- DP HV6ȷ0 LOOHU

: RUOG: LGH: HE &RQVRUWLXP 5RRP 1 ( ˚¯ı˚´œ ¸˚¸ 7HFKQRORJ“ 6TXDUH &DPEULGJHffl0 $ ´˘ˇ¯ø 86$

-0LOOHU#Z¯ȷRUJ

ffi ˇıffßˇæfi˘¸¯ı̄ ˇø˚

1 RYHPEHUøfflˇøøæ

$ UHDVRI ,QWHUHVW

,ΩYHGHVLJQHGDQGLP SOHP HQWHGDQXPEHURI QRYHODQGXVHIXOUHDOıZRUOGV“ VWHP VRYHUP RUH WKDQWZHQW“ ınYH“HDUVfflLQFOXGLQJÆ WKH3,&6 V“ VWHP IRU,QWHUQHWFRQWHQWVHOHFWLRQffˇøø¸fiŒ WKHnUVWSXEOLF LP SOHP HQWDWLRQRI WKH’ “ ODQSURJUDP P LQJ ODQJXDJHff7KRP DVfflˇøø¯fiŒDQ HıP DLOP HGLDWHGJURXS FRQYHUVDWLRQV“ VWHP ff0 ( &&$ `6“ VWHUVΩGDWDEDVHfflˇøø˘fiŒDP XOWLı GLUHFWLRQDOJDWHZD“ EHWZHHQ HP DLOffl QHZVJURXSVffl DQG DSURSULHWDU“ WKUHDGHG GLVFXVVLRQ V“ VWHP ff7HOHJUDSKffl ˇøøˇfiŒ DQ HDUO“ FRP SOHWHSURJUDP P LQJ V“ VWHP IRUD SDUDOOHOFRP ı SXWHUff0 XOWL6FKHP HfflˇøœøfiŒWKHnUVWSRUWDEOHLP SOHP HQWDWLRQRI WKHSURJUDP P LQJ ODQJXDJH 6FKHP Hff&6FKHP Hfflˇøœ¯fiŒDFRP SOHWHP XOWLıWDVNLQJ 3$ 6&$ / V“ VWHP ff-HULFKR3DVFDOfflˇøæøfiŒ WKHnUVWIXOOıIXQFWLRQHOHFWURQLFP DLOV“ VWHP ff+HUP HVfflˇøæßfiŒDFRQFXUUHQWıDFFHVVGDWDEDVH V“ VWHP ff0 ,7 &OHDULQJKRXVHfflˇøæ¯fiŒDQGDYHU“ HDUO“ VRXUFHıOHYHOGHEXJJLQJ V“ VWHP IRUD KLJKıOHYHOODQJXDJHff%’ ’ 7fflˇøæ˘fiŒ 0 “ ZRUNLQYROYHVSHRSOHLQWHUDFWLQJ ZLWKFRP SXWHUVWRSHUIRUP WDVNVEHWWHUWKDQHLWKHU FDQ GR DORQHȷ , FUHDWHV“ VWHP VZKLFK DOORZ HDFK SDUWQHULQ WKHWDVNWR XQGHUVWDQG WKH RWKHUΩVDELOLWLHVDQGOLP LWDWLRQVfflVRHDFKFDQP DNHLQIRUP HGGHFLVLRQVDERXWWKHGLYLVLRQRI ODERUȷ0 “ ZRUNGHDOVZLWKFUHDWLQJ VLP SOHP RGHOVRIZKDWWKHFRP SXWHUGRHVDQGFRQYH“ LQJ WKHP WRWKHKXP DQSDUWQHUVȷ , GUDZ RQP“ VWUHQJWKVDVERWKDWHDFKHUDQGDFRP SXWHU SURIHVVLRQDOȷ , KDYHFRQWULEXWHG WR WKHLQWHJUDWLRQ RI VRIWZDUHWHFKQRORJLHVŒ FRP SXWHUSURWRFROVDQG SXEOLFSROLF“ ŒSURJUDP P LQJ ODQJXDJHVŒSDUDOOHOV“ PEROLF SURFHVVLQJŒKXP DQ̂ FRP SXWHULQı WHUDFWLRQŒFRP SXWHUVHFXULW“fflGDWDSULYDF“fflDQGVRFLHWDOLVVXHVȷ

( GXFDWLRQ

ˇøœæ 3K’ ffl0 ,7 &RP SXWHU6FLHQFHÆ0 XOWL6FKHPHÆ$ 3DUDOOHO 3URFHVVLQJ 6“VWHP %DVHGRQ0 ,7 6FKHPH ˇøœˇ 0 6ffl8 ȷ$ ODVND ( QJLQHHULQJ 0 DQDJHP HQWÆ &RPSXWHU$Uı FKLWHFWXUHIRU0 LOLWDU“ 0 HVVDJH6“VWHPV ˇøæß %ȷ( QJȷffl0 ,7 0 DWHULDOV( QJLQHHULQJÆ . LQHWLFVRI 1XFOHı DWLRQLQ+H[DGHFDQH

