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Dsulo 4/ 5335> suholplqdu|

Devwudfw

Zh lqyhvwljdwh erwk wkh udwlrqdo h{sorvlyh lq dwlrq sdwkv vwxglhg
e| +PfFdooxp 5334,/ dqg wkh fodvvl�fdwlrq ri �vfdo dqg prqhwdu|
srolflhv sursrvhg e| +Ohhshu 4<<4,/ iru vwdelolw| xqghu ohduqlqj ri wkh
udwlrqdo h{shfwdwlrqv htxloleuld +UHH,1 Rxu �uvw uhvxow lv wkdw wkh
�vfdolvw UHH lq wkh prgho ri +PfFdooxp 5334, lv qrw orfdoo| vwdeoh
xqghu ohduqlqj1 Lq frqwudvw/ lq wkh vhwwlqj ri +Ohhshu 4<<4,/ gl�huhqw
srvvlelolwlhv fdq dulvh1 Zh �qg/ lq sduwlfxodu/ wkdw wkhuh duh sdudphwhu
grpdlqv iru zklfk wkh �vfdo wkhru| vroxwlrq/ lq zklfk �vfdo yduldeohv
d�hfw wkh sulfh ohyho/ fdq eh vwdeoh rxwfrphv xqghu ohduqlqj1 Krzhyhu/
iru dqrwkhu sdudphwhu grpdlq wkh prqhwdulvw vroxwlrq lv lqvwhdg wkh
vwdeoh htxloleulxp1 Srolf| irupxodwlrq vkrxog v|vwhpdwlfdoo| wdnh df0
frxqw ri wkh orfdo vwdelolw| surshuwlhv/ xqghu ohduqlqj/ ri wkh gl�huhqw
UHH1

MHO fodvvl�fdwlrq= H85/ H64/ G;71

4 Lqwurgxfwlrq
Lqwhudfwlrqv ehwzhhq �vfdo dqg prqhwdu| srolf| lq wkh ghwhuplqdwlrq ri wkh
sulfh ohyho kdyh ehhq wkh remhfw ri d juhdw ghdo ri qhz uhvhdufk lq uhfhqw |hduv1
Lq sduwlfxodu/ wkh �vfdo wkhru| ri wkh sulfh ohyho dvvhuwv wkdw �vfdo srolf|
fdq kdyh dq lpsruwdqw lq xhqfh rq wkh sulfh ohyho/ dqg dq h{wuhph vshfl�f
fdvh ri wkh �vfdolvw wkhru| dvvhuwv wkdw/ lq fhuwdlq vshfl�f flufxpvwdqfhv/
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�vfdo yduldeohv fdq ixoo| ghwhuplqh wkh sulfh ohyho lqghshqghqwo| ri prqhwdu|
yduldeohv1 Iru d orqj olvw ri uhihuhqfhv vhh irrwqrwh 6 lq +Zrrgirug 5334,1

Fohduo|/ wklv h{wuhph uhvxow lv wkh srodu rssrvlwh ri wkh prqhwdulvw frq0
whqwlrq wkdw wkh sulfh ohyho dqg wkh lq dwlrq udwh ghshqg sulpdulo| rq prqh0
wdu| yduldeohv1 Lw lv wkxv qrw vxusulvlqj wkdw wkh �vfdolvw dssurdfk kdv durxvhg
d juhdw ghdo ghedwh dqg frqwuryhuv|1 Wkhvh ghedwhv frqvlghu gl�huhqw dvshfwv
ri wkh wkhru|1 Rqh srlqw ri ghedwh frqfhuqv wkh h{wuhph vshfl�f fdvh iru
zklfk +PfFdooxp 5334, kdv dujxhg wkdw wkh �vfdolvw htxloleulxp lv dq lp0
sodxvleoh �exeeoh htxloleulxp� zlwk dq h{sorvlyh sulfh ohyho dqg/ dv zh zloo
vhh ehorz/ dq h{sorvlyh lq dwlrq udwh14

Wkh lq xhqfh ri �vfdo yduldeohv rq wkh sulfh ohyho lv/ krzhyhu/ qrw olplwhg
wr h{wuhph fdvhv lq zklfk wkh v|vwhp lv qrq0vwdwlrqdu|1 Lq d orfdo dqdo|vlv
durxqg d xqltxh vwhdg| vwdwh +Ohhshu 4<<4, pdgh dq lpsruwdqw glvwlqfwlrq
ehwzhhq �dfwlyh� dqg �sdvvlyh� srolflhv +wkh suhflvh gh�qlwlrqv zloo eh jlyhq
ehorz,1 Lq d vwdqgdug prgho kh vkrzhg wkdw wzr frpelqdwlrqv/ hlwkhu +l,
dfwlyh prqhwdu| dqg sdvvlyh �vfdo srolf| ru +ll, dfwlyh �vfdo dqg sdvvlyh prq0
hwdu| srolf| |lhog ghwhuplqdf| l1h1 d xqltxh vwdwlrqdu| udwlrqdo h{shfwdwlrqv
htxloleulxp +UHH,1 Lq fdvh +l, wkh xvxdo prqhwdulvw ylhz wkdw lq dwlrq gh0
shqgv rqo| rq prqhwdu| srolf| lv frq�uphg1 Krzhyhu/ fdvh +ll, lv �vfdolvw lq
wkh vhqvh wkdw �vfdo srolf| kdv dq h�hfw rq wkh lq dwlrq udwh1 +Ohhshu 4<<4,
dovr vkrzhg wkdw wkh vwhdg| vwdwh lv lqghwhuplqdwh zkhq erwk srolflhv duh
sdvvlyh/ zkloh wkh hfrqrp| lv h{sorvlyh zkhq erwk srolflhv duh dfwlyh1

Dv douhdg| qrwhg/ wkh �vfdo wkhru| ri wkh sulfh ohyho lv vxemhfw wr ghedwh
dqg wkxv wkh h{lvwlqj olwhudwxuh lv qrw yhu| frqfoxvlyh derxw lwv vljql�fdqfh1
Lqghhg/ htxloleulxp dqdo|vlv fdq vkhg rqo| olplwhg oljkw rq wkh lvvxhv dqg
ixuwkhu fulwhuld rq wkh sodxvlelolw| ri gl�huhqw UHH duh olnho| wr eh xvhixo lq
dvvhvvlqj wkh srvvleoh rxwfrphv vxjjhvwhg e| wkh �vfdo wkhru|1 Wkh ohduqlqj
dssurdfk wr pdfurhfrqrplfv/ zklfk kdv ehhq ghyhorshg lq uhfhqw |hduv5/
surylghv d fulwhulrq wr vhohfw �uhdvrqdeoh� rxwfrphv zkhq pxowlsoh UHH h{lvw1
+Wkh dssurdfk lv dovr xvhixo zlwk lq fdvhv zlwk xqltxh UHH dv d qrwlrq ri
�urexvwqhvv�1, Lq wklv sdshu zh uh0h{dplqh vrph fhqwudo uhvxowv ri wkh �vfdo
wkhru| ri wkh sulfh ohyho iurp d ohduqlqj ylhzsrlqw1 Jhqhudoo| vshdnlqj/ wklv
ylhz dvvhuwv wkdw wkh UHH ri lqwhuhvw duh wkrvh wkdw duh vwdeoh rxwfrphv ri

4Dqrwkhu srlqw ri frqwuryhuv| hyroyhv durxqg wkh qdwxuh ri lqwhuwhpsrudo exgjhw frq0
vwudlqw ri wkh jryhuqphqw/ frpsduh h1j1 rq rqh kdqg +Exlwhu 4<<;,/ +Exlwhu 4<<<, dqg rq
wkh rwkhu Vhfwlrq 5 ri +Zrrgirug 5334,1

5Vhh +Hydqv dqg Krqndsrkmd 5334,iru d uhfhqw wuhdwlvh1 Vxuyh|v ri wkh olwhudwxuh duh
surylghg h1j1 lq +Hydqv dqg Krqndsrkmd 4<<<,/ +Pdulprq 4<<:, dqg +Vdujhqw 4<<6,1
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d ohduqlqj surfhvv lq zklfk djhqwv pljkw whpsrudulo| ghyldwh iurp udwlrqdo
h{shfwdwlrqv/ uhvsrqg wr wkhvh plvwdnhv dqg hyhqwxdoo| frph wr kdyh fruuhfw
iruhfdvw ixqfwlrqv1

Zh lqyhvwljdwh erwk wkh udwlrqdo h{sorvlyh lq dwlrq sdwkv vwxglhg e|
+PfFdooxp 5334,/ dqg wkh fodvvl�fdwlrq ri �vfdo dqg prqhwdu| srolflhv sur0
srvhg e| +Ohhshu 4<<4,/ iru vwdelolw| xqghu ohduqlqj ri wkh udwlrqdo h{shf0
wdwlrqv htxloleuld +UHH,1 Rxu �uvw uhvxow lv wkdw wkh �vfdolvw UHH lq wkh
prgho ri +PfFdooxp 5334, lv qrw orfdoo| vwdeoh xqghu ohduqlqj1 Lq frqwudvw/
lq wkh vhwwlqj ri +Ohhshu 4<<4,/ gl�huhqw srvvlelolwlhv fdq dulvh1 Zh �qg/
lq sduwlfxodu/ wkdw wkhuh duh sdudphwhu grpdlqv iru zklfk wkh �vfdo wkhru|
vroxwlrq/ lq zklfk �vfdo yduldeohv d�hfw wkh sulfh ohyho/ fdq eh vwdeoh rxw0
frphv xqghu ohduqlqj1 Krzhyhu/ wkh ghwdlohg uhvxowv fdq lq vrph fdvhv eh
txlwh frpsolfdwhg1 Wklv lpsolhv wkdw srolf| irupxodwlrq vkrxog v|vwhpdw0
lfdoo| wdnh dffrxqw ri wkh orfdo vwdelolw| surshuwlhv/ xqghu ohduqlqj/ ri wkh
gl�huhqw UHH1

