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Huuru0fruuhfwlrq yhuvxv gl�huhqflqj lq
pdfurhfrqrphwulf iruhfdvwlqj1

Û|ylqg Hlwukhlp/ Wruh Dqghuv Kxvheû dqg Udjqdu Q|prhq�

Mdqxdu| 5/ 4<<;1

Devwudfw

Uhfhqw zrun e| Fohphqwv dqg Khqgu| kdyh vkrzq zk| iruhfdvwlqj v|vwhpv

wkdw duh lq whupv ri gl�huhqfhv/ gYDUv/ fdq eh pruh dffxudwh wkdq hfrqrphw0

ulf prghov wkdw lqfoxgh ohyhov yduldeohv/ HFPv1 Iru h{dpsoh/ gYDU iruhfdvwv

duh lqvxodwhg iurp sdudphwhu qrq0frqvwdqflhv lq wkh orqj uxq phdq ri wkh frlq0

whjudwlrq uhodwlrqvklsv1 Lq wklv sdshu/ wkh sudfwlfdo uhohydqfh ri wkhvh lvvxhv

duh lqyhvwljdwhg iru ULPLQL/ wkh txduwhuo| prgho ri wkh Fhqwudo Edqn ri Qru0

zd|/ zklfk zh wdnh dv dq h{dpsoh ri dq HFP iruhfdvwlqj prgho1 Zh ghyhors

d gYDU yhuvlrq ri wkh prgho dqg frpsduh HFP dqg gYDU iruhfdvwv iru wkh

shulrg 4<<41404<<7171 Wkh uhvxowv frq�up wkh uhohydqfh ri vhyhudo wkhruhwlfdo

lqvljkwv1 gYDU iruhfdvwv dsshdu lppxqh wr wkh sdudphwhu qrq0frqvwdqflhv

wkdw eldv wkh HFP iruhfdvwv1 Krzhyhu/ iru dq rshq v|vwhp olnh ULPLQL/ wkh

plvvshfl�fdwlrq uhvxowlqj iurp wkh rplvvlrq ri ohyhov lqirupdwlrq/ jhqhudwhv d

odujh eldv lq wkh gYDU iruhfdvwv1 Wkhuhiruh/ wkh lqfxpehqw HFP shuirupv

frpsdudwlyho| zhoo ryhu wkh iruhfdvw shulrg lqyhvwljdwhg lq wklv sdshu1

Nh|zrugv= Iruhfdvwlqj/ pdfurhfrqrplfv/ huuru0fruhfwlrq prgho/ YDUprgho1

�Zh zrxog olnh wr wkdqn Gdylg I1 Khqgu|/ Vwhlqdu Kroghq/ Gdj Nrovuxg dqg Emûuq H1 Qdxj iru
frpphqwv dqg glvfxvvlrq1 Wkh �uvw dxwkru lv khdg ri uhvhdufk dqg wkh vhfrqg lv vwd� hfrqrplvw
lq Qrujhv Edqn +Fhqwudo Edqn ri Qruzd|,1 Wkh wklug dxwkru lv surihvvru ri hfrqrplfv dw wkh
Xqlyhuvlw| ri Rvor dqg vshfldo frqvxowdqw lq Qrujhv Edqn1 Wkh ylhzv h{suhvvhg lq wklv sdshu
duh vroho| wkh uhvsrqvlelolw| ri wkh dxwkruv dqg vkrxog qrw eh lqwhusuhwhg dv uh hfwlqj wkrvh ri
Qrujhv Edqn1 Sohdvh dgguhvv fruuhvsrqghqfh wr wkh wklug dxwkru= Udjqdu Q|prhq/ Xqlyhuvlw|
ri Rvor/ Ghsduwphqw ri Hfrqrplfv1 S1R1 Er{ 43<8 Eolqghuq1 Q0364: Rvor/ Qruzd|1 Lqwhuqhw=
udjqdu1q|prhqChfrq1xlr1qr1
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4 Lqwurgxfwlrq

Djhqflhv wkdw exlog dqg pdlqwdlq pdfurhfrqrphwulf prghov riwhq xvh rqh dqg wkh
vdph prgho iru erwk srolf| dqdo|vlv dqg iruhfdvwv1 Fulwlfv ri pdfurhfrqrphwulf v|v0
whpv kdyh srlqwhg rxw wkdw lq sxuvxlqj erwk remhfwlyhv/ rqh pd| hqg xs zlwk prghov
wkdw shuirup srruo| rq erwk vfruhv1 Iru h{dpsoh/ Judqjhu dqg Qhzerog +4<;9, du0
jxh wkdw wkhru|0gulyhq pdfur prghov wkdw odujho| ljqruh g|qdplfv dqg whpsrudo
surshuwlhv ri wkh gdwd/ zloo qhfhvvdulo| surgxfh vxe0rswlpdo iruhfdvwv/ wkhlu delo0
lw| wr hoxflgdwh lpsruwdqw ixqfwlrqdo uhodwlrqvklsv lq wkh hfrqrp| qrwzlwkvwdqglqj1
Iruhfdvwlqj lv d wlph0rulhqwhg dfwlylw|/ dqg d surfhgxuh wkdw sd|v rqo| uxglphq0
wdu| dwwhqwlrq wr whpsrudo dvshfwv lv olnho| wr orrvh rxw wr ulydo surfhgxuhv wkdw
sxw g|qdplfv lq wkh iruhjurxqg1 Dv lv zhoo nqrzq/ vxfk frpshwlqj surfhgxuhv zhuh
ghyhorshg dqg jdlqhg jurxqg lq wkh vhyhqwlhv lq wkh irup ri Er{0Mhqnlqv wlph vhulhv
dqdo|vlv dqg DULPD prghov1

Lq wkh hljkwlhv/ pdfurhfrqrphwulf prgho wrrn dgydqwdjh ri wkh phwkrgrorj0
lfdo dqg frqfhswxdo dgydqfhv zlwklq wlph vhulhv hfrqrphwulfv1 Jhqxlqho| g|qdplf
ehkdylrxudo htxdwlrqv duh qrz wkh uxoh udwkhu wkdq wkh h{fhswlrq1 H{whqvlyh whvwlqj
ri plvvshfl�fdwlrq lv xvxdoo| shuiruphg1 Wkh gdqjhuv ri vsxulrxv uhjuhvvlrqv kdv
ehhq uhgxfhg dv d frqvhtxhqfh ri wkh dgrswlrq ri wkh qhz lqihuhqfh surfhgxuhv iru
lqwhjudwhg yduldeohv1 Dv d uhvxow/ prghuq pdfurhfrqrphwulf iruhfdvwlqj prghov duh
ohvv h{srvhg wr Judqjhu dqg Qhzerog*v fulwltxh1 Dw wkh vdph wlphv/ iruhfdvwhuv dovr
irfxvhg rq rwkhu shufhlyhg lqdghtxdflhv ri wkhlu prghov/ h1j1 wkh ryhuo| vlpsol�hg
wuhdwphqw ri vxsso| vlgh idfwruv dqg ri wudqvplvvlrq phfkdqlvp ehwzhhq wkh uhdo
dqg �qdqfldo vhfwruv ri wkh hfrqrp|/ vhh h1j1 Zdoolv +4<;<, iru dq ryhuylhz1

Iru dssolhg hfrqrphwulf iruhfdvwlqj/ wkhvh ghyhorsphqwv r�huhg vrph uhfrqflo0
ldwlrq ri wkh shufhlyhg frq lfw ehwzhhq wkhruhwlfdo lqwhusuhwdelolw| dqg gdwd edvhg
g|qdplf vshfl�fdwlrq1 Frq�ghqfh juhz wkdw huuru0fruuhfwlrq prghov +HFPv, zrxog
iruhfdvw pruh dffxudwho| wkdq prghov wkdw rqo| xvh gl�huhqfhg gdwd +gYDUv,/ vlqfh
HFPv frqwdlq �orqj uxq� lqirupdwlrq derxw hfrqrplf uhodwlrqvklsv1

Krzhyhu/ lq d vhulhv ri uhfhqw sdshu/ Plfkdho Fohphqwv dqg Gdylg Khqgu| kdyh
uh0h{dplqhg vhyhudo lvvxhv lq pdfurhfrqrphwulf iruhfdvwlqj/ vhh h1j1 Fohphqwv dqg
Khqgu| +4<<8d,/ +4<<8e,/ +4<<9,1 Wklv uhvhdufk uhyhdov wkh iudjlolw| ri d jhqhudo
fodlp wkdw wkh hfrqrphwulf HFP rxwshuirupv wkh iruhfdvwv iurp d gYDU1 Dvvxplqj
frqvwdqw sdudphwhuv lq wkh iruhfdvw shulrg/ wkh gYDU lv plvvshfl�hg uhodwlyh wr d
fruuhfwo| vshfl�hg HFP/ dqg gYDU iruhfdvwv zloo wkhuhiruh eh vxerswlpdo1 Krzhyhu/
li wkh sdudphwhuv fkdqjh diwhu wkh iruhfdvw lv pdgh/ wkhq wkh HFP lv dovr plvvshfl�hg
lq wkh iruhfdvw shulrg1 Fohphqwv dqg Khqgu| kdyh vkrzq wkdw iruhfdvwv iurp d gYDU
duh urexvw zlwk uhvshfw wr vrph zhoo gh�qhg fodvvhv ri sdudphwhu fkdqjhv1 Khqfh/
lq sudfwlfh/ HFP iruhfdvwv pd| wxuq rxw wr eh ohvv dffxudwh wkdq iruhfdvwv ghulyhg
iurp d gYDU1 Sxw gl�huhqwo|/ wkh �ehvw prgho� lq whupv ri hfrqrplf lqwhusuhwdwlrq
dqg hfrqrphwulfv/ pd| qrw eh wkh ehvw prgho iru iruhfdvwv1 Dw �uvw vljkw/ wklv lv
sdudgr{lfdo/ vlqfh dq| gYDU fdq eh ylhzhg dv d vshfldo fdvh ri dq HFP/ vlqfh lw
lpsrvhv dgglwlrqdo xqlw urrw uhvwulfwlrqv rq wkh v|vwhp1 Krzhyhu/ li wkh sdudphwhuv
ri wkh ohyhov yduldeohv wkdw duh h{foxghg iurp wkh gYDU fkdqjh lq wkh iruhfdvw
shulrg/ wklv lq wxuq pdnhv wkh HFP plvvshfl�hg1 Khqfh/ wkh rxwfrph ri wkh kruvh0
udfh lv qr orqjhu jlyhq/ vlqfh erwk iruhfdvwlqj prghov duh plvvshfl�hg uhodwlyh wr wkh
jhqhudwlqj phfkdqlvp wkdw suhydlov lq wkh shulrg zh duh wu|lqj wr iruhfdvw1
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Li zh wdnh dv suhplvhv wkdw d, frlqwhjudwlrq riwhq fdq eh hvwdeolvkhg zlwklq
vdpsoh> exw e, wkdw sdudphwhuv duh olnho| wr fkdqjh lq wkh iruhfdvw shulrg/ sudfwlwlrq0
huv duh edfn wr vtxduh rqh/ zlwk wzr frpshwlqj dowhuqdwlyh prgho fodvvhv dydlodeoh
iru iruhfdvwlqj sxusrvhv1 Lq wklv sdshu/ zh ghprqvwudwh wkh uhodwlyh lpsruwdqfh
ri wkh wzr w|shv ri plvvshfl�fdwlrq iru iruhfdvwv ri wkh Qruzhjldq hfrqrp| lq wkh
4<<3v1 Wkh prgho wkdw wdnhv wkh uroh ri wkh HFP lv wkh pdfurhfrqrphwulf iruhfdvw0
lqj prgho ULPLQL/ zklfk lv ghyhorshg dqg xvhg e| wkh Qruzhjldq Fhqwudo Edqn
+wkh lqfxpehqw prgho,1 Wkh ulydo iruhfdvwlqj v|vwhpv duh gYDUv wkdw duh ghulyhg
iurp wkh ixoo prgho dv zhoo dv xqlyduldwh dxwruhjuhvvlyh prghov1

