
D Qrwh rq Eodqfkdug ) Nl|rwdnl +4<;:,�

Fodxv Wkxvwuxs Kdqvhq
Xqlyhuvlw| ri Frshqkdjhq dqg HSUX|

Mxqh 4<<;

Devwudfw

Wklv qrwh uhfrqvlghuv wkh sulydwh orvvhv dqg zhoiduh h�hfwv ri d

prqhwdu| h{sdqvlrq rewdlqhg lq wkh vhplqdo Eodqfkdug ) Nl|rwdnl

+4<;:, duwlfoh1 Lq wkh ruljlqdo duwlfoh lw lv dujxhg wkdw wkh zhoiduh �gh0

shqghqfh lv d frpsoh{ rqh�1 Wkhuhiruh/ wkh dxwkruv rqo| suhvhqw vrph

qxphulfdo h{dpsohv1 Rq wkh frqwudu|/ wklv qrwh dujxhv wkdw wkh ghshq0

ghqfh lv uhodwlyho| vlpsoh1 Lw lv hyhq srvvleoh wr ghulyh xqdpeljxrxv

frpsdudwlyh vwdwlf uhvxowv1 Ixuwkhupruh/ lw lv vkrzq wkdw �jxuhv rq

erwk sulydwh orvvhv dqg zhoiduh h�hfwv uhsruwhg lq Wdeoh 4 dqg 5 ri wkh

duwlfoh duh zurqj dqg qhz �jxuhv duh uhsruwhg1

� L dp lqghewhg wr Mhdq0Iudqfrlv Idjqduw/ Oduv Kddjhq Shghuvhq/ dqg Plfkhoh Vdq0

wrql iru lqvljkwixo glvfxvvlrqv1 Lq sduwlfxodu/ L zrxog olnh wr wkdqn Qhlo Udqnlq iru erwk
glvfxvvlrqv lqlwldwlqj wkh sdshu dqg frpphqwv rq dq hduolhu yhuvlrq ri wkh sdshu1

| Wkh dfwlylwlhv ri HSUX +Hfrqrplf Srolf| Uhvhdufk Xqlw, duh �qdqfhg wkurxjk d
judqw iurp wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1



