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Property Rights (IPRs) rather than redistributive transfers. On the one hand, such a reduction 
reduces statis inefficiency. On the other hand, standard redistribution also reduces the level 
of R and D because it distorts occupational choice. We study this possibility in the context of 
a model with horizontal innovation, where the government, in addition to taxes and transfers, 
controls the fraction of innovations that are granted patents. The model predicts that standard 
redistribution always dominates limitations to IPRs. 
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4 Lqwurgxfwlrq

Prghuq vrflhwlhv duh judgxdoo| hyroylqj wrzdug d vlwxdwlrq zkhuh nqrzohgjh

lv d pxfk pruh lpsruwdqw hfrqrplf dvvhw wkdq sk|vlfdo fdslwdo1 Dffrug0

lqjo|/ zkloh glvwulexwlyh frq lfw lq wkh qlqhwhhqwk fhqwxu| zdv fklh | ehwzhhq

zrunhuv dqg rzqhuv ri sk|vlfdo fdslwdo/ lw lv lqfuhdvlqjo| ehwzhhq xqvnloohg

zrunhuv dqg vnloohg zrunhuv zkr surgxfh nqrzohgjh1 Wkh ulfkhvw pdq lq wkh

zruog/ Eloo Jdwhv/ pdgh d iruwxqh rxw ri wkh nqrzohgjh0lqwhqvlyh jrrgv kh

surgxfhg/ dqg vrph dxwkruv vhh wkh jds ehwzhhq �v|pero pdqlsxodwruv� dqg

rwkhu zrunhuv dv fulwlfdo wr prghuq hfrqrplhv14 Lq wkh qlqhwhhqwk fhqwxu|/

ghihqghuv ri wkh �zrunlqj fodvv� zhuh riwhq dgyrfdwlqj d uhfrqvlghudwlrq ri

surshuw| uljkwv rq sk|vlfdo fdslwdo/ zklfk ohg wr wkh vrfldolvw dqg frppxqlvw

grfwulqhv1 Vlploduo|/ zh qrz zlwqhvv frpsodlqwv derxw lqwhoohfwxdo surshuw|

uljkwv +LSUv,1 Jlyhq wkdw wkh| whqg wr lqfuhdvh wkh lqfrph ri nqrzohgjh sur0

gxfhuv vxfk dv Eloo Jdwhv/ duhq*w wkh| d idfwru ri lqhtxdolw|B Zrxogq*w lw eh

idluhu wr sxw olplwdwlrqv rq LSUv/ zklfk zrxog uhgxfh wkh lqfrph ri yhu| ulfk

shrsoh zkloh doorzlqj srruhu shrsoh wr frqvxph nqrzohgjh0lqwhqvlyh jrrgv

dw d fkhdshu sulfhB Iurp d joredo shuvshfwlyh/ wklv dujxphqw lv frpsrxqghg

e| wkh revhuydwlrq wkdw srru frxqwulhv gr qrw vhhp wr d�rug lpsruwdqw jrrgv

vxfk dv guxjv ehfdxvh wkhlu sulfh lv wrr kljk/ gxh wr wkh prqrsro| srzhu ri

wkh sdwhqw*v rzqhu1

Wkh hfrqrplvw*v vwdqgdug dqvzhu wr wkhvh dujxphqwv zrxog d sulrul orrn

dv iroorzv= wkhuh lv d glfkrwrp| ehwzhhq glvwulexwlyh frqfhuqv dqg h!flhqf|1

Wkh iruphu duh ehvw wdnhq lqwr dffrxqw e| phdqv ri wd{hv dqg wudqvihuv1 LSUv/

rq wkh rwkhu kdqg/ pdnh vxuh wkdw lqqrydwlrq lv uhpxqhudwhg1 Hyhq xqghu

lq�qlwho|0olyhg/ shuihfwo| hqirufhdeoh sdwhqwv/ wkhuh duh uhdvrqv wr eholhyh wkdw

wkh sulydwh uhwxuq wr lqqrydwlrq lv wrr orz�vlqfh sduw ri wkh vrfldo uhwxuq lv

dssursuldwhg e| lqiudpdujlqdo frqvxphuv1 Wkhuhiruh/ ohw xv qrw wrxfk LSUv/

exw lqvwhdg uhglvwulexwh prqh| wr wkh srru1

Wklv dujxphqw vhhpv ydolg surylghg uhglvwulexwlrq lv qrw glvwruwlrqdu|1

4Uhlfk +4<<5,=
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Krzhyhu/ qrq glvwruwlrqdu| uhglvwulexwlrq rqo| h{lvwv rq sdshu1 Lq sudfwlfh/

li wkh ulfk*v lqfrph lv ghulyhg iurp LSUv/ zh h{shfw uhglvwulexwlrq iurp ulfk

wr srru wr d�hfw rffxsdwlrqdo fkrlfh dqg uhgxfh wkh ryhudoo ohyho ri lqqryd0

wlrq/ mxvw olnh olplwdwlrqv rq LSUv1 Dv orqj dv wkhuh lv d frvw ri dftxlulqj

kxpdq fdslwdo lq rughu wr vshfldol}h lq nqrzohgjh surgxfwlrq/ d uhgxfwlrq lq

wkh lqfrph jds ehwzhhq nqrzohgjh surgxfhuv dqg nqrzohgjh frqvxphuv zloo

qhjdwlyho| d�hfw wkh uhwxuq wr wkdw lqyhvwphqw1

Wklv eulqjv wkh iroorzlqj txhvwlrq= li uhglvwulexwlrq kdv vxfk glvwruwlrqdu|

h�hfwv/ frxog zh frqvlghu olplwdwlrqv wr LSU dv dq dowhuqdwlyh uhglvwulexwlyh

wrroB Vxfk olplwdwlrqv gr qrw lqfuhdvh wkh srru*v qrplqdo lqfrph1 Exw

wkh| lqfuhdvh wkhlu uhdo lqfrph e| pdnlqj jrrgv fkhdshu1 Lq rwkhu zrugv/

wkh| uhgxfh wkh vwdwlf lqh!flhqf| gxh wr prqrsro| srzhu/ zklfk ehqh�wv

zrunhuv zkhqhyhu wkhlu lqfrph lv qrw lqgh{hg rq LSUv1 Wkh| dovr uhgxfh

wkh zdjhv ri nqrzohgjh zrunhuv/ wkdw duh gluhfwo| lqgh{hg rq wkh prqrsro|

uhqwv dvvrfldwhg zlwk sdwhqwv/ dqg wkxv wkh| uhgxfh lqqrydwlrq/ exw vr grhv

uhglvwulexwlrq/ zklfk kdv qr h�hfw rq vwdwlf h!flhqf|1

Wkxv d vrfldo sodqqhu zklfk fduhv derxw lqfrph glvwulexwlrq pd| lq sulq0

flsoh zdqw wr xvh d uhgxfwlrq lq LSUv udwkhu wkdq uhglvwulexwlyh wudqvihuv/

zklfk vhhpv wr ylqglfdwh wkh dujxphqwv ri wkrvh zkr remhfw wr lqwhoohfwxdo

surshuw|1

Lq wklv sdshu/ L exlog d vlpsoh prgho ri krul}rqwdo lqqrydwlrq lq wkh idvk0

lrq ri Gl{lw dqg Vwljolw} +4<::,/ Urphu +4<<3,/ dqg Jurvvpdq dqg Khospdq

+4<<4, zlwk khwhurjhqhrxv zrunhuv dqg lpshuihfw hqirufhphqw ri LSUv/ lq

rughu wr dqdo|}h zkhwkhu wklv lqwxlwlrq lv ydolg1 Xvlqj qxphulfdo vlpxodwlrqv/

L orrn dw wkh h�hfwv ri erwk uhglvwulexwlrq dqg olplwv wr LSU rq lqqryd0

wlrq/ rffxsdwlrqdo fkrlfh/ lqfrph glvwulexwlrq/ dqg zhoiduh1 Zkloh lqwhoohf0

wxdo surshuw| lv fohduo| lqhjdolwduldq/ wklv lv pxfk pruh ehfdxvh lw ehqh�wv

wkh ulfk udwkhu wkdq ehfdxvh lw kdupv wkh srru1 Lq wkh prgho/ uhgxflqj lw

grhv qrw lqfuhdvh zhoiduh1 Iru doo uhohydqw sdudphwhuv wkdw zhuh wulhg/ wkh

prgho suhglfwv wkdw wkh rswlpdo ohyho ri LSU hqirufhphqw lv wkh pd{lpxp

rqh1 Wkhuhiruh/ ghvslwh wkh dgyhuvh h�hfw ri uhglvwulexwlrq rq lqqrydwlrq/ wkh
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wudglwlrqdo hfrqrplvw*v ylhz lv frq�uphg= uhglvwulexwlrq dozd|v grplqdwhv

