
Devwudfw

Zh frqvlghu dq hfrqrp| zkhuh wkh surgxfwlrq whfkqrorj| kdv frq0

vwdqw uhwxuqv wr vfdoh exw zkhuh lq wkh ghfhqwudol}hg htxloleulxp wkhuh

duh djjuhjdwh lqfuhdvlqj uhwxuqv wr vfdoh1 Wkh uhvxow iroorzv iurp d

srvlwlyh frqwudfwlqj h{whuqdolw| dprqj �upv1 Li d �up lv vxuurxqghg

e| pruh �upv/ hpsor|hhv kdyh pruh rssruwxqlwlhv rxwvlgh wkhlu rzq

�up1 Wklv lpsuryhv hpsor|hhv* lqfhqwlyhv wr lqyhvw lq wkh suhvhqfh ri

h{ srvw uhqhjrwldwlrq dw wkh �up ohyho/ dw qr frvw1 Rxu ohdglqj uhvxow

lv wkdw li d uhjlrq lv vsduvho| srsxodwhg ru li wkh ghjuhh ri ghyhors0

phqw lq wkh uhjlrq lv orz hqrxjk/ wkhuh duh pxowlsoh htxloleuld lq wkh

ohyho ri vhfwruldo hpsor|phqw1 Iurp wkh wkhruhwlfdo prgho zh ghulyh d

qrq0olqhdu �uvw0rughu fhqvruhg gl�huhqfh htxdwlrq iru vhfwrudo hpsor|0

phqw1 Rxu uhvxowv duh vwurqjo| frqvlvwhqw zlwk wkh pxowlsoh htxloleuld

k|srwkhvlv dqg wkh h{lvwhqfh ri d vhfwrudo fulwlfdo vfdoh +ehorz zklfk

wkh vhfwru iroorzv d ghorfdwlrq surfhvv,1 Wkh vfdoh ri wkh uhjlrqv* srs0

xodwlrq dqg wkh ghjuhh ri ghyhorsphqw uhgxfh wkh fulwlfdo vfdoh ri wkh

vhfwru1

MHO Fodvvl�fdwlrq= G56/ M74/ R4;/ U451
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Frqwudfwlqj H{whuqdolwlhv dqg Pxowlsoh

Htxloleuld lq Vhfwruv= Wkhru| dqg Hylghqfh

Glhjr Urguðjxh}0Sdohq}xhod�|

Qhxv Eryhu0Irqwv}

Mxdq Mrvì gh Oxflr{

Qryhpehu 4<<;

�Xqlyhuvlwdw Srpshx Ideud1 L judwhixoo| dfnqrzohgjh �qdqfldo vxssruw iurp wkh Vsdq0

lvk Plqlvwu| ri Vflhqfh SE<6036<;/ dqg iurp Fhqwuh shu od Uhfhufd gh o*Hfrqrpld Lqwhu0

qdflrqdo/ FUHL/ dw Xqlyhuvlwdw Srpshx Ideud1
|Zh wkdqn Dqwrqlr Fdeudohv/ Jdu| Fkduqhvv/ Dqwrqlr Flffrqh/ Sdwuln Uh| dqg Nrqudg

Vwdko iru khosixo frqyhuvdwlrqv dqg vhplqdu sduwlflsdqwv dw XSI dqg dw wkh 4<<: DVVHW

Phhwlqj1 Wkh xvxdo glvfodlphu dssolhv1
}Fdplqxv Uhvhdufk
{Frqvhmr Vxshulru gh Fäpdudv gh Frphuflr1
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4 Lqwurgxfwlrq

Wkhuh kdv ehhq lq wkh odvw |hduv lqfuhdvlqj lqwhuhvw lq prghov ri wkh djjorphu0

dwlrq ri hfrqrplf dfwlylw|1 Wkh odujhvw iudfwlrq ri sdshuv wkdw kdyh dwwhpswhg

wr h{sodlq djjorphudwlrq kdyh uhfxuuhg wr h{sodqdwlrqv edvhg rq �{hg frvwv

ri vwduwlqj hfrqrplf dfwlylwlhv/ wkdw lv/ edvhg rq djjuhjdwh ru glvdjjuhjdwh

whfkqrorjlfdo lqfuhdvlqj uhwxuqv wr vfdoh1 Iru dq lqwurgxfwru| vxuyh| wr wkh0

rulhv ri orfdol}dwlrq ri hfrqrplf dfwlylwlhv/ vhh fkdswhu 5 lq Nuxjpdq +<4,1

D vhfrqg eudqfk ri wkh olwhudwxuh kdv irfxvhg rq h{whuqdolwlhv wkdw gr

qrw d�hfw surgxfwlrq whfkqrorjlhv exw d�hfw wudqvdfwlrq whfkqrorjlhv1 Lq

Dfhprjox +<9, vhdufk h{whuqdolwlhv dulvlqj iurp ghfhqwudol}hg idfwru pdunhwv

ohdg wr ehqh�wv ri djjorphudwlrq/ lq d frqwh{w zkhuh djhqwv pdnh wkhlu idf0

wru lqyhvwphqwv ehiruh pdwfklqj wdnhv sodfh1 Dfhprjox +<:, jhqhudol}hv wkh

suhylrxv uhvxowv dqg lqwurgxfhv dq hqgrjhqrxv lqqrydwlrq ghflvlrq1 Wkh frp0

elqdwlrq ri wudqvdfwlqj h{whuqdolwlhv dqg wkh frpsohphqwdulw| ri lqyhvwphqwv

dw wkh �up ohyho lpsolhv wkh pxowlsolflw| ri Sduhwr udqnhg htxloleuld11 Lpsru0

wdqwo|/ pxowlsolflw| ri htxloleuld grhv qrw dulvh lq wkh ehqfkpdun iulfwlrqohvv

hfrqrp|1

Rxu sdshu ehorqjv wr wklv vhfrqg eudqfk ri wkh olwhudwxuh/ zlwk wudqvdfwlqj

h{whuqdolwlhv1 Lq wkh wkhruhwlfdo vlgh zh frqvwuxfw d vrxufh ri frqwudfwlqj

h{whuqdolwlhv wkdw kdyh qrw ehhq frqvlghuhg ehiruh1 Lq wkh hpslulfdo vlgh

zh irfxv rq wkh h{lvwhqfh ri pxowlsoh htxloleuld lq vhfwruv dqg uhjlrqv/ vlqfh

pxowlsolflw| ri htxloleuld lv wkh ohdglqj lpsolfdwlrq ri prghov zlwk wudqvdfwlqj

h{whuqdolwlhv1

Zh frqvlghu dq hfrqrp| zkhuh wkh surgxfwlrq whfkqrorj| kdv frqvwdqw

uhwxuqv wr vfdoh exw zkhuh lq wkh ghfhqwudol}hg htxloleulxp wkhuh duh djjuh0

jdwh lqfuhdvlqj uhwxuqv wr vfdoh1 Wkh uhvxow iroorzv iurp d srvlwlyh frqwudfwlqj

h{whuqdolw| dprqj �upv1 Li d �up lv vxuurxqghg e| pruh �upv/ hpsor|hhv

kdyh pruh rssruwxqlwlhv rxwvlgh wkhlu rzq �up1 Lqfuhdvlqj rxwvlgh rswlrqv

lpsuryhv hpsor|hhv* lqfhqwlyhv wr lqyhvw lq wkh suhvhqfh ri h{ srvw uhqhjr0

wldwlrq dw wkh �up ohyho/ dw qr frvw= rxwvlgh rssruwxqlwlhv duh qrw xvhg lq

htxloleulxp1

Lq rxu prgho wkhuh duh qr gluhfw ru whfkqrorjlfdo h{whuqdolwlhv dfurvv �upv1
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Rxu wkhru| vwduwv iurp d vlpsoh revhuydwlrq1 Dv wkh vfdoh ri dq hfrqrp|

