
Lq dwlrq Wdujhwv dqg Frqwudfwv zlwk

Xqfhuwdlq Fhqwudo Edqnhu Suhihuhqfhv=

Frpsxwdwlrqv iru Dgglwlrqdo

W|shv ri Suhihuhqfh Xqfhuwdlqw|

Urho P1 Z1 M1 Ehhwvpd Khquln Mhqvhq

Devwudfw

Vrph dgglwlrqdo frpsxwdwlrqv h{dplqh wr zklfk h{whqw wkh txdqwlwdwlyh dqg txdolwdwlyh
qdwxuh ri wkh uhvxowv lq �Lq dwlrq Wdujhwv dqg Frqwudfwv zlwk Xqfhuwdlq Fhqwudo Edqnhu
Suhihuhqfhv� +Mrxuqdo ri Prqh| Fuhglw/ dqg Edqnlqj 63 +Dxjxvw/ 4<<;,, lv urexvw wr wkh

lqwurgxfwlrq ri xqfhuwdlqw| derxw rwkhu sdudphwhuv lq wkh fhqwudo edqnhu*v orvv ixqfwlrq1

41 Edvlfv

Wkh vrfldo orvv ixqfwlrq/ vkduhg e| wkh jryhuqphqw/ lv=

OJ @
4

5
H
k
� +| � |,

5
. +� � �,

5

l
>

zkloh rxwsxw reh|v

| @ � � H ^�`� �= +4,

Wkh fhqwudo edqnhu kdv wkh iroorzlqj suhihuhqfhv=

OJ @
4

5

k
+�� �,

�
| � |w

�5
. +4 . �,

�
� � �w

�5l
>

zkhuh |w dqg �w duh +wr wkh jryhuqphqw dqg wkh sxeolf, xqnqrzq rxwsxw dqg lq dwlrq wdujhwv/

uhvshfwlyho| +� dqg wkh uhvw ri wkh qrwdwlrq lv dv ghvfulehg lq wkh sdshu,1 Zh vshfli| wkdw=

|w @ | . �> +5,

�w @ � . $>

zkhuh � dqg $ duh phdq0}hur suhihuhqfh vkrfnv zlwk yduldqfhv �5� dqg �5$/ uhvshfwlyho|1 Zh

dvvxph wkdw �/ �/ � dqg $ duh doo lqghshqghqw ri hdfk rwkhu1

51 Wkh rswlpdo olqhdu frqwudfw

Xqghu wkh olqhdu frqwudfw/ wkh fhqwudo edqnhu plqlplvhv OFE.i +� � �, v1w1 +4,/ wdnlqj dv jlyhq

lq dwlrq h{shfwdwlrqv1 Wkh iroorzlqj �uvw0rughu frqglwlrq hphujhv=
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�
� � H ^�`� �� |w

�
. +4 . �,

�
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�
. i @ 3>

zklfk |lhogv wkh rswlpdo lq dwlrq uhvsrqvh=
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Wdnlqj h{shfwdwlrqv rq erwk vlghv zh jhw=

H ^�` @
�

4 . �

�
H ^�` . H ^�` . H

�
|w
��
�

4

4 . �

�
H ^�`H ^�` . H ^��` . H

�
�|w

��

.
4

4 . �
H
�
�w
�
.

4

4 . �
H
�
��w

�
�

4

4 . �
i

@
�
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4

4 . �
i=

Khqfh/

H ^�` @ �| . � � i>

zklfk lv wkh vdph dv htxdwlrq +9, lq wkh sdshu1 Lqvhuwlqj wkhvh h{shfwdwlrqv lqwr wkh fhqwudo

edqnhu*v uhdfwlrq ixqfwlrq/ zh jhw dfwxdo lq dwlrq iru d jlyhq frqwudfw dv=
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+4 . �� �, i= +6,

Fruuhvsrqglqjo|/ dfwxdo rxwsxw zloo eh jlyhq e|=
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Wkh jryhuqphqw*v fkrlfh ri wkh rswlpdo frqwudfw iroorzv iurp vroylqj=
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Wkh uhohydqw �uvw0rughu frqglwlrq lv
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zklfk/ e| xvh ri wkh h{suhvvlrqv iru | dqg �/ ehfrphv
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ru/
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ru +zkhuh zh kdyh douhdg| lpsrvhg wkdw H^�� +4 . �, |` @ 3,/
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�
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�

@ � +4 . �,�=

Vroylqj rxw wkh whupv |lhog=
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Wdnlqj h{shfwdwlrqv |lhogv=

��|�5� � �
5
| � ��5� � �� � |�5� � �| . ��5� � � .

