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n f ' EDS f O f n EP Y P f EO f S f O f n P f P Y P f 3 / S f ' DS f D n EP Y E n f EDS f O f n EP Y P f 1 D nh| ihdwxuh
L b2 H s w [ wn ' 3 C f 4 D 3 3 C f f f f f f f f f f f f E ! f f ! f f f f 4 D [ w / +615,
D b2 C s ' 3 C f 4 D 3 3 C f f f f f f f f f f f f E ! f f ! f f f f 4 D /
zklfk ghqhv wkh uvw wzr urzv ri wkh D pdwul{1 Wkh devhqfh ri dq| frh!flhqwv rq Y w lq +615, lpsolhv wkdw doo wkh hohphqwv lq wkh uvw wzr urzv ri E duh }hur1

H{rjhqrxv surfhvvhv

Wkh h{rjhqrxv surfhvvhv +516, dqg +519, iru u q w dqg W w dqg wkh ghqlwlrq ri % wt fdq eh zulwwhq lq whupv ri wkh vwdwh yhfwru [ w dqg wkh vkrfn yhfwru Y w dv iroorzv=

L bD [ w ' 3 E E E C f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f 4 F F F D [ w3 n 3 E E E C f f f f f f f f f f f f 4 F F F D Y w /
zkhuh wkh lqglfdwru pdwul{ L bD vhohfwv wkh wklug/ irxuwk dqg iwk hohphqwv ri [ w 1 Htxloleulxp g|qdplfv duh djdlq frqvlvwhqw zlwk wkh frqmhfwxuhg irup ri wkh wudqvlwlrq htxdwlrq +614, dqg frpsdulqj frh!flhqwv jlyhv=

D bD ' 3 E E E C f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f 4 F F F D / E bD ' 3 E E E C f f f f f f f f f f f f 4 F F F D /
vr wkh h{rjhqrxv surfhvvhv ghqh wkh wklug/ irxuwk dqg iwk urzv ri D dqg E uhvshfwlyho|1

Lqihuhqfh surfhvvhv

Wkh lqihuhqfh surfhvvhv ri sulydwh djhqwv +51<, dqg wkh fhqwudo edqn +5145, vwdwh wkdw htxlole0 ulxp g|qdplfv duh jlyhq e|= w ri d }hur0frxsrq qrplqdo erqg zlwk q shulrgv wr pdwxulw| vdwlvhv= S q w ' H 

H s w [ w ' H s w3 D[ w3 n n s E] s w H s w3 O s [ w3 / H f w [ w ' H f w3 D[ w3 n n f E] f w H f w3 O f [ w3 / zkhuh wkh revhuydeohv duh ghqhg e| ] s w ' O s [ w3 nP s Y w dqg ] f w ' O f [ w3 nP f Y w 1 Iurp wkh ghqlwlrq ri wkh vwdwh yhfwru [ w zh kdyh wkdw H f w [ w [ w vr zh fdq zulwh H f w [ w ' C f [ w dqg H f w3 [ w3 ' C f [ w3 iru dq dssursuldwho|0ghqhg pdwul{ C f 1 Vxevwlwxwlqj wkhvh ghqlwlrqv/ H s w [ w ' C s [ w dqg H s w3 [ w3 ' C s [ w3 lqwr wkh lqihuhqfh surfhvvhv lpsolhv= [ w ' EC s 3 EED n s O s C s n n s O s [ w3 n EC s 3 n s P s Y w / +616, [ w ' EC f 3 EED n f O f C f n n f O f [ w3 n EC f 3 n f P f Y w / +617,

  dv|pphwulf dqg lqfrpsohwh lqirupdwlrq lq d vwdqgdug Qhz Nh|0 qhvldq prgho fuhdwhv vwurqj lqfhqwlyhv iru prqhwdu| srolf| wudqvsduhqf|1 Zh dvvxph wkdw wkh fhqwudo edqn kdv ehwwhu lqirupdwlrq derxw lwv remhfwlyhv wkdq wkh sulydwh vhfwru/ dqg wkdw wkh sulydwh vhfwru kdv ehwwhu lqirupdwlrq derxw vkrfnv wkdq wkh fhqwudo edqn1 Wudqvsduhqf| kdv wkh srwhqwldo wr wuljjhu d yluwxrxv flufoh lq zklfk doo djhqwv qg lw hdvlhu wr pdnh lqihuhqfhv dqg wkh hfrqrp| lv ehwwhu vwdelolvhg1 Rxu dqdo|vlv lpsuryhv xsrq h{lvwlqj zrun e| hqgrjhqlvlqj wkh yrodwlolw| ri erwk rxwsxw dqg lq dwlrq1 Lpsuryhg wudqvsduhqf| prvw olnho| pdqlihvwv lwvhoi lq idoolqj rxwsxw yrodwlolw|1 Frpphqwv dqg vxjjhvwlrqv iurp Nulv}wlqd Proqdu dqg vhplqdu sduwlflsdqwv dw wkh Hxurshdq Fhqwudo Edqn/ Edqn ri Ilqodqg/ Qrujhv Edqn dqg Xqlyhuvlw| ri Eluplqjkdp duh judwhixoo| dfnqrzohgjhg1 Pduwlq Hoolvrq dfnqrzohgjhv vxssruw iurp dq HVUF Uhvhdufk Ihoorzvkls/ Lpsurylqj Prqhwdu| Srolf| iru wkh 54vw Fhqwxu| +UHV033305:03459,1 Wkh ylhzv h{suhvvhg lq wklv sdshu gr qrw qhfhvvdulo| uh hfw wkrvh ri wkh Hxurshdq Fhqwudo Edqn1 | Hxurshdq Fhqwudo Edqn/ Prqhwdu| Srolf| Vwudwhj| Glylvlrq/ Ndlvhuvwudvvh 5</ 93644 Iudqnixuw/ Jhupdq|/ Who= .7< 9< 4674 84:9/ H0pdlo= jldfrpr1fduerqlChfe1lqw } Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri R{irug/ Pdqru Urdg Exloglqj/ R{irug/ R[4 5XT/ Xqlwhg Nlqj0 grp/ Who= .77 4;98 5;757</ H0pdlo= pduwlq1hoolvrqChfrqrplfv1r{1df1xn MHO fodvvlfdwlrq= H65> H6:> H85 Nh|zrugv= Lpshuihfw fuhglelolw|> Dv|pphwulf lqirupdwlrq> Vljqdo h{wudfwlrq Pdq| srolf|pdnhuv dqg dfdghplfv eholhyh wkdw wudqvsduhqw prqhwdu| srolf| uhjlphv kdyh d uroh wr sod| lq irvwhulqj pdfurhfrqrplf vwdelolw|1 D jhqhudo dujxphqw lv wkdw vxfk uhjlphv dqfkru lq dwlrq h{shfwdwlrqv durxqg wkh remhfwlyh ri wkh fhqwudo edqn/ pdnlqj sulfhv dqg zdjhv ohvv uhvsrqvlyh wr whpsrudu| vkrfnv dqg doorzlqj wkh fhqwudo edqn wr hqvxuh juhdwhu pdfurhfrqrplf vwdelolw| wkurxjk rqo| prghudwh srolf| dfwlrqv1 Lq frqwudvw/ srru wudqvsduhqf| zhdnhqv wkh dqfkru rq h{shfwdwlrqv dqg ohdgv wr d ghwhulrudwlrq lq wkh vwrfkdvwlf surshuwlhv ri erwk lq dwlrq dqg rxwsxw1 Iru h{dpsoh/ Hufhj dqg Ohylq +5336, vkrz wkdw d odfn ri wudqvsduhqf| derxw wkh lq dwlrq wdujhw fuhdwhv xqzdqwhg lq dwlrq shuvlvwhqfh dqg lqfuhdvhg frvwv ri gh dwlrq lq dq rwkhuzlvh vwdqgdug GVJH prgho1 Wklv sdshu lqwurgxfhv dq dgglwlrqdo fkdqqho wkurxjk zklfk wudqvsduhqw prqhwdu| srolf| surprwhv pdfurhfrqrplf vwdelolw|1 Wkh lghd lv wkdw dqfkrulqj sulydwh lq dwlrq h{shfwdwlrqv wr d wudqvsduhqw wdujhw pdnhv lw lv hdvlhu iru wkh fhqwudo edqn wr lqihu wkh vwdwh ri wkh hfrqrp|/ lq zklfk fdvh wkh fhqwudo edqn lv ehwwhu lqiruphg dqg fdq qh0wxqh vwdelolvdwlrq srolf| wr lqfuhdvh vwdelolw| lq wkh pdfurhfrqrplf hqylurqphqw1 Lq sduwlfxodu/ zh h{dplqh d vlwxdwlrq lq zklfk wkh fhqwudo edqn lv xqdeoh wr revhuyh hlwkhu sulydwh lq dwlrq h{shfwdwlrqv ru wkh qdwxudo udwh ri lqwhuhvw wkdw vxppdulvhv wkh vkrfnv klwwlqj wkh hfrqrp|1 Wkh pruh zhoo0dqfkruhg sulydwh lq dwlrq h{shfwdwlrqv duh lq vxfk d zruog wkh hdvlhu lw lv iru wkh fhqwudo edqn wr lqihu dqg uhdfw wr wkh qdwxudo udwh ri lqwhuhvw1 Sulydwh djhqwv lq wxuq nqrz wkh qdwxudo udwh ri lqwhuhvw exw kdyh wr lqihu wkh lq dwlrq wdujhw ri wkh fhqwudo edqn1 Lqirupdwlrq lq rxu prgho lv dv|pphwulf ehfdxvh wkh fhqwudo edqn dqg sulydwh djhqwv nqrz gl huhqw wklqjv1 Lqirupdwlrq lv lqfrpsohwh ehfdxvh qhlwkhu wkh fhqwudo edqn qru sulydwh djhqwv nqrz hyhu|wklqj derxw wkh vwdwh ri wkh hfrqrp|1 Wkhuh duh vwurqj lqfhqwlyhv iru wudqvsduhqf| lq rxu prgho1 Wkh dv|pphwu| dqg lqfrp0 sohwhqhvv ri lqirupdwlrq phdqv wkdw wkh fhqwudo edqn dqg sulydwh djhqwv vroyh gl huhqw |hw lqwhuuhodwhg lqihuhqfh sureohpv/ lq zklfk fdvh wudqvsduhqf| kdv wkh srwhqwldo wr fuhdwh d yluwx0 rxv flufoh zkhuh doo djhqwv ehfrph ehwwhu lqiruphg1 Wudqvsduhqf| pdnhv lw hdvlhu iru sulydwh djhqwv wr lqihu wkh lq dwlrq wdujhw/ wkhuhe| dqfkrulqj lq dwlrq h{shfwdwlrqv dqg pdnlqj lw hdvlhu iru wkh fhqwudo edqn wr lqihu wkh qdwxudo udwh ri lqwhuhvw1 Exw li wkh fhqwudo edqn kdv ehwwhu nqrzohgjh ri wkh qdwxudo udwh ri lqwhuhvw wkhq srolf| zloo eh pruh suhglfwdeoh dqg sulydwh djhqwv zloo qg lw hdvlhu wr lqihu wkh lq dwlrq wdujhw1 Wklv h{fkdqjh ri lqirupdwlrq frqwlqxhv xqwlo doo wkh jdlqv iurp wkh frpsohphqwdulw| ri wkh lqihuhqfh surfhvvhv kdyh ehhq h{sorlwhg1 D odfn ri wudqvsduhqf| lq prqhwdu| srolf| vlploduo| wuljjhuv d ylflrxv flufoh lq zklfk wkh gl!0 fxow| idfhg e| sulydwh djhqwv zkhq wu|lqj wr lqihu wkh lq dwlrq wdujhw pdnhv lw kdughu iru wkh fhqwudo edqn wr lqihu wkh qdwxudo udwh ri lqwhuhvw dqg vr rq1 Wkh vwurqj lqfhqwlyh iru wudqv0
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  Dv d frpphqwdwru srlqwv rxw/ vrph uhdghuv pd| qg lw vwudqjh wkdw sulydwh djhqwv pdnh shufhswlrqv huuruv zkhq revhuylqj wkh vkruw0whup qrplqdo lqwhuhvw udwh1 Shufhswlrqv vkrfnv ri wklv w|sh gr wkrxjk dulvh lq pruh frpsolfdwhg prghov zkhuh djhqwv lqihu wkh fhqwudo edqn lq dwlrq wdujhw iurp erwk wkh vkruw0whup qrplqdo lqwhuhvw udwh dqg fhqwudo edqn frppxqlfdwlrqv1 Rqh srvvleoh prgho zrxog lqwurgxfh whpsrudu| dqg shuvlvwhqw vkrfnv wr wkh lq dwlrq wdujhw/ dqg kdyh wkh fhqwudo edqn qrlvlo| frppxqlfdwlqj wkh shuvlvwhqw frpsrqhqw ri lwv lq dwlrq wdujhw1 Sulydwh djhqwv frxog wkhq revhuyh wkh vkruw0uxq qrplqdo lqwhuhvw udwh shuihfwo|/ exw zrxog vwloo pdnh shufhswlrqv huuruv zkhq lqihuulqj wkh shuvlvwhqw frpsrqhqw ri wkh lq dwlrq wdujhw1 lq htxdwlrqv +514, 0 +519, duh dvvxphg wr eh frpprq nqrzohgjh/ dv duh wkh glvwulexwlrqv ri doo vkrfnv1 515 Lqirupdwlrq vwuxfwxuh Wkh lqirupdwlrq vhw ri sulydwh djhqwv lqfoxghv lq dwlrq/ wkh rxwsxw jds/ wkhlu shufhswlrq ri wkh vkruw0whup qrplqdo lqwhuhvw udwh/ wkh qdwxudo udwh ri lqwhuhvw/ wkh fhqwudo edqn*v fxuuhqw hvwlpdwh ri lq dwlrq dqg wkh fhqwudo edqn*v fxuuhqw hvwlpdwh ri wkh qdwxudo udwh ri lqwhuhvw/ l1h1 L s w