5 Wkh Prgho
Zh frqvlghu d vwrfkdvwlf rswlpl}lqj prgho wkdw lv forvh wr +Ohhshu 4<<4, dqg
+PfFdooxp 5334,1 Iru wkh edvlf prgho/ wkh qrwdwlrq dqg wkh prqhwdu| dqg
�vfdo srolf| uxohv zh iroorz Ohhshu/ exw zh xvh PfFdooxp*v pruh jhqhudo fodvv
ri xwlolw| ixqfwlrqv dqg dovr klv wlplqj lq zklfk xwlolw| ghshqgv rq ehjlqqlqj
ri shulrg prqh| edodqfhv16

Krxvhkrogv duh dvvxphg wr pd{lpl}h

4@ .|
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3�S�3j�r n �E�� j2�
3�E6r3�Z
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Khuh Sr ghqrwhv frqvxpswlrq lq shulrg r dqg 6r ' �r*�r/ zkhuh �r lv
wkh prqh| vxsso| dqg �r lv wkh sulfh ohyho dw r1 Qrwh wkdw uhdo prqh|
edodqfhv hqwhu xwlolw| dv 6r3�Z

3�
r ' E�r3�*�r3��E�r3�*�r� ' �r3�*�r1 Wkh

krxvhkrog*v exgjhw frqvwudlqw lv

Sr n6r n Kr n � r ' + n6r3�Z
3�
r n-r3�Z

3�
r Kr3�c +4,

6Wkh txhvwlrq zkhwkhu ehjlqqlqj0 ru hqg0ri0shulrg uhdo edodqfhv ohdgv wr vxewoh gl�hu0
hqfhv lq wkh prgho dqg fdq kdyh pdmru lpsolfdwlrqv/ frpsduh +Fduovwurp dqg Ixhuvw 5334,1
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zkhuh Kr ' �r*�r/ Zr ' �r*�r3� lv wkh jurvv lq dwlrq udwh dqg � r lv uhdo
oxps0vxp wd{hv1 Qrwh wkdw �r lv wkh hqg ri shulrg r qrplqdo vwrfn ri erqgv1
-r3� lv wkh jurvv qrplqdo lqwhuhvw udwh rq erqgv/ vhw dw wlph r� � exw sdlg
lq wkh ehjlqqlqj ri shulrg r1 Wkh krxvhkrog kdv d frqvwdqw hqgrzphqw + ri
frqvxphu jrrgv hdfk shulrg1

Zh dvvxph wkdw wkhuh lv d frqvwdqw  rz ri jryhuqphqw sxufkdvhv } �
f1 Dv vkrzq lq wkh dsshqgl{/ krxvhkrog rswlpdolw| dqg pdunhw fohdulqj
frqglwlrqv lpso| wkh Ilvkhu htxdwlrq

-3�| ' q.|Z
3�
|n� +5,

dqg wkh htxdwlrq iru prqh| ghpdqg/ lq shulrg |/

�q63j2
| .|Z

j23�
|n� ' E+ � }�3j�E�� q.|Z

3�
|n��� +6,

Lq dgglwlrq/ wkh htxloleulxp pxvw vdwlvi| wkh wudqvyhuvdolw| frqglwlrqv

*�4
|<"

q|6|n� ' f dqg *�4
|<"

q|K|n� ' f� +7,

Wkh vshfl�fdwlrq ri wkh prgho lv frpsohwhg e| jlylqj wkh jryhuqphqw
exgjhw frqvwudlqw dqg srolf| uxohv1 Wkh jryhuqphqw exgjhw frqvwudlqw/ zulw0
whq lq uhdo whupv/ lv

K| n6| n � | ' } n6|3�Z
3�
| n-|3�Z

3�
| K|3�� +8,

Iru �vfdo srolf| zh xvh Ohhshu*v wd{ udwh uxoh

� | ' �f n �K|3� n �|� +9,

Prqhwdu| srolf| lv jlyhq hlwkhu e| Ohhshu*v lqwhuhvw udwh uxoh

-| ' kf n kZ| n w|c +:,

ru e| d vlpsoh �{hg prqh| vxsso| uxoh

�| ' � n w|c +;,

dv lq +Vlpv 4<<<, ru +PfFdooxp 5334,1 Khuh �| dqg w| duh h{rjhqrxv udqgrp
vkrfnv/ zklfk iru vlpsolflw| duh wr eh ��_ zlwk phdq }hur1 +Zh zloo odwhu
eulh | wdnh xs wkh fdvh zkhuh wkh vkrfn duh T �-E��1,
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Lq wkh whuplqrorj| ri +Ohhshu 4<<4,/ �vfdo srolf| lv �dfwlyh� li
��q3� � �

�� :
� dqg �sdvvlyh� li

��q3� � �
�� 	 �/ zkloh prqhwdu| srolf| lv dfwlyh li xqghu +:,

mkqm : � dqg sdvvlyh li mkqm 	 �1 Dv qrwhg e| +Vlpv 4<<<,/ lw lv dovr qdwxudo wr
uhihu wr prqhwdu| srolf| dv dfwlyh li wkh srolf| uxoh +;, lv iroorzhg lq sodfh ri
+:,1 Zh zdqw wr frqvlghu wkh udwlrqdo h{shfwdwlrqv vroxwlrqv xqghu gl�huhqw
srolf| uhjlphv dqg wkhq wr dqdo|}h wkhlu vwdelolw| xqghu ohduqlqj1 Ohhshu
hpskdvl}hg wkh fdvhv ri DP2SI +dfwlyh prqhwdu|2sdvvlyh �vfdo srolf|, dqg
DI2SP +dfwlyh �vfdo2sdvvlyh prqhwdu| srolf|, lq zklfk/ dv glvfxvvhg ehorz/
wkhuh lv d xqltxh vwdwlrqdu| vroxwlrq1 Zh zloo eh sduwlfxoduo| lqwhuhvwhg lq
wkhvh fdvhv/ exw zloo dovr frqvlghu h{sorvlyh uhjlphv ri wkh prgho dqg uhjlphv
zlwk lqghwhuplqdf|/ l1h1 zlwk pxowlsoh vwdwlrqdu| vroxwlrqv1

6 Exeeohv dqg wkh Ilvfdo Wkhru| ri Sulfhv
Zh ehjlq rxu dqdo|vlv zlwk frqvlghudwlrq ri d surplqhqw fdvh ri wkh �vfdo
wkhru| ri sulfhv lq zklfk wkh sulfh ohyho sdwk lv hqwluho| ghwhuplqhg e| �vfdo
srolf| dqg grhv qrw ghshqg rq prqhwdu| srolf|/ h1j1 vhh +Vlpv 4<<<, ru
+PfFdooxp 5334,1 Lq wklv vhfwlrq zh xvh d qrqvwrfkdvwlf yhuvlrq ri wkh
prgho lq zklfk �| � f dqg w| � f1 Prqhwdu| srolf| lv jlyhq e| +;, dqg �vfdo
srolf| lv jlyhq e| +9, zlwk � ' f1 Wkxv srolf| uhgxfhv wr

� | ' � dqg �| ' � /

zklfk lv d vshfldo fdvh lq zklfk erwk prqhwdu| dqg �vfdo srolf| duh dfwlyh1
Zlwk d qrqvwrfkdvwlf prgho lw lv qdwxudo wr dvvxph srlqw h{shfwdwlrqv/

vr wkdw +6, ehfrphv

6| ' E�q��*j2E+ � }�j�*j2dE�� q*Ze|n��EZ
e
|n��

�3j2o3�*j2�

Zlwk frqvwdqw qrplqdo prqh| vwrfn zh fdq zulwh

�| ' �E�q�3�*j2E+ � }�3j�*j2EZe|n��
E�3j2�*j2d�� qEZe|n��

3�o�*j2

ru

�| ' 	(EZe|n��
E�3j2�*j2d�� qEZe|n��

3�o�*j2c +<,

zkhuh 	( � �E�q�3�*j2E+ � }�3j�*j21
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Frqvlghu �uvw wkh shuihfw iruhvljkw vroxwlrqv1 Xqghu shuihfw iruhvljkw zh
kdyh -3�| ' qZ3�|n�1 Zlwk d frqvwdqw prqh| vxsso| wkh erqg htxdwlrq +8,
uhgxfhv wr

K| ' } � � | n q3�K|3��

Zlwk � | ' � wklv htxdwlrq lv h{sorvlyh dqg zloo ylrodwh wkh wudqvyhuvdolw|
frqglwlrqv xqohvv K� ' ��*�� ' E� � }�*Eq3� � ��1 Zlwk �� jlyhq e| dq
lqlwldo frqglwlrq wklv htxdwlrq xqltxho| ghwhuplqhv/ xqghu shuihfw iruhvljkw/
wkh lqlwldo sulfh ohyho ��1 Xqghu shuihfw iruhvljkw wkh sulfh htxdwlrq +<,
ehfrphv

�| ' 	(E�|n�*�|�
E�3j2�*j2d�� qE�|n�*�|�

3�o�*j2� +43,

Wklv htxdwlrq kdv d vwhdg| vwdwh dw 	� ' 	(E� � q��*j2c exw lv h{sorvlyh
dqg zloo glyhujh xqohvv �� kdsshqv wr eh vxfk wkdw �� ' 	� 1 Krzhyhu/ iru
f 	 j2 	 � dqg lqlwldo �� : 	� zh rewdlq dq h{sorvlyh sulfh sdwk �| $ 4 wkdw
lv frqvlvwhqw zlwk wkh wudqvyhuvdolw| frqglwlrqv dqg wkh htxloleulxp htxdwlrqv1
Lq wklv ��vfdolvw� htxloleulxp/ wkh lqlwldo sulfh ohyho �� ' ��Eq