( PSOR“ PHQW( [ SHULHQFH

- XQHˇ øø˚ ^3 UHVHQWÆ 5HVHDUFK6FLHQWLVWffl0 ,7 / DERUDWRU“ IRU&RP SXWHU6FLHQFHffl: RUOG ˇ

: LGH: HE &RQVRUWLXP ff:_¯ &fiȷ$ V’ RP DLQ / HDGHUIRUWKH7HFKQRORJ“ DQG 6RFLHW“ ’ Rı

P DLQDW:_¯ &ffl, DP DP HPEHURI WKHVHQLRUP DQDJHP HQWWHDP UHSRUWLQJ GLUHFWO“ WR7LP

%HUQHUVı/ HHffl GLUHFWRURI :_¯ &ȷ, P DQDJHDQ LQWHUQDWLRQDOWHDP WKDWLQLWLDWHVffl P DQDJHVffl

DQGFRRUGLQDWHVDQXPEHURI SURMHFWVUHODWHGWRWKHHYROXWLRQRI WKH: RUOG: LGH: HEȷ ,

KDYHEHHQUHVSRQVLEOHIRUDOOH[WHUQDOIXQGUDLVLQJfflDVZHOODVUDOO“ LQJ VXSSRUWIURP : ¯&ΩV

RYHU˘´´ P HPEHURUJDQL]DWLRQVȷ 3URMHFWVUHYROYHDURXQGWKHLP SDFWRI DQHZ P HGLXP RQ

VRFLHW“ Æ

3D“P HQW1HJRWLDWLRQIRU( OHFWURQLF &RP P HUFH

7KH-RLQW( OHFWURQLF 3D“ P HQW,QLWLDWLYHff-( 3,fiffl XQGHUWDNHQ E“ : ¯& DQG &RP ı

P HUFH1 HWffl FUHDWHG DJHQHUDOQHJRWLDWLRQ SURWRFROff3URWRFRO( [WHQVLRQ 3URWRFRORU

3( 3fi WKDWZDVWKHQ XVHG WR VLP SOLI“ WKHXVHUH[SHULHQFHRI FKRRVLQJ D SD“ P HQW

YHKLFOHȷ

&KLOG3URWHFWLRQDQG&RQWHQW5HJXODWLRQ

3ULQFLSOHGHVLJQHUffZLWK 3DXO5HVQLFNfi RI WKH3,&6 V“ VWHP IRU&RQWHQW6HOHFWLRQȷ

3,&6 ZDVWKHnUVWZLGHO“ ıGHSOR“HGP HWDGDWDV“ VWHP WKDWDGGUHVVHGWKHIXOOUDQJHRI

LVVXHVWKDWDULVHLQDGLVWULEXWHGV“ VWHP ÆVHSDUDWLRQRI GDWDIURP WKHVFKHP DIRUWKH

GDWDŒP XOWLSOHGLVWULEXWLRQP HFKDQLVP VŒGLJLWDOVLJQDWXUHVRQWKHP HWDGDWDDQG̀ RU

GDWDŒ VHSDUDWLRQ RI SURFHVVLQJ UXOHVIURP WKHVFKHP Dffl GDWDffl DQG P HWDGDWDȷ 3,&6

SURYLGHVSDUHQWV?FRQWUROVZLWKRXWFHQVRUVKLSΠȷ

7UXVWZRUWK“ 0 HWDGDWD

7KH’ LJLWDO6LJQDWXUH,QLWLDWLYHff’ 6LJfiDGGUHVVHVWKHSUREOHP RI VLJQLQJ P HWDGDWDLQ

DGLVWULEXWHGHQYLURQP HQWȷ %“ DWWDFKLQJ GLJLWDOVLJQDWXUHVWRP HWDGDWDfflLWEHFRP HV

SRVVLEOHWRVHSDUDWHWKHDXWKRURI WKHGDWDIURP WKHDXWKRURI WKHP HWDGDWDIURP

WKHSHUVRQRURUJDQL]DWLRQYRXFKLQJ IRUHLWKHUȷ 7KLVDOORZVDQHZ EXVLQHVVP RGHOWR

HYROYHfflLQZKLFKWKLUGSDUWLHVSURYLGHWUXVWȷ

* HQHUDO0 HWDGDWD

%HJLQQLQJ ZLWKWKHZRUNRQ3,&6 DQG’ 6LJfflWKH7HFKQRORJ“ DQG6RFLHW“ ’ RP DLQZDV

DEOHWRGHP RQVWUDWHWRWKH: ¯&ΩVP HP EHUVWKHYLWDOUROHWKDWP HWDGDWDZLOOSOD“ LQ

WKHHYROYLQJ : HELQIUDVWUXFWXUHȷ7KH5HVRXUFH’ HVFULSWLRQ) UDP HZRUNff5’ ) fiSURMHFW

FDSLWDOL]HVRQWKLVE“ EULQJLQJ WKHHQJLQHHULQJ UHVRXUFHVRI RYHUWZHQW“ FRP SDQLHV

DQGRUJDQL]DWLRQVWRJHWKHUWRH[SDQGWKHLGHDVLQ3,&6 ZLWKWKRVHDULVLQJ HOVHZKHUH ff; 0 / ffl&’ ) ffl0 &) ffl; 0 / `’ DWDfflDQGRWKHUVfi WRIRUP DUREXVWP HWDGDWDV“ VWHP IRU

