6SDFH2SWLPL]DWLRQVIRU7RWDO5DQNLQJ^⌉

’ RXJODVV5 ȷ&XWWLQJ ( [FLWH,QFȷ ¸¸¸ %URDGZD“ffl5HGZRRG&LW“ffl&$ ø˚´ß¯

- DQ 2 ȷ3 HGHUVHQ 9HULW“ ,QFȷ œø˚ 5RVV’ Uȷffl6XQQ“ YDOHffl&$ ø˚´œø

$ EVWUDFW

( p FLHQWUDQNLQJ DOJRULWKP VIRUVLP LODULW“ VHDUFKXVHDQLQYHUWHGLQGH[ WRDYRLG VFRULQJ GRFXP HQWVWKDWKDYHQRRYHUODS ZLWKWKHTXHU“ȷ1 RQHWKHOHVVfflSDUWLDOVFRUHV P XVWEHP DLQWDLQHG IRUDVLJQLnFDQWSURSRUWLRQ RI WKHFROOHFWLRQȷ 3UHYLRXVZRUN KDVIRFXVVHGRQKHXULVWLFSDUWLDOUDQNLQJ VWUDWHJLHVWRUHGXFHWKHP HP RU“ DQGWLP H UHTXLUHP HQWVDWWKHFRVWRI QR ORQJHUFRP SXWLQJ WKHWUXHUDQNVȷ : HSUHVHQWWZR QRYHODOJRULWKP VWKDWHp FLHQWO“ FRP SXWHWKHWUXHWRWDOUDQNLQJ ZLWKDn[HGVSDFH UHTXLUHP HQWLQGHSHQGHQWRI WKHVL]HRI WKHFROOHFWLRQȷ

⌉$ XWKRUVOLVWHGLQDOSKDEHWLFRUGHU ˇ

ˇ ,QWURGXFWLRQ

0 RGHUQLQIRUP DWLRQUHWULHYDOV“ VWHP VPXVWVFDOHWRHYHUODUJHUFROOHFWLRQVRI RQOLQHGRFı

XP HQWVȷ ) RUH[DP SOHfflWKHQHZ $ 53$ 7LSVWHUWHVWFROOHFWLRQFRQWDLQVRYHURQHP LOOLRQ

GRFXP HQWVLQ¯ȷ̄ * LJDE“ WHVDQGLVVWLOOJURZLQJ ¿œ@ȷ7HUUDE“ WHFROOHFWLRQVDUHQRWXQFRP ı

P RQLQFRP P HUFLDOVHWWLQJVȷ

&RQWHQWıEDVHGDFFHVVWRWKHVHFROOHFWLRQVLVQRWSUDFWLFDEOHZLWKRXWKLJKSHUIRUP DQFH

LQGH[LQJfflDQDO“ VLVfflDQGVHDUFKDOJRULWKP Vȷ7KHUHFHQW1 ,67 VSRQVRUHG75( & ff7H[W5( ı

WULHYDOfi FRQIHUHQFHV¿¸fflßfflæ@GHP RQVWUDWHWKDW,5 V“ VWHP VEDVHGRQVLP LODULW“ VHDUFKLQJ

ZLWK UDQNHG RXWSXWFDQ VXFFHVVIXOO“ VFDOHWR WKHVHGLP HQVLRQV¿ø@ȷ 7KHKHDUWRI WKHVH

V“ VWHP VLVDVLP LODULW“ VHDUFKDOJRULWKP WKDWVFRUHVTXHULHVDJDLQVWGRFXP HQWVDQGFRP ı

SXWHVWKHKLJKHVWVFRULQJ GRFXP HQWVIRUSUHVHQWDWLRQWRWKHXVHULQUDQNHGRUGHUȷ7“ SLFDO

VWUDWHJLHVHP SOR“ DQ LQYHUWHG LQGH[ WR DYRLG VFRULQJ GRFXP HQWVWKDWKDYHQR RYHUODS

ZLWK WKHTXHU“ ¿ˇ¸@ȷ 1 RQHWKHOHVVDVLJQLnFDQWIUDFWLRQ RI WKHFROOHFWLRQ PXVWVWLOOEH

VFRUHGfflRFFXS“ LQJ VSDFHSURSRUWLRQDOWRWKHVL]HRI WKHFROOHFWLRQȷ ,5 UHVHDUFKHUVKDYH

LQYHVWLJDWHGKHXULVWLFP HWKRGVIRUHDUO“ VWRSSLQJ WKDWGURS ZKROHTXHU“ WHUP VIURP FRQı

VLGHUDWLRQfflVSHHGLQJ VHDUFKfflDQGIRUOLP LWLQJ WKHVHWRI GRFXP HQWVWREHVFRUHGfflUHGXFLQJ

VSDFH¿ˇfflˇˇffl˚fflˇøfflˇß@ȷ +RZHYHUfflWKHVHSDUWLDOUDQNLQJ P HWKRGVRQO“ DSSUR[LP DWHWKH

