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YLVLWRUV� DW� D� WLPH��$IWHU� WZHQW\�\HDUV�RI� H[SHULPHQWDWLRQ� DQG� VWXG\�� WKH�&KDSHO� KDV� EHHQFOHDQHG��QRW�RQO\�UHPRYLQJ�WKH�GDPS�FRQGHQVDWLRQ�VWDLQV�FDXVHG�E\�WKH�WUDQVSLUDWLRQ�RI�WKHKXQGUHGV�RI�WKRXVDQGV�RI�YLVLWRUV�ZKR�KDYH�IORFNHG�WKHUH�LQ�WKH�SDVW��EXW�DERYH�DOO�KDOWLQJWKH�GDQJHURXV�VXOSKDWLQJ�SURFHVV�ZKLFK�FDXVHV�FUXPEOLQJ�RI�WKH�SODVWHU�2Q�WKH�EDVLV�RI�WKLV�VR�GLIILFXOW�DQG�VKRUW�IUXLWLRQ�DQG�DFFHVVLELOLW\�RI�WKH�&KDSHO��D�YHU\FRPSOH[�DQG�PXOWLPHGLD�YLUWXDO�SURMHFW�ZDV�ERUQ�LQ������E\�LQLWLDWLYH�RI�WKH�0XQLFLSDOLW\RI�3DGXD��:LWKLQ�WKH�JHQHUDO�PXOWLPHGLD�SURMHFW�D�YLUWXDO�UHDOLW\�V\VWHPV�IRU�WKH�6FURYHJQL&KDSHO� KDV� EHHQ� GLUHFWHG� E\� &15�,7$%&� �1DWLRQDO� 5HVHDUFK� &RXQFLO�� ,QVWLWXWH� RI7HFKQRORJLHV�$SSOLHG�WR�WKH�&XOWXUDO�+HULWDJH��LQ�FROODERUDWLRQ�ZLWK�WKH�0XQLFLSDOLW\�
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7KH�JHQHUDO�SODQ�RI�WKH�0XQLFLSDOLW\�RI�3DGXD�KDV�LQYROYHG�WKH�FUHDWLRQ�RI�DQ�K\SHUPHGLDH[KLELWLRQ� URRP� RI� ��� [� ��� P�� ILW� WR� KRVW� VHYHQ� LQVWDOODWLRQV� �SK\VLFDO� DQG� YLUWXDOH[KLELWLRQV����7KH�VHYHQ�LQVWDOODWLRQV�DUH�DLPHG�WR�OHDUQ�WKH�KLVWRULF�DQG�DUWLVWLF�FRQWH[W�LQZKLFK�*LRWWR�OLYHG�DQG�ZRUNHG��7KLV�¦FRJQLWLYH�ER[§�FDQ�VXJJHVW� WKH�SHRSOH�SDVVLYH�DQGDFWLYH� LQWHUDFWLRQV� �LQWHUDFWLYH� '9'�� PXOWLPHGLD�� PRYLHV�� YLUWXDO� UHDOLW\�� RU� SK\VLFDOUHFRQVWUXFWLRQ� �*LRWWR©V� VXEMHFWV� DQG� VFHQHV� OLNH� WKH� 6W�� $QQH©V� KRXVH��� 7KLV� PXOWL�LQWHUDFWLYH�DSSURDFK�LV�DLPHG�WR�LQWURGXFH��WR�DOSKDEHWL]H�DQG�WR�FRQWH[WXDOL]H�WKH�YLVLW�WRWKH� &KDSHO� RQ� WKH� EDVLV� RI� D� PXOWLIDFWRU� OHDUQLQJ� ZLWK� WKUHH� PDLQ� VWHSV�� LPPHUVLRQ�H[SHFWDWLRQ��YLVLW�$W�WKH�HQG�RI�WKH�UHDO�DQG�RI�WKH�YLUWXDO�YLVLW��WKH�XVHU�ZLOO�FDQ�FRPH�WR�H[SORUH�DJDLQ�WKHYLUWXDO� PRGHO�� DFFRUGLQJ� WR� D� SURFHVV� RI� LQIRUPDWLYH� DQDN\FORVLV �D� ¦FRJQLWLYH� FLUFOH§�YLUWXDO�UHDO�YLUWXDO�UHDO� DJDLQ���6R� WKH� FXOWXUDO� OHDUQLQJ�� LQ� WKH� DOWHUQDWLYH� UHDO� DQG� YLUWXDOSKDVHV�� FRPHV� IRU� UHGXQGDQF\� DQG� IRU� WKH� VSDWLDO� FRQWH[WXDOL]DWLRQ�RI� WKH� GDWD�� WKH� XVHU�



YLVLWRU� IROORZV� LQIRUPDWLYH� SDWKV� DGGLQJ� LQ� SURJUHVV� QHZ� OHYHOV� RI� OHDUQLQJ�� 7KHDQDN\FORVLV�LV�FRQFOXGHG�ZKHQ�D�PHQWDO�LQIRUPDWLRQ�LV�LGHQWLILHG���¦DOUHDG\�VHHQ§��¦DOUHDG\DFTXLUHG§�� ¦DOUHDG\� PHPRULVHG§�� DQG� ZLWK� WKH� IDFXOW\� RI� HODERUDWLQJ� LW�� ,Q� FRQFOXVLRQ�VWDUWLQJ� IURP� WKH� UHGXQGDQF\�RI� WKH� LQIRUPDWLYH� JHRPHWU\�� GHDOLQJ� WKH� VDPH� DUJXPHQW�� DSHUPDQHQW�FRJQLWLYH�IHHGEDFN ZLOO�FDQ�EH�FUHDWHG��LQFUHDVLQJ�WKH�IDFXOWLHV�RI�OHDUQLQJ�DQGRI�PHPRULVLQJ�7KH� LQVWDOODWLRQ� W\SRORJLHVRI� WKH� K\SHUPHGLD� URRP� DUHGLVWLQJXLVKHG� E\� WKHIROORZLQJ� IHDWXUHV�� QDUUDWLYH�LQVWDOODWLRQ� ���� YLUWXDO�FRJQLWLYH� �LQVWDOODWLRQ� ���PXOWLPHGLD� �LQVWDOODWLRQV� ���� DQG� ���� H[KLELWHG�LQVWDOODWLRQV� �� DQG� ���� 