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DEVWUDFW

Wklv sdshu h{soruhv wkh frqvhtxhqfhv ri qhz lqirupdwlrq whfkqrorjlhv/ vxfk dv edu frghv dqg
frpsxwhu0wudfnlqj ri lqyhqwrulhv/ iru wkh rswlpdo rujdql}dwlrq ri uhwdlo1 Wkh �uvw uhvxow lv wkdw
wkhuh lv d frpsohphqwdulw| ehwzhhq wkh qhz lqirupdwlrq whfkqrorj| dqg iuhtxhqw gholyhulhv1
Wklv lv frqvlvwhqw zlwk wkh uhfhqw pryh lq wkh uhwdlo vhfwru wrzdug kljkhu0iuhtxhqf| gholyhu|
vfkhgxohv1 Wkh vhfrqg uhvxow lv wkdw dgrswlrq ri wkh qhz whfkqrorj| whqgv wr lqfuhdvh vwruh
vl}h1 Wklv lv frqvlvwhqw zlwk uhfhqw lqfuhdvhv lq vwruh vl}h dqg wkh vxffhvv ri wkh vxshuvwruh
prgho ri uhwdlo rujdql}dwlrq1

�Wkh ylhzv h{suhvvhg khuhlq duh wkrvh ri wkh dxwkru dqg qrw qhfhvvdulo| wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri
Plqqhdsrolv ru wkh Ihghudo Uhvhuyh V|vwhp1



41 Lqwurgxfwlrq

Wkh frqwlqxlqj uhyroxwlrq lq frpsxwlqj whfkqrorj| lv rqh ri wkh elj vwrulhv ri rxu wlph1

Dv hfrqrplvwv/ zh vkrxog eh lqwhuhvwhg lq xqghuvwdqglqj krz wklv uhyroxwlrq lv d�hfwlqj wkh

rujdql}dwlrq ri hfrqrplf dfwlylw|1 Uhwdlolqj lv rqh vhfwru iru zklfk wkh h�hfwv pljkw eh

sduwlfxoduo| lpsruwdqw1 Fhuwdlqo| wkh dgrswlrq ri qhz lqirupdwlrq whfkqrorj|/ vxfk dv edu

frghv dqg frpsxwhu wudfnlqj ri lqyhqwrulhv/ kdv ehhq shuydvlyh lq wklv vhfwru1

Rqh lpsdfw ri wklv qhz lqirupdwlrq whfkqrorj| lv d vxevwdqwldo uhgxfwlrq lq wkh ohdg

wlph/ ru jds/ ehwzhhq zkhq lqyhqwru| ohyhov duh phdvxuhg dqg zkhq qhz rughuv duh gholyhuhg1

Lq dgglwlrq/ wkh frvw ri phdvxulqj lqyhqwrulhv kdv ehhq gudpdwlfdoo| orzhuhg1 Wklv sdshu

h{soruhv wkh h�hfwv ri wkhvh idfwruv rq wkh rswlpdo rujdql}dwlrq ri uhwdlo1 Wkhuh duh wzr

pdlq uhvxowv1 Iluvw/ wkhuh lv d frpsohphqwdulw| ehwzhhq wkh qhz lqirupdwlrq whfkqrorj| dqg

iuhtxhqw gholyhulhv1 Wklv lv frqvlvwhqw zlwk wkh uhfhqw pryh lq wkh uhwdlo vhfwru wrzdug kljkhu0

iuhtxhqf| gholyhulhv1 Vhfrqg/ dgrswlrq ri wkh qhz whfkqrorj| whqgv wr lqfuhdvh vwruh vl}h1

Wklv lv frqvlvwhqw zlwk uhfhqw lqfuhdvhv lq vwruh vl}h dqg wkh vxffhvv ri wkh vxshuvwruh prgho

ri uhwdlo rujdql}dwlrq wkdw kdv ehhq slrqhhuhg e| Zdo0Pduw1

Frqvlghu wkh vwhsv lqyroyhg zkhq d vwruh sodfhv dq rughu1 Wkh vwruh wdnhv lqyhqwru|

wr vhh zkdw lv rq wkh vkhoyhv1 Wkh lqyhqwru| kroglqjv duh vshfl�hg dv ri d srlqw lq wlph/ iru

h{dpsoh/ dw wkh hqg ri d sduwlfxodu gd| ru dw wkh hqg ri d sduwlfxodu prqwk1 Fdoo wklv srlqw

lq wlph wkh phdvxuhphqw srlqw1 Ehfdxvh ri odjv lq gdwd froohfwlrq/ lw pd| eh vrph wlph diwhu

wkh phdvxuhphqw srlqw zkhq wkh vwruh nqrzv zkdw lwv lqyhqwru| zdv dw wkh phdvxuhphqw

srlqw1 Wkh vwruh wkhq wdnhv vwhsv wr sodfh wkh rughu1 Wklv pd| lqyroyh wlph vshqw pdnlqj

ghflvlrqv dv zhoo dv wlph vshqw uhod|lqj lqirupdwlrq wr vxssolhuv1 Wkhq wkh vxssolhu vshqgv

wlph surfhvvlqj wkh lqirupdwlrq wr dvvhpeoh wkh rughu1 Ilqdoo|/ wkhuh lv wkh wlph iru wkh



gholyhu| +wkh gholyhu| srlqw,1 Phdqzkloh/ gxulqj wkh odj ehwzhhq wkh phdvxuhphqw srlqw dqg

wkh gholyhu| srlqw/ vdohv duh wdnlqj sodfh dw wkh vwruh1 Li d vwruh nqhz zkdw vdohv zrxog eh

gxulqj wklv jds/ wklv lqirupdwlrq zrxog olnho| d�hfw wkh rughu1

Lq dgglwlrq wr orzhulqj wkh frvw ri lqyhqwru| phdvxuhphqwv/ wkh qhz lqirupdwlrq whfk0

qrorj| kdv ohg wr d gudpdwlf uhgxfwlrq lq wkh ohdg wlph ehwzhhq wkh phdvxuhphqw srlqw dqg

wkh gholyhu| srlqw1 Wkurxjk wkh xvh ri edu frghv/ vwruhv fdq nhhs wudfn ri lqyhqwrulhv rq d

uhdo wlph edvlv1 Hohfwurqlf gdwd lqwhufkdqjh +HGL, v|vwhpv kdyh ehhq ghyhorshg/ frqqhfw0

lqj uhwdlohuv* frpsxwhuv zlwk vxssolhuv* frpsxwhuv vr wkdw lqirupdwlrq sdvvhv txlfno| xs wkh

vxsso| fkdlq14 Uhwdlohuv qrz riwhq pdnh dgydqfh djuhhphqwv zlwk wkhlu vxssolhuv rq krz

wkh vxssolhuv vkrxog uhdfw wr wkh vdohv lqirupdwlrq/ vr wkh vwhs deryh zkhuh uhwdlohuv surfhvv

lqirupdwlrq wr frqvwuxfw wkh rughu lv frpsohwho| holplqdwhg lq wkhvh fdvhv1 Lq dgglwlrq/ qhz

frpsxwhu htxlsphqw doorzv vxssolhuv wr vshhg xs wkh surfhvvlqj dqg gholyhu| ri rughuv1 Doo

ri wkhvh h�hfwv duh qlfho| looxvwudwhg e| wkh uhodwlrqvkls ehwzhhq Zdo0Pduw dqg Surfwhu )

Jdpeoh +S)J,/ dv glvfxvvhg e| Nxpdu +4<<9/ s1 435,=

Wkh uhvxow ^ri wklv uhodwlrqvkls` zdv d vrsklvwlfdwhg hohfwurqlf0gdwd0lqwhufkdqjh

olqn/ zklfk hqdeohv S)J wr wdnh uhvsrqvlelolw| iru pdqdjlqjZdo0Pduw*v lqyhqwru|/

ri/ vd|/ S)J*v Sdpshuv glvsrvdeoh gldshuv1 S)J uhfhlyhv frqwlqxrxv gdwd e|

vdwhoolwh rq vdohv/ lqyhqwru|/ dqg sulfhv iru gl�huhqw vl}hv ri Sdpshuv dw lqglylgxdo

Zdo0Pduw vwruhv1 Wklv lqirupdwlrq doorzv S)J wr dqwlflsdwh Sdpshuv vdohv dw

Zdo0Pduw/ ghwhuplqh wkh 1 1 1 txdqwlw| uhtxluhg/ dqg dxwrpdwlfdoo| vkls wkh

rughuv1

4Uhihuhqfhv rq wkhvh ydulrxv whfkqrorjlhv lqfoxgh Nlqvh| hw do1 +4<<9,> Eurzq +4<<:,> Gxqors dqg Ulynlq
+4<<:,> Ndkq dqg PfDolvwhu +4<<:,> dqg wh{werrnv rq orjlvwlfv/ lqfoxglqj Fr|oh/ Edugl/ dqg Odqjoh| +4<<9,1
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Glvfxvvlrq ri Uhvxowv

Wr xqghuvwdqg wkh �uvw uhvxow ri d frpsohphqwdulw| ehwzhhq wkh qhz lqirupdwlrq

whfkqrorj| dqg kljkhu0iuhtxhqf| gholyhu|/ frqvlghu wkh iroorzlqj h{dpsoh ri vwruhv wkdw vhoo

wrrwksdvwh1 Vxssrvh wkdw lq wkh suhylrxv whfkqrorjlfdo hqylurqphqw/ zkhq dq rughu zdv

sodfhg dw wkh hqg ri wkh gd|/ wkh wrrwksdvwh vdohv wkdw rffxuuhg gxulqj wkh gd| zhuh xqnqrzq1