Hduolhu hpslulfdo vwxglhv ri wklv lvvxh kdyh lqyhvwljdwhg vpdoo v|vwhpv/ vhh h1j1
Kr�pdq dqg Udvfkh +4<<9,1 Wkh dwwudfwlrq ri vpdoo v|vwhpv lv reylrxv1 Wkh|
doorz d ixoo hfrqrphwulf hydoxdwlrq ri frlqwhjudwlrq dqg ri iruhfdvw shuirupdqfh1
Pdfurhfrqrphwulf prghov xvhg e| iruhfdvwlqj djhqflhv duh xvxdoo| odujh dqg gr qrw
ohqg wkhpvhoyhv hdvlo| wr frpsohwh h{srvlwlrq dqg hydoxdwlrq1 Rq wkh rwkhu kdqg/
wkh vxffhvvhv ru idloxuhv ri wkhvh v|vwhpv kdyh d odujh lpsdfw rq wkh sxeolf shufhswlrq
ri krz xvhixo pdfurhfrqrphwulf iruhfdvwv duh1 Khqfh/ lw lv ri lqwhuhvw wr lqyhvwljdwh
zkhwkhu wkh qhz iruhfdvwlqj wkhru| fdq khos xv jdlq qhz lqvljkw lqwr wkh iruhfdvwlqj
surshuwlhv ri wkh �elj� iruhfdvwlqj prghov wkdw duh xvhg lq sudfwlfh1

Wkh uhvw ri wklv sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh uhylhz vrph
dqdo|wlfdo uhvxowv iru wkh iruhfdvw huuruv ri vlpsoh HFPv dqg gYDUv lq wkh fdvh ri
sdudphwhu fkdqjhv lq wkh iruhfdvw shulrg1 Lq vhfwlrq 6 zh jlyh d eulhi dffrxqw ri
wkh ULPLQL prgho/ wkh lqfxpehqw HFP/ dqg wkh irxu dowhuqdwlyh gYDU iruhfdvwlqj
v|vwhpv wkdw zh kdyh ghyhorshg iru frpsdulvrq1 Vhfwlrq 7 frqwdlqv wkh uhvxowv ri wkh
iruhfdvwlqj h{huflvh zlwk wkh gl�huhqw v|vwhpv1 Vhfwlrq 8 frqfoxghv dqg glvfxvvhv
wkh lpsolfdwlrqv iru wkh uroh ri hfrqrphwulf prghov lq pdfurhfrqrplf iruhfdvwlqj1

5 Iruhfdvw huuruv ri elyduldwh HFP dqg gYDUv

Lq wklv vhfwlrq/ zh looxvwudwh krz wkh iruhfdvw huuruv ri dq HFP dqg wkh fruuhvsrqg0
lqj gYDU pljkw eh d�hfwhg gl�huhqwo| e| vwuxfwxudo euhdnv1 Sudfwlfdo iruhfdvwlqj
prghov duh w|slfdoo| rshq v|vwhpv/ zlwk h{rjhqrxv yduldeohv1 Dowkrxjk wkh rshq
prgho wkdw zh vwxg| lq wklv vhfwlrq lv ri wkh vlpsohvw nlqg/ lwv surshuwlhv zloo suryh
khosixo lq lqwhusuhwlqj wkh iruhfdvwv huuruv ri wkh odujh v|vwhpv lq vhfwlrq 7 ehorz1

Wkh v|vwhp frqvlvwv ri wzr frlqwhjudwlqj UE�� yduldeohv/ %| dqg +|1 Wkh huuru0
fruuhfwlrq htxdwlrq iru +| lv

{+| ' Zf n Z�{%| � kd+|3� � q%|3�o n 0+c|c+4,

f 	 k 	 �c | ' �c � � � c A�

Jlyhq frlqwhjudwlrq/ wkh lqwhufhsw Zf fdq eh uhzulwwhq lq whupv ri dq �dxwrqrprxv
jurzwk� sdudphwhu �/ dqg wkh surgxfw ri wkh ihhgedfn frh!flhqw k/ dqg d sdudphwhu
>/ wkdw phdvxuh wkh orqj0uxq phdq ri wkh frlqwhjudwlrq uhodwlrqvkls

Zf ' � n k>�+5,

Xvlqj +5,/ wkh huuru0fruuhfwlrq prgho fdq eh zulwwhq dv

{+| ' � n Z�{%| � kd+|3� � q%|3� � >o n 0+c|�+6,
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Lq wkh iroorzlqj/ %| lv dvvxphg wr eh vwurqjo| h{rjhqrxv1 Wr nhhs wkh qrwdwlrq dv
vlpsoh dv srvvleoh/ zh dvvxph wkdw %| iroorzv d udqgrp0zdon

{%| ' 0%c|�+7,

Htxdwlrqv +6, dqg +7, pdnh xs wkh huuru0fruuhfwlrq prgho/ HFP1 Wkh glvwxuedqfhv
0+c| dqg 0%c| kdyh }hur h{shfwdwlrqv/ frqvwdqw yduldqfhv dqg duh xqfruuhodwhg1 Wkh
gYDU prgho ri +| dqg %| lpsrvhv rqh uhvwulfwlrq rq wkh prgho/ qdpho| k ' f/ khqfh
wkh gYDU frqvlvwv ri

{+| ' � n Z�{%| n e+c|�+8,

dqg +7,1 Zh ixuwkhu dvvxph wkdw

� Sdudphwhuv duh nqrzq1

� Iruhfdvwv iru wkh shulrgv A n �c A n 2c � � � c A n �/ duh pdgh lq shulrg A 1

� Lq wkh iruhfdvwv/ {%An� ' f +� ' �c � � � c �,1

Dowkrxjk doo frh!flhqwv pd| fkdqjh lq wkh iruhfdvw shulrg/ wkh prvw uhohydqw frh!0
flhqwv lq rxu frqwh{w lv k/ q dqg >/ l1h1 wkh frh!flhqwv wkdw duh suhvhqw lq wkh HFP
exw qrw lq wkh gYDU1 Dprqj wkhvh/ zh frqfhqwudwh rq k dqg >/ vlqfh q uhsuhvhqwv
sduwldo vwuxfwxuh e| yluwxh ri ehlqj d frlqwhjudwlrq sdudphwhu1

514 Sdudphwhuv fkdqjh diwhu wkh iruhfdvw lv suhsduhg

51414 Fkdqjh lq wkh orqj uxq phdq

Zh �uvw dvvxph wkdw wkh orqj0uxq phdq frh!flhqw fkdqjhv irup lwv lqlwldo ohyho > wr
d qhz ohyho >W diwhu wkh iruhfdvw lv pdgh lq shulrg A 1 Khqfh doo iruhfdvw huuruv iurp
A n � dqg rqzdugv duh d�hfwhg e| wkh sdudphwhu fkdqjh1 Doo rwkhu frh!flhqwv duh
dvvxphg frqvwdqw wkurxjkrxw wkh iruhfdvw shulrg1

Wkh 40shulrg iruhfdvw huuru iru wkh HFP fdq eh zulwwhq

+An� � 	+An�cHFP ' Z�0%cAn� � kd>� >Wo n 0+cAn��+9,

Iru wkh gYDU/ wkh fruuhvsrqglqj iruhfdvw huuru lv

+An� � 	+An�cgYDU ' Z�0%cAn� � kd+A � q%A � >Wo n 0+cAn��+:,

Lq wkh iroorzlqj zh irfxv rq wkh eldv ri wkh iruhfdvw huuruv1 Wkh 40vwhs eldvhv
duh gh�qhg e| wkh frqglwlrqdo h{shfwdwlrq ri wkh iruhfdvw huuruv dqg duh ghqrwhg
eldvAn�cHFP dqg eldvAn�cgYDU uhvshfwlyho|=

ELDVAn�cHFP ' �kd>� >Woc+;,

ELDVAn�cgYDU ' �kd+A � q%A � >Wo�+<,

Wkh iroorzlqj srlqwv duh zruwk qrwlqj= Iluvw/ wkh HFP eldv lv gluhfwo| sursruwlrqdo
wr wkh sdudphwhu fkdqjh1 Wkh gYDU iruhfdvw wrr lv eldvhg/ xqohvv lw kdsshqv wkdw
+A lv h{dfwo| htxdo wr lwv qhz dwwudfwru q%A n>W1 Vhfrqg/ wkh gYDU huuru lv urexvw
wr wkh sdudphwhu qrq0frqvwdqf| dv vxfk/ l1h1/ wkh eldv rqo| frqwdlqv >W dqg qrw >1
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Wklug/ hyhq lq wklv vlpsoh fdvh/ wkhuh lv qr udqnlqj ri wkh wzr eldvhv1 Zklfk ri wkh
wzr lv eljjhu +lq devroxwh whupv, ghshqgv rq wkh lqlwldo frqglwlrqv dqg wkh vl}h ri
sdudphwhu fkdqjh1

Iru frpsdulvrq zlwk vhfwlrq 515 ehorz/ zh dovr zulwh grzq wkh eldvhv ri wkh
50shulrg iruhfdvw huuruv1

ELDVAn2cHFP ' �kBE��d>� >Woc+43,

zkhuh BE�� ' � n E�� k� dqg

ELDVAn2cgYDU ' �EBE�� � 2�� kBE��d+A � q%A � >Wo�

' �k� � kBE��d+A � q%A � >Wo�+44,

Ilqdoo|/ iru wkh ��shulrgv HFP iruhfdvwv=

ELDVAn�cHFP ' �kBE�3��d>� >Woc+45,

zkhuh BE�3�� lv gh�qhg dv

BE�3�� ' � n
�3�[

�'�

E�� k��/ � ' 2c �c ���1+46,

Wkh fruuhvsrqglqj ��shulrg eldv ri wkh gYDU iruhfdvw ehfrphv

ELDVAn�cgYDU ' ��EBE�3�� � ��� kBE�3��d+A � q%A � >Wo/ � ' 2c �c ���1+47,

Wkh 2� dqg ��shulrg dkhdg iruhfdvw huuruv vkrz krz wkh sdudphwhu fkdqjh d�hfwv
wkh HFP iruhfdvw dgyhuvho| hyhq iru orqj iruhfdvw krul}rqv1 Wkh sdudphwhu vkliw lq
lwvhoi grhv qrw kdup wkh gYDU iruhfdvwv1 Krzhyhu/ vwduwlqj iurp wkh vhfrqg iruhfdvw
shulrg/ wkh gYDU iruhfdvwv huuruv duh eldvhg dv orqj dv wkh gYDU frqwdlqv d qrq0
}hur dxwrqrprxv jurzwk frpsrqhqw �/ fi1 wkh whup �EBE�3�� � �� 9' f lq htxdwlrq
+47,1 Ryhu orqjhu iruhfdvw krul}rqv/ wkdw eldv pd| ehfrph odujhu wkdw wkh HFP
iruhfdvw eldv14

51415 Fkdqjh lq wkh htxloleulxp fruuhfwlrq frh!flhqw

Qh{w/ zh frqvlghu wkh vlwxdwlrq zkhuh wkh dgmxvwphqw frh!flhqw k fkdqjhv wr d qhz
ydoxh/ kW/ diwhu wkh iruhfdvw iru A n �/ A n 2/� � �/A n � kdyh ehhq suhsduhg1 Wkh
40vwhs huuruv iru wkh wzr w|shv ri iruhfdvwv iru wkh wzr prghov duh=

