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Urexvw Hxurshdq Prqhwdu| Srolf| Uxohv

Mhdq0Jxloodxph VdkxfW

Edqtxh gh Iudqfh

HSHH/ Xqlyhuvlwì g*Hyu|0Ydo g*Hvvrqqh

Pd| 5336

Devwudfw

Wklv qrwh dssolhvK4 phwkrgv wr dq hvwlpdwhg k|eulg prqhwdu| srolf| prgho

+fi1 Vdkxf/ Dssolhg Hfrqrplfv Ohwwhuv/ </ ss1 <7<088/ 5335, dqg ghulyhv vwdqgdug

dqg urexvw rswlpdo lqwhuhvw udwh uxohv1 Zh �qg wkdw wkh �urexvw� fhqwudo edqnhu

uhvsrqgv pruh djjuhvvlyho| wkdq lw grhv zlwkrxw frqfhuqv iru urexvwqhvv dqg

wkdw wkh uhvsrqvhv ri wkh vwdwh yduldeohv lq wklv fdvh duh qrw qhfhvvdulo| dozd|v

vwurqjhu wkdq wkh vwdqgdug rqhv1

Nh|zrugv= Hxur duhd/ urexvwqhvv/ xqfhuwdlqw|/ rswlpdo prqhwdu| srolf|

MHO Fodvvl�fdwlrqv= F65/ H4:

WL zrxog olnh wr wkdqn/ zlwkrxw lpsolfdwlqj/ Sdror Jlrugdql/ Wulvwdq0Slhuuh Pdxu|/ Ihukdw Pl0

krxel/ Khuyì Oh Elkdq dqg Qrdk Zlooldpv iru wkhlu xvhixo frpphqwv1 Wkh ylhzv h{suhvvhg lq wklv

sdshu duh wkh uhvsrqvdelolw| ri wkh dxwkru dqg gr qrw qhfhvvdulo| uh hfw wkrvh ri wkh Edqtxh gh

Iudqfh1

Frqwdfw Dgguhvv = Edqtxh gh Iudqfh/ Fhqwuh gh Uhfkhufkh/ XD 74046<4/ 64 uxh Furl{ ghv Shwlwv

Fkdpsv/ I0:837< Sdulv1 H0Pdlo= mhdq0jxloodxph1vdkxfCedqtxh0iudqfh1iu
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4 Lqwurgxfwlrq

Wkh dgydqfhv lq wkh �hog ri prqhwdu| srolf| pdnlqj kdyh ehhq uhpdundeoh lq uhfhqw

|hduv1 Krzhyhu vrph ixqgdphqwdo sureohpv derxw srolf| lpsohphqwdwlrq duh vwloo

suhvhqw1 Hyhq zkhq sudfwlwlrqhuv wulhg wr exlog dqg hydoxdwh uhdolvwlf vwrfkdvwlf

jhqhudo htxloleulxp prghov lq wkh shuvshfwlyh wr khos wkh prqhwdu| dxwkrulwlhv srolf|

fkrlfhv/ wkhvh odvw duh frqwlqxdoo| idfhg wr xqfhuwdlqw|14 Dv h{sodlqhg e| Lvvlqj hw

do1 +5334/ fkds1:,/ wklv lv sduwlfxoduo| wuxh iru wkh Hxurshdq Fhqwudo Edqn +HFE,

zklfk pxvw pdqdjh wkh plvvshfl�fdwlrq derxw lwv xqghuo|lqj djjuhjdwhg prgho dqg

khwhurjhqhlw| ehwzhhq wkh duhd phpehuv zkhq lpsohphqwlqj lwv rswlpdo vwudwhj|1

Wkh uhvxow lv d sduwlfxoduo| kljk ohyho ri xqfhuwdlqw| lq wkh zd| wkh vlqjoh prqhwdu|

srolf| d�hfwv wkh hfrqrp|1

Glyhuvh olwhudwxuhv rq xqfhuwdlqw| kdyh wulhg wr ghdo zlwk wklv sureohp/ hvshfldoo|

wkh Ed|hvldq dqg wkh urexvw frqwuro dssurdfkhv1 Wkh| erwk frqvlghu ghflvlrq pdnhuv

zkr gr qrw nqrz wkh wuxh prgho hfrqrp|/ exw rqo| wkh vhfrqg dssurdfk uhsuhvhqwv

prgho xqfhuwdlqw| e| kdylqj d ghflvlrq pdnhu zkr idfhv d vhw ri prghov wkdw kh uhixvhv

wr uhgxfh wr d vlqjoh vshfl�fdwlrq lq dvvljqlqj suredelolwlhv ryhu prghov lq vhw1 Wklv

qrq0Ed|hvldq ghflvlrq pdnhu kdv d plqlpd{ ehkdylrxu dqg fkrrvhv d urexvw sodq

wkdw lv rswlpdo djdlqvw wkh zruvw fdvh prgho vshfl�fdwlrq zlwklq wkh udqjh1

Wkh sxusrvh ri wklv sdshu lv wkhq wr ghulyh urexvw rswlpdo prqhwdu| srolf| uxohv

zklfk duh fdsdeoh ri wdnlqj lqwr dffrxqw xqfhuwdlqw| dqg wr glvfxvv wkhlu surshuwlhv1

