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Wkh Uroh ri Nqrzohgjh dqg Fdslwdo lq Hfrqrplf Jurzwk Vhujlr Uhehor Qruwkzhvwhuq Xqlyhuvlw| Vhswhpehu 4



 L



dp judwhixo wr Pdwwl Srkmrod iru pdq| khosixo frpphqwv1 Dq| huuruv duh p| rzq1



41 Lqwurgxfwlrq Gxulqj wkh odvw iwhhq |hduv wkh vwxg| ri wkh irufhv wkdw vkdsh wkh udwh ri hfr0 qrplf jurzwk ehfdph rqh ri wkh prvw dfwlyh duhdv ri uhvhdufk lq hfrqrplfv14 Rq wkh wkhruhwlfdo iurqw uhvhdufkhuv surgxfhg d ydulhw| ri prghov lq zklfk vxvwdlqhg jurzwk fdq wdnh sodfh lq wkh devhqfh ri h{rjhqrxv jurzwk lq surgxfwlylw|1 Rq wkh hpslulfdo iurqw wkhuh zdv dq lqwhqvh vhdufk iru yduldeohv wkdw fruuhodwh zlwk jurzwk shuirupdqfh lq yduldqwv ri wkh Vxpphuv dqg Khvwrq +4


Irxu uhfhqw wh{werrnv surylgh dq h{fhoohqw frpsuhkhqvlyh ylhz ri wklv odujh olwhudwxuh1 Eduur dqg Vdod0l0Pduwlq +4


5



vpdoo16 Lq frqwudvw wklv k|srwkhwlfdo djhqw zrxog eh zloolqj wr iruhjr d vljqlfdqw iudfwlrq ri klv frqvxpswlrq wr olyh lq dq hfrqrp| zklfk h{sdqgv dw d idvwhu udwh1 Oxfdv*v zhoiduh fdofxodwlrq vxjjhvwhg wkdw wkhuh lv pxfk pruh wr eh jdlqhg iurp xqghuvwdqglqj wkh ghwhuplqdqwv ri wkh jurzwk surfhvv wkdq iurp qh wxqlqj rxu xqghuvwdqglqj ri zkdw gulyhv hfrqrplf xfwxdwlrqv1 Exw lw dovr uhplqgv xv wkdw lqfuhdvlqj wkh jurzwk udwh ri wkh hfrqrp| grhv qrw qhfhvvdulo| lqfuhdvh zhoiduh kljkhu jurzwk udwhv fdq riwhq eh dfklhyhg rqo| dw wkh frvw ri orzhu frqvxpswlrq lq wkh suhvhqw dqg vr d wudgh0r kdv wr eh pdgh1 Wklv sdshu surylghv dq lqirupdo glvfxvvlrq ri jurzwk prghov dqg wkhlu hyrox0 wlrq1 Vhfwlrq 5 uhylhzv wkh qhrfodvvlfdo jurzwk prgho1 Vhfwlrq 6 glvfxvvhv prghov wkdw eurdghqhg wkh qrwlrq ri fdslwdo wr lqfoxgh kxpdq fdslwdo dqg wkh vwdwh ri whfkqrorj|1 Vhfwlrq 7 glvfxvvhv prghov ri hqgrjhqrxv whfkqrorjlfdo surjuhvv1 Vhf0 wlrq 8 frqfoxghv1 6



Oxfdv*v +4


6



51 Wkh Qhrfodvvlfdo Jurzwk Prgho Wr vhw wkh vwdjh iru glvfxvvlqj uhfhqw wkhruhwlfdo ghyhorsphqwv lw lv xvhixo wr vwduw zlwk Vrorz*v +4


t| ' g|�3k E f| k 1



+514,



Wkh yduldeoh f| ghqrwhv whfkqlfdo surjuhvv zklfk lv dvvxphg wr h{sdqg dw d frqvwdqw/ h{rjhqrxv udwh=



f|n� ' f| 1



Rxwsxw fdq eh frqvxphg +| , ru lqyhvwhg EU| =



7



t| ' | n U| 1



Fdslwdo hyroyhv dffruglqj wr=



g|n� ' U| n E�  Bg|



Wr frpsohwh wkh prgho zh pxvw vshfli| krz djhqwv fkrrvh ehwzhhq lqyhvwphqw dqg frqvxpswlrq1 Lw lv qdwxudo wr prgho wklv fkrlfh dv lqyroylqj wkh pd{lpl}dwlrq ri d xwlolw| ixqfwlrq ghqhg ryhu wkh sdwk iru frqvxpswlrq1 Krzhyhu/ vlqfh zh zloo irfxv wkurxjkrxw wklv sdshu rq krz wr pdnh vxvwdlqhg jurzwk ihdvleoh/ lw zloo eh vx!flhqw wr dvvxph/ dv lq Vrorz +4


