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4 Lqwurgxfwlrq

Wklv qrwh lv prwlydwhg e| wkh iroorzlqj wzr revhuydwlrqv=

d, Zkhq d uhvhdufkhu kdv vhyhudo whvwlqj surfhgxuhv dydlodeoh iru d jlyhq sureohp/ d

frpprq sudfwlfh lv wr fkrrvh wkh rqh zlwk wkh kljkhvw hpslulfdo srzhu1 Krzhyhu/ wklv

xvdjh lv gl!fxowlhg ehfdxvh wkh hpslulfdo uhmhfwlrq suredelolwlhv +US*v, ri wkh whvwv xqghu

wkh qxoo k|srwkhvlv duh gl�huhqw wr wkh qrplqdo ohyho dqg dprqj wkhpvhoyhv1 Khqfh/ d

zlgho| hpsor|hg sudfwlfh lq Hfrqrphwulfv lv wr uhsruw zkdw lv fdoohg vl}h0fruuhfwhg srzhu/

wkdw lv frpsxwlqj wkh hpslulfdo srzhu zlwk vlpxodwhg fulwlfdo ydoxhv1 Vhh/ iru lqvwdqfh/

Vwrfn +4<<7,/ Krqj dqg Zklwh +4<<8, ru Gxirxu dqg Nlylhw +4<<;,1

e, Uhfhqwo|/ wkhuh kdv ehhq d elj lqfuhdvh lq wkh xvh ri errwvwuds whvwv lq Hfrqrphwulfv1

Wkhvh whvwv hpsor| vlpxodwhg fulwlfdo ydoxhv +ri wkh errwvwuds hvwlpdwh ri wkh wuxh glvwul0

exwlrq, lqvwhdg ri dv|pswrwlf fulwlfdo ydoxhv1 Vhh/ iru lqvwdqfh/ Kdoo dqg Krurzlw} +4<<9,/

Kdqvhq +4<<9, ru Dqguhzv +4<<:,1

Jlyhq wkdw wkh errwvwuds whvw douhdg| frpsxwhv vlpxodwhg fulwlfdo ydoxhv/ lw grhv qrw

dsshdu wr eh reylrxv krz wr shuirup vl}h fruuhfwhg srzhu iru errwvwuds whvwv1 Lq wkh qh{w

Vhfwlrq zh ghvfuleh vl}h fruuhfwhg srzhu iru d w|slfdo dv|pswrwlf whvw dqg uhlqwhusuhw lw

lq dq dowhuqdwlyh irup1 Lq Vhfwlrq 6 zh vkrz krz wkh dowhuqdwlyh zd| fdq eh dssolhg wr

errwvwuds whvwv1 D zrug derxw qrwdwlrq1 Iru dq| fxpxodwlyh glvwulexwlrq ixqfwlrq I dqg

dq| � 5 +3> 4,/ I3�+�, ghqrwhv wkh �0wk txdqwloh ri I 1

5 Vl}h fruuhfwhg srzhu iru dq dv|pswrwlf whvw

Ohw 4�� ghqrwh wkh qrplqdo ohyho +w|slfdoo|/ � @ 3=<8, dw zklfk wkh rqh0vlghg whvw lv fduulhg

rxw1 Ohw W? eh wkh uhohydqw whvw vwdwlvwlf fdofxodwhg zlwk d vdpsoh ri vl}h q/ dqg ghqrwh e|

IA? dqg IA" wkh h{dfw dqg dv|pswrwlf glvwulexwlrq ixqfwlrqv ri wkh vwdwlvwlf W? xqghu wkh

qxoo k|srwkhvlv/ uhvshfwlyho|1 Wkh vwdqgdug dv|pswrwlf whvw frqvlvwv lq frpsdulqj wkh whvw

vwdwlvwlf W? djdlqvw wkh dssursuldwh dv|pswrwlf fulwlfdo ydoxh/ wkdw lv/

uhmhfw wkh qxoo k|srwkhvlv li W? A I
3�

A"
+�, @ t�= +4,

Vlqfh IA? 9@ IA" wkh US ri wkh whvw +4, lv qrw h{dfwo| 4� � xqghu wkh qxoo k|srwkhvlv exw

