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12.���PLOOLRQ��DSSUR[LPDWHO\�86'�����������SOXV�D�JROG

PHGDO�DQG�GLSORPD�

7KH�*XQQHUXV�$ZDUGbKRQRXUV�RXWVWDQGLQJ�VFLHQWLILF�ZRUN

IRU�VXVWDLQDEOH�GHYHORSPHQW�JOREDOO\�DQG�DLPV�WR

SURPRWH�UHVHDUFK�DQG�VWUHQJWKHQ�WKH�VFLHQWLILF�EDVLV�RI

VXVWDLQDELOLW\��7KH�DZDUGbZLOO�EH�SUHVHQWHG�GXULQJ�1718ÍV

VXVWDLQDELOLW\�FRQIHUHQFH�RQ����2FWREHU�

7KH�DZDUG�ZLQQHU

3URIHVVRU�&DUO�)RONH�LV�VFLHQFH�GLUHFWRU�RI�WKH�6WRFNKROP

5HVLOLHQFH�&HQWUH�DW�6WRFNKROP�8QLYHUVLW\��DQG�GLUHFWRU�RI

WKH�%HLMHU�,QVWLWXWH�RI�(FRORJLFDO�(FRQRPLFV�DW�WKH�5R\DO

6ZHGLVK�$FDGHP\�RI�6FLHQFHV�b

+H�LV�RQH�RI�WKH�IRXQGHUV�RI�WKH�6WRFNKROP�5HVLOLHQFH

&HQWUH�DQG�RI�WKH�5HVLOLHQFH�$OOLDQFH��DQG�KDV�SOD\HG�D

NH\�UROH�LQ�GHYHORSLQJ�WKH�,QWHUQDWLRQDO�6RFLHW\�IRU

(FRORJLFDO�(FRQRPLFV�

)RONH�KDV�XQLYHUVLW\�GHJUHHV�LQ�HFRQRPLFV�

DGPLQLVWUDWLRQ�DQG�ELRORJ\��ZLWK�D�IRFXV�RQ�HFRORJ\��+H�LV

DQ�HOHFWHG�PHPEHU�RI�WKH�5R\DO�$FDGHP\�RI�6FLHQFHV�DQG

WKH�86�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�

7KH�DZDUG�ZLQQHU�KDV�EHHQ�DQ�HQYLURQPHQWDO�DGYLVHU�WR

WKH�6ZHGLVK�JRYHUQPHQW��+H�KDV�FROODERUDWHG�ZLWK�81

RUJDQL]DWLRQV�LQ�DUHDV�VXFK�DV�ELRGLYHUVLW\��HFRV\VWHP

VHUYLFHV��ZDWHU�PDQDJHPHQW�DQG�VXVWDLQDEOH�FLWLHV�

)RONH�KDV�SDUWLFLSDWHG�LQ�WKH�ZRUN�RQ�WKH�0LOOHQQLXP

(FRV\VWHP�$VVHVVPHQW��+H�KDV�EHHQ�D�PHPEHU�RI�PDQ\

VFLHQWLILF�FRXQFLOV�DQG�FRPPLWWHHV��VXFK�DV�WKH�1DWLRQDO

WKUHH�FRXUVH�PHDO

ZLWK�GULQNV�DQG

PXVLFDO

HQWHUWDLQPHQW��

b

5HJLVWHU�WR

DWWHQG�WKH

&HUHPRQ\

$ERXW�&DUO
)RONH

7KH�UHVHDUFK

PDJD]LQH�*HPLQL

ZULWHV�DERXW�&DUO

)RONH

3KRWRV�RI�&DUO

)RONH

3KRWR�RI�&DUO

)RONHb�ODQGVFDSH�

3KRWR�RI�&DUO

)RONHb�SRUWUDLW�

3KRWR�FUHGLW��0�

$[HOVVRQ�$]RWH�IRU



&HQWHU�IRU�(FRORJLFDO�$QDO\VLV�DQG�6\QWKHVLV�LQ�6DQWD

%DUEDUD��&DOLIRUQLD��DQG�WKH�,QWHUQDWLRQDO�+XPDQ

'LPHQVLRQV�3URJUDPPH�RQ�*OREDO�(QYLURQPHQWDO

&KDQJH�

6LJQLILFDQW�FRQWULEXWLRQV

)RONH�KDV�FRQWULEXWHG�LQ�VLJQLILFDQW�ZD\V�WR�VXVWDLQDELOLW\

DV�D�ILHOG�RI�UHVHDUFK�DQG�LV�LQWHUQDWLRQDOO\�FRQVLGHUHG�WR

EH�RQH�RI�WKH�PRVW�LPSRUWDQW�UHVHDUFKHUV�LQ�GHVLJQLQJ

WKLV�QHZ�DUHD�RI�UHVHDUFK�

,Q�SDUWLFXODU��KH�KDV�KHOSHG�VWLPXODWH�UHVHDUFK�WR�EHWWHU

XQGHUVWDQG�FRPSOH[�VRFLR�HFRORJLFDO�V\VWHPV��+H�KDV

EHHQ�D�SLRQHHU�LQ�WKH�SXUVXLW�RI�IUXLWIXO�GLDORJXH�DQG

FRRSHUDWLRQ�EHWZHHQ�WKH�bVRFLDO�VFLHQFHV��HFRQRPLFV�DQG

QDWXUDO�VFLHQFHV�WR�LOOXVWUDWH�WKH�LPSRUWDQW�VXVWDLQDELOLW\

FKDOOHQJHV�IDFLQJ�VRFLHW\�

)RONHÍV�LQLWLDWLYH�KDV�RSHQHG�QHZ�SHUVSHFWLYHV�LQ

XQGHUVWDQGLQJ�WKH�G\QDPLF�LQWHUDFWLRQ�EHWZHHQ�KXPDQ

EHLQJV�DQG�QDWXUH��WKH�IHDWXUHV�DQG�VHUYLFHV�RI

HFRV\VWHPV��DV�ZHOO�DV�KRZ�VRFLRHFRQRPLF�FRQGLWLRQV

KHOS�WR�PDQDJH�DQG�PDLQWDLQ�HFRV\VWHPV
�DELOLW\�WR�FRSH

ZLWK�FKDQJHV�Ê�WKHLU�VR�FDOOHG�UHVLOLHQFH�

7KH�DZDUG�ZLQQHU�KDV�FUHDWHG�LQWHUGLVFLSOLQDU\

HQYLURQPHQWV�IRU�FRRSHUDWLRQ�DQG�FRQWULEXWHG�WR�WKH

GHYHORSPHQW�RI�QHZ�UHVHDUFK�DUHDV�DQG�DSSURDFKHV�WKDW

KDYH�EHHQ�DGRSWHG�LQ�VFLHQFH��HGXFDWLRQ��SROLWLFV�DQG

PDQDJHPHQW��DQG�PRUH�UHFHQWO\�LQ�WKH�EXVLQHVV

FRPPXQLW\�

6WRFNKROP�5HVLOLHQFH

&HQWUH

$ERXW�WKH
*XQQHUXV
6XVWDLQDELOLW\
$ZDUG

7KH�*XQQHUXV

$ZDUG�LQ

6XVWDLQDELOLW\

6FLHQFH�FRQIHUUHG

E\�WKH�5R\DO

1RUZHJLDQ�6RFLHW\

RI�6FLHQFHV�DQG

/HWWHUV�DQG�WKH

1RUZHJLDQ

8QLYHUVLW\�RI

6FLHQFH�DQG

7HFKQRORJ\�

KRQRUV

RXWVWDQGLQJ

VFLHQWLILF�ZRUN

SURPRWLQJ�JOREDO

VXVWDLQDEOH

GHYHORSPHQW�



/HDGLQJ�WKH�ZD\

)RONHÍV�UHVHDUFK�VWUHVVHV�WKH�LPSRUWDQFH�RI�OLYLQJ

V\VWHPV�DW�GLIIHUHQW�OHYHOV�RI�FRPPXQLW\�GHYHORSPHQW��,W

VKRZV�KRZ�ZH�FDQ�VWULYH�IRU�UHVLOLHQFH�LQ�WKH�ZD\V�ZH

GLUHFW�DQG�DGPLQLVWUDWH�V\VWHPV�ZKHUH�VRFLHW\�DQG

QDWXUH�LQWHUDFW��+LV�ZRUN�LOOXVWUDWHV�Ê�LQ�VXSHUE�IDVKLRQ�Ê

KRZ�VRFLDO�SURJUHVV��SURVSHULW\�DQG�ZHOO�EHLQJ�GHSHQG

RQ�GHYHORSPHQWV�LQ�WKH�ELRVSKHUH�

3URIHVVRU�)RONH�KDV�JLYHQ�PDQ\�VFLHQWLILF�OHFWXUHV�DV�DQ

LQYLWHG�H[SHUW�DW�FRQIHUHQFHV�DURXQG�WKH�ZRUOG��LQ

DGGLWLRQ�WR�KLV�SXEOLF�OHFWXUHV��VHPLQDUV�IRU�SROLWLFLDQV

DQG�PHGLD�LQWHUYLHZV�

,Q�������)RONH�ZDV�DZDUGHG�WKH�3HZ�6FKRODU�$ZDUG�LQ

&RQVHUYDWLRQ�DQG�WKH�(QYLURQPHQW��,Q�������KH�UHFHLYHG

WKH�6XVWDLQDELOLW\�6FLHQFH�$ZDUG�RI�WKH�(FRORJLFDO�6RFLHW\

RI�$PHULFD�

3URIHVVRU�&DUO�)RONH�LV�D�PRVW�ZRUWK\�ZLQQHU�RI�7KH

*XQQHUXV�6XVWDLQDELOLW\�$ZDUG������

���$8*�����

&RQWDFW�LQIRUPDWLRQ

&DUO�)RONH����������������������

6HFUHWDU\�*HQHUDO�RI�'.196��.ULVWLDQ�2YHUVNDXJ���������

��������NULVWLDQ�RYHUVNDXJ#GNQYV�QR

$ERXW�WKH

*XQQHUXV�$ZDUG

DW�GNQYV�QR

$ERXW�WKH

*XQQHUXV�$ZDUG

DW�:LNLSHGLD

1718
6XVWDLQDELOLW\
6FLHQFH
&RQIHUHQFH

7KH�DZDUGbLV

FRQIHUUHG�DW�WKH

1718�6XVWDLQDELOLW\

6FLHQFH

&RQIHUHQFHb��b2FWREHU

�����RUJDQL]HG�E\

1718�6XVWDLQDELOLW\�



6WXGLHV

0DVWHU
V�SURJUDPPHV�LQ�(QJOLVK

)RU�H[FKDQJH�VWXGHQWV

3K'�RSSRUWXQLWLHV

&RXUVHV

&DUHHU�GHYHORSPHQW

&RQWLQXLQJ�HGXFDWLRQ

$SSOLFDWLRQ�SURFHVV

&RQWDFW

&RQWDFW�1718

(PSOR\HHV

)RU�DOXPQL

3UHVV�FRQWDFWV

5HVHDUFKHU�VXSSRUW

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

1718�LQ�*MºYLN

1718�LQ�7URQGKHLP

1718�LQ��OHVXQG

0DSV

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

2UJDQL]DWLRQDO�FKDUW

/LEUDULHV

$ERXW�WKH�XQLYHUVLW\

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

5HFWRU�1718��*XQQDU�%RYLP�����������������

JXQQDU�ERYLP#QWQX�QR

3UR�UHFWRU�IRU�5HVHDUFK�DW�1718��%MDUQH�)RVV�b����������

�����EMDUQH�IRVV#QWQX�QR

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\









DFWLYLWLHV�DFFRUGLQJ�WR�FORFN�WLPH��1HYHUWKHOHVV��\RXU

EUDLQ�GRHV�QRW�SHUFHLYH�WKH�GXUDWLRQ�LQ�WLPH�ZLWK�WKH

VWDQGDUGL]HG�XQLWV�RI�PLQXWHV�DQG�KRXUV�RQ�\RXU

ZULVWZDWFK��7KH�VLJQDWXUH�RI�WLPH�LQ�RXU�H[SHULHQFHV�DQG

PHPRULHV�EHORQJV�WR�D�GLIIHUHQW�NLQG�RI�WHPSRUDOLW\

DOWRJHWKHU�

2YHU�WKH�FRXUVH�RI�HYROXWLRQ��OLYLQJ�RUJDQLVPV�LQFOXGLQJ

KXPDQV�KDYH�GHYHORSHG�PXOWLSOH�ELRORJLFDO�FORFNV�WR�KHOS

XV�NHHS�WUDFN�RI�WLPH��:KDW�VHSDUDWHV�WKH�EUDLQÍV�YDULRXV

WLPHNHHSHUV�LV�QRW�RQO\�WKH�VFDOH�RI�WLPH�WKDW�LV

PHDVXUHG��EXW�DOVR�WKH�SKHQRPHQD�WKH�QHXUDO�FORFNV�DUH

WXQHG�WR��6RPH�WLPHNHHSHUV�DUH�VHW�E\�H[WHUQDO

SURFHVVHV��OLNH�WKH�FLUFDGLDQ�FORFN�WKDW�LV�WXQHG�WR�WKH�ULVH

DQG�IDOO�RI�GD\OLJKW��7KLV�FORFN�KHOSV�RUJDQLVPV�DGDSW�WR

WKH�UK\WKPV�RI�D�GD\��2WKHU�WLPHNHHSHUV�DUH�VHW�E\

SKHQRPHQD�RI�PRUH�LQWULQVLF�RULJLQV��OLNH�WKH

KLSSRFDPSDO�WLPH�FHOOV�WKDW�IRUP�D�GRPLQR�OLNH�FKDLQ

VLJQDO�WKDW�WUDFNV�WLPH�VSDQV�XS�WR����VHFRQGV�SUHFLVHO\�

7RGD\�ZH�NQRZ�D�JUHDW�GHDO�DERXW�WKH�EUDLQÍV

PHFKDQLVPV�IRU�PHDVXULQJ�VPDOO�WLPHVFDOHV�OLNH�VHFRQGV�

/LWWOH�LV�NQRZQ��KRZHYHU��DERXW�WKH�WLPHVFDOH�WKH�EUDLQ

XVHV�WR�UHFRUG�RXU�H[SHULHQFHV�DQG�PHPRULHV��ZKLFK�FDQ

ODVW�DQ\ZKHUH�IURP�VHFRQGV�WR�PLQXWHV�WR�KRXUV�

$�1HXUDO�&ORFN�IRU�([SHULHQFHG�7LPH

$�QHXUDO�FORFN�WKDW�NHHSV�WUDFN�RI�WLPH�GXULQJ�H[SHULHQFHV

LV�SUHFLVHO\�ZKDW�$OEHUW�7VDR�DQG�KLV�FROOHDJXHV�DW�WKH

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\ÍV�.DYOL

,QVWLWXWH�IRU�6\VWHPV�1HXURVFLHQFH�EHOLHYH�WKH\�KDYH

GLVFRYHUHG��%\�UHFRUGLQJ�IURP�D�SRSXODWLRQ�RI�EUDLQ�FHOOV

HQWRUKLQDO�FRUWH[

�0(&��DQG

KLSSRFDPSXV��+LSS�

DUH�FRPSRQHQWV�RI

WKH�KLSSRFDPSDO

IRUPDWLRQ��ZKLFK�DUH

ORFDWHG�LQ�WKH

FRUWLFHV�RI�WKH�OHIW

DQG�ULJKW�WHPSRUDO

OREHV�RI�WKH�EUDLQ�

:KDW�LV
H[SHULHQFHG
WLPH"