WUXHVLP LODULW“ UDQNLQJȷ ( [SHULP HQWVKDYHVKRZQQRVLJQLnFDQWORVVRI SHUIRUP DQFHfflDV

P HDVXUHGE“ SUHFLVLRQDQGUHFDOOfflGXHWRWKLVDSSUR[LP DWLRQffl“HWSHUIRUP DQFHLVVHQVLWLYH

WRWKHFKRLFHRI SDUDP HWHUVfflZKLFKLVFROOHFWLRQVSHFLnFȷ

7KLVSDSHUZLOOGHVFULEHWZRQHZ Hp FLHQWDOJRULWKP VIRUVLP LODULW“ VHDUFKWKDWFRP ı

SXWHDWUXHWRWDOUDQNLQJ ZLWKDn[HGVSDFHUHTXLUHP HQWLQGHSHQGHQWRI WKHVL]HRI WKH

FROOHFWLRQȷ 7KHHVVHQWLDOLGHDLVWRUHFRQVWUXFWIURP WKHLQYHUWHGLQGH[ DWTXHU“ WLP HD

SDUWLDOGRFXP HQWUHSUHVHQWDWLRQIRUHDFKGRFXP HQWRQHıDWıDıWLP HWKDWFRQWDLQVRQO“ WKH

LQIRUP DWLRQ QHFHVVDU“ WR FRP SXWHLWVVFRUHZLWK UHVSHFWWR WKHTXHU“ȷ 7KLVLVDFFRP ı

SOLVKHGE“ P HUJLQJ WRJHWKHUWKHSRVWLQJ IURP DOOWKHTXHU“ WHUP VLQSDUDOOHOfflUDWKHUWKDQ

SURFHVVLQJ WKHP LQVHTXHQFHDVLVW“ SLFDOIRUEDVLFVLP LODULW“ VHDUFKDOJRULWKP Vȷ

6HFWLRQ˘ ZLOOSUHVHQWGHnQLWLRQVfflVHFWLRQ ¯ ZLOOUHYLHZ EDVLFDOJRULWKP VfflDQGVHFWLRQ˚

ZLOOGHVFULEHWKHSDUDOOHOP HUJHDOJRULWKP Vȷ

˘ ’ HnQLWLRQV

˘ ȷ̌ 7 KH9 HFWRUı6SDFH0 RGHO

7KHYHFWRUıVSDFHP RGHO¿ˇœ@UHSUHVHQWVDGRFXP HQWDVDKLJKıGLP HQVLRQDOYHFWRUZLWKRQH

FRP SRQHQWIRUHDFKXQLTXHWHUP LQWKHYRFDEXODU“ RI WKHFROOHFWLRQȷ 7KHYDOXHIRUHDFK

FRP SRQHQWLVWKHZHLJKWIRUWKDWWHUP LQWKDWGRFXP HQWfflRIWHQDIXQFWLRQRI WKHIUHTXHQF“

RI WKHWHUP LQWKDWGRFXP HQWȷ7HUP VWKDWGRQRWRFFXULQWKHGRFXP HQWKDYH]HURZHLJKWȷ

6LQFHP RVWFRP SRQHQWVZLOOEH]HURfflWKHVHGRFXP HQWYHFWRUVDUHVSDUVHȷ

4 XHULHVDUHDOVRUHSUHVHQWHGDVYHFWRUVȷ 6LP LODULW“ VHDUFKUDQNVGRFXP HQWVZLWKUHı

VSHFWWRWKHLUVLP LODULW“ WRWKHTXHU“ȷ ,QWKLVSDSHUVLP LODULW“ ZLOOEHP HDVXUHGE“ WKH

FRVLQHRI WKHDQJOHEHWZHHQWKHTXHU“ YHFWRUDQGWKHGRFXP HQWYHFWRUÆ 6ffGϕTfi WG_WϕT_W NTNNGN 7“ SLFDOZHLJKWGHnQLWLRQVfflLQWHUP VRI ELQDU“ GRFXP HQWFRXQWfflRUWKHQXPEHURI GRFXı P HQWVFRQWDLQLQJ DWHUP ffl1 ffWfifflDQGGRFXP HQWIUHTXHQF“fflI_GffWfifflDUHÆ

G_W ORJffI_GffWfifiORJff1 ψ1 ffWfifi DQG T_W ORJffI_TffWfifiORJff1 ψ1 ffWfifi

ZKHUH1 LVWKHWRWDOVL]HRI WKHFROOHFWLRQȷ

7R VLP SOLI“ GLVFXVVLRQfflZHZLOOSUHVXP HWKDWGRFXP HQWVZHLJKWVDUHQRUP DOL]HG WR KDYHXQLWQRUP ȷ,ȷHȷ G^⊇_W G_Wψ NGN 6LQFHffl IRUVFRULQJ SXUSRVHVZLWK UHVSHFWWR DSDUWLFXODUTXHU“ffl NTN LVDFRQVWDQWffl WKH VLP LODULW“ FRP SXWDWLRQUHGXFHVWRÆ 6ffGϕTfi W G^⊇_WϕT_W : KLOHLQSULQFLSOHWKHHQWLUHFROOHFWLRQFDQEHUDQNHGfflXVXDOO“ RQO“ WKHWRS NUDQNLQJ GRFXP HQWVDUHUHTXLUHGVLQFHWKHXVHULVOLP LWHGLQZKDWFDQEHFRQYHQLHQWO“ YLHZHGȷ $ WRWDOUDQNLQJ FRP SXWHVWKHH[WUDFWUDQNLQJ RI WKHWRS N GRFXP HQWVȷ $ SDUWLDO UDQNLQJ FRP SXWHVDQDSSUR[LP DWHYHUVLRQRIWKLVWRWDOUDQNLQJ DQGGRHVQRWJXDUDQWHHWKDW WKHDFWXDOWRSNGRFXP HQWVZLOOEHUHWXUQHGȷ1 RWHfflWKHTXHU“ P D“ EHSUHSURFHVVHGWROLP LW LWVVL]HffDQGFRQVHTXHQWO“ WKHUXQWLP HFRVWfi EHIRUHSUHVHQWDWLRQWRWKHVLP LODULW“ VHDUFK DOJRULWKP ȷ) RUWKHSXUSRVHVRI GLVFXVVLRQZHZLOOFRQVLGHUDSURFHGXUHWKDWWUXQFDWHVWKH TXHU“ LQWKLVIDVKLRQEXWWKHQSURFHHGVWRFRP SXWHDWRWDOUDQNLQJ RQWKHUHP DLQGHUWR EHDWRWDOUDQNLQJ SURFHGXUHȷ

˘ ȷ̆ ,QGLFHV

’ RFXP HQWYHFWRUVDUHSUHSURFHVVHGffLQYHUWHGfiWRFUHDWHDQLQYHUWHGLQGH[ WKDWUHFRUGVIRU HDFKWHUP LWVSRVWLQJVLQWKHFROOHFWLRQ¿˘@ȷ $ SRVWLQJ LVDWXSOHFRQVLVWLQJ RI DWHUP fflD GRFXP HQWLGffDXQLTXHGRFXP HQWLGHQWLnHUfflW“ SLFDOO“ DQLQWHJHUfifflDQGWKHZHLJKWRI WKDW WHUP LQ WKDWGRFXP HQWȷ 7KHSRVWLQJVDVVRFLDWHG ZLWK DWHUP DUHVRUWHG E“ GRFXP HQW LGȷ 6LP LODULW“ VHDUFKDOJRULWKP VFRQVXOWWKHSRVWLQJVRI HDFKTXHU“ WHUP WRFRP SXWHWKH VLP LODULW“ VFRUHVRI GRFXP HQWVWKDWKDYHWHUP VLQFRP P RQZLWKWKHTXHU“ȷ 6LQFHWKHVL]HRI DQLQYHUWHGLQGH[ LVSURSRUWLRQDOWRWKHVL]HRI WKHFROOHFWLRQfflLQYHUWHG LQGLFHVDUHXVXDOO“ NHSWRQVHFRQGDU“ VWRUDJHȷ 7KHWLP HFRVWRI DVLP LODULW“ VHDUFKDOJRı ULWKP LVW“ SLFDOO“ GRP LQDWHGE“ ,`2 WLP HWRDFFHVVWKHLQYHUWHGLQGH[ȷ) RUWKHSXUSRVHV RI FRP SXWLQJ DOJRULWKP WLP HFRP SOH[LW“ ZHZLOOFRQVLGHUWKHQXP EHURI GLVNDFFHVVHV UHTXLUHGWREHSURSRUWLRQDOWRWKHQXPEHURI SRVWLQJVUHDGȷ