4 � �
�
zkhuh �

�
@ IA?+I

3�

A"
+�,,/ +vhh Iljxuh 4,1 Vlqfh IA? lv xqnqrzq/ lq Prqwh Fduor

h{shulphqwv lw kdv riwhq ehhq xvhg wkh whvw

uhmhfw wkh qxoo k|srwkhvlv li W? A eI
3�

A?
+�, @ t2> +5,
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Iljxuh 4=

zkhuh eIA? lv d Prqwh Fduor hvwlpdwh ri IA? = Vlqfh
eIA? fdq eh pdgh dv dffxudwh dv qhfhvvdu|/

lq Iljxuh 4 zh kdyh sorwwhg IA? dqg eIA? lghqwlfdo1 Lq idfw/ wkh vdph sudfwlfh kdv ehhq

iroorzhg iru doo �jxuhv lq wklv qrwh1 Wkh srzhu ri wkh whvw +5, lv fdoohg vl}h fruuhfwhg srzhu1

Qrwlfh wkdw vlqfh I
3�

A?
dqg eI

3�

A?
duh fdvh ghshqghqw/ lq sudfwlfh wkh whvw +5, fdqqrw eh

frpsxwhg1

Dq dowhuqdwlyh zd| ri orrnlqj dw vl}h fruuhfwhg srzhu lv wkh iroorzlqj1 Ohw �2 @

IA"+ eI3�
A?

+�,,= Lq Iljxuh 4 qrwlfh wkdw I
3�

A"
+�2, @ I

3�

A?
+�, @ t2> wkhuhiruh wkh whvw +5,

lv htxlydohqw wr

uhmhfw wkh qxoo k|srwkhvlv li W? A I
3�

A"
+�2, @ t2=

6 Vl}h fruuhfwhg srzhu iru d errwvwuds whvw

Uhfhqwo|/ errwvwuds whvwv kdyh ehhq hpsor|hg h{whqvlyho| lq Hfrqrphwulfv1 D errwvwuds whvw

lv edvhg rq wkh frqvwuxfwlrq ri d errwvwuds whvw vwdwlvwlf/ W W

?
= Wklv vwdwlvwlf lv frqvwuxfwhg

e| dsso|lqj wkh vdph surfhgxuh wr dq duwl�fldo vdpsoh rewdlqhg e| gudzlqj revhuydwlrqv

iurp wkh ruljlqdo vdpsoh zlwk uhsodfhphqw1 Lq dgglwlrq/ wkh uroh sod|hg lq wkh dv|pswrwlf

whvw e| IA" lv qrz dvvxphg e| IA W

?

1 Khqfh/ dq lghdo errwvwuds whvw zrxog eh wkh iroorzlqj=

uhmhfw wkh qxoo k|srwkhvlv li W? A I
3�

A W
?

+�,>
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zkhuh IA W

?

ghqrwhv wkh h{dfw glvwulexwlrq ri wkh errwvwuds whvw vwdwlvwlf W
W

?
1 Krzhyhu/

iuhtxhqwo| IA W

?

lv gl!fxow wr rewdlq dqg lv hvwlpdwhg e| Prqwh Fduor vlpxodwlrqv1 Ghqrwh

wklv hvwlpdwh e| eIA W

?

= Khqfh/ wkh w|slfdo errwvwuds whvw lv wkh iroorzlqj=

uhmhfw wkh qxoo k|srwkhvlv li W? A eI
3�

A W
?