ELDVAn�cHFP ' �EkW � k�d+A � q%A � >oc+48,

dqg
ELDVAn�cgYDU ' �kWd+A � q%A � >o�+49,

Wkh HFP eldv lv sursruwlrqdo wr wkh vl}h ri wkh vkliw/ zkloh wkh gYDU eldv lv
sursruwlrqdo wr wkh pdjqlwxgh ri wkh qhz frh!flhqw lwvhoi1 Khqfh/ li wkh sdudphwhu

4Qrwh wkdw wr dyrlg dq lqwhufhsw uhodwhg frpsrqhqw lq wkh gYDU eldv/ � @ 3 lq wkh gdwd

jhqhudwlqj surfhvv1 Li � 9@ 3/ exw wkh gYDU xvhg iru iruhfdvwlqj lv zlwkrxw dq lqwhufhsw whup/ wkh

lqwhufhsw0eldv ehfrphv ��+m�4, lqvwhdg ri �+�+m�4, � m, dv lq +47,
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fkdqjh lv vpdoo uhodwlyh wr wkh +qhz, ohyho ri wkh frh!flhqw/ wkh gYDU eldv zloo eh
odujhu wkdq wkh HFP eldv1

Iru wkh pxowl0shulrg iruhfdvwv/ wkh HFP eldv lv

ELDVAn�cHFP ' �EBWE�3�� � BE�3���+4:,

�EkWBWE�3�� � kBE�3���d+A � q%A � >oc � ' 2c �c ���1/

zkhuh BE�3�� lv gh�qhg lq +46, dqg BWE�3�� lv jlyhq lq d vlplodu idvklrq dv

BWE�3�� ' � n
�3�[

�'�

E�� kW��/ � ' 2c �c ���1+4;,

Iru wkh gYDU/ wkh m0shulrg dkhdg iruhfdvw huuru eldv lv jlyhq e|

ELDVAn�cgYDU ' �EBWE�3�� � ��� kWBWE�3��d+A � q%A � >oc � ' 2c �c ���1+4<,

Khqfh/ hyhq wkrxjk wkh gYDU eldv lv xqd�hfwhg e| wkh sdudphwhu lqvwdelolw| dv
vxfk/ wkh vl}h ri wkh gYDU eldv lv olnho| wr eh odujhu wkdq wkh HFP eldv/ hyhq iru
vkruw iruhfdvw krul}rqv1

515 Sdudphwhu fkdqjh ehiruh wkh iruhfdvw lv pdgh

Wklv vlwxdwlrq lv looxvwudwhg e| frqvlghulqj krz wkh iruhfdvwv iru A n2c A n�c �11/A n�

lv xsgdwhg frqglwlrqdo rq rxwfrphv iru shulrg A n �1 Wkh vkliw > $ >W �uvw d�hfwv
rxwfrphv lq shulrg A n �1 Zkhq wkh iruhfdvwv iru A n 2c A n �111duh xsgdwhg lq
shulrg A n �/ lqirupdwlrq derxw sdudphwhu lqfrqvwdqflhv duh wkhuhiruh suhvhqw lq
wkh vwduwlqj ydoxh +An�1 Frqvlghulqj > $ >W �uvw/ wkh xsgdwhg iruhfdvw iru +An2/
frqglwlrqdo rq +An� |lhogv

ELDVAn2cHFP m A n � ' �kd>� >Woc+53,

iru wkh HFP dqg

ELDVAn2cgYDU m A n � ' �kd+An� � q%An� � >Wo1+54,

iru wkh gYDU1
Htxdwlrq +53, vkrzv wkdw wkh HFP iruhfdvw huuru lv d�hfwhg e| wkh sdudphwhu

fkdqjh lq h{dfwo| wkh vdph pdqqhu dv ehiruh/ fi1 +43, deryh/ ghvslwh wkh idfw wkdw
lq wklv fdvh wkh h�hfw ri wkh vkliw lv lqfrusrudwhg lq wkh lqlwldo ydoxh +An�1 Lq wklv
lpsruwdqw vhqvh/ wkh HFP iruhfdvwv gr qrw huuru0fruuhfw wr hyhqwv wkdw kdyh rffxuuhg
sulru wr wkh suhsdudwlrq ri wkh iruhfdvw1 Lqvwhdg/ xqohvv wkh iruhfdvwhuv ghwhfw wkh
sdudphwhu fkdqjh dqg wdnh dssursuldwh dfwlrq e| lqwhufhsw fruuhfwlrq/ wkh h�hfw
ri d sdudphwhu vkliw sulru wr wkh iruhfdvw shulrg zloo eldv wkh iruhfdvwv �iruhyhu�1
Wkh vlwxdwlrq lv gl�huhqw iru wkh gYDU/ vhh htxdwlrq +54,1 Vlqfh wkh iruhfdvw0huuru
frqwdlqv erwk +An� dqg >W/ wkh iruhfdvw lqfrusrudwhv wkdw wkh fkdqjh iurp > wr >W

lv sduwo| uh hfwhg lq +An�1 Lq wklv lpsruwdqw vhqvh/ wkhuh lv dq hohphqw ri lqkhuhqw
�lqwhufhsw fruuhfwlrq� exlow lqwr wkh gYDU iruhfdvwv shulrg1

Wkh dqdo|vlv ri fkdqjhv lq wkh dgmxvwphqw frh!flhqw lv yhu| vlplodu1 Wkh HFP
grhv qrw dgmxvw dxwrpdwlfdoo| wr k $ kW rffxuulqj sulru wr wkh suhsdudwlrq ri wkh
iruhfdvw/ zkhuhdv wkh gYDU sduwo| dgmxvwv wr vxfk sdudphwhu lqfrqvwdqflhv1
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6 D odujh vfdoh HFP prgho dqg irxu iruhfdvwlqj v|vwhpv
edvhg rq gl�huhqfhg gdwd +gYDUv,

Vhfwlrq 5 eurxjkw rxw wkdw hyhq iru yhu| vlpsoh v|vwhpv/ lw lv lq jhqhudo gl!fxow wr
suhglfw zklfk yhuvlrq ri wkh prgho lv jrlqj wr kdyh wkh vpdoohvw iruhfdvw huuru/ wkh
HFP ru wkh gYDU1 Zkloh wkh iruhfdvw huuruv ri wkh gYDU duh urexvw wr fkdqjhv lq
wkh dgmxvwphqw frh!flhqw k dqg wkh orqj0uxq phdq >/ wkh gYDU iruhfdvw huuru pd|
vwloo wxuq rxw wr eh odujhu wkdq wkh HFP iruhfdvw huuru1 W|slfdoo|/ wklv lv wkh fdvh li
wkh sdudphwhu fkdqjh +lqfoxghg lq wkh HFP, lv vpdoo uhodwlyh wr wkh frqwulexwlrq ri
wkh huuru0fruuhfwlrq whup +zklfk lv rplwwhg lq wkh gYDU, dw wkh vwduw ri wkh iruhfdvw
shulrg1

Lq vhfwlrq 7 ehorz/ zh jhqhudwh pxowl0shulrg iruhfdvwv iurp wkh hfrqrphwulf
prgho ULPLQL xvhg e| wkh Fhqwudo Edqn ri Qruzd|/ dqg frpsduh wkhvh wr wkh iruh0
fdvwv iurp prghov edvhg rq gl�huhqfhg gdwd1 Lq rughu wr surylgh vrph edfnjurxqg
wr wkrvh vlpxodwlrqv/ wklv vhfwlrq �uvw ghvfulehv wkh pdlq ihdwxuhv ri wkh lqfxpehqw
HFP dqg wkhq h{sodlqv krz zh kdyh ghvljqhg wkh gYDU iruhfdvwlqj v|vwhpv1

Wkh Qruzhjldq Fhqwudo Edqn xvhv wkh txduwhuo| pdfurhfrqrplf prgho ULPLQL
dv d sulpdu| lqvwuxphqw lq wkh surfhvv ri iruhfdvw suhsdudwlrq1 Wkh w|slfdo iruhfdvw
krul}rq lv irxu wr hljkw txduwhuv lq wkh Edqn*v Lq dwlrq uhsruw/ exw iruhfdvwv iru
xs wr �yh |hduv dkhdg duh dovr sxeolvkhg uhjxoduo| dv sduw ri wkh dvvhvvphqw ri wkh
phglxp whup rxworrn ri wkh Qruzhjldq hfrqrp|1 Wkh 538 htxdwlrqv ri ULPLQL
+yhuvlrq 51<, idoo lqwr wkuhh fdwhjrulhv

� 479 gh�qlwlrqdo htxdwlrqv/ h1j1 qdwlrqdo dffrxqwlqj lghqwlwlhv/ frpsrvlwlrq ri
wkh zrun0irufh hwf1

� 66 hvwlpdwhg �whfkqlfdo � htxdwlrqv/ h1j1 sulfh lqglfhv zlwk gl�huhqw edvh |hduv
dqg htxdwlrqv wkdw vhuyh vshfldo uhsruwlqj sxusrvhv +wkhuh lv qr ihhg0edfn wr
wkh uhvw ri wkh prgho,1

� 59 hvwlpdwhg �ehkdylrxudo� htxdwlrqv1

Wkh wzr �uvw jurxsv ri htxdwlrqv duh lghqwlfdo lq ULPLQL dqg wkh gYDU yhuvlrqv ri
wkh prgho1 Lw lv wkh vshfl�fdwlrq ri 59 hfrqrphwulf htxdwlrqv wkdw glvwlqjxlvk wkh
prghov1 Wrjhwkhu wkh| frqwdlq txdqwlwdwlyh nqrzohgjh derxw ehkdylrxu uhodwlqj wr
djjuhjdwh rxwfrph/ h1j1 frqvxpswlrq/ vdylqjv dqg krxvhkrog zhdowk> oderxu ghpdqg
dqg xqhpsor|phqw> zdjh dqg sulfh lqwhudfwlrqv +lq dwlrq,> fdslwdo irupdwlrq> iru0
hljq wudgh1 Vhdvrqdoo| xqdgmxvwhg gdwd duh xvhg iru wkh hvwlpdwlrq ri wkh htxdwlrqv1
Wr d odujh h{whqw/ pdfurhfrqrplf lqwhughshqghqflhv duh frqwdlqhg lq wkh g|qdplfv
ri wkh prgho1 Iru h{dpsoh/ sulfhv dqg zdjhv duh Judqjhu0fdxvlqj rxwsxw/ wudgh
dqg hpsor|phqw dqg wkh ohyho ri uhdo0dfwlylw| ihhgv edfn rq wr zdjh0sulfhv lq dwlrq1
Wkh prgho lv dq rshq v|vwhp= H{dpsohv ri lpsruwdqw qrq0prghoohg yduldeohv duh
wkh ohyho ri hfrqrplf dfwlylw| e| wudglqj sduwqhuv/ dv zhoo dv lq dwlrq dqg zdjh0frvwv
lq wkrvh frxqwulhv1 Lqglfdwruv ri hfrqrplf srolf| +wkh ohyho ri jryhuqphqw h{shqgl0
wxuh/ wkh vkruw0whup lqwhuhvw udwh dqg wkh h{fkdqjh udwh,/ duh dovr qrq0prghoohg dqg
wkh iruhfdvwv duh wkhuhiruh frqglwlrqdo rq d sduwlfxodu vfhqdulr iru wkhvh yduldeohv1
Lq wkh iroorzlqj/ zh uhihu wr wkh lqfxpehqw yhuvlrq ri ULPLQL dv hULP1

