( HYD1 “ EHUJ HHYD# NHVNXVȷKXWȷn

6ı̄ œȷ̌ ˇœ 3ULQFLSOHVRI 7HOHFRP P XQLFDWLRQ ( [HUFLVH˚ffl: HG˘¸ȷ̌ ´fflˇ˘ı̌ ˚ffl6¯

7 KRVH H[ HUFLVHVP DUNHG DVKRP H H[ HUFLVHVP XVWEH UHWXUQHG ODWı HVW: HG ˇ ȷ̌ ˇ ffl ˇ ˚ RΩFORFN LQWR WKHER[ LQ * ıZLQJ P DUNHG 6ı¯ œȷ̌ ˇ œ ( [HUFLVHVˇ ı ¯ DUHGHP RQVWUDWHGffLQ) LQQLVKfi GXULQJ H[HUFLVHFODVVE“ WKH DVVLVWDQWȷ( [HUFLVHV˚ ıß DUHKRP HH[HUFLVHVȷ( DFKKRP HH[HUFLVHLVZRUWK´ı ˘`SRLQWVȷ¡RXP D“ UHFHLYHKHOS LQVROYLQJ WKHKRP HH[HUFLVHVGXULQJ H[HUFLVH FODVVDIWHUWKHDVVLVWDQWKDVH[SODLQHGH[HUFLVHVˇ ı¯ȷ

ˇȷ / LWWOHΩVIRUP XODff’ HP Rfi

/ HWXVREVHUYHWKHV“ VWHP DWKDQG DVDEODFN ER[ȷ : HNQRZ WKDW FXVWRP HUVDUULYHWRWKHV“ VWHP ZLWKDYHUDJHLQWHQVLW“ ffVSHHGfi wȷ / HW XVGHQRWHWKHDYHUDJHWLP HWKDWDFXVWRP HUVSHQGVLQWKHV“ VWHP E“ x7 DQGWKHDYHUDJHQXP EHURI FXVWRP HUVLQVLGHWKHV“ VWHP E“ x1 ȷ/ LWWOHΩV IRUPXODVWDWHVWKDW x1 wx7υ 3URYHWKHIRUPXODXVLQJ WKHIROORZLQJ VHWWLQJÆ $ VVXP HWKDWHDFKFXVWRP HULLVELOOHGWKHDP RXQW0_Lȷ7KHP DJQLWXGH RI 0_L LVSURSRUWLRQDOWRWKHWLP HVSHQWE“ WKHFXVWRP HULQWKHV“ VWHP ffl 0_L ⊆ 7_L P Ǹ P LQfflLQRWKHUZRUGVWKHFXVWRP HULVELOOHGIRUWKHWLP H VSHQWLQWKHV“ VWHP ȷ: KDWLVWKHDYHUDJHLQFRP HUDWHRIWKHV“ VWHP ffWKH LQFRP HJDWKHUHGGXULQJ DWLP HSHULRG̀ OHQJWKRI WLP HSHULRGfi” * LYHDQ LQWHUSUHWDWLRQRI WKHLQFRP HUDWHfflLI HDFKFXVWRP HULSD“ VDIHH0_L 7_Lȷ

˘ȷ %DVLFVRQORVVQHWZRUNVÆff’ HP Rfi

: HKDYHDORVVV“ VWHP ZLWKWKUHHVHUYHUVffFKDQQHOVfiȷ&XVWRP HUVDUULYH ZLWKLQWHQVLW“ w ˇψ VDQGWKHDYHUDJHVHUYLFHWLP HLV˘Vȷ

Dfi&DOFXODWHWKHWLP HEORFNLQJ SUREDELOLW“ RI WKHV“ VWHP ȷ Efi+RZ P DQ“ FXVWRP HUVDUHRQDYHUDJHEORFNHGGXULQJ DQKRXU” Ffi: KDWDUHWKHRmHUHGfflFDUULHGfflDQGEORFNHGWUDp FLQWHQVLWLHVRI WKH V“ VWHP ”

