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7KUHH� \HDUV� DJR� ��ZKHQ� 60$6+� VWDUWHG��� GLJLWDO� VDWHOOLWH� EURDGFDVW� MXVW� VWDUWHG�� GLJLWDO
WHUUHVWULDO�EURDGFDVW�ZDV�MXVW�D�GUHDP��KDUGZDUH��03(*�GHFRGHUV��ZHUH�H[SHQVLYH�DQG�GLJLWDO
VWRUDJH� IRU�FRQVXPHUV�ZDV�QRW�DYDLODEOH��1RZ� WKUHH�\HDUV� ODWHU�� WKH�VLWXDWLRQ� LQ�(XURSH�KDV
FKDQJHG�GUDVWLFDOO\�

$W�WKH�VWDUW�RI�WKH�60$6+�SURMHFW�ZH�KDG�WKH�IROORZLQJ�YLVLRQ�DQG�LGHDV�� LQ�WKH�IXWXUH��ZKLFK
KDSSHQV�WR�EHFRPH�WUXH�YHU\�IDVW�QRZ��PRVW� LQIRUPDWLRQ�ZLOO�HQWHU� WKH�KRPH�LQ�D�GLJLWDO�ZD\
DQG�LW�ZLOO�EH�UHTXLUHG�WKDW�WKH�XVHU�DW�KRPH�FDQ�VWRUH�DQG�UHWULHYH�WKLV�LQIRUPDWLRQ�LQ�DQ�HDV\
DQG�FRVW�HIIHFWLYH�ZD\�
7KHUHIRUH� VHYHUDO� QHZ� WHFKQLTXHV� KDG� WR� EH� GHYHORSHG� LQ� WKH� DUHD� RI� PDVV� VWRUDJH� DQG
UHWULHYDO�WHFKQRORJLHV��:H�KDG�WKH�LGHD�WKDW�WKH�PDVV�VWRUDJH�FRQFHSW�LV�EHVW�UHDOL]HG�E\�WKH
FRPELQDWLRQ�RI�D�GLJLWDO� WDSH�GULYH��'7'��DQG�D�KDUG�GLVN�GULYH��+''���7KLV�FRQFHSW�VKRXOG
H[SORLW�WKH�DGYDQWDJHV�RI�ERWK�FRPSRQHQWV�DQG�KLGH�WKHLU�GUDZEDFNV�

2XU�YLVLRQ�WKDW�PXFK�LQIRUPDWLRQ�ZLOO�EHFRPH�DYDLODEOH�GLJLWDOO\�KDV�EHFRPH�WUXH�LQ�WZR�DUHDV�
WKH� PDVVLYH� XVH� RI� 03(*��� IRU� GLJLWDO� VDWHOOLWH� VHUYLFHV� DQG� WKH� LQWHUQHW� IRU� WKH� :(%
LQIRUPDWLRQ��2Q�WKH�VWRUDJH�WHFKQRORJ\�IURQW��ERWK�DIIRUGDEOH�+''
V�DQG�FRQVXPHU�'7'
V�DUH
EHFRPLQJ�DYDLODEOH�DQG�WKHUHIRUH�WKH�SURMHFW�KDV�EHHQ�ZHOO�WLPHG�

7R� UHPDLQ� IRFXVVHG� RQ� WKH� DSSOLFDWLRQV� DQG� XVHU� EHQHILWV�ZH� KDYH� VHOHFWHG� HDUO\� RQ� WKUHH
DSSOLFDWLRQ�DUHDV��HDFK�RQH�TXLWH�GLIIHUHQW� IURP� WKH�RWKHU�EXW�DOO� WKUHH�FKDUDFWHUL]HG�E\� WKHLU
QHHG�IRU�D�+''�'7'�FRPELQDWLRQ��7KH�ILUVW�DQG�PRVW�LQWHUHVWLQJ�RQH�KDV�EHHQ�WKH�UHFRUGLQJ
DQG�UHWULHYDO�RI�03(*���YLGHR�UHFHLYHG�E\�D�VDWHOOLWH�GLVK��:H�FDOO� WKLV�DSSOLFDWLRQ� WKH�'9%�
9&5�
7KH�VHFRQG�RQH� LV�D�QHZ�FRQFHSW�RI�SHUVRQDO�HGXFDWLRQ�ZKHUH� WKH�VWXGHQW�KDV� �DOPRVW��DOO
PDWHULDO�ZKLFK�LV�UHOHYDQW�IRU�D�FRXUVH�RQ�RQH�WDSH�
7KH�ODVW�RQH�LV�D�VWRUDJH�DSSOLFDWLRQ�IRU� ,QWHUQHW�VHUYLFHV��$W� WKLV�PRPHQW� LQWHUQHW�VWRUDJH�LV
QRW� VXFK� DQ� LVVXH� EHFDXVH�PRVW� SHRSOH� DUH� FRQQHFWHG� ZLWK� ORZ� VSHHG� PRGHPV�� 7KLV� ZLOO
FKDQJH�YHU\�PXFK�LQ�WKH�IXWXUH�ZLWK�WKH�DUULYDO�RI�FDEOH�PRGHPV�
)RU� DOO� WKUHH� DSSOLFDWLRQV� D� ZRUNLQJ� SURWRW\SH� KDV� EHHQ� UHDOL]HG� ZLWK� YHU\� DWWUDFWLYH� XVHU
IHDWXUHV��0RUH�GHWDLOV�RQ�WKRVH�FDQ�EH�IRXQG�LQ�FKDSWHU�����

%XW�WR�EH�DEOH�WR�UHDOL]H�DOO�WKLV��VHYHUDO�QHZ�WHFKQRORJLHV�KDG�WR�EH�GHYHORSHG��)LUVW�RI�DOO�ZH
KDG�WR�UHDOL]H�D�V\VWHP�ZKLFK� LV�DEOH� WR�UHFHLYH�03(*�VWUHDPV� LQ�UHDO� WLPH� IURP�D�6HW�7RS
%R[�� EXIIHU� WKRVH� WHPSRUDULO\� RQ� WKH� +''� DQG� WUDQVIHU� WKHP� WR� WKH� WDSH� GULYH�� 5HDO� WLPH
SHUIRUPDQFH�SURYHG�WR�EH�YHU\�FKDOOHQJLQJ��0RUHRYHU�ZH�KDG�WR�XVH�D�WDSH�GULYH�ZKLFK�ZDV
QRW�UHDOO\�GHVLJQHG�IRU�WKLV�SXUSRVH�
6HFRQGO\� ZH� KDG� WR� GHYHORS� QHZ� WHFKQLTXHV� IRU� IDVW� VHDUFK� DQG� UHWULHYDO� EHFDXVH� WKLV
EHFRPHV� IDU�PRUH� GLIILFXOW� ZKHQ� XVLQJ�03(*�� 7KLV� KDV� EHHQ� DFKLHYHG� E\� VWRULQJ� SURJUDP
DEVWUDFWV�RQ�WKH�+''�VR�WKDW�UHWULHYDO�FDQ�EH�GRQH�YHU\�IDVW�
7KLUGO\�ZH�KDYH�GHYHORSHG�WHFKQLTXHV�IRU�ZDWHUPDUNLQJ�WKH�03(*�VWUHDPV�DV�DQ�DLG�IRU�FRS\
SURWHFWLRQ�
$� ODVW� LVVXH� ZH� KDG� WR� WDFNOH� ZDV� DQ� DJUHHG� DQG� FRPPRQ� LQWHUIDFH� EHWZHHQ� WKH� 60$6+
VWRUDJH� XQLW�� FRQVLVWLQJ� RI� WKH� +''� DQG� '7'�� DQG� WKH� WKUHH� DSSOLFDWLRQ� XQLWV�� $OO� WKRVH
DFKLHYHPHQWV�DUH�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�FKDSWHU�����
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)RU�WKH�UHDGHU�RI�WKLV�UHSRUW�WR�REWDLQ�D�IDVW�LQVLJKW�LQ�WKH�WRWDO��V\VWHP�ZH�KDYH�ZULWWHQ�FKDSWHU
���� LQ� ZKLFK� ZH� H[SODLQ� DOVR� WKH� PDLQ� QHZ� IHDWXUHV� ZKLFK� DUH� SRVVLEOH� ZLWK� D� +''�'7'
FRPELQDWLRQ�

7KH� SURMHFW� KDV� UHDFKHG� LWV� ILQDO� JRDO��ZKLFK�ZDV� WR� GHPRQVWUDWH� WKH� FRQFHSW� IRU� WKH� WKUHH
DSSOLFDWLRQV�� 7KH� WHFKQRORJLHV� ZH� KDYH� GHYHORSHG� FDQ� QRZ� EH� XVHG� IRU� UHDO� SURGXFW
LPSOHPHQWDWLRQV��$OVR�WKH�SURWRW\SHV��ZH�KDYH�FDQ�DQG�ZLOO�EH�XVHG�IRU�IXUWKHU�XVHU�HYDOXDWLRQ�
0DQ\�QHZ� LQVLJKWV�KDYH�EHHQ�REWDLQHG�DQG�HVSHFLDOO\� WKH� WRWDO� V\VWHP�NQRZOHGJH�ZH�KDYH
EXLOW�XS�LV�RI�ODUJH�LPSRUWDQFH��,W�LV�IRUHVHHQ�WKDW�WKH�SDUWQHUV�LQ�WKH�IXWXUH�ZLOO�HLWKHU�FRQWLQXH
WR� IXUWKHU� GHYHORS� WKH� WHFKQRORJLHV� RU� WR� VWDUW� SURGXFW� GHYHORSPHQW� EDVHG� RQ� WKH� FXUUHQW
UHVXOWV�REWDLQHG�
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7KH�DPRXQW�RI�GLJLWDO�LQIRUPDWLRQ�HQWHULQJ�WKH�KRPH�ZLOO�LQFUHDVH�VLJQLILFDQWO\�LQ�WKH�IXWXUH��7KH
FRQVXPHU�DW�KRPH�ZLOO�ZDQW�WR�VWRUH�VRPH�RI�WKLV�LQIRUPDWLRQ��(VSHFLDOO\�WKH�VWRUDJH�RI�GLJLWDO
YLGHR�ZLOO�UHTXLUH�WHQV�RI�*LJDE\WHV�RI�VWRUDJH�FDSDFLW\��D�OLEUDU\�RI�����PRYLHV�ZLOO�UHTXLUH�RQH
7HUDE\WH�RI�VWRUDJH���7KH�RQO\���VWRUDJH�WHFKQRORJ\�DYDLODEOH�LQ�WKH�QHDU�IXWXUH�WR�KDQGOH�WKLV
ZLOO� EH� PDJQHWLF� WDSH�� +RZHYHU� WDSH� GULYHV� KDYH� VRPH� GLVDGYDQWDJHV� VXFK� DV� ORQJ� ZLQG
WLPHV��$OVR�D�WDSH�GULYH�FDQ�RQO\�SHUIRUP�RQH�RSHUDWLRQ�DW�D�WLPH��HLWKHU�UHFRUGLQJ�D�SURJUDP
RU�SOD\LQJ�EDFN�DQRWKHU�RQH�

7KH�DLP�RI�WKH�60$6+�SURMHFW�LV�WR�LQYHVWLJDWH�WKH�SRVVLELOLWLHV�WR�HOLPLQDWH�WKH�GLVDGYDQWDJHV
RI� WDSH�GULYHV�DQG� WR�H[WHQG�HYHQ� WKHLU�SRVVLELOLWLHV��2QH�RI� WKH�JRDOV� LV� WR� UHDOL]H�D�VWRUDJH
V\VWHP�WKDW�FDQ�DW�WKH�VDPH�WLPH�UHFRUG�D�SURJUDP�DQG�SOD\EDFN�DQRWKHU�SURJUDP�XVLQJ�RQO\
RQH�WDSH�GULYH��6XFK�D�V\VWHP�VKRXOG�EH�FRQQHFWDEOH�WR�GLJLWDO�VDWHOOLWH�UHFHLYHUV�DQG�EH�DEOH
WR�UHFRUG�LQ�D�WUDQVSDUHQW�ZD\�WKH�GLJLWDO�EURDGFDVWV��LQFOXGLQJ�DOO�WKH�H[WUD�LQIRUPDWLRQ�ZKLFK�LV
WUDQVPLWWHG�DORQJ�ZLWK�WKH�EURDGFDVW�

7R�VXSSRUW�VXFK�VHUYLFHV�DQG�QHZ�IHDWXUHV�PRUH�GHPDQGV�ZLOO�EH�SXW�RQ�WKH�VWRUDJH�V\VWHP�DW
KRPH��7R�UHDOL]H�WKLV�VHYHUDO�REMHFWLYHV�KDYH�EHHQ�GHILQHG�

7KH�ILUVW�RQH�LV�WR�LQWHJUDWH�WKH�WDSH�GULYH�ZLWK�D�KDUG�GLVN��,Q�WKLV�LQWHJUDWHG�XQLW�WKH�WDSH�GULYH
ZLOO� EH� IRU� PDVV� VWRUDJH� DQG� WKH� GLVN� ZLOO� VHUYH� WR� VWRUH� LQIRUPDWLRQ� ZKLFK� QHHGV� WR� EH
DFFHVVHG�LQWHUDFWLYHO\��7KH�XVHU�VKRXOG�QRW�EH�ERWKHUHG�ZLWK�ZKHUH�LQIRUPDWLRQ�LV�VWRUHG�DQG
WKHUHIRUH� D� PDQDJHPHQW� V\VWHP� LV� QHFHVVDU\� WKDW� DOORFDWHV� WKH� LQIRUPDWLRQ� DXWRPDWLFDOO\�
0RUHRYHU� LW� VKRXOG�EH� LQYHVWLJDWHG�KRZ� WKH�KDUG�GLVN� LQ� WKH�V\VWHP�FDQ� UHDOL]H�PXFK� IDVWHU
VHDUFK�WKDQ�ZKDW�LV�SRVVLEOH�ZLWK�D�WDSH�GULYH�RQO\�

7KH� VHFRQG�REMHFWLYH� LV� WR� VWXG\� DQG� UHDOL]H� WKH� GRZQORDGLQJ� DQG� VWRUDJH� RI� DOO� WKH� QHZ
VHUYLFHV� WKDW�ZLOO�HQWHU� WKH�KRPH��%\�GRZQORDGLQJ�RIWHQ�XVHG� LQIRUPDWLRQ�DKHDG�RI� WLPH�� WKH
XVHU�FDQ�DYRLG�QHWZRUN�SHDN�FKDUJHV�EXW�DOVR�LPSURYH�WKH�DFFHVV�WLPH��7KHUHIRUH�RSWLPDOO\�DQ
LQWHUDFWLYH� DSSOLFDWLRQ� PDNHV� XVH� ERWK� RI� WKH� VWRUDJH� LQ� WKH� LQIRUPDWLRQ� VHUYHU� DQG� RI� WKH
LQIRUPDWLRQ�DYDLODEOH�RQ�KLV�ORFDO�VWRUDJH��7KH�FKDOOHQJH�LV��WR�GHYHORS�DQ�LQWHJUDWHG�DSSURDFK
IRU�YDULRXV�DSSOLFDWLRQV�WKDW�XVH�ERWK�VWRUDJH�V\VWHPV�HIILFLHQWO\�

7KH�WKLUG�REMHFWLYH�LV�WKDW�ZH�KDYH�WR�VROYH�WKH�SUREOHP�RI�WKH�ELW�UDWHV�RI�WKH�VHUYLFHV�ZKLFK
HQWHU�WKH�KRPH��7KH�ELW�UDWHV�DUH�QRW�IL[HG�DQG�PD\�YDU\�HYHQ�ZLWKLQ�RQH�VHUYLFH��7KH�FXUUHQW
WDSH� GULYHV� VXSSRUW� RQO\� RQH� RU� D� IHZ� GLVFUHWH� GDWD� UDWHV�� ,W� LV� WKHUHIRUH� QHFHVVDU\� WR
LQYHVWLJDWH�KRZ�WKH�KDUG�GLVN�FDQ�IXQFWLRQ�DV�D�EXIIHU�EHWZHHQ�WKH�VHUYLFH�DQG�WKH�WDSH�GULYH�
0RUHRYHU� WKH� DFFHVV� WLPH� RI� WKH� WDSH� GULYHV� QHHGV� WR� EH� LPSURYHG� DV� ZHOO� DV� WKH� VWRUDJH
FDSDFLW\� VXFK� WKDW� WKH� XVHU� KDV� D� YDVW� DPRXQW� RI� LQIRUPDWLRQ� DYDLODEOH� RQ� RQH� FDVVHWWH�
,QIRUPDWLRQ�FDSDFLWLHV�RI�PRUH�WKDQ�����*LJDE\WHV�DUH�IRUHVHHQ�RQ�RQH��FDVVHWWH�

7KH�RYHUDOO�REMHFWLYH�RI�WKH�SURMHFW�LV�WKHUHIRUH��WR�GHYHORS�DQG�VKRZ�WKH�WHFKQLFDO�IHDVLELOLW\
RI�DQ�LQWHJUDWHG�VWRUDJH�XQLW�WKDW�LV�FRQQHFWHG�WR�WKH�QHWZRUN�DQG�RWKHU�FRQVXPHU�HTXLSPHQW
DQG�WKDW�HQDEOHV�WR�GRZQORDG��VWRUH�DQG�UHWULHYH�DW�KRPH�DOO�IXWXUH�PXOWLPHGLD�DSSOLFDWLRQV��

,Q�WKH�IXWXUH�WKLV�VWRUDJH�XQLW�DW�KRPH�PD\�HYHQ�IXQFWLRQ�DV�WKH�ORFDO�VWRUDJH�VHUYHU�LQVLGH�WKH
KRPH�EHLQJ�DEOH�WR�GHOLYHU�LQIRUPDWLRQ�WR�WKH�HQWHUWDLQPHQW�HTXLSPHQW�DV�ZHOO�DV�WR�WKH�3&
V�LQ
WKH�KRPH��7KLV��PDNHV�LW�QHFHVVDU\�WR�GHYHORS�D�FRVW�HIIHFWLYH�LQWHUFRQQHFWLRQ�V\VWHP�IRU�WKH
KRPH�
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7KH� HQG� UHVXOW� RI� WKH� SURMHFW� ZLOO� EH� WKH� GHPRQVWUDWLRQ� RI� DQ� LQWHJUDWHG� VWRUDJH� V\VWHP�
EDVHG� XSRQ� VWDWH�RI�WKH�DUW� DGYDQFHG� NH\� FRPSRQHQWV�� WKDW� ZLOO� FRQWDLQ� D� GLVN� DQG� D� WDSH
GULYH��2QH�RU�PRUH�LPSRUWDQW�DSSOLFDWLRQV�ZLOO�EH�GHYHORSHG�RQ�WKLV�V\VWHP�LQ�RUGHU�WR�VKRZ�WKH
SRVVLELOLWLHV�RI�WKH�60$6+�V\VWHP�

%HVLGHV�VKRZLQJ�WKH�WHFKQLFDO�IHDVLELOLW\�WKH�DLP�LV�DOVR�WR�DFWLYHO\�ZRUN�RQ�WKH�VWDQGDUGL]DWLRQ
RI�VXFK�D�V\VWHP��)RU�WKH�WDSH�V\VWHP�WKLV�PHDQV�WKH�VWDQGDUGL]DWLRQ�RQ�KRZ�WKH�LQIRUPDWLRQ
LV�ZULWWHQ�RQWR�WKH�WDSH�

�� 5(/$7,216+,3�72�$&76�352*5$00(�2%-(&7,9(6

7KH�60$6+�SURMHFW� LV�HPEHGGHG�LQ�$&76�'20$,1����0XOWLPHGLD�6HUYLFHV��� ,Q� WKLV�GRPDLQ
ZH� SDUWLFLSDWHG� LQ� 6XE�GRPDLQ� �� ZKLFK� LV� FDOOHG� �6HUYHU�%DVHG� 0XOWLPHGLD� 6HUYLFHV��� 7KH
FRQWULEXWLRQ�RI�WKH�60$6+�SURMHFW� LQ�WKLV�GRPDLQ�ZDV�IRFXVHG�RQ�WKH�UROH�RI� ORFDO�VWRUDJH�LQ
WKH�+RPH�DQG�KRZ�LW�FDQ�EH�FRPELQHG�ZLWK�VWRUDJH�IXQFWLRQV�SUHVHQW�LQ�WKH�QHWZRUN�

60$6+� KDV� DOVR� DFWLYHO\� SDUWLFLSDWHG� LQ� FKDLQV�� 7KH�PRVW� LPSRUWDQW� FKDLQ� LV� WKH� 6,,�FKDLQ
ZKLFK�LV�RQ��,QWHUDFWLYH�0XOWLPHGLD�6HUYLFHV���&RQWULEXWLRQV�KDV�DOVR�EHHQ�JLYHQ�WR�WKH�'$9,&
FKDLQ�DFWLYLWLHV�

7KH�SDUWLFLSDWLRQ�LQ�(XURSHDQ�VWDQGDUGLVDWLRQ�ERGLHV�KDV�EHHQ�D�IRFXV�SRLQW��2Q�WKH�RQH�KDQG
ZH�DFWLYHO\�FRQWULEXWHG�LQ�WKH�RQJRLQJ�'9%�DFWLYLWLHV�DQG�RQ�WKH�RWKHU�KDQG�ZH�ZHUH�LQYROYHG
LQ�WKH�&(1(/(&�7HFKQLFDO�&RPPLWWHHV�ZKLFK�DUH�UHVSRQVLEOH�IRU�WKH�GHILQLWLRQ�RI�IXWXUH�GLJLWDO
LQWHUFRQQHFW� V\VWHPV� LQ� WKH� KRPH�� 7RZDUGV� WKH� HQG� RI� WKH� SURMHFW� ZH� KDYH� DOVR�PDGH� DQ
LPSRUWDQW�FRQWULEXWLRQ�WR�'$9,&�

)XUWKHUPRUH��LQ������SDUWQHU�3KLOLSV�KRVWHG�WZR�\RXQJ�VFLHQWLVWV�IURP�8QLYHUVLW\�RI�/MXEOMDQD
XQGHU�WKH�9LVLWLQJ�6FLHQWLVWV�3URJUDPPH��7KH\�FRQWULEXWHG�WR�WKH�60$6+�ZRUN�
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�� 0$,1�$&+,(9(0(176�2)�7+(�352-(&7

,Q� WKLV�FKDSWHU�ZH�ZLOO�JLYH�D�VKRUW� LQWURGXFWLRQ� WR�60$6+�� IROORZHG�E\�D�GHVFULSWLRQ�RI� WKH
HPEHGGHG�6WRUDJH�6\VWHP�7HFKQRORJLHV��:H�ILQLVK�ZLWK�D�GHVFULSWLRQ�RI�WKH�UHDOL]HG�DSSOL�
FDWLRQV�

��� ,QWURGXFWLRQ

��� 6WRUDJH�6\VWHP�7HFKQRORJLHV
����� ([WHUQDO�,QWHUIDFH
����� 3URWRW\SH
����� 9LVXDO�1DYLJDWLRQ
����� &RS\�3URWHFWLRQ

��� $SSOLFDWLRQV
����� '9%�9&5
����� :(%�9&5
����� 5($�DSSOLFDWLRQ

��� ,QWURGXFWLRQ

7KH�RYHUDOO�REMHFWLYH�RI� WKH�60$6+�SURMHFW� LV� WR�GHYHORS�DQG� WR�GHPRQVWUDWH� WKH� WHFKQLFDO
IHDVLELOLW\�RI�DQ�LQWHJUDWHG�VWRUDJH�XQLW�IRU�PXOWLPHGLD�DSSOLFDWLRQV�LQ�D�GRPHVWLF�HQYLURQPHQW�
FDOOHG� WKH��60$6+�6WRUDJH�6\VWHP��RU� �60$6+�&RPER�6HUYHU���7KLV�VHFWLRQ�RXWOLQHV� WKH
V\VWHP�FRQFHSW�� WKH� VHOHFWHG�DSSOLFDWLRQV� DQG� VXSSRUWLQJ� WHFKQRORJLHV�� VR� WKDW� WKH� VXEVH�
TXHQW� VHFWLRQV�� ZKLFK� GLVFXVV� WKH� VWRUDJH� V\VWHP� DQG� DSSOLFDWLRQV� LQ�PRUH� GHWDLO�� FDQ� EH
XQGHUVWRRG�LQ�WKH�SURSHU�FRQWH[W�

$IWHU�DQ�LQLWLDO�RULHQWDWLRQ�VWXG\�LQ�WKH�ILUVW�\HDU�RI�WKH�SURMHFW��LQ�WKH�VHFRQG�\HDU�WKH�60$6+
SURMHFW�VHOHFWHG� WKUHH�DSSOLFDWLRQ� ILHOGV� LQ�ZKLFK�FUXFLDO�SHUIRUPDQFH�DQG�XVDELOLW\� WHVWV� IRU
WKH�60$6+�VWRUDJH�XQLW�DUH�XQGHUWDNHQ��6SHFLILFDOO\� WKH�VHOHFWHG�DSSOLFDWLRQV� FRQFHQWUDWH
RQ�HYDOXDWLQJ�WKH�QHZ�IXQFWLRQDOLW\�WKDW�FDQ�EH�DFKLHYHG�ZLWK�WKH�LQWHJUDWHG�GLVN�WDSH�VWRUDJH
XQLW�� 7KHVH� DSSOLFDWLRQV� KDYH� EHHQ� ZRUNHG� RXW� LQ� JUHDW� GHWDLO� DQG� XVHU� WHVWV� KDYH� EHHQ
FRPSOHWHG�RQ�D�ODERUDWRU\�VFDOH�LQ�WKH�ODVW�\HDU�RI�WKH�SURMHFW�

7KH�WKUHH�DSSOLFDWLRQV�DUH�

�� 7KH�'9%�9&5�� $� UHFRUGHU� DQG� SOD\HU� IRU� VDWHOOLWH� DQG� FDEOH� '9%� VHUYLFHV�� HVSHFLDOO\
GLJLWDO�03(*�YLGHR�ZLWK�FRQWDLQHG�VHUYLFH�LQIRUPDWLRQ��ZKLFK�ZLOO�XVH�WKH�VWRUDJH�XQLW�IRU
DGGLWLRQDO� IXQFWLRQDOLW\� �EUHDN� EXWWRQ�� � VLPXOWDQHRXV� UHFRUGLQJ� DQG� SOD\EDFN�� DQG� LQ�
FUHDVHG�XVHU� IULHQGOLQHVV��EURZVLQJ�DQG�VHOHFWLRQ�RI�VHUYLFHV�XVLQJ� WKH�SURJUDP�JXLGHV
DQG�YLVXDO�FRQWHQWV�RI�WKH�VHUYLFHV��FRQWHQW�PDQDJHPHQW�RI�WDSH�FROOHFWLRQV��

�� 7KH�:(%�9&5��$�UHFRUGHU�DQG�SOD\HU�IRU�D�ZLGH�YDULHW\�RI�LQWHUQHW�VHUYLFHV��FRQFHQWUDW�
LQJ�RQ�FUHDWLQJ�D�SHUVRQDOLVHG� ORFDO�DUFKLYH� IRU�ZHE�SDJHV�DQG�VXSSRUWLQJ�DXGLR�YLVXDO
VWUHDPV��DQG�ORJJLQJ�RI�LQWHUDFWLYH��DXGLR�YLVXDO�VHVVLRQV�

�� 7KH� UHPRWH� HGXFDWLRQ� SDFNDJH� �5($��� $Q� DSSOLFDWLRQ� VWXG\� WKDW� FRQFHQWUDWHV� RQ� KRZ
SUHYLRXVO\�VWRUHG�HGXFDWLRQDO�PDWHULDO�RQ�WKH�60$6+�FRPER�VHUYHU�FDQ�EH�PDLQWDLQHG�
HIILFLHQWO\� DFFHVVHG� DQG� FRQWUROOHG� ERWK� ORFDOO\� E\� WKH� VWXGHQW� DV� ZHOO� DV� UHPRWHO\�� LI
QHHGHG�� E\� WKH� WHDFKHU�� 7KUHH� WDUJHW� FRXUVHV� DUH� XQGHU� GHYHORSPHQW�� 'LJLWDO� 6LJQDO
3URFHVVLQJ����'�&RPSXWHU�*UDSKLFV��DQG�9LUWXDO�5HDOLW\�
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,Q�DGGLWLRQ�WR�WKHVH�DSSOLFDWLRQV��WZR�LPSRUWDQW� WHFKQRORJLHV�ZHUH� LGHQWLILHG�DQG�GHYHORSHG�
HVSHFLDOO\�LQ�VXSSRUW�RI�WKH�'9%�9&5�

�� $�FU\SWRJUDSKLF�DSSURDFK�ZDV�GHYHORSHG� WR�SUHYHQW�XQDXWKRULVHG�FRS\LQJ�RI� UHFRUGHG
PDWHULDO��,Q�GLJLWDO�YLGHR�UHFRUGHUV�WKDW�PDNH�SHUIHFW�FRSLHV�RI�WKH�RULJLQDO��WKLV�LV�RI�JUHDW
LPSRUWDQFH�

�� 0HWKRGV�IRU�H[WUDFWLQJ�VWLOO� LPDJHV�IURP�03(*�YLGHR�VWUHDPV�ZHUH�GHYHORSHG��DQG�WKH
XVH�RI�WKHVH�LPDJHV�IRU�QDYLJDWLRQ�WKURXJK�WKH�YLGHR�FRQWHQW�ZDV�VWXGLHG�

,Q� WKH� GRPHVWLF� HQYLURQPHQW� WKH� 60$6+� VWRUDJH� V\VWHP� VHUYHV� DV� D� UHPRWH� VHUYHU� IRU
PXOWLPHGLD�DSSOLFDWLRQV�

)LJXUH���VKRZV�WKH�SURMHFW¶V�FRQFHSWXDO�YLHZ�RQ�WKH�SODFH�WKDW�WKH�60$6+�FRPER�VHUYHU�KDV
LQ�WKH�FRQVXPHU¶V�KRPH��7KH�VHUYHU�LV�H[WHUQDOO\�FRQQHFWHG�WR�WKH�QHWZRUN�WKURXJK�D�VHW�WRS
ER[��'9%�LQSXW��DQG���RU�WKURXJK�D�3&��LQWHUQHW�FRQQHFWLRQ���7KHVH�WZR�H[WHUQDO�FRQQHFWLRQV
KDYH� HVWDEOLVKHG� WKHPVHOYHV� DV� WKH� GRPLQDQW� GLJLWDO� LQIRUPDWLRQ� SURYLGLQJ� SLSHV� IRU�PDQ\
PXOWLPHGLD�DSSOLFDWLRQV�LQ�WKH�QHDU�IXWXUH�

7KH�FRPER�XQLW�LWVHOI�GRHV�QRW�KDYH�D�XVHU�LQWHUIDFH��EXW�LV�DFFHVVHG�WKURXJK�HLWKHU�WKH�3&
DSSOLFDWLRQ�ZLWK�,QWHUQHW�-DYD�LQWHUIDFH�RU�WKURXJK�WKH�VHW�WRS�ER[��67%��DSSOLFDWLRQ�UXQQLQJ
IRU�LQVWDQFH�DQ�0+(*�HQJLQH�

7KH�DUFKLWHFWXUH�RI� WKH�VWRUDJH�XQLW� LV�FXUUHQWO\�EXLOW�DURXQG�WZR�WLJKWO\�FRXSOHG�EXW� WHFKQR�
ORJLFDOO\�GLIIHUHQW�VWRUDJH�PHGLD��KHQFH�WKH�QDPH��&RPER����QDPHO\�D�OLQHDU�WDSH�GULYH��/7'�
DQG�D�KDUG�GLVN�GULYH��+''���7KH�OLQHDU�WDSH�GULYH� LV�D�FKHDS��LQ�WHUPV�RI�(FX�0E\WH��KLJK
FDSDFLW\�VWRUDJH�PHGLXP�����*E\WH�RU�PRUH��ZLWK�UHODWLYHO\�VORZ�DFFHVV��ZKLOH�WKH�KDUG�GLVN
GULYH�SURYLGHV�D� UHODWLYHO\�H[SHQVLYH��VPDOOHU�FDSDFLW\�VWRUDJH� �H�J����*E\WH��ZLWK� IDVW� UDQ�
GRP� DFFHVV�� 7KH� WZR� FRPSRQHQWV� RI� WKH� 60$6+� VHUYHU� DUH� PDQDJHG� E\� WKH� RSHUDWLQJ
V\VWHP�RI�WKH�XQLW�LWVHOI��ZKLOH�3&�67%�DSSOLFDWLRQV�FDQ�DFFHVV�WKH�GDWD�UHVLGLQJ�RQ�/7'�RU
+''� WKURXJK� WKH� $SSOLFDWLRQ� 3URJUDPPLQJ� ,QWHUIDFH� �$3,��� 7KH� PXOWLPHGLD� GDWD� XVHG� LQ

1HWZRUN�
,QWHUIDFH

&RPER�6HUYHU

'9%��
'$%��
,QWHUQHW

����

67%�ZLWK�
$XGLR�9LGHR
GHFRGHU

67%�ZLWK�
$XGLR

GHFRGHU

)LJXUH����60$6+�&RPER�VHUYHU�LQ�D�KRPH�QHWZRUN�HQYLURQPHQW
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DSSOLFDWLRQV�ZLOO�EH�G\QDPLFDOO\�VWRUHG�LQ�D�GLVWULEXWHG�ZD\��GHSHQGLQJ�RQ�WKH�FKDUDFWHU�RI�WKH
PXOWLPHGLD� GDWD� DQG� RQ� WKH� DSSOLFDWLRQ�� 7KH� PDLQ� GLVWLQFWLRQ� LQ� VWRUDJH� ZLOO� EH� EHWZHHQ
�DXGLR�YLVXDO�� VWUHDP�GDWD� �WR� EH� VWRUHG� RQ� WKH� /7'�� DQG� UDQGRP�DFFHVV� GDWD� ILOHV� �WR� EH
VWRUHG�RQ�WKH�+''���7R�WKH�XVHU��KRZHYHU��WKH�VHUYHU�V\VWHP�ZLOO�EH�WUDQVSDUHQW��L�H��WKH�XVHU
LV�QRW�DZDUH�RI�KRZ� WKH�GDWD� LV�GLVWULEXWHG�RYHU� WKH�/7'�DQG�+''��7KH�FRPER�VHUYHU�KDV
VSHFLILF�VRIWZDUH�KDUGZDUH�IXQFWLRQDOLW\�IRU�PDQDJLQJ�WKH�VWRUHG�GDWD��LQFOXGLQJ�FRS\�SURWHF�
WLRQ�DQG�D�PXOWLPHGLD�GDWDEDVH��00'%��IRU�HIILFLHQW�UHWULHYDO�RI�VWRUHG�LQIRUPDWLRQ�

7KH�FKRVHQ�DUFKLWHFWXUH�RI�WKH�FRPER�VHUYHU�FRPELQHV�WKH�DGYDQWDJHV�RI�KDUG�GLVN�WHFKQRO�
RJ\��IDVW�DQG�UDQGRP�DFFHVV��ZLWK�WKRVH�RI� OLQHDU�WDSH�WHFKQRORJ\��KXJH�VWRUDJH�FDSDFLW\��
7KLV�PHDQV�WKDW�EHVLGHV�WKH�W\SLFDO�DSSOLFDWLRQ�RI�GLVN�DQG�WDSH�VWRUDJH��DOVR�QHZ�IXQFWLRQDO
SULPLWLYHV�HPHUJH��VXFK�DV�

�� KXJH�VWRUDJH�FDSDFLW\�IRU�PXOWLPHGLD�VWUHDP�GDWD��H�J��03(*�VWUHDPV��RQ�WKH�/7'�ZKLOH
VLPXOWDQHRXVO\�SURYLGLQJ�SRVVLELOLWLHV� IRU�HIILFLHQW�PDQDJHPHQW��EURZVLQJ��DQG�UHGXFWLRQ
RI�SOD\LQJ�GHOD\�EHFDXVH�RI�WKH�UDQGRP�DFFHVV�SRVVLELOLWLHV�SURYLGHG�E\�WKH�+''�IRU�VH�
OHFWHG�GDWD�

�� VLPXOWDQHRXV�VWRUDJH�DQG�RU�SOD\EDFN�RI�PXOWLSOH�VWUHDPV�XVLQJ�WKH�+''�DV�LQWHUPHGLDWH
EXIIHU�

�� SUH�FDFKLQJ�RI�VWUHDP�GDWD�IURP�/7'�WR�+''�WR�LPSURYH�UHVSRQVH�WLPHV�WR�XVHU�RU�DSSOL�
FDWLRQ�UHTXHVWV�

�� PDVNLQJ�RI�LQWHUUXSWLRQV�GXULQJ�UHFRUGLQJ�RU�SOD\EDFN�RI�VWUHDPV�IURP�WKH�/7'�GXH�WR�IRU
LQVWDQFH�HQG�RI�WDSH�RU�WDSH�FKDQJH��E\�XVLQJ�WKH�+''�DV�WHPSRUDU\�EXIIHU�

�� UHFRUGLQJ� RI� VWUHDPV� ZLWK� YDULDEOH� ELW� UDWH�� 6LQFH� WKH� OLQHDU� WDSH� GULYH� LV� HVVHQWLDOO\� D
FRQVWDQW�ELW�UDWH�GHYLFH��WKH�KDUG�GLVN�FDQ�EH�XVHG�DV�D�ODUJH�FDSDFLW\�EXIIHU�WR�FDUU\�RXW
WKH�FRQYHUVLRQ�IURP�YDULDEOH�WR��FRQVWDQW�ELW�UDWH�

�� VXSHU�UHDO�WLPH�GRZQORDGLQJ�RI�DXGLR�YLVXDO�VHUYLFHV�

�� EUHDN� EXWWRQ� WR� WHPSRUDULO\� LQWHUUXSW� YLHZLQJ� RI� UHDO�WLPH� VHUYLFHV� E\� XVLQJ� WKH� FRPER
VHUYHU�DV�D��YHU\�ORQJ�GHOD\�OLQH��

,Q� WKH� IROORZLQJ�FKDSWHU�����ZH�ZLOO� SUHVHQW� WKH�GLIIHUHQW� WHFKQRORJLHV�ZKLFK�DUH�QHHGHG� WR
EXLOG�D�60$6+�6WRUDJH�V\VWHP��,Q�&KDSWHU�����ZH�SUHVHQW�GHWDLOV�RQ�WKH�WKUHH�PDLQ�DSSOLFD�
WLRQV�ZH�KDYH�ZRUNHG�RQ�
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��� 6WRUDJH�6\VWHP�7HFKQRORJLHV

����� ([WHUQDO�,QWHUIDFH

7KH�,QWHUFRQQHFW�6\VWHP�LV�WKH�JDWHZD\�IRU�DSSOLFDWLRQV�UXQQLQJ�RQ�FOLHQWV�OLNH�'9%�6HW�7RS
%R[HV�RU�3&V�WRZDUGV�WKH�60$6+�6WRUDJH�'HYLFH�ZRUNLQJ�DV�D�UHPRWH�VHUYHU�

60$6+�&20%2

6(7�723�%2;

,QWHUQHW�&RQQHFWLRQ

,(((��������,(&������

,(((��������,(&������

'9%�,QSXW

)LJXUH����7KH�60$6+�6WRUDJH�'HYLFH�DV�D�5HPRWH�6HUYHU�IRU�$SSOLFDWLRQV

7KH�6HULDO�%XV� ,(((�������ZKLFK�IXOILOV�DOO� WKH�UHTXLUHPHQWV�IRU� WKH�60$6+�VWRUDJH�GHYLFH
DQG� LWV�DSSOLFDWLRQV��KDV�EHHQ�FKRVHQ�DV� WKH� LQWHUFRQQHFW�V\VWHP� IRU� WKH�FRPER��9HU\� IHZ
GHYLFHV��GHVLJQHG�IRU�MXVW�D�VLQJOH�DSSOLFDWLRQ��ZHUH�RQ�WKH�PDUNHW�ZLWK������LQWHUIDFHV�DW�WKH
EHJLQQLQJ� RI� WKH� SURMHFW��0HDQZKLOH� �PRUH� DQG�PRUH� GHYLFHV� ZLWK� DQ� ,(((����� LQWHUIDFH
KDYH�EHHQ�DQQRXQFHG�RU�ODXQFKHG��VR�WKDW�IURP�WRGD\¶V�SRLQW�RI�YLHZ�WKH�FKRLFH�PDGH�DW�WKH
EHJLQQLQJ�RI�WKH�SURMHFW�KDV�EHHQ�SURYHQ�WR�EH�WKH�ULJKW�RQH�

7KH������GLJLWDO�EXV�DV�VSHFLILHG�E\�,(((�RQO\�SURYLGHV�WKH�EDVLF�OD\HUV�IRU�GDWD�WUDQVSRUW��,W
VSHFLILHV�WKH�³SK\VLFDO´���WKH�³OLQN´��DQG�WKH�³WUDQVDFWLRQ´�OD\HU��1R�SURYLVLRQV�ZHUH�DYDLODEOH
IRU�WKH�QHHGV�RI�UHDO�WLPH�GDWD�VWUHDPV�OLNH�'9%��03(*��76��RU�'9&��$Q�H[WHQVLRQ�WR�PHHW
WKH�³VWUHDPLQJ´�UHTXLUHPHQWV�KDV�PHDQZKLOH�EHHQ�VWDQGDUGL]HG�DV� ,(&��������7KLV� IRUPDW
DGGV� DQRWKHU� OD\HU� RQ� WRS� RI� ,(((������ WKH� ³&RPPRQ� ,QWHUIDFH� 3DFNHW´�� ZKLFK� SURYLGHV
PHFKDQLVPV�WR�DGDSW�YDULRXV�GDWD�IRUPDWV�WR�������7R�DSSO\�WKHVH�PHFKDQLVPV�WR�DSSOLFD�
WLRQV�DQG�LWV�UHDO�WLPH�VWUHDP�IRUPDWV�ZDV�RQH�RI�WKH�EDVLF�WDVNV�RI�WKH�SURMHFW��$V�D�UHVXOW
RQH� LPSRUWDQW� EXLOGLQJ� EORFN� RI� DQ� ³RSHQ� LQWHUIDFH´� KDV� EHHQ� GHYHORSHG� DQG� SURYHQ� E\� D
UHIHUHQFH�LPSOHPHQWDWLRQ�

)RU�YHULILFDWLRQ�D�GHPRQVWUDWRU�EDVHG�RQ�D�FRPPHUFLDO�'9%�6HW�7RS�%R[�DQG�D�3&�EDVHG
VWRUDJH�GHYLFH�KDV�EHHQ�VHW�XS��VHH�)LJ������,Q�WKH�FRXUVH�RI�WKLV�SURMHFW�WKH�UHDO�WLPH�LQWHU�
IDFH�EDVHG�RQ������KDV�EHHQ�GHVLJQHG� IRU� WKH�GHPRQVWUDWRU� WR�VXSSRUW�03(*��� WUDQVSRUW
VWUHDP�IRU�WKH�'9%�UHFRUGHU�DSSOLFDWLRQ�
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)LJXUH����'HPRQVWUDWRU�IRU�,(((������EDVHG�'9%�03(*�WUDQVPLVVLRQ

7KH� VHFRQG� EXLOGLQJ� EORFN�� UHTXLUHG� IRU� DQ� ³RSHQ� LQWHUIDFH´� LV� WKH� FRQWURO� PRGXOH�� %DVLF
FRPPDQGV� IRU� UHPRWHO\� FRQWUROOLQJ� WKH� 60$6+� VWRUDJH� KDYH� EHHQ� VSHFLILHG� DQG� LPSOH�
PHQWHG�DV�D�WKH�ILUVW�VWHS��%\�H[SHULPHQWV�ZLWK�WKH�GHPRQVWUDWRU�� WKH�IHDVLELOLW\�RI� WKH�FRQ�
FHSW�XVLQJ�WKH�,(((������'LJLWDO�,QWHUIDFH�DV�WKH�,QWHUFRQQHFW�6\VWHP�IRU�WKH�60$6+�FRPER
KDV�VXFFHVVIXOO\�EHHQ�SURYHQ�

7KLV�KDV�OHDG�WR�WKH�GHOLYHUDEOH�³6SHFLILFDWLRQ�RI�WKH�,QWHUFRQQHFW�6\VWHP´��ZKLFK�GHILQHV
WKH� $SSOLFDWLRQ� 3URJUDPPDEOH� ,QWHUIDFHV� �$3,�� RI� WKH� ³RSHQ� LQWHUIDFH´� DV� XVHG� IRU� WKH
60$6+�&RPER��7KH�$3,�DOORZV�DSSOLFDWLRQ�SURJUDPPHUV�WR�PDNH�XVH�RI�WKH�IHDWXUHV�RI�WKH
60$6+� GHYLFH� ZLWKRXW� EHLQJ� ERWKHUHG� E\� GHWDLOV� RI� WKH� WHFKQLFDO� LPSOHPHQWDWLRQ� RI� WKH
LQVWUXPHQW�

7R�VXSSRUW� WKH�SURMHFW�DSSOLFDWLRQV� �VHH�VHFWLRQ������ WKH�60$6+�VHUYHU� VKRXOG�EH�DEOH� WR
KDQGOH�WKH�IROORZLQJ�W\SHV�RI�LQIRUPDWLRQ�RU�ILOHV��WH[W��JUDSKLFV��DQLPDWLRQ��GLJLWDO�DXGLR�DQG
YLGHR�
7R�DFFHVV�WKHVH�ILOH�W\SHV�WKH�DSSOLFDWLRQ�SURJUDPPHU�FDQ�XVH�IXQFWLRQ�FDOOV�RI�WKH�$3,��7R
FRSH�ZLWK�WKH�GLIIHUHQW�W\SHV�RI�ILOHV�IROORZLQJV��WKH�$3,�FRQVLVW�RI�WKH�IROORZLQJ�PDLQ�JURXSV�

�� /RZ�OHYHO�$3,
�� )LOH�V\VWHP�$3,
�� 6WUHDPV�$3,
�� 2SHUDWLRQDO�0DQDJHPHQW�$3,

7KH� ORZ� OHYHO� $3,� FDQ� KDQGOH� FRPSOHWH� WDSHV�� SDUWLWLRQV� RI� D� WDSH� DQG� D� KDUG� GLVN� DV� D
FDFKH� IRU� WDSH� SDUWLWLRQV�� ,Q� DGGLWLRQ� WR� EDVLF� �KDUG��GLVN� FRPPDQGV�� H�J�� RSHQ�DQG� FORVH
ILOHV���UHDG�DQG�ZULWH�ILOHV��FRPPDQGV�IRU�DFFHVVLQJ�LQIRUPDWLRQ�IURP�WDSH�DUH�SURYLGHG��H�J��
ORRNXS��UHVWRUH��DUFKLYH�DQG�DUFKLYH�)LOH/LVW�

7KH�ILOHV�V\VWHP�$3,�LV�SURYLGHG�E\�FODVVHV�LQ�WKH�MDYD�LR�SDFNDJH��7KLV�HQDEOHV�WR�KDQ�
GOH�DOVR�QHZ�ILOHV�GHILQHG�LQ�IXWXUH�IRU�QHZ�DSSOLFDWLRQV�

7KH� VWUHDPV�$3,� FDQ� KDQGOH� UHDO� WLPH� $9� GDWD� OLNH�03(*��� $9,�� 4XLFNWLPH�� RU� 03(*�
SDUWLDO� WUDQVSRUW� VWUHDP�� )ROORZLQJ� FRPPDQGV� KDYH� EHHQ� LPSOHPHQWHG�� 3OD\�� 3DXVH�� 5H�
VXPH��6WRS��5HFRUG�DQG��6WDWXV
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7KH� RSHUDWLRQDO� PDQDJHPHQW� $3,� KDV� EHHQ� LQWURGXFHG� WR� GHDO� ZLWK� DSSOLFDWLRQ� VSHFLILF
LPSOHPHQWDWLRQV� RI� WKH� JHQHULF� FRPPDQGV�� H�J�� 2SHQ6HVVLRQ�� &ORVH6HVVLRQ�� /LVW�� )UHH�
0RXQW��8QPRXQW��,QLWLDOL]H�

60$6+�6WRUDJH�'HYLFH

$SSOLFDWLRQ

&OLHQW�3URJUDP

$3,

&RQWUROOHU

79

6WDFN�RQ�
����

(WKHUQHW

,3

6WDFN�RQ�
����

(WKHUQHW

,3

79

)LJXUH����3UHVHQW��KDWFKHG�EORFNV��DQG�SURSRVHG�LQWHUFRQQHFW�IRU�WKH�ILQDO�60$6+�VWRUDJH�GHYLFH

����� 3URWRW\SH

$Q�LPSRUWDQW�SDUW�RI�WKH�60$6+�SURMHFW�KDV�EHHQ�WKH�UHDOLVDWLRQ�RI�D�UHDOLVWLF�H[SHULPHQWDO
VHW�XS�� 7KH� H[SHULPHQWDO� 60$6+� V\VWHP� VHUYHV� WKH� '9%�9&5�� :HE�9&5� DQG� 5HPRWH
(GXFDWLRQ�DSSOLFDWLRQV��WKDW�DUH�GHVFULEHG�LQ�VHFWLRQ������7KH�WHFKQLFDO�FRQFHSW�RI�WKLV�VWRU�
DJH�VHUYHU�LV�GHVFULEHG�EHORZ�

,Q�D�60$6+�DSSOLFDWLRQ��D�PXOWLPHGLD�FOLHQW�SUHVHQWV�WKH�XVHU�ZLWK�DQ� LQWXLWLYH� LQWHUIDFH�IRU
KLJK�OHYHO�FRQWURO�RYHU�KLV�GDWD�LQFOXGLQJ�YLGHR��DXGLR��K\SHUWH[W�GRFXPHQWV�DQG�PRUH��,Q�RXU
FXUUHQW�V\VWHP�WKH�60$6+�FOLHQW�VRIWZDUH�UXQV�HLWKHU�RQ�VHW�WRS�ER[HV�RU�RQ�3&
V�7KLV�FOLHQW
FRPPXQLFDWHV�ZLWK�WKH�GDWD�VHUYHU��RU�&RPER��ZKLFK�GRHV�WKH�DFWXDO�GDWD�KDQGOLQJ��$�VLQJOH
60$6+� &RPER� FDQ� VHUYH� VHYHUDO� FOLHQWV�� ,Q� D� 60$6+� V\VWHP� WKH� WDVNV� RI� WKH� &RPER
VHUYHU�LQFOXGH�

�� +DQGOLQJ�DOO�VWRUDJH�UHODWHG�UHTXHVWV�IURP�WKH�FOLHQWV��H�J��UHFRUGLQJ�D�YLGHR�VWUHDP�
7KH�&RPER� LV� UHVSRQVLEOH� IRU� WKH�GLVWULEXWLRQ�RI�GDWD�RYHU� WKH� WDSH�DQG�GLVN�� WKH�FOLHQW
RQO\�VHHV�RQH�VWRUDJH�V\VWHP�

�� 0DLQWDLQLQJ� D� WDEOH� RI� FRQWHQWV�� GLIIHUHQW� �PXOWLPHGLD�� GDWDEDVHV� DUH� XVHG� IRU� WKH
GLIIHUHQW�DSSOLFDWLRQV

�� 6HQGLQJ�GDWD�WR�WKH�FOLHQWV�IRU�XVH��H�J��SOD\EDFN�RI�YLGHR�GDWD��JHQHUDO�XVH�RI�SODLQ
ILOHV�WKDW�WRJHWKHU�FRQVWLWXWH�D�FRXUVH�

7KH�FOLHQW¶V�PDLQ�WDVNV�DUH

�� +DQGOLQJ�DOO�XVHU� LQWHUDFWLRQV� WKURXJK�DQ� LQWXLWLYH� JUDSKLFDO� XVHU� LQWHUIDFH� �*8,�� DQG
LQSXW�FRQWUROV��UHPRWH�FRQWURO��PRXVH��NH\ERDUG��

�� 2UGHULQJ�UHTXLUHG�GDWD�DQG�PHWD�GDWD�IURP�WKH�&RPER�DQG�SURSHU�KDQGOLQJ�RI�WKLV�GDWD
�H�J��GLVSOD\LQJ�JUDSKLFV��SOD\LQJ�EDFN�YLGHR��
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7KH� EDVLF� VRIWZDUH� DUFKLWHFWXUH� RI� RXU� FOLHQW� �� VHUYHU� 60$6+� DSSOLFDWLRQV� LV� JUDSKLFDOO\
SUHVHQWHG� LQ� ILJXUH���� 7KH� FOLHQW� LV� UXQQLQJ� DQ� DSSOLFDWLRQ� WKDW� XVHV� WKH� &RPER� UHPRWHO\
WKURXJK� LWV� $3,�� 2Q� WKH� &RPER�� WKH� VHUYHU� VRIWZDUH� KDQGOHV� WKH� FRPPXQLFDWLRQ� ZLWK� WKH
FOLHQWV��DQG�SDVVHV�FRPPDQGV�RQ�WR�D�FRQWUROOHU��WKDW�GRHV�WKH�DFWXDO�ZRUN��VFKHGXOLQJ�GDWD
WUDQVSRUW��PDQDJLQJ�GHYLFH�,�2��HWF�

,Q�WKH�EHJLQQLQJ�RI�WKH�SURMHFW�ZH�KDYH�VSHQG�VXIILFLHQW�WLPH�DQDO\VLQJ�WKH�UHTXLUHPHQWV�DQG
GHILQLQJ�WKH�W\SH�RI�H[SHULPHQWV�ZH�ZDQWHG�WR�FDUU\�RXW�ZLWK�WKH�SURWRW\SH��:H�RSWHG� IRU�D
IOH[LEOH� V\VWHP�� ZKLFK� DOORZHG� XV� WKH� IROORZLQJ� SRVVLELOLWLHV�� HDV\� H[SHULPHQWLQJ� ZLWK� WKH
V\VWHP�� EH� DEOH� WR� VXSSRUW� XVHU� WULDOV�� WR� VXJJHVW� LPSURYHPHQWV� WR� WKH� FRQFHSW�� HDV\� DQG
IOH[LEOH�KDUGZDUH�LQWHUIDFLQJ�RI�VHYHUDO�VSHFLDO�IXQFWLRQV�DQG�DQ�HDV\�VRIWZDUH�GHYHORSPHQW
HQYLURQPHQW��+HQFH�D�3&�SODWIRUP�LV�WKH�REYLRXV�FKRLFH�IRU�RXU�60$6+�SURWRW\SH�

)LJXUH���VKRZV�WKH�EDVLF�KDUGZDUH�DUFKLWHFWXUH�RI�WKH�V\VWHP��7KH�VHUYHU�3&�LV�UXQQLQJ�WKH
/LQX[�RSHUDWLQJ�V\VWHP��D�FKRLFH�EDVHG�RQ�LWV�PXOWL�WDVNLQJ�FDSDELOLWLHV�DQG�LWV�UHODWLYHO\�HDV\
KDUGZDUH�FRQWURO���,W�KDV�WKH�KDUG�GLVN�DQG�D�7DQGEHUJ�0/5���WDSH�GULYH��DV�ZHOO�DV�VHW�WRS
ER[HV�DQG�GHGLFDWHG�KDUGZDUH�WR�GHDO�ZLWK�'9%�YLGHR�VWUHDPV�FRPLQJ�LQ�DQG�JRLQJ�RXW��7KH
SURFHVV� RI� NH\IUDPH� H[WUDFWLRQV� LV� KDQGOHG� RQ� D� GHGLFDWHG� 7UL0HGLD�� ERDUG�� 7KLV� ERDUG
VKRXOG�DOVR�EH�SDUW�RI�WKH�VHUYHU��EXW�XQIRUWXQDWHO\�/LQX[�VXSSRUW�ZDV�QRW�DYDLODEOH�LQ�WLPH�
DQG�ZH�GHFLGHG�WR�FRQQHFW�WKH�ERDUG�WR�WKH�FOLHQW�3&�LQVWHDG��DV�D�WHPSRUDU\�VROXWLRQ�

7KH�FOLHQW�3&�UXQV�:LQGRZV�����EHFDXVH�RQO\� IRU� WKLV�26�D�7UL0HGLD��GULYHU� LV�DYDLODEOH�
7KH�7UL0HGLD��ERDUG�LV�XVHG�IRU�H[WUDFWLQJ�(OHFWURQLF�3URJUDP�*XLGH��(3*��LQIRUPDWLRQ�DQG
NH\IUDPHV� IURP�D�'9%� WUDQVSRUW�VWUHDP� LQ� WKH�'9%�9&5�DSSOLFDWLRQ��7KH�FOLHQW�VHQGV� WKLV
H[WUDFWHG�PHWD�GDWD� WR� WKH�00'%�DW� WKH�VHUYHU��)RU�FRPPXQLFDWLRQ�EHWZHHQ� WKH� WZR�3&¶V
ZH�XVH�DQ�HWKHUQHW� OLQN��ZKLFK�ZLOO�EH�UHSODFHG�E\�,(((������ZKHQ�ERDUGV�DQG�GULYHUV�EH�
FRPH�DYDLODEOH�

7KH�UHTXLUHPHQWV�IRU� WKH�&RPER�VHUYHU�GLIIHU� LQ� WKH�'9%�9&5��:HE�9&5�DQG�5(�DSSOLFD�
WLRQV��%RWK�WKH�:HE�9&5�DQG�5(�DSSOLFDWLRQV�UHTXLUH�MXVW�D�KDUG�GLVN�DQG�WDSH�GULYH��EXW�QR
'9%�YLGHR�VWUHDPV�RU�NH\IUDPH�H[WUDFWLRQ�DUH�UHTXLUHG��7KH�KDUG�GLVN�ILOH�V\VWHP�LV�H[SRUWHG
WR�D�FOLHQW�XVLQJ�6DPED�RU�1)6�

&RPER�&OLHQW�3&
DQ\�26

&RPER�6HUYHU�3&
/LQX[�26

$SSOLFDWLRQ

6HUYHU

&RQWUROOHU

'HYLFH�GULYHUV

6HUYHU�$3,

)LJXUH��� &OLHQW�±�6HUYHU�DSSURDFK�LQ�JHQHUDO�&RPER�VRIWZDUH�DUFKLWHFWXUH�
XVHG�LQ�ERWK�'9%�9&5�DQG�5HPRWH�(GXFDWLRQ�DSSOLFDWLRQV��
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)LJXUH��� 60$6+�&RPER�VHUYHU�ZLWK�VHWWRS�ER[HV��WDSH�DQG�GLVN�GULYHV�DQG�D
VLPSOH�JUDSKLFDO�XVHU��LQWHUIDFH�RI�WKH�'9%�9&5�GHPRQVWUDWRU��7KH
NH\�IUDPHV�UHSUHVHQW�WKH�FRQWHQWV�RI�WKH�WDSH�

,Q� WKH� '9%�9&5� DSSOLFDWLRQ�� '9%� VWUHDPV� DUH� UHFHLYHG� IURP� VDWHOOLWH� E\� D� GLVK� DQWHQQD
FRQQHFWHG� WR� D� VHW� WRS� ER[� �67%�� IURP�ZKLFK� WKH�03(*��� GDWD� LV� FROOHFWHG� E\� D� FXVWRP�
PDGH�3&,� ERDUG� IRU� UHFRUGLQJ� DQG� SOD\EDFN��'XULQJ� SOD\EDFN�� WKH� VWRUHG�03(*��� GDWD� LV
SDVVHG� EDFN� WR� D� 67%� IRU� GHFRGLQJ� DQG� GLVSOD\LQJ� RQ� D� FRQYHQWLRQDO� 79�� )RU� SURFHVVLQJ
PXOWLSOH� VWUHDPV� �VXFK� DV� VLPXOWDQHRXV� UHFRUGLQJ� DQG� SOD\EDFN��� D� VHFRQG� 79�67%��
03(*�,�2�FKDLQ�LV�SUHVHQW��,Q�ILJXUH���D�SKRWRJUDSK�LV�VKRZQ�RI�WKH�'9%�9&5�V\VWHP�

6&6,
FRQWUROOHU

HWKHUQHW
,���2

79

03(*��
,���2

67%
UHFHLYHU
GHFRGHU

/LQX[

79

03(*��
,���2

67%
UHFHLYHU
GHFRGHU

:��:��

HWKHUQHW
,���2

7UL0HGLD

6HUYHU &OLHQW

)LJXUH��� +DUGZDUH�DUFKLWHFWXUH�RI�WKH�&RPER�V\VWHP��WKH�7UL0HGLD��ZLOO�EH�PRYHG�IURP
WKH�FOLHQW�3&�WR�WKH�VHUYHU�3&�LQ�WKH�QHDU�IXWXUH��7UL0HGLD���03(*���,�2�DQG
67%¶V�DUH�QRW�UHTXLUHG�IRU�5HPRWH�(GXFDWLRQ�
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����� 9LVXDO�1DYLJDWLRQ

7KH�60$6+�VWRUDJH�GHYLFH�DOORZV�WKH�UHFRUGLQJ�RI�KXJH�DPRXQWV�RI�LQIRUPDWLRQ��,Q�SDUWLFX�
ODU�� LQ� WKH�'9%�9&5�DSSOLFDWLRQ�� ODUJH�YROXPHV�RI�03(*�FRPSUHVVHG�YLGHR�ZLOO�EH�VWRUHG�
7KH�UHWULHYDO�RI�VSHFLILF�SLHFHV�RI�YLGHR�PDWHULDO�RU�WKH�EURZVLQJ�RI�WKH�DYDLODEOH�VWRUHG�YLGHR
WKHUHIRUH�EHFRPHV�WLPH�FRQVXPLQJ��LI�QRW�LQHIILFLHQW��,Q�WKH�'9%�9&5�DSSOLFDWLRQ�HQKDQFHG
XVHU� LQWHUIDFHV�JLYH� WH[WXDO� DQG� YLVXDO� FXHV� RQ� WKH� FRQWHQWV� DQG� VWUXFWXUH� RI� WKH� UHFRUGHG
SURJUDPV�VR� WKDW�EURZVLQJ�DQG�QDYLJDWLRQ� LQ�VWRUHG�SURJUDPV�EHFRPHV�PRUH�HIILFLHQW�DQG
XVHU�IULHQGO\�>��@��$Q�LPSUHVVLRQ�RI�VXFK�D�XVHU�LQWHUIDFH�LV�JLYHQ�LQ�)LJXUH���

)LJXUH����,PSUHVVLRQ�RI�8VHU�,QWHUIDFH�IRU�WKH�9LGHR�%URZVLQJ�DQG�1DYLJDWLRQ�

6LQFH�WKH�ODUJH�DPRXQWV�RI�VWRUHG�03(*�FRPSUHVVHG�YLGHR�SURJUDPV�DUH�QRW�HDVLO\�DFFHV�
VLEOH�IRU�EURZVLQJ�DQG�QDYLJDWLRQ��WKH�XVHU�LQWHUIDFHV�VKRXOG�UHO\�QRW�RQ�WKH�DFWXDOO\�UHFRUGHG
YLGHR�VWUHDPV��EXW�RQ�DQ�DEVWUDFWHG�YHUVLRQ�WKHUHRI�>�����������@��7KH�VROXWLRQ�FKRVHQ�ZDV�WR
H[WUDFW� XSRQ� UHFRUGLQJ� WLPH� DOUHDG\� UHOHYDQW� PHWD�LQIRUPDWLRQ� DQG� VWRUH� WKLV� LQIRUPDWLRQ
VHSDUDWHO\� LQ� D� PXOWLPHGLD� GDWD� EDVH� IRU� ODWHU� XVDJH�� 7KLV� PXOWLPHGLD� GDWD� EDVH� LWVHOI� LV
VWRUHG�RQ� WKH�KDUG�GLVN�RI� WKH�&RPER�V\VWHP�VR� WKDW� UDQGRP�DQG�TXLFN�DFFHVV� WR� WKH�DE�
VWUDFWHG�LQIRUPDWLRQ�LV�SRVVLEOH�>������@�

7KH� PHWD�LQIRUPDWLRQ� WKDW� KDV� EHHQ� VWXGLHG� LQ� PRVW� GHWDLO� DUH� NH\� IUDPHV�� 2WKHU� PHWD�
LQIRUPDWLRQ�FXUUHQWO\�EHLQJ�UHWULHYHG�DQG�VWRUHG�RQ�OLQH�DUH�'9%�6,�DQG�VXEWLWOHV��.H\�IUDPHV
DUH� WKRVH� IUDPHV� LQ�D� WHOHYLVLRQ�SURJUDP�WKDW� UHSUHVHQW�FHUWDLQ� UHOHYDQW�DFWLRQV��7KH�VWHSV
WKDW�DUH�WDNHQ�WR�REWDLQ�WKH�NH\�IUDPHV�RQ�OLQH�DUH��VHH�)LJXUH�����03(*�76�GHPXOWLSOH[LQJ�
SDUWLDO�GHFRGLQJ�RI� ,�IUDPHV��VKRW� FKDQJH�GHWHFWLRQ�XVLQJ� WKHVH�SDUWLDOO\�GHFRGHG� ,�IUDPHV�
DQG�ILQDOO\�VHOHFWLRQ�RI�NH\�IUDPH�V��IURP�D�VKRW�>��������@��7KH�VHOHFWHG�IUDPHV�DUH�VWRUHG�LQ
D�PXOWLPHGLD� GDWDEDVH�� WRJHWKHU�ZLWK� SURSHU� UHIHUHQFHV� WR� WKH� VWRUHG�03(*� VWUHDPV� DQG
DQ\� DGGLWLRQDO� PHWD�LQIRUPDWLRQ�� 7KRXJK� WKH� GHWHFWLRQ� DQG� H[WUDFWLRQ� RI� NH\� IUDPHV� LV� D
SURFHVV�QRW�DV�FRPSXWDWLRQDOO\�LQWHQVLYH�DV�IXOO�GHFRGLQJ�RI�03(*�YLGHR��WKH�LQLWLDOO\�GHYHO�
RSHG� �PDLQO\� IRU� GHVLJQ� DQG� WHVWLQJ� SXUSRVHV�� VRIWZDUH�RQO\� LPSOHPHQWDWLRQ� UDQ� LQ� VLJQLIL�
FDQWO\� OHVV� WKDQ� UHDO�WLPH�� 5HDO�WLPH� NH\� IUDPH� GHWHFWLRQ� DQG� H[WUDFWLRQ� RQ� OLYH� '9%
EURDGFDVWV� KDV� EHHQ� UHDOL]HG� LQ� WKH� SURMHFW� E\� XVLQJ� WKH� 3KLOLSV¶� YLGHR� VLJQDO� SURFHVVRU
7UL0HGLD��7KLV�KDUGZDUH�LPSOHPHQWDWLRQ�DOVR�DOORZHG�IRU�ODUJH�VFDOH�SHUIRUPDQFH�HYDOXDWLRQ
RI�WKH�VHOHFWHG�GHWHFWLRQ�DQG�H[WUDFWLRQ�DOJRULWKPV��,Q�7DEOH���D�VXPPDU\�LV�JLYHQ�RI�RQH�RI
WKH�FUXFLDO�VWHSV��QDPHO\�WKH�UHDO�WLPH�VKRW�FKDQJH�GHWHFWRU��RQ�YDULRXV�W\SHV�RI�SURJUDPV�
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7DEOH����(YDOXDWLRQ�UHVXOWV�RI�UHDO�WLPH�VKRW�FKDQJH�GHWHFWLRQ�

6HTXHQFH�QDPH -XUDVVLF
3DUN

0RQW\�3\WKRQ 'XWFK�1HZV &RPPHUFLDOV )RRWEDOO

*HQUH 0RYLH &RPHG\�VHULHV 1HZV &RPPHUFLDOV 6SRUW
'XUDWLRQ��PLQXWHV� ��� �� �� � �
.)�GLPHQVLRQV ��[�� ��[�� ��[�� ��[�� ��[��
*23 �� �� �� �� ��
,�IUDPHV ����� ���� ���� ��� ���
.H\�)UDPHV ���� ��� ��� �� ��
��RI�.) ���� ���� ��� ����� ����
$YHUDJH��.)�HYHU\ �����V �����V �����V �����V �����V
0LVVHG�.) �� � � � �
)DOVH�DODUPV �� �� �� � �
��RI�PLVVHG�.) ���� ���� ���� � ����
��RI�IDOVH�DODUPV ���� ���� ���� � ����

$IWHU�DEVWUDFWLQJ�WKH�UHFRUGHG�SURJUDP��SRVWSURFHVVLQJ�VWHSV�FDQ�EH�FDUULHG�RXW�RQ�WKH�NH\
IUDPHV�LQ�RUGHU�WR�RUJDQL]H�WKHP�ORJLFDOO\��,W�LV�QHFHVVDU\�WR�LPSRVH�VXFK�D�PHWD�VWUXFWXUH�RQ
WKH�NH\�IUDPHV�LQ�RUGHU�WR�UHGXFH�WKH�QXPEHU�RI�NH\�IUDPHV�WR�EH�XVHG�LQ�WKH�XVHU�LQWHUIDFH
�VHH�HQWU\�³.H\�)UDPHV´� LQ�7DEOH�����DQG� LQ�RUGHU� WR�EUHDN�FRQWDLQHU�OLNH�SURJUDPV��EURDG�
FDVW� QHZV�� VSRUWV� SURJUDPV�� HWF��� LQWR� VHOI�FRQWDLQHG� LWHPV�� 7ZR� W\SHV� RI� SURJUDPV� KDYH
EHHQ�FRQVLGHUHG�LQ�WKLV�UHVSHFWV��QDPHO\�PRYLHV�±�LQ�ZKLFK�FDVH�WKH�NH\�IUDPHV�DUH�KLHUDU�
FKLFDOO\�RUJDQL]HG�WR�REWDLQ�DQ�HSLVRGH�OLNH�VWUXFWXUH�±�DQG�EURDGFDVW�QHZV�±�LQ�ZKLFK�FDVH
WKH�NH\�IUDPHV�DUH�XVHG�WR�GHOLQHDWH�WKH�QHZV�LWHPV�

75,0(',$�'63

03(*��

'(08;

3$57,$/

'(&2',1*

.(<�)5$0(

(;75$&7,21

7$3( +''

08/7,0(',$�'$7$%$6(

$1$/<6,6��25*$1,=$7,21�
$1'�5(35(6(17$7,21

2)�.(<�)5$0(6

86(5�,17(5$&7,21
'9%�,1387

6(7�723�%2;

6+27�&+$1*(

'(7(&7,21

)LJXUH����6\VWHP�YLHZ�RQ�NH\�LQIRUPDWLRQ��NH\�IUDPHV��H[WUDFWLRQ�DQG�RUJDQL]DWLRQ
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7KH�PHWKRG�IRU�RUJDQL]LQJ�NH\�IUDPHV�LQ�HSLVRGHV��RU� ORJLFDO�VWRU\�XQLWV�±�/68¶V��ZRUNV�DV
IROORZV� >������@��:LWKLQ�D�VLQJOH�PRYLH�HSLVRGH� WKHUH� LV�D�KLJK� WHPSRUDO� FRQVLVWHQF\�RI� WKH
YLVXDO�FRQWHQW�RI�NH\�IUDPHV��,W�FDQ�WKHUHIRUH�EH�H[SHFWHG�WKDW�ZLWKLQ�DQ�HSLVRGH�HYHU\�QRZ
DQG� WKHQ� VLPLODU� YLVXDO� FRQWHQW� HOHPHQWV� �VFHQHU\�� EDFNJURXQG�� SHRSOH�� IDFHV�� GUHVVHV�
VSHFLILF�SDWWHUQV��HWF���DSSHDU�DQG�VRPH�RI�WKHP�PRVW�OLNHO\�UHSHDW��&OHDUO\�WKH�PDWFKLQJ�RI
WKH�FRQWHQW�PD\�QRW�KDSSHQ�LPPHGLDWHO\�LQ�VXFFHVVLYH�YLGHR�VKRWV��EXW�PRVW�OLNHO\�WKHUH�ZLOO
EH�D�PDWFK�ZLWKLQ�D�FHUWDLQ�WLPH�LQWHUYDO��%DVHG�RQ�WKLV�REVHUYDWLRQ��DQ�/68�FDQ�EH�GHILQHG
DV� D� VHULHV� RI� WHPSRUDOO\� FRQWLJXRXV� YLGHR� VKRWV�� FKDUDFWHUL]HG� E\� RYHUODSSLQJ� OLQNV� WKDW
FRQQHFW�VKRWV�ZLWK�VLPLODU�YLVXDO�FRQWHQW�HOHPHQWV��)LJXUH����LOOXVWUDWHV�WKH�DSSOLFDWLRQ�RI�WKLV
GHILQLWLRQ�LQ�D�GHWHFWLRQ�DOJRULWKP��)LJXUH����VKRZV�D�KLHUDUFKLFDO�VWUXFWXUH�LQ�ZKLFK�WKH�NH\
IUDPHV�DUH�RUJDQL]HG�XQGHU�WKH�/68�VWUXFWXUH�

/68��P�����������������������������������������/68�P���

/LQNV�EHWZHHQ�VLPLODU�VKRWV

�N������������N��S����������N��W����N���N��S��������������������������������������������������������N���������������

)LJXUH�����/68�FKDUDFWHUL]HG�E\�RYHUODSSLQJ�OLQNV�FRQQHFWLQJ�VLPLODU�YLGHR�VKRWV�

/68�� /68�� /68��

W

&KDUDFWHULVWLF�YLGHR�VKRWV�RI�D�/68�
RQ�GLIIHUHQW�JUDQXODULW\�OHYHOV

�H�J��XVLQJ�FRQWHQW�EDVHG�FOXVWHULQJ�

.H\IUDPHV�RI�FKDUDFWHULVWLF�VKRWV
�RQH�NH\IUDPH�VHW�IRU�HDFK�JUDQXODULW\�OHYHO�

)LJXUH�����.H\�IUDPHV�IURP�D�PRYLH�UHSUHVHQWHG�XVLQJ�/68V�

)RU� EURDGFDVW� QHZV�ZH� KDYH� XVHG� WKH� IROORZLQJ� DSSURDFK� >���� ��@�� 1HZV� LWHPV� DUH� RIWHQ
HQFDSVXODWHG� EHWZHHQ� �DQG� VRPHWLPHV� PL[HG� ZLWK�� VKRWV� RI� WKH� QHZV� UHDGHU� RU� DQFKRU
SHUVRQ��7KH�DQFKRU�SHUVRQ�VKRWV�DUH�YLVXDOO\�FKDUDFWHUL]HG�E\�VWXGLR�EDFNJURXQG�DQG�E\�RQH
RU�WZR�QHZV�UHDGHUV�DSSHDULQJ�VHSDUDWHO\�RU�WRJHWKHU��DOVR�ZLWK�VRPH�SRVVLEOH�YDULDWLRQV�RI
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D�FDPHUD�DQJOH�DQG�FKDQJHV� LQ�QHZV� LFRQV� DSSHDULQJ� LQ� D� VFUHHQ� FRUQHU� �VHH� ILJXUH� ����
7KHVH�VKRWV�FDQ�EH�VWDWLF�RU�G\QDPLF��FRQWDLQLQJ�VRPH�FDPHUD�RSHUDWLRQV� OLNH�]RRPLQJ�RU
SDQQLQJ��DQG�FRQWDLQ�FHUWDLQ�SHUFHQWDJH�RI�VDPH�RU�VLPLODU� YLVXDO� IHDWXUHV��$IWHU�GHWHFWLQJ
VKRW� ERXQGDULHV� WKH� SUHVHQFH� RI� D� QHZV� UHDGHU� FDQ� EH� GHWHFWHG� LQ� WKH� NH\� IUDPHV�� IURP
ZKLFK�WKH�VWUXFWXUH�RI�WKH�QHZV�SURJUDP�±LQFOXGLQJ�WKH�QHZV�WRSLF�ERXQGDULHV±�FDQ�EH�GH�
WHFWHG�

6WDUWLQJ�����$QFKRUSHUVRQ�VKRW������1HZV�VKRWV����&RPPHUFLDO�EUHDN����$QFKRUSHUVRQ�VKRW����$QFKRUSHUVRQ�VKRW����6KRUW�QHZV����(QG

)LJXUH���� 6WUXFWXUH�RI�D�QHZV�SURJUDP��'LIIHUHQW�FRORUV�RI�EORFNV�EHORQJLQJ�WR�DQFKRUSHUVRQ�VKRWV
LQGLFDWH�WKHLU�GLIIHUHQW�W\SHV

����� &RS\�3URWHFWLRQ

7KRXJK� WKHUH� DUH� PDQ\� DGYDQWDJHV� WR� WKH� GRPHVWLF� DYDLODELOLW\� RI� ODUJH� FDSDFLW\� VWRUDJH
GHYLFHV�VXFK�DV�WKH�60$6+�&RPER�VHUYHU��RQH�PDMRU�GLVDGYDQWDJH�LV�WKDW�LOOHJDO�FRS\LQJ�RI
KLJK�TXDOLW\�EURDGFDVWHG�PDWHULDOV�EHFRPHV�YHU\�HDV\�� ,W� LV� WKHUHIRUH�QHFHVVDU\�WR�QRW�RQO\
GHYHORS�WHFKQLFDO�VROXWLRQV�WR�WKH�VWRUDJH�SUREOHPV��EXW�DW�WKH�VDPH�WLPH�WR�LQYHVWLJDWH�DQG
GHYHORS�ZD\V�RI�DYRLGLQJ� LOOHJDO�FRS\LQJ�� L�H���FRS\�SURWHFWLRQ�PHWKRGV� >���������@��7KH� LP�
SRUWDQFH� RI� FRS\� SURWHFWLRQ� V\VWHPV� LV� VWUHVVHG� E\� UHSUHVHQWDWLYHV� RI� WKH� FRQVXPHU� HOHF�
WURQLFV�DQG�PRWLRQ�SLFWXUH�LQGXVWULHV�ZKR�KDYH�DJUHHG�WR�VHHN�OHJLVODWLRQ�FRQFHUQLQJ�GLJLWDO
YLGHR� UHFRUGHUV� WKDW�ZRXOG� SURWHFW� ERWK� LQWHOOHFWXDO� SURSHUW\� DQG� FRQVXPHUV¶� ULJKWV�� $� UHF�
RPPHQGDWLRQ�LV�VXEPLWWHG�WR�WKH�86�&RQJUHVV��ZKLFK�DOORZV�FRS\ULJKW�SURSULHWRUV�WR�SURKLELW
FRS\LQJ� IURP� SD\�SHU�YLHZ�� YLGHR�RQ�GHPDQG� SURJUDPPLQJ� DQG� SUH�UHFRUGHG� PHGLD�� ,Q
(XURSHDQ�FRQWH[W��'$9,&�LV�ORRNLQJ�IRU�VWDQGDUGL]DWLRQ�RI�FRS\�SURWHFWLRQ�PHFKDQLVPV�

LQSXW

RXWSXW

XQODEHOHG

ODEHOHG

)LJXUH�����&RQFHSW�IRU�FRS\�SURWHFWLRQ�LQ�D�60$6+�

)RU� WKH�60$6+�&RPER�VHUYHU�D�FRS\�SURWHFWLRQ�V\VWHP�IRU�03(*�FRPSUHVVHG�YLGHR�KDV
EHHQ�GHYHORSHG�>������@��7KH�FRS\�SURWHFWLRQ�PHWKRG� LV�EDVHG�RQ� ODEHOLQJ� WHFKQLTXHV�DQG
DOORZV�RQO\�RQH�FRS\�RI�GLJLWDO�PXOWLPHGLD��YLGHR��GDWD��)LJXUH������/DEHOLQJ�RU�ZDWHUPDUNLQJ
RI�YLVXDO� LQIRUPDWLRQ�LV�EDVHG�RQ�HPEHGGLQJ�KLGGHQ�VLJQDOV��ODEHOV�� LQ�WKH�SLFWRULDO� LQIRUPD�
WLRQ�� VXFK� WKDW� LW� FDQQRW�HDVLO\�EH� UHPRYHG�ZLWKRXW� VHULRXVO\�DIIHFWLQJ� WKH�TXDOLW\� RI� WKH� OD�
EHOHG�LQIRUPDWLRQ��8SRQ�UHFRUGLQJ�WLPH��WKH�03(*�VWUHDPV�WR�EH�UHFRUGHG�DUH�FKHFNHG�IRU
WKH�SUHVHQFH�RI�D�ZDWHUPDUN��,I�WKH�ZDWHUPDUN�LV�SUHVHQW��WKH�&RPER�GHYLFH�UHIXVHV�WR�UHF�
RUG� WKDW� SDUWLFXODU� 03(*� VWUHDP�� ,I� WKH� ZDWHUPDUN� LV� QRW� SUHVHQW�� WKH� &RPER� GHYLFH� ZLOO
UHFRUG� WKH� 03(*� VWUHDP�� EXW� RQO\� DIWHU� HPEHGGLQJ� WKH� ZDWHUPDUN�� 7KLV� SUHYHQWV� IXUWKHU
FRS\LQJ�RI�WKDW�LQIRUPDWLRQ�E\�RWKHU�&RPER�V\VWHPV�

7KHUH� DUH� VHYHUDO� UHTXLUHPHQWV� ZKLFK� WKH� ODEHOLQJ� WHFKQLTXH� VKRXOG� VDWLVI\�� 7KH� ODEHOLQJ
WHFKQLTXH�VKRXOG�QRW�EH�WRR�FRPSOH[�DQG�RSHUDWH�LQ�UHDO�WLPH�RQ�FRPSUHVVHG�GDWD��,WV�SUHV�
HQFH�VKRXOG�QRW�DIIHFW� WKH�VL]H�DQG� WKH�TXDOLW\�RI� WKH�PXOWLPHGLD�GDWD��7KH�VWUHQJWK�RI� WKH
FRS\�SURWHFWLRQ�VFKHPH�UHOLHV�RQ�WKH�UREXVWQHVV�RI�WKH�ODEHOLQJ�WHFKQLTXH��,Q�RWKHU�ZRUGV��LW
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VKRXOG�EH�LPSRVVLEOH�WR�UHPRYH�WKH�ODEHO�ZLWKRXW�DIIHFWLQJ�WKH�TXDOLW\�RI�WKH�PXOWLPHGLD�GDWD
VLJQLILFDQWO\�

7ZR� QHZ� ZDWHUPDUNLQJ� DOJRULWKPV� KDYH� EHHQ� GHYHORSHG�� VSHFLILFDOO\� LQWHQGHG� IRU� 03(*
YLGHR� FRS\� SURWHFWLRQ�� WRJHWKHU� ZLWK� D� PRGHO� WKDW� DOORZV� IRU� WKH� RSWLPDO� WXQLQJ� RI� WKH
PHWKRG¶V�SDUDPHWHUV��$W�WKH�VDPH�WLPH�H[SORUDWRU\�LQYHVWLJDWLRQV�KDYH�EHHQ�FDUULHG�RXW�RQ
WKH�OLNHO\�DWWDFNV�WKDW�³KDFNHUV´�FRXOG�FDUU\�RXW�RQ�ZDWHUPDUNHG�LQIRUPDWLRQ�DV�VR�WR�UHPRYH
WKH�ZDWHUPDUN�DQG�EUHDN� WKH�FRS\�SURWHFWLRQ��DQG�RI� WKH�VWUHQJWK�RI�H[LVWLQJ�ZDWHUPDUNLQJ
WHFKQLTXHV�DJDLQVW�WKHVH�DWWDFNV�>������@�

7KH�PRVW�SURPLVLQJ�ZDWHUPDUNLQJ�WHFKQLTXH�WKDW�ZH�KDYH�GHYHORSHG�LV�EDVHG�RQ�GLVFDUGLQJ
SDUWV� RI� WKH� �TXDQWL]HG�� EORFN�'&7� FRHIILFLHQWV� LQ� WKH� �FRPSUHVVHG�03(*� ,�IUDPHV�� YLGHR
VWUHDP� >��@�� 'HSHQGLQJ� RQ� ZKHWKHU� D� ³�´� RU� ³�´� ELW� QHHGV� WR� EH� HPEHGGHG�� WKH� KLJK� IUH�
TXHQF\�FRPSRQHQWV�RI�WKH�WRS�KDOI�RU�ERWWRP�KDOI�RI�DQ�1�E\�1�VHW�RI���[���'&7�EORFNV�DUH
GLVFDUGHG�� 7KLV� GLIIHUHQFH� LQ� ³HQHUJ\´� EHWZHHQ� WRS� DQG� ERWWRP� KDOI� RI� WKH� EORFNV� FDQ� EH
GHWHFWHG�E\�WKH�ZDWHUPDUN�H[WUDFWRU��,Q�RUGHU�WR�DYRLG�XQQHFHVVDU\�YLVXDO�DUWHIDFWV��WKH�'&7
EORFNV� LQ�DQ�03(*�,�IUDPH�DUH�SVHXGR�UDQGRPO\�VKXIIOHG��)LJXUH������7KH�SVHXGR�UDQGRP
JHQHUDWRU�VHHG�LV�WKH�³NH\´�WR�WKH�GHFRGLQJ�RI�WKH�ZDWHUPDUN��,Q�FDVH�WKH�SURFHVV�LV�FDUULHG
RXW� RQ� FRPSUHVVHG� VWUHDPV�� RQO\� SDUWLDO� GHFRGLQJ� LV� QHHGHG� IRU� WKH� ODEHOLQJ� DQG� QR� UH�
HQFRGLQJ�LV�UHTXLUHG��H[FHSW�IRU�WDEOH�ORRNXSV�DQG�UH�PXOWLSOH[LQJ��

.H\

)LJXUH���� ,OOXVWUDWLRQ�RI�WKH�SVHXGR�UDQGRP�EORFN�VKXIIOLQJ�DQG�WKH�UHVXOW�RI�HPEHGGLQJ�D�ODEHO�VWULQJ�
/HIW��RULJLQDO�LPDJHV��5LJKW��ODEHOHG�LPDJHV��0LGGOH��GLIIHUHQFH�LPDJHV
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��� $SSOLFDWLRQV

����� '9%�9&5

������� )XQFWLRQDOLW\�,QQRYDWLRQ
7KH�'9%�9&5�GHPRQVWUDWRU�LV�D�SURWRW\SH�GLJLWDO�YLGHR�UHFRUGHU�IRU�GLJLWDO�YLGHR�EURDGFDVWV�
,W� XVHV� WKH�60$6+�&RPER�DV�D� VWRUDJH�GHYLFH� LQ� D� FOLHQW�VHUYHU� FRQFHSW�� 7KH�'9%�9&5
GLIIHUV�IURP�H[LVWLQJ�9&5
V�LQ�PDQ\�ZD\V��LQFOXGLQJ�

�� 1HZ� WHFKQRORJ\�� WKH� '9%�9&5� VWRUHV� DQG� UHSURGXFHV� EURDGFDVW� VLJQDOV� LQ� WKH� GLJLWDO
GRPDLQ��'9%��

�� 0DVV�VWRUDJH��WKH�VWRUDJH�FDSDFLW\�RI�WKH�WDSH�XVHG�LQ�WKH�GHPRQVWUDWRU�LV�������KRXUV�RI
YLGHR��1H[W�JHQHUDWLRQV�RI�WKH�WDSH�XQLW�ZLOO�LQFUHDVH�WKH�FDSDFLW\�WR�VHYHUDO�WHQV�RI�KRXUV
RQ�D�VLQJOH�WDSH�YROXPH�

�� )DVW�DFFHVV�VWRUDJH��WKH�SUHVHQFH�RI�D�KDUG�GLVN�JLYHV�PDQ\�SRVVLELOLWLHV��1RW�RQO\�GRHV
LW�DOORZ�IDVW�UHWULHYDO�RI�DOO�NLQGV�RI�GDWD��WDEOH�RI�FRQWHQWV��HOHFWURQLF�SURJUDP�JXLGH��LP�
DJHV���EXW�E\�VPDUW�EXIIHULQJ� LW�DOORZV�VLPXOWDQHRXV�UHFRUGLQJ�DQG�SOD\EDFN�RQ�D�VLQJOH
WDSH�YROXPH�

7KH�DSSOLFDWLRQ�WUDQVODWHV�DOO�WKHVH�WHFKQRORJLFDO�GLIIHUHQFHV�WR�QHZ�IXQFWLRQDOLW\��VXFK�DV�
�� 7KH�DELOLW\�WR�UHFRUG�DQG�SOD\�EDFN�VLPXOWDQHRXVO\��7KLV�FDQ�EH�UHFRUGLQJ�D�PRYLH�ZKLOH

ZDWFKLQJ�DQRWKHU�SUHYLRXV�UHFRUGLQJ��RU�ZDWFKLQJ�D�PRYLH�ZLWK�GHOD\��ZKLOH�LW�LV�VWLOO�EHLQJ
UHFRUGHG�

�� (DV\�SURJUDPPLQJ�DQG�UHWULHYDO��7KH�XVHU�FDQ�DOZD\V�JHW�DQ�RYHUYLHZ�RI�ZKDW�LV�RQ�KLV
WDSH��72&�� WDEOH�RI�FRQWHQWV��DQG�ZKDW� LV�RQ�79� �(3*��HOHFWURQLF�SURJUDP�JXLGH���2S�
HUDWLRQV�OLNH�SURJUDPPLQJ�IRU�UHFRUGLQJ�DQG�VHOHFWLQJ�IRU�SOD\EDFN�DUH�DOO�GRQH�LQ�VLPSOH
SRLQW�	�FOLFN�VW\OH�

�� &RQWHQW�PDQDJHPHQW��7KH�V\VWHPV�NHHSV�WUDFN�RI�µZKDW�LV�ZKHUH¶�RQ�WKH�WDSH��WKH�FRQ�
VXPHU�LV�QRW�DZDUH�RI�WKH�GHWDLOV��,Q�IDFW��D�SURJUDP�FDQ�EH�VFDWWHUHG�RYHU�D�WDSH�LQ�RUGHU
WR� XVH� VSDFH� HIILFLHQWO\�� 7KH� XVHU� RQO\� FUHDWHV� �E\� UHFRUGLQJ�� DQG� GHOHWHV� SURJUDPV�
PXFK�OLNH�LQ�D�ILOH�V\VWHP�RQ�D�3&�

�� *UDSKLFDO�QDYLJDWLRQ��7KH�XVH�RI�NH\�IUDPHV�HQDEOHV�HDV\�QDYLJDWLRQ�WKURXJK�D�SURJUDP�
,W�DOVR�JLYHV�WKH�FRQVXPHU�D�TXLFN�YLVXDO�LPSUHVVLRQ�RI�D�UHFRUGLQJ�

������� 8VHU�LQWHUIDFH
$IWHU� VWXGLHV� RQ� WKH� SRVVLEOH� XVHU� LQWHUDFWLRQ� ZLWK� WKH� '9%�9&5� DSSOLFDWLRQ�� D� LQWHUDFWLRQ
GHVLJQ�ZDV� FKRVHQ��$OO� VFUHHQV� DUH� GLVSOD\HG� RQ� D� 79� VHW�� DQG� FDQ� EH� FRQWUROOHG� YLD� WKH
EXWWRQV�RI�D�UHPRWH�FRQWURO��%HORZ��WKH�PDLQ�VFUHHQV�RI�WKH�DSSOLFDWLRQ�DUH�GHVFULEHG�

7KH�FRPELQHG�72&���(3*�VFUHHQ
7KH�VFUHHQ�LQ�ILJXUH����JLYHV�DQ�RYHUYLHZ�RI�SURJUDPV�ZKLFK�DUH�DYDLODEOH�QRZ�RU�LQ�WKH�QHDU
IXWXUH�� +HQFH�� LW� FRPELQHV� DQ� HOHFWURQLF� SURJUDP� JXLGH� �(3*�� ZLWK� WKH� WDEOH� RI� FRQWHQWV
�72&��RI�WKH�WDSH��7KH�EOXH�FROXPQV�RQ�WKH�ULJKW�VKRZ�WKH�79�VFKHGXOH�IRU�WRGD\��RU�VHYHUDO
GD\V�DKHDG��8VLQJ� WKH�FXUVRU�� WKH�FRQVXPHU�FDQ�HDVLO\�QDYLJDWH� WKURXJK�WKH�FKDQQHOV�DQG
SURJUDPV��2QFH� WKH�XVHU�VHOHFWHG�D�SURJUDP��KH� FDQ�PDUN� LW� IRU� UHFRUGLQJ�� QRWLILFDWLRQ�� RU
DGGLWLRQDO� LQIRUPDWLRQ� VXSSOLHG� E\� ZHE� VLWHV� DQG� WHOHWH[W�� 7KH� JUHHQ� FROXPQV� RQ� WKH� OHIW
FRQWDLQ� WKH� UHFRUGHG� SURJUDPV�� $� UHFRUGHG� SURJUDP� DXWRPDWLFDOO\� DSSHDUV� LQ� WKH� FROXPQ
ODEHOOHG�
5HFHQW
��IURP�ZKLFK�WKH�XVHU�FDQ�GHFLGH�WR�GUDJ�LW�WR�WKH�
.HHS
�FROXPQ��RU�WR�GHOHWH
LW��5HFRUGLQJ�D�SURJUDP�IRU�YLHZLQJ�LV�D�VLPSOH�PDWWHU�RI�SRLQWLQJ�WR�LW�DQG�KLWWLQJ�WKH�EXWWRQ�
UHJDUGOHVV�RI�WKH�FROXPQ�
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3URJUDPPHG�IRU
QRWLILFDWLRQ

3URJUDPPHG�IRU
UHFRUGLQJ

1RZ

����)LUVW�PLQXWHV
FDFKHG�RQ�GLVN

&XUVRU


�,QIR�DYDLODEOH

)LJXUH���� 8VHU�LQWHUIDFH�VFUHHQ�GLVSOD\LQJ�D�FRPELQHG�WDEOH�RI�FRQWHQWV�DQG�HOHFWURQLF
�SURJUDP�JXLGH�

7KH�LQIRUPDWLRQ�DQG�NH\�IUDPH�VFUHHQ
7KH�LQIRUPDWLRQ�DQG�NH\�IUDPH�VFUHHQ�VKRZV�WKH�FROOHFWHG�WH[WXDO�LQIRUPDWLRQ�RQ�D�SDUWLFXODU
SURJUDP�� DW� SUHVHQW� OLPLWHG� WR� WLWOH�� WLPH� DQG� GDWH�� DQG� D� VKRUW� GHVFULSWLRQ�� ,Q� DGGLWLRQ�� D
VHULHV� RI� NH\�IUDPHV�� DFTXLUHG� GXULQJ� UHFRUGLQJ�� DUH� DYDLODEOH� WR� WKH� XVHU�� 7KH� XVHU� FDQ
FKRRVH�WR�DQLPDWH�WKHP��ZKLFK�JLYHV�KLP�D�TXLFN�LPSUHVVLRQ�RI�WKH�SURJUDP��7KH�XVHU�PD\
DOVR�EURZVH�WKURXJK�WKHP��DQG�FKRRVH�WR�VWDUW�SOD\EDFN�IURP�D�SDUWLFXODU�NH\�IUDPH�

.H\IUDPH
QDYLJDWLRQ

7H[WXDO
GHVFULSWLRQ

)LJXUH���� 8VHU�LQWHUIDFH�VFUHHQ�GLVSOD\LQJ�LQIRUPDWLRQ�RQ�D�VHOHFWHG
UHFRUGHG�SURJUDP��LQFOXGLQJ�D�WH[WXDO�GHVFULSWLRQ�IURP�WKH�(3*�
DQG�NH\�IUDPHV�IRU�TXLFN�EURZVLQJ�RU�QDYLJDWLRQ�

7KH�SDXVH�EXWWRQ�IXQFWLRQ
$Q�LQWHUHVWLQJ�IHDWXUH�WKDW�LV�HQDEOHG�E\�WKH�DELOLW\�WR�UHFRUG�DQG�SOD\EDFN�VLPXOWDQHRXVO\��LV
WKH� SDXVH� EXWWRQ� IXQFWLRQ��:KHQ�ZDWFKLQJ� D� OLYH� EURDGFDVW�� WKH� XVHU� FDQ� 
SDXVH
� WKH� SUR�
JUDP�
H�J��WR�DQVZHU�WKH�SKRQH��/DWHU�KH�PD\�UHVXPH�WKH�SURJUDP��L�H��UHVXPH�ZDWFKLQJ�LW�ZLWK�D
WLPH�GHOD\�ZLWK�UHVSHFW�WR�WKH�OLYH�WUDQVPLVVLRQ��:KDW�DFWXDOO\�KDSSHQV�LV�WKDW�XSRQ�DFWLYDWLRQ
WKH� IXQFWLRQ�VWDUWV� UHFRUGLQJ��5HVXPLQJ�VLPSO\�PHDQV� WR�VWDUW�SOD\LQJ�EDFN� IURP�WKH�EHJLQ�
QLQJ� RI� WKH� UHFRUGLQJ�� ZKLOH� WKH� UHFRUGLQJ� VWLOO� FRQWLQXHV�� 7KH� XVHU� PD\� FDWFK� XS� WKH� OLYH
EURDGFDVW�E\�SOD\LQJ�IDVW�IRUZDUG��RU�E\�VNLSSLQJ�SDUWV�
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,I�WKH�WDSH�DQG�KDUG�GLVN�DUH�ERWK�XVHG�IRU�WKLV�EXIIHULQJ��WKH�EXIIHU�ZLOO�SUDFWLFDOO\�QHYHU�EH
IXOO�� ,Q�FDVH�RI�D�KDUG�GLVN�RQO\�V\VWHP��RU�ZKHQ� WKH� WDSH� LV� IXOO�� WKH�EXIIHU�FDSDFLW\�RI�D��
*%\WH�GLVN�HQDEOHV�URXJKO\�D����PLQXWH�EXIIHU�

%XIIHU�ILOOLQJ
LQGLFDWLRQ

5&�RSHUDWLRQ�
SDXVH��UHVXPH�

MXPS

)LJXUH����� 8VHU�LQWHUIDFH�VFUHHQ�GLVSOD\LQJ�WKH�SDXVH�EXWWRQ�IXQFWLRQ��7KH�YLGHR�LV
IUR]HQ�GXULQJ�D�SDXVH��DQG�WKH�EXIIHU�VWDWH�LV�GLVSOD\HG�

������� 8VHU�UHVSRQVHV
7KH� V\VWHP� GHVFULEHG� DERYH� LV� IXOO\� RSHUDWLRQDO�� DQG� ZRUNV� SHUIHFWO\� ZHOO� ZLWK� OLYH� '9%
WUDQVPLVVLRQV�� /DUJH�VFDOH� XVHU� WHVW� FRXOG� QRW� EH� SHUIRUPHG� ZLWKLQ� WKH� IUDPHZRUN� RI� WKLV
SURMHFW��+RZHYHU��WKH�V\VWHP�KDV�IUHTXHQWO\�EHHQ�GHPRQVWUDWHG��LQ�WRWDO�WR�VHYHUDO�KXQGUHGV
RI�SHRSOH�

7KH�UHDFWLRQV�RI�WKH�SHRSOH�ZKR�KDYH�VHHQ�DQG�WHVWHG�WKH�GHPRQVWUDWLRQ�VR�IDU�DUH�DOPRVW
XQDQLPRXVO\�SRVLWLYH��7KH�PDLQ�FRQFOXVLRQV�DUH�

�� (YHU\RQH� UHFRJQLVHV� WKH� QHHG� IRU� FRQWHQW�PDQDJHPHQW� RQ� D�9&5�� 7KH�ZKDW�LV�ZKHUH
SUREOHP�LV�XQLYHUVDOO\�DFNQRZOHGJHG��DQG�RXU�DSSURDFK�LV�ZHOFRPHG�DV�WKH�ORQJ�VRXJKW
VROXWLRQ�

�� 7KH�SRLQW�	�FOLFN�RSHUDWLRQ� LV�VHHQ�D�PDMRU�VWHS� IRUZDUG�ZLWK� UHVSHFW� WR� WKH�FXVWRPDU\
VKRZYLHZ�IXQFWLRQDOLW\�LQ�SURJUDPPLQJ�IRU�UHFRUGLQJ�

�� 7KH�NH\�IUDPHV�DUH�JHQHUDOO\�VHHQ�DV�D�ELJ�DGYDQWDJH��ERWK�IRU�JHWWLQJ�D�TXLFN�LPSUHV�
VLRQ�DQG�IRU�VHOHFWLYH�YLHZLQJ�

�� 6LPXOWDQHRXV� UHFRUGLQJ�DQG�SOD\EDFN� LV�QRW�JHQHUDOO\�VHHQ�DV�D�JUHDW� IHDWXUH��XQWLO�ZH
H[SODLQ�WKDW�LW�HQDEOHV�\RX�WR�FRPH�KRPH�KDOI�DQ��KRXU�ODWH�IRU�D�PRYLH��DQG�ZDWFK�LW�DQ\�
ZD\��LQVWHDG�RI�ZDLWLQJ�IRU�WKH�UHFRUGLQJ�WR�ILQLVK�DQG�ZDWFK�LW�WKH�QH[W�GD\��

�� 7KH�SDXVH�EXWWRQ� IXQFWLRQ� LV� YHU\�DWWUDFWLYH�� EXW� VRPH�SHRSOH� ILQG� WKH� OLQN�ZLWK� D�9&5
LOORJLFDO��WKH�IXQFWLRQ�ZRXOG�EH�PRUH�DW�KRPH�LQ�D�79�

�� 4XLWH�VRPH�SHRSOH�ZRQGHU�ZK\�D�WDSH�LV�VWLOO�XVHG�ZKHQ�RSWLFDO�GLVFV��'9'�LV�DYDLODEOH�
�WKH�DQVZHU�EHLQJ�WKDW�LW�LV�D�PDWWHU�RI�VWRUDJH�FDSDFLW\��WDSH�LV�D�IDFWRU�RI����DKHDG�DQG
PXFK�FKHDSHU��

,Q�VXPPDU\��WKH�UHDFWLRQV�DUH�YHU\�SRVLWLYH�DQG�HQFRXUDJH�XV�WR�FRQWLQXH�WKLV�ZRUN�
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����� :(%�9&5

������� )HDWXUHV�DQG�IXQFWLRQDOLW\�LQQRYDWLRQ
7KH�:(%�9&5� GHPRQVWUDWRU� LV� DQ� DSSOLFDWLRQ� SURWRW\SH� IRU� UHPRWH� DFFHVVLQJ� DQG� ORFDOO\
VWRULQJ�YLGHR�VWUHDPV�IURP�WKH�,QWHUQHW��,W�H[SORLWV�WKH�60$6+�&RPER�6\VWHP�DV�D�VWRUDJH
GHYLFH� LQ� D� FOLHQW� VHUYHU� DUFKLWHFWXUH�� 7KH� DSSOLFDWLRQ� SUHVHQWV� WKH� IROORZLQJ� IHDWXUHV� DQG
IXQFWLRQDOLW\�
�� DQ� LQWHJUDWHG�DQG�HDV\�WR�XVH�HQYLURQPHQW�IRU�DFFHVVLQJ�:(%�SDJHV�ZLWK�UHODWHG�YLGHR

VWUHDPV� IURP� WKH� ,QWHUQHW� DQG� IRU� VWRULQJ� DQG� WKHUHDIWHU� DFFHVVLQJ� WKHP� IURP� WKH� ORFDO
&RPER�6\VWHP

�� D�IDPLOLDU�9&5�OLNH�,QWHUIDFH�GXULQJ�WKH� LQWHUDFWLRQ�RI� WKH�XVHU�ERWK�ZLWK�WKH� ,QWHUQHW�DQG
WKH�&RPER�6\VWHP

�� D� G\QDPLFDOO\� GRZQORDGDEOH� DSSOLFDWLRQ� LQWR� DQ� DSSURSULDWH�:(%� %URZVHU� VXFK� DV� WKH
1HWVFDSH�RQH��HQKDQFLQJ�WKH�%URZVHU�ZLWK�9&5�OLNH�FDSDELOLWLHV

�� WR�SOD\�03(*���YLGHR�VWUHDPV�FRPLQJ�IURP�HLWKHU�WKH�QHWZRUN�RU�WKH�&RPER�6\VWHP
�� WR�UHFRUG�WKHP�DQG�WR�UHFRUG�IXOO�:(%�SDJHV�DORQJ�ZLWK�WKHLU�XVHU�VHOHFWHG�ILUVW�OHYHO�YLGHR

OLQNV�LQ�WKH�&RPER�6\VWHP
�� WR�SOD\�DQG�UHFRUG�YLGHR�VWUHDPV�LQ�SDUDOOHO
�� WKH�FDSDELOLW\�WR�GHDO�HTXDOO\�ZHOO�ZLWK�D�ODUJH�QXPEHU�RI�VPDOO�SLHFHV�RI�LQIRUPDWLRQ�VXFK

DV�WKH�,QWHUQHW�SDJHV�DQG�WKH�KXJH�VL]HG��03(*���YLGHR�VWUHDPV

7KH�V\VWHP�DUFKLWHFWXUH�
7KH�DSSOLFDWLRQ�UXQV� LQ�D�:LQGRZV�3&�ZLWK�DQ�03(*���GHFRGHU�ERDUG�DOORZLQJ� WR�GHFRP�
SUHVV�03(*��� ILOHV� DQG� SOD\� WKHP� LQ� YLGHR� RYHUOD\� RQ� WKH� 3&� VFUHHQ�� 7KH� ³5HDO� 0DJLF´
03(*���GHFRGHU�IURP�6,*0$�'HVLJQ�KDV�EHHQ�FKRVHQ�DV�LW�PDWFKHV�PRUH�VWULFWO\�WKH�DSSOL�
FDWLRQ�UHTXLUHPHQWV�VXFK�DV�WKH�SRVVLELOLW\�WR�KDQGOH�D�EXIIHUHG�IORZ�RI�GDWD�IURP�WKH�GLJLWDO
YLGHR� ILOH� WR� WKH�GHFRGHU�ERDUG�DQG� � WKH�DYDLODELOLW\�RI�D� ORZ�OHYHO�$3,� WR� LQWHUIDFH� WKH�SOD\�
EDFN�IXQFWLRQDOLW\�RI�WKH�ERDUG�IURP�D�:LQGRZV��HLWKHU����RU����ELW��DSSOLFDWLRQ�HQYLURQPHQW�
7KH�DSSOLFDWLRQ�KDV�EHHQ�GHVLJQHG�ZLWK�D�OD\HUHG�DUFKLWHFWXUH�XVLQJ�WKH�-$9$�SDUDGLJP�DV
VKRZQ�LQ�WKH�IROORZLQJ�ILJXUH�

-$9$�$SSOHW

-$9$�3DFNDJH

&���1DWLYH�0HWKRGV

�:HE�9&5�8VHU�,QWHUIDFH

�:HE�9&5�)XQFW���6WUHDP9LGHR�

�:HE�9&5�/RZ�/HYHO�,PSO�

��&20%2
'HYLFH�'ULYHU

03(*�'HFRGHU
'HYLFH�'ULYHU

:,1���$3,

)LJXUH�����7KH�:(%�9&5�VRIWZDUH�DUFKLWHFWXUH

7KH�JUDSKLFDO�8VHU�,QWHUIDFH�RI�WKH�DSSOLFDWLRQ�LV�LPSOHPHQWHG�WKURXJK�D�-$9$�DSSOHW�ZKLOH
WKH�VRIWZDUH�IXQFWLRQDOLW\�KDV�EHHQ�LPSOHPHQWHG�LQ�D�-$9$�³3DFNDJH´�FDOOHG�6WUHDP9LGHR�
7KH�6WUHDP�9LGHR�SDFNDJH�KROGV�WKH�FODVV�KLHUDUFK\�RI�WKH�REMHFWV�WKDW�PDS�WKH�GDWD�PRGHO
RI��WKH�:(%�9&5�DSSOLFDWLRQ��VHH�'HOLYHUDEOH����IRU�6WUHDP�9LGHR�SDFNDJH�GHVFULSWLRQ��
7KH� LQWHUDFWLRQ� RI� WKH� DSSOLFDWLRQ� ZLWK� WKH� GHFRGHU� ERDUG� KDV� EHHQ� UHDOL]HG� WKURXJK� WKH
PHWKRGV�RI�WKH�6WUHDP9LGHR�SDFNDJH�WKDW�GHDO�ZLWK�YLGHR�ILOHV�DV��³-$9$�QDWLYH�PHWKRGV´�
L�H��DV��PHWKRGV�ZKRVH�FRGH�LV�ZULWWHQ�LQ�D�GLIIHUHQW�ODQJXDJH�IURP�-$9$��VXFK�DV�&�RU�&����
0RUHRYHU�� LQ�RUGHU�WR� LPSURYH�WKH�SHUIRUPDQFH�RI� WKH�DSSOLFDWLRQ�� WKH�QDWLYH�PHWKRGV�KDYH
EHHQ� LPSOHPHQWHG�DV� ³1HWVFDSH�3OXJ�LQ´� XVLQJ� WKH�1HWVFDSH�/LYH&RQQHFW� WHFKQRORJ\�SUR�
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YLGLQJ�KLJK�SHUIRUPDQFH�LPSURYHPHQW�DQG�DOORZLQJ�WR�LQWHUIDFH�-DYD�DSSOHWV�ZLWK�ORFDO�SOXJ�
LQV�
7KH�/LYH&RQQHFW�-$9$�5XQ7LPH�H[WHQGV�WKH�VWDQGDUG�-$9$�5XQ7LPH�DGGLQJ�D�QHZ�3DFN�
DJH�WR�WKH�-$9$�&ODVV�KLHUDUFK\��7KLV�QHZ�SDFNDJH�FRQWDLQV�WKH�³3OXJLQ´�FODVV�ZKRVH�PHWK�
RGV�DUH�LPSOHPHQWHG�DV�1DWLYH�1HWVFDSH�3OXJLQ�

������� 8VHU�LQWHUIDFH
7KH�:(%�9&5�DSSOLFDWLRQ�KDV�EHHQ�GHVLJQHG�WR�DOORZ�WKH�IROORZLQJ�W\SHV�RI�LQWHUDFWLRQ�ZLWK
WKH�XVHU�
�� ,QWHUQHW�,QWHUDFWLRQ��ZKHQ�WKH�XVHU�UHIHUV�D�YLGHR�VWUHDP�VWRUHG�RQ�D�UHPRWH�,QWHUQHW�VLWH
�� &RPER�,QWHUDFWLRQ��ZKHQ�WKH�XVHU�UHIHUV�D�YLGHR�VWUHDP�VWRUHG�RQ�WKH�&RPER�6\VWHP�

,QWHUQHW�,QWHUDFWLRQ

7KH�XVHU�LQWHUDFWV�ZLWK�WKH�DSSOLFDWLRQ�WURXJK�D�9&5�OLNH�LQWHUIDFH�ZKLFK�SURYLGHV�WKH�IROORZ�
LQJ�EXWWRQV�ZLWK�WKH�IROORZLQJ�FRPPDQGV�

��3/$<���3$86(���6723��5(&25'��3$*(
5(&25'

'XULQJ�WKH�VR�FDOOHG�µ,QWHUQHW�,QWHUDFWLRQ¶�WKH�XVHU�FDQ�VHOHFW�D�YLGHR�OLQN�WKXV�HQDEOLQJ�WKH
DFWLYDWLRQ�RI�WKH�-$9$�DSSOHW�ZKLFK�IHDWXUHV�D�9&5�XVHU�LQWHUIDFH�

:KHQ�D�YLGHR�OLQN�LV�VHOHFWHG�WKH�FRPPDQG�3/$<��5(&25'�DQG�3$*(�5(&25'�DUH�HQ�
DEOHG�DQG�WKH�XVHU�FDQ�SXVK�RQH�RI�WKHP�WR�VWDUW�WKH�VHOHFWHG�IXQFWLRQDOLW\�

)LJXUH�����7KH�8VHU�,QWHUIDFH�RI�:(%�9&5�µUHPRWH�VLGH¶

7KH�3/$<�IXQFWLRQDOLW\�VWDUWV�D�FRQQHFWLRQ�EHWZHHQ�WKH�ORFDO�3&�DQG�WKH�UHPRWH�VHUYHU�ZKHUH
WKH� YLGHR� VWUHDP� LV� VWRUHG�� 7KH�03(*� IUDPHV� FRPLQJ� IURP� WKH� VHUYHU� DUH� SDVVHG� WR� WKH
03(*�GHFRGHU�ERDUG��ZKLFK�GHFRGHV�WKHP�DQG�SOD\�WKHP�LQ�D�YLGHR�RYHUOD\�ZLQGRZ�RQ�WKH
3&�VFUHHQ�
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7KH�5(&25'�IXQFWLRQDOLW\�DFWV�LQ�D�VLPLODU�ZD\�DV�WKH�3/$<�IXQFWLRQ�H[FHSW�IRU��WKH�EXIIHU�GDWD
WKDW�DUH�SOD\HG�DQG�VLPXOWDQHRXVO\�VWRUHG�LQ�D�ILOH�LQ�WKH�&20%2�6\VWHP��7KH�XVHU�DVVLJQV
D�QDPH�WR�WKH�UHFRUGLQJ�YLGHR�VWUHDP�XVLQJ� WKH� WH[W�ER[� ORFDWHG�QHDU� WR� WKH�EXWWRQV�RI� WKH
9&5�LQWHUIDFH��:KHQ�WKH�UHFRUGLQJ�SKDVH�FRPHV�WR�DQ�HQG��DQ�+70/�SDJH�UHIHUULQJ�WR�WKH
UHFRUGHG�03(*���YLGHR�VWUHDP�DQG�WR�WKH�9&5�DSSOHW�LV�DXWRPDWLFDOO\�JHQHUDWHG��0RUHRYHU�
DQ� LQGH[�� WKH� ORFDO� &RPER,QGH[� +70/� SDJH�� LV� XSGDWHG� ZLWK� WKH� UHIHUHQFH� WR� WKH� QHZ�
UHFRUGHG� VWUHDP�� 7KH� &RPER,QGH[� +70/� SDJH� FRQWDLQV� WKH� HQWU\� SRLQWV� WR� DOO� WKH� YLGHR
VWUHDPV�DQG�WKH�,QWHUQHW�+70/�SDJHV�UHFRUGHG�LQ�WKH�&RPER�7DSH�

7KH�3$*(�5(&25'�IXQFWLRQDOLW\�DOORZV� WR�VWRUH�DQ�+70/�SDJH�DQG�DFWV� OLNH� WKH�5(&25'
IXQFWLRQDOLW\�IRU�WKH�VHOHFWHG�YLGHR�VWUHDPV�OLQNHG�E\�WKH�SDJH�

)LJXUH���� :(%�9&5�GHPRQVWUDWRU�IHDWXULQJ�WKH�9&5�OLNH�,QWHUIDFH
SOD\LQJ�D�YLGHR�VWUHDP�IURP�WKH�,QWHUQHW�ZKLOH�D�WDSH�LV
EHLQJ�LQVHUWHG�LQ�WKH�&RPER�6\VWHP�IRU�VWRULQJ

&RPER�,QWHUDFWLRQ

7KH� XVHU� LQWHUDFWV� ZLWK� � WKH� YLGHR� VWUHDPV� VWRUHG� LQ� WKH� &20%2� V\VWHP� IURP� D� :(%
EURZVHU�WURXJK�D�9&5�OLNH�,QWHUIDFH�SURYLGLQJ�WKH�IROORZLQJ�FRPPDQGV�

���3/$<���3$86(��6723���'(/(7(

7KH�3/$<�IXQFWLRQDOLW\��LQ�SDUWLFXODU��VWDUWV�D�FRQQHFWLRQ�EHWZHHQ�WKH�ORFDO�3&�DQG�WKH�&RPER
GHYLFH�WR�HQDEOH�WKH�EXIIHUHG�GDWD�IORZ�IURP�WKH�&RPER�WRZDUGV�WKH�03(*���GHFRGHU�ERDUG�
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)LJXUH�����7KH�8VHU�,QWHUIDFH�RI�WKH�:(%�9&5�VLGH�&RPER

7KH�'(/(7(�IXQFWLRQ�DOORZV�FDQFHOOLQJ�D�YLGHR�VWUHDP�IURP�WKH�&20%2�WRJHWKHU�ZLWK�DOO�WKH
UHIHUHQFHV�WR�LW��$V�UHJDUGV�WR�WKH�³,QWHUQHW�,QWHUDFWLRQ´��WKH�5(&25'�IXQFWLRQ�LV�QRW�DYDLODEOH
EHFDXVH�LW�LV�QRW�PHDQLQJIXO�LQ�D�&RPER�FRQWH[W�

)LJXUH���� :(%�9&5�GHPRQVWUDWRU�IHDWXULQJ�WKH�9&5�OLNH�,QWHUIDFH�DQG
SOD\LQJ�D�YLGHR�VWUHDP�EHLQJ�UHWULHYHG�IURP�WKH�&RPER�6\VWHP

������� 8VHU�UHVSRQVHV
7KH�:(%�9&5�DSSOLFDWLRQ� SURWRW\SH� KDV� EHHQ� WHVWHG� LQWHUQDOO\� RQ� DQ� ,QWUDQHW� 6XEV\VWHP
XVLQJ�D�����0ELW�FRQQHFWLRQ�ZKLFK�VLPXODWHV�D�EURDGEDQG�QHWZRUN�RI�D�GLJLWDO�FLW\��7KH� LQ�
WHUIDFH�KDV�EHHQ�SHUFHLYHG�IDPLOLDU�DQG�HDV\�WR�XVH��$�FULWLFDO�DVSHFW�RI�WKH�DSSOLFDWLRQ�FRXOG
EH�WKH�UHVSRQVH�WLPH�RI� WKH�QHWZRUN�ZKLFK�KDV�WR�DOORZ�D�FRQWLQXRXV�GDWD�IORZ�WR�HQDEOH�D
YLGHR�VWUHDP�SOD\LQJ��+RZHYHU�WKH�LQWHUQDOO\�SHUIRUPHG�WHVWV�EDVHG�RQ�WKH�,QWUDQHW�6XEV\V�
WHP�KDYH�SUHVHQWHG�DFFHSWDEOH�UHVXOWV�
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����� 5($�DSSOLFDWLRQ��,QWHUDFWLYH�5HPRWH�(GXFDWLRQ�'HPRQVWUDWLRQ�3DFNDJH

������� )XQFWLRQDOLW\�,QQRYDWLRQ
7KH�UHPRWH�HGXFDWLRQ�DSSOLFDWLRQ��5($�� LV�D�PXOWLPHGLD�VXSSRUWHG�:::�HGXFDWLRQDO� WRRO�
ZKLFK� XVHV� WKH�60$6+�&RPER� DV� D�PDVV� VWRUDJH� GHYLFH�� 7KH�5($� GLIIHUV� IURP� H[LVWLQJ
HGXFDWLRQDO�WRROV�LQ�PDQ\�ZD\V��LQFOXGLQJ�QHZ�WHFKQRORJ\�DQG�QHZ�IXQFWLRQDOLW\�
�� 8VDJH�RI�D�PDVV�VWRUDJH�GHYLFH�WR�ORFDOO\�VWRUH�D�ODUJH�FROOHFWLRQ�RI�OHFWXULQJ�PDWHULDO��LQ

WKH� IRUP� RI� LQWHUDFWLYH� H[SHULPHQWV�� KLJK� TXDOLW\� SLFWXUHV�� DQG�PRYLHV�� RQ� WKH� WDSH�� ,Q
SDUWLFXODU�� KLJK�TXDOLW\� SLFWXUHV�DQG�PRYLHV�DUH� VWRUHG� LQ� ODUJH�GDWD� ILOHV�ZKLFK� DUH� QRW
VXLWDEOH�IRU�UHSHDWHG�GRZQORDGV�WR�ORFDO�SHUVRQDO�FRPSXWHUV�DW�KRPH�

�� ,QWHURSHUDELOLW\�EHWZHHQ�WKH�PDVV�VWRUDJH�GHYLFH�DQG�WKH�,QWHUQHW�LQ�DQ�DXWRPDWHG�ZD\�
7KH� XVHU� GRHVQ¶W� QHHG� WR� FDUH� ZKHUH� WKH� OHFWXULQJ� PDWHULDO� LV�� +H� �� VKH� FDQ� VWXG\� D
FRXUVH�IURP�WKH�WDSH�DQG�DW�WKH�VDPH�WLPH�EURZVH�RYHU�WKH�,QWHUQHW�IRU�VLPLODU�PDWHULDO�RU
VHQG� DQ� H�PDLO� WR� WKH� WHDFKHU�� +H� �� VKH� FDQ� DOVR� UHWULHYH� KRPHZRUN� IURP� WKH� UHPRWH
FRPSXWHU�DW�WKH�VFKRRO�

�� (OLPLQDWLRQ� RI� WKH� ORZ�VSHHG�WUDQVPLVVLRQ� UHVWULFWLQJ� IDFWRU� IRU� WKH� RQ�OLQH� PXOWLPHGLD�
VXSSRUWHG�UHPRWH�HGXFDWLRQ��8VLQJ�WKH�PDVV�VWRUDJH�GHYLFH��WKH�ORZ�VSHHG�WUDQVPLVVLRQ
FDXVHG�E\�QDUURZ�EDQGZLGWK�OLQHV�DQG�PRGHPV�GRHVQ¶W�UHVWULFW�XVDJH�RI�UHPRWH�HGXFD�
WLRQ�EHFDXVH�RQO\�D�VPDOO�DPRXQW�RI�GDWD�LV�WUDQVIHUUHG�RQ�OLQH�RYHU�WKH�,QWHUQHW�

�� 2SWLPL]DWLRQ�RI�WKH�VHTXHQFH�RI�ILOHV�LQ�ZKLFK�WKH\�DUH�VWRUHG�RQ�WKH�WDSH�WR�PLQLPL]H�WKH
DYHUDJH�DFFHVV�WLPH�IRU� ILOHV�RQ�WKH�WDSH��8VLQJ�WKH�NQRZOHGJH�DERXW� WKH�FRXUVH�VWUXF�
WXUH�DQG�WKH�VL]H�RI�ILOHV��WKH�RSWLPL]HG�VHTXHQFH�RI�ILOHV�RQ�WKH�WDSH�LV�HVWDEOLVKHG��$GGL�
WLRQDO� UHGXFWLRQ�RI� DFFHVV� WLPH� LV�REWDLQHG�E\� XVLQJ� WKH� KDUG� GLVN� LQ� WKH�PDVV� VWRUDJH
GHYLFH�IRU�FDFKLQJ�

�� *UDSKLFDO�QDYLJDWLRQ�EDVHG�RQ�PLQG�PDSV��7KH�JUDSKLF�XVHU�LQWHUIDFH�LV�EXLOW�XVLQJ�-DYD
DSSOHWV�DQG�VXSSRUWV�EURZVLQJ�RI� OHVVRQV�LQ�D�JUDSKLF�ZD\�XVLQJ�PLQG�PDSV�DV�ZHOO�DV
EURZVLQJ�WKURXJK�D�XVXDO�:LQGRZV�WUHH�VWUXFWXUH�

������� 5HPRWH�HGXFDWLRQ�DSSOLFDWLRQ
7KH�UHPRWH�HGXFDWLRQ�DSSOLFDWLRQ��5($��LV�EDVHG�RQ�WKH�:::�DQG�LW�LV�LPSOHPHQWHG�LQ�WKH
-DYD� SURJUDPPLQJ� ODQJXDJH�� ,W� FRQVLVWV� RI� GLIIHUHQW� SURJUDPV� �D� :HE� EURZVHU�� D� VLPSOH
:::� VHUYHU�� DQG� D� WDSH� FRQWUROOHU�� FRPELQHG� WRJHWKHU� LQWR� RQH� SURJUDP� DSSOLFDWLRQ�� $
JUDSKLF�XVHU� LQWHUIDFH� LV�EXLOW�XQGHU� WKH�:::�EURZVHU� OLNH�1HWVFDSH�RU�0LFURVRIW� ,QWHUQHW
([SORUHU�� 7KH� LGHD� LV� WR� NHHS� WKH� DSSOLFDWLRQ� DV� JHQHUDO� DV� SRVVLEOH�� 7KLV�PHDQV� WKDW� WKH
VDPH�FRQFHSW�RI�WKH�HGXFDWLRQDO�WRRO�FDQ�EH�XVHG�ZLWK�RU�ZLWKRXW�D� ORFDO�PDVV�VWRUDJH�GH�
YLFH�>��@��7R�DFKLHYH�VXFK�D�JRDO��DQ�LQWHUIDFH�EHWZHHQ�WKH�DSSOLFDWLRQ�OHYHO�DQG�WKH�VWRUDJH
GHYLFH� LV� XVHG� WR� KLGH� WKH� VWRUDJH� IURP� WKH� DSSOLFDWLRQ�� $V� WKH� LQWHUIDFH� LV� XVHG� D� VLPSOH
:::�VHUYHU�� ,W� DFFHSWV� DQ�+773� UHTXHVW� IRU� D� ILOH� RQ� WKH� ORFDO� VWRUDJH� GHYLFH� IURP� WKH
:::�EURZVHU�DQG�LW�VHQGV�EDFN�WKH�UHTXLUHG�ILOHV�DV�DQ�+773�UHVSRQVH��,I�WKH�UHTXLUHG�ILOH
LV�QRW�RQ�D�KDUG�GLVN��LW�VHQGV�DQ�$3,�FRPPDQG�WR�WKH�WDSH�GHYLFH�FRQWUROOHU�UXQQLQJ�RQ�WKH
VHUYHU�WR�FRS\�WKH�ILOH�IURP�WKH�WDSH�WR�WKH�KDUG�GLVN�>��@�

7KH�UHPRWH�HGXFDWLRQ�DSSOLFDWLRQ�LV�EDVHG�RQ�WKH�FOLHQW�±�VHUYHU�DUFKLWHFWXUH��7KH�FOLHQW�LV�D
3&� ZLWK� :LQGRZV� ��� RU� :LQGRZV� 17� RSHUDWLQJ� V\VWHP�� ZKLFK� KDV� LQVWDOOHG� WKH� :::
EURZVHU��1HWVFDSH�RU�0LFURVRIW�([SORUHU��ZLWK�PXOWLPHGLD�DQG�-DYD�����VXSSRUW��$�3&�ZLWK�D
WDSH�GULYH�IRU����*%�OLQHDU�WDSHV�XQGHU�WKH�/LQX[�RSHUDWLQJ�V\VWHP�LV�XVHG�DV�D�VHUYHU�FDOOHG
&RPER��7KH�&RPER�DQG�WKH�FOLHQW�3&�DUH�FRQQHFWHG�ZLWK�WKH�(WKHUQHW��8VDJH�RI�WKH�5($�LQ
D�FRPSXWHU�FODVVURRP�LV�VKRZQ�LQ�)LJXUH����

,Q�JHQHUDO��WKH�WHDFKHU¶V�V\VWHP�LV�WKH�VDPH�DV�WKH�VWXGHQW¶V�V\VWHP�EXW�WKLV�LV�UHDOO\�D�PLQL�
PXP� UHTXLUHPHQW�� 8VXDOO\�� WKH� WHDFKHU� VKRXOG� KDYH� D�PRUH� SRZHUIXO� FRPSXWHU� ZLWK� DGGL�
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WLRQDO�VRIWZDUH�IRU�HGLWLQJ�GLIIHUHQW�W\SHV�RI�PXOWLPHGLD�ILOHV��$Q�DGGLWLRQDO�SURJUDP�LV�UHTXLUHG
IRU�FRS\LQJ�WKH�SUHSDUHG�FRXUVHV�RQ�WKH�WDSH�

)LJXUH�����7KH�5HPRWH�(GXFDWLRQ�$SSOLFDWLRQ��5($��XVHG�E\�VWXGHQWV�LQ�D�FRPSXWHU�FODVVURRP�

7KH�5($�XVHV�D� ODUJH� QXPEHU� RI�PRVWO\� VPDOO� ILOHV��ZKLOH� RWKHU�60$6+�DSSOLFDWLRQV� GHDO
ZLWK�RQO\�D�IHZ�YHU\�ODUJH�ILOHV��PRYLHV���7KH�SUREOHP�LV�KRZ�WR�ZULWH�DOO�WKHVH�VPDOO�ILOHV�RQ
WKH� WDSH� WR�DYRLG� ORQJ�GHOD\V�ZKHQ� WKH�VHOHFWHG� ILOH�VKRXOG�EH�FRSLHG� IURP� WKH� WDSH� WR� WKH
GLVN��%HFDXVH� WKH� VWUXFWXUH� RI� WKH� FRXUVH� LV� NQRZQ� LQ� DGYDQFH�� DQ� RSWLPL]DWLRQ� RI� WKH� VH�
TXHQFH�RI�ILOHV�RQ�WKH�WDSH�LV�SHUIRUPHG�XVLQJ�D�JHQHWLF�DOJRULWKP�

������� 8VHU�LQWHUIDFH
7KH� UHPRWH�HGXFDWLRQ�DSSOLFDWLRQ� LWVHOI� LV�ZULWWHQ� LQ�-DYD�DQG�-DYD6FULSW� SURJUDPPLQJ� ODQ�
JXDJHV� DQG� UXQV� LQ� ERWK� SRSXODU� :::� EURZVHUV� �1HWVFDSH� DQG� 0LFURVRIW� ,QWHUQHW� ([�
SORUHU���7KH�XVHU�LQWHUIDFH�LV�GHYHORSHG�RQ�WKH�LGHD�RI�PLQG�PDSV�WR�JLYH�D�EHWWHU�LQVLJKW�LQWR
WKH�FRXUVH�PDWHULDOV�DQG�WKH�UHODWLRQV�EHWZHHQ�WKH�WRSLFV�>��@��$�YLHZ�RI� WKH�XVHU� LQWHUIDFH
FDQ�EH�VHHQ�LQ�)LJXUH�����7KH�LQWHUIDFH�LV�GLYLGHG�LQWR�WKUHH�VHFWLRQV�

�� 7KH�XSSHU�VPDOOHU�SDUW�RI�WKH�ZLQGRZ�FRQWDLQV�WKH�WRROEDU�ZLWK�YDULRXV�EXWWRQV�IRU�DGGL�
WLRQDO� LQWHUDFWLRQ� ZLWK� WKH� DSSOLFDWLRQ�� %HVLGHV� QDYLJDWLRQ� EXWWRQV� �DUURZV��� WKH� WRROEDU
DOVR�FRQWDLQV� WKUHH�QHWZRUN�UHODWHG�EXWWRQV� ��QHZ�EURZVHU�ZLQGRZ��� �VHQG�H�PDLO���DQG
�JHW�KRPHZRUN����DQ�RSWLRQ�EXWWRQ��WR�PDUN�FKDSWHUV�DV�OHDUQHG���QRW�OHDUQHG��RU�WR�FORVH
DOO�RI�WKH�H[SDQGHG�FKDSWHUV�LQ�WKH�FRXUVH��DQG�D�KHOS�EXWWRQ�IRU�RQOLQH�KHOS�

�� 7KH�PDLQ�SDUW�RI�WKH�ZLQGRZ��PDLQ�YLHZ��FRQWDLQV�D�PLQG�PDS�RI�WKH�VHOHFWHG�FKDSWHU�RU
WKH�FRXUVHZDUH�GRFXPHQW�GHVFULELQJ�WKH�FKDSWHU��$�PLQG�PDS�LV�D�YLVXDO�UHSUHVHQWDWLRQ
RI� D� FRQFHSW� DQG� LWV� UHODWHG� VXE�FRQFHSWV�� 7KH� SUHVHQWHG� FRQFHSW� LV� GLVSOD\HG� DV� WKH
FHQWUDO�LWHP�RI�WKH�PLQG�PDS��ZLWK�LWV�UHODWHG�VXE�FRQFHSWV�DUUDQJHG�DURXQG�LW�
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�� 2Q�WKH�OHIW�VLGH�RI�WKH�ZLQGRZ�WKH�VWXGHQWV�VHH�WKH�FKDSWHU�EDVHG�OLQHDU�VWUXFWXUH�RI�WKH
FRXUVH�WKH\�DUH�VWXG\LQJ��FRXUVH�YLHZ���$�VWUXFWXUH�VLPLODU�WR�WKH�ZHOO�NQRZQ�:LQGRZV���
WUHH�VWUXFWXUH��UHSUHVHQWLQJ�ILOHV�DQG�GLUHFWRULHV��LV�XVHG�IRU�WKLV�SXUSRVH�

6WXGHQWV�KDYH�VHYHUDO�SRVVLELOLWLHV�IRU�QDYLJDWLRQ�ZLWKLQ�5($�
�� 'LVSOD\�WKH�FRQWHQWV�RI�LQGLYLGXDO�FKDSWHUV�E\�FOLFNLQJ�RQ�WKH�FKDSWHU�WLWOHV�LQ�WKH�FRXUVH

YLHZ�
�� %URZVH�WKH�FRXUVHZDUH�PDWHULDOV�E\�FOLFNLQJ�RQ�WKH�WKUHH�DUURZ�EXWWRQV�RQ�WKH�WRROEDU�
�� 0RYH�WKURXJK�WKH�FRXUVHZDUH�E\�FOLFNLQJ�RQ�PLQG�PDSV�LQ�WKH�PDLQ�YLHZ��DQG
�� 1DYLJDWH� E\� FOLFNLQJ� RQ� K\SHUWH[W� OLQNV� ZLWKLQ� WKH� PDWHULDOV� �$V� ZKHQ� H[SORULQJ� QRQ�

UHTXLUHG�WRSLFV�WKURXJK�PLQG�PDSV��D�QHZ�ZLQGRZ�RSHQV�XS�ZLWK�WKH�FRQWHQWV�RI�K\SHU�
OLQN��:KHQ�VWXGHQWV�ILQLVK�ZLWK�EURZVLQJ�� WKH\�FORVH� WKH�ZLQGRZ�DQG�UHWXUQ� WR� WKH� WRSLF�
WKH\�ODVW�VWXGLHG��

7KH�ILUVW�WZR�SRVVLELOLWLHV�ZHUH�GHVLJQHG�WR�IROORZ�WKH�OHFWXUH�PDWHULDO�GHILQHG�E\�WKH�OHFWXUHU�
7KH�WKLUG�RQH�ZDV�DGGHG�WR�EURZVH�WKH�PDWHULDO�LQ�DQ�DUELWUDU\�ZD\�DQG�WR�H[SORUH�WKH�PDWH�
ULDO�ZKLFK�LV�QRW�LQFOXGHG�LQ�WKH�OHFWXUH��7KH�UHVXOWV�RI�WKH�TXHVWLRQQDLUH�VKRZ�WKDW�GHVSLWH�WKH
GLIIHUHQW�SXUSRVHV�RI�WKH�ZD\V�WKH�PDWHULDO�FDQ�EH�UHDFKHG��XVXDOO\��D�SDUWLFXODU�XVHU�SUHIHUV
RQO\�RQH�ZD\��EXW�GLIIHUHQW�XVHUV�KDYH�FKRVHQ�GLIIHUHQW�SRVVLELOLWLHV�DV�SUHIHUDEOH�

0LQG�PDSV�RU�FRXUVH�PDWHULDOV�±�PDLQ�YLHZ

7RROEDU

&KDSWHUV�VXEFKDSWHUV�RI
D�FRXUVH�±�FRXUVH�YLHZ

)LJXUH�����$SSOLFDWLRQ¶V�XVHU�LQWHUIDFH�
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������� (YDOXDWLRQ�RI�WKH�V\VWHP
7KH�UHPRWH�HGXFDWLRQ�DSSOLFDWLRQ�KDV�EHHQ� WHVWHG�RQ�GHPR� OHVVRQV�RI�FRPSXWHU�JUDSKLFV�
YLUWXDO�UHDOLW\�DQG�GLJLWDO�VLJQDO�SURFHVVLQJ��8VHU�WUDLOV�KDYH�EHHQ�SHUIRUPHG�WR�HYDOXDWH�WKH
FRQFHSW�RI�WKH�DSSOLFDWLRQ��7KH�V\VWHP�ZDV�WHVWHG�E\����XVHUV�ZKR�ZHUH�PDLQO\�UHVHDUFKHUV
DQG� VWXGHQWV� WKDW� DUH� LQYROYHG� LQ� YDULRXV� DVSHFWV� RI� WKH�60$6+�SURMHFW� LQ� /MXEOMDQD�� 7KH
UHVXOWV�RI�WKH�HYDOXDWLRQ�RI�WKH�XVHU�WULDOV�DUH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�WDEOH�

8VHU�VDWLVIDFWLRQ J K L
'HVLJQ�RI��*8�LQWHUIDFH ��� ��� ��

&RQFHSW�RI�PLQG�SDWWHUQV ��� ��� ��

/HFWXUH�IORZ�	�PDWHULDO�H[SORUDWLRQ ��� ��� ��

,QWHUDFWLYLW\ ��� ��� ��

6\VWHP�FDSDELOLWLHV��H�J���UHVSRQVH�WLPH� �� ��� ���

8VHUV
�LPSUHVVLRQV�DERXW�XVLQJ�WKLV�OHDUQLQJ�V\VWHP�ZHUH�SRVLWLYH��7KH�XVHUV�OLNH�WKH�GHVLJQ
RI� JUDSKLFDO� LQWHUIDFH�� WKH� FRQFHSW� RI� WKH�PLQG�SDWWHUQV� DQG� WKH� SRVVLEOH� LQWHUDFWLRQV�� 7KH
RQO\�FRQFHUQ�JRHV�WR�V\VWHP�UHVSRQVH�WLPH�LQ�WKH�FDVHV�ZKHQ�WKH�V\VWHP�KDV�WR�UHDFK�WKH
PDWHULDO�VWRUHG�RQ�WKH�WDSH��)RU�WKLV�SXUSRVH�LW�VKRXOG�EH�DGGHG�VSHFLDO�ZDUQLQJV�WR� LQIRUP
WKH�XVHU�DERXW�WKH�H[SHFWHG�WLPH�LQ�ZKLFK�WKH�UHTXLUHG�VHUYLFHV�FDQ�EH�FRPSOHWHG�DQG�DOORZ
WKH�XVHU�WR�FDQFHO�WKH�UHTXLUHG�VHUYLFH�
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�� 0$,1�&21&/86,216�5($&+('

,Q�WKLV�FKDSWHU�ZH�ZLOO�QRW�UHSHDW�WKH�PDQ\�WHFKQLFDO�UHVXOWV�ZH�KDYH�REWDLQHG�LQ�WKLV�SURMHFW�
5DWKHU�ZH�ZLOO�SUHVHQW�RXU�PDLQ�FRQFOXVLRQV�RQ�KRZ�DOO�WKH�SDUWQHUV�KDYH�JDLQHG�NQRZOHGJH
WKURXJK� WKLV� SURMHFW�� RQ� WKH� WRWDO� V\VWHP� NQRZOHGJH�ZH� KDYH� UHDFKHG� DQG� KRZ�ZH� VKRXOG
FRQWLQXH�LQ�WKH�IXWXUH�

$W�WKH�VWDUW�RI�WKH�SURMHFW��ZH�UHDOL]HG�WKDW�WKH�KDUG�GLVN�KDG�WR�SOD\�DQ�LPSRUWDQW�UROH��6LQFH
WKH�+''
V�VKRXOG�EH�XVHG�LQ�D�&RQVXPHU�(OHFWURQLFV��&(��HQYLURQPHQW�UDWKHU�WKDQ�LQ�D�3&
HQYLURQPHQW�DQG�DOVR�EHFDXVH� WKH�+''� LQ� WKH�60$6+�SURMHFW� VKRXOG�SHUIRUP�RWKHU� WDVNV
WKDQ� LQ�D�3&�DSSOLFDWLRQ��ZH�KDG�D�PDMRU� LVVXH�KHUH� WR� VROYH��0RUHRYHU�ZH�KDG�YHU\� OLWWOH
NQRZOHGJH�RQ�,'(�6&6,�OLNH�LQWHUIDFLQJ��7KURXJK�D�ORW�RI�ZRUN�DQG�H[SHULPHQWDWLRQ�ZH�FRXOG
EXLOG� DQ� H[SHULPHQWDO� V\VWHP�ZKLFK�� WR� RXU� RSLQLRQ�� LV� WKH� ILUVW� V\VWHP�ZKHUH�&(� DQG�3&
WHFKQRORJLHV�KDYH�EHHQ�PHUJHG�LQWR�RQH�V\VWHP�
)URP� WKH�3&�DUHD�ZH�XVHG� WKH�+''�DQG�DOVR�D�7DQGEHUJ�6&6,� WDSH�GULYH��:H�XVHG� WKH
6&6,�LQWHUIDFH�DV�WKH�EDVLF�LQWHUIDFH�WR�UHDOL]H�WKH�V\VWHP�
)URP�WKH�&(�DUHD�ZH�XVHG�GLJLWDO�VHW�WRS�ER[HV�IRU�WKH�UHFHSWLRQ�RI�GLJLWDO�VDWHOOLWH�03(*��
SURJUDPV�DV�ZHOO�DV�IRU�WKH�GLVSOD\�RI�WKH�03(*�VWUHDPV�ZKHQ�WKH\�DUH�UHWULHYHG�IURP�WKH
60$6+�V\VWHP�

$V�D�UHVXOW�RI�WKLV�H[SHULPHQWDO�ZRUN��ZH�KDYH�PHUJHG�QRW�RQO\�&(�DQG�3&�WHFKQRORJLHV�EXW
ZH�DOVR�VROYHG�VRPH�QHZ�SUREOHPV�VXFK�DV�WKH�UHDO�WLPH�SURFHVVLQJ�DQG�FRPPXQLFDWLRQ�RI
VHYHUDO�VLPXOWDQHRXV�03(*���VWUHDPV�
7KLV� KDV� UHVXOWHG� QRW� RQO\� LQ� D� VWRUDJH� V\VWHP�ZLWK� YHU\� QHZ� IHDWXUHV� EXW� DOVR� LQ� D� JRRG
LQVLJKW� LQ�D�WRWDO�VWRUDJH�V\VWHP�FKDLQ� LQ�WKH�KRPH�HQYLURQPHQW�ZKHUH�ZH�VWDUW� IURP�GLJLWDO
VDWHOOLWH�UHFHSWLRQ�XS�WR�WKH�GLVSOD\�RI�03(*�VWUHDPV�RQ�FRQVXPHU�GLVSOD\V�

%HVLGHV�WKH�03(*�VWRUDJH�DW�KRPH�ZH�ZRUNHG�DOVR�RQ�D� WRWDOO\�VHSDUDWH�DSSOLFDWLRQ��7KLV
ZDV�PDLQO\�GRQH�E\�RXU�8QLYHUVLW\�SDUWQHU�LQ�/MXEOMDQD�DQG�LW�IRFXVVHG�RQ�WKH�QHHG�WR�KDYH
FRXUVH�LQIRUPDWLRQ�RQ�OLQH�DYDLODEOH�EDVHG�RQ�ORFDO�VWRUDJH��7KLV�RSHQHG�XS�WKH�SRVVLELOLW\�RI
QHZ�ZD\V�WR�VWUXFWXUH�DQG�XVH�FRXUVH�PDWHULDO��7KH�SURWRW\SH�ZH�GHYHORSHG�LQ�WKH�SURMHFW�LV
GHPRQVWUDWHG� DW�PDQ\� SODFHV� DQG�ZH� H[SHFW� WKDW� WKLV� ZD\� RI� ZRUNLQJ� ZLOO� EH� XVHG� LQ� WKH
IXWXUH�E\�RWKHU�LQVWLWXWHV��$OVR�WKLV�SURYHG�WR�EH�D�VXFFHVVIXO�FRRSHUDWLRQ�EHWZHHQ�D�XQLYHU�
VLW\�DQG�DQ�LQGXVWU\�SDUWQHU�ZKHUH�ERWK�SURILWHG�IURP�WKH�FRRSHUDWLRQ�

7KH�SURWRW\SHV�ZH�KDYH�GHYHORSHG�KDYH�XVHU�LQWHUIDFHV�ZKLFK�DUH�VXLWDEOH�IRU�XVDJH�E\�QRQ
H[SHUWV��:H�KDYH�XVHG�WKLV�WR�VKRZ�DQG�H[SHULPHQW�ZLWK�WKH�GLIIHUHQW�SRVVLELOLWLHV�WKH�V\VWHP
RIIHUV�VXFK�DV�IDVW�VHDUFK�XVLQJ�YLVXDO�DEVWUDFWV�RQ�WKH�+''��LQVWDQW�UHSOD\�RI�WDSH�SURJUDPV
XVLQJ� EXIIHUV� RQ� WKH� �+''�DQG�PDQ\�PRUH��7KH� XVHU� WHVWV� KDYH� OHDUQHG� XV�ZKDW� DUH� WKH
PRVW�LPSRUWDQW�DVSHFWV�DQG�DOVR�WKH�VKRUWFRPLQJV�WKH�V\VWHP�VWLOO�KDV�

6R� DQ� LPSRUWDQW� FRQFOXVLRQ� LV� WKDW�� DOWKRXJK� WKH� FXUUHQW� 60$6+� V\VWHP� DOUHDG\� SURYLGHV
PDQ\�QHZ�IHDWXUHV��VRPH�LPSRUWDQW�DVSHFWV�DUH�VWLOO�PLVVLQJ�DQG�QHHG�IXUWKHU�ZRUN��:H�ZLOO
ILQLVK�WKLV�FKDSWHU�E\�H[SODLQLQJ�ZKDW�DUH�WKRVH�DUHDV�IRU�IXWXUH�ZRUN�

7KHUH� LV� VWLOO� ZRUN� WR� EH� GRQH� RQ� VHYHUDO� DVSHFWV� RI� WKH� V\VWHP� EXW� ZH� ZLOO� IRFXV� LQ� WKLV
FKDSWHU�RQ�RQO\�WKH�WZR�PDLQ�DUHDV�
7KH�ILUVW�DUHD�LV�WKH�ODFN�RI�SHUIRUPDQFH�IURP�WKH�H[LVWLQJ�NH\�FRPSRQHQWV�ZKLFK�DUH�QHHGHG
LQ�WKH�V\VWHP��2QH�H[DPSOH�DUH� WKH�UDWKHU� ORQJ�DFFHVV� WLPHV�RI� WKH�XVHG�WDSH�GULYH� LQ�RXU
V\VWHP��7KH�WDSH�GULYH�ZH�XVHG�LV�KRZHYHU�GHVLJQHG�DV�D�EDFN�XS�VWUHDPHU�IRU�ILOH�VHUYHUV
RU�KLJK�HQG�ZRUNV�VWDWLRQV��6R�DGGLWLRQDO�ZRUN�LV�QHHGHG�WR�GHYHORS�WKLV�WHFKQRORJ\�PRUH�IRU
FRQVXPHU�60$6+�DSSOLFDWLRQV�
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$QRWKHU�YHU\�GLIIHUHQW�DUHD�LV�WKH� ODFN�RI� LQIRUPDWLRQ�IRU�DXWRPDWLF�SURJUDPPLQJ�RI� WKH�V\V�
WHP��,W�ZRXOG�EH�GHVLUDEOH�WKDW�LQ�WKH�IXWXUH��WKH�FRQVXPHU�DW�KRPH�FDQ�SURJUDP�KLV�UHFRUGHU
LQ�D�YHU\�GLIIHUHQW�ZD\�IURP�WKH�PHWKRGV�XVHG�QRZ�VXFK�DV�6KRZYLHZ��3UHIHUDEO\�KH�FDQ�VHH
RQ�KLV�79�VFUHHQ�DQ�RYHUYLHZ�RI�WKH�SURJUDPV�ZKLFK�DUH�JRLQJ�WR�EH�EURDGFDVW�DQG�VHOHFW�D
SURJUDP�RQ�KLV�UHPRWH�FRQWURO�DQG�JLYH�D�FRPPDQG�WR�UHFRUG�LW��$IWHU�WKDW�WKH�UHFRUGHU�FDQ
WDNH�FDUH�ZKHQ�H[DFWO\�WKH�SURJUDP�VKRXOG�EH�UHFRUGHG�DQG�IURP�ZKLFK�FKDQQHO��+RZHYHU�DW
WKLV�PRPHQW�VXFK�LQIRUPDWLRQ� LV�QRW�DYDLODEOH� IURP�WKH�EURDGFDVWHUV�DQG�PRUHRYHU� WKHUH� LV
QR�DJUHHG�VWDQGDUG�RQ�WKLV�LQ�(XURSH��:RUN�KDV�WR�EH�GRQH�WR�LPSURYH�WKLV�VLWXDWLRQ�

�� ,1387�72�67$1'$5'6�$1'�$&76�*8,'(/,1(6

,W�LV�WKH�DLP�WR�WUDQVIHU�LPSRUWDQW�UHVXOWV�IURP�WKH�60$6+�SURMHFW�LQWR�6WDQGDUGLVDWLRQ�&RP�
PLWWHHV�� 6LQFH� WKH� VWDUW� RI� WKH� SURMHFW� VRPH� FRQWULEXWLRQV� EDVHG� RQ� REWDLQHG� UHVXOWV� KDYH
EHHQ�SUHSDUHG� IRU� VWDQGDUGLVDWLRQ� FRPPLWWHHV��7KH�SDUWQHUV�RI� WKH�60$6+�SURMHFW� DUH� LQ�
YROYHG�LQ�RQJRLQJ�VWDQGDUGLVDWLRQ�HIIRUWV�DQG�DUH�GLVFXVVLQJ�LVVXHV�ZKLFK�DUH�UHOHYDQW�IRU�WKH
60$6+�SURMHFW�

7KH� ILUVW� JURXS� WR�PHQWLRQ� LV� WKH� 60,� JURXS� LQVLGH� WKH� '9%� RUJDQLVDWLRQ�� 7KH� 60,� JURXS
VWDQGV�IRU�6WRUDJH�0HGLD�,QWHURSHUDELOLW\�DQG�DGGUHVVHV�PDQ\�LVVXHV�UHODWHG�WR�WKH�LQWHUIDFH
EHWZHHQ�WKH�'9%�VHW�WRS�ER[�DQG�WKH�VWRUDJH�PRGXOHV�

7KH�VHFRQG�JURXS�LV� WKH�,+'1�JURXS�LQVLGH�WKH�'9%�RUJDQLVDWLRQ��7KH�,+'1�JURXS�VWDQGV
IRU�,Q�+RPH�'LJLWDO�1HWZRUN�DQG�DGGUHVVHV�WKH�LVVXHV�RI�FRQQHFWLQJ�VHW�WRS�ER[HV�DQG�VWRU�
DJH�GHYLFHV�YLD�D�KRPH�QHWZRUN�

7KH�WKLUG�JURXS�WR�PHQWLRQ�LV�WKH�4,&�VWDQGDUGLVDWLRQ�FRPPLWWHH�LQ�ZKLFK�VWDQGDUGV�IRU�WDSH
VWRUDJH�DUH�GLVFXVVHG��:H�KDYH�VXEPLWWHG�SURSRVDOV� WR� GHILQH� VWDQGDUGV� IRU� WDSH� VWRUDJH
SURGXFWV�ZLWK�D�FDSDFLW\�RI�XS�WR����*E\WHV�SHU�WDSH�

7KH�IRXUWK�JURXS� LV� WKH�'$9,&�JURXS� LQ�ZKLFK� WKH�60$6+�SDUWQHUV�DUH�DOVR�DFWLYH�� ,VVXHV
ZKLFK�DUH�UHOHYDQW�IRU�ORFDO�VWRUDJH�DUH�EHLQJ�GLVFXVVHG�

7KH�ODVW�JURXS�LV�WKH�03(*���VWDQGDUGL]DWLRQ�HIIRUW��)URP�HDUO\�RQ��WKH�60$6+�SURMHFW�KDV
EHHQ� JLYHQ� SUHVHQWDWLRQV� >���� ��@� RQ� WKH� UHODWLRQ� EHWZHHQ� 03(*��� DQG� ORFDO� VWRUDJH� DW
KRPH�
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�� 29(5$//�,03$&7��(;3/2,7$7,21�$1'�',66(0,1$7,21

,QWURGXFWLRQ

,Q�WKLV�UHSRUW�\RX�ILQG�FRQWULEXWLRQV�RI�VHYHUDO�SDUWQHUV�IURP�WKH�60$6+�SURMHFW��7KH�LPSDFW�
H[SORLWDWLRQ�DQG�GLVVHPLQDWLRQ�LV�YHU\�VSHFLILF�IRU�HDFK�SDUWQHU�DQG�GHSHQGV�DOVR�RQ�WKH�NLQG
RI�SDUWQHUV��0XFK�HIIRUW�KDV�EHHQ�VSHQW�WR�GLVVHPLQDWH�WKH�UHVXOWV�RI�WKH�SURMHFW�YLD�SDSHUV
ZKLFK�KDYH�EHHQ�SUHVHQWHG�DW�LPSRUWDQW�FRQIHUHQFHV�RU�KDYH�EHHQ�VXEPLWWHG�WR�MRXUQDOV��$
OLVW�RI�DOO�SXEOLFDWLRQV�FDQ�EH� IRXQG� LQ�VHFWLRQ����7KH�VHSDUDWH�FRQWULEXWLRQV�RI� WKH�SDUWQHUV
H[SODLQ�LQ�VXIILFLHQW�GHWDLO�WKHLU�YLHZ�RQ�WKH�60$6+�SURMHFW�DQG�LWV�H[SORLWDWLRQ�SRVVLELOLWLHV�

3KLOLSV

7KH� LPSDFW�RI� WKH�SURMHFW�KDV�EHHQ�RQ�VHYHUDO�DVSHFWV��7KH�PRVW� LPSRUWDQW�RQH�KDV�EHHQ
DFKLHYHG� ZLWK� WKH� ILQDO� GHPRQVWUDWRU� RI� DQ� LQWHJUDWHG� V\VWHP� ZKLFK� LV� FRQWUROODEOH� ZLWK� D
FRQYHQWLRQDO�UHPRWH�FRQWURO��XVLQJ�DQ�DGYDQFHG�XVHU� LQWHUIDFH�ZKLFK�EULQJV�DOO� WKH�60$6+
IHDWXUHV�WR�OLYH��7KLV�GHPRQVWUDWLRQ�WR�VHYHUDO�SHRSOH�KDV�UHVXOWHG�LQ�WKH�EHOLHI�WKDW�D�60$6+
V\VWHP�LV�ERWK�YHU\�LQWHUHVWLQJ�IRU�WKH�FRQVXPHU�EXW�DOVR�WKDW�LW�LV�UHDOL]DEOH�ZLWK�FXUUHQW�GD\
WHFKQRORJ\�

7KH�H[SORLWDWLRQ�RI�WKH�SURMHFW�ZLOO�EH�DORQJ�GLIIHUHQW�ZD\V��60$6+�KDV�GHYHORSHG�PDQ\�QHZ
WHFKQRORJLHV� DQG� DVSHFWV� RI� D� VWRUDJH� V\VWHP� DQG� LW� ZLOO� EH� SRVVLEOH� WR� WDNH� VRPH� RI� WKH
GHYHORSHG�LGHDV�DQG�WU\�WR�UHDOL]H�WKHP�LQ�D�SURGXFW��,Q�VRPH�FDVHV�WKH�WDSH�GULYH�ZLOO�QRW�EH
QHFHVVDU\�DQG�D�SURGXFW�PD\�EH�GHYHORSHG�ZLWK�D�KDUG�GLVN�RQO\��2Q�WKH�RWKHU�HQG��ZKHQ
GHYHORSLQJ�QHZ�WDSH�SURGXFWV��QRW�DOZD\V�D�KDUG�GLVN�LV�QHHGHG�WR�LPSOHPHQW�VRPH�60$6+
LGHDV��6HYHUDO�H[SORLWDWLRQ�SRVVLELOLWLHV�H[LVW�DQG�ZLOO�EH�SXUVXHG�

7KH�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�KDV�EHHQ�DFKLHYHG�LQWHUQDOO\�LQ�WKH�FRPSDQ\�E\�RUJDQL]LQJ
VSHFLDO� ZRUNVKRSV� DQG�PDQ\� GHPRQVWUDWLRQV��:H� KDYH� UHDOL]HG� DOVR� D� PRELOH� YHUVLRQ� RI
60$6+�ZLWK�D�PRELOH�VDWHOOLWH�GLVK�DQG�ZH�DUH�DEOH�WR�QRZ�JLYH�GHPRQVWUDWLRQV�HYHU\ZKHUH�
7KH�RQO\�LQIUDVWUXFWXUH�ZH�QHHG�LV�D�SRZHU�VXSSO\�SOXJ�RI�����YROWV��:LWK�WKLV�GHPRQVWUDWRU
ZH�SODQ�WR�JLYH�VRPH�GHPRQVWUDWLRQV�DW�FRQIHUHQFHV�

78�'HOIW

7KH� UHVXOWV� WKDW�KDYH�EHHQ�DFKLHYHG�ZLWK� WKH�GHWHFWLRQ��H[WUDFWLRQ�DQG�RUJDQL]DWLRQ�RI� NH\
IUDPHV��HVSHFLDOO\� IRU�PRYLHV�DQG�EURDGFDVW�QHZV��KDYH�EHHQ�ZLGHO\�GLVVHPLQDWHG� WKURXJK
FRQWULEXWLRQV� WR� DQG� �LQYLWHG�� SUHVHQWDWLRQV� DW� � WHFKQLFDO� FRQIHUHQFHV� LQ� WKH� ILHOG� RI� LP�
DJH�YLGHR�SURFHVVLQJ�DQG�PXOWLPHGLD��DQG�KDYH�OHG�WR�VXEPLWWHG�MRXUQDO�SDSHUV��VHH�³/LVW�RI
3XEOLVKHG�3DSHUV´���7KHVH�UHVXOWV�ZLOO�EH�H[SORLWHG�E\�WKH�8QLYHUVLW\�SDUWQHUV�LQ�WKH�IROORZLQJ
ZD\V�
�� LPSOHPHQWDWLRQ�DQG�XVDJH�RI�WKH�GHYHORSHG�WHFKQRORJ\�LQ�IXWXUH�SURMHFWV�ZLWK�EURDGFDVW�

HUV��PXOWLPHGLD�FRPSDQLHV�DQG�FRQVXPHU�HOHFWURQLFV�5	'�ODERUDWRULHV�
�� LQFOXVLRQ�LQ�XQLYHUVLW\�HGXFDWLRQ�SURJUDPV�LQ�WKH�ILHOG�RI�,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ

7HFKQRORJ\�
7KH�RYHUDOO� LPSDFW�RI� WKH� UHVXOWV� LQ�GHWHFWLRQ�� H[WUDFWLRQ�DQG�RUJDQL]DWLRQ�RI� NH\� IUDPHV� LV
WZRIROG��,QWHUQDOO\�WKH\�KDYH�OHG�WR�D�PXFK�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SRVVLELOLWLHV�DQG�OLPL�
WDWLRQV� RI� XVLQJ� NH\� IUDPHV�� DQG� KDYH� LQLWLDWHG� D� ZHDOWK� RI� QHZ� UHVHDUFK� TXHVWLRQV�� ERWK
WHFKQLFDOO\��H�J���³KRZ�WR�JR�IURP�NH\�IUDPHV�WR�NH\�REMHFWV´��DQG�FRJQLWLYHO\��H�J���³ZKDW�DUH
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UHSUHVHQWDWLYH�NH\�IUDPHV�IURP�D�XVHU�SRLQW�RI�YLHZ´���([WHUQDOO\��WKH�FRQFHSWV�RI�ORJLFDO�VWRU\
XQLWV�LQ�PRYLHV�DQG�WRSLF�GHOLQHDWLRQ� LQ�FRQWDLQHU�OLNH�SURJUDPV�DUH�QRYHO�UHVXOWV� WKDW�FRXOG
LQIOXHQFH�WKH�VWDQGDUGL]DWLRQ�RI�³FRQWHQW�GHVFULSWRUV´��03(*����'$9,&��LQ�WKH�QHDU�IXWXUH�

7KH� UHVXOWV� WKDW� KDYH�EHHQ�DFKLHYHG�ZLWK�ZDWHUPDUNLQJ�RI�03(*�FRPSUHVVHG� YLGHR�KDYH
EHHQ�ZLGHO\� GLVVHPLQDWHG� WKURXJK� FRQWULEXWLRQV� WR� DQG� �LQYLWHG�� SUHVHQWDWLRQV� DW� WHFKQLFDO
FRQIHUHQFHV�LQ�WKH�ILHOG�RI�VLJQDO�LPDJH�YLGHR�SURFHVVLQJ�DQG�FU\SWRJUDSK\��DQG�KDYH�OHG�WR
VXEPLWWHG�MRXUQDO�SDSHUV��VHH�³/LVW�RI�3XEOLVKHG�3DSHUV´���7KHVH�UHVXOWV�ZLOO�EH�H[SORLWHG�E\
WKH�8QLYHUVLW\�SDUWQHUV�LQ�WKH�IROORZLQJ�ZD\V�
�� LPSOHPHQWDWLRQ�DQG�XVDJH�RI�WKH�GHYHORSHG�WHFKQRORJ\�LQ�IXWXUH�SURMHFWV�ZLWK�EURDGFDVW�

HUV��PXOWLPHGLD�FRPSDQLHV�DQG�FRQVXPHU�HOHFWURQLFV�5	'�ODERUDWRULHV�
�� LQFOXVLRQ�LQ�XQLYHUVLW\�HGXFDWLRQ�SURJUDPV�LQ�WKH�ILHOG�RI�,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ

7HFKQRORJ\�
7KH�LPSDFW�RI� WKLV�ZRUN� LV� WZRIROG�� ,Q�WKH� ILUVW�SODFH��DV�D�8QLYHUVLW\�D�EHWWHU�XQGHUVWDQGLQJ
KDV�EHHQ�REWDLQHG�RI� WKH�SRVVLELOLWLHV�DQG�OLPLWDWLRQV�RI�VHFXULQJ�GLJLWDO�YLGHR�LQIRUPDWLRQ� LQ
JHQHUDO�� ,W� KDV� EHFRPH� FOHDU� WKDW� DPRQJ� WKH� VSHFWUXP� RI� SRWHQWLDO� DSSOLFDWLRQV� IRU� ZDWHU�
PDUNLQJ��UHDOO\�RQO\�FRS\�SURWHFWLRQ�DQG�ILQJHU�SULQWLQJ�RI�GLJLWDO�YLGHR�LQIRUPDWLRQ�ZLOO�KDYH�D
IXWXUH��6HFRQGO\��ZH�KDYH�FRQWULEXWHG�DQ�HQWLUHO\�QHZ�DQG�YHU\�HIILFLHQW�ZDWHUPDUNLQJ�WHFK�
QLTXH� IRU�03(*� FRPSUHVVHG� YLGHR� VWUHDPV�� 7KH� DSSURDFK� VHW� IRUWK� LQ� WKLV� WHFKQLTXH�ZLOO
KDYH�DQ�LPSDFW�RQ�IXUWKHU�ZRUN�LQ�WKLV�ILHOG�E\�WKLUG�SDUWLHV�

'HXWVFKH�7KRPVRQ�%UDQGW

,PSDFW�
7KH� VWUXFWXUH� RI� WKH� 'LJLWDO� ,QWHUIDFH� ,(((����� LV� FRQVWUXFWHG� ZLWKLQ� VHYHUDO� OD\HUV�� 7KH
VSHFLILFDWLRQ�RI�WKH�3K\VLFDO�/D\HU�DQG�WKH�VSHFLILFDWLRQV�DQG�SURWRFROV�RI�WKH�/LQN���7UDQVDF�
WLRQ��DQG�WKH�%XV�0DQDJHPHQW�/D\HU�KDV�VXFFHVVIXOO\�EHHQ�YHULILHG��,W�KDV�EHHQ�VKRZQ��WKDW
WKH�SURWRFROV�IRU�WKH�UHDO�WLPH�WUDQVPLVVLRQ�RI�03(*��7UDQVSRUW�6WUHDP�LQ�DFFRUGDQFH�WR�WKH
UXOHV�GHVFULEHG�LQ�WKH�LQWHUQDWLRQDO�VWDQGDUG�,(&������DUH�VXLWDEOH�WR�FRQQHFW�'9%�6HW�7RS
%R[HV�ZLWK�6WRUDJH�'HYLFHV��$Q�$SSOLFDWLRQ�3URJUDPPLQJ�,QWHUIDFH�DQG�WKH�PDSSLQJ�RI�WKH
FRPPDQGV�RQ�WKH�VWUXFWXUHV�RI�WKH�LQWHUIDFH�KDV�EHHQ�VSHFLILHG�

([SORLWDWLRQ�	�'LVVHPLQDWLRQ�
7KH�NQRZOHGJH�DFKLHYHG�RQ�WKH�GLJLWDO� LQWHUIDFH�LQ�WKH�FRXUVH�RI�WKH�SURMHFW� LV�WKH�EDVLV�IRU
IXWXUH�LQWHUFRQQHFWV�EHWZHHQ�GLIIHUHQW�&(�LQVWUXPHQWV�DV�ZHOO�DV�3&�SURGXFWV��7KH�UHIHUHQFH
LPSOHPHQWDWLRQ�RI�WKH�LQWHUFRQQHFW�DOVR�HQDEOHG�WKH�FRPSDQ\�WR�GHPRQVWUDWH�WKH�IXQFWLRQDO
EORFNV�RI�D�IXOO�FKDLQ�IRU�WKH�VRPH�NH\�DSSOLFDWLRQV
7KH� YHULILFDWLRQ� DQG� WHVWLQJ� RI� WKH� 'LJLWDO� ,QWHUIDFH� ZLOO� EH� FRQWLQXHG� LQ� FR�RSHUDWLRQ� ZLWK
3KLOLSV�ZLWKLQ�WKH�(XUHND�&RPPHQG�SURMHFW
,W�LV�LQWHQGHG�WR�LQWHJUDWH�D�'LJLWDO�,QWHUIDFH�LQ�DFFRUGDQFH�WR�,(((�����LQWR�IXWXUH�&(�SURG�
XFWV��7KH�H[SHFWHG�WLPH�IUDPH�IRU�UDPS�XS�LQ�WKH�PDUNHW��LV�LQ�WKH�PDJQLWXGH�RI���WR���\HDUV�

2OLYHWWL

7KH� SURMHFW� KDV� RIIHUHG� WKURXJK� WKH�:(%�9&5� SURWRW\SLQJ� DFWLYLW\� WKH� RSSRUWXQLW\� WR� WKH
2OLYHWWL�WHDP�WKH�RSSRUWXQLW\�WR�DFTXLUH�GHHSHQ�WKH�NQRZOHGJH�DQG�PDVWHU�D�VHW�RI�LQQRYDWLYH
WRROV� GHDOLQJ�ZLWK� -DYD��1HWVFDSH�HQYLURQPHQW� DQG�GHYHORSPHQW� WRROV��03(*�DQG� VWRULQJ
&20%2�VXEV\VWHPV�LQWHJUDWHG�LQ�WKH�DSSOLFDWLRQ�SURWRW\SH��7KLV�H[SHULHQFH�KDV�VHW�XS�WKH
EDVH�IRU�WKH�LQIRUPDWLRQ�JDWKHULQJ�LQ�,QWHUQHW�IRU�FROOHFWLQJ�,QWHUQHW�SDJHV�ZLWK�DOO�LWV�ILUVW�OHYHO
OLQNV�DQG�LW�KDV�EHHQ�D�ILUVW�VWHS�LQ�WKH�GLUHFWLRQ�RI�LQWHUQDO�GHYHORSPHQW�RI��LQIRUPDWLRQ�JDWK�
HULQJ�DJHQWV� LQ�DQ� LPSRUWDQW� LQIRUPDWLRQ�GRPDLQ�VXFK�DV� � ³WKH�QHZV�GRPDLQ´��7KLV�H[SHUL�
HQFH�KDV�EHHQ�H[SORLWHG�LQWHUQDOO\�DQG�ZLOO�EH�H[SORLWHG��IXUWKHU�LQ�WKH�FRQWLQXDWLRQ�SKDVH�RI
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60$6+� SURMHFW�� L�H�� 6725LW� SURMHFW� ZKHUH� D� VHUYLFH� �EDVHG� RQ� $0,&2�
KWWS���DPLFR�DULDQQD�LW����ZLOO�EH�VHW�XS�IRU�SURYLGLQJ�WR�WKH�VWXGHQWV�DQG�SURIHVVRUV�DQ� LQIRU�
PDWLRQ�HQYLURQPHQW�IRFXVHG�RQ�D�VSHFLILF�HGXFDWLRQDO�GRPDLQ�RIIHULQJ�LQ�SDUWLFXODU� LQIRUPD�
WLRQ�JDWKHULQJ��ILOWHULQJ�DQG�SURILOLQJ�FDSDELOLWLHV��,Q�WKH�LQIRUPDWLRQ�JDWKHULQJ�DQG�LQ�SDUWLFXODU
LQ� WKH�SUHSURFHVVLQJ�SKDVH�D�QXPEHU�RI�DJHQWV�� UXQQLQJ� LQ�EDFNJURXQG��YLVLW�D� OLVW�RI� VLWHV
VHOHFWHG�IURP�DQ�HGXFDWLRQDO�GRPDLQ�FROOHFWLQJ�,QWHUQHW�SDJHV�DQG�VWRULQJ�WKHP�WRJHWKHU�ZLWK
DOO�WKHLU�ILUVW�OHYHO�OLQNV�LQ�WKH�&20%2�VXEV\VWHPV��/DWHU�RQ�LQ�WKH�SRVW�SURFHVVLQJ�SKDVH�WKH
JDWKHUHG� LQIRUPDWLRQ� DUH� UHWULHYHG� IURP� WKH� &20%2� VXEV\VWHPV� IRU� HODERUDWLRQ�� LQGH[LQJ
DQG�FDWHJRUL]DWLRQ�DQG�PDGH�DYDLODEOH�WR�WKH�XVHU�IRU�UHWULHYLQJ�DFFRUGLQJ�WR�KLV�RZQ�SURILOH�

7DQGEHUJ�'DWD

7DSH�6WRUDJH�LQ�0XOWLPHGLD�$SSOLFDWLRQV
7DQGEHUJ�'DWD��7'��LV�WUDGLWLRQDOO\�IRFXVHG�RQ�7DSH�%DFN8S�DQG�7DSH�DUFKLYH�DSSOLFDWLRQV�
,Q�60$6+�7DQGEHUJ�KDV�ZRUNHG�WRJHWKHU�ZLWK�FRPSDQLHV�ZLWK�DQ�HQWLUHO\�GLIIHUHQW�IRFXV�DQG
WKLV�KDV�EHHQ�YHU\�HGXFDWLQJ�
7KH�60$6+�SURMHFW�KDV�VKRZQ�WKDW�LQ�0XOWLPHGLD�DSSOLFDWLRQV�WKH�IRFXV�LV�VKLIWHG�DZD\�IURP
WKH� WUDGLWLRQDO� UHTXLUHPHQWV�DV� FDSDFLW\�DQG� WUDQVIHU� UDWH� WRZDUGV�DQRWKHU� VHW� RI� LPSRUWDQW
UHTXLUHPHQWV�
,W�VHHPV�WKDW�WKH�PRVW�LPSRUWDQW�UHTXLUHPHQW�LV�UHGXFHG�'DWD�$FFHVV�7LPH��$�WDSH�GULYH�FDQ
QHYHU� FRPSHWH� ZLWK� D� KDUG� GLVN�� EXW� LW� LV� VWLOO� QHFHVVDU\� WR� PLQLPLVH� WKH� DFFHVV� WLPH�� 7R
UHGXFH�WKH�DFFHVV�WLPH�RQH�KDV�WR�ZRUN�ZLWK�VHYHUDO�IXQFWLRQDOLWLHV�RI�WKH�WDSH�GULYH�
�� 5DQGRP�$FFHVV��7KH� WDSH�GULYH� LV� LQ� QDWXUH� D� VHTXHQWLDO� DFFHVV� GHYLFH�� EXW� E\� XVLQJ

LQWHOOLJHQW�SDUWLWLRQLQJ�RI�GDWD�DQG�VPDUW� LQWHUFRPPXQLFDWLRQ�EHWZHHQ�WKH�GULYH�DQG�V\V�
WHP�WKH�W\SLFDO�DFFHVV�WLPH�PD\�EH�VLJQLILFDQWO\�UHGXFHG��7KLV�WRSLF�KDV�EHHQ�WKRURXJKO\
GLVFXVVHG�LQ�60$6+�DQG�7'�ZLOO�PRVW�OLNHO\�LPSOHPHQW�QHZ�IXQFWLRQDOLW\�WR�DGGUHVV�WKLV
LQ�IXWXUH�WDSH�GULYHV�

�� +RZ�WR�ILQG�GDWD���%\�NHHSLQJ�WUDFN�RI�ZKHUH�WKH�GLIIHUHQW�GDWD�LV�ORFDWHG�GDWD�WKH�GULYH
ZLOO�EH�DEOH�WR�VKRUWHQ�WKH�WLPH�XVHG�IRU�VHDUFKLQJ�EDFN�DQG�IRUWK�

+RVW�,QWHUIDFH
0RVW�RI�WRGD\
V�WDSH�GULYHV�VXSSRUWV�WKH�6&6,�LQWHUIDFH��,Q�IXWXUH�0XOWLPHGLD�DSSOLFDWLRQV�DQ
,(((�����LQWHUIDFH�ZRXOG�EH�PRUH�VXLWDEOH�

6WDQGDUGLVDWLRQ
'XULQJ�WKH�60$6+�SURMHFW�7DQGEHUJ�'DWD�KDV�EHHQ�DQ�DFWLYH�PHPEHU�RI� WKH�4,&�FRPPLW�
WHH��IRFXVLQJ�RQ�WKH�0/5�VWDQGDUGV��$V�WKH�4,&�FRPPLWWHH�QRZ�LV� OHVV�DFWLYH�ZH�VWLOO�KDYH
WKH�0/5�VWDQGDUGV�DQG�WKH�7UDYDQ�VWDQGDUGV�WKDW�VXFFHHGV�4,&�
3DUWLFXODUO\� LPSRUWDQW� IRU� 7DQGEHUJ�'DWD� DUH� WKH�0/5� VWDQGDUGV� �0/5�� DQG�0/5��� VLQFH
WKH\�KDYH�IRUPHG�D�EDVH�IRU�IXWXUH�0/5�VWDQGDUGV�VXFK�DV�0/5��DQG�0/5��

8QLYHUVLW\�RI�/MXEOMDQD

7KH�UHVXOWV�WKDW�KDYH�EHHQ�DFKLHYHG�ZLWK�WKH�UHPRWH�HGXFDWLRQ�DSSOLFDWLRQ��5($��KDYH�EHHQ
GLVVHPLQDWHG� WKURXJK� FRQWULEXWLRQV� DW� WKH� WHFKQLFDO� FRQIHUHQFHV� LQ� WKH� ILHOG� RI� PXOWLPHGLD
DQG�HGXFDWLRQ��DQG� WKURXJK� ORFDO�SUHVHQWDWLRQV�DW� WKH�8QLYHUVLW\�DV�ZHOO�DV�DW� WKH� ,QIRV� 
��
H[KLELWLRQ�LQ�6ORYHQLD��7KHVH�UHVXOWV�ZLOO�EH�H[SORLWHG�E\�WKH�8QLYHUVLW\�DQG�LWV�SDUWQHUV�LQ�WKH
IROORZLQJ�ZD\V�
�� ,PSOHPHQWDWLRQ�DQG�XVDJH�RI� WKH�GHYHORSHG� WHFKQRORJ\� LQ� IXWXUH�PXOWLPHGLD�EDVHG�GLV�

WDQFH�OHDUQLQJ�SURMHFWV�
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�� 8VDJH� RI� WKH� GHYHORSHG� UHPRWH�HGXFDWLRQ� DSSOLFDWLRQ� DQG� FRXUVHV� LQ� WKH� HGXFDWLRQDO
SURFHVV�DW�WKH�8QLYHUVLW\�RI�/MXEOMDQD��ILUVW�DW�WKH�)DFXOW\�RI�(OHFWULFDO�(QJLQHHULQJ�DQG�DW
WKH�)DFXOW\�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFH�

�� 3UREDEO\�XVDJH�RI�WKH�IXUWKHU�HQKDQFHG�5($�ZLWK�DGGLWLRQDO�WRROV�OLNH�WKH�ZKLWHERDUG�DQG
YLGHRFRQIHUHQFH�IRU�HGXFDWLRQDO�DQG�VHOI�HGXFDWLRQDO�SXUSRVHV�DW�VRPH�FRPSDQLHV�DQG��
RU�VFKRROV�

7KH�LPSDFW�RI� WKH�ZRUN� LV�PDQLIROG�� ,Q�WKH�ILUVW�SODFH��ZH�KDYH�SDUWLFLSDWHG� LQ�D� ODUJH�(XUR�
SHDQ�5	'�SURMHFW�ZLWK�SDUWQHUV�IURP�WKH�LQGXVWU\�DQG�IURP�XQLYHUVLWLHV��7KH�UHVXOWV�RI�VXFK
FR�RSHUDWLRQ�DUH�QHZ�FRQWDFWV�ZLWK�(XURSHDQ�SDUWQHUV�DQG�LPSRUWDQW�H[SHULHQFHV�DERXW�WKH
ZRUN� LQ� VXFK�SURMHFWV��6HFRQGO\��ZH�KDYH�KDG�SRVVLELOLWLHV� WR� XVH� WKH� ODWHVW� WHFKQRORJ\� DV
ZHOO�DV�WHFKQRORJ\�ZKLFK�LV�GHYHORSLQJ�DQG�ZLOO�EH�DYDLODEOH�LQ�WKH�QHDU�IXWXUH��$QG�ILQDOO\��WKH
UHPRWH�HGXFDWLRQ�DSSOLFDWLRQ��ZKLFK�KDV�EHHQ�GHYHORSHG�DV�D�GHPR�DSSOLFDWLRQ��FRPELQHV�D
PDVV�VWRUDJH�GHYLFH�DQG�,QWHUQHW� LQ�DQ�HIILFLHQW�ZD\�DQG�HQDEOHV�WKH�XVDJH�RI�PXOWLPHGLD�
HQKDQFHG�UHPRWH�HGXFDWLRQ�DW�KRPH�UHJDUGOHVV�RI� ORZ�VSHHG� WUDQVPLVVLRQ�FDXVHG�E\�QDU�
URZ�EDQGZLGWK� OLQHV� DQG�PRGHPV�� 3RVVLELOLWLHV� WR� VWXG\� DW� KRPH�� XVH�PXOWLPHGLD� FRXUVHV
ZLWKRXW�DQ\�OLPLWDWLRQV�DQG�KDYH�RQ�OLQH�FRQQHFWLRQ�WR�WKH�WHDFKHU�DQG�FROOHDJXHV�RSHQ�QHZ
GLUHFWLRQV�LQ�WKH�HGXFDWLRQDO�SURFHVV�DQG�ZLOO� LQIOXHQFH�RQ�LPSURYHG�DQG�EHWWHU�HGXFDWLRQ�LQ
WKH�IXWXUH�
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,' 7LWOH \HDU�
PRQWK

QDWXUH
 W\SH


� $QDO\VLV�RI�LQWHUUHODWLRQV�WR�RWKHU�SURMHFWV \��P����6HS�� 5 3XEOLF

� 5HSRUW�RQ�ILUVW�DQDO\VLV�RI�LPSRUWDQW�DSSOLFDWLRQV \��P����)HE�� 5 5HVWULFWHG

� 5HSRUW�RQ�WKH�IXWXUH�QHHGV�IRU�DQG�WKH�WHFKQLFDO
SRVVLELOLWLHV�RI�D�60$6+

\��P����$XJ�� 5 ,QWHUQDO

� 6SHFLILFDWLRQ�RI�DQ�LQWHJUDWHG�OLQHDU�+''�VWRUDJH
XQLW

\��P����$XJ�� 6 ,QWHUQDO

� 5HSRUW�RQ�WHFKQLFDO�SRVVLELOLWLHV�DQG�PHWKRGV�IRU
VHFXULW\�RI�60$6+�DQG�IRU�IDVW�YLVXDO�VHDUFK�RQ
FRPSUHVVHG�HQFU\SWHG�GDWD

\��P����1RY�� 5 3XEOLF

� 5HSRUW�RI�WKH�LQWHUFRQQHFW�V\VWHP�DUFKLWHFWXUH \��P����)HE�� 5 5HVWULFWHG

� 5HSRUW�RQ�WKH�V\VWHP�VSHFLILFDWLRQ�RI�DQ�DGYDQFHG
OLQHDU�V\VWHP

\��P����0D\�� 5 3XEOLF

� )LUVW�V\VWHP�FRQFHSW \��P����$XJ�� 5 ,QWHUQDO

� $SSOLFDWLRQ�SURWRW\SH \��P����$XJ�� 3 5HVWULFWHG

�� 6XEPLVVLRQ�RI�D�PXOWLPHGLD�ILOH�IRUPDW�IRU�OLQHDU
UHFRUGLQJ

\��P����$XJ�� 6 ,QWHUQDO

�� )XQFWLRQDO�SURWRW\SH�RI�WKH�OLQHDU�+''�VWRUDJH�XQLW \��P����1RY�� 3 ,QWHUQDO

�� 6SHFLILFDWLRQ�RI�WKH�LQWHUFRQQHFW�V\VWHP \��P����)HE�� 6 3XEOLF

�� 6SHFLILFDWLRQ�RI�KDUGZDUH�DQG�VRIWZDUH�DUFKLWHFWXUH
IRU�VHFXULW\�DQG�LQWHOOLJHQW�VHDUFK�IDFLOLWLHV

\��P����)HE�� 6 ,QWHUQDO

�� )LQDO�UHSRUW�RI�WKH�V\VWHP�DUFKLWHFWXUH \��P����$XJ�� 5 5HVWULFWHG

�� 5HSRUW�RQ�RQJRLQJ�VWDQGDUGLVDWLRQ�HIIRUWV \��P����$XJ�� 5 3XEOLF

�� 'HPRQVWUDWRU�FRQFHSW�RI�D�0XOWLPHGLD�5HFRUGLQJ
V\VWHP

\��P����$XJ�� 2 5HVWULFWHG

�� 5HPRWH�HGXFDWLRQ�DSSOLFDWLRQ \��P����$XJ�� 3 5HVWULFWHG


/HJHQG� 1DWXUH 5 �5HSRUW��6 �6SHFLILFDWLRQ��3 �3URWRW\SH��2 �2WKHU

$OO�SXEOLF�'HOLYHUDEOHV�FDQ�EH�UHWULHYHG�YLD�WKH�60$6+�+RPHSDJH�
KWWS���ZZZ�H[WUD�UHVHDUFK�SKLOLSV�FRP�HXSURMHFWV�VPDVK
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