lqfuhdvhv/ wkh qxpehu ri lqh!flhqw uhdoorfdwlrqv ri idfwruv lqfuhdvhv h{sr0

qhqwldoo|1 Lqh!flhqw uhdoorfdwlrqv vhuyh dv rxwvlgh rswlrqv wr djhqwv zkhq

edujdlqlqj iru wkh whupv ri wudgh1 Dowkrxjk wkhvh rswlrqv gr qrw gluhfwo|

frqwulexwh wr vrfldo zhoiduh/ wkh| fkdqjh djhqwv* lqfhqwlyhv wr hqjdjh lq kx0

pdq fdslwdo lqyhvwphqwv1 Zlwk wudqvdfwlrq frvwv ghulylqj iurp lqh!flhqw

h{ srvw edujdlqlqj/ zh �qg wkdw lq wkh ghfhqwudol}hg htxloleulxp wkhuh duh

jhqhudoo| lqfuhdvlqj uhwxuqv wr vfdoh1

Lq vxppdu|/ li dqg rqo| li wudqvdfwlrq frvwv +dulvlqj iurp djhqwv* lqdelolw|

wr frpplw rq ixwxuh zdjhv, pdwwhu/ rxwvlgh rssruwxqlwlhv kdyh dq rswlrq

ydoxh iru hdfk ri wkh sod|huv1 Rxwvlgh rssruwxqlwlhv uhsolfdwh qdwxudoo| dv

wkh vl}h ri wkh hfrqrp| lqfuhdvhv/ exw sod|huv* frpshwlwlrq wr wdnh wkhp

uhpdlqv frqvwdqw +dqg qlo,/ vlqfh wkh| duh d zruvh dowhuqdwlyh wkdq vwd|lqj

lq wkh ruljlqdo whdp1 Wr uhshdw/ xqghu wudqvdfwlrq frvwv/ wkhuh lv d ehqh�w

wkdw iuhho| dffuxhv wr hdfk sod|hu dv wkh hfrqrp| jurzv= khu rswlrqv rxwvlgh

khu whdp1 Wklv lpsuryhv khu lqfhqwlyhv wr lqyhvw dqg/ li sod|huv* lqyhvwphqwv

duh frpsohphqwdu|/ wkh h�hfw lv pxwxdoo| uhlqirufhg1

Zh od| rxw d prgho wkdw vkrzv wklv phfkdqlvp suhflvho|1 Wr nhhs wkh

prgho wudfwdeoh/ zh lqwurgxfh vshfl�f dvvxpswlrqv rq wkh surgxfwlrq ixqf0

wlrq1 Zh glvwlqjxlvk ehwzhhq whdp surgxfwlrq/ dqg h{ srvw surgxfwlrq1 Whdp

surgxfwlrq lv wkh rxwsxw ri d whdp wkdw �wudlqhg mrlqwo|� dqg zkrvh whdp

phpehuv vxqn lqyhvwphqwv lq kxpdq fdslwdo wkdw duh vshfl�f wr sk|vlfdo dv0

vhwv1 Lq sduwlfxodu/ zh lqwurgxfh dvvxpswlrqv vxfk wkdw wkh rswlpdo vl}h dw

whdp surgxfwlrq lv htxdo wr wzr phpehuv1 Wklv doorzv xv wr dyrlg frpsoh{

pxowlodwhudo edujdlqlqj vroxwlrqv olnh wkh Vkdsoh| Ydoxh ru wkh rqh lq Vwroh

dqg ]zlheho +<9,1

H{ srvw surgxfwlrq phdqv wkdw �upv fdq kluh dgglwlrqdo zrunhuv +eh|rqg

wkh rswlpdo vl}h ri wzr, dw wkh surgxfwlrq vwdjh1 Exw pdujlqdo uhwxuqv wr

kxpdq fdslwdo lqvlgh wkh �up duh ghfuhdvlqj/ dqg wkh h{ srvw zrunhuv kdyh d

orz pdujlqdo surgxfwlylw|1 H{ srvw surgxfwlrq grhv qrw rffxu lq htxloleulxp/

vlqfh lw lv d zruvh rswlrq iru dq| whdp phpehu/ exw lw lv d fuhgleoh rxwvlgh

rswlrq1

Rxu ohdglqj uhvxow lv wkdw li d uhjlrq lv vsduvho| srsxodwhg ru li wkh ghjuhh

7



ri ghyhorsphqw lq wkh uhjlrq lv orz hqrxjk/ lq wkh lqgxvwuldo vhfwruv ri wkh

uhjlrq wkhuh duh pxowlsoh htxloleuld lq wkh ohyho ri wrwdo vhfwrudo hpsor|phqw1

Rqh ri wklv htxloleuld fruuhvsrqgv wr wkh devhqfh ri vhfwrudo dfwlylw|1 Rq wkh

rwkhu kdqg/ li wkh vfdoh ri wkh uhjlrq +lq whupv ri wrwdo srsxodwlrq, lv odujh

hqrxjk ru wkh ohyho ri ghyhorsphqw lv kljk hqrxjk/ wkhuh lv d xqltxh hpsor|0

phqw ohyho htxloleulxp lq wkh lqgxvwuldo vhfwruv ri wkh uhjlrq1 Lq wkh xqltxh

htxloleulxp wkhuh lv srvlwlyh lqgxvwuldo dfwlylw|1 Wklv uhvxow lv d frqvhtxhqfh

ri wkh uhlqirufhphqw h�hfw ehwzhhq wrwdo dfwlylw| dqg lqfhqwlyhv wr lqyhvw

lqvlgh wkh �up1 Lq sduwlfxodu/ rxwvlgh dfwlylw| lv vkrzq wr uhod{ dq lqfhqwlyh

frpsdwlelolw| +LF, frqvwudlqw wr h{huw h�ruw ri wkh zrunhu +qrw dvvhw rzqhu,/

zlwkrxw d�hfwlqj wkh frqvwudlqw ri wkh pdqdjhu +dvvhw rzqhu,1 Wklv dv|p0

phwu| ehwzhhq wkh h�hfw ri wrwdo dfwlylw| rq wkh wzr LF frqvwudlqwv lv gxh

suhflvho| wr wkh idfw wkdw wkh h�hfw zrunv wkurxjk wkh rxwvlgh rssruwxqlwlhv1

Iurp wkh wkhruhwlfdo prgho zh ghulyh d hfrqrphwulfdoo| wudfwdeoh htxdwlrq

ri wkh hyroxwlrq ri vhfwrudo hpsor|phqw lq uhjlrqv1 Zh vshfli| d qrq0olqhdu

�uvw0rughu fhqvruhg gl�huhqfh htxdwlrq iru vhfwrudo hpsor|phqw1 Wkh h{lv0

whqfh ri d xqltxh ru pxowlsoh htxloleuld kdv lpsolfdwlrqv iru wkh sdudphwhu

ydoxhv ri wkh gl�huhqfh htxdwlrq1 Rxu uhvxowv duh vwurqjo| frqvlvwhqw zlwk

wkh pxowlsoh htxloleuld k|srwkhvlv1 Wkh dyhudjh vhfwru lq Vsdqlvk uhjlrqv

kdv wkuhh vwhdg| vwdwhv1 Rqh vwdeoh vwhdg| vwdwh lv wkh devhqfh ri dfwlylw|

+qr vhfwrudo hpsor|phqw,> wkh rwkhu vwdeoh vwhdg| vwdwh kdv d srvlwlyh hp0

sor|phqw ohyho/ juhdwhu wkdq wkh ohyho ri wkh xqvwdeoh vwhdg| vwdwh1 Wr wkh

hvwlpdwhg xqvwdeoh vwhdg| vwdwh zh fdoo wkh fulwlfdo pdvv ri wkh vhfwru1 Li lq

d uhjlrq d vkrfn vhwv wkh vhfwrudo hpsor|phqw ohyho ehorz wkh fulwlfdo pdvv/

wkh lqgxvwu| iroorzv d ghorfdwlrq surfhvv wkdw hqgv zlwk wkh ghvwuxfwlrq ri

vhfwrudo hpsor|phqw lq wkh uhjlrq1

Zh �qg pruhryhu wkdw wkhuh duh vljql�fdqw gl�huhqfhv dfurvv Vsdqlvk

uhjlrqv1 Wkh pruh ghyhorshg/ ghqvho| srsxodwhg uhjlrqv ri Edufhorqd dqg

Pdgulg duh irxqg wr kdyh d vwdeoh vwhdg| vwdwhv zlwk juhdwhu vhfwrudo vl}h/

dqg vpdoohu fulwlfdo vl}hv1 Lq sduwlfxodu iru Edufhorqd zh �qg wkdw wkhuh lv

qrw d fulwlfdo pdvv dqg wkhuhiruh wkhuh lv qrw wkh srvvlelolw| ri ghorfdwlrq1

Iru whq vsduvho| srsxodwhg dqg ohvv hfrqrplfdoo| ghyhorshg uhjlrqv zh �qg

wkdw wkh fulwlfdo pdvv ri wkh dyhudjh vhfwru udqjhv iurp 933 wr <33 hpsor|hhv1
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Wkhvh uhvxowv duh frq�uphg zkhq vxevwlwxwh uhjlrqdo �{hg0h�hfwv iru uhjlrqv*

fkdudfwhulvwlfv lq rxu wrelw hvwlpdwlrq1 Wklv vhfrqg hvwlpdwlrq vkrzv wkdw

hfrqrplf ghyhorsphqw ru vfdoh ri wkh srsxodwlrq duh hdfk vx!flhqw wr uhgxfh

wkh suredelolw| ri lqgxvwuldo ghorfdwlrq1

Lw lv lpsruwdqw wr hpskdvl}h wkdw rxu hpslulfdo �qglqjv fdq eh h{sodlqhg

e| rwkhu wkhrulhv ri djjuhjdwh lqfuhdvlqj uhwxuqv/ gl�huhqw wkdq rxu wkhru|

edvhg rq frqwudfwlqj h{whuqdolwlhv1 Dw wklv vwdjh zh pdnh qr dwwhpsw wr

hpslulfdoo| vhohfw wkh ehvw wkhru| wr h{sodlq wkh gdwd1 Zh xvh wkh prgho dv d

iudph wr |lhog dq hfrqrphwulf vshfl�fdwlrq dqg wr lqwhusuhw wkh uhvxowv1 Zh

frqfoxgh wkdw rxu hpslulfdo uhvxowv duh frqvlvwhqw zlwk wkhrulhv ri djjuhjdwh

lqfuhdvlqj uhwxuqv/ olnh wkh rqh zh sursrvh/ exw wkh| duh lqfrqvlvwhqw zlwk

prghov zlwk frpsohwh frqwudfwv dqg frqvwdqw uhwxuqv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 od|v rxw wkh prgho

dqg wkh zhoiduh0pd{lpl}lqj doorfdwlrq1 Vhfwlrq 6 lqwurgxfhv rxu dvvxpswlrqv

rq wudqvdfwlrq frvwv dqg ghulyhv wkh ghfhqwudol}hg htxloleulxp1 Lq vhfwlrq 7

wkh pdlq hpslulfdo lpsolfdwlrqv ri wkh prgho duh glvfxvvhg dqg wkh gdwd

vhw lv ghvfulehg1 Vhfwlrq 8 vkrzv wkh uhvxowv iurp wkh pd{lpxp olnholkrrg

hvwlpdwlrq1 Wkh sdshu forvhv zlwk vhfwlrq 9 zklfk lqfoxghv wkh �qdo uhpdunv1

5 Wkh Prgho

Wkhuh lv d frqwlqxxp ri khwhurjhqhrxv/ ulvn qhxwudo djhqwv lq wkh hfrqrp|1

Djhqwv duh lqgh{hg e| d dq h!flhqf| sdudphwhu w/ xqlirupo| glvwulexwhg lq

dwc wo/ zlwk w � w ' �1 Wkh wrwdo pdvv ri djhqwv lv ��

Surgxfwlrq uhtxluhv rqh xqlw ri sk|vlfdo fdslwdo/ & wkdw frvwv S&
4 dqg

kxpdq fdslwdo/ ec wkdw lv d glvfuhwh yduldeoh Ee 5 iec ej� � H�ruw fdq hlwkhu eh

kljk +e ' e, ru orz +e ' e 5 Efc e�,1 Wkh frvw ri h{huwlqj kljk h�ruw iru dq

djhqw ri w|sh w lv S Eec w� : S Eec w� ' f/ zlwk Sw Eec �� 	 fc Sww Eec �� 	 f�

Lqlwldoo| �upv duh iruphg e| wzr djhqwv zkr dftxluh rqh xqlw ri sk|vlfdo

4
Uhfdoo wkdw wkh �xqlwv� ri sk|vlfdo dqg kxpdq fdslwdo duh duelwudulo| vpdoo1 fn lv wkh

frvw ri d pdujlqdo xqlw ri sk|vlfdo fdslwdo1 Zh dvvxph wkdw wkh surgxfwlrq whfkqrorj| kdv

frqvwdqw uhwxuqv wr vfdoh +vhh ehorz,1
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fdslwdo +dw frvw S&, dqg h{huw h�ruw1 H�ruw lv dq lqyhvwphqw lq kxpdq fdslwdo

wkdw lv vshfl�f wr wkh sk|vlfdo dvvhw dqg wr wkh whdp zkhuh lw ruljlqdwhg1 Wklv

lpsolhv wkdw dw wkh surgxfwlrq vwdjh dq djhqw lv uhodwlyho| pruh surgxfwlyh dw

khu lqlwldo �up wkdq dw d gl�huhqw �up zlwk vlplodu fkdudfwhulvwlfv1 Lq rughu

wr prgho vshfl�flwlhv dv vlpso| dv srvvleoh zh dvvxph wkdw wkh surgxfwlrq

ixqfwlrq kdv wzr glvwlqfw frpsrqhqwv/ ghshqglqj rq zkhwkhu wkh djhqwv wkdw

surgxfh duh sduw ru qrw ri wkh lqlwldo whdp1 Wkh �uvw frpsrqhqw lv whdp

surgxfwlrq/ +1 Fdoo ew wkh kxpdq fdslwdo ri djhqw w( wkhq + Eewc ew� m wc w�� lv

wkh lqlwldo whdp*v rxwsxw ri wzr djhqwv Ewc w�� wkdw srro wkhlu kxpdq fdslwdo

Eewc ew�� dw wkh surgxfwlrq vwdjh1

Wkh vhfrqg frpsrqhqw ri wkh surgxfwlrq ixqfwlrq lv h{ srvw surgxfwlrq1

Wklv lv wkh rxwsxw ri hpsor|hhv Ew�� *5 iwc w�
j� zkr gr qrw ehorqj wr wkh lqlwldo

whdp/ exw zkr pd| mrlq wkh �up dw wkh surgxfwlrq vwdjh1

514 Whdp surgxfwlrq

Whdp surgxfwlrq + ghshqgv rq wkh lghqwlw| ri wkh djhqwv lq wkh �up dw wkh

lqyhvwphqw vwdjh Ew�c w�c ���� dqg rq wkh kxpdq fdslwdo ri wkh vhw ri djhqwv

suhvhqw dw wkh surgxfwlrq vwdjh Eew&c ew,c ����= + ' + Eew&c ew,c ��� m w�c w� c ���� �

Wkh vhwv ri lqlwldo phpehuv Ew�c w�c ���� dqg wkh vhw ri h{ srvw suhvhqw phpehuv

Ew&c w,c ���� duh qrw qhfhvvdulo| wkh vdph1 Li djhqw w lv d phpehu ri d whdp exw

lv qrw suhvhqw dw wkh surgxfwlrq vwdjh/ zh zulwh ew ' f�

Zh dvvxph wkdw wkh whdp surgxfwlrq ixqfwlrq + lv v|pphwulf dqg wkdw

wkh orz h�ruw ohyho lv dovr surgxfwlyh1 Iru doo wc w�=

+ Eec e m wc w�� ' + Eec e m wc w�� � + Eec f m wc w�� � + Eec f m wc w�� : f

zkhuh ew ' f lqglfdwhv wkdw djhqw w lv qrw suhvhqw lq wkh �up dw surgxfwlrq

vwdjh1

Rq wkh rwkhu kdqg/ li w�� lv qrw d whdp phpehu khu h�ruw grhv qrw d�hfw

whdp surgxfwlrq5 = iru doo ew
�� G + Eewc ew�c ew�� m wc w�� ' + Eewc ew� m wc w��1

Zh dvvxph wkdw wkh whdp0surgxfwlrq ixqfwlrq + vdwlv�hv d vwulfw frpsoh0

phqwdulw| frqglwlrq= wkh rxwsxw lq rqh �up zkhq doo djhqwv h{huw kljk h�ruw

5Dowkrxjk lw d�hfwv h{ srvw surgxfwlrq1
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lv juhdwhu wkdq wkh vxp ri wkh rxwsxwv zkhq rqo| rqh h{huwv kljk h�ruw dqg

wkh rwkhu h{huwv orz h�ruw61

+ Eec e m wc w�� : + Eec e m wc w�� n + Eec e m wc w�� +4,

Zh dvvxph ixuwkhu wkdw zkhq dw ohdvw rqh whdp phpehu h{huwv rqo| orz

h�ruw wkh �up lv qrw yldeoh=

+ Eec e m wc w�� 	 S
�
ec w

�
n S& +5,

515 H{ srvw surgxfwlrq

Li dq djhqw w�� wkdw lv qrw d phpehu ri wkh ruljlqdo whdp Ewc w�� mrlqv wkh �up

dw wkh surgxfwlrq vwdjh/ wkh wrwdo surgxfwlrq ri wkh �up/ s / lv wkh vxp ri

whdp surgxfwlrq/ +/ dqg h{ srvw surgxfwlrq7=

s Eewc ew�c ew�� m wc w�� ' + Eewc ew� m wc w��n �ew��

zkhuh � 	 � lv lqwhusuhwhg dv wkh idfw wkdw djhqw w�� lv ohvv surgxfwlyh rxwvlgh

khu lqlwldo whdp gxh wr kxpdq fdslwdo vshfl�flwlhv1

Lqwurgxflqj wkh srvvlelolw| ri h{ srvw surgxfwlrq lpsolhv wkdw li d phpehu

w ri d jlyhq whdp Ewc w�� txlwv/ vkh kdv d srvlwlyh surgxfwlylw| lq rwkhu h{lvwlqj

�upv1 Zh dvvxph wkdw h{ srvw surgxfwlrq lv qrw yldeoh h{ dqwh hyhq iru wkh

prvw h!flhqw djhqw=

�ew�� � S

�
ew

��c w
�

+6,

516 Iluvw0ehvw doorfdwlrq

Jlyhq wkh pdvv ri djhqwv lq wkh hfrqrp| � / wkh sodqqhuv* sureohp lv wr

lqwurgxfh kxpdq fdslwdo e dqg sk|vlfdo fdslwdo & dv orqj dv wkh pdujlqdo

�up frqwulexwhv qrq0qhjdwlyho| wr vrfldo vxusoxv1 Fohduo|/ xqghu wkh �uvw0

ehvw wkhuh lv rqo| whdp surgxfwlrq dqg wkhuh lv qrw h{ srvw surgxfwlrq1

6Wklv dvvxpswlrq lv vdwlv�hg iru lqvwdqfh e| wkh Free0Grxjodv surgxfwlrq ixqfwlrq

| @ +h� . �,
�
+h�3 . �,

�
�
n
�4�5�

zlwk � A 41

7
Wkh qxpehu ri ydfdqflhv iru h{ srvw surgxfwlrq lq hdfk �up frxog eh duelwudulo| odujh

dqg zh zrxog |lhog lghqwlfdo lpsolfdwlrqv1

;



Fdoo +
W

' + Eec e m wc w�

� wkh whdpv* rxwsxw zkhq erwk djhqwv h{huw h�ruw

dqg uhpdlq lq wkh whdp1 Wkh wrwdo qxpehu ri 50phpehu whdpv ru �upv lq

wkh hfrqrp| lv % dqg wkh qxpehu ri �upv �shu fdslwd�/ h% � %*� 1 Vrfldo

zhoiduh lv=

7` E�c %� ' �

#]
w

Ew3 2%

�
�

�
�

2
E+W � S&�� S Eec r�

�
_r

$
� �j Eh%�

iurp zklfk lw iroorzv wkdw wkh rswlpdo qxpehu ri �upv h%
W shu fdslwd lv

lqghshqghqw ri � dqg vdwlv�hv=

E+W � S&� ' 2S
�
ec w � 2h%W

�
+7,

Jlyhq �c wkh vrfldo zhoiduh lv d frqfdyh ixqfwlrq ri wkh wrwdo qxpehu

ri �upv lqwurgxfhg/ % G 7`%% E�c %� ' e

�

YSEecw32h%�
Yw

	 fc iru h% 5

�
fc

w3w

2

�
�

Ilqdoo|/ wkh �uvw0ehvw vrfldo zhoiduh dqg rswlpdo qxpehu ri �upv +%W, duh

sursruwlrqdo wr wkh pdvv ri djhqwv lq wkh hfrqrp|=

%
W

' � h%W

7` W

E�c%W� ' �j Eh%W�

zklfk iroorzv iurp rxu dvvxpswlrq ri frqvwdqw uhwxuqv wr vfdoh lq wkh whdp

surgxfwlrq whfkqrorj|1

6 Lqfrpsohwh frqwudfwv

Zh qrz dqdo|}h wkh ghfhqwudol}hg rxwfrph zkhq 50phpehuv whdpv fdqqrw

zulwh frpsohwh frqwudfwv1 Zh iroorz wkh lqfrpsohwh frqwudfwlqj olwhudwxuh lq

dvvxplqj wkdw sduwlhv fdq rqo| frqwudfw rq d olplwhg qxpehu ri yduldeohv h{

dqwh1 Lq sduwlfxodu zh dvvxph wkdw wkh| fdq rqo| doorfdwh surshuw| uljkwv

ryhu sk|vlfdo dvvhwv dw wkh �uvw vwdjh1 Wkh| duh qrw deoh wr dyrlg edujdlqlqj

iru wkh glylvlrq ri vxusoxv dw wkh surgxfwlrq vwdjh1 Edujdlqlqj lqwurgxfhv wkh

srvvlelolw| ri pxwxdo �krog0xs� dprqj whdp phpehuv/ zklfk glvwruwv wkhlu

lqfhqwlyhv wr h{huw h�ruw1 Rxu vhwxs lv d sduwlfxodu fdvh ri Kduw dqg Prruh

+4<<3,/ h{fhsw wkdw rxwvlgh rssruwxqlwlhv duh hqgrjhqrxv lq rxu prgho1

<



Wkh wlplqj ri wkh jdph lv dv iroorzv=

Lqwurgxfwlrq ri dvvhwv1 Dw | ' � �upv duh iruphg1 Ilupv duh frqwudfwv

wkdw vshfli| h{ dqwh wudqvdfwlrqv ehwzhhq whdpphpehuv Ewc w�� c dqg surshuw|

uljkwv ryhu lghqwl�deoh sk|vlfdo dvvhwv81 Djhqwv idfh qr oltxlglw| frqvwudlqwv/

qru lpshuihfw lqirupdwlrq/ zkhq wkh| vhw xs wkh �up1

Lqyhvwphqwv1 Dw | ' 2 djhqwv h{huw h�ruw1 Iroorzlqj wkh lqfrpsohwh

frqwudfwlqj olwhudwxuh zh dvvxph wkdw h�ruw/ dowkrxjk revhuydeoh/ lv qrw d

yhul�deoh yduldeoh1

Edujdlqlqj1 Dw | ' � edujdlqlqj wdnhv sodfh1 Zlwk suredelolw| k6 �

�

2
wkh rzqhu pdnhv d wdnh lw ru ohdyh lw r�hu wr wkh qrq0rzqhu +wkdw lv/

dvvhw rzqhuv kdyh dw ohdvw wkh vdph edujdlqlqj srzhu dv qrq0rzqhuv,1 Zlwk

suredelolw| k
�
' � � k

�
wkh uhyhuvh r�hu wdnhv sodfh1

�Vhdufk� dqg surgxfwlrq1 Dw | ' e surgxfwlrq wdnhv sodfh1 Li r djhqwv

glg qrw uhdfk dq djuhhphqw dw | ' �c wkh| vhdufk iru ydfdqflhv lq h{ srvw

surgxfwlrq1 Wkh suredelolw| iru hdfk ri wkhvh djhqwv wr �qg d ydfdqf| lv
hbErc %� 	 �/ zkhuh % lv wkh wrwdo qxpehu ri ydfdqflhv lq h{ srvw surgxfwlrq1