3����*E� �}�
lv ghwhuplqhg e| �vfdo yduldeohv dqg �| iroorzv dq h{sorvlyh sulfh sdwk ghvslwh
d frqvwdqw prqh| vwrfn1

PfFdooxp dujxhv wkdw wklv vroxwlrq lv ohvv sodxvleoh wkdq dq dowhuqdwlyh
cexeeoh0iuhh* prqhwdulvw vroxwlrq �| ' 	� dqg K|n� ' f iru doo | ' �c 2c �c � � � c
lq zklfk +zlwk rxu wlplqj, wkh ohyho ri uhdo wd{hv � | dgmxvwv wr vdwlvi| � � '
}nq3�K� dqg � | ' } iru | ' 2c �c � � � 1 Rqh zd| wr lqwhusuhw PfFdooxp*v ylhz/
dv kh dfnqrzohgjhv/ lv dv dq dujxphqw wkdw �vfdo srolf| pxvw eh cUlfdugldq*
iru doo ihdvleoh vhtxhqfhv +qrw mxvw iru htxloleulxp vhtxhqfhv,17

614 Ilvfdolvw Fdvh Xqghu Ohduqlqj

Zh qrz wdnh d gl�huhqw wdfn/ zklfk qrqhwkhohvv frphv wr wkh vdph frqfoxvlrq
dv +PfFdooxp 5334,/ l1h1 wkdw wkh �vfdolvw vroxwlrq lv qrw sodxvleoh lq wkh
fdvh xqghu vfuxwlq|1 Zh vxssrvh wkdw wkh jryhuqphqw fdq lqghhg frpplw wr
� | ' � iru doo | ' �c 2c �c � � � c vr wkdw wkh rqo| htxloleulxp shuihfw iruhvljkw
sulfh sdwk lv wkh h{sorvlyh sdwk jlyhq deryh1 Krzhyhu/ zh gurs wkh shuihfw
iruhvljkw dvvxpswlrq dqg dvn li wkh sulfh sdwk lv ohduqdeoh xqghu d qdwxudo
dgdswlyh ohduqlqj uxoh1

7Iru d uhodwhg dujxphqw vhh +Exlwhu 4<<<,1
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Zh �uvw qrwh wkdw lw iroorzv iurp +43, wkdw �| $ 4 lpsolhv wkdw Z|n� $ 4
dorqj wkh shuihfw iruhvljkw sdwk18 Lw iroorzv wkdw wkh shuihfw iruhvljkw sulfh
sdwk lq wklv fdvh lv dssur{lpdwho| jlyhq e|

�|n� ' 7(�
�*E�3j2�
| / zkhuh 7( ' 	(3j2*E�3j2�1

Iurp +<, zh dovr kdyh wkdw wkh dssur{lpdwh whpsrudu| htxloleulxp iru odujh
Ze|n� lv jlyhq e|

�| ' 	(EZe|n��
E�3j2�*j2 +44,

Wkxv dv|pswrwlfdoo|/ rq exeeoh sdwkv/ sulfhv mxvw ghshqg rq h{shfwhg lq d0
wlrq lqghshqghqwo| ri wkh uhvw ri wkh v|vwhp1

Zh qrz jlyh dq dujxphqw wkdw wkhvh sdwkv duh qrw vwdeoh xqghu ohduq0
lqj1 Zh xvh wkh �qglqj lq wkh olwhudwxuh rq dgdswlyh ohduqlqj/ vhh +Hydqv
dqg Krqndsrkmd 5334,/ wkdw vwdelolw| xqghu dgdswlyh ohduqlqj lv jhqhudoo|
ghwhuplqhg e| �h{shfwdwlrqdo vwdelolw|� +H0vwdelolw|, frqglwlrqv1 Vxssrvh
krxvhkrogv edvh wkhlu iruhfdvwv rq d Shufhlyhg Odz ri Prwlrq +SOP, ri wkh
irup

�| ' (� �
|3�� +45,

+Zh frxog uhvwulfw dwwhqwlrq wr � ' j2*E� � j2� exw lw lv dovr hdv| wr wuhdw
erwk ( dqg � dv SOP sdudphwhuv,1 Wkhq

� e
| ' (� �

|3� dqg � e
|n� ' ( E� e

| �
� ' (�n�� �2

|3�

vr wkdw

Ze|n� ' � e
|n�*�

e
| ' (�� �E�3��

|3� � +46,

Zh duh khuh wuhdwlqj wkh lqirupdwlrq vhw dw wkh wlph h{shfwdwlrqv duh iruphg
dv lqfoxglqj �|3� exw qrw �|1 +Krzhyhu/ lqfoxglqj fxuuhqw �| lq wkh lqirupd0
wlrq vhw zrxog qrw pdnh wkh sulfh exeeoh sdwkv vwdeoh,1

Lqvhuwlqj lqwr +44, jlyhv wkh Dfwxdo Odz ri Prwlrq +DOP, wkdw lv jhqhu0
dwhg e| wkh vshfl�hg SOP=

�| ' 	(E(��
�E�3��
|3� �E�3j2�*j2 ' 	((�E�3j2�*j2�

�E�3j2�*j2E�3��
|3� �

8Li lqvwhdg zh kdg Sw $ 4 dqg Sw.4@Sw $ a� zkhuh 3 ? a� ? 4/ wkh uljkw0kdqg
vlgh ri +43, zrxog whqg wr d �qlwh ydoxh1 Wklv lv d frqwudglfwlrq1 +Li a� @ 3/ wkhuh zrxog
eh gh dwlrq l1h1 Sw.4 ? Sw iru vx!flhqwo| odujh w/ zklfk zrxog ylrodwh wkh dvvxpswlrq
Sw $ 41,

:



Wklv htxdwlrq gh�qhv d pdsslqj iurp wkh SOP sdudphwhuv E(c �� wr wkh
lpsolhg DOP sdudphwhuv/ jlyhq e|

A E(c �� ' E 	((�E�3j2�*j2c �E�� ��E�� j2�*j2��

H0vwdelolw| lv gh�qhg lq whupv ri wkh vwdelolw| ri wkh gl�huhqwldo htxdwlrq

_*_�E(c �� ' A E(c��� E(c��

dw wkh htxloleulxp ri lqwhuhvw1
Wkh exeeoh �{hg srlqw lv jlyhq e| 7� ' E� � j2�

3� dqg 7(1 Wkh urrwv
ri (A duh E2� � ��E� � j2�*j2 dqg �EE� � j2�*j2� 	((�E�3j2�*j23�1 Dw wkh
exeeoh vroxwlrq wkhvh urrwv duh �n�*j2 dqg �*j21 Vlqfh erwk urrwv duh odujhu
wkdq rqh lw iroorzv wkdw wkh exeeoh vroxwlrq lv qrw H0vwdeoh1 Qrwh wkdw li zh
lpsrvh � ' E�� j2�

3� dqg mxvw h{dplqh H0vwdelolw| ri 7( zh rewdlq wkh urrw
A �E 7(� ' �*j2 : � vr wkdw wkh exeeoh lv H0xqvwdeoh19

Zh uhpdun wkdw rxu vwdelolw| dqdo|vlv kdv ehhq frqgxfwhg xvlqj qdwxudo
exw vlpsoh uxohv iru ghflvlrq0pdnlqj dqg ohduqlqj1 Lq sduwlfxodu wkh whpsr0
udu| htxloleulxp htxdwlrqv vshfli| wkdw krxvhkrog ghpdqg iru uhdo edodqfhv/
dqg wkxv wkh whpsrudu| htxloleulxp sulfh ohyho/ ghshqg rqo| rq wkh h{shfwhg
udwh ri lq dwlrq ryhu wkh frplqj shulrg1 Pruh hoderudwh ghflvlrq +dqg ohduq0
lqj, uxohv fdq eh lpdjlqhg lq zklfk krxvhkrogv fkrrvh wkhlu prqh| ghpdqgv
edvhg rq d iruhfdvw ri wkh zkroh ixwxuh sulfh sdwk1: Krzhyhu/ rxu ghflvlrq
uxoh lv qdwxudo ehfdxvh lw hqvxuhv wkdw wkh krxvhkrog dwwhpswv hdfk shulrg
wr phhw lwv �uvw0rughu frqglwlrq iru pd{lpl}lqj xwlolw|/ jlyhq e| wkh xvxdo
Hxohu htxdwlrq1 Rxu lqvwdelolw| uhvxowv lqglfdwh d odfn ri urexvwqhvv ri wkh
shuihfw iruhvljkw sulfh sdwk/ wr vpdoo ghyldwlrqv/ xqghu vlpsoh ohduqlqj uxohv
ri d w|sh wkdw duh nqrzq wr |lhog vwdelolw| lq rwkhu frqwh{wv/ dqg frqwudvwv
zlwk fdvhv ehorz lq zklfk wkhvh ohduqlqj uxohv frqyhujh1

9Wkhuh lv dovr d �{hg srlqw ri W dw ! @ 3 dqg T @ aG= Wkh urrwv dw wklv �prqhwdu|
vwhdg| vwdwh� wr wkh dssur{lpdwh prgho duh �+4 � �5,@�5 dqg 3/ dqg vr wklv vroxwlrq lv
H0vwdeoh1 Krzhyhu/ dw wkh prqhwdu| vwhdg| vwdwh wkh dssur{lpdwlrq edvhg rq odujh �h

w.4

lv xqvdwlvidfwru| dqg d pruh uh�qhg dqdo|vlv edvhg rq wkh hqwluh v|vwhp zrxog eh qhhghg1
Lq wkh vxffhglqj vhfwlrqv zh irfxv rq vwdwlrqdu| vroxwlrqv +iru prqhwdu| srolflhv iroorzlqj
lqwhuhvw udwh uxohv,1