U| ' rt| 1



Wkhvh htxdwlrqv fdq eh frpelqhg wr ghvfuleh krz wkh vwrfn ri fdslwdo hyroyhv 7



Vdwr +4


8



ryhu wlph=



g|n� ' rg|�3k E f| k n E�  Bg| 1



Li zh ghqh &| ' g| *f| zh fdq uh0zulwh wklv h{suhvvlrq dv=



&|n� ' r&|�3k  k n E�  B&| 1



+515,



Wklv htxdwlrq uhdglo| lpsolhv wkdw wkh prgho kdv d vwhdg| vwdwh lq zklfk & lv frqvwdqw1 Lq wklv vwhdg| vwdwh wkh ohyho ri fdslwdo g jurzv dw d frqvwdqw udwh 1 Wklv wuhqg lq wkh fdslwdo vwrfn lv lqkhulwhg e| rxwsxw/ frqvxpswlrq dqg lqyhvw0 phqw1 Doo wkhvh yduldeohv jurz dw udwh  lq wkh vwhdg| vwdwh18 Vxssrvh zh zdqw wr xvh wkh vwhdg| vwdwh ri wkh qhrfodvvlfdo jurzwk prgho wr xqghuvwdqg zk| wkh srvw0zdu dyhudjh jurzwk udwh ri JGS kdv ehhq pxfk kljkhu lq Mdsdq wkdq lq wkh X1V1 Lq wkh vwhdg| vwdwh rxwsxw jurzv dw udwh  vr wkh rqo| zd| wr h{sodlq Mdsdq*v kljkhu jurzwk udwh lv wr dvvxph wkdw  lv kljkhu lq Mdsdq wkdq lq wkh X1V1 Wklv lv qrw d vdwlvidfwru| h{sodqdwlrq vlqfh  lv h{rjhqrxv wr wkh 8



Wklv vwhdg| vwdwh surylghv d jrrg ghvfulswlrq ri wkh hyroxwlrq ri wkh djjuhjdwh X1V1 hfrqrp| gxulqj wkh odvw rqh kxqguhg |hduv1 Zkloh wklv shulrg ihdwxuhv vprrwk jurzwk dw wkh djjuhjdwh ohyho lw dovr glvsod| frqvlghudeoh vwuxfwxudo fkdqjh/ zklfk lqfoxghv d odujh uhdoorfdwlrq ri hp0 sor|phqw iurp djulfxowxuh wr vhuylfhv1 Nrqjvdpxw/ Uhehor dqg [lh +4


9



prgho1 Dq dowhuqdwlyh udwlrqdol}dwlrq iru wkh idvwhu Mdsdqhvh jurzwk udwh frphv iurp wkh prgho*v wudqvlwlrq g|qdplfv1 Htxdwlrq +515, lpsolhv wkdw wkh fdslwdo vwrfn jurzv idvwhu zkhq & lv ehorz wkh vwhdg| vwdwh1 Dqg pruh udslg jurzwk lq & uhdglo| wudqvodwhv lqwr idvwhu rxwsxw jurzwk1 Wklv phdqv wkdw lq wkh h|hv ri wkh prgho jurzwk frxog eh kljkhu lq Mdsdq wkdq lq wkh X1V1 ehfdxvh Mdsdq*v fdslwdo vwrfn lv ehorz lwv vwhdg| vwdwh sdwk/ zkloh wkh X1V1 lv douhdg| lq wkh vwhdg| vwdwh1 Wklv h{sodqdwlrq vhhpv vhqvleoh dqg lv dffhswdeoh li zh glvuhjdug lwv lpsolfdwlrqv iru wkh ehkdylru ri wkh uhdo lqwhuhvw udwh1 Wkh uhdo lqwhuhvw udwh +o, lv wkh uhwxuq wr dq dgglwlrqdo xqlw ri fdslwdo qhw ri ghsuhfldwlrq=



o| ' E�  k&|3k  k  B



+516,



Dv dq hfrqrp| frqyhujhv wr wkh vwhdg| vwdwh wkh lqwhuhvw udwh idoov1 Li zh dvvxph wkdw wkh surgxfwlrq ixqfwlrq lv wkh vdph lq Mdsdq dqg lq wkh X1V1 vr wkdw wkh rqo| glhuhqfh ehwzhhq wkh wzr frxqwulhv lv wkh orzhu ohyho ri fdslwdo lq Mdsdq zh fdq txlfno| frpsduh wkh uhdo lqwhuhvw udwh lq erwk frxqwulhv1 Wkh ohyho ri JGS lq Mdsdq lq 4


:



frpsxwh wkh uhodwlrq ehwzhhq wkh ydoxh ri wkh fdslwdo vwrfn lq wkh wzr frxqwulhv=



�3k tL7 gL7 ' D ' �3 k c ta@R@? ga@R@?



+517,



gL7 ' ga@R@? D�*E�3k 



Xvlqj +516, dqg +517, lw lv hdv| wr ghulyh wkh iroorzlqj uhodwlrq ehwzhhq wkh uhdo lqwhuhvw udwhv lq wkh wzr frxqwulhv=



oa@R@? ' EoL7 n BDk*E�3k  B



+518,



Vxssrvh wkdw zh phdvxuh wkh uhdo lqwhuhvw udwh lq wkh X1V1 e| wkh dyhudjh uhdo udwh ri uhwxuq lq wkh vwrfn pdunhw/ zklfk lv urxjko| SDI +Vlhjho +4


wkh vwhdg| vwdwh exw/ zkhq wklv lv wkh fdvh/ wkh uhdo lqwhuhvw udwh ehfrphv pxfk kljkhu wkdq wkh vwhdg| vwdwh uhdo lqwhuhvw udwh1 Rqh pd| dujxh wkdw wkh uhdo lqwhuhvw udwh frpsdulvrq zh mxvw ghvfulehg pdnhv qr vhqvh ehfdxvh lw dvvxphv wkdw Mdsdq lq 4


