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Devwudfw

Wklv sdshu dqdo|}hv srolflhv iru uhjxodwlqj srooxwlqj �upv xqghu lp0

shuihfw prqlwrulqj1 Wkh pdlq �qglqj lv wkdw d fhuwdlq hplvvlrq wdujhw

lv dozd|v pruh frvwo| wr hqirufh li wkhuh h{lvwv d pdunhw iru hplvvlrq

shuplwv wkdq li wkhuh lv qrqh1 Wkh lqwxlwlrq lv wkdw d pdunhw uhvwulfwv

wkh uhjxodwru| djhqf| wr lpsrvlqj lqfhqwlyh vfkhphv zklfk duh olqhdu

lq �upv* hplvvlrq ohyhov/ dqg wkhvh duh ohvv srzhuixo wkdq wkh ehvw

qrq0olqhdu lqfhqwlyh vfkhphv1 Dqrwkhu uhvxow lv wkdw prqlwrulqj dqg

prqhwdu| lqfhqwlyhv duh frpsohphqwdu| srolf| lqvwuxphqwv1

MHO fodvvlilfdwlrq= T5;/ T6;1

Nh|zrugv= Prqlwrulqj/ txrwd/ pdunhw/ hplvvlrq shuplwv1

�Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ V0446

;6 Vwrfnkrop/ Vzhghq1 Hpdlo= pdjqxv1doojxolqCsrvw1kduydug1hgx

L dp judwhixo wr Wruh Hoolqjvhq/ Pduwlq Kloo dqg Ndm Pduwhqvhq iru khosixo frpphqwv dqg

glvfxvvlrqv1 Ilqdqfldo vxssruw iurp Kdqghovedqnhq/ wkh Vwrfnkrop Vfkrro ri Hfrqrplfv

dqg wkh Ur|do Vzhglvk Dfdghp| ri Vflhqfhv lv judwhixoo| dfnqrzohgjhg1
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4 Lqwurgxfwlrq

Ljqrulqj prqlwrulqj dqg hqirufhphqw frvwv zkloh ghvljqlqj d uhjxodwru| vwdq0
gdug zloo prvw fhuwdlqo| ohdg wr wkh lpsohphqwdwlrq ri dq lqihulru srolf|1 Hl0
wkhu wkh uhjxodwru| djhqf| zloo lpsrvh d wrr h{shqvlyh srolf|/ ru lw zloo qrw
vxffhhg lq pdnlqj �upv frpso| zlwk wkh vwdqgdug1 Lq idfw/ wkh frqvhtxhqfhv
pd| eh glvdvwurxv14 Wklv lv d ohvvrq erwk dfdghplfv dqg srolf| pdnhuv kdyh
ohduqhg ryhu wkh odvw ihz |hduv1 Frqvhtxhqwo|/ prqlwrulqj dqg hqirufhphqw
kdyh ehhq wkh irfxv lq pdq| uhfhqw wkhruhwlfdo dqg hpslulfdo vwxglhv/ dqg
uhjxodwru| djhqflhv kdyh uhdg wkh sursrvhg suhvfulswlrqv fduhixoo|1 Wkh prvw
reylrxv txhvwlrq wkdw qhhgv wr eh dqvzhuhg lv ri frxuvh= Zkdw lv wkh vr0
fldoo| prvw ghvludeoh uhjxodwlrqB Ru pruh suhflvho|/ zklfk lv suhihudeoh/ d
frppdqg dqg frqwuro srolf| ru pruh pdunhw0edvhg lqfhqwlyhvB

Wkh sxusrvh ri wklv sdshu lv wr dqvzhu wkdw txhvwlrq/ sulpdulo| zlwk uhi0
huhqfh wr dq| qhjdwlyh h{whuqdo h�hfw rq wkh hqylurqphqw/ exw wkh uhdvrqlqj
wkurxjkrxw wkh sdshu fdq hdvlo| eh h{whqghg wr hpeudfh prvw nlqgv ri qhjd0
wlyh h{whuqdo h�hfwv1 Wkh uhjxodwru| djhqf| lv prghoohg dv wkh sulqflsdo dqg
d �up wkdw surgxfhv d jrrg zlwk d qhjdwlyh h{whuqdo h�hfw/ h1j1 srooxwlrq/ lv
prghoohg dv wkh djhqw lq d vwdqgdug sulqflsdo djhqw vhwwlqj1

Wkh sdshu vwduwv rxw e| ghulylqj wkh rswlpdo frppdqg dqg frqwuro sro0
lf|1 Wklv zloo frqvlvw ri dq hplvvlrq txrwd/ d shqdow| li wkh hplvvlrq ohyho
h{fhhgv wkh txrwd/ dqg d frpsoldqfh ihh rwkhuzlvh1 Wkh �up kdv wr eh jlyhq
fruuhfw lqfhqwlyhv lq rughu wr reh| wkh txrwd1 Wkh phfkdqlvp iru wklv lv
�uvw ghvfulehg lq Ehfnhu*v +4<9;, hfrqrplf dqdo|vlv ri fulph15 Wkh edvlf
lqvljkw ri wkdw duwlfoh lv wkdw srwhqwldo fulplqdov uhvsrqg wr erwk wkh sured0
elolw| ri ghwhfwlrq dqg wkh vhyhulw| ri sxqlvkphqw li ghwhfwhg dqg frqylfwhg1
Wkxv/ ghwhuuhqfh iurp fulplqdo dfwlylw| pd| eh hqkdqfhg hlwkhu e| udlvlqj
wkh shqdow|/ ru e| lqfuhdvlqj prqlwrulqj dfwlylwlhv wr udlvh wkh olnholkrrg wkdw
wkh r�hqghu zloo eh fdxjkw1 Wkdw lv wuxh hyhq khuh1 Rq wkh rwkhu kdqg/ khuh
lw zloo eh dvvxphg wkdw wkhuh lv dq h{rjhqrxv olplw wr krz kljk d shqdow|
lv ihdvleoh/ zklfk zloo eh elqglqj1 Wkh uhdvrq pd| eh srolwlfdo ru gxh wr d
zhdowk frqvwudlqw ri wkh uhjxodwhg �up1 Lqvwhdg wkh qhw shqdow|/ l1h1 wkh
gl�huhqfh ehwzhhq wkh shqdow| dqg d frpsoldqfh ihh/ fdq eh ydulhg1

Wkh �uvw qrwhzruwk| uhvxow lv wkdw wkh rswlpdo frpsoldqfh ihh pd| eh
qhjdwlyh/ l1h1 vrph srooxwhuv vkrxog qrw fduu| dq| wd{ exughq dw doo exw
vkrxog udwkhu eh vxevlgl}hg16 Wklv iroorzv iurp wkh idfw wkdw d vpdoohu ihh lv

4Vhh wkh vhfwlrq Hpslulfdo hylghqfh dqg Vljpdq +4<<;,1
5Grzqlqj dqg Zdwvrq +4<:7, dqg Kduirug +4<:;, zhuh wkh �uvw yduldqwv ri wkh Ehfnhu

+4<9;, prgho wkdw dsshduhg lq wkh hqylurqphqwdo hfrqrplfv olwhudwxuh1
6Wkh dqdorj| zlwk Ehfnhu*v prgho lv vwudljkwiruzdug1 Li lw lv lpsrvvleoh wr udlvh wkh

shqdow|/ ghwhuuhqfh iurp fulplqdo dfwlylw| pd| iru h{dpsoh eh hqkdqfhg e| jlylqj d vxevlg|
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rswlpdoo| xvhg dv d frpsohphqw wr lqfuhdvhg prqlwrulqj wr fuhdwh lqfhqwlyhv>
frqvhtxhqwo| fhuwdlq �upv/ zklfk qhhg vwurqj lqfhqwlyhv/ duh prqlwruhg yhu|
dffxudwho| dqg duh dzdughg d vxevlg| lq htxloleulxp1

Wkh lghd ri d frpsoldqfh vxevlg| lv irxqg hduolhu lq wkh hqylurqphqwdo
hfrqrplfv olwhudwxuh= Grzqlqj dqg Nlpedoo +4<;5, qrwh wkdw d frvw vxevlg|
zloo pdnh d uhjxodwhg �up pruh lqfolqhg wr frpso| zlwk d uhjxodwru| srolf|/
ehfdxvh wkh �up kdv pruh wr orvh e| qrw frpso|lqj1 Wkh vdph phvvdjh lv
sxw iruzdug lq iru h{dpsoh Vxoolydq +4<;:,/ Ixoohuwrq dqg Nlqqdpdq +4<<8,
dqg Vljpdq +4<<;,1 D vrphzkdw gl�huhqw fdxvh iru d vxevlg| lv suhvhqwhg lq
Qrzhoo dqg Vkrjuhq +4<<7,/ zkr vwxg| lwv h�hfwv rq oldelolw| hydvlyh dfwlylwlhv1