Wr gr vr/ zh uhvruw rq wkh qrwlrq ri urexvwqhvv zhoo ghwdlohg e| Kdqvhq dqg Vdujhqw

+5335,1 Wkh frqfhsw ri urexvwqhvv lv gh�qhg lq vhfwlrq 5 dqg dssolhg lq vhfwlrq 7 wr

d udwlrqdo h{shfwdwlrqv iudphzrun ri wkh hxur duhd suhvhqwhg lq vhfwlrq 61

4Vhh Uxghexvfk +5334, ru Vdfn dqg Zlhodqg +5334, iru zhoo grfxphqwhg vxuyh|v1
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5 Urexvw ghflvlrq wkhru| dqg rswlpdo srolf| uxohv

Urexvw ghflvlrq wkhru| doorzv wr ghfrpsrvh prgho xqfhuwdlqw| lq vwuxfwxuhg dqg

xqvwuxfwxuhg xqfhuwdlqw|1 Vyhqvvrq +5333, ru Jldqqrql +5334,/ dprqj rwkhuv/ suhvhqw

wkh vwuxfwxuhg prgho xqfhuwdlqw| zkhuh wkh dxwkrulw| lv dvvxphg wr idfh Nqljkwldq

xqfhuwdlqw| derxw vshfl�f sdudphwhuv zlwklq d uhihuhqfh prgho wkdw lv rwkhuzlvh wdnhq

wr eh dssur{lpdwho| fruuhfw1 Lq wklv fdvh wkh ehvw wkh ghflvlrq pdnhu fdq gr lv wr

vshfli| d qhljkerukrrg iru wkh xqfhuwdlqw| dqg wr dvvljq erxqgdulhv iru wkh wuxh prgho

sdudphwhuv1 Exw/ dv Kdqvhq dqg Vdujhqw +5335, kdyh dujxhg/ prgho xqfhuwdlqw| lq

wkh vhqvh ri Nqljkw pd| eh jhqhudol}hg dqg dq xqvwuxfwxuhg prgho xqfhuwdlqw| pd|

eh vshfl�hg1 Wkh dvvxpswlrq wkdw wkh prgho plvvshfl�fdwlrq lv nqrzq d sulrul lv

wkhq gursshg= xqfhuwdlqw| pd| frphv iurp wkh xqnqrzq sdudphwhuv/ wkh ixqfwlrqdo

irup ru wkh vwdqgdug huuruv ri wkh prgho vkrfnv1 Wklv vhfwlrq wdnhv xs Kdqvhq dqg

Vdujhqw*v gh�qlwlrq ri d urexvw Udpvh| sodq lq wkh fdvh ri iruzdug0orrnlqj prghov1

Ohw {| eh d yhfwru ri vwdwh yduldeohv +suhghwhuplqhg ru qrq0suhghwhuplqhg, dqg

l| d yhfwru ri frqwurov1 Gh�qh wkh rqh0shulrg orvv ixqfwlrq

O +{|> l|, @
�
{�|T{| . l�|Ul|

�
+4,

zlwk T dqg U erwk ehlqj v|pphwulf dqg srvlwlyh vhpl0gh�qlwh pdwulfhv1

Qrupdoo|/ wkh srolf|pdnhu zdqwv wr vroyh

plq
t�|�

"

f

Hf

"[
|'f

�|O +{|> l|, +5,

vxemhfw wr wkh sulydwh vhfwru ehkdylrxu vxppdul}hg e| wkh odz ri prwlrq +fdoohg

dssur{lpdwlqj prgho,/

{|n� @ D{| .El| .F�|n� +6,

zkhuh � lv wkh glvfrxqw idfwru/ i�|n�j lv dq l1l1g1 Jdxvvldq yhfwru surfhvv zlwk phdq

