDWLRQDO�GLVHDVHV�RI�PLQH�ZRUNHUV��PDLQO\�
VLOLFRVLV�DQG�WXEHUFXORVLV��+H�UDQ�D�PDMRU�SURMHFW�WR�FRQWURO�+,9�DQG�$,'6�LQ�&DUOHWRQYLOOH��WKH�
ELJJHVW�JROG�PLQLQJ�FRPSOH[�LQ�WKH�ZRUOG��IRFXVLQJ�RQ�PLQH�ZRUNHUV��VH[�ZRUNHUV�DQG�DGROHVFHQWV��
+H�VHW�XS�6$&(0$��WKH�6RXWK�$IULFDQ�&HQWUH�IRU�(SLGHPLRORJLFDO�0RGHOOLQJ�DQG�$QDO\VLV��EDVHG�LQ�
6WHOOHQERVFK��6RXWK�$IULFD��ZKRVH�DLP�LV�WR�GHYHORS�DQDO\WLFDO�FDSDFLW\�LQ�SXEOLF�KHDOWK�LQ�$IULFD�ZLWK�D�
YLHZ�WR�PDQDJLQJ�VRPH�RI�WKH�PDQ\�GLVHDVHV�WKDW�FRQWLQXH�WR�UDYDJH�WKH�FRQWLQHQW��,Q������KH�WRRN�XS�D�
SRVLWLRQ�DW�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�LQ�*HQHYD�ZRUNLQJ�RQ�7%�DQG�+,9��+H�ZDV�WKH�VHQLRU�DXWKRU�
RQ�WZR�NH\�PRGHOOLQJ�SDSHUV�WKDW�GHPRQVWUDWHG�WKH�LPSDFW�WKDW�DQWL�UHWURYLUDO�WKHUDS\�FRXOG�KDYH�RQ�WKH�
HSLGHPLF�RI�+,9�DQG�RQ�WKH�HSLGHPLF�RI�+,9�UHODWHG�7%�LQ�$IULFD��+H�LV�RQH�RI�WKH�IRXQGHUV�RI�77($��
7HVW�DQG�7UHDW�WR�(QG�$,'6��ZKLFK�LV�GHGLFDWHG�WR�SURPRWLQJ�WKH�XVH�RI�DQWL�UHWURYLUDO�WKHUDS\�WR�HQG�
WKH�HSLGHPLF�RI�+,9��$IWHU�UHWLULQJ�IURP�:+2�KH�UHWXUQHG�WR�6RXWK�$IULFD�ZKHUH�KH�FRQWLQXHV�WR�GR�
FRQVXOWLQJ�ZRUN�IRU�:+2��81$,'6�DQG�6$&(0$�



��

3RVWHU�$EVWUDFWV
(VWLPDWLQJ�+,9�LQFLGHQFH��$�PDWKHPDWLFDO�PRGHOOLQJ�DSSURDFK

1DGDI�$������5DPDGDQRYLF�%����9DVDUKHO\L�.��������<LS�%����3RRQ�$����/LDQJ�5����+DUULJDQ�5������
:LWWHQEHUJ�5����0RQWDQHU�-6*������5XWKHUIRUG�$5����

��'HSDUWPHQW�RI�0DWKHPDWLFV��6LPRQ�)UDVHU�8QLYHUVLW\��%XUQDE\��%&��&DQDGD
��,50$&6�&HQWUH��6LPRQ�)UDVHU�8QLYHUVLW\��%XUQDE\��%&��&DQDGD
��)DFXOW\�RI�+HDOWK�6FLHQFHV��6LPRQ�)UDVHU�8QLYHUVLW\��%XUQDE\��%&��&DQDGD
��%&�&HQWUH�IRU�([FHOOHQFH�LQ�+,9�$,'6��9DQFRXYHU��%&��&DQDGD
��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD��9DQFRXYHU��%&��&DQDGD

+,9�LQFLGHQFH�LV�DQ�LPSRUWDQW�LQGLFDWRU�IRU�GHWHUPLQLQJ�WKH�VXFFHVV�RI�SXEOLF�KHDOWK�SURJUDPV�WR�
FRQWURO�WKH�HSLGHPLF��+,9�LQFLGHQFH�LV�GLI¿FXOW�WR�HVWLPDWH��EHFDXVH�SHRSOH�LQIHFWHG�ZLWK�+,9�PD\�
UHPDLQ�DV\PSWRPDWLF�IRU�DV�ORQJ�DV���\HDUV��7KH�UDWH�RI�QHZ�SRVLWLYH�+,9�WHVWV�LV�QRW�QHFHVVDULO\�D�
JRRG�PHDVXUH�RI�LQFLGHQFH��&RPPRQ�PHWKRGV�IRU�PHDVXULQJ�LQFLGHQFH�DUH�VWDWLVWLFDO�EDFN�FDOFXODWLRQ�
PHWKRGV��ORQJLWXGLQDO�FRKRUW�VWXGLHV�RI�LQLWLDOO\�+,9�QHJDWLYH�LQGLYLGXDOV��DQG�VWDWLVWLFDO�H[WUDSRODWLRQ�
IURP�VXUYHLOODQFH�GDWD���%DFN�FDOFXODWLRQ�PHWKRGV�FRPSXWH�LQFLGHQFH�E\�FRPSDULQJ�LQIRUPDWLRQ�RQ�
WKH�YLUDO�ORDG�DQG�&'��FRXQW�RI�QHZO\�GLDJQRVHG�LQGLYLGXDOV�WR�WKH�QDWXUDO�KLVWRU\�RI�DQ�+,9�LQIHFWLRQ��
$�GLVDGYDQWDJH�RI�EDFN�FDOFXODWLRQ�PHWKRGV�LV�WKDW�WKH\�RQO\�SURYLGH�LQIRUPDWLRQ�DERXW�KLVWRULFDO�
LQFLGHQFH��)XUWKHUPRUH��WKH�SURJUHVVLRQ�RI�DQ�+,9�LQIHFWLRQ�YDULHV�JUHDWO\�EHWZHHQ�LQGLYLGXDOV�DQG�WKH�
WLPH�VLQFH�LQLWLDO�LQIHFWLRQ�LV�GLI¿FXOW�WR�HVWLPDWH��,QFLGHQFH�FDQ�EH�HVWLPDWHG�IURP�FRKRUW�VWXGLHV�E\�
IROORZLQJ�D�FRKRUW�RI�XQLQIHFWHG�LQGLYLGXDOV�RYHU�WLPH��ZLWK�IUHTXHQW�WHVWLQJ�WR�GHWHFW�QHZ�LQIHFWLRQV��
&RKRUW�VWXGLHV�DUH�EHVW�VXLWHG�WR�HVWLPDWLQJ�LQFLGHQFH�LQ�VSHFL¿F�ULVN�JURXSV��EHFDXVH�RI�WKH�FRVW�DQG�
ORJLVWLFDO�FKDOOHQJHV�LQ�WUDFNLQJ�UHSUHVHQWDWLYH�VDPSOHV�RI�ODUJH�SRSXODWLRQV�

:H�SUHVHQW�D�QHZ�PHWKRG�IRU�HVWLPDWLQJ�LQFLGHQFH��ZKLFK�FRPELQHV�ERWK�SXEOLF�KHDOWK�GDWD�DQG�YLUDO�
JHQHWLF�GDWD�REWDLQHG�IURP�JHQRW\SLF�GUXJ�UHVLVWDQFH�WHVWV�RI�LQIHFWHG�LQGLYLGXDOV��7ZR�PRGHOV�DUH�
GHYHORSHG�IRU�HVWLPDWLQJ�WKH�GLDJQRVHG�IUDFWLRQ�RI�WKH�+,9�SRVLWLYH�VXESRSXODWLRQ��7KH�¿UVW�PRGHO�
LV�D�FRPSDUWPHQWDO�GLVHDVH�WUDQVPLVVLRQ�PRGHO��ZKLFK�LV�XVHG�WR�REWDLQ�D�GLIIHUHQWLDO�HTXDWLRQ�IRU�WKH�
GLDJQRVHG�IUDFWLRQ��7KH�VHFRQG�PRGHO�LV�EDVHG�RQ�D�QHZO\�LQWURGXFHG�FRQFHSW�RI�SRSXODWLRQ�YLUDO�JHQHWLF�
GLVWDQFH��ZKLFK�LV�FDOFXODWHG�IURP�JHQRW\SLF�GUXJ�UHVLVWDQFH�WHVW�GDWD��(DFK�RI�WKHVH�WZR�PRGHOV�FRQWDLQ�
IUHH�SDUDPHWHUV��ZKLFK�DUH�FRPSXWHG�E\�XVLQJ�WDEX�VHDUFK�QXPHULFDO�RSWLPL]DWLRQ�WR�¿QG�WKH�YDOXHV�
RI�WKH�SDUDPHWHUV�PLQLPL]LQJ�WKH�VXP�RI�WKH�VTXDUHG�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�WLPH�VHULHV�IRU�WKH�
IUDFWLRQ�GLDJQRVHG��7KH�+,9�LQFLGHQFH�WLPH�VHULHV�LV�FRPSXWHG�IURP�WKH�WLPH�VHULHV�IRU�WKH�GLDJQRVHG�
IUDFWLRQ�RI�WKH�+,9�SRVLWLYH�VXESRSXODWLRQ�



��

$�PRGHO�RI�SDUWQHUVKLS�IRUPDWLRQ�DQG�GLVVROXWLRQ�WR�VWXG\�+,9�
WUDQVPLVVLRQ�DPRQJ�\RXQJ�PHQ�ZKR�KDYH�VH[�ZLWK�PHQ��<060��LQ�
&KLFDJR
%HFN�(����$UPEUXVWHU�%����%LUNHWW�0����0XVWDQVNL�%��

��'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ�DQG�0DQDJHPHQW�6FLHQFH��1RUWKZHVWHUQ�8QLYHUVLW\��(YDQVWRQ��,/��86$
��'HSDUWPHQW�RI�0HGLFDO�6RFLDO�6FLHQFHV��1RUWKZHVWHUQ�8QLYHUVLW\��(YDQVWRQ��,/��86$

%ODFN�\RXQJ�PHQ�ZKR�KDYH�VH[�ZLWK�PHQ��<060��DUH�GLVSURSRUWLRQDOO\�DIIHFWHG�E\�WKH�+,9�HSLGHPLF��
8VLQJ�HJR�FHQWULF�QHWZRUN�GDWD�RI�DQ�RQJRLQJ�ORQJLWXGLQDO�FRKRUW�VWXG\�RI�<060�LQ�&KLFDJR�>�@�ZH�
GHYHORSHG�D�GLVFUHWH�WLPH�DJHQW�EDVHG�VLPXODWLRQ�PRGHO�WR�VWXG\�WKH�LPSDFW�RI�SDUWQHUVKLS�IRUPDWLRQ�
DQG�GLVVROXWLRQ�RQ�+,9�WUDQVPLVVLRQ�DPRQJ�<060�RYHU�WLPH�
�
2XU�PRGHO�LQFOXGHV�GLIIHUHQW�W\SHV�RI�SDUWQHUVKLSV�VWUDWL¿HG�E\�OHQJWK��L�H���RQH�QLJKW�VWDQGV�RU�
SDUWQHUVKLSV�ZLWK�YDULDEOH�OHQJWK�!���ZHHNV���VH[�RI�SDUWQHU��L�H���PDOH�PDOH�RU�IHPDOH�PDOH���DJH�
RI�SDUWQHU��L�H���ZLWK�RWKHU�<060�RU�ROGHU�PHQ�ZKR�KDYH�VH[�ZLWK�PHQ��060����VHULRXVQHVV�RI�
SDUWQHUVKLS��VH[XDO�LQWHUFRXUVH�YV��RUDO�VH[�RQO\��IUHTXHQF\�RI�VH[�DFWV�DQG�XQSURWHFWHG�DQDO�LQWHUFRXUVH�
�8$,��DV�ZHOO�DV�VH[�UROH�EHKDYLRU�ZLWKLQ�WKH�UHODWLRQVKLS��3DUWQHUVKLS�IRUPDWLRQ�UDWHV�GHSHQG�RQ�HJR�
DWWULEXWHV�RI�WKH�<060�VXFK�DV�VH[XDO�RULHQWDWLRQ�RU�VH[�UROH�LGHQWLW\�DQG�SDUWQHUVKLS�DWWULEXWHV�VXFK�
DV�UDFH�PL[LQJ��DJH�GLIIHUHQFH��GUXJ�XVH�DQG�FRQFXUUHQF\��3DUWQHUVKLS�GXUDWLRQ�LV�DVVXPHG�WR�IROORZ�D�
JHRPHWULF�GLVWULEXWLRQ�ZKHUH�WKH�H[SHFWHG�GXUDWLRQ�LV�SUHGLFWHG�E\�D�OLQHDU�FRPELQDWLRQ�RI�SDUWQHUVKLS�
YDULDEOHV��$GGLWLRQDOO\��WKH�PRGHO�FDSWXUHV�GLVHDVH�WUDQVPLVVLRQ�SURFHVVHV�RI�WKH�VH[XDOO\�WUDQVPLWWHG�
GLVHDVHV�&KODP\GLD�DQG�*RQRUUKHD�EHFDXVH�RI�WKHLU�SUHYDOHQFH�DPRQJ�WKH�VWXG\�SRSXODWLRQ�������
UHVSHFWLYHO\�������DQG�WKHLU�SRVLWLYH�HIIHFW�RQ�ERWK�+,9�VXVFHSWLELOLW\�DQG�LQIHFWLRXVQHVV�

6LPXODWLQJ�SDUWQHUVKLS�IRUPDWLRQ�DQG�GLVVROXWLRQ�RYHU�WLPH�ZH�FRPSDUH�RXU�PRGHO�WR�DQ�(UGĘV�5HQ\L�
PRGHO�XVLQJ�ORFDO�DQG�JOREDO�QHWZRUN�WRSRORJ\�PHDVXUHV��3UHOLPLQDU\�UHVXOWV�RI�WKH�DJHQW�EDVHG�
VLPXODWLRQ�PRGHO�VKRZ�WKDW�WKH�PRGH�RI�+,9�WUDQVPLVVLRQ�GLIIHUV�E\�UDFH�DQG�UHODWLRQVKLS�W\SH��DPRQJ�
EODFN�<060��+,9�LV�PRVW�RIWHQ�WUDQVPLWWHG�LQ�UHODWLRQVKLSV��ZKHUHDV�IRU�/DWLQR�DQG�:KLWH�<060��
RQH�QLJKW�VWDQGV�DUH�WKH�PDLQ�PRGH�RI�+,9�WUDQVPLVVLRQ��VHH�)LJXUH�����7KHVH�UHVXOWV�VXJJHVW�WKDW�+,9�
SUHYHQWLRQ�HIIRUWV�DPRQJ�<060�VKRXOG�FRQVLGHU�ERWK�UDFH�DQG�UHODWLRQVKLS�W\SH�DV�H�J��D�SUHYHQWLRQ�
LQWHUYHQWLRQ�WDUJHWLQJ�VHULRXV�SDUWQHUVKLSV�RI�EODFN�<060�

5HIHUHQFHV�
>�@�� 3,��%ULDQ�0XVWDQVNL��3K'�	�5RE�*DURIDOR��0'
$ZDUG�1XPEHU�� 5��'$�������
$ZDUG�7LWOH�� 6<1'(0,&�'(9(/230(17�$1'�+,9�5,6.�$021*�98/1(5$%/(�<281*�0(1�
23',9�� � 1$7,21$/�,167,787(6�2)�+($/7+��1,+��
2UJDQL]DWLRQ�� 1$7,21$/�,167,787(�21�'58*�$%86(��1,'$�

��)LJXUH����3UHOLPLQDU\�UHVXOWV�VKRZLQJ�FXPXODWLYH�+,9�LQFLGHQFH�RYHU���\HDUV�VWUDWL¿HG�E\�SDUWQHUVKLS�W\SH�



��

/LQN�UHPRYDO�IRU�FRQWURO�RI�HSLGHPLFV�RYHU�QHWZRUNV��D�FRPSDULVRQ�RI�
DSSURDFKHV

(QQV�($����%UDQGHDX�0/��

��6FKRRO�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�0LQQHVRWD��0LQQHDSROLV��01��86$
��'HSDUWPHQW�RI�0DQDJHPHQW�6FLHQFH�DQG�(QJLQHHULQJ��6WDQIRUG�8QLYHUVLW\��&$��86$

)RU�PDQ\�FRPPXQLFDEOH�GLVHDVHV��NQRZOHGJH�RI�FRQWDFW�SDWWHUQV�LV�HVVHQWLDO�WR�GHWHUPLQLQJ�DSSURSULDWH�
FRQWURO�PHDVXUHV��:H�FRQVLGHU�WKH�SUREOHP�RI�UHPRYLQJ�D�OLPLWHG�QXPEHU�RI�OLQNV�IURP�D�FRQWDFW�
QHWZRUN�WR�FRQWURO�D�FRPPXQLFDEOH�GLVHDVH��8QGHUVWDQGLQJ�KRZ�EHVW�WR�PRGLI\�OLQNV�LQ�D�QHWZRUN�LV�
LPSRUWDQW�ZKHQ�EHKDYLRU�FKDQJH�LV�D�SULPDU\�LQWHUYHQWLRQ�IRU�GLVHDVH�SUHYHQWLRQ��H�J���IRU�KHSDWLWLV�&��
+,9��DQG�PDQ\�VH[XDOO\�WUDQVPLWWHG�GLVHDVHV���:H�GHVFULEH�DQG�FRPSDUH�IRXU�OLQN�UHPRYDO�DOJRULWKPV��
WZR�³SUHYHQWLYH´�DSSURDFKHV��HGJH�FHQWUDOLW\��5��PLQLPL]DWLRQ���ZKHUH�WKH�GHFLVLRQ�RI�KRZ�WR�UHPRYH�
WKH�OLQNV�LV�PDGH�SULRU�WR�DQ\�GLVHDVH�RXWEUHDN�DQG�GHSHQGV�RQO\�RQ�WKH�QHWZRUN�VWUXFWXUH��DQG�
WZR�³UHDFWLYH´�DSSURDFKHV��6XVFHSWLEOH�,QIHFWHG��6,��HGJH�FHQWUDOLW\��RSWLPDO�TXDUDQWLQLQJ���ZKHUH�
LQIRUPDWLRQ�DERXW�WKH�LQLWLDO�GLVHDVH�VWDWHV�RI�WKH�QRGHV�LV�LQFRUSRUDWHG�LQWR�WKH�GHFLVLRQ�RI�ZKLFK�
OLQNV�WR�UHPRYH��:H�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKHVH�DOJRULWKPV�RYHU�GLIIHUHQW�QHWZRUN�VWUXFWXUHV��
LQFOXGLQJ�UDQGRP�QHWZRUNV�ZLWK�YDU\LQJ�OHYHOV�RI�FRQQHFWLYLW\��D�UHDO�ZRUOG�QHWZRUN�RI�UHVLGHQWLDO�
KRWHOV�FRQQHFWHG�WKURXJK�LQMHFWLRQ�GUXJ�XVH��DQG�D�QHWZRUN�H[KLELWLQJ�FRPPXQLW\�VWUXFWXUH��IRXU�
KLJKO\�FRQQHFWHG�FRPPXQLWLHV�ZLWK�D�VPDOO�QXPEHU�RI�OLQNV�EHWZHHQ�WKHP���:H�VKRZ�WKDW�WKH�UHDFWLYH�
DSSURDFKHV�DUH�VXSHULRU�WR�WKH�SUHYHQWLYH�DSSURDFKHV�LQ�FRQWDLQLQJ�HSLGHPLF�VSUHDG��$PRQJ�UHDFWLYH�
DSSURDFKHV��UHPRYLQJ�OLQNV�LQ�RUGHU�RI�6�,�HGJH�FHQWUDOLW\�LV�IDYRUHG�ZKHQ�WKH�OLQN�UHPRYDO�EXGJHW�
LV�VPDOO��ZKLOH�WKH�RSWLPDO�TXDUDQWLQLQJ�DSSURDFK�SHUIRUPV�EHVW�ZKHQ�WKH�OLQN�UHPRYDO�EXGJHW�LV�
VXI¿FLHQWO\�ODUJH��7KH�EXGJHW�WKUHVKROG�DERYH�ZKLFK�RSWLPDO�TXDUDQWLQLQJ�RXW�SHUIRUPV�WKH�6�,�HGJH�
FHQWUDOLW\�DOJRULWKP�LV�D�IXQFWLRQ�RI�ERWK�QHWZRUN�VWUXFWXUH��ORZHU�IRU�VWUXFWXUHG�QHWZRUNV��DQG�WKH�
LQIHFWLRXVQHVV�RI�WKH�GLVHDVH��ORZHU�IRU�KLJKO\�LQIHFWLRXV�GLVHDVHV���

)LJXUH����([SHFWHG�RXWEUHDN�VL]H�IRU�D�GLVHDVH�VSUHDGLQJ�LQ�D�QHWZRUN�H[KLELWLQJ�FRPPXQLW\�VWUXFWXUH�DV�D�IXQFWLRQ�RI�
QXPEHU�RI�OLQNV�UHPRYHG�IRU�IRXU�GLIIHUHQW�OLQN�UHPRYDO�DOJRULWKPV��'LVHDVH�FKDUDFWHULVWLFV�ZHUH�VXFK�WKDW�5�� ���IRU�WKLV�
SDUWLFXODU�QHWZRUN�VWUXFWXUH��2XWEUHDNV�ZHUH�LQLWLDOL]HG�ZLWK�����RI�QRGHV�LQLWLDOO\�LQIHFWHG��5HVXOWV�ZHUH�DYHUDJHG�RYHU�����
UDQGRP�VHWV�RI�LQLWLDOO\�LQIHFWHG�QRGHV�



��

0RGHOOLQJ�WKH�SUHYDOHQFH�DQG�SHUPDQHQFH�RI�+,9�LPPXQH�HVFDSH�
PXWDWLRQV�LQ�KXPDQ�SRSXODWLRQV

$GDPV�$�����6KDUPD�.����+RQJ�&����%UXPPH�=����-DFNVRQ�3��

��&RPSOH[�6\VWHPV�0RGHOOLQJ�*URXS��6LPRQ�)UDVHU�8QLYHUVLW\��%XUQDE\��%&��&DQDGD
��.LQHVLRORJ\�	�3V\FKRORJ\��6LPRQ�)UDVHU�8QLYHUVLW\��%XUQDE\��%&��&DQDGD
��)DFXOW\�RI�+HDOWK�6FLHQFHV��6LPRQ�)UDVHU�8QLYHUVLW\��%XUQDE\��%&��&DQDGD
��,50$&6�	�*HURQWRORJ\��6LPRQ�)UDVHU�8QLYHUVLW\��%XUQDE\��%&��&DQDGD

3UREOHP�%DFNJURXQG��+,9¶V�FDSDFLW\�IRU�UDSLG�DGDSWDWLRQ�SRVHV�D�PDMRU�EDUULHU�WR�+,9�LPPXQH�FRQWURO�
DQG�YDFFLQH�GHVLJQ��+XPDQ�/HXNRF\WH�$QWLJHQ��+/$��FODVV�,�UHVWULFWHG�&'���7�FHOOV�GULYH�+,9�
HYROXWLRQ�WKURXJK�WKH�VHOHFWLRQ�RI�LPPXQH�HVFDSH�PXWDWLRQV�LQ�WKH�YLUDO�JHQRPH��(VFDSH�PXWDWLRQV�
RFFXU�LQ�D�KLJKO\�SUHGLFWDEOH�PDQQHU�EDVHG�RQ�WKH�+/$�DOOHOHV�H[SUHVVHG�E\�WKH�KRVW��8SRQ�WUDQVPLVVLRQ�
RI�+,9�WR�D�KRVW�ZKR�ODFNV�WKH�RULJLQDO�UHVWULFWLQJ�+/$�DOOHOH��L�H��ZKHQ�UHPRYHG�IURP�WKH�RULJLQDO�
VHOHFWLYH�HQYLURQPHQW���PDQ\�LPPXQH�HVFDSH�PXWDWLRQV�ZLOO�UHYHUW�EDFN�WR�WKH�FRQVHQVXV�UHVLGXH��
SUHVXPDEO\�GXH�WR�¿WQHVV�FRVWV��+RZHYHU��VRPH�HVFDSH�PXWDWLRQV�ZLOO�SHUVLVW�LQ�WKH�SRSXODWLRQ��OHDGLQJ�
WR�FRQFHUQV�WKDW�FLUFXODWLQJ�+,9�VWUDLQV�ZLOO�JUDGXDOO\�EHFRPH�PRUH�³UHVLVWDQW´�WR�KRVW�LPPXQLW\�RYHU�
WLPH��

*RDOV��2XU�QHZO\�IRUPHG�LQWHUGLVFLSOLQDU\�WHDP�DLPV�WR�LQYHVWLJDWH�WKH�SUHYDOHQFH�DQG�SHUPDQHQFH�
RI�+,9�HVFDSH�PXWDWLRQV�LQ�KXPDQ�SRSXODWLRQV��'HPRQVWUDWLRQ�RI�WKH�SHUVLVWHQFH�RI�HVFDSH�YDULDQWV�
LQ�D�SRSXODWLRQ�PD\�KHOS�WR�H[SODLQ�KRZ�KRVW�LPPXQH�SUHVVXUHV�KDYH�VKDSHG�WKH�IRUPDWLRQ�RI�PDMRU�
YLUDO�OLQHDJHV��0RGHOOLQJ�WKH�UDWH�RI�HVFDSH�YDULDQWV�VSUHDG�LQ�KXPDQ�SRSXODWLRQV��DQG�LGHQWLI\LQJ�WKH�
KRVW�DQG�YLUDO�SDUDPHWHUV�WKDW�LQÀXHQFH�WKLV�SURFHVV��ZLOO�DOORZ�XV�WR�HVWDEOLVK�WKH�H[WHQW�WR�ZKLFK�+,9�
LPPXQH�DGDSWDWLRQ�UHSUHVHQWV�D�KHDOWK�FRQFHUQ���

0HWKRGRORJ\��2XU�PHWKRGRORJ\�LV�EDVHG�XSRQ�DQG�H[SDQGV�IURP�)U\HU�HW�DO���������ZKR�FRQVLGHUHG�
WUDQVPLVVLRQ�DQG�UHYHUVLRQ�XVLQJ�D�QRQOLQHDU�2'(�PRGHO�ZKLFK�DFFRXQWV�IRU�+/$�DOOHOH�PLVPDWFKLQJ��
:H�ZLOO�HYDOXDWH�DQG�H[WHQG�WKH�FRUH�SULQFLSOHV�RI�WKH�PRGHO�ZLWK�WKH�JRDO�RI�GHYHORSLQJ�D�VLPSOH�DJHQW�
EDVHG�PRGHO�ZKLFK�WUDFNV�VSHFL¿F�DOOHOHV�WR�DGGUHVV�DQ�LQKHUHQW�ZHDNQHVV�LQ�WKH�2'(�PRGHO�

&RQWULEXWLRQV�	�)XWXUH�:RUN��7KLV�PRGHOOLQJ�SURMHFW�LV�LQWHQGHG�QRW�RQO\�WR�DGGUHVV�WKH�SUHYDOHQFH�
RI�HVFDSH�W\SHV�LQ�WKH�+,9�HSLGHPLF��EXW�DOVR�WR�VKRZ�D�FOHDU�GHULYDWLRQ�RI�DQ�DJHQW�EDVHG�PRGHO�IURP�
DQ�2'(�PRGHO��7KLV�ZLOO�GHPRQVWUDWH�WKH�WUDGH�RIIV�DQG�EHQH¿WV��H�J��DFFXUDF\�YV��YHUDFLW\��RI�HDFK�
PRGHOOLQJ�WHFKQLTXH��DQG�VKRZ�KRZ�LQFUHDVLQJO\�FRPSOH[�PRGHOV�FDQ�EH�GHYHORSHG�WR�LQFRUSRUDWH�WKH�
KHWHURJHQHLW\�RI�WKH�HSLGHPLF��2XU�LQFRUSRUDWLRQ�RI�D�VRFLDO�QHWZRUN�LQ�WKH�QH[W�VWDJH�LV�LQWHQGHG�WR�
GHPRQVWUDWH�WKLV�IXUWKHU�

3UHVHQWLQJ�DXWKRU��$QGUHZ�$GDPV
&RQWDFW��DHDGDPV#VIX�FD



��

$�QHWZRUN�RI�+,9�HSLGHPLF�LQ�9DQFRXYHU¶V�'RZQWRZQ�(DVWVLGH�
QHLJKERXUKRRG

$KUHQEHUJ�/�����.RN�6����5DPDGDQRYLF�%������5XWKHUIRUG�$������9DVDUKHO\L�.����

��,03$&7�+,9
��&RPSOH[�6\VWHPV�0RGHOOLQJ�*URXS��,50$&6�&HQWUH��6LPRQ�)UDVHU�8QLYHUVLW\��%XUQDE\��%&��&DQDGD
��%ULWLVK�&ROXPELD�&HQWUH�IRU�([FHOOHQFH�LQ�+,9�$,'6��9DQFRXYHU��%&��&DQDGD

:H�SUHVHQW�UHVXOWV�RI�WKH�¿UVW�SKDVH�RI�D�PRGHOOLQJ�SURMHFW�WR�VLPXODWH�WKH�VSUHDG�RI�+,9�RQ�D�UHDOLVWLF�
VRFLDO�QHWZRUN�UHSUHVHQWLQJ�WKH�9DQFRXYHU�'RZQWRZQ�(DVWVLGH��'7(6���7KH�'7(6�LV�D�FRPPXQLW\�
ZLWK�D�ODUJH�SURSRUWLRQ�RI�PDUJLQDOL]HG�LQKDELWDQWV��VLJQL¿FDQW�LQMHFWLRQ�GUXJ�XVH��,'8��DQG�+,9�
SUHYDOHQFH�ZHOO�DERYH�WKH�QDWLRQDO�DYHUDJH��7KH�JRDO�RI�WKH�SURMHFW�LV�WR�HVWLPDWH�WKH�SXEOLF�KHDOWK�
LPSDFW�RI�7UHDWPHQW�DV�3UHYHQWLRQ�SURJUDPV�RQ�WKH�+,9�HSLGHPLF�LQ�WKH�'7(6��7KH�SULQFLSDO�YHFWRUV�RI�
WUDQVPLVVLRQ�LQ�WKH�QHLJKERUKRRG�±�LQFOXGLQJ�LQMHFWLRQ�GUXJ�XVH��FRPPHUFLDO�VH[�ZRUN�DQG�KHWHURVH[XDO�
UHODWLRQVKLSV�±�DUH�DOO�WDNHQ�LQWR�DFFRXQW�LQ�WKH�PRGHO��,QMHFWLRQ�GUXJ�XVH�FDQ�HLWKHU�EH�HQWLUHO\�VHOI�
LQLWLDWHG�EDVHG�RQ�WKH�GHPRJUDSKLF�SURSHUWLHV�RI�WKH�SHUVRQ�RU�LW�FDQ�VSUHDG�WKURXJK�SHHU�LQÀXHQFH�RQ�
WKH�VRFLDO�QHWZRUN��,QLWLDWLRQ�DQG�FHVVDWLRQ�RI�VH[�ZRUN�LV�LQÀXHQFHG�E\�WKH�HQJDJHPHQW�LQ�LQMHFWLRQ�
GUXJ�XVH��(IIHFWV�RI�LQFDUFHUDWLRQ�LQ�SURYLQFLDO�SULVRQ�DUH�DOVR�FRQVLGHUHG��7KH�PRGHO�LV�GH¿QHG�E\�
����VWDWH�WUDQVLWLRQ�UDWHV��3DUDPHWHUV�GHVFULELQJ�WKHVH�DUH�REWDLQHG�IURP�WKH�GDWD�SURYLGHG�E\�WKH�
'UXJ�7UHDWPHQW�3URJUDP�DQG�WKH�ORQJLWXGLQDO�FRKRUW�VWXGLHV�FRQGXFWHG�RQ�WKH�LQMHFWLRQ�GUXJ�XVHU�
DQG�IHPDOH�VH[�ZRUNHUV�SRSXODWLRQV�LQ�WKH�'7(6�E\�WKH�%&�&HQWHU�IRU�([FHOOHQFH�LQ�+,9�$,'6��7KH�
PRGHO�LV�WHVWHG�DJDLQVW���SULQFLSDO�HSLGHPLF�SURSHUWLHV�ZLWK�SXEOLVKHG�DYDLODEOH�HVWLPDWHV��2YHUDOO�+,9�
SUHYDOHQFH��SUHYDOHQFH�VHJUHJDWHG�E\�VH[�ZRUN�VWDWXV��SUHYDOHQFH�VHJUHJDWHG�E\�JHQGHU��SUHYDOHQFH�
VHJUHJDWHG�E\�,'8�VWDWXV�DQG�RYHUDOO�SUHYDOHQFH�RI�,'8�LQ�WKH�FRPPXQLW\��7KH�PRGHO�YDOLGDWHV�YHU\�
ZHOO�DJDLQVW�WKH�NQRZQ�SURSHUWLHV�RI�WKH�HSLGHPLF��7KH�PRGHO�LV�WKHUHIRUH�FRQVLGHUHG�DEOH�WR�UHDOLVWLFDOO\�
UHSURGXFH�WKH�'7(6�+,9�DQG�,'8�HSLGHPLFV�

)RXU�GLIIHUHQW�SXEOLF�KHDOWK�LQWHUYHQWLRQV�DUH�LQWURGXFHG�WR�WKH�PRGHO�DQG�WKHLU�HIIHFWV�VWXGLHG��7KUHH�RI�
WKH�VWXGLHG�LQWHUYHQWLRQV�KDYH�WR�GR�ZLWK�GLIIHUHQW�DVSHFWV�RI�WKH�7UHDWPHQW�DV�3UHYHQWLRQ�SXEOLF�KHDOWK�
SURJUDP��6SHFL¿FDOO\��WKH�HIIHFWV�RI��IDVWHU�GLDJQRVLV��IDVWHU�WUHDWPHQW�LQLWLDWLRQ�DQG�EHWWHU�WUHDWPHQW�
UHWHQWLRQ�DUH�DOO�VWXGLHG��)XUWKHUPRUH��WKH�HIIHFWV�RI�UHGXFHG�XSWDNH�RI�,'8�EHKDYLRU�LV�DOVR�VWXGLHG��
$OO�IRXU�LQWHUYHQWLRQV�DUH�IRXQG�WR�EH�YDOXDEOH��ZLWK�SRVVLEO\�WKH�JUHDWHVW�HIIHFW�FRPLQJ�IURP�UHGXFHG�
,'8�XSWDNH��ZKHUH�HYHQ�D�YHU\�PRGHVW�FKDQJH�KDV�D�QRWDEOH�LPSDFW�RQ�WKH�HSLGHPLF��DQG�EHWWHU�
WUHDWPHQW�UHWHQWLRQ��&RVWV�DQG�IHDVLELOLW\�RI�LQWHUYHQWLRQV�ZHUH�QRW�FRQVLGHUHG��VR�QR�RSWLPL]DWLRQ�
SDWWHUQ�IRU�LQWHUYHQWLRQ�KDV�EHHQ�SURSRVHG��/LNHZLVH��FRPELQHG�LQWHUYHQWLRQV�KDYH�QRW�\HW�EHHQ�VWXGLHG��

7KH�PRGHO�LV�EXLOW�ZLWK�WKH�1HSLGHPL;�VRIWZDUH�

3UHVHQWLQJ�DXWKRU��%RMDQ�5DPDGDQRYLF
&RQWDFW��EUDPDGDQ#VIX�FD



��

3K\ORJHQHWLF�&OXVWHULQJ�RI�+,9�DQG�LWV�&RQQHFWLRQ�WR�6H[XDO�&RQWDFW�
1HWZRUNV

9LOODQGUH�/����/DEEH�$����6WHSKHQV�'����

��'HSDUWPHQW�RI�(SLGHPLRORJ\��%LRVWDWLVWLFV�DQG�2FFXSDWLRQDO�+HDOWK��0F*LOO�8QLYHUVLW\��0RQWUHDO��
4XHEHF��&DQDGD

3K\ORJHQHWLF�PRGHOV�DLP�WR�HVWLPDWH�WKH�DQFHVWUDO�UHODWLRQVKLSV�EHWZHHQ�'1$�VHTXHQFHV��,Q�GRLQJ�VR��
WKH\�FDQ�KHOS�LQ�WKH�GHWHFWLRQ�RI�+,9�WUDQVPLVVLRQ�FOXVWHUV��:KDW�SK\ORJHQLHV�UHYHDO�DERXW�WKH�VH[XDO�
FRQWDFW�QHWZRUN�XQGHUO\LQJ�DQ�+,9�HSLGHPLF�LV�VWLOO�XQFOHDU��7KH�SUHVHQW�ZRUN�H[SORUHV�WKH�OLQN�EHWZHHQ�
SK\ORJHQHWLF�FOXVWHUV�DQG�VH[XDO�FRQWDFW�QHWZRUNV�

:H�VLPXODWH�FRQWDFW�QHWZRUN�VWUXFWXUHV�DQG�+,9�WUDQVPLVVLRQ�RYHU�WKHVH�QHWZRUNV��1RGHV�UHPDLQ�
LQIHFWLRXV�XQWLO�GLDJQRVWLF��:H�UHSUHVHQW�HSLGHPLFV�ZLWK�SK\ORJHQLHV��IURP�ZKLFK�ZH�REWDLQ�VLPXODWHG�
'1$�VDPSOHV��2Q�D�VPDOO�VHW�RI�HSLGHPLFV��ZH�SDUWLWLRQ�'1$�VDPSOHV�ZLWK�ERWK�D�GLVWDQFH�EDVHG�DQG�D�
QXPHULFDOO\�LQWHQVLYH��PD[LPXP�OLNHOLKRRG�FOXVWHULQJ�DOJRULWKP��:H�FRPSDUH�WKH�DOJRULWKPV¶�FOXVWHULQJ�
DFFXUDF\�DQG��REVHUYLQJ�D�OLPLWHG�JDLQ�IURP�WKH�PD[LPXP�OLNHOLKRRG�DSSURDFK��ZH�FOXVWHU�WKH�UHPDLQLQJ�
VDPSOHV�ZLWK�WKH�GLVWDQFH�EDVHG�DSSURDFK��:H�JUDSK�VHYHUDO�FOXVWHU�FKDUDFWHULVWLFV�DJDLQVW�QHWZRUNV�
SDUDPHWHUV��OHDGLQJ�WR�WKH�FRQFOXVLRQ�WKDW�QHWZRUN�VWUXFWXUH�LV�UHÀHFWHG�LQ�WKH�LQIHUUHG�SK\ORJHQHWLF�
FOXVWHUV�



��

:RUNVKRS�'LQQHU

����������������,50$&6�$WULXP��RXWVLGH�WKH�,50$&6�7KHDWUH�
� � � 0XVLFDO�JXHVW�SHUIRUPDQFH�IHDWXULQJ��7��1LOH

$ERXW�RXU�*XHVW�3HUIRUPHU

7��1LOH
%RUQ�DQG�UDLVHG�LQ�D�FHGDU�FDELQ�RQ�D�UHPRWH�JXOI�LVODQG�DQG�GDXJKWHU�RI�D�OHJHQGDU\�ZHVW�FRDVW�RQH�PDQ�
EDQG��7��1LOH�KDV�EOHQGHG�WKH�EHVW�RI�D�WUDGLWLRQDO�IRON�XSEULQJLQJ�ZLWK�YLQWDJH�DQG�PRGHUQ�HOHFWURQLFV��
FUHDWLQJ�D�VRXQG�DW�WKH�OHDGLQJ�HGJH�RI�WKH�HOHFWUR�IRON�PRYHPHQW�
�



��

:RUNVKRS�9HQXH

7KH�,50$&6�&HQWUH
(VWDEOLVKHG�LQ�������WKH�,QWHUGLVFLSOLQDU\�5HVHDUFK�LQ�WKH�0DWKHPDWLFDO�DQG�&RPSXWDWLRQDO�6FLHQFHV�
�,50$&6��&HQWUH�LV�D�XQLTXH��LQWHUGLVFLSOLQDU\�UHVHDUFK�IDFLOLW\�WKDW�HQDEOHV�FROODERUDWLYH�LQWHUDFWLRQ�
��LQWHOOHFWXDOO\��SK\VLFDOO\�DQG�YLUWXDOO\��,50$&6�IRFXVHV�RQ�IDFLOLWDWLQJ�WKH�KXPDQ�LQWHUDFWLRQV�WKDW�
DUH�FULWLFDO�LQ�LQWHUGLVFLSOLQDU\�UHVHDUFK��UHPRYHV�WUDGLWLRQDO�ERXQGDULHV�EHWZHHQ�VFLHQWL¿F�GLVFLSOLQHV��
DQG�FUHDWHV�D�VWLPXODWLQJ�HQYLURQPHQW�IRU�LWV�UHVHDUFKHUV��,W�SURYLGHV�D�YHUVDWLOH��FRPSXWDWLRQDOO\�
VRSKLVWLFDWHG�LQIUDVWUXFWXUH�IRU�VFLHQWLVWV�ZKRVH�SULPDU\�ODERUDWRU\�WRRO�LV�WKH�FRPSXWHU��:KHWKHU�RQ�VLWH�
RU�DURXQG�WKH�ZRUOG��,50$&6�&HQWUH�UHVHDUFKHUV�HQMR\�LQQRYDWLYH��H[SHUW�WHFKQLFDO�VXSSRUW�DQG�VWDWH�
RI�WKH�DUW�FRPSXWDWLRQDO��YLVXDOL]DWLRQ�DQG�FRPPXQLFDWLRQ�UHVRXUFHV�

��7KH�,50$&6�&HQWUH��ZZZ�LUPDFV�VIX�FD

6LPRQ�)UDVHU�8QLYHUVLW\�DQG�%XUQDE\�0RXQWDLQ
%RUQ�LQ�������6)8�KDV�EHFRPH�&DQDGD¶V�OHDGLQJ�FRPSUHKHQVLYH�XQLYHUVLW\�ZLWK�YLEUDQW�FDPSXVHV�LQ�
%ULWLVK�&ROXPELD¶V�ODUJHVW�PXQLFLSDOLWLHV�±�9DQFRXYHU��%XUQDE\�DQG�6XUUH\�±�DQG�GHHS�URRWV�LQ�SDUWQHU�
FRPPXQLWLHV�WKURXJKRXW�WKH�SURYLQFH�DQG�DURXQG�WKH�ZRUOG��

��6)8��ZZZ�VIX�FD�DERXW

([SORULQJ�9DQFRXYHU

)RU�H[FLWLQJ�WKLQJV�WR�GR�LQ�9DQFRXYHU��FKHFN�RXW�7RXULVP�9DQFRXYHU�DW�ZZZ�WRXULVPYDQFRXYHU�FRP�GR�



��

8VHIXO�0DSV

([HFXWLYH�3OD]D�+RWHO�	�&RQIHUHQFH�&HQWUH�WR�/RXJKHHG�6N\WUDLQ�6WDWLRQ

$�±�/RXJKHHG�6N\WUDLQ�6WDWLRQ
%�±�([HFXWLYH�3OD]D�+RWHO�	�&RQIHUHQFH�&HQWUH



��

6LPRQ�)UDVHU�8QLYHUVLW\�&DPSXV

,QFOXGLQJ�WKH�IROORZLQJ�ORFDWLRQV�

�±�6LPRQ�+RWHO
�±�,50$&6
�±�7KH�6)8�7UDQVSRUWDWLRQ�([FKDQJH



��

/LVW�RI�3DUWLFLSDQWV
/XNDV�$KUHQEHUJ
6LPRQ�)UDVHU�8QLYHUVLW\��,50$&6���DKUHQEHUJ#VIX�FD

$QGUHZ�$GDPV
6LPRQ�)UDVHU�8QLYHUVLW\��0DWKHPDWLFV���DHDGDPV#VIX�FD

-DVRQ�$KQ
6LPRQ�)UDVHU�8QLYHUVLW\��0R&66<���MDD��#VIX�FD

5REHUW�%DOVKDZ
%ULWLVK�&ROXPELD�&HQWUH�IRU�'LVHDVH�&RQWURO���UREHUW�EDOVKDZ#EFFGF�FD

(NNHKDUG�%HFN
1RUWKZHVWHUQ�8QLYHUVLW\���HNNHKDUGEHFN����#X�QRUWKZHVWHUQ�HGX

6WHYH�%HOODQ
8QLYHUVLW\�RI�7H[DV�DV�$XVWLQ���VWHYH�EHOODQ#JPDLO�FRP

&RUD�%HUQDUG
6WDQIRUG�8QLYHUVLW\���FOE���#VWDQIRUG�HGX

0DUJDUHW�%UDQGHDX
6WDQIRUG�8QLYHUVLW\���EUDQGHDX#VWDQIRUG�HGX

=DEULQD�%UXPPH
6LPRQ�)UDVHU�8QLYHUVLW\���]EUXPPH#VIX�FD

%ULDQ�&RUULH
6LPRQ�)UDVHU�8QLYHUVLW\��,50$&6���EFRUULH#VIX�FD

.ULVWD�(QJOLVK
%ULWLVK�&ROXPELD�&HQWUH�IRU�'LVHDVH�&RQWURO���NULVWD�HQJOLVK#EFFGF�FD

(YD�(QQV
8QLYHUVLW\�RI�0LQQHVRWD��6FKRRO�RI�3XEOLF�+HDOWK���HHQQV#XPQ�HGX

&ROLQ�([OH\
6LPRQ�)UDVHU�8QLYHUVLW\��0DWKHPDWLFV���FGH�#VIX�FD

3KLOLSSH�*LDEEDQHOOL
6LPRQ�)UDVHU�8QLYHUVLW\���JLDEED#VIX�FD

0DUN�*LOEHUW
%ULWLVK�&ROXPELD�&HQWUH�IRU�'LVHDVH�&RQWURO���PDUN�JLOEHUW#EFFGF�FD

6DODO�+XPDLU
+DUYDUG�8QLYHUVLW\���VKXPDLU#KVSK�KDUYDUG�HGX

5XL�)X
6WDQIRUG�8QLYHUVLW\���UXLI#VWDQIRUG�HGX

3LSHU�-DFNVRQ
6LPRQ�)UDVHU�8QLYHUVLW\��,50$&6�DQG�*HURQWRORJ\�5HVHDUFK�&HQWUH���SMM#VIX�FD

/RUQD�-HQNLQV�
0LQLVWU\�RI�+HDOWK��*RYHUQPHQW�RI�3DQDPD���ORUQDBM��#\DKRR�FRP



��

<D\XN�.�-RIIUHV
6LPRQ�)UDVHU�8QLYHUVLW\���\NM#VIX�FD

.HPDO�.LOLF
6DEDQFL�8QLYHUVLW\���NNLOLF#VDEDQFLXQLY�HGX

6DUDK�.RN
6LPRQ�)UDVHU�8QLYHUVLW\��,50$&6���DVN�#VIX�FD

%HUQKDUG�.RQUDG
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD��0DWKHPDWLFV���NRQUDGEH#PDWK�XEF�FD
9LYLDQH�/LPD
%ULWLVK�&ROXPELD�&HQWUH�IRU�([FHOOHQFH�LQ�+,9�$,'6���YOLPD#FIHQHW�XEF�FD