Ehfdxvh doo wkh ehkdylrxudo htxdwlrqv ri ULPLQL duh lq huuru0fruuhfwlrq irup/
d vlpsoh gYDU yhuvlrq ri wkh prgho fdq eh rewdlqhg e| mxvw rplwwlqj wkh huuru0
fruuhfwlrq whupv iurp wkh htxdwlrq dqg uh0hvwlpdwlqj wkh frh!flhqwv ri wkh uhpdlq0
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lqj +gl�huhqfhg yduldeohv,1 Rplvvlrq ri vljql�fdqw huuru0fruuhfwlrq whupv phdqv
wkdw wkh uhvxowlqj gl�huhqfhg htxdwlrqv ehfrph plvvshfl�hg/ zlwk dxwrfruuhodwhg
dqg khwhurvfhgdvwlf uhvlgxdov1 Iurp rqh shuvshfwlyh wklv lv qrw d sureohp= Wkh
pdlq wkuxvw ri wkh wkhruhwlfdo glvfxvvlrq lv wkdw wkh gYDU lv lqghhg plvvshfl�hg
zlwklq vdpsoh/ fi1 wkdw wkh huuru0whup e+c| lq wkh gYDU htxdwlrq +8, lv dxwrfruuh0
odwhg surylghg wkdw wkhuh lv vrph dxwrfruuhodwlrq lq wkh glvhtxloleulxp whup lq +4,1
Wkh gYDU pljkw vwloo iruhfdvw ehwwhu wkdq wkh HFP/ li wkh frh!flhqwv uhodwlqj wr
wkh huuru0fruuhfwlrq whupv fkdqjh lq wkh iruhfdvw shulrg1 Wkdw vdlg/ kdylqj d plv0
vshfl�hg gYDU grhv sxw wkdw prgho dw d glvdgydqwdjh frpsduhg wr wkh HFP1 Khqfh
zh ghflghg wr uh0prgho doo wkh d�hfwhg htxdwlrqv/ lq whupv ri gl�huhqfhv dorqh/ lq
rughu wr pdnh wkh uhvlgxdov ri wkh gYDU0htxdwlrqv hpslulfdoo| zklwh0qrlvh1

Wr looxvwudwh rxu dssurdfk/ zh frqvlghu wkh hvwlpdwhg �frqvxpswlrq sulfh htxd0
wlrq� lq hULP/ uhsruwhg lq htxdwlrq +55, ehorz1 Orzhu fdvh Odwlq ohwwhuv ghqrwh orjv/
khqfh wkh hvwlpdwhg frh!flhqwv duh hodvwlflwlhv1 ROV vwdqgdug huuruv duh uhsruwhg
ehorz wkh hvwlpdwhv1 Wkh �uvw wkuhh whupv rq wkh uljkw kdqg vlgh jlyh wkh lpsdfw
rq lq dwlrq ri lpsruw sulfh jurzwk +{RK|,/ zdjh frvwv shu krxu E{�Ss|� dqg dq
dffhohudwlrq whup +{2�Ss|3��1 Wkh qh{w wzr yduldeohv duh uhdo JGS rxwsxw jurzwk
E{+s�/ d zhljkwhg dyhudjh ryhu wzr txduwhuv/ dqg surgxfwlylw| jurzwk/ dq dyhudjh
ryhu irxu txduwhuv E{e5+s|�1 Wkh odvw jurzwk udwh whup lv wkh irxuwk txduwhu odj
ri lq dwlrq E{SR�|3e�1 Ilqdoo|/ wkhuh duh wkuhh vhdvrqdo gxpplhv 7�c| +� ' �c 2c �,/
d YDW gxpp| dqg dq lqfrphv srolf| gxpp| +U�|,1 Lw pljkw eh qrwhg wkdw wkh
h{sodqdwru| yduldeohv RK|/ �Ss|/ +s| dqg 5+s| duh doo prgho0hqgrjhqrxv yduldeohv1

Wkh wzr ohyhov whupv lq +55, duh ESR�� RK� A��|3� dqg E�Ss � RK� 5+s�|3�1
Wrjhwkhu wkh| lpsrvh wkh iroorzlqj vhw ri uhvwulfwlrqv=

� Qrplqdo orqj0uxq krprjhqhlw|1

� Oderxu frvw dqg surgxfwlylw| duh uhvwulfwhg wr hqwhu wkh orqj uxq sduw ri wkh
prgho lq wkh irup ri xqlw oderxu frvwv +�Ss � 5+s,1

� D orqj uxq frh!flhqw ri xqlw| lv lpsrvhg iru wkh lqgluhfw wd{0udwh/ A�1

Wkh hvwlpdwhg dgmxvwphqw frh!flhqw ri ESR�� RK� A��|3� lv orz +f�f.S�/ lqglfdwlqj
uhodwlyho| vorz dgmxvwphqw ri frqvxphu sulfhv wr lqfuhdvhv lq zdjh frvwv ru lq lpsruw
sulfhv1 Krzhyhu/ wkh w0ydoxh ri wkh dgmxvwphqw frh!flhqw lv �S�bf zklfk vxjjhvwv
wkdw ESR� � RK � A��| frlqwhjudwhv zlwk E�Ss � RK � 5+s�|/ dowkrxjk d irupdo whvw
uhtxluhv zhdn h{rjhqhlw| ri �Ss|/ RK| dqg 5+s|/ vhh Nuhphuv/ Hulfvvrq/ dqg Grodgr
+4<<5,15

5PdfNlqqrq*v +4<<4,Glfnh|0Ixoohu 4( fulwlfdo ydoxh iru wkh qxoo k|srkhvlv wkdw +fsl�se�W6,w
dqg +zfi � se� }|i,w gr qrw frlqwhjudwh/ lv �7=351
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g{SR�| ' f�ffb
Ef�ff��

n f�fDe
Ef�f�S�

{RK|n f��H2
Ef�f2.�

{�Ss|

n f�fSe
Ef�f�b�

{{�Ss|3�n f�f22
Ef�f�S�

Ef�D{+s|3� n{+s|32�

� f�fSD
Ef�f�b�

{e5+s|n f��.S
Ef�feS�

{SR�|3e

� f�f.S
Ef�f���

ESR�� RK� A��
|3�

n f�fe.
Ef�f�f�

E�Ss � RK� 5+s�
|3�

� f�f�ee
Ef�ff�e�

U��|n f�fee
Ef�ffe�

T �A|� f�ff�
Ef�ff�H�

7�|

� f�ffe
Ef�ff2�

72|� f�ff2
Ef�ff2�

7�|

A ' b� d�bSb�2� �bb��eo 	j ' f��SI
�2

8
E�2� ' �e�ee df�2.o 8��J�E�2c ..� ' ��fS df�e�o

+55,

Wxuqlqj wr sdudphwhu frqvwdqf|/ wkh 8��J� dqg �2

8
whvwv uhsruwhg zlwk htxdwlrq

+55, vkrz qr vljq ri �euhdngrzq� lq wkh iruhfdvw shulrg 4<<514�4<<717/ l1h1 dq|
qrq0frqvwdqflhv lq wkh iruhfdvw shulrg duh qrw vljql�fdqw frpsduhg zlwk wkh hvwl0
pdwhg xqfhuwdlqw| ri wkh htxdwlrq1 Lq Wdeoh 4/ wkh hvwlpdwhg vwdqgdug huuru ri +55,
lv uhshdwhg lq wkh �uvw froxpq wrjhwkhu zlwk s0ydoxhv ri vhyhudo rwkhu gldjqrvwlf
whvwv1 Qrqh ri wkh whvwv duh hyhq forvh wr vljql�fdqfh dw 8( ru 43(1 Wkh lq dwlrq
htxdwlrq lq hULP vhhpv wr eh zhoo vshfl�hg1 Wkh vhfrqg froxpq lq Wdeoh 4 uhyhdov
wkdw wkh fruuhvsrqglqj gULP htxdwlrq/ zklfk lv rewdlqhg e| phuho| rplwwlqj wkh
ohyhov whupv iurp +55,/ lqghhg grhv surgxfh d plvvshfl�hg lq dwlrq htxdwlrq= Wkhuh
duh vljqv ri dxwrfruuhodwlrq +hyhq e| wkh mrlqw whvw ri �iwk rughu dxwrfruuhodwlrq,/
khwhurvfhgdvwlvlw| dqg sdudphwhu qrq0frqvwdqf|1 Ilqdoo|/ zh qrwh wkdw wkh wklug fro0
xpq vkrzv qr vljql�fdqw plvvshfl�fdwlrq iru wkh uh0prghoohg yhuvlrq ri wkh lq dwlrq
htxdwlrq xvhg lq gULPf1

^Wdeoh 4 derxw khuh1`

Htxdwlrq +56, vkrzv wkh ghwdlov ri wkh gYDU0yhuvlrq uhihuuhg wr lq wkh wklug
froxpq ri Wdeoh 41 Dssduhqwo|/ wkh h{wud dxwruhjuhvvlyh whup{SR�|32/ wrjhwkhu zlwk
orqjhu odjv rq zdjh0frvwv/ lpsruw sulfhv dqg +lq sduwlfxodu, surgxfwlylw| jurzwk/ duh
hqrxjk wr uhqghu wkh uhvlgxdov hpslulfdoo| zklwh qrlvh/ hyhq wkrxjk wkh ohyho whupv
lq +55, kdyh ehhq rplwwhg1 Wkh hvwlpdwhg uhvlgxdo vwdqgdug huuru +	j, lv d olwwoh
kljkhu wkdq lq wkh HFP yhuvlrq1 Lpsruwdqwo|/ wkhuh duh qr vljqv ri wkh lqfrqvwdqflhv
wkdw vwdqg rxw vr vwurqjo| iru wkh vlpsoh gYDU htxdwlrq1 Lqghhg/ wkh s0ydoxhv ri
�2

8
E�2� dqg 8��J�E�2c .b� duh rqo| pdujlqdoo| gl�huhqw iurp wkrvh zh irxqg iru wkh

;



lqfxpehqw HFP sulfh htxdwlrq1

g{SR�| ' f�ff.
Ef�ffe�

n f�2fS
Ef�f�f�

E{SR�|32 n{SR�|3e�

� f�f2Se
Ef�f���

{ E�Ss � RK� 5+s�
|3D

� f�fSe
Ef�f2��

E{5+s|3� n{5+s|32�

n f�2fS�2
Ef�f�f�

{�Ss|n f�fDb
Ef�f�b�

{RK|n f�fef
Ef�f�S�

{+s|3e

� f�f�.
Ef�ff�D�

U��|n f�fe�
Ef�ffe�

T �A|n f�ffH
Ef�ffe�

7�|

� f�f��
Ef�ff.�

72|� f�ffD
Ef�ffe�

7�|

A ' b� d�bSb�2� �bb��eo 	j ' f�e�I
�2

8
E�2� ' �H�ee df��f�o 8��J�E�2c .b� ' ���2e df��Do�

+56,

Lq rughu wr frpsohwh gULPf/ wkh 59 hfrqrphwulf htxdwlrqv lq hULP zhuh doo fduhixoo|
uh0prghoohg lq whupv ri gl�huhqfhv dorqh1 Doo gULPf htxdwlrqv frqwdlq hpslulfdo
zklwh qrlvh uhvlgxdov/ zkhq uhvlgxdo surshuwlhv duh hydoxdwhg xvlqj wkh vdph whvw
vwdwlvwlfv dv lq Wdeoh 41 Vshfldo dwwhqwlrq zdv sdlg wr frqvwdqw whupv/ dv wkhlu
lqfoxvlrq eldv gYDU iruhfdvw/ dv vkrzq lq vhfwlrq 514141 Khqfh/ iru d qxpehu ri
htxdwlrqv/ wkh frqvwdqw zdv frqvwudlqhg wr }hur1 Iru h{dpsoh lq wkh htxdwlrqv iru
dyhudjh edqn lqwhuhvw udwhv/ krxvhkrog ordqv/ dqg krxvlqj sulfhv1 Krzhyhu/ frqvwdqw
whupv zhuh lqfoxghg lq wkh sulfh dqg zdjh htxdwlrqv lq gULPf= Ryhu wkh vdpsoh phdq
zdjh dqg sulfh lq dwlrq lv srvlwlyh1 Zlwk froohfwlyh zdjh0edujdlqlqj/ d vxvwdlqhg idoo
lq qrplqdo zdjh ohyhov lv xqolnho| wr eh revhuyhg/ vhh Kroghq +4<<:,iru dq wkhruhwlfdo
dqdo|vlv1