7KHLQVWDOODWLRQ� �� LV� D� '9'GLVSOD\HG� RQ� D� SDQRUDPLFVFUHHQ� DQG� LW� FRQFHUQV� DFROOHFWLYH� H[SHULHQFH�� 7KHLQVWDOODWLRQV� �� DQG� �� DUHPXOWLPHGLD� DQG� LQWHUDFWLYH'9'� PRYLHV�� WKH\� SURGXFHFRQWH[W� DQG� IHHGEDFN� RI� WKHSURMHFW�� WKH� LQVWDOODWLRQV� �DQG� �� UHFUHDWH� D� SK\VLFDO� HQYLURQPHQW�� 7KH� LQVWDOODWLRQ� �� �ILJV������� WKH� YLUWXDO� UHDOLW\V\VWHP��LV�WKH�IRFXV�RI�WKH�H[KLELWLRQ�DQG�LW�UHSUHVHQWV�WKH�PD[LPXP�OHYHO�RI�LQWHUDFWLYLW\DQG�RI�YLUWXDO�FRJQLWLYH�LQFUHPHQW�)LQDOO\��RQH�RI�WKH�NH\�SRLQWV�RI�WKH�SURMHFW�LV�LQ�WKH�SURSDHGHXWLF�GLJLWDO�LPPHUVLRQ�WR�WKHYLVLW� �ILJ���� DQG� WR� WKH� DWWHPSW�RI� ¦PXVHDOLVLQJ§� WKH� YLUWXDO�� WKDW� LV� XVLQJ� WKH�PXOWLPHGLDLQVWDOODWLRQV�OLNH�D�UHDO�PXVHXP�H[KLELWLRQ��FRPSRVHG�E\�LWV�RZQ�JUDPPDUV�DQG�H[SUHVVLYHODQJXDJHV�� 6R� HDFK� LQVWDOODWLRQ� KDV� LWV� RZQ� VKDUHG� WHUULWRU\�� UHSUHVHQWHG� E\� WKH� VSDFH� LQZKLFK� WKH� YLVLWRUV� LQWHUDFW�� DQG� D� FRQWH[WXDO� FRQQHFWLYH� WHUULWRU\� �YLUWXDO��� ZKHUHPXOWLPHGLD�LQIRUPDWLRQ�DUH�ORFDWHG�DFFRUGLQJ�WR�DQ�LQFUHPHQWHG�UHDOLW\��:H�FDQ�GHILQH�WKLVVSDFH�DQ�¦LQYLVLEOH�VSDFH§�ZKHUH�HDFK�WHUULWRU\�RI�DWWUDFWLRQ�LV�ORFDWHG��RQ�WKH�EDVLV�RI�WKLVWHUULWRU\�WKH�YLVLWRU�FDQ�VWRS�IRU�D�VKRUW�RU�D�ORQJ�WLPH��LQWHUDFWLQJ�ZLWK�WKH�GLJLWDO�FRQWHQW�H[FKDQJLQJ�FROOHFWLYH�H[SHULHQFHV�� ILQDOO\� UHFUHDWLQJ�KLV�RZQ�PHQWDO�PDS�ZLWK� WKH�YLVXDODQG�VHQVRULDO�VWLPXODWLRQ�KH�UHFHLYHV�DQG�HODERUDWHV��,Q�WKLV�GLUHFWLRQ�WKH�SURMHFWV�DLPV�WR¦PXVHDOL]H§�WKH�9LUWXDO��WR�UH�FUHDWH�PXWXDO�LQWHUDFWLRQV�EHWZHHQ�DOO�WKH�LQVWDOODWLRQV�
��7KH�9LUWXDO�3URMHFW
2Q� WKH� EDVLV� RI� WKH� DERYH�PHQWLRQHG� FRQVLGHUDWLRQV� WKH� DFFHVVLELOLW\� WR� WKH� &KDSHO� LVOLPLWHG�RU� LQ� WKH� WLPH�RI�YLVLW��RU� LQ� WKH� VWURQJ�GLIILFXOW\� WR� VHH�DQG� WR�XQGHUVWDQG�DOO� WKHVFHQHV�DQG�WKH�SDLQWLQJV��GLVWDQFH��OLJKW��FRPSOH[LW\�RI�WKH�VXEMHFWV��7KHUHIRUH� WKH� YLUWXDO� UHDOLW\� SURMHFW� LV� DLPHG� QRW� WR� VXEVWLWXWH� WKH� UHDO� YLVLW� WR� WKH6FURYHJQL�&KDSHO��DERXW����PLQXWHV���EXW�WR�SUHSDUH�LW�� WR�LQWHJUDWH�LW�� WR�UH�FRQWH[WXDOL]HLW��DOSKDEHWL]LQJ�LQ�UHDO�WLPH�WKH�YLVLWRUV�ZLWK�QHZ�DQG�LPPHUVLYH�YLVXDO�JUDPPDUV�DQG�ZLWKDOO�WKH�LQWHUDFWLRQV�LQ��'�DQG�LQ�UHDO�WLPH��ILJ����7KH�VHTXHQFH�VKRXOG�EH�FLUFXODU��EHIRUH�RI�WKH�YLVLW��YLUWXDO�DOSKDEHWL]DWLRQ��¤�GXULQJ�WKHYLVLW��UHDO�DOSKDEHWL]DWLRQ��¤�DIWHU�WKH�YLVLW��YLUWXDO�UH��DOSKDEHWL]DWLRQ���WKH�JUHDW�FKDOOHQJHRI�WKH�SURMHFW�LV�WR�LQFUHDVH�DQG�WR�DFFHOHUDWH�WKH�FRJQLWLYH�LPSDFW�RI�WKH�FXOWXUDO�OHDUQLQJ

)LJ����7KH�PDLQ�LQWHUIDFH�RI�WKH�V\VWHP�ZLWK�YLVXDO��RQ�WKHULJKW��DQG�WKHPDWLF�WRROV��RQ�WKH�OHIW�



WKURXJK� YHU\� DGYDQFHG� WRROV� VXFK� DV� WKUHH�GLPHQVLRQDO� LQWHUDFWLRQ� LQ� UHDO� WLPH� DQGKXQGUHGV�RI�YLUWXDO�EHKDYLRUV�RI�WKH�DSSOLFDWLRQ��7KHUHIRUH��LQ�D�YHU\�VKRUW�WLPH��WKH�XVHUVVKRXOG� OHDUQ�DQG�DFTXLUH�PXFK�PRUH� LQIRUPDWLRQ�XVLQJ�95� WKDQ�XVLQJ�¦OLQHDU§� WRROV�DQGDFWLRQV��VXFK�DV�ERRNV��DXGLR�JXLGHV��FDWDORJXHV�DQG�VR�RQ��7KLV�LQWHUDFWLRQ�DQG�OHDUQLQJ�LQ95�LV�RI�UHWLFXODU�W\SH�>�@��LQIRUPDWLRQ�VSDWLDOO\�FRQQHFWHG�ZLWKLQ�D��'�F\EHU�QHW��EHFDXVHWKH�XVH�LV�LPPHUVHG�ZLWKLQ�UHWLFXOHV�RI�LQIRUPDWLRQ�DQG�YLVXDO�GDWD�>�@�)RU�H[DPSOH�LQ�WKH�QLQHWLHV�PRVW�SDUW�RI�WKH�YLUWXDO�UHDOLW\�SURMHFWV�LQ�WKH�FXOWXUDO�KHULWDJHZHUH� LQYROYLQJ� ������ EHKDYLRUV�LQWHUDFWLRQV�� IRU� HDFK� DSSOLFDWLRQ�ZKLOH�LQ�RXU�DSSOLFDWLRQ�ZH�KDYH����OLQNV� DQG� EHKDYLRUV�� :H� GHILQH� DEHKDYLRU�D�UHDO�WLPH�LQWHUDFWLRQ�LQ�WKH�'� VSDFH� ��'� KRW� DUHDV�� �'PRYHPHQWV� DQG� YLVXDOL]DWLRQV�� �'VLPXODWLRQV�� HWF����(DFK� LQWHUDFWLRQ� LVFDUULHG� RXW� IURP� LWV� RZQ� V\VWHP� RIYLUWXDO� DOSKDEHWL]DWLRQ�� D� QHZ¦DOSKDEHW§�FDQ�VXJJHVW�D�GLIIHUHQW�DQGIDVW� SHUFHSWLRQ� RI� WKH� YLVXDO� DQGLQWHUDFWLYH� VSDFH�� LQ� WKLV� ZD\DGYDQFHG� GLUHFWLRQV� RI� GLJLWDOOHDUQLQJ� ZLOO� EH� SURPRWHG� VR� WKDWWKH�DXGLHQFH�FDQ� UHFHLYH� LQ� D�YHU\VKRUW�WLPH�D�UHOHYDQW�TXDQWLW\�RI�LQIRUPDWLRQ�>�@��7KLV�PHQWDO�UH�FRPSRVLWLRQ�LV�D�QHZ�PDS�ILJ����7KH� DSSOLFDWLRQ� KDV� EHHQ� PDGH� E\� D� PXOWLGLVFLSOLQDU\� WHDP� RI� DUFKDHRORJLVWV�SURJUDPPHUV��FRJQLWLYLVWV��KLVWRULDQV�RI�DUW��PXOWLPHGLD�H[SHUWV��YLVXDO�SV\FKRORJLVWV�DQGWKLV�LV�RQH�RI�WKH�NH\�SRLQWV�WR�VWUHVV��ZKHQ�ZH�KDYH�D�JRRG�V\QHUJ\�RI�VRFLDO��KXPDQ�DQGKDUG�VFLHQFHV�ZH�REWDLQ�LPSRUWDQW�UHVXOWV�)LQDOO\� WKLV�SURMHFW� VXJJHVWV� DQ� LPSRUWDQW� IXUWKHU� FRQVLGHUDWLRQ��ZKDW� IXWXUH�ZLOO� EH� IRUWKH� IUXLWLRQ� RI� FXOWXUDO� KHULWDJH� ZLWK� KLJK� ULVNV� RI� SUHVHUYDWLRQ� "� :KLFK� DLPV� WKHLQVWLWXWLRQV� IRU� WKH�SURWHFWLRQ�RI� WKH�PRQXPHQWV�KDYH� WR� IROORZ�"�7R�SURWHFW� WKH� FXOWXUDOKHULWDJH�PHDQV�DOVR�WR�GHWUDFW� WR� WKH�SXEOLF�IUXLWLRQ�"�,Q�RUGHU� WR� WUDQVIRUP�DQ�¦DUPRUHG§�SURWHFWHG�EXW�QRW�YDORUL]HG��FXOWXUDO�KHULWDJH� LQ�D�¦GLVVHPLQDWHG§�KHULWDJH��ZH� WKLQN� WKDWWKH�UROH�RI�GHVNWRS�YLUWXDO�UHDOLW\�V\VWHPV�LV�IXQGDPHQWDO��EHFDXVH�LW�RSHQV�QHZ�KRUL]RQV�WRWKH�FROOHFWLYH�DQG�GRPHVWLF�FXOWXUDO�IUXLWLRQ�FRQVXPH�
���,QWHUIDFH�DQG�WHFKQLFDO�GHVFULSWLRQV
7KH�FKDUDFWHULVWLFV�RI�WKH�LQWHUIDFH�DUH�VXEVWDQWLDOO\�GLIIHUHQW�IURP�FDQRQLFDO�PXOWLPHGLDDSSOLFDWLRQV�� EHFDXVH� DOO� OLQNV� DUH� LQWHJUDWHG� LQ� WKH� VSDWLDO� PRGHO�� IRU� WKLV� UHDVRQ� DOOIXQFWLRQV�UHODWHG�WR�WKH�PRYHPHQW�DQG�G\QDPLF�LQWHUDFWLRQ�PXVW�EH�VXSSRUWHG��,Q�WKH�XVH�RIWH[WXUH�PDSSLQJ�ZH� KDYH� SURYLGHG� IRU� WZR� OHYHOV� RI� GHWDLO�� D� ILUVW� LQWHUPHGLDWH� OHYHO� RIGHWDLO�IRU�D�FRPSUHKHQVLYH�YLVLRQ�RI�WKH�PRGHO�DQG�WKH�VFHQHV��DQG�D�VHFRQG�KLJK�OHYHO�RIGHWDLO�ZKHUH� LW� LV� SRVVLEOH� WR� DSSUHFLDWH� HYHU\� SDUWLFXODU� RI� HDFK� VFHQH� IURP� D� YHU\� QHDUGLVWDQFH��VLPXODWLQJ��LQ�WKLV�ZD\��D�TXDOLW\�RI�YLVXDOL]DWLRQ�WKDW�LV�WRWDOO\�LQDFFHVVLEOH�GXULQJWKH�UHDO�YLVLW�)RU�QDYLJDWLQJ�WKURXJK�WKH�PRGHO�� WKH�XVHU�FDQ�XVH�WKH�PRXVH� ��IUHH�URWDWLRQ��DQG�VRPHNH\V� RI� WKH� NH\ERDUG� �OLQHDU� PRYHPHQWV� LQ� DOO� WKH� GLUHFWLRQV��� 