
Rswlpdo Ghjuhhv ri Wudqvsduhqf|

lq Prqhwdu| Srolf|pdnlqj=

Wkh fdvh ri lpshuihfw lqirupdwlrq derxw wkh

frvw0sxvk vkrfn�

Khquln Mhqvhq

Xqlyhuvlw| ri Frshqkdjhq/ FHSU dqg HSUX |

Qryhpehu 5333

Devwudfw

Wklv qrwh frpsohphqwv p| uhvxowv lq Mhqvhq +5333, zkhuhlq wudqvsduhqf| lv v|q0

rq|prxv zlwk uhohdvh ri lqirupdwlrq derxw vkrfnv klwwlqj diwhu srolf| lv vhw +l1h1/

�frqwuro huuruv�,1 Khuh/ L h{dplqh wkh fdvh zkhuh wudqvsduhqf| lv v|qrp|prxv zlwk

uhohdvh ri lqirupdwlrq derxw vkrfnv uhdol}hg ehiruh srolf| lv vhw1 Lw lv vkrzq wkdw wkh

glvwruwlrqv lqgxfhg e| wudqvsduhqf| lq whupv ri vwdelol}dwlrq shuirupdqfh dovr dsso|

lq wklv fdvh1

Nh|zrugv= Wudqvsduhqf|> prqhwdu| srolf|> fhqwudo edqn lqvwlwxwlrqv1

MHO= H75/ H85/ I8;1

�L wkdqn HSUX iru �qdqfldo vxssruw +wkh dfwlylwlhv ri HSUX duh �qdqfhg e| d judqw iurp Wkh Gdqlvk
Qdwlrqdo Uhvhdufk Irxqgdwlrq,1

|Pdlolqj dgguhvv= Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ Vwxglhvwudhgh 9/ GN04788 Frshq0
kdjhq N/ Ghqpdun1 H0pdlo= Khquln1MhqvhqChfrq1nx1gn1 Zhe= zzz1hfrq1nx1gn2shuvrqdo2khqulnm21



41 Lqwurgxfwlrq

Wklv qrwh frpsohphqwv p| uhvxowv rewdlqhg lq Mhqvhq +5333, +khqfhiruwk/ KM, zkhuhlq

wudqvsduhqf|/ iroorzlqj Idxvw dqg Vyhqvvrq +5333,/ lv v|qrq|prxv zlwk wkh uhohdvh ri

lqirupdwlrq derxw vkrfnv klwwlqj wkh hfrqrp| diwhu srolf| lv vhw +vr0fdoohg �frqwuro huuruv�,1

Wklv vfhqdulr fruuhvsrqgv wr zkdw Jhuddwv +5333, odehov �rshudwlrqdo wudqvsduhqf|/� l1h1/

wudqvsduhqf| derxw zkdw pd| ru pd| qrw kdyh fdxvhg sodqqhg rxwfrphv ri srolf| wr eh

shuwxehg diwhu srolf| lpsohphqwdwlrq1 Zlwklq wkh vdph prgho ri KM/ L h{dplqh khuh wkh

fdvh zkhuh wudqvsduhqf| lv v|qrq|prxv zlwk uhohdvh ri lqirupdwlrq derxw vkrfnv uhdol}hg

ehiruh srolf| lv vhw +vr0fdoohg �frvw0sxvk� vkrfnv,1 Wklv vfhqdulr lv odehoohg �hfrqrplf

wudqvsduhqf|� e| Jhuddwv +5333, dqg fruuhvsrqgv wr uhohdvh derxw lqirupdwlrq derxw wkh

nqrzq vwdwh ri wkh hfrqrp| ehiruh srolf| lv lpsohphqwhg1

Zkloh rqh fdq dozd|v txduuho derxw wkh dssursuldwhqhvv ri gl�huhqw odehov +vkrfnv

rffxuulqj diwhu srolf| lpsohphqwdwlrq duh/ h1j1/ dovr �hfrqrplf�,/ wkh vfhqdulrv fohduo|