61 Uhghqlqj Fdslwdo 6141 H{whuqdolwlhv Wkh uvw sdshu lq wkh uhfhqw zdyh ri zrun rq hfrqrplf jurzwk zdv Urphu +4






elqdwlrq ri sk|vlfdo fdslwdo dqg ri wkh rxwfrph ri lqyhvwphqw lq U)G1 Wkxv g zrxog lqfoxgh qrw rqo| exloglqjv dqg pdfklqhv exw dovr eoxhsulqwv dqg lghdv iru krz wr surgxfh qhz jrrgv1 Vrph ri wkhvh irupv ri fdslwdo jhqhudwh h{whuqdolwlhv d up fdq ohduq krz wr exlog d qhz surgxfw ru lpsuryh lwv surgxfwlrq surfhvv e| revhuylqj wkh dfwlylwlhv ri rwkhu upv1 Wkhvh h{whuqdolwlhv pxvw eh rqh ri wkh irufhv xqghuo|lqj fhuwdlq lqgxvwu| djjorphudwhv vxfk dv Vlolfrq Ydooh|/ vr qrw vxusulvlqjo| wkh| sod| dq lpsruwdqw uroh lq uhfhqw uhvhdufk rq hfrqrplf jhrjud0 sk| +Nuxjpdq +4


t| ' g|�3k  k kq| 1



+614,



Khuh k uhsuhvhqwv wkh djjuhjdwh vwrfn ri fdslwdo1 Vlqfh upv duh vpdoo lq wklv hfrqrp| wkh| wdnh wkh djjuhjdwh fdslwdo vwrfn dv jlyhq1 Hyhq wkrxjk lq wkh dj0 juhjdwh wkhuh duh lqfuhdvlqj uhwxuqv wr fdslwdo/ hdfk lqglylgxdo up idfhv frqvwdqw uhwxuqv dqg khqfh wklv irupxodwlrq lv frpsdwleoh zlwk d frpshwlwlyh htxloleulxp1 Qrwh wkdw wkh surgxfwlrq ixqfwlrq grhv qrw ihdwxuh h{rjhqrxv whfkqlfdo surjuhvv/ vr zk| lv jurzwk ihdvleohB Vxvwdlqhg jurzwk lv ihdvleoh zkhq �  k n q  �/ wkdw lv/ zkhq wkh h{whuqdolw| lv vwurqj hqrxjk wr frpshqvdwh wkh suhvhqfh ri ghfuhdvlqj



43



uhwxuqv wr fdslwdo dw wkh up ohyho1 Wr vhh wklv dvvxph wkdw wkhuh duh ? lghqwlfdo upv1 Wkh djjuhjdwh fdslwdo vwrfn lv jlyhq e|= k| ' ?g| 1 Li wkh hfrqrp| vdyhv d frqvwdqw iudfwlrq ri wkh rxwsxw r/ dv lq wkh ruljlqdo Vrorz prgho/ wkh jurzwk udwh ri wkh fdslwd vwrfn lv=



g|n�  � ' rg|3knq  k ?q  B g| Zkhq �  k n q : � d frqvwdqw vdylqjv udwh zrxog |lhog dq dffhohudwlqj udwh ri jurzwk1 Wklv whqghqf| iru wkh udwh ri jurzwk wr lqfuhdvh kdv wr eh yhu| vpdoo/ dqg khqfh kdug wr ghwhfw/ wr eh frqvlvwhqw zlwk wkh klvwrulfdo gdwd wkdw zh kdyh dydlodeoh1 Iru wklv uhdvrq pdq| uhvhdufkhuv kdyh irfxvhg lq wkh nqlih0hgjh fdvh lq zklfk �  k n q ' �1 Wklv sdudphwhu frqjxudwlrq lv frpsdwleoh zlwk d vwhdg| vwdwh ehfdxvh zkhq wkh vdylqjv udwh lv frqvwdqw wkh jurzwk udwh ri fdslwdo dqg rxwsxw duh dovr frqvwdqw1 Hduo| hpslulfdo hylghqfh iru X1V1 pdqxidfwxulqj +Fdedoohur dqg O|rqv +4


fdo fdslwdo dqg wkxv h{foxghv wkh U)G frpsrqhqwv zlwk zklfk Urphu dvvrfldwhg h{whuqdo hhfwv1 Wklv uvw dwwhpsw dw glvshqvlqj zlwk h{rjhqrxv whfkqlfdo surjuhvv lv yhu| uhgxfhg irup lq qdwxuhwkh fdslwdo vwrfn lv d prqjuho yduldeoh zklfk frpsulvhv pdq| w|shv ri dfwlylwlhv/ dqg h{whuqdolwlhv kdyh wr eh odujh wr pdnh vxvwdlqhg jurzwk ihdvleoh1 6151 Kxpdq Fdslwdo Oxfdv +4


t| ' g|�3k E M| k



Khuh M| uhsuhvhqwv wkh ohyho ri kxpdq fdslwdo ri wkh uhsuhvhqwdwlyh djhqw lq wkh hfrqrp|1 Vxssrvh wkdw kxpdq fdslwdo fdq eh dffxpxodwhg lq wkh vdph pdqqhu dv sk|vlfdo fdslwdo e| iruhjrlqj rqh xqlw ri rxwsxw= 9



Oxfdv*v +4


45



t| ' | n U| U| ' U|& n U|



g|n� ' U|& n E�  Bg| M|n� ' U| n E�  BM|



Vlqfh wkh frvw ri dffxpxodwlqj rqh xqlw ri kxpdq fdslwdo lv wkh vdph dv wkdw ri dffxpxodwlqj rqh xqlw ri sk|vlfdo fdslwdo/ dq h!flhqw dffxpxodwlrq sodq glfwdwhv wkdw lq wkh vwhdg| vwdwh wkh pdujlqdo surgxfwv ri g dqg M pxvw eh lghqwlfdo=



