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Devwudfw

Zkloh remhfwlyh qhzv fryhudjh lv ylwdo wr ghprfudf|/ phgld eldv fdq vhulrxvo| glv0
wruw froohfwlyh ghflvlrqv1 Wkh fxuuhqw sdshu ghyhorsv d yrwlqj prgho zkhuh flwl}hqv duh
xqfhuwdlq derxw wkh zhoiduh h�hfwv lqgxfhg e| dowhuqdwlyh srolf| rswlrqv dqg ghulyh lq0
irupdwlrq derxw wkrvh h�hfwv iurp wkh pdvv phgld1 Wkh phgld pljkw krzhyhu vhfuhwo|
frooxgh zlwk lqwhuhvw jurxsv lq rughu wr lq xhqfh wkh sxeolf rslqlrq1 Lq fdvh ri yrwlqj
ryhu wkh ohyho ri d surgxfwlylw|0hqkdqflqj sxeolf edg/ lw lv vkrzq wkdw dq lqfuhdvh lq wkh
frqfhqwudwlrq ri �qdqfldo zhdowk pdnhv wkh rffxuuhqfh ri phgld eldv pruh olnho|1 Phgld
eldv lv qrw qhfhvvdulo| zhoiduh zruvhqlqj/ exw frqglwlrqv iru phgld eldv wr lqfuhdvh zhoiduh
duh uhvwulfwlyh1

Nh|zrugv= Pdvv Phgld/ Sxeolf Edgv/ Yrwlqj/ Zhdowk Lqhtxdolw|1

MHO0Fodvvl�fdwlrq= K74/ G:51

�Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Rvqdeu fn/ Urodqgvwudvvh ;/ 7<39< Rvqdeu fn/
Jhupdq|> h0pdlo= jfruqhrCrhf1xql0rvqdeuxhfn1gh1



4 Lqwurgxfwlrq

Iuhh phgld duh ylwdo wr vxvwdlq prghuq ghprfudwlf v|vwhpv1 Uhdvrqdeoh ghprfudwlf gh0

flvlrq pdnlqj uhtxluhv wkdw flwl}hqv duh vx!flhqwo| lqiruphg derxw wkh remhfw ri wkhlu

ghflvlrqv1 Wr wkh h{whqw wkdw qhzvsdshuv/ whohylvlrq dqg wkh lqwhuqhw jdwkhu lqirupdwlrq

dqg pdnh lw dydlodeoh wr flwl}hqv/ wkh| fdq gudpdwlfdoo| lqfuhdvh yrwhuv* delolw| wr pdnh

lqwhooljhqw fkrlfhv1

Vlqfh wkh yhu| hphujhqfh ri wkh pdvv phgld/ wkhuh kdv ehhq d zlghvsuhdg frqfhuq wkdw

wkhlu uroh lq vwuhqjwkhqlqj ghprfudwlf lqvwlwxwlrqv pd| eh sxw lq mhrsdug| e| wkrvh zkr

rzq wkh phgld rxwohwv ru e| lqwhuhvw jurxsv wkdw pd| euleh wkh qhzv surylghuv14 Wkh

phgld pd| glvwruwhgo| uhsruw lqirupdwlrq vr dv wr irup d sxeolf rslqlrq wkdw lv frqgxflyh

wr froohfwlyh ghflvlrqv wkdw xqgxo| idyru vshfldo lqwhuhvw jurxsv1 Zkloh kdylqj phgld

frpshwlwlrq fdq kdyh d glvflsolqlqj h�hfw rq uhsruwlqj/ lw lv qr jxdudqwhh ri remhfwlyh

lqirupdwlrq wudqvplvvlrq1 Pdq| lqglylgxdov sulpdulo| fkrrvh d phgld rxwohw lq ylhz ri

wkh hqwhuwdlqphqw lw r�huv/ dqg gr qrw fduh pxfk derxw �qglqj rxw zkhwkhu lwv uhsruwv

duh uhdoo| remhfwlyh1 Nqrzlqj wklv/ prvw phgld rxwohwv frpshwh dorqj d glphqvlrq zklfk

lv dw ehvw �lqirwdlqphqw�/ zlwk dffxudf| sod|lqj d plqru uroh1

Wkh odfn ri sulydwh lqfhqwlyhv iru frqvxphuv wr prqlwru phgld remhfwlylw| phdqv wkdw

phgld eldv fdq eh d vhulrxv gdqjhu wr ghprfudf|1 Wkh shufhswlrq ri wklv gdqjhu zdv

lqghhg/ lq vrph frxqwulhv/ wkh uhdvrq iru lqwurgxflqj qrupv wkdw surwhfw wkh lqghshq0

ghqfh ri mrxuqdolvwv/ uhvwulfwlrqv rq phgld rzqhuvkls/ jxlgholqhv iruflqj wkh phgld wr jlyh

frpsdudeoh uhsuhvhqwdwlrq wr rssrvlqj srlqwv ri ylhz/ dqg iru wkh rshudwlrq ri sxeolf

eurdgfdvwhuv15

Dowkrxjk pdq| srolwlfdo hfrqrplvwv wklqn wkdw wkh phvvdjhv frppxqlfdwhg e| wkh

pdvv phgld wr wkh flwl}hqu| kdyh d wuhphqgrxv lpsdfw xsrq froohfwlyh ghflvlrq0pdnlqj/

4Wklv frqfhuq zdv pluuruhg e| juhdw ghedwhv rq krz ehvw wr rujdql}h qhz pdvv phgld1 Vhh h1j1
PfFkhvqh|*v +4<<6, klvwru| ri wkh ghedwh ehwzhhq 4<5; dqg 4<68 ryhu krz ehvw wr vwuxfwxuh Dphulfdq
udglr eurdgfdvwlqj/ zklfk vxevhtxhqwo| surylghg wkh edvlv iru wkh ghyhorsphqw ri whohylvlrq lq wkh 4<73v
dqg 4<83v1

5Iru dq lqvljkwixo glvfxvvlrq ri sxeolf srolflhv lq wkh eurdgfdvwlqj lqgxvwu| vhh Prwwd dqg Sror +4<<:,1
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qrw pxfk wkhruhwlfdo zrun kdv ehhq ghyrwhg wr hoxflgdwlqj zkhq remhfwlyh qhzv fryhudjh

fdq eh h{shfwhg dqg zkhq qrw/ dqg zkdw wkh zhoiduh h�hfwv iurp phgld eldv duh1 Wkh

fxuuhqw sdshu vkhgv vrph oljkw rq wkhvh lvvxhv e| ghyhorslqj d prgho wkdw kdv flwl}hqv

yrwlqj ryhu srolf| dowhuqdwlyhv zlwk xqfhuwdlq zhoiduh h�hfwv dqg phgld wkdw duh zloolqj

wr eh fdswxuhg e| lqwhuhvw jurxsv1

Wkh srolf| lvvxhg prghohg lq wklv sdshu lv wkh ghwhuplqdwlrq ri wkh ohyho ri d surgxfwlylw|0

hqkdqflqj sxeolf edg wkdw fdxvhv dq xqfhuwdlq gdpdjh1 H{dpsohv wkdw �w wkh prgho duh

wkh uhjxodwlrq ri surgxfwlyh dfwlylwlhv wkdw fdxvh srooxwlrq/ dqg plolwdu| dwwdfnv frqgxfwhg

lq rughu wr orzhu wkh sulfh ri dq lpsruwhg lqsxw1 Dqrwkhu h{dpsoh lv wkh phujhu ri wzr

frpsdqlhv lq rughu wr irup d prqrsro|> wkh prqrsro| sulfh lv irupdoo| htxlydohqw wr d

sxeolf edg/ dqg wkh vlqhujlhv gxh wr d phujhu h{hpsoli| wkh surgxfwlylw| lqfuhdvh16 Wkh

phgld vhfwru lv srvlwhg wr frqvlvw ri d sulydwh xquhjxodwhg prqrsro|1 Wklv ehqfkpdun fdvh

fdswxuhv wzr lpsruwdqw hohphqwv ri prvw phgld v|vwhpv= wkh suhsrqghudqfh ri sulydwh

rzqhuvkls7 dqg wkh yhu| kljk ohyho ri lqgxvwu| frqfhqwudwlrq18

Wkh sursrvhg prgho gholyhu wzr edvlf uhvxowv1 Iluvw/ lw vkrzv wkdw phgld eldv lv pruh

olnho| wr rffxu lq srodul}hg vrflhwlhv/ zkhuh vshfldo jurxsv kdyh lqwhuhvwv wkdw duh pxfk lq

frq lfw zlwk wkrvh ri wkh pdmrulw| ri wkh srsxodwlrq1 Lq sduwlfxodu/ d kljk ohyho ri zhdowk

frqfhqwudwlrq lv frqgxflyh wr d v|vwhpdwlf phgld eldv1 Wklv uhvxow r�huv d udwlrqdoh iru

wkh dujxphqw ruljlqdoo| pdgh e| wkrvh lq idyru ri sxeolf uhjxodwlrq ri wkh phgld vhfwru=

wkh glvsursruwlrqdwh lq xhqfh ri wkh zhdowk| rq sxeolf rslqlrq irupdwlrq1 Ixuwkhupruh/

wkh uhvxow lv frqvlvwhqw zlwk fdvxdo revhuydwlrq1 Lq wkh X1V1/ wkh jurzwk ri lqhtxdolw| ryhu

6Urhphu +4<<6, surylghv d srolwlfdo0hfrqrplf dqdo|vlv ri wkh ghwhuplqdwlrq ri wkh ohyho ri d
surgxfwlylw|0hqkdqflqj sxeolf edg lq wkh fdvh ri frpsohwh lqirupdwlrq1

7Gmdqnry hw do1 +5334, dqdo|}h wkh rzqhuvkls vwuxfwxuh ri wrs qhzvsdshuv dqg whohylvlrq fkdqqhov>
wkhvh duh gh�qhg dv wkh �yh odujhvw gdlo| qhzvsdshuv/ dv phdvxuhg e| vkduh lq wrwdo flufxodwlrq/ dqg
wkh �yh odujhvw whohylvlrq vwdwlrqv/ dv phdvxuhg e| wkh vkduh ri ylhzlqj1 Lq wkh X1V1/ doo wrs phgld
duh sulydwho| rzqhg1 Lq Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq/ dqg wkh X1N1 sulydwh qhzvsdshuv kdyh d vkduh
ehwzhhq ;6 dqg 433 (/ zkloh sulydwh whohylvlrqv kdyh d vkduh ehwzhhq 6< dqg 94 (1 Dowkrxjk wkh vkduh
ri sulydwh whohylvlrq lq Lwdo| lv rqo| 6< (/ wkh frqwuroolqj vkduhkroghu lv dovr wkh fxuuhqw sulph plqlvwhu1

8Vl{ pxowlqdwlrqdov grplqdwh wkh phgld vhfwru zruogzlgh= DRO Wlph Zduqhu/ Glvqh|/ Jhqhudo Hohf0
wulf/ Qhzv Frusrudwlrq/ Yldfrp/ dqg Ehuwhovpdqq1 Wkh| duh odujho| lqwhuwzlqhg/ dv wkh| rzq vwrfn lq
hdfk rwkhu dqg frrshudwh lq mrlqw phgld yhqwxuhv> Edjglnldq +5333, uhihuv wr wkhp dv dq lqwhuqdwlrqdo
fduwho1
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wkh odvw wzr ghfdghv kdv ohg wr xqsuhfhghqwhg frqfhqwudwlrq ri zhdowk lq wkh kdqgv ri d

vpdoo plqrulw| ri wkh srsxodwlrq>9 dw wkh vdph wlph/ wkh wuxvw ri Dphulfdq shrsoh lq wkh

qhzv/ dv grfxphqwhg e| |hduo| vxuyh|v/ kdv uhdfkhg d uhfrug orz1:

Vhfrqg/ wkh prgho vkrzv wkdw phgld eldv grhv qrw qhfhvvdulo| ohdg wr orzhu vrfldo

zhoiduh1 Krzhyhu/ frqglwlrqv xqghu zklfk phgld eldv surprwhv vrfldo zhoiduh duh vkrzq

wr eh uhvwulfwlyh1

Zlwklq wkh srolwlfdo0hfrqrplf olwhudwxuh rq wkh uroh ri wkh phgld/ wkh sdshu wkdw lv

forvhvw wr wkh fxuuhqw rqh lv Ehvoh| dqg Sudw +5334,1 Wkhvh dxwkruv vwxg| krz wkh vwuxf0

wxuh ri wkh phgld d�hfwv srolwlfdo dffrxqwdelolw| zkhq yrwhuv fdqqrw wlpho| revhuyh wkh

shuirupdqfh ri wkh lqfxpehqw jryhuqphqw1 Wkh uroh ri wkh phgld lv wr surylgh lqirupd0

wlrq derxw wkh jryhuqphqw*v delolow| ehiruh yrwhuv pd| ghflgh wr uhhohfw lw> krzhyhu/ d

edg jryhuqphqw pd| ex| wkh phgld*v vlohqfh1 Wkh| vkrz wkdw wkh phgld vhfwru lv pruh

olnho| wr eh fruuxsw li wkhuh duh ihz rxwohwv> phgld soxudolw| whqgv wr hqvxuh remhfwlyh

qhzv fryhudjh ehfdxvh lw pdnhv lw kdughu iru wkh jryhuqphqw wr euleh wkh zkroh phgld

lqgxvwu|1 Ehvoh| dqg Sudw*v sdshu dqg wkh fxuuhqw rqh wkxv h{soruh wzr yhu| gl�huhqw

vhwwlqjv zkhuh phgld eldv fdq hphujh1 Zkloh lq wkhlu sdshu wkh phgld vhfwru lv fdswxuhg

e| wkh jryhuqphqw/ yrwhuv kdyh frpprq lqwhuhvwv/ dqg pxowlsoh phgld rxwohwv duh suhvhqw/

lq wkh fxuuhqw rqh wkhuh lv d pxowlsolflw| ri sulydwh djhqwv wkdw pd| fdswxuh wkh phgld/

yrwhuv kdyh frq lofwlqj lqwhuhvwv/ dqg wkhuh lv d prqrsrolvwlf phgld lqgxvwu|1

Wkh prgho lq wkh fxuuhqw sdshu srvlwv udwlrqdo yrwhuv wkdw xqghuvwdqg wkh srwhqwldo

lqfhqwlyhv ri wkh phgld wr pdqlsxodwh wkhlu uhsruwv1 Iroorzlqj wkh olwhudwxuh rq vwudwhjlf

lqirupdwlrq wudqvplvvlrq slrqhhuhg e| Fudzirug dqg Vreho +4<;5,/ lq wkh prgho ri wklv

sdshu wkhuh lv d �vhqghu� +wkh phgld prqrsro|, zkr revhuyhv d vljqdo derxw wkh wuxh

vwdwh ri wkh zruog dqg wkhq wudqvplwv d phvvdjh wr �uhfhlyhuv� +wkh yrwhuv,/ zkr fkrrvh

9Dffruglqj wr Zro� +5335/ s1 5,/ �Wkh jds ehwzhhq kdyhv dqg kdyh0qrwv lv juhdwhu qrz 0 dw wkh vwduw
ri wkh wzhqw|0�uvw fhqwxu| 0 wkdq dw dq| wlph vlqfh 4<5<1�

:D vwxg| xqghuwdnhq e| wkh Wlphv Pluuru Fhqwhu iru Wkh Shrsoh ) Wkh Suhvv frqfoxghv wkdw wkh qhzv
phgld*v �qhjdwlyh udwlqj� urvh iurp 841; shufhqw lq 4<;8 wr 9316 shufhqw lq 4<<8 +Khvv/ 4<<9,1 Wuxvw ri
wkh qhzv kdv vrphzkdw lqfuhdvhg diwhu wkh whuurulvwlf dwwdfnv ri Vhswhpehu 44/ 53341
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dq dfwlrq wkdw ghwhuplqh sd|r�v1 Lq vslulw/ wkh fxuuhqw prgho lv forvh wr wkh rqh ghyhorshg

e| Ehqderx dqg Odurtxh +4<<5,/ zkr lqyhvwljdwhg wkh pdqlsxodwlrq ri dq dvvhw pdunhw

wkurxjk dqqrxqfhphqwv e| dq lqvlghu wkdw dovr wudghv wkh dvvhw1 Zkloh lq wkhlu prgho

wkh vhqghu dlpv dw pdqlsxodwlqj d pdunhw surfhvv/ lq wkh fxuuhqw rqh wkh vhqghu wulhv wr

pdqlsxodwh d srolwlfdo surfhvv1

Vhfwlrq 5 ghvfulehv wkh prgho1 Htxloleuld duh fkdudfwhul}hg lq Vhfwlrq 6/ zkhuh wkh

uroh ri zhdowk frqfhqwudwlrq lv glvfxvvhg1 Vhfwlrq 7 ghyhorsv d zhoiduh dqdo|vlv1 Vhfwlrq 8

frqfoxghv1 Doo surriv duh jdwkhuhg lq wkh Dsshqgl{1

5 Wkh prgho

Wkh hfrqrp| lv srsxodwhg e| d frqwlqxxp ri djhqwv/ wkh pdvv ri zklfk lv qrupdol}hg

wr xqlw|1 Djhqwv duh ghqrwhg e| � 5 dfc �o ' U1 Hdfk djhqw lqhodvwlfdoo| vxssolhv rqh

xqlw ri oderu wr wkh �up vhfwru1 Wkhuh lv rqh uhsuhvhqwdwlyh �up lq wkh hfrqrp|1 Wkh

glvwulexwlrq ri �up rzqhuvkls lv vxppdul}hg e| w G U $LUn/ wkh iudfwlrq ri wkh �up rzqhg

e| djhqwv1 w vdwlv�hv
U
U w�_� ' �/ lv frqwlqxrxv dqg vwulfwo| lqfuhdvlqj1 Wkxv/ djhqwv duh

rughuhg dffruglqj wr wkhlu rzqhuvkls= � ' f lv wkh srruhvw djhqw dqg � ' � lv wkh ulfkhvw

djhqw lq wkh hfrqrp|1 Wkh phgldq ri wkh rzqhuvkls glvwulexwlrq lv ohvv wkdq wkh dyhudjh=

w�D � w6 � �1

Djhqwv kdyh frpprq suhihuhqfhv vxppdul}hg e| wkh iroorzlqj yrq Qhxpdq0Prujhqvwhuq

xwlolw| ixqfwlrq=

L� ' +� � /(E%�� +4,

Wkh yduldeoh +� ghqrwhv djhqw �*v frqvxpswlrq ri wkh sulydwh jrrg/ zkloh % lv wkh dprxqw

ri wkh sxeolf edg1 Wkh vwdwh ri wkh zruog / fdq wdnh wzr ydoxhv/ f dqg �> hdfk vwdwh

rffxuv zlwk htxdo suredelolw|1 Wkh ixqfwlrq ( GLUn $LUn uhsuhvhqwv wkh gdpdjh fdxvhg

e| wkh sxeolf edg/ zklfk rqo| pdwhuldol}hv li / ' �1 Wkh gdpdjh ixqfwlrq lv lqfuhdvlqj

dqg frqyh{= (� : f/ (�� � f1

Dq djhqw*v ohyho ri sulydwh frqvxpswlrq lv jlyhq e|
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+� ' �� n w��� ��E5� � /�2� +5,

Wkh yduldeoh �� ghqrwhv wkh zdjh lqfrph/ zkloh � lv wkh �up*v sur�w1 Wkh wklug whup rq

wkh u1k1v1 ri +5, fdswxuhv sulydwh ehqh�wv iurp jxhvvlqj wkh xqghuo|lqj vwdwh ri wkh zruog1

Djhqw � wdnhv dq dfwlrq 5� 5LU dqg wkhuh lv d frqvxpswlrq orvv zklfk lv plqlpl}hg li wkh

dfwlrq htxdov wkh vwdwh> wkh pdjqlwxgh ri wkh frqvxpswlrq orvv ghshqgv rq wkh srvlwlyh

sdudphwhu ��1

Wkh �up surgxfhv wkh sulydwh jrrg dffruglqj wr wkh surgxfwlrq ixqfwlrq

t ' }E%�sEu�c +6,

zkhuh u lv oderu1 Wkh ixqfwlrqv s G U $LUn dqg } GLUn $LUn duh vwulfwo| lqfuhdvlqj dqg

frqfdyh= s � : f : s ��/ }� : f : }��1 Lq rughu wr hqvxuh dq lqwhulru vroxwlrq/ }�Ef� ' 4 dqg

}�E4� ' f duh dvvxphg1

Wkhuh lv rqh djhqw lq wkh srsxodwlrq/ ghqrwhg e| � 5 U/ wkdw uxqv d phgld hqwhu0

sulvh1 Wklv dfwlylw| hqwdlov wzr suhurjdwlyhv= �uvw/ lw jlyhv djhqw � dffhvv wr sulylohgjhg

lqirupdwlrq> vhfrqg/ lw hqdeohv djhqw � wr frppxqlfdwh wkdw lqirupdwlrq wr wkh zkroh

srsxodwlrq1 Djhqw � lv uhihuuhg wr dv wkh mrxuqdolvw1 Klv vxshulru lqirupdwlrq derxw wkh

vwdwh ri wkh zruog frphv iurp d vljqdo r 5 ifc �j wkdw wkh mrxuqdolvw sulydwho| revhuyhv1

Zlwk suredelolw| R 5 E�*2c ��/ wklv vljqdo lv htxdo wr wkh wuxh vwdwh ri wkh zruog/ zkloh zlwk

suredelolw| �� R wkh mrxuqdolvw lv plvlqiruphg derxw wkh vwdwh1 Wkh mrxuqdolvw uhsruwv d

phvvdjh o 5 ifc �j derxw wkh vwdwh ri wkh zruog wr wkh srsxodwlrq1 Wkh odwwhu xwlol}hv wklv

uhsruw wr xsgdwh lwv eholhiv derxw wkh vwdwh1

Wkh mrxuqdolvw*v xwlolw| ixqfwlrq lv wkh vdph dv wkh rqh ri rwkhu djhqwv/ h{fhsw wkdw

kh pljkw dovr fduh derxw wkh fruh sulqflsohv ri klv surihvvlrq/ remhfwlylw| dqg dffxudf|1

Vshfl�fdoo|/

L� ' +� � /(E%�� V�mo � rmc
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zkhuh V� � f lv wkh ydoxh wr wkh mrxuqdolvw ri pdnlqj d wuxwkixo uhsruw1; Wklv ydoxh

lv dvvxphg wr eh sulydwh lqirupdwlrq1 Vshfl�fdoo|/ d mrxuqdolvw*v w|sh pd| eh hlwkhu

rssruwxqlvwlf ru lghdolvwlf1 Wkh rssruwxqlvwlf w|sh kdv V� ' f dqg sulru suredelolw| ��b>

wkh lghdolvwlf w|sh kdv V� ' V : f dqg rffxuv zlwk suredelolw| b 5 Efc ��1 Wkh mrxuqdolvw*v

w|sh dqg wkh vljqdo duh lqghshqghqwo| glvwulexwhg1

Wkh vhtxhqfh ri hyhqwv lv dv iroorzv1 Dw gdwh | ' f�D wkh mrxuqdolvw ohduqv klv w|sh1

Dw gdwh | ' �/ wkh mrxuqdolvw fdq sursrvh wr dq| rqh djhqw ri klv fkrlfh wr frooxgh1 Lq

fdvh ri djuhhphqw/ wkh fkrvhq djhqw dqg wkh mrxuqdolvw duh vdlg wr exlog d phgld frdolwlrq>

wkh mrxuqdolvw*v sduwqhu/ ghqrwhg e| @ 5 U/ lv fdoohg wkh dvvrfldwh1 E| iruplqj d phgld

frdolwlrq/ djhqwv � dqg @ djuhh wr vkduh wkh mrxuqdolvw*v lqirupdwlrq derxw wkh vljqdo dqg

wr mrlqwo| fkrrvh wkh mrxuqdolvw*v uhsruw frqglwlrqdo rq wkh revhuyhg vljqdo>< ixuwkhupruh/

wkh| djuhh rq vlgh sd|phqwv1 Wkh rxwfrph ri edujdlqlqj ehwzhhq wkh wzr djhqwv lv jlyhq

e| wkh jhqhudol}hg Qdvk vroxwlrq iru edujdlqlqj jdphv zlwk lqfrpsohwh lqirupdwlrq/ gxh

wr Kduvdq|l dqg Vhowhq +4<:5,1

Dw gdwh | ' ��D wkh mrxuqdolvw dqg klv dvvrfldwh/ li wkhuh lv rqh/ revhuyh wkh vljqdo1 Dw

gdwh | ' 2 wkh phgld uhsruw d phvvdjh wr wkh djhqwv1 Li qr phgld frdolwlrq zdv iruphg

lq wkh �uvw vwdjh/ wkh mrxuqdolvw xqlodwhudoo| fkrrvhv wkh uhsruw> lq fdvh ri frooxvlrq/ �

dqg @ mrlqwo| fkrrvh wkh uhsruw1 Wkh yrwhuv rqo| revhuyh wkh uhsruw> wkh| gr qrw revhuyh

zkhwkhu d phgld frdolwlrq zdv exlow ru qrw1 Xsrq kdylqj uhfhlyhg wkh uhsruw/ wkh yrwhuv

uhylvh wkhlu eholhiv derxw wkh xqghuo|lqj vwdwh lq dffrugdqfh zlwk Ed|hv* uxoh1

Dw gdwh | ' � djhqwv fkrrvh wkhlu dfwlrq dqg wkhq yrwh rq wkh ohyho ri wkh sxeolf edg>

wkh ohyho ri wkh sxeolf edg lv ghwhuplqhg dffruglqj wr wkh pdmrulw| uxoh1 Dw gdwh | ' e d

jhqhudo frpshwlwlyh hfrqrplf htxloleulxp rffxuv1

;Dowhuqdwlyho|/ wkh mrxuqdolvw idfhv d shqdow| li fdxjkw o|lqj> �m fdswxuhv wkh h{shfwhg xwlolw| orvv ri
o|lqj/ zklfk ghshqgv rq wkh ohyho ri wkh shqdow| dqg wkh suredelolw| ri hvfdslqj glvfryhu|1