}hur dqg lghqwlw| frqwhpsrudqhrxv fryduldqfh pdwul{1
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Krzhyhu/ zkhq wkh srolf|pdnhu wklqnv wkhuh lv vrph prgho plvvshfl�fdwlrq/ kh

uhjdugv wkh prgho +6, dv dssur{lpdwlqj dqrwkhu prgho wkdw kh fdqqrw vshfli|/ vxfk

wkdw doo vshfl�fdwlrq huuruv dsshdu wr wkh dxwkrulw| dv dqrwkhu yhfwru ri uhvlgxdov

iz|n�j uhsuhvhqwlqj wkh dssur{lpdwlrq huuruv yduldeoh15 Wkh lghd lv wkdw wkh plv0

vshfl�fdwlrq lv ri xqnqrzq ruljlq/ exw lw zloo vkrz xs dv rxwvl}hg dqg ghohwhulrxv

uhvlgxdov zkhq wkh srolf|pdnhu dwwhpswv wr h{sorlw wkh prgho/ frqglwlrqdo rq wkh hv0

wlpdwhg sdudphwhuv/ wr dfklhyh lwv srolf| jrdov1 Wkh g|qdplf plvvshfl�fdwlrq +fdoohg

glvwruwhg prgho, lv wkhq

{|n� @ D{| .El| .F +%|n� .z|n�, +7,

zkhuh %|n� � Q +3> L, uhsuhvhqwv wkh vwdqgdug yhfwru ri uhvlgxdov1

Zkhq htxdwlrq +7, jhqhudwhv wkh gdwd/ wkh huuruv �|n� lq +6, duh glvwulexwhg dv

Q +z|n�> L, udwkhu wkdq dv Q +3> L,1 Wkh dvvxpswlrq wkdw wkh uhihuhqfh prgho lv wdnhq

rqo| wr eh dq dssur{lpdwlrq ri wkh wuxwk lv fdswxuhg e| wkh dgghg frqvwudlqw/

Hf

"[
|'f

�|n�z�
|n�z|n� � �f +8,

Wkh whup rq wkh ohiw vlgh lv wkh uhodwlyh hqwurs| zklfk phdvxuhv wkh prgho plv0

vshfl�fdwlrq/ gh�qhg dv wkh udwlr ri wkh wudqvlwlrq ghqvlw| dvvrfldwhg zlwk glvwruwhg

prgho dqg wkh wudqvlwlrq ghqvlw| dvvrfldwhg zlwk dssur{lpdwlqj prgho +frqglwlrqdo

rq {|,1 Wkh whup rq wkh uljkw vlgh uhsuhvhqwv wkh pdjqlwxgh ri xqfhuwdlqw|= wkh

vpdoohu �f dqg wkh ehwwhu wkh dssur{lpdwlrq ri wkh uhihuhqfh prgho zloo eh1

Ilqdoo|/ wklv urexvw Udpvh| sureohp lv rewdlqhg dv wkh vroxwlrq ri wkh }hur0vxp

wzr0sod|hu jdph=

plq
t�|�

"

f

pd{
t�|n��

"

f

Hf

"[
|'f

�|
�
{�|T{| . l�|Ul| � ��z�

|n�z|n�

�
+9,

v1w1 {|n� @ D{| .El| .F +%|n� .z|n�,

5t�|n�� lv d yhfwru surfhvv wkdw fdq ihhg edfn lq d jhqhudo zd| rq wkh klvwru| ri %|= �|n� '

}| E%|c %|3�c ���� czkhuh t}|� lv d vhtxhqfh ri phdvxudeoh ixqfwlrqv1
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zkhuh � 5 +�>.4, lv d qrq qhjdwlyh Odjudqjh pxowlsolhu wkdw uh hfwv wkh djhqw*v

suhihuhqfhv ri urexvwqhvv +vhh wkh Dsshqgl{,1

Ohw gh�qh rshudwruv W dqg G zklfk hphujh uhvshfwlyho| iurp wkh plqlplvdwlrq

ryhu l| dqg wkh pd{lplvdwlrq ryhu z|n�/

W +S , @ T. �DS
�
L . �E

�
U. �E�SE

�3�
E�S

�
D +:,

G +S , @ S . SF
�
�L �F �SF

�3�
F �S> +;,

dqg e| qrwlqj S wkh �{hg srlqw ri rshudwru W � G/ wkh dvvrfldwhg Ehoopdq htxdwlrq

ohdgv wr wkh Ulffdwl htxdwlrq=

S @ W � G +S , > +<,

Wkh vroxwlrq ri wkh pxowlsolhu sureohp +9, lv wkhq

l| @ �
k
�
�
U. �E�G +S ,E

�3�
E�G +S ,D

l
{| +43,

@ I�{|

z|n� @
k
�3�

�
L � �3�F�SF

�3�
F �S +D�EI�,

l
{| +44,

@ I2{|

6 Wkh Hxur duhd hfrqrp| prgho

Wr shuirup wkh urexvwqhvv dqdo|vlv/ zh vwdqg lqwr wkh vrolg plfurirxqgdwlrqv iudph0

