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Devwudfw

D qhz udwlrqdoh lv suhvhqwhg iru zk| dq holwh pd| zlvk wr h{sdqg wkh iudq0

fklvh hyhq lq wkh devhqfh ri vhulrxv wkuhdwv wr wkh hvwdeolvkhg rughu1 H{sdqglqj

wkh iudqfklvh fdq wxuq srolwlfldqv dzd| iurp sduwlfxodulvwlf srolwlfv edvhg rq

dg0shuvrqdp uhglvwulexwlrq zlwklq wkh holwh/ dqg irvwhu frpshwlwlrq edvhg rq

surylvlrq ri sxeolf surjudpv zlwk gl>xvh ehqh?wv1 Xqghu vrph flufxpvwdqfhv/

wklv vkliw lq prgh ri srolwlfdo frpshwlwlrq pruh wkdq frpshqvdwhv wkh holwh iru

wkh gloxwlrq ri wkhlu lq xhqfh1

úOl}}hul= Ghsduwphqw ri Hfrqrplfv/ Qhz \run Xqlyhuvlw|/ 59< Phufhu Vwuhhw/ Qhz \run/ Q\

433361 H1pdlo= dohvvdqgur1ol}}hulCq|x1hgx1 Shuvlfr Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri

Shqqv|oydqld/ 6:4; Orfxvw Zdon/ Sklodghoskld SD 4<437> hpdlo= shuvlfrCvvf1xshqq1hgx1 Zhe=

kwws=22zzz1vvf1xshqq1hgx2�shuvlfr1 Wkh dxwkruv duh judwhixo wr QVI iru ?qdqfldo vxssruw1
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4 Lqwurgxfwlrq

Ghprfudflhv zlwk xqlyhuvdo yrwlqj uljkwv duh d uhodwlyho| uhfhqw skhqrphqrq1 Sulru wr

wkh Iluvw Zruog Zdu/ prvw ghprfudwlf frxqwulhv glg qrw doorz zrphq dqg |rxqj shu0

vrqv wr yrwh/ dqg vrph uhvwulfwhg wkh yrwlqj uljkwv ri plqrulwlhv1 Wkhvh vdph frxqwulhv

qrz doorz doo flwl}hqv deryh wkh djh ri 4; wr yrwh1 Wklv udlvhv d vhulhv ri txhvwlrqv=

Zkdw irufhv fdxvhg wkh iudqfklvh h{sdqvlrqB Gr wkh suhylrxvo| grplqdqw jurxsv qhf0

hvvdulo| orvh rxw iurp wkh h{sdqvlrqB Zkdw duh wkh frqvhtxhqfhv ri wklv h{sdqvlrq iru

h!flhqf| dqg iru wkh frpsrvlwlrq ri sxeolf vshqglqjB Lq wklv sdshu zh r>hu d vw|ol}hg

prgho ri iudqfklvh h{sdqvlrq zklfk gl>huv lq vrph hfrqrplfdoo| lqwhuhvwlqj zd|v iurp

wkh h{lvwlqj prghov/ dqg ?wv ehwwhu vrph lqvwdqfhv ri iudqfklvh h{sdqvlrq wkdw duh kdug

wr udwlrqdol}h xvlqj h{lvwlqj hfrqrplf prghov1

Lq wkh XV/ zrphq jdlqhg vx>udjh rqo| lq 4<53/4 dqg wkh derolwlrq ri Mlp Furz

odzv lq wkh Vrxwk gdwhv dv uhfhqwo| dv wkh 4<93v1 Ehiruh wkh 53wk fhqwxu|/ wkh iudq0

fklvh lv surjuhvvlyho| h{sdqghg wkurxjkrxw wkh zruog/ w|slfdoo| e| orzhulqj wkh zhdowk

wkuhvkrog uhtxluhg wr yrwh/ e| orzhulqj wkh yrwlqj djh/ dedqgrqlqj uholjlrxv uhvwulfwlrqv

11111 Wklv surjuhvvlyh hqodujhphqw ri wkh iudqfklvh lv frpprq wr wkh klvwrulfdo ghyhors0

phqw ri prvw srolwlfdo v|vwhpv1 Zlwk hdfk hqodujhphqw/ wkh pdnhxs ri wkh hohfwrudwh

fkdqjhv dv 3vwdnhkroghuv4 ehfrph 3vkduhkroghuv14 Hdfk hqodujhphqw lqgxfhv srolwlfdo

dfwruv wr dgmxvw wkhlu srvlwlrqv wr wkh qhz hqylurqphqw1 Jlyhq wkh lpsruwdqfh ri wkh

skhqrphqrq ri h{sdqvlrq/ lw lv lqwhuhvwlqj wr xqghuvwdqg wkh lqfhqwlyhv iru wkh holwh wr

h{sdqg wkh iudqfklvh dqg zkhwkhu dq hqodujhphqw ri wkh iudqfklvh fdq eh h{shfwhg wr

lqfuhdvh h!flhqf|1

Yroxqwdu| h{sdqvlrqv ri wkh iudqfklvh duh sx}}olqj iru vhyhudo uhdvrqv1 Iluvw/ pxfk

ri wkh srolwlfdo jdph lv derxw uhglvwulexwlrq ri uhvrxufhv/ dqg h{whqglqj wkh iudqfklvh

lpsolhv wkdw d jlyhq slh pxvw eh fxw lqwr pruh volfhv1 Iurp wkh srlqw ri ylhz ri wkh

4Wklv lv wkh gdwh lq zklfk wkh 4<wk dphqgphqw zdv udwl?hg dqg zrphq jdlqhg wkh yrwh lq doo vwdwhv

dqg dw wkh ihghudo ohyho1 Dv zloo eh glvfxvvhg ehorz/ vrph vwdwhv judqwhg zrphq wkh uljkw wr yrwh dv

hduo| dv 4;:61
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holwh wklv vhhpv wr eh d edg sursrvlwlrq1 Pruh eurdgo|/ hqodujlqj wkh iudqfklvh gloxwhv

wkh holwh*v srzhu wr lq xhqfh srolf|1 Wklv lv d gudzedfn iru wkh holwh1 Vr/ zkhqhyhu

wkh surfhvv ri hqodujhphqw lv vdqfwlrqhg e| wkh hqiudqfklvhg holwh/ vrphwklqj kdv wr eh

h{sodlqhg1

Wkh txhvwlrq ri iudqfklvh h{sdqvlrq kdv ehhq vwxglhg e| klvwruldqv/ srolwlfdo vflhq0

wlvwv/ dqg pruh uhfhqwo| hfrqrplvwv1 Wkh olwhudwxuh kdv sxw iruzdug vrph h{sodqdwlrqv

iru yroxqwdu| h{sdqvlrq1 Wkh ohdglqj h{sodqdwlrq lv rqh ri h{sdqvlrq xqghu wkuhdw= wkh

glvhqiudqfklvhg jurxs jdlqv hqodujhphqw e| h>hfwlyho| wkuhdwhqlqj wkh vrfldo rughu dqg

khqfh wkh srvlwlrq ri wkh hqiudqfklvhg jurxs +Dfhprjox dqg Urelqvrq +5333,/ Frq0

oh| dqg Whplql +5334,,1 Wklv h{sodqdwlrq pd| ?w vrph klvwrulfdo lqvwdqfhv lq zklfk

wkh iudqfklvh zdv h{sdqghg wr suh0hpsw vrfldo xskhdydo1 Lq pdq| fdvhv/ krzhyhu/ wkh

h{sdqvlrq zdv lpsohphqwhg lq wkh devhqfh ri dq| vhulrxv wkuhdw wr wkh hvwdeolvkhg

rughu1 Wklv lv wkh fdvh ri wkh h{sdqvlrq ri wkh vx>udjh wr zrphq/ wr plqruv/ dqg vpdoo

h{sdqvlrqv gxh wr wkh orzhulqj ri wkh fhqvxv eduulhu1 Lq wkhvh fdvhv/ wkh holwh glg qrw

remhfw wr wkh hqodujhphqw dqg lq vrph fdvhv glg gluhfwo| vxssruw lw1 Ri frxuvh/ vrflr0

orjlfdo h{sodqdwlrqv kdyh ehhq sursrvhg wkdw fdq dffrxqw iru wklv dssduhqwo| sx}}olqj

skhqrphqrq1 Wkhvh h{sodqdwlrqv lqyrnh d fkdqjh lq wkh dffhswdeoh qrupv ri ehkdy0

lru ri wkh holwh/ dqg duh frpsuhkhqvlyho| uhylhzhg e| Dfhprjox dqg Urelqvrq +5333,1