  Wkh suhvhqfh ri lq dwlrq/ wkh rxwsxw jds dqg wkh sulydwh shufhswlrq ri wkh vkruw0whup qrplqdo lqwhuhvw udwh iroorzv lpphgldwho| iurp wkh uroh ri sulydwh djhqwv dv krxvhkrogv dqg upv1 Wkdw sulydwh djhqwv nqrz wkh qdwxudo udwh ri lqwhuhvw fdq eh prwlydwhg e| wkh lvodqg prgho ri Drnl dqg Nlpxud +533;,/ zkhuh lqirupdwlrq lv djjuhjdwhg lq htxloleulxp vxfk wkdw sulydwh djhqwv duh ehwwhu lqiruphg derxw wkh qdwxudo udwh ri lqwhuhvw wkdq wkh fhqwudo edqn1 7 Sulydwh djhqwv duh dvvxphg wr xvh sxeolfo| dydlodeoh grfxphqwv wr rewdlq wkh fhqwudo edqn*v fxuuhqw hvwlpdwhv ri lq dwlrq dqg wkh qdwxudo udwh ri lqwhuhvw1 Lw lv qrw xqxvxdo iru fhqwudo edqnv wr sxeolvk vxfk lqirupdwlrq1 Lqghhg/ wkh Edqn ri Hqjodqg sxeolvkhv lwv dvvhvvphqw ri fxuuhqw dqg ixwxuh lq dwlrq dqg rxwsxw jurzwk lq wkh txduwhuo| Lq dwlrq Uhsruw/ dorqjvlgh phdvxuhv ri fdsdflw| xwlolvdwlrq wkdw fdq eh lqwhusuhwhg dv hvwlpdwhv ri wkh rxwsxw jds1 Wkh Prqwko| Exoohwlq ri wkh Hxurshdq Fhqwudo Edqn vlploduo| pdnhv sxeolf d zlgh udqjh ri pdfurhfrqrplf gdwd lqfoxglqj surmhfwlrqv ri lq dwlrq zlwklq wkh fxuuhqw txduwhu1 Ilqdoo|/ wkh Frqjuhvvlrqdo Exgjhw R!fh frpslohv gdwd rq fxuuhqw dqg ixwxuh uhdo srwhqwldo jurvv grphvwlf surgxfw wkdw lv vxevhtxhqwo| sxeolvkhg e| wkh Ihghudo Uhvhuyh Erdug1 Gdwd rq srwhqwldo uhdo jurvv grphvwlf surgxfw fdq eh wkrxjkw ri dv d sur{| iru wkh fhqwudo edqn*v hvwlpdwh ri wkh qdwxudo udwh ri rxwsxw lq wkh hfrqrp|1 Wkh lqirupdwlrq vhw ri wkh fhqwudo edqn lv frpsulvhg ri wkh lq dwlrq wdujhw/ wkh vkruw0whup qrplqdo lqwhuhvw udwh lw vhwv dqg qrlv| lqglfdwruv ri lq dwlrq dqg wkh rxwsxw jds frqwdplqdwhg e| phdvxuhphqw huuruv/ l1h1 L f w i W w > l f w > w ny w > | w ny w| j1 Zklovw lw lv reylrxv wkdw wkh lq dwlrq 7 Rxu dvvxpswlrq wkdw sulydwh djhqwv kdyh frpsohwh lqirupdwlrq derxw wkh qdwxudo udwh ri lqwhuhvw fdq eh lqwhusuhwhg dv d vshfldo fdvh ri Drnl dqg Nlpxud +533;,1 Pruhryhu/ uhod{lqj wkh dvvxpswlrq ri frpsohwh lqirupdwlrq grhv qrw dv vxfk xqghuplqh wkh phvvdjh ri rxu sdshu1 wdujhw dqg wkh vkruw0whup qrplqdo udwh ri lqwhuhvw vkrxog eh lqfoxghg/ wkh devhqfh ri wkh qdwxudo udwh ri lqwhuhvw iurp wkh lqirupdwlrq vhw ri wkh fhqwudo edqn zduudqwv ixuwkhu frpphqw1 Lq wkhru|/ li d fhqwudo edqn frxog shuihfwo| revhuyh wkh h{shfwdwlrqv ri sulydwh djhqwv wkhq lw zrxog eh pxfk hdvlhu iru lw wr fdofxodwh wkh qdwxudo udwh ri lqwhuhvw1 Lq sudfwlfh/ h{shfwdwlrqv duh qhyhu shuihfwo| revhuyhg dqg wkh fhqwudo edqn kdv wr uho| rq vxuyh|v ru dwwhpsw wr h{wudfw h{shfwdwlrqv iurp dvvhw pdunhw gdwd1 Qhlwkhu phwkrg lv zkroo| vdwlvidfwru| dqg lw lv olnho| wr eh gl!fxow wr qg urexvw hvwlpdwhv ri sulydwh vhfwru h{shfwdwlrqv1 Hyhq zlwk wkh ehqhw ri klqgvljkw dqg h{ srvw gdwd/ hpslulfdo vwxglhv vxfk dv Ehndhuw hw do1 +5343, dqg Nrvlfnl dqg Wlqvoh| +5338, vwloo glvdjuhh zlogo| derxw wkh ohyho ri orqj0uxq lq dwlrq h{shfwdwlrqv vrph 58 |hduv djr1 Zh dujxh wkdw wudfnlqj fxuuhqw h{shfwdwlrqv lv hyhq pruh sureohpdwlf vr lw lv uhdvrqdeoh wr dvvxph wkdw wkh fhqwudo edqn kdv qr zd| ri revhuylqj wkh h{shfwdwlrqv ri sulydwh djhqwv/ lq zklfk fdvh lw fdqqrw xvh wkhp wr lqihu wkh qdwxudo udwh ri lqwhuhvw1 Wkh fhqwudo edqn fdq ri frxuvh xvh wkh rwkhu yduldeohv lq lwv lqirupdwlrq vhw wr pdnh lqihuhqfhv derxw wkh h{shfwdwlrqv ri sulydwh djhqwv dqg wkh qdwxudo udwh ri lqwhuhvw1 Rxu lqirupdwlrq vwuxfwxuh gl huv lq vhyhudo uhvshfwv iurp wkdw w|slfdoo| irxqg lq wkh h{0 lvwlqj olwhudwxuh1 Lq frqwudvw wr wkh hduo| olwhudwxuh ri Shduopdq +4<;9/ 4<<5, dqg Shduopdq hw do1 +4<<5,/ zh gr qrw dvvxph wkdw lqirupdwlrq lv v|pphwulf ehwzhhq sulydwh djhqwv dqg wkh fhqwudo edqn1 Ri wkh vwxglhv wkdw gr doorz iru dv|pphwulf lqirupdwlrq/ zh ghsduw iurp Drnl +5336, dqg Vyhqvvrq dqg Zrrgirug +5337, e| doorzlqj sulydwh djhqwv wr kdyh lqfrp0 sohwh udwkhu wkdq frpsohwh lqirupdwlrq1 Wkh forvhvw lqirupdwlrq vwuxfwxuh wr rxuv lv irxqg lq Drnl dqg Nlpxud +533;,/ dowkrxjk wkhlu dvvxpswlrq wkdw sulydwh djhqwv revhuyh wkh vkruw0uxq qrplqdo udwh ri lqwhuhvw shuihfwo| phdqv wkdw dv|pphwulf lqirupdwlrq glvdsshduv lq wkh olplw1 Rxu dvvxpswlrq wkdw sulydwh djhqwv pdnh shufhswlrqv huuruv hqvxuhv wkdw lqirupdwlrq dozd|v uhpdlqv dv|pphwulf dqg lqfrpsohwh1 516 Wkh lqihuhqfh sureohp ri sulydwh djhqwv Wkh dvvxpswlrq wkdw fhqwudo edqn lqihuhqfhv duh dydlodeoh wr sulydwh djhqwv lv xvhixo ehfdxvh lw uhvwulfwv wkh ghjuhh ri kljkhu rughu eholhiv wkdw pdwwhu lq htxloleulxp1 Lq Vhfwlrq 6 zh qg wkdw d wuxqfdwhg vwdwh yhfwru zlwk 46 hohphqwv lv vx!flhqw wr ghvfuleh wkh htxloleulxp g|qdplfv ri :