6XEMHFWLYH

H[SHULHQFH�LV�WKH

YHU\�VXEVWUDWH�IURP

ZKLFK�RXU�FRQFHSW�RI

WLPH�DULVHV��7LPH�DV

ZH�SHUFHLYH�LW�

6XEMHFWLYH�WLPH�

3V\FKRORJLFDO�WLPH�

([SHULHQFHG�WLPH�

0LQG�WLPH��(SLVRGLF

WLPH��7KDW�WLPH�ZKLFK

IOLHV�ZKHQ�\RXÍUH

KDYLQJ�IXQ��ZKLFK

VWUHWFKHV�ZKHQ�\RX

DUH�ZDLWLQJ��DQG

ZKLFK�QHDUO\�FRPHV

WR�DUUHVW�LQ�WKH�VSOLW



WKH�UHVHDUFKHUV�LGHQWLILHG�D�VWURQJ�WLPH�FRGLQJ�VLJQDO

GHHS�LQVLGH�WKH�EUDLQ�

Ê�2XU�VWXG\�UHYHDOV�KRZ�WKH�EUDLQ�PDNHV�VHQVH�RI�WLPH�DV

DQ�HYHQW�LV�H[SHULHQFHG��VD\V�7VDR����7KH�QHWZRUN�GRHV

QRW�H[SOLFLWO\�HQFRGH�WLPH��:KDW�ZH�PHDVXUH�LV�UDWKHU�D

VXEMHFWLYH�WLPH�GHULYHG�IURP�WKH�RQJRLQJ�IORZ�RI

H[SHULHQFH�

7KH�QHXUDO�FORFN�RSHUDWHV�E\�RUJDQL]LQJ�WKH�IORZ�RI�RXU

H[SHULHQFHV�LQWR�DQ�RUGHUO\�VHTXHQFH�RI�HYHQWV��7KLV

DFWLYLW\�JLYHV�ULVH�WR�WKH�EUDLQÍV�FORFN�IRU�VXEMHFWLYH�WLPH�

([SHULHQFH��DQG�WKH�VXFFHVVLRQ�RI�HYHQWV�ZLWKLQ

H[SHULHQFH��DUH�WKXV�WKH�VXEVWDQFH�RI�ZKLFK�VXEMHFWLYH

WLPH�LV�JHQHUDWHG�DQG�PHDVXUHG�E\�WKH�EUDLQ�

7LPH�6SDFH�DQG�0HPRU\�LQ�WKH�%UDLQ

Ê�7RGD\��ZH�KDYH�D�IDLUO\�JRRG�XQGHUVWDQGLQJ�RI�WKH�ZD\

RXU�EUDLQV�SURFHVV�VSDFH�ZKHUHDV�RXU�NQRZOHGJH�RI�WLPH

LV�OHVV�FRKHUHQW��3URIHVVRU�0RVHU�VD\V�

Ê�6SDFH�LQ�WKH�EUDLQ�LV�UHODWLYHO\�HDV\�WR�LQYHVWLJDWH��,W

FRQVLVWV�RI�VSHFLDOL]HG�FHOO�W\SHV�WKDW�DUH�GHGLFDWHG�WR

VSHFLILF�IXQFWLRQV��7RJHWKHU�WKH\�FRQVWLWXWH�WKH�QXWV�DQG

EROWV�RI�WKH�V\VWHP��KH�VD\V�

,Q�������0D\�%ULWW�DQG�(GYDUG�0RVHU�GLVFRYHUHG�JULG�FHOOV

ZKLFK�PDS�RXU�HQYLURQPHQW�DW�GLIIHUHQW�VFDOHV�E\

GLYLGLQJ�VSDFH�LQWR�KH[DJRQDO�XQLWV��,Q�������7KH�0RVHUV

VKDUHG�WKH�1REHO�3UL]H�LQ�3K\VLRORJ\�RU�0HGLFLQH�ZLWK

WKHLU�FROOHDJXH�DQG�PHQWRU�-RKQ�2Í.HHIH�DW�8QLYHUVLW\

VHFRQGV�RI�D

FDWDVWURSKH

XQIROGLQJ��LV�LQ�LWV

HVVHQFH�UHODWLRQDO

DQG�UHODWLYH�WR�WKH

PXOWLSOH�DVSHFWV�RI

H[SHULHQFH�LW�LV

ZHDYHG�LQWR�





7KH�0RVHUV�QHHGHG�RQO\�WR�GHFRGH�WKH�VLJQDO�RI�RQH

VLQJOH�JULG�FHOO�WR�GLVFRYHU�KRZ�VSDFH�LV�HQFRGHG�LQ�WKHb�LQ

WKH�PHGLDO�HQWRUKLQDO�FRUWH[��'HFRGLQJ�WLPH�LQ�WKH�ODWHUDO

HQWRUKLQDO�FRUWH[�SURYHG�WR�EH�D�PRUH�FRPSOH[�WDVN��,W

ZDV�RQO\�ZKHQ�ORRNLQJ�DW�DFWLYLW\�IURP�KXQGUHGV�RI�FHOOV

WKDW�7VDR�DQG�KLV�FROOHDJXHV�ZHUH�DEOH�WR�VHH�WKDW�WKH

VLJQDO�HQFRGHG�WLPH�

Ê�7KH�DFWLYLW\�LQ�WKHVH�QHXUDO�QHWZRUNV�LV�VR�GLVWULEXWHG

WKDW�WKH�PHFKDQLVP�LWVHOI�SUREDEO\�OLHV�LQ�WKH�VWUXFWXUH�RI

FRQQHFWLYLW\�ZLWKLQ�WKH�QHWZRUNV��7KH�IDFW�WKDW�LW�FDQ�EH

VKDSHG�LQWR�YDULRXV�XQLTXH�SDWWHUQV�LPSOLHV�D�KLJK�OHYHO

RI�SODVWLFLW\��3URIHVVRU�0RVHU�VD\V����,�EHOLHYH�GLVWULEXWHG

QHWZRUNV�DQG�WKH�FRPELQDWLRQ�RI�VWUXFWXUHV�RI�DFWLYLW\

PD\�GHVHUYH�PRUH�DWWHQWLRQ�LQ�WKH�IXWXUH��:LWK�WKLV�ZRUN�

ZH�KDYH�IRXQG�DQ�DUHD�ZLWK�DFWLYLW\�VR�VWURQJO\�UHODWLQJ�WR

WKH�WLPH�RI�DQ�HYHQW�RU�H[SHULHQFH��LW�PD\�RSHQ�XS�D

ZKROH�QHZ�UHVHDUFK�ILHOG�

7KH�6KDSH�RI�7LPH

7KH�VWUXFWXUH�RI�WLPH�KDV�ORQJ�EHHQ�D�GLVSXWHG�WRSLF�E\

SKLORVRSKHUV�DQG�SK\VLFLVWV�DOLNH��:KDW�FDQ�WKH�QHZO\

GLVFRYHUHG�EUDLQÍV�PHFKDQLVP�IRU�HSLVRGLF�WLPH�WHOO�XV

DERXW�KRZ�ZH�SHUFHLYH�WLPH"�,V�RXU�SHUFHSWLRQ�RI�WLPH

OLQHDU�UHVHPEOLQJ�D�IORZLQJ�ULYHU��RU�F\FOLFDO�OLNH�D�ZKHHO�RU

D�KHOL["�'DWD�IURP�WKH�.DYOL�VWXG\�VXJJHVW�ERWK�DUH

FRUUHFW��DQG�WKDW�WKH�VLJQDO�LQ�WKH�WLPH�FRGLQJ�QHWZRUN

FDQ�WDNH�RQ�PDQ\�IRUPV�GHSHQGLQJ�RQ�WKH�H[SHULHQFH�

,Q�������3K'�FDQGLGDWH�-ºUJHQ�6XJDU�MRLQHG�WKH�.DYOL

SURMHFW�WR�SHUIRUP�D�QHZ�VHW�RI�H[SHULPHQWV�WKDW�ZRXOG

WHVW�WKH�K\SRWKHVLV�WKDW�WKH�/(&�QHWZRUN�FRGHG�IRU



HSLVRGLF�WLPH��,Q�RQH�H[SHULPHQW�D�UDW�ZDV�LQWURGXFHG�WR

D�ZLGH�UDQJH�RI�H[SHULHQFHV�DQG�RSWLRQV�IRU�DFWLRQ��,W�ZDV

IUHH�WR�UXQ�DURXQG��LQYHVWLJDWH�DQG�FKDVH�ELWV�RI

FKRFRODWH�ZKLOH�YLVLWLQJ�D�VHULHV�RI�RSHQ�VSDFH

HQYLURQPHQWV�

Ê�7KH�XQLTXHQHVV�RI�WKH�WLPH�VLJQDO�GXULQJ�WKLV

H[SHULPHQW�VXJJHVWV�WKDW�WKH�UDW�KDG�D�YHU\�JRRG�UHFRUG

RI�WLPH�DQG�WHPSRUDO�VHTXHQFH�RI�HYHQWV�WKURXJKRXW�WKH

WZR�KRXUV�WKH�H[SHULPHQW�ODVWHG�Ð�6XJDU�VD\V����:H�ZHUH

DEOH�WR�XVH�WKH�VLJQDO�IURP�WKH�WLPH�FRGLQJ�QHWZRUN�WR

WUDFN�H[DFWO\�ZKHQ�LQ�WKH�H[SHULPHQW�YDULRXV�HYHQWV�KDG

RFFXUUHG�

,Q�WKH�VHFRQG�H[SHULPHQW��WKH�WDVN�ZDV�PRUH�VWUXFWXUHG

ZLWK�D�QDUURZHU�UDQJH�RI�H[SHULHQFHV�DQG�RSWLRQV�IRU

DFWLRQ��7KH�UDW�ZDV�WUDLQHG�WR�FKDVH�DIWHU�ELWV�RI

FKRFRODWH�ZKLOH�WXUQLQJ�OHIW�RU�ULJKW�LQ�D�ILJXUH���PD]H�

Ê�:LWK�WKLV�DFWLYLW\��ZH�VDZ�WKH�WLPH�FRGLQJ�VLJQDO�FKDQJH

FKDUDFWHU�IURP�XQLTXH�VHTXHQFHV�LQ�WLPH�WR�D�UHSHWLWLYH

DQG�SDUWO\�RYHUODSSLQJ�SDWWHUQ�Ï�7VDR�VD\V��Ï2Q�WKH�RWKHU

KDQG��WKH�WLPH�VLJQDO�EHFDPH�PRUH�SUHFLVH�DQG

SUHGLFWDEOH�GXULQJ�WKH�UHSHWLWLYH�WDVN��7KH�GDWD�VXJJHVW

WKDW�WKH�UDW�KDG�D�UHILQHG�XQGHUVWDQGLQJ�RI�WHPSRUDOLW\

GXULQJ�HDFK�ODS��EXW�D�SRRU�XQGHUVWDQGLQJ�RI�WLPH�IURP

ODS�WR�ODS�DQG�IURP�WKH�VWDUW�WR�HQG�WKURXJKRXW�WKH

H[SHULPHQW�

3URIHVVRU�0RVHU�VD\V�WKH�VWXG\�VKRZV�WKDW�E\�FKDQJLQJ

WKH�DFWLYLWLHV�\RX�HQJDJH�LQ��WKH�FRQWHQW�RI�\RXU



H[SHULHQFH��\RX�FDQ�DFWXDOO\�FKDQJH�WKH�FRXUVH�RI�WKH

WLPH�VLJQDO�LQ�/(&�DQG�WKXV�WKH�ZD\�\RX�SHUFHLYH�WLPH�

:LOO�KDYH�DQ�HIIHFW�RQ�WKH�OLYHV�RI�SHRSOH
LQ�WKH�IXWXUH

Ê�)RU�1718��LW�LV�QDWXUDOO\�D�JUHDW�DFKLHYHPHQW�WKDW�RXU

1REHO�ODXUHDWHV�KDYH�DJDLQ�KDG�D�VLJQLILFDQW

EUHDNWKURXJK��VD\V�5HFWRU�*XQQDU�%RYLP�

Ê�:H�DUH�YHU\�SURXG�WRGD\��DQG�ZH�FRQJUDWXODWH�0D\�%ULWW

0RVHU�DQG�(GYDUG�0RVHU�RQ�WKLV�PLOHVWRQH��%XW�WKH�PRVW

LPSRUWDQW�RI�DOO�LV�ZKDW�WKLV�ZLOO�PHDQ�IRU�UHVHDUFK�RQ

$O]KHLPHUÍV�DQG�RWKHU�EUDLQ�GLVHDVHV��7KLV�EUHDNWKURXJK

ZLOO�KDYH�D�SRVLWLYH�HIIHFW�RQ�WKH�OLYHV�RI�D�JUHDW�PDQ\

SHRSOH�LQ�WKH�IXWXUH��ZKLFK�LV�VRPHWKLQJ�WKDW�ZH�DV�D

XQLYHUVLW\�DQG�D�UHVHDUFK�LQVWLWXWLRQ�YDOXH�PRUH�KLJKO\

WKDQ�DQ\WKLQJ�HOVH�Ê�DV�H[SUHVVHG�LQ�RXU�YLVLRQ�

Ï.QRZOHGJH�IRU�D�%HWWHU�:RUOGÐ�

Ê�7KLV�LV�D�VKLQLQJ�H[DPSOH�RI�WKH�LPSRUWDQFH�RI�ORQJ�

WHUP�UHVHDUFK�GULYHQ�E\�FXULRVLW\��,W�KDV�WDNHQ�PDQ\

\HDUV�RI�UHVHDUFK�WR�DUULYH�DW�WKHVH�UHVXOWV��DQG�WKHUH�LV

HYHU\�UHDVRQ�WR�JLYH�GXH�FUHGLW��ERWK�WR�WKH�UHVHDUFKHUV

ZKR�KDYH�QRW�JLYHQ�XS�DORQJ�WKH�ZD\��DQG�WR�WKH�PDQ\

FRQWULEXWRUV�ZKR�KDYH�SDWLHQWO\�SURYLGHG�IXQGLQJ�RYHU�D

ORQJ�SHULRG�

5HFWRU�*XQQDU�%RYLP�DGG�WKDW�LQ�DGGLWLRQ�WR�1718��WKHVH

LQFOXGH�WKH�5HVHDUFK�&RXQFLO�RI�1RUZD\��WKH�.DYOL

)RXQGDWLRQ��WKH�(XURSHDQ�5HVHDUFK�&RXQFLO�DQG�VHYHUDO

SULYDWH�GRQRUV�



6WXGLHV

0DVWHU
V�SURJUDPPHV�LQ�(QJOLVK

)RU�H[FKDQJH�VWXGHQWV

3K'�RSSRUWXQLWLHV

&RXUVHV

&RQWDFW

&RQWDFW�1718

(PSOR\HHV

)RU�DOXPQL

3UHVV�FRQWDFWV

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

1718 L *M LN

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

2UJDQL]DWLRQDO�FKDUW

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

%\�5LWD�(OPNYLVW�1LOVHQ�

b

&RQWDFW

5LWD�(OPNYLVW�1LOVHQ�

+HDG�RI�&RPPXQLFDWLRQV�DW�WKH�.DYOL�,QVWLWXWH�IRU

6\VWHPV�1HXURVFLHQFH

0RELOH��������������������

2IILFH��������������������

(PDLO��ULWD�HOPNYLVW#QWQX�QR

b







WHFKQRORJ\�RULHQWDWLRQ��VD\Vb3UR�5HFWRU�IRU�5HVHDUFK�DW

1718��%MDUQH�)RVV�b

1RUGLF�H[FHOOHQFH

7KH�1RUGLF�$,�1HWZRUN�ZLOO�EHJLQ�DFWLYLWLHV�DOUHDG\�LQ�����

ZLWK�VHOHFWHG�HYHQWV��,Q�FRPLQJ�\HDUV��LW�ZLOO�VKDUH

HGXFDWLRQDO�UHVRXUFHV��FROODERUDWH�RQ�UHVHDUFK�DV�ZHOO�DV

VWXG\�DQG�VKDUH�EHVW�SUDFWLFHV�DQG�EXVLQHVV�PRGHOV�IRU

FROODERUDWLRQ�ZLWK�LQGXVWU\��,WV�DFWLYLWLHV�ZLOO��RYHUDOO��VHW

WKH�VWDJH�WR�FRPPXQLFDWH�1RUGLF�H[FHOOHQFH�LQ�WKH�ILHOG

RI�$,�DQG�REWDLQ�FRPSHWLWLYH�IXQGLQJ�DW�ERWK�WKH�QDWLRQDO

DQG�(XURSHDQ�OHYHOV�

Êb$,�LV�VHW�WR�FKDQJH�WKH�ZRUOG�DQG�WKH�1RUGLFV�PXVW�EH

SDUW�RI�WKLV�WUHPHQGRXV�VKLIW��%ULQJLQJ�H[SHUWLVH�IURP

DFURVV�RXU�FRXQWULHV�XQGHU�RQH�XPEUHOOD�WKURXJK�WKH

1RUGLF�$,�1HWZRUN�LV�D�FUXFLDO�VWHS�LQ�PDNLQJ�WKH�1RUGLFV

D�JOREDO�KXE�LQ�DUWLILFLDO�LQWHOOLJHQFH��:H�DUH�YHU\�SOHDVHG

WR�ODXQFK�WKH�QHWZRUN�DQG�EXLOG�XS�DFWLYLWLHV�LQ�FRPLQJ

PRQWKV��VD\V�,ONND�1LHPHO¦��3UHVLGHQW�RI�$DOWR�8QLYHUVLW\

LQ�)LQODQG�

0DGH�DW�1RUGLF�)LYH�7HFK

0DGH�XS�RI�$DOWR�8QLYHUVLW\��&KDOPHUV�8QLYHUVLW\�RI

7HFKQRORJ\��WKH�7HFKQLFDO�8QLYHUVLW\�RI�'HQPDUN��.7+

5R\DO�,QVWLWXWH�RI�7HFKQRORJ\�DQG�WKH�1RUZHJLDQ

8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��1718���WKH�1RUGLF

)LYH�7HFK�XQLYHUVLWLHV�DUH�HDFK�KRPH�WR�UHVHDUFK

LQVWLWXWHV�DQG�FHQWHUV�GHGLFDWHG�WR�$,��7KH�GHFLVLRQ�WR

FUHDWH�WKH�1RUGLF�$,�1HWZRUN�ZDV�PDGH�DWbWKH�PHHWLQJ�E\

WKH�1RUGLF�)LYH�7HFK�SUHVLGHQWV�RQ����$SULO������



6WXGLHV

0DVWHU
V�SURJUDPPHV�LQ�(QJOLVK

)RU�H[FKDQJH�VWXGHQWV

3K'�RSSRUWXQLWLHV

&RXUVHV

&DUHHU�GHYHORSPHQW

&RQWLQXLQJ�HGXFDWLRQ

$SSOLFDWLRQ�SURFHVV

&RQWDFW

&RQWDFW�1718

(PSOR\HHV

)RU�DOXPQL

3UHVV�FRQWDFWV

5HVHDUFKHU�VXSSRUW

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

1718�LQ�*MºYLN

1718�LQ�7URQGKHLP

1718�LQ��OHVXQG

0DSV

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

2UJDQL]DWLRQDO�FKDUW

/LEUDULHV

$ERXW�WKH�XQLYHUVLW\

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

b

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\

$ERXW�FRRNLHV�

3ULYDF\�SROLF\�

(GLWRUDO�UHVSRQVLELOLW\�

6LJQ�,Q









(YHQ�WKRXJK�WKH

UDIWV�ZLOO�QRW�EH

DEOH�WR

FRPSOHWH�WKH

HQWLUH�URXWH�WKDW

KDG�EHHQ

SODQQHG��WKH

UHVHDUFK�WKDW

KDV�EHHQ

FRQGXFWHG�LV

YDOXDEOH��7KH

UHVHDUFK

FRPSULVHV�WKUHH

PDLQ�DUHDV�

PDULQH�GHEULV��SODVWLF�DQG�PLFURSODVWLFV�

FOLPDWH�LPSDFWV��&2 �XSWDNH�LQ�WKH�VHD��S+�YDOXH��HWF�

ELRORJLFDO�SULPDU\�SURGXFWLRQ��SODQNWRQ��DOJDH��HWF�

Ï7KH�UDIWV�DUH�ULJJHG�DV�IORDWLQJ�UHVHDUFK�YHVVHOV�WKURXJK

D�XQLTXH�FROODERUDWLRQ�EHWZHHQ�1,9$��1718��.RQJVEHUJ

0DULWLPH��1RUZHJLDQ�0HWHRURORJLFDO�,QVWLWXWH��1RUWHN�

6SHUUH��2SHUD��DQG�WKH�$PHULFDQ�UHVHDUFK�RUJDQL]DWLRQV

1$6$�DQG�12$$Ð�b�VD\V�&HFLOLH�0DXULW]HQ��&KLHI�6FLHQWLVW

RI�WKH�H[SHGLWLRQ��LQ�DQ�DQQRXQFHPHQW�SXEOLVKHG�RQ�WKH

.RQ�7LNL��ZHEVLWH�RQ�7KXUVGD\����0DUFK�

'HFLGLQJ�ZKDW�WR�EULQJ�IURP�WKH�UDIWV

7KH�H[SHGLWLRQ�PHPEHUV�DUH�QRZ�SUHSDULQJ�D�SULRULW\�OLVW

RI�ZKDW�WKH\�ZDQW�WR�EULQJ�ZLWK�WKHP�RP�ERDUG�WKH�FDUJR

�



VKLS�Ï+RNXHWVX�8VKDNDÐ��ZKLFK�LV�RQ�LWV�ZD\�WR�HYDFXDWH

WKHP�

7KH�H[SHGLWLRQ�KDV�EHHQ�LQ�FORVH�FRQWDFW�ZLWK�WKH

1RUZHJLDQ�(PEDVV\�LQ�&KLOH��DQG�WKH�(PEDVV\�KDV�EHHQ

LQ�FORVH�FRQWDFW�ZLWK�WKH�&KLOHDQ�1DY\��<HVWHUGD\��WKH\

FRQWDFWHG�VKLSV�LQ�WKH�DUHD�WR�ILQG�RXW�ZKLFK�YHVVHOV�ZHUH

FORVHVW�IRU�FDUU\LQJ�RXW�WKH�HYDFXDWLRQ�

Ï1HHGOHVV�WR�VD\��LW�LV�VDG�WR�HQG�WKH�H[SHGLWLRQ��7KHVH

UDIWV�KDYH�SURYHG�WR�EH�H[FHSWLRQDO�YHVVHOV�DW�VHD��7KH\

KDYH�LPSUHVVHG�XV�E\�WKHLU�VHDZRUWKLQHVV�LQ�DOO�VRUWV�RI

ZHDWKHU��RYHU�HQRUPRXV�DQG�UHPRWH�ZDWHUV�Ð�VD\V

H[SHGLWLRQ�OHDGHU�7RUJHLU�+LJUDII�LQ�D�SUHVV�UHOHDVH�

7KH�H[SHGLWLRQ�KDV�EHHQ�VXSSRUWHG�E\�WKH�7KRU

+H\HUGDKO�,QVWLWXWH�DQG�WKH�0LQLVWU\�RI�)RUHLJQ�$IIDLUV�

DPRQJ�RWKHUV�

6HH�DOVR��.RQ�7LNL��VWDPSHU�S§�RSSUºUW�KDYb�Ï.RQ�7LNL

LQ�VWRUP\�VHDVÐ��*HPLQL�VFLHQFH�QHZV����0DUFK������Ê

DUWLFOH�LQ�1RUZHJLDQ�

6HH�DOVR��.RQ�7LNL��H[SHGLWLRQ�LQ�+H\HUGDKOÍV

ZDNHb�*HPLQL�VFLHQFH�QHZV����1RYHPEHU������

&RQWDFW�IRU�PHGLD�

+HDG�RI�'HSDUWPHQWb+DUDOG�(OOLQJVHQ��

PRELOH�WHOHSKRQH�����������

��b����bKDUDOG�HOOLQJVHQ#QWQX�QR�b'HSDUWPHQW�RI�0DULQH

7HFKQRORJ\



6WXGLHV

0DVWHU
V�SURJUDPPHV�LQ�(QJOLVK

)RU�H[FKDQJH�VWXGHQWV

3K'�RSSRUWXQLWLHV

&RXUVHV

&DUHHU�GHYHORSPHQW

&RQWLQXLQJ�HGXFDWLRQ

$SSOLFDWLRQ�SURFHVV

&RQWDFW

&RQWDFW�1718

(PSOR\HHV

)RU�DOXPQL

3UHVV�FRQWDFWV

5HVHDUFKHU�VXSSRUW

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

1718�LQ�*MºYLN

1718�LQ�7URQGKHLP

1718�LQ��OHVXQG

0DSV

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

2UJDQL]DWLRQDO�FKDUW

/LEUDULHV

$ERXW�WKH�XQLYHUVLW\