˘ ȷ̄ 3 RVWLQJ 6WUHDP V

7KHSRVWLQJVDVVRFLDWHGZLWKDWHUP P XVWEHUHDGLQWRP HP RU“ IRUSURFHVVLQJȷ,I DOOWKH

SRVWLQJVIRUDWHUP DUHUHDGLQWRP HP RU“ DWRQFHfflWKHQ WKHDOJRULWKP RSHUDWHVRYHUD

SRVWLQJVOLVWfflRFFXS“ LQJ VSDFHSURSRUWLRQDOWR WKHQXPEHURI SRVWLQJVȷ ,IfflLQVWHDGfflWKH

RUGHUHG SRVWLQJVDUHDFFHVVHG VHTXHQWLDOO“ffl WKHQ WKHDOJRULWKP RSHUDWHVRYHUDSRVWLQJ

VWUHDP ¿¯@ȷ: HZLOODVVXP HWKDWDFFHVVWRSRVWLQJVWKURXJKDSRVWLQJ VWUHDP UHTXLUHVRQO“

DVP DOOFRQVWDQWVSDFHRYHUKHDGȷ

2 QHLP SOHP HQWDWLRQRI DSRVWLQJ VWUHDP KROGVRQHGLVNSDJHRI SRVWLQJVLQDn[HGı

VL]HEXmHUȷ 5HSHDWHGFDOOVWRWKHURXWLQHQH[WıSRVWLQJ VWHSVWKURXJKDOOWKHSRVWLQJVffl

LQGRFXP HQWıLGRUGHUfflUHDGLQJ DQHZ GLVNSDJHLQWRWKHEXmHURQGHP DQGZKHQWKHEXmHU

LVH[KDXVWHGȷ

˘ ȷ̊ 4 XHXHV

6LP LODULW“ VHDUFKDOJRULWKP VDUHUHTXLUHGWRP DLQWDLQDOLVWRI WKHFXUUHQWWRS NVFRULQJ

GRFXP HQWVȷ 7KLVLVFRQYHQLHQWO“ LP SOHP HQWHG XVLQJ DTXHXH¿ˇ´@ȷ $ TXHXHLVDGDWD

VWUXFWXUHWKDWP DLQWDLQVDSDUWLDOO“ RUGHUHG OLVWRI LWHP Vȷ ,WVXSSRUWVLQVHUWffl ZKLFK

LQVHUWVDQLWHP LQWRWKHTXHXHfflSRS ZKLFKUHP RYHVWKHFXUUHQWWRS LWHP fflZLWKUHSHFWWR

WKHTXHXHRUGHULQJ IXQFWLRQfflIURP WKHTXHXHfflOHQJWK ZKLFKUHSRUWVWKHFXUUHQWQXP EHU

RI LWHP VLQWKHTXHXHfflDQGWRS ZKLFKUHWXUQVWKHWRS LWHP ZLWKRXWP RGLI“ LQJ WKHTXHXHȷ

7KURXJKUHSHDWHGFDOOVWRSRSfflWKHLWHP VLQDTXHXHFDQEHH[WUDFWHGLQVRUWHGRUGHUȷ $

TXHXHFDQEHLP SOHP HQWHGXVLQJ DYDULHW“ RI VRUWıWUHHGDWDVWUXFWXUHVfflLQVXULQJ WKDWSRS

DQGLQVHUW UHTXLUHRQO“ 2 ffORJffNfifiFRP SDULVRQVfflZKHUHNLVWKHOHQJWKRI WKHTXHXHȷ_ˇ

¯ %DVLF $ OJRULWKP V

¯ ȷ̌ / LQHDU6HDUFK

7KHVLP SOHVWVLP LODULW“ VHDUFKDOJRULWKP GRHVQRWHP SOR“ DQLQYHUWHGLQGH[ȷ ,QVWHDGfflLW

VFDQVOLQHDUO“ WKURXJKWKHGRFXP HQWYHFWRUVVFRULQJ HDFKLQWXUQDJDLQVWWKHTXHU“ YHFWRUȷ

7KLVDOJRULWKP LVRXWOLQHGLQ) LJXUHˇȷ1 RWHfflZKLOHVFDQQLQJ DTXHXHRI WKHWRS NVFRULQJ

GRFXP HQWVLVP DLQWDLQHGÆWKLVDYRLGVWKHFRVWRI DnQDO2 ff1 ORJff1 fifiVRUWRI WKHGRFXP HQW

VFRUHVȷ

7KHVFRULQJ SKDVHLVOLQHDUfflLȷHȷKDVFRVW2 ff1 fifflZKHUH1 LVWKHQXPEHURI GRFXP HQWV

LQWKHFROOHFWLRQfflVLQFHHDFKGRFXP HQWYHFWRUP XVWEHUHDGVHTXHQWLDOO“ IURP VHFRQGDU“

VWRUDJHȷ 6LQFHWKHFRVWRI P DLQWDLQLQJ WKHWRSıNTXHXHZLOOEHQHJOLJLEOHLQFRP SDULVRQffl

WKHRYHUDOOWLP HFRVWRI WKLVDOJRULWKP LVOLQHDULQ1 ȷ6SDFHSURSRUWLRQDOWRNLVUHTXLUHG

ˇ 7KHGDWDVWUXFWXUHNQRZQDVWKHVNLS OLVWLVUHFRP P HQGHGIRULP SOHP HQWLQJ WKHTXHXHVLQWKLVSDSHU

¿ˇæ@ȷ ,WLVHDV“ WRLP SOHP HQWfflDOORZVLQVHUWLRQfflDFFHVVDQGGHOHWLRQWRRUGHUHGVHWVLQORJDULWKP LF WLP Hffl

KDVORZHUWLP HDQGVSDFHFRQVWDQWVWKDQEDODQFHGWUHHVDQGLQKHUHQWO“ DOORZVFRQVWDQWWLP HDFFHVVWRLWV

OHDVWHOHP HQWȷ

OLQHDU VHDUFK↑TXHU\↓
   TXHXH  DQHP SW“ TXHXHRI ffLGfflVFRUHfi SDLUVRUGHUHGE“ DVFHQGLQJ VFRUH
   IRU ↑LIURP ˇ WR1 ↓

UHDGG^L IURP GLVN

VFRUH  6ffTϕG^Lfi

WG^L_WT_W

    LI ↑OHQJWK↑TXHXH↓ Nffi ˇ↓ SRS↑TXHXH↓
    LQVHUW↑↑L¿VFRUH↓¿TXHXH↓ Œ WRS RI TXHXH LVNffi ˇ^{WK} LWHP
   HQG
   SRS↑TXHXH↓ Œ UHP RYHNffi ˇ^{WK} LWHP
   UHWXUQ↑WKHFRQWHQWVRI TXHXH LQGHVFHQGLQJ RUGHU↓
HQG

) LJXUHˇÆ/ LQHDU6HDUFK

WRP DLQWDLQWKHTXHXHDQGVSDFHSURSRUWLRQDOWRWKHODUJHVWGRFXP HQWYHFWRULVUHTXLUHG WR EXmHUWKHGRFXP HQWYHFWRUVZKLOHVFDQQLQJȷ +HQFHWKHVSDFHUHTXLUHP HQWVIRUWKLV DOJRULWKP DUHURXJKO“ DFRQVWDQWLQGHSHQGHQWRI 1 ȷ