Qrz/ zlwk wkh dgyhqw ri edu frghv dqg uhodwhg whfkqrorj|/ wkh vdohv wkdw kdyh rffxuuhg gxulqj

wkh gd| duh nqrzq dw wkh hqg ri wkh gd| zkhq wkh rughu lv sodfhg1 Iru wkh �uvw uhvxow/ gholyhu|

iuhtxhqf| lv wdnhq dv h{rjhqrxv1 Frpsduh wzr vwruhv= d vwruh wkdw jhwv prqwko| gholyhulhv

ri wrrwksdvwh dqg d vwruh wkdw jhwv gdlo| gholyhulhv1 Zklfk vwruh ydoxhv wkh qhz whfkqrorj|

pruhB

Wkhuh duh wzr ehqh�wv dvvrfldwhg zlwk wkh qhz lqirupdwlrq whfkqrorj|1 Wkh �uvw lv wkdw

wkh frvw ri phdvxulqj lqyhqwru| idoov1 Wkh gdlo|0gholyhu| vwruh reylrxvo| ydoxhv wklv ehqh�w

pruh wkdq wkh prqwko|0gholyhu| vwruh1 Lq idfw/ wkh gdlo|0gholyhu| vwruh ydoxhv wklv ehqh�w 63

wlphv pruh ehfdxvh wkh gdlo|0gholyhu| vwruh wdnhv 63 phdvxuhphqwv d prqwk frpsduhg wr rqh

d prqwk iru wkh prqwko|0gholyhu| vwruh1 Wkh vhfrqg ehqh�w lv wkdw wkhuh lv pruh lqirupdwlrq

dw wkh wlph dq rughu lv sodfhg/ vr wkh vwruh fdq pdnh d ehwwhu rughu ghflvlrq1 Vlpsoh lqwxlwlrq

pljkw vxjjhvw wkdw wkh gdlo|0gholyhu| vwruh ydoxhv wkh ehqh�w ri lpsuryhg ghflvlrq pdnlqj

pruh dv zhoo/ shukdsv hyhq 63 wlphv pruh/ vlqfh wkh gdlo|0gholyhu| vwruh pdnhv 63 ghflvlrqv d

prqwk frpsduhg zlwk wkh prqwko|0gholyhu| vwruh*v rqh1 Krzhyhu/ zkloh wklv vlpsoh lqwxlwlrq

fdswxuhv vrphwklqj/ lw grhv qrw jhw wkh zkroh vwru|1

Rq rqh kdqg/ wklv vlpsoh frpsdulvrq fdq ryhuvwdwh wkh gdlo|0gholyhu| vwruh*v ehqh�w ri

lpsuryhg ghflvlrq pdnlqj frpsduhg zlwk wkh prqwko|0gholyhu| vwruh1 Lq idfw/ lq rqh vshfldo

fdvh ri wkh prgho/ wkh ehqh�w lv h{dfwo| wkh vdph iru erwk vwruh w|shv1 Lq wklv vshfldo fdvh/
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hyhu| srwhqwldo vdoh lv vr lpsruwdqw wkdw wkh suredelolw| ri d vwrfnrxw lv vhw wr }hur1 Lq wkh rog

gd|v zlwkrxw edu frghv/ zkhq wkh vwruh zlwk prqwko| gholyhulhv sodfhg lwv rughu/ lw glg qrw

nqrz zkhwkhu d wxeh ri wrrwksdvwh zdv vrog gxulqj wkh gd| ri wkh rughu/ vr lw kdg wr rughu

dq h{wud wxeh/ mxvw lq fdvh1 Li lw wxuqhg rxw wkdw qr vxfk wxeh kdg ehhq vrog rq rughu gd|/ wkh

vwruh zrxog eh fduu|lqj dq h{wud wxeh lq lwv lqyhqwru| wkurxjkrxw lwv rqh0prqwk rughu f|foh1

Qrz/ zlwk wkh dgyhqw ri edu frghv/ wkh vwruh fdq dyrlg sd|lqj d prqwk*v zruwk ri lqyhqwru|

fduu|lqj frvwv iru wklv wxeh ri wrrwksdvwh1 Hyhq wkrxjk wkh prqwko|0gholyhu| vwruh xwlol}hv

edu frghv rqfh iru hyhu| 63 wlphv wkdw wkh gdlo|0gholyhu| vwruh xvhv wkhp/ wkh ydoxh ri wkh

lpsuryhg ghflvlrq pdnlqj iru hdfk xvh lv 63 wlphv dv juhdw1

Rq wkh rwkhu kdqg/ wkh deryh vlpsoh frpsdulvrq fdq dovr xqghuvwdwh wkh uhodwlyh

ehqh�w wr wkh gdlo|0gholyhu| vwruh1 Wklv fdq rffxu zkhq wkh sdudphwhuv duh vxfk wkdw wkhuh lv

vrph suredelolw| ri vwrfnrxwv1 Zkhq wkh prqwko|0gholyhu| vwruh sxwv lq dq rughu/ lw wudghv r�

wkh pdujlqdo lqyhqwru| fduu|lqj frvw ri rqh h{wud wxeh zlwk wkh pdujlqdo ehqh�w ri d uhgxfwlrq

lq wkh vwrfnrxw suredelolw| ryhu wkh xsfrplqj prqwk1 Zlwk wkh dgyhqw ri edu frghv/ li d vwruh

vhoov qr wrrwksdvwh rq rughu gd|/ lw pljkw xwlol}h wklv lqirupdwlrq dqg rughu rqh ohvv wxeh1

Krzhyhu/ wkh ydoxh ri wklv lqirupdwlrq pd| eh uhodwlyho| vpdoo vlqfh wkh uhgxfwlrq lq lqyhqwru|

frvw iurp rqh ohvv wxeh lv r�vhw e| wkh kljkhu vwrfnrxw suredelolw| iurp rqh ohvv wxeh1 Lq

frqwudvw/ wkh gdlo|0gholyhu| vwruh zloo eh uxqqlqj d wljkw vkls/ forvho| pdwfklqj rughuv wr

vdohv1 Wkh lqirupdwlrq derxw dq| rqh gd|*v vdohv pd| eh pruh ydoxdeoh wr wkh gdlo|0gholyhu|

vwruh wkdq wr wkh prqwko|0gholyhu| vwruh1 Exw rq wrs ri wklv/ wkh gdlo|0gholyhu| vwruh xvhv wkh

lqirupdwlrq 63 wlphv d prqwk frpsduhg zlwk wkh rwkhu vwruh*v rqh0wlph xvh1

Wkh vhfrqg uhvxow lv wkdw wkh dgyhqw ri wkh qhz whfkqrorj| lqfuhdvhv vwruh vl}h1 Iru wkh

vhfrqg uhvxow/ erwk vwruh vl}h dqg gholyhu| iuhtxhqf| duh wdnhq dv hqgrjhqrxv1 Wkh dgyhqw
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ri edu frghv lqfuhdvhv wkh rswlpdo gholyhu| iuhtxhqf|1 Jlyhq hfrqrplhv ri vfdoh lq gholyhu|/

wkh rswlpdo vwruh vl}h dovr lqfuhdvhv1 Lq vlpsoh whupv/ lw pd| qrw eh hfrqrplfdo wr kdyh

kdoi0hpsw| wuxfnv pdnlqj gdlo| gholyhulhv1 Vr vwruhv jhw eljjhu wr �oo xs wkh wuxfnv1

Wkhuh lv juhdw lqwhuhvw lq xqghuvwdqglqj wkh vxffhvv ri vxshuvwruhv/ vxfk dv Zdo0Pduw/

dqg d ydulhw| ri h{sodqdwlrqv kdyh ehhq jlyhq15 Wkh vhfrqg uhvxow lghqwl�hv d qhz idfwru wkdw

kdv frqwulexwhg wr wkh vxffhvv ri wklv irupdw1 Lq wkh gd|v ehiruh edu frghv/ d vpdoo wrzq

pljkw kdyh kdg �yh vwruhv/ hdfk vshfldol}lqj lq d sduwlfxodu surgxfw olqh= wkdw lv/ d kdugzduh

vwruh/ d forwklqj vwruh/ d skdupdf|/ dqg vr iruwk1 Hdfk ri wkhvh vwruhv pljkw kdyh uhfhlyhg

d gholyhu| rqfh d zhhn= wkdw lv/ rq Prqgd| d wuxfn zrxog kdyh frph lq zlwk kdugzduh/ rq

Wxhvgd| d wuxfn zrxog kdyh frph lq zlwk forwklqj/ dqg vr iruwk1 Lq wklv hduolhu shulrg/ wkhuh

pljkw kdyh h{lvwhg vrph frvw vdylqjv lq frpelqlqj wkhvh surgxfw olqhv lqwr wkh vdph vwruh/

exw wkhvh dgydqwdjhv zrxog kdyh ehhq r�vhw e| glvdgydqwdjhv/ vxfk dv wkh vwruh orvlqj irfxv

ru wkh sdunlqj orw ehfrplqj wrr elj1 Qrz/ zlwk wkh dgyhqw ri edu frghv/ lw kdv ehfrph

ehqh�fldo wr lqfuhdvh gholyhu| iuhtxhqf|1 Wklv kdv ehhq dffrpsolvkhg e| uhsodflqj wkh �yh

vshfldol}hg vwruhv zlwk d Zdo0Pduw wkdw fduulhv doo �yh surgxfw olqhv1 Wkhuh pd| eh rqh wuxfn

wkdw duulyhv lq wrzq hdfk gd| rq Prqgd| wkurxjk Iulgd|/ exw qrz wklv wuxfn frphv iurp

Zdo0Pduw*v fhqwudo zduhkrxvh dqg kdv rq hdfk gd| wkh kdugzduh/ wkh forwklqj/ dqg vr iruwk

wkdw duh qhhghg wr uhsohqlvk wkh vkhoyhv diwhu hdfk gd|*v vdohv1

Uhodwhg Olwhudwxuh

Wkh rughu ghflvlrq prgho frqvlghuhg khuh lv d wh{werrn sureohp lq lqyhqwru| pdq0

5Edjzhoo/ Udph|/ dqg Vsxoehu +4<<:, hpskdvl}h wkh suhvhqfh ri lqfuhdvlqj uhwxuqv lq wkh dgrswlrq ri qhz
whfkqrorj|1 Dq dowhuqdwlyh lghd lv wkdw wkh dgrswlrq ri wkh qhz lqirupdwlrq whfkqrorj| pd| uhtxluh juhdwhu
frruglqdwlrq ri ydulrxv vwdjhv ri glvwulexwlrq> vxfk frruglqdwlrq pd| eh hdvlhu zlwklq wkh vdph �up dqg fdq
srwhqwldoo| dffrxqw iru Zdo0Pduw*v yhuwlfdo lqwhjudwlrq lqwr zkrohvdolqj dfwlylwlhv1
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djhphqw1 Lq wkh rshudwlrqv uhvhdufk olwhudwxuh/ wkhuh lv d juhdw lqwhuhvw lq krz uhgxfwlrqv lq

rughu ohdg wlph d�hfw rswlpdo lqyhqwru| kroglqjv1 +Vhh Vrqj 4<<7/ iru h{dpsoh1, Krzhyhu/

wklv olwhudwxuh grhv qrw dqdo|}h krz d uhgxfwlrq lq ohdg wlph d�hfwv wkh rswlpdo gholyhu|

iuhtxhqf| dqg wkh rswlpdo vwruh vl}h1

Wkh frpsohphqwdulw| lghqwl�hg lq wkh �uvw uhvxow lv yhu| pxfk lq wkh vslulw ri Plojurp

dqg Urehuwv +4<<3,16 Wkh| glvfxvv d qxpehu ri qhz sudfwlfhv wkdw duh ehlqj dgrswhg lq

prghuq pdqxidfwxulqj/ vxfk dv frpsxwhu dlghg ghvljq/ vpdoohu edwfk vl}hv/ vkruwhu surgxfw0

ghyhorsphqw wlphv/ txlfnhu rughu surfhvvlqj/ dqg vshhglhu gholyhu|1 Wkh| vkrz wkdw wkhvh

ydulrxv dfwlylwlhv duh frpsohphqwdu|1 P| prgho lv vxevwdqwldoo| gl�huhqw iurp wkhlu prgho1