Wkh sdshu frqwlqxhv e| �qglqj wkh rswlpdo hplvvlrq0ihh uhjxodwru| srolf|/
dqg wklv srolf| lv vkrzq wr eh dw ohdvw dv jrrg dv wkh ehvw pdunhw0edvhg
srolf|1 Ilqdoo|/ wkh frppdqg dqg frqwuro dqg wkh hplvvlrq ihh srolflhv duh
frpsduhg1 Wklv ohdgv gluhfwo| wr d vhfrqg uhvxow1 Ghvslwh wkh idfw wkdw
wkh pdmru sduw ri wkh hqylurqphqwdo hfrqrplfv olwhudwxuh wrxwv wkh xvh ri
pdunhw0edvhg lqfhqwlyhv/ wkh �qglqj khuh lv wkh rssrvlwh= d fhuwdlq hplvvlrq
wdujhw lv dozd|v pruh frvwo| wr hqirufh li wkhuh h{lvwv d pdunhw iru hplvvlrq
shuplwv wkdq li wkhuh grhv qrw17 Wkh lqwxlwlrq ehklqg wkh uhvxow lv vlpso|
wkdw d pdunhw uhvwulfwv wkh uhjxodwru| djhqf| wr xvh dq lqfhqwlyh vfkhph iru
wkh srooxwlqj �upv wkdw lv olqhdu lq wkhlu hplvvlrq ohyhov/ dqg wkdw vxfk d
uhvwulfwlrq pdnhv wkh lqfhqwlyh vfkhph ohvv srzhuixo1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vhwv xs wkh prgho1 Lq Vhfwlrq
6 wkh ehvw frppdqg dqg frqwuro srolf| lv ghulyhg1 Vhfwlrq 7 ghulyhv wkh
ehvw hplvvlrq0ihh srolf|/ zklfk lv dovr vkrzq wr eh zhdno| ehwwhu wkdq dq|
pdunhw0edvhg lqfhqwlyh vfkhph1 D frpsdulvrq ehwzhhq wkh gl�huhqw srolflhv
lv shuiruphg lq Vhfwlrq 81 Vhfwlrq 9 suhvhqwv vrph hpslulfdo hylghqfh dqg
�qdoo|/ Vhfwlrq : frqfoxghv1

5 Wkh Prgho

D ulvn qhxwudo sulqflsdo lpsrvhv d srolf| rq d vlqjoh ulvn qhxwudo djhqw1 Wkhuh
lv shuihfw nqrzohgjh rq wkh sduw ri erwk wkh sulqflsdo dqg wkh djhqw1 Wkh

wr wkh srruhvw shrsoh lq wkh frppxqlw|/ vlqfh wkh| zloo eh wkh prvw whpswhg wr hqjdjh lq

fulplqdo dfwlylwlhv1
7Vdqgpr +4<<;, frpsduhv d xqlirup wd{ udwh wr wkh xvh ri txrwdv1 Kh irfxvhv rq wkh

fdvh zkhq wkhuh lv lpshuihfw frpsoldqfh lq htxloleulxp1 Khqfh/ lq wkh fdvh ri txrwdv/ zlwk

vrph suredelolw|/ d ylrodwlrq lv glvfryhuhg dqg d shqdow| zloo eh sdlg1 Wklv wxuqv rxw wr

kdyh vrph ri wkh fkdudfwhulvwlfv ri d xqlirup wd{/ hyhq wkrxjk lw lv lpsrvhg rqo| zlwk d

fhuwdlq suredelolw|1 Wkurxjkrxw wklv fkdswhu/ wkhuh lv shuihfw frpsoldqfh lq htxloleulxp/

exw d txrwd lv dffrpsdqlhg e| d frpsoldqfh wd{ wkdw lv qrw suhvhqw lq Vdqgpr +4<<;,1

Wkh gl�huhqw lpsolfdwlrqv ri wkh wzr prghov lv hvvhqwldoo| dffrxqwhg iru e| wklv gl�huhqfh1
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djhqw fdq surgxfh dq dprxqw ri d jrrg % 5 +n |lhoglqj wkh sur�w q�E%� wr
erwk klp dqg wkh sulqflsdo/ exw dw wkh vdph wlph wkh qhjdwlyh h{whuqdo h�hfw
�.E%� lv rqo| wr wkh sulqflsdo1 Wkh sdudphwhuv q dqg � duh erwk srvlwlyh1
Wkh srolf| vshfl�hv wkh djhqw*v uljkw wr surgxfh d fhuwdlq dprxqw ri wkh jrrg
% dqg d wudqvihu | wkdw wkh djhqw kdv wr sd| iru wkh uljkw1 Li wkh sulqflsdo
fdqqrw �qg d srolf| |lhoglqj d srvlwlyh xwlolw|/ kh fdq frvwohvvo| forvh grzq
wkh djhqw*v dfwlylw|1

Wkh sulqflsdo kdv wkh delolw| wr revhuyh dqg yhuli| wkh dprxqw ri wkh
jrrg % wkdw lv surgxfhg zlwk suredelolw| R1 Wkh sulqflsdo fdq lqgluhfwo|
fkrrvh wklv ghwhfwlrq suredelolw| wkurxjk klv fkrlfh ri uhvrxufhv ghyrwhg wr
prqlwrulqj/ >�ER�/ zkhuh > : f1 Wkh sur�w/ h{whuqdolw| dqg prqlwrulqj frvw
ixqfwlrqv duh dvvxphg wr kdyh wkh sodxvleoh surshuwlhv= ���E%� 	 fc .Ef� ' fc
.�E%� : fc .��E%� � f8 dqg � �ER� : f1

Gh�qh wkh sulqflsdo*v h{ srvw xwlolw| dv

L ' q�E%� n b|� �.E%�� E� n b�>�ER�c +4,

zkhuh b : f ghqrwhv wkh vkdgrz sulfh ri udlvlqj sxeolf ixqgv1 Qrwh wkdw
�.E%� lv qrw pxowlsolhg e| E� n b�1 Lw lv dvvxphg wkdw wkh exughq ri wkh
qhjdwlyh h{whuqdo h�hfwv lv fduulhg e| wkh hfrqrp| udwkhu wkdq wkh dxwkrulwlhv1
Krzhyhu/ wklv dvvxpswlrq zloo qrw d�hfw wkh uhvxowv lq dq| pdmru uhvshfwv1

Wkh djhqw*v h{ srvw qhw sur�w lv

T ' q�E%�� |� +5,

Wkhuh lv dq xsshu olplw A 5 +n wr zkdw wkh sulqflsdo fdq h{wudfw iurp
wkh djhqw li wkh odwwhu grhv qrw frpso| zlwk wkh srolf|1 Iru h{dpsoh/ wkh
ohjlvodwxuh pljkw lpsrvh d �{hg shqdow| ru �up lqvroyhqf| frqvwudlqwv pljkw
pdnh kljkhu shqdowlhv lqdssursuldwh1 Wkh djhqw*v rqo| lqwhuhvw lv wr pd{lpl}h
klv h{shfwhg qhw sur�w> wkhuhiruh wkh iroorzlqj lqfhqwlyh frpsdwlelolw| +LF,
frqvwudlqw pxvw eh vdwlv�hg iru doo %=

q�Ee%�� | � q�E%�� E�� R�|� RA� +6,

8Wkh dvvxpswlrq ri d zhdno| frqyh{ h{whuqdolw| ixqfwlrq lv sodxvleoh iru d odujh vhw

ri hqylurqphqwdo h{whuqdolwlhv1 Krzhyhu/ wkh prgho doorzv iru vrph frqfdylw| dv orqj dv

wkh vhfrqg rughu frqglwlrqv iru wkh sulqflsdo*v pd{lpl}dwlrq sureohp krog1 Wkxv/ wkh

dvvxpswlrq pd| eh uhod{hg wr

H
33+{, A

H3+{,�33+{,

�3+{,
=
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6 Frppdqg dqg frqwuro srolf|

Zh vhh wkdw dq| lqfhqwlyh frpsdwleoh srolf| wkdw lpsohphqwv e% fdq/ zlwkrxw
orvv wr wkh sulqflsdo/ eh uhsolfdwhg e| d vwhs ixqfwlrq ri wkh irup |E%� ' A
iru % : e% dqg |E%� ' | iru % � e%19 Lq rwkhu zrugv/ wkh sulqflsdo vhwv d txrwd
e%1 Wkh djhqw sd|v | li kh phhwv ru surgxfhv ohvv wkdq wkh txrwd dqg kh sd|v
A li kh h{fhhgv wkh txrwd/ dv looxvwudwhg lq Iljxuh 41

t x( )

�x x0

t

T

Iljxuh 4

Lq wkh devhqfh ri d srolf|/ dqg li wkh djhqw zhuh iuhh wr surgxfh dq|
ghvluhg dprxqw ri wkh jrrg %/ kh zrxog fkrrvh wr surgxfh % ' f/ zkhuh
f ' @h}4@ Eq�E%��1 Vlqfh dq| fruuhfwo| ghvljqhg txrwd/ 	%/ zloo eh ohvv wkdq
ru htxdo wr f/ lw iroorzv gluhfwo| iurp wkh lqlwldo dvvxpswlrqv wkdw ��E	%� � f�
Li wkh djhqw grhv qrw zdqw wr frpso| zlwk wklv srolf|/ kh zloo fkrrvh wr
surgxfh % ' f1 Wkhuhiruh wkh LF frqvwudlqw vlpsol�hv wr

REA � |� � qE�Ef���Ee%��� +7,

Wkh prqlwrulqj dffxudf|/ R/ lv frvwo| dqg wkh wudqvihu/ |/ lv ehqh�fldo iru
wkh sulqflsdo> wkxv/ lq rughu wr lpsohphqw d fhuwdlq 	% kh zloo fkrrvh wkhp

9Wkh rswlpdolw| ri d vwhs ixqfwlrq lqfhqwlyh vfkhph lv txlwh jhqhudo1 Ghprxjlq dqg

Ioxhw +4<<:, vkrz lw iru dq h�ruw wdujhw lq dq h!flhqf| zdjh prgho/ exw wklv nlqg ri

lqfhqwlyh vfkhph dovr ehorqjv wr wkh vhw ri rswlpdo uhjxodwru| srolflhv1 Zkdw lv lqwhuhvwlqj

lv wkdw/ jhqhudoo|/ uhjxodwru| djhqflhv kdyh d vwurqj suhglohfwlrq iru d vshfldo fdvh ri wklv

srolf|= d txrwd dqg d shqdow|/ exw qr frpsoldqfh ihh1
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vxfk wkdw lqhtxdolw| +7, lv elqglqj1 Uhduudqjlqj dqg lqyhuwlqj wklv htxdolw|
|lhogv dq h{suhvvlrq iru wkh dprxqw ri wkh jrrg wkh djhqw zloo surgxfh=