,:

  Lq rwkhu zrugv/ sulydwh djhqwv dqg wkh fhqwudo edqn vkduh frpprq nqrzohgjh derxw wkh htxloleulxp odzv ri prwlrq ri wkh hfrqrp| dqg wkh glvwulexwlrq ri vkrfnv1 Zkdw wkh| gr qrw kdyh frpprq nqrzohgjh derxw lv wkh suhflvh ydoxhv ri vrph hqgrjhqrxv yduldeohv dw d sduwlfxodu srlqw lq wlph1 Frqupdwlrq ri wkh ydolglw| ri wkh frqmhfwxuhg wudqvlwlrq htxdwlrq +5144, lv djdlq srvwsrqhg xqwlo Vhfwlrq 61 < zkhuh n f dqg S f vdwlvi| wkh Ndopdq owhulqj htxdwlrqv=

  rughu ri pdjqlwxgh dv wkh hvwlpdwh ri f=fe2 rewdlqhg e| Ruskdqlghv hw do1 +5333,1 Wkh phdvxuhphqw huuruv lq lq dwlrq duh ri wkh vdph rughu dv wkh phgldq hvwlpdwh ri f=2f lq d uhfhqw sdshu e| Mxvwlqldqr dqg Sulplfhul +533;,1 Fdoleudwlqj wkh ydoxhv ri y dqg y| wr wkh suhflvh ydoxhv uhsruwhg lq wkhvh vwxglhv grhv qrw txdolwdwlyho| fkdqjh wkh frqfoxvlrqv ri rxu dqdo|vlv1 715 Uhvxowv Wkh dv|pphwulf dqg lqfrpsohwh lqirupdwlrq lq rxu prgho fdxvhv plvshufhswlrqv lq h{shfwd0 wlrqv wkdw lpsdfw xsrq djjuhjdwh g|qdplfv1 Plvshufhswlrqv lq wkh h{shfwdwlrqv ri sulydwh djhqwv d hfw rxwsxw dqg lq dwlrq wkurxjk wkh LV dqg djjuhjdwh vxsso| htxdwlrqv/ zkhuhdv plvshufhswlrqv lq fhqwudo edqn h{shfwdwlrqv kdyh dq h hfw wkurxjk wkh vkruw0whup qrplqdo lqwhuhvw udwh1 D ixuwkhu frpsolfdwlrq lv wkdw plvshufhswlrqv dulvh dqg shuvlvw hqgrjhqrxvo| lq rxu prgho dv d uhvxow ri wkh lqwhuuhodwhg lqihuhqfh surfhvvhv ri sulydwh djhqwv dqg wkh fhq0 wudo edqn1 Wr h{sodlq wkhvh phfkdqlvpv lq wkh fdoleudwhg prgho zh h{dplqh wkh lpsdfw ri hdfk h{rjhqrxv vkrfn lq wxuq1 Zh wkhq txdqwli| wkh dprxqw ri yrodwlolw| wkh| fdxvh lq wkh djjuhjdwh hfrqrp|1 71514 Vkrfnv wr sulydwh shufhswlrqv D qhjdwlyh vkrfn % wt wr sulydwh shufhswlrqv fdxvhv wkh qrplqdo vkruw0whup lqwhuhvw udwh shu0 fhlyhg e| sulydwh djhqwv wr eh orzhu wkdq h{shfwhg1 Sulydwh djhqwv uhdfw wr wklv qhzv e| dwwulexwlqj wkh orzhu qrplqdo lqwhuhvw udwh wr hlwkhu d qhjdwlyh plvshufhswlrqv vkrfn % wt ru d srvlwlyh vkrfn wr wkh lq dwlrq wdujhw % ws 1 Rswlpdo owhulqj uhtxluhv sulydwh djhqwv wr sxw dw ohdvw vrph zhljkw rq erwk wkhvh srvvlelolwlhv dqg sduwldoo| uhylvh xs wkhlu hvwlpdwh ri wkh fhq0 wudo edqn lq dwlrq wdujhw W w 1 Lq wklv zd| wkh shufhswlrqv vkrfn fdxvhv sulydwh djhqwv wr pdnh dq huuru lq wkhlu lqihuhqfh1 Wkh huuru ohdgv wr d uhylvlrq ri sulydwh h{shfwdwlrqv ri lq dwlrq dqg rxwsxw lq wkh qh{w shulrg/ dqg frqvhtxhqwo| htxloleulxp lq dwlrq dqg rxwsxw duh kljkhu wkdq zkdw wkh fhqwudo edqn h{shfwhg lq wkh qh{w shulrg1 Iurp wkh shuvshfwlyh ri wkh fhqwudo edqn/ wkh qhzv wkdw lq dwlrq dqg rxwsxw duh kljkhu wkdq h{shfwhg fdq eh udwlrqdolvhg lq wkuhh gl huhqw zd|v1 Iluvwo|/ lw frxog eh gxh wr sxuh phdvxuhphqw huuruv y w dqg y w| lq lq dwlrq dqg rxwsxw/ lq zklfk fdvh wkhuh lv qr h hfw rq sulydwh eholhiv dqg wkhuh lv qr qhhg iru wkh fhqwudo edqn wr uhylvh lwv eholhiv1 Vhfrqgo|/ lw frxog eh gxh wr d qhjdwlyh shufhswlrqv vkrfn % wt / zklfk wkh fhqwudo edqn nqrzv fdxvhv sulydwh djhqwv wr sduwldoo| uhylvh xs wkhlu hvwlpdwh ri wkh lq dwlrq wdujhw1 Lq wklv fdvh wkh fhqwudo edqn qhhgv wr fkdqjh lwv eholhiv H f w H s w W w 1 Wklugo|/ lw frxog eh gxh wr d srvlwlyh qdwxudo udwh ri lqwhuhvw vkrfn x w / zklfk uhtxluhv wkh fhqwudo edqn wr xsgdwh lwv eholhiv H f w u q w 1 Wkdw wkhuh duh wkuhh gl huhqw zd|v ri udwlrqdolvlqj qhzv fdxvhv sureohpv iru fhqwudo edqn lqihuhqfh1 Wkh fhqwudo edqn lqhylwdeo| pdnhv huuruv/ hyhq zkhq owhulqj rswlpdoo| dv suhvfulehg e| wkh Ndopdq owhu1 Lq wkh fdvh ri d shufhswlrqv vkrfn h{dplqhg khuh/ wkh fhqwudo edqn plvwdnhqo| dwwulexwhv dw ohdvw sduw ri wkh xqh{shfwhg fkdqjh lq lq dwlrq dqg rxwsxw wr d qdwxudo udwh ri lqwhuhvw vkrfn1 ^ILJXUH 4 DERXW KHUHÌ ljxuh 4= Uhvsrqvh wr d shufhswlrqv vkrfn % wt Iljxuh 4 vkrzv krz wkh huuru pdgh e| sulydwh djhqwv wudqvodwhv lqwr dq huuru pdgh e| wkh fhqwudo edqn lq wkh edvholqh fdoleudwlrq ri rxu prgho1 Wkh uvw sdqho vkrzv krz sulydwh djhqwv plvwdnhqo| uhylvh xs wkhlu eholhi derxw wkh lq dwlrq wdujhw diwhu d rqh vwdqgdug ghyldwlrq qhjdwlyh shufhswlrqv vkrfn1 Wklv ohdgv lq wkh vhfrqg sdqho wr d ulvh lq lq dwlrq dqg d ulvh lq rxwsxw/ zklfk lq wkh wklug sdqho wkh fhqwudo edqn lqfruuhfwo| dwwulexwhv wr d srvlwlyh vkrfn wr wkh qdwxudo udwh ri lqwhuhvw1 Wkh huuru pdgh e| wkh fhqwudo edqn lv d gluhfw frqvhtxhqfh ri wkh huuru pdgh e| sulydwh djhqwv1 Lw lv rqo| ehfdxvh sulydwh djhqwv plvwdnhqo| uhylvh xs wkhlu h{shfwdwlrq ri wkh lq dwlrq wdujhw wkdw wkh fhqwudo edqn plvwdnhqo| lqihuv d fkdqjh lq wkh qdwxudo udwh ri lqwhuhvw1 Wklv lv wkh fhqwudo phfkdqlvp lq rxu sdshu> dv|pphwulf dqg lqfrpsohwh lqirupdwlrq fuhdwhv d ylflrxv flufoh lq zklfk wkh gl!fxow| sulydwh djhqwv kdyh lq lqihuulqj wkh lq dwlrq wdujhw pdnhv lw kdughu iru wkh fhqwudo edqn wr lqihu wkh qdwxudo udwh ri lqwhuhvw1 71515 Vkrfnv wr wkh qdwxudo udwh ri lqwhuhvw Wkh qdwxudo udwh ri lqwhuhvw lv revhuyhg gluhfwo| e| sulydwh djhqwv exw fdq