E�  kg|3k E M| k ' kg|�3k E M| k3� 



Wklv lpsolhv wkdw wkh udwlr ri sk|vlfdo wr kxpdq fdslwdo lv= g| *M| ' E�k*k1 Xvlqj wklv idfw wkh surgxfwlrq ixqfwlrq fdq eh uh0zulwwhq dv=



t| ' g|



46



zkhuh wkh qhz frqvwdqw  ' E �3kk k  k 1 Wklv DN prgho ehfdph zlgho| xvhg/ sduwo| ehfdxvh lw lv d vlpsoh ghylfh wr wudqvirup zkdw duh ohyho hhfwv lq wkh qhrfodvvlfdo jurzwk prgho lqwr jurzwk hhfwv1 Wr vhh wklv vxssrvh/ dv lq wkh Vrorz prgho/ wkdw d frqvwdqw iudfwlrq ri rxwsxw/ r/ lv ghyrwhg wr wrwdo lqyhvwphqw/ U| 1 Wr nhhs wkh g*M udwlr frqvwdqw wkh hfrqrp| qhhgv wr ghyrwh d iudfwlrq E�  k ri wrwdo lqyhvwphqw wr wkh dffxpxodwlrq ri sk|vlfdo fdslwdo1 Wklv phdqv wkdw wkh vwhdg| vwdwh jurzwk udwh ri rxwsxw/ zklfk frlqflghv zlwk wkh jurzwk udwh ri sk|vlfdo fdslwdo lv jlyhq e|=



t|n� g|n� ' ' E�  kr n E�  B t| g|



+615,



Zkloh lq wkh Vrorz prgho d fkdqjh lq r surgxfhv ohyho hhfwv lq wkh vwhdg| vwdwh/ khuh lw jhqhudwhv jurzwk hhfwv1 Hfrqrplf srolflhv fdq dhfw wkh udwh ri jurzwk hlwkhu e| dhfwlqj wkh vdylqjv udwh/ r ru e| dhfwlqj wkh ydoxh ri  wkdw lv uhoh0 ydqw iru wkh dffxpxodwlrq ri fdslwdo e| sulydwh djhqwv/ vd| e| lqwurgxflqj lqfrph wd{hv1 Mrqhv dqg Pdqxhool +4


47



sdwleoh zlwk d uroh iru qrq0uhsurgxfleoh idfwruv surylghg wkh lpsruwdqfh ri wkhvh idfwruv vkulqn dv wkh hfrqrp| jurzv1 Uhehor +4


grxewv rq wkh suhvhqfh ri jurzwk hhfwv ri wd{dwlrq= lqfrph wd{hv vxhuhg d vljqlfdqw/ shupdqhqw lqfuhdvh lq wkh hqg ri wkh Vhfrqg Zruog Zdu/ exw lw lv kdug wr ghwhfw dq| fruuhvsrqglqj vorzgrzq ri wkh jurzwk surfhvv +Vwrnh| dqg Uhehor +4


t| ' g|�3k  k c



zkhuh g uhsuhvhqwv d eurdghu qrwlrq ri fdslwdo wkdw hqfrpsdvvhv kxpdq fdslwdo/ :



Phdvxuhv ri qdqfldo lqwhuphgldwlrq vhhp wr eh rqh ri wkh ihz srolf|0uhodwhg yduldeohv wkdw duh fruuhodwhg lq d urexvw pdqqhu zlwk wkh jurzwk surfhvv +Ohylqh dqg Uhqhow +4


49



dqg  vwdqgv iru udz oderu1 Xqghu wklv lqwhusuhwdwlrq lw pd| eh uhdvrqdeoh wr fkrrvh d orz ydoxh iru k/ shukdsv lq wkh f� wr f2 udqjh1 Wklv phdqv wkdw wkh fdslwdo vkduh lv kljk hqrxjk wr dyrlg wkh lpsodxvleoh lpsolfdwlrqv iru uhdo lqwhuhvw udwh ehkdylru glvfxvvhg lq Vhfwlrq 51 Li uhwxuqv wr fdslwdo duh forvh wr rqh zh zloo qrw revhuyh vxevwdqwldo pryhphqwv lq uhdo lqwhuhvw udwhv dorqj d wudqvlwlrq sdwk1 Dovr wkh prgho qrz doorzv iru surwudfwhg wudqvlwlrqdo jurzwk hhfwv1 Dw wkh vdph wlph/ wkh suhvhqfh ri ghfuhdvlqj uhwxuqv wr fdslwdo phdqv wkdw wkhuh duh qr shupdqhqw jurzwk hhfwv1 Dq lq xhqwldo hpslulfdo vwxg| wkdw uhylyhg wkh xvh ri wkh qhrfodvvlfdo prgho wr xqghuvwdqg wkh jurzwk surfhvv zdv Doz|q \rxqj*v +4


Vhh Kvlhk +4


4:



lqgxvwuldo srolflhv wkdw kdg wdujhwhg lqgxvwulhv zkhuh surgxfwlylw| jurzwk zdv kljk1