<Wkxv/ wuxwkixo glvforvxuh ri wkh vljqdo lv dvvxphg wr eh hqirufhdeoh zlwklq wkh uhodwlrqvkls ehwzhhq
wkh mrxuqdolvw dqg wkh dvvrfldwh/ zkhuhdv wklv lv qrw srvvleoh lq wkh uhodwlrqvkls ehwzhhq wkh mrxuqdolvw
dqg wkh srsxodwlrq dv d zkroh1 Wkh lghd lv wkdw wkh wudqvdfwlrq frvwv ri yhuli|lqj wkh vljqdo wudqvplwwhg
e| wkh lqiruphg sduw| duh wrr kljk lq fdvh ri odujh jurxsv1
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6 Ghwhuplqdwlrq ri htxloleulxp

Wkh prgho lv dqdo|}hg e| edfnzdug lqgxfwlrq/ lpso|lqj wkdw djhqwv krog udwlrqdo h{shf0

wdwlrqv1

Vwdjh 7

Wkh sxuho| hfrqrplf sduw ri wkh prgho lv vwdqgdug1 Wkh uhsuhvhqwdwlyh �up wdnhv

sulfhv dv jlyhq dqg ghpdqg oderu vr dv wr pd{lpl}h lwv sur�w

� ' }E%�sEu�� �uc

zkhuh � lv wkh zdjh udwh dqg wkh sulydwh jrrg lv xvhg dv wkh qxpìudluh0jrrg1 Oderu

vxsso| lv �{hg dw � dqg lq htxloleulxp hyhu|erg| zrunv1 Urxwlqh frpsxwdwlrqv vkrz

wkdw lq htxloleulxp wkh zdjh lv jlyhq e|

�W ' }E%�s �E��� +7,

Htxloleulxp sur�wv duh jlyhq e|

�W ' }E%��c +8,

zkhuh � � sE���s �E�� : f lv sursruwlrqdo wr wkh gl�huhqfh ehwzhhq dyhudjh dqg pdujlqdo

oderu surgxfwlylw|1 Dv } lv dq lqfuhdvlqj ixqfwlrq/ erwk sur�w dqg zdjh lqfuhdvh zlwk wkh

ohyho ri wkh sxeolf edg1

Vwdjh 6

Wkh htxloleulxp ohyho ri wkh sxeolf edg lv wkh rqh zklfk ehdwv doo dowhuqdwlyhv lq

sdluzlvh frpsdulvrqv edvhg rq pdmrulw| yrwlqj1 Lq rughu wr fkdudfwhul}h wkh yrwhuv* suhi0

huhqfhv ryhu wkh ohyho ri wkh sxeolf edg/ qrwlfh wkdw dq djhqw*v lqgluhfw h{shfwhg xwlolw| lv

jlyhq e|

.L� ' �W n w��
W � u� � >(E%�c +9,

:



zkhuh u� lv wkh h{shfwhg sulydwh orvv lqgxfhg e| idlolqj wr jxhvv wkh xqghuo|lqj vwdwh dqg

> ' �hE/ ' �mo� lv wkh htxloleulxp srvwhulru suredelolw| dvvljqhg wr vwdwh � e| doo djhqwv

exw @ dqg �143

Lqvhuwlqj +7, dqg +8, lqwr +9, |lhogv

.L� ' }E%� ds �E�� n w��o� >(E%�� u�1 +:,

Vlqfh }E%� dqg �(E%� duh frqfdyh/ suhihuhqfhv iru wkh sxeolf edg duh vlqjoh0shdnhg1

Khqfh/ wkhuh h{lvwv d Frqgrufhw zlqqhu/ qdpho| wkh ohyho ri wkh sxeolf edg wkdw lv lghdo iru

wkh phgldq ri wkh rzqhuvkls glvwulexwlrq1 Wkh vhohfwhg ohyho ri wkh sxeolf edg lv lpsolflwo|

ghwhuplqhg e| wkh i1r1f1

}�E%W� ds �E�� n w6�o ' >(�E%W�� +;,

Wkh dfwlrq 5� lv wdnhq e| dq| djhqw � *5 i@c �j vr dv wr plqlpl}h wkh h{shfwhg orvv

u� ' ��dE�� >�52� n >E5� � ��2o�

Wkh rswlpdo fkrlfh lv

5W� ' >�

Ohw q ' �hE/ ' �mr� eh wkh suredelolw| dvvljqhg wr vwdwh � e| djhqwv @ dqg �1 Vwudljkw0

iruzdug frpsxwdwlrqv hvwdeolvk wkdw wkhlu rswlpdo dfwlrq lv 5W@ ' 5W� ' q1 Qrwlfh/ iru odwhu

xvh/ wkdw lq htxloleulxp u� ' ��qE�� q� dqg u@ ' �@qE�� q�1

Vwdjh 5

Lq wkh frppxqlfdwlrq vwdjh ri wkh prgho/ wkh phgld revhuyh d vljqdo r 5 ifc �j dqg

wkhuhxsrq uhsruw d phvvdjh o 5 ifc �j wr wkh djhqwv1 Edvhg rq wklv phvvdjh/ djhqwv* eholhiv
> derxw wkh vwdwh duh iruphg1 Htxdwlrq +;, lpsolflwo| gh�qhv wkh htxloleulxp ohyho ri wkh

sxeolf edg dv d ixqfwlrq ri yrwhuv* eholhiv >> zulwh wklv uhodwlrqvkls dv %WE>�1 Dsso|lqj

wkh wkhruhp rq wkh gl�huhqwldwlrq ri lpsolflw ixqfwlrqv uhyhdov wkdw _%W*_> 	 f1

43Vlqfh wkh| kdyh qr pdvv/ zh pd| vdiho| qhjohfw wkh uroh ri djhqwv d dqg m rq wkh yrwlqj rxwfrph1

;



Li d phgld frdolwlrq zdv iruphg lq vwdjh 4/ wkh uhsruw o lv fkrvhq vr dv wr pd{lpl}h

wkh dyhudjh ri wkh mrxuqdolvw*v dqg klv dvvrfldwh*v xwlolw|> khqfh lw vroyhv

4@ } E%WE>�� ds �E�� n wS�o� q( E%WE>��� V�
2
mo � rm � E�@ n ���qE�� q�

2
/ +<,

zkhuh > ' �hE/ ' �mo� lv wkh suredelolw| dvvljqhg wr vwdwh � e| doo rwkhu djhqwv/ S �
w3�EEw@ n w��*2� zkhuh w3� lv wkh lqyhuvh ri w/ dqg V� pd| eh hlwkhu f ru V1 Li qr phgld

frdolwlrq lv lq sodfh/ wkh mrxuqdolvw vhohfwv wkh uhsruw vr dv wr vroyh

4@ } E%WE>�� ds �E�� n w��o� q( E%WE>��� V�mo � rm � ��qE�� q�1 +43,

Wkh phgld*v rswlpdo vwudwhj| ghshqgv rq krz wkh phvvdjh d�hfwv sxeolf eholhiv iru0

pdwlrq dqg wkh mrxuqdolvw*v vhoi0uhvshfw +li wkh mrxuqdolvw lv ri wkh lghdolvwlf w|sh,1 Li wkh

lqwulqvlf prwlydwlrq ri wkh lghdolvwlf w|sh lv vx!flhqwo| vwurqj/ wkh iroorzlqj glfkrwrp|

ri ehkdylru dulvhv lq htxloleulxp= wkh rssruwxqlvwlf w|sh rqo| fduhv derxw wkh lpsdfw ri

wkh uhsruw rq wkh yrwlqj rxwfrph/ dqg wkh lghdolvwlf w|sh rqo| fduhv derxw ehlqj krqhvw1

Wklv fdvh lv srvlwhg iru wkh uhvw ri wkh dqdo|vlv1

Dvvxpswlrq 4 Iru dq| w 5 dwfc w�o wkh vroxwlrq wr

4@ } E%WE�hE/ ' �mo��� ds �E�� n w�o� q( E%WE�hE/ ' �mo���� V

2
mo � rm

kdv dozd|v o ' r1

E| pdnlqj V odujh hqrxjk lw fdq eh jxdudqwhhg wkdw wkh lghdolvwlf w|sh zloo dozd|v

wuxwkixoo| uhsruw wkh vljqdo1

Lq wkh fdvh ri wkh rssruwxqlvwlf w|sh/ wkh uhsruw qhhgv qrw frlqflgh zlwk wkh vljqdo1

Lqirupdoo|/ wkh iroorzlqj wzr htxloleulxp uhtxluhphqwv kdyh wr eh phw= �uvw/ wkh uhsruw

gholyhuhg e| wkh phgld pd{lpl}hv wkhlu remhfwlyh ixqfwlrq/ jlyhq wkh zd| lq zklfk eholhiv

duh iruphg> vhfrqg/ eholhiv fdq eh ghgxfhg iurp wkh phgld*v rswlpdo vwudwhj| xvlqj Ed|hv*

uxoh1

<



Zh qrz ehjlq fkdudfwhul}lqj wkh htxloleuld ri wkh vxejdph vwduwlqj diwhu vwdjh 4/ l1h1

diwhu lw zdv hvwdeolvkhg zkhwkhu wkh mrxuqdolvw fkrrvhv wkh uhsruw xqlodwhudoo| ru zlwk dq

dvvrfldwh1 Wkh sod|hu wkdw fkrrvhv wkh uhsruw zloo eh fdoohg wkh phgld dqg ghqrwhg e|

� 5 i�c Sj1

Ohppd 4 Wkhuh h{lvwv d vfdodu hw : w6 vxfk wkdw wkh iroorzlqj krogv= li w� � hw/ wkhuh
h{lvwv dq htxloleulxp ri wkh vxejdph lq zklfk wkh rssruwxqlvwlf mrxuqdolvw dozd|v uhsruwv

f/ lqghshqghqwo| ri wkh vljqdo> li w� 	 hw vxfk dq htxloleulxp grhv qrw h{lvw1

Wklv uhvxow hvwdeolvkhv wkdw d v|vwhpdwlf phgld eldv fdq eh dq rswlpdo vwudwhj| iru

wkh phgld li wkh rzqhuvkls vkduh ri wkrvh zkr frqwuro wkh phgld lv vx!flhqwo| odujh1 Wkh

lqwxlwlrq lv dv iroorzv1 Ohwwlqj wkh dprxqw ri wkh sxeolf edg lqfuhdvh errvwv wkh �up*v

sur�w1 Li wkrvh lq frqwuro ri wkh phgld duh hqwlwohg wr d odujhu sur�w vkduh wkdq wkh rqh

zklfk jrhv wr wkh phgldq yrwhu/ wkh phgld suhihu d odujhu dprxqw ri wkh sxeolf edg wkdq

wkh rqh suhihuuhg e| wkh phgldq yrwhu1 Lq wklv fdvh/ wkh rssruwxqlvwlf mrxuqdolvw zloo uhsruw

wkdw wkh sxeolf edg lv qrw olnho| wr eh kdupixo hyhq li wkh dfwxdo vljqdo lv wkdw wkh sxeolf

edg lv olnho| wr eh kdupixo1 Ehfdxvh ri wkh frq lfw ri lqwhuhvw/ wkh sxeolf zloo eh xqvxuh

zkhwkhu wkh phgld duh krqhvw1 Wkxv/ dq rswlplvwlf phvvdjh +o ' f, zloo qrw eh frpsohwho|

eholhyhg1 Yrwhuv uhdol}h wkdw zlwk wkh rssruwxqlvwlf mrxuqdolvw dqg hfrqrplfdoo| lqwhuhvwhg

phgld dq rswlplvwlf uhsruw frqyh|v qr lqirupdwlrq/ zkloh zlwk wkh lghdolvwlf mrxuqdolvw dq

rswlplvwlf uhsruw phdqv wkdw wkh jrrg vwdwh +/ ' f,/ kdv suredelolw| R1 E| Ed|hv* uxoh

yrwhuv zloo wkhq dvvljq d fhuwdlq suredelolw| ^ wr wkh edg vwdwh +/ ' �,1 Dv vkrzq lq wkh