Wkh pdwfklqj ixqfwlrq9 vdwlv�hv hb
%
E�� : fc hb

%%
E�� 	 f dqg hb

r
E�� 	 f dqg iru

6 : f G hbErc %� ' h

bE6rc6%��

Wkh iroorzlqj gh�qlwlrq zloo eh xvhixo= b E%� � *�40<f
hbE0c %�� b E%� lv wkh

pdwfklqj ixqfwlrq zkhq wkhuh % ydfdqflhv exw wkhuh lv rqo| �rqh� zrunhu

vhdufklqj1

Wkh wlplqj lv vxppdul}hg dv iroorzv=

8Rxu dujxphqw lv urexvw wr wkh dowhuqdwlyh dvvxpswlrq wkdw djhqwv gr qrw phhw xqwlo

wkh surgxfwlrq vwdjh dqg duh xqdeoh wr zulwh frqwudfwv ehiruh/ dv lq Dfhprjox +<:,1
9Lw lv lpsruwdqw wr qrwh wkdw wkh ixqfwlrq � fdq dovr eh lqwhusuhwhg gl�huhqwo| wkdq

d pdwfklqj ixqfwlrq1 Lw fdq dovr eh lqwhusuhwhg dv uh hfwlqj wkh zrunhu*v edujdlqlqj

srzhu zkhq wkhuh duh { �upv orrnlqj iru zrunhuv dqg v zrunhuv orrnlqj iru ydfdqflhv lq d

ghfhqwudol}hg pdunhw1
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� � � �

w@4 w@5 w@6 w@7

Ilup

irupdwlrq

H�ruw

h{huwhg

Edujdlqlqj Vhdufk dqg

Surgxfwlrq

614 Htxloleulxp doorfdwlrq

Frqvlghu wkh edujdlqlqj vwdjh/ | ' �� Iroorzlqj Kduw dqg Prruh +<3,/ zh fdq

uxoh rxw mrlqw rzqhuvkls ri wkh sk|vlfdo dvvhw:1 Zh zloo uhihu wr wkh rzqhu

+ru pdqdjhu, dv w
6

c dqg wr wkh zrunhu dv w
�
� Iru wzr djhqwv Ew

6
c w
�
� wkdw

iruphg d whdp dw | ' �c wkh vxusoxv wr eh glylghg zkhq edujdlqlqj lv jlyhq

e|= + Eew� c ew6 m w6c w�� � Wkh rxwvlgh rswlrq iru wkh rzqhu zkhq wkh whdp

euhdnv grzq lv wr surgxfh zlwk wkh sk|vlfdo dvvhw +wkdw vkh frqwurov, dqg

rewdlq + Eew6c f m w
6
c w
�
�1 Iru wkh zrunhu wkh ehvw rswlrq rxwvlgh wkh �up

lv wr vhdufk iru d ydfdqf| dqg hqjdjh lq h{ srvw surgxfwlrq1 Wklv jlyhv=

�hbErc %�ew� c zklfk ohdgv wr=

:Pdvnlq dqg Wluroh +<:, vkrz wkdw lq wklv frqwh{w wkh �uvw ehvw fdq eh dfklhyhg li djhqwv

fdq xvh uhyhodwlrq phfkdqlvpv edvhg rq vxejdph shuihfw lpsohphqwdwlrq1 Lq wkhlu zrugv/

zh irfxv rq wklv vlpsoh lqvwlwxwlrqdo vhw0xs rq d sulrul jurxqgv1 \hw/ lw vkrxog eh vdlg

wkdw zkdw lv fhqwudo wr rxu dujxphqw lv wkh h{lvwhqfh ri wudqvdfwlrq frvwv iurp d krog0xs

sureohp/ udwkhu wkdq wkh rswlpdo doorfdwlrq ri surshuw| uljkwv shu vh1 Zh eholhyh wkdw rxu

dujxphqw fdq dovr eh pdgh zlwk vlplodu h�hfw li/ dv lq Jurxw +;7, dqg Dfhprjorx +<:,/

djhqwv vlqn wkhlu lqyhvwphqwv ehiruh wkh| phhw dqg ehiruh wkh| duh deoh wr zulwh frqwudfwv1

Wkdw lv/ li wkh pdunhw idloxuh lv pdunhw lqfrpsohwhqhvv udwkhu wkdq frqwudfw lqfrpsohwhqhvv1

Lq wklv vhfrqg vhwwlqj wkh sduwlfxodu lqwhudfwlrq ehwzhhq wkh krog0xs sureohp dqg rxwvlgh

rssruwxqlwlhv wkdw zh irfxv rq lv olnho| wr eh vlplodu wkdq lq rxu vhwwlqj1 \hw/ zh ghyhors

rq wkh Kduw0Prruh iudphzrun vlqfh zh eholhyh lw surylghv d yhu| xvhixo ehqfkpdun1
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Uhvxow 4 Iru dq| doorfdwlrq ri edujdlqlqj srzhu/ lq htxloleulxp whdp php0

ehuv lq doo �upv wudgh dw | ' � Er ' f� dqg wkh uhohydqw pdwfklqj ixqfwlrq dw

| ' e lv b E%�

Uhvxow 4 ; lpsolhv wkdw dv wkh qxpehu ri �upv lq wkh hfrqrp| ehfrphv

odujhu/ wkh qxpehu ri zrunhuv* mre rswlrqv rxwvlgh wkhlu lqlwldo �up dovr lq0

fuhdvhv1 Vlqfh wkhvh rswlrqv duh zruvh wkdq wkh xwlolw| iurp uhpdlqlqj lq

wkh ruljlqdo whdp/ wkh| duh qhyhu xvhg lq htxloleulxp1 Wklv lqwurgxfhv dq

dv|pphwu| ehwzhhq wkh jurzwk ri rswlrqv +ydfdqflhv iru h{ srvw surgxfwlrq,

dv d ixqfwlrq ri wkh vfdoh � / dqg wkh jurzwk ri wkh qxpehu ri zrunhuv wkdw

h�hfwlyho| vhdufk iru d mre h{ srvw/ wkdw uhpdlqv qlklo lqghshqghqwo| ri � 1

Dowkrxjk wkh rswlrqv duh zruvh wkdq wkh whdp srvlwlrqv/ wkh| kdyh ydoxh

zkhq wkhuh lv dq djhqf| sureohp dw surgxfwlrq/ ehfdxvh wkh rxwvlgh rswlrqv

d�hfw wkh lqfhqwlyhv wr lqyhvw1 Wkh hqgrjhqrxv dv|pphwu| lq wkh vhdufk

ixqfwlrq lv zkdw surgxfhv lqfuhdvlqj djjuhjdwh uhwxuqv wr kxpdq fdslwdo lq

wkh ghfhqwudol}hg doorfdwlrq1

Fdoo T
6

dqg T
�
wkh h{shfwhg sd|r� iurp edujdlqlqj wr wkh pdqdjhu dqg

wkh zrunhu uhvshfwlyho|1 T
�
dqg T

6
duh jlyhq e|=

T
�
Eew6c ew�� ' k

�
d+ Ee

w�
c e
w6

m w
6
c w
�
�� + Ee

w6
c f m w

6
c w
�
�o n k

6
b E%��e

w�

T6Eew6c ew�� ' k6 d+ Eew� c ew6 m w6c w��� b E%��ew� o n k�ew6
+8,

Iurp h{suhvvlrq +8, wkh qxpehu ri �upv lq wkh hfrqrp| kdv glvwulexwlyh

h�hfwv/ dv lw fkdqjhv wkh whupv ri wudgh ehwzhhq rzqhuv dqg zrunhuv lqvlgh

wkh �up1 Zh vkrz wkdw wklv h{whuqdolw| kdv h�hfwv rq djhqwv* lqfhqwlyhv wr

surylgh kljk h�ruw1

;Uhvxow 4 lv vwudljkwiruzdug vlqfh iru doo +h�P > h�P > {> v, > iurp +4, dqg +5, dqg vlqfh

� +v> {, ? 4/ zh kdyh =

| +h�p> h�z m �
p
> �
z
, A | +h

�p
>3 m �p> �z,. h�+v> {,!h�z
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Frqvlghu wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw ri d w|sh0w rzqhu/ jlyhq

wkdw � h{huwv e
�

1 Wklv lv jlyhq e|=

T
6
Ee
�
c e�� SEec w

6
� � T

6
Ee
�
c e�� SEec w

6
� ' T

6
Ee
�
c e� /

k
6
d+ Eec e

w�
m w
6
c w
�
�� b E%��ew� o n k

�
+ Eec f m w

6
c w
�
�� SEec w

6
�

� k6 d+ Eec ew� m w6c w��� b E%��ew� o n k�+ Eec f m w6c w��

Wklv vlpsol�hv wr wkh iroorzlqj lqfhqwlyh frpsdwlelolw| frqglwlrq=

S Eec w6� � k6 d+ Eec ew� m w6c w��� + Eec ew� m w6c w��o

nk� d+ Eecf m w6c w��� + Eec f m w6c w��o

Wkh lqfhqwlyh frqvwudlqw iru wkh w|sh0w` zrunhu/ zkhq wkh pdqdjhu h{huwv

h�ruw e� lv=

T�Ee6c e�� SEec w�� � T�Ee6c e� � SEec w�� ' T�Ee6c e�/

k� d+ Eec ew6 m w6c w��� + Eec f m w6c w��o n k6b E%� �e� SEec w6�

� k� d+ Eec ew6 m w6c w����+ Eec f m w6c w��o n k6b E%��e

zkdw vlpsol�hv wr wkh LF frqglwlrq iru wkh zrunhu=

k� d+ Eew6c e m w6c w��� + Eew6 c e m w6c w��o n k6�b E%� Ee� e� � S Eec w��

Wkhvh LF lqhtxdolwlhv pdnh fohdu wkh h�hfw ri pdunhw h{whuqdolwlhv rq

lqfhqwlyhv lqvlgh wkh �up1 Wkhvh h�hfwv duh dv|pphwulf iru wkh rzqhu dqg

wkh zrunhu=

Uhvxow 5 Wkh lqfhqwlyh frqvwudlqw ri wkh pdqdjhu lv qrw +gluhfwo|, d�hfwhg

e| wkh wrwdo qxpehu ri �upv lq wkh hfrqrp|1 Rq wkh rwkhu kdqg/ lqfuhdvhv

lq wkh wrwdo qxpehu ri �upv lpsuryh wkh zrunhu*v lqfhqwlyh wr h{huw h�ruw1

Lq rughu wr rewdlq wkh wrwdo qxpehu ri �upv lq htxloleulxp/ wkh iroorzlqj

gh�qlwlrqv zloo eh xvhixo=
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Gh�qlwlrq 4 Zh fdoo wkh zrunhuv*v wkuhvkrog w|sh/ hw� E%�/ wkh plqlpxp

