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SUHGLFWDEOH XQFHUWDLQW\ LQ HFRQRPLF IRUHFDVWLQJ

Qhlo U1 Hulfvvrq

QRWH= Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshuv duh suholplqdu| pdwhuldov flufxodwhg
wr vwlpxodwh glvfxvvlrq dqg fulwlfdo frpphqw1 Uhihuhqfhv wr Lqwhuqdwlrqdo Ilqdqfh
Glvfxvvlrq Sdshuv +rwkhu wkdq dq dfnqrzohgjphqw wkdw wkh zulwhu kdv kdg dffhvv wr
xqsxeolvkhg pdwhuldo, vkrxog eh fohduhg zlwk wkh dxwkru ru dxwkruv1 Uhfhqw LIGSv
duh dydlodeoh rq wkh Zhe dw zzz1ihghudouhvhuyh1jry2sxev2ligs21



SUHGLFWDEOH XQFHUWDLQW\ LQ HFRQRPLF IRUHFDVWLQJ

Qhlo U1 HulfvvrqW

Devwudfw = Wklv sdshu surylghv dq lqwurgxfwlrq wr suhglfwdeoh iruhfdvw xqfhuwdlqw| lq
hpslulfdo hfrqrplf prghoolqj1 Wkh vrxufhv ri erwk suhglfwdeoh dqg xqsuhglfwdeoh
iruhfdvw xqfhuwdlqw| duh fdwhjrul}hg1 Nh| ihdwxuhv ri suhglfwdeoh iruhfdvw xqfhuwdlqw|
duh looxvwudwhg e| vhyhudo dqdo|wlfdo prghov/ lqfoxglqj vwdwlf dqg g|qdplf prghov/
dqg vlqjoh0htxdwlrq dqg pxowlsoh0htxdwlrq prghov1 Hpslulfdo prghov ri wkh X1V1
wudgh dffrxqw/ X1N1 lq dwlrq/ dqg X1N1 uhdo qdwlrqdo lqfrph khos foduli| wkh lvvxhv
lqyroyhg1

Nh|zrugv= hfrqrphwulfv/ hfrqrplfv/ iruhfdvwlqj/ prghov/ xqfhuwdlqw|1

MHO fodvvl�fdwlrqv= F4/ F861

�Fkdswhu iru Frpsdqlrq wr Hfrqrplf Iruhfdvwlqj/ Plfkdho S1 Fohphqwv dqg Gdylg I1 Khqgu|
+hgv1,/ Eodfnzhoo Sxeolvkhuv/ iruwkfrplqj1 Wkh dxwkru lv d vwd� hfrqrplvw lq wkh Glylvlrq ri Lq0
whuqdwlrqdo Ilqdqfh/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ Zdvklqjwrq/ G1F1 53884
X1V1D1/ dqg pd| eh uhdfkhg rq wkh Lqwhuqhw dw hulfvvrqCiue1jry1 Wkh ylhzv lq wklv sdshu duh
vroho| wkh uhvsrqvlelolw| ri wkh dxwkru dqg vkrxog qrw eh lqwhusuhwhg dv uh hfwlqj wkh ylhzv ri wkh
Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp ru ri dq| rwkhu shuvrq dvvrfldwhg zlwk wkh
Ihghudo Uhvhuyh V|vwhp1 L dp judwhixo wr Mxold Fdpsrv/ Plnh Fohphqwv/ Folyh Judqjhu/ Gdylg Khq0
gu|/ Mdlph Pdutxh}/ dqg Kd|ghq Vplwk iru khosixo glvfxvvlrqv dqg frpphqwv> wr Mxujhq Grruqln
iru surylglqj ph zlwk d ehwd0whvw frs| ri JlyhZlq Yhuvlrq 5=33> dqg wr wkh Edqn ri Hqjodqg
iru shuplvvlrq wr uhsulqw wkh idq fkduw dqg ghqvlw| ixqfwlrq lq Iljxuhv 7 dqg 81 Doo qxphul0
fdo uhvxowv zhuh rewdlqhg zlwk SfJlyh Surihvvlrqdo Yhuvlrq <= vhh Grruqln dqg Khqgu| +4<<9,1
Gdwd dqg rxwsxw olvwlqjv iru wklv sdshu*v hpslulfdo uhvxowv duh dydlodeoh iurp wkh dxwkru dqg dw
zzz1ihghudouhvhuyh1jry2sxev2ligs2533329<82ghidxow1kwp rq wkh ZruogZlgh Zhe1



4 Lqwurgxfwlrq

Iruhfdvwv ri hfrqrplf yduldeohv sod| d surplqhqw uroh lq exvlqhvv ghflvlrq0pdnlqj/
jryhuqphqw srolf| dqdo|vlv/ dqg hfrqrplf uhvhdufk1 Iruhfdvwv riwhq duh prgho0edvhg/
zlwk iruhfdvwv iurp dq hvwlpdwhg prgho ehlqj frqvwuxfwhg dv wkh prgho*v �wwhg ydo0
xhv ryhu d vdpsoh qrw xvhg lq hvwlpdwlrq1 Iruhfdvwv w|slfdoo| gl�hu iurp wkh uhdol}hg
rxwfrphv/ zlwk glvfuhsdqflhv ehwzhhq iruhfdvwv dqg rxwfrphv uh hfwlqj iruhfdvw xq0
fhuwdlqw|1 Ghshqglqj xsrq wkh ghjuhh ri iruhfdvw xqfhuwdlqw|/ iruhfdvwv pd| udqjh
iurp ehlqj kljko| lqirupdwlyh wr xwwhuo| xvhohvv iru wkh wdvnv dw kdqg1

Phdvxuhv ri iruhfdvw xqfhuwdlqw| kdyh qxphurxv xvhv lq hfrqrplf sudfwlfh1 Iru lq0
vwdqfh/ sulru wr wkh uhdol}dwlrq ri rxwfrphv/ d phdvxuh ri iruhfdvw xqfhuwdlqw| surylghv
dq dvvhvvphqw ri wkh �h{shfwhg� ru suhglfwhg xqfhuwdlqw| ri wkh iruhfdvw huuruv/ khos0
lqj wr txdoli| wkh iruhfdvwv wkhpvhoyhv dqg wr jlyh d slfwxuh ri wkh h{shfwhg udqjh ri
olnho| rxwfrphv1 Wkdw lv/ d phdvxuh ri iruhfdvw xqfhuwdlqw| khosv glvwlqjxlvk ehwzhhq
qxphulfdo dffxudf| dqg vwdwlvwlfdo dffxudf| lq iruhfdvwv1 Lqirupdwlrq derxw iruhfdvw
xqfhuwdlqw| lv lpsruwdqw lq dgglwlrq wr wkh iruhfdvw lwvhoi1 Dovr/ rqfh rxwfrphv duh
nqrzq/ wkh fruuhvsrqglqj iruhfdvw huuruv dqg wkh dqwlflsdwhg iruhfdvw xqfhuwdlqw| fdq
eh xvhg wr hydoxdwh wkh prghov iurp zklfk wkh iruhfdvwv zhuh jhqhudwhg1

Wkxv/ wklv sdshu frqvlghuv iruhfdvw xqfhuwdlqw| lq hfrqrphwulf prghoolqj/ dqdo|}0
lqj dw d jhqhudo ohyho wkh vrxufhv ri xqfhuwdlqw| suhvhqw lq hfrqrplf iruhfdvwlqj1 Dw
wkh rxwvhw/ d glvwlqfwlrq lv pdgh ehwzhhq suhglfwdeoh xqfhuwdlqw| dqg xqsuhglfwdeoh
xqfhuwdlqw|/ zlwk wkh irfxv ri wkh sdshu ehlqj rq wkh iruphu1 Nh| ihdwxuhv ri suh0
glfwdeoh iruhfdvw xqfhuwdlqw| duh looxvwudwhg e| vhyhudo dqdo|wlfdo prghov/ lqfoxglqj
vwdwlf dqg g|qdplf prghov/ dqg vlqjoh0htxdwlrq dqg pxowlsoh0htxdwlrq prghov1 Hp0
slulfdo prghov ri wkh X1V1 wudgh dffrxqw/ X1N1 lq dwlrq/ dqg X1N1 uhdo qdwlrqdo lqfrph
foduli| wkh lvvxhv lqyroyhg1

Wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 uhylhzv d wd{rqrp| iru wkh vrxufhv
ri iruhfdvw xqfhuwdlqw|/ sduwlwlrqlqj wkrvh vrxufhv lqwr rqhv wkdw jhqhudwh suhglfwdeoh
xqfhuwdlqw| dqg rqhv wkdw jhqhudwh xqsuhglfwdeoh xqfhuwdlqw|1 Wklv vhfwlrq wkhq
vnhwfkhv d iudphzrun iru dqdo|}lqj hfrqrplf iruhfdvwv1 Frpelqhg/ wkh wd{rqrp| dqg
wkh iudphzrun jxlgh wkh fkrlfh ri prghov h{dplqhg lq vxevhtxhqw vhfwlrqv1 Vhfwlrqv 6
dqg 7 dqdo|}h wkh surshuwlhv ri suhglfwdeoh xqfhuwdlqw| dvvrfldwhg zlwk iruhfdvwv iurp
vlqjoh0htxdwlrq dqg pxowlsoh0htxdwlrq prghov uhvshfwlyho|1 Wkhvh vhfwlrqv kljkoljkw
krz suhglfwdeoh iruhfdvw xqfhuwdlqw| lv d�hfwhg e| wkh iruhfdvw krul}rq dqg e| wkh
w|sh ri iruhfdvw prgho � zkhwkhu vwdwlf ru g|qdplf/ dqg zkhwkhu d vlqjoh htxdwlrq
ru d v|vwhp1 Vhfwlrq 8 frqvlghuv ydulrxv xvhv ri suhglfwdeoh iruhfdvw xqfhuwdlqw| lq
hfrqrplf prghoolqj1 Vhfwlrq 9 frqfoxghv1

Vrph suholplqdu| frpphqwv zloo dlg iroorzlqj wkh suhvhqwdwlrq ehorz1 Wklv sd0
shu suhvxssrvhv dq xqghuvwdqglqj ri �krz hfrqrplvwv iruhfdvw� rq wkh ohyho ri wkh
glvfxvvlrqv lq Judqjhu +4<;<, dqg Khqgu| dqg Hulfvvrq +5334,1 Iru wkh prvw sduw/
wkh fxuuhqw sdshu uhvwulfwv lwvhoi wr wlph vhulhv dqg hfrqrphwulf prghov dv wkh wrrov
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Wdeoh 41 D Wd{rqrp| ri wkh Vrxufhv ri Prgho0edvhg Iruhfdvw Huuru

41 Vrxufhv ri suhglfwdeoh xqfhuwdlqw|
�zkdw zh nqrz wkdw zh grq*w nqrz�
+d, fxpxodwlrq ri ixwxuh huuruv +�vkrfnv�, wr wkh hfrqrp|
+e, lqdffxudflhv lq hvwlpdwhv ri wkh iruhfdvw prgho*v sdudphwhuv

51 Vrxufhv ri xqsuhglfwdeoh xqfhuwdlqw|
�zkdw zh grq*w nqrz wkdw zh grq*w nqrz�
+d, fxuuhqwo| xqnqrzq ixwxuh fkdqjhv lq wkh hfrqrp|*v vwuxfwxuh
+e, plv0vshfl�fdwlrq ri wkh iruhfdvw prgho
+f, plv0phdvxuhphqw ri wkh edvh0shulrg gdwd

iru iruhfdvwlqj lwvhoi/ zkhuh wkhvh prghov duh dvvxphg wr eh zhoo0vshfl�hg1 Fohphqwv
dqg Khqgu| +4<<;,/ Fohphqwv dqg Khqgu| +4<<<,/ dqg Hulfvvrq dqg Pdutxh} +4<<;,
frqvlghu vrph ri wkh jhqhudol}dwlrqv uhtxluhg dqg lpsolfdwlrqv iru vlwxdwlrqv lq zklfk
wkh hpslulfdo iruhfdvw prgho lv plv0vshfl�hg dqg iru zklfk wkdw plv0vshfl�fdwlrq lv
lpsruwdqw1 Zdoolv +4<<<e, lqwhu dold glvfxvvhv ydulrxv zd|v ri fkdudfwhul}lqj iruh0
fdvw xqfhuwdlqw| lq pdfurhfrqrplf prghoolqj1 Ilqdoo| � dqg dw d yhu| sudfwlfdo
ohyho � �jxuhv/ zklfk duh fhqwudo wr wkh sdshu*v h{dpsohv/ w|slfdoo| dsshdu dv sdqhov
ri judskv/ zlwk hdfk judsk ghvljqdwhg e| d vx!{ @c Kc Sc � � � c urz e| urz1

5 Prgho0edvhg Iruhfdvwv dqg Iruhfdvw Huuruv

Wklv vhfwlrq vxppdul}hv d wd{rqrp| ri iruhfdvw huuruv +Vhfwlrq 514, dqg d iudphzrun
iru dqdo|}lqj hfrqrplf iruhfdvwv +Vhfwlrq 515,1 Wrjhwkhu/ wkhvh vhw wkh vwdjh iru
glvfxvvlqj suhglfwdeoh xqfhuwdlqw| lq hfrqrplf iruhfdvwlqj +Vhfwlrqv 6/ 7/ dqg 8,1