uhvwulfwlrqv wr LSUv1

Wkh h{sodqdwlrq lv dv iroorzv1 Zkloh uhvwulfwhg LSUv uhgxfh jrrgv sulfhv/

wkh| dovr uhgxfh surgxfw ydulhw|1 Iru prqrsro| sulflqj wr uhgxfh zhoiduh

e| hqrxjk/ lw pxvw eh wkdw wkhuh lv hqrxjk frpsohphqwdulw| ehwzhhq jrrgv

wkdw duh sdwhqwhg dqg sulfhg dw d prqrsro| pdunxs/ dqg jrrgv wkdw duh

qrw sdwhqwhg dqg sulfhg dw pdujlqdo frvw1 Rwkhuzlvh/ shrsoh zloo odujho|

vxevwlwxwh wkh odwwhu iru wkh iruphu/ dqgprqrsro| sulflqj lv qrw yhu| kdupixo1

Krzhyhu/ frpsohphqwdulw| ehwzhhq jrrgv dovr phdqv wkdw surgxfw glyhuvlw|

lv pruh ydoxhg/ vr wkdw dw doo sdudphwhu ydoxhv wkh h�hfw ri uhgxfhg glyhuvlw|

voljkwo| grplqdwhv wkdw ri uhgxfhg prqrsro| srzhu1 Wklv pdnhv lw lpsrvvleoh

iru olplwdwlrqv wr LSU wr lqfuhdvh zhoiduh/ zkloh uhglvwulexwlrq pd| dfklhyh

wkdw jrdo li wkh vrfldo sodqqhu fduhv hqrxjk derxw lqhtxdolw|/ vlqfh lw gluhfwo|

lqfuhdvhv wkh srru*v sxufkdvlqj srzhu1

5 Wkh prgho

Wkh prgho frpelqhv d Ur| +4<84,0vw|oh prgho ri rffxsdwlrqdo fkrlfh zlwk

d Gl{lw0Vwljolw} +4<::,0vw|oh prgho ri hqgrjhqrxv surgxfw ydulhw|1 Wkhuh h{0

lvwv d frqwlqxxp ri zrunhuv ri pdvv 41 Hdfk zrunhu kdv d vnloo ohyho htxdo

wr rc zklfk lv glvwulexwhg ryhu dfc 7ro zlwk ghqvlw| sEr�� Vnloov ghwhuplqh wzr

glphqvlrqv ri surgxfwlylw|= �surgxfwlylw|� vwulfwr vhqvx/ dqg �fuhdwlylw|�1

Wkh iruphu uhihuv wr wkh zrunhu*v surgxfwlylw| lq wkh sk|vlfdo rxwsxw vhfwru/

zkloh wkh odwwhu uhihuv wr klv surgxfwlylw| lq wkh U dqg G vhfwru/ zklfk lqyhqwv

wkh jrrgv1 Erwk duh lqfuhdvlqj ixqfwlrqv ri vnloo/ exw zlwk gl�huhqw vhqvlwlyl0

wlhv1 Vshfl�fdoo| zh dvvxph wkdw d zrunhu ri vnloo r kdv d surgxfwlylw| htxdo

wr

, ' kurn quc

dqg d fuhdwlylw| htxdo wr

7



� ' kMrn qM �

Wkh hfrqrp| odvwv iru wzr shulrgv/ dqg wkhuh duh wzr vhfwruv= rxwsxw dqg

U dqg G1 Lq shulrg 4 wkh U dqg G vhfwru rshudwhv dqg lqyhqwv � jrrgv1 Lq

rughu wr lqyhqw rqh jrrg lw qhhgv 4 xqlwv ri fuhdwlylw|1 Ghqrwlqj e| M wkh

wrwdo dprxqw ri fuhdwlylw| xvhg e| wkh U dqg G vhfwru lq shulrg 4/ zh kdyh

� ' M*4� +4,

Wkh U dqg G vhfwru kluhv zrunhuv zkr vxsso| fuhdwlylw| dqg surplvhv

wr sd| d frpshwlwlyh zdjh htxdo wr /M shu xqlw ri fuhdwlylw| lq shulrg 51

Zrunhuv zkr kdyh zrunhg lq wkh U dqg G vhfwru lq shulrg 4 fdqqrw zrun lq

wkh rxwsxw vhfwru lq shulrg 51 Ilqdoo|/ zrunlqj lq wkh U dqg G vhfwru lqyroyhv

d wudlqlqj frvw S shu zrunhu�

Lq shulrg 5/ wkh rxwsxw vhfwru rshudwhv/ hpsor|lqj doo wkh zrunhuv zkr

kdyh qrw zrunhg lq shulrg 4/ dqg zkr vxsso| surgxfwlylw|1 Zdjhv duh sdlg wr

doo zrunhuv dqg frqvxpswlrq wdnhv sodfh1 Wkh rxwsxw vhfwru frqvlvwv ri d frq0

wlqxxp ri lqyhqwhg jrrgv ri wrwdo pdvv �c lqgh{hg e| �c soxv d �qxphudluh�

fdoohg 6� Wkh surgxfwlrq ixqfwlrq iru dq| ri wkhvh jrrgv kdv frqvwdqw uh0

wxuqv wr vfdoh lq oderu dqg d xqlw surgxfwlylw|= +� ' ,�c +6 ' ,6c hwf1 Iru

vlpsolflw| zh dvvxph wkdw wkh wudlqlqj frvw lv rqo| sdlg lq shulrg 5/ dqg lv

vshfl�hg lq whupv ri wkh qxphudluh1

Shrsoh kdyh wkh vdph xwlolw| ixqfwlrq/ jlyhq e|

L '

] �

f

Sk� _�n6kc

zkhuh S� lv frqvxpswlrq ri jrrg � dqg6 lv frqvxpswlrq ri wkh qxpìudluh1

Dq lqyhqwhg jrrg kdv d suredelolw| ^ ri ehlqj judqwhg d sdwhqw/ lq zklfk

fdvh lw lv �sursulhwdu|� dqg fkdujhg dw prqrsro| sulfh> rwkhuzlvh/ lw lv �qrq

sursulhwdu|� dqg fkdujhg dw pdujlqdo frvw1 Wkh qxpìudluh lv qrq sursulhwdu|1

^ fdswxuhv wkh ghjuhh ri lqwhoohfwxdo surshuw| surwhfwlrq1 Jlyhq suhihuhqfhv/

wkh pdunxs iru sdwhqwhg jrrgv zloo eh htxdo wr > ' �*k�
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Zh qrupdol}h wkh sulfh ri wkh qxpìudluh wr 41 Wklv lpsolhv wkdw wkh zdjh

shu xqlw ri surgxfwlylw| pxvw eh htxdo wr /u ' �� Frqvhtxhqwo|/ doo sdwhqwhg

jrrgv dw fkdujhg dw sulfh >c zkloh qrq sdwhqwhg jrrgv duh fkdujhg dw sulfh

41 E| v|pphwu|/ frqvxpswlrq ri hdfk sdwhqwhg jrrg lv wkh vdph/ htxdo wr

S� c zkloh frqvxpswlrq ri hdfk qrq sdwhqwhg jrrg lv wkh vdph/ htxdo wr S� �
5

S� c S� dqg 6 duh wkhuhiruh ghwhuplqhg e| pd{lpl}dwlrq ri

�^Sk� n�E�� ^�Sk� n6kc

vxemhfw wr wkh exgjhw frqvwudlqw

�^>S� n�E�� ^�S� n6 ' +c

zkhuh + ghqrwhv wkh frqvxphu*v lqfrph +qhw ri wudlqlqj frvwv,1 Wkh vroxwlrq

wr wklv sureohp lv

6 ' S� '
+

�

S� '
+

�
>�*Ek3�� 	 S�

zkhuh � lv jlyhq e|

� ' � n�E�� ^� n�^>
k

k3� +5,

Wkh uhvxowlqj lqgluhfw xwlolw| fdq eh frpsxwhg dv

LE+� ' +k��3k� +6,

Wkh djjuhjdwru � fdswxuhv wkh khgrqlf ydoxh ri lqfrph zkhq h{suhvvhg

lq whupv ri wkh qxpìudluh1 Lq sduwlfxodu/ rqh kdv Y�*Y� : fc fdswxulqj

wkh wdvwh iru glyhuvlw|/ dqg Y�*Y^ 	 fc zklfk fdswxuhv wkh xwlolw| orvv ri

frqvxplqj jrrgv fkdujhg dw prqrsro| sulfhv1

5Vhh dovr Vdlqw0Sdxo +5334d, iru wkh jurzwk lpsolfdwlrqv ri d frh{lvwhqfh ehwzhhq sur0
sulhwdu| dqg qrq sursulhwdu| jrrgv1