¯ ȷ̆ ,QYHUWHGı,QGH[ 6HDUFK

7KHOLQHDUVHDUFKDOJRULWKP FRP SXWHVP DQ“ GRFXP HQẀTXHU“ VLP LODULWLHVWKDWDUH]HUR VLQFHP DQ“ GRFXP HQWVKDYHQR WHUP VLQ FRP P RQ ZLWK WKHTXHU“ȷ $ Q LQYHUWHGıLQGH[ DSSURDFK REYLDWHVWKHVHFRP SXWDWLRQVE“ RQO“ FRQVLGHULQJ GRFXP HQWVWKDWKDYHVRP H RYHUODS ZLWKWKHTXHU“ ff¿ˇ˘fflˇ˚@DUHHDUO“ UHIHUHQFHVŒVHH¿ˇ¸@IRUDUHYLHZfiȷ $ Q LQYHUWHGıLQGH[ VLP LODULW“ VHDUFK DOJRULWKP SURFHVVHVWKHSRVWLQJVIRUHDFK WHUP LQWKHTXHU“ VHTXHQWLDOO“ȷ 6LQFHWKHIXOOVFRUHIRUHDFKGRFXP HQWLVQRWNQRZQXQWLODOO WKHTXHU“ WHUP VKDYHEHHQ SURFHVVHGffl WKHDOJRULWKP P DLQWDLQVSDUWLDOVFRUHVIRUHDFK GRFXP HQWFRQVLGHUHGȷ $ VHDFKSRVWLQJ LVSURFHVVHGWKHSDUWLDOVFRUHIRULWVGRFXP HQWLV XSGDWHGȷ$ TXHXHRI WKHFXUUHQWWRS NVFRULQJ GRFXP HQWVLVP DLQWDLQHGDQGUHWXUQHGDV WKHUHVXOWȷ7KHDOJRULWKP LVRXWOLQHGLQ) LJXUH˘ȷ

7KHODUJHVWDGYDQWDJHRI WKLVDSSURDFK LVWKHUHGXFWLRQ LQ GLVN DFFHVVHVȷ 5DWKHU WKDQUHDGLQJ HDFKGRFXP HQWYHFWRUIURP VHFRQGDU“ VWRUDJHfflRQO“ WKHS SRVWLQJVRI WKH TXHU“ WHUP VQHHGEHUHDGIURP WKHLQYHUWHGLQGH[ȷ ,IfflDVEHIRUHfflZHQHJOHFWWKHFRVWRI P DLQWDLQLQJ WKHWRSıNTXHXHfflWKLVFRUUHVSRQGVWRDQRYHUDOO2 ffSfiWLP HFRP SOH[LW“ȷ 8 QIRUWXQDWHO“ WKLVUHGXFWLRQ LQ GLVNDFFHVVHVFRP HVDWWKHFRVWRI LQFUHDVHG VSDFH XWLOL]DWLRQÆ WKHDUUD“ RI SDUWLDOVFRUHVUHTXLUHV2 ff1 fi VSDFHȷ 2 QHP LJKWEHWHP SWHGWR VROYHWKLVVWRUDJHSUREOHP E“ XVLQJ DVSDUVHGDWDVWUXFWXUHfflVXFKDVDKDVKWDEOHfflWRVWRUH LQFUHP HQWDOVFRUHVȷ +RZHYHUfflW“ SLFDOTXHULHVRYHUODS DVXEVWDQWLDOIUDFWLRQRI WKHFRUSXV ffVHHfflIRUH[DP SOHffl¿ˇ¸@fifflVRWKHRYHUDOOVSDFHFRP SOH[LW“ ZRXOGQRWEHUHGXFHGȷ0 RUHRYHUffl HYHQDVSDFHıRSWLP L]HGVSDUVHGDWDVWUXFWXUHRIWHQUHTXLUHVP RUHWKDQWZRDGGLWLRQDOFHOOV SHUQRQı]HURHQWU“fflRQHIRUWKHLGDQGWKHUHVWIRUSRLQWHUVȷ7KXVDTXHU“ ZKLFKRYHUODSV RQHWKLUGRI WKHFROOHFWLRQP D“ UHTXLUHP RUHP HP RU“ WRVWRUHSDUWLDOVFRUHVLQDVSDUVH