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

���0$5�����

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\

$ERXW�FRRNLHV�

3ULYDF\�SROLF\�

(GLWRUDO�UHVSRQVLELOLW\�

6LJQ�,Q









EURDG�DFDGHPLF�FXUULFXOXP�LQ�WKH�VRFLDO�VFLHQFHV�

WHDFKHU�HGXFDWLRQ��KXPDQLWLHV��PHGLFLQH�DQG�KHDOWK

VFLHQFHV��HFRQRPLFV��ILQDQFH�DQG�DGPLQLVWUDWLRQ��DV�ZHOO

DV�DUFKLWHFWXUH�DQG�WKH�DUWV�b

7URQGKHLP�KDV�D�YLEUDQW�FXOWXUDO�OLIH��DQG�WKH�FLW\�KRVWV

IHVWLYDOV�LQ�JHQUHV�VXFK�DV�MD]]��EOXHV��FKDPEHU�PXVLF�

ZRUOG�PXVLF��URFN�DQG�SRS��'XULQJ�WKH�6WDUPXV�IHVWLYDO�LQ

-XQH�������WKH�VXQ�ZLOO�JR�GRZQ�DW�PLGQLJKW�DQG�ULVH�DW

�DP�

$ERXW�FRQILUPHG�VSHDNHUV

6WHSKHQ�+DZNLQJ�Ê�%ULWLVK�WKHRUHWLFDO�SK\VLFLVW�

FRVPRORJLVW��DXWKRU�DQG�'LUHFWRU�RI�5HVHDUFK�DW�WKH

&HQWUH�IRU�7KHRUHWLFDO�&RVPRORJ\�ZLWKLQ�WKH

8QLYHUVLW\�RI�&DPEULGJH�

0D\�%ULWW�0RVHU�Ê�1RUZHJLDQ�3URIHVVRU�RI

QHXURVFLHQFH�DQG�)RXQGLQJ�'LUHFWRU�RI�WKH�&HQWUH�IRU

1HXUDO�&RPSXWDWLRQ�DQG�&R�'LUHFWRU�RI�WKH�.DYOL

,QVWLWXWH�IRU�6\VWHPV�1HXURVFLHQFH�DW�1718��$ZDUGHG

WKH�1REHO�3UL]H�LQ�3K\VLRORJ\�RU�0HGLFLQH�����

WRJHWKHU�ZLWK�(GYDUG�0RVHU�DQG�-RKQ�2Í.HHIH�IRU�WKHLU

GLVFRYHULHV�RI�FHOOV�WKDW�FRQVWLWXWH�D�SRVLWLRQLQJ

V\VWHP�LQ�WKH�EUDLQ�

(GYDUG�0RVHU�Ê�1RUZHJLDQ�3URIHVVRU�RI�QHXURVFLHQFH�

)RXQGLQJ�'LUHFWRU�RI�WKH�.DYOL�,QVWLWXWH�IRU�6\VWHPV

1HXURVFLHQFH�DQG�&R�'LUHFWRU�RI�WKH�&HQWUH�IRU

1HXUDO�&RPSXWDWLRQ�DW�1718��$ZDUGHG�WKH�1REHO

3UL]H�LQ�3K\VLRORJ\�RU�0HGLFLQH������WRJHWKHU�ZLWK

0D\�%ULWW�0RVHU�DQG�-RKQ�2Í.HHIH�IRU�WKHLU�GLVFRYHULHV



RI�FHOOV�WKDW�FRQVWLWXWH�D�SRVLWLRQLQJ�V\VWHP�LQ�WKH

EUDLQ�

$OH[HL�/HRQRY�Ê�UHWLUHG�6RYLHW�5XVVLDQ�FRVPRQDXW

DQG�$LU�)RUFH�0DMRU�*HQHUDO��2Q����0DUFK�������KH

EHFDPH�WKH�ILUVW�KXPDQ�WR�FRQGXFW�H[WUDYHKLFXODU

DFWLYLW\��H[LWLQJ�WKH�FDSVXOH�GXULQJ�WKH�9RVNKRG��

PLVVLRQ�IRU�D����PLQXWH�VSDFHZDON�

&KDUOLH�'XNH�Ê�$PHULFDQbHQJLQHHU��UHWLUHGb8�6��$LU

)RUFH�RIILFHU�bWHVW�SLORW�DQG

IRUPHUbDVWURQDXWbIRUb1$6$��$VbOXQDU�PRGXOHbSLORW

IRUb$SROOR���bLQ�������KH�EHFDPH�WKHbWHQWK�DQG

\RXQJHVW�SHUVRQ�WR�ZDON�RQ�WKH�0RRQ�

5REHUW�:LOOLDPV�Ê�DVWURQRPHU�ZKR�VHUYHG�DV�WKH

'LUHFWRU�RI�WKH�6SDFH�7HOHVFRSH�6FLHQFH�,QVWLWXWH�IURP

�����WR�������DQG�WKH�3UHVLGHQW�RI�WKH�,QWHUQDWLRQDO

$VWURQRPLFDO�8QLRQ�IURP������WR������

$ODQ�6WHUQ�Ê�$PHULFDQ�HQJLQHHU�DQG�SODQHWDU\

VFLHQWLVW�DQG�WKH�SULQFLSDO�LQYHVWLJDWRU�RI�WKH�1HZ

+RUL]RQV�PLVVLRQ�WR�3OXWR�DQG�WKH�&KLHI�6FLHQWLVW�DW

0RRQ�([SUHVV��6WHUQ�KDV�EHHQ�LQYROYHG�LQ���

VXERUELWDO��RUELWDO��DQG�SODQHWDU\�VSDFH�PLVVLRQV�

LQFOXGLQJ�HLJKW�IRU�ZKLFK�KH�ZDV�WKH�PLVVLRQ�SULQFLSDO

LQYHVWLJDWRU�

%ULDQ�(QR�Ê�%ULWLVK�PXVLFLDQ��FRPSRVHU��UHFRUG

SURGXFHU��VLQJHU��ZULWHU�DQG�YLVXDO�DUWLVW��+H�LV�EHVW

NQRZQ�IRU�KLV�SLRQHHULQJ�ZRUN�LQ�DPELHQW�DQG

HOHFWURQLF�PXVLF�DV�ZHOO�DV�KLV�LQIOXHQWLDO�FRQWULEXWLRQV

WR�URFN��ZRUOGEHDW��FKDQFH��DQG�JHQHUDWLYH�PXVLF

VW\OHV�

*HRUJH�6PRRW�Ê�b$PHULFDQ�DVWURSK\VLFLVW��FRVPRORJLVW

DQG�RQH�RI�WZR�FRQWHVWDQWV�WR�ZLQ�WKH�86���PLOOLRQ







6WXGLHV

0DVWHU
V�SURJUDPPHV�LQ�(QJOLVK

)RU�H[FKDQJH�VWXGHQWV

3K'�RSSRUWXQLWLHV

&RXUVHV

&DUHHU�GHYHORSPHQW

&RQWLQXLQJ�HGXFDWLRQ

$SSOLFDWLRQ�SURFHVV

&RQWDFW

&RQWDFW�1718

(PSOR\HHV

)RU�DOXPQL

3UHVV�FRQWDFWV

5HVHDUFKHU�VXSSRUW

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

1718�LQ�*MºYLN

1718�LQ�7URQGKHLP

1718�LQ��OHVXQG

0DSV

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

2UJDQL]DWLRQDO�FKDUW

/LEUDULHV

$ERXW�WKH�XQLYHUVLW\

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

7�����������������

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\

$ERXW�FRRNLHV�

3ULYDF\�SROLF\�

(GLWRUDO�UHVSRQVLELOLW\�

6LJQ�,Q







5HFWRUV�SOHDVHG

%RYLPÍV�FROOHDJXHV�DW�WKH�SDUWQHU�XQLYHUVLW\�FROOHJHV�DUH

SOHDVHG�ZLWK�WKH�GHFLVLRQ�WR�PHUJH�

Ï:H�ORRN�IRUZDUG�WR�EXLOGLQJ�WKH�QHZ�XQLYHUVLW\�WRJHWKHU�

7KLV�ZLOO�EH�D�IOH[LEOH�PRGHO�LQ�WKH�HGXFDWLRQDO�ODQGVFDSH�

,�VHH�VRPH�FKDOOHQJHV�UHODWHG�WR�VXEMHFW�SURILOHV�DQG

JHRJUDSKLFDO�GLVWDQFH��EXW�WKHVH�ZH�VKDOO�FHUWDLQO\�EH

DEOH�WR�VROYH�Ð�VD\V�5HFWRU�+HOJH�.OXQJODQG�DW�6ºU�

7UºQGHODJ�8QLYHUVLW\�&ROOHJH�

5HFWRU�-ºUQ�:UROGVHQ�DW�*MºYLN�8QLYHUVLW\�&ROOHJH�LV

ORRNLQJ�IRUZDUG�WR�DQ�H[FLWLQJ�WUDQVLWLRQ��Ï:H�KDYH�WKH

DPELWLRQ�WR�DGG�QHZ�H[SHUWLVH�DQG�LQQRYDWLYH�VWUHQJWK

ERWK�LQ�RXU�UHJLRQ�DQG�QDWLRQDOO\��,�KRSH�UHJLRQDO�DQG

FHQWUDO�DXWKRULWLHV�ZLOO�DFWLYHO\�VXSSRUW�WKH�VWUDWHJ\�WKDW

1718�DQG�WKH�XQLYHUVLW\�FROOHJHV�KDYH�ODLG�RXW�Ð�VD\V

:UROGVHQ�

5HFWRU�0DULDQQH�6\QQHV�DW��OHVXQG�8QLYHUVLW\�&ROOHJH�LV

DOVR�KDSS\�DERXW�WKH�GHFLVLRQ��Ï7KH�PHUJHU�ZLOO�HQDEOH�XV

WR�IXOILOO�RXU�VRFLDO�PLVVLRQ�HYHQ�PRUH�HIIHFWLYHO\��b7KLV�ZLOO

DOVR�EHQHILW�RXU�UHJLRQDO�EXVLQHVV�VHFWRU�DQG

HPSOR\PHQW��:H�FDQ�EHFRPH�D�VWURQJHU�SDUWQHU�LQ�ERWK

HGXFDWLRQ�DQG�UHVHDUFK�Ð�VKH�VD\V�

'LVDSSRLQWPHQW�LQ�1DUYLN

2ULJLQDOO\�LW�ZDV�VXJJHVWHG�WKDW�1DUYLN�8QLYHUVLW\�&ROOHJH

EH�LQFOXGHG�LQ�WKH�QHZ�XQLYHUVLW\��EXW�18&�LV�QRW�SDUW�RI

WKH�PHUJHU��7KH�FROOHJH�LV�DOVR�WKH�VPDOOHVW�RI�WKH

SDUWQHUV�



Ï,W�LV�GLVDSSRLQWLQJ��HVSHFLDOO\�WKDW�WKH�QRUWKHUQ

1RUZHJLDQ�SHUVSHFWLYH�LV�QRW�SDUW�RI�VXFK�D�ODUJH

WHFKQRORJ\�PHUJHU��%XW�WKLV�KDV�DOVR�EHHQ�D�XVHIXO�DQG

LQIRUPDWLYH�SURFHVV�ZKHUH�ZH�KDYH�EHHQ�ORRNHG�DW

FRRSHUDWLRQ�SRVVLELOLWLHV�WKDW�ZH�KDGQÍW�WKRXJKW�RI

EHIRUH�Ð�VD\V�5HFWRU�$UQH�(ULN�+ROGº�RI�18&�

%RYLP�HPSKDVL]HV�WKDW�1718�VWLOO�ZDQWV�WR�H[SDQG�LWV

FRRSHUDWLRQ�ZLWK�RWKHU�LQVWLWXWLRQV�DQG�LQGXVWU\�FOXVWHUV

DFURVV�WKH�FRXQWU\�

$OO�WKH�SDUWLFLSDWLQJ�UHFWRUV�DUH�FRPPLWWHG�WR�ZRUNLQJ

WRJHWKHU�WR�DUULYH�DW�D�FRPPRQ�YLVLRQ�DQG�HIIHFWLYH

DFDGHPLF�DQG�DGPLQLVWUDWLYH�RUJDQL]DWLRQ�RI�WKH�QHZ

XQLYHUVLW\�

,W�LV�WRR�HDUO\�WR�VD\�H[DFWO\�ZKHQ�WKH�PHUJHU�ZLOO�WDNH

HIIHFW�

)RU�IXUWKHU�LQIRUPDWLRQ�FRQWDFW�

5HFWRU�+HOJH�.OXQJODQG��6ºU�7UºQGHODJ�8QLYHUVLW\�&ROOHJH�

WHO�����������������

5HFWRU�-ºUQ�:UROGVHQ��*MºYLN�8QLYHUVLW\�&ROOHJH��WHO�����

�����������

5HFWRU�0DULDQQH�6\QQHV���OHVXQG�8QLYHUVLW\�&ROOHJH��WHO�

���������������

5HFWRU�*XQQDU�%RYLP��1718��WHO�����b�����������

5HFWRU�$UQH�(ULN�+ROGº��1DUYLN�8QLYHUVLW\�&ROOHJH��WHO�����

����������









WKH�0DVWHU�RI�7HFKQRORJ\�FDQGLGDWHV�DQG������RI�WKH

WHFKQRORJ\�3K�'��FDQGLGDWHV�LQ�1RUZD\��1718ÍV�PDLQ

SURILOH�LV�LQ�WHFKQRORJ\�DQG�WKH�VFLHQFHV��EXW�WKH

XQLYHUVLW\�DOVR�HQFRPSDVVHV�VRFLDO�VFLHQFH��KXPDQLWLHV�

DUW��DUFKLWHFWXUH�DQG�PHGLFLQH�

&RQVHTXHQWO\��1718�KDV�VSHFLDO�RSSRUWXQLWLHV�DQG�D

VSHFLILF�PDQGDWH�IURP�WKH�1RUZHJLDQ�JRYHUQPHQW�WR

HQJDJH�LQ�FURVV�GLVFLSOLQDU\�UHVHDUFK�DQG�HGXFDWLRQ��7KLV

LQFOXGHV�WR�D�YHU\�ODUJH�GHJUHH�DOVR�WKH�FOLPDWH�DUHD

ZKHUH�ORQJ�WHUP�XQLYHUVLW\�ZLGH�VWUDWHJLF�SURJUDPPHV

DUH�UXQQLQJ�b

.H\�$UHDV�RI�([SHUWLVH�RI�1718�Ê�6PDUW
&LWLHV��(QHUJ\�6\VWHPV�DQG�7KH�%XLOW
(QYLURQPHQW

%RWK�(QHUJ\�DQG�6XVWDLQDELOLW\�DUH�NH\�DUHDV�RI�H[SHUWLVH

DW�1718��WKH�FURVV�GLVFLSOLQDU\�VWUDWHJLF�ILHOGV�FRYHULQJ

DOO�WKH�&OLPDWH�.,&�WKHPDWLF�SODWIRUPV��1718�LV�HVSHFLDOO\

VWURQJ�LQ�WKH�VPDUW�FLWLHV�DUHD��WKH�HQHUJ\�HIILFLHQF\�ILHOG

DQG�LQ�HQHUJ\�V\VWHPV�DQDO\VHV�Ê�1718�LV�KRVWLQJ�ORQJ�

WHUP�QDWLRQDO�H[FHOOHQFH�FHQWHUV�DQG�RIIHUV�,QWHUQDWLRQDO

0DVWHUÍV�DQG�3K�'��3URJUDPPHV�LQ�WKHVH�DUHDV�b

1718�LV�ZRUNLQJ�RQ�LPSURYLQJ�WKH�EXLOW�HQYLURQPHQW�E\

GHYHORSLQJ�FRPSHWLWLYH�SURGXFWV�DQG�VROXWLRQV�IRU

H[LVWLQJ�DQG�QHZ�EXLOGLQJV��7KH�JRDO�LV�WR�DFKLHYH�PDUNHW

SHQHWUDWLRQ�RI�EXLOGLQJV�WKDW�KDYH�]HUR�HPLVVLRQV�RI

JUHHQKRXVH�JDVHV�UHODWHG�WR�PDWHULDO�XVH��RSHUDWLRQ�DQG

GHPROLWLRQ��ZLWK�DFWLYLWLHV�UDQJLQJ�IURP�GHYHORSPHQW�RI

QHZ�PDWHULDOV�H�J��QDQR�LQVXODWLRQ�PDWHULDOV�WR�UHDOL]LQJ

7HFKQRORJ\��(,7���7KH

(,7�LV�DQ�(8�ERG\

ZKRVH�PLVVLRQ�LV�WR

FUHDWH�VXVWDLQDEOH

JURZWK�



IXOO�VFDOH�GHPRQVWUDWLRQ�EXLOGLQJV��)RU�PRUH�GHWDLOV

SOHDVH�YLVLW�7KH�1718�&HQWUH�IRU�=HUR�(PLVVLRQ�%XLOGLQJ�

ZZZ�]HE�QR

:LWK�LWV�EURDG�VFRSH�RI�GLVFLSOLQHV�LQ�WHFKQRORJ\�DQG

VRFLDO�VFLHQFHV��1718�LV�DSWO\�ILW�WR�FRQWULEXWH�WR�WKH

HPHUJLQJ�ILHOG�RI�VPDUW�FLWLHV�DQG�FRPPXQLWLHV�LQ�D

FUHDWLYH�DQG�LQQRYDWLYH�PDQQHU��DQG�KHOS�VROYH�FRPSOH[

XUEDQ�FKDOOHQJHV�LQYROYLQJ�HQHUJ\��FOLPDWH��HQYLURQPHQW�

PRELOLW\��HFRQRP\��SODQQLQJ�SURFHVVHV�DQG�FLWL]HQV�RQ

WKH�URDG�WR�D�ORZ�FDUERQ�VRFLHW\��)LQG�RXW�PRUH�DERXW

WKH�6PDUW�&LWLHV�,QLWLDWLYH�DW�1718�

ZZZ�QWQX�HGX�VPDUWFLWLHV

1718�HQJDJH�LQ�WKH�GHYHORSPHQW�RI�VXVWDLQDEOH�HQHUJ\

VROXWLRQV�DQG�SROLF\�VXSSRUW�IRU�WUDQVLWLRQV�RI�WKH�HQHUJ\

V\VWHP�WKURXJK�VWXGLHV�RI�HQHUJ\�HFRQRPLFV��HQHUJ\

V\VWHPV�DQDO\VLV��HQHUJ\�SROLF\��HQHUJ\�PDUNHWV�

LQQRYDWLRQ�DQG�FRPPHUFLDOL]DWLRQ��VRFLDOL]DWLRQ�DQG

GRPHVWLFDWLRQ��HQHUJ\�FXOWXUHV��HQHUJ\�HIILFLHQF\�DQG

SXEOLF�HQJDJHPHQW��7KH�1718�&HQWUH�IRU�6XVWDLQDEOH

(QHUJ\�6WXGLHV��ZZZ�QWQX�QR�FHQVHV

1718�DQG�WKH�&RUSRUDWH�:RUOG

1718�KDV�FORVH�FROODERUDWLRQ�ZLWK�LQGXVWULDO�SDUWQHUV

DQG�D�VWURQJ�HPSKDVLV�RQ�LQQRYDWLRQ�DQG

HQWUHSUHQHXUVKLS��,Q�WKH�QHZO\�SXEOLVKHG�8�0XOWLUDQN

1718�UHFHLYHG�D�WRS�VFRUH�RI�$�RQ�LQGLFDWRUV�VXFK�DV

H[WHUQDO�IXQGLQJ�DQG�FRRSHUDWLRQ�ZLWK�LQGXVWULDO

SDUWQHUV��1718�KDV�IRU�VXEVHTXHQW�\HDUV�DOVR�EHHQ�RQH

RI�WKH�KLJKHVW�UDQNHG�LQVWLWXWLRQV�LQ�WKH�/HLGHQ�UDQNLQJ�RI

XQLYHUVLWLHV�FROODERUDWLQJ�ZLWK�LQGXVWU\�



7KH�1718�LQQRYDWLRQ�HFRV\VWHP�LQFOXGHV�WKH�1718

7HFKQRORJ\�7UDQVIHU�$6��RQ�FDPSXV�LQFXEDWRU��WKH�1718

6FKRRO�RI�(QWUHSUHQHXUVKLS��WKH�1718�(QWUHSUHQHXUVKLS

&HQWHU��WKH�1RUZHJLDQ�5HVHDUFK�6FKRRO�LQ�,QQRYDWLRQ�

VWXGHQWÍV�LQLWLDWLYHV�VXFK�DV�6WDUW�1718�DQG�YHQWXUH�FXSV

DQG�UHJLRQDO�WULSOH�KHOL[�FRRSHUDWLRQ��$SSUR[LPDWHO\���

VSLQ�RXWV�FRPH�RXW�RI�1718�HYHU\�\HDU�b

1718�RIIHUV�VRPH����LQWHUQDWLRQDO�PDVWHU�SURJUDPPHV

HVSHFLDOO\�VXLWDEOH�IRU�LQWHUQDWLRQDO�UHFUXLWPHQW�DQG

LQWHUQDWLRQDO�FROODERUDWLRQ��0DQGDWRU\�HQWUHSUHQHXUVKLS

FRXUVHV�DUH�LQFOXGHG�LQ�DOO�PDVWHU�SURJUDPPHV��bb

1718�DQG�&OLPDWH�.,&

1718�LV�DOUHDG\�LQYROYHG�LQ�&OLPDWH�.,&�DFWLYLWLHV�DV

QDWLRQDO�FRRUGLQDWRU�IRU�WKH�&OLPDWH/DXQFKSDG

FRPSHWLWLRQ��:H�DUH�QRZ�PRYLQJ�DKHDG�ZLWK�DFWLYLWLHV�LQ

DOO�DUHDV�ZLWK�WKH�QHZO\�DSSRLQWHG�1718�&OLPDWH�.,&

&RRUGLQDWRU�DOUHDG\�OLDLVLQJ�ZLWK�WKH�/HDGV�RI�WKH�1RUGLF

RIILFH�

6XVDQQH�3HGHUVHQ��'LUHFWRU�RI�&OLPDWH�.,&�1RUGLF�LV�YHU\

SOHDVHG�WR�ZHOFRPH�1718�DV�RXU�ILUVW�1RUZHJLDQ

SDUWQHU��

Ï1718�KDV�VLQFH�ZH�LQLWLDWHG�WKH�GLDORJXH�VKRZQ�XWPRVW

HQJDJHPHQW�DQG�GHGLFDWLRQ�Ê�WKH\�KDYH�ZRUNHG�KDUG�WR

HVWDEOLVK�DQ�LQWHUQDO�RUJDQL]DWLRQ�WR�KDQGOH�&OLPDWH�.,&

DFWLYLWLHV�DV�HIILFLHQWO\�DV�SRVVLEOH�DQG�ZH�FRQJUDWXODWH

1718�RQ�WKHLU�ZHOO�GHVHUYHG�VXFFHVV�DV�WKH�ILUVW�SDUWQHU

WR�MRLQ�WKLV�\HDU�b



:H�VHH�1718�DV�D�NH\�SDUWQHU�LQ�RXU�HQGHDYRUV�WR

SHQHWUDWH�WKH�QDWLRQDO�WXUI��,Q�FORVH�FRRSHUDWLRQ�ZLWK

1718�ZH�KDYH�EHHQ�GHWHUPLQLQJ�RXU�URDG�PDS�LQ

1RUZD\�LQ�WHUPV�RI�ZKLFK�LQGXVWULDO�SDUWQHUV�WR�LQYLWH

LQWR�&OLPDWH�.,&�

7RJHWKHU�ZLWK�1718�ZH�DUH�QRZ�SXVKLQJ�IRUZDUG�DQG

VWULYH�WR�LQFOXGH�RQH�RU�WZR�PDMRU�FLWLHV�ZLWK�FOLPDWH

DPELWLRXV�DJHQGDV�LQ�WR�WKH�FRPPXQLW\�DV�ZHOO�DV�IRXU�WR

ILYH�FRUSRUDWH�SDUWQHUV�ZLWKLQ�WKH�FRPLQJ�\HDU�b7KLV�ZLOO

JLYH�DGGHG�YDOXH�WR�WKH�H[LVWLQJ�DQG�H[SDQGLQJ�1RUGLF

QHWZRUN�Ê�DQG�WR�&OLPDWH�.,&�DV�D�ZKROH�Ð

)RU�DQ\�IXUWKHU�TXHVWLRQV�UHJDUGLQJ�1718�DV�D�QHZ

SDUWQHU��SOHDVH�FRQWDFW�1LQD�RU�,ULQD�

1LQD�6LQGUH�

&RRUGLQDWRU�RI�,QWHUQDWLRQDO�$IIDLUV��5HFWRUÍV�2IILFH�

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\�Ê�1718�

QLQD�VLQGUH#QWQX�QR�

2IILFH�������������������

0RELOH������������������

ZZZ�QWQX�QRb�_�bZZZ�QWQX�HGX

,ULQD�1\VW«Q�

3DUWQHU�&RRUGLQDWRU�

&OLPDWH�.,&�1RUGLFb�

LULQD#FOLPDWH�NLF�QRUGLF�RUJ�

2IILFH��b���������������

0RELOH����������������









7R�VWUHQJWKHQ�DQG�EURDGHQ�WKLV�FROODERUDWLRQ��8L%�DQG

1718�QRZ�WHDP�XS�LQ�FUHDWLQJ�DQHZbSRVLWLRQbDV�DGYLVHU

LQ�7RN\RbDW�WKH�7UDGH�DQG�7HFKQRORJ\�2IILFH��,QQRYDWLRQ

1RUZD\��RI�WKH�1RUZHJLDQ�(PEDVV\�

Ê�7KLV�LV�YHU\�H[FLWLQJ��:H�KDYH�JUHDW�H[SHFWDWLRQV�IRU�RXU

QHZ�HVWDEOLVKPHQW�LQ�7RN\R��VD\V�8L%�5HFWRU�'DJ�5XQH

2OVHQ�

Êb-DSDQHVH�XQLYHUVLWLHV�DUH�RI�KLJK�TXDOLW\��DQG�ZH�VHH

PDQ\�DUHDV�ZKHUH�ZH�FDQ�FRRSHUDWH��,�ORRN�IRUZDUG�WR

GHHSHQLQJ�DQG�VWUHQJWKHQLQJ�RXU�FROODERUDWLYH

UHODWLRQVKLSV�LQ�-DSDQ��VD\V�1718�5HFWRU�*XQQDU�%RYLP�b�

b

2IILFH�DW�WKH�1RUZHJLDQ�(PEDVV\

1718�DQG�WKH�8QLYHUVLW\�RI�%HUJHQ�XQLWH�RQ�D�ORFDOO\

UHFUXLWHG�VWDII�PHPEHU�ZKR�ZLOO�EH�D�SDUW�RI�WKH�ZRUNLQJ

FRPPXQLW\�DW�WKH�SUHPLVHV�RI�WKH�7UDGH�DQG�7HFKQRORJ\

2IILFH�DW�WKH�1RUZHJLDQ�(PEDVV\��7KH�SURMHFW�ZLOO�UXQ�IRU

WZR�\HDUV�

5HFWRUV�*XQQDU�%RYLP��1718��DQG�'DJ�5XQH�2OVHQ��8L%�

ZLOO�VLJQ�DQ�DJUHHPHQW�RQ�WKLV�PDWWHU�ZLWK�,QQRYDWLRQ

1RUZD\ÍV�&(2�$QLWD�.URKQ�7UDDVHWK�LQ�2VOR�RQ���

'HFHPEHU�

��7KURXJK�RXU�SDUWQHUVKLS�LQ�7HDP�1RUZD\�DW�WKH

(PEDVV\�LQ�7RN\R��ZH�ZDQW�WR�JLYH�RXU�IXOO�VXSSRUW�WR�8L%

DQG�1718�WR�VXFFHHG�LQ�-DSDQ��7KHVH�XQLYHUVLWLHV�DUH

SLRQHHUV�LQ�HVWDEOLVKLQJ�LQWHUQDWLRQDO�SDUWQHUVKLSV��VD\V



$QLWD�.URKQ�7UDDVHWK�LQ�,QQRYDWLRQ�1RUZD\��

b

:LOO�VWUHQJWKHQ�DQG�GHYHORS�UHODWLRQV

$�EURDG�FROODERUDWLRQ�DOUHDG\�H[LVWV�EHWZHHQ�1718�

8QLYHUVLW\�RI�%HUJHQ�DQG�-DSDQHVH�XQLYHUVLWLHV�DQG

UHVHDUFK�LQVWLWXWHV��7KH�DLP�LV�WR�XWLOL]H�WKH�HIIHFWV�RI

SURORQJHG�H[LVWLQJ�FRRSHUDWLRQ�LQ�WKH�IRUP�RI�IXQGHG

SURMHFWV��SXEOLFDWLRQV�DQG�PRELOLW\�IRU�UHVHDUFKHUV�DQG

VWXGHQWV��,W�PD\�DOVR�EH�DSSURSULDWH�WR�GHYHORS

FRRSHUDWLRQ�ZLWK�LQVWLWXWLRQV�LQ�QHZ�ILHOGV��7KURXJK�WKLV

SURMHFW�1718�DQG�WKH�8QLYHUVLW\�RI�%HUJHQ�ZDQW�WR

GHHSHQ�WKHLU�UHODWLRQVKLS�ZLWK�-DSDQHVH�SDUWQHUV�DQG

H[SHUWLVH�LQ�HGXFDWLRQ�DQG�UHVHDUFK�VHFWRU�DQG�WKH

EXVLQHVV�VHFWRU�LQ�WKH�FRXQWU\�

7R�DFKLHYH�WKHVH�JRDOV��WKH�SURMHFW�ZLOO�FRQWULEXWH�ZLWK

FRQFUHWH�PHDVXUHV�VXFK�DV�

6WUHQJWKHQ�8L%�DQG�1718ÍV�UHODWLRQVKLS�ZLWK�SDUWQHUV

LQ�-DSDQ

3URYLGH�DGYLFH�DQG�LQIRUPDWLRQ�RQ�-DSDQHVH

LQVWLWXWLRQV�WR�1718�DQG�WKH�8QLYHUVLW\�RI�%HUJHQ

&UHDWLQJ�PHHWLQJ�DUHQDV�IRU�UHVHDUFKHUV��VWXGHQWV

DQG�PDQDJHPHQW

)DFLOLWDWLQJ�WKH�H[FKDQJH�RI�VWXGHQWV�DQG�VWDII

EHWZHHQ�1718�DQG�WKH�8QLYHUVLW\�RI�%HUJHQ�DQG

-DSDQHVH�XQLYHUVLWLHV

/LQN�UHVHDUFK�DQG�HGXFDWLRQ�DFWLYLWLHV�WR�WKH�EXVLQHVV

FRPPXQLW\�

b



6WXGLHV

0DVWHU
V�SURJUDPPHV�LQ�(QJOLVK

)RU�H[FKDQJH�VWXGHQWV

3K'�RSSRUWXQLWLHV

&RXUVHV

&RQWDFW

&RQWDFW�1718

(PSOR\HHV

)RU�DOXPQL

3UHVV�FRQWDFWV

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

1718�LQ�*MºYLN

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

2UJDQL]DWLRQDO�FKDUW

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

8QLYHUVLW\�RI�%HUJHQbFXUUHQWO\�FRRSHUDWHV�ZLWK�-DSDQHVH

XQLYHUVLWLHV�LQ�FOLPDWH��PDULQH��HQHUJ\�DQG�SRODU�UHVHDUFK

DV�ZHOO�DV�-DSDQHVH�OLQJXLVWLFV��DQG�ZLOO�VHHN�WR�FROODERUDWH

LQ�QHZ�DUHDV�VXFK�DV�KHDOWK�VFLHQFHV��VRFLDO�VFLHQFHV�DQG

ODZ�

1718bKDV�ORQJVWDQGLQJ�SDUWQHUVKLSV�ZLWK�-DSDQHVH

XQLYHUVLWLHV�LQ�GLVFLSOLQHV�DQG�DUHDV�VXFK�DV�SK\VLFV�

PDWKHPDWLFV��QHXURVFLHQFH��HQHUJ\��HQYLURQPHQW�

PDWHULDOV�VFLHQFH�DQG�LQWHUQDWLRQDO�SROLWLFV��1718�KDV�D

VHSDUDWH�-DSDQ�3URJUDP�DQG�KDV�VLQFH������OHG�WKH�.\RWR

,QWHUQDWLRQDO�)RUXP�IRU�(QHUJ\�DQG�(QYLURQPHQW�.,)((







&DQGHVDUWDQ�LV�DOUHDG\�LQ�XVH�E\�VHYHUDO�GRFWRUV�DV�D

PLJUDLQH�SURSK\ODFWLF��EXW�WKH�1718�IROORZ�XS�VWXG\�

ZKLFK�FRQILUPV�WKH�VWXG\�IURP�D�GHFDGH�DJR��SURYLGHV

WKH�SURRI�WKDW�WKH�GUXJ�DFWXDOO\�ZRUNV��

�

0RUH�WKDQ����SHUFHQW�RI�PLJUDLQH�SDWLHQWV�UHSRUW�WKDW

WKH\�IHHO�EHWWHU�HYHQ�ZKHQ�WKH\�DUH�JLYHQ�D�SODFHER��%XW

EOLQG�WHVWV�VKRZ�WKDW�FDQGHVDUWDQ�ZRUNV�SUHYHQWLYHO\�IRU

DQRWKHU����WR����SHUFHQW�RI�SDWLHQWV��7KH�KRSH�LV�QRZ

WKDW�FDQGHVDUWDQ�ZLOO�EH�HYHQ�PRUH�FRPPRQO\

SUHVFULEHG��

�

0LJUDLQHV�DUH�WKRXJKW�WR�DIIHFW�D�VWDJJHULQJ�RQH�ELOOLRQ

SHRSOH�ZRUOGZLGH��7ZHOYH�SHUFHQW�RI�WKH�1RUZHJLDQ

SRSXODWLRQ�VXIIHUV�IURP�PLJUDLQHV��RU�PRUH�WKDQ��������

LQGLYLGXDOV��7KLV�SRVHV�SUREOHPV�IRU�WKH�LQGLYLGXDO��EXW�LV

DOVR�FRVWO\�IRU�VRFLHW\�LQ�WKH�IRUP�RI�VLFN�OHDYH�DQG

UHGXFHG�DELOLW\�WR�ZRUN��3UHYHQWLQJ�PLJUDLQHV�WKXV�RIIHUV

PDQ\�EHQHILWV�

7ULSOH�EOLQG�WHVW

7KH�1718�VWXG\�ZDV�D�WULSOH�EOLQG�WHVW��ZKLFK�PHDQV�WKDW

QHLWKHU�SDWLHQWV�QRU�GRFWRUV�QRU�WKRVH�ZKR�DQDO\]HG�WKH

UHVXOWV�NQHZ�ZKHWKHU�WKH�SDWLHQWV�KDG�EHHQ�JLYHQ

SODFHER�RU�UHDO�PHGLFLQH��6WRYQHU�VDLG��

�

5HVHDUFKHUV�WHVWHG�ERWK�FDQGHVDUWDQ�DQG�SURSUDQRORO��,Q

DOO�����SDWLHQWV�WRRN�SDUW�RI�WKH�VWXG\�WKLV�WLPH��WKH�VDPH

QXPEHU�DV�WHQ�\HDUV�DJR��7KHVH�SDWLHQWV�ZHUH�QRUPDOO\

DIIHFWHG�E\�PLJUDLQH�DWWDFNV�DW�OHDVW�WZLFH�HYHU\�PRQWK�

7KH�SDWLHQWV�XVHG�HDFK�WUHDWPHQW��FDQGHVDUWDQ�



SURSUDQRORO�RU�SODFHER��IRU����ZHHNV��DQG�DOVR

XQGHUZHQW�IRXU�ZHHNV�EHIRUH�VWDUW�DQG�EHWZHHQ�WKH

WUHDWPHQW�SHULRGV�ZLWKRXW�DQ\�PHGLFDWLRQ�DW�DOO��7KXV

HYHU\�SDWLHQW�ZDV�SDUW�RI�WKH�VWXG\�IRU�DOPRVW�D�\HDU��

�

&DQGHVDUWDQ�ZDV�RULJLQDOO\�D�PHGLFDWLRQ�XVHG�WR�WUHDW

KLJK�EORRG�SUHVVXUH��EXW�+DUDOG�6FKUDGHU��D�UHWLUHG

SURIHVVRU�IURP�6W��2ODYV�+RVSLWDO�LQ�7URQGKHLP��ZKR

KLPVHOI�KDG�ERWK�KLJK�EORRG�SUHVVXUH�DQG�PLJUDLQH�

GLVFRYHUHG�E\�FKDQFH�LQ�WKH�����V�WKDW�FDQGHVDUWDQ�DOVR

ZRUNHG�ZHOO�IRU�KLV�RZQ�KHDGDFKHV��

�

7KLV�ILQGLQJ�OHG�WR�WKH�VXEVHTXHQW�VWXGLHV�RI�WKH�GUXJ�

7KH�VWXGLHV�UHFHLYHG�SDUWLDO�VXSSRUW�IURP�$VWUD=HQHFD�

EXW�WKH�UHVHDUFK�ZDV�FRQGXFWHG�LQGHSHQGHQW�RI�WKH�GUXJ

PDQXIDFWXUHU��/DUV�-DFRE�6WRYQHU�DQG�(UOLQJ�7URQYLN��D

SRVWGRF��KDYH�EHHQ�DPRQJ�WKH�PRVW�DFWLYH�LQ�WKH

UHVHDUFK��

�

&DQGHVDUWDQ�LV�WRGD\�PDUNHWHG�XQGHU�WKH�QDPH�$WDFDQG�

ZKLOH�SURSUDQRORO�LV�PDUNHWHG�XQGHU�WKH�QDPH�,QGHUDO�

%XW�WKHUH�DUH�DOVR�VHYHUDO�FRSLHV�RQ�WKH�PDUNHW��

�

�7KH�SDWHQW�LV�UXQQLQJ�RXW���6WRYQHU�VD\V��

7KLV�DOVR�PHDQV�WKDW�PRUH�SDWLHQWV�ZLOO�KDYH�DFFHVV�WR

FKHDSHU��JHQHULF�IRUPV�RI�WKH�PHGLFLQH��&DQGHVDUWDQ�ZLOO

QRZ�YHU\�OLNHO\�EH�SDUW�RI�WKH�JXLGHOLQHV�IRU�WKH

SURSK\ODFWLF�WUHDWPHQW�RI�PLJUDLQH�WKH�ZRUOG�RYHU�









%RYLP�VDLG���:H�NQRZ�WKLV�FDPH�DV�D�VKRFN�WR�*RXGDU]L
V

FROOHDJXHV��ZKR�DUH�QRZ�EHLQJ�RIIHUHG�KHOS��,Q�WKLV

VLWXDWLRQ�LW�LV�RI�JUHDW�LPSRUWDQFH�WKDW�ZH�WDNH�FDUH�RI

HDFK�RWKHU��

b

7KH�+6(�GLYLVLRQ�LV�DYDLODEOH�WR�DQ\RQH�ZKR�ZDQWV

VRPHRQH�WR�WDON�WR�DERXW�WKH�WUDJLF�HYHQW�

b

$Q�RSHQ�PHHWLQJ�ZDV�KHOG�RQ�7XHVGD\�PRUQLQJ�IRU�VWDII

DQG�VWXGHQWV�DW�WKH�GHSDUWPHQW�ZKHUH�WKH�GHFHDVHG�3K'

FDQGLGDWH�ZDV�ZRUNLQJ��$�PHPRULDO�FHUHPRQ\�ZLOO�EH�KHOG

ODWHU��)DUVKDG�*RXGDU]L�ZDV�DQ�,UDQLDQ�FLWL]HQ�

b

,I�\RX�QHHG�VRPHRQH�WR�WDON�WR��SOHDVH�FRQWDFW�

+6(�GLYLVLRQ�E\�+LOGH�$SQHVHWK��WHO�������������

b

%DFNJURXQG�LQIRUPDWLRQ��8QLYHUVLW\�QHZVSDSHU�

1RUZHJLDQ�RQO\�







7KH�HPHUJHQF\�GULOO�WDNHV�SODFH�DW�WKH�6SRUWV�&HQWUH�DW

'UDJYROO��,W�ZLOO�PDLQO\�DIIHFW�WKH�JURXQG�IORRU�DQG��VW

IORRU��%DUULHUV�DQG�VLJQV�ZLOO�EH�LQ�SODFH�WR�PDNH�VXUH�WKDW

WKH��QG�DQG��UG�IORRUV�DUH�QRW�DIIHFWHG�

7KHUH�ZLOO�EH�VRPH�UHVWULFWLRQV�ZLWK�UHJDUG�WR�PRYHPHQW

WR�DQG�IURP�WKH�6SRUWV�&HQWUH�EHWZHHQ���DP�DQG���SP

RQ�WKH�GD\�RI�WKH�HPHUJHQF\�GULOO��7KRVH�ZKR�DUH�QRW�SDUW

RI�WKH�GULOO�ZLOO�EH�HVFRUWHG�WR�IURP�WKH�EXLOGLQJ�ZKHQ�WKH

FRXUVH�RI�WKH�GULOO�DOORZV�LW��6RPH�GHOD\V�VKRXOG�EH

H[SHFWHG�

6RXQG��OLJKW�DQG�VPRNH�HIIHFWV

6RXQG��OLJKW�DQG�VPRNH�HIIHFWV�ZLOO�EH�XVHG��DQG�WKHVH

PLJKW�FDXVH�VRPH�GLVWXUEDQFH�IRU�HPSOR\HHV�DQG

VWXGHQWV�DW�'UDJYROO�

(PHUJHQF\�GULOO�VFHQDULR

$�SROLFH�OHG�SODQQLQJ�JURXS�KDV�GHYHORSHG�WKH�VFHQDULR

DQG�WKH�PHGLD
V�UROH�LQ�WKH�GULOO��7KH�VFHQDULR�ZLOO�EH�D

GUDPDWLF�LQFLGHQW�LQYROYLQJ�VKRRWLQJ�KRVWDJH�

WDNLQJ�PDVV�LQMXU\�DW�WKH�6SRUWV�&HQWUH�DW�'UDJYROO�

7KH�HPHUJHQF\�VHUYLFHV�ZLOO�IROORZ�WKH�SROLFH�LQVWUXFWLRQV

IRU��VKRRWLQJ�LQ�SURJUHVV���)XUWKHU�GHWDLOV�DERXW�WKH

VFHQDULR�DUH�QRW�DYDLODEOH�

7R�LOOXVWUDWH�WKH�QDWXUH�RI�WKH�HPHUJHQF\�GULOO��WKLV�YLGHR

IURP�DQ�HPHUJHQF\�GULOO�DW�WKH�8QLYHUVLW\�RI�1RUGODQG�LQ

�����FDQ�EH�XVHIXO�

1718
V�REMHFWLYHV�IRU�WKH�HPHUJHQF\�GULOO



*RRG�LQWHUDFWLRQ�ZLWK�WKH�H[WHUQDO�HPHUJHQF\

PDQDJHPHQW�DQG�RWKHU�VHUYLFHV��$Q�LQFUHDVHG�DELOLW\�WR

KDQGOH�HPHUJHQFLHV�LQYROYLQJ�VHYHUDO�XQLWV�DW�1718�

6XEVLGLDU\�REMHFWLYHV

*RRG�KDQGOLQJ�RI�LQIRUPDWLRQ�DQG�LQWHUQDO

FRPPXQLFDWLRQ�

4XLFN�HVWDEOLVKPHQW�RI�D�JRRG�LQWHUQDO�HPHUJHQF\

SUHSDUHGQHVV�

$�FOHDU�GHILQLWLRQ�RI�LQWHUQDO�UHVSRQVLELOLWLHV�DW

GLIIHUHQW�OHYHOV�

(VWDEOLVKLQJ�D�FRUUHFW�GLYLVLRQ�RI�UHVSRQVLELOLWLHV

UHJDUGLQJ�QRWLILFDWLRQV�WR�WKH�QH[W�RI�NLQ�DQG�WKH

JHQHUDO�SXEOLF�

*RRG�PHGLD�UHODWLRQV�DQG�IDFLOLWDWLRQ�RI�WKH�PHGLD
V

ZRUN�

$�VXFFHVVIXO�FRPSOHWLRQ�RI�WKH�HPHUJHQF\�GULOO�

LQFOXGLQJ�FRUUHFW�XVH�RI�VWDWXV�PHHWLQJV��DGHTXDWH

ORJJLQJ�DQG�JRRG�LQWHUQDO�LQIRUPDWLRQ�

,QYROYHG�XQLWV�DW�1718

7KH�&HQWUDO�(PHUJHQF\�3UHSDUHGQHVV�*URXS�DQG�ORFDO

HPHUJHQF\�SUHSDUHGQHVV�JURXSV�DW�+)�697�'0)

8QLWV�EDVHG�DW�WKH�6SRUWV�&HQWUH�DW�'UDJYROO

+)�)DFXOW\�RI�+XPDQLWLHV��'HSDUWPHQW�RI�0XVLF�DQG

'DQFH��'DQFH�6WXGLHV�

697�)DFXOW\�RI�6RFLDO�6FLHQFHV�DQG�7HFKQRORJ\

0DQDJHPHQW��'HSDUWPHQW�RI�6RFLRORJ\�DQG�3ROLWLFDO

6FLHQFH��6SRUWV�6FLHQFHV�



6WXGLHV

0DVWHU
V�SURJUDPPHV�LQ�(QJOLVK

)RU�H[FKDQJH�VWXGHQWV

3K'�RSSRUWXQLWLHV

&RQWDFW

&RQWDFW�1718

(PSOR\HHV

)RU�DOXPQL

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

'0)�)DFXOW\�RI�0HGLFLQH��'HSDUWPHQW�RI�1HXURVFLHQFH

�0RYHPHQW�6FLHQFHV�

7KH�&RPPXQLFDWLRQ�'LYLVLRQ

&RQWDFW

'R�\RX�KDYH�TXHVWLRQV�DERXW�WKH�HPHUJHQF\�GULOO"

3OHDVH�FRQWDFW�/DUV�6WUºPPHQ

6DIHW\�DQG�(PHUJHQF\�0DQDJHU��1718

3KRQH������������

(�PDLO��ODUV�VWURPPHQ#QWQX�QR









(GYDUG�0RVHU�VD\V���,W�ZLOO�DOORZ�XV�WR�YLVXDOL]H�WKH

VLPXOWDQHRXV�DFWLYLW\�RI�ODUJH�SRSXODWLRQV�RI�JULG�FHOOV�

DQG�WKHUHE\�KHOS�XV�XQGHUVWDQG�KRZ�JURXSV�RI�JULG�FHOOV

FHOOV�LQWHUDFW��

b

7KH�.¸UEHU�SUL]H�LV�WKH�ODWHVW�RI�QXPHURXV�DZDUGV�WKDW

WKH�0RVHUV�KDYH�UHFHLYHG��0RVW�UHFHQWO\��LQ�ODWH�$SULO�WKH\

ZHUH�HOHFWHG�DV�)RUHLJQ�$VVRFLDWHV�WR�WKH�86�1DWLRQDO

$FDGHP\�RI�6FLHQFHV��DQ�KRQRXU�IRU�ZKLFK�RQO\�D�KDQGIXO

RI�1RUZHJLDQV�KDYH�EHHQ�VHOHFWHG�b

b

7KH�.¸UEHU�(XURSHDQ�6FLHQFH�3UL]H������ZLOO�EH

SUHVHQWHG�WR�0D\�%ULWW�DQG�(GYDUG�0RVHU�LQ�WKH�+DPEXUJ

&LW\�+DOO�RQ���6HSWHPEHU�

b

KWWS���ZZZ�NRHUEHUSUL]H�RUJ�b

KWWS���JHPLQL�QR�HQ�QRWLVHU���������QWQX�QHXURVFLHQWLVW�

ZLQ�JHUPDQ�UHVHDUFK�SUL]H�







�7KHLU�ZRUN�LQ�QHXURVFLHQFH�IRFXVLQJ�RQ�PHPRU\�DQG

VHQVH�RI�SODFH�LV�LQWHUQDWLRQDOO\�JURXQGEUHDNLQJ��DQG

WKH\�KDYH�DOUHDG\�ZRQ�PRVW�RI�WKH�LQWHUQDWLRQDO�DZDUGV

WKDW�LW�LV�SRVVLEOH�WR�DFKLHYH�LQ�WKHLU�ILHOG���VDLG�%RYLP�b

b

�7KH�DZDUG�RI�WKH�ZRUOG
V�IRUHPRVW�VFLHQWLILF�KRQRXU�DW

WKLV�UHODWLYHO\�HDUO\�VWDJH�RI�WKHLU�FDUHHU�LV�D�VWURQJ

VWDWHPHQW�DERXW�WKH�OHYHO�RI�WKHLU�UHVHDUFK��7KLV�LV�YHU\

LQVSLULQJ�IRU�DOO�RI�XV���KH�VDLG�b

b

%RYLP�DGGHG�WKDW�WKH�ZKROH�XQLYHUVLW\�QRZ�FRQJUDWXODWHV

WKHLU�UHVHDUFKHU�FROOHDJXHV��DQG�ZLOO�FHOHEUDWH�WRJHWKHU

ZLWK�WKHP�b

b

b�:H�KDYH�UDLVHG�WKH�IODJ���VDLG�WKH�SURXG�1718�5HFWRU�

ZKR�ZDV�LQ�2VOR�ZKHQ�KH�KHDUG�WKH�QHZV�DERXW�WKH�SUL]H�

6LQFH�WKHQ��FRQJUDWXODWLRQV�KDYH�EHHQ�SRXULQJ�LQ�

b

7KH�EUDLQ
V�LQQHU�*36b

+RZ�GR�ZH�NQRZ�ZKHUH�ZH�DUH"�+RZ�FDQ�ZH�ILQG�RXU�ZD\

IURP�RQH�SODFH�WR�DQRWKHU"�+RZ�GRHV�WKH�EUDLQ�FRGH�WKLV

LQIRUPDWLRQ�VR�WKDW�ZH�LPPHGLDWHO\�ILQG�WKH�ULJKW�URXWH

WKH�QH[W�WLPH�ZH�JR�WKLV�ZD\"