ydoxh ri w vxfk wkdw dq djhqw zkr lv wkh rzqhu ri wkh dvvhw lq d �up zloo

lqyhvw zkhq wkh pdqdjhu lqyhvwv1

S
�
ec hw

�
E%�

�
� k

�
d+ Eec e m w

6
c w
�
� � + Eec e m w

6
c w
�
�o

nk
6
b E%�� Ee� e� +9,

Gh�qlwlrq 5 Zh fdoo wkh pdqdjhu*v wkuhvkrog w|sh/ hw
6
/ wkh plqlpxp ydoxh

ri w vxfk wkdw dq djhqw wkdw lv wkh rzqhu ri wkh dvvhw lq d �up zloo lqyhvw

zkhq wkh zrunhu lqyhvwv1

S

�
ec
h
w6

�
� k6 d+ Eec e m w6c w�� � + Eec e m w6c w��o +:,

nk
�
d+ Eec f m w

6
c w
�
�� + Eec f m w

6
c w
�
�o

Wkhvh wkuhvkrog w|shv vhw dq xsshu erxqg rq wkh wrwdo qxpehu ri �upv1

Iurp dvvxpswlrqv +4, dqg +5, lw lv fohdu wkdw hw6 �
hw� E%� iru doo ydoxhv ri %1

Wkh wrwdo qxpehu ri �upv vdwlv�hv % � �
�

2

�
w � hw

6

�
c vlqfh djhqwv zlwk

w|sh w 	 hw6 gr qrw h{huw h�ruw lq dq| fdvh dv whdp phpehuv1 Rq wkh rwkhu

kdqg/ li lq htxloleulxp
hw
�
E%� � �

2

�
w n hw

6

�
wkh qxpehu ri �upv lv jlyhq e|

�

�
w � hw�

�
vlqfh iru hdfk lqglylgxdo wkdw lv holjleoh wr eh d zrunhu wkhuh lv dq

djhqw wkdw lv holjleoh wr eh d pdqdjhu/ exw qrw ylfh yhuvd1 Wkhvh frqglwlrqv

wrjhwkhu zlwk d �{hg srlqw frqglwlrq rq %/ |lhog wkh wrwdo qxpehu ri �upv=

Sursrvlwlrq 4 Wkh wrwdo qxpehu ri �upv lq wkh htxloleulxp zlwk lqfrpsohwh

frqwudfwv/ %e/ lv d vroxwlrq wr=

%
e

' � 4@ 

�
fc4�?

��
w � hw

�
E%e�

�
c
�

2

�
w �

hw
6

���
� \ E%e� +;,

Pruhryhu/ doo djhqwv zlwk w 5

k
w � 2%

e
c w � %e

l
sduwlflsdwh lq wkh �up dv

pdqdjhuv +dvvhw rzqhuv, dqg doo djhqwv zlwk w 5

k
w � %ec w

l
sduwlflsdwh dv

zrunhuv +qrw0rzqhuv,1
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Surri= lq wkh Dsshqgl{1

Lw lv fohdu iurp wkh frpsdulvrq ri wkh h!flhqf| frqglwlrq +7, dqg wkh

htxloleulxp frqglwlrq +;, wkdw %e zloo lq jhqhudo eh lqh!flhqw +%e lv lq jhqhudo

vxerswlpdo/ vlqfh d whdp zloo qrw eh iruphg li lw grhv qrw jhqhudwh srvlwlyh

vxusoxv zlwkrxw djhqf| sureohpv,1

Wkh �{hg srlqw frqglwlrq lq +;, lv looxvwudwhg lq Iljxuh 5=

Lqvhuw Iljxuh 5 khuh

Wkh vroxwlrq wr +;, ghshqgv rq wkh srvlwlrq ri wkh pdsslqj \ E%� uhodwlyh

wr wkh lghqwlw| pdsslqj1 Lw lv vwudljkwiruzdug wr vkrz=

Fruroodu| 4 Iurp wkh frqfdylw| ri \ E%� < dw ohdvw rqh vroxwlrq dozd|v h{0

lvwv dqg wkh qxpehu ri vroxwlrqv lv qrw eljjhu wkdq wkuhh1 Li wkhuh duh wkuhh

htxloleuld E%Jc %�e
c %

re� zh kdyh= %
J ' f 	 %�e 	 %re dqg E%Jc %re� duh vwdeoh

htxloleuld exw E%�e� lv dq xqvwdeoh htxloleulxp1

Frqvlghu wkh fdvh zkhuh wkhuh duh wkuhh htxloleuld= Ef 	 %
�e
	 %

re�1 Wkh

srvvlelolw| ri pxowlsoh htxloleuld lv d gluhfw frqvhtxhqfh ri lqfhqwlyh h{whu0

qdolwlhv= xqghu qr uhqhjrwldwlrq +�uvw ehvw, wkhuh lv rqo| rqh htxloleulxp lq

wkh lqgxvwu|1

Xqghu lqfrpsohwh frqwudfwv/ li djhqwv eholhyh wkdw rwkhu djhqwv zloo qrw

hqwhu/ wkhq kxpdq fdslwdo lv qrw d �oltxlg� dvvhw lq wkh vhfrqgdu| pdunhw

+h{ srvw surgxfwlrq,= zrunhuv idfh srru rxwvlgh rssruwxqlwlhv lqvlgh wkh �up

dqg wkhuhiruh kljk h{sursuldwlrq1 Lqfhqwlyhv duh srru dqg djhqwv gr qrw vwduw

�upv1 Wkh lqlwldo eholhiv duh frq�uphg1 Li djhqwv eholhyh wkdw wkhuh zloo eh

pdq| �upv lq wkh lqgxvwu|/ wkh frqyhuvh kdsshqv/ jrrg lqfhqwlyh frqglwlrqv

duh dqwlflsdwhg dqg djhqwv hqwhu wkh lqgxvwu|1

<�
33 +{, � 3 vlqfh=

�
33 +{, 5

+
3>�

�p�
33 +{, !�hf� +h> � +{,, � f�� +h> � +{,,�

p
�

3 +{,!�h

+f� +h> � +{,,,
5

? 3

,
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615 Frpsdudwlyh vwdwlfv

Frqvlghu d sdudphwhu � wkdw lv dq lqgh{ ri h!flhqf| lq wkh frvw ixqfwlrq

S Eec wc �� c vxfk wkdw S
�
ec wc �

�
' S Ee� dqg=

f 	
YS Eec wc��

Yw
	

YS Eec wc ���

Yw
/ � : ��

Ohw 4 eh d sdudphwhu ri �h!flhqf|� lq wkh pdwfklqj ixqfwlrq b E%c 4� vxfk

wkdw

;% 5

�
fc

�

2
�

�
c � : b E%c 4� : b E%c 4�� � f/ 4 : 4

�

Gh�qlwlrq 6 Zh vd| wkdw wkh hfrqrp| kdv srru lqfhqwlyhv li

S

�
ec w

�
: k

�
d+ Eec e m w

6
c w
�
�� + Eec e m w

6
c w
�
�o

Wklv frqglwlrq vd|v vlpso| wkdw wkh prvw h!flhqw w|sh grhv qrw hqwhu wkh

�up dv d zrunhu1

Sursrvlwlrq 5 Li wkh hfrqrp| kdv srru lqfhqwlyhv wkhq/ %re
' f lv d vwdeoh

vroxwlrq wr +;,1 Pruhryhu/ iru 5 5 i�c�c 4c �j wkhuh lv d fulwlfdo ydoxh ri e5

vxfk wkdw=
%
re E5� ' %

J E5� ' %
�e E5� ' f dqg 5 	 e5

%
re E5� : %

�e E5� : %
J E5� ' f dqg 5 : e5

dqg %
re E5� : f rwkhuzlvh1

Pruhryhu/ iru lqfuhphqwv lq 5 eh|rqg e5 zh kdyh=

Y%re

Y5
� f dqg

Y%�e

Y5
� f

Surri= lq wkh Dsshqgl{1

Sursrvlwlrq 5 vkrzv wkh h{lvwhqfh ri lqfuhdvlqj uhwxuqv wr vfdoh lq srsx0

odwlrq �c lq wkh hfrqrp| zlwk lqfrpsohwh frqwudfwv/ hyhq li wkh xqghuo|lqj

whfkqrorj| lv ri frqvwdqw uhwxuqv wr vfdoh1

Iurp sursrvlwlrq 5 wkhuh lv d glvfrqwlqxlw| lq wkh uhodwlrqvkls ehwzhhq wkh

ghyhorsphqw fkdudfwhulvwlfv ri wkh hfrqrp| dqg lqgxvwuldo dfwlylw|1 Ehorz d

fhuwdlq ghyhorsphqw ohyho wkhuh lv qr dfwlylw|1 Eh|rqg wkdw ohyho wkhuh duh
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htxloleuld wkdw vxssruw srvlwlyh lqgxvwuldo hpsor|phqw1 Lq sduwlfxodu/ wkh

vwdeoh htxloleulxp lpsolhv d juhdwhu ohyho ri hpsor|phqw lq wkh hfrqrp|1 Dv

wkh vl}h ri wkh hfrqrp| lqfuhdvhv +ru dv wkh hfrqrp| ehfrphv pruh h!flhqw,

wkh hpsor|phqw ohyho lpsolhg e| wkh vwdeoh htxloleulxp lqfuhdvhv/ zkhuhdv

wkh hpsor|phqw ohyho lq wkh xqvwdeoh htxloleulxp ghfuhdvhv1

Vlqfh wkh wudqvdfwlrq frvwv dqg wkh lqh!flhqf| lq wkh hfrqrp| duh sursru0

wlrqdo wr wkh fulwlfdo pdvv/ Uhvxow 6 vkrzv d frqqhfwlrq ehwzhhq whfkqrorjlfdo

surjuhvv dqg wudqvdfwlrq frvwv1 Whfkqrorjlfdo surjuhvv uhgxfhv wudqvdfwlrq

frvwv/ vlqfh lw uhgxfhv wkh fulwlfdo vl}h ri wkh hfrqrp| uhtxluhg wr vwduw surgxf0

