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x ([DPLQDWLRQ�RI�%,67��%XLOW�,Q�6HOI�7HVW��FLUFXLWU\�DQG�VRIWZDUH�WR�PLQLPLVH�LWV�SRZHU�XVDJH�x 7KHRU\�KDV�UHVXOWHG�LQ�D�����UHGXFWLRQ�RYHU�FXUUHQW�%,67�WHFKQRORJ\�
77RROOHHUUDDWWLLQQJJ 00HHPPRRUU\\ //DDWWHHQQFFLLHHVV LLQQ ''LLVVWWUULLEEXXWWHHGG 00HHPPRRUU\\00XXOOWWLLSSUURRFFHHVVVVRRUU $$UUFFKKLLWWHHFFWWXXUUHHVV ��SSSS�� ������x 0HPRU\�ODWHQF\�LV�WKH�WLPH�UHTXLUHG�WR�UHWXUQ�LQIRUPDWLRQ�IURP�PHPRU\�x $� SURFHVVRU� ZDVWHV� WLPH� LQ�PRGHUQ�PDFKLQHV�ZDLWLQJ� IRU� LQIRUPDWLRQ� WR�UHWXUQ����H�J��3URFHVVRU�UXQV�DW����0+]��5$0�DW����0+]��x /DWHQF\�LV�DQ�HYHU�LQFUHDVLQJ�SUREOHP�x 7KLV�LV�ZRUVH�LQ�PXOWLSURFHVVRU�V\VWHPV�DV�WKH\�PXVW�SXOO�LQIRUPDWLRQ�IURP�D�UHPRWH�QRGH�x 3UREOHP� FDQ� EH� GHDOW� ZLWK� E\� XVLQJ� FDFKLQJ�� G\QDPLF� VFKHGXOLQJ� �GR�VRPHWKLQJ�HOVH���SUH�IHWFK�DQG�PXOWL�WKUHDGLQJ��H[HFXWH�DQRWKHU�WKUHDG��x %LJJHU�PHPRU\�ODWHQF\��DGG�PRUH�WKUHDGV�x 6WXG\�LQGLFDWHV�WKDW���WR���WKUHDGV�RQ�D�XQLSURFHVVRU�V\VWHP�ZLOO�UHVXOW�LQ�����SURFHVVRU�XWLOLVDWLRQ�x 3URFHVV�VZLWFKLQJ�LV�QRW�FRPSOH[�DV�V\VWHP�FDQ�VLPSO\�VWRUH�WKH�SURJUDP�FRXQWHU��3&��
$$ ))DDXXOOWW 77RROOHHUUDDQQWW 55RRXXWWHHUU IIRRUU 33DDUUDDOOOOHHOO 11HHWWZZRRUUNNVV ��SSSS�� ������x ,PSURYHG�SHUIRUPDQFH�FDQ�EH�JDLQHG�E\�GHFRPSRVLQJ�D�WDVN�LQWR�SDUDOOHO�SDUWV�x &DQ�LPSURYH�WKH�UHOLDELOLW\�RI�GLVWULEXWHG�V\VWHPV�WKRURXJK�PRGXODULW\�x 'LVWULEXWHG� V\VWHPV� KDYH� LQKHUHQW� SUREOHPV�ZKHQ� ORFDO� FRPPXQLFDWLRQV�DUH�GLVUXSWHG�x 8VH�D�URXWHU�VZLWFK�WR�URXW�PHVVDJHV�LQ�D�WUDQVSXWHU�W\SH�PHVK�x 6\VWHP� FDQ� WKHQ� GHDO�ZLWK� QRGH� IDLOXUH�� GLVFRQQHFWLRQ� IDLOXUH� DQG� QRLVH�HUURUV�x 'HFHQWUDOLVDWLRQ�LV�WKH�VROXWLRQ�KHUH���,PSURYH�QRGH�DXWRQRP\�x ���LQFUHDVH�LQ�KDUGZDUH�UHTXLUHPHQWV�QHHGHG�IRU�IDXOW�WROHUDQFH�ZLWK�QR�SHUIRUPDQFH�ORVV�
77RRZZDDUUGGVV DD --DDYYDD��%%DDVVHHGG ''LLVVWWUULLEEXXWWHHGG 99++''// 66LLPPXXOODDWWRRUU ��SSSS�� ������x 6LPXODWRU� IRU� YHU\� KLJK� VSHHG� FLUFXLW� KDUGZDUH� GHVFULSWLRQ� ODQJXDJH��9+'/��LPSOHPHQWHG�DV�D�GLVWULEXWHG�VLPXODWLRQ�LQ�-$9$�x 3UREOHPV�ZLWK�WKLV�V\VWHP�OLH�PDLQO\�LQ�GDWD�GLVWULEXWLRQ�RYHUKHDGV�x 6\VWHP�LQYLVLEOH�WR�XVHU�� FDQ�EH�XVHG�RYHU�WKH�ZHE�
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77KKHH ,,QQWWUURRGGXXFFWWLLRRQQ RRII ''LLJJLLWWDDOO 33UURRFFHHVVVVLLQQJJ 77HHFFKKQQLLTTXXHHVV WWRR DD 11HHXXWWUURRQQ66HHQQVVLLQQJJ 66\\VVWWHHPP ��SSSS�� ������x $� WUDQVSRUWDEOH� QHXWURQ� VSHFWURPHWHU� ILQGV� QHXWURQV� GDQJHURXV� WR�KXPDQV���&XUUHQW�V\VWHP�LV�ROG�DQG�DOO�DQDORJXH�WHFKQRORJ\�x 1HXWURQV� DUH� KDUG� WR� GHWHFW�� � /RRN� IRU� DOSKD� SDUWLFOH� HMHFWLRQ� GXH� WR�QHXWURQ�LQWHUDFWLRQ��NLQHPDWLF�SURWRQ�OLEHUDWLRQ�LQ�K\GURJHQ�DWRP�FROOLVLRQ�RU�1(�����RUJDQLF�PROHFXOH�LQ�RUJDQLF�VROYHQW��VFLQWLOODWLRQ�x $QDORJXH� V\VWHP� PLVVHV� SXOVHV� GXH� WR� PXOWLSOH[LQJ� IURP� WKHVH� WKUHH�GLIIHUHQW�VRXUFHV�x '63 LPSOHPHQWDWLRQ�VROYHV�SURFHVVLQJ�SUREOHPV�
(([[SSHHUULLPPHHQQWWDDOO &&RRPPSSDDUULLVVRRQQ RRII WWKKHH ((IIIIHHFFWW RRII ,,QQWWUUDDEEDDQQGG &&RRKKHHUUHHQQWW&&UURRVVVVWWDDOONN RRQQ 66\\VVWWHHPP 33HHUUIIRRUUPPDDQQFFHH IIRRUU 00XXOOWWLLSSOOHH ,,QQWWHHUUIIHHUUHHUUVV$$SSSSOOLLHHGG WWRR $$QQ\\ ::''00 22SSWWLLFFDDOO 11HHWWZZRRUUNN ��SSSS�� ��������x ([DPLQHV�WKH�H[SHULPHQWDO�VRXUFHV�DQG�HIIHFWV�RI�:'0�FURVVWDON�x &URVVWDON� VRXUFHV� FDQ� EH� LQFRKHUHQW� �XQFRUUHODWHG� SKDVHV��� LQWHUEDQG��LQWHUFKDQQHO��RU�FRKHUHQW��FRUUHODWHG�SKDVH��
$$ ))LLEEUUHH��,,QQWWHHJJUUDDWWHHGG 22SSWWLLFFDDOO ,,QQMMHHFFWWLLRRQQ 33KKDDVVHH��//RRFFNN //RRRRSS IIRRUU00LLOOOOLLPPHHWWUUHH��::DDYYHH 55DDGGLLRR��22YYHHUU��))LLEEUUHH $$SSSSOOLLFFDDWWLLRRQQVV ��SSSS�� ��������x 7KH�XVH�RI�PP ZDYH�IUHTXHQFLHV�IRU�ZLUHOHVV�FRPPXQLFDWLRQV�ZLWKLQ�ILEUH�IHG�PLFURFHOOV�x 0LFURFHOOV�DUH�XVHG�DV�PP�ZDYHV�KDYH�QR�FRUQHULQJ�FDSDELOLW\�x 