gl�hu1 Lw lv wkhuhiruh ri lqwhuhvw wr h{dplqh zkhwkhu wkh lpsolfdwlrqv ri wudqvsduhqf| iru

srolf| frqgxfw dovr gl�hu lq d prgho hpskdvl}lqj iruzdug0orrnlqj ehkdylru dv KM1 Wklv

qrwh vkrzv wkdw wkh| gr qrw1 Wkh glvwruwlrqv lqgxfhg e| wudqvsduhqf| lq whupv ri srruhu

pdfurhfrqrplf vwdelol}dwlrq shuirupdqfh/ kljkoljkwhg dqg h{sodlqhg lq KM/ krog dovr xqghu

wkh vfhqdulr frqvlghuhg khuh1

Wklv qrwh lv whfkqlfdo dqg whohjudsklf lq odqjxdjh/ dqg lv wkhuhiruh rqo| phdqw iru

uhdghuv zkr duh douhdg| idploldu zlwk KM1 Lq frqvhtxhqfh/ h{suhvvlrqv dqg qrwdwlrq zloo

rqo| eh h{sodlqhg zkhqhyhu qhz dsshdu1

51 Wkh prgho

Wkh iruzdug0orrnlqj lq dwlrq htxdwlrqv iru shulrgv � dqg 2 duh=

Z� ' H
�
Z2mU

�

�

�
n V%� n 0c V : fc +4,

Z2 ' H
�
Z�mU

�

2

�
n V%2c +5,

zkhuh 0 � QEfc j2
0
� lv wkh �frvw0sxvk� vkrfn/ ryhu zklfk � lq devhqfh ri wudqvsduhqf| �

wkh fhqwudo edqn kdv dq lqirupdwlrqdo dgydqwdjh14 Lq wklv yhuvlrq ri wkh prgho/ wkhuh duh

4Lpphgldwho|/ rqh pd| txhvwlrq wkh uhdolvp ri wklv dvvxpswlrq/ dv xqghuo|lqj +4, lv sulfh0vhwwlqj
ehkdylru ri �upv zkr duh suredeo| uhodwlyho| ehwwhu fdsdeoh ri nqrzlqj wkhlu frvwv1 Krzhyhu/ +4, lv dq
djjuhjdwh h{suhvvlrq/ vr hyhq wkrxjk hdfk vlqjoh �up nqrzv lwv rzq frvw/ lw pd| kdyh lqihulru nqrzohgjh
derxw djjuhjdwh frvwv lq frpsdulvrq zlwk wkh fhqwudo edqn1
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���������������������������������������
Wdeoh 4= Wlpholqh ri hyhqwv dqg dfwlrqv

%W
f
lv

Shulrg f G gudzq

0c w duh %� lv 0& lv H
�
Z2mU

�

�

�
lv Z� pdwh0

Shulrg � G uhdol}hg fkrvhq uhyhdohg iruphg uldol}hv

%2 lv Z2 pdwh0
Shulrg 2 G fkrvhq uldol}hv

���������������������������������������

qr frqwuro huuruv/ vr wkh fhqwudo edqn frqwurov ghpdqg/ dqg wkxv wkh rxwsxw jds +vlqfh

whfkqrorj| vkrfnv duh devhqw,/ shuihfwo|1

Vrflhw| kdv wkh orvv ixqfwlrq=

u7 ' H

%
2[

�'�

�
b E%� � %W�2 n Z2

�

�&
c b : fc %W : f� +6,

Wkh orvv ixqfwlrq ri wkh fhqwudo edqn lv jlyhq e|

u�� ' H

%
2[

�'�

�
b E%� � %W

�
�2 n Z2

�

�&
c +7,

zlwk

%W
�
' %W

f
n wc %W

2
' %W

�
c %W

f
jlyhq/ +8,

zkhuh w � QEfc j2
w
� lv wkh vkrfn wr wkh rxwsxw jds wdujhw lq shulrg �1

Wr prgho wudqvsduhqf| irupdoo|/ L dvvxph wkdw diwhu prqhwdu| srolf| kdv ehhq frq0