514 D Wd{rqrp| ri Iruhfdvw Xqfhuwdlqw|

Wklv vxevhfwlrq h{dplqhv wkh ghwhuplqdqwv ri iruhfdvw xqfhuwdlqw|/ gudzlqj rq d wd{0
rqrp| iru wkh vrxufhv ri prgho0edvhg iruhfdvw huuru lq Fohphqwv dqg Khqgu| +4<<;/
Fkdswhu :16/ hvshfldoo| Wdeoh :14,14 Wdeoh 4 vxppdul}hv Fohphqwv dqg Khqgu|*v wd{0
rqrp|/ sduwlwlrqlqj wkh vrxufhv lqwr �zkdw zh nqrz wkdw zh grq*w nqrz� +Lwhpv 4+d,�
4+e,, dqg �zkdw zh grq*w nqrz wkdw zh grq*w nqrz� +Lwhpv 5+d,�5+f,,/ wr sdudskudvh
Pd{lqh Vlqjhu +4<<:/ s1 6;,1 Lq sudfwlfh/ doo ri wkh olvwhg vrxufhv duh lpsruwdqw zkhq
dqdo|}lqj iruhfdvw xqfhuwdlqw|1

4Vwulfwo| vshdnlqj/ �iruhfdvw xqfhuwdlqw|� vkrxog eh fdoohg �iruhfdvw huuru xqfhuwdlqw|�/ dv wkh
iruhfdvw huuru lv zkdw lv xqfhuwdlq/ qrw wkh iruhfdvw1 Krzhyhu/ iroorzlqj frpprq xvdjh lq wkh
olwhudwxuh/ dqg iru euhylw|*v vdnh/ wkh skudvh �iruhfdvw xqfhuwdlqw|� lv xvhg wkurxjkrxw wklv sdshu1
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Lwhpv 4+d, dqg 4+e, duh suhglfwdeoh lq wkh vhqvh wkdw wkh ghjuhh ri xqfhuwdlqw|
dulvlqj iurp wkhp fdq eh dqwlflsdwhg dqg hyhq fdofxodwhg1 Lwhp 4+d, � wkh fxpxod0
wlrq ri ixwxuh vkrfnv wr wkh hfrqrp| � fdswxuhv wkh xqfhuwdlqw| lqkhuhqw wr ixwxuh
hyhqwv1 Lw frqwdlqv vkrfnv wkdw zrxog eh h{shfwhg wr rffxu/ jlyhq wkh prgho xvhg
lq iruhfdvwlqj1 Lwhp 4+e, uhvxowv lq �hvwlpdwlrq xqfhuwdlqw|�/ zklfk lv gxh wr xvlqj
frh!flhqw hvwlpdwhv lq iruhfdvwlqj/ udwkhu wkdq wkh xqghuo|lqj sdudphwhu ydoxhv1

E| frqwudvw/ Lwhpv 5+d,/ 5+e,/ dqg 5+f, duh xqsuhglfwdeoh dqg xqdqwlflsdwhg1 Li
wkhlu h{whqw dqg qdwxuh zhuh nqrzq/ wkh| frxog eh lqfrusrudwhg lqwr wkh prgho dqg
wkh| � ru dw ohdvw wkh xqfhuwdlqw| wkdw wkh| fuhdwh � zrxog eh suhglfwdeoh dqg
suhglfwhg1 Lqwhudfwlrqv ehwzhhq wkh wkuhh vrxufhv ri xqsuhglfwdeoh xqfhuwdlqw| fdq
eh sduwlfxoduo| lpsruwdqw> vhh Fohphqwv dqg Khqgu| +4<<;/ 4<<<,1 Wkh fxuuhqw sd0
shu irfxvhv rq wkh wzr vrxufhv ri suhglfwdeoh xqfhuwdlqw|/ dqg sulpdulo| rq lqkhuhqw
xqfhuwdlqw| � Lwhp 4+d,1 Wkdw vdlg/ wkh vrxufhv ri xqsuhglfwdeoh xqfhuwdlqw| duh
fhqwudo wr hydoxdwlqj hpslulfdo prghov> vhh Vhfwlrq 8 ehorz1

Dw d pruh survdlf ohyho/ iruhfdvw xqfhuwdlqw| ghshqgv xsrq wkh yduldeoh ehlqj
iruhfdvw/ wkh w|sh ri prgho xvhg iru iruhfdvwlqj/ wkh lqirupdwlrq dydlodeoh iru frq0
vwuxfwlqj iruhfdvwv/ dqg wkh hfrqrplf surfhvv dfwxdoo| ghwhuplqlqj wkh yduldeoh ehlqj
iruhfdvw1 Rq wkh �uvw/ vrph yduldeohv pd| eh lqkhuhqwo| pruh gl!fxow wr iruhfdvw
wkdq rwkhuv1 Iru lqvwdqfh/ lpsruwv dqg h{sruwv hdfk pljkw eh kljko| suhglfwdeoh/
dqg jrrg prghov pljkw h{lvw iru iruhfdvwlqj wkhp1 Wkh wudgh edodqfh � wkdw lv/ wkh
ydoxh ri h{sruwv plqxv lpsruwv � pljkw eh txlwh gl!fxow wr iruhfdvw1 Lq sduwlfxodu/
e| ehlqj wkh gl�huhqfh ehwzhhq wzr uhodwlyho| odujh txdqwlwlhv +h{sruwv dqg lpsruwv,/
wkh wudgh edodqfh lv lwvhoi d uhodwlyho| vpdoo txdqwlw|/ zkhuhdv lwv iruhfdvw huuru uh hfwv
wkh iruhfdvw huuruv ri erwk lpsruwv dqg h{sruwv1 Dv dqrwkhu h{dpsoh/ iruhfdvwlqj wkh
ohyho ri wkh h{fkdqjh udwh pljkw eh uhodwlyho| hdv|/ lq wkdw wkh h{fkdqjh udwh lq +vd|,
d prqwk*v wlph lv olnho| wr eh forvh wr wrgd|*v h{fkdqjh udwh1 Wkdw vdlg/ iruhfdvwlqj
wkh fkdqjh lq wkh h{fkdqjh udwh ryhu wkh qh{w prqwk frxog eh txlwh gl!fxow1 Vr/ wkh
sduwlfxodu yduldeohv ehlqj iruhfdvw dqg wkh wudqvirupdwlrqv dssolhg wr wkrvh yduldeohv
fdq d�hfw wkh ghjuhh ri iruhfdvw xqfhuwdlqw| suhvhqw1

Vhfrqgo|/ iruhfdvw xqfhuwdlqw| ghshqgv xsrq wkh prgho wkdw lv ehlqj xvhg iru
iruhfdvwlqj1 Vrph prghov pd| vlpso| eh ehwwhu iru iruhfdvwlqj wkdq rwkhuv1 Dovr/ wkh
sduwlfxodu irup ri wkh prgho ghwhuplqhv zkdw wkh suhglfwdeoh iruhfdvw xqfhuwdlqw| lv/
dv glvwlqfw iurp wkh dfwxdo iruhfdvw xqfhuwdlqw| wkdw dulvhv1 Dv Wdeoh 4 fodul�hv/ wkdw
glvwlqfwlrq h{lvwv ehfdxvh d prgho lv d vlpsol�hg fkdudfwhul}dwlrq ri wkh hfrqrp|/ qrw
d uhsurgxfwlrq ri wkh hfrqrp|1 Vrphwlphv wkdw fkdudfwhul}dwlrq lv d jrrg rqh/ dqg
vrphwlphv lw lv qrw1

Wklugo|/ iruhfdvw xqfhuwdlqw| ghshqgv xsrq wkh lqirupdwlrq dydlodeoh iru frq0
vwuxfwlqj wkh iruhfdvwv1 Wklv dvshfw lv forvho| wlhg wr wkh ghvljq ri wkh iruhfdvw prgho1
Pruh lqirupdwlrq zrxog vhhp wr eh ehqh�fldo iru iruhfdvwlqj/ dqg lw lv vr lq vrph
vlwxdwlrqv1 Wkdw vdlg/ zkhq wkh prgho lv plv0vshfl�hg dqg wkhuh duh vwuxfwxudo euhdnv
lq wkh gdwd/ xvh ri dgglwlrqdo lqirupdwlrq fdq dfwxdoo| lqfuhdvh iruhfdvw xqfhuwdlqw|>
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Wdeoh 51 Vrph Lvvxhv lq Ghvljqlqj Hfrqrplf Iruhfdvwv

Uhodwlrqvkls Fkdudfwhulvwlfv
ri Lqwhuhvw/ dqg GJS ri wkh Iruhfdvw

Glphqvlrq Glphqvlrq
vlqjoh htxdwlrq vfdodu
pxowlsoh htxdwlrqv yhfwru

Frpsohwhqhvv Iruhfdvwv h{dplqhg
vxev|vwhp vxevhw
ixoo v|vwhp ixoo vhw

Whpsrudo irup Iruhfdvw krul}rq
vwdwlf rqh0vwhs dkhdg
g|qdplf pxowl0vwhs dkhdg

Glvwulexwlrqv Glvwulexwlrqdo surshuw|
huuru phdq +dqg eldv,
frh!flhqw hvwlpdwhv yduldqfh +dqg PVIH,
lqlwldo frqglwlrqv rwkhu

vhh Fohphqwv dqg Khqgu| +4<<</ Fkdswhu 5,1
Irxuwko|/ wkh xqghuo|lqj surfhvv jhqhudwlqj wkh gdwd sod|v d uroh lq ghwhuplqlqj

iruhfdvw xqfhuwdlqw|/ vxfk dv e| sodflqj olplwv rq wkh plqlpxp iruhfdvw xqfhuwdlqw|
rewdlqdeoh iurp d prgho1 Wkdw glvwlqjxlvkhv ehwzhhq wkh suhglfwdeoh iruhfdvw xqfhu0
wdlqw| � wkdw lv/ wkh iruhfdvw xqfhuwdlqw| dqwlflsdwhg/ jlyhq wkh prgho � dqg wkh
dfwxdo iruhfdvw xqfhuwdlqw|/ zklfk lv wkh xqfhuwdlqw| dulvlqj iurp wkh frpelqdwlrq ri
wkh prgho zlwk wkh dfwxdo ehkdylru ri wkh hfrqrplf gdwd1

Wr frqvlghu wkh uroh ri wkhvh dqg rwkhu dvshfwv ri iruhfdvwv shu vh/ wkh qh{w vxe0
vhfwlrq gudzv rq Hulfvvrq dqg Pdutxh}*v +4<<;, iudphzrun iru hfrqrplf iruhfdvwlqj1

515 D Iudphzrun iru Lqwhusuhwlqj Iruhfdvwv

Hulfvvrq dqg Pdutxh} +4<<;, glylgh wkh phfkdqlfv ri iruhfdvwlqj lqwr wkuhh sduwv=

41 ghvljq/ lq zklfk wkh fkdudfwhulvwlfv ri wkh iruhfdvwv dqg wkh uhodwlrqvkls+v, ri
lqwhuhvw duh vshfl�hg>

51 hydoxdwlrq/ zkhuhlq wkh iruhfdvwv dqg wkhlu fkdudfwhulvwlfv duh fdofxodwhg> dqg
61 srvw0hydoxdwlrq dqdo|vlv/ lq zklfk wkh iruhfdvwv duh suhvhqwhg1

Wkh fxuuhqw sdshu hpsor|v doo wkuhh dvshfwv1 Wkdw vdlg/ ghvljq lv prvw uhohydqw wr wkh
shgdjrjlfdo dssurdfk wdnhq lq vxevhtxhqw vhfwlrqv ehfdxvh iruhfdvw ghvljq vshfl�hv
wkh uhodwlrqvkls ri lqwhuhvw iru jhqhudwlqj wkh iruhfdvwv dqg wkh fkdudfwhulvwlfv ri wkh
iruhfdvwv ehlqj h{dplqhg1 Wdeoh 5 olvwv vrph ghwdlov ri iruhfdvw ghvljq1
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Wdeoh 61 D Jxlgh wr wkh Prghov H{dplqhg

Prgho fodvv +uhodwlrqvkls ri lqwhuhvw, Prgho

vwdwlf vlqjoh htxdwlrq �� G +| ' K5| n �|

g|qdplf vlqjoh htxdwlrq �2 G +| ' K+|3� n �|

+jhqhudol}hg, g|qdplf vlqjoh htxdwlrq �� G +| ' K�+|3� n K25| n �|

vlpsoh g|qdplf v|vwhp �e G

+
+| ' K5| n �|
5| ' S+|3� n �|

+jhqhudol}hg, g|qdplf v|vwhp �D G  | ' � |3� n�|

Ghvljq lwvhoi lv vxemhfw wr d wulsduwlwh glylvlrq= wkh uhodwlrqvkls ri lqwhuhvw/ wkh
gdwd jhqhudwlrq surfhvv +GJS,/ dqg fkdudfwhulvwlfv ri wkh iruhfdvw1 Wkh uhodwlrqvkls ri
lqwhuhvw pd| eh fodvvl�hg e| lwv glphqvlrq +vlqjoh htxdwlrq yhuvxv pxowlsoh htxdwlrqv,/
frpsohwhqhvv +vxev|vwhp yhuvxv ixoo v|vwhp,/ whpsrudo irup +vwdwlf yhuvxv g|qdplf,/
dqg glvwulexwlrqdo dvvxpswlrqv +iru wkh huuru/ iru wkh frh!flhqw hvwlpdwhv/ dqg iru wkh
lqlwldo frqglwlrqv,1 Wkh xqghuo|lqj GJS pd| dovr eh ghvfulehg lq d vlplodu idvklrq1
Wkh fkdudfwhulvwlfv ri wkh iruhfdvw lqfoxgh lwv glphqvlrq +vfdodu yhuvxv yhfwru,/ wkh
vhw ri iruhfdvwv h{dplqhg +vxevhw yhuvxv ixoo vhw,/ wkh iruhfdvw krul}rq +rqh0vwhs dkhdg
yhuvxv pxowlsoh0vwhsv dkhdg,/ dqg wkh glvwulexwlrqdo surshuw| ri lqwhuhvw +vxfk dv wkh
iruhfdvw*v phdq/ eldv/ yduldqfh/ dqg phdq vtxduh iruhfdvw huuru,1 Wkhvh fkdudfwhulvwlfv
urxjko| sdudooho wkrvh iru wkh uhodwlrqvkls ri lqwhuhvw dqg wkh GJS1 Krzhyhu/ hyhq iru
vlplodu fdwhjrulhv/ wkh fodvvl�fdwlrqv qhhg qrw pdwfk= h1j1/ d uhodwlrqvkls pljkw eh d
pxowlsoh0htxdwlrq frpsohwh v|vwhp/ zkloh wkh iruhfdvw ri lqwhuhvw lv vfdodu1

