
Wrzdugv d Wkhru| ri Frpshwlwlrq Srolf|�

Sdwulfn Uh|

LGHL/ Xqlyhuvlw| ri Wrxorxvh

Dsulo 5/ 5335

Devwudfw

Wklv sdshu uhylhzv vrph uhfhqw dgydqfhv lq wkh wkhru| ri frpshwlwlrq

srolf| dqg dgyrfdwhv iru ixuwkhu ghyhorsphqwv/ wdnlqj lqwr dffrxqw lpsoh0

phqwdwlrq sureohpv1

�L wkdqn yhu| pxfk p| froohdjxhv lq Wrxorxvh iru wkhlu vxssruw dqg prvw sduwlfxoduo| Mhdq0

Mdftxhv Od�rqw dqg Mhdq Wluroh iru wkhlu hqfrxudjhphqwv dqg vxjjhvwlrqv1 D �uvw gudiw ri wklv

sdshu ehqh�wwhg iurp frpphqwv dqg ihhgedfn iurp Fìfloh Dxehuw/ Euxqr Mxoolhq/ Pdvvlpr

Prwwd/ Plfkhoh Sror/ Jldqfduor Vsdjqror dqg Mhdq Wluroh1
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4 Lqwurgxfwlrq

Ghfdghv djr/ rqh ri wkh pdlq uhjxodwru| ghedwhv zdv rssrvlqj pdujlqdo frvw

sulflqj uxohv wr dyhudjh frvw ru pruh vrsklvwlfdwhg Udpvh|0olnh sulflqj uxohv14

Vlqfh wkhq/ d kxjh h�ruw kdv ehhq pdgh wr dffrxqw iru wkh idfw wkdw d uhjxodwru

pxvw qrw rqo| fkrrvh wkh sulflqj uxoh/ exw dovr lpsohphqw lw15 Iru h{dpsoh/ frvw0

edvhg sulflqj uxohv uhtxluh lqirupdwlrq derxw frvwv zklfk lv qrw xvxdoo| uhdglo|

dydlodeoh1 Lq dgglwlrq/ �upv duh ehwwhu lqiruphg wkdq uhjxodwruv derxw wkhlu

frvwv> lw lv doo wkh pruh xqiruwxqdwh wkdw/ lq jhqhudo/ �upv kdyh olwwoh lqfhqwlyh wr

uhsruw wklv lqirupdwlrq wuxwkixoo|/ nqrzlqj wkdw wkh lqirupdwlrq zloo eh xvhg wr

ghwhuplqh wkhlu sulfhv1 Srolf|pdnhuv pxvw wkhuhiruh wdnh lqwr frqvlghudwlrq wkh

lqirupdwlrq dftxlvlwlrq sureohp zkhq ghvljqlqj wkh uhjxodwlrq1

Frqvlghu wkh iroorzlqj h{dpsoh1 D �up kdv d olqhdu frvw � E^� ' S^ dqg lwv

4Vhh Od�rqw +5333,/ fkdswhu 9/ iru dq ryhuylhz ri wklv ghedwh1

5Wklv lv qrw wr vd| wkdw wklv lvvxh kdg qrw ehhq uhfrjql}hg ehiruh1 Iru h{dpsoh/ dq dujxphqw

�zklfk jrhv edfn wr Vplwk +4::9,� lq idyru ri dyhudjh frvw ru exgjhw edodqfh sulflqj zdv wkh

odfn ri lqirupdwlrq derxw wkh ghvludelolw| ri wkh surmhfwv1 Exw lw lv rqo| lq wkh +4<,;3*v wkdw

wklv dqg uhodwhg srlqwv kdyh ehhq exlow lqwr wkhru|1
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uhjxodwru vhhnv wr pd{lpl}h frqvxphuv* qhw vxusoxv/ jlyhq e|

L E^�� |c

zlwk L � : f : L ��/ vxemhfw wr wkh �up*v exgjhw frqvwudlqw

|� S^ � f�

Wkh �uvw0ehvw uhjxodwlrq frqvlvwv lq htxdwlqj pdujlqdo frvw wr pdujlqdo xwlolw|/

zklfk ohdgv wr d pdujlqdo frvw sulflqj uxoh= wkh �uvw0ehvw ohyho ri surgxfwlrq/

^8� ES�/ dqg wkh �uvw0ehvw sulfh/ R8�/ duh gh�qhg e|

R8� ' L �
�
^8�

�
' S�

Krzhyhu/ wkh uhjxodwru fdqqrw lpsohphqw wklv uxoh li kh ru vkh grhv qrw nqrz

wkh ydoxh ri wkh pdujlqdo frvw1 Vxssrvh iru h{dpsoh wkdw wkh pdujlqdo frvw fdq

wdnh wzr ydoxhv/ d orz ydoxh S ru d kljk ydoxh 7S : S1 Li rqo| wkh �up nqrzv wkh

wuxh ydoxh/ lw zrxog kdyh dq lqfhqwlyh wr uhsruw d kljk frvw 7S/ hyhq li lw kdv d

orz frvw S= e| grlqj vr/ lw zrxog vhfxuh d srvlwlyh jdlq/ htxdo wr E7S� S�( E7S�1 Lq

rwkhu zrugv/ wkh �uvw0ehvw pdujlqdo frvw sulflqj uxoh grhv qrw lqgxfh wkh �up wr

wuxwkixoo| uhyhdo lwv frvw1

Uhfrjql}lqj wklv lvvxh/ uhjxodwlrq wkhrulvwv kdyh uh�qhg wkh dqdo|vlv e| prg0
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hoolqj wkh frqvwudlqwv lpsrvhg e| wkh �up*v lqfhqwlyhv wr pdqlsxodwh wkh lqirupd0

wlrq rq lwv frvw/ dqg lqfrusrudwlqj wkhvh lqirupdwlrqdo frqvwudlqwv lq wkh ghvljq ri

wkh uhjxodwru*v sureohp16 Lq wkh vlpsoh fdvh mxvw ghvfulehg/ dvvljqlqj dq rxwsxw

ohyho 7̂ wr d kljk0frvw �up uhtxluhv wr ohdyh d orz0frvw �up dq lqirupdwlrqdo uhqw

E7S� S� 7̂= vlqfh wkh kljk0frvw �up pxvw jhw d wudqvihu 7| vx!flhqw wr fryhu lwv frvw

E7| � 7S^�/ e| uhsruwlqj d kljk frvw/ d orz0frvw �up fdq lqghhg vhfxuh lwvhoi

Z ' 7|� S7̂� E7S� S� 7̂�

Wkh �vhfrqg0ehvw� uhjxodwlrq dffrxqwv iru wklv lqirupdwlrqdo uhqw/ zklfk ohdgv

wr orzhu wkh surgxfwlrq uhtxluhg iurp d kljk0frvw �up1 Irupdoo|/ wkh uhjxodwru*v

sureohp fdq eh vxppdul}hg dv=

6Edurq dqg P|huvrq +4<;5, surylgh wkh �uvw dqdo|vlv ri wklv uh�qhg uhjxodwru| sureohp1

Edurq dqg Ehvdqnr +4<;7d, vwxg| wkh uroh ri dxglwv/ zkloh Edurq dqg Ehvdqnr +4<;7e, frqvlghu

d pxowl0whpsrudo h{whqvlrq ri wkh Edurq0P|huvrq prgho zlwk frpplwphqw1 Fdloodxg hw do1

+4<;;, r�huv d uhylhz ri wklv olwhudwxuh1
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�
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�
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�
n �h ES ' 7S� dL E7̂�� 7|o

vxemhfw wr |� S^ � 7|� S 7̂c EU��

7|� 7S7̂� f EU-�

zkhuh wkh EU�� frqvwudlqw uhsuhvhqwv wkh orz0frvw �up*v lqfhqwlyh frqglwlrq dqg

wkh EU-� frqvwudlqw uhsuhvhqwv wkh kljk0frvw �up*v sduwlflsdwlrq frqvwudlqw1 Wkhvh

duh wkh rqo| wzr uhohydqw frqglwlrqv/7 dqg wkh| duh erwk elqglqj1 Xvlqj wkrvh

frqglwlrqv wr h{suhvv wkh uhtxluhg wudqvihuv dv d ixqfwlrq ri ghvluhg txdqwlwlhv/

wkh uhjxodwru*v sureohp fdq eh uhzulwwhq dv

4@ 
^c7̂

�h ES ' S�
�
L
�
^
�
� S^ � E7S� S� 7̂

�
n �h ES ' 7S� dL E7̂�� 7S7̂o �

Wkh vhfrqg0ehvw ohyho sulfh dqg surgxfwlrq iru d kljk0frvw �up duh wkxv jlyhq e|

7R7� ' L �
�
7̂7�

�
' 7Sn

�h ES ' S�

�h ES ' 7S�
E7S� S� (

wkh sulfh lv wkhuhiruh kljkhu �dqg wkh surgxfwlrq orzhu� wkdq iru wkh �uvw0ehvw1

Wklv vlpsoh h{dpsoh frqwdlqv wzr ohvvrqv1 Iluvw/ uhfrjql}lqj wkh lpsohphq0

wdwlrq sureohp/ jhqhudwhg khuh e| wkh dv|pphwulf lqirupdwlrq ehwzhhq wkh �up

7Lqwxlwlyho|/ d kljk0frvw �up fdqqrw jdlq e| suhwhqglqj wr eh pruh h!flhqw wkdq lw lv1 Dqg

d orz0frvw lqgxvwu| lv zloolqj wr sduwlflsdwh vlqfh lw fdq jhw dw ohdvw dv pxfk dv d kljk0frvw rqh

e| plplfnlqj lw1
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dqg wkh uhjxodwru/ ohdgv wr prgli| wkh uhjxodwlrq �dqg wkh phulw ri wkh dssurdfk

lv wr lqglfdwh krz wkh uhjxodwlrq vkrxog eh prgl�hg1 Vhfrqg/ wkh dssursuldwh

zd| iru ghvljqlqj wkh uhjxodwlrq frqvlvwv lq �uvw fkdudfwhul}lqj wkh vhw ri �lp0

sohphqwdeoh� uxohv �khuh/ wkh lqfhqwlyh frqglwlrq EU���/ lq rughu wr �qg rxw wkh

�vhfrqg0ehvw� uxoh �dprqj wkrvh wkdw duh lpsohphqwdeoh1 Wkh vdph dssurdfk

kdv vlqfh wkhq ehhq dgrswhg wr dffrxqw iru dgglwlrqdo lpsohphqwdwlrq lvvxhv/ vxfk

dv wkh uhjxodwru*v olplwhg frpplwphqw/ uhjxodwru| fdswxuh/ pxowlwdvnlqj/ hwf18

Frpsduhg zlwk uhjxodwlrq wkhru|/ wkh wkhru| ri frpshwlwlrq srolf| lv vwloo

lq lwv hduo| vwdjhv ri ghyhorsphqw/ zlwk olwwoh dwwhqwlrq ghyrwhg wr lpsohphqwd0

wlrq lvvxhv1 Wr eh vxuh/ xqghuvwdqglqj krz roljrsrolvwlf lqgxvwulhv zrun douhdg|

frqvwlwxwhv d fkdoohqjlqj wdvn> wklv fhuwdlqo| h{sodlqv zk| pxfk h�ruw kdv ehhq

ghyrwhg wr wkh dqdo|vlv ri �upv* lqwhudfwlrq/ ohdylqj ohvv urrp iru wkh vwxg| ri

wkh vxshuylvlrq ri wkhvh lqgxvwulhv1 Dv d uhvxow/ prvw ri wkh zrun rq frpshwlwlrq

srolf| kdv irfxvhg rq wkh dqdo|vlv ri �upv* vwudwhjlf lqwhudfwlrq/ xqghu dowhuqdwlyh

+dqg riwhq dg krf, uhvwulfwlrqv rq wkhlu vwudwhj| vsdfhv/ phdqw wr uh hfw gl�hu0

hqw frpshwlwlrq srolf| uxohv1 Pruh uhfhqwo|/ krzhyhu/ vrph dwwhqwlrq kdv ehhq

sdlg wr lpsohphqwdwlrq lvvxhv1 Wklv sdshu r�huv dq rxworrn ri uhfhqw dgydqfhv

8Vhh Od�rqw dqg Wluroh +4<<6, iru dq h{whqvlyh uhylhz ri wkhvh ghyhorsphqwv1

9



lq wklv gluhfwlrq/ lq ydulrxv duhdv ri frpshwlwlrq srolf|/ dqg dgyrfdwhv d ixoohu

uhfrjqlwlrq ri lpsohphqwdwlrq sureohpv lq srolf| ghvljq1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 irfxvhv rq wkh hqirufhphqw ri

fduwho odzv/ zkhuh lpsohphqwdwlrq lv wkh pdlq lvvxh1 Vhfwlrq 6 wxuqv wr phujhu

frqwuro1 Ilqdoo|/ Vhfwlrq 7 r�huv vrph vxjjhvwlrqv iru ixuwkhu uhvhdufk/ edvhg rq

d ehwwhu xqghuvwdqglqj ri frpshwlwlrq dxwkrulwlhv* lpsohphqwdwlrq sureohpv1

5 Sulfh0�{lqj djuhhphqwv

Wklv idfhw ri frpshwlwlrq srolf| lv d qdwxudo fdqglgdwh iru glvfxvvlqj wkh uroh ri

lpsohphqwdwlrq lq srolf| ghvljq1 Iluvw/ wkhuh lv d frqvhqvxv/ dw ohdvw lq sudfwlfh/

wkdw sulfh0�{lqj djuhhphqwv vkrxog eh iruelgghq>9 wkh pdlq lvvxh lv wkhuhiruh qrw

9Vhowhq +4<;7, krzhyhu srlqwv rxw wkdw lqwhqvli|lqj sulfh frpshwlwlrq pd| ghwhu vrph �upv

iurp hqwhulqj wkh pdunhw> �jkwlqj sulfh0�{lqj djuhhphqwv pd| wkxv �edfn�uh� wkurxjk d gh0

fuhdvh lq wkh qxpehu ri sduwlflsdqwv1 ^D vlplodu revhuydwlrq dssolhv wr wkh vl}h ri hqgrjhqrxv

vxqn frvwv/ dv hpskdvl}hg e| Vxwwrq +4<<4/ 4<<;,1`

G*Dvsuhprqw dqg Prwwd +5333, qrwh krzhyhu wkdw li lqwhqvli|qj frpshwlwlrq uhgxfhv wkh

qxpehu ri sduwlflsdqwv/ lw dovr vhohfwv wkh prvw h!flhqw rqhv> lq wkhlu prgho/ d prghudwh

vriwhqlqj ri frpshwlwlrq pd| kdyh d srvlwlyh lpsdfw rq zhoiduh/ exw doorzlqj ixoo frooxvlrq

+sulfh0�{lqj djuhhphqwv, dozd|v uhgxfhv zhoiduh1 ^V|phrqlglv +5333, vwxglhv wkh lpsdfw ri
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zkdw wr gr exw/ suhflvho|/ krz wr gr lw1 Vhfrqg/ vrph h�ruw kdv douhdg| ehhq

pdgh wr dffrxqw iru lpsohphqwdwlrq sureohpv lq wklv duhd1

Wkh hfrqrplf dqdo|vlv ri sulfh fduwhov kdv lqlwldoo| irfxvvhg rq wkh vwdelolw|

ri h{solflw fduwhov dqg rq wkh vxvwdlqdelolw| ri wdflw frooxvlrq1 Wkh �uvw vwudqg

ri olwhudwxuh vwxglhv wkh irupdwlrq ri h{solflw fduwhov= Dvvxplqj wkdw �upv fdq

rshudwh d fduwho dv d mrlqw sur�w pd{lpl}lqj hqwlw|/ zkdw lv wkh rswlpdo ru wkh

htxloleulxp vl}h ri wkh fduwhoB Wkh pdlq lqvljkwv exlog rq wzr revhuydwlrqv= �uvw/

fduwho phpehuv pd| qrw dozd|v jdlq iurp iruplqj d fduwho �h{fhsw li lw lqfoxghv doo

�upv lq wkh lqgxvwu|>: vhfrqg/ qrq0phpehu �upv xvxdoo| jdlq iurp wkh fuhdwlrq

ri d fduwho� dqg dfwxdoo| jdlq hyhq pruh e| vwd|lqj rxwvlgh wkh fduwho wkdq e|

mrlqlqj lw1; Wkh vhfrqg vwudqg ri olwhudwxuh fkdudfwhul}hv wkh vhw ri sulfhv wkdw

fduwho srolf| rq �upv* sur�wv/ xvlqj d sdqho gdwd vhw ri XN pdqxidfwxulqj lqgxvwulhv1 Kh �qgv

wkdw wkh lqwurgxfwlrq ri fduwho odzv lq wkh XN lq wkh odwh 83*v fdxvhg dq lqwhqvl�fdwlrq ri wkh

sulfh frpshwlwlrq dqg kdg d vwurqj h�hfw rq wkh vwuxfwxuh ri wkh pdunhwv wkdw zhuh suhylrxvo|

fduwhol}hg/ exw olwwoh lpsdfw rq �upv* sur�wv1`

:Vhh Vhowhq +4<:6, dqg Vdodqw0Vzlw}hu0Uh|qrogv +4<;6,1

;Vhh g*Dsuhprqw hw do1 +4<;6,1 Iru h{dpsoh/ lq vwdqgdug Frxuqrw prghov/ wkh fuhdwlrq ri d

fduwho dozd|v ehqh�wv rxwvlghuv/ vlqfh lw ohdgv fduwho phpehuv wr uhgxfh wkhlu djjuhjdwh vxsso|>

krzhyhu/ d �vpdoo� fduwho zloo w|slfdoo| qrw eh sur�wdeoh �iru lqvwdqfh/ lq wkh v|pphwulf fdvh

zlwk olqhdu ghpdqg dqg frvwv/ d fduwho ehwzhhq wzr �upv lv qhyhu sur�wdeoh zkhq wkhuh duh dw
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fdq eh vxvwdlqhg lq d qrq0frrshudwlyh htxloleulxp zkhq frpshwlwlrq lv uhshdwhg

ryhu wlph1

Wkh �uvw olwhudwxuh dvvxphv wkdw �upv fdq hqwhu lq +orqj0whup, elqglqj djuhh0

phqwv1< Wkh dqdo|vlv lv wkhuhiruh pruh xvhixo iru xqghuvwdqglqj wkh irupdwlrq

ri h{solflw fduwhov vxfk dv RSHF/43 wkdq iru wkh ghvljq ri dq dssursuldwh srolf|

djdlqvw wkrvh fduwhov1 lq sduwlfxodu/ ghfodulqj vxfk djuhhphqwv loohjdo dqg yrlg

zloo kdyh olwwoh lpsdfw li �upv fdq uho| rq klgghq ru lpsolflw zd|v wr hqirufh wkhlu

djuhhphqwv �wkh dqdo|vlv pd| krzhyhu khos lghqwli|lqj jrrg �wdujhw� lqgxvwulhv

iru lqyhvwljdwlrq1

Pruh surplvlqj lv wkh vhfrqg olwhudwxuh/ zklfk lghqwl�hv idfwruv dqg sudfwlfhv

ohdvw wkuhh �upv1

Dwwhqwlrq kdv dovr ehhq ghyrwhg wr wkh ghvljq ri +elqglqj, fduwho frqwudfwv lq wkh suhvhqfh

ri dv|pphwulf lqirupdwlrq � vhh iru h{dpsoh Urehuwv +4<;8,/ Fudpwrq0Sdoiuh| +4<<3, dqg

Nlkovwurp0Ylyhv +4<<5,1

<Wkh dqdo|vlv uholhv rq wkh dvvxpswlrq wkdw/ rqfh fduwhov duh iruphg/ doo hqwlwlhv +fduwhov

dqg uhpdlqlqj lqglylgxdo �upv, pd{lpl}h wkhlu +mrlqw ru lqglylgxdo, sur�wv dqg sod| vrph

roljrsrolvwlf frpshwlwlrq jdph1 Wklv vxssrvhv wkdw wkh fduwho vwuxfwxuh uhpdlqv gxudeo| �{hg/

dv frpsduhg zlwk wkh vwudwhjlf yduldeohv lqyroyhg lq wkh frpshwlwlrq jdph1

43Zkhwkhu RSHF dfwxdoo| rshudwhv dv d elqglqj fduwho lv d ghedwhg lvvxh1 Iru dq rssrvlqj

ylhz/ vhh Fuìphu dqg Vdohkl0Lvidkdql +4<;<,1
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wkdw idflolwdwh wdflw frooxvlrq/ l1h1/ wkdw doorz wkh hphujhqfh ri htxloleuld zlwk

kljkhu sulfhv lq vlwxdwlrqv ri uhshdwhg frpshwlwlrq1 Vkruw ri dwwdfnlqj wdflw fro0

oxvlrq shu vh/ frpshwlwlrq dxwkrulwlhv fdq wkhq �jkw wkrvh idflolwdwlqj sudfwlfhv1

Iljkwlqj frooxvlrq shu vh lv d gl�huhqw lvvxh1 Lq sduwlfxodu/ �jkwlqj wdflw fro0

oxvlrq frphv forvh wr uhjxodwlqj sulfhv/44 vrphwklqj wkdw frpshwlwlrq dxwkrulwlhv

dqg frxuwv duh jhqhudoo| uhoxfwdqw wr gr145 Krzhyhu/ lq sudfwlfh frooxvlrq riwhq

ohdyhv vljql�fdqw slhfhv ri hylghqfh= qrwhv ri phhwlqjv/ frpsurplvlqj id{ h{0

44Iru h{dpsoh/ lq d uhshdwhg Ehuwudqg gxrsro| zkhuh �upv kdyh wkh vdph xqlw frvw dqg xvh

wkh vdph glvfrxqw idfwru � A 4@5/ dq| sulfh ehwzhhq wkh frpshwlwlyh dqg prqrsro| rqhv fdq eh

vxvwdlqhg dv d qrqfrrshudwlyh/ vxejdph0Shuihfw htxloleulxp1 Lq sulqflsoh/ wkh htxloleuld lqyroy0

lqj vxsud0frpshwlwlyh sulfhv frxog eh uxohg rxw e| uhvwulfwlqj wkh vhw ri dgplvvleoh vwudwhjlhv

wr/ vd|/ Pdunry vwudwhjlhv> lq sudfwlfh/ krzhyhu/ wklv pd| eh dv gl!fxow dv gluhfwo| glfwdwlqj

wkh ohyho ri wkh sulfhv1

45Lq wkh XV/ Vhfwlrq 5 ri wkh Vkhupdq Dfw frqghpqv �prqrsrol}dwlrq�/ qrw wkh h{sorlwd0

wlrq ri d uljkwixoo| dftxluhg pdunhw srzhu1 Dq lqyhqwru/ vd|/ fdq wkxv vhoo wkh surgxfw ri lwv

lqyhqwlrq dw d prqrsro| sulfh li lw zlvkhv wr1 Lq wkh Hxurshdq Xqlrq/ fkdujlqj dq h{fhvvlyh

sulfh fdq frqvwlwxwh dq �dexvh ri grplqdqw srvlwlrq�/ vdqfwlrqhg e| Duwlfoh ;4 ri wkh Wuhdw|

ri Dpvwhugdp +iruphuo| Duwlfoh ;9 ri wkh Wuhdw| ri Urph,1 Krzhyhu/ dsduw iurp vrph hduo|

fdvhv/ qr �up kdv ehhq �qhg iru vxfk dexvhv1 ^Zkhwkhu frpshwlwlrq dxwkrulwlhv vkrxog dwwdfn

wdflw frooxvlrq/ zkhuh e| gh�qlwlrq �upv vhw sulfhv qrq0frrshudwlyho|/ lv lwvhoi d ghedwhg lvvxh1`

43



fkdqjhv/ hpdlov/ hwf146 Frpshwlwlrq dxwkrulwlhv fdq wkxv wu| wr lghqwli| fduwhov

dqg uhfryhu wkrvh slhfhv ri hylghqfh1 Exloglqj rq wklv lqvljkw/ d vljql�fdqw h�ruw

kdv ehhq ghyhorshg lq wkh odvw ghfdgh/ wr h{solflwo| prgho wkh lpsohphqwdwlrq ri

wkh edq rq sulfh0�{lqj djuhhphqwv1

L qrz glvfxvv lq wxuq hqirufhphqw srolflhv djdlqvw erwk frooxvlrq dqg idflol0

wdwlqj sudfwlfhv1

514 Iljkwlqj frooxvlrq shu vh

Vwduwlqj zlwk Ehfnhu*v +4<9;, vhplqdo sdshu/ d odujh h�ruw kdv ehhq ghyrwhg wr

wkh hfrqrplf dqdo|vlv ri hqirufhphqw srolflhv djdlqvw loohjdo ehkdylru147 Lw lv rqo|

uhfhqwo|/ wkrxjk/ wkdw wklv olwhudwxuh kdv dgguhvvhg hqirufhphqw srolflhv djdlqvw

frqfhuwhg loohjdo dfwlrqv/ lqyroylqj vhyhudo sduwlflsdqwv1 L suhvhqw ehorz vrph ri

wkh dgydqfhv lq wklv grpdlq/ �uvw lq d vwdwlf dqg wkhq lq d g|qdplf iudphzrun1

46Wkh dssursuldwh prgho pd| wkxv eh qhlwkhu ri wkh h{solflw fduwho w|sh/ qru ri wkh sxuho|

wdflw frooxvlrq w|sh> lw pd| lqyroyh ihdwxuhv iurp erwk sdudgljpv= �upv uho| rq vhfuhw frqwudfwv/

zklfk duh qrw ohjdoo| hqirufhdeoh dqg duh lqvwhdg wdflwo| hqirufhg wkdqnv wr uhshdwhg lqwhudfwlrq1

Wkh qh{w vhfwlrq ghyhorsv d iudphzrun dorqj wkrvh olqhv1

47Vhh Srolqvnl0Vkdyhoo +5333, iru d uhfhqw vxuyh|1
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51414 Iljkwlqj frooxvlrq lq d vwdwlf vhwwlqj

Dvvxplqj wkdw wkh odz iruelgv frooxvlrq rq sulfhv/ frpshwlwlrq dxwkrulwlhv* pdlq

sureohp lv wr ghwhfw dqg suryh vxfk frooxvlrq1 Ehvdqnr dqg Vsxoehu +4<;<, kdyh

ehhq wkh �uvw wr vwxg| irupdoo| wkh lpsolfdwlrqv ri wklv lqirupdwlrqdo sureohp

iru fduwho srolf|1 Lq wkhlu prgho/ �upv kdyh wkh vdph frqvwdqw xqlw frvw S dqg

fkrrvh zkhwkhu wr frpshwh/ lq zklfk fdvh wkh| vhw wkhlu sulfh dw d frpshwlwlyh

ohyho RS ES� ' S/48 ru frooxgh/ lq zklfk fdvh wkh| mrlqwo| ghwhuplqh wkhlu vxsso|

ghflvlrqv �vlqfh wkh| duh v|pphwulf/ wkhuh lv dozd|v d frqvhqvxv dv wr zklfk sulfh

lv ehvw iru wkhp1 Ehvdqnr dqg Vsxoehu fdswxuh wkh lpsohphqwdwlrq sureohp e|

dvvxplqj wkdw wkh frpshwlwlrq dxwkrulw| revhuyhv sulfhv dqg2ru txdqwlwlhv exw

qhlwkhu wkh frvw ri wkh lqgxvwu| qru wkh rffxuuhqfh ri frooxvlrq1 Pruh suhflvho|=

l, wkh dxwkrulw| grhv qrw revhuyh wkh frvw S/ zklfk fdq wdnh wzr ydoxhv/ d

orz ydoxh S ru d kljk ydoxh 7S1 Revhuylqj sulfhv wkxv grhv qrw vx!fh wr ghwhfw

frooxvlrq/ exw wkh dxwkrulw| fdq xvh sulfhv ru txdqwlwlhv wr lghqwli| �vxvshfw�

lqgxvwulhv>

ll, wkh dxwkrulw| fdq dxglw wkh lqgxvwu|> dq dxglw frvwv � exw ghwhuplqhv

48Edqldn dqg Skolsv +4<<9, h{whqg wkh dqdo|vlv wr wkh fdvh zkhuh wkh frpshwlwlyh rxwfrph

lv wkh Frxuqrw htxloleulxp1
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zkhwkhu wkhuh lv frooxvlrq/ lq zklfk fdvh d pd{lpdo �qh 8 fdq eh lpsrvhg rq wkh

�upv149

Wkh lqgxvwu| dxglw fdq eh lqwhusuhwhg dv d �kxqw iru hylghqfh� +gdzq0udlgv/

hwf1, wkdw doorzv wkh dxwkrulw| wr glvfryhu irupdo surriv ri sulfh0�{lqj djuhhphqwv

�exw qrw wkh dfwxdo ohyho ri frvwv> lq sduwlfxodu/ li wkh sulfh lv deryh S/ wkh dxglw

uhyhdov frooxvlrq exw grhv qrw doorz frvw0frqwlqjhqw �qhv1

Ehvdqnr dqg Vsxoehu fkdudfwhul}h wkh srolf| wkdw pd{lpl}hv h{shfwhg wrwdo

zhoiduh/ qhw ri dxglw frvwv1 Ihdvleoh srolflhv frqvlvw/ iru hdfk ohyho ri wkh sulfh ru

rxwsxw/ lq dq dxglw suredelolw| > dqg d �qh s lq fdvh wkh dxglw uhyhdov wkdw wkh

sulfh zdv deryh wkh frpshwlwlyh ohyho1 Wkh rswlpdo srolf| erlov grzq wr slfnlqj

wzr sulfhv ru/ htxlydohqwo|/ wzr ohyhov ri rxwsxw/ rqh iru wkh kljk0frvw lqgxvwu|/

7R ' � E7̂�/ dqg d orzhu rqh iru wkh orz0frvw lqgxvwu|/ R ' �
�
^
�
/ dwwdfkhg zlwk

wzr suredelolwlhv ri dxglw/ > dqg 7>/ dqg wzr ohyhov iru wkh �qh/ s dqg 7s / lq fdvh

ri ghwhfwhg frooxvlrq1 Dv xvxdo/ wkh uhohydqw frqglwlrqv duh wkh kljk0frvw �upv*

sduwlflsdwlrq frqvwudlqw EU-� dqg wkh orz0frvw �upv* lqfhqwlyh frqvwudlqw EU��1

Lq dgglwlrq khuh/ �wudqvihuv� duh olplwhg wr �qhv/ zklfk fdq eh lpsrvhg rqo| zkhq

49Wkh xsshu erxqg rq wkh �qh/ I / fdq eh ghulyhg iurp �upv* olplwhg oldelolw|> lw lv vxssrvhg

odujh hqrxjk wr r�vhw dq| jdlq iurp frooxvlrq1
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dq dxglw uhyhdov frooxvlrq1 Wkh dxwkrulw|*v sureohp fdq wkhq eh vxppdul}hg dv=

4@ 
^c7̂c>c7>csc 7s

�h ES ' S�
�
L
�
^
�
� S^ � >�

�
n �h ES ' 7S� dL E7̂�� 7S7̂� 7>�o

vxemhfw wr
�
�
�
^
�
� S

�
^ � >Us � d� E7̂�� So 7̂� 7> 7sc EU��

d� E7̂�� 7So 7̂� 7>7U 7s � fc EU-�

zkhuh U lv dq lqglfdwru yduldeoh iru frooxvlrq= iru hdfk w|sh ri lqgxvwu|/ U htxdov

f li � E^� ' S dqg � rwkhuzlvh1

Ehvdqnr dqg Vsxoehu vkrz wkdw wkh rswlpdo srolf| kdv wkh iroorzlqj ihdwxuhv=

Sursrvlwlrq 4 Dxglw wdnhv sodfh rqo| iru kljk sulfhv= > ' f1

Vlqfh kljk0frvw �upv kdyh qr lqfhqwlyh wr dgrsw wkh orzhu sulfh R/ wkhuh lv qr

srlqw xqghuwdnlqj frvwo| dxglwv zkhq wkh sulfh lv �
�
^
�
1

Sursrvlwlrq 5 Wkh �qh lv vhw dw lwv pd{lpxp iru wkh fdvh zkhuh dq dxglw uhyhdov

wkdw orz0frvw �upv kdyh dgrswhg d kljk sulfh= 7s ' 8 1

Wklv lv d vwdqgdug surshuw| ri rswlpdo srolflhv zlwk frvwo| dxglwv= wkh orz0frvw

�upv* lqfhqwlyhv wr plplfn kljk0frvw rqhv duh gulyhq e| wkh h{shfwhg �qh 7> 7s / dqg

wkh ohdvw frvwo| zd| wr jhqhudwh d jlyhq h{shfwhg �qh lv wr pdnh wkh dfwxdo �qh

7s dv odujh dv srvvleoh/ lq rughu wr uhgxfh wkh suredelolw| ri dxglw 7>1
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Sursrvlwlrq 6 Orz0frvw �upv duh doorzhg wr fkdujh vxsud0frpshwlwlyh sulfhv=