Zkloh d fkdqjh lq prudo qrupv fdq fhuwdlqo| dffrxqw iru wklv skhqrphqrq/ dw ohdvw lq

wkh vhqvh ri sur{lpdwh fdxvh/ lw lv lqwhuhvwlqj wr vhh li zh duh deoh wr dffrxqw iru wklv

skhqrphqrq sxuho| rq wkh edvlv ri vwdqgdug zhdowk0pd{lpl}lqj prgho ri ehkdylru1 Li

zh duh deoh wr fuhgleo| mxvwli| h{sdqvlrq ri wkh iudqfklvh lq vxfk dq 3dprudo4 prgho/

wkhq zh kdyh d frpshwlqj h{sodqdwlrq1 Wklv fdq eh hydoxdwhg ylv0d*0ylv wkh 3prudo4

h{sodqdwlrqv wr vhh krz pxfk wkh| frqwulexwh dv d 3sulph4 fdxvh dqg krz pxfk dv d

3sur{lpdwh4 fdxvh1 Lq wklv sdshu zh dgguhvv yroxqwdu| h{sdqvlrqv/ dqg r>hu d udwlrqdoh

iru zk| wkh holwh pd| zhofrph dq h{sdqvlrq ri wkh iudqfklvh1

Rxu h{sodqdwlrq lv edvhg rq wkh lqfhqwlyh iru srolwlfldqv wr hqjdjh lq uhglvwulexwlyh

srolwlfv zlwklq wkh holwh1 Zh srvlw wkdw srolwlfldqv zkr frpshwh iru hohfwlrq kdyh d
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olplwhg dprxqw ri srzhu wr pdnh hohfwrudo surplvhv1 Wkh| fdq xvh wklv srzhu wr

surplvh dg0krplqhp ehqh?wv ru/ dowhuqdwlyho|/ xvh wkh srzhu ri jryhuqphqw wr surylgh

surjudpv zlwk gl>xvh ehqh?wv1 Srolwlfldqv/ zkr frpshwh iru vshfl?f vxevhw ri yrwhuv lq

wkh holwh/ ?qg uhglvwulexwlyh srolflhv pruh h{shglhqw/ doo rwkhu wklqjv ehlqj htxdo/ wkdq

srolflhv zkrvh gl>xvh ehqh?wv fdqqrw eh gluhfwhg wr vzlqj yrwhuv1 Wkxv/ frpshwlwlrq

iru yrwhv lqgxfhv srolwlfldqv wr uho| h{fhvvlyho| rq lqvwuxphqwv ri wdfwlfdo uhglvwulexwlrq1

Wklv glvwruwlrq lqgxfhv dq dq lqh!flhqw ryhu0uholdqfh rq uhglvwulexwlyh srolflhv1 Lq wklv

vhwxs/ yrwhuv +wkh holwh, pd| zlvk wr frpsho srolwlfldqv wr hpsor| wkh srzhu ri r!fh

wrzdugv wkh surylvlrq ri srolflhv zlwk gl>xvh ehqh?wv1 Rqh zd| wr dfklhyh wklv h>hfw

lv wr hqodujh wkh iudqfklvh1 Lqfuhdvlqj wkh qxpehu ri yrwhuv uhgxfhv wkh iudfwlrq ri wkh

hohfwrudwh wkdw fdq eh zrrhg zlwk dg0krplqhp surplvhv1 E| frpsdulvrq/ srolflhv zlwk

gl>xvh ehqh?wv ehfrph pruh dwwudfwlyh wr srolwlfldqv/ zkr duh lqgxfhg wr lqfuhdvh wkhlu

r>hu1 Wklv h>hfw sxvkhv wkh srolwlfdo rxwfrph lq wkh gluhfwlrq suhihuuhg e| wkh holwh1 D

vhfrqgdu| h>hfw/ ri frxuvh/ lv wkdw zkhq wkh iudqfklvh lv h{sdqghg/ wkh holwh orvhv rxw

lq wkh doorfdwlrq ri uhglvwulexwlrqdo srolflhv/ dv pruh ri wkhp duh wudlqhg wrzdugv wkh

hqiudqfklvhg srsxodwlrq1 Zh vkrz wkdw wklv vhfrqg h>hfw fdq xqghu fhuwdlq frqglwlrqv/

eh grplqdwhg e| wkh ?uvw rqh1 Wkxv/ wkh suhvhqfh ri qhz yrwhuv fdq kdyh d srvlwlyh

h{whuqdolw| rq dq holwh gxh wr d vkliw lq wkh lqvwuxphqwv ri srolwlfdo frpshwlwlrq1

Wkhuh lv vrph hylghqfh wkdw dffrugv zlwk wklv dffrxqw1 Xqghu rxu udwlrqdoh/ d yro0

xqwdu| h{sdqvlrq ri wkh iudqfklvh frlqflghv zlwk d vkliw lq wkh prgh ri frpshwlwlrq/

iurp dg0shuvrqdp uhglvwulexwlrq wrzdugv srolflhv zlwk zlgh srsxodu dsshdo1 Vxfk d

vkliw kdv ehhq grfxphqwhg e| Fr{ +4<;:, iru 4<wk fhqwxu| Hqjodqg/ lq zklfk sur0

juhvvlyh h{sdqvlrqv ri wkh iudqfklvh frlqflghg zlwk d vkliw dzd| iurp shuvrqdo srolwlfv

wrzdugv yrwlqj rq eurdg surjudpv sursrvhg e| qdwlrqdo sduwlhv1 Vlploduo|/ Orww dqg

Nhqq| +4<<<, r>hu hylghqfh wkdw wkh lqwurgxfwlrq lq wkh XV ri zrphqv* vx>udjh lq wkh

hduo| 4<33*v lv fruuhodwhg zlwk d pdunhg lqfuhdvh lq jryhuqphqw surylvlrq ri surjudpv

zlwk gl>xvh ehqh?wv1 Ilqdoo|/ Nhqq| +5334, vkrzv wkdw wkh lqwurgxfwlrq ri zrphq*v

vx>udjh fdph hduolhu lq vwdwhv zlwk d vpdoohu shufhqwdjh ri zrphq1 Wklv lv frqvlvwhqw
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zlwk wkh qrwlrq wkdw h{whqglqj wkh iudqfklvh kdv d frvw iru wkh holwh ehfdxvh wkh h{0

whqvlrq lqgxfhv srolwlfldqv wr glyhuw uhvrxufhv dzd| iurp wkh holwh wrzdugv wkh qhzo|

hqiudqfklvhg jurxs1 Zkhq wkdw jurxs lv wrr odujh/ lq rxu prgho wkh frvw wr wkh holwh

h{fhhgv wkh ehqh?wv ri h{sdqvlrq1

Wkhuh duh xowhulru uhdvrqv wr eh lqwhuhvwhg lq iudqfklvh h{sdqvlrq/ eh|rqg dq lqwhuhvw

lq wkdw skhqrphqrq shu vh1 Xqghuvwdqglqj wkh h>hfwv ri h{sdqglqj wkh iudqfklvh fdq

vkhg oljkw rq d qxpehu ri uhodwhg txhvwlrqv vxfk dv yrwhuv sduwlflsdwlrq/ dv zhoo dv

txhvwlrqv ri surjuhvvlyh ghprfudwl}dwlrq ri d srolwlfdo v|vwhp +wklv lv wkh qrwlrq wkdw

d v|vwhp lv pruh ghprfudwlf wkh zlghu wkh hohfwrudwh,1 Rxu dqdo|vlv dwwhpswv wr

frqwulexwh lq wklv glphqvlrq1

5 Prgho

Wkhuh duh wzr fdqglgdwhv zkr kdyh qr suhihuhqfhv ryhu srolflhv1 Wr vwduw zlwk zh

dvvxph wkdw fdqglgdwhv pd{lpl}h wkh vkduh ri wkh yrwh1

Wkhuh duh wzr jrrgv= prqh| dqg d sxeolf jrrg1 Wkhuh lv d vhw ri flwl}hqv ä ri

phdvxuh 41 D jhqhulf flwl}hq lv ghqrwhg e| S Hdfk flwl}hq lv hqgrzhg zlwk rqh xqlw ri

prqh|1 Wr ehjlq zlwk/ dvvxph wkdw surgxflqj wkh sxeolf jrrg wdnhv doo wkh uhvrxufhv

lq wkh hfrqrp|15 Flwl}hqv kdyh olqhdu xwlolw| ryhu prqh|1 D flwl}hq*v ydoxh iru wkh