zrun fdoohg �Qhz0Qhrfodvvlfdo V|qwkhvlv� ghvfulehg e| Fodulgd hw do1 +4<<<, dqg

Zrrgirug +5335,1 Xqiruwxqdwho| lw lv frpprq nqrzohgjh wkdw wkhvh prghov idlo wr �w

wkh gdwd zhoo1 Lq rughu wr flufxpyhqw wklv hfxhlo/ Vdkxf +5335, ghulyhv dqg hvwlpdwhv

d �k|eulg� prqhwdu| srolf| prgho 0 edvhg rq kdelw irupdwlrq dqg uxoh ri wkxpe �upv

ehkdylrxu 0 wkdw lv pruh frqvlvwhqw zlwk wkh gdwd surshuwlhv1 Wklv prgho lv wdnhq dv

wkh dssur{lpdwlrq ri wkh hxur duhd hfrqrp| dqg frqvlvwv ri wzr htxdwlrqv hvwlpdwhg
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e| pd{lpxp olnholkrrg xvlqj hxur duhd dqqxdo gdwd iurp 4<:7 wr 5333=

|| @ 3=84
Ef��S�

H|||n� . 3=7<
E3�

||3� � 3=39
Ef�f��

+l| �H|�|n�, . %+c|

�| @ 3=79
Ef�fH�

H|�|n� . 3=87
E3�

�|3� . 3=39
Ef�f��

|| . %Zc|

zkhuh || lv wkh rxwsxw jds phdvxuhg dv wkh shufhqwdjh ghyldwlrq iurp d olqhdu wuhqg/

�| lv wkh lq dwlrq udwh dw dq dqqxdo shufhqwdjh fkdqjh lq JGS gh dwru dqg l| lv wkh

dqqxdo vkruw0whup lqwhuhvw udwh1 Wkh �uvw djjuhjdwh uhodwlrqvkls lv d k|eulg LV fxuyh

dqg wkh vhfrqg lv d k|eulg Skloolsv fxuyh1 Lq hdfk htxdwlrq/ zh vxssrvhg wkdw wkh

vxpv ri wkh frh!flhqwv uhodwlqj wr wkh sdvw dqg wkh ixwxuh ri wkh hqgrjhqrxv yduldeohv

zhuh htxdo wr rqh1 Wkh wzr vkrfnv duh vxssrvhg wr iroorz �uvw0rughu dxwruhjuhvvlyh

surfhvvhv zlwk l1l1g1 Qrupdo huuru whupv= %&c| @ �0%&c|3� . h&c|> n @ |> �1 Dw wklv

vwdjh/ zh uhwdlq �0 @ 31

Zh dvvxph wkdw wkh Hxurshdq Fhqwudo Edqn remhfwlyh lv wr plqlplvh wkh h{shfwhg

ydoxh ri d orvv fulwhulrq zklfk lv txdgudwlf lq lq dwlrq/ wkh rxwsxw jds dqg wkh lqwhuhvw

udwh/

Hf

+
"[
|'f

�|
�
�2| . �+|

2
| . ��l

2
|

�,
>

zkhuh wkh uhsuhvhqwdwlyh djhqw*v glvfrxqw idfwru � lv �{hg wr 31<8/ �+ @ 3=4 dqg

�� @ 3=4 duh zhljkwv sodfhg rq wkh vwdelolvdwlrq ri wkh rxwsxw jds dqg wkh qrplqdo

lqwhuhvw udwh16 Wkh zhoiduh wkhruhwlf mxvwl�fdwlrq iru wklv irup ri orvv ixqfwlrq lv jlyhq

lq Zrrgirug +5335/ fkds19, zkhuh sdudphwhuv duh uhodwhg wr wkrvh ri wkh prgho ri wkh

vwuxfwxudo prgho1 Lq hdfk shulrg/ wkh sureohp idflqj wr wkh fhqwudo edqn lv wr �qg

wkh qrplqdo lqwhuhvw sodq vr dv wr plqlplvh wkh lqwhuwhpsrudo orvv ixqfwlrq/ jlyhq wkh

vwdwh ri wkh zruog dqg wkh prqhwdu| srolf| wudqvplvvlrq xqfhuwdlqwlhv1

Wkh lqwhuwhpsrudo rswlplvdwlrq ri iruzdug0orrnlqjqhvv hfrqrplf srolf| lv vxemhfw

wr wkh sureohp ri wlph lqfrqvlvwhqf|/ wkdw lv wkh srolf|pdnhu kdyh lqfhqwlyhv wr
6Ehfdxvh sulfh vwdelolw| lv wkh sulpdu| remhfwlyh dgrswhg e| wkh HFE/ zh vxssrvh wkdw wkh srol0