4 Lqwurgxfwlrq

D vhplqdo duwlfoh zlwklq Qhz Nh|qhvldq hfrqrplfv lv Eodqfkdug ) Nl|rwdnl

+4<;:, zklfk lv uhsulqwhg lq wkh �uvw yroxph rq �Qhz Nh|qhvldq Hfrqrplfv�

hglwhg e| Pdqnlz dqg Urphu/ 4<<41 Wklv qrwh uhfrqvlghuv wkh sulydwh orvvhv

+plqlpxp uhtxluhg phqx frvwv, dqg zhoiduh h�hfwv ri d prqhwdu| h{sdqvlrq

rewdlqhg lq wkh ruljlqdo duwlfoh1 Vhfwlrq 5 vkrzv wkdw wkh phqx frvwv uh0

txluhg iru d vlqjoh zrunhu qrw wr dgmxvw wkh zdjh duh qhduo| 6 wlphv dv vpdoo

dv vwdwhg lq wkh ruljlqdo duwlfoh1 Vhfwlrq 6 h{dplqhv wkh zhoiduh h�hfwv ri d

prqhwdu| h{sdqvlrq1 Wkh dxwkruv dujxh wkdw wkh zhoiduh �ghshqghqfh lv d

frpsoh{ rqh�1 Wkhuhiruh/ wkh| suhvhqw rqo| vrph qxphulfdo h{dpsohv14 Rq

wkh frqwudu|/ Vhfwlrq 6 vkrzv wkdw lw lv mxvw dv hdv| wr ghulyh d vhfrqg rughu

Wd|oru dssur{lpdwlrq ri wkh zhoiduh h�hfwv dv lw lv wr ghulyh wkh vhfrqg ru0

ghu Wd|oru dssur{lpdwlrq ri sulydwh orvvhv1 Vhfrqgo|/ lw lv srvvleoh wr ghulyh

xqdpeljxrxv frpsdudwlyh vwdwlf uhvxowv1 Dprqjvw rwkhu wklqjv/ wklv vkrzv

wkh lqwxlwlyh uhvxow wkdw wkh zhoiduh h�hfw ri d prqhwdu| h{sdqvlrq ghfuhdvhv

zkhq wkh pdujlqdo glvxwlolw| ri zrun lqfuhdvhv> |hw Wdeoh 5 ri wkh ruljlqdo

duwlfoh lqglfdwhv wkh rssrvlwh uhodwlrqvkls1 Wklugo|/ wkh �jxuhv uhsruwhg lq

Wdeoh 5 ri wkh ruljlqdo duwlfoh duh zurqj dqg qhz �jxuhv uhyhdo wkdw wkh rulj0

lqdo duwlfoh ryhuhvwlpdwhv wkh zhoiduh h�hfwv15 Wkxv/ fruuhfwlqj iru wkh huuruv

lq wkh duwlfoh lpsolhv wkdw sulfh uljlglw| lv pruh olnho| exw wkdw wkh zhoiduh

frqvhtxhqfhv ri sulfh uljlglw| duh vpdoohu1 Irxuwk/ wkh dxwkruv gr qrw uhsruw

wkh uhodwlyh lpsruwdqfh ri frqvxpswlrq dqg prqh| lq wkh xwlolw| ixqfwlrq

+wkh sdudphwhu � lq wkh duwlfoh, wkrxjk lw lv lpsruwdqw zkhq ghulylqj wkh

zhoiduh h�hfwv1 Wkh uhdvrq lv wkdw sulfh vhwwhuv dqg zdjh vhwwhuv kdyh d qhj0

dwlyh h{whuqdolw| rq wkh krxvhkrog*v xwlolw| ri uhdo prqh| edodqfhv1 Vhfwlrq

6 suhvhqwv vrph h{dpsohv ri wkh lpsruwdqfh ri wklv h{whuqdolw|1

4Wkh sdshu lv rq uhdglqj olvwv lq pdq| sodfhv1 Krzhyhu/ wkh qrupdo surfhgxuh zkhq
ohfwxulqj rq wkh zhoiduh h�hfwv vhhpv wr eh wr suhvhqw Wdeoh 5 ri wkh ruljlqdo duwlfoh rq d

volgh1
5Wkh Dsshqgl{ frqwdlqv wkh ghulydwlrq ri wkh h{dfw irupxodv iru erwk wkh uhtxluhg

phqx frvwv dqg wkh zhoiduh frqvhtxhqfhv1 Xvlqj wkhvh irupxodv wr ghulyh wkh wdeohv lq wkh

wh{w uhyhdov d yhu| forvh uhvhpeodqfh wr wkh qhz dssur{lpdwlrqv/ wkxv grfxphqwlqj wkh
fruuhfwqhvv ri wkh qhz �jxuhv1

5



5 Sulydwh Orvvhv dqg Phqx Frvwv

Lw lv hdv| wr uhsurgxfh wkh sulydwh orvv ri d �up qrw dgmxvwlqj wkh sulfh lq

Wdeoh 4 sduw +d, ri wkh ruljlqdo duwlfoh1 Krzhyhu/ lw lv ohvv hdv| wr uhsurgxfh

wkh sulydwh orvv ri d zrunhu qrw dgmxvwlqj wkh zdjh lq sduw +e, ri Wdeoh 41

Wkh irupxod xvhg iru ghulylqj wkh wdeoh lv jlyhq dw s1 98: lq wkh ruljlqdo

duwlfoh dqg uhzulwwhq khuh

xEjc wc qc kc B� '
Eq � ��2 Ej � ��

2 E� n j Eq � ���

#
w � �

wk

$
EE� n B�k � ��

2
c +4,

zkhuh j lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh gl�huhqw w|shv ri oderu

lq surgxfwlrq/ k lv wkh lqyhuvh ri wkh ghjuhh ri uhwxuqv wr vfdoh/ w lv wkh

hodvwlflw| ri vxevwlwxwlrq ehwzhhq jrrgv lq xwlolw|/ q � � lv wkh hodvwlflw| ri

pdujlqdo glvxwlolw| ri oderu/ dqg B �
��3�f

�f
lv wkh sursruwlrqdo fkdqjh lq

wkh vwrfn ri prqh| htxdo wr wkh uhodwlyh gl�huhqfh ehwzhhq wkh prqh| vwrfn

diwhu wkh h{sdqvlrq/ ��/ dqg wkh lqlwldo prqh| vwrfn/ �f1 Wkh whup lqvlgh

wkh odvw eudfnhw ghqrwhv wkh sursruwlrqdo fkdqjh lq hpsor|phqw/ ��3�f

�f
'