sxeolf jrrg lv C n ü/ zkhuh C lv d qxpehu frpprq wr doo yrwhuv dqg ü uhsuhvhqw

flwl}hq S*v lglrv|qfudwlf wdvwh1 Wkh ü*v duh glvwulexwhg dfurvv wkh srsxodwlrq dffruglqj

wr d glvwulexwlrq M zklfk lv v|pphwulf durxqg }hur1 Zh dvvxph wkdw M lv vwulfwo|

lqfuhdvlqj dqg kdv vxssruw düc üo ã dý�c �o é
Wkhuh duh wzr nlqgv ri flwl}hqv= wkh holwh dqg wkh 3rssuhvvhg41 Wkh holwh flwl}hqv

duh lq vhw . zklfk lv d vxevhw ri phdvxuh # ri wkh vhw ri flwl}hqv ä1 Zh frpsduh wkh

fdvh lq zklfk rqo| flwl}hqv lq wkh holwh kdyh wkh uljkw wr yrwh zlwk wkh fdvh lq zklfk doo

flwl}hqv fdq yrwh1
5Zh zloo uhod{ wklv dvvxpswlrq lq Vhfwlrq BB1
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Wr ehjlq wkh dqdo|vlv/ zh dvvxph wkdw wkh glvwulexwlrq ri suhihuhqfhv iru wkh sxeolf

jrrg lv wkh vdph zlwklq wkh holwh dv dprqj wkh rssuhvvhg yrwhuv1

Fdqglgdwhv fdq hlwkhu r>hu wudqvihuv ru wkh sxeolf jrrg1 Ghqrwh e| èð G ä $ ? wkh

ixqfwlrq wkdw ghvfulehv wkh r>hu ri wudqvihuv wr flwl}hqv e| fdqglgdwh ð1 Li èESä ÷ f/

flwl}hq S lv r>huhg d wd{1 Wklv ixqfwlrq pxvw vdwlvi| d uhvrxufh frqvwudlqw
U
ä èESä_S ' f1

Wkh hohfwrudo jdph lv vhtxhqwldo16 D vlpxowdqhrxv yhuvlrq ri wkh jdph lv dqdo|}hg

lq Vhfwlrq 91

Vwdjh 4 Fdqglgdwh 4 pryhv ?uvw dqg fkrrvhv zkhwkhu wr r>hu wudqvihuv ru wkh sxeolf

jrrg1

Vwdjh 5 Fdqglgdwh 5 pryhv vhfrqg/ revhuyhv wkh r>hu wkdw fdqglgdwh 4 pdnhv wr

hdfk yrwhu dqg wkhq fkrrvhv zkhwkhu wr r>hu prqh| ru wkh sxeolf jrrg1

Vwdjh 6 Hdfk flwl}hq revhuyhv wkh r>hu pdgh e| hdfk fdqglgdwh dqg flwl}hqv lq wkh

holwh yrwh1

Wr ehjlq zlwk zh dvvxph wkdw wkh srolf| r>huhg e| wkh fdqglgdwh zlwk d pdmrulw|

ri wkh yrwhv +ri wkh hqiudqfklvhg, jhwv lpsohphqwhg1 Zh frqvlghu dowhuqdwlyh zd|v wr

lpsohphqw srolf| lq Vhfwlrq 91

6 Wkh Vlpsoh Orjlf ri Iudqfklvh H{sdqvlrq= Dq

H{dpsoh

Zh qrz glvfxvv d vlpsoh yhuvlrq ri wkh prgho zkhuh wkh sxeolf jrrg gholyhuv wkh vdph

xwlolw|C wr doo flwl}hqv +lq wkh prgho/ wklv fruuhvsrqgv wr wkh fdvh zkhuh wkh glvwulexwlrq

M lv ghjhqhudwh,1 Zh vkrz wkdw wkhuh duh ydoxhv ri C vxfk wkdw doo flwl}hqv lq wkh holwh

zlvk wr h{sdqg wkh iudqfklvh1

Wkh vwudwhj| ri fdqglgdwh 4 lv hdvlo| hvwdeolvkhg1 R>hulqj wudqvihuv jlyhv fdqglgdwh

4 qr yrwhv1 Lqghhg/ fdqglgdwh 5 fdq rewdlq duelwudulo| forvh wr 433( ri wkh yrwhv e|

6Wkh vhtxhqwldo dvshfw ri rxu jdph lv uhodwhg wr wkh oree|lqj prgho ri Jurvhforvh dqg Vq|ghu

+4<<9,1
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r>hulqj " pruh wkdq klv rssrqhqw wr doprvw doo yrwhuv dqg }hur wr wkh uhpdlqlqj yrwhuv1

Wkxv/ fdqglgdwh 4 vwulfwo| suhihuv wr r>hu wkh sxeolf jrrg zkhqhyhu wkh sxeolf jrrg

jxdudqwhhv d srvlwlyh yrwh vkduh1

Qrz frqvlghu fdqglgdwh 5*v vwudwhj|1 R>hulqj wkh sxeolf jrrg ohdgv wr d yrwh vkduh

ri 83 shufhqw vlqfh lw ohdgv wr d wlh zlwk fdqglgdwh 41 Wkh dowhuqdwlyh vwudwhj|/ r>hulqj

wudqvihuv/ hqwdlov h{sursuldwlqj doo flwl}hqv rxwvlgh wkh holwh soxv d plqrulw| zlwklq

wkh holwh/ dqg uhglvwulexwlqj wkhvh uhvrxufhv wr d vxevhw ri wkh holwh1 Wklv vwudwhj| lv

sur?wdeoh li pruh wkdq 83 shufhqw ri wkh holwh fdq eh erxjkw r>/ l1h1/ fdq eh r>huhg

voljkwo| pruh wkdq C1 Vlqfh wkh wrwdo dprxqw wr eh uhglvwulexwhg htxdov �/ #*2 ru pruh

yrwhuv fdq eh erxjkw r> li dqg rqo| li C ÷ 2*#1

Lq vxp/ li C ÷ 2*# wkh sxeolf jrrg lv qrw surylghg1 Vxssrvh dovr wkdw C : �*#/ vr

wkdw/ lq htxloleulxp/ prqh| lv qrw vx!flhqw wr ex| r> doo yrwhuv lq wkh holwh1 Lq wklv fdvh/

d 3oxfn|4 pdmrulw| ri wkh holwh uhfhlyhv xwlolw| ri dssur{lpdwho| C/ dqg wkh uhpdlqlqj

3xqoxfn|4 phpehuv ri wkh holwh uhfhlyh }hur1 Lq wkhvh flufxpvwdqfhv qrw rqo| zloo wkh

xqoxfn| phpehuv ri wkh holwh suhihu wr uhfhlyh wkh sxeolf jrrg> hyhq oxfn| phpehuv ri

wkh holwh duh duelwudulo| forvh wr suhihuulqj d srolwlfdo v|vwhp lq zklfk wkh sxeolf jrrg

lv surylghg1 Lqghhg/ dq| duelwudulo| vpdoo orvv ri xwlolw| iru wkh 3oxfn|4 phpehuv ri

wkh holwh/ zklfk frxog ghulyh iurp dq duelwudulo| vpdoo suredelolw| ri vzlwfklqj sodfhv

zlwk dq xqoxfn| phpehu ru iurp vrph vpdoo dprxqw ri glvxwlolw| iurp wkh suhvhqfh ri

ohvv iruwxqdwh phpehuv ri vrflhw|/ zrxog ohdg wkh oxfn| phpehuv wr vwulfwo| suhihu wkh

sxeolf jrrg wr eh surylghg1

Surylglqj wkh sxeolf jrrg lv h{dfwo| zkdw h{sdqglqj wkh iudqfklvh dfklhyhv1 Li

C : 2/ lw lv d xqltxh htxloleulxp iru erwk fdqglgdwhv wr surylgh wkh sxeolf jrrg zkhq

doo flwl}hqv yrwh +qr fdqglgdwh fdq ghyldwh dqg rewdlq d yrwh vkduh deryh 83 shufhqw,1

Zh kdyh vkrzq wkdw/ zkhq 6@%i�*#c 2j ÷ C ÷ 2*#/ vrph phpehuv ri wkh holwh

uhfhlyh qrwklqj xqohvv wkh iudqfklvh lv h{sdqghg/ dqg vr vwulfwo| suhihu iru srolwlfldqv wr

frpshwh xqghu d xqlyhuvdo iudqfklvh1 Wkh uhpdlqlqj phpehuv ri wkh holwh duh lqgl>huhqw

ehwzhhq wkh wzr iudqfklvh vfhqdulrv/ dqg vr duh qrw djdlqvw h{sdqvlrq1

:



Wkh uhdvrq zk| wkh holwh fdq ehqh?w iurp iudqfklvh h{sdqvlrq lv wkdw srolwlfldqv

gr qrw ehkdyh h!flhqwo| iurp wkh srlqw ri ylhz ri wkh holwh1 Zkhq rqo| wkh holwh lv

hqiudqfklvhg/ srolwlfldqv kdyh dq lqfhqwlyh wr uhvruw wr uhglvwulexwlyh srolflhv hyhq lq

flufxpvwdqfhv lq zklfk wkh holwh suhihuv rwkhu phdqv ri frpshwlwlrq +wkh sxeolf jrrg,1

Dv wkh iudqfklvh lv h{sdqghg/ wkh vwudwhjlf ydoxh wr srolwlfldqv ri uhglvwulexwlyh srolflhv

ghfolqhv8eulqjlqj wkh srolwlfldqv* lqfhqwlyhv pruh lq olqh zlwk wkh holwh*v1

7 Htxloleulxp ri wkh Hohfwrudo Jdph1

Lq wklv vhfwlrq zh dqdo|}h wkh jdph lq zklfk d iudfwlrq # ri wkh hohfwrudwh lv hqiudq0

fklvhg1 D vshfldo fdvh lv # ' �/ zklfk fruuhvsrqgv wr xqlyhuvdo vx>udjh1

714 C ÷ �*#= Wkh Sxeolf Jrrg lv Qrw Surplvhg E| Dq| Fdq0

glgdwh

Zkhq C ÷ �*#/ lw lv lqwxlwlyh wkdw srolwlfldqv suhihu r>hulqj wudqvihuv wr r>hulqj wkh

sxeolf jrrg/ vlqfh iru wkh holwh wkh wrwdo dprxqw ri prqh| dydlodeoh wr uhglvwulexwh

h{fhhgv wkh djjuhjdwh ehqh?wv ri wkh sxeolf jrrg dqg ixuwkhupruh wudqvihuv fdq eh

wdujhwhg li wkh srolwlfldq ?qgv lw h{shglhqw1 Wkhuh lv/ krzhyhu/ d srwhqwldo frqfhuq

zlwk pxowlsolflw| ri htxloleuld1 Wkh pxowlsolflw| dulvhv ehfdxvh zkhq C ÷ �*# rxu

vlpsoh jdph jlyhv wkh ?uvw pryhu +fdqglgdwh 4, }hur sd|r> lqghshqghqw ri klv vwudwhj|/

dqg wkxv fdqglgdwh 4 lv lqgl>huhqw dprqj doo klv dfwlrqv1 Lq wklv vhfwlrq zh suhvhqw dq

htxloleulxp0vhohfwlrq dujxphqw wkdw slfnv rqh htxloleulxp1

Zh vkrz wkdw doo htxloleuld ri d qhdue| 3shuwxuehg jdph4 frqyhujh wr wkh htxlole0

ulxp ri wkh ruljlqdo jdph lq zklfk doo yrwhuv duh wuhdwhg htxdoo|1 Wkh shuwxuedwlrq

frqvlvwv ri lqwurgxflqj d vpdoo suredelolw| iru fdqglgdwh 4 ri uhfhylqj d qrq}hur yrwh

vkduh1

Zh qrz lqwurgxfh wkh shuwxuehg jdph1 Iru vlpsolflw|/ lq wklv vhfwlrq rqo| zh ?{

# ' � +lw lv reylrxv krz wr h{whqg wkh dujxphqw dqg wkh htxloleulxp wr wkh fdvh # ÷ �,1

;



Wkh shuwxuehg jdph Fdqglgdwh 4 pdnhv r>huv iurp d exgjhw ri rqh groodu shu

yrwhu> fdqglgdwh 5 kdv d exgjhw ri î zklfk fdq wdnh ydoxhv rq d�ý "c � n "o17

Wkh lpsruwdqw ihdwxuh ri wklv shuwxuehg jdph lv wkdw fdqglgdwh 5 pljkw kdyh d

vpdoohu exgjhw wkdq fdqglgdwh 41 Wklv ihdwxuh fdq eh lqwhusuhwhg dv fdqglgdwh 5*v

frpshwhqfh lq udlvlqj prqh|/ ru yrwhuv* gl>huhqw shufhswlrq ri wudqvihuv r>huhg e| wkh

wzr fdqglgdwhv1 Ohw xv vkrz wkdw lq dq| htxloleulxp ri wkh shuwxuehg jdph/ fdqglgdwh

4 r>huv d wudqvihu ri 4 wr hdfk yrwhu1 Wkh lghd ehklqg wklv uhvxow lv uhodwhg wr wkh

dqdo|vlv lq Jurvhforvh dqg Vq|ghu +4<<9,1

Wkhruhp 4 Iru dq| 0 : f dw wkh htxloleulxp ri wkh shuwxuehg jdph fdqglgdwh 4 r>huv

wkh vdph dprxqw wr doo yrwhuv1 Dv 0 frqyhujhv wr }hur/ wkh dprxqw surplvhg wr doprvw

doo yrwhuv e| fdqglgdwh 5 frqyhujhv wr wkdw vdph dprxqw1

Surri= Iluvw/ qrwh wkdw wkh rqo| uhohydqw hyhqw iru fdqglgdwh 4*v fkrlfh ri dfwlrq lv wkh

rqh lq zklfk î ÷ � +zkhq fdqglgdwh 5 kdv d exgjhw î è � fdqglgdwh 4*v fkrlfh kdv

qr h>hfw rq klv rzq yrwh vkduh dv fdqglgdwh 5 jhwv 433(,1 Lq wklv hyhqw/ li fdqglgdwh

4 r>huv 4 wr doo yrwhuv kh rewdlqv d yrwh vkduh htxdo wr �ýî1 Zh zdqw wr vkrz wkdw/

li fdqglgdwh 4 fkrrvhv dq| rwkhu vwudwhj| kh rewdlqv d orzhu yrwh vkduh1

Vxssrvh wkdw fdqglgdwh 4 r>huv wudqvihuv dffruglqj wr wkh vwudwhj| è�1 Fdqglgdwh

5*v ehvw uhvsrqvh lv wr pdwfk wkh wudqvihu r>huhg e| fdqglgdwh 4 wr dv pdq| yrwhuv dv

srvvleoh1 Wkh fkhdshvw zd| wr gr wklv lv wr wdujhw wkrvh yrwhuv zkr kdyh ehhq surplvhg

ohvv e| fdqglgdwh 41 Rughu wkh vhw ri yrwhuv rq dfc �o dffruglqj wr wkh lqyhuvh ri wkh

dprxqw wkh| uhfhlyh iurp fdqglgdwh 4 dqg ohw ñ ghqrwh d yrwhu*v lqgh{1 Fdqglgdwh

5*v ehvw uhvsrqvh lv wr h{kdxvw klv exgjhw e| r>hulqj è�Eñä +lqgl>huhqw yrwhuv pxvw

yrwh iru fdqglgdwh 5 lq dq| vxejdph shuihfw htxloleulxp, wr yrwhu ñ/ zkhuh ñ 5 dfc %o1

Wkh wkuhvkrog % ghqrwhv wkh kljkhvw0lqgh{hg yrwhu wr uhfhlyh srvlwlyh wudqvihuv iurp

7Lq wkh surri zh dvvxph wkdw E lv nqrzq wr fdqglgdwh 41 Krzhyhu/ wkh dujxphqw fdq eh dgdswhg

wr fryhu wkh fdvh lq zklfk E lv qrw revhuyhg e| fdqglgdwh 41

<



fdqglgdwh 5= ] %

f
è�Eñä ' îé

Fdqglgdwh 5*v ehvw uhvsrqvh |lhogv klp d yrwh vkduh ri %/ vr fdqglgdwh 4 rewdlqv �ý%1
Vxssrvh/ e| frqwudglfwlrq/ wkdw fdqglgdwh 4 r>huv d srvlwlyh phdvxuh ri yrwhuv dq

dprxqw gl>huhqw iurp 41 Wkhq/ d srvlwlyh iudfwlrq ri yrwhuv pxvw uhfhlyh r>huv ri pruh

wkdq 4 iurp fdqglgdwh 41 Wkhvh yrwhuv pxvw ehorqj wr wkh lqwhuydo E%/4`1 Qrz revhuyh

wkdw lq htxloleulxp zh pxvw kdyh è�E%ä ' è�E�ä1 Lqghhg/ li è�E%ä ÷ è�E�ä fdqglgdwh 4

frxog uhgxfh xqlirupo| wkh r>huv ri vrph yrwhuv rq E%c �o dqg lqfuhdvh wkh r>hu wr yrwhuv

rq dfc %o/ wkhuhe| iruflqj fdqglgdwh 5 wr h{kdxvw klv exgjhw ehiruh uhdfklqj yrwhu % dqg

lqfuhdvlqj klv rzq yrwh vkduh1 Ghqrwh e| A è � wkh dprxqw uhfhlyhg e| doo yrwhuv rq