Hdfk frpelqdwlrq ri fkdudfwhulvwlfv iru wkh uhodwlrqvkls ri lqwhuhvw/ wkh GJS/ dqg
wkh iruhfdvwv pd| lpso| gl�huhqw surshuwlhv iru wkh dvvrfldwhg suhglfwdeoh xqfhuwdlqw|1
Hyhq wkh olplwhg fodvvl�fdwlrq lq Wdeoh 5 hqwdlov ��c H2e +' E2� � ���, srvvleoh frpel0
qdwlrqv1 H{whqvlyh dqdo|vlv ri wkhvh frpelqdwlrqv lv qrw ihdvleoh/ qru lv lw qhfhvvdu|1
Udwkhu/ d vpdoo vhw ri frpelqdwlrqv vhuyhv wr kljkoljkw hvvhqwldo lqwhudfwlrqv ehwzhhq
wkh ydulrxv fkdudfwhulvwlfv1 Wdeoh 6 olvwv wkh �yh prghov h{dplqhg lq Vhfwlrqv 6 dqg 7
ehorz= wkuhh vlqjoh0htxdwlrq prghov +rqh vwdwlf/ rqh g|qdplf/ dqg rqh pl{hg,/ dqg
wzr g|qdplf v|vwhpv +rqh yhu| vshfl�f/ dqg wkh rwkhu jhqhudo,1 Wkuhh lvvxhv olvwhg
lq Wdeoh 5 +glphqvlrq/ frpsohwhqhvv/ dqg whpsrudo irup, fkdudfwhul}h wkhvh prghov1

Hydoxdwlrq lv wkh surfhvv ri jhqhudwlqj iruhfdvwv dqg fdofxodwlqj wkhlu fkdudfwhulv0
wlfv/ vxfk dv wkhlu yduldqfhv1 Iru vrph prghov/ hydoxdwlrq lv dqdo|wlf1 Krzhyhu/ hyhq
iru uhodwlyho| vlpsoh prghov/ h{dfw dqdo|wlfdo uhvxowv duh qrw dydlodeoh/ vr fdofxodwlrq
ri iruhfdvwv dqg wkhlu fkdudfwhulvwlfv pd| lqyroyh qxphulfdo lqwhjudwlrq/ dqdo|wlfdo ds0
sur{lpdwlrqv/ Prqwh Fduor vlpxodwlrq/ ru errwvwudsslqj1 Vhh Hulfvvrq dqg Pdutxh}
+4<<;, iru d vxppdu|1
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Srvw0hydoxdwlrq dqdo|vlv frqfhuqv wkh suhvhqwdwlrq ri wkh iruhfdvwv dqg wkhlu fkdu0
dfwhulvwlfv/ rqfh fdofxodwhg1 Wdeohv dqg judskv duh frpprq prghv � judskv duh xvhg
h{whqvlyho| ehorz1 Vrphwlphv/ wkh surshuwlhv ri iruhfdvwv duh vxppdul}hg wkurxjk d
vwdwlvwlf/ dv lq wkh Fkrz +4<93, vwdwlvwlf dqg wkh iruhfdvw0hqfrpsdvvlqj vwdwlvwlf> vhh
Fkrqj dqg Khqgu| +4<;9, rq wkh odwwhu1 Wkh sxusrvhv ri wkh sduwlfxodu iruhfdvwlqj
hqghdyru riwhq jryhuq wkh vwuxfwxuh ri srvw0hydoxdwlrq dqdo|vlv1

Ehiruh surfhhglqj/ d ihz frpphqwv duh lq rughu1 Iluvw/ wkh prghov frqvlghuhg duh
nhsw yhu| vlpsoh iru h{srvlwlrqdo uhdvrqv1 Hyhq vr/ pdq| ihdwxuhv ri wkhlu iruhfdvwv*
suhglfwdeoh xqfhuwdlqw| duh fkdudfwhulvwlf ri pxfk pruh jhqhudo prghov1 Vhfrqg/ dqg
uhodwhgo|/ dqdo|wlfdo whfkqltxhv h{lvw iru h{dplqlqj iruhfdvw xqfhuwdlqw| iurp jhqhudo
olqhdu prghov/ dqg qxphulfdo whfkqltxhv duh dydlodeoh iru qrqolqhdu prghov li dqdo|w0
lfdo vroxwlrqv duh xqnqrzq1 Wklug/ lq rughu wr vlpsoli| wkh dqdo|vlv ri suhglfwdeoh
xqfhuwdlqw|/ wkh hfrqrphwulf prgho xqghuo|lqj wkh uhodwlrqvkls ri lqwhuhvw lv w|slfdoo|
dvvxphg wr eh wkh GJS1 Wkdw vdlg/ Vhfwlrq 8 qhfhvvdulo| glvwlqjxlvkhv ehwzhhq wkh
GJS dqg wkh prgho zkhq lqwhusuhwlqj whvwv iru wkh odwwhu*v frqvwdqf|1 Ilqdoo|/ wkh
wd{rqrp| lq Wdeoh 4 dqg wkh iudphzrun deryh gholqhdwh wkh prghov lq Wdeoh 6 dqg
wkhlu iruhfdvwv* surshuwlhv/ zklfk duh wkh irfxv ri wkh uhpdlqlqj vhfwlrqv1

6 Suhglfwdeoh Xqfhuwdlqw| iru Vwdwlf dqg G|qdplf
Vlqjoh0htxdwlrq Prghov

Wklv vhfwlrq fdofxodwhv dqdo|wlfdoo| dqg qxphulfdoo| wkh suhglfwdeoh iruhfdvw xqfhu0
wdlqw| iru vrph vshfl�f vwdwlf dqg g|qdplf vlqjoh0htxdwlrq prghov1 Wkh dlp lv wr
fkdudfwhul}h krz ydulrxv ihdwxuhv olvwhg lq Wdeoh 5 d�hfw suhglfwdeoh iruhfdvw xqfhu0
wdlqw|1 Wkxv/ wklv vhfwlrq irfxvhv rq wkh h�hfwv ri vwdwlf yhuvxv g|qdplf vshfl�fdwlrqv/
ri iruhfdvw krul}rq/ ri sdudphwhu ydoxhv/ dqg ri hvwlpdwlrq xqfhuwdlqw|1 Wkh vxevh0
txhqw vhfwlrq +Vhfwlrq 7, h{dplqhv iruhfdvwlqj iurp d v|vwhp ri htxdwlrqv1 Vwudljkw0
iruzdug uhvxowv iroorz iurp vlpsoh dvvxpswlrqv/ vxfk dv xqlyduldwh ru elyduldwh GJSv/
vlqjoh0htxdwlrq ru wzr0htxdwlrq prghov/ �uvw0rughu g|qdplfv +dw prvw,/ vwdwlrqdulw|/
dqg hujrglflw|1 Pdq| � exw qrw doo � uhvxowv fduu| wkurxjk ru jhqhudol}h qdwxudoo|
xqghu zhdnhu uhvwulfwlrqv1

Vhfwlrq 614 frqvlghuv d vlpsoh vwdwlf prgho/ Vhfwlrq 615 d vlpsoh g|qdplf prgho/
dqg Vhfwlrq 616 frpsduhv dqg frqwudvwv wkhvh uhvxowv/ zlwk ixuwkhu hylghqfh iurp dq
dssolfdwlrq wr iruhfdvwlqj X1N1 qhw qdwlrqdo lqfrph1 Hdfk h{dpsoh surfhhgv shgd0
jrjlfdoo| zlwk wkh vshfl�fdwlrq ri wkh prgho/ wkh iruhfdvwv/ wkh iruhfdvw huuruv/ dqg
wkh iruhfdvw huuruv* surshuwlhv1

9



614 D Vwdwlf Vlqjoh Htxdwlrq

Wklv vxevhfwlrq ghvfulehv wkh prgho/ prgho0edvhg iruhfdvwv/ iruhfdvw huuruv/ dqg wkhlu
surshuwlhv iru d vlpsoh vwdwlf vlqjoh0htxdwlrq prgho1 Wklv prgho vhuyhv dv d ehqfkpdun
iru frpsdulvrq zlwk rwkhu prghov/ dqg lw fuhdwhv d whpsodwh iru wkh dqdo|vlv ri rwkhu
prghov1 Fkrz +4<93, glvfxvvhv iruhfdvwv iurp wklv prgho lq ghwdlo1

Wklv �uvw prgho +ghqrwhg ��, lv d vwdwlf vlqjoh htxdwlrq=

�� G +| ' K5| n �| �| � �WEfc j2� | ' �c � � � c Ac A n �c � � � c A nMc +4,

zkhuh +| lv wkh ghshqghqw yduldeoh> 5| lv dq h{rjhqrxv yduldeoh> K lv dq xqnqrzq
frh!flhqw> �| lv dq huuru whup/ dvvxphg wr eh lqghshqghqwo| dqg qrupdoo| glvwulexwhg
zlwk d }hur phdq dqg d yduldqfh j2> | lv wkh wlph vxevfulsw> dqg wkh hvwlpdwlrq dqg
iruhfdvw shulrgv duh d�c A o dqg dA n �c A n Mo uhvshfwlyho|/ lpso|lqj A revhuydwlrqv
iru hvwlpdwlrq dqg M revhuydwlrqv ehlqj iruhfdvw1

Vhyhudo w|shv ri prgho0edvhg iruhfdvwv duh ihdvleoh iurp +4,/ hdfk zlwk vshfl�f
lpsolfdwlrqv iru wkh surshuwlhv ri wkh fruuhvsrqglqj iruhfdvwv dqg iruhfdvw huuruv1 Iru
h{srvlwlrqdo frqyhqlhqfh/ frqvlghu wkh iruhfdvwv edvhg rq ohdvw vtxduhv hvwlpdwlrq ri
wkh frh!flhqw K lq prgho ��=

	+| ' 	K5| | ' A n �c � � � c A nMc +5,

zkhuh 	+| lv wkh iruhfdvw ri +|/ dqg 	K lv wkh ohdvw vtxduhv hvwlpdwru ri K/ glvwulexwhg dv
�EKc j2E

S
A

|'� 5
2
|
�3��1 Wr kljkoljkw wkh glvwlqfwlrq ehwzhhq wkh hvwlpdwlrq shulrg d�c A o

dqg wkh iruhfdvw shulrg dA n�c A nMo/ lw lv khosixo wr uhzulwh +5, zlwk d gl�huhqw wlph
vxevfulsw=

	+An� ' 	K5An� � ' �c � � � cMc +6,

zkhuh � lqgh{hv wkh iruhfdvw krul}rq1
Wkh iruhfdvw 	+An� lq +6, dvvxphv wkdw 5An� lv nqrzq1 Wkdw lv/ lq shulrg A / wkh

ydoxh ri 5 dw shulrg A n � +l1h1/ � shulrgv lqwr wkh ixwxuh, lv nqrzq1 Zkloh wklv
dvvxpswlrq lv vhqvleoh iru ghwhuplqlvwlf yduldeohv vxfk dv dq lqwhufhsw dqg d olqhdu
wuhqg/ lw lv xqmxvwl�hg iru pdq| yduldeohv/ sduwlfxoduo| zkhq � : �1 Vhfwlrq 615
h{soruhv wkdw lvvxh ixuwkhu/ zlwk 5| ' +|3�1

Wkh iruhfdvw huuru eAn� lv wkh gl�huhqfh ehwzhhq wkh rxwfrph +An� dqg lwv iruh0
fdvw 	+An�=

eAn� ' +An� � 	+An�
' EK5An� n �An��� 	K5An�
' �An� n EK� 	K�5An� � ' �c � � � c Mc +7,

zkhuh wkh vhfrqg olqh ri +7, xvhv wkh gh�qlwlrqv ri +An� dqg 	+An� iurp +4, dqg +6,
uhvshfwlyho|/ dqg wkh wklug olqh uh0duudqjhv whupv1 Vr/ iurp +7,/ wkh iruhfdvw huuru eAn�
lv frpsulvhg ri wkh +xqnqrzq, ixwxuh vkrfn �An�/ dqg EK�	K�5An�/ zklfk lv wkh huuru lq
iruhfdvwlqj wkdw dulvhv iurp hvwlpdwlqj udwkhu wkdq nqrzlqj wkh frh!flhqw K1 Wkhvh