7KH� NH\ERDUG� FDQ� EHUHSODFHG� E\� D� FRQVROH�PDGH� RQ� SXUSRVH��ZLWK� RQO\� WKH� QHFHVVDU\� NH\V�� FRQVWUXFWHG�ZLWKPRUH�HVWKHWLFDO� DQG� IXQFWLRQDO�DWWHQWLRQ� WR�PDNH� LW� HDVLHU� WR�XVH�� � ,Q�D� VHFRQG�PRPHQW� LWZLOO�EH�SRVVLEOH�WR�LPSOHPHQW�WKH�QDYLJDWLRQ�E\�WKH�XVH�RI�D�MR\VWLFN�

)LJ���7KH�&KDSHO�VHHQ�IURP�WKH�FU\SW��WKH�IORRU�LV�WUDQVSDUHQW�



7KH�DSSOLFDWLRQ�SUHVHQWV�WZR�YHUVLRQV��LQ�,WDOLDQ�DQG�LQ�(QJOLVK�ODQJXDJH��7KH�FKRLFH�RIWKH�ODQJXDJH�LV�SRVVLEOH�RQ�WKH�VWDUW�RI�WKH�SURJUDP��DQG�ODWHU��LQ�HYHU\�PRPHQW�GXULQJ�WKHYLUWXDO� H[SORUDWLRQ�� E\� VHOHFWLQJ� WKH� FRQWH[WXDO� PHQX�� 7KH� VWDUWLQJ� LQWHUIDFH� RI� WKHDSSOLFDWLRQ� LV� WKH�HQWUDQFH� LQWR� WKH�FKDSHO��ZKHUH� WKH�XVHU� LV� IUHH� WR�QDYLJDWH� WKURXJK� WKHJOREDO��'�VSDFH��7KLV�VSDWLDO�GLPHQVLRQ�UHSUHVHQWV�WKH�ILUVW�OHYHO�RI�GHWDLO��$W�WKH�EHJLQQLQJRI�WKH�QDYLJDWLRQ�QR�WKHPHV�DUH�DFWLYDWHG�DQG�QR�HOHPHQWV�FDQ�EH�VHOHFWHG��)RU�TXHU\LQJ�WKHVFHQHV�DQG�IRU�RSHQLQJ�RWKHU�W\SHV�RI�FRQWHQWV�LW�LV�QHFHVVDU\�WR�YLVXDOL]H�WKH�PDLQ�PHQX�7KH�PDLQ�PHQX�LV�DFFHVVLEOH�XVLQJ�WKH�PRXVH�ULJKW�FOLFN�WR�DYRLG�YLVXDO�GLVWXUEV�GXULQJWKH� YLUWXDO� QDYLJDWLRQ�� LW� LV� FRPSRVHG� E\� WZR� VHFWLRQV�� 7KH� ILUVW� VHFWLRQ� FDQ� EH� GHILQHG9,6,7��DYDLODEOH�IRU�ERWK�OHYHOV�RI�GHWDLO��DQG�LW�LV�UHODWLYH�WR�WKH�VHTXHQFHV�RI�WKH�YLUWXDOYLVLW�DFFRUGLQJ�WR�WKH�DYDLODEOH�GRFXPHQWDWLRQ�DQG�WR�WKH�OHYHO�RI�GHWDLO�RI�YLVXDOL]DWLRQ��WKHVHFRQG� VHFWLRQ� FDQ� EH� GHILQHG� 722/6� DQG� SURYLGHV� VRPH� W\SRORJLFDO� LQWHUDFWLRQV� DQGXWLOLWLHV� LQ� RUGHU� WR� LQWHUSUHW� WKH� VSDFH� RI� WKH� YLUWXDO� FKDSHO� DQG� WKH� RUJDQL]DWLRQ� RI� WKHVWUXFWXUHG� FRQWHQWV��6RPH�RI� WKHVH� WRROV�KDYH�EHHQ� MXVW� LPSOHPHQWHG�� RWKHU� RQHV�ZLOO� EHDGGHG�LQ�D�IXWXUH�GHYHORSPHQW�RI�WKH�SURMHFW�7KH�PDLQ�PHQX��ILJ�����DW�WKH�ILUVW�OHYHO�RI�GHWDLO��DOORZV�D�IUHH�DFFHVV� WR�DOO� WKH�JHQHUDOW\SHV�RI�UHDGLQJV�DQG�LQWHUSUHWDWLRQV�RI�WKH�SLFWRULDO�F\FOH�DQG�LW�SUHVHQWV�WKH�¦PDJQLI\LQJVFHQH§�IXQFWLRQ��6R��WKH�LWHPV�RI�WKH�ILUVW�VHFWLRQ�RI�PHQX��9,6,7��DUH�0DJQLI\�VFHQHV7KHPHV�FRQFHUQLQJ�WKH�JHQHUDO�PHDQLQJ�DQG�WKH�V\PEROLF�FRQWHQW�RI�WKH�SDLQWLQJV�7KHPDWLF�UHDGLQJ([HJHWLFDO�UHDGLQJ5HDGLQJ�DFFRUGLQJ�WR�WKH��OLJKWLQJ�RI�WKH�ZDOOV7KHPHV�FRQFHUQLQJ�WKH�SLFWRULDO�VW\OH�7KH�OLJKW7KH�FRORU7KH�FRPSRVLWLRQ7KH�VSDFH7KH�WKHPDWLF�UHDGLQJ�LV�UHIHUUHG�WR�WKH�GHYHORSPHQW�RI�WKH�VWRU\�LQ�WKH�IUHVFR�VFHQHV��DQGLW�H[SODLQV�WKH�RUJDQLVDWLRQ�RI�WKH�QDUUDWLYH�FRQWHQWV�LQ�WKUHH�UHJLVWHUV�RYHU�WKH�VSDFH�RI�WKHZDOOV��ILJ����7KH� ([HJHWLFDO� UHDGLQJ� FRQFHUQV� WKH� FRUUHVSRQGHQFH� RI� V\PEROLF� FRQWHQW� EHWZHHQFRXSOHV�RI�VFHQHV�RI�1HZ�DQG�$QFLHQW�7HVWDPHQW��DFFRUGLQJ�WR�D�FXVWRP�RI�0HGLDHYDO�$UW�7KH�UHDGLQJ�DFFRUGLQJ�WR�WKH�OLJKWLQJ�RI�WKH�ZDOOV�SURSRVHV�DQ�LQWHUSUHWDWLRQ�RI�QDUUDWLYHDQG� V\PEROLF� FRQWHQWV� RI� WKH� VFHQHV� RQ� WKH� EDVLV� RI� WKHLU� FRQGLWLRQV� RI� OLJKWLQJ�� )RULQVWDQFH� LW� LV� SRVVLEOH� WR� QRWLFH� WKDW� *LRWWR� SDLQWHG� WKH� VWRULHV� KDSSHQHG� E\� QLJKW�� RUFKDUDFWHULVHG� E\� D� ¦SV\FKRORJLFDO� QLJKW§�� RQ� WKH� GDUNHVW� ZDOO� RI� WKH� FKDSHO�� 7KHQ� WKHWKHPHV� UHJDUGLQJ� WKH� SLFWRULDO� VW\OH� DUH� UHIHUUHG� WR� SDUWLFXODU� LQQRYDWLYH� DVSHFWV� RI� WKH*LRWWR©V�DUW�(YHU\� WKHPH� LV� LQWURGXFHG�E\� DQ� DXGLR� FRPPHQW��ZKRVH� IXQFWLRQ� LV� WR� DQWLFLSDWH� VRPHJHQHUDO�FRQFHSWV�UHODWHG�ZLWK�WKH�WKHPH�VHOHFWHG��DW� WKH�HQG�RI� WKLV� LQWURGXFWLRQ� WKH�PRVWUHSUHVHQWDWLYH�VFHQHV�RU�HOHPHQWV�DUH�SRLQWHG�RXW�LQ�WKH��'�PRGHO�DQG�WKH�XVHU�FDQ�VHOHFWWKHP�FOLFNLQJ�GLUHFWO\�LQ�WKH��'�VSDFH��LQ�RUGHU�WR�KDYH�DFFHVV�WR�SDUWLFXODU�FRQWHQWV��7KHVHFRQG�VHFWLRQ�RI� WKH�FRQWH[WXDO�PHQX�DW� WKH� ILUVW� OHYHO�RI�GHWDLO��RIIHUV�D�NLW�RI�722/6�WKDW�DOORZV�WKH�XVHU�WR�LQWHUSUHW�WKH�YLUWXDO�DQG�FRJQLWLYH�VSDFH�LQ�D�PRUH�HIIHFWLYH�ZD\�)29�FRPPDQGV7KHUH� DUH� WZR� FDPHUDV� DYDLODEOH� WR� H[SORUH� DQG� PRYH� WKURXJK� WKH� �'� PRGHO� RI� WKHFKDSHO�� WKH� ILUVW� RQH� KDV� D� ILHOG� RI� YLHZ� RI� ��� GHJUHHV�� WKH� VHFRQG� RQH� DOORZV� D� ZLGHUYLVXDOL]DWLRQ�RI�WKH�VSDFH�ZLWK�D�ILHOG�RI�YLHZ�RI����GHJUHHV�0HDVXUH�FRPPDQG



,W� LV� SRVVLEOH� WR� YLVXDOL]H� LQWR� WKH� �'�PRGHO� D� WRRO� RI� PHDVXUH�� SDUWLWLRQHG� LQ� PHWHUV�VKRZLQJ� WKH� GLPHQVLRQV� RI� WKH� FKDSHO�� � KHLJKW�� ZLGWK�� OHQJWK�� ,Q� DGGLWLRQ� D� KXPDQVLOKRXHWWH�DOORZV�WR�HVWDEOLVK�WKH�VSDWLDO�VFDOH�DQG�WR�DFTXLUH�D�FRUUHFW�VHQVH�RI�SURSRUWLRQV�&\EHUPDS�FRPPDQG �ILJ���7KDQNV�WR�D�WKUHH�GLPHQVLRQDO�F\EHUPDS��DQ�K\SHUWH[WXDO�PDS�LQ�WKUHH�GLPHQVLRQV��LW�LVSRVVLEOH� WR� FRPSDUH� WKH� LQIRUPDWLYH� ¦SODQHWV§� SURSRVHG� E\� WKH� DSSOLFDWLRQV� DQG� DOO� WKHFRQQHFWLYH� QHWZRUNV� RI� LQIRUPDWLRQ�� H[SORULQJ� WKHLU� VSDWLDO� UHODWLRQV�� ,Q� WKH� F\EHUPDS� DVFHQH�EHFRPHV�D�FXEH��D�WKHPH�D�VROLG��GLIIHUHQW�FRORUV�GLVWLQJXLVK�FODVVHV�RI�LQIRUPDWLRQDQG� VHPDQWLF� DVVRFLDWLRQV�� 7KHF\EHUPDS� FDQ� EH� GHILQHG� DV� DFRPSDVV�� KHOSLQJ� WR� XQGHUVWDQG� WKHLQIRUPDWLYH� VNHOHWRQ� RI� D� FXOWXUDO�SURGXFW� �D� VRUW� RI� GLJLWDO� ¦JHQHWLFFRGH§��� 6LQFH� WKH� VSDFH� LQ� ZKLFK� LWH[WHQGV�FRUUHVSRQGV�ZLWK� WKH�YLUWXDOVSDFH� RI� WKH� FKDSHO�� LW� LV� DOZD\VSRVVLEOH� WR� H[DPLQH� WR� ZKLFK� VFHQHRU� JURXS� RI� VFHQHV� RI� WKH� SLFWRULDOVHTXHQFH� WKH� FRQFHSWXDO� � OLQNV� DUHDVVRFLDWHG�&U\SW�FRPPDQG �ILJ���,Q� WKH� &U\SW� XQGHU� WKH� FKDSHO�LQDFFHVVLEOH�WR�YLVLWRUV��DQRWKHU�YDXOWIXOO�RI�VWDUV�KDV�EHHQ�GLVFRYHUHG��WKHDSSOLFDWLRQ� DOORZV� WR� HQWHU� LQWR� WKHFU\SW�DQG�ORRNLQJ��LQ�WUDQVSDUHQF\��WKURXJK�WKH�VN\�RI�WKLV�YDXOW��DW�WKH�HQWLUH�GHFRUDWLRQ�RIWKH�RYHUKDQJLQJ�FKDSHO��3HUKDSV�WKLV�LV�RQH�RI�WKH�P\VWHULHV�RI�*LRWWR©V�DUW��WR�UHSUHVHQW�WKHFKDSHO��RU�WZR�FKDSHOV�"��WKURXJK�WZR�ZRUOG��:RUOGO\��WKH�FU\SW��DQG�+HDYHQO\��WKH�FKDSHOZLWK�WKH�/DVW�-XGJPHQW�5HIOHFWHG�OLJKW�FRPPDQG7KLV�FRPPDQG�DOORZV�WR�VLPXODWH�K\SRWKHWLFDOO\�WKH�OLJKW�RI�WRUFKHV�RQ�WKH�SDLQWHG�ZDOOV�EHFDXVH�LW�LV�QRW�FOHDU�\HW�KRZ�WKH�FKDSHO�ZDV�HQOLJKWHQHG�LQ�RULJLQ��7KH�HIIHFW�HPSKDVL]HV�VKLQLQJ�DQG�WKLFNQHVV�RI�JROG�KDORHV�,OOXVLRQ�FRPPDQG,Q� D� IXWXUH� XSJUDGH� RI� WKH� DSSOLFDWLRQ� WKH� UHFRQVWUXFWLRQ� RI� DOO� WKH� VFHQHV� LQ� WKUHHGLPHQVLRQV�ZLOO�EH�LPSOHPHQWHG�LQ�RUGHU�WR�DOORZ�WKH�XVHUV� WR�HQWHU� LQWR�WKH�IUHVFRV�ZLWKQHZ�SHUVSHFWLYHV�RI�VSDWLDO�GLVSOD\�5HVWRUDWLRQ�FRPPDQG,Q� D� VHFRQG� VWHS� RI� WKH� ZRUN� LWZLOO� EH� QHFHVVDU\� WR� YLVXDOL]H� WKHWH[WXUHG� PRGHO� ZLWK� WKH� RUWR�SKRWRPRVDLF� RI� WKH� ODVWUHVWRUDWLRQV��7KLV�GRFXPHQWDWLRQ�LVYHU\� LPSRUWDQW� EHFDXVH� LW� DGGVIXUWKHU� WRROV� RI� LQWHUSUHWDWLRQ� RIWKH�VWUXFWXUH�DQG�RI�WKH�VW\OH�RI�WKHSDLQWLQJV�
����7KH�VHFRQG�OHYHO�RI�GHWDLO

:KHQ� ZH� FKRRVH� D� VFHQH� WR)LJ����,QWHUIDFH�RI�D�VFHQH�LQ�WKH�VHFRQG�OHYHO�RI�GHWDLO�WKHPHV�DQG�FKDUDFWHUV

)LJ����&RORUHG�RXWOLQHV�RYHU�WKH�SDLQWLQJV�VKRZ�GLIIHUHQWKRW�DUHDV�DQG�K\SHUOLQNV



PDJQLI\��ZH�DFWLYDWH�WKH�VHFRQG�OHYHO�RI�GHWDLO��ILJV�������VR�LW�LV�SRVVLEOH�WR�H[SORUH�HDFKVLQJOH�VFHQH�DW�D�KLJKHU�UHVROXWLRQ��$SSUR[LPDWHO\�HDFK�VFHQH�RFFXSLHV����0%�RI�JUDSKLFPHPRU\��7KH�FRQWH[WXDO�PHQX�DW�WKLV�VHFRQG�OHYHO�RI�GHWDLO�FRQWDLQV�WKH�IROORZLQJ�LWHPV�7KHPHV�FRQFHUQLQJ�WKH�XQGHUVWDQGLQJ�RI�WKH�VSHFLILF�PHDQLQJ�RI�WKH�VFHQH�'HVFULSWLRQ&KDUDFWHUV2WKHU�WKHPHV�UHODWHG�ZLWK�WKH�SLFWRULDO�VW\OH��DYDLODEOH�IRU�WKH�VHOHFWHG�VFHQH�7KH�/LJKW7KH�FRORU7KH�FRPSRVLWLRQ7KH�VSDFH,I�'HVFULSWLRQ LV� VHOHFWHG�� DQ� DXGLR� FRPPHQW� ZLOO� H[SODLQ� WKH� QDUUDWLYH� FRQWHQW� RI� WKHVFHQH��,I��D�FKDUDFWHU LV�VHOHFWHG�D�VKRUW�WH[W�ZLOO�DSSHDU�DQG�LW�ZLOO�LGHQWLI\�WKH�FKDUDFWHU�H[SODLQLQJ� WKH� DFWLRQ� KH� KLVSHUIRUPLQJ� � DQG� TXRWLQJ� WKH� %LEOHVHFWLRQ� WKDW� GHVFULEHV� KLP� LQ� WKHUHSUHVHQWHG�DWWLWXGH��,Q� WKLV�ZD\� LW�ZLOO� EH� SRVVLEOH�� LQHDFK�VFHQH���WR�UHDFK�D�ORW�RI�WKHPHVWUDQVYHUVDOO\��)RU�LQVWDQFH��LI�D�XVHULV� H[DPLQLQJ� WKH� FRPSRVLWLRQ�� KHFDQ� SURFHHG� WR� WKH� VSDFH�� VHOHFWLQJLW� IURP� WKH� VHFRQG� OHYHO� PHQX�ZLWKRXW�EHLQJ�REOLJHG�WR�FRPH�EDFNWR�WKH�ILUVW�OHYHO�PHQX�
����7KH�/DVW�-XGJHPHQW