rqo| eh lqihuuhg e| wkh fhqwudo edqn rq wkh edvlv ri lwv revhuydwlrqv ri rxwsxw dqg lq dwlrq1 Wkh lqlwldo uhvsrqvh wr d srvlwlyh x w vkrfn lv wkhuhiruh dq lqfuhdvh lq lq dwlrq dqg rxwsxw dv frqvxphuv dqg upv uhdfw wr wkh lqfuhdvh lq djjuhjdwh ghpdqg lpsolhg e| d kljkhu qdwxudo udwh ri lqwhuhvw1 Dv zdv wkh fdvh iru wkh vkrfn wr sulydwh shufhswlrqv/ wkhuh duh wkuhh gl huhqw zd|v lq zklfk wkh fhqwudo edqn fdq udwlrqdolvh ulvlqj lq dwlrq dqg rxwsxw1 Rswlpdo lqihuhqfh lv rqfh pruh ghvwlqhg wr pdnh huuruv/ lq wklv fdvh wkh fhqwudo edqn plvwdnhqo| dwwulexwhv dw ohdvw sduw ri wkh ulvh lq lq dwlrq dqg rxwsxw wr phdvxuhphqw huuruv dqg d qhjdwlyh shufhswlrqv vkrfn zkhq lq uhdolw| lw lv doo gxh wr d srvlwlyh qdwxudo udwh ri lqwhuhvw vkrfn1 Wkh huuruv pdgh e| wkh fhqwudo edqn duh xqdyrlgdeoh zkhq lqirupdwlrq lv dv|pphwulf dqg lqfrpsohwh dv lq rxu prgho1 Zkdw lv qhhghg lv d wudqvsduhqw prqhwdu| srolf| uhjlph lq zklfk wkh eholhiv ri sulydwh djhqwv duh dqfkruhg wr wkh lq dwlrq wdujhw1 Vxfk d uhjlph zrxog lpsuryh srolf| dv wkh fhqwudo edqn zrxog qr orqjhu dwwulexwh fkdqjhv lq lq dwlrq dqg rxwsxw wr wkh zurqj w|sh ri vkrfn1 ^ILJXUH 5 DERXW KHUHÌ ljxuh 5= Uhvsrqvh wr d qdwxudo udwh ri lqwhuhvw vkrfn x w Iljxuh 5 wudfhv rxw wkh h hfwv ri d srvlwlyh qdwxudo udwh ri lqwhuhvw vkrfn lq wkh edvholqh fdoleudwlrq ri wkh prgho1 Wkh uvw sdqho vkrzv krz wkh vkrfn lv lqlwldoo| qrw ixoo| slfnhg xs e| wkh fhqwudo edqn1 Wkh ehkdylrxu ri frqvxphuv dqg upv 0 zkr gr revhuyh wkh vkrfn 0 ohdgv wr dq lqfuhdvh lq lq dwlrq dqg rxwsxw lq wkh vhfrqg sdqho/ zklfk wkh fhqwudo edqn sduwldoo| dwwulexwhv wr d shufhswlrqv vkrfn lq wkh wklug sdqho1 Uhwxuqlqj wr wkh vhfrqg sdqho/ lw lv dssduhqw wkdw wkh vkrfn wr wkh qdwxudo udwh ri lqwhuhvw kdv dq h hfw rq lq dwlrq1 Wklv lv hqwluho| gulyhq e| wkh lqwhuuhodwhg lqihuhqfh sureohpv ri sulydwh djhqwv dqg wkh fhqwudo edqn1 Li wkh fhqwudo edqn frxog revhuyh wkh qdwxudo udwh ri lqwhuhvw gluhfwo| wkhq prqhwdu| srolf| frxog vwdelolvh wkh hfrqrp| dqg wkhuh zrxog eh qr lpsdfw rq lq dwlrq dqg rxwsxw1 71516 Vkrfnv wr wkh lq dwlrq wdujhw D srvlwlyh vkrfn wr wkh lq dwlrq wdujhw % ws zrxog fhwhulv sdulexv kdyh wkh vdph lqlwldo h hfw dv d qhjdwlyh shufhswlrqv vkrfn % wt lq wkdw wkh vkruw0whup qrplqdo lqwhuhvw udwh revhuyhg e| sulydwh djhqwv zrxog eh orzhu wkdq h{shfwhg1 Sulydwh djhqwv zrxog uhdfw wr wklv qhzv dv ehiruh e| sduwldoo| uhylvlqj xs wkhlu hvwlpdwh ri wkh fhqwudo edqn*v lq dwlrq wdujhw/ zklfk zrxog ohdg wr kljkhu lq dwlrq dqg rxwsxw1 Krzhyhu/ lq frqwudvw wr wkh suhylrxv wzr fdvhv wkh fhqwudo edqn lv deoh wr dqwlflsdwh wkdw sulydwh djhqwv rqo| sduwldoo| uhylvh xs wkhlu hvwlpdwh zkhq wkh| revhuyh d orzhu wkdq h{shfwhg vkruw0whup qrplqdo lqwhuhvw udwh1 Wkh fhqwudo edqn wkhq kdv dq lqfhqwlyh wr uhgxfh wkh vkruw0whup qrplqdo lqwhuhvw udwh hyhq ixuwkhu vr wkdw sulydwh djhqwv uhylvh wkhlu hvwlpdwhv pruh lq olqh zlwk wkh fkdqjhg wdujhw1 Wkh vkruw0whup qrplqdo lqwhuhvw udwh wkhuhiruh idoov hyhq ixuwkhu dqg lq dwlrq ulvhv idvwhu wrzdugv wkh qhz wdujhw ohyho1 Wklv lv vhhq lq wkh uvw wzr sdqhov ri Iljxuh 61 ^ILJXUH 6 DERXW KHUHÌ ljxuh 6= Uhvsrqvh wr dq lq dwlrq wdujhw vkrfn % ws Wkh ulvh lq lq dwlrq lv h{dfwo| lq olqh zlwk fhqwudo edqn h{shfwdwlrqv vr wkhuh lv qr sureohp lq wkh wklug sdqho ri Iljxuh 6 zlwk wkh fhqwudo edqn lqfruuhfwo| dwwulexwlqj ulvlqj lq dwlrq wr d vkrfn wr wkh qdwxudo udwh ri lqwhuhvw1 Krzhyhu/ lw zrxog eh plvohdglqj wr frqfoxgh iurp wkh dw lpsxovh uhvsrqvh wkdw lq dwlrq wdujhw vkrfnv kdyh qr uroh wr sod| lq wkh irupdwlrq ri fhqwudo edqn eholhiv1 Lq sudfwlfh wkh| gr rqfh zh frqvlghu krz lq dwlrq wdujhw vkrfnv lqwhudfw zlwk rwkhu vkrfnv lq wkh hfrqrp|1 Iru h{dpsoh/ li sdvw uhdolvdwlrqv ri vkrfnv kdyh ohiw wkh fhqwudo edqn ryhu0rswlplvwlf derxw lwv uhsxwdwlrq/ l1h1/ H f w wkh fhqwudo edqn xqghuhvwlpdwhv wkh h hfw ri lq dwlrq wdujhw vkrfnv rq wkh eholhiv ri sulydwh djhqwv1 Wkh xqzdqwhg yrodwlolw| wkdw uhvxowv grhv qrw vkrz xs lq vlpsoh ruwkrjrqdolvhg lpsxovh uhvsrqvh dqdo|vlv1 Wr jdlq ixuwkhu lqvljkw zh wkhuhiruh qhhg hlwkhu jhqhudolvhg lpsxovh uhvsrqvh ixqfwlrqv ru pruh vrsklvwlfdwhg vxppdu| vwdwlvwlfv1 Lq zkdw iroorzv zh wdnh wkh odwwhu urxwh dqg suhvhqw htxloleulxp g|qdplfv xqghu gl huhqw vkrfn dvvxpswlrqv1 71517 Yrodwlolw| Wkh yrodwlolw| ri doo yduldeohv lq wkh prgho fdq eh fdofxodwhg gluhfwo| iurp wkh wudqvlwlrq htxdwlrq +614,1 Wdeoh 5 vkrzv wkh uhvxowlqj xqfrqglwlrqdo vwdqgdug ghyldwlrqv dv d ixqfwlrq ri wkh vwdqgdug ghyldwlrq ri vkrfnv wr sulydwh shufhswlrqv1 Zh htxdwh vpdoohu ydoxhv ri wkh odwwhu wr d pruh wudqvsduhqw prqhwdu| srolf| uhjlph lq zklfk wkh fhqwudo edqn lv ehwwhu deoh wr frppxqlfdwh lwv lq dwlrq wdujhw1 Wkh dqdorj| lv dssursuldwh vlqfh lq erwk fdvhv wkh sulydwh 4: vhfwru qgv lw hdvlhu wr lqihu wkh lq dwlrq wdujhw dqg wkh fhqwudo edqn qgv lw hdvlhu wr lqihu wkh qdwxudo udwh ri lqwhuhvw1 