%ERc |� G' �3�E�Ef�� REA � |�*q�� +8,

Lw lv qrz srvvleoh wr xvh wkh h{suhvvlrq +8, iru %ERc |� wr vxevwlwxwh iru
% lq wkh sulqflsdo*v xwlolw| ixqfwlrq +4,1 Lw iroorzv wkdw wkh sulqflsdo kdv d
sureohp zkhuh kh kdv wr fkrrvh d suredelolw| R dqg d wudqvihu | wkdw vroyh

�@%
Rc|

LERc |� ' q�E%ERc |�� n b|� �.E%ERc |��� E� n b�>�ER� +9,

vxemhfw wr wkh frqvwudlqwv | � A dqg R 5 dfc �o1 Ghqrwh wkh vroxwlrq wr wklv
sureohp ERWc |W�/ dqg ohw %W G' %ERWc |W� eh wkh fruuhvsrqglqj dprxqw ri wkh
jrrg surgxfhg1 Wkh �uvw0rughu frqglwlrqv fkdudfwhul}lqj wkh vroxwlrq duh
wkhq

bn RW � oE%W�RW � f +:,

dqg
�EA � |W� n oE%W�EA � |W�� E� n b�>� �ERW� � fc +;,

zlwk htxdolw| zkhqhyhu wkh vroxwlrq lv lqwhulru dqg oE%� ' �. �E%�*q��E%�
ghqrwhv wkh udwlr ri wkh pdujlqdo h{whuqdolw| wr wkh pdujlqdo sur�w1

Htxdwlrq +:, whoov xv wkdw wkh pdujlqdo h{whuqdolw| iurp d surgxfwlrq
lqfuhdvh zloo dozd|v eh odujhu wkdq wkh pdujlqdo sur�w> wkxv wkh sulqflsdo
zloo doorz iru vrph lqh!flhqw ryhusurgxfwlrq lq dq| vroxwlrq1 Lq dgglwlrq/
dffruglqj wr htxdwlrq +;, wkhuh pxvw eh d srvlwlyh ohyho ri prqlwrulqj lq
rughu wr lqgxfh d surgxfwlrq ohyho orzhu wkdq f1 Wkh �uvw0rughu frqglwlrqv
+:, dqg +;, wrjhwkhu whoo xv wkdw lq dq| lqwhulru vroxwlrq/ zh zloo kdyh wkh
uhodwlrq

bEA � |W� ' E� n b�RW>� �ERW�� +<,

Xvlqj +<, wr vxevwlwxwh iru |W lq wkh sulqflsdo*v xwlolw| ixqfwlrq jlyhv xv wkh
iroorzlqj h{suhvvlrq iru wkh sulqflsdo*v xwlolw| ri %W dqg RW=

LE%Wc RW� ' q�EeW�� bA � �.E%W�� E� n b�ERW>� �ERW�� >�ERW��� +43,

Wklv h{suhvvlrq zloo eh xvhg odwhu zkhq lw lv dvvxphg wkdw wkh sulqflsdo
lv lqwhuhvwhg lq lpsohphqwlqj d fhuwdlq surgxfwlrq ohyho 	%c dqg wkh deryh
xwlolw| lv frpsduhg wr wkh kljkhvw xwlolw| wkdw wkh sulqflsdo fdq jhw e| xvlqj
dq hplvvlrq ihh srolf|1

Ohw L�� ghqrwh wkh vhfrqg ghulydwlyh ri L dqg ohw LW

��
ghqrwh wkh vhfrqg

ghulydwlyh ri L hydoxdwhg dw d vroxwlrq ERWc |W�1 Wkh vhfrqg0rughu frqglwlrqv
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duh wkhq LW

||
	 fc LW

RR
	 f dqg LW

RR
LW

||
� ELW

R|
�2 : f/ zkhuh

L|| '
�R2�E%�

q2
c +44,

LRR '
�EA � |�2�E%�

q2
� >� ��ER�E� n b�c +45,

LR| '
�REA � |��E%�

q2
n �� oE%�c +46,

dqg

�E%� G'
���E%�.�E%�� .��E%���E%�

E��E%���
� +47,

Qrwh wkdw/ vlqfh �E%� lv dozd|v qhjdwlyh dqg oE%W� lv srvlwlyh dqg odujhu
wkdq �c wklv zloo lpso| wkdw LW

R|
	 f1

614 Frpsdudwlyh vwdwlfv

Wkh remhfwlyh khuh lv wr fkdudfwhul}h krz wkh ohyho ri wkh wudqvihu |/ wkh
dffxudf| ri prqlwrulqj R dqg wkh surgxfwlrq ohyho % ydu| zlwk wkh sdudphwhuv
qc � dqg >1 Wr h{dplqh wkh h�hfw ri d fkdqjh lq wkh h{whuqdo h�hfw iurp wkh
jrrg/ �/ zh gl�huhqwldwh wkh wzr �uvw0rughu frqglwlrqv +:, dqg +;, dqg jhw
wkh wzr htxdwlrqv=

LW

||_|
W n LW

R|_R
W '

RW

�
oE%W�_� +48,

LW

R|_|
W n LW

RR_R
W ' �

A � |W

�
_�� +49,

E| Fudphu*v uxoh/ zh jhw

_|W

_�
'

k
RWLW

RR n EA � |W�LW

R|

l
oE%W�k

LW

||LW

RR � ELW

R|�2
l
�

+4:,

dqg

_RW

_�
'

k
�EA � |W�LW

|| � RWLW

R|

l
oE%W�k

LW

||LW

RR � ELW

R|�2
l
�

� +4;,

Wkh vljqv ri erwk _|W*_� dqg _RW*_� duh ghwhuplqhg e| wkh vhfrqg0rughu
frqglwlrqv dqg wkh idfw wkdw LW

R| 	 f1 Fohduo| lw lv dozd|v wuxh wkdw

_|W

_�
	 f +4<,

:



dqg
_RW

_�
: f� +53,

Wr xqghuvwdqg wklv zh gl�huhqwldwh +8, lq htxloleulxp wr jhw

_%W '
dRW_|W � EA � |W�_RWo

q��E%W�
� +54,

Wrjhwkhu zlwk +4:, dqg +4;, wklv whoov xv wkdw

_%W

_|W
: f +55,

dqg
_%W

_RW

	 f� +56,

Wkh lqwxlwlrq lv qrz vwudljkwiruzdug= wkh pruh h{whuqdolw| wkh sulqflsdo
jhwv iurp d jlyhq surgxfwlrq ohyho/ %/ wkh orzhu surgxfwlrq ohyho/ %/ kh zdqwv1
Wr lpsohphqw d orzhu % wkh sulqflsdo kdv wr dgmxvw wkh prqlwrulqj dffxudf|/
R/ dqg wkh wudqvihu/ |/ lq rughu wr ixo�oo wkh LF frqvwudlqw1 Lw lv fkhdshu iru wkh
sulqflsdo wr jlyh xs d olwwoh ri wkh wudqvihu/ |/ dw wkh vdph wlph dv lqfuhdvlqj
wkh prqlwrulqj dffxudf|/ R/ wkdq wr hqirufh wkh orzhu surgxfwlrq ohyho/ %/
vroho| e| lqfuhdvlqj wkh prqlwrulqj dffxudf|/ R/ ru e| orzhulqj wkh wudqvihu/
|1 Wkh sulqflsdo zloo rswlpdoo| xvh R dqg | wr orzhu wkh ohyho ri % vxfk wkdw
wkh frvwv ri xvlqj wkhp duh htxdo dw wkh pdujlq1

Vhfrqgo|/ zh lqyhvwljdwh wkh h�hfwv ri dq lqfuhdvh lq wkh frvw ri prqlwru0
lqj1 Lq wklv fdvh zh kdyh=

_|W

_>
'
�E� n b�� �ERW�LW

R|k
LW

||LW

RR � ELW

R|�2
l +57,

dqg
_RW

_>
'

E� n b�� �ERW�LW

||k
LW

||LW

RR � ELW

R|�2
l � +58,

Djdlq/ e| wkh vhfrqg0rughu frqglwlrqv dqg wkh idfw wkdw LR| 	 f zh kdyh

_|W

_>
: f +59,

dqg
_RW

_>
	 f� +5:,

;



Wkh lqwxlwlrq iru wklv lv wkdw wkh pruh h{shqvlyh ru gl!fxow lw jhwv wr
prqlwru/ wkh ohvv prqlwrulqj wkh sulqflsdo zloo fkrrvh wr hqjdjh lq1: Ohvv
prqlwrulqj zloo lq wxuq pdnh lw pruh h{shqvlyh wr xvh d od{ wudqvihu dv dq
lqfhqwlyh1 Wkxv wkh sulqflsdo zloo lqfuhdvh wkh wudqvihu dqg lqvwhdg doorz iru
d kljkhu surgxfwlrq ohyho lq rughu wr ixo�oo wkh LF frqvwudlqw1

Wkh dqdo|vlv ri d fkdqjh lq wkh sur�w ixqfwlrq lv xqiruwxqdwho| qrw dv
wulyldo1 Xvlqj Fudphu*v uxoh rqh pruh wlph jlyhv xv=

_|W

_q
'
�RWLW

RR � EA � |W�LW

R|k
LW

||LW

RR � ELW

R|�2
l
q

%
�RWEA � |W��E%W�

q2
n oE%W�

&
+5;,

dqg
_RW

_q
'