71 D Wkhru| ri [ Zh mxvw uhylhzhg glhuhqw zd|v ri uhghqlqj wkh uroh ri fdslwdo lq wkh frqyhqwlrqdo qhrfodvvlfdo prgho1 Exw qrqh ri wkhvh uh0ghqlwlrqv surylghg xv zlwk d wkhru| ri whfkqrorjlfdo surjuhvv1 Wkhvh prghov gr qrw doorz xv wr wklqn ri upv dv xqghu0 wdnlqj lqyhvwphqwv dlphg dw surgxflqj qhz surgxfwv dqg surgxfwlrq phwkrgv1 Dw uvw vljkw lw vhhpv wulyldo wr pdnh whfkqrorjlfdo surjuhvv/ f| lq htxdwlrq hq0 grjhqrxv1 Zk| grq*w zh vlpso| dgg d surgxfwlrq ixqfwlrq iru f| / wkdw lv/ dvvxph wkdw surgxfwlylw| fdq eh lqfuhdvhg e| ghyrwlqj uhvrxufhv wr wklv hqghdyrxuB Wkh sureohp zlwk wklv dssurdfk/ wulhg iru lqvwdqfh lq X}dzd +4


E�  kg 3k E fk ' 4;



kg �3k E fk3� f| ' 



zkhuh - ghqrwh wkh uhdo uhqwdo sulfh ri fdslwdo dqg  wkh uhdo zdjh udwh1 Qrwh wkdw ehfdxvh wkh surgxfwlrq ixqfwlrq lv krprjhqhrxv ri ghjuhh rqh/



 n -g ' t



zklfk phdqv wkdw diwhu sd|lqj iru oderu dqg fdslwdo wkhuh lv qrwklqj ohiwryhu wr uhzdug idfwru f1 Zh kdyh douhdg| vhhq rqh vroxwlrq wr wklv sureohp sursrvhg e| Oxfdv +4


7141 H{sdqglqj Ydulhw| Pdq| w|shv ri lqqrydwlrq lqyroyh vxevwdqwldo hruw lq wkh ghyhorsphqw ri eoxh0 sulqwv wkdw/ rqfh surgxfhg/ fdq eh frvwohvvo| xvhg wr jxlgh wkh pdqxidfwxulqj surfhvv iru qhz jrrgv1 Ilupv zloo qrw eh zloolqj wr sd| iru wkhvh {hg frvwv dvvr0 fldwhg zlwk surgxfw ghyhorsphqw li wkh surgxfwlrq ri wkh qhz jrrg zloo wdnh sodfh lq d frpshwlwlyh hqylurqphqw zkhuh hfrqrplf surwv zloo eh }hur1 Wr ghdo zlwk wklv sureohp Urphu +4


4



sd| d {hg frvw wr surgxfh d qhz jrrg exw wkhq uhfhlyh d shupdqhqw prqrsro| lq wkh jrrg wkdw wkh| fuhdwh1 Wr vlpsoli| wkh h{srvlwlrq zh zloo frqwlqxh wr vwxg| dq hfrqrp| wkdw ghyrwhv d {hg iudfwlrq ri uhvrxufhv wr lqyhvwphqw/ zklfk wdnhv wkh irup ri wkh glvfryhu| dqg lqwurgxfwlrq ri qhz jrrgv1 Rxwsxw lv surgxfhg e| frpelqlqj oderu zlwk ?| glhuhqwldwhg lqwhuphgldwh jrrgv/ zklfk zh uhsuhvhqw e| %| E G



t| ' 



] ?| f







%| E 3k _  k 1 �



+714,



Qrwh wkdw wklv surgxfwlrq ixqfwlrq h{klelwv frqvwdqw uhwxuqv wr vfdoh lq oderu dqg lq wkh lqwhuphgldwh jrrgv %E1 Rxwsxw surgxfhuv pd{lpl}h=







] ?| f







%| E�3k _  k 



] ?| f



R| E%| E_   1



zkhuh R| E uhsuhvhqwv wkh sulfh ri lqwhuphgldwh jrrg  dqg  lv wkh uhdo zdjh/ doo phdvxuhg lq xqlwv ri rxwsxw1 Wkh rswlpdo vroxwlrq wr wklv sureohp lv jlyhq e|=



E�  k%| E3k  k ' R| E/ k



] ?| f







%E�| 3k _  k3� ' 1 53



+715, +716,



Wkh uvw ri wkhvh htxdwlrqv ghvfulehv wkh ghpdqg iru lqwhuphgldwh jrrg 1 Vxssrvh wkdw |rx kdyh ehhq judqwhg prqrsro| uljkwv ryhu wkh surgxfwlrq ri wklv jrrg1 Zkdw lv wkh ohyho ri vxsso| wkdw pd{lpl}hv |rxu surwvB Dvvxplqj wkdw hdfk xqlw ri %E frvwv  xqlwv ri rxwsxw wr surgxfh/ wkh prqrsrolvw*v sureohp lv=



4@ R| E%| E  %| E ' E�  k%E�3k  k  %E



Wklv sureohp kdv d idploldu vroxwlrq= lw lv rswlpdo wr fkdujh d pdun0xs ryhu pdujlqdo frvw/ =



R| E ' R ' *E�  k



Qrwh wkdw vlqfh zh dvvxph wkdw wkh pdujlqdo frvw lv wkh vdph iru doo surgxfhuv/ wkhlu sulfhv zloo doo eh lghqwlfdo1 Wkxv lq htxloleulxp doo surgxfhuv vxsso| wkh vdph txdqwlw| zklfk fdq eh ghulyhg e| vxevwlwxwlqj R lqwr wkh ghpdqg ixqfwlrq +715,= %



E�  k2  %E ' % '  