f|pdnhu kdv d olwwoh lqfhqwlyh wr vwdelolvh wkh rxwsxw jds dqg wkh lqwhuhvw udwh1
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ghyldwh/ lq odwhu shulrgv/ iurp wkh rswlpdo sodq rewdlqhg lq wkh �uvw shulrg1 Lq

frqwudvw/ glvfuhwlrqdu| srolflhv duh rewdlqhg wkurxjk srolf| rswlplvdwlrq vhsdudwho|

lq hdfk shulrg dqg duh wlph frqvlvwhqw> exw wkh uhvxowlqj ghflvlrqv sodq zrq*w ohdg wr

wkh rswlpxp ri wkh hfrqrp| dqg zh fdq txdqwlwdwlyho| phdvxuhg wkh lq dwlrq eldv

dqg vwdelolvdwlrq eldv wkdw duh dvvrfldwhg wr wkhp17 Zlwkrxw wrrov wr ghwhuplqh wkh

wuxh srolf|/ zh suhvhqw wkh wzr vwdqgdug dowhuqdwlyhv= frpplwphqw dqg glvfuhwlrq18

7 Vlpxodwlrqv dqg uhvxowv

Zh xvh wkh deryh uhvxowv wr vwxg| wkh surshuwlhv ri wkh urexvw prqhwdu| srolf| lqwr

wkh hxur duhd1 Wdeoh 4 vkrzv wkh rxwfrphv iru wkh sursrvhg hxur duhd prgho1 Vhyhudo

h{shulphqwv dqg vlpxodwlrqv +dydlodeoh xsrq ghpdqg, kdyh ehhq fduulhg rxw dqg

surylghg wkh iroorzlqj uhvxowv=

Uhvxow 4 Urexvwqhvv ohdgv wr pruh djjuhvvlyh srolflhv xqghu frpplwphqw ru glvfuh0

wlrq1 Urexvw uxohv kdyh frh!flhqwv wkdw duh dozd|v odujhu wkdq wkrvh ri wkh

vwdqgdug rqhv +Wdeoh 4,1

Uhvxow 5 G|qdplf uhvsrqvhv ri wkh hfrqrp| wr ghpdqg dqg vxsso| vkrfnv +Iljxuhv

4 dqg 5, vkrz wkdw rq lpsdfw/ urexvw rswlpdo uxohv grq*w lqyroyh v|vwhpdwlfdoo|

d vwurqjhu uhvsrqvh wkdq xqghu � @ .41 Lq idfw/ wkhvh uhvsrqvhv pd| eh txlwh

7Vrph zrun kdyh vkrzq wkdw wkh jdlqv iurp frpplwwlqj pd| eh vljql�fdqw dqg wr dqvzhu lwv

wlph lqfrqvlvwhqf| Zrrgirug +5335, kdv sursrvhg prqhwdu| srolf| pdnlqj edvhg rq wkh �wlphohvv

shuvshfwlyh�1 Wklv lv d uxoh edvhg srolf| wkdw lv rewdlqhg e| uhvshfwlqj wkh rswlpdolw| frqglwlrqv

iurp wkh ixoo lqwhuwhpsrudo rswlplvdwlrq xqghu frpplwphqw/ h{fhsw iru wkh fxuuhqw ghflvlrq0pdnlqj

shulrg1 Xqiruwxqdwho|/ dv vkrzq e| Mhqvhq dqg PfFdooxp +5335,/ wklv srolf| lv qrw xqltxh dqg qrw

dozd|v ehwwhu wkdq wkh frqvlvwhqw dowhuqdwlyh1
8Frpsxwdwlrq ri wkh frpplwphqw srolf| xqghu urexvwqhvv lv sursrvhg e| Kdqvhq dqg Vdujhqw

+5335, wkrxjk wkrvh ri wkh glvfuhwlrqdu| srolf| lv sursrvhg e| Jlrugdql dqg Vùghuolqg +5335,1
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vprrwk/ dv lq wkh frpplwphqw fdvh/ ru pd| eh odujhu gxulqj wkh �uvw shulrgv

exw uhwxuq yhu| txlfno| wr vwhdg| vwdwh/ dv lq wkh glvfuhwlrq fdvh1

Uhvxow 6 Ohvv djjuhvvlyh urexvw uxohv fdq eh ghulyhg e| lqfuhdvlqj wkh shuvlvwhqfh ri