wlrq1 Pruhryhu/ li zh lqwhusuhw wklv wr phdq wkdw wkh ghqvlw| ri wkh hfrqrplf

lq d uhjlrq lqfuhdvhv wkh h!flhqf| ri wkh pdwfklqj ixqfwlrq b/ lqfuhdvhv lq

hfrqrplf ghqvlw| uhgxfh wudqvdfwlrq frvwv lqvlgh wkh �up dqg uhgxfh wkh

plqlpxp vwduw0xs vfdoh ri d vhfwru1

7 Hpslulfdo Lpsolfdwlrqv

Wkh ohdglqj lpsolfdwlrq ri wkh suhylrxv vhfwlrq lv wkdw xqghu lqfrpsohwh

frqwudfwv +dqg wkhuhiruh djjuhjdwh lqfuhdvlqj uhwxuqv, wkhuh duh lq jhqhudo +li

wkh ohyho ri ghyhorsphqw lv vx!flhqwo| orz, pxowlsoh htxloleuld/ zlwk lqgxvwuldo

ghorfdwlrq dv rqh ri wkh htxloleuld1 Rq wkh rwkhu kdqg/ lq wkh hfrqrp|

zlwk frpsohwh frqwudfwv dqg frqvwdqw uhwxuqv whfkqrorj|/ lqgxvwulhv kdyh rqh

htxloleulxp ohyho ri hpsor|phqw wkdw lv srvlwlyh1 Lq wklv vhfwlrq zh h{soruh

wklv wkhruhwlfdo lpsolfdwlrq= lw lv pruh olnho| wr �qg hylghqfh ri pxowlsoh

htxloleuld dqg lqgxvwuldo ghorfdwlrq lq ohvv ghyhorshg uhjlrqv wkdw lq pruh

ghyhorshg uhjlrqv431

Zh glvwlqjxlvk ehwzhhq uhjlrqv/ � 5 i�c ���c Uj c surgxfwlyh vhfwruv/ � 5

43Lw lv lpsruwdqw wr qrwlfh wkdw/ li wklv hpslulfdo sdwwhuq lv wuxh/ lw fdq eh h{sodlqhg e|

rwkhu wkhrulhv ri djjuhjdwh lqfuhdvlqj uhwxuqv gl�huhqw wr rxu wkhru| edvhg rq frqwudfwlqj

h{whuqdolwlhv1 Zh pdnh qr dwwhpsw khuh ri hpslulfdoo| vhohfwlqj wkh ehvw wkhru| wr h{sodlq

pxowlsoh htxloleuld1 Zh vlpso| dujxh wkdw pxowlsolflw| ri htxloleuld lv lqfrqvlvwhqw zlwk wkh

frqvwdqw uhwxuqv2frpsohwh frqwudfwv prgho dqg lw lv qrw lqfrqvlvwhqw zlwk wkh frqvwdqw

uhwxuqv +dw wkh �up ohyho,2lqfrpsohwh frqwudfwv vhwwlqj1
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i�c ���c aj dqg wlph shulrgv/ | 5 ifc ���cAj � +��
| lv wkh qxpehu ri hpsor|hhv

44

lq vhfwru �c dqg uhjlrq �c dw wlph |� D uhjlrq � dw wlph | lv fkdudfwhul}hg

e| lwv srsxodwlrq pdvv ��|c dqg lwv ghjuhh ri whfkqrorjlfdo ghyhorsphqw ru

h!flhqf|/ E�
�|
c �

�|
� �

Zlwk d vwudljkwiruzdug g|qdplf lqwhusuhwdwlrq wr wkh vfkhgxohv lq +;,/

jlyhq +
��
| wkh vxevhtxhqw qxpehu ri �upv +

��

|n� lv
45

=

+
��

|n� � \�

�
+

��
| c 5�|

�

Wrwdo vhfwrudo qh{w shulrg*v hpsor|phqw lq uhjlrq � ghshqgv qrq0olqhduo|

rq wklv shulrg*v h{lvwlqj vhfwrudo hpsor|phqw dqg rq wkh fkdudfwhulvwlfv ri

wkh uhjlrq1 Lq rughu wr dssur{lpdwh wkh pdsslqj \ zh vshfli| wkh iroorzlqj

htxdwlrq=

h+
��
|n� ' 4@ 

+
fc

#
@f n @�h+

��
| n @2

�h+��
|

�
2

n

-[

o'�

Ko 5
�

|
Eo� n h0

��

|

$,
+<,

Wkh fhqvruhg vwuxfwxuh ri +<, iroorzv iurp +;, dqg iurp +
��
| ehlqj d

vwrfn1 Zh dvvxph wkh lqghshqghqfh dqg qrupdolw| ri wkh huuru whup= h0
��
| �

� Efc j2� � Wkh frh!flhqwv E@fc @�c @2� fdswxuh wkh qrq0olqhdulwlhv46 lq \� Wkh

frh!flhqwv EK�c ��c Koc ��c K-� fdswxuh wkh ghshqghqfh ri \ rq wkh uhjlrqdo vfdoh

dqg ghyhorsphqw fkdudfwhulvwlfv=� i5�
|
Eo�j

-

o'�
c dv suhglfwhg e| Sursrvlwlrq 5�

Wkh iroorzlqj wdeoh frqwdlqv qhfhvvdu| frqglwlrqv iru wkh sdudphwhuv E@fc @�c @2�

lq +<, wr eh frqvlvwhqw zlwk wkh h{lvwhqfh ri rqo| rqh htxloleulxp dqg pxowlsoh

htxloleuld lq wkh lqgxvwu|=

44
Lq wkh prgho | lv sursruwlrqdo wr wkh qxpehu ri whdpv {/ htxdo wr

4

5
| @ {=

45
Lw lv vwuljkwiruzdug wr vkrz wkdw � +|w, lv wkh dfwxdo qxpehu ri hpsor|hhv dw w . 4 li

wkh prgho ghvfulehg lq wkh wkhruhwlfdo vhfwlrq uhsuhvhqwv wkh shulrg w hfrqrp| dqg wkhuh

lv dq duelwudu| dqg glvfuhwh qxpehu ri shulrgv1
46Zh h{shfw � +, wr eh frqfdyh= vhh irrwqrwh <1
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Wdeoh 4=

Uhvwulfwlrqv rq @
J
c @�c @2�

Rqh htxloleulxp= Pxowlsoh htxloleuld=

@
J
: f @

J
	 f

@� � f @� : �

@2 	 f @2 	 f

Li wkhuh duh wkuhh htxloleuld/ zh fdoo wkh xqvwdeoh htxloleulxp +
�e
5 Efc +

re�

wkh fulwlfdo pdvv ri wkh vhfwru/ vlqfh li wkh lqgxvwu| kdv +| 	 +�e vhfwrudo

hpsor|phqw frqyhujhv wr }hur +ru wkh vhfwru iroorzv d ghorfdwlrq surfhvv,1

Iurp Sursrvlwlrq 5/ zh h{shfw wkh frh!flhqwv EK�c ��c Koc ��c K-� uhodwhg wr

ghyhorsphqw h�hfwv wr eh srvlwlyh1 Wkh frh!flhqwv lq Ko duh lqwhusuhwhg dv

fruuhodwlrqv ehwzhhq ghyhorsphqw dqg vfdoh fkdudfwhulvwlfv ri wkh uhjlrq dqg

wkh lqfuhphqw ri vhfwrudo hpsor|phqw1 Srvlwlyh ydoxhv ri K
o
vkliwv xszdugv

wkh \ E� vfkhgxoh/ lpso|lqj wkdw lqgxvwu| g|qdplfv lq odujh ru ghyhorshg

uhjlrqv kdyh d vpdoohu fulwlfdo vl}h +xqvwdeoh vwhdg| vwdwh %
�e, dqg odujhu

vwdeoh vwhdg| vwdwhv +%re, lq lqgxvwu| vl}h1

Rxu hpslulfdo vwudwhj| lv dv iroorzv1 Zh frqvwuxfw lq wkh �uvw sodfh sur{|

yduldeohv wr lpsohphqw htxdwlrq +<, dqg vkrz ghvfulswlyh vwdwlvwlfv1 Zh hv0

wlpdwh wkh fhqvruhg hqgrjhqrxv yduldeoh +wrelw, prgho lq +<, e| pd{lpxp

olnholkrrg1 Zh whvw wkh xqltxh yhuvxv pxowlsoh htxloleuld k|srwkhvlv/ dffrug0

lqj wr wkh gh�qlwlrq lq Wdeoh 41

714 Gdwd

Zh kdyh frpelqhg gdwd iurp d qxpehu ri vrxufhv= wkh gdwd rq wkh hp0

sor|phqw vwrfn lq vhfwruv/ uhjlrqv dqg |hduv lv frpsxwhg iurp wkh Dfwlyh

Srsxodwlrq Vxuyh| +Hqfxhvwd gh Sreodflöq Dfwlyd, ri wkh Qdwlrqdo Lqvwlwxwh

iru Vwdwlvwlfv +LQH,/ wkh gdwd rq uhjlrqv* xqhpsor|phqw udwh lv wdnhq iurp

wkh Uhjlrqdo Dffrxqwv ri wkh Vsdqlvk Plqlvwu| ri Hfrqrp|/ wkh �jxuhv iru

uhjlrqv* srsxodwlrqv duh iurp wkh Fhqvxv1 Ilqdoo| wkh gdwd rq uhjlrqdo jurvv

surgxfw lv iurp wkh EEY Irxqgdwlrq*v Vwdwlvwlfdo Vrxufherrn1 Pruh suh0

flvho|/ rxu sur{| yduldeohv duh frqvwuxfwhg dv iroorzv=

4<



� h+
��
| lv gh�qhg dv wkh wrwdo qxpehu +lq whqv ri wkrxvdqgv, ri hpsor|hg

lqglylgxdov lq E�c �� lq |hdu |c dv uhsruwhg lq wkh Vsdqlvk Dfwlyh Srsx0

odwlrq Vxuyh| +Hqfxhvwd gh Sreodflöq Dfwlyd,1

� ��| lv wkh srsxodwlrq vl}h ri uhjlrq � dw wlph |1

� �
�|
c �

�|
/ duh uhodwhg wr wkh whfkqrorjlfdo h!flhqf| ri wkh hfrqrp|1 Zh

xvh wkh jurvv surgxfw shu fdslwd vwdwlvwlf dqg wkh qxpehu ri sdwhqwv

lvvxhg lq uhjlrq � dv sur{| yduldeohv1

� Zh lqwurgxfh lq dgglwlrq d qxpehu ri frqwuro yduldeohv lq rqh vshfl�0

fdwlrq1 Lq sduwlfxodu zh xvh lqirupdwlrq rq wkh uhjlrqdo xqhpsor|phqw

udwh dqg dq lqgh{ ri uhjlrq*v vshfldol}dwlrq +frqvwuxfwhg iurp wkh hp0

sor|phqw gdwd,�

Wkh iroorzlqj wdeoh vkrzv wkh ghvfulswlyh vwdwlvwlfv ri wkh sur{| yduldeohv/

wkh frqwurov dqg vrph ri wkhlu furvv0surgxfwv1

Wdeoh 5

Ghvfulswlyh vwdwlvwlfv ri wkh sur{| yduldeohv lq htxdwlrq +<,1

Yduldeoh Phdq Vwg1Ghy Plq1 Pd{1

7|JS& e6R,J+e_

�fcfff
�++��

|n�,
47

314< 3189 3 <173

u@}}e_ r|JS& e6R,J+e_

�f�fff
�++��

| ,48 314<8 3189 3 <18;�
u@}}e_ r|JS& e6R,J+e_

�fcfff

�
2

�

�
+

��
|

�
2

3168 614< 3 <41::