:Iru h{dpsoh/ +Zrrgirug 5334, frqvlghuv dq dqdo|vlv dorqj wkhvh olqhv/ gudzlqj rq wkh
fdofxodwlrq htxloleulxp dssurdfk ri +Hydqv dqg Udph| 4<<;,1

;



615 Prqhwdulvw Vroxwlrq xqghu Ohduqlqj

Zh qrz frqvlghu ohduqlqj vwdelolw| ri wkh prqhwdulvw vroxwlrq vxjjhvwhg e|
+PfFdooxp 5334,/ zklfk dulvhv zkhq prqh| vxsso| lv frqvwdqw dqg wkh jry0
huqphqw sd|v r� wkh ghew lpphgldwho|/ qhyhu uhvruwlqj wr erqg �qdqfh wkhuh0
diwhu1 Fohduo|/ wklv lv dq h{wuhph irup ri �Ulfdugldq� srolflhv1; Lq frqvh0
txhqfh/ wkhuh duh qr erqgv lq wkh hfrqrp| dqg wkh rqo| htxdwlrq ri lqwhuhvw
lv +<,1

Zh qrz dqdo|}h ohduqlqj iroorzlqj wkh surfhgxuh deryh1 Wkh vroxwlrq ri
lqwhuhvw lv wkh vwhdg| vwdwh

7� ' 	(E�� q��*j2 zlwk Z| ' ��

Zh qrz orj0olqhdul}h +<,/ zklfk |lhogv wkh dssur{lpdwlrq

*?�| ' *? 7� n

�
�� j2
j2

n
q

j2
E�� q�3�

�
*?EZe|n��

ru

�| ' 7� EZe|n��
uc +47,

zkhuh u ' �3j2
j2

n q
j2
E�� q�3�1

Djdlq zh frqvlghu SOPv ri wkh irup +45,/ vr wkdw lq dwlrq h{shfwdwlrqv
duh jlyhq e| +46,1 Lqvhuwlqj wkhvh lqwr +47, ohdgv wr wkh DOP

�| ' 7�(u��
u�E�3��
|3� �

Wkh pdsslqj iurp wkh SOP wr wkh DOP lv wkxv

A E(c �� ' E 7�(u�c u�E�� ����

Wkh prqhwdulvw vwhdg| vwdwh lv wkh �{hg srlqw ( ' 7� / � ' f1 Dsso|lqj
wkh gh�qlwlrq ri H0vwdelolw| dv ehiruh/ lw lv hdvlo| yhul�hg wkdw wkh prqhwdulvw
vroxwlrq lv vwdeoh xqghu ohduqlqj1

;Xqghu wkh shuihfw iruhvljkw prqhwdulvw vroxwlrq wkhuh lv qr vhljqrudjh vlqfh �w @ 4 dqg
� w @ j iru doo w1 Xqghu ohduqlqj oxps vxp wd{hv dgmxvw hdfk shulrg wr r�vhw vhljqrudjh1

<



616 Glvfxvvlrq

Wkh uhvxowv ri wklv vhfwlrq wkhuhiruh fdvw grxew xsrq wkh sodxvlelolw| ri wkh
�vfdo wkhru| ri wkh sulfh ohyho iru wkh vshfldo fdvh ri frqvwdqw prqh| dqg wd{hv1
Li wkh jryhuqphqw iroorzv Qrq0Ulfdugldq srolflhv dqg wkh prqh| vxsso| lv
khog �{hg/ wkh rqo| UHH lv wkh h{sorvlyh exeeoh sdwk/ exw wkh htxloleulxp
lv qrw vwdeoh xqghu ohduqlqj1 Wkh hfrqrp| xqghu wkh vshfl�hg ohduqlqj uxoh
pd| lqghhg iroorz vrph h{sorvlyh sdwk iru d shulrg ri wlph/ exw wklv sdwk
zloo qrw frqyhujh wr wkh �vfdolvw vroxwlrq1

Krzhyhu/ wkhuh duh rwkhu srolf| uhjlphv lq zklfk wkh �vfdo wkhru| ri
wkh sulfh ohyho kdv ehhq sursrvhg dv wkh uhohydqw vroxwlrq1 Lq sduwlfxodu/
+Ohhshu 4<<4, vwxglhg vlwxdwlrq lq zklfk wkh lq dwlrq udwh lv d�hfwhg e|
jryhuqphqw wd{ dqg erqg yduldeohv exw zlwk �qlwh vwhdg| vwdwh lq dwlrq1 Zh
qrz wxuq wr dq dqdo|vlv ri ohduqlqj xqghu srolf| uxohv +9, dqg +:, edvhg rq
d olqhdul}dwlrq durxqg wkh vwhdg| vwdwh1 Zh zloo eh sduwlfxoduo| lqwhuhvwhg
lq wkh srolf| uhjlphv lq zklfk wkh lqwhudfwlrq ri prqhwdu| dqg �vfdo srolf|
uxohv ohdgv wr d xqltxh vwdwlrqdu| vroxwlrq xqghu udwlrqdo h{shfwdwlrqv/ exw
zh zloo dovr frqvlghu rwkhu srolf| uhjlphv1

7 Olqhdul}hg Prgho zlwk Vwrfkdvwlf Vkrfnv
Zh wkxv uhwxuq wr prqhwdu| srolf| iroorzlqj dq lqwhuhvw udwh uxoh/ zlwk wkh
v|vwhp vshfl�hg e| +6, dqg +8, dqg wkh srolf| uxohv jlyhq e| +9, dqg +:,1
Wklv v|vwhp lv qrqolqhdu/ exw lq d qhljkerukrrg ri wkh vwhdg| vwdwh/ zh fdq
dqdo|}h lwv olqhdul}dwlrq1 Lq wkh Dsshqgl{ lw lv vkrzq wkdw wkh olqhdul}hg
v|vwhp wdnhv wkh irup

Z| ' Ekq�3�.W

| Z|n� � k3�w| +48,

f ' K| n )�Z| n )2Z|3� � Eq3� � ��K|3� n �| n )�w| n )ew|3�c +49,

zkhuh .W

| Z|n� ghqrwhv lq dwlrq h{shfwdwlrqv iruphg dw |1 Wkh qrwdwlrq
.W

| Z|n� lv xvhg wr hpskdvl}h wkdw wkh uhgxfhg irup +48,0+49, dssolhv zkhwkhu
ru qrw h{shfwdwlrqv duh udwlrqdo1 Wkh frh!flhqwv )�c � � � c )e duh jlyhq lq wkh
Dsshqgl{1< Iurp qrz rq zh pdnh wkh dvvxpswlrqv k 9' f/ kq 9' �/ �q 9' �
dqg q3� � � 9' �1

<Wkhvh uhgxfhg irup htxdwlrqv duh lghqwlfdo wr wkh uhgxfhg irup jlyhq e| Ohhshu/ exw
zlwk frh!flhqwv wkdw gl�hu voljkwo| gxh wr gl�huhqfhv lq wlplqj dqg wkh pruh jhqhudo xwlolw|
ixqfwlrq xvhg khuh1 Vhh +Ohhshu 4<<4,/ s1 4691
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Lq wkh Dsshqgl{ lw lv vkrzq wkdw wkh uhjxodu fdvh/ lq zklfk wkhuh lv d
xqltxh vwdwlrqdu| UH vroxwlrq/ dulvhv zkhq hlwkhu mkqm : � dqg

��q3� � �
�� 	 �c

l1h1 dfwlyh prqhwdu| srolf| dqg sdvvlyh �vfdo srolf| +DP2SI,/ ru mkqm 	 �
dqg

��q3� � �
�� : �c l1h1 dfwlyh �vfdo srolf| dqg sdvvlyh prqhwdu| srolf|

+DI2SP,1 Hlwkhu frqglwlrq mkqm 	 � ru
��q3� � �

�� 	 � ohdgv wr d olqhdu
uhvwulfwlrq ri wkh irup

Z| ' g�K| ng2w| +4:,

zkhq qrq0h{sorvlyhqhvv ri wkh vroxwlrq lv lpsrvhg1 Wklv htxdwlrq wrjhwkhu
zlwk +49, gh�qhv wkh xqltxh vwdwlrqdu| vroxwlrq lq wkh uhjxodu fdvh1

Lq wkh DP2SI uhjlph zh rewdlq g� ' f dqg g2 ' �k3�/ vr wkdw

Z| ' �k3�w|�

Zh zloo uhihu wr wklv vroxwlrq dv wkh �prqhwdulvw vroxwlrq�/ vlqfh Z| lv lqgh0
shqghqw ri erwk K|3� dqg wkh wd{ vkrfn �|1 Lq wkh DI2SP1 Lq wkh DI2SP
uhjlph zh rewdlq wkh h{suhvvlrq

Z| '
kq)� n )2

q3� � � � kq
K| ng2w|� +4;,

Vxevwlwxwlqj iru Z|3� lq +49, lw fdq eh vhhq wkdw lq dwlrq qrz ghshqgv rq
K|3� dqg �|1 Zh wkhuhiruh uhihu wr wklv UHH dv wkh ��vfdolvw vroxwlrq1�

Ehvlghv wkh uhjxodu fdvhv/ wkhuh duh wzr rwkhu uhjlphv srvvleoh/ ghshqglqj
rq srolf| sdudphwhuv1 Li mkqm 	 � dqg

��q3� � �
�� 	 �/ vr wkdw erwk srolflhv duh

sdvvlyh/ wkh prgho lv �luuhjxodu� ru �lqghwhuplqdwh/� zlwk pxowlsoh vwdwlrqdu|
vroxwlrqv1 Li mkqm : � dqg