wkh wzr vkrfnv1 Wdeoh 5 vkrzv wkdw zkhq �0 $ 4/ wkh uhodwlyh yduldwlrqv ehwzhhq

sdudphwhuv ri urexvw dqg vwdqgdug uxohv whqg wrzdugv rqh1 Wkh| jhqhudoo| doorz

d txlfnhu vwdelolvdwlrq ri wkh hfrqrp|1

Uhvxow 7 Ydu|lqj wkh orvv ixqfwlrq zhljkwv grhvq*w fkdqjh txdolwdwlyho| wkh wkuhh

suhfhglqj uhvxowv exw prgl�hv wkh wlph ri vwdelolvdwlrq ri wkh hfrqrp|1

D frpprq lqwxlwlyh ylhz lv wkdw wkh lqwurgxfwlrq ri xqfhuwdlqw| vkrxog pdnh

srolf| pdnhuv fdxwlrxv/ krzhyhu/ xqfhuwdlqw| qhhgv qrw uhvxow lq fdxwlrxvqhvv1 Lqghhg/

wkh w|slfdo revhuydwlrq wkdw urexvwqhvv ohdgv wr d pruh djjuhvvlyh rswlpdo srolf| uxoh

lv yhul�hg lq wkh frqwh{w ri rxu Hxur duhd prgho1 Exw d srwhqwldoo| lqwhuhvwlqj uhvxow lv

wkdw urexvwqhvv pd| vwdelolvh wkh hfrqrp| yhu| h!flhqwo| iroorzlqj shuvlvwhqw vkrfnv

vlqfh odujh h�hfwv duh zhoo wdnhq lqwr dffrxqw e| wkh urexvw frqwuro phwkrgrorj|/

lq vhdufklqj d �vdih� srolf| zklfk vhfxuhv d jxdudqwhhg shuirupdqfh1 Krzhyhu/ dv

h{sodlqhg e| Rqdwvnl dqg Zlooldpv +5335,/ zh pxvw eh fduhixo wr wkh vwuxfwxuh ri

xqfhuwdlqw| dqg krz d urexvw srolf| uxoh lv ghvljqhg1 Lq rwkhuv zrugv/ gl�huhqw frqwuro

uxohv zloo ohdg wr gl�huhqw pdjqlwxghv ri xqfhuwdlqw| dqg hpslulfdo glyhujhqfhv wkdw

zh pd| surylgh iurp wkh fkrlfh dqg fkdudfwhulvwlfv ri wkh prgho hfrqrp| ru wkh idfw

wkdw +lq rxu fdvh, doo vrxufhv ri xqfhuwdlqw| duh devruehg lqwr dq dgglwlrqdo vkrfn

dqg froodsvh xqfhuwdlqw| lqwr vkrfn xqfhuwdlqw|1

8 Frqfoxvlrq

Lq rughu wr wdnh lqwr dffrxqw xqfhuwdlqw| xqghuo|lqj wkh Hxur duhd/ wklv qrwh dssolhv

urexvw frqwuro phwkrgrorj| ghyhorshg e| Kdqvhq dqg Vdujhqw +5335, wr d prgho

;



edvhg rq udwlrqdo h{shfwdwlrqv k|srwkhvlv1 Zrunv rq urexvw wkhru| jhqhudoo| �qg

wkdw wkh sdudphwhuv dvvrfldwhg wr wkh urexvw uxoh duh dozd|v kljkhu wkdq wkrvh ri wkh

vwdqgdug uxoh dqg wkdw urexvwqhvv ohdgv wr kljkhu frqwhpsrudqhrxv uhdfwlrqv ri doo

yduldeohv1 Zh fhuwdlqo| �qg d pruh djjuhvvlyh urexvw uxoh +xqghu frpplwphqw dqg

glvfuhwlrq, exw wklv djjuhvvlyh srolf| grhvq*w hqwdlo vwurqjhu uhdfwlrqv wr vkrfnv1

Uhihuhqfhv

^4` Fodulgd/ U1/ Jdol/ M1 dqg Jhuwohu/ P1 +5333, Wkh Vflhqfh ri Prqhwdu| Srolf|= D

Qhz Nh|qhvldq Shuvshfwlyh/ Mrxuqdo ri Hfrqrplf Olwwhudwxuh/ 6:/ 499404:3:1

^5` Jldqqrql/ P1 +5334, Urexvw Rswlpdo Prqhwdu| Srolf| lq d Iruzdug0Orrnlqj

Prgho zlwk Sdudphwhu dqg Vkrfn Xqfhuwdlqw|/ pdqxvfulsw/ Ihghudo Uhvhuyh

Edqn ri Qhz \run1

^6` Jlrugdql/ S1 dqg Vùghuolqg/ S1 +5335, Vroxwlrq ri Pdfurprghov zlwk Kdqvhq0

Vdujhqw Urexvw Srolflhv= Vxppdu| dqg Vrph H{whqvlrqv/ pdqxvfulsw/ Vwrfn0

krop Vfkrro ri Hfrqrplfv1

^7` Kdqvhq/ O1 dqg Vdujhqw/ W1 +5335, Urexvw Frqwuro dqg Hfrqrplf Prgho Xqfhu0

wdlqw|/ Sulqfhwrq Xqlyhuvlw| Suhvv +iruwkfrplqj,1

^8` Lvvlqj/ R1/ Jdvsdu/ Y1/ Dqjhorql/ L1 dqg Wulvwdql/ R1 +5334, Prqhwdu| Srolf| lq

