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������ 6KRUW�GHVFULSWLRQ9,3(5��9LVXDOL]DWLRQ�RI�PDVVLYHO\�3DUDOOHO�VLPXODWLRQ�DOJRULWKPV�IRU�([WHQGHG�5HVHDUFK��>7XP@�LV�DFRQFHSWXDO� SURWRW\SH� IRU� RQ�OLQH� YLVXDOL]DWLRQ� IRU� SDUDOOHO� VLPXODWLRQ� DOJRULWKPV� GHYHORSHG� DW� WKH7HFKQLFDO�8QLYHUVLW\�RI�0�QFKHQ�9,3(5�SURSDJDWHV�DQ�REMHFW�EDVHG�YLHZ�RI�WKH�ZKROH�DSSOLFDWLRQ�F\FOH��7KH�VR�FDOOHG�REMHFWV�DUH�EXLOWIURP�GLVWULEXWHG�DQG�UHSOLFDWHG�GDWD� VWUXFWXUHV�RI� WKH�PDVVLYHO\�SDUDOOHO�VLPXODWLRQ�DOJRULWKP��7KHVHGDWD�VWUXFWXUHV�DUH�EDVHG�RQ�SDUDPHWHUV�RI� WKH�PDWKHPDWLFDO�PRGHO�DQG�SDUDPHWHUV�RI� WKH�QXPHULFDOPHWKRGV�9,3(5� EUHDNV� GRZQ� WKH� VWUXFWXUH� RI� DQ� DSSOLFDWLRQ� F\FOH� LQWR� WKUHH� GLVWLQFW� ORJLFDO� FRPSRQHQWV�FRPSXWDWLRQDO�XQLWV��FRQQHFWLYLW\�XQLWV�DQG�YLVXDOL]DWLRQ�XQLWV��ZKLFK�FRPSRVH�D�SLSHOLQH�DUFKLWHFWXUH�:LWK� UHJDUG� WR� WKLV� SLSHOLQH� DUFKLWHFWXUH�� 9,3(5� IROORZV� D� QHZ�'8$/� 6(59(5�PRGHO�� ZKLFK� LVEDVHG�RQ�D�FOLHQW�VHUYHU�FOLHQW�DUFKLWHFWXUH��2QH�FOLHQW�LV�WKH�PDVVLYHO\�SDUDOOHO�VLPXODWLRQ�DOJRULWKP�WKH�RWKHU�FOLHQW�LV�WKH�YLVXDOL]DWLRQ�V\VWHP��2Q�UHTXHVW��'8$/�6(59(5�H[HFXWHV�GLIIHUHQW�NLQGV�RIVHUYLFHV�IRU�ERWK�FOLHQWV��7KH�SURFHVVHV�LQYROYHG�DUH�VSOLW�LQWR�WKUHH�SURFHVV�VSDFHV��7KH�SURFHVVHV�RIWKH� PDVVLYHO\� SDUDOOHO� VLPXODWLRQ� DOJRULWKP� UXQ� RQ� D� UHPRWH� SDUDOOHO� FRPSXWHU� V\VWHP� ZKLFK� LV� DPXOWLSURFHVVRU�V\VWHP�RU�D�FOXVWHU�RI�ZRUNVWDWLRQV�FRQQHFWHG�YLD�:$1�RU�/$1��7KH�SURFHVVHV�RI�WKHYLVXDOL]DWLRQ� V\VWHP� UXQ� RQ� D� SRZHUIXO� JUDSKLFDO� ZRUNVWDWLRQ�� 7KH� SURFHVVHV� RI� WKH� GLVWULEXWHGDSSOLFDWLRQ� '8$/� 6(59(5� UXQ� RQ� SURFHVVRUV� ZKLFK� UHVLGH� LQ� D� /$1� DQG� RQ� D� UHPRWH� SDUDOOHOFRPSXWHU�V\VWHP�LQ�D�:$1�RU�/$1��7R�HQDEOH�RQOLQH�YLVXDOL]DWLRQ�� WKH�'8$/�6(59(5�RIIHUV�DQLQIUDVWUXFWXUH� WR� H[WUDFW� GDWD� RXW� RI� WKH� FRPSXWDWLRQDO� XQLW� GXULQJ� VLPXODWLRQ� WLPH�� WR� WUDQVIHU� GDWDDFURVV�D�:$1��RU�/$1��DQG�WR�KDQG�RXW�GDWD�WR�WKH�YLVXDOL]DWLRQ�XQLW�53&V� �UHPRWH� SURFHGXUH� FDOOV�� DQG� WKH� ;'5� SURWRFRO� DUH� XVHG� WR� LPSOHPHQW� LQWHUSURFHVVFRPPXQLFDWLRQ�EHWZHHQ�:$1��DQG�/$1��GLVWULEXWHG�SURFHVVHV�RI�WKH�'8$/�6(59(5��$JDLQ��53&VDUH�XVHG�WR�KDQG�RXW�WKH�WUDQVIHUUHG�GDWD�WR�WKH�YLVXDOL]DWLRQ�XQLW���%HFDXVH�RI�WKH�REMHFW�EDVHG�YLHZ�RI�9,3(5��LQWHUDFWLRQ�LV�VLPLODU�WR�H[HFXWLRQ�RI�RSHUDWRUV�RQ�REMHFWV�7R� VWHHU� WKH� VLPXODWLRQ� SURFHVV�� D� PRGLILFDWLRQ� RSHUDWRU� LV� DSSOLHG� WR� WKH� SDUDPHWHUV� RI� WKHPDWKHPDWLFDO�PRGHO�RU�WR�WKH�SDUDPHWHUV�RI�WKH�QXPHULFDO�PHWKRGV��,Q�RUGHU�WR�FRQWURO�WKH�GDWD�EHLQJ
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H[WUDFWHG�� WUDQVIHUUHG�� DQG� KDQGHG� RXW� E\� WKH� '8$/� 6(59(5�� UHOHYDQW� SDUDPHWHUV� QHHG� WR� EHVZLWFKHG�RQ�RU�RII�7R�SURFHVV�DQG�UH�SURFHVV�VFLHQWLILF�GDWD��WKH�YLVXDOL]DWLRQ�XQLW�PDLQWDLQV�D�GDWDEDVH�ZKLFK�KROGV�GDWDIURP� WKH� GLVWULEXWHG� DQG� UHSOLFDWHG� GDWD� VWUXFWXUHV� RI� WKH� PDVVLYHO\� SDUDOOHO� VLPXODWLRQ� DOJRULWKP�KDQGHG�RXW�E\�WKH�'8$/�6(59(5�$OO�SDUDPHWHUV� DUH� W\SHG��H�J��VFDODU��PDWUL[�� SK\VLFV��JULG�� DQG�EXLOW� DV�REMHFWV�E\�GHFODUDWLRQV�� YLDVRXUFH�FRGH� LQVWUXPHQWDWLRQ� LQ� WKH�VLPXODWLRQ�DOJRULWKP��(DFK�REMHFW� �SDUDPHWHU�� LV� DVVRFLDWHG�ZLWKVR�FDOOHG�V\QFKURQL]DWLRQ�SRLQWV� �63V���7KHVH�V\QFKURQL]DWLRQ�SRLQWV�DUH�H[HFXWHG�GXULQJ� VLPXODWLRQWLPH��([HFXWLQJ�D�V\QFKURQL]DWLRQ�SRLQW�LQ�D�FRPSXWDWLRQDO�XQLW�PHDQV�VHQGLQJ�D�VLJQDO� �UHTXHVW�� WRWKH�'8$/�6(59(5��$V�DOUHDG\�NQRZQ��WKH�'8$/�6(59(5�H[WUDFWV�GDWD�RXW�RI�WKH�FRPSXWDWLRQDOXQLW��SURYLGHG�WKDW�WKH�V\QFKURQL]DWLRQ�SRLQW�DQG�WKH�UHOHYDQW�REMHFWV�DUH�VZLWFKHG�RQ�
������ &RQFOXVLRQV�DQG�LGHDV�XVHIXO�IRU�*ULG�HQYLURQPHQW7KH�DUFKLWHFWXUH�RI�WKH�'8$/�6(59(5�LV�TXLWH�LQWHUHVWLQJ�IRU�GHYHORSPHQW�LQ�D�*ULG�HQYLURQPHQW�8VLQJ� 9,3(5�EDVHG� FRQFHSWV� DOORZV� DSSOLFDWLRQ� GHYHORSHUV� WR� DFKLHYH� JRRG� VFDODELOLW\�� +RZHYHU�DFFRUGLQJ�WR�9,3(5�:HE�SDJHV��RQO\�D�SURWRW\SH�LPSOHPHQWDWLRQ�H[LVWV�DQG�LW�DSSHDUV�WKDW�WKH�SURMHFWKDV�EHHQ�GLVFRQWLQXHG�
���� 9,6,7
������ 6KRUW�GHFULSWLRQ9,6,7� >9LV@� LV� D� SURMHFW� GHYHORSHG� DW� WKH� -XHOLFK� 5HVHDUFK� &HQWUH�� &HQWUDO� ,QVWLWXWH� IRU� $SSOLHG0DWKHPDWLFV��*HUPDQ\9,6,7� �LV� D� OLEUDU\� IRU�SRLQW±WR±SRLQW�FRPPXQLFDWLRQ�EHWZHHQ� WZR�LQGHSHQGHQW�DSSOLFDWLRQV� �OLNH� DVLPXODWLRQ� DQG� D� YLVXDOL]DWLRQ�� XVLQJ� D� FOLHQW±VHUYHU�PRGHO� %XQGOHG�ZLWK�9,6,7� LV� D� VLPSOH� QDPHVHUYLFH�FDOOHG�VHDS� �VHUYLFH�DQQRXQFHPHQW�SURWRFRO���$�YLVXDOL]DWLRQ�FDQ�UHJLVWHU� LWV� VHUYLFH�V��RQ�DVHDS±VHUYHU�� 7KH� VLPXODWLRQ� FDQ� WKHQ� TXHU\� WKLV� LQIRUPDWLRQ� �FRQVLVWLQJ� RI� D� KRVWQDPH� DQG� D� SRUWQXPEHU��DQG�XVH�LW�WR�FRQQHFW�WR�WKH�YLVXDOL]DWLRQ��7KH�FXUUHQW�LPSOHPHQWDWLRQ�RI�9,6,7 XVHV�7&3�,3VRFNHWV� IRU� FRQQHFWLQJ� VLPXODWLRQV� DQG� YLVXDOL]DWLRQV�� %HVLGHV� WKDW�� LW� LV� DOVR� SRVVLEOH� IRU� WKHVLPXODWLRQ�WR�ZULWH�GDWD�WR�D�ILOH��ZKLFK�D�YLVXDOL]DWLRQ�FDQ�WKHQ�UHDG��XVLQJ�WKH�VDPH�VHQG�UHFHLYH�FDOOVDV�ZKHQ�D�VRFNHW�FRQQHFWLRQ�LV�HVWDEOLVKHG��7KLV�LV�LQWHQGHG�WR�EH�XVHG�IRU�RIIOLQH�YLVXDOL]DWLRQV��ZKHUHWKH�VLPXODWLRQ�GDWD� LV�UHFRUGHG�LQ�DGYDQFH��7KH�VLPXODWLRQ�UHODWHG�$3,� LV� UHGXFHG� WR�D� IHZ�IXQFWLRQFDOOV��/DQJXDJH�ELQGLQJV�DUH�DYDLODEOH�IRU�&��)2575$1��DQG�3HUO��2Q�WKH�YLVXDOL]DWLRQ�VLGH��9,6,7KDV�ODQJXDJH�ELQGLQJV�IRU�&�DQG�3HUO��7KH�GLVWULEXWLRQ�FRQWDLQV�GHPR�FOLHQWV�DQG�VHUYHUV�ZULWWHQ�LQ�DOOWKH�VXSSRUWHG�ODQJXDJHV��$�FRPSOHWH�VHUYHU�IRU�$96�([SUHVV�LV�DOVR�LQFOXGHG�
������ &RQFOXVLRQV�DQG�LGHDV�XVHIXO�IRU�*ULG�HQYLURQPHQW9,6,7� LV� D� YHU\� VLPSOH� WRRO�� 7KH� GDWD� WUDQVIHU� LV� RYHU� ,3�� 1R� SDUDOOHO� OLEUDULHV� DUH� VXSSRUWHG�� QRVHFXULW\�PHFKDQLVPV�LQFOXGHG�DQG�QR�VRSKLVWLFDWHG�HUURU±UHFRYHU\�SURWRFROV�SURYLGHG�IRU��,Q�DGGLWLRQ�9,6,7�RQO\�VXSSRUWV�SHHU�WR�SHHU�FRQQHFWLRQV�+RZHYHU��WKH�LGHD�RI��WKLQNLQJ�DERXW�D�YLVXDOL]DWLRQ�PRGXOH�DV�D�VHUYHU�ZKLFK�FDQ�EH�UHJLVWHUHG�DV�DVHUYLFH� LV�YHU\� VLPLODU� WR�2*6$��6RPH�VROXWLRQV�FDQ�EH�ERUURZHG� IURP�9,6,7�ZKLOH� GHVLJQLQJ� WKH&URVV*ULG�DUFKLWHFWXUH�
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�� ,17(5$&7,9(�6,08/$7,21�,1�'$7$*5,'
���� 6+257�'(&5,37,21$OWKRXJK�FRQFHQWUDWHG�RQ�+(3�FRPSXWLQJ�� WKH�'DWD*ULG� DSSOLFDWLRQ� OD\HU� DOVR� FRQWDLQV�ELRPHGLFDODQG�HDUWK�REVHUYDWLRQ�DSSOLFDWLRQV��VRPH�DVSHFWV�RI�ZKLFK�FRUUHVSRQG�WR�ORQJ�UDQJH�REMHFWLYHV�WKDW�DUHRXWVLGH�WKH�VFRSH�RI��WKLV�SURMHFW�7KH�EUXQW�RI�WKH�HIIRUW�LQYROYHG�LQ�GHYHORSLQJ�'*�DSSOLFDWLRQV�JRHV�WRZDUGV�HQDEOLQJ LQWHQVLYH�XVH�RIGDWD� SURGXFHG� IURP� VSDFHERUQH� RU� PHGLFDO� LQVWUXPHQWV�� >(GJ@� SURSRVHV� D� GHVLJQ� RI� DQ� LQWHUDFWLYHVLPXODWLRQ�DUFKLWHFWXUH�RQ�WKH�*ULG��GHVWLQHG�IRU�WKH�ELRPHGLFDO�DSSOLFDWLRQ�
7KH�SURSRVHG�DUFKLWHFWXUH�LV�YHU\�JHQHUDO���LWV�ERG\�FRQVLVWV�RI�DQ�LQILQLWH�ORRS����WKH�XVHU�PD\�HQWHU�VRPH�LQWHUDFWLYH�LQSXW����WKH�DOJRULWKP�SURJUHVVHV�GHSHQGLQJ�RQ�LWV�FXUUHQW�LQWHUQDO�VWDWH�DQG�WKH�XVHU�LQSXW����WKH�XVHU�YLVXDOL]HV�WKH�FXUUHQW�VWDWH�WKURXJK�D�JUDSKLFDO�LQWHUIDFH�
)LJXUH���VKRZV� WKH�JHQHUDO�DUFKLWHFWXUH�RI�DQ� LQWHUDFWLYH�DSSOLFDWLRQ�UXQQLQJ�RQ� WKH�*ULG��7KH�8VHU,QWHUIDFH�PDFKLQH�RSHUDWHV�D�JUDSKLF�GDHPRQ�ZKLFK�DZDLWV�FRQQHFWLRQV�RQ�D�JLYHQ�SRUW��7KH�XVHU�ILUVWVXEPLWV�DQ�LQWHUDFWLYH�MRE�XVLQJ�WKH�'DWD*ULG�PLGGOHZDUH�LQWHUIDFH������2QFH�LQ�WKH�H[HFXWLRQ�SKDVH�WKH�UHPRWH�SURFHVV�FRQQHFWV�EDFN�WR�WKH�JUDSKLF�GDHPRQ�RI�WKH�8VHU�,QWHUIDFH������7KH�JUDSKLF�GDHPRQWKHQ�VSDZQV�D�QHZ�JUDSKLF�SURFHVV�����WR�KDQGOH�LQWHUDFWLRQ�ZLWK�WKH�FRPSXWDWLRQDO�SURFHVV��$�VRFNHWLV�RSHQHG�EHWZHHQ�WKH�WZR�SURFHVVHV��7KH�LQWHUIDFH�SURJUDP�FUHDWHV�D�JUDSKLF�LQWHUIDFH�DQG�WKHQ�HQWHUVD�ORRS�ZKHUH�LW�VXFFHVVLYHO\�SURFHVVHV�JUDSKLF�HYHQWV�DQG�FRPPXQLFDWLRQ�HYHQWV�XQWLO� LW� UHFHLYHV�DQH[LW�PHVVDJH�IURP�WKH�FRPSXWDWLRQDO�SURJUDP��7KH�FRPSXWDWLRQDO�SURJUDP�HQWHUV�DQ�LQWHUDFWLYH�ORRSDOUHDG\�GHVFULEHG�DERYH�

)LJXUH��� 'DWD*ULG DUFKLWHFWXUH�IRU�LQWHUDFWLYH�VLPXODWLRQ�>(GJ@�
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���� &21&/86,216�$1'�,'($6�86()8/�)25�*5,'�(19,5210(17$V� FDQ� EH� VHHQ�� WKH� FRQQHFWLRQ� EHWZHHQ� YLVXDOL]DWLRQ� DQG� VLPXODWLRQ� LV� DUUDQJHG� WKURXJK� D� VRFNHWOLEUDU\�ZKLFK�LV�D�ORZ�OHYHO�PHFKDQLVP�WKDW�GRHV�QRW�SURYLGH�DGYDQFHG�IXQFWLRQDOLW\��7KH�LGHD�LV�YHU\JHQHUDO��VLQFH�LW�GRHV�QRW�UHODWH�GLUHFWO\�WR�WKH�PDLQ�VXEMHFW�RI�WKH�'DWD*ULG�SURMHFW��+HQFH��LW�PD\�EHFRQVLGHUHG�D�JRRG�VWDUWLQJ�SRLQW��EXW�WKH�&URVV*ULG�SURMHFW�VKRXOG�XOWLPDWHO\�SUHVHQW�WHFKQLTXHV�WKDWZRXOG�EH�PRUH�VRSKLVWLFDWHG�
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�� *5,'�62/87,216�)25�,17(5$&7,9(�(19,5210(1767KLV�&KDSWHU�SUHVHQWV�YDULRXV�WHFKQLTXHV�WKDW�GHDO�ZLWK�WKH�SUREOHPV�RI�EDQGZLGWK�DQG�ODWHQF\�LQ�*ULGHQYLURQPHQWV��,W�VKRZV�H[DPSOHV�RI�*ULG�DSSOLFDWLRQV�DOUHDG\�PDNLQJ�XVH�RI�WKHVH�WHFKQLTXHV�
���� 3$5$//(/,=$7,21�)25�0(7$&20387(5�96�+,*+�3(5)250$&(�&20387,1*�7KH *ULG� FDQ� EH� YLHZHG� DV� D� ODUJH� GLVWULEXWHG�PHPRU\� SDUDOOHO� FRPSXWHU� FRQVLVWLQJ� RI� PXOWLSOH�JURXSV� RI�� SURFHVVRUV� ZKLFK� H[FKDQJH� GDWD� DFURVV� FRPPXQLFDWLRQ� OLQNV�� ,Q� SDUDOOHO� FRPSXWHUV�� DSURSULHWDU\�LQWHUFRQQHFWLRQ�QHWZRUN�LV�SURYLGHG�E\�D�YHQGRU��LQ�FOXVWHUV�WKH�OLQNV�PD\�EH�FRPPRGLW\QHWZRUNV�VXFK�DV�)DVW�(WKHUQHW��+RZHYHU��LQ�GLVWULEXWHG�VXSHUFRPSXWLQJ�WKH�FRPPXQLFDWLRQ�OLQNV�DUHUHODWLYHO\�VORZ��ZLWK�KLJK�ODWHQF\�WLPHV�DQG�KLJK�SRWHQWLDO�IRU�IDLOXUH�
,Q�>)RVW@�D�UDQJH�RI�GHFRPSRVLWLRQ�WHFKQLTXHV�DUH�SUHVHQWHG�WR�FRQVWUXFW�D�GLVWULEXWHG�VXSHUFRPSXWLQJDSSOLFDWLRQ��� SLSHOLQLQJ�RU�GDWDIORZ�GHFRPSRVLWLRQ�� IXQFWLRQDO�GHFRPSRVLWLRQ�±�LW�LV�XVHIXO�ZKHQ�WKH�VLPXODWLRQ�FDQ�EH�GLYLGHG�LQWR�SDUWV��ZKLFKH[HFXWH�PRUH�HIILFLHQWO\�RQ�GLIIHUHQW�W\SHV�RI�DUFKLWHFWXUHV��� GRPDLQ� GHFRPSRVLWLRQ� ±� WKLV� DSSURDFK� LV� SDUWLFXODUO\� GLIILFXOW� WR� SDUDOOHOL]H� LQ� *ULGHQYLURQPHQWV��HVSHFLDOO\�ZLWK�D�WLJKWO\�FRXSOHG�VLPXODWLRQ�
,Q�WKH�ODVW�FDVH��RQH�FDQ�WKLQN�RI�GLYLGLQJ�WKH�SUREOHP�LQWR�SDUWV�ZKLFK�GR�QRW�QHHG�WR�FRPPXQLFDWHZLWK�HDFK�RWKHU�YHU\�RIWHQ��L�H��D�FOLPDWH�PRGHO�FDQ�EH�GLYLGHG�LQWR�DQ�DWPRVSKHUH�UHODWHG�PRGHO�DQGDQ�RFHDQ�UHODWHG�PRGHO���$QRWKHU� XVHIXO� WHFKQLTXH� LV� RYHUODSSLQJ� FRPPXQLFDWLRQ� DQG� FRPSXWDWLRQ��L�H�WKH�H[FKDQJH�RI�GDWD�EHWZHHQ�GLIIHUHQW�WDVNV�LV�FDUULHG�RXW�LQ�VPDOOHU�VXEGRPDLQV��
2QH� H[DPSOH� RI� DQ� DSSOLFDWLRQ� SRUWHG� IURP� D� FODVVLF� SDUDOOHO� DUFKLWHFWXUH� WR� D� GLVWULEXWHG� JULGHQYLURQPHQW� LV� WKH�6)�([SUHVV>)RVW@�SURMHFW�ZKLFK�XVHV� WKH�'LVWLEXWHG� ,QWHUDFWLYH�6LPXODWLRQ� �',6�WHFKQLTXH� WR�PRGHO� WKH� EHKDYLRXU� DQG�PRYHPHQW� RI� KXQGUHGV� RU� WKRXVDQGV� RI� HQWLWLHV� IRU�PLOLWDU\WUDLQLQJ��DQDO\VLV�DQG�SODQQLQJ�
,Q�RUGHU� WR� HIIHFWLYHO\� UXQ� WKH� VLPXODWLRQ� LQ� D�GLVWULEXWHG� HQYLURQPHQW�� WKH� HQWLWLHV�ZHUH� GLVWULEXWHGRYHU� D� ODUJH� QXPEHU� RI� VLPXODWLRQ� QRGHV�� 6)�([SUHVV� XVHV� D� WHFKQLTXH� FDOOHG� UHJLRQ� RI� LQWHUHVWPDQDJHPHQW WR�UHGXFH�WKH�DPRXQW�RI�FRPPXQLFDWLRQ��7KH�HQWLWLHV�DUH�DVVLJQHG�WR�QRGHV�LQ�D�ZD\�WKDWSUHVHUYHV�SK\VLFDO�ORFDOLW\�DV�PXFK�DV�SRVVLEOH��7KH�QRGHV�DUH�WKHQ�RUJDQL]HG�LQWR�JURXSV�DQG�D�URXWHUQRGH DVVRFLDWHG�ZLWK�HDFK�JURXS�LV�FKDUJHG�ZLWK�SURSDJDWLQJ�WR�RWKHU�URXWHUV�RQO\�WKRVH�HYHQWV��ZKLFKPD\�EH�RI�LQWHUHVWV�WR�WKHLU�JURXSV��)RU�H[DPSOH�WDQNV�LQ�*HUPDQ\�GR�QRW�UHTXLUH�LQIRUPDWLRQ�DERXWQDYDO�YHVVHOV�FRQGXFWLQJ�WUDLQLQJ�H[HUFLVHV�LQ�WKH�3DFLILF��7R�VXPPDULVH��6)�H[SUHVV�FRQVLVWV�RI�HQWLW\VLPXODWRUV��URXWHUV�DQG�GDWD�VHUYHUV��WR�DFKLHYH�XQLIRUP�,2�SHUIRUPDQFH��
6)�([SUHVV�PDNHV� XVH�RI� WKH�*OREXV� LQIUDVWUXFWXUH��QDPHO\� LW� XVHG� WKH�*OREXV�5HVRXUFH�$OORFDWLRQ0DQDJHU�WR�LQLWLDWH�DQ�6)�([SUHVV�FRPSXWDWLRQ�VR� WKDW�WKH�FRPSXWDWLRQ�FDQ�EH�VWDUWHG� IURP�D�VLQJOHSRLQW��,W�DOVR�XVHV�WKH�*OREXV�+HDUWEHDW�0RQLWRU��ZKLFK�SURYLGHV�D�PHFKDQLVP�IRU�WUDFNLQJ�WKH�VWDWH�RIDQ�6)�([SUHVV�FRPSXWDWLRQ��7KH�6)�([SUHVV�GHYHORSHUV�KDYH�DOVR� H[SHULPHQWHG�ZLWK� WKH�XVH�RI� WKH*OREXV�FRPPXQLFDWLRQ�PHFKDQLVPV��LQFOXGLQJ�1H[XV�03,��$FFRUGLQJ�WR�WKH�DSSURSULDWH�:HE�SDJHV�WKH�SURMHFW�LV�RYHU�QRZ��EXW�LW�LV�QHYHUWKHOHVV�D�JRRG�H[DPSOH�RI�SDUDOOHO�VLPXODWLRQ�RQ�WKH�*ULG�

���� (;$03/(6�2)�$33/,&$7,216�%(1(),77,1*�)520�*/2%86�7(&+12/2*,(6
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������ 1$6$
V�RYHUIORZ�G�7KLV�DSSOLFDWLRQ�VLPXODWHV�DLUIORZ�DURXQG�DQ�DLUERUQH�YHKLFOH�� ,W� LV�DQ�H[DPSOH�RI� DQ�H[SHULPHQW� LQZKLFK�D�ODUJH�VFDOH�VFLHQWLILF�DSSOLFDWLRQ��GHYHORSHG�IRU�WLJKWO\�FRXSOHG�SDUDOOHO�PDFKLQHV��LV�DGDSWHGWR� WKH� GLVWULEXWHG� H[HFXWLRQ� HQYLURQPHQW� RI� WKH� ,QIRUPDWLRQ� 3RZHU� *ULG� �,3*��� 7KH� FRUH� RI� WKHDSSOLFDWLRQ�LV�D�FRPSXWDWLRQDO�IOXLG�G\QDPLFV��&)'��DOJRULWKP��*OREXV�LV�XVHG�DV�WKH�HQDEOLQJ�GHYLFHIRU� WKH� JHRJUDSKLFDOO\�GLVWULEXWHG� FRPSXWDWLRQ�� ,WV� SHUIRUPDQFH� ZDV� WHVWHG� RQ� WKUHH� VHSDUDWH� 6*,2ULJLQ�����PDFKLQHV��WZR�ORFDWHG�DW�WKH�1$6$�$PHV�5HVHDUFK�&HQWHU�DQG�WKH�WKLUG�DW�WKH�$UJRQQH1DWLRQDO� /DERUDWRU\�� $� PD[LPXP� RI� �� SURFHVVRUV� ZHUH� XVHG� RQ� DQ\� RQH� PDFKLQH�� HDFK� UXQQLQJ*OREXV�YHUVLRQ�������DQG�03,&+�*�ZDV�XVHG�DV�WKH�PHVVDJH�SDVVLQJ�OLEUDU\�,Q�RUGHU� WR�DFKLHYH�JRRG�SHUIRUPDQFH�LQ� WKH�GLVWULEXWHG� HQYLURQPHQW� WKH� IROORZLQJ� WHFKQLTXHV�ZHUHXVHG�x $GYDQFHG�SDUWLWLRQLQJ �� D�JUDSK�SDUWLWLRQHU�ZDV�XVHG��WR�DVVLJQ�JULGV�WR�SURFHVVRUV�LQ�D�ZD\WKDW�EDODQFHG�ORDG�DQG�PLQLPL]HG�FRPPXQLFDWLRQ�x 2YHUODSSLQJ�FRPPXQLFDWLRQ�	�FRPSXWDWLRQ���ODWHQF\�WROHUDQFH�ZDV REWDLQHG�E\�GHOD\LQJ�WKHERXQGDU\�YDOXH�XSGDWH�E\�DQ�DGGLWLRQDO�WLPHVWHS������� 1XPHULFDO�UHODWLYLW\��&DFWXV�DSSOLFDWLRQ�7KLV� DSSOLFDWLRQ�ZDV�GHVFULEHG� LQ� >&DJ@�DV� DQ� H[DPSOH� RI� GHDOLQJ�ZLWK� ODWHQF\� DQG�EDQGZLGWK� LQ� D*ULG�HQYLURQPHQW��7KH�DUWLFOH�SUHVHQWV�IXWXUH�GLUHFWLRQV�LQ�&DFWXV�GHYHORSPHQW��7KH�SUHVHQW�VWDWH�RI&DFWXV� LV� GHVFULEHG� LQ� WKH� QH[W� &KDSWHU� RI� WKLV� GRFXPHQW�� +HUH�� WKH� WHFKQLTXHV� WKDW� DUH� WHVWHG� DQGJRLQJ�WR�EH�XVHG�LQ�&DFWXV�DUH�SUHVHQWHG��7KH�WHVW�ZHUH�SHUIRUPHG�RQ�IRXU�VXSHUFRPSXWHUV��WKUHH�6*,2ULJLQV�DW�1$6$�DQG�RQH�,%0�3RZHU�63�DW�6'6&���7KH�PHDVXUHG�EDQGZLGWK�EHWZHHQ�WKH�WZR�VLWHVZDV��0%�VHF��ZKLOH�WKH�EDQGZLGWK�EHWZHHQ�PDFKLQHV�DW�HDFK�VLWH�ZDV����0%�VHF�7KH�IROORZLQJ�WHFKQLTXHV�DUH�GHVFULEHG�x LQFUHDVLQJ�WKH�QXPEHU�RI�]�GLUHFWLRQ�JKRVW]RQHV��LQ�SDUDOOHO�VLPXODWLRQV��VR�WKH\�GR�QRW�QHHG�WREH�V\QFKURQL]HG�YHU\�RIWHQ�x FRPPXQLFDWLRQ�	�FRPSXWDWLRQ�RYHUODSSLQJ�x GDWD�FRPSUHVVLRQ�IRU�WUDQVPLVVLRQ�DFURVV�D�:$1������� 5HPRWH�DFFHVV�WR�FOLPDWH�VLPXODWLRQ�GDWD,Q�>&OLP@�DQ�DSSOLFDWLRQ�GHDOLQJ�ZLWK�FOLPDWH�VLPXODWLRQ�LV�GHVFULEHG��,W�IRFXVHV�RQ�GHDOLQJ�ZLWK�ODUJHGDWD� VHWV� �XWLOL]LQJ� WKH� *OREXV� 5HSOLFD�0DQDJHU�� ZKLOH� LQWHUDFWLYH� DQDO\VLV� DQG� VLPXODWLRQ� DUH� QRWGLVWULEXWHG�DQG�DUH�SHUIRUPHG�GLUHFWO\�RQ�WKH�XVHU¶V�FRPSXWHU������� ;�5D\�&07�DSSOLFDWLRQ>;UD\@� GHVFULEHV� D� SLSHOLQHG� GDWD� DFTXLVLWLRQ� DQG� RQ�OLQH� UHFRQVWUXFWLRQ� V\VWHP� IRU� &RPSXWHU�0DQDJHG�7RPRJUDSK\��&07���7KH�DELOLW\�WR�UHFRQVWUXFW�GDWD�UDSLGO\�DQG�SURYLGH�D�PHGLFDO�VFDQQHUXVHU�ZLWK�LPPHGLDWH�IHHGEDFN�LV�YDOXDEOH�IRU�XVHU�VKDUHG�IDFLOLWLHV��VLQFH�HDFK�XVHU�UHFHLYHV�D�OLPLWHGRSHUDWLRQV�TXRWD��7KH�LQDELOLW\�WR�H[DPLQH�UHFRQVWUXFWLRQV�GHULYHG�IURP�QHZO\�DFTXLUHG�GDWD�PDNHV�LWGLIILFXOW� WR� XQGHUWDNH� FUXFLDO� GHFLVLRQV� GXULQJ� WKH� H[SHULPHQWDO� SHULRG�� UHVXOWLQJ� LQ� SRRU� XVH� RIVFDQQHUV�
7KLV� DSSOLFDWLRQ� LV� GHVLJQHG� IRU� SHUIRUPLQJ� WKH� UHFRQVWUXFWLRQ� RQ�OLQH� 7KH� GDWD DFTXLUHG� IURP� WKHVFDQQHU� LV� ILUVW�ZULWWHQ� WR�D� ORFDO�KDUG�GLVN� DQG� WKHQ�WUDQVIHUUHG�YLD� D�����0E�V�QHWZRUN� WR� WKH�6*,2ULJLQ�� ZKHUH� WKH� SUHSURFHVVLQJ� DQG� UHFRQVWUXFWLRQ� FDOFXODWLRQV� DUH SHUIRUPHG�� 7KH� UHFRQVWUXFWLRQUHVXOWV�DUH� VDYHG� WR�D�KDUG�GLVN�DQG� WKHQ�ORDGHG� LQWR�WKH�9LVXDOL]DWLRQ�(QJLQH��7KH�(QJLQH�SURYLGHVUHQGHUHG�LPDJHV� LQWHUDFWLYHO\� WR� WKH�VFDQQHU�IHHGEDFN�PRQLWRU�YLD�D�KLJK�VSHHG�QHWZRUN��ZKLOH�DOVRSHULRGLFDOO\�ZULWLQJ�UHQGHUHG�LPDJHV�WR�D�ZHE�VHUYHU��VR�WKH\�FDQ�EH�DFFHVVHG�ZLWK�D�:::�EURZVHU�
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7KH�SDSHU�PHQWLRQV�WKDW�*OREXV�LV�XVHG�IRU�SHUIRUPLQJ�FDOFXODWLRQV��$OWKRXJK�WKHVH�FDOFXODWLRQV�ZHUHGRQH� RQ� D� VLQJOH� VXSHUFRPSXWHU� WKH� DXWKRUV� FODLP� WKH\� DUH� JRLQJ� WR� PDNH� WKH� DSSOLFDWLRQ� *ULG�FRPSDWLEOH�
���� &21&/86,216��$1'�,'($6�86()8/�)25�&5266*5,'�$33/,&$7,2167KLV�&KDSWHU�SUHVHQWHG�WHFKQLTXHV�XVHG�WR�UHGHVLJQ�H[LVWLQJ�SDUDOOHO�FRGH�VR�WKDW�LW�FDQ�DFKLHYH�JRRGSHUIRUPDQFH� LQ� D� GLVWULEXWHG� HQYLURQPHQW�� 7KH� UHYLHZV� SUHVHQWHG� KHUH� VKRZ� WKDW� YDULRXV� SDUDOOHODSSOLFDWLRQV�DUH� LQ�IDFW�EHLQJ�SRUWHG�IURP�FODVVLFDO�KLJK�SHUIRUPDQFH�DUFKLWHFWXUHV� WR� WKH�GLVWULEXWHG*ULG�DUFKLWHFWXUH��XVLQJ�PHWKRGV�OLNH�x UHJLRQ�RI�LQWHUHVWV�PDQDJHPHQW��6)�([SUHVV�x FRPPXQLFDWLRQ�DQG�FRPSXWDWLRQ�RYHUODSSLQJ��2YHUIORZ��'��1XPHULFDO�UHODWLYLW\�x DGYDQFHG�ORDG�EDODQFLQJ��2YHU)ORZ��'�x GDWD�FRPSUHVVLRQ��1XPHULFDO�UHODWLYLW\�x LQIUHTXHQW�V\QFKURQL]DWLRQ��1XPHULFDO�UHODWLYLW\�
6LPLODU�WHFKQLTXHV�FDQ�EH�XVHG�ZKHQ�SDUDOOHOL]LQJ�&URVV*ULG�DSSOLFDWLRQV�
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�� &$&786��352%/(0�62/9,1*�(19,5210(17
���� 29(59,(:&DFWXV� LV� DQ� RSHQ�VRXUFH� SUREOHP� VROYLQJ� HQYLURQPHQW� GHVLJQHG� IRU� VFLHQWLVWV� DQG� HQJLQHHUV�� 7KH&DFWXV�FRGH�ZDV�RULJLQDOO\�GHYHORSHG�WR�SURYLGH�D�IUDPHZRUN�IRU�WKH�QXPHULFDO�VROXWLRQ�RI�(LQVWHLQ
VHTXDWLRQV��RQH�RI�WKH�PRVW�FRPSOH[�VHWV�RI�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV�LQ�SK\VLFV�1RZ��&DFWXV�KDV� HYROYHG� LQWR� D� JHQHUDO� SXUSRVH�� RSHQ�VRXUFH� HQYLURQPHQW� WKDW� SURYLGHV� D� XQLILHG�PRGXODU�DQG�SDUDOOHO�FRPSXWDWLRQDO�IUDPHZRUN�IRU�VFLHQWLVWV�DQG�HQJLQHHUV�7KH�QDPH�&DFWXV�FRPHV�IURP�WKH�GHVLJQ�RI�D�FHQWUDO�FRUH��ZKLFK�FRQQHFWV�WR�DSSOLFDWLRQ�PRGXOHV���RUWKRUQV� �� WKURXJK� DQ� H[WHQVLEOH� LQWHUIDFH�� 7KRUQV� FDQ� LPSOHPHQW� FXVWRP�GHYHORSHG� VFLHQWLILF� RUHQJLQHHULQJ� DSSOLFDWLRQV�� VXFK� DV� WKH� (LQVWHLQ� VROYHUV�� RU� RWKHU� DSSOLFDWLRQV� VXFK� DV� FRPSXWDWLRQDOG\QDPLFV��7KHUH�H[LVWV�D�VWDQGDUG�FRPSXWDWLRQDO�WRRONLW��FRQVLVWLQJ�RI�WKRUQV�ZKLFK�SURYLGH�D�UDQJH�RIFDSDELOLWLHV��VXFK�DV�SDUDOOHO�,�2��GDWD�GLVWULEXWLRQ��RU�FKHFNSRLQWLQJ�
