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PDUNHWV DQG FRRSHUDWLRQ

�+ D�BAWBi,N 7VB}AN,NW

Vwrfnkrop Vfkrro ri Hfrqrplfv

�Ot|iBW|� Zk| gr prqh| dqg pdunhwv furzg rxw frrshudwlyh uhodwlrqvB Wklv sd0

shu fkdudfwhul}hv wkh h�hfwv ri lqwhuwhpsrudo suhihuhqfhv/ prqh|/ dqg pdunhwv rq sod|huv*

delolw| wr frrshudwh lq pdwhuldo0sd|r� vxshujdphv1 Sod|huv* dyhuvlrq wr lqwhuwhpsrudo

vxevwlwxwlrq idflolwdwhv frrshudwlrq e| ghfuhdvlqj wkhlu hydoxdwlrq ri vkruw0uxq jdlqv iurp

ghyldwlrqv dqg lqfuhdvlqj wkdw ri orvvhv iurp sxqlvkphqwv1 Jrrgv* pdunhwv dqg prqh|

pd| klqghu frrshudwlrq e| doorzlqj sod|huv wr uhdoorfdwh vkruw0uxq jdlqv iurp ghyldwlrqv

lq wlph/ dw vrph frvw1 Doorzlqj iru iuhh lqwhuwhpsrudo uhdoorfdwlrq ri sd|r�v/ shuihfw �qdq0

fldo pdunhwv dozd|v pdnh frrshudwlrq kdughu1 Ilqdqfldo pdunhwv* lpshuihfwlrqv idflolwdwh

frrshudwlrq e| rssrvlqj wklv h�hfw1

c�.�w� �,Btt�u�WB|�NAH F:5/ G84/ R4:1

lj�NiatH Frrshudwlrq> Uhshdwhg Jdphv> Sulvrqhu*v Glohppd> Frpprqv>

Uhflsurfdo H{fkdqjh> Lpsolflw Frqwudfwv> Frooxvlrq> Lqvwlwxwlrqv1
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PDUNHWV DQG FRRSHUDWLRQ 5

�� YA|iNa�W|�NA

b�jA �tN,B|ja WN66�A�|�jt jhw lq frqwdfw zlwk pruh ghyhorshg hfrqrplf lqvwlwxwlrqv

dq lqwhuqdo euhdngrzq ri frrshudwlrq w|slfdoo| rffxuv1 Wklv skhqrphqrq kdv ehhq riwhq

revhuyhg lq wkh pdqdjhphqw ri frpprq srro uhvrxufhv1 Iru h{dpsoh/ Mrgkd +4<;8/ 4<;9/

4<;;, �qgv wkdw iru wkh Lqgldq yloodjhv lq wkh LFULVDW vdpsoh/ frqwuroolqj iru rwkhu idfwruv/

wkh forvhu duh rujdql}hg pdunhwv +wrzqv,/ wkh idvwhu lv wkh hurvlrq lq wkh frpprq uhvrxufh

srro1�

Pruh uhfhqwo|/ Nudqwrq +4<<9, kdv gudzq dwwhqwlrq rq _uhflsurfdo h{fkdqjh uhodwlrqv% lq

wudglwlrqdo vrflhwlhv/ zkhuh frpsoldqfh wr lqirupdo elodwhudo djuhhphqwv lv hqirufhg e| wkh

wkuhdw ri hqglqj wkh uhodwlrq1 Vkh ghvfulehv d qxpehu ri klvwrulfdo hslvrghv lq zklfk wkh

lqwurgxfwlrq ri pruh vrsklvwlfdwhg phwkrgv ri h{fkdqjh ru wkh ghyhorsphqw ri qhdue| vsrw

pdunhwv kdv pdgh lw lpsrvvleoh wr vxvwdlq frrshudwlrq lq wudglwlrqdo h{fkdqjh uhodwlrqv1

Mrgkd dwwulexwhv wklv skhqrphqrq wr wkh vsuhdg ri _lqglylgxdolvwlf pdunhw ydoxhv% zlwklq

frppxqlwlhv1 Nudqwrq h{sodlqv lw zlwk d uhgxfwlrq lq wkh dydlodeoh hqiruflqj srzhu fdxvhg e|

ghyhorshg pdunhwv* orz vhdufk frvwv/ zklfk vriwhq wkh wkuhdw ri hqglqj wkh uhflsurfdo uhodwlrq

e| pdnlqj dqrq|prxv wudqvdfwlrqv pruh dwwudfwlyh12 Vsdjqror +4<<<, dujxhv wkdw wkhuh duh

_hfrqrplhv ri vfrsh% lq frrshudwlrq/ vr wkdw e| vxevwlwxwlqj iru vrph ri wkh pdq| uhflsurfdo

uhodwlrqv wkdw olqn frppxqlw| phpehuv dqrq|prxv pdunhwv pd| pdnh frrshudwlrq froodsvh

lq doo wkh uhpdlqlqj rqhv1

Khuh L sursrvh dq dowhuqdwlyh +ru dgglwlrqdo, wkhruhwlfdo h{sodqdwlrq edvhg rq wkh lqwhudf0

wlrq ehwzhhq sod|huv* dyhuvlrq wr lqwhuwhpsrudo vxevwlwxwlrq/ wkhlu delolw| wr dffhvv jrrgv dqg

�qdqfldo pdunhwv/ dqg wkhlu delolw| wr vxvwdlq frrshudwlrq1 Uhdo zruog djhqwv duh vwurqjo|

dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq1� Wklv wxuqv rxw wr idflolwdwh frrshudwlrq/ vlqfh lw uh0

gxfhv djhqwv* hydoxdwlrq ri vkruw0uxq jdlqv iurp xqlodwhudo ghyldwlrqv uhodwlyh wr orvvhv iurp

sxqlvkphqwv1 Wkh dffhvv wr prqh| dqg pdunhwv/ wkhuhiruh/ pdnhv frrshudwlrq kdughu wr

vxvwdlq e| doorzlqj ghyldwlqj djhqwv wr lpsuryh wkh lqwhuwhpsrudo doorfdwlrq ri vkruw0uxq

jdlqv iurp xqlodwhudo ghyldwlrqv> wkdw lv/ e| lqfuhdvlqj djhqwv* hydoxdwlrq ri gluhfw jdlqv iurp

_fkhdwlqj1%

Wkh skhqrphqrq ri frrshudwlrq lq vwudwhjlf vlwxdwlrqv zklfk ~ lq wkhlu vwdwlf vwuxfwxuh

~ uhvhpeoh d Sulvrqhu*v Glohppd kdv ehhq zhoo xqghuvwrrg wkdqnv wr wkuhh ghfdghv ri zrun

rq lq�qlwho| uhshdwhg jdphv +h1j1 Iulhgpdq +4<:4,/ Dxpdqq dqg Vkdsoh| +4<:9,/ Uxelq0

vwhlq +4<:<,/ Ixghqehuj dqg Pdvnlq +4<;9,/ Deuhx +4<;9/ 4<;;,,1 Doo wkhvh vwxglhv dgrsw

wkh vwdqgdug jdph0wkhruhwlf dssurdfk e| zklfk wkh vwdjh0jdph*v sd|r�v duh lq wkh irup ri

vxemhfwlyh +yrq Qhxpdq0Prujhqvwhuq, xwlolw|1 Wklv dssurdfk doorzv iru d sduvlprqlrxv gh0

vfulswlrq h{wuhpho| xvhixo lq wkh dqdo|vlv ri frpsoh{ vwudwhjlf vlwxdwlrqv1 Krzhyhu/ uhdo zruog

skhqrphqd pd| qrw dozd|v eh uhgxfhg wr d jdph dv xvxdoo| gh�qhg zlwkrxw orvlqj vrph ri

�6Lh @?@*L}L�t i @4T*it @?_ u�h|�ih hiuihi?Uit tii i�}� #@t}�T|@ E�bb��c @?_ �@*@?_ @?_ �*@||i@� E�bbS��
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PDUNHWV DQG FRRSHUDWLRQ 6

wkhlu lqwhuhvwlqj ihdwxuhv1

Lq frqwudvw/ khuh L glvwlqjxlvk ehwzhhq wkh _pdwhuldo sd|r�v% +ru _rxwfrphv%, jhqhudwhg

lq wkh vwudwhjlf lqwhudfwlrq dqg sod|huv* hydoxdwlrq ri vxfk sd|r�v wkurxjk wkhlu suhihuhqfh

v|vwhpv1 Wklv doorzv ph wr vwxg| krz lpsruwdqw dvshfwv ri wkh uhdo zruog/ vxfk dv lqwhuwhp0

srudo suhihuhqfhv dqg rssruwxqlwlhv wr dffhvv pdunhwv/ d�hfw sod|huv* delolw| wr frrshudwh +ru

frooxgh,1

L irfxv rq vwdwlrqdu| htxloleuld ri glvfrxqwhg uhshdwhg jdphv jhqhudwhg e| vwdjh0jdphv

zlwk d vwdwlf Qdvk htxloleulxp wkdw nhhsv sod|huv dw wkhlu plqlpd{1 Iru wklv fodvv ri jdphv/

zklfk lqfoxghv wkh uhshdwhg Sulvrqhu*v Glohppd dqg wkh uhshdwhg Ehuwudqg roljrsro|/ uh0

yhuvlrq wr wkh vwdwlf Qdvk htxloleulxp lv dq _rswlpdo sxqlvkphqw% +Deuhx +4<;9,,1 L fdq

wkhq fkdudfwhul}h wkh h�hfwv ri sod|huv* dwwlwxghv wrzdug lqwhuwhpsrudo vxevwlwxwlrq dqg wkh

rssruwxqlw| wr dffhvv prqh| dqg pdunhwv e| irfxvlqj rq wkh vhw ri htxloleuld vxvwdlqdeoh e|

wkh vlpsoh wkuhdw ri _Qdvk0uhyhuvlrq% +Iulhgpdq +4<:4,,1 Ri frxuvh/ wkh uhvxowv dsso| wr dq|

rwkhu uhshdwhg lqwhudfwlrq ~ lpsolflw frqwudfwv/ uhflsurfdo h{fkdqjh uhodwlrqv/ frpprq srro

jdphv/ hwf1 ~ lq zklfk vwdwlrqdu| sxqlvkphqwv duh xvhg qrw ehfdxvh wkh| duh rswlpdo/ exw

ehfdxvh wkh| duh vlpsoh/ wkh| lpso| ihz frruglqdwlrq sureohpv ru _frpsoh{lw| frvwv1%e Wkh

uhvxowv dovr dsso| zkhq sod|huv xvh wkh vlpsoh uhqhjrwldwlrq0surri vwudwhjlhv sursrvhg e| ydq

Gdpph +4<;<,1

L �uvw �qg wkdw sod|huv* dyhuvlrq wr lqwhuwhpsrudo vxevwlwxwlrq idflolwdwhv frrshudwlrq e|

uhod{lqj wkh qhfhvvdu| frqglwlrqv iru dq| vwdwlrqdu| �rz ri pdwhuldo sd|r�v wr eh vxssruwdeoh

lq vxejdph0shuihfw htxloleulxp1 D pruh frqfdyh lqvwdqwdqhrxv xwlolw| ixqfwlrq ohdgv sod|huv

wr ydoxh uhodwlyho| ohvv wkh vkruw0uxq pdwhuldo jdlqv iurp dq| ghyldwlrq/ zklfk duh frqfhqwudwhg

lq wkh shulrg lq zklfk wkh ghyldwlrq rffxuv/ dqg wr ydoxh uhodwlyho| pruh wkh pdwhuldo orvvhv

iurp wkh sxqlvkphqw skdvh/ zklfk duh glvwulexwhg lq pdq| shulrgv diwhu wkh ghyldwlrq1

Rqfh phdqv wr wudqvihu pdwhuldo sd|r�v ryhu wlph duh lqwurgxfhg/ zh ohdyh wkh �hog

ri uhshdwhg jdphv wr hqwhu wkdw ri vwrfkdvwlf rqhv +vhh h1j1 Gxwwd +4<<8,,1 Krzhyhu/ wkh

txdolwdwlyh h�hfwv ri prqh| dqg pdunhwv rq frrshudwlrq fdq eh hydoxdwhg zkloh pdlqwdlqlqj

wkh pruh lqwxlwlyh uhshdwhg jdphv shuvshfwlyh1

L �qg wkdw wkh dffhvv wr d pdunhw iru jrrgv +pdwhuldo sd|r�v,/ dqg wkhuhe| wr _prqh|% dv

d phdq wr suhvhuyh zhdowk lq wlph/ pdnhv frrshudwlrq kdughu wr vxvwdlq zkhq wkh wudqvdfwlrq

frvwv olqnhg wr pdunhw h{fkdqjh dqg wkh wlph frvwv ri ghod|lqj frqvxpswlrq duh qrw wrr

odujh1 Wkhq/ d sod|hu dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq zkr xqlodwhudoo| ghyldwhv iurp

frrshudwlrq �qgv lw rswlpdo wr idfh wkhvh frvwv/ vhoo sduw ri wkh vkruw0whup pdwhuldo jdlqv

iurp ghyldwlrq rq wkh pdunhw/ vdyh/ dqg ex| pdwhuldo sd|r�v gxulqj wkh iroorzlqj sxqlvkphqw

skdvh1 Rq wkh frqwudu|/ sod|huv zkr vwlfn wr frrshudwlrq h{shfw d frqvwdqw �rz ri pdwhuldo

sd|r�v lq wlph/ zklfk lv dq rswlpdo lqwhuwhpsrudo doorfdwlrq/ wkhuhiruh jdlq qrwklqj iurp wkh

rssruwxqlw| wr vdyh dw d srvlwlyh frvw1

Shuihfw �qdqfldo pdunhwv hqdeoh sod|huv wr frvwohvvo| uhglvwulexwh pdwhuldo sd|r�v lq wlph/

wkhuhiruh wkh dffhvv wr shuihfw �qdqfldo pdunhwv dozd|v pdnhv frrshudwlrq kdughu1 Djdlq/

frrshudwlqj sod|huv kdyh qr xvh iru �qdqfldo pdunhwv/ zkloh shuihfw �qdqfldo pdunhwv lqfuhdvh

wkh olih0wlph xwlolw| ri d sod|hu zkr ghyldwhv iurp frrshudwlrq pruh wkdq prqh| dqg jrrgv*

eA��t 4�}�| Mi |�i U@tic uLh i @4T*ic Lu |@U�| UL**�t��i @}hii4i?|t ��|� �4TihuiU| �?uLh4@|�L? Etii Bhii?

@?_ �Lh|ih E�bHe��� AL i?uLhUi UL**�t��i Mi�@��Lh �? @ UL4T*i �Lh*_ �? ���U� �?uLh4@|�L? �t �4TihuiU| @?_

UL44�?�U@|�L? ThL��M�|i_c @}i?|t 4@) _L Mi||ih M) �t�?} t�4T*i 4iU�@?�t4t�



PDUNHWV DQG FRRSHUDWLRQ 7

pdunhwv1

Ilqdqfldo pdunhwv* lpshuihfwlrqv duh iulfwlrqv wkdw pdnh wkh lqwhuwhpsrudo uhdoorfdwlrq ri

pdwhuldo sd|r�v frvwo|1 Wkhuhiruh/ e| wkh frqyhuvh dujxphqw/ �qdqfldo pdunhwv* lpshuihfwlrqv

pdnh frrshudwlrq hdvlhu wr vxvwdlq1

Qrwh wkdw wkh qhjdwlyh h�hfw ri pdunhwv rq frrshudwlrq lghqwl�hg lq wklv sdshu klqjhv

rqo| rq wkhlu uroh dv lqvwuxphqwv iru wkh lqwhuwhpsrudo doorfdwlrq ri zhdowk1 Wkhuhiruh/ wklv

h�hfw dggv wr wkh rwkhu wzr qhjdwlyh h�hfwv ri pdunhwv rq frrshudwlrq kljkoljkwhg e| Nudqwrq

+4<<9, dqg Vsdjqror +4<<<,1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv d qxphulfdo h{dpsoh> Vhfwlrq 6

fkdudfwhul}hv wkh h�hfwv ri djhqwv* dyhuvlrq wr lqwhuwhpsrudo vxevwlwxwlrq> Vhfwlrq 7 irfxvhv

rq pdunhwv iru jrrgv dqg prqh|> Vhfwlrq 8 frqvlghuv shuihfw �qdqfldo pdunhwv> Vhfwlrq 9

ghdov zlwk �qdqfldo pdunhwv* lpshuihfwlrqv> dqg Vhfwlrq : glvfxvvhv h{whqvlrqv dqg eulh�|

frqfoxghv1 Doo surriv duh lq wkh dsshqgl{1

4� �A j!B6V,jH ai+�A} BVV,jt

Frqvlghu wkh iroorzlqj el0pdwul{ dqg vxssrvh wkh qxpehuv lw frqwdlqv duh sk|vlfdo phd0

vxuhv ri pdwhuldo sd|r�v/ qxpehuv ri dssohv/ vd|1

Sod|hu 5

Sod|hu 4

#
49> 49 3> 58

58> 3 <> <

$

Vxssrvh wklv vlpxowdqhrxv _dssohv% Sulvrqhu*v Glohppd lv uhshdwhg dq lq�qlwh +ru �qlwh

exw xqfhuwdlq, qxpehu ri wlphv/ dqg wkdw sod|huv glvfrxqw ixwxuh sd|r�v e| zd| ri d frpprq

glvfrxqw idfwru � ? 41 Dv xvxdo/ sod|huv duh deoh wr vxvwdlq frrshudwlrq li wkh orvv ri ixwxuh

jdlqv iurp frrshudwlrq fdxvhg e| wkh fuhgleoh sxqlvkphqw skdvh zklfk iroorzv d ghyldwlrq lv

odujh hqrxjk wr r�vhw wkh vkruw0uxq jdlqv iurp d xqlodwhudo ghyldwlrq1 Zkhq sod|huv* suhihu0

hqfhv ryhu wkh sk|vlfdo rxwfrphv lq wkh vwdjh0jdph duh olqhdu lq dssohv dqg wkh lqwhuwhpsrudo

xwlolw| ixqfwlrq lv dgglwlyho| vhsdudeoh/ frrshudwlrq lv vxssruwdeoh li=

4

4� �
49 � 58 . <

�

4� �
> / � �

<

47
= +4,

Lqvwhdg/ frqvlghu sod|huv zkrvh suhihuhqfhv ryhu dssohv duh jlyhq e| wkh xwlolw| ixqfwlrq

X+{|, @
s
{|/ zkhuh {| lv wkh qxpehu ri dssohv dydlodeoh lq shulrg w/ vr wkdw lq hdfk shulrg

� wkh| pd{lpl}h wkh remhfwlyh ixqfwlrq Y � @
S
"

|'� �
|3�
s
{|1 Wkh vdph pdwhuldo sd|r�v

el0pdwul{ frqvlghuhg ehiruh qrz ohdgv wr wkh iroorzlqj frqglwlrq=

4

4� �

s
49 �

s
58 .

s
<

�

4� �
> / � � :

47
= +5,

Jlyhq rxu _dssohv vxshujdph/% zkhq wkh glvfrxqw idfwru lv ehwzhhq .

�e
dqg b

�e
rqo| sod|huv

zlwk wkh vhfrqg w|sh ri suhihuhqfhv fdq vxvwdlq frrshudwlrq1

Vxssrvh qrz wkdw sod|huv kdyh wkh vhfrqg w|sh ri suhihuhqfhv/ dv lq uhdolw|/ dqg lpdj0

lqh wkdw dw d fhuwdlq srlqw lq wlph d whfkqrorj| iru suhvhuylqj dssohv dw vrph frvw +ru iru

h{fkdqjlqj suhvhqw dssohv djdlqvw ixwxuh dssohv, lv xqh{shfwhgo| glvfryhuhg1 Djhqwv ohduq/



PDUNHWV DQG FRRSHUDWLRQ 8

vd|/ wr gu| dssohv dqg suhvhuyh wkhp iru rqh shulrg/ diwhu zklfk wkh| pxvw eh frqvxphg1

Xqiruwxqdwho| +ru iruwxqdwho|B,/ vrph ri wkh gulhg dssohv ru vrph ri wkhlu qxwulwlrqdo ydoxh

jhw vsrlohg gxulqj vxfk d surfhgxuh1

Li wkh udwh ri vsrlolqj lv qrw wrr kljk/ dq djhqw zkr ghyldwhv iurp frrshudwlrq rewdlqlqj

58 dssohv lq wkh shulrg lq zklfk wkh ghyldwlrq rffxuv zloo zdqw wr vdyh iru wkh qh{w shulrg lq

zklfk kh zloo uhfhlyh rqo| < dssohv +ehfdxvh ri wkh sxqlvkphqw,1 Ohw g ghqrwh wkh shufhqwdjh

ri vdyhg dssohv wkdw vxuylyhv wkh gu|lqj surfhgxuh/ dqg t wkh shufhqwdjh ri dssohv wkdw lv

frqvxphg lq wkh vdph shulrg lq zklfk wkh ghyldwlrq rffxuv/ vr wkdw +4� t,g lv wkh iudfwlrq

ri dssohv wkdw uhdfkhv wkh shulrg diwhu wkh ghyldwlrq1 Wkh sod|hu zloo fkrrvh t lq rughu wr

pd{lpl}h klv lqwhuwhpsrudo xwlolw|1 Zkhq d sod|hu ghyldwhv/ kh vroyhv klv vlpsoh lqwhuwhpsrudo

xwlolw| pd{lpl}dwlrq sureohp
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t58 . �

t
g+4� t,58 . < . �2

s
<

4� �
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vxemhfw wr = 3 � t � 4=

Wkh �uvw rughu frqglwlrq zlwk uhvshfw wr t ohdgv wr

t @
58g. <

58g. 58�2g2
=

Dv orqj dv wkh udwh ri vxuylylqj lq wkh gu|lqj surfhvv lv kljk hqrxjk wr pdnh �2g2 A b

2D
>

wkh djhqw fkrrvhv t ? 4 +vdyhv vrph dssohv,1 Wkhq/ diwhu wkh lqwurgxfwlrq ri wkh gu|lqj

whfkqrorj|/ frrshudwlrq zloo eh vxvwdlqdeoh li
s
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d pruh vwulqjhqw frqglwlrq wkdq +5,1

Qrz vxssrvh wkdw ehiruh wkh glvfryhu| ri wkh gu|lqj whfkqrorj| sod|huv zhuh vxvwdlqlqj

frrshudwlrq/ exw frqglwlrq +5, zdv vdwlv�hg zlwk olwwoh ru qr vodfn1 Wkhq/ wkh vxgghq dffhvv wr

d qhz vdylqj whfkqrorj| pdnhv frrshudwlrq froodsvh/ ohdylqj sod|huv zlwk dq lq�qlwh vwuhdp

ri < dssohv shu shulrg/ dqg wkh qhz whfkqrorj| uhpdlqv xqxvhg$

Ohw xv jhqhudol}h vrphzkdw wkh lqvljkwv jdlqhg iurp wklv h{dpsoh1

� YA|ji|j6VNiB, t�Ot|�|�|�NA BAa WNNVjiB|�NA

D vlpxowdqhrxv pdwhuldo sd|r� jdph J lv gh�qhg e| wkh �qlwh vhw Q ri sod|huv/ wkh

�qlwh vhwv ri dfwlrqv D� iurp zklfk hdfk sod|hu l 5 Q fdq fkrrvh/ dqg wkh pdwhuldo sd|r�

ixqfwlrqv ��/ �� =
�\
�'�

D� $ U 1 Wkh pdwhuldo sd|r� jdph J @ +Q>D>�, jhqhudwhv gl�huhqw

jdphv zkhq sod|huv zlwk gl�huhqw suhihuhqfhv ryhu pdwhuldo sd|r�v +rxwfrphv, duh fdoohg wr

sod| lw1D L frq�qh dwwhqwlrq wr sod|huv zkrvh lqvwdqwdqhrxv suhihuhqfhv fdq eh uhsuhvhqwhg

e| xwlolw| ixqfwlrqv wkdw duh prqrwrqlf wudqvirupdwlrqv ri wkhlu pdwhuldo sd|r� ixqfwlrqv1

DW? |�i hit| Lu |�i T@Tihc |�i @Mti?Ui Lu @ t�MtUh�T| ��** 4i@? i�|�ih |�@| |�i t)4ML* hiuiht |L |�i ��L*i

ti| Lh �iU|Lh Lu �?_i i_ LM�iU|t � uLh i @4T*ic � ' E��c �2c ���c �� � � Lh |�@|c MiU@�ti Lu t)44i|h)c |�ihi �t

?L _�gihi?Ui �? |�i �@h�@M*i �? ^�it|�L? uLh |�i _�gihi?| T*@)iht� A�i t�MtUh�T| 3� ��** Mi �ti_ |L �?_�U@|i @

�iU|Lh �? ���U� |�i ��|� hL� �t 4�tt�?}�



PDUNHWV DQG FRRSHUDWLRQ 9

Dvvxph J kdv dw ohdvw rqh v|pphwulf sxuh vwudwhj| Qdvk htxloleulxp zklfk nhhsv sod|huv

dw wkhlu vhfxulw| pdwhuldo sd|r� ohyho �� +sxuh vwudwhj| Qdvk htxloleuld ri vwdwlf jdphv duh

xqd�hfwhg e| prqrwrqlf wudqvirupdwlrqv ri wkh sd|r� ixqfwlrqv/ zklfk ohdg wr ruglqdoo|

htxlydohqw jdphv,1 Ohw a��+d3�, ghqrwh sod|hu l*v pdwhuldo sd|r� iurp fkrrvlqj d ehvw uhvsrqvh

wr rwkhu sod|huv* dfwlrq sur�oh d3�= Ohw u A 3 ghqrwh sod|huv* frpprq lqwhuwhpsrudo glvfrxqw

udwh dqg �> zlwk � @ �

�no
? 4> wkhlu glvfrxqw idfwru1 Ilqdoo|/ ohwJ"

B
+X, ghqrwh wkh vxshujdph

ruljlqdwhg e| wkh lq�qlwh uhshwlwlrq riJ @ +Q>D>�, zkhq hdfk sod|hu l*v lqvwdqwdqhrxv xwlolw|

ixqfwlrq lv X�+�
|

�
, dqg dw dq| wlph � kh pd{lpl}hv wkh dgglwlyho| +wlph, vhsdudeoh remhfwlyh

ixqfwlrq Y �

�
@
S
"

|'�
�|3�X�+�

|

�
,1 Wkhq J"+X, zloo ghqrwh wkh jhqhulf vxshujdph zklfk kdv

J dv vwdjh0jdph exw doorzv gl�huhqw ohyhov ri wkh glvfrxqw idfwru1

Dq| jlyhq vwdwlrqdu| vwuhdp ri pdwhuldo sd|r�
�
�|

�
@ �W

�

�
"

|'�
fdq eh vxssruwhg lq vxejdph0

shuihfw htxloleulxp lq J"
B
+X, li wkh iroorzlqj frqglwlrq krogv=

4

4� �
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X�+��,= +LF14,

L �uvw qhhg dq xqdpeljxrxv gh�qlwlrq ri d _pruh frqfdyh% ixqfwlrq1

Gh�qlwlrq 41 D xwlolw| ixqfwlrq X� lv vdlg wr eh pruh frqfdyh wkdq dqrwkhu rqh X2 li X�

fdq eh ghulyhg iurp X2 e| d vwulfwo| frqfdyh prqrwrqlf wudqvirupdwlrq1

Qrz lw lv srvvleoh wr vwdwh wkh �uvw uhvxow1

Sursrvlwlrq 41 Wkh pruh frqfdyh sod|huv* lqvwdqwdqhrxv xwlolw| ixqfwlrqv duh/ wkh vpdoohu lv

wkh plqlpxp glvfrxqw idfwru dw zklfk dq| vwdwlrqdu| pdwhuldo sd|r� vwuhdp fdq eh vxssruwhg

lq vxejdph0shuihfw htxloleulxp lq J"+X,1

Iurp wkh ghwhuplqlvwlf srlqw ri ylhz ri wklv sdshu wkh vwulfw frqfdylw| ri wkh lqvwdqwdqhrxv

xwlolw| ixqfwlrq lpsolhv dyhuvlrq wr lqwhuwhpsrudo vxevwlwxwlrq/ wkdw lv/ d suhihuhqfh iru vprrwk

wlph sdwkv ri pdwhuldo sd|r�v/ jlyhq wkh ohyho ri wkh glvfrxqw idfwru1 Iurp d vwdwlf srlqw ri

ylhz/ wkh vwulfw frqfdylw| ri wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq lpsolhv ghfuhdvlqj pdujlqdo

xwlolw| ri pdwhuldo sd|r�v1 D sod|hu zlwk d vwulfwo| frqfdyh lqvwdqwdqhrxv xwlolw| ixqfwlrq kdv

d uhodwlyho| orzhu ydoxdwlrq ri wkh vkruw0uxq pdwhuldo jdlqv iurp ghyldwlqj iurp d frrshudwlyh

htxloleulxp/ dv klv pdujlqdo xwlolw| lv orz dw kljk ohyhov ri pdwhuldo sd|r�v1 Frqyhuvho|/ wkh

h{shfwhg orvvhv ri pdwhuldo jdlqv iurp wkh euhdngrzq ri frrshudwlrq kdyh d uhodwlyho| kljkhu

ydoxh iru d sod|hu dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq/ vlqfh dw orzhu ohyhov ri pdwhuldo sd|r�v

kh kdv d uhodwlyho| kljkhu pdujlqdo xwlolw| ri pdwhuldo sd|r�v1 Wkhvh wzr h�hfwv erwk pdnh

frrshudwlrq hdvlhu wr vxvwdlq1

Sursrvlwlrq 4 irfxvhv rq wkh plqlpxp ohyho ri wkh glvfrxqw idfwru dw zklfk d jlyhq vwuhdp

ri pdwhuldo sd|r�v fdq eh vxssruwhg lq vxejdph0shuihfw htxloleulxp lq d jlyhq uhshdwhg jdph1

Krzhyhu/ wdnlqj wkh glvfrxqw idfwru dv d jlyhq/ wkh sursrvlwlrq frxog kdyh irfxvhg rq wkh vhw

ri pdwhuldo sd|r�v vwuhdpv vxssruwdeoh lq htxloleulxp lq J"
B
+X,> ru rq wkh vhw ri uhshdwhg

pdwhuldo sd|r�v vxshujdphv ~ sdudphwul}hg e| vwdjh0jdph pdwhuldo sd|r�v ~ lq zklfk d

jlyhq vwuhdp ri pdwhuldo sd|r�v fdq eh vxssruwhg1



PDUNHWV DQG FRRSHUDWLRQ :

Uhpdun 41 Wkh surri ri Sursrvlwlrq 4 doorzv wr vwdwh wkdw=

+l, Jlyhq d ohyho ri wkh lqwhuwhpsrudo glvfrxqw idfwru � dqg d pdwhuldo sd|r� jdph J @

+Q>D>�,/ iru dq| wzr yhfwruv ri ixqfwlrqv X dqg T> zlwk X� pruh frqfdyh wkdq T� ;l 5 Q /

wkh vhw ri vwdwlrqdu| vwuhdpv ri pdwhuldo sd|r�v zklfk fdq eh vxssruwhg lq vxejdph shuihfw

htxloleulxp lq J"
B
+X, lv +zhdno|, odujhu wkdq wkdw vxssruwdeoh lq J"

B
+T,1

+ll, Jlyhq d ohyho ri wkh lqwhuwhpsrudo glvfrxqw idfwru � dqg d vwdwlrqdu| vwuhdp ri pdwhuldo

sd|r�v
�
�|

�
@ �W

�

�
"

|'�
/ wkh pruh frqfdyh duh sod|huv* lqvwdqwdqhrxv xwlolw| ixqfwlrqv/ wkh odujhu

lv wkh vhw ri pdwhuldo sd|r� vxshujdphv +sdudphwul}hg e| a��+d
W

3�
, dqg ��, lq zklfk sod|huv

pd| vxssruw vxfk vwuhdp lq vxejdph shuihfw htxloleulxp1

Ri frxuvh/ wklv lv ehfdxvh lqhtxdolw| LF14 lv d olqhdu uhodwlrq ehwzhhq wkuhh +vhwv ri,

sdudphwhuv= wkh glvfrxqw idfwru �/ wkh htxloleulxp pdwhuldo sd|r�v vwuhdp
�
�|

�
@ �W

�

�
"

|'�
/ dqg

wkh vwdjh0jdph*v pdwhuldo sd|r� vwuxfwxuh
�
a��+d

W

3�
,> ��

�
= Dq lqfuhdvh lq wkh frqfdylw| ri wkh

lqvwdqwdqhrxv xwlolw| ixqfwlrq pdnhv LF14 ohvv vwulqjhqw dqg wkhuhiruh/ jlyhq wzr ri wkh +vhwv

ri, sdudphwhuv/ lw hqodujhv wkh vhw ri ydoxhv ri wkh wklug +vhw ri, sdudphwhu+v, wkdw vdwlvi| wkh

uhodwlrq1S

g� �Bi"j|t uNi }NNat BAa 6NAj+

Ehklqg wkh uhvxow lq wkh suhylrxv vhfwlrq lv wkh lpsolflw dvvxpswlrq wkdw sod|huv fdqqrw

wudqvihu sd|r�v iurp rqh shulrg wr dqrwkhu1 Vxssrvh wklv lv gxh wr pdwhuldo sd|r�v ehlqj

shulvkdeoh/ dv lq rxu h{dpsoh zlwk dssohv1 Krz zloo sod|huv* delolw| wr frrshudwh eh d�hfwhg

e| dq xqiruhvhhq lqqrydwlrq +vd|/ d vxgghq idoo lq wudqvsruw frvwv, zklfk jlyhv wkhp dffhvv wr

d pdunhw zkhuh pdwhuldo sd|r�v fdq eh h{fkdqjhg dw d frqvwdqw sulfh djdlqvw dq lpshulvkdeoh

jrrg fdoohg _prqh|%B

Sod|huv* delolw| wr prqhwl}h/ suhvhuyh/ dqg uhglvwulexwh pdwhuldo sd|r�v lq wlph jhqhudwhv

zhdowk h�hfwv wkdw wudqvirup rxu uhshdwhg jdph lqwr d g|qdplf rqh1 Krzhyhu/ wkh dffhvv wr

pdunhwv dqg prqh| kdv d fohdu txdolwdwlyh h�hfw rq sod|huv* delolw| wr vxvwdlq frrshudwlrq

wkdw fdq eh lghqwl�hg zkloh nhhslqj rq wkh vlpsohu jurxqg ri d uhshdwhg jdphv shuvshfwlyh1

Wr vdyh rq qrwdwlrq ohw xv olplw dwwhqwlrq wr wkh v|pphwulf fdvh/ zlwk X� @ X ;l 5 Q

+wkh dv|pphwulf fdvh ohdgv wr lghqwlfdo uhvxowv,1 Lpdjlqh wkdw wkh lqqrydwlrq gulyhv grzq

wkh wudqvdfwlrq frvw ri h{fkdqjhv rq wkh pdunhwv iru jrrgv wr d �qlwh ohyho F � 3> dqg ohw

F @
L
�EZ

�
�3L �E	Z�E@

W

3�
��E�no�

L �EZ
�
�

1 Wkhq/ rqh fdq vwdwh wkh iroorzlqj uhvxow1

Sursrvlwlrq 51 Vxssrvh sod|huv duh dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq +wkdw lv/X � A 3 dqg

X �� ? 3,1 Wkhq li F ? F pdwhuldo0sd|r� pdunhwv dqg prqh| lqfuhdvh wkh plqlpxp glvfrxqw

idfwru dw zklfk dq| vwdwlrqdu| pdwhuldo sd|r� vwuhdp fdq eh vxssruwhg lq vxejdph0shuihfw

htxloleulxp lq J"+X,/ zkloh wkh| gr qrw d�hfw lw rwkhuzlvh1

Wkh Sursrvlwlrq kljkoljkwv wkh h�hfwv rq wkh plqlpxp glvfrxqw idfwru dw zklfk frrshu0

dwlrq lv yldeoh exw lw kdv/ dw dq| jlyhq glvfrxqw idfwru/ lpsolfdwlrqv dqdorjrxv wr wkrvh ri
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PDUNHWV DQG FRRSHUDWLRQ ;

Sursrvlwlrq 4 vwdwhg lq Uhpdun 4 zlwk uhjdug wr wkh vhw ri vxssruwdeoh htxloleuld dqg wr wkh

vhw ri vxshujdphv lq zklfk frrshudwlrq lv vxssruwdeoh1

Wkh orjlf ehklqg wklv uhvxow zdv dovr dqwlflsdwhg lq wkh lqwurgxfwlrq1 Li wkh frvwv ri vdylqj

+pdunhw wudqvdfwlrq frvwv soxv wkh frvw ri ghod|lqj frqvxpswlrq, duh vpdoo hqrxjk/ d sod|hu

zkr ghyldwhv iurp frrshudwlrq fdq lqfuhdvh klv olih0wlph xwlolw| e| vhoolqj rq wkh pdunhw sduw

ri wkh vkruw0uxq jdlqv iurp ghyldwlrq dqg vdylqj iru wkh ixwxuh1 D sod|hu sodqqlqj wr vwlfn wr

frrshudwlrq/ lqvwhdg/ h{shfwv rwkhuv wr gr wkh vdph dqg wkhuhiruh d frqvwdqw �rz ri pdwhuldo

sd|r�v lq wlph1 Vlqfh kh glvfrxqwv wkh ixwxuh dqg vdylqj lv frvwo|/ wklv sod|hu zrxog suhihu

d frqvxpswlrq sdwk ghfuhdvlqj lq wlph/ vr kh kdv qr xvh iru jrrgv* pdunhwv dqg prqh|1 E|

pdnlqj ghyldwlrqv uhodwlyho| pruh dwwudfwlyh/ wkh lqqrydwlrq pdnhv frrshudwlrq kdughu wr

vxssruw1

F� �jiujW| u�ABAW�B, 6Bi"j|t

Zkdw li sod|huv rewdlq xqiruhvhhq dffhvv wr shuihfw �qdqfldo pdunhwv zklfk doorz wkhp

wr vdyh dqg eruurz dw wkh vdph lqwhuhvw udwhB

L dvvxph wkdw hdfk sod|hu idfhv wkh vdph lqwhuhvw udwh rq wkh �qdqfldo pdunhw/ dqg irfxv

rq wkh fdvh lq zklfk wklv udwh htxdov sod|huv* lqwhuwhpsrudo glvfrxqw udwh u +exw vhh Vhfwlrq

:14,= Dovr/ L dvvxph wkurxjkrxw wkdw �qdqfldo wudqvdfwlrqv duh shuihfwo| hqirufhdeoh +h1j1

wkdw li d ohqghu lv qrw uhsdlg kh fdq hqvodyh wkh eruurzhu/ dqg wkdw vodyhv kdyh lq�qlwho| orz

xwlolw|,/ dqg wkdw wkh qr0Srq}l0jdph frqglwlrq lv vdwlv�hg1.

Xqghu wkhvh dvvxpswlrqv/ li d sod|hu*v fkrlfh ehwzhhq vwlfnlqj wr frrshudwlrq dqg ghyl0

dwlqj zrxog eh vlplodu wr dq lqyhvwphqw fkrlfh wkh qh{w uhvxow zrxog eh vwudljkwiruzdug1 E|

Ilvkhu*v Vhsdudwlrq Wkhruhp +Ilvkhu +4<63,,/ shuihfw �qdqfldo pdunhwv zrxog ohdg sod|huv wr

fduh rqo| derxw wkh glvfrxqwhg �rz ri pdwhuldo sd|r�v/ vr uhjdugohvv ri wkhlu lqwhuwhpsrudo

suhihuhqfhv wkh| zrxog fkrrvh qrw wr ghyldwh rqo| li wkh iroorzlqj frqglwlrq krogv=

4

4� �

�
W
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� a�+dW

3�
, .

�

4� �

��= +LF15,

Wklv lv wkh xvxdo frqglwlrq iru sod|huv zlwk olqhdu xwlolw| ixqfwlrqv dqg/ e| Sursrvlwlrq 4/

zh douhdg| nqrz wkdw lw lv pruh vwulqjhqw wkdq wkh frqglwlrq zlwk vwulfwo| frqfdyh xwlolw|

ixqfwlrqv1 Lw zrxog gluhfwo| iroorz wkdw wkh dffhvv wr shuihfw �qdqfldo pdunhwv pdnhv frrs0

hudwlrq pruh gl�fxow e| _xqgrlqj% wkh idflolwdwlqj h�hfw ri wkh dyhuvlrq wr lqwhuwhpsrudo

vxevwlwxwlrq1

Krzhyhu/ wklqjv duh voljkwo| pruh frpsoh{1 Wklv gluhfw olqh ri uhdvrqlqj zrxog krog li

sod|huv frxog frpplw wr vrph ixwxuh frxuvh ri dfwlrqv +h1j1 wr vwlfn wr frrshudwlrq, ehiruh

dffhvvlqj �qdqfldo pdunhwv1 Wkhq wkh fkrlfh ehwzhhq frrshudwlqj dqg ghyldwlqj zrxog lqghhg

uhvhpeoh dq lqyhvwphqw fkrlfh wr zklfk Ilvkhu Vhsdudwlrq Wkhruhp dssolhv1 Exw wklv lv qrw

wkh fdvh lq rxu prgho zkhuh sod|huv fdq fkrrvh wr ghyldwh lq dq| ri wkh shulrgv zklfk iroorz

d �qdqfldo wudqvdfwlrq1 Lq wklv iudphzrun rqh vkrxog nhhs wudfn ri krz sod|huv* lqfhqwlyhv

hyroyh lq wlph xqghu wkh lq�xhqfh ri wkh �qdqfldo wudqvdfwlrqv wkh| pd| xqghuwdnh1 Lq

.A�i ?L��L?3��}@4it UL?_�|�L? i U*�_it |�@| @}i?|t U@? h@�ti @? �?�?�|i @4L�?| Lu _iM| M) tih��U�
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PDUNHWV DQG FRRSHUDWLRQ <

sduwlfxodu/ d sod|hu zkr sodqv wr ghyldwh frxog wu| wr lqfuhdvh wkh ydoxh ri pdwhuldo jdlqv

iurp ghyldwlrq e| srvwsrqlqj wkh ghyldwlrq dqg eruurzlqj wr lqfuhdvh suhvhqw frqvxpswlrq1

Wkh iroorzlqj uhvxow doorzv xv wr glvuhjdug wklv srvvlelolw|1

Ohppd 61 Zlwk shuihfw �qdqfldo pdunhwv dqg sod|huv dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq

wkh rssruwxqlw| wr srvwsrqh d ghyldwlrq dqg eruurz grhv qrw d�hfw sod|huv* delolw| wr vxvwdlq

frrshudwlrq1

Wkh fkrlfh wr srvwsrqh wkh ghyldwlrq dqg eruurz djdlqvw wkh h{shfwhg jdlqv iurp d ixwxuh

ghyldwlrq wxuqv rxw wr eh dozd|v grplqdwhg hlwkhu e| wkdw ri ghyldwlqj lpphgldwho|/ ru e|

wkdw ri srvwsrqlqj wkh ghyldwlrq iruhyhu1 Ohppd 4 hqdeohv xv wr vwdwh wkh iroorzlqj uhvxow1

Sursrvlwlrq 71 Vxssrvh sod|huv duh dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq1 Wkhq/ wkh rssru0

wxqlw| wr dffhvv shuihfw �qdqfldo pdunhwv dozd|v lqfuhdvhv wkh plqlpxp glvfrxqw idfwru dw

zklfk dq| vwdwlrqdu| pdwhuldo sd|r� vwuhdp fdq eh vxssruwhg lq vxejdph0shuihfw htxloleulxp

lq J"+X,1

D sod|hu zkr ghyldwhv iurp d frrshudwlyh htxloleulxp fdq h{sorlw +lpphgldwho|/ e| Ohppd

4, wkh rssruwxqlw| r�huhg e| shuihfw �qdqfldo pdunhwv/ dqg wklv lqfuhdvhv wkh h{ dqwh ydoxh

ri wkh fkrlfh wr ghyldwh1 Rq wkh frqwudu|/ sod|huv zkr vwlfn wr frrshudwlrq kdyh qr xvh ri

�qdqfldo pdunhwv dv wkh frqvwdqw �rz ri pdwhuldo sd|r�v iurp frrshudwlrq lv douhdg| dq

rswlpdo lqwhuwhpsrudo doorfdwlrq1H

Djdlq/ wkh Sursrvlwlrq kljkoljkwv wkh h�hfwv rq wkh glvfrxqw idfwru exw kdv lpsolfdwlrqv

dqdorjrxv wr wkrvh ri Sursrvlwlrq 4 vwdwhg lq Uhpdun 41

U� 8�ABAW�B, 6Bi"j|t? �6VjiujW|�NAt

Lpshuihfwlrqv pdnh wkh xvh ri �qdqfldo pdunhwv frvwo|/ wkhuhiruh zh h{shfw wkhp wr dfw

lq wkh rssrvlwh gluhfwlrq= wkh pruh lpshuihfw �qdqfldo pdunhwv duh/ wkh hdvlhu lw vkrxog eh

wr frrshudwh1 Pdq| gl�huhqw nlqgv ri lpshuihfwlrqv fdq d�hfw wkh ixqfwlrqlqj ri �qdqfldo

pdunhwv1 Khuh L irfxv rq _fodvvlfdo% lpshuihfwlrqv wkdw vlpso| gulyh d zhgjh ehwzhhq wkh

lqwhuhvw udwh dw zklfk sod|huv fdq eruurz dqg wkh rqh wkh| uhfhlyh rq vdylqjv1 Ohw u7 ghqrwh

wkh lqwhuhvw udwh rq vdylqjv/ u� wkh rqh sdlg rq eruurzhg pdwhuldo sd|r�v/ dqg dvvxph wkdw

u7 ? u ? u�=

Wr yhuli| wkh lqwxlwlrq deryh/ L pxvw dovr vshfli| zkhwkhu d sod|hu*v �qdqfldo wudqvdfwlrqv

fdq eh revhuyhg e| rwkhu sod|huv ru qrw1b
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9141 Revhuydeoh �qdqfldo wudqvdfwlrqv1 Zkhq sod|huv* �qdqfldo wudqvdfwlrqv fdq

eh revhuyhg e| rwkhu sod|huv/ d sod|hu sodqqlqj wr ghyldwh zrxog qhyhu �qg lw frqyhqlhqw wr

srvwsrqh wkh ghyldwlrq dqg eruurz1 Wklv lv ehfdxvh sod|huv zkr vwlfn wr frrshudwlrq fdq

rqo| orvh iurp �qdqfldo wudqvdfwlrqv/ vr dq| vxfk wudqvdfwlrq zrxog vljqdo d sod|hu*v lqwhqwlrq

wr ghyldwh/ wuljjhulqj rwkhu sod|huv* uhdfwlrqv1 Wkhq/ djdlq/ wkh rqo| zd| lq zklfk �qdqfldo

pdunhwv pd| d�hfw sod|huv* delolw| wr frrshudwh lv wkurxjk wkh rssruwxqlw| wr vdyh sduw ri wkh

rqh0vkrw pdwhuldo jdlqv iurp d ghyldwlrq1 Ohw u4�? ghqrwh wkh ohyho ri wkh lqwhuhvw udwh ehorz

zklfk vdylqj diwhu d ghyldwlrq lv qrw frqyhqlhqw/ zklfk lv gh�qhg e| wkh iroorzlqj htxdolw|=

X �+a��+d
W

3�,, @
4 . u4�?

4 . u
X �+��,> / u4�? @

+4 . u,X �+a��+d
W

3�
,,�X �+��,

X �+��,
= +6,

L fdq qrz vwdwh wkh iroorzlqj fruroodu|1

Fruroodu| 81 Vxssrvh sod|huv duh dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq dqg �qdqfldo wudqv0

dfwlrqv duh shuihfwo| revhuydeoh1 Wkhq=

41 Dv orqj dv u7 A u4�?> dq| lqfuhdvh lq �qdqfldo pdunhwv* lpshuihfwlrqv zklfk uhgxfhv

u7 orzhuv wkh plqlpxp glvfrxqw idfwru dw zklfk dq| vwdwlrqdu| �rz ri pdwhuldo sd|r�v fdq

eh vxssruwhg lq vxejdph0shuihfw htxloleulxp lq J"+X,>

51 Iru u7 � u4�?> dq| ixuwkhu lqfuhdvh lq �qdqfldo pdunhwv* lpshuihfwlrqv grhv qrw di0

ihfw wkh plqlpxp glvfrxqw idfwru dw zklfk dq| vwdwlrqdu| �rz ri pdwhuldo sd|r�v fdq eh

vxssruwhg lq htxloleulxp1

Wkh lqwxlwlrq lv vwudljkwiruzdug1 Wkh pruh lpshuihfw �qdqfldo pdunhwv duh/ wkh orzhu lv

wkh lqwhuhvw udwh rq vdylqj u7 > wkh pruh frvwo| lv wkh uhdoorfdwlrq ri vkruw0uxq pdwhuldo jdlqv

iurp ghyldwlrq wr ixwxuh shulrgv/ dqg wkh orzhu lv wkh h{ dqwh ydoxh ri pdwhuldo jdlqv iurp

ghyldwlrq uhodwlyh wr wkh +�{hg, ydoxh ri pdwhuldo jdlqv iurp frrshudwlrq1 Zkhq �qdqfldo

pdunhwv* lpshuihfwlrqv duh vwurqj hqrxjk wr sxvk wkh lqwhuhvw udwh rq vdylqjv ehorz wkh

plqlpxp ohyho dw zklfk vdylqj lv frqyhqlhqw +u7 � u4�?, d ghyldwlqj sod|hu grhv qrw �qg lw

frqyhqlhqw wr vdyh/ qr sod|hu xvhv �qdqfldo pdunhwv/ dqg wkh uhohydqw frqglwlrq iru frrshudwlrq

lv wkh ruljlqdo frqglwlrq +LF14,1 Djdlq/ wkh uhvxow kdv lpsolfdwlrqv dqdorjrxv wr wkrvh ri

Sursrvlwlrq 4 lq Uhpdun 41

9151 Klgghq �qdqfldo wudqvdfwlrqv1 Zkhq ghew lv qrw revhuydeoh dqg �qdqfldo

pdunhwv duh lpshuihfw Ohppd 4 grhv qrw krog dqg eruurzlqj djdlqvw pdwhuldo jdlqv iurp

d ixwxuh ghyldwlrq pd| eh frqyhqlhqw1 Ohw u4@ ghqrwh wkh ohyho ri wkh lqwhuhvw udwh deryh

zklfk eruurzlqj wrgd| djdlqvw d ghyldwlrq srvwsrqhg wr wkh qh{w shulrg lv qrw frqyhqlhqw/

zklfk lv gh�qhg e| wkh iroorzlqj htxdolw|=

X �+�W� , @
4 . u4@ 

4 . u
X �+a��+d

W

3�,,> / u4@ @
+4 . u,X �+�W

�
,�X �+a��+d

W

3�
,,

X �+a��+d
W

3�
,,

=

L fdq qrz vwdwh d vhfrqg fruroodu|1

Fruroodu| 91 Vxssrvh sod|huv duh dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq dqg �qdqfldo wudqv0

dfwlrqv duh qrw revhuydeoh1 Wkhq=
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41 Zkhq u7 � u4�? dqg u� ? u4@ > dq| lqfuhdvh lq �qdqfldo pdunhwv* lpshuihfwlrqv zklfk

udlvhv u� +dqg ghfuhdvhv ru ohdyhv xqfkdqjhg u7, orzhuv wkh plqlpxp glvfrxqw idfwru dw zklfk

dq| vwdwlrqdu| �rz ri pdwhuldo sd|r�v fdq eh vxssruwhg lq vxejdph0shuihfw htxloleulxp lq

J"+X,>

51 Zkhq u7 A u4�? dqg u� � u4@ > dq| lqfuhdvh lq �qdqfldo pdunhwv* lpshuihfwlrqv

zklfk ghfuhdvhv u7 +dqg lqfuhdvhv ru ohdyhv xqfkdqjhg u�, orzhuv wkh plqlpxp glvfrxqw

idfwru dw zklfk dq| vwdwlrqdu| �rz ri pdwhuldo sd|r�v fdq eh vxssruwhg lq vxejdph0shuihfw

htxloleulxp lq J"+X,>

61 Zkhq u7 � u4�? dqg u� � u4@ > lqfuhdvhv lq �qdqfldo pdunhwv* lpshuihfwlrqv gr qrw

d�hfw wkh plqlpxp glvfrxqw idfwru dw zklfk dq| vwdwlrqdu| �rz ri pdwhuldo sd|r�v fdq eh

vxssruwhg lq htxloleulxp>

71 Zkhq u7 A u4�? dqg u� ? u4@ > lqfuhdvhv lq �qdqfldo pdunhwv* lpshuihfwlrqv wkdw

erwk ghfuhdvh u7 dqg lqfuhdvh u� orzhu wkh plqlpxp glvfrxqw idfwru dw zklfk dq| vwdwlrqdu|

�rz ri pdwhuldo sd|r�v fdq eh vxssruwhg lq vxejdph0shuihfw htxloleulxp lqJ"+X,> lqfuhdvhv

lq �qdqfldo pdunhwv* lpshuihfwlrqv wkdw gr qrw d�hfw rqh ri wkh wzr udwhv hlwkhu orzhu wkh

plqlpxp glvfrxqw idfwru dw zklfk dq| vwdwlrqdu| �rz ri pdwhuldo sd|r�v fdq eh vxssruwhg

lq vxejdph0shuihfw htxloleulxp lq J"+X,/ ru wkh| ohdyh lw xqfkdqjhg1

Wkdw lv/ zlwk xqrevhuydeoh �qdqfldo wudqvdfwlrqv wkh lqwhuhvw udwh rq eruurzhg pdwhuldo

sd|r�v pd| eh dv lpsruwdqw dv wkdw rq vdylqjv1 Zkhq u7 lv vpdoo +vdylqj lv frvwo|, dqg u�

lv qrw pxfk odujhu wkdq u> lw zloo lqghhg eh frqyhqlhqw iru d sod|hu zkr sodqv wr ghyldwh wr

srvwsrqh wkh ghyldwlrq dqg eruurz djdlqvw h{shfwhg jdlqv iurp wkh ixwxuh ghyldwlrq1 Lq wkdw

fdvh wkh rswlpdo lqwhuwhpsrudo doorfdwlrq lv rewdlqhg e| srvwsrqlqj wkh ghyldwlrq iru rqh ru

pruh shulrgv/ eruurzlqj wr lqfuhdvh pdwhuldo sd|r�v ehiruh wkh ghyldwlrq/ dqg wkhq shukdsv

vdylqj diwhu wkh ghyldwlrq1 Wkhq dq lqfuhdvh lq wkh lqwhuhvw udwh rq ghew pd| dovr uhgxfh wkh

h{ dqwh ydoxh ri pdwhuldo jdlqv iurp ghyldwlrq dqg idflolwdwh frrshudwlrq1

Rqfh djdlq/ wkh vwdwhphqw kdv lpsolfdwlrqv dqdorjrxv wr wkrvh lq Uhpdun 41

0� $�tW�tt�NA BAa �NAW,�t�NAt

:141 Gl�huhqw pdunhw lqwhuhvw udwhv1 Wkh dvvxpswlrq wkdw wkh pdunhw lqwhuhvw udwh

frlqflghv zlwk sod|huv* lqwhuwhpsrudo glvfrxqw udwh fdq eh mxvwl�hg dv xvxdo e| frqvlghulqj

dq lqwhuqdo fuhglw pdunhw/ zkhuh wkh pdunhw lqwhuhvw udwh lv hqgrjhqrxv dqg fdqqrw gr pruh

wkdq uh�hfw sod|huv* lqwhuwhpsrudo suhihuhqfhv +lq d forvhg hfrqrp| lq vwdwlrqdu| htxloleulxp,1

Krzhyhu/ d vwru| zh kdg lq plqg lv dovr wkdw ri d frppxqlw| wkdw vxgghqo| jdlqv dffhvv wr

dq h{whuqdo fuhglw pdunhw/ zkrvh lqwhuhvw udwh lv h{rjhqrxv dqg pd| zhoo gl�hu iurp wkh

frppxqlw| phpehuv* lqwhuwhpsrudo glvfrxqw udwh1 Krz duh wkh uhvxowv d�hfwhg e| d vsuhdg

ehwzhhq wkh wzr udwhvB

Frqvlghu wkh fdvh ri shuihfw �qdqfldo pdunhwv/ ohw l ghqrwh wkh pdunhw lqwhuhvw udwh dqg

� @ �

�n�
wkh pdunhw glvfrxqw idfwru/ dqg ohw lw eh l 9@ u= Sod|huv* Hxohu htxdwlrq ehfrphv

X+f|
�
, @ �n�

�no
X+f|n�

�
,> vr wkdw sod|huv* rswlpdo frqvxpswlrq sdwk ehfrphv vwulfwo| lqfuhdvlqj

lq wlph zkhq l A u> dqg vwulfwo| ghfuhdvlqj zkhq l ? u= Lw lv hdv| wr fkhfn wkdw wkh dujxphqwv

ehklqg Ohppd 4 krog dovr iru wklv fdvh/ vr wkdw Ilvkhu*v Vhsdudwlrq Wkhruhp dssolhv dqg
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frrshudwlrq fdq eh vxvwdlqhg li
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Zh nqrz iurp Sursrvlwlrq 4 wkdw zkhq l @ u +vr wkdw � @ �,/ wklv frqglwlrq lv vwulfwo| pruh

vwulqjhqw wkdq LF141 Krzhyhu/ zkhq l 9@ u wkh orzhu wkh pdunhw lqwhuhvw udwh/ wkh odujhu lv

wkh glvfrxqw idfwru �/ wkh ohvv vwulqjhqw wkh frqglwlrq ehfrphv1 Lw iroorzv wkdw rqh fdq �qg

d orz hqrxjk lqwhuhvw udwh l +srvvleo| qhjdwlyh/ ghshqglqj rq X dqg �,/ vxfk wkdw iru l ?l

wkh frqglwlrq deryh ehfrphv ohvv vwulqjhqw wkdq LF14 dqg wkh dffhvv wr shuihfw fuhglw pdunhwv

idflolwdwhv frrshudwlrq udwkhu wkdq klqghulqj lw1

:151 Dowhuqdwlyh sxqlvkphqw vwudwhjlhv1 Wkh fuhglelolw| ri xquhohqwlqj wuljjhu vwudwh0

jlhv/ dv prvw rwkhu zlgho| xvhg sxqlvkphqw vwudwhjlhv lq wkh uhshdwhg jdphv olwhudwxuh/ lv qrw

urexvw zlwk uhvshfw wr h{ srvw uhqhjrwldwlrq1 Krzhyhu/ lw fdq eh hdvlo| vkrzq wkdw wkh uhvxowv

lq wklv sdshu frqwlqxh wr krog zkhq sod|huv xvh wkh pruh frpsoh{ uhqhjrwldwlrq0surri sxqlvk0

phqw vwudwhjlhv sursrvhg e| ydq Gdpph +4<;<, iru wkh uhshdwhg Sulvrqhu*v Glohppd1 Wkhvh

dowhuqdwlyh vwudwhjlhv uhtxluh d sod|hu zkr kdv ghyldwhg wr _uhshqw% ~ e| sod|lqj _frrshudwh%

iru rqh ru pruh shulrgv gxulqj zklfk wkh rssrqhqw sod|v _ghyldwh% ~ ehiruh frrshudwlrq

fdq uhvwduw/ dqg duh htxlydohqw wr wuljjhu vwudwhjlhv lq wkh vhqvh wkdw wkh| dovr fdq nhhs wkh

ghyldwlqj sod|hu dw klv vhfxulw| ohyho1

Lw fdq dovr eh vkrzq wkdw wkh uhvxowv duh uhlqirufhg e| dvvxplqj wkh vwuhqjwk ri wkh sxq0

lvkphqw wr eh erxqghg e| vrph �qlwh uhqhjrwldwlrq frvwv/ dv lq PfFxwfkhrq +4<<:,1 Wkh

uhdvrq lv wkdw jlyhq d ohyho ri uhqhjrwldwlrq frvwv/ wkh pruh dyhuvh wr lqwhuwhpsrudo vxevwlwx0

wlrq djhqwv duh/ wkh pruh wkh| ydoxh wkh �qlwh uhqhjrwldwlrq frvwv zklfk duh frqfhqwudwhg lq

wlph/ dqg wkh vwurqjhu wkh uhqhjrwldwlrq0surri sxqlvkphqw fdq eh1

:161 Ixuwkhu h{whqvlrqv1 Rwkhu srvvleoh h{whqvlrqv ri wkh prgho lqfoxgh lqwurgxflqj

xqfhuwdlqw| dqg dv|pphwulf lqirupdwlrq1 Wkh vlpsohvw fdvh lv wkdw ri vwdwlf sd|r�v wkdw

�xfwxdwh lq d shuihfwo| iruhfdvwdeoh zd|1 Wkhq/ hyhq zkhq l @ u> wkh dffhvv wr fuhglw pdunhwv

pd| hqdeoh dovr frrshudwlqj sod|huv wr lpsuryh wkh lqwhuwhpsrudo doorfdwlrq ri pdwhuldo

sd|r�v1 Dovr/ wkhq sod|huv* lqfhqwlyh wr ghyldwh lv odujhu lq vrph shulrgv wkdq lq rwkhuv/ dv

lq Urwhpehuj dqg Vdorqhu*v +4<;9, prgho ri _sulfh zduv gxulqj errpv1% Frqwudu| wr sur�w0

pd{lpl}lqj �upv/ sod|huv vx�flhqwo| dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq kdyh wkh juhdwhvw

lqfhqwlyh wr ghyldwh lq shulrgv lq zklfk wkh frrshudwlyh rxwfrph lv uhodwlyho| orz1 Wkhq wkh

delolw| wr vprrwk pdwhuldo sd|r�v lq wlph frxog uhgxfh lqfhqwlyhv wr ghyldwh e| doorzlqj iru

kljkhu frqvxpswlrq lq shulrgv lq zklfk wkh frrshudwlyh sd|r�v duh orz1�f

Shuihfwo| irufdvwdeoh �xfwxdwlrqv duh qrw frpprq lq uhdolw|1 Pruh lqwhuhvwlqj lv wkh h{0

whqvlrq wr xqiruhfdvwdeoh xqfhuwdlqw|/ zkhuh sod|huv* dwwlwxghv wrzdug ulvn frph lqwr sod|1

Iru h{dpsoh/ frqvlghu d Ehuwudqg vxshujdph zlwk vwrfkdvwlf ghpdqg/ zkhuh hdfk shulrg

xqfhuwdlqw| uhvroyhv ehiruh ulvn dyhuvh sod|huv fkrrvh sulfhv1 Lq wklv sduwlfxoduo| vlpsoh fdvh

djhqwv* ulvn dyhuvlrq rqo| +qhjdwlyho|, d�hfwv wkhlu hydoxdwlrq ri ixwxuhv jdlqv iurp frrshu0

dwlrq/ vlqfh sod|huv* vhfxulw| ohyhov dqg vkruw0uxq jdlqv iurp ghyldwlrq duh qrw d�hfwhg e|

�f� uLh4@* |hi@|4i?| Lu tL4i Lu |�iti �tt�it U@? Mi uL�?_ �? 5T@}?L*L E�bbS��
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ghpdqg xqfhuwdlqw|1 Wkhq/ dwwlwxghv wrzdug ulvn dqg wrzdug lqwhuwhpsrudo vxevwlwxwlrq di0

ihfw lq rssrvlwh zd|v sod|huv* delolw| wr frrshudwh/ zkloh wkh dffhvv wr d pdunhw iru lqvxudqfh

xqdpeljxrxvo| idflolwdwhv frrshudwlrq1 Pruh jhqhudoo|/ xqfhuwdlqw| pd| dovr d�hfw sod|huv*

vhfxulw| ohyho dqg vkruw0uxq jdlqv iurp frrshudwlrq +zkhq xqfhuwdlqw| uhvroyhv diwhu sod|huv*

fkrlfh ri dfwlrqv,/ dqg nhhslqj wudfn ri doo wkh h�hfwv ehfrphv ohvv wulyldo1��

Ilqdoo|/ ixwxuh zrun vkrxog frqvlghu dv|pphwulf lqirupdwlrq �d od Juhhq dqg Sruwhu +4<;7,/

dqg fkdudfwhul}h krz sod|huv* dyhuvlrq wr ulvn dqg wr lqwhuwhpsrudo vxevwlwxwlrq/ dqg dffhvv

wr jrrgv/ fuhglw/ dqg lqvxudqfh pdunhwv d�hfw wkh qhhg iru/ dqg wkh iuhtxhqf| ri htxloleulxp

sxqlvkphqw skdvhv1

:171 Frqfoxglqj uhpdunv1 Wklv vlpsoh prgho surylghv d qhz h{sodqdwlrq iru wkh vxgghq

euhdngrzq ri frrshudwlrq revhuyhg lq lvrodwhg frppxqlwlhv zkhq wkh| jhw lq frqwdfw zlwk

pruh ghyhorshg hfrqrplf lqvwlwxwlrqv1 Wr vd| lw olnh Kluvfkpdq +4<:3,/ pdunhwv lqfuhdvh wkh

ydoxh ri djhqwv* _h{lw% rswlrq/ vlqfh wkh| doorz wkh rswlpdo uhdoorfdwlrq ri vkruw0uxq jdlqv iurp

xqlodwhudo ghyldwlrqv lq wlph1 Wkh vw|ol}hg idfw wkdw wkh frqwlqhqwdo dqg Mdsdqhvh hfrqrplhv

~ fkdudfwhul}hg e| uhodwlyho| wklq dqg lqh�flhqw �qdqfldo pdunhwv ~ duh pruh frooxvlyh wkdq

Dqjor0Vd{rq hfrqrplhv ~ zklfk kdyh pruh ghyhorshg �qdqfldo pdunhwv ~ dsshduv wr �w qlfho|

wkh frqfoxvlrqv ri wkh prgho1

I� �VVjAa�!

;141 Surri ri Sursrvlwlrq 41 Iluvw L qhhg d vlpsoh ohppd1

Ohppd 3 Iru dq| d> e> �> �>A 3> k
q
? @

K
, @nk

Knq
? @

K
=

Surri k
q
? @

K
, �e ? d� , �e.de ? d�.de, �

KEKnq�
e+d.�, ? �

KEKnq�
d+e.�,, @nk

Knq
? @

K
=

T1H1G1

Qrz/ vxssrvh sod|huv* vwdwlf remhfwlyh ixqfwlrq lv olqhdu lq pdwhuldo sd|r�v vr wkdw

X�+��, @ D��� . E�> D� A 3>;l1 Wkh qhfhvvdu| dqg vx�flhqw frqglwlrqv iru d vwdwlrqdu|

vhtxhqfh ri pdwhuldo sd|r�v yhfwruv
�
�|
� @ �W�

�
"

|'f
wr eh vxssruwdeoh lq vxejdph0shuihfw Qdvk

htxloleulxp duh dv iroorzv=

�W�
4� �

� a��+d
W

3�, .
���

4� �
> / � �

a��+d
W

3�,� �W�

a��+d
W

3�,� ��
> ;l 5 +4> ===>Q,= +7,

Frqvlghu lqvwhdg wkh fdvh lq zklfk sod|huv* lqvwdqwdqhrxv xwlolw| ixqfwlrqv duhX�+��, @ j�+��,/

zkhuh j�� A 3/ j��� � 3 dqg j��� +��, ? 3 iru vrph ��/ �� � �� � a��+d3�,1 Iru wkhvh sod|huv wkh

qhfhvvdu| dqg vx�flhqw frqglwlrqv iru wkh vdph vwdwlrqdu| vhtxhqfh ri pdwhuldo sd|r�v wr eh

vxssruwdeoh lq vxejdph0shuihfw Qdvk htxloleulxp duh

� �
j�^a��+d

W

3�,`� j�^�
W

� `

j�^a��+d
W

3�,`� j�^��`
>;l= +8,

��W? |��t U@ti |�i �L? �i�4@??��Lh}i?t|ih? uh@4i�Lh! _Lit ?L| @**L� L?i |L _�ti?|@?}*i @}i?|t< @||�|�_it

|L�@h_ h�t! uhL4 |�i�h @||�|�_it |L�@h_ �?|ih|i4TLh@* t�Mt|�|�|�L?c @?_ @ 4Lhi tLT��t|�U@|i_ 4L_i* Lu _)?@4�U

Thiuihi?Uit �?_ih �?Uih|@�?|) � i�}� |�i L?i �?|hL_�Ui_ M) khiTt @?_ �Lh|i�t E�b.H� � 4�t| Mi �ti_� AL

@�L�_ UL?u�t�L? W @4 T�ht��?} |�iti �tt�it �? @ t|h�U|*) hi*@|i_ M�| _�t|�?U| T@Tih�
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Frpsdulqj +7, dqg +8,/ sod|huv zlwk vwulfwo| frqfdyh remhfwlyh ixqfwlrqv zloo eh deoh wr

frrshudwh dw orzhu ohyhov ri wkh glvfrxqw idfwru li

j�^a��+d
W

3�
,`� j�^�

W

�
`

j�^a��+d
W

3�
,`� j�^��`

?
a��+d

W

3�
,� �W

�

a��+d
W

3�
,� ��

> +9,

zklfk fdq eh uhzulwwhq dv

j�^a��+d
W

3�
,`� j�^�

W

�
`

a��+d
W

3�
,� �W

�

?
j�^a��+d

W

3�
,`� j�^�

W

�
` . ij�^�

W

�
`� j�^��`j

a��+d
W

3�
,� �W

�
. i�W

�
� ��j

= +:,

Wkh OKV ri +: , lv wkh dyhudjh pdujlqdo xwlolw| ri pdwhuldo sd|r�v lq wkh grpdlq
�
�W

�
> a��+d

W

3�
,
�
>

zkloh wkh udwlr
}�dZ

W

�
o3}�dZ�

o

ZW
�
3Z

�

lv wkh dyhudjh pdujlqdo xwlolw| ri pdwhuldo sd|r�v lq wkh grpdlq

^��> �
W

� `1 Wkh dvvxpswlrq wkdw j��� +��, � 3 dqg j��� +��, ? 3 iru vrph ��/ �� � �� � a��+d
W

3�,

lpsolhv wkdw pdujlqdo xwlolw| lv orzhu dw kljkhu ohyhov ri pdwhuldo sd|r�v/ dqg wkhuhiruh wkdw
}�d	Z�E@

W

3�
�o3}�dZ

W

�
o

	Z�E@
W

3�
�3ZW

�

?
}�dZ

W

�
o3}�dZ�

o

ZW
�
3Z

�

1 E| Ohppd 4 wklv lpsolhv wkdw +:, lv dozd|v vdwlv�hg1 E| wkh

vdph orjlf/ jlyhq dq| vhw ri +prqrwrqh lqfuhdvlqj, remhfwlyh ixqfwlrqv K @ ik�+��,j
�
�'�/ dq|

vhw ri vwulfwo| frqfdyh prqrwrqlf wudqvirupdwlrqv I @ i*+k,j��'�/ zlwk *�� A 3> *��� � 3> dqg

*��� ^k�+��,` ? 3 iru vrph �� lq wkh lqwhuydo �� � �� � a��+d
W

3�,/ ohdgv wr vwulfwo| ohvv vwulqjhqw

frqglwlrqv/ wkhuhiruh wr d orzhu plqlpxp glvfrxqw idfwru dw zklfk dq| vwdwlrqdu| sdwk ri

pdwhuldo sd|r�v lv vxssruwdeoh lq vxejdph0shuihfw Qdvk htxloleulxp1 T1H1G1

;151 Surri ri Sursrvlwlrq 51 Zkhq sod|huv glvfrxqw ixwxuh dw wkh srvlwlyh udwh u> wkh

Hxohu htxdwlrq iru lqwhuwhpsrudo xwlolw| pd{lpl}dwlrq lv X �+f|�, @
�

�no
X

�

+f|n�
� ,> ;w/ zkhuh f|

lv wkh dprxqw ri pdwhuldo sd|r�v doorfdwhg wr +frqvxphg lq, shulrg w=

Frqvlghu �uvw krz wkh rssruwxqlw| wr dffhvv pdunhwv iru pdwhuldo sd|r�v dqg prqh| dw

d frvw F d�hfwv wkh UKV ri frqglwlrq LF14 +sod|huv* jdlqv iurp frrshudwlrq,1 E| lqvshfwlrq/

hyhq zkhq F @ 3 wkh Hxohu htxdwlrq lpsolhv f|� A f|n�
� > ;w= D sod|hu zkr vwlfnv wr frrshudwlrq

h{shfwv wr hduq wkh vwdwlrqdu| �rz ri pdwhuldo sd|r�v
�
�|� @ �W�

�
"

|'f
1 Ehfdxvh

X �+�W� , ?
4

4 . u
X �+�W� ,+4�F,>

wkh dffhvv wr d pdunhw iru pdwhuldo sd|r�v fdqqrw lqfuhdvh wkh ydoxh ri wkh h{shfwhg jdlqv

iurp frrshudwlrq +lq dq| shulrg wkh rswlrq ri vhoolqj sduw ri wkh pdwhuldo sd|r�v wrgd| dqg

ex| dgglwlrqdo pdwhuldo sd|r�v lq wkh ixwxuh lv vwulfwo| grplqdwhg e| wkdw ri frqvxplqj doo

lpphgldwho|,1

Frqvlghu qrz krz wkh rssruwxqlw| wr dffhvv pdunhwv d�hfwv sod|huv* jdlqv iurp ghyldwlqj

iurp frrshudwlrq/ wkh OKV ri LF141 Wkh shulrg lq zklfk d sod|hu ghyldwhv xqlodwhudoo| kh

uhfhlyhv a��+d
W

3�,> zkloh lq doo wkh iroorzlqj shulrgv kh h{shfwv wr uhfhlyh ��= Wkhq/ d ghyldwlqj

sod|hu lqfuhdvhv klv olihwlph xwlolw| e| vhoolqj sduw ri wkh vkruw0uxq jdlqv iurp wkh xqlodwhudo

ghyldwlrq rq wkh pdunhw dqg ex|lqj pdwhuldo sd|r�v lq vrph ixwxuh shulrg li dqg rqo| li

X �+a��+d
W

3�,, ?
X �+��,+4�F,

4 . u
/ F ?

X �+��,�X �+a��+d
W

3�,,+4 . u,

X �+��,
=
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Vxssrvh wklv frqglwlrq lv vdwlv�hg1 Wkhq d ghyldwlqj sod|hu fdq/ iru h{dpsoh/ vhoo dq dprxqw

e� ri vkruw0uxq jdlqv iurp ghyldwlrq rq wkh pdunhw dqg ex| wkh dprxqw e�+4�F, wkh shulrg

diwhu wkh ghyldwlrq vr wkdw

X �+a��+d
W

3�,� e�, @
4�F

4 . u
X �+�� . e�+4�F,,=

Lq wklv fdvh wkh uhohydqw frqglwlrqv iru frrshudwlrq ehlqj vxssruwdeoh ehfrph

X+�W� ,

4� �
� X+a��+d

W

3�,� e�, . �X+�� . e�+4�F,, .
�2

4� �
X+��,>;l>

zklfk/ ehfdxvh e| frqvwuxfwlrq

X+a��+d
W

3�,� e�, . �X+�� . e�+4�F,, A X+a��+d
W

3�,, . �X+��,>

duh dozd|v pruh vwulqjhqw wkdq LF141 T1H1G1

;161 Surri ri Ohppd 41 Zlwk shuihfw �qdqfldo pdunhwv wkh Hxohu htxdwlrq uhtxluhv

X �+f|�, @ X �+f|n�
� ,> ;w> / f|� @ f|n�

� >;w1 D sod|hu zkr ghyldwhv uhfhlylqj a��+d
W

3�, lpphgldwho|

dqg �� wkh iroorzlqj shulrgv pd{lpl}hv klv olihwlph xwlolw| e| vdylqj v�a��+d
W

3�, wkh shulrg ri

wkh ghyldwlrq dqg uhdoorfdwlqj wkh dprxqw e� wr hdfk ixwxuh shulrg/ zkhuh v�a��+d
W

3�, @
K�
o
dqg

�� . e� @ +4� v�,a��+d
W

3�,1 Lw iroorzv wkdw

v�a��+d
W

3�, @
4

4 . u
+a��+d

W

3�,� ��, @ �+a��+d
W

3�,� ��,>

e� @
u

4 . u
+a��+d

W

3�,� ��, @ +4� �,+a��+d
W

3�,� ��,>

vr wkh frqglwlrq iru frrshudwlrq ehlqj vxssruwdeoh duh wkh iroorzlqj=

X+�W� ,

4� �
�

4

4� �
X

�
+4� �,+a��+d

W

3�,� ��, . ��
�
>;l= +;,

Frqvlghu �uvw wkh fdvh lq zklfk +;, lv vdwlv�hg dv dq htxdolw|=

4

4� �
X+�W� , @

4

4� �
X

�
+4� �,+a��+d

W

3�,� ��, . ��
�
>

ru/ htxlydohqwo|/

�W� @ +4� �,+a��+d
W

3�,� ��, . ��=

Vxssrvh wkh xqlodwhudo ghyldwlrq lv srvwsrqhg ri rqh shulrg1 Dvvxplqj qr rwkhu sod|hu gh0

yldwhv/ wkh ghyldwlqj sod|hu jhwv �W� wkh �uvw shulrg/ a��+d
W

3�, wkh vhfrqg/ dqg �� wkhuhdiwhu1

Ehfdxvh wkh rswlpdo lqwhuwhpsrudo doorfdwlrq lv d frqvwdqw �rz ri pdwhuldo sd|r�v/ wkh ghyl0

dwlqj sod|hu fdqqrw jdlq e| eruurzlqj ehiruh ghyldwlqj1 Klv rswlpdo vwudwhj| lv wr frqvxph�W�
dqg wkh iroorzlqj shulrg/ zkhq kh ghyldwhv/ wr vdyh dqg doorfdwh +4��,+a��+d

W

3�,���,.�� @ �W�
wr doo ixwxuh shulrgv1 Wkh vdph dujxphqw dssolhv wr wkh rswlrq ri srvwsrqlqj wkh ghyldwlrq

iru pruh wkdq rqh shulrg1 Lw iroorzv wkdw zkhq +;, lv vdwlv�hg dv dq htxdolw| srvwsrqlqj wkh

ghyldwlrq grhv qrw fkdqjh sod|huv* h{shfwhg jdlqv iurp ghyldwlqj1
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Frqvlghu wkh fdvh lq zklfk frqglwlrq +;, lv qrw vdwlv�hg1 Diwhu srvwsrqlqj d ghyldwlrq lw

lv vwulfwo| frqyhqlhqw wr eruurz li

4

4� �
X+�W� , ?

4

4� �
X�

�
+4� �,+a��+d

W

3�,� ��, . ��
�
>

ru/ htxlydohqwo|/ li

�W� ? +4� �,+a��+d
W

3�,� ��, . ��=

Djdlq/ li d ghyldwlqj sod|hu srvwsrqhv wkh ghyldwlrq iru rqh shulrg kh jhwv �W� wkh �uvw shulrg/

a��+d
W

3�, wkh vhfrqg/ dqg �� wkhuhdiwhu1 Klv rswlpdo vwudwhj| lv wkhq wr pd{lpl}h wkh ydoxh ri

wkh h{shfwhg �rz ri pdwhuldo sd|r�v e| eruurzlqj wkh dprxqw G� A 3 wkh shulrg ehiruh wkh

ghyldwlrq dqg uhsd| lw wkh shulrg lq zklfk kh ghyldwhv/ zkhuh G� lv gh�qhg e| wkh iroorzlqj

htxdolw|=

�W� .G� @ +4� �,+a��+d
W

3�,�
G�

�
� ��, . ��=

Krzhyhu/ wkh sod|hu lqfxuv d qhw orvv e| srvwsrqlqj wkh ghyldwlrq/ ehfdxvh

�W� .G� @ +4� �,+a��+d
W

3�,�
G�

�
� ��, . �� ? +4� �,+a��+d

W

3�,� ��, . ��=

E| wkh vdph orjlf/ wklv orvv lqfuhdvhv li wkh sod|hu srvwsrqhv wkh ghyldwlrq ixuwkhu1

Ilqdoo|/ frqvlghu wkh fdvh lq zklfk +;, lv vdwlv�hg dv d vwulfw lqhtxdolw|/ vr wkdw

4

4� �
X+�W� , A

4

4� �
X

�
+4� �,+a��+d

W

3�,� ��, . ��
�
>

ru/ htxlydohqwo|/

�W� A +4� �,+a��+d
W

3�,� ��, . ��=

Djdlq/ vxssrvh wkh ghyldwlrq lv srvwsrqhg iru rqh shulrg1 Qrz �W� A +4��,+a��+d
W

3�,���,.��,>

vr lq wkh shulrg ehiruh wkh ghyldwlrq lw lv qrw rswlpdo wr eruurz/ exw wr vdyh1 Lq wklv fdvh

d sod|hu jdlqv e| srvwsrqlqj d ghyldwlrq1 Krzhyhu/ wkh vdph orjlf dssolhv wr wkh rswlrq ri

srvwsrqlqj wkh ghyldwlrq iru rqh pruh shulrg/ dqrwkhu rqh/ dqg vr rq111 Wkhuhiruh wkh rqo|

fdvh lq zklfk srvwsrqlqj wkh ghyldwlrq lv suhihuuhg wr ghyldwlqj lpphgldwho| lv zkhq sod|huv

suhihu wr srvwsrqh wkh ghyldwlrq iruhyhu/ l1h1 qrw wr ghyldwh dw doo1 T1H1G1

;171 Surri ri Sursrvlwlrq 61 Dv lq wkh suhylrxv surri wkh Hxohu htxdwlrq iru sod|huv*

lqwhuwhpsrudo xwlolw| pd{lpl}dwlrq uhtxluhv d frqvwdqw frqvxpswlrq �rz1 Frqvlghu �uvw krz

�qdqfldo pdunhwv d�hfw sod|huv* lqfhqwlyhv wr ghyldwh +wkh OKV ri LF14,1 E| Ohppd 4/ L

rqo| qhhg wr zruu| derxw shulrgv wkdw iroorz wkh ghyldwlrq1 Wkh shulrg lq zklfk d sod|hu

ghyldwhv kh uhfhlyhv a��+d
W

3�,> zkloh wkh iroorzlqj shulrgv kh uhfhlyhv ��= Wkhq/ kh pd{lpl}hv

olihwlph xwlolw| e| vdylqj dq dprxqw v�a��+d
W

3�, wkh shulrg ri wkh ghyldwlrq dqg uhdoorfdwlqj

dq dgglwlrqdo dprxqw e� wr hdfk ixwxuh shulrg/ zkhuh v� dqg e� vdwlvi| v�a��+d
W

3�, @ K�
o
dqg

�� . e� @ +4� v�,a��+d
W

3�,= Frqvlghu krz �qdqfldo pdunhwv d�hfw wkh lqfhqwlyhv wr frrshudwh

+wkh UKV ri LF14,1 D sod|hu zkr vwlfnv wr frrshudwlrq h{shfwv wr hduq wkh vwdwlrqdu| �rz

ri pdwhuldo sd|r�v
�
�|� @ �W�

�
"

|'f
zklfk lv douhdg| dq rswlpdo lqwhuwhpsrudo doorfdwlrq dqg
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fdqqrw eh lpsuryhg wkurxjk �qdqfldo pdunhwv1 Lw iroorzv wkdw wkh uhohydqw frqglwlrqv iru

frrshudwlrq ehlqj vxssruwdeoh lv

4

4� �
X+�W� , �

4

4� �
X+�� . e�,

zklfk/ ehfdxvh �
�3B

X+�� . e�, A X+a��+d
W

3�
,, . B

�3B
X+��,> lv dozd|v pruh vwulqjhqw wkdq LF141

T1H1G1

;181 Surri ri Fruroodu| 41 Zlwk lpshuihfw �qdqfldo pdunhwv d sod|hu vwlfnlqj wr fr0

rshudwlrq orvhv vwulfwo| e| vdylqj ru eruurzlqj1 Lqvwhdg/ d ghyldwlqj sod|hu pd| vwloo jdlq

wr vdyh sduw ri wkh vkruw0uxq jdlqv iurp ghyldwlrq iru wkh ixwxuh1 Wkh Hxohu htxdwlrq uh0

txluhv qrz X �+f|
�
, @ �no

r

�no
X �+f|n�

�
, ;w> d frqvxpswlrq �rz ghfuhdvlqj lq wlph1 Zh gh�qhg

u4�? @
E�no�L

�

E	Z�E@
W

3�
��3L

�

EZ
�
�

L �EZ
�
�

? u dv wkh udwh vxfk wkdw iru u7 � u4�? d ghyldwlqj sod|hu �qgv

lw wrr h{shqvlyh wr vdyh1

Zkhq u4�? ? u7 � u/ wkh orzhu u7 lv/ wkh pruh frvwo| lw lv wr ghod| frqvxpswlrq ri

pdwhuldo sd|r�v/ wkh vpdoohu lv wkh dprxqw ri jdlqv iurp ghyldwlrq wkdw fdq eh uhdoorfdwhg wr

ixwxuh shulrgv/ wkh vpdoohu lv wkh h{ dqwh ydoxh ri wkh fkrlfh wr ghyldwh/ dqg wkh ohvv vwulqjhqw

duh wkh frqglwlrqv wr vxssruw frrshudwlrq1 Vwdwhphqw 4 iroorzv1

Zkhq u7 � u4�?> X �+a��+d
W

3�
,, A �no

7

�no
X �+��, dqg vdylqj uhgxfhv d ghyldwlqj sod|hu*v olih0

wlph xwlolw|1 Ehfdxvh u� A u lpsolhv X �+a��+d
W

3�
,, ? �no

�

�no
X �+��,> qr sod|hu hyhu jdlqv iurp

eruurzlqj1 Vwdwhphqw 5 iroorzv1 T1H1G1

;191 Surri ri Fruroodu| 51 Wkh vwdwhphqw glylghv wkh sdudphwhu vsdfh lqwr irxu srvvleoh

fdvhv= +4, u7 � u4�? dqg u� ? u4@ > +5, u7 A u4�? dqg u� � u4@ > +6, u7 � u4�? dqg

u� � u4@ > +7, u7 A u4�? dqg u� ? u4@ > zkhuh u4@ @
E�no�L

�

EZ
W

�
�3L

�

E	Z�E@
W

3�
��

L �E	Z�E@
W

3�
��

=

+4, Zkhq u7 � u4�?/ d ghyldwlqj sod|hu zrxog qrw �qg lw frqyhqlhqw wr vdyh zkdwhyhu

lv u�1 Wr fkhfn zkhwkhu srvwsrqlqj wkh ghyldwlrq dqg eruurzlqj pd| pdnh wkh frqglwlrqv

wr vxvwdlq frrshudwlrq pruh vwulqjhqw L irfxv rq wkh fdvh lq zklfk vxfk frqglwlrqv duh mxvw

vdwlv�hg dv htxdolwlhv/

4

4� �
X+�W� , @ X+a��+d

W

3�,, .
�

4� �
X+��,=

Li wkh ghyldwlrq lv srvwsrqhg iru rqh shulrg wkh sod|hu uhfhlyhv �W
�
wkh �uvw shulrg/ a��+d

W

3�
,

wkh vhfrqg dqg �� wkhuhdiwhu1 Zkhq eruurzlqj lv dovr wrr h{shqvlyh wkh frqglwlrq zlwk d

srvwsrqhg ghyldwlrq ehfrphv

4

4� �
X+�W

� , � X+�W� , . �

�
X+a��+d

W

3�
,, .

�

4� �
X+��,

�
>

zklfk uhgxfhv wr wkh suhylrxv htxdolw|1 Zkhq u� ? u4@ vr wkdw eruurzlqj lv zruwkzkloh/

wkh frqglwlrq iru frrshudwlrq ehlqj vxssruwdeoh ehfrphv

4

4� �
X+�W� , � X+�W� .G�, . �

�
X+a��+d

W

3�,�
G�

�
, .

�

4� �
X+��,

�
>
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zkhuh G� vdwlv�hv X
�+�W

�
.G�, @

�no
�

�no
X �+a��+d

W

3�
,� (�

B
,> dqg wklv lqhtxdolw| lv pruh vwulqjhqw

wkdq wkh suhylrxv rqh1 Lw iroorzv wkdw zkhq u7 � u4�? dqg u� ? u4@ dq| lqfuhdvh lq u�

uhgxfhv wkh h{ dqwh ydoxh ri h{shfwhg jdlqv iurp d ghod|hg ghyldwlrq dqg pdnhv wkh frqglwlrqv

iru frrshudwlrq ohvv vwulqjhqw e| pdnlqj eruurzlqj pruh h{shqvlyh1

+5,� +6, Zkhq u� � u4@ sod|huv gr qrw �qg lw frqyhqlhqw wr eruurz gxulqj wkh shulrgv

ehiruh d ghyldwlrq1 Wkhq/ Fruroodu| 4 dssolhv dqg vwdwhphqwv 5 dqg 6 iroorz1

+7, Frqvlghu wkh fdvh lq zklfk u7 A u4�? dqg u� ? u4@ = L kdyh vkrzq deryh wkdw zkhq

u� ? u4@ dqg u7 � u4�?> li d sod|hu srvwsrqhv wkh ghyldwlrq kh �qgv lw frqyhqlhqw wr eruurz�
u� ? u4@ 

/ X �+�W
�
, A �no

�

�no
X �+a��+d

W

3�
,,
�
> zklfk pdnhv wkh frqglwlrqv iru frrshudwlrq pruh

vwulqjhqw1 Wklv lv ehfdxvh dw wkh pdujlq wkh jdlq iurp d ehwwhu lqwhuwhpsrudo doorfdwlrq

dfklhyhg wkurxjk eruurzlqj lv odujhu wkdq wkh frvw ri ghod|lqj wkh ghyldwlrq ri rqh shulrg1

Qrz vwduwlqj iurp u� ? u4@ dqg u7 @ u4�?> ohw u7 lqfuhdvh1 Vdylqj diwhu wkh ghyldwlrq

ehfrphv pruh dqg pruh dwwudfwlyh/ dqg rqfh u7 lqfuhdvhv ryhu d fhuwdlq ohyho u7+u�, wkh

dprxqw d sod|hu zdqwv wr eruurz lq shulrgv ehiruh d ghyldwlrq vwduwv vkulqnlqj1 H{shfwhg

jdlqv iurp uhdoorfdwlqj pdwhuldo jdlqv iurp ghyldwlrq e| eruurzlqj vkulqn/ zkloh wkh frvw ri

srvwsrqlqj wkh ghyldwlrq lqfuhdvhv +wkh lqwhuwhpsrudo doorfdwlrq ri pdwhuldo sd|r�v lq shulrgv

iroorzlqj wkh ghyldwlrq lpsuryhv,1 Jlyhq wkdw u� A u/ d ohyho u7+u�, lv hyhqwxdoo| uhdfkhg

dw zklfk wkh frvw ri srvwsrqlqj wkh ghyldwlrq iru rqh shulrg htxdov jdlqv iurp lqwhuwhpsrudo

uhdoorfdwlrq wkurxjk eruurzlqj1 Iru u7 A u7+u�, ghyldwlqj lpphgldwho| dqg vdylqj ehfrphv

rswlpdo1 Lw iroorzv wkdw dv orqj dv u4�? ? u7 � u7+u�, sod|huv srvwsrqh ghyldwlrqv dqg

eruurz exw gr qrw vdyh1 Wkhq lqfuhdvhv lq �qdqfldo pdunhwv* lpshuihfwlrqv zklfk ghfuhdvh

u7 +jlyhq u�, gr qrw d�hfw wkh frqglwlrqv wr vxssruw frrshudwlrq/ zkloh wkhvh wkdw lqfuhdvh u�

pdnh vxfk frqglwlrq ohvv vwulqjhqw1 Dv orqj dv u7+u�, ? u7 � u7+u�, sod|huv erwk srvwsrqh

ghyldwlrqv/ eruurz/ dqg vdyh iru shulrgv iroorzlqj wkh ghyldwlrq1 Wkhq lqfuhdvhv lq �qdqfldo

pdunhwv* lpshuihfwlrqv wkdw lqfuhdvh u� +jlyhq u7,> ghfuhdvh u7 +jlyhq u�,> ru erwk lqfuhdvh

u� dqg ghfuhdvh u7 > wkh| doo pdnh wkh frqglwlrqv iru frrshudwlrq ohvv vwulqjhqw1 Ilqdoo|/ dv

orqj dv u7 A u7+u�, sod|huv zkr ghyldwh jdlq e| grlqj lw lpphgldwho| dqg vdyh iru wkh ixwxuh/

exw qhyhu eruurz1 Wkhq �qdqfldo pdunhwv* lpshuihfwlrqv wkdw lqfuhdvh u� +jlyhq u7,> gr qrw

d�hfw wkh frqglwlrqv iru frrshudwlrq/ zkloh wkhvh wkdw ghfuhdvh u7 pdnhv vxfk frqglwlrqv ohvv

vwulqjhqw1 T1H1G1

Fkxufkloo Froohjh/ Fdpeulgjh/ dqg Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfr0

qrplfv/ S1R1 Er{ 9834/ V0446 ;6 Vwrfnkrop1 H0pdlo= Jldqfduor1VsdjqrorCkkv1vh
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-jujijAWjt

^4` �Oij�e $� +4<;9,= _H{wuhpdo Htxloleuld ri Roljrsrolvwlf Vxshujdphv/% Mrxuqdo ri Hfr0

qrplf Wkhru|/ 6</ 4<405581

^5` �Oij�e $� +4<;;,= _Rq wkh Wkhru| ri Glvfrxqwhg Uhshdwhg Jdphv/% Hfrqrphwulfd/

89/ 6;606<91

^6` ��6BAAe -�e BAa w� 7�BV,j+� +4<:9,= _Orqj Whup Frpshwlwlrq�d Jdph Wkhruhwlf

Dqdo|vlv/% pdqxvfulsw/ Kheuhz Xqlyhuvlw|/ Mhuxvdohp1

^7` �B"jie D�e -� D�OONAte BAa l�c� ��iV�+� +4<<7,= _Vxemhfwlyh Shuirupdqfh Phd0

vxuhv lq Rswlpdo Lqfhqwlyh Frqwudfwv/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43</ 4458044891

^8` �B,BAae c����e BAa c���� �,B||jB�� +4<<9,= Kdowlqj Ghjudgdwlrq ri Qdwxudo Uh0

vrxufhv= lv wkhuh d Uroh iru Uxudo FrppxqlwlhvB Qhz \run dqg R{irug= R{irug Xql0

yhuvlw| Suhvv1

^9` �jiA�j�6 $��e BAa ��$� b��At|NA� +4<<;,= _Lqfrpsohwh Frqwudfwv dqg Vwudwhjlf

Dpeljxlw|/% Dphulfdq Hfrqrplf Uhylhz/ ;;/ 7/ <350<651

^:` $Bt}�V|Be �� +4<<6,= Dq Lqtxlu| lqwr Zhoo0Ehlqj dqg Ghvwlwxwlrq1 R{irug= Foduhqgrq

Suhvv1

^;` $jB|NAe �� +4<<5,= Xqghuvwdqglqj Frqvxpswlrq1 R{irug= Foduhqgrq Suhvv1

^<` $�||Be �� +4<<8,= _D Iron Wkhruhp iru Vwrfkdvwlf Jdphv/% Mrxuqdo ri Hfrqrplf

Wkhru|/ 99/ 4/ 40651

^43` .Vt|j�Ae w�D�e BAa 7�.� ~�A� +4<<4,= _Vxevwlwxwlrq/ Ulvn Dyhuvlrq dqg wkh Whpsr0

udo Ehkdylru ri Frqvxpswlrq dqg Dvvhw Uhwxuqv= Dq Hpslulfdo Dqdo|vlv/% Mrxuqdo ri

Srolwlfdo Hfrqrp|/ <</ 59605;91

^44` 8�t�jie Y� +4<63,= Wkh Wkhru| ri Lqwhuhvw1 Qhz \run= Pfploodq1

^45` 8i�ja6BAe c� +4<:4,= _D Qrqfrrshudwlyh Htxloleulxp iru Vxshujdphv/% Uhylhz ri

Hfrqrplf Vwxglhv/ 6;/ 40451

^46` 8�ajAOji}e $�e BAa .� �Bt"�A� +4<;9,= _Wkh Iron Wkhruhp lq Uhshdwhg Jdphv

zlwk Glvfrxqwlqj ru zlwk Lqfrpsohwh Lqirupdwlrq/% Hfrqrphwulfd/ 87/ 86608891

^47` DijjAe .�e BAa -� �Ni|ji� +4<;7,= _Qrqfrrshudwlyh Frooxvlrq xqghu Lpshuihfw Sulfh

Lqirupdwlrq/% Hfrqrphwulfd/ 85/ ;:04331

^48` QB,,e -� +4<;;,= _Lqwhuwhpsrudo Vxevwlwxwlrq lq Frqvxpswlrq/% Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <9/ 66<068:1

^49` Q�itW�6BAe �� +4<:3,= H{lw/ Yrlfh dqg Or|dow|1 Fdpeulgjh PD= Kduydug Xqlyhuvlw|

Suhvv1
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^4:` cNa�Be ��7� +4<;8,= _Pdunhw Irufhv dqg wkh Hurvlrq ri Frpprq Surshuw| Uhvrxufhv/%

lq Djulfxowxudo Pdunhwv lq wkh Vhpl0Dulg Wurslfv/ Surfhhglqj ri dq Lqwhuqdwlrqdo Zrun0

vkrs +Rfwrehu 5705;/ 4<;6,/ LFULVDW Fhqwuh/ Sdwdqfkhux +DS,/ Lqgld1

^4;` cNa�Be ��7� +4<;9,= _Frpprq Surshuw| Uhvrxufhv dqg wkh Uxudo Srru lq Gu| Uhjlrqv

ri Lqgld/% Hfrqrplf dqg Srolwlfdo Zhhno|/ 54/ 5:1

^4<` cNa�Be ��7� +4<;;,= _Srsxodwlrq Jurzwk dqg Frpprq Surshuw| Uhvrxufhv= Plfur0

ohyho Hylghqfh irup Lqgld/% lq Surfhhglqjv ri d Xqlwhg Qdwlrqv H{shuw Jurxs Phhwlqj rq

Frqvhtxhqfhv ri Udslg Srsxodwlrq Jurzwk lq Ohvv Ghyhorshg Frxqwulhv/ Dxjxvw 56059/

Srsxodwlrq Glylvlrq/ LHVD/ Xqlwhg Qdwlrqv/ Qhz \run1

^53` lijVte $�e BAa .� �Ni|j�t� +4<:;,= _Whpsrudo Uhvroxwlrq ri Xqfhuwdlqw| dqg G|0

qdplf Fkrlfh Wkhru|/% Hfrqrphwulfd/ 79+4,/ 4;805331

^54` liBA|NAe -� +4<<9,= _Uhflsurfdo H{fkdqjh= d Vhoi0Vxvwdlqlqj V|vwhp/% Dphulfdq

Hfrqrplf Uhylhz/ ;9/ ;630841

^55` �BWwjNae �� +4<;;,= _Htxlw|/ H�flhqf|/ dqg Lqfhqwlyhv lq Frrshudwlyh Whdpv/% Dg0

ydqfhv lq wkh Hfrqrplf Dqdo|vlv ri Sduwlflsdwru| dqg Oderu Pdqdjhg Ilupv/ 6/ 80561

^56` �W��|W�jNAe �� +4<<:,= _Gr Phhwlqjv lq Vprnh0Iloohg Urrpv Idflolwdwh FrooxvlrqB%

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ 6630831

^57` �ijAaji}Bt|e ��e BAa w� 7|N,j� +4<<:,= _Prqhwl}lqj Vrfldo H{fkdqjh/% pdqxvfulsw/

Xqlyhuvlw| ri Fklfdjr1

^58` -N|j6Oji}e c�e BAa D� 7B,NAji� +4<;9,= _D Vxshujdph0Wkhruhwlf Prgho ri Sulfh

Zduv Gxulqj Errpv/% Dphulfdq Hfrqrplf Uhylhz/ :9+6,/ 6<3073:1

^59` -�O�At|j�Ae �� +4<:<,= _Htxloleulxp lq Vxshujdphv zlwk wkh Ryhuwdnlqj Fulwhulrq/%

Mrxuqdo ri Hfrqrplf Wkhru|/ 54/ 40<1

^5:` 7W�6�a|e l�e BAa �� 7W�A�|5ji� +4<<8,= _Wkh Lqwhudfwlrq ri H{solflw dqg Lpsolflw

Frqwudfwv/% Hfrqrplf Ohwwhuv/ 7;+5,/ 4<604<<1

^5;` 7VB}AN,Ne D� +4<<<,= _Vrfldo Uhodwlrqv dqg Frrshudwlrq lq Rujdql}dwlrqv/% Mrxuqdo

ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 6;+4,/ 40591

^5<` 7VB}AN,Ne D� +4<<9,= _Lqwhuwhpsrudo Vxevwlwxwlrq/ Ulvn Dyhuvlrq dqg Frrshudwlrq lq

Glvfrxqwhg Pdwhuldo0Sd|r�v Vxshujdphv/% pdqxvfulsw/ Fkxufkloo Froohjh/ Fdpeulgjh/

dqg Vwrfnkrop Vfkrro ri Hfrqrplfv1

^63` �BA $B66je .� +4<;<,= _Uhqhjrwldwlrq0surri Htxloleuld lq Uhshdwhg Sulvrqhu*v

Glohppd/% Mrxuqdo ri Hfrqrplf Wkhru|/ 7:/ 539054:1
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�L?�AiU�?�U@* 5�44@h)
Zkhq lvrodwhg frppxqlwlhv jhw lq frqwdfw zlwk pruh ghyhorshg hfrqrplf lqvwlwxwlrqv dq

lqwhuqdo euhdngrzq ri frrshudwlrq w|slfdoo| rffxuv1 L sursrvh d qhz wkhruhwlfdo h{sodqd0

wlrq ri wklv skhqrphqrq edvhg rq wkh lqwhudfwlrq ehwzhhq sod|huv* dyhuvlrq wr lqwhuwhpsrudo

vxevwlwxwlrq/ wkhlu delolw| wr dffhvv jrrgv dqg �qdqfldo pdunhwv/ dqg wkhlu delolw| wr vxvwdlq

frrshudwlrq1 Uhdo zruog djhqwv duh vwurqjo| dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq1 Wklv wxuqv

rxw wr idflolwdwh frrshudwlrq/ vlqfh lw uhgxfhv djhqwv* hydoxdwlrq ri vkruw0uxq jdlqv iurp xql0

odwhudo ghyldwlrqv uhodwlyh wr orvvhv iurp sxqlvkphqwv1 Wkh dffhvv wr prqh| dqg pdunhwv/

wkhuhiruh/ pdnhv frrshudwlrq kdughu wr vxvwdlq e| doorzlqj ghyldwlqj djhqwv wr lpsuryh wkh

lqwhuwhpsrudo doorfdwlrq ri vkruw0uxq jdlqv iurp xqlodwhudo ghyldwlrqv> wkdw lv/ e| lqfuhdvlqj

djhqwv* hydoxdwlrq ri gluhfw jdlqv iurp _fkhdwlqj1%