b

7KH�\HDU
V�1REHO�/DXUHDWHV�KDYH�GLVFRYHUHG�D�SRVLWLRQLQJ

V\VWHP��D�NLQG�RI��LQQHU�*36��LQ�WKH�EUDLQ��ZKLFK�PDNHV�LW

SRVVLEOH�WR�QDYLJDWH�WKH�HQYLURQPHQW�

b

,Q�������-RKQ�2
.HHIH�GLVFRYHUHG�WKH�ILUVW�FRPSRQHQW�RI

WKLV�SRVLWLRQLQJ�V\VWHP��0RUH�WKDQ����\HDUV�ODWHU��LQ������

0D\�%ULWW�DQG�(GYDUG�0RVHU�IRXQG�DQRWKHU�LPSRUWDQW



SDUW�RI�WKH�EUDLQ
V�SRVLWLRQLQJ�V\VWHP��7KH\�LGHQWLILHG�JULG

FHOOV��ZKLFK�FUHDWH�D�V\VWHP�RI�FRRUGLQDWHV�IRU

GHWHUPLQLQJ�SRVLWLRQ��7KHLU�IXUWKHU�VWXGLHV�UHYHDOHG�KRZ

WKH�GLIIHUHQW�W\SHV�RI�FHOO�ZRUN�WRJHWKHU�WR�DOORZ�XV�WR

XQGHUVWDQG�ZKHUH�ZH�DUH��DQG�KRZ�WR�ILQG�RXU�ZD\�b

b

7KH�1REHO�/DXUHDWHV
�GLVFRYHULHV�KDYH�VROYHG�D�SUREOHP

WKDW�KDV�SHUSOH[HG�SKLORVRSKHUV�DQG�UHVHDUFKHUV�IRU

FHQWXULHV��+RZ�WKH�EUDLQ�FUHDWHV�D�PDS�RI�WKH�VSDFH

DURXQG�XV��DQG�KRZ�LW�HQDEOHV�XV�WR�QDYLJDWH�FRPSOH[

VXUURXQGLQJV�

b

7KH�1REHO�,QVWLWXWH
V�SUHVV�UHOHDVH��(QJOLVK�

b

&RQWDFW�LQIRUPDWLRQ�

5HFWRU�*XQQDU�%RYLP

0RELOH�SKRQH�����������������b_�bJXQQDU�ERYLP#QWQX�QR

b

+HJH�7XQVWDG��UHVSRQVLEOH�IRU�FRPPXQLFDWLRQV�DW�WKH

.DYOL�,QVWLWXWH��1718

0RELOH�SKRQH�����������������b_�bKHJH�M�WXQVWDG#QWQX�QR

b

0D\�%ULWW�0RVHU��PD\�EULWW�PRVHU#QWQX�QR

b

(GYDUG�,��0RVHU��HGYDUG�PRVHU#QWQX�QR

b

3KRWRV�RI�0D\�%ULWW�0RVHU���2FWREHU�����

b

6WRFN�SKRWRV�RI�0D\�%ULWW�DQG�(GYDUG�,��0RVHU��

7KH�SKRWRV�PD\�EH�XVHG�IUHHO\�LQ�FRQQHFWLRQ�ZLWK�UHSRUWV

RQ�WKH�EUDLQ�UHVHDUFKHUV��3KRWR��*HLU�0RJHQ��1718



6WXGLHV

0DVWHU
V�SURJUDPPHV�LQ�(QJOLVK

)RU�H[FKDQJH�VWXGHQWV

3K'�RSSRUWXQLWLHV

&RXUVHV

&DUHHU�GHYHORSPHQW

&RQWLQXLQJ�HGXFDWLRQ

$SSOLFDWLRQ�SURFHVV

&RQWDFW

&RQWDFW�1718

(PSOR\HHV

)RU�DOXPQL

3UHVV�FRQWDFWV

5HVHDUFKHU�VXSSRUW

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

1718�LQ�*MºYLN

1718�LQ�7URQGKHLP

1718�LQ��OHVXQG

0DSV

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

2UJDQL]DWLRQDO�FKDUW

/LEUDULHV

$ERXW�WKH�XQLYHUVLW\

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\

$ERXW�FRRNLHV�

3ULYDF\�SROLF\�

(GLWRUDO�UHVSRQVLELOLW\�

6LJQ�,Q







+HUWZLFK
V�FRPPHQWDU\�GHVFULEHV�KRZ�FRQVXPHUV�PD\

NQRZ�WKDW�EX\LQJ�D�VHW�RI�FKHVV�ILJXUHV�PDGH�RI�LYRU\�FDQ

PHDQ�WKH�GHPLVH�RI�DQ�HOHSKDQW��EXW�RWKHU�SXUFKDVHV���

VXFK�DV�D�VDXVDJH��RU�D�FXS�RI�FRIIHH����PD\�DOVR

FRQWULEXWH�WR�VSHFLHV�H[WLQFWLRQ�LQ�D�OHVV�REYLRXV�ZD\���,I

\RX�EX\�D�VDXVDJH��\RX�FDQQRW�NQRZ�ZKHWKHU�WKH�SLJ�WKDW

ZDV�WXUQHG�LQWR�WKH�VDXVDJH�ZDV�IHG�VR\�PHDO�VRXUFHG

IURP�D�IDUP�WKDW�KDG�MXVW�H[SDQGHG�LQWR�HOHSKDQW

KDELWDW���KH�ZURWH�

+HUWZLFK�VD\V�WKH�UHFRJQLWLRQ�ZDV�XQH[SHFWHG���,�ZDV�D

OLWWOH�VXUSULVHG�P\VHOI���KH�WROG�8QLYHUVLWHWVDYLVD��1718
V

QHZVSDSHU���,�KDYH�QR�LGHD�ZKDW�NLQG�RI�FULWHULD�1DWXUH

XVHG�WR�HYDOXDWH�WKH�GLIIHUHQW�FRQWULEXWLRQV��

b

b

b

GLIIHUHQW�JRYHUQPHQW

DFWLRQV��

�

5HDG�PRUH�DERXW�WKH

GHYHORSPHQW�RI�WKH

WRRO�RQ�1718
V�QHZV

SDJHV�









,FLQJ�GLVUXSWLYH�

%XW�DOPRVW�QR�UHLQGHHU�FDUFDVVHV�ZLOO�EH�DYDLODEOH�GXULQJ

WKH�IROORZLQJ�ZLQWHU��PDLQO\�EHFDXVH�WKRVH�UHLQGHHU�WKDW

VXUYLYHG�WKH�SUHYLRXV�ZLQWHU�DUH�PRUH�UREXVW�DQG�DOVR

VXEMHFW�WR�UHGXFHG�FRPSHWLWLRQ�IRU�IRRG�UHVRXUFHV�b�$W

WKH�VDPH�WLPH��QRQH�RI�WKH�RWKHU�KHUELYRUHV�LV�DEOH�WR

UHFRYHU�LQ�WKH�VXPPHU�DIWHU�WKH�LFLQJ��7KH�QHW�UHVXOW�LV

ORZ�IR[�UHSURGXFWLRQ�DQG�D�VWURQJ�UHGXFWLRQ�LQ�WKH�DUFWLF

IR[�SRSXODWLRQ�VL]H�RQH�\HDU�DIWHU�WKH�KHUELYRUH�GLH�RIIV�

�:H�KDYH�NQRZQ�IRU�D�ORQJ�WLPH�WKDW�FOLPDWH�FDQ

V\QFKURQL]H�SRSXODWLRQV�RI�WKH�VDPH�VSHFLHV��EXW�WKHVH

ILQGLQJV�VXJJHVW�WKDW�FOLPDWH�DQG�SDUWLFXODUO\�H[WUHPH

ZHDWKHU�HYHQWV�PD\�DOVR�V\QFKURQL]H�HQWLUH�FRPPXQLWLHV

RI�VSHFLHV���VD\V�OHDG�DXWKRU�%UDJH�%UHPVHW�+DQVHQ�

IURP�1718
V�&HQWUH�IRU�&RQVHUYDWLRQ�%LRORJ\�

b�6YDOEDUG
V�UHODWLYHO\�VLPSOH�HFRV\VWHP��ZKLFK�ODFNV

VSHFLDOLVW�SUHGDWRUV��FRPELQHG�ZLWK�ODUJH�ZHDWKHU

IOXFWXDWLRQV�IURP�\HDU�WR�\HDU�DQG�VWURQJ�FOLPDWH�VLJQDOV

LQ�WKH�SRSXODWLRQ�G\QDPLFV�RI�KHUELYRUHV��DUH�WKH�OLNHO\

H[SODQDWLRQV�IRU�KRZ�VXFK�FOHDU�FOLPDWH�HIIHFWV�FDQ�EH

REVHUYHG�DW�WKH�HFRV\VWHP�OHYHO��

,Q�RWKHU��PRUH�FRPSOH[�V\VWHPV��KH�VD\V��FRPPXQLW\�

OHYHO�HIIHFWV�RI�FOLPDWH�FDQ�EH�SUHVHQW�EXW�DUH�OLNHO\

PDVNHG�E\�RWKHU�IDFWRUV�WKDW�WHQG�WR�REVFXUH�WKH

V\QFKURQL]LQJ�HIIHFWV�RI�FOLPDWH��ZKLFK�WKXV�FRPSOLFDWHV

WKH�SLFWXUH�

,PSOLFDWLRQV�IRU�HFRV\VWHP�IXQFWLRQLQJ�

([WUHPH�UDLQ�RQ�VQRZ�HYHQWV�DUH�UDUH�LQ�PRVW�RI�WKH

$UFWLF�FRPSDUHG�ZLWK�6YDOEDUG��ZKHUH�WKH�FOLPDWH�LV



RFHDQLF�DQG�PLOG�IRU�WKH�ODWLWXGH��+RZHYHU��EHFDXVH�WKH

IUHTXHQF\�RI�VXFK�UDLQ�RQ�VQRZ�HYHQWV�OHDGLQJ�WR�LFLQJ�LV

FORVHO\�OLQNHG�WR�D�UDSLGO\�ZDUPLQJ�DUFWLF�FOLPDWH��WKH

DXWKRUV�ZDUQ�WKDW�FKDQJHV�LQ�ZLQWHU�FOLPDWH�DQG�H[WUHPH

HYHQWV�PD\�KDYH�LPSRUWDQW�LPSOLFDWLRQV�IRU�HFRV\VWHP

IXQFWLRQLQJ�DQG�VWDELOLW\�LQ�WKH�FLUFXPSRODU�$UFWLF�LQ�WKH

IXWXUH�

�3UHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW�UDLQ�RQ�VQRZ�DQG�LFLQJ

FDQ�DOVR�FDXVH�YHJHWDWLRQ�GDPDJH�DQG�UHGXFH�VXUYLYDO�RI

VRLO�PLFURELRWD���VD\V�+DQVHQ���%XW�PRUH�LPSRUWDQWO\��ZH

VXVSHFW�WKDW�WKH�VWURQJ�HIIHFWV�RI�LFLQJ�RQ�WKH

RYHUZLQWHULQJ�YHUWHEUDWH�FRPPXQLW\�KDYH�WKH�SRWHQWLDO

WR�LQGLUHFWO\�LQIOXHQFH�RWKHU�VSHFLHV�DQG�FDVFDGH

WKURXJKRXW�WKH�IRRG�ZHE��7KH�GLH�RIIV�DPRQJ�UHVLGHQW

KHUELYRUHV�VKDSH�SUHGDWRU�DEXQGDQFH��ZKLFK�FRXOG�LQ

WXUQ�DIIHFW�WKH�PLJUDWRU\�SUH\�WKDW�UHVLGH�LQ�WKH�DUHD�LQ

WKH�VXPPHU��VXFK�DV�VHD�ELUGV�DQG�EDUQDFOH�JHHVH��

5HIHUHQFH��+DQVHQ��%�%��9��*UºWDQ��5��$DQHV��%��(��6¨WKHU�

$��6WLHQ��(��)XJOHL��5�$��,PV��1�*��<RFFR]��$����3HGHUVHQ�

&OLPDWH�(YHQWV�6\QFKURQL]H�WKH�'\QDPLFV�RI�D�5HVLGHQW

9HUWHEUDWH�&RPPXQLW\�LQ�WKH�+LJK�$UFWLF��6FLHQFH�����-DQ�

�����









SURIHVVRU�DW�1718�LQ������DQG�D�SURIHVVRU�IURP�������

b

)DFXOW\�RI�0HGLFLQH��'0)����6WLJ�$ULOG�6OºUGDKO

6WLJ�$ULOG�6OºUGDKO��ERUQ�������KDV�EHHQ�DSSRLQWHG�IRU�D

QHZ�IRXU�\HDU�WHUP�DV�WKH�GHDQ�RI�WKH�)DFXOW\�RI�0HGLFLQH

�'0)���+H�LV�D�SURIHVVRU�RI�PHGLFLQH�DQG�KDV�D�SDUW�WLPH

SRVLWLRQ�DV�DQ�DWWHQGLQJ�SK\VLFLDQ�DWb�6W��2ODYV�+RVSLWDO�

6OºUGDKO�UHFHLYHG�KLV�PHGLFDO�GHJUHH��GU�PHG��LQ������

DIWHU�ZKLFK�KH�VSHFLDOL]HG�LQ�LQWHUQDO�PHGLFLQH�DQG�KHDUW

GLVHDVH��+H�ZDV�DSSRLQWHG�DV�DQ�DVVRFLDWH�SURIHVVRU�DW

'0)�LQ������DQG�DV�D�SURIHVVRU�IURP������

6OºUGDKO�KDV�KHOG�D�QXPEHU�RI�QDWLRQDO�DQG�LQWHUQDWLRQDO

SRVLWLRQV��DQG�LV�DFWLYH�LQ�ERWK�DFDGHPLF�DQG�SRSXODU

VFLHQFH�RXWUHDFK�

)DFXOW\�RI�+XPDQLWLHVb��+)����$QQH�.ULVWLQH
%ºUUHVHQ

$QQH�.ULVWLQH�%ºUUHVHQ��ERUQ�������KDV�EHHQ�DSSRLQWHG

DV�WKH�QHZ�GHDQ�RI�WKH�)DFXOW\�RI�+XPDQLWLHV��+)��

%ºUUHVHQ�LV�D�SURIHVVRU�RI�KLVWRU\��DQG�WRRN�KHU

GRFWRUDWH�LQ�KLVWRU\��GU�DUW��LQ�������6KH�ZDV�KLUHG�DV�DQ

DVVRFLDWH�SURIHVVRU�DW�WKH�'HSDUWPHQW�RI�+LVWRU\�LQ�����

DQG�ZDV�DSSRLQWHG�DV�D�IXOO�SURIHVVRU�LQ������

$QQH�.ULVWLQH�%ºUUHVHQ�KDV�ZULWWHQ�VHYHUDO�ERRNV�DQG�KDV

EHHQ�D�PHPEHU�RI�D�QXPEHU�RI�GLIIHUHQW�ERRN

FRPPLWWHHV��6KH�KDV�DOVR�EHHQ�DFWLYH�LQ�VKDULQJ�KHU

UHVHDUFK�LQ�ERWK�SRSXODU�DQG�DFDGHPLF�SXEOLFDWLRQV��DQG

KDV�EHHQ�D�YLVLWLQJ�VFKRODU�DW�VHYHUDO�XQLYHUVLWLHV�DEURDG�



,Q�DGGLWLRQ�WR�KHU�UHVHDUFK�DQG�SXEOLVKLQJ��%ºUUHVHQ�KDV

EURDG�DGPLQLVWUDWLYH�H[SHULHQFH�DW�1718��6KH�LV

FXUUHQWO\�D�PHPEHU�RI�WKH�1718�%RDUG�DV�D

UHSUHVHQWDWLYH�RI�WKH�DFDGHPLF�VWDII��

)DFXOW\�RI�,QIRUPDWLRQ�7HFKQRORJ\�
0DWKHPDWLFV�DQG�(OHFWULFDO�(QJLQHHULQJb��,0(���
*HLU�(JLO��LHQ

*HLU�(JLO��LHQ��ERUQ�������KDV�EHHQ�DSSRLQWHG�IRU�D�QHZ

IRXU�\HDU�SHULRG�DV�GHDQ�RI�WKH�)DFXOW\�RI�,QIRUPDWLRQ

7HFKQRORJ\��0DWKHPDWLFV�DQG�(OHFWULFDO�(QJLQHHULQJ

�,0(��b

�LHQ�KDV�EHHQ�D�SURIHVVRU�DW�WKH�'HSDUWPHQW�RI

(OHFWURQLFV�DQG�7HOHFRPPXQLFDWLRQV�VLQFH��������LHQ

ZDV�DZDUGHG�KLV�GRFWRUDWH��GU�LQJ�3K'��DW�WKH

'HSDUWPHQW�RI�7HOHFRPPXQLFDWLRQV�DW�17+�LQ������DQG

ZDV�HPSOR\HG�DV�DQ�DVVRFLDWH�SURIHVVRU�DW�WKH�8QLYHUVLW\

&ROOHJH�LQ�6WDYDQJHU��QRZ�WKH�8QLYHUVLW\�RI�6WDYDQJHU��LQ

������,Q������KH�ZDV�DSSRLQWHG�DVVRFLDWH�SURIHVVRU�DW

1718
V�'HSDUWPHQW�RI�7HOHFRPPXQLFDWLRQV�b��LHQ�LV�D

PHPEHU�RI�D�UDQJH�RI�ERDUGV�DQG�FRPPLWWHHV�DQG�KDV

SXEOLVKHG�H[WHQVLYHO\�LQ�WKH�DFDGHPLF�SUHVV�

)DFXOW\�RI�(QJLQHHULQJ�6FLHQFH�DQG�7HFKQRORJ\b
�,97����,QJYDOG�6WUºPPHQ

,QJYDOG�6WUºPPHQ��ERUQ�������KDV�EHHQ�DSSRLQWHG�WR�D

QHZ�IRXU�\HDU�SRVW�DV�GHDQ�RI�WKH�)DFXOW\�RI�(QJLQHHULQJ

6FLHQFH�DQG�7HFKQRORJ\��,97��

3KRWR��/DUV�*LVQ§V



6WUºPPHQ�ZDV�DZDUGHG�KLV�GRFWRUDWH��GU�LQJ�3K'��DW�WKH

'HSDUWPHQW�RI�5HIULJHUDWLRQ�(QJLQHHULQJ�DW�17+�LQ������

+H�ZDV�DSSRLQWHG�DQ�DVVRFLDWH�SURIHVVRU�LQ�WKH�VDPH

GHSDUWPHQW�LQ������DQG�EHFDPH�D�SURIHVVRU�LQ������

6WUºPPHQ�KDV�KHOG�D�UDQJH�RI�ERDUG�SRVLWLRQV�LQ�ERWK

UHVHDUFK�DQG�WKH�LQGXVWU\��+H�KDV�SXEOLVKHG

DSSUR[PLDWHO\�����DFDGHPLF�DUWLFOHV�LQ�QDWLRQDO�DQG

LQWHUQDWLRQDO�MRXUQDOV��+H�KDV�ZRQ�D�QXPEHU�RI�DZDUGV

DQG�RWKHU�UHFRJQLWLRQ�IRU�KLV�VFLHQWLILF�ZRUN�DQG�IRU�KLV

FUHDWLYLW\�DQG�LQQRYDWLRQ�

b

)DFXOW\�RI�1DWXUDO�6FLHQFHV�DQG�7HFKQRORJ\
�17����$QQH�%RUJ

$QQH�%RUJ��ERUQ�������KDV�EHHQ�DSSRLQWHG�DV�WKH�QHZ

'HDQ�RI�WKH�)DFXOW\�RI�1DWXUDO�6FLHQFHV�DQG�7HFKQRORJ\��

�

%RUJ�LV�D�SURIHVVRU�RI�SK\VLFV�DQG�YLFH�GHDQ�IRU�HGXFDWLRQ

DW�WKH�IDFXOW\��%RUJ�ZDV�DZDUGHG�KHU�GRFWRUDWH��GU�LQJ�

3K'��DW�17+�LQ�������DQG�ZDV�HPSOR\HG�DV�D�UHVHDUFK

DVVLVWDQW�DW�6WDQIRUG�8QLYHUVLW\�WKDW�VDPH�\HDU��)URP

�����VKH�KDV�KHOG�VFLHQWLILF�SRVLWLRQV�DW�17+�DQG�6,17()�

ZDV�DSSRLQWHG�DQ�DVVRFLDWH�SURIHVVRU�DW�WKH�'HSDUWPHQW

RI�3K\VLFV�LQ�������DQG�D�SURIHVVRU�DW�WKH�VDPH

GHSDUWPHQW�LQ�������

�

%RUJ�KDV�SXEOLVKHG�DERXW����VFLHQWLILF�SXEOLFDWLRQV

LQWHUQDWLRQDOO\�DQG�LV�D�PHPEHU�RI�QXPHURXV�QDWLRQDO

DQG�LQWHUQDWLRQDO�VFLHQWLILF�FRPPLWWHHV�

3KRWR��8QLYHUVLWHWVDYLVD



)DFXOW\�RIb�6RFLDO�6FLHQFHV�DQG�7HFKQRORJ\
0DQDJHPHQW��697����0DULW�5HLWDQ

0DULW�5HLWDQ��ERUQ�������KDV�EHHQ�DSSRLQWHG�DV�WKH�QHZ

GHDQ�RI�WKH�)DFXOW\�RI�6RFLDO�6FLHQFHV�DQG�7HFKQRORJ\

0DQDJHPHQW��697���

�

5HLWDQ�LV�D�SURIHVVRU�DQG�KHDG�RI�WKH�'HSDUWPHQW�RI

6RFLRORJ\�DQG�3ROLWLFDO�6FLHQFH��6KH�ZDV�DZDUGHG�KHU�DW

WKH�8QLYHUVLW\�RI�2VOR�LQ�������

�

6KH�ZDV�DSSRLQWHG�DVVRFLDWH�SURIHVVRU�LQ�WKH

'HSDUWPHQW�RI�6RFLRORJ\�DQG�3ROLWLFDO�6FLHQFH�LQ������DQG

SURIHVVRU�LQ�������

�

5HLWDQ�LV�D�GLUHFWRU�RI�VHYHUDO�UHVHDUFK�DQG�HGXFDWLRQDO

LQVWLWXWLRQV�

1718�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG
$UFKDHRORJ\��90����5HLGDU�$QGHUVHQ