wkh Hxur Duhd/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^9` Mhqvhq/ F1 dqg PfFdooxp/ E1 +5335, Wkh Qrq0Rswlpdolw| ri sursrvhg Prqhwdu|

Srolf| Uxohv Xqghu Wlphohvv0Shuvshfwlyh Frpplwphqw/ Hfrqrplfv Ohwwhuv/ ::/

496049;1

^:` Rqdwvnl/ D1 dqg Zlooldpv/ Q1 +5335, Prgholqj Prgho Xqfhuwdlqw|/ Zrunlqj

Sdshu/ 49</ Hxurshdq Fhqwudo Edqn1

<



^;` Uxghexvfk/ J1 +5334,/ Lv wkh Ihg wrr wlplg B Prqhwdu| Srolf| lq dq Xqfhuwdlq

Zruog/ Uhylhz ri Hfrqrplf Vwxglhv/ ;6/ 536054:1

^<` Vdfn/ E1 dqg Zlhodqg/ Y1 +5334, Lqwhuhvw udwh vprrwklqj dqg rswlpdo prqh0

wdu| srolf| = d uhylhz ri uhfhqw hpslulfdo hylghqfh/ Mrxuqdo ri Hfrqrplfv dqg

Exvlqhvv/ 85/ 538055;1

^43` Vdkxf/ M0J1 +5335, D cK|eulg* Prqhwdu| Srolf| Prgho= Hylghqfh iurp wkh Hxur

Duhd/ Dssolhg Hfrqrplfv Ohwwhuv/ </ <7<0<881

^44` Vyhqvvrq/ O1 +5333, Urexvw Frqwuro Pdgh Vlpsoh/ pdqxvfulsw/ Sulqfhwrq Xql0

yhuvlw|1

^45` Zrrgirug/ P1 +5335, Lqwhuhvw dqg Sulfhv= Irxqgdwlrqv ri d Wkhru| ri Prqhwdu|

Srolf|/ Sulqfhwrq Xqlyhuvlw| Suhvv +iruwkfrplqj,1

Dsshqgl{= Ghwhfwlrq huuru suredelolw|

Lq rughu wr �qg d uhdvrqdeoh ydoxh iru �/ Kdqvhq dqg Vdujhqw ghvljq d ghwhfwlrq

huuru suredelolw| ixqfwlrq e| d olnholkrrg udwlr1 Frqvlghu d �{hg vdpsoh ri revhuyd0

wlrqv rq wkh vwdwh {|/ w @ 3> ===> W � 4/ dqg ohw O�� eh wkh olnholkrrg ri wkdw vdpsoh iru

prgho m dvvxplqj wkdw prgho l jhqhudwhv wkh gdwd/ wkh olnholkrrg udwlr lv

u� � orj

�
O��

O��

�
+45,

zkhuh l 9@ m dqg l @ D +dssur{lpdwlqj prgho,>G +glvwruwhg prgho,1 Zkhq prgho l

jhqhudwhv wkh gdwd > u� vkrxog eh srvlwlyh1 Gh�qh

s� @ sure +plvwdnhmD, @ iuht +u� � 3, >

s( @ sure +plvwdnhmG, @ iuht +u( � 3, =

43



Wkxv s� lv wkh iuhtxhqf| ri qhjdwlyh orj0olnholkrrg udwlrv u� zkhq prgho D lv

wuxh dqg s( lv wkh iuhtxhqf| ri qhjdwlyh orj0olnholkrrg udwlrv u( zkhq prgho G lv

wuxh1 Dwwdfk htxdo sulru zhljkwv wr prgho D dqg G/ wkh ghwhfwlrq huuru suredelolw|

fdq eh gh�qhg dv

s +�, @
4

5
+s� . s(, +46,

Zkhq d uhdvrqdeoh ydoxh ri s +�, lv fkrvhq/ d fruuhvsrqglqj ydoxh ri � fdq eh

ghwhuplqhg e| lqyhuwlqj wkh suredelolw| ixqfwlrq gh�qhg lq +46,1 � fdq eh gh�qhg dv

wkh qhjdwlyh lqyhuvh ydoxh ri wkh vr0fdoohg ulvn0vhqvlwlyh sdudphwhu �/ wkdw lv � @ � �
j
1