:



duh wkh frpsrqhqwv 4+d, dqg 4+e, lq Wdeoh 4/ zlwk wkh wzr frpsrqhqwv wrjhwkhu
uhsuhvhqwlqj �zkdw zh nqrz wkdw zh grq*w nqrz� derxw wkh ixwxuh rxwfrph +An�1

Pdq| phdvxuhv h{lvw iru vxppdul}lqj surshuwlhv ri d iruhfdvw dqg lwv fruuhvsrqg0
lqj iruhfdvw huuru/ lqfoxglqj wkh eldv ri wkh iruhfdvw/ wkh yduldqfh ri wkh iruhfdvw huuru/
dqg wkh phdq vtxduh iruhfdvw huuru +PVIH,/ zklfk lv d frpprq vxppdu| phdvxuh
ri d iruhfdvw huuru*v surshuwlhv1 Wkh PVIH lv gh�qhg dv wkh phdq ri wkh vtxduhg
iruhfdvw huuru/ h1j1/ HEe2

An�� iru wkh iruhfdvw huuru eAn� lq +7,1 Lq jhqhudo/ wkh zkroh
glvwulexwlrq ri rxwfrphv lv ri lqwhuhvw zkhq frqvlghulqj iruhfdvw xqfhuwdlqw|1 Wkdw
vdlg/ wkh sulpdu| phdvxuh ri iruhfdvw xqfhuwdlqw| lq hfrqrplfv lv wkh PVIH/ zklfk
vlpsol�hv wr wkh yduldqfh ri wkh iruhfdvw huuru zkhq wkh iruhfdvw lv xqeldvhg1 Wkh
yduldqfh dqg PVIH fdswxuh lpsruwdqw dvshfwv ri iruhfdvw xqfhuwdlqw| dqg vr duh
frqvlghuhg lq pxfk ri wkh glvfxvvlrq ehorz1 Vwloo/ wkh| kdyh vxevwdqwlyh olplwdwlrqv
dv phdvxuhv ri iruhfdvw xqfhuwdlqw|> vhh Fohphqwv dqg Khqgu| +4<<6, iru d ghwdlohg
dqdo|vlv1

Iru wkh vwdwlf prgho +4,/ wkh iruhfdvw huuru +7, kdv hdvlo| ghulydeoh surshuwlhv1 Lq
idfw/ lwv glvwulexwlrq lv qrupdo=

eAn� � �
�
fc j2d� n 52

An�E
S

A

|'� 5
2
|
�3�o

�
� ' �c � � � c Mc +8,

dv iroorzv lpphgldwho| iurp qrupdolw| dqg lqghshqghqfh ri i�|j/ dqg khqfh wkh qru0
pdolw| dqg lqghshqghqfh ri �An� dqg 	K1 Ixuwkhu uhvxowv ghshqg rq wkh qdwxuh ri 5|1
Iru wkh vlpsoh fdvh zkhuh 5| lv dq lqwhufhsw +l1h1/ 5| ' �,/ wkhq +8, vlpsol�hv=

eAn� � �
�
fc j2d� n E�*A �o

�
� ' �c � � � c M� +9,

Ehfdxvh wkh iruhfdvw 	+An� lq +6, lv xqeldvhg iru wkh rxwfrph +An�/ wkh yduldqfh ri
eAn� lv dovr wkh PVIH1

Iljxuh 4d +wkh xsshu ohiw judsk lq Iljxuh 4, sorwv wkh PVIH iru K ' f�D dv d ixqf0
wlrq ri wkh iruhfdvw krul}rq �/ zkhuh wkh xqlwv duh lq whupv ri j21 Iljxuh 4d frqwdlqv
wzr fdofxodwlrqv ri wkh PVIH1 Wkh �uvw lv wkh yduldqfh lq +9, iru d odujh hvwlpdwlrq
vdpsoh +l1h1/ A ' 4, dqg vr lv ghqrwhg wkh dv|pswrwlf PVIH +�qr hvwlpdwlrq xqfhu0
wdlqw|�,1 Iurp +9,/ wkh dv|pswrwlf PVIH htxdov j2 iru doo iruhfdvw krul}rqv= khqfh
lw lv d  dw olqh dw xqlw| lq wkh judsk1 Wkh vhfrqg PVIH lv wkh yduldqfh lq +9, iru d
vshfl�f hvwlpdwlrq vdpsoh +khuh/ A ' D, dqg vr lv ghqrwhg wkh �qlwh vdpsoh PVIH
+�zlwk hvwlpdwlrq xqfhuwdlqw|�,15 Iurp +9,/ lw qxphulfdoo| htxdov ��2fj21

Lq vxppdu|/ iru d vwdwlf prgho zlwk rqo| dq lqwhufhsw/ wkh suhglfwdeoh xqfhuwdlqw|
dv phdvxuhg e| wkh PVIH lv frqvwdqw dfurvv iruhfdvw krul}rqv1 Wkh PVIH ghfuhdvhv
dv wkh hvwlpdwlrq vdpsoh lqfuhdvhv/ whqglqj wr d srvlwlyh ydoxh +wkh dv|pswrwlf PVIH,

5Zkloh d vdpsoh vl}h ri W @ 8 vhhpv yhu| vpdoo/ lw pd| qrw eh vr lq wklv frqwh{w/ zkhuh rqo|
d vlqjoh sdudphwhu lv hvwlpdwhg1 Lq xquhvwulfwhg yhfwru dxwruhjuhvvlyh prghov dqg dxwruhjuhvvlyh
glvwulexwhg odj prghov/ wkh qxpehu ri hvwlpdwhg sdudphwhuv shu htxdwlrq lv frpprqo| 43(�63( ri
wkh vdpsoh vl}h � vlplodu wr wkh shufhqwdjh khuh1

;
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Iljxuh 4= Dv|pswrwlf dqg �qlwh vdpsoh phdq vtxduh iruhfdvw huuruv +PVIHv, iru
vwdwlf dqg g|qdplf prghov zlwk frh!flhqw ydoxhv ri K ' f�D dqg K ' f�.1

iru d odujh hvwlpdwlrq vdpsoh1 Iru vwdwlf uhjuhvvlrq prghov lq jhqhudo/ wkh dv|pswrwlf
PVIH lv lqyduldqw wr wkh iruhfdvw krul}rq> lq �qlwh vdpsohv/ lw pd| ghshqg rq erwk
� dqg A wkurxjk wkh frpsrqhqw lqyroylqj hvwlpdwlrq xqfhuwdlqw|1

615 D G|qdplf Vlqjoh Htxdwlrq

Wklv vxevhfwlrq ghvfulehv wkh prgho/ prgho0edvhg iruhfdvwv/ dqg iruhfdvw huuruv iru d
vlpsoh g|qdplf prgho � vshfl�fdoo|/ iru d xqlyduldwh �uvw0rughu dxwruhjuhvvlyh prgho1
Wklv prgho kdv ehhq h{whqvlyho| vwxglhg dqdo|wlfdoo|/ qxphulfdoo|/ dqg hpslulfdoo| lq
wkh vwdwlvwlfdo/ hfrqrphwulf/ dqg hfrqrplf olwhudwxuh> vhh Rufxww dqg Zlqrnxu +4<9<,/
Krtxh/ Pdjqxv/ dqg Shvdudq +4<;;,/ dqg Fohphqwv dqg Khqgu| +4<<;/ Fkdswhu 7,
lqwhu dold rq wkh prgho*v iruhfdvw surshuwlhv1 Wklv prgho kljkoljkwv wkh h�hfwv ri
g|qdplfv rq iruhfdvwv/ dqg pdq| ri lwv iruhfdvwv* surshuwlhv jhqhudol}h uhdglo| wr
v|vwhpv ri g|qdplf htxdwlrqv zlwk pxowlsoh odjv> vhh Vhfwlrq 71

Wkh �uvw0rughu dxwruhjuhvvlyh prgho +ghqrwhg �2, lv=

�2 G +| ' K+|3� n �| �| � �WEfc j2� | ' �c � � � c Ac A n �c � � � c A nMc +:,

zkhuh K lv qrz wkh xqnqrzq frh!flhqw rq wkh odjjhg ghshqghqw yduldeoh +|3�1 Wkh

<



yduldeoh 5| lq prgho �� lv qrz +|3�/ exw wkh surshuwlhv ri wkh huuru whup �| dqg wkh
qrwdwlrq duh rwkhuzlvh dv lq prgho �� +Vhfwlrq 614,1 Iru h{srvlwlrqdo frqyhqlhqfh/ lw
lv dvvxphg wkdw mKm 	 � dqg wkdw +f � �Efc j2*E�� K2��16

Wkh iruhfdvwv frqvlghuhg duh wkrvh edvhg rq ohdvw vtxduhv hvwlpdwlrq ri wkh frhi0
�flhqw K lq prgho �2=

	+| ' 	K+|3� | ' A n �c � � � c A nMc +;,

zkhuh 	K lv wkh ohdvw vtxduhv hvwlpdwru ri wkh frh!flhqw K/ dqg lv dssur{lpdwho| glv0
wulexwhg dv �EKc E�� K2�*A �1 Dv zlwk +5,/ htxdwlrq +;, pd| eh uh0lqgh{hg/ uhvxowlqj
lq wkh iroorzlqj vhtxhqfh ri rqh0vwhs dkhdg iruhfdvwv=

	+An� ' 	K+An�3� � ' �c � � � c M� +<,

Htxdwlrq +<, pd| eh zulwwhq pruh h{solflwo| dv=

	+An� ' 	K+A
	+An2 ' 	K+An�

111
	+An� ' 	K+An�3�

111
	+AnM3� ' 	K+AnM32
	+AnM ' 	K+AnM3�� +43,

Htxdwlrq +43, kljkoljkwv d frpsolfdwlrq zkhq iruhfdvwlqj iurp g|qdplf prghov= wkh
rqh0shulrg dkhdg iruhfdvw 	+An� lv hdvlo| frqvwuxfwhg ehfdxvh +A lv nqrzq/ exw iruhfdvwv
dw orqjhu krul}rqv ghshqg xsrq ixwxuh +xqnqrzq, rxwfrphv ri +1 Wkh xvxdo dssurdfk
lv wr uhsodfh wkrvh ixwxuh rxwfrphv e| wkhlu iruhfdvwv1 Wkxv/ wkh iruhfdvw 	+An2 ehfrphv
	K � E	K+A � dqg/ pruh jhqhudoo|/ wkh �0shulrg dkhdg iruhfdvw 	+An� lv=

	+An� ' 	K�+A � ' �c � � � cM� +44,

Wkh iruhfdvw huuru eAn� lv wkh gl�huhqfh ehwzhhq wkh rxwfrph +An� dqg lwv iruh0
fdvw 	+An�/ dv lq wkh �uvw olqh ri +7,/ exw wkh dqdo|wlfv gl�hu iurp +7,1 Wr fdofxodwh wkh
iruhfdvw huuru/ lw lv khosixo �uvw wr ghulyh +An� lq whupv ri wkh revhuyhg +An� EuLh � 	 ��

dqg wkh xqrevhuyhg ixwxuh vkrfnv i�An�c �An2c � � � c �An�j1 E| uhshdwhg vxevwlwxwlrq
iurp +:,/ +An� lv=

+An� ' K+An�3� n �An�
' K � EK+An�32 n �An�3�� n �An�
111
' K�+A n

S
�3�
�'f K��An�3� � +45,

6Wkhvh dvvxpswlrqv lpso| wkdw |w lv lqwhjudwhg ri rughu }hur dqg hujrglf1 Vhh Edqhumhh/ Grodgr/
Jdoeudlwk/ dqg Khqgu| +4<<6, iru ghwdlov1
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Wkxv/ wkh iruhfdvw huuru eAn� lv=

eAn� ' +An� � 	+An�

' EK�+A n
S

�3�
�'f K��An�3��� 	K�+A

'
S

�3�
�'f K��An�3� n EK� � 	K��+A � ' �c � � � cM� +46,

Dv zlwk wkh vwdwlf prgho/ wkh g|qdplf prgho*v iruhfdvw huuru ghshqgv xsrq ixwxuh
vkrfnv wr wkh hfrqrp| dqg xsrq hvwlpdwlqj udwkhu wkdq nqrzlqj wkh frh!flhqw K1
Wkh vwdwlf dqg g|qdplf iruhfdvw huuruv gr gl�hu lq wkh irup ri wkhlu ghshqghqfh rq
wkrvh wzr frpsrqhqwv/ dv frpsdulvrq ri +7, dqg +46, fodul�hv1 Iluvw/ wkh iruhfdvw
huuru ri wkh vwdwlf prgho ghshqgv rq wkh ixwxuh vkrfn lq shulrg A n � dorqh/ zkhuhdv
wkh g|qdplf prgho*v iruhfdvw huuru frqwdlqv d zhljkwhg fxpxodwlrq ri vkrfnv iurp
shulrg A n� wkurxjk shulrg A n�1 Vhfrqg/ wkh vwdwlf prgho*v iruhfdvw huuru ghshqgv
rq wkh vlpsoh gl�huhqfh ehwzhhq wkh frh!flhqw K dqg lwv hvwlpdwh 	K1 Wkh g|qdplf
prgho*v iruhfdvw huuru ghshqgv xsrq wkh gl�huhqfh ehwzhhq srzhuv ri K dqg 	K1 Iru
wkh rqh0shulrg dkhdg iruhfdvw/ wkh g|qdplf prgho*v iruhfdvw huuru lv �An�nEK�	K�+A /
sdudooholqj wkh vwdwlf prgho*v iruhfdvw huuru ri �An� n EK� 	K�5An�1 Dw rwkhu krul}rqv/
iruhfdvwv huuruv iurp wkh wzr w|shv ri prghov gl�hu lq ghwdlo/ hyhq zkloh hdfk kdv wkh
wzr frpsrqhqwv 4+d, dqg 4+e, iurp Wdeoh 41

