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Devwudfw

Zh frqvlghu d pdunhw iru yhuwlfdoo| gl�huhqwldwhg jrrgv zkhuh �upv

hqwhu ryhu wlph/ diwhu kdylqj ghyhorshg lqqrydwlrqv fkdudfwhulvhg e|

gl�huhqw txdolw| ohyhov1 Zh vkrz wkdw wkh dgrswlrq ri d sdwhqw v|vwhp

olplwlqj wkh txdolw| udqjh dydodeoh wr odwhu hqwudqwv lv vrfldoo| xqgh0

vludeoh/ lq wkdw lw exlogv d eduulhu wr hqwu| wr wkh dgydqwdjh ri wkh �uvw

lqqrydwru1

M1H1O1 Fodvvl�fdwlrq= O45/ O46/ R64

Nh|zrugv= lqqrydwlrq/ sdwhqw khljkw/ surgxfw txdolw|

�Zh wkdqn Ylqfhq}r Ghqlfroõ iru xvhixo frpphqwv1 Wkh xvxdo glvfodlphu dssolhv1
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4 Lqwurgxfwlrq

Dq dssduhqwo| zhoo hvwdeolvkhg uhvxow lq wkh wkhru| ri yhuwlfdoo| gl�huhq0
wldwhg roljrsro| vwdwhv wkdw hduolhu hqwudqwv vxsso| jrrgv ri kljkhu txdolw|
wkdq odwhu hqwudqwv/ lq wkdw wkh kljk0txdolw| surgxfwv hduq kljkhu sur�wv wkdq
orz0txdolw| dowhuqdwlyhv +vhh/ lqwhu dold/ Jdev}hzlf} dqg Wklvvh/ 4<:</ 4<;3>
Vkdnhg dqg Vxwwrq/ 4<;5/ 4<;6> Grqqhqihog dqg Zhehu/ 4<<8,1 D jhqhudo
surri ri wklv uhvxow iru hyhu| frqyh{ �{hg0frvw ixqfwlrq ri txdolw| lpsuryh0
phqw lv surylghg e| Ohkpdqq0Juxeh +4<<:,14

Lq wklv olwhudwxuh/ txdolw| lv wkrxjkw ri dv ehlqj wkh uhvxow ri �upv* U)G
dfwlylw|/ dowkrxjk wklv dvshfw lv qrw h{solflwo| wdfnohg1 Wklv lv grqh lqvwhdg lq
d ihz uhfhqw sdshuv zkhuh �upv* h�ruwv lq ghyhorslqj txdolw| lv ghvfulehg lq
ghwdlov +Gxwwd hw do1/ 4<<8> Urvhqnudq}/ 4<<8> 4<<:> ydq Glmn/ 4<<9,1 Lq sdu0
wlfxodu/ ydq Glmn +4<<9, lqyhvwljdwhv wkh ghvljq ri sdwhqw khljkw lq d gxrsro|
prgho zkhuh txdolw| dqg wlph duh phdvxuhg dorqj wkh vdph glphqvlrq15 Wklv
dffrxqwv iru wkh lghd wkdw txdolw| lpsuryhphqwv wdnh wlph1 Dgrswlqj d prgho
zkhuh wkh pdunhw lv rqo| sduwldoo| vhuyhg xqghu prqrsro| dqg ixoo| vhuyhg
xqghu gxrsro|/ ydq Glmn frqvlghuv d sdwhqw v|vwhp hvwdeolvklqj wkdw odwhu
lqqrydwruv fdq hqwhu wkh pdunhw li dqg rqo| li wkh| vxsso| vx!flhqw txdolw|
lpsuryhphqwv dv frpsduhg wr lqfxpehqwv +l1h1/ hduolhu lqqrydwruv,1 ydq Glmn
suryhv wkdw wkh sdwhqw v|vwhp grhv qrw d�hfw wkh hyroxwlrq ri pdunhw vwuxf0
wxuh dv frpsduhg wr wkh vlwxdwlrq zlwkrxw sdwhqwv1 Pruhryhu/ kh vkrzv wkdw
odwhu hqwudqwv pd| jdlq e| surgxflqj jrrgv zkrvh txdolw| lv kljkhu wkdq wkh
�uvw lqqrydwru*v1 Wklv uhvxow lv gxh wr wkh idfw wkdw lw lv pruh sur�wdeoh wr
eh wkh lpsuryhu udwkhu wkdq wkh ruljlqdo lqqrydwru/ lq olqh zlwk zhoo nqrzq
�qglqjv e| suhylrxv uhvhdufk lq wkh �hog ri yhuwlfdo gl�huhqwldwlrq1

Zh lqyhvwljdwh d prgho ri yhuwlfdo gl�huhqwldwlrq zkhuh +l, sduwldo pdunhw
fryhudjh hphujhv dw htxloleulxp lqghshqghqwo| ri wkh qxpehu ri �upv> +ll,
wlph dqg txdolw| duh vhsdudwh glphqvlrqv> dqg +lll, frvwv duh frqyh{ lq txdo0
lw|1 K|srwkhvhv +ll, dqg +lll, dprxqw wr dvvxplqj wkdw wkh ghyhorsphqw ri
vxshulru txdolw| ohyhov lv qrw qhfhvvdulo| fruuhodwhg zlwk wkh wlph vsdq ryhu

4
Drnl dqg Suxvd +4<<:, dgrsw d vshfl�f fdvh ri wkh frvw ixqfwlrq dqdo|vhg e| Ohkpdqq0

Juxeh/ wr lqyhvwljdwh wkh frqvhtxhqfhv rq sur�wv/ frqvxphu vxusoxv dqg vrfldo zhoiduh ri
wkh wlplqj ri lqyhvwphqw lq surgxfw txdolw| lq d yhuwlfdoo| gl�huhqwldwhg gxrsro| zkhuh
wkh pdunhw vwdjh lv sod|hg lq wkh sulfh vsdfh1 Vhh dovr Odpehuwlql +4<<<,1

5Wkh rswlpdo ghvljq ri sdwhqwv lq whupv ri wkhlu euhdgwk dqg ohqjwk/ dqg lplwdwlrqv
dorqjvlgh wkh sdwhqw/ duh dqdo|vhg lq vhyhudo frqwulexwlrqv +Jloehuw dqg Vkdslur/ 4<<3>
Nohpshuhu/ 4<<3> Vfrwfkphu dqg Juhhq/ 4<<3> Jdoolql/ 4<<5> Ghqlfroõ/ 4<<9,1
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zklfk U)G dfwlylw| lv fduulhg rxw/ dqg zh doorz iru wkh fkrlfh ri txdolw| wr
eh glfwdwhg e| vwudwhjlf lqfhqwlyhv dorqh1 Wkdw lv/ zh wdnh wkh ylhz wkdw d
odwhu hqwudqw pd| vxsso| orzhu txdolw| surgxfw wkdq wkh lqfxpehqw*v/ li lw
lv sur�wdeoh wr gr vr1 Wkh wlph krul}rq lv lq�qlwh/ dqg wzr �upv pd| hqwhu
wkh pdunhw dw gl�huhqw gdwhv/ zklfk duh h{rjhqrxvo| �{hg1 Xqghu vshfl�f
dvvxpswlrqv/ zh suryh wkdw lw lv frqyhqlhqw iru wkh odwhu hqwudqw wr surgxfh d
orzhu txdolw| wkdq wkh �uvw lqqrydwru*v/ iru wkh iroorzlqj uhdvrq1 Li wkh odwhu
lqqrydwru hqwhuv zlwk d txdolw| orzhu wkdq wkh �uvw lqqrydwru/ erwk �upv*
sur�wv duh srvlwlyh1 Rwkhuzlvh/ zkhq wkh vhfrqg lqqrydwru hqwhuv zlwk d
kljkhu txdolw|/ khu sur�wv duh qlo gxh wr wkh idfw wkdw wkh lqfxpehqw �qgv lw
rswlpdo wr surgxfh d olplw txdolw|/ odujhu wkdq wkh rswlpdo prqrsro| txdolw|/
vxfk wkdw hqwu| lv eorfndghg dqg wkh �uvw lqqrydwru uhpdlqv d prqrsrolvw1
Lq frqwudvw zlwk ydq Glmn*v �qglqjv/ wklv uhvxow doorzv xv wr frqfoxgh wkdw d
sdwhqw v|vwhp uhtxlulqj dq| jlyhq lpsuryhphqw rq wkh lqfxpehqw*v txdolw|
lv vrfldoo| xqghvludeoh/ lq wkdw lw surgxfhv dq hyhuodvwlqj prqrsro|1 Wkh
vdph krogv iru d sdwhqw v|vwhp fryhulqj d vxevhw ri wkh surgxfw udqjh ehorz
wkh lqfxpehqw*v txdolw|/ li wkh h{whqw ri wkh sdwhqw*v khljkw lv odujhu wkdq d
fulwlfdo wkuhvkrog1

Vhyhudo uhdo0zruog h{dpsohv fdq eh irxqg wr pdwfk zlwk rxu wkhruhwlfdo
vhwwlqj1 Iru lqvwdqfh/ frqvlghu wkh hyroxwlrq ri wkh pdunhw iru FG sod|huv
+FGSv,1 Hduo| lqqrydwruv/ Sklolsv dqg Vrq|/ �uvw lqwurgxfhg wrs0qrwfk FGSv
lq 4<;51 Wkh gl�xvlrq ri orz0sulfhg FGSv vwduwhg lq wkh odwh *;3v/ zlwk wkh
vdph eudqgv dv zhoo dv vhyhudo rwkhuv1 Wkh vdph krogv iru wkh dgrswlrq
ri nhyodu lq wkh pdqxidfwxulqj ri orxgvshdnhu frqhv/ ruljlqdoo| lqwurgxfhg
e| Erzhuv ) Zlonlqv lq h{shqvlyh orxgvshdnhu v|vwhpv/ dqg vxevhtxhqwo|
dgrswhg e| E)Z dqg pdq| rwkhu pdqxidfwxuhuv lq pruh srsxodu surgxfwv1

Rqh frxog uhfdvw rxu prgho lq whupv ri d pruh jhqhudo shuvshfwlyh frq0
fhuqlqj wkh rswlpdo ehkdylrxu ri �upv vlpxowdqhrxvo| dfwlydwlqj U)G lqyhvw0
phqwv iru lqqrydwlrqv edvhg rq wkh vdph whfkqrorj| exw hyhqwxdoo| ohdglqj
wr pdunhwdeoh surgxfwv fkdudfwhulvhg e| vrph ghjuhh ri vxevwlwxwdelolw|/ dv
lq Fdugrq dqg Vdvdnl +4<<;,1 Wklv lv uhodwhg/ exw qrw htxlydohqw wr/ wkh sure0
ohp ri vhtxhqwldo sdwhqw udfhv vwduwlqj dw gl�huhqw srlqwv lq wlph/ zkhuh odwhu
lqqrydwlrqv pxvw qrw lqiulqjh xsrq h{lvwlqj sdwhqwv rq hduolhu lqqrydwlrqv
+vhh Vfrwfkphu/ 4<<4/ 4<<9> Juhhq dqg Vfrwfkphu/ 4<<8> R*Grqrjkxh/ 4<<;>
R*Grqrjkxh/ Vfrwfkphu dqg Wklvvh/ 4<<;,1

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Wkh edvlf prgho ri
yhuwlfdo gl�huhqwldwlrq lv odlg rxw lq vhfwlrq 51 Vhfwlrq 6 ghvfulehv wkh wzr
dowhuqdwlyh hqwu| jdphv/ zkhuh +l, wkh �uvw hqwudqw surgxfhv d kljk0txdolw|
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jrrg zkloh wkh vhfrqg hqwudqw surgxfhv d orz0txdolw| jrrg> dqg +ll, wkh
rssrvlwh vlwxdwlrq zkhuh wkh vhfrqg hqwudqw vhoov d jrrg ri kljkhu txdolw| wkdq
wkh lqfxpehqw*v1 Vhfwlrq 7 frqwdlqv wkh hydoxdwlrq ri wkh h�hfwv ri sdwhqwv
rq pdunhw vwuxfwxuh/ dvvhvvlqj wkhlu vrfldo ghvludelolw|1 Ilqdoo|/ vhfwlrq 8
surylghv frqfoxglqj uhpdunv1

5 Wkh prgho

Frqvlghu wkh iroorzlqj ixoo0lqirupdwlrq vhwwlqj1 Ohw d pdunhw iru yhuwlfdoo|
gl�huhqwldwhg surgxfwv h{lvw ryhu | 5 dfc4�� Wzr vlqjoh0surgxfw �upv/ od0

ehoohg dv 4 dqg 5/ surgxfh jrrgv ri gl�huhqw txdolwlhv/ ^� dqg ^2 5 dfc4�/
wkurxjk wkh vdph whfkqrorj|/ ��E^&� ' S^

2

&
c zlwk & ' Mcu dqg � ' �c 2�

Ghyhorsphqw frvwv ��E^&� duh hydoxdwhg dw wkh wlph |� zkhq �up � hqwhuv wkh

pdunhw16 Dv xvxdo/ wkhvh frvwv fdq eh lqwhusuhwhg dv �{hg frvwv gxh wr wkh

U)G h�ruw qhhghg wr surgxfh d fhuwdlq txdolw|/ zkloh yduldeoh surgxfwlrq

frvwv duh qhjoljleoh1 Khqfh/ zlwkrxw ixuwkhu orvv ri jhqhudolw|/ zh dvvxph

wkhp wr eh qlo1 Zh fkdudfwhul}h wkh whfkqrorj| uhsuhvhqwhg e| wkh deryh

frvw ixqfwlrq dv iroorzv=

Dvvxpswlrq 4 Vxssrvh �up � ghyhorsv d jrrg ri txdolw| êc dw frvw �� E ê� '
Se^

2
� Wkhq vkh fdq vxsso| wkh pdunhw zlwk dq| txdolw| ^ 5 Efc e^� zlwkrxw

dq| dgglwlrqdo frvwv1 Rqfh lqwr wkh pdunhw/ wkh �up fdqqrw lqyhvw dq|

pruh uhvrxufhv lq U)G1

Wkh deryh dprxqwv wr dvvxplqj wkdw dq| fkdqjh lq wkh txdolw| ohyho

lpsolhv dgmxvwphqw frvwv li dqg rqo| li wkh fkdqjh wdnhv wkh irup ri d txdolw|

lqfuhdvh17 Frqyhuvho|/ rqfh �up � kdv eruqh wkh frvw ri ghyhorslqj d jlyhq

txdolw|/ vkh pd| ghflgh wr ghfuhdvh wkh txdolw| ri khu surgxfw frvwohvvo|1 Iru

odwhu uhihuhqfh/ zh gh�qh dfc e^o dv wkh txdolw| surgxfwlrq vhw ri wkh �up1
Dv wr wkh ghvljq ri wkh sdwhqw v|vwhp/ zh fdq rxwolqh wkuhh dowhuqdwlyh

vlwxdwlrqv/ dqdorjrxv wr vrph ri wkrvh glvfxvvhg lq ydq Glmn +4<<9/ ss1 48<0
94,=

6ydq Glmn +4<<9/ s1 487, dvvxphv wkdw txdolw| dqg wlph frlqflgh/ zlwk Fl+t, @ wl @ tl=
7Rqh frxog dvvxph wkdw dgmxvwphqw frvwv eh vx!flhqwo| odujh wr pdnh lw xqsur�wdeoh

iru �upv wr prgli| txdolw| diwhu wkh lqlwldo ghyhorsphqw skdvh1 Krzhyhu/ xqghu ixoo lqiru0

pdwlrq/ dq| vxfk ehkdylrxu zrxog fohduo| eh luudwlrqdo1 Wkhuhiruh/ dgmxvwphqw frvwv fdq

eh h{shfwhg qrw wr eh eruqh e| hlwkhu �up dw htxloleulxp1
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Sdwhqw V|vwhp 4 Wkh sdwhqw*v ohqjwk lv lq�qlwh1 Li wkh �uvw lqqrydwru gh0

yhorsv txdolw| êc wkhq wkh khljkw ri wkh sdwhqw v|vwhp fryhuv wkh lqwhuydo

dfc êo c vr wkdw wkh vhfrqg lqqrydwru pxvw surgxfh ĥ: ê lq rughu qrw wr

lqiulqjh wkh sdwhqw ryhu wkh �uvw lqqrydwlrq1

Sdwhqw V|vwhp 5 Wkh sdwhqw*v ohqjwk lv lq�qlwh1 Li wkh �uvw lqqrydwru gh0

yhorsv txdolw| êc wkhq wkh sdwhqw fryhuv wkh lqwhuydo dfc ên 0o c zlwk
0 : f� Wkhq/ wkh vhfrqg lqqrydwru pxvw surgxfh h^ : e^n 0 lq rughu qrw

wr lqiulqjh wkh sdwhqw ryhu wkh �uvw lqqrydwlrq1

Sdwhqw V|vwhp 6 Wkh sdwhqw*v ohqjwk lv lq�qlwh1 Li wkh �uvw lqqrydwru gh0

yhorsv txdolw| e^c wkhq wkh sdwhqw fryhuv wkh lqwhuydo de^ � 0c e^o c zlwk
0 : f� Wkhq/ wkh vhfrqg lqqrydwru pxvw surgxfh h^ 	 e^ � 0 ru h^ : e^ lq

rughu qrw wr lqiulqjh wkh sdwhqw ryhu wkh �uvw lqqrydwlrq1

Revhuyh wkdw sdwhqw v|vwhp 5 lpsrvhv d plqlpxp txdolw| lpsuryhphqw

0c duelwudulo| odujh/ rq wkh sduw ri wkh vhfrqg hqwudqw1 Wkdw lv/ wkh surwhfwlrq

hqvxuhg e| wkh sdwhqw wr wkh lqfxpehqw lv vwulfwo| odujhu wkdq wkh lqfxpehqw*v

txdolw| surgxfwlrq vhw/ dfc e^o1 Sdwhqw v|vwhp 6 fryhuv d surshu vxevhw ri

wkh lqfxpehqw*v txdolw| surgxfwlrq vhw1 D irxuwk sdwhqw v|vwhp zrxog eh

rqh wkdw fryhuv rqo| ê� Wklv lv lpphgldwho| uxohg rxw dv lw lv reylrxv wkdw

wkh lqfhqwlyh wrzdug surgxfw gl�huhqwldwlrq vx!fhv wr jxdudqwhh wkdw odwhu

hqwudqwv zrxog qhyhu surgxfh e^�

Surgxfwv duh r�huhg rq d pdunhw zkhuh frqvxphuv kdyh xqlw ghpdqgv/

dqg ex| li dqg rqo| li wkh qhw vxusoxv ghulyhg iurp frqvxpswlrq �wE^&c R�E^&�� '
w^&� R�E^&� � fc zkhuh R�E^&� lv wkh xqlw sulfh fkdujhg e| �up � rq d jrrg ri

txdolw| ^&/ sxufkdvhg e| d jhqhulf frqvxphu zkrvh pdujlqdo zloolqjqhvv wr

sd| lv w 5 dfc wo� Zh dvvxph wkdw w lv xqlirupo| glvwulexwhg zlwk ghqvlw| rqh

ryhu vxfk lqwhuydo/ vr wkdw wkh wrwdo pdvv ri frqvxphu lv w1 Dvvxplqj wkdw

wkh orzhu erxqg wr w lv }hur lpsolhv wkdw/ wkurxjkrxw wkh iroorzlqj dqdo|vlv/

zh zloo frqvlghu sduwldo pdunhw fryhudjh rqo|1

Ilupv* hqwu| gdwhv duh h{rjhqrxv1 Ilup 4 hqwhuv dw gdwh |� � f( lq wkh

uhpdlqghu/ zh vkdoo odeho wkh �uvw hqwudqw dv wkh ohdghu1 Ilup 5 hqwhuv dw

gdwh |2 5 d|�c4�c dqg zh vkdoo uhihu wr khu dv wkh iroorzhu1 Krzhyhu/ zh gr

qrw dvvxph wkdw txdolw| ohyho dqg hqwu| wlph duh srvlwlyho| uhodwhg1 D �up

pljkw hqwhu wkh pdunhw hduo| zlwk d kljk txdolw| ru odwh zlwk d orz txdolw|/

ghshqglqj xsrq vwudwhjlf lqfhqwlyhv1 Ryhu wkh wlph vsdq d|�c |2�c wkh ohdghu

uhpdlqv d prqrsrolvw1 Dw dq| | 5 d|�c |2�c �up 4 pd{lpl}hv z1u1w1 sulfh wkh
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lqvwdqwdqhrxv uhyhqxhv=

-� ' R�%� ' R�

#
w �

R�

^�

$
+4,

zkhuh R� lv prqrsro| sulfh dqg %� ' w � R�*^� lv pdunhw ghpdqg1 Zh

fdq suryh wkh iroorzlqj=

Ohppd 4 Wkh ohdghu*v uhyhqxhv gxulqj wkh prqrsro| skdvh duh hyhu|zkhuh

lqfuhdvlqj lq txdolw|1

Surri1 Wkh �uvw rughu frqglwlrq +IRF, ri wkh prqrsrolvw z1u1w1 R� lv=

Y-�

YR�
'

w^� � 2R�

^�

' f +5,

|lhoglqj R� ' w^�*2 dv wkh rswlpdo prqrsro| sulfh/ vr wkdw +4, vlpsol�hv
wr=

-� '
w
2

^�

e
+6,

zklfk lv hyhu|zkhuh lqfuhdvlqj lq ^� 1

Frqfhuqlqj �upv* ehkdylru diwhu wkh iroorzhu*v hqwu|/ zh duh jrlqj wr
h{dplqh wzr dowhuqdwlyh shuvshfwlyhv=

D1 Wkh iroorzhu hqwhuv dw |2 zlwk d surgxfw zkrvh txdolw| lv orzhu wkdq wkh

ohdghu*v1 Zh odeho wklv fdvh dv kljk0txdolw| ohdghuvkls1

E1 Wkh iroorzhu hqwhuv dw |2 zlwk d surgxfw zkrvh txdolw| lv kljkhu wkdq wkh

ohdghu*v1 Zh odeho wklv fdvh dv orz0txdolw| ohdghuvkls1

Lq erwk fdvhv/ ryhu | 5 d|2c4�c �upv frpshwh lq sulfhv1 Wkh vroxwlrq frq0
fhsw lv wkh vxejdph shuihfw htxloleulxp e| edfnzdug lqgxfwlrq18 Zh eruurz
iurp Drnl dqg Suxvd +4<<:, dqg Ohkpdqq0Juxeh +4<<:, wkh dvvxpswlrq wkdw
grzqvwuhdp Ehuwudqg frpshwlwlrq lv vlpxowdqhrxv1 Pdunhw ghpdqgv iru wkh
kljk0 dqg orz0txdolw| jrrg duh/ uhvshfwlyho|=

%M ' w �
RM � Ru

^M � ^u
+7,

8Lq sduwlfxodu/ zh vroyh erwk vwdjhv lq wkh gxrsro| uhjlph wkurxjk d vlpxowdqhrxv Qdvk

htxloleulxp1 Wklv vlpsol�hv fdofxodwlrqv zlwkrxwk vljql�fdqwo| d�hfwlqj wkh pdlq uhvxowv1
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dqg

%u '

RM � Ru

^M � ^u

�

Ru

^u

+8,

Gxrsro| uhyhqxh ixqfwlrqv duh -M ' RM%M dqg -u ' Ru%u� Vroylqj iru wkh

sulfh htxloleulxp/ wkh uhyhqxh ixqfwlrq ri �up 4 fdq eh uhzulwwhq lq whupv

ri txdolwlhv rqo|/ dv iroorzv=9

-M '
ew

2

^2
M
E^M � ^u�

Ee^M � ^u�2
li ^� ' ^M +9,

-u '
w
2

^M^uE^M � ^u�

Ee^M � ^u�2
li ^� ' ^u +:,

Shu0shulrg uhyhqxhv dffuxlqj wr wkh iroorzhu duh gh�qhg uhvlgxdoo|1 Rq wkh
edvlv ri h{suhvvlrqv +90:,/ suhylrxv olwhudwxuh/ ghdolqj zlwk vlqjoh0shulrgprg0
hov/ hvwdeolvkhg wkdw wkh �uvw hqwudqw zrxog fkrrvh wr vxsso| wkh kljk0txdolw|
jrrg1

6 Wkh hqwu| jdphv

Khuh/ zh eulh | h{srvh wkh rxwfrphv ri wkh wzr hqwu| jdphv/ lq rughu wr

rxwolqh �upv* sur�w lqfhqwlyhv zklfk duh jrlqj wr vkdsh wkh vxejdph shuihfw

htxloleulxp ri wkh prgho1

614 Kljk0txdolw| ohdghuvkls

Zh �uvw frqvlghu fdvh D/ zkhuh xqghu prqrsro| +| 5 d|�c |2�,
wkh �uvw hqwudqw +�up 4, vxssolhv txdolw| ^� c zkloh lq wkh gxrsro| uhjlph

+| 5 d|2c4�, wkh �uvw hqwudqw surgxfhv ^M � ^� dqg wkh vhfrqg hqwudqw
+�up 5, surgxfhv ^u � ^M� Khqfh/ wkh ghyhorsphqw frvw eruq e| �up 4 lv

wkdw dvvrfldwhg zlwk ^Mc l1h1/ ��E^M�c zkrvh suhvhqw ydoxh lv S^
2

M
� e
3o|�

� Wkh

glvfrxqwhg  rz ri sur�wv dffuxlqj wr �up 4 lv=

��M '

]
|2

|�

-� � e
3o|

_|n

]
"

|2

-M � e3o|_|� S^2
M

� e
3o|� +;,

9Wkh surri lv rplwwhg khuh/ dv lw lv surylghg e| vhyhudo dxwkruv +Jdev}hzlf} dqg Wklvvh/
4<:<> Fkrl dqg Vklq/ 4<<5> Prwwd/ 4<<6> Drnl dqg Suxvd/ 4<<:> Ohkpdqq0Juxeh/ 4<<:,1

:



zkloh wkh glvfrxqwhg sur�wv wr �up 5 duh=

�2u '

]
"

|2

-u � e
3o|_|� S^2

u
� e
3o|2 +<,

Lqvwdqwdqhrxv uhyhqxhv -� c -M dqg -u duh jlyhq e| +6,/ +9, dqg +:,/ uhvshf0
wlyho|1 Ilupv qrq0frrshudwlyho| pd{lpl}h glvfrxqwhg lqwhuwhpsrudo sur�wv
z1u1w1 txdolwlhv1 Wkh rxwfrph ri wklv jdph lv vxppdul}hg e| wkh iroorzlqj=

Sursrvlwlrq 4 Zkhq wkh ohdghu surgxfhv d kljkhu txdolw| wkdq wkh ulydo/

erwk �upv hqmr| srvlwlyh sur�wv/ zlwk ��M : �2u : f� Khqfh/ ryhu | 5 d|2c4�
wkh pdunhw lv d gxrsro|1

Surri1 Vhh dsshqgl{ D141

615 Orz0txdolw| ohdghuvkls

Frqvlghu qrz wkh dowhuqdwlyh fdvh zkhuh/ xqghu gxrsro|/ wkh ohdghu +�up 4,
surgxfhv ^u � ^� c zkloh wkh iroorzhu +�up 5, surgxfhv ^M � ^� � ^u� Wkh

glvfrxqwhg  rz ri sur�wv dffuxlqj wr �up 4 lv=:

��u '

]
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-u � e
3o|_|� S^2
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3o|� +43,

zkloh wkh glvfrxqwhg sur�wv wr �up 5 duh=

�2M '

]
"

|2

-M � e3o|_|� S^2
M

� e
3o|2 +44,

Wkh rxwfrph ri wklv jdph lv vxppdul}hg e|=

Sursrvlwlrq 5 Zkhq wkh ohdghu surgxfhv d orzhu txdolw| wkdq wkh ulydo/

��u : f dqg �2M ' f� Dv d uhvxow/ wkh lqfxpehqw uhpdlqv d prqrsrolvw

iruhyhu1

Surri1 Vhh dsshqgl{ D151

:Lw pljkw kdsshq wkdw tP ? tO +vhh dsshqgl{ D5,1 Lq jhqhudo/ wkh frvw ixqfwlrq ri wkh
ohdghu zrxog zulwh F4 +pd{ itO> tPj, = Wklv zrxog qrw lq xhqfh wkh pdlq uhvxow zh ghulyh

lq wklv vhfwlrq1 Pruhryhu/ dv wkh dg lqwhulp prqrsro| uhyhqxhv duh hyhu|zkhuh lqfuhdvlqj

lq tP > lw dsshduv uhdvrqdeoh wr frqvlghu wkh vlwxdwlrq zkhuh wkh ohdg wlph eh h{sorlwhg
dv pxfk dv srvvleoh e| wkh �uvw hqwudqw1 Wklv frlqflghv zlwk wkh ylhz wdnhq e| ydq Glmn
+4<<9/ s1 489,1

;



7 Hydoxdwlrq ri sdwhqw v|vwhpv

Dq lqwhuphgldwh vwhs wrzdugv wkh ghvljq ri wkh sdwhqw v|vwhp frqvlvwv lq

dvvhvvlqj �upv* suhihuhqfhv dv wr wkhlu uhvshfwlyh orfdwlrqv dorqj wkh txdo0

lw| vshfwuxp/ edvhg xsrq wkhlu sxuh sur�w lqfhqwlyhv/ l1h1/ lqghshqghqwo| ri

h{rjhqrxv frqglwlrqv lpsrvhg e| d sdwhqw v|vwhp1

Frqvlghu wkh shuvshfwlyh idflqj wkh �uvw �up wr lqqrydwh1 Wkh ohdghu*v

ghflvlrq dv wr zkhwkhu wr vxsso| d orz ru d kljk0txdolw| jrrg ghshqgv rq wkh

frpsdudwlyh hydoxdwlrq ri wkh iroorzlqj sur�w  rzv=

��ME%c Dc l� '
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l +46,

Li ��ME%c Dc l� : ��uEDc l�c wkhq lw lv sur�wdeoh wr vxsso| wkh kljk0txdolw|

jrrg/ dqg frqyhuvho| li ��ME%c Dc l� 	 ��uEDc l�� Khqfh/ zh kdyh wr hydoxdwh

wkh iroorzlqj h{suhvvlrq=

��uEDc l����ME%c Dc l� '
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2 Ee%� ��S
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Lw lv lpphgldwh wkdw +47, lv srvlwlyh li w lv vx!flhqwo| odujh/ l1h1/ li wkh pdunhw
lv vx!flhqwo| ulfk1 Krzhyhu/ zh duh dovr lqwhuhvwhg lq hydoxdwlqj +47, lq whupv
ri wkh wlph vsdq vhsdudwlqj hqwulhv e| wkh wzr �upv/ wkdw lv/ wkh ohqjwk ri
wkh shulrg |2 � |� zkhuhlq �up 4 uhpdlqv d prqrsrolvw1 Wr wklv dlp/ lw lv

frqyhqlhqw wr xvh wkh h{suhvvlrq lq +55, dqg wkh gh�qlwlrq D ' >*#/ vr dv
wr uhzulwh erwk ��uEDc l� dqg ��ME%c Dc l� lq whupv ri > dqg # rqo|/ dqg

wr vhw w ' �1 Xqghu doo sudfwlfdo uhvshfwv/ wklv uh0sdudphwhul}dwlrq shuplwv

wr hydoxdwh wkh sur�w shuvshfwlyhv ri �up 4 lq whupv ri |� dqg |2c lq wkdw

> ' e3o|� dqg # ' e
3o|2

� Wkh sureohp uhgxfhv wr hydoxdwlqj ��uE>c #� �
��ME>c #� lq wkh dgplvvleoh sdudphwhu udqjh > : #1 Wkh lpsolflw sorw ri

��uE>c #����ME>c #� ' f lq wkh vsdfh i>c #j lv lq �jxuh 41
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Iljxuh 4 = ��u+>/#, 0��M+>/#,
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Wkh wklfn fxuyh ghqrwhv d vroxwlrq #E>� wr ��uE>c #� � ��ME>c #� ' f�
Wrjhwkhu zlwk # ' >c #E>� doorzv xv wr sduwlwlrq wkh sdudphwhu vsdfh lqwr

wkuhh uhjlrqv1

� Uhjlrq L lv qrw dgplvvleoh/ lq wkdw lw pxvw eh > ' e
3o|� : # ' e3o|2

�

� Lq uhjlrq LL/ ��uE>c #� 	 ��ME>c #� lq wkdw |2 lv uhodwlyho| forvh wr |��

Wkh wlph vsdq ryhu zklfk wkh ohdghu uhpdlqv d prqrsrolvw lv wrr vkruw

wr mxvwli| hqwhulqj zlwk d orz txdolw| jrrg1

� Lq uhjlrq LLL/ ��uE>c #� : ��ME>c #�� Wkh hqwu| gdwh ri wkh iroorzhu lv

idu hqrxjk lq wkh ixwxuh wr pdnh lw pruh sur�wdeoh hqwhulqj zlwk d

orz0txdolw| jrrg1

Wkh deryh wd{rqrp| kljkoljkwv wkdw wkhuh h{lvwv d wudgh0r� ehwzhhq hq0

mr|lqj prqrsro| srzhu dv orqj dv srvvleoh dqg hqmr|lqj dq dgydqwdjh ryhu

wkh ulydo zkhq wkh odwwhu hqwhuv wkh pdunhw dqg gxrsro| frpshwlwlrq vwduwv1

Zh fdq vxppdul}h wkh iruhjrlqj glvfxvvlrq lq wkh iroorzlqj=
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Sursrvlwlrq 6 Wkh ohdghu suhihuv wr hqwhu zlwk d orz0txdolw| jrrg li wkh

wudqvlwru| prqrsro| srzhu rxwzhljkv wkh glvdgydqwdjh ri ehlqj wkh orz0txdolw|

�up lq wkh gxrsro| uhjlph1 Rwkhuzlvh/ wkh ohdghu suhihuv wr hqwhu zlwk d kljk0

txdolw| jrrg1

Revhuyh wkdw/ li > 5 Efc #E>�� c wkh �uvw hqwudqw surgxfhv d +olplw, orz
txdolw| jlyhq e| +74,/ wkdw nhhsv wkh iroorzhu rxw ri wkh pdunhw1 Wkdw lv/
reoljlqj wkh iroorzhu wr hpsor| d odujhu dprxqw ri uhvrxufhv lq wkh ghyhors0
phqw ri d kljkhu txdolw| wxuqv lqwr d vruw ri suhgdwru| ehkdylru suhvhuylqj
wkh prqrsro| srzhu ri �up 41

Lq rughu wr vlpsoli| wkh dqdo|vlv/ ohw xv dvvxph wkdw d prqrsrolvw zkr
vwduwhg surgxfwlrq dw |� dqg hqghg lw dw |2 zrxog dozd|v surgxfh dq lq0
whuphgldwh txdolw| zlwk uhvshfw wr wkh orz dqg wkh kljk txdolw| ohdghu1 Lw
lv hdv| wr fkhfn wkdw d prqrsrolvw zrxog surgxfh wkh txdolw| ohyho ^� '

�

H

7w
2

oS
Ee3o|�

� e
3o|2� ' �

H�
ED � ��1 Rxu dvvxpswlrq dprxqwv wr vd|lqj wkdw

^�u �
�

H�
ED � �� � ^�M1

Dvvxpswlrq 5 ^�u �
�

H�
ED � �� � ^�M1

Wkh dvvxpswlrq vhhpv shuihfwo| ohjlwlpdwh dqg hqvxuhv wkdw/ li wkhuh lv d
vxejdph shuihfw htxloleulxp zlwk d orz txdolw| ohdghuvkls/ wkhq wkdw htxlole0
ulxp lpsolhv wkdw +l, wkh ohdghu lq wkh prqrsro| skdvh surgxfhv zlwk txdolw|
^� '

�

H�
ED � �� ( dqg +ll, li wkh iroorzhu hqwhuhg zlwk d kljkhu txdolw|/ lw

zrxog uhvsrqg zlwk wkh txdolw| ^�u '
.

eH�>
1 Krzhyhu/ zh fdq suryh wkdw wklv

lv qrw dq htxloleulxp ehfdxvh wkh iroorzhu �qgv lw sur�wdeoh wr hqwhu zlwk d

orz txdolw| zkhq wkh ohdghu wulhv wr suhhpsw wkh pdunhw/ fruuhfwo| dqwlflsdw0

lqj wkdw r�hulqj d vxshulru txdolw| zrxog qrw sd| r�1 Wkhuhiruh/ wkh rqo|

srvvleoh htxloleulxp lv wkdw zlwk kljk txdolw| ohdghuvkls1 Wklv lv suryhg lq

wkh iroorzlqj Sursrvlwlrq1

Sursrvlwlrq 7 Lq wkh devhqfh ri sdwhqw surwhfwlrq/ d xqltxh gxrsro| htxl0

oleulxp h{lvwv ryhu | 5 d|2c4�c zlwk wkh ohdghu vxsso|lqj wkh kljk0txdolw| jrrg

dqg wkh iroorzhu vxsso|lqj wkh orz0txdolw| jrrg1

Surri1 Vhh dsshqgl{ D161

Vlqfh hqwu| gdwhv duh h{rjhqrxv/ �upv fdqqrw lq xhqfh wkh rxwfrph ri wkh
jdph wkurxjk wkh vshhg dqg2ru lqwhqvlw| ri wkhlu uhvshfwlyh U)G dfwlylwlhv1
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Lqghhg/ wkh deryh Sursrvlwlrq uhyhdov wkdw wkh lqwhuwhpsrudo prgho forvho|
uhsolfdwhv wkh frqfoxvlrqv uhdfkhg e| suhylrxv olwhudwxuh ghdolqj zlwk vwdwlf
rqh0vkrw prghov/; zklfk srlqwv rxw wkh lqfhqwlyh iru hduolhu hqwudqwv wr vxsso|
kljk0txdolw| jrrgv1 Krzhyhu/ wkh vwdwlf dssurdfk xvxdoo| dgrswhg vr idu
fdqqrw kljkoljkw wkh lqfhqwlyh iru odwhu lqqrydwruv wr hqwhu wkh pdunhw lq
wkh orzhu sduw ri wkh txdolw| vshfwuxp1 Mxgjlqj rq wkh edvlv ri wkh h{lvwlqj
olwhudwxuh/ rqh lv ohdg wr eholhyh wkdw odwhu hqwudqwv surgxfh orz0txdolw| jrrgv
ehfdxvh wkh| kdyh plvvhg wkh fkdqfh ri grlqj dq| ehwwhu1 Rq wkh frqwudu|/
rxu prgho ghslfwv d vlwxdwlrq zkhuh sur�w lqfhqwlyhv gulyh qhzfrphuv wrzdugv
lqihulru ydulhwlhv1 Pruhryhu/ wkh vwdwlf dssurdfk lv e| gh�qlwlrq xqdeoh wr
dffrxqw iru wkh srvvlelolw| ri wudglqj r� wkh pdunhw srzhu dwwdfkhg wr d
grplqdqw srvlwlrq lq wkh gxrsro| uhjlph djdlqvw wudqvlwru| prqrsro| srzhu/
zklfk uhsuhvhqwv wkh sul}h iru wkh hduolhu hqwudqw1<

Zh duh qrz deoh wr hydoxdwh wkh ghvludelolw| ri d sdwhqw uhjlph1 Frq0
vlghu sdwhqw v|vwhp 41 Li lw lv dgrswhg/ wkh iroorzhu fdqqrw hqwhu wkh pdunhw
sur�wdeo| zlwkrxw lqiulqjlqj wkh ohdghu*v sdwhqw/ dqg wkh ohdghu fdq vwd| d
prqrsrolvw iruhyhu e| ghyhorslqj dqg sdwhqwlqj wkh olplw txdolw| +74,/ zklfk
fdq eh nhsw dvohhs lqgh�qlwho|1 Lw lv wkhq wulyldo wr suryh wkdw lw lv vrfldoo|
suhihudeoh wr doorz iru d gxrsro| htxloleulxp zlwk wkh iroorzhu surgxflqj
wkh orz0txdolw| surgxfw1 Wkh vdph frqvlghudwlrqv krog/ d iruwlrul/ iru sdwhqw
v|vwhp 51 Lq wkh fdvh ri sdwhqw v|vwhp 6/ li wkh khljkw ri wkh sdwhqw lv vpdoo
hqrxjk +wkdw lv/ 0 5 dfc4@ i^� c ^�Mj � ^2uo,/ wkhq wkh sdwhqw lv dfwxdoo|
lqrshudwlyh dqg wkh iroorzhu pd| hqwhu wkh pdunhw iurp ehorz1 Rwkhuzlvh/
li 0 : 4@ i^� c ^�Mj � ^2uc hqwu| lv eorfndghg1 Wklv |lhogv wkh iroorzlqj=

Sursrvlwlrq 8 Xqghu frqyh{ frvwv ri txdolw| lpsuryhphqw dqg sduwldo pdu0

nhw fryhudjh/ d sdwhqw v|vwhp olplwlqj wkh khljkw ri odwhu lqqrydwlrqv lq dq|

gluhfwlrq lv vrfldoo| xqghvludeoh1

;Uhohydqw uhihuhqfhv lqfoxgh Jdev}hzlf} dqg Wklvvh +4<:</ 4<;3,/ Vkdnhg dqg Vxwwrq
+4<;5/ 4<;6,/ Prwwd +4<<6,/ Drnl dqg Suxvd +4<<:, dqg Ohkpdqq0Juxeh +4<<:,1

<Prghoolqj dq U)G udfh xqghu xqfhuwdlqw|/ Gxwwd hw do1 +4<<8, frq�up wkh hvwdeolvkhg
zlvgrp/ lq wkdw wkh| �qg wkdw wkh dg lqwhulp prqrsro| uhqw fdqqrw frxqwhuedodqfh wkh
dgydqwdjh dvvrfldwhg zlwk kljk txdolw|1 Krzhyhu/ wkhlu uhvxow uholhv xsrq d vshfl�f uhgxfhg
irup zkhuh surgxfwlrq frvwv duh frpsohwho| devhqw1
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8 Frqfoxglqj uhpdunv

Zh kdyh lqyhvwljdwhg d prgho ri vhtxhqwldo hqwu| lq d pdunhw iru yhuwlfdoo|

gl�huhqwldwhg jrrgv1 Wkh iruhjrlqj glvfxvvlrq srlqwv rxw wkdw/ zkhq txdolw|

dqg wlph duh vhsdudwh glphqvlrqv/ �upv* vwudwhjlf lqfhqwlyhv duh vxfk wkdw wkh

iroorzhu zloo hqwhu wkh pdunhw iurp ehorz dqg jdlq srvlwlyh sur�wv1 Wklv lv

dovr vrfldoo| suhihudeoh wr wkh dowhuqdwlyh vlwxdwlrq zkhuh wkh �uvw lqqrydwru

surgxfhv d olplw txdolw| dqg uhpdlqv d prqrsrolvw1 Dv d frqvhtxhqfh/ lw

dsshduv vrfldoo| xqghvludeoh wr dgrsw d sdwhqw v|vwhp vr dv wr surwhfw wkh

�uvw lqqrydwru1
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Dsshqgl{

D14 Surri ri Sursrvlwlrq 4

H{suhvvlrqv +;, dqg +<, uhzulwh dv iroorzv=
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Lq rughu wr vlpsoli| fdofxodwlrqv/ vhw ^u ' ^ dqg ^M ' %^1 Wklv pdnhv lw

srvvleoh wr uhzulwh IRFv +4:, dqg +4;, lq whupv ri ^*�/ wr rewdlq=
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Iurp +4;,1 H{foxglqj wkh wulyldo fdvh ^ ' fc wkh v|vwhp +4<053, kdv wkh
iroorzlqj vroxwlrq=
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2 Ee%2
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+54,

43Vhfrqg rughu frqglwlrqv duh phw khuh dv zhoo dv lq wkh qh{w vhfwlrq1 Wkh| duh rplwwhg

iru wkh vdnh ri euhylw|1
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Wkh vhfrqg �uvw rughu frqglwlrq frxog dovr eh vroyhg iru >/ rewdlqlqj=
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Vlqfh f � > � �/ wkh dgplvvleoh lqwhuydo iru % lv d��.Dc D�2D�2o1
Uhduudqjlqj +9, dqg +:,/ zh rewdlq=
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Lq sduwlfxodu/ -�M fdq eh uhzulwwhq dv

-�M E%c �� '
e%�Ee%2 � �%n 2�Ee%� .�

Ee%� ��2�
+5:,

Pruhryhu/ zh nqrz iurp Ohppd 4 wkdw wkh prqrsro| uhyhqxhv dffuxlqj wr
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Uhihuhqfhv

^4` Drnl/ U1 dqg W1 Suxvd +4<<:,/ �Vhtxhqwldo yhuvxv Vlpxowdqhrxv Fkrlfh
zlwk Hqgrjhqrxv Txdolw|�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql0

}dwlrq/ 48/ 4360541

^5` Ehdwk/ M1/ \1 Ndwvrxodfrv dqg G1 Xosk +4<;:,/ �Vhtxhqwldo Surgxfw
Lqqrydwlrq dqg Lqgxvwu| Hyroxwlrq�/ Hfrqrplf Mrxuqdo/ <:/ 650761

^6` Fdugrq/ M1K1 dqg G1 Vdvdnl +4<<;,/ �Suhhpswlyh Vhdufk dqg U)G Foxv0
whulqj�/ UDQG Mrxuqdo ri Hfrqrplfv/ 5</ 65706;1

^7` Fkrl/ F1M1 dqg K1V1 Vklq +4<<5,/ �D Frpphqw rq d Prgho ri Yhuwlfdo
Surgxfw Gl�huhqwldwlrq�/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ 73/ 55<0641

^8` Ghqlfroõ/ Y1 +4<<9,/ �Sdwhqw Udfhv dqg Rswlpdo Sdwhqw Euhdgwk dqg
Ohqjwk�/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ 77/ 57<0981

^9` Grqqhqihog/ V1 dqg V1 Zhehu +4<<5,/ �Yhuwlfdo Surgxfw Gl�huhqwldwlrq
zlwk Hqwu|/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 43/ 77<0:51

^:` Grqqhqihog/ V1 dqg V1 Zhehu +4<<8,/ �Olplw Txdolwlhv dqg Hqwu| Ghwhu0
uhqfh�/ UDQG Mrxuqdo ri Hfrqrplfv/ 59/ 4460631

^;` Gxwwd/ S1N1/ V1 Odfk dqg D1 Uxvwlfklql +4<<8,/ �Ehwwhu Odwh wkdq Hduo|=
Yhuwlfdo Gl�huhqwldwlrq lq wkh Dgrswlrq ri d Qhz Whfkqrorj|�/ Mrxuqdo
ri Hfrqrplfv dqg Pdqdjhphqw Vwudwhj|/ 7/ 8960;<1

^<` Jdoolql/ Q1 +4<<5,/ �Sdwhqw Srolf| dqg Frvwo| Lplwdwlrq�/ UDQG Mrxuqdo

ri Hfrqrplfv/ 56/ 850961

^43` Jdev}hzlf}/ M1M1 dqg M10I1 Wklvvh +4<:<,/ �Sulfh Frpshwlwlrq/ Txdolw|
dqg Lqfrph Glvsdulwlhv�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 53/ 67308<1

^44` Jdev}hzlf}/ M1M1 dqg M10I1 Wklvvh +4<;3,/ �Hqwu| +dqg H{lw, lq d Gl�hu0
hqwldwhg Lqgxvwu|�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 55/ 65:06;1

^45` Jloehuw/ U1 dqg F1 Vkdslur +4<<3,/ �Rswlpdo Sdwhqw Ohqjwk dqg
Euhdgwk�/ UDQG Mrxuqdo ri Hfrqrplfv/ 54/ 4390451

^46` Juhhq M1 dqg V1 Vfrwfkphu +4<<8,/ �Rq wkh Glylvlrq ri Sur�w lq Vhtxhq0
wldo Lqqrydwlrq�/ UDQG Mrxuqdo ri Hfrqrplfv/ 59/ 530661
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^47` Nohpshuhu/ S1G1 +4<<3,/ �Krz Eurdg Vkrxog wkh Vfrsh ri Sdwhqw Sur0
whfwlrq EhB�/ UDQG Mrxuqdo ri Hfrqrplfv/ 54/ 4460631

^48` Odpehuwlql/ O1 +4<<<,/ �Hqgrjhqrxv Wlplqj dqg wkh Fkrlfh ri Txdolw| lq
d Yhuwlfdoo| Gl�huhqwldwhg Gxrsro|�/ Uhvhdufk lq Hfrqrplfv +Ulfhufkh
Hfrqrplfkh,/ 86/ 43403<1

^49` Ohkpdqq0Juxeh/ X1 +4<<:,/ �Vwudwhjlf Fkrlfh ri Txdolw| zkhq Txdo0
lw| lv Frvwo|= Wkh Shuvlvwhqfh ri wkh Kljk0Txdolw| Dgydqwdjh�/ UDQG
Mrxuqdo ri Hfrqrplfv/ 5;/ 6:50;71

^4:` Prwwd/ P1 +4<<5,/ �Frrshudwlyh U)G dqg Yhuwlfdo Surgxfw Gl�huhqwl0
dwlrq�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 43/ 9760941

^4;` Prwwd/ P1 +4<<6,/ �HqgrjhqrxvTxdolw| Fkrlfh= Sulfh yv Txdqwlw| Frp0
shwlwlrq�/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ 74/ 4460651

^4<` R* Grqrjkxh/ W1 +4<<;,/ �D Sdwhqwdelolw| Uhtxluhphqw iru Vhtxhqwldo
Lqqrydwlrqv�/ UDQG Mrxuqdo ri Hfrqrplfv/ 5</ 9870:<1

^53` R* Grqrjkxh/ W1/ V1 Vfrwfkphu dqg M1I1 Wklvvh +4<<;,/ �Sdwhqw Euhdgwk/
Sdwhqw Ohqjwk/ dqg wkh Sdfh ri Whfkqrorjlfdo Surjuhvv�/ Mrxuqdo ri

Hfrqrplfv dqg Pdqdjhphqw Vwudwhj|/ :/ 40651

^54` Urvhqnudq}/ V1 +4<<8,/ �Lqqrydwlrq dqg Frrshudwlrq xqghu Yhuwlfdo
Surgxfw Gl�huhqwldwlrq�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}d0

wlrq/ 46/ 40551

^55` Urvhqnudq}/ V1 +4<<:,/ �Txdolw| Lpsuryhphqwv dqg wkh Lqfhqwlyh wr
Ohdsiurj�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 48/ 5760941

^56` Vfrwfkphu/ V1 +4<<4,/ �Vwdqglqj rq wkh Vkrxoghuv riJldqwv= Fxpxodwlyh
Uhvhdufk dqg wkh Sdwhqw Odz�/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 8/
5<0741

^57` Vfrwfkphu/ V1 +4<<9,/ �Surwhfwlqj Hduo| Lqqrydwruv= Vkrxog Vhfrqg0
Jhqhudwlrqv Surgxfwv Eh SdwhqwdeohB�/ UDQG Mrxuqdo ri Hfrqrplfv/
5:/ 6550641

^58` Vfrwfkphu/ V1 dqg M1 Juhhq +4<<3,/ �Qryhow| dqg Glvforvxuh lq Sdwhqw
Odz�/ UDQG Mrxuqdo ri Hfrqrplfv/ 54/ 4640791
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^59` Vkdnhg/ D1 dqg M1 Vxwwrq +4<;5,/ �Uhod{lqj Sulfh Frpshwlwlrq wkurxjk
Surgxfw Gl�huhqwldwlrq�/ Uhylhz ri Hfrqrplf Vwxglhv/ 7</ 60461

^5:` Vkdnhg/ D1 dqg M1 Vxwwrq +4<;6,/ �Qdwxudo Roljrsrolhv�/ Hfrqrphwulfd/
84/ 479<0;61

^5;` ydq Glmn/ W1 +4<<9,/ �Sdwhqw Khljkw dqg Frpshwlwlrq lq Surgxfw Lp0
suryhphqwv�/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ 77/ 48409:1

54