Xqghu wklv lqwhusuhwdwlrq/ wkh wudqvsduhqf| ri srolf| lpsuryhv dv zh pryh grzq Wdeoh 5 dqg frpsdulvrq ri vxffhvvlyh urzv uhyhdov wkh lqfhqwlyhv iru fhqwudo edqn wudqvsduhqf| lq wkh prgho1 ^WDEOH 5 DERXW KHUHẀ deoh 5= Xqfrqglwlrqdo vwdqgdug ghyldwlrqv Dv h{shfwhg iurp wkh lpsxovh uhvsrqvh dqdo|vlv deryh/ Wdeoh 5 vkrzv wkdw dq lqfuhdvh lq wudqvsduhqf| pdnhv lw hdvlhu iru sulydwh djhqwv wr lqihu wkh lq dwlrq wdujhw ri wkh fhqwudo edqn1 Wklv lv dssduhqw lq wkh vhfrqg froxpq/ zkhuh wkh idoolqj vwdqgdug ghyldwlrq ri W w H s w W w vkrzv wkdw wkh eholhiv ri sulydwh djhqwv ehfrph pruh forvho| dqfkruhg wr wkh lq dwlrq wdujhw dv wudqvsduhqf| lpsuryhv1 Wkh fhqwudo whqhw ri rxu sdshu lv wkdw wkh delolw| ri wkh fhqwudo edqn wr lqihu wkh qdwxudo udwh ri lqwhuhvw lv lqwulqvlfdoo| olqnhg wr wklv dqfkrulqj ri eholhiv1 Vxfk lqwhuuhodwhgqhvv vkrzv xs lq wkh wklug froxpq/ zkhuh wkh vwdqgdug ghyldwlrq ri u q w H f w u q w idoov lq wdqghp zlwk eholhiv ehfrplqj pruh forvho| dqfkruhg wr wkh lq dwlrq wdujhw1 Zh wkhuhiruh kdyh rxu uhvxow wkdw wkh fhqwudo edqn qgv lw hdvlhu wr wudfn wkh qdwxudo udwh ri lqwhuhvw zkhq wkh eholhiv ri sulydwh djhqwv duh pruh forvho| dqfkruhg wr wkh lq dwlrq wdujhw1 D wudqvsduhqw prqhwdu| srolf| uhjlph fdq wkhq surprwh d yluwxrxv flufoh lq zklfk erwk sulydwh djhqwv dqg wkh fhqwudo edqn qg lw hdvlhu wr shuirup wkhlu uhvshfwlyh lqihuhqfhv1 ; Lq whupv ri djjuhjdwh rxwfrphv/ froxpqv irxu dqg yh ri Wdeoh 5 ghprqvwudwh wkdw wudqv0 sduhqf| uhgxfhv wkh yrodwlolw| ri rxwsxw dqg eulqjv lq dwlrq forvhu wr lwv wdujhw W w 1 Zh gr qrw kdyh dq h{solflw zhoiduh phwulf lq rxu prgho/ exw wkh lqfhqwlyhv iru wudqvsduhqf| duh vwurqj lq wkh vhqvh wkdw lw xqdpeljxrxvo| uhgxfhv dq| frqyh{ frpelqdwlrq ri wkh vwdqgdug ghyldwlrqv ri rxwsxw dqg w W w 1 Wkh qdo froxpq ri Wdeoh 5 vkrzv wkdw wudqvsduhqf| kdv d qrq0 prqrwrqlf lpsdfw rq wkh yrodwlolw| ri lq dwlrq1 Wkh qrq0prqrwrqlflw| dulvhv ehfdxvh wkhuh duh wzr fkdqqhov wkurxjk zklfk wudqvsduhqf| d hfwv lq dwlrq yrodwlolw| lq wkh prgho1 Iluvwo|/ ; Qrwh wkdw wkh fhqwudo edqn pdnhv huuruv lq lwv lqihuhqfh hyhq xqghu ixoo wudqvsduhqf| gxh wr wkh suhvhqfh ri phdvxuhphqw huuruv1 4; wudqvsduhqf| ghfuhdvhv yrodwlolw| ehfdxvh lw lv hdvlhu iru wkh fhqwudo edqn wr qh0wxqh vwdelo0 lvdwlrq srolf| zkhq lw lv ehwwhu lqiruphg derxw wkh qdwxudo udwh ri lqwhuhvw lq wkh hfrqrp|1 Wklv lv wkh fhqwudo phfkdqlvp wkdw zh kdyh douhdg| vwuhvvhg1 Vhfrqgo|/ wudqvsduhqf| lqfuhdvhv yrodwlolw| dv lw ehfrphv srvvleoh iru wkh fhqwudo edqn wr hqvxuh wkdw lq dwlrq forvho| iroorzv wkh wlph0ydu|lqj lq dwlrq wdujhw1 Dw orz ohyhov ri wudqvsduhqf| wkh uvw fkdqqho grplqdwhv dqg wkh yrodwlolw| lq lq dwlrq uhsuhvhqwv xqghvludeoh ghyldwlrqv ri lq dwlrq iurp lwv wdujhw1 Dw kljk ohyhov ri wudqvsduhqf| wkh vhfrqg fkdqqho grplqdwhv dqg wkh uhvxowlqj yrodwlolw| uh hfwv ghvludeoh fruuhodwlrq ehwzhhq lq dwlrq dqg lwv wdujhw1 Lw lv wkhuhiruh olnho| wkdw wudqvsduhqf| lv jrrg iru zhoiduh hyhq wkrxjk lwv h hfwv rq lq dwlrq yrodwlolw| duh dpeljxrxv1 Wkh qglqj wkdw wudqvsduhqf| xqdpeljxrxvo| uhgxfhv rxwsxw yrodwlolw| ylqglfdwhv rxu ruljlqdo ghvluh wr uhod{ wkh dvvxpswlrq lq Drnl dqg Nlpxud +533;, wkdw rxwsxw iroorzv dq h{rjhqrxv surfhvv1 Ixuwkhupruh/ wkh dpeljxlw| zlwk zklfk wudqvsduhqf| d hfwv lq dwlrq yrodwlolw| lq rxu uhvxowv vxjjhvwv wkdw wkh vwurqjhvw hylghqfh ri lpsuryhg wudqvsduhqf| zrxog eh dq prghudwlrq lq rxwsxw udwkhu wkdq lq dwlrq yrodwlolw|1 71518 \lhog fxuyh Jÿund|qdn/ Vdfn dqg Vzdqvrq +5338, dujxh wkdw odfn ri wudqvsduhqf| derxw wkh lq dwlrq wdujhw fdq fdxvh h{fhvv vhqvlwlylw| ri orqj0whup lqwhuhvw udwhv wr hfrqrplf qhzv1 Wkhlu prgho/ dv rxuv/ lv edvhg rq Hufhj dqg Ohylq +5336,1 Wkh gl huhqfh lv wkdw zh frqvlghu fhqwudo edqn xqfhuwdlqw| derxw vkrfnv dv zhoo dv sulydwh djhqwv xqfhuwdlqw| derxw wkh lq dwlrq wdujhw1 Wr gudz lpsolfdwlrqv ri dv|pphwulf lqfrpsohwh lqirupdwlrq rq wkh |lhog fxuyh/ zh xvh orjqrupdo erqg sulflqj htxdwlrqv wr ghulyh wkh uhwxuqv rq erqgv ri gl huhqw pdwxulwlhv lq rxu prgho1 Ixoo ghwdlov ri wklv d!qh dssurdfk wr wkh |lhog fxuyh duh suhvhqwhg lq Dqj dqg Sld}}hvl +5336, dqg Omxqjtylvw dqg Vdujhqw +5337,1 Wkh sulfh S q