9



Wkh suhfhglqj dqdo|vlv lpsolhv wkdw wkh ydoxh ri d sdwhqw/ zklfk lv htxdo

wr wkh prqrsro| sur�w iru wkh fruuhvsrqglqj sursulhwdu| jrrg/ lv htxdo wr

Z ' E>� ��t >�*Ek3��*�c +7,

zkhuh t lv djjuhjdwh lqfrph +qhw ri wudlqlqj frvwv,1 Ohw xv ghqrwh e| /M

wkh zdjh ri d xqlw ri fuhdwlylw|1 Xqghu d frpshwlwlyh oderu pdunhw/ wkh

h{shfwhg sur�w iurp lqyhqwlqj d qhz jrrg pxvw eh htxdo wr lwv frvw lq whupv

ri fuhdwlylw|/ l1h1

^Z ' 4/M �

Wkh OKV lv wkh surgxfw ri wkh suredelolw| wkdw wkh jrrg jhwv sdwhqwhg/

wlphv prqrsro| sur�wv1 Wkh UKV lv wkh frvw ri lqyhqwlqj rqh eoxhsulqw1

Vxevwlwxwlqj +7,/ zh �qg wkdw wklv lv htxlydohqw wr

^E>� ��t >�*Ek3��*E�4� ' /M � +8,

Zh qrz ghvfuleh rffxsdwlrqdo fkrlfh dqg wkh uhglvwulexwlyh v|vwhp1 Zh

dvvxph wkh jryhuqphqw ohylhv d sursruwlrqdo wd{ � rq oderu lqfrph dqg

sd|v d wudqvihu A wr hdfk zrunhu1 Zh dovr dvvxph wkdw wudlqlqj frvwv duh

qrw revhuydeoh dqg fdqqrw eh ghgxfwhg iurp wd{deoh lqfrph +rwkhuzlvh wklv

wd{ v|vwhp zrxog qrw glvwruw rffxsdwlrqdo fkrlfh,1 Krz grhv wkdw d�hfw

rffxsdwlrqdo fkrlfhB Li d zrunhu ri vnloo r ghflghv wr zrun lq wkh nqrzohgjh

vhfwru/ kh jhwv d qhw lqfrph htxdo wr

/ME�� ��EkMrn qM� n A � S�

Li kh ghflghv wr ehfrph d surgxfwlrq zrunhu/ kh jhwv

E�� ��Ekurn qu� n A�

D zrunhu fkrrvhv wkh rffxsdwlrq zklfk jlyhv klp wkh pd{lpxp glvsrv0

deoh lqfrph/ lpso|lqj wkdw klv qhw lqfrph zloo eh

+Er� ' 4@ E/ME�� ��EkMrn qM� n A � Sc E�� ��Ekurn qu� n A �� +9,

:



Frqvhtxhqwo|/ rffxsdwlrqdo fkrlfh lv dv iroorzv= li /M : ku*kM c zklfk wkh

fdvh ri lqwhuhvw/ wkhq wkh zrunhu hohfwv wr zrun lq wkh U dqg G vhfwru li dqg

rqo| li klv vnloo lv juhdwhu wkdq

rW '
qu � /MqM

/MkM � ku
n

S

E�� ��E/MkM � /u�
+:,

Iljxuh 4 looxvwudwhv wkh ghwhuplqdqwv ri rffxsdwlrqdo fkrlfh dqg lqfrph

glvwulexwlrq/ e| sorwwlqj lqfrph djdlqvw wkh vnloo ohyho1 Nqrzohgjh zrunhuv

kdyh d juhdwhu uhwxuq wr vnloo> lqhtxdolw| lv juhdwhu/ wkh juhdwhu wkh zdjh ri

fuhdwlylw| /M � Frqwuroolqj iru t dqg �c dq lqfuhdvh lq lqwhoohfwlxdo surshuw|

uljkwv ^ udlvhv lqhtxdolw| e| udlvlqj wkh uhwxuq wr fuhdwlylw| +vlqfh ^*� lv

lqfuhdvlqj lq ^,/ dv looxvwudwhg rq �jxuh 51 Wklv wuljjhuv dq lqfuhdvh lq wkh

qxpehu ri fuhdwlyh zrunhuv dv rW idoov1 Frqyhuvho|/ dq lqfuhdvh lq uhglvwulex0

wlyh wd{hv � uhgxfhv wkh qhw uhwxuq wr fuhdwlylw| dqg wkh qxpehu ri nqrzohgjh

zrunhuv/ dv looxvwudwhg rq �jxuh 61

Jlyhq rWc wkh wrwdo vxsso| ri surgxfwlylw| dqg fuhdwlylw| lv ghwhuplqhg e|

M ' ME/M c �� '

] 7r

rW
EkMrn qM�sEr�_r +;,

u ' uE/M c �� '

] rW

f

Ekurn qu�sEr�_r� +<,

Li /M 	 ku*kM c wkhq wkh zrunhuv zlwk vnloov orzhu wkdq rW zloo w|slfdoo|

vshfldol}h lq nqrzohgjh1 Qrwh wkdw rW zloo wkhq riwhq eh qhjdwlyh/ lpso|lqj

wkdw doo zrunhuv zloo vshfldol}h lq surgxfwlrq1 Lq dq| fdvh/ zh uxoh rxw wklv

uhjlph lq wkh vlpxodwlrqv suhvhqwhg ehorz�li vnloohg zrunhuv frxog frvwohvvo|

zrun dv xqvnloohg/ wklv uhjlph zrxog dfwxdoo| glvdsshdu1

Qhw rxwsxw t lv ghwhuplqhg e| zulwlqj grzq wkdw lw lv htxdo wr wrwdo

idfwru lqfrph plqxv wudlqlqj frvwv=

t ' /MM n u� SE�� 8 ErW��c +43,

ru htxlydohqwo| e| xvlqj wkh htxloleulxp frqglwlrq iru wkh udz oderu pdunhw=

u ' SE�� 8 ErW�� n
E� n�E�� ^��t

�
n

�^t >�*Ek3��

�
� +44,

;



Wkh �uvw whup lq wkh UKV lv oderu ghpdqg frplqj iurp wkh qxphudluh

glvvlsdwhg lq wudlqlqj frvwv> wkh vhfrqg whup frphv iurp wkh frqvxphu gh0

pdqg iru wkh qxpìudluh dqg qrq sursulhwdu| jrrgv> wkh wklug whup frphv

iurp wkh frqvxphu ghpdqg iru sursulhwdu| jrrgv1 Xvlqj +4, +zklfk lv qrwk0

lqj exw wkh htxloleulxp frqglwlrq lq wkh pdunhw iru fuhdwlylw|,/ rqh fdq vkrz

wkdw li wzr htxdwlrqv lq +8,0+44, duh vdwlv�hg/ vr lv wkh wklug rqh1

Wkh prgho lv wkhq vroyhg e| xvlqj +5,/+4,/+8,/+:,/+;,/+<,/+43244,/ zklfk

mrlqwo| ghwhuplqh wkh hqgrjhqrxv yduldeohv �cMcuc tc /M c r
Wc �� Wkh ohyho

ri wudqvihu A lv wkhq uhvlgxdoo| frpsxwhg xvlqj wkh jryhuqphqw*v exgjhw

frqvwudlqw/ jlyhq e|

A ' �

] rW

f

Ekurn qu�sEr�_rn �/M

] 7r

rW
EkMrn qM�sEr�_r

' �E/MM n u� ' �Et n SE�� 8 ErW����

6 Zhoiduh

Zh qrz lqwurgxfh wkh vrfldo sodqqhu*v zhoiduh ixqfwlrq1 Zh dvvxph wkdw lw

fduhv derxw rxwsxw dqg lqhtxdolw|/ dqg zh doorz iru lw wr fduh pruh derxw lq0

htxdolw| wkdq d sxuho| xwlolwduldq sodqqhu/ zklfk zrxog fduh derxw lw hqwluho|

wkurxjk wkh frqfdylw| lq wkh djhqwv* rzq xwlolw|1 Wkxv zh dvvxph wkdw wkh

vrfldo sodqqhu pd{lpl}hv d FHV djjuhjdwh ri hdfk lqglylgxdo djhqwv* xwlolw|/

uhqrupdol}hg lq rughu wr eh olqhdu lq lqfrph1 Vshfl�fdoo|/ li LEr� lv wkh xwlolw|

ri dq djhqw ri vnloo rc dv gh�qhg e| +6,/ wkhq vrfldo zhoiduh lv jlyhq e|

7` '