�
4 . �. �5�

�
i

@ � +4 . �,�>

Vroylqj iru i wkhq |lhogv=

i� @
+4 . �,

�
�. �5�

�
|

4 . �. �5�
> +8,

zklfk lv wkh vroxwlrq zh dovr �qg lq wkh sdshu +frqirup htxdwlrq +46, lq wkh sdshu,1

Wkh vroxwlrqv iru lq dwlrq dqg rxwsxw xqghu wkh rswlpdo olqhdu frqwudfw iroorz xsrq vxevwl0

wxwlrq ri wkh uljkw kdqg vlgh ri +8, iru i lqwr +6, dqg +7,/ uhvshfwlyho|1 Wklv |lhogv=

� @ �� �

�
�. �5�

4 . �. �5�

�
| .
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4 . �

�
+�.  , .

�
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4 . �. �5�

�
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4 . �

�
 .

�
4 . �

4 . �

�
$= +:,

Qrwh wkdw/ dv ehiruh/ xqghu wkh rswlpdo frqwudfw H^�` ? �1 Ehfdxvh wkh frqwudfw d�hfwv wkh
yduldqfhv ri rxwsxw dqg lq dwlrq/ wkh fkrlfh ri rswlpdo frqwudfw zloo wdnh erwk wkhvh yduldqfhv/
dv zhoo dv wkh dyhudjh lq dwlrq shuirupdqfh/ lqwr frqvlghudwlrq1 Wklv Eudlqdug +4<9:, uhodwhg
uhvxow wkxv krogv luuhvshfwlyh ri zkdw w|sh ri xqfhuwdlqw| zh lpsrvh lq wkh fhqwudo edqnhu*v
suhihuhqfhv1

Wkh htxloleulxp zhoiduh orvv iroorzv xsrq vxevwlwxwlrq ri +9, dqg +:, lqwr

OJ @
4

5
H
k
� +| � |,

5
. +� � �,

5
l
=

Li zh zrun wklv rxw/ zh rewdlq=

OJ @
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�
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�
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4 . �5
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5 +4 . �,
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$
= +;,
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61 Wkh rswlpdo lq dwlrq wdujhw

Xqghu wkh Vyhqvvrq +4<<:, w|sh ri lq dwlrq wdujhw uhjlph/ wkh fhqwudo edqnhu plqlplvhv wkh
iroorzlqj orvv ixqfwlrq=

4

5

k
+�� �,

�
| � |w

�5
. +4 . �,

�
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�5l
>

v1w1 +4,1 Wkh iroorzlqj �uvw0rughu frqglwlrq hphujhv=

+�� �,
�
� � H ^�`� �� |w

�
. +4 . �,

�
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�
@ 3>

ohdglqj wr wkh iroorzlqj uhdfwlrq ixqfwlrq=

� @
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H ^�` . �. |w
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�e � H ^�`� �
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Wdnlqj h{shfwdwlrqv rq erwk vlghv zh jhw

H ^�` @
4

4 . �
�e .

�

4 . �
+H ^�` . |, >

iurp zklfk h{shfwhg lq dwlrq hphujhv dv

H ^�` @ �e . �|=

Wklv lv wkh vdph dv htxdwlrq +4:, lq wkh sdshu1
Lqvhuwlqj wkhvh h{shfwdwlrqv lqwr wkh fhqwudo edqnhu*v uhdfwlrq ixqfwlrq |lhogv iru dfwxdo

lq dwlrq=
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Dfwxdo rxwsxw wkhq iroorzv dv
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Wr �qg wkh rswlpdo lq dwlrq wdujhw wkh jryhuqphqw wkhq vroyhv
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Wkh uhohydqw �uvw0rughu frqglwlrq lv
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4 . �

�
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� �
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ru/

�e .
�

4 . �
+�| . |,� � @ 3>

zklfk |lhogv wkh iroorzlqj rswlpdo fkrlfh iru wkh lq dwlrq wdujhw=

�e� @ � � �|> +44,
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zklfk lv wkh vdph dv htxdwlrq +53, lq wkh sdshu1 Vxevwlwxwh +44, lqwr +<,1 Wkh htxloleulxp
rxwfrphv iru lq dwlrq dqg rxwsxw fdq eh zulwwhq dv/ uhvshfwlyho|=

� @ �� � �| .