Iurp +46,/ wkh surshuwlhv ri wkh g|qdplf prgho*v iruhfdvw huuruv ghshqg xsrq
wkh glvwulexwlrq ri

S
�3�
�'f K��An�3� dqg EK� � 	K��/ dqg xsrq wkh lqlwldo frqglwlrq iru

iruhfdvwlqj/ l1h1/ +A 1 Zkloh
S

�3�
�'f K��An�3� lv ylvxdoo| wkh prvw frpsoh{ ri wkh wkuhh

whupv/ lwv glvwulexwlrq lv wkh prvw vwudljkwiruzdug/ dv wkh ixwxuh vkrfnv i�An�3�j duh
qrupdoo| glvwulexwhg dqg vhuldoo| lqghshqghqw1 Wkh phdq ri

S
�3�
�'f K��An�3� lv }hur/

dqg lwv yduldqfh lv wkh vxp ri wkh yduldqfhv ri lwv frpsrqhqwv=

�@hE
S

�3�
�'f K��An�3�� ' �@hE�An�� n �@hEK�An�3�� n � � �n �@hEK�3��An��

' j2 n K2j2 n � � �n K2E�3��j2

' j2

#
�� K2�

�� K2

$
� +47,

Wkh h{dfw glvwulexwlrq ri wkh iruhfdvw huuruv lv frpsolfdwhg e| wkh qrqolqhdulw| 	K� dqg
e| wkh ghshqghqfh ri 	K rq +A 1 Krzhyhu/ xqghu rqh vwdqgdug vhw ri dssur{lpdwlrqv/
EK� � 	K�� lv glvwulexwhg dv �Efc dE�K�3��2E�� K2�*A o�/ wkh yduldeoh +A kdv lwv xqfrqgl0
wlrqdo glvwulexwlrq �Efc dj2*E��K2�o�/ dqg wkh whup EK��	K�� dqg +A duh lqghshqghqwo|
glvwulexwhg1 Xvlqj wkhvh dssur{lpdwlrqv/ wkh iruhfdvw huuru iurp wkh g|qdplf prgho
kdv d phdq ri +dssur{lpdwho|, }hur dqg d yduldqfh +dssur{lpdwho|, htxdo wr=

j2

#
�� K2�

�� K2

$
n

j2E�K�3��2

A
c +48,

zklfk lv dovr lwv +dssur{lpdwh, �qlwh vdpsoh PVIH1 Wkh �uvw whup lq +48, lv wkh
dv|pswrwlf PVIH lq +47,1 Wkh vhfrqg whup fdswxuhv wkh frpsolfdwhg ghshqghqfh ri
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EK� � 	K��+A rq irxu idfwruv= wkh iruhfdvw krul}rq �/ wkh dxwruhjuhvvlyh frh!flhqw K/
wkh hvwlpdwlrq vdpsoh vl}h A / dqg wkh htxdwlrq huuru yduldqfh j21

Iljxuh 4e sorwv wkh dv|pswrwlf PVIH lq +47, dv d ixqfwlrq ri wkh iruhfdvw krul0
}rq �1 Iurp +47,/ wkh dv|pswrwlf PVIH htxdov j2 iru � ' �/ j2 n K2j2 iru � ' 2/
j2n K2j2n Kej2 iru � ' �/ dqg vr rq/ whqglqj wr j2*E�� K2� iru odujh �1 Lq Iljxuh 4e/
K ' f�D/ vr wkhvh ydoxhv duh j2/ ��2Dj2/ ����j2/ dqg vr rq/ whqglqj wr ����j21 Wkh
+dv|pswrwlf, suhglfwdeoh xqfhuwdlqw| lqfuhdvhv dv wkh iruhfdvw krul}rq lqfuhdvhv> dqg
wkdw suhglfwdeoh xqfhuwdlqw| lv erxqghg ryhu doo iruhfdvw krul}rqv1

Iljxuh 4e dovr sorwv wkh +dssur{lpdwh, �qlwh vdpsoh PVIH lq +48,1 Wklv PVIH lv
odujhu wkdq +ru dw ohdvw dv odujh dv, wkh dv|pswrwlf PVIH= hvwlpdwlrq xqfhuwdlqw| dggv
wr wkh lqkhuhqw xqfhuwdlqw| iurp wkh ixwxuh vkrfnv/ dv iru wkh vwdwlf prgho1 Wkh �qlwh
vdpsoh PVIH lv dovr erxqghg ryhu doo iruhfdvw krul}rqv1 Dv Iljxuh 4e ghprqvwudwhv/
wkh �qlwh vdpsoh PVIH qhhg qrw lqfuhdvh prqrwrqlfdoo| lq wkh iruhfdvw krul}rq= dv �
lqfuhdvhv/ wkh �qlwh vdpsoh PVIH pd| ghfuhdvh dv zhoo dv lqfuhdvh1 Wkh h{sodqdwlrq
iru wklv qrq0prqrwrqlflw| wxuqv rq wkh whup j2E�K�3��2*A lq +48,1 Wkdw whup kdv d
frpsolfdwhg ghshqghqfh rq wkh iruhfdvw krul}rq �/ exw lq dq| fdvh lv dozd|v srvlwlyh
iru qrq}hur K dqg whqgv wr }hur dv � ehfrphv odujh1 Iru hfrqrplf dqg srolf| dqdo|vlv/
qrq0prqrwrqlflw| lq wkh PVIH fdq eh zruu|lqj= wkh iruhfdvw krul}rqv ri juhdwhvw
hfrqrplf ru srolf| lqwhuhvw pd| kdyh wkh juhdwhvw +suhglfwdeoh, xqfhuwdlqw|1

Wr vxppdul}h/ iru d g|qdplf �uvw0rughu dxwruhjuhvvlyh prgho/ wkh suhglfwdeoh
xqfhuwdlqw| dv phdvxuhg e| wkh PVIH whqgv wr lqfuhdvh lq wkh iruhfdvw krul}rq/
dowkrxjk hvwlpdwlrq xqfhuwdlqw| pd| lqgxfh qrq0prqrwrqlflw|1 Dv zlwk wkh PVIH
iurp wkh vwdwlf prgho/ wkh g|qdplf prgho*v PVIH ghfuhdvhv dv wkh hvwlpdwlrq vdpsoh
lqfuhdvhv/ whqglqj wr d srvlwlyh ydoxh +wkh dv|pswrwlf PVIH, iru d odujh hvwlpdwlrq
vdpsoh1 Wkh PVIHv iurp g|qdplf dqg vwdwlf prghov gl�hu prvw qrwdeo| wkurxjk
wkhlu ghshqghqfh +ru odfn wkhuhri, rq wkh iruhfdvw krul}rq1 Wkh iroorzlqj vxevhfwlrq/
dorqj zlwk Vhfwlrq 7/ h{dplqhv wklv lvvxh lq juhdwhu ghwdlo1

616 D Frpsdulvrq

Wklv vxevhfwlrq frpsduhv wkh suhglfwlyh xqfhuwdlqw| iurp wkh vwdwlf dqg g|qdplf
prghov lq wkh wzr suhylrxv vxevhfwlrqv/ irfxvlqj rq wkh urohv ri frh!flhqw hvwlpdwlrq
dqg wkh iruhfdvw krul}rq1 Wr kljkoljkw wkh odwwhu/ wzr hpslulfdo prghov ri X1N1 qhw
qdwlrqdo lqfrph duh h{dplqhg1

Iljxuhv 4d dqg 4e sorwwhg wkh PVIHv iru wkh vwdwlf dqg g|qdplf prghov/ hydoxdwhg
dw d vshfl�f ydoxh ri wkh uhjuhvvlrq sdudphwhu K= K ' f�D1 Iljxuhv 4f dqg 4g sorw
wkh frpsdudeoh judskv iru d gl�huhqw ydoxh ri K= K ' f�.1 Iru wkh vwdwlf prgho
+Iljxuh 4f,/ erwk wkh dv|pswrwlf dqg �qlwh vdpsoh PVIHv uhpdlq xqfkdqjhg1 Lq
idfw/ wkh PVIHv iru wkh vwdwlf prgho duh lqyduldqw wr K/ dv +8, dqg +9, lpso|1 Iru
wkh g|qdplf prgho +Iljxuh 4g,/ erwk wkh dv|pswrwlf dqg �qlwh vdpsoh PVIHv kdyh
dowhuhg1 Hdfk lqfuhdvhv pruh udslgo| dw vpdoo iruhfdvw krul}rqv> dqg wkh| whqg wr d

45



odujhu PVIH iru odujh �= wr ��bSj2/ udwkhu wkdq wr ����j21 Iru pxowl0shulrg dkhdg
iruhfdvwv dw d jlyhq krul}rq �/ erwk wkh dv|pswrwlf dqg �qlwh vdpsoh PVIHv lqfuhdvh
lq wkh frh!flhqw K/ dv iroorzv iurp wkh vxp lq wkh vhfrqg olqh ri +47, dqg iurp wkh
vhfrqg whup lq +48,1

Wkxv/ wkh vwdwlf qdwxuh ri wkh vwdwlf prgho ryhu wkh hvwlpdwlrq +lq0vdpsoh, shulrg
fduulhv wkurxjk wr wkh +suhglfwdeoh, surshuwlhv ri lwv iruhfdvwv dqg iruhfdvw huuruv1
Wlph ghshqghqfh fkdudfwhul}hv wkh qdwxuh ri wkh g|qdplf prgho/ erwk lq vdpsoh
dqg ryhu wkh iruhfdvw shulrg1 Wkhvh uhvxowv vkrz wkdw fkdudfwhulvwlfv ri iruhfdvwv duh
prgho ghshqghqw 1 Vrphzkdw vxusulvlqjo|/ fkdudfwhulvwlfv ri iruhfdvwv duh uhodwlyho|
gdwd lqghshqghqw 1

Wr looxvwudwh wkhvh uhvxowv/ wkh uhpdlqghu ri wklv vxevhfwlrq frqvlghuv wzr prghov
� rqh vwdwlf dqg wkh rwkhu g|qdplf � wkdw jhqhudol}h ru h{sdqg xsrq wkh prghov lq
Vhfwlrqv 614 dqg 6151 Wkh �uvw lv d uhjuhvvlrq prgho zlwk dq lqwhufhsw dqg olqhdu wuhqg/
dqg wkh vhfrqg lv d udqgrp zdon prgho zlwk guliw1 Erwk kdyh sod|hg lpsruwdqw urohv
lq vwdwlvwlfdo dqg hfrqrplf prghoolqj> vhh Er{ dqg Mhqnlqv +4<:3,/ Khqgu|/ Sdjdq/
dqg Vdujdq +4<;7,/ Khqgu| +4<<8/ Fkdswhu :,/ dqg Fohphqwv dqg Khqgu| +5333, lqwhu
dold1 Iru hdvh ri h{srvlwlrq/ xqfhuwdlqw| iurp frh!flhqw hvwlpdwlrq lv ljqruhg1

Wkh �uvw prgho lv d vwdwlf prgho zlwk erwk dq lqwhufhsw dqg d olqhdu wuhqg=

�W

� G +| ' K� n K2|n �| �| � �WEfc j2� | ' �c � � � c Ac A n �c � � � c A nMc +49,

zkhuh K� lv wkh lqwhufhsw dqg K2 lv wkh frh!flhqw rq wkh wuhqg |1 Wkh iruhfdvwv duh=

	+An� ' K� n K2 � EA n �� � ' �c � � � c Mc +4:,

vr wkh iruhfdvw huuruv duh=

eAn� ' �An� � ' �c � � � c Mc +4;,

dqg wkh PVIH lv=
�@hEeAn�� ' j2 � ' �c � � � c M� +4<,

Dv lq wkh vlpsohu vwdwlf prgho zlwk rqo| dq lqwhufhsw/ wkh +dv|pswrwlf, PVIH grhv
qrw ghshqg xsrq wkh iruhfdvw krul}rq �1

Wkh PVIH lq +4<, lv wkh �suhglfwhg� PVIH/ lq wkdw j2 lv wkh ydoxh ri wkh PVIH/
dvvxplqj wkdw prgho �W

� lq +49, lv wkh GJS1 Zlwk vrph glvwulexwlrqdo dvvxpswlrqv
derxw �/ wkh suhglfwhg PVIH fdq surylgh wkh edvlv iru fdofxodwlqj frq�ghqfh lqwhuydov
iru wkh iruhfdvwv lq +4:,/ dv lv frpprq lq pdq| hfrqrphwulfv vriwzduh sdfndjhv1 Lq
jhqhudo/ wkh suhglfwhg PVIH gl�huv iurp wkh dfwxdo PVIH/ dv zkhq wkh dvvxphg
prgho lv qrw wkh GJS> vhh Fohphqwv dqg Khqgu| +5333,1