LQYHUWHG VHDUFK↑TXHU\↓

   VFRUHV  DQDUUD“ RI OHQJWK1 LQLWLDOL]HGWR]HUR

   TXHXH  DQHP SW“ TXHXHRI ffLGfflVFRUHfi SDLUVRUGHUHGE“ DVFHQGLQJ VFRUH

   IRU ↑W≥ T↓ Œ LWHUDWHRYHUWHUP VLQTXHU“

    SV  SRVWLQJV↑W↓ Œ DSRVWLQJ VWUHDP IRUWHUP W

    ZKLOH ↑S  QH[WSRVWLQJ ↑SV↓↓ Œ LWHUDWHRYHUSRVWLQJV

      LG  SȷLG¿ ZHLJKW  SȷZHLJKW

      VFRUHV>LG@  VFRUHV>LG@ ¡ T^W⌉ ZHLJKW

      LI ↑OHQJWK↑TXHXH↓ Nffi ˇ↓ SRS↑TXHXH↓

      LQVHUW↑↑LG¿VFRUHV>LG@↓¿TXHXH↓

    HQG

   HQG

   SRS↑TXHXH↓

   UHWXUQ↑WKHFRQWHQWVRI TXHXH LQGHVFHQGLQJ RUGHU↓

HQG

) LJXUH˘Æ,QYHUWHGı,QGH[ 6HDUFK

VWUXFWXUHWKDQLQDQDUUD“ȷ

¯ ȷ̄ 3 DUWLDO5 DQNLQJ

0 DLQWDLQLQJ SDUWLDOVFRUHVLQDVSDUVHGDWDVWUXFWXUHFDQEHSURnWDEOHLI RQHFDQHOLP LQDWH

GRFXP HQWVIURP FRQVLGHUDWLRQȷ2 QHDSSURDFKLVWRFRP SXWHDQXSSHUERXQGIRUWKHVFRUH

RI GRFXP HQWVQRW“HWFRQVLGHUHG¿ˇ¯@ȷ ) RUH[DP SOHfflVXSSRVHWKHTXHU“ WHUP VDUHVRUWHG

LQWRGHFUHDVLQJ ZHLJKWRUGHUÆ T^{W̌} ω T^{W̆} ω υυυω T^{WQ}fflDQGVXSSRVHWKHnUVWP TXHU“ WHUP V

KDYHEHHQ SURFHVVHGȷ 6LQFHNGN ˇffl WKHKLJKHVWSRVVLEOHVFRUHIRUDGRFXP HQWZLWK

FXUUHQWSDUWLDOVFRUH]HUR LVT^{WM} ffLȷHȷ DGRFXP HQWZLWK DOOLWVZHLJKWRQ WKHQH[WP RVW

LP SRUWDQWTXHU“ WHUP fiȷ 7KHUHIRUHfflEHIRUHSURFHVVLQJ WKHSRVWLQJVRI WKHM_{WK} TXHU“ WHUP ffl

RQHFDQ FRP SXWHDQ XSSHUERXQGffl8 ffMfiȷ ,I DSDUWLFXODUSRVWLQJ UHIHUVWR DGRFXP HQW

ZKRVHFXUUHQWVFRUHLV]HUR ffLȷHȷ KDVQR UHFRUG LQ WKHVSDUVHDUUD“ RI SDUWLDOVFRUHVfiffl

DQG8 ffMfi LVOHVVWKDQWKHFXUUHQWN_{WK} WRS SDUWLDOVFRUHffl6ffNfifflWKHQWKDWGRFXP HQWQHHG

QRWEHFRQVLGHUHGȷ 7KLVVWUDWHJ“ GRHVQRWGHFUHDVHWLP HFRP SOH[LW“fflVLQFHDOOSRVWLQJV

P XVWVWLOOEHSURFHVVHGfflEXWHP SLULFDOVWXGLHVLQGLFDWHWKDWLWP D“ VRP HZKDWUHGXFHVSDFH

FRP SOH[LW“ ¿ˇ¸@ȷ

,WLVWHP SWLQJ WR VWRS HDUO“ RQFH8 ffMfi GURSVEHORZ 6ffNfiȷ 7KLVRmHUVFRQVLGHUDEOH

VSHHGDGYDQWDJHVVLQFHWKHTXHU“ WHUP VZLWKVP DOOZHLJKWVDUHRIWHQWKRVHZLWKWKHP RVW

SRVWLQJȷ+RZHYHUfflWKHWUXHUDQNLQJ ZLOOQRWEHFRP SXWHGȷ,QIDFWfflLWLVQRWHYHQSRVVLEOHWR

JXDUDQWHHWKDWWKHWRSıNGRFXP HQWVZLOOEHIRXQGfflVLQFHWKHGLmHUHQFHLQVFRUHEHWZHHQ

WKHN_{WK} DQG Nffi ˇ_{WK} WRS GRFXP HQWFDQ EHVP DOODQGffl KHQFHffl FDQ RQO“ EHUHVROYHG E“

SURFHVVLQJ DOOWKHSRVWLQJV¿ˇø@ȷ

1 RQHWKHOHVVfflQXP HURXVDOJRULWKP VWKDWFRP ELQHGRFXP HQWSUXQLQJ ZLWKHDUO“ VWRSı

SDUWLDO UDQNLQJ↑TXHU\↓
   VFRUHV  DQHP SW“ KDVKWDEOHNH“HGE“ GRFXP HQWLG
   TXHXH  DQHP SW“ TXHXHRI ffLGfflVFRUHfi SDLUVRUGHUHGE“ DVFHQGLQJ VFRUH
   IRU ↑MIURP ˇ WRQ↓

FRP SXWH8 ffMfiDQG9 ffMfi

    LI ↑P D[_LG^L_{WM} ω 9 ffMfi↓
      SV  SRVWLQJV↑W_M↓
      ZKLOH ↑S  QH[WSRVWLQJ↑SV↓↓ Œ LWHUDWHRYHUSRVWLQJV
      LG  SȷLG¿ ZHLJKW  SȷZHLJKW
        LI ↑ZHLJKWω 9 ffMfi↓
         VFRUH  VFRUHV↑LG↓
           LI ↑VFRUH≈ ´ BZHLJKWω 8 ffMfi↓
             VFRUHV↑LG↓  VFRUH ¡ T_{WM} ⌉ ZHLJKW
             LI ↑OHQJWK↑TXHXH↓ Nffi ˇ↓ SRS↑TXHXH↓
             LQVHUW↑↑LG¿VFRUHV↑LG↓↓¿TXHXH↓
      HQG
   HQG
   SRS↑TXHXH↓
   UHWXUQ↑WKHFRQWHQWVRI TXHXH LQGHVFHQGLQJ RUGHU↓
HQG

) LJXUH¯Æ3DUWLDO5DQNLQJ

SLQJ KDYHEHHQSURSRVHGDQGHP SLULFDOO“ HYDOXDWHG¿ˇfflˇˇffl˚fflˇß@ȷ 7KHVHSDUWLDOUDQNLQJ DOJRULWKP VDUHQRWJXDUDQWHHGWRUHWXUQWKHWRS NGRFXP HQWVLQVRUWHGRUGHUfflEXWUDWKHU DWWHP SWWR nQG N ?JRRGΠ GRFXP HQWVȷ ,Q SUDFWLFHffl KRZHYHUffl WKHUHLVOLWWOHP HDVXUDEOH GLmHUHQFHEHWZHHQ WKHSHUIRUP DQFHRI WKHVHDOJRULWKP VfflDVP HDVXUHG E“ SUHFLVLRQ DQG UHFDOOfflDQGWRWDOUDQNLQJ DVVXP LQJ VXLWDEOHYDOXHVIRUYDULRXVSDUDP HWHUVZKLFKP D“ EH FROOHFWLRQVSHFLnFȷ^˘

$ SDUWLDOUDQNLQJ DOJRULWKP nUVWVRUWVWKHTXHU“ WHUP VLQGHFUHDVLQJ ZHLJKWRUGHUȷ^¯ %HIRUHSURFHVVLQJ WKHSRVWLQJVRI WKHM^{WK} TXHU“ WHUP WZRWKUHVKROGVDUHFRP SXWHGÆ 8 ffMfi DQG9 ffMfifflZLWK8 ffMfi ω 9 ffMfiȷ 7“ SLFDOO“ffl8 ffMfi x6ffNfiψ T_{WM} DQG9 ffMfi y6ffNfiψ T_{WM} ZLWK y χ x χ ˇ ¿ˇß@ȷ ,I G_Wχ 8 ffMfiDQGGKDVQRWDOUHDG“ EHHQFRQVLGHUHGfflWKHQGLVQRWDGGHG WRWKHOLVWRI FDQGLGDWHGRFXP HQWVȷ ,I G_Wχ 9 ffMfi WKHQWKHSDUWLDOVFRUHIRUGRFXP HQWG LVQRWLQFUHP HQWHGȷ ,I EHIRUHSURFHVVLQJ LWLVSRVVLEOHWRNQRZ WKDWP D[_LG^L_Wχ 9 ffMfi WKHQ QRQHRI WKHSRVWLQJVDVVRFLDWHGZLWKWHUP WQHHGEHSURFHVVHGȷ7KLVDOJRULWKP LVRXWOLQHG LQ) LJXUH¯ȷ

3HUVLQUHSRUWVDUHGXFWLRQRI DIDFWRURI nIW“ LQVSDFHRYHUWRWDOUDQNLQJ ZLWKRXWORVV RI UHWULHYDOSHUIRUP DQFHJLYHQDVXLWDEOHFKRLFHRI x DQGy¿ˇß@ȷ 2 WKHUUHVHDUFKHUVUHSRUW VLP LODUHP SLULFDOUHVXOWV¿ˇfflˇø@ȷ1 RWHfflWKHDV“ P SWRWLFVSDFHFRVWLVVWLOO2 ff1 fiIRUSDUWLDO

˘ ,QGHHGfflVRP HDXWKRUVUHSRUWDQLQFUHDVHLQSHUIRUP DQFHXQGHUFHUWDLQFRQGLWLRQV¿ˇß@ ¯ $ YDULDWLRQVRUWVTXHU“ WHUP VLQGHFUHDVLQJ T_WP D[_LG^L_WRUGHU¿ˇø@