7KH�PDLQ�IHDWXUHV�RI�&DFWXV��ZKLFK�PLJKW�EH�XVHIXO��DUH�x SRUWDELOLW\�x D�PHFKDQLVP�IRU�EXLOGLQJ�GLVWULEXWHG�SDUDOOHO�VLPXODWLRQV�x FRPPXQLFDWLRQ�RSWLPL]DWLRQ�WHFKQLTXHV�x PXOWLODQJXDJH�VXSSRUW�x PRGXODULW\�WKDW�DOORZV�IRU�FROODERUDWLRQ�EHWZHHQ�PDQ\�FRGH�GHYHORSHUV�x D�PHFKDQLVP�RI�FKHFNSRLQWLQJ�GLVWULEXWHG�VLPXODWLRQV�RQ�WKH�*ULG�x D�XQLILHG�,2�LQWHUIDFH�x UHPRWH�PRQLWRULQJ�DQG�VWHHULQJ�RI�WKH�VLPXODWLRQ�x UHPRWH�RQOLQH�GDWD�VWUHDPLQJ�DQG�YLVXDOL]DWLRQ�
���� 3257$%,/,7<&DFWXV�IRUPV�DQ�DGGLWLRQDO�OD\HU�RQ�WRS�RI�WKH�*ULG��SURYLGLQJ�D�SURJUDPPLQJ�LQWHUIDFH�ZKLFK�DOORZVWKH�XVHU�WR�EH�LJQRUDQW�RI�WKH�QDWXUH�RI�WKH�PDFKLQH�RU�PDFKLQHV�WKDW�WKH�VLPXODWLRQ�UXQV�RQ��7KH�FRGHHQDEOHV� DFFHVV� WR� *ULG� UHVRXUFHV� VXFK� DV� GLVWULEXWHG� ,�2� DQG� SDUDOOHOL]DWLRQ� DFURVV� DQ\� QXPEHU� RIVXSHUFRPSXWHUV�ZLWK�SUHFLVHO\�WKH�VDPH�LQWHUIDFH�DV�LW�GRHV�WR�WKH�UHVRXUFHV�RI�D�VLQJOH�PDFKLQH�
���� ',675,%87('�3$5$//(/�6,08/$7,2163DUDOOHOLVP�LV�DFKLHYHG�E\�KLGLQJ�WKH�GULYHU�OD\HU�DQG�IHDWXUHV�VXFK�DV�WKH�FRPPXQLFDWLRQ�DQG�FDOOLQJLQWHUIDFH�XQGHU�D�VLPSOH�JHQHUDO�SXUSRVH�$3,��7KH�H[DFW�PHWKRG�XVHG�WR�SURYLGH�SDUDOOHOL]DWLRQ��H�J�03,�� 390�� LV� QRW� XVXDOO\� LPSRUWDQW� IRU� WKH� WKRUQ� ZULWHU� VLQFH� WKH� WKRUQ� GULYHU� SURYLGHV� URXWLQHV�ZKLFK�DUH�FDOOHG�E\�VWDQGDUG�LQWHUIDFHV�IURP�WKH�IOHVK��6DPSOH�URXWLQHV�DUH�VKRZQ�EHORZ�

x &&7.BQ3URFV���UHWXUQV�WKH�QXPEHU�RI�SURFHVVRUV�EHLQJ�XVHGx &&7.B0\3URF���UHWXUQV�WKH�SURFHVVRU�QXPEHUx &&7.B6\QF*URXS���V\QFKURQL]HV�D�JURXS�RI�YDULDEOHV�E\�H[FKDQJLQJ�WKH�YDOXHV�KHOG�LQ�HDFKSURFHVVRU¶V�JKRVW]RQHV�ZLWK�WKH�SK\VLFDO�YDOXHV�RI�LWV�QHLJKERUVx &&7.B%DUULHU���ZDLWV�IRU�DOO�SURFHVVRUV�WR�UHDFK�WKLV�SRLQW�EHIRUH�SURFHHGLQJ�
'LIIHUHQW� WKRUQV� FDQ� EH� XVHG� WR� LPSOHPHQW� GLIIHUHQW� SDUDOOHO� SDUDGLJPV�� VXFK� DV� 390�� 3WKUHDGV�2SHQ03��&25%$��HWF��&DFWXV�FDQ�EH� FRPSLOHG�ZLWK� DV�PDQ\� GULYHU� WKRUQV� DV� UHTXLUHG� �VXEMHFW� WRDYDLODELOLW\���ZLWK�WKH�RQH�DFWXDOO\�XVHG�FKRVHQ�E\�WKH�XVHU�DW�UXQWLPH�WKURXJK�D�SDUDPHWHU�ILOH�
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7KH�VWDQGDUG� WKRUQ�GULYHU� LV�FXUUHQWO\�38*+�� �IURP�WKH�&DFWXV38*+�SDFNDJH���ZKLFK� LV�D�SDUDOOHO8QLJULG�GULYHU��38*+�SURYLGHV�GLVWULEXWLRQ�RI�FRPSXWDWLRQDO�JULGV�RYHU� D�QXPEHU�RI�SURFHVVRUV�� DVZHOO�DV�JULG�GHFRPSRVLWLRQ��DQG�SDUDOOHOL]DWLRQ�
%\�GHIDXOW��38*+�GLVWULEXWHV�WKH�FRPSXWDWLRQDO�JULG�HYHQO\�DFURVV�DOO�SURFHVVRUV��7KH�FRPSXWDWLRQDOJULG�FDQ�EH�PDQXDOO\�SDUWLWLRQHG�LQ�D�UHJXODU�ZD\��&DFWXV�DOVR�SURYLGHV�D� WKRUQ�FDOOHG�38*+,QWHUS�ZKLFK�LPSOHPHQWV�LQWHUSRODWLRQ�RSHUDWRUV�ZRUNLQJ�RQ�UHJXODU��XQLIRUP�&DUWHVLDQ�JULGV��7KHUH�LV�DOVR�D38*+5HGXFH� WKRUQ� WKDW� UHJLVWHUV� D� QXPEHU� RI� UHGXFWLRQ� RSHUDWRUV� ZLWKLQ� WKH� IOHVK� �VXFK� DV� WKHPD[LPXP� RU� PLQLPXP� RI� D� FRPSXWDWLRQDO� JULG� YDULDEOH��� 2QH� GLVDGYDQWDJH� RI� WKH� ZD\� LQ� ZKLFKSDUDOOHOL]DWLRQ� LV� DFKLHYHG� LQ� &DFWXV� LV� LWV� OLPLWHG� IOH[LELOLW\�� 7KH� DSSOLFDWLRQ� SURJUDPPHU� KDV� WKHDELOLW\�WR�SDUDOOHOL]H�SUREOHPV�XVLQJ�GRPDLQ�GHFRPSRVLWLRQ�RQ�D�FRPSXWDWLRQDO�JULG��ZKLFK�GRHV�QRWFRYHU�DOO�SDUDOOHOL]DWLRQ�WHFKQLTXHV��VXFK�DV�SDUDPHWHU�VWXG\�RU�IXQFWLRQDO�GHFRPSRVLWLRQ��
7R�WKH�EHVW�RI�RXU�NQRZOHGJH��&DFWXV�FDQ�EH�VXLWDEOH�IRU�/DWWLFH�%ROW]PDQQ�PHWKRGV��:3������,W�LV�QRWFOHDU��KRZHYHU�� LI� WKLV�IXQFWLRQDOLW\� LV�VXIILFLHQW� IRU�:3����DV�ZHOO�DV�IRU�RWKHU�DSSOLFDWLRQV��L�H�� WKHIORRG�FRQWURO�DSSOLFDWLRQ��
,Q�RUGHU�WR�SHUIRUP�GLVWULEXWHG�&DFWXV�VLPXODWLRQV�RQ�WKH�*ULG��WKH�38*+�WKRUQ�LV�VLPSO\�OLQNHG�WR�WKH*ULG�HQDEOHG�03,&+�*�LPSOHPHQWDWLRQ�RI�03,��ZKLFK�FRPHV�EXQGOHG�ZLWK�WKH�*OREXV�WRRONLW��7KXV�SUHSDULQJ�D�*ULG�HQDEOHG�YHUVLRQ�RI�&DFWXV�LV�D�FRPSLODWLRQ�FKRLFH��DQG�LW� LV�FRPSOHWHO\� WUDQVSDUHQWIRU�DSSOLFDWLRQ�WKRUQ�SURJUDPPHUV�ZKR�ZLVK�WR�DGG�WKHLU�RZQ�FRGH�WR�D�*ULG�HQDEOHG�&DFWXV��8VLQJWKH�*OREXV�MRE�VXEPLVVLRQ�WRROV��&DFWXV�XVHUV�FDQ�VWDUW�WKHLU�&DFWXV�UXQV�LQ�D�*ULG�HQYLURQPHQW�MXVW�DVHDVLO\�DV�WKH\�GR�RQ�D�VLQJOH�PDFKLQH�
���� &20081,&$7,21�237,0,=$7,21�86('�,1�&$&786:KHQ�RSHUDWLQJ� LQ� D�PHWDFRPSXWLQJ�HQYLURQPHQW�� RQH�KDV� WR� GHDO�ZLWK� GLIIHUHQW� W\SHV� RI� QHWZRUNV�VKDUHG�PHPRU\�� GLVWULEXWHG�PHPRU\�� KLJK�VSHHG� QHWZRUN�� /$1�� :$1�,QWHUQHW�� ZLWK� GLIIHUHQWODWHQF\�EDQGZLGWK�FKDUDFWHULVWLFV��&DFWXV�KDV�WKH�DELOLW\�WR�GLVWLQJXLVK�DPRQJ�WKHVH�GLIIHUHQW�W\SHV�RIQHWZRUN�FRQQHFWLRQV�LQ�RQH�VLQJOH�GLVWULEXWHG�UXQ�DQG�LW�FDQ�WXQH�FRPPXQLFDWLRQ�SDWWHUQV�DGHTXDWHO\�)RU�H[DPSOH��LI�D�QHWZRUN�KDV�KLJK�ODWHQF\�WLPHV�EXW�DOVR�KLJK�EDQGZLGWK��PDQ\�VPDOO�PHVVDJHV�FDQEH�FRDOHVFHG�LQWR�IHZHU�ODUJHU�RQHV�
03,&+�*�� DOUHDG\� SURYLGHV� VRPH� RI� WKLV� IXQFWLRQDOLW\�� DV� LW� FDQ� GLVWLQJXLVK� EHWZHHQ� SURFHVVRUVORFDWHG�RQ�RQH�KRVW��ZLWK�QDWLYH�03,�LQVWDOOHG��DQG�SURFHVVRUV�VHSDUDWHG�E\�D�/$1�RU�:$1��7KHQ�DFFRUGLQJ�WR�WKH�ORFDWLRQV�RI�WKH�FRPSXWLQJ�QRGHV��03,&+�*��FDQ�FKRRVH�GLIIHUHQW�SURWRFROV��7&3�RUYHQGRU
V�03,��IRU�FRPPXQLFDWLRQ�LQ�RQH�VLQJOH�GLVWULEXWHG�SDUDOOHO�UXQ�
$QRWKHU�DVSHFW�LV�ORDG�EDODQFLQJ��6LQFH�GLIIHUHQW�DUFKLWHFWXUHV�SURYLGH�GLIIHUHQW�W\SHV�RI�SURFHVVRUV�DWGLIIHUHQW� VSHHGV�� &DFWXV� KDV� WKH� DELOLW\� WR� GHFRPSRVH� WKH� ZKROH� FRPSXWDWLRQDO� SUREOHP� LQWRVXESUREOHPV�RI�GLIIHUHQW�VL]HV��HDFK�RI�ZKLFK�PDWFKHV�D�ORFDO�SURFHVVRU¶V�SRZHU�
���� 08/7,/$1*8$*(�6833257&DFWXV�$3,�VXSSRUWV�&�&���DQG�)���)���SURJUDPPLQJ�ODQJXDJHV�IRU�WKH�WKRUQV��7KLV�PDNHV�LW�HDVLHUIRU� VFLHQWLVWV� WR� WXUQ� H[LVWLQJ� FRGH� LQWR� WKRUQV�� ZKLFK� FDQ� WKHQ� PDNH� XVH� RI� WKH� FRPSOHWH� &DFWXVLQIUDVWUXFWXUH��DQG�LQ�WXUQ�EH�XVHG�E\�RWKHU�WKRUQV�ZLWKLQ�&DFWXV�

���� 02'8/$5,7<