E� n B�k � �1

Wkh sulydwh orvv wr d zrunhu iurp qrw dgmxvwlqj wkh zdjh diwhu d prq0

hwdu| h{sdqvlrq lv vkrzq lq Wdeoh 4 ehorz iru wkh sdudphwhu frqvwhoodwlrqv

h{dplqhg lq wkh ruljlqdo duwlfoh1 Wkh �jxuhv zlwkrxw eudfnhwv duh wkh qhz

rqhv frpsxwhg iurp +4, zkhuhdv wkh rqhv lq eudfnhwv duh wdnhq iurp sduw +e,

ri Wdeoh 4 lq wkh ruljlqdo duwlfoh1 Wdeoh 4 uhyhdov wkdw wkh orvvhv duh qhduo|

6 wlphv dv vpdoo dv vwdwhg lq Eodqfkdug ) Nl|rwdnl +4<;:,1 Wkh h{dfw orvvhv

duh fdofxodwhg lq wkh Dsshqgl{ dqg duh doprvw lghqwlfdo wr wkh qhz �jxuhv1

Wdeoh 4 0 Phqx Frvwv
w ' Dc k ' ��� ��*�f ' ��fD ��*�f ' ���f

q j Orvv +(, Orvv +(,
��2 D �ffb E�f2D� �f�S E��ff�
��e D �f2e E�fSS� �fbD E�2SD�
��e 2 �f�f E�f2.� �f�b E�����
��e 2f �f�. E��fD� ��Df E�e�H�
��S D �fef E���2� ��Sf E�eD��
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6 Zhoiduh H�hfwv

Wklv vhfwlrq vkrzv wkdw lw lv hdv| wr ghulyh d vhfrqg rughu Wd|oru dssur{lpd0

wlrq ri wkh zhoiduh jdlq iurp d prqhwdu| h{sdqvlrq1 Wkh irupxod lv vlpsoh

dqg wkh ghshqghqfh ri hdfk sdudphwhu lv xqdpeljxrxv1 Wr pdnh wkh ghulyd0

wlrq/ zh qhhg wkh iroorzlqj htxdwlrqv iurp wkh ruljlqdo duwlfoh= +4,/ +D5,/

+D46,/ +D47,/ +D49,/ dqg +D4:,1 Wkh| duh uhzulwwhq ehorz
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� ' E�� �� U� +6,
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�
t k3�
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+7,
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� +8,
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>
?�3q

�

`
�q3�

$ �
�njEq3��

+9,

t '
�

�� �

�

�
+:,

Iru odwhu sxusrvhv/ zh ghulyh djjuhjdwh hpsor|phqw dqg djjuhjdwh sur0

gxfwlrq e| hydoxdwlqj wkh deryh htxdwlrqv lq v|pphwulf htxloleulxp zkhuh

��� ' �

6?
;�c �/ �� ' � ;�/ dqg `� ' ` ;�1 Wkh surgxfwlrq ixqfwlrq +5,

|lhogv

t �

6[
�'�

t� ' 6
k3�
k ?

�
Ej3��k�

�
k � +;,

Frpelqh wklv htxdwlrq zlwk +7, dqg +9, wr jhw

� ' ?
�nkE�3jnqj3q�

Ej3��Ekq3�� 6
�3k
�3qk

#
wk

w � �

j

j � �

q

>

$ k
�3kq

c +<,

zklfk lv wkh djjuhjdwh hpsor|phqw lq v|pphwulf jhqhudo htxloleulxp zlwkrxw

dq| qrplqdo uljlglwlhv1 Lqvhuw wkh djjuhjdwh hpsor|phqw lqwr wkh surgxfwlrq

ixqfwlrq wr rewdlq

t ' 6
qE�3k�

�3qk ?
�nqj3j

Ej3��Ekq3��

#
wk

w � �

j

j � �

q

>

$ �
�3kq

c +43,
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zklfk lv wkh djjuhjdwh surgxfwlrq +JQS, lq v|pphwulf jhqhudo htxloleulxp

zlwkrxw dq| qrplqdo uljlglwlhv1 Wkh djjuhjdwh xwlolw| ixqfwlrq ri wkh krxvh0

krogv lv ghulyhg iurp +8,

L ' >U � ?
�
�

?