�]
LEr�0*k

��*0
�

Li 0 ' kc wkhq wkh vrfldo sodqqhu lv xwlolwduldq> li 0 	 kc wkhq wkh vrfldo

sodqqhu glvsod|v pruh lqhtxdolw| dyhuvlrq wkdq wkh xwlolwduldq vrfldo sodqqhu�

lq idfw/ +6, lpsolhv wkdw 7` ' E� � �Ag��t �E�3k�*kc zkhuh �Ag lv wkh

Dwnlqvrq +4<:3, phdvxuh ri lqhtxdolw| zlwk dq lqhtxdolw| dyhuvlrq htxdo wr

0� Frqvhtxhqwo|/ iru 0 ' � vrfldo zhoiduh lv mxvw htxdo wr rxwsxw/ dgmxvwhg e|

<



d idfwru �E�3k�*k wr h{suhvv lw lq khgrqlf whupv1 Wkh xwlolwduldq fdvh rewdlqv

zkhq lqhtxdolw| dyhuvlrq lv mxvw htxdo wr lqglylgxdo ulvn dyhuvlrq1

Vxevwlwxwlqj +6, dqg +9,/ zh jhw wkdw

7` ' �
�3k

k

� U rW

f
EE�� ��Ekurn qu� n A �0sEr�_r

n
U 7r

rW
E/ME�� ��EkMrn qM� n A � S�0sEr�_r

��*0

Iru fodulw|/ lw lv xvhixo wr nhhs lq plqg d fhuwdlq qxpehu ri wkrxjkw h{0

shulphqwv1 Iluvw/ dq lqfuhdvh lq �c kroglqj doo hovh frqvwdqw/ udlvhv vrfldo

zhoiduh e| lqfuhdvlqj wkh khgrqlf lqgh{ � G rqh xqlw ri qxpìudluh ex|v pruh

kdsslqhvv ehfdxvh lw fdq eh vsuhdg ryhu d juhdwhu ydulhw| ri jrrgv1 Vhfrqg/ d

uhgxfwlrq lq ^c kroglqj doo hovh frqvwdqw/ dovr lqfuhdvhv vrfldo zhoiduh wkurxjk

� G rqh xqlw ri qxpìudluh ex|v pruh jrrgv/ dv pruh ri wkhp duh qrqsur0

sulhwdu| dqg wkxv fkhdshu1 Wklug/ lqfrph uhglvwulexwlrq iurp ulfk wr srru/

kroglqj tc dqg � frqvwdqw/ dovr lqfuhdvhv vrfldo zhoiduh ehfdxvh ri lqhtxdolw|

dyhuvlrq1

Frqvhtxhqwo|/ dq lqfuhdvh lq � kdv d gluhfw srvlwlyh h�hfw rq vrfldo zhoiduh

ehfdxvh ri wkdw uhglvwulexwlrq1 Krzhyhu/ lw w|slfdoo| uhgxfhv � dqg wkxv ��

Wkh srru ehqh�w iurp d juhdwhu lqfrph exw fdq vshqg lw rq ihzhu jrrgv1

Frqvlghu qrz d uhgxfwlrq lq ^c wkh ghjuhh ri LSUv1 Lw w|slfdoo| uhgxfhv /M c

wkh lqfrph ri nqrzohgjh zrunhuv/ zkloh ohdylqj wkh lqfrph ri surgxfwlrq

zrunhuv +lq whupv ri wkh qxpìudluh, xqfkdqjhg1 Dw wkh vdph wlph/ � pd|

hlwkhu jr xs ru grzq ghshqglqj xsrq zkhwkhu wkh h�hfw ri sulfh uhgxfwlrqv

grplqdwhv ru qrw wkh h�hfw ri kdylqj ihzhu ydulhwlhv1 Li � jrhv grzq/ wkhq

wkhuh lv qr zd| d uhgxfwlrq lq ^ fdq lqfuhdvh vrfldo zhoiduh1 Rq wkh rwkhu

kdqg/ li lw jrhv xs/ wkhq lw ehqh�wv wkh srruhvw/ dqg olnho| kdupv wkh ulfkhvw

+dv orqj dv wkh lqfuhdvh lq � lv qrw hqrxjk wr frpshqvdwh wkhp iru wkh idoo

lq /M,1 Lq wklv fdvh lw lv pruh olnho| wr lqfuhdvh zhoiduh/ wkh pruh wkh vrfldo

sodqqhu fduhv derxw lqhtxdolw|/ l1h1 wkh orzhu 0� Wkxv d qhfhvvdu| frqglwlrq

iru uhgxfwlrq lq LSUv wr lqfuhdvh vrfldo zhoiduh lv wkdw wkh khgrqlf ydoxh ri

rqh xqlw ri wkh qxpìudluh/ �c jrhv xs1
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7 Qxphulfdo vlpxodwlrq uhvxowv

Zh qrz uhsruw wkh qxphulfdo vlpxodwlrq uhvxowv iurp wkh prgho1 Zh vwduw

iurp d ehqfkpdun vlpxodwlrq zlwk wkh iroorzlqj sdudphwhuv= k ' f�Hc 4 '

f�f2c ^ ' �c S ' f�2c ku ' fc kM ' �c qu ' f��c qM ' fc � ' fc dqg r xqlirupo|

glvwulexwhg ryhu dfc 7roc zlwk 7r ' �f� Wklv ehqfkpdun vlpxodwlrq lpsolhv rW '

H�b�c l1h1 d 43 ( vkduh ri lqwhoohfwxdo zrunhuv/ dqg dq �lqhtxdolw| lqgh{�/

gh�qhg e| wkh udwlr ehwzhhq wkh kljkhvw dqg wkh orzhvw zdjh/ htxdo wr 41<71

Zh �uvw dvn wkh txhvwlrq= fdq d uhgxfwlrq lq LSUv eh ghvludeohB Dv

zh kdyh vhhq/ lw rughu wr eh vr lw pxvw eh wkdw � ulvhv1 Wkxv zh vwduw e|

orrnlqj dw wkh h�hfw ri ^ rq �� Dv Wdeoh 4 pdnhv fohdu/ orzhu LSUv uhgxfh

�c dqg wklv lv urexvw wr fkdqjhv lq k� Zkloh wkhvh uhgxfwlrqv uhgxfh wkh

qxpehu ri jrrgv e| d vxevwdqwldo dprxqw +Wdeoh 5,/ wkh| wxuq rxw wr kdyh

rqo| prghudwh h�hfwv rq lqhtxdolw| +Wdeoh 6,1

kq^ 4 31< 31; 318
31; 9713 9416 871; 6417
318 4::15 4991< 4831< 43:14
316 5:<15 58<1: 56<1: 49317

Wdeoh 4 � Lpsdfw ri lqwhoohfwxdo surshuw| rq wkh khgrqlf lqgh{ � iru

ydulrxv ydoxhv ri k

kq^ 4 31< 31; 318
31; 431; <13 :13 51<
318 5:14 551: 4;16 <1<
316 6;18 6516 5:15 4716

Wdeoh 5 � Vkduh ri uhvhdufkhuv +(,

kq^ 4 31< 31; 318
31; 41<7 41< 41;9 41:;
318 5169 5155 5144 41<4
316 51:: 5186 5169 5134

