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•  7KH�+DUGZDUH��+:��3HUVSHFWLYH�
•  7KH�2SHUDWLQJ�6\VWHPV�3HUVSHFWLYH�
•  7KH�$SSOLFDWLRQ�6RIWZDUH�3HUVSHFWLYH�
•  7KH�6FLHQWLILF�6RIWZDUH�3HUVSHFWLYH�
•  7KH�,QWHUIDFH��+:�6:�+:��3HUVSHFWLYH��H�J���GULYHU�VRIWZDUH��
•  7KH�1HWZRUNLQJ�6RIWZDUH�3HUVSHFWLYH�
•  7KH�6HFXULW\�	�(QFU\SWLRQ�6:�3HUVSHFWLYH�
•  8VH�RI�2SHQ�6WDQGDUGV�IURP�HQG�WR�HQG�
•  'LVWULEXWLRQ�DQG�'RFXPHQWDWLRQ�RI�WKHVH�6:�VROXWLRQV�
•  7KH�8VHU�6XSSRUW�IRU�+:�DQG�6:�



•  %XLOGLQJ�D�(FR6\VWHP�DURXQG�WKHVH�6:�VROXWLRQV�
•  8SGDWLQJ��0DLQWHQDQFH�DQG�5HILQLQJ�WKH�6:�VROXWLRQV����,,� 7KH�'LIIHUHQW�3HUVSHFWLYHV��7KRXJK� WKHVH� 3HUVSHFWLYHV� KDYH� EHHQ� VHJPHQWHG� IRU� JUHDWHU� FODULW\�� WKH\� DUH� VR�LQWHUGHSHQGHQW� RQ� HDFK� RWKHU� WKDW� QRW� D� VLQJOH� 3HUVSHFWLYH� FDQ� EH� DFFRUGHG� OHVV�LPSRUWDQFH�����7KH�+DUGZDUH�3HUVSHFWLYH��2QH�RI�WKH�PRVW�LPSRUWDQW�DVSHFWV�RI�WKLV�H[HUFLVH�LV�WKDW�WKH�GHYHORSHG�VRIWZDUH�PXVW�EH� FRPSDWLEOH� ZLWK� HYHU\� SLHFH� RI� KDUGZDUH� WKDW� LV� EHLQJ� XVHG� LQ� WKH� ZKROH� RI� WKH�(QWHUSULVH��7KLV�SHUVSHFWLYH�LV�DOVR�FORVHO\�UHODWHG�WR�WKH�,QWHUIDFH�3HUVSHFWLYH�GHVFULEHG�EHORZ��$Q\�(QWHUSULVH�ZLOO�KDYH�FROOHFWHG�D�PXOWLWXGH�RI�KDUGZDUH�LQ�WKH�IRUP�RI�6HUYHUV��'HVNWRSV�� 3HULSKHUDOV�� /DSWRSV�� 1RWHERRNV�� 6PDUW� +DQG�KHOG� 'HYLFHV� DQG� 0RELOH�GHYLFHV�� 7KH� VRIWZDUH� GHYHORSPHQW� SURFHVV� PXVW� WDNH� LQWR� DFFRXQW� WKH� GLYHUVLW\� RI�DYDLODEOH�KDUGZDUH��7KLV�LV�QRW�WR�VD\�WKDW�WKH�GHYHORSHG�VRIWZDUH�PXVW�EH�RQH�VL]H�ILWV�DOO�SLHFH�RI�FRGH��UDWKHU��WKH�HQWLUH�FROOHFWLRQ�RI�VRIWZDUH�PXVW�EH�VR�UREXVW�WKDW�LW�WDNHV�FDUH�RI�WKLV�KDUGZDUH�VSHFWUXP���7KH�VHFRQG�DVSHFW�RI�WKLV�SHUVSHFWLYH�LV�WKH�H[SHFWHG�JURZWK�RI�KDUGZDUH�LQ�WKH�\HDUV�WR�FRPH�� 