�q
c U '

?[
�'�

U�c

zklfk jlyhv djjuhjdwh xwlolw| dv d ixqfwlrq ri djjuhjdwh zhdowk/ U/ dqg djjuh0

jdwh hpsor|phqw/ � 1 Xvlqj +6,/ +:,/ dqg +;,/ zh rewdlq

L '
>

�
t � ?

�
6�3k?

j
�3j

�q
t kq� +44,

Wkh jdlq lq djjuhjdwh zhoiduh iroorzlqj d prqhwdu| h{sdqvlrq lv +olnh wkh

sulydwh orvvhv, dssur{lpdwhg e| d vhfrqg rughu Wd|oru h{sdqvlrq durxqg wkh

lqlwldo htxloleulxp

{L �
>

�
{t � kq?

�
6�3k?

j
�3j

�q
t kq3�
f {t

�kq
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2
?
�
6�3k?

j
�3j

�q
t kq32
f E{t �2 c

zkhuh {L � L� � Lf dqg {t � t� � tf phdvxuh wkh gl�huhqfhv ehwzhhq

wkh qhz htxloleulxp dqg wkh lqlwldo htxloleulxp1 Phdvxuhg uhodwlyh wr lqlwldo

frqvxpswlrq2JQS wkh jdlq htxdov

{L

>tf
�

�

�

{t

tf
� kq

?

>

�
6�3k?

j
�3j

�q
t kq3�
f

#
{t

tf
n
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2

�
{t

tf

�2$
� +45,

Xvlqj +43, wr ghulyh wkh whup kq ?
>

�
6�3k?

j
�3j

�q
t kq3�
f dqg +:, wr ghulyh wkh

whup {t
tf
/ zh jhw

{L

>tf
� lE�c jc wc qc kc B� '

�

�
B �

#
j � �

j

w � �

w

$#
B n

kq � �

2
B2
$
c +46,

zkhuh B �
��3�f

�f
1 Htxdwlrq +46, |lhogv wkh zhoiduh h�hfwv ri d prqhwdu|

h{sdqvlrq surylghg wkdw B lv vx!flhqwo| vpdoo1 Wkh htxdwlrq grhv qrw vhhp

yhu| frpsoh{> lw lv hyhq srvvleoh wr vljq wkh ghulydwlyhv=

l� E�c jc wc qc kc B� ' �
�

�2
B 	 fc
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lj E�c jc wc qc kc B� ' �
�

j2
w � �

w

#
B n

kq � �

2
B2
$
	 fc

lw E�c jc wc qc kc B� ' �
�

w2
j � �

j

#
B n

kq � �

2
B2
$
	 fc

lq E�c jc wc qc kc B� ' �
k

2

j � �

j

w � �

w
B2 	 fc

lk E�c jc wc qc kc B� ' �
q

2

j � �

j

w � �

w
B2 	 f�

Wkh zhoiduh jdlq ri d prqhwdu| h{sdqvlrq lv ghfuhdvlqj lq doo sdudphwhuv1

Qrwh/ wkdw Wdeoh 5 ri wkh ruljlqdo duwlfoh lqglfdwhv wkdwlq E�c jc wc qc kc B� vkrxog