5HLGDU�$QGHUVHQ��ERUQ�������KDV�EHHQ�DSSRLQWHG�DV�QHZ

GLUHFWRU�RI�1718�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG

$UFKDHRORJ\��90���

�

$QGHUVHQ�LV�FXUUHQWO\�WKH�GLUHFWRU�RI�WKH�1RUZHJLDQ

1DWXUH�,QVSHFWRUDWH�DW�WKH�1RUZHJLDQ�'LUHFWRUDWH�IRU

1DWXUH�0DQDJHPHQW��+H�ZDV�SUHYLRXVO\�HPSOR\HG�DW�WKH

1718�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�$UFKDHRORJ\�DV�D

SURIHVVRU�RI�FRQVHUYDWLRQ�ELRORJ\�IURP������WR�������DQG

DW�1718�DV�D�SURIHVVRU�LQ�WKH�'HSDUWPHQW�RI�%LRORJ\

������WR��������

�



5HLGDU�$QGHUVHQ�KDV�KLV�XQLYHUVLW\�GHJUHH�IURP�WKH

8QLYHUVLW\�RI�2VOR��������DQG�ZDV�DZDUGHG�KLV�GRFWRUDW

�'U�VFLHQW��DW�WKH�8QLYHUVLW\�RI�7URQGKHLP�LQ������

3UR�5HFWRUV�

b

3UR�5HFWRU�IRU�5HVHDUFK���.DUL�0HOE\

.DUL�0HOE\�ZLOO�FRQWLQXH�DV�3UR�5HFWRU�IRU�5HVHDUFK�DQG�LV

WKH�UHFWRU
V�SULQFLSOH�GHSXW\�

6KH�KDV�SDUWLFXODU�UHVSRQVLELOLW\�IRU�RYHUVHHLQJ�UHVHDUFK

DFWLYLWLHV�DQG�VWUDWHJLHV�DW�1718��7KLV�LQFOXGHV�WKH

WUDLQLQJ�RI�3K'�FDQGLGDWHV�DV�UHVHDUFKHUV��

�

,Q�DGGLWLRQ��VKH�FRRUGLQDWHV�WKH�XQLYHUVLW\
V�LQWHUQDWLRQDO

FRQWDFWV�DQG�LV�LQ�FKDUJH�RI�WKH�XQLYHUVLW\
V�JHQGHU

HTXDOLW\�HIIRUWV�

3UR�5HFWRU�IRU�(GXFDWLRQb���%HULW�.MHOGVWDG

%HULW�.MHOGVWDG�ZLOO�FRQWLQXH�DV�WKH�3UR�5HFWRU�RI

(GXFDWLRQ�

6KH�RYHUVHHV�WKH�'LUHFWRU�RI�WKH�6WXGHQW�DQG�$FDGHPLF

'LYLVLRQ�DQG�WKH�'LUHFWRU�RI�1718�8QLYHUVLW\�/LEUDU\

.MHOGVWDG�LV�WKH�&KDLU�RI�1718
V�(GXFDWLRQ�&RPPLWWHH�

DQG�LV�WKH�XQLYHUVLW\
V�UHSUHVHQWDWLYH�LQ�WKH�0LG�1RUZD\

1HWZRUN�DQG�RWKHU�HGXFDWLRQ�UHODWHG�QHWZRUNV�DQG

JURXSV�

3UR�5HFWRU�IRU�,QQRYDWLRQ���-RKDQ�(��+XVWDG
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-RKDQ�(��+XVWDG�ZLOO�FRQWLQXH�LQ�KLV�SRVLWLRQ�DV�3UR�5HFWRU

IRU�,QQRYDWLRQ�DQG�([WHUQDO�5HODWLRQV�

7KH�3UR�5HFWRU�IRU�,QQRYDWLRQ�DQG�([WHUQDO�5HODWLRQV�LV

UHVSRQVLEOH�IRU�PDLQWDLQLQJ�WKH�XQLYHUVLW\
V�UHODWLRQVKLSV

ZLWK�LQQRYDWLRQ�QHWZRUNV�DQG�UHJLRQDO��QDWLRQDO�DQG

LQWHUQDWLRQDO�EXVLQHVVHV�DQG�LQGXVWULHV��+H�DOVR

PDLQWDLQV�FRQWDFW�ZLWK�1718
V�7HFKQRORJ\�7UDQVIHU

2IILFH��772��DQG�FRRUGLQDWHV�HIIRUWV�UHODWHG�WR�WKH

XQLYHUVLW\
V�LQWHOOHFWXDO�SURSHUW\�ULJKWV��,35��

+L�UHVROXWLRQ�SKRWRV�RI�DOO�RI�1718
V�QHZ�OHDGHUVKLS�DUH

DYDLODEOH�RQ�)OLFNU�

b







1718�5HFWRU��*XQQDU�%RYLP��ZKR�KHDGHG�WKH�VHOHFWLRQ

FRPPLWWHH�

7KH�QHZO\�DSSRLQWHG�GHDQV�DUH�$QQH�%RUJ�DW�WKH�)DFXOW\

RI�1DWXUDO�6FLHQFHV�DQG�7HFKQRORJ\��$QQH�.ULVWLQ

%ºUUHVHQ�DW�WKH�)DFXOW\�RI�+XPDQLWLHV��0DULW�5HLWDQ�DW�WKH

)DFXOW\�RI�6RFLDO�6FLHQFHV�DQG�7HFKQRORJ\�0DQDJHPHQW

DQG�)UHGULN�6KHWHOLJ�DW�WKH�)DFXOW\�RI�$UFKLWHFWXUH�DQG

)LQH�$UWV�

5HLGDU�$QGHUVHQ�KDV�EHHQ�DSSRLQWHG�DV�WKH�QHZ�GLUHFWRU

RI�1718
V�0XVHXP�RI�1DWXUDO�+LVWRU\�DQG�$UFKDHRORJ\�

+H�LV�FXUUHQWO\�GLUHFWRU�RI�WKH�1RUZHJLDQ�1DWXUH

,QVSHFWRUDWH��612����7KH�)DFXOW\�RI�(QJLQHHULQJ�DQG

7HFKQRORJ\�0DQDJHPHQW�ZLOO�FRQWLQXH�WR�EH�OHG�E\

,QJYDOG�6WUºPPHQ��*HLU��LHQ�ZLOO�FRQWLQXH�WR�OHDG�WKH

)DFXOW\�RI�,QIRUPDWLRQ�7HFKQRORJ\��0DWKHPDWLFV�DQG

(OHFWULFDO�(QJLQHHULQJ��DQG�6WLJ�6OºUGDKO�ZLOO�FRQWLQXH�DV

GHDQ�RI�WKH�)DFXOW\�RI�0HGLFLQH��.DUL�0HOE\��%HULW

.MHOGVWDG�DQG�-RKDQ�+XVWDG�ZLOO�FRQWLQXH�DV�SUR�UHFWRUV

IRU�UHVHDUFK��0HOE\���HGXFDWLRQ�DQG�TXDOLW\�OHDUQLQJ

�.MHOVWDG��DQG�LQQRYDWLRQ��+XVWDG��

&RPSHWHQW�ZRPHQ�

�7KLV�LV�D�PRWLYDWHG��DPELWLRXV�DQG�FRPSHWHQW�JURXS�RI

SHRSOH��HDFK�RI�ZKRP�ZLOO�KHOS�PDNH�1718�EHWWHU�DEOH�WR

VROYH�WKH�PDQ\�SUREOHPV�WKDW�IDFH�VRFLHW\��7RJHWKHU�WKH\

IRUP�D�G\QDPLF�ZKROH��ZLWK�D�YDOXDEOH�FRPELQDWLRQ�RI

PDQDJHPHQW�H[SHULHQFH�IURP�1718�DQG�RWKHU

EXVLQHVVHV���VD\V�*XQQDU�%RYLP��ZKR�ZLOO�DOVR�EHJLQ�LQ

KLV�SRVLWLRQ�DV�WKH�XQLYHUVLW\
V�UHFWRU�RQ���$XJXVW���



�,�DP�SURXG�WKDW�1718�QRZ�KDV�D�PDQDJHPHQW�WHDP

ZLWK�D�JRRG�JHQGHU�EDODQFH��)LYH�RI�WKH�HOHYHQ�QHZO\

DSSRLQWHG�OHDGHUV�DUH�ZRPHQ��7KLV�VD\V�ILUVW�DQG

IRUHPRVW�WKDW�ZH�KDYH�PDQ\�WDOHQWHG�ZRPHQ�DW�WKH

XQLYHUVLW\��,�KRSH�WKLV�ZLOO�EH�D�FOHDU�VLJQDO�WR�RXU

RXWVWDQGLQJ�ZRPHQ�FROOHDJXHV�WR�WDNH�RQ�OHDGHUVKLS

UROHV���WKH�LQFRPLQJ�UHFWRU�VDLG�

��$QG�WKHUH�DUH�PDQ\�SRVLWLRQV�WR�EH�ILOOHG�DW�WKH

XQLYHUVLW\��7KH�ILUVW�WDVN�IRU�WKH�FRPLQJ�GHDQV�ZLOO�EH�WR

VHOHFW�D�WRWDO�RI����QHZ�GHSDUWPHQW�KHDGV��7KLV�PDNHV

1718�WKH�RQO\�XQLYHUVLW\�LQ�1RUZD\�WKDW�KDV�DSSRLQWHG

OHDGHUV�DW�DOO�WKUHH�OHYHOV�

3DVVLRQDWH�DERXW�WKH�XQLYHUVLW\
V�YLVLRQ�

%RYLP�QRWHV�WKDW�1718�KDV�D�YHU\�DPELWLRXV�YLVLRQ�

.QRZOHGJH�IRU�D�EHWWHU�ZRUOG����

$V�WKH�QHZO\�DSSRLQWHG�UHFWRU��,�DP�SDVVLRQDWH�DERXW�WKLV

YLVLRQ��DQG�LW�LV�LPSRUWDQW�IRU�PH�WR�KDYH�OHDGHUV�ZKR�IHHO

WKH�VDPH��,W�LV�YHU\�WRXJK�WR�EH�D�OHDGHU�LQ�WKH�NQRZOHGJH

EXVLQHVV�b�,�DP�FRQILGHQW�WKDW�WKLV�WHDP�KDV�WKH�DPELWLRQ�

VNLOOV�DQG�TXDOLWLHV�WKDW�FKDUDFWHUL]H�JRRG�OHDGHUV��2Q

EHKDOI�RI�WKH�HQWLUH�PDQDJHPHQW�WHDP��,�ZLOO�VD\�WKDW�ZH

DOO�ORRN�IRUZDUG�WR�WDNLQJ�RQ�WKLV�MRE���%RYLP�VDLG�
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)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

DERXW�WKH�VHULRXVQHVV�RI�FOLPDWH�FKDQJH�

�6XVWDLQDELOLW\�LV�LPSRUWDQW�WR�XV�DOO��ERWK�LQ�RXU�SHUVRQDO

FKRLFHV�DQG�LQ�RXU�SURIHVVLRQDO�OLYHV���VDLG�1718
V�UHFWRU�

7RUEMºUQ�'LJHUQHV��LQ�DQQRXQFLQJ�WKH�XQLYHUVLW\
V

GHFLVLRQ�WR�SDUWLFLSDWH�LQ�WKH�HYHQW��7KH�XQLYHUVLW\
V

VWXGHQWV��VWDII�DQG�DOXPQL�DUH�DOO�EHLQJ�HQFRXUDJHG�WR

SDUWLFLSDWH�DV�ZHOO�b

)RU�PRUH�LQIRUPDWLRQ�DERXW�(DUWK�+RXU��JR�WR

KWWS���HDUWKKRXU�RUJ�

b







WHFKQLTXHV

WKDW�HQDEOH

WKHP�WR

LGHQWLI\�ZKLFK

QHXURQV

FRPPXQLFDWH

ZLWK�HDFK

RWKHU�DW

GLIIHUHQW�WLPHV

LQ�WKH�UDW

EUDLQ��DQG�LQ

GRLQJ�VR�

FUHDWH�WKH�DQLPDO
V�VHQVH�RI�GLUHFWLRQ��

�

�$�UDW
V�EUDLQ�LV�WKH�VL]H�RI�D�JUDSH��,QVLGH�WKHUH�DUH�DERXW

ILIW\�PLOOLRQ�QHXURQV�WKDW�DUH�FRQQHFWHG�WRJHWKHU�DW�D

VWDJJHULQJ�����ELOOLRQ�SODFHV��URXJKO\����H[SODLQV

3URIHVVRU�(GYDUG�0RVHU��GLUHFWRU�RI�WKH�.DYOL�,QVWLWXWH�

�,QVLGH�WKLV�JUDSH�VL]HG�EUDLQ�DUH�DUHDV�RQ�HDFK�VLGH�WKDW

DUH�VPDOOHU�WKDQ�D�JUDSH�VHHG��ZKHUH�ZH�NQRZ�WKDW

PHPRU\�DQG�WKH�VHQVH�RI�ORFDWLRQ�UHVLGH��7KLV�LV�DOVR

ZKHUH�ZH�ILQG�WKH�QHXURQV�WKDW�UHVSRQG�WR�VSHFLILF

SODFHV��WKH�SODFH�FHOOV��%XW�IURP�ZKLFK�FHOOV�GR�WKHVH�SODFH

FHOOV�JHW�LQIRUPDWLRQ"��

�

)URP�VSDJKHWWL�WR�OLJKW�VZLWFKHV�

7KH�SUREOHP�LV��RI�FRXUVH��WKDW�UHVHDUFKHUV�FDQQRW�VLPSO\

FXW�RSHQ�WKH�UDW�EUDLQ�WR�VHH�ZKLFK�FHOOV�KDYH�KDG

FRQWDFW��7KDW�ZRXOG�EH�WKH�HTXLYDOHQW�RI�WDNLQJ�D�JLDQW

SLOH�RI�FRRNHG�VSDJKHWWL��FKRSSLQJ�LW�LQWR�OLWWOH�SLHFHV��DQG

WKHQ�WU\LQJ�WR�ILJXUH�RXW�KRZ�WKH�YDULRXV�VSDJKHWWL



VWUDQGV�ZHUH�WDQJOHG�WRJHWKHU�EHIRUH�WKH�SLOH�ZDV�FXW�XS��

$�MRE�OLNH�WKLV�UHTXLUHV�WKH�XVH�RI�D�FRPSOHWHO\�GLIIHUHQW

VHW�RI�QHXUDO�WRROV��ZKLFK�LV�ZKHUH�WKH��OLJKW�VZLWFKHV�

FRPH�LQWR�SOD\��

�

1HXURQV�VKDUH�PDQ\�VLPLODULWLHV�ZLWK�HOHFWULF�FDEOHV

ZKHQ�WKH\�VHQG�VLJQDOV�WR�HDFK�RWKHU��7KH\�VHQG�DQ

HOHFWULF�FXUUHQW�LQ�RQH�GLUHFWLRQ�Ê�IURP�WKH��ERG\��RI�WKH

QHXURQ�DQG�GRZQ�D�ORQJ�DUP��FDOOHG�WKH�D[RQ��ZKLFK�JRHV

WR�DQRWKHU�QHUYH�FHOO�QH[W�LQ�OLQH��3ODFH�FHOOV�WKXV�JHW�WKHLU

VPDOO�HOHFWULF�VLJQDOV�IURP�D�ZKROH�VHULHV�RI�VXFK�DUPV��

�

6R�KRZ�GR�OLJKW�VZLWFKHV�SOD\�LQWR�DOO�RI�WKLV"�

�

9LUXVHV�GR�WKH�ZRUN��

�:KDW�ZH�GLG�ILUVW�ZDV�WR�JLYH�WKHVH�QHUYH�DUPV�D

KDUPOHVV�YLUDO�LQIHFWLRQ���0RVHU�VD\V���:H�GHVLJQHG�D

XQLTXH�YLUXV�WKDW�GRHV�QRW�FDXVH�GLVHDVH��EXW�WKDW�DFWV�DV

D�SDWKZD\�IRU�GHOLYHULQJ�JHQHV�WR�VSHFLILF�FHOOV��7KH�YLUXV

FUHHSV�LQWR�WKH�QHXURQV��FUDZOV�XS�DJDLQVW�WKH�HOHFWULF

FXUUHQW��DQG�XVHV�WKH�QHUYH�FHOO
V�RZQ�IDFWRU\�WR�PDNH

WKH�JHQHWLF�UHFLSH�WKDW�ZH�JDYH�WR�WKH�YLUXV�WR�FDUU\���

�

7KH�JHQHWLF�UHFLSH�HQDEOHG�WKH�FHOO�WR�PDNH�WKH

HTXLYDOHQW�RI�D�OLJKW�VZLWFK��2XU�H\HV�DFWXDOO\�FRQWDLQ�WKH

VDPH�NLQG�RI�ELRORJLFDO�OLJKW�VZLWFK��ZKLFK�DOORZV�XV�WR

VHH��7KH�YLUXV�LQIHFWLRQ�FRQYHUWV�QHXURQV�WKDW�KDYH

SUHYLRXVO\�H[LVWHG�RQO\�LQ�GDUNQHVV��GHHS�LQVLGH�WKH�EUDLQ�

WR�QRZ�EH�VHQVLWLYH�WR�OLJKW��

�

7KHQ�WKH�UHVHDUFKHUV�LQVHUWHG�RSWLFDO�ILEUHV�LQ�WKH�UDW
V



EUDLQ�WR�WUDQVPLW�OLJKW�WR�WKH�SODFH�FHOOV�WKDW�KDG�OLJKW

VZLWFKHV�LQ�WKHP��7KH\�DOVR�LPSODQWHG�WKLQ

PLFURHOHFWURGHV�GRZQ�EHWZHHQ�WKH�FHOOV�VR�WKH\�FRXOG

GHWHFW�WKH�VLJQDOV�VHQW�WKURXJK�WKH�D[RQV�HYHU\�WLPH�WKH

OLJKW�IURP�WKH�RSWLFDO�ILEUH�ZDV�WXUQHG�RQ��

�

�1RZ�ZH�KDG�HYHU\WKLQJ�VHW�XS��ZLWK�OLJKW�VZLWFKHV

LQVWDOOHG�LQ�FHOOV�DURXQG�WKH�SODFH�FHOOV��D�ODPS��DQG�D�ZD\

WR�UHFRUG�WKH�DFWLYLW\���0RVHU�VDLG��

�

�������WLPHV�

7KH�UHVHDUFKHUV�WKHQ�WXUQHG�WKH�OLJKWV�RQ�DQG�RII�PRUH

WKDQ�WHQ�WKRXVDQG�WLPHV�LQ�WKHLU�UDW�ODE�SDUWQHUV��ZKLOH

WKH\�PRQLWRUHG�DQG�UHFRUGHG�WKH�DFWLYLW\�RI�KXQGUHGV�RI

LQGLYLGXDO�FHOOV�LQ�WKH�UDWV
�JUDSH�VL]HG�EUDLQV��7KH

UHVHDUFKHUV�GLG�WKLV�UHVHDUFK�ZKLOH�WKH�UDWV�UDQ�DURXQG�LQ

D�PHWUH�VTXDUH�ER[��JDWKHULQJ�WUHDWV��$V�WKH�UDWV

H[SORUHG�WKHLU�ER[�DQG�IRXQG�WKH�WUHDWV��WKH�UHVHDUFKHUV

ZHUH�DEOH�WR�XVH�WKH�OLJKW�VHQVLWLYH�FHOOV�WR�UHYHDO�KRZ�WKH

UDW
V�EUDLQ�FUHDWHG�WKH�PDS�RI�ZKHUH�WKH�UDW�KDG�EHHQ��

�

:KHQ�WKH�UHVHDUFKHUV�SXW�WRJHWKHU�DOO�WKH�LQIRUPDWLRQ

DIWHUZDUGV�WKH\�FRQFOXGHG�WKDW�WKHUH�LV�D�ZKROH�UDQJH�RI

GLIIHUHQW�VSHFLDOL]HG�FHOOV�WKDW�WRJHWKHU�SURYLGH�SODFH

FHOOV�WKHLU�LQIRUPDWLRQ��7KH�EUDLQ
V�*36�Ê�LWV�VHQVH�RI

SODFH�Ê�LV�FUHDWHG�E\�VLJQDOV�IURP�KHDG�GLUHFWLRQ�FHOOV�

ERUGHU�FHOOV��FHOOV�WKDW�KDYH�QR�NQRZQ�IXQFWLRQ�LQ�FUHDWLQJ

ORFDWLRQ�SRLQWV�DQG�JULG�FHOOV��3ODFH�FHOOV�UHFHLYH�ERWK

LQIRUPDWLRQ�DERXW�WKH�UDW
V�VXUURXQGLQJV�DQG�ODQGPDUNV�

EXW�DOVR�FRQWLQXRXVO\�XSGDWH�WKHLU�RZQ�PRYHPHQW��ZKLFK

LV�DFWXDOO\�LQGHSHQGHQW�RQ�VHQVRU\�LQSXW��
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)RU�HPSOR\HHV
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%ODFNERDUG