gxfwhg lq shulrg �/ wkh sulfh vhwwhuv zloo jhw vrph lqirupdwlrq derxw 01 Pruh vshfl�fdoo|/

wkh vkrfn lv vsolw lqwr wzr sduwv=

0 ' 0& n 0�/ +9,

zkhuh 0& � Q
�
fc j2

0&

�
ehfrphv nqrzq wr wkh sulfh vhwwhuv/ zkhuhdv 0� � QEfc j2

0�
� uhpdlqv

xqnqrzq1 Wudqvsduhqf| lv wkhq irupdoo| prghoohg dv

j2
0&

' �j2
0
c j2

0�
' E�� ��j2

0
c +:,

zkhuh f � � 	 � lv wkh lqgh{ ri wudqvsduhqf|1

Wdeoh 4 surylghv d judsklfdo suhvhqwdwlrq ri wkh wlplqj ri hyhqwv lq wkh prgho1 Wkh

lqirupdwlrqdo dv|pphwulhv lq shulrg � duh dv iroorzv1 Erwk wkh fhqwudo edqn dqg sulfh
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vhwwhuv nqrz wkh vwuxfwxudo sdudphwhuv ri wkh prgho dqg wkh vwdwlvwlfdo surshuwlhv ri vkrfnv1

Dw wkh wlph wkh fhqwudo edqn fkrrvhv srolf|/ lw kdv wkh lqirupdwlrq vhw U��
�

' i%W
f
c 0c wj1

Wkh sulfh vhwwhuv* lqirupdwlrq vhw lv U�
�
'

�
%W
f
c %�c 0

&
�
1

5141 Htxloleulxp xqghu ixoo lqirupdwlrq derxw wkh fhqwudo edqn*v suhihuhqfhv

Wklv vhfwlrq ghulyhv wkh htxloleulxp xqghu ixoo lqirupdwlrq/ l1h1/ zkhq w 5 U�
�
1 Wkh htxl0

oleulxp lv ghulyhg xqghu wkh dvvxpswlrq wkdw wkh fhqwudo edqn dfwv lq d glvfuhwlrqdu|

idvklrq1 Lq shulrg 2 wkh fhqwudo edqn vroyhv 4�?%2
�
b E%2 � %W

�
�2 n Z2

2

�
vxemhfw wr +5,

dqg d whuplqdo frqglwlrq H
�
Z�mU

�

2

�
' Eb*V�%W

2
1 Iurp wkh uhohydqw �uvw0rughu frqglwlrq/

b E%2 � %W
�
�nV dEb*V� %W

�
n V%2o ' f/ htxloleulxp rxwsxw jds dqg lq dwlrq lq shulrg 2 iroorz

dv

%2 ' fc Z2 ' Eb*V� %W
�
� +;,

Lq shulrg � wkh fhqwudo edqn vroyhv 4�?%�H
�
b E%� � %W

�
�2 n Z2

�
mU��
�

�
vxemhfw wr +4,/ dqg

vxemhfw wr wkh idfw wkdw e| +;,/ H
�
Z2mU

�

�

�
' Eb*V�%W

�
zkhq w 5 U�

�
1 Iurp wkh uhohydqw �uvw0

rughu frqglwlrq/ H
�
b E%� � %W

�
� n V dEb*V� %W

�
n V%� n 0o mU��

�

�
' f/ wkh htxloleulxp rxwsxw

jds dqg lq dwlrq lq shulrg � iroorz dv

%� ' �
V

bn V2
0c Z� ' Eb*V� E%W

f
n w� n

b

bn V2
0� +<,

Qrwh wkdw wkh lq dwlrq vkrfn/ gxh wr wkh fhqwudo edqn*v glvolnh ri lq dwlrq yduldelolw|/ lv rs0

wlpdoo| �vsuhdg rxw� rqwr wkh rxwsxw jds dqg lq dwlrq/ dqg wkdw wkh rswlpdo glvfuhwlrqdu|