Jurvv surgxfw shu fdslwd�|
49

413< 61;6 317; 5148

orj ri srsxodwlrq�| 4614< 31;3 44178 48176

Lqfrph shu fdslwd � orj ri srsxo1 47174 7176 9177 63135

Qxpehu ri sdwhqwv lvvxhg�| 6<1<7 43:133 3 :5<

Lqgh{ ri vshfldol}dwlrq�| 3149 3189 3134 4

Xqhpsor|phqw udwh�| 4;134 418< 49154 53186

47
Shulrg= ^4<;:04<<5`1

48
Shulrg ^4<;904<<4`1

49
Lq ploolrqv shvhwd1
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8 Hvwlpdwlrq Uhvxowv

Wkh pdlq lpsolfdwlrqv ri rxu prgho duh wkh h{lvwhqfh ri pxowlsoh htxloleuld

lq lqgxvwu| g|qdplfv dqg wkh qhjdwlyh fruuhodwlrq ehwzhhq wkh fulwlfdo vl}h ri

lqgxvwuldo vhfwruv +phdvxuhg e| wkh xqvwdeoh vwhdg| vwdwh vl}h ri wkh lqgxvwu|,

dqg wkh vfdoh dqg ghyhorsphqw ri wkh uhjlrq1 Wkhuh lv d uhlqirufhphqw h�hfw

zkhuh uhjlrqdo ghyhorsphqw dqg vfdoh uhgxfh wkh suredelolw| ri lqgxvwuldo

ghorfdwlrq1 Wkh uhlqirufhphqw h�hfw dulvhv ehfdxvh wkh odujhu vfdoh ri wkh

hfrqrp| lpsuryhv lqfhqwlyhv* frqglwlrqv/ gluhfwo| irvwhulqj wkh irupdwlrq ri

�upv1

Wdeoh 6 vkrzv wkh uhvxow ri hvwlpdwlqj wkh fhqvruhg hqgrjhqrxv yduldeoh

+wrelw, prgho lq htxdwlrq +<, e| pd{lpxp olnholkrrg/ zlwk gl�huhqw vxevhwv

ri wkh yduldeohv lq Wdeoh 51 Prgho 5 hvwlpdwhv wkh uhjlrqv* �{hg h�hfwv1 Wkh

vljql�fdqw �{hg h�hfwv frh!flhqwv iurp prgho 5 duh uhsruwhg lq Wdeoh 71

Wdeoh 6

Hvwlpdwlrq ri +<,1

Qxpehu ri revhuydwlrqv= :63<

Prgho 4 Prgho 5 Prgho 6 Prgho 7

Orj olnholkrrg 04/699 04/737 04/6<< 04/743

Yduldeoh=

frqvwdqw= 3f�D2bH

Ef�f�bf�W
3f�f�fS

Ef�f�fH�W
3��feef

Ef���Sb�W
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Ef��2�D�W

+
��

|3�
��fH�e

Ef�ffD2�
W

��fDS�

Ef�ffSe�
W

��fSeb

Ef�ffS2�
W

��fDHH

Ef�ffS��
W�

+
��

|3�

�
2

3f�f��b

Ef�fffb�
W

3f�ffb.

Ef�ff�f�
W

3f�f�ff

Ef�fffb�
W

3f�f�ff

Ef�fffb�
W

Lqfrph shu fdslwd
f�.ef�

Ef��f���

f�b�.2

Ef���f��
W

orj+srsxodwlrq, f�f.e.

Ef�ffHH�W
f�fH�f

Ef�ffbf�W

Lqfrph s1f1� orj+srs1,
3f�fDDe

Ef�ff.S�

3f�f.fS

Ef�ffHe�
W

qxp1 ri sdwhqwv
f�fff�

Ef�ffff��W

xqhpsor|phqw udwh
f�ff�2

Ef�ff�2�

hvshfldol}dwlrq
f�f�fD

Ef�f�2S�

uhjlrqdo gxpplhv qr |hv qr qr

+�,= vljql�fdqw dw wkh 4( ohyho
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Lq doo irxu prghov lq wdeoh 6 zh uhmhfw wkh qxoo k|srwkhvlv wkdw wkhuh lv

xqltxh lqgxvwuldo vwhdg| vwdwh/ vlqfh wkh lqwhufhsw whup +@
J
, lv qhjdwlyh dqg

vljql�fdqw/ wkh vorsh ri \ dw wkh ruljlq +@�, lv juhdwhu wr rqh +dw wkh 4(

ohyho, dqg wkh hvwlpdwhg \ E+|� pdsslqj lv frqfdyh lq +| +@2 lv qhjdwlyh dqg

vljql�fdqw,1 Jlyhq wkh hvwlpdwhg k|srwkhvlv/ zh �qg wkdw wkhuh duh wkuhh

htxloleuld lq wkh dyhudjh lqgxvwu|= qr dfwlylw| ++ ' f� ehlqj dq htxlole0

ulxp dqg wzr pruh htxloleuld E+�ec +re� wkdw vdwlvi| wkh hvwlpdwhg htxdwlrq=

E+�ec +re� ' . e\ E+�ec +re�1 Wkh vwdeoh htxloleulxp lv juhdwhu wkdq wkh xqvwdeoh

rqh ++
�e 	 +re,1

Duh vhfwrudo g|qdplfv gl�huhqw lq ghyhorshg dqg ohvv ghyhorshg uhjlrqvB1

Prgho 5 lqwurgxfhv d uhjlrqdo �{hg h�hfw/ wkdw phdvxuhv wkh gl�huhqfh ri

wkh uhjlrqdo lqwhufhsw zlwk wkh h{foxghg uhjlrq*v lqwhufhsw
4:

1 Zh �qg whq

uhjlrqv zlwk dq lqwhufhsw whup @J vljql�fdqwo| vpdoohu wr wkdw ri wkh h{foxghg

uhjlrq +wkdw zdv douhdg| qhjdwlyh,1 Wklv phdqv wkdw wkh \ vfkhgxoh vkliwv

grzqzdugv iru wkhvh whq uhjlrqv dqg wkdw wkh| kdyh juhdwhu fulwlfdo pdvv ri

wkh lqgxvwu| dqg d vpdoohu vwdeoh vwhdg| vwdwh1 Wkhvh whq uhjlrqv duh olvwhg

lq Wdeoh 7 ehorz wkh hqwu| iru Edufhorqd1

Wdeoh 7 vkrzv wkh gl�huhqfh ehwzhhq lqwhufhswv dqg wkh h{foxghg uhjlrq*v

lqwhufhsw +@J��@J�,/ wkh vpdoohu urrw ri wkh hvwlpdwhg gl�huhqfh htxdwlrq +wkh

fulwlfdo pdvv %�e,/ wkh uhjlrq*v srsxodwlrq +lq ohyho, dqg wkh jurvv surgxfw

shu fdslwd dv ri 4<;:1 Qrwlfh wkdw doo whq uhjlrqv duh vsduvho| srsxodwhg +wkh

dyhudjh uhjlrqv*v srsxodwlrq lv 868/333, dqg kdyh jurvv surgxfw shu fdslwd

vpdoohu wkdq qdwlrqdo*v dyhudjh ri 413< +vhh Wdeoh 5,1 Wkh hvwlpdwhg vhfwrudo

fulwlfdo pdvv iru wkh vsduvh uhjlrqv udqjhv iurp 953 hpsor|hhv lq Fäfhuhv wr

<36 lq ]dprud +wr eh frpsduhg zlwk wkh devhqfh ri d fulwlfdo pdvv lq wkh

odujh vfdoh uhjlrq ri Edufhorqd,1

Dw wkh rwkhu h{wuhph ri wkh vshfwuxp zh �qg wkdw wkh �{hg h�hfw ri

Edufhorqd*v uhjlrq lv vljql�fdqwo| juhdwhu wkdq wkh h{foxghg uhjlrq +wklv lv

dovr wkh fdvh ri Pdgulg/ exw wkh frh!flhqw lv qrw vljql�fdqwo| gl�huhqw wr

}hur,1 Wkh lqwhufhsw whup iru Edufhorqd lv hvwlpdwhg dv qrq0qhjdwlyh1 Wklv

4:Wkh h{foxghg uhjlrq lq wkh uhjuhvvlrq lv Dodyd/ d uhodwlyho| lqgxvwuldo dqg ghyhorshg

uhjlrq1 Wklv h{sodlq zk| prvw ri wkh hwlpdwhg �{hg hihfw frh!flhqwv lq prgho 5 duh

qhjdwlyh1
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lpsolhv wkdw iru wklv uhjlrq zh dffhsw wkh k|srwkhvlv wkdw wkhuh lv rqo| rqh

vwhdg| vwdwh dqg fulwlfdo pdvv ri wkh lqgxvwu| lv qrqh{lvwhqw1

Wdeoh 7

Gxpp| yduldeohv hvwlpdwhg lq prgho 5/

wkdw duh vljql�fdqw dw wkh 8(ohyho1

Uhjlrq @J�3@J�

Evwg1ghy1�
%
�e

�
�

�
surgxfw s1f1

Edufhorqd
f�ffD

Ef��.��
> 7/95</4:9 31<894

Fäfhuhv 3f�f�e.

Ef�f�SH�
953 755/67: 319<;5

Doedfhwh
3f�f�eH

Ef�f�Db�
953 679/:<6 318;9:

Vruld 3f�f�H2

Ef�f�Sb�
985 <:/<48 31;844

Whuxho 3f�fe�e

Ef�f�Sb�
9;5 47</756 31;78<

Dophuðd
3f�fe2.

Ef�f�.f�
9<8 779/533 31:4;6

Oohlgd 3f�fe�H

Ef�f�SH�
:38 685/683 413:<6

Dylod
3f�feDe

Ef�f�.��
:53 4;5/967 31983;

Oxjr 3f�feS�

Ef�f�.f�
:5: 739/456 319537

Fxhqfd 3f�fDHH

Ef�f�.��
;7: 546/;45 319356

]dprud
3f�fSe.