�

�7KH�ELJJHVW�P\VWHU\�LV�WKH�UROH�WKDW�WKH�FHOOV�WKDW�DUH�QRW

SDUW�RI�WKH�VHQVH�RI�GLUHFWLRQ�SOD\��7KH\�VHQG�VLJQDOV�WR

SODFH�FHOOV��EXW�ZKDW�GR�WKH\�DFWXDOO\�GR"��ZRQGHUV

0RVHU��

b�

�:H�DOVR�ZRQGHU�KRZ�WKH�FHOOV�LQ�WKH�KLSSRFDPSXV�DUH

DEOH�WR�VRUW�RXW�WKH�YDULRXV�VLJQDOV�WKH\�UHFHLYH��'R�WKH\

ÌOLVWHQ
�WR�DOO�RI�WKH�FHOOV�HTXDOO\�HIIHFWLYHO\�DOO�WKH�WLPH��RU

DUH�WKHUH�VRPH�FHOOV�WKDW�JHW�PRUH�WLPH�WKDQ�RWKHUV�WR

ÌWDON
�WR�SODFH�FHOOV"��

�

7KH�ILQGLQJV�DUH�SXEOLVKHG�LQ�6FLHQFH�RQ�)ULGD\���$SULO�







�

7KH�)ULGWMRI

1DQVHQ�$ZDUG

IRU�<RXQJ

6FLHQWLVWV�LQ

�����LV

DZDUGHG�WR

3URIHVVRU

%§UG�+DUVWDG

IRU�KLV

UHVHDUFK�LQ

SROLWLFDO

HFRQRP\�

%§UG�+DUVWDG

LV�HPSOR\HG

E\�WKH

'HSDUWPHQW�RI

(FRQRPLFV�DW�WKH�8QLYHUVLW\�RI�2VOR�

7KH�DZDUGV�DUH�SUHVHQWHG�E\�WKH�FKDLUPDQ�RI�7KH

1DQVHQ�)RXQGDWLRQ�DQG�$IILOLDWHG�)XQGV��3URIHVVRU

*XQQDU�1LFROD\VHQ��RQ�WKH�$QQXDO�PHHWLQJ�RIb�RQ�)ULGD\��

0D\������









b�,3,�EXLOGV�DQG�ZRUNV�ZLWK�D�QHWZRUN�RI�LQWHUQDWLRQDO

WHFKQRORJ\�SDUWQHUV�DQG�LQWHUPHGLDULHV�WR�VHDUFK�IRU�WKH

ULJKW�WHFKQRORJ\�WR�IXOILO�LQGXVWU\
V�UHTXLUHPHQWV��1718�LV

UHFRJQLVHG�DV�RQH�RI�WKH�IRUHPRVW�WHFKQRORJ\

XQLYHUVLWLHV�LQ�WKH�ZRUOG�ZLWK�SDUWLFXODU�VWUHQJWKV�LQ�WKH

RIIVKRUH�	�PDULWLPH��,&7�DQG�KHDOWKFDUH�VHFWRUV���'U�/LP

VDLG���,3,�LV�YHU\�KRQRXUHG�WR�KDYH�IRUPHG�D�SDUWQHUVKLS

ZLWK�1718�DQG�JDLQ�DFFHVV�WR�LWV�SRUWIROLR�RI

WHFKQRORJLHV���

�

1718
V�3UR�5HFWRU�IRU�,QQRYDWLRQ��'U�-RKDQ�(��+XVWDG�

VDLG�KH�DOVR�KDV�KLJK�KRSHV�IRU�1718
V�FROODERUDWLRQ�ZLWK

,3,��

�

�1718�UHFRJQL]HV�6LQJDSRUH
V�SRVLWLRQ�DV�D�FHQWUDO

JDWHZD\�WR�6RXWK�(DVW�$VLD��:H�KDYH�DOVR�PDGH�QRWH�RI

WKH�IDFW�WKDW�6LQJDSRUH�KDV�KLJK�DPELWLRQV�UHODWHG�WR

PDNLQJ�WKH�FLW\�D�OHDGLQJ�,3�KXE�LQ�$VLD��,�DP�GHHSO\

LPSUHVVHG�E\�ZKDW�,3,�KDV�DFKLHYHG�VLQFH�WKH�FRPSDQ\

ZDV�HVWDEOLVKHG�LQ��������'U�+XVWDG�VDLG���1718�ZLOO�XVH

RXU�SRVLWLRQ�DV�DQ�,3,�1HWZRUN�SDUWQHU�SULPDULO\�WR

SUHVHQW�DQG�PDNH�DYDLODEOH�VHOHFWHG�1718�WHFKQRORJLHV

DQG�LQQRYDWLRQV�WR�UHOHYDQW�LQGXVWULHV�EDVHG�LQ

6LQJDSRUH���

�

'U��/LP�SRLQWHG�RXW�WKDW�WKH�DOOLDQFH�JLYHV�1718�DFFHVV

WR�,3,
V�H[WHQVLYH�LQGXVWU\�QHWZRUN��ZKLFK�LV�RI�JUHDW

EHQHILW�WR�ERWK�SDUWQHUV��

�

1718�ZLOO�EH�DEOH�WR�OHYHUDJH�,3,
V�VWURQJ�DQG�FORVH

FRQQHFWLRQ�WR�WKH�LQGXVWU\�KHUH�WR�FRPPHUFLDOL]H�LWV



LQQRYDWLRQV���'U�/LP�VDLG���,�DP�FRQILGHQW�WKDW�,3,�FDQ�SOD\

D�FDWDO\VLQJ�UROH�LQ�RSHQLQJ�GRRUV�IRU�RSSRUWXQLWLHV�IRU

FURVV�ERUGHU�WHFKQRORJ\�OLFHQVLQJ�DQG�FROODERUDWLRQV

EHWZHHQ�1718�DQG�WKH�6LQJDSRUH�EDVHG�HQWHUSULVHV���b�

�

1718
V�'U�+XVWDG�QRWHG�WKDW�1718�FDQ�XVH�LWV�SRVLWLRQ

LQ�WKH�DOOLDQFH�WR�EXLOG�RU�H[SDQG�FRQQHFWLRQV�ZLWK

1RUZHJLDQ�FRPSDQLHV�DOUHDG\�HVWDEOLVKHG�LQ�6LQJDSRUH��

�

�:H�ZLOO�DOVR�XVH�WKH�FROODERUDWLRQ�ZLWK�,3,�DV�D�SODWIRUP

WR�UHYLWDOL]H�DQG�VWUHQJWKHQ�WLHV�WR�1RUZHJLDQ�FRPSDQLHV

ZLWK�D�VWURQJ�SUHVHQFH�LQ�6LQJDSRUH��LQ�WKH�VKRUW�WHUP�LQ

SDUWLFXODU�FRPSDQLHV�LQYROYHG�LQ�VKLSSLQJ�RU�RWKHU

PDULWLPH�DUHDV���'U�+XVWDG�VDLG���:H�IHHO�FRQILGHQW�WKDW

VXFK�IXWXUH�HIIRUWV�ZLOO�EH�DFWLYHO\�VXSSRUWHG�E\�WKH

UHOHYDQW�SXEOLF�DXWKRULWLHV�LQ�1RUZD\��VXFK�DV�WKH

0LQLVWU\�RI�7UDGH�DQG�&RPPHUFH�DQG�,QQRYDWLRQ

1RUZD\���

�



,3,�LV�D�QRQ�SURILW�FRPSDQ\�HVWDEOLVKHG�E\�6LQJDSRUH
V

0LQLVWU\�RI�7UDGH�DQG�,QGXVWU\�XQGHU�WKH�5HVHDUFK�

,QQRYDWLRQ�	�(QWHUSULVH������3ODQ��5,(������WR�KHOS

6LQJDSRUH�EDVHG�HQWHUSULVHV�VRXUFH��DFTXLUH�DQG�DGRSW

HQDEOLQJ�WHFKQRORJ\�DQG�NQRZ�KRZ��,3,�DVVLVWV

HQWHUSULVHV�LQ�WUDQVODWLQJ�LQQRYDWLRQ�REMHFWLYHV�LQWR

VSHFLILF�LQWHOOHFWXDO�SURSHUW\�DQG�WHFKQRORJ\

UHTXLUHPHQWV�WKDW�HQKDQFH�WKHLU�EXVLQHVV�SURFHVVHV�

SURGXFWV�DQG�VHUYLFHV��

�

2QH�RI�WKH�NH\�LQLWLDWLYHV�RI�,3,�LV�WR�FUHDWH�D�SODWIRUP�IRU

WHFKQRORJ\�DQG�QHHGV�PDWFKLQJ��,3,�RUJDQLVHV�WKH

7(&+,1129$7,21�ZKLFK�LV�D�SUHPLHU�WHFKQRORJ\

PDUNHWSODFH�DQG�LQGXVWU\�WHFKQRORJ\�PDWFKLQJ�HYHQW��,W

SURYLGHV�H[FHOOHQW�RSSRUWXQLWLHV�IRU�WHFKQRORJ\�VHHNHUV

DQG�WHFKQRORJ\�SURYLGHUV�WR�JDLQ�DFFHVV�WR�D�ODUJH�DQG

GLYHUVLILHG�SRRO�RI�,3��WHFKQRORJLHV��WHFKQRORJ\�QHHGV�DQG

PRVW�RI�DOO�WR�HQWHUSULVHV�SULPHG�IRU�LQQRYDWLRQ�DQG

FROODERUDWLRQ��

�

1718�LV�1RUZD\
V�VHFRQG�ODUJHVW�XQLYHUVLW\�DQG�WKH�RQO\

XQLYHUVLW\�LQ�1RUZD\�ZLWK�D�WHFKQRORJLFDO�PDLQ�SURILOH��$V

D�FRQFUHWH�IROORZ�XS�RI�WKH�1RUZHJLDQ�JRYHUQPHQW
V

UHFHQWO\�SXEOLVKHG�:KLWH�3DSHU�RQ�,35V��1718�LV�LQ�WKH

SURFHVV�RI�HVWDEOLVKLQJ�WKH��1RUZHJLDQ�$FDGHP\�IRU

,QWHOOHFWXDO�3URSHUW\���1$,3���ZKLFK�ZLOO�KDYH�DV�LWV�PDLQ

IRFXV�HGXFDWLRQ�DQG�UHVHDUFK�UHODWHG�WR�WKH�UROH�RI�,3�LQ

LQQRYDWLRQ�SURFHVVHV�DQG�YDOXH�FUHDWLRQ��,Q�D�UHFHQW

(XURSHDQ�UDQNLQJ��1718�ZDV�UDQNHG�DV�WKH��WK�EHVW

XQLYHUVLW\�LQ�WKH�ZRUOG�ZKHQ�LW�FRPHV�WR�FROODERUDWLRQ

ZLWK�LQGXVWU\��EDVHG�RQ�WKH�IUHTXHQF\�DQG�WRWDOLW\�RI�MRLQW
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&RXUVHV
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$SSOLFDWLRQ�SURFHVV
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&RQWDFW�1718
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)RU�DOXPQL

3UHVV�FRQWDFWV

5HVHDUFKHU�VXSSRUW

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

1718�LQ�*MºYLN

1718�LQ�7URQGKHLP

1718�LQ��OHVXQG

0DSV

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

2UJDQL]DWLRQDO�FKDUW

/LEUDULHV

$ERXW�WKH�XQLYHUVLW\

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

SXEOLFDWLRQV���

b

b

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\

$ERXW�FRRNLHV�

3ULYDF\�SROLF\�







ELRORJLVW�DQG�GLUHFWRU�RI�WKH�XQLYHUVLW\
V�&HQWUH�IRU

%LRGLYHUVLW\�'\QDPLFV��ZDV�D�FR�DXWKRU�RQ�D�SDSHU

SXEOLVKHG�)ULGD\�����$SULO�LQ�6FLHQFH�PDJD]LQH�WKDW

H[SORUHV�WKLV�SUREOHP�

(DUOLHU�VSULQJV�KDYH�FDXVHG�FDWHUSLOODUV�WR�KDWFK�DQG

JURZ�HDUOLHU�WKDQ�WKH\�XVHG�WR��%XW�JUHDW�WLWV��ZKLFK�FDWFK

FDWHUSLOODUV�WR�IHHG�WKHLU�\RXQJ��KDYH�QRW�EHHQ�DEOH�WR

DGYDQFH�WKHLU�WLPLQJ�RI�HJJ�OD\LQJ�WR�NHHS�SDFH�ZLWK�WKH

FDWHUSLOODUV�b�7KLV�KDV�FDXVHG�DQ�LQFUHDVLQJ�PLVPDWFK

EHWZHHQ�WKH�SHDN�DYDLODELOLW\�RI�FDWHUSLOODUV�DQG�WKH

KDWFKLQJ�RI�EDE\�JUHDW�WLWV��ZKLFK�KDV�FDXVHG�HDUO\

RIIVSULQJ�VXUYLYDO�LQ�JUHDW�WLWV�WR�GHFOLQH�

7KDW�PLJKW�PDNH�\RX�WKLQN�WKDW�JUHDW�WLW�SRSXODWLRQV

ZRXOG�DOVR�JR�LQWR�GHFOLQH��EXW�QHDUO\�IRXU�GHFDGHV�RI

GDWD�RQ�JUHDW�WLW�SRSXODWLRQV�VKRZV�WKDW�WKLV�ORVV�RI�JUHDW

WLW�\RXQJ�LQ�WKH�VSULQJ�KDV�EHHQ�RIIVHW�E\�LQFUHDVHG

MXYHQLOH�VXUYLYDO�DV�ZHOO�DV�LQFUHDVHG�LPPLJUDWLRQ�GXULQJ

ZLQWHU�b�7KXV��WKH�PLVPDWFK�LQ�WLPLQJ�KDV�QRW�FDXVHG

GHFOLQH�LQ�SUH�EUHHGLQJ�SRSXODWLRQ�VL]H�

7KH�UHVHDUFKHUV

REVHUYH�WKDW�WKHLU

ILQGLQJV��LPSO\�WKDW

QDWXUDO�SRSXODWLRQV

PD\�EH�DEOH�WR

WROHUDWH�FRQVLGHUDEOH

PDODGDSWDWLRQ�GULYHQ

E\�VKLIWLQJ�FOLPDWLF

FRQGLWLRQV�ZLWKRXW

XQGHUJRLQJ�LPPHGLDWH�GHFOLQHV��
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1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\

$ERXW�FRRNLHV�

3ULYDF\�SROLF\�

(GLWRUDO�UHVSRQVLELOLW\�

6LJQ�,Q







5HJXODU�WUDLQLQJ�LPSURYHV�PD[LPDO�R[\JHQ�XSWDNH

�92�PD[���ZKLFK�LV�D�ZHOO�HVWDEOLVKHG�PHDVXUH�RI�SK\VLFDO

ILWQHVV��+RZHYHU��MXVW�KRZ�PXFK�H[HUFLVH��DQG�KRZ

LQWHQVH�WKDW�H[HUFLVH�VKRXOG�EH�WR�GHOLYHU�WKH�ELJJHVW

EHQHILW�UHPDLQV�WR�EH�GHILQHG��1RZ��UHVHDUFKHUV�IURP�WKH

.*�-HEVHQ�Ê�&HQWUH�RI�([HUFLVH�LQ�0HGLFLQH�DW�WKH

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��1718�

LQ�7URQGKHLP�KDYH�IRXQG�WKDW�MXVW�WKUHH�VKRUW�KLJK�

LQWHQVLW\�VHVVLRQV��$,7��SHU�ZHHN�FDQ�PDNH�IRU�VXEVWDQWLDO

GLIIHUHQFHV�LQ�WKH�ILWQHVV�RI�LQDFWLYH�PHQ��7KHLU�UHVXOWV

KDYH�MXVW�EHHQ�SXEOLVKHG�LQ�3/26�21(�



�2XU�GDWD�VXJJHVW�WKDW�D�VLQJOH�ERXW�RI�$,7�SHUIRUPHG

WKUHH�WLPHV�SHU�ZHHN�PD\�EH�D�WLPH�HIILFLHQW�VWUDWHJ\�WR

LPSURYH�92�PD[���VD\V�$UQW�(ULN�7MºQQD��D�SRVWGRFWRUDO

IHOORZ�DW�WKH�FHQWHU�DQG�OHDG�DXWKRU�RI�WKH�VWXG\��7MºQQD

VD\V�RQH�RI�WKH�DGYDQWDJHV�RI�WKLV�DSSURDFK�LV�WKDW�LW�LV

HDV\�IRU�SHRSOH�WR�LQFRUSRUDWH�LQWR�WKHLU�GDLO\�OLYHV�

7KH�UHVHDUFKHUV�PHDVXUHG�FKDQJHV�LQ�92�PD[�DQG

WUDGLWLRQDO�FDUGLRYDVFXODU�ULVN�IDFWRUV�LQ����LQDFWLYH�EXW

RWKHUZLVH�KHDOWK\�RYHUZHLJKW�PHQ�DIWHU�WKH\�FRPSOHWHG�D

���ZHHN�WUDLQLQJ�VHVVLRQ�WKDW�LQYROYHG�WKUHH�ZHHNO\�KLJK�

LQWHQVLW\�LQWHUYDO�VHVVLRQV��2QH�JURXS�RI����IROORZHG�D

SURWRFRO�WKDW�KDV�SUHYLRXVO\�VKRZQ�WR�EH�HIIHFWLYH�

FRQVLVWLQJ�RI�IRXU�LQWHUYDOV�RI���PLQXWHV�RI�KLJK�LQWHQVLW\

H[HUFLVH�DW�����RI�PD[LPDO�KHDUW�UDWH��+5PD[�

LQWHUVSHUVHG�ZLWK���PLQXWHV�RI�DFWLYH�UHFRYHU\�DW����

+5PD[����$,7���FRPPRQO\�NQRZQ�DV��[��WUDLQLQJ�

7KH�RWKHU�JURXS�IROORZHG�D�SURWRFRO�WKDW�FRQVLVWHG�RI

RQH���PLQXWH�LQWHUYDO�DW�����+5PD[����$,7��

$IWHU�WUDLQLQJ��92�PD[�LQFUHDVHG�E\�����LQ�WKH�JURXS

WKDW�KDG�MXVW�RQH�KLJK�LQWHQVLW\�VHVVLRQ�WKUHH�WLPHV�D

ZHHN����$,7���ZKLOH�WKH�JURXS�WKDW�IROORZHG�WKH��[��UHJLPH

LQFUHDVHG�LWV�92�PD[�E\������%RWK�JURXSV�VDZ�GHFUHDVHV

LQ�WKHLU�EORRG�SUHVVXUH��EXW�WKH���$,7�WKH�JURXS
V�EORRG

SUHVVXUHV�VKRZHG�JUHDWHU�GHFUHDVHV�WKDQ�WKHLU���$,7

FRXQWHUSDUWV�IRU�ERWK�V\VWROLF�DQG�GLDVWROLF�UHDGLQJV�

7MºQQD�VD\V�ZKLOH�WKH�UHVXOWV�ORRN�SURPLVLQJ��WKH�QXPEHU

RI�VWXG\�SDUWLFLSDQWV�ZDV�VPDOO��ZKLFK�OLPLWV�WKH

VFLHQWLVWV
�DELOLW\�WR�H[WUDSRODWH�WKHLU�ILQGLQJV��+H�DOVR
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6WUDWHJLF�UHVHDUFK�DUHDV

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

QRWHG�WKDW�SHRSOH�ZKR�DUH�DFWLYH�SUREDEO\�ZRQ
W�EHQHILW

DV�PXFK�DV�WKH�LQDFWLYH�SDUWLFLSDQWV�GLG�IURP�WKH���$,7

WUDLQLQJ�UHJLPH�

�,W�KDV�WR�EH�QRWHG�WKDW�WKH�VXEMHFWV�ZHUH�SUHYLRXVO\

LQDFWLYH��DQG�WKH�VDPH�HIIHFW�RQ�SK\VLFDO�ILWQHVV�FDQQRW

EH�H[SHFWHG�LQ�DFWLYH�LQGLYLGXDOV���KH�VDLG���1HYHUWKHOHVV�

VLQFH�ZH�NQRZ�WKDW�PRUH�DQG�PRUH�SHRSOH�DUH�LQDFWLYH

DQG�RYHUZHLJKW��WKH�NLQG�RI�LPSURYHPHQW�LQ�SK\VLFDO

ILWQHVV�WKDW�ZH�VDZ�LQ�WKLV�VWXG\�PD\�SURYLGH�D�UHDO�ERRVW

IRU�LQDFWLYH�SHRSOH�ZKR�DUH�VWUXJJOLQJ�WR�ILQG�WKH

PRWLYDWLRQ�WR�H[HUFLVH��

b







�,W�LV�DQ�KRQRXU�WR�JHW�WKLV�UHFRJQLWLRQ��DQG�WKH�LQYLWDWLRQ

IURP�WKH�81�6HFUHWDU\�*HQHUDO��7KLV�VKRZV�WKDW�WKH�ZRUN

ZH�KDYH�GRQH�KHUH�LV�JRRG�DQG�WKDW�LW�ZLOO�EH�UHFRJQL]HG�

DQG�ZH
UH�SURXG�RI�WKDW���VD\V�$OH[DQGHU�+DQVVHQ��DQ

1718�VWXGHQW�DQG�KHDG�RI�WKH�,6(6������FRQIHUHQFH��

<RX�FDQ�UHDG�WKH�OHWWHU�DW�WKH�6HFUHWDU\�*HQHUDO
V

ZHEVLWH�

)XWXUH�(QHUJ\�/HDGHUV��

�:H�KDYH�GHFLGHG�WR�FUHDWH�D�ÌZKLWH�SDSHU
�IURP�,6(6�����

IRU�WKH�6HFUHWDU\�*HQHUDO
V�Ì6XVWDLQDEOH�(QHUJ\�IRU�$OO

,QLWLDWLYH
��7KLV�GRFXPHQW�ZLOO�EH�GUDZQ�IURP�WKH

GLVFXVVLRQV�WDNLQJ�SODFH�DW�,6(6�������DQG�HVSHFLDOO\�IURP

WKH�(QHUJ\�IRU�$OO�SDQHO�DQG�ZRUNVKRS��:H�ZDQW�WR�PDNH

VXUH�WKDW�WKH�6HFUHWDU\�*HQHUDO�JHWV�D�FRPSUHKHQVLYH

UHVSRQVH�WR�WKH�OHWWHU�KH�VHQW�XV��:H�ZDQW�WR�EH�LQYROYHG

LQ�GHFLGLQJ�IXWXUH�HQHUJ\�SROLFLHV��DQG�WKLV�LV�RQH�VWHS�RQ

WKH�ZD\�WKHUH���VD\V�+DQVVHQ�VD\V�

+DQVVHQ�VD\V�WKDW�WKH�,6(6�PHHWLQJ�KDV�EHHQ�GHVLJQHG�WR

JLYH�VWXGHQWV�WKH�RSSRUWXQLW\�WR�PHHW�WRGD\
V�OHDGHUV��WR

OHDUQ�IURP�WKHP����EXW�DOVR�WR�WHDFK�WKHP�

�%RWK�JHQHUDWLRQV�KDYH�VRPHWKLQJ�WR�OHDUQ�IURP�HDFK

RWKHU���+DQVVHQ�VD\V���7KH�ROGHU�JHQHUDWLRQ�KDV

H[SHULHQFH��EXW�VWXGHQWV�DUH�JRRG�DW�ORRNLQJ�DW�LVVXHV�LQ

QHZ�ZD\V��:H�KDYHQ
W�\HW�OHDUQHG�ZKDW�LV�LPSRVVLEOH��

7KH�6HFUHWDU\�*HQHUDO�VHHPV�WR�DJUHH�ZLWK�+DQVVHQ�

�7KH�OHDGHUVKLS�RI�\RXWK�LV�HVVHQWLDO�IRU�PHHWLQJ�WKH

GHPDQGV�RI�VXVWDLQDEOH�GHYHORSPHQW���KH�ZURWH�LQ�KLV

OHWWHU�WR�WKH�VXPPLW
V�SDUWLFLSDQWV�



(QHUJ\�IRU�DOO��
7KH�6HFUHWDU\�*HQHUDO
V�OHWWHU
LQYLWHV�,6(6�SDUWLFLSDQWV�WR�KHOS
ZLWK�KLV��6XVWDLQDEOH�(QHUJ\�IRU
$OO�,QLWLDWLYH��
7KLV�81�LQLWLDWLYH�IRFXVHV�RQ�HQHUJ\�DFFHVV��HQHUJ\