Wdeoh 6 � Lqhtxdolw| lqgh{

Wkxv/ wkh survshfwv iru uhgxfwlrqv lq LSU wr eh ehqh�fldo vhhp txlwh

eohdn1 Lv wkdw urexvw dfurvv d zlgh udqjh ri sdudphwhu ydoxhvB Wr fkhfn
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wkdw/ L kdyh uxq d odujh qxpehu ri frpsxwhu vlpxodwlrqv/ zlwk < ydoxhv ri k

udqjlqj iurp 314 wr 31</ 53 ydoxhv ri 4 udqjlqj iurp 3134 wr 315/ 43 ydoxhv

ri S udqjlqj iurp 3135 wr 315/ 43 ydoxhv iru hdfk ri wkh k dqg q sdudphwhuv

udqjlqj iurp 314 wr 4/ irxu ydoxhv ri �c dqg 8 ydoxhv ri ^ iurp 319 wr 41

Vlpxodwlrqv |lhoglqj qhdu0}hur lqqrydwlrq zhuh holplqdwhg1 Ri wkh uhpdlqlqj

;;3/333 vlpxodwlrqv/ d uhgxfwlrq lq ^ lqfuhdvhg � lq rqo| 5< fdvhv/ dqg wkh|

vhhp wr eh qxphulfdo sureohpv lq }rqhv zkhuh /MkM � kuc l1h1 rqh lv forvh

wr vzlwfklqj iurp wkh qrupdo uhjlph wr wkh �uhyhuvh� rqh zkhuh wkh srruhvw

zrxog olnh wr vshfldol}h lq nqrzohgjh1

Wr frqfoxgh/ wkh prgho txlwh fohduo| frqyh|v wkh phvvdjh wkdw uhgxfwlrqv

lq LSU duh xqolnho| wr eh dq dssursuldwh uhglvwulexwlyh wrro1

Ilqdoo|/ Wdeoh 7 orrnv dw wkh h�hfwv ri �vfdo uhglvwulexwlrq rq wkh qxpehu

ri jrrgv/ suh0 dqg srvw0wd{ lqhtxdolw|/ dqg zhoiduh1 Lw grhv qrw vhhp wr

jr yhu| idu hlwkhu= Wkh vlpxodwlrq suhglfwv wkdw dq lqfuhdvh lq � lqfuhdvhv

zhoiduh ryhu vrph }rqh/ exw lwv rswlpdo ydoxh uhpdlqv htxdo wr }hur hyhq dw

d kljk ohyho ri lqhtxdolw| dyhuvlrq1 Wklv lv gxh wr wkh idfw wkdw uhvhdufkhuv

duh d uhodwlyho| vpdoo vkduh ri wkh srsxodwlrq/ dqg zkloh wd{lqj wkhp uhgxfhv

wkhlu lqfrph dqg wkh qxpehu ri jrrgv/ lw grhv qrw dfklhyh pxfk lq whupv ri

uhglvwulexwlrq1 Lw lv hdv| wr jhw d juhdwhu lpsdfw ri �vfdo uhglvwulexwlrq e|

dvvxplqj d srvlwlyh ydoxh ri kuc exw wkhq prvw ri lwv zhoiduh h�hfwv frph

iurp uhglvwulexwlrq dprqj surgxfwlrq zrunhuv/ udwkhu wkdq ehwzhhq wkhp

dqg nqrzohgjh zrunhuv1 Dqrwkhu srvvlelolw| lv wr dvvxph d odujhu iudfwlrq

ri uhvhdufkhuv/ dv lv wkh fdvh iru k vpdoohu1 Rqh rewdlqv srvlwlyh h�hfwv ri �

rq zhoiduh iru d kljk hqrxjk ohyho ri lqhtxdolw| dyhuvlrq1 Iru h{dpsoh iru

k ' f�� dqg 0 ' �Dc wkh rswlpdo ydoxh ri � lv 3181 Krzhyhu/ wkh dvvrfldwhg

vkduh ri nqrzohgjh zrunhuv vrxqgv odujh1

Wr frqfoxgh/ lw lv yluwxdoo| qhyhu rswlpdo wr uhgxfh LSUv1 Vwdqgdug uh0

glvwulexwlrq lv rswlpdo iru d zlgh udqjh ri sdudphwhu ydoxhv/ exw iru pdq|

sdudphwhuv lwv frvw lq whupv ri uhgxfhg lqqrydwlrq lv dfwxdoo| juhdwhu wkdq

lwv ehqh�wv1
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� � Uf U� 7`f�D 7`
3��2 7`

3D

3 665 41<9 41<9 413:5 413: 4139:
314 5<< 5134 41< 41385 4138 4137;
315 5<3 5144 41;9 41385 4138 4137<
316 5<4 5157 41;6 41399 41398 41397
317 598 516< 41:< 41386 4138 41384

Wdeoh 7�H�hfw ri uhglvwulexwlyh wd{dwlrq rq wkh qxpehu ri jrrgv/ suh0

wd{ udwlr ehwzhhq kljkhvw dqg orzhvw zdjh +Uf�/ srvw0wd{ udwlr/ sruw0wudqvihu

udwlr ehwzhhq kljkhvw dqg orzhvw lqfrph +U�,/ dqg vrfldo zhoiduh iru 0 '

f�Dc���2c�D�

8 Wkh lqhodvwlf fdvh

Dq remhfwlrq wr wkh suhfhglqj dqdo|vlv lv wkdw lw uhvwv rq wkh dvvxpswlrq ri d

xqlirup glvwulexwlrq ri vnloov1 Fohduo|/ e| fkdqjlqj wkdw glvwulexwlrq lq vxfk

d zd| wkdw wkh pdujlqdo ghqvlw| ri zrunhuv durxqg wkh fulwlfdo wkuhvkrog rW

lv vpdoo hqrxjk/ rqh fdq frqvwuxfw h{dpsohv zkhuh wkh frvw ri d uhgxfwlrq

lq LSUv lq whupv ri lqqrydwlrq lv duelwudulo| vpdoo1 Rqh pd|/ iru h{dpsoh/

frqvlghu wkh h{wuhph fdvh zkhuh wkhuh duh rqo| wzr vnloo ohyhov1 Dv orqj dv

wkh prvw vnloohg vwulfwo| suhihu wr zrun dv nqrzohgjh zrunhuv/ d uhgxfwlrq lq

LSUv grhv qrw d�hfw lqqrydwlrq dqg fohduo| ehqh�wv wkh ohdvw vnloohg/ zkrvh

sxufkdvlqj srzhu lv hqkdqfhg e| wkh dvvrfldwhg uhgxfwlrq lq wkh djjuhjdwh

sulfh ohyho1 Krzhyhu/ wklv grhv qrw vhwwoh wkh fdvh iru orzhulqj LSUv dv d

uhglvwulexwlyh wrro= Rqh kdv wr suryh wkdw uhgxfhg LSUv duh suhihudeoh wr

�vfdo wudqvihuv> dqg lw lv dovr wuxh wkdw wkh orzhu wkh ghqvlw| ri pdujlqdo

zrunhuv/ wkh orzhu wkh glvwruwlrqdu| lpsdfw ri uhglvwulexwlrq rq rffxsdwlrqdo

fkrlfh1

Wr dqdo|}h wkdw/ qrwh wkdw lw lv vwudljkwiruzdug wr vroyh wkh prgho uh0

fxuvlyho| lq wkh fdvh ri wzr vnloo ohyhov/ ghqrwhg e| � ' �c 21 Ohw s eh wkh

sursruwlrq ri jurxs 4/ ,� eh wkh oderu hqgrzphqw ri dq lqglylgxdo lq jurxs �

dqg �� klv fuhdwlylw| hqgrzphqw1 Ohw xv dvvxph �� ' f> rqh pxvw dovr kdyh

,2 � ,�� Wrwdo srsxodwlrq uhpdlqv qrupdol}hg wr rqh1 Lq wkh uhjlph zkhuh doo
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vnloohg zrunhuv duh vshfldol}hg lq nqrzohgjh surgxfwlrq/ rqh kdv