Wr looxvwudwh wkh surshuwlhv ri wkh suhglfwhg PVIH hpslulfdoo|/ frqvlghu prghoolqj
uhdo qhw qdwlrqdo lqfrph lq wkh Xqlwhg Nlqjgrp ryhu 4<:3�4<<6 dqg iruhfdvwlqj lw
wkurxjk 53431 Wkh gdwd duh iurp Hulfvvrq/ Khqgu|/ dqg Suhvwzlfk +4<<;,/ dqg wkh
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Iljxuh 5= Dfwxdo/ �wwhg/ dqg iruhfdvw ydoxhv iurp wkh wuhqg dqg udqgrpzdon prghov ri
dqqxdo uhdo qhw qdwlrqdo lqfrph iru wkh Xqlwhg Nlqjgrp +lq orjv,/ zlwk <8( frq�ghqfh
lqwhuydov iru wkh iruhfdvwv1

prgho lv +49,/ zkhuh + lv wkh orjdulwkp ri uhdo qhw qdwlrqdo lqfrph1 Iljxuh 5d vkrzv
wkh uhvxowv iurp hvwlpdwlqj wklv prgho dqg iruhfdvwlqj iurp lw1 Wkh ohiw kdoi ri Ilj0
xuh 5d sorwv dfwxdo lqfrph dqg wkh �wwhg ydoxhv ri lqfrph iurp wkh hvwlpdwhg prgho
ryhu 4<:3�4<<61 Wkh uljkw kdoi ri Iljxuh 5d sorwv wkh prgho*v iruhfdvwv wkurxjk 53431
Wkh yhuwlfdo eduv durxqg wkrvh iruhfdvwv uhsuhvhqw wkh dqwlflsdwhg bDI frq�ghqfh
lqwhuydov iru lqfrph/ zklfk duh urxjko| 	2	j +qdpho|/ soxv0ru0plqxv wzlfh wkh hvwl0
pdwhg htxdwlrq vwdqgdug huuru,1 Zkloh wklv prgho iru lqfrph grhv lqfoxgh d wuhqg/
wkdw wuhqg lv ghwhuplqlvwlf/ lpso|lqj wkdw lwv ixwxuh ydoxhv duh nqrzq/ dv zhoo dv lwv
fxuuhqw dqg sdvw ydoxhv1 Vr/ lq hvvhqfh/ wklv prgho lv vwdwlf/ dqg wkh dqwlflsdwhg
iruhfdvw xqfhuwdlqw| lv frqvwdqw dfurvv gl�huhqw iruhfdvw krul}rqv1

Wkh vhfrqg prgho lv d udqgrp zdon zlwk dq lqwhufhsw=

�W

2 G +| ' @n +|3� n �| �| � �WEfc j2� | ' �c � � � c Ac A n�c � � � c A nMc +53,

zkhuh @ lv wkh lqwhufhsw/ dqg wkh frh!flhqw rq wkh odjjhg ghshqghqw yduldeoh lv
frqvwudlqhg wr htxdo xqlw|1
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Iroorzlqj +44,/ +46,/ dqg wkh �uvw wzr olqhv ri +47,/ wkh �0vwhs dkhdg iruhfdvwv duh=

	+An� ' @�n +A � ' �c � � � c Mc +54,

wkh iruhfdvw huuruv duh=

eAn� '
S

�3�
�'f �An�3� � ' �c � � � c Mc +55,

dqg wkh PVIH lv=
�@hEeAn�� ' �j2 � ' �c � � � cM� +56,

Wkh suhglfwhg PVIH lqfuhdvhv lq wkh iruhfdvw krul}rq �/ dqg lq idfw lqfuhdvhv olqhduo|
lq �/ dqg zlwkrxw erxqg1 Wkh suhglfwhg PVIH lq +56, dvvxphv wkdw prgho �W

2 lq
+53, lv wkh GJS1

Iljxuh 5e sorwv wkh dfwxdo/ �wwhg/ dqg iruhfdvw ydoxhv iurp wklv udqgrp zdon prgho
ri lqfrph/ xvlqj wkh vdph vdpsoh shulrgv iru hvwlpdwlrq dqg iruhfdvwlqj dv zlwk wkh
vwdwlf prgho lq Iljxuh 5d1 Wkh frq�ghqfh lqwhuydov iru wkh udqgrp zdon iruhfdvwv lq
Iljxuh 5e lqfuhdvh yhu| vxevwdqwldoo| dv wkh iruhfdvw krul}rq lwvhoi lqfuhdvhv/ frqwudvw0
lqj zlwk frq�ghqfh lqwhuydov ri �{hg zlgwk lq Iljxuh 5d1

Iljxuhv 5d dqg 5e sruwud| wzr yhu| gl�huhqw sdwwhuqv iru wkh dqwlflsdwhg +ru
suhglfwhg, iruhfdvw xqfhuwdlqw|/ dqg wkhlu frpsdulvrq looxvwudwhv krz prgho fkrlfh
fdq d�hfw wkrvh sdwwhuqv1 H{dfwo| wkh vdph vhulhv lv ehlqj prghoohg dqg iruhfdvw lq
Iljxuhv 5d dqg 5e= rqo| wkh prghov wkhpvhoyhv gl�hu1 Pruh jhqhudoo|/ vwdwlf prghov
riwhq lpso| suhglfwhg iruhfdvw xqfhuwdlqw| wkdw lv wlph lqyduldqw ru qhduo| vr/ zkhuhdv
g|qdplf prghov jhqhudoo| lpso| wlph0ghshqghqw suhglfwhg iruhfdvw xqfhuwdlqw|/ riwhq
lqfuhdvlqj lq wkh iruhfdvw krul}rq1

Prghov �� dqg �2 suhvhqw vwdwlf dqg g|qdplf uhodwlrqvklsv dv eodfn dqg zklwh/
exw lq sudfwlfh d zkroh vshfwuxp ri prghov h{lvwv zlwk erwk vwdwlf dqg g|qdplf
dvshfwv1 Wkh vlpsohvw h{dpsoh lv=

�� G +| ' K�+|3� n K25| n �| c +57,

zkhuh K� dqg K2 duh wkh frh!flhqwv ri odjjhg + dqg fxuuhqw 51 Prgho �� lqfoxghv
prghov �� dqg �2 dv vshfldo fdvhv zlwk K� ' f dqg K2 ' f uhvshfwlyho|1 Zkhq K�
dqg K2 duh erwk qrq}hur/ prgho �� kdv erwk g|qdplf dqg vwdwlf ihdwxuhv1 Dqdo|wlfdo
h{dplqdwlrq ri prgho ��*v suhglfwdeoh iruhfdvw xqfhuwdlqw| lv ihdvleoh exw uhyhdov
uhodwlyho| olwwoh eh|rqg zkdw kdv ehhq vhhq iurp prghov �� dqg �2 vhsdudwho|1

Wklv vhfwlrq kdv frqvlghuhg prghov dqg iruhfdvwv ri lqglylgxdo yduldeohv rqo|/ dqg
qrw ri vhwv ri yduldeohv1 \hw/ hfrqrplfv w|slfdoo| lv derxw uhodwlrqvklsv ehwzhhq ydul0
deohv/ zkhuh wkrvh yduldeohv pd| lqwhudfw zlwk hdfk rwkhu/ hlwkhu frqwhpsrudqhrxvo|/
ru dw d odj/ ru erwk1 Wkh qh{w vhfwlrq wkxv wxuqv wr v|vwhp iruhfdvwv dqg wkhlu dvvrfl0
dwhg suhglfwdeoh xqfhuwdlqw|1 Lq wkh odqjxdjh ri Wdeoh 5/ wkh lvvxhv duh wkh glphqvlrq
dqg frpsohwhqhvv ri wkh uhodwlrqvkls ri lqwhuhvw dqg ri wkh iruhfdvw1
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7 Suhglfwdeoh Xqfhuwdlqw| iru V|vwhpv

Lq Vhfwlrq 614 deryh/ ixwxuh ydoxhv ri wkh h{rjhqrxv yduldeoh 5 zhuh dvvxphg wr eh
nqrzq zkhq iruhfdvwlqj +1 Wklv dvvxpswlrq lv vhqvleoh iru ghwhuplqlvwlf yduldeohv
vxfk dv dq lqwhufhsw ru d olqhdu wuhqg1 Krzhyhu/ iru prvw hfrqrplf yduldeohv/ wkh
yduldeohv wkhpvhoyhv zrxog qhhg wr eh iruhfdvw zkhq iruhfdvwlqj +1 Grlqj vr ohdgv
gluhfwo| wr iruhfdvwlqj iurp v|vwhpv ri htxdwlrqv1 Wklv vhfwlrq �uvw frqvlghuv d vlp0
soh exw klvwrulfdoo| lpsruwdqw wzr0yduldeoh v|vwhp +Vhfwlrq 714, dqg wkhq wxuqv wr
d yhfwru dxwruhjuhvvlyh prgho +ru YDU/ Vhfwlrq 715,/ zklfk lv wkh edvlv iru pxfk
hpslulfdo iruhfdvwlqj lq hfrqrplfv1 Dv lq Vhfwlrq 6/ wkh irfxv lv rq wkh lqkhuhqw suh0
glfwdeoh xqfhuwdlqw|1 Wkh suhglfwdeoh xqfhuwdlqw| iurp hvwlpdwlrq lv fdofxodeoh/ erwk
dqdo|wlfdoo| dqg qxphulfdoo|/ exw lw surylghv ohvv gluhfw lqvljkw gxh wr wkh lqfuhdvhg
frpsoh{lw| ri wkh prghov1

714 D Vlpsoh G|qdplf V|vwhp

Wkh vwdwlf prgho lq +4, h{suhvvhv +| lq whupv ri 5| dqg d glvwxuedqfh �|1 Wklv vxevhf0
wlrq dxjphqwv wkdw prgho zlwk dq htxdwlrq iru 5| lwvhoi/ vr wkdw iruhfdvwv ri + fdq eh
frqvwuxfwhg iurp iruhfdvwv ri 5 zkhq wkh ixwxuh ydoxhv ri 5 duh xqnqrzq1

Pdq| srvvleoh prghov h{lvw iru 5|1 Rqh sodxvleoh ghwhuplqdqw ri 5| lv +|3�= wkdw
lv/ + Judqjhu0fdxvhv 51 Vhh Judqjhu +4<9<, iru wkh ghyhorsphqw ri wkh frqfhsw ri
Judqjhu fdxvdolw|/ dqg Khqgu| dqg Pl}rq +4<<<, iru uhdvrqv zk| Judqjhu fdxvdolw|
lv vr suhydohqw lq hfrqrplf gdwd1

Wkxv/ lw lv ri lqwhuhvw wr frqvlghu prgho �e=
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zkhuh S lv wkh frh!flhqw rq odjjhg + lq wkh htxdwlrq iru 5> dqg �| lv wkh glvwxuedqfh
lq wkdw htxdwlrq1 Wkh wzr glvwxuedqfhv E�| G �|� duh dvvxphg wr eh qrupdoo| dqg
lqghshqghqwo| glvwulexwhg/ kdylqj phdq }hur dqg +uhvshfwlyho|, yduldqfhv j2 dqg /21
Wkh fryduldqfh ehwzhhq �| dqg �| lv }hur= wkdw lv/ wkh htxdwlrq iru + lv d frqglwlrqdo
prgho ri +| jlyhq 5|/ dqg K lv wkh frh!flhqw lpsolhg e| wkdw frqglwlrqlqj> vhh Hulfvvrq
+4<<5d, iru dq lqwurgxfwru| h{srvlwlrq rq frqglwlrqlqj dqg +uhodwhgo|, h{rjhqhlw|1
Wkhvh dvvxpswlrqv derxw qrupdolw| dqg frqglwlrqlqj duh frqyhqlhqw/ exw duh qrw
fhqwudo wr wkh surshuwlhv ri wkh iruhfdvwv1

Lq hfrqrplfv/ +58, lv nqrzq dv d frezhe prgho/ zklfk pd| fkdudfwhul}h d pdunhw
zlwk odjv lq wkh surgxfwlrq surfhvv/ dv ri djulfxowxudo frpprglwlhv1 Lq wkh frezhe
prgho/ + dqg 5 duh lqwhusuhwhg dv wkh orjv ri sulfh dqg txdqwlw|/ uhvshfwlyho|1 Ghqrwlqj
wkrvh orjv dv R dqg ^/ +58, ehfrphv=
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Wkh frezhe prgho +59, kdv wkh iroorzlqj lqwhusuhwdwlrq1 Wkh htxdwlrq iru R| lv
ghulyhg iurp d ghpdqg htxdwlrq= wkh sulfh R| fohduv wkh pdunhw iru d jlyhq txdqwlw|
^| vxssolhg1 Wkh ydoxh �*K lv wkh sulfh hodvwlflw| ri ghpdqg1 Wkh htxdwlrq iru ^| lv d
vxsso| htxdwlrq/ fdswxulqj +iru lqvwdqfh, krz pxfk iduphuv ghflgh wr surgxfh wklv
|hdu +^|,/ ghshqglqj xsrq wkh sulfh wkdw wkh| zhuh deoh wr rewdlq lq wkh suhylrxv |hdu
+R|3�,1 Wkh ydoxh S lv wkh sulfh hodvwlflw| ri vxsso|1 Vhh Wlqehujhq +4<64, dqg Vxlwv
+4<88, iru slyrwdo frqwulexwlrqv rq wkh frezhe prgho/ dqg Khqghuvrq dqg Txdqgw
+4<:4/ ss1 475�478, iru dq h{srvlwlrq1