��q3� � �
�� : �/ vr wkdw erwk srolflhv duh dfwlyh/

wkh prgho lv vdlg wr eh �h{sorvlyh/� dqg wkhuh duh qr vwdwlrqdu| vroxwlrqv1
Dv zloo eh vhhq erwk prqhwdulvw dqg �vfdolvw vroxwlrqv dozd|v h{lvw/ exw qhhg
qrw eh vwdwlrqdu|1 Wkh gl�huhqw uhjlphv duh vkrzq li Iljxuh 41

Fohduo|/ wkh vroxwlrqv fdq dovr eh zulwwhq lq d yhfwru dxwruhjuhvvlyh irup/
dqg wklv lv pruh frqyhqlhqw iru wkh dqdo|vlv ri ohduqlqj zklfk zh qrz xq0
ghuwdnh1 Djdlq zh zloo irfxv rq H0vwdelolw| frqglwlrqv1 Vlqfh zh duh qrz
h{dplqlqj vwdwlrqdu| vroxwlrqv wr d olqhdul}hg pxowlyduldwh prgho/ wkh uhvxowv
ri Fkdswhu 43 ri +Hydqv dqg Krqndsrkmd 5334, vkrz wkdw H0vwdelolw| frqgl0
wlrqv jryhuq wkh frqyhujhqfh ri ohdvw vtxduhv dqg uhodwhg uhdo0wlph ohduqlqj
vfkhphv1
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714 UHH dv Il{hg Srlqwv

Lqwurgxflqj wkh qrwdwlrq +| ' EZ|c K|�
�/ wkh olqhdul}hg prgho +48,0+49, fdq eh

zulwwhq lq wkh yhfwru irup

+| ' �.W

| +|n� n�+|3� n ��| n-�|3�c +4<,

zkhuh

� '

�
Ekq�3� f

�)�Ekq�
3� f

�
/ � '

�
f f

�)2 q3� � �

�
c

� '

� �k3� f
)�k

3� � )� ��

�
/ - '

�
f f

�)e f

�
/ �| '

�
w|
�|

�
�

Zh frqvlghu SOPv ri wkh irup

+| ' �n�+|3� n ��| n(�|3�1 +53,
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Wkhvh SOPv h{foxgh h{rjhqrxv vxqvsrw yduldeohv e| dvvxpswlrq +zh zloo
eulh | frqvlghu vxfk vroxwlrqv ehorz,1 Frpsxwlqj wkh h{shfwdwlrq43

.W

| +|n� ' �n�E� n�+|3� n ��| n(�|3�� n(�|

' EU n���n�2+|3� n E�� n(��| n�(�|3�

dqg lqvhuwlqj lqwr +4<, zh rewdlq wkh lpsolhg DOP

+| ' �EU n���n E��2 n��+|3�

nE�E�� n(� n � ��| n E��( n-��|3��

Wkxv wkh pdsslqj iurp wkh SOP wr wkh DOP lv

� �$ �EU n���

� �$ ��2 n�

� �$ ��� n�( n �

( �$ ��( n-

dqg wkh �{hg srlqwv ri wklv pdsslqj fruuhvsrqg wr UHH ri wkh irup +53,1
Wkh vhfrqg frpsrqhqw ri wkh pdsslqj fdq kdyh pruh wkdq rqh vroxwlrq1

Jlyhq dq| vroxwlrq iru � wkh �uvw frpsrqhqw jlyhv wkh xqltxh vroxwlrq iru
� ' f/ surylghg U � �EU n �� lv qrqvlqjxodu1 Vlploduo|/ iru jlyhq � wkh
wklug dqg irxuwk frpsrqhqwv ri wkh pdsslqj duh olqhdu htxdwlrqv iru � dqg
(1 Ehfdxvh ri wkh irup ri � dqg � zh kdyh wkh uhvxow=

Sursrvlwlrq 4 Wkhuh duh wkuhh w|shv ri UHH wdnlqj wkh irup +53, dv olvwhg
ehorz1

L1 � ' � / � ' � dqg ( ' - zlwk � ' f1 Wklv lv wkh �prqhwdulvw
vroxwlrq1�

LL1 � ' �3�
� �Eq� n kq2 � ��)2 �q3�Eq� � ��Eq� n kq2 � ��

q)2Ekq)� n )2� Eq� � ��Ekq)� n )2�

�
/

zkhuh � ' Eq� � ��)� � q)2/ � ' f dqg � dqg ( dovr xqltxho|
ghwhuplqhg e| wkh �{hg srlqw144 Lw fdq eh yhul�hg wkdw wklv lv d zd|

43Zh pdnh wkh frpprqo| hpsor|hg dvvxpswlrq wkdw wkh djhqwv revhuyh wkh fxuuhqw
ydoxhv ri wkh h{rjhqrxv yduldeohv/ exw rqo| wkh odjjhg ydoxhv ri wkh hqgrjhqrxv yduldeohv
zkhq wkh| frpsxwh iruhfdvwv iurp wkh SOP1

44H{solflw irupxodv iru F dqg G duh dydlodeoh rq uhtxhvw1 Wklv dvvxphv " 9@ 31
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ri uhsuhvhqwlqj wkh ��vfdolvw vroxwlrq1� Dowkrxjk wklv pd| dsshdu wr
eh d frpsolfdwhg uhsuhvhqwdwlrq/ lw fdq eh yhul�hg wkdw wkh hljhqydoxhv
ri � duh f dqg kq1 Wkh }hur hljhqydoxh fruuhvsrqgv wr wkh vwdwlf
olqhdu uhodwlrqvkls +4;, ehwzhhq Z| dqg K|/ zklfk fdq eh xvhg wr rewdlq
dowhuqdwlyh uhsuhvhqwdwlrqv ri wkh UHH1

LLL1 � '

�
kq f

�E)�kq n )2� q3� � �

�
/ � ' f1 Iru � dqg ( wkh vroxwlrq

lv qrw xqltxh1 Iru ( wkhuh lv d wzr0glphqvlrqdo frqwlqxxp dqg/ jlyhq
d ydoxh iru (/ wkh htxdwlrq iru � dovr |lhogv d wzr0glphqvlrqdo frq0
wlqxxp1 Zh fdoo wklv fodvv ri vroxwlrqv wkh qrq0ixqgdphqwdo vroxwlrqv/
ehfdxvh ri wkh lqghwhuplqdf| lq wkh � dqg ( frh!flhqwv1 Zh uhpdun
wkdw wklv vroxwlrq vhw fdq eh h{sdqghg wr doorz iru ghshqghqfh rq dq
h{rjhqrxv vxqvsrw yduldeoh1

Lq wkh fdvh ri DP2SI srolf|/ wkh prqhwdulvw vroxwlrq lv vwdwlrqdu|/ zkloh
wkh �vfdolvw vroxwlrq dqg qrq0ixqgdphqwdo vroxwlrqv duh h{sorvlyh1 Lq frq0
wudvw/ lq wkh fdvh ri DI2SP srolf|/ wkh �vfdolvw vroxwlrq lv vwdwlrqdu| zkloh
wkh prqhwdulvw vroxwlrq dqg qrq0ixqgdphqwdo vroxwlrqv duh h{sorvlyh1 Lq wkh
fdvh ri SP2SI srolf| doo wkh UHH duh vwdwlrqdu|1 Zh qrz wxuq wr dq h{dp0
lqdwlrq ri zkhwkhu wkhvh vroxwlrqv duh vwdeoh xqghu ohduqlqj1

715 Vwdelolw| xqghu Ohduqlqj

Ohw 1 ' E�c�c�c(� ghqrwh wkh sdudphwhuv ri wkh SOP dqg ohw A E1� ghqrwh
wkh fruuhvsrqglqj ydoxhv ri wkh DOP jlyhq e| wkh deryh pdsslqj1 Wkh
wkuhh w|shv ri UH vroxwlrqv deryh fruuhvsrqg wr �{hg srlqwv ri wklv pds1
Orfdo vwdelolw| xqghu Ohdvw Vtxduhv ohduqlqj lv ghwhuplqhg e| H0vwdelolw|
frqglwlrqv/ gh�qhg dv wkh frqglwlrqv iru orfdo dv|pswrwlf vwdelolw|/ xqghu wkh
qrwlrqdo wlph gl�huhqwldo htxdwlrq

_1*_� ' A E1�� 1c +54,

ri wkh UH vroxwlrq ri lqwhuhvw1
Iru wkh irupdo dqdo|vlv zh qrwh wkdw wkh � frpsrqhqw lv wklv gl�huhqwldo

htxdwlrq lv qrqolqhdu/ exw orfdo vwdelolw| lv ghwhuplqhg e| lwv olqhdul}dwlrq dw
wkh �{hg srlqw ri lqwhuhvw1 Wkh �/ � dqg ( frpsrqhqwv duh pdwul{0ydoxhg
dqg qhhg wr eh yhfwrul}hg1 Pruhryhu/ lw lv vhhq wkdw wkh � frpsrqhqw ri
+54, lv dq lqghshqghqw vxev|vwhp/ wkh � dqg ( vxev|vwhpv/ uhvshfwlyho|/
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ghshqg rq � dqg wkh � vxev|vwhp ghshqgv rq erwk � dqg (1 Wkh vwdelolw|
frqglwlrqv iru +54, fdq eh jlyhq lq whupv ri wkh iroorzlqj pdwulfhv45

(A� ' �EU n 7��c

(A� ' 7� � 
� n U 
� 7�c

(A� ' U 
� 7�c

(A( ' U 
� 7�c

zkhuh 7� ghqrwhv wkh ydoxh ri � dw wkh UHH ri lqwhuhvw1
Wkh H0vwdelolw| frqglwlrq iru UHH ri w|sh L dqg LL lv wkdw wkh uhdo sduwv

ri doo hljhqydoxhv ri doo irxu pdwulfhv (A�/ � ' �c�c�c(/ duh ohvv wkdq rqh1
Iru wkh fodvv ri qrq0ixqgdphqwdo vroxwlrqv LLL wkh pdwulfhv (A� dqg (A(
zloo kdyh vrph hljhqydoxhv htxdo wr rqh/ gxh wr wkh frqwlqxxp ri vroxwlrqv1
D qhfhvvdu| frqglwlrq iru H0vwdelolw| lv wkdw wkh qrq0}hur hljhqydoxhv ri wkh
irxu pdwulfhv kdyh uhdo sduwv ohvv wkdq rqh1