7KH� HPRWLRQDO� DQG� VROHPQ� LPSDFWRI�WKH�/DVW�-XGJPHQW�KDV�UHTXHVWHG�DGLIIHUHQW� RUJDQL]DWLRQ� RI� LQIRUPDWLRQ� DQG� VRPH� GHGLFDWHG� LQWHUSUHWDWLRQV�� 7KH� FRQWH[WXDOPHQX� FRQWDLQV� VRPH� VSHFLILF� LWHPV� IRU� H[DPLQLQJ� DQG� XQGHUVWDQGLQJ� FRPSOH[� VSDWLDOVWUXFWXUH�DQG�V\PEROLF�PHDQLQJ�RI�WKH�UHSUHVHQWDWLRQ��)RU�LQVWDQFH�LW�LV�SRVVLEOH�WR�OLVWHQ�WRSDUWLFXODU�FRPPHQWV�DERXW�WKH�UHSUHVHQWDWLRQ�RI�WKH�VSDFH��RQ�WKH�EDVLV�RI�WKH�KLHUDUFKLFDOUHODWLRQV�DQG�RI�WKH�JHRJUDSK\�RI�WKH�KHUHDIWHU��VXFK�DV�WKH\�ZHUH�LPDJLQHG�LQ�WKH�0LGGOHDJH��

����0XVLF�DQG�VRXQGV0XVLF� LV� LQWURGXFHG� LQ� D� UDQGRP�ZD\� LQWR� WKH�YLUWXDO� H[SORUDWLRQ�� FRQWHPSRUDU\� SLHFHVDOWHUQDWH�ZLWK� RWKHU� W\SHV� RI� VRXQGV� DQG� HIIHFWV�� DQFLHQW� FKRUDO� SLHFHV�� HOHFWURQLF�PXVLF�YRLFHV��PXUPXUV��ZKLVSHUV��VWDPSLQJV�RQ�WKH�IORRU��GULSSLQJ�ZDWHU�DQG�VR�RQ��7KLV�PXVLFDOGLDOHFWLFV�SURGXFHV�D�PRUH�HIIHFWLYH�DQG�GLVTXLHWLQJ�HPRWLRQDO�LPSDFW�LQ�WKH�XVHU����&���3URJUDPPLQJ
,W�LV�LPSRUWDQW�WR�VWUHVV�WKDW��WKLV�SURMHFW�ZDV�GLUHFWHG�IURP�WKH�EHJLQQLQJ�WRZDUGV�GHVNWRSDSSOLFDWLRQV� IRU� 3&V� DQG� SHUVRQDO� ZRUNVWDWLRQ� HTXLSSHG� ZLWK� 2SHQ*O� JUDSKLF� FDUGV�� LQSDUWLFXODU�ZH� KDYH� LPSOHPHQWHG� WKH� V\VWHP� IRU� JUDSKLF� FDUGV�:LOGFDW� ,,,� �����ZLWK� ���0%� WH[WXUH�� ��� 0%� IUDPH� EXIIHU�� ��� 0%� GLUHFW� EXUVW� DQG� DQWLDOLVLQJ�� :LWK� WKLVFRQILJXUDWLRQ�ZH� KDYH� REWDLQHG� D� IUDPH� UDWH� RI� ���� LQ� WHUPV� RI� JHQHUDO� VWDWLVWLFV� UHODWHG

)LJ�����'�&\EHUPDS



ZLWK�WKH�VRIWZDUH�DQG�WKH�YLUWXDO�PRGHO�ZH�KDYH���������FRGH�OLQHV���������SRO\JRQV����*%RI�WH[WXUHV������*%�RI�DXGLR������PHQXV������OLQNV�0DLQ�DLP�LV�WR�FUHDWH�DQ�DSSOLFDWLRQ�HDV\�WR�XVH�DQG�YHU\�VWDEOH�EHFDXVH�ZH�HVWLPDWH�DQLQWHQVLYH�XVH�IURP�KXQGUHGV�SHRSOH�IRU�WHQ�KRXUV�HDFK�GD\��7KH�DSSOLFDWLRQ�ZDV�ZULWWHQ�LQ&��� ZLWKRXW� XVLQJ� JUDSKLFDO� FRPPHUFLDO� OLEUDU\� RU� HQJLQH� >�@�� WKH� RSHUDWLQJ� V\VWHP� LV:LQGRZV������3URIHVVLRQDO�)RU�WKH�EHVW�FRPSUHKHQVLRQ�RI�WKH�VWUXFWXUH�ZH�FDQ�VXEGLYLGH�LW�LQ�WKHVH�LWHPV��UHQGHULQJ�WH[WXULQJ��JHRPHWU\�GDWD��VRXQGV��WH[W��XVHU�LQWHUDFWLRQ��$�)LQLWH�VWDWH�PDFKLQH�ZLWK�DOO�WKHSRVVLEOH�FRQGLWLRQV�ZDV�FUHDWHG�LQ�RUGHU�WR�PDQDJH�DOO�WKH�VLWXDWLRQV�RI�IUHH�QDYLJDWLRQ�5HQGHULQJ��WKH�FKRLFH�RI�2SHQ*/�ZDV�QHFHVVDU\�EHFDXVH�WKH�:LOGFDW�JUDSKLF�FDUGV�GRQ©WKDYH�D�IXOO�VXSSRUW�RI�'LUHFW;��7KLV�OLPLWDWLRQ�LPSRVHV�XV�WR�QRW�XVH�'LUHFW6KRZ�LQ�VRPHVLWXDWLRQV�OLNH�IXOO�VFUHHQ�PRYLHV��9HU\�RIWHQ�ZH�XVH�WZR�OD\HUV�RI�YLVXDOL]DWLRQ��WKH�EDFNOD\HU� ZLWK� WKH� IUHH� �'� QDYLJDWLRQ� DQG� WKH� IURQW� OD\HU� ZLWK� EL�GLPHQVLRQDO� LPDJHVV\QFKURQL]HG�ZLWK� DQ� DXGLR� ILOH�� 7KLV�ZDV� SRVVLEOH� FUHDWLQJ� RQH� YLHZSRUW�ZLWK� WKH� EDFNOD\HU� ZLWK� D� SHUVSHFWLYH� SURMHFWLRQ� DQG� WKH� IURQW� OD\HU� ZLWK� DQ� RUWKRJUDSKLF� SURMHFWLRQ�UHQGHUHG� LQ� WKH� VDPH� WLPH�� 