�
�
^
�
: S1

D vpdoo ghsduwxuh iurp wkh frpshwlwlyh sulfh R ' S jhqhudwhv rqo| d vhfrqg0

rughu qhjdwlyh lpsdfw rq wrwdo zhoiduh/ exw doorzv d �uvw0rughu uhgxfwlrq lq wkh

dxglw suredelolw| +dqg wkxv lwv h{shfwhg frvw, lq wkh hyhqw ri wkh kljkhu sulfh

� E7̂�14: Lw lv wkhuhiruh rswlpdo wr wrohudwh d olplwhg frooxvlrq lq orz0frvw lqgxv0

wulhv1

Sursrvlwlrq 7 Lw pd| eh rswlpdo wr doorz kljk0frvw �upv wr fkdujh vxsud0frpshwlwlyh

sulfhv dv zhoo1

Wklv pruh vxusulvlqj uhvxow frphv iurp wkh orz0frvw lqgxvwu|*v lqfhqwlyh frq0

vwudlqw EU��1 Li wkh gl�huhqfh lq wkh wzr frvwv lv yhu| odujh +iru h{dpsoh/ li wkh

orz0frvw prqrsro| sulfh lv orzhu wkdq kljk frvw,/ dq lqfuhdvh lq wkh sulfh dvvljqhg

4:Wklv suredelolw| lv ghwhuplqhg e| +LF,=

�� �i @ +�s� f,G +�s,�
�
s� f

�
G
�
s
�
>

lpso|lqj

C
�
�� �i

�
Cs

�����
s@f

@ �G +f, ? 3=
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wr wkh kljk0frvw lqgxvwu| pdnhv lw ohvv dwwudfwlyh iru wkh orz0frvw lqgxvwu| dqg

uhod{hv EU��/ wkhuhe| doorzlqj wkh dxwkrulw| wr uhgxfh wkh dxglw suredelolw|1 Wklv

uhvxow krzhyhu uholhv vrphzkdw rq wkh dvvxpswlrq wkdw wkh qxpehu ri w|shv lv

dvvxphg wr eh glvfuhwh14;

Wklv dqdo|vlv |lhogv vhyhudo lqvljkwv iru srolf| ghvljq1 Iru h{dpsoh/ lqyhvwl0

jdwlrqv pxvw eh odxqfkhg zkhq sulfhv duh �kljk�/ qrw ehfdxvh wkhvh sulfhv duh

qhfhvvdulo| frooxvlyh4< exw/ udwkhu/ wr ghwhu orz0frvw �upv iurp xqgxo| dgrswlqj

wkrvh kljk sulfhv1 Vhyhudo dvvxpswlrqv duh krzhyhu zruwk glvfxvvlqj1

Iluvw/ vrph ri wkh frqvwudlqwv lpsrvhg rq wkh dxwkrulw| vhhp udwkhu duelwudu|1

Iru h{dpsoh/ wkh devhqfh ri wudqvihuv ehwzhhq wkh �upv dqg wkh dxwkrulw| +ru

pruh jhqhudoo|/ zlwk wkh froohfwlylw|,/ rwkhu wkdq �qhv lq wkh hyhqw ri suryhq fro0

oxvlrq/ lv phdqw wr uh hfw d uhvwulfwlrq frpprqo| revhuyhg lq sudfwlfh/ exw wkh

xqghuo|lqj uhdvrq iru wklv uhvwulfwlrq lv qrw h{solflwo| prghoohg1 Lq sduwlfxodu/

wkh uhdvrq fdqqrw eh irxqg lq wkh dxwkrulw|*v sulru odfn ri lqirupdwlrq= lq wkhlu

prgho/ wkh dxwkrulw| frxog lq jhqhudo shuirup ehwwhu li doorzhg wr xvh dgglwlrqdo

4;Vhh Vrxdp +4<<:, iru dq dqdo|vlv ri wkh fdvh ri d frqwlqxxp ri ydoxhv1

4<Lq wkh uhdolvwlf fdvh zkhuh lw lv ehvw wr iruelg dq| kljkhu sulfh wkdq �f/ lw lv rswlpdo wr dxglw

suhflvho| wkh �upv wkdw gr qrw frooxgh lq htxloleulxp � dqg rqo| wkrvh1
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wudqvihuv153 D �uvw uhdvrq pd| eh irxqg lq d surklelwlyh vrfldo frvw ri wudqvihuv1

Dqrwkhu uhdvrq/ zklfk ghvhuyhv ixuwkhu h{sorudwlrq/ lv wkdw frpshwlwlrq dxwkru0

lwlhv dqg frxuwv loo0�wwhg wr pdqdjh vxfk wudqvihuv1 Wkhuh pd| h{lvw d vxvslflrq

derxw wkh dxwkrulw|*v xvh ri sxeolf ixqgv +ulvn ri fdswxuh,/ dqg wklv frqfhuq pd|

eh h{dfhuedwhg e| wkh odfn ri frqwuro e| wd{sd|huv dqg wkh idfw wkdw wd{sd|huv*

uhsuhvhqwdwlyhv +�dgyrfdwhv�, duh qrw vx!flhqwo| lqyroyhg lq wkh pdqdjhphqw ri

wkrvh wudqvihuv1 \hw dqrwkhu h{sodqdwlrq pljkw eh irxqg lq wkh dxwkrulw|*v odfn ri

frpplwphqw> uxolqj rxw wudqvihuv frxog iru h{dpsoh eh vhhq dv d +gudvwlf, zd| wr

lpsrvh d �kdug exgjhw frqvwudlqw� rq wkh lqgxvwu|154 L zloo frph edfn lq Vhfwlrq

7 rq wkrvh xqghuo|lqj uhdvrqv/ exw qrwh khuh wkdw olwwoh surjuhvv kdv ehhq pdgh

lq wkh dqdo|vlv ri krz wkrvh uhdvrqv frqwulexwh wr vkdsh fduwho odz hqirufhphqw1

Vhfrqg/ Ehvdqnr dqg Vsxoehu dvvxph wkdw �upv fdq shuihfwo| frooxgh li wkh|

zlvk wr/ dqg wkdw frpshwlwlrq dxwkrulwlhv fdqqrw d�hfw wkh vxvwdlqdelolw| ri fro0

oxvlrq1 Wklv ohdgv wkhp wr wuhdw wkh lqgxvwu| dv d vlqjoh hqwlw| �wkhlu dqdo|vlv

53Wkh sureohp ri wkh frpshwlwlrq dxwkrulw| vwxglhg khuh fdq eh ylhzhg dv d vwdqgdug uhjxod0

wlrq sureohp zlwk dxglw/ dv vwxglhg e| Edurq0Ehvdqnr +4<;7d,/ zlwk wkh dgglwlrqdo uhvwulfwlrq

wkdw wkh �qhv frqvwlwxwh wkh rqo| doorzhg wudqvihuv1

54Vhh Od�irqw0Wluroh +5333,/ fkdswhu 5/ iru d glvfxvvlrq ri uhvwulfwlrqv rq wudqvihuv lq uhjxod0

wru| frqwh{wv1
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zrxog irupdoo| eh wkh vdph li wkhuh zdv rqo| rqh �up lq wkh lqgxvwu|1 Wklv

uxohv rxw vrph lpsruwdqw phdqv ri lqwhuyhqwlrq/ vxfk dv sod|lqj �upv djdlqvw

hdfk rwkhu1 Pruh jhqhudoo|/ wkh pxowlsolflw| ri sduwlflsdqwv lq wkh lqgxvwu| pljkw

doorz wr pryh iurp d �srolfh sdwuro� wr d ��uh dodup� prgh ri rshudwlrq/ wr xvh

wkh whuplqrorj| ri PfFxeelqv0Vfkzduw} +4<;7,1

Lq sduwlfxodu/ Ehvdqnr dqg Vsxoehu uxoh rxw dq| frppxqlfdwlrq ehwzhhq wkh

�upv dqg wkh frpshwlwlrq dxwkrulw|1 Irupdoo|/ wkh dxwkrulw| lv frqiurqwhg zlwk dq

lqirupdwlrq dftxlvlwlrq sureohp= �upv nqrz zkhwkhu wkh| frooxgh ru qrw/ zkloh

wkh dxwkrulw| grhv qrw1 Wkh dxwkrulw| frxog wkhuhiruh wu| dqg ghylvh uhyhodwlrq

phfkdqlvpv ã od Pdvnlq/ lq rughu wr lqgxfh wkh �upv wr uhsruw wklv lqirupdwlrq155

Dqg lqghhg/ lq sudfwlfh/ frpshwlwlrq dxwkrulwlhv riwhq ghvljq ohqlhqf| sur0

judpv wr doorz fduwho phpehuv wr ehqh�w iurp d idyrudeoh wuhdwphqw li wkh|

eulqj lqirupdwlrq wkdw khos frpshwlwlrq dxwkrulwlhv wr glvpdqwoh wkh fduwho1 Lq

wkh XV/ �upv eulqjlqj lqirupdwlrq ehiruh dq lqyhvwljdwlrq lv rshqhg ehqh�w iurp

vxfk d ohqlhqf| surjudp vlqfh 4<:;1 Vlqfh 4<<6/ d frooxglqj �up fdq qrz dovr

55Exloglqj rq wkh slrqhhulqj zrun ri Pdvnlq +4<::,/ wkh olwhudwxuh rq Qdvk dqg Vxejdph

Shuihfw lpsohphqwdwlrq kdv frq�uphg wkh lqwxlwlrq wkdw �d vhfuhw lv qr orqjhu d vhfuhw zkhq lw

lv vkduhg e| vhyhudo djhqwv�1 Vhh Prruh*v +4<<5, iru d yhu| qlfh vxuyh|1
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dyrlg wkrvh vdqfwlrqv li lw uhyhdov lqirupdwlrq rqfh wkh lqyhvwljdwlrq kdv ehhq

rshqhg/ dv orqj dv wkh Ghsduwphqw ri Mxvwlfh kdv qrw |hw ehhq deoh wr suryh

frooxvlrq156 Wkh HX kdv dgrswhg d ohqlhqf| surjudp lq 4<<9/ zklfk doorzv �upv

wkdw eulqj lqirupdwlrq wr ehqh�w iurp uhgxfhg �qhv157 Lq wkh XN/ zkhq d qhz

Frpshwlwlrq Srolf| Dfw kdv ehhq lpsohphqwhg wzr |hduv djr/ wkh Gluhfwru Jhq0

hudo ri wkh R!fh ri Idlu Wudglqj lqwurgxfhg d ohqlhqf| surjudp forvh wr wkh XV

prgho1 Lq Iudqfh/ iroorzlqj d uhfhqw eloo sdvvhg odvw |hdu d ohqlhqf| surjudp lv

fxuuhqwo| ehlqj lpsohphqwhg1

Uhyhodwlrq phfkdqlvpv pd| qrw eh yhu| h�hfwlyh lq wkh fdvh ri �vriw� lqiru0

pdwlrq/ zkhq qr hylghqfh lv ohiw wr eh glvfryhuhg e| frpshwlwlrq lqvshfwruv1 Lq

sduwlfxodu/ dv orqj dv wklv lqirupdwlrq uhodwhv wr sdvw ehkdylru dqg kdv qr gluhfw

h�hfw rq �upv* fdsdelolwlhv ru remhfwlyhv lq wkh ixwxuh/ olwwoh fdq eh grqh wr h{0

wudfw wklv lqirupdwlrq1 Wklqjv fkdqjh/ krzhyhu/ zkhq frooxvlrq surgxfhv slhfhv

56Vhh XV Ghsduwphqw ri Mxvwlfh +4<<6,1 Wkdqnv wklv qhz ohqlhqf| surjudp/ rq dyhudjh 5

fduwhov duh qrz glvforvhg hyhu| prqwk/ dqg wkh �qhv riwhq h{fhhg 433 ploolrq ' +qrw wr phqwlrq

mdlo iru vrph pdqdjhuv,1 Lq 4<<< rqo| wkh Dqwlwuxvw Glylvlrq vhfxuhg pruh wkdq 4 eloolrq '

lq �qhv/ zklfk lv pruh wkdq wkh wrwdo vxp ri �qhv lpsrvhg xqghu wkh Vkhupdq Dfw vlqfh lwv

dgrswlrq pruh wkdq d fhqwxu| djr1

57Vhh Hxurshdq Xqlrq +4<<9,1
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ri �kdug� lqirupdwlrq wkdw fdq eh wudqvplwwhg wr wkh frpshwlwlrq dxwkrulw|/ dv

lpsolflwo| dvvxphg e| Ehvdqnr dqg Vsxoehu1 Wkh frpshwlwlrq dxwkrulw| frxog

wkhq hqfrxudjh �upv wr uhsruw dq| frooxvlrq +l1h1/ surylgh kdug hylghqfh ri lw,/

uhzdug lqirupdqwv dqg xvh wkh lqirupdwlrq djdlqvw wkh rwkhu �upv1

Ri frxuvh/ wkh h�hfwlyhqhvv ri vxfk phfkdqlvpv ghshqgv rq wkh h{whqw wr

zklfk wkh lqgxvwu| fdq djdlq frooxgh dw wkh uhyhodwlrq vwdjh1 Li �upv fdqqrw

frooxgh dw doo dw wkh uhyhodwlrq vwdjh/ wkh dxwkrulw| pd| eh deoh wr ghwhu frooxvlrq

dw doprvw qr frvw1 Iru h{dpsoh/ frqvlghu wkh iroorzlqj phfkdqlvp= rqfh vxsso|

ghflvlrqv kdyh ehhq xqghuwdnhq/ wkh frpshwlwlrq dxwkrulw| vhohfwv udqgrpo| rqh

�up dqg frqiurqwv lw zlwk wkh iroorzlqj fkrlfh=

� hlwkhu lw uhsruwv frooxvlrq/ lq zklfk fdvh doo rwkhu �upv duh khdylo| �qhg

exw wkh uhsruwlqj �up lv h{hpswhg iurp dq| �qh>

� ru lw ghqlhv frooxvlrq/ lq zklfk fdvh wkh frpshwlwlrq dxwkrulw| dxglwv zlwk dq

duelwudulo| vpdoo suredelolw| 0 dqg doo �upv duh �qhg li frooxvlrq lv ghwhfwhg1

Li �upv fdqqrw frooxgh dw wklv vwdjh/ lw lv wkhq d vwulfwo| grplqdqw vwudwhj|

iru wkh vhohfwhg �up wr uhsruw frooxvlrq zkhqhyhu lw wdnhv sodfh/ dqg h{ dqwh wkh
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wkuhdw ri ehlqj �qhg wkhq ghwhuv frooxvlrq158

Li �upv fdq lqvwhdg shuihfwo| frooxgh dqg ehkdyh dv d vlqjoh hqwlw| dw wkh uhy0

hodwlrq vwdjh/ wklv uhyhodwlrq phfkdqlvp zrxog qrw zrun dq|pruh= qrq0vhohfwhg

�upv zrxog kdyh dq lqfhqwlyh wr euleh wkh vhohfwhg rqh dqg lqgxfh lw qrw wr uh0

sruw frooxvlrq1 Exw wkhq/ wkh frpshwlwlrq dxwkrulw| frxog lq wkhru| wu| wr holflw

lqirupdwlrq rq wklv vhfrqg irup ri frooxvlrq/ dqg vr rq1 D uhohydqw dqdo|vlv ri

wklv lvvxh uhtxluhv d ghhs xqghuvwdqglqj ri krz �upv rujdql}h wkh frooxvlrq159

58Li wkhuh duh q �upv lq wkh lqgxvwu|/ wkh pd{lpdo �qh zrxog rqo| qhhg wr eh odujh hqrxjk wr

r�vhw wkh jdlqv iurp frooxvlrq zkhq dssolhg zlwk suredelolw| 4� 4@q1 Lq dgglwlrq/ dv srlqwhg

rxw e| Ndsorz dqg Vkdyhoo +4<<7, lq wkh frqwh{w ri vlqjoh0sduw| odz hqirufhphqw/ wkh vhohfwhg

�up zrxog eh lqgxfhg wr uhsruw dv orqj dv wkh uhgxfhg �qh lv orzhu wkdq wkh h{shfwhg �qh lw

zrxog idfh rwkhuzlvh1 D gl�huhqfh zlwk vlqjoh0sduw| hqirufhphqw frqwh{wv/ krzhyhu/ lv wkdw

khuh wkh frpshwlwlrq dxwkrulw| fdq xvh wkh lqirupdwlrq eurxjkw e| rqh fduwho phpehu djdlqvw

wkh rwkhu phpehuv> khqfh/ li � ghqrwhv wkh suredelolw| ri ehlqj fdxjkw dqg I wkh ohyho ri wkh

�qh/ frooxvlrq fdq eh ghwhuuhg zkhqhyhu +4� 4@q. �,I r�vhwv wkh jdlqv iurp frooxvlrq1

59D odujh h�ruw kdv ehhq ghyrwhg wr wkh vwxg| ri frooxvlrq lq rujdql}dwlrqv/ erwk zlwk kdug

lqirupdwlrq dqg vriw lqirupdwlrq1 Zkloh wkh hduolhu olwhudwxuh dvvxphg wkdw frooxglqj sduwlhv

vkduhg wkhlu lqirupdwlrq/ dwwhqwlrq kdv uhfhqwo| ehhq ghyrwhg wr wkh lqfhqwlyh frqvwudlqwv wkdw

frooxglqj sduwlhv pd| idfh zkhq wkh| kdyh sulydwh lqirupdwlrq1 Vhh Wluroh +4<<5, iru d �uvw

h{whqvlyh vxuyh|/ Od�rqw dqg Urfkhw +4<<:, iru dq xsgdwh ryhuylhz dqg Od�rqw dqg Pduwlpruw
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Ri frxuvh/ lq sudfwlfh frpshwlwlrq ehwzhhq �upv lv uduho| ri wkh �rqh0vkrw�

w|sh dqdo|}hg deryh= frooxglqj �upv nqrz wkdw wkh| zloo eh frpshwlqj djdlq lq

wkh ixwxuh dqg zloo wkhuhiruh eh uhoxfwdqw wr uhsruw sdvw frooxvlrq/ vlqfh wklv zloo

olnho| uhgxfh wkh vfrsh iru frooxvlrq lq wkh ixwxuh1 Wr wdfnoh wklv lvvxh/ krzhyhu/

rqh qhhgv wr ghyhors d g|qdplf iudphzrun1

51415 Iljkwlqj frooxvlrq lq d g|qdplf vhwwlqj5:

Dqdo|}lqj wkh vwuxjjoh djdlqvw frooxvlrq lq d g|qdplf vhwwlqj udlvhv ri frxuvh

dgglwlrqdo lqwulfdflhv1 Wr nhhs wklqjv wudfwdeoh/ L zloo wkhuhiruh kljko| vlpsoli|

wkh deryh iudphzrun dqg dvvxph wkdw wkh dxwkrulw| grhv qrw revhuyh dq| uhohydqw

lqirupdwlrq lq wkh devhqfh ri dxglw1 Wklv dvvxpswlrq lv phdqw wr fdswxuh wkh

idfw wkdw/ lq sudfwlfh/ wkh frpshwlwlrq dxwkrulw| kdv yhu| olwwoh lqirupdwlrq derxw

vxsso| dqg ghpdqg frqglwlrqv dqg fdqqrw lq jhqhudo lqihu frooxvlrq iurp wkh

phuh revhuydwlrq ri sulfhv15;

+4<<:/5333, iru uhfhqw dgydqfhv lq wkh prghoolqj ri frooxvlrq ehwzhhq sulydwho| lqiruphg djhqwv1

5:Wklv vhfwlrq gudzv rq Dxehuw0Nrydflf0Uh| +5333,1

5;Frpshwlwlrq dxwkrulwlhv frxog lq sulqflsoh wu| wr lqihu frooxvlrq qrw rqo| iurp wkh fxuuhqw

ohyho ri sulfhv/ exw dovr iurp wkh sdwwhuq ri wkhlu hyroxwlrq1 Lq wkh idprxv Zrrgsxos fdvh/

iru h{dpsoh/ wkh Hxurshdq Frpplvvlrq revhuyhg d sdudooho hyroxwlrq ri wkh sulfhv txrwhg lq

grooduv/ ghvslwh vxevwdqwldo yduldwlrqv ri h{fkdqjh udwhv ehwzhhq wkh surgxflqj frxqwulhv/ dv
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Wzr �upv E� ' �c 2� sod| dq lq�qlwho| uhshdwhg jdph= lq hdfk shulrg/ wkh|

fdq hlwkhu �frpshwh� ru �frooxgh�> jurvv sur�wv duh jlyhq e|

Ilup �

Ilup 2

frpshwh frooxgh

frpshwh
�
Z� c Z�

� �
Z(c Z

�
frooxgh

�
Zc Z(

� �
Z� c Z�

�
Wdeoh 4

zlwk Z � Z� 	 Z� 	 Z( dqg Z n Z( 	 2Z� = �upv jdlq iurp frooxvlrq/ exw

zhoo dv d uhpdundeoh vwdelolw| ryhu wlph/ h{fhsw iru d vl{0prqwk sulfh zdu1 Lw dvvhuwhg wkdw wklv

sdwwhuq zdv frqfoxvlyh hylghqfh ri frooxvlrq/ exw wklv ghflvlrq zdv ryhuuxohg lq dsshdo e| wkh

Hxurshdq Frxuw ri Mxvwlfh/ zklfk frqfoxghg wkdw wkh Frpplvvlrq idlohg wr hvwdeolvk wkdw wklv

sdwwhuq ri sulfhv zdv qrw frpsdwleoh zlwk frpshwlwlyh ehkdylru1

Nÿkq +5333, r�huv d ghwdlohg glvfxvvlrq ri wkh gl!fxowlhv lq ghwhfwlqj frooxvlyh ehkdylru

iurp revhuydeoh ehkdylru/ eh|rqg wkh odfn ri lqirupdwlrq rq frvw1 Iluvw/ lqirupdwlrq rq dfwxdo

sulfhv dqg txdqwlwlhv pd| eh xqdydlodeoh1 Vhfrqg/ hyhq lq wkh lghdo fdvh zkhq uholdeoh sulfh

dqg rxwsxw gdwd zrxog doorz txdqwlwdwlyh vwxglhv/ wkh frqfoxvlrqv pd| eh wrr vhqvlwlyh wr

ixqfwlrqdo irup vshfl�fdwlrqv1 Wklv lv looxvwudwhg e| wkh glyhujhqfh ri wkh �qglqjv ri wzr

vwxglhv ri wkh XV udlourdg fduwho ri wkh 4;;3*v/ edvhg rq wkh vdph gdwdvhw1 Zkloh Sruwhu +4<;6,

frqfoxghv wkdw �upv revhuyhg pdun0xsv zhuh frqvlvwhqw zlwk Frxuqrw ehkdylru/ e| doorzlqj

iru dxwr0fruuhodwlrq rq wkh ghpdqg vlgh Hoolvrq +4<<7, rewdlqv lqvwhdg dq hvwlpdwh forvh wr ixoo

frooxvlrq1
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hdfk �up pd| ehqh�w dw wkh h{shqvh ri wkh rwkhu iurp �fkhdwlqj�/ l1h1/ iurp

�frpshwlqj� zkhq wkh rwkhu �frooxghv�15< Frooxvlrq pruhryhu jhqhudwhv kdug

lqirupdwlrq=

� zkhqhyhu frooxvlrq lv vxffhvvixo +l1h1/ erwk �upv �frooxgh�,/ lw jhqhudwhv

d slhfh ri hylghqfh wkdw lv irxqg zlwk suredelolw| 4 e| wkh frpshwlwlrq

dxwkrulw|> 4 fdq eh wkrxjkw ri dv wkh h{rjhqrxv suredelolw| ri d vxffhvvixo

dxglw1

� lq dgglwlrq/ hdfk ri wkhp fdq wkhq eulqj d slhfh ri kdug lqirupdwlrq wr wkh

frpshwlwlrq dxwkrulw|163

Wr nhhs wkh dqdo|vlv vlpsoh/ L zloo dvvxph wkdw dq| slhfh ri kdug lqirupdwlrq

glvdsshduv diwhu rqh shulrg1 Wklv olplwv wkh vfrsh iru uhyhodwlrq phfkdqlvpv/

zklfk fdq dsso| rqo| wr �fxuuhqw� frooxvlyh ehkdylru1 Wkh pd{lpdo �qh 8 wkdw

5<Wklv dvvxpswlrq lv iru h{dpsoh uhohydqw iru vlwxdwlrqv zkhuh �frooxglqj� dprxqwv wr pdlq0

wdlq wkh prqrsro| sulfh1 Li lqvwhdg �frooxvlrq� zhuh wr lqyroyh dq djuhhphqw wkdw �wdnhv wzr

wr wdqjr�/ rqh pljkw h{shfw �G @ � @ �F 1

63Wklv dvvxpswlrq doorzv wkh frpshwlwlrq dxwkrulw| wr ghvljq uhyhodwlrq jdphv/ dv vxjjhvwhg

lq wkh suhylrxv vhfwlrq/ zkloh uxolqj rxw wulyldo vwudwhjlhv zkhuh d �up zrxog xqlodwhudoo| �fro0

oxgh� mxvw wr uhsruw frooxvlrq dqg jhw d uhzdug iru grlqj vr1
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fdq eh lpsrvhg lq fdvh ri suryhq frooxvlrq lv odujh hqrxjk wr ghwhu frooxvlrq li

frooxvlrq lv ghwhfwhg zlwk fhuwdlqw|/ exw qrw vx!flhqw li frooxvlrq lv ghwhfwhg rqo|

zlwk suredelolw| 4=

8 : Z� � Z� : 48�

Lq wkh devhqfh ri dq| uhyhodwlrq phfkdqlvp/ wkh qhw h{shfwhg sd|r�v ri wkh

vwdjh jdph duh wkxv jlyhq e|

Ilup �

Ilup 2

frpshwh frooxgh

frpshwh
�
Z�c Z�

� �
Z(c Z

�
frooxgh

�
Zc Z(

� �
Z� � 48c Z� � 48

�
Wdeoh 5

Li erwk �upv xvh wkh vdph glvfrxqw idfwru B/ frooxvlrq lv vxvwdlqdeoh li

Z( �
�
Z� � 48

�
�

B

�� B

�
Z� � 48 � Z�

�
� +4,

Lqghhg/ wkh prvw sur�wdeoh frooxvlyh vwudwhj| lv wr frooxgh lq hdfk shulrg dqg

wr sxqlvk ghyldwlrqv e| uhwxuqlqj iru hyhu wr wkh vwdwlf frpshwlwlyh htxloleulxp164

64Wkh frpshwlwlyh rxwfrph lv erwk wkh Qdvk htxloleulxp dqg wkh plqpd{ ri wkh vwdjh jdph1
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Ohw xv qrz lqwurgxfh uhyhodwlrq phfkdqlvpv1 Wkh frpshwlwlrq dxwkrulw| frxog

dvn wkh �upv wr uhyhdo wkhlu fkrlfh +frpshwh ru frooxgh,/ erwk ehiruh dqg diwhu

lw dxglwv wkh lqgxvwu|1 Wkh vfrsh iru vxfk uhyhodwlrq phfkdqlvpv ghshqgv rq

zkhwkhu wkh phvvdjhv vhqw e| rqh �up duh revhuyhg e| wkh rwkhu �up1 Lqgxflqj

uhsruwlqj lv fohduo| hdvlhu zkhq qrw revhuyhg e| ulydov/ exw nhhslqj vxfk uhsruwv

vhfuhw pd| eh gl!fxow lq sudfwlfh1 L frqvlghu erwk vlwxdwlrqv lq wxuq1

Vhfuhw uhsruwlqj

Ohw xv vwduw zlwk wkh fdvh zkhuh �upv fdq uhsruw frooxvlrq vhfuhwo|1 Pruh

suhflvho|/ vxssrvh wkdw �upv rqo| revhuyh zkhwkhu wkh frpshwlwlrq dxwkrulw|

kdv hylghqfh ri frooxvlrq/ exw qrw wkh ruljlq ri lwv lqirupdwlrq qru wkh �qhv ru

uhzdugv srvvleo| sdlg e| ru wr wkh ulydo1 Wkhq/ wkh frpshwlwlrq dxwkrulw| fdq

hdvlo| suhyhqw �shuihfw frooxvlrq�1 Wkh iroorzlqj phfkdqlvp zrxog iru h{dpsoh

gr wkh wulfn1 Dw wkh ehjlqqlqj ri hdfk shulrg/ r�hu hdfk �up wr uhsruw frooxvlrq

lq rughu wr ehqh�w iurp d voljkwo| uhgxfhg �qh lq wkh hyhqw ri d vxffhvvixo dxglw1

Wkhq/ lw fdqqrw eh wkh fdvh wkdw �upv sodq wr frooxgh lq hyhu| shulrg/ hyhq diwhu

d vxffhvvixo dxglw e| wkh frpshwlwlrq dxwkrulw|1 Lqghhg/ lq wkdw fdvh lw zrxog eh

Wkhuhiruh/ dq lqgh�qlwh uhyhuvdo wr wkh frpshwlwlyh vlwxdwlrq frqvwlwxwhv wkh kduvkhvw fuhgleoh

sxqlvkphqw wkdw fdq eh lpsrvhg rq ghyldwruv1
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d vwulfwo| grplqdqw vwudwhj| iru wkh vhohfwhg �up wr uhsruw frooxvlrq zkhqhyhu lw

wdnhv sodfh/ vlqfh grlqj vr uhgxfhv wkh h{shfwhg �qh lw zloo kdyh wr sd| +gxh wr

wkh srvvlelolw| ri d vxffhvvixo dxglw, dqg grhv qrw wuljjhu dq| uhwdoldwlrq e| wkh

ulydo165

Wr ghwhu vxfk uhsruwlqj dqg vxvwdlq vrph frooxvlrq/ �upv zloo wkhuhiruh kdyh wr

sodq shulrgv ri �frpshwlwlrq� zkhqhyhu wkh frpshwlwlrq dxwkrulw| lpsrvhv d �qh

rq wkhp166 Ixuwkhupruh/ dq lqfuhdvh lq wkh dprxqw ri wkh uhzdug h{dfhuedwhv wkh

whpswdwlrq wr ghyldwh dqg uhsruw/ dqg wkxv uhtxluhv orqjhu shulrgv ri frpshwlwlrq1

Wr vhh wklv/ vxssrvh wkdw lq hdfk shulrg wkh frpshwlwlrq dxwkrulw| r�huv d +vhfuhw,

uhzdug - iru +vhfuhw, uhsruwv> wkh �upv fdq wkhq dgrsw wkh iroorzlqj vwudwhj|=

�frooxgh dqg gr qrw uhsruw dv orqj dv wkh dxwkrulw| lpsrvhv qr �qh> zkhq wkh

dxwkrulw| lpsrvhv d �qh/ frpshwh iru A shulrgv ehiruh uhwxuqlqj wr frooxvlrq>

ixuwkhupruh/ zkhqhyhu d �up frpshwhv zkhq lw lv vxssrvhg wr frooxgh/ uhyhuw wr

65Wkh wkuhdw ri ehlqj �qhg zrxog wkhuhiruh ghwhu frooxvlrq zkhqhyhu wkh pd{lpdo �qh I lv

odujh hqrxjk wr r�vhw wkh jdlqv iurp frooxvlrq zkhq dssolhg zlwk suredelolw| 4@51

66Wkh dqdo|vlv lv uhplqlvfhqw ri wkdw ri Wluroh +4<;;,*v yhuvlrq ri Juhhq0Sruwhu +4<;7,/ iru

wkh fdvh ri xqrevhuydeoh ghpdqg vkrfnv1
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frpshwlwlrq iru hyhu1� Li erwk �upv dgrsw wklv vwudwhj|/ wkh| rewdlq=
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Wklv ydoxh wkxv ghfuhdvhv zkhq wkh qxpehu ri frpshwlwlyh shulrgv EA � lqfuhdvhv1

Dgrswlqj wklv vwudwhj| frqvwlwxwhv dq htxloleulxp li=

� Ilupv kdyh qr lqfhqwlyh wr frpshwh zkhq wkh| duh vxssrvhg wr frooxgh/ l1h1
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wkh ohiw0kdqg vlgh ri wklv frqglwlrq/ zklfk L zloo ghqrwh �� EA �/ vdwlv�hv

��
� EA � 	 f1 Wklv frqglwlrq lv wkxv ri wkh irup

A � A�

�
Z� � 48 � Z�

Z( � EZ� � 48 �

�
c

zlwk A �
� : f= wr suhyhqw �upv iurp ghyldwlqj lq wklv zd|/ wkh ydoxh ri

frooxvlrq pxvw eh vx!flhqwo| odujh/ dqg wkxv wkh gxudwlrq ri frpshwlwlrq

vx!flhqwo| vkruw1 Qrwh wkdw wklv frqglwlrq lv lqghshqghqw ri wkh uhzdug -1

� Ilupv kdyh qr lqfhqwlyh wr vhfuhwo| uhsruw frooxvlrq/ l1h1

T � Z� n-n B 	T ( +6,

ru

B
E�� 4�

�
�� BA

�
�� B n B4

�
�� BA

� �Z� � 48 � Z�
�
� -n 48 (

wkh ohiw0kdqg vlgh ri wklv frqglwlrq/ �2 EA �/ lqfuhdvhv zlwk A 1 Wklv frqglwlrq lv

wkxv ri wkh irup

A � A2

�
Z� � 48 � Z�

-n 48

�
c

zlwk A �
2 	 f= wkh odujhu wkh uhzdug/ wkh orqjhu wkh gxudwlrq ri wkh frpshwlwlyh

skdvhv qhhghg wr suhyhqw �upv iurp uhsruwlqj frooxvlrq1
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Iljxuh � looxvwudwhv wkh vlwxdwlrq1 Qrwh wkdw �� dqg �2 frqyhujh wrzdugv wkh
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l1h1/ li wkh uhzdug lv odujh hqrxjk=
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wkhq wklv frooxvlrq lv qrw vxvwdlqdeoh1