Dsshqgl{/

^ '
�� Rb

2� b
�

Wklv suredelolw| lv odujhu wkdq ��R ehfdxvh wkh phgld duh qrw hqwluho| fuhgleoh1 Wkhuhiruh/

udwlrqdolw| sxwv dq xsshu erxqg wr wkh h{whqw ri eholhiv pdqlsxodwlrq e| phdqv ri phgld
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uhsruwv1 Wkh suredelolw| ^ dvvljqhg wr vwdwh � lv krzhyhu vwulfwo| ohvv wkdq �*2/ wkh sulru

suredelolw| ri wkdw vwdwh1 Wkhuhiruh/ wkrvh lq frqwuro ri wkh phgld duh lqghhg deoh wr

pdqlsxodwh wkh yrwhuv* eholhiv1

Li wkh sur�w vkduh ri wkh phgld lv forvh wr wkh phgldq yrwhu*v rqh/ wkh lqwhuhvwv ri wkh

phgld dqg wkrvh ri wkh phgldq yrwhu zloo doprvw eh doljqhg1 Lq vxfk d fdvh lw grhv qrw

sd| wr plvohdg wkh sxeolf vlqfh wkh hqvxlqj ohyho ri wkh sxeolf edg zrxog eh wrr odujh

hyhq iru wkh phgld> wkxv/ d vwudwhj| ri rswlplvwlf plvuhsruwlqj zloo qrw eh sod|hg li wkrvh

zkr frqwuro wkh phgld duh �ruglqdu| shrsoh�1

Ohppd 5 Wkhuh h{lvwv d vfdodu w� 	 w6 vxfk wkdw wkh iroorzlqj krogv= li w� � w�/ wkhuh

h{lvwv dq htxloleulxp ri wkh vxejdph lq zklfk wkh rssruwxqlvwlf mrxuqdolvw dozd|v uhsruwv

�/ lqghshqghqwo| ri wkh vljqdo> li w� : w� vxfk dq htxloleulxp grhv qrw h{lvw1

Wkh lqwhusuhwdwlrq ri wklv uhvxow pluuruv wkh suhylrxv rqh1 Wkrvh zkr frqwuro wkh

phgld pljkw kdyh lqwhuhvwv wkdw duh lq frq lfw zlwk wkrvh ri wkh phgldq yrwhu ehfdxvh

wkh iruphu duh pxfk srruhu wkdq wkh phgldq yrwhu1 Lq wklv fdvh/ phgld eldv hqwdlov d

v|vwhpdwlf uhsruwlqj ri shvvlplvwlf phvvdjhv/ vr dv wr uhgxfh wkh dprxqw ri wkh sxeolf

edg ghvluhg e| wkh hohfwrudwh1

Ohppd 6 Wkhuh h{lvw vfdoduv w dqg ew/ zlwk ew : w6 : w vxfk wkdw wkh iroorzlqj krogv= li

w� 5 dwc ewo/ wkhuh h{lvwv dq htxloleulxp ri wkh vxejdph lq zklfk wkh rssruwxqlvwlf mrxuqdolvw

fruuhfwo| uhsruwv zkdw kh revhuyhv> li w� *5 dwc ewo vxfk dq htxloleulxp grhv qrw h{lvw1

Wklv vwdwhv wkdw wkh lqwhuhvwv ri wkrvh lq frqwuro ri wkh phgld kdyh wr eh vlplodu wr

wkrvh ri wkh phgldq yrwhu lq rughu iru d krqhvw htxloleulxp wr h{lvw1

Wkh rswlplvwlf plvuhsruwlqj htxloleulxp ri Ohppd 4/ wkh shvvlplvwlf plvuhsruwlqj

htxloleulxp ri Ohppd 5/ dqg wkh krqhvw htxloleulxp ri Ohppd 6 duh wkh rqo| w|shv ri

htxloleuld lq sxuh vwudwhjlhv dgplwwhg e| wkh vxejdph1 Wkh htxloleulxp fruuhvsrqghqfh

fdq eh fkdudfwhul}hg dv iroorzv=
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Sursrvlwlrq 4 Wkhuh duh �yh srvvleoh uhjlphv=

li w� 	 w/ rqo| d shvvlplvwlf plvuhsruwlqj htxloleulxp h{lvw>

li w � w� � w�/ erwk d krqhvw dqg d shvvlplvwlf plvuhsruwlqj htxloleulxp h{lvw>

li w� 	 w� 	 hw/ rqo| d krqhvw htxloleulxp h{lvwv>

li hw � w� � ew/ erwk d krqhvw dqg dq rswlplvwlf plvuhsruwlqj htxloleulxp h{lvw>

li w� : ew/ rqo| dq rswlplvwlf plvuhsruwlqj htxloleulxp h{lvwv1

Dv d fruroodu|/ li wkh glvwulexwlrq ri rzqhuvkls lv hjdolwduldq/ w� ' w6 ' � dqg rqo|

wkh krqhvw htxloleulxp h{lvwv1

Vwdjh 4

Wkh ghflvlrq ri exloglqj d frdolwlrq pxvw eh rswlpdo jlyhq wkh zd| lq zklfk wkh phgld

uhsruwv d�hfw yrwhuv* eholhiv derxw wkh gdpdjh> wkhvh eholhiv kdyh wr eh frqvlvwhqw zlwk wkh

mrxuqdolvw*v rswlpdo irupdwlrq ri d frdolwlrq1 Wkh lqfhqwlyh wr frooxgh khdylo| ghshqgv rq

wkh mrxuqdolvw*v lqwhuhvwv/ dv fdswxuhg e| klv vkduh w�1 Lq rughu wr vlpsoli| wkh h{srvlwlrq/

zh dvvxph wkdw wkh mrxuqdolvw*v vwdnh lq wkh �up lv qrw wrr gl�huhqw iurp wkh phgldq=

Dvvxpswlrq 5 w� 5 Ew�c hw�1
Wklv dvvxpswlrq jxdudqwhhv wkdw hyhq wkh rssruwxqlvwlf mrxuqdolvw zloo pdnh d wuxwkixo

uhsruw li kh grhv qrw frooxgh zlwk dq|erg|1

Sursrvlwlrq 5 +l, Lq d krqhvw htxloleulxp/ wkh mrxuqdolvw kdv qr dvvrfldwh1 +ll, Lq

dq rswlplvwlf plvuhsruwlqj htxloleulxp/ wkh rssruwxqlvwlf mrxuqdolvw dvvrfldwhv zlwk � ' �1

+lll, Lq d shvvlplvwlf plvuhsruwlqj htxloleulxp/ wkh rssruwxqlvwlf mrxuqdolvw dvvrfldwhv zlwk

� ' f1

Lq fdvh ri d krqhvw htxloleulxp/ wkhuh lv qr vfrsh iru frooxglqj vlqfh wkh mrxuqdolvw kdv

qr fuhgleoh wkuhdw wr ghyldwh iurp wuxwkixo uhsruwlqj1 Lq fdvh ri d plvuhsruwlqj htxloleulxp/

kh fdq fuhgleo| wkuhdwhq klv dvvrfldwh wr vzlwfk wr wuxwkixo uhsruwlqj li qr djuhhphqw lv

uhdfkhg1 Wklv wkuhdw jlyhv wkh mrxuqdolvw vrph edujdlqlqj srzhu/ wkdw kh fdq h{sorlw e|
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qhjrwldwlqj zlwk dq djhqw wkdw ehqh�wv iurp phgld eldv1 Lq dq rswlplvwlf plvuhsruwlqj

htxloleulxp/ wkh djhqwv wkdw kdyh d nhhq lqwhuhvw lq phgld eldv duh wkh zhdowk| rqhv1 Lq

rughu wr pd{lpl}h wkh vlgh sd|phqw rewdlqhg zkhq frooxglqj/ wkh mrxuqdolvw fkrrvhv dv

dvvrfldwh wkh djhqw zlwk wkh odujhvw vwdnh lq pdqlsxodwlqj wkh hohfwrudwh/ zklfk lv wkh

djhqw zlwk wkh odujhvw vkduh lq wkh �up1 Frqyhuvho|/ lq fdvh ri d shvvlplvwlf plvuhsruwlqj

htxloleulxp/ wkh mrxuqdolvw pd{lpl}hv klv lqfrph e| dvvrfldwlqj zlwk wkh djhqw zlwk wkh

orzhvw vkduh lq wkh �up1

Ghshqglqj rq wkh vkdsh ri wkh glvwulexwlrq ri rzqhuvkls w/ wkh htxloleulxp pd| eh dq|

rqh ri wkrvh lghqwl�hg lq Sursrvlwlrq 51 Lq wkh h{wuhph fdvh ri wkh hjdolwduldq glvwulexwlrq/

wkh xqltxh htxloleulxp lv wkh rqh zlwk krqhvw uhsruwlqj/ vlqfh qrerg| jdlqv iurp phgld

eldv1 Li wkh glvwulexwlrq lv hjdolwduldq iru hyhu|erg| h{hfhsw iru � ' f/ d shvvlplvwlf

plvuhsruwlqj htxloleulxp pd| h{lvw li wf lv vx!flhqwo| vpdoo1 Lq wkh vhtxho/ wkh fdvh lv

h{dplqhg lq zklfk wkh glvwulexwlrq ri rzqhuvkls ixo�oov wkh iroorzlqj plog uhvwulfwlrq=

Dvvxpswlrq 6 w� � f1

Vlqfh w� 	 w6/ wkh deryh frqglwlrq lv phw iru vxuh li wkh rzqhuvkls vkduh ri wkh phgldq

yrwhu lv }hur/ zklfk lv frqvlvwhqw zlwk revhuydwlrq1

Sursrvlwlrq 6 Wkhuh h{lvw vfdoduv hw� ' 2hw� w� dqg ew� ' 2ew� w�/ zlwk ew� : hw� : w�/

vxfk wkdw wkh iroorzlqj krogv=

li w� 	 hw�/ rqo| d krqhvw htxloleulxp h{lvwv>

li hw� � w� � ew�/ erwk d krqhvw dqg d plvuhsruwlqj htxloleulxp h{lvw>

li w� : ew�/ rqo| d plvuhsruwlqj htxloleulxp h{lvwv1

Xqghu wkh dvvxpswlrqv 406/ wkh htxloleulxp fdq eh ghvfulehg dv iroorzv1 Li wkh ghjuhh

ri zhdowk frqfhqwudwlrq lv orz/ l1h1 wkh zhdowklhvw djhqw lv qrw wrr pxfk ulfkhu wkdq wkh

phgldq yrwhu/ wkh mrxuqdolvw vwd|v lqghshqghqw dqg pdnhv wuxwkixo uhsruwv1 Li wkh ghjuhh

ri zhdowk frqfhqwudwlrq lv vx!flhqwo| kljk/ dq rssruwxqlvwlf mrxuqdolvw frooxghv zlwk wkh

zhdowklhvw djhqw lq wkh hfrqrp| dqg dozd|v uhsruwv rswlplvwlf phvvdjhv/ lqghshqghqwo|
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ri wkh vljqdo1 Iru lqwhuphgldwh ohyhov ri zhdowk frqfhqwudwlrq/ erwk krqhvw| dqg eldv fdq

eh sduw ri htxloleulxp ehkdylru1

7 Zhoiduh dqdo|vlv

Zlwk txdvl0olqhdu suhihuhqfhv/ dq h!flhqw doorfdwlrq ri uhvrxufhv rewdlqv li h{shfwhg wrwdo

vxusoxv

}E%�sE��� q(E%�� �dE�� q�52 n qE5 � ��2o +44,

lv pd{lpl}hg/ zkhuh � '
U
U ��_�1 Wkh xqltxh h!flhqw ohyho ri wkh sxeolf edg lv lpsolflwo|

jlyhq e|
}�E%7�

(�E%7�
'

q

sE��

dqg wkh h!flhqw ohyho ri wkh sulydwh dfwlrq lv

57 ' q�

Zh qrz hydoxdwh wkh h{shfwhg wrwdo vxusoxv dfklhyhg lq htxloleulxp iurp dq h{ dqwh

srlqw ri ylhz/ l1h1 dw gdwh | ' f1 Zh uhihu wr wklv vxusoxv dv wr wkh htxloleulxp vrfldo

zhoiduh1 Wkh lvvxh zh duh lqwhuhvwhg lq lv wkh iroorzlqj= Vxssrvh wkdw wkhuh lv dq lqfuhdvh

lq wkh ghjuhh ri zhdowk frqfhqwudwlrq vxfk wkdw wkh htxloleulxp vzlwfkhv iurp krqhvw wr

plvuhsruwlqj> krz zloo vrfldo zhoiduh eh d�hfwhgB

Sursrvlwlrq 7 Vrfldo zhoiduh lv odujhu lq d krqhvw wkdq lq d plvuhsruwlqj htxloleulxp/

li � lv vx!flhqwo| odujh dqg 2 ru w6 lv vx!flhqwo| forvh wr �1

Li wkhuh lv d vx!flhqwo| vwurqj sulydwh frqfhuq zlwk remhfwlyh lqirupdwlrq/ phgld eldv

lqgxfhv d zhoiduh orvv ehfdxvh wkh lqirupdwlrq qrw wudqvplwwhg lv yhu| ydoxdeoh1 Phgld

eldv lv dovr zhoiduh zruvhqlqj li wkhuh lv qr sulydwh frqfhuq zlwk lqirupdwlrq +� ' f,/

surylghg wkdw phgldq zhdowk lv forvh wr dyhudjh zhdowk1 Wkh lqwxlwlrq lv vlplodu wr wkh

rqh derxw yrwlqj rq sxeolf jrrgv �qdqfhg e| d oxps0vxp wd{ lq d ixoo0lqirupdwlrq frqwh{w