Doo wkuhh prgho yhuvlrqv frqvlghuhg vr idu duh wuxh �v|vwhp ri htxdwlrqv� iruh0
fdvwlqj prghov1 Iru frpsdulvrq/ zh kdyh dovr suhsduhg vlqjoh htxdwlrq iruhfdvw iru
hdfk yduldeoh1 Wkh �uvw vhw ri vlqjoh htxdwlrq iruhfdvwv lv gxeehg gDU/ dqg lv edvhg
rq xquhvwulfwhg hvwlpdwlrq ri DU+7, prghov1 Ilqdoo|/ zh jhqhudwh iruhfdvwv iurp d
frpsohwho| uhvwulfwhg irxuwk rughu dxwruhjuhvvlyh prgho/ khqfh iruhfdvwv duh jhqhu0
dwhg iurp {e{*?f| ' f/ iru d yduldeoh f| wkdw lv dprqj wkh hqgrjhqrxv yduldeohv
lq wkh ruljlqdo prgho1 Wklv vhw ri iruhfdvwv lv fdoohg gDUu/ zkhuh wkh u lv d uhplqghu
wkdw wkh iruhfdvwv duh edvhg rq +khdylo|, uhvwulfwhg DU+7, surfhvvhv1 Wkxv/ zh zloo
frpsduh iruhfdvw huuruv iurp 8 iruhfdvwlqj v|vwhpv1
Wdeoh 5 vxppdul}hv wkh 8 prghov lq whupv ri rqh �edvholqh� prgho dqg irxu �ulydov�1

^Wdeoh 5 derxw khuh1`

7 Uhodwlyh iruhfdvw shuirupdqfh 4<<51404<<7171

Doo prghov wkdw hqwhu wklv h{huflvh zhuh hvwlpdwhg rq d vdpsoh hqglqj lq 4<<4171
Wkh shulrg 4<<51404<<717 lv xvhg iru iruhfdvw frpsdulvrqv1 Wkdw shulrg vdz wkh
vwduw ri d pdunhg xsvzlqj lq wkh Qruzhjldq hfrqrp|1 Khqfh/ vhyhudo ri wkh prgho0
hqgrjhqrxv yduldeohv fkdqjh vxevwdqwldoo| ryhu wkh 45 txduwhu iruhfdvw shulrg1 Wklv
lv looxvwudwhg lq Wdeoh 6 zklfk vkrzv wkh dqqxdo jurzwk udwhv iru qrq0rlo JGS0rxwsxw/
wkh frqvxphu sulfh lqgh{ +FSL, dqg wkh dqqxdo shufhqwdjh lqfuhdvh lq krxvlqj sulfhv1
Lq dgglwlrq/ wkh wdeoh lqfoxghv wkh dyhudjh ohyho ri wkh xqhpsor|phqw udwh dqg wkh
dyhudjh lqwhuhvw udwh rq edqn ordqv1
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Lq whupv ri JGS jurzwk/ wkh xsvzlqj zdv zhoo xqghu zd| douhdg| lq 4<<5/
iroorzlqj d idoo lq �pdlqodqg� JGS lq 4<<41 Ghvslwh wkh srvlwlyh dqg lqfuhdvlqj
jurzwk udwhv/ lq dwlrq ghfolqhg wkurxjkrxw wkh shulrg/ uh hfwlqj sduwo| wkdw qrplqdo
zdjh jurzwk zdv dovr prghvw +fi1/ wkh klvwrulfdo kljk ohyho ri xqhpsor|phqw vkrzq lq
wkh wdeoh, dqg wkdw surgxfwlylw| jurzwk lv uhfryhulqj1 Wkh prvw yljrurxv pryhphqwv
duh irxqg lq wkh urz iru dqqxdo jurzwk lq wkh krxvlqj sulfh lqgh{ dqg wkh lqwhuhvw
udwh ohyho1

^Wdeoh 6 derxw khuh1`

714 Iruhfdvw huuruv iru d vhohfwlrq ri �khdgolqh� yduldeohv

Wkh yduldeohv lqfoxghg lq Wdeoh 6 duh dprqj wkh �khdgolqh� yduldeohv wkdw duh uhj0
xoduo| iruhfdvwhg zlwk wkh dlg ri wkh Edqn*v prgho/ hULP lq rxu qrwdwlrq1 Lq wklv
vhfwlrq zh xvh judskv wr looxvwudwh krz wkh hULP iruhfdvwv frpsduh wr wkh irxu
gYDUv= gULP/ gULPf/ gDU dqg gDUu1 Zh frpsduh wkuhh g|qdplf iruhfdvw/ glvwlq0
jxlvkhg e| wkh vwduw shulrg= Wkh �uvw iruhfdvw lv iru wkh zkroh 45 txduwhu krul}rq/
vr wkh �uvw shulrg ehlqj iruhfdvwhg lv 4<<5141 Wkh vhfrqg vlpxodwlrq vwduwv lq 4<<614
dqg wkh wklug lq 4<<7141 Ixuwkhupruh/ doo iruhfdvw duh frqglwlrqdo rq wkh dfwxdo
ydoxhv ri wkh prghov* h{rjhqrxv yduldeohv dqg wkh lqlwldo frqglwlrqv/ zklfk ri frxuvh
fkdqjh dffruglqjo| zkhq zh lqlwldol}h wkh iruhfdvwv lq gl�huhqw vwduw shulrgv1 Wkh
xvh ri fruuhfw ydoxhv ri wkh qrq0prghoohg yduldeohv ri frxuvh eldv wkh frpsdulvrq ri
wkh pxowl0yduldwh iruhfdvwv +hULP/ gULP/ gULPf, zlwk wkh xqlyduldwh iruhfdvwv +gDU
dqg gDUu,/ vlqfh lq sudfwlfh/ wkh qrq0prghoohg yduldeohv dovr kdyh wr eh iruhfdvwhg1
Krzhyhu wkh pdlq lvvxh khuh lv wkh h�hfw ri �ryhu gl�huhqflqj� lq d pxowl0htxdwlrq
frqwh{w1 Vlqfh erwk gULP dqg gULPfpdnh xvh ri wkh vdph qrq0prghoohg yduldeohv dv
hULP/ wkdw frpsdulvrq lv qrw eldvhg e| wkh xvh ri fruuhfw �h{rjhqrxv� lqirupdwlrq1

^Iljxuh 4 derxw khuh1`

Wkh uhvxowv duh vxppdul}hg lq Iljxuh 406 ehorz1 Iljxuh 4 vkrzv dfwxdo dqg
iruhfdvwhg ydoxhv iurp wkh 450txduwhu g|qdplf vlpxodwlrq1 Orrnlqj dw wkh judsk
iru wkh lqwhuhvw udwh �uvw/ wkh srru iruhfdvw iurp wkh gULP prgho lv lpphgldwho|
hylghqw1 Uhphpehu wkdw wklv prgho zdv vhw xs e| ghohwlqj doo wkh ohyhov whup lq wkh
lqglylgxdo HFP htxdwlrqv/ dqg wkhq uh0hvwlpdwlqj wkhvh plvvshfl�hg htxdwlrqv rq
wkh vdph vdpsoh dv lq hULP1 Khqfh/ gULP lpsrvhv d odujh qxpehu ri xqlwv urrwv/
dqg wkhuh lv qr dwwhpsw wr sdwfk0xs wkh uhvxowlqj plvvshfl�fdwlrq1 Qrw vxusulvlqjo|/
gULP lv d fohdu orvhu rq doo wkh irxu yduldeohv lq Iljxuh 41 Wklv wxuqv rxw wr eh
w|slfdo/ lw lv yhu| vhogrp wkdw d yduldeoh lv iruhfdvwhg pruh dffxudwho| zlwk gULP
wkdq zlwk gULPf/ wkh uh0prghoohg gYDU yhuvlrq ri hULP1

Wxuqlqj wr gULPf yhuvxv hULP/ rqh vhhv wkdw iru wkh 450txduwhu g|qdplf iruh0
fdvwv lq Iljxuh 4/ wkh lqfxpehqw huuru0fruuhfwlrq prgho vhhp wr rxwshuirup gULPf
iru lqwhuhvw udwhv/ jurzwk lq krxvlqj sulfhv dqg wkh lq dwlrq udwh1 Krzhyhu/ gULPf
ehdwv wkh HFP zkhq lw frphv wr iruhfdvwlqj wkh udwh ri xqhpsor|phqw1

^Iljxuh 5 derxw khuh1`
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Rqh pljkw zrqghu krz lw lv srvvleoh iru gULPf wr eh dffxudwh derxw xqhp0
sor|phqw zkhq wkh lq dwlrq iruhfdvwv duh r� vr edgo|1 Wkh h{sodqdwlrq lv irxqg
lq hULP/ zkhuh wkh ohyho ri xqhpsor|phqw d�hfwv lq dwlrq/ exw zkhuh wkhuh lv yhu|
olwwoh ihhgedfn iurp lq dwlrq shu vh rq hfrqrplf dfwlylw|1 Lq hULP/ wkh ohyho ri xq0
hpsor|phqw rqo| uhdfwv wr lq dwlrq wr wkh h{whqw wkdw lq dwlrq dffuxhv wr fkdqjhv
lq ohyho yduldeohv/ vxfk dv wkh h�hfwlyh uhdo h{fkdqjh udwhv ru uhdo krxvhkrog zhdowk1
Khqfh/ li hULP jhqhudwhg lq dwlrq iruhfdvw huuruv ri wkh vdph vl}h wkdw zh revhuyh
iru gULPf/ wkdw zrxog eh txlwh gdpdjlqj iru wkh xqhpsor|phqw iruhfdvwv ri wkdw
prgho dv zhoo1 Krzhyhu/ wklv phfkdqlvp lv qrw suhvhqw lq gULPf/ vlqfh doo ohyhov
whupv kdyh ehhq rplwwhg1 Khqfh/ wkh xqhpsor|phqw iruhfdvwv ri wkh gYDU yhuvlrqv
ri ULPLQL duh h�hfwlyho| lqvxodwhg iurp wkh huuruv lq wkh lq dwlrq iruhfdvw1 Lq idfw/
wkh �jxuhv vxssruwv wkh hpslulfdo uhohydqfh ri Khqgu|*v +4<<9,fodlp wkdw zkhq wkh
gdwd jhqhudwlqj phfkdqlvp lv xqnqrzq dqg qrq0frqvwdqw/ prghov zlwk ohvv fdxvdo
frqwhqw +gULPf, pd| vwloo rxwshuirup wkh prgho wkdw frqwdlqv d forvhu uhsuhvhqwdwlrq
ri wkh xqghuo|lqj phfkdqlvp +hULP,1

Wkh xqlyduldwh iruhfdvwv/ gDU dqg gDUu/ duh dovr zd| r� iru wkh lqwhuhvw udwh
dqg iru xqhpsor|phqw udwh1 Krzhyhu/ wkh iruhfdvw uxoh {e{SR�| ' f/ lq gDUfc
suhglfwv d frqvwdqw dqqxdo lq dwlrq udwh wkdw |lhogv d txlwh jrrg iruhfdvw iru lq dwlrq
lq wklv shulrg/ vhh Iljxuh 41