WKH: HEΩVIXWXUHȷ

’ DWDDQG3HUVRQDO3ULYDF“ 3URWHFWLRQ

7KH3ODWIRUP IRU3ULYDF“ 3UHIHUHQFHV3URMHFWff3¯3fiEXLOGVRQWKHZRUNLQ5’ ) DQG

-( 3, WRFRPELQHWKHLGHDVRI P HWDGDWDDQGQHJRWLDWLRQWRIRUP WKHEDVLVIRUDQLQı

WHUQDWLRQDOSULYDF“ SURWHFWLRQV“ VWHP ȷ 7KHLGHDLVWRXVH5’ ) WRODEHOWKHSULYDF“

SROLFLHVHQIRUFHGE“ LQGLYLGXDO: HEVLWHRZQHUVfflXVHDYDULDQWRI 3,&6 5XOHVWRDOORZ

XVHUVWRH[SUHVVWKHLUSULYDF“ SUHIHUHQFHVffZKDWGDWDP D“ EHUHYHDOHGXQGHUZKDW

JXDUDQWHHVRI IXWXUHXVHfifflDQGXVH3( 3 WRQHJRWLDWHDSULYDF“ SURWHFWLRQDJUHHP HQWȷ ˘

$ OORI WKLVSURYLGHVDP DUNHWıEDVHGGULYHUWRHQFRXUDJHVLWHRZQHUVWRSURYLGHH[ı SOLFLWSULYDF“ SROLF“ VWDWHP HQWVfflUHGXFHWKHUHGLVWULEXWLRQRI SULYDWHGDWDfflDQGUHFHLYH H[SOLFLWLQIRUP HGFRQVHQWIRUWKHXVHRI SULYDWHGDWDȷ

£FFHVVE“ 3HRSOH: LWK’ LVDELOLWLHV 7KH: HE $ FFHVVLELOLW“ ,QLWLDWLYHfflIXQGHGMRLQWO“ E“ : ¯&fflWKH8 ȷ6ȷ1 DWLRQDO6FLHQFH ) RXQGDWLRQffl8 ȷ6ȷ’ HSDUWP HQWRI ( GXFDWLRQfflDQG WKH( XURSHDQ &RP P LVVLRQ 7,’ ( SURJUDP fflDGGUHVVHVERWKWKHWHFKQRORJLFDODQGWKHVRFLHWDOLVVXHVRI SURYLGLQJ DFFHVV WRWKLVQHZ P HGLXP E“ SHRSOHZKRKDYHGLVDELOLWLHVȷ 7KHNH“ LGHDLVWRSURYLGHWKH QHHGHGWHFKQRORJLFDOKRRNVDQGDWWKHVDP HWLP HSURYLGHJXLGHOLQHVIRUWRROP DNHUV DQGFRQWHQWFUHDWRUVVRWKDW: HEFRQWHQWEHFRP HVDFFHVVLEOHWRDOOȷ7KHUHLVDP DMRU HGXFDWLRQDOFRP SRQHQWfflDVZHOOfflZLWKDWKHP HRI ?XQLYHUVDOGHVLJQKHOSVHYHU“RQHffl QRWMXVWWKRVHZLWKGLVDELOLWLHVȷΠ

’ HFHP EHUˇ øø¯ ^- XQH ˇ øø˚ Æ 6HQLRU5HVHDUFK ) HOORZffl2 SHQ 6RIWZDUH) RXQGDWLRQ 5Hı VHDUFK,QVWLWXWHȷ 7HDP OHDGHUIRUWKH: LGHı$ UHD,QWHOOLJHQW%URZVLQJ $ VVLVWDQWSURMHFWffl ZKLFKFRQFHQWUDWHVRQWRROVIRUKHOSLQJ XVHUVFRSHZLWKWKHFRP SOH[LW“ RI WKH: RUOGı: LGH : HEȷ2 XUZRUNKDVLQFOXGHGWKHGHYHORSP HQWRI DSRUWDEOHfflH[WHQVLEOH: HE EURZVHUff$ ULı DGQHfifflWKHFUHDWLRQRI DQDJHQWWRRONLWff2 UH2 fifflDQGDWRRONLWIRUFUHDWLQJ : HE FOLHQWVȷ