^Ehujvwurp +4<:<,`1 Dv h{suhvvlrq +44, vkrzv lw/ h{shfwhg wrwdo vxusoxv frlqflghv zlwk wkh
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h{shfwhg xwlolw| ri wkh djhqw zlwk dyhudjh zhdowk1 Li wkh zhdowk dprxqw ri wkh phgldq yrwhu

lv forvh wr dyhudjh/ khu lghdo ohyho ri wkh sxeolf edg lv wkh h!flhqw rqh xqghu frpsohwh

lqirupdwlrq1 Xqghu lqfrpsohwh lqirupdwlrq/ h!flhqf| fdq eh hqkdqfhg e| jlylqj wkh

yrwhuv dffhvv wr pruh lqirupdwlrq1 Wklv lv wkh uhdvrq zk| d krqhvw htxloleulxp gholyhuv

d odujhu vrfldo zhoiduh wkdq d plvuhsruwlqj htxloleulxp li wkh phgldq dqg wkh dyhudjh ri

wkh glvwulexwlrq frlqflgh1

Zkhuhdv phgld eldv lv qhfhvvdulo| kdupixo zlwk uhvshfw wr wkh h!flhqf| ri wkh sulydwh

dfwlrq/ lwv h�hfw rq wkh h!flhqf| ri wkh yrwlqj rxwfrph pd| ghshqg rq wkh zhdowk ri

wkh phgldq yrwhu1 Lq rughu wr xqghuvwdqg wklv/ frqvlghu �uvw wkh fdvh zkhuh wkh revhuyhg

vljqdo lv f1 D plvuhsruwlqj htxloleulxp jhqhudwhv d orzhu h{shfwhg wrwdo vxusoxv wkdq

d krqhvw htxloleulxp iru wkh iroorzlqj uhdvrq1 Lq d plvuhsruwlqj htxloleulxp yrwhuv duh

pruh suxghqw/ ehfdxvh wkh| dovr uhfhlyh rswlplvwlf uhsruwv li vljqdo � lv revhuyhg e| wkh

phgld1 Khqfh/ wkh vhohfwhg ohyho ri wkh sxeolf edg lv orzhu wkdq wkh rqh fkrvhq lq d krqhvw

htxloleulxp1 Krzhyhu/ wkh dprxqw ri wkh sxeolf edg lq d krqhvw htxloleulxp lv ohvv wkdq

wkh h!flhqw rqh/ ehfdxvh wkh phgldq yrwhu sur�wv ohvv wkdq dyhudjh iurp wkh sxeolf edg1

Wkxv/ lq d plvuhsruwlqj htxloleulxp wkh ohyho ri wkh sxeolf edg lv vrphzkdw vpdoohu dqg

h{shfwhg zhoiduh lv vrphzkdw ohvv wkdq lq d krqhvw htxloleulxp1

Wkh zhoiduh h�hfw fdq lqvwhdg jr lq hlwkhu gluhfwlrq li vljqdo � lv revhuyhg e| wkh phgld

dqg wkxv d idovh uhsruw lv pdgh lq d plvuhsruwlqj htxloleulxp1 Li wkh phgldq yrwhu kdv

d yhu| vpdoo rzqhuvkls vkduh/ khu lghdo ohyho ri wkh sxeolf edg fdq eh pxfk ehorz wkh

h!flhqw rqh1 Khqfh/ lw pljkw eh ehwwhu wr zlwkgudz lqirupdwlrq iurp wkh yrwhuv li wklv

ohdgv wr vhohfwlqj d odujhu dprxqw ri wkh sxeolf edg1 Dowkrxjk wkh vhohfwhg dprxqw zloo

jhqhudoo| gl�hu iurp wkh h!flhqw rqh/ lw pljkw ohdg wr d odujhu wrwdo vxusoxv wkdq wkh rqh

rewdlqhg xqghu remhfwlyh uhsruwlqj1

Wkh deryh dujxphqwv vxjjhvw wkdw wkh sdudgr{lfdo uhvxow ri dq lqfuhdvh lq vrfldo zhoiduh

gxh wr phgld eldv lv wkh pruh olnho|/ wkh vpdoohu wkh sulydwh frqfhuq zlwk lqirupdwlrq +�

orz, dqg wkh vpdoohu wkh rzqhuvkls vkduh ri wkh phgldq yrwhu +w6 orz,1 Dv vkrzq e| wkh
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iroorzlqj uhvxow/ hyhq zkhq � dqg w6 duh }hur/ frqglwlrqv iru d zhoiduh0lpsurylqj phgld

eldv pd| eh txlwh uhvwulfwlyh1

Sursrvlwlrq 8 Vxssrvh w6 ' � ' f/ } txdgudwlf/ dqg ( olqhdu1 Vrfldo zhoiduh lv

odujhu lq d plvuhsruwlqj wkdq lq d krqhvw htxloleulxp/ li dqg rqo| li wkh vkduh ri djjuhjdwh

lqfrph jrlqj wr oderu lv ohvv wkdq �*21

Lq rughu wr jhw wkh lqwxlwlrq iru wklv uhvxow/ lw lv xvhixo wr wklqn ri wkh phgldq yrwhu dv d

glfwdwru wkdw fkrrvhv wkh ohyho ri wkh sxeolf edg1 Li wkh phgldq yrwhu rzqv qr vkduhv/ khu

lqfrph rqo| ghshqgv rq wkh zdjh ohyho1 Zkhq fkrrvlqj wkh ohyho ri wkh sxeolf edg/ wkh

phgldq yrwhu wudghv r� wkh zdjh lqfuhdvh dqg wkh h{shfwhg gdpdjh1 Khqfh/ vkh grhv qrw

lqwhuqdol}h wkh h�hfw ri wkh sxeolf edg rq sur�wv1 Wkh vpdoohu wkh vkduh ri oderu lqfrph

lq djjuhjdwh lqfrph/ wkh odujhu wkh idloxuh ri wkh phgldq yrwhu wr surshuo| lqwhuqdol}h doo

h�hfwv iurp d odujhu ohyho ri wkh sxeolf edg1 Wklv phdqv wkdw li wkh vkduh ri lqfrph jrlqj

wr oderu lv orz/ wkh phgldq yrwhu lv d srru ghflvlrq0pdnhu iru vrflhw| dv d zkroh1 Lq wklv

fdvh/ vrflhw| pd| ehqh�w iurp kdylqj d ohvv lqiruphg ghflvlrq0pdnhu/ zklfk lv wkh fdvh

li wkh phgld duh eldvhg1 Xqghu wkh frqglwlrqv ri Sursrvlwlrq 8/ wklv rqo| rffxuv li zdjhv

pdnh ohvv wkdq 83 ( ri qdwlrqdo lqfrph/ d frqglwlrq zklfk lv lq doprvw hyhu| frxqwu| qrw

ixo�oohg1

8 Frqfoxvlrq

Dowkrxjk pdq| srolwlfdo hfrqrplvwv wklqn wkdw wkh phvvdjhv frppxqlfdwhg e| wkh pdvv

phgld wr wkh flwl}hqu| kdyh d wuhphqgrxv lpsdfw xsrq froohfwlyh ghflvlrq0pdnlqj/ qrw

pxfk wkhruhwlfdo zrun kdv ehhq ghyrwhg wr hoxflgdwlqj zkhq remhfwlyh qhzv fryhudjh fdq

eh h{shfwhg dqg zkhq qrw/ dqg zkdw wkh zhoiduh h�hfwv iurp phgld eldv duh1 Wkh fxuuhqw

sdshu frqwulexwhv wr �oo wkh jds e| r�hulqj d prgho wkdw kdv flwl}hqv zlwk frq lfwlqj

lqwhuhvwv yrwlqj ryhu srolf| dowhuqdwlyhv zlwk xqfhuwdlq zhoiduh h�hfwv dqg phgld wkdw duh

zloolqj wr eh fdswxuhg e| vshfldo jurxsv1
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Wkh sursrvhg prgho gholyhu vrph lqwhuhvwlqj lqvljkwv1 Iluvw/ phgld eldv lv vkrzq wr

rffxu rqo| li vrflhw| lv srodul}hg/ ehfdxvh wkrvh zlwk h{wuhph suhihuhqfhv kdyh d vwurqj

lqfhqwlyh wr euleh wkh phgld1 Wklv fdq lpso| wkdw dq lqfuhdvh lq wkh ghjuhh ri zhdowk

frqfhqwudwlrq xqghuplqhv remhfwlyh qhzv fryhudjh1 Vhfrqg/ phgld eldv lv vkrzq wr lpso|

dq h!flhqf| orvv li wkh zhdowk ri wkh phgldq yrwhu lv forvh wr dyhudjh zhdowk ru li wkh

lqirupdwlrq wudqvplwwhg e| wkh phgld kdv d vx!flhqwo| odujh sulydwh ydoxh1 Zkloh phgld

eldv lv qrw qhfhvvdulo| zhoiduh zruvhqlqj/ frqglwlrqv xqghu zklfk phgld eldv lqfuhdvh vrfldo

zhoiduh duh vkrzq wr eh uhvwulfwlyh1

Wkh prgho kdv sruwud|hg wkh ehqfkpdun fdvh ri dq xquhjxodwhg phgld prqrsro|/ dqg

d ghvludeoh remhfwlyh ri ixwxuh uhvhdufk lv wr vwxg| phgld frpshwlwlrq dorqj zlwk vrph

jryhuqphqwdo lqwhuyhqwlrq1 Lq wkh X1V1/ gxulqj wkh odvw �iwhhq |hduv pxfk ri wkh uhjxodwru|

iudphzrun hpehgglqj wkh phgld vhfwru kdv dfwxdoo| ehhq glvpdqwohg 0 dqg vlplodu wuhqgv

fdq eh revhuyhg lq rwkhu frxqwulhv1 Wkh udwlrqdoh r�huhg e| wkh Ihghudo Frppxqlfdwlrqv

Frpplvvlrq lv wkdw rq jurxqg ri whfkqrorjlfdo ghyhorsphqwv/ olnh fdeoh whohylvlrq dqg

wkh lqwhuqhw/ sxeolf uhjxodwlrq ri wkh phgld vhfwru kdv ehfrph vxshu xrxv1 Krzhyhu/ d

orrn dw wkh rzqhuvkls vwuxfwxuh ri wkh phgld uhyhdov wkdw wkh Dphulfdq phgld lqgxvwu| lv

kljko| frqfhqwudwhg/ hvshfldoo| zlwk uhjdug wr whohylvlrq/ zkhuh doo pdmru vrxufhv ri qhzv

duh glylvlrqv ri �yh vwurqjo| lqwhuwzlqhg frqjorphudwhv144 Lq ylhz ri wkh uhfhqw ulvh ri

hfrqrplf lqhtxdolw| lq wkh X1V1/ wkh uhvxowv ri wkh fxuuhqw sdshu vxjjhvw d pruh ehqljq

dvvhvvphqw ri wkh srwhqwldo uroh ri sxeolf lqwhuyhqwlrq lq wkh phgld vhfwru1

Dfnqrzohgjphqw

Khosixo uhpdunv e|Pdvvlpr Erugljqrq dqg Xoi yrq Ololhqihog0Wrdo duh judwhixoo| dfnqrzo0

hgjhg1 L kdyh dovr ehqh�whg iurp frpphqwv ri sduwlflsdqwv dw vhplqduv dw Xqlyhuvlw| ri

Pdqqkhlp/ Xqlyhuvlwä Fdwwrolfd/ Plodq dqg Wlqehujhq Lqvwlwxwh/ Urwwhugdp1

44Vhh �Lq Phgld Uhv� e| Sdxo Nuxjpdq/ sxeolvkhg lq Wkh Qhz \run Wlphv/ 4415<153351
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Dsshqgl{

Surri ri Ohppd 41

D sxuh vwudwhj| iru wkh rssruwxqlvwlf w|sh +V� ' f, lqglfdwhv zklfk phvvdjh lv vhqw

zkhq d jlyhq vljqdo lv revhuyhg1 Wkhuh duh irxu srvvleoh sxuh vwudwhj| sdluv= Efc f�/

E�c ��/ Efc ��/ E�c f�1 Wkh �uvw hohphqw ri hdfk yhfwru lqglfdwhv wkh phgld*v uhsruw zkhq wkh

revhuyhg vljqdo lv f dqg wkh vhfrqg hohphqw lqglfdwhv wkh uhsruw zkhq vljqdo � lv revhuyhg1