EA � |W�LW

|| n RWLW

R|k
LW

||LW

RR � ELW

R|�2
l
q

%
�RWEA � |W��E%W�

q2
n oE%W�

&
� +5<,

Wkhuh lv qr fohdu uxoh iru zkhwkhu wkh vljq ri wkh h{suhvvlrq lq wkh odvw
sduhqwkhvlv lq wkhvh htxdwlrqv lv srvlwlyh ru qhjdwlyh1 Krzhyhu/ e| wkh vhfrqg0
rughu frqglwlrqv dqg wkh idfw wkdw LW

R| 	 fc lw lv dw ohdvw srvvleoh wr frqfoxgh
wkdw wkh vljq ri E_|W*_q�*E_RW*_q� lv dozd|v qhjdwlyh1 Wkxv/ prqlwrulqj
dqg wkh wudqvihu zloo eh qhjdwlyho| fruuhodwhg/ lqghshqghqwo| ri wkh vrxufh ri
yduldwlrq1

Lw lv qrwhzruwk| wkdw lw lv hdvlhu wr jhw frpsohphqwdulw| ehwzhhq prql0
wrulqj dqg prqhwdu| lqfhqwlyhv lq wklv prgho wkdq lq Doojxolq dqg Hoolqjvhq*v
+4<<;, prgho ri h!flhqf| zdjhv1 Wkh uhdvrq iru wklv lv wkdw khuh/ wkh sulq0
flsdo +wkh uhjxodwru| djhqf|, lqfrusrudwhv wkh djhqw*v ehqh�w +wkh srooxwlqj
�up*v sur�w, lq lwv remhfwlyh1

Ilqdoo|/ xvlqj wkh �uvw rughu frqglwlrqv wr vroyh iru |W jlyhv xv wkh h{suhv0
vlrq

|W ' A � RW>� �ERW�E� n b�*b� +63,

Khqfh/ lw fdq eh fodlphg wkdw wkh wudqvihu/ |W/ rswlpdoo| pd| eh fkrvhq wr eh
qhjdwlyh1 Wkdw lv/ wkh sulqflsdo frxog rswlpdoo| eh zloolqj wr vxevlgl}h wkh

:Doojxolq dqg Hoolqjvhq +4<<;, dujxh wkdw wkhuh lv dq lpsruwdqw gl�huhqfh ehwzhhq wkh

dprxqw ri uhvrxufhv ghyrwhg wr prqlwrulqj dqg wkh prqlwrulqj dffxudf|1 Wkh h�hfw ri dq
lqfuhdvh lq wkh frvw ri prqlwrulqj rq wkh dprxqw ri uhvrxufhv ghyrwhg wr prqlwrulqj lv

g�P+s�,

g�
@P+s�, . �P 3+s�,

gs�

g�
>

dqg wkh vljq lv dpeljxrxv lq jhqhudo1 Doojxolq dqg Hoolqjvhq +4<<;, frqwlqxh wr qrwh
wkdw d pdmru gudzedfn ri prvw hpslulfdo zrun wr gdwh lq wkh h!flhqf| zdjh olwhudwxuh/

lv wkdw lw xvhv wkh dprxqw ri uhvrxufhv ghyrwhg wr prqlwrulqj dv d phdvxuh ri prqlwrulqj

dffxudf|1 Wkxv/ khuh lv d zduqlqj iru lqyhvwljdwruv ri wkh fruuhodwlrq ehwzhhq prqlwrulqj
dqg d frpsoldqfh ihh1

<



djhqw1 Wr vhh wkdw wklv lv srvvleoh/ mxvw dvvxph wkdw A ' f dqg uhphpehu
wkdw lq dq| lqwhulru vroxwlrq wkhuh pxvw eh d srvlwlyh ohyho ri prqlwrulqj1
Dffruglqj wr wkh uhvxowv deryh/ wkh wudqvihu ehfrphv d vxevlg| iru lqgxvwulhv
zlwk d kljk � dqg d orz >/ l1h1 iru lqgxvwulhv wkdw duh dvvrfldwhg zlwk orz
prqlwrulqj frvwv dqg �frvwo|� qhjdwlyh h{whuqdo h�hfwv1 Pruhryhu/ wkh orzhu
wkh xsshu olplw/ A / wr zkdw wkh sulqflsdo fdq h{wudfw iurp wkh djhqw lq fdvh
kh grhv qrw frpso| zlwk wkh srolf| dqg wkh orzhu wkh vkdgrz sulfh ri udlvlqj
sxeolf ixqgv/ b/ wkh pruh olnho| lw lv wkdw wkh wudqvihu lv d vxevlg|1

Wr vxp xs wkh uhvxowv vr idu/ wkh iroorzlqj sursrvlwlrqv duh vwdwhg/

Sursrvlwlrq 4 Wkh dffxudf| ri prqlwrulqj/ RW/ lv lqfuhdvlqj lq wkh h{whu0
qdolw| sdudphwhu � dqg ghfuhdvlqj lq wkh prqlwrulqj frvw sdudphwhu >1

Sursrvlwlrq 5 Wkh wudqvihu/ |W/ dqg wkh surgxfwlrq ohyho/ %W/ duh ghfuhdvlqj
lq wkh h{whuqdolw| sdudphwhu � dqg lqfuhdvlqj lq wkh prqlwrulqj frvw sdudph0
whu >1

Sursrvlwlrq 6 D ghfuhdvh lq wkh wudqvihu/ |W/ dqg dq lqfuhdvhg prqlwru0
lqj dffxudf|/ RW/ duh frpsohphqwdu| lqvwuxphqwv iru lpsohphqwlqj d orzhu
surgxfwlrq ohyho ri wkh srooxwlqj jrrg/ %W1

Sursrvlwlrq 7 Wkh wudqvihu/ |W/ ehfrphv qhjdwlyh +d vxevlg|, li dqg rqo| li
A 	 RW>� �ERW�E� n b�*b1

615 Zhoiduh lpsolfdwlrqv

Vkdyhoo +4<:<, dqg Frkhq +4<;:, vkrzhg wkh vwduwolqj uhvxow wkdw li djhqwv
duh ulvn dyhuvh/ wkh| pd| dfwxdoo| olnh prqlwrulqj1 Wkh uhdvrqlqj lv wkh
iroorzlqj= dq djhqw idflqj dq xqfhuwdlq qhjdwlyh sd|r� zrxog suhihu wr sd|
wkh h{shfwhg groodu ydoxh ri wkh sd|r� dv dq lqvxudqfh suhplxp udwkhu wkdq
idfh wkh xqfhuwdlq vlwxdwlrq1 Khqfh/ srwhqwldo ylrodwruv zrxog eh ehwwhu r�
li wkh| zhuh prqlwruhg pruh iuhtxhqwo| dqg uhfhlyhg d orzhu shqdow| +zklfk
wkh| gr lq wkhlu prghov,/ li irxqg wr eh lq ylrodwlrq ri hqylurqphqwdo odzv/
wkdq li wkh| zhuh vhogrp ghwhfwhg dqg sdlg d kljk sulfh iru wkh uduh �qglqj
ri qrq0frpsoldqfh1

Ehorz/ lw zloo eh ghprqvwudwhg wkdw wklv frxqwhu0lqwxlwlyh uhvxow pd| eh
wuxh hyhq lq wklv prgho/ exw iru hqwluho| gl�huhqw uhdvrqv1 Iurp wkh lqfhqwlyh
frpsdwlelolw| frqvwudlqw/ +7,/zh kdyh

q�E%W� ' q�Ef�� RWEA � |W��
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Nqrzlqj wkh h{suhvvlrq iru wkh htxloleulxp wudqvihu/ +63,/ zh fdq h{suhvv wkh
djhqw*v qhw sur�w lq htxloleulxp lq wkh iroorzlqj zd|=

T ' q�Ef�� A n RWE�� RW�>� �ERW�E� n b�*b�

Gl�huhqwldwlrq ri wklv h{suhvvlrq uhyhdov wkdw wkh djhqw*v sur�w lv dw lwv
pd{lpxp zkhq

E�� 2RW�� �ERW� n RWE�� RW�� ��ERW� ' fc

l1h1 wkh djhqw suhihuv vrph lqwhuphgldwh ohyho ri prqlwrulqj1 Wkxv iru orz
ohyhov ri prqlwrulqj/ wkh djhqw*v sur�w lv lqfuhdvlqj lq wkh prqlwrulqj dffx0
udf|1 Wkh lqwxlwlrq lv wkdw pruh prqlwrulqj dozd|v pdnhv lw ehqh�fldo iru
wkh sulqflsdo wr orzhu wkh frpsoldqfh ihh +dqg hyhqwxdoo| sd| d wudqvihu,/ exw
dovr wr ghpdqg d orzhu surgxfwlrq ohyho ri wkh srooxwlqj jrrg1 Iru orz ohyhov
ri prqlwrulqj dffxudf|/ wkh frpsoldqfh ihh h�hfw grplqdwhv dqg wkh djhqw*v
qhw sur�w lv lqfuhdvlqj1

7 Hplvvlrq0ihh srolf|

Wkh hplvvlrq0ihh srolf| lv wkdw wkh uhjxodwru| djhqf| ohwv wkh srooxwlqj �up
sd| d ihh shu xqlw ri wkh surgxfhg jrrg1 Wr pdnh wkh srolf| d olwwoh vwurqjhu/
wkh sulqflsdo lv doorzhg wr dvn iru dq hqwudqfh ihh1; Wkdw lv/ wkh srolf| lv
ri wkh irup kf n k% li wkh djhqw*v surgxfwlrq ohyho lv revhuyhg1 Dv ghslfwhg
lq Iljxuh 5/ wkh vwurqjhvw sxqlvkphqw lv rqo| fduulhg rxw iru wkh pd{lpxp
ghyldwlrq1

