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�
,VVXHV�,QWHJUDWLQJ�5HPRWH�/DERUDWRULHV�LQWR�9LUWXDO�:RUOGV�
�
7DQLD�0DFKHW� � ��
6FKRRO�RI�,QIRUPDWLRQ�7HFKQRORJLHV��
7KH�8QLYHUVLW\�RI�6\GQH\��6\GQH\��$XVWUDOLD�
'DYLG�/RZH� � ��
6FKRRO�RI�,QIRUPDWLRQ�7HFKQRORJLHV��
7KH�8QLYHUVLW\�RI�6\GQH\��6\GQH\��$XVWUDOLD�
�

/DERUDWRU\�ZRUN�LQ�HGXFDWLRQ�KDV�ORQJ�EHHQ�UHFRJQLVHG�DV�SURYLGLQJ�UHDO�EHQHILWV�WR�VWXGHQWV���
,QFUHDVLQJO\��UHPRWHO\�DFFHVVLEOH�ODERUDWRULHV�DUH�EHLQJ�XVHG�IRU�ODERUDWRU\�ZRUN�LQ�WKH�VFLHQFHV�
DQG�HQJLQHHULQJ��SURYLGLQJ�VWXGHQWV�ZLWK�UHPRWH�DFFHVV�WR�UHDO�HTXLSPHQW�ZKLOH�GHOLYHULQJ�
DGGLWLRQDO�EHQHILWV�WR�LQVWLWXWLRQV��7KHUH�LV�DQ�LQFUHDVLQJ�IRFXV�RQ�KRZ�WKHVH�ODEV�PD\�LPSURYH�
ODERUDWRU\�OHDUQLQJ�RXWFRPHV���2QH�SRWHQWLDO�HQKDQFHPHQW��UHVXOWLQJ�IURP�WKHLU�PHGLDWHG�
LQWHUIDFH��LV�WKH�DELOLW\�WR�DGG�FRQWH[WXDO�LQIRUPDWLRQ�WR�D�ODERUDWRU\�DFWLYLW\��9LUWXDO�ZRUOGV�KDYH�
EHHQ�LGHQWLILHG�DV�D�ULFK�HQYLURQPHQW�IRU�SURYLGLQJ�FRQWH[WXDO�LQIRUPDWLRQ��+RZHYHU��WKH�UHSRUWHG�
H[DPSOHV�RI�UHDO�HTXLSPHQW�ODERUDWRULHV�LQWHJUDWHG�LQWR�D�YLUWXDO�ZRUOG�DUH�VSHFLILF�WR�WKH�
ODERUDWRU\���7KLV�SDSHU�GHVFULEHV�D�PRUH�JHQHULF�DSSURDFK�WR�LQWHUIDFLQJ�D�YLUWXDO�ZRUOG��2SHQ�
:RQGHUODQG��WR�ODERUDWRULHV�ZKLFK�XVH�WKH�0,7�L/DEV�SODWIRUP��7KH�SDSHU�UHSRUWV�RQ�WKH�LVVXHV�
LQYROYHG�LQ�WKH�LQWHUIDFH�DQG�WKH�VWUHQJWKV�DQG�OLPLWDWLRQV�RI�WKLV�V\VWHP����
�
.H\ZRUGV��,QWHURSHUDELOLW\��/DERUDWRU\��5HPRWH��9LUWXDO�:RUOG��
�

,QWURGXFWLRQ�
�
5HPRWH�ODERUDWRULHV�DUH�LQFUHDVLQJO\�LQ�XVH�WKURXJKRXW�WKH�ZRUOG�SURYLGLQJ�VWXGHQWV�UHPRWH�DFFHVV�WR�UHDO�
HTXLSPHQW��/RZH��0XUUD\��/LQGVD\��/LX��	�%ULJKW����������7KHVH�ODEV�DUH�PHGLDWHG�WKURXJK�D�FRPSXWHU�
LQWHUIDFH��SURYLGLQJ�DQ�RSSRUWXQLW\�IRU�HGXFDWRUV�WR�PDQLSXODWH�WKH�HQYLURQPHQW�LQ�ZKLFK�VWXGHQWV�SHUIRUP�ODEV���
,W�KDV�EHHQ�DUJXHG�SUHYLRXVO\�WKDW�DGGLQJ�GRPDLQ�VSHFLILF�FRQWH[WXDO�LQIRUPDWLRQ�WR�D�ODERUDWRU\�DFWLYLW\�KDV�WKH�
SRWHQWLDO�WR�LPSURYH�VWXGHQWV�XQGHUVWDQGLQJ�RI�KRZ�WKH�ODERUDWRU\�UHODWHV�WR�WKH�UHDO�ZRUOG��0DFKHW��/RZH��	�
*�WO����������7KUHH�GLPHQVLRQDO�YLUWXDO�ZRUOGV�KDYH�WKH�IDFLOLW\�WR�SURYLGH�DQ�HQYLURQPHQW�IRU�DGGLQJ�FRQWH[WXDO�
LQIRUPDWLRQ�ZKLOH�SUHVHUYLQJ�WKH�DXWKHQWLF�H[SHULHQFH�RI�ZRUNLQJ�RQ�UHDO�HTXLSPHQW����
�
7KLV�SDSHU�SUHVHQWV�D�WHFKQLFDO�VROXWLRQ�IRU�UHPRWH�ODERUDWRU\�LQWHJUDWLRQ�LQWR�D�YLUWXDO�ZRUOG��VSHFLILFDOO\�DQ�
L/DEV�EDVHG�ODE�LQFRUSRUDWHG�LQWR�2SHQ�:RQGHUODQG���7KH�SDSHU�GHVFULEHV�WKH�VWDWH�RI�YLUWXDO�ZRUOG�DQG�UHPRWH�
ODERUDWRU\�LQWHJUDWLRQ�LQ�WKH�OLWHUDWXUH��SUHVHQWV�DQ�RYHUYLHZ�RI�WKH�L/DEV�DUFKLWHFWXUH�DQG�WKH�GHYHORSPHQW�
HQYLURQPHQW�IRU�2SHQ�:RQGHUODQG�DQG�GHVFULEHV�WKH�V\VWHP�ZH�DUH�DLPLQJ�WR�GHYHORS��$OWHUQDWLYH�VROXWLRQV�DUH�
GHVFULEHG�DQG�WKH�ILQDO�VROXWLRQ�IRU�LQWHUIDFLQJ�WKH�L/DEV�FRPSRQHQWV�DQG�2SHQ�:RQGHUODQG�SODWIRUP�LV�
SUHVHQWHG��'HVLJQ�LVVXHV�WKDW�DIIHFW�WKH�VHOHFWLRQ�RI�WKH�VROXWLRQ�DQG�WKH�UHODWLYH�PHULWV�RI�WKH�FKRVHQ�DSSURDFK�
DUH�GLVFXVVHG��DQG�FRQFOXVLRQV�DUH�GUDZQ�DQG�VXJJHVWLRQV�PDGH�IRU�IXWXUH�ZRUN��
�
%DFNJURXQG�
�
7KHUH�LV�FXUUHQWO\�QR�VLQJOH�VWDQGDUG�IRU�WKH�GHYHORSPHQW�RI�UHPRWH�ODERUDWRULHV���5DWKHU��WKHUH�DUH�D�QXPEHU�RI�
GLIIHUHQW�DUFKLWHFWXUHV�WKDW�KDYH�EHHQ�GHYHORSHG�WR�PHHW�YDULRXV�SHGDJRJLF�QHHGV��GLYHUVH�SKLORVRSKLFDO�
DSSURDFKHV��DQG�VSHFLILF�WHFKQLFDO�ODERUDWRU\�UHTXLUHPHQWV��,Q�DGGLWLRQ�WR�VLQJOH�XVH�UHPRWH�ODEV��WKHUH�DUH�D�
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QXPEHU�RI�SODWIRUPV�WKDW�KDYH�EHHQ�GHYHORSHG�WR�SURYLGH�VWXGHQWV�ZLWK�DFFHVV�WR�D�YDULHW\�RI�ODERUDWRULHV��VXFK�
DV�/DEVKDUH¶V�6DKDUD�SODWIRUP��RU�0,7¶V�L/DEV�SODWIRUP���
�

)RU�WKH�UHVHDUFK�UHSRUWHG�KHUH��WKH�L/DEV�SODWIRUP�KDV�EHHQ�VHOHFWHG�IRU�WKH�LQLWLDO�ZRUN�DV�WKHUH�KDV�DOUHDG\�EHHQ�
VRPH�GHYHORSPHQW�LQWR�SURYLGLQJ�QHZ�LQWHUIDFHV�LQWR�WKH�L/DEV�H[SHULPHQWV��3D\QH�	�6FKXO]���������
$GGLWLRQDOO\�LW�LV�KRSHG�WKDW�GHYHORSLQJ�D�VROXWLRQ�IRU�D�ZLGHO\�XVHG�UHPRWH�ODE�SODWIRUP�ZLOO�DOORZ�WKH�
LQWHJUDWHG�V\VWHP�WR�EH�H[SDQGHG�IRU�XVH�ZLWK�D�QXPEHU�RI�GLIIHUHQW�ODEV�IRU�IXWXUH�ZRUN���
�
7KHUH�DUH�D�QXPEHU�RI�DIIRUGDQFHV�RI�YLUWXDO�ZRUOGV�GHVFULEHG�LQ�WKH�OLWHUDWXUH��VXFK�DV�WKH�DELOLW\�WR�FROODERUDWH��
ZKLFK�DUH�DGYDQWDJHRXV�WR�UHPRWH�DFFHVV�ODERUDWRU\�ZRUN��'DOJDUQR�	�/HH����������2QH�VXFK�DIIRUGDQFH�LV�WKH�
DELOLW\�WR�FRQWH[WXDOLVH�DQ�DFWLYLW\�E\�SURYLGLQJ�DGGLWLRQDO�LQIRUPDWLRQ�LQ�WKH�IRUP�RI�WKH�YLUWXDO�ZRUOG�
VXUURXQGLQJ��7KLV�KDV�EHHQ�XVHG�LQ�WHDFKLQJ�LQ�D�QXPEHU�RI�ODERUDWRULHV��ZKHUH�DFWLYLWLHV�ZLWKLQ�WKH�LPPHUVLYH�
YLUWXDO�ZRUOG�DUH�SDUW�RI�D�VWRU\�WKDW�SURYLGHV�WKH�XVHU�ZLWK�FRQWH[WXDO�LQIRUPDWLRQ�WR�EH�XVHG�LQ�FRPSOHWLQJ�WKH�
DFWLYLW\�DQG�DSSO\LQJ�WKH�NQRZOHGJH�WR�DUHDV�RXWVLGH�WKH�VFRSH�RI�WKH�ODE�DFWLYLW\��3ULQJOH�	�+HQGHUOHLWHU����������
([DPSOHV�VXFK�DV�3XJHW�6RXQG�ODERUDWRU\��:LQGVFKLWO��:LQQ��(GXFDWLRQ��%R[��	�:D��������DQG�9LUWXDO�
&KRFRODWH�)DFWRU\��%DFN��.LPEHU��5LHIIHO��	�'XQQLJDQ��������XVH�FXVWRP�GHYHORSHG�YLUWXDO�ZRUOGV��ZKLOH�RWKHU�
ODE�DFWLYLWLHV�KDYH�EHHQ�VHW�LQ�H[LVWLQJ�YLUWXDO�ZRUOGV�VXFK�DV�2SHQ�:RQGHUODQG�DQG�6HFRQG�/LIH��³&LUFXLW�
:DU=�´�������6FKHXFKHU��%DLOH\��*�WO��	�+DUZDUG����������
�
5HVHDUFK�LQWR�ZKLFK�YLUWXDO�ZRUOG�EHVW�PHHWV�HGXFDWLRQDO�UHTXLUHPHQWV�GRHV�QRW�SURYLGH�D�VWDQG�RXW�FDQGLGDWH�
IRU�DOO�OHDUQLQJ�LQ�YLUWXDO�ZRUOGV��UDWKHU�WKLV�GHSHQGV�RQ�WKH�QDWXUH�RI�WKH�OHDUQLQJ�DFWLYLW\�DQG�ZKLFK�YLUWXDO�
ZRUOG�DIIRUGDQFHV�DUH�EHLQJ�H[SORLWHG���:KLOH�QR�SODWIRUP�PHHWV�DOO�RI�WKH�UHTXLUHPHQWV�IRU�WKH�LQWHJUDWLRQ�D�
UHPRWH�ODE�LQWR�D�YLUWXDO�ZRUOG��D�IHZ�VXFK�DV�2SHQ�:RQGHUODQG��6HFRQG�/LIH�DQG�2SHQ�6LP�FRXOG�DOO�EH�DUJXHG�
WR�EH�VXLWDEOH��.DSODQ�	�<DQNHORYLFK��������6PLWK���������3UHYLRXV�LQYHVWLJDWLRQ�KDV�OHG�WR�WKH�VHOHFWLRQ�RI�
2SHQ�:RQGHUODQG�IRU�WKLV�SURMHFW�SULPDULO\�EHFDXVH�LW�LV�RSHQ�VRXUFH��FURVV�SODWIRUP��UHTXLUHV�QR�SURSULHWDU\�
VRIWZDUH�GHYHORSPHQW�DQG�LPSRUWDQWO\�VXSSRUWV�PXOWLSOH�ODQJXDJH�SOXJ�LQV�DQG�DSSOLFDWLRQ�VKDULQJ�VR�H[LVWLQJ�
UHPRWH�ODE�LQWHUIDFHV�FDQ�EH�HDVLO\�UH�XVHG��0DFKHW�	�/RZH������������
�
$UFKLWHFWXUH�
�

L/DEV�
7KH�L/DEV�SODWIRUP�LV�D�UHPRWH�ODERUDWRU\�VKDULQJ�SODWIRUP�GHYHORSHG�DW�0,7�ZLWK�WKH�DLP�RI�VKDULQJ�ODERUDWRU\�
UHVRXUFHV�LQ�YDULRXV�JHRJUDSKLFDO�ORFDWLRQV�ZLWK�VWXGHQWV�DQG�LQVWLWXWLRQV�DFURVV�WKH�ZRUOG��7KH�DLP�ZDV�WR�
GHYHORS�D�VFDODEOH�V\VWHP�WKDW�SURYLGHG�IRU�HDV\�GHSOR\PHQW�RI�QHZ�ODEV��+DUZDUG�HW�DO������������L/DEV�DW�D�
EDVLF�OHYHO�FRQVLVWV�RI�D�/DE�&OLHQW�ZKLFK�SURYLGHV�WKH�LQWHUIDFH�WKURXJK�ZKLFK�WKH�XVHU�FUHDWHV�DQG�VXEPLWV�DQ�
H[SHULPHQW�VSHFLILFDWLRQ��DQG�D�/DE�6HUYHU�ZKLFK�KDQGOHV�WKH�YDOLGDWLRQ�DQG�VXEPLVVLRQ�RI�DQ�H[SHULPHQW�IURP�
WKH�/DE�&OLHQW�YLD�WKH�6HUYLFH�%URNHU�DQG�UXQV�WKH�H[SHULPHQW�RQ�WKH�HTXLSPHQW��0HVVDJLQJ�EHWZHHQ�WKH�/DE�
6HUYHU�DQG�WKH�/DE�&OLHQW�DUH�SDVVHG�WKURXJK�D�6HUYLFH�%URNHU�XVLQJ�62$3�FDOOV���3D\QH�	�6FKXO]���������
�
2SHQ�:RQGHUODQG�
2SHQ�:RQGHUODQG�LV�DQ�RSHQ�VRXUFH�YLUWXDO�ZRUOG�GHYHORSHG�E\�3URMHFW�2SHQ�:RQGHUODQG��$PRQJ�WKH�PDLQ�
JRDOV�RI�WKH�2SHQ�:RQGHUODQG�GHYHORSHUV�ZDV�WKH�SURYLVLRQ�RI�DQ�H[WHQVLEOH�WRRONLW�EDVHG�RQ�RSHQ�VWDQGDUGV�WR�
HQDEOH�HDV\�GHYHORSPHQW��.DSODQ�	�<DQNHORYLFK����������2SHQ�:RQGHUODQG�KDV�D�PRGXODU�FOLHQW�VHUYHU�
DUFKLWHFWXUH�GHYHORSHG�LQ�WKH�RSHQ�VRXUFH�-DYD�SURJUDPPLQJ�ODQJXDJH����
�
7KH�:RQGHUODQG�WRRONLW�DOORZV�GHYHORSHUV�WR�H[WHQG�2SHQ�:RQGHUODQG�DW�D�QXPEHU�RI�GLIIHUHQW�³H[WHQVLRQ�
SRLQWV´��$�FRPPRQ�H[WHQVLRQ�LV�QHZ�REMHFW�W\SHV�UHIHUUHG�WR�DV�FHOOV�ZKLFK�FDQ�KDYH�FOLHQW�VLGH�DQG�VHUYHU�VLGH�
EHKDYLRXUV��2SHQ�:RQGHUODQG�SURYLGHV�WKH�LQIUDVWUXFWXUH�WR�FUHDWH�DQG�DGG�QHZ�PRGXOHV��ZKHUH�QHZ�FHOO�W\SHV�
FDQ�EH�GHYHORSHG�DQG�FRPSLOHG���7KHUH�DUH�DOVR�D�QXPEHU�RI�H[LVWLQJ�PRGXOHV�LQ�WKH�2SHQ�:RQGHUODQG�0RGXOH�
:DUHKRXVH�WKDW�FDQ�EH�XVHG��VXFK�DV�YLGHR�VWUHDPLQJ���&XUUHQWO\�WKHUH�LV�QR�62$3�PRGXOH�IRU�2SHQ�
:RQGHUODQG��EXW�WKHUH�DUH�D�QXPEHU�RI�VROXWLRQV�IRU�H[WHUQDO�FRPPXQLFDWLRQ��VXFK�DV�D�PRGXOH�WKDW�SURYLGHV�DQ�
H[DPSOH�RI�D�5(67IXO�$3,�WR�D�ZHE�VHUYLFH��)ORUHV����������
�
,QWHJUDWHG�6\VWHP�
7KH�LQWHJUDWHG�V\VWHP�ZLOO�QHHG�WR�EH�GHYHORSHG�WR�LQWHUIDFH�2SHQ�:RQGHUODQG�WR�WKH�L/DEV�/DE�6HUYHU�VR�WKDW�
VWXGHQWV�ZKR�DUH�ZLWKLQ�WKH�2SHQ�:RQGHUODQG�ZRUOG�FDQ�DFFHVV�WKH�UHPRWH�ODERUDWRU\�FRQWUROV�DQG�H[HFXWH�WKH�
ODE���7KLV�PHDQV�WKDW�WKH�/DE�&OLHQW�DQG�6HUYLFH�%URNHU�IXQFWLRQDOLW\�RI�WKH�L/DEV�V\VWHP�PXVW�EH�LPSOHPHQWHG�
IRU�XVH�ZLWKLQ�2SHQ�:RQGHUODQG���
�
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$�VROXWLRQ�ZLOO�QHHG�WR�EH�IRXQG�IRU�KRZ�WKLV�/DE�&OLHQW�DQG�6HUYLFH�%URNHU�IXQFWLRQDOLW\�FDQ�EH�GHYHORSHG�LQ�
2SHQ�:RQGHUODQG�XVLQJ�2SHQ�:RQGHUODQGV�VFULSWLQJ��FHOO�EHKDYLRU�DQG�DGG�RQ�PRGXOHV��RU�DFFHVVHG�IURP�
ZLWKLQ�2SHQ�:RQGHUODQG�XVLQJ�H[LVWLQJ�IXQFWLRQDOLW\�VXFK�DV�;���DSSOLFDWLRQ�VKDULQJ�RU�D�91&�YLHZHU��
(IIHFWLYHO\��2SHQ�:RQGHUODQG�ZRXOG�DSSHDU�WR�DQ\�L/DEV�/DE�6HUYHU�DV�D�JHQHULF�6HUYLFH�%URNHU���
�
/HVVRQV�
�
6ROXWLRQ�$OWHUQDWLYHV�
,Q�RUGHU�WR�LQWHUIDFH�EHWZHHQ�2SHQ�:RQGHUODQG�DQG�L/DEV��ZH�FDQ�ORRN�DW�WKH�VROXWLRQV�IURP�WKH�SRLQW�RI�YLHZ�
RI�WKH�OHYHO�RI�LQWHJUDWLRQ�RI�L/DEV�/DE�&OLHQW�DQG�6HUYLFH�%URNHU�IXQFWLRQDOLW\�LQWR�2SHQ�:RQGHUODQG���,Q�WKLV�
FDVH��LQ�LQFUHDVLQJ�RUGHU�RI�LQWHJUDWLRQ�WKH�IROORZLQJ�VROXWLRQV�DUH�SURSRVHG��
�
��� ([WHUQDO�IXQFWLRQDOLW\���7KH�/DE�&OLHQW�DQG�6HUYLFH�%URNHU�IXQFWLRQDOLW\�FDQ�EH�UHDOLVHG�H[WHUQDOO\�

WR�2SHQ�:RQGHUODQG���$FFHVV�WR�WKH�/DE�&OLHQW�ZLOO�WKHQ�EH�WKURXJK�HLWKHU�WKH�2SHQ�:RQGHUODQG�
91&�YLHZHU�PRGXOH�FDSDELOLW\��RU�;���DSSOLFDWLRQ�VKDULQJ��GHSHQGLQJ�RQ�WKH�QDWXUH�RI�WKH�
LQWHUIDFH���7KLV�VROXWLRQ�ZRXOG�UHTXLUH�D�VPDOO�DPRXQW�RI�GHYHORSPHQW�LQ�2SHQ�:RQGHUODQG�DQG�
PDNH�XVH�RI�H[LVWLQJ�FRPSRQHQWV�LQ�L/DEV�DQG�2SHQ�:RQGHUODQG��KRZHYHU�WKH�LQWHJUDWLRQ�RI�WKH�
FRQWURO�LQWHUIDFH�ZLWKLQ�WKH�FRQWH[WXDO�HOHPHQWV�WR�EH�DGGHG�WR�WKH�YLUWXDO�ZRUOG�ZRXOG�EH�OLPLWHG��
$GGLWLRQDOO\��WKLV�V\VWHP�ZRXOG�EH�PRVW�DIIHFWHG�E\�ODWHQF\�LQ�H[WHUQDO�FRPPXQLFDWLRQ��6FKHXFKHU�
��� � ��¶V��������LQWHJUDWLRQ�RI�DQ�L/DEV�EDVHG�IRUFH�RQ�D�GLSROH�ODERUDWRU\�LQWR�2SHQ�:RQGHUODQG�
SURYLGHV�DQ�H[DPSOH�RI�WKLV�W\SH�RI�LQWHJUDWLRQ�XVLQJ�D�91&�YLHZHU�WR�DFFHVV�WKH�/DE�&OLHQW�ZKLFK�
ZDV�D�/DE9LHZ�LQWHUIDFH�WR�WKH�IRUFH�RQ�GLSROH�HTXLSPHQW��

��� 3DUWLDOO\�LQWHJUDWHG�IXQFWLRQDOLW\��$�VHFRQG�RSWLRQ�ZRXOG�EH�WKH�GHYHORSPHQW�RI�WKH�/DE�&OLHQW�
IXQFWLRQDOLW\�ZLWKLQ�2SHQ�:RQGHUODQG�VR�WKDW�DOO�ODERUDWRU\�FRQWUROV�DUH�GHYHORSHG�ZLWKLQ�2SHQ�
:RQGHUODQG��,Q�WKLV�FDVH��WKH�2SHQ�:RQGHUODQG�/DE�&OLHQW�ZRXOG�FRPPXQLFDWH�ZLWK�D�PRGLILHG�6HUYLFH�
%URNHU�WKURXJK�H[LWLQJ�FRPPXQLFDWLRQ�FKDQQHOV��IRU�H[DPSOH�GHGLFDWHG�VRFNHWV�RU�WKH�2SHQ�:RQGHUODQG�
5(67IXO�$3,���7KH�6HUYLFH�%URNHU�IXQFWLRQDOLW\�ZRXOG�VLW�RXWVLGH�RI�2SHQ�:RQGHUODQG�DQG�EH�PRGLILHG�WR�
DFFHSW�LQIRUPDWLRQ�IURP�WKH�2SHQ�:RQGHUODQG�/DE�&OLHQW���7KLV�RSWLRQ�UHTXLUHV�VLJQLILFDQW�GHYHORSPHQW�EXW�
LV�EDVHG�RQ�WKH�DELOLW\�WR�XVH�WHVWHG�2SHQ�:RQGHUODQG�LQWHUIDFHV�WR�H[WHUQDO�VHUYLFHV���7KLV�VROXWLRQ�ZLOO�
DOORZ�QHZ�ODEV�WR�EH�LPSOHPHQWHG�LQ�2SHQ�:RQGHUODQG�UHTXLULQJ�RQO\�/DE�&OLHQW�GHYHORSPHQW�DQG�
SURYLGLQJ�WKH�DELOLW\�WR�UH�XVH�WKH�QHZ�6HUYLFH�%URNHU���

��� :KROO\�LQWHJUDWHG�IXQFWLRQDOLW\��$V�D�WKLUG�ZKROO\�LQWHJUDWHG�RSWLRQ��ERWK�WKH�/DE�&OLHQW�DQG�6HUYLFH�
%URNHU�IXQFWLRQDOLW\�ZRXOG�VLW�ZLWKLQ�2SHQ�:RQGHUODQG���,Q�WKLV�FDVH��WKH�/DE�&OLHQW�FRQWUROV�ZRXOG�EH�
LPSOHPHQWHG�LQ�2SHQ�:RQGHUODQG��DQG�LQSXWV�IURP�WKLV�ZRXOG�EH�XVHG�WR�SURYLGH�LQIRUPDWLRQ�IRU�WKH�62$3�
LQWHUIDFH�WR�WKH�/DE�6HUYHU���7KH�62$3�FOLHQW�ZRXOG�QHHG�WR�EH�GHYHORSHG�DV�D�PRGXOH�IRU�2SHQ�
:RQGHUODQG���7KLV�RSWLRQ�DOORZV�WKH�PRVW�LQWHJUDWLRQ�RI�FRPSRQHQWV�ZLWKLQ�WKH�YLUWXDO�ZRUOG���,W�HOLPLQDWHV�
WKH�QHHG�IRU�D�VHSDUDWH�6HUYLFH�%URNHU��EXW�DOVR�UHTXLUHV�D�ODUJH�DPRXQW�RI�GHYHORSPHQW��SDUWLFXODUO\�WKH�
62$3�PRGXOH�IRU�2SHQ�:RQGHUODQG��DQG�WKH�VROXWLRQ�ZLOO�EH�PRUH�VSHFLILF�WR�WKH�ODERUDWRU\��UHTXLULQJ�
DGGLWLRQDO�UH�ZRUN�IRU�IXWXUH�ODE�LQWHJUDWLRQ��
�

3URSRVHG�6ROXWLRQ�
7KH�VHFRQG�RSWLRQ��ZLWK�DQ�LQWHJUDWHG�/DE�&OLHQW��H[WHUQDO�PRGLILHG�6HUYLFH�%URNHU��KDV�EHHQ�VHOHFWHG�DV�D�EDVLV�
IRU�WKLV�UHVHDUFK��DV�LW�SURYLGHV�D�FRPSURPLVH�EHWZHHQ�D�JHQHULF�VROXWLRQ�WKDW�FDQ�EH�XVHG�ZLWK�DQ\�ODERUDWRU\��
DQG�D�VSHFLILF�VROXWLRQ�WKDW�DOORZV�DOO�WKH�IHDWXUHV�RI�WKH�ODE�FRQWURO�WR�EH�ZHOO�LQWHJUDWHG�LQWR�WKH�2SHQ�
:RQGHUODQG�HQYLURQPHQW��$GGLWLRQDOO\��LW�LV�D�FRPSURPLVH�EHWZHHQ�EHLQJ�DEOH�WR�UH�XVH�H[LVWLQJ�FRGH��VXFK�DV�
DOUHDG\�GHYHORSHG�ODERUDWRU\�LQWHUIDFHV�DQG�WKH�H[LVWLQJ�6HUYLFH�%URNHU��DQG�D�FXVWRPLVHG�VROXWLRQ��

�
/HVVRQ����%RXQGHG�H[WHQVLELOLW\�RI�WKH�LQWHJUDWHG�VROXWLRQ�LV�DFKLHYHG�WKURXJK�OLPLWLQJ�WKH�
DPRXQW�RI�ODERUDWRU\�VSHFLILF�GHYHORSPHQW��1HZ�ODERUDWRULHV�ZLOO�UHTXLUH�QHZ�LQ�ZRUOG�FRQWURO�
LQWHUIDFH�GHYHORSPHQW���

��
'HYHORSPHQW�IRU�WKLV�VROXWLRQ�LV�PDGH�XS�RI�WKUHH�SDUWV��7KH�/DE�&OLHQW�IXQFWLRQDOLW\�ZLWKLQ�2SHQ�:RQGHUODQG��
WKH�LQWHUIDFH�EHWZHHQ�WKH�2SHQ�:RQGHUODQG�/DE�&OLHQW�DQG�WKH�QHZ�6HUYLFH�%URNHU��DQG�WKH�GHYHORSPHQW�RI�WKH�
PRGLILHG�6HUYLFH�%URNHU�DV�LOOXVWUDWHG�LQ�)LJXUH����
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�
)LJXUH����3URSRVHG�VROXWLRQ�DUFKLWHFWXUH�

�
7KH�/DE�&OLHQW�ZLOO�FRQVLVW�RI�WKH�H[SHULPHQW�LQWHUIDFH�WKDW�WKH�XVHU�ZLOO�VHH�ZKHQ�FRQGXFWLQJ�WKH�H[SHULPHQW��
7KH�LQWHUIDFH�FRQWUROV�ZLOO�EH�GHYHORSHG�µLQ�ZRUOG¶�DQG�EH�LQWHJUDWHG�ZLWK�WKH�FRQWH[WXDO�HOHPHQWV�LQ�WKH�YLUWXDO�
ZRUOG���7KH�LQWHUIDFH�ZLOO�LQFOXGH�D�YLGHR�IHHG�RI�WKH�ODERUDWRU\�IRU�HVWDEOLVKLQJ�WKH�UHDOLW\�RI�WKH�HTXLSPHQW���
7KH�/DE�&OLHQW�ZLOO�QHHG�WR�SDVV�WKH�FRUUHFW�H[SHULPHQW�LQIRUPDWLRQ�WR�WKH�6HUYLFH�%URNHU�ZKLFK�FDQ�WKHQ�
LQWHUIDFH�WR�WKH�/DE�6HUYHU��

�
/HVVRQ����&RKHUHQW�LQWHJUDWLRQ�RI�WKH�ODERUDWRU\�FRQWURO�LQWHUIDFH�LQWR�WKH�YLUWXDO�ZRUOG�UHTXLUHV�
UHGHYHORSPHQW�RI�WKH�FRQWURO�LQWHUIDFHV��7KH�UHVXOW�ZLOO�EH�WKDW�DGGLWLRQDO�GHYHORSPHQW�HIIRUW�ZLOO�
UHVXOW�LQ�D�ORJLFDOO\�SUHVHQWHG�FRQWURO�LQWHUIDFH�DQG�LPSURYHG�ODWHQF\��

�
7KH�6HUYLFH�%URNHU�IXQFWLRQDOLW\�LQ�WKLV�FDVH�ZLOO�EH�WR�SURYLGH�WKH�DXWKHQWLFDWLRQ�LQIRUPDWLRQ�NQRZQ�WR�WKH�/DE�
6HUYHU�LQ�RUGHU�WR�H[HFXWH�WKH�ODE���'HYHORSPHQW�ZLOO�UHTXLUH�WKH�PRGLILFDWLRQ�RI�D�6HUYLFH�%URNHU�WR�DFFHSW�WKH�
QHZ�IRUPDW�RI�LQSXWV�IURP�2SHQ�:RQGHUODQG��XVLQJ�D�5(67IXO�LQWHUIDFH�����

�
/HVVRQ����([WHUQDO�FRPPXQLFDWLRQ�IURP�WKH�YLUWXDO�ZRUOG�FDQ�EH�DFKLHYHG�WKURXJK�D�VXLWDEO\�
GHILQHG�5(67IXO�LQWHUIDFH���,QIRUPDWLRQ�IURP�WKH�YLUWXDO�ZRUOG�FDQ�EH�FRPPXQLFDWHG�WR�DQ�
H[WHUQDO�ZHE�VHUYLFH��DQG�WKH�UHVSRQVHV�FDQ�EH�XVHG�WR�PDQLSXODWH�HOHPHQWV�ZLWKLQ�WKH�YLUWXDO�
ZRUOG����7KLV�LQWHUIDFH�FRPSRQHQW�ZLOO�EH�XVHIXO�LQ�LQWHJUDWLQJ�IXWXUH�ODEV��

�
7KLV�RSWLRQ�HOLPLQDWHV�WKH�QHHG�IRU�D�62$3�PRGXOH�WR�EH�GHYHORSHG�IRU�2SHQ�:RQGHUODQG��DQG�PDNHV�XVH�RI�
H[LVWLQJ�H[WHUQDO�FRPPXQLFDWLRQ�FDSDELOLWLHV��
�
'LVFXVVLRQ�DQG�&RQFOXVLRQV�
�
7KH�VROXWLRQ�SURSRVHG�KHUH�LQYROYHV�GHYHORSLQJ�/DE�&OLHQW�IXQFWLRQDOLW\�ZLWKLQ�2SHQ�:RQGHUODQG�DQG�D�
PRGLILHG�H[WHUQDO�6HUYLFH�%URNHU��7KH�VROXWLRQ�ZLOO�UHTXLUH�D�VLJQLILFDQW�DPRXQW�RI�GHYHORSPHQW�EXW�LW�GRHV�
PDNH�XVH�RI�H[LVWLQJ�FRPSRQHQWV�RI�WKH�L/DEV�DQG�2SHQ�:RQGHUODQG�SODWIRUPV�VXFK�DV�WKH�DYDLODEOH�2SHQ�
:RQGHUODQG�H[WHUQDO�FRPPXQLFDWLRQ�PRGXOH��7KH�PRGLILHG�6HUYLFH�%URNHU�DQG�6HUYLFH%URNHU$3,�IXQFWLRQDOLW\�
SURSRVHG�ZLOO�EH�DYDLODEOH�IRU�UH�XVH�LI�QHZ�ODEV�DUH�LQFOXGHG�LQ�2SHQ�:RQGHUODQG�LQ�WKH�IXWXUH����
�
7KLV�VROXWLRQ�LV�DQ�LPSURYHPHQW�RYHU�WKH�XVLQJ�D�91&�YLHZHU��RU�;���DSSOLFDWLRQ�VKDULQJ��WR�YLVXDOLVH�D�/DE�
&OLHQW�RXWVLGH�RI�2SHQ�:RQGHUODQG��DV�WKHUH�ZLOO�EH�OHVV�ODWHQF\�EHWZHHQ�DYDWDU�DFWLRQV�DQG�WKH�FRQWURO�LQWHUIDFH�
LI�WKH�FRQWURO�LV�GHYHORSHG�ZLWKLQ�2SHQ�:RQGHUODQG��+RZHYHU��WKH�VROXWLRQ�ZLOO�UHTXLUH�UHGHYHORSPHQW�RI�D�
FRQWURO�LQWHUIDFH�WKDW�DOUHDG\�H[LVWV�LQ�PDQ\�FDVHV��$Q�DGYDQWDJH�RI�WKH�FKRVHQ�VROXWLRQ�LV�WKH�DELOLW\�WR�LQWHJUDWH�
WKH�FRQWURO�LQWHUIDFH�EHWWHU�LQWR�WKH�YLUWXDO�ZRUOG��UDWKHU�WKDQ�EHLQJ�OLPLWHG�WR�WKH�91&�YLHZHU�FHOO���
�
7KLV�SDSHU�KDV�SUHVHQWHG�D�WHFKQLFDO�VROXWLRQ�IRU�WKH�LQWHJUDWLRQ�RI�L/DEV�IXQFWLRQDOLW\�LQWR�2SHQ�:RQGHUODQG��,W�
RIIHUV�D�UHDOLVDEOH�VROXWLRQ�WKDW�SUHVHQWV�D�UHDVRQDEOH�FRPSURPLVH�EHWZHHQ�UH�XVH�RI�H[LVWLQJ�FRPSRQHQWV��
GHYHORSPHQW�HIIRUW��H[WHQVLELOLW\�DQG�FXVWRPLVDWLRQ��7KH�VROXWLRQ�SURSRVHG�KHUH�DOORZV�IRU�WKH�GHYHORSPHQW�RI�D�
QHZ�UHPRWH�ODERUDWRU\�HQYLURQPHQW�WKDW�KDV�WKH�SRWHQWLDO�WR�EH�XVHG�IRU�IXUWKHU�UHVHDUFK�DQG�OHDUQLQJ����
�
7KH�QH[W�VWHSV�LQ�WKLV�UHVHDUFK�DUH�WR�LPSOHPHQW�WKLV�VROXWLRQ�DQG�GHWHUPLQH�ZKHWKHU�WKH�LQWHJUDWHG�YLUWXDO�ZRUOG�
DQG�UHPRWH�ODERUDWRU\�V\VWHP�PHHWV�WKH�IXQFWLRQDO�UHTXLUHPHQWV�IRU�IXWXUH�UHVHDUFK�WR�EH�FDUULHG�RXW��
SDUWLFXODUO\�LQWR�WKH�SRVVLEOH�HIIHFWV�RI�DGGLQJ�FRQWH[WXDO�LQIRUPDWLRQ�WR�ODERUDWRULHV����)XWXUH�ZRUN�LQ�WKLV�DUHD�
FRXOG�LQYROYH�H[WHQGLQJ�UHVHDUFK�LQWR�D�QXPEHU�RI�GLIIHUHQW�UHPRWH�ODERUDWRULHV�DQG�ODERUDWRU\�OHDUQLQJ�
RXWFRPHV��VXFK�DV�WKH�HIIHFWV�RI�FROODERUDWLRQ�RQ�UHPRWH�ODERUDWRU\�OHDUQLQJ�RXWFRPHV���
�
5HIHUHQFHV�
�
%DFN��0���.LPEHU��'���5LHIIHO��(���	�'XQQLJDQ��$����������7KH�9LUWXDO�&KRFRODWH�)DFWRU\��%XLOGLQJ�$�5HDO�

:RUOG�0L[HG�5HDOLW\�6\VWHP�)RU�,QGXVWULDO�&ROODERUDWLRQ�$QG�&RQWURO������±������
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&LUFXLW�:DU=����������5HWULHYHG�-XO\�����������IURP�KWWS���FLUFXLWZDU]�FRP��
'DOJDUQR��%���	�/HH��0��-��:����������:KDW�DUH�WKH�OHDUQLQJ�DIIRUGDQFHV�RI���'�YLUWXDO�HQYLURQPHQWV"�%ULWLVK�

-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\�����������±����5HWULHYHG�IURP�KWWS���EODFNZHOO�
V\QHUJ\�FRP�GRL�DEV���������M����������������������[�

)ORUHV��-����������7KH�VLPSOH�9LUWXDO�OLIH��&RQQHFWLQJ�2SHQ�:RQGHUODQG�WR�H[WHUQDO�VHUYLFHV��7KH�VLPSOH�9LUWXDO�
OLIH��5HWULHYHG�0D\�����������IURP�KWWS���MRVPDVIORUHV�EORJVSRW�FRP�DX���������FRQQHFWLQJ�RSHQ�
ZRQGHUODQG�WR�H[WHUQDO�KWPO�

+DUZDUG��9��-���GHO�$ODPR��-��$���/HUPDQ��6��5���%DLOH\��3��+���&DUSHQWHU��-���'H/RQJ��.���)HONQRU��&���HW�DO��
��������7KH�L/DE�VKDUHG�DUFKLWHFWXUH��$�:HE�6HUYLFHV�LQIUDVWUXFWXUH�WR�EXLOG�FRPPXQLWLHV�RI�,QWHUQHW�
DFFHVVLEOH�ODERUDWRULHV��3URFHHGLQJV�RI�WKH�,(((��������������

.DSODQ��-���	�<DQNHORYLFK��1����������2SHQ�:RQGHUODQGௗ��$Q�([WHQVLEOH�9LUWXDO�:RUOG�$UFKLWHFWXUH���-DQXDU\�
�������

/RZH��'��%���0XUUD\��6���/LQGVD\��(���/LX��'���	�%ULJKW��&����������5HIOHFWLQJ�3URIHVVLRQDO�5HDOLW\�LQ�5HPRWH�
/DERUDWRU\�([SHULHQFHV��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5HPRWH�(QJLQHHULQJ�DQG�9LUWXDO�,QVWUXPHQWDWLRQ�
�5(9���������±���5HWULHYHG�IURP�
KWWS���ZZZ�ODEVKDUH�HGX�DX�PHGLD�LPJ�UHIOHFWLQJBUHPRWHBODEBH[SHULHQFHV�SGI�

0DFKHW��7���	�/RZH��'����������,QWHJUDWLQJ�5HDO�(TXLSPHQW�LQWR�9LUWXDO�:RUOGV��3URIHVVLRQ�RI�(QJLQHHULQJ�
(GXFDWLRQ��$GYDQFLQJ�7HDFKLQJ��5HVHDUFK�DQG�&DUHHUV��7KH���UG�$QQXDO�&RQIHUHQFH�RI�WKH�$XVWUDODVLDQ�
$VVRFLDWLRQ�IRU�(QJLQHHULQJ�(GXFDWLRQ�������S��������(QJLQHHUV�$XVWUDOLD��

0DFKHW��7���/RZH��'���	�*�WO��&����������2Q�WKH�SRWHQWLDO�IRU�XVLQJ�LPPHUVLYH�YLUWXDO�HQYLURQPHQWV�WR�VXSSRUW�
ODERUDWRU\�H[SHULPHQW�FRQWH[WXDOLVDWLRQ��(XURSHDQ�-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ������������±�����

3D\QH��/���	�6FKXO]��0����������-$9$�,PSOHPHQWDWLRQ�RI�WKH�%DWFKHG�L/DE�6KDUHG�$UFKLWHFWXUH��,QWHUQDWLRQDO�
-RXUQDO�RI�2QOLQH�(QJLQHHULQJ��L-2(�����6�����

3ULQJOH��'��/���	�+HQGHUOHLWHU��-����������(IIHFWV�RI�&RQWH[W�%DVHG�/DERUDWRU\�([SHULPHQWV�RQ�$WWLWXGHV�RI�
$QDO\WLFDO�&KHPLVWU\�6WXGHQWV��-RXUQDO�RI�&KHPLFDO�(GXFDWLRQ���������������

6FKHXFKHU��7���%DLOH\��3��+���*�WO��&���	�+DUZDUG��-��9����������&ROODERUDWLYH�9LUWXDO��'�(QYLURQPHQW�IRU�
,QWHUQHW�$FFHVVLEOH�3K\VLFV�([SHULPHQWV��,QWHUQDWLRQDO�-RXUQDO�RI�2QOLQH�(QJLQHHULQJ��L-2(�����6SHFLDO�
,VVXH�������±����

6PLWK��6����������/LEUDULHV�LQ�6HFRQG�/LIHௗ��1HZ�$SSURDFKHV�WR�(GXFDWLRQ���,QIRUPDWLRQ�6KDULQJ���/HDUQLQJ�
2EMHFW�,PSOHPHQWDWLRQ���8VHU�,QWHUDFWLRQV�DQG�&ROODERUDWLRQV��-RXUQDO�RI�6\VWHPLFV��&\EHUQHWLFV�	�
,QIRUPDWLFV������������

:LQGVFKLWO��0���:LQQ��%���(GXFDWLRQ��&���%R[��0��+���	�:D��6����������$�9LUWXDO�(QYLURQPHQW�'HVLJQHG�7R�
+HOS�6WXGHQWV�8QGHUVWDQG�6FLHQFH��6FLHQFHV�1HZ�<RUN�����±�����

$XWKRU�FRQWDFW�GHWDLOV�� 7DQLD�0DFKHW��WDQLDPDFKHW#JPDLO�FRP�     
'DYLG�/RZH��'DYLG�ORZH#V\GQH\�HGX�DX�

3OHDVH�FLWH�DV��0DFKHW��7��	�/RZH��'����������,VVXHV�,QWHJUDWLQJ�5HPRWH�/DERUDWRULHV�LQWR�9LUWXDO�:RUOGV��,Q�
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7KH� DXWKRU�V�� DVVLJQ� WR�DVFLOLWH�DQG� HGXFDWLRQDO� QRQ�SURILW� LQVWLWXWLRQV�� D� QRQ�H[FOXVLYH� OLFHQFH� WR� XVH� WKLV�
GRFXPHQW� IRU� SHUVRQDO� XVH� DQG� LQ� FRXUVHV� RI� LQVWUXFWLRQ�� SURYLGHG� WKDW� WKH� DUWLFOH� LV� XVHG� LQ� IXOO� DQG� WKLV�
FRS\ULJKW� VWDWHPHQW� LV� UHSURGXFHG��7KH� DXWKRU�V�� DOVR� JUDQW� D� QRQ�H[FOXVLYH� OLFHQFH� WR�DVFLOLWH�WR� SXEOLVK� WKLV�
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