1 RYHP EHUˇ øø¯ ^- XQHˇ øø˚ Æ 9 LVLWLQJ 6FLHQWLVWffl0 ,7 $ , / DEȷ3ULP DULO“ FRQFHUQHGZLWK GRFXP HQWLQJ YLDSXEOLFDWLRQVWKHVLJQLnFDQWWHFKQRORJ“ LQWKH0 ,7 6FKHP HV“ VWHP ȷ 7KLV ZRUNfflGRQHRYHUWKHSUHYLRXVGHFDGHfflLQFOXGHVDGYDQFHVLQWKHDUHDVRIFRP SLOHURSWLP L]DWLRQ IRUKLJKHUıRUGHUDQGG“ QDP LF ODQJXDJHVfflODQJXDJHGHVLJQfflJDUEDJHFROOHFWLRQfflDQGREMHFW UHSUHVHQWDWLRQȷ - XO“ ^1 RYHP EHUˇ øø¯ ffIXOOıWLP Hfiffl1 RYHP EHUˇ øø¯ ^’ HFHP EHUˇ øø¯ ffSDUWıWLP HfiÆ ’ ( & ,QIRUP DWLRQ ’ HOLYHU“ 8 WLOLW“ȷ -RLQHG DQ H[LVWLQJ HQJLQHHULQJ JURXS GHYHORSLQJ D FRUSRUDWHıZLGHV“ VWHP IRUSUHSDULQJ DQGGHOLYHULQJ FXVWRP L]HGP DQDJHP HQWUHSRUWVȷ2 YHU WKHLQLWLDOIRXUP RQWKSHULRGfflSUHSDUHGDQDOWHUQDWLYHGHVLJQEDVHGRQWKHXVHRI0 RVDLFDQG : RUOGı: LGH: HE WHFKQRORJ“ IURP WKH,QWHUQHWȷ7KHGHVLJQZDVDGRSWHGWRUHSODFHP DMRU FRP SRQHQWVRI WKHH[LVWLQJ V“ VWHP ȷ 7KHGHFLVLRQWRDGRSW,QWHUQHWWHFKQRORJ“ KDVEHHQ KDLOHGZLWKLQWKHFRP SDQ“ DVDP DMRUVWHS IRUZDUGLQ’ LJLWDOΩVLQWHUQDOLQIRUP DWLRQV“ VWHP RUJDQL]DWLRQȷ &XUUHQWO“ ZRUNLQJ RQVWUDWHJ“ IRUGHSOR“ LQJ WKHV“ VWHP DQGLQWHJUDWLQJ LW ZLWKP DMRUOHJDF“ VHUYHUVDFURVVWKHFRP SDQ“ȷ 6SULQJ ˇ øø¯ Æ 9 LVLWLQJ / HFWXUHUffl0 ,7 ( ( &6ȷ7DXJKWWZRVHFWLRQVRI ?ßȷ́ ´ˇÆ 6WUXFWXUH DQG,QWHUSUHWDWLRQRI &RP SXWHU3URJUDP VȷΠ : RUNHGZLWK3URIȷ+DUROG$ EHOVRQRQDXVHU LQWHUIDFHWRRONLWIRU6FKHP HXQGHU; DQG0 6 : LQGRZVȷ ˇ øø´ ^- XQHˇ øø¯ Æ 0 HP EHURI 5HVHDUFK6WDmffl’ LJLWDO( TXLSP HQW&RUSRUDWLRQ&DPEULGJH 5HVHDUFK/ DERUDWRU“

7KH2 UJDQL]DWLRQ( QJLQH ’ HVLJQHGDQGLP SOHP HQWHGDUHVHDUFKSURWRW“ SHGHP RQVWUDWLQJ VHDP OHVV?YLUWXDOGDWD LQWHJUDWLRQΠ IURP DGHVNWRSWRKHWHURJHQHRXVGDWDVRXUFHVfflLQFOXGLQJ DXGLRDQGLP DJH GDWDȷ ’ HP RQVWUDWHG LWLQ WKHKHDOWK FDUHP DUNHWXVLQJ WZR SUHıH[LVWLQJ KRVSLWDO V“ VWHP Vȷ ¯