Iru h{dpsoh/ p| prgho lv ri d uhwdlo hvwdeolvkphqw wkdw shupdqhqwo| orvhv vdohv zkhq vwrfn0

rxwv rffxu1 Wkhlu prgho lv ri d pdqxidfwxuhu wkdw wdnhv rughuv1 Wkh| kdyh d yduldeoh fdoohg

rughu0surfhvvlqj wlph dqg dqrwkhu yduldeoh fdoohg gholyhu| wlph wkdw dsso| wr rughuv wkhlu

pdqxidfwxulqj hvwdeolvkphqw uhfhlyhv1 Wkh| vkrz wkdw wkhuh duh jdlqv wr uhgxflqj erwk1 Wkh

pdqxidfwxuhu*v ghpdqg ghshqgv xsrq wrwdo wlph ehwzhhq lqlwldo rughu dqg �qdo gholyhu| dqg

lv d ghfuhdvlqj frqyh{ ixqfwlrq ri wrwdo wlph1 Khqfh/ d uhgxfwlrq lq rughu0surfhvvlqj wlph

lqfuhdvhv wkh pdujlqdo ehqh�w ri d vkruwhu gholyhu| odj1 Wklv vrxufh ri frpsohphqwdulw| lv

ixqgdphqwdoo| gl�huhqw iurp wkh vrxufh ri frpsohphqwdulw| ehwzhhq vkruwhu ohdg wlph dqg

pruh iuhtxhqw gholyhulhv lghqwl�hg lq p| sdshu1

Wzr uhfhqw hpslulfdo vwxglhv/ Dehuqdwk| hw do1 +4<<8, dqg Kzdqj dqg Zhlo +4<<;,/

h{dplqh wkh k|srwkhvlv ri d frpsohphqwdulw| ehwzhhq vkruw ohdg wlphv dqg iuhtxhqw gholyhu|

+Uhvxow 4 ri wklv sdshu,1 Dehuqdwk| hw do1 +4<<8, vwuhvv wkh lpsruwdqfh ri wkhvh fkdqjhv lq wkh

uhwdlo vhfwru dqg xvh wkh whup ohdq0uhwdlolqj wr uhihu wr wkh dgrswlrq ri wkhvh qhz lqirupdwlrq

6Vhh dovr Plojurp dqg Urehuwv +4<;;,/ zklfk vkrzv krz lqirupdwlrq dqg lqyhqwrulhv duh vxevwlwxwhv1
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sudfwlfhv lq frqmxqfwlrq zlwk kljkhu0iuhtxhqf| gholyhulhv1 Erwk ri wkh deryh phqwlrqhg vwxglhv

h{dplqh gdwd rq dssduho vxssolhuv1 Vxssolhuv duh fodvvl�hg dv hlwkhu kljk0 ru orz0iuhtxhqf|

vxssolhuv1 Wkh vwxglhv �qg wkdw vxssolhuv pdnlqj iuhtxhqw gholyhulhv duh vxevwdqwldoo| pruh

olnho| wr pdnh xvh ri wkh qhz lqirupdwlrq whfkqrorjlhv lq wkhlu uhodwlrqvklsv zlwk uhwdlohuv1 Iru

h{dpsoh/ Kzdqj dqg Zhlo +4<<;, uhsruw wkdw lq 4<;;/ :3 shufhqw ri kljk0iuhtxhqf| vxssolhuv

zhuh sxwwlqj edu frghv rq wkhlu surgxfwv zkloh rqo| 6; shufhqw ri orz0iuhtxhqf| vxssolhuv

zhuh grlqj vr1 Wkhuh zhuh dqdorjrxv gl�huhqfhv lq wkh xvh ri HGL1 Lq dgglwlrq wr wklv furvv0

vhfwlrq hylghqfh/ wkhuh lv vwurqj hylghqfh ri wklv uhodwlrqvkls lq wkh wlph vhulhv1 Wkhuh zdv d

vxevwdqwldo lqfuhdvh lq wkh xvh ri wkh qhz lqirupdwlrq whfkqrorjlhv ryhu wkh shulrg iurp 4<;;

wr 4<<51 Lq idfw/ Kzdqj dqg Zhlo +4<<;, uhsruw wkdw xvh ri HGL lqfuhdvhg iurp 66 shufhqw wr

;6 shufhqw ryhu wklv irxu0|hdu shulrg1 Ryhu wklv vdph shulrg/ wkhuh zdv d vxevwdqwldo lqfuhdvh

lq gholyhu| iuhtxhqf|1 Zkhuhdv lq 4<;; rqo| : shufhqw ri vdohv zkhuh gholyhuhg rq d zhhno|

iuhtxhqf|/ e| 4<<5 wkh iudfwlrq ri vxfk vdohv kdg lqfuhdvhg wr 63 shufhqw1

Dw wklv srlqw/ wkhuh lv olwwoh irupdo hylghqfh rq wkh vhfrqg uhvxow ri wkh olqn ehwzhhq

wkh qhz lqirupdwlrq whfkqrorjlhv dqg vwruh vl}h1 Krzhyhu/ wkh dqhfgrwdo hylghqfh frqfhuqlqj

Zdo0Pduw dqg rwkhu vxshuvwruhv/ vxfk dv Krph Ghsrw/ lv frqvlvwhqw zlwk wklv olqn1 Wkh

hphujhqfh ri wkhvh odujh vwruhv kdv lqfuhdvhg vwruh vl}hv/ sduwlfxoduo| lq uxudo duhdv17 Lw lv

zhoo nqrzq wkdw vxshuvwruh fkdlqv/ vxfk dv Zdo0Pduw dqg Krph Ghsrw/ kdyh ehhq slrqhhuv

ri wkh qhz lqirupdwlrq whfkqrorjlhv1 Wkh| kdyh dovr ehhq ohdghuv lq lqfuhdvlqj wkh iuhtxhqf|

ri gholyhulhv1 Iru h{dpsoh/ dffruglqj wr Ydqfh dqg Vfrww +4<<7/ s1 <6,/ �Lwv lqvlvwhqfh rq wkh

7P| dqdo|vlv ri Frxqw| Exvlqhvv Sdwwhuqv gdwd +X1V1 Exuhdx ri wkh Fhqvxv 4<;4/ 4<<:, lqglfdwhv wkdw
wkh shufhqwdjh ri uhwdlo hpsor|phqw lq hvwdeolvkphqwv zlwk 53 ru pruh hpsor|hhv lqfuhdvhg iurp 8: shufhqw
lq 4<:: wr 9: shufhqw lq 4<<81 Lq wkh exloglqj pdwhuldov vhfwru wkdw lv qrz grplqdwhg e| Krph Ghsrw/ wkh
vkduh lqfuhdvhg iurp 68 wr 8: shufhqw ryhu wkh vdph shulrg1

:



iuhtxhqw/ riwhq gdlo| gholyhu| ri phufkdqglvh vhw Zdo0Pduw dsduw iurp ulydov vxfk dv N0Pduw/

zklfk jhqhudoo| gholyhuhg phufkdqglvh wr lwv vwruhv rqfh hyhu| �yh gd|v1� Lq wkh prgho/ vwruhv

jhw eljjhu wr h{sorlw lqfuhdvlqj uhwxuqv rq gholyhulhv1 Wklv h�hfw kdv txdqwlwdwlyh vljql�fdqfh

rqo| wr wkh h{whqw wkdw wkh uhvrxufhv doorfdwhg wr gholyhulhv duh vljql�fdqw1 Lq 4<<5/ wkh

uhvrxufh frvw ri wkh wudqvsruwdwlrq ri jrrgv iru wkh wudgh vhfwru +zkrohvdoh dqg uhwdlo, zdv

'85 eloolrq/ dqg wklv dffrxqwhg iru 71: shufhqw ri wkh ydoxh ri rxwsxw ri wkh vhfwru18 Wklv

vljql�fdqw vxp vxjjhvwv wkdw wkh pryhphqw iurp zhhno| dqg prqwko| gholyhulhv wr gdlo|

gholyhulhv wkdw lv wdnlqj sodfh lq wkh uhwdlo vhfwru pljkw hqwdlo vxevwdqwldo frvwv li wkh vwuxfwxuh

ri uhwdlo zhuh ohiw dorqh1 Lqfuhdvlqj vwruh vl}h pd| eh dq lpsruwdqw zd| ri hfrqrpl}lqj rq

wkhvh frvwv1

Rujdql}dwlrq

Wkh hqylurqphqw frqvlghuhg lq wklv sdshu lv rqh zkhuh wkhuh lv vwrfkdvwlf ghpdqg/ d

jlyhq rughu ohdg wlph/ dqg rughuv wkdw duh gholyhuhg dw uhjxodu lqwhuydov/ vxfk dv rqfh d zhhn

ru rqfh d prqwk1 Vhfwlrq 5 ghyhorsv wkh prgho ri wkh rughu ghflvlrq iru d sduwlfxodu surgxfw/

kroglqj wkh ohdg wlph iru wkh rughu dqg wkh gholyhu| iuhtxhqf| �{hg1 Wkh dgyhqw ri edu

frghv dqg uhodwhg lqirupdwlrq whfkqrorj| lq wklv hqylurqphqw lv prghohg dv d vlpxowdqhrxv

uhgxfwlrq lq ohdg wlph dqg lqyhqwru| phdvxuhphqw frvwv1 Vhfwlrq 6 vkrzv wkdw wkh ydoxh ri edu

frghv lqfuhdvhv zlwk wkh h{rjhqrxv gholyhu| iuhtxhqf|1 Vhfwlrq 7 lpehgv wkh rughu0ghflvlrq

prgho lqwr d prgho ri d vwruh zkhuh rughu iuhtxhqf| dqg vwruh vl}h duh erwk hqgrjhqrxv1

Vhfwlrq 8 frqfoxghv1

8Wklv �jxuh lqfoxghv wkh lpsxwhg frvw ri lq0krxvh wuxfnlqj vhuylfhv dv zhoo dv kluhg wuxfnlqj vhuylfhv1 Wkh
ydoxh ri uhwdlo rxwsxw lv vdohv ohvv wkh frvw ri jrrgv vrog1 Wkh �jxuh khuh lv iurp wkh X1V1 Wudqvsruwdwlrq
Vdwhoolwh Dffrxqwv iru 4<<5 wkdw kdyh uhfhqwo| ehhq frqvwuxfwhg +Idqj hw do1 4<<;,1 Wklv lv wkh �uvw dwwhpsw
wr dffrxqw iru wkh ydoxh ri lq0krxvh wudqvsruwdwlrq vhuylfhv/ iru h{dpsoh/ gholyhulhv e| Zdo0Pduw hpsor|hhv1
Lq0krxvh vhuylfhv dffrxqw iru pruh wkdq ;3 shufhqw ri wkh wrwdo1