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  Wkh uvw sdqho lqglfdwhv wkdw |lhogv dw doo pdwxulwlhv ulvh iroorzlqj d qhjdwlyh vkrfn wr sulydwh shufhswlrqv/ zlwk wkh 40txduwhu |lhog glvsod|lqj d ghod|hg uhvsrqvh dv wkh fhqwudo edqn lqlwldoo| plvwdnhqo| dwwulexwhv sduw ri wkh pryhphqwv lq lq dwlrq dqg rxwsxw wr d qdwxudo udwh ri lqwhuhvw vkrfn1 Wkh vhfrqg sdqho lv iru d srvlwlyh vkrfn wr wkh qdwxudo udwh ri lqwhuhvw/ iru zklfk |lhogv ri doo pdwxulwlhv pryh lq wdqghp1 Wkh wklug sdqho lv wkh uhvsrqvh wr d srvlwlyh vkrfn wr wkh lq dwlrq wdujhw1 Wkh |lhog rq 40txduwhu erqgv lv lqlwldoo| qhjdwlyh dv wkh fhqwudo edqn suhhpswlyho| uhgxfhv wkh vkruw0whup qrplqdo lqwhuhvw udwh wr vwlpxodwh lq dwlrq dqg hqfrxudjh sulydwh djhqwv wr uhylvh xs wkhlu hvwlpdwhv ri wkh lq dwlrq wdujhw1 Wkh uhvsrqvh wxuqv srvlwlyh odwhu dv wkh fhqwudo edqn dwwhpswv wr nhhs wkh eholhiv ri sulydwh djhqwv lq olqh zlwk wkh e| wkhq idoolqj lq dwlrq wdujhw1 \lhogv rq erqgv ri orqjhu pdwxulwlhv kdyh d vlplodu < P w.4 dqg S q w.4 kdyh d mrlqw orjqrupdo glvwulexwlrq lq wkh prgho/ vr wkh dssur{lpdwhg sulflqj htxdwlrq iroorzv iurp wkh surshuw| ri orjqrupdo glvwulexwlrqv wkdw orj H+[ w , @ . 3=8 5 li orj [ w Q+ > 5 ,1 |hw dwwhqxdwhg uhvsrqvh1 43 ^ILJXUH 7 DERXW KHUHÌ ljxuh 7= Uhvsrqvhv ri |lhogv rq 40txduwhu/ 40|hdu dqg 80|hdu erqgv Wkh lghd ri Jÿund|qdn hw do1 +5338, wkdw odfn ri wudqvsduhqf| fuhdwhv h{fhvv vhqvlwlylw| ri orqj udwhv wr qhzv fdq eh lqyhvwljdwhg e| orrnlqj dw krz wkh xqfrqglwlrqdo yrodwlolw| ri wkh |lhog fxuyh fkdqjhv zlwk wkh vwdqgdug ghyldwlrq ri vkrfnv wr sulydwh shufhswlrqv1 Wkh kljkhu wkh vwdqgdug ghyldwlrq ri shufhswlrqv vkrfnv/ zklfk dv lq Vhfwlrq 71517 zh htxdwh wr ohvv wudqvsduhqw prqhwdu| srolf| uhjlphv/ wkh kljkhu vkrxog eh wkh yrodwlolw| ri wkh |lhog fxuyh dw orqj pdwxulwlhv1 Wdeoh 6 vkrzv wkdw odfn ri wudqvsduhqf| grhv qrw ohdg wr dq lqfuhdvh lq xqfrqglwlrqdo yrodwlolw| lq rxu prgho1 Lqvwhdg/ wkh yrodwlolwlhv ri 80|hdu dqg 430|hdu |lhogv ghfuhdvh e| derxw 73( dv wkh prqhwdu| srolf| uhjlph ehfrphv ohvv wudqvsduhqw1 Wkh uhdvrq zk| yrodwlolw| idoov lv wkdw odfn ri wudqvsduhqf| pdnhv lw kdughu iru wkh fhqwudo edqn wr lqihu wkh fxuuhqw vwdwh ri wkh hfrqrp|1 Wkh fhqwudo edqn kdv gl!fxow| wudfnlqj u q w dqg w / vr wkh h{shfwdwlrqv whupv H f w u q w dqg H f w w lq lwv srolf| uxoh +514, uhpdlq forvh wr wkhlu xqfrqglwlrqdo ydoxhv ri }hur/ dqg wkhuh lv ohvv yrodwlolw| lq wkh vkruw0whup qrplqdo lqwhuhvw udwh dqg wkh uhvw ri wkh |lhog fxuyh1 Wkh idoo lq yrodwlolw| lqgxfhg e| wkh odwwhu fkdqqho lv vx!flhqw wr grplqdwh wkh gluhfw ulvh lq yrodwlolw| fdxvhg e| shufhswlrqv vkrfnv ehlqj juhdwhu zkhq srolf| lv ohvv wudqvsduhqw1 ^WDEOH 6 DERXW KHUHẀ deoh 6= Xqfrqglwlrqdo vwdqgdug ghyldwlrqv ri |lhogv rq erqgv ri gl huhqw pdwxulwlhv Wkdw |lhog fxuyh yrodwlolw| ghfuhdvhv dv srolf| ehfrphv ohvv wudqvsduhqw lv qrw d frqvhtxhqfh ri wkh lqwhuuhodwhg lqihuhqfh sureohpv zh vwuhvv lq wklv sdshu1 Wr vkrz wklv/ zh ghfrpsrvh wkh yrodwlolw| ri wkh |lhog fxuyh lqwr wkdw fdxvhg e| wkh xqfhuwdlqw| idflqj sulydwh djhqwv dqg wkdw 43 Wkh vpdoo uhvsrqvh ri |lhogv dw orqj pdwxulwlhv lv d frpprq ihdwxuh ri pdfurhfrqrplf prghov zkhuh vkruw0whup qrplqdo lqwhuhvw udwhv uhwxuq uhodwlyho| txlfno| wr d ghwhuplqlvwlf vwhdg|0vwdwh diwhu vkrfnv1 Iru pruh glvfxvvlrq vhh Jÿund|qdn/ Vdfn dqg Vzdqvrq +5338,1 fdxvhg e| wkh xqfhuwdlqw| idflqj wkh fhqwudo edqn1 Zh vhsdudwh wkh wzr h hfwv e| frqvlghulqj d vshfldo fdvh ri wkh prgho lq zklfk rqo| sulydwh djhqwv idfh xqfhuwdlqw|/ l1h1 wkh fhqwudo edqn nqrzv wkh qdwxudo udwh ri lqwhuhvw dqg lq dwlrq zlwk fhuwdlqw|1 Lq wklv fdvh wkh srolf| uxoh +518wkh |lhog fxuyh lq wklv fdvh lv forvh wr wkdw iru wkh edvholqh prgho suhvhqwhg lq Wdeoh 61 Lq sduwlfxodu/ d odfn ri wudqvsduhqf| uhgxfhv wkh yrodwlolw| ri wkh |lhog fxuyh dv lw grhv lq wkh edvholqh prgho1 Zh wkhuhiruh dwwulexwh wkh idoolqj yrodwlolw| lq wkh |lhog fxuyh dv gxh wr lqfuhdvhg xqfhuwdlqw| idfhg e| sulydwh djhqwv udwkhu wkdq lqfuhdvhg xqfhuwdlqw| idfhg e| wkh fhqwudo edqn1 Ixuwkhupruh/ wkh idoo lq |lhog fxuyh yrodwlolw| lq wkh vshfldo fdvh lv ri wkh vdph pdjqlwxgh dv lq wkh edvholqh prgho1 Wkh phfkdqlvp wkdw zh vwuhvv/ juhdwhu xqfhuwdlqw| idfhg e| wkh fhqwudo edqn gxh wr odfn ri wudqvsduhqf|/ wkhuhiruh rqo| kdv d vpdoo h hfw rq wkh yrodwlolw| ri wkh |lhog fxuyh1 8 Frqfoxvlrqv Wkdw lq dwlrq dqg rxwsxw yrodwlolw| h{klelw wlph0yduldwlrq kdv ehhq frqylqflqjo| dujxhg e| PfFrqqhoo dqg Shuh}0Txlurv +5333,/ Frjoh| dqg Vdujhqw +5338, dqg pdq| rwkhuv ryhu wkh odvw ghfdgh1 Wkh phfkdqlvp zh lghqwli| lq wklv sdshu frqwulexwhv wr wklv ghedwh e| vkrzlqj krz vpdoo fkdqjhv lq wkh wudqvsduhqf| ri prqhwdu| srolf| fdq kdyh lpsruwdqw lpsolfdwlrqv iru djjuhjdwh yrodwlolw|1 Rxu uhdvrqlqj lv wkdw lpsuryhphqwv wr wudqvsduhqf| fuhdwh d yluwxrxv flufoh lq zklfk sulydwh djhqwv qg lw hdvlhu wr lqihu wkh remhfwlyhv ri wkh fhqwudo edqn dqg wkh fhqwudo edqn lv ehwwhu sodfhg wr lghqwli| wkh vkrfnv klwwlqj wkh hfrqrp|1 Li wkh fhqwudo edqn fdq lpsuryh lwv nqrzohgjh lq wklv zd| wkhq lw lv lq d ehwwhu srvlwlrq wr qh0wxqh srolf| dqg vwdelolvh wkh hfrqrp|1 Dw wkh khduw ri rxu frqwulexwlrq lv dq dvvxpswlrq wkdw lqirupdwlrq lv dv|pphwulf dqg lqfrpsohwh> zh dvvxph wkdw wkh fhqwudo edqn kdv ehwwhu lqirupdwlrq derxw lwv rzq remhfwlyhv wkdq wkh sulydwh djhqwv dqg wkdw sulydwh djhqwv kdyh ehwwhu lqirupdwlrq derxw wkh qdwxudo udwh ri lqwhuhvw wkdq wkh fhqwudo edqn1 Qhlwkhu ri wkhvh dvvxpswlrqv vhhpv xquhd0 vrqdeoh1 Zlwk vxfk dq lqirupdwlrq vwuxfwxuh wkh lqihuhqfh sureohpv ri wkh fhqwudo edqn dqg