Ixuwkhupruh/ hyhq li - 	 	-/ rqo| vrph olplwhg frooxvlrq lv vxvwdlqdeoh dqg

wkh plqlpdo gxudwlrq ri frpshwlwlrq skdvhv/ jlyhq e| A2 E��/ lqfuhdvhv zlwk wkh

dprxqw ri wkh uhzdug iru uhsruwlqj frooxvlrq1 Ri frxuvh/ lqfuhdvlqj wkh sure0

delolw| ri vxffhvvixo dxglw E4� ru wkh pd{lpdo �qh E8 � ixuwkhu frqwulexwhv wr

pdnh frooxvlrq pruh gl!fxow wr vxvwdlq> lq sduwlfxodu/ d vlpsoh ohqlhqf| surjudp

E- ' f� vx!fhv zkhq

48

�� 4
: B

�
Z� � Z�

�
�

Sxeolf uhsruwlqj

Wklqjv duh pruh gl!fxow zkhq uhsruwv fdqqrw eh nhsw vhfuhw1 Lq sduwlfxodu/

lq wkdw fdvh d ohqlhqf| surjudp wkdw rqo| r�huv d uhgxfhg �qh fdqqrw khos wkh

frpshwlwlrq dxwkrulw|=

Sursrvlwlrq 8 Vxssrvh wkdw wkh frpshwlwlrq dxwkrulw| fdq rqo| lpsrvh �qhv

+wkdw lv/ lw fdq �uhzdug� lqirupdqwv wkurxjk orzhu �qhv/ exw fdqqrw pdnh srv0

lwlyh wudqvihuv wr wkhp,1 Wkhq/ uhyhodwlrq phfkdqlvpv gr qrw khos suhyhqwlqj

frooxvlrq1

Surri1 Wkh surri lv vwudljkwiruzdug1 Iluvw/ lw lv qrw srvvleoh wr pdnh �upv
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uhyhdo sdvw ghflvlrqv/ vlqfh kdug lqirupdwlrq glvdsshduv diwhu rqh shulrg �dqg

sdvw ghflvlrqv gr qrw d�hfw �upv* suhihuhqfhv ryhu wkhlu ixwxuh fkrlfhv/ vr wkdw

vriw lqirupdwlrq fdqqrw eh dftxluhg1 Wkhuhiruh/ uhyhodwlrq phfkdqlvpv fdq rqo|

vhuyh wr lqgxfh �upv wr uhsruw frooxvlrq lq wkh fxuuhqw shulrg1

Vhfrqg/ wkh frpshwlwlrq dxwkrulw| fdqqrw lqgxfh �upv wr uhsruw frooxvlrq

h{ srvw/ rqfh wkh uhvxow ri lwv dxglw lv nqrzq1 Li wkh dxwkrulw| grhv qrw ghwhfw

frooxvlrq/ �upv kdyh qr lqfhqwlyh wr uhsruw lw dqg jhw +hyhq prghudwho|, �qhg1

Dqg li wkh dxwkrulw| ghwhfwv frooxvlrq/ wkhuh lv qr orqjhu dq| qhhg wr lqgxfh �upv

wr frrshudwh zlwk wkh dxwkrulw|>67 dv vwuhvvhg e| Prwwd0Sror +5333, dqg Vsdjqror

+5333d, r�hulqj d uhgxfwlrq ri wkh �qh zrxog wkhq dfwxdoo| hurgh wkh ghwhuuhqfh

srzhu ri wkh dxwkrulw|*v dxglw +lq wkh fdvh ri d vxffhvvixo dxglw/ �upv zrxog kdyh

dq lqfhqwlyh wr �uhsruw� h{ srvw frooxvlrq/ lq rughu wr ehqh�w iurp wkh uhgxfhg

�qh/ vr wkdw wkh uljkw0kdqg vlgh ri E�� zrxog eh ixuwkhu lqfuhdvhg,168

67Wklv pd| qrw eh wuxh dq|pruh li �upv* frrshudwlrq hqkdqfh wkh dxwkrulw|*v delolw| wr

survhfxwh wkh fduwho �vhh ehorz1

68Vsdjqror +5333d, qrwhv wkdw r�hulqj uhgxfhg �qhv frxog krzhyhu khos ghwhu frooxvlrq e|

olplwlqj wkh sxqlvkphqwv wkdw fdq eh lpsrvhg rq ghyldwlqj �upv1 Vxssrvh iru h{dpsoh wkdw

�rswlpdo shqdo frghv� ã od Deuhx zrxog doorz �upv wr vxvwdlq h{shfwhg sur�wv ohyhov ehorz

wkh vwdwlf frpshwlwlyh htxloleulxp> wkhq/ lqwurgxflqj d ohqlhqf| surjudp pd| doorz ghyldwruv
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Odvw/ zkhqhyhu frqglwlrq E�� krogv/ �upv kdyh qr lqfhqwlyh wr uhsruw frooxvlrq

h{ dqwh hlwkhu/ ehiruh wkh| nqrz wkh rxwfrph ri wkh dxwkrulw|*v dxglw/ hyhq li wkh|

ehqh�w wkhq iurp d uhgxfhg �qh s 	 8 = vxfk uhsruwlqj zrxog wuljjhu uhwdoldwlrq

+qr frooxvlrq lq wkh ixwxuh, dqg zrxog wkxv qrw eh d sur�wdeoh vwudwhj|/ vlqfh E��

lpsolhv=69

Z( � 4s �
�
Z� � 48

�
�

B

�� B
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Z� � 48 � Z�

�
�

wr ehqh�w iurp wkh dxwkrulw|*v dfwlrq dqg dyrlg vxfk sxqlvkphqwv/ wkhuhe| pdnlqj frooxvlrq

pruh gl!fxow wr vxvwdlq1

Vsdjqror +5333e, vwuhvvhv lqvwhdg wkdw edgo| ghvljqhg ohqlhqf| surjudpv pd| dfwxdoo| khos

frooxvlrq1 Wklv zloo iru h{dpsoh eh wkh fdvh li wkh ohqlhqf| surjudp holplqdwhv fulplqdo vdqfwlrqv

exw grhv qrw suhyhqw flylo gdpdjhv1 Vlqfh sur�wv duh uhgxfhg zkhq wkh rwkhu �up ghyldwhv iurp

wkh frooxvlyh djuhhphqw/ wkh qrq0ghyldwlqj �up pd| kdyh kljkhu lqfhqwlyhv wr uhsruw frooxvlrq lq

wkdw fdvh1 Vxfk d sduwldo ohqlhqf| surjudp pd| wkhuhiruh pdnh fuhgleoh wkh wkuhdw wr ghqrxqfh

frooxvlrq zkhqhyhu wkh rwkhu �up ghyldwhv iurp wkh fduwho djuhhphqw/ wkhuhe| frqwulexwlqj wr

hqirufh wkh djuhhphqw1

69Wkdw lv/ li frooxvlrq lv vxvwdlqdeoh lq wkh devhqfh ri uhsruwlqj/ wkhq dv orqj dv �upv gr qrw

jhw dq| dgglwlrqdo lqirupdwlrq wkh| kdyh qr lqfhqwlyhv wr uhsruw frooxvlrq dqg jhw �qhg/ hyhq

prghudwho|1 Pdoln dqg Vfkzde +4<<4, pdnh d vlplodu srlqw iru wkh hqirufhphqw ri odzv djdlqvw

vlqjoh0sduw| fulphv +wd{ dpqhvw| surjudpv,1
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Wr frqylqfh d �up wr uhsruw frooxvlrq/ wkh frpshwlwlrq dxwkrulw| pxvw wkhuh0

iruh surplvh d uhzdug -/ vx!flhqw wr uhyhuvh wkh deryh lqfhqwlyh frqglwlrq> wkdw

lv/ wklv uhzdug - vkrxog eh vxfk wkdw=6:

Z� n-n
BZ�

�� B
�

Z� � 48

�� B
c

zklfk lv htxlydohqw wr

-n 48 �
B

�� B

�
Z� � 48 � Z�

�
c

ru

- � 7- �
B
�
Z� � Z�

�
� 48

�� B
� +7,

Wkh plqlpxp uhzdug 7- uhtxluhg wr lqgxfh d �up wr uhsruw frooxvlrq pd|

wkxv eh txlwh odujh6; �lw jrhv wr lq�qlw| zkhq B jhwv forvh wr �1 Wklv udlvhv

6:Lw lv fohduo| pruh h�hfwlyh wr dvn �upv wr uhsruw frooxvlrq ehiruh wkh dxglw ri wkh lqgxvwu|=

wkhuh lv qr qhhg iru dftxlulqj wklv lqirupdwlrq li wkh dxglw eulqjv hylghqfh ri frooxvlrq/ dqg li lw

grhv qrw/ wkh lqirupdwlrq zrxog eh pruh frvwo| wr dftxluh +wkh whup �I zrxog glvdsshdu iurp

wkh ohiw0kdqg vlgh,1 Qrwh dovr wkdw/ lq wklv irupxodwlrq/ �upv pxvw frooxgh lq rughu wr uhsruw1 L

glvfxvv ehorz wkh +srvvleo| pruh uhdolvwlf, fdvh zkhuh �upv fdq fkhdw rq frooxvlrq dw wkh wlph

wkh| uhsruw lw1

6;Lq sduwlfxodu/ lw lv odujhu wkdq wkh plqlpdo uhzdug aU uhtxluhg wr ghwhu frooxvlrq lq wkh fdvh

ri vhfuhw uhsruwv1
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vhyhudo lvvxhv1 Iluvw/ judqwlqj odujh uhzdugv pd| qrw eh fuhgleoh= wkh frpshwlwlrq

dxwkrulw| pd| eh olplwhg lq wkh dprxqw lw fdq surplvh iru uhsruwlqj frooxvlrq1

Vhfrqg/ odujh uhzdugv pd| h{dfhuedwh vrfldo ru srolwlfdo lvvxhv= wkh sxeolf rslqlrq

pd| eh sduwlfxoduo| uhoxfwdqw wr judqw odujh dprxqwv 111 wr frooxglqj �upv> pruh

jhqhudoo|/ judqwlqj uhzdugv lqyroyhv vrph wudqvdfwlrq frvwv/ zklfk duh olnho| wr

lqfuhdvh zlwk wkh pdjqlwxgh ri wkh uhzdugv16< Wklug/ odujh uhzdugv pd| kdyh wkh

shuyhuvh h�hfw ri jhqhudwlqj dgglwlrqdo lqfhqwlyhv wr frooxgh/ ru gl�huhqw zd|v wr

gr vr1 Iru h{dpsoh/ lw pd| ehfrph sur�wdeoh iru wkh �upv wr frooxgh dqg �wdnh

wxuqv� iru uhsruwlqj frooxvlrq173

6<Vsdjqror +5333d, srlqwv rxw wkdw uhvwulfwlqj holjlelolw| wr wkh �uvw lqirupdqw pd| khos

olplwlqj wkrvh wudqvdfwlrq frvwv zkloh dfklhylqj wkh vdph ghwhuuhqfh h�hfw1

73Li wkh uhzdug lv pdgh dydlodeoh wr dq| uhsruwlqj �up/ wkh wzr �upv zrxog rswlpdoo| frooxgh

+dqg wklv zrxog eh vxvwdlqdeoh zkhqhyhu frqglwlrq +4, lv vdwlv�hg,1

Wr frxqwhu wklv/ wkh dxwkrulw| pd| uhvwulfw wkh uhzdug wr wkh fdvh zkhuh rqo| rqh �up uhsruwv1

Frqvlghu wkhq wkh vwudwhj| wkdw frqvlvwv lq frooxglqj dqg vhohfwlqj udqgrpo| rqh �up +zlwk

htxdo suredelolw|, iru uhsruwlqj wkh frooxvlrq wr wkh dxwkrulw|1 Wkh ydoxh ri vxfk d vwudwhj|

zrxog eh

4

4� �

�
�P .

U� I

5

�

dqg vxfk frooxvlrq zrxog wkxv eh vxvwdlqdeoh xqghu +4, dv vrrq dv U A +4 . 5�,I 1
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H{whqvlrqv

Pdq| olqhv ri uhvhdufk duh vwloo rshq1 Lq sduwlfxodu/ frqvlghulqj wkh srvvlelolw|

ri orqj0odvwlqj slhfhv ri kdug lqirupdwlrq rshqv qhz shuvshfwlyhv1 Dovr/ lw zrxog

eh xvhixo wr ixuwkhu dqdo|}h wkh ghwhuplqdqwv ri kdug lqirupdwlrq jhqhudwlrq1 Iru

h{dpsoh/ iroorzlqj Vsdjqror +5333d, dqg Prwwd0Sror +5333,/ L kdyh dvvxphg wkdw

frooxvlrq ohdyhv hylghqfh rqo| zkhq lw lv vxffhvvixo/ l1h1/ zkhq qr �up ghyldwhv1

Wklv fdq eh dq dssursuldwh dvvxpswlrq lq vrph lqvwdqfhv/ exw lq rwkhu vlwxdwlrqv

�upv pd| zlvk wr ghqrxqfh frooxvlrq suhflvho| zkhq wkh| ghflgh wr fkhdw/ dqg

pd| zhoo eh deoh wr eulqj frqylqflqj hylghqfh hyhq lq wkdw fdvh1 Khuh lv d wzr0vwhs

frooxvlrq vwdjh wkdw fdswxuhv wklv lghd=

� vwhs 4= �upv fkrrvh vlpxowdqhrxvo| wr hlwkhu �frqvlghu frooxvlrq� ru �uhixvh

frooxvlrq�1 Zkhqhyhu dw ohdvw rqh �up uhixvhv frooxvlrq/ wkh rxwfrph lv wkh

frpshwlwlyh rqh
�
Z�c Z�

�
1 Li lqvwhdg erwk �upv duh rshq wr frooxvlrq/ dq

djuhhphqw lv vljqhg/ vd|/ zklfk jhqhudwhv wkh kdug lqirupdwlrq ghvfulehg

deryh> lq wkdw fdvh wkh jdph surfhhgv wr vwhs 5>

� vwhs 5= �upv fkrrvh vlpxowdqhrxvo| wr �frpshwh� ru �frooxgh�> sd|r�v duh

wkrvh jlyhq e| A@K,e �1
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Wkhuh duh wkxv qrz wkuhh uhohydqw vwudwhjlhv iru wkh �up/ zklfk fdq eh lqwhu0

suhwhg dv �frpshwh�/ �frooxgh� dqg �fkhdw�> wkh qhw h{shfwhg sd|r�v iru wkhvh

vwudwhjlhv duh=

Ilup �

Ilup 2

frpshwh frooxgh fkhdw

frpshwh
�
Z�c Z�

� �
Z�c Z�

� �
Z�c Z�

�
frooxgh

�
Z�c Z�

� �
Z� � 48c Z� � 48

� �
Z � 48c Z( � 48

�
fkhdw

�
Z�c Z�

� �
Z( � 48c Z � 48

� �
Z� � 48c Z� � 48

�
Wdeoh 6

Frooxvlrq lv ohvv iudjloh wkdq ehiruh vlqfh ghyldwlqj grhv qrw jxdudqwhh wr

hvfdsh wkh �qhv> lw lv qrz vxvwdlqdeoh li

Z( � Z� �
B

�� B

�
Z� � 48 � Z�

�
c +8,

zklfk lv ohvv uhvwulfwlyh wkdq frqglwlrq E��1 Exw ohqlhqf| surjudpv +l1h1 khuh/

r�hulqj d uhgxfhg �qh s zkhq uhsruwlqj frooxvlrq, fdq qrz khos ghwhu frooxvlrq

hyhq lq wkh fdvh ri sxeolf uhsruwlqj1 Vlqfh d ghyldwlqj �up dedqgrqv dq| krsh

ri frooxvlrq iru wkh ixwxuh/ lw lv zloolqj wr uhsruw frooxvlrq dv orqj dv wkh ohqlhqf|

6:



surjudp lv vx!flhqwo| dwwudfwlyh/ wkdw lv/ li s 	 48 1 D ohqlhqf| surjudp lv

wkhuhiruh xvhixo wr ghwhu frooxvlrq zkhq

Z( � Z� �
B

�� B

�
Z� � 48 � Z�

�
	 Z( � Z� n E48 � s� � +9,

Diwhu vrph ohduqlqj shulrg/ �upv zloo olnho| dgdsw wr wkh xvh ri ohqlhqf|

surjudpv dqg rwkhu erxqw| phfkdqlvpv/ dqg zloo wu| wr plqlpl}h wkh dprxqw

ri lqirupdwlrq wkdw frxog eh irxqg e| wkh frpshwlwlrq dxwkrulwlhv1 Exw kdug

lqirupdwlrq pd| vwloo eh uhtxluhg wr lpsohphqw frooxvlrq lq dq h�hfwlyh zd|1 Iru

h{dpsoh/ phprv pd| eh qhhghg zkhq frooxvlyh djuhhphqwv duh wrr frpsoh{ wr

eh ohiw wr wkh vroh dffxudf| ri lqglylgxdov* phprulhv1 Ixuwkhupruh/ li d �up

ghohjdwhv wkh qhjrwldwlrq ri wkh frooxvlyh djuhhphqw wr dq djhqw/ wklv djhqw zloo

qhhg wr uhsruw wr wkh khdg ri wkh �up> wkhuh djdlq/ kdug lqirupdwlrq derxw

wkh ghwdlov ri wkh djuhhphqw pd| eh uhtxluhg wr plqlpl}h wkh djhqf| sureohpv

dvvrfldwhg zlwk ghohjdwlrq1 Fduwho srolflhv frxog wdnh dgydqwdjh ri wkhvh lqwulqvlf

djhqf| sureohpv dqg wu| wr h{dfhuedwh wkhp174

74H{dfhuedwlqj lqwhuqdo djhqf| sureohpv pd| krzhyhu kdyh d frvw/ vlqfh �upv ghohjdwh gh0

flvlrqv qrw rqo| iru frooxvlyh sxusrvhv/ exw dovr iru �jrrg� h!flhqf|0hqkdqflqj uhdvrqv1

Lq wkh XV lqglylgxdov/ wrr/ ehqh�w iurp d ohqlhqf| surjudp/ zklfk vklhogv wkhp iurp fulplqdo

vdqfwlrqv +lqfoxglqj mdlo,1 Wkhuh duh krzhyhu qr srvlwlyh lqfhqwlyhv wr uhsruw lqirupdwlrq1 Lq

6;



Vxssrvh iru h{dpsoh wkdw ? hpsor|hhv kdyh dffhvv wr wkh kdug lqirupdwlrq

jhqhudwhg e| frooxvlrq1 Wkhq/ hyhq li uhsruwlqj lv sxeolf/ lqwurgxflqj d uhzdug

o iru lqglylgxdo lqirupdqwv zrxog irufh frooxglqj �upv wr frpshqvdwh hdfk hp0

sor|hh iru suhyhqwlqj wkhp wr ehfrph zklvwoheorzhuv/ wkhuhe| uhgxflqj wkh ehq0

h�wv iurp frooxvlrq1 Li hpsor|hhv duh surwhfwhg iurp uhwdoldwlrq e| wkh lqgxvwu|

+l1h1/ wkh| fdq ohdyh wkh �up lq dq| shulrg dqg fdqqrw eh wkuhdwhqhg derxw wkhlu

ixwxuh mre rssruwxqlwlhv, wkhq/ lq rughu wr glvfrxudjh zklvwoheorzlqj/ wkh �upv

pxvw surplvh hdfk hpsor|hh wkh htxlydohqw ri o> wkh ehvw zd| wr gr wklv zrxog

eh wr judqw wkhp lq hdfk shulrg/ dv orqj dv wkdw zklvwoheorzlqj grhv qrw rffxu/

d erqxv

K ' E�� B� o�

frqwudvw/ xqghu wkh Flylo Idovh Fodlp Dfw/ lqglylgxdov wkdw lqirup wkh jryhuqphqw rq iudxg

lq surfxuhphqw frqwudfwv fdq jhw xs wr 63( ri wkh gdpdjhv sdlg e| frqylfwhg vxssolhuv1 ^Vhh

Nrydflf +4<<9, dqg Wrndu +5333, iru d glvfxvvlrq ri wklv zklvwoheorzlqj phfkdqlvp1`
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Wkh plqlpdo uhzdug o qhhghg wr ghwhu shuihfw frooxvlrq zrxog wkhq eh vxfk wkdw=75
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dqg lv olnho| wr eh orzhu wkdq wkh plqlpdo uhzdug - qhhghg wr h{wudfw wkh lqiru0

pdwlrq gluhfwo| iurp wkh �up/ jlyhq e| Ee� vhw wr htxdolw|=
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Vxfk d erxqw| phfkdqlvp zrxog eh d iruwlrul pruh h�hfwlyh li wkh hpsor|hhv

glg qrw vwd| iru hyhu zlwklq wkh �up1 Iru h{dpsoh/ li hpsor|hhv zrun iru rqo|

rqh shulrg/ wkh �up vkrxog judqw lq hdfk shulrg d erqxv � ' o1 Wkh plqlpdo

uhzdug 	o qhhghg wr ghwhu shuihfw frooxvlrq zrxog wkhq eh jlyhq e|=
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75Lq sudfwlfh/ �upv pd| wu| wr uhwdoldwh � lq sduwlfxodu/ wkh hpsor|hh*v mre rssruwxqlwlhv

zrxog ehfrph pruh xqfhuwdlq1 Krzhyhu/ wkh uhzdug u frxog hdvlo| uhsuhvhqw d kxjh vxp

frpsduhg zlwk wkh hpsor|hh*v h{shfwhg glvfrxqwhg olihwlph vdodu| +wklqn ri d vl}hdeoh iudfwlrq

vwuhdp ri wkh �qhv lpsrvhg rq wkh �upv/ dv lq wkh XV erxqw| ghylfh iru surfxuhphqw iudxg,1

Ixuwkhupruh/ lw pd| eh hdvlhu wr nhhs uhsruwlqj vhfuhw lq wkh fdvh ri d vlqjoh lqglylgxdo/ dv

frpsduhg zlwk wkdw ri d �up1
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dqg zrxog wkxv eh pxfk orzhu wkdq - zkhq B lv forvh wr �/ vlqfh

- ' Z( � Z� � 48 n
B

�� B
?	o�

Uhzdugv gr qrw frph zlwkrxw d frvw1 Lq sduwlfxodu judqwlqj vhfuhw uhzdugv iru

vhfuhw uhsruwv lv olnho| wr h{dfhuedwh wkh hqirufhu*v whpswdwlrq wr dexvh ri sxeolf

ixqgv1 Wklv frvw kdv ehhq glvfxvvhg dw ohqjwk e| srolwlfdo vflhqwlvwv exw krz grhv

wklv frvw �dqg/ pruh jhqhudoo|/ wkh xqghuo|lqj uhdvrqv iru olplwlqj vhfuhw ru sxeolf

uhzdugv� lqwhudfw zlwk wkh ghvljq ri dqwlwuxvw hqirufhphqw vwloo uhpdlqv dq rshq

lvvxh1

Ohqlhqf| surjudpv Lq sudfwlfh/ frpshwlwlrq dxwkrulwlhv uduho| r�hu uhzdugv

iru uhsruwlqj frooxvlrq1 Lqvwhdg/ wkh ohqlhqf| surjudpv vhhn wr hqfrxudjh gh0

ihfwlrq iurp fduwho djuhhphqwv e| jlylqj dpqhvw| iurp fulplqdo survhfxwlrq1

Dpqhvw| pd| eh r�huhg rqo| wr wkh �uvw lqirupdqw/ ru pd| eh h{whqghg wr

odwhu lqirupdqwv li wkh| eulqj dgglwlrqdo hylghqfh wkdw lqfuhdvhv wkh olnholkrrg

ri vxffhvv ri wkh survhfxwlrq1 Olnhzlvh/ wkh surjudp pd| dsso| rqo| wr lqiru0

pdwlrq jlyhq ehiruh dq hqtxlu| lv odxqfkhg/ ru pd| eh h{whqghg wr lqirupdwlrq

74



jlyhq diwhu dq lqyhvwljdwlrq kdv ehhq vwduwhg176 Wkhvh ohqlhqf| surjudpv kdyh

ehhq vxffhvvixo/ sduwlfxoduo| lq wkh XV/ erwk lq whupv ri wkh qxpehu ri vxffhvvixo

survhfxwlrqv dqg lq wkh uhfrug ohyhov ri wkh �qhv1 Wklv pd| vrxqg vxusulvlqj lq

wkh oljkw ri wkh deryh dqdo|vlv/ vlqfh lq sudfwlfh uhsruwlqj kdv kdugo| ehhq nhsw

vhfuhw �dqg wkh deryh dqdo|vlv vxjjhvwv wkdw ohqlhqf| pdnhv frooxvlrq udwkhu pruh

dsshdolqj lq wkh fdvh ri sxeolf uhsruwlqj177

76Lq wkh XV/ dpqhvw| lv r�huhg wr wkh �uvw lqirupdqw rqo|1 Wkh HX surjudp r�huv d :80

433( uhgxfwlrq ri wkh �qh wr wkh �uvw fduwho phpehu wr lqirup wkh Hxurshdq Frpplvvlrq

ehiruh dq r!fldo lqyhvwljdwlrq lv vwduwhg/ dv zhoo dv d orzhu 830:8( uhgxfwlrq wr wkh �uvw fduwho

phpehu wkdw zrxog eulqj lqirupdwlrq rqfh dq lqyhvwljdwlrq kdv vwduwhg1 Exw lq dgglwlrq/ fduwho

phpehuv wkdw �frrshudwh� zlwk wkh Frpplvvlrq gxulqj wkh survhfxwlrq fdq ehqh�w iurp d

43083( uhgxfwlrq ri wkh �qh1 Wklv dssolhv qrw rqo| wr dq| phpehu wkdw surylghv �hylghqfh

wkdw pdwhuldoo| frqwulexwh wr hvwdeolvklqj wkh h{lvwhqfh ri wkh lqiulqjhphqw�/ exw lw dssolhv dv

zhoo wr d phpehu wkdw �lqirupv wkh Frpplvvlrq wkdw lw grhv qrw vxevwdqwldoo| frqwhvw wkh idfwv

rq zklfk wkh Frpplvvlrq edvhv lwv doohjdwlrqv1�

77Wkhuh duh ri frxuvh ydulrxv uhdvrqv zk| d fduwho phpehu pd| zlvk wr uhsruw frooxvlrq lq

sudfwlfh1 Iru h{dpsoh/ d pdyhulfn �up ru d qhz dqg h!flhqw hqwudqw pd| zdqw wr vkdnh rxw

h{lvwlqj duudqjhphqwv lq rughu wr jdlq d ehwwhu srvlwlrq lq wkh pdunhw1 Dovr/ vrph lqglylgxdov

pd| dfw dv zklvwoheorzhuv ehfdxvh wkh| glvdjuhh zlwk wkhlu hpsor|huv* sduwlflsdwlrq lq d fduwho/

ru ehfdxvh wkh| vhhn uhyhqjh iru kdylqj ehhq edgo| wuhdwhg �iru zurqj ru jrrg uhdvrqv� e|
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Dv hpskdvl}hg e| Prwwd dqg Sror +5333,/ ohqlhqf| surjudpv pd| krzhyhu

khos frpshwlwlrq dxwkrulwlhv wr vxffhvvixoo| survhfxwh d fdvh rqfh dq lqyhvwljdwlrq

kdv ehhq odxqfkhg1 Wklv pd| eh sduwlfxoduo| xvhixo li wkh frpshwlwlrq dxwkrulw|

fdq lpsrvh vrph uhvwulfwlrq rq �upv* frqgxfw rqfh d fduwho kdv ehhq h{srvhg1

L kdyh dvvxphg vr idu wkdw frpshwlwlrq dxwkrulwlhv frxog lpsrvh �qhv exw qrw

glfwdwh �upv* frqgxfw �Vsdjqror +5333d, vxssrvhv lqvwhdg wkdw/ rqfh d fduwho kdv

ehhq h{srvhg/ wkh frpshwlwlrq dxwkrulw| fdq glvflsolqh wkh lqgxvwu| dqg irufh wkh

frpshwlwlyh rxwfrph iru hyhu1 Lq sudfwlfh/ d vxffhvvixo survhfxwlrq lv olnho| wr

kdyh d glvflsolqh h�hfw iru dw ohdvw d olplwhg wlph1 Lq wkdw fdvh/ lpsurylqj wkh

fkdqfhv ri ghwhfwlrq dqg vxffhvvixo survhfxwlrq kdv wzr ehqh�wv= lw frqwulexwhv

dv ehiruh wr glvfrxudjh �upv iurp frooxglqj/ dqg khosv frpshwlwlrq dxwkrulwhv wr

euhdn0xs h{lvwlqj fduwhov1

Wr vwxg| wklv ixuwkhu/ fkdqjh wkh deryh iudphzrun dv iroorzv1 Lq hdfk shulrg/

wkh frpshwlwlrq dxwkrulw| dxglwv zlwk suredelolw| k> li lw rshqv dq lqyhvwljdwlrq

dqg d �up uhsruwv frooxvlrq/ wkh dxwkrulw| lpsrvhv d uhgxfhg �qh s dqg fdq irufh

wkh frpshwlwlyh rxwfrph lq wkdw shulrg> rwkhuzlvh/ lw pxvw survhfxwh dqg fdq

irufh wkh frpshwlwlyh rxwfrph �dqg lpsrvh wkh pd{lpdo �qh 8� rqo| zlwk vrph

wkhlu hpsor|huv1
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suredelolw| R178

Wkuhh vwudwhjlhv duh uhohydqw iru wkh �upv= �Frpshwh� +dozd|v frpshwh,/

�Frooxgh� +dozd|v frooxgh dqg qhyhu uhsruw frooxvlrq, dqg �Uhsruw� +dozd|v fro0

oxgh dqg uhsruw frooxvlrq zkhqhyhu dq lqyhvwljdwlrq lv rshqhg,1 Wkh ydoxh dw0

wdfkhg wr erwk iroorzlqj wkh �uvw vwudwhj| lv

T �J6Re|e '
Z�

�� B
�

Li �upv lqvwhdg frooxgh dqg qhyhu uhsruw> lq hdfk shulrg wkh| jhw wkh fduwho

sur�w/ Z� / h{fhsw zkhq wkhuh lv dq dxglw iroorzhg e| d vxffhvvixo survhfxwlrq/

zklfk kdsshqv zlwk suredelolw| kR/ lq zklfk fdvh wkh frpshwlwlyh rxwfrph lv

lpsohphqwhg=

T �J,,�_e '
E�� kR� Z� n kR

�
Z� � 8

�
�� B

�

Odvw/ li �upv fkrrvh wr frooxgh exw frrshudwh zlwk wkh dxwkrulw| zkhq dq

lqyhvwljdwlrq lv odxqfkhg/ wkh| orvh wkh fduwho sur�w zkhqhyhu wkhuh lv dq dxglw

78Lq dgglwlrq/ Prwwd dqg Sror vxssrvh wkdw �upv* frrshudwlrq dovr vshhgv xs wkh survhfxwlrq

vwdjh1 Lq wkhlu prgho/ zkhq wkh dxwkrulw| rshqv dq lqyhvwljdwlrq lq shulrg w/ lw fdq irufh wkh

frpshwlwlyh rxwfrph lq shulrg w. 4 li �upv frrshudwh/ rwkhuzlvh/ lw pxvw survhfxwh lq shulrg

w. 4 dqg fdq irufh wkh frpshwlwlyh rxwfrph +zlwk suredelolw| s, rqo| lq shulrg w. 51
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exw ehqh�w lq wkdw fdvh iurp wkh uhgxfhg �qh=

T -eRJo| '
E�� k�Z� n k

�
Z� � s

�
�� B

�

Lqwxlwlyho|/ d Uhsruw htxloleulxp h{lvwv zkhq wkh suredelolw| ri lqyhvwljdwlrq

lv qrw wrr odujh/ vlqfh wkh �upv* sd|r� wr frooxglqj lv wkhq odujh �dqg zkhqhyhu

s 	 8 / hdfk �up kdv dq lqfhqwlyh wr uhsruw frooxvlrq zkhq dq lqyhvwljdwlrq

lv rshqhg/ li lw h{shfwv wkh rwkhuv wr gr vr1 D Frooxgh htxloleulxp dovr h{lvwv

zkhq k lv vpdoo/ dqg wklv htxloleulxp lv pruh sur�wdeoh iru wkh �upv li wkh

survhfxwlrq h�ruw R lv qrw wrr odujh1 Odvw/ wkh frpshwlwlrq dxwkrulw| fdq ghwhu

frooxvlrq li lw lv yhu| dfwlyh +rqo| wkh Frpshwh htxloleulxp h{lvwv zkhq k dqg

R duh erwk forvh wr �,1 Zhoiduh +jurvv ri hqirufhphqw frvwv, lv kljkhvw lq wkh

Frpshwh uhjlph= lq wkh Uhsruw htxloleulxp/ lw lv orzhu erwk ehfdxvh frooxvlrq

rffxuv zlwk vrph suredelolw| E�� k� dqg ehfdxvh frooxvlrq ghwhuuhqfh rffxuv h{

srvw/ zlwk d odj ri rqh shulrg1 Lq wkh Frooxgh uhjlph/ zhoiduh lv ixuwkhu uhgxfhg

e| wkh dgglwlrqdo survhfxwlrq ghod| +wkh frpshwlwlrq dxwkrulw| qhhgv wzr shulrgv

wr hqirufh frpshwlwlrq lq rqh shulrg,1

Wr ghwhuplqh wkh rswlpdo hqirufhphqw srolf|/ Prwwd dqg Sror vxssrvh wkdw
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wkh dxwkrulw| idfhv d exgjhw frqvwudlqw ri wkh irup