;Hyhq wkrxjk wklv pljkw qrw uh hfw uhdo olih frqglwlrqv/ wklv iuhhgrp lv jlyhq wr wkh

sulqflsdo1 Lq wkh qh{w vhfwlrq lw lv vkrzq wkdw zlwk wklv iuhhgrp/ wkh hplvvlrq ihh srolf| lv

vwulfwo| grplqdwhg e| wkh frppdqg dqg frqwuro srolf|1 Zlwk qr lqwhufhsw/ wkh hplvvlrq

ihh srolf| zrxog eh hyhq zruvh1 Wkxv/ wkh uhdvrq iru wkh dvvxpswlrq lv wr holplqdwh dq|

vxvslflrq wkdw d uhvwulfwlrq ri qr lqwhufhsw lv uhvsrvleoh iru wkh uhvxow1

44



t x( )
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Iljxuh 5

Li wkh djhqw*v surgxfwlrq ohyho lv qrw revhuyhg/ wkh udwlrqdo h{shfwdwlrqv
dvvxpswlrq lv pdlqwdlqhg/ wkdw wkh djhqw iroorzv wkh lqfhqwlyh vfkhph hyhq
li wkh sulqflsdo grhv qrw vhh lw1 Wkxv lq wklv fdvh wkh djhqw sd|v wkh wudqvihu
kfnk%

WW/ zkhuh %WW ghqrwhv wkh surgxfwlrq ohyho lq htxloleulxp1 Ixuwkhupruh
wkh olplwhg oldelolw| frqvwudlqw rq wkh djhqw uhvwulfwv wkh sulqflsdo wr vhw kf

wr dw prvw A � kf1 Wkh sulqflsdo grhv qrw jlyh dq|wklqj dzd| iru iuhh vr
kh zloo rswlpdoo| vhw kf ' A � kf1

Khqfh/ wkh h{ dqwh wudqvihu zloo qrz eh

|E%� ' A � kf n kER%n E�� R�%W�� +64,

Wkxv wkh djhqw zloo vroyh wkh sureohp=

�@%
%

T E%� ' q�E%�� A n kf � kER%n E�� R�%W� +65,

zlwk wkh �uvw0rughu frqglwlrq

q��E%� ' kR� +66,

Wkh sulqflsdo wdnhv wklv pd{lpl}dwlrq ehkdylru dv jlyhq zkhq pd{lpl}lqj
klv xwlolw|1 Lqyhuwlqj wkh djhqw*v �uvw0rughu frqglwlrq dqg vxevwlwxwlqj iru %/
wkh sulqflsdo idfhv wkh pd{lpl}dwlrq sureohp

�@%
kcR

LEkc R� ' q�EE���3�E
kR

q
�� n bEA � kf n kE���3�E

kR

q
��

��.EE���3�E
kR

q
��� E� n b�>�ER�� +67,
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Dvvxplqj dq lqwhulru vroxwlrq/ wkh �uvw0rughu frqglwlrqv duh

RWW
%
��E%WW�

���E%WW�
n

bkWW

q��E%WW�
�

�.�E%WW�

q���E%WW�

&
� bEf � %WW� ' f +68,

dqg

kWW

%
��E%WW�

���E%WW�
n

bkWW

q��E%WW�
�

�.�E%WW�

q���E%WW�

&
� E� n b�>� �ERWW� ' f� +69,

+68, dqg +69, wrjhwkhu whoo xv wkdw lq dq| lqwhulru vroxwlrq/ zh zloo kdyh
wkh uhodwlrq

bkWWEf � %WW� ' E� n b�RWW>� �ERWW�� +6:,

Xvlqj +6:, wr vxevwlwxwh iru kWW%WW lq wkh sulqflsdo*v xwlolw| ixqfwlrq |lhogv
dq lghqwlfdo h{suhvvlrq wr +43,/ exw qrz iru wkh sulqflsdo*v xwlolw| ri %WW dqg
RWW xqghu d olqhdu lqfhqwlyh vfkhph=

LE%WWc RWW� ' q�E%WW�� bA � �.E%WW�

�E� n b�ERWW>� �ERWW�� >�ERWW��� +6;,

714 Wudgdeoh hplvvlrq shuplwv

Wkh deryh srolf| lv yhu| vlplodu wr zkdw lpsolflwo| hphujhv li wkhuh lv d
pdunhw iru hplvvlrq shuplwv zlwk pdq| djhqwv/ lq zklfk hdfk djhqw lv d sulfh
wdnhu1 Dq djhqw idfhv d frvw shu xqlw ri wkh surgxfhg jrrg/ l1h1 wkh pdunhw
sulfh/ hyhq li wkh uhjxodwru| djhqf| wulhv wr lpsrvh d srolf| lq wkh irup ri d
vwhs ixqfwlrq1 Wkh gl�huhqfh lv wkdw kh zloo jhw wkh r�hu iurp rwkhu djhqwv
lqvwhdg ri wkh uhjxodwru| djhqf| lwvhoi1 Iljxuh 6 looxvwudwhv dq h{dpsoh ri
dq duelwudu| qrq0olqhdu uhjxodwlrq srolf| dqg wkh lpsolflw olqhdu srolf| wkdw
hphujhv li wkhuh h{lvwv d pdunhw lq zklfk djhqwv fdq wudgh hplvvlrq shuplwv
iuhho|1
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Iljxuh 6

Khuh/ wkh pdunhw ex|v hplvvlrq shuplwv zkhuh wkh shu xqlw sulfh/ |E%�*%/
lv wkh orzhvw/ l1h1 dw wkh sulfh |E�%�*�%1 Wkhq lw r�huv hdfk djhqw wkh lpsolflw
olqhdu srolf| |E%� ' %|E�%�*�%1 Qrwh wkdw d pdunhw dovr ex|v dw wkh fkhdshvw
sulfh dfurvv djhqwv li wkh uhjxodwru| djhqf|/ lqvwhdg ri wkh vhfrqg0ghjuhh sulfh
glvfulplqdwlrq ghvfulehg deryh/ hqjdjhv lq wklug0ghjuhh sulfh glvfulplqdwlrq1

Dffruglqjo|/ wkh sulqflsdo frqwurov wkh lqlwldo doorfdwlrq ri hplvvlrq shu0
plwv li kh lv iuhh wr glvfulplqdwh zkhq vhoolqj wkh hplvvlrq shuplwv lq wkh �uvw
sodfh1 Exw wklv lv rqo| dq dssduhqw iuhhgrp> wkh djhqwv duh iuhh wr wudgh dqg
wkh| zloo uhdoorfdwh wkh hplvvlrq uljkwv vxfk wkdw wkh pdujlqdo ydoxh ri dq
hplvvlrq shuplw lv htxdo iru doo �upv1 Krzhyhu/ ehfdxvh ri wkh vkdgrz sulfh
ri udlvlqj sxeolf ixqgv/ wkh sulqflsdo zloo doorfdwh wkh hplvvlrq shuplwv iurp
wkh ehjlqqlqj vxfk wkdw wkh pdujlqdo ydoxh ri dq hplvvlrq shuplw lv htxdo iru
doo �upv/ ohdylqj qr jdlqv iurp wudgh wr wkh djhqwv1

Wkh sulqflsdo frqwurov wkh pdunhw sulfh/ zklfk ri frxuvh lv wkh vdph iru doo
djhqwv/ lpsolflwo| wkurxjk wkh wrwdo dprxqw ri hplvvlrq shuplwv vrog1 Wklv
lv d pruh uhvwulfwhg srolf|/ frpsduhg wr wkh hplvvlrq0ihh srolf| zkhuh wkh
sulqflsdo fdq ydu| wkh shu xqlw ihh dfurvv djhqwv1 Iru h{dpsoh/ li wkhuh duh
wzr gl�huhqw w|shv ri djhqw/ wkh sulqflsdo zloo fkrrvh d pdunhw sulfh orzhu
wkdq wkh rswlpdo hplvvlrq ihh iru rqh w|sh dqg kljkhu wkdq wkh rswlpdo
hplvvlrq ihh iru wkh rwkhu w|sh1 Wkxv/ wudgdeoh hplvvlrq shuplwv zloo uhvxow
lq dq lpsolflw srolf| wkdw lv zhdno| grplqdwhg e| wkh hplvvlrq0ihh srolf|1

Ixuwkhupruh/ lw pd| eh kdug iru wkh uhjxodwru| djhqf| wr dvn wkh djhqwv
iru dq hqwudqfh ihh iru wkh uljkw wr wudgh lq wkh hplvvlrq shuplwv pdunhw1
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Wkxv/ lq dgglwlrq wr wkh deryh glvdgydqwdjh frpsduhg wr wkh hplvvlrq0ihh
srolf|/ wkh lqwhufhsw/ @f/ pd| eh uhvwulfwhg wr eh }hur1<

8 Wkh vxerswlpdolw| ri wkh hplvvlrq0ihh sro0

lf|

Dvvxph wkdw wkh sulqflsdo lv lqwhuhvwhg lq lpsohphqwlqj d fhuwdlq surgxfwlrq
ohyho/ 	%1 Wr eh deoh wr frpsduh wkh sulqflsdo*v xwlolw| lq wkh wzr fdvhv +43,
dqg +6;,/ dq lqyhvwljdwlrq ri wkh uhodwlrqvkls ehwzhhq RW dqg RWW lv qhhghg1
Iurp wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw +8, dqg wkh sulqflsdo*v �uvw rughu
frqglwlrqv wrjhwkhu +<, lq wkh qrq0olqhdu fdvh/ lw lv vhhq wkdw