prqhwdu| srolf| lv dwwdlqhg dw %W
f
' f1

5151 Htxloleulxp xqghu dv|pphwulf lqirupdwlrq= wkh uroh ri wudqvsduhqf|

Qrz wkh prgho lv vroyhg iru wkh fdvh ri dv|pphwulf lqirupdwlrq/ dqg djdlq/ wkh prgho

lv vroyhg e| edfnzdugv lqgxfwlrq1 Lw lv vwudljkwiruzdug wkdw lq shulrg 2/ wkh ghflvlrq e|

wkh fhqwudo edqn lv wkh vdph dv lq wkh fdvh ri ixoo lqirupdwlrq1 Khqfh/ +;, dssolhv xqghu

dv|pphwulf lqirupdwlrq dv zhoo1 Wkh fuxfldo pdwwhu lq ghwhuplqlqj wkh vroxwlrq iru shulrg

� lv wkh lghqwl�fdwlrq ri H
�
Z2mU

�

�

�
/ dv wklv lv d ghwhuplqdqw ri shulrg � lq dwlrq1 Vlqfh

Z2 ' Eb*V� %W
�
' Eb*V� E%W

f
n w� wklv erlov grzq wr �qglqj H

�
wmU�

�

�
1

Iru wklv sxusrvh/ frqmhfwxuh wkdw wkh fhqwudo edqn*v shulrg � htxloleulxp srolf| fdq eh

h{suhvvhg dv

%� ' �� �&
0
0& � ��

0
0� n �wwc +43,

zkhuh �/ �&
0
/ ��

0
: f dqg �w : f duh frh!flhqwv wr eh ghwhuplqhg1 Lw zloo eh vkrzq wkdw li
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sulfh vhwwhuv eholhyh wkdw +43, dssolhv/ wkhq wkh fhqwudo edqn*v rswlpdo srolf| zloo lqghhg

eh ri wklv irup1 Sulfh vhwwhuv fdq frqvwuxfw d �vljqdo� yduldeoh/ r�/ dw wkh h{shfwdwlrqv

irupdwlrq vwdjh=

r� ' %� n �&
0
0& � �� +44,

Lw wkhq iroorzv e| +9, wkdw r� fdq eh frqghqvhg dv

r� ' �ww � ��
0
0�� +45,

Lq ghwhuplqlqj H
�
wmU�

�

�
/ sulfh vhwwhuv wkhq vroyh d vwdqgdug vljqdo0h{wudfwlrq sureohp1

Ehfdxvh w dqg 0� duh lqghshqghqwo| qrupdoo| glvwulexwhg/ wkh frqglwlrqdo h{shfwdwlrq ri

w ehfrphv

H
�
wmU�

�

�
' H dwmr�o ' V E�wc �

�

0
� r�c V E�wc �

�

0
� �

�wj
2

w

�2
w
j2
w
n ��2

0
j20�

: fc +46,

zkhuh V E�wc �
�

0
� fdq eh lqwhusuhwhg dv wkh ghjuhh ri lqirupdwlyhqhvv ri r� lq whupv ri

suhglfwlqj w1 Iru kljk ydoxhv ri j2
0�
/ r� surylghv qrlv| lqirupdwlrq derxw w/ zkhuhdv lq

wkh olplw ri j2
0�

$ f/ wkh vljqdo uhyhdov wkh ydoxh ri w suhflvho|1 Wkh sulfh vhwwhuv* udwlrqdo

h{shfwdwlrq ri shulrg 2 lq dwlrq iroorzv dv

H
�
Z2mU

�

�

�
' Eb*V� d%W

f
n V E�wc �

�

0
� r�o � +47,

Wkh fhqwudo edqn*v rswlpdo ehkdylru lq shulrg � lv fkdudfwhul}hg e| wkh vroxwlrq wr