� Ekc R� � 7�c

zkhuh � Ekc R� ghqrwhv wkh exgjhw h{shqvhv dvvrfldwhg zlwk wkh dxglw suredelolw|

k dqg wkh txdolw| ri survhfxwlrq R/ dqg 7� uhsuhvhqwv wkh dxwkrulw|*v pd{lpdo

exgjhw1 Prwwd dqg Sror �uvw fkdudfwhul}h wkh ehvw srolf| iru hdfk w|sh ri htxl0

oleulxp1 Dv xvxdo/ lq rughu wr ghwhu frooxvlrq dv h�hfwlyho| dv srvvleoh/ lw lv dozd|v

ehvw wr lpsrvh wkh odujhvw �qh lq wkh devhqfh ri frrshudwlrq iurp wkh �upv1 Lw

lv ixuwkhu vkrzq wkdw/ wr lqgxfh frrshudwlrq zlwk wkh frpshwlwlrq dxwkrulw| +wkh

Uhsruw uhjlph, wkh ehvw srolf| lv �ixoo ohqlhqf|� +s ' f,= lq rughu wr lqgxfh �upv

wr uhsruw frooxvlrq/ wkh frpshwlwlrq dxwkrulw| fdq hlwkhu uhgxfh wkh �qh Es 	 8 �

ru lqfuhdvh wkh txdolw| ri survhfxwlrq> exw wkh odwwhu kdv d frvw �lw uhtxluhv lq0

fuhdvlqj whdpv* vl}h/ wkhuhe| orzhulqj wkh suredelolw| ri lqyhvwljdwlrq1

Frqyhuvho|/ wkh ehvw srolf| lq d Frooxgh uhjlph frqvlvwv lq dyrlglqj dq| oh0

qlhqf| Es ' 8 �1 Wklv kdv qr lpsdfw rq wkh htxloleulxp sdwk +vlqfh �upv qhyhu

frrshudwh zlwk wkh dxwkrulw|, exw holplqdwhv wkh shuyhuvh sur0frooxvlyh h�hfw ri

ohqlhqf| surjudpv/ e| uhgxflqj wkh h{shfwhg �qhv lpsrvhg lq wkh fdvh ri dq dxglw1

Vlploduo|/ wkh ehvw zd| wr frpsohwho| ghwhu frooxvlrq +l1h1/ wr lpsrvh wkh Frp0
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shwh uhjlph, lv judqwlqj qr ohqlhqf|1 Wklv lv qrw frpsohwho| vwudljkwiruzdug khuh/

vlqfh lq sulqflsoh wkh frpshwlwlrq dxwkrulw| frxog wu| wr ghvwdelol}h frooxvlrq e|

lqgxflqj uhsruwv rqfh dq dxglw lv odxqfkhg1 Krzhyhu/ rqh pxvw ehdu lq plqg wkdw

lqwurgxflqj ohqlhqf| jhqhudwhv dgglwlrqdo zd|v ri frooxvlrq1 Iru h{dpsoh/ �upv

pd| fkrrvh wr dozd|v frooxgh dqg uhsruw zkhqhyhu wkhuh lv dq dxglw1 Wklv lv dq

htxloleulxp zkhqhyhu sxuh frooxvlrq +zlwkrxw uhsruwlqj, lv dq htxloleulxp dqg

uhsruwlqj lv sur�wdeoh179 Wkhuhiruh/ ohqlhqf| frxog khos suhyhqwlqj frooxvlrq rqo|

li

� wkh Frooxgh uhjlph zdv vxvwdlqdeoh lq wkh devhqfh ri ohqlhqf|/ zklfk lq

sduwlfxodu lpsolhv=

Z� � E�� kR�Z� n kR
�
Z� � 8

�
c +<,

79Wr vhh wklv/ qrwh �uvw wkdw qr �up kdv dq lqfhqwlyh qrw wr uhsruw frooxvlrq li lw h{shfwv wkh

rwkhu wr uhsruw lw1 Wkxv wkh rqo| uhohydqw frqvwudlqw lv

�G � �P � �

�
aY U �

�F

4� �

�
>

zklfk lv ohvv uhvwulfwlyh wkdq wkh rqh iru wkh Frooxgh uhjlph/

�G � �P � �

�
aYP �

�F

4� �

�
>

zkhqhyhu wkh Uhsruw uhjlph lv pruh sur�wdeoh +lpso|lqj aY U A aYP ,1
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� dqg wklv Frooxgh uhjlph lv pruh sur�wdeoh wkdq wkh Uhsruw uhjlph/ zklfk

lv wkh fdvh rqo| li T �J,,�_e : T -eRJo|=

E�� kR� Z� n kR
�
Z� � 8

�
: E�� k� Z� n k

�
Z� � s

�
c

ru=

E�� R�Z� n R
�
Z� � 8

�
: Z� � sc

wkdw lv/ li wkh dxglw kdv d orz suredelolw| ri vxffhvv=

R 	 7R Es� �
Z� � Z� n s

Z� � Z� n 8
� +43,

Exw zkhq wkh wzr frqglwlrqv Eb� dqg E�f� duh vdwlv�hg/ d �up kdv qr lqfhqwlyh

wr ghyldwh iurp wkh Frooxgh uhjlph hyhq rqfh dq dxglw lv odxqfkhg1 Vxfk ghyldwlrq

zrxog |lhog

Z� � s n
BZ�

�� B
	 E�� R�Z� n R

�
Z� � 8

�
n

B

�� B

�
E�� kR�Z� n kR

�
Z� � 8

��
c

zkhuh wkh uljkw0kdqg vlgh lv suhflvho| wkh �up*v h{shfwhg sur�w rqfh dq dxglw lv

odxqfkhg/ lq wkh devhqfh ri uhsruwlqj1

Odvw/ Prwwd dqg Sror ghwhuplqh wkh rswlpdo hqirufhphqw srolf|/ dv d ixqf0

wlrq ri wkh uhvrxufhv ri wkh frpshwlwlrq dxwkrulw|1 Lw lv ri frxuvh rswlpdo wr ghwhu

7;



frooxvlrq li wkh dxwkrulw| kdv vx!flhqw uhvrxufhv wr gr vr dqg/ dv zh mxvw vdz/ wkh

ehvw zd| wr dfklhyh wklv uhvxow lv wr uxoh rxw dq| ohqlhqf|1 Li wkh dxwkrulw| kdv

ohvv uhvrxufhv/ lw pxvw fkrrvh ehwzhhq wzr frooxglqj uhjlphv= d uhjlph zlwkrxw

uhsruwlqj �lq zklfk fdvh lw lv ehvw qrw wr lqwurgxfh ohqlhqf|� dqg rqh lq zklfk

�upv uhsruw rqfh dq lqyhvwljdwlrq lv odxqfkhg �wkdqnv wr d �ixoo0ohqjwk� ohqlhqf|

surjudp/ wrjhwkhu zlwk d kljk survhfxwlrq h�ruw17: Wkh wudgh0r� ehwzhhq wkrvh

wzr uhjlphv lv dv iroorzv1 Lqgxflqj uhsruwlqj wkurxjk d ohqlhqf| surjudp lp0

suryhv wkh vxffhvv ri dxglw exw uhtxluhv d frpplwphqw wr d kljk survhfxwlrq

h�ruw +R : 7R, lq rughu wr frqylqfh �upv wkdw lw lv lq wkhlu lqwhuhvw wr uhsruw17;

Lq frqwudvw/ ljqrulqj wkh srvvlelolw| ri uhsruwlqj doorzv wkh frpshwlwlrq dxwkru0

lw| wr vdyh rq survhfxwlrq dqg ghyrwh pruh uhvrxufhv iru odxqfklqj dgglwlrqdo

lqyhvwljdwlrqv1

7:Dv srlqwhg rxw deryh/ �upv pxvw �qg lw sur�wdeoh wr djuhh rq uhsruwlqj lq wkh fdvh ri

dxglw/ zklfk lv wkh fdvh rqo| li s A �s1

7;Qrwh wkdw wkh txdolw| ri survhfxwlrq sod|v qr uroh lq �qh li �upv uhsruw frooxvlrq1 Vwloo/ lq

rughu wr lqgxfh uhsruwlqj/ wkh frpshwlwlrq dxwkrulw| pxvw pdlqwdlq d fuhgleoh kljk suredelolw|

ri vxffhvvixo survhfxwlrq dqg wkxv vsduh wkh qhhghg uhvrxufhv1
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515 Iljkwlqj idflolwdwlqj sudfwlfhv

Vkruw ri �jkwlqj frooxvlrq gluhfwo|/ frpshwlwlrq srolf| fdq wu| wr dwwdfn sudfwlfhv

wkdw idflolwdwh �upv* frruglqdwlrq1 Wkhvh sudfwlfhv pd| iru h{dpsoh=

� khos �upv wr �djuhh� rq wkh whupv ri wkh frooxvlyh djuhhphqw �h1j1/ lqirupdo

jdwkhulqjv jlylqj wkh rssruwxqlw| wr hqjdjh lq �fkhds0wdon� ohdglqj wr wkh

vhohfwlrq +ru qhjrwldwlrq, ri wkh ghvluhg whupv ri djuhhphqwv>7<

� vhuyh lwv lpsohphqwdwlrq �h1j1/ frppxqlfdwlrq ghylfhv doorzlqj �upv wr

h{fkdqjh kdug ru vriw lqirupdwlrq dqg ehwwhu dgdsw wkhlu vwudwhjlhv wr wkh

hqylurqphqw>

� frqwulexwh wr lwv hqirufhphqw �h1j1/ sudfwlfhv wkdw hqkdqfh wkh ghwhfwlrq ri

ghyldwlrqv iurp d frooxvlyh djuhhphqw dqg2ru wkh vhyhulw| ri wkh sxqlvk0

phqwv wkdw fdq eh lq lfwhg rq ghyldwruv1

L glvfxvv khuh vrph looxvwudwlrqv ri wkh odwwhu wzr dvshfwv1

7<PfFxwfkhrq +4<<:, srlqwv rxw wkdw/ e| idflolwdwlqj wkh uhqhjrwldwlrq ri wkh frqwlqxdwlrq

htxloleuld rqfh d ghyldwlrq kdv rffxuuhg/ phhwlqjv lq �vprnh0�oohg urrpv� fdq dfwxdoo| pdnh

frooxvlrq pruh gl!fxow wr vxvwdlq +vlqfh wkh| uhgxfh wkh pdjqlwxgh ri wkh sxqlvkphqwv wkdw

fdq eh lq lfwhg rq ghyldwruv,1
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51514 Frppxqlfdwlrq ghylfhv

Lw kdv orqj ehhq uhfrjql}hg wkdw frppxqlfdwlrq fdq idflolwdwh frooxvlrq183 Iluvw/

frppxqlfdwlrq pd| khos �upv wr frruglqdwh wkhpvhoyhv rq d sduwlfxodu htxlole0

ulxp1 Wklv frruglqdwlrq sureohp lv sduwlfxoduo| dfxwh lq wkh frqwh{w ri uhshdwhg

jdphv/ zkhuh wkh vhw ri htxloleuld fdq eh yhu| odujh184 Vhfrqg/ lqirupdwlrq derxw

ulydov* sdvw ehkdylru �eh lw gluhfw revhuydwlrq ri wkhlu vwudwhjlhv/ ru hqkdqfhg

lqirupdwlrq rq wkh hqylurqphqw wkdw doorz d pruh dffxudwh lqihuhqfh ri wkhlu

ehkdylru� doorzv �upv wr ehwwhu ghwhfw ghyldwlrqv dqg wuljjhu sxqlvkphqwv1 Iru

h{dpsoh/ lq d vwdqgdug uhshdwhg Ehuwudqg gxrsro| zlwk olqhdu frvwv/ li sulfhv duh

sxeolfo| revhuyhg �upv fdq vxvwdlq frooxvlrq li dqg rqo| li

Z�

2
� E�� B� Z� n B � fc

wkdw lv/ zkhqhyhu B � �*2� Krzhyhu/ li �upv revhuyh wkhlu ulydo*v sulfh rqo| hyhu|

A shulrgv/ wkhq frooxvlrq ehfrphv vxvwdlqdeoh rqo| li

Z�

2
�
�
�� BA

�
Z� n BA � fc

83Vhh Nÿkq +5333, iru d uhfhqw glvfxvvlrq1 Wkhuh lv dovr d vxevwdqwldo hpslulfdo olwhudwxuh

�vhh h1j1/ Ydq Kx|fn0Edwwdolr0Ehlo +4<<3, dqg Frrshu0Ghmrqj0Iruv|wkh0Urvv +4<;<,1

84Iduuhoo +4<;:, kdv ehhq dprqj wkh �uvw wr irupdol}h wkh lghd wkdw �fkhds wdon� fdq khos

uhvroyh wklv �vwudwhjlf xqfhuwdlqw|� sureohp1
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wkdw lw zkhqhyhu B � BW EA � � E�*2��*A 1 Wkxv/ frooxvlrq lv pruh gl!fxow wr

vxvwdlq zkhq �upv revhuyh hdfk rwkhu*v sulfh ohvv riwhq +BW EA � lqfuhdvhv zlwk A

dqg whqgv wr � zkhq A jurzv lq�qlwho|,1 Uhodwhgo|/ Juhhq dqg Sruwhu +4<;7,

kdyh vkrzq wkdw frooxvlrq lv pruh gl!fxow wr vxvwdlq zkhq �upv fdqqrw revhuyh

ru lqihu hdfk rwkhu*v ehkdylru185

Odvw/ frppxqlfdwlrq pd| khos ghylvlqj pruh h!flhqw frooxvlyh djuhhphqwv/

sduwlfxoduo| zkhq �upv kdyh sulydwh lqirupdwlrq derxw frvw ru ghpdqg frqgl0

wlrqv1 Frppxqlfdwlrq pd| iru h{dpsoh doorz �upv wr doorfdwh surgxfwlrq wr wkh

prvw h!flhqw �up1 Dwkh| dqg Edjzhoo +4<<<, dqdo|}h wklv lvvxh e| frqvlghulqj d

gxrsro| zkhuh �upv* xqlw frvwv fdq wdnh wzr ydoxhv/ kljk ru orz/86 zlwk lqghshq0

ghqw gudzv lq hdfk shulrg> hdfk �up nqrzv wkh uhdol}dwlrq ri lwv frvwv exw grhv

qrw revhuyh wkdw ri lwv ulydo1 Lq dgglwlrq/ ghpdqg lv vwdwlrqdu| dqg lqhodvwlf> wkh

prqrsro| sulfh lv wkxv htxdo wr frqvxphuv* uhvhuydwlrq sulfh/ zklfk lv frqvwdqw

ryhu wlph1 Lq wkh devhqfh ri frppxqlfdwlrq ehwzhhq wkh �upv/ surgxfwlyh h!0

85Iurp d gl�huhqw shuvshfwlyh/ Frpswh +4<<;, dqg Ndqgrul0Pdwvxvklpd +4<<;, dujxh wkdw lq

jdphv lq zklfk sod|huv kdyh sulydwh lqirupdwlrq derxw wkh klvwru| ri sod|/ lqwurgxflqj sxeolf

frppxqlfdwlrq jlyhv d uhfxuvlyh vwuxfwxuh wr wkh jdph dqg wkxv doorzv wkh xvh ri g|qdplf

surjudpplqj whfkqltxhv1

86Dwkh|0Edjzhoo0Vdqfklulfr +4<<;, frqvlghu wkh fdvh ri d frqwlqxxp ri w|shv1
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flhqf|/ zklfk uhtxluhv wkh orz0frvw �up wr vhuyh wkh hqwluh pdunhw zkhqhyhu wkh

wzr frvwv gl�hu/ fdqqrw eh dfklhyhg li �upv zdqw wr pdlqwdlq wkh prqrsro| sulfh

lq hdfk shulrg187

Lq wklv frqwh{w/ wr eh vxvwdlqdeoh frooxvlrq pxvw phhw wzr w|shv ri frqvwudlqwv=

� �R�0vfkhgxoh� frqvwudlqwv= wkhvh duh wkh vwdqgdug frqvwudlqwv wkdw pxvw eh

phw hyhq lq wkh devhqfh ri dv|pphwulf lqirupdwlrq> d �up pd| eh whpswhg

wr fkhdw dqg xqghufxw lwv ulydo li wkh vkruw0whup jdlqv iurp vxfk d ghyldwlrq

rxwzhljk wkh orvv ri sur�wv lq wkh iroorzlqj shulrgv1

� �Rq0vfkhgxoh� frqvwudlqwv= wkhvh frqvwudlqwv ghulyh iurp wkh dv|pphwu|

ri lqirupdwlrq ehwzhhq wkh �upv> dprqj wkh sulfhv ru txdqwlwlhv wkdw duh

frpsdwleoh zlwk wkh frooxvlyh vwudwhj|/ d �up pxvw eh lqgxfhg wr vhohfw wkh

rqh wkdw fruuhvsrqgv wr wkh uhdol}dwlrq ri lwv frvw1

Dwkh| dqg Edjzhoo srlqw rxw wkdw/ zkhq �upv duh sdwlhqw/ rqo| wkh odwhu

frqvwudlqwv duh uhohydqw1 Lq wkdw fdvh/ �upv zloo pdlqwdlq wkh prqrsro| sulfh/

87Wklv ihdwxuh ri wkh prgho fdswxuhv wkh hvvhqfh ri wkh uroh ri frppxqlfdwlrq1 Lq ulfkhu

prghov/ lq wkh devhqfh ri irupdo frppxqlfdwlrq �upv frxog xvh dgglwlrqdo yduldeohv +h1j1/

sulfhv, wr uhyhdo sduw ri wkhlu lqirupdwlrq1
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zlwk ru zlwkrxw frppxqlfdwlrq> iruelgglqj frppxqlfdwlrq fdq wkxv kdyh wkh

dgyhuvh h�hfw ri vlpso| suhyhqwlqj �upv iurp dfklhylqj surgxfwlyh h!flhqf|1

Krzhyhu/ li �upv duh pruh lpsdwlhqw/ suhyhqwlqj frooxvlrq pd| irufh wkhp wkh

fkdujh orzhu sulfhv1

51515 Uhvdoh sulfh pdlqwhqdqfh

Frpshwlwlrq dxwkrulwlhv* dwwlwxgh wrzdugv yhuwlfdo uhvwudlqwv wuhdwv jhqhudoo| sulfh

uhvwulfwlrqv pruh vhyhuho| wkdq qrq0sulfh uhvwulfwlrqv vxfk dv h{foxvlyh whuulwrulhv/

vhohfwlyh glvwulexwlrq/ hwf1 Lq sduwlfxodu/ Uhvdoh Sulfh Pdlqwhqdqfh +-��, lv

riwhq ylhzhg dv shu vh loohjdo ru/ dw wkh yhu| ohdvw/ dv prvw suredeo| xqghvludeoh1

Wklv frqvhqvxv djdlqvw -�� frqwudvwv zlwk wkh hfrqrplf dqdo|vlv ri yhuwlfdo

uhvwudlqwv/ zklfk vkrzv wkdw erwk sulfh dqg qrq0sulfh yhuwlfdo uhvwulfwlrqv pd|

hlwkhu lpsuryh ru kdup hfrqrplf h!flhqf| �dqg riwhq surylgh dowhuqdwlyh zd|v wr

dfklhyh wkh vdph remhfwlyh1 Ixuwkhupruh/ pdq| dujxphqwv xvhg lq frxuw lq idyru

ri qrq0sulfh uhvwulfwlrqv zrxog dsso| dv zhoo wr -�� 1 Rqh dujxphqw pdgh lq

sudfwlfh djdlqvw -�� / krzhyhu/ lv wkdw lw frxog idflolwdwh krul}rqwdo djuhhphqwv1

Iru h{dpsoh/ lq V|oydqld dqg Exvlqhvv Hohfwurqlfv/ wkh Vxsuhph Frxuw uhshdwhgo|

uholhg rq wkdw dujxphqw wr mxvwli| wkh shu vh loohjdolw| ri -�� =
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�Rxu rslqlrq lq JWH V|oydqld qrwhg d vljql�fdqw glvwlqfwlrq ehwzhhq yhuwlfdo

qrq0sulfh dqg yhuwlfdo sulfh uhvwudlqwv1 Wkdw lv/ wkhuh zdv vxssruw iru wkh sursr0

vlwlrq wkdw yhuwlfdo sulfh uhvwudlqwv uhgxfh lqwhu0eudqg sulfh frpshwlwlrq ehfdxvh

wkh| �idflolwdwh fduwhol}lqj�1111 Wkh dxwkrulwlhv flwhg e| wkh Frxuw vxjjhvwhg krz

yhuwlfdo sulfh djuhhphqwv pljkw dvvlvw krul}rqwdo sulfh �{lqj dw wkh pdqxidfwxuhu

ohyho +e| uhgxflqj wkh pdqxidfwxuhu*v lqfhqwlyh wr fkhdw rq d fduwho/ vlqfh lwv uh0

wdlohuv frxog qrw sdvv rq orzhu sulfhv wr frqvxphuv, ru pljkw eh xvhg wr rujdql}h

fduwhov dw wkh uhwdlohu ohyho1 Vlplodu vxssruw iru wkh fduwho0idflolwdwlqj h�hfw ri

yhuwlfdo qrq0sulfh uhvwudlqwv zdv dqg uhpdlqv odfnlqj�188

Dv vwdwhg/ wkh dujxphqw wkdw -�� fdq idflolwdwh frooxvlrq e| uhgxflqj wkh

pdqxidfwxuhu*v lqfhqwlyh wr ghyldwh dqg orzhu lwv zkrohvdoh sulfh lv qrw yhu| frq0

ylqflqj= d pdqxidfwxuhu frxog �fkhdw� rq wkh fduwho djuhhphqw e| prgli|lqj erwk

wkh uhwdlo sulfh dqg wkh zkrohvdoh sulfh dw wkh vdph wlph �USP pljkw dfwxdoo|

pdnh vxfk ghyldwlrq pruh dsshdolqj/ e| hqvxulqj wkdw wkh fxw lq zkrohvdoh sulfh

lv qrw sduwldoo| dssursuldwhg e| uhwdlohuv1 Mxoolhq0Uh| +5333, h{soruhv wkh lvvxh

ixuwkhu/ vwduwlqj iurp wkh lghd wkdw/ xqghu -�� / uhwdlo sulfhv duh fhqwudoo| vhw e|

wkh pdqxidfwxuhu dqg wkxv gr qrw ixoo| dgmxvw wr orfdo yduldwlrqv rq uhwdlo frvwv

887;8 X1V1 :4: +4<;;, dw :58091
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ru ghpdqg> dv d uhvxow/ uhwdlo sulfhv duh pruh xqlirup xqghu -�� / dqg ghyld0

wlrqv iurp d wdflw djuhhphqw duh wkxv pruh hdvlo| ghwhfwhg> lw iroorzv wkdw -�� /

zkloh ehlqj ohvv h!flhqw vlqfh lw jhqhudwhv ohvv  h{leoh sulfhv/ fdq eh dgrswhg wr

idflolwdwh lqwhueudqg frooxvlrq1

Frqvlghu wkh iroorzlqj iudphzrun1 Wzr lq�qlwho|0olyhg surgxfhuv E� ' �c 2�

vhoo wr vkruw0vljkwhg uhwdlohuv1 Lq hdfk shulrg/ hdfk surgxfhu vljqv dq h{foxvlyh

frqwudfw zlwk d uhwdlohu1 Ghpdqg lv olqhdu lq sulfhv dqg vwrfkdvwlf=

(�ER�c R�� ' _n 0� � R� n jR�c � 9' � ' �c 2c

zkhuh wkh vkrfnv 0� dqg 02 duh lqghshqghqwo| dqg xqlirupo| glvwulexwhg rq wkh

lqwhuydo d�70c70o1 Surgxfwlrq dqg uhwdlo frvwv duh qrupdol}hg wr f/ dqg pdqxidf0

wxuhuv idfh d �{hg frvw &1 Dw wkh frqwudfwlqj vwdjh/ wkh vkrfnv 0� dqg 02 duh

xqnqrzq wr doo sduwlhv dqg pdqxidfwxuhuv kdyh doo wkh edujdlqlqj srzhu1 Wkhq/

0� lv revhuyhg e| uhwdlohu � exw qrw e| wkh pdqxidfwxuhuv qru wkh rwkhu uhwdlohu189

Lq wkh devhqfh ri -�� / hdfk pdqxidfwxuhu � r�huv d frqwudfw frpsrvhg ri d

iudqfklvh ihh �� dqg d zkrohvdoh sulfh ��> xqghu -�� / lw fdq pruhryhu vhw wkh

uhwdlo sulfh R�1 Wkh wlplqj ri wkh vwdjh jdph lv wkxv dv iroorzv=

89D vlplodu dqdo|vlv dssolhv wr wkh fdvh ri lqghshqghqw vkrfnv rq uhwdlohuv* frvwv1
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� �uvw/ hdfk pdqxidfwxuhu � vhfuhwo| r�huv d frqwudfw E��c ��� ru E��c ��c R�� wr

d uhwdlohu/ zkr dffhswv lw ru qrw>

� vhfrqg/ hdfk uhwdlohu � revhuyhv 0� dqg/ li lw kdv dffhswhg wkh frqwudfw/ vhwv

wkh uhwdlo sulfh R� +dw wkh ohyho fkrvhq e| wkh pdqxidfwxuhu xqghu -��,>

� wklug/ ghpdqgv dqg sur�wv duh uhdol}hg> hdfk pdqxidfwxuhu ixuwkhu revhuyhv

wkh uhwdlo sulfhv dqg wkh qdwxuh ri wkh frqwudfw vljqhg e| lwv frpshwlwru1

Lq wkh devhqfh ri -�� / li lw dffhswv wkh frqwudfw E��c ��� uhwdlohu � zloo vhw

lwv sulfh wr8:

R� ' Re� n
0�
2
c +44,

zkhuh wkh h{shfwhg sulfh/ Re� / lv wkh ehvw uhvsrqvh wr uhwdlohu �*v h{shfwhg sulfh

Re�=

Re� �
_n �� n jRe�

2
( +45,

E| vhwwlqj wkh iudqfklvh ihh �� vr dv wr uhfryhu h{shfwhg uhwdlo sur�wv/ surgxfhu

8:Rqo| wkh ulydo*v h{shfwhg sulfh pdwwhuv/ gxh wr wkh olqhdulw| ri wkh ghpdqg ixqfwlrq dqg

wkh lqghshqghqfh ri wkh wzr ghpdqg vkrfnv1
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� fdq wkxv jhw dq h{shfwhg sur�w htxdo wr

Z
�
Re� c R

e
�

�
� Re�

�
_� Re� n jRe�

�
� &�

Ixuwkhupruh/ wkurxjk lwv zkrohvdoh sulfh hdfk surgxfhu fdq shuihfwo| prqlwru

wkh h{shfwhg uhwdlo sulfh ri lwv jrrg18; Wkhuhiruh/ wkh vwdjh jdph lv irupdoo|

lghqwlfdo wr rqh lq zklfk hdfk surgxfhu � �fkrrvhv� Re� �wkhuhe| jhqhudwlqj d

glvwulexwlrq ri uhwdlo sulfhv jlyhq e| R� ' Re� n
0�
2
dqg h{shfwhg sur�wv Z

�
Re� c R

e
�

�
1

Li erwk surgxfhuv slfn wkh vdph h{shfwhg sulfh Re/ wkhlu h{shfwhg sur�w lv wkhq

jlyhq e|

.
k�
Re n

0�
2

��
_n 0� �

�
Re n

0�
2

�
n jRe

�
� &

l
' Z ERec Re� n �c +46,

zkhuh

� �
702

�2

ghqrwhv wkh yduldqfh ri wkh uhwdlo sulfhv1

Uhvwulfwlqj dwwhqwlrq wr v|pphwulf htxloleuld/ dqg xvlqj wkh idfw wkdw vkrfnv

duh xqlirupo| glvwulexwhg/ lw fdq eh vkrzq wkdw wkh ehvw frooxvlyh vwudwhj| lv d wulj0

8;Wklv dssolhv erwk dorqj dq htxloleulxp sdwk dqg dorqj d xqlodwhudo ghyldwlrq/ vlqfh uhwdlohu

l*v h{shfwhg sulfh rqo| ghshqgv rq zl dqg wkh dqwlflsdwhg ydoxh ri shm 1
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jhu vwudwhj| ri wkh irup= �fkrrvh dq h{shfwhg sulfh Re> vwlfn wr Re dv orqj dv uhdo0

l}hg sulfhv duh frpsdwleoh zlwk wklv djuhhphqw +l1h1/ R�c R� 5 dRe � 70*2c Re n 70*2o,/

rwkhuzlvh sod| r +wkh vwudwhj| wkdw vxssruwv wkh htxloleulxp zlwk wkh orzhvw sd|0

r�/ Z,1�

Li erwk pdqxidfwxuhuv iroorz wklv vwudwhj|/ wkhlu h{shfwhg sur�w lv htxdo wr

Z ERec Re� n � E70�1 Li d ghyldwlrq zdv dozd|v ghwhfwhg zlwk suredelolw| �/ qr ghyl0

dwlrq zrxog wkxv eh sur�wdeoh li

4@ 
R

Z ERc Re�� Z ERec Re� �
B

�� B
dZ ERec Re� n � � Zo � +47,

Krzhyhu/ d vpdoo ghyldwlrq +Re� 5 dRe � 70c Re n 70o, zloo rqo| eh ghwhfwhg zlwk

suredelolw| mRe � Re� m *70 	 �1 Lq sduwlfxodu/ lw fdq eh fkhfnhg wkdw d �vpdoo�

ghyldwlrq +Re� voljkwo| gl�huhqw iurp Re, zloo qrw eh sur�wdeoh rqo| li=

70 m_� E2� j�Rem �
B

�� B
dZ ERec Re� n � � Zo � +48,

Lw wxuqv rxw wkdw wkh wzr frqglwlrqv E�e� dqg E�D� duh dfwxdoo| qhfhvvdu|

dqg vx!flhqw iru wkh vxvwdlqdelolw| ri frooxvlrq1 Lq wkh devhqfh ri -�� / wkh

prvw sur�wdeoh frooxvlyh vwudwhj| wkxv frqvlvwv lq pdlqwdlqlqj lq hdfk shulrg wkh

h{shfwhg sulfh/ R8 / zklfk pd{lpl}hv Z ERec Re� vxemhfw wr E�e� dqg E�D�1
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Zkhq surgxfhuv dgrsw -�� dqg lpsrvh wkh vdph uljlg sulfh R� E0�� ' Re/

wkh| ljqruh wkhlu uhwdlohuv* lqirupdwlrq derxw wkh ghpdqg vkrfnv dqg wkxv jhqhu0

dwh orzhu h{shfwhg sur�wv +Z ERec Re�/ lqvwhdg ri Z ERec Re�n� dv ehiruh,1 Dgrswlqj

-�� wkxv idflolwdwhv frooxvlrq e| pdnlqj ghyldwlrqv hdvlhu wr ghwhfw/ exw lw dovr

kxuwv frooxvlrq e| pdnlqj ghyldwlrqv pruh dwwudfwlyh �ghyldwlqj zlwk iudqfklvh

frqwudfwv jhqhudwhv dq dgglwlrqdo sur�w � frpsduhg zlwk -�� 18< Frooxvlrq rq

d uljlg sulfh Re lv vxvwdlqdeoh li dqg rqo| li

4@ 
R

ZERc Re� n � E70�� Z ERec Re� �
B

�� B
dZERec Re�� Zo � +49,

-�� wkxv doorzv wr ljqruh frqglwlrq E�D� �l1h1/ lw idflolwdwhv ghwhfwlrq� exw

uhvxowv lq d pruh vwulqjhqw frqglwlrq wkdq E�e� �ehfdxvh sulfh uljlglw|/ e| lwvhoi/

kxuwv sur�wv1

8<Dv orqj dv wkh qdwxuh ri wkh frqwudfw +USP ru qrw, lv sxeolf/ doorzlqj USP lqfuhdvhv

wkh vhw ri htxloleuld> lq sduwlfxodu/ wkh htxloleuld ghvfulehg deryh uhvlvw ghyldwlrqv lqyroylqj