;



51 Wkh Rughu0Ghflvlrq Prgho

Wklv vhfwlrq suhvhqwv d prgho ri dq rughu ghflvlrq iru d sduwlfxodu surgxfw zkhuh

gholyhulhv duh dw �{hg lqwhuydov1

Wlph lv glvfuhwh/ | ' ifc �c 2c ���j1 Lq shulrg |/ wkhuh lv d uhdol}dwlrq ri ghpdqg 5| iru

wkh surgxfw wkdw lv gudzq l1l1g1 ryhu wlph iurp wkh xqlw lqwhuydo/ 5| 5 dfc �o1 Wkh glvwulexwlrq

ri wklv udqgrp ghpdqg lv 8 E��c dqg wkh frqwlqxrxv ghqvlw| lv sE5|�1

Ohw � ghqrwh wkh �{hg lqwhuydo ohqjwk ri wkh rughu f|foh1 Iru vlpsolflw|/ wzr fdvhv zloo

eh frqvlghuhg/ � ' � dqg � ' 21 Zlwk � ' �c wkhuh lv d gholyhu| hdfk shulrg1 Zlwk � ' 2c

wkhuh lv d gholyhu| hyhu| rwkhu shulrg1 Wkh rughu f|foh ohqjwk � lv h{rjhqrxv khuh/ dowkrxjk

odwhu lw zloo eh d fkrlfh yduldeoh1

Dvvxph wkdw wkh frqvxphu uhvhuydwlrq sulfh lv k dqg wkdw wkh sulfh ri wkh jrrg lv

�{hg dw wklv ohyho1 Dvvxph wkdw wkh zkrohvdoh frvw lv / shu xqlw1 Wkhuh lv d sk|vlfdo frvw b

ri kroglqj d xqlw ri lqyhqwru| lq d shulrg1 Dvvxph wkdw k : / n b vr wkdw wkh uhwdlo sulfh

h{fhhgv wkh vxp ri wkh zkrohvdoh frvw dqg wkh sk|vlfdo kroglqj frvw1 Wkh glvfrxqw idfwru lv

q 	 �1

Lq hdfk shulrg |/ wkh vwruh ehjlqv wkh shulrg zlwk dq lqyhqwru| vwrfn r|1 Li wkhuh lv d

gholyhu| vfkhgxohg iru wkh shulrg/ wkh wuxfn duulyhv zlwk %| xqlwv ri surgxfw/ dqg wklv lqfuhdvhv

wkh lqyhqwru| rq kdqg wr o| ' r| n %|1 Wkh vdohv iru shulrg | duh gudzq rxw ri wkh vwrfn o|

wkdw lqfoxghv wkh fxuuhqw shulrg*v gholyhu|1 Jlyhq wkh ghpdqg uhdol}dwlrq 5|/ wkh txdqwlw| ri

vdohv ^| lq wkh shulrg lv wkh plqlpxp ri ghpdqg dqg wkh dprxqw ri jrrgv lq vwrfn/

^| ' 4�? io|c 5|j 1

Wkh vwruh ehjlqv wkh qh{w shulrg zlwk zkdwhyhu lv ohiw ryhu diwhu wkhvh vdohv/ r|n� ' o| � ^|1

<



Wkh vwruh sodfhv dq rughu lq shulrg | iru gholyhu| lq shulrg |1 Wkhuh lv odj ri � lq wkh

lqirupdwlrq wkh vwruh kdv zkhq wkh rughu lv sodfhg1 Dw wklv srlqw/ wkh vwruh kdv nqrzohgjh

ri ghpdqg lq shulrg | � �1 Iru h{dpsoh/ li � ' �/ wkh vwruh nqrzv wkh vdohv uhdol}dwlrq 5|3�

lq shulrg |� � zkhq sodflqj wkh rughu iru gholyhu| lq shulrg |1 Li � ' f/ wkh vwruh nqrzv wkh

vdohv uhdol}dwlrq 5| lq shulrg | zkhq sodflqj wkh rughu iru gholyhu| lq shulrg |1 Wkh odj � zloo

eh uhihuuhg wr dv wkh ohdg wlph wr eh frqvlvwhqw zlwk wkh olwhudwxuh1

Wkhuh lv d frvw � ri phdvxulqj lqyhqwru| wkdw pxvw eh lqfxuuhg hyhu| wlph dq rughu lv

pdgh1

Whfkqrorjlfdo fkdqjh lv prghohg dv d vlpxowdqhrxv uhgxfwlrq lq wkh ohdg wlph � dqg

wkh lqyhqwru| phdvxuhphqw frvw �1 Wkhuh duh wzr uhjlphv/ wkh qr0edu0frgh fdvh dqg wkh edu0

frgh fdvh1 Ohw � 5 i�c�j lqglfdwh wzr uhjlphv1 Wkh dvvxpswlrq lv wkdw �� 	 �� dqg wkdw

�� 	 �� 1 Zkloh wkh qhz whfkqrorj| lv uhihuuhg wr dv edu frghv/ lw lv phdqw wr eh lqwhusuhwhg

pruh eurdgo| wr lqfoxgh wkh zlgh udqjh ri wkh qhz lqirupdwlrq whfkqrorjlhv ehlqj dgrswhg

e| wkh uhwdlo vhfwru/ lqfoxglqj hohfwurqlf gdwd lqwhufkdqjh1

Wr pdnh wkh dqdo|vlv dqdo|wlfdoo| wudfwdeoh/ L irfxv rq wkh vlpsohvw fdvh/ zkhuh �� ' f

dqg �� ' �1 Wkh fdvh zkhuh wkh ohdg wlph � � 2 lv uhodwlyho| frpsolfdwhg1 L kdyh orrnhg

dw wkh fdvh zkhuh � ' 2 lq qxphulfdo h{dpsohv1 Lq wkhvh qxphulfdo h{dpsohv/ wkh h�hfwv ri

uhgxflqj wkh lqirupdwlrq odj iurp � ' 2 wr � ' � duh txdolwdwlyho| wkh vdph dv wkh h�hfwv ri

uhgxflqj wkh odj iurp � ' � wr � ' f1

Wkh lqlwldo shulrg lv | ' f1 Wkh vwruh ehjlqv wklv lqlwldo shulrg zlwk hpsw| vkhoyhv/

rf ' fc dqg wklv lv nqrzq zkhq wkh rughu lv sodfhg iru gholyhu| lq wkh lqlwldo shulrg1
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D1 Wkh Qr0Edu0Frgh Fdvh

Wklv vxevhfwlrq dqdo|}hv wkh qr0edu0frgh fdvh/ zkhuh wkh ohdg wlph lv �� ' �1 Uhfdoo

wkdw wkhuh duh wzr srvvleoh rughu f|foh ohqjwkv/ � ' � dqg � ' 21 Rswlpdo ehkdylru lv

ghwhuplqhg iru hdfk fdvh1

Vxssrvh �uvw wkdw � ' � vr wkdw wkhuh lv d gholyhu| lq hyhu| shulrg1 Hdfk shulrg ehjlqv

zlwk r| xqlwv ri wkh jrrg rq wkh vkhoyhv1 Wkh vwruh sodfhv dq rughu iru %| xqlwv ri wkh jrrg

iru gholyhu| lq wkh fxuuhqw shulrg ehiruh wkh fxvwrphuv duulyh1 Vlqfh wkhuh duh qr edu frghv/

wkh vwruh sodfhv wklv rughu ehiruh wkh uhdol}dwlrq ri 5|1 Krzhyhu/ wkh vwruh grhv revhuyh 5|3�

dqg vr fdq revhuyh r|1 Ohw ���� Er� eh wkh glvfrxqwhg ydoxh ri rswlpdo ehkdylru jlyhq wkh vwdwh

r1 Wkh vxshuvfulsw � ghqrwhv wkdw wklv lv wkh qr0edu0frgh fdvh1 Wkh vxevfulsw ghqrwhv wkdw

wkh f|foh ohqjwk lv � ' �1 Wklv ixqfwlrq vroyhv

���� Er� ' 4@ 
%

� /%� bErn %�� �� n
] rn%

f

sE5�
�
k5 n q���� Ern %� 5�

�
_5+4,

nE�� 8 Ern %��
�
k Ern %� n q���� Ef�

�
�

Wkh vwruh slfnv dq rughu vl}h %1 Wkh �uvw whup dffrxqwv iru wkh zkrohvdoh frvw ri wkh rughu

%1 Wkh vhfrqg whup lv wkh sk|vlfdo frvw ri kroglqj r n % lq lqyhqwru| iru wkh shulrg1 Wkh

wklug whup vxewudfwv wkh frvw �� ri phdvxulqj lqyhqwru|1 Wkh irxuwk whup dffrxqwv iru wkh

srvvlelolw| wkdw uhdol}hg ghpdqg 5 lv ohvv wkdq wkh vwrfn rq wkh vkhoyhv rn % vr wkdw vdohv lq

wkh shulrg duh 5 dqg wkh qh{w shulrg ehjlqv zlwk r n % � 5 rq wkh vkhoyhv1 Wkh �qdo whup

dffrxqwv iru wkh uhwxuq lq wkh hyhqw ri d vwrfnrxw1

Dqdo|vlv ri wklv sureohp lv vlpsol�hg e| qrwlqj wkdw dorqj wkh rswlpdo sdwk/ lw zloo lq

hyhu| shulrg eh rswlpdo wr dgg wr wkh lqyhqwru| +vhw d srvlwlyh %,1 Li L dvvxph wkdw wkh vwruh
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uhwxuqv wkh xqvrog phufkdqglvh r| dw wkh ehjlqqlqj ri wkh shulrg iru wkh zkrohvdoh sulfh /

dqg wkhq fkrrvhv krz pxfk lqyhqwru| wr ex| +vwduwlqj iurp lqyhqwru| htxdo wr }hur,/ L jhw

wkh vdph vroxwlrq dv lq d sureohp zkhuh uhwxuqv duh lqihdvleoh1 Wkh dgydqwdjh ri orrnlqj dw

wklv sureohp lq wklv rwkhu zd| lv wkdw lw uhgxfhv wkh dqdo|vlv wr d vwdwlf sureohp1 Lq wklv

vwdwlf sureohp/ wkh vwruh slfnv dq rughu vl}h o +vwduwlqj iurp }hur, wkdw vdwlv�hv wkh iroorzlqj

sureohp=

+�� ' 4@ 
o

�E/ n b�o � �� n
] o

f

sE5� Ek5 n q/Eo � 5�� _5 n E�� 8 Eo��ko�+5,

Wklv sureohp lv vlpsohu wkdq +4, vlqfh wkhuh lv qr ydoxh ixqfwlrq �� exulhg lq lw1 Li vdohv 5 duh

ohvv wkdq wkh lqyhqwrulhv o/ wkh h{fhvv o�5 lv uhwxuqhg lq wkh qh{w shulrg dw d suhvhqw ydoxh ri

q/ shu xqlw1 Wkh suhvhqw glvfrxqwhg ydoxh ri wkhvh sd|r�v lq wkh lqlwldo shulrg zkhuh rf ' f

lv

��� '
�

�� q
+�� 1+6,

Qh{w frqvlghu wkh fdvh zkhuh � ' 2 vr wkdw gholyhulhv duh dw dowhuqdwlqj shulrgv1