7HOHJUDSK

’ HVLJQHGDQGLP SOHP HQWHGDV“ VWHP SURYLGLQJ UHP RWHfflDV“ QFKURQRXVDFFHVVWR,Qı

WHUQHWQHZVDQG ’ LJLWDOΩV9$ ; QRWHVYLD HOHFWURQLF P DLOȷ ( [SORLWVWKHXELTXLWRXV

QDWXUHRI HOHFWURQLFP DLOWRSURYLGHVXEVFULSWLRQDQGEURZVLQJ VHUYLFHVIRUVWUHDP VRI

LQIRUP DWLRQȷ&XUUHQWO“ LQURXWLQHRSHUDWLRQDOXVHZLWKLQ’ LJLWDOȷ

0 ( &&£Æ6“VWHUVΩ’ DWDı%DVHG( ı0 DLO

’ HVLJQHGLQFROODERUDWLRQZLWK$ QLWD%RUJ DQG%ULDQ5HLGWRVXSSRUWJURXSHOHFWURQLF

FRQYHUVDWLRQVȷ ,P SOHP HQWHG WKHH[LVWLQJ V“ VWHP DQG VXSSRUWHG LQLWLDOGHSOR“ P HQW

HmRUWVȷ0 ( &&$ GHnQHVnYHVSHFLnFVHUYLFHVRmHUHGWRWKHJURXS WKURXJKWKHXVHRI D

FRP ELQHGHOHFWURQLFP DLOV“ VWHP DQGXVHUSURnOHGDWDEDVHÆSXEOLFDWLRQ̀ VXEVFULSWLRQffl

GLUHFWP DLOfflH[WHUQDOOLVWEXLOGLQJfflDUFKLYDÒUHWULHYDOfflDQGDGP LQLVWUDWLRQȷ

6FKHP H/ DQJXDJH

&RıHGLWRURI WKH,( ( ( ffQRZ $ 1 6, DQG,62 fi6WDQGDUGIRUWKH6FKHP H3URJUDP P LQJ

/ DQJXDJHȷ ,QLWLDWRURI DMRLQWHmRUWff0 ,7`’ LJLWDOfi WRGHVLJQDQGLP SOHP HQWDXVHU

LQWHUIDFHWRRONLWIRU6FKHP HWRUXQXQGHUERWK; : LQGRZVffXVLQJ 7. `7&/ fi DQG

0 LFUR6RIW: LQGRZVȷ

’ “ODQ/ DQJXDJH

’ LUHFWHGDWKUHHSHUVRQLP SOHP HQWDWLRQWHDP IRUWKHnUVWSXEOLFDOO“ DYDLODEOHYHUVLRQ

RI WKH’ “ ODQ_{WP} ODQJXDJHffWKHODQJXDJHZDVGHVLJQHGDQGWKHQDP HWUDGHP DUNHGE“

$ SSOH&RP SXWHUfiȷ 7KLVLP SOHP HQWDWLRQffl ?7KRP DVfflΠ LVZULWWHQ LQ SRUWDEOH,( ( (

6FKHP HDQG LVGLVWULEXWHG IUHHO“ ZLWK VRXUFHVȷ ’ HVLJQHG DQG LP SOHP HQWHG DQHZ

V“ QWD[ffl?%REfflΠ IRUWKHVDP HXQGHUO“ LQJ ODQJXDJHfflEXWEDVHGRQ EFSOUDWKHUWKDQ

OLVS QRWDWLRQȷ

ˇ øœæ^ˇ øø´ Æ $ VVLVWDQW3URIHVVRUffl%UDQGHLV8 QLYHUVLW“

&RP SXWHU0 HGLDWHG,QIRUP DWLRQ( [FKDQJHȷ

’ LUHFWHG DVWXG“ RI DQXPEHURI DSSOLFDWLRQVZKLFK FDQ EHYLHZHG DVH[FKDQJLQJ

LQIRUP DWLRQEHWZHHQSDUWLFLSDQWVÆGDWDEDVHDSSOLFDWLRQVfflGRFXP HQWSUHSDUDWLRQfflRQı

OLQHUHIHUHQFHZRUNVffl RQıOLQHGLUHFWRU“ VHUYLFHffl HOHFWURQLF P DLOffl DQG EXVLQHVVIRUP

WUDFNLQJȷ7KLVVWXG“ HYROYHGLQWRWKH2 UJDQL]DWLRQ( QJLQHZRUNDW’ LJLWDOȷ

3DUDOOHO6“P EROLF &RP SXWLQJȷ

6XSHUYLVHGZRUNRQ*DPELWfflDUHWDUJHWDEOHFRP SLOHUIRUDSDUDOOHOH[WHQVLRQWR6FKHP H

LQFOXGLQJ DEDFNıHQGWKDWJHQHUDWHVSRUWDEOH& FRGHȷ

ˇ øœ˘ ^ˇ øœæÆ 9 LVLWLQJ VFLHQWLVWDQGUHVHDUFKVWDmffl0 ,7 $ UWLnFLDO,QWHOOLJHQFH/ DERUDWRU“ Œ

/ HFWXUHUffl0 ,7 ( OHFWULFDO( QJLQHHULQJ DQG&RP SXWHU6FLHQFH’ HSDUWP HQW

9/ 6, GHVLJQWRROVDQG&RQQHFWLRQ0 DFKLQHȷ

&RRUGLQDWHGSURMHFWWRGHVLJQDQGGHYHORS DQHZ JHQHUDWLRQRI FRP SXWHUEDVHGWRROV

IRUGHVLJQRI FXVWRP 9 / 6, FKLSVȷ: RUNHGZLWK’ DQQ“ +LOOLVRQWKHGHVLJQRI WKH&RQı

QHFWLRQ0 DFKLQHfflLQFOXGLQJ FRGLQJ WKHLQLWLDOVHWRI P LFURFRGHIRUP HVVDJHGHOLYHU“ȷ ˚

6FKHP HV“VWHP GHYHORSP HQWȷ ,P SOHP HQWHG6FKHP HLQ&ȷ7KLVV“ VWHP LVVWLOOLQZRUOGıZLGHXVHfflDQGLVWKHEDVLV IRUDFXUUHQWFRXUVHRmHULQJ DW0 ,7 WRœ´´ VWXGHQWVDQQXDOO“ȷ &RRUGLQDWHG æ XQı GHUJUDGXDWHVWRSUHSDUHWKHV“ VWHP IRUIXOOıVFDOHXVHLQDQXQGHUJUDGXDWHODERUDWRU“ȷ &RRUGLQDWHGWKHLQVWDOODWLRQRI KDUGZDUHDQGVRIWZDUHIRU˚œ SHUVRQDOFRP SXWHUVDW WKHODERUDWRU“ȷ