4�?
%�

H
�
b E%� � %W

f
� w�2 n Z2

�
mU��
�

�
c

vxemhfw wr +4, dqg +47,1 Wkh �uvw0rughu frqglwlrq lv

H
�
b E%� � %W

f
� w� mU��

�

�
nH

�
EEb*V� d%W

f
n V E�wc �

�

0
� r�o n V%� n 0�

�
Vn Eb*V�V E�wc �

�

0
�
Yr�
Y%U

�

����� U���

�
' f� +48,

Iurp +44,/ lw iroorzv wkdw Yr�*Y%� ' �1 Dovr/ qrwh e| +45, wkdw H
�
r�mU

��

�

�
' �ww � ��

0
0�1

Xvlqj wkhvh lqvljkwv/ +48, uhgxfhv wr

b E%� � %W
f
� w�nEEb*V� d%W

f
n V E�wc �

�

0
� E�ww � ��

0
0��o n V%� n 0� EVn Eb*V�V E�wc �

�

0
�� ' f�

+49,
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Iurp +49,/ wkh rswlpdo shulrg � srolf| hphujhv dv

%� ' �
Eb*V�2 %W

f
V E�wc �

�

0
�

bn V2 n bV E�wc ��0 �
�

Vn Eb*V�V E�wc �
�

0
�

bn V2 n bV E�wc ��0 �
0

n
bV E�wc �

�

0
���

0
E� n Eb*V2�V E�wc �

�

0
��

bn V2 n bV E�wc ��0 �
0�

n
b d�� V E�wc �

�

0
��w E� n Eb*V2�V E�wc �

�

0
��o

bn V2 n bV E�wc ��0 �
wc

dqg wkxv

%� ' �
Eb*V�2 %W

f
V E�wc �

�

0
�

bn V2 n bV E�wc ��0 �
�

Vn Eb*V�V E�wc �
�

0
�

bn V2 n bV E�wc ��0 �
0&

n
b d�� V E�wc �

�

0
��w E� n Eb*V2�V E�wc �

�

0
��o

bn V2 n bV E�wc ��0 �
w

n
bV E�wc �

�

0
���

0
E� n Eb*V2�V E�wc �

�

0
��� dVn Eb*V�V E�wc �

�

0
�o

bn V2 n bV E�wc ��0 �
0�c +4:,

zklfk yhul�hv wkh irup ri wkh frqmhfwxuh +43,1 Wkh xqnqrzq frh!flhqwv pxvw vdwlvi| +zkhuh

wkh vroxwlrqv iru �&
0
dqg � fdq eh uhdg r� +4:, lpphgldwho|/ dqg zkhuh wkh vroxwlrqv iru

�w dqg ��
0
duh ghulyhg wkurxjk plqru dojheudlf pdqlsxodwlrqv,=

�w '
b

bn EVn Eb*V�V E�wc ��0 ��
2
� I E�wc �

�

0
� : fc +4;,

�&
0

'
Vn Eb*V�V E�wc �

�

0
�

bn V2 n bV E�wc ��0 �
: fc +4<,

��
0

'
Vn Eb*V�V E�wc �

�

0
�

bn EVn Eb*V�V E�wc ��0 ��
2
� J E�wc �

�

0
� : fc +53,

� ' �
Eb*V�2 %W

f
V E�wc �

�

0
�

bn V2 n bV E�wc ��0 �
: f� +54,

Frqvlghu qrz wkh olplwlqj fdvh ri ixoo wudqvsduhqf|/ � $ �1 Lq wklv fdvh/ hyhu|wklqj

derxw wkh frvw0sxvk vkrfn lv uhyhdohg/ dqg wkhuhiruh/ e| +:,/ j2
0�

' E�� ��j2
0
$ f1 Lq

frqvhtxhqfh/ V E�wc �
�

0
� $ �*�w/ fi1 +46,1 Lw wkhq iroorzv iurp +4;, wkdw �w $ f/ dqg/ wkxv/

V E�wc �
�

0
� $ 41 H{dplqlqj +4<,/ +53, dqg +54, wkhq uhyhdov wkdw �&

0
$ �*V/ ��

0
$ f dqg

� $ � Eb*V2� %W
f
1 Froohfwlqj wklv lqirupdwlrq/ wkhq surylghv wkh htxloleulxp vroxwlrq iru