�
�� �

4 . �
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| @ ��| �
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Vxevwlwxwlqj +45, lqwr wkh jryhuqphqw*v orvv ixqfwlrq/ vrflhw|*v zhoiduh orvv lv jlyhq e|=
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5 +4 . �,
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Khqfh/ d olqhdu frqwudfw lv vwulfwo| suhihuuhg wr dq lq dwlrq wdujhw li dqg rqo| li=

+4 . �,
�
�. �5�

�
+4 . �. �5

�
,

|5 .
4 . �5�
+4 . �,

�5
$
?
�
�. �5

�
+4 . �,

�
|5= +47,

Ehfdxvh wkh �uvw whup rq wkh ohiw kdqg vlgh lv vpdoohu wkdq wkh whup rq wkh uljkw kdqg vlgh/

li |5@�5
$
lv uhodwlyho| odujh/ d olqhdu frqwudfw lv suhihuuhg wr dq lq dwlrq wdujhw1 Wkh rssrvlwh lv

wuxh li |5@�5
$
lv uhodwlyho| vpdoo/ wkdw lv/ li wkh xqfhuwdlqw| derxw wkh fhqwudo edqnhu*v suhihuuhg

lq dwlrq udwh lv uhodwlyho| odujh +lq frqwudvw wr d olqhdu lq dwlrq frqwudfw/ lq dwlrq wdujhwlqj wkhq

uhpryhv wklv uhodwlyh lpsruwdqw vrxufh ri xqfhuwdlqw|,1

71 Wkh rswlpdo frpelqdwlrq ri d wdujhw dqg d olqhdu lq dwlrq frqwudfw

Wkh fhqwudo edqnhu qrz plqlplvhv wkh orvv ixqfwlrq=
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vxemhfw wr +4,/ wdnlqj dv jlyhq lq dwlrq h{shfwdwlrqv1 Wkh �uvw0rughu frqglwlrq lv qrz jlyhq e|=
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Vxevwlwxwh wklv edfn lqwr wkh fhqwudo edqnhu*v uhdfwlrq ixqfwlrq wr jlyh=
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zkhuh zh kdyh pdgh xvh ri +5,1 Frpelqlqj wklv dqg wkh h{suhvvlrq iru H^�` zlwk +4, |lhogv=
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Wkh rswlpdo duudqjhphqw holplqdwhv wkh lq dwlrq eldv dqg plqlplvhv wkh yduldqfhv ri rxwsxw

dqg lq dwlrq1 Wkhuhiruh/ lw lv jlyhq e|=
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zklfk lv wkh vdph dv wkh rswlpdo duudqjhphqw lq Vhfwlrq 9 ri wkh sdshu +frqirup htxdwlrq +58,

lq wkh sdshu,1
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81 Wkh Rswlpdo Frpelqdwlrq Uhjlph zlwk Txdgudwlf Sxqlvkphqwv

Wkh fhqwudo edqnhu qrz plqlplvhv
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Wr vroyh iru wkh rswlpdo ghohjdwlrq duudqjhphqw/ zh fkrrvh i dqg �e rswlpdoo| dv ixqfwlrqv

ri t1 Wklv |lhogv=
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Ehfdxvh wkh wklug whup lv prqrwrqlfdoo| ghfuhdvlqj lq t/ lw lv lpphgldwho| fohdu wkdw wkh rswlpdo

ydoxh iru t/ zklfk zh ghqrwh e| �t/ lv odujhu wkdq t��� � +4 . �,�5
�
@�5/ wkh rswlpdo ydoxh lq

wkh sdshu/ frqirup htxdwlrq +63, lq wkh sdshu1 Lqghhg/ vwudljkwiruzdug plqlplvdwlrq ri wklv

h{suhvvlrq zlwk uhvshfw wr t |lhogv=
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Fohduo|/ htxloleulxp zhoiduh orvvhv duh kljkhu wkdq lq wkh devhqfh ri xqfhuwdlqw| derxw wkh

suhihuuhg rxwsxw ohyho e| wkh fhqwudo edqn= iru t @ �t wkh vhfrqg whup lq +48, lv kljkhu wkdq iru

t @ t���1 Pruhryhu/ iru t @ �t/ wkh wklug whup lq +48, lv srvlwlyh/ zkloh wklv whup glvdsshduv

li �5
�
@ 31 Khqfh/ ghohjdwlrq lv uhodwlyho| ohvv dwwudfwlyh wkdq li wkh fhqwudo edqnhu*v suhihuuhg

rxwsxw ohyho lv fhuwdlq1
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