� ' E�� s��2*4(

� ' � n E�� s��2E�� ^�*4n E�� s��2^>
k

k3�*4�

Htxdwlrqv +8, dqg +43, doorz wr frpsxwh wrwdo JGS dqg wkh zdjh ri

fuhdwlylw|=

t '
�4 Es,� � SE�� s��

4n ^�2E�� s�>�*Ek3�� n E�� ^��2E�� s�

/M '
^E>� ��>�*Ek3�� Es,� � SE�� s��

4n ^�2E�� s�>�*Ek3�� n E�� ^��2E�� s�
+45,

Wkh uhjlph suhydlov li dqg rqo| li

/M�2E�� ��� S � ,2E�� �� +46,

Vxssrvh htxdwlrq +46, krogv zlwk vwulfw lqhtxdolw|1 Wkhq/ rqh pd| uhgxfh

^ zlwkrxw dq| h�hfw rq lqqrydwlrq1 Vxfk d uhgxfwlrq lqfuhdvhv �c dqg wkxv

xqdpeljxrxvo| ehqh�wv wkh srru1 6 Vxfk d uhgxfwlrq lq LSUv pd| surfhhg

xqwlo rqh uhdfkhv d iurqwlhu zkhuh +46, krogv zlwk htxdolw|1 Iru � ' fcwklv

gh�qhv d ehqfkpdun ohyho ri ^/ �̂/ vxfk wkdw wkh sduw ri lqwhoohfwxdo surshuw|

6Rqh pd| dovr eholhyh djjuhjdwh zhoiduh kdv wr jr xs/ vlqfh wkh sulfh glvwruwlrq lv uh0
gxfhg1 Krzhyhu/ wkdw lqwxlwlrq lv lqfruuhfw1 Wkh sulfh glvwruwlrq pd| dfwxdoo| eh lqfuhdvhg/
ehfdxvh lw ghshqgv rq wkh uhodwlyh qxpehu ri sursulhwdu| dqg qrq sursulhwdu| jrrgv1 Li doo
jrrgv +lqfoxglqj wkh qxpìudluh, zhuh sursulhwdu|/ wkhq wkh| zrxog eh fkdujhg dw wkh vdph
sulfh/ dqg wkhuh zrxog qrw eh dq| uhodwlyh sulfh glvwruwlrq1 Wkh vdph krogv li doo jrrgv duh
qrq sursulhwdu|1 Lqwhuphgldwh vlwxdwlrqv duh pruh lqh!flhqw wkdq wkhvh wzr h{wuhphv1 Li
ohlvxuh hqwhuv wkh xwlolw| ixqfwlrq/ wkhq LSUv fuhdwh dqrwkhu glvwruwlrq ehfdxvh wkh| sxvk
grzq uhdo zdjhv/ wkxv uhgxflqj oderu vxsso|1 Lq vxfk d fdvh d vlwxdwlrq zkhuh doo jrrgv
duh sursulhwdu| lqyroyhv juhdwhu glvwruwlrqv wkdq rqh zkhuh wkh| duh doo qrq sursulhwdu|/
dowkrxjk ghshqglqj rq wkh hodvwlflw| ri oderu vxsso| lw pd| vwloo grplqdwh lqwhuphgldwh
vlwxdwlrqv1 Lq wkh suhvhqw fdvh/ krzhyhu/ wkh wzr h{wuhphv duh htxlydohqw/ lpso|lqj wkdw
qrqprqrwrqlflw| ri djjuhjdwh rxwsxw +lq khgrqlf whupv, zlwk uhvshfw wr t fdqqrw eh uxohg
rxw1
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zklfk grhv qrw lqfhqwlydwh lqqrydwlrq kdv ehhq holplqdwhg1 Wkh iurqwlhu lv

xszdug vorslqj +Iljxuh 7, dqg jlyhq e| wkh htxdwlrq=

� '
/M�2 � ,2 � S

/M�2 � ,2
c +47,

zkhuh /M ghshqgv rq ^ yld +45,1

Iurp wkh vlwxdwlrq zkhuh ^ ' �̂dqg � ' f/ rqh pd| frqvlghu prylqj dorqj

wkh iurqwlhu/ e| lqfuhdvlqj LSUv dqg uhglvwulexwlyh wd{dwlrq dw wkh vdph wlph1

Dowhuqdwlyho|/ rqh frxog pryh eh|rqg wkh iurqwlhu dqg dffhsw d uhgxfwlrq lq

lqqrydwlrq�wklv zrxog eulqj xv edfn wr wkh suhylrxv vhfwlrq*v dqdo|vlv +zlwk

dq lq�qlwh uhvsrqvh ri rffxsdwlrqdo fkrlfh wr qrqfrpshqvdwhg lqfuhdvhv lq �

ru uhgxfwlrqv lq ^,/ vr L zloo qrw frqvlghu wkdw srvvlelolw|1 Ilqdoo|/ rqh fdq

ixuwkhu uhgxfh ^ zkloh uhpdlqlqj rq wkh iurqwlhuc exw lq wkdw fdvh rqh kdv wr

hqjdjh lq frxqwhu0uhglvwulexwlrq e| vhwwlqj � dw d qhjdwlyh ohyho1

Wklv eulqjv xv wr wkh nh| txhvwlrq= zkdw lv wkh srlqw wkdw d vrfldo sodqqhu

zrxog vhohfw rq wkh iurqwlhuB Lq sduwlfxodu/ lv rqh olnho| wr vhohfw juhdwhu ru

vpdoohu ohyhov ri lqwhoohfwxdo surshuw| li rqh fduhv pruh derxw wkh srruB

Wr dqvzhu wkdw txhvwlrq L kdyh djdlq uxq d ydulhw| ri qxphulfdo vlpx0

odwlrqv17 Sdudphwhuv zhuh vhw lq vxfk d zd| wkdw �̂ ' f�D� Iru hdfk vhw ri

7Wkh julg ri sdudphwhuv wkdw zhuh vlpxodwhg zdv dv iroorzv1 k5 zdv doorzhg wr ydu|
ehwzhhq 315 dqg 5/ zlwk d vwhs ri 3151� ydulhv ehwzhhq 316 dqg 31</ zlwk d vwhs ri 3141f
ydulhv ehwzhhq 313338 dqg 31338/ zlwk d vwhs ri 3133381 o4 ydulhv ehwzhhq 314 dqg 5/ zlwk
d vwhs ri 3141 o5 ydulhv ehwzhhq o4 dqg 5o4> zlwk d vwhs ri 3=5o4= k4 uhpdlqv htxdo wr }hur1
Iru dq| vhw ri wkh suhylrxvo| gh�qhg sdudphwhuv/ rqh fdq frpsxwh iplq> wkh plqlpdo ydoxh
ri i frpsdwleoh zlwk �t @ 3=8 iru vrph � � 3= Wklv ydoxh lv jlyhq e|

iplq @
4 . �4@+��4, . +�� 4,�4@+��4,f@+o5 . f,

4 . �4@+��4, . +�� 4,�4@+��4,+o4 . f,@+o5 . f,
=

Rqh wkhq xvhv wkh ydoxhv ri i ehwzhhq iplq dqg 4/ zlwk d vwhs ri 31341 Ilqdoo|/ � lv

gh�qhg uhvlgxdoo| wr jxdudqwhh wkdw �t @ 3=8> l1h1

� @
3=8+�� 4,�4@+��4,+io4 � f+4� i,,k5

o5 . f
� 3=8k5+4� i,+4 . �4@+��4,,=

Iru hdfk vhw ri sdudphwhuv/ rqh frpsxwhv wkh ydoxh ri t zklfk pd{lpl}hv wkh xwlolw| ri

wkh xqvnloohg/ dv jlyhq e|

XSRRU @ +o4+4� �, . W ,�#4��>
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sdudphwhu wkh ydoxhv ri ^ dorqj wkh iurqwlhu zklfk pd{lpl}h +l, wkh xwlolw| ri

wkh srru L���-c ghqrwhg e| ^W
�
( dqg +ll, wkh khgrqlf ydoxh ri djjuhjdwh JGS

t � ' t k��3kc ghqrwhg e| ^W
2
c kdyh ehhq frpsxwhg1

Wkh phvvdjh lv voljkwo| gl�huhqw iurp wkh rqh lq wkh suhylrxv vhfwlrq= wkh

rswlpdo ohyhov ri LSUv gr qrw dsshdu wr eh yhu| pxfk deryh wkh plqlpxp

ydoxh ri 3181 Wklv lv gxh wr wkh idfw wkdw d voljkw lqfuhdvh lq ^ doorzv wkh

vrfldo sodqqhu wr d�rug txlwh d ghdo ri uhglvwulexwlrq/ l1h1 wkh iurqwlhu lv txlwh