qdpho| wkh htxloleulxp uhdo udwh ri lqwhuhvw wkdw zrxog suhydlo li wkh hfrqrp| kdg h{leoh sulfhv1 Lw lv dvvxphg wr iroorz dq h{rjhqrxv uvw0rughu dxwruhjuhvvlyh surfhvv=

  

	lqihuhqfhv d hfw djjuhjdwh rxwfrphv lq wkh hfrqrp|1 Lq wklv Vhfwlrq zh vwduw wkh surfhvv iurp shufhswlrqv huuru % wt zlwk phdq }hur dqg yduldqfh 2 %t / vxfk wkdw 6 =
	Zh qg rxu dvvxpswlrq uhdolvwlf1 Zklovw fhqwudo edqnv fdq dqg gr xvh vxuyh| gdwd dqg lqiru0 wkh odvw ri wkhvh/ e| uvw ghvfulelqj wkh GVJH prgho wkdw pdsv lqihuhqfhv wr rxwfrphv1 Zh wkhq ghqh lqirupdwlrq vhwv dqg dgg wkh dvvxpswlrq wkdw djhqwv kdyh udwlrqdo h{shfwdwlrqv l s w ' l f w n % wt 1 +517,
	pdwlrq frqwdlqhg lq dvvhw sulfhv wr txdqwli| wkh lq dwlrq h{shfwdwlrqv ri pdunhw sduwlflsdqwv/ vxemhfw wr wkhlu lqirupdwlrq dqg nqrzohgjh ri wkh hfrqrp|1 Wr forvh wkh prgho zh dvvxph wkdw wkh fhqwudo edqn xvhv d vlpsoh uxoh wr vhw wkh vkruw0whup
	vxfk lqglfdwruv zloo dw ehvw eh qrlv| dqg dw zruvw pd| eh xqfruuhodwhg zlwk wkh lq dwlrq qrplqdo lqwhuhvw udwh=
	h{shfwdwlrqv ri sulydwh djhqwv wkdw dfwxdoo| gulyh wkh hfrqrp|1 Iru h{dpsoh/ Ehndhuw hw do1 514 Wkh prgho hfrqrp| l f w ' W w n H f w u q w n !EH f w w W w / +518,
	sduhqf| zh lghqwli| lv gl huhqw iurp wkdw lq lpshuihfw frpprq nqrzohgjh prghov uvw vwxglhg e| Pruulv dqg Vklq +5335, dqg vxevhtxhqwo| uhqhg e| Dqjhohwrv dqg Sdydq +5337/ 533:,/ Khoozlj +5339, dqg Vyhqvvrq +5339,1 Wkhuh wkh txhvwlrq lv zkhwkhu fhqwudo edqn wudqvsduhqf| +5343, dqg Nr}lfnl dqg Wlqvoh| +5338, glvdjuhh lq hpslulfdo vwxglhv dv wr zkhwkhu orqj0uxq Wkh olqn ehwzhhq lqihuhqfhv dqg rxwfrphv lq rxu hfrqrp| lv ghvfulehg e| wkh vwdqgdug Qhz zlwk W w d wlph0ydu|lqj lq dwlrq wdujhw/ H f w u q w wkh fhqwudo edqn*v fxuuhqw hvwlpdwh ri wkh qdwxudo XV lq dwlrq h{shfwdwlrqv zhuh 47( ru ;( lq wkh odwh 4<:3v wr hduo| 4<;3v1 Vxfk odujh glv0 Nh|qhvldq prgho ruljlqdoo| lqwurgxfhg e| Fdoyr +4<;6, dqg h{whqvlyho| uhylhzhg e| Zrrg0 udwh ri lqwhuhvw dqg H f w w wkh fhqwudo edqn*v hvwlpdwh ri fxuuhqw lq dwlrq1 Wkh fhqwudo edqn*v fuhsdqflhv jlyh fuhghqfh wr rxu dvvxpswlrq wkdw fhqwudo edqnv rqo| kdyh olplwhg lqirupdwlrq irug +5336,1 4 Wkh prgho frqvlvwv ri dq lqwhuwhpsrudo LV htxdwlrq +514, dqg dq h{shfwdwlrqv0 hvwlpdwh ri fxuuhqw lq dwlrq hqwhuv ehfdxvh phdvxuhphqw huuruv y f w QEf> 2 y dqg y f w| derxw wkh lq dwlrq h{shfwdwlrqv ri sulydwh djhqwv1 dxjphqwhg djjuhjdwh vxsso| htxdwlrq +515,/ zklfk wkhpvhoyhv duh orj0olqhdu dssur{lpdwlrqv Q Ef> 2 y| suhyhqw lw iurp nqrzlqj hlwkhu fxuuhqw lq dwlrq ru wkh rxwsxw jds zlwk fhuwdlqw|1
	ri wkh rswlpdo ehkdylrxu ri krxvhkrogv dqg upv= Wklv lghd iroorzv Ruskdqlghv +5335, dqg lv prwlydwhg e| sudfwlfdo frqvwudlqwv wkdw uhdo0wlph
	| w ' H s w | wn srolf| riwhq kdv wr dfw ehiruh dfwxdo rxwfrphv duh nqrzq1 Wkh h{shfwdwlrqv lq +518, duh El s w u q w H s w wn / +514, vxshuvfulswhg f wr lqglfdwh wkdw srolf| lv vhw e| wkh fhqwudo edqn vxemhfw wr lwv rzq lqirupdwlrq w ' | w n H s w wn 1 +515, vhw L f w 1 Zh dvvxph ! A vr wkh vkruw0whup qrplqdo lqwhuhvw udwh uhvsrqgv vwurqjo| wr h{shfwhg
	Wkh htxdwlrqv vlpxowdqhrxvo| ghwhuplqh wkh rxwsxw jds | w dqg lq dwlrq udwh w dv ixqfwlrqv ri lq dwlrq dqg wkh Wd|oru sulqflsoh lv vdwlvhg1 Zlwk ghwhuplqdf| ri htxloleulxp wkxv hqvxuhg/ lw
	h{shfwdwlrqv dqg wkh vkruw0whup qrplqdo lqwhuhvw udwh l s w dv shufhlyhg e| sulydwh djhqwv1 5 Wkh fdq eh vkrzq dv lq Zrrgirug +5334, wkdw rxu vlpsoh srolf| uxoh lv frqvlvwhqw zlwk wkh rswlpdo
	h{shfwdwlrqv lq +514, dqg +515, duh vxshuvfulswhg s wr lqglfdwh wkdw krxvhkrogv dqg upv irup htxloleulxp1 Wkh wlph0ydu|lqj lq dwlrq wdujhw W w lv shuvlvwhqw dv lq Hufhj dqg Ohylq +5336,=
	h{shfwdwlrqv frqglwlrqdo rq wkh lqirupdwlrq vhw ri sulydwh djhqwv1 Zh dvvxph wkdw krxvhkrogv dqg upv kdyh wkh vdph sulydwh lqirupdwlrq vhw L s w 1 Wkh whup u q w lv wkh Zlfnvhooldq qdwxudo W w ' W w3 n % ws / +519,
	dqg vshfli| zkdw lqirupdwlrq lv khog e| wkh fhqwudo edqn dqg sulydwh djhqwv1 Vhfwlrq 6 ghvfulehv wkh lqwhuuhodwhg lqihuhqfh sureohpv ri wkh fhqwudo edqn dqg sulydwh djhqwv/ dqg vroyhv iru htxloleulxp g|qdplfv xvlqj d yduldqw ri wkh phwkrg ri xqghwhuplqhg frh!flhqwv1 D w ' u q w3 n x w / +516, zkhuh % ws lv llg qrupdoo| glvwulexwhg zlwk phdq }hur dqg yduldqfh 2 %s 1 Wkh whup W w lv h{suhvvhg udwh ri lqwhuhvw/ u q lq whupv ri
	txdqwlwdwlyh dvvhvvphqw ri wkh prgho lv surylghg lq Vhfwlrq 71 D qdo Vhfwlrq frqfoxghv1 zkhuh x w lv llg qrupdoo| glvwulexwhg zlwk phdq }hur dqg yduldqfh 2 x 1 Wkh vkruw0whup qrplqdo
	lqwhuhvw udwh l s w lv dvvxphg wr eh wkdw vhw e| wkh fhqwudo edqn l f w soxv dq llg qrupdoo|0glvwulexwhg
	5 Wkh hfrqrplf hqylurqphqw
	D ixoo fkdudfwhulvdwlrq ri wkh hfrqrplf hqylurqphqw uhtxluhv xv wr vshfli| zkdw lqirupdwlrq
	gl huhqw djhqwv krog/ krz djhqwv pdnh lqihuhqfhv rq wkh edvlv ri wkdw lqirupdwlrq/ dqg krz

fdq uhgxfh ru fuhdwh frruglqdwlrq sureohpv1 D vlplodu frqfhuq lv h{suhvvhg e| Hxvhsl dqg Suhvwrq +533:,/ lq wkdw odfn ri wudqvsduhqf| pd| fdxvh vhoi0ixooolqj xfwxdwlrqv li d fhqwudo edqn lv xqfhuwdlq derxw wkh vwdwh ri wkh hfrqrp| dqg upv dqg krxvhkrogv kdyh wr ohduq zlwk dq lqfrpsohwh prgho1 Wkhuh duh qr frruglqdwlrq sureohpv ru vhoi0ixooolqj xfwxdwlrqv lq rxu prgho/ vr wkh vwurqj lqfhqwlyh iru wudqvsduhqf| zh lghqwli| pxvw ghulyh gluhfwo| iurp wkh dvvxpswlrq ri dv|pphwulf lqfrpsohwh lqirupdwlrq1 Rxu sdshu exlogv rq wkh lghd lq Drnl dqg Nlpxud +533;, wkdw d fhqwudo edqn qgv lw gl!fxow wr lqihu wkh vwdwh ri wkh hfrqrp| li sulydwh djhqwv duh xqfhuwdlq derxw wkh lq dwlrq wdujhw1 Wkhlu sdshu vwuhvvhv krz/ lq dq hqgrzphqw hfrqrp| zlwk h{leoh sulfhv/ dv|pphwulf dqg lqfrpsohwh lqirupdwlrq fdxvhv xqzdqwhg yrodwlolw| dqg shuvlvwhqfh lq lq dwlrq1 Dq lpsruwdqw olplwdwlrq ri wkhlu dqdo|vlv lv wkdw rxwsxw lv h{rjhqrxv dqg vr e| frqvwuxfwlrq xqd hfwhg e| dq| lqihuhqfhv pdgh e| wkh fhqwudo edqn dqg sulydwh djhqwv1 Zh uhod{ wklv dvvxpswlrq e| frqvlghulqj d GVJH prgho zkhuh erwk lq dwlrq dqg rxwsxw duh ghwhuplqhg hqgrjhqrxvo|/ dqg qg wkdw dv|pphwulf dqg lqfrpsohwh lqirupdwlrq kdv uvw rughu lpsolfdwlrqv iru wkh vwrfkdvwlf surshuwlhv ri rxwsxw1 Pruhryhu/ wkh xqzdqwhg yrodwlolw| lq rxwsxw lv frqvlghudeo| odujhu wkdq wkdw lq lq dwlrq1 Wkh GVJH prgho zh xvh gudzv rq hduolhu zrun e| Hufhj dqg Ohylq +5336, wkdw vkrzv krz lq dwlrq ehfrphv shuvlvwhqw li sulydwh djhqwv kdyh wr ohduq wkh lq dwlrq wdujhw lq d GJH prgho zlwk vwdjjhuhg qrplqdo frqwudfwv1 Rxu frqwulexwlrq xvhv d vlplodu iudphzrun exw lpsrvhv wkh dgglwlrqdo frpsolfdwlrq wkdw lq dwlrq h{shfwdwlrqv duh xqrevhuydeoh/ zklfk pdnhv lw pruh gl!fxow iru wkh fhqwudo edqn wr lqihu wkh qdwxudo udwh ri lqwhuhvw1 Wkh vwuxfwxuh ri dv|pphwulf dqg lqfrpsohwh lqirupdwlrq zh dvvxph lpsolhv wkdw wkh fhq0 wudo edqn grhv qrw kdyh uhdg| dffhvv wr phdvxuhv ri wkh lq dwlrq h{shfwdwlrqv ri sulydwh djhqwv1 Dq dowhuqdwlyh ylhz ri rxu frqwulexwlrq lv wkdw lw lpsuryhv rxu xqghuvwdqglqj ri krz iruzdug0orrnlqj djhqwv pdnh rswlpdo lqihuhqfhv zkhq idfhg zlwk rqo| olplwhg lqirupdwlrq derxw wkh vwdwh ri wkh hfrqrp|1 Wkh vhplqdo sdshuv lq wklv olwhudwxuh e| Shduopdq +4<;9/ 4<<5, dqg Shduopdq hw do1 +4<;9, ghulyh rswlpdo prqhwdu| srolf| xqghu lqfrpsohwh +sduwldo lq wklv olwhudwxuh, |hw v|pphwulf lqirupdwlrq1 Pruh uhfhqw frqwulexwlrqv e| Drnl +5336, dqg Vyhqvvrq dqg Zrrgirug +5337, vroyh iru rswlpdo srolf| xqghu dv|pphwulf lqirupdwlrq/ exw dvvxph wkdw sulydwh djhqwv kdyh frpsohwh lqirupdwlrq vr lqirupdwlrq lv rqo| lqfrpsohwh rq wkh sduw ri wkh fhqwudo edqn1 Zklovw zh gr qrw dgguhvv wkh txhvwlrq ri rswlpdo srolf| lq wklv sdshu/ rxu dqdo|vlv doorzv iru lqirupdwlrq vhwv wkdw duh erwk lqfrpsohwh dqg dv|pphwulf1 Wkh sdshu lv rujdqlvhg dv iroorzv= Lq Vhfwlrq 5 zh rxwolqh rxu GVJH prgho ri wkh hfrqrp|

wkh shufhqwdjh ghyldwlrq iurp wkh frqvwdqw vwhdg|0vwdwh lq dwlrq wdujhw durxqg zklfk wkh prgho lv orj0olqhdulvhg/ dqg lv dvvxphg wr eh vx!flhqwo| shuvlvwhqw wkdw wkh hfrqrp| wdnhv

  d orqj wlph wr uhwxuq wr vwhdg| vwdwh diwhu dq % ws vkrfn1 Wkh vwuxfwxuh dqg sdudphwhuv

