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5RERWLFV�DQG�9LUWXDO�5HDOLW\�*DPLQJ�IRU�&XOWXUDO�������������������������������������������
+HULWDJH�3UHVHUYDWLRQ

/\XED�$OERXO
� 0DUWLQ�%HHU��/RXLV�1LVLRWLV

6KHIILHOG�+DOODP�8QLYHUVLW\� 6KHIILHOG��8QLWHG�.LQJGRP

$EVWUDFW� 7KLV�SDSHU�UHSRUWV�RQ�WKH�RSHQ�VHVVLRQ�KHOG�GXULQJ�WKH�,QWHUQDWLRQDO�
&RQIHUHQFH� RQ�5HVLOLHQFH� DQG� 6XVWDLQDELOLW\� RI� &LWLHV� LQ�+D]DUGRXV� (QYLURQ�
PHQWV� ZKHUH� WKH DLP�ZDV� WR�GLVFXVV�KRZ� WKH�PRGHUQ� WHFKQRORJ\ RI� URERWLFV��
YLUWXDO� UHDOLW\� DQG� JDPLQJ FRXOG� KHOS� LQ� SUHVHUYLQJ� FXOWXUDO� KHULWDJH� VLWHV��
7KHUH� LV� D� SOHWKRUD�RI� DFKLHYHPHQWV� LQ� WKLV� WHFKQRORJ\� EXW� KRZ�DQG�ZKHWKHU�
WKHLU� IXVLRQ� FDQ� DGG� D� QHZ� GLPHQVLRQ� WR� WKH� SUHVHUYDWLRQ� RI� FXOWXUDO� KHULWDJH�
VLWHV�DQG�XQWLPHO\�FRQWULEXWH�WR�WKHLU�UHVLOLHQFH�DQG�VXVWDLQDELOLW\�LQ�RXU�UDSLGO\�
FKDQJLQJ�ZRUOG LV�RSHQ�WR�GLVFXVVLRQV�DQG�IXUWKHU�UHVHDUFK�LQYHVWLJDWLRQV�

.H\ZRUGV� &XOWXUDO�KHULWDJH� URERWLFV��YLUWXDO�UHDOLW\��VHULRXV�JDPHV��VXVWDLQD�
ELOLW\

�� ,QWURGXFWLRQ

&XOWXUH� SOD\V� D� IXQGDPHQWDO� UROH� LQ� HFRQRPLHV�� LQ� SDUWLFXODU� LQ� XUEDQ� HFRQRPLHV��
WKURXJK�PRQHWDU\�DQG�QRQ�PRQHWDU\�YDOXHV��$FFRUGLQJ�WR�WKH 8QLWHG�1DWLRQV�(GXFD�
WLRQDO�� 6FLHQWLILF�� DQG� &XOWXUDO� 2UJDQL]DWLRQ� �81(6&2�� 8QLYHUVDO� 'HFODUDWLRQ� RQ�
&XOWXUDO�'LYHUVLW\��FXOWXUH�LV�³WKH�VHW�RI�GLVWLQFWLYH�VSLULWXDO��PDWHULDO��LQWHOOHFWXDO�DQG�
HPRWLRQDO�IHDWXUHV�RI�D�VRFLHW\�RU�D�VRFLDO�JURXS�WKDW�HQFRPSDVVHV�DUW�DQG�OLWHUDWXUH��
OLIHVW\OHV��ZD\V�RI�OLYLQJ�WRJHWKHU��YDOXH�V\VWHPV��WUDGLWLRQV�DQG�EHOLHIV´�>�@��&XOWXUH�LV�
DQ�LQWHJUDO�SDUW�RI�RXU�VRFLHW\��

&XOWXUDO�+HULWDJH�LV�QRW�MXVW�D�KLVWRULFDO�VLWH�RU�D�FROOHFWLRQ�RI�REMHFWV��HLWKHU�KLVWRU�
LFDO RU� DUWLVWLF RU�ERWK�� ,W� LV� SDUW� RI� RXU� HFRV\VWHP�DQG� D�ZLQGRZ� LQWR�RXU� SDVW� DQG�
KRZHYHU SDUDGR[LFDO�LW�PD\�DSSHDU LW�LV�D�ZLQGRZ�LQWR RXU�IXWXUH��2XU�LGHQWLWLHV�DUH�
IRUPHG�E\�RXU�FXOWXUDO�URRWV�DQG�WKH�OLIH�RI�WKH�FRPPXQLWLHV�LV� LQWHUWZLQHG�ZLWK�RXU�
FXOWXUDO�SDVW��

7KH�81(6&2�GHILQHV�FXOWXUDO�KHULWDJH�DV�³WKH�OHJDF\�RI�SK\VLFDO�DUWLIDFWV�DQG�LQ�
WDQJLEOH� DWWULEXWHV� RI� D� JURXS� RU� VRFLHW\� WKDW� DUH� LQKHULWHG� IURP� SDVW� JHQHUDWLRQV��
PDLQWDLQHG�LQ�WKH�SUHVHQW�DQG�EHVWRZHG�IRU�WKH�EHQHILW�RI�IXWXUH�JHQHUDWLRQV´ >�@�


&RUUHVSRQGLQJ�DXWKRU��O�DOERXO#VKX�DF�XN



,Q�VRPH�FDVHV�D�FXOWXUDO�KHULWDJH�VLWH�LV�D�ODQGPDUN�DQG�SULGH�RI�FRPPXQLWLHV�OLYLQJ�
QHDUE\� VXFK�DV�3RPSHLL�RU�,URQEULGJH >�@��DQG�WKHUH�DUH�D�ORW�RI�HIIRUWV�PDGH�LQ�YDUL�
RXV�FRXQWULHV�DQG�FRPPXQLWLHV�WR�SURWHFW�DQG�SUHVHUYH�VXFK�FXOWXUDO�VLWHV�

:LWK� WKH� GHYHORSPHQWV LQ PRGHUQ� WHFKQRORJ\� ZH� FDQ�� KRZHYHU� FUHDWH� QHZ� DS�
SURDFKHV� QRW� RQO\� WR� SURWHFW� FXOWXUDO� KHULWDJH� VLWHV� DQG�PDNH� WKHP� DYDLODEOH� IRU� D�
ZLGH�UDQJH�RI�SXEOLF��EXW�DOVR�WR�SURGXFH�D�IUDPHZRUN��D�NLQG�RI�&\EHU�3K\VLFDO�6R�
FLDO�6\VWHP�WKDW�DLPV DW�FRQQHFWLQJ WKH�DXGLHQFH�WR�HYHQWV�DQG�RU�REMHFWV��RU�SKHQRP�
HQD�� VHSDUDWHG� HLWKHU� LQ� WLPH� RU� LQ� VSDFH� RU� ERWK�� DV� ZHOO� DV� SURYLGH� 
UHQGH]YRXV
�
DPRQJ�WKH�PHPEHUV�RI�WKH�DXGLHQFH��YLD�YDULRXV�PHGLD�DQG PHGLXPV� ,Q�DGGLWLRQ��WKLV�
FDQ�OHDG�WR�WKH�GHYHORSPHQW�RI�QHZ�W\SHV�RI�VWRU\WHOOLQJ��DOORZLQJ�WKH�YLVLWRUV�WR�FUH�
DWH�WKHLU�RZQ�QDUUDWLYHV�DV�ZHOO�DV�FRPPXQLFDWLQJ�ZLWK�HDFK�RWKHU�

'XULQJ� WKH�RSHQ� VHVVLRQ�RI� WKH� FRQIHUHQFH�� WKUHH� WHFKQRORJLHV�ZHUH�SURSRVHG� IRU�
GLVFXVVLRQ� 5RERWLFV��9LUWXDO�5HDOLW\��95���DQG�6HULRXV�*DPHV��6*��

�� %DFNJURXQG

5RERWV� DUH� RIWHQ� DVVRFLDWHG� LQ� SRSXODU� SUHVV� ZLWK� HLWKHU� LPSUHVVLYH�+ROO\ZRRG� KX�
PDQRLG� FKDUDFWHUV� RU�ZLWK�PDFKLQHV� WKDW� DUH� FDSDEOH� WR�GR� UHSHWLWLYH� WDVNV�� VXFK� DV�
LQGXVWULDO�URERWV��,Q�UHDOLW\��KRZHYHU��WKH�UHFHQW�UHVHDUFK�LQ�WKH�GRPDLQ�RI�URERWLFV�KDV�
DOORZHG� IRU� URERWV� WR�EHFRPH�FRPSOH[�FUHDWLRQV�XVHG� LQ�YDULHW\�RI�FRQWH[WV��5RERWV�
DUH�DOVR�PRYLQJ�RXW�RI�UHVHDUFK�ODERUDWRULHV�DQG�DUH�XVHG�LQ�VXFK�DSSOLFDWLRQV�DV�VHU�
YLFH�SURYLGHUV�>�@��URERW�DVVLVWDQWV�>�@� DQG�URERW�JXLGHV�>�@���

1HYHUWKHOHVV��RQH�RI�WKH�PRVW�LPSRUWDQW�URERWLF�DSSOLFDWLRQV�LV�URERW�H[SORUDWLRQ�RI�
HQYLURQPHQWV��7KHUH�LV�D�GLYHUVLW\�RI�HQYLURQPHQWV��VXFK�DV�DUFKHRORJLFDO�VLWHV��ODUJH�
LQGRRU� HQYLURQPHQWV�� XUEDQ� HQYLURQPHQWV�� PRQXPHQWV� HWF�� 5RERWLFV� V\VWHPV� DUH�
YHUVDWLOH� DQG� FRPSOH[ DQG DUH� XVHG� LQ� VHDUFK� DQG� UHVFXH� >�@� VXUYHLOODQFH >�@�� DQG�
PRQLWRULQJ��)RU�LQVWDQFH��KHULWDJH�VLWHV�DUH�RIWHQ�ODUJH�DQG�PD\�EH H[SRVHG�WR D�SOHWK�
RUD�RI�JHRORJLFDO� ODQGVFDSH��DQG�RWKHU KD]DUGV��5RERW�H[SORUDWLRQ�RI�KD]DUGRXV�HQYL�
URQPHQWV�FDQ�KHOS�LQ WKH FROOHFWLRQ�RI GDWD�IRU�LPSURYLQJ�GLJLWL]HG�GDWDEDVHV��DVVLVW�
LQJ�DQG�SURWHFWLQJ�KXPDQ�UHVRXUFHV��DQG�SURYLGLQJ�UHPRWH�DFFHVV�WR�UHVWULFWHG�DUHDV��
8QPDQQHG�$XWRQRPRXV�9HKLFOHV��8$9��FDQ�SURYLGH�DHULDO�VXUYH\V�RI�DUFKHRORJLFDO�
VLWHV� DQG� DXWRPDWLF� LPDJH� SURFHVVLQJ� FDQ� KHOS� LGHQWLI\LQJ� KLGGHQ� UHJXODU� VKDSHV�
DQG�RU�SRVVLEOH�VDIH�SDWKV�IRU�KXPDQ�ZRUNHUV��

9LUWXDO�UHDOLW\��95��WHFKQRORJ\�KDV�EHHQ�DSSOLHG�WR�WKH�SURWHFWLRQ�RI�FXOWXUDO�KHULW�
DJH� IRU� DERXW� WZR� GHFDGHV� >����@�� 7KLV� DOORZV� DQ\RQH�ZLWK� D� ZHE� FRQQHFWLRQ� RU� D�
YLUWXDO�UHDOLW\�KHDGVHW�WR�YLVLW�VRPH�RI�WKH�ZRUOG¶V�PRVW�IDPRXV�KHULWDJH�VLWHV��ZLWKRXW�
OHDYLQJ�WKHLU�KRPHV��&UHDWLQJ�YLUWXDO�YHUVLRQV�RI�KHULWDJH�ORFDWLRQV�WKURXJK�95�PD\�
DOVR�KHOS�SUHVHUYLQJ�VLWH�UHFRUGV�RU�DLGLQJ�LQ�UHFRQVWUXFWLRQV LI KHULWDJH�ORFDWLRQV DUH
GDPDJHG� LQ� WKH� IXWXUH� 7KH�GDWD�FROOHFWHG�E\� URERWV� VHQVRUV� DQG�RWKHU�PHDQV�ZLOO�
KHOS� LQ� FUHDWLQJ� D� WKUHH�GLPHQVLRQDO� ���'� UHSUHVHQWDWLRQ� RI� KLVWRULF� VLWHV�� )XUWKHU�
PRGLILFDWLRQV�FDQ�EH�DSSOLHG�LQ�RUGHU�WR�YLVXDOL]H�WKH�VLWH�DW�LW�ZDV�LQLWLDOO\�DQG�DQD�
O\]H�WKH�KD]DUGV��DQG�RU�GLVDVWHUV��WKDW�OHG�WR�LWV�FXUUHQW�VWDWH��7KLV�FDQ�KHOS�WR�SUHYHQW�
VLPLODU�HYHQWV�LQ�RWKHU�SODFHV��,Q�DGGLWLRQ��D���'�PRGHO�RI�D�FXOWXUDO�KHULWDJH�VLWH�FDQ�
FRQWULEXWH� WR�EHWWHU�PDQDJHPHQW DQG�RUJDQL]DWLRQ�RI� WKH�VFHQH�>��@� &RPELQLQJ�95�



DQG�JDPLQJ�WHFKQRORJ\�FDQ�FUHDWH�D�UHDOLVWLF�UHSUHVHQWDWLRQ�RI�WKH�VLWH�DW�YDULRXV�PR�
PHQWV�RI�WLPH�E\�DGGLQJ�FKDUDFWHUV��DYDWDUV��WR�WKH���'�UHSUHVHQWDWLRQ��WKXV�FUHDWLQJ�D�
��'�WLPH VFHQH�UHFRQVWUXFWLRQ��7KLV�ZLOO�DOORZ�YLVLWRUV�WR�
H[SORUH
�DQG�WR�
VHH
�HYHQWV�
LQ�WKH�SDVW��+RZHYHU��WKH�PDLQ�FKDOOHQJH�LV�WR�GHWHUPLQH�KRZ�WR OLQN�WKH�UHDO�DQG�YLU�
WXDO�ZRUOGV�VR�WKDW�WKH�YLVLWRUV�UHODWH�WR�HYHU\�ZRUOG�VLPXOWDQHRXVO\�LQ�VXFK�D�ZD\�WKDW�
WKH\�KDYH�UHZDUGLQJ�DQG�HQMR\DEOH�YLVLWV�

2SHQ�VHVVLRQ�IHHGEDFN

7KH�IHHGEDFN�IURP�WKH�FRQIHUHQFH�DXGLHQFH�FRQILUPHG�WKH�LQWHUHVW�LQ�WKH�LGHDV�UHJDUG�
LQJ�WKH�XVH�RI�URERWV��95� DQG�6*�SUHVHQWHG�DERYH� DQG�SURYLGHG�IXUWKHU�LQVLJKWV WR�
WKHLU DSSOLFDWLRQV�

5RERWV� DV� H[SORUHUV�� VXFK� DV� GURQHV� WRJHWKHU�ZLWK� WHOHPHWU\� FRXOG�REVHUYH� LQDF�
FHVVLEOH� SODFHV�� DFFHVV�GDPDJH� DQG� UHFRQVWUXFW�PRGHOV� RI� VLWHV� DQG�REMHFWV�ZLWK� WH�
OHPHWU\��9DULRXV�VHQVRUV�FDQ�EH�XVHG��VXFK�DV�5*%�DQG�,5�FDPHUDV��DQG���'�ODVHUV�
,Q�DGGLWLRQ��URERWV�FDQ�EH�XVHG�IRU�WUDQVSRUWDWLRQ�E\�DLU�DQG�E\�ODQG�

5RERWV�DV�JXLGHV�FDQ�LQWHUDFW�GLUHFWO\�ZLWK�SHRSOH�DQG�SURYLGH�LQIRUPDWLRQ�UHJDUG�
LQJ�D�FXOWXUDO�VLWH��LWV�KLVWRULFDO�SDVW��DQG�LWV�SUHVHQW VWDWH��,Q�DGGLWLRQ��URERWV�FDQ�LQGL�
FDWH�VDIH�URXWHV�DQG�SRWHQWLDO�KD]DUGV��5RERWV�FDQ�DOVR�SURYLGH�D�OLQN�EHWZHHQ�D�SDU�
WLFXODU� ORFDWLRQ�DW� D�FXOWXUDO� VLWH�DQG�DUWHIDFWV� IURP� WKLV� VLWH�GHSOR\HG� LQ�D�PXVHXP��
7KLV�FDQ�EH�DFFRPSOLVKHG E\�XVLQJ�FRPPXQLFDWLRQ�QHWZRUNV�EHWZHHQ�URERWV�DQG�WKH�
:L)L�QHWZRUNV�DW�D�PXVHXP�

9LUWXDO�UHDOLW\�WRJHWKHU�ZLWK�VHULRXV�JDPHV�FDQ��LQ�DGGLWLRQ�WR�VLPXODWLRQ�RI�D�SDU�
WLFXODU�KHULWDJH�VLWH��EH�XVHG�WR�UDLVH�DZDUHQHVV�RI�SRWHQWLDO�FKDOOHQJLQJ�VLWXDWLRQV��DQG�
FDQ� XOWLPDWHO\� OHDG� WR� WKH� GHYHORSPHQW RI WRROV WKDW� FDQ� VLPXODWH� YDULRXV� SRWHQWLDO�
GLVDVWHU�VLWXDWLRQV�DQG�KHOS�ZLWK�HGXFDWLQJ�WKH�SXEOLF�DQG�LQ�HPHUJHQF\�SODQQLQJ��

,Q�WKH�IROORZLQJ�VHFWLRQV�ZH�H[SORUH�WKH�SRWHQWLDO�DSSURDFKHV�RI�KRZ�WR�SUHVHQW�RXU�
FXOWXUDO�KHULWDJH� LQ�D�QHZ�ZD\�ZKLOVW�SUHVHUYLQJ� WKH�DUHDV�DQG�DUWHIDFWV��DQG�KRZ� WR�
PDNH�DYDLODEOH�VSDFHV��REMHFWV�DQG�QDUUDWLYHV� DQG�EDFNJURXQG�KLVWRU\�DQG�LQIOXHQFHV�
WKDW�DUH�DVVRFLDWHG�ZLWK�D�KLVWRULFDO�VLWH�RU�DQ�DUWHIDFW�WR�DOORZ�SHRSOH�H[SHULHQFH�KLV�
WRU\� ILUVW� KDQG�� �$� VLWH�FDQ�EH� ORFDWHG� UHPRWHO\�RU�GRHV�QRW�HYHQ�KDYH� WR�H[LVW� DV� LW�
H[LVWHG LQ�WKH�SDVW��:H�ZRXOG�OLNH�WR�PRYH�DZD\�IURP�WKH�YHUWLFDO�V\VWHP�RI�WKH�
$X�
WKRULVHG� +HULWDJH� 'LVFRXUVH
� >��@ WR� WKH� � PXOWL�YLHZ� DSSURDFK� RI� &\EHU�3K\VLFDO�
6RFLDO�HFR�6\VWHPV�QRWHG LQ�WKH�LQWURGXFWLRQ

�� 3RPSHLL��9HVXYLR��DQG�&DPSL�)OHJUHL

7KH�FLW\�RI�1DSOHV�LV�MDPPHG�EHWZHHQ�WKH�WZR�YROFDQRV��9HVXYLXV��)LJ�����ZKLFK�LV�
YHU\ ZHOO�NQRZQ�GXH�WR�LWV�GLVDVWURXV�HUXSWLRQ�LQ�$' ���WKDW�GHVWUR\HG�DQG�EXULHG�WKH�
FLWLHV�RI�3RPSHLL�DQG�+HUFXODQHXP��DQG�WKH�OHVV�NQRZQ�VXSHU�YROFDQR�&DPSL�)OHJUHL�
RU�WKH�3KOHJUDHDQ�)LHOGV�RQ�ZKRVH�GHSRVLWV� WKH�FLW\�LV�EXLOW��1DSOHV
�ZHVWHUQ�HGJH�LV�
OLWHUDOO\�OLYLQJ�LQVLGH�WKH�&DPSL�)OHJUHL¶V�FDOGHUD�



)LJXUH��� 7KH�6RPPD�9HVXYLXV�YROFDQLF�FRPSOH[�LQ�WKH�EDFNJURXQG� ZLWK�WKH�FLW\�RI�1DSOHV�
LQ�WKH�IRUHJURXQG�

7KH�UXLQV�RI�3RPSHLL��)LJ�����DUH�SDUWLDOO\�RSHQ�WR�WKH�YLVLWRUV�DQG�DUH�D�FHOHEUDWHG�
KHULWDJH�VLWH�WKDW�LQVSLUHG�PDQ\�SDLQWHUV�DQG�VFLHQWLVWV�WR�SRUWUD\�LWV�SDVW��5RERWV��95�
DQG�6*�FDQ�FRQWULEXWH�WR�WKH�UHFRQVWUXFWLRQ�RI�WKLV�SDVW�DQG�FUHDWH�WKH�FLW\�LQ�D�9LUWXDO�
6SDFH�DV�LW�ZDV�EHIRUH�DQG�GXULQJ�WKH�HUXSWLRQ��

)LJXUH��� 7KH�)RUXP�DW�3RPSHLL�

$V�QRWHG�DERYH�� URERWV�FDQ�DFW�DV�JXLGHV��PRQLWRU�DQG�VFDQ� WKH�DUHDV�� DQG�DFW�DV�
OLQNV�WR�WKH�UHFRQVWUXFWHG�FLW\�LQ�95��,Q�)LJ����� WZR�W\SHV�RI�URERWV�FDQ�EH�VHHQ�� �$�
URERW�JXLGH� RQ� WKH� JURXQG� �WKH� URERW� DW� WKH� ORZHU� OHIW� FRUQHU�� FDQ� 
PHHW� DQG� JUHHW
�
YLVLWRUV��DQVZHU� WKHLU�TXHVWLRQV��DQG�GLUHFW� WKHP�WR� WKH� ORFDWLRQV�RI� LQWHUHVW�� �5RERW�
GURQHV��DERYH�WKH�LPDJH��FDQ�VFDQ�WKH�DUHD�DQG�VXEPLW�UHVXOWLQJ�LPDJHV�WR�WKH�URERW�
JXLGH�RQ�WKH�JURXQG��VR�WKDW� WKH�URERW�FDQ�GLVSOD\�WKHP�WR� WKH�YLVLWRUV��IRU�H[DPSOH��
XVLQJ� WKH� VFUHHQ� RQ� LWV� FKHVW��� 5RERW�GURQHV� FDQ� JXLGH� YLVLWRUV� WR� D� UHTXHVWHG� DUHD��
EHFDXVH�IRU�D�JURXQG�URERW�LV GLIILFXOW� WR�WUDYHO�RQ�WKH�URDGV�RI�3RPSHLL�GXH�WR�WKHLU�



XQHYHQ�VWUXFWXUHV��,Q�WKH�FDVH�RI�URERW�GURQHV��WKH�VDIHW\�UHTXLUHPHQWV VKRXOG�EH�DS�
SOLHG�ZLWK� XWPRVW� FDUH� >��@� ,Q� DGGLWLRQ�� WKH� GDWD� FROOHFWHG� E\� URERW�GURQHV� FDQ� EH�
XVHG�IRU�JHQHUDWLQJ�DQG�XSGDWLQJ�D���'�PRGHO�RI�WKH�VLWH�

0RVW�RI�WKH�DUWHIDFWV�IRXQG�LQ�3RPSHLL�DUH�SDUW�RI�WKH�FROOHFWLRQV�RI�WKH�1DSOHV�1D�
WLRQDO�$UFKDHRORJLFDO�0XVHXP��DQG�LQ�95�WKHVH�DUWHIDFWV�FDQ�EH�DOORFDWHG�WR�WKH�SODF�
HV�ZKHUH�WKH\�ZHUH�IRXQG��7KH�
YLUWXDO
�3RPSHLL�FDQ�EH�ILOOHG�ZLWK�DXWRPDWHG�FKDUDF�
WHUV�WKDW�ZRXOG�
UHSUHVHQW
�FLWL]HQV�RI�DQFLHQW�3RPSHLL��9LVLWRUV�FDQ EH�UHSUHVHQWHG�DV�
DYDWDUV�DQG�URERWV�DQG�FDQ EH�FRQQHFWHG�WR�WKHLU�DYDWDUV�DV�ZHOO�DQG�FDQ DFW�DV�YLUWXDO�
JXLGHV��0RUH�GHWDLOV FDQ�EH�IRXQG�LQ�>��@� 7KHUHIRUH��LQ�DGGLWLRQ�WR�YLVXDOL]LQJ�KLVWRU�
LFDO�VLWHV�VXFK�DV�3RPSHLL��WKH�DUHD�FDQ�EH�FORVHO\�PRQLWRUHG�DQG�D�IUDPHZRUN�FDQ�EH�
GHYHORSHG�WKDW�FRXOG�VLPXODWH�DQG�SRWHQWLDOO\�SUHGLFW�IXWXUH�HUXSWLRQV�ZKLFK�FRXOG�EH�
LQWHJUDWHG�LQWR�95�DQG�6*�

:H�VKRXOG�QRWH�WKDW�WKH�IXOO�
LPPHUVLRQ
�LQWR�WKH�95�VSDFH�LV�QRW�QHFHVVDU\��$�SHU�
VRQ�FDQ� MXVW�GR�PDQLSXODWLRQV�RQ�D�FRPSXWHU�VLPLODU� WR�SOD\LQJ�JDPHV�DQG�QDYLJDWH�
DYDWDUV�E\�SUHVVLQJ�EXWWRQV�RQ�WKH�NH\ERDUG��,W�ZRXOG�DOVR�EH�XVHIXO�WR�KDYH WKH�SRV�
VLELOLW\�RI�XVLQJ�+HDG�0RXQWHG�'LVSOD\V�DQG�H[SHULHQFH µEHLQJ�WKHUH¶ DW�WKH�GHGLFDWHG�
ORFDWLRQV RQ�WKH�SUHPLVHV�

�� 9LUWXDO�0XVHXPV

0XVHXPV�DUH�LQVWLWXWLRQV�WKDW�SULPDULO\�FDUH�IRU�FXOWXUDO�KHULWDJH�SUHVHUYDWLRQ��H[KLEL�
WLRQ� DQG� FRQVHUYDWLRQ� RI� KLVWRULFDO� DUWLIDFWV�� PDNLQJ� FXOWXUH� DFFHVVLEOH� WR� HYHU\RQH
>��@�� 7KH� SXUSRVH� LV� WR� HQDEOH� YLVLWRUV� WR� XQGHUVWDQG� NH\� HYHQWV� WKDW� WRRN� SODFH� LQ�
KLVWRU\� E\� SUHVHQWLQJ� DFFXUDWH� FRPSOH[� LQIRUPDWLRQ� LQ� HQJDJLQJ� DQG� HQWHUWDLQLQJ�
ZD\V��+RZHYHU��VLPSO\�GLVSOD\LQJ�DUWLIDFWV�LQ�JODVV�FDVHV�DQG�H[SHFW�YLVLWRUV�WR�UHDG�
FRPSOH[�GHVFULSWLRQV�RI�WKHLU�RULJLQ LV�QRW�VXIILFLHQW��7KXV�� WKH�QHHG�WR�LPSURYH�DQG�
PRGHUQL]H�GLVSOD\�PHWKRGV�WR�EH�DEOH�WR�FRPSHWH�ZLWK�WKH�HQWHUWDLQPHQW�LQGXVWU\�DQG�
RYHUFRPH�WKH�RXWGDWHG�SULQFLSOHV�RI�WUDGLWLRQDO�PXVHRORJ\�LV�VWUHVVHG�>��@��7KH�PXVH�
XP�H[SHULHQFH� LV�QRZ�VKLIWLQJ� IURP� WKH� WUDGLWLRQDO�PXVHXP�µIHDWXULQJ�GLVSOD\V¶�DQG�
KDYLQJ� µPXVHXP�YLVLWRUV¶ WR� WKH�HUD�RI� WKH� µPXVHXP�H[SHULHQFH¶�DQG� µPXVHXP�FRQ�
VXPHU¶�>��@��&RQVXPHU�VDWLVIDFWLRQ�LV�FUXFLDO��DQG�WR�DYRLG�WKH�QHJDWLYH�ILQDQFLDO�DQG�
FXOWXUDO�LPSOLFDWLRQV�RI�GHFOLQLQJ�YLVLWRU�QXPEHUV��PXVHXPV�HPSOR\�GLIIHUHQW�W\SHV�RI�
WHFKQRORJ\� WR�DWWUDFW�DQG�UHWDLQ�YLVLWRUV� 6RPH�RI� WKH� ODWHVW� WHFKQRORJLHV�DGRSWHG� LQ�
FOXGH�WKH�XVH�RI�VPDUW�SKRQHV�DQG�WDEOHWV��DXJPHQWHG�UHDOLW\��DQG�UHFHQWO\�95��LQWUR�
GXFLQJ�WKXV�WKH�FRQFHSW�RI�9LUWXDO�0XVHXPV�>��@�

����9LUWXDO�5HDOLW\�IRU�9LUWXDO�0XVHXPV

7KH�WRSLF�RI�9LUWXDO�0XVHXPV�KDV�GUDZQ�D�ORW�RI�LQWHUHVW�RYHU�WKH�SDVW�IHZ�\HDUV��ZLWK�
PDQ\�VFKRODUV�DWWHPSWLQJ�WR� IRUP�GHILQLWLRQV��UDLVLQJ�D�GHEDWH�DV�WR�WKH�VWDWXV�RI�LQ�
IRUPDWLRQ�FRQYH\HG�DQG�WKH�XWLOL]HG�WHFKQRORJ\�>�����@��3XMRO�DQG�/RUHQWH�>��@ KDYH�
FRQVLGHUHG�PDQ\�RI�WKHP�DQG�KDYH�SURSRVHG�WKDW�D�9LUWXDO�0XVHXP�UHIHUV�WR�³GLJLWDO�
VSDWLDO�HQYLURQPHQW�� ORFDWHG� LQ� WKH�:::�RU� LQ� WKH�H[KLELWLRQ��ZKLFK�UHFRQVWUXFWV�D�
UHDO�SODFH�DQG�RU�DFWV�DV�D�NQRZOHGJH�RI�D�PHWDSKRU��DQG�LQ�ZKLFK�YLVLWRUV�FDQ�FRP�



PXQLFDWH��H[SORUH�DQG�PRGLI\�VSDFHV�DQG�GLJLWDO�RU�GLJLWDOL]HG�REMHFWV´��9LUWXDO�PX�
VHXPV�RIIHU�D�PL[WXUH�RI�WUDGLWLRQDO�PXVHXP�SUDFWLFHV��D�UDQJH�RI�VHPLRWLFV�FRPPX�
QLFDWLRQ�PRGHV��WUHQGV��DQG�GLIIHUHQW�WHFKQRORJLHV�>��@��)XUWKHUPRUH��YLUWXDO�PXVHXPV�
KDYH�EHHQ�FODVVLILHG�DFFRUGLQJ�WR WKHLU�FRQWHQW�L�H��DUFKDHRORJ\��WKH�GXUDWLRQ��SHUPD�
QHQW� RU� WHPSRUDU\��� W\SH�RI� LQWHUDFWLRQ� �LQWHUDFWLYH�RU� QRW��� OHYHO� RI� LPPHUVLRQ� �LP�
PHUVLYH� RU� QRW��� GLVWULEXWLRQ� W\SH� �RQOLQH� DQG� RIIOLQH��� VFRSH� �HGXFDWLRQ�� HQWHUWDLQ�
PHQW��HWF����FRPPXQLFDWLRQ�VW\OH��GHVFULSWLYH�RU�QDUUDWLYH���DQG�VXVWDLQDELOLW\�>��@�

,Q�YLUWXDO�PXVHXPV��WKH�XVH�RI�95�KDV�EHHQ�JDLQLQJ�D�ORW�RI�DWWHQWLRQ�DPRQJ�RWKHU�
WHFKQRORJLHV�� HVSHFLDOO\� LQ� WKH� ILHOG� RI� FXOWXUDO� KHULWDJH�� FRQVHUYDWLRQ�� UHVWRUDWLRQ��
GLJLWDO�VWRU\WHOOLQJ�DQG�HGXFDWLRQ�>��@��95�FDQ�KHOS�PXVHXPV�WR�RYHUFRPH�D�QXPEHU�
RI� FKDOOHQJHV� DQG� OLPLWDWLRQV� >��@� DQG� DOORZ WKH SUHVHQWDWLRQ DQG� UHFRQVWUXFWLRQ�RI
DUWHIDFWV� DQG� KLVWRULFDO� HQYLURQPHQWV� WKDW� PD\� KDYH� EHHQ� GDPDJHG� RYHU� WLPH� >��@�
DUFKHRORJLFDO� VLWHV� WKDW� QR� ORQJHU� H[LVW� >��@� SHUIRUP� YLUWXDO� UHVWRUDWLRQ RI� DOUHDG\�
GDPDJHG�DUWHIDFWV�ZLWKRXW�DIIHFWLQJ�WKH�DFWXDO�H[KLELW�>��@��DQG�XVHG�DV�DVVLVWLYH�GH�
YLFHV�IRU�UHVWRUDWLRQ�>��@��95�DOORZV�PRUH�YLYLG�DQG�UHDOLVWLF�H[SHULHQFH�ZKHQ�FRP�
SDUHG�WR�WKH�WUDGLWLRQDO�PXOWLPHGLD�SUHVHQWDWLRQ�WRROV�XVHG�LQ�PXVHXPV�>��@��6WXGLHV�
KDYH�VKRZQ�WKDW�WKH�XVH�RI�WHFKQRORJ\�WR�FXVWRPL]H�WKH�ZD\�YLVLWRUV�H[SORUH�DQG�H[�
SHULHQFH�D�PXVHXP�FRXOG�LPSURYH�WKHLU�RYHUDOO�VDWLVIDFWLRQ�>�����@��DQG�95�FDQ�KHOS�
D�YLVLWRU�WR�DGDSW�WR�WKH�FXOWXUDO�SURSRVDO�DQG�WKH�LQIRUPDWLRQ�DERXW�WKH�DUWHIDFWV�>��@�

$IWHU� GHFDGHV�RI� FKDOOHQJLQJ� WHFKQLFDO� LVVXHV� DQG� H[SHQVLYH� UHTXLUHPHQWV��95� LV�
QRZ�ILQDOO\�D�FXVWRPHU�UHDG\�WHFKQRORJ\��DQG�GHVSLWH�VRPH�LQLWLDO�DGRSWLRQ�UHVLVWDQFH�
>��@��LV�QRZ�LQFUHDVLQJO\�XVHG�LQ�PXVHXPV�GXH�WR�WKH�WHFKQRORJ\¶V�XQLTXH�DIIRUGDQFHV�
RI�LPPHUVLRQ�DQG�SUHVHQFH�WR�LPSURYH�YLVLWRUV
�H[SHULHQFH�DQG�LQWHUDFWLRQV�ZLWK�FXO�
WXUDO�KHULWDJH�>��@��,PPHUVLRQ�FRQFHUQV�WKH�H[SHULHQFH�RI�D�WHFKQRORJ\�WKDW�H[FKDQJHV�
VHQVRU\�LQSXW�IURP�UHDOLW\�ZLWK�GLJLWDOO\�JHQHUDWHG�LQSXW��VXFK�DV�DXGLR�DQG�JUDSKLFV�
>��@��,W�LV�GHILQHG�DV�³D�IRUP�RI�VSDWLR�WHPSRUDO�EHORQJLQJ�LQ�WKH�ZRUOG�WKDW�LV�FKDUDF�
WHUL]HG�E\�GHHS� LQYROYHPHQW� LQ� WKH�SUHVHQW�PRPHQW´ >��@��DQG�H[SUHVVHV� WKH� IXOO�DE�
VRUSWLRQ�RI� WKH�XVHU� LQWR� D� QHZ�DQG�GLJLWDO� GLPHQVLRQ��ZKLFK� VWLPXODWHV� WKH� LQWHUHVW
DQG SOHDVXUH WKDW�DUH FRJQLWLYHO\�DQG�HPRWLRQDOO\�HQJDJLQJ�WKH�XVHU�>��@��7KH�QRWLRQ�
RI�SUHVHQFH�LV�VLPLODU�WR��EXW�GLVWLQFW�IURP�WKH�FRQFHSW�RI�LPPHUVLRQ�>��@��3UHVHQFH�LV�
GHILQHG�DV�³WKH�VXEMHFWLYH�H[SHULHQFH�RI�EHLQJ�LQ�RQH�SODFH�RU�HQYLURQPHQW��HYHQ�ZKHQ
RQH�LV�SK\VLFDOO\�VLWXDWHG�LQ�DQRWKHU´ >��@��DQG�LV� WKH�VXEVHTXHQW�UHDFWLRQ�WR�LPPHU�
VLRQ ZKLFK�OHDGV�WR�WKH�XVHUV�EUDLQV UHDFWLQJ�WR�WKH�YLUWXDO�ZRUOG�LQ�WKH�VDPH�ZD\�DV�LQ�
WKH�UHDO�ZRUOG�>��@��7KH�DWWULEXWHV RI�SUHVHQFH�DQG�LPPHUVLRQ��LQ�FRPELQDWLRQ�ZLWK�WKH�
DELOLW\�WR�GHYHORS�DQG�H[SHULHQFH�VLWXDWLRQV�WKDW�PD\�EH�GLIILFXOW�RU�HYHQ�LPSRVVLEOH�WR�
H[SHULHQFH�LQ�WKH�UHDO�ZRUOG�DQG�RU�GHYLDWH�IURP�UHDOLW\��DUH�DIIRUGDQFHV�WKDW�VXSSRUW�
PRWLYDWLRQV�IRU�WHFKQRORJ\�DGRSWLRQ�>��@�

7KH� WHFKQLFDO� FKDUDFWHULVWLFV� RI� 95� UHTXLUH� KDUGZDUH� HTXLSPHQW� WR� JHQHUDWH� WKH�
YLUWXDO�HQYLURQPHQW�DQG� WR�GLVSOD\� LQIRUPDWLRQ��7KH�RSWLPDO�KDUGZDUH�FRQILJXUDWLRQ�
IRU�D�KLJK�TXDOLW\�H[SHULHQFH� WKDW�ZLOO�SURYLGH� WKH�KLJKHVW� OHYHO�RI� LPPHUVLRQ� LQ� WKH�
YLUWXDO�VHWWLQJ�UHTXLUHV�WKH�XVH�RI�H[SHQVLYH�95�V\VWHPV�VXFK�DV�&$9(��3RZHU�:DOO�
DQG� 5HDOLW\� 'HFN� >��@�� 7KHVH� DUH� VXSUHPH� TXDOLW\� LPPHUVLYH� HQYLURQPHQWV� XVLQJ�
PXOWLVLGHG�SURMHFWLRQV��ZKLFK�SURYLGH�WKH�KLJKHVW�OHYHO�RI�LPPHUVLRQ�>�����@��+RZHY�
HU�� WKH�PDLQ� LVVXH� LV� WKH�KLJK�FRVW�RI�SXUFKDVLQJ� WKH�HTXLSPHQW��ZKLFK� LV� VWDWLF�DQG�
UHTXLUHV�D� ORW�RI�SK\VLFDO�VSDFH� WR�EH�GHSOR\HG�>��@��7KH�VROXWLRQ�RI�+HDG�0RXQWHG�



'LVSOD\V��+0'�� VXFK�DV�2FXOXV�5LIW��+7&�9LYH DQG�KDQG�WUDFNHUV�WR�DOORZ�JHVWXUHV�
LQ�WKH�YLUWXDO�ZRUOG��L�H��/HDS�0RWLRQ���DUH�JRRG�RSWLRQV�WR�SURYLGH�KLJK�TXDOLW\�H[SH�
ULHQFHV WR� XVHUV�� 7KHVH� GHYLFHV� DUH� DIIRUGDEOH� DQG� FDQ� SURYLGH� YHU\� JRRG� JUDSKLFDO�
TXDOLW\� >��@��1HYHUWKHOHVV�� WKH�PDLQ� LVVXH� LV� WKDW� WR� UXQ� WKHVH� GHYLFHV� UHTXLUHV KLJK�
SHUIRUPDQFH�FRPSXWHUV WR�JHQHUDWH� WKH�H[SHULHQFH��$�PRUH�FRPSDFW�DQG�FRVW�HIIHF�
WLYH� RSWLRQ� LV� WKH� XVH� RI� 95� UHDG\� VPDUW� SKRQHV� WKDW� DUH� SRZHUHG� E\� WKH� XVHUV¶�
VPDUWSKRQHV DQG�ZLWK�WKH�XVH RI�95�DSSV��UDWKHU�WKDQ�WKH GHGLFDWHG�EXLOW�LQ�FRPSXWHU�
DQG�GLVSOD\�XQLWV�VXFK�DV�*RRJOH�&DUGERDUG�DQG�6DPVXQJ�*HDU�95�>��@�

7R�GDWH��WKHUH�LV�RQO\�D�VPDOO�QXPEHU�RI�PXVHXPV�ZKLFK�KDYH�PDQDJHG WR�H[SORGH�
WKH�SRWHQWLDOV�RI�95��PDLQO\�GXH�WR�DIIRUGDELOLW\�RI�GHYHORSLQJ�DQG�H[HFXWLQJ�D�YLUWXDO�
HQYLURQPHQW�� DV� WKLV� LV� D� WLPH� FRQVXPLQJ� SURFHVV� WKDW� UHTXLUHV� WKH� FROODERUDWLRQ� RI�
PDQ\�H[SHUWV�IURP�PXOWLSOH�GLVFLSOLQHV�>��@�

��� 9LUWXDO�0XVHXP�3URWRW\SH

,Q�RUGHU�WR�LQYHVWLJDWH�DQG�EHWWHU�XQGHUVWDQG�WKH�DIIRUGDQFHV�RI�95��ZH�KDYH�FUHDWHG�D�
9LUWXDO�0XVHXP�SURWRW\SH WKDW SURPRWHV WKH�KLVWRU\�RI�URERWLFV�LQ�95��7KH�5RER6+8
�)LJ�����LV�D�PXOWL�SXUSRVH��PXOWL�XVHU�YLUWXDO�HQYLURQPHQW�LQ�ZKLFK�XVHUV�FDQ�LQWHUDFW�
ZLWK�WKH�HQYLURQPHQWV��LWV�REMHFWV� DQG�HDFK�RWKHU�WKURXJK�WKH�XVH�RI�WKHLU�$YDWDU��7KH�
HQYLURQPHQW�LV�GHVLJQHG�XVLQJ�WKH�2SHQVLPXODWRU�SODWIRUP�DQG�XVHUV�FDQ�H[SHULHQFH�LW�
WKURXJK�D�GHVNWRS�DQG�D�PRQLWRU�RU�LQ�95�XVLQJ�2FXOXV�5LIW��5RER6+8�LV�KRVWLQJ�WKH�
5RERWLFV�0XVHXP IHDWXULQJ� LQIRUPDWLRQDO�ERDUGV�DQG�H[KLELWV�GHVLJQHG�E\�VWXGHQWV��
DQG�DLPLQJ�WR�LQIRUP�YLVLWRUV�DERXW�WKH�KLVWRU\��JHQHUDO�LQIRUPDWLRQ�DERXW�WKH�UHVHDUFK�
FRQGXFWHG�E\�WKH�6KHIILHOG�5RERWLFV�*URXS�DQG�WKH�5RERWLFV�'HSDUWPHQW�DW�6KHIILHOG�
+DOODP�8QLYHUVLW\��DQG�WKH FXUUHQW�VWDWH�RI�URERWLFV�NQRZOHGJH�

,Q�WKH�'HVNWRS�PRGH��WKH�9LUWXDO�0XVHXP�FDQ�EH�DFFHVVHG WKURXJK�D�FRPSXWHU��XV�
LQJ�LWV�PRQLWRU��NH\ERDUG� DQG�PRXVH��7KH�FRPSXWHU¶V�PRQLWRU�LV�GHOLYHULQJ�WKH�YLVXDO�
DVSHFW�RI� WKH�HQYLURQPHQW��DQG� WKH�QDYLJDWLRQ�DQG� LQWHUDFWLRQ� LV�XWLOL]HG� WKURXJK� WKH�
XVH�RI� WKH�PRXVH�DQG�NH\ERDUG��)LJ� ���� ,Q�95�PRGH�� WKH�XVHU�FDQ�DFFHVV� WKH�HQYL�
URQPHQW�WKURXJK�2FXOXV�5LIW�DQG�XVH�DQ�;ER[�����FRQWUROOHU�IRU�QDYLJDWLRQ�DQG�LQWHU�
DFWLRQ��)LJ� ���

)XUWKHU�WR�WKH�'HVNWRS�DQG�95�PRGH��ZH�KDYH�SRUWHG�WKH�5RERWLFV�0XVHXP�WR�D�
6PDUW�3KRQH�95�SURWRW\SH��ZKLFK�DOORZV�WKH�HQYLURQPHQW�WR�EH�H[SHULHQFHG�ZLWK�WKH�
XVH�RI�DQ�$QGURLG�VPDUW�SKRQH�GHYLFH�DQG�D�ORZ�FRVW�+0'�VXFK�DV�WKH�*RRJOH�&DUG�
ERDUG��7KH�HQYLURQPHQW�ZDV�SRUWHG�XVLQJ� WKH�8QLW\��'�*DPLQJ�HQJLQH��DQG� LV�FXU�
UHQWO\�WDUJHWLQJ�$QGURLG�GHYLFHV��7KH�XVHU FDQ�QDYLJDWH�WKH�HQYLURQPHQW�WKURXJK�WKH�
XVH�RI�WKH�WRXFK�LQSXW�PHFKDQLVP�RI�WKH�*RRJOH�&DUGERDUG�DQG�LQWHUDFW�ZLWK�DUWHIDFWV�
E\ IRFXVLQJ�IRU�D�IHZ�VHFRQGV�RQ�YLUWXDO�KRWVSRWV��)XWXUH�ZRUN�DLPV�DW IXUWKHU�GHYHO�
RSLQJ��LPSURYLQJ��DQG�HYDOXDWLQJ WKH�HQYLURQPHQW��DV�ZHOO�DV DGGLQJ�DGGLWLRQDO�IXQF�
WLRQDOLWLHV�DQG�JUHDWHU�LQWHUDFWLYLW\�



)LJXUH��� 9LUWXDO�6KHIILHOG�+DOODP�8QLYHUVLW\��6+8��

)LJXUH��� 'HVNWRS�9LHZ�RI�WKH�9LUWXDO�5RERWLFV�0XVHXP�DW�6KHIILHOG�+DOODP�8QLYHUVLW\�

)LJXUH��� 95�9LHZ�RI�WKH�9LUWXDO�5RERWLFV�0XVHXP�DW�6KHIILHOG�+DOODP�8QLYHUVLW\�

�� &RQFOXVLRQV

,Q� WKLV� SDSHU� ZH� SUHVHQWHG VRPH� LQLWLDO� SULQFLSOHV� RI� D� QHZ� W\SH� RI� D PXOWLIDFHWHG
&\EHU�3K\VLFDO�6RFLDO� 6\VWHP� WKDW� ZLOO� EH� DEOH� WR� LQWHUWZLQH� GLYHUVH� WHFKQRORJLHV�



VXFK� DV� 5RERWLFV� 9LUWXDO� 5HDOLW\� DQG� *DPLQJ� 7KLV� V\VWHP ZLOO� HQFRPSDVV ERWK
SK\VLFDO�DQG�YLUWXDO�HQYLURQPHQWV�� LQFOXGLQJ� UHDO�DQG�DUWLILFLDO� DJHQWV�DQG�HOHPHQWV��
FDSDEOH�RI�LQWHUDFWLQJ G\QDPLFDOO\��UHIOHFWLQJ� DQG�LQIOXHQFLQJ�HDFK�RWKHU�DQG�ZLWK�WKH�
LQWHUDFWLRQV�HQJHQGHUHG�E\�KXPDQ EHKDYLRXU� ,WV�SULPDU\� DSSOLFDWLRQ� LV�FXOWXUDO� DQG�
FUHDWLYH�LQGXVWULHV��EXW�WKH�SURSRVHG�IUDPHZRUN�LV�DSSOLFDEOH�WR�PDQ\�RWKHU�GRPDLQV�
$PRQJ� WKRVH� ZH� FDQ�PHQWLRQ� ODUJH VKRSSLQJ�PDOOV�� HGXFDWLRQ�� SHUVRQQHO� WUDLQLQJ��
KHDOWK�FDUH��DQG�H[SORUDWLRQ�RI�UHPRWH�HQYLURQPHQWV�

$W�6KHIILHOG�+DOODP�8QLYHUVLW\�ZH�DUH�FXUUHQWO\�ZRUNLQJ�RQ�FUHDWLQJ�D 95�0XVH�
XP�RI�+LVWRU\�RI�5RERWLFV�DQG�FRQQHFWLQJ�
YLUWXDO�URERWV
�WKDW�
OLYH
�LQ�WKH�PXVHXP�WR�
VRPH�RI�UHDO�URERWV�WKDW�ZH�KDYH�LQ�RXU�5RERWLFV /DERUDWRU\�

�� $FNQRZOHGJHPHQWV

7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� WKHLU� FROOHDJXHV� 3URIHVVRUV� -DFTXHV� 3HQGHUV� DQG�
'DYLG�&RWWHUUHOO� IRU�XVHIXO�FRPPHQWV��:H�DUH�DOVR�YHU\�JUDWHIXO WR� WKH�PHPEHUV RI�
WKH 
,QWHUZRYHQ� 6SDFHV
� DQG� 
5HVLOLHQW� (XURSH
� SURSRVDO� WHDPV DQG� &\E63(('�
FRQVRUWLXP�WHDP�>��@ IRU�WKH GLVFXVVLRQV�WKDW LQVSLUHG�WKH�FXUUHQW�DUWLFOH��

5HIHUHQFHV

�� 81(6&2���������8QLWHG�1DWLRQV�(GXFDWLRQDO��6FLHQWLILF��DQG�&XOWXUDO�2UJDQL]DWLRQ�8QL�
YHUVDO� 'HFODUDWLRQ� RQ� &XOWXUDO� 'LYHUVLW\�� KWWS���SRUWDO�XQHVFR�RUJ�HQ�HY�SKS�85/B,' �
�����	85/B'2 '2B723,&	85/B6(&7,21 ����KWPO �DFFHVVHG����)HEUXDU\������

�� 81(6&2�7&+ ��������7DQJLEOH�&XOWXUDO�+HULWDJH� KWWS���ZZZ�XQHVFR�RUJ�QHZ�HQ�FDLUR��
FXOWXUH�WDQJLEOH�FXOWXUDO�KHULWDJH���DFFHVVHG���-DQXDU\ �����

�� ,% �������� ,URQ� %ULGJH�� KWWSV���ZZZ�HQJOLVK�KHULWDJH�RUJ�XN�YLVLW�SODFHV�LURQ�EULGJH �DF�
FHVVHG���-DQXDU\������

�� *HUUDUG�� %� �������� -XVW� HDW� GHOLYHU� ����WK� PHDO� LQ� /RQGRQ� E\� URERW�
KWWS���ZZZ�WHOHJUDSK�FR�XN�EXVLQHVV������������MXVW�HDW�GHOLYHU�����WK�PHDO�ORQGRQ� �DF�
FHVVHG ��-DQXDU\������

�� 5DEELWW��6�0���.D]GLQ��$�(���6FDVVHOODWL��%� �������� ,QWHJUDWLQJ�VRFLDOO\�DVVLVWLYH�URERWLFV�
LQWR�PHQWDO�KHDOWKFDUH�LQWHUYHQWLRQV��$SSOLFDWLRQV�DQG�UHFRPPHQGDWLRQV�IRU�H[SDQGHG�XVH��
&OLQLFDO�3V\FKRORJ\�5HYLHZ ����������

�� 7HOHJUDSK� �������� +XPDQRLG� URERWV� MRLQ� VWDII� DW� 7RN\R� VFLHQFH� PXVHXP�
KWWS���ZZZ�WHOHJUDSK�FR�XN�QHZV�ZRUOGQHZV�DVLD�MDSDQ����������+XPDQRLG�URERWV�MRLQ�
VWDII�DW�7RN\R�VFLHQFH�PXVHXP�KWPO �DFFHVVHG���0DUFK������

�� 3HQGHUV��-���$OERXO��/���:LWNRZVNL��8���1DJKVK��$���6DH]�3RQV��-���+HUEUHFKWVPHLHU��6���(O�
+DEEDO�� 0� �������� $� URERW� VZDUP� DVVLVWLQJ� D� KXPDQ� ILUH�ILJKWHU�� $GYDQFHG� 5RERWLFV
�����������������

�� 6'5���������7DFWLFDO� VXUYHLOODQFH� URERWV� KWWS���VGUWDFWLFDO�FRP�6XUYHLOODQFH�5RERWV� �DF�
FHVVHG���-DQXDU\������

�� &RQYHUVDWLRQ���������0XVHXPV�DUH�XVLQJ�YLUWXDO� UHDOLW\� WR�SUHVHUYH� WKH�SDVW�± EHIRUH� LW¶V�
WRR� ODWH�� KWWSV���WKHFRQYHUVDWLRQ�FRP�PXVHXPV�DUH�XVLQJ�YLUWXDO�UHDOLW\�WR�SUHVHUYH�WKH�
SDVW�EHIRUH�LWV�WRR�ODWH������ �DFFHVVHG���-DQXDU\������

��� 0$&+� �������� KWWSV���ZZZ�QEFQHZV�FRP�PDFK�VFLHQFH�QRZ�\RX�FDQ�YLVLW�ZRUOG�KHULWD�
JH�VLWHV�YLUWXDO�UHDOLW\�QFQD����� �DFFHVVHG���-DQXDU\������



��� 3RPSHLL� ��������3RPSHLL�([SORUH�0DS��KWWSV���ZZZ�F\DUN�RUJ�SURMHFWV�SRPSHLL�PDS �DF�
FHVVHG����)HEUXDU\������

��� /DXZHULHU�� 5��� (HUGHQ�� 0��� *URHQHZRXGW�� %��� /DVFDULV� 0��� 5HQVLQN�� (��� 6PLW�� %���
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