vwhhs1 Iru h{dpsoh/ dfurvv 959/333 vlpxodwlrqv/ wkh dyhudjh ydoxh ri ^W
�
lv

3196/ dqg wkh fruuhvsrqglqj dyhudjh ydoxh ri � lv 31:1 Fohduo|/ wkhuh lv qrw

pxfk qhhg wr jr eh|rqg wkdw1

Wkdw wkh rswlpdo ohyho ri LSUv lv vxevwdqwldoo| ehorz 4 hvvhqwldoo| frphv

iurp wkh vwurqj lqhodvwlflw| ri rffxsdwlrqdo fkrlfh/ zklfk kdv ehhq fdoleudwhg

vr dv wr doorz wr wdnh rxw dv pxfk dv 83 ( ri srwhqwldo lqwhoohfwxdo surshuw|

zlwkrxw uhgxflqj lqqrydwlrq1 Wklv frxog kdyh ehhq fdoleudwhg dw dq| rwkhu

ohyho/ dqg wkhuhiruh lv qrw dq lpsruwdqw ihdwxuh ri wkh uhvxowv1 Wkh lpsruwdqw

ihdwxuh/ zklfk ixoo| frq�upv wkh lqvljkwv ri wkh suhylrxv vhfwlrq/ lv wkdw d

vrfldo sodqqhu zkr pd{lpl}hv t � zloo dfwxdoo| fkrrvh d orzhu ohyho ri lq0

whoohfwxdo surwhfwlrq/ dqg wkxv d orzhu wd{ udwh/ wkdq rqh zkr pd{lpl}hv

L���-1 Wkxv/ wkh dyhudjh ri ^
W

2
lv htxdo wr 3189 dfurvv doo vlpxodwlrqv/ dqg

wkh dyhudjh fruuhvsrqglqj wd{ udwh lv 31471 Lq doo wkh 959/333 sdudphwhu vhwv/

^W
�
lv juhdwhu wkdq ^W

2
�

Wr vxppdul}h/ fdulqj derxw lqhtxdolw| lv qrw dq dujxphqw iru uhgxflqj

LSUv1 Lq wklv vhfwlrq*v yhuvlrq ri wkh prgho/ lqhodvwlf oderu uhvsrqvh doorzv

d odujh uhgxfwlrq lq ^� Exw d jryhuqphqw zklfk fduhv pruh derxw lqhtxdolw|

zloo dfwxdoo| suhihu d kljkhu ohyho ri LSUv/ ehfdxvh lw doorzv wr dfklhyh pxfk

juhdwhu uhglvwulexwlrq/ zklfk khosv wkh srru pruh1

zkhuh � lv gh�qhg e| wkh iurqwlhu +45, dqg W lv wkh fruuhvsrqglqj wudqvihu jlyhq e|
W @ �+\ . f+4� i,,=

Vlploduo|/ rqh frpsxwhv wkh ydoxh ri t zklfk pd{lpl}hv wkh khgrqlf ydoxh ri djjuhjdwh
rxwsxw/ \ �#4��=

Wkhvh rswlpdo ydoxhv ri t zhuh frpsxwhg e| julg vhdufk zlwk d vwhs ri 314 iru t ehwzhhq
318 dqg 41
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9 Eh|rqg lvrhodvwlf suhihuhqfhv

Wkh suhfhglqj dqdo|vlv |lhogv d fohdu0fxw dgylfh= Gr qrw uhgxfh lqwhoohfwxdo

surshuw| uljkwv rq wkh edvlv ri glvwulexwlrqdo frqfhuqv1 Dgguhvv wkhvh frq0

fhuqv zlwk wudglwlrqdo �vfdo lqvwuxphqwv1

Rqh lpsruwdqw fkdudfwhulvwlf ri wkh prgho/ lv wkdw doo djhqwv duh �htxdoo|�

vhqvlwlyh wr fkdqjhv lq glyhuvlw|/ ehfdxvh ri wkhlu lvrhodvwlf suhihuhqfhv1 Wklv

lpsolhv wkdw lq wkh vrfldo zhoiduh ixqfwlrq/ zklfk lv lwvhoi lvrhodvwlf/ wkhuh lv

d vhsdudelolw| ehwzhhq lqfrph glvwulexwlrq/ rq wkh rqh kdqg/ dqg wkh zho0

iduh h�hfwv ri LSU dqg surgxfw glyhuvlw|/ rq wkh rwkhu kdqg1 Wkhvh idfwruv

lqfuhdvh vrfldo zhoiduh li dqg rqo| li wkh| xqlirupo| lqfuhdvh xwlolw| iru doo

djhqwv1

Fdq rqh jhw rxw ri wklv vhsdudelolw|/ dqg frqvlghu d fdvh zkhuh LSUv zloo

gl�huhqwldoo| d�hfw wkh djhqwv ri gl�huhqw lqfrph ohyhovB8 Iru h{dpsoh/ d

orzhu ghjuhh ri surgxfw glyhuvlw| frxog kdup wkh srru sursruwlrqdwho| ohvv

wkdq wkh ulfk1 D sulrul/ rqh pljkw wklqn wkdw lq vxfk d vlwxdwlrq/ wkh fdvh iru

LSUv uhvwulfwlrqv vkrxog eh hqkdqfhg1

Lq wklv vhfwlrq L hvwdeolvk d uhvxow zklfk lqghhg jrhv lq wkdw gluhfwlrq1

Rqh fdq vkrz wkdw xqghu d sodxvleoh surshuw| ri wkh xwlolw| ixqfwlrq/ srruhu

djhqwv duh pruh olnho| wr jdlq iurp d d srolf| pryh zklfk lqfuhdvhv ^ dqg

uhgxfhv � wkdq ulfkhu djhqwv1

Wr vhh wklv/ dvvxph wkdw xwlolw| lv qrz jlyhq e|

L '

]
�

f

�ES��_�n �E6�� +48,

Dvvxph djdlq wkdw wkhuh duh �^ sursulhwdu| jrrgv/ vrog dw sulfh > : �c

dqg �E� � ^� n � qrqsursulhwdu| rqhv +lqfoxglqj wkh qxpìudluh,/ vrog dw d

xqlw sulfh1 Fdoo #ES� ' S��ES�*�ES� wkh hodvwlflw| ri xwlolw| zlwk uhvshfw wr

frqvxpswlrq1 Frqvlghu d srolf| fkdqjh vxfk wkdw _^ 	 f dqg _� 	 f� Wkhq

wkh iroorzlqj krogv=

8Qrq lvrhodvwlf suhihuhqfhv |lhog d ulfk vhw ri suhglfwlrqv uhjduglqj lqfrph glvwulexwlrq
dqg lqqrydwlrq1 Vhh Vdlqw0Sdxo +5334e,/ dqg Irhoopl dqg ]zhlpxoohu +5335,

4:



WKHRUHP � Dvvxph #E�� lv lqfuhdvlqj zlwk S� Frqvlghu d pdujlqdo

fkdqjh lq ^ dqg � vxfk wkdw _^ 	 f dqg _� 	 f dqg > lv khog frqvwdqw1

Wkhq wkh srru duh pruh olnho| wr ehqh�w iurp lw wkdq wkh ulfk/ lq wkh vhqvh

wkdw li dq lqglylgxdo zlwk lqfrph + jdlqv/ wkhq dq| lqglylgxdo zlwk lqfrph

+� � + jdlqv1

SURRI � Wkh frqvxphu*v rswlpl}dwlrq sureohp erlov grzq wr

4@ E� n�E�� ^���ES�� � n�^�ES� �c

vxemhfw wr

>�^S� n E�E�� ^� n ��S�� � +� +49,

Frqvhtxhqwo|/ fdoolqj -ES� ' �ES� � S��ES� wkh frqvxphu*v *uhqw* iurp

frqvxplqj dq| jlyhq jrrg/ zh kdyh wkdw

YL

Y�
' -ES�� �� ^E-ES�� �� -ES� �� +4:,

YL

Y^
' ��E-ES�� �� -ES� ��� +4;,

Dq djhqw jdlqv li dqg rqo| li

�YL*Y^

YL*Y�
:

_�

_^
�

Wklv lv pruh olnho| iru srruhu djhqwv li wkh OKV lv idoolqj zlwk lqfrph/

zklfk lv htxlydohqw wr -ES� �*-ES�� � ehlqj ulvlqj zlwk lqfrph1 Lw wxuqv rxw

wkdw lw lv pruh frqyhqlhqw wr h{suhvv wklqjv lq whupv ri bc wkh Odjudqjh

pxowlsolhu ri +49,/ zklfk lv qhjdwlyho| uhodwhg wr +� Zh mxvw zdqw wr vkrz

wkdw

g

gb
*?