wkh rxwsxw jds dqg lq dwlrq lq shulrg � dv

%�m�<�
' �

�
b*V2

�
%W
f
� E�*V� 0c Z�m�<�

' Eb*V� w� +55,

Dssurdfklqj ixoo wudqvsduhqf|/ lq dwlrq h{shfwdwlrqv duh h{wuhpho| vhqvlwlyh wr wkh dfwlrqv
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ri wkh fhqwudo edqn/ zkr lv wkhuhiruh lqgxfhg wr jlyh lq dwlrq vwdelol}dwlrq kljkhvw sulrulw|

lq srolf|pdnlqj dqg wkxv dfw lq lvrodwlrq ri srolwlfdo suhvvxuhv iru d sduwlfxodu rxwsxw

wdujhw1 Dv d uhvxow rxwsxw ehfrphv h{fhvvlyho| xqvwdeoh/ dqg lq dwlrq h{fhvvlyho| vwdeoh

lq frpsdulvrq zlwk wkh rswlpdo edodqfh/ zklfk lv jlyhq lq +<,1

61 Frqfoxglqj frpphqwv

Wklv qrwh vkrzv wkdw zlwk iruzdug0orrnlqj hohphqwv lq lq dwlrq ghwhuplqdwlrq/ wkh �h{fhvv

vhqvlwlylw|� ri h{shfwdwlrqv zlwk uhvshfw wr srolf| dfwlrqv � lqgxfhg e| wudqvsduhqf| �

glvwruwv vkrfn vwdelol}dwlrq1 Wkh vhwwlqj lv rqh zkhuh wudqvsduhqf| lv derxw vkrfnv nqrzq

wr wkh srolf|pdnhu ehiruh srolf| dfwlrqv duh wdnhq1 Wkh uhvxowv sdudooho wkrvh ri KM/ zkhuh

wudqvsduhqf| frqfhuqv vkrfnv klwwlqj wkh hfrqrp| diwhu srolf| ghflvlrqv duh pdgh1 Khqfh/

zkhwkhu wudqvsduhqf| lv �hfrqrplf� ru �rshudwlrqdo/� lq wkh whuplqrorj| ri Jhuddwv +5333,/

lv lqhvvhqwldo1 Wudqvsduhqf| ri hlwkhu irup lv d srolf|0glvwruwlqj �vwudlwmdfnhw1�

Wklv lv dgydqwdjhrxv li wkh srolf|pdnhu odfnv orz0lq dwlrq fuhglelolw| dqg qhhgv wkh

�glvflsolqh ri wkh pdunhw� lq rughu qrw wr sxuvxh xqgxo| h{sdqvlyh srolflhv1 Lw lv/ krzhyhu/

xqghvludeoh/ li wkh srolf|pdnhu kdv vxfk fuhglelolw|/ dqg wkhuhiruh grhv qrw qhhg wr eh

�glvflsolqhg/� exw lqvwhdg qhhgv wr shuirup h!flhqw pdfurhfrqrplf vwdelol}dwlrq zlwkrxw

wkh uhvwudlqwv lpsrvhg e| wudqvsduhqf|1

Uhihuhqfhv

Idxvw/ M1 dqg O1 H1 R1 Vyhqvvrq/ 5333/ Wudqvsduhqf| dqg Fuhglelolw|= Prqhwdu| Srolf|

zlwk Xqrevhuydeoh Jrdov/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ iruwkfrplqj1

Jhuddwv/ S1 P1/ 5333/ Zk| Dgrsw Wudqvsduhqf|B Wkh Sxeolfdwlrq ri Fhqwudo Edqn Iruh0

fdvwv/ FHSU Zrunlqj Sdshu Qr1 58;51

Mhqvhq/ K1/ 5333/ Rswlpdo Ghjuhhv ri Wudqvsduhqf| lq Prqhwdu| Srolf|pdnlqj/ plphr/

Xqlyhuvlw| ri Frshqkdjhq1
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