¯ȷ 6WXG“ WKHP D[LPXP WKURXJKSXWRI WKH$ / 2 +$ PXOWLSOHDFFHVVWHFKı QLTXHLQFRP SXWHU/ RFDO$ UHD1 HWZRUNVff/ $ 1 fiȷ 7KHFRP SXWHUVffVWDWLRQVfiWKDWDUHFRQQHFWHGWRWKH/ $ 1 VHQGSDFNHWV WRHDFKRWKHUȷ: KHQVHQGLQJ SDFNHWVfflWKHVWDWLRQVFRP SHWHIRUWKHMRLQW WUDQVP LVVLRQP HGLXP ȷ7KHUHVRXUFHFDQRQO“ EHXVHGE“ RQHVWDWLRQDW DWLP Hȷ7KHG“ QDP LFFKDQQHODVVLJQP HQWLVP DGHLQDIXOO“ GLVWULEXWHG P DQQHUE“ WKHVWDWLRQVWKHP VHOYHVȷ

ˇ

( HYD1 “ EHUJ HHYD# NHVNXVȷKXWȷn

6ı̄ œȷ̌ ˇœ 3ULQFLSOHVRI 7HOHFRP P XQLFDWLRQ ( [HUFLVH˚ffl: HG˘¸ȷ̌ ´fflˇ˘ı̌ ˚ffl6¯

: HVWXG“ WKH$ / 2 +$ UDQGRP DFFHVVWHFKQLTXHȷ 6WDWLRQVVHQGHDFK RWKHUSDFNHWVLQGHSHQGHQWO“ ZLWKQRSULRUDFWLRQVWRDYRLGFROOLVLRQȷ$ Vı VXP HWKDWWKHVWDWLRQVJHQHUDWHn[HGOHQJWKSDFNHWVffWKHWLP HWRVHQG DSDFNHWLV7fi DFFRUGLQJ WRD3RLVVRQSURFHVVZLWK LQWHQVLW“ yȷ 7KH VWDELOLW“ UHTXLUHP HQWLVy χ ˇψ 7ȷ 7ZRSDFNHWVFROOLGHLI WKHLULQWHUDUı ULYDOWLP HLVχ 7ȷ &ROOLGHGSDFNHWVDUHUHWUDQVP LWWHGDIWHUDUDQGRP LQWHUYDODVORQJ DVWKHWUDQVP LVVLRQKDVVXFFHHGHGȷ: HDSSUR[LP DWHWKH DJJUHJDWHSDFNHWVWUHDP E“ D3RLVVRQSURFHVVfflZLWKLQWHQVLW“ w ω yȷ : KDWLVWKHP D[LPXP WKURXJKSXWRI WKH$ / 2 +$ P HFKDQLVP ”

˚ȷ 3HUIRUP DQFHP HDVXUHVIRUTXHXLQJ V“ VWHP VffKRP HZRUN˘Sȷfi 7KH0 ψ0 ψ ˇ TXHXHLVXVHGWRP RGHOVLWXDWLRQVZKHUHFXVWRP HUVDUULYHffl ZLWK H[SRQHQWLDOO“ GLVWULEXWHG LQWHUDUULYDOWLP HVffSDUDP HWHUwfifflWR D V“ VWHP ZLWKRQHVHUYHUȷ 7KHFXVWRP HUVVHUYLFHWLP HLVH[SRQHQWLDOO“ GLVWULEXWHGffSDUDP HWHUxfiDQGWKHQXP EHURI ZDLWLQJ SODFHVLVLQnQLWHȷ / HWXVGHQRWHWKHQXPEHURI FXVWRP HUVLQWKHV“ VWHP E“ WKHUDQGRP YDULDEOH, ȷ,WFDQEHVKRZQWKDWfflLQHTXLOLEULXP fflWKHVWDWHSUREDELOLWLHV RI WKHV“ VWHP ı_L 3 ff, LfifflLȷHȷ WKHSUREDELOLWLHVRI EHLQJ LQVWDWHLffl DUHIURP WKHJHRP HWULFDOGLVWULEXWLRQȷ