-ES� �

-ES�� �
	 f +4<,

4;



Rqh fdq wkhq qrwh wkdw _-ES� �*_b ' ����ES� �S�
_S�

_b
' ����ES� �S�>E�

�3���Eb>� '

�>S� c dqg _-ES�� �*_b ' �S�� c lpso|lqj/ xvlqj wkh surshuw| wkdw > '

��ES� �*�
�ES�� �c wkdw +4<, lv htxlydohqw wr

S��
�ES� �

-ES� �
�

S���
�ES�� �

-ES�� �
	 fc

zklfk lv fohduo| htxlydohqw wr #ES�� � : #ES� �c dqg khqfh wuxh jlyhq wkdw

S�� : S� dqg wkdw # lv lqfuhdvlqj zlwk S� T1H1G1

Wklv uhvxow whoov xv wkdw iru wkh fodvv ri xwlolwlhv zlwk ghfuhdvlqj hodvwlflw|/

wkh srru duh pruh olnho| wr ehqh�w iurp d uhgxfwlrq lq ^ wkdq wkh ulfk/ iru d

jlyhq frvw lq whupv ri orzhu surgxfw glyhuvlw|1

Wkh lqwxlwlrq lv dv iroorzv= zkhq ^ jrhv xs/ vrph qrqsursulhwdu| jrrgv

zloo dsshdu dqg vrph sursulhwdu| jrrgv zloo glvdsshdu19 D frqvxphu orvhv

wkh xwlolw| uhqw -ES� � iru hdfk sursulhwdu| jrrg zklfk glvdsshduv/ dqg jdlqv

-ES�� � iru hdfk jrrg zklfk dsshduv1 Kh jdlqv li wkh udwlr -ES� �*-ES�� � lv

vpdoo hqrxjk/ dqg li #E�� lv ulvlqj zlwk frqvxpswlrq/ vr lv wklv udwlr1

Krz pxfk dgglwlrqdo plohdjh grhv wkdw uhvxow jlyh xv iru dujxlqj lq idyru

ri uhvwulfwhg LSUv iurp d zhoiduh srlqw ri ylhzB L frqmhfwxuh wkdw lw grhv

qrw jr yhu| idu1 Iluvw/ lw lv qrw hqrxjk wr vkrz wkdw vrfldo zhoiduh pd| lq

sulqflsoh jr xs1 Rqh kdv wr vkrz wkdw wkh srolf| lv qrw grplqdwhg e| d

vlpsoh uhglvwulexwlyh rqh1 Wkh suhfhglqj uhvxowv vxjjhvw wkdw uhglvwulexwlrq

lv zd| vxshulru wr uhvwulfwhg LSUv/ dqg wklv lv xqolnho| wr eh ryhuwxuqhg

e| qrq lvrhodvwlf suhihuhqfhv1 Vhfrqg/ wkh dvvxpswlrq ri dq lqfuhdvlqj #E��

lv qrw qhfhvvdulo| yhu| uhdolvwlf> iru h{dpsoh/ lw lv ylrodwhg iru d txdgudwlf

�E��� Wklug/ pdunxsv duh khog frqvwdqw/ exw wkh| pd| ulvh lq uhvsrqvh wr d

uhgxfwlrq lq wkh qxpehu ri jrrgv1: Ilqdoo|/ li rqh uhdoo| fduhv derxw wkh

srruhvw +dv zrxog eh wkh fdvh iru d Udzovldq srolf|pdnhu,/ wkhq rqh uxqv

lqwr wkh sureohp wkdw iru djhqwv zlwk duelwudulo| orz lqfrph ohyhov wkh h�hfwv

ri � dqg ^ duh rqo| vhfrqg0rughu1 Dv orqj dv �Ef� ' fc zklfk lv wkh rqo|

9Vrph ri wkhvh fdq eh wkh vdph/ exw wklv lv luuhohydqw/ lw lv vlpsohu wr uhdvrq dv li vrph
jrrgv glvdsshduhg dqg rwkhuv dsshduhg1

:Wklv lv zkdw kdsshqv lq p| �olplwhg� qhhgv prgho zlwk d txdgudwlf x+=,= Vhh Vdlqw0
Sdxo +5334e,1

4<



uhdvrqdeoh dvvxpswlrq li � lv hqgrjhqrxv dqg L lv gh�qhg e| +48,;/ wkhq

-Ef� ' fc vr wkdw YL*Y� dqg YL*Y^ duh forvh wr }hur iru djhqwv zlwk dqg

lqfrph forvh wr }hur1 Lq frqwudvw/ d wudqvihu zrxog kdyh d �uvw0rughu h�hfw

rq wkhvh djhqwv* zhoiduh1

: Frqfoxvlrq

Wklv sdshu*v dqdo|vlv frq�upv wkh edvlf grfwulqh ri pdlqvwuhdp hfrqrplfv/

l1h1 wkdw htxlw| frqfhuqv duh ehvw dgguhvvhg e| xvlqj wd{hv dqg wudqvihuv

udwkhu wkdq glvwruwlqj pdunhwv1 Uhgxfhg surshuw| uljkwv rq lqqrydwlrq gr

qrw vhhp wr eh d jrrg lghd wr hqirufh d pruh htxlwdeoh glvwulexwlrq ri lq0

frph/ ghvslwh wkh idfw wkdw LSUv jhqhudwh d vwdwlf lqh!flhqf| dvvrfldwhg zlwk

prqrsro| sulflqj1 Wkh uhdvrq lv wzr0irog1 Iluvw/ doohyldwlqj wkdw lqh!flhqf|

grhv qrw sduwlfxoduo| khos wkh srru uhodwlyh wr rwkhu djhqwv1 Vhfrqg/ wkh

g|qdplf lqh!flhqf|/ gxh wr lpshuihfw dssursuldwlrq ri dq lqyhqwlrq*v vrfldo

vxusoxv e| wkh lqqrydwru/ vhhpv pxfk vwurqjhu/ dqg lw lv uhlqirufhg e| orzhu

ohyhov ri lqwhoohfwxdo surshuw|1

Wklv vxjjhvwv wkdw lq rughu wr ylqglfdwh wkh lghd wkdw olplwdwlrqv rq LSUv

duh mxvwl�hg rq jurxqgv ri idluqhvv/ rqh kdv wr h{soruh rwkhu urxwhv1< Rqh

srvvlelolw| lv wr frqvlghu wkdw dv d irup ri lq0nlqg uhglvwulexwlrq lq d zruog

zkhuh prqhwdu| wudqvihuv duh gl!fxow ru lpsrvvleoh1 Rqh dujxphqw lpsolflw/

ru vrphwlphv h{solflw/ derxw uhgxflqj LSUv lq wkh frqwh{w ri khoslqj OGFv/

lv wkdw prqhwdu| uhglvwulexwlrq wr wkhvh frxqwulhv/ zklfk/ dv wkh suhfhglqj

dqdo|vlv vxjjhvwv/ lv olnho| wr zrun ehwwhu/ lv lq idfw glyhuwhg e| orfdo lqwhuhvw

jurxsv dqg grhv qrw jr wr wkrvh zkr duh uhdoo| lq qhhg1 E| frqwudvw/ iuhh

olfhqvhv iru surgxflqj ydoxhdeoh guxjv zrxog gluhfwo| khos wkh srruhvw1 Du0

elwudjh frxog eh suhyhqwhg e| suhyhqwlqj wkhvh guxjv iurp ehlqj uhh{sruwhg1

;Rwkhuzlvh/ wkhuh zrxog eh d gl�huhqfh wr d frqvxphu ehwzhhq d vlwxdwlrq zkhuh kh
frqvxphv d }hur dprxqw ri d jrrg dqg d vlwxdwlrq zkhuh wklv jrrg grhv qrw h{lvw1

<Ri frxuvh/ rqh pd| frqvlghu wkdw wkh qdwxuh ri frpshwlwlrq lv vxfk wkdw wkhuh lv wrr
pxfk U dqg G/ ehfdxvh sduw ri lw lv glvvlsdwhg lq �exvlqhvv vwhdolqj� h�hfwv1 Lq vxfk d fdvh
d olplwdwlrq rq LSUv frxog hqkdqfh zhoiduh e| uhgxflqj ryhulqyhvwphqw lq U dqg G1 Vhh
Wluroh +4<;;,1 Qrwh krzhyhu wkdw wklv dujxphqw kdv qrwklqj wr gr zlwk idluqhvv frqfhuqv1
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Wkh phulwv ri wklv dujxphqw lv xqfohdu1 Lw uhvwv rq rqh nlqg ri uhglvwul0

exwlrq ehlqj pruh �fruuxswlrq0surri� wkdq wkh rwkhu1 Lw lv qrw fohdu zk| lw

zrxog eh vr pxfk hdvlhu iru orfdo dxwkrulwlhv wr glyhuw dlg prqh| udwkhu wkdq

vhwwlqj xs dq lqiudvwuxfwxuh lq rughu wr e|sdvv wkh uhh{sruw edq iru wkhlu

rzq sur�w1 Lw lv dovr qrw fohdu wkdw wkh srru zrxog qrw orvh lq wkh orqj0uxq

ehfdxvh ri orzhu lqqrydwlrq/ dv lv wkh fdvh khuh1
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