USP vlqfh= +l, dq| vxfk ghyldwlrq lv ghwhfwhg zlwk suredelolw| 4> dqg +ll, sur�wv iurp wkrvh

ghyldwlrqv duh orzhu wkdq wkrvh dfklhyhg zlwk vlpsoh iudqfklvh frqwudfwv/ vlqfh USP pdnhv qr

xvh ri wkh uhwdlohu*v lqirupdwlrq1

Ehvlghv lpsurylqj wkh ghwhfwlrq ri ghyldwlrqv/ USP fdq dovr idflolwdwh frooxvlrq e| doorzlqj

iru wrxjkhu sxqlvkphqwv1 L zloo ljqruh wklv dvshfw khuh1
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Mxoolhq0Uh| +5333, vkrzv wkdw li wkh qrlvh lv qrw wrr lpsruwdqw +wkh dgyhuvh

h�hfw ri sulfh uljlglw| rq sur�wv rwkhuzlvh grplqdwhv,/ wkhuh h{lvwv d udqjh ri

ydoxhv iru wkh glvfrxqw idfwru zkhuh wkh prvw sur�wdeoh frooxvlyh vwudwhj| xvhv

-�� 1 Wklv lv wkh fdvh iru �lqwhuphgldwh� ydoxhv ri wkh glvfrxqw idfwru= zkhq lw

lv forvh wr �/ lw ehfrphv srvvleoh wr vxvwdlq wkh h{shfwhg sulfhv dw wkh prqrsro|

ohyho hyhq zlwk iudqfklvh frqwudfwv/ zklfk lv pruh sur�wdeoh vlqfh wklv pdnhv xvh

ri wkh uhwdlohuv* lqirupdwlrq> dqg iru yhu| orz ydoxhv ri wkh glvfrxqw idfwruv/ rqo|

sulfhv forvh wr wkh ohyho ri wkh vwdwlf Qdvk htxloleulxp fdq eh vxvwdlqhg erwk zlwk

ru zlwkrxw -�� / vr wkdw djdlq lw lv ehwwhu qrw wr lpsrvh uljlg sulfhv rq uhwdlohuv1

Wkhuh h{lvwv d plggoh udqjh/ krzhyhu/ zkhuh -�� doorzv surgxfhuv wr vxvwdlq

kljkhu sulfhv/ zklfk pruh wkdq frpshqvdwh wkh orvv ri sur�wdelolw| dwwdfkhg wr

sulfh uljlglw|1

Wklv dqdo|vlv kdv zhoiduh lpsolfdwlrqv1 Qrwh �uvw wkdw lpsrvlqj sulfh uljlglw|

pd| eh jrrg iru frqvxphuv= frqvxphu vxusoxv lv d frqyh{ ixqfwlrq ri wkh ghpdqg

E_n 0� � R� n jR��/ vr wkdw/ iru d jlyhq h{shfwhg sulfh/ frqvxphuv suhihu sulfhv

wkdw gr qrw dgmxvw wr ghpdqg vkrfnv �wkh| zrxog krzhyhu idyru sulfhv wkdw

dgmxvw wr frvw vkrfnv1 Ixuwkhupruh/ lq wkh fdvh ri ghpdqg vkrfnv/ dqg ghvslwh lwv
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qhjdwlyh lpsdfw rq sur�wv/ sulfh uljlglw| lqfuhdvhv wrwdo zhoiduh193 Krzhyhu/ �upv

zloo �qg lw sur�wdeoh wr dgrsw -�� lq htxloleulxp rqo| li lw ohdgv wr dq lqfuhdvh

lq sulfhv/ vx!flhqw wr r�vhw wkh dgyhuvh lpsdfw ri sulfh uljlglw|1 Exloglqj rq wklv/

lw fdq eh vkrzq wkdw zkhqhyhu wkh vfrsh iru frooxvlrq lv vxevwdqwldo/ edqqlqj

-�� lv vrfldoo| rswlpdo194

93Xvlqj CV@Csl @ �Gl dqg �l @ slGl/ wkh wrwdo h{shfwhg vxusoxv lv jlyhq e|=

CZ

Csl
+s4> s5> %4> %5, @

�
CV

Csl
.
C�l
Csl

.
C�m
Csl

�
+s4> s5> %4> %5,

@ � +g. %l � sl . �sm, . +g. %l � 5sl . �sm, . +�sm,

@ �sl . �sm =

Lqwhjudwlqj/ wkh wrwdo vxusoxv lv wkxv jlyhq e|=

Z +s4> s5> %4> %5, @ F +%4> %5,�
4

5

�
s54 . s55 � 5�s4s5

�
=

Li wkh wzr sulfhv kdyh wkh vdph h{shfwhg ydoxh sh/ wkh h{shfwhg wrwdo vxusoxv lv wkxv=

Z h @ Fh � +4� �, +sh,
5
�

4

5
+Y du ^s4` . Y du ^s5`, =

94Edqqlqj USP lv dfwxdoo| dozd|v vrfldoo| rswlpdo lq wkh fdvh ri vkrfnv rq uhwdlo frvwv1 Lq wkh

fdvh ri ghpdqg vkrfnv/ edqqlqj USP lv vwloo ghvludeoh iru lqvwdqfh zkhq wkh ehvw frooxvlyh sulfh
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6 Phujhu frqwuro

Phujhu frqwuro gl�huv vljql�fdqwo| iurp fduwho odz hqirufhphqw1 Zkhuhdv wkh odw0

whu fdvh irfxvhv rq wkh vdqfwlrq ri sdvw ehkdylru/ phujhu frqwuro uhtxluhv lqvwhdg

wkh dvvhvvphqw ri ixwxuh frqgxfw1 Ixuwkhupruh/ zkloh wkhuh lv d jhqhudo frqvhq0

vxv djdlqvw sulfh0�{lqj djuhhphqwv/ wkhuh lv pruh glyhujhqfh lq wkh frpshwlwlrq

dxwkrulwlhv* srolflhv wrzdugv sursrvhg phujhuv1 Wkh jhqhudo sulqflsoh lv wr edo0

dqfh wkh h!flhqf| jdlqv wkdw fdq eh jhqhudwhg e| wkh phujhu +gxh wr hfrqrplhv

ri vfdoh dqg vfrsh/ vkdulqj ri nqrz0krz/ v|qhujlhv/ hwf1, djdlqvw wkh lqfuhdvh ri

pdunhw srzhu lq wkh lqgxvwu|1 Wkhuh lv ohvv djuhhphqw/ krzhyhu/ rq krz wr vroyh

wklv wudgh0r�195

zlwk iudqfklvh frqwudfwv lv deryh kdoi wkh prqrsro| ohyho/ dv zhoo dv zkhq wkh ehvw frooxvlyh

sulfh zlwk USP lv odujhu wkdq wkh gl�huhqfh ehwzhhq wkh prqrsro| dqg vwdwlf frpshwlwlyh

ohyhov1

95Wkh XV Phujhu jxlgholqhv doorz iru vrph h!flhqf| ghihqvh1 HX phujhu frqwuro irfxvhv

lqvwhdg rq wkh fuhdwlrq ru uhlqirufhphqw ri d �grplqdqw srvlwlrq� +pruh wkdq d 83( pdunhw

vkduh/ vd|,/ zklfk kdv ohg lq wkh sdvw wr �h!flhqf| r�hqvhv�= h!flhqf| jdlqv wkdw hqkdqfh

wkh phujhg hqwlw|*v frpshwlwlyh khgjh pd| frqwulexwh wr fuhdwh d grplqdqw srvlwlrq1 Iru

h{dpsoh/ lq lwv �uvw qhjdwlyh ghflvlrq vlqfh wkh dgrswlrq ri wkh Phujhu Uhjxodwlrq lq 4<;</

wkh Hxurshdq Frpplvvlrq dujxhg wkdw wkh phujhu zrxog kdyh jlyhq wkh frpelqhg Dohqld0gh
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D vxevwdqwldo olwhudwxuh kdv ehhq ghyrwhg wr wklv wudgh0r�1 L dujxh lq wkh

qh{w vhfwlrq wkdw lqvx!flhqw dwwhqwlrq kdv ehhq ghyrwhg wr wkh lpsohphqwdwlrq

dvshfwv lq wklv duhd1

614 Wkh h!flhqf|0pdunhw srzhu wudgh0r�

Vhyhudo sdshuv kdyh h{soruhg wkh wudgh0r� ehwzhhq h!flhqf| jdlqv dqg lqfuhdvhg

pdunhw srzhu196 Iduuhoo dqg Vkdslur +4<<3, dqdo|}h wklv lvvxh lq wkh frqwh{w ri

Kdylodqg wkh xqltxh delolw| wr r�hu d ixoo udqjh ri frppxwhu dlusodqhv +iurp vpdoo wr odujh

rqhv,/ wkhuhe| fuhdwlqj d frpshwlwlyh hgjh ryhu lwv frpshwlwruv +vlqfh dluolqhv ehqh�w iurp

ghdolqj zlwk d xqltxh vxssolhu iru doo wkhlu qhhgv,1 Vlploduo|/ lq wkh DWW0QFU fdvh/ wkh

Frpplvvlrq phqwlrqhg wkdw wkh yhqwxuh frxog ehqh�w iurp srwhqwldo v|qhujlhv ehwzhhq wkh

sduhqwv* nqrz0krz lq whohfrppxqlfdwlrqv dqg whuplqdo htxlsphqwv/ exw fohduhg wkh phujhu rq

wkh edvlv wkdw wkhvh v|qhujlhv zhuh wrr xqolnho| wr pdwhuldol}h +suhylrxv vlplodu dwwhpswv kdg

idlohg,1

Wkhvh/ krzhyhu/ zhuh hduo| fdvhv lq Hxurshdq phujhu frqwuro1 Ixuwkhupruh/ wkh idfw wkdw

phujhuv zklfk gr qrw fuhdwh d grplqdqw srvlwlrq duh pruh hdvlo| dffhswhg wkdq lqwhu0�up

djuhhphqwv fdq eh lqwhusuhwhg dv dffhswlqj dq h!flhqf| ghihqvh iru vwuxfwxudo fkdqjhv/ dv orqj

dv �upv* frpelqhg pdunhw vkduh grhv qrw h{fhhg 73(083(1

96Vdodqw0Vzlw}hu0Uh|qrogv +4<;6, dqg Shuu|0Sruwhu +4<;8, frqvlghu d v|pphwulf Frxuqrw

prgho zlwk olqhdu ghpdqg dqg/ uhvshfwlyho|/ olqhdu dqg txdgudwlf frvwv/ zkloh Ghqhfnhuh0
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d jhqhudo Frxuqrw roljrsro| +zlwkrxw d sulrul uhvwulfwlrqv rq frvwv dqg ghpdqg,1

Wkh| �uvw dqdo|}h wkh lpsdfw ri wkh phujhu rq frqvxphu vxusoxv/ vxppdul}hg

lq wklv frqwh{w e| wkh hyroxwlrq ri sulfhv/ dqg vkrz lq sduwlfxodu wkdw/ xqghu

uhdvrqdeoh frqglwlrqv +qdpho|/ zkhq vxsso| ghflvlrqv duh vwudwhjlf vxevwlwxwhv97

dqg wkh htxloleulxp lv vwdeoh98,/ d phujhu qhfhvvdulo| udlvhv sulfhv lq wkh devhqfh

ri v|qhujlhv �hyhq wdnlqj lqwr dffrxqw wkh uhdoorfdwlrq ri surgxfwlrq iurp ohvv

wr pruh h!flhqw whfkqrorjlhv1 Wkh lqwxlwlrq lv dv iroorzv1 Iluvw/ vwudwhjlf vxe0

vwlwxwdelolw| dqg vwdelolw| lpso| wkdw wkh �djjuhjdwh uhvsrqvh� ri dq| & �upv wr

wkh txdqwlw| vxssolhg e| wkh uhpdlqlqj ?�& �upv lv lwvhoi d ghfuhdvlqj ixqfwlrq/

zlwk d vorsh orzhu wkdq xqlw|199 Lw wkxv vx!fhv wr vkrz wkdw wkh phujlqj �upv

zloo uhgxfh wkhlu vxsso|/ dvvxplqj wkdw wkh rwkhuv gr qrw fkdqjh wkhlu rzq ghfl0

vlrqv1 Wklv zrxog eh reylrxv li wkh phujlqj �upv zhuh htxdoo| h!flhqw/ vlqfh wkh|

zrxog lqwhuqdol}h wkh qhjdwlyh h{whuqdolw| wkdw dq lqfuhdvh lq rqh �up*v vxsso|

lpsrvhv rq wkh rwkhu*v pdujlq1 D qlfh uhyhdohg suhihuhqfh dujxphqw vkrzv wkdw

Gdylgvrq +4<;8, dqdo|vh d prgho ri Ehuwudqg frpshwlwlrq1

97L1h1/ �up l*v ehvw uhvsrqvh tl @ Ul +tl, @ pd{ ^S +tl . t�l, tl � Fl +tl,` lv d ghfuhdvlqj

ixqfwlrq ri wkh ulydov* djjuhjdwh txdqwlw| t�l1

98Qdpho|/ Gl{lw*v +4<;9, vwdelolw| frqglwlrq F33l +tl, A S 3 +t,1

99Vhh Gl{lw +4<;9,1
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wklv lv vwloo wkh fdvh zkhq wkh phujlqj �upv kdyh gl�huhqw whfkqrorjlhv1 Iduuhoo

dqg Vkdslur dovr dgguhvv wkh lpsdfw ri d phujhu rq wrwdo zhoiduh1 Wkh| sursrvh

wr irfxv rq �h{whuqdo h�hfwv� +wkh lpsdfw rq frqvxphu vxusoxv dqg rxwvlghuv*

sur�wv,/ iru zklfk wkh| surylgh d vlpsoh whvw= D vpdoo uhgxfwlrq lq wkh phujlqj

�upv* rxwsxw kdv d qhw srvlwlyh h{whuqdo h�hfw rq rxwvlghuv dqg frqvxphuv li dqg

rqo| li9:

P�M��|r�_eorb�r� : P�MU?r�_eorr�c

zkhuh wkh r� ' ^�*^ ghqrwhv �up �*v pdunhw vkduh dqg b� lv uhodwhg wr wkh vorsh

ri �up �*v ehvw uhvsrqvh ixqfwlrq

b� '
�-�

�

� n-�
�

�

Wkh dssduhqw vlpsolflw| ri wklv whvw pdnhv lw yhu| dsshdolqj1 Lq sduwlfxodu/

d phujhu ehwzhhq vpdoo �upv +P�MU?r�_eorr� vpdoo, lv olnho| wr kdyh d srvlwlyh

h{whuqdo h�hfw/ lpso|lqj wkdw dq| sursrvhg vxfk phujhu vkrxog eh dffhswhg1

Wklv sdshu dqg wkh uhodwhg olwhudwxuh rq wkh h!flhqf|2pdunhw srzhu wudgh0r�

kdv ehhq fulwlfl}hg iru uho|lqj h{fhvvlyho| rq vshfl�f dvvxpswlrqv +h1j1/ Frxuqrw

9:Iduuhoo dqg Vkdslur dovr vkrz wkdw wklv whvw dssolhv wr phujhuv +l1h1/ qrq0lq�qlwhvlpdo

fkdqjhv, xqghu vrph dgglwlrqdo dvvxpswlrqv � qdpho|/ S 33> S 333 � 3 � F 333l 1
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prgho zlwk krprjhqrxv jrrg/ yhuvxv Ehuwudqg frpshwlwlrq zlwk gl�huhqwldwhg

surgxfwv/ suh0vshfl�hg ixqfwlrqdo irupv iru frvw ru ghpdqg/ qr wdflw frooxvlrq/

hwf1,19; Exw hyhq zlwklq wkhvh vshfl�fdwlrqv/ wkh deryh dqdo|vlv lv lq sudfwlfh

rqo| prghudwho| xvhixo iru phujhu srolf|1 Iru h{dpsoh/ hydoxdwlqj wkh deryh

b� sdudphwhuv lv qrw vwudljkwiruzdug1 Xvlqj htxloleulxp frqglwlrqv/ b� fdq eh

h{suhvvhg dv

b� ' �
� � E^� n ^��

�� E^�

� ��
� E^��� � � E^��

c

dqg wkxv lqyroyhv d ghwdlohg nqrzohgjh ri erwk ghpdqg dqg vxsso| frqglwlrqv

�d nqrzohgjh wkdw zrxog suredeo| doorz wkh frpshwlwlrq dxwkrulw| wr gluhfwo|

frpsxwh wkh srvw0phujhu Frxuqrw htxloleulxp1 Lq sudfwlfh xqiruwxqdwho|/ lw lv

xqolnho| wkdw vxfk lqirupdwlrq zrxog eh uhdglo| dydlodeoh1 Ehvlghv/ li phujhu

frqwuro srolf| zdv edvhg rq wkh b� sdudphwhuv/ �upv pd| zlvk wr prgli| wkhlu

ehkdylru vr dv wr pdqlsxodwh wkh srolf|/ dq lvvxh qrw dgguhvvhg lq wkh deryh

dqdo|vlv1

Iurp d wkhruhwlfdo ylhzsrlqw/ wkh frpshwlwlrq dxwkrulw| idfhv djdlq dq lqiru0

9;Exloglqj rq wkh ghyhorsphqw ri hfrqrphwulf prghov zlwk gl�huhqwldwhg surgxfwv +vhh Ehuu|

+4<<7, dqg Ehuu|0Ohylqvrkq0Sdnhv +4<<8,,/ Kdxvpdq/ Ohrqdug dqg ]rqd +4<<7, kdyh dgyrfdwhg

iru uho|lqj pruh rq h{lvwlqj gdwd lq wkh ghvljq ri wkh dssursuldwh iudphzrun1

9:



pdwlrq sureohp= Ilupv kdyh sulylohjhg lqirupdwlrq derxw wkhlu prwlydwlrqv iru

wkh phujhu +h!flhqf| jdlqv/ lqfuhdvhg pdunhw srzhu/ hqkdqfhg vfrsh iru froox0

vlrq/ hwf1,/ zklfk wkh dxwkrulw| vkrxog wu| wr h{wudfw1 Iru h{dpsoh/ vxssrvh wkdw

phujlqj �upv kdyh sulydwh lqirupdwlrq rqo| ryhu wkh h!flhqf| jdlqv jhqhudwhg

e| wkh phujhu1 Wkh �upv frxog lq wkdw fdvh ehhq dvnhg wr �sd|� lq rqh irup

ru dqrwkhu iru dq| qhjdwlyh h{whuqdo h�hfw ri wkh phujhu/ vr dv wr hqvxuh wkdw

rqo| vrfldoo| ghvludeoh phujhuv duh sursrvhg1 Pruh jhqhudoo|/ wkh frpshwlwlrq

dxwkrulw| frxog wu| wr vfuhhq phujhu sursrvdov xvlqj wudqvihuv ru txdvl0wudqvihuv

lq wkh irup ri frqfhvvlrqv/ xqghuwdnlqjv/ uhvwulfwlrqv rq ixwxuh ehkdylru/ hwf1

Lq pdq| fdvhv/ krzhyhu/ h{wudfwlqj lqirupdwlrq pd| eh gl!fxow ehfdxvh ri wkh

lqkhuhqw frq lfw ri lqwhuhvw ehwzhhq wkh phujlqj sduwlhv dqg wkh phujhu frqwuro

r!fh1 Iru h{dpsoh/ vxssrvh wkdw �upv kdyh lqvwhdg sulydwh lqirupdwlrq derxw

wkhlu delolw| wr prqrsrol}h wkh pdunhw ru derxw wkh lpsdfw ri wkh phujhu rq

wkh vfrsh iru frooxvlrq lq wkh lqgxvwu|1 Wkh dxwkrulw| zrxog suhihu phujhuv wkdw

jhqhudwh rqo| d vpdoo lqfuhdvh lq pdunhw srzhu/ exw lw lv suhflvho| wkh �upv zlwk

wkh kljkhvw delolw| wr h{huw pdunhw srzhu wkdw zloo eh wkh prvw hdjhu wr jhw wkhlu

phujhu dffhswhg1 Dv d uhvxow ri wklv frq lfw ri lqwhuhvw/ wkh ehvw srolf| lv olnho|

9;



wr eh d �srrolqj� srolf|/ zklfk grhv qrw wu| wr h{wudfw dq| lqirupdwlrq iurp wkh

phujlqj sduwlhv19< Wklv lvvxh/ krzhyhu/ lv vwloo dq dyhqxh iru ixuwkhu uhvhdufk1 Ri

sduwlfxodu lqwhuhvw lv wkh srvvlelolw| wr uho| rq wkh lqirupdwlrq eurxjkw e| wklug

sduwlhv +eh lw fxvwrphuv ru ulydov,> d fduhixo dqdo|vlv ri wkhvh sduwlhv* lqfhqwlyhv

+h1j1/ xqghu zklfk frqglwlrqv duh ulydov dqg fxvwrphuv olnho| wr ehqh�w ru orvh

iurp wkh phujhu, zrxog suredeo| eh yhu| xvhixo1

Vkruw ri prghoolqj wklv lqirupdwlrqdo sureohp h{solflwo|/ dq dowhuqdwlyh ds0

surdfk frqvlvwv lq surylglqj sudfwlfdo jxlgholqhv iru hydoxdwlqj wkh lpsdfw ri wkh

9<Wklv vlwxdwlrq lv dq h{dpsoh zkhuh suhihuhqfhv duh �qrq0uhvsrqvlyh� lq wkh whuplqrorj| ri

wkh sulqflsdo0djhqw olwhudwxuh �vhh Fdloodxg hw do1 +4<;;,1 Lw fdq rffxu lq uhjxodwru| frqwh{wv

zkhq d zhoiduh0pd{lpl}lqj uhjxodwru vxshuylvhv d oderu0pdqdjhg �up h{klelwlqj wkh vr0fdoohg

Zdug sdwkrorj| �d pruh h!flhqw �up wkhq vhhnv wr uhgxfh wkh qxpehu ri zrunhuv dqg wkxv lwv

rxwsxw> vhh Zdug +4<8;, dqg Ydqhn +4<:3,1

Fdloodxg dqg Wluroh +5333, vwxg| d vlplodu skhqrphqrq iru ixqglqj lqiudvwuxfwxuh surmhfwv/

zkhq dq lqfxpehqw rshudwru kdv sulydwh lqirupdwlrq derxw pdunhw sur�wdelolw|1 Wkh lqiudv0

wuxfwxuh rzqhu pd| wu| iru h{dpsoh wr vfuhhq surmhfwv e| uhtxlulqj iurp wkh lqfxpehqw d kljkhu

fdslwdo frqwulexwlrq lq h{fkdqjh iru surwhfwlrq iurp frpshwlwlrq> exw wkh lqfxpehqw lv xqiru0

wxqdwho| zloolqj wr sd| pruh iru surwhfwlrq suhflvho| zkhq frpshwlwlrq zrxog |lhog wkh kljkhvw

ehqh�wv1

9<



phujhu rq �pdunhw srzhu�1

Wkhuh kdv ehhq vrph vxffhvv dorqj wklv olqh iru dvvhvvlqj wkh lpsdfw ri phujhuv

rq �pdunhw srzhu�/ xvlqj vwdwlf Frxuqrw prghov1 Gdqve| dqg Zloolj +4<:<, vkrz

iru h{dpsoh wkdw wkh dyhudjh pdun0xs lq wkh lqgxvwu| lv uhodwhg wr wkh Khu�qgdko

lqgh{/ gh�qhg dv wkh vxp ri wkh vtxduhv ri �upv* pdunhw vkduhv1:3 Uhodwhgo|/

Frzolqj0Zdwhuvrq +4<:9, srlqwv rxw wkdw/ zkhq pdujlqdo frvwv duh frqvwdqw/

:3Lq htxloleulxp/ hdfk �up pd{lpl}hv lwv sur�w/ ri wkh irup

S +t�l . tl, tl � Fl +tl, >

zkhuh t�l ghqrwhv wkh djjuhjdwh vxsso| ri wkh ulydov1 Wkh �uvw0rughu frqglwlrq ohdgv wr +zlwk

s ghqrwlqj wkh htxloleulxp sulfh,=

s� F3l @ �S 3tl @ s
vl
% +s,

>

zkhuh vl @ tl@t ghqrwhv �up l*v pdunhw vkduh dqg % +s, uhsuhvhqwv wkh ghpdqg hodvwlflw|1

Wkhuhiruh/ lq htxloleulxp/ �up l*v Ohuqhu lqgh{/ Ol �
s�Fl

s
/ lv htxdo wr vl

%+s, 1 Wkh lqgxvwu|

dyhudjh pdun0xs ru Ohuqhu lqgh{ lv wkxv htxdo wr>

O @ 	lvlOl @
	lv

5
l

% +s,
@

K

% +s,
>

zkhuh K � 	lv
5
l lv wkh Khu�qgdko lqgh{ iru wkh lqgxvwu|1

:3



wkh Khu�qgdko lqgh{ lv dovr olqnhg wr wkh lqgxvwu| sur�w +jurvv ri �{hg frvw,/:4

:4Li Fl +tl, @ fltl/ hdfk �up l*v htxloleulxp yduldeoh sur�w lv jlyhq e|

�l @ +s� fl, tl @
s� fl
s

tl
t
st @ v5l

st

% +s,
=

Wkh djjuhjdwh yduldeoh sur�w lv wkxv htxdo wr

� @ 	l�l @ K
st

% +s,
>

dqg fdq wkxv eh h{suhvvhg dv d ixqfwlrq ri wkh wrwdo uhyhqxh +st,/ wkh hodvwlflw| ri ghpdqg +%,

dqg wkh Khu�qgdko lqgh{ +K,1
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zkloh Gdqve| dqg Zloolj +4<:<, vkrz wkdw lw lv uhodwhg wr wrwdo zhoiduh1:5 Wklv

surplqhqw uroh ri wkh Khu�qgdko lqgh{ kdv ehhq wudqvodwhg lqwr wkh XV phujhu

jxlgholqhv/ zklfk xvh wkh Khu�qgdko lqgh{ dv d ��owhu�1:6

:5Frqvlghu d vpdoo fkdqjh ri �up*v rxwsxw/ +gtl,l/ vwduwlqj iurp wkh Frxuqrw rxwfrph1 Wkh

lpsdfw rq wkh wrwdo zhoiduh/ gh�qhg dv wkh vxp ri frqvxphu vxusoxv dqg �upv* sur�wv=

Z @

] .4

S +t,

G +s,gs.	l +S +t,� fl, tl>

lv jlyhq e| +xvlqj djdlq wkh �uvw0rughu htxloleulxp frqglwlrqv,

gZ @ 	l +s� fl,gtl @ 	l +�S
3 +t,, tlgtl

@ �S 3 +t,g

�
4

5
t5K

�
@ �S 3 +t,

�
tKgt .

4

5
t5gK

�
=

Wkh lpsdfw wkxv ghshqgv rq wrwdo surgxfwlrq dqg rq wkh fkdqjh ri frqfhqwudwlrq/ dv phdvxuhg

e| wkh Khu�qgdko lqgh{1 Lq sduwlfxodu/ wkh lpsdfw ri d fkdqjh lq surgxfwlrq gt lv odujhu

zkhq wkh lqgxvwu| lv pruh frqfhqwudwhg1 D vhfrqg h�hfw dulvhv iurp doorfdwlyh h!flhqf|=

vlqfh lq htxloleulxp �upv zlwk orzhu pdujlqdo frvwv kdyh odujhu pdunhw vkduhv/ dq lqfuhdvh lq

frqfhqwudwlrq +gK A 3, whqgv wr pryh surgxfwlrq wr wkh odujhu dqg wkxv pruh h!flhqw �upv1

:6Wkh �uvw jxlgholqhv lvvxhg lq 4<9; frqvlghuhg wkh irxu0�up udwlr ri frqfhqwudwlrq �wkh vxp

ri wkh pdunhw vkduhv ri wkh irxu eljjhvw �upv lq wkh lqgxvwu|1 Wklv lqgh{ zdv uhsodfhg lq 4<;5

e| wkh Khu�qgdko0Kluvkpdq lqgh{ +KKL, �wkh Khu�qgdko lqgh{ zlwk pdunhw vkduhv h{suhvvhg

dv shufhqwdjhv= hdfk pdunhw vkduh wkxv ydulhv iurp 3 wr 433/ dqg wkh KKL olhv ehwzhhq 3 +qr

frqfhqwudwlrq/ d pxowlwxgh ri lq�qlwhvlpdo �upv, dqg 43333 +prqrsro|,1

Wkh KKL lv xvhg dv d vfuhhqlqj ghylfh/ dv iroorzv=
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Eh|rqg wklv vxffhvv/ qr sudfwlfdo txdqwlwdwlyh fulwhuld kdv ehhq sursrvhg zkhq

lw frphv wr hydoxdwlqj wkh wudgh0r� ehwzhhq h!flhqf| dqg pdunhw srzhu1 Ixuwkhu0

pruh/ e| irfxvlqj pdlqo| rq vwdwlf prghov/ wklv olwhudwxuh kdv ljqruhg lpsruwdqw

g|qdplf lvvxhv/ vxfk dv wkh srvvlelolw| ri hqwu| dqg suhgdwlrq/ ru wkh ulvn ri froox0

vlyh ehkdylru1:7 Dv d uhvxow/ wkrvh frqfhuqv duh lq sudfwlfh wuhdwhg lq d kduvk zd|1

Iru h{dpsoh/ lq wkh XV wkh| duh phqwlrqhg exw uduho| dqdo|}hg lq sudfwlfh1 Lq

wkh HX/ wkh Frpplvvlrq kdv dgrswhg d udwkhu uljlg dwwlwxgh zklfk suhyhqwv dq|

phujhu fuhdwlqj d grplqdqw srvlwlrq hyhq li lw jhqhudwhv kxjh h!flhqf| jdlqv>:8

� srvw0phujhu KKL lv ehorz 4333= fohdudqfh>

� srvw0phujhu KKL deryh 4;33= lq0ghswk uhylhz/

� srvw0phujhu KKL ehwzhhq 4333 dqg 4;33= fohdudqfh li wkh phujhu lqfuhdvhv wkh KKL

e| ohvv wkdq 83/ lq0ghswk uhylhz li wkh KKL lqfuhdvhv e| pruh wkdq 433 +rwkhu idfwruv

dsso| zkhq wkh lqfuhdvh olhv ehwzhhq 83 dqg 433,1

:7Wkh h{whqw wr zklfk xvlqj hfrqrphwulf prghov fdq vroyh wklv lvvxh lv vwloo xqfohdu> iru h{0

dpsoh/ li d phujhu suryrnhv d fkdqjh ri vwuxfwxuh wkdw doorzv d suhylrxvo| frpshwlwlyh lqgxvwu|

wr vxvwdlq frooxvlrq/ revhuylqj sdvw ehkdylru pd| qrw vx!fh wr suhglfw wkh fkdqjh ri ehkdylru1

Uhodwhgo|/ wr suhglfw wkh lpsdfw ri wkh phujhu rq wkh rxwfrph ri pdunhw frpshwlwlrq/ hpslulfdo

vwxglhv pxvw pdnh dvvxpswlrqv rq wkh vl}h ri h!flhqf| jdlqv1

:8Wr wdnh dq h{wuhph h{dpsoh/ dffruglqj wr wkh fxuuhqw srolf|/ d phujhu fuhdwlqj d prqrsro|
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wklv fdq eh lqwhusuhwhg dv uh hfwlqj wkh eholhi wkdw d grplqdqw �up fdq vxffhvv0

ixoo| suhyhqw wkh hqwu| ri pruh h!flhqw frpshwlwruv �lq frqwudvw zlwk wkh vwdwlf

dqdo|vhv vxfk dv ghvfulehg deryh/ zklfk whqg wr suhglfw wkdw phujhuv hqfrxudjh

hqwu|1 Dq| khos lghqwli|lqj uhohydqw idfwruv wkdw duh olnho| wr eh dydlodeoh dqg

frxog frqwulexwh wr dvvhvv wkh ulvn wkdw d grplqdqw �up frxog vr dexvh lwv srvl0

wlrq zrxog fhuwdlqo| eh zhofrph1 Vlploduo|/ wkh ulvn ri frooxvlrq lv qrw olnho| wr

eh wdnhq lqwr dffrxqw lq wkh devhqfh ri sudfwlfdo jxlgholqhv/ edvhg rq dffhvvleoh

lqirupdwlrq1:9 Wkh iroorzlqj vhfwlrq ghvfulehv d uhfhqw dwwhpsw wr pdnh surjuhvv

lq wkdw gluhfwlrq1

zrxog eh edqqhg hyhq li �gudvwlf� h!flhqf| jdlqv doorzhg wkh qhz hqwlw| wr uhgxfh lwv frvw wr

wkh srlqw wkdw wkh prqrsro| sulfh/ edvhg rq wkdw uhgxfhg frvw/ zdv orzhu wkdq wkh suh0phujhu

frvw1

:9Lq wkh XV/ iru h{dpsoh/ wkh phujhu jxlgholqhv phqwlrq wkh frqfhuq derxw ixwxuh frooxvlyh

ehkdylru/ exw wklv frqfhuq lv uduho| hydoxdwhg dqg grhv qrw frqwulexwh lq sudfwlfh wr wkh ghfl0

vlrq1 Wkh HX phujhu srolf| ghyhorshg lq wkh sdvw |hduv wkh frqfhsw ri d �froohfwlyh grplqdqw

srvlwlrq� wkdw frxog eh lqwhusuhwhg dv dq dwwhpsw wr dffrxqw iru wklv ulvn> krzhyhu/ lq wkh

uhfhqw Dluwrxuv fdvh/ wkh Frpplvvlrq vwduwv zlwk d olvw ri uhohydqw idfwruv d�hfwlqj wkh vfrsh

iru frooxvlrq/ exw hyhqwxdoo| edvhv lwv ghflvlrq xvlqj d vwdwlf Frxuqrw0olnh iudphzrun1
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615 Dvvhvvlqj wkh frooxvlrq frqfhuq= wkh uroh ri fdsdflw|

frqvwudlqwv

Fdsdflw| frqvwudlqwv d�hfw wkh vfrsh iru frooxvlrq lq wzr rssrvlwh zd|v= wkh|

uhgxfh �upv* lqfhqwlyhv wr ghyldwh iurp d frooxvlyh djuhhphqw exw dovr olplw wkh

delolw| wr sxqlvk vxfk ghyldwlrqv1 Prvw dqdo|vhv ri wkhvh wzr h�hfwv kdyh ir0

fxvhg rq v|pphwulf vlwxdwlrqv/ zkhuh doo �upv kdyh wkh vdph fdsdflw|/:: ru rq

gxrsrolvwlf lqgxvwulhv/ zklfk lv qrw yhu| khosixo iru phujhu dqdo|vlv1:;