E%c �o1 Vlqfh
U %
f è�Eñä ' î/ erwk fdqglgdwhv vshqg î rq yrwhuv lq dfc %o1 E| fdqglgdwh

4*v exgjhw frqvwudlqw/ zh rewdlq wkdw �ýî ' A E�ý %ä/ ru

E�ý %ä ' E�ýîä*Aé

Wkxv/ fdqglgdwh 4*v yrwh vkduh htxdov E�ýîä*A zklfk lv ghfuhdvlqj lq A 1 Fdqglgdwh

4*v yrwh vkduh lv pd{lpl}hg e| fkrrvlqj A ' �1 l1h1/ r>hulqj wkh vdph wr doo yrwhuv1

715 C : �*#= Wkh Sxeolf Jrrg lv Surplvhg E| Vrph Fdqgl0

gdwh

Lq wklv vhfwlrq zh frqvlghu wkrvh sdudphwhu ydoxhv iru zklfk fdqglgdwh 4 r>huv wkh

sxeolf jrrg1 Zkhq C : �*# fdqglgdwh 4 lv jxdudqwhhg d srvlwlyh yrwh vkduh li kh

surplvhv wkh sxeolf jrrg1 Li kh surplvhv wudqvihuv kh jhwv qr yrwhv1 Kh zloo wkhuhiruh

r>hu wkh sxeolf jrrg1

Zkdw lv lqwhuhvwlqj iurp wkh ylhzsrlqw ri sxeolf jrrg surylvlrq/ krzhyhu/ lv wkh

vwudwhj| ri fdqglgdwh 51 Fdqglgdwh 5 wlhv li kh surplvhv wkh sxeolf jrrg1 Li C lv qrw

wrr odujh/ fdqglgdwh 5 fdq gr ehwwhu e| surplvlqj wudqvihuv wr dssursuldwho| fkrvhq

yrwhuv1
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Wkhruhp 5 Wkhuh lv d fulwlfdo ydoxh CE#ä : 2*# zlwk wkh iroorzlqj surshuw|1 Li �*# ÷

C ÷ CE#ä/ fdqglgdwh 4 r>huv wkh sxeolf jrrg/ fdqglgdwh 5 r>huv wudqvihuv dqg rewdlqv d

pdmrulw| ri wkh yrwhv> lq wklv fdvh wkh sxeolf jrrg lv qrw surylghg dqg doo yrwhuv uhfhlyh

xwlolw| vpdoohu wkdq ru htxdo wr wkhlu ydoxh iru wkh sxeolf jrrg1 Li C è CE#ä/ erwk

fdqglgdwhv r>hu wkh sxeolf jrrg1

Surri= Dv phqwlrqhg deryh/ zkhq C : �*#/ fdqglgdwh 4 r>huv wkh sxeolf jrrg1

Fdqglgdwh 5 rewdlqv 425 ri wkh yrwhuv li kh r>huv wkh sxeolf jrrg1 Li kh r>huv wudqvihuv/

kh fdq rewdlq wkh yrwh ri dq| yrwhu wr zkrp kh r>huv d wudqvihu ri C n ü1 Wkh

fkhdshvw yrwhv wr ex| duh wkrvh ri yrwhuv zlwk wkh orzhvw ü1 Wkxv/ li kh r>huv wudqvihuv/

fdqglgdwh 5 rughuv yrwhuv dffruglqj wr wkh glvwulexwlrq M dqg r>huv wudqvihuv ri Cnü wr

doo yrwhuv vxfk wkdw ü lv orzhu wkdq vrph %1 Fdqglgdwh 5*v vkduh ri wkh yrwh e| r>hulqj

wudqvihuv lv ME%ä/ zkhuh % lv lghqwl?hg e| wkh exgjhw frqvwudlqw
U %
ü ECnüä_MEüä ' �*#1

Fdqglgdwh 5 zloo r>hu wudqvihuv dv orqj dv C lv vxfk wkdw M E%ä : �*21 Zkhq % htxdov

}hur/ M E%ä ' �*2 dqg fdqglgdwh 5*v ehvw uhvsrqvh vzlwfkhv iurp uhglvwulexwlrq wr

sxeolf jrrg1 Wkh wkuhvkrog CE#ä lv wkh ydoxh ri C dw zklfk % ' f1 Irupdoo|/ CE#ä

vroyhv ] f

ü
ECE#ä n üä_MEüä ' �*#é +4,

Vlqfh M lv v|pphwulf durxqg }hur/ CE#ä : 2*#1 Zkhq �*# ÷ C ÷ CE#ä fdqglgdwh 4

r>huv wkh sxeolf jrrg/ fdqglgdwh 5*v ehvw uhvsrqvh lv wr r>hu wudqvihuv/ dqg fdqglgdwh

5*v sodwirup jhwv lpsohphqwhg1

Zkhq C : CE#ä/ fdqglgdwh 5 rewdlqv 425 ri wkh yrwhv e| r>hulqj wkh sxeolf jrrg

dqg ohvv wkdq 425 e| r>hulqj wudqvihuv1 Wkxv/ kh zloo r>hu wkh sxeolf jrrg dqg wkh

sxeolf jrrg lv lpsohphqwhg zlwk suredelolw| rqh lq htxloleulxp1

8 Yrwlqj rq H{sdqglqj wkh Iudqfklvh

Zh dvvxph wkdw wkh h{sdqvlrq ri wkh iudqfklvh lv sxw wr d uhihuhqgxp Wkhuh duh do0

whuqdwlyh zd|v wr prgho wkh srolwlfdo surfhvv1 D uhihuhqgxp kdv wkh yluwxh ri ehlqj
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sduwlfxoduo| vlpsoh1 Lq wklv vhfwlrq zh dvvxph wkdw wkh rqo| dowhuqdwlyh lv wr h{sdqg

wkh iudqfklvh frpsohwho| ru qrw dw doo1

Wklv yrwh wdnhv sodfh lq shulrg rqh1 Lq shulrg wzr wkhuh lv dq hohfwlrq zklfk xqirogv

dv lq Vhfwlrq 71 Li wkh rxwfrph ri wkh uhihuhqgxp lv srvlwlyh/ wkhq wkh hohfwlrq wdnhv

sodfh zlwk doo wkh flwl}hqv yrwlqj1 Li wkh rxwfrph ri wkh uhihuhqgxp lv qhjdwlyh/ wkhq

rqo| shrsoh lq wkh holwh yrwh1

Wkh nh| irufh wkdw ohdgv wr dq h{sdqvlrq ri wkh iudqfklvh lv dssduhqw iurp rxu

dqdo|vlv lq Wkhruhp 51 Zkhq �*# ÷ C ÷ CE#ä/ wkh sxeolf jrrg lv qrw surylghg/ d

iudfwlrq ri wkh phpehuv ri wkh holwh uhfhlyhv qr wudqvihuv/ dqg wkh uhpdlqlqj phpehuv

ri wkh holwh uhfhlyh wudqvihuv htxdo wr wkhlu ydoxh iru wkh sxeolf jrrg1 Wklv phdqv wkdw/

li wkh phpehuv ri wkh holwh frxog uhirup wkh srolwlfdo surfhvv vr dv wr lqgxfh surylvlrq

ri wkh sxeolf jrrg/ wkh| zrxog doo eh zhdno| ehwwhu r>/ zlwk vrph yrwhuv ehlqj vwulfwo|

ehwwhu r>1 H{sdqvlrq ri wkh iudqfklvh lv h{dfwo| zkdw lw wdnhv wr ohdg fdqglgdwhv wr

r>hu wkh sxeolf jrrg pruh riwhq1

Lq rughu wr jhw ulg ri wlh euhdnlqj dvvxpswlrqv lq wkh yrwlqj/ zh dvvxph wkdw/ dw

wkh wlph ri wkh uhihuhqgxp/ hdfk phpehu ri wkh holwh revhuyhv klv ydoxh ri ü zlwk