7KH� QXPEHU� DQG� W\SHV� RI� GHYLFHV� WKDW�PLJKW� JHW� FRQQHFWHG� WR� WKH�1HWZRUN� LQ�JHQHUDO� �ZKLFK� LQFOXGHV� ,QWUDQHW�� ([WUDQHW�� ,QWHUQHW� DQG� RWKHU� IRUPV� RI� ZLUHG� DQG�ZLUHOHVV�QHWZRUNV��ZRXOG�LQFUHDVH�H[SRQHQWLDOO\��7KHVH�GHYLFHV�PXVW�EH�IXOO\�FRPSDWLEOH�ZLWK�WKH�GHYHORSHG�VRIWZDUH����7KH�2SHUDWLQJ�6\VWHP�3HUVSHFWLYH��7KLV�LV�WKH�FRUH�RI�WKLV�GHYHORSPHQW�H[HUFLVH��7KH�2SHUDWLQJ�6\VWHP�LWVHOI�FRPSULVHV�RI�PDQ\�PRGXOHV��LQFOXGLQJ�WKH�&RUH�6\VWHP��)LOH�6\VWHP��,QSXW�2XWSXW�6\VWHP��1HWZRUN�6\VWHP�� (QFU\SWLRQ�� 6HFXULW\�� &RPPXQLFDWLRQV�� $XGLWLQJ�� /RJJLQJ�� ,QVWDOODWLRQ��8SGDWLQJ�� DQG�0DQDJHPHQW�DQG�VR�RQ��'HSHQGLQJ�XSRQ� WKH� WDUJHW�KDUGZDUH��RQH�RU�D�IHZ� RI� WKHVH� PRGXOHV� PD\� EH� DEVHQW� �� QRW� FRQILJXUHG�� 7KHVH� PRGXOHV� PXVW� EH�GHYHORSHG� LQ� VXFK� D� ZD\� WKDW� �D�� WKH\� IXQFWLRQ� DPRQJ� WKHPVHOYHV� VHDPOHVVO\� DQG�HIILFLHQWO\�� �E�� WKH\�GULYH� WKH�KDUGZDUH� VSHFWUXP�GLVFXVVHG� DERYH�� DQG� �F�� WKH\�RSHUDWH�WKH�YDULRXV�DSSOLFDWLRQ�VRIWZDUH�GLVFXVVHG�EHORZ����7KH�$SSOLFDWLRQ�6RIWZDUH�3HUVSHFWLYH��+DUGZDUH� DQG� WKH� 2SHUDWLQJ� 6\VWHP� WRJHWKHU� DUH� QRW� VXIILFLHQW� IRU� DQ� (QWHUSULVH�� ,W�UHTXLUHV�D�KRVW�RI�DSSOLFDWLRQ�VRIWZDUH��ZKLFK�LV�DOLJQHG�ZLWK�WKH�EXVLQHVV�REMHFWLYHV�RI�WKH� (QWHUSULVH�� 0RVW� SRSXODU� DPRQJ� WKHVH� DUH� WKH� RIILFH� DSSOLFDWLRQV�� �HGLWLQJ� DQG�SUHVHQWLQJ� GRFXPHQWV�� VSUHDGVKHHWV�� HWF���� FRPPXQLFDWLRQ� DSSOLFDWLRQV�� DQG� VLPSOH�GDWDEDVH� DSSOLFDWLRQV�� +RZHYHU�� IRU� DQ� HQWHUSULVH�ZLGH� RSHUDWLRQ� D� QXPEHU� RI�DSSOLFDWLRQ��QRQ�VFLHQWLILF��VRIWZDUH�LV�HVVHQWLDO��3URPLQHQW�DPRQJ�WKHP�DUH�GDWD�VWRUDJH�



VRIWZDUH� �LQ� WKH� IRUP�RI� D� UHODWLRQDO�RU�KLHUDUFKLFDO�GDWDEDVH��� GDWD� DFFHVV� VRIWZDUH� �WR�YLHZ��HGLW��PRGLI\�DQG�GHOHWH�GDWD�UHFRUGV��HLWKHU�ORFDOO\�RU�DFURVV�D�QHWZRUN���GDWD�PLQLQJ�VRIWZDUH�� HQWHUSULVH� UHVRXUFH� SODQQLQJ� VRIWZDUH�� FRPSXWHU�DLGHG�GHVLJQ��PDQXIDFWXULQJ�DQG�HQJLQHHULQJ�VRIWZDUH��HWF���7KHVH�QHHG�WR�EH�GHYHORSHG�VR�DV�WR�FR�H[LVW�ZLWK�WKH�RSHUDWLQJ�V\VWHP�DQG�WKH�KRVW�RI�KDUGZDUH�GHVFULEHG�DERYH����7KH�6FLHQWLILF�6RIWZDUH�3HUVSHFWLYH��'HSHQGLQJ� XSRQ� WKH� EXVLQHVV� REMHFWLYHV� RI� WKH� (QWHUSULVH�� D� QXPEHU� RI� 6FLHQWLILF��SDUWLFXODUO\�GDWD�SURFHVVLQJ��VRIWZDUH�ZLOO�EH�UHTXLUHG��7KH�WHUP�´GDWDµ�LV�XVHG�KHUH�LQ�WKH�PRVW� JHQHULF� IRUP�� ZKLFK� LQFOXGHV� ERWK� VWUXFWXUHG� DQG� XQVWUXFWXUHG� QXPHULF� DQG�V\PEROLF� GDWD�� 7\SLFDO� GDWD� FRXOG� EH� LQ� WKH� IRUP� RI� VLJQDOV�� LPDJHV�� DXGLRV�� YLGHRV��FROXPQ�YHFWRUV��PDWULFHV��RU�DQ\�UDZ�XQVWUXFWXUHG�GDWD���3URPLQHQW�VXE�ILHOGV�RI�VFLHQWLILF�VRIWZDUH�DUH�VLPSO\�WRR�PDQ\�WR�EH�GHVFULEHG�KHUH��EXW�D� TXLFN� OLVW� ZRXOG� JLYH� D� IODYRU� RI� ZKDW� WKH� WDVN� LV�� FRPSOHWH� VHW� RI� JHQHUDOL]HG�PDWKHPDWLFDO� RSHUDWLRQV�� VLJQDO� DQG� LPDJH� SURFHVVLQJ� DQG� DQDO\VLV�� FOXVWHU� DQDO\VLV��SDWWHUQ� UHFRJQLWLRQ�� GDWDEDVH� V\VWHPV�� NQRZOHGJH�EDVHG� V\VWHPV�� EXVLQHVV� LQWHOOLJHQFH�V\VWHPV� �RU� GHFLVLRQ� VXSSRUW� V\VWHPV��� YLUWXDO� UHDOLW\� V\VWHPV�� YLVXDOL]DWLRQV�� PRGHOLQJ�VRIWZDUH��DQG�VR�RQ����7KH�,QWHUIDFH��+:�6:�+:��3HUVSHFWLYH��'LVFHUQLQJ� UHDGHUV� ZRXOG� KDYH� QRWLFHG� WKDW� WKLV� UHVHDUFK� QRWH� WDONV� RQO\� DERXW�GHYHORSLQJ�VRIWZDUH��6:��LQWHUQDOO\��QRW�DERXW�PDQXIDFWXULQJ�KDUGZDUH��+:��LQWHUQDOO\��7KDW� VDLG�� LW� LV� REYLRXV� WKDW� WKH�(QWHUSULVH�ZLOO� EH� IXOO� RI� GLIIHUHQW� W\SHV� RI� KDUGZDUH�VRXUFHG�IURP�GLIIHUHQW�YHQGRUV�DURXQG�WKH�ZRUOG���,Q�RUGHU� WR�PDNH� WKHVH� KDUGZDUH�ZRUN� V\QFKURQRXVO\� QRW� RQO\� DPRQJ� WKHPVHOYHV� EXW�DOVR�ZLWK� WKH�RSHUDWLQJ� V\VWHP� �DQG�RWKHU� VRIWZDUH��� WKH�+:�6:� LQWHUIDFH� �SURPLQHQW�DPRQJ�WKHP�EHLQJ�GHYLFH�GULYHUV��PXVW�EH�GHYHORSHG�DQG�WHVWHG���7KLV� LV� QRW� DQ� HDV\� WDVN�� SDUWLFXODUO\� VR� LI� WKH�(QWHUSULVH� ZLVKHV� WR� GLVFDUG� WKH�2(0�VXSSOLHG�GHYLFH�GULYHUV�DQG�VXEVWLWXWH�WKHP�ZLWK�GULYHUV�GHYHORSHG�LQ�KRXVH��IRU�UHDVRQV�RI� VHFXULW\�� 7KHUH� FRXOG� EH� VLWXDWLRQV�ZKHUH� WKLV� LV� QRW� SUDFWLFDEOH�� LQ�ZKLFK� FDVH�� WKH�VRXUFH�FRGH�RI�WKH�2(0�VXSSOLHG�GHYLFH�GULYHU�PXVW�EH�VXEMHFWHG�WR�JUHDWHU�VFUXWLQ\����7KH�1HWZRUNLQJ�6RIWZDUH�3HUVSHFWLYH��1R�KDUGZDUH� SLHFH� LQ� IXWXUH�ZLOO� RSHUDWH� LQ� LVRODWLRQ�� LI� LW� GRHV�� LQ� DOO� SUREDELOLW\�� WKDW�SLHFH�LV�REVROHWH��6R��QHWZRUNLQJ�YDULRXV�KDUGZDUH�DQG�VRIWZDUH�SLHFHV�ZLOO�IRUP�D�FRUH�WDVN�RI�WKLV�(QWHUSULVH���7KH�QHWZRUNLQJ�SHUVSHFWLYH�LV�FORVHO\�OLQNHG�WR�WKH�KDUGZDUH�DQG�RSHUDWLQJ�V\VWHP�LVVXHV�GLVFXVVHG� DERYH�� LQ� DGGLWLRQ� WR� WKH� 6HFXULW\� �� (QFU\SWLRQ� LVVXHV� GLVFXVVHG� EHORZ�� ,W�



ZRXOG�EH�QDWXUDO�WR�XVH�WKH�VWDQGDUG�7&3�,3�SURWRFRO�DV�WKH�EDVLV�ZLWK�,3Y���0RUH�RQ�WKH�XVH�RI�VWDQGDUGV�LQ�WKH�6HFWLRQ�WLWOHG�´8VH�RI�2SHQ�6WDQGDUGV�IURP�(QG�WR�(QG�µ���7KH�6HFXULW\�	�(QFU\SWLRQ�6:�3HUVSHFWLYH��7KLV� LV� E\� IDU� WKH�PRVW� LPSRUWDQW� DVSHFW� RI� WKLV� ZKROH� H[HUFLVH�� $SDUW� IURP� SK\VLFDO�VHFXULW\��LQ�D�IXOO\�FRQQHFWHG�(QWHUSULVH�GDWD�DQG�VRIWZDUH�VHFXULW\�FRPPDQGV�WKH�PRVW�DWWHQWLRQ�DQG�LPSRUWDQFH��7KH�LVVXHV�LQYROYHG�DUH���
•  6HFXUH�$XWKHQWLFDWLRQ�
•  6HFXUH�$XWKRUL]DWLRQ�
•  6HFXUH�,GHQWLW\�)ORZ�
•  6HFXUH�)LOH�6\VWHPV�
•  6HFXUH�(QFU\SWLRQ�DQG�'HFU\SWLRQ������ELW�RU�DERYH��
•  2EIXVFDWLRQ�
•  &RGH�6HFXULW\�
•  3UHYHQWLRQ�RI�'LVDVVHPEOLQJ�RI�&RGH�
•  6HFXUH�3RLQW�WR�3RLQW�&RPPXQLFDWLRQ�
•  6HFXUH�$XGLWLQJ�DQG�/RJJLQJ�
•  6HFXUH�,QWHU�3URFHVV�&RPPXQLFDWLRQ�
•  6HFXUH�3URWRFROV��H�J���KWWSV��
•  6HFXUH�&HUWLILFDWHV�DQG�&HUWLI\LQJ�$XWKRULWLHV�
•  6HFXUH�6LJQDWXUHV���&RGH�6LJQLQJ�
•  (UURU�&RUUHFWLRQ�
•  %XIIHU�2YHUIORZ�'HWHFWLRQ�DQG�1HXWUDOL]DWLRQ�
•  7\SH�&KHFNLQJ��$QG�VR�RQ���(DFK�DQG�HYHU\�DVSHFW�WKHVH�LVVXHV�PXVW�EH�DGGUHVVHG�LQ�WKH�VRIWZDUH�WKDW�LV�GHYHORSHG�DQG�GHSOR\HG��&RQVWDQW�YLJLO�LV�UHTXLUHG�WR�FKHFN�VRIWZDUH�PDOIXQFWLRQ��DQG�WKHVH�PXVW�EH�FRUUHFWHG�XVLQJ�XSGDWHV���SDWFKHV����8VH�RI�2SHQ�6WDQGDUGV�IURP�HQG�WR�HQG��)RUWXQDWHO\�� D� QXPEHU� RI� RSHQ� DQG� HYROYLQJ� 6WDQGDUGV� KDYH� EHHQ� LGHQWLILHG� IRU� ERWK�VRIWZDUH� DQG�GDWD�� ,QWHURSHUDELOLW\� DPRQJ� WKHVH�6WDQGDUGV� LV�EHLQJ� HVWDEOLVKHG�� VR� WKDW�WKH�ZKROH�SURFHVV�EHFRPHV�HDVLHU��WR�VRPH�H[WHQW���6RPH�REYLRXV�VXJJHVWLRQV�WR�IROORZ���
•  7&3�,3�²�1HWZRUN�7UDQVSRUW�
•  +70/�²�'DWD�0DUNXS�/DQJXDJH�
•  +773�²�+\SHUWH[W�7UDQVSRUW�
•  +7736�²�6HFXUH�+\SHUWH[W�7UDQVSRUW��
•  ;0/�²�H;WHQVLEOH�0DUNXS�/DQJXDJH�IRU�'DWD�5HSUHVHQWDWLRQ�



•  5')�²�5HVRXUFH�'HVFULSWLRQ�)UDPHZRUN�IRU�'DWD�'HVFULSWLRQ�
•  80/� ²� 8QLILHG� 0RGHOLQJ� /DQJXDJH� IRU� 6RIWZDUH� 6SHFLILFDWLRQ� DQG�'HYHORSPHQW�
•  62$3� ²� 6LPSOH� 2EMHFW� $FFHVV� 3URWRFRO� IRU� WUDQVPLWWLQJ� GDWD�� SDUWLFXODUO\�IURP�RQH�SURFHVV�WR�DQRWKHU�
•  8'',�²�8QLYHUVDO�'LVFRYHU\��'HVFULSWLRQ�DQG� ,QWHJUDWLRQ� IRU�SURFHVVHV� WR�DGYHUWLVH�WKHPVHOYHV�DFURVV�D�QHWZRUN�RU�,QWHUQHW���0RVW�RU�DOO�RI�WKHVH�6WDQGDUGV�FDQ�EH�XVHG�DV�WKH\�DUH��UHGXFLQJ�WKH�GHYHORSPHQW�WLPH�DQG�HIIRUWV����'LVWULEXWLRQ�DQG�'RFXPHQWDWLRQ�RI�WKHVH�6:�6ROXWLRQV��'RFXPHQWDWLRQ� RI� WKH� GHYHORSPHQW� HIIRUWV� DQG� SURFHVVHV�� DQG� WKH� GLVWULEXWLRQ� RI� WKH�VRIWZDUH�WKHPVHOYHV��WR�WKH�8VHUV�DW�WKH�HGJH�RI�WKH�(QWHUSULVH��DUH�HTXDOO\�LPSRUWDQW���7KRXJK� GLVWULEXWLRQ� �SDUWLFXODUO\�� ZHE�EDVHG� GLVWULEXWLRQ�� LV� SDUWLFXODUO\� HDV\��GRFXPHQWDWLRQ� FRXOG� EH� RYHUZKHOPLQJ�� 