Iljxuh 5 vkrzv wkh g|qdplfv iruhfdvw iru wkh vdph vhohfwlrq ri yduldeohv/ exw
qrz wkh �uvw iruhfdvw shulrg lv 4<<6141 Iru wkh lqwhuhvw udwh/ wkh udqnlqj ri gULPf
dqg hULP iruhfdvwv lv uhyhuvhg iurp Iljxuh 4= gULPf lv vsrw rq iru prvw ri wkh
iruhfdvw0krul}rq/ zkloh hULP frqvlvwhqwo| ryhu0suhglfwv1 Hylghqwo|/ gULPf xvhv wkh
lqirupdwlrq hperglhg lq wkh dfwxdo ghyhorsphqw lq 4<<5 pxfk pruh h!flhqwo| wkdq
ULP1 Wkh uhvxow lv d jrrg h{dpsoh ri wkh lqkhuhqw lqwhufhsw0fruuhfwlrq surylghg
e| wkh gl�huhqflqj1 Htxdwlrqv +53, dqg +54, vkrz wkdw li wkh sdudphwhuv ri HFP
fkdqjh sulru wr wkh vwduw ri wkh iruhfdvw +l1h1/ lq 4<<5 lq wkh suhvhqw fdvh,/ wkhq wkh
gYDU pljkw frqvwlwxwh wkh ehwwhu iruhfdvwlqj prgho1 Vlqfh wkh ordq lqwhuhvw udwh lv
d pdmru h{sodqdwru| yduldeoh iru krxvlqj sulfh jurzwk +lq erwk hULP dqg gULPf,
lw lv qrw vxusulvlqj wkdw wkh krxvlqj sulfh iruhfdvwv ri wkh gULPf duh pxfk ehwwhu
wkdq lq Iljxuh 41 Wkdw vdlg/ zh qrwh wkdw/ zlwk wkh h{fhswlrq ri 4<<617 dqg 4<<715/
hULP iruhfdvwv krxvlqj sulfhv ehwwhu wkdq gULPf/ zklfk lv hylghqfh ri frxqwhuydlolqj
irufhv lq wkh iruhfdvwv iru krxvlqj sulfhv1 Wkh lpsuhvvlrq ri wkh lq dwlrq iruhfdvwv duh
yluwxdoo| wkh vdph dv lq wkh suhylrxv �jxuh/ zkloh wkh judsk ri dfwxdo dqg iruhfdvwhg
xqhpsor|phqw vkrzv wkdw wkh hULP zlqv rq wklv iruhfdvw krul}rq1

^Iljxuh 6 derxw khuh1`

Wkh 70shulrg iruhfdvwv duh vkrzq lq Iljxuh 6/ zkhuh vlpxodwlrq vwduwv lq 4<<7141
Lqwhuhvwlqjo|/ dovr wkh hULP lqwhuhvw udwh iruhfdvwv kdyh qrz dgmxvwhg1 Wklv lq0
glfdwhv wkdw wkh sdudphwhu lqvwdelolw| wkdw gdpdjhg wkh iruhfdvwv wkdw vwduwhg lq
4<<614 wxuqhg rxw wr eh d wudqvlwru| vkliw1 gULPf qrz rxwshuirupv wkh krxvlqj
sulfh iruhfdvwv ri hULP1 Wkh lpsuryhg dffxudf| ri gDUu dv wkh iruhfdvw shulrg lv
pryhg iruzdug lq wlph lv yhu| fohdu1 Lw lv rqo| iru wkh lqwhuhvw udwh wkdw wkh gDUu lv
vwloo yhu| edgo| r�1 Wkh h{sodqdwlrq lv suredeo| wkdw xvlqj {e{%| ' f wr jhqhudwh
iruhfdvwv zrunv uhdvrqdeo| zhoo iru vhulhv zlwk d fohdu vhdvrqdo sdwwhuq/ exw qrw iru
lqwhuhvw udwhv1 Wklv lv vxssruwhg e| qrwlqj wkh ehwwhu lqwhuhvw udwh iruhfdvw ri gDU/
wkh xquhvwulfwhg DU+7, prgho1
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715 Frpsdulvrq ri iruhfdvwv iru d odujhu vhw ri yduldeohv

Wkh uhodwlyh dffxudf| ri wkh hULP iruhfdvwv pljkw eh frq�qhg wr wkh irxu yduldeohv
fryhuhg e| Iljxuhv 4061 Zh wkhuhiruh frpsduh wkh iruhfdvwlqj surshuwlhv ri wkh �yh
gl�huhqw prghov rq d odujhu vhw ri 76 pdfurhfrqrplf yduldeohv1 Lq dgglwlrq wr wkh
khdgolqh yduldeohv/ wkh h{whqghg gdwd vhw lqfoxghv

� H{sruwv dqg lpsruwv +yroxphv dqg sulfhv, dqg wudgh edodqfh1

� Grphvwlf h{shqglwxuhv +sulydwh frqvxpswlrq dqg fdslwdo irupdwlrq,1

� Krxvlqj vwduwv/ xqghu frqvwuxfwlrq dqg frpsohwlrqv1

� Prqh| vwrfn +P5, dqg jurzwk lq prqh| vwrfn

� Hpsor|phqw1

� Rxwsxw dqg surgxfwlylw| +wrwdo JGS dqg e| pdqxidfwxulqj dqg sulydwh vhuylfh
vhfwru,

� Zdjh udwhv dqg zdjh jurzwk1

Lq suhsdulqj wkh iruhfdvwv/ wkhvh yduldeohv xvxdoo| uhfhlyh mxvw dv pxfk dwwhqwlrq dv
wkh �qdo khdgolqh yduldeohv1 D ghwdlohg olvw zlwk gh�qlwlrqv lv jlyhq lq wkh dsshqgl{1

Wdeoh 8 lq wkh dsshqgl{ frqwdlqv wkh urrw phdq vtxduh iruhfdvw huuruv +UPV0
IHv, iru doo 76 yduldeohv/ edvhg rq g|qdplf vlpxodwlrq ri wkh gl�huhqw prghov dqg
jlyhv wkh uhvxow ri wkh vdph 450txduwhu iruhfdvw shulrg dv lq Iljxuh 41 D vlpsoh zd|
wr vxppdul}h wkh lqirupdwlrq lq Wdeoh 8/ lv wr dvvhpeoh wkh qxpehu ri �uvw sodfhv
+orzhvw UPVIH,/ vhfrqg sodfhv dqg vr rq/ wkdw hdfk prgho dwwdlq1 Sduw d, ri Wdeoh
7 vkrzv wkh sodfhphqwv ri wkh �yh prghov lq wkh 76 kruvh0udfhv1 Wkh lqfxpehqw
prgho kdv wkh orzhvw UPVIH iru 57 rxw ri wkh 76 yduldeohv/ dqg dovr kdv 46 vhfrqg
sodfhv1 Khqfh hULP frphv rxw ehvw ru vhfrqg ehvw iru ;9( ri wkh kruvh0udfhv/ dqg
vhhpv wr eh d fohdu zlqqhu rq wklv vfruh1 Wkh wzr �gl�huhqfh� yhuvlrqv ri wkh odujh
hfrqrphwulf prgho +gULPf dqg gULP, kdyh yhu| gl�huhqw idwhv1 gULPf/ wkh yhuvlrq
zkhuh hdfk ehkdylrxudo htxdwlrq lv fduhixoo| uh0prghoohg lq whupv ri gl�huhqfhv lv
d fohdu vhfrqg ehvw/ zkloh gULP lv mxvw dv fohdu d orrvhu/ zlwk 5: erwwrp srvlwlrqv1
Frpsdulqj wkh wzr vhwv ri xqlyduldwh iruhfdvwv/ lw vhhpv olnh wkh uhvwulfwhg yhuvlrq
+{e{%|� ehkdyhv ehwwhu wkdq wkh xquhvwulfwhg DU prgho1 Ilqglqj wkdw wkh yhu|
vlpsoh iruhfdvwlqj uxoh lq gDUu rxwshuirupv wkh ixoo prgho lq 9 lqvwdqfhv +dqg lv
uxqqhu0xs lq dqrwkhu ;,/ lq lwvhoi vxjjhvwv wkdw lw fdq eh xvhixo dv d edvholqh dqg
|dugvwlfn iru wkh prghoedvhg iruhfdvwv1

Sduw e,0g, lq Wdeoh 7 froohfw wkh uhvxow ri wkuhh 70txduwhu iruhfdvw frqwhvw1
Lqwhuhvwlqjo|/ vhyhudo idfhwv ri wkh slfwxuh gudzq iurp wkh 450txduwhu iruhfdvwv dqg
wkh judskv lq Iljxuhv 406 dsshdu wr eh prgl�hg1 Dowkrxjk wkh lqfxpehqw hULP
prgho froohfwv d pdmrulw| ri �uvw dqg vhfrqg sodfhv/ lw lv ehdwhq e| wkh grxeoh
gl�huhqfh prgho {e{%| ' f/ gDUu/ lq whupv ri �uvw sodfhv lq wzr ri wkh wkuhh
frqwhvw1 Wklv vkrzv wkdw wkh lpsuhvvlrq iurp wkh �khdgolqh� judskv/ qdpho| wkdw
gDUu zrunv pxfk ehwwhu iru wkh 4<<71404<<717 iruhfdvw/ wkdq iru wkh iruhfdvw wkdw
vwduwv lq 4<<5/ fduulhv ryhu wr wkh odujhu vhw ri yduldeohv fryhuhg e| Wdeoh 71 Lq
wklv zd|/ rxu uhvxow vkrzv lq sudfwlfh zkdw wkh wkhruhwlfdo glvfxvvlrq iruhvkdgrzhg/
qdpho| wkdw iruhfdvwlqj v|vwhpv wkdw duh eodwdqwo| plvvshfl�hg hfrqrphwulfdoo|/
qhyhuwkhohvv fdq iruhfdvw ehwwhu wkdq wkh hfrqrphwulf prgho zlwk d kljkhu fdxvdo
frqwhqw1

45



^Wdeoh 7 derxw khuh1`

8 Glvfxvvlrq

Wkh grplqdqfh ri huuru0fruuhfwlrq prghov +HFPv, ryhu v|vwhpv frqvlvwlqj ri uhod0
wlrqvklsv ehwzhhq gl�huhqfhg yduldeohv +gYDUv, lv hylghqw li rqh dvvxph wkdw wkh
HFP prgho frlqflghv zlwk wkh xqghuo|lqj gdwd jhqhudwlqj phfkdqlvp1 Krzhyhu/
wkdw dvvxpswlrq lv wrr vwurqj wr irup wkh edvlv ri sudfwlfdo iruhfdvwlqj1 Iluvw/ vrph
irup ri sdudphwhu qrq0frqvwdqflhv/ vrphzkhuh lq wkh v|vwhp/ lv doprvw fhuwdlq wr
dulvh lq wkh iruhfdvw shulrg1 Wkh vlpsoh dojheudlf h{dpsoh ri dq rshq v|vwhp lq
vhfwlrq 5 ghprqvwudwhg krz qrq0frqvwdqflhv lq wkh orqj0uxq phdq ri wkh frlqwh0
judwlqj uhodwlrqv/ ru lq wkh dgmxvwphqw frh!flhqwv/ pdnh lw lpsrvvleoh wr dvvhuw wkh
grplqdqfh ri wkh HFP ryhu d gYDU zklfk rplwv frlqwhjudwlqj whupv1 Vhfrqg/ wkh
iruhfdvwv ri d vlpsoh HFP zhuh vkrzq wr eh lqfdsdeoh ri fruuhfwlqj iru sdudphwhu
fkdqjhv wkdw kdsshqhg sulru wr wkh vwduw ri wkh iruhfdvw/ zkhuhdv wkh gYDU zdv fd0
sdeoh ri xwlol}lqj wkh lqirupdwlrq derxw wkh sdudphwhu vkliw hperglhg lq wkh lqlwldo
frqglwlrqv1 Wklug/ rqh pxvw h{shfw wkdw odujh vfdoh pdfur hfrqrphwulf prghov wkdw
duh xvhg iru sudfwlfdo iruhfdvwlqj sxusrvhv duh wkhpvhoyhv plvvshfl�hg lq xqnqrzq
zd|v/ wkhlu delolw| wr fdswxuh sduwldo vwuxfwxuh lq wkh irup ri orqj0uxq frlqwhjudwlrq
htxdwlrqv qrwzlwkvwdqglqj1 Wkh mrlqw h{lvwhqfh ri plvvshfl�fdwlrq dqg vwuxfwxudo
euhdnv/ rshqv iru wkh srvvlelolw| wkdw prghov zlwk ohvv fdxvdo frqwhqw pd| wxuq rxw
dv wkh zlqqhu lq d iruhfdvwlqj frqwhvw1