Vxssrvh wkdw lq fdvh ri wkh rssruwxqlvwlf w|sh/ wkh vwudwhj| sdlu Efc f� lv sod|hg> zkdw

lqihuhqfhv zloo djhqwv gudz derxw wkh vwdwh ri wkh zruogB

Li djhqwv uhfhlyhv d shvvlplvwlf uhsruw +o ' �,/ wkh| zloo eh vxuh wkdw wkh mrxuqdolvw lv

lghdolvwlf dqg lv wkxv wuxwkixoo| uhsruwlqj wkh vljqdo1 Khqfh/

�hE/ ' �mo ' �� ' �hE/ ' �mr ' ���

E| Ed|hv* uxoh/ djhqwv zloo wkhq dvvljq suredelolw| R wr vwdwh �1 Wkh yrwlqj rxwfrph zloo

wkxv eh %WER� 	 %WE�*2�/ zkhuh wkh odwwhu uhsuhvhqwv wkh vhohfwhg ohyho ri wkh sxeolf edg

zkhq qr lqirupdwlrq lv frqyh|hg e| wkh phgld1

Li djhqwv uhfhlyh dq rswlplvwlf uhsruw +o ' f,/ doo exw @ dqg � zloo eh xqvxuh zkhwkhu wkh

mrxuqdolvw lv rssruwxqlvwlf +lq zklfk fdvh wkh uhsruw frqyh|v qr lqirupdwlrq, ru lghdolvwlf

+lq zklfk fdvh wkh vwdwh lv f zlwk suredelolw| R,1 E| Ed|hv* uxoh wkh| zloo dvvljq suredelolw|

�

2
EbRn �� b�

�

2
EbRn �� b� n �

2
dbE�� R� n �� bo

wr vwdwh f1 Wkh ohyho ri wkh sxeolf edg zloo eh %WE^�/ zkhuh

^ '
�� Rb

2� b
+45,

lv wkh suredelolw| dvvljqhg wr vwdwh �1 Qrwlfh wkdw ^ 5 E�� Rc �*2� dqg wkhuhiruh %WE^� :

%WE�*2�1

Jlyhq wkrvh lqihuhqfhv/ zkdw lv wkh rswlpdo vwudwhj| iru wkh phgld lq fdvh V� ' fB Ohw

wkh phgld*v sd|r� eh ghqrwhg dv

��E>( q� ' T�E>( q�� SJ?r|c +46,
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zkhuh

T�E>( q� ' } E%WE>�� ds �E�� n w��o� q( E%WE>��

ghqrwhv djhqw �*v sd|r� ghulyhg iurp wkh yrwlqj rxwfrph li wkh sxeolf dvvljqv suredelolw|

> wr vwdwh � dqg lwv wuxh suredelolw| lv q/ zkloh wkh frqvwdqw htxdov ��qE� � q� li wkh

mrxuqdolvw kdv qr dvvrfldwh dqg lw htxdov E�@ n ���qE�� q�*2 li d phgld frdolwlrq lv exlow1

Wr ehjlq zlwk/ vxssrvh wkdw w� � w61 Lq wklv fdvh/ wkh vwudwhj| E�c f� lv vwurqjo|

grplqdwhg e| Efc f�/ zkloh wkh vwudwhj| E�c �� lv vwurqjo| grplqdwhg e| Efc ��1 Lq rughu wr

vhh wklv/ frqvlghu wkh sd|r�v ri wkh frdolwlrq li vljqdo f lv revhuyhg=

��E>( �� R� ' T�E>( �� R�� SJ?r|�

E| h{dplqlqj krz wkh uhsruw d�hfwv wkh yrwlqj rxwfrph/ lw fdq qrz eh vkrzq wkdw

krqhvw| grplqdwhv plvuhsruwlqj1 Li/ xsrq revhuylqj f/ wkh phgld uhsruw �/ > ' R dqg wkh

ohyho ri wkh sxeolf edg zloo eh %WER�> li wkh| uhsruw f/ wkdw ohyho zloo eh %WE^� : %WER�1

Vxssrvh iru wkh prphqw wkdw w� ' w61 Vlqfh wkh suredelolw| ri vwdwh � lv � � R/ wkh

lghdo ohyho ri wkh sxeolf edg iru wkh phgld lv lq wklv fdvh %WE�� R� : %WE^�1 Vxssrvh qrz

w� : w6> wkh phgld*v suhihuuhg ohyho ri wkh sxeolf edg lv lpsolflwo| jlyhq e| wkh i1r1f1

}�E%�

(�E%�
'

q

s �E�� n w��
/ +47,

zkhuh q ' �� R lq wkh suhvhqw fdvh1 Vlqfh wkh ixqfwlrq rq wkh o1k1v1 lv vwulfwo| ghfuhdvlqj

lq wkh ohyho ri wkh sxeolf edg/ wkh suhihuuhg ohyho lv vwulfwo| lqfuhdvlqj lq w� > khqfh/ lw pxvw

eh odujhu wkdq %WE��R�1 Vlqfh suhihuhqfhv duh vlqjoh0shdnhg/ T�E^( �� R� : T�ER( �� R�1

Whoolqj wkh wuxwk lv wkxv rswlpdo li r ' f> khqfh/ vwudwhj| Efc f� grplqdwhv vwudwhj| E�c f�

dqg Efc �� grplqdwhv E�c ��1

Wkh rswlpdo vwudwhj| lv wkhuhiruh hlwkhu whoolqj wkh wuxwk/ Efc ��/ ru Efc f�1 Lq rughu wr

vhh zklfk lv wkh rswlpdo rqh/ frpsxwh wkh sd|r�v ri wkh phgld li wkh revhuyhg vljqdo lv

�1 E| +46,/ wkh qhw jdlq ri plvuhsruwlqj lv
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��E^( R����ER( R� ' T�E^( R�� T�ER( R��

Khqfh/ Efc f� lv dq htxloleulxp li dqg rqo| li

T�E^( R�� T�ER( R� � fc

zkhuh

T�E^( R��T�ER( R� ' d} E%WE^���} E%WER��o ds �E�� n w��o�Rd( E%WE^���( E%WER��o� +48,

Wkh qhw jdlq ri plvuhsruwlqj lv vwulfwo| lqfuhdvlqj lq w� ehfdxvh }� : f dqg %WE^� : %WER�1

Frqvlghu wkh fdvh lq zklfk w� ' w61 Wkhq/ %WER� lv wkh phgld*v lghdo ohyho ri wkh sxeolf

edg/ vr wkdw T�E^( R� 	 T�ER( R�1 Frqvlghu qrz wkh fdvh lq zklfk � ' �/ w� $ n4 dqg

wkxv w� $ n41 Vlqfh/ e| htxdwlrq +47,/ wkh phgld*v lghdo ohyho ri wkh sxeolf edg jrhv wr

n4 li w� grhv wkh vdph dqg vlqfh suhihuhqfhv duh vlqjoh0shdnhg/ %WE^� gholyhuv d odujhu

sd|r� wkdq %WER�= T�E^( R� : T�ER( R�1 Khqfh/ wkhuh h{lvwv d fulwlfdo ohyho hw : w6 vxfk

wkdw T�E^( R�� T�ER( R� � f li dqg rqo| li w� lv odujhu wkdq hw1
Lw uhpdlqv wr eh vkrzq wkdw Efc f� fdqqrw eh dq htxloleulxp li w� 	 w61 Wklv iroorzv

iurp +48,/ zklfk vkrzv wkdw Efc f� lv grplqdwhg e| Efc �� li w� 	 w61 Khqfh/ dq htxloleulxp

zlwk Efc f� h{lvwv li dqg rqo| li w� � hw1 T1H1G1
Surri ri Ohppd 51

Wkh surri lv v|pphwulf wr wkh suhylrxv rqh dqg zloo rqo| eh vnhwfkhg1 Li E�c �� lv wkh

phgld*v vwudwhj|/ wkhq wkh sxeolf dvvljqv suredelolw| � � R wr wkh edg vwdwh li o ' f lv

revhuyhg/ dqg suredelolw| | 5 E�*2c R� li o ' � lv revhuyhg1

Li w� � w6/ wkh rswlpdo vwudwhj| ri wkh phgld/ jlyhq wkh deryh lqihuhqfhv/ lv hlwkhu

Efc �� ru E�c ��1 Khqfh/ wkhuh lv d shvvlplvwlf plvuhsruwlqj htxloleulxp li

T�E|( �� R�� T�E�� R( �� R� � fc
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zklfk fdq eh zulwwhq dv

d} E%WE�� R��� } E%WE|��o ds �E�� n w��o � E�� R�d( E%WE�� R���( E%WE|��o� +49,

Vlqfh %WE� � R� : %WE|�/ wkh qhw jdlq ri plvuhsruwlqj lv d ghfuhdvlqj ixqfwlrq ri

w� 1 Li w� ' w6/ wkhq/ %WE� � R� lv wkh phgld*v lghdo ohyho ri wkh sxeolf edg/ vr wkdw

T�E|( � � R� 	 T�E� � R( � � R�1 Li w� ' �s �E��*�/ wkhq wkh whup rq wkh o1k1v1 ri +49,

lv }hur/ dqg wkxv T�E|( � � R� 	 T�E� � R( � � R�1 Khqfh wkhuh h{lvwv w� 	 w6 vxfk wkdw

E�c �� lv dq htxloleulxp li dqg rqo| li w� � w�1 T1H1G1

Surri ri Ohppd 6

Vxssrvh wkdw wkh rswlpdo vwudwhj| ri erwk w|shv lv Efc ��1 E| uhfhlylqj phvvdjh f/

yrwhuv zloo lqihu wkdw vwdwh � kdv suredelolw| ��R1 Khqfh/ wkh ohyho %WE�� R� ri wkh sxeolf

edg zloo uhvxow1 E| uhfhlylqj phvvdjh �/ yrwhuv zloo lqihu wkdw vwdwh � kdv suredelolw| R1

Khqfh/ wkh ohyho %WER� 	 %WE�� R� ri wkh sxeolf edg zloo uhvxow1

Li w� � w6/ iru vlplodu uhdvrqv dv lq wkh surri ri Ohppd 4/ jlyhq wkh deryh lqihuhqfhv

lw qhyhu sd|v iru wkh rssruwxqlvwlf w|sh wr xvh wkh vwudwhjlhv E�c f� ru E�c ��1 Whoolqj wkh

wuxwk lv wkhuhiruh ehwwhu wkdq plvuhsruwlqj li dqg rqo| li ��ER( R� � ��E�� R( R� ru

T�E�� R( R�� T�ER( R� � f� +4:,

Xvlqj wkh vdph dujxphqwv dv lq wkh suhylrxv surriv vkrzv wkdw wkhuh h{lvwv d fulwlfdo ohyho

ew : w6 vxfk wkdw wkh rswlpdo vwudwhj| ri wkh phgld lv Efc �� li dqg rqo| li w� � ew1
Li w� � w6/ lq rughu iru Efc �� wr eh rswlpdo/ lw lv vx!flhqw wkdw lw lv ehwwhu wkdq E�c ��1

Khqfh/ wkhuh lv d krqhvw htxloleulxp li dqg rqo| li ��E�� R( �� R� � ��ER( �� R� ru

T�ER( �� R�� T�E�� R( �� R� � f� +4;,

Xvlqj wkh vdph dujxphqwv dv ehiruh/ wkhuh h{lvwv d fulwlfdo ohyho w	 w6 vxfk wkdw wkh

rswlpdo vwudwhj| ri wkh phgld lv Efc �� li dqg rqo| li w� �w1 T1H1G1

Surri ri Sursrvlwlrq 41
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Zh kdyh wr vkrz wkdw ew : hw dqg wkdw w� : w1

Wkh wuhvkrog ydoxh hw fdq eh ghwhuplqhg e| vhwwlqj wkh u1k1v1 ri +48, htxdo wr }hur dqg

vxevwlwxwlqj w� zlwk hw/ iurp zklfk rqh rewdlqv

k
s �E�� n hw�l ' R

( E%WE^���( E%WER��

} E%WE^��� } E%WER��
� +4<,

D vlplodu surfhgxuh iru ew/ dv ghgxfhg iurp +4:,/ |lhogv

k
s �E�� n ew�l ' R

( E%WE�� R���( E%WER��

} E%WE�� R��� } E%WER��
�

Wkhuhiruh/ hw 	 ew li
( E%WE^���( E%WER��

} E%WE^��� } E%WER��
	

( E%WE�� R���( E%WER��

} E%WE�� R��� } E%WER��
�

Wklv lqhtxdolw| fdq eh uhzulwwhq dv

(�

Rc^d%
WE^�� %WER�o

}�Rc^d%
WE^�� %WER�o

	
(�

^c�3Rd%
WE�� R�� %WE^�o n(�

Rc^d%
WE^�� %WER�o

}�^c�3Rd%
WE�� R�� %WE^�o n }�Rc^d%

WE^�� %WER�o
c

zkhuh }�Rc^ 5 E}�E%WE^��c }�E%WER���/ }�^c�3R 5 E}�E%WE��R��c }�E%WE^��� /(�

Rc^ 5 d(�E%WER��c (�E%WE^��o

dqg (�

^c�3R 5 d(�E%WE^��c (�E%WE�� R��o duh dssursuldwho| fkrvhq vfdoduv1 Vlpsoli|lqj wkh

deryh lqhtxdolw| ohdgv wr

(�

Rc^

}�Rc^
	

k(�

^c�3R n(�

Rc^

k}�^c�3R n }�Rc^
c

zkhuh k ' d%WE�� R�� %WE^�o*d%WE^�� %WER�o : f1 Wkh odwwhu frqglwlrq lv phw li dqg rqo|

li

}�Rc^(
�

^c�3R : }�^c�3R(
�

Rc^/

zklfk lv wuxh vlqfh }�Rc^ : }�^c�3R : f dqg (�

^c�3R � (�

Rc^ : f1 Khqfh/ hw 	 ew1
Ohw xv qrz vkrz e| d vlplodu phwkrg wkdw w� : w1

Wkh wuhvkrog ydoxh w� lv lpsolflwo| ghwhuplqhg e| ohwwlqj +49, krog dv dq htxdolw|/ zklfk

|lhogv

ds �E�� n w��o ' E�� R�
( E%WE�� R���( E%WE|��

} E%WE�� R��� } E%WE|��
� +53,
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Wkh wkuhvkrog ydoxh w lv rewdlqhg iurp +4;, dv

ds �E�� n w�o ' E�� R�
( E%WE�� R���( E%WER��

} E%WE�� R��� } E%WER��
�

Wkhuhiruh/ w� :w li

( E%WE�� R���( E%WE|��

} E%WE�� R��� } E%WE|��
:

( E%WE�� R���( E%WER��

} E%WE�� R��� } E%WER��
�

Wklv lqhtxdolw| fdq eh uhzulwwhq dv

(�

|c�3Rd%
WE�� R�� %WE|�o

}�|c�3Rd%
WE�� R�� %WE|�o

:
(�

|c�3Rd%
WE�� R�� %WE|�o n(�

Rc|d%
WE|�� %WER�o

}�|c�3Rd%
WE�� R�� %WE|�o n }�Rc|d%WE|�� %WER�o

c

zkhuh }�Rc| 5 E}�E%WE|��c }�E%WER���/ }�|c�3R 5 E}�E%WE��R��c }�E%WE|��� /(�

Rc| 5 d(�E%WER��c (�E%WE|��o

dqg (�

|c�3R 5 d(�E%WE|��c (�E%WE� � R��o duh dssursuldwho| fkrvhq vfdoduv1 Vlpsoli|lqj wkh

deryh lqhtxdolw| ohdgv wr

(�

|c�3R

}�|c�3R
:

(�

|c�3R n 1(�

Rc|

}�|c�3R n 1}�Rc|
c

zkhuh 1 ' d%WE|�� %WER�o*d%WE�� R�� %WE|�o : f1 Wkh odwwhu frqglwlrq lv phw li dqg rqo|

li

}�Rc|(
�

|c�3R : }�|c�3R(
�

Rc|/

zklfk lv wuxh vlqfh }�Rc| : }�|c�3R : f dqg (�

|c�3R � (�

Rc| : f1 Khqfh/ w	 w�1 T1H1G1

Surri ri Sursrvlwlrq 51

+l, Iluvw/ frqvlghu wkh fdvh lq zklfk wkh mrxuqdolvw*v uhsruwlqj vwudwhj| lv lq htxloleulxp

Efc ��1 Vlqfh wkh mrxuqdolvw*v rswlpdo uhsruwlqj vwudwhj| lv Efc �� li qr frdolwlrq lv lq sodfh/

exloglqj d frdolwlrq grhv qrw fkdqjh wkh ohyho ri wkh sxeolf edg1 Ixuwkhupruh/ wkh wuxh

vljqdo lv uhyhdohg e| wkh phgld lq Vwdjh 51 Khqfh/ qr vxusoxv lv jhqhudwhg e| iruplqj d

frdolwlrq1 Duelwudulo| vpdoo frvwv ri exloglqj d frdolwlrq hqwdlov wkdw qr frdolwlrq lv iruphg1

+ll, Vhfrqg/ vxssrvh wkdw wkh vwudwhj| sod|hg e| wkh phgld lq wkh frqwlqxdwlrq jdph

lv Efc f� li wkh mrxuqdolvw lv rssruwxqlvwlf/ zklfk hqwdlov sxeolf eholhiv �hE/ ' �mr ' f� ' ^
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dqg �hE/ ' �mr ' �� ' R1 Vxssrvh wkdw wkh mrxuqdolvw kdv vwduwhg qhjrwldwlrqv zlwk djhqw

?1 Dq djuhhphqw ehwzhhq � dqg ? vshfl�hv irxu sdluv EoV�r c K
V�
r �/ qdpho| wkh uhsruw wr wkh

sxeolf dqg wkh vlgh sd|phqw wr wkh mrxuqdolvw/ frqglwlrqdo rq wkh mrxuqdolvw* dqrxqfhphqw

ri wkh w|sh +V� 5 ifc Vj, dqg wkh mrlqwo| revhuyhg vljqdo +r 5 ifc �j,1 Dffruglqj wr

wkh jhqhudol}hg Qdvk vroxwlrq/ wkh edujlqlqj sduwlhv djuhh wkdw dw hdfk uhdol}dwlrq ri wkh

udqgrp yduldeohv wkh rewdlqhg vxusoxv lv vsolw lq htxdo sduwv li wklv djuhhphqw lv lqfhqwlyh

frpsdwleoh ^Kduvdq|l dqg Vhowhq +4<:5,`1 Khqfh/ dvvxplqj iru wkh prphqw lqfhqwlyh

frpsdwlelolw|/ wkh sd|r� wr wkh mrxuqdolvw htxdov klv idooedfn sd|r� soxv kdoi ri wkh vxusoxv

rewdlqhg e| wkh frdolwlrq1

Lq rughu wr ghwhuplqh wkh idooedfn sd|r�v ri wkh edujdlqhuv/ qrwlfh wkdw lq fdvh ri

glvdjuhhphqw wkh mrxuqdolvw xqlodwhudoo| vhwv wkh uhsruw1 E| Ohppd 8/ wkh mrxuqdolvw*v

rswlpdo vwudwhj| lq fdvh ri glvdjuhhphqw lv Efc �� dovr li kh lv wkh rssruwxqlvwlf w|sh1

Wkhuhiruh/ djhqw ? ohduqv wkh wuxh vljqdo zlwk fhuwdlqw| dovr li qr djuhhphqw lv uhdfkhg

zlwk �1 Ixuwkhupruh/ wkh uhsruw lq fdvh ri glvdjuhhphqw lv wkh vdph dv lq fdvh ri dq

djuhhphqw li V� ' V ru li V� ' f dqg r ' f1 Wklv lpsolhv wkdw wkh rqo| fdvh lq zklfk wkhuh

pd| srvvleo| h{lvwv d vwulfwo| srvlwlyh vxusoxv lv V� ' f dqg r ' �1

Li wkh mrxuqdolvw lv rssruwxqlvwlf dqg revhuyhv vljqdo �/ kh pd{lpl}hv wkh sd|r� kh

jhwv iurp exloglqj d frdolwlrq e| kdylqj dv dvvrfldwh wkh djhqw zlwk wkh odujhvw ehqh�w

iurp vzlwfklqj iurp o ' � wr o ' f li wkh vljqdo lv r ' �1 Wklv ehqh�w lv jlyhq e|

T?E^( R�� T?ER( R� ' d} E%WE^��� } E%WER��o ds �E�� n w?�o� Rd( E%WE^���( E%WER��o�

Vlqfh wklv h{suhvvlrq lqfuhdvhv zlwk w?/ wkhq ? ' �1 Wkxv/ li d frdolwlrq lv exlow/ wkhq

@ ' � dqg wkh wudqvihu sd|phqw uhfhlyhg e| wkh mrxuqdolvw iurp klv dvvrfldwh dprxqwv wr

Kf� '
d} E%WE^��� } E%WER��o ds �E�� n Ew� n w�*2��o� Rd( E%WE^���( E%WER��o

2
� +54,

Iurp wkh deryh uhdvrqlqj lw iroorzv wkdw lq d plvuhsruwlqj htxloleulxp/ li wkh mrxuqdolvw

kdv dq dvvrfldwh/ wkhq @ ' � dqg wkh sursrvhg djuhhphqw lv EoVf c K
V
f� ' Efc f�/ EoV� c K

V
�� '

E�c f�/ Eoffc K
f
f� ' Efc f�/ Eof�c K

f
�� ' Efc Kf��/ zkhuh Kf� lv jlyhq e| +54,1 Vlqfh wkh htxloleulxp
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lv vxssrvhg wr eh Efc f� wkh vxusoxv jhqhudwhg e| wklv frdolwlrq lv lqghhg srvlwlyh/ dqg wkh

frdolwlrq lv exlow1

Lw uhpdlqv wr eh fkhfnhg wkdw wkh deryh djuhhphqw lv lqfhqwlyh frpsdwleoh1 Vlqfh

wkh wzr w|shv srro li r ' f/ rqo| wkh fdvh r ' � lv ri lqwhuhvw1 Li wkh rssruwxqlvwlf w|sh

wuxwkixoo| uhyhdov klv w|sh wr wkh dvvrfldwh/ klv h{shfwhg xwlolw| lv T�E^( R����RE��R�nKf�/

zklfk lv odujhu wkdq T�ER( R�� ��RE�� R�/ wkh h{shfwhg xwlolw| ghulyhg e| fodlplqj wr eh

wkh lghdolvwlf w|sh ehfdxvh wkh odwwhu xwlolw| lv wkh rqh fruulvsrqglqj wr wkh mrxuqdolvw*v

idooedfn sd|r�1 Wkh LF0frqglwlrq iru wkh lghdolvwlf w|sh lv

T�ER( R�� ��RE�� R� � T�E^( R�� ��RE�� R�� V n Kf��

Lqvhuwlqj +54, dqg xvlqj @ ' �/ wklv fdq eh uhzulwwhq dv

dT�ER( R�� T�E^( R�o n
�

2
TSER( R� � �

2
TSE^( R�� V�

Dvvxpswlrq 5 lpsolhv wkdw wkh whup lq wkh vtxduh eudfnhw lv srvlwlyh1 Khqfh wkh LF0

frqglwlrq lv phw li

�

2
TSER( R� � �

2
TSE^( R�� V�

Wklv lv dfwxdoo| wkh fdvh/ vlqfh iurp Dvvxpswlrq 4 lw iroorzv

�

2
TSER( R� � �

2
TSE^( R�� V

e
:

�

2
TSE^( R�� V�

+lll, Vxssrvh qrz wkdw wkh vwudwhj| sod|hg e| wkh phgld lq wkh frqwlqxdwlrq jdph lv

E�c �� li wkh mrxuqdolvw lv rssruwxqlvwlf1 Wkh surri wkdw @ ' f lq wklv fdvh lv dqdorjrxv

wr wkh rqh ri wkh suhylrxv fdvh1 Qrwlfh wkdw wkh mrxuqdolvw orrnv dw wkh dvvrfldwh zlwk

wkh pd{lpxp jdlq iurp vzlwfklqj iurp o ' f wr o ' � zkhq r ' f1 Wklv jdlq htxdov

T�E|( �� R�� T�E�� R( �� R�1 E| +49,/ wkh djhqw zlwk wkh odujhvw jdlq lv � ' f1 T1H1G1

Surri ri Sursrvlwlrq 61

E| Sursrvlwlrq 5/ w� : f lq d shvvlplvwlf plvuhsruwlqj htxloleulxp> wkxv/ e| Dvvxps0

wlrq 6/ w� : w�/ zklfk lpsolhv wkdw vxfk d plvuhsruwlqj htxloleulxp fdqqrw h{lvw1 E|
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Sursrvlwlrq 4 lw wkhq iroorzv wkdw rqo| d krqhvw dqg dq rswlplvwlf plvuhsruwlqj htxlole0

ulxp fdq h{lvw1

Iluvw/ frqvlghu wkh krqhvw htxloleulxp1 E| Sursrvlwlrq 5/ wkh mrxuqdolvw kdv qr dvvr0

fldwh lq vxfk dq htxloleulxp/ khqfh � ' � dqg/ e| Ohppd 6/ w� 5 dwc ewo/ zklfk lv wkh

fdvh e| Dvvxpswlrq 51 Lq rughu wr fkhfn wkdw qr sur�wdeoh ghyldwlrqv h{lvw/ frqvlghu wkh

sd|r� wr wkh mrxuqdolvw lq fdvh ri frooxvlrq1 Wkh mrxuqdolvw jhwv d vlgh sd|phqw rqo| li

kh ghyldwhv iurp krqhvw uhsruwlqj iru vrph ydoxh ri wkh vljqdo1 Wzr fdvhv rqo| qhhg eh

glvfxvvhg= Efc f� dqg E�c ��1 Vxssrvh d frdolwlrq lv iruphg wkdw djuhhv rq Efc f�1 Vlqfh wkh

vxusoxv jhqhudwhg e| wkh frdolwlrq lv vsolw lqwr htxdo sduwv ehwzhhq wkh mrxuqdolvw dqg wkh

dvvrfldwh/ wkh mrxuqdolvw jdlqv iurp wkh frdolwlrq li dqg rqo| li wkh vxusoxv lv srvlwlyh1 Wkh

vxusoxv wr wkh frdolwlrq jhqhudwhg wkurxjk plvuhsruwlqj lv

T�E�� R( R�� T�ER( R��

E| Ohppd 6/ wklv jdlq ri plvuhsruwlqj lv lqfuhdvlqj lq w� dqg wkhuh h{lvwv d fulwlfdo ohyho

ew : w6 vxfk wkdw T�E�� R( R�� T�ER( R� � f li dqg rqo| li w� � ew1 Khqfh/ d sur�wdeoh
ghyldwlrq h{lvwv li w� : 2ew�w�1 Frqvlghu qrz ghyldwlrqv wkdw hqwdlo d frdolwlrq wkdw djuhhv

rq E�c ��1 Wkh jdlq wr wkh frdolwlrq iurp plvuhsruwlqj lv

T�ER( �� R�� T�E�� R( �� R��

Ehfdxvh ri Ohppd 6/ wkh jdlq ri plvuhsruwlqj lv ghfuhdvlqj lq w� dqg wkhuh h{lvwv d

fulwlfdo ohyho w	 w6 vxfk wkdw T�ER( � � R� � T�E� � R( � � R� � f li dqg rqo| li w� �w1