'RFXPHQWDWLRQ� VKRXOG� LQFOXGH� YHUVLRQ�LQIRUPDWLRQ��DSDUW�IURP�EHQFKPDUN�UHVXOWV���:KLOH� VRIWZDUH� GHYHORSPHQW� FDQ� EH� VWUHDPOLQHG� XVLQJ� 80/�� GRFXPHQWDWLRQ� FDQ� EH�PDGH�LQ�;0/�WKURXJKRXW��ZLWK�DSSURSULDWH�;0/�6FKHPDV�GHILQHG��7KLV�ZRXOG�HQDEOH�WKH�UHSURGXFWLRQ�RI�GRFXPHQWDWLRQ�LQ�D�GHYLFH�EURZVHU�DJQRVWLF�IDVKLRQ���'RFXPHQWDWLRQ� FDQ�DOVR�EH� ORFDWHG�DV�D�ZHE� VHUYLFH��ZKLFK� LV� DFFHVVLEOH� WR�D� VRIWZDUH�SURFHVVHV�WKDW�UHTXLUH�WKHP���(QWHUSULVH�ZLGH� GLVWULEXWLRQ� FDQ� EH� DFKLHYHG� HDVLO\� WKURXJK� PXOWLSOH�� PLUURUHG��JHRJUDSKLFDOO\�VHSDUDWHG� \HW� V\QFKURQL]HG�� KLJK�VSHHG� VHUYHUV� WKDW� DXWKRUL]H� VRIWZDUH�GRZQORDGLQJ�DIWHU�DSSURSULDWH�DXWKHQWLFDWLRQ����7KH�8VHU�6XSSRUW�IRU�+:�DQG�6:��,Q�VSLWH�RI�WKH�EHVW�RI�GRFXPHQWDWLRQ�DQG�GHVFULSWLYH��VWHS�E\�VWHS�SURFHGXUHV��XVHUV�VWLOO�QHHG�WR�SRLQW�RI�VXSSRUW��7KRXJK�ZHE�EDVHG�VXSSRUW�LV�DFFHSWDEOH��GHSHQGLQJ�XSRQ�WKH�W\SH�RI�EXVLQHVV�WKH�(QWHUSULVH�LV�LQ��D�KXPDQ�EHLQJ�PDQQHG�VXSSRUW�&HQWHU�LV�DGYLVDEOH���:LWKLQ�WKH�LQWUDQHW��WKLV�FDQ�EH�PDGH�DFFHVVLEOH�YLD�D�QXPEHU�RI�VWUHDPV�LQFOXGLQJ�(PDLO�DQG�9RLFH���,I� WKH� VHW� RI� VRIWZDUH� DQG� WKHLU� GHSOR\PHQW� LV� VWDQGDUGL]HG�� DQG� LI� WKH� ,QWUDQHW� KDV�EURDGEDQG� FRQQHFWLYLW\�� DQ� ,QWHUDFWLYH� 9RLFH� 5HVSRQVH� 6\VWHP� �,956�� FDQ� EH�FRPPLVVLRQHG�HQWLUHO\�RQ�D�9RLFH�RYHU�,3��9R,3��FKDQQHO���,I�WKH�VL]H�RI�WKH�(QWHUSULVH�LV�WRR�ODUJH��VSDQQLQJ�VHYHUDO�WLPH�]RQHV��WKHQ��D���[��&DOO�&HQWHU�ZRXOG�EH�DSSURSULDWH���$V� 8VHU� VDWLVIDFWLRQ� DQG� IHHGEDFN� DUH� FUXFLDO� IRU� WKH� VXFFHVV� RI� WKHVH� YHQWXUHV�� WKH�LPSRUWDQFH�RI�6XSSRUW�'HVNV���&HQWHUV�FDQQRW�EH�RYHU�HPSKDVL]HG��
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