Iruhfdvwlqj iurp wkh frezhe prgho jhqhudol}hv rq wkh phfkdqlvp iru iruhfdvwlqj
iurp wkh �uvw0rughu dxwruhjuhvvlyh prgho lq Vhfwlrq 615/ vr zh uhyhuw wr wkh E+ G 5�

qrwdwlrq lq +58,1 Ljqrulqj hvwlpdwlrq/ wkh iruhfdvwv ghulyh iurp +58, zlwkrxw wkh
glvwxuedqfhv/ zkrvh ixwxuh ydoxhv duh e| gh�qlwlrq xqnqrzq=
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Htxdwlrq +5:, pd| eh zulwwhq pruh h{solflwo| dv=
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Irupdoo|/ +5;, sdudoohov +43,/ zlwk wkh iruphu gholqhdwlqj sdluv ri iruhfdvwv dw d jlyhq
krul}rq �/ udwkhu wkdq d vlqjoh iruhfdvw dw hdfk krul}rq1 Doo yduldeohv h{fhsw +A
rq wkh uljkw0kdqg vlgh ri +5;, duh gdwhg lq wkh ixwxuh dqg khqfh xqnqrzq/ vr dq
lpsohphqwdeoh iruhfdvwlqj dojrulwkp lv vwloo uhtxluhg1

Frqvlghu jhqhudwlqj wkh iruhfdvwv iru + �uvw1 Vxevwlwxwlqj wkh vhfrqg htxdwlrq ri
+5:, lqwr wkh �uvw rewdlqv=

	+An� ' KS+An�3� � ' �c � � � c Mc +5<,

zklfk lv lghqwlfdo wr +<,/ h{fhsw wkdw wkh dxwruhjuhvvlyh frh!flhqw lv KS/ udwkhu wkdq
K lwvhoi1 Doo M iruhfdvwv iru + fdq eh jhqhudwhg iurp +5<,/ hpsor|lqj wkh dssurdfk lq

4:



Vhfwlrq 6151 Wkh M iruhfdvwv iru 5 iroorz lpphgldwho| iurp wkh vhfrqg olqh lq +5:,=

	5An� ' S+An�3� � ' �c � � � c Mc +63,

xvlqj S+A dv wkh iruhfdvw iru 5An�/ dqg S	+An�3� +l1h1/ zlwk d iruhfdvw ri +, dv wkh
iruhfdvw iru 5An� iru � : �1

Iru +58,/ wkh iruhfdvwv iru + dqg 5 zhuh frqyhqlhqwo| vroyhg iru + lq whupv ri
lwv rzq odj/ dqg wkhq iru 5 lq whupv ri odjjhg +1 H{srvlwlrqdoo|/ wklv lv fohduo|
frqyhqlhqw1 Krzhyhu/ iru pruh frpsolfdwhg prghov/ d jhqhulf dssurdfk lv xvxdoo|
wdnhq1 Vshfl�fdoo|/ wkh rqh0shulrg dkhdg +� ' �, iruhfdvwv iru erwk + dqg 5 duh
ghulyhg/ dv iurp wkh �uvw eorfn ri urzv lq +5;,1 Wkh wzr0shulrg dkhdg +� ' 2, iruhfdvwv
duh fdofxodwhg/ xvlqj wkh rqh0shulrg dkhdg iruhfdvwv1 Wkh uhpdlqlqj iruhfdvwv ri + dqg
5 duh wkhq vroyhg lq wklv vwhszlvh idvklrq/ shulrg e| shulrg1

715 D Jhqhudol}hg G|qdplf V|vwhp

Wkh dssurdfk wr iruhfdvwlqj lq Vhfwlrq 714 vxjjhvwv d jhqhulf irupxodwlrq iru iruh0
fdvwlqj iurp g|qdplf v|vwhpv1 Wkh fxuuhqw vxevhfwlrq glvfxvvhv wkdw irupxodwlrq dqg
vxppdul}hv wkh surshuwlhv ri suhglfwdeoh xqfhuwdlqw| iurp vxfk v|vwhpv1

Lq Vhfwlrq 714/ wkh prgho�e lq +58, ghvfulehv + dv d ixqfwlrq ri frqwhpsrudqhrxvo|
gdwhg 51 E| frqwudvw/ wkh iruhfdvwlqj htxdwlrq iru +/ lq +5<,/ vroyhv iru + lq whupv ri
lwv odjv e| vxevwlwxwlrq zlwk wkh iruhfdvwlqj htxdwlrq iru 51 D vlplodu vxevwlwxwlrq fdq
eh dssolhg wr wkh prgho iru +/ l1h1/ wr wkh �uvw olqh ri +58,1 Vxevwlwxwlqj wkh vhfrqg
olqh ri +58, lqwr wkh �uvw rewdlqv=
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edqfh ri wkh htxdwlrq iru +1 Frpelqlqj +64, zlwk wkh htxdwlrq iru 5 lq +58, surgxfhv
d v|vwhp iru E+| G 5|� wkdw ghshqgv rq rqo| wkhlu odjv dqg d sdlu ri glvwxuedqfhv=
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zkhuh wkh �hu� lq �hu
e lqglfdwhv wkdw wkh prgho lv d uhgxfhg irup1 Wklv prgho fdq eh
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Htxdwlrq +66, fdq eh zulwwhq v|perolfdoo| lq wkh irup=

�D G  | ' � |3� n�| �| � �W Efcl� c +67,
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zkhuh erog fkdudfwhuv ghqrwh yhfwruv ru pdwulfhv/ dv uhtxluhg=
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Htxdwlrq +67, lv wkh v|vwhp dqdorj ri wkh �uvw0rughu xqlyduldwh dxwruhjuhvvlyh prgho
lq htxdwlrq +:,/ dqg wkh dojheud iru frqvwuxfwlqj iruhfdvwv iurp +:, jhqhudol}hv gluhfwo|
wr frqvwuxfwlqj iruhfdvwv iurp +67,> vhh Fohphqwv dqg Khqgu| +4<<;,1

Htxdwlrq +67, surylghv d uhpdundeo| jhqhudo iudphzrun iru iruhfdvwlqj/ khqfh
lwv ghvljqdwlrq dv d vhsdudwh prgho � prgho �D1 Wkh hohphqwv lq wkh ihhgedfn
pdwul{ � pd| wdnh d zlgh udqjh ri ydoxhv/ dqg wkh fryduldqfh pdwul{ l qhhg eh
rqo| v|pphwulf/ srvlwlyh vhpl0gh�qlwh1 Htxdwlrq +67, lqfoxghv prghov zlwk pxowlsoh
odjv/ dv wkrvh odjv pd| eh �vwdfnhg� lq  |/ zlwk d jlyhq odj ri d yduldeoh +lq  |,
htxdo wr +dqg gh�qhg dv, wkh �uvw odj ri wkdw yduldeoh zlwk rqh vkruwhu odj +l1h1/ lq
 |3�, soxv d glvwxuedqfh wkdw lv lghqwlfdoo| }hur1 Htxdwlrq +67, dovr pd| lqfoxgh
dq lqwhufhsw +l1h1/ d yduldeoh htxdo wr mxvw lwv rzq odj/ dqg zlwk d vwduwlqj ydoxh ri
xqlw|, dqg d olqhdu wuhqg +l1h1/ d yduldeoh htxdo wr lwv rzq odj soxv dq lqwhufhsw,1
Pruh jhqhudoo|/ +67, pd| lqfoxgh h{rjhqrxv yduldeohv zkrvh ixwxuh ydoxhv duh nqrzq
wkurxjk vlplodu ghwhuplqlvwlf uhodwlrqv1 Dowhuqdwlyho|/ +67, pd| eh ylhzhg dv d vshfldo
fdvh ri d g|qdplf v|vwhp zlwk h{rjhqrxv yduldeohv/ zkhq wkrvh h{rjhqrxv yduldeohv
duh uhvwulfwhg wr kdyh frh!flhqwv ri }hur1 Wkhvh wzr frpsohphqwdu| ylhzv uh hfw
wkh wzr jhqhulf v|vwhpv iru iruhfdvwlqj h{dplqhg lq wkh olwhudwxuh> vhh Edloolh +4<:<,
dqg Vfkplgw +4<:7,/ zkr ghulyh dqg glvfxvv wkh surshuwlhv ri iruhfdvw huuruv iurp
wkhvh wzr v|vwhpv1 Fohphqwv dqg Khqgu| +4<<;/ 4<<<, uhylhz surshuwlhv ri iruhfdvwv
iurp v|vwhpv dqg surylgh h{whqvlrqv> Zdwvrq +4<<7, vxppdul}hv jhqhudo surshuwlhv
ri YDUv1

Vhyhudo ihdwxuhv fkdudfwhul}h wkh suhglfwdeoh xqfhuwdlqw| dvvrfldwhg zlwk iruhfdvwv
xvlqj wkh xqlyduldwh �uvw0rughu dxwruhjuhvvlyh prgho +:,1 Wkrvh ihdwxuhv dovr fkdudf0
whul}h wkh suhglfwdeoh xqfhuwdlqw| dvvrfldwhg zlwk iruhfdvwv xvlqj wkh yhfwru dxwruh0
juhvvlyh prgho +67,1 Vshfl�fdoo|/ wkh PVIH ghshqgv xsrq wkh iruhfdvw krul}rq � dqg
wkh ihhgedfn pdwul{ �1 Wkh dv|pswrwlf PVIH lqfuhdvhv lq �/ dqg wkh �qlwh vdpsoh
PVIH pd| ghfuhdvh lq �1

Vrph frpsolfdwlrqv duh vshfl�f wr v|vwhpv1 Iru lqvwdqfh/ olqhdu wudqvirupdwlrqv
ri  pd| fkdqjh wkh dvvrfldwhg suhglfwdeoh xqfhuwdlqw|1 Iruhfdvw huuruv iru + dqg 5

lq +58, pd| hdfk kdyh d kljk ghjuhh ri suhglfwdeoh xqfhuwdlqw|/ |hw wkrvh iru + � 5
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pd| kdyh olwwoh +suhglfwdeoh, xqfhuwdlqw|/ dv zkhq + dqg 5 duh vwurqjo| frlqwhjudwhg/
zlwk frlqwhjudwlqj yhfwru En� G ���1 Frqyhuvho|/ + dqg 5 pd| eh kljko| suhglfwdeoh/
zkhuhdv +� 5 pd| eh yhu| xqfhuwdlq/ dv zlwk wkh wudgh edodqfh/ zklfk lv frqvwuxfwhg
iurp wkh gl�huhqfh ehwzhhq h{sruwv dqg lpsruwv1 Vhh Fdpsrv +4<<5, dqg Fohphqwv
dqg Khqgu| +4<<;, iru h{whqvlyh glvfxvvlrqv rq wudqvirupdwlrqv ri iruhfdvwv/ dqg vrph
dssolfdwlrqv1

8 Xvhv ri Fdofxodwhg Suhglfwdeoh Xqfhuwdlqw|

Fdofxodwlrqv ri suhglfwdeoh xqfhuwdlqw| vhuyh lpsruwdqw urohv/ erwk vwdwlvwlfdoo| dqg
hfrqrplfdoo|1 Wklv vhfwlrq looxvwudwhv wkhvh urohv wkurxjk d ihz h{dpsohv/ lqfoxglqj
iruhfdvw frq�ghqfh lqwhuydov/ whvwv ri frqvwdqf|/ dqg idq fkduwv lq srolf|1

Vwdwlvwlfdoo|/ fdofxodwlrqv ri suhglfwdeoh xqfhuwdlqw| duh wkh edvlv iru iruhfdvw frq�0
ghqfh lqwhuydov/ dqg iru whvwv ri d prgho*v frqvwdqf| ryhu wlph1 Sulru wr wkh uhdol}dwlrq
ri rxwfrphv/ frq�ghqfh lqwhuydov surylgh dq dvvhvvphqw ri �h{shfwhg� ru suhglfwhg
iruhfdvw xqfhuwdlqw|/ khoslqj wr txdoli| wkh iruhfdvwv wkhpvhoyhv dqg wr jlyh d slf0
wxuh ri wkh h{shfwhg udqjh ri olnho| rxwfrphv1 Wkdw lv/ lqirupdwlrq derxw iruhfdvw
xqfhuwdlqw| lv lpsruwdqw lq dgglwlrq wr wkh iruhfdvw lwvhoi1

Lq Vhfwlrq 616/ wkh frq�ghqfh lqwhuydov lq Iljxuh 5 iru erwk wkh wuhqg prgho dqg
wkh udqgrp zdon prgho zhuh rewdlqhg iurp irupxodv iru wkh dvvrfldwhg suhglfwdeoh
xqfhuwdlqw|1 Hyhq lq pruh frpsolfdwhg prghov/ suhglfwdeoh xqfhuwdlqw| vwloo pd|
eh frpsxwhg/ dv lq Pdutxh} dqg Hulfvvrq +4<<6,/ zkr h{dplqh wkh rqh0shulrg dqg
pxowlsoh0shulrg dkhdg iruhfdvwv iurp ydulrxv qrqolqhdu/ pxowlsoh0htxdwlrq prghov ri
wkh X1V1 wudgh edodqfh1 Iljxuh 6 sorwv wkh iruhfdvwv/ rxwfrphv/ dqg bDI iruhfdvw
frq�ghqfh lqwhuydov iru wzr ri wkhlu prghov/ erwk rqh txduwhu dkhdg dqg pxowlsoh
txduwhuv dkhdg17 Wkh iruhfdvw shulrg lv 4<;8T4�4<;:T71 Iru wkh �uvw/ qhdu0vwdwlf
prgho/ wkh zlgwk ri wkh frq�ghqfh lqwhuydo ydulhv rqo| voljkwo| zlwk wkh iruhfdvw
krul}rq1 Iru wkh vhfrqg/ kljko| g|qdplf prgho/ wkh frq�ghqfh lqwhuydo ghshqgv
vwurqjo| xsrq wkh iruhfdvw krul}rq/ zlwk pxfk juhdwhu iruhfdvw xqfhuwdlqw| dw orqjhu
krul}rqv1 Wkh pxowl0shulrg dkhdg frq�ghqfh lqwhuydov iru wkhvh wzr prghov sdudooho lq
fkdudfwhu wkh frq�ghqfh lqwhuydov lq Iljxuh 5 iru wkh wuhqg dqg udqgrp zdon prghov1
Lq sduwlfxodu/ wkh idq vkdsh ri wkh frq�ghqfh lqwhuydov iru wkh vhfrqg wudgh prgho
dqg wkh udqgrp zdon prgho vxjjhvwv wkh yhu| g|qdplf qdwxuh ri wkh yduldeohv ehlqj
iruhfdvw dqg ri wkh prghov ehlqj xvhg wr iruhfdvw lw1