ERW�2>� �ERW� '
b

� n b
qE�Ef���E	%��� +6<,

Wkh fruuhvsrqglqj h{suhvvlrq iru wkh olqhdu fdvh/ jlyhq e| wkh djhqw*v �uvw
rughu frqglwlrq +66, dqg wkh sulqflsdo*v �uvw rughu frqglwlrqv wrjhwkhu +6:,/
lv

ERWW�2>� �ERWW� '
b

� n b
q��E	%�Ef � 	%�� +73,

E| wkh dvvxpswlrq ���E%� 	 f zh nqrz wkdw

�Ef�� �E	%� 	 ��E	%�Ef � 	%� iru dq| 	% 	 f� +74,

Wklv fdq hdvlo| eh vhhq lq Iljxuh 71 Khuh/

�Ef�� �E	%� '

f]
	%

��E%�_%

lv uhsuhvhqwhg e| wkh duhd �/ dqg

��E	%�Ef � 	%�

<Wklv pd| eh d pruh vljql�fdqw gudzedfn ri dq hplvvlrq shuplwv pdunhw wkdq wkh rqh

sulqflsdoo| vwxglhg lq wklv sdshu1
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lv uhsuhvhqwhg e| wkh vwulfwo| odujhu duhd �n �1

′Π ( )x

′Π ( �)x

�x xX

A

B

0

Iljxuh 7

Wkxv +6<, dqg +73, wrjhwkhu whoo xv wkdw

ERW�2� �ERW� 	 ERWW�2� �ERWW�c +75,

lpso|lqj wkdw iru dq| surgxfwlrq ohyho wkh sulqflsdo zdqwv wr lpsohphqw kh
zloo prqlwru pruh dffxudwho| xqghu d olqhdu lqfhqwlyh vfkhph li� ��ER� � f143

Wkh ohdvw uhvrxufhv uhtxluhg wr lpsohphqw wkh h�ruw ohyho/ 	e/ xvlqj d qrq0
olqhdu srolf| ru d olqhdu srolf| uhvshfwlyho| duh qrz hdv| wr frpsduh1 Li rqh
vxevwlwxwhv iru wkh htxloleulxp wudqvihu/ lw lv fohdu wkdw

q�E	%�� bA � �.E	%�� E� n b�ERW>� �ERW�� >�ERW�� :

q�E	%�� bA � �.E	%�� E� n b�ERWW>� �ERWW�� >�ERWW��c +76,

ru htxlydohqwo|/

E� n b�ERW>� �ERW�� >�ERW�� 	 E� n b�ERWW>� �ERWW�� >�ERWW��� +77,

Wkxv/ wkh sulqflsdo fdq lpsohphqw dq| surgxfwlrq ohyho xqghu wkh ehvw qrq0
olqhdu lqfhqwlyh vfkhph xvlqj ohvv uhvrxufhv rq lqfhqwlyhv iru wkh djhqw wkdq
xqghu wkh ehvw olqhdu lqfhqwlyh vfkhph1

43Doojxolq +4<<<, dujxhv wkdw wkh prqlwrulqj ixqfwlrq zloo dozd|v eh zhdno| frqfdyh li

dq hpsor|hu fdq fuhgleo| xvh pl{hg vwudwhjlhv zkhq prqlwrulqj dq hpsor|hh/ l1h1 li wkh

hpsor|hu fdq udqgrpl}h ehwzhhq gl�huhqw prqlwrulqj dffxudflhv1 Wkh dqdorjrxv uhdvrqlqj

dssolhv zkhq d uhjxodwru| djhqf| prqlwruv d srooxwlqj �up> wkh uhjxodwhg djhqw*v uhdfwlrqv

wr wkh suredelolw| ri ghwhfwlrq dqg h{shfwhg suredelolw| ri ghwhfwlrq duh lghqwlfdo1

49



Li � ��ER� 	 f/ wkh rswlpdo prqlwrulqj dffxudf| xqghu d qrq0olqhdu lqfhq0
wlyh vfkhph/ RW/ pd| eh kljkhu wkdq wkh rswlpdo prqlwrulqj dffxudf| xqghu
d olqhdu lqfhqwlyh vfkhph/ RWW1 Exw hyhq li wklv lv wkh fdvh/ lw lv pruh frvwo|
iru wkh sulqflsdo wr lpsohphqw 	% li wkh frqwudfw lv uhvwulfwhg wr eh olqhdu1 Wr
vhh wklv/ �uvw qrwh wkdw RW : RWW wrjhwkhu zlwk +75, lpsolhv wkdw

RW� �ERW� 	 RWW� �ERWW�� +78,

Dvvxph qrz wkdw wkh lqhtxdolw| +77, grhv qrw krog/ l1h1 wkdw/

RW� �ERW���ERW� � RWW� �ERWW���ERWW�� +79,

Lw lv wkhq hdvlo| vhhq wkdw wkh iroorzlqj pxvw eh wuxh=

�ERWW� : �ERW��

Exw wklv frqwudglfwv wkh dvvxpswlrq wkdw� �ER� : f1 Hylghqwo|/ wkh sulqflsdo
lv dozd|v kduphg e| uhvwulfwlqj wkh lqfhqwlyh vfkhph wr eh olqhdu1

Sursrvlwlrq 8 Wkh sulqflsdo fdq hqirufh dq| hplvvlrq ohyho xqghu d qrq0
olqhdu lqfhqwlyh vfkhph xvlqj ohvv uhvrxufhv rq lqfhqwlyhv iru wkh djhqw wkdq
xqghu olqhdu lqfhqwlyh vfkhphv1

Sursrvlwlrq 9 Iru dq| hplvvlrq ohyho wkh sulqflsdo zloo lpsohphqw/ kh zdqwv
wr prqlwru pruh dffxudwho| li kh lv uhvwulfwhg wr xvlqj olqhdu lqfhqwlyh vfkhphv
wkdq li kh lv qrw/ li � ��ER� � f1

9 Hpslulfdo hylghqfh

Prvw hpslulfdo vwxglhv ri hqirufhphqw kdyh irfxvhg rq wkh hohphqwdu| lvvxh
ri hvwdeolvklqj wkdw prqlwrulqj dfwxdoo| ghwhuv uhjxodwru| ylrodwlrq1 Qrw
vxusulvlqjo|/ wkh| duh xqdqlprxv lq wkhlu d!updwlyh dqvzhuv1 Hssoh dqg
Ylvvfkhu +4<;7,/ iru h{dpsoh/ h{dplqh wkh XV Frdvw Jxdug*v hqirufhphqw ri
rlo vsloo uhjxodwlrqv1 Wkh| kdyh d wkhruhwlfdo prgho lq zklfk wkh| dvvxph
wkdw wkh hqirufhphqw djhqf|*v srolflhv duh �{hg dqg wkdw �upv uhdfw wr wkdw
srolf|1 Hpslulfdoo|/ wkh| hvwlpdwh wkh yroxph ri rlo vsloohg lq XV zdwhuv dv
d ixqfwlrq ri Frdvw Jxdug prqlwrulqj dfwlylwlhv/ zklfk ydu| e| sruw dqg
ryhu wlph1 Wkhlu pdlq �qglqj lv wkdw lqfuhdvhg prqlwrulqj dfwlylw| uhvxowv lq
orzhu rlo vsloo yroxph1

Dqrwkhu h{dpsoh lv Pdjdw dqg Ylvfxvl +4<<3,/ zkr vwxg| wkh lpsdfw ri
jryhuqphqw lqvshfwlrqv rq zdwhu srooxwlrq ohyhov dqg frpsoldqfh zlwk vwdq0
gdugv lq wkh sxos dqg sdshu lqgxvwu| lq wkh XV1 Wkh| gl�hu iurp Hssoh dqg
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Ylvvfkhu +4<;7, lq wkdw wkh| nqrz wkh qdph ri wkh frpsdq| ehlqj lqvshfwhg1
Wkh| fdq wkhuhiruh xvh dfwxdo lqvshfwlrqv ri wkh sodqw lqvwhdg ri djjuhjdwh
lqvshfwlrqv lq wkh uhjlrq dv dq h{sodqdwru| yduldeoh144 Frqvlvwhqwo| zlwk Hs0
soh dqg Ylvvfkhu +4<;7,/ wkh| �qg wkdw kljkhu ohyhov ri prqlwrulqj dfwlylw|
uhvxow lq orzhu ohyhov ri srooxwlrq1

Prqlwrulqj ri srooxwlrq dw sxos dqg sdshu ploov kdv dovr ehhq vwxglhg
e| Odsodqwh dqg Ulovwrqh +4<<9,1 Olnh Pdjdw dqg Ylvfxvl +4<<3,/ wkh| xvh
dfwxdo lqvshfwlrq udwhv1 Lq dgglwlrq wr suhylrxv uhvxowv/ wkh| dovr �qg wkdw wkh
h{shfwhg lqvshfwlrq udwh +ru wkh wkuhdw ri lqvshfwlrqv, lqgxfhv frpsoldqfh145

Kdylqj hvwdeolvkhg wklv edvlf uhodwlrq/ wkh h{lvwlqj hpslulfdo vwxglhv wkdw
duh prvw uhohydqw khuh duh wkh rqhv zklfk h{dplqh wkh uhodwlrqvkls ehwzhhq
vxevlglhv dqg frpsoldqfh1 Grzqlqj dqg Nlpedoo +4<;5, kdyh grfxphqwhg wkh
orz shqdowlhv iru qrq0frpsoldqfh udwhv lq XV1 Wkh| �qg wkdw �upv uhfhlyh
frvw vxevlglhv lq wkh irup ri wd{ euhdnv dqg vshfldo �qdqflqj1 Wkh| qrwh
wkdw d frvw vxevlg| zloo d�hfw wkh frvw0ehqh�w fdofxoxv zklfk d �up pxvw
xqghujr zkhq ghwhuplqlqj wkh h{shfwhg frvw ri frpsoldqfh lq wkh suhvhqfh
ri qrq0frpsoldqfh shqdowlhv1 Wkh lghd lv yhu| vlplodu wr wkh rqh suhvhqwhg lq
wklv sdshu= wkh orvv ri d vxevlg| lv dv vhyhuh iru d �up dv d qrq0frpsoldqfh
shqdow|1