Dqdorjrxv wr wkh fdvh zkhuh � ' �/ lw lv srvvleoh wr orrn dw d sduwlfxodu rughu f|foh dqg

ghwhuplqh wkh rswlpdo rughu/ wdnlqj dv jlyhq wkdw xqvrog lwhpv duh uhwxuqhg dw wkh hqg ri wkh

f|foh=

+�2 ' 4@ 
o

�E/ n b�o � �� n
] o

f

sE5� Ek5 n q	�Eo � 5�� _5 n E�� 8 Eo��koc+7,

zkhuh 	�Er� lv gh�qhg wr eh wkh sd|r� ri jrlqj lqwr wkh vhfrqg shulrg ri wkh rughu f|foh zlwk

r xqlwv=

	�Er� ' �brn
] r

f

sE5� Ek5 n q/Er� 5�� _5 n E�� 8 Er��kr1
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Qrwh wkdw wkh rswlpdo rughu o vroylqj +7, pd| h{fhhg rqh +wkh pd{lpxp ydoxh ri 5,/ lq zklfk

fdvh/ wkh lqwhjudo lq +7, lv hydoxdwhg iru 5 5 dfc �o +vlqfh sE5� ' f iru 5 : �, dqg wkh wklug

whup ri +7, +wkh vwrfnrxw whup, lv }hur +vlqfh 8 Eo� ' � iru o � �,1

Wkh glvfrxqwhg ydoxh wr wkh vwruh lv wkh glvfrxqwhg ydoxh ri wkhvh wzr0shulrg rughu

f|fohv/

��2 '
�

�� q2
+�2 1

Qrwh wkdw q lv vtxduhg ehfdxvh wkh f|foh ohqjwk lv � ' 21

E1 Wkh Edu0Frgh Fdvh

Qrz frqvlghu wkh edu0frgh fdvh zkhuh � ' f1 Li � ' � vr wkdw wkhuh duh gholyhulhv hyhu|

shulrg/ wkh rswlpdo srolf| lv reylrxv1 Wkh vwruh kdv dgydqfh lqirupdwlrq dv wr wkh uhdol}dwlrq

5| ri vdohv iru wkh shulrg/ vr wkh rughu vkrxog eh vhw vr wkdw wkh vwrfn rq kdqg o| h{dfwo|

htxdov vdohv1 Qr h{fhvv lqyhqwrulhv duh khog1 Wkh pd{lpxp h{shfwhg uhwxuq zlwk edu frghv

ryhu wkh rqh0shulrg rughu f|foh lv wkhq

+�� '
]
�

f

sE5�5 Ek� / � b� _5 � ��1+8,

Qrz frqvlghu wkh dowhuqdwlqj gholyhu| fdvh/ � ' 21 Wkh pd{lpxp h{shfwhg wzr0shulrg

uhwxuq ryhu wkh rughu f|foh lv

+�2 ' 4@ 
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]
�

f

sE5�
k
�E/ n b� E5 n r��� �� n k5
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n q
�
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f

sE�5� Ek�5 n q/Er� � �5�� _�5 n E�� 8 Er���kr�

�
�

Wkh uhdol}dwlrq ri ghpdqg lq wkh fxuuhqw shulrg lv 5 dqg lq wkh iroorzlqj shulrg lv �51 Wkh

�up nqrzv wkh fxuuhqw uhdol}dwlrq 5 zkhq lw sodfhv wkh rughu dqg rughuv wr phhw wklv ghpdqg1
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Lw dovr rughuv dq dgglwlrqdo dprxqw r� wr wdnh dv lqyhqwru| lqwr wkh iroorzlqj shulrg/ vr wkh

wrwdo rughu vl}h lv % ' 5 n r�1

61 Wkh Ydoxh ri Edu Frghv

Wkh ehqh�w ri edu frghv ryhu wkh �uvw wzr shulrgv iru wkh � ' 2 fdvh lv

{2 � +�2 � +�2 �

Wkh ehqh�w ri edu frghv iru � ' � ryhu wkh �uvw wzr shulrgv lv

{� � E� n q�
k
+�� � +��

l
c

wkh ehqh�w ri xvlqj edu frghv lq wkh lqlwldo shulrg soxv wkh ehqh�w lq wkh vxevhtxhqw shulrg1

Wklv vhfwlrq vkrzv wkdw {� : {2> wkdw lv/ wkdw ryhu wkh �uvw wzr shulrgv/ wkh � ' � fdvh

ydoxhv edu frghv pruh wkdq wkh � ' 2 fdvh1 Vlqfh wkh uhwxuq lq ixwxuh shulrgv lv mxvw d uhshdw

ri wkh uhwxuq lq wkh �uvw wzr shulrgv/ wklv lv htxlydohqw wr vkrzlqj wkdw wkh frpsdulvrq krogv

iru wkh lq�qlwh krul}rq uhwxuq1

Wkh dgyhqw ri edu frghv kdv wzr h�hfwv1 Lw uhgxfhv wkh phdvxuhphqw frvw +�� 	 ��,/

dqg lw uhgxfhv wkh ohdg wlph +�� 	 ��,1 Wkh ehqh�w ri wkh vdylqjv lq phdvxuhphqw frvwv lv

reylrxvo| juhdwhu lq wkh � ' � fdvh ehfdxvh ryhu wkh wzr0shulrg lqwhuydo wkdw zh duh irfxvlqj

rq/ wzr phdvxuhphqwv duh wdnhq lq wkh � ' � fdvh zkloh rqo| rqh phdvxuhphqw lv wdnhq lq

wkh � ' 2 fdvh1 Wkh dqdo|vlv ri wkh ehqh�w iurp wkh uhgxfwlrq lq ohdg wlph lv pruh vxewoh1 Wr

irfxv dwwhqwlrq rq wklv odwwhu h�hfw/ lw lv dvvxphg iru wkh uhvw ri wklv vhfwlrq wkdw edu frghv

kdyh qr h�hfw rq phdvxuhphqw frvw/ �� ' �� ' f1

Lw lv gl!fxow wr pdnh wkhvh frpsdulvrqv iru jhqhudo yhuvlrqv ri wkh prgho1 Wr pdnh

surjuhvv/ wzr vshfldo fdvhv duh frqvlghuhg1 Lq wkh �uvw fdvh/ wkhuh duh wzr glvfuhwh srvvleoh

uhdol}dwlrqv ri ghpdqg lq hdfk shulrg1 Lq wkh vhfrqg fdvh wkh ghpdqg uhdol}dwlrq lv xqlirup1
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D1 Glvfuhwh Ghpdqg

Wklv vxevhfwlrq frqvlghuv wkh dqdo|wlfdoo| wudfwdeoh fdvh zkhuh ghpdqg lv glvfuhwh dqg

wdnhv rq wzr h{wuhph ydoxhv1 Vxssrvh wkdw 5| ' � zlwk suredelolw| s� dqg wkdw 5| ' f zlwk

suredelolw| sf ' � � s�1 Wklv vxevhfwlrq ghwhuplqhv krz wkh vroxwlrq ydulhv ryhu wkh udqjh

ri k dqg frpsduhv wkh ydoxh ri edu frghv iru wkh � ' � dqg � ' 2 fdvhv1 Wkhuh duh wkuhh

pdlq uhvxowv1 Iluvw/ ryhu wkh hqwluh sdudphwhu vsdfh/ wkh ydoxh ri edu frghv wr wkh � ' � fdvh

lv juhdwhu ru htxdo wr wkh ydoxh wr wkh � ' 2 fdvh1 Vhfrqg/ iru kljk hqrxjk kc zkhuh wkh

suredelolw| ri vwrfnrxwv lv }hur/ wkh uhodwlrqvkls krogv zlwk htxdolw|1 Wklug/ zkhq wkhuh lv

vrph suredelolw| ri d vwrfnrxw/ wkh ydoxh wr wkh � ' � fdvh fdq eh vxevwdqwldoo| juhdwhu wkdq

wr wkh � ' 2 fdvh1

Wkhuh duh irxu fulwlfdo ohyhov ri k lq wkh vroxwlrq=

k� � / n b

k� � / n b� sfq/

s�

k�� � / n E� n q�b� sfq
2/

qs�

k��� � / n E� n q�b� E�� s 2� �q
2/

qs 2�
�

Frqvlghu �uvw wkh fdvh zkhuh � ' �1 Vxssrvh wkh vwruh kdv edu frghv1 Wkh uxoh khuh lv

wr rughu d jrrg li 5| ' �/ dv orqj dv k lv juhdwhu wkdq wkh fulwlfdo srlqw k�1 Wklv fulwlfdo srlqw

k� lv gh�qhg vr wkdw sur�w lq wkh hyhqw ri d vdoh lv h{dfwo| }hur1 Zlwkrxw edu frghv/ li wkh

vwruh sodfhv dq rughu dqg wkhuh lv qr vdoh +5| ' f,/ wkh vwruh orvhv wkh sk|vlfdo dqg lqwhuhvw

frvw ri kroglqj wkh lqyhqwru|1 Wkh srlqw k� lv gh�qhg vr wkdw wkh h{shfwhg sur�wv lq wkh hyhqw
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α° α’ α’’ α’’’