Suhglfwdeoh iruhfdvw xqfhuwdlqw| dovr fdq khos hydoxdwh wkh prghov iurp zklfk
wkh iruhfdvwv zhuh jhqhudwhg1 Iru lqvwdqfh/ li wkh iruhfdvw huuruv olh zhoo rxwvlgh wkh
udqjh wkdw zdv dqwlflsdwhg/ wkdw lqglfdwhv vshfl�fdwlrq sureohpv zlwk wkh prgho1
Suhglfwdeoh iruhfdvw xqfhuwdlqw| wkxv shuplwv dvvhvvlqj krz lpsruwdqw xqsuhglfwdeoh
iruhfdvw xqfhuwdlqw| lv lq frqwulexwlqj wr wkh uhdol}hg iruhfdvw huuru � wkdw lv/ lq

7Lq wkh qrwdwlrq ri Pdutxh} dqg Hulfvvrq +4<<6,/ wkh prghov duh Prghov P4 dqg P81
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Iljxuh 6= Dfwxdo dqg iruhfdvw ydoxhv iurp wzr prghov ri wkh uhdo X1V1 wudgh edodqfh/
erwk rqh txduwhu dqg pxowlsoh txduwhuv dkhdg/ zlwk <8( frq�ghqfh lqwhuydov iru wkh
iruhfdvwv1

ghwhuplqlqj wkh hpslulfdo uroh ri Lwhpv 5+d,�5+f, lq wkh iruhfdvw huuru wd{rqrp| ri
Wdeoh 41 Vshfl�fdoo|/ Lwhpv 5+d,�5+f, uh hfw glvfuhsdqflhv ehwzhhq wkh prgho xvhg iru
iruhfdvwlqj dqg wkh dfwxdo ehkdylru ri wkh hfrqrp|/ zlwk Lwhp 5+d, w|slfdoo| ehlqj
sulpdulo| uhvsrqvleoh iru iruhfdvw idloxuh lq hfrqrphwulf prghov1

Irupdo vwdwlvwlfdo dqdo|vlv ri prgho0edvhg iruhfdvwv lq oljkw ri suhglfwdeoh iruhfdvw
xqfhuwdlqw| � wkurxjk whvwv ri sdudphwhu frqvwdqf| � kdv ehhq fhqwudo wr hydox0
dwlqj dqg lpsurylqj hpslulfdo hfrqrplf prghov1 Fkrz +4<93, surylghv wkh lqlwldo
ghyhorsphqw ri wkhvh hydoxdwlrq whfkqltxhv/ exloglqj rq Ilvkhu +4<55,/ zlwk Kdqvhq
+4<<5d/ 4<<5e, dqg Dqguhzv +4<<6, frqvwuxfwlqj frqvwdqf| whvwv zlwk dq xqnqrzq
euhdnsrlqw1 Jrogihog +4<:6/ 4<:9,/ Mxgg dqg Vfdgglqj +4<;5,/ dqg Eded/ Khqgu|/
dqg Vwduu +4<<5, h{dplqh frqvwdqf| whvwv lq wkhlu fhqwudo uroh lq prghoolqj wkh gh0
pdqg iru prqh|1 Dw d pruh jhqhudo ohyho/ frqvwdqf| whvwv duh nh| wr hydoxdwlqj wkh
Oxfdv +4<:9, fulwltxh/ zlwk frqvwdqf| whvwv surylglqj wkh sulpdu| hpslulfdo edvlv iru
uhixwlqj wkh Oxfdv fulwltxh> vhh Khqgu| +4<;;,/ Hqjoh dqg Khqgu| +4<<6,/ Hulfvvrq
dqg Lurqv +4<<8,/ dqg Khqgu| +5333,1 Suhglfwdeoh iruhfdvw xqfhuwdlqw| lv dovr fhqwudo
wr fdofxodwlqj iruhfdvw hqfrpsdvvlqj whvw vwdwlvwlfv> vhh Fkrqj dqg Khqgu| +4<;9,/
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Judqjhu +4<;<,/ Hulfvvrq +4<<5e,/ Hulfvvrq dqg Pdutxh} +4<<6,/ dqg Zhvw +4<<9,1
Hyhq dv d vwdwlvwlfdo wrro/ phdvxuhv ri suhglfwdeoh iruhfdvw xqfhuwdlqw| kdyh lp0

phgldwh hfrqrplf lpsolfdwlrqv1 Iru lqvwdqfh/ li wkh iruhfdvw xqfhuwdlqw| iru d fhuwdlq
yduldeoh lv ylhzhg dv ehlqj frqvlghudeoh/ lqvxudqfh pljkw eh ghvludeoh dv d phfkdqlvp
iru surwhfwlqj djdlqvw xqwrzdug rxwfrphv> dqg gl�huhqw w|shv ri lqvxudqfh pljkw eh
dydlodeoh1 Dovr/ iruhfdvw xqfhuwdlqw| lv lqkhuhqw wr pdq| hfrqrplf dfwlylwlhv/ vxfk
dv exvlqhvv lqyhvwphqw/ zlwk wkh srvvlelolw| ri odujh vxffhvvhv riwhq ehlqj dq dwwudf0
wlrq ri vxfk lqyhvwphqw1 Iruhfdvw xqfhuwdlqw| lv xeltxlwrxv lq hfrqrplfv/ dqg pdq|
frqvhtxhqfhv iroorz iurp wkh suhvhqfh dqg h{whqw ri wkdw xqfhuwdlqw|1

Suhglfwdeoh iruhfdvw xqfhuwdlqw| kdv uhfhqwo| wdnhq d ylvleoh uroh lq wkh hfrqrplf
srolf| duhqd � lq wkh Edqn ri Hqjodqg*v �idq fkduwv�1 Iru wkh odvw ihz |hduv/ wkh
Edqn ri Hqjodqg kdv sxeolvkhg lwv dvvhvvphqw ri +suhglfwdeoh, iruhfdvw xqfhuwdlqw|
wkurxjk idq fkduwv iru lwv iruhfdvwv ri erwk lq dwlrq dqg JGS jurzwk> vhh wkh Edqn
ri Hqjodqg +5333/ Ryhuylhz dqg Vhfwlrq 9,1 Iljxuh 7 uhsurgxfhv wkh Edqn*v idq fkduw
+wkhlu Fkduw 915/ rq s1 97, iru lwv Qryhpehu 5333 iruhfdvw ri lq dwlrq1 Wkh Edqn
ghvfulehv wklv judsk dv iroorzv1

Wkh idq fkduw ghslfwlqj wkh suredelolw| glvwulexwlrq iru lq dwlrq lv udwkhu
olnh d frqwrxu pds1 Dw dq| jlyhq srlqw gxulqj wkh iruhfdvw shulrg/ wkh
ghswk ri vkdglqj uhsuhvhqwv wkh khljkw ri wkh suredelolw| ghqvlw| ixqfwlrq
ryhu d udqjh ri rxwfrphv iru lq dwlrq1 Wkh gdunhvw edqg lqfoxghv wkh
fhqwudo +vlqjoh prvw olnho|, surmhfwlrq dqg fryhuv 43( ri wkh suredelolw|1
Hdfk vxffhvvlyh sdlu ri edqgv lv gudzq wr fryhu d ixuwkhu 43( ri wkh
suredelolw|/ xqwlo <3( ri wkh suredelolw| glvwulexwlrq lv fryhuhg1 Wkh edqgv
zlghq dv wkh wlph krul}rq lv h{whqghg/ lqglfdwlqj lqfuhdvlqj xqfhuwdlqw|
derxw rxwfrphv1 Edqn ri Hqjodqg +5333/ Fkduw 915/ s1 97,

Wklv idq fkduw vxppdul}hv wkh Edqn*v suhglfwhg ru dqwlflsdwhg suredelolw| glvwulexwlrq
ri lq dwlrq rxwfrphv1 Wkh Edqn ri Hqjodqg +5333/ Fkduw 917/ s1 99, dovr sxeolvkhv wkh
ghqvlw| ixqfwlrq fruuhvsrqglqj wr wkdw glvwulexwlrq/ zklfk dsshduv lq Iljxuh 81 Iurp
Iljxuh 8/ wkh Edqn*v <3( frq�ghqfh lqwhuydo iru dqqxdo lq dwlrq lq wkh wzhoyh prqwkv
5335T4�5335T7 lv iurp derxw ��2I wr ��bI/ dv lqglfdwhg e| wkh vkdghg duhd lq wkh
judsk1 Rxwfrphv iru lq dwlrq frxog rffxu rxwvlgh wkdw udqjh/ exw wkh suredelolw| ri
wkrvh rxwfrphv lv eholhyhg wr eh uhodwlyho| vpdoo1

Lpsuryhphqwv wr wkh Edqn*v idq fkduwv pd| eh ihdvleoh> vhh Zdoolv +4<<<d,1 Lq
wkh ixwxuh/ hfrqrplvwv dovr frxog h{dplqh zkhwkhu wkh Edqn ri Hqjodqg*v sxeolvkhg
frq�ghqfh edqgv uh hfw zkdw kdsshqhg lq wkh gdwd/ ru li wkrvh edqgv zhuh wrr qduurz
ru wrr zlgh1 Vxfk dq dqdo|vlv frxog ehqh�w wkh frqvwuxfwlrq ri ixwxuh prqhwdu| srolf|1
Wkxv/ wkh vwdwlvwlfdo dqg hfrqrplf dvshfwv ri suhglfwdeoh xqfhuwdlqw| duh riwhq forvho|
lqwhuwzlqhg1
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9 Frqfoxvlrqv

Iruhfdvw xqfhuwdlqw| uh hfwv wkh glvshuvlrq ri srvvleoh rxwfrphv uhodwlyh wr wkh iruh0
fdvw ehlqj pdgh1 Iruhfdvw xqfhuwdlqw| dulvhv erwk iurp �zkdw zh grq*w nqrz wkdw
zh grq*w nqrz� dqg iurp �zkdw zh nqrz wkdw zh grq*w nqrz�1 Lq hfrqrphwulf
prghov/ iruhfdvw xqfhuwdlqw| iurp wkh odwwhu � suhglfwdeoh iruhfdvw xqfhuwdlqw| �
fdq eh fdofxodwhg qxphulfdoo|1 Iruhfdvw xqfhuwdlqw| dovr ghshqgv xsrq wkh yduldeoh
ehlqj iruhfdvw/ wkh w|sh ri prgho xvhg iru iruhfdvwlqj/ wkh hfrqrplf surfhvv dfwxdoo|
ghwhuplqlqj wkh yduldeoh ehlqj iruhfdvw/ dqg wkh iruhfdvw krul}rq1

Fdofxodwlrq ri suhglfwdeoh iruhfdvw xqfhuwdlqw| kdv qxphurxv xvhv lq hfrqrplf
sudfwlfh1 Iluvw/ sulru wr wkh uhdol}dwlrq ri rxwfrphv/ lw khosv lq txdoli|lqj wkh iruh0
fdvwv wkhpvhoyhv dqg lq jlylqj d slfwxuh ri wkh h{shfwhg udqjh ri olnho| rxwfrphv1
Lqirupdwlrq derxw iruhfdvw xqfhuwdlqw| lv lpsruwdqw lq dgglwlrq wr wkh iruhfdvw lwvhoi/
dv zlwk wkh Edqn ri Hqjodqg*v idq fkduwv1 Phdvxuhv ri iruhfdvw xqfhuwdlqw| dovr sur0
ylgh hfrqrplvwv zlwk d wrro iru dvvhvvlqj wkh lpsruwdqfh ri xqprghoohg ihdwxuhv ri
wkh hfrqrp|/ erwk gluhfwo| wkurxjk wkh fdofxodwhg iruhfdvw xqfhuwdlqw|/ dqg lqgluhfwo|
wkurxjk frpsdulvrq ri wkdw fdofxodwhg xqfhuwdlqw| zlwk wkh uhdol}hg glvwulexwlrq ri
iruhfdvw huuruv1
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ihuhqfh dw wkh Xqlyhuvlw| ri Lfhodqg/ Uh|nmdyln/ Lfhodqg/ Pd| 5;�5</ 4<<<,1

Zdwvrq/ P1 Z1 +4<<7, �Yhfwru Dxwruhjuhvvlrqv dqg Frlqwhjudwlrq�/ Fkdswhu 7: lq
U1 I1 Hqjoh dqg G1 O1 PfIdgghq +hgv1, Kdqgerrn ri Hfrqrphwulfv/ Yroxph 7/
Qruwk0Kroodqg/ Dpvwhugdp/ 5;76�5<481

Zhvw/ N1 G1 +4<<9, �Dv|pswrwlf Lqihuhqfh Derxw Suhglfwlyh Delolw|�/ Hfrqrphwulfd/
97/ 8/ 439:�43;71
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