Wkh ghwhfwlrq huuru suredelolw| lv d vwdwlvwlf frqfhsw ghvljqhg wr vshoo rxw krz

gl!fxow lw lv wr whoo wkh dssur{lpdwlqj prgho dsduw iurp wkh glvwruwhg rqh1 Wkh

odujhu wkh ghwhfwlrq huuru suredelolw|/ wkh pruh gl!fxow wr whoo wkh wzr prghov dsduw1

Lq wkh h{wuhph fdvh/ zkhq lw lv 318 +� @ .4,/ wkh wzr prghov duh lghqwlfdo1 Vr d

srolf|pdnhu fdq fkrrvh d � dffruglqj wr krz odujh d ghwhfwlrq huuru suredelolw| kh

zdqwv1 Li wkh ghwhfwlrq suredelolw| lv yhu| vpdoo/ wkdw phdqv/ lw lv txlwh hdv| wr whoo

wkh wzr prghov dsduw/ lw grhv qrw pdnh pxfk vhqvh wr ghvljq d urexvw uxoh1
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Iljxuh 41 Lpsxovh uhvsrqvhv xqghu frpplwphqw

Iljxuh 51 Lpsxovh uhvsrqvhv xqghu glvfuhwlrq
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Wdeoh 41 Vwdqgdug dqg urexvw prqhwdu| srolf| uxohv

Uxohv +l| @, %Zc| %+c| �|3� ||3� ��c| �2c|

Frpplwphqw

Vwdqgdug

Urexvw

31:79

31;6;

3189:

31946

31736

31786

315:;

31634

03144;

031457

031;97

031;89

Glvfuhwlrq

Vwdqgdug

Urexvw

5159;

61747

41978

5166<

41557

41;77

31;39

4147:

0

0

0

0

Wkh uxohv xqghu frpplwphqw ghshqg qrw rqo| rq wkh fxuuhqw vwdwh ri wkh hfrqrp|/ exw dovr rq wkh

Odjudqjh pxowlsolhuv rq wkh iruzdug0orrnlqj yduldeohv
�
>�c|c � ' �c 2

�
1 Lq frqwudvw/ xqghu glvfuhwlrqdu|

rswlplvdwlrq/ wkh rswlpdo uxohv ghshqg rqo| rq wkh suhghwhuplqhg yduldeohv1
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Wdeoh 51 Uhodwlyh yduldwlrqv ehwzhhq sdudphwhuv ri urexvw dqg vwdqgdug uxohv

Sdudphwhuv %Zc| %+c| �|3� ||3� ��c| �2c|

�+ @ 4> �� @ 4> �0 @ 3

Frpplwphqw

Glvfuhwlrq

41566

41744

41443

41676

41567

41744

41443

41676

41499

0

4

0

�+ @ 4> �� @ 4> �0 @ 3=8

Frpplwphqw

Glvfuhwlrq

414<8

4153<

41439

41584

4149:

41538

413:8

414:3

413;6

0

4

0

�+ @ 4> �� @ 4> �0 @ 3=<

Frpplwphqw

Glvfuhwlrq

4139;

4134:

4138:

41349

4137<

4134<

41363

41347

413;6

0

4

0

�+ @ 3=5> �� @ 3=4> �0 @ 3

Frpplwphqw

Glvfuhwlrq

4148<

41849

41389

41663

41494

41849

4138:

41646

41388

0

41338

0

�+ @ 3=5> �� @ 3=4> �0 @ 3=8

Frpplwphqw

Glvfuhwlrq

41457

415;9

41365

414<;

413<:

4159;

4137;

4149<

41388

0

41336

0

�+ @ 3=5> �� @ 3=4> �0 @ 3=<

Frpplwphqw

Glvfuhwlrq

41366

4136;

4135<

41359

41365

41364

41347

41347

41345

0

4

0

�+ @ 3=4> �� @ 3=4> �0 @ 3

Frpplwphqw

Glvfuhwlrq

41456

41838

41436

41755

41458

41839

413;6

41756

4138<

0

4133<

0

�+ @ 3=4> �� @ 3=4> �0 @ 3=8

Frpplwphqw

Glvfuhwlrq

413:3

415:7

413;5

41564

4137<

41586

41388

4154:

41375

0

41338

0

�+ @ 3=4> �� @ 3=4> �0 @ 3=<

Frpplwphqw

Glvfuhwlrq

41386

41376

4139:

4136<

41375

41368

41369

41364

4133;

0

41338

0
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