+�,= +6,

Khuh djdlq zh kdyh wkh sureohp wkdw eIA W

?

lv qrw h{dfwo| wkh vdph dv IA? / vr wkh US ri

wkh whvw +6, lv qrw h{dfwo| 4� � exw 4� �
K1 Krz fdq wkh uhvhdufkhu shuirup vl}h fruuhfwhg

srzhu lq wklv iudphzrunB Dv zh kdyh vhhq lq wkh suhylrxv vhfwlrq/ wkh lghd lv wr frqwlqxh

xvlqj wkh eIA W

?

glvwulexwlrq exw zlwk wkh fulwlfdo ydoxh wkdw fruuhvsrqgv wr wkh ghvluhg ohyho1

Iru wklv sxusrvh gh�qh +vhh Iljxuh 5,

�
S

@ IA W

?

+I
3�

A?
+�,,=

Wkh whvw zrxog eh

uhmhfw wkh qxoo k|srwkhvlv li W? A eI
3�

AW
?

+�S,= +7,

Krzhyhu/ vlqfh �S lv xqnqrzq/ wkh whvw +7, fdq qrw eh fduulhg rxw1 Wkh vroxwlrq lv wr

hvwlpdwh �S e|

e�
S

@
eIA W

?

+ eI3�
A?

+�,,= +8,

Khqfh/ wkh vl}h fruuhfwhg srzhu errwvwuds whvw lv

uhmhfw wkh qxoo k|srwkhvlv li W? A eI
3�

AW
?

+e�S,=

Wkhuhiruh/ wkh sudfwlfdo surfhgxuh iru shuiruplqj vl}h0fruuhfwhg srzhu iru d errwvwuds whvw

frqvlvwv lq wkh iroorzlqj vwhsv=

4, Fdofxodwh e�
S xvlqj +8,1

5, Jhqhudwh d gl�huhqw gdwd vhw dqg fdofxodwh W?1 Wkhq/ jhqhudwhE errwvwuds hvwlpdwruv

ri W?1 Fdoo wkhp iW W

?K
= e @ 4> ===Ej = Ohw W

W

?E_� eh wkh g0wk rughu vwdwlvwlf ri wkh vdpsoh

iW W

?K
= e @ 4> ===Ej1

Wkhq/ uhmhfw wkh qxoo li

W? A W
W

?E^�ekS`�

6, Uhshdw vwhs 5 U wlphv zkhuh U lv wkh qxpehu ri uhsolfdwlrqv fkrvhq e| wkh uhvhdufkhu

lq wkh Prqwh Fduor vwxg|1

7, Ilqdoo|/ wkh vl}h fruuhfwhg srzhu ri wkh errwvwuds whvw lv

&+W? A W
W

?E^�ekS`�
,

U
=

Uhpdun1 Qrwh wkdw lq wkh fdvh ri wkh fodvvlfdo vl}h fruuhfwhg srzhu/ wkh fulwlfdo ydoxh lv

�{hg exw lq wkh errwvwuds frqwh{w lw fkdqjhv iurp rqh vdpsoh wr dqrwkhu lq d Prqwh Fduor

h{shulphqw/ nhhslqj �{hg wkh ydoxh e�
S1
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Iljxuh 5=

7 Vl}h0fruuhfwhg whvwlqj

Wkh h{srvlwlrq vr idu lv uhodwhg wr fduu|lqj rxw d �qlwh vdpsoh frpsdulvrq dprqj vhyhudo

whvwv1 Krzhyhu/ lw lv dovr ri lqwhuhvw wr shuirup vl}h0fruuhfwhg whvwv lq dssolfdwlrqv1 Zh

sursrvh wr gr wkdw e| lwhudwlqj wkh errwvwuds dv zh h{sodlq qh{w1

Qrwlfh wkdw lq sudfwlfh/ wkh gdwd jhqhudwlqj surfhvv lv qrw dydlodeoh dqg vr/ e�S lq +8, fdq

qrw eh frpsxwhg vlqfh eIA? lv/ lq jhqhudo/ fdvh ghshqghqw1 Lq wklv vlwxdwlrq zh vxjjhvw wr

dssur{lpdwh e�
S e| xvlqj wkh lwhudwhg errwvwuds1 Ohw W WW

?
eh wkh errwvwuds vwdwlvwlf dssolhg

wr d uhvdpsoh gudzq zlwk uhsodfhphqw iurp d suhylrxv errwvwuds vdpsoh ri wkh ruljlqdo

gdwd vhw1 Wkh lghd lv wr hvwlpdwh e�
S e|

�
SW

@
eIAWW

?