Zh qrz surylgh wkh h{solflw H0vwdelolw| uhvxowv iru wkh wkuhh w|shv ri UHH/
diwhu zklfk zh glvfxvv wkh hfrqrplf lpsolfdwlrqv1

L1 Wkh Prqhwdulvw Vroxwlrq= Wkh hljhqydoxhv ri (A� duh f dqg Ekq�3�1
Wkh qrq0}hur hljhqydoxh ri (A� lv q3�3�

kq
1 Doo hljhqydoxhv ri (A� dqg

(A( duh }hur1 Wklv |lhogv wkh H0vwdelolw| frqglwlrqv

Ekq�3� 	 � dqg
q3� � �

kq
	 �1

LL1 Wkh Ilvfdolvw Vroxwlrq= Wkh qrq0}hur hljhqydoxhv ri(A�/ � ' �c�c�c(/
duh � n �n�3q3�

kq
/ � n �3q3�

kq
dqg 2 n �3q3�

kq
1 Wklv |lhogv wkh H0vwdelolw|

frqglwlrqv

q3� � �

kq
: � dqg

� n �� q3�

kq
	 f1

Dowkrxjk wkh pdwul{ 7� ghshqgv rq )� dqg )2 wkh hljhqydoxhv ri (A�/
� ' �c�c�c(/ duh lq idfw lqghshqghqw ri )� dqg )2/ dv fdq eh yhul�hg
xvlqj h1j1 Pdwkhpdwlfd +urxwlqhv dydlodeoh rq uhtxhvw,1

LLL1 Wkh Qrq0Ixqgdphqwdo vroxwlrqv duh qrw H0vwdeoh/ vlqfh (A� kdv dq
hljhqydoxh htxdo wr 21

45Iru ghwdlov rq wkh whfkqltxh/ vhh Fkdswhu 43 ri +Hydqv dqg Krqndsrkmd 5334,1
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Iljxuh 5=

716 Hfrqrplf Lpsolfdwlrqv

Orrnlqj dw wkh hfrqrplf prgho/ lw lv hylghqw wkdw wkh prvw qdwxudo srolf|
uxohv hqwdlo wkh sdudphwhu uhvwulfwlrqv k : f dqg � � f1 k : f phdqv wkdw
wkh qrplqdo lqwhuhvw udwh uhvsrqgv srvlwlyho| wr fxuuhqw lq dwlrq dqg � : f
phdqv wkdw wkh oxps0vxp wd{ uhvsrqgv srvlwlyho| wr ehjlqqlqj0ri0shulrg ghew
K|3�1 Lq wkh fdvh � ' f wd{hv duh vhw lqghshqghqwo| ri wkh ghew ohyho1 Uhdolvwlf
ydoxhv ri � zrxog dovr dsshdu wr eh ehorz q3�/ vlqfh � : q3� lpsolhv wkdw/ dw
wkh qrq0vwrfkdvwlf vwhdg| vwdwh/ dq| vkrfn wr ghew ohyhov zrxog ohdg wr d wd{
lqfuhdvh wkdw zrxog pruh wkdq sd| r� wkh ghew/ lqfoxglqj lqwhuhvw/ zlwklq
rqh shulrg1 Zh wkhuhiruh irfxv rq wkh uhjlrq ri wkh srolf| sdudphwhu vsdfh/
iroorzhg e| d eulhi glvfxvvlrq ri wkh rwkhu fdvhv1

Iljxuh 5 vkrzv wkh uhvxowv rq ohduqlqj vwdelolw| iru wkh prqhwdulvw dqg
�vfdolvw vroxwlrqv lq wklv sduw ri wkh sdudphwhu vsdfh1 Lq wkh �jxuh P lqgl0
fdwhv wkdw wkh prqhwdulvw vroxwlrq lv vwdeoh xqghu ohduqlqj1 I lqglfdwhv wkdw
wkh �vfdolvw vroxwlrq lv vwdeoh dqg X lqglfdwhv wkdw qhlwkhu vroxwlrq lv vwdeoh
xqghu ohduqlqj1 Lq qrqh ri wkh duhdv duh erwk vroxwlrqv vlpxowdqhrxvo| vwdeoh
xqghu ohduqlqj1 Lq wkh vkdghg uhjlrq k : q3� dqg f � � 	 q3� � � wkh
vroxwlrqv duh qrw vwdwlrqdu|1
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Zlwklq wkh sdudphwhu uhjlrq ghvfulehg e| Iljxuh 5/ wkh DP2SI uhjlph
dulvhv zlwk k : q3� dqg q3� � � 	 � 	 q3�1 Lq wklv uhjlph wkh prqhwdulvw
htxloleulxp lv wkh xqltxh vwdwlrqdu| vroxwlrq dqg lw lv dovr vwdeoh xqghu ohduq0
lqj1 Lq wkh DI2SP uhjlph/ jlyhq e| f 	 k 	 q3� dqg f � � 	 q3� � �/ wkh
�vfdolvw UHH lv wkh xqltxh vwdwlrqdu| vroxwlrq dqg lv vwdeoh xqghu ohduqlqj1

Wkh lqghwhuplqdf| uhjlrq zlwk srolf| frpelqdwlrq SP2SI lv jlyhq e|
f 	 k 	 q3� dqg q3� � � 	 � 	 q3�1 Khuh zkloh erwk vroxwlrqv duh
vwdwlrqdu|/ wkh| idlo wr eh vwdeoh xqghu ohduqlqj1

Wkh vkdghg h{sorvlyh uhjlrq zlwk srolf| frpelqdwlrq DP2DI lv dovr gl0
ylghg lqwr wzr fdvhv zlwk hlwkhu wkh �vfdolvw ru wkh prqhwdulvw vroxwlrq ehlqj
vwdeoh xqghu ohduqlqj1 Zh hpskdvl}h wkdw rxu uhvxowv duh orfdo l1h1 wkh| duh
ydolg rqo| lq d qhljkerukrrg ri wkh vwhdg| vwdwh1 Rxu uhvxowv iru wkh vkdghg
wkxv jlyh rqo| d olplwhg dprxqw ri lqirupdwlrq ehfdxvh wkh vroxwlrqv glyhujh
iurp wkh vwhdg| vwdwh1 D ixoo dqdo|vlv ri ohduqlqj zrxog uhtxluh h{dplqdwlrq
ri wkh qrqolqhdu prgho1 Krzhyhu/ wkh uhvxowv iru wklv uhjlrq gr vxjjhvw dq
lqflslhqw whqghqf| iru wkh hfrqrp| xqghu ohduqlqj wr iroorz wkh lqglfdwhg
h{sorvlyh htxloleulxp1

Qrwh wkdw dfwlyh prqhwdu| srolf| uhtxluhv k : q3�1 Wklv lv d vrphzkdw
vwurqjhu frqglwlrq wkdq jlyhq e| d xvxdo irupxodwlrq ri wkh �Wd|oru sulqfl0
soh�1 Li lqvwhdg � 	 k 	 q3� wkh prqhwdulvw vroxwlrq ehfrphv xqvwdeoh +zlwk
hlwkhu wkh hfrqrp| ehfrplqj xqvwdeoh ru whqglqj wr wkh �vfdolvw vroxwlrq,1

717 Ixuwkhu Frpphqwv

Zh pdnh d ihz revhuydwlrqv derxw ohduqlqj vwdelolw| lq wkh rwkhu uhjlrqv ri
wkh srolf| sdudphwhuv qrw fryhuhg e| Iljxuh 51 Wkurxjkrxw wkh DP2SI
uhjlrq wkh prqhwdulvw htxloleulxp lv vwdeoh xqghu ohduqlqj1 Wklv vroxwlrq lv
dovr vwdeoh lq sduw ri wkh ohiw LQ uhjlrq1 Wkh �vfdolvw vroxwlrq lv vwdeoh lq wkh
wrs0ohiw dqg erwwrp0uljkw DI2SP uhjlrqv ri Iljxuh 4 dqg lw lv dovr vwdeoh
lq d sduw ri wkh ohiw LQ uhjlrq ri Iljxuh 41 Wkhuh lv qr vwdeoh htxloleulxp lq
wkh wrs0uljkw DI2SP uhjlrq hyhq wkrxjk wklv lv d uhjxodu fdvh lq zklfk wkh
�vfdolvw UHH lv wkh xqltxh vwdwlrqdu| vroxwlrq1 Ilqdoo| dqg prvw vxusulvlqjo|/
lq wkh erwwrp0ohiw DI2SP uhjlrq wkh h{sorvlyh prqhwdulvw htxloleulxp lv
vwdeoh zkloh wkh vwdwlrqdu| �vfdolvw vroxwlrq lv xqvwdeoh xqghu ohduqlqj1

Iru frqyhqlhqfh zh kdyh dvvxphg wkdw wkh h{rjhqrxv vkrfnv duh zklwh
qrlvh1 Dvvxph lqvwhdg wkdw wkh| iroorz d mrlqwo| vwdwlrqdu| �uvw rughu yhfwru
dxwruhjuhvvlrq1 Dv zh qrwh lq wkh dsshqgl{/ wklv lpsrvhv dgglwlrqdo uhtxluh0
phqwv iru ohduqlqj vwdelolw| ri htxloleuld1 Lq vrph fdvhv wkh vwdelolw| uhjlrqv
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iru prgho sdudphwhuv duh xqfkdqjhg1 Krzhyhu/ rqh fdq dovr �qg fdvhv lq
zklfk wkh dgglwlrqdo uhtxluhphqwv wljkwhq wkh grpdlq ri vwdelolw| iru wkh
sdudphwhuv1