Glvsrvdo ri zdvwhv lv lqwhuhvwlqj wr vwxg| ehfdxvh xqolnh pdq| duhdv ri
hqylurqphqwdo uhjxodwlrq/ lw kdv riwhq ehhq vxemhfw wr d uhjxodwru| srolf|
frqvlvwhqw zlwk wkh rswlpdo frppdqg dqg frqwuro srolf| vxfk dv wkh rqh
suhvhqwhg lq wklv sdshu= qrw rqo| grhv wkh uhjxodwru| djhqf| ghflgh krz wr
sulfh qrq0frpsoldqfh dqg krz pxfk uhvrxufhv duh ghyrwhg wr prqlwrulqj/
exw wkh djhqf| dovr sulfhv frpsoldqfh e| vhwwlqj wkh sulfh ri ohjdo glvsrvdo1
Vxoolydq +4<;:, vkrzv wkdw/ li wkh sulfh ri ohjdo glvsrvdo lv wrr kljk/ wkh
uhjxodwru| djhqf| dfwxdoo| hqfrxudjhv loohjdo glvsrvdo1 Frqyhuvho|/ rqh zd|
wr hqfrxudjh ohjdo glvsrvdo lv wr vxevlgl}h lw1 Kh surylghv dq lqlwldo hvwlpdwh
ri wkh rswlpdo vxevlg| dqg hqirufhphqw exgjhw iru kd}dugrxv zdvwh glvsrvdo
dqg ghwhuplqhv wkh frqglwlrq xqghu zklfk d vxevlg| lv suhihudeoh wr lqfuhdvhg
hqirufhphqw dqg ylfh yhuvd1

Vlplodu dqdo|vhv duh frqgxfwhg e| Ixoohuwrq dqg Nlqqdpdq +4<<8, lq wkh
frqwh{w ri krxvhkrog jduedjh/ dqg Vljpdq +4<<;, iru xvhg rlo glvsrvdo1 Wkhvh
vwxglhv lghqwli| d srvlwlyh fruuhodwlrq ehwzhhq wkh frvw ri ohjdo glvsrvdo dqg
wkh dprxqw ri loohjdo glvsrvdo wkdw lv revhuyhg1 Iru h{dpsoh/ Vljpdq +4<<;,
hvwlpdwhv wkdw d edq rq xvhg rlo glvsrvdo +uhtxlulqj wkdw xvhg rlo eh uhf|fohg
ru uhxvhg, zloo uhvxow lq 67( ri wkh zdvwh suhylrxvo| glvsrvhg ri ohjdoo| ehlqj
loohjdoo| gxpshg1 Vlqfh loohjdo gxpslqj lv olnho| wr eh zruvh wkdq wkh suhylrxv

44Vhh irrwqrwh : iru zk| wklv lv lpsruwdqw1
45Vhh irrwqrwh 431
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phwkrg ri ohjdo glvsrvdo/ rqh fdqqrw vd| d sulrul zkhwkhu d edq rq xvhg rlo
glvsrvdo lv vrfldoo| ehqh�fldo1

Dowkrxjk qrq0frpsoldqfh lv qrw suhvhqw lq htxloleulxp lq wkh prgho lq wklv
sdshu/ wkh deryh �qglqjv duh lqwhuhvwlqj/ ehfdxvh wkh| fohduo| kljkoljkw wkh
wudgh0r� ehwzhhq udlvlqj wkh frvw ri ohjdo glvsrvdo dqg frpsoldqfh= d vxevlg|
frxog eh xvhg wr uhdfk frpsoldqfh1 Lq dgglwlrq wr wklv orjlf/ wkh wkhru|
lq wklv sdshu suhvhqwv d qhz yhu| vlpsoh hpslulfdo lpsolfdwlrq1 Prqlwrulqj
dqg prqhwdu| lqfhqwlyhv duh xvhg dv frpsohphqwdu| lqvwuxphqwv wr shuvxdgh
�upv wr frpso| zlwk d uhjxodwru| vwdqgdug1 Wkxv/ zkhqhyhu d vxevlg| lv
suhvhqw/ rqh vkrxog h{shfw forvh prqlwrulqj dv zhoo1

: Ilqdo uhpdunv

Wkh dqvzhu wr wkh wlwoh lv d uhpdundeo| fohdu qr$ Wkdw lv/ li wkh prgho suh0
vhqwhg lq wklv sdshu lv dq dffxudwh ghvfulswlrq ri wkh zruog/ pdunhw0edvhg
lqfhqwlyhv gr qrw orzhu wkh frvw ri frpsoldqfh1 Wkh prvw lqwxlwlyh h{sodqd0
wlrq iru wkh uhvxow lv wkdw pdunhw0edvhg lqfhqwlyhv duh forvho| uhodwhg wr olqhdu
lqfhqwlyhv1 Dqg olqhdu lqfhqwlyhv gr qrw xvh doo dffhvvleoh srzhu> wkh| rqo|
fduu| rxw wkh vwurqjhvw sxqlvkphqw iru wkh pd{lpxp ghyldwlrq1

Lw lv qrwhzruwk| wkdw wklv uhvxow lv olnho| wr zlwkvwdqg d orrvhqlqj ri
wkh ulvn0qhxwudolw| dvvxpswlrq ri wkh djhqw/ vlqfh qrq0frpsoldqfh46 lv qrw
suhvhqw lq wkh htxloleulxp vroxwlrq147 Exw li srooxwlrq lv udqgrp/ l1h1 li
lw lv qrw shuihfwo| fruuhodwhg zlwk dq djhqw*v dfwlrq/ ulvn0qhxwudolw| zrxog
pdwwhu1 Dq djhqw idflqj dq xqfhuwdlq qhjdwlyh sd|r� zrxog suhihu wr sd|
wkh h{shfwhg groodu ydoxh ri wkh sd|r� dv dq lqvxudqfh suhplxp udwkhu wkdq
idfh wkh xqfhuwdlq vlwxdwlrq1 Frqvhtxhqwo|/ wkhuh lv d wudgh0r� ehwzhhq wkh
djhqw*v ghvluh iru lqvxudqfh dqg klv qhhg iru lqfhqwlyhv/ dqg shukdsv d olqhdu
uhjxodwru| srolf| pd| eh forvh wr wkh rswlpdo pl{1

Shukdsv d ehwwhu zd| ri ghdolqj zlwk erwk ulvn0qhxwudolw| dqg wkh udqgrp
qdwxuh ri srooxwlrq lv wr uhjxodwh wkh djhqw*v dfwlrq +l1h1 wdnh suhfdxwlrqv wr
dyrlg srooxwlrq, lqvwhdg148 Wklv zd|/ wkh uhjxodwru| djhqf| fdq jr edfn wr d
vlwxdwlrq lq zklfk qrq0frpsoldqfh lv qrw suhvhqw lq htxloleulxp/ e| ehdulqj
doo wkh ulvn lwvhoi1 Khqfh/ wkh djhqw zloo qrw qhhg dq| lqvxudqfh dqg wkh
uhjxodwru| djhqf| fdq lpsrvh d qrq0olqhdu uhjxodwru| srolf|1 Wklv srolf|

46Lq iru h{dpsoh Vdqgpr +4<<;,/ zkhuh qrq frpsoldqfh lv suhvhqw lq wkh htxloleulxp

vroxwlrq/ ulvn0qhxwudolw| pdwwhuv1
47Krzhyhu/ ulvn0qhxwudolw| ri �upv lv d yhu| qdwxudo dvvxpswlrq> lqyhvwruv xvh sruw0

irolr phwkrgv wr vsuhdg wkhlu ulvnv dqg gr qrw zdqw �upv wkhpvhoyhv wr wdnh ulvn lqwr

frqvlghudwlrq1
48Frkhq +4<;:, shuirupv vxfk dq h{whqvlrq rq wkh Ehfnhu +4<9;, prgho1
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pd| eh yhu| vlplodu wr wkh rqh zkhq wkh ohyho ri srooxwlrq lv uhjxodwhg= wkh
uhjxodwru| djhqf| vhwv d wdujhw ri krz pxfk h�ruw wkh srooxwlqj �up pxvw
ghyrwh wr suhyhqw srooxwlrq/ dqg wkh srooxwlqj �up sd|v wkh frpsoldqfh ihh
li lw phhwv ru h{fhhgv wkh wdujhw dqg wkh pd{lpxp shqdow|49 rwkhuzlvh14:

Ri frxuvh/ wkh uhvxow pxvw qrw eh plvxqghuvwrrg> rqh vkrxog qrw mxps wr
wkh frqfoxvlrq wkdw qrwklqj jrrg frphv rxw ri d pdunhw1 Wkh pdlq frqwulex0
wlrq ri wklv sdshu lv wr surylgh d iudphzrun lq zklfk wkh lqfhqwlyhv iurp wkh
ehvw qrq0olqhdu uhjxodwru| srolf| dqg wkh ehvw olqhdu uhjxodwru| srolf| fdq eh
frpsduhg1 Hyhq wkrxjk d pdunhw iru hplvvlrq shuplwv surylghv lqihulru +wr
h{shqvlyh, lqfhqwlyhv/ wkhuh duh rwkhu txdolwlhv dvvrfldwhg zlwk pdunhwv zklfk
pd| eh ghvludeoh1 Iru h{dpsoh/ lw lv olnho| wkdw d pdunhw lv pruh g|qdplf/
l1h1 uhdfwv dqg uhdoorfdwhv idvwhu wkdq d uhjxodwru| djhqf|1 Rqh pd| dovr
dujxh wkdw wkh htxdo wuhdwphqw ri �upv lq d pdunhw lv fkhdshu wr kdqgoh14;