$OL�1DGDI�
6LPRQ�)UDVHU�8QLYHUVLW\��0DWKHPDWLFV���DQDGDI#VIX�FD

-DPLH�1RUGLR
6LPRQ�)UDVHU�8QLYHUVLW\��0DWKHPDWLFV���MQRUGLR#VIX�FD

$OOLVRQ�3LWW
6WDQIRUG�8QLYHUVLW\���DOSLWW#VWDQIRUG�HGX

%DEDN�3RXUERKORXO
%ULWLVK�&ROXPELD�&HQWUH�IRU�'LVHDVH�&RQWURO��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD���
EDEDN�SRXUERKORXO#EFFGF�FD

$UDVK�5D¿H\�
6LPRQ�)UDVHU�8QLYHUVLW\���DUDVKU#VIX�FD

5DPDGDQRYLF� %RMDQ�5DPDGDQRYLF
6LPRQ�)UDVHU�8QLYHUVLW\��,50$&6���EUDPDGDQ#VIX�FD

,JQDFLR�5R]DGD
%ULWLVK�&ROXPELD�&HQWUH�IRU�([FHOOHQFH�LQ�+,9�$,'6���LUR]DGD#FIHQHW�XEF�FD

$OH[DQGHU�5XWKHUIRUG
6LPRQ�)UDVHU�8QLYHUVLW\���VDQG\U#LUPDFV�VIX�FD

.ULWLND�6KDUPD
6LPRQ�)UDVHU�8QLYHUVLW\���NVD��#VIX�FD

.ULV]WLQD�9DVDUKHO\L
%ULWLVK�&ROXPELD�&HQWUH�IRU�([FHOOHQFH�LQ�+,9�$,'6���NULV]WLQDBYDVDUKHO\L#VIX�FD

/XF�9LOODQGUH
0F*LOO�8QLYHUVLW\���OXF�YLOODQGUH#PDLO�PFJLOO�FD

%ULDQ�:LOOLDPV�
6$&(0$���:+2���ZLOOLDPVEJ#PH�FRP

$OH[D�YDQ�GHU�:DDOO
6LPRQ�)UDVHU�8QLYHUVLW\��,50$&6���DYDQGHUZ#LUPDFV�VIX�FD

5DOI�:LWWHQEHUJ
6LPRQ�)UDVHU�8QLYHUVLW\��0DWKHPDWLFV���UDOI#VIX�FD
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7UDQVSRUWDWLRQ�,QIRUPDWLRQ

9LVLW�WKH�7UDQVOLQN�ZHEVLWH��ZZZ�WUDQVOLQN�EF�FD��IRU�WULS�SODQQLQJ��VFKHGXOHV��URXWH�PDSV��DQG�
LQIRUPDWLRQ�DERXW�IDUHV�

)RU�DGGLWLRQDO�GLUHFWLRQV�RQ�JHWWLQJ�WR�6LPRQ�)UDVHU�8QLYHUVLW\�
ZZZ�VIX�FD�FDPSXVHV�PDSV�DQG�GLUHFWLRQV�EXUQDE\�PDS�KWPO

*(77,1*�72�,50$&6�

)URP�9DQFRXYHU�,QWHUQDWLRQDO�$LUSRUW��<95�
7DNH�WKH�&DQDGD�/LQH�WUDLQ�IURP�<95�WR�:DWHUIURQW�6WDWLRQ��HQG�VWDWLRQ��
7DNH�%XV��������6)8��RQ�+DVWLQJV�6WUHHW�DW�*UDQYLOOH�WR�6)8�7UDQVLW�([FKDQJH��HQG�VWDWLRQ��

)URP�'RZQWRZQ�9DQFRXYHU
7DNH�%XV�������6)8��RQ�%XUUDUG�6WUHHW�DW�'XQVPXLU�6WUHHW�WR�6)8�7UDQVLW�([FKDQJH��HQG�VWDWLRQ��

)URP�WKH�([HFXWLYH�3OD]D�+RWHO�DQG�&RQIHUHQFH�&HQWUH
7DNH�WKH�0LOOHQQLXP�/LQH�7UDLQ�IURP�/RXJKHHG�7RZQ�&HQWUH�6WDWLRQ�WR�3URGXFWLRQ�:D\�8QLYHUVLW\�
6WDWLRQ��RQH�VWRS��
7DNH�EXV�������6)8��WR�6)8�7UDQVLW�([FKDQJH��HQG�VWDWLRQ��

*(77,1*�72�7+(�(;(&87,9(�3/$=$�+27(/��

)URP�9DQFRXYHU�,QWHUQDWLRQDO�$LUSRUW��<95�
7DNH�WKH�&DQDGD�/LQH�WUDLQ�IURP�<95�WR�:DWHUIURQW�6WDWLRQ��HQG�VWDWLRQ��
7DNH�WKH�0LOOHQQLXP�/LQH�WUDLQ�WR�9&&�&ODUN�WR�/RXJKHHG�7RZQ�&HQWUH�6WDWLRQ�

)URP�6LPRQ�)UDVHU�8QLYHUVLW\
7DNH�EXV�������6)8��IURP�6)8�7UDQVLW�([FKDQJH�WR�3URGXFWLRQ�:D\�6WDWLRQ��HQG�VWRS��
7DNH�WKH�0LOOHQQLXP�/LQH�WUDLQ�IURP�3URGXFWLRQ�:D\�8QLYHUVLW\�6WDWLRQ�WR�/RXJKHHG�7RZQ�&HQWUH�
6WDWLRQ��RQH�VWRS��
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&RQWDFW�8V�
LPSDFW�KLY#VIX�FD

)XUWKHU�,QIRUPDWLRQ�

,03$&7�+,9���LPSDFW�KLY�LUPDFV�VIX�FD
,50$&6���ZZZ�LUPDFV�VIX�FD

%&�&HQWUH�IRU�([FHOOHQFH�LQ�+,9�$,'6���ZZZ�FIHQHW�XEF�FD
3DFL¿F�,QVWLWXWH�IRU�WKH�0DWKHPDWLFDO�6FLHQFHV���ZZZ�SLPV�PDWK�FD