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$� WKRUQ� LV� WKH�EDVLF�ZRUNLQJ�PRGXOH�ZLWKLQ�&DFWXV��$OO�XVHU�VXSSOLHG�FRGH�JRHV� LQWR� WKRUQV��ZKLFKDUH��E\�DQG�ODUJH��LQGHSHQGHQW�RI�HDFK�RWKHU��7KRUQV�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�YLD�FDOOV�WR�WKH�IOHVK$3,��SOXV��RFFDVLRQDOO\��YLD�FXVWRP�$3,V�RI�RWKHU�WKRUQV�
2QH� RI� WKH� NH\� FRQFHSWV� ZKLFK� UHODWHV� WR� WKRUQV� LV� WKH� FRQFHSW� RI� LPSOHPHQWDWLRQ�� 5HODWLRQVKLSVDPRQJ�WKRUQV�DUH�DOO�EDVHG�XSRQ�UHODWLRQVKLSV�DPRQJ�WKH�LPSOHPHQWDWLRQV�WKH\�SURYLGH��,Q�SULQFLSOH��LWVKRXOG�EH�SRVVLEOH� WR� VZDS�RQH� WKRUQ�SURYLGLQJ� DQ� LPSOHPHQWDWLRQ� IRU� DQRWKHU� WKRUQ�SURYLGLQJ� WKDWLPSOHPHQWDWLRQ��ZLWKRXW� DIIHFWLQJ� DQ\�RWKHU� WKRUQ��$Q� LPSOHPHQWDWLRQ� GHILQHV� D� JURXS� RI� YDULDEOHVDQG�SDUDPHWHUV��ZKLFK�DUH�XVHG�WR�LPSOHPHQW�VRPH�IXQFWLRQDOLW\�
)RU�H[DPSOH��WKH�&DFWXV38*+�38*+�WKRUQ�SURYLGHV�DQ�LPSOHPHQWDWLRQ�GULYHU��7KLV�LPSOHPHQWDWLRQLV�UHVSRQVLEOH�IRU�SURYLGLQJ�PHPRU\�IRU�JULG�YDULDEOHV�DQG�IRU�FRPPXQLFDWLRQ��$QRWKHU�WKRUQ�FDQ�DOVRLPSOHPHQW� D�GULYHU�� DQG�ERWK� WKRUQV�FDQ�EH� FRPSLOHG� LQ�DW� WKH� VDPH�WLPH��$W� UXQWLPH�� WKH�XVHU�FDQGHFLGH�ZKLFK�GULYHU� WKRUQ� LV� XVHG��1R�RWKHU� WKRUQ� VKRXOG� EH� DIIHFWHG� E\� WKLV� FKRLFH��:KHQ�D� WKRUQGHFLGHV�LW�QHHGV�DFFHVV�WR�D�YDULDEOH�RU�D�SDUDPHWHU�SURYLGHG�E\�DQRWKHU�WKRUQ��LW�GHILQHV�D�UHODWLRQVKLSEHWZHHQ�LWVHOI�DQG�WKH�RWKHU�WKRUQ
V�LPSOHPHQWDWLRQ��QRW�H[SOLFLWO\�ZLWK�WKH�RWKHU�WKRUQ��7KLV�DOORZV�WKHWUDQVSDUHQW�UHSODFHPHQW��DW�FRPSLOH�WLPH�RU�DW�UXQWLPH���RI�RQH�WKRUQ�ZLWK�DQRWKHU�WKRUQ�SURYLGLQJ�WKHVDPH�IXQFWLRQDOLW\��ZLWK�UHVSHFW�WR�RWKHU�WKRUQV��
���� &+(&.32,17,1*�',675,%87('�6,08/$7,216�21�7+(�*5,'7KH�&DFWXV�IUDPHZRUN�SURYLGHV�D�FURVV�SODWIRUP�FKHFNSRLQWLQJ�PHFKDQLVP��,Q�JHQHUDO��FKHFNSRLQWLQJWHFKQRORJ\�DOORZV�WKH�XVHU�WR�IUHH]H�WKH�VWDWH�RI�DQ�DSSOLFDWLRQ�E\�ZULWLQJ�D�FKHFNSRLQW�ILOH�WR�D�GLVN�IURP�ZKLFK�WKH�DSSOLFDWLRQ�FDQ�EH�UHVWRUHG�DQG�FRQWLQXHG�DW�D�ODWHU�WLPH�
,Q�&DFWXV��D�FKHFNSRLQW� LV�QRW� MXVW�D�PHPRU\� LPDJH�RI� WKH�DSSOLFDWLRQ�ZULWWHQ� WR�GLVN� �DV� LQ�VHYHUDORWKHU�FKHFNSRLQWLQJ�V\VWHPV���EXW�UDWKHU�WKH�WRWDO�VHW�RI�XVHU�GHILQHG�REMHFWV��YDULDEOHV��VFDODUV��HWF���:KLOH� PHPRU\� LPDJHV� WHQG� WR� EH� TXLWH� ODUJH� DQG� DUH� RQO\� FRPSDWLEOH� ZLWKLQ� WKH� VDPH� FODVV� RIRSHUDWLQJ�V\VWHPV�DQG�DUFKLWHFWXUHV��WKH�&DFWXV�DSSURDFK�DOORZV�IRU�VPDOOHU��DUFKLWHFWXUH�LQGHSHQGHQWFKHFNSRLQWV�� 7KH� FURVVSODWIRUP� FKHFNSRLQWV� RI� &DFWXV� FDQ� EH� WUDQVIHUUHG� EHWZHHQ� DUELWUDU\DUFKLWHFWXUHV�� RSHUDWLQJ� V\VWHPV�DQG�QXPEHUV� RI�SURFHVVRUV��ZKLOH� VWLOO�PDNLQJ� LW� SRVVLEOH� WR� UHVWDUWDQG�FRQWLQXH�VLPXODWLRQV�
7KH�FKHFNSRLQWLQJ�PHFKDQLVP�LV�WUDQVSDUHQW�WR�WKH�XVHU��ZKR�FDQ�UHTXHVW�FKHFNSRLQWV�WR�EH�ZULWWHQ�DWUHJXODU�WLPHVWHS�LQWHUYDOV��DW�WKH�HQG�RI�WKH�UHTXHVWHG�FRPSXWH�WLPH�DOORFDWLRQ��RU�� WKURXJK�D�VWHHULQJLQWHUIDFH�� LPPHGLDWHO\� DW� WKH� FXUUHQW� WLPHVWHS�� $OO� RI� WKH� LQWHUQDO� WHFKQLFDOLWLHV� RI� SDUDOOHO� ,�2� DUHFRQFHDOHG�IURP�WKH�XVHU�
7KH�XVHU�FDQ�FRQWURO�FKHFNSRLQW�EHKDYLRU��VXFK�DV� IUHTXHQF\�RI�SDUDOOHO� ,�2�� E\�PHDQV� RI� VWHHUDEOHSDUDPHWHUV�
7KH�FKHFNSRLQW�PHFKDQLVP�FDQ�FUHDWH�D�VLQJOH��JOREDO�FKHFNSRLQW�ILOH�DV�ZHOO�DV�PXOWLSOH�FKHFNSRLQWILOHV�IRU�HDFK�RI�WKH�GLVWULEXWHG�PDFKLQHV��7KH�PHFKDQLVP�PDNHV�XVH�RI�SDUDOOHO�,�2�ZKHUHYHU�SRVVLEOH�:KHQ�UHVWDUWLQJ��WKH�PXOWLSOH�FKHFNSRLQW�ILOHV�FDQ�EH�UHFRPELQHG�LQWR�D�VLQJOH�ILOH��ZKLFK�FDQ�WKHQ�EHXVHG� WR� UHVWDUW� WKH� VLPXODWLRQ� RQ� DQ� DUELWUDU\� VHW� RI� PDFKLQHV�� 7KH� SDUDOOHO� UHVWDUW� RSHUDWLRQ� IURPPXOWLSOH� ILOHV� LV� FXUUHQWO\� UHVWULFWHG� WR� WKH� VDPH� WRSRORJ\�RI�PDFKLQHV�� �+RZHYHU�� LW� LV� JRLQJ� WR� EHH[WHQGHG�LQ�WKH�IXWXUH�
:LWK�UHVSHFW�WR�GLVWULEXWHG�VLPXODWLRQV��D�&DFWXV�XVHU�KDV�WKH�DELOLW\�WR�SHUIRUP�D�GLVWULEXWHG�UXQ�DQGFKHFNSRLQW�WKLV�VLPXODWLRQ�HYHQ�LI� LV�LW�EHLQJ�UXQ�RQ�D�KHWHURJHQHRXV�PDFKLQH� VHW��$�FKHFNSRLQW�ILOHFDQ�WKHQ�EH�WUDQVIHUUHG�WR�D�QHZ�FRQILJXUDWLRQ�RI�PDFKLQHV�WR�FRQWLQXH�WKH�VLPXODWLRQ��7KH�QHZ�SRRO



5(9,(:�2)�7(&+12/2*,(6�)25�,17(5$&7,9(�',675,%87('�$1'�3$5$0(7(5�678'<�6,08/$7,21621�$�*5,'

&RQILGHQWLDO �� ����

RI�PDFKLQHV�FDQ�GLIIHU�IURP�WKH�SUHYLRXV�RQH�LQ�W\SH�DQG�QXPEHU�RI�PDFKLQHV�LQYROYHG�DV�ZHOO�DV�WKHQXPEHU�RI�SURFHVVRUV�
���� 81,),('�,�2�,17(5)$&(
7KH� IOHVK� SURYLGHV� D� UXQWLPH� LQWHUIDFH� IRU� DUELWUDU\� ,�2� WKRUQV� WR� UHJLVWHU� WKHLU� RZQ�� VSHFLILF� ,�2PHWKRGV��7KHVH�PHWKRGV�FDQ�WKHQ�LQ�WXUQ�EH�LQYRNHG�E\�WKH�XVHU�RU�E\�DQ\�DSSOLFDWLRQ�WKRUQ�WR�UHDGH[WHUQDO� GDWD� LQWR�&DFWXV� YDULDEOHV� RU� GXPS� WKHLU� FRQWHQWV� WR� D� VWRUDJH�PHGLXP� IRU� SRVWSURFHVVLQJDQDO\VLV�DQG�YLVXDOL]DWLRQ�SXUSRVHV�
7KH�,�2�WKRUQV�FXUUHQWO\�DYDLODEOH�LQ�WKH�FRPSXWDWLRQDO�WRRONLW�SURYLGH�PHWKRGV�IRU�ZULWLQJ�VLPXODWLRQGDWD�LQ�GLIIHUHQW�IRUPDWV���'�WUDFHOLQH�SORWV���'�VOLFHV�DQG�-3(*�LPDJHV��IXOO�1�GLPHQVLRQDO�DUUD\V�DUELWUDU\� K\SHUVODEV� RI� 1�GLPHQVLRQDO� DUUD\V�� UHGXFWLRQ� VFDODUV� �H�J�� PLQLPXP�PD[LPXP� YDOXHV��LVRVXUIDFH� JHRPHWU\� GDWD�� SDUWLFOH� WUDMHFWRULHV�� UXQWLPH� VWDQGDUG� RXWSXW��� DOVR� XVLQJ� GLIIHUHQW� ,�2OLEUDULHV� �)OH[,2��+')��� -3(*��$6&,,��� )XUWKHU�PHWKRGV� RU� OLEUDULHV� FDQ� HDVLO\� EH� DGGHG� E\� WKRUQSURJUDPPHUV��&DFWXV�XVHV�WKH�+LHUDUFKLFDO�'DWD�)RUPDW�YHUVLRQ����+')����ZKLFK�GHILQHV�D� IOH[LEOHILOH�IRUPDW�DQG�SURYLGHV�D�VRIWZDUH�OLEUDU\�IRU�PDQDJLQJ�DUELWUDU\�PXOWLGLPHQVLRQDO�GDWDVHWV�RI�YDULRXVW\SHV��5DZ�GDWD�DFFHVV�LV�DFFRPSOLVKHG�YLD�D�JHQHULF�9LUWXDO�)LOH�'ULYHU��9)'��OD\HU�LQ�+')��
%HQHDWK� WKLV�DEVWUDFWLRQ� OD\HU�H[LVWV�D� VHW�RI� ORZ�OHYHO� ,�2� GULYHUV��ZKLFK�SURYLGH� GLIIHUHQW�ZD\V�RIDFFHVVLQJ�WKH�UDZ�GDWD�RI�DQ�+')��ILOH��HLWKHU�ORFDWHG�RQ�D�ORFDO�GLVN�RU�RQ�RWKHU�VWRUDJH�PHGLD��2QHGULYHU�ZRUWK�PHQWLRQLQJ�LV�WKH�*$66��*OREDO�$FFHVV�WR�6HFRQGDU\�6WRUDJH��GULYHU�WKDW�DXWRPDWLFDOO\GRZQORDGV� FRPSOHWH� UHPRWH� ILOHV� WR� WKH� ORFDO� PDFKLQH� DQG� WKHQ� RSHUDWHV� RQ� WKHLU� ORFDO� FRSLHV� YLDVWDQGDUG�81,;�ILOH�,�2�FDOOV��7KLV�PHWKRG�LV�IHDVLEOH�IRU�VPDOO�RU�PHGLXP�VL]HG�GDWD�ILOHV�
)RU� DFFHVVLQJ� GDWD� LQ� YHU\� ODUJH� ILOHV�� DV� ZHOO� DV� IRU� DFFHVVLQJ� SDUWV� RI� ILOHV�� &DFWXV� DGGV� LWV� RZQGULYHUV�ZKLFK�HQKDQFH�WKH�+')��9)'�OD\HU�ZLWK�D�GULYHU�WKDW�EXLOGV�RQ�WRS�RI�WKH�'DWD�*ULG�VRIWZDUHFRPSRQHQWV� IURP� WKH�*OREXV� WRRONLW��&XUUHQWO\�� WKH�'DWD�*ULG� FOLHQW� VRIWZDUH� RQO\� VXSSRUWV� UHPRWHSDUWLDO�ILOH�DFFHVV�WR�'LVWULEXWHG�3DUDOOHO�6WRUDJH�6\VWHPV��'366��
)LOHV�DUH�XQLTXHO\�DGGUHVVHG�E\� WKHLU�85/V��DQG�DIWHU�WKH\�DUH�RSHQHG�E\� WKH�DSSURSULDWH�GULYHU�� DOOUHDG� DQG� ZULWH� RSHUDWLRQV� DUH� SHUIRUPHG� DV� QHWZRUN� WUDQVDFWLRQV� RQ� WKH� *ULG�� WUDQVSDUHQW� WR� WKHDSSOLFDWLRQ�� ,QGLYLGXDO� WLPHVWHSV�DQG�]RQHV�RI� LQWHUHVWLQJ�GDWD� FDQ� EH� UHDG� DQG�YLVXDOL]HG�XVLQJ� WKHGDWD�VHOHFWLRQ�FDSDELOLWLHV�RI�+')��
&DFWXV�GHYHORSHUV�FODLP�WKDW�UHPRWH�DFFHVV�WR�ILOHV�WKDW�DUH�ORFDWHG�RQ�WKH�*ULG�ZLOO�VRRQ�EH�SURYLGHGE\�D�*ULG)73�GULYHU�WKDW�VXSSRUWV�WKH�VWDQGDUG�)73�SURWRFRO��HQKDQFHG�ZLWK�SDUWLDO�ILOH�DFFHVV��SDUDOOHOVWUHDPLQJ�FDSDELOLWLHV��DQG�*ULG�VHFXULW\�PHFKDQLVPV�
7KH\� DOVR� SODQ� WR� DFFHVV� DQG� WUDQVIHU� GLVWULEXWHG� GDWD� VHWV� DV� FRQVLVWHQW� VLQJOH� ILOHV�� XVLQJ� D� JOREDODGGUHVV�VSDFH�ZLWK�SRLQWHUV�WR�SLHFHV�ORFDWHG�LQ�YDULRXV�SODFHV��XVLQJ�WKH�*OREXV�'DWD*ULG�WRROV��
���� 5(027(�21/,1(�'$7$�675($0,1*�$1'�9,68$/,=$7,21&DFWXV�DOVR�SURYLGHV� WKH�DELOLW\� WR� VWUHDP�RQOLQH�GDWD� IURP�D� UXQQLQJ� VLPXODWLRQ�YLD�7&3�,3�VRFNHWFRPPXQLFDWLRQV�� &XUUHQWO\�� LW� LV� XVHG� IRU� UHPRWH� YLVXDOL]DWLRQ�� 0XOWLSOH� YLVXDOL]DWLRQ� FOLHQWV� FDQFRQQHFW� WR� D� UXQQLQJ� &DFWXV� H[HFXWDEOH� YLD� D� VRFNHW� IURP� DQ\� UHPRWH� PDFKLQH� RQ� WKH� *ULG�� WKHQUHTXHVW�DUELWUDU\�GDWD�IURP�WKH�UXQQLQJ�VLPXODWLRQ��DQG�GLVSOD\�VLPXODWLRQ�UHVXOWV�LQ�UHDO�WLPH��7KLV�FDQEH�GRQH�LQ�WZR�ZD\V��E\�D�+773�FRQWURO�LQWHUIDFH�RU�WKURXJK�VRFNHW�FRQQHFWLRQV�
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������ +773�FRQWURO�LQWHUIDFH2QH�RI�WKH�PHWKRGV�PHQWLRQHG�DERYH�LV�DFFHVVLQJ�&DFWXV�RXWSXW�ILOHV�ZKHQ�WKH\�DUH�EHLQJ�ZULWWHQ�E\WKH� UXQQLQJ� VLPXODWLRQ�� 7KRVH� ILOHV� DUH� UHJLVWHUHG� ZLWK� WKH� +773� FRQWURO� LQWHUIDFH� �DV� GHVFULEHGEHORZ�� DQG� FDQ� EH� GRZQORDGHG� WR� DQ\�:HE� EURZVHU�� )RU� H[DPSOH�� VLPSOH� �'� GDWD� JUDSKV� FDQ� EHYLHZHG�E\�VLPSO\�FOLFNLQJ�RQ�D�GRZQORDGHG�ILOH�DQG�ILULQJ�RII�D�JUDSKLFDO�SURJUDP��VXFK�DV�[JUDSK�RUJQXSORW���7ZR�GLPHQVLRQDO�-3(*�LPDJHV�FDQ�EH�YLHZHG�GLUHFWO\� LQ� D�:HE�EURZVHU�� DQG�FRQWLQXRXVWLPH�VHTXHQFHV�RI�-3(*V�FDQ�EH�GLVSOD\HG�XVLQJ�WKH�DXWR�UHIUHVK�RSWLRQ�RI�WKH�EURZVHUV�ZKLFK�VXSSRUWLW������� 6RFNHW�FRQQHFWLRQ$�PRUH�VRSKLVWLFDWHG�ZD\�LV�WR�LPSOHPHQWV�D�SURSULHWDU\�FRPPXQLFDWLRQ�SURWRFRO�IRU�VHQGLQJ�VSHFLILFJHRPHWU\� GDWD� VXFK� DV� LVRVXUIDFHV� RU� SDUWLFOH� WUDMHFWRULHV� WKURXJK� D� UDZ� VRFNHW� FRQQHFWLRQ� WR� DYLVXDOL]DWLRQ� SURJUDP�� 3UHFRPSXWLQJ� VXFK� GDWD� DW� WKH� VLPXODWLRQ� VLGH� QRW� RQO\� DOORZV� IRU� SDUDOOHOUHQGHULQJ� RI� LPDJHV� EXW� DOVR� UHGXFHV� WKH� DPRXQW� RI� GDWD� WR� EH� WUDQVIHUUHG� WR� UHPRWH� YLVXDOL]DWLRQFOLHQWV��VXFK�DV�2SHQ';��$96�RU�$PLUD��
7KH�DSSURDFK�IRU�VWUHDPLQJ�DUELWUDU\�GDWD�RI�DQ\�W\SH�LV�EDVHG�RQ�WKH�+')���,�2�OLEUDU\�DQG�LWV�9)'OD\HU��&DFWXV�SURYLGHV�D�6WUHDP�GULYHU�ZKLFK�KROGV�WKH�+')��GDWD� WR�EH�VWUHDPHG�RXW�RI� WKH�&DFWXVVLPXODWLRQ�DV�DQ�LQ�PHPRU\�+')��ILOH��8SRQ�DFWLYDWLRQ��WKH�HQWLUH�ILOH�LV�VHQW�WKURXJK�D�VRFNHW�WR�WKHFRQQHFWHG�FOLHQW��,Q�WKH�FOLHQW�DSSOLFDWLRQ��WKH�VDPH�GULYHU�LV�XVHG�WR�UHFRQVWUXFW�WKH�ILOH�ZKLFK�WKHQ�FDQEH� DFFHVVHG� LQ� XVXDO�ZD\V� WR� UHDG� WKH�+')��GDWDVHWV��6LQFH� WKH�9)'� OD\HU� KLGHV� DOO� ORZ�OHYHO� ,�2RSHUDWLRQV�IURP�WKH�XSSHU�OD\HUV�RI�WKH�+')��OLEUDU\�DQG�IURP�WKH�DSSOLFDWLRQ�WKDW�RSHUDWHV�RQ�WRS�RILW��DSSOLFDWLRQV�FDQ�XVH�WKHLU�H[LVWLQJ�+')��ILOH�EDVHG�,�2�PHWKRGV�LPPHGLDWHO\�IRU�RQOLQH�UHPRWH�GDWDDFFHVV� ZLWKRXW� FKDQJLQJ� WKHLU� ,�2� LQWHUIDFHV�� 7KH� 6WUHDP� GULYHU� LV� FDSDEOH� RI� VHQGLQJ� GDWDVLPXOWDQHRXVO\�WR�PXOWLSOH�FOLHQWV�
&DFWXV�GHYHORSHUV� DUH�ZRUNLQJ�RQ�D�GHVLJQ� IRU� D�SURWRFRO� DQG�GDWD� VHUYHU� WKDW�ZLOO� KDQGOH�PXOWLSOHFOLHQWV��ZKLOH�DOVR�EHLQJ�DEOH�WR�VHUYH�UHTXHVWV�LQGLYLGXDOO\�
����� 5(027(�021,725,1*�$1'�67((5,1*5HPRWH�PRQLWRULQJ�DQG�VWHHULQJ�FDQ�DOVR�EH�GRQH�LQ�WZR�ZD\V��WKRUQ�+773'�DQG�VWUHDP�GULYHU�������� 7KRUQ�+773'7KH�&RPSXWDWLRQDO�7RRONLW�FRQWDLQV�D� WKRUQ�+773'� WKDW�FDQ�EH� DGGHG� WR� DQ\�&DFWXV�VLPXODWLRQ� LQRUGHU� WR�SURYLGH� DQ� LQEXLOW�+773� VHUYHU��$Q\� QXPEHU� RI� FROODERUDWRUV� FDQ� FRQQHFW� WR�PRQLWRU� DQGVWHHU�WKH�VLPXODWLRQ�RQOLQH�MXVW�E\�SRLQWLQJ�WKHLU�:HE�EURZVHUV�WR�D�85/�ZKLFK�LGHQWLILHV�D�&DFWXV�MREUXQQLQJ� RQ� D� UHPRWH� PDFKLQH�� 7KH� �SURYLGHG�� &DFWXV�:HE� LQWHUIDFH� DOORZV� XVHUV� WR� TXHU\� FHUWDLQLQIRUPDWLRQ� GHVFULELQJ� WKH� UXQ�� VXFK� DV� WKH� FXUUHQW� LWHUDWLRQ� VWHS�� D� OLVW� RI� DYDLODEOH� WKRUQV� DQGYDULDEOHV�� DQG� D� IXOO� GHVFULSWLRQ� RI� DOO� SDUDPHWHUV� DQG� WKHLU� FXUUHQW� VHWWLQJV�� 8SRQ� VXFFHVVIXODXWKRUL]DWLRQ�D�XVHU�FDQ�DOVR�LQWHUDFWLYHO\�FKDQJH�SDUDPHWHUV�WKDW�DUH�PDUNHG�DV�VWHHUDEOH��:LWKLQ�HDFKVLPXODWLRQ� F\FOH� WKHVH� SDUDPHWHUV� DUH� FKHFNHG�� DQG� WKH� DSSURSULDWH� WKRUQV� PD\� UHDFW� WR� FKDQJHVLQGLYLGXDOO\��0RVW�RI�WKH�,�2�SDUDPHWHUV�DUH�VWHHUDEOH��7KLV�HQDEOHV�XVHUV� WR�VHOHFWLYHO\�VZLWFK�RQ�RURII� VSHFLILF� RXWSXW� DW� UXQWLPH�� G\QDPLFDOO\� FKRRVLQJ� ZKLFK� YDULDEOHV� DUH� RXWSXW� XVLQJ� ZKLFK� ,�2PHWKRGV�
,�2� RSWLRQV� VXFK� DV� K\SHUVODEELQJ� RU� GRZQVDPSOLQJ� SDUDPHWHUV� PD\� DOVR� EH� PRGLILHG� LQ� RUGHU� WRDGMXVW�RQOLQH� GDWD� VWUHDPLQJ� WR� UHPRWH� YLVXDOL]DWLRQ� FOLHQWV��7KH�:HE� LQWHUIDFH�FDQ� DOVR� EH� XVHG� WRSDXVH� WKH� VLPXODWLRQ�ZKHQ� D� FKRVHQ� FRQGLWLRQ� LV� VDWLVILHG�� DQG� WR� DGYDQFH� WKH� VLPXODWLRQ� E\� VLQJOHWLPHVWHSV�
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7KH�:HE�LQWHUIDFH�SURYLGHG�E\�WKH�+773'�WKRUQ�LV�G\QDPLFDOO\�H[WHQVLEOH��DV�DQ\�WKRUQ�FDQ�UHJLVWHUDQG�XSGDWH� LWV�RZQ�+70/�SDJHV� DW� UXQWLPH��%HVLGHV�D�GRZQORDG�SDJH�IRU�&DFWXV�RXWSXW�ILOHV� WKHUHDOVR�H[LVWV�D�YLHZSRUW�ZKLFK�HPEHGV�G\QDPLFDOO\�JHQHUDWHG�-3(*�LPDJHV�������� 6WUHDP�GULYHU$QRWKHU�VWHHULQJ�LQWHUIDFH�ZKLFK�EXLOGV�RQ�WRS�RI�+')��LV�WKH�6WUHDP�GULYHU��)RU�WKLV�LQWHUIDFH��GDWDVWUHDPLQJ�LV�FRQGXFWHG�LQ�D�ELGLUHFWLRQDO�ZD\��&DFWXV�ZULWHV�SDUDPHWHUV�WR�DQ�+')��ILOH�ZKLFK�LV�WKHQVWUHDPHG�WR�D�FRQQHFWHG�VWHHULQJ�FOLHQW��$IWHU�VRPH�XVHU�LQWHUDFWLRQ��WKLV�FOLHQW�VHQGV�EDFN�D�PRGLILHGYHUVLRQ�RI�WKH�SDUDPHWHU�ILOH�WKDW�LV�UHDG�DQG�HYDOXDWHG�E\�&DFWXV�
$V� DQ� H[DPSOH�� PLQLPXP�PD[LPXP� YDOXHV� FRXOG� EH� DVVLJQHG� WR� QXPHULFDO� SDUDPHWHUV� WR� FUHDWHVOLGHUV�IRU�PRUH�FRQYHQLHQW�XVHU�LQWHUDFWLRQ�
����� &21&/86,216�$1'�,'($6�86()8/�)25�&5266*5,'�$33/,&$7,216&DFWXV�VHHPV�WR�EH�D XVHIXO�WRRO�IRU�RQOLQH�YLVXDOL]DWLRQ�DQG�VLPXODWLRQ��,WV�PDLQ�GLVDGYDQWDJH�LV�WKDWWKH�SDUDOOHOL]DWLRQ�LV�OLPLWHG�WR�GRPDLQ�GHFRPSRVLWLRQ��+RZHYHU��EHFDXVH�RI�WKH�PRGXODU�DUFKLWHFWXUHRI� &DFWXV�� LW� DSSHDUV� WKDW� DGGLQJ� H[WHQGHG� IXQFWLRQDOLW\� ZRXOG� EH� TXLWH� HDV\� IRU� DSSOLFDWLRQGHYHORSHUV�
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�� 1,052'� $�722/�)25�3(5)250,1*�3$5$0(7(5,6('�6,08/$7,2161LPURG>1LP@� LV� D� WRRO� IRU� SHUIRUPLQJ� SDUDPHWHUL]HG� VLPXODWLRQV�RYHU� QHWZRUNV� RI� ORRVHO\� FRXSOHGZRUNVWDWLRQV��$IWHU�D�XVHU�VSHFLILHV�WKH�VLPXODWLRQ�SDUDPHWHUV��E\�GHYHORSLQJ�D�GHFODUDWLYH�´SODQ´�ILOHZKLFK�GHVFULEHV�WKH�SDUDPHWHUV��WKHLU�GHIDXOW�YDOXHV��DQG�WKH�FRPPDQGV�QHFHVVDU\�IRU�SHUIRUPLQJ�WKHZRUN���1LPURG� WDNHV� WKH�FURVV�SURGXFW�RI� WKHVH�SDUDPHWHUV�DQG�JHQHUDWHV�D� MRE� IRU�HDFK�VHW�� ,W� WKHQPDQDJHV� WKH� GLVWULEXWLRQ� RI� WKH�YDULRXV� MREV� WR�PDFKLQHV�� DQG� RUJDQL]HV� WKH� DJJUHJDWLRQ� RI� UHVXOWV�5DWKHU� WKDQ�XWLOL]LQJ�D� VKDUHG� ILOHV\VWHP��1LPURG� FRSLHV� ILOHV� EHWZHHQ� V\VWHPV�EHIRUH�DQG�DIWHU� WKHH[HFXWLRQ�RI�WKH�SURJUDP�
���� /,0,7$7,216�2)�1,052'�$1'�0,*5$7,21�72�1,052'�*
1LPURG� FRQWDLQV� QR� PHFKDQLVPV� IRU� VFKHGXOLQJ� FRPSXWDWLRQ� RQ� WKH� XQGHUO\LQJ� UHVRXUFHV�&RQVHTXHQWO\��XVHUV�ZRXOG�QRW�KDYH�DQ\�LGHD�ZKHQ�DQ�H[SHULPHQW�PLJKW�FRPSOHWH��+HQFH��1LPURG�*�D�*ULG�HQDEOHG�YHUVLRQ�RI�1LPURG��KDV�EHHQ�LQWURGXFHG��8VLQJ�*OREXV��LW�LV�SRVVLEOH�IRU�1LPURG�XVHUVWR�VSHFLI\�WLPH�DQG�FRVW�FRQVWUDLQWV�IRU�FRPSXWDWLRQDO�H[SHULPHQWV��*OREXV�SURYLGHV�PHFKDQLVPV�IRUHVWLPDWLQJ�H[HFXWLRQ�WLPH�DQG�ZDLW�GHOD\V�ZKHQ�XVLQJ�TXHXHG�QHWZRUNHG�VXSHUFRPSXWHUV��1LPURG�*LQ� WXUQ� XVHV� WKHVH� WR� VFKHGXOH� WKH� ZRUN� LQ� D� ZD\� ZKLFK� PHHWV� XVHU�VSHFLILHG� GHDGOLQHV� DQG� FRVWEXGJHWV�� ,Q� WKLV� ZD\�� PXOWLSOH� 1LPURG� XVHUV� FDQ� REWDLQ� D� TXDOLW\�RI�VHUYLFH� HOHPHQW� IURP� WKHFRPSXWDWLRQDO�QHWZRUN�
���� 1,052'�*�$5&+,7(&785($V�LOOXVWUDWHG�LQ�)LJXUH����D�XVHU��RU�D�SURFHVV�DFWLQJ�RQ�EHKDOI�RI�WKH�XVHU��LQLWLDWHV�D�SDUDPHWULF�VWXG\DW� D� ORFDO� VLWH�� 1LPURG�*� � WKHQ� RUJDQL]HV� WKH� PDSSLQJ� RI� LQGLYLGXDO� FRPSXWDWLRQV� WR� DSSURSULDWHUHPRWH�VLWHV��DFFRUGLQJ� WR� WKH�1LPURG�*�VFKHGXOLQJ�KHXULVWLFV� �EDVLQJ�RQ�PDUNHW� HFRQRP\�PRGHOV��2Q�WKH�ORFDO�VLWH��WKH�RULJLQ�SURFHVV�RSHUDWHV�DV�WKH�PDVWHU�IRU�WKH�ZKROH�V\VWHP��7KH�VFKHGXOLQJ�DQGPRQLWRULQJ� ORJLF� LV� HQFDSVXODWHG� LQ� DQ� RULJLQ� SURFHVV�� ZKLFK� H[LVWV� IRU� WKH� HQWLUH� OHQJWK� RI� WKHH[SHULPHQW�DQG�LV�XOWLPDWHO\�UHVSRQVLEOH�IRU�WKH�H[HFXWLRQ�RI�WKH�H[SHULPHQW�ZLWKLQ�WKH�VSHFLILHG�WLPHDQG�FRVW�FRQVWUDLQWV��7KLV�VWUXFWXUH�KDV�EHHQ�GHVLJQHG� WR�VXSSRUW� WKH�VFKHGXOLQJ�RI�FRPSXWDWLRQV�RQUHVRXUFHV�VFDWWHUHG�DFURVV�WKH�JOREH�ZLWK�WKHLU�RZQ�DGPLQLVWUDWLYH�SROLFLHV�DQG�FRQWURO�VWUXFWXUHV��7KHXVHU�LV�HLWKHU�D�SHUVRQ�RU�D�SURFHVV�UHVSRQVLEOH�IRU�WKH�FUHDWLRQ�RI�WKH�H[SHULPHQW��7KH�XVHU�LQWHUDFWVZLWK� WKH� RULJLQ� SURFHVV� WKURXJK� D� FOLHQW� SURFHVV�� 1HLWKHU� WKH� XVHU� QRU� WKH� FOLHQW� DUH� UHTXLUHG� WR� EHDYDLODEOH�DOO�WKH�WLPH��7KH�GLVWLQFWLRQ�EHWZHHQ�WKH�FOLHQW�DQG�WKH�RULJLQ�LV�XVHIXO�EHFDXVH�D�FOLHQW�PD\EH� WLHG� WR� D� SDUWLFXODU� GLVSOD\� RU� HQYLURQPHQW�� 7KH� XVHU� FDQ� VWRS� WKH� FOLHQW�� PRYH� WR� DQRWKHUHQYLURQPHQW�DQG�VWDUW�DQRWKHU�FOLHQW��ZLWKRXW�DIIHFWLQJ�WKH�RULJLQ�SURFHVV�DQG�WKXV�WKH�SURJUHVV�RI�WKHH[SHULPHQW�� ,Q� DGGLWLRQ�� LW� LV� SRVVLEOH� IRU� PXOWLSOH� FOLHQWV� WR� PRQLWRU� WKH� VDPH� H[SHULPHQW� E\FRQQHFWLQJ�WR�D�JLYHQ�RULJLQ�SURFHVV�
(DFK� UHPRWH� VLWH� FRQVLVWV� RI� D� FOXVWHU� RI� FRPSXWDWLRQDO� QRGHV�� $� FOXVWHU� PD\� EH� D� VLQJOHPXOWLSURFHVVRU� PDFKLQH�� D� FOXVWHU� RI� ZRUNVWDWLRQV�� RU� HYHQ� D� VLQJOH� SURFHVVRU�� 7KH� GHILQLQJFKDUDFWHULVWLF�RI�D�FOXVWHU� LV� WKDW�DFFHVV� WR�DOO�QRGHV� LV�SURYLGHG� WKURXJK�D� VHW�RI� UHVRXUFH�PDQDJHUVVXSSRUWHG� E\� WKH� *OREXV� LQIUDVWUXFWXUH�� (DFK� *OREXV� 5HVRXUFH� $OORFDWLRQ� 0DQDJHU� �*5$0�LPSOHPHQWV D�PHWKRG�IRU�DFFHVVLQJ�SURFHVVLQJ�UHVRXUFHV��7\SLFDOO\��WKH�PHWKRG�LV�D�TXHXH�LQ�D�EDWFKTXHXLQJ� V\VWHP�� VXFK� DV� &RQGRU� RU� /6)� RU� D� SURFHVV� IRUN� RQ� D� VKDUHG� PHPRU\� PDFKLQH� %HIRUHVXEPLWWLQJ�DQ\�MREV�WR D�FOXVWHU��WKH�RULJLQ�SURFHVV�XVHV�WKH�*OREXV�SURFHVV�FUHDWLRQ�VHUYLFH�WR�VWDUW�D1LPURG�5HVRXUFH�%URNHU��15%��RQ�WKH�&OXVWHU��7KH�15%�LV�QRW�WKH�VDPH�DV�WKH�5HVRXUFH�0DQDJHU��,WSURYLGHV�FDSDELOLWLHV�IRU�ILOH�VWDJLQJ��FUHDWLRQ�RI�MREV�IURP�D�JHQHULF�H[SHULPHQW�DQG�SURFHVV�FRQWUROEH\RQG�WKRVH�SURYLGHG�E\�WKH�*5$0�
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���� &21&/86,216�$1'�,'($6�86()8/�)25�&5266*5,'�$33/,&$7,2167KH�PRVW�LPSRUWDQW�IHDWXUHV�RI�1LPURG�*�DUH�x VXSSRUW� IRU� SDUDPHWHU� VWXG\� SUREOHPV� �1LPURG�*� JHQHUDWHV� SDUDPHWHU� ILOHV� IRU� HDFK� VHW� RISDUDPHWHUV�IURP�WKH�XVHU��³SODQ´�ILOH��x DELOLW\�WR�VFKHGXOH�MREV�LQ�D�*ULG�HQYLURQPHQW�x VXSSRUW� IRU� MRE�GHDGOLQH� FRQWURO� �,W� LV�SRVVLEOH� IRU�1LPURG�*�XVHUV� WR� VSHFLI\� WLPH� DQG� FRVWFRQVWUDLQWV�IRU�FRPSXWDWLRQDO�H[SHULPHQWV��x DELOLW\� WR�JDWKHU� UHVXOWV� DQG�SURFHVV� WKH�REWDLQHG�GDWD� �L�H��E\� UXQQLQJ�GDWD� LQWHUSUHWDWLRQ�RUYLVXDOL]DWLRQ�VRIWZDUH��x VXSSRUW�IRU�PXOWLSOH�FOLHQWV�x UHPRWH�DFFHVV�WR�UXQQLQJ�H[SHULPHQWV�
1LPURG�*�VHHPV�WR�EH�XVHIXO�IRU�SDUDPHWHU�VWXG\�SUREOHPV�LQ�D�*ULG�HQYLURQPHQW��(YHQ�WKRXJK�WKHUHDUH�VRPH�OLPLWDWLRQV�ZLWK�UHJDUG�WR�WKH�IOH[LELOLW\�RI�SDUDPHWHU�VSHFLILFDWLRQV��LW�PLJKW�VWLOO�EH�XVHIXOIRU�&URVV*ULG�DSSOLFDWLRQV�� ,W� LV�ZRUWK�PHQWLRQLQJ� WKDW�1LPURG�*�FDQ�JDWKHU� UHVXOWV�DQG�SURFHVV� WKHGDWD�REWDLQHG�E\� UXQQLQJ�GDWD� LQWHUSUHWDWLRQ�RU�YLVXDOLVDWLRQ� VRIWZDUH��ZKLFK�PDWFKHV� WKH�+(3�GDWDDQDO\VLV�VSHFLILFDWLRQ�

)LJXUH����1LPURG�*�DUFKLWHFWXUH�>1LP@�

8VHU 2ULJLQ&OLHQW 6LWH�$
*5$01LPURG5HVRXUFH%URNHU

TXHXH

6LWH�%
*5$01LPURG5HVRXUFH%URNHU

TXHXH
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�� +2:�72�86(�7+(6(�,'($6�)25�7+(�&5266*5,'�$33/,&$7,21�$5&+,7(&785(7KH�DLP�RI�WKLV�GRFXPHQW�LV�WR�SUHVHQW�LGHDV�IRU�PDNLQJ�EHWWHU�XVH�RI�*ULG�WHFKQRORJLHV�E\�&URVV*ULGDSSOLFDWLRQV�
���� 5('(6,*1�(;,67,1*�3$5$//(/�&2'(7KH� UHYLHZV� SUHVHQWHG� KHUH� VKRZ� WKDW� YDULRXV� SDUDOOHO� DSSOLFDWLRQV� DUH� LQ� IDFW� EHLQJ� SRUWHG� IURPFODVVLFDO�KLJK�SHUIRUPDQFH�DUFKLWHFWXUHV�WR�WKH�GLVWULEXWHG�*ULG�DUFKLWHFWXUH��XVLQJ�PHWKRGV�OLNH�x UHJLRQ�RI�LQWHUHVWV�PDQDJHPHQW��6)�([SUHVV�x FRPPXQLFDWLRQ�DQG�FRPSXWDWLRQ�RYHUODSSLQJ��2YHUIORZ��'��1XPHULFDO�UHODWLYLW\�x DGYDQFHG�ORDG�EDODQFLQJ��2YHU)ORZ��'�x GDWD�FRPSUHVVLRQ��1XPHULFDO�UHODWLYLW\�x LQIUHTXHQW�V\QFKURQL]DWLRQ��1XPHULFDO�UHODWLYLW\�
7KH�DXWKRUV�RI�&DFWXV�SODQ� WR�DGG� WKHVH�IHDWXUHV�WR�WKHLU�WRRO��VR�WKH�SDUDOOHOL]DWLRQ�RI�WKH�FRGH�LQ�D*ULG� HQYLURQPHQW� FDQ� EH� GRQH� DXWRPDWLFDOO\� �WKLV� LV� VWLOO� D� ORQJ� ZD\� DZD\�� EXW� &URVV*ULG� FDQQHYHUWKHOHVV�WDNH�DGYDQWDJH�RI�DOUHDG\�H[LVWLQJ�VROXWLRQV��
���� 86(� (;,67,1*� *5,'� 62/87,216� )25� &211(&7,1*� 6,08/$7,21� $1'9,68$/,6$7,217KH�IHDWXUHV�RI�&DFWXV�VKRZ�WKDW�LW�LV�D�XVHIXO�WRRO�IRU�SRUWLQJ�LQWHUDFWLYH�VLPXODWLRQ�DQG�YLVXDOLVDWLRQWR�WKH�*ULG�HQYLURQPHQW�VLQFH�LW�SURYLGHV�PHFKDQLVPV�IRU�VHQGLQJ�GDWD�EHWZHHQ�YLVXDOLVDWLRQ�PRGXOHVDQG�VLPXODWLRQV��DQG�DOVR�VXSSRUWV�IDXOW�UHFRYHU\�PHFKDQLVP��FKHFNSRLQWLQJ���2QH�VROXWLRQ�ZRXOG�EHWR�PDNH� WKH�VLPXODWLRQ� LQWR�D�&DFWXV� WKRUQ��9LVXDOLVDWLRQV�FDQ� LQ� IDFW�PDNH�XVH�RI� WKH�YLVXDOLVDWLRQWKRUQV�RI�&DFWXV� �WKH\�SURYLGH� YDULRXV� LQWHUIDFHV� WR� H[LVWLQJ� YLVXDOLVDWLRQ� WRROV� OLNH�$96��2SHQ';DQG�VR�RQ���,W�ZRXOG�DOVR�EH�SRVVLEOH�WR�FRPSLOH�WKH�+773'�WKRUQ�LQWR�WKH�VLPXODWLRQ�FRGH�DQG�FRQWUROLWV�EHKDYLRXU�WKURXJK�D�:::�LQWHUIDFH��7KLV�ZRXOG�EH�KHOSIXO� LI�DSSOLFDWLRQ�GHYHORSHUV�ZDQWHG� WRPDNH�WKH�VLPXODWLRQ�RU�YLVXDOLVDWLRQ�RQH�RI�WKH�:HE�VHUYLFHV�DV�GHVFULEHG�LQ�WKH�2*6$�VSHFLILFDWLRQ�
7KH�PRGXODU�DUFKLWHFWXUH�RI�&DFWXV�PDNH�LW�SRVVLEOH�WR�XVH�WKH�VDPH�FRGH�IRU�GLIIHUHQW�SXUSRVHV�
���� 86(�(;,67,1*�*5,'�62/87,216�)25��3$5$0(7(5�678'<$�FORVH�DQDO\VLV�RI�WKH�1LPURG�*�FDSDELOLWLHV�OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�WKLV�WRRO�PLJKW�SURYH�XVHIXO�7KH�DXWKRUV�RI�1LPURG�*��IRFXV�RQ�VFKHGXOHUV�IRU�SDUDPHWHU�VWXG\�SUREOHPV��$OWKRXJK�WKHLU�LGHDV�ZLOOQRW�KHOS�LQ�GHVLJQLQJ�WKH�DUFKLWHFWXUHV�RI�&URVV*ULG�DSSOLFDWLRQV��1LPURG�*�FRXOG�VWLOO�EH�XVHG�DV�DWRRO�
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5HIHUHQFH�GRFXPHQWV>1LP@ $EUDPVRQ��'���*LGG\��-���DQG�.RWOHU��/�³+LJK�3HUIRUPDQFH�3DUDPHWULF�0RGHOOLQJ�ZLWK�1LPURG�*�.LOOHU�$SSOLFDWLRQ�IRU�*OREDO�*ULG�"´KWWS���ZZZ�FVVH�PRQDVK�HGX�DX�aGDYLGD�QLPURG�KWPO�>&OLP@ $OOFRFN�� %��� )RVWHU�� ,��� 1HIHGRYD�� 9��� &KHUYHQDN�� $��� 'HHOPDQ�� (��� .HVVHOPDQ�� &��� /HLJK�� -��6LP�$���6KRVKDQL��$���'UDFK��%���:LOOLDPV��'��³+LJK�3HUIRUPDQFH�5HPRWH�$FFHVV� WR� &OLPDWH� 6LPXODWLRQ�'DWD�� $�&KDOOHQJH�3UREOHP� IRU�'DWD*ULG�7HFKQRORJLHV�´ 6&�������1RYHPEHU������KWWS���ZZZ�JOREXV�RUJ�UHVHDUFK�SDSHUV�KWPO>&WJD@ $OOHQ��*���%HQJHU��:���'UDPOLWVFK��7���*RRGDOH��7���+HJH�*HUG��+�&���/DQIHUPDQQ��0HU]N\��$��5DGNH��7���6HLGHO��(���6KDO��-�³&DFWXV�7RROV�IRU�*ULG�$SSOLFDWLRQV´KWWS���ZZZ�FDFWXVFRGH�RUJ�>&DJ@ $OOHQ��*���'UDPOLWVFK��7���)RVWHU��,���.DURQLV��1���5LSHDQX��0���6HLGHO��(���DQG�7RRQHQ��%��³6XSSRUWLQJ� (IILFLHQW� ([HFXWLRQ� LQ� +HWHURJHQHRXV� 'LVWULEXWHG� &RPSXWLQJ� (QYLURQPHQWV� ZLWK&DFWXV�DQG�*OREXV�´�,Q�3URFHHGLQJV�RI�6&�������1RYHPEHU�������������KWWS���ZZZ�JOREXV�RUJ�UHVHDUFK�SDSHUV�KWPO>&IG@ %DUQDUG�6��� %LVZDV�� 5��� 6DLQL�� 6��� 9DQ� GHU� :LMQJDDUW�� 5��� <DUURZ�� 0��� =HFKWHU�� /��� )RVWHU�� ,��/DUVVRQ��2���³/DUJH�6FDOH� 'LVWULEXWHG� &RPSXWDWLRQDO� )OXLG� '\QDPLFV� RQ� WKH� ,QIRUPDWLRQ� 3RZHU� *ULG� XVLQJ*OREXV�´KWWS���ZZZ�JOREXV�RUJ�UHVHDUFK�SDSHUV�KWPO�>&WJ@ &DFWXV�����7KRUQV�*XLGH KWWS���ZZZ�FDFWXVFRGH�RUJ�>&XJ@ &DFWXV�����8VHUV�*XLGH�KWWS���ZZZ�FDFWXVFRGH�RUJ�>&VH@ &6(�GHVFULSWLRQ�KWWS���ZZZ�FZL�QO�SURMHFWV�FVH�FVH�KWPO>)RVW@ )RVWHU��,���DQG�.HVVHOPDQ��&���³7KH�*ULG��%OXHSULQW�IRU�D�1HZ�&RPSXWLQJ�,QIUDVWUXFWXUH´>(GJ@ ³*ULG���$ZDUH�%LRPHGLFDO�$SSOLFDWLRQV�)RU�'DWD*ULG�7HVWEHG�$VVHVVPHQW�³'DWD*ULG����'�������������KWWS���PDULDQQH�LQ�S��IU�GDWDJULG�ZS���LQGH[�KWPO>&XP@ .RKO��-�$���DQG�3DSDGRSRXORV��3�0��³&XPXOYV� 8VHU
V� *XLGH� &RPSXWDWLRQDO� 6WHHULQJ� $QG� ,QWHUDFWLYH� 9LVXDOL]DWLRQ� ,Q� 'LVWULEXWHG$SSOLFDWLRQV´KWWS���ZZZ�FVP�RUQO�JRY�FV�FXPXOYV�KWPO>7XP@ 5DWKPD\HU��6���DQG�/HQNH��0��³$�7RRO�IRU�2QOLQH�9LVXDOL]DWLRQ�DQG�,QWHUDFWLYH�6WHHULQJ�RI�3DUDOOHO�+3&�$SSOLFDWLRQV�³KWWS���ZZZERGH�FV�WXP�HGX�3DU�DSSOV�UHV�$�RYLGBH�KWPO>9LV@ 9,6,7�GHVFULSWLRQ�KWWS���ZZZ�I]�MXHOLFK�GH�]DP�YLVLW�>;UD\@ :DQJ��<���'H�&DUOR��)���0DQFLQL��'��&���0F1XOW\��,���7LHPDQ��%���%UHVQDKDQ��-���)RVWHU��,���,QVOH\�-���/DQH��3��YRQ�/DV]HZVNL��*���.HVVHOPDQ��&���6X��0���DQG�7KLHEDX[��0���³$�+LJK�7KURXJKSXW�;�UD\� 0LFURWRPRJUDSK\� 6\VWHP� DW� WKH� $GYDQFHG� 3KRWRQ� 6RXUFH�´� ,Q�� 5HYLHZ� RI� 6FLHQWLILF,QVWUXPHQWV��$SULO������
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KWWS���ZZZ�JOREXV�RUJ�UHVHDUFK�SDSHUV�KWPO