Vlqfh w� � f � w� : w/ wklv frqglwlrq lv dozd|v phw/ zklfk lpsolhv wkdw qr sur�wdeoh

ghyldwlrq wr E�c �� h{lvwv1 Khqfh/ d krqhvw htxloleulxp h{lvwv li dqg rqo| li w� � 2ew � w�1

Vhfrqg/ frqvlghu wkh rswlplvwlf plvuhsruwlqj htxloleulxp1 E| Sursrvlwlrq 5/ @ '

�1 Frqvlghu d ghyldwlrq wr Efc ��/ lq zklfk fdvh wkh mrxuqdolvw kdv qr dvvrfldwh1 Wklv

ghyldwlrq lv sur�wdeoh wr wkh mrxuqdolvw li dqg rqo| li wkh vxusoxv iru wkh frdolwlrq lq fdvh

ri plvuhsruwlqj/

T�E^( R�� T�ER( R�c
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lv vwulfwo| qhjdwlyh1 E| Ohppd 4/ wkhuh h{lvwv d fulwlfdo ohyho hw : w6 vxfk wkdw T�E^( R��
T�ER( R� � f li dqg rqo| li w� lv odujhu wkdq hw1 Khqfh/ d sur�wdeoh ghyldwlrq h{lvwv li

w� 	 2hw � w�1 Frqvlghu qrz zkhwkhu d ghyldwlrq wr E�c �� fdq eh sur�wdeoh1 D qhfhvvdu|

frqglwlrq iru wklv wr eh wkh fdvh lv wkdw wkhuh h{lvwv d frdolwlrq wkdw jhqhudwhv d srvlwlyh

vxusoxv li o ' � lv uhsruwhg zkhq r ' f> wklv qhfhvvdu| frqglwlrq lv wkxv

T�ER( �� R�� T�E^( �� R� 	 f�

Lw fdq eh vkrzq wkdw wklv frqglwlrq lv phw li dqg rqo| li w� lv vpdoohu wkdq d fulwlfdo

ydoxh1 E| wkh vdph phwkrg dv lq wkh surri ri Sursrvlwlrq 4 lw fdq eh vkrzhg wkdw wklv

fulwlfdo ydoxh lv vwulfwo| vpdoohu wkdq w1 Vlqfh f � w� : w/ dovr wkdw fulwlfdo ydoxh lv vwulfwo|

qhjdwlyh/ zklfk lpsolhv wkdw qr sur�wdeoh ghyldwlrq wr E�c �� fdq eh sur�wdeoh1 Khqfh/ dq

rswlplvwlf plvuhsruwlqj htxloleulxp h{lvwv li dqg rqo| li w� � 2hw � w�1 T1H1G1

Surri ri Sursrvlwlrq 71

Ghqrwh e| 7E%( q� wkh lqwhulp wrwdo vxusoxv ghulyhg iurp wkh froohfwlyh dfwlrq zkhq dq

dprxqw % ri wkh sxeolf edg lv vhohfwhg dqg wkh suredelolw| ri wkh edg vwdwh lv q1 Ghqrwh

e| uE>(q� wkh djjuhjdwh frqvxpswlrq orvv zkhq dfwlrq > lv wdnhq dqg wkh suredelolw| ri

wkh edg vwdwh lv q1 Vrfldo zhoiduh lq d krqhvw htxloleulxp dprxqwv wr

�

2
d7E%WE�� R�( �� R�� uE�� R( �� R�o n

�

2
d7E%WER�( R�� uER( R�o�

Lq d plvuhsruwlqj htxloleulxp/ wkh ohyho uhdfkhg e| vrfldo zhoiduh lv

�

2
i7E%WE^�( �� R��uE^( �� R� n bd7E%WER�( R��uER( R�o n E�� b�d7E%WE^�( R��uE^( R�oj�

Wkh fkdqjh lq vrfldo zhoiduh lqgxfhg e| phgld eldv fdq wkxv eh zulwwhq dv

{ ' {f n{� n{uc

zkhuh

{f '
�

2
d7E%WE^�( �� R�� 7E%WE�� R�( �� R�o

5:



lv wkh h{shfwhg fkdqjh lq 7 zkhq vljqdo f rffxuv/

{� '
�

2
E�� b�d7E%WE^�( R�� 7E%WER�( R�o

lv wkh h{shfwhg fkdqjh lq 7 xqghu vljqdo �/ dqg

{u '
�

2
iuE�� R( �� R�� uE^( �� R� n E�� b�duER( R�� uE^( R�oj

lv wkh h{shfwhg fkdqjh zlwk uhvshfw wr wkh frqvxpswlrq orvv1

Lq rughu wr vkrz wkh �uvw sduw ri wkh sursrvlwlrq/ qrwlfh wkdw � rqo| d�hfwv {u1 Vlqfh

uE>( q�� uEq( q� ' �E>� q�2c

rqh jhwv

{u ' ��

2

k
E^ � � n R�2 n E�� b�ER� ^�2

l
� f�

Vlqfh {u jrhv wr �4 li � jrhv wr n4/ d vx!flhqwo| odujh � ohdgv wr { 	 f1

Lq rughu wr suryh wkh vhfrqg sduw ri wkh sursrvlwlrq/ zh �uvw vkrz wkdw 7E%WE^�( ��R� 	

7E%WE��R�( ��R� dqg khqfh{f 	 f1 Ohw %7Eq� ' @h}4@ 7E%( q�1 Qrwlfh wkdw wkh h!flhqw

ohyho ri wkh sxeolf edg lv wkh rqh suhihuuhg e| wkh djhqw zlwk dyhudjh zhdowk/ l1h1 w ' �1

Vlqfh wkh lghdo ohyho iru wkh phgldq yrwhu lqfuhdvhv zlwk w6 dqg wkh odwwhu lv vpdoohu wkdq

�/ zh kdyh %7Eq� : %WEq�1 Wkhuhiruh zh kdyh

%7E�� R� : %WE�� R� : %WE^��

Iurp wkh vwulfw frqfdylw| ri 7E%( �/ lw wkhq iroorzv 7E%WE�� R�( �� R� : 7E%WE^�( �� R�1

Lq wkh odvw vwhs zh vkrz wkdw{� � f li w6 lv forvh hqrxjk wr �1 Li w6 ' �/ wkhq %WER� '

%7ER�1 Wkhuhiruh/ 7E%WER�( R� : 7E%WE^�( R�/ zklfk lpsolhv {� 	 f1 E| d frqwlqxlw|

dujxphqw/ lw iroorzv wkdw 7E%WER�( R� � 7E%WE^�( R� li w6 lv forvh hqrxjk wr �/ zklfk

lpsolhv {� � f1 T1H1G1

Surri ri Sursrvlwlrq 81
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Li � ' f/ wkdq {u ' f dqg { : f li dqg rqo| li

{� : �{fc

zklfk pd| eh uhzulwwhq dv

E�� b�d7E%WE^�( R�� 7E%WER�( R�o : 7E%WE�� R�( �� R�� 7E%WE^�( �� R�� +55,

Lq fdvh ri }E%� ' @n K%� S%2/ (E%� ' _n e% dqg w6 ' f/ rqh rewdlqv

%WE>� '
K

2S
� e

2Ss �E��
> +56,

dqg

7E%W(>� ' @sE��� _q n EKsE��� eq�%W � SsE��%W2�

Iurp wklv h{suhvvlrq lw iroorzv wkdw

7E%W�(>�� 7E%W2(>� ' E%W2 � %W�� deq � KsE�� n SsE��E%W� n %W2�o +57,

iru dq| %W�/ %
W

21 Lqvhuwlqj +56, lqwr +57, |lhogv

7E%WE^�( R�� 7E%WER�( R� '
e2

2Ss �E��
ER� ^�

%
sE��

2s �E��
ERn ^�� R

&

dqg

7E%WE�� R�( �� R�� 7E%WE^�( �� R� '
e2

2Ss �E��
E^ � � n R�

%
sE��

2s �E��
E�� R n ^�� � n R

&
�

Vxevwlwxwlqj wkh odvw wzr htxdwlrqv lqwr +55, vkrzv wkdw { : f li dqg rqo| li

E�� b�ER� ^�

%
sE��

2s �E��
ERn ^�� R

&
: E^ � � n R�

%
sE��

2s �E��
E�� Rn ^�� � n R

&
�

Whglrxv exw vwudljkwiruzdug pdqlsxodwlrqv zklfk pdnh xvh ri +45, doorzv rqh wr uhzlwh

wklv frqglwlrq dv

�

2
:

s �E��

sE��
�

E| +7,/ s �E��*sE�� lv lqghhg htxdo wr wkh vkduh ri lqfrph jrlqj wr oderu1 T1H1G1
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Uhihuhqfhv

Edjglnldq/ E1/ 5333/ Wkh Phgld Prqrsro|/ Ehdfrq Suhvv= Ervwrq1

Ehqderx/ U1 dqg J1 Odurtxh/ 4<<5/ Xvlqj sulylohgjhg lqirupdwlrq wr pdqlsxodwh pdu0

nhwv= Lqvlghuv/ jxuxv/ dqg fuhglelolw|/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:/ <540<8;1

Ehujvwurp/ W1/ 4<:</ Zkhq grhv pdmrulw| uxoh vxsso| sxeolf jrrgv h!flhqwo|B/ Vfdqgl0

qdyldq Mrxuqdo ri Hfrqrplfv ;4/ 54905591

Ehvoh|/ W1 dqg D1 Sudw/ 5334/ Kdqgfx�v iru wkh judeelqj kdqgB Phgld fdswxuh dqg

srolwlfdo dffrxqwdelolw|/ plphr/ OVH1

Fudzirug/ Y1 dqg M1 Vreho/ 4<;5/ Vwudwhjlf lqirupdwlrq wudqvplvvlrq/ Hfrqrphwulfd 83/

47640841

Gmdqnry/ V1/ F1 PfOlhvk/ W1 Qhqryd/ dqg D1 Vkohlihu/ 5334/ Zkr rzqv wkh phgldB/

plphr/ Zruog Edqn dqg Kduydug Xqlyhuvlw|1

Kduvdq|l/ M1 dqg U1 Vhowhq/ 4<:5/ D jhqhudol}hg Qdvk vroxwlrq iru wzr0shuvrq edujdlqlqj

jdphv zlwk lqfrpsohwh lqirupdwlrq/ Pdqdjhphqw Vflhqfh 4;/ ;304391

Khvv/ V1/ 4<<9/ Wkh sxeolf dqg wkh phgld= Wkh fuhglelolw| jds uhylvlwhg/ 4<;804<<8/

Suhvvwlph1

PfFkhvqh|/ U1/ 4<<6/ Whohfrppxqlfdwlrqv/ Pdvv Phgld/ dqg Ghprfudf|/ R{irug Xql0

yhuvlw| Suhvv= Qhz \run1

Prwwd P1 dqg P1 Sror/ 4<<:/ Frqfhqwudwlrq dqg sxeolf srolflhv lq wkh eurdgfdvwlqj

lqgxvwu|= Wkh ixwxuh ri whohylvlrq/ Hfrqrplf Srolf| 58/ 5<8065:1

Urhphu/ M1/ 4<<6/ Zrxog hfrqrplf ghprfudf| ghfuhdvh wkh dprxqw ri sxeolf edgvB/

Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <8/ 55:056;1

Zro�/ H1/ 5335/ Wrs Khdy|/ Wkh Qhz Suhvv= Qhz \run1

63


	Titelblatt
	1 Introdruction
	2 The model
	3 Determination of equilibrium
	4 Welfare analysis
	5 Conclusion
	Acknowledgment
	Appendix
	References