6\VWHP� KDV� ODUJH� EDQGZLGWK�� VPDOO� FDOO� VL]H� EXW� XQIRUWXQDWHO\� UHTXLUHV�H[SHQVLYH�FRPSRQHQWV�x 6\VWHP�KDV�RQH�EDVH�VWDWLRQ�RSWLFDOO\�IHHGLQJ�PXOWLSOH�UHPRWH�DQWHQQDV�x 2,3//�V\VWHP�LV�QRW�OLPLWHG�E\�ODVHU�OLQHZLGWK�RU�HOHFWULFDO�FRPSRQHQWV�x 6\VWHP�LV�D�QRYHO�PHWKRG�IRU�WKH�JHQHUDWLRQ�RI�PP�ZDYHV�
$$ 66WWDDEELLOOLLVVHHGG�� 55DDWWLLRRQQDDOOOO\\ 00RRGGHH��//RRFFNNHHGG ����**++]] ((UUEELLXXPP ))LLEEUUHH//DDVVHHUU ��SSSS�� ��������x 7R�FUHDWH�KLJK�VSHHG�RSWLFDO�SXOVHV�ZLWK�VKRUW�SXOVH�ZLGWKV�x $FWLYH� PRGH� ORFNLQJ� FDQ� EH� DFKLHYHG� E\� PRGXODWLQJ� SKDVH� �30�� RU�DPSOLWXGH��$0��LQ�WKH�FDYLW\�XVLQJ�DQ�H[WHUQDO�PRGXODWRU�
&&RRGGHH $$FFTTXXLLVVLLWWLLRRQQ 88VVLLQQJJ DD 66HHTTXXHHQQWWLLDDOO ''HHWWHHFFWWRRUU LLQQ DD ))LLEEUUHH��%%DDVVHHGG22SSWWLLFFDDOO &&''00$$ 11HHWWZZRRUUNN LLQQ WWKKHH 33UUHHVVHHQQFFHH RRII 00XXOOWWLL��88VVHHUU,,QQWWHHUUIIHHUUHHQQFFHH ��SSSS����������x 'HULYHV�D�SHUIRUPDQFH�PHDVXUH��LQ�WKLV�FDVH�PHDQ�DFTXLVLWLRQ�WLPH�
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x 6\VWHP�H[DPLQHG� LV�RSWLFDO� FDUULHU� GHWHFW�PXOWLSOH�DFFHVV� �&'0$��XVLQJ�RUWKRJRQDO�FRGHV�
22SSWWLLFFDDOO 33XXOOVVHH &&RRPPSSUUHHVVVVLLRRQQ�� 77KKHHRRUU\\ DDQQGG 33UUDDFFWWLLFFHH ��SSSS�� ��������x (QKDQFH� WUDQVPLVVLRQ� FDSDFLW\� E\� XVLQJ� GHQVH� RSWLFDO� WLPH� GLYLVLRQ�PXOWLSOH[LQJ��27'0��x 'LVSHUVLRQ�VKLIWHG�ILEUH��'6)��EURDGHQV�SXOVH�LQ�IUHTXHQF\�GRPDLQ�x 6WDQGDUG�WHOHFRPPXQLFDWLRQV�ILEUH��67)��QDUURZV�SXOVH�LQ�WLPH�GRPDLQ�x 6ROLWRQ�SURSDJDWLRQ�DGDSWV�SXOVH�VKDSH� WR� WKH� WDUJHW� ILEUH�FKDUDFWHULVWLFV�OHDGLQJ�WR�SXOVH�FRPSUHVVLRQ�x 3URMHFW� REMHFWLYH� LV� WR� FRPSUHVV� D� �SV� SXOVH� WR� �SV� XVLQJ� FRPE�OLNH�GLVSHUVLRQ�VKLIWHG�ILEUH��&'3)��PHWKRG�x $FWXDO�FRPSUHVVLRQ�RI�����UDWKHU�WKDQ���DV�VLPXODWHG�ZDV�DFKLHYHG�x 6KRUW�SXOVH�JLYHV�WUDQVPLVVLRQ�SUREOHPV�GXH�WR�GLVSHUVLRQ�x &'3)� LV� D� FKHDS� DOWHUQDWLYH� WR� GLVSHUVLRQ� VKLIWHG� ILEUH� GHFUHDVLQJ� ILEUH�FRVW�
$$FFRRXXVVWWLLFF ((PPLLVVVVLLRRQQ 66LLJJQQDDOO 33UURRFFHHVVVVLLQQJJ 77RR ''HHWWHHFFWW ,,PPSSDDFFWW''DDPPDDJJHH //RRFFDDWWLLRRQQ 88VVLLQQJJ 11HHXXUUDDOO 11HHWWZZRRUUNNVV ��SSSS�� ��������x $�QHXUDO�QHWZRUN�FDQ�EH�XVHG�WR�ORFDWH�LPSDFW�GDPDJH�x $���OD\HU�QHWZRUN�LV�XVHG���6HQVRU�OD\HU�FRQWDLQV�PXOWLSOH�QHXURQV��RXWSXW�OD\HU�FRQWDLQV�WZR�� RQH�UHSUHVHQWLQJ�[�FR�RUGLQDWH�DQG�RQH�IRU�\�x $� EDFN� SURSDJDWLRQ� �%3�� QHWZRUN� ZDV� VXFFHVVIXOO\� WUDLQHG� WR� ORFDWH� DQ�LPSDFW�LQ�DQ�LVRWURSLF�PDWHULDO�
33UUHHGGLLFFWWLLYYHH ++DDQQGGRRYYHHUU 66FFKKHHPPHH IIRRUU ::LLUUHHOOHHVVVV $$7700 88WWLLOOLLVVLLQQJJ 11HHXXUUDDOO11HHWWZZRRUUNNVV ��SSSS�� ��������x 3URMHFW�DWWHPSWV�WR�OLPLW�KDQGRYHU�GURSSLQJ�DQG�FHOO�RYHUORDG�SUREDELOLW\�LQ�D�PRELOH�QHWZRUN�WR�D�SUHGHILQHG�OHYHO�x )XWXUH� ZLUHOHVV� V\VWHPV� ZLOO� KDYH� WR� XVH� D� PLFURFHOOXODU� DUFKLWHFWXUH���:LUHOHVV�UHVRXUFHV�QRW�JXDUDQWHHG�DW�FHOO�KDQGRYHU�x $� YLUWXDO� FRQQHFWLRQ� WUHH� �9&7�� JXDUDQWHHV� D� VSHFLILF� TXDOLW\� RI� VHUYLFH��4R6��EXW�LV�EDQGZLGWK�LQHIILFLHQW�x $�QHXUDO�QHWZRUN�VROXWLRQ�ZRXOG�UHGXFH�WKHVH�EDQGZLGWK�SUREOHPV�x 1HXUDO�QHWZRUN�FDQ�SUHGLFW�XVHU�PRYHPHQWV�DQG�GHVWLQDWLRQ�x (PEHGV�D�OHYHO�RI�LQWHOOLJHQFH�LQWR�KDQGRYHUV�x 3URSRVHG�V\VWHP�UHGXFHV�WKH�DPRXQW�RI�EORFNLQJ�LQ�FRPSDULVRQ�WR�9&7�
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33UURREEDDEELLOOLLVVWWLLFF 11HHXXUUDDOO 11HHWWZZRRUUNN IIRRUU %%LLRRPPHHWWUULLFF &&RRPPSSXXWWHHUU 88VVHHUU99HHUULLIILLFFDDWWLLRRQQ ��SSSS�� ��������x 6HFXULW\� LV� WKH� NH\�� HVSHFLDOO\� ZLWK� JURZLQJ� H�FRPPHUFH� DQG� RQOLQH�EDQNLQJ�x 6HFXULW\� FXUUHQWO\� LPSOHPHQWHG�XVLQJ�VWURQJ�HQFU\SWLRQ��XVHU�QDPHV�DQG�SDVVZRUGV�x :K\�QRW�XVH�ELRPHWULFV�WR�LQFUHDVH�VHFXULW\�� PHDVXUDEOH�IHDWXUHV�RI�WKH�KXPDQ�ERWK�SK\VLFDO�DQG�EHKDYLRXUDO�x 7KLV�SURMHFW�ORRNV�DW�NH\VWURNH�G\QDPLFV�� DQ�LQGLYLGXDO