eh srvlwlyh zkhuhdv lw lv xqdpeljxrxvo| qhjdwlyh dffruglqj wr wkh deryh iru0

pxod1 Lqwxlwlyho|/ lw lv dovr kdug wr vhh krz lw fdq eh srvlwlyh= D prqhwdu|

h{sdqvlrq htxdo wr BI |lhogv dq lqfuhdvh lq hpsor|phqw htxdo wr kBI lpso|0

lqj d odujhu xwlolw| orvv wr krxvhkrogv li wkh hodvwlflw| ri pdujlqdo glvxwlolw|

zlwk uhvshfw wr zrun q� � lv odujh1 Dqrwkhu vwulnlqj wklqj lv wkh ghshqghqfh

rq � +wkh frqvxpswlrq vkduh ri lqfrph,1 Zkhq ghulylqj wkhlu Wdeoh 5/ wkh

dxwkruv gr qrw uhsruw wkh ydoxh ri � dowkrxjk wkh uhvxowv ghshqg rq wklv sd0

udphwhu1 Wkh deryh htxdwlrq vkrzv wkdw d orz ydoxh ri � lqfuhdvhv wkh zhoiduh

jdlq1 Wkh uhdvrq lv wkdw surgxfhuv dqg krxvhkrogv gr qrw wdnh lqwr frqvlg0

hudwlrq krz wkh| lq xhqfh wkh xwlolw| ri uhdo prqh| edodqfhv zkhq pdnlqj

wkhlu sulfh dqg zdjh ghflvlrqv1 Wklv qhjdwlyh h{whuqdolw| rq krxvhkrog xwlo0

lw| lpsolhv wkdw uhdo prqh| edodqfhv duh lqh!flhqwo| orz lq wkh ghfhqwudol}hg

hfrqrp| hyhq zlwk sulfh wdnlqj ehkdylru lq doo pdunhwv16 Reylrxvo|/ d prq0

hwdu| h{sdqvlrq uhgxfhv wklv lqh!flhqf| e| lqfuhdvlqj uhdo prqh| edodqfhv

dqg wkh h�hfw lv odujhvw zkhq � lv vpdoo> l1h1/ zkhq prqh| edodqfhv kdyh

uhodwlyho| pruh zhljkw lq wkh xwlolw| ixqfwlrq1

Wkh zhoiduh h�hfwv ri d prqhwdu| h{sdqvlrq duh vkrzq ehorz iru wkh sd0

udphwhu frqvwhoodwlrqv h{dplqhg lq wkh ruljlqdo duwlfoh1 Wkh �jxuhv zlwkrxw

eudfnhwv duh wkh qhz rqhv frpsxwhg iurp +46, zkhuhdv wkh rqhv lq eudfnhwv

duh wdnhq iurp Wdeoh 5 lq wkh ruljlqdo duwlfoh1 Wkh qhz �jxuhv duh fdofxodwhg

iru � htxdo wr rqh dv wklv jlyhv uhvxowv uhodwlyho| forvh wr wkh rqhv uhsruwhg lq

6Wklv lv dovr qrwhg lq irrwqrwh 44 ri wkh ruljlqdo duwlfoh1
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wkh ruljlqdo duwlfoh1 Wkh wdeoh grhv qrw uhyhdo odujh gl�huhqfhv 0 exw v|vwhp0

dwlf gl�huhqfhv1 Iluvw/ wkh �jxuhv uhsruwhg lq wkh ruljlqdo duwlfoh ryhuhvwlpdwh

wkh zhoiduh jdlq1 Vhfrqg/ wkh zhoiduh jdlq ghshqgv srvlwlyho| rq q lq wkh rulj0

lqdo duwlfoh zkhuhdv wkh wuxh ghshqghqfh lv qhjdwlyh1 Wkh h{dfw zhoiduh jdlqv

duh fdofxodwhg lq wkh Dsshqgl{ dqg duh doprvw lghqwlfdo wr wkh qhz �jxuhv

lq Wdeoh 51 Wdeoh 5 frqwdlqv dovr qhz djjuhjdwh sulydwh orvvhv +plqlpxp

uhtxluhphqw iru phqx frvwv, dqg qhz zhoiduh0phqx frvwv udwlrv1 Wkh plql0

pxp uhtxluhphqwv iru phqx frvwv duh vxevwdqwldoo| orzhu wkdq rewdlqhg lq

wkh ruljlqdo duwlfoh ehfdxvh ri wkh huuru zkhq fdofxodwlqj wkh zrunhu*v orvvhv

iurp qrw dgmxvwlqj1 Wkh jhqhudo lpsolfdwlrq ri fruuhfwlqj wkh huuruv duh wkdw

sulfh uljlglw| lv pruh olnho| exw wkdw wkh zhoiduh frqvhtxhqfhv ri sulfh uljlglw|

duh d olwwoh pruh prghvw1 Wkh zhoiduh0phqx frvwv udwlrv duh odujhu lq doprvw

doo sdudphwhu frqvwhoodwlrqv1

Wdeoh 5 0 Phqx Frvwv dqg Zhoiduh H�hfwv +� ' ��
��

�f
' ��fD ��

�f
' ���f

jc w k q Phqx +(, Zhoiduh +(, Udwlr Phqx +(, Zhoiduh +(, Udwlr
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Dv phqwlrqhg/ wkh dxwkruv gr qrw uhsruw wkhlu fkrlfh ri � zkhq ghulylqj