Lq wklv sdshu/ zh kdyh looxvwudwhg wkh sudfwlfdo uhohydqfh ri wkhvh fodlpv/ e| xvh
ri wkh prgho wkdw lv fxuuhqwo| ehlqj xvhg e| Qrujhv Edqn +wkh Qruzhjldq Fhqwudo
Edqn, iru iruhfdvwlqj wkh Qruzhjldq hfrqrp|1 Iruhfdvwv iru wkh shulrg 4<<51404<<717
zhuh fdofxodwhg erwk iru wkh lqfxpehqw HFP yhuvlrq ri wkh Edqn prgho dqg wkh
gYDU yhuvlrq ri wkdw prgho1 Dowkrxjk wkh odujh vfdoh prgho krogv lwv jurxqg lq
wklv h{shulphqw/ vhyhudo ri wkh wkhruhwlfdo srlqwv wkdw kdyh ehhq pdgh derxw wkh
gYDU0dssurdfk vhhp wr kdyh frqvlghudeoh sudfwlfdo uhohydqfh1 Khqfh zh kdyh vhhq
h{dpsohv ri dxwrpdwlf lqwhufhsw fruuhfwlrq ri wkh gYDU iruhfdvwv +sdudphwhu fkdqjh
sulru wr iruhfdvw,/ dqg wkhuh zhuh lqvwdqfhv zkhq wkh orzhu fdxvdo0frqwhqw ri wkh
gYDU lqvxodwhg iruhfdvw huuruv lq rqh sduw ri wkdw v|vwhp iurp frqwdplqdwlqj wkh
iruhfdvwv ri rwkhu yduldeohv1 Wkh ryhudoo lpsuhvvlrq lv wkdw wkh dxwrpdwlf lqwhufhsw
fruuhfwlrq ri wkh gYDU v|vwhpv lv prvw khosixo iru vkruw iruhfdvw krul}rqv1 Iru
orqjhu krul}rqv/ wkh eldv lq wkh gYDU iruhfdvwv wkdw duh gxh wr plvvshfl�fdwlrq
whqgv wr grplqdwh/ dqg wkh HFP prgho shuirupv uhodwlyho| ehwwhu1

Jlyhq wkdw rshudwlrqdo HFPv duh pxowl0sxusrvh prghov wkdw duh xvhg erwk
iru srolf| dqdo|vlv dqg iruhfdvwlqj/ zkloh wkh gYDU lv rqo| vxlwdeoh iru iruhfdvwlqj/
rqh zrxog shukdsv eh uhoxfwdqw wr jlyh xs wkh HFP/ hyhq lq d vlwxdwlrq zkhuh lwv
iruhfdvwv duh frqvlvwhqwo| ohvv dffxudwh wkdq gYDU iruhfdvw1 Zh gr qrw �qg hylghqfh
ri vxfk grplqdqfh/ ryhudoo wkh HFP iruhfdvwv vwdqg xs zhoo frpsduhg wr wkh gYDU
iruhfdvwv1 Pruhryhu/ lq dq dfwxdo iruhfdvwlqj vlwxdwlrq/ lqwhufhsw fruuhfwlrqv duh
xvhg wr fruuhfw HFP iruhfdvw iru sdudphwhu fkdqjhv rffxuulqj ehiruh wkh vwduw ri
wkh iruhfdvw1 Iurp wkh ylhzsrlqw ri sudfwlfdo iruhfdvw suhsdudwlrq/ rqh lqwhuhvwlqj
ghyhorsphqw zrxog eh wr dxwrpdwl}h lqwhufhsw fruuhfwlrq edvhg rq vlpsoh gYDU
iruhfdvw1

46



D Iruhfdvwv iru d odujhu vhw ri yduldeohv/ ghwdlohg uhvxowv dqg
gh�qlwlrqv

^Wdeoh 8 derxw khuh1`

Gh�qlwlrqv ri yduldeohv lq wkh UPVIH wdeohv

D Wrwdo h{sruwv/ �{hg Edvh|hdu0sulfhv1 Ploo1 QRN1

E Wrwdo lpsruwv/ �{hg Edvh|hdu0sulfhv1 Ploo1 QRN1

FS Sulydwh frqvxpswlrq h{shqglwxuh/ �{hg Edvh|hdu0sulfhv1 Ploo1 QRN1

G7FSL Dqqxdo lq dwlrq udwh +FSL edvhg,1

G7P5P Dqqxdo jurzwk lq P5 +txduwhuo| dyhudjhg,1

G7SK Dqqxdo jurzwk lq krxvlqj sulfhv1

G7ZFI Dqqxdo jurzwk lq zdjh frvwv/ pdlqodqg vhfwruv1

G7ZFLED Dqqxdo jurzwk lq zdjh frvwv/ pdqxidfwxulqj dqg frqvwuxfwlrq1

I\KS Uhdo glvsrvdeoh lqfrph iru krxvhkrogv/ �{hg Edvh|hdu0sulfhv1 Ploo1 QRN1

KF Frpsohwlrqv ri qhz krxvlqj fdslwdo1 Ploo1 vtxduh phwhuv0

KLS Vwrfn ri krxvlqj fdslwdo lq surjuhvv1 Ploo1 vtxduh phwhuv1

KV Vwduwv ri qhz krxvlqj fdslwdo1 Ploo1 vtxduh phwhuv1

KXVERO Vwlsxodwhg ydoxh ri krxvhkrog vhfwru vwrfn ri krxvlqj fdslwdo/ 1 Ploo1 QRN1

KXVKO Wrwdo ordqv e| krxvhkrogv1 Ploo1 QRN1

M Wrwdo jurvv lqyhvwphqwv lq �{hg fdslwdo/ �{hg Edvh|hdu0sulfhv1 Ploo1 QRN1

MERO Jurvv lqyhvwphqwv lq krxvlqj fdslwdo/ �{hg Edvh|hdu0sulfhv1 Ploo1 QRN1

MLED Jurvv lqyhvwphqwv lq �{hg fdslwdo/ pdqxidfwxulqj dqg frqvwuxfwlrq/ �{hg Edvh|hdu0

sulfhv1 Ploo1 QRN1

MWY Jurvv lqyhvwphqwv lq �{hg fdslwdo lq sulydwh vhuylfh surgxfwlrq/ �{hg Edvh|hdu0sulfhv1

Ploo1 QRN1

O[ Wudgh edodqfh1 Ploo1 QRN1

P5P Eurdg prqh| djjuhjdwh fruuhfwhg iru wkh xqghuuhsruwlqj ri edqn ghsrvlwv gxulqj

wkh shulrg 4<;704<;; +vhh Noryodqg+4<<3,,/ lqfoxglqj qrwhv dqg frlqv/ ghpdqg gh0

srvlwv/ wlph ghsrvlwv dqg xqxvhg ryhugudiw idflolwlhv lq edqnv dqg srvwdo lqvwlwxwlrqv1

Dyhudjh ri wkh hqg0ri0 prqwk revhuydwlrqv lq hdfk txduwhu1

QZ Hpsor|hg zdjh hduqhuv1 4333 shuvrqv1

QZLED Hpsor|hg zdjh hduqhuv lq pdqxidfwxulqj dqg frqvwuxfwlrq1 4333 shuvrqv1

QZWY Hpsor|hg zdjh hduqhuv lq sulydwh vhuylfh surgxfwlrq1 4333 shuvrqv1

SD Gh dwru ri h{sruwv +D,1 Edvh|hdu@41

SE Gh dwru ri wrwdo lpsruwv +E,1 Edvh|hdu@41

SK Krxvlqj sulfh lqgh{/ xvhg krxvlqj fdslwdo1 Edvh|hdu@41
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SKQ Krxvlqj sulfh lqgh{/ qhz krxvlqj fdslwdo/ lghqwlfdo zlwk SMERO ehiruh 4<;<1 Edvh|hdu@41

SMERO Gh dwru ri jurvv lqyhvwphqwv lq uhvlghqwldo krxvlqj +MERO,1 Edvh|hdu@41

U1EV \lhog rq 9 |hduv jryhuqphqw erqgv/ txduwhuo| dyhudjh1

UOE Dyhudjh lqwhuhvw udwh rq edqn ordqv1

UPE Dyhudjh lqwhuhvw udwh rq edqn ghsrvlwv1

XWRW �Wrwdo� xqhpsor|phqw +uhjlvwhuhg dqg sduwlflsdqw rq surjudpphv, dv d iudfwlrq ri

oderxu irufh +h{foxglqj vhoi hpsor|hg,1

ZFI Krxuo| zdjh frvw1 Wrwdo hfrqrp| ohvv rlo dqg jdv surgxfwlrq dqg vklsslqj1 QRN1

ZFLED Krxuo| zdjh frvw lq pdqxidfwxulqj dqg frqvwuxfwlrq1 QRN1

ZFR Krxuo| zdjh frvwv lq jryhuqphqw vhfwruv1 QRN1

ZFWYM Krxuo| zdjh frvwv lq sulydwh vhuylfh surgxfwlrq1 QRN1

\ JGS/ �{hg Edvh|hdu0sulfhv1 Ploo1 QRN1

\LED Ydoxh dgghg dw idfwru frvwv lq pdqxidfwxulqj dqg frqvwuxfwlrq/ �{hg Edvh|hdu sulfhv1

Ploo1 QRN1

\WY Ydoxh dgghg dw idfwru frvwv lq sulydwh vhuylfh surgxfwlrq/ �{hg Edvh|hdu sulfhv1 Ploo1

QRN1

]\I Ydoxh dgghg oderxu surgxfwlylw|/ �{hg Edvh|hdu0sulfhv1 Ploo1 QRN1

]\LED Ydoxh0dgghg oderxu surgxfwlylw| lq pdqxidfwxulqj dqg frqvwuxfwlrq/ �{hg Edvh|hdu0

sulfhv1 Ploo1 QRN1

]\WY Ydoxh dgghg shu pdq0krxu lq vhuylfh surgxfwlrq/ �{hg Edvh|hdu0sulfhv1 QRN1

Uhihuhqfhv

Fohphqwv/ P1 S1 dqg Khqgu|/ G1 I1 +4<<8d,1 Iruhfdvwlqj lq Frlqwhjudwlqj V|vwhpv1
Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 43/ 45:�47:1

Fohphqwv/ P1 S1 dqg Khqgu|/ G1 I1 +4<<8e,1 Pdfur0Hfrqrplf Iruhfdvwlqj dqg
Prghoolqj1 Wkh Hfrqrplf Mrxuqdo/ 438/ 4334�43461

Fohphqwv/ P1 S1 dqg Khqgu|/ G1 I1 +4<<9,1 Lqwhufhsw Fruuhfwlrqv dqg Vwuxfwxudo
Euhdnv1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 44/ 7:8�7<71

Judqjhu/ F1 Z1 M1 dqg Qhzerog/ S1 +4<;9,1 Iruhfdvwlqj Hfrqrplf Wlph Vhulhv1
Dfdghplf Suhvv/ Vdq Glhjr1

Khqgu|/ G1 I1 +4<<9,1 Wkh Hfrqrphwulfv ri Pdfurhfrqrplf Iruhfdvwlqj1 Plpr
Qx!hog Froohjh/ R{irug1

Kr�pdq/ G1 O1 dqg Udvfkh/ U1 K1 +4<<9,1 Dvvhvvlqj Iruhfdvw Shuirupdqfh lq d
Frlqwhjudwhg V|vwhp1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 44/ 7<8�84:1