&RQWLQXLQJ ( GXFDWLRQȷ 6HUYHG DVFRQWDFWSHUVRQ IRULQGXVWULDOSDUWLFLSDQWVLQ 0 ,7ΩV/ LIHORQJ &RQWLQXLQJ ( GXFDWLRQSURJUDP ȷ3UHSDUHGHGXFDWLRQDOP DWHULDOVDQGFRP SXWHUSURJUDP VIRUXVH ZLWKWKHFRXUVHȷ

ˇ øæß^ˇ øœ˘ Æ 6WDm3URJUDP P HUff0 76fiffl%ROWffl%HUDQHNDQG1 HZP DQffl,QFȷ

3URMHFW+HUP HVffl3URJUDP P HUDQG7HDP / HDGHU ,P SOHP HQWHGDQGODWHUFRıP DQDJHGWKHGHYHORSP HQWRI +HUPHVfflRQHRI WKHnUVWHOHFı WURQLF P DLOV“ VWHP VDQG DSURWRW“ SHIRUP RUHSRZHUIXORp FHDXWRP DWLRQ V“ VWHP Vȷ : RUNLQFOXGHGWKHGHVLJQRI DVHFXUHKXP DQLQWHUIDFHIRUXVHLQP LOLWDU“ DSSOLFDWLRQVȷ

,1 7( / 32 67ffl7HFKQLFDO0 DQDJHU ,P SOHP HQWHGWKHKXP DQLQWHUIDFHDQGP DQDJHGWKHGHYHORSP HQWRI ,17( / 3267fflD VHUYLFHRI WKH8 ȷ6ȷ3RVWDO6HUYLFHWKDWSURYLGHVJXDUDQWHHGRYHUQLJKWGHOLYHU“ RI D IDFVLP LOHFRS“ RI SULQWHG P DWHULDOEHWZHHQ WKH8 QLWHG 6WDWHVDQG VHOHFWHG IRUHLJQ FRXQWULHVȷ 7KHV“ VWHP ZDVGHYHORSHG XQGHUVHYHUHWLP Hffl HTXLSP HQWffl DQG EXGJHW FRQVWUDLQWVȷ

2 WKHUSURMHFWV,QFOXGHGDSURSRVDOIRUDP XOWLıP HGLDP DLOV“ VWHP ŒGHVLJQRI DQHıP DLO V“ VWHP EDVHGRQVWDQGDUGGDWDEDVHWHFKQRORJ“ Œ-HULFKRSDVFDOV“ VWHP GHVLJQDQG GHYHORSP HQWffP LFURFRGHWKURXJKZLQGRZLQJ 2 6fiȷ

ˇ øæ˘ ^ˇ øæßÆ 3DUWıWLP HSURJUDP P HUffl%ROWffl%HUDQHNfflDQG1 HZP DQffl,QFȷ : RUNLQFOXGHGGHVLJQfflLP SOHP HQWDWLRQfflDQGP DLQWHQDQFHRI WKH%&3/ FRP SLOHUfflUXQWLP H V“ VWHP fflDQGVRXUFHFRGHGHEXJJHUDVZHOODVWKHFUHDWLRQRI WKH0 ,7 &OHDULQJKRXVHV“ VWHP ffl DQRQıOLQHP XOWLıXVHUGDWDEDVHV“ VWHP ZKLFKLVVWLOOLQXVHDW0 ,7ȷ

¸

5 HIHUHQFHV

5HIHUHQFHVDUHDYDLODEOHXSRQUHTXHVWȷ

3 XEOLFDWLRQV

5 HIHUHHG - RXUQDOV

-ȷ6ȷ0 LOOHUDQG* ȷ5R]DVffl?) UHH9DULDEOHVDQG) LUVWı&ODVV( QYLURQP HQWVΠffl/ LVS DQG

6“P EROLF &RP SXWDWLRQfflˇøøˇȷ

-ȷ6ȷ0 LOOHUffl?,P SOHP HQWLQJ D6FKHP HıEDVHG 3DUDOOHO3URFHVVLQJ 6“ VWHP Πffl,QWHUQDı

WLRQDO-RXUQDORI 3DUDOOHO3URFHVVLQJffl2 FWREHUfflˇøœœȷ

5 HIHUHHG &RQIHUHQFHV

-ȷ6ȷ0 LOOHUffl&ȷ1 LHGQHUDQG -ȷ/ RQGRQffl?7KH2 UJDQL]DWLRQ ( QJLQHÆ 9 LUWXDO’ DWD

,QWHJUDWLRQΠffl6RFLHW“ IRU&RP SXWHU£SSOLFDWLRQVLQ0 HGLFDO&DUHfflˇøø˘ȷ

( ȷ6LP RXGLVDQG-ȷ6ȷ0 LOOHUffl?9DOLGDWHG5HWULHYDOLQ&DVHı%DVHG5HDVRQLQJΠffl$ $ $ ,

ˇøø´ȷ

-ȷ6ȷ0 LOOHUDQG0 ȷ) HHOH“ffl?$ 3DUDOOHO9 LUWXDO0 DFKLQHIRU( p FLHQW6FKHP H&RP SLı

ODWLRQΠffl/ ,63 DQG) XQFWLRQDO3URJUDP P LQJfflˇøø´ȷ

-ȷ6ȷ0 LOOHUffl?0 LOLWDU“ 0 HVVDJH6“ VWHP VÆ $ SSO“ LQJ D6HFXULW“ 0 RGHOΠffl3URFHHGLQJV

RI WKHˇøœˇ 6“P SRVLXP RQ6HFXULW“ DQG3ULYDF“ffl,( ( ( &RP SXWHU6RFLHW“ffl2 FWREHUffl