UDQNLQJ VFKHP HVfflDOWKRXJKWKHFRQVWDQWIDFWRULVPXFKORZHUWKDQZRXOGEHWKHFDVHIRU

LQYHUWHGıLQGH[ VHDUFKȷ

˚ 6SDFH( p FLHQW7RWDO5 DQNLQJ

3DUWLDOUDQNLQJ DGGUHVVHVWKHODUJHVSDFHFRVWVRI WKHLQYHUWHGıLQGH[ VHDUFKDOJRULWKP E“

GURSSLQJ SRWHQWLDOO“ ORZ VFRULQJ GRFXP HQWVIURP FRQVLGHUDWLRQȷ +RZHYHUfflWKLVFRP HVDW

WKHFRVWRI LQWURGXFLQJ KHXULVWLFSDUDP HWHUVZKLFKP XVWEHWXQHGIRUHDFKFROOHFWLRQ¿ˇø@ȷ

7KHVSDFHUHTXLUHP HQWRI WKHLQYHUWHGıLQGH[ DOJRULWKP DULVHVIURP WKHQHHGWRP DLQı

WDLQDQDUUD“ RI SDUWLDOO“ FRP SXWHGVFRUHVȷ +RZHYHUfflDVZDVGHP RQVWUDWHGE“ WKHOLQHDU

DOJRULWKP fflLI HDFKGRFXP HQWVFRUHFDQEHFRP SXWHGEHIRUHWKHQH[WGRFXP HQWLVFRQVLGı

HUHGfflDQDUUD“ RI SDUWLDOVFRUHVQHHGQRWEHP DLQWDLQHGȷ 5HFDOOWKDWDQLQYHUWHGLQGH[

VSHHGVVHDUFKE“ QRWSURFHVVLQJ SRVWLQJVIRUWHUP VQRWLQWKHTXHU“ȷ6RLI RSWLP L]HGYHFWRUV

FRQWDLQLQJ SRVWLQJVRQO“ IRUWHUP VLQWKHTXHU“ FRXOGEHFRQVWUXFWHGVHTXHQWLDOO“ IRUHDFK

GRFXP HQWFRQWDLQLQJ DQ“ TXHU“ WHUP VfflWKHQERWKWKHVSDFHDQGWLP HDGYDQWDJHVRI WKH

OLQHDUDQGLQYHUWHGDSSURDFKHVP LJKWEHKDGDWRQFHȷ

˚ ȷ̌ 3 DUDOOHO0 HUJH

6XFKRSWLP L]HGYHFWRUVP D“ EHFRQVWUXFWHGE“ P HUJLQJ WKHSRVWLQJ VWUHDP VRI HDFKRI

WKHWHUP VLQWKHTXHU“ȷ6XFKDQP XOWLıZD“ P HUJHLVDFFRP SOLVKHGE“ SODFLQJ WKHSRVWLQJ

VWUHDP VLQDTXHXHRUGHUHGE“ WKHGRFXP HQWLGRI WKHKHDGSRVWLQJ RI HDFKVWUHDP ȷ 7KH

WRS HOHP HQWRI WKHTXHXHLVUHSHDWHGO“ UHP RYHGfflLQFUHP HQWHGZLWKQH[WıSRVWLQJfflDQG

VXEVHTXHQWO“ UHıLQVHUWHG LQ WKHTXHXHffl XQWLODOOVWUHDP VDUHHP SW“ȷ 7KLVSUHVHQWVWKH

SRVWLQJVRI DOOWKHWHUP VLQWKHTXHU“fflVRUWHGE“ GRFXP HQWLGȷ5XQVRI SRVWLQJVZLWKWKH

VDP HGRFXP HQWLGDUHRSWLP L]HGYHFWRUVȷ

) LJXUH˚ LP SOHP HQWVWKLVDOJRULWKP ȷ1 RWHWKDWLWGRHVQRWLQIDFWFRQVWUXFWRSWLP L]HG

YHFWRUVfflEXWUDWKHUFRP SXWHVWKHVFRUHDVWKHSRVWLQJVIRUHDFKGRFXP HQWDUHGHOLYHUHGȷ

7KLVDOJRULWKP FRP SXWHVDWRWDOUDQNLQJ RI WKHWRSıNP RVWVLP LODUGRFXP HQWVWRWKH

TXHU“fflEXWUHTXLUHVRQO“ DFRQVWDQWVSDFHRYHUKHDGDQGQRıP RUHGLVNDFFHVVHVWKDQWKH

LQYHUWHGıLQGH[ VHDUFKȷ

0 HP RU“ XVDJHLQFOXGHVRQHEXmHUIRUHDFKWHUP LQWKHTXHU“fflSOXVDTXHXHIRUWKHWRS

VFRULQJ GRFXP HQWVfflDQGWKXVLV2 ffTffi Nfiȷ0 RGXORFRQVWDQWIDFWRUVfflWKLVLVDVVP DOODVDQ“

DSSURDFKFDQEHfflDVDQ“ DOJRULWKP P XVWDOORFDWHP HP RU“ IRUWKHTXHU“ DQGUHVXOWVȷ

( DFKRI WKHS SRVWLQJVRI WKHTXHU“ WHUP VDUHSURFHVVHGȷ +HQFHWKH,`2 FRVWRI WKLV

DOJRULWKP LV2 ffSfifflDVLVWKHFDVHIRUDQ“ LQYHUWHGıLQGH[ DVVLVWHGWRWDOUDQNLQJ DOJRULWKP ȷ

+RZHYHUfflWKH&38 FRVWVRI WKLVDOJRULWKP DUHKLJKHUWKDQWKHLQYHUWHGLQGH[ VHDUFKȷ7KH

SDUDOOHOP HUJHDOJRULWKP SHUIRUP VDORJffQfiXSGDWHWRDTXHXHRI QTXHU“ WHUP VIRUHDFKRI

S SRVWLQJVfflDQGDFRVWORJffNfiXSGDWHWRDTXHXHRI WRS VFRULQJ GRFXP HQWVIRUHDFKRI WKH

P χ 1 GRFXP HQWVFRQWDLQLQJ TXHU“ WHUP Vȷ 7KXVWKHRYHUDOO&38 FRVWRI WKLVDOJRULWKP

LV2 ffSORJffQfiffi P ORJffNfifiȷ 7KHFRUUHVSRQGLQJ &38 FRVWIRUWKHLQYHUWHGıLQGH[ VHDUFKLV