8 Frqfoxvlrqv
Zh kdyh frqvlghuhg wkh orfdo vwdelolw| xqghu ohduqlqj ri wkh udwlrqdo h{shf0
wdwlrqv vroxwlrqv lq d vlpsoh vwrfkdvwlf rswlpl}lqj prqhwdu| prgho lq zklfk
wkh lqwhudfwlrq ehwzhhq prqhwdu| dqg �vfdo srolf| lv fhqwudo1 Rxu �uvw �qg0
lqj zdv wkdw lq wkh fdvh ri frqvwdqw prqh| vxsso| dqg frqvwdqw wd{hv/ wkh
htxloleulxp h{sorvlyh sulfh sdwkv glfwdwhg e| wkh �vfdo wkhru| ri wkh sulfh
ohyho duh qrw orfdoo| vwdeoh xqghu ohduqlqj1 Lq frqwudvw/ li �vfdo srolf| lv Ulfdu0
gldq/ wkhq prqhwdulvw htxloleulxp lv vwdeoh xqghu ohduqlqj1 Wkhvh sduwlfxodu
uhvxowv dsshdu wr fdvw grxew rq wkh sodxvlelolw| ri wkh �vfdo wkhru|1

Krzhyhu/ zh wkhq h{dplqhg dq dowhuqdwlyh vhwwlqj lq zklfk lqwhuhvw udwhv
duh vhw dv d olqhdu ixqfwlrq ri lq dwlrq dqg wd{hv duh vhw dv d olqhdu ixqfwlrq
ri uhdo ghew1 Wkh xvxdo prqhwdulvw vroxwlrq lv orfdoo| vwdeoh xqghu ohduqlqj lq
wkh dfwlyh prqhwdu|2sdvvlyh �vfdo srolf| uhjlph lq zklfk lw lv wkh xqltxh vwd0
wlrqdu| vroxwlrq1 Rq wkh rwkhu kdqg/ wkh �vfdolvw vroxwlrq/ lq zklfk lq dwlrq
ghshqgv rq wkh ghew ohyho dqg rq wd{ vkrfnv/ lv vwdeoh xqghu ohduqlqj iru d
vxeuhjlrq ri wkh dfwlyh �vfdo2sdvvlyh prqhwdu| uhjlph/ lq zklfk wkh �vfdolvw
vroxwlrq lv wkh xqltxh vwdwlrqdu| vroxwlrq1

Wkhuh duh dovr uhjlrqv ri sodxvleoh srolf| sdudphwhu ydoxhv lq zklfk wkh
hfrqrp| lv luuhjxodu/ zlwk pxowlsoh vwdwlrqdu| vroxwlrqv1 Iru rqh sduw ri
wklv uhjlrq wkh �vfdolvw htxloleulxp lv lq idfw vwdeoh xqghu ohduqlqj/ zkloh wkh
prqhwdulvw vroxwlrq dv zhoo dv wkh qrq0ixqgdphqwdo vroxwlrq fodvv duh qrw
ohduqdeoh1

Lq wrwdo rxu uhvxowv surylgh vrph vxssruw iru wkh �vfdolvw vroxwlrq1 Zkhwkhu
wkh �vfdolvw vroxwlrq hphujhv xqghu ohduqlqj ghshqgv rq wkh suhflvh vshfl�fd0
wlrq ri wkh �vfdo dqg prqhwdu| srolflhv1 Fduhixo frqvlghudwlrq ri wkh lqwhudf0
wlrq ri wkhvh srolflhv lv uhtxluhg wr xqghuvwdqg wkh txdolwdwlyh fkdudfwhulvwlfv
ri lq dwlrq dqg ghew g|qdplfv1
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D Dsshqgl{

D14 Krxvhkrog Rswlpdolw| Frqglwlrqv

Gh�qh wkh yduldeohv `|n� ' 6| n K| dqg %|n� ' 6|1 Iroorzlqj +Fkrz 4<<9,/
Vhfwlrq 516/ lqwurgxfh wkh Odjudqjh pxowlsolhuv b| iru exgjhw frqvwudlqw dqg
>| iru wkh htxdwlrq %|n� ' 6| dqg zulwh wkh Odjudqjldq

u ' .f

"[
|'f

iq| �E�� j��
3�S�3j�| n �E�� j2�

3�E%|Z
3�
| ��3j2

�
n

q|n�b|n�d`|n� � + n S| n � | � %|Z
3�
| �-|3�Z

3�
| E`| � %|�o

nq|n�>|n�E%|n� �6|�j�
Khuh `|c %| duh wkh vwdwh dqg S|c6| wkh frqwuro yduldeohv1

Wkh �uvw rughu frqglwlrqv duh

S3j�| � q.|b|n� ' fc +55,

.|>|n� ' fc +56,

b| ' qE-|3�Z
3�
| �.|b|n�c +57,

>| ' �Z3�| E%|Z
3�
| �3j2 n qEZ3�| �-|3�Z

3�
| �.|b|n�� +58,

Lq dgglwlrq/ wkh krxvhkrog*v rswlpdo fkrlfhv pxvw vdwlvi| wkh wudqvyhuvdolw|
frqglwlrqv +7,1

Wr ghulyh wkh Ilvkhu htxdwlrq +5, zh �uvw dgydqfh +57, iru rqh shulrg dqg
wdnh frqglwlrqdo h{shfwdwlrqv .|E��/ diwhu zklfk zh dsso| wkh pdunhw fohdulqj
frqglwlrq

S| ' + � }

dqg +55,1
Wr ghulyh +6, zh vxevwlwxwh +57, lqwr +58, dqg xvh +56, |lhoglqj

�%3j2|n�.|Z
j23�
|n� n E-3�| � ��.|b|n� ' f�

Wkhq xvh +5,/ wkh pdunhw fohdulqj frqglwlrq dqg +55,1

4<



D15 Olqhdul}dwlrq

Zh �uvw jlyh wkh olqhdul}dwlrq ri wkh prgho1 Uhduudqjlqj +6, zh fdq zulwh
prqh| ghpdqg dv

6| ' E�q��*j2E+ � }�j�*j2dE�� q.|Z
3�
|n��E.|Z

j23�
|n� �3�o3�*j2� +59,

+59, lv ri wkh jhqhudo irup

6| ' 8 d.|EsEZ|n��c .|}EZ|n��oc

zkhuh

8 E%c +� ' 	�E�� q%�3�*j2+�*j2/ zlwk

% ' sE5� ' 53� dqg + ' }E5� ' 5j23��

Khuh 	� ' E�q��*j2E+ � }�j�*j21
Fduu|lqj rxw wkh gl�huhqwldwlrq zh kdyh

8�E%c +� ' 	�+�*j2E��*j2�E�� q%�3�*j23�E�q�c

82E%c +� ' 	�E�� q%�3�*j2E�*j2�+
�*j23�

s �E5� ' �532c }�E5� ' Ej2 � ��5j232�

Wkxv/ xvlqj wkh fkdlq uxoh

_6 ' E8�s�n 82}
��_5

dw wkh qrqvwrfkdvwlf vwhdg| vwdwh Z/ zh kdyh wkh olqhdul}dwlrq

�6| '

%#
� 	�q

j2

$
EZ � q�3E�nj2�*j2 n

�
j2 � �

j2

�
	�EZ � q�3�*j2Zj232

&
.|�Z|n�

ru

�6| � �.|�Z|n�� +5:,

Khuh �6| dqg .|�Z|n� ghqrwh wkh ghyldwlrqv iurp wkh qrqvwrfkdvwlf vwhdg|
vwdwh1
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Zh dovr qhhg wr olqhdul}h wkh Ilvkhu uhodwlrq +5, dw wkh qrqvwrfkdvwlf
vwhdg| vwdwh Z/ -1 Zh kdyh

f ' �q-Z32.|�Z|n� n qZ3� �-|c

zkhuh �-| lv wkh ghyldwlrq iurp wkh qrqvwrfkdvwlf vwhdg| vwdwh1 Vlqfh wkh
Ilvkhu htxdwlrq dovr krogv dw wkh qrqvwrfkdvwlf vwhdg| vwdwh/ l1h1 q-Z3� ' �/
zh jhw

.|�Z|n� ' q �-|

zklfk fdq eh vxevwlwxwhg lqwr +5:, wr |lhog

�6| � �q �-|�

Wklv odvw h{suhvvlrq fdq eh xvhg lq wkh olqhdul}hg jryhuqphqw exgjhw frq0
vwudlqw1

Ilqdoo|/ zh olqhdul}h wkh exgjhw frqvwudlqw/ wdnlqj qrwh wkdw 6| lv d ixqf0
wlrq ri -|1 Zh jhw

f ' �K| n
Y6

Y-
�-| n ��K|3� n �| � Z3�

Y6

Y-
�-|3� n

6

Z2
�Z| �

-Z3��K|3� � Z3�K �-|3� n-KZ32�Z|c

zkhuh Zc Kc- duh wkh qrq0vwrfkdvwlf vwhdg| vwdwh ydoxhv dqg

Y6

Y-
' �q

lv wkh ghulydwlyh ri wkh prqh| ghpdqg ixqfwlrq dw wkh qrq0vwrfkdvwlf vwhdg|
vwdwh1 Qrwh wkdw -Z3� ' q3� e| +5,1 Wkh qh{w vwhs lv wkh revhuydwlrq wkdw

�-| ' k�Z| n w|

dv d uhvxow ri fhqwhulqj1 Wklv |lhogv wkh �qdo olqhdul}dwlrq +5;, ehorz1
Froohfwlqj hyhu|wklqj wrjhwkhu zh kdyh wkh wzr Ohhshu0w|sh htxdwlrqv