&�*k







Zlwk wklv uhvxow lq kdqg zh fdq qrz jr edfn wr rxu surgxfwlrq ixqfwlrq +714, dqg frpsxwh wkh rxwsxw wkdw uhvxowv iurp xvlqj % xqlwv ri hdfk lqwhuphgldwh 54



jrrg1 Wklv uhgxfhg irup surgxfwlrq ixqfwlrq lv olqhdu lq wkh qxpehu ri surgxfwv dydlodeoh lq wkh hfrqrp|=



t| ' ?| c %



E�  k2  ' �*k 



&E�3k*k







Zh zloo dovr dvvxph/ dv lq Ulyhud0Edwl} dqg Urphu +4


U| ' rt| U| ' E?|n�  ?|  n %?|



Wkh vhfrqg htxdwlrq deryh kdv wzr whupv1 Wkh uvw +E?|n�  ?| , uhsuhvhqwv wkh frvw ri lqyhqwlqj qhz jrrgv/ zkloh wkh vhfrqg +%?| , lv wkh frvw ri surgxflqj wkh jrrgv wkdw douhdg| h{lvw1 Lw lv qrz hdv| wr frpsxwh wkh jurzwk udwh ri rxwsxw lq wklv hfrqrp|/ zklfk frlqflghv zlwk wkh udwh ri jurzwk ri ?| =



l ?|n�  k t|n� ' '�n r  E�  k2  t| ?| 



+717,



Dv lq suhylrxv prghov dq lqfuhdvh lq wkh vdylqjv udwh/ r/ lqfuhdvhv wkh udwh ri jurzwk1 Exw wkhuh lv qrz d qhz hhfwwkh udwh ri jurzwk ri wkh hfrqrp| lqfuhdvhv zlwk  / wkh qxpehu ri zrunhuv lq wkh hfrqrp|1 Wklv uhvxowv vwhpv iurp wkh dvvxpswlrq wkdw wkhuh lv d {hg frvw  dvvrfldwhg zlwk lqyhqwlqj d qhz jrrg wkdw lv xquhodwhg wkh qxpehu ri xqlwv ri wkh jrrg wkdw zloo eh pdqxidfwxuhg1 Wklv uhdvrqdeoh dvvxpswlrq lpsolhv wkdw wkh qxpehu ri jrrgv lqyhqwhg zloo ghshqg ri wkh vl}h ri wkh pdunhwlq d vpdoo hfrqrp| lw zloo qrw frpshqvdwh wr sd| wkh {hg frvw wr ghyhors pdq| jrrgv1 Wkh vl}h ri wkh pdunhw lq wklv hfrqrp| lv 56



uhodwhg wr wkh qxpehu ri zrunhuv/ dqg khqfh wkh lpsolfdwlrq wkdw/ iru d jlyhq vdylqjv udwh/ d odujhu hfrqrp| zloo jurz idvwhu1 Wklv lpsolfdwlrq lv hpslulfdoo| frxqwhuidfwxdowkhuh lv qr uhodwlrq ehwzhhq srsxodwlrq vl}h dqg udwhv ri jurzwk lq furvv0frxqwu| gdwd1 Exw/ dv zh glvfxvv ixuwkhu ehorz/ wklv prgho ri lqqrydwlrq lv rqo| uhohydqw iru d kdqgixo ri dgydqfhg hfrqrplhv wkdw xqghuwdnh vljqlfdqw lqyhvwphqwv lq U)G1 Dqg vlqfh wkhvh hfrqrplhv h{sruw wkhlu surgxfwv lw lv xqfohdu wkdw wkhlu srsxodwlrq lv wkh fruuhfw phdvxuh ri wkh vl}h ri wkh pdunhw1 Wkh zruog srsxodwlrq pd| eh wkh uhohydqw  lq wkh jurzwk udwh irupxod1 Qrw vxusulvlqjo|/ wklv prgho kdv lpsruwdqw frqvhtxhqfhv iru wklqnlqj derxw wudgh lvvxhv wkdw kdyh ehhq wkrurxjko| h{soruhg e| Jurvvpdq dqg Khospdq +4


vwrfn zdv dvvxphg wr eh frqvwdqw1 Wr doorz xqfhdvlqj jurzwk wr vwloo wdnh sodfh Urphu lqwurgxfhg dq h{whuqdolw|kh dvvxphg wkdw wkh frvw ri lqyhqwlqj qhz surg0 xfwv ghfolqhv zlwk wkh vwrfn ri h{lvwlqj surgxfwv/ ?| 1< Wr vhh wklv lq rxu vlpsoh irupxodwlrq vxssrvh wkdw wkhuh duh M xqlwv ri vnloohg oderu wkdw fdq eh ghyrwhg wr lqyhqwlqj qhz jrrgv=



?|n�  ?| ' (M1



Zlwk wklv U)G surgxfwlrq ixqfwlrq lw lv lpsrvvleoh iru ?| wr h{sdqg dw d frq0 vwdqw udwhjurzwk zloo hyhqwxdoo| frph wr d kdow1 Vxssrvh qrz zh prgli| wklv lqqrydwlrq ixqfwlrq wr wdnh wkh irup=



?|n�  ?| ' (M?|



Khuh wkhuh lv dq h{whuqdolw|wkh odujhu wkh vwrfn ri h{lvwlqj surgxfwv ?| wkh hdvlhu lw lv wr surgxfh qhz surgxfwv1 Wklv h{whuqdolw| uh0lqwurgxfhv wkh srvvlelolw| iru xqfhdvlqj jurzwk1 < Zhlw}pdq +4