Htxdo wuhdwphqw ri �upv pd| dovr eh frqvlghuhg pruh idlu1 Wkh olvw pd| eh
pdgh orqj/ exw lw lv lpsruwdqw wr xqghuvwdqg wkdw wkhuh lv d frvw dvvrfldwhg
zlwk wkh frqvwuxfwlrq ri d pdunhwsodfh iru d uhjxodwhg jrrg li wkh jrrg zdv
qrw srvvleoh wr wudgh lq wkh �uvw sodfh1

Lq wklv sdshu/ L kdyh qhjohfwhg wkh lvvxh ri loohjdo duelwudjh ehwzhhq uhj0
xodwhg djhqwv1 Lw lv zhoo nqrzq wkdw d qrq0olqhdu uhjxodwru| srolf| jhqhudwhv
d ghpdqg iru d pdunhw1 Li lw lv yhu| frvwo| wr suhyhqw dq loohjdo pdunhw iurp
hphujlqj/ zklfk lv wkh fdvh li wkh jrrg lv hdv| wr wudgh/ wkh uhjxodwru| djhqf|
pd| |lhog dqg lqvwhdg irup d ohjdo pdunhw1 Jdvrolqh lv dq h{fhoohqw h{dpsoh
ri vxfk d jrrg/ dqg dwwhpswv iurp uhjxodwru| djhqflhv wr ghyldwh iurp d
olqhdu wd{ srolf| duh doprvw dozd|v iroorzhg e| hphujlqj �eodfn� pdunhwv1
Lurqlfdoo|/ vrphwlphv wkh dxwkrulwlhv vhhp wr dfw h{dfwo| lq rssrvlwlrq wr wkh
suhvfulswlrq lq wklv sdshu= wkh| wu| wr lpsrvh qrq0olqhdu uhjxodwru| srolflhv
rq wudgdeoh h{whuqdolwlhv dqg wkh| ideulfdwh pdunhwsodfhv iru qrq0wudgdeoh

49Lq wkh sduodqfh ri wkh odz dqg hfrqrplfv olwhudwxuh/ lqvwhdg ri vwulfw oldelolw| vwdqgdug/
wklv zrxog eh d qhjoljhqfh0edvhg shqdow|1

4:Ri frxuvh/ wklv lv d yhu| vw|ol}hg h{dpsoh1 Jhqhudoo|/ li qr phdvxuh lv shuihfwo| fruuh0
odwhg zlwk wkh uhjxodwhg djhqw*v dfwlrq/ wkh uhjxodwru| srolf| vkrxog eh pdgh frqwlqjhqw

rq doo phdvxuhv +Vhh Kropvwuùp> 4<:<,1
4;D vwdqgdug fodlp lv wkdw d wd{ ohylhg dw d xqlirup udwh rq doo �upv lv rswlpdo li lw lv

dgmxvwhg vr wkdw wkh djjuhjdwh hplvvlrq ohyho lv rswlpdo1 Txrwdv/ rq wkh rwkhu kdqg/ kdyh

wr eh vhw iru hdfk lqglylgxdo �up1 Wkhuhiruh/ lw lv dujxhg wkdw d xqlirup wd{ lv fkhdshu wr

frqwuro wkdq d txrwd= wkh uhjxodwru| djhqf| grhv qrw kdyh wr froohfw lqirupdwlrq derxw
lqglylgxdo surgxfwlrq ixqfwlrqv +Vhh iru h{dpsoh Vdqgpr+4<<;,,1

Krzhyhu/ wklv uhdvrqlqj grhv qrw dsso| lq wkh vhwwlqj lq wklv fkdswhu1 Wkh rswlpdo
xqlirup hplvvlrq ihh zrxog qrw eh htxdo dfurvv �upv li �upv kdyh gl�huhqw surgxfwlrq

ixqfwlrqv ru gl�hu lq krz pxfk wkh uhjxodwru| djhqf| fdq h{wudfw iurp wkhp lq fdvh wkh|

grq*w frpso| zlwk wkh srolf|1 Wkxv/ hyhq iru wkh fdvh zlwk d xqlirup ihh/ wkhuh lv d prwlyh
iru wkh uhjxodwru| djhqf| wr froohfw lqirupdwlrq derxw lqglylgxdo surgxfwlrq ixqfwlrqv1
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h{whuqdolwlhv1
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Uhihuhqfhv

Doojxolq/ Pdjqxv +4<<<,= Prqlwrulqj dqg Sd|= Jhqhudo uhvxowv/ VVH2HIL
Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 673/ Vwrfnkrop
Vfkrro ri Hfrqrplfv1

Doojxolq/ Pdjqxv dqg Wruh Hoolqjvhq +4<<;,= Prqlwrulqj dqg Sd|/
Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 578/ Vwrfnkrop
Vfkrro ri Hfrqrplfv1

Ehfnhu/ Jdu| +4<9;,= Fulph dqg Sxqlvkphqw= Dq Hfrqrplf Dssurdfk/
Mrxuqdo ri Srolwlfdo Hfrqrp| :9/ 49<054:1

Frkhq/ P1 D1 +4<;:,= Rswlpdo Hqirufhphqw Vwudwhj| wr Suhyhqw Rlo Vsloov=
Dq Dssolfdwlrq ri Sulqflsdo0Djhqw Prgho zlwk *Prudo Kd}dug*/ Mrxuqdo
ri Odz dqg Hfrqrplfv 63+4,/ 560841

Ghprxjlq/ Grplqltxh dqg Fodxgh Ioxhw +4<<:,= Prqlwrulqj yhuvxv
Lqfhqwlyhv= Vxevwlwxwhv ru FrpsohphqwvB/ Plphr/ Xqlyhuvlwì gxTxìehf
ã Prqwuìdo1

Grzqlqj/ S1 dqg M1 Nlpedoo +4<;5,= Hqiruflqj Srooxwlrq Frqwuro Odzv
lq wkh Xqlwhg Vwdwhv/ Srolf| Vwxglhv Mrxuqdo 44/ qr1 41

Grzqlqj/ S1 dqg Z1 G1 Zdwvrq +4<:7,= Wkh Hfrqrplfv ri Hqiruflqj
Dlu Srooxwlrq Frqwurov/ Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdq0
djhphqw 4/ 54<05691

Hssoh/ G dqg P1 Ylvvfkhu +4<;7,= Hqylurqphqwdo Srooxwlrq= Prgholqj
Rffxuuhqfh/ Ghwhfwlrq dqg Ghwhuuhqfh/ Mrxuqdo ri Odz dqg Hfrqrplfv
5:/ 5<0931

Ixoohuwrq/ G1 dqg W1 F1 Nlqqdpdq +4<<8,= Jduedjh/ Uhf|folqj/ dqg Lo0
olflw Exuqlqj ru Gxpslqj/ Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg
Pdqdjhphqw 5</ :;0<41

Kduirug/ M1 G1 +4<:;,= Ilup Ehkdylru xqghu Lpshuihfwo| Hqirufhdeoh Sro0
oxwlrq Vwdqgdugv dqg Wd{hv/ Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg
Pdqdjhphqw 8/ 590761

Kropvwuùp/ Ehqjw +4<:<,= Prudo Kd}dug dqg Revhuydelolw|/ Ehoo Mrxuqdo
ri Hfrqrplfv 43/ :70<41
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Odsodqwh/ E1 dqg S1 Ulovwrqh +4<<9,= Hqylurqphqwdo Lqvshfwlrqv dqg
Hplvvlrqv ri wkh Sxos dqg Sdshu Lqgxvwu| lq Txhehf/ Mrxuqdo ri Hq0
ylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw 64+4,/ 4<0691

Pdjdw/ Z1 dqg Z1 N1 Ylvfxvl +4<<3,= H�hfwlyhqhvv ri wkh HSD*v Uhjx0
odwru| Hqirufhphqw= Wkh Fdvh ri Lqgxvwuldo H"xhqw Vwdqgdugv/ Mrxuqdo
ri Odz dqg Hfrqrplfv 66/ 66406931

Qrzhoo/ F1 dqg M1 Vkrjuhq +4<<7,= Fkdoohqjlqj wkh Hqirufhphqw ri Hq0
ylurqphqwdo Uhjxodwlrq/ Mrxuqdo ri Uhjxodwru| Hfrqrplfv 9/ 59805;51

Vdqgpr/ Djqdu +4<<;,= H!flhqw Hqylurqphqwdo Srolf| zlwk Lpshuihfw
Frpsoldqfh/ Glvfxvvlrq sdshu Qr1 ;/ Qruzhjldq Vfkrro ri Hfrqrplfv
dqg Exvlqhvv Dgplqlvwudwlrq1

Vkdyhoo/ V1 +4<:<,= Ulvn Vkdulqj dqg Lqfhqwlyhv lq wkh Sulqflsdo dqg Djhqw
Uhodwlrqvkls/ Ehoo Mrxuqdo ri Hfrqrplfv 43/ 880:61

Vljpdq/ K1 +4<<;,= Plgqljkw Gxpslqj= Sxeolf Srolflhv dqg Loohjdo Glv0
srvdo ri Xvhg Rlo/ UDQG Mrxuqdo ri Hfrqrplfv 5<+4,/ 48804:;1

Vxoolydq/ D1 P1 +4<;:,= Srolf| Rswlrqv iru Wr{lfv Glvsrvdo= Odlvvh}0Idluh/
Vxevlgl}dwlrq/ dqg Hqirufhphqw/ Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv
dqg Pdqdjhphqw 47/ 8;0:41
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