7KLV� PHFKDQLVP� ZDV� XVHG� DOVR� IRU� � WKH� ���� PHQXV� RI� WKHDSSOLFDWLRQ�DQG�IRU�GLVSOD\�WKH�WH[W�7H[WXUHV��D�VHULRXV�SUREOHP�ZH�KDYH�IDFHG�XS�ZDV�WKH�KLJK�UHVROXWLRQ�RI�WH[WXUHV��,W�ZDVFOHDU�WKDW�WKH�PRVW�SRZHUIXO�JUDSKLF�FDUG�GRQ©W�KDYH�YLGHR�PHPRU\�HQRXJK�WR�GLVSOD\�DOOWKH�WH[WXUHG�FKDSHO�ZLWK�DQ�DGHTXDWH�UHVROXWLRQ��7KH�VROXWLRQ�ZDV�WR�FUHDWH�WZR�PDLQ�VWDWHV�WKH�ILUVW�OHYHO��ZLWK�DOO�WKH�FKDSHO�PDSSHG�ZLWK����WH[WXUHV��ZLWK�D�GLPHQVLRQ�RI�����;����SL[HO�HDFK�RQH��DQG�WKH�VHFRQG�OHYHO��WKDW�SUHVHQWV�D�VLQJOH�VFHQH�FRPSRVHG�E\���WH[WXUHV�RI�����;������SL[HO�HDFK�RQH��$�VWURQJ�DWWHQWLRQ�ZDV�SDLG�WR�DYRLG�SRVVLEOH�PHPRU\�OHDNVGXULQJ�WKH�VZDSSLQJ�*HRPHWU\��WKH�DSSOLFDWLRQ�ORDGV�LQ��PHPRU\�WKH�JHRPHWU\�GDWD�GXULQJ�WKH�LQLW IXQFWLRQ��$'//�ZDV�FUHDWHG�ZLWK�DOO�WKH�GDWD�GLVSRVHG�OLNH�2SHQ*/�'LVSOD\�/LVW��7KH�WRWDO�DPRXQW�RIWKH�GDWD�LV������0%�6RXQG��ZH�KDYH�XVHG�'LUHFW6RXQG�ZLWK�VRPH�VLPSOH�IXQFWLRQV�7H[W��,Q�VRPH�VLWXDWLRQV�WKH�XVHU�FDQ�DFWLYDWH�D�VPDOO�WH[W�VFUROOLQJ�LQ�WKH�VFUHHQ��7KH�WH[WLV�D�IURQW�EL�GLPHQVLRQDO�OD\HU�RYHU�D��'�EDFN�OD\HU�8VHU� LQWHUDFWLRQ��ZH�FDQ�GLYLGH�WKH�XVHU� LQSXW� LQ� WZR�PDLQ�JURXSV�� WKH�QDYLJDWLRQ� LQSXWDQG� WKH�TXHU\� LQSXW��7KH�QDYLJDWLRQ� LQSXW� LV� LQ��'� VSDFH�� WKH�XVHU� FDQ�XVH� WKH�PRXVH� WRURWDWH�WKH�FDPHUD�DQG���NH\V�WR�PRYH�WKH�FDPHUD��LQ�DQ\�OLQHDU�GLUHFWLRQ��,Q�RUGHU�WR�TXHU\WKH� VFHQH� WKH�XVHU�KDYH� WZR�SRVVLELOLW\�� WR�SLFN�RQH� KRWVSRW� LQ� WKH� �'� VSDFH� RU� DFWLYDWH�ZLWK�D�ULJKW�FOLFN��D�FRQWH[WXDO�PHQX��,Q�VRPH�VLWXDWLRQV�WKH�XVHU�FDQ�SLFN�WLOO����KRWVSRWV�LQWKH�PRGHO��ZKLOH�WKH�PD[LPXP�QXPEHU�RI�LWHPV�LQ�WKH�PHQX�LV����
���&RQFOXVLRQ��HSLVWHPRORJ\�RI�WKH�9LUWXDO$�YHU\�FRPSOH[�YLUWXDO�UHDOLW\�SURMHFW�VXFK�DV�WKH�FDVH�RI�WKH�6FURYHJQL�&KDSHO��VXJJHVWVVHYHUDO�FRQVLGHUDWLRQV�RU�WHFKQRORJLFDO�RU�HSLVWHPRORJLFDO��7KH�ILUVW�GHSHQG�VWURQJO\�RQ�WKHVHFRQG�DQG�UHSUHVHQW�D�IXQGDPHQWDO�EDVH�RI�GLVFXVVLRQ�IRU�LQWHUGLVFLSOLQDU\�SURMHFWV�DQG�IRUD�FRUUHFW�LQWHUSUHWDWLRQ�RI�WKH�F\EHUQHWLFV�DQG�RI�DOO�WKH�DSSOLFDWLRQV�LQ�WKLV�ILHOG�$FFRUGLQJ�WR�+RZDUG�5KHLQJROG�>�@�ZH�FDQ�LPDJLQH�YLUWXDO�UHDOLW\�OLNH�D�PDJLF�ZLQGRZRSHQ��WR�RWKHU�ZRUOGV��IURP�WKH�PROHFXOHV�WR�WKH�PLQG��$ERXW�:RROH\�>�@�WKH�YLUWXDO�UHDOLW\LV�WKDW�WHFKQRORJ\�XVHG�IRU�FUHDWLQJ�D�VSHFLILF�LQWHUIDFH�EHWZHHQ�KXPDQ�EHLQJ�DQG�LPDJHVSURGXFHG�E\�FRPSXWHU�$ERXW�3LHUUH�/HY\�YLUWXDOLW\�DQG�DFWXDOLW\�DUH�WZR�GLIIHUHQW�ZD\V�RI�EHLQJ��WKH�9LUWXDO�LVQRW�WKH�RSSRVLWH�RI�WKH�5HDO�EXW�RI�WKH�$FWXDO�>�@�6R�� WKH� 5HDO� LV� GLOXWHG� LQ� WKH� 9LUWXDO�� LW� UHSUHVHQWV� LWV� FRQFHSWXDO� WKRXJKW�� YLVXDO� DQGDEVWUDFW��DQ\ZD\�FRPPXQLFDWLYH���,W�LV�IXQGDPHQWDO�WR�DYRLG�LQ�WRWR�WKH�RSSRVLWLRQ�RI�5HDO�9LUWXDO� �ERWK� DUH� RQWRORJ\��� EXW� DOVR� WR� XQGHUVWDQG� WKH� 9LUWXDO� DV� ¦VXFFHGDQHXP§� RU� D
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