ı_L ı_´ √ w x √_L ffˇ ⌊ ȷ fiȷ^L

Dfi&DOFXODWHWKHH[SHFWHGYDOXHRI WKHFXVWRP HUVffDYHUDJHQXP EHURI FXVWRP HUVfiLQWKH0 ψ0 ψ ˇ TXHXHȷ Efi 8 VLQJ / LWWOHΩV) RUP XODffl FDOFXODWHWKHDYHUDJHWLP HVSHQWE“ WKH FXVWRP HULQWKHV“ VWHP ȷ Ffi : KDWLVWKHDYHUDJHZDLWLQJ WLP HRI DFXVWRP HUffZDLWLQJ WLP HLV WKHWLP HVSHQWLQWKHEXmHUEHIRUHEHLQJ VHUYLFHGfi” ’ UDZ DSLFWXUHWRLOOXVWUDWHKRZ WKHDUULYDOLQWHQVLW“ wDmHFWVWKH ZDLWLQJ WLP Hȷ$ VVXP HWKDWx ˇȷ

¸ȷ ’ LP HQVLRQLQJ ffKRP HZRUN˘Sȷfi

&RQVLGHUDP DLORUGHUFRP SDQ“fflZLWK¯ SHUVRQVDQVZHULQJ RUGHUFDOOVȷ 7KHFDOOVDUULYHDVIURP D3RLVVRQSURFHVVZLWKLQWHQVLW“ ˇ`P LQDQGWKH DYHUDJHGXUDWLRQRI DFDOOLV˘ P LQȷ

Dfi&DOFXODWHWKHSUREDELOLW“ WKDWDQDUULYLQJ FDOOLVEORFNHGfflDVVXP LQJ WKDWEORFNHGFDOOVDUHQRWUHQHZHGȷ

˘

( HYD1 “ EHUJ HHYD# NHVNXVȷKXWȷn

6ı̄ œȷ̌ ˇœ 3ULQFLSOHVRI 7HOHFRP P XQLFDWLRQ ( [HUFLVH˚ffl: HG˘¸ȷ̌ ´fflˇ˘ı̌ ˚ffl6¯

Efi 6KRXOGDIRXUWKSHUVRQEHKLUHGWRDQVZHUWKHFDOOVfflLI WKHFRVWRI DQH[WUDSHUVRQLVˇ´´ P Ǹ KDQGWKHUHYHQXHSHUVXEVFULSWLRQLV RQDYHUDJH˘´ P N”

ßȷ 9 LVXDOL]LQJ WKHWUDp FSURFHVVffKRP HZRUN˘Sȷfi &RQVLGHUWHOHSKRQHWUDp F LQDOLQNEHWZHHQWZRWHOHSKRQHH[FKDQJHVȷ ’ XULQJ WKHWLP HLQWHUYDO¿´ϕ7@fflZKHUH7 ˇß ffWLP HXQLWVfifflWKHUHDUHæ QHZ FDOOVDUULYLQJ DWWKHP RP HQWV

∐ ˇffl˘ffl˚ffl¸fflßfflø DQGˇ˘ ffWLP HXQLWVfiȷ

7KHKROGLQJ WLP HVffLI WKHFDOOVDUHQRWEORFNHGfiDUHUHVSHFWLYHO“

∐ øffl¸ffl˚fflˇfflæffl˘ DQGß ffWLP HXQLWVfiȷ

7KHOLQNFDSDFLW“ LVDVVXP HGWREHQ ¯ FKDQQHOVȷ $ VVXP HIXUWKHU WKDWfflDWWLP HW ´fflWKHV“ VWHP LVHP SW“ ffWKDWLVfflDOOWKHWKUHHFKDQQHOV DUHIUHHfiȷ ’ UDZ DSLFWXUHGHVFULELQJ WKHFDOODUULYDOWLP HVffl FKDQQHORFFXSDWLRQ ffIRUHDFKFKDQQHOVHSDUDWHO“ fifflDQGWKHQXP EHURI RFFXSLHGFKDQQHOVDV DIXQFWLRQRI WLP HW≥ ¿´ϕ7@ȷ+RZ P DQ“ RI WKHFDOOVRmHUHGDUHEORFNHG” : KDWLVWKHFDOOEORFNLQJ SUREDELOLW“ ” : KDWLVWKHSURSRUWLRQRI WLP H WKDWWKHV“ VWHP LVLQ WKHEORFNLQJ VWDWH” : KDWLVWKHWRWDOWUDp F YROXP HLQWKLVWLP HLQWHUYDO¿´ϕ7@”

¯