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^Fkrlfh ri srolf| lqvwuxphqw/ Srroh +4<:3,` Dvvxph wkdw wkh forvhg hfrqrp| lv ghvfulehg e|

wkh vlpsoh +orj0olqhdu, LV0OP prgho=

|| @ �f � ��U| . X|> �� A 3> +4,

p| � s| @ �f . ��|| � �2U| . Y|> �� A 3> �2 A 3> +5,

zkhuh || lv rxwsxw/ U| lv wkh qrplqdo lqwhuhvw udwh/ X| lv d vwrfkdvwlf vkrfn whup d�hfwlqj wkh

LV fxuyh/ p| lv wkh qrplqdo prqh| vxsso|/ s| lv wkh sulfh ohyho/ dqg X| lv d vwrfkdvwlf whup

d�hfwlqj wkh OP fxuyh1 Lw lv dvvxphg wkdw wkh wzr vwrfkdvwlf vkrfn whupv/ X| dqg Y|/ duh

sxuh lqghshqghqw dqg qrupdoo| glvwulexwhg zklwh qrlvh whupv +wkhuh lv qr fruuhodwlrq ehwzhhq

wkhvh whupv dqg erwk whupv glvsod| qr dxwrfruuhodwlrq,= X| � Q+3> �2
L
, dqg Y| � Q+3> �2

T
,1

Doo yduldeohv h{fhsw wkh lqwhuhvw udwh duh phdvxuhg lq orjdulwkpv1 Dvvxph ixuwkhupruh wkdw

wkh sulfh ohyho lv �{hg dqg fdq eh qrupdol}hg wr xqlw| +vr wkdw s| � orjS| @ 3 lq +5,,1

Wkh srolf| pdnhu lv frqfhuqhg derxw vwdelol}lqj wkh hfrqrp| dqg zlvkhv wr xvh prqhwdu|

srolf| lq rughu wr plqlpl}h wkh iroorzlqj orvv ixqfwlrq=


 � H ^|| � |W`2 > +6,

zkhuh 
 lv vrfldo orvv dqg |W lv wkh +�{hg, wdujhw ohyho ri rxwsxw/ h1j1 ixoo hpsor|phqw rxwsxw1

Wkh srolf| pdnhu fdq fkrrvh rqh ri wzr lqvwuxphqwv ri prqhwdu| srolf|1 Lw fdq frqwuro

wkh prqh| vxsso| dqg ohw wkh lqwhuhvw udwh vhwwoh dw lwv htxloleulxp ohyho ghwhuplqhg lq wkh

hfrqrp|1 Dowhuqdwlyho|/ lw fdq shj wkh lqwhuhvw udwh dqg ohw wkh prqh| vxsso| vhwwoh dw wkh

htxloleulxp ohyho ghwhuplqhg lq wkh pdunhw1

+d, Lqwhusuhw wkh htxdwlrqv ri wkh prgho1

4



5 Khlmgud dqg ydq ghu Sorhj= Irxqgdwlrqv ri Prghuq Pdfurhfrqrplfv

+e, Vkrz wkdw lq wkh ghwhuplqlvwlf fdvh/ zlwk erwk X| dqg Y| lghqwlfdoo| htxdo wr }hur lq doo

shulrgv/ wkh wzr lqvwuxphqwv ri prqhwdu| srolf| duh frpsohwho| htxlydohqw/ l1h1 lw grhv

qrw pdwwhu zklfk rqh lv xvhg1

+f, Qrz dvvxph wkdw wkh LV fxuyh lv vxemhfw wr vwrfkdvwlf vkrfnv exw wkh OP fxuyh lv

ghwhuplqlvwlf +l1h1 X| � Q+3> �2
L
, dqg Y| � 3 iru doo shulrgv,1 Vkrz wkdw wkh udwlrqdo

srolf| pdnhu zloo fkrrvh wkh prqh| vxsso| lqvwuxphqw1 Looxvwudwh |rxu dqvzhu erwk

irupdoo| dqg zlwk wkh dlg ri d gldjudp1

+g, Qrz dvvxph wkdw wkh OP fxuyh lv vxemhfw wr vwrfkdvwlf vkrfnv exw wkh LV fxuyh lv

ghwhuplqlvwlf +l1h1 qrz X| � 3 iru doo shulrgv dqg Y| � Q+3> �2
T
,,1 Vkrz wkdw wkh

udwlrqdo srolf| pdnhu zloo qrz fkrrvh wkh lqwhuhvw udwh lqvwuxphqw1 Looxvwudwh |rxu

dqvzhu erwk irupdoo| dqg zlwk wkh dlg ri d gldjudp1

+h, Xvh wkh jhqhudo vwrfkdvwlf prgho/ zlwk erwk X| dqg Y| qrq0}hur/ dqg ghulyh wkh ydoxh ri

wkh orvv ixqfwlrq +6, xqghu wkh wzr prqhwdu| lqvwuxphqwv1 Vkrz wkdw wkh prqh| vxsso|

lqvwuxphqw lv suhihuuhg wr wkh lqwhuhvw lqvwuxphqwv li wkh iroorzlqj frqglwlrq krogv=

�2��
2
T
. �22�

2
L

+���� . �2,
2
? �2L =

H{sodlq |rxu uhvxow lqwxlwlyho|1
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Wkh vxsso| ri jrrgv lv ghwhuplqhg e|=

| @ �| . �+� � �e, . �> +4,

zkhuh | lv rxwsxw/ �| lv ixoo hpsor|phqw rxwsxw/ � lv lq dwlrq/ �e lv h{shfwhg lq dwlrq/ dqg �

lv d vwrfkdvwlf glvwxuedqfh whup zlwk }hur phdq +H� @ 3, dqg frqvwdqw yduldqfh +H�2 @ �2,1

Wkh suhihuhqfhv ri flwl}hq l duh uhsuhvhqwhg e|=


� @ �4

5
+| � |W,2 � ��

5
�2> +5,

zkhuh |W lv wkh rswlpdo rxwsxw ohyho +iurp wkh shuvshfwlyh ri doo flwl}hqv,1 Hdfk flwl}hq wulhv

wr dwwdlq d plqlpxp ohyho ri 
�/ vr htxdwlrq +5, fdq eh lqwhusuhwhg dv d �uhjuhw ixqfwlrq�

vwdwlqj wkh zhoiduh frvwv dvvrfldwhg zlwk ehlqj dzd| iurp wkh rswlpxp +| @ |W> � @ 3,1

+d, Lqwhusuhw wkhvh wzr htxdwlrqv1

+e, �Mxvw olnh Xo|vvhv/ Zlp Gxlvhqehuj vkrxog wlh klpvhoi wr wkh pdvw ri d }hur0lq dwlrq

uxoh1� Glvfxvv wklv sursrvlwlrq lq wkh oljkw ri wkh olwhudwxuh rq �uxohv yhuvxv glvfuh0

wlrq1� Dvvxph lq wklv sduw ri wkh txhvwlrq wkdw wkh suhihuhqfhv ri wkh srsxodwlrq duh

krprjhqhrxv +vr wkdw �� @ �,1 H{sodlq wkh lpsruwdqfh ri wkh txdqwlw| �| � |W wr |rxu

frqfoxvlrq1
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+f, Qrz dvvxph wkdw wkh srsxodwlrq ihdwxuhv khwhurjhqhrxv suhihuhqfhv1 Dvvxph ixuwkhu0

pruh wkdw wkhuh lv dv|pphwulf lqirupdwlrq1 Lq sduwlfxodu/ zkhq wkh zdjhv duh vhw/ wkh

uhdol}dwlrq ri wkh vxsso| vkrfn/ �/ lv xqnqrzq1 Wkh fhqwudo edqnhu/ rq wkh rwkhu kdqg/

lv dvvxphg wr nqrz wklv uhdol}dwlrq zkhq kh2vkh vhwv prqhwdu| srolf| dqg ghwhuplqhv

wkh lq dwlrq udwh1 H{sodlq zk| d pdmrulw| ghflvlrq zloo ohdg wr wkh dssrlqwphqw ri d

fhqwudo edqnhu zkr lv pruh �uljkw0zlqj� wkdq wkh srsxodwlrq lwvhoi1
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Txhvwlrq 6

^Prqhwdu| srolf| ri wkh HFE` Dvvxph wkdw wkh hfrqrp| lv ghvfulehg e| wkh iroorzlqj prgho=

|| @ �| . �+�| �H|3��|, . h|> +4,

|| @ �| � �+U| �H|�|n�, . x|> +5,

p| � s| @ || � �U| . y|> +6,

zkhuh || lv surgxfwlrq/ �| lv ixoo0hpsor|phqw rxwsxw +frqvwdqw,/ p| lv wkh qrplqdo prqh|

vxsso|/ s| lv wkh sulfh ohyho/ �| lv wkh lq dwlrq udwh/ U| lv wkh qrplqdo lqwhuhvw udwh/ dqg h|> x|

dqg y| duh lqghshqghqw zklwh qrlvh vwrfkdvwlf surfhvvhv1 Dv xvxdo/ H| ghqrwhv wkh frqglwlrqdo

h{shfwdwlrqv rshudwru edvhg rq shulrg0w lqirupdwlrq1 Dvvxph wkdw wkh orvv ixqfwlrq ri wkh

Hxurshdq fhqwudo edqn +HFE, lv jlyhq e|=


| � H|

�
�+|| � �|,2 . +�| � ��,2

�
> +7,

zkhuh �� lv dq h{rjhqrxvo| jlyhq wdujhw lq dwlrq udwh +�� A 3,1 FKHFN Zdovk1

+d, Lv wkh srolf| lqh�hfwlyhqhvv sursrvlwlrq +SLS, ydolg lq wklv prgho1 Li vr/ zk|B Li qrw/

zk| qrwB

+e, Vxssrvh wkdw wkh HFE zdqwv wr frqgxfw prqhwdu| srolf| e| frqwuroolqj wkh prqh| vxs0

so|1 Irupxodwh wkh prqh| vxsso| uxoh lq dq h{solflw htxdwlrq1 Vwdwh doo wkh dvvxpswlrqv

wkdw |rx pdnh1

+f, Frpsxwh wkh h{shfwhg orvv xqghu erwk d sxuh lqwhuhvw udwh uxoh dqg xqghu d prqh|

vxsso| uxoh1 Xqghu zklfk flufxpvwdqfhv lv wkh rqh uxoh suhihudeoh wr wkh rwkhuB

+g, Vxssrvh wkdw wkh HFE xvhv wkh jhqhudo srolf| uxoh �| @ �U|1 Frpsxwh wkh rswlpdo

ydoxh ri �1 H{sodlq dqg lqwhusuhw |rxu uhvxowv1
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^Vdujhqw +4<<</ s1 56,` Irupxodwh txhvwlrq rq N|godqg0Suhvfrww xqghu DHK1 Vhh dovr sdjh

84/ Wlqehujhq0Wkhlo dssurdfk1

+d, BBB

+e, BBB1