ˇøœˇȷ

%RRNV

3UREOHP 6HWVIRUXVHZLWK6WUXFWXUHDQG,QWHUSUHWDWLRQRI &RP SXWHU3URJUDP Vff0 DFı

LQWRVK9HUVLRQfiffl * ȷ-ȷ6XVVP DQffl +ȷ$ EHOVRQffl -ȷ6ȷ0 LOOHUDQG IULHQGVffl 0 ,7 3UHVVffl

&DP EULGJHffl0 $ fflˇøœœȷ ß

2 WKHU 3 XEOLFDWLRQV

* DUEDJH&ROOHFWLRQLQ0 XOWL6FKHP Hff3UHOLP LQDU“ 9HUVLRQfi ff-ȷ6ȷ0 LOOHUDQG%ȷ( Sı VWHLQfi LQ?3DUDOOHO/ LVSÆ / DQJXDJHVDQG6“ VWHP VΠ 6SULQJHÛ9HUODJ / HFWXUH1 RWHVLQ &RP SXWHU6FLHQFHffl7ȷ,WRDQG5ȷ+ȷ+DOVWHDGffl-UȷHGLWRUVfflˇøø´ȷ %%1 5HSRUW̧ ˇßæffl0 HVVDJH6“VWHP V’ HVLJQffl6HSWHPEHUfflˇøœ˘ȷ %%1 5HSRUW̊ ˇˇ˚ 6HFXULW“ &RQVLGHUDWLRQVIRU0 LOLWDU“ 0 HVVDJH6“VWHP Vffl2 FWREHUffl ˇøæøȷ %%1 5HSRUW̊ ˇ˘ˇ +( 50 ( 6 6HFXULW“ ’ HVLJQffl0 DUFKfflˇøæøȷ

3 URIHVVLRQDO$ FWLYLWLHV

( OHFWURQLF0 DLOP HGLDWRUIRUWKH$ XWKRUVRI WKH5HYLVHG5HSRUWVRQWKH3URJUDP P LQJ / DQJXDJH6FKHP Hȷˇøø˘^SUHVHQWȷ 0 HPEHUffl’ “ ODQ3DUWQHUVffl$ SSOH&RP SXWHUȷˇøø˘^SUHVHQWȷ &RıHGLWRUffl,( ( ( 6WDQGDUGIRUWKH6FKHP H3URJUDP P LQJ / DQJXDJHȷˇøœœ^ˇøøˇȷ 7HFKQLFDOHGLWRUIRU0 ,7 3UHVVÆ 6FKHP HDQG WKH£UWRI &RP SXWHU3URJUDP P LQJffl * HRUJH6SULQJHUDQG’ DQLHO3ȷ) ULHGP DQffl0 ,7 3UHVVffl&DP EULGJHffl0 $ fflˇøø´ȷ 7HFKQLFDOHGLWRUIRU0 ,7 3UHVVÆ 3URJUDP P LQJ / DQJXDJHVÆ £EVWUDFWLRQffl5HSUHVHQWDı WLRQfflDQG,P SOHP HQWDWLRQffl’ DQLHO3ȷ) ULHGP DQffl0 LWFKHOO: DQGffl&KULVWRSKHU7ȷ+D“ QHVffl DQG( XJHQH( ȷ. RKOEHFNHUffl0 ,7 3UHVVffl&DPEULGJHffl0 $ fflˇøø´ȷ * RYHUQP HQWUHYLHZ SDQHOffl+RQH“ ZHOO6HFXUH&RP SXWHUff6&2 0 3fiSURMHFWȷ

+ RQRUVDQG $ZDUGV

2 XWVWDQGLQJ 6WXGHQWffl8 ȷ$ ODVND) DLUEDQNV( QJLQHHULQJ 0 DQDJHP HQW 0 ,7 ( ( &6 ’ HSDUWP HQW* UDGXDWH6WXGHQW,QVWUXFWRUVKLS $ P HULFDQ( OHFWURQLFV$ VVRFLDWLRQ7HDFKLQJ ) HOORZVKLS ’ ( & ’ ( &: RUOG( [FHOOHQFH$ ZDUG ’ ( & 2 XWVWDQGLQJ $ FKLHYHP HQW$ ZDUG

7 KHVHV6XSHUYLVHG

7UXVW0 DQDJHP HQWIRUWKH: RUOG : LGH: HEffl ¡DQJıKXD &KXffl 0 ( QJffl 0 ,7ffl ˇøøæȷ $ YDLODEOHRQıOLQHDWKWWSÆ``ZZZȷZ¯ȷRUJ`7DQG6`7KHVHV`<DQJ+XD&KXȷ æ