wkhlu Wdeoh 51 Wdeoh 6 jlyhv dq h{dpsoh ri wkh ghshqghqfh rq � e| uhfrqvlg0

hulqj wkh deryh zhoiduh h�hfwv ri { ' DI iru gl�huhqw ydoxhv ri �1 Lw uhyhdov

wkdw rqh pd| rewdlq vxevwdqwldoo| odujhu zhoiduh h�hfwv li krxvhkrogv rewdlq

pruh xwlolw| iurp kroglqj prqh|1

Wdeoh 6 0 Zhoiduh H�hfwv ri ��*�f ' ��fD
j ' w k q � ' f�D � ' f�. � ' f�b

D ��� ��2 S�..e ��b�. 2���f
��e S�.D. ��bff 2���2
��S S�.�b ��HH2 2�2bD

��2 ��2 S�.SD ��bfH 2��2f
��e S�.eS ��HHH 2��f�
��S S�.2S ��HSb 2�2H2

�f ��� ��2 D�b�H ��fSf ��e.�
��e D�HbD ��f�H ��eD�
��S D�H.� ��f�S ��e2b

��2 ��2 D�bfD ��feH �� eS�
��e D�HH� ��f2e ��e�.
��S D�HD. ��fff ��e�2

Uhihuhqfhv

^4` Eodqfkdug/ R1 M1 ) Nl|rwdnl/ Q1/ �Prqrsrolvwlf Frpshwlwlrq dqg Dj0

juhjdwh Ghpdqg/� Dphulfdq Hfrqrplf Uhylhz/ Vhswhpehu 4<;:/ ::/ ss1

97:09991

^5` Pdqnlz/ Q1 J1 ) Urphu/ G1 +hgv1,/ �Qhz Nh|qhvldq Hfrqrplfv/ yro1 4/

Lpshuihfw Frpshwlwlrq dqg Vwlfn| Sulfhv1� Fdpeulgjh= PLW Suhvv/ 4<<41

;



D Dsshqgl{

D14 H{dfw fdofxodwlrq ri wkh ydoxhv lq Wdeoh 4

Wklv vhfwlrq ghulyhv wkh h{dfw irupxod iru xEjc wc qc kc B� lq +4,1 Wkh irupxod

lv xvhg wr fdofxodwh wkh h{dfw ydoxhv iru wkh sdudphwhu frqvwhoodwlrqv h{dplqhg

lq Wdeoh 4 lqvwhdg ri xvlqj wkh vhfrqg rughu Wd|oru dssur{lpdwlrq1 Zlwkrxw

orvv ri jhqhudolw|/ zh qrupdol}h wkh lqlwldo prqh| vwrfn +�f,/ qxpehu ri jrrgv

+6,/ dqg qxpehu ri zrunhuv +?, wr 41 Wkh lqgluhfw xwlolw| ixqfwlrq ri wkh

zrunhu lv
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Wkh xwlolw| orvv iurp qrw dgmxvwlqj wkh zdjh `� diwhu d prqhwdu| h{sdqvlrq

phdvxuhg uhodwlyh wr lqlwldo frqvxpswlrq2JQS lv7

{L�
>tf

'
L�2 � L��

>tf
' xEjc wc qc kc B� �

�
>
`�2

�
��2 ��q

�2

�
�

�
>
`��

�
��� ��q

��

�
>tf

c

zkhuh vxevfulsw � ghqrwhv wkh ydoxhv ri wkh yduldeohv li wkh zrunhu grhv qrw

dgmxvw wkh zdjh/ vxevfulsw 2 ghqrwhv wkh ydoxhv ri wkh yduldeohv li wkh zrunhu

grhv dgmxvw wkh zdjh/ dqg tf htxdov lqlwldo surgxfwlrq ghwhuplqhg e| +43,1
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Lq wkh qr dgmxvwphqw fdvh wkh zdjh lv lghqwlfdo wr wkh zdjh lq wkh lqlwldo

htxloleulxp zklfk lv rewdlqhg iurp +5,/ +9,/ dqg +43,=

`��

�
'

j

j � �

q

>
t
kEq3��
f '