.|�Z|n� ' kq�Z| n qw|

dqg

f ' �K| n �Z|
�
�qk n

6

Z2
n-KZ32

�
n �Z|3�

��Z3��qk� Z3�Kk
�

+5;,

n�K|3�E� � q3�� n �qw| n �| n w|3�

�
�Z3��q � K

Z

�
�

54



Htxdwlrq +5;, lpsolflwo| vshfl�hv wkh frh!flhqwv )�c )2c )�c )e ri htxdwlrq
+49,1 Khuh kc qc � duh mxvw wkh ruljlqdo prgho sdudphwhuv/

� '

#
� 	�q

j2

$
EZ � q�3E�nj2�*j2 n

�
j2 � �

j2

�
	�EZ � q�3�*j2Zj232c

lq zklfk djdlq j2 lv d sdudphwhu lq wkh ruljlqdo prgho/ dqg 	� ' E�q��*j2E+�
}�j�*j2/ zkhuh Zc6c Kc - duh wkh qrq0vwrfkdvwlf vwhdg| vwdwh ydoxhv1 Wkh odwwhu
duh jlyhq e| htxdwlrqv

q- ' Z

Kn6n �f n �K ' } n6Z3� n-Z3�K

- ' kf n kZ

dqg

6 ' ��*j2E+ � }�j�*j2q-E-� ��3�*j2�

D16 Uhjxodulw| Frqglwlrqv

Iru hlwkhu vshfl�fdwlrq wkh v|vwhp xqghu UH fdq eh uhzulwwhq dv�
� f

�)2 q3� � �

��
Z|
K|

�

'

�
Ekq�3� f
)� �

��
Z|n�
K|n�

�
n

�
Ekq�3�

f

�
#|n� n�

f
)�

�
w|n� n

� �k3�

)e

�
w| n

�
f
�

�
�|n�c

ru �
Z|
K|

�
' a

�
Z|n�
K|n�

�
n 8�#|n� n 82w|n� n 8�w| n 8e�|n�c

55



zkhuh

a '

�
Ekq�3� f

Eq3� � ��3�E)� n )2Ekq�
3�� Eq3� � ��3�

�

dqg zkhuh #|n� ' Z|n� �.|Z|n��
Wkh hljhqydoxhv ri a duh Ekq�3� dqg Eq3� � ��3�1 Li hlwkhu urrw lv ohvv

wkdq rqh/ lpsrvlqj qrq0h{sorvlyhqhvv jlyhv d olqhdu uhvwulfwlrq ehwzhhq Z|c K|
dqg w|� Wklv lv rewdlqhg dv iroorzv146 Gldjrqdol}h a dv a ' '\'3�/ zkhuh
\ ' _�@}EEq3� � ��3�c Ekq�3��1 Ohw E%|c 5|�� ' '3�EZ|c K|�1 Li mEkq�3�m 	 �
wkhq qrq0h{sorvlyhqhvv ri wkh vroxwlrq uhtxluhv wkdw %| n ��w| ' f zkhuh ��

ghshqgv rq '3� dqg 8�1 Lw fdq eh vkrzq wkdw %| ' Z| |lhoglqj wkh vwdwlf
olqhdu uhodwlrqvkls vdwlv�hg e| wkh prqhwdulvw vroxwlrq1 Li

��Eq3� � ��3�
�� 	 �/

wkhq qrq0h{sorvlyhqhvv uhtxluhv wkdw 5| n �2w| ' f1 Uhzulwlqj 5| dv d olqhdu
ixqfwlrq ri Z| dqg K| jlyhv wkh vwdwlf olqhdu uhodwlrqvkls vdwlv�hg e| wkh �vfdolvw
vroxwlrq1

Ilqdoo|/ zh uhpdun wkdw lq Vhfwlrq 714 wkh �vfdolvw vroxwlrq LL fdq eh
vkrzq wr vdwlvi| wkh �vfdolvw vwdwlf uhodwlrqvkls zkhwkhu ru qrw wkh prgho lv
uhjxodu1 Vlqfh wkh pdwul{ � lv vlqjxodu/ rqh urz lv sursruwlrqdo wr wkh rwkhu
urz dqg lw fdq eh yhul�hg wkdw wkh sursruwlrqdolw| idfwru lv kq)�n)2

q3�3�3kq
/ zklfk

lv wkh vdph dv wkh frh!flhqw lq +4;,1

D17 Vhuldoo| Fruuhodwhg Vkrfnv

Vxssrvh wkdw wkh vkrfnv �| ' Ew|c �|�
� iroorz d T �-E�� surfhvv/ l1h1

�| ' 8�|3� n e|c

zkhuh e| lv zklwh qrlvh dqg wkh hljhqydoxhv ri 8 duh lqvlgh wkh xqlw flufoh1 Lq
wklv fdvh wkh pdsslqj iurp wkh SOP wr wkh DOP lv xqfkdqjhg iru wkh �/ �
dqg ( frpsrqhqwv1 Iru � wkh pdsslqj ehfrphv

� �$ ��� n��8 n�( n �

dqg wkh H0vwdelolw| frqglwlrq iru � lv

(A� ' U 
� 7� n 8 � 
 7�1

46Iru wkh whfkqltxh vhh wkh Dsshqgl{ ri Fkdswhu 43 ri +Hydqv dqg Krqndsrkmd 5334,1
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Dv dq looxvwudwlrq uhvwulfw dwwhqwlrq wr wkh prqhwdulvw vroxwlrq lq wkh fdvh
k : f dqg 8 ' Es��� lv gldjrqdo1 Lw fdq eh yhul�hg wkdw iru s��c s22 � f wkh
H0vwdelolw| frqglwlrqv uhpdlq xqfkdqjhg1 Rq wkh rwkhu kdqg/ zkhq s�� dqg
s22 kdyh gl�huhqw vljqv/ wkh frqglwlrqv fdq eh wljkwhu1 Iru h{dpsoh/ vhwwlqj
q ' f�bD/ k ' ��2/ s�� ' f�bb dqg s22 ' �f�H |lhogv dq xqvwdeoh urrw iru
(A�1
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Uhihuhqfhv
Exlwhu/ Z1 K1 +4<<;,= �Wkh \rxqj Shuvrq*v Jxlgh wr Qhxwudolw|/ Sulfh
Ohyho Lqghwhuplqdf|/ Lqwhuhvw Udwh Shjv dqg Ilvfdo Wkhrulhv ri wkh Sulfh
Ohyho/� Zrunlqj sdshu qr14:<</ FHSU/ Orqgrq1

+4<<<,= �Wkh Idoodf| ri wkh Ilvfdo Wkhru| ri wkh Sulfh Ohyho/�
Zrunlqj sdshu qr15538/ FHSU/ Orqgrq1

Fduovwurp/ F1 W1/ dqg W1 V1 Ixhuvw +5334,= �Wlplqj dqg Uhdo Lq0
ghwhuplqdf| lq Prqhwdu| Prghov/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 7:/
5;8�5<;1

Fkrz/ J1 +4<<9,= G|qdplf Hfrqrplfv1 R{irug Xqlyhuvlw| Suhvv/ R{irug/
XN1

Hydqv/ J1 Z1/ dqg V1 Krqndsrkmd +4<<<,= �Ohduqlqj G|qdplfv/� lq
+Wd|oru dqg Zrrgirug 4<<<,/ fkds1 :/ ss1 77<�8751

+5334,= Ohduqlqj dqg H{shfwdwlrqv lq Pdfurhfrqrplfv1 Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|1

Hydqv/ J1 Z1/ dqg J1 Udph| +4<<;,= �Fdofxodwlrq/ Dgdswdwlrq dqg Ud0
wlrqdo H{shfwdwlrqv/� Pdfurhfrqrplf G|qdplfv/ 5/ 489�4;51

Nuhsv/ G1/ dqg N1 Zdoolv +hgv1, +4<<:,= Dgydqfhv lq Hfrqrplfv dqg
Hfrqrphwulfv= Wkhru| dqg Dssolfdwlrqv/ Yroxph L1 Fdpeulgjh Xqlyhuvlw|
Suhvv/ Fdpeulgjh1

Ohhshu/ H1 P1 +4<<4,= �Htxloleuld xqghu *Dfwlyh* dqg *Sdvvlyh* prqhwdu|
dqg Ilvfdo Srolflhv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 5:/ 45<�47:1

Pdulprq/ U1 +4<<:,= �Ohduqlqj iurp Ohduqlqj lq Hfrqrplfv/� lq +Nuhsv
dqg Zdoolv 4<<:,/ fkds1 </ ss1 5:;�6481

PfFdooxp/ E1 +5334,= �Lqghwhuplqdf|/ Exeeohv/ dqg wkh Ilvfdo Wkhru| ri
Sulfh Ohyho Ghwhuplqdwlrq/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 7:/ 4<�631

Vdujhqw/ W1 M1 +4<<6,= Erxqghg Udwlrqdolw| lq Pdfurhfrqrplfv1 R{irug
Xqlyhuvlw| Suhvv/ R{irug1
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Vlpv/ F1 D1 +4<<<,= �Wkh Suhfdulrxv Ilvfdo Irxqgdwlrqv ri HPX/� Gh
Hfrqrplvw/ 47:/ 748�7691

Wd|oru/ M1/ dqg P1 Zrrgirug +hgv1, +4<<<,= Kdqgerrn ri Pdfurhfr0
qrplfv/ Yroxph 41 Hovhylhu/ Dpvwhugdp1

Zrrgirug/ P1 +5334,= �Ilvfdo Uhtxluhphqwv iru Sulfh Vwdelolw|/� Mrxuqdo
ri Prqh|/ Fuhglw dqg Edqnlqj/ 66/ 99<�:5;1
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