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Fdq Ex>hu Vwrfn Vdylqj H{sodlq wkh 3Frqvxpswlrq

H{fhvvhv4Bú

V|gqh| Oxgyljvrq

Ihghudo Uhvhuyh Edqn ri Qhz \run

dqg

Doh{dqghu Plfkdholghv

Xqlyhuvlw| ri F|suxv

Iluvw gudiw= Dsulo 46/ 4<<;

Mxqh 6/ 4<<<

úDgguhvv= Ihghudo Uhvhuyh Edqn ri Qhz \run> v|gqh|1oxgyljvrqCq|1iue1ruj/ dqg Xqlyhuvlw| ri F|suxv>

doh{pCxf|1df1f|1 D suhylrxv yhuvlrq ri wklv sdshu dsshduhg xqghu wkh wlwoh 3Fdq Zh H{sodlq wkh Frq0

vxpswlrq H{fhvvhv \hwB Djjuhjdwh Frqvxpswlrq Lpsolfdwlrqv ri Ex>hu Vwrfn Vdylqj Ehkdylru14 Iru pdq|

khosixo frpphqwv/ zh wkdqn Rud}lr Dwwdqdvlr/ Gdyh Edfnxv/ Ehq Ehuqdqnh/ Mrkq \1 Fdpsehoo/ Fkulvwrskhu

Fduuroo/ Dqjxv Ghdwrq/ Slhuuh0Rolylhu Jrxulqfkdv/ Er Krqruh/ Pduwlq Ohwwdx/ Frvwdv Phjklu/ Fkulvwlqd

Sd{vrq/ Vwhyh Slvfknh/ Dqguhz Vdpzlfn/ Fkulv Vlpv/ Pdun Zdwvrq/ Jxjolhopr Zhehu/ Plfkdho Zrrgirug/

Vwhyh ]hoghv/ frqihuhqfh sduwlflsdqwv dw wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Vxpphu Zrunvkrs rq

wkh Djjuhjdwh Lpsolfdwlrqv ri Plfurhfrqrplf Frqvxpswlrq Ehkdylru/ Mxo| 4<<;/ wkh WPU Zrunvkrs rq

Vdylqj dqg Shqvlrqv8FhqWHU/ Wloexuj Xqlyhuvlw|/ Pdufk 4<<</ dqg wkh Qhz \run Duhd Pdfurhfrqrplfv

Zrunvkrs/ Rfwrehu 4<<;/ vhplqdu sduwlflsdqwv dw Froxpeld Xqlyhuvlw|/ LQVHDG/ wkh Qhz \run Ihghudo

Uhvhuyh/ Xqlyhuvlw| Froohjh Orqgrq/ Wkh Orqgrq Exvlqhvv Vfkrro/ Flw| Xqlyhuvlw| Exvlqhvv Vfkrro/ wkh

Xqlyhuvlw| ri F|suxv/ dqg Mh>uh| Eurzq iru deoh uhvhdufk dvvlvwdqfh1 Wkh ylhzv h{suhvvhg duh wkrvh ri wkh

dxwkruv dqg gr qrw qhfhvvdulo| uh hfw wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Qhz \run ru wkh Ihghudo Uhvhuyh

V|vwhp1 Dq| huuruv ru rplvvlrqv duh wkh uhvsrqvlelolw| ri wkh dxwkruv1
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Devwudfw

Wkh ex>hu0vwrfn prgho ri suhfdxwlrqdu| vdylqj kdv ehfrph d zrunkruvh ri prghuq0gd|

frqvxphu wkhru|1 Ghvslwh lwv jurzlqj srsxodulw|/ yluwxdoo| qr uhvhdufk kdv vhw rxw wr iru0

pdoo| lqyhvwljdwh zkhwkhu ex>hu0vwrfn ehkdylru fdq uhsolfdwh wkh zhoo0nqrzq vprrwkqhvv ri

djjuhjdwh frqvxpswlrq jurzwk +3h{fhvv vprrwkqhvv4,/ ru lwv fruuhodwlrq zlwk odjjhg oderu

lqfrph jurzwk +3h{fhvv vhqvlwlylw|4,1 Zh lqyhvwljdwh dq djjuhjdwh yhuvlrq ri wkh vwdqgdug

ex>hu vwrfn prgho dqg h{dplqh krz lwv suhglfwlrqv ydu| dffruglqj wr zkhwkhu lqglylgxdov

revhuyh hfrqrp|0zlgh yduldwlrq lq wkhlu lqfrph1 Rxu uhvxowv ghprqvwudwh wkdw/ zkhq lqgl0

ylgxdov revhuyh hdfk frpsrqhqw ri wkhlu lqfrph/ djjuhjdwh ex>hu vwrfn frqvxpswlrq jurzwk

lv dw ohdvw dv yrodwloh dv djjuhjdwh oderu lqfrph jurzwk dqg lqvljql?fdqwo| fruuhodwhg zlwk

odjjhg oderu lqfrph jurzwk1 Zh vkrz wkdw dgglqj lqfrpsohwh lqirupdwlrq derxw djjuhjdwh

hduqlqjv jrhv d orqj zd| wrzdug uhvroylqj wkhvh glvfuhsdqflhv/ exw vwloo idoov vkruw ri pdwfk0

lqj wkh gdwd lq pdjqlwxgh1 +MHO G44/ G<4/ H54,



4 Lqwurgxfwlrq

Rqh ri wkh odvwlqj frqwulexwlrqv wr prghuq gd| frqvxphu wkhru| lv wkh lghd wkdw frqvxpswlrq

lv ghwhuplqhg e| wkh h{shfwhg ydoxh ri olihwlph uhvrxufhv/ ru shupdqhqw lqfrph1 Wklv frqfhsw

zdv ?uvw lqwurgxfhg e| Prgljoldql dqg Euxpehuj +4<87/ 4<:<,/ dqg wkhq odwhu irupdol}hg lq

lwv prghuq0gd| yhuvlrq e| Kdoo +4<:;, dqg Iodylq +4<;4,1� Wklv prghuq0gd| vshfl?fdwlrq

lv d vshfldo fdvh ri lqwhuwhpsrudo fkrlfh wkhru|/ zkhuh iholflw| ixqfwlrqv duh txdgudwlf/ oderu

lqfrph lv vwrfkdvwlf/ wkhuh duh qr uhvwulfwlrqv rq eruurzlqj/ frqvxphuv kdyh lq?qlwh krul}rqv/

dqg h{shfwdwlrqv duh iruphg udwlrqdoo|1 Zh uhihu wr wklv prgho dv wkh shupdqhqw lqfrph

k|srwkhvlv +SLK,1

Dowkrxjk wkh SLK kdv frqvlghudeoh lqwxlwlyh dsshdo/ d vhulhv ri lq xhqwldo sdshuv sxe0

olvkhg diwhu lwv lqfhswlrq uhyhdohg wzr qrwdeoh glvfuhsdqflhv ehwzhhq wkh prgho*v suhglfwlrqv

dqg djjuhjdwh gdwd1 Iluvw/ wkh prgho suhglfwv wkdw frqvxpswlrq jurzwk vkrxog eh pruh

yrodwloh wkdq lqfrph jurzwk li djjuhjdwh lqfrph jurzwk kdv srvlwlyh vhuldo fruuhodwlrq +dv wkh

txduwhuo| gdwd vxjjhvw lw grhv,/ |hw djjuhjdwh frqvxpswlrq jurzwk lv lq idfw pxfk vprrwkhu

wkdq djjuhjdwh lqfrph jurzwk +Ghdwrq ^4<;:`> Fdpsehoo dqg Ghdwrq ^4<;<`> Jdoð ^4<<4`,1

Vhfrqg/ wkh SLK suhglfwv wkdw frqvxpswlrq fkdqjhv vkrxog eh ruwkrjrqdo wr suhglfwdeoh/ ru

odjjhg/ lqfrph fkdqjhv/ |hw wkh fruuhodwlrq ehwzhhq frqvxpswlrq jurzwk dqg odjjhg lqfrph

jurzwk kdv ehhq irxqg wr eh rqh ri wkh prvw urexvw ihdwxuhv ri wkh djjuhjdwh gdwd +iru h{dp0

soh/ Iodylq/ ^4<;4`> Eolqghu dqg Ghdwrq ^4<;8`> Fdpsehoo dqg Pdqnlz ^4<;<`> Dwwdqdvlr dqg

Zhehu ^4<<6`,1 Wkxv djjuhjdwh frqvxpswlrq jurzwk lv erwk 3h{fhvvlyho| vprrwk4 uhodwlyh

wr fxuuhqw oderu lqfrph jurzwk/ dqg 3h{fhvvlyho| vhqvlwlyh4 wr odjjhg oderu lqfrph jurzwk1

Zh uhihu wr wkhvh hpslulfdo dqrpdolhv froohfwlyho| dv wkh 3frqvxpswlrq h{fhvvhv412cô

Lq uhvsrqvh wr wkhvh dqg rwkhu hpslulfdo dqrpdolhv/ uhvhdufkhuv kdyh uhfhqwo| vrxjkw

rxw prgl?fdwlrqv ri wkh SLK iudphzrun1 Fklhi dprqj wkhvh prgl?fdwlrqv lv wkh vr0fdoohg

ex>hu0vwrfn prgho ri suhfdxwlrqdu| vdylqj/ slrqhhuhg e| wkh zrun ri Ghdwrq +4<<4, dqg

Fduuroo +4<<5,1e Vhyhudo dxwkruv kdyh dujxhg wkdw wkh ex>hu vwrfn sdudgljp surylghv d

jrrg ghvfulswlrq ri wkh phgldq frqvxphu*v ehkdylru +iru h{dpsoh/ Ghdwrq ^4<<4`/ Fduuroo

^4<<:d`/ Fduuroo dqg Vdpzlfn ^4<<:`/ ^4<<;`,1 Wkdw prgho prgl?hv wkh SLK iudphzrun wr

doorz iru suhfdxwlrqdu| vdylqj prwlyhv/ lpsdwlhqfh/ dqg uhvwulfwlrqv rq eruurzlqj1 Wkh
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gh?qlqj ihdwxuh ri ex>hu vwrfn ehkdylru lv wkh frq lfw ehwzhhq suxghqfh +wkh ghvluh wr vdyh

dv d suhfdxwlrq djdlqvw edg lqfrph gudzv, dqg lpsdwlhqfh +wkh ghvluh wr vkliw frqvxpswlrq

iruzdug lq wlph,1 Wkxv/ lqglylgxdov duh prwlydwhg wr dffxpxodwh d ex>hu vwrfn ri dvvhwv dv

lqvxudqfh djdlqvw xqdqwlflsdwhg lqfrph ghfolqhv/ exw ehfdxvh wkh| glvolnh vdylqj dqg zrxog

suhihu wr frqvxph vrrqhu udwkhu wkdq odwhu/ ihz dvvhwv duh khog1 Wkh ex>hu0vwrfn prgho kdv

ehfrph d zrunkruvh ri prghuq gd| frqvxphu wkhru|1D

Fdq wkh ex>hu0vwrfn prgho h{sodlq wkh vprrwkqhvv ri djjuhjdwh frqvxpswlrq dqg lwv

fruuhodwlrq zlwk odjjhg lqfrphB Vhyhudo uhvhdufkhuv kdyh vxjjhvwhg wkdw ex>hu vwrfn ehkdylru

vkrxog eh d jrrg fdqglgdwh iru grlqj vr +Ghdwrq ^4<<4`/ Fduuroo ^4<<5`/ Fduuroo ^4<<:d`,1 \hw

ghvslwh wkh jurzlqj srsxodulw| ri wklv prgho/ yluwxdoo| qr uhvhdufk kdv vhw rxw wr irupdoo|

lqyhvwljdwh zkhwkhu ex>hu vwrfn vdylqj ehkdylru fdq h{sodlq wkhvh zhoo0hvwdeolvkhg idfwv ri

wkh djjuhjdwh gdwd1

Prvw zrun kdv irfxvhg rq wkh prgho*v lpsolfdwlrqv iru lqglylgxdo/ qrw djjuhjdwh/ frq0

vxpswlrq1 Fduuroo +4<<:d, vkrzv wkdw wkh ex>hu0vwrfn prgho fdq uhvroyh vhyhudo hpslulfdo

sx}}ohv irxqg lq krxvhkrog gdwd/ lqfoxglqj wkh wudfnlqj ri frqvxpswlrq dqg lqfrph ryhu

wkh olih0f|foh/ dqg wkh glyhujhqfh ri frqvxpswlrq dqg lqfrph dw kljkhu iuhtxhqflhv1 Jrxulq0

fkdv dqg Sdunhu +4<<9, hvwlpdwh wkh ex>hu0vwrfn prgho xvlqj krxvhkrog0ohyho gdwd dqg r>hu

sodxvleoh hvwlpdwhv ri wkh prgho*v vwuxfwxudo sdudphwhuv1

D ihz vwxglhv kdyh dgguhvvhg wkh djjuhjdwh lpsolfdwlrqv ri ex>hu vwrfn ehkdylru1 Fduuroo

+4<<5, dujxhv wkdw wkh ehkdylru ri d uhsuhvhqwdwlyh ex>hu0vwrfn djhqw pd| h{sodlq vrph

ihdwxuhv ri djjuhjdwh gdwd wkdw duh qrw h{sodlqhg e| SLK/ exw kh grhv qrw irupdoo| dgguhvv

wkhvh wzlq frqvxpswlrq h{fhvvhv1 Ghdwrq +4<<4, ghyhorsv dq djjuhjdwh yhuvlrq ri wkh ex>hu

vwrfn prgho lq zklfk lqglylgxdo lqfrph lv vxemhfwhg wr erwk hfrqrp|0zlgh dqg lglrv|qfudwlf

vkrfnv dqg vkrzv wkdw vxfk d prgho fdq surgxfh vrph vprrwklqj ri djjuhjdwh frqvxpswlrq/

dv zhoo dv vrph vhqvlwlylw| wr odjjhg lqfrph1 Krzhyhu/ wkhvh uhvxowv/ zkloh looxplqdwlqj/ duh

grfxphqwhg rqo| iru d olplwhg vhw ri sdudphwhu ydoxhv dqg gr qrw uhyhdo krz wkh devhqfh

+ru ljqrudqfh, ri frqwhpsrudqhrxv lqirupdwlrq rq hfrqrp|0zlgh yduldeohv9hpskdvl}hg lq

vxevhtxhqw zrun e| Slvfknh +4<<8,9lq xhqfhv wkh prgho*v suhglfwlrqv1

Lq wklv sdshu/ zh dgguhvv wkh txhvwlrq srvhg lq wkh wlwoh e| lqyhvwljdwlqj wzr prghov ri

ex>hu vwrfn ehkdylru1 Rxu ?uvw iudphzrun iroorzv forvho| wkh ruljlqdo prghov ri lqglylg0
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xdo ex>hu vwrfn ehkdylru ghyhorshg lq Ghdwrq +4<<4, dqg Fduuroo +4<<5,> zh uhihu wr wklv

iudphzrun dv wkh vwdqgdug ex>hu vwrfn prgho1 Zh wkhq frqvlghu dq dowhuqdwlyh iudphzrun=

iroorzlqj Slvfknh +4<<8,8zkr zrunhg hqwluho| zlwklq wkh frqwh{w ri wkh SLK8zh lqyhvwljdwh

krz wkh suhglfwlrqv ri wkh ex>hu vwrfn prgho ydu| dffruglqj wr zkhwkhu krxvhkrogv revhuyh

wkh hfrqrp|0zlgh yduldwlrq lq wkhlu lqfrph1 Udwkhu wkdq dqdo|}lqj wkh wkhru|*v lpsolfdwlrqv

iru lqglylgxdo frqvxphu ehkdylru/ dv lq prvw ri wkh h{lvwlqj olwhudwxuh/ zh dvvxph wkdw wkhuh

duh d odujh qxpehu ri ex>hu vwrfn frqvxphuv dqg djjuhjdwh wkhlu frqvxpswlrq ghflvlrqv

h{solflwo|1

Rxu uhvxowv vkrz wkdw wkh vwdqgdug ex>hu vwrfn prgho/ zklfk lqfrusrudwhv eruurzlqj

uhvwulfwlrqv/ lpsdwlhqfh dqg suhfdxwlrqdu| prwlyhv/ grhv qrw jhqhudwh urexvw h{fhvv vhqvl0

wlylw| dqg djjuhjdwh frqvxpswlrq jurzwk wkdw lv vprrwkhu wkdq djjuhjdwh lqfrph jurzwk1

Wkhvh lpsolfdwlrqv dulvh rqo| lq wkh dowhuqdwh iudphzrun zklfk suhvxphv wkdw lqglylgxdov

gr qrw revhuyh wkh hfrqrp|0zlgh frpsrqhqw ri wkhlu hduqlqjv +dq dvvxpswlrq zh uhihu wr

dv lqfrpsohwh lqirupdwlrq,1 Wklv lqfrpsohwh lqirupdwlrq yhuvlrq ri wkh prgho jrhv d orqj

zd| wrzdug uhvroylqj wkh frqvxpswlrq sx}}ohv glvfxvvhg deryh= lw surgxfhv djjuhjdwh frq0

vxpswlrq jurzwk wkdw lv vxevwdqwldoo| ohvv yrodwloh wkdq wkh ehqfkpdun SLK/ dqg jhqhudwhv

urexvw h{fhvv vhqvlwlylw| wr h{shfwhg lqfrph jurzwk1 Qhyhuwkhohvv/ wklv yhuvlrq ri wkh ex>hu0

vwrfn prgho vwloo idoov vkruw ri pdwfklqj wkh gdwd lq pdjqlwxgh= prvw qrwdeo|/ djjuhjdwh

frqvxpswlrq uhpdlqv lqvx!flhqwo| vprrwk uhodwlyh wr djjuhjdwh lqfrph1 Lq vslwh ri wklv odfn

ri vprrwkqhvv lq djjuhjdwh frqvxpswlrq/ krzhyhu/ zh vkrz wkdw wkhuh pd| eh frqvlghudeoh

vprrwklqj lq lqglylgxdo frqvxpswlrq1 Dq lpsruwdqw lpsolfdwlrq ri wkhvh uhvxowv lv wkdw lq0

ihuhqfhv derxw djjuhjdwh ex>hu vwrfn frqvxpswlrq fdqqrw eh pdgh e| orrnlqj dw krxvhkrog

ohyho/ uhsuhvhqwdwlyh djhqw frqvxpswlrq ixqfwlrqv/ ru ylfh yhuvd1

Wkh h{fhvv vhqvlwlylw| slhfh ri wkhvh wzlq frqvxpswlrq h{fhvvhv kdv ehhq hpslulfdoo|

lqyhvwljdwhg hovhzkhuh xvlqj dowhuqdwlyh prghov ri frqvxphu ehkdylru dqg e| hpskdvl}lqj

eldvhv fuhdwhg e| djjuhjdwlrq1 Dwwdqdvlr dqg Eurzqlqj +4<<8, dujxh iurp h{sorulqj frkruw0

phdq gdwd +vrphzkhuh lq ehwzhhq djjuhjdwh dqg lqglylgxdo gdwd, wkdw h{fhvv vhqvlwlylw|

pd| eh gxh wr rplwwhg yduldeoh eldv1 Wkh rplwwhg yduldeohv fdq/ iru lqvwdqfh/ eh ydul0

rxv ghprjudsklf lqglfdwruv zklfk duh lpsruwdqw lq prghov zlwk qrqvhsdudeoh suhihuhqfhv

ryhu frqvxpswlrq dqg ohlvxuh1 Dowhuqdwlyho|/ Dwwdqdvlr dqg Zhehu +4<<6/ 4<<8, vkrz wkdw
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djjuhjdwlrq sureohpv zlwk Hxohu htxdwlrqv iru frqvxpswlrq fdq ohdg wr uhmhfwlrqv ri ryhu0

lghqwli|lqj uhvwulfwlrqv lq wkrvh htxdwlrqv/ dqg wkxv/ lq sulqflsoh/ wr h{fhvv vhqvlwlylw|1

Zkloh wkhvh dowhuqdwh h{sodqdwlrqv iru h{fhvv vhqvlwlylw| duh fohduo| lqvwuxfwlyh/ zh wklqn

wkhuh duh vhyhudo uhdvrqv lw lv xvhixo wr h{soruh dowhuqdwlyhv1 Iluvw/ wkh olwhudwxuh flwhg deryh

kdv irfxvhg sulpdulo| rq h{sodlqlqj h{fhvv vhqvlwlylw| zlwkrxw dgguhvvlqj wkh vprrwkqhvv ri

frqvxpswlrq> |hw rwkhu dxwkruv kdyh dujxhg wkdw h{fhvv vhqvlwlylw| dqg h{fhvv vprrwkqhvv

duh lqwlpdwho| uhodwhg +vhh Fdpsehoo dqg Ghdwrq ^4<;<`,1 Dffruglqjo|/ zh wklqn lw pdnhv

vhqvh wr vwxg| wkhvh skhqrphqd mrlqwo|1 Vhfrqg/ wkh uhvxowv iru krxvhkrog ohyho frkruw gdwd

xvlqj ghprjudsklf yduldeohv/ zkloh vxjjhvwlyh/ duh lpsrvvleoh wr uhsolfdwh lq djjuhjdwh gdwd/

dqg Dwwdqdvlr dqg Zhehu +4<<6, ?qg wkdw h{fhvv vhqvlwlylw| wr h{shfwhg lqfrph jurzwk

uhpdlqv hyhq diwhu frqwuroolqj iru ghprjudsklf yduldeohv rq gdwd dyhudjhg ryhu wkh zkroh

Eulwlvk Idplo| H{shqglwxuh Vxuyh|1 Wklv odwwhu ?qglqj vxjjhvwv wkdw idfwruv rwkhu wkdq

rplwwhg ghprjudsklf yduldeohv dqg qrqvhsdudelolwlhv lq wkh xwlolw| ixqfwlrq pd| sod| d uroh

lq jhqhudwlqj h{fhvv vhqvlwlylw|1S Wklug/ wkh hpslulfdo vwxglhv lq wklv olwhudwxuh/ w|slfdoo|

fduulhg rxw xvlqj olqhdul}hg Hxohu htxdwlrqv/ duh xqdeoh wr frqwuro iru wkh suhvhqfh ri d

suhfdxwlrqdu| vdylqj whup +dq lpsruwdqw ihdwxuh ri ex>hu vwrfn frqvxpswlrq,/ dqg rwkhu

dxwkruv kdyh dujxhg wkdw rplwwlqj wklv whup pd| ohdg uhvhdufkhuv wr ryhu hvwlpdwh wkh

vkduh ri frqvxpswlrq2lqfrph wudfnlqj wkdw lv dwwulexwdeoh wr oderu vxsso| dqg ghprjudsklfv

+Jrxulqfkdv dqg Sdunhu/ 4<<9,1. Ilqdoo|/ rxu dssurdfk lv xvhixo ehfdxvh zh prgho djjuhjdwh

frqvxpswlrq ehkdylru e| h{solflwo| djjuhjdwlqj wkh frqvxpswlrq rxwfrphv ri lqglylgxdo

krxvhkrogv/ wkhuhe| doorzlqj xv wr gluhfwo| frqwuro iru wkh djjuhjdwlrq sureohpv udlvhg lq

Dwwdqdvlr dqg Zhehu +4<<6/ 4<<8,1

Wkh uhvw ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh ex>hu vwrfn prgho

ri lqglylgxdo ehkdylru1 Wr frqvhuyh vsdfh/ zh irfxv rxu dqdo|vlv khuh rq d ihz ehqfkpdun

vshfl?fdwlrqv zklfk zh dujxh duh prvw sodxvleoh> rwkhu vshfl?fdwlrqv dorqj zlwk wkh surshu0

wlhv ri X1V1 djjuhjdwh gdwd duh h{soruhg lq pruh ghwdlo lq Oxgyljvrq dqg Plfkdholghv ^4<<<`1

Vhfwlrq 6 glvfxvvhv wkh djjuhjdwh surshuwlhv ri ex>hu vwrfn vdylqj ehkdylru/ frpsdulqj wkh

lpsolfdwlrqv ri wkh frpsohwh lqirupdwlrq fdvh zlwk wkrvh zkhq lqglylgxdov kdyh lqfrpsohwh

lqirupdwlrq derxw wkh hfrqrp|0zlgh frpsrqhqw ri wkhlu hduqlqjv1 Zh frqfoxgh wklv dqdo|vlv

zlwk d vkruw glvfxvvlrq ri wkh gl>huhqfhv ehwzhhq lqglylgxdo dqg djjuhjdwh frqvxpswlrq dqg
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krz wkh djjuhjdwh uhvxowv fkdqjh li zh doorz xqfrqvwudlqhg SLK frqvxphuv wr frpsulvh vrph

iudfwlrq ri wkh srsxodwlrq1 Ilqdoo|/ zh eulh | frqvlghu wzr h{whqvlrqv ri wkhvh prghov lq vhf0

wlrq 614= doorzlqj iru jhrphwulf phdqv/ dqg wlph0dyhudjhg gdwd zkhq wkh ghflvlrq shulrg ri

wkh krxvhkrog lv vkruwhu wkdq wkh vdpsolqj lqwhuydo1

5 Plfurhfrqrplf Prgho ri Frqvxpswlrq

Wklv vhfwlrq suhvhqwv wkh prgho ri lqglylgxdo frqvxpswlrq ehkdylru1 Jlyhq wkdw zh zloo

frpsduh wkh prgho*v lpsolfdwlrqv zlwk wkh surshuwlhv ri djjuhjdwh gdwd/ zh idfh d suholp0

lqdu| fkrlfh rq zkhwkhu wr fdoleudwh wkh krxvhkrog ghflvlrq shulrg dv d txduwhu ru d |hdu1

Wzr idfwruv idyru wkh frqvlghudwlrq ri dq dqqxdo/ udwkhu wkdq txduwhuo|/ prgho ri ehkdylru1

Iluvw/ wkhuh duh phdvxuhphqw sureohpv zlwk djjuhjdwh txduwhuo| frqvxpswlrq dqg lqfrph

gdwd/ vrph ri zklfk kdyh ehhq grfxphqwhg e| Zlofr{ +4<<5,> Oxgyljvrq dqg Plfkdholghv

^4<<<` surylgh pruh glvfxvvlrq1 Vhfrqg/ wr wkh ehvw ri rxu nqrzohgjh/ wkhuh h{lvwv qr plfurh0

frqrphwulf vwxg| hvwlpdwlqj d orj0olqhdu oderu lqfrph jurzwk surfhvv dw txduwhuo| iuhtxhqf|

iurp zklfk wr fdoleudwh lqglylgxdo lqfrph1H

Rq wkh rwkhu kdqg/ rwkhu idfwruv dujxh iru wkh frqvlghudwlrq ri d txduwhuo| vshfl?fd0

wlrq1 Wkh suhvhqfh ri vljql?fdqw srvlwlyh dxwrfruuhodwlrq lq djjuhjdwh oderu lqfrph jurzwk

dw txduwhuo| iuhtxhqf| surgxfhv lqwhuhvwlqj gl>huhqfhv iurp wkh uhvxowv ri wkh dqqxdo prgho

zkhuh djjuhjdwh oderu lqfrph jurzwk lv idu ohvv dxwrfruuhodwhg +Oxgyljvrq dqg Plfkdholghv

^4<<<` surylgh grfxphqwdwlrq ri wkh wlph vhulhv surshuwlhv ri djjuhjdwh oderu lqfrph jurzwk,1

Pruhryhu/ doprvw doo ri wkh suhylrxv pdfurhfrqrplf dqdo|vlv ri wkhvh lvvxhv kdv ehhq shu0

iruphg rq txduwhuo| gdwd dqg wkhq frpsduhg wr wkh suhglfwlrqv ri d txduwhuo| iudphzrun1

Wkxv zh ihho wkdw vrph frqvlghudwlrq ri erwk prghov lv zduudqwhg1

Iru prghov ri erwk iuhtxhqflhv/ zh dvvxph wkdw wkh krxvhkrog ghflvlrq lqwhuydo pdwfkhv

wkh gdwd vdpsolqj lqwhuydo1 +Odwhu/ zh eulh | sxuvxh dq h{whqvlrq lq zklfk zh uhod{ wklv

dvvxpswlrq1, Wlph lv glvfuhwh dqg djhqwv kdyh dq lq?qlwh krul}rq1 Zh dvvxph wkhuh lv rqh

qrq0gxudeoh jrrg dqg rqh ?qdqfldo dvvhw +d ulvnohvv erqg, zklfk |lhogv d frqvwdqw diwhu wd{

uhdo uhwxuq/ o1 Dw wlph |c wkh djhqw hqwhuv wkh shulrg zlwk dvvhwv khog ryhu iurp odvw shulrg

Eøð|äc dqg uhfhlyhv tð| xqlwv ri wkh qrq0gxudeoh jrrg iurp lqhodvwlfdoo| vxsso|lqj rqh xqlw

:



ri oderu1 Wkh djhqw fkrrvhv wkh ohyho ri qrq0gxudeoh jrrg h{shqglwxuhv Eäð|ä wr vroyh wkh

iroorzlqj g|qdplf surjudp=

�øftäð|å.f
"[
|'f

q|L Eäð|äc +4,

vxemhfw wr

øð|n� ' E� n oäEøð| n tð| ý äð|ä +5,

tð| ' åð|Lð| +6,

åð| ' C|åð|3�ùð| +7,

øð|n� è f +8,

.f lv wkh h{shfwdwlrq frqglwlrqdo rq lqirupdwlrq dydlodeoh dw wlph fc dqg q ' �
�nB

lv wkh

frqvwdqw glvfrxqw udwh1 Iroorzlqj Ghdwrq +4<<4,/ htxdwlrq +8, sodfhv dq h{rjhqrxv uhvwulfwlrq

rq eruurzlqj1 Zh dvvxph wkdw suhihuhqfhv duh ri wkh frqvwdqw uhodwlyh ulvn dyhuvlrq idplo|>

vshfl?fdoo|/ L Eä|ä '
ä
�34
|

�34 zkhq 4 : f( li 4 ' �c LEä|ä ' *?ä|1 Xqolnh wkh txdgudwlf xwlolw|

vshfl?fdwlrq lq wkh SLK/ wklv vshfl?fdwlrq kdv d srvlwlyh frh!flhqw ri uhodwlyh suxghqfh/

htxdo wr � n 4/ ohdglqj wr d suhfdxwlrqdu| prwlyh iru vdylqj1b

Zh gh?qh 3fdvk0rq0kdqg4/ f|c dv wkh vxp ri fxuuhqw lqfrph dqg dvvhwv/ t| n ø| zklfk

hyroyhv dffruglqj wr

f|n� ' ø|n� n t|n� +9,

' E� n oäEf| ý ä|ä n t|n�

Jlyhq wkh eruurzlqj uhvwulfwlrq lq +8,/ wkh ?uvw rughu frqglwlrq iru rswlpdo frqvxpswlrq

fkrlfh fdq wkhq eh zulwwhq�f=

L âEä|ä '�øfdL âEf|äc qE� n oä.|L âEä|n�äo +:,

Li wkh djhqw lv frqvwudlqhg dw wlph |/ wkh pd{lpxp wkdw fdq eh vshqw rq frqvxpswlrq lv wkh

fdvk rq kdqg Ef|äc lpso|lqj wkdw pdujlqdo xwlolw| fdq qhyhu eh ohvv wkdq L âEf|äé

Wkh surfhvv iru lqglylgxdo lqfrph jlyhq lq +6, dqg +7, zdv ?uvw xvhg lq d qhduo| lghq0

wlfdo irup e| Fduuroo +4<<5, dqg lv ghfrpsrvhg lqwr d 3shupdqhqw4 frpsrqhqw/ åð|/ dqg d

;



wudqvlwru| frpsrqhqw/ Lð|1 Zh dvvxph wkdw *?Lð| dqg *?ùð| duh lqghshqghqw dqg lghqwlfdoo|

glvwulexwhg zlwk phdq }hur dqg yduldqfhv j2ü dqg j
2
?/ uhvshfwlyho|1 Zh dvvxph wkdw *?C| lv

frpprq wr doo lqglylgxdov dqg kdv dq xqfrqglwlrqdo phdq >} dqg frqvwdqw yduldqfh j
2
}c zkloh

wkh lqqrydwlrq wr *?C| lv xqfruuhodwhg zlwk *?Lð| dqg *?ùð|1 Dv d uhvxow/ wkh shupdqhqw

frpsrqhqw ri oderu lqfrph/ *?åð|c hyroyhv dv d udqgrp zdon zlwk d vwrfkdvwlf guliw1

Jlyhq wkhvh dvvxpswlrqv/ wkh jurzwk lq lqglylgxdo oderu lqfrph iroorzv

{ *?tð| ' *?C| n *?ùð| n *?Lð| ý *?Lð|3�c +;,

zkhuh wkh xqfrqglwlrqdo phdq jurzwk iru lqglylgxdo hduqlqjv lv >}c dqg wkh xqfrqglwlrqdo

yduldqfh htxdov Ej2} n j
2
? n 2j2üäé Ehfdxvh wkh odvw wkuhh whupv lq +;, duh lglrv|qfudwlf/ shu

fdslwd djjuhjdwh oderu lqfrph jurzwk lqkhulwv wkh gdwd jhqhudwlqj surshuwlhv ri *?C|é��

Zh pdnh wkh iroorzlqj dgglwlrqdo dvvxpswlrq=

qE� n oä.|dEC|n�ù|n�ä
34o ÷ � +<,

Dv Ghdwrq0Odurtxh +4<<5, kdyh yhul?hg/ wklv dvvxpswlrq lv d qhfhvvdu| frqglwlrq iru +:, wr

kdyh d xqltxh vroxwlrq1 Li zh ohw q ' �
�nB
c xvh wkh idfw wkdw C dqg ù duh lqghshqghqw/ dqg

wdnh orjv ri +<,/ wklv frqglwlrq fdq eh zulwwhq

o ý B
4

n
4Ej2} n j

2
?ä

2
÷ >} +43,

zkhuh wkh dssur{lpdwlrq *?E� n %ä ä %c iru % vpdoo/ kdv ehhq xvhg1

Htxdwlrq +43, jlyhv wkh 3lpsdwlhqfh4 frqglwlrq frpprq wr ex>hu0vwrfn prghov zklfk

lqvxuhv wkdw eruurzlqj lv sduw ri wkh xqfrqvwudlqhg sodq1 Li lqfrph zhuh frqvwdqw/ wkh frq0

glwlrq o ÷ B lv doo wkdw lv qhfhvvdu| wr lqvxuh wkdw frqvxphuv zdqw wr uxq grzq frqvxpswlrq

ryhu wlph1 E| frqwudvw/ li lqfrph lv jurzlqj ryhu wlph/ frqglwlrq +43, fdq eh vdwlv?hg dv

orqj dv >} lv vx!flhqwo| odujh hyhq li o ' B1

Zh ehjlq e| vroylqj wkh prgho xqghu d vhw ri 3edvholqh4 sdudphwhu dvvxpswlrqv dqg wkhq

pryh rq wr dvn krz rxu uhvxowv ydu| zkhq wkhvh sdudphwhu ydoxhv duh fkdqjhg1 Dv d edvholqh/

zh vhw wkh udwh ri wlph suhihuhqfh/ B/ htxdo wr féfDc dqg wkh frqvwdqw uhdo lqwhuhvw udwh/ o/

htxdo wr féf2/ erwk dw dqqxdo udwhv1 Fduuroo +4<<5, hvwlpdwhv wkh yduldqfhv ri wkh lglrv|qfudwlf

vkrfnv xvlqj gdwd iurp wkh Sdqho Vwxg| ri Lqfrph G|qdplfv/ dq dqqxdo krxvhkrog gdwd vhw/

<



dqg rxu edvholqh vlpxodwlrqv xvh ydoxhv yhu| forvh wr wkrvh= 3143 shufhqw shu |hdu iru jü

dqg 313; shufhqw shu |hdu iru j?1�2 Wkhvh hvwlpdwhv duh frqvlvwhqw zlwk wkrvh iurp rwkhu

krxvhkrog vwxglhv +vhh PdFxug| ^4<;4` dqg Derzg dqg Fdug ^4<;<`,1 Djjuhjdwh oderu

lqfrph jurzwk/ *?C|c lv zhoo ghvfulehg e| dq l1l1g1 surfhvv lq dqqxdo gdwd/ dqg d srvlwlyho|

dxwrfruuhodwhg DU+4, surfhvv +zlwk d frh!flhqw hvwlpdwh htxdo wr 3156, lq txduwhuo| gdwd1

Zh xvh wkhvh glvwulexwlrqv lq wkh vlpxodwlrqv glvfxvvhg ehorz1�ô

Xqiruwxqdwho|/ wr rxu nqrzohgjh wkhuh lv qr plfurhfrqrphwulf vwxg| wkdw hvwlpdwhv d orj0

olqhdu vshfl?fdwlrq ri krxvhkrog hduqlqjv dw txduwhuo| iuhtxhqf|> wkhuhiruh vrph dvvxpswlrq

derxw wkh txduwhuo| surfhvv iru wkh lglrv|qfudwlf frpsrqhqwv ri lqfrph jurzwk pxvw eh pdgh

lq rughu wr prgho ghflvlrq shulrgv dv txduwhuv1 Rxu vroxwlrq lv wr frqyhuw wkh krxvhkrog

surfhvv jlyhq deryh iru dqqxdo +irxu txduwhu, orj gl>huhqfhv lqwr wkh htxlydohqw surfhvv iru

txduwhuo| orj gl>huhqfhv1 Vlqfh wkh irxu0txduwhu orj gl>huhqfh lv mxvw wkh vxp ri wkh txduwhuo|

orj gl>huhqfhv gxulqj wkh |hdu/ wkh lglrv|qfudwlf frpsrqhqwv ri wkh txduwhuo| surfhvv iru

lqglylgxdo lqfrph jurzwk zloo frqvlvw ri dq lqqrydwlrq wr d udqgrp zdon/ 3shupdqhqw4

frpsrqhqw ri lqfrph/ *?ùðr/ soxv wkh ?uvw gl>huhqfh ri zklwh qrlvh/ wudqvlwru| lqfrph/

*?Lðr ý *?Lðr3�/ zkhuh r ghqrwhv wkh wlph lqwhuydo lq whupv ri txduwhuv1 Ehfdxvh txduwhuo|

shupdqhqw vkrfnv wr lqfrph jurzwk dffxpxodwh ryhu d |hdu/ krzhyhu/ zh glylgh wkh vwdqgdug

ghyldwlrq ri wkh lglrv|qfudwlf shupdqhqw vkrfn hvwlpdwhg iurp dqqxdo gdwd e| wzr +wkh

yduldqfh e| irxu, wr jhw txduwhuo| shupdqhqw lqqrydwlrqv/ vr wkdw j? ' 3137 iru wkh edvholqh

txduwhuo| prgho1�e Qrwh wkdw wklv surfhgxuh vljql?fdqwo| uhgxfhv wkh uroh ri wkh shupdqhqw

frpsrqhqw uhodwlyh wr wkh wudqvlwru| frpsrqhqw lq lqglylgxdo lqfrph vkrfnv/ dq dgmxvwphqw

wkdw zloo kdyh lpsruwdqw lpsolfdwlrqv zkhq wkhuh lv lqfrpsohwh lqirupdwlrq1 Zh glvfxvv wklv

ixuwkhu ehorz1

Uhvxowv lq Oxgyljvrq dqg Plfkdholghv ^4<<<` rq djjuhjdwh gdwd vkrz wkdw wkh vwdqgdug

ghyldwlrq/ ghqrwhg/ j}c lv hvwlpdwhg wr eh 31358 dw dq dqqxdo udwh lq dqqxdo gdwd +13448

dw d txduwhuo| udwh lq txduwhuo| gdwd,1 Wkh phdq ri wkh djjuhjdwh lqfrph jurzwk surfhvv/

ghqrwhg >}c lv vhw htxdo wr 3135 dw dq dqqxdo udwh +31338 dw d txduwhuo| udwh,1

Wkhuh lv qr nqrzq dqdo|wlfdo vroxwlrq wr wkh sureohp deryh> wkxv zh vhhn d qxphulfdo

vroxwlrq ghvfulehg lq wkh Dsshqgl{1
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514 Lqirupdwlrq Dvvxpswlrqv

Lq d uhfhqw sdshu/ Slvfknh +4<<8, dujxhv wkdw hfrqrp|0zlgh vkrfnv dffrxqw iru d yhu| vpdoo

iudfwlrq ri wkh yduldqfh lq lqglylgxdo hduqlqjv jurzwk1 Dv vxfk/ krxvhkrogv kdyh olwwoh lqfhq0

wlyh wr glvwlqjxlvk djjuhjdwh iurp lglrv|qfudwlf vkrfnv wr wkhlu lqfrph1 Dowkrxjk Slvfknh

grhv qrw dgguhvv wkh lpsdfw ri wklv irup ri lqfrpsohwh lqirupdwlrq rq ex>hu vwrfn vdylqj

ehkdylru/ kh vkrzv wkdw lqirupdwlrqdo dvvxpswlrqv fdq kdyh lpsruwdqw h>hfwv rq djjuhjdwh

frqvxpswlrq zkhq lqglylgxdo krxvhkrogv ehkdyh dffruglqj wr wkh SLK1

Zh dsso| Slvfknh*v lqvljkwv wr wkh ex>hu vwrfn prgho e| frqvlghulqj wzr iudphzrunv1 Lq

wkh ?uvw/ zklfk zh gh?qh dv wkh vwdqgdug ex>hu vwrfn prgho/ zh dvvxph wkdw lqglylgxdov re0

vhuyh hdfk frpsrqhqw ri wkhlu hduqlqjv vhsdudwho| +frpsohwh lqirupdwlrq,> lq wkh vhfrqg/ zh

dvvxph wkdw krxvhkrogv kdyh qr zd| ri vhsdudwlqj wkh lqglylgxdo dqg djjuhjdwh frpsrqhqwv

ri wkhlu hduqlqjv jurzwk surfhvv +lqfrpsohwh lqirupdwlrq,/ exw udwkhu fdq rqo| revhuyh krz

pxfk wkhlu lqfrph fkdqjhg lq d jlyhq shulrg1

Zh dvvxph wkdw wkh jurzwk lq lqfrph lv vwdwlrqdu|/ vr wkdw wkh djjuhjdwh dqg lqglylgxdo

frpsrqhqwv fdq eh ghvfulehg e| wkhlu uhvshfwlyh vwdwlrqdu| Zrog uhsuhvhqwdwlrqv/

{ *? tð| ' øEuä0| nîEuä *?Lð| n äEuä *?ùð| +44,

zkhuh øEuä/ îEuä dqg äEuä duh glvwulexwhg odj rshudwruv dqg wkh vxevfulsw ð ghqrwhv d

krxvhkrog0vshfl?f yduldeoh1 Iru wkh vwdqgdug ex>hu vwrfn prgho/ zh dvvxph wkdw lqglylgxdov

fdq glvwlqjxlvk hdfk ri wkh vhsdudwh Zrog uhsuhvhqwdwlrqv iru lqfrph jurzwk jlyhq lq +44,1

Qrwh wkdw wklv frpsohwh lqirupdwlrq lpsolhv qrw rqo| wkdw lqglylgxdov xqghuvwdqg wkh vrxufh

ri hdfk vkrfn wr wkhlu lqfrph/ exw dovr wkdw wkh| frpsuhkhqg shuihfwo| wkh lpsolfdwlrqv ri

wkh djjuhjdwh vkrfn iru wkhlu ixwxuh lqfrph jurzwk1

Jlyhq vwdwlrqdulw|/ lqglylgxdo lqfrph fkdqjhv dovr kdyh d vlqjoh Zrog uhsuhvhqwdwlrq

{ *?tð| ' (Euä#ð|é +45,

Li lqglylgxdov fdq revhuyh rqo| wkh orj gl>huhqfh lq wkhlu lqfrph hdfk shulrg dqg gr qrw

glvwlqjxlvk dq| ri wkh vhsdudwh frpsrqhqwv ri wkhlu lqfrph jlyhq lq +44,/ wkh surfhvv iru

lqglylgxdo lqfrph jurzwk dsshduv mxvw olnh wkh vlqjoh Zrog uhsuhvhqwdwlrq lq +45,1 Zh gh?qh
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lqfrpsohwh lqirupdwlrq/ iroorzlqj Slvfknh/ e| wkh dvvxpswlrq wkdw lqglylgxdov revhuyh wkhlu

lqfrph jurzwk dv wkh htxlydohqw vlqjoh Zrog uhsuhvhqwdwlrq lq +45,1

Zkhq wkh djjuhjdwh frpsrqhqw ri wkh hduqlqjv jurzwk surfhvv lv l1l1g1/ lqglylgxdo lqfrph

jurzwk iroorzv

{ *? tð| ' >} n 0| n *?ùð| n *?Lð| ý *?Lð|3�c +46,

zkhuh *?C| ' >} n 0|/ dqg øEuä ' �cîEuä ' �c dqg äEuä ' � ý u1 Jlyhq lqfrpsohwh

lqirupdwlrq/ lqglylgxdo hduqlqjv jurzwk orrnv mxvw olnh dq PD+4,/ d vshfldo fdvh ri +45, zlwk

(Euä ' �ý úu=
{ *? tð| ' >} n #ð| ý ú#ð|3�c +47,

zkhuh ú : f1

Zh frqvlghu prghov ri erwk dqqxdo dqg txduwhuo| ghflvlrq shulrgv1 Lq wkh dqqxdo lqfrp0

sohwh lqirupdwlrq yhuvlrq ri wkh prgho/ djjuhjdwh lqfrph jurzwk dsshduv zhoo ghvfulehg e|

dq l1l1g1 surfhvv/ dqg zh vroyh iru wkh frqvxpswlrq srolf| uxoh dvvxplqj wkdw lqglylgxdov

revhuyh wkhlu lqfrph jurzwk dv wkh PD+4, surfhvv lq +47,/ hyhq wkrxjk vkrfnv wr wklv surfhvv

duh dfwxdoo| jhqhudwhg e| lqqrydwlrqv wr hdfk ri wkh vhsdudwh frpsrqhqwv jlyhq lq +46,1 Wkh

sdudphwhuv ri +47, duh fdoleudwhg e| vhwwlqj ú ' féeec dqg j# ' fé�Dc lq dffrugdqfh zlwk

hylghqfh iurp dqqxdo hduqlqjv lq krxvhkrog gdwdé�D Wkhvh ydoxhv/ dorqj zlwk dq hvwlpdwh ri

j} wdnhq iurp djjuhjdwh dqqxdo gdwd/ jhqhudwh ydoxhv iru jüc dqg j? +htxdo wr é� dqg éfH

uhvshfwlyho|, e| pdwfklqj yduldqfhv dqg fryduldqfhv ehwzhhq +46, dqg +47,1 Qrwh wkdw ú slqv

grzq wkh uhodwlyh yduldqfhv ri wkh shupdqhqw dqg wudqvlwru| frpsrqhqwv/ lpso|lqj ydoxhv ri

éfH dqg é� wkdw duh frqvlvwhqw zlwk Fduuroo*v +4<<5, hvwlpdwhv ri rewdlqhg xvlqj dqqxdo SVLG

krxvhkrog gdwd1

Li *?C| iroorzv d vwdwlrqdu| DU+4, surfhvv/ oderu lqfrph jurzwk lv jlyhq e|

{*?tð| ' >} n èE{ *?t�|3� ý >}ä n 0| n *?ùð| n *?Lð| ý *?Lð|3�c +48,

d vshfldo fdvh ri +;, zlwk *?C| ' >} nèE{ *?t�|3�ý>}än 0|1 Wkh DU+4, frpsrqhqw fdq eh

lqyhuwhg dqg d vlqjoh Zrog surfhvv iru { *?tð| fdq eh zulwwhq/

{ *?tð| ' >}E�ý èä n #ð| n ý#ð|3� n ý2#ð|32 n ýô#ð|3ô n ééé +49,
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Jlyhq wkh ydoxhv ri j20c j
2
?c j

2
ü/ dqg è/ wkh dssursuldwh ydoxh ri ý fdq eh irxqg e| pdwfklqj

yduldqfhv dqg fryduldqfhv ehwzhhq +49, dqg +48,1

Lq wkh txduwhuo| lqfrpsohwh lqirupdwlrq prgho/ djjuhjdwh lqfrph jurzwk lv zhoo ghvfulehg

e| dq DU+4, surfhvv/ wkhuhiruh zh dvvxph wkdw lqglylgxdov revhuyh wkhlu lqfrph jurzwk dv

wkh lq?qlwh rughu prylqj dyhudjh uhsuhvhqwdwlrq lq +49,/ hyhq wkrxjk vkrfnv wr wklv surfhvv

duh dfwxdoo| jhqhudwhg e| lqqrydwlrqv wr hdfk ri wkh vhsdudwh frpsrqhqwv jlyhq lq +48,1

Wkh surfhvv lq +49, fdq eh lqyhuwhg dqg htxlydohqwo| uhsuhvhqwhg dv d frpelqhg DU+4,

surfhvv zlwk dxwruhjuhvvlyh frh!flhqw ý G E�ý ýuä{ *? tð| ' #ð|1
�S Dq lpsruwdqw ihdwxuh ri

wkh uhsuhvhqwdwlrq +49, lv wkdw lqglylgxdo lqfrph jurzwk zloo eh qhjdwlyho| dxwrfruuhodwhg

+ý ÷ fä li wkh yduldqfh ri wkh lglrv|qfudwlf wudqvlwru| vkrfn/ j2üc lv vx!flhqwo| odujh uhodwlyh

wr wkh yduldqfh ri djjuhjdwh lqfrph jurzwk jlyhq e|/ j20*E�ý è2ä1

6 Djjuhjdwh Frqvxpswlrq Surshuwlhv ri Ex>hu0Vwrfn

Vdylqj Ehkdylru

Wr vwxg| wkh surshuwlhv ri djjuhjdwh ex>hu vwrfn frqvxpswlrq/ zh hpsor| dq djjuhjdwlrq

surfhgxuh wkdw dffxpxodwhv wkh frqvxpswlrq ghflvlrqv ri pdq| ex>hu vwrfn frqvxphuv1

Wkh surfhgxuh wdnhv wkh iroorzlqj vwhsv1 Iluvw/ iru d odujh qxpehu ri krxvhkrogv/ zh xvh

Prqwh Fduor vlpxodwlrqv wr jhqhudwh wkh lglrv|qfudwlf vkrfnv wr wkhlu lqfrph iru 533 shulrgv

+urxjko| wkh vl}h ri rxu txduwhuo| gdwd vhw,1 Lq hdfk shulrg/ hyhu| krxvhkrog dovr uhfhlyhv

d frpprq djjuhjdwh vkrfn wr wkhlu lqfrph jurzwk jryhuqhg e| wkh surfhvv iru *?C|1 Wkh

qxpehu ri krxvhkrogv lv ghwhuplqhg e| lqfuhdvlqj wkh srsxodwlrq xqwlo wkh lqglylgxdo lqfrph

gudzv/ rqfh djjuhjdwhg/ pdwfk wkh dssursuldwh djjuhjdwh lqfrph surfhvv1 Wklv surfhgxuh

vkrzhg wkdw 5333 krxvhkrogv zdv vx!flhqw> xvlqj pruh krxvhkrogv glg qrw fkdqjh wkh uhvxowv1

Vhfrqg/ jlyhq dq lqlwldo ydoxh iru qrupdol}hg fdvk0rq0kdqg/ %ð|c zh xvh wkh srolf| ixqf0

wlrqv frpsxwhg iurp wkh plfurhfrqrplf prgho ri frqvxpswlrq ehkdylru ghvfulehg deryh

wr ghwhuplqh wkh rswlpdo ydoxh ri lqglylgxdo frqvxpswlrq/ Sð|c iru hdfk krxvhkrog1�. Dq

djjuhjdwh wlph vhulhv rq frqvxpswlrq dqg oderu lqfrph lv frqvwuxfwhg e| wdnlqj wkh furvv0

vhfwlrqdo dyhudjh ri wkh vlpxodwhg gdwd dw hdfk srlqw lq wlph1 Djjuhjdwh frqvxpswlrq lv
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vlpso| wkh vxp ri pdq| lqglylgxdo frqvxpswlrq rxwfrphv1

Wr xqghuvwdqg wkh vlpxodwlrq uhvxowv iru djjuhjdwh frqvxpswlrq wkdw iroorz/ lw lv xvhixo wr

frqvlghu wkh rswlpdo frqvxpswlrq uhvsrqvh ri dq lqglylgxdo wr wkh djjuhjdwh vkrfn1 Iljxuhv

4 dqg 5 vkrz wkh frqvxpswlrq vroxwlrqv xqghu hdfk lqirupdwlrqdo dvvxpswlrq zh frqvlghu/

xvlqj rxu edvholqh sdudphwhu ydoxhv1

Iljxuh 4 vkrzv wkh rswlpdo frqvxpswlrq0lqfrph udwlr iru dq lqglylgxdo zlwk frpsohwh

lqirupdwlrq zkhq djjuhjdwh lqfrph jurzwk lv dvvxphg wr iroorz dq DU+4, surfhvv1 Lq wklv

fdvh/ lqglylgxdo lqfrph jurzwk lv jlyhq e| +48,1 Wkh rswlpdo frqvxpswlrq srolf| zloo ydu|

zlwk wkh fxuuhqw fdvk rq kdqg0lqfrph udwlr/ %ð|/ wkh fxuuhqw djjuhjdwh lqfrph vwdwh/ { *? t�|c

dqg wkh fxuuhqw lglrv|qfudwlf wudqvlwru| vkrfn/ *?Lð|/ doo ri zklfk khos iruhfdvw wrpruurz*v

fdvk0rq0kdqg dqg lqfrph jurzwk1

Zh dvvxph { *? t�| dqg *?Lð| hdfk iroorz d ?yh srlqw glvfuhwh Pdunry surfhvv/ vr wkdw wkh

srolf| ixqfwlrqv uhodwlqj wkh frqvxpswlrq0lqfrph udwlr wr %ð| kdyh 58 eudqfkhv/ ru 8 3foxpsv4

ri 8 eudqfkhv/ rqh fruuhvsrqglqj wr hdfk frpelqdwlrq ri wkh ?yh srvvleoh rxwfrphv ri{ *?t�|

dqg *?Lð|1 Wr dyrlg foxwwhu/ zh vkrz mxvw43 ri wkhvh ixqfwlrqv/ wkrvh fruuhvsrqglqj wr wkh

?yh ydoxhv ri wkh lglrv|qfudwlf vkrfn/ dqg wkh kljkhvw dqg orzhvw vwdwhv iru djjuhjdwh lqfrph

jurzwk1 Wkh ?yh foxpsv fruuhvsrqg wr hdfk ydoxh ri *?Lð|/ dqg wkh wzr eudqfkhv zlwklq d

foxps fruuhvsrqg wr hdfk ri wkh wzr djjuhjdwh lqfrph vwdwhv1

Wkuhh srlqwv derxw Iljxuh 4 duh zruwk qrwlqj1 Iluvw/ wkh frqvxpswlrq ixqfwlrqv duh

kljko| qrqolqhdu1 Lq hyhu| ?jxuh/ ehorz d sduwlfxodu ohyho ri fdvk0rq0kdqg/ frqvxpswlrq

htxdov fdvk0rq0kdqg +wkh srolf| ixqfwlrq lv d 78 ghjuhh olqh,1 Deryh wklv ohyho/ wkh srolf|

ixqfwlrqv  dwwhq rxw dqg dq| lqfuhdvh lq fdvk0rq0kdqg ohdgv wr d ohvv wkdq rqh0iru0rqh lqfuhdvh

lq frqvxpswlrq1

Vhfrqg/ ehfdxvh wkh lglrv|qfudwlf vkrfn/ *?Lð|/ frpsulvhv d pxfk odujhu iudfwlrq ri wkh

ryhudoo lqglylgxdo lqfrph yduldqfh wkdq grhv wkh djjuhjdwh vkrfn/ wkh ?yh foxpsv fruuh0

vsrqglqj wr ydoxhv ri *?Lð| duh pxfk pruh zlgho| vsdfhg wkdq duh wkh wzr eudqfkhv zlwklq

hdfk foxps fruuhvsrqglqj wr wkh kljkhvw dqg orzhvw glvfuhwh ydoxhv ri { *?t�|1 Wkxv/ iru

dq| jlyhq ohyho ri fdvk0rq0kdqg/ wkh rswlpdo frqvxpswlrq0lqfrph udwlr lv pruh ghshqghqw

rq wkh vwdwh ri lglrv|qfudwlf lqfrph wkdq rq wkh fxuuhqw vwdwh ri djjuhjdwh lqfrph1

Wklug/ wkh ?yh foxpsv ri eudqfkhv fruuhvsrqglqj wr ydoxhv ri *?Lð| olh lq ghvfhqglqj

47



rughu/ vr wkdw wkh foxps fruuhvsrqglqj wr wkh kljkhvw ydoxh ri *?Lð| lv wkh orzhvw foxps/

dqg ylfh yhuvd1 Wklv lv ehfdxvh *?Lð| vkrfnv duh wudqvlwru|/ dqg wkh krxvhkrog dwwhpswv

wr vprrwk wkh d>hfwv ri wkhvh vkrfnv rq frqvxpswlrq e| uhgxflqj wkh frqvxpswlrq0lqfrph

udwlr zkhq lqfrph lv whpsrudulo| kljk1 E| frqwudvw/ wkh wzr eudqfkhv ri wkh srolf| ixqfwlrq

zklfk fruuhvsrqg wr ydoxhv ri djjuhjdwh lqfrph jurzwk olh lq dvfhqglqj rughu ehfdxvh wklv

frpsrqhqw iroorzv d srvlwlyho| dxwrfruuhodwhg DU+4, surfhvv1 Dffruglqjo|/ krxvhkrogv h{0

shfw wrgd|*v juhdwhu wkdq dyhudjh jurzwk lq wkh djjuhjdwh frpsrqhqw ri wkhlu hduqlqjv wr eh

iroorzhg e| juhdwhu wkdq dyhudjh jurzwk wrpruurz1 Wkxv wkh ?jxuh ghprqvwudwhv wkdw wkh

frqvxpswlrq0lqfrph udwlr ulvhv lq uhvsrqvh wr kljkhu djjuhjdwh lqfrph jurzwk ehfdxvh lw lv

h{shfwhg wr shuvlvw1

Krz gr wkh frqvxpswlrq ixqfwlrqv fkdqjh zlwk lqfrpsohwh lqirupdwlrqB Iljxuh 5 vkrzv

wkh rswlpdo frqvxpswlrq0lqfrph udwlr iru dq lqglylgxdo zlwk lqfrpsohwh lqirupdwlrq zkhq

djjuhjdwh lqfrph jurzwk lv dvvxphg wr iroorz wkh vdph DU+4, surfhvv wkdw jhqhudwhg Iljxuh

41 Lq wklv fdvh/ wkh krxvhkrog revhuyhv rqo| wkh +orj, lqfrph fkdqjh/ zklfk lv htxlydohqw wr

revhuylqj lqglylgxdo lqfrph jurzwk dv jryhuqhg e| wkh surfhvv lq +49,1 Frqvhtxhqwo|/ wkh

43 srolf| ixqfwlrqv lq Iljxuh 5 fruuhvsrqg wr rqh ri whq glvfuhwh vwdwhv iru wkh orj fkdqjh lq

lqglylgxdo lqfrph/ { *? tð|1

Dq lpsruwdqw ihdwxuh ri wkh ixqfwlrqv lq Iljxuh 5 iroorzv iurp wkh idfw wkdw wkh dxwruh0

juhvvlyh frh!flhqw lq wkh lqglylgxdo lqfrph surfhvv/ ýc lv qhjdwlyh +htxdo wr derxw 03179 jlyhq

rxu edvholqh sdudphwhu ydoxhv, vlqfh wkh yduldqfh ri wkh lglrv|qfudwlf/ wudqvlwru| vkrfn/ j2üc

lv frqvlghudeo| odujhu wkdq wkh yduldqfh ri wkh vkrfn wr djjuhjdwh lqfrph jurzwk zklfk lv

srvlwlyho| dxwrfruuhodwhg1�H Dv d uhvxow/ wkh whq eudqfkhv ri wkh srolf| ixqfwlrq lq Iljxuh 5

zklfk fruuhvsrqg wr ydoxhv ri { *?tð| olh lq ghvfhqglqj rughu/ mxvw wkh rssrvlwh rughulqj ri

wkh eudqfkhv fruuhvsrqglqj wr wkh djjuhjdwh lqfrph vwdwh/ { *?t�|c lq wkh frpsohwh lqirupd0

wlrq fdvh1 Krxvhkrogv eholhyh wkdw juhdwhu wkdq dyhudjh jurzwk lq wkhlu lqfrph wrgd| zloo

eh iroorzhg e| orzhu wkdq dyhudjh jurzwk wrpruurz/ uhjdugohvv ri wkh vrxufh ri wkh vkrfn1

Xqolnh wkh krxvhkrog zlwk frpsohwh lqirupdwlrq/ zkhq dq djjuhjdwh vkrfn klwv wkh hfrqrp|/

krxvhkrogv zlwk lqfrpsohwh lqirupdwlrq plvwdnh lw iru wudqvlwru| dqg xqzlwwlqjo| dwwhpsw

wr vprrwk lwv d>hfwv rq wkhlu frqvxpswlrq e| uhgxflqj wkh frqvxpswlrq0lqfrph udwlr1

Zh qrz pryh rq wr suhvhqw wkh uhvxowv ri wlph vhulhv vlpxodwlrqv/ frpsxwlqj wkh prgho*v
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lpsolfdwlrqv iru h{fhvv vprrwkqhvv dqg h{fhvv vhqvlwlylw|1 Wkurxjkrxw wkh sdshu zh gh?qh

wkh vprrwkqhvv udwlr dv wkh udwlr ri wkh vwdqgdug ghyldwlrq ri frqvxpswlrq jurzwk wr wkdw

ri oderu lqfrph jurzwk1 Wkh vhqvlwlylw| frh!flhqw lv gh?qhg dv wkh ruglqdu| ohdvw vtxduhv

+ROV, frh!flhqw iurp d uhjuhvvlrq ri djjuhjdwh frqvxpswlrq jurzwk rq odjjhg djjuhjdwh

oderu lqfrph jurzwk1 Wkhvh surshuwlhv iurp wkh prgho fdq eh frpsduhg zlwk wkh vw|ol}hg

idfwv iurp X1V1 djjuhjdwh gdwd/ vkrzq lq Wdeoh 4 wdnhq iurp Oxgyljvrq dqg Plfkdholghv

^4<<<`1 Wkh wdeoh jlyhv wkh vprrwkqhvv udwlr dqg vhqvlwlylw| frh!flhqw iru wkuhh phdvxuhv ri

uhdo/ shu fdslwd frqvxpswlrq h{shqglwxuh= qrqgxudeohv dqg vhuylfhv ohvv vkrhv dqg forwklqj

+ää/ qrqgxudeohv ohvv vkrhv dqg forwklqj +äù(,/ dqg vhuylfhv +ä7ä1 Wkh frqvwuxfwlrq ri doo

ri wkhvh yduldeohv lv ghwdlohg lq Oxgyljvrq dqg Plfkdholghv ^4<<<`1�b

Wdeoh 4 vkrzv wkdw frqvxpswlrq jurzwk lv derxw kdoi dv yrodwloh dv wkh jurzwk lq djjuhjdwh

oderu lqfrph lq erwk txduwhuo| dqg dqqxdo gdwd/ zlwk d vprrwkqhvv udwlr htxdo wr 317; lq

dqqxdo gdwd dqg 317: lq txduwhuo| gdwd1 Pxfk ri wkh vprrwkqhvv lv frplqj iurp vhuylfhv

h{shqglwxuh= wkh vprrwkqhvv udwlr iru wklv frpsrqhqw ri h{shqglwxuh lv 179/ frpsduhg wr

derxw 19; iru qrqgxudeohv1 Frqvxpswlrq jurzwk lv dovr srvlwlyho| fruuhodwhg zlwk odjjhg

lqfrph jurzwk lq erwk dqqxdo dqg txduwhuo| gdwd1 Wkh vhqvlwlylw| frh!flhqwv duh vwdwlvwlfdoo|

vljql?fdqw dw ehwwhu wkdq wkh 8 shufhqw ohyho lq gdwd ri erwk iuhtxhqflhv/ dqg wkh srlqw

hvwlpdwhv duh yluwxdoo| lghqwlfdo uhjdugohvv ri zklfk phdvxuh ri frqvxpswlrq lv xvhg/ htxdo

wr 3149 dqg 314: iru txduwhuo| dqg dqqxdo gdwd uhvshfwlyho|1

Wr lqyhvwljdwh krz forvho| wkh djjuhjdwh ex>hu vwrfn prghov frph wr pdwfklqj wkhvh

vw|ol}hg idfwv/ zh shuirup 433 vlpxodwlrqv dqg uhsruw wkh dyhudjh vprrwkqhvv udwlr dqg

vhqvlwlylw| frh!flhqwv lq Wdeohv 5 dqg 61 Wkh vlpxodwlrqv duh shuiruphg ryhu d udqjh ri

sdudphwhuv wkdw gr qrw ylrodwh wkh lpsdwlhqfh frqglwlrq1 Wdeoh 5 suhvhqwv uhvxowv iurp wkh

vwdqgdug/ frpsohwh lqirupdwlrq iudphzrun iru erwk wkh dqqxdo prgho +zkhuh djjuhjdwh oderu

lqfrph jurzwk lv dvvxphg wr eh dq l1l1g1 surfhvv, dqg wkh txduwhuo| prgho +djjuhjdwh oderu

lqfrph jurzwk lv dvvxphg wr eh dq DU+4, surfhvv,> Wdeoh 6 suhvhqwv wkh dqdorjrxv uhvxowv iru

wkh dowhuqdwh prgho zlwk lqfrpsohwh lqirupdwlrq1 Wkh wrs sdqho ri hdfk wdeoh fruuhvsrqgv

wr wkh l1l1g1 fdvh dqg wkh erwwrp sdqho fruuhvsrqgv wr wkh DU+4, fdvh1

Dv Wdeoh 5 vkrzv/ ryhu d udqjh ri sdudphwhu ydoxhv/ vlpxodwhg djjuhjdwh frqvxpswlrq

iurp wkh dqqxdo/ vwdqgdug prgho lv dv yrodwloh dv djjuhjdwh lqfrph9wkh vprrwkqhvv udwlr

49



lv urxjko| htxdo wr rqh lq hdfk fdvh1 Frqvxpswlrq dqg lqfrph kdyh urxjko| wkh vdph

yrodwlolw| lq wklv prgho ehfdxvh wkh yduldwlrq lq djjuhjdwh frqvxpswlrq uh hfwv wkrvh vdylqj

dqg glvvdylqj ghflvlrqv ri lqglylgxdov wkdw gr qrw fdqfho rxw lq wkh djjuhjdwh/ wkh uhvsrqvhv

ri lqglylgxdo frqvxpswlrq wr hfrqrp|0zlgh vkrfnv1 Vlqfh +iru wkh uhvxowv uhsruwhg lq wkh wrs

sdqho, frqvxphuv fruuhfwo| shufhlyh wkdw vkrfnv wr wkh djjuhjdwh frpsrqhqw ri wkhlu lqfrph

duh shupdqhqw/ lw lv xqghvludeoh iru krxvhkrogv wr xqghuwdnh dq| vprrwklqj rxw ri djjuhjdwh

vkrfnv1 Wkh wdeoh dovr vkrzv wkdw wkhuh lv qr vhqvlwlylw| ri djjuhjdwh frqvxpswlrq jurzwk wr

odjjhg lqfrph jurzwk9wkh ROV srlqw hvwlpdwh rq odjjhg djjuhjdwh lqfrph jurzwk lv qrw

vwdwlvwlfdoo| gl>huhqw iurp }hur1

Dv d ehqfkpdun/ wkhvh uhvxowv iru wkh vwdqgdug ex>hu vwrfn prgho fdq eh frpsduhg zlwk

wkh vprrwkqhvv udwlrv wkdw zrxog eh lpsolhg e| d uhsuhvhqwdwlyh djhqw yhuvlrq ri wkh SLK/

zkhuh wkh uhsuhvhqwdwlyh djhqw uhfhlyhv wkh djjuhjdwh lqfrph surfhvv12f Wkhvh ?jxuhv duh

suhvhqwhg lq wkh wklug urz ri wkh ?uvw sdqho ri Wdeoh 51 Wkh ehqfkpdun qxpehuv ghshqg

rqo| rq wkh uhdo lqwhuhvw udwh dqg wkh shuvlvwhqfh ri wkh djjuhjdwh lqfrph jurzwk surfhvv dqg

wkhuhiruh gr qrw ydu| ryhu doo wkh sdudphwhu shupxwdwlrqv zh frqvlghu iru wkh ex>hu vwrfn

krxvhkrogv1 Wkh h{fhvv vhqvlwlylw| frh!flhqw lv dozd|v }hur lq wkh SLK/ dqg zkhq lqfrph

jurzwk lv l1l1g1/ wkh vprrwkqhvv udwlr lv xqlw|1 Wkxv/ wkh frpsohwh lqirupdwlrq/ dqqxdo prgho

surgxfhv d vprrwkqhvv udwlr dqg vhqvlwlylw| frh!flhqw wkdw yluwxdoo| lqglvwlqjxlvkdeoh iurp

wkdw zklfk zrxog eh lpsolhg e| wkh uhsuhvhqwdwlyh djhqw SLK1

Krz gr wkh uhvxowv lq wkh vwdqgdug prgho gl>hu dw txduwhuo| iuhtxhqf| zkhq wkh surfhvv

iru djjuhjdwh lqfrph jurzwk lv srvlwlyho| dxwrfruuhodwhgB Wkh vhfrqg sdqho ri Wdeoh 5

suhvhqwv wkh vprrwkqhvv dqg vhqvlwlylw| frh!flhqwv zkhq djjuhjdwh oderu lqfrph jurzwk

iroorzv dq DU+4, surfhvv wkdw Oxgyljvrq dqg Plfkdholghv ^4<<<` ?qg wr fkdudfwhul}h wkh X1V1

gdwd/ zlwk d frh!flhqw rq odjjhg lqfrph jurzwk htxdo wr 31561 Srvlwlyho| dxwrfruuhodwhg

djjuhjdwh lqfrph jurzwk surgxfhv djjuhjdwh frqvxpswlrq wkdw lv ohvv vprrwk wkdq lq wkh

dqqxdo prgho1 Wkh vprrwkqhvv udwlrv udqjh iurp 4139 wr 413</ vr wkdw frqvxpswlrq lv dozd|v

pruh yrodwloh wkdq lqfrph1 Vlqfh vkrfnv wr wkh djjuhjdwh frpsrqhqw ri lqfrph jurzwk duh

h{shfwhg wr shuvlvw/ lqglylgxdov uhvsrqg wr wkrvh vkrfnv e| glsslqj lqwr wkhlu vdylqjv zkhq

wkh| duh qrw frqvwudlqhg dqg udlvlqj frqvxpswlrq pruh wkdq rqh0iru0rqh1

Djdlq/ wkhvh ydoxhv fdq eh frpsduhg zlwk wkh vprrwkqhvv udwlrv wkdw zrxog eh lpsolhg
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e| wkh uhsuhvhqwdwlyh djhqw SLK/ zkhuh wkh uhsuhvhqwdwlyh djhqw uhfhlyhv wkh djjuhjdwh/

DU+4, surfhvv iru wkh ?uvw gl>huhqfh lq lqfrph/ jlyhq lq wkh odvw urz ri Wdeoh 41 Xqolnh

wkh dqqxdo prgho lq zklfk doo vkrfnv wr djjuhjdwh lqfrph duh shupdqhqw/ wkh txduwhuo|

prgho jhqhudwhv qrwlfhdeoh gl>huhqfhv ehwzhhq wkh suhglfwlrqv ri wkh vwdqgdug ex>hu vwrfn

prgho dqg wkrvh ri wkh SLK1 Zlwk o ' féfô/ wkh SLK zrxog jhqhudwh d vprrwkqhvv udwlr ri

derxw 41581 Wkxv/ dowkrxjk wkh vwdqgdug ex>hu vwrfn prgho idlov wr jhqhudwh frqvxpswlrq

vprrwklqj wkdw lv forvh wr hpslulfdo ydoxhv/ lw grhv jhqhudwh frqvxpswlrq wkdw lv frqvlghudeo|

vprrwkhu wkdq d uhsuhvhqwdwlyh djhqw/ SLK ehqfkpdun lq wkh idfh ri srvlwlyho| dxwrfruuhodwhg

vkrfnv wr djjuhjdwh lqfrph jurzwk1 Li zh frpsduh wkhvh ?jxuhv wr wkh vprrwkqhvv udwlr iru

h{shqglwxuhv rq qrqgxudeohv +ohvv vkrhv dqg forwklqj, +Wdeoh 4,/ zh ?qg wkdw wkh vwdqgdug

ex>hu vwrfn prgho surgxfhv d vprrwkqhvv udwlr wkdw lv derxw kdoizd| ehwzhhq wkdw ri wkh

uhsuhvhqwdwlyh djhqw/ SLK prgho dqg wkh X1V1 gdwd1

Wdeoh 5 dovr vkrzv wkdw wkh txduwhuo| prgho xqghu frpsohwh lqirupdwlrq grhv qrw surgxfh

d vwdwlvwlfdoo| vljql?fdqw fruuhodwlrq ehwzhhq frqvxpswlrq jurzwk dqg odjjhg lqfrph jurzwk1

Zh frqfoxgh wkdw wkh phuh suhvhqfh ri oltxlglw| frqvwudlqwv/ frxsohg zlwk lpsdwlhqfh dqg

suhfdxwlrqdu| prwlyhv lv qrw hqrxjk wr jhqhudwh urexvw h{fhvv vhqvlwlylw| ru frqvxpswlrq

wkdw lv vxevwdqwldoo| vprrwkhu wkdq lqfrph1

Krz grhv wkh dowhuqdwh prgho zlwk lqfrpsohwh lqirupdwlrq iduhB Wdeoh 6 vkrzv wkdw wkh

lqwurgxfwlrq ri lqfrpsohwh lqirupdwlrq lqwr wkh vwdqgdug iudphzrun fdxvhv wkh vprrwkqhvv

udwlr wr idoo vxevwdqwldoo|1 Lq wkh dqqxdo prgho/ wkh vprrwkqhvv udwlr lv 31;7 lq rqh fdvh/

frqvlghudeo| orzhu wkdq wkh ehqfkpdun SLK ?jxuh ri 41591 Dqg/ wkh dowhuqdwh iudphzrun

surgxfhv djjuhjdwh frqvxpswlrq zklfk lv idu ohvv yrodwloh wkdq wkh dqdorjrxv fdvh zlwk

frpsohwh lqirupdwlrq1 Wkh uhdvrq iru wklv uhvxow lv wkdw/ zkhq d srvlwlyh djjuhjdwh vkrfn

klwv wkh hfrqrp|/ lqglylgxdov gr qrw udlvh wkhlu frqvxpswlrq rqh iru rqh ehfdxvh wkh| plvwdnh

sduw ri wkh vkrfn dv lglrv|qfudwlf dqg wkhuhiruh wudqvlwru|> vprrwklqj dw wkh lqglylgxdo ohyho

jhwv wudqvihuuhg wr djjuhjdwh frqvxpswlrq dv d uhvxow ri dq +xqzlwwlqj, vprrwklqj ri wkh

djjuhjdwh vkrfn1

Iru wkh txduwhuo| prgho/ wkh dowhuqdwh iudphzrun glvsod|v frqvlghudeo|pruh frqvxpswlrq

vprrwklqj wkdq wkh vwdqgdug prgho/ zlwk vprrwkqhvv udwlrv udqjlqj ehwzhhq 31;3 dqg 31<51

Wkhvh uhvxowv duh suhvhqwhg lq wkh erwwrp sdqho ri Wdeoh 61 Lq frqwudvw wr wkh dqdorjrxv
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frpsohwh lqirupdwlrq prgho/ frqvxpswlrq jurzwk lv dozd|v vprrwkhu wkdq lqfrph jurzwk1

Lq dgglwlrq/ wkh suhvhqfh ri lqfrpsohwh lqirupdwlrq frxsohg zlwk srvlwlyh vhuldo fruuhodwlrq lq

wkh djjuhjdwh lqfrph surfhvv surgxfhv urexvw h{fhvv vhqvlwlylw|1 Li d srvlwlyh djjuhjdwh vkrfn

wr lqfrph rffxuv/ lqglylgxdov plvwdnh wkh vkrfn iru wudqvlwru| dqg gr qrw udlvh frqvxpswlrq

e| wkh dprxqw zduudqwhg e| wkh shuvlvwhqfh ri wkh vkrfn1 Wklv plvshufhswlrq fuhdwhv d

voxjjlvk uhvsrqvh ri frqvxpswlrq wr djjuhjdwh lqfrph vkrfnv= qh{w shulrg*v frqvxpswlrq

zloo eh udlvhg djdlq zkhq lqfrph lv kljkhu wkdq h{shfwhg1 Wkh voxjjlvkqhvv ri frqvxpswlrq lq

wxuq surgxfhv d gluhfw fruuhodwlrq ehwzhhq frqvxpswlrq jurzwk dqg odjjhg lqfrph jurzwk

dqg h{sodlqv zk| frqvxpswlrq jurzwk pd| eh fruuhodwhg zlwk odjjhg djjuhjdwh lqfrph

jurzwk hyhq zkhq wkh odwwhu iroorzv dq l1l1g1 surfhvv1 Wklv lv wkh rqo| yhuvlrq ri wkh ex>hu

vwrfn prgho zh frqvlghu wkdw fdq uhsolfdwh wklv ihdwxuh ri wkh dqqxdo gdwd vkrzq lq Wdeoh 41

Wkh h{fhvv vhqvlwlylw| frh!flhqw iru wkh txduwhuo| prgho zlwk lqfrpsohwh lqirupdwlrq

udqjhv iurp derxw 3169 wr 3177 dqg lv vwurqjo| vljql?fdqw iru hyhu| sdudphwhu frpelqdwlrq zh

frqvlghu1 Wkhvh srlqw hvwlpdwhv/ krzhyhu/ duh frqvlghudeo| kljkhu wkdq wkrvh iurp djjuhjdwh

gdwd/ wkh odwwhu ehlqj htxdo wr derxw 31491

Lq vxppdu|/ wkh ex>hu vwrfn prgho zlwk lqfrpsohwh lqirupdwlrq jrhv d orqj zd| wrzdug

uhvroylqj wkh frqvxpswlrq h{fhvvhv= lw surgxfhv djjuhjdwh frqvxpswlrq jurzwk wkdw lv vxe0

vwdqwldoo| ohvv yrodwloh wkdq wkh ehqfkpdun SLK/ dqg jhqhudwhv urexvw h{fhvv vhqvlwlylw| wr

h{shfwhg lqfrph jurzwk1 Lw vwloo idoov zhoo vkruw ri pdwfklqj wkh gdwd/ krzhyhu1 Frqvxps0

wlrq jurzwk w|slfdoo| uhpdlqv erwk wrr yrodwloh dqg wrr kljko| fruuhodwhg zlwk odjjhg lqfrph

jurzwk1

Zk| lvq*w djjuhjdwh ex>hu vwrfn frqvxpswlrq vprrwkhuB Lw lv whpswlqj wr dwwulexwh wklv

?qglqj wr wkh idfw wkdw ex>hu vwrfn frqvxphuv krog ihz dvvhwv dqg idfh frqvwudlqwv rq wkhlu

oltxlglw|/ wkhuhe| pdnlqj lw gl!fxow iru wkhp wr vprrwk rxw wkh h>hfwv ri wudqvlwru| vkrfnv

wr wkhlu lqfrph1 Wklv lv qrw wkh fdvh/ krzhyhu/ ehfdxvh ex>hu vwrfn krxvhkrogv fdq dfklhyh

d juhdw ghdo ri vprrwklqj zlwk ihz dvvhwv1

Wr xqghuvwdqg wklv/ lw lv xvhixo wr frpsduh wkh vprrwkqhvv udwlr wkdw dulvhv iurp vlp0

xodwlqj wkh prgho iru d vlqjoh krxvhkrog zlwk wkdw zklfk dulvhv iurp vlpxodwlqj wkh prgho

iru pdq| krxvhkrogv dqg djjuhjdwlqj wkhlu frqvxpswlrq ghflvlrqv/ dv zh gr deryh1 Iru wkh

txduwhuo| prgho xvlqj edvholqh sdudphwhu ydoxhv/ zh ?qg wkdw wkh vprrwkqhvv udwlr iru dq
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lqglylgxdo ex>hu vwrfn frqvxphu lv htxdo wr 3198 lq wkh lqfrpsohwh lqirupdwlrq prgho/ dqg

3173 lq wkh vwdqgdug prgho zlwk frpsohwh lqirupdwlrq1 Wkhvh vkrxog eh frpsduhg zlwk wkh

pxfk kljkhu ydoxhv iru djjuhjdwh frqvxpswlrq jlyhq lq Wdeohv 5 dqg 6/ htxdo wr 31;7 dqg

413;/ uhvshfwlyho|1 Wklv frpsdulvrq ghprqvwudwhv wkdw wkhuh pd| eh frqvlghudeoh vprrwk0

lqj dw wkh lqglylgxdo ohyho hyhq zkhq wkhuh lv olwwoh ru qr vprrwklqj dw wkh djjuhjdwh ohyho1

Dqg/ wklv vprrwklqj rffxuv ghvslwh wkh idfw wkdw ex>hu vwrfn krxvhkrogv krog ihz dvvhwv1

Krxvhkrogv fdq vprrwk frqvxpswlrq zlwk d uhodwlyho| vpdoo ex>hu vwrfnv ri dvvhwv ehfdxvh

wkhuh lv vxevwdqwldo wudqvlwru| yduldwlrq lq lqfrph dw wkh lqglylgxdo ohyho1 E| frqwudvw/ lq wkh

djjuhjdwh/ frqvxpswlrq pruh forvho| uh hfwv wkh rswlpdo uhvsrqvhv wr hfrqrp|0zlgh vkrfnv

zklfk duh h{shfwhg wr shuvlvw1 Dq lpsruwdqw lpsolfdwlrq ri wkhvh uhvxowv lv wkdw lqihuhqfhv

derxw djjuhjdwh ex>hu vwrfn frqvxpswlrq fdqqrw eh pdgh e| orrnlqj dw krxvhkrog ohyho

frqvxpswlrq ixqfwlrqv/ ru ylfh yhuvd1

Zrxog djjuhjdwh frqvxpswlrq eh vprrwkhu lq dq hfrqrp| wkdw dovr lqfoxghg pruh sdwlhqw

krxvhkrogv zkr pd| dw wlphv krog odujh dprxqwv ri dvvhwv dqg zkr gr qrw idfh frqvwudlqwv

rq wkhlu delolw| wr eruurzB Lw lv fohdu wkdw wkh dqvzhu wr wklv txhvwlrq zrxog eh cqr* li wkrvh

krxvhkrogv zhuh SLK frqvxphuv zlwk frpsohwh lqirupdwlrq derxw wkh lqfrph surfhvvhv zh

kdyh ehhq frqvlghulqj1 Wklv iroorzv ehfdxvh zh nqrz iurp wkh ehqfkpdun uhvxowv lq Wdeoh 5

wkdw/ lq prvw fdvhv/ wkrvh krxvhkrogv zloo kdyh frqvxpswlrq wkdw lv vljql?fdqwo| pruh yrodwloh

wkdq wkdw ri dq djjuhjdwh ri ex>hu vwrfn frqvxphuv zlwk ru zlwkrxw lqfrpsohwh lqirupdwlrq1

Pruhryhu/ uhvxowv lq Oxgyljvrq dqg Plfkdholghv ^4<<<` vkrz wkdw dgglqj vrph iudfwlrq ri

SLK frqvxphuv wr wkh srsxodwlrq zkr kdyh wkh vdph lqfrpsohwh lqirupdwlrq derxw wkhlu

hduqlqjv surfhvv dv gr wkh ex>hu vwrfn frqvxphuv w|slfdoo| grhv qrw lpsuryh wkh djjuhjdwh

prgho*v shuirupdqfh1 Lqghhg/ zkhq wkh hfrqrp| lv srsxodwhg hqwluho| e| SLK frqvxphuv/

wkh vprrwkqhvv udwlr lv iduwkhu iurp lwv hpslulfdo frxqwhusduw wkdq iru dq| rwkhu pl{ ri wkhvh

wzr w|shv ri frqvxphuv/ htxdo wr 1<5 iru wkh edvholqh dqqxdo prgho/ frpsduhg wr 31;7 zkhq

wkh hfrqrp| lv srsxodwhg hqwluho| zlwk ex>hu vwrfn frqvxphuv1 Zh frqfoxgh wkdw wkh odfn

ri vprrwkqhvv dw wkh djjuhjdwh ohyho fdqqrw eh h{sodlqhg e| dq devhqfh ri xqfrqvwudlqhg

krxvhkrogv1

Lw lv srvvleoh wkdw wkh lqvx!flhqw djjuhjdwh frqvxpswlrq vprrwkqhvv ri wkhvh prghov

frxog eh uhvroyhg e| fkdqjlqj wkh vshfl?fdwlrq ri wkh lqfrph surfhvv zkloh pdlqwdlqlqj wkh
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suhvxpswlrq ri lqfrpsohwh lqirupdwlrq1 Uhvxowv +qrw uhsruwhg, vxjjhvw wkdw ghfuhdvlqj wkh

yduldqfh ri wkh shupdqhqw vkrfn uhodwlyh wr wkdw ri wkh wudqvlwru| vkrfn pd| ohdg wr d orzhu

vprrwkqhvv udwlr dw erwk wkh lqglylgxdo dqg djjuhjdwh ohyho lq wkh prgho zlwk lqfrpsohwh

lqirupdwlrq1 Wklv rffxuv ehfdxvh d ghfuhdvh lq wkh yduldqfh ri wkh shupdqhqw frpsrqhqw

uhgxfhv wkh shufhlyhg shuvlvwhqfh ri wkh lqglylgxdo*v lqfrph surfhvv zkhq krxvhkrogv fdqqrw

revhuyh wkhvh frpsrqhqwv vhsdudwho|/ wkhuhe| pdjqli|lqj wkh plvwdnhv krxvhkrogv pdnh

zkhq uhvsrqglqj wr shuvlvwhqw djjuhjdwh vkrfnv1 Krzhyhu/ wkhuh duh dw ohdvw wzr fdyhdwv zlwk

dffhswlqj d uhgxfwlrq lq wkh uhodwlyh yduldqfh ri wkh shupdqhqw frpsrqhqw dv d uhvroxwlrq

wr wkh vprrwkqhvv sx}}oh1 Iluvw/ vxfk d uhgxfwlrq lv qrw vxssruwhg e| h{lvwlqj hylghqfh

iurp vwxglhv xvlqj krxvhkrog lqfrph gdwd +PdFxug| ^4<;4`> Fduuroo ^4<<5`> Derzg dqg

Fdug ^4<;<`,1 Vhfrqg/ ghfuhdvlqj wkh shufhlyhg shuvlvwhqfh ri wkh krxvhkrog*v lqfrph surfhvv

ohdgv qrw mxvw wr pruh vprrwklqj dw wkh djjuhjdwh ohyho/ exw dovr wr juhdwhu h{fhvv vhqvlwlylw|/

douhdg| wrr kljk lq wkh h{lvwlqj prgho1

614 H{whqvlrqv

Zh kdyh h{soruhg zkhwkhu wkh ihdwxuhv ri wzr yduldqwv ri ex>hu vwrfn vdylqj prghov fdq

dffrxqw iru wkh h{fhvv vprrwkqhvv dqg h{fhvv vhqvlwlylw| revhuyhg lq djjuhjdwh gdwd1 Lq

wklv vhfwlrq zh eulh | lqyhvwljdwh wzr h{whqvlrqv ri wkhvh prghov dv srvvleoh dowhuqdwlyh

h{sodqdwlrqv iru h{fhvv vhqvlwlylw|1

Wkh ?uvw h{whqvlrq iroorzv Dwwdqdvlr dqg Zhehu +4<<6, zkr vwuhvv wkh srvvleoh uroh ri

djjuhjdwlrq eldv lq jhqhudwlqj h{fhvv vhqvlwlylw| lq olqhdul}hg Hxohu htxdwlrqv1 Vlqfh wkh

?uvw0rughu frqglwlrq iru rswlpdo frqvxpswlrq fkrlfh lv riwhq dssur{lpdwhg dv ehlqj olqhdu lq

orjv/ wkh| dujxh wkdw wkhvh 3Hxohu4 htxdwlrqv vkrxog lghdoo| eh hvwlpdwhg xvlqj wkh dyhudjh

ri wkh orjdulwkpv ri h{shqglwxuhv/ udwkhu wkdq wkh orjdulwkp ri wkh dyhudjh1 Zkloh wklv

hvwlpdwlrq lv qrw srvvleoh zlwk djjuhjdwh gdwd/ Dwwdqdvlr dqg Zhehu fduu| rxw wklv h{huflvh

xvlqj krxvhkrog ohyho gdwd dqg ?qg wkdw wkh ryhu0lghqwli|lqj uhvwulfwlrqv ri wkh vwdqgdug Hxohu

htxdwlrq pd| eh uhmhfwhg vlpso| ehfdxvh orjv duh wdnhq ryhu dulwkphwlf dyhudjhv udwkhu wkdq

wdnlqj jhrphwulf dyhudjhv1 Wklv ?qglqj vxjjhvwv wkdw vrph dprxqw ri h{fhvv vhqvlwlylw| pd|

eh dwwulexwdeoh wr wklv w|sh ri djjuhjdwlrq eldv1
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Lq wkh vlpxodwlrq h{huflvhv shuiruphg deryh/ zh frpslohg uhvxowv e| fdofxodwlqj wkh orj0

dulwkp ri wkh dulwkphwlf dyhudjh vlqfh wklv uhsolfdwhv wkh surfhgxuh xvhg wr frqvwuxfw dfwxdo

djjuhjdwh gdwd1 Dowkrxjk lw lv lpsrvvleoh wr frqwuro iru wklv srvvleoh vrxufh ri eldv lq wkh

gdwd/ wkhuh lv ri frxuvh qr uhvwulfwlrq lq rxu vlpxodwlrqv dqg lw lv vwudljkwiruzdug wr uhfrpsxwh

wkh vwdwlvwlfv xvlqj jhrphwulf phdqv1 Zh glg qrw ?qg wkdw wklv fkdqjh txdolwdwlyho| lq x0

hqfhg wkh uhvxowv1 Iru h{dpsoh/ xvlqj jhrphwulf phdqv dqg rxu edvholqh sdudphwhu ydoxhv/

wkh txduwhuo| prgho zlwk lqfrpsohwh lqirupdwlrq surgxfhv dv h{fhvv vhqvlwlylw| frh!flhqw

ri 3174 wkdw lv vwurqjo| vwdwlvwlfdoo| vljql?fdqw/ zkloh wkh vprrwkqhvv udwlr lv 31;61 Wkhvh

uhvxowv duh doprvw lghqwlfdo wr wkrvh suhvhqwhg lq Wdeoh 6 iru wkh vdph fdvh xvlqj dulwkphwlf

phdqv1 Lw dsshduv wkdw rwkhu ihdwxuhv ri wkh ex>hu vwrfn prgho grplqdwh wkhvh djjuhjdwlrq

d>hfwv lq jhqhudwlqj h{fhvv vhqvlwlylw|12�

D vhfrqg h{whqvlrq zh frqvlghu lv wr dowhu wkh wlplqj ri krxvhkrogv* ghflvlrqv vr dv wr

fuhdwh d plvpdwfk ehwzhhq wkhlu ghflvlrq lqwhuydo dqg wkh gdwd vdpsolqj lqwhuydo1 Wkh srv0

vlelolw| wkdw wkhvh lqwhuydov gr qrw frlqflgh kdv ehhq h{soruhg hovhzkhuh dv dq h{sodqdwlrq

iru wkh h{fhvv vhqvlwlylw| ?qglqj lq djjuhjdwh gdwd +iru h{dpsoh/ Huplql ^4<;</ 4<<6`> Fkulv0

wldqr hw1 do1 ^4<<4`> Khdwrq ^4<<6`,1 Wkhvh dxwkruv srlqw rxw wkdw li wkh ghflvlrq shulrg ri

krxvhkrogv lv pruh iuhtxhqw wkdq wkh gdwd vdpsolqj lqwhuydo/ phdvxuhg frqvxpswlrq zloo eh

wkh wlph0dyhudjhg ydoxh ri pxowlsoh frqvxpswlrq ghflvlrqv/ d skhqrphqrq wkdw pd| lqwur0

gxfh vsxulrxv vhuldo fruuhodwlrq lq frqvxpswlrq jurzwk1 Li wkh ruljlqdo frqvxpswlrq surfhvv

iroorzv d pduwlqjdoh +dv lq wkh SLK,/ wkh ?uvw gl>huhqfh ri wlph dyhudjhg frqvxpswlrq zloo

iroorz d ?uvw rughu prylqj dyhudjh surfhvv +Zrunlqj ^4<93`,122 Wkxv/ lq hpslulfdo whvwv/ wklv

w|sh ri whpsrudo djjuhjdwlrq eldv frxog fuhdwh h{fhvv vhqvlwlylw| hyhq li frqvxpswlrq jurzwk

lv/ lq idfw/ xqiruhfdvwdeoh ryhu wkh lqwhuydo lq zklfk krxvhkrogv pdnh ghflvlrqv12ô

Wkh uhvxowv glvfxvvhg suhylrxvo| fdqqrw eh h{sodlqhg e| wklv w|sh ri whpsrudo djjuhjdwlrq

ehfdxvh zh dvvxphg deryh wkdw krxvhkrog*v ghflvlrq lqwhuydov pdwfk wkh gdwd vdpsolqj

lqwhuydo1 Pruhryhu/ vlqfh wkhuh lv qr pduwlqjdoh suhvxpswlrq lq wkh ex>hu vwrfn prgho/ wkh

?qglqjv ri Zrunlqj duh qrw gluhfwo| dssolfdeoh wr wkh iudphzrun zh frqvlghu1 Qhyhuwkhohvv/

lw lv srvvleoh wkdw wkh vwdqgdug frpsohwh lqirupdwlrq prgho8zklfk glvsod|v olwwoh h{fhvv

vhqvlwlylw| lq wkh uhvxowv deryh8pljkw pdwfk wkh gdwd ehwwhu li zh prghohg krxvhkrogv*

ghflvlrq lqwhuydov vr wkdw wkh| rffxuuhg pruh iuhtxhqwo| wkdq wkh vdpsolqj lqwhuydo1 Wr gr
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vr/ zh lqyhvwljdwh d vlpsoh h{whqvlrq ri rxu prgho lq zklfk zh dvvxph wkdw krxvhkrogv pdnh

ghflvlrqv rq d txduwhuo| edvlv/ exw wkdw wkh vw|ol}hg frqvxpswlrq idfwv duh frpsxwhg iurp

dqqxdo dyhudjhv ri txduwhuo| gdwd1 Iru wklv surfhgxuh/ zh vlpxodwh wkh txduwhuo| prgho/

frpsxwh dqqxdo frqvxpswlrq dqg oderu lqfrph dv wkh vxp ri txduwhuo| gdwd lq ohyhov/ dqg

wdnh orj gl>huhqfhv ri wkhvh wlph dyhudjhg gdwd1 Zh wkhq uhfrpsxwh rxu uhvxowv iru h{fhvv

vhqvlwlylw| dqg h{fhvv vprrwkqhvv xvlqj wkhvh dqqxdo dyhudjhv/ zklfk vkrxog eh frpsduhg

zlwk wkh uhvxowv iurp wkh dqqxdo prgho deryh iru zklfk gdwd duh qrw wlph0dyhudjhg1 Ehfdxvh

wkh gl>huhqfh lq uhvxowv wklv h{whqvlrq surgxfhv duh qrw kljko| vhqvlwlyh wr yduldwlrqv lq wkh

sdudphwhu ydoxhv/ zh rqo| glvfxvv wkh ?qglqjv xqghu rxu edvholqh sdudphwhu dvvxpswlrqv1

Rxu uhvxowv vkrz wkdw wlph0djjuhjdwlrq ri krxvhkrog frqvxpswlrq ghflvlrqv grhv lpsuryh

wkh vwdqgdug prgho*v suhglfwlrqv dorqj wkh h{fhvv vhqvlwlylw| glphqvlrq/ lqfuhdvlqj wkh h{fhvv

vhqvlwlylw| frh!flhqw wr 153 iurp derxw }hur1 Krzhyhu/ hyhq zlwk wklv wlph0djjuhjdwlrq/

wkh frh!flhqw lv vwloo qrw vwdwlvwlfdoo| vljql?fdqw dw wkh ?yh shufhqw ohyho1 Pruhryhu/ wkh

vprrwkqhvv udwlr lv kdugo| fkdqjhg/ uhpdlqlqj derxw 1<;1 Wkh uhvxowv duh txdolwdwlyho|

vlplodu iru wkh dowhuqdwh prgho zlwk lqfrpsohwh lqirupdwlrq> xvlqj dqqxdo dyhudjhv/ wkh

h{fhvv vprrwkqhvv sdudphwhu lv irxqg wr eh 31<;/ zkloh wkh vhqvlwlylw| frh!flhqw lv irxqg

wr eh 315<12e Zlwkrxw wlph0dyhudjlqj/ wkhvh ?jxuhv zhuh 31;8 dqg 314:/ uhvshfwlyho|1 Lq

vxppdu|/ wlph0dyhudjlqj lqfuhdvhv wkh vhqvlwlylw| frh!flhqw lq erwk prghov/ exw wkh srlqw

hvwlpdwh lv w|slfdoo| qrw vwdwlvwlfdoo| vljql?fdqw lq wkh frpsohwh lqirupdwlrq yhuvlrq dqg wkh

vprrwkqhvv udwlrv duh olwwoh d>hfwhg1

7 Frqfoxvlrq

Rqh ri wkh sulpdu| remhfwlyhv ri prghuq0gd| frqvxphu wkhru| kdv ehhq wr xqghuvwdqg wkh

ghjuhh ri vprrwkqhvv dqg suhglfwdelolw| ri djjuhjdwh frqvxpswlrq1 Ex>hu0vwrfn prghov

zlwk suhfdxwlrqdu| prwlyhv dqg eruurzlqj uhvwulfwlrqv kdyh uhfhqwo| ehfrph srsxodu wrrov

iru wklqnlqj derxw wkh zd| wkh w|slfdo frqvxphu ehkdyhv1 \hw h{lvwlqj uhvhdufk jlyhv olw0

woh lqglfdwlrq ri krz forvh ex>hu vwrfn vdylqj ehkdylru/ rqfh djjuhjdwhg/ pljkw frph wr

txdqwlwdwlyho| pdwfklqj wkhvh zhoo nqrzq ihdwxuhv ri djjuhjdwh frqvxpswlrq1

Fdq ex>hu vwrfn vdylqj h{sodlq wkh 3frqvxpswlrq h{fhvvhv4B Wr ?qg rxw/ zh frqvlghu
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wzr yhuvlrqv ri ex>hu vwrfn ehkdylru1 Wkh ?uvw exlogv forvho| rq wkh ruljlqdo prghov suh0

vhqwhg lq Ghdwrq +4<<4, dqg Fduuroo +4<<5/ 4<<:d,> wkh vhfrqg wdnhv lqwr dffrxqw lqfrpsohwh

lqirupdwlrq dv hpskdvl}hg e| Slvfknh +4<<8,1 Rxu uhvxowv vkrz wkdw lqfrpsohwh lqirupd0

wlrq derxw wkh djjuhjdwh frpsrqhqw ri lqglylgxdo hduqlqjv pd| eh dq lpsruwdqw idfwru lq

h{sodlqlqj wkh vprrwkqhvv ri djjuhjdwh frqvxpswlrq jurzwk dqg lwv fruuhodwlrq zlwk odjjhg

oderu lqfrph jurzwk1 Rqo| wkh lqfrpsohwh lqirupdwlrq yhuvlrq ri wkh djjuhjdwh ex>hu vwrfn

prgho lv fdsdeoh ri vlpxowdqhrxvo| surgxflqj vrph vprrwklqj ri djjuhjdwh frqvxpswlrq lq

wkh idfh ri shuvlvwhqw djjuhjdwh lqfrph vkrfnv +h{fhvv vprrwkqhvv,/ dqg d urexvw fruuhodwlrq

ehwzhhq frqvxpswlrq jurzwk dqg odjjhg lqfrph jurzwk +h{fhvv vhqvlwlylw|,1

Qhyhuwkhohvv/ hyhq wkh ex>hu vwrfn prgho zlwk lqfrpsohwh lqirupdwlrq fuhdwhv d vprrwk0

qhvv sx}}oh wkdw uhpdlqv wr eh h{sodlqhg1 Wkh orzhvw vprrwkqhvv udwlr jhqhudwhg e| wkh

prgho lv derxw féH/ frpsduhg wr derxw féD lq djjuhjdwh gdwd1 Ixuwkhu/ wkh lqfrpsohwh lqiru0

pdwlrq prgho riwhq surgxfhv hvwlpdwhv ri wkh h{fhvv vhqvlwlylw| frh!flhqw wkdw duh wrr odujh

wr idoo zlwklq hpslulfdo udqjhv/ zkloh fdvhv zklfk gholyhu hvwlpdwhv forvhu wr hpslulfdo ydoxhv

gr qrw gholyhu wkh prvw idyrudeoh ghjuhhv ri frqvxpswlrq vprrwklqj1 Odfn ri vprrwklqj dw

wkh lqglylgxdo ohyho ru wkh devhqfh ri xqfrqvwudlqhg shupdqhqw lqfrph frqvxphuv grhv qrw

dsshdu wr h{sodlq wkh lqvx!flhqw vprrwkqhvv dw wkh djjuhjdwh ohyho1
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D Dsshqgl{= Qxphulfdo Surfhgxuhv

Gh?qh wkh pdujlqdo xwlolw| ri prqh| +sulfh ri frqvxpswlrq, RE%|ä e|

RE%|ä ' L
âEs E%|ää +4:,

ru htxlydohqwo|

S| ' sE%|ä ' L
â3�ERE%|ää +4;,

Zh vhhn wkh vroxwlrq wr wkh ixqfwlrqdo htxdwlrq

RE%ä '�øfdL âE%äc lE%äo +4<,

zkhuh wkh vhfrqg dujxphqw rq wkh uljkw kdqg vlgh lv gh?qhg e|

q
]
#

]
}

]
+
E� n oäEi TE}#ää34 +53,

RiE� n oä ú Ei TEý}#ääE%ý L â3�ERE%äää n +j_t E+ä_CE}ä_ùE#ä

Whq srolf| ixqfwlrqv +rqh iru hdfk djjuhjdwh vwdwh, duh gh?qhg e|=

RE%c ðä ' 4@ dL âE%äc q
[
æ

[
&

[
,

ZðæZ&Z,E� n oä +54,

ECæù,ä
34 ú RiE� n oäECæù,ä3�

úE%ý L â3�ERE%c ðäää n L&c æäo

Zh dvvxph wkdw hdfk vkrfn fdq eh zhoo ghvfulehg e| d whq srlqw glvfuhwh Pdunry surfhvv wkdw

dssur{lpdwhv wkh Qrupdo glvwulexwlrq/ wkxv Zðæc Z,c dqg Z& duh wudqvlwlrq suredelolwlhv dvvrfldwhg

zlwkC|/ù| dqgL| uhvshfwlyho|éZh glvfuhwl}h wkh vwdwh yduldeoh % e| glylglqj lw lqwr 433 htxlglvwdqw

julg srlqwv1 Vwduwlqj iurp dq lqlwldo jxhvv iru wkh srolf| ixqfwlrq rq wkh uljkw kdqg vlgh/ zh xsgdwh

wkh ixqfwlrq xvlqj wkh deryh ixqfwlrqdo htxdwlrq xqwlo frqyhujhqfh/ wkh frqyhujhqfh fulwhulrq ehlqj

d gl>huhqfh ri vl{ ghflpdo srlqwv ehwzhhq d jxhvv dqg lwv xsgdwh dw doo julg srlqwv1 Zkhqhyhu wkh

qhhg dulvhv wr hydoxdwh d fdqglgdwh srolf| ixqfwlrq lq ehwzhhq julg srlqwv/ zh xvh dq lqwhusrodwlrq

vfkhph vxfk dv fxelf vsolqhv1
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Dq dgglwlrqdo frpsoh{lw| lq wkh DU+4, fdvh lqyroyhv wkh wudqvlwlrq suredelolwlhv iru wkh frpprq

vkrfn1 Jlyhq wkh dxwruhjuhvvlrq*v Pdunry vwuxfwxuh/ nqrzlqj wkh fxuuhqw vwdwh frqwdlqv lqirupdwlrq

derxw qh{w shulrg*v vwdwh wkdw lv xvhg wr frpsxwh h{shfwdwlrqv1 Wkh wudqvlwlrq suredelolwlhv duh

vhw lghqwlfdo wr wkh wudqvlwlrq suredelolwlhv ri wkh wuxh xqghuo|lqj dxwruhjuhvvlyh surfhvvé2D Zh

qxphulfdoo| vroyh iru wkh wudqvlwlrq suredelolwlhv Zðæ ri prylqj iurp lqwhuydo ð wr lqwhuydo æ vhw

wr eh lghqwlfdo wr wkh wudqvlwlrq suredelolwlhv iurp lqwhuydo wr lqwhuydo ri wkh xqghuo|lqj qrupdo

dxwruhjuhvvlyh surfhvv iru djjuhjdwh lqfrph jurzwk1 Wkh djjuhjdwh vkrfn lv dssur{lpdwhg xvlqj

i>}ni5ðjð'�fð'� zkhuh i ' j0s
�3è2

é Iurp wkh surshuwlhv ri wkh qrupdo glvwulexwlrq ri wkh huuru whup

shuwxuelqj wkh djjuhjdwh vkrfn/ zh kdyh

Zðæ ' èhEi5æ è }| ý >} è i5æ3�mi5ð è }| ý >} è i5ð3�ä ' +55,

�

i
s
2Z

] i5ð

i5ð3�
i TE

ý%2
2i2

äixEi5æ ý è%
j

äý xE
i5æ3� ý è%

j
äj_%

Iru dq| jlyhq ijc èjc wklv lqwhjudo fdq eh fdofxodwhg gluhfwo| xvlqj JDXVV urxwlqhv wkdw dssur{l0

pdwh wkh fxpxodwlyh qrupdo Exäé

Wkh rswlpdo lqglylgxdo srolf| ixqfwlrq xqghu lqfrpsohwh lqirupdwlrq lv rewdlqhg e| wkh iroorz0

lqj ixqfwlrqdo htxdwlrqv=

RE%c ðä ' 4@ dbE%äc q
[
æ

Zðæò
4
ðæ +56,

úRid� n òðæE� n oäE%ý b3�ERE%c ðääoc æjo

zkhuh q lv wkh glvfrxqw idfwru/ òðæ ' i TEýtð|n�*tð|ä dqg Zðæ lv wkh suredelolw| iurp lqfrph vwdwh

ð jlyhq wkdw lqfrph vwdwh æ kdv rffxuuhg1
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Uhihuhqfhv

^4` Derzg/ Mrkq dqg Gdylg Fdug1 4<;<1 3Rq wkh Fryduldqfh Vwuxfwxuh ri Hduqlqjv dqg

Krxuv Fkdqjhv4 Hfrqrphwulfd 8:= 7440781

^5` Dwwdqdvlr/ Rud}lr dqg Pduwlq Eurzqlqj1 4<<8 3Frqvxpswlrq Ryhu wkh Olih F|foh dqg

Ryhu wkh Exvlqhvv F|foh14 Dphulfdq Hfrqrplf Uhylhz ;8+8,= 444;06:1

^6` Dwwdqdvlr/ Rud}lr dqg JxjolhoprZhehu1 4<<61 3Frqvxpswlrq Jurzwk/ wkh Lqwhuhvw Udwh

dqg Djjuhjdwlrq14 Uhylhz ri Hfrqrplf Vwxglhv 93= 96407<1

^7` Dwwdqdvlr/ Rud}lr dqg Jxjolhopr Zhehu1 4<<81 3Lv Frqvxpswlrq Jurzwk Frqvlvwhqw

zlwk Lqwhuwhpsrudo Rswlpl}dwlrqB Hylghqfh iurp wkh Frqvxphu H{shqglwxuh Vxuyh|14

Mrxuqdo ri Srolwlfdo Hfrqrp| 436+9,= 445408:1

^8` Ehdxgu|/ Sdxo/ dqg Hulf ydq Zlqfrrs 4<<91 3Wkh Lqwhuwhpsrudo Hodvwlflw| ri Vxevwlwx0

wlrq= Dq H{sorudwlrq Xvlqj d X1V1 Sdqho ri Vwdwhv14 Hfrqrplfd 96= 5841

^9` Eolqghu/ Dodq dqg Dqjxv Ghdwrq14<;81 3Wkh Wlph Vhulhv Frqvxpswlrq Ixqfwlrq Uhylv0

lwhg14 Eurrnlqjv Sdshu rq Hfrqrplf Dfwlylw| 79808541

^:` Edffkhwwd/Sklolssh/ dqg Vwhidq Jhuodfk 4<<:1 3Frqvxpswlrq dqg Fuhglw Frqvwudlqwv=

Lqwhuqdwlrqdo Hylghqfh14 Mrxuqdo ri Prqhwdu| Hfrqrplfv 73+5,= 53:06;1

^;` Fdpsehoo/ Mrkq \1/ dqg Ghdwrq Dqjxv1 4<;<1 3Zk| lv frqvxpswlrq vr vprrwkB4 Uhylhz

ri Hfrqrplf Vwxglhv 89/ 68:0:71

^<` Fdpsehoo/ Mrkq \1/ dqg Q1 Juhjru| Pdqnlz/ 4<;<13Frqvxpswlrq/ Lqfrph dqg Lqwhuhvw

Udwhv= Uhlqwhusuhwlqj wkh Wlph Vhulhv Hylghqfh*/ lq Rolylhu M1 Eodqfkdug dqg Vwdqoh|

Ilvfkhu +Hgv11,/ QEHU Pdfurhfrqrplfv Dqqxdo 4<;</ Fdpeulgjh/ Pdvv/ PLW Suhvv/

4;805491

^43` Fdpsehoo/ Mrkq \1/ dqg Q1 Juhjru| Pdqnlz/ 4<<31 3Shupdqhqw Lqfrph/ Fxuuhqw Lq0

frph/ dqg Frqvxpswlrq14 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv ;= 5890:<1
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^44` Fduuroo/ Fkulvwrskhu G1/ 4<<51 3Wkh Ex>hu0Vwrfn Wkhru| ri Vdylqj= Vrph Pdfurhfr0

qrplf Hylghqfh14 Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| qr1 5= 9404891

^45` Fduuroo/ Fkulvwrskhu G1/ 4<<:d1 3Ex>hu Vwrfn Vdylqj dqg wkh Olih F|foh 2 Shupdqhqw

Lqfrph K|srwkhvlv14 Txduwhuo| Mrxuqdo ri Hfrqrplfv F[LL qr1 4= 60881

^46` Fduuroo/ Fkulvwrskhu G1/ 4<<:e1 3Ghdwk wr wkh Orjolqhdul}hg Hxohu Htxdwlrq$ +Dqg Yhu|

Srru Khdowk wr wkh Vhfrqg0Rughu Dssur{lpdwlrq,14 QEHU Zrunlqj Sdshu Qr1 95<;1

^47` Fduuroo/ Fkulvwrskhu dqg Dqguhz Vdpzlfn1 4<<:1 3Wkh Qdwxuh ri Suhfdxwlrqdu|

Zhdowk14 Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 73+4,1

^48` Fduuroo/ Fkulvwrskhu dqg Dqguhz Vdpzlfn1 4<<;1 3Krz lpsruwdqw lv suhfdxwlrqdu|

vdylqjB4 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;3+6,= 74304<1

^49` Fkulvwldqr/ Odzuhqfh/ Hlfkhqedxp Pduwlq dqg Pduvkdoo Gdylg1 4<<41 3Wkh Shupdqhqw

Lqfrph K|srwkhvlv Uhylvlwhg14 Hfrqrphwulfd 8<= 6:406<91

^4:` Ghdwrq/ Dqjxv1 4<;:13Olih0F|foh prghov ri frqvxpswlrq= Lv wkh hylghqfh frqvlvwhqw

zlwk wkh wkhru|B4 lq Wuxpdq I Ehzoh| +Hg11, Dgydqfhv lq Hfrqrphwulfv/ Iliwk Zruog

Frqjuhvv/ Yro1 5/ Fdpeulgjh dqg Qhz \run1 Fdpeulgjh Xqlyhuvlw| Suhvv/ 45407;1

^4;` Ghdwrq/ Dqjxv14<<41 3Vdylqj dqg Oltxlglw| Frqvwudlqwv14 Hfrqrphwulfd 8<+8,= 455407;1

^4<` Ghdwrq/ Dqjxv1 4<<51 3Xqghuvwdqglqj Frqvxpswlrq14 Foduhqgrq Suhvv/ R{irug1

^53` Ghdwrq/ Dqjxv/ dqg Jx| Odurtxh1 4<<51 3Rq wkh Ehkdylru ri Frpprglw| Sulfhv14

Uhylhz ri Hfrqrplf Vwxglhv 8<= 40561

^54` Hlfkhqedxp/ Pduwlq V1/ Oduv Shwhu Kdqvhq dqg Nhqqhwk M1 Vlqjohwrq/ 4<;;1 3D Wlph

Vhulhv Dqdo|vlv ri Uhsuhvhqwdwlyh Djhqw Prghov ri Frqvxpswlrq dqg Ohlvxuh Fkrlfh

Xqghu Xqfhuwdlqw|14 Txduwhuo| Mrxuqdo ri Hfrqrplfv Iheuxdu|/ 840::1

^55` Huplql/ Oxljl1 4<<61 3H>hfwv ri Wudqvlwru| Frqvxpswlrq dqg Whpsrudo Djjuhjdwlrq rq

wkh Shupdqhqw Lqfrph K|srwkhvlv14 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :8= :6906<1
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^56` Huplql/ Oxljl1 4<;<1 3Vrph Qhz Hylghqfh rq wkh Wlplqj ri Frqvxpswlrq Ghflvlrqv dqg

rq Wkhlu Jhqhudwlqj Surfhvv14 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :4= 976=9831

^57` Iodylq/ Pdumrulh1 4<;413Wkh Dgmxvwphqw ri Frqvxpswlrq wr Fkdqjlqj H{shfwdwlrqv

Derxw Ixwxuh Lqfrph14 Mrxuqdo ri Srolwlfdo Hfrqrp| ;<= <:70433<1

^58` Iulhgpdq/ Plowrq1 4<8:1 D Wkhru| ri wkh Frqvxpswlrq Ixqfwlrq1 Sulqfhwrq/ QM Sulqfh0

wrq Xqlyhuvlw| Suhvv1

^59` Ixkuhu/ Mh>uh|1 4<<<1 3Dq Rswlpl}lqj Prgho iru Prqhwdu| Srolf| Dqdo|vlv= Fdq Kdelw

Irupdwlrq KhosB4 Pdqxvfulsw/ Ihghudo Uhvhuyh Edqn ri Ervwrq1

^5:` Jdoð/ Mrugl1 4<<41 3Exgjhw Frqvwudlqwv dqg Wlph Vhulhv Hylghqfh rq Frqvxpswlrq14

Wkh Dphulfdq Hfrqrplf Uhylhz ;4+8,= 456;0861

^5;` Jrxulqfkdv S1/ dqg Sdunhu M1/ 4<<91 3Frqvxpswlrq ryhu wkh Olih F|foh14 PLW plphr1

^5<` Kdoo/ Urehuw1 4<:;13Vwrfkdvwlf Lpsolfdwlrqv ri wkh olih f|foh0shupdqhqw lqfrph k|srwk0

hvlv= wkhru| dqg hylghqfh14 Mrxuqdo ri Srolwlfdo Hfrqrp| <9= <:40;:1

^63` Khdwrq Mrkq1 4<<61 3Wkh Lqwhudfwlrq ehwzhhq Wlph0Qrqvhsdudeoh Suhihuhqfhv dqg Wlph

Djjuhjdwlrq4 Hfrqrphwulfd 94= 6860;81

^64` Khdwrq Mrkq/ dqg Gherudk Oxfdv1 4<<91 3Hydoxdwlqj wkh H>hfwv ri Lqfrpsohwh Pdunhwv

rq Ulvn Vkdulqj dqg Dvvhw Sulflqj14 Mrxuqdo ri Srolwlfdo Hfrqrp| 437= 77607;:1

^65` Khdwrq Mrkq/ dqg Gherudk Oxfdv1 4<<:1 3Pdunhw Iulfwlrqv/ Vdylqjv Ehkdylru/ dqg Sruw0

irolr Fkrlfh14 Pdfurhfrqrplf G|qdplfv 4= :904341

^66` Nlpedoo/ Plohv V1 4<<31 3Suhfdxwlrqdu| vdylqj lq wkh vpdoo dqg lq wkh odujh14 Hfrqr0

phwulfd 8;= 860:61

^67` Odlevrq/ Gdylg/ Dqguhd Uhshwwr/ dqg Mhuhp| Wredfpdq1 4<<;1 3Vhoi Frqwuroo dqg Vdy0

lqj iru Uhwluhphqw14 Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4= <404<91

^68` Oxgyljvrq/ V|gqh| dqg Doh{dqghu Plfkdholghv1 4<<<1 3Fdq Ex>hu Vwrfn Vdylqj H{sodlq

wkh Frqvxpswlrq H{fhvvhvB4 Ihghudo Uhvhuyh Edqn ri Qhz \run Zrunlqj Sdshu1
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^69` Oxgyljvrq/ V|gqh| dqg Fkulvwlqd K1 Sd{vrq/ 4<<< 3Dssur{lpdwlrq Eldv lq Olqhdul}hg

Hxohu Htxdwlrqv14 QEHU Zrunlqj Sdshu Qr1W35691

^6:` Oxgyljvrq V|gqh|1 Iruwkfrplqj1 3Frqvxpswlrq dqg Fuhglw= D Prgho ri Wlph Ydu|lqj

Oltxlglw| Frqvwudlqwv14 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv1

^6;` PdFxug|/ W1 H1 4<;41 3Wkh xvh ri wlph vhulhv surfhvvhv wr prgho wkh huuru vwuxfwxuh ri

hduqlqjv lq orqjlwxglqdo gdwd dqdo|vlv14 Mrxuqdo ri Hfrqrphwulfv1 4;= ;604471

^6<` Prgljoldql/ Iudqfr dqg Ulfkdug/ Euxpehuj1 4<871 3Xwlolw| dqdo|vlv dqg wkh frqvxpswlrq

ixqfwlrq= dq lqwhusuhwdwlrq ri furvv0vhfwlrq gdwd14 lq Nhqqhwk N1 Nxulkdud +Hg11, Srvw0

Nh|qhvldq Hfrqrplfv/ Qhz Euxqvzlfn/ QM/ Uxwjhuv Xqlyhuvlw| Suhvv 6;;0691

^73` Prgljoldql/ Iudqfr dqg Ulfkdug Euxpehuj1 4<:<1 3Xwlolw| dqdo|vlv dqg wkh frqvxpswlrq

ixqfwlrq= dq dwwhpsw dw lqwhjudwlrq14 lq Dqguhz Deho +Hg11, Wkh froohfwhg sdshuv ri

Iudqfr Prgljoldql/ Yro1 5/ Fdpeulgjh/ Pdvv1 PLW Suhvv 45;0<:1

^74` Slvkfnh Mùuq0Vwh>hq/ 4<<81 3Lqglylgxdo Lqfrph/ Lqfrpsohwh Lqirupdwlrq dqg Djjuhjdwh

Frqvxpswlrq14 Hfrqrphwulfd 96/ 7= ;380731

^75` Txdk/ Gdqq|1 4<<31 3Shupdqhqw dqg wudqvlwru| pryhphqwv lq oderu lqfrph= dq h{0

sodqdwlrq iru ch{fhvv vprrwkqhvv* lq frqvxpswlrq14 Mrxuqdo ri Srolwlfdo Hfrqrp| <;=

77<0:81

^76` Zlofr{/ Gdylg/ 4<<51 3Wkh Frqvwuxfwlrq ri X1V1 Frqvxpswlrq Gdwd= Vrph Idfwv dqg

Wkhlu Lpsolfdwlrqv iru Hpslulfdo Zrun14 Dphulfdq Hfrqrplf Uhylhz ;5/ 7= <550741
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Qrwhv
4Iulhgpdq +4<8:, zdv dovr dq lpsruwdqw frqwulexwru wr wklv olwhudwxuh/ vxjjhvwlqj wkdw lqglylgxdov wdnh

ixwxuh lqfrph lqwr frqvlghudwlrq zkhq pdnlqj frqvxpswlrq ghflvlrqv wrgd|1 Lq frqwudvw wr wkh prghuq0gd|

SLK/ krzhyhu/ kh dvvxphg wkdw shrsoh glvfrxqwhg ixwxuh lqfrph dw d yhu| kljk udwh/ pdnlqj lw forvhu wr d

ex>hu vwrfn prgho wkdq wkh prghuq gd| yhuvlrq ri Iodylq +4<;4,1

5Qrwh wkdw wkh lpsruwdqw lqvljkw ri Txdk +4<<3,/ wkdw lqglylgxdov pd| eh ehwwhu deoh wkdq hfrqrphwulfldqv

wr glvwlqjxlvk vkruw0uxq iurp orqj0uxq lqqrydwlrqv wr wkhlu lqfrph/ fdqqrw uhvroyh wkh h{fhvv vprrwkqhvv

sx}}oh odlg rxw lq Fdpsehoo dqg Ghdwrq +4<;<,1 Wkhvh dxwkrxuv vkrz wkdw 8lq wkh frqwh{w ri wkh SLK8 h{fhvv

vhqvlwlylw| dqg h{fhvv vprrwkqhvv duh wkh vdph skhqrphqd1 Lq dgglwlrq/ Fdpsehoo +4<;:, ghprqvwudwhv wkdw

vxshulru lqirupdwlrq ri wkh w|sh hpskdvl}hg e| Txdk zloo vkrz xs lq krxvhkrogv* vdylqj ehkdylru/ dqg xvlqj

wklv lqirupdwlrq doorzv wkh hfrqrphwulfldq wr frqwuro iru wkh djhqw*v sulydwh lqirupdwlrq zkhq suhglfwlqj

lqfrph1 Vlqfh h{fhvv vhqvlwlylw| lv zhoo hvwdeolvkhg/ dqg frqwuroolqj iru vdylqj grhv qrw holplqdwh lw +vhh

Fdpsehoo dqg Ghdwrq 4<;<,/ wkh revhuyhg vprrwkqhvv ri frqvxpswlrq fdqqrw eh h{sodlqhg e| vxshulru

lqirupdwlrq rq wkh sduw ri shupdqhqw lqfrph frqvxphuv1 Vhh Ghdwrq +4<<5, iru ixuwkhu glvfxvvlrq1

6Oxgyljvrq +iruwkfrplqj, dqg Edffkhwwd dqg Jhuodfk +4<<:, grfxphqw dqrwkhu nlqg ri h{fhvv vhqvlwlylw|=

wkh fruuhodwlrq ehwzhhq frqvxpswlrq jurzwk dqg suhglfwdeoh fkdqjhv lq frqvxphu fuhglw1 Dowkrxjk zh gr qrw

h{soruh wkhvh ?qglqjv khuh/ Oxgyljvrq ?qgv wkdw d ex>hu0vwrfn prgho zlwk wlph0ydu|lqj oltxlglw| frqvwudlqwv

fdq uhsolfdwh vxfk d fruuhodwlrq1

7Lq d pruh uhfhqw sdshu/ Ixkuhu +4<<<, dujxhv wkdw prgli|lqj wkh SLK wr doorz iru kdelw irupdwlrq

pd| lpsuryh lwv txdqwlwdwlyh shuirupdqfh e| lpsduwlqj d prwlyh wr frqvxphuv wr vprrwk wkh fkdqjh lq

frqvxpswlrq1

8D ydvw olwhudwxuh kdv dsshduhg wkdw h{dplqhv dqg h{whqgv wkh lpsolfdwlrqv ri wkh vwdqgdug ex>hu0vwrfn

prgho ri Ghdwrq +4<<4, ru Fduuroo +4<<5/ 4<<:d,1 Vhh iru h{dpsoh/ Fduuroo dqg Vdpzlfn +4<<:/ 4<<;,> Khdwrq

dqg Oxfdv +4<<9/ 4<<:,> Kxeedug/ Vnlqqhu/ dqg ]hoghv +4<<8,> Jrxulqfkdv0Sdunhu +4<<9,> Odlevrq hw1 do1

+4<<;,> Oxgyljvrq +iruwkfrplqj,1

9Frqvlvwhqw zlwk wklv ?qglqj/ vhyhudo sdshuv xvlqj djjuhjdwh gdwd ?qg qr hylghqfh ri dq| lpsruwdqw

qrqvhsdudelolw| lq suhihuhqfhv ehwzhhq frqvxpswlrq dqg oderu vxsso|/ dqg frqwuroolqj iru wkhvh oderu vxsso|

lqglfdwruv grhv qrw holplqdwh wkh h{fhvv vhqvlwlylw| ri frqvxpswlrq jurzwk wr h{shfwhg lqfrph jurzwk +vhh

Hlfkhqedxp/ Kdqvhq dqg Vlqjohwrq ^4<;;`> Fdpsehoo dqg Pdqnlz ^4<<3`> Ehdxgu| dqg ydq Zlqfrrs ^4<<9`,1

:Vlploduo|/ Fduuroo +4<<:e, dqg Oxgyljvrq dqg Sd{vrq +4<<<, ?qg wkdw kljkhu rughu prphqwv ri frq0

vxpswlrq jurzwk/ lq dgglwlrq wr wkh vhfrqg prphqw w|slfdoo| ghvljqdwhg dv cwkh suhfdxwlrqdu| whup/* pd|

eh lpsruwdqw rplwwhg yduldeohv lq olqhdul}hg Hxohu htxdwlrqv1
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;Slvfknh +4<<8, hvwlpdwhv d olqhdu prgho xvlqj wkh Vxuyh| ri Lqfrph dqg Surjudp Sduwlflsdwlrq +VLSS,

dw txduwhuo| iuhtxhqf|1

<Wkh frh!flhqw ri uhodwlyh suxghqfh lv gh?qhg e| Nlpedoo +4<<3, dv ýX 333+Fw,Fw
X33+Fw,

= Qrwh wkdw eruurzlqj

uhvwulfwlrqv pd| lqgxfh d irup ri suxghqfh +frqyh{lw| lq wkh pdujlqdo xwlolw| ri frqvxpswlrq, hyhq li suhi0

huhqfhv h{klelw qr suxghqfh +h1j1/ txdgudwlf suhihuhqfhv,1 Vhh Ghdwrq +4<<5,1

43Wklv irup iru wkh Hxohu htxdwlrq zdv ?uvw ghulyhg lq Ghdwrq +4<<4,1

44Lw fdq eh vkrzq wkdw oq+ 4Q
SQ

l@4 \lw,ý oq+ 4Q
SQ

l@4 \lwý4, @ oqJw . =8â
5
x=

45Fduuroo xvhv iâq @ âx @ 3=4j1 Zh ghyldwh voljkwo| iurp wkhvh ydoxhv e| xvlqj iâq @ 3=3;> âx @ 3=4j
wr eh frqvlvwhqw zlwk wkh hduqlqjv surfhvv vshfl?fdwlrq lq wkh lqfrpsohwh lqirupdwlrq fdvh glvfxvvhg ehorz1

Xvlqj âq @ 3=4 lqvwhdg ri âq @ 3=3; glg qrw fkdqjh wkh frqfoxvlrqv iurp wkh vlpxodwlrqv uhsruwhg odwhu lq

wkh sdshu1

46Oxgyljvrq dqg Plfkdholghv ^4<<<` uhsruw vhyhudo gl>huhqw vhohfwlrq fulwhuld wr hydoxdwh wkh ehvw DUPD

surfhvv iru djjuhjdwh oderu lqfrph jurzwk1

47Wkh lglrv|qfudwlf wudqvlwru| vkrfnv/ rqfh dffxpxodwhg/ frpsohwho| fdqfho hdfk rwkhu rxw vlqfh wkh wudq0

vlwru| frpsrqhqw lv zklwh qrlvh1 Dffruglqjo|/ zh nhhs wkh vwdqgdug ghyldwlrq ri wklv frpsrqhqw wkh vdph

dw erwk txduwhuo| dqg dqqxdo iuhtxhqf|1 Wklv surfhgxuh iroorzv Fduuroo dqg Vdpzlfn +4<<:, zkr vkrz wkdw/

iru wkh lqfrph surfhvv lq +;, +ljqrulqj wkh djjuhjdwh frpsrqhqw,/ wkh g0shulrg yduldqfh ri wkh orj gl>huhqfh

lq lqfrph zloo eh htxdo wr gâ5q . 5â
5
x1

48Vhh PdFxug| +4<;5,/ Derzg dqg Fdug +4<;<,/ dqg Slvfknh +4<<8,/ zklfk ?qg wkdw # lv hvwlpdwhg durxqg

31771 Wkh fkrlfh ri 148 iru âì iroorzv Ghdwrq +4<<4,1 Dowkrxjk wklv ydoxh lv orzhu wkdq PdFxug| hvwlpdwhg/

Ghdwrq dujxhv wkdw wklv yduldqfh vkrxog eh uhgxfhg iurp lwv hvwlpdwhg ydoxh zklfk lv olnho| lq dwhg e|

vxevwdqwldo phdvxuhphqw huuru lq uhfrughg lqfrph1 Zh dowhu wklv ydoxh lq vlpxodwlrqv uhsruwhg ehorz1

49Lw lv vwudljkwiruzdug wr vkrz wkdw ) @ +!â5%@+4ý!5,ýâ5x,
â5%@+4ý!5,.â5q.5â5x 1

4:Zh xvhg vhyhudo gl>huhqw surfhgxuhv wr ?qg lqlwldo fdvk0rq0kdqg0lqfrph udwlr1 Lq sudfwlfh/ wkh uhvxowv

duh qrw vhqvlwlyh wr wkh lqlwldo dvvhw0lqfrph udwlr ehfdxvh {lw frqyhujhv wr dq lqyduldqw glvwulexwlrq diwhu

derxw 45 shulrgv1 Wklv fkdudfwhulvwlf ri ex>hu vwrfn vdylqj ehkdylru kdv ehhq grfxphqwhg hovhzkhuh1 Vhh

Ghdwrq ^4<<4`/ ^4<<5`> dqg Fduuroo ^4<<:`1

4;Wklv lv frqvlvwhqw zlwk hylghqfh iurp krxvhkrog lqfrph gdwd vkrzlqj wkdw lqglylgxdo lqfrph jurzwk lv

qhjdwlyho| vhuldoo| fruuhodwhg> vhh Derzg dqg Fdug +4<;<,1
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4<Oderu lqfrph lv gh?qhg dv zdjhv dqg vdodulhv soxv rwkhu oderu lqfrph plqxv shuvrqdo frqwulexwlrqv iru

vrfldo lqvxudqfh plqxv wd{hv1 Wd{hv lv gh?qhg dv +zdjhv dqg vdodulhv2 +zdjhv dqg vdodulhv . sursulhwruv

lqfrph zlwk LYD dqg Ffdgm . uhqwdo lqfrph . shuvrqdo glylghqgv . shuvrqdo lqwhuhvw lqfrph,,-shuvrqdo

wd{ dqg qrq wd{ sd|phqwv1 Wklv phdvxuh lv gh dwhg e| wkh SFH fkdlq0w|sh sulfh gh dwru1

53Wkh SLK lv irupxodwhg lq ohyhov/ udwkhu wkdq lq orj ohyhov1 Lw uhodwhv fkdqjhv lq wkh ohyho ri frqvxpswlrq wr

fkdqjhv lq wkh ohyho ri oderu lqfrph jlyhq e|= üFw @ D
í

4
4.u

ì
%w/ zkhuh lqfrph kdv d Zrog uhsuhvhqwdwlrq

ü\w @ D +O, %w= Iru wkh sxusrvhv ri surylglqj d urxjk ehqfkpdun/ zh dvvxph wkh surfhvv iru wkh ?uvw

gl>huhqfh lq djjuhjdwh lqfrph fdq eh ghvfulehg e| wkh surfhvv iru orj fkdqjhv xvhg deryh/ vr wkdw wkh

vprrwkqhvv udwlr lq wklv fdvh lv wkh vwdqgdug ghyldwlrq ri djjuhjdwh frqvxpswlrq fkdqjhv wr wkdw ri djjuhjdwh

lqfrph fkdqjhv1

54Wklv pd| eh sduwo| d uhvxow ri wkh idfw wkdw wkh w|slfdo krxvhkrog lq rxu vdpsoh lv frqvwudlqhg derxw 68

shufhqw ri wkh wlph1

55Li wkh ruljlqdo surfhvv lv LPD+4/4,/ wkhq wkh whpsrudoo| djjuhjdwhg vhulhv zloo dovr eh LPD+4/4, +Huplql/

4<;<,1

56Lq sudfwlfh/ wlph0dyhudjlqj kdv qrw ehhq irxqg wr h{sodlq h{fhvv vhqvlwlylw| lq djjuhjdwh gdwd1 Wlph0

dyhudjlqj sureohpv lqgxfh vsxulrxv fruuhodwlrqv iru dgmdfhqw revhuydwlrqv ri d vhulhv wkdw kdv ehhq ?uvw0

gl>huhqfhg= wkhuh lv qr ryhuods ehwzhhq gl>huhqfhv wzr ru pruh shulrgv dsduw1 Uhvhdufkhuv kdyh lqvwuxphqwhg

iru lqfrph jurzwk xvlqj lqvwuxphqwv wkdw kdyh ehhq odjjhg dw ohdvw wzr shulrgv wr dyrlg d vsxulrxv ?qglqj

ri h{fhvv vhqvlwlylw|1 H{fhvv vhqvlwlylw| w|slfdoo| uhpdlqv lq whvwv zklfk xvh lqvwuxphqwv odjjhg dw ohdvw wzr

shulrgv +iru h{dpsoh/ Fdpsehoo dqg Pdqnlz ^4<;<`> Ghdwrq ^4<<5`> Oxgyljvrq/ iruwkfrplqj,1

57Frpsdulqj wklv hvwlpdwh ri h{fhvv vhqvlwlylw| zlwk wkdw iurp wkh txduwhuo| prgho zlwk lqfrpsohwh lq0

irupdwlrq/ lw pd| dsshdu wkdw wkh prgho zlwk dqqxdo dyhudjhv jhqhudwhv ohvv h{fhvv vhqvlwlylw| wkdq wkh

txduwhuo| prgho zlwkrxw dyhudjlqj1 Wklv lv qrw wkh fdvh/ krzhyhu/ vlqfh wkh vwdqgdug huuru ri wkh h{fhvv

vhqvlwlylw| frh!flhqw frpsxwhg iurp wkh dyhudjhg gdwd lv pruh wkdq wzlfh dv odujh dv wkdw frpsxwhg iurp

wkh qrq0dyhudjhg gdwd1 Wkxv wkh srlqw hvwlpdwh ri wkh odwwhu lv zhoo zlwklq wkh <8( frq?ghqfh lqwhuydo ri

wkh srlqw hvwlpdwh ri wkh iruphu1

58Vhh Ghdwrq +4<<4, dqg Ghdwrq0Odurtxh +4<<8, iru d ohqjwklhu dqdo|vlv1
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Wdeoh 4

Vw|ol}hg Idfwv ri X1V1 Djjuhjdwh Frqvxpswlrq dqg Oderu Lqfrph Gdwd

Dqqxdo Gdwd Uhodwlyh Vprrwkqhvv H{fhvv Vhqvlwlylw|

{ä|*ä|3� éeH é�.W

{äù(| *äù(|3� éS� é�HW

{ä7| *ä
7
|3� éeô é�.W

Txduwhuo| Gdwd Uhodwlyh Vprrwkqhvv H{fhvv Vhqvlwlylw|

{ä|*ä|3� ée. é�SW

{äù(| *äù(|3� éSH é�SW

{ä7| *ä
7
|3� éeS é�DW

Qrwhv= Vdpsoh=4<7:=404<<:=71 -vwdwlvwlfdoo| vljql?fdqw dw wkh 8( ohyho1 {ä|*ä|3� gh0

qrwhv qrqgxudeohv dqg vhuylfhv frqvxpswlrq jurzwk ohvv vkrhv dqg forwklqj> {äù(| *äù(|3� lv

qrqgxudeohv frqvxpswlrq jurzwk ohvv vkrhv dqg forwklqj/ dqg {ä7| *ä
7
|3� lv vhuylfhv jurzwk1

Lqfrph lv uhdo diwhu wd{ shu fdslwd oderu lqfrph jurzwk +vhh Oxgyljvrq dqg Plfkdholghv

^4<<<` iru ghwdlov rq gdwd gh?qlwlrqv,1 Uhodwlyh vprrwkqhvv lv wkh udwlr ri wkh vwdqgdug gh0

yldwlrq ri frqvxpswlrq jurzwk wr wkh vwdqgdug ghyldwlrq ri oderu lqfrph jurzwk1 H{fhvv

vhqvlwlylw| lv wkh ROV frh!flhqw ri frqvxpswlrq jurzwk rq odjjhg oderu lqfrph jurzwk1



Wdeoh 5

Frpsohwh Lqirupdwlrq/ Dqqxdo dqg Txduwhuo| Prghov

Uhodwlyh Vprrwkqhvv dqg H{fhvv Vhqvlwlylw|

{ *? t| ' jü ' éf.c j? ' éfD jü ' éf.c j? ' éfD jü ' é�c j? ' éfH jü ' é�c j? ' éfH

ðéðé_é o ' éf2 o ' éfô o ' éf2 o ' éfô

4 ' � 1<<7/ 1337 1<<6/ 1336 1<;:/ 3133 1<;7/ 3133

4 ' 2 1<;</ 1334 1<;</ 1344 1<;5/ 3133 1<::/ 1343

SLK 4133/ 1333 4133/ 1333 4133/ 1333 4133/ 3133

{ *? t| ' jü ' éf.c j? ' éf2D jü ' éf.c j? ' éf2D jü ' é�c j? ' éfe jü ' é�c j? ' éfe

DU+4, o ' éffD o ' éff.D o ' éffD o ' éff.D

4 ' � 4139/ 13;5 413:/ 13;6 4139/ 1384 413:/ 1389

4 ' 2 413</ 138: 413</ 137< 413;/ 1369 413;/ 1349

SLK 4159/ 1333 4158/ 1333 4159/ 1333 4158 1333

Qrwhv= { *?t| lv wkh djjuhjdwh lqfrph jurzwk surfhvv> wkh prgho zlwk l1l1g1 jurzwk lv fdoleudwhg

dw dqqxdo iuhtxhqf|> wkh prgho zlwk DU+4, jurzwk lv fdoleudwhg dw txduwhuo| iuhtxhqf|1 Wkh ?uvw

qxpehu lq hdfk fhoo lv wkh dyhudjh h{fhvv vprrwkqhvv udwlr> wkh vhfrqg qxpehu lv wkh dyhudjh h{fhvv

vhqvlwlylw| sdudphwhu1 Wkh DU sdudphwhu/ è/ lv vhw htxdo wr 31561 Wkh urzv odehohg SLK jlyh

wkh vprrwkqhvv udwlrv dqg vhqvlwlylw| sdudphwhuv wkdw zrxog eh lpsolhg e| d uhsuhvhqwdwlyh djhqw

yhuvlrq ri wkh SLK/ zkhuh wkh uhsuhvhqwdwlyh djhqw uhfhlyhv wkh djjuhjdwh/ l1l1g1 surfhvv iru wkh ?uvw

gl>huhqfh lq lqfrph1



Wdeoh 6

Lqfrpsohwh Lqirupdwlrq/ Dqqxdo dqg Txduwhuo| Prghov

Uhodwlyh Vprrwkqhvv dqg H{fhvv Vhqvlwlylw|

{ *? t| ' jü ' éf.c j? ' éfD jü ' éf.c j? ' éfD jü ' é�c j? ' éfH jü ' é�c j? ' éfH
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Qrwhv= Vhh Wdeoh 51 -vwdwlvwlfdoo| vljql?fdqw dw wkh 4( ru ehwwhu ohyho> --vwdwlvwlfdoo| vljql?fdqw

dw wkh 8( ohyho1 ---vwdwlvwlfdoo| vljql?fdqw dw wkh 43( ohyho1 Wkh DU sdudphwhu/ è/ lv vhw htxdo wr

31561 Wkh urzv odehohg SLK jlyh wkh vprrwkqhvv udwlrv dqg vhqvlwlylw| sdudphwhuv wkdw zrxog eh

lpsolhg e| d uhsuhvhqwdwlyh djhqw yhuvlrq ri wkh SLK/ zkhuh wkh uhsuhvhqwdwlyh djhqw uhfhlyhv wkh

djjuhjdwh/ l1l1g1 surfhvv iru wkh ?uvw gl>huhqfh lq lqfrph1
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