58



7151 Txdolw| Odgghuv Lq wkh prgho wkdw zh mxvw vnhwfkhg wkh hfrqrp| ehfrphv pruh surgxfwlyh dv qhz jrrgv duh lqwurgxfhg1 Lq dfwxdo hfrqrplhv rog jrrgv vwrs ehlqj surgxfhg dqg duh uhsodfhg e| qhz rqhv1 Fdqgohv kdyh ehhq uhsodfhg e| hohfwulf odpsv dqg ydf0 xxp wxehv e| wudqvlvwruv1 Djklrq dqg Krzlww +4


Wkh txdolw| odgghuv dqg wkh h{sdqglqj ydulhw| prghov duh qrw lqfrpsdwleohrqh fdq zulwh prghov lq zklfk wkh qxpehu ri jrrgv h{sdqgv/ dw wkh vdph wlph wkdw h{lvwlqj jrrgv duh lpsuryh1 Vhh/ iru lqvwdqfh Fdedoohur dqg Mdh +4
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t| ' 



] f



�







bk| E%E�3k _  k



khuh wkh qxpehu ri lqwhuphgldwh jrrgv lv frqvwdqw/ exw uhvrxufhv fdq eh ghyrwhg wr lpsurylqj wkh txdolw| ri h{lvwlqj jrrgv1 Txdolw| lv ghqrwhg e| b| E1 Wkh ghpdqg iru jrrg  lv jlyhq e|=



R| E ' E�  kbk| E%E3k  k



Dvvxplqj wkdw wkh frvw ri surgxfwlrq ri lqwhuphgldwh jrrgv uhpdlqv frqvwdqw dw / wkh rswlpdo prqrsro| sulflqj srolf| frqwlqxhv wr eh wkh vdph=



R| E ' R ' *E�  k1



Li zh dvvxph wkdw wkh txdolw| ri doo wkh jrrgv pryhv lq wdqghp b| E ' b| / zh fdq zulwh wkh uhgxfhg irup surgxfwlrq ixqfwlrq dv=



t| ' b| c 5:



�*k



 ' 



%



E�  k2 



&E�3k*k







Vxssrvh qrz wkdw wkh txdolw| ri qhz jrrgv fdq eh lpsuryhg dffruglqj wr=



b|n� ' b| n U|o *c



zkhuh U|o ghqrwhv wkh uhvrxufhv ghyrwhg wr U)G1 Qrwlfh wkdw wkhuh lv dq h{whuqdo hhfw hpehgghg lq wklv htxdwlrqlw lv hdvlhu wr dfklhyh d jlyhq ohyho ri surgxfw txdolw|/ b/ lq dq hfrqrp| zkhuh txdolw| lv douhdg| kljk1 Li wkh hfrqrp| vdyhv d frqvwdqw iudfwlrq ri rxwsxw/ zlwk wkhvh uhvrxufhv ehlqj xvhg wr lqyhqw dqg surgxfh qhz jrrgv/ zh kdyh=



U| ' rt| c U| ' U|o n %



Wklv doorzv xv wr frpsxwh wkh jurzwk udwh ri wkh hfrqrp|/ zklfk wxuqv rxw wr frlqflgh zlwk wkdw ri wkh h{sdqglqj ydulhw| prgho=



5;



l t|n� b|n�  k ' '�n r  E�  k2  t| b| 



Wklv irupxod ihdwxuhv wkh vdph vfdoh hhfw ri srsxodwlrq rq wkh udwh ri jurzwk wkdw zh hqfrxqwhuhg lq wkh ydulhw| h{whqvlrq prghov1 Dfhprjorx +4


5



ri vnloohg zrunhuv wr idoo dv d uhvxow ri wkh lqfuhdvh lq wkhlu vxsso|1



7161 Whfkqrorj| Dgrswlrq Wkh wzr prghov ri hqgrjhqrxv whfkqlfdo surjuhvv mxvw uhylhzhg duh uhohydqw iru hfrqrplhv rq wkh iurqwlhu ri whfkqrorjlfdo ghyhorsphqw1 Exw iru prvw hfrqrplhv durxqg wkh zruog wkh lvvxh lv qrw zkhwkhu wr ghyrwh uhvrxufhv wr lqqrydwlrq exw zkhwkhu wr dgrsw whfkqrorjlhv wkdw kdyh ehhq ghyhorshg e| rwkhuv1 Wr frqvwuxfw d vlpsoh prgho ri whfkqrorj| dgrswlrq dorqj wkh olqhv ri Hdvwhuo| hw do +4


4@ 



] ?| f







%| E�3k _  k  R



] ?| f



%| E_



Vlqfh doo lqwhuphgldwh jrrgv kdyh wkh vdph sulfh lw lv rswlpdo wr xvh wkhp lq h{dfwo| wkh vdph txdqwlw|/ %/ zklfk fdq eh ghulyhg iroorzlqj wkh vdph vwhsv xvhg ehiruh=
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%



E�  k %' R



&�*k







Zh fdq qrz zulwh rxwsxw qhw ri wkh frvw ri sxufkdvlqj lqwhuphgldwh lqsxwv dv=



t| '  ?| R3E�3k*k c  ' �*k kE�  kE�3k*k 



Vxssrvh wkdw wkh vshfwuxp ri lqwhuphgldwh jrrgv wkdw kdyh douhdg| ehhq lq0 yhqwhg lv  5 df 4o1 Zkdw suhyhqwv wkh frxqwu| wr xvh doo wkhvh jrrgvB Dvvxph wkdw wr lqwurgxfh d qhz jrrg lqwr wkh surgxfwlrq surfhvv lw lv qhfhvvdu| wr whdfk wkh zrunhuv krz wr xvh lw1 Lw frvwv  xqlwv ri rxwsxw wr whdfk hdfk zrunhu krz wr xvh d qhz jrrg=