RQO“ 2 ffSORJffNfifiȷ &RQVLGHULQJ WKDWW“ SLFDOO“ S ¶ P DQGQ ¶ NfflWKLVVXJJHVWVWKDWWKH

EORFN PHUJH VHDUFK↑TXHU\↓Æ

   VFRUHV  DQDUUD“ RI VVFRUHV

   TXHXH  DTXHXHRI ffLGfflVFRUHfi SDLUVfflRUGHUHGE“ DVFHQGLQJ VFRUH

   VWUHDPV  DOLVWFRQWDLQLQJ RQHSRVWLQJ VWUHDP IRUHDFKWHUP LQTXHU“

   IRU ↑LIURP ´ WR1 ψ V↓

    VWDUW  L⌉ V

FOHDUVFRUHV

    IRU ↑SV LQ VWUHDPV↓

      ZKLOH↑LGRI QH[WSRVWLQJ OHHVWKDWVWDUW↓

        S  QH[WSRVWLQJ↑SV↓

        LQGH[  SȷLG ı VWDUW

        VFRUHV>LQGH[@  VFRUHV>LQGH[@ ¡ T^{SυW} ⌉ SυZHLJKW

        LI ↑OHQJWK↑TXHXH↓ Nffi ˇ↓ SRS↑TXHXH↓

        LQVHUW↑↑SȷLG¿VFRUH>LQGH[@↓¿TXHXH↓

      HQG

    HQG

   HQG

   SRS↑TXHXH↓

   UHWXUQ↑WKH FRQWHQWV RI TXHXH LQ GHVFHQGLQJ RUGHU↓

HQG

) LJXUH¸Æ%ORFN6HDUFK

&38 FRVWVIRUWKHSDUDOOHOP HUJHDOJRULWKP DUHSHUKDSVWZLFHDVJUHDWDVWKHLQYHUWHG

LQGH[ VHDUFKfflDOWKRXJKRYHUDOOWLP HFRVWVLQERWKFDVHVDUHGRP LQDWHGE“ ,`2 ȷ

˚ ȷ̆ %ORFN 3 URFHVVLQJ

7KHWLP HSHQDOW“ IRUWKHSDUDOOHOP HUJHDVFRP SDUHGWRWKHLQYHUWHGLQGH[ VHDUFKFDQEH

P LWLJDWHGE“ SURFHVVLQJ EORFNVRI GRFXP HQWVWRJHWKHUfflFRP ELQLQJ WKHQRWLRQ RI SDUWLDO

VFRULQJ ZLWKDERXQGHGP HP RU“ UHTXLUHP HQWȷ

&RQVLGHUDSDUWLDOVFRUHDUUD“ RI FRQVWDQWVL]HVfflVD“ ˇ´ffĺ ´´ȷ 6FRUHVIRUGRFXP HQWV´

WKURXJK

V⌊ ˇ FDQEHFRP SXWHGXVLQJ DYDULDQWRI WKHEDVLFLQYHUWHGıLQGH[ DOJRULWKP ZKLFKVWRSV

SURFHVVLQJ HDFKWHUP ZKHQDSRVWLQJ IRUDGRFXP HQWZLWKLGJUHDWHUWKDQVLVHQFRXQWHUHGȷ

7KHFRP SOHWHVFRUHVIRUGRFXP HQWV´ WKURXJKVFDQWKXVEHFRP SXWHGLQFRQVWDQWVSDFHȷ

$ TXHXHRI WKHWRS NLVP DLQWDLQHGDVEHIRUHȷ 1 H[WWKHEORFNFRQVLVWLQJ RI GRFXP HQWVV

WKURXJK˘V⌊ ˇ FDQEHSURFHVVHGVLP LODUO“fflDQGVRRQWKURXJKWKHHQWLUHFROOHFWLRQȷ 7KLV

DOJRULWKP LVSUHVHQWHGLQ) LJXUH¸ȷ

7KHEORFNDOJRULWKP SHUIRUP VWKHVDP HQXP EHURI GLVNDFFHVVHVDVSUHYLRXVLQYHUWHGı

LQGH[ DOJRULWKP VfflQDP HO“ 2 ffSfiȷ

7KHRQO“ DGGLWLRQDOP HP RU“ UHTXLUHGRYHUWKHP HUJHDOJRULWKP LVWKDWWRVWRUHWKH

DUUD“ RI VVFRUHVȷ 7KLVLVDFRQVWDQWUHTXLUHP HQWfflDQGKHQFHGRHVQRWDmHFWDV“ P SWRWLF P HP RU“ XVDJHȷ

$ VZLWKWKHRULJLQDOLQYHUWHGıLQGH[ DOJRULWKP ffl2 ffSORJffNfifiRSHUDWLRQVDUHUHTXLUHGWR P DLQWDLQWKHTXHXHRI WRSıVFRULQJ GRFXP HQWVȷ7KHRQO“ DGGLWLRQDOFRP SXWDWLRQUHTXLUHG KHUHLVWKDWRI LWHUDWLQJ WKURXJKWKHSRVWLQJ VWUHDP VRQFHIRUHDFKUDQJHRI VGRFXP HQWVffl ZKLFKDGGV2 ffQ1 ψ Vfiȷ7KLVWHUP LVLQVLJQLnFDQWLI ZHDVVXP HWKDWS LVSURSRUWLRQDOWR1 DQGWKDWV♠ Qȷ

¸ &RQFOXVLRQ

: HKDYHSUHVHQWHGWZRQRYHODOJRULWKP VIRUWRWDOVLP LODULW“ UDQNLQJ WKDWULYDOLQYHUWHGı LQGH[ VHDUFKLQWHUP VRI WLP HFRP SOH[LW“fflEXWUHGXFHVSDFHFRP SOH[LW“ WRRSWLP DOOHYHOVffl LȷHȷffl SURSRUWLRQDOWR WKHQXP EHURI WHUP VLQ WKHTXHU“ DQG WKHQXPEHURI GRFXP HQWV UHTXHVWHGȷ7KHnUVWRIWKHVHDOJRULWKP VP DWFKHVWKH,`2 WLP HFRVWRILQYHUWHGıLQGH[ VHDUFK EXWUHTXLUHVVRP HZKDWP RUH&38 WLP HfflZKLOHWKHVHFRQGWUDGHVP HP RU“ WRP LWLJDWHWKDW LQFUHDVHG&38 FRVWȷ

ß $ FNQRZOHGJHP HQWV

7KDQNVWR0 LNH%DUEDULQRDQG5LFN+HQGHUVRQIRULQVSLULQJ PXFKRI WKLVZRUNȷ

5 HIHUHQFHV

¿ˇ@&KULV%XFNOH“ DQG $ ODQ ) ȷ/ HZLWȷ 2 SWLP L]DWLRQVRI LQYHUWHG YHFWRUVHDUFKHVȷ ,Q 3URFHHGLQJVRI WKH( LJKWK£QQXDO,QWHUQDWLRQDO£&0 6,* ,5 &RQIHUHQFHRQ5HVHDUFK DQG’ HYHORSP HQWLQ,QIRUP DWLRQ5HWULHYDOfflSDJHVøæ^ˇˇ´fflˇøœ¸ȷ

¿˘@’ ȷ5ȷ&XWWLQJ DQG-ȷ2 ȷ3HGHUVHQȷ2 SWLP L]DWLRQVIRUG“ QDP LFLQYHUWHGLQGH[ P DLQWHı QDQFHȷ,Q3URFHHGLQJVRI 6,* ,5Ωø´ffl6HSWHPEHUˇøø´ȷ$ OVRDYDLODEOHDV; HUR[ 3$ 5& WHFKQLFDOUHSRUW66/ ıø´ıˇ´ȷ