+ eI
3�

A W

?

+�,,>

zkhuh eIA WW

?

ghqrwhv d Prqwh Fduor hvwlpdwh ri wkh h{dfw glvwulexwlrq ri wkh lwhudwhg errw0

vwuds vwdwlvwlf W WW

?
/ vhh Iljxuh 61

Khqfh/ lq sudfwlfh d vl}h0fruuhfwhg whvw zrxog eh

uhmhfw wkh qxoo k|srwkhvlv li W? A eI
3�

A W
?

+�SW,= +9,

Qrwlfh wkdw vl}h glvwruwlrq lv d �qlwh vdpsoh sureohp1 Wkh udwlrqdoh ehklqg +9, lv wkdw wkh

lwhudwhg errwvwuds frqyhujhv idvwhu wkdq wkh rqh0vwhs errwvwuds iru dv|pswrwlfdoo| slyrwdo

vwdwlvwlfv/ dqg khqfh/ vrph lpsuryhphqw lq �qlwh vdpsoh ehkdylru fdq eh h{shfwhg1 Dovr/

8



Iljxuh 6=

qrwh wkdw khuh zh duh hpsor|lqj vl}h0fruuhfwlrq dv wkh dqdorjrxv ri eldv0fruuhfwlrq lq wkh

errwvwuds olwhudwxuh +vhh Kdoo +4<<5,,1

Ilqdoo|/ wkh glvfxvvlrq lq wklv qrwh uhihuv wr rqh0vlghg whvw wkdw lv wkh prvw frpprq

vlwxdwlrq irxqg lq sudfwlfh1 Wkh dqdo|vlv iru wzr0vlghg whvwv lv frpsohwho| dqdorjrxv1

Uhihuhqfhv=

Dqguhzv/ G1Z1N1 +4<<:,/ D frqglwlrqdo Nroprjrury whvw/ Hfrqrphwulfd/ 98/ 43<:0445;1

Gxirxu/ M10P1 dqg M1I1 Nlylhw +4<<;,/ H{dfw lqihuhqfh phwkrgv iru �uvw0rughu dxwruh0

juhvvlyh glvwulexwhg odj prghov/ Hfrqrphwulfd/ 99/ :<04371

Kdoo/ S1 +4<<5,/ Wkh Errwvwuds dqg Hgjhzruwk h{sdqvlrq/ Vsulqjhu0Yhuodj/ Qhz \run1

Kdoo/ S1 | M1 Krurzlw} +4<<9,/ Errwvwuds fulwlfdo ydoxhv iru whvwv edvhg rq Jhqhudol}hg0

Phwkrg0ri0Prphqwv Hvwlpdwruv/ Hfrqrphwulfd/ 97/ ;<40<491

Kdqvhq/ E1 +4<<9,/ Lqihuhqfh zkhq d qxlvdqfh sdudphwhu lv qrw lghqwl�hg xqghu wkh qxoo

k|srwkhvlv/ Hfrqrphwulfd/ 97/ 74607631

Krqj/ \1 | K1 Zklwh +4<<8,/ Frqvlvwhqw vshfl�fdwlrq whvwlqj yld qrqsdudphwulf vhulhv

uhjuhvvlrqv/ Hfrqrphwulfd/ 96/ 4466044931

Vwrfn/ M1 +4<<7,/ Xqlw urrwv/ vwuxfwxudo euhdnv dqg wuhqgv/ lq = U1I1 Hqjoh dqg G1O1

PfIdgghq/ hgv1/ Kdqgerrn ri Hfrqrphwulfv/ Yro1 LY +Qruwk0Kroodqg/ Dpvwhugdp, 5:6<0

5;741
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