V�W\SLQJ�VW\OH�VXFK�DV�WLPH�RI�IOLJKW�EHWZHHQ�NH\V��WLPLQJ�LQWHUYDOV�HWF�x &RVW�HIIHFWLYH�VROXWLRQ�� QR�DGGLWLRQDO�KDUGZDUH�UHTXLUHG�x 2XWOLHUV��SDXVHV�ZKLOH�W\SLQJ��FDQ�FRQIXVH QHWZRUN���0XVW�HOLPLQDWH�x 6\VWHP� XVHV� D� SUREDELOLVWLF� QHXUDO� QHWZRUN� �311�� ZKLFK� FDQ� EH� WUDLQHG�UDSLGO\�� � 8QIRUWXQDWHO\� WKLV� UHVXOWV� LQ� D� ODUJHU� QHW� WKDQ� WKDW� RI� EDFN�SURSDJDWLRQ��%3��x (XFOLGHDQ�GLVWDQFH�H[DJJHUDWHV�RXWOLHUV�GXH�WR�VTXDUH�WHUP���7KHUHIRUH D�0DQKDWWDQ�GLVWDQFH�LV�XVHG�DV�WKHUH�LV�QR�VTXDUH�WHUP�x 311�KDV�SURYHG�WR�EH�EHWWHU�
55RROOOOLLQQJJ ))RRUUFFHH 33UUHHGGLLFFWWLLRRQQ LLQQ ++RRWW 66WWUULLSS 00LLOOOO 88VVLLQQJJ 22QQOOLLQQHH 11HHXXUUDDOO11HHWWZZRRUUNN 77UUDDLLQQLLQQJJ ��SSSS�� ��������x $� G\QDPLF� GDWDEDVH� FDQ� ODUJHO\� LPSURYH� JHQHUDOLVDWLRQ� DELOLW\� RI� QHXUDO�QHWZRUN�x '\QDPLF�WUDLQLQJ�LV�D�SURPLVLQJ�PHWKRG�IRU�LQGXVWULDO�DSSOLFDWLRQ�RI�QHXUDO�QHWZRUN�DSSURDFK�x 4XDOLW\�LPSURYHPHQWV�LQ�VWULS�PLOO�� QRW�VSHHG�
,,PPSSUURRYYHHGG &&OOXXVVWWHHUULLQQJJ &&RRQQVVLLVVWWHHQQFF\\ IIRRUU ))XX]]]]\\ $$5577 11HHXXUUDDOO11HHWWZZRRUUNNVV ��SSSS�� ��������x $57�� DGDSWLYH� UHVRQDQFH� WKHRU\�� �&OXVWHULQJ� DOJRULWKP� IRU� XQVXSHUYLVHG�FODVVLILFDWLRQ�x 6WDEOH�\HW�SODVWLF���6HOI�RUJDQLVLQJ��VHOI�VFDOLQJ��VHOI�VWDELOLVLQJ�DQG�RQ�OLQH�OHDUQLQJ�x )X]]\�$57����WR���LQFOXVLYH�x 6\VWHP�LQWROHUDQW�WR�QRLVH�!���x 7UXH�QXPEHU�RI�FDWHJRULHV�FDQQRW�EH�NQRZQ�x 3UREOHP� LV� FOXVWHULQJ� FRQVLVWHQF\��1HWZRUN� VKRXOG� FOXVWHU� FRUUXSWHG� LQWR�XQFRUUXSWHG�x 3URMHFW�KDV�DQ�HUURU�UDWH�RI�����DW����QRLVH�FRPSDUHG�WKH�����DQG�����YDOXHV�RI�H[LVWLQJ�V\VWHPV�
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x 7KLV�LPSURYHPHQW�LV�DW�WKH�FRVW�RI�H[HFXWLRQ�VSHHG�
,,QQGGXXVVWWUULLDDOO ''HHEEDDWWHH �� 11HHZZ 77HHFFKKQQRROORRJJ\\
,V� QHZ� WHFKQRORJ\� JRRG� IRU� PDQNLQG� RU� VLPSO\� D� IDVKLRQ� DFFHVVRU\�� � 7KH�DQDORJXH�VKHOO�LV�EHJLQQLQJ�WR�FUDFN�
33HHWWHHUU 66DDUUDDJJDD �� 33KKLLOOLLSSVVx 7RZDUGV�D�GLJLWDO�IXWXUH�� LV�WHFK�LPSURYLQJ�RXU�OLYHV�x 9LVLRQ�LV�V\PSDWKHWLF�SURGXFWV�WKDW�NQRZ�WKH�XVHU
V�SURILOH�
55LLFFKKDDUUGG $$VVKK �� $$JJLLOOHHQQWWx 8ELTXLWRXV�FRPSXWLQJ�DQG�FRQQHFWLYLW\�x :H� DUH� FKDQJLQJ� WKH� ZD\� ZH� ZRUN� DQG� SOD\� LQ� OLQH� ZLWK� DYDLODEOH�WHFKQRORJ\�x %DQGZLGWK�LV�EHFRPLQJ�FKHDS�x &RQWLQXDO�WUHQG�WRZDUG�WKH�FRQYHUJHQFH�RI�LQWHUQHW�WUDIILF�DQG�GDWD�FRPPV�
%%UUHHQQWW ((UULLFFVVRRQQ �� ((UULLFFFFVVRRQQx $GGHG�IXQFWLRQDOLW\�LQ�HDFK�QHZ�LWHUDWLRQ�RI�D�GHYLFH�x 3HRSOH�KDYH�OLPLWHG�WLPH�DQG�PRQH\���7HFK�PXVW�EULQJ�VRPH�QHZ�YDOXH�WR�WKH�XVHU�x ��ELOOLRQ�SHRSOH�ZLOO�EH�FRQQHFWHG�WR�WKH�PRELOH�SKRQH�QHWZRUN�E\������x 0HPRU\�� ORJLF� DQG� $6,&� FLUFXLWU\� ZLOO� VRRQ� EH� UHSODFHG� E\� DQ� HQWLUH�6\VWHP�RQ�&KLS��6R&��VROXWLRQ�x 7KH�JDPHV� LQGXVWU\�LV�WKH�GULYLQJ�IRUFH�� H�J��WKH�3OD\VWDWLRQ��
V�(PRWLRQ�HQJLQH�LV�FDSDEOH�RI����*)ORSV�x 1HZ�V\VWHPV�VKRXOG�WU\�WR�EXLOG�LQIRUPDWLRQ�DURXQG�\RX�
++HHUUPPDDQQQQ ++DDXXVVHHUU �� $$PPDDGGHHXXVVx 0DNH�JRRG�EXVLQHVV�RXW�RI�JRRG�VFLHQFH�x 7KH�PRELOH�HUD� LV� WKH�(8�HUD��H�J��1RNLD��(ULFVVRQ����(8�LV�WKH�GRPLQDQW�PDUNHW�DQG�KDV�WKH�GRPLQDQW�VWDQGDUGV�x 60(
V�FUHDWH�MREV�x (QWUHSUHQHXUVKLS�LV�WKH�NH\�
::RRQQJJ 99RRRRQQ �� 77RRWWDDOO $$FFFFHHVVVV &&RRPPPPXXQQLLFFDDWWLLRRQQVVx (PHUJLQJ�HFRQRPLHV�� WKH�JUHDW�GLJLWDO�GLYLGH�x ��ELOOLRQ�SHRSOH�KDYH�QHYHU�KHDUG�D�GLDO�WRQH�x ����RI�WKH�ZRUOG
V�LQWHUQHW�FRQQHFWLRQV�DUH�LQ�WKH�GHYHORSHG�FRXQWULHV�
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x 3&V�DUH�QRW�WKH�PRVW�FRVW�HIIHFWLYH�ZD\�RI�DFFHVVLQJ�WKH�LQWHUQHW�x 7HUUHVWULDO�ILEUH�RSWLF�OLQNV�GRQ
W�ODQG�LQ�DQ\WKLQJ RWKHU�WKDQ�WKH�GHYHORSHG�FRXQWULHV�x 'HYHORSLQJ�FRXQWULHV� VKRXOG�EH� ORRNLQJ�DW� FHOHVWLDO� �VDWHOOLWH�� OLQNV� UDWKHU�WKDQ�WHUUHVWULDO�
.HLWK�-��6\PLQJWRQ
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