¿¯@’ ȷ5ȷ&XWWLQJffl-ȷ3HGHUVHQfflDQG3ȷı. ȷ+DOYRUVHQȷ$ QREMHFWıRULHQWHGDUFKLWHFWXUHIRU WH[WUHWULHYDOȷ ,Q &RQIHUHQFH3URFHHGLQJVRI 5,£2 Ωøˇffl ,QWHOOLJHQW7H[WDQG,P DJH +DQGOLQJffl %DUFHORQDffl 6SDLQffl SDJHV˘œ¸^˘øœffl $ SULOˇøøˇȷ $ OVR DYDLODEOHDV; HUR[ 3$ 5& WHFKQLFDOUHSRUW66/ ıø´ıœ¯ȷ

¿˚@’ ȷ+DUP DQDQG* ȷ&DQGHODȷ$ YHU“ IDVWSURWRW“ SHUHWULHYDOV“ VWHP XVLQJ VWDWLVWLFDO UDQNLQJȷ6,* ,5 ) RUXP ffl˘¯ff¯ffl̊ fiÆ̌ ´´^ˇˇ´ffl6SULQJ`6XP P HUˇøœøȷ

¿¸@’ ȷ. ȷ+DUP DQfflHGLWRUȷ7KH) LUVW7H[W5( WULHYDO&RQIHUHQFHff75( &ıˇfiȷ1 ,67fflˇøø¯ȷ

¿ß@’ ȷ. ȷ+DUP DQfflHGLWRUȷ7KH6HFRQG7H[W5( WULHYDO&RQIHUHQFHff75( &ı˘fiȷ1 ,67fflˇøø˚ȷ

¿æ@’ ȷ. ȷ+DUP DQfflHGLWRUȷ7KH7KLUG7H[W5( WULHYDO&RQIHUHQFHff75( &ı¯fiȷ1 ,67fflˇøø¸ȷ

¿œ@’ RQQD +DUP DQȷ 7KH7,367( 5 HYDOXDWLRQ FRUSXVȷ &’ 52 0 GLVNVRI FRP SXWHU

UHDGDEOHWH[Wfflˇøø˘ȷ$ YDLODEOHIURP WKH/ LQJXLVWLF’ DWD&RQVRUWLXP ȷ

¿ø@’ RQQD+DUP DQȷ : KDWZHKDYHOHDUQHG DERXWGRFXP HQWGHWHFWLRQ LQ WLSVWHUDQG

WUHFȷ ,Q 3URFHHGLQJVRI WKH7,367( 5 7H[W3KDVH,, ˇ˘ıP RQWKP HHWLQJffl : HVWnOHG

,QWHUQDWLRQDO&RQIHUHQFH&HQWHUffl&KDQWLOO“ffl9£ȷ$ 53$ ffl0 D“ ˇøø¸ȷ

¿ˇ´@’ ȷ. QXWKȷ 7KH£UWRI &RP SXWHU3URJUDP P LQJfflYROXP H¯Æ 6RUWLQJ DQG6HDUFKLQJȷ

$ GGLVRQı: HVOH“fflˇøæ¯ȷ

¿ˇˇ@’ DULR/ XFDUHOODȷ $ GRFXP HQWUHWULHYDOV“ VWHP EDVHGRQQHDUHVWQHLJKERUVHDUFKLQJȷ

-RXUQDORI ,QIRUP DWLRQ6FLHQFHfflˇ˚Æ̆ ¸^¯¯fflˇøœœȷ

¿ˇ˘@) ȷ: ȷ0 DWWKHZVDQG/ ȷ7KRP VRQȷ : HLJKWHGWHUP VHDUFKÆ DFRP SXWHUSURJUDP IRU

DQLQYHUWHGFRRUGLQDWHLQGH[ RQP DJQHWLFWDSHȷ-RXUQDORI &KHP LFDO’ RFXP HQWDWLRQffl æÆ̊ ø^¸ßfflˇøßæȷ

¿ˇ¯@-ȷ0 RUULVVH“ȷ $ QLQWHOOLJHQWWHUP LQDOIRULP SOHP HQWLQJ UHOHYDQFHIHHGEDFNRQODUJH

RSHUDWLRQDOUHWULHYDOV“ VWHP Vȷ ,Q 3URFHHGLQJVRI WKH&RQIHUHQFHRQ 5HVHDUFK DQG

’ HYHORSP HQWLQ,QIRUP DWLRQ5HWULHYDOffl%HUOLQffl0 D“ ˇøœ˘ȷ

¿ˇ˚@7ȷ1 RUHDXOWffl 0 ȷ. ROOffl DQG 0 ȷ-ȷ0 F* LOOȷ $ XWRP DWLF UDQNHG RXWSXWIURP ERROHDQ

VHDUFKHVLQVLUHȷ-£ 6,6ffl˘œǢ ¯¯^¯¯øfflˇøææȷ

¿ˇ¸@6ȷ$ ȷ 3HUU“ DQG 3ȷ : LOOHWWȷ $ UHYLHZ RI WKHXVHRI LQYHUWHG nOHVIRUEHVWP DWFK

VHDUFKLQJ LQLQIRUP DWLRQUHWULHYDOV“ VWHP Vȷ-RXUQDORI ,QIRUP DWLRQ6FLHQFHfflßÆ̧ ø^ßßffl

ˇøœ¯ȷ

¿ˇß@0 LFKDHO3HUVLQȷ ’ RFXP HQWnOWHULQJ IRUIDVWUDQNLQJȷ ,Q: ȷ%ȷ&URIWDQG&ȷ-ȷYDQ

5LMVEHUJHQfflHGLWRUVffl3URFHHGLQJVRI WKH6HYHQWHHQWK£QQXDO,QWHUQDWLRQDO£&0 6,* ,5

&RQIHUHQFHRQ5HVHDUFKDQG’ HYHORSP HQWLQ,QIRUP DWLRQ5HWULHYDOfflSDJHV¯¯ø^¯˚øȷ

6SULQJHUı9HUODJfflˇøø˚ȷ

¿ˇæ@: LOOLDP 3XJKȷ 6NLS OLVWVÆ $ SUREDELOLVWLF DOWHUQDWLYHWREDODQFHGWUHHVȷ &RP P XQLı

FDWLRQVRI WKH£&0 ffl¯¯ffßfiÆßßœ^ßææffl-XQHˇøø´ȷ

¿ˇœ@* ȷ6DOWRQȷ 7KH60 £57 5HWULHYDO6“VWHP ȷ 3UHQWLFHı+DOOffl( QJOHZRRG &OLmVffl1 ȷ-ȷffl

ˇøæˇȷ

¿ˇø@: DL¡HH3HWHU: RQJ DQG’ LN/ XQ/ HHȷ ,P SOHP HQWDWLRQVRI SDUWLDOGRFXP HQWUDQNı

LQJ XVLQJ LQYHUWHG nOHVȷ ,QIRUP DWLRQ 3URFHVVLQJ DQG 0 DQDJHP HQWffl ˘øff¸fiÆß˚æ^ßßøffl

6HSWHPEHUˇøø¯ȷ