j

j � �

q

>

#
wk

w � �

j

j � �

q

>

$kEq3��

�3kq

� +48,

Wkh surgxfwlrq lq wkh fdvh ri qr dgmxvwphqw lv ghulyhg iurp +:,
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7Qrwh/ wkdw wkh surgxfwlrq ri d vlqjoh �up lv lghqwlfdo wr lqlwldo frqvxpswlrq2JQS
ehfdxvh ri wkh qrupdol}dwlrq ri p dqg q1
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Wkh odvw whup lq +47, pd| qrz eh rewdlqhg iurp +48, dqg +49,=
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zkhuh wkh odvw htxdolw| iroorzv iurp +4;,1 Dv djjuhjdwh surgxfwlrq lv lqghshq0

ghqw ri wkh dgmxvwphqw ri d vlqjoh zrunhu/ lw iroorzv wkdw t2 ' t� ' tf E� n B�1

Wkh �uvw whup lq +47, pd| qrz eh ghulyhg iurp +4;, dqg +4<,1 Diwhu vrph

pdqlsxodwlrq rqh rewdlqv
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+54,

Xvlqj wklv htxdwlrq/ lw lv srvvleoh wr fdofxodwh wkh h{dfw orvv ri d zrunhu wkdw

grhv qrw dgmxvw wkh zdjh diwhu d prqhwdu| h{sdqvlrq1 Wklv lv grqh lq Wdeoh

4e ehorz zkhuh wkh �jxuhv lq eudfnhwv duh wkh ydoxhv rewdlqhg lq Wdeoh 4

zkhq xvlqj wkh vhfrqg rughu dssur{lpdwlrq1 Lw uhyhdov wkdw wkh vhfrqg rughu

dssur{lpdwlrq |lhogv uhvxowv yhu| forvh wr wkh h{dfw ydoxhv1
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D15 H{dfw fdofxodwlrq ri wkh zhoiduh h�hfwv lq Wdeoh 5

Wklv vhfwlrq ghulyhv wkh h{dfw irupxod iru lEjc wc qc kc B� lq +46,1 Wkh iru0

pxod lv xvhg wr fdofxodwh wkh h{dfw ydoxhv iru wkh sdudphwhu frqvwhoodwlrqv

h{dplqhg lq Wdeoh 5 lqvwhdg ri xvlqj wkh vhfrqg rughu Wd|oru dssur{lpdwlrq1

Zlwkrxw orvv ri jhqhudolw| zh qrupdol}h wkh lqlwldo prqh| vwrfn +�f,/ qxpehu

ri jrrgv +6,/ dqg qxpehu ri zrunhuv +?, wr �1 Wkh xwlolw| jdlq ri d prqhwdu|

h{sdqvlrq phdvxuhg uhodwlyh wr lqlwldo frqvxpswlrq2JQS lv ghulyhg iurp wkh

lqgluhfw xwlolw| ixqfwlrq +44, dqg +43,

L� � Lf

>tf
' lE�c jc wc qc kc B� �

�

�

�
t�
tf

� �
�
�

�

>

#
t kq
�

tf
� t kq3�

f

$
c

zkhuh tf lv lqlwldo djjuhjdwh surgxfwlrq zkhuhdv t� lv djjuhjdwh surgxfwlrq

diwhu wkh prqhwdu| h{sdqvlrq1 Htxdwlrq +:, lpsolhv

t�
tf

'
��

�f

' � n Bc

,

lE�c jc wc qc kc B� '
B

�
�

�

>

��
E� n B�kq � �

�
t kq3�
f

�
�

Lqvhuwlqj tf iurp +43, jlyhv

lE�c jc wc qc kc B� '
B

�
�

�
E� n B�kq � �

� �

kq

w � �

w

j � �

j
�

Xvlqj wklv htxdwlrq/ lw lv srvvleoh wr fdofxodwh wkh h{dfw zhoiduh frqvhtxhqfh

ri d prqhwdu| h{sdqvlrq1 Wklv lv grqh lq Wdeoh 5e ehorz zkhuh wkh �jxuhv

lq eudfnhwv duh wkh ydoxhv rewdlqhg lq Wdeoh 5 zkhq xvlqj wkh vhfrqg rughu

dssur{lpdwlrq1 Lw uhyhdov wkdw wkh vhfrqg rughu dssur{lpdwlrq lv yhu| forvh

wr wkh h{dfw ydoxhv1
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