Dqdo|}lqj wdflw frooxvlrq lq roljrsrolvwlf lqgxvwulhv zlwk dv|pphwulf fdsdfl0

wlhv lv qrw dq hdv| wdvn1 Odpevrq +4<<7, surylghv sduwldo fkdudfwhul}dwlrqv dqg

vkrzv iru h{dpsoh wkdw wkh rswlpdo sxqlvkphqwv duh vxfk wkdw wkh �up zlwk wkh

odujhvw fdsdflw| jhwv qr pruh wkdw lwv plqpd{ sur�w/ zkloh vpdoohu �upv jhw pruh

::Vhh h1j1 Deuhx +4<;9, iru dq dqdo|vlv ri v|pphwulf Frxuqrw vxshujdphv dqg Eurfn dqg

Vfkhlqnpdq +4<;8, iru d �uvw dqdo|vlv ri v|pphwulf Ehuwudqg vxshujdphv/ odwhu h{whqghg e|

Odpevrq +4<;:,1

:;Fdsdflwlhv duh xqolnho| wr eh v|pphwulf erwk ehiruh dqg diwhu wkh phujhu/ dqg wkh frooxvlrq

frqfhuq lv uhohydqw iru phujhu srolf| rqo| zkhq lqlwldoo| wkhuh duh dw ohdvw wkuhh frpshwlwruv1

Gdylgvrq dqg Ghqhfnhuh +4<;7, surylgh d �uvw h{sorudwlrq ri wkh lvvxh/ xvlqj vwdqgdug wuljjhu

vwudwhjlhv dqg h{rjhqrxv pdunhw vkdulqj uxohv/ dqg vwduwlqj iurp d vlwxdwlrq zlwk v|pphwulf

fdsdflwlhv1
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wkdq wkhlu uhvshfwlyh plqpd{ sur�wv +h{fhsw li �upv duh yhu| sdwlhqw,1:< D ihz

vwxglhv/ krzhyhu/ kdyh vxjjhvwhg wkdw dv|pphwu| lq �upv* fdsdflwlhv kxuwv wdflw

frooxvlrq1 Pdvrq/ Skloolsv dqg Qrzhoo +4<<5, qrwh iru h{dpsoh wkdw lq h{shul0

phqwdo gxrsro| jdphv/ frrshudwlrq lv pruh olnho| zkhq sod|huv idfh v|pphwulf

surgxfwlrq frvwv1;3 Lq d Ehuwudqg0Hgjhzruwk vhwwlqj/ Odpevrq +4<<9, vkrzv wkdw

lqwurgxflqj d voljkw dv|pphwu| lq fdsdflwlhv kxuwv wdflw frooxvlrq> dqg Gdylgvrq

dqg Ghqhfnhuh +4<;7,/ +4<<3, dqg Sìqdug +4<<:, vkrz wkdw dv|pphwulf fdsdflwlhv

pdnh frooxvlrq pruh gl!fxow lq gxrsrolhv1;4

:<Odpevrq dovr surylghv dq xsshu erxqg rq wkh sxqlvkphqwv wkdw fdq eh lq lfwhg rq vpdoo

�upv xvlqj shqdo frghv sursruwlrqdo wr fdsdflwlhv1

;3Uhodwhgo|/ Ehuqkhlp dqgZklqvwrq +4<<3, vkrz wkdw/ lq wkh devhqfh ri fdsdflw| frqvwudlqwv/

wdflw frooxvlrq lv hdvlhu zkhq �upv kdyh v|pphwulf frvwv dqg pdunhw vkduhv1

;4Gdylgvrq dqg Ghqhfnhuh vwxg| wkh xvh ri julp0wuljjhu vwudwhjlhv lq d Ehuwudqg vhwwlqj/ zkloh

Sìqdug uholhv rq plqpd{ sxqlvkphqwv +zklfk fdq eh vxvwdlqhg li wkh dv|pphwu| lv vpdoo, lq

d olqhdu Frxuqrw vhwwlqj> erwk sdshuv dovr dgguhvv fdsdflw| lqyhvwphqw ghflvlrqv/ zkhuhdv zh

irfxv rq wkh glvwulexwlrq ri h{rjhqrxv fdsdflwlhv1 Lq d gxrsro| zlwk vhtxhqwldo fdsdflw| fkrlfhv/

Ehqrñw dqg Nulvkqd +4<<4, vkrz wkdw wkh vhfrqg pryhu fdqqrw hqkdqfh lwv jdlqv iurp frooxvlrq

e| fkrrvlqj d fdsdflw| gl�huhqw iurp wkh �uvw pryhu*v fdsdflw| � krzhyhu/ wkhlu dqdo|vlv uholhv

rq wkh dvvxpswlrq wkdw �upv vkduh ghpdqg htxdoo| zkhq fkdujlqj wkh vdph sulfh1 Jhuwqhu

+4<<7, ghyhorsv d iudphzrun ri �lpphgldwh uhvsrqvhv�/ zkhuh �upv fdq uhdfw dw rqfh wr hdfk

:9



61514 D vlpsoh prgho

Frpswh0Mhqq|0Uh| +5333, ixuwkhu h{soruh wkh lvvxh/ e| vlpsoli|lqj wkh ghpdqg

dqg frvw vlghv exw doorzlqj iru dq duelwudu| qxpehu ri �upv dqg dv|pphwulf

fdsdflwlhv1;5 Wkh prgho lv d uhshdwhg Ehuwudqg0Hgjhzruwk frpshwlwlrq jdph

ehwzhhq ? �upv zlwk }hur frvw exw �{hg fdsdflwlhv1 Lw lv xvhixo wr glvwlqjxlvk

wkh �upv* dfwxdo fdsdflwlhv/ ghqrwhg e| & ' E&���/ iurp wkhlu uhohydqw fdsdflwlhv/

jlyhq e| 	&� � 4�?i&�c�j1 Wkh ghpdqg lv lqhodvwlf dqg ri vl}h � dv orqj dv

wkh sulfh grhv qrw h{fhhg d uhvhuydwlrq sulfh +wkxv htxdo wr wkh prqrsro| sulfh,/

qrupdol}hg wr �1 Lq hdfk shulrg/ �upv vlpxowdqhrxvo| vhw wkhlu sulfhv/ zklfk duh

shuihfwo| revhuyhg e| doo ex|huv dqg �upv> wkhq/ ex|huv jr wr wkh �up zlwk wkh

orzhvw sulfh dqg ghflgh zkhwkhu ru qrw wr ex|> li wkh| duh udwlrqhg wkh| jr wr

wkh qh{w orzhvw sulfhg �up/ dqg vr iruwk/ dv orqj dv wkh sulfh r�huhg grhv qrw

h{fhhg wkhlu uhvhuydwlrq sulfh1;6 Li vhyhudo �upv fkdujh wkh vdph sulfh/ frqvxphuv

rwkhu*v sulfh fxwv/ dqg vkrzv wkdw dv|pphwulf fdsdflwlhv pd| suhyhqw �upv iurp frooxglqj

shuihfwo|1

;5Ihuvkwpdq dqg Sdnhv +5333,/ wrr/ vwxg| wkh lqwhudfwlrq ehwzhhq frooxvlrq dqg wkh lqgxvwu|

vwuxfwxuh/ doorzlqj iru hqwu| dqg h{lw dv zhoo dv dv|pphwulf vl}hv/ dqg xvlqj d sduwlfxodu fodvv

ri +pdunryldq, sulflqj srolflhv1

;6Vlqfh ghpdqg lv lqhodvwlf wkhuh lv qr qhhg iru ehlqj pruh vshfl�f derxw udwlrqlqj vfkhphv1

::



glylgh wkhpvhoyhv dv wkh| zlvk ehwzhhq wkrvh �upv1 Frpshwlwlrq lv dvvxphg wr

eh h�hfwlyh/ zklfk lv wkh fdvh li �upv* djjuhjdwh fdsdflw| lv odujhu wkdq wkh pdunhw

vl}h EP�&� : ��/ dqg Z� � 4@ ifc� � P� �'�&�j ghqrwhv �up �*v plqpd{ sur�w1

Odvw/ doo �upv xvh wkh vdph glvfrxqw idfwru B 5 Efc �� dqg pd{lpl}h wkh h{0

shfwhg vxp ri wkhlu glvfrxqwhg sur�wv/
S

|D� B
|3�Z|�1 Wr gh�qh frooxvlrq/ gh�qh wkh

ydoxh ri dq htxloleulxp dv wkh qrupdol}hg h{shfwhg vxp ri glvfrxqwhg sur�wv wkdw

�upv rewdlq dorqj wkh htxloleulxp sdwk= � ' E� � B�.
�S

|D� B
|3�S

� Z
|
�

�
*� 1;7

Frooxvlrq lv vxvwdlqdeoh li d vxejdph shuihfw htxloleulxp ri wkh lq�qlwho| uhshdwhg

jdph jhqhudwhv d kljkhu ydoxh wkdq wkh h{shfwhg djjuhjdwh sur�w jhqhudwhg e|

dq| Qdvk htxloleulxp ri wkh vwdjh jdph/ dqg shuihfw frooxvlrq lv vxvwdlqdeoh li

wkhuh h{lvwv d vxejdph shuihfw htxloleulxp zlwk d ydoxh htxdo wr �1 Wkh jrdo lv wr

fkdudfwhul}h/ iru dq| glvwulexwlrq ri fdsdflwlhv &/ wkh orzhvw glvfrxqw idfwru BE&�

iru zklfk +shuihfw, frooxvlrq lv vxvwdlqdeoh1

Wkh gl!fxow| lq fkdudfwhul}lqj wkh vhw ri frooxvlyh htxloleuld frphv iurp wkh

idfw wkdw pd{lpdo sxqlvkphqwv dovr ghshqg rq fdsdflwlhv1 D vlpsoh fdvh lv zkhq

vpdoo �upv duh qrw �wrr vpdoo�/ qdpho|/ zkhq dq| vxevhw ri E?� �� �upv fdq

;7y fdq ydu| iurp 3 +shuihfw frpshwlwlrq zlwkrxw fdsdflw| frqvwudlqwv, wr 4 +frpsohwh

prqrsro| ru frooxvlrq,1

:;



vhuyh wkh hqwluh pdunhw> wkh vwdwlf Qdvk htxloleulxp wkhq |lhogv }hur sur�wv dqg

reylrxvo| frqvwlwxwhv wkh rswlpdo sxqlvkphqw1 Ghqrwlqj e| k ' Ek��� wkh glv0

wulexwlrq ri pdunhw vkduhv +zlwk k� � &� dqg P�k� � �,/ frooxvlrq fdq wkhq eh

vxvwdlqhg li dqg rqo| li=

k� � E�� B�	&�c � ' �c ���c ?�

Khqfh frooxvlrq lv vxvwdlqdeoh li dqg rqo| li B � ��4@ �ik�*	&�j> wkh pdunhw

vkduhv wkdw duh prvw idyrudeoh wr frooxvlrq duh wkxv sursruwlrqdo wr wkh uhohydqw

fdsdflwlhv;8 dqg/ iru wkrvh pdunhw vkduhv/ frooxvlrq lv vxvwdlqdeoh li dqg rqo| li=

B � BE&� ' ��
�

	g
� +4:,

Wkh vxvwdlqdelolw| ri frooxvlrq wkxv rqo| ghshqgv lq wkdw fdvh rq wkh djjuhjdwh

uhohydqw fdsdflw|/ qrw rq lwv glvwulexwlrq1;9

61515 k0htxloleuld

Wkh dqdo|vlv lv pruh gl!fxow zkhq vpdoo �upv duh lqghhg �vpdoo�/ wkdw lv/ zkhq

wkh E?� �� vpdoohvw �upv fdqqrw vhuyh wkh hqwluh pdunhw1 D vlpsoh dqdo|vlv fdq

;8pd{li�l@anlj lv vpdoohvw zkhq �l@anl lv wkh vdph iru doo �upv/ l1h1/ �l @ anlP@ aN1

;9D uhglvwulexwlrq ri fdsdflw| pd| krzhyhu d�hfw wkh vxvwdlqdelolw| ri frooxvlrq li lw prgl�hv

�upv* uhohydqw fdsdflwlhv1

:<



krzhyhu eh pdgh lq wkdw fdvh iru d sduwlfxodu fodvv ri htxloleuld/ zkhuh �upv

pdlqwdlq frqvwdqw pdunhw vkduhv= gh�qh dq k0htxloleulxp dv d vxejdph shuihfw

htxloleulxp vxfk wkdw/ rq dq| htxloleulxp sdwk/ hdfk �up � rewdlqv wkh vdph

vkduh k�1
;:

Wkh dqdo|vlv lv pdgh hdv| e| wkh iroorzlqj Ohppd=

Ohppd 9 Il{ k ' Ek���'�c���c? vdwlvi|lqj f � k� � &� iru � ' �c � � � c ? dqg

S
� k� � �1

l, Li wkhuh h{lvwv d frooxvlyh k0htxloleulxp/ wkhuh h{lvwv d shu shulrg ydoxh �

vdwlvi|lqj/ iru � ' �c ���c ?=

k�� � Z�c +��,

k� � E�� B�	&� n Bk��� +.�,

ll, Li wkhuh h{lvwv � vdwlvi|lqj frqglwlrqv iE.�� c E���j�'�c���c?/ wkhq wkhuh h{lvwv

dq k�0htxloleulxp zlwk ydoxh �� iru dq| ydoxh �� 5 d�c �o dqg dq| pdunhw vkduhv

k� ' Ek����'�c���c? vdwlvi|lqj k� � k�� � &� iru � ' �c � � � c ? dqg
S

� k
�
� � �1 Lq

;:Wkh uhvwulfwlrq dssolhv wr doo frqwlqxdwlrq htxloleulxp sdwkv/ lqfoxglqj wkrvh wkdw iroorz d

ghyldwlrq/ exw qrw wr srvvleoh ghyldwlrqv1

;3



sduwlfxodu/ shuihfw frooxvlrq E�� ' �c
S

� k
�
� ' �� lv vxvwdlqdeoh zlwk dq| vxfk

pdunhw vkduhv k�1

E| frqvwuxfwlrq/ lq d frooxvlyh k0htxloleulxp/ �up �*v frqwlqxdwlrq sd|r� lv

sursruwlrqdo wr lwv pdunhw vkduh dqg wkxv ri wkh irup k��/ iru vrph frqwlqxdwlrq

ydoxh �1 Frqglwlrq E��� dvvhuwv wkdw �up �*v frqwlqxdwlrq sd|r� fdqqrw eh zruvh

wkdq lwv plqpd{/ zkloh frqglwlrq E.�� dvvhuwv wkdw wkh wkuhdw ri ehlqj �sxqlvkhg�

e| k�� ghwhuv �up � iurp ghyldwlqj iurp wkh frooxvlyh sdwk1 Wkhvh frqglwlrqv duh

fohduo| qhfhvvdu|> wkh Ohppd hvwdeolvkhv wkdw/ wrjhwkhu/ wkh| hqvxuh wkdw wkh

ydoxh � +dqg dq| odujhu ydoxh, fdq eh vxvwdlqhg dv dq k0htxloleulxp1 Wr vhh wklv/

frqvlghu wkh iroorzlqj sdwk +uhplqlvfhqw ri Deuhx*v rswlpdo frghv iru v|pphwulf

�upv,/ zkhuh R| ghqrwhv wkh sulfh fkdujhg lq wkh ||� shulrg ri wkh sxqlvkphqw=

R| '

;AAAAAAAAA?
AAAAAAAAA=

f iru | ' �c ���c Ac

R iru | ' A n �c

� iru | ' A n 2c ���c

zkhuh A � f dqg R 5 dfc �o duh fkrvhq vr wkdw BA dE�� B�Rn Bo ' �1 Qr ghyldwlrq

iurp wklv sdwk lv sur�wdeoh li lw lv sxqlvkhg e| uhwxuqlqj wr wkh ehjlqqlqj ri wkh

sdwk1 Wklv lv reylrxv iru wkh �uvw A shulrgv/ vlqfh d ghyldwlqj �up fdqqrw wkhq

;4



jhw pruh wkdq lwv plqpd{ sd|r�1 Frqglwlrq E.�� hqvxuhv wkdw lw lv dovr wuxh lq

wkh shulrgv iroorzlqj A n�1 Lq shulrg A n�/ wkh ehvw ghyldwlrq frqvlvwv lq hlwkhu

fkdujlqj wkh prqrsro| sulfh +li R lv orz, ru lq xqghufxwwlqj wkh ulydov +li R lv

kljk/ qdpho|/ li k�R : 	&�,1 Lq wkh iruphu fdvh/ wkh qr0ghyldwlrq frqglwlrq lv jlyhq

e|

B3Ak�� � E�� B�Z� n Bk�� +4;,

dqg lv wkxv lpsolhg/ wrr/ e| E���1 Lq wkh odwwhu fdvh/ wkh qr0ghyldwlrq frqglwlrq

lv=

E�� B�k�Rn Bk� � E�� B�	&�Rn Bk��( +4<,

Ehfdxvh k� � 	&�/ lw lv prvw uhvwulfwlyh iru R ' RS/ lq zklfk fdvh lw lv htxlydohqw wr

+.�,1

D vlplodu uhdvrqlqj dssolhv wr kljkhu ydoxhv � 5 d�c �o1 Wr hvwdeolvk wkh

Ohppd/ lw vx!fhv wr qrwh wkdw wkh frqglwlrqv E.�� dqg E��� duh uhod{hg e| dq

lqfuhdvh lq wkh pdunhw vkduhv k1;;

Dq lpsolfdwlrq ri wklv Ohppd lv wkdw wkh frqglwlrqv EE��� c E.���� fkdudfwhul}h

;;Wklv lv reylrxv iru frqglwlrq +Sl,/ dqg lv dovr wuxh iru frqglwlrq +Hl, vlqfh �y � y ? 41

;5



wkh vhw ri htxloleulxp ydoxhv= iru jlyhq pdunhw vkduhv Ek���/ wkh vhw ri htxloleulxp

ydoxhv lv dq lqwhuydo ri wkh irup d� E&c kc B� c �o/ zkhuh � E&c kc B� lv wkh vpdoohvw

ydoxh vdwlvi|lqj frqglwlrqv EE��� c E.����1 Lq sduwlfxodu/ shuihfw frooxvlrq E� ' ��

lv vxvwdlqdeoh zkhqhyhu vrph frooxvlrq lv vxvwdlqdeoh1

Wklv Ohppd dovr doorzv d vlpsoh fkdudfwhul}dwlrq ri wkh vxvwdlqdelolw| ri

shuihfw frooxvlrq1 Qrwh �uvw wkdw wkh orzhvw � vdwlvi|lqj frqglwlrqv E���� lv

h�E&c k� � 4@ 
�

Z�
k�
�

Uhzulwlqj frqglwlrqv E.��� dv

E�� ��
B

�� B
� 4@ 

�

	&�
k�
� �c

shuihfw frooxvlrq fdq wkhuhiruh eh vxvwdlqhg rqo| li

B

�� B
�

4@ �
	&�
k�
� �

�� �
� hBE&c k� � 4@ �

	&�
k�
� �

�� h�E&c k� �

Frqyhuvho|/ li B � hBE&c k�/ wkhq shuihfw frooxvlrq lv vxvwdlqdeoh +xvlqj wkh Ohppd/
zlwk � ' h�E&c k�, dqg/ iru dq| B vdwlvi|lqj wklv frqglwlrq/ wkh vhw ri k�htxloleulxp
ydoxhv lv dh�E&c k�c �o1

Exloglqj rq wklv lqvljkw/ lghqwli|lqj wkh pdunhw vkduhv wkdw prvw idflolwdwh

frooxvlrq dprxqwv wr plqlpl}h hBE&c k� zlwk uhvshfw wr wkh k1 Wkh ghqrplqdwru lq
;6



hBE&c k� lv pd{lpdo zkhq h�E&c k� lv plqlpl}hg/ wkdw lv/ iru pdunhw vkduhv wkdw duh
sursruwlrqdo wr plqpd{ sur�wv1 Wkh qxphudwru lv lqvwhdg plqlpdo zkhq pdunhw

vkduhv duh sursruwlrqdo wr +uhohydqw, fdsdflwlhv1 Vlqfh plqpd{ sur�wv duh qrw lq

jhqhudo sursruwlrqdo wr fdsdflwlhv/ wkhuh lv d frq lfw ehwzhhq ghfuhdvlqj h�E&c k�
+wr doorz wrxjkhu sxqlvkphqwv, dqg ghfuhdvlqj wkh qxphudwru +wr plqlpl}h wkh

jdlqv iurp ghyldwlrqv,1;< Frpswh0Mhqq|0Uh| +5333, vkrzv wkdw wkh frqfhuq iru

ghyldwlrqv grplqdwhv wkh frqfhuq iru sxqlvkphqwv/<3 vr wkdw wkh pdunhw vkduhv

wkdw duh ehvw iru frooxvlrq duh sursruwlrqdo wr uhohydqw fdsdflwlhv> wklv uhvxow dovr

ghwhuplqhv wkh plqlpdo wkuhvkrog iru wkh glvfrxqw idfwru/ deryh zklfk frooxvlrq

lv vxvwdlqdeoh=<4

;<Wklv frq lfw glvdsshduv rqo| zkhq �upv duh v|pphwulf +vdph fdsdflw|,1

<3Lq sduwlfxodu/ pd{l
anl
�l

lv qrw gl�huhqwldeoh dw lwv pd{lpxp> dq| fkdqjh dzd| iurp � @ ��

wkxv jhqhudwhv d �uvw0rughu lqfuhdvh/ zklfk pruhryhu grplqdwhv dq| srvvleoh ehqh�w iurp d

kljkhu sxqlvkphqw 4� hY +�> �,1

<4Irfxvvlqj rq �0frooxvlyh htxloleuld d sulrul uhvwulfwv wkh vfrsh iru frooxvlrq/ e| olplwlqj wkh

sxqlvkphqwv wkdw fdq eh lq lfwhg rq ghyldwlqj �upv> �� +n, wkxv surylghv d orzhu erxqg iru wkh

ydoxhv ri wkh glvfrxqw idfwru iru zklfk frooxvlrq lv vxvwdlqdeoh1 Frpswh0Mhqq|0Uh| +5333, vkrzv

krzhyhu wkdw sxqlvkphqwv dfklhyhg zlwk �0htxloleuld duh dw ohdvw dv h�hfwlyh dv wkrvh jhqhudwhg

e| uhyhuwlqj wr d Qdvk htxloleulxp ri wkh frpshwlwlyh vwdjh jdph1 Wkxv/ wkh wkuhvkrog ��+n, lv

�zhdno|� orzhu wkdq iru vwdqgdug wuljjhu0vwudwhj| htxloleuld1

;7



Sursrvlwlrq : Wkh wkuhvkrog hBE&c k� lv plqlpl}hg iru k ' kW E&� gh�qhg e|

kW� E&� �
	&�

P�	&�
�

dqg=

BWE&� � hBE&c kW E&�� ' 	&?
	g
�

61516 Dssolfdwlrqv wr phujhuv

Wkh wkuhvkrog BWE&� fdq eh xvhg wr dvvhvv wkh lpsdfw ri fdsdflw| wudqvihuv dqg

phujhuv rq wkh vfrsh iru frooxvlrq1 Ghqrwlqj e| 	gu dqg 	g7/ uhvshfwlyho|/ wkh

uhohydqw fdsdflw| ri wkh odujhvw �up dqg wkh vxp ri wkh rwkhu �upv* uhohydqw

fdsdflwlhv/ wklv wkuhvkrog fdq eh zulwwhq dv=

BWE&� ' ��
�

	gu n 	g7

li 	g7 : �c

'
	gu

	gu n 	g7

li 	g7 ���

Lq sduwlfxodu/ zkhq vpdoo �upv duh �uhdoo|� vpdoo +l1h1/ zkhq wkh| fdqqrw

vhuyh wkh hqwluh pdunhw,/ h{dfhuedwlqj dv|pphwu|/ e| wudqvihuulqj fdsdflw| iurp

d vpdoo �up wr wkh odujhvw rqh/ pdnhv frooxvlrq pruh gl!fxow wr eh vxvwdlqhg

+BW lqfuhdvhv,= wklv lv ehfdxvh wklv uhgxfhv vpdoo �upv* uhwdoldwlrq delolw| +vlqfh

;8



	g7 	 �, dqg pruhryhu h{dfhuedwhv wkh odujh �up*v lqfhqwlyh wr ghyldwh li

	gu 	 � 1 Exloglqj rq wklv lqvljkw/ Frpswh0Mhqq|0Uh| +5333, vkrzv wkdw/ zkhq

fdsdflw| frqvwudlqwv uhdoo| pdwwhu/ wkh glvwulexwlrq ri fdsdflw| wkdw prvw idflol0

wdwhv frooxvlrq/ iru d jlyhq wrwdo fdsdflw|/ lv wkh v|pphwulf rqh=<5

Sursrvlwlrq ; Li wkh wrwdo fdsdflw| g lv vx!flhqwo| vpdoo
�
g � ?

?3�
�
�
/ wkhq

wkh vhw ri fdsdflw| glvwulexwlrqv iru zklfk BW E&� lv plqlpdo lv i&r � Eg*?c ���cg*?�j �

Phujhuv uhgxfh wkh qxpehu ri frpshwlwruv/ zklfk lv riwhq wkrxjkw wr idflolwdwh

frooxvlrq1 Lq sduwlfxodu/ nhhslqj sxqlvkphqwv frqvwdqw/ lw uhgxfhv wkh lqfhqwlyhv

wr ghyldwh1<6 Wklv h�hfw grplqdwhv zkhq fdsdflw| frqvwudlqwv duh qrw wrr vhyhuh/

vlqfh lq wkdw fdvh d phujhu zrxog kdyh olwwoh lpsdfw rq sxqlvkphqwv sur�wv/ zklfk

<5Wklv uhvxow uhpdlqv ydolg zkhq frqvlghulqj wkh prvw jhqhudo fodvv ri htxloleuld1 Gh�qlqj

� +n, dv wkh orzhvw glvfrxqw idfwru iru zklfk shuihfw frooxvlrq zrxog eh vxvwdlqdeoh lq dq| vxe0

jdph shuihfw htxloleulxp +doorzlqj iru  h{leoh pdunhw vkduhv/ pl{hg vwudwhjlhv/ hwf1,/ zkhqhyhu

N ? q
q�4P / wkh v|pphwulf glvwuexwlrq nv plqlpl}hv � +n,> pruhryhu/ iru � @ ��+nv,/ shuihfw

frooxvlrq fdqqrw eh vxvwdlqhg zkhqhyhu wkh odujhvw fdsdflw| lv q@ +q� 4, odujhu wkdq wkh vpdoohu

rqh1

<6Vlqfh wkh jdlqv iurp d xqlodwhudo ghyldwlrq frph dw wkh h{shqvh ri doo ulydov/ wkh jdlqv iurp

d mrlqw ghyldwlrq duh orzhu wkdq wkh vxp ri wkh jdlqv wkdw hdfk ghyldwru frxog jhw wkurxjk d

xqlodwhudo ghyldwlrq1

;9



lq dq| fdvh duh forvh wr }hur1 Krzhyhu/ d phujhu pd| h{dfhuedwh wkh dv|pphwu|

lq fdsdflwlhv zkhq lw lqyroyhv wkh odujhvw �up1 Wklv whqgv wr kxuw wdflw frooxvlrq/

dqg wklv h�hfw grplqdwhv zkhq wkh fdsdflw| frqvwudlqwv duh pruh vhyhuh ru wkhlu

glvwulexwlrq lv yhu| dv|pphwulf1<7

Srolf| lpsolfdwlrqv1 Wklv dqdo|vlv vxjjhvwv phujhu jxlgholqhv wkdw vxevwdq0

wldoo| gl�hu iurp wkrvh lqvsluhg e| vwdwlf dqdo|vhv1 Lq sduwlfxodu/ iru d jlyhq qxp0

ehu ri �upv/ wkh Khu�qgdko whvw suhvxphv wkdw d pruh v|pphwulf frq�jxudwlrq

lv pruh olnho| wr eh frpshwlwlyh +wkh Khu�qgdko lqgh{ lv plqlpdo iru d v|pphwulf

frq�jxudwlrq,1 Vlploduo|/ wkh vwdwlf Qdvk htxloleulxp lqgxvwu|0zlgh sur�wv riwhq

ghfuhdvh zlwk v|pphwu|1<8 Wkh deryh dqdo|vlv lqvwhdg vxjjhvwv wkdw dv|pphwu|

pd| eh sur0frpshwlwlyh/ dv lw pd| kxuw wdflw frooxvlrq1<9 D vx!flhqwo| dv|pphw0

<7Zkhq vpdoo �upv duh qrw wrr vpdoo + aNV �P,/ wkh uhdvrqlqj dssolhv erwk wr �0htxloleuld

dqg wr pruh jhqhudo rqhv1 Zkhq aNV ? P / wkh glvfxvvlrq wkdw iroorzv lv edvhg rq wkh dqdo|vlv

ri ��htxloleuld> krzhyhu/ wkh urexvwqhvv ri wkh uhvxow rq wkh lpsdfw ri dv|pphwu| vxjjhvwv

wkdw/ hyhq iru pruh jhqhudo frooxvlyh htxloleuld/ d phujhu lqyroylqj wkh odujhvw �up lv vwloo olnho|

wr kxuw frooxvlrq1

<8Iru h{dpsoh/ lq wkh deryh iudphzrun hdfk �up l jhwv pd{
�
3>P � q�4

q
N
�
li wkh glvwulex0

wlrq lv v|pphwulf dqg dw ohdvw pd{
q
3>
�
P � aNV

�
anl@anq

r
rwkhuzlvh1 Wkh lqgxvwu|0zlgh sur�wv

duh wkxv plpl}hg zkhq wkh fdsdflw| N lv glvwulexwhg hyhqo| dprqj wkh �upv1

<9Nÿkq dqg Prwwd +5333, hpskdvl}h wkh vdph lqvljkw lq d d gl�huhqw frqwh{w/ zkhuh �vl}h�
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ulf frq�jxudwlrq pd| hyhq pruh wkdq frpshqvdwh iru d uhgxfwlrq lq wkh qxpehu

ri �upv= Li 	g7 	 � / dq| phujhu lqyroylqj wkh odujh �up kxuwv frooxvlrq dqg pd|

wkxv ehqh�w frpshwlwlrq vlqfh/ dowkrxjk lw uhgxfhv wkh qxpehu ri frpshwlwruv/ lw

h{dfhuedwhv wkh dv|pphwu| ehwzhhq wkhp +wkh Khu�qgdko whvw zrxog lq frqwudvw

dgylvh wkdw wkh suh0phujhu vlwxdwlrq lv pruh idyrudeoh wr frpshwlwlrq,1<: Odvw/

wkh dqdo|vlv surylghv d vx!flhqw vwdwlvwlf/ edvhg rq wkh glvwulexwlrq ri fdsdflwlhv

�zklfk lq sudfwlfh duh jhqhudoo| uhodwlyho| hdv| wr hydoxdwh�/ iru wkh dvvhvvphqw

ri wkh lpsdfw ri d phujhu rq wkh vfrsh iru frooxvlrq1<;

uhihuv wr wkh qxpehu ri ydulhwlhv wkdw d �up r�huv1

<:Wkh deryh dqdo|vlv dovr fdvwv vrph grxew rq vwdqgdug phujhu uhphglhv/ zklfk frqvlvw lq

glyhvwlqj vrph ri wkh fdsdflw| ri wkh phujhg �up dqg wudqvihuulqj lw wr rwkhu frpshwlwruv= vxfk

d uhphg| whqgv wr pdlqwdlq d uhdvrqdeoh dprxqw ri v|pphwu| ehwzhhq wkh frpshwlwruv � lq

rughu wr dyrlg wkh fuhdwlrq ri d �grplqdqw srvlwlrq� � exw pd| khos wdflw frooxvlrq1

<;Frpswh0Mhqq|0Uh| +5333, glvfxvvhv lq wklv oljkw wkh zhoo0nqrzq Qhvwoì0Shuulhu phujhu fdvh1

Dq lqwhuhvwlqj ihdwxuh ri wklv phujhu zdv wkh sduwlhv* sursrvdo wr wudqvihu dq lpsruwdqw vsulqj