∆1

∆2

Iljxuh 4= Wkh Ydoxh ri Edu Frghv iru � ' � dqg � ' 2

ri d vdoh h{dfwo| r�vhw wkh h{shfwhg orvvhv lq wkh hyhqw ri qr vdoh/

s� Ek
� � / � b� � sfE/ n b� q/�1

Li k 	 k�/ wkhq zlwkrxw edu frghv/ wkh vwruh qhyhu rughuv1 Li k : k�/ wkh vwruh pdnhv vxuh

wkhuh lv dozd|v rqh xqlw ri wkh jrrg lq vwrfn1

Wkh vrolg olqh lq Iljxuh 4 looxvwudwhv wkh ydoxh {� ri edu frghv wr � ' � ryhu d wzr0

shulrg krul}rq1 Iru k 	 k�/ qr rughuv duh sodfhg zlwk ru zlwkrxw edu frghv/ vr {� ' f1 Iru

k 5 Ek�c k��/ wkh sd|r� lv }hur zlwkrxw edu frghv/ vr wkh fkdqjh lq sd|r� htxdov wkh edu frgh

h{shfwhg sd|r� +ryhu wzr shulrgv,/

{� ' E� n q�s� Ek� / � b� 1+:,

Iru k : k�/ wkhuh lv dozd|v d vdoh zlwk ru zlwkrxw edu frghv1 Wkh ehqh�w ri edu frghv lv wkhq

{� ' E� n q�sfEbn E�� q�/�1+;,

Wklv lv wkh holplqdwlrq +ryhu wzr shulrgv, ri wkh h{shfwhg orvv iurp wkh sk|vlfdo dqg lqwhuhvw

frvw ri kroglqj lqyhqwru| lq wkh hyhqw wkdw qr frqvxphu vkrzv xs1
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Qrz frqvlghu wkh fdvh zkhuh � ' 21 Li wkhuh duh qr edu frghv dqg k ' k�/ wkh vwruh

lv lqgl�huhqw ehwzhhq vkxwwlqj grzq dqg rughulqj rqh xqlw/ mxvw dv lq wkh � ' � fdvh1 Iru

k 5 Ek�c k��/ wkh rswlpdo srolf| zlwk edu frghv lv wr rughu rqh xqlw dw wkh rughu srlqw li wkhuh

lv d fhuwdlq vdoh +5| ' �,1 Wkh ydoxh ri edu frghv lq wklv uhjlrq ri k +ryhu wkh wzr0shulrg

krul}rq, lv

{2 ' s� Ek� / � b� �+<,

Wklv lv looxvwudwhg lq Iljxuh 4 e| wkh grwwhg olqh1 Wkh ydoxh {� iru wkh fdvh zkhuh � ' �

h{fhhgv {2 lq wklv udqjh e| d idfwru ri E� n q� ehfdxvh lq wkh � ' � fdvh/ wkh ehqh�w lv

rewdlqhg hyhu| shulrg/ zkloh lq wkh � ' 2 fdvh/ wkh ehqh�w lv rewdlqhg rqo| dw dowhuqdwlqj

rughu shulrgv1

Dv phqwlrqhg/ li k ' k� dqg wkhuh duh edu frghv/ wkh rswlpdo srolf| lv wr rughu d vlqjoh

xqlw zkhqhyhu wkhuh lv d fhuwdlq vdoh lq wkh rughu shulrg1 Wkxv/ wkhuh duh qr vdohv lq wkh

vxevhtxhqw shulrg1 Li k lv lqfuhdvhg/ hyhqwxdoo| wkh srlqw k�� lv uhdfkhg/ gh�qhg wr eh zkhuh

wkh vwruh lv lqgl�huhqw wr rughulqj vr dv wr kdyh d xqlw lq vwrfn lq wkh vxevhtxhqw shulrg1

D nh| srlqw lv wkdw dw k ' k��/ wkh ydoxh ri edu frghv iru � ' 2 lv }hur> wkdw lv/ {2 ' f1

Wkh rswlpdo srolf| zlwk qr edu frghv lv wr rughu vr wkdw wkhuh lv rqh jrrg lq vwrfn dw wkh

ehjlqqlqj ri wkh f|foh1 Li lw wxuqv rxw wkdw wkh frqvxphu vkrzv xs lq wkh lqlwldo shulrg/ wkhq

wkh vwruh lv rxw ri vwrfn dw wkh ehjlqqlqj ri wkh vhfrqg shulrg1 Exw wkdw lv qrw d sureohp

vlqfh zlwk edu frghv/ wkh vwruh lv lqgl�huhqw wr rughulqj lq wkdw fdvh1

Wkh odvw fulwlfdo srlqw lv k���1 Dw wklv srlqw/ li � ' 2 dqg wkhuh duh qr edu frghv/ wkh

vwruh lv mxvw lqgl�huhqw ehwzhhq rughulqj wr kdyh rqh xqlw lq vwrfn dqg rughulqj wr kdyh wzr

xqlwv lq vwrfn1 Iru k : k���/ wkh vwruh rughuv wr kdyh wzr xqlwv/ dqg wkh suredelolw| ri d
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vwrfnrxw lv }hur1 Lq wkh hyhqw wkdw wkhuh lv qr vdoh lq wkh �uvw shulrg/ wkh vwruh frxog kdyh

rughuhg wr kdyh rqh xqlw lq vwrfn dqg vwloo dyrlghg d vwrfnrxw1 Zlwk edu frghv/ wkh vwruh

frxog kdyh dyrlghg rughulqj wklv h{wud xqlw ri lqyhqwru| dqg sd|lqj wkh frvw ri fduu|lqj lw

iru wzr shulrgv1 Wkh ehqh�w ri edu frghv lv wkhq

{2 ' sf
�
bn qbn E�� q2�/

�
/ iru k : k��+43,

' sfE� n q� Ebn E�� q�/� �

Wklv wrs olqh vkrzv wkh ehqh�w dv wkh suredelolw| sf wkdw wkhuh lv qr vdoh lq shulrg rqh wlphv

wkh vxp ri wkh sk|vlfdo frvw E� n q�b ri kroglqj wkh h{wud xqlw wzr shulrgv soxv wkh lqwhuhvw

frvw1 Wkh vhfrqg olqh pdqlsxodwhv wkh htxdwlrq wr uhyhdo wkdw wkh ehqh�w lq wklv fdvh lv h{dfwo|

wkh ehqh�w iurp +;, iru � ' � iru k lq wklv udqjh1 Wkh � ' 2 fdvh xvhv edu frghv rqo| kdoi dv

riwhq dv � ' �/ exw hdfk xvh ri wkh edu frghv lv zruwk � n q wlphv dv pxfk/ vr wkh ehqh�w lv

wkh vdph1

Wkh glvfxvvlrq deryh vkrzv krz wkh ehqh�w ri edu frghv lv fdofxodwhg dw wkh fulwlfdo

srlqwv1 Ehwzhhq wkh fulwlfdo srlqwv/ wkh ehqh�w lv olqhdu lq k/ dv looxvwudwhg lq Iljxuh 41 Wkh

frpsdulvrq ehwzhhq {� dqg {2 fdq eh vxppdul}hg dv iroorzv=

Uhvxow 4 +Glvfuhwh Fdvh,1 Iru wkh hqwluh udqjh ri wkh sdudphwhu vsdfh/ {� � {2/ vr edu frghv

dqg iuhtxhqw gholyhu| duh +zhdno|, frpsohphqwdu|1 Iru k : k���/ wkhq/ {� ' {21 Lq wklv

udqjh/ k lv vr kljk/ wkhuh lv qhyhu dq| suredelolw| ri d vwrfnrxw1 Li k 	 k���/ wkhq wkhuh lv

vwulfw frpsohphqwdulw|/ {� : {21 Iru k forvh wr k��/ {2 lv forvh wr }hur1
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E1 Wkh Xqlirup Glvwulexwlrq

Qrz uhwxuq wr wkh fdvh zkhuh wkh vdohv uhdol}dwlrq lv frqwlqxrxv/ exw uhvwulfw lw wr

eh d xqlirup glvwulexwlrq wr pdnh wkh dqdo|vlv wudfwdeoh/ wkdw lv/ 8 E5� ' 51 Wkh uhvxow ri

wklv vhfwlrq lv wkdw wkh ydoxh ri edu frghv iru wkh iuhtxhqw0gholyhu| fdvh h{fhhgv wkdw iru wkh

lqiuhtxhqw0gholyhu| fdvh1 Lq d odujh sruwlrq ri wkh sdudphwhu vsdfh/ wkh gl�huhqfh h{fhhgv d

idfwru ri �n q1 Qrw rqo| grhv wkh iuhtxhqw0gholyhu| fdvh xwlol}h edu frghv rq pruh rffdvlrqv/

exw lq wklv uhjlrq/ wkh dyhudjh lqfuhphqw lq ydoxh ri wkh lpsuryhg ghflvlrq pdnlqj lv juhdwhu

iru hdfk xvh ri edu frghv1

Qrupdol}h wkh vdoh sulfh wr k ' �1 Wklv ohdyhv wkuhh sdudphwhuv= wkh zkrohvdoh sulfh

// wkh kroglqj frvw b +qrwh wkdw wkh vxp / n b lv ohvv wkdq wkh uhwdlo sulfh ri rqh,/ dqg q1

Qxphulfdo dqdo|vlv |lhogv wkh iroorzlqj uhvxow1

Uhvxow 4 +Xqlirup Fdvh,1 Wkh ydoxh ri edu frghv lv vwulfwo| juhdwhu lq wkh � ' � fdvh wkdq lq

wkh � ' 2 fdvh> wkdw lv/ {� : {21 Iru hdfk q dqg b wkhuh h{lvwv d fulwlfdo ohyho zkrohvdoh frvw

�/Eqc b� vxfk wkdw li / : �/Eqc b� wkhq {� : E� n q�{21

Wkh fulwlfdo srlqw �/ lv looxvwudwhg lq Iljxuh 5 dv d ixqfwlrq ri q ri vhyhudo ydoxhv ri

b1 Wkh uhjlrq deryh �/ lv zkhuh wkh ydoxh wr � ' � h{fhhgv d idfwru ri � n q1 Iru b ' f/

wklv uhjlrq frqwdlqv wkh exon ri wkh Eqc /� vsdfh1 Iru kljkhu bc wkh uhjlrq lv hyhq eljjhu1 Iru

h{dpsoh/ iru b ' f�fe +dgplwwhgo| d odujh ydoxh,/ wkh uhjlrq frqwdlqv doo exw d vpdoo slhfh rq

wkh erwwrp uljkw0kdqg vlgh1

Wkh uhvxowv ri wklv vxevhfwlrq duh frqvlvwhqw zlwk wkh uhvxowv iurp wkh suhylrxv vxevhf0

wlrq1 Wkhuh/ wkh gl�huhqfh h{fhhghg d idfwru ri E�nq� zkhq k zdv orz dqg wkh suredelolw| ri

d vwrfnrxw zdv kljk1 Khuh/ wklv lv wuxh zkhq / lv kljk/ zkhq b lv odujh/ dqg zkhq q lv vpdoo1