Ef�f�.S�
<36 555/573 319:45

D fohduhu slfwxuh ri wkh uhodwlrqvkls ehwzhhq uhjlrqv* vfdoh dqg ghyho0

rsphqw rq wkh rqh kdqg dqg wkh vl}h ri wkh lqgxvwuldo fulwlfdo pdvv rq wkh

rwkhu kdqg/ fdq eh gudzq iurpprghov 6 dqg 7 lq Wdeoh 61 Wkh frh!flhqwv iru

Jurvv Surgxfw shu fdslwd dqg orj ri srsxodwlrq duh srvlwlyh dqg vljql�fdqw1

Vfdoh dqg ghyhorsphqw dowhu lqgxvwu| g|qdplfv uhgxflqj wkh fulwlfdo pdvv

%
�e

1 Exw devroxwh vfdoh dqg ghyhorsphqw gr qrw frpsohphqw hdfk rwkhu wr

uhgxfh fulwlfdo pdvv/ dv uhyhdohg e| wkh qhjdwlyh +dqg vljql�fdqw, lqwhudfwlrq

whup �Lqfrph s1f1� orj+srs1,� lq prghov 6 dqg 71 Odujh vfdoh ru ghyhorsphqw

duh hdfk e| lwvhoi vx!flhqw wr uhgxfh wkh suredelolw| ri lqgxvwuldo ghorfdwlrq1

Wkdw lv/ uhjlrqv zlwk vx!flhqwo| odujh srsxodwlrq exw vpdoo jurvv surgxfw

shu fdslwd kdyh d vpdoo fulwlfdo pdvv lq lqgxvwulhv1 Frqyhuvho|/ vpdoo uhjlrqv

zlwk vx!flhqwo| odujh jurvv surgxfw shu fdslwd duh olnho| wr dyrlg d �ghorfd0

wlrq wuds�1 Exw uhjlrqv wkdw duh erwk vpdoo lq vl}h dqg kdyh vpdoo shu fdslwd
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jurvv surgxfw kdyh d odujh vhfwrudo fulwlfdo pdvv1 Wkhvh duh wkh whq uhjlrqv

zlwk wkh juhdwhvw fulwlfdo vl}h/ olvwhg lq urzv 5 wr 45 lq Wdeoh 71 Lq wkhvh

whq uhjlrqv d qhjdwlyh vhfwrudo vkrfn wkdw vhwv wkh ohyho ri hpsor|phqw ehorz

wkh fulwlfdo pdvv %�e vwduwv d ghorfdwlrq surfhvv wkdw fdq ohdg wr wkh hqg ri

vhfwrudo dfwlylwlhv lq wkh uhjlrq1

Lq wkh uhpdlqlqj 6< uhjlrqv/ wkh lqwhufhsw whup lv qrw vwdwlvwlfdoo| gl�huhqw

wr wkh h{foxghg uhjlrq*v +Dodyd, lqwhufhsw whup +wkh frqvwdqw lq Prgho 5 ri

Wdeoh 6, htxdo wr 03136391 Wklv lqwhufhsw whup lpsolhv d fulwlfdo vl}h ri 543

hpsor|hhv/ d plggoh jurxqg ehwzhhq wkh fdvh ri Edufhorqd dqg wkh whq vsduvh

uhjlrqv lq Wdeoh 71 Wkh olvw ri hvwlpdwhg frh!flhqwv iru wkhvh 6< uhjlrqv lv

vkrzq lq wkh Dsshqgl{1

9 Frqfoxvlrqv

Zh kdyh ghulyhg d wkhru| ri lqfuhdvlqj uhwxuqv wr kxpdq fdslwdo wkdw grhv qrw

dulvh gluhfwo| iurp wkh dvvxpswlrqv rq wkh surgxfwlyh whfkqrorj|1 Rxu wkhru|

vwduwv iurp d vlpsoh revhuydwlrq1 Dv wkh vfdoh ri dq hfrqrp| lqfuhdvhv/ wkh

qxpehu ri lqh!flhqw uh0doorfdwlrqv ri idfwruv lqfuhdvhv h{srqhqwldoo|1 Lqh!0

flhqw uh0doorfdwlrqv vhuyh dv rxwvlgh rswlrqv wr djhqwv zkhq edujdlqlqj iru wkh

whupv ri wudgh1 Dowkrxjk wkhvh rswlrqv gr qrw gluhfwo| frqwulexwh wr vrfldo

zhoiduh/ wkh| fkdqjh djhqwv* lqfhqwlyhv wr hqjdjh lq kxpdq fdslwdo lqyhvw0

phqwv1 Zlwk wudqvdfwlrq frvwv ghulylqj iurp lqh!flhqw h{ srvw edujdlqlqj/

zh �qg wkdw lq wkh ghfhqwudol}hg htxloleulxp wkhuh duh jhqhudoo| lqfuhdvlqj

uhwxuqv wr vfdoh1

Dv rssrvhg wr rwkhu wkhrulhv ri djjorphudwlrq edvhg rq wudqvdfwlrq frvwv

ghulyhg iurp h{ srvw edujdlqlqj +Dfhprjorx +<:,,/ rxu wkhru| grhv qrw uho|

rq vhdufk h{whuqdolwlhv1 Lw grhv qrw uho| hlwkhu rq wkh lghd ri glvwruwlqj wkh

fdslwdo0oderu udwlr iurp wkh rswlpdo udwlr/ vr dv wr pdnh oderu �vfdufh� dqg

irufh fdslwdo wr frpshwh iru oderu1 Lq rxu vhwwlqj wkhuh duh fhqwudol}hg idfwruv*

pdunhwv h{ dqwh +dowkrxjk wkhuh lv vhdufk 0rxw ri wkh htxloleulxp sdwk0 iru

vhfrqgdu| pdunhwv, dqg wkh sursruwlrq ri idfwruv dw surgxfwlrq lv wkh h!flhqw

rqh1 Wkh vrxufh ri lqfuhdvlqj uhwxuqv lv wkh idfw wkdw wkh hfrqrp| surgxfhv
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iru iuhh d jrrg wkdw lv ydoxdeoh xqghu wudqvdfwlrq frvwv= wkh srvvlelolw| ri

lqh!flhqw uh0doorfdwlrq ri idfwruv1

Zh kdyh vkrzq krz wr xvh wkh wkhruhwlfdo prgho wr uhvwulfw wkh gdwd1 Lq

sduwlfxodu/ rxu �{hg0srlqw htxloleulxp frqglwlrq lv xvhg wr vshfli| d g|qdplf

htxdwlrq ri wkh qxpehu ri qhz �upv dv d ixqfwlrq ri vfdoh dqg phdvxuhv

ri dfwlylw|/ lq d uhjlrq dqg vhfwru1 Wkh wkhru| ohdgv wr d fhqvruhg �uvw0

rughu qrq0olqhdu gl�huhqfh htxdwlrq iru wkh ohyho ri vhfwrudo hpsor|phqw lq

uhjlrqv1 Rxu hvwlpdwhv ri wkh gl�huhqfh htxdwlrq duh frqvlvwhqw zlwk wkh

h{lvwhqfh ri pxowlsoh vwhdg| vwdwhv lq vhfwruv dqg zlwk wkh h{lvwhqfh ri d

vhfwrudo fulwlfdo pdvv1 Lq sduwlfxodu/ li d vhfwru vx�huv d vkrfn wkdw vhwv wrwdo

vhfwrudo hpsor|phqw ehorz wkh fulwlfdo vl}h/ lqgxvwuldo ghorfdwlrq iroorzv dqg

ohdgv wr wkh ghvwuxfwlrq ri vhfwrudo hpsor|phqw lq wkh uhjlrq1

Zh �qg vxevwdqwldo gl�huhqfhv dfurvv uhjlrqv1 Lq ghqvho| srsxodwhg ru

ghyhorshg uhjlrqv wkh dyhudjh fulwlfdo vl}h ri vhfwruv lv vpdoohu +hyhq qrq0

h{lvwhqw lq rqh fdvh, wkdq lq vsduvho| dqg ohvv ghyhorshg uhjlrqv1 Wkhuh

lv d srvlwlyh uhlqirufhphqw h�hfw lq ghyhorsphqw/ lq wkh vhqvh wkdw juhdwhu

ghyhorsphqw uhgxfhv wkh suredelolw| ri lqgxvwuldo ghorfdwlrq1

Rq wkh rwkhu kdqg zh duh qrw deoh dw wklv vwdjh wr hpslulfdoo| glvwlqjxlvk

ehwzhhq rxu wkhru| ri djjorphudwlrqv dqg rwkhu wkhrulhv1
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Dsshqgl{

Surri ri Sursrvlwlrq 4=

Iru wzr djhqwv +w/ w�,/ wkh frqglwlrq=

E�� �
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w � hw

�
E%� dqgw�

� hw
6

l

lv vx!flhqw iru wkhp iruplqj d �up/ iurp +9, dqg +:,1 Frqglwlrq E�� lv qhfhvvdu|

iru wkhp iruplqj d �up iurp Sursrvlwlrq 41 Vr zh fdq uhvwulfw rxuvhoyhv wr sdluv

ri djhqwv wkdw vdwlvi| frqglwlrq E��� Lq sduwlfxodu/ djhqwv zlwk w
�

5

khw6c w
l
duh

srwhqwldo pdqdjhuv rqo| +SPR,= wkh| zrxog qhyhu h{huw h�ruw dv zrunhuv1 Djhqwv

zlwk w 5

khw�c w
l
duh srwhqwldo pdqdjhuv dqg zrunhuv +SPZ,= wkh| zrxog h{huw

h�ruw erwk dv zrunhuv li pdwfkhg zlwk d pdqdjhu zlwk w
�

5

khw6c w
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dqg dovr dv

pdqdjhuv/ dv orqj dv pdwfkhg zlwk d zrunhu zlwk w
��
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khw
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c w
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� Vlqfh hw

6
	 hw

�
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wkhuh duh wkuhh srvvleoh vlwxdwlrqv= 4, eorfnhg hqwu|1 Li hw
�
: w1 Lq wklv fdvh wkhuh

duh qr djhqwv wkdw zrxog h{huw h�ruw dv zrunhuv hyhq li pdqdjhuv zrxog h{huw h�ruw1

Qr pdqdjhuldo �upv fdq hqwhu1 5, vfdufh zrunhuv1 Li w� hw
�
�

hw
�
�

hw
6
� Wkhuh duh

qrw hqrxjk zrunhuv iru wkh qxpehu ri +SPR,1 Wkh qxpehu ri pdqdjhuldo �upv lv

vhw e| wkh qxpehu ri SPZ1 6, vfdufh pdqdjhuv1 Li w � hw� : hw� �
hw6� SPR duh

ihzhu wkdq SPZ1 Vrph ri wkh odwwhu fdq eh jlyhq surshuw| uljkwv dqg pdwfkhg

zlwk rwkhu +qhfhvvdulo| pruh h!flhqw, SPZ1 Wkh qxpehu ri pdqdjhuldo �upv lv

�*2
�
w � hw�

�
/ vxfk wkdw doo w

�

r zlwk w � hw� duh lqyroyhg lq d �up1

Surri ri Sursrvlwlrq 5=

Iurp frqglwlrq S
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c w
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�o lw lv fohdu

wkdw wkh prvw h!flhqw w|sh w fdqqrw hqwhu dv d zrunhu zkhq % ' f� Zlwk qr

zrunhuv lq wkh hfrqrp| wkhuh duh qr �upv dqg %
e ' f lv dq htxloleulxp� Exw \ E%�
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