?|n� ' ?| n U| * 1



zkhuh U| lv wkh lqyhvwphqw ghyrwhg wr wkh dgrswlrq ri qhz whfkqrorjlhv1 Li wkh hfrqrp| vdyhv d frqvwdqw iudfwlrq ri rxwsxw qhw ri wkh frvw ri lqwhuphgldwh lqsxwv 64



wkh jurzwk udwh lv jlyhq e|= t|n� rR3E�3k*k  '�n t| 



+718,



Qrwh wkdw wkh vfdoh hhfwv wkdw zh rewdlqhg ehiruh duh qr orqjhu suhvhqw dv d uhvxow ri wkh dvvxpswlrq wkdw whfkqrorj| dgrswlrq frvwv duh sursruwlrqdo wr wkh qxpehu ri zrunhuv1 Dovr qrwh wkdw wkh sulfh ri wkhvh jrrgv/ zklfk lv h{rjhqrxv wr wkh hfrqrp|/ lv d ghwhuplqdqw ri wkh udwh ri jurzwk1 Iru d jlyhq ohyho ri r dq lqfuhdvh lq R vorzv grzq wkh udwh ri jurzwk1 Wklv dffrugv zlwk wkh qglqjv ri GhOrqj dqg Vxpphuv +4


65



whfkqrorj|0vshflf h{shuwlvh dqg kdyh wr vwduw rqfh djdlq dw wkh erwwrp ri wkh ohduqlqj fxuyh1 Juhhqzrrg dqg \ruxnrjox +4


81 Frqfoxvlrq Wkh odvw ghfdgh surgxfhg lpsuhvvlyh dgydqfhv lq jurzwk wkhru| wkdw kdyh ghhs0 hqhg rxu xqghuvwdqglqj ri wkh irufhv wkdw vkdsh whfkqrorjlfdo surjuhvv1 Lw lv olnho| wkdw qhzhu zrun rq jurzwk zloo pryh iurp wkh vwxg| ri wkh iurqwlhu frxqwulhv wr 66



wkrvh wkdw duh ehklqg wkh whfkqrorjlfdo fxuyh dqg fdq dgydqfh vlpso| e| dgrsw0 lqj wkh whfkqrorjlhv fuhdwhg e| rwkhuv1 Dw dq hpslulfdo ohyho wklv vxjjhvwv wkdw wkhuh zloo eh jdlqv iurp gh0hpskdvl}lqj wkh vwxg| ri djjuhjdwh pdfur gdwd wr irfxv rq vwxg|lqj wkh lpsdfw ri whfkqrorj| dw wkh lqgxvwu| ohyho1 Wklv rshqv xs wkh survshfw ri d iuxlwixo lqwhufkdqjh ehwzhhq uhvhdufk rq jurzwk dqg zrun rq lqgxvwuldo rujdql}dwlrq zklfk zloo/ krshixoo|/ suhyhqw d jurzwk wkhru| vorzgrzq1



Uhihuhqfhv ^4` Dfhprjorx/ Gdurq Zk| gr Qhz Whfkqrorjlhv Frpsohphqw VnloovB Gluhfwhg Whfkqlfdo Fkdqjh dqg Zdjh Lqhtxdolw|/ Zrunlqj Sdshu/ PLW/ 4


67



^8` Eduur/ Urehuw dqg [dylhu Vdod0l0Pduwlq/ Hfrqrplf Jurzwk/ PfJudz0Kloo/ Qhz \run/ 4


^45` Fkdul/ Y1Y1/ Sdwulfn Nhkrh dqg Hoohq PfJudwwdq Wkh Sryhuw| ri Qdwlrqv= D Txdqwlwdwlyh H{sorudwlrq/ Zrunlqj Sdshu/ Ihghudo Uhvhuyh Edqn ri Plq0 qhdsrolv/ 4


69



^4;` Hdvwhuo|/ Zlooldp/ Plfkdho Nuhphu/ Odqw Sulfkhww dqg Odzuhqfh Vxpphuv/ Jrrg Srolf| ru Jrrg OxfnB Frxqwu| Jurzwk Shuirupdqfhv dqg Whpsrudu| Vkrfnv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 65= 78


6:



^57` Kvlhk/ Fkdqj0Wdl Zkdw H{sodlqv wkh Lqgxvwuldo Uhyroxwlrq lq Hdvw DvldB Hylghqfh iurp Idfwru Pdunhwv/ Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|/ 4


^64` Nrqjvdpxw/ Sl|dekd/ Vhujlr Uhehor/ dqg Gdq|dqj [lh/ Eh|rqg Edodqfhg Jurzwk/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu Qr1 948


^6


73



^79` Vlhjho/ Mhuhp| Wkh Uhdo Lqwhuhvw Udwh iurp 4;3304 D Vwxg| ri wkh X1V1 dqg wkh X1N1/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 5


^87` \rxqj/ Doz|q D Wdoh ri Wzr Flwlhv= Idfwru Dffxpxodwlrq dqg Whfkqlfdo Fkdqjh lq Krqj Nrqj dqg Vlqjdsruh/ QEHU Pdfurhfrqrplfv Dqqxdo 4
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