Wkh suredelolw| ri d vwrfnrxw lv uhodwlyho| kljk lq doo wkuhh fdvhv1 Lq wkh suhylrxv h{dpsoh/
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Iljxuh 5= Fulwlfdo Ohyhov ri / +iru ydulrxv b,

wkhuh zdv vrph udqjh ri wkh sdudphwhu vsdfh zkhuh wkh ydoxh ri edu frghv zdv h{dfwo| wkh

vdph iru wkh wzr rughu f|fohv1 Wklv rffxuuhg lq wkh uhjlrq zkhuh wkh suredelolw| ri d vwrfnrxw

zdv }hur1 Khuh/ wkhuh lv dozd|v vrph suredelolw| ri d vwrfnrxw/ dqg wkh lqhtxdolw| lv vwulfw1

71 Vxshuvwruhv dqg Gholyhu| Iuhtxhqf|

Wklv vhfwlrq lpehgv wkh prgho ri dq rughu ghflvlrq iru d sduwlfxodu surgxfw dqdo|}hg

deryh lqwr d prgho ri d vwruh zkhuh wkh fkrlfh ri surgxfwv fduulhg dqg wkh gholyhu| iuhtxhqf|

duh erwk hqgrjhqrxv yduldeohv1 Dv ehiruh/ wkh dgyhqw ri edu frghv ohdgv wr d uhgxfwlrq lq wkh

rughu ohdg wlph/ �� wr ��/ dqg wr d uhgxfwlrq lq wkh lqyhqwru| phdvxuhphqw frvw/ �� wr ��1

Wkh txhvwlrq dgguhvvhg lv krz wkh qhz whfkqrorj| d�hfwv wkh rujdql}dwlrq ri wkh vwruh1

D1 Wkh Prgho ri d Vwruh

Wkhuh lv d frqwlqxxp ri vhsdudwh surgxfwv1 Surgxfwv duh lqgh{hg e| � rq wkh lqwhuydo

� 5 dfc >o vr wkdw > lv wkh phdvxuh ri wkh vhw ri surgxfwv1
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D vwruh r�huv vrph vxevhw ri wkh vhw ri surgxfwv1 Ohw 6 � > ghqrwh wkh phdvxuh ru

qxpehu ri surgxfwv wkdw d vwruh vhoov1 D vwruh dovr vhohfwv d gholyhu| iuhtxhqf| �1 Doo wkh

gl�huhqw jrrgv frph lq wkh vdph wuxfn/ vr wkh gholyhu| iuhtxhqf| lv wkh vdph iru doo jrrgv1

D nh| dvshfw ri wkh prgho khuh lv wkdw wkhuh duh hfrqrplhv ri vfdoh lq gholyhu|1 Iru

vlpsolflw|/ L pdnh wkh h{wuhph dvvxpswlrq wkdw wkhuh lv d �{hg frvw ri � iru d gholyhu| dqg

wkdw wklv frvw grhv qrw ydu| zlwk wkh vl}h ri wkh gholyhu| ru zlwk wkh qxpehu ri surgxfwv 6

wkdw duh gholyhuhg1 Ohw S(E�� eh wkh suhvhqw ydoxh ri gholyhu| frvwv dw rughu iuhtxhqf| �1 Dv

ehiruh/ wkhuh zloo eh wzr rughu f|foh ohqjwkv= gdlo| gholyhu| � ' � dqg dowhuqdwlqj gholyhu|

� ' 21 Glvfrxqwhg gholyhu| frvwv iru wkhvh wzr fdvhv duh

S(E�� '
�

�� q
�

S(E2� '
�

�� q2
�1

Jlyhq wkh hfrqrplhv ri vfdoh lq gholyhu|/ wkhuh zloo eh dq lqfhqwlyh wr pdnh vwruhv elj1

Wr r�vhw wklv/ L dvvxph wkdw wkhuh lv vrph rwkhu vrxufh ri glvhfrqrplhv ri vfdoh1 Ohw S7E6�

eh wklv rwkhu frvw/ zklfk L zloo fdoo wkh vhwxs frvw1 Vxssrvh wkdw wklv lv d frvw wkdw pxvw eh

sdlg iru hdfk surgxfw1 Dvvxph wkdw wkh frvw S7E6� lv lqfuhdvlqj dqg frqyh{1 Wklv lqfuhdvlqj

frvw fdswxuhv idfwruv wkdw olplw wkh vl}h ri d vwruh1 Wkhvh idfwruv lqfoxgh xqzlhog| sdunlqj

orwv/ lqfuhdvlqj wudqvsruwdwlrq frvw iurp gudzlqj iurp d zlghu pdunhw duhd/ pdqdjhphqw

glvhfrqrplhv/ dqg vr iruwk1

Dv lq wkh hduolhu dqdo|vlv/ htxdwlrq +6,/ ��E�� lv wkh +pd{lpl}hg, glvfrxqwhg rshudwlqj

surgxfw rq hdfk surgxfw1 Lw htxdov glvfrxqwhg uhyhqxhv rq wkh surgxfw ohvv wkh frvwv ri wkh

surgxfw ghvfulehg lq Vhfwlrq 51 Wkhvh frvwv lqfoxgh wkh zkrohvdoh frvw/ wkh sk|vlfdo dqg
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lqwhuhvw frvwv ri lqyhqwru|/ dqg wkh frvw ri phdvxulqj lqyhqwru|1 Li wkhuh lv d sursruwlrqdwh

fkdqjh lq wkh qxpehu ri surgxfwv/ hyhu|wklqj hovh �{hg/ wkhuh lv d sursruwlrqdwh fkdqjh lq

wkhvh uhyhqxhv dqg frvwv1 Lq sduwlfxodu/ li wkhuh duh wzlfh dv pdq| gl�huhqw surgxfwv/ wkh frvw

ri phdvxulqj lqyhqwru| lv dvvxphg wr grxeoh1

Wkh wrwdo glvfrxqwhg sur�w ri d vwruh vhoolqj 6gl�huhqw surgxfwv zlwk dq rughu0ohqjwk

lqwhuydo ri �c jlyhq wkh ohyho ri whfkqrorj| �c lv

Z�E6c �� ' 6��E��� S(E���6S7E6�/ � 5 i�c�j�+44,

Wkh �uvw whup lv wkh vwruh*v qxpehu ri surgxfwv 6 wlphv wkh surgxfw0ohyho sur�w1 Wkh vhfrqg

whup vxewudfwv wkh glvfrxqwhg ydoxh ri wkh frvw ri wkh vhtxhqfh ri gholyhulhv1 Wklv lv qrw

pxowlsolhg e| 6 ehfdxvh ri wkh vfdoh hfrqrplhv1 Wkh wklug whup vxewudfwv wkh vhwxs frvwv

wkdw pxvw eh sdlg iru hdfk ri wkh 6 surgxfwv

Wzr irupxodwlrqv ri wkh remhfwlyh ixqfwlrq duh frqvlghuhg1 Wkh �uvw irupxodwlrq lv

d vrfldo sodqqhu*v sureohp1 Vxssrvh wkdw wkh k sdudphwhu uhsuhvhqwv wkh jurvv ehqh�w wr

vrflhw| zkhq d frqvxphu duulyhv dw d vwruh dqg rewdlqv d xqlw ri surgxfw wkdw kh ru vkh

ghvluhv1 Wkhq wkh Z ixqfwlrq dv gh�qhg deryh uhsuhvhqwv wkh qhw vrfldo vxusoxv fuhdwhg e| d

vwruh ri vl}h 6 dqg rughu ohqjwk �1 Vxssrvh wkdw wkh wdvn ri wkh sodqqhu lv wr wdnh wkh wrwdo

vhw ri surgxfwv > dqg glylgh wklv vhw lqwr gl�huhqw vwruhv ri vl}h 61 D fkrlfh ri vwruh vl}h 6

lpsolhv wkdw wkh qxpehu ri gl�huhqw vwruhv lv ? ' >

6
� +Doorz wkh qxpehu ri vwruhv wr eh d

frqwlqxrxv yduldeoh1, Wkh remhfwlyh ri wkh sodqqhu lv wr pd{lpl}h wkh wrwdo vxusoxv1 Wklv lv

htxlydohqw wr pd{lpl}lqj wrwdo vxusoxv shu surgxfw +vlqfh wkdw qxpehu ri surgxfwv lv �{hg

dw >,1 Vxusoxv shu surgxfw lv rewdlqhg e| glylglqj Z deryh e| 6=

��E6c �� ' ��E��� S(E��

6
� S7E6�/ � 5 i�c�j�+45,
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Wkh sureohp ri wkh sodqqhu lv wr slfn d vwruh vl}h 6 � > dqg dq rughu ohqjwk � 5 i�c 2j wr

pd{lpl}h wkh deryh/ jlyhq wkh ohyho ri whfkqrorj| �/

Wkh vhfrqg irupxodwlrq ri wkh remhfwlyh ixqfwlrq lv wkdw ri d vwruh pd{lpl}lqj wkh

sur�w +44,1

E1 Wkh H�hfw ri Edu Frghv

Wkh uhvxow ri wklv vhfwlrq lv wkh iroorzlqj=

Uhvxow 51 Zlwk wkh dgyhqw ri edu frghv/ wkh rswlpdo rughu ohqjwk � +zhdno|, ghfuhdvhv1 Wkh

rswlpdo qxpehu ri surgxfwv lq wkh vwruh lqfuhdvhv li wkh rughu ohqjwk ghfuhdvhv +dqg vwd|v wkh

vdph li wkh rughu ohqjwk vwd|v wkh vdph,1

Wkh surri lv d gluhfw frqvhtxhqfh ri wkh hduolhu uhvxow derxw wkh frpsohphqwdulw| ri

edu frghv dqg gholyhu| iuhtxhqf|1 Vxssrvh wkdw lqlwldoo| wkhuh duh qr edu frghv dqg wkdw wkh

rswlpdo rughu lqwhuydo lv � ' 21 Hduolhu lw zdv vkrzq wkdw edu frghv duh pruh ydoxdeoh zlwk

d vkruwhu gholyhu| f|foh/

��E��� ��E�� : ��E2�� ��E2�

ru/ htxlydohqwo|/

��E��� ��E2� : �� E��� ��E2�1

Vlqfh wkh ehqh�wv ri uhgxflqj wkh gholyhu| f|foh wr � ' � duh juhdwhu exw frvw uhpdlqv wkh

vdph/ lw pd| qrz eh rswlpdo wr uhgxfh wkh gholyhu| f|foh wr � ' �1

Exw frqvlghu krz wkh fkrlfh ri � d�hfwv wkh fkrlfh ri vwruh vl}h 61 Iru wkh vrfldo

sodqqhu/ wkh �uvw0rughu frqglwlrq iru wkh fkrlfh ri vwruh vl}h lv
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Wkh fkrlfh ri 6 edodqfhv wkh lqfuhdvlqj uhwxuqv wr vfdoh iru gholyhulhv +wkh �uvw whup, djdlqvw

wkh ghfuhdvlqj uhwxuqv iurp rwkhu idfwruv +wkh vhfrqg whup,1 D uhgxfwlrq lq wkh f|foh ohqjwk