HIILFLHQF\�DQG�LQFUHDVLQJ�WKH�SHUFHQWDJH�RI�UHQHZDEOH

HQHUJ\�LQ�WKH�HQHUJ\�PL[��+DQVVHQ�VD\V�

�:H�EHOLHYH�WKDW�ZH�KDYH�KLJKOLJKWHG�DOO�RI�WKHVH�DUHDV�LQ

WKH�,6(6������SURJUDPPH��EXW�ZH�KDYH�D�SDQHO

GLVFXVVLRQ�ZLWK�VL[�SHRSOH�ZLWK�GLIIHUHQW�H[SHULHQFHV�DQG

SHUFHSWLRQV�RQ�HQHUJ\�DFFHVV�WKDW�VSHFLILFDOO�IRFXVHV�RQ

HQHUJ\�DFFHVV��

7KH�SDQHO�LV�FDOOHG��(QHUJ\�IRU�$OO��DQG�LQFOXGHV�/LEHULD
V

0LQLVWHU�RI�(QHUJ\�

�/LEHULD�LV�SDUWLFXODUO\�LQWHUHVWLQJ�LQ�WKLV�FRQWH[W���VD\V

+DQVVHQ���2QO\�D�IUDFWLRQ�RI�WKH�SRSXODWLRQ�KDV�DFFHVV�WR

HQHUJ\��(QHUJ\�DFFHVV�LV�LQFUHGLEO\�LPSRUWDQW�EHFDXVH

WKDW�LV�ZKDW�GULYHV�GHYHORSPHQW��3HRSOH�KDYH�WR�KDYH

DFFHVV�WR�HQHUJ\�WR�OLIW�WKHP�RXW�RI�SRYHUW\��

*RRG�FRQWDFW�
7KH�LQYLWDWLRQ�IURP�81�6HFUHWDU\�
*HQHUDO�GLGQ
W�MXVW�IDOO�RXW�RI�WKH
VN\��7KH�VWXGHQW�RUJDQL]HUV�KDYH
EHHQ�ZRUNLQJ�ORQJ�DQG�KDUG�WR



6WXGLHV &RQWDFW 'LVFRYHU�1718 $ERXW�1718 6HUYLFHV

HQJDJH�6HFUHWDU\�*HQHUDO�%D�.L�
PRRQ�LQ�WKH�VXPPLW��+H�ZDV
LQYLWHG�WR�DWWHQG�WKH�,6(6������
EXW�ZDV�XQDEOH�WR�DWWHQG�

b

,Q�$SULO�������+DQVVHQ�ZDV
LQYROYHG�LQ�WKH�81�+LJK�/HYHO
0HHWLQJ�RQ�(QHUJ\�IRU�WKH�3RVW
�����'HYHORSPHQW�$JHQGD��ZKLFK
ZDV�KHOG�LQ�2VOR�
�7KDW�ZDV�RXU�ILUVW�FRQWDFW�ZLWK�WKH�8QLWHG�1DWLRQV���VD\V

+DQVVHQ���DQG�ZH�KDYH�IROORZHG�XS�VLQFH�WKHQ��







�

�

7KH�ILQGV�FDPH�IURP�WZR�VHSDUDWH�ERDW�JUDYHV�LQ�DQ�DUHD

LQ�1RUG�7UºQGHODJ�&RXQW\�FDOOHG�/º��D�IDUP�LQ�SDUW�RI

6WHLQNMHU��7KH�DUFKDHRORJLVWV��ZKR�ERWK�ZRUN�DW�WKH

1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\
V

8QLYHUVLW\�0XVHXP��ZHUH�WKHUH�WR�FRQGXFW�D�URXWLQH

LQYHVWLJDWLRQ�UHTXLUHG�EHFDXVH�RI�DQ�XSJUDGH�WR

1RUZD\
V�PDLQ�QDWLRQDO�KLJKZD\��WKH�(���

�

%XW�LQVWHDG�RI�D�VLPSOH�KLJKZD\�GLJ��WKH�UHVHDUFKHUV

IRXQG�WKHPVHOYHV�ZLWK�D�SRWHQWLDO�DQVZHU�WR�DQ�XQVROYHG

SX]]OH�DERXW�D�P\VWHULRXV�9LNLQJ�WUDGLQJ�SODFH�WKDW�LV

QDPHG�LQ�DQFLHQW�VDJDV��EXW�WKDW�KDV�QHYHU�EHIRUH�EHHQ

ORFDWHG��



�

�7KHVH�ILQGV�JRW�XV�WKLQNLQJ�DERXW�WKH�GHVFULSWLRQV�LQ�WKH

6DJDV�WKDW�GHVFULEH�6WHLQNMHU�DV�D�WUDGLQJ�SODFH���WKH

UHVHDUFKHUV�ZURWH�RI�WKHLU�ILQGLQJV�LQ�9LWDUN��DQ�DFDGHPLF

MRXUQDO�SXEOLVKHG�E\�WKH�8QLYHUVLW\�0XVHXP�IURP�'HF�

�������7KH�6DJDV�VD\�WKDW�6WHLQNMHU��XQGHU�WKH�UXOH�RI�(LULN

-DUO��ZDV�EULHIO\�HYHQ�PRUH�LPSRUWDQW�WKDQ�1LGDURV�

EHIRUH�2ODY�+DUDOGVVRQ�UH�HVWDEOLVKHG�1LGDURV�DV�WKH

NLQJ
V�UHVLGHQFH�DQG�WUDGLQJ�FLW\�

1RUZD\
V�PHGLHYDO�FDSLWDO�

1LGDURV��QRZ�WKH�PRGHUQ�FLW\�RI�7URQGKHLP��ZDV

1RUZD\
V�FDSLWDO�GXULQJ�9LNLQJ�WLPHV��DQG�WKH�FRXQWU\
V

UHOLJLRXV�FHQWUH�b�7KH�ZRUOG
V�QRUWKHUQPRVW�*RWKLF

&DWKHGUDO��1LGDURVGRPHQ��ZDV�EXLOW�LQ�7URQGKHLP��ZLWK

LWV�ILUVW�VWRQHV�ODLG�LQ������RYHU�WKH�JUDYH�RI�2ODY

+DUDOGVVRQ�b�7KH�ROGHVW�H[LVWLQJ�SDUWV�RI�WKH�FDWKHGUDO

GDWH�IURP�������

�

$V�D�PHGLHYDO�FLW\�DQG�D�UHOLJLRXV�FDSLWDO��1LGDURV�SOD\HG

DQ�LPSRUWDQW�UROH�LQ�LQWHUQDWLRQDO�WUDGH�WKURXJKRXW�WKH

0LGGOH�$JHV��7KH�/HZLV�&KHVVPHQ��DQ�H[TXLVLWH�VHW�RI

��WK�FHQWXU\�FKHVV�SLHFHV�ZRUNHG�RXW�RI�ZDOUXV�LYRU\�DQG

ZKDOHV
�WHHWK��DUH�ZLGHO\�EHOLHYHG�WR�KDYH�EHHQ�FUDIWHG�LQ

WKH�7URQGKHLP�1LGDURV�DUHD��DQG�WUDGHG�DZD\��

�

2ODY�+DUDOGVVRQ�ZDV�WKH�1RUZHJLDQ�NLQJ�ZKR�LV�RIWHQ

FUHGLWHG�ZLWK�EULQJLQJ�&KULVWLDQLW\�WR�1RUZD\�DQG�ZKRVH

VDLQWKRRG��ILUVW�SURFODLPHG�LQ�������D�\HDU�DIWHU�KLV�GHDWK�

ZDV�FRQILUPHG�E\�3RSH�$OH[DQGHU�,,,�LQ�������

�



1RW�VXUSULVLQJO\��KH�IHDWXUHV�LQ�D�QXPEHU�RI�GLIIHUHQW

1RUVH�DQG�,FHODQGLF�VDJDV��,W�ZDV�WKHVH�VDJDV�WKDW

PHQWLRQ�D�PDMRU�WUDGLQJ�SODFH�LQ�6WHLQNMHU�WKDW�ZDV�HYHQ

ODUJHU�WKDQ�1LGDURV��%XW�XQWLO�DUFKDHRORJLVWV�VWDUWHG�WKH

GLJ�LQ�/º��WKH\�KDG�IHZ�FOXHV�DV�WR�ZKHUH�WKLV�9LNLQJ�DJH

FRPPHUFLDO�SRZHUKRXVH�PLJKW�EH�IRXQG��

�

�����\HDUV�RI�GLUW�DQG�GHYHORSPHQW�

$UFKDHRORJLVWV�VHHNLQJ�WR�ILQG�D������\HDU�ROG�WUDGLQJ

SODFH�KDYH�SUHFLRXV�IHZ�OHDGV�WR�SXUVXH��

�

$OPRVW�FHUWDLQO\�WKHUH�ZHUH�QR�SHUPDQHQW�EXLOGLQJV�

ZKLFK�ZRXOG�EH�WKH�HDVLHVW�WR�ILQG��DQG�PDQ\�LWHPV�WKDW

ZRXOG�KDYH�EHHQ�WUDGHG�ZRXOG�EH�PDGH�RI�RUJDQLF

PDWHULDOV�WKDW�PLJKW�QRW�VXUYLYH�WKH�UDYDJHV�RI�WKH

FHQWXULHV��

�

$SDUW�IURP�ILQGLQJ�REYLRXV�FOXHV��VXFK�DV�FRLQV�RU�PHWDO

RU�JODVV�LWHPV�WKDW�ZHUH�FOHDUO\�IURP�IRUHLJQ�ODQGV�

DUFKHRORJLVWV�KDYH�WR�UHO\�RQ�PXFK�PRUH�VXEWOH�HYLGHQFH

WKDW�FDQ�VWDQG�WKH�WHVW�RI�WLPH��

�

2QH�VXFK�KLQW�WKDW�D�ORFDWLRQ�PLJKW�EH�D�WUDGLQJ�SODFH�LV

WKH�JHRJUDSK\�RI�WKH�SODFH�LWVHOI��WKH�UHVHDUFKHUV�ZURWH�LQ

9LWDUN��

�

�(YHQ�WKRXJK�WKHUH�LV�QR�DUFKDHRORJLFDO�SURRI�WKDW�WKHUH

ZDV�D�WUDGLQJ�SODFH�LQ�6WHLQNMHU�GXULQJ�9LNLQJ�WLPHV��WKHUH

DUH�VHYHUDO�DVSHFWV�WKDW�VXSSRUW�WKLV�LGHD���WKH

UHVHDUFKHUV�ZURWH��

�



0RVW�LPSRUWDQWO\��WKH\�QRWH��6WHLQMNHU�LV�ORFDWHG�LQ�D

QDWXUDO�WUDGLQJ�DUHDV��DW�WKH�PRXWK�RI�D�ULYHU�DW�WKH

LQQHUPRVW�SDUW�RI�7URQGKHLP�IMRUG��,W�LV�DOVR�LQ�D�SODFH

ZKHUH�IDUPHUV�KDYH�EHHQ�ZRUNLQJ�IODW�ILHOGV�IRU�FHQWXULHV��

�

6ZRUGV��EHDGV�DQG�MHZHOU\�

$QRWKHU�FOXH�WKDW�DUFKDHRORJLVWV�XVH�WR�ORFDWH�WKH

SRVVLEOH�WUDGLQJ�SODFH�LV�D�GHWDLOHG�PDS�RI�WKH�ORFDWLRQV

RI�DOO�NLQGV�RI�GLIIHUHQW�DUFKDHRORJLFDO�ILQGV�WKDW�PLJKW

VXJJHVW�WUDGH��

�

7KH�ORJLF�KHUH�LV�WKDW�JUHDWHU�QXPEHUV�RI�WUDGHG�JRRGV

DUH�PRUH�OLNHO\�WR�EH�IRXQG�LQ�FORVH�SUR[LPLW\�WR�D�SODFH�RI

WUDGH��ZLWK�IHZHU�WUDGHG�JRRGV�IRXQG�IDUWKHU�DQG�IDUWKHU

IURP�WUDGLQJ�DUHDV��

�

6R�WKH�UHVHDUFKHUV�SORWWHG�DOO�UHOHYDQW�ILQGV�IURP�1RUG�

7UºQGHODJ�&RXQW\��DQG�DJDLQ�DQG�DJDLQ��WKH�ILQGV

VXJJHVWHG�D�PDMRU�WUDGLQJ�DUHD�LQ�6WHLQNMHU��

�

%HDGV�PDGH�RI�DPEHU�DQG�JODVV�DUH�FRPPRQO\�WUDGHG�

DQG�WKH�DUHD�DURXQG�6WHLQNMHU�ZDV�ULFK�ZLWK�ILQGV�RI�WKHVH

JRRGV��ZLWK�����EHDGV�IRXQG�LQ����GLIIHUHQW�ORFDOHV��WKH

UHVHDUFKHUV�VDLG��

�

:KLOH�QHDUE\�6WMºUGDO�KDG�D�KLJKHU�QXPEHU�RI�EHDG�ILQGV

Ê�����EHDGV��DOO�WROG�Ê�WKH�UHVHDUFKHUV�QRWHG�WKDW�PRVW�RI

WKRVH�EHDGV�FDPH�IURP�WZR�ODUJH�ILQGV��ZKLFK�PDNHV�LW

OHVV�OLNHO\�WKDW�WKH�EHDGV�ZHUH�OLQNHG�GLUHFWO\�WR�D�WUDGLQJ

SODFH��

�



7ZHQW\�WZR�H[DPSOHV�RI�D�VSHFLDO�NLQG�RI�9LNLQJ�DJH

VZRUG��FDOOHG�WKH�+�VZRUG�EDVHG�RQ�WKH�GHVLJQ�RI�LWV�KLOW

DQG�RQH�WKDW�LV�DVVRFLDWHG�ZLWK�WUDGH��ZHUH�DOVR�IRXQG�LQ

6WHLQNMHU��WKH�PRVW�RI�DQ\�DUHD�LQ�1RUG�7UºQGHODJ��

�

)LYH�RI�VL[�SLHFHV�RI�LPSRUWHG�MHZHOU\�IRXQG�LQ�1RUG�

7UºQGHODJ�ZHUH�IRXQG�LQ�6WHLQNMHU��ZKLOH�VL[�RI���

LPSRUWHG�EURRFKHV�IURP�1RUG�7UºQGHODJ�DOVR�FDPH�IURP

6WHLQNMHU��

�

6FDOHV�DQG�D�EXWWRQ�

:KLOH�EHDGV��VZRUGV�DQG�LPSRUWHG�MHZHOU\�KHOS�VXJJHVW

WKDW�6WHLQNMHU�ZDV�KRPH�WR�D�PDMRU�WUDGLQJ�SODFH��WZR

VSHFLILF�ILQGV��LQ�ERDW�JUDYHV�LQ�/º��ZHUH�DPRQJ�WKH�PRVW

SHUVXDVLYH�ILQGV��

�

2QH��D�VLOYHU�EXWWRQ�PDGH�RI�EUDLGHG�VLOYHU�WKUHDGV�WKDW

DSSHDUV�WR�KDYH�RULJLQDWHG�LQ�WKH�%ULWLVK�,VOHV��VXJJHVWV

WKDW�WKH�SHUVRQ�LQ�WKH�JUDYH�KDG�D�KLJK�VWDWXV��

�

7KH�VHFRQG�LV�D�VHW�RI�EDODQFH�VFDOHV�IRXQG�LQ�DQRWKHU

ERDW�JUDYH��7KH�EDODQFH�VFDOHV�ZHUH�FRQVWUXFWHG�LQ�D�ZD\

WKDW�OHG�WKH�DUFKDHRORJLVWV�WR�EHOLHYH�LW�FDPH�IURP�WKH

ZHVW�Ê�QRW�IURP�1RUZD\��

�

6FDOHV�WKHPVHOYHV�QDWXUDOO\�VXJJHVW�WUDGH��DQG�ZKHQ�WKH

UHVHDUFKHUV�ORRNHG�DW�DOO�WKH�VFDOHV�IRXQG�LQ�1RUG�

7UºQGHODJ��WKH\�DJDLQ�IRXQG�D�FOHDU�FRQFHQWUDWLRQ�LQ�WKH

6WHLQNMHU�DUHD��

�

8QGHU�WKH�FKXUFK��LQ�WKH�FLW\�FHQWUH�



,I�DOO�RI�WKHVH�FRQFHQWUDWLRQV�RI�ILQGV�VXSSRUW�WKH�ORFDWLRQ

RI�D�PDMRU�WUDGLQJ�SODFH�LQ�6WHLQNMHU�DV�PHQWLRQHG�LQ�WKH

1RUVH�VDJDV��WKHQ�ZKHUH�LV�LW"�

�

+HUH��WKH�DUFKDHRORJLVWV�FDQ�RQO\�PDNH�DQ�HGXFDWHG

JXHVV��%DVHG�RQ�WKH�IDFW�WKDW�VHD�OHYHOV�ZHUH�IRXU�RU�ILYH

PHWUHV�KLJKHU�LQ�WKLV�DUHD������\HDUV�DJR��WKH�ORFDWLRQ�RI

WKH�H[LVWLQJ�FKXUFK�LQ�6WHLQNMHU�LV�WKH�PRVW�ORJLFDO�SODFH

IRU�WKH�WUDGLQJ�SODFH�WR�KDYH�EHHQ��WKH�UHVHDUFKHUV�VD\��

�

%XW�FRQILUPDWLRQ�RI�WKH�IDFW�WKDW�6WHLQNMHU�ZDV�D�PDMRU

WUDGLQJ�DUHD�LQ�WKH�9LNLQJ�DJH�UDLVHV�\HW�DQRWKHU�SX]]OH��,I

6WHLQNMHU�ZDV�VXFK�DQ�LPSRUWDQW�DUHD�IRU�LQWHUQDWLRQDO

WUDGH��ZK\�GLG�WUDGH�HYHQWXDOO\�VKLIW�WR�7URQGKHLP��DV�LW

GLG"�

�

*UºQQHVE\�VD\V�WKDW�WKH�VKLIW�LQ�WUDGLQJ�DUHDV�ZDV�VXUHO\

GXH�WR�WKH�WUHPHQGRXV�SRZHU�VWUXJJOHV�EHWZHHQ

GLIIHUHQW�UXOHUV�LQ�WKH�DUHD��1LGDURV�DORQJ�ZLWK�/HYDQJHU�

DQRWKHU�WUDGLQJ�DUHD��VLPSO\�KDG�PRUH�VXSSRUW�WKDQ

6WHLQNMHU���:H�VHH�WKDW�6WHLQNMHU�GLVDSSHDUV�LQ�WKH

VRXUFHV�LQ�WKH�0LGGOH�$JHV�ZKLOH�WKH�VDPH�VRXUFHV�VKRZ

WKDW��QHDUE\��/HYDQJHU�ZDV�D�WUDGLQJ�SRVW���KH�QRWHV��

�

1HYHUWKHOHVV��GHWHUPLQLQJ�WKH�H[DFW�DQVZHU�ZLOO�UHTXLUH

ILQGLQJ�PRUH�WKDQ�VLOYHU�EXWWRQV��VFDOHV�DQG�EHDGV�Ê�DQG

PD\�EH�DQ�DQVZHU�WKDW�ZH�ZLOO�QHYHU�UHDOO\�NQRZ��

�

�

�

�



6WXGLHV

0DVWHU
V�SURJUDPPHV�LQ�(QJOLVK

)RU�H[FKDQJH�VWXGHQWV

3K'�RSSRUWXQLWLHV

&RXUVHV

&RQWDFW

&RQWDFW�1718

(PSOR\HHV

)RU�DOXPQL

3UHVV�FRQWDFWV

'LVFRYHU�1718

([SHUWV

9DFDQFLHV

3LFWXUHV�IURP�1718

,QQRYDWLRQ�UHVRXUFHV

1718�LQ�*MºYLN

$ERXW�1718

1718
V�VWUDWHJ\

5HVHDUFK�H[FHOOHQFH

6WUDWHJLF�UHVHDUFK�DUHDV

2UJDQL]DWLRQDO�FKDUW

6HUYLFHV

)RU�HPSOR\HHV

)RU�VWXGHQWV

%ODFNERDUG

,QWUDQHW

�

�

�

�

�

�

�

�

�

b
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UHVXOWV�ZHUH�SXEOLVKHG�LQ

ODWH�-XQH�LQ�WKH�SUHVWLJLRXV

MRXUQDO�1DWXUH

&RPPXQLFDWLRQV�

7KH��SXSLO�HIIHFW���

�:H�KDYH�FRQGXFWHG�D�YHU\

VLPSOH�H[SHULPHQW�WR�VKRZ

WKDW�ZH�FDQ�FRQWURO

SDUWLFOHV�RQ�WKH�VXUIDFH�RI

RLO�GURSOHWV�XVLQJ�DQ

HOHFWULF�ILHOG���H[SODLQV�-RQ

2WWR�)RVVXP��D�SURIHVVRU�LQ

WKH�'HSDUWPHQW�RI�3K\VLFV

DW�WKH�XQLYHUVLW\��

�

7KH�UHVHDUFKHUV�XVHG�PLFURPHWUH�VL]HG�SDUWLFOHV�RI�FOD\

DQG�VLOLFRQH�RLO�GURSOHWV�IRU�WKHLU�H[SHULPHQW�b�)LUVW��WKH

FOD\�SDUWLFOHV�FRDWHG�WKH�GURSOHW��EXW�ZKHQ�WKH�YROWDJH

ZDV�WXUQHG�RQ��WKH�FOD\�SDUWLFOHV�PDGH�D�ULQJ�DURXQG�WKH

GURS��%\�FRQWUROOLQJ�WKH�VWUHQJWK�RI�WKH�HOHFWULFDO�YROWDJH�

UHVHDUFKHUV�FDQ�FRQWURO�KRZ�WKH�SDUWLFOHV�DFFXPXODWH�LQ

WKH�ULQJ��PXFK�OLNH�WKH�ZD\�\RXU�H\H�FRQWUROV�KRZ�PXFK

WKH�SXSLO�RSHQV�LQ�UHVSRQVH�WR�OLJKW���

�

7KH�UHVHDUFKHUV�ZHUH�DOVR�DEOH�WR�FRQWURO�WKH�HPXOVLRQ
V

SURSHUWLHV�ZLWK�HOHFWULFLW\��,WV�IHDWXUHV�FDQ�EH�WXUQHG�RQ

DQG�RII�TXLFNO\��ZLWKRXW�DGGLQJ�QHZ�FKHPLFDOV�

)RRG��PHGLFLQH��DQG�PRUH�RLO"��

7KH�QHZ�PHWKRG�PD\�SRVVLEO\�EH�XVHIXO�LQ�WKH

SURGXFWLRQ�RI�IRRGV��KRXVHKROG�SURGXFWV��DQG�FRVPHWLFV�


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