  duh prvw olnho| gxh wr shufhswlrq huuruv % wt ru vkrfnv wr wkh lq dwlrq wdujhw W w 1 Wklv lv d Ndopdq owhu sureohp1 Lq whupv ri wkh ghqlwlrq ri wkh vwdwh yhfwru [ w / zh fdq zulwh wkh phdvxuhphqw dqg wudqvlwlrq htxdwlrqv dv iroorzv= w3 dqg Y w 1 Dw wklv vwdjh zh vlpso| frqmhfwxuh wkdw sulydwh djhqwv nqrz wkh wudqvlwlrq htxdwlrq lv ri wkh irup +51;, zlwk Y w ' E % wt % ws x w y w y w| 1 Frqupdwlrq ri wklv frqmhfwxuh lv srvwsrqhg xqwlo Vhfwlrq 6/ zkhuh zh xvh d phwkrg ri xqghwhuplqhg frh!flhqwv dujxphqw wr vkrz wkdw wkh htxloleulxp wudqvlwlrq htxdwlrq lv lqghhg ri wklv irup1 9 Dsso|lqj wkh Ndopdq owhu wr +51:, dqg +51;, lpsolhv wkdw sulydwh djhqwv irup lqihuhqfhv dffruglqj wr= ' EDS s O s n EP Y P s EO s S s O s n P s P Y P s 3 / S s ' DS s D n EP Y E n s EDS s O s n EP Y P s 1 zlwk P Y wkh yduldqfh0fryduldqfh pdwul{ ri Y w 1 517 Wkh lqihuhqfh sureohp ri wkh fhqwudo edqn Wkh lqirupdwlrq vhw ri wkh fhqwudo edqn lqfoxghv doo hohphqwv ri wkh vwdwh yhfwru [ w h{fhsw Lw dovr kdv qrlv| lqglfdwruv ri lq dwlrq dqg rxwsxw dqg lv dzduh wkdw sulydwh djhqwv xvh htxdwlrq +51<, wr pdnh lqihuhqfhv derxw wkh lq dwlrq wdujhw1 Wkh lqihuhqfh sureohp lw idfhv lv khqfh zkhwkhu revhuyhg lq dwlrq dqg rxwsxw xfwxdwlrqv duh gxh wr fkdqjhv lq wkh qdwxudo udwh ri lqwhuhvw/ fkdqjhv lq lqihuhqfhv pdgh e| sulydwh djhqwv/ ru phdvxuhphqw huuruv1 Wklv lv djdlq d sureohp wkdw fdq eh vroyhg e| dsso|lqj wkh Ndopdq owhu wr dq dssursuldwho| ghqhg vwdwh vsdfh irup1 Iurp wkh shuvshfwlyh ri wkh fhqwudo edqn/ wkh

				wt
	Wkh sureohp ri sulydwh djhqwv lv wr lqihu wkh xqnqrzq hohphqwv ri [ w 1 Lq rxu prgho sulydwh
	djhqwv gr qrw nqrz W w dqg % wt / exw gr nqrz H f w u q w dqg H f w w wkurxjk nqrzlqj fhqwudo edqn
	h{shfwdwlrqv1 Frpelqlqj wkh shufhlyhg vkruw0whup qrplqdo lqwhuhvw udwh +517, zlwk wkh srolf|
	uxoh +518,=		
	l s w	H f w u q w	!H f w w ' E ! W w n % wt /
	dqg qrwlqj wkdw wkh vxp rq wkh uljkw kdqg vlgh lv revhuydeoh/ wkh lqihuhqfh sureohp ri sulydwh djhqwv lv d txhvwlrq ri zkhwkhu pryhphqwv lq wkhlu shufhlyhg vkruw0whup qrplqdo lqwhuhvw udwh l s w ] s w > | w > u q w > % wt > H s w W w dqg H s w % wt 1 phdvxuhphqw dqg wudqvlwlrq htxdwlrqv duh=
		] f w ' O
	H s w [ w ' H s w3 D[ w3 n n s E] s w	H s w3 O s [ w3 /	+51<,
	8 Wkh vkruw0whup qrplqdo lqwhuhvw udwh grhv qrw dsshdu h{solflwo| lq [ w dv lw lv d olqhdu frpelqdwlrq +518,
	ri wkh hohphqwv ri wkh vwdwh yhfwru1		

w ' O s [ w3 n P s Y w / +51:, [ w ' D[ w3 n EY w / +51;, zkhuh ] s w ' l s w lv wkh revhuyhg yduldeoh dqg O s dqg P s slfnv rxw wkh uhtxluhg hohphqwv ri [ 9 Vwulfwo| vshdnlqj/ zh gr qrw qhhg wr frqmhfwxuh d wudqvlwlrq htxdwlrq wr vroyh wkh lqihuhqfh sureohp ri sulydwh djhqwv1 Wkh rqo| wudqvlwlrq g|qdplfv ri lqwhuhvw wr sulydwh djhqwv duh wkh h{rjhqrxv hyroxwlrq ri wkh lq dwlrq wdujhw/ vr zh frxog zrun zlwk d vlpsohu prgho1 Zh suhihu wkh pruh jhqhudo vshflfdwlrq wr hfrqrplvh rq qrwdwlrq odwhu lq wkh sdshu1 ; zkhuh n f dqg S f fdq eh fdofxodwhg uhfxuvlyho| iurp wkh Ndopdq owhulqj htxdwlrqv= n s f [ w3 n P f Y w / +5143, [ w ' D[ w3 n EY w / +5144, zkhuh ] f w ' E w n y w | w n y w| W w lv d yhfwru ri revhuyhg yduldeohv1 Wkh pdwulfhv O f dqg P f vhohfw wkh dssursuldwh hohphqwv wr pds [ w3 dqg Y w lqwr wkh revhuyhg yduldeohv1 Vlqfh wkh fhqwudo edqn dqg sulydwh djhqwv duh erwk dvvxphg wr nqrz wkh vwuxfwxuh dqg sdudphwhuv ri wkh prgho/ zh xvh wkh vdph frqmhfwxuhg irup iru wkh wudqvlwlrq htxdwlrq dv zh glg lq wkh lqihuhqfh sureohp ri sulydwh djhqwv1 : Wkh fhqwudo edqn dssolhv wkh Ndopdq owhu wr wkh vwdwh vsdfh irup +5143, dqg +5144, dqg pdnhv lqihuhqfhv dffruglqj wr=

  ri wkh prgho lv wkdw wkh fhqwudo edqn lqwhuqdolvhv wkh lqihuhqfh surfhvv ri sulydwh djhqwv zkhq pdnlqj lwv rzq lqihuhqfhv1 Zh fdqqrw vhh wklv h{solflwo| lq rxu h{srvlwlrq/ exw lq htxloleulxp rqh urz ri wkh wudqvlwlrq htxdwlrq +5144, lv suhflvho| wkh lqihuhqfh surfhvv ri sulydwh djhqwv +51<,1 Lq wklv zd| wkh pdwul{ D lq wkh wudqvlwlrq htxdwlrq lv d ixqfwlrq ri s dqg O s dqg wkh lqihuhqfh surfhvv ri sulydwh djhqwv lv lqwhuqdolvhg1 Wkh vwuxfwxudo htxdwlrqv +514, dqg +515, fdq eh h{suhvvhg lq whupv ri wkh vwdwh yhfwru [ w e| xvlqj wkh shufhlyhg vkruw0whup qrplqdo lqwhuhvw udwh +517, dqg wkh srolf| uxoh +518, wr vxevwlwxwh rxw iru wkh vkruw0whup qrplqdo lqwhuhvw udwh1 Wkh htxloleulxp g|qdplfv duh wkhq=

	6 Htxloleulxp g|qdplfv

Wkh htxloleulxp g|qdplfv ri wkh prgho duh ghwhuplqhg e| wkh vwuxfwxudo htxdwlrqv/ wkh h{0 rjhqrxv surfhvvhv/ dqg wkh surfhvvhv e| zklfk sulydwh djhqwv dqg wkh fhqwudo edqn lqihu wkh vwdwh ri wkh hfrqrp|1 Lq wkh suhylrxv vhfwlrq zh frqmhfwxuhg wkdw htxloleulxp g|qdplfv frxog eh ghvfulehg e| d wudqvlwlrq htxdwlrq ri wkh irup= [ w ' D[ w3 n EY w 1 +614, Zh qrz yhuli| wkdw htxloleulxp g|qdplfv gr kdyh wklv irup dqg wkdw zh fdq dsso| wkh phwkrg ri xqghwhuplqhg frh!flhqwv wr lghqwli| wkh pdwulfhv D dqg E1 614 Vwuxfwxudo htxdwlrqv

  zkhuh L b2 lv dq lqglfdwru pdwul{ wkdw vhohfwv wkh uvw wzr hohphqwv ri H s w [ wn 1 Iurp wkh ghqlwlrq ri wkh vwdwh yhfwru [ w zh nqrz wkdw H s w [ w [ w dqg zh fdq zulwh H s w [ w ' C s [ w iru dq dssursuldwho|0ghqhg pdwul{ C s 1 Iurp wkh wudqvlwlrq htxdwlrq +614, zh dovr nqrz wkdw H s w [ wn ' DH s w [ w / vr wkh ohiw kdqg vlgh ri +615, lv htxlydohqw wr D b2 C s [ w zlwk D b2 ghqhg dv wkh uvw wzr urzv ri D1 Zkhq zulwwhq lq wklv zd|/ htxdwlrq +615, kdv wkh vdph irup dv wkdw frqmhfwxuhg lq wkh wudqvlwlrq htxdwlrq +614, dqg lw lv ydolg wr dsso| wkh phwkrg ri xqghwhuplqhg frh!flhqwv1 Frpsdulqj frh!flhqwv/ zh kdyh=

Vhh dovr Jrrgiulhqg dqg Nlqj +4<<:, dqg Fodulgd/ Jdoð dqg Jhuwohu +4<<<,1

Suhvwrq +5338, dujxhv wkdw htxdwlrqv vxfk dv +514, dqg +515, duh qrw surshuo| plfurirxqghg zkhq djhqwv gr qrw kdyh frpsohwh lqirupdwlrq1 Zh dfnqrzohgjh wklv srlqw exw iroorz wkh wudglwlrqdo dssurdfk ri Krqndsr0 kmd/ Plwud dqg Hydqv +5336, dqg lpsrvh rxu lqirupdwlrq vwuxfwxuh rq djjuhjdwh uhodwlrqvklsv ghulyhg xqghu frpsohwh lqirupdwlrq1