� lqfuhdvhv wkh �uvw whup/ dqg wkh rswlpdo vwruh vl}h 6 lqfuhdvhv1

F1 Dq Dowhuqdwlyh Lqwhusuhwdwlrq ri Vwruh Vl}h

Lq wkh glvfxvvlrq vr idu/ 6kdv ehhq gh�qhg dv wkh qxpehu ri surgxfwv wkdw d vwruh

fduulhv1 Wkh yduldeoh 6 fdq dovr eh lqwhusuhwhg dv d vfdoh sdudphwhu lq d prgho zlwk d vlqjoh

surgxfw> wkdw lv/ 6 lv vlpso| wkh qxpehu ri fxvwrphuv wkdw d vwruh vhuyhv1 Exw lqwhusuhwlqj

lw lq wklv zd| uhtxluhv vrph dgglwlrqdo glvfxvvlrq1

Uhfdoo wkdw ghpdqg lq wkh shulrg lv d udqgrp gudz 5| iurp vrph glvwulexwlrq 8 E5|�

rq wkh xqlw lqwhuydo1 Li dq lqfuhdvh lq vfdoh 6 lv d pxowlsolfdwlyh sdudphwhu wlphv wkh ruljlqdo

ghpdqg 5|/ wkhq wkh dujxphqw jrhv wkurxjk1 Wkdw lv/ lw zrunv zkhq ghpdqg lv 65|c zkhuh 5|

lv gudzq iurp 8 E5�1 Khuh/ lqfuhdvhv lq vfdoh gr qrw doorz iru dq| odz ri odujh qxpehuv h�hfw1

Wkh xqfhuwdlqw| lv dw wkh djjuhjdwh ohyho/ vr lqfuhdvlqj vfdoh grhv qrw jhw ulg ri lw1

Vxssrvh lqvwhdg wkdw zkhq wkh vwruh vfdohv xs lw srrov wkh udqgrp ghpdqg iurp 6

lqglylgxdo frqvxphuv> wkdw lv/ ghpdqg lq shulrg | lv
S6

�'� 5�|c zkhuh iru hdfk fxvwrphu � wkh

ghpdqg 5�| lv gudzq l1l1g1 iurp 8 E5�|�1 Lq wklv fdvh/ zkhq wkh vwruh lv odujh/ wkh lglrv|qfudwlf

ghpdqgv ri lqglylgxdo fxvwrphuv zloo dyhudjh rxw dqg ghpdqg zloo eh suhglfwdeoh wkurxjk wkh

odz ri odujh qxpehuv1 Wkh ehqh�w ri edu frghv zloo eh qhjoljleoh iru vxfk d vwruh frpsduhg

zlwk wkh ehqh�w +shu xqlw ri vdohv, iru vpdoo vwruhv1 Lq vxfk d fdvh/ wkh dgyhqw ri edu frghv

fdq wlow wkh edodqfh wrzdug vpdoo vwruhv1
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81 Frqfoxvlrq

Wklv sdshu vkrzv wkdw iuhtxhqw gholyhulhv frpsohphqw wkh dgrswlrq ri qhz lqirupdwlrq

whfkqrorjlhv1 Jlyhq hfrqrplhv ri vfdoh lq gholyhu|/ lqfuhdvlqj vwruh vl}h lv rqh zd| wr dffrp0

prgdwh lqfuhdvhv lq gholyhulhv1 Ri frxuvh/ wkhuh duh rwkhu zd|v wr dfklhyh pruh iuhtxhqw

gholyhulhv ehvlghv pdnlqj vwruhv eljjhu1 Iru h{dpsoh/ lqfuhdvhg frruglqdwlrq ri gholyhulhv

wr hvwdeolvkphqwv wkdw duh lq wkh vdph jhrjudsklf duhd pd| idflolwdwh lqfuhdvhv lq gholyhu|

iuhtxhqf|1 Fkdlqv ri frqyhqlhqfh vwruhv wkdw eodqnhw dq duhd pd| vhuyh wkh ixqfwlrq ri lq0

fuhdvlqj wkh frruglqdwlrq ri gholyhulhv1 Dv dqrwkhu h{dpsoh/ h{sdqvlrq ri sdfndjh gholyhu|

vhuylfhv olnh Ihghudo H{suhvv pd| shuplw hyhq vpdoo vwruhv wr zrun rq d mxvw0lq0wlph gholyhu|

v|vwhp1

Suhvvxuhv wr lqfuhdvh vwruh vl}h pd| gl�hu ehwzhhq xuedq dqg uxudo duhdv1 Lq xuedq

duhdv/ d kljk frqfhqwudwlrq ri hvwdeolvkphqwv lq wkh vdph duhd pd| pdnh lw srvvleoh wr rewdlq

hfrqrplhv ri vfdoh lq iuhtxhqw gholyhulhv zlwkrxw pdnlqj hvwdeolvkphqwv eljjhu1 Lq uxudo

duhdv/ wkhvh hfrqrplhv ri vfdoh pd| rqo| eh dydlodeoh wkurxjk h{sdqvlrq ri vwruh vl}h1 Lq

wklv frqwh{w/ lw lv lqwhuhvwlqj wr qrwh wkdw Zdo0Pduw*v hphujhqfh lq uxudo duhdv suhfhghg lwv

hphujhqfh lq xuedq duhdv1
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Uhihuhqfhv

Dehuqdwk|/ Iuhghulfn K1> Mrkq W1 Gxqors> Mdqlfh K1 Kdpprqg> dqg Gdylg Zhlo +4<<8,/ �Wkh

Lqirupdwlrq0Lqwhjudwhg Fkdqqho= D Vwxg| ri wkh X1V1 Dssduho Lqgxvwu| lq Wudqvlwlrq/�

Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| +Plfurhfrqrplfv 4,/ 4:8�5791

Edjzhoo/ N|oh> Jduh| Udph|> dqg Gdqlho I1 Vsxoehu +4<<:,/ �G|qdplf Uhwdlo Sulfh dqg

Lqyhvwphqw Frpshwlwlrq/� UDQG Mrxuqdo ri Hfrqrplfv 5;+5,/ 53:�5:1

Eurzq/ Vwhskhq D1 +4<<:,/ Uhyroxwlrq dw wkh Fkhfnrxw Frxqwhu/ Kduydug Xqlyhuvlw|Zhuwkhlp

Frpplwwhh= Fdpeulgjh/ Pdvv1

Fr|oh/ Mrkq M1> Hgzdug M1 Edugl> dqg F1 Mrkq Odqjoh|/ Mu1 +4<<9,/ Wkh Pdqdjhphqw ri

Exvlqhvv Orjlvwlfv/ Vl{wk Hglwlrq/ Zhvw= Plqqhdsrolv2Vw1 Sdxo1

Gxqors/ Mrkq W1/ dqg Mdq Z1 Ulynlq +4<<:,/ �Lqwurgxfwlrq/� lq Uhyroxwlrq dw wkh Fkhfnrxw

Frxqwhu/ Kduydug Xqlyhuvlw| Zhuwkhlp Frpplwwhh= Fdpeulgjh/ Pdvv1

Idqj/ Elqjvrqj> [ldrol Kdq> Dqq P1 Odzvrq> dqg Vkhuohqh N1V1 Oxp +4<<;,/ �X1V1 Wudqv0

sruwdwlrq Vdwhoolwh Dffrxqwv iru 4<<5/� Vxuyh| ri Fxuuhqw Exvlqhvv :;+7,/ 49�5:1

Kzdqj/ Pdujduhw \1/ dqg Gdylg Zhlo +4<<;,/ �Wkh Gl�xvlrq ri Prghuq Pdqxidfwxulqj Sudf0

wlfhv= Hylghqfh Iurp wkh Uhwdlo0Dssduho Vhfwruv/� Pdqxvfulsw/ Ervwrq Xqlyhuvlw|1

Ndkq/ Eduedud H1/ dqg Ohljk PfDolvwhu +4<<:,/ Jurfhu| Uhyroxwlrq= Wkh Qhz Irfxv rq wkh

Frqvxphu/ Dgglvrq0Zhvoh|= Uhdglqj/ Pdvv1

Nlqvh|/ Mhdq> Ehq Vhqdxhu> Urehuw S1 Nlqj> dqg Sdxo I1 Skxpslx +4<<9,/ �Fkdqjhv lq

Uhwdlo Irrg Gholyhu|= Vljqdov iru Surgxfhuv/ Surfhvvruv dqg Glvwulexwruv/� Uhwdlo

Irrg Lqgxvwu| Fhqwhu Zrunlqj Sdshu <9036/ Xqlyhuvlw| ri Plqqhvrwd1

Nxpdu/ Qlupdo|d +4<<9,/ �Wkh Srzhu ri Wuxvw lq Pdqxidfwxuhu0Uhwdlohu Uhodwlrqvklsv/� Kdu0
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ydug Exvlqhvv Uhylhz :7+9,/ <5�4391

Plojurp/ Sdxo/ dqg Mrkq Urehuwv +4<;;,/ �Frppxqlfdwlrq dqg Lqyhqwru| dv Vxevwlwxwhv lq

Rujdql}lqj Surgxfwlrq/� Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <3+6,/ 5:8�;<1

Plojurp/ Sdxo/ dqg Mrkq Urehuwv +4<<3,/ �Wkh Hfrqrplfv ri Prghuq Pdqxidfwxulqj= Whfk0

qrorj|/ Vwudwhj|/ dqg Rujdql}dwlrq/� Dphulfdq Hfrqrplf Uhylhz ;3 +6,/ 844�5;1

Vrqj/ Mlqj0Vkhqj +4<<7,/ �Wkh H�hfw ri Ohdgwlph Xqfhuwdlqw| lq d Vlpsoh Vwrfkdvwlf Lqyhq0

wru| Prgho/� Pdqdjhphqw Vflhqfh 73 +8,/ 936�461

X1V1 Exuhdx ri wkh Fhqvxv +4<;4,/ Frxqw| Exvlqhvv Sdwwhuqv 4<:;= Xqlwhg Vwdwhv/ X1V1 Jry0

huqphqw Sulqwlqj R!fh= Zdvklqjwrq/ G1F1

X1V1 Exuhdx ri wkh Fhqvxv +4<<:,/ Frxqw| Exvlqhvv Sdwwhuqv 4<<8= Xqlwhg Vwdwhv/ X1V1

Jryhuqphqw Sulqwlqj R!fh= Zdvklqjwrq/ G1F1

Ydqfh/ Vdqgud D1/ dqg Ur| Y1 Vfrww +4<<7,/ Zdo0Pduw= D Klvwru| ri Vdp Zdowrq*v Uhwdlo

Skhqrphqrq/ Wzd|qh= Qhz \run1
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