L6KDUĤ’ RFXP HQW£QQRWDWLRQDQG9HUVLRQ&RQWUROIRUWKH,QWHUQHWffl-DVRQ7KRP DVffl

0 ( QJffl0 ,7fflˇøøæȷ$ YDLODEOHRQıOLQHDWKWWSÆ``ZZZȷZ¯ȷRUJ`7DQG6`7KHVHV`-DVRQ7KRPDVȷ

&DFKLQJ LQD’ DWDıEDVHG: HE6HUYHUffl&KULV) XFKVȷ0 ( QJffl0 ,7fflˇøøßȷ

+773ıEDVHG3URWRFROIRU,QWHUQHW&DOHQGDULQJ DQG6FKHGXOLQJffl: LQJNRQJ ff2 OLYHUfi

¡LSffl0 ( QJffl0 ,7fflˇøøßȷ$ YDLODEOHRQıOLQHDWKWWSÆ``ZZZȷZ¯ȷRUJ`7DQG6`7KHVHV`2OLYHU<LSȷ

( p FLHQW6FKHP Hı%DVHG3DUDOOHO3URFHVVLQJffl0 DUF) HHOH“ȷ3K’ ffl%UDQGHLVfflˇøø¯ȷ

&DVH5HWULHYDOIRU&DVHı%DVHG5HDVRQLQJffl( YDQJHORV6LP RXGLVȷ3K’ ffl%UDQGHLVfflˇøø´ȷ

6SHFXODWLYH&RP SXWDWLRQLQ0 XOWL6FKHP Hffl%DUEDUD( SVWHLQȷ%$ ffl%UDQGHLVfflˇøœøȷ

6SHFWUXP 3RUWRI / ,£5 &RP SLOHUffl-HmUH“ +HOOHUȷ%$ ffl%UDQGHLVfflˇøœøȷ

0 XOWL7UDVKÆ £ 3DUDOOHO* DUEDJH&ROOHFWRUIRU0 XOWL6FKHP Hffl$ QWKRQ“ &RXUWHP DQFKHȷ

6%ffl0 ,7fflˇøœßȷ

’ HEXJJLQJ 7RROVIRU3DUDOOHO3URFHVVRU6FKHP Hffl6WHZDUW&ODP HQȷ6%ffl0 ,7fflˇøœßȷ

/ ,£ 5Æ£ &RP SLOHUIRU6FKHP Hffl* XLOOHUP R5R]DVȷ6%ffl0 ,7fflˇøœ˚ȷ

3DWHQWV

) LOHGIRUWZR8 ȷ6ȷDQGLQWHUQDWLRQDOVRIWZDUHSDWHQWVȷ2 QHfflRQXVHULQWHUIDFHWHFKQRORJ“ nOHG

MRLQWO“ ZLWK-DJDGHHVDQ* DQDSDWKLff’ ( &fifflKDVEHHQLVVXHGLQWKH8 ȷ6ȷ2 QHRQGDWDEDVH

LQWHJUDWLRQff’ ( &fiUHP DLQVSHQGLQJȷ

&RXUVHV7DXJ KW

6WUXFWXUHDQG,QWHUSUHWDWLRQRI &RP SXWHU3URJUDP Vffl0 ,7 XQGHUJUDGXDWHFRXUVHffFRıOHFWXUHU

IRU˚´´ VWXGHQWVfflZLWKDVWDmRI æ IDFXOW“ UHFLWDWLRQLQVWUXFWRUVfflˇ¸ JUDGXDWHWXWRUVfflDQG˘´

XQGHUJUDGXDWHODEDVVLVWDQWVfiȷ: KHQ+XP DQ0 HHWV&RP SXWHUffl%UDQGHLVJUDGXDWHVHP LQDUȷ

&RP SXWHU/ DQJXDJHVDQG&RP SLOHU’ HVLJQ%UDQGHLVJUDGXDWHDQGXQGHUJUDGXDWHFRXUVHVȷ

6WUXFWXUHDQG,QWHUSUHWDWLRQ RI &RP SXWHU3URJUDP Vffl LQGXVWULDO˘ıZHHNYHUVLRQVDW0 ,7ffl

+HZOHWŴ3DFNDUGffl 8 QL) RUXP ff6ZHGHQfiffl 5R“DO0 HOERXUQH,QVWLWXWHRI 7HFKQRORJ“ ff0 HOı

ERXUQHffl$ XVWUDOLDfifflDQG’ ( &ȷ

3DUDOOHO3URFHVVLQJffl%UDQGHLVJUDGXDWHVHP LQDUȷ

,QWURGXFWLRQWR&RP SXWHU6HFXULW“ffl7DQDQD9DOOH“ &RP PXQLW“ &ROOHJHffl) DLUEDQNVffl$ ODVNDȷ

,QWURGXFWLRQWR%£6,&ffl7DQDQD9DOOH“ &RP P XQLW“ &ROOHJHȷ œ