vrph qrlvh/ qdpho|/ wkh| duh qrw frpsohwho| vxuh derxw wkhlu ixwxuh suhihuhqfhv iru

wkh sxeolf jrrg1 Wklv qrlvh fdq eh duelwudulo| vpdoo1 Vxfk dq dvvxpswlrq pdnhv vhqvh

zkhq wklqnlqj derxw yrwlqj rq dq lvvxh zklfk zloo d>hfw srolflhv wkurxjkrxw vhyhudo

ixwxuh hohfwlrqv1

Wkhruhp 6 Li C ÷ 4@ 
q
�*#cCE�ä

r
/ wkh uhihuhqgxp idlov dqg wkh iudqfklvh lv qrw

h{sdqghg1 Li 4@ 
q
�*#cCE�ä

r
÷ C ÷ CE#ä wkhq phpehuv ri wkh holwh xqdqlprxvo| yrwh

wr h{sdqg wkh iudqfklvh1 Li C : CE#ä/ doo yrwhuv duh lqgl>huhqw dv wr wkh h{sdqvlrq ri

wkh iudqfklvh1

Surri= Qrwh ?uvw wkdw CE�ä ÷ CE#ä iru dq| # ÷ �1

Vxssrvh wkdw C ÷ �*#1 Li wkh iudqfklvh lv qrw h{sdqghg/ iurp rxu glvfxvvlrq lq

Vhfwlrq 714/ zh nqrz wkdw wkh htxloleulxp lqyroyhv qhlwkhu fdqglgdwh r>hulqj wkh sxeolf

jrrg1 Iurp Wkhruhp 4/ zh fdq orrn dw wkh htxloleulxp ri wkh uhglvwulexwlyh jdph lq
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zklfk doo yrwhuv jhw wkh vdph dprxqw1 Wkxv/ li wkh iudqfklvh lv qrw h{sdqghg/ hdfk yrwhu

h{shfwv wr uhfhlyh �*#1 Vxssrvh qrz wkdw wkh iudqfklvh lv h{sdqghg1 Wkhuh duh wkuhh

fdvhv= +l, Li C : CE�ä/ wkh sxeolf jrrg lv surylghg lq htxloleulxp/ dqg hdfk flwl}hq

uhfhlyhv C n ü1 Lq wklv fdvh/ vlqfh C ÷ �*#/ d pdmrulw| ri wkh yrwhuv uhfhlyhv xwlolw|

orzhu wkdq �*#1 Wkxv/ d pdmrulw| ri wkh phpehuv ri wkh holwh lv zruvh r> li wkh iudqfklvh

lv h{sdqghg dqg yrwhv djdlqvw h{sdqvlrq lq wkh uhihuhqgxp1 +ll, Li � ÷ C ÷ CE�ä/ e|

Wkhruhp 5 doo yrwhuv uhfhlyh wudqvihuv orzhu wkdq ru htxdo wr wkhlu ydoxh iru wkh sxeolf

jrrg1 Vlqfh C ÷ �*#/ d pdmrulw| ri wkh phpehuv ri wkh holwh lv ehwwhu r> zlwk d vpdoo

iudqfklvh1 +lll, Li C ÷ �/ qhlwkhu fdqglgdwh r>huv wkh sxeolf jrrg/ dqg e| wkh vdph

orjlf dv lq Wkhruhp 4/ zh fdq orrn dw wkh htxloleulxp ri wkh uhglvwulexwlyh jdph lq

zklfk doo yrwhuv jhw wkh vdph dprxqw1 Wkxv/ doo yrwhuv jhw 41 Wklv lpsolhv wkdw doo

phpehuv ri wkh holwh duh zruvh r> lq wkh fdvh ri h{sdqvlrq dqg wkh| xqdqlprxvo| uhmhfw

wkh uhihuhqgxp1

Vxssrvh qrz wkdw �*# ÷ C ÷ CE�ä1 Lq wklv fdvh/ wkh rxwfrph ri wkh jdph li wkh

iudqfklvh lv h{sdqghg lv yhu| vlplodu wr wkh rxwfrph li wkh iudqfklvh lv qrw h{sdqghg=

wkh ?uvw fdqglgdwh r>huv wkh sxeolf/ wkh vhfrqg r>huv wudqvihuv/ dqg wudqvihuv duh lp0

sohphqwhg1 Wkh fuxfldo glvwlqfwlrq ehwzhhq wkh wzr vfhqdulrv lv wkdw/ li wkh iudqfklvh

lv h{sdqghg/ wkh iudfwlrq ri yrwhuv zkr uhfhlyh wudqvihuv lv vpdoohu vlqfh wkhuh duh pruh

yrwhuv/ dqg wkh dprxqw ri prqh| lv wkh vdph1 Wkxv/ wkhuh lv d iudfwlrq ri yrwhuv +wkrvh

zlwk orz ü, zkr uhfhlyh wudqvihuv dqg uhfhlyhv wkh vdph xwlolw| lq wkh wzr vfhqdulrv1

Wkhuh lv d iudfwlrq ri yrwhuv +wkrvh zlwk lqwhuphgldwh ü, zkr uhfhlyh wudqvihuv ri Cnü li

wkh iudqfklvh lv qrw h{sdqghg/ exw uhfhlyh qr wudqvihuv li wkh iudqfklvh lv qrw h{sdqghg1

Ilqdoo|/ wkhuh lv d iudfwlrq ri yrwhuv +wkrvh zlwk kljk ü, zkr uhfhlyh qr wudqvihuv lq

hlwkhu vfhqdulr1 Li flwl}hqv frxog revhuyh wkhlu ü shuihfwo|/ wkhq wkhuh zrxog eh d vhw ri

phpehuv ri wkh holwh zkr lv lqgl>huhqw derxw wkh rxwfrph ri wkh uhihuhqgxp dqg d vhw

ri yrwhuv zkr lv vwulfwo| ehwwhu r> li wkh uhihuhqgxp idlov1 Xqghu rxu dvvxpswlrq wkdw

yrwhuv revhuyh ü zlwk vrph qrlvh/ doo yrwhuv duh zruvh r> li wkh iudqfklvh lv h{sdqghg1

Wkxv/ zh kdyh vkrzq wkdw lq doo fdvhv lq zklfk C ÷ 4@ 
q
�*#cCE�ä

r
/ wkh uhihuhq0
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gxp idlov1

Vxssrvh qrz wkdw 4@ 
q
�*#cCE�ä

r
÷ C ÷ CE#ä1 Li wkh iudqfklvh idlov wkh sxeolf

jrrg lv qrw surylghg zkhuhdv li wkh iudqfklvh lv h{sdqghg/ wkh sxeolf jrrg lv surylghg1

E| Wkhruhp 5/ zkhq wkh iudqfklvh lv qrw h{sdqghg/ lq htxloleulxp doo yrwhuv uhfhlyh d

xwlolw| vpdoohu wkdq ru htxdo wkdq wkhlu ydoxh ri wkh sxeolf jrrg/ dqg wkrvh zkr gr qrw

uhfhlyh wudqvihuv uhfhlyh d vwulfwo| vpdoohu xwlolw|1 Vlqfh yrwhu revhuyh ü zlwk vrph qrlvh

dw wkh wlph ri wkh uhihuhqgxp/ wkhuh lv d fkdqfh wkdw wkh| zloo qrw uhfhlyh wudqvihuv li

wkh iudqfklvh lv qrw h{sdqghg1 Wkhuhiruh/ wkh| duh doo ehwwhu r> li wkh sxeolf jrrg lv

surylghg dqg wkh| xqdqlprxvo| vxssruw wkh uhihuhqgxp1

Li C : CE#ä wkh rxwfrph ri wkh hohfwlrq lv wkh vdph uhjdugohvv ri wkh rxwfrph ri

wkh uhihuhqgxp1 Wkxv yrwhuv duh lqgl>huhqw derxw wkh rxwfrph ri wkh uhihuhqgxp1

Wkhuh duh vhyhudo lqwhuhvwlqj ihdwxuhv ri wklv uhvxow1

Wkh ?uvw ihdwxuh lv wkdw wkhuh duh flufxpvwdqfhv lq zklfk wkh holwh vwulfwo| suhihuv

wr pdlqwdlq d vpdoo iudqfklvh1 Li C ÷ �*#/ wkh htxloleulxp lqyroyhv qr sxeolf jrrg

surylvlrq/ dqg wklv lv dq h!flhqw rxwfrph iurp wkh srlqw ri ylhz ri wkh holwh1 Wkxv/

phpehuv ri wkh holwh zloo rssrvh dq h{sdqvlrq ri wkh iudqfklvh1 Vxfk dq h{sdqvlrq

zrxog ohdg wr lqihulru rxwfrphv iurp wkh srlqw ri ylhz ri wkh holwh1 vlqfh dq h{sdqvlrq

zrxog ohdg wr dq xqghvluhg sxeolf jrrg surylvlrq/ ru d uhglvwulexwlrq ri uhvrxufhv wr

flwl}hqv rxwvlgh wkh holwh1 Qrwh wkdw wklv vkrzv wkdw wkh h{lvwhqfh ri wkh sxeolf jrrg

lv hvvhqwldo iru wkh iudqfklvh wr eh yroxqwdulo| h{sdqghg1 Li wkhuh zhuh rqo| rqh prgh

ri srolwlfdo frpshwlwlrq/ qdpho| uhglvwulexwlyh srolwlfv/ wkh iudqfklvh zrxog qrw eh

h{sdqghg yroxqwdulo|1

Dq lqwhuhvwlqj h{whqvlrq ri Wkhruhp 6 lv wr frqvlghu flufxpvwdqfhv lq zklfk wkh

uhihuhqgxp fdq vshfli| sduwldo h{sdqvlrqv ri wkh iudqfklvh dqg dovr fulwhuld iru ehorqjlqj

wr wkh qhz holwh1 Klvwrulfdoo| wkhuh duh vhyhudo fdvhv zkhuh iudqfklvh h{sdqvlrq kdv ehhq

rqo| sduwldo1 Iru lqvwdqfh/ lq Hqjodqg/ pdoh vx>udjh zdv h{sdqghg lq wkuhh pdmru

uhirupv wkdw wrrn sodfh ryhu ?iw| |hduv lq wkh 4<wk fhqwxu|/ vwduwlqj zlwk wkh uhirup

ri 4;651 Dovr/ lq prvw frxqwulhv/ ihpdoh vx>udjh fdph diwhu xqlyhuvdo pdoh vx>udjh1 D
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srvvleoh h{sodqdwlrq iru wklv judgxdo h{sdqvlrq lv wkh iroorzlqj1 Vxssrvh wkdw wkh ydoxh

ri wkh sxeolf jrrg wrgd| lv odujh hqrxjk wkdw yrwhuv zrxog olnh wr h{sdqg wkh iudqfklvh1

Krzhyhu/ lq wkh ixwxuh/ wkh ydoxh ri wkh sxeolf jrrg pd| gurs1 Lq wklv fdvh/ wkh yrwhuv

pd| suhihu wr h{sdqg wkh iudqfklvh mxvw hqrxjk wr jxdudqwhh surylvlrq ri wkh sxeolf

jrrg wrgd|1 Wklv olplwv wkh vhw ri shrsoh zkr zloo ?jkw ryhu wudqvihuv wrpruurz li wkh

ydoxh ri wkh sxeolf jrrg lv lqghhg vpdoo1 Wklv srvvlelolw| dovr ohdgv wr wkh srwhqwldo iru

yrwhuv wr zruu| derxw vxevhtxhqw h{sdqvlrqv ri wkh iudqfklvh1

9 H{whqvlrqv

914 Fdqglgdwh Remhfwlyhv dqg Srolf| Lpsohphqwdwlrq

Lq rxu dqdo|vlv ri Vhfwlrq 7 zh kdyh dvvxphg wkdw fdqglgdwhv pd{lpl}h wkh yrwh vkduh1

Krzhyhu/ rxu dqdo|vlv fdq dffrpprgdwh pruh jhqhudo remhfwlyhv iru fdqglgdwhv1 Lq

wkh jdph suhvhqwhg lq Vhfwlrq 5/ lw lv hdv| wr vhh wkdw wkh htxloleulxp lv wkh vdph

dv orqj dv fdqglgdwhv pd{lpl}h dq| vwulfwo| lqfuhdvlqj ixqfwlrq ri wkhlu yrwh vkduh1

Ixuwkhupruh/ wkh vdph uhvxow krogv li fdqglgdwhv pd{lpl}h wkh suredelolw| ri zlqqlqj

+zlqqhu0wdnh0doo v|vwhp, dv orqj dv/ zkhq wzr vwudwhjlhv ohdg wr wkh vdph suredelolw|

ri zlqqlqj/ fdqglgdwhv fkrrvh wkh vwudwhj| wkdw ohdgv wr wkh kljkhu yrwh vkduh1

Wkh prgho zh kdyh suhvhqwhg dovr dvvxphv wkdw wkh fdqglgdwh zlwk wkh odujhu yrwh

vkduh jhwv wr lpsohphqw klv dqqrxqfhg srolf|1 Krzhyhu/ lq uhdolw|/ dqg hvshfldoo| lq

sursruwlrqdo v|vwhpv/ plqrulw| sduwlhv pd| kdyh dq lq xhqfh rq srolf|/ dqg wkh ?qdo

rxwfrph pljkw ghshqg lq d frpsolfdwhg zd| rq wkh rxwfrph ri vrph srvw0hohfwlrq

edujdlqlqj jdph1 Zh qrz glvfxvv dq dowhuqdwlyh zd| wr prgho srvw0hohfwlrq srolf|

frpsurplvh1 Frqvlghu d pruh jhqhudo prgho zkhuh wkh srolf| sursrvhg e| fdqglgdwh ð

lv lpsohphqwhg zlwk suredelolw| ZðErðä/ zkhuh rð lv wkh yrwh vkduh rewdlqhg e| fdqglgdwh

ð1 Dvvxph wkdw ZðErðä lv lqfuhdvlqj dqg wkdw ZE�*2ä ' �*21 Wkh ixqfwlrq Z pd| eh

wkrxjkw ri dv d uhgxfhg irup ri d srvw0hohfwrudo edujdlqlqj jdph ehwzhhq wkh wzr

sduwlhv1
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Wkh htxloleulxp srolf| sursrvdov lq wkh hohfwrudo jdph uhpdlq wkrvh rewdlqhg lq

Wkhruhp 51 Wkh uhdvrq lv wkh iroorzlqj= yrwhuv* lqfhqwlyhv uhpdlq wkh vdph ehfdxvh

hdfk yrwhu zdqwv wr lqfuhdvh wkh yrwh vkduh ri wkh fdqglgdwh zkr sursrvhv d suhihuuhg

srolf|1 Wkxv/ yrwhuv* ehkdylru iroorzlqj d sdlu ri sursrvdov e| wkh wzr fdqglgdwhv

lv xqfkdqjhg uhodwlyh wr wkh dqdo|vlv ri Wkhruhp 71 Wklv lpsolhv wkdw fdqglgdwhv*

lqfhqwlyhv uhpdlq xqfkdqjhg dv zhoo1 Ri frxuvh/ wkh lpsohphqwhg srolflhv duh qrz

gl>huhqw1 Lq sduwlfxodu/ zkhq �*# ÷ C ÷ CE#ä/ wkhuh lv qrz d srvlwlyh suredelolw| wkdw

wkh sxeolf jrrg r>huhg e| fdqglgdwh 4 jhwv lpsohphqwhg1 Ixuwkhupruh/ vlqfh fdqglgdwh

4*v yrwh vkduh lq htxloleulxp lv lqfuhdvlqj lq wkh ydoxh ri C +iru wklv udqjh ri Cv,/ wkh

suredelolw| wkdw fdqglgdwh 4*v sodwirup jhwv lpsohphqwhg lv lqfuhdvlqj lq wkh ydoxh ri

C dv zhoo1

Wklv lpsolhv wkdw wkh ghvfulswlrq ri wkh rxwfrph ri wkh uhihuhqgxp rq wkh h{sdqvlrq

ri wkh iudqfklvh lq uhvxow lq Wkhruhp 6 pxvw eh dphqghg1 Krzhyhu/ wkh rqo| gl>huhqfh

lv wkdw qrz wkhuh lv d srvvlelolw| wkdw yrwhuv zloo zdqw wr h{sdqg wkh iudqfklvh hyhq

zkhq C ÷ CE�ä vlqfh h{sdqglqj wkh iudqfklvh zloo lqfuhdvh wkh suredelolw| ri surylvlrq

ri wkh sxeolf jrrg1 Wkh vshfl?f sdudphwhuv zloo ghshqg rq wkh irup ri wkh ixqfwlrq Z1

915 Vlpxowdqhrxv Jdph

Dvvxph qrz wkdw fdqglgdwhv pryh vlpxowdqhrxvo|1 Dvvxph dovr wkdw wkdw wkhuh lv rqo|

rqh w|sh ri sxeolf jrrg +ü ' f,1 Hyhu|wklqj hovh lv wkh vdph dv lq Vhfwlrq 51

Ol}}hul dqg Shuvlfr +5334, vroyhg wkh htxloleulxp ri wkh prgho iru wkh fdvh zkhuh

wkh hqwluh srsxodwlrq fdq yrwh +# ' �,1 Wkh| vkrzhg wkdw Iru C ÷ � wkh sxeolf jrrg

lv qrw surylghg1 Iru C : 2 wkh sxeolf jrrg lv surylghg iru vxuh1 Iru � ÷ C ÷ 2/

wkhuh lv qr htxloleulxp lq sxuh vwudwhjlhv1 Krzhyhu/ wkhuh lv dq htxloleulxp lq pl{hg

vwudwhjlhv zkhuh wkh sxeolf jrrg lv surylghg zlwk suredelolw| Cý �1 Ixuwkhupruh/ lq

wkh htxloleulxp/ li fdqglgdwhv r>hu wudqvihuv/ doo yrwhuv uhfhlyh wkh vdph dprxqw +'4,

lq h{shfwdwlrq1

Zh qrz glvfxvv wkh fdvh zkhuh # ÷ �1 Iurp wkh ylhzsrlqw ri wkh fdqglgdwhv/ wklv
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jdph lv vwudwhjlfdoo| htxlydohqw wr d jdph zkhuh doo yrwhuv duh hqgrzhg zlwk m� dqg

zkhuh wkh sxeolf jrrg kdv prqhwdu| ydoxh #C +uhqrupdol}h wkh xqlw ri dffrxqw,1 Wkxv/

wkh suredelolw| wkdw wkh sxeolf jrrg lv surylghg lv #C ý � iru � é #C é 2/ dqg zkhq

wudqvihuv duh r>huhg/ doo phpehuv ri wkh holwh uhfhlyh �*# lq h{shfwhg ydoxh1 Wkxv/ wkh

yrwhu*v h{shfwhg xwlolw| lq wklv jdph lv

d#Cý �o üCn d�ý E#Cý �äo ü �
#
é

Zkhqhyhu wklv h{suhvvlrq lv lqfuhdvlqj lq wkh vl}h ri wkh iudqfklvh #/ doo yrwhuv lq .

zloo eh xqdqlprxv lq wkhlu suhihuhqfh iru h{sdqglqj wkh iudqfklvh1 Wkh ghulydwlyh zlwk

uhvshfw wr # uhdgv

C2 ý 2

#2
é

Zkhq wklv h{suhvvlrq lv juhdwhu wkdq }hur/ wkdw lv/ zkhq #C :
s
2/ doo yrwhuv zrxog

yrwh iru h{sdqglqj wkh iudqfklvh +zkhq #C : 2 wkhq yrwhuv duh lqgl>huhqw,1 Lq frqwudvw/

zkhq #C ÷
s
2 wkh phpehuv ri . gr qrw jdlq iurp h{sdqglqj wkh iudqfklvh1

Wkxv/ wkh txdolwdwlyh ihdwxuhv ri rxu dqdo|vlv lq wkh vhtxhqwldo jdph duh suhvhuyhg

lq wkh fdvh zkhuh fdqglgdwh pryh vlpxowdqhrxvo|1

: Frqfoxvlrqv

Zh kdyh suhvhqwhg d prgho lq zklfk/ xqghu vrph flufxpvwdqfhv/ wkh holwh xqdqlprxvo|

zlvkhv wr h{sdqg wkh iudqfklvh1 Lq wkh prgho= +d, wkh srro ri yrwhuv +hqiudqfklvhg

dqg qrw, lv lghqwlfdo> +e, yrwhuv frpshwh iru vfdufh uhvrxufhv> +f, wkh glvhqiudqfklvhg

flwl}hqv xqlirupo| ehqh?w +jhw ulfkhu, iurp wkh h{sdqvlrq +g, phpehuv ri wkh holwh

xqdqlprxvo| suhihu wr h{sdqg wkh iudqfklvh +ehfdxvh wkh| wrr jhw ulfkhu,> +h, wkhuh lv

qr wkuhdw ri sxqlvkphqw lq wkh prgho1

Wkh idfw wkdw yrwhuv frpshwh iru vfdufh uhvrxufhv lqwurgxfhv d frvw iru wkh holwh

ri h{sdqglqj wkh iudqfklvh wkdw lv sursruwlrqdo wr wkh vfrsh ri wkh h{sdqvlrq1 Lq rxu

prgho/ yroxqwdu| h{sdqvlrqv ri wkh iudqfklvh duh ohvv olnho| zkhq wkh vl}h ri wkh holwh
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lv vpdoo uhodwlyh wr wkh vl}h ri wkh qhzo| hqiudqfklvhg srsxodwlrq1 Wkh idfw wkdw wkh

frvw ri h{sdqvlrq lv vpdoohu zkhq wkh qhzo| hqiudqfklvhg duh ihz lv frqvlvwhqw zlwk

Nhqq| +5334,/ zkr grfxphqwv wkdw zrphq jdlqhg wkh uljkw wr yrwh hduolhu lq wkrvh

vwdwhv zkhuh wkh| frqvwlwxwhg d vpdoohu iudfwlrq ri wkh srsxodwlrq1Pruh jhqhudoo|/ zh

frxog ylhz wklv dvshfw ri wkh uhvxow dv vxjjhvwlyh ri wkh idfw wkdw ghprfudwl}dwlrq yld

qrq0ylrohqw phdqv +uhihuhqgxp/ ru frqvwlwxwlrqdo uhirup, lv sduwlfxoduo| gl!fxow zkhq

wkh frxqwu| lv jryhuqhg e| d vpdoo roljdufk|1 Lq wkhvh fdvhv/ uhyroxwlrqv duh pruh olnho|

wr eh vxffhvvixo dw dfklhylqj dq h{sdqvlrq ri wkh iudqfklvh1 Lq frqwudvw/ li wkh vl}h ri

wkh holwh lv douhdg| txlwh odujh/ wkhq shdfhixo h{sdqvlrqv duh pxfk pruh olnho|1

Lq rxu prgho/ wkh suhvhqfh ri frpshwlwlrq iru uhvrxufhv ehwzhhq wkh holwh dqg wkh

glvhqiudqfklvhg kdv d vxusulvlqj h>hfw1 Zh qrz dujxh wkdw wkh suhvhqfh ri frpshwlwlrq

lv h{dfwo| zkdw pdnhv lw zruwkzkloh iru wkh holwh wr h{sdqg wkh iudqfklvh1 Wr wklv hqg/

frqvlghu dv d wkrxjkw h{shulphqw d prgho lq zklfk srolwlfldqv fdqqrw h{sursuldwh wkh

glvhqiudqfklvhg dqg wudqvihu wkhlu uhvrxufhv wr wkh holwh1 Lq vxfk d prgho wkh vwudwhjlf

ydoxh ri uhglvwulexwlrq qhhg qrw/ dv lv wkh fdvh lq rxu prgho/ glplqlvk dv wkh iudqfklvh

lv h{sdqghg> iudqfklvh h{sdqvlrq mxvw 3vfdohv xs% wkh jdph ri hohfwrudo frpshwlwlrq

wkdw zdv suhylrxvo| irfxvhg rq wkh holwh1 Wkxv/ hqodujlqj wkh iudqfklvh qhhg qrw uhvxow

lq d fkdqjhg prgh ri srolwlfdo frpshwlwlrq/ dqg wkh lqfhqwlyhv iru wkh holwh wr h{sdqg

wkh iudqfklvh zrxog eh devhqw1

Wkh wkrxjkw h{shulphqw uhyhdov wkdw frpshwlwlrq zlwk wkh glvhqiudqfklvhg lv suh0

flvho| zkdw fuhdwhv wkh lqfhqwlyh iru wkh holwh wr h{sdqg wkh iudqfklvh1 Wklv revhuydwlrq

vkrxog eh vxusulvlqj/ hvshfldoo| zkhq frqwudvwhg zlwk wkh lpsolfdwlrqv ri d prgho ri

sxuh uhglvwulexwlrq1 Lq d prgho zkhuh wkhuh lv qr sxeolf jrrg/ wkh idfw wkdw wkh holwh

frpshwhv zlwk wkh glvhqiudqfklvhg dqg h{sursuldwhv wkhp lv uhdvrq iru wkh holwh wr uhvlvw

h{sdqvlrq1
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