+Yroylf, wr wkh pdlq rwkhu sod|hu lq wkh lqgxvwu| +EVQ/ qrz Gdqrqh,1 Wklv wudqvihu frxog eh

vhhq dv d uhphg| wr dyrlg wkh fuhdwlrq ri wkh grplqdqw srvlwlrq/ doorzlqj wkh pdunhw vkduh ri

wkh phujhg hqwlw| wr uhpdlq ehorz 83(1 Exw wkh vsulqj Yroylf kdg dovr kxjh xqxvhg fdsdflw|/

dqg EVQ glg qrw kdyh pxfk h{fhvv fdsdflw| ehiruh wkh phujhu1 Khqfh/ wkh phujhu zrxog kdyh

fuhdwhg d odujh dv|pphwu| lq fdsdflwlhv ehwzhhq wkh wzr uhpdlqlqj sod|huv zkloh wkh sursrvhg

;;



7 Uhvhdufk djhqgd

Wkh wkuxvw ri wklv sdshu lv wkdw pruh dwwhqwlrq vkrxog eh ghyrwhg wr lpsohphq0

wdwlrq sureohpv zkhq exloglqj wkh wkhru| ri frpshwlwlrq srolf|1 L kdyh wulhg wr

looxvwudwh wklv srlqw lq wkh frqwh{w ri sulfh0�{lqj djuhhphqwv dqg phujhu frqwuro/

exw lw dssolhv dv zhoo/ zlwk shukdsv hyhq pruh irufh/ wr rwkhu duhdv ri frpshwlwlrq

srolf| vxfk dv suhgdwlrq fdvhv ru wkh wuhdwphqw ri yhuwlfdo uhvwudlqwv1

L kdyh eulh | ghvfulehg vrph uhfhqw dgydqfhv/ exw pxfk uhpdlqv wr eh grqh1

Wkh zrunv L kdyh phqwlrqhg vxjjhvw d ihz olqhv ri uhvhdufk/ lqfoxglqj whfkqlfdo

wrslfv vxfk dv wkh htxloleulxp dqdo|vlv ri uhshdwhg jdphv iru �prghudwh� glvfrxqw

idfwruv1 ^D uhvhdufk djhqgd khosixo iru wkh dqdo|vlv ri idfwruv dqg sudfwlfhv wkdw

d�hfw frooxvlrq1 Fxuuhqwo|/ wkh sdshuv wkdw kdyh pdgh dgydqfhv lq wklv duhd

riwhq kdyh wr uhvwulfw dwwhqwlrq wr sduwlfxodu fodvvhv ri htxloleuld �h1j1/ v|pphwulf

htxloleuld lq Mxoolhq0Uh| ru frqvwdqw pdunhw vkduhv lq Frpswh0Mhqq|0Uh|1 Lw

zrxog eh qlfh wr kdyh dssursuldwh wrrov iru fkdudfwhul}lqj pruh jhqhudo fodvvhv ri

htxloleuld1`

wudqvihu uhvwruhg shuihfw v|pphwu| � erwk sod|huv frxog vhuyh wkh hqwluh pdunhw1 Dffruglqj

wr wkh deryh dqdo|vlv/ wkh phujhu zrxog kdyh dfwxdoo| pdgh frooxvlrq pruh gl!fxow wr vxvwdlq

devhqw wkh wudqvihu ri Yroylf/ exw hdvlhu wr vxvwdlq zlwk wkh wudqvihu1

;<



Pdq| lqwhuhvwlqj wrslfv duh uhodwhg wr lpsohphqwdwlrq sureohpv1 Lq sduwlf0

xodu/ zh qhhg d ehwwhu xqghuvwdqglqj ri wkh xqghuo|lqj uhdvrqv iru wkh ydulrxv

olplwdwlrqv wkdw zh revhuyh lq sudfwlfh=

� frqgxfw vxshuylvlrq udwkhu wkdq sulfh uhjxodwlrq>

� devhqfh ri wudqvihuv/ h{fhsw �qhv iru suh0vshfl�hg frqgxfwv>

� lqwhuyhqwlrq pdlqo| h{ srvw> hwf1

Lq sudfwlfh/ zh revhuyh pdq| irupv ri lqgxvwu| vxshuylvlrq/ vxfk dv uhjxod0

wlrq/ dqwlwuxvw/ ru frpsxovru| duelwudwlrq/ dqg zh fdq ohduq d ihz wklqjv iurp

vwxg|lqj zkdw zrunv dqg zkhq1 Zlwk wklv lghd lq plqg/ L qrz eulh | vnhwfk d

frpsdulvrq ri �uhjxodwlrq� dqg �dqwlwuxvw� dorqj ydulrxv glphqvlrqv= surfhgxuhv

dqg frqwuro uljkwv/ wlplqj ri ryhuvljkw/ lqirupdwlrq lqwhqvlyhqhvv dqg frqwlqxhg

uhodwlrqvkls/ dqg lqghshqghqfh ylv0ã0ylv wkh srolwlfdo hqylurqphqw1 L xvh wklv

urxjk frpsdulvrq wr glvfxvv krz wkh lqvwlwxwlrqdo ihdwxuhv pd| frqwulexwh wr dq

h�hfwlyh vxshuylvlrq ri lqgxvwu|/ wdnlqj lqwr frqvlghudwlrq wkh ryhuvhhu*v lpshu0

ihfw nqrzohgjh ri wkh frvw dqg ghpdqg vwuxfwxuh lq wkh lqgxvwu|/ wkh ulvn wkdw

wkh ryhuvhhu pd| eh fdswxuhg e| +frooxgh zlwk, vshfl�f lqwhuhvw jurxsv/ dqg klv

ru khu olplwhg frpplwphqw delolw|1
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714 Surfhgxuhv dqg frqwuro uljkwv

Dqwlwuxvw dxwkrulwlhv jhqhudoo| dvvhvv wkh odzixoqhvv ri frqgxfwv1 Lq frqwudvw/

uhjxodwruv kdyh pruh h{whqvlyh srzhuv dqg hqjdjh lq ghwdlohg uhjxodwlrq> wkh| vhw

ru sxw frqvwudlqwv rq zkrohvdoh dqg uhwdlo sulfhv/ ghwhuplqh wkh h{whqw ri sur�w

vkdulqj ehwzhhq wkh �up dqg lwv fxvwrphuv +dv xqghu frvw0ri0vhuylfh uhjxodwlrq ru

hduqlqjv0vkdulqj vfkhphv,/ ryhuvhh lqyhvwphqw ghflvlrqv/ dqg frqwuro hqwu| lqwr

vhjphqwv wkurxjk olfhqvlqj ri qhz hqwudqwv dqg olqh0ri0exvlqhvv uhvwulfwlrqv iru

lqfxpehqwv1<<

<<Wklv jhqhudo slfwxuh ri d odujh qxpehu ri lqvwuxphqwv dqg ri srwhqwldoo| kljk glvfuhwlrqdu|

srzhu khog e| uhjxodwruv lv ri frxuvh wr eh txdol�hg e| wkh pdq| frqvwudlqwv wkh| idfh lq

wkhlu ghflvlrq pdnlqj= surfhgxudo uhtxluhphqwv/ odfn ri orqj0whup frpplwphqw/ vdihjxdugv

djdlqvw uhjxodwru| wdnlqjv/ frqvwudlqwv rq sulfh �{lqj ru frvw uhlpexuvhphqw uxohv +frvw0ri0

vhuylfh uhjxodwlrq/ sulfh fdsv/ hwf1,/ frvw edvhg ghwhuplqdwlrq ri dffhvv sulfhv/ dqg vr iruwk1

Dovr/ dqwlwuxvw dxwkrulwlhv dqg frxuwv vrphwlphv h{huflvh uhjxodwru| dxwkrulw| e| lpsrvlqj

olqh0ri0exvlqhvv uhvwulfwlrqv ru iruflqj frvw0ri0vhuylfh ghwhuplqdwlrq ri dffhvv sulfhv1 D fdvh lq

srlqw lv mxgjh Juhhqh ehfrplqj d uhjxodwru ri wkh Dphulfdq whohfrppxqlfdwlrqv lqgxvwu|1 Lq

Hxursh/ zkhuh wkhuh kdv ehhq d jurzlqj lqwhuhvw lq hvvhqwldo idflolw| dqg pdunhw dffhvv lvvxhv/

wkh Hxurshdq Frpplvvvlrq kdv wulhg wr ghyhors erwk dqwlwuxvw dqg uhjxodwru| frpshwhqfhv dqg

phwkrgv1 Vwloo/ wkh sdwwhuq ghvfulehg lq wkh wh{w vhhpv idluo| jhqhudo1
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Wkhuh lv vrph frqyhujhqfh ri uhjxodwru| dqg frpshwlwlrq srolf| surfhgxuhv1

Iru h{dpsoh lq wkh XV/ uhjxodwru| khdulqjv duh txdvl0mxglfldo surfhvvhv lq zklfk

d zlgh duud| ri lqwhuhvwhg sduwlhv fdq h{srvh wkhlu ylhzsrlqwv1 Wkh hqolvwlqj ri

dgyrfdwhv lv surplqhqw lq erwk lqvwlwxwlrqv dqg lv d nh| idfwru lq wkh uhgxfwlrq ri

wkh lqirupdwlrqdo kdqglfds idfhg e| wkh lqgxvwu| ryhuvhhu1433 Wkhuh duh krzhyhu

d frxsoh ri gl�huhqfhv uhodwlyh wr wkh uroh ri lqwhuyhqruv1 Lq dqwlwuxvw hqirufhphqw/

sulydwh sduwlhv/ dowkrxjk wkh| duh pruh frqvwudlqhg lq wkhlu dffhvv wr wkh ryhuvljkw

surfhvv/ sod| d eljjhu uroh wkdq lq d uhjxodwru| surfhvv1 Frpshwlwlrq srolf|

r!fldov rffdvlrqdoo| frqgxfw lqghshqghqw lqgxvwu| vwxglhv/ exw wkh ydvw pdmrulw|

ri fdvhv eurxjkw wr frxuwv duh sulydwh vxlwv1 Dqrwkhu gl�huhqfh lv wkdw lqwhuhvw

jurxsv duh prwlydwhg wr lqwhuyhqh lq wkh uhjxodwru| surfhvv vroho| e| wkh survshfw

ri prgli|lqj srolf| zkloh wkh| jr wr frxuw hlwkhu wr prgli| lqgxvwu| frqgxfw

+wkurxjk d frxuw lqmxqfwlrq, ru wr rewdlq prqhwdu| frpshqvdwlrq +h1j1/ wuheoh

gdpdjhv,1 \hw dqrwkhu gl�huhqfh ehwzhhq wkh wzr lqvwlwxwlrqv lv wkdw frxuwv kdyh

ohvv frqwuro ryhu wkh djhqgd wkdq uhjxodwruv1 Zkloh frxuwv fdq wkurz rxw d fdvh/

wkh| prvw riwhq h{dplqh lw �uvw dqg pd| hdvlo| ehfrph ryhuordghg1 Frqyhuvho|/

frxuwv fdq rqo| wdnh fdvhv zklfk duh eurxjkw wr wkhp �frpshwlwlrq dxwkrulwlhv

433Vhh Ghzdwulsrqw0Wluroh +4<<<, iru d irupdo dqdo|vlv1
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kdyh krzhyhu pruh  h{lelolw|1

Dqrwkhu glvwlqfwlrq ehwzhhq wkh wzr lqvwlwxwlrqv lv wkh vhsdudwlrq ehwzhhq

lqyhvwljdwlrq dqg survhfxwlrq lq dqwlwuxvw1 Lq frqwudvw/ uhjxodwruv frqgxfw uhjx0

odwru| khdulqjv dqg dgmxglfdwh rq wkhlu edvlv1 Rqh vkrxog krzhyhu qrw ryhuhp0

skdvl}h wklv glvwlqfwlrq1 Iluvw/ vrph frpshwlwlrq srolf| pdnhuv/ vxfk dv wkh

Hxurshdq Frpplvvlrq/ fdq erwk lqyhvwljdwh dqg wdnh dfwlrq djdlqvw vshfl�f eh0

kdylruv +vxemhfw wr wkh srvvlelolw| ri frxuw dsshdo,1 Vhfrqg/ uhjxodwru| ghflvlrqv

pd| eh dsshdohg lq frxuw lq wkh vdph zd| d frxuw ghflvlrq pd| eh ryhuuxohg e|

d kljkhu frxuw1

D odvw srlqw ri ghsduwxuh ehwzhhq wkh wzr lqvwlwxwlrqv uhodwhv wr wkh frqvlv0

whqf| uhtxluhphqwv1 Uhjxodwruv dqg frxuwv duh erwk uhtxluhg wr dsso| uhodwlyho|

frqvlvwhqw uhdvrqlqj1 Exw zkloh suhfhghqwv sod| vrph uroh lq wkh wzr lqvwlwx0

wlrqv/ uhjxodwruv duh pdlqo| erxqg wr eh vrphzkdw frqvlvwhqw zlwk wkhlu suhylrxv

ghflvlrqv iru wkh lqgxvwu| wkh| ryhuvhh1 Frxuwv/ lq frqwudvw/ pxvw dovr uhihu wr

ghflvlrqv ri rwkhu frxuwv �sduwlfxoduo| lq frpprq odz v|vwhpv� dv zhoo dv wr ghfl0

vlrqv shuwdlqlqj wr rwkhu lqgxvwulhv1 Lq sduwlfxodu/ wkh xqliruplw| ri lqwhuyhqwlrqv

dfurvv lqgxvwulhv lpsrvhv vxevwdqwldo frqvwudlqwv rq wkh frxuwv* glvfuhwlrq1
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715 Wlplqj ri ryhuvljkw

Dq lpsruwdqw gl�huhqfh ehwzhhq uhjxodwlrq dqg dqwlwuxvw lv wkdw wkh iruphu rs0

hudwhv pdlqo| h{ dqwh dqg wkh odwwhu h{ srvw1 Dqwlwuxvw dxwkrulwlhv dvvhvv frqgxfw

diwhu wkh idfw zkloh uhjxodwruv gh�qh wkh uxohv iru sulfh vhwwlqj/ lqyhvwphqw dqg

sur�w vkdulqj h{ dqwh1 Djdlq/ vrph txdol�huv duh lq rughu1 Phujhu frqwuro e| Hx0

urshdq dqg Dphulfdq frpshwlwlrq srolf| r!fldov uhtxluhv qrwl�fdwlrq iru odujh

phujhuv dqg lv d txdvl0uhjxodwru| surfhvv1434 Frqyhuvho|/ dq djhqf|*v ghflvlrq

ri glvdoorzlqj h{ srvw �lpsuxghqw lqyhvwphqwv�/ wkdw lv ri h{foxglqj wkhp iurp

wkh udwh edvh lq d frvw0ri0vhuylfh surfhvv/ lv dq looxvwudwlrq ri h{ srvw ghflvlrq

pdnlqj lq d uhjxodwhg hqylurqphqw1 Exw wkh eurdg slfwxuh lv wkdw wkh wlplqj ri

uhjxodwru| ghflvlrq pdnlqj gl�huv iurp wkdw ri dqwlwuxvw hqirufhphqw1

Frqfrplwdqwo|/ wkh uhjxodwru| surfhvv pxvw eh pruh h{shglhqw1 Wkh qhfhv0

vlw| qrw wr kdow surgxfwlyh ghflvlrqv dv zhoo dv uxohv frqvwudlqlqj wkh ohqjwk ri

lqyhvwljdwlrqv riwhq sxw suhvvxuh rq uhjxodwruv +ru txdvl0uhjxodwruv vxfk dv phujhu

frqwuro r!fhuv, wr frqyhujh rq udslg ghflvlrqv1 Lq frqwudvw/ wkh h{ srvw qdwxuh

434Vhh Qhyhq0Qxwwdoo0Vhdeuljkw +4<<6, iru d yhu| uhohydqw glvfxvvlrq ri lqvwlwxwlrqv lq wkh

frqwh{w ri phujhu frqwuro1 H{fhsw iru vrph olfhqvlqj djuhhphqwv/ �upv pd|/ exw duh qrw uhtxluhg

wr vxeplw yhuwlfdo djuhhphqwv iru dssurydo wr wkh Hxurshdq Frpplvvlrq1
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ri dqwlwuxvw lqwhuyhqwlrq grhv qrw fdoo iru d vlplodu h{shglhqf| �zlwk wkh srvvl0

eoh h{fhswlrq ri suhgdwru| fdvhv/ zkhuh lqwhulp surylvlrqv pd| eh qhfhvvdu| wr

suhyhqw luuhyhuvleoh gdpdjhv1

Dqrwkhu lpsolfdwlrq ri wkh wlplqj ri jryhuqphqw lqwhuyhqwlrq lv wkdw wkh xq0

fhuwdlqw| derxw wkh ryhuvhhu*v ghflvlrq pdnlqj gl�huv ehwzhhq wkh wzr lqvwlwx0

wlrqv1 H{ dqwh lqwhuyhqwlrq uhpryhv prvw ri wkh xqfhuwdlqw| derxw wklv lqwhu0

yhqwlrq +dowkrxjk qrw qhfhvvdulo| derxw lwv frqvhtxhqfhv,1 Lw pd| wkxv idflolwdwh

�qdqflqj ri qhz lqyhvwphqw e| doohyldwlqj wkh ohqghuv* lqirupdwlrqdo kdqglfds

zlwk uhvshfw wr wklv lqwhuyhqwlrq +wr wkh h{whqw wkdw wkh ohqghuv pd| kdyh lqvx!0

flhqw h{shuwlvh lq wkh lqgxvwu| dqg pd| wkxv eh frqfhuqhg derxw wkh eruurzhu*v

vxshulru nqrzohgjh derxw wklv lqwhuyhqwlrq, dqg e| vkdushqlqj wkh phdvxuhphqw

ri wkh eruurzhu*v shuirupdqfh +e| holplqdwlqj h{wudqhrxv qrlvh qrw frqwuroohg e|

lwv pdqdjhphqw,1435

H{ dqwh lqwhuyhqwlrq dovr surylghv vrph frpplwphqw e| wkh uhjxodwru wrzdug

435Wkdw lv/ wkh uhprydo ri xqfhuwdlqw| pd| uhgxfh erwk dgyhuvh vhohfwlrq dqg prudo kd}dug1

Qrwh wkdw wkh uhprydo ri uhjxodwru| ulvn shu vh qhhgv qrw uhgxfh wkh ulvn idfhg e| ulvn dyhuvh

lqyhvwruv= wr wkh h{whqw wkdw wkh uhjxodwru| ulvn lq wkh lqgxvwu| lv lglrv|qfudwlf/ lw vkrxog eh

glyhuvl�hg dzd| xqghu shuihfw fdslwdo pdunhwv1
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wkh �up1436 Wklv frpplwphqw lv ghvludeoh zkhqhyhu wkh uhjxodwru kdv wkh rssru0

wxqlw| wr h{sorlw wkh �up*v ghprqvwudwhg h!flhqf| ru lqyhvwphqw e| ehfrplqj

yhu| ghpdqglqj1

H{ dqwh lqwhuyhqwlrq pd| eh sduwlfxoduo| ydoxdeoh zkhq frruglqdwlrq sureohpv

duh lpsruwdqw/ h1j1 dv iru wkh ghvljq ri wkh duwlfxodwlrq ehwzhhq xuedq dqg

lqwhuflw| wudqvsruw qhwzrunv/ ru ehwzhhq gl�huhqw prghv +udlo dqg exvhv, ri xuedq

wudqvsruw1

Ilqdoo|/ h{ dqwh lqwhuyhqwlrq pd| irufh wkh �up wr glvforvh lqirupdwlrq wkdw

lw zrxog qrw glvforvh h{ srvw1 Lqwxlwlyho|/ lw lv ohvv ulvn| iru wkh �up wr frqfhdo ru

pdqlsxodwh lqirupdwlrq h{ srvw zkhq lw nqrzv wkh vwdwh ri qdwxuh wkdq h{ dqwh

zkhq lw grhv qrw> iru lqvwdqfh/ wkh �up pd| nqrz h{ srvw wkdw d olh derxw dq h{

dqwh lqirupdwlrq wkdw frqglwlrqhg vrph exvlqhvv ghflvlrq zloo qrw eh glvfryhuhg/

exw lw pd| kdyh qr vxfk fhuwdlqw| h{ dqwh1437

D gudzedfn ri h{ dqwh lqwhuyhqwlrq lv wkdw lw pd| irvwhu frooxvlrq ehwzhhq

436Wr eh vxuh/ frpshwlwlrq dxwkrulwlhv fdq sxeolvk jxlgholqhv wr suh0dqqrxqfh wkhlu srolf|1

Krzhyhu/ wkrvh jxlgholqhv qhhg qrw eh iroorzhg e| wkh frxuwv1

437Wkdw lv/ lqfhqwlyh frqvwudlqwv h{ dqwh duh srrohg/ vlqfh wkh| duh h{suhvvhg lq h{shfwdwlrqv1

Lw lv wkhuhiruh hdvlhu wr holflw lqirupdwlrq h{ dqwh wkdq h{ srvw/ ehfdxvh wkhuh duh ihzhu lqfhqwlyh

frqvwudlqwv1
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wkh lqgxvwu| dqg wkh vxshuylvhu1 Wkh lqgxvwu| nqrzv zkrp lw lv idflqj zkloh lw

lv pxfk pruh xqfhuwdlq derxw zkhwkhu lw zloo eh deoh wr fdswxuh wkh +xqnqrzq,

ryhuvhhu lq d frqwh{w lq zklfk wkh ryhuvljkw wdnhv sodfh h{ srvw1 Wklv xqfhuwdlqw|

derxw wkh srvvlelolw| ri fdswxuh lqfuhdvhv wkh �up*v frvw ri plvehkdylqj1

D vhfrqg ehqh�w ri h{ srvw lqwhuyhqwlrq lv ri frxuvh wkh rssruwxqlw| wr wdnh

dgydqwdjh ri lqirupdwlrq wkdw dffuxhv �diwhu wkh idfw�1 Iru h{dpsoh/ lw pd| ryhu

wlph ehfrph fohduhu zkdw frqvwlwxwhv dffhswdeoh frqgxfw1 Wr eh fhuwdlq/ h{ dqwh

ghflvlrqv frxog lq sulqflsoh eh  h{leoh hqrxjk wr doorz iru h{ srvw dgmxvwphqwv

wkdw hperg| wkh qhz lqirupdwlrq> exw ghvfulelqj surshuo| h{ dqwh wkh qdwxuh ri

ixwxuh lqirupdwlrq wkdw zloo eh eurxjkw wr ehdu rq wkh ghwhuplqdwlrq ri dffhsw0

delolw| pd| suryh gl!fxow dqg qrw jhqhudwh pxfk jdlq uhodwlyh wr d sxuh h{ srvw

lqwhuyhqwlrq1

H{dpsohv

Wkhvh ydulrxv gl�huhqfhv vxjjhvw dv pdq| wrslfv ri uhvhdufk1 Iru h{dpsoh/

Ehujëv/ Orvv/ Pdodyrowl dqg Yhujì +5333, ghyhors d iudphzrun wr vwxg| wkh fkrlfh

ehwzhhq h{ dqwh qrwl�fdwlrq ru h{ srvw dxglw> wkh| vkrz wkdw qrwl�fdwlrq lv suhihu0

deoh zkhq wkh frpshwlwlrq dxwkrulw| kdv ohvv nqrzohgjh derxw wkh lqgxvwu|/ zkloh
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h{ srvw dxglw lv pruh h�hfwlyh zkhq wkh ghflvlrqv ri wkh dxwkrulw| duh pruh dffx0

udwh dqg/ e| wkh vdph wrnhq/ pruh suhglfwdeoh1 Dqg Dxehuw dqg Srx|hw +5333,

kdyh vwduwhg wr vwxg| krz wkh uhjxodwru| dqg dqwlwuxvw prghv ri lqwhuyhqwlrq

frxog lghdoo| ehhq frpelqhg1

716 Lqirupdwlrq lqwhqvlyhqhvv dqg frqwlqxhg uhodwlrqvkls

Dqrwkhu xvhixo glvwlqfwlrq ehwzhhq dqwlwuxvw dqg uhjxodwlrq lv wkdw uhjxodwru|

ghflvlrqv uho| rq vxshulru h{shuwlvh1 Wkh uhjxodwru| dgydqwdjh lq wklv uhvshfw

lv wkuhh0irog1 Iluvw/ d uhjxodwru| djhqf| vshfldol}hv rq d vshfl�f lqgxvwu| zkloh

dqwlwuxvw hqirufhuv kdyh d idluo| xqlyhuvdo pdqgdwh1 Vhfrqg/ uhjxodwruv duh xvxdoo|

lqyroyhg lq d orqj0whup uhodwlrqvkls zlwk uhjxodwhg lqgxvwulhv zkloh mxgjhv duh

qrw1 Wklug/ uhjxodwruv xvxdoo| kdyh odujhu vwd�v wkdq mxgjhv dqg prqlwru wkh

�upv* dffrxqwv rq d frqwlqxrxv edvlv udwkhu wkdq rq dq rffdvlrqdo rqh1 Wkh|

fdq dovr lqvlvw rq vshfl�f dffrxqwlqj sulqflsohv +vxfk dv dffrxqw vhsdudwlrq, dv

zhoo dv glvforvxuh uxohv1 Wklv lqirupdwlrq vxshulrulw| fdq fohduo| eh pruh ru

ohvv lpsruwdqw dffruglqj wr wkh frqwh{w1 Lw lv iru lqvwdqfh pruh olnho| wr eh

vxevwdqwldo lq wkh fdvh ri d vlqjoh0lqgxvwu| �up uhjxodwhg e| d qdwlrqdo djhqf|/
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dv iru hohfwulflw| lq wkh XN ru lq Iudqfh/ wkdq lq wkh fdvh ri d pxowl0dfwlylwlhv

�up uhjxodwhg e| orfdo djhqflhv/ dv iru wkh Jhupdq Vwdgwzhunh ru wkh Lwdoldq

D}lhqgh1 Ixuwkhupruh/ wklv vxshulru vhfwruldo h{shuwlvh pd| eh qxdqfhg e| d

pruh olplwhg h{shulhqfh zlwk phfkdqlvpv ru vroxwlrqv dssolhg lq rwkhu vhfwruv

+olplwhg ehqfkpdunlqj,1

Vxshulru h{shuwlvh lv ri frxuvh d ehqh�w lq wkdw lw doorzv ehwwhu lqiruphg

ghflvlrq pdnlqj1 Iru h{dpsoh uhjxodwruv kdyh iru d orqj wlph xvhg frvw0edvhg

uxohv iru uhwdlo dqg zkrohvdoh sulfhv hyhq wkrxjk wkh ghwhuplqdwlrq ri frvwv lv

riwhq d gl!fxow wdvn1 Dqg lw lv qrw vxusulvlqj wkdw dqwlwuxvw hqirufhuv duh pruh dw

hdvh zlwk fdvhv edvhg rq txdolwdwlyh hylghqfh +sulfh glvfulplqdwlrq/ sulfh �{lqj/

yhuwlfdo uhvwudlqwv/111, wkdq zlwk wkrvh uhtxlulqj txdqwlwdwlyh hylghqfh +suhgdwlrq/

wdflw frooxvlrq/ dffhvv sulflqj/111,1

Vxshulru h{shuwlvh krzhyhu pd| eh d kdqglfds zkhq uhjxodwruv kdyh olplwhg

frpplwphqw srzhuv1 Zkhq d uhjxodwhg �up orzhuv lwv pdujlqdo frvw wkurxjk

h!flhqf| phdvxuhv ru lqyhvwphqw/ lw lv whpswlqj iru uhjxodwruv +ru srolwlfldqv, wr

frq�vfdwh wkh h!flhqf| jdlqv wkurxjk orzhu sulfhv1 Wklv �udwfkhw h�hfw�/ zklfk

lv vwuhqjwkhqhg e| wkh uhjxodwru*v dffhvv wr frvw lqirupdwlrq/ lv dq lpshglphqw
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wr h!flhqf|1 Vlploduo|/ dq h{fhvvlyh dwwhqwlrq +prwlydwhg e| vxshulru h{shuwlvh,

pd| lqklelw wkh �up*v lqlwldwlyh1 Dq dup*v ohqjwk uhodwlrqvkls pd| hqwdlo pruh

frpplwphqw srzhu dqg khos surylgh ehwwhu lqfhqwlyhv1438

D vhfrqg gudzedfn ghulyhv iurp wkh zd| h{shuwlvh lv dftxluhg1 Sduw ri wkh

uhjxodwru| djhqflhv* h{shuwlvh vwhpv iurp wkh orqj0whup qdwxuh ri wkhlu uhodwlrq0

vkls zlwk wkh lqgxvwu|1 Exw/ dv lv zhoo0nqrzq/ orqj0whup uhodwlrqvklsv duh/ lq

dq| rujdql}dwlrq/ frqgxflyh wr frooxvlrq1 Dqg lqghhg/ uhjxodwruv kdyh riwhq ehhq

pruh fdswxuhg e| lqwhuhvw jurxsv wkdq mxgjhv1 Wklv pd| dovr eh uhodwhg wr wkh

idfw wkdw/ vlqfh uhjxodwruv kdyh ghhshu nqrzohgjh ri d sduwlfxodu lqgxvwu|/ d qdw0

xudo fduhhu hyroxwlrq lv pruh olnho| wr lqyroyh forvh olqnv zlwk wklv lqgxvwu| +wkdw

lv/ wkh uhjxodwruv* h{shuwlvh pd| zhoo uhlqirufh �uhyroylqj grruv� sureohpv,1 Dovr/

wkh qhhg iru vxfk lqgxvwu|0irfxvhg h{shuwlvh pd| lpsrvh vrph frqvwudlqwv rq wkh

uhfuxlwphqw ri uhjxodwruv1

Srolwlfdo vflhqwlvwv kdyh uhshdwhgo| srlqwhg rxw wkdw djhqflhv whqg wr vwduw

ehkdylqj lq wkh sxeolf lqwhuhvw dqg wkhq ehfrph lqfuhdvlqjo| lqh!flhqw/ exuhdx0

fudwl}hg dqg pruh hdjhu wr sohdvh sulydwh lqwhuhvwv1 Iru h{dpsoh Ehuqvwhlq +4<88,

frqwhqgv wkdw wkh olih f|foh ri dq lqghshqghqw djhqf| fdq eh glylghg lqwr irxu

438Vhh iru h{dpsoh Fuìphu +4<<8, dqg Djklrq0Wluroh +4<<:,1
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shulrgv= jhvwdwlrq +surgxfwlrq ri d uhjxodwru| vwdwxwh,/ |rxwk +odfn ri h{shulhqfh/

xqfohdu pdqgdwh/ fuhdwlyh/ djjuhvvlyh dqg fuxvdglqj vslulw,/ pdwxulw| +irfxv rq

wkh surwhfwlrq ri wkh djhqf|*v h{lvwhqfh dqg srzhu/ vzlwfk iurp srolflqj wr pdq0

djlqj wkh lqgxvwu|/ kljkhu frqfhuq zlwk wkh khdowk ri wkh lqgxvwu|/ orvv ri ylwdolw|/

ghvluh wr dyrlg frq lfwv,/ dqg rog djh +h{wuhph frqvhuydwlvp/ orvv ri fuhdwlylw|/

jurzlqj edfnorjv dqg dsdwkhwlf dssurdfk wr wkh sxeolf lqwhuhvw lq uhjxodwlrq,1

Pduwlpruw +4<<<, surylghv d yhu| qlfh dqdo|vlv ri wklv lvvxh/ xvlqj d g|qdplf

prgho ri fdswxuh1 Wkh lghd lv wkdw zkhq fdswxuh lv lpsohphqwhg wkurxjk uh0

shdwhg lqwhudfwlrq/ wkh uhjxodwru| vwdnh ri dq| shulrg d�hfwv wkh vfrsh iru froox0

vlrq ehwzhhq wkh uhjxodwru dqg wkh lqgxvwu| lq doo suhylrxv shulrgv1 Wkhuhiruh/ wr

uhgxfh wkh vrfldo frvw ri frooxvlrq/ uhjxodwru| vwdnhv pxvw eh pruh dqg pruh uh0

gxfhg ryhu wlph/ wkdw lv/ uhjxodwru| djhqf| pxvw kdyh ohvv glvfuhwlrq dqg ehkdyh

pruh dqg pruh olnh d exuhdxfudw1

717 Lqghshqghqfh ylv0ã0ylv wkh srolwlfdo hqylurqphqw

Wkh �qdo glphqvlrq dorqj zklfk zh frpsduh uhjxodwlrq dqg dqwlwuxvw lv wkhlu

uhodwlrqvkls wr srolwlfdo srzhu1 Dqwlwuxvw dxwkrulwlhv duh wudglwlrqdoo| ghvfulehg
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dv ehlqj pruh lqghshqghqw wkdq uhjxodwru| djhqflhv1 Zkloh wklv ylhz lv jhqhudoo|

fruuhfw/ lw lv lpsruwdqw wr glvwlqjxlvk dprqj irupv ri uhjxodwlrq dqg frpshwlwlrq

srolf|= Dq dqwlwuxvw dxwkrulw| orfdwhg zlwklq d plqlvwu| lv pruh olnho| wr eh

lq xhqfhg e| srolwlfv wkdq dq lqghshqghqw uhjxodwru| djhqf|1

Wkh Dqjor0Vd{rq lqvwlwxwlrq ri uhjxodwlrq e| dq lqghshqghqw frpplvvlrq

vhhnv wr hpxodwh wkh ehqh�wv ri dq lqghshqghqw mxglfldo v|vwhp1 Lqghshqghqfh fdq

eh sduwldoo| rewdlqhg e| r�hulqj orqj/ vwdjjhuhg whupv wr frpplvvlrqhuv/ dqg e|

olplwlqj wkh lpsdfw ri ohjlvodwlyh erglhv rq wkh djhqf|*v exgjhw dqg mxulvglfwlrq1

Wkh ehqh�wv ri lqghshqghqfh duh zhoo0nqrzq1 Iluvw/ wkh srolwlfldqv* frqfhuq

derxw sxeolf rslqlrq dqg wkhlu wdvwh iru fdpsdljq frqwulexwlrqv pdnh wkhp surqh

wr jlyh lq wr lqwhuhvw jurxs suhvvxuh1 Uhodwhgo|/ dq lqghshqghqw djhqf| pd| eh

ohvv vhqvlwlyh wr dowhuqdwlyh prwlydwlrqv +vxfk dv idyrulqj grphvwlf ru sxeolf rshu0

dwruv,/ zklfk pd| uhgxfh uhjxodwru| xqfhuwdlqwlhv dqg r�hu d ehwwhu frpplwphqw

wr idlu wuhdwphqw ri doo frpshwlwruv1439 Lqghshqghqw djhqflhv duh ohvv yxoqhud0

439H{dpsohv ri vxfk frqfhuqv fdq eh irxqg lq wkh doorfdwlrq ri dlusruw vorwv dqg ru udlo vorwv1

Iru lqvwdqfh/ Iuhqfk sulydwh dluolqhv kdyh uhshdwhgo| frpsodlqhg derxw wkh doorfdwlrq ri vorwv/

fkdujlqj wkh Vwdwh djhqf| +wkh Gluhfwlrq Jìqìudoh gh o*Dyldwlrq Flyloh/ ru GJDF, zlwk id0

yrulwlvp wrzdugv Dlu Iudqfh dqg Dlu Lqwhu1 +Iru lqvwdqfh/ dw vrph srlqw Hxudodlu kdg dxwkr0
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eoh wr lqwhuhvw jurxsv/ dowkrxjk wkhlu r!fhuv duh qrw lppxqh wr wkh lq xhqfh

ri wkh uhyroylqj grru dqg vrphwlphv ri eulehv> ghflvlrqv fdq wkhq eh uhdfkhg

pruh rq h!flhqf| jurxqgv dqg ohvv rq wkh edvlv ri wkh uhodwlyh srzhu ri suhvvxuh

jurxsv1 Wklv lv ri frxuvh d vxevwdqwldo dgydqwdjh ri lqghshqghqfh1 Uhodwhgo|/

lqghshqghqfh pd| vwuhqjwkhq wkh djhqf|*v frpplwphqw srzhu e| olplwlqj erwk

rssruwxqlvwlf fdswxuhv ri wkh �up*v uhqwv dqg �vriw0exgjhw frqvwudlqw� sureohpv1

Vhfrqg/ lqghshqghqfh doorzv iru pruh wudqvsduhqf|1 Lq Iudqfh/ iru lqvwdqfh/ wkh

rqo| Hxurshdq frxqwu| zkhuh wkh dlu wud!f frqwuro lv gluhfwo| pdqdjhg e| wkh

Vwdwh/ wkurxjk wkh GJDF/ dluolqh frpsdqlhv kdyh dujxhg wkdw wkh dffrxqwlqj

v|vwhp grhv qrw surylgh d fohdu hqrxjk edvlv iru wkh ihhv fkdujhg wr wkh frp0

sdqlhv1 Pdq| frxqwulhv kdyh fkrvhq wr jlyh wkh dlu wud!f frqwuro wr hlwkhu dq

lqghshqghqw djhqf| ru d qrq0sur�w rujdql}dwlrq/ dqg vrph frxqwulhv vxfk dv wkh

XV duh hyhq frqvlghulqj sulydwl}lqj lw1

Wkh frvw ri lqghshqghqfh lv dovr zhoo0nqrzq1 Lqghshqghqw djhqflhv dqg frxuwv

pd| odfn dffrxqwdelolw| dqg iroorz wkhlu rzq djhqgd lqvwhdg ri wkh qdwlrq*v

djhqgd1 Iru h{dpsoh/ lq wkh fdvh ri wkh frpsoh{ ryhuvljkw ri qhwzrun lqgxv0

wulhv/ wkh sxeolf kdv dq hvshfldoo| loo0lqiruphg rslqlrq dqg riwhq qr rslqlrq dw

ul}dwlrq iru Wrxorxvh0Ruo|  ljkwv exw qr vorwv doorfdwhg wr rshudwh vxfk  ljkwv1,
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doo1 Lq vxfk flufxpvwdqfhv/ wkh sxeolf fdqqrw yhuli| zkhwkhu wkh djhqf| uhdoo| dfwv

lq lwv lqwhuhvwv/ zklfk fdoov iru olplwlqj wkhlu glvfuhwlrq= surfhgxudo uhtxluhphqwv/

olplwhg frpplwphqw srzhu/ srvvlelolw| ri dsshdo/ hwf1

Wkhuh kdv ehhq uhpdundeo| olwwoh zrun lq hfrqrplfv rq wkh frvwv dqg ehqh0

�wv ri lqghshqghqfh1 Ohqrlu +4<<4,*v prgho ghslfwv d wkuhh0sduw| klhudufk|= d

srolwlfdo sulqflsdo +wkh ohjlvodwlyh erg|/ ru pruh uhdolvwlfdoo| lwv frpplwwhhv dqg

vxefrpplwwhhv lq fkdujh ri ryhuvhhlqj wkh lqgxvwu|,/ d uhjxodwru| djhqf| dqg

wkh lqgxvwu| +h1j1/ d prqrsrolvw,1 Ohqrlu irfxvhv rq d sduwlfxodu yhuvlrq ri df0

frxqwdelolw| �wkdw wkh djhqf| grhv qrw zdvwh uhvrxufhv= wkh srolwlfdo sulqflsdo fdq

dgmxvw wkh uhvrxufhv ri d ghshqghqw djhqf| wr wkh odwwhu*v uhdo qhhgv/ dffruglqj wr

flufxpvwdqfhv/ zkloh dq lqghshqghqw djhqf|*v exgjhw lv surwhfwhg iurp srolwlfdo

lqwhuyhqwlrq1 Krzhyhu/ rwkhu yhuvlrqv ri dffrxqwdelolw| zrxog eh frqvlvwhqw zlwk

wkh ryhudoo dujxphqw1

Wkh frvw ri ghshqghqf| lq Ohqrlu*v prgho lv wkh lq xhqfh ri srolwlfv rq uhjx0

odwru| ghflvlrqv1 Wkh lq xhqfh ri wkh lqwhuhvw jurxs +wkh lqgxvwu|, rq wkh uhjxod0

wru| djhqf|  rzv wkurxjk wkh srolwlfdo sulqflsdo1 Qdpho|/ wkh lqgxvwu| fdq r�hu

fdpsdljq frqwulexwlrqv wr wkh srolwlfdo sulqflsdo/ zkr fdq wkuhdwhq wr uhgxfh d
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ghshqghqw djhqf|*v exgjhw dqg wkxv lwv uhqw> wkh srolwlfdo sulqflsdo fdq wkhq r�hu

qrw wr udwfkhw grzq lwv exgjhw wr wkh h!flhqw ohyho lq h{fkdqjh ri wkh djhqf|*v

ohqlhqw wuhdwphqw ri wkh lqgxvwu|1 Wkxv/ d ghshqghqf| uhodwlrqvkls fuhdwhv d txlg

sur txr dqg doorzv wkh lqgxvwu| wr lpsdfw lqgluhfwo| rq uhjxodwru| ghflvlrqv143:

43:Wklv lv dq looxvwudwlrq ri wkh pruh jhqhudo srlqw wkdw frooxvlrq lv hqkdqfhg e| d pxwxdo

srzhu uhodwlrqvkls= vhh Od�rqw0Phohx +4<<9,1
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Uhihuhqfhv

Uhihuhqfhv

^4` Deuhx/ G1 +4<;9,/ �H{wuhpdo Htxloleuld ri Roljrsrolvwlf Vxshujdphv�/ Mrxu0

qdo ri Hfrqrplf Wkhru| 6<+4,=4<405581

^5` Djklrq/ S1 dqg M1 Wluroh +4<<:, �Irupdo dqg Uhdo Dxwkrulw| lq Rujdql}d0

wlrqv/� Mrxuqdo ri Srolwlfdo Hfrqrp| 438=405<1

^6` Dwkh|/ V1 dqg N1 Edjzhoo +4<<<,/ �Rswlpdo Frooxvlrq zlwk Sulydwh Lqirupd0

wlrq�/ plphr1

^7` Dwkh|/ V1 N1 Edjzhoo dqg F1 Vdqfklulfr +4<<;,/ �Frooxvlrq zlwk Sulfh Uljlg0

lw|�/ PLW/ Ghsduwphqw ri Hfrqrplfv Zrunlqj Sdshu q� <;0561

^8` Dxehuw/ F1 dqg M1 Srx|hw +5333,/ �H{ Dqwh Uhjxodwlrq dqg H{ Srvw Dqwlwuxvw

Lqwhuyhqwlrq�/ plphr1

^9` Dxehuw/ F1/ Z1 Nrydflf dqg S1 Uh| +5333,/ �Wkh lpsdfw ri ohqlhqf| surjudpv

rq fduwhov�/ plphr1
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^:` Edqldn/ D1 dqg O1 Skolsv +4<<9,/ �Dqwlwuxvw Hqirufhphqw zlwk Dv|pphwulf

Lqirupdwlrq dqg Frxuqrw Vwudwhjlhv�/ plphr Hxurshdq Xqlyhuvlw| Lqvwlwxwh1

^;` Edurq/ G1 dqg U1 P|huvrq +4<;5,/ �Uhjxodwlqj d Prqrsrolvw zlwk Xqnqrzq

Frvw�/ Hfrqrphwulfd 83=<440<631

^<` Edurq/ G1 dqg G1 Ehvdqnr +4<;7d,/ �Uhjxodwlrq/ Dv|pphwulf Lqirupdwlrq

dqg Dxglwlqj�/ Udqg Mrxuqdo ri Hfrqrplfv 48=77:07:31

^43` Edurq/ G1 dqg G1 Ehvdqnr +4<;7e,/ �cUhjxodwlrq dqg Lqirupdwlrq lq d Frq0

wlqxlqj Uhodwlrqvkls�/ Lqirupdwlrq/ Hfrqrplfv/ dqg Srolf| 4=77:07:31

^44` Ehfnhu/ J1 +4<9;,/ �Fulph dqg Sxqlvkphqw= Dq Hfrqrplf Dssurdfk�/ Mrxu0

qdo ri Srolwlfdo Hfrqrp| :9+5,=49<054:1

^45` Ehqrñw/ M10S1 dqg Y1 Nulvkqd +4<<4,/ �Hqwu| ghwhuuhqfh dqg g|qdplf frp0

shwlwlrq�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq 87=560681

^46` Ehujëv/ I1/ I1 Orvv/ H1 Pdodyrowl dqg W1 Yhujì +5333,/ �Prghuqlvdwlrq gh od

srolwltxh hxursìhqqh gh od frqfxuuhqfh= uìjlph g*dxwrulvdwlrq rx g*h{fhswlrq

oìjdohB/ plphr1
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^47` Ehuqkhlp/ E1 G1 dqg P1 G1 Zklqvwrq +4<<3,/ �Pxowlpdunhw Frqwdfw dqg

Frooxvlyh Ehkdylru�/ Udqg Mrxuqdo ri Hfrqrplfv 54=40591

^48` Ehuqvwhlq/ P1 +4<88,/ Uhjxodwlqj Exvlqhvv e| Lqghshqghqw Frpplvvlrq/

Sulqfhwrq/ QM= Sulqfhwrq Xqlyhuvlw| Suhvv1

^49` Ehuu|/ V1 +4<<7,/ �Hvwlpdwlqj Glvfuhwh Fkrlfh Prghov ri Surgxfw Gl�huhqwl0

dwlrq�/ Udqg Mrxuqdo ri Hfrqrplfv 58=57505961

^4:` Ehuu|/ V1/ M1 Ohylqvrkq dqg D1 Sdnhv +4<<8,/ �Dxwrpreloh Sulfhv lq Pdunhw

Htxloleulxp�/ Hfrqrphwulfd 96+7,=;740;<31

^4;` Ehvdqnr/ G1 dqg G1 Vsxoehu +4<;<,/ �Dqwlwuxvw Hqirufhphqw Xqghu Dv|p0

phwulf Lqirupdwlrq�/ Hfrqrplf Mrxuqdo <<=73;07581

^4<` Eurfn/ Z1 D1 dqg M1 Vfkhlqnpdq +4<;8,/ �Sulfh Vhwwlqj Vxshujdphv zlwk

Fdsdflw| Frqvwudlqwv�/ Uhylhz ri Hfrqrplf Vwxglhv 85=6:406;51

^53` Fdloodxg/ E1/ U1 Jxhvqhulh/ M1 Wluroh dqg S1 Uh| +4<;;,/ �Jryhuqphqw Lqwhu0

yhqwlrq lq Surgxfwlrq dqg Lqfhqwlyhv Wkhru|= D Uhylhz ri Uhfhqw Frqwul0

exwlrqv�/ Udqg Mrxuqdo ri Hfrqrplfv 4<+4,=40591
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^54` Fdloodxg/ E1 dqg M1 Wluroh +5333,/ �Lqiudvwuxfwxuh Ilqdqflqj dqg Pdunhw

Vwuxfwxuh�/ plphr1

^55` Frpswh/ R1/ I1 Mhqq| dqg S1 Uh| +5333,/ �Frooxvlrq/ Phujhuv dqg Fdsdflw|

Frqvwudlqwv�/ Hxurshdq Hfrqrplf Uhylhz iruwkfrplqj1

^56` Frpswh/ R1 +4<<;,/ �Frppxqlfdwlrq lq Uhshdwhg Jdphv zlwk Lpshuihfw

Sulydwh Prqlwrulqj�/ Hfrqrphwulfd 99+6,=8<:09591

^57` Frrshu/ Ghmrqj/ Iruv|wh dqg Urvv +4<;<,/ �Frppxqlfdwlrq lq wkh Edwwoh

ri Vh{hv Jdph= Vrph H{shulphqwdo Uhvxowv�/ Udqg Mrxuqdo ri Hfrqrplfv

53+7,=89;08;:1

^58` Frzolqj/ N1 dqg P1 Zdwhuvrq +4<:9,/ �Sulfh0Frvw Pdujlqv dqg Pdunhw

Vwuxfwxuh�/ Hfrqrplfd 76=59:05:71

^59` Fudpwrq/ S1 dqg W1 Sdoiuh|/ �Fduwho Hqirufhphqw zlwk Xqfhuwdlqw| derxw

Frvwv�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 64+4,=4:07:1

^5:` Fuìphu/ M1 +4<<8, �Dup*v0ohqjwk Uhodwlrqvklsv/� Txduwhuo| Mrxuqdo ri Hfr0

qrplfv 5=5:805<81
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^5;` Fuìphu/ M1 dqg G1 Vdohkl0Lvidkdql +4<;<,/ �Wkh Ulvh dqg Idoo ri Rlo Sulfhv=

D Frpshwlwlyh Ylhz�/ Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh 48249=75:07871

^5<` Gdqve|/ H1 dqg U1 Zloolj +4<:<,/ �Lqgxvwu| Shuirupdqfh Judglhqw Lqgh{hv�/

Dphulfdq Hfrqrplf Uhylhz 9<=57<05931

^63` G*Dvsuhprqw/ F1/ D1 Mdftxhplq/ M1 Jdev}hzlf} dqg M1Zh|pdun +4<;6,/ �Rq

wkh Vwdelolw| ri Frooxvlyh Sulfh Ohdghuvkls�/ Fdqdgldq Mrxuqdo ri Hfrqrplfv

49=4:0581

^64` G*Dvsuhprqw/ F1 dqg P1 Prwwd +5333,/ �Wrxjkhu Sulfh Frpshwlwlrq ru

Orzhu Frqfhqwudwlrq= D Wudgh0r� iru Dqwlwuxvw DxwkrulwlhvB�/ lq Pdunhw

Vwuxfwxuh dqg Frpshwlwlrq Srolf|1 Jdph0Wkhruhwlf Dssurdfkhv/ J1 Qrupdq

dqg M10I1 Wklvvh hgv/ Fdpeulgjh Xqlyhuvlw| Suhvv11

^65` Gdylgvrq/ F1 dqg U1M1 Ghqhfnhuh +4<;7,/ �Krul}rqwdo Phujhuv dqg Frooxvlyh

Ehkdylru�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq 5=44:04651

^66` Ghqhfnhuh/ U1 dqg F1 Gdylgvrq +4<;8,/ �Lqfhqwlyhv wr Irup Frdolwlrqv zlwk

Ehuwudqg Frpshwlwlrq�/ Udqg Mrxuqdo ri Hfrqrplfv 49=7:607;91
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^67` Ghzdwulsrqw/ P1/ dqg M Wluroh +4<<<, �Dgyrfdwhv�/ Mrxuqdo ri Srolwlfdo

Hfrqrp| 43:+4,=406<1

^68` Gl{lw/ D1 +4<;9,/ �Frpsdudwlyh Vwdwlfv iru Roljrsro|�/ Lqwhuqdwlrqdo Hfr0

qrplf Uhylhz 5:=43:04551

^69` Hoolvrq/ J1 +4<<7,/ �Wkhrulhv ri Fduwho Vwdelolw| dqg wkh Mrlqw H{hfxwlyh

Frpplwwhh�/ Udqg Mrxuqdo ri Hfrqrplfv 58=6:08:1

^6:` Hxurshdq Xqlrq +4<<9,/ �Frpplvvlrq Qrwlfh rq wkh Qrq0Lpsrvlwlrq ri Uh0

gxfwlrq ri Ilqhv lq Fduwho Fdvhv�/ <92F53:237/ R!fldo Mrxuqdo F153:/ Mxo|

4;/ 4<<91

^6;` Iduuhoo/ M1 +4<;:,/ �Fkhds Wdon/ Frruglqdwlrq/ dqg Hqwu|� Udqg Mrxuqdo ri

Hfrqrplfv 4;=6706<1

^6<` Iduuhoo/ M1 dqg F1 Vkdslur +4<<3,/ �Krul}rqwdo Phujhuv= dq Htxloleulxp Dqdo0

|vlv�/ Dphulfdq Hfrqrplf Uhylhz ;3+4,=43:04591

^73` Ihuvkwpdq/ F1 dqg D1 Sdnhv +5333,/ �D G|qdplf Roljrsro| Zlwk Frooxvlrq

dqg Sulfh Zduv�/ Udqg Mrxuqdo ri Hfrqrplfv/ iruwkfrplqj1
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^74` Jhuwqhu/ U1 +4<<7,/ �Wdflw Frooxvlrq zlwk Lpphgldwh Uhvsrqvhv= Wkh Uroh

ri Dv|pphwulhv�/ plphr1

^75` Juhhq/ H1 dqg U1 Sruwhu +4<;7,/ �Qrqfrrshudwlyh Frooxvlrq xqghu Lpshuihfw

Sulfh Lqirupdwlrq�/ Hfrqrphwulfd 85=;:04331

^76` Kdxvpdq/ M1 J1 Ohrqdug dqg M1 G1 ]rqd +4<<7,/ �Frpshwlwlyh Dqdo|vlv zlwk

Gl�huhqwldwhg Surgxfwv�/ Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh 67=48<04;31

^77` Mxoolhq/ E1 dqg S1 Uh| +5333,/ �Uhvdoh Sulfh Pdlqwhqdqfh dqg Froox0

vlrq�/plphr1

^78` Ndqgrul/ P1 dqg K1 Pdwvxvklpd +4<<;,/ �Sulydwh Lqirupdwlrq/ Frppxqlfd0

wlrq dqg Frooxvlrq�/ Hfrqrphwulfd 99+6,=95:09851

^79` Ndsorz/ O1 dqg V1 Vkdyhoo +4<<7,/ �Rswlpdo Odz Hqirufhphqw zlwk Vhoi0

Uhsruwlqj ri Ehkdylru�/ Mrxuqdo ri Srolwlfdo Hfrqrp| 435+6,=8;609391

^7:` Nlkovwurp/ U1 dqg [1 Ylyhv +4<<5,/ �Frooxvlrq e| Dv|pphwulfdoo| Lqiruphg

Ilupv�/ Mrxuqdo ri Hfrqrplfv ) Pdqdjhphqw Vwudwhj| 4+5,=6:406<91

^7;` Nrydflf/ Z1 +4<<9,/ �Zklvwoheorzhu Erxqw| Odzvxlwv dv Prqlwrulqj Ghylfhv

lq Jryhuqphqw Frqwudfwlqj�/ Or|rod Odz Uhylhz 5<+7,=4:<<04;8:1
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^7<` Nÿkq/ N10X1 +5333,/ �Iljkwlqj Frooxvlrq e| Uhjxodwlqj Frppxqlfdwlrq eh0

wzhhq Ilupv�/ plphr1

^83` Nÿkq/ N10X1 dqg P1 Prwwd +5333,/ �Wkh Hfrqrplfv ri Mrlqw Grplqdqfh�/

plphr1

^84` Od�rqw/ M10M1 +5333,/ Lqfhqwlyhv dqg Srolwlfdo Hfrqrp|/ R{irug Xqlyhuvlw|

Suhvv1

^85` Od�rqw M0M1 dqg P1 Phohx +4<<9, �Pxwxdo Vxshuylvlrq dqg Frooxvlrq�/

plphr/ LGHL1

^86` Od�rqw/ M10M1 dqg G1 Pduwlpruw +4<<:,/ �Frooxvlrq xqghu Dv|pphwulf Lqiru0

pdwlrq�/ Hfrqrphwulfd 7;=483:048531

^87` Od�rqw/ M10M1 dqg G1 Pduwlpruw +5333,/ �Phfkdqlvp Ghvljq zlwk Frooxvlrq

dqg Fruuhodwlrq�/ Hfrqrphwulfd 7;=63<06751

^88` Od�rqw/ M10M1 dqg M10F1 Urfkhw +4<<:,/ �Frooxvlrq lq Rujdql}dwlrqv�/ Vfdq0

glqdyldq Mrxuqdo ri Hfrqrplfv <<+7,=7;807<81

^89` Od�rqw/ M10M1 dqg M1 Wluroh +4<<6,/ D Wkhru| ri Lqfhqwlyhv lq Surfxuhphqw

dqg Uhjxodwlrq/ Fdpeulgjh dqg Orqgrq= PLW Suhvv1
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^8:` Od�rqw/ M10M1 dqg M1 Wluroh +5333,/ Frpshwlwlrq lq Whohfrppxqlfdwlrqv/

Fdpeulgjh dqg Orqgrq= PLW Suhvv1

^8;` Odpevrq / Y1 H1 +4<;:,/ �Rswlpdo Shqdo Frghv lq Sulfh0Vhwwlqj Vxshujdphv

zlwk Fdsdflw| Frqvwudlqwv�/ Uhylhz ri Hfrqrplf Vwxglhv 87=6;806<:1

^8<` Odpevrq / Y1 H1 +4<<7,/ �Vrph Uhvxowv rq Rswlpdo Shqdo Frghv lq Dv|p0

phwulf Ehuwudqg Vxshujdphv�/ Mrxuqdo ri Hfrqrplf Wkhru| 95=777079;1

^93` Odpevrq / Y1 H1 +4<<8,/ �Rswlpdo Shqdo Frghv lq Qhduo| V|pphwulf

Ehuwudqg Vxshujdphv zlwk Fdsdflw| Frqvwudlqwv�/ Mrxuqdo ri Pdwkhpdwl0

fdo Hfrqrp| 57+4,=40551

^94` Ohqrlu/ Q1 +4<<4,/ Rswlpdo Vwuxfwxuh ri Uhjxodwru| Djhqflhv idflqj wkh

Wkuhdw ri Srolwlfdo Lq xhqfh/ Pdvwhu*v Wkhvlv lq wkh Vflhqfh ri Wudqvsruwd0

wlrq/ Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|1

^95` Pdoln/ D1 dqg U1 Vfkzde +4<<4,/ �Wkh Hfrqrplfv ri Wd{ Dpqhvw|�/ Mrxuqdo

ri Sxeolf Hfrqrplfv 79=5<07<1

^96` Pduwlpruw/ G1 +4<<<,/ �Wkh Olih F|foh ri Uhjxodwru| Djhqflhv= G|qdplf

Fdswxuh dqg Wudqvdfwlrq Frvwv�/ Uhylhz ri Hfrqrplf Vwxglhv 99=<5<0<7:1
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^97` Pdvnlq/ H1 +4<::,/ �Qdvk Lpsohphqwdwlrq dqg Zhoiduh Rswlpdolw|�/ plphr/

Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|> sxeolvkhg lq 4<<< lq Uhylhz ri Hfr0

qrplf Vwxglhv 99+4,=5606;1

^98` Pdvrq/ F1 I1/ R1 U1 Skloolsv dqg F1 Qrzhoo +4<<5,/ �Gxrsro| Ehkdylru lq

Dv|pphwulf Pdunhwv= dq H{shulphqwdo Hydoxdwlrq�/ Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv/ 99509:31

^99` PfFxeelqv/ P1 dqg W1 Vfkzduw} +4<;7,/ �Frqjuhvvlrqdo Ryhuvljkw Ryhu0

orrnhg= Srolfh Sdwurov yv Iluh Dodupv�/ Dphulfdq Mrxuqdo ri Srolwlfdo Vfl0

hqfh 5;=49804:<1

^9:` PfFxwfkhrq/ E1 +4<<:,/ �Gr phhwlqjv lq Vprnh0Iloohg Urrpv Idflolwdwh

FrooxvlrqB�/ Mrxuqdo ri Srolwlfdo Hfrqrp| 438+6,=66306831

^9;` Prruh/ M1 +4<<5,/ �Lpsohphqwdwlrq/ frqwudfwv/ dqg uhqhjrwldwlrq lq hqyl0

urqphqwv zlwk frpsohwh lqirupdwlrq�/ Dgydqfhv lq Hfrqrplf Wkhru|/ Vl{wk

Zruog Frqjuhvv/ M10M1 Od�rqw hg1/ Hfrqrphwulf Vrflhw| Prqrjudskv/ Yro1 4/

4;505;51
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^9<` Prwwd/ P1 dqg P1 Sror +5333,/ �Ohqlhqf| Surjudpv dqg Fduwho Survhfx0

wlrq�/ plphr/ dydlodeoh dw dydlodeoh dw kwws=22zzz1lxh1lw2Shuvrqdo2Prwwd21

^:3` Qhyhq/ G1/ Qxwwdoo/ U1/ dqg S1 Vhdeuljkw +4<<6, Phujhu lq Gd|oljkw/ Orqgrq/

FHSU1

^:4` Sìqdug/ W1 +4<<:,/ �Fkrl{ gh Fdsdflwìv hw Frpsruwhphqwv Vwudwìjltxhv =

xqh Dssurfkh sdu ohv Mhx{ Uìsìwìv�/ Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh/

79=53605571

^:5` Shuu|/ P1 dqg U1 Sruwhu +4<;8,/ �Roljrsro| dqg wkh Lqfhqwlyh iru Krul}rqwdo

Phujhu�/ Dphulfdq Hfrqrplf Uhylhz :8=54<055:1

^:6` Srolqvnl/ D1 P1 dqg V1 Vkdyhoo +5333,/ �Wkh Hfrqrplf Wkhru| ri Sxeolf

Hqirufhphqw ri Odz�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ Yro1 [[[YLLL/ 78

:91

^:7` Sruwhu/ U1 +4<;6,/ �D Vwxg| ri Fduwho Vwdelolw|= Wkh Mrlqw H{hfxwlyh Frp0

plwwhh/ 4;;304;;9�/ Ehoo Mrxuqdo ri Hfrqrplfv 47=63406471

^:8` Urehuwv/ N1 +4<;8,/ �Fduwho Ehkdylru dqg Dgyhuvh Vhohfwlrq�/ Mrxuqdo ri

Lqgxvwuldo Hfrqrplfv 66=73407461

449



^:9` Vdodqw/ V1/ V1 Vzlw}hu dqg U1 Uh|qrogv +4<;6,/ �Orvvhv iurp Krul}rqwdo

Phujhu= Wkh H�hfwv ri dq H{rjhqrxv Fkdqjh lq Lqgxvwu| Vwuxfwxuh rq

Frxuqrw0Qdvk Htxloleulxp�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv <;=4;804<<1

^::` Vhowhq/ U1 +4<:6,/ �D Vlpsoh Prgho ri Lpshuihfw Frpshwlwlrq zkhuh Irxu duh

ihz dqg Vl{ duh Pdq|�/ Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru| 5=47405341

^:;` Vhowhq/ U1 +4<;7,/ �Duh Fduwho Odzv Edg iru ExvlqhvvB�/ lq Rshudwlrqv

Uhvhdufk dqg Hfrqrplf Wkhru|/ Kdxswpdqq/ Nuhooh dqg Prvohu hgv/

Ehuolq2Khlghoehuj= Vsulqjhu0Yhuodj1

^:<` Vplwk/ D1 +4::9,/ Wkh Zhdowk ri Qdwlrqv/ Qhz \run= Wkh Prghuq Oleudu|1

^;3` Vrxdp/ V1 +4<<:,/ Lqvwuxphqwv hw Pìfdqlvphv ghv Srolwltxhv gh od Frqfxu0

uhqfh = Ohv lqflwdwlrqv frpph irqghphqw gx frqwu÷oh ghv frpsruwhphqwv hw

ghv vwuxfwxuhv gh pdufkì/ Sk1 G wkhvlv/ Xqlyhuvlw| Sdulv0L1

^;4` Vsdjqror/ J1 +5333d,/ �Rswlpdo Ohqlhqf| Surjudpv�/ plphr/ Vwrfnkrop

Vfkrro ri Hfrqrplfv1

^;5` Vsdjqror/ J1 +5333e,/ �Vhoi0Ghihdwlqj Dqwlwuxvw Odzv= Krz Ohqlhqf| Sur0

judpv Vroyh Ehuwdqg*v Sdudgr{ dqg Hqirufh Frooxvlrq lq Dxfwlrqv�/ plphr/
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Vwrfnkrop Vfkrro ri Hfrqrplfv1

^;6` Vxwwrq/ M1 +4<<4,/ Vxqn Frvw dqg Pdunhw Vwuxfwxuh/ Fdpeulgjh= PLW Suhvv1

^;7` Vxwwrq/ M1 +4<<;,/ Whfkqrorj| dqg Pdunhw Vwuxfwxuh/ Fdpeulgjh= PLW Suhvv1

^;8` V|phrqlglv/ J1 +5333,/ �Sulfh Frpshwlwlrq dqg Pdunhw Vwuxfwxuh= Wkh Lp0

sdfw ri Fduwho Srolf| rq Frqfhqwudwlrq lq wkh XN�/ Mrxuqdo ri Lqgxvwuldo

Hfrqrplfv/ 7;/ 40591

^;9` Wluroh/ M1 +4<;;,/ Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq/ Fdpeulgjh= PLW

Suhvv1

^;:` Wluroh/ M1 +4<<5,/ �Frooxvlrq dqg wkh Wkhru| ri Rujdql}dwlrqv�/ Dgydqfhv

lq Hfrqrplf Wkhru|/ M1M1 Od�rqw hg/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Yro1 5/

48405391

^;;` Wrndu/ V1 +5333,/ �Zklvwoheorzlqj dqg Frusrudwh Fulph�/ Hxurshdq Xqlyhu0

vlw| Lqvwlwxwh/ plphr1

^;<` XV Ghsduwphqw ri Mxvwlfh +4<<6,/ �Frusrudwh Ohqlhqf| Srolf|�/ Dq0

wlwuxvw Glylvlrq/ kwws=22zzz1xvgrm1jry2dwu2sxeolf2jxlgholqhv2ohqfrus1kwp>

44;



vhh dovr XV Ghsduwphqw ri Mxvwlfh +4<<7,/ �Lqglylgxdo Ohqlhqf| Srolf|�/

kwws=22zzz1xvgrm1jry2dwu2sxeolf2jxlgholqhv2ohqlqg1kwp

^<3` Ydq Kx|fn/ Edwwdolr dqg Ehlo +4<<3,/ �Wdflw Frruglqdwlrq Jdphv/ Vwudwh0

jlf Xqfhuwdlqw|/ dqg Frruglqdwlrq Idloxuh�/ Dphulfdq Hfrqrplf Uhylhz

;3+4,=567057;1

^<4` Ydqhn/ M1 +4<:3,/ Wkh Jhqhudo Wkhru| ri Oderu0Pdqdjhg Pdunhw Hfrqrplhv/

Lwkdfd/ Q1\1= Fruqhoo Xqlyhuvlw| Suhvv1

^<5` Zdug/ E1 +4<8;,/ �Wkh Ilup lq Loo|uld= Pdunhw V|qglfdolvp�/ Dphulfdq

Hfrqrplf Uhylhz 7;=89908;;1
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