Kroghq/ V1 +4<<:,1 Zdjh Edujdlqlqj/ Krogrxw dqg Lq dwlrq1 R{irug Hfrqrplf
Sdshuv/ 7</ 568�5881
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Nuhphuv/ M1 M1 P1/ Hulfvvrq/ Q1 U1/ dqg Grodgr/ M1 M1 +4<<5,1 Wkh Srzhu ri Frlqwh0
judwlrq Whvwv1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 87/ 658�67;1

PdfNlqqrq/ M1 J1 +4<<4,1 Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv1 Lq Hqjoh/ U1 I1
dqg Judqjhu/ F1 Z1 M1 +Hgv1,/ Orqj0Uxq Hfrqrplf Uhodwlrqvklsv= Uhdglqjv
lq frlqwhjudwlrq/ fkds1 461 R{irug Xqlyhuvlw| Suhvv1

Zdoolv/ N1 I1 +4<;<,1 Pdfurhfrqrplf iruhfdvwlqj1 D vxuyh|1 Hfrqrplf Mrxuqdo/ <</
5;�941
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Olvw ri Iljxuhv

4 4<<51404<<717 iruhfdvwv dqg dfwxdo ydoxhv iru wkh lqwhuhvw udwh ohyho
+UOE,/ krxvlqj sulfh jurzwk +{eR�,/ wkh udwh ri lq dwlrq +{eSR�,
dqg wkh ohyho ri xqhpsor|phqw +LA�A �1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

5 4<<61404<<717 iruhfdvwv dqg dfwxdo ydoxhv iru wkh lqwhuhvw udwh ohyho
+UOE,/ krxvlqj sulfh jurzwk +{eR�,/ wkh udwh ri lq dwlrq +{eSR�,
dqg wkh ohyho ri xqhpsor|phqw +LA�A �1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

6 4<<71404<<717 iruhfdvwv dqg dfwxdo ydoxhv iru wkh lqwhuhvw udwh ohyho
+UOE,/ krxvlqj sulfh jurzwk +{eR�,/ wkh udwh ri lq dwlrq +{eSR�,
dqg wkh ohyho ri xqhpsor|phqw +LA�A �1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
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Iljxuh 4= 4<<51404<<717 iruhfdvwv dqg dfwxdo ydoxhv iru wkh lqwhuhvw udwh ohyho +UOE,/
krxvlqj sulfh jurzwk +{eR�,/ wkh udwh ri lq dwlrq +{eSR�, dqg wkh ohyho ri xqhp0
sor|phqw +LA�A �1
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Iljxuh 5= 4<<61404<<717 iruhfdvwv dqg dfwxdo ydoxhv iru wkh lqwhuhvw udwh ohyho +UOE,/
krxvlqj sulfh jurzwk +{eR�,/ wkh udwh ri lq dwlrq +{eSR�, dqg wkh ohyho ri xqhp0
sor|phqw +LA�A �1
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Iljxuh 6= 4<<71404<<717 iruhfdvwv dqg dfwxdo ydoxhv iru wkh lqwhuhvw udwh ohyho +UOE,/
krxvlqj sulfh jurzwk +{eR�,/ wkh udwh ri lq dwlrq +{eSR�, dqg wkh ohyho ri xqhp0
sor|phqw +LA�A �1
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Olvw ri Wdeohv

4 Gldjqrvwlfv iru wkh frqvxphu sulfh htxdwlrq lq hULP dqg wkh fruuh0
vsrqglqj lq dwlrq htxdwlrqv lq gULP dqg gULPf1 1 1 1 1 1 1 1 1 1 1 55

5 Wkh prghov xvhg lqwkh iruhfdvwv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
6 Vrph pdfurhfrqrplf lqglfdwruv ri wkh Qruzhjldq hfrqrp| 4<<404<<7 57
7 Uhvxowv ri 76 UPVIH iruhfdvw frqwhvwv d, 4<<514�4<<717> e, 4<<514�

4<<517> f, 4<<614�4<<617> g, 4<<714�4<<7171 1 1 1 1 1 1 1 1 1 1 1 1 1 58
8 45 txduwhu g|qdplf iruhfdvwv1 UPVIHv ri dqqxdo jurzwk udwhv dqg

ohyhov1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
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Wdeoh 4= Gldjqrvwlfv iru wkh frqvxphu sulfh htxdwlrq lq hULP dqg wkh fruuhvsrqglqj
lq dwlrq htxdwlrqv lq gULP dqg gULPf1

Gldjqrvwlf Prgho
hULP gULP gULPf

ejI 3169( 3179( 3174(
DU 408 8 ^31<4;` ^31363` ^317<:`

DUFK 407 8 ^31768` ^31;86` ^31;38`
Qrup �2 ^31974` ^317::` ^31;89`
KHW 8 ^31457` ^31337` ^31;;3`

UHVHW 8 ^31;83` ^31<3:` ^31:73`
Iruhfdvw �2 ^315:6` ^31363` ^31436`
Fkrz 8 ^31738` ^314;;` ^31686`

Qrwhv
Hvwlpdwlrq lv e| ROV1 Hvwlpdwlrq shulrg lv 4<9<1504<<4171

Iruhfdvw shulrg lv 4<<51404<<7171 Ohiw kdqg vlgh yduldeoh

lv {SR�|lq doo htxdwlrqv1 Wkh qxpehuv lq eudfnhwv duh

s0ydoxhv ri wkh whvw vwdwlvwlfv lq wkh �uvw froxpq1
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Wdeoh 5= Wkh prghov xvhg lqwkh iruhfdvwv1
Prgho Qdph Ghvfulswlrq
Edvholqh hULP 59 Ehkdylrxudo htxdwlrqv/ huuru0fruuhfwlrq htxdwlrqv

66.479 Whfkqlfdo dqg gh�qlwlrqdo htxdwlrqv

41Ulydo gULP 59 Ehkdylrxudo htxdwlrqv/ uhhvwlpdwhg diwhu rplwwlqj ohyho whupv
66.479 Whfkqlfdo dqg gh�qlwlrqdo htxdwlrqv

51Ulydo gULPf 59 Ehkdylrxudo htxdwlrqv/ uhprghoohg zlwkrxw ohyhov0lqirupdwlrq
66.479 Whfkqlfdo dqg gh�qlwlrqdo htxdwlrqv

61Ulydo gDU 76 Ehkdylrxudo dqg whfkqlfdo htxdwlrqv prghoohg dv 71rughu DU

71Ulydo gDUu 76 Ehkdylrxudo dqg whfkqlfdo htxdwlrqv prghoohg
dv uhvwulfwhg 71rughu DU
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Wdeoh 6= Vrph pdfurhfrqrplf lqglfdwruv ri wkh Qruzhjldq hfrqrp| 4<<404<<7
4<<4 4<<5 4<<6 4<<7

Dqqxdo jurzwk0udwh+(,
JGS 03184 5137 513; 6138
FSL 6176 5167 515: 416<
Krxvlqj sulfh 09173 0716< 5166 4517
Ohyho +(,
Xqhpsor|phqw :18: ;177 <135 ;175
Ordq lqwhuhvw0udwh 461;9 4616< 43194 ;14;

Qrwhv= JGS lv lq �{hg 4<<4 sulfhv1 FSL dqg Krxvlqj sulfh duh lqglfhv +4<<4@4,1

Xqhpsor|phqw lv lqfoxglqj surjudpphv/ Lqwhuhvw udwh lv wkh dyhudjh udwh rq edqn ordqv1
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Wdeoh 7= Uhvxowv ri 76 UPVIH iruhfdvw frqwhvwv d, 4<<514�4<<717> e, 4<<514�
4<<517> f, 4<<614�4<<617> g, 4<<714�4<<7171

d, 45 shulrg iruhfdvwv1 4<<514�4<<717

sodfh & hULP gULPf gULP gDU gDUu

4 57 46 4 4 9
5 46 44 7 8 ;
6 5 ; 8 47 46
7 5 43 9 48 43
8 5 4 5: ; 9

e, 7 shulrg iruhfdvwv1 4<<514�4<<517

sodfh & hULP gULPf gULP gDU gDUu

4 : ; 43 9 45
5 4: 46 6 7 9
6 46 : ; 43 :
7 6 44 5 4: <
8 6 7 53 9 <

f, 7 shulrg iruhfdvwv1 4<<614�4<<617

sodfh & hULP gULPf gULP gDU gDUu

4 4: < : 4 44
5 49 46 : 5 6
6 6 45 44 45 8
7 6 < 5 4: 45
8 7 3 49 44 45

g, 7 shulrg iruhfdvwv1 4<<714�4<<717

sodfh & hULP gULPf gULP gDU gDUu

4 46 7 8 8 49
5 44 4: 4 < 9
6 : ; 44 < :
7 : ; 46 < 9
8 8 9 46 44 ;
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Wdeoh 8= 45 txduwhu g|qdplf iruhfdvwv1 UPVIHv ri dqqxdo jurzwk udwhv dqg ohyhov1

Yduldeoh s2t2y hULP<5 gULPf<5 gULP<5 gDU<5 gDUu<5

UPVIH ri dqqxdo jurzwk udwhv=

D txdqwlw| 313673 313534 313654 3137:5 3137:6
E t 3136:9 31369< 3137<3 3137:8 313785
FS t 31357< 313574 313986 313548 3134;8
FSL sulfh 31338; 313479 3134<5 3133<; 31337;
I\KS yroxph 313457 313497 313689 313556 313554
KF t 313<:; 314898 31477< 3147<6 31486:
KLS t 313<78 314786 314689 31499: 3147<<
KV t 3148<3 315547 315768 315673 315747
KXVERO y 313487 313649 41736< 313;48 313:97
KXVKO y 313433 31366: 416979 3135<8 3134:6
M t 313783 313679 3138:: 313;57 313;4:
MERO t 314;94 314<39 314;6: 314;<< 314<:6
MLED t 314:;6 3148:; 31437; 3139:8 313;78
MWY t 314748 313<86 316657 313;77 313957
P5P y 31346< 3134;6 31357; 31347: 313557
QZ t 31337: 313387 3138:4 3133<; 3133<4
QZLED t 3134:; 31354< 31555: 313636 313653
QZWY t 313376 313374 31343< 313449 3133<8
SD s 3133;; 3133;; 313433 313777 313835
SE s 31343< 31343: 3134:3 313494 3134;<
SK s 31349< 31365< 417355 313;66 313:9<
SKQ s 3134;6 3135<4 3137:3 313664 31364;
SMERO s 31345; 31344: 313:;8 3134:6 313544
S\ s 313399 313484 313463 31355; 3134;7
ZFI s 31338: 3134<5 313569 313477 313433
ZFLED s 3133:< 313488 31354< 313467 3133;:
ZFR s 313465 313576 313585 313467 313449
ZFWYM s 313396 3134;5 313646 313473 313438
\ t 313445 313477 31363; 3134;; 3134:8
\LED t 3134:: 313486 314;88 313597 313547
\WY t 3133<6 3134:5 3134;8 313465 31349:
]\I t 3133:6 3133<4 31358: 313535 313475
]\LED t 313548 313488 3137;7 313563 3134<;
]\WY t 3133<8 3134:9 31356: 3135:6 313569

UPVIH ri ohyhov=

O[ y 315843 315;39 315<;4 315;84 0
G7FSL s 31338< 313485 313536 313434 31337<
G7P5P s 31347: 3134<6 31357: 313487 31356:
G7ZFI s 31338< 313538 31358: 31347< 313435
G7ZFLED s 3133;4 313495 313569 31346< 3133;<
U1EV s 31353; 313469 313495 313477 313469
UOE s 3197:: 31947; 515;36 516655 41<6;9
UPE s 31948< 3187;4 31<:4; 5139:5 41;